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KNOYEBbIE OCOBEHHOCT MEXAHN3MA BNUAHNA BOPA
HA ®OPMUPOBAHUE MUKPOCTPYKTYPbl U CBOMUCTB
BbICOKOMPOYHbIX HU3KONEFTMPOBAHHbIX CTAJIEN

Anekcen UropbeBunuy [larmaH, KaHA. TEXH. HayK

[TAO «HJIMK», 2. JTuneuk, Poccus
E-mail: dagman_ai@nlmk.com

AnHoTauua. Mukponernpoatme 60pom ABMAETCA OQHIM U3 NEPCTIEKTUBHBIX HAMPaBAEHNI NP Pa3paboTKe BbICOKONPOUHbIX HU3KONETH-
POBaHHbIX CTarneii 6n1arofapa BO3MOXHOCTI 3aMeHbl JOPOroCTOALLEH CMCTeMbI NervpoBamA. B 0630pe Mpe/cTaBneHbl COBPEMEHHblE npe-
CTaBMEHNA 0 MexaHu3Me BInAHMA 60pa Ha HOPMUPOBAHME CTPYKTYPHOTO COCTOHIA 1 MEXAHYECKIX CBOICTB HU3KOYTNEPOAMCTbIX CTasieid,
BKJI0YaA PO/b XMIAYECKOTO COCTABA 1 OCHOBHbIX TapaMETPOB TepMozedopMaLMoHHOi 06paboTKin B peanu3alyuv npowecca cerperauin 6opa
1 GOPMUPOBAHIY AUCTIEPCHOI MUAKPOCTPYKTYPbI.

KnioueBble C10Ba: BbICOKOMPOUHbIE CTa/l, HU3KONIETPOBaHHbIE CTaM, MUKPOMeripoBanue 6opom, cerperaLyus 60pa, 6eiiHuT, uronbyarblii
(eppuT, NpokanuBaemocTh

KEY FEATURES OF THE MECHANISM OF EFFECT OF BORON
ON THE FORMATION OF MICROSTRUCTURE AND PROPERTIES
OF HIGH-STRENGTH LOW-ALLOYED STEELS

Aleksey I. Dagman
Novolipetsk Steel, Lipetsk, Russia

Abstract. Microalloying with boron is one of the promising directions in the development of high-strength low-alloyed steels due to the
possibility of replacing the expensive alloying system. The review presents modern ideas about the mechanism of boron influence on the
formation of the structural state and mechanical properties of low-carbon steels, including the role of chemical composition and the main
parameters of thermal deformation treatment in the implementation of the boron segregation process and the formation of a fine-grain
microstructure.

Keywords: high-strength steels, low-alloyed steels, boron microalloying, boron segregation, bainite, acicular ferrite, hardenability
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TEOPETUYECKUE OCHOBbI METAJIJ1J1YPTUN

DOI10.52351/00260827_2025_1_16
YAK 621.357.75

MOAENNPOBAHWUE SKPAHUPOBAHUA CTAJIbHOU
NMPOBOJIOKN OT PACTBOPUMOIO MEAHOIO AHOZA
B MPOLIECCE SIEKTPOOCAMKAEHNA MEOU

AmuTtpuin Hukonaesny Mockanes’, Uropb AHaTonbeBunY LibiraHos'

" Jluneykul 2ocydapcmeeHHbIl mexHu4Yeckul yHugepcumem, Jluneyk, Poccua
E-mail: dmitriy.moskalev.official@yandex.ru

Annotauua. CnomoLybto nporpammbl COMSOL Multiphysics 5.4 8 moayne «Electrodeposition» 6bino cMogenupoBaHo noBegeHie NpuKaToAHoi
06n1acTin CTanbHoli MPOBONOKM [0 M MOCTE JKPAHUPOBAHMA OT PACTBOPUMOTO aHOZA MeAM B MpoLecce dneKTpoocaeHus. Takxke 6bin
npoBezieH GU3MYeCKil IKCNEPUMEHT N0 IKDAHMPOBAHIIO KaTOAA OT aHoa B JabopaTopHbIX ycnoBusaX. lonyueH pe3ynbrat, NoATBEPK AIOLLNI
3QOEKTUBHOCTD NPUMEHEHNA (0063 KPaHUPOBAHUA ANA MUHUMU3ALIMM PAHOTONLLMHHOCTI MELHOTO NOKPBITUA Ha CTabHOI NPOBOOKe.

KnioueBble cnoBa: MeTannokopa, SNeKTPOOCax eHue, SKpaHupoBaHiue katoa, mogenuposaniue, COMSOL Multiphysics

MODELING OF SHIELDING THE STEEL WIRE FROM SOLUBLE
COPPER ANODE IN PROCESS COPPER ELECTRODEPOSITION

Dmitry N. Moskalyov', Igor A. Tsyganov’
" Lipetsk State Technical University, Lipetsk, Russia

Abstract. In program the COMSOL Multiphysics 5.4 with «Electrodeposition» module, was modeled the behavior of the around cathode
region of a steel wire before and after shielding from a soluble copper anode in process of electrodeposition. Was done the laboratory phys-
ical experiment of shielding cathode from an anode. Was got result of effectiveness the shielding method for minimizing the non-uniform
thickness of a copper coating on the steel wire.

Keywords: metal cord, electrodeposition, shielding, modeling, COMSOL Multiphysics

16 IPOBJIEMbI YEPHOW METATITTYPTVN Y MATEPUAJIOBEAEHNS « Ne1 « 2025
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BIUAHUE CTABUJIbBHOCTU y-®A3bl B AYCTEHUTHO-
MAPTEHCUTHbIX CIMIJIABAX CUCTEMbI KEJIE30-XPOM-HUKEJb
HA NPOTEKAHME MAPTEHCUTHOI'O NMPEBPALLEHIA,
WHULIMMPOBAHHOIO NNACTUYECKOW AEOOPMALUEN

Enena HukonaeBHa bnuHoBa, KaHg. dur3.-MaT. HayK; AnekcaHgp AHaTtonbeBuY Kynew,
Muxaun ApoHoBuY JInbmaH, KaHa. dus.-mat. Hayk; EBreHunin BuktopoBuy MumeHoB,
PomaH BauecnaBoBuy CyHpeeB, 1-p ¢pu3.-mMaT. HayK; AHHa BnagumupoBHa WanumoBa,
KaHa. dus.-mat. Hayk; Hagexpga AnekcaHgpoBHa LLypbiruHa, kaHg. dpurs.-maT. HayK

LHUWNuepmem um. N.I.bapouHa, Mockea, Poccua
E-mail: sundeev55@yandex.ru, blinova_en@rambler

AHHoTauua. Viccnegosanocb BnuAHMe CTabunbHocTv y-¢asbl B cinae Fe—18Cr—10Ni aycTeHUTHO—MapTEHCUTHOTO KNacca Ha 0COBeHHOCTH
npoTeKaHuA NPAMOro MapTeHCUTHOTO NPeBPALLEHINA, HILMNPOBAHHOTO NNACTUYECKOI U MerannacTyeckoil edopmaumamin. Metogom pexT-
FeHOBCKOI A1dpaKTOMETPHN YCTAHOBAEHO, YTO UCMONb30BaHIE NNACTUYecKoli AedopmaLm NpUBOAUT K Ga30BOMY y->a MpeBpaLLeHuio, npu-
yem KonmuecTBo 06pa30BaHHO a-a3bl Tem 6onbLue, Yem HitKe CTabUNbHOCTb UCXORHOI Y-(a3bl. ToKa3aHo, uTo NpUMeHeHe MerannacTuye-
CKOil AehopmaLiy CnocoBCTBYeT NpoTeKaHuio y->a-NpeBpaLLieHis, KOToPOe Pa3BUBAETCA Yepe3 NPOMEXYTOUHYI0 &-(a3y MapTeHCUTHOrO TUNa.

KnioueBble cnoBa: CTabunbHOCTb, MapTeHCUTHOE peBpaLLieHHe, Y, d, €-0asa, NiacTuyeckas AedopMmalys, Merannactuyeckas gepopmawus,
KOMMO3WTHblE MaTepyalbl, PEHTTEHOCTPYKTYPHbIil aHanu3

INFLUENCE OF THE STABILITY OF THE y-PHASE IN AUSTENITIC-
MARTENSITIC ALLOYS OF THE IRON-CHROMIUM-NICKEL SYSTEM
ON MARTENSITE TRANSFORMATION INITIATED BY PLASTIC
DEFORMATION

Elena N. Blinova, Alexander A. Kulesh, Mikhail A. Libman, Evgeny V. Pimenov, Roman V. Sundeeyv,
Anna V. Shalimova, Nadezhda A. Shurygina

Bardin Central Research Institute of Ferrous Metallurgy, Moscow, Russia

Abstract. The influence of the stability of the y—phase in the Fe—18Cr—10Ni austenitic—martensitic steel on the features of the direct mar-
tensitic transformation initiated by plastic and megaplastic deformations was studied. It has been established by X—ray diffractometry that
the use of plastic deformation leads to a y->a phase transformation, and the amount of a—phase formed is greater the lower the stability
of the initial y—phase. It is shown that the use of megaplastic deformation promotes the y->a transformation, which develops through an
intermediate e—phase of the martensitic type.

Keywords: stability, martensite transformation, y, a, e~phase, plastic deformation, megaplastic deformation, composite materials, X-ray
diffraction analysis
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TEXHOJIOTMYECKUE NPOLIECCHI METAJIJTYPIUU

DOI10.52351/00260827_2025_1_28
YK 669.15-194:620.17

AETPAAALMOHHDbIE MPOLECCHI B METAJUIE TPYDB CETEBbDIX
BOAOMNPOBOAOB

AnviHa CepreeBHa iBaHOBa, Onbra BuktopoBHa JInBaHOBa, KaHA. TEXH. HayK;
BceBonopg leopruesuu Nnewnsues, leopruin AHaTonbesny uannnos, A-p TeXH. HayK

UHWWuepmem um. N.I1. bapouHa, Mockea, Poccus
E-mail: igs12@yandex.ru

AnHoTaumA. BbiABNeHbI 3aKOHOMEPHOCTH 11 MEXaHU3MbI JierpaZaLiOHHbIX NPOLIECCOB, NPOM3OLLEALLMX B MeTanne Tpy6onpoBoaa CeTeBoil
Boabl 3 ctanu 177 1Cnocne 50 neT aKcnyaTaLmu. YCTaHoBAEHO, 4To NPUYMHOI pa3pyLueHna TpyObl CETeBOr0 BOAOMPOBOAA ABUIACH KOPPO3WA
BONb HKHeN 06pasyloLLedi Tpy6bl, CHUXKeHVe 3anaca BA3KOCTY B pe3yibTaTe pa3BUTUA NpoLiecca AehOpMaLIMOHHOTO CTapeHus 1 IOKNbHOTO
BOZI0POJHOIO OXPYNUMBAHMA METaNa U3—3a NPOTeKaHA MPOLECca eKTPOXMMIYECKOIA KOPPO3WH B 0uare paspyLUeHus.

KnioueBbie cnoBa: pr6Haﬂ (Tanb, Aerpafauna CBOWICTB, Koppo3us, }Il,(:‘(l)OpMauI/IOHHOE (TapeHne, BOAOPOAHOE OXpYnyuBaHue

DEGRADATION PROCESSES IN METAL PIPES OF WATER
SUPPLY NETWORKS

Alina S. Ivanova, Olga V. Livanova, Vsevolod G. Pleshivtsev, Georgii A. Filippov
I.P. Bardin TSNIIChermet, Moscow, Russia

Abstract. The patterns and mechanisms of degradation processes that occurred in the metal of the 17G1C steel mains water pipeline after
50 years of operation have been revealed. It was found that the cause of the destruction of the mains water pipe was corrosion along the
lower forming pipe, a decrease in the viscosity reserve as a result of the development of the deformation aging process and local hydrogen
embrittlement of the metal due to the electrochemical corrosion process in the fracture site.

Keywords: pipe steel, degradation of properties, corrosion, strain aging, hydrogen embrittlement
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UCCNEQOBAHUE BJINAHNA PEXXUMOB
PEKPUCTAJUINU3ALMNOHHOIO OTKUTA B KOJIMAKOBbDIX
NEYAX HA KOPPO3MOHHYIO CTOMKOCTb
XOJIOAHOKATAHOIO NMPOKATA

WpwuHa FaBpunoBHa PoguoHoBa', o-p TexH. Hayk; KoHcTtaHTUH AnekcaHapoBuy bykos';

TatbaHa iIMutpuesHa MaH3a'; Amutpuii Mpuropbesuny Py3saeB?, KaHA. TEXH. HayK;

Apkapgun Muxainnosuy bpbinun3; TatbsiHa BanepuesHa lNumeHoBa3;

EneHa MiBaHoBHa 3apKoBa', kaHA. du3.-mat. Hayk; UpnHa HukonaeBHa YnpKnHa', KaHf. TeXH. HayK;
AnuHa CtaHucnaBoBHa MNpaHMAuvHa'

"HNWNuepmem um. W.I1. bapouHa, Mockaa, Poccus

2 AO «ABTOBA3», 2. Toneammu, Poccus

3 AO «HITO «UHUUTMALLI» , Mockea, Poccus

E-mail: igrodi@mail.ru, bukov.kostya@gmail.com, tatyana.ganzya@mail.ru, dmitriy.ruzaev@vaz.ru,
bryline@mail.ru, pimtv35@gmail.com, zarkova_eibs@mail.ru, chirkina77@mail.ru,
elinagranilina@gmail.com

AnHoTauus. MpoBeeHo UCCeI0BaHIE BINAHUA PA3NMYHBIX PEXIUMOB PEKPUCTANN3ALMOHHOTO OTXMIA B KONMAKOBbIX Meyax Ha Koppo3u-
OHHYI0 CTOVKOCTb 1 MUAKPOCTPYKTYPY XONOBHOKATaHOr0 (HarapToBaHHOr0) MpoKaTa U3 HU3KoyrepoaucTbix craneii mapku 0810 u 006/IF. Pac-
(MOTPEHa B3aMMOCBA3b NAPaMETPOB OTMIa C KOPPO3NOHHOI CTOMKOCTBIO M XapaKTepUCTAKaMU MUKPOCTPYKTYpbI. Mo pe3ynbTatam npoe-
[eHHOr0 MCCEZI0BaHIA YTOUHEH PEXUM OTXMIa And obecneyeHins Haubonee BbICOKOI KOPPOUOHHOI CTORKOCTM CTaneil.

KnioueBble cnoBa: Koppo3uoHHas CTONKOCTb, HU3KOYIMIEPOANCTBIE 11 CBEPXHIU3KOYTNEPOAUCTbIE CTaNM, XONOAHOKATaHblii UCTOBOI NPOKaT,
ABTONNCTOBbIE CTaH, PEKPUCTANNN3ALMOHHBII OTXME, MUKPOCTPYKTYPa, HEMeTayeckue BKIOYEHIA

STUDY OF THE INFLUENCE OF RECRYSTALLIZATION
ANNEALING MODES IN BELL FURNACES ON THE CORROSION
RESISTANCE OF COLD-ROLLED STEEL

Irina G. Rodionova’', Konstantin A. Bukov', Tatyana D. Ganzya', Dmitriy G. Ruzaev?,
Arkadiy M. Brylin®, Tatiana V. Pimenova?, Elena I. Zarkova', Irina N. Chirkina’, Elina S. Granilina'

"I.P. Bardin TSNIIChermet, Moscow, Russia
2 AVTOVAZ, Tolyatti, Russia
3 NPO TSNIITMASH, Moscow, Russia

Abstract. The influence of various modes of recrystallization annealing in bell furnaces on the corrosion resistance and microstructure of

cold-rolled (worked) rolled products made of low-carbon steels of grades 08U and 006/IF was studied. The relationship between annealing
parameters and corrosion resistance and microstructure characteristics was considered. Based on the results of the study, the annealing

mode was specified to ensure the highest corrosion resistance of steels.

Keywords: corrosion resistance, low-carbon and ultra-low-carbon steels, cold-rolled sheet metal, automotive sheet steels, recrystalliza-
tion annealing, microstructure, non-metallic inclusions
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OLUEHKA BJIMAHNA XUMNYECKOIO COCTABA U PEXMOB
FOPAYEN NPOKATKU HA XJIALOCTOMKOCTb CTAJIEN ANA
KONECHbIX CUCTEM ABTOMOBWJEN

lOnnsa CepreesHa MapueHkoBa, Anekcenn Bopucosuy CrenaHos,
Jlio60Bb IBaHOBHa Hukonbckas

LHUWyepmem um. W.I1. bapouHa, 2. Mockea, Poccus
E-mail: jubykova@yandex.ru, alxstpO7@gmail.com, l.nikolskaya@chermet.net

AnHoTtauua. lposesieHa nabopatopHas BbinnaBka cTaneil ¢ pasnuuHbIM XUMUYECKUM COCTaBOM, NMPeAHA3HAUeHHbIX ANA U3roToBNeHNA
cnewynpoduneit n 0607108 Konec rpy30Bblx aBTOMOOMAEN 11 KONECHbIX CUCTEM NerkoBbIx aBTomMo6uneit. PaccmoTpeHa B3aMoCBA3b XUMUYECKOro
(0CTaBa 1 NapameTpoB ropAYeil NPOKaTKI ¢ yPOBHEM X/1aZ0CTOMKOCTI CTaneil nabopaTopHoil BbINAaBKM. [11A OLEHKI XNaZ0CTOKOCTI CTaneit
6binM NpoBe/eHbI UCTIbITAHNA Ha YAAPHYI0 BA3KOCTb Ha 06pa3Liax C 0CTPbIM 1 KpYIbIM Hape30M Mpy pasnnyHbIX Temnepatypax. Ha cranax
NabopaTopHoii BbiNiaBKM H0NbLIMHCTBA ONPOOOBAHHbIX BAPUAHTOB, HE3ABUCUMO OT PEXMMOB ropAYeit NPoKaTku U CMOTKM Obin obecneyeH
Tpebyemblii ypoBeHb yHapHoil BA3kocT. Hanbonee BbIcokyIo yaapHyto BA3KOCTb npu Temnepatype —80 °C UMeeT cTanb ¢ Hanbonee HU3KMM
COflepXXaHuem yrnepoga, NpokaTaHHaa npyu Temnepatype KoHua npokatku 880°C u Temnepatype cmotki 570 °C. 370 (BuAeTeNbCTBYeT 0
LienecoobpasHocTin onpoboBaHuA B NPOMbILLAEHHDIX YCIOBIAX NPU MPOU3BOACTBE OMbITHOI NAPTUI CTN CHIKEHINA COREPKaHIA YTiepoaa
1 TemnepaTypbl CMOTKM. TP 3TOM ANA CHIKEHUA 3aTpaT Ha NPOM3BOACTBO TaKyH CTasb LienecoobpasHo MUKpONerupoBaTb He Hiobuem, a
TUTAHOM.

KnioueBbie cnoBa: Xnajj0CToilkoCTb, HI3KOYTTIEPOAUCTbIE CTK, MUKPONIETMPOBAHHbIE CTa/IV, FOpAYas NPOKATKa, KONECHbII AUCK, KONeCHbIii
060g, KonecHas cucTema ferkoBbIX aBTOMOGUNEI, KONIeCHas CUCTeMa rPy30BbIX aBTOMOGMAEI, y1apHas BA3KOCTb

ASSESSMENT OF THE INFLUENCE OF CHEMICAL COMPOSITION
AND HOT ROLLING MODES ON THE COLD RESISTANCE OF
STEELS FOR CARWHEEL SYSTEMS

Yuliya S. Gladchenkova, Alexey B. Stepanov, Lyubov I. Nikolskaya
I.P. Bardin TSNIIChermet, Moscow, Russia

Abstract. Laboratory smelting of steelswas carried out with different chemical compositions intended for the production of special pro-
files and rims for trucks and wheel systems for cars. The effect of chemical composition and hot rolling parameters on the cold resistance
of laboratory—smelted steels was studied. Impact toughness tests were carried out on samples with a sharp and round notch at different
temperaturesto assess the cold resistance of steels. The required level of impact toughness was ensured on the laboratory—smelted steels
of most of the tested options, regardless of the hot rolling and coiling parameters. The highest impact toughness at a temperature of —80 °C
is shown by steel with the lowest carbon content, rolled with a finishing temperature of 880 °C and a coiling temperature of 570 °C. This

indicates the advisability of testing a reduction in carbon content and coiling temperature under industrial conditions during the produc-
tion of a pilot batch of steel. At the same time, to reduce production costs, it is advisable to microalloy such steel not with niobium, but

with titanium.

Keywords: cold resistance, low—carbon steels, microalloyed steels, hot rolling, wheel disk, wheel rim, passenger car wheel system, truck
wheel system, impact toughness
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nPon3BoaCcTBo AJIMHHOMEPHDbIX
ANOOEPEHLUPOBAHHO-3AKAJIEHHbIX PEJIbCOB
B «<EBPA3-OBbEAUHEHHbIN 3CMK»

Bukrop EBreHbeBuy lpomoB’, a-p ¢pu3.-mat. Hayk, Anekceir BopucoBuy IOpbeB’, a-p TEXH. HayK,
Ceprein BanepbeBuy KoHoBanos’, g-p ¢u3.-mat. Hayk, Erop Bnagumuposuuy Monesoir®,
KaHA. TexH. Hayk, Hukonaii AHaTonbeBu4 KosbipeB?, i-p TEXH. HayK

"Cubupckuli 2ocydapcmaeHHbIl UHOYCMpuUdbHbIU yHUBepcumem, 2. Hosoky3Heuk, Poccus

2 EBPA3 O6veduHeHHbIl 3anadHo-Cubupckuli memasnaypaudeckuli KombuHam, 2. Hogoky3Heyk, Poccus
3 LleHmparnbHbIl HayyHO-ucciedosamenbckul uHcmumym umeru Y. 1. bapouna, Mockea, Poccus
E-mail: gromov@physics.sibsiu.ru, rector@sibsiu.ru, konovalov@sibsiu.ru, Egor.Polevoj@evraz.com

Annotauua. AO «EBPA3-o6beguHenHbiii 3CMK» ABRAeTCA 0CHOBHBIM Npou3BOANTENeM penbcoB B PO. B cTaTbe mpocnexeHa sBomouna
PenbCoBOrO COpTaMeHTa KomOuHaTa 3a NOCTeAHION YeTBEpTb Beka. BbiMonHeH kpatkuii 0630p nocnedHux nybnukaumii, MoHorpadwii n
(TaTeli N0 CoBpeMeHHbIM NpeACTaBNeHNAM GOPMUPOBAHNA CTPYKTYPHO-(a30BbIX COCTOAHMIT AeGeKTHOIF CyOCTPYKTYPbI 1 CBOIACTB 061BEMHO 1
AMOOEPEHLIMPOBAHHO 3aKaNeHHbIX J09BTEKTONAHDIX, 3a3BTEKTOUAHbIX 1 O€/HUTHbIX PEbCOB NP NPOU3BOACTBE Y MOCTEAYHOLLEI ANNTENbHOI
KCnyaTaumum. PaccmoTpeHbl nepcnekTvBHbIE HaNPaBMeHNA PacLuMpeHus PeibCoBOro COPTaMeHTa.

KnioueBbie cnoBa: INNHHOMEPHbIE PeNnbCbl, IZlI/I¢¢€p€HL|I/IpOBaHHaﬂ 3aKaJiKa, CTPYKTypa, (BOIICTB, 3Kcnayatayma

PRODUCTION OF LONG DIMENTIONAL
DIFFERENTIALLYQUENCHED RAILS
AT USE «<EVRAZ - UNITED ZSMK»

Viktor E. Gromov', Alexey B. Yuriev', Sergey V. Konovalov', Egor V. Polevoi? Nikolai A. Kozyrev?

" Siberian State Industrial University, Novokuznetsk, Russia
2 JSC EVRAZ-United ZSMK, Novokuznetsk, Russia
3 Bardin Central Research Institute for Ferrous Metallurgy, Moscow, Russia

Abstract. JSCEVRAZ-United ZSMK is the main manufacturer of rails in the Russian Federation. The article traces the evolution of the plant's
rail product range over the past quarter of a century. A brief review of the latest publications, monographs and articles on modern concepts
of the formation of structural and phase states of the defective substructure and properties of volumetrically and differentially quenched
hypoeutectoid, hypereutectoid and bainitic rails during production and subsequent long-term operation is provided. The prospective direc-
tions of expansion of the rail assortment are considered.

Keywords: long dimentional rails, volumetric quenching, differential quenching, structure, properties, operation

62

IPOBJIEMbI YEPHOW METATITTYPTVN Y MATEPUAJIOBEAEHNS « Ne1 « 2025



DOI10.52351/00260827_2025_1_76
YK 621.746.58 + 669.33

MEXAHU3M CUIMKOTEPMUYECKOTIO NMPOLIECCA
U3BJIEYEHUA KAJIbLWA N3 MUHEPAJIbHOIO CbiPbA
OEPPOCUIIMLUMEM

AnaTtonuin AkoBneBuy ba6aHuH', o-p TexH. Hayk; Bopuc ®epgopoBuy benos?, KaHA. TEXH. HayK;
UBaH AnekcaHgpoBuy A6akymoB?, Anekcanap lOpbeBny MoBuaH?

"HUWuepmem um. N.I1. bapouHa, KOxHoe omoeneHue, 2. [JoHeyk, [JHP

2 [loHeyKul HaUUOHAMbHLIU mexHuUYeckul yHusepcumem, 2. [JoHeuk, JHP

? 0308ckuli Memannypeudeckuli 3a8o0, 2. [JoHeuk, JHP

E-mail: bay2912@mail.ru; belosvet100@mail.ru; vanekweird777@mail.ru; sanyadzem@gmail.com

AHHOTaLMA. YCTaHOBIEHO, YTO MEXaHI3M CMKOTEPMIYECKOTO U3BJIEYEHNA KAMlbLA M3 MIHEPAJIbHOTO CbPbA C NCMONb30BAHUEM (eppo-
CANMLWA ABMAETCA MHOTOCTYMEHYTbIM 1 BKIIKYAET 1BE OCHOBHbIE CTAAMM: AKTUBALMIO KPEMHIAS B CIaBaX (eppoCvnLind U BOCCTaHOBNEHNe
KasbLyA 13 €ro 0KMCI0B € 06pa3oBaHMeM ClnaBa (eppoCvIMKOKanbLMA 1 LaKa. Ha 0CHOBE pe3ysbTaToB BbIMOSHEHHbIX UCCIE0BaHMI Pa3-
Pab0TaHbl TEXHONOTMYECKME PeKOMEH ALK A NOBbILLEHNA SOEKTUBHOCTM CUMKOTEPMIYECKOTO MPOLIECCa NPON3BOACTBA CMaBOB Geppo-
(UNMKOKAmbLWA.

KnioueBble cnoBa: CTpyKTYpHO-XUMUYECKIE peakLimk, CUNMKOTEpMUYECKIiA NPOLIeCC, deppoCunnKOKanbLii, CTPYKTYpHbIe OHHO-MOMeKY-
nAapHble komnnekco! (CUM-komnneKco)

MECHANISM OF THE SILIOCOTHERMAL PROCESS OF CALCIUM
EXTRACTION FROM MINERAL RAW MATERIALS
BY FERROSILICIUM

Anatolii Ya. Babanin', Boris F. Belov?, lvan A. Abakumov?, Aleksandr Yu. Movchan?

" Central Research Institute of Ferrous Metallurgy named after I.P. Bardin, Donetsk, DPR
2 Donetsk National Technical University, Donetsk, DPR
3 Yuzovka Metallurgical Plant, Donetsk, DPR

Abstract. It has been established that the mechanism of the silicothermal extraction of calcium from mineral raw materials using ferros-
ilicon is a multistage process consisting of two main stages: the activation of silicon in ferrosilicon alloys and the reduction of calcium from
its oxides with the formation of ferrosilicalcium alloys and slag. Based on the results of the conducted research, technological recommen-
dations have been developed to improve the efficiency of the silicothermal process for producing ferrosilicalcium alloys.

Keywords: structural-chemical reactions, silicothermic process, ferrosilicon calcium, structural ion-molecular complexes (SIM complexes)
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PE3YJIbTATbI NCCNNEAOBAHUA TEKCTYPbl AIIOMNHUEBO-
MATHWUEBOI'O CIIJIABA AMI'5 NMOCNE CBAPKUA TPEHUEM
CMNEPEMELWWNBAHNEM

Anppein EBreHbeBuy BanaHoBcKuUiA, KaHA. TEXH. HayK, foueHT, Bnagumup IOpbeBuy KoHioxos,
KaHA. TexH. Hayk, npod., Unbsa CepreeBuy PemesoB

WpKymcKul HayuoHaneHell ucciedosamensckuli mexHu4deckul yHugepcumem, 2. ipkymck, Poccus
E-mail: fuco.64@mail.ru, konyukhov_vyu@mail.ru, remezilia@bk.ru

AHHoTauuA. MpeAcTaBneHbl pe3ynbTatbl MCCILOBAHMIA CTPYKTYpPbl antOMIHIEBOTO CMMIaBa MeTOAOM AudpaKumMi 06paTHO pacceaHHbIX
nekTpoHoB (EBSD), KoTopblii M03BONAET ONpeAenaTb yrbl pasopueHTUPOBKIA MEXAY 3epHaMi, NPeACTaBNATb JaHHble B BIZE MaccuBa
YII0B U pa3MepoB, NPAMbIX 1 06PATHbIX MOMKOCHBIX GUIYp 1 MHOMKECTBA APYTUX BIUAOB NONE3HOM MHGOPMALIK, A TaKXKe BbIABUTb FPaHNLbl
1 cybrpaHuubl 3epeH. [inA uccnenoBaHna 6bin BblOpaH NPOMbILLAEHHDIA TEPMUYECKA He YNPOUHAeMbIi Aedopmupyemblii anioMUHIEBO—
MarHuesblit cnnas AMr5 (3apy6exHblit ananor — cnnas 5083). MokasaHo, uTo (Bapka TpeHueM C nepemeLLMBaHIeM ABAETCA NPOLECCOM
¢ npeobnagaHuem caBura, Habntogaemble TEKCTYpbl CABUrA MOTYT YKa3blBaTb Ha NIOKaNbHYI0 OpUEHTALMIO NOTOKA MaTepuana B npoLiecce
(Bapky. TpexmepHblil MaTepuanbHblii MOTOK, 06HAPYKUBAEMbIil STUMM TEKCTYPHBIMYU OPUEHTALMAMY, MOKA3bIBAET BaXHble U3MEHeHNs,
0C06eHHO Ha NPOABHTalOLLEiiCA CTOPOHE CBAPHOTO LWBA. BrionHe oueBMAHO, UTO Mpu TemnepaType MeTaa B NpoLecce CBapkil TPeHNeM ¢
nepemelunBaHuem 0,8Tnn oKCUAHaA NNEHKa He YAANAETCA, a NepemMeLLnBaeTCA (NepemeLLaeTca) ¢ MeTanom LWBa. 310 AOMKHO BANATD Ha
MeXxaHUyecKve CBOICTBA CBAPHOIO LUBA. B CBA3M C3TVM Mbl SOMKHbI MPU NPOBEAEHNN CBAPKM yUNTbIBATH 3TOT GAKTOP, HO AN1A 3TOM0 HEOOXOANUMO
B MUKPOCTPYKTYPHbIX UCCNEA0BAHUAX HailTh 06MacTy, re 370 NieHKa cocpedoTaunBaetca (pacnonaraetca). lpu onpeseneHHbIx ycnoBuax
MOAroTOBKN 00pa3LioB MeTOAOM AndpaKLyn 06paTHOro pacceaHna snekTpoHoB (EBSD) Bo3amoxkHO MpoBecTy ccne0BaHNA TaKuX 0bnacTeil.
Metog J103 (EBSD) MoXeT npuMeHATbCA ANA UCCNIENO0BAHNA aNlOMIUHMEBbIX CMNIABOB W AaBaTb MOHbII 0630p 0COBEHHOCTEIN CTPYKTYpbI Ha
MMKPOYPOBHE, a B COYETaHIM C TEKCTYPHBIM aHANN30M OH N03BONAET Y(TaHaBAMBATL QU3nueckie MexaH3Mbl OPMUPOBAHUA CTPYKTYPbI
B npouecce fedopmavumn. B HacToALee BpemA pa3paboTaHo OrpoMHOe KONYECTBO NOAXOAOB K 3ajaue aTTecTaLiuin CTPYKTYPHOO COCTOAHNA
ZAedopmupoBaHHbIX MaTepuanoB, 0HaKo BbIGOP TeX UK MHbIX MHCTPYMEHTOB BAMAET Ha NOyYaeMble UCCnei0BaTeNem peynbrarbl. loatomy
BaXHbIM ABNAETCA COOTBETCTBYE NOCTABEHHON MCCNEA0BATENEM 3aaul 1 CPEACTB AIA €€ PeLeHuA.

KnioueBble cnoBa: aundpakuma 06patHo paccessHHbIxX 3nekTpoHoB (EBSD), antomiHueBbIi Cnnas, (Bapka TpeHueM ¢ nepemeLLrBaHieM,
rpaHILbl 1 CybrpaHmLbl 3epeH

THE RESULTS OF THE STUDY OF THE TEXTURE OF ALUMINUM-
MAGNESIUM ALLOY AMG5 AFTER FRICTION WELDING WITH
STIRRING

Andrey E. Balanovsky, Vladimir Yu. Konyukhov, llia S. Remezov

Irkutsk National Research Technical University, Irkutsk, Russia
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Abstract. The results of studies of the structure of an aluminum alloy using electron backscattered diffraction (EBSD) are presented, which
makes it possible to determine misorientation angles between grains, present data in the form of an array of angles and sizes, forward and
reverse pole figures and many other types of useful information, as well as identify boundaries and subboundaries grains For the study, the
industrial non-thermally hardenable deformable aluminum-magnesium alloy AMg5 (foreign analogue - alloy 5083) was chosen. Friction
stir welding has been shown to be a shear-dominated process, and the observed shear textures can indicate the local orientation of materi-
al flow during the welding process. The three-dimensional material flow revealed by these textural orientations shows important changes,
especially on the advancing side of the weld. It is quite obvious that at a metal temperature during friction stir welding of 0.8 Tmelt, the
oxide film is not removed, but is mixed (moved) with the weld metal. This should influence the mechanical properties of the weld. In this
regard, we must take this factor into account when welding, but for this it is necessary to find in microstructural studies the areas where
this film is concentrated (located). Under certain sample preparation conditions, electron backscatter diffraction (EBSD) can be used to in-
vestigate such areas. The EBSD method can be used to study aluminum alloys and provide a complete overview of the structural features at
the micro level, and in combination with texture analysis, it allows one to establish the physical mechanisms of structure formation during
deformation. Currently, a huge number of approaches to the problem of certifying the structural state of deformed materials have been
developed, but the choice of certain tools affects the results obtained by the researcher. Therefore, it is important to comply with the task
posed by the researcher and the means for solving it.

Keywords: electron backscatter diffraction (EBSD), aluminum alloy, friction stir welding, grain boundaries and subboundaries
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OCOBEHHOCTU ®OPMUPOBAHUA U3HOCOCTOMKOIO
KOMMNO3ULMOHHOIO CIJIABA NMPU NIEKTPOAYIOBOW
HAMJTABKE MOPOLIKOBOW JIEHTON
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2 [{HUWNuepmem um. N.I1. bapouHa, Mockea, Poccus
E-mail: zarechenskiyda@mail.ru, kholodnyi.aa@chermet.net

AnHoTauua. B pabote npuBeaeHbl pe3ynbTatbl nccnefoBaHmii GopMupoBaHIA CTPYKTYPbI KOMMO3MLMOHHOTO CNNaBa, COCTOALLeN 13 YacTuy
penwTa, CLleMeHTPOBAHHOMO MeTanoM-CBA3KOI Ha 0cHoBe Menbxuopa MHMu 60-20-20 npu mexaHiU31MpoBaHHoIA 3NeKpoayroBoli HannaBke
MOPOLUKOBOIA JIEHTOIA.

KnioueBble cioBa: KOMNO3NLMOHHbII CJIaB, pennT-MenbXuop, NOpPoLLKOBaA NeHTa, CKOPOCTb HaMnJlaBKK, 06bemMHoe CoAepXaHue Yactuy

FEATURES OF THE FORMATION OF A WEAR-RESISTANT
COMPOSITE ALLOY DURING ELECTRIC ARC SURFACING
WITH POWDER FORMING BELT

Valery V. Chigarev’, Denis A. Zarechenskiy', Aleksey A. Kholodnyi? Vladimir V. Vorobyov’,
Vladislav A. Shevchenko’, Anastasia A. Shpak'

" Priazovsky State Technical University (PSTU), Mariupol
2 TsNllchermet named after I.P. Bardin, Moscow, Russia

Abstract. The paper shows the results of studies of the formation of the structure of a composite alloy consisting of rayleigh particles
cemented with a metal binder based on MNMc 60-20-20 nickel silver, formed during mechanized arc welding with a powder strip.

Keywords: composite alloy, nickel silver alloy, powder tape, surfacing rate, volume content of particles
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2 fOxHo-Ypansckuli 2ocydapcmeeHHbIl yHUBepcumem (HaAUUOHaANbHbIU ucciedosamesnbckuli
yHugepcumem), 2. YenabuHck, Poccus

E-mail: lopatina.yekaterina2016@yandex.ru, m.polyakova@magtu.ru, o.kupriyanova@magtu.ru,
samoilovsp@susu.ru

AnHotauma. lpeacTaBneHbl pe3ynbTaTbl MOAENAPOBaHIA (a30Boro coctaBa ctanm 0972C ¢ nomoLublo nporpammHoro obecneyenns JMat-
Pro u ¢u3nueckoro MOZENMPOBAHIA METOAOM KpyueHNs C MCMONb30BaHIEM UCCIeN0BaTeNbCKOT0 Kommekca Gleeble 3800. MogenupoBaHue
MPOBOAWIYN ANIA YCNIOBUIA TEXHONOTUYECKOTO MPOLIECca ropAYeil NPoKaTKI B YCIOBUAX MPOMBILLEHHOTO NPOM3BO/ACTBA. [InA Bepudukaumm
NOYYeHHbIX 1aHHbIX NPOBELEH MeTA/orpaduueckitii aHanu3 MUKpOCTPYKTYpbI CTany MpU PasninuHbIX TeMMepaTypax, XapakTepHbIX Ana
ropaueil NpokaTky. PeynbTaTbl MeTannorpaduueckoro aHanu3a noATBEPAMIM afeKBATHOCTb KOMMbIOTEPHOTO MOZENMPOBAHMUA (a30BOro
(0CTaBa CTaNM. 3HaueHUs MUKPOTBEPAOCTM XapaKTepHbl ANA JaHHOI MapKy CTanin nocie MCcreflyeMblX PeXnMoB TepMOAedopMaLMOHHOTO
BO3eicTBIA. MoyueHHble pe3ynbTaTbl UCCeioBaHuil MOTYT ObiTb UCMONb30BaHbI MU pa3paboTe PeXxnMOB MPOKATKI MHOTO(ha3HbIX CTaneit
NPy OTCYTCTBUN CTATUCTUYECKIX AAHHBIX 06 0C0BEHHOCTAX U3MEHEHNS UX CTPYKTYPHO-(a30BOr0 COCTOAHMA.

KnioueBble cnoBa: MHorohasHas (Tanb, $a3oBblil COCTaB, KOMMbIOTEPHOE MOfiENNPOBaHIE, PU3NuecKoe MOAENNPOBaHIE, TePMOMEXaH!-
yeckad 0bpaboTka

MODELING OF THE STRUCTURAL AND PHASE COMPOSITION
OF STEEL FOR DESIGNING THE THERMOMECHANICAL
TREATMENT PROCESS

Ekaterina V. Lopatina’, Marina A. Polyakova’, Olga A. Kupriyanova', Sergey P. Samoilov?

"Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia
2 South Ural State University, Chelyabinsk, Russia

Abstract. The results of modeling the phase composition of 09G2S steel using JMatPro software and physical torsion modeling using
the Gleeble 3800 research complex are presented. The simulation was carried out for the conditions of the technological process of hot
rolling in industrial production. To verify the data obtained, a metallographic analysis of the steel microstructure was performed at various
temperatures typical for hot rolling. The results of the metallographic analysis confirmed the adequacy of computer modeling of the phase

composition of steel. The microhardness values are typical for this steel grade after the studied thermal deformation modes. The obtained
research results can be used in the development of rolling modes for multiphase steels in the absence of statistical data on the peculiarities
of changes in their structural and phase state.

Keywords: multiphase steel, phase composition, computer modeling, physical modeling, thermomechanical processing
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NCCNEAOBAHUE MEXAHWUYECKNX CBOUCTB
N CTPYKTYPbI CTAJIEW O N1 TPYB BOJIbLLOIO AUAMETPA
MNP NOBbIWEHHbIX TEMMEPATYPAX

Bnapgumup AnekcaHgpoBuy Eropos ', MaBen MeTpoBuu CTenaHoB 2, —p TEXH. HAYK,

Tarimypas CyneiimaHoBu4 EcueB ', kKaH. TexH. Hayk, BaneHTUH OneroBuy MaxaHeB ', KaH[. TEXH.
Hayk, AHgpei1 BopucoBuuy Apabeii ', KaHg. TexH. HayK, AHapei MeTpoBuy CaMcOHeHKo 3,

KaH[. TexH. Hayk, AHgpein Muxaitnosuy Tumodees 3, Anekceri BnagumnpoBuy YepBoHHbIN 2,
KaH[. TEXH. HayK

"000 «lfasnpom-BHUWNIA3», Cankm-llemepbype, Poccus
2 AO «OMK», Mocksa, Poccus

3 [AO «faznpom», Cankm-llemepbype, Poccus

E-mail: stepanov_pp@vsw.ru, t_esiev@vniigaz.gazprom.ru, v_makhanev@vniigaz.gazprom.ru,
a_arabey@vniigaz.gazprom.ru, A.Samsonenko@adm.gazprom.ru, a.m.timofeev@adm.gazprom.ru,
chervonnyj_av@vsw.ru

AnHoTauus. lTpuBeaeHbl pe3ynbTaTbl UCCIEA0BAHUA BANAHUA NOBbILLEHHbIX TEMNIEPATYp Ha CTPYKTYPY U CBOIACTBA MeTaina Tpy6 Knaccos
npouHocTi K56—K60 ans maructpanbHbix Tpy6onpoBooB. MokasaHa BO3MOXHOCTb MPUMEHEHUA MUKPONIETUPOBAHbIX HU3KOYINIEPOAUCTbIX
TPyOHbIX CTaneii 4na obecnevenns paboTbl TpyGonpoBOAOB, NOABEPKEHHbIX HarpeBy A0 400 °C, NoATBEPXAeHA BO3MOKHOCTb 0becneyeHns
TEMNOCTORKOCTM UCCNIEAYEMbIX MAPOK CTa/liA € COXPaHEHUEM BbICOKOI XNAZ0CTOMKOCTH (10 -60 °C) Npu NpUMEHEHMM CELMaNbHbIX PEXUMOB
TePMOMEXaHIeCKoi 06pabOoTKIA 1 YCKOPEHHOTO OXNaX AeHNS B NPOLIECce NPOU3BOACTBA IMCTOBOTO NPOKATa.

KnioueBble cnoBa: prﬁbl 6onbLuoro AnameTpa, TennoBaa CTOMKOCTb  CTanu, KOHTpONIMpYeMaA MpOKaTKa, MUKPOJIETNPOBaHUE,
MUWKPOCTPYKTYpa, MEXaHNYeCKne (BOIACTBA, XNAZ0CTONKOCTb

STUDY OF MECHANICAL PROPERTIES AND STRUCTURE OF
STEEL FOR LARGE DIAMETER PIPES AT HIGH TEMPERATURES

Vladimir A. Egorov ', Pavel P. Stepanov ? Taimuraz S. Esiev ', Andrey B. Arabey ', Andrey P. Sam-
sonenko 3, Andrey M. Timofeev 3, Alexey V. Chervonny 2

"Gazprom-VNIIGAZ, St. Petersburg, Russia
2 AO OMK, Moscow, Russia
3 Gazprom, St. Petersburg, Russia

Abstract. The article presents the results of a study of the effect of elevated temperatures on the structure and properties of metal in pipes

of strength classes K56—K60 for main pipelines. It shows the possibility of using microalloyed low—carbon pipe steels to ensure the oper-
ation of pipelines subjected to heating up to 400 °C, and confirms the possibility of ensuring the heat resistance of the steel grades under

study while maintaining high cold resistance (up to -60 °C) when using special modes of thermomechanical treatment and accelerated
cooling in the process of sheet metal production

Keywords: large diameter pipes, thermal resistance of steel, controlled rolling, microalloying, microstructure, mechanical properties, cold
resistance
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CPABHEHUE PE3YJIbTATOB HATYPHbIX KOPPO3UOHHbIX
NCNbITAHUN FOPAYEKATAHDBIX HU3KOYINEPOAUCTDIX
CTANEW C PE3YNIbTATAMWU UCTbITAHUW MO IABOPATOPHOU
JKCNPECC-METOAUKE

WpwuHa MaBpunosHa PoguoHoBa’, a-p TexH. Hayk; AHTOH BuktopoBuy Kongaes',
KaH[. TexH. Hayk; KoHcTaHTuH AnekcangpoBuu bykos', AnekcaHpgp CemeHoBuY MenbHUYEHKO',
KaHA. TexH. HayK; AmuTtpui lpuropbeBuy Py3aeB?, KaHA. TEXH. HayK

"HWWuepmem um. U.M. bapouHa, Mockea, Poccus

2 AO «ABTOBA3», 2. Toneammu, Poccus

E-mail: igrodi@mail.ru, koldaevanton@gmail.com, bukov.kostya@gmail.com, asmeln@yandex.ru,
dmitriy.ruzaev@vaz.ru

AHHOTaLMA. bbinu NpoBeeHbl HaTypHble KOPPO3MOHHDIE MCMbITaHNA 06PA3LOB FOPAYEKATAHOTO IMCTOBONO NPOKATA U3 CTaneii PanuyHoro
XMMUYECKOT0 COCTaBa, MPUMEHAEMbIX B ABTOMOBMNECTPORHIN, A TaKXKe UX UCTIbITaHWA N0 NabopaTopHoit 3Kcnpecc-meToauKe. MokasaHo,
4TO Pe3ynbTaTbl UCMbITAHWIA N0 NaBOPATOPHOI SKCNPECC-METOAMKE XOPOLLIO KOPPENUPYIOT C PearnbHOil CKOPOCTbIO KOPPO3MN MPU HATYPHbIX
McbITaHMAX. My 5TOM HaMG0MbLLYH0 CKOPOCTb KOPPO3WY MOKa3asa CTab € GoMiee BbICOKIM COAEPKAHNEM KPEMHIIS.

KnioueBble cnoBa: CT0iKOCTb MPOTUB aTMOCHEPHOI KOPPO3WMM, KOPPO3MOHHbIE WCMbITaHNA, METOS MepeMEeHHOT0 MOrpyXeHus,
BbICOKOMPOYHbIE CTanM ANA aBTOMOOUNECTPOEHNS, KOPPO3MOHHbIE UCMbITAHNA, FOpAYEKaTaHbIii NMCTOBOI NpoKaT

COMPARISON OF CORROSION TEST RESULTS OF HOT-ROLLED
LOW-CARBON STEELS

Irina G. Rodionova’, Anton V. Koldaev’, Konstantin A. Bukov', Alexandr S. Melnichenko’,
Dmitriy G. Ruzaev?

"I.P. Bardin TSNIIChermet, Moscow, Russia
2 AVTOVAZ, Tolyatti, Russia

Abstract. Corrosion tests were conducted on samples of hot-rolled sheet metal products made of various grades of steel used in the auto-
motive industry, in particular, for the production of rims and wheel disks. It was shown that the results of tests using the laboratory express
method correlate well with the actual corrosion rate during full-scale tests. In this case, the highest corrosion rate was shown by steel with
the highest silicon content.

Keywords: resistance to atmospheric corrosion, corrosion tests, alternating immersion method, high-strength steels for the automotive
industry, corrosion tests, hot-rolled sheet metal products
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BNUAHUE BNAXKHOCTW HA PE3YJIbTATbI UCMbITAHUN
KOPPO3VUOHHOWN CTOMKOCTU FOPAYEKATAHbDIX
ABTOJINCTOBbIX CTAJIEA METOAOM NEPEMEHHOIO
NMOrPYXEHUA

EneHa iBaHoBHa 3apKoBa', KaHz. du3.-maT. Hayk; KoHcTaHTUH AneKkcaHgpoBuy Bykos’,
UpuHa HukonaeBHa YupkuHa', kaHa. TexH. Hayk; Hatanna AHatonbeBHa Kapambiwesa',
Amutpuin FpuropbeBuy PysaeB?, KaHf. TeXH. HayK

"UHUWNuepmem um. N.IT. bapouHa, Mockea, Poccus

2 AO «ABTOBA3», 2. Toneammu, Poccua

E-mail: zarkova_eibs@mail.ru, bukov.kostya@gmail.com, chirkina77@mail.ru, nkmet20@yandex.ru,
dmitriy.ruzaev@vaz.ru

AnHoTauma. [Ina ropayekataHblx aBTONUCTOBbIX CTaneii, NpUMeHAeMbIX B aBToMobunecTpoeHmy, Bbina npoBeaeHa oLeHKa MX CTOMKOCTI
MPOTUB aTMOCOEPHOI KOPPO3U METOAOM NepeMeHHOro norpyxexus. [Ina yctaHoBneHUa BANAHUA YCIOBUIA IKCNEPUMEHTA HA pe3ynbTaTbl
onpezeneHna CKOPOCTM KOPPO3WI SKCMIEPUMEHTBI Obla NPOBEAEHBI MPY Pa3HbIX YPOBHAX BNAXHOCTU — 55%, 38% 1 34%. Takxe npoBefeHo
CpaBHeHMe pe3ynTaTos onpedeneHya CkopocTi KOPPO3nM Mo NpUBECY (YBENUYEHNI) 1 M0 yObini (yMeHbLLEHWIO) Macchl ANA Pa3HbIX COCTaBOB
CTanu. YCTaHoBNEHO CUNbHOE BANAHIE BAAKHOCTI HA MOYYaeMble 3HaUEHNUA CKOPOCT KOPPO3WH.

KnioueBble cnoBa: Koppo3uoHHble WCMbITaHWA, METOL MepeMeHHOT0 MOTpyKeHus, CTOMKOCTb MPOTUB aTMOCHEPHOI Koppo3uu,
aBTONNCTOBbIE CTa/IH, FopAYeKaTaHblii NMCTOBOI NPOKAT, HU3KOYINEPOANCTbIE U MUKPONIETVIPOBAHHbIE CTaIK

EFFECT OF MOISTURE ON THE RESULTS OF CORROSION
RESISTANCE TESTS OF HOT-ROLLED AUTOMOTIVE SHEET
STEELS BY THE ALTERNATING IMMERSION METHOD

Elena l. Zarkova', Konstantin A. Bukov’, Irina N. Chirkina’, Natalia A. Karamysheva',
Dmitriy G. Ruzaev?

"I.P. Bardin TSNIIChermet, Moscow, Russia
2 JSC «<AVTOVAZ», Tolyatti, Russia

Abstract. For hot-rolled auto sheet steels used in the automotive industry, an assessment of their resistance to atmospheric corrosion was
made using the alternating immersion method. To establish the influence of experimental conditions on the results of determining the cor-
rosion rate, experiments were carried out at different humidity levels - 5%, 38% and 34%. A comparison of the results of determining the
corrosion rate by weight gain (increase) and weight loss (decrease) was also carried out for different steel compositions. A strong influence
of humidity on the obtained corrosion rate values was established.

Keywords: corrosion testing, alternating immersion method, atmospheric corrosion resistance, automotive sheet steel, hot-rolled sheet
metal, low-carbon and microalloyed steels
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NMEPEPABOTKA TEXHOTEHHOIO CbIPbA
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Ob6 SOOEKTUBHOCTU PELMKJTUHIA BTOPUYHbIX
MATEPUAJIOB B YEPHOI METANITYPTUN

Mapus BuktopoBHa YimakoBa', KaHf. TexH. HayK, AlT6ep MaxaueBuu BymkaHoOB', KaHfl. TeXH. HayK

" YHusepcumem Hayku u mexHono2ut «MUCUC», Mockea, Poccus
E-mail: maria.v.ushakova@gmail.com, bizhanov@briket-brex.ru

AHHoTauua. MakcumanbHo BO3MOXKHaA yTunn3auua CO6CTBEHHbIX BTOPUYHbIX MaTepKanoB CTaHOBUTCA IKOHOMUYECKN uenecooﬁpamoﬂ
3afaveil. B pa60Te npnBeAeHbl 0CHOBHbIE, CamMble LLKPOKO NCNONb3yeMble TEXHONOTN PeLNKNHTA. OTmeyeHo, uTo 06ecLHKOBaHMe ABNAETCA
npakT4eckn 00A3aTeIbHbIM 3TanoM AnA UCNOb30BaHNA BTOPUYHbIX 0TXOA0B B MeTannypriiyeckom npom3BoacTBe. Ha ocHoBe TexHonorum
BeNbLeBaHWA MOKa3aHo, YTo YCTOABLUKECA CTEPEOTUMbI U KpUTEPUN NPUMEHUMOCTH TEXHOJIOMUA YacTo He B NOJHON Mepe 0TpaxatoT
CyLecTByoLLue peanuu. B pa60Te 0TpaXeHa BaXHOCTb KOMMNEKCHOI OLEHKM yqéTa MaKCManbHO BO3MOXHOM0 Koinyecta ¢aKTOPOB
ana Bbl60pa cTpaterni ytunusauuy, nokasaHo, 4to npu BbI60pE cnocoba PELNKNIHIa BTOPUYHbBIX MaTepuanos HeobXxogumo Y4uUTbIBATH
BC€ YCNI0BMA KOHKPETHOrO NpeAnpuATIA BHE 3aBUCUMOCTIA OT CNOXKNBLUErOCA B OTPAC/IN NPEACTaBNEHNA 0 NPEUMYLLECTBAX 1 HEAOCTAaTKaX
paccmanMBaeMon TexHonoruu. Pacuetom NOATBEPXAEHO, UTO B CNOMUBLUMXCA CbIPbEBLIX YCIOBUAX ANA bonbLUNHCTBA MeTannypruyeckux
3aB0J0B )’pana n (MﬁVIpVI PELMKNUHT TUMWYHBIX AOMEHHbIX U CTanennaBiNibHbIX Mbifieil 1 LWNAMOB KOHOMUYECKH 3¢¢EKTVIBEH BHE
3aBUCUMOCTM OT UX COCTaBa.

KnioueBble cnoBa: pewyKvHr, nbini, Wiambl, 06ecLHKOBaHMe, BENbL-NPOLECC, OPUKETUPOBaHMe, XeCTKas SKCTpy3us

ON THE EFFICIENCY OF RECYCLING SECONDARY MATERIALS
IN FERROUS METALLURGY

Maria V. Ushakova’, Aitber M. Bizhanov'’
" MISIS, Moscow, Russia

Abstract. The maximum possible utilization of the local secondary materials becomes an economically feasible task. The paper presents
the main, most widely used recycling technologies. It is noted that dezincification is almost a mandatory step for the use of secondary
waste in metallurgical production. Based on the Waelz technology, it is shown that established stereotypes and criteria for the applicability
of technologies often do not fully reflect the existing realities. The paper reflects the importance of a comprehensive assessment and
consideration of the maximum possible number of factors for choosing a recycling strategy, it is shown that when choosing a method for
recycling secondary materials, it is necessary to take into account all the conditions of a particular enterprise, regardless of the prevailing
industry understanding of the advantages and disadvantages of the technology in question. The calculation confirms that in the current
raw material conditions for most metallurgical plants in the Urals and Siberia, recycling typical blast furnace and steelmaking dusts and
sludge is economically efficient regardless of their composition.

Keywords: recycling, dust, sludge, dezincification, Waelz process, briquetting, rigid extrusion
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K 100-nemuto co 0HA poxdeHus Cepzes AnekcaHoposu4a [0/108aHeHKO
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POJIb MPO®ECCOPA C.A.TOJIOBAHEHKO
B PA3BUTUWN KAYECTBEHHbDIX CTAJNEIA

Onbra BacunbeBHa HoBuukoBa', KaHf. TexH. Hayk, lOpuih UBaHoBuY MaTpocoB', i-p TeXH. HayK,
Hatanusa BanepbeBHa KonAacHuKoBa', KaHf. TeXH. HayK

"YHWWNuepmem um. U.M.bapouHa, Mockea, Poccus
E-mail: nkolyasnikova@yandex.ru

AnHoTauma: Paccvotpen Bknag npodeccopa C.A. lon10BaHeHKO B Co3/aHIMe U Pa3BUTIE BbICOKOIDEKTUBHBIX CTaneii pa3nnuHbIX
KNaccoB NPOYHOCTY 1 Ha3HAUeHs, B TOM uncre GUMETananyeckux MaTepuanos, HU3KONErnpoBaHHbIX CTaeli MoBbILLIEHHON NPOYHOCTH
ANA ra30npoBOAHbIX TpY6 60nbLUOr0 AMameTpa, CTaneli Ana 06bEMHOI UCTOBOI LUTAMMOBKY, ABYX(a3HbIX GeppuTo-MapTeHCUTHBIX 1
CTOVKMX NPOTUB BOAOPOAHOIO PacTPecknBaHNA cTaneli.

KnioueBble cnoBa: meTannoBesieHue, GuMeTansbl, HU3KONErMpoBaHHble CTanu, AByxdasHble CTany, HayuHas LWKona, U30TepMUyecKuil
oTXur, CyOCTPYKTYpa, deppuTHas MaTpua, Tepminyeckas obpabotka

THE ROLE OF PROFESSOR S.A. GOLOVANENKO
INTHE DEVELOPMENT OF HIGH-QUALITY STEELS

Olga V. Novichkova', Yuri I. Matrosov', Natalia V. Kolasnikova'

" Central Research Institute named after I.P. Bardin, Moscow, Russia

Abstract. The contribution of S.A. Golovanenko to the creation and development of high-performance steels of various strength classes and purposes,
including bimetallic materials, low-alloy steels of increased strength for large-diameter gas pipes, steels for volumetric sheet stamping, two-phase fer-
rite-martensitic and resistant to hydrogen cracking steels, is considered.

Keywords: metal science, bimetals, low-alloy steels, two-phase steels, scientific school, isothermal annealing, substructure, ferritic matrix, heat treatment

B ¢espare 2025 r. ucnionHmnoch 100 y1eT co AHA POXKAEHNUS U3BECTHOTO
COBETCKOTO M POCCUIICKOTO YYEHOTO-MeTaJUTypra, naypeara [ocymapcTseH-
HOJI TTpeMUM, 3aCITYKEHHOTO JieATeNs HayKM ¥ TeXHUKY, JOKTOpa TeXHMYe-
CKJX HayK, mpodeccopa Cepres Anexcaniposuda [ooBaHeHKO.

Cepreit Anekcannposud [onoBanenko popmics 10 dbespanst 1925 roga
B ropoge douenke (6piBias Ykpanuckas CCP) B ceMbe M3BECTHOTO Me-
tannypra [onoBanenko Anekcansipa MuneHTbeBIYa, epeexasiiero B Mo-
CKBY B CBsI3) C Ha3Ha4deHVeM M0 cnyk6e B MUHNCTEPCTBO YePHOIT MeTal-
nyprun CCCP.

Kak 1 6071bImHCTBO I0fieit Toro mokosenns, Ceprert AleKCaHIpOBNY
IIpOILIe/T HEIIPOCTOI KI3HEHHBIII ITyThb. B Tofibl BOHEI OH paboTall TOKa-
peM, 3aTeM Ba/IbLJOBIIUMKOM Ha MockoBckoM TpybHOM 3aBofie. B 1943 1. on
nocTynui B MOCKOBCKMIT MHCTUTYT CTaJIM U CIUIaBOB, ITOC/Ie OKOHYaHMs KOTOpOro B 1948 1. 6b11 Hanpas-
nen no pacnpenenenuio B IIHVIW4epmer um. VI.I1. Bapauna, rge npouen nyTh OT M/IAJIIIEr0 HAyYHOTO
COTPY[HMKA O AMpeKTopa VIHCTUTyTa KadeCTBEHHBIX cTasel (¢ 1964 r.).
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um. WU.MN. bapguna

Oepnyna JlrogMua BUKTOpoBHa pofniach 2 anpe-
na 1949 1. B ropoge Kamenck-Ypanbcknit Ceepyios-
ckoit o6mactyt. OKOHYMB B 1966 I. IIKOTY, ITIOCTyIMIA
B MOCKOBCKMIT 0O/IaCTHOM II€arornmyecKuil MHCTU-
tyt um. H.K. Kpymckoit Ha ¢axynbTeT MHOCTPaHHBIX
SIBIKOB TI0 CIIELMATBHOCTI «YIUTeNDb (HPAHIIY3CKOTO
S13bIKA CPeJHEN LIKOJIbI».

ITocne yuebsl u fo camoit Konunusl JI.B. Degyuna
npopaborana 8 THWuepmer um. VL.II. Bapauna B
obweit coxxHocTn 55 net. TpynoByIo fieATeIbHOCTD
B VIHCTUTYyTe Havanma B 1969 I. B OMKHOCTY 6M6mIT0-
TeKaps. 3aTeM 3aHMMasla JO/DKHOCTHU CTaplIero 1abo-
panta OTHena Hay4HO-TEXHMYECKON MHpOpMamu,
saBepymomer OTaena o6pabOTKY TUTePATYPHI U KaTa-
JIOTOB, CTapIIEro MHXXeHepa, a ¢ 1992 r. u 1o nocnex-
HUX [Hell ObUIa 3aBeRyIOLIell HayYHO-TEXHIYECKO
6nbmmorexoit LIHVuepmer.

Mmuorue roppl JIrogpMmmuia BuxTopoBHa 3aHuMa-
Jach  CIPABOYHO-OMOMMOTEYHBIM OOCTY>KUBaHIEM
COTPYRHMKOB WMHCTUTYTa, paboTasa Co CIPaBoOd-
HO-VH(}OPMAIVIOHHBIM (POHJOM JIMTEPaTyphl, OTBEYA-
71a 3a TIOAMMCKY Ha IeproAdecKe U3aHys. JaHMa-
mack mogbopoM rHbOpMan, cobupana MaTepuabl
(pyxomucy, nybmuxanyy 8 CMV, kHury, cratbu) 1o
ucropuy ITHVI/4epMeT, 0 BaKHBIX 3Tamax €ro pas-
BUTHA, a TaKKe O HAYYHOIl HeATeNbHOCTY U CyAbbax
U3BECTHBIX YYEHDIX, HAYYHDBIX COTPYFHMKAX MHCTUTY-
Ta, BHECIIMX 3HAUMTENbHBIN BKIajJ B pasBUTHE OTe-
4YeCTBEHHOM MeTaunyprun. JlrogMmuna Bukroposna
aKTUBHO CIOCOOCTBOBANIA IyOMMKALUY Pe3yIbTaTOB
HAy4HON JeATETbHOCTU COTPYSHUKOB VIHCTUTYTa,
YTO IIO3BO/IM/IO COXPAaHUTb OIPOMHBIN MHTEJIEKTY-
aJIbHbIII IOTEHIIAJI, HAKOIIJIEHHbIN HECKOIbKIMMA I10-
KOJIEHMAMMY Y4YEHBIX U CllenManucTos VIHcTuTyTa.

3a HOCTUTHYTBIE YCIeXY, INIOLOTBOPHYIO paboTy
1 3HauUUTeNbHBIN BKIaj B pasBurue LJHVMuepmer
JIrogpMuna BuKTopoBHa HEOJHOKPATHO IOOLIPAIACh

NAMATU NIOAMWUNbl BAUKTOPOBHbI ®EAVNHON

15 mapra 2025 r. ywna us xkusHu Jliogmuna BukroposHa ®eguHa,
3aBepyloLlas HayYHO-TEXHMYecKo 6ubnunoTteKkoii LieHTpanbHoro
Hay4YHO-MCCNeAoBaTe/IbCKOro MHCTUTYTa YepPHOI MeTannyprumv

pyxoBogcTBOM VIHCTHTYTA 6/1arOfAPHOCTAMY U Tpa-
MoTamu. B 1989 r. eii mpucBoeHo 3BaHue «Berepan
tpyzsa LIHMMuepmer». B 1997 1. HarpakjjeHa Mefa-
b0 «B mamaTte 850-metus MoOCKBbI», MeIa 3BaHNe
«Betepan Tpyga». fBnAnach aBTOPOM M COCTaBUTE-
7eM crareil ¢ 0630paMy TOKIaloOB Ha KOH(QEepeHIN-
AX, opranusoBanHbix B IIHMMuepmeT, B >xypHane
«Metannypr». bonbioit BKaj BHeC/1a B COCTaBIeHe
COOPHMKOB, IIOCBAIIeHHbIX McTopuy Hayku B [THUN -
yepMeT. B mocegHme HECKOMBKO JIeT OHa OblIa B CO-
craBe PefakIMOHHBIX COBETOB COOPHMKOB cCTareil
«75 ner HHVW4uepmer umenn VLII. bapauna: Hayka
U >kM3Hb Metawryprun» (2019 r.), «CranbHas Boid,
KenmesHass cronkocTb. K 75-metmio Ilo6enpr B Benu-
koit OTedecTBeHHOI BoitHe» (2020 r.), «Hay4uHoe Ha-
cnenvie b.B. Monmorunosa. Coopumk crareit» (2022 r.),
y4acTBOBasa B (GOPMMUPOBAHMM COOPHMKA HAyYHBIX
Tpy#oB npod., A-pa TexH. Hayk [0.J. Marpocosa
«MeTannoBefieHne ¥ TeXHOMOTHA IPOU3BOACTBA CTa-
et [yist ra3oHeTerrpoBoKoB» (2024 1.), cocTaB/IeHNN
u uspannn cbopurka «Hayunoe Hacnmenme bapanua
ViBana IlaBnoBuya» (2024 r.) u mp.

Konnextusy ITHMWuepmer Jlrogpmuna Bukro-
POBHa 3aIIOMHU/IACH KaK YYTKWIL, OTKPBITHIN ¥ OT3bI-
BUMBBIIL 4€I0BEK, C TMYHBIM O0asHMEM, TBOPYECKUII
Crieruanuct ¢ (peHOMEeHA/IbHOI MaMSTHIO, OOJIBIION
apyaunueit. OHa 6bUIa Pa3HOCTOPOHHEN IMYHOCTBIO,
KHUTOMOO U Tearpajka. B Mosopple rofsl urpana B
Bomteit6onbHoN komanie [ITHV4yepmer, yyacTBOBa-
71a B COPEBHOBAHMAX MEXY IPEAIPUATIAMMA U Opra-
HU3ALUAMU I. MOCKBBI.

TpemeTHO OTHOCACH K CBoelt paboTe, cunTas ee
cBOUM IpusBaHueM, JlrogMuna BukTopoBHa BHecna
OTPOMHBI BKJaJ, B JIeIO COXPAaHEHMs:d, PA3BUTHA U
COBEPIIEHCTBOBAHMS HAYYHO-TEXHUYECKON 616/I0-
TeK! U NH(OPMAIMOHHOIT CITy>K6bI VIHCTHTYTA.

Caetmas mamATh o Jllogvmmiie BuktopoBHe coxpa-
HUTCA B HAIINX ceppnax!

Komnextns mHCTUTYTa BBIpaXkaeT Iny6oxue cobo-
JIe3HOBAHYVISI POSHBIM U O/IM3KVIM.
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Tpe6oBaHNA K 0pOpMAEHUIO N COAEPXKAHNIO CTaTell B XKypHane
«Mpo6nembl YepHOI MeTanNyprun n MaTepuanoBefeHna»

Penkonnerna xypHana npUHAMAET B NeYaTb OpUriHANbHbIE Ha-
YUHble CTaTby 1 0630pbl GyHAAMEHTaNbHOTO U NPUKNAJHOTO XapaKTe-
pa no Bcem npobnemam, MeIOLLMM OTHOLLIEHUE K YepHOI MeTannyp-
riK, CBOICTBAM CMNaBOB Xene3a. [ybnukyetca Takxke nHhopmaums o
HayuHbIX KOHQepeHumAX, bruorpaduax 3BECTHbIX yueHbIX K tobunei-
HbIM atam. [lybnukauna 0630poB, MHGopmaLi u uorpaduii Hocut
OrpaHNYeHHbIil XapaKTep 1 OCYLLECTBACTCA HA YCMOTPEHUe pejakK-
LM, NCXOAA 3 TeMATUKV XypHana. Bce nybnukaumum B xypHane — Ha
becnnaTHoi 0CHoBe.

(raTbi, CopepXalLye pe3ynbTatbl MCCIeA0BaHUN, TPOBEAEHHbIX B
YUpeXAEHNAX, ROMKHbBI CONPOBOXKAATLCA Pa3peLLeHIeM STOr0 Yupex-
AeHnA (AKT 3KCepTu3bl UK CNpaBKy 0 BO3MOXHOCTY 0My6anKoBaHIsA).

Pykonucb JomkHa 6ObiTb NoAnucaHa BCeMM aBTOpamil CTaTbiA.
[Jonyckaetca npepoctaBneHne CKaH-KoMUM pyKonuc ¢ MOANMCAMM
aBTOpoB. Heobxoanmo ykasaTb aBTOpa-KOppecnoHAeHTa AnA nepe-
MUCKI 1 NEPErOBOPOB.

He gonyckaetca HanpaBnATb B peAakLyio paboTbl, YacTUYHO un
MOHOCTbI0 YKe OnybNMKOBaHHbIE UK MPUHATbIE K Nevaty B Apyrinx
N3MAHUAX.

Matepuanbl cTaTby, npeanaraemoit AnA ny6nukaumum B xypHa-
ne, JOMKHbI U3N1araTbCA B CedytoLlem NopazkKe:

o Homep YK (yHuBepcanbHas AecATMYHaA Knaccudukauua);

® Ha3BaHue CTaTbil (MPOMMCHBIMM BYKBaMU, XUPHbIA WPNAT)
JOMKHO 6bITb MHOOPMATUBHBLIM M NIAKOHUYHBIM, OTpaXadA CMbICA
paboTbl;

® /M, 0TYECTBO (MONHOCTbIO) 1 GaMunMA aBTOPOB HA PyCCKOM
A3blKe (KMPHLIM WpPUPTOM), yueHas cTeneHb (Mpu Hanuumu), ecnu
aBTOPbI M3 Pa3HblX OPraHM3aLmii, T0 nocne ux Gamunuii ykasbiatt
HOMep Mo NOPAAKY OpraHu3aLy; peKOMEHAYETCA yka3blBaTh He Gonee
5 aBTOpOB /1A OPUTMHANbHbIX CTaTeil U 0630poB (AnA CTaTeld, NOCBA-
LLEHHbIX tOUNeIHBIM AaTaM, UCTOPUM HayKi1, MHGOPMALMI — He Bonee
1 aBTOpa), BHECLLNX Haubonee CyLieCTBEHHbIl BKNAZ B UCCNIEA0BAHNE U
Hanucaxue CTaTby, JONYCKAETCA YKa3aTb B NPUMeEYaHNIN L, YacTUYHO
yuacTBOBABLLMX B paboTe;

® MecTo paboTbl aBTOPOB (OpraHKU3aLnA), ropog, CTpaHa, ecn
aBTOPbI M3 Pa3HbIX OPraHN3aLyii, TO Nepes Ha3BaHNeM OpraHu3aLmn
yKa3blBaeTCA ee NopAAKOBbI HOMEP B BIAAE UHAEKCA;

® a/peca NeKTPOHHOI NOUThl aBTOPOB YKA3bIBAIOTCA Yepe3 3a-
naTyto;

© aHHoTauKA (He 6onee 100 C10B) Ha pycCKOM A3bIKe Mocne Co-
Ba «AHHOTaLWs»; B aHHOTALMN JOMKHbI ObiTb OTpaXeHbl NpeaMeT,
Tema, Lenb paboTbl, MeToA Unv METOZ0NO0A, Pe3ybTathl U KpaTkie
BbIBOJbI;

® KJTl0ueBble C/I0Ba Ha PYCCKOM A3blke nocne dpasbl «Kntouesbie
C10Ba» JIOMKHbI COZIEPYKaTh HE MEeHee 5 CI0B UK CNOBOCOYETaHMIA;

© Ha aHTIMIACKOM A3bIKE B TOM Xe MOPAAKE, UTO U Ha PYCCKOM: Ha-
3BaHVe CTaTby, UMA (MONHOCTbI0), MHULMAN 0TYECTBA, aMUANA aBTopa;
Ha3BaHVe OpraHI3aLyi, ropog, CTPaHa; aHHOTaLWA, KNtoyeBble C0Ba;

© TeKCT CTaTbM, HabpaHHbIii uepe3 1,5 uHTepBana, Wpndt Times
New Roman, kernib 12, 06bEM CTaTby He [10/KeH NpeBbiLLaTh 15 cTpa-
HUL ANA OPUTUHANbHBIX CTaTeli 1 25 CTpaHuL AnA 0630poB, BKAOYasA
UNKCTPALMM, TABAMLBI U CNCOK UCTOYHMKOB; TEKCT CTaTbi JOMKeEH
ObITb CTPYKTYpUPOBAHHBIM N0 pa3jenam: BBEeHUe, MaTepuanbl 1
METOZbI MCCNIEA0BAHMIA, pe3ynbTaThl CCNeA0BaHNA U X 06CyXaeHNe,
3aK/I0YEHNE, CNUCOK NCTOUHNKOB;

© (MIUCOK UCTOYHUKOB JOMKEH BKI0YaTh B ce6a bubnuorpadu-
yecKme cBefieHIA 060 Bcex nybnuKaumax, ynoMAHyTbIX B CTaTbe, U He
COAepXaTb CCbINOK, OTCYTCTBYIOLLME B TeKCTe. VICTOYHMKN B CriMcke
AOMKHbI ObITb yKa3aHbl B NOpAAKE yNOMUHaHUA B TekcTe. (Cbika Ha
NnuTepaTypy B TeKCTe 0TMeyaeTcA NopAAKoBON LMdPOil B KBaApaTHbIX
ckobkax. lopAnok odopmeHna dnemeHToB 6ubanorpaduueckoro

onucaHna onpepensetca TpebosaHuamu T0CT P 7.0.5-2008 u TOCT
P 7.0.100-2018. Mocne Kaxporo MCTOYHIKA enaTesibHO YKa3blBaTb
naeHTUnKaLnorHble Homepa DOI u/uan EDN (mpu Hanuuun).

[pumepeol ohpopmnenus 6ubnuozpaguyeckux onucaHuti:

Pozayes  A.C.  Crpyktypa, CTabunbHOCT W CBOIACTBA
BbICOKOIHTPONMiHbIX  cnnaBoB  //  Ou3uka  metannoB  u
metannoseaeHue. 2020. T. 121, N° 8. C. 807—841. DOI: 10.31857/
$0015323020080094

Tsai M.-H., Yeh J.-W. High-entropy alloys: a critical review //
Mater. Res. Lett. 2014. Vol. 2, No. 3. P. 107-123. D0I:10.1080/216638
31.2014.912690

[Tempoga JI.[. XnagHONOMKOCTb MeTanna n Katactpoduyeckoe
paspywenmne. M. : MockoBCKIA aBTOMOOUABbHO-AOPOXKHBIA TOCY-
[LapCTBeHHbI TexHuueckuit yHuBepcutet (MAZN), 2022. 134 c. EDN
YLTMGJ.

Krauss G. Steels: Processing, Srtructure and Performance. Ohaio:
Materials Park. 2005. 613 p. DOI:10.5860/choice.43-6550

Mederkoe C.A. TlepcneKTUBHOE MCNOMb30BAHME METAIU3MPO-
BaHHbIX OKaTbILeN B 3nekTpomeTannypruu / B kH.: Matepuansi 66-it
Hayy. KoH. «Hayka HOYplY». Cekuma TexH. Hayk. Yenabunck : 1]
t0Ypr'Y, 2014. C. 1404-1410. EDN: TERIBZ

PucyHku 1 Tabnuubl fomkHbI BbiITb paccTaBneHbl Mo TeKCTy B Mo-
PARKeE MX yNOMUHAHWA. PUCYHKM Take npeACTaBNAI0TCA B BUAE 0TAeNb-
Hbix daitnos TIF, JPG, paspeLuerne He Huxe 300 dpi, pucyHKI JOMKHbI
ObITb YETKUMY, MPUFOAHBIMU AA KOMMbIOTEPHOT0 BOCNPON3BeAeHUA.
Ha rpadukax fomkHbl 6bITb 0603HaUeHbI 0C, WKana, eAnHNLbI U3me-
peHuA. Bce Haanuev 1 aetanu LomKHbI 6bITb YETKIMI 1 pa3BopunBbIMA.

(nncoK MCTOYHMKOB JOMKEH COfepXaTb He MeHee 15 ucTou-
HUKOB ANA OpUTMHANbHBIX paboT U He MeHee 35 WCTOUHUKOB AN
0630poB, Npuuem 13 Hix He 6onee 20% — paboTbl aBTOPOB paccma-
TPUBaeMOii CTaTbl, He MeHee 30% — paboTbl 3apybexHbIX aBTOPOB,
€ 0643aTeNbHbIM BK/KOUEHNEM UCTOYHMKOB 3a NocieaHue 5 net. [lo-
MyCKAKTCA CCUTKN HA Te3MCbl JOKNAZ0B, MaTepuanbl KOHPepeHLui,
yuebHIKM, AuccepTaLim, HopMaTuBHYI foKymeHTauuto (TOCT, TY, MIA
NT.A.), pykonucu — He 6onee 5%.

B matepmanax K nybnuKauuu pekoMmeHZyeTcA MpUMEHATb
du3nueckue eguHMLbl 1 0603HaueHus, npuHATbIE B MexayHapoaHoil
ancreme egunny, CU.

Mpu nonyyeHnu Matepuanos, NPUCAHHBIX He B MOSHOM
KOMMNeKTe, pefakuua 0CTanAeT 3a 060/ NpaBo He MpUHMMATL
(TaTblo K PacCMOTPEHUH.

lepen oTnpaBKoii CTaTbil B pefaKUMio KypHana asTopam
peKkoMeHayeTcA NpoBepATb TeKCT CTaTbW Ha NMpeameT OTCYTCTBYA
BO3MOXHbIX 3aUMCTBOBaHWIA M3 Apyrux nybnukauwit. ABTOpbI,
YNNYEHHbIE B N1AruaTe, HapyLUEHNN STUYECKVX HOPM Y paBi, MOTyT B
JLanbHelillem He JonyckaTbCa K ny6ankaLmnm CBoux TpyLOB B KypHare.

Bce npucnanHble AnA ony6nukoBaHMA B XKypHane CTaTbu
noAnexar peLeH3upoBaHuio. Mpu monyyeHnn 3amevaHuii B xode
peLeH3npoBaHA aBTOpbl AOMKHbI NpeACTaBUTb JopaboTaHHbIi
martepuan ¢ y4eToM 3aMeyaHuil peLieH3enTa u/unn pegakuuu. Mpu
UrHOPUPOBAHUM 3aMeYaHWil CTaTbA CHUMAETCA C JanbHeilllero
paccMoTpeHu.

[Ina  cornacoBaHua 1 yTBePXAEHUA MOATOTOBNEHHOM K
nybnMKaLuy CTaTbi aBTOpaM MO NEKTPOHHON MouTe BbICbINAETCA
KoppekTypa (maker). (BefeHuA 0 HeobX0AMMbIX UCMIPABIEHUAX B
TeyeHue 3-X fHeil fOMKHbI 6bITb NepeaHbl B pesakLuio.

[Inata 3a peweH3vpoBaHNA 1 aBTOPCKMIA FOHOPAp 3a M3JaHue
CTaTeil He NpeaycMOTPeHbl.



Ak A YBa)kaemblie aBTOpPDbI!
7 4N P

NPOBJIEMbI YEPHOW
METARNYPIVN [Mpuraamaem Bac omy0AMKOBaTh pe3yAbTaThl CBOMX MCCAe-
ME TR /¥

Y MATEPUANOBEMEHNS AOBaHUI B XypHaAe «[IpoOaeMbl YepHOIT METAAAYPTUM U MaTe-
{ puasoBepeHus». JKypHaa myOAMKyeT Ha 6€3BO3Me3AHON OCHOBE
OpUTVHAABHBIE CTAaTb/ M 0030pBbI, CBsI3aHHbIE C IepepaboTKON
PYAHOTO ¥ TEXHOTE€HHOTO CBIPbs, IOAYYEHMEM YYI'YHA, CTAAU U
beppocnraBoB, CBOMICTBAM CIIAABOB Ha OCHOBE >KeAe3a, MaTepua-
AOBeAeHVEeM 1 Pp131KOI METAAAOB, BOIIPOCAaMU pecypcochepexe-
HUSI, 9KOAOTUM, CTPATeruy pasBUTUS I SKOHOMUYECKON addek-
TUBHOCTM METaAAYPIrU4ecKoil oTpacan. V3paHue BXOAUT B Iepe-
YeHb KYPHAAOB, pekoMeHAyeMbIX BAK Aast mybOAuKanum TpyaoB
COMCKaTeAell YYEHBIX CTeIleHell, B SAEKTPOHHOM BMAE CTaTbU
pasMelneHbl B HAy4YHOU 5AEKTPOHHOM OmbAumoreke elibrary.ru,
PVIHLI, xxypHaa BXxoAuT B 6a3y aaHHbIX «Russian Science Citation
Index» (KOAAEKLIMS AYYIIMX POCCUIICKMX KYPHAAOB Ha MAaTdop-
me Web of Science).

JKypHaa Bbimyckaercsa ¢ 2007 1. Ero yupeauTeaeM sBasgeTCA
LleHTpaAbHBINI HAyYHO-MCCAEAOBATEABCKUII MHCTUTYT YEpPHON
MeTaAAyprum uMm. VL.IT. bapauHa. AAs oBbllleHNs KauecTBa ITy-
6AMKaumit, obecrieyeHrst BBICOKOTO HAayYHOTO YPOBHs, IPaKTHU-
YeCKOI1 3HAUMMOCTH, OCBell|eHNs TOCAEAHX HayUHbIX AOCTIVKe-
HUJ TIPOBOAUTCS Cepbe3Hasi paboTa Mo MPUBAEYEHMIO aBTOPOB,
00CY>KAEHMIO, PeLleH3VIPOBAHMIO PYKOIIVCEIL.
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HL OFYI SUHVVIepMeT UM T, apRWHas

BHUMAHUE! NPOAOIMAETCA NOAMUCKA Ha xypHan

«MTPOBNEMbI YEPHOWU METANINYPT W U MATEPUAJIOBEAEHUA»

[Modnucky Ha XypHan MoXXHO ogpopMmume:

o Ha cante «<O6begnHeHHoro Katanora «lpecca Poccum» www.pressa-rf.ru
MopnucHon uigekc — 58999

o [Nopgnucatbca Yepes UHTepHeT-MarasuH «lpecca No NoANUCKe» MOXXHO Ha canTe
https://www.akc.ru;
o [lopnwucka B pegakymn.
Ha aneKkTpoHHYt0 Bepcuio XypHasia MOXHO NMoAnMcaTbea
Ha canTte HayuHon dneKkTpoHHol brubnuotekn (H3B) http://www.elibrary.ru

MpurobpecTu xKypHanbl 3a 6e3HaNMUHbIN pacyeT MoxkHO B THLL OIYM «LUHWWYepmeT um. WM. BapgunHa».
[na odopmneHns NoANUCKM Ha »KypHas No 6e3HaNNYHOMY pacyeTy HeobXoAMMO NpUCaTh 3asABKY
C YKa3aHneM HoMepa »KypHarna ¥ KonnyecTBa 3K3eMMJIsipoB, afpec 1 6aHKOBCKUE PEKBU3UTBI.

Bcio undopmauuio cnepyet oTNpaBUTb N0 NEKTPOHHOI NoUTe:
E-mail: ntphm@yandex.ru,
Ten. pepakuun: (495)777-94-98; (495)777-93-02; (495)777-95-13

www.chermet.net






