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XAPAKTEPUCTUKA MUKPOCTPYKTYPbI U EE CBA3b
C YAAPHOW BA3KOCTbIO METAJIJIOB CBAPHOIO LUBA
TPYBHbIX BbICOKONPOYHbIX HU3KONETMPOBAHHbIX CTAJIEN

PomaH BnagumupoBuy KOHOHEHKO', KaH[. TexH. HayK, floleHT; Makcum AnekceeBuy Monos’;
®epop DPegoposuy fepiorun’, Bnagucnae EBrenbeBuy BAHKNH'

Mpkymckuti HayuoHasbHeIl ucciedosamesnbckuli mexHU4eckut yHugepcumem, 2. ipkymck, Poccus.
E-mail: kononenko_irk@mail.ru, popovma.kvantum@gmail.com, deryugin040301@yandex.ru,
borck3420@gmail.com

AHHOTaLmA. B TeueHre MHOrUX neT AnA CBapKu KpynHbIX Tpy6 HedTe- 1 ra3onpoBOA0B NPUMEHANNCH NPOBEPEHHbIE NPOLIECChI AYTOBOiA
(BapKW: OT PyYHOi AYroBO/ CBApKM LUTYYHbIMIA 3N1EKTPOAAMM [0 NPUMEHEHNA annapaToB opouTanbHOI CBapKM C UCMONb30BaHNEM
meTanna. B 10 xe BpemaA c03aHue HOBbIX COCTaBOB CTaneii AnA HedTe- 1 ra30MpoBOAOB ABNAETCA aKTyanbHOI 3afaueil AnA obecneyenms
WX BbICOKON HapexHocTu. B TpybHOM npow3BoacTBe 0ObIYHO MCMOMB3YIOTCA HU3KOYTMEPOANCTbIE CTanu C (eppuTo-nepruTHoN
CTPYKTYPOIA, HO OHI He B COCTOAHMN YA0BAETBOPUTL BO3POCLLIME MOTPEOHOCTI PbiHKa. MOABNAIOTCA HOBbIe MapKM CTanM ¢ HeiiHUTHON
CTPYKTYPOii. Pa3pylueHue (BapHbIX COeANHEHMIA TPYOONPOBOAOB U3 BbICOKOKAUECTBEHHON CTanu CTAHOBUTCA Cepbe3Holi npobnemoit
ANA Tpy6onpoBoAHOI NPOMbILLNEHHOCTU. B aHHOI paboTe NpoBedeH aHanN3 XapakTepucTK MUKPOCTPYKTYpbl CBApHOTO LLBA U ee
(BA3b C yAapHoIi BA3KOCTbI0. [IpOrHO31MpoBaHme yaapHOIA BA3KOCTU HA OCHOBE MUKPOCTPYKTYPHDBIX XapaKkTepucTK MeTannoB CBapHbIX
LUBOB CTaNu YCIOXHAETCA U3-32 60bLIOTO Uncia yunTbiBaeMblx napametpo. 06bluHad mpakTvka, (BA3bIBAKOWAA 3T0 CBOWCTBO C
MUKPOCTPYKTYPOi MOCNIE[HEr0 Banuka MHOTOMPOXOAHON (BapKW, OKa3anacb Heydo0BNETBOPUTENbHON, MOCKOMbKY KOMMYECTBO
uronbyatoro dpepputa, Haubonee xenaTenbHOrO KOMMNOHEHTA, He BCEra MOXeT ObiTb OCHOBHbIM (aKTOPOM, BAMAIOLLMM Ha yAapHYI0
BA3KOCTb. B 0630pe coobLuaeTca o Hanbonee penpe3eHTaTUBHOM UCCNIE[0BAHIN, KaCaIOLLEMCA MUKPOCTPYKTYPHOrO GakTopa B CBapHOM
wBe Tpy6HbIX cTaneii. OH BKIoYaeT B ce6a (BoAKY Hanbonee BaxHbIX NepeMeHHbIX NpoLecca, CBOMCTB MaTepuanos, HOPMATUBHBIX
NpaBin, a TaKkXKe XapakTepucTUK MUKPOCTPYKTYPbI 1 MeXaH!UeCKMX CBOICTB COeAMHEHMWIA.

KnioueBble cnosa: BbICOKOMPOYHAA HM3KOJIErnpoBaHHaA CTalb, ¢EppMT, nepnur, belinuT, MapTEHCUT, yAapHaa BA3KOCTb, Pa3pyLUEHNE,
rmﬁpmnuo-na3epHaﬂ (BapKa, CTaHAapThbl

CHARACTERISTICS OF THE MICROSTRUCTURE AND ITS
RELATIONSHIP WITH THE IMPACT STRENGTH OF WELD METALS
OF PIPES MADE OF HIGH-STRENGTH LOW-ALLOY STEELS

Roman V. Kononenko, Maxim A. Popov, Fedor F. Deryugin, Vladislav E. Byankin
Irkutsk National Research Technical University, Irkutsk, Russia.

Abstract. For many years, proven arc welding processes have been used for welding large pipes of oil and gas pipelines: from manual arc
welding with piece electrodes to the use of orbital welding devices using metal. At the same time, the creation of new steel compositions
for oil and gas pipelines is an urgent task to ensure their high reliability. Low-carbon steels with ferrite-perlite structure are usually used in
pipe production, but they are not able to meet the increased needs of the market. New steel grades with a bainite structure are emerging.
The destruction of welded joints of pipelines made of high-quality steel is becoming a serious problem for the pipeline industry. In this
paper, the characteristics of the microstructure of the weld and its relationship with the impact strength are analyzed. The prediction of
impact strength based on the microstructural characteristics of steel weld metals is complicated due to the large number of parameters
taken into account. The usual practice linking this property with the microstructure of the last roller of multi-pass welding turned out to be
unsatisfactory, since the amount of needle ferrite, the most desirable component, may not always be the main factor affecting the impact
strength. The review reports on the most representative study concerning the microstructural factor in the welded seam of pipe steels. It
includes a summary of the most important process variables, material properties, regulatory rules, as well as microstructure characteristics
and mechanical properties of compounds.

Keywords: high-strength low-alloy steel, ferrite, perlite, bainite, martensite, toughness, fracture hybrid laser welding, standards
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WCCNEAOBAHUE BAUAHNA HEMETAJUTMYECKUX BKNTIOYEHU
HA MOKA3ATENN YAAPHOW BA3KOCTU PESIbCOBOM CTAJIN

Bnapnmup FOpbeBuny KOHIOXOB, KaHA. TEXH. HayK
Wpkymckul HayuoHaneHell uccinedosamesnsckuli mexHudeckut yHugepcumem, 2. ipkymck, Poccus

AHHoTauma: Ha ocHoBaHMM MeTannorpaduueckoro aHanu3oB onpefeneHa OTHOCUTENbHAA KOHLEHTpauuA U pa3mep OOMbLUIMHCTBA
HeMeTanMueckux BKIKYeHI AnA SnemMeHTOB pesbea (ronoBka ) 13 aneKTpocTany Mapok 376X0. YctaHoBEHo, 4To GopMbI 1 pa3mepbi
cynbduaos mapraHua (MnS) umelot Winpokmil AnanasoH Bapuaumil. B o xe Bpema 60—100 % 3Tux TUNOB BKMIOYEHNIA UMEIOT pa3mep
(6onee 5 MKM) 1 MoryT 6bITb 06HapyeHbl MpK CTaHAAPTHOM MeTannorpaduyeckom aHanuse npu 100-kpaTHom yBenuueHun. B Toxe
BpemaA AnA bonee KaueCTBEHHOTO UCCNe0BAHNA HEMETaNIMYECKIX BKIIOUEHNIA HeoOX0AMMO CMONb30BATb SNMEKTPOHHDIE PAaCTPOBbIE
MUKPOCKOMbI. B nCCNenoBaHUAX OLEHKM BAMAHMA HeMETalNNueckux BKIOYEHUA Ha 3HAYeHWA YAApHOA BA3KOCTM YCTaHOBMeEHa
KaueCTBEHHasA KapTUHA CHIXKeHWA NoKa3aTeneil yapHoil BA3KOCTU B AnanasoHe Temnepatyp ot —20 o + 200 C.

KnioueBble cnosa: yAapHaa BA3KOCTb, METaJ'IJ'IOFpa(I)I/IFI, ONTUYeCKUil 1 BHEKTpOHHbIVI MUKPOCKON, HemeTannuyeckne BKIHOUEHUS,
NPOYHOCTD, PaCTAXKEHNE, XUMIUYECKNE IIEMEHTbI.

STUDIES OF THE INFLUENCE OF NON-METALLIC INCLUSIONS
ON THE IMPACT STRENGTH OF RAIL STEEL

Vladimir Yu. Konyukhov
Irkutsk National Research Technical University, Irkutsk, Russia

Abstract. On the basis of metallographic analyses, the relative concentration and size of the majority of non—metallic inclusions for rail
elements (head) from electric steel grades E76XF were determined. It was found that the shapes and sizes of manganese sulfides (MnS)
have a wide range of variations. At the same time, 60—100% of these types of inclusions have a size (more than 5 microns) and can be
detected by standard metallographic analysis at 100—fold magnification. At the same time, for a better study of non—metallic inclusions,
it is necessary to use electronic scanning microscopes. In studies to assess the effect of non—metallic inclusions on the values of impact
strength, a qualitative picture of a decrease in impact strength in the temperature range —20 — +20 °C. has been established.

Keywords: impact strength, metallography, optical and electron microscope, nonmetallic inclusions, tensile strength, chemical elements.
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PEFYINPYEMOE OXJ1AXKAEHWE PYIOHOB -
HEOBXOAWUMOE TEXHOJIOTMYECKOE 3BEHO FOPAYEN
NOJIOCOBOW MPOKATKMU

Banepuin BacunbeBuny YawmH, KaHg,. TeXH. HayK;
FenHapuin HukonaeBsuy EpEmMuH, KaHf. TEXH. HayK

Oryri «yH1nqyepmem um. W.M. bapouHa», Mockea, Poccus
E-mail: vvch46@mail.ru

AnHoTauus. MMoKka3aHa peanbHan HEOOXOAMMOCTb Pa3paboTKN TEXHONMOrMM PEryNMPYEMOr0 OXNaXJAeHUA ropAveKaTaHbix MoaoC B
pynoHax. MpuseseHbl NpuMepbl cocTaBa 060PYAOBAHMA ANA peani3auyi PasnuuHbX BapUAHTOB PErynMpyemoro OXNaxzaeHus
ropAYeKaTaHbIX MoMOC Pa3nMUHOro KNacca B pynoHax.

KnioueBble c10Ba: nosnoca, PYNOH, 0XnaXAaeHune Ha BO3AYyXe, yCKOPEHHOE 0XNaXKAeHune, 3ameineHHoe 0XNnaXaeHue

CONTROLLED ROLL COOLING IS A NECESSARY
TECHNOLOGICAL STEP FOR HOT STRIP ROLLING

Valery V. Chashchin, Gennady N. Eremin
I.P. Bardin TSNIIChermet, Moskow, Russia

Abstract. The real need to develop a technology for controlled cooling of hot-rolled strips in coils is shown. Examples of equipment scope for
the implementation of various options for controlled cooling of hot-rolled strips of various classes in coils are demonstrated.

Keywords: strip, roll, air cooling, accelerated cooling, slow cooling
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BJIMAHUE COAEPXKAHUA YINTEPOOA B HA3SKOYINEPOAUCTON
CTAJIN CTATOPA TEHEPATOPA HA MATHUTHYIO MHAYKLUUIO U
BEJINYUHY TOKA

AnunHasap Aknep ornbl AnueB', KaHa TexH Hayk; Hatanba MuxaiinosHa AnekcaHpposa’,
A-p TexH. Hayk; Ffeoprui AHaTonbeBud GuAnMNNoB’, 4-p TexH. HayK, NPod.

THL] @ryn «{HWWuepmem um. U.M.6apduHax, Mockea, Poccus

AHHOTaLWA. BennunHa ToKa U MarHUTHas MHAYKUWA aBTOMOOMAbHbIX FeHepaTopoB 3aBUCUT OT COZiepXaHus yriepoaa B MaTepuane
(TaTopa 11 BENNYMHbI HANPAXKEHHOCTV MarHUTHOrO nons. PaspaboTaHa U BHepeHa HM3KoyrnepoaucTas cTanb mapku 0350 ans
W3rOTOBNEHUS (TaTOpa CBEPHYTOr0 Ha Pedpo reHepatopa. PacueTHbIM W 3KCMEPUMEHTANbHBIM METOIOM OMpeeneHo BAMAHNME
cofiepXaHus yrnepoa B Matepuane CTatopa Ha MarHUTHYI0 MHAYKLMIO 1 BENAYMHY TOKA reHepaTopa. YCTaHOBIEHO, UTO CHUMKeHMe
cofiepXaHus yrnepoja B Matepuane CTatopa NofoXUTENbHO CKa3blBAeTCA Ha MArHUTHOI MHAYKLMIA U BEMUMHE TOKA aBTOMOGUIbHOrO
reHeparopa.

KnioueBble cnosa: HU3KOyrnepoancTas CTajib, HaNPAMEHHOCTb MarHUTHOTO NOJIA, KOSPLUTUBHAA ClNla, MarHUTHAA UHAYKLNA, BeJINYKHA
TOKa, CTaTop, reHepatop

EFFECT OF CARBON CONTENT IN LOW-CARBON STEEL
OF GENERATOR STATOR ON MAGNETIC INDUCTION
AND CURRENT VALUE

linazar A. Aliev, Natalia M. Alexandrova, Georgy A. Filippov
I.P. Bardin TSNIIChermet, Moskow, Russia

Abstract. The magnitude of the current and magnetic induction of automotive generators depend on the carbon content in the stator
material and the magnitude of the magnetic field strength. The effect of reducing the carbon content in the steel of the generator stator on
magnetic induction and the magnitude of the current is determined. It was established that the reduction of carbon content has a positive
effect on magnetic induction and the magnitude of the stator current of an automobile generator.

Keywords: low carbon steel, stator, generator, magnetic field, magnetic induction

IPOBJIEMbI YEPHOV METAJIIYPIVM Y MATEPUATIOBEEHMA « N3 + 2023



DOI 10.54826/19979258_2023_3_47
YAK 621.771.23.001.57

NCCNEQOBAHUE BIMAHNA PA3JTINYHDBIX NAPAMETPOB
NMPOOUNA HA BONTHUCTOCTb MOBEPXHOCTH
OLUMNHKOBAHHOIO NMPOKATA

PycnaH Pa¢kaToBny Aguramos

AO «Cesepcmarns MeHeOXMeHmMy, 2. Yepenoaeu, Poccus
E-mail: rradigamov@severstal.com

AHHoTauuA. B cTaTbe MpefcTaBeHbl pe3ynbTaTbl UCCIEA0BAHUA PA3fNUHbIX MApaMeTPoB MPOGUIS Ha BOMHUCTOCTb MOBEPXHOCTI
OLVHKOBAHHOTO mpoKata. MpuBeAeHbl JOCTOMHCTBA W HEJOCTATKN BbICOTHbIX, LUIATOBbIX U CMELLAHHbIX MapameTpoB npoduns
BOSIHUCTOCTM. B Xofe mccneoBaHyus BAUAHNA KaXaoro U3 NapaMeTpoB Ha BOSIHUCTOCTb, BbIABNEHO, UTO Haubonee SQPEKTUBHbIMM
napameTpamu npodus BOTHUCTOCTI ABNAIOTCA: BbICOTHbIIA napameTp W, v waroBbiit napametp Sw.

KnioueBble C10Ba: BOTHUCTOCTD, MUKPOBOJTHACTOCTD, OLIMHKOBAHHbIN NpoKar, NAOCKNI NpoKart, aBToNNUCT

INVESTIGATION OF THE INFLUENCE OF VARIOUS PROFILE
PARAMETERS ON THE UNDULATION OF THE SURFACE
OF GALVANIZED ROLLED PRODUCTS

Ruslan R. Adigamov
Severstal Management JSC, Cherepovets, Russia

Abstract. The article presents the results of a study of various profile parameters on the undulation of the surface of galvanized rolled prod-
ucts. The advantages and disadvantages of high-altitude, step and mixed parameters of the waviness profile are given. During the study of
the influence of each of the parameters on the waviness, it was revealed that the most effective parameters of the waviness profile are: the
height parameter I/, and the step parameter Sy.

Keywords: waviness, micro-waviness, galvanized rolled products, flat rolled products, auto leaf
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NMOBbILWEHUE SHEPTO3OOEKTUBHOCTU AOMEHHOIO
NMPOLIECCA HA OCHOBE PEKYMEPALMW BTOPUYHOW
SHEPTU B OPTAHUYECKOM LIUKNE PEHKUHA

BnagucnaB AnekceeBu4 HanetoB’, KaHA. TexH. Hayk; Mapua AnekceeBHa HoBukoBa',
Anekcen lOpbeBuy HaneTtoB', f-p TexH. Hayk, npoo.

'Poccutickuti xumuko-mexHosozuyeckuti yrusepcumem um. [. V. Mendeneesa, Mockea, Poccus
E-mail: jacen23@ yandex.ru; nowikowaaa@mail.ru; naletov.a.iu@muctr.ru

AnHoTaums. Ha ocHoBe 3KcepreTyeckoro mMeTofa TepMOAMHaMUUECKOr0 aHanu3a U MeToja MaTeMaTyeckoro MOoZenvpoBaHuA
MPeACTaBNEHO peLUeHUe MO MOBbILIEHNI dHeprodddeKTUBHOCTI JOMEHHOTO MpOLecca B YacTil MOBbILEHNA JOAN COOCTBEHHOI
reHepauyum neKTpodHeprun. Pa3pabotaHHoe TexHUYecKkoe pelueHie 0CHOBAHO Ha BO3MOXHOCTI FNY6OKOI peKynepaLmn BTOPUYHOI
3Hepriv, NpefcTaBNeHHO NOTOKaMI TenNOTbl HU3KOTO MOTeHLMaNna OUYMLLEHHOr0 JOMEHHOTO ra3a noce YTUAN3aLMOHHON ra30Boil
Typ6UHbI, BOAAHOTO Napa 1 BOAbl, UCMONb3yeMblX B NpoLiecce OXNaxAeHUA KnaJKi JOMeHHOI neui, a Takxe AbIMOBbIX ra30B nocne
nojorpeBatens Bo3ayxa (kaynepa). Bce MCTOUHUKM TeNNOTbI 3aMbIKAKTCA Ha UCapUTenb-neperpeBaTeNb HUSKOKUNALLEro paboyero
Tena unkna Pexknna. lokasao, uto B pe3ynbrate pekynepawyuu NOTOKOB TENIOTbI HU3KOMO NOTEHLMANA JOMEHHOTO MPOLECCa C Neybto
pabounm o6bemom 1033 M* BO3MOXKHO JIONONHUTENBHO reHepupoBaTh nopaaka 1,33 MBT aneKTposHepruu, 4to No3BoNAeT noBbiCUTh
0N COBCTBEHHOIA reHepaLm ANeKTpo3Hepriv. OpUeHTUPOBOUHBIN CPOK OKYNAeMOCTM TeXHUYECKOTO MPEeAIoKeHIS, PACcCUNTaHHbI Ha
0CHOBE YNCTOrO AUCKOHTMPOBAHHOTO JL0X0/a, COCTaBNAET NOPAAKa 7 NeT.

KnioueBble CnoBa: JOMeHHbIi npouecc, 9HEpF03¢¢EKTVIBHOCTb, noTepu sKcepruu, MoAennpoBaHie, LKUKn PeHKMHa, HU3KOKMNALLEe
pa6oqee Ten0, 6anaHc MOLLHOCTH, BblpaﬁOTKa IIEKTPO3HEprun

IMPROVING BLAST FURNACE PROCESS EFFICIENCY USING
ORGANIC RANKINE CYCLE FOR WASTE HEAT RECOVERY

Vladislav A. Naletov', Marya A. Novikova', Alexei Yu. Naletov'
'Mendeleyev University of Chemical Technology, Moscow, Russia

Abstract. This paper describes a solution for improving energy efficiency of the blast furnace process by increasing the share of energy gen-
erated on-site. Process design used mathematical modelling as well as thermodynamic exergy analysis. The developed solution is based on
significant waste heat recovery from low-energy streams, namely refined blast furnace gas exiting the gas recovery turbine, steam and wa-
ter used for furnace cooling, and flue gases exiting the air preheaters (stoves). All heat sources are directed to the evaporator-superheater of
the Rankine cycle. Results have shown that the recovery of low-potential heat from a 1033 m? blast furnace can provide approximately 1,33
MW of power, which allows to generate more power on-site. Based on net present value calculations, the payback period of the designed
solution was estimated to be around 7 years.

Keywords: waviness, micro-waviness, galvanized rolled products, flat rolled products, auto leaf
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NPEOBPA3OBAHUE CTPYKTYPbl U CBOUCTB HAMJIABKU P1810
MOCJIE BbICOKOTEMIMEPATYPHOIO OTIYCKA
N SNEKTPOHHO-MYYKOBOW OBPABOTKM

Opuir PegopoBuy MBaHoB', o-p ur3.-MaT. Hayk; AnekcaHgp CepreeBuy YanakuH;
TatbsiHa MaBnoBHa lNyceBa?; [leHnc AHaTonbeBuY POMaHOB?, [1-p TEXH. HAYK;
BukTop EBreHbeBuny NpomoB?, a-p ¢u3.-mat. HayK

"MHcmumym cuneHomoyHoU snekmpoHuku CO PAH, 2. Tomck, Poccus
2Cubupckuli 2ocydapcmeeHHbIl UHOycmpuasbHell yHUgepcumem, 2. Hogoky3Heyk, Poccus

E-mail: yufi55@mail.ru, guseva_tp@sibsiu.ru, chapajkin@sibsiu.ru, romanov_da@physics.sibsiu.ru,
gromov@physics.sibsiu.ru

AHHoTaLuA. MccneioBaHo BANAHKME BbICOKOTEMNeEPATYpHOro OTNYCKa U 3NeKTPOHHO-NYYKOBOI 06paboTKM Ha TpaHchopmauuio cTpy-
Typbl 1 CBOICTB HanNaBouHbIX NokpbITuii P18K0, nonyueHHbIX Ha nerupoBaHHOi KOHCTpyKumoHHol cTann 30XTCA. WccnegoBaHbl cne-
LytoLme CBOICTBA: KOIQOULMEHT TPeHna, KOIGULIMEHT U3HOCA, HAHOTBEPAOCTb U MopyNb HOHra. TpaHchopmaumsa CTpyKTYpbl onu-
(aHa C MpUMeHeHneM MeTofia CKaHMpYloLLeid deKTPOHHOIN MUKPOCKONMM, COBMELLEHHON ¢ MUKPOPEHTFeHOCNeKTPanbHbIM aHau-
30M. [pumeHeHve Nocneo0BaTebHbIX PEXVMOB CO3AaHNA MOKPbITUA: NNa3MeHHaA HannaBKa B CPefe a30Ta; MNa3MeHHan Hannaska
B Cpefie a307a 11 BbICOKOTEMNePaTYpPHbIil OTMYCK; NAa3MeHHad HannaBka B CPefe a30Ta, BbICOKOTEMMNeEPATYPHbIA OTAYCK W MeKT-
POHHO-NyukoBaA 00paboTka MpUBOAAT K MOCNE0BATeNbHOMY YBENUYEHMI WCCTeayeMblX C(BOWCTB MU KOMOWHaLmM Cnocobos
HannaBki 1 TpaHchopmaLmy NokpbITUA. MacliTab aneMeHToB CTPYKTYpbI BKKOYAET MUKPOKpUCTANINYeckue, CybMuKpoKpuctanimuye-
CKMe 1 HAHOKPUCTaNMYecKine CTPYKTYPHbIE INeMEHTbI.

KnioueBble cnoBa: nnasmeHHas HannasKa, MOPOLLKOBAA NPOBOOKA, PEryNMpyeMblil TepMUYECKNIA LKA, BbICTpOpeXxyLumMe CiaBbl,
BbICOKOTEMNeEPATYPHbII OTNYCK, UMNYNbCHbIA 3NEKTPOHHbIIA NYYOK, a30T, TBEPAOCTb, U3HOCOCTONKOCTD

TRANSFORMATION OF THE STRUCTURE AND PROPERTIES
OF R18YU SURFACING AFTER HIGH-TEMPERATURE TEMPERING
AND ELECTRON BEAM PROCESS

Yurii F. Ivanov', Alexander S. Chapayikin?, Tatiana P. Guseva? Denis A. Romanov?, Viktor E. Gromov?

'Institute of High Current Electronics Siberian Branch of Russian Academy of Sciences, Tomsk, Russia
2Siberian State Industrial University, Novokuznetsk, Russia

Abstract. The influence of high-temperature tempering and electron beam treatment on the transformation of the structure and properties

of R18Yu surfacing coatings obtained on 30KhGSA alloyed structural steel was studied. The following properties were studied: friction
coefficient, wear coefficient, nanohardness and Young's modulus. The transformation of the structure is described using the method of

scanning electron microscopy combined with micro-X-ray spectral analysis. Application of successive coating creation modes: plasma sur-
facing in a nitrogen environment; plasma surfacing in a nitrogen environment and high-temperature tempering; plasma surfacing in a
nitrogen environment, high-temperature tempering and electron beam processing lead to a consistent increase in the studied properties
with a combination of the studied surfacing methods and coating transformation. The scale of structural elements includes microcrystal-
line, submicrocrystalline and nanocrystalline structural elements.

Keywords: plasma surfacing, flux-cored wire, controlled thermal cycle, high-speed alloys, high-temperature tempering, pulsed electron
beam, nitrogen, hardness, wear resistance

IPOBJIEMbI YEPHOV METAJIIYPIVM Y MATEPUATIOBEEHMA « N3 + 2023



MATEPUAJIOBELJEHUE W HOBbIE MATEPUAJIbI

80

DOI 10.54826/19979258_2023_3_80
YAK 669.15-194.2:621.785.735

OLIEHKA BJINAHUA PEXKUMOB OTKUTA HA CTPYKTYPHDbIE
N MEXAHUYECKWUE CBOUCTBA MUKPOJIETUPOBAHHbIX
TUTAHOM ABTOJINCTOBbIX CTAJIEN

Anekcangp Bnagumuposuny lpuwunx, Upuna faspunosHa PognoHoBa,
AnekcaHgp AnekcaHgposuu MaBnos, Mapraputa A6pamoBHa Knauko

Oryri «Hyepmem um. U.M. bapouHa», Mockea, Poccus
E-mail: grishinav87@gmail.com; igrodi@mail.ru; pavlovchermet@yandex.ru; margarita.klyachko@gmail.com

AHHoTauus. MpoBeaeHo MOAENNPOBaHNE PA3NMUHBIX PEXMMOB OTXMWra B arperatax HenpepbiBHOrO ropAvero LuHKoBaHuA (AHILL)
HarapToBaHHOTO MpoKaTa ABYX BbICOKOMPOUHbIX HIU3KOYTNEPOAUCTbIX MUKPONETMPOBAHHbIX TUTaHOM CTaneil. PaccMoTpeHa B3aumo-
(BA3b TeMMEpPaTypHBbIX 11 CKOPOCTHBIX MAPAMETPOB OTXKMFa ¢ MeXaHUYeCKMU CBOICTBAMM, XapaKTePUCTUKAMIN 3epeHHOI CTPYKTYpbI 1
BbleNeHNAMU U30bITOUHBIX $a3. [Toka3aHo, UTO U3MeNbYeHMe 3ePHa U ANCNEPCUOHHOE TBEPAEHNE ABNAIOTCA OCHOBHBIMU MeXaHU3MaMu
YNPOUHeHNA rOpAYEOLMHKOBAHHOTO MPOKaTa MCCNIE[0BaHHbIX CTaneil. YnpaBnAa GopmupoBaHMem BbiaeneHnii u3bbITouHbIX (a3,
B TOM YMCIe HaHOPa3MepHbIX, Ha Pa3HblX CTaAUAX TEXHONOTUYECKOTO LMKNA MOXHO U3MEHATb YPOBEHb (BOWCTB B LUMPOKOM
AManazoHe 3HaueHuii. Ha 6ase nonyyeHHbIX peynbratoB MoryT ObiTb pa3paboTaHbl TeXHONOrUM MPOU3BOACTBA BbICOKOMPOUHOIO
ropAYeOLIMHKOBAHHOIO NpoKaTa, NO3BOMAOLLIE NOYYaTb NPOKAT Pa3NNYHbBIX KNACCOB NPOYHOCTY 10 340 BKMIOUMTENBHO.

Kniouesble cnoBa: MUKpOnerupoBaHHble CTann, I'OpFNEOLlVIHKOBaHHbIVI NPOKaT, aBTOINCTOBbIE CTAJIN, MUKPOCTPYKTYPa, MeXaHnyeckne
(BOIICTBA, HaHOPa3MepHble BbleNeHNns, Kapﬁmn TUTaHa

EVALUATION OF THE EFFECT OF ANNEALING MODES
ON THE STRUCTURAL AND MECHANICAL PROPERTIES
OF TITANIUM-MICROALLOYED AUTOLOAD STEELS

Alexandr V' Grishin, Irina G. Rodionova, Alexandr A. Pavlov, Margarita A. Klyachko
I.P. Bardin TSNIIChermet, Moskow, Russia

Abstract. Modeling of various modes of annealing in continuous hot-dip galvanizing units (CHGU) of cold-worked rolled products of two
high-strength low-carbon steels microalloyed with titanium has been carried out. The relationship between temperature and rate param-
eters of annealing with mechanical properties, characteristics of the grain structure and precipitates of excess phases is considered. It is
shown that grain refinement and precipitation hardening are the main mechanisms of strengthening of hot-dip galvanized rolled products
of the studied steels. By controlling the formation of precipitates of excess phases, including nanosized ones, at different stages of the
technological cycle, itis possible to change the level of properties in a wide range of values. Based on the results obtained, technologies for
the production of high-strength hot-dip galvanized rolled products can be developed, which make it possible to obtain rolled products of
various strength classes up to 340 and including.

Keywords: microalloyed steels, hot-dip galvanized rolled products, auto sheet steels, microstructure, mechanical properties, nanosized
precipitates, titanium carbide
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BJINAHNE CNNOCOBOB OBPABOTKU HA MUKPOCTPYKTYPY
N CBOMCTBA KOHCTPYKLIMUOHHOW CTANU

Angpeii EerenbeBuy BanaHoBckmit', kaHa. TexH. Hayk; MapnHa ButanbesHa KoHcTaHTUHOBA',
KaHA. TexH. Hayk; EneHa AnekcanppoBHa lNyceBa', KaHf. TeXH. Hayk;

PomaH Bnagnmupoenuy KOHOHEHKO', KaHf. TexH. Hayk, Makcum Anekceesuy Monos’,

®epop ®egoposnu fAepiorun’, Bnagucnae Esrenbesny BaHknH'

"Mipkymckul HayuoHaneHsIl ucciiedosamesnsbckul mexHudeckul yHusepcumem, 2. ipkymck, Poccus
E-mail: kononenko_irk@mail.ru, popovma.kvantum@gmail.com, popovma.kvantum@gmail.com,
borck3420@gmail.com

AHHoTauua. B anHon pa60Te NPOAEMOHCTPUPOBAHDI pe3yNbraTbl NCCNEA0BAHNA BJINAHNA Pa3HbIX noco6oB 06p860TKI/I Ha MUKpoO-
CTPYKTYpYy KOHCprKUI/IOHHOVI cramm (13, "pOBe)IIEHO CpaBHeHue TBEPAOCTY, I'IOﬂyl-IEHHOI7I npu Hopmanu3auun n 3akanke ¢ neYyHobim
HarpeBoM, a TakXe 3aKajike C UCnoib30BaHeM BbICOKOKOHLIEHTPUPOBAHHbIX UCTOYHWUKOB Te€MNa. Ha ocHoBaHum NnpoBeAeHHOro cpaB-
HUTENIbHOT0 aHanK3a pe3ynbratoB NCCIE0BAHNA NOKa3aHa NePCNeKTUBHOCTb HOBbIX cnocobo 06p660TKI/I HI/I3KO)IFJ'IEPO}1I/I(TOI7I (Tanu
C NCNOAIb30BaHKeE NNa3MeHHoI Ayru npu npoBeaeHnn I'IOBerHOCTHOVI 3aKaJIKM 1 N1a3MeHHOI LeMeHTaLuK, a Takxe KOM6I/IHI/IpOBaH-
HOTr0 yNpOYHEHUA Ha npumepe ctanu (73 cuenbto NoBbILeHNA TBEPAOCTN NOBEPXHOCTH. I'IpeACTaBneHo OnuncaHne nonyyaembix MUKpO-

CTPYKTYP.

KnioueBble C10Ba: MUKPOCTPYKTYpa, 3aKasKka, HOPManu3aLma, yabTpasBykoBasa 00paboTka, nna3meHHas NoBEPXHOCTHOE YNIPOUHeHie,
MUKPOTBEPAOCTD

THE IMPACT OF PROCESSING METHODS ON THE
MICROSTRUCTURE AND PROPERTIES OF STRUCTURAL STEEL

Andrey E. Balanovsky', Marina V. Konstantinova’, Elena A. Guseva’,
Roman V. Kononenko?, Maxim A. Popov?', Fedor F. Deryugin?, Vladislav E. Byankin'

'Irkutsk National Reserch Technical University, Irkutsk, Russia

Abstract. In this paper, the results of the study of the influence of different processing methods on the microstructure of structural steel
St3 are demonstrated. The hardness obtained during normalization and quenching with furnace heating, as well as quenching using
highly concentrated heat sources, is compared. Based on the comparative analysis of the results of the study, the prospects of new
methods of processing low-carbon steel with the use of a plasma arc during surface hardening and plasma cementation, as well as
combined hardening on the example of steel St3 in order to increase the hardness of the surface are shown. A description of the
resulting microstructures is presented.material and the magnitude of the magnetic field strength. The effect of reducing the carbon
content in the steel of the generator stator on magnetic induction and the magnitude of the current is determined. It was established that
the reduction of carbon content has a positive effect on magnetic induction and the magnitude of the stator current of an automobile
generator.

Keywords: microstructure, quenching, normalization, ultrasonic treatment, plasma surface hardening, microhardness
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NONYYEHUE BAHAQUN-ANNIOMUHUEBOW JIUTATYPbI
U3 OKCMAoB Vv,0; 1V,0; C AONYCTUMbIM COAEPKAHUEM
NMPUMECEI

MaBen EBreHbeBuny Ctynos; AHTOH IBaHOBMY BONKOB, KaHA. XMM. HayK;
YnbsaHa AnekcaHgpoBHa Konorpuesa

Oryri «H1yepmem um. U.M. bapouHa», Mockea, Poccus
E-mail: pavel 1411@rambler.ru, rhenium®list.ru, ufowka@mail.ru

AHHoTauuA. PaccmoTpeHa BO3MOXHOCTb MCMONb30BAaHNA MEHTAOKCMAA W TPUOKCWAA BaHAAMA Pa3NUYHOI YACTOTbI ANA BbIMABKIA
BaHagmesblx nuratyp. C ucnonb3oBaHuem MeToda TepMOrpaBUMETPUYECKOT0 aHan|u3a M3yyeH NpoLecc antoMUHOTEPMUYECKOTO
BOCCTAHOBJIEHNA OK(MA0B BaHaausA. (ofiepxaHue BaHaanA B CNiaBax Haxoautca B AuanasoHe 72,0-76,0 %. OtaenbHble 0bpasubl
0012710 NOBBILLEHHBIM COflEPKaHNEM MapraHLia 11 Cepbl, UTo iefiaeT UX He NPUTOAHBIMIU ANA UCNONb30BaHMA B KaueCTBe NernpyHLLnx
106aBoK. [loka3aHo, UTo MCMONb30BaHNE CMeC) NEHTAoKcUa U TPUOKCMAA BaHAAWA NO3BONAET IKOHOMUTD A0 10 % aniomMUHNeBOrO
MOpOLLKA 1 N3BECTU.

Knioueble CN0Ba: OKCWbI BaHAZAWA; NUTATypa; anlOMUHII; BaHAZWIA; NEHTAOKCWA BaHAZWA; TPUOKCA BaHAAWUA; anlOMUHOTEPMUS;
BHerneyHan nnaska

PRODUCTION OF VANADIUM-ALUMINUM ALLOY FROM V,0,
AND V,0; OXIDES WITH ALLOWABLE IMPURITY CONTENTS

Pavel E. Stulov, Anton I. Volkov, Ulyana A. Kologrieva
FSUE «TsNllchermet im. I.P. Bardina», Moscow, Russia

Abstract. The possibility of using vanadium pentoxide and trioxide of various purities for the melting of vanadium alloys is considered.
Using the method of thermogravimetric analysis, the process of aluminothermic reduction of vanadium oxides was studied. The vanadium
contentin alloys is in the range of 72.0—-76.0%. Some samples have a high content of manganese and sulfur, which makes them unsuitable
for use as alloying additives. It has been shown that the use of a mixture of vanadium pentoxide and trioxide allows saving up to 10% of
aluminum powder and lime.

Keywords: vanadium oxides; ligature; aluminum; vanadium; vanadium pentoxide; vanadium trioxide; aluminothermy; out-of-furnace
melting
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AKTUBUPYIOLWUE ®NIIOCHI ANA AYroBou CBAPKU HA OCHOBE
YNbTPAAUCNEPCHbIX MPOAYKTOB NEPEPABOTKW OTXOA OB
KPEMHUEBOI'O MNPOU3BOACTBA

AHTOHMHa UropeBHa Kapnvu-la', KaHZ. TexH. HayK; lOnua UropesBHa Kapnvu-la', KaH. TeXH. HayK;
Butanuii Anekcanaposuy Magkunx', KaH. TexH. HayK

"HNY Mockosckuti focydapcmeerHbiti CmpoumernbHbiti YHusepcumem, Mockea, Poccus
E-mail: karlinat@mail.ru, jul.karlina@gmail.com, gladkich_87@mail.ru

AnHotauus. [lpencTaBneHbl KcnepuMeHTanbHble pe3ynbTaThl MO CBapke aKTUBMpYHLMM GNIOCOM B COCTAaB KOTOPbIX BXOZMT
HaHOKpeMHe3eM MoyyaeMblx U3 0TX0Z0B MeTasypruyeckoro npou3BoacTBa. B pesynbrare ncnonb3oBaHna paspaboTaHHoro coctaBa
aKkTuBMpytoLLero ¢nioca, NPONAABAAIOLAACA CNOCOOHOCTb CBapOYHOA Ayru yBennuunach B 1,5-3 pasa, SHeproeMKoCTb mpoecca
CHu3unach Ha 30-50%.

KnioueBble cf1oBa: nepepaboTka 0TX00B, pecypcocoepexerite, akTMBUPYIOLLMii GRloC, AYroBas (BapKa, HAHOKPEMHE3EM

ACTIVATING FLUXES FOR ARCWELDING BASED
ON ULTRA-DISPERSE PRODUCTS OF SILICON PRODUCTION
WASTE PROCESSING

Antonina I. Karlina’, Yulia I. Karlina', Vitaly A. Gladkikh®
"Moscow State University of Civil Engineering, Moscow, Russia

Abstract. Experimental results on welding with activating flux containing nanosilica obtained from metallurgical waste are presented. As a
result of using the developed composition of the activating flux, the melting ability of the welding arcincreased by 1.5-3 times, the energy
intensity of the process decreased by 30-50%.

Keywords: waste recycling, resource saving, activating flux, arc welding, nanosilica
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BoImyckHMIIeT MeXaHMKO-T€XHOTOTMYeCKOTOo
¢dakynprera MBTY um. H.D. baymana Orbra
Yepckas nocrymwia Ha pabory B IJHVuepmer
uM. VLIL. Bapauna B 1972 1. U 6onee 50 netT ee
TpynoBas 6morpadus CBA3aHa C MeTa/UIOBeIdec-
KOJ HayKOJ B 06/1acTM CO3JaHMA CTaseil KOHCT-
PYKIMOHHOTO 1 JPYTOr0 Ha3HAUEeHM .

3a 3T0 BpeMs INpOIiJieH IIOLOTBOPHbIN MyTh
CO3UJAaHUA M TBOpYecTBAa. [IybOKme Teoperu-
YeCKMe 3HAHUA ¥ MPAKTUYECKNIT OIBIT U3YIEHNA
CTPYKTYPHOTO COCTOSIHVS, IHpoOeM paspylie-
HUA, KOPPO3MOHHBIX CBOJCTB MeTa/ja MO3BOJIN-
MM el y4acTBOBaTb B HAYYHBIX MCCIENOBaHNAX,
IPOBOANUTD CIIOKHBIE KOMIUIEKCHBIE pPabOThI,
CTaBUTb OPUTMHAJIbHbIE SKCIIEPVUMEHTBI U JIP.

O.H. YeBckass Ha NpOTAKEHUM psAfa JeT
y4acTBOBa/la B CO3[JAHMY TPYOHBIX CTaseil: BBI-
COKOIIPOYHBIX, X/TaJOCTOMKNX, YCTOMYUBBIX IPO-
TUB CEPOBOJOPOJHOIO PAaCTPeCKMBaHNUsA, KOPPO-
3MIOHHOTO PacTPeCKMBaHUA IIOf, HAINpPsKEHUEM,
BOJJOPOJHOTO pacTpecKMBaHMA U [PYTUX BUJIOB
paspymennsa. C ee yJacTeM IPOBOJMINCH MC-
ClIelOBaHMSA U CO3[aBalUCh CTalU I TIy6o-
KOJI BBITA)KKYM, KOPPO3MOHHOCTOJKME ayCTEHUT-
Hble TRIP-cTamm BBICOKOV MPOYHOCTM, BBICOKO-
IPOYHbIE JIETUPOBAHHbIe OPOHEBbIE CTAINM U JP.
Konnextusom ydenpix IHVM4epmer npu Henoc-
penctBenHoM y4actuu O.H. YeBckoit paspabo-
TaHBl KPUTEPUM HaJEeXKHOCTM TPyOoIpoBosia u3
cTamm Knacca mpodHocty X80-X100; msydeHbI
(daxTopBI, BAMANIME Ha CKIOHHOCTb TPYOHBIX
cTasiell K XpyIKOMY paspylleHNI0, KOpPPO3MOHHBIM
HOBPEX/IeHNAM; 00001IeHbl MeXaHU3Mbl ¥ IIPU-
pofa IpOIECCOB, MPOTEKAIOMMX Ha CTafiMAX
3apOXK/IEHNA Y PaCIPOCTPAHEHMA TPEIMHBL.

NHOOPMALUA

MosapaBnsaem o6unsapa -
Onbry HukonaesHy YeBckyio

MHoroneTHmit yClemHbIil ONBIT, OTBETCT-
BEHHOE OTHOILIEHME K JIe/Ty TIO3BOJIMIIN €l y9acT-
BOBAaTb B IIPOEKTaxX II0 CO3[aHMIO MaTepuajoB
060pPOHHOTO Ha3HAYEHMsI, HAIIPABIEHHBIX Ha pe-
IIeHMe MAcIITaOHBIX 3a4ad 0coboil TOCymapcT-
Bennoy BaxkHocTu. O.H. YeBckasa Oblia OmHUM
13 OPraHM3aTOPOB MEX[YHAPOLHOIO COTPYAHMU-
yectsa [JHWMWuyepmer ¢ ydyenpiMu Iepmanmm,
IO>xnoit Kopen, Bpasummu, CIIIA u gp., pabora-
IOIIMMU B OOIaCTU CO3JAHUsA, UCCAEHOBAHUS U
IIPOM3BOJCTBA COBPEMEHHBIX TPYOHBIX CTasIell.

OrtMeuast BKJIAZl B pasBUTHE HAYKM M TeXHUKA
Poccun, O.H.YeBckoil 3acmyXeHHO NPUCBOEHA
BBICOKAass TOCYJapCTBEHHas Harpaja — IpeMus
ITpaButensctBa PO B obmacty HayKu ¥ TEXHUKH,
3a CO3fjaHMe 1 OCBOEHMe pecypcocbeperaroreit
TEXHOIOTMY IPOU3BOACTBA BHICOKOIPPEKTUBHBIX
9KOHOMHOJIETMPOBAHHBIX BBICOKOIIPOYHBIX CTa-
JIell TIOBBILIEHHON XJIafIOCTOMKOCTU ¥ HaJleXKHOC-
TU A4 KapbepHOIO TPaHCIOpPTa ¥ MeXaHU3UpPO-
BaHHBIX KOMIIJIEKCOB TOPHOOOBIBAOIIIEN OTPACITHL.

IIpomomxkas MIOJOTBOPHYIO HAyYHYIO Jes-
TE/IbHOCTD, OHA aKTMBHO NyO/IMKyeT CBOU paboTh
B OTeYeCTBEHHOI! U 3apYOEKHOII ITevaTn, ABSSICh
aBTOpOM 6ornee 80 myOMMKaumii, Cpesyt KOTOPBIX
CTaTbM B HAYYHO-TEXHMYECKUX XKYPHa/IaX, JOK/Ia-
Ibl Ha MEX[YHapOIHBIX KOHpepeHIUAX, aBTOPC-
KIie CBUIETENbCTBA U TIATEHTHI HA M300PETEHN.

Beicokuit mpodeccuonanusM, MpUHIMINATD-
HOCTb B COYETAHMM C YYTKMM I BHVMATETbHBIM
oTHolleHneM K mionsaM cHuckamu O.H. Yesckoit
3aCITy KEHHDIN aBTOPUTET U YBaXKEHME CPefiyl KOMJIeT
IIHN/uepmeTa, ApyrUX HAy9HbIX OpPraHU3aALuIL U
MeTa/UTypridecKyx IpearpuATHil.

O.H. YeBcKyr0 OTIMYAOT BEPHOCTb Tpafu-
IUAM U CTpeM/eHMe K MHHoBanusMm. OtmaBas
paboTe MHOroO CuI 1 TBOpYecKoit sHeprun, Onbra
HukomaeBHa coxpaHAeT ONTUMU3M, OCTaeTCA
0YapOBATENIbHOI YKEHIVHOI U MY[PbIM, TOHKUM
BOCINTATe/IeM MOJIOLOTO ITOKOJIEHN Sl YUEHbIX.

Konnexmue ILlenmpanvHozo Hay4HO-UCCe00
8aMenvCK020 UHCMUMYMaA 4epHOLl Memannypeuu
um. VL.II. bapouna, pedxonnezust syprana «IIpo6-
TIeMbl HePHOTI MeMAanypeuil UMamepuarose0eHus»,
000 «Memannypeusoam» nozopaensiom Onvey
Huxkonaesty c 1o6unetinoti 0amoti!
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B abrycre 2023 r. umcmommmmock 70 et
SAxoBy JIbBoBuuy Kamy, kaHp. TeXH.HayK, B.H.C.
HIOMT LHWVuepmer, crenyuanucTy B 0061acTn
3/IEKTPOIUIABKM U BHEIIEYHOI 00paboTKu CcTamm.

SAJ1. Kan, — IOTOMCTBEHHBINI METa/Iypr, €ro
ponutenu pabotanu ¢ 1951 o 1965 rr. Ha Kysuen-
KOM MeTaJUTypru4eckoM KOMOHaTe.

B 1975 r. A.J1.Kar sakonunn MVCuC, xadenpa
«INeKTPOMETa/UIYprusi CTalmn U GpeppocIiaBos». B
TOM >Ke TOfly OH Hadan paborars B LIHVMuepmer
um. JLII. bapanna, rage npouen nyTh OT MHXKeHepa
nabopaTopuy TEOpUM MeTA/TypPruYecKux IIpo-
IeccoB (BO3I/IAB/IABIIENiCA IPOQ, HOKT. TEXH HAyK
[LH. OKOpOoKOBBIM) /10 3aBefYIOLIEro Taboparopueit
BHeIle4Hoi 06paboTku ctamn. B 1987 r. f.JI. Kan
3ammTUa fuccepramyio Ha TeMy «OcoOeHHOCTH
HIOBEJIEHNA a30Ta, YITIEPOfia U CEpPbl IPU BAKYyM-
I/IA3MEHHOM HarpeBe MeTa/UIMYeCKMX PacIlIaBOB.

Sxos JIpBoBMY Kal mpuHMMan ydacTue B
BBINIOJTHEHMM PSAfla HayYHO-UCCIENOBATETbCKIX
pabor IIHMMuepmera, cpegyu KOTOPBIX Obl-
mu HWP, nocssmieHHblE yAbTPAaaKyCTUYECKOMY
UCCIEJOBAHMIO MeTa/TypIMYeCKUX pacIlIaBoB,
pa3paboTKe TEXHOTOTMM IITA3MEHHOJ IUIaBKM B
neyvax ¢ KepaMMYeCKUM TUTTIEM, BAKyyM-TlJIa3MeH-
HOMY IIepeIUIaBy TIPELM3MOHHBIX CIUIABOB U
META//IM30BAaHHOTO  CBHIPbsA, IUIa3MEHHO-JYIo-
BOMY HarpeBy MeTa/jla B arperarax KOBILI-II€Yb
PV BHEIIEYHOI 00paboTKe U B IPOMEXYTOYHOM
KOBIIE IIPY HENTPEPbIBHO Pa3/MBKe CTaIN.

B 1987-1993 rr. A.JI. Kan yd4acTBOBanm B
IIOCTaBKe, MOHTaXé I OCBOEHMM TIIepBOM B
MMpe KPYNHOTOHH2)KHOJ YCTAaHOBKM KOBIII-
neYb IOCTOAHHOrO TOKa Ha Hosonmmenkom me-
Ta/TyprudyeckoM Kom6uuate. B 2002-2003 rr.
SxoB JIbBOBIY yyacTBYeT B IIPOBEIEHNY I'PYTIIION
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cnenyamucto  OI'YIT  «IIHMWMuepmer wum.
VL.II. bappyua» 1of PyKOBOJACTBOM [I-pa TEXH.
Hayk B.A. CuHe/lIbHMKOBAa TeXHOJIOTMYECKOTO
aygura OAO «<HOCTA» n 3A0 «Kamacrasnb».

B 1996-1999 rr. f.JI. Kay paboran mHBec-
TUIMOHHBIM AHAJIUTUKOM B JIHBECTUIMOHHOI
komnanun «TPMH®WKO», rme ocyujecTsaan
VHBECTULVIOHHBII ¥ SKOHOMMWYECKMII aHaJu3
[esITeTIBHOCTY POCCUIICKYX ¥ 3apYOeXHBIX Ipefi-
MIPUATUI YEPHOI U IIBETHOI METAJITy PTUNL.

B 2003 1. B CBA3M C Ha4ya/JloM CTPOUTE/IbCTBA
JIuteitHO-IpOoKaTHOTO 3aBoja B I. Spreso (Cmo-
neHckas o61n.) SxoB JIpBoBuu Kary mepemren pa-
6oratp B OAO AXK «BHMVMMETMAIIL wnm.
akamemuka A.V. IlenukoBa», rme B JOMKHOCTU
3aMeCTUTeNsl HavyaJbHMKA OTHeNa IPUHMMAT
ydyacTue B pacyeTe IPOEKTHBIX IIOKasaTenei
obopynoBaHusi, paspabOTKe TeXHUYECKUX 3a-
JOaHMII Ha ero IOCTAaBKy U B IPOEKTUPOBAHUU
CTa/IeNIABUJIBHOTO OTJENEeHNs 3aBOJa; OH PYKO-
BOJIVJI ITyCKO-HaJIaJIKO¥i ¥ BBOJLOM B 3KCIUTyaTal| /0
000pyIOBaHMA CTa/ICIVIaBIIBHOTO 1IeXa.

C 2000 o 2010 rr. SI.JI. Kax — goreHT Kaden-
pol  «Metamnypruss cramu U GeppoCIIaBOB»
MICuC, rpe npenogasan Kypchbl II0 BHEIEYHOI
06paboTKe cTamM, KOPIOPATMBHON CTPYKType
yepHOiT MeTa/utypruu Poccum, pbIHKY CbIpbs U
MeTaJI/IoB.

B 2022 r. fIxoB JIbBOBMY BEPHY/CA K HAyYHOI
pabore B IHVuepmer nm. VL.IL. BapanHa.

B 2011 r. IkoBy JIpBOBMuy Kany mpucBoeHo
3BaHue «[IoyeTHBINI paOOTHUK HAyKM U TEXHUKU
Poccnmitckoit @epgepanyum». O aprop Gonee 140
[eYaTHbIX paboT, B TOM YNCIe CTaTell B XXypHAIax
MEeTa/IypPrU4ecKoro ¥ 9KOHOMIUIECKOTo Ipouiis,
6ormee 10 mMaTeHTOB M aBTOPCKMX CBUJIETENHCTB,
HECKO/IbKJX MOHOTpadumit.

Mnuorue roppt fxoB JIbBOBMY COTPYHHU-
YaeT C Hay4YHO-IIPOM3BOJCTBEHHBIM >XYpPHAlIOM
«MeTanmypr», ABNAACH YIEHOM €T0 PESAKIMOHHO
KOJITIETUMA.

Konnexmue OI'YII IIHUMuepmem um. J.II
Bapouna, pedakuus u pedxkonneeus iypHana
«IIpobnemvl uepHoti Memannypauu u Mamepuano-
sederust», OO0 «Memannypeusdam» no3opasns-
tom wbunsapal XKenarom emy nnodomeopHuix HayH-
HbIX peuleHuil, YCHeuwHbX NpoeKrmos, Kpenkozo
300p06vA U bnazonony4ust!
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20 ceHTSAOps yuIen W3 JKM3HM HAII
Komnera Anekcanap VIBanosuy 3aiines —
VI3BECTHBIV YYEHDI, IOYETHBIN METAJUTYPT,
IOKTOp (U3MKO-MaTeMaTUYeCKUX HayK,
npodeccop, aypear IpeMMM IIpaBU-
TenbcTBa PO B 06/1acTH HayKu ¥ TeXHUKM,
nupekrop Hayunoro uenrtpa ¢usnko-
XMMMWYECKNX OCHOB M TE€XHOJIOTUII MeTasl-
nyprun (HII®XO) OTVYII «IITHMMuepmer
um. VLII. Bappmuua». buorpadms Anek-
caHfipa JIBaHOBMYa, BCA €ro >XU3Hb —
APKUI IPUMep CIY>KEHNA HayKe Y POTHOMY
IHVW4epmer. OKOHUMB C OTIMYMEM
MI'Y, yamcs TaM e B aCIpaHType XUMMU-
yeckoro ¢akynpreTa 1 B 1983-M 3amuTin
KaHJWUJJATCKYIO JUCCEPTALIO.

ITocme okoHYaHMA acnMpaHTyphI Bee 40
JIET €r0 TPYLOBOIL VI HAYIHOI NeATEeNbHOCTHI
6butn cBsasanbl ¢ [THVuepmer nm. VL.IL
bappnna, B KoTOpOM OH mpolIeN IIyTh
OT MJIAJIIIET0 HAY4YHOTO COTPYAHUKA [0
pykosogutena HIIOXO, tpymmnca B
KayecTBe CTapIlero M BefyIlero Hay4HoO-
ro COTPYHHMUKA, 3aB. Taboparopueir ¢pusm-
YECKOJM XMMMM U 3aMECTUTENA SUPEKTOpa
MHcTuTyTa MeTa/ioBefieHUA ¥ (PUINKN
MeTamnoBs. B 1997 . Anexcanzp VBanosny
3aUTUI TOKTOPCKYIO JMCCEPTAluI0 Ha
TeMy « TepMoaIHaMMKa CHCTEM C MTHTEHCHB-
HBIM MEXXYaCTUYHbBIM B3aMIMOJIEVICTBIEM».

NMamatn AnekcaHpgpa
MBaHoBMYa 3anueBa

3JHauMTe/IbHAA YaCTh HAYYHOI eATeIbHOCTI
AVl. 3aiimeBa ObUta CBs3aHa C M3yYeHMEM
aMOp(HOr0 COCTOSIHUS MeTa/UIMYeCKNUX CIUIa-
BOB. VIM cO3[jaHBI OCHOBBI KONMMYECTBEHHOII
TEOPUN CTEKII000pa3oBaHMA B MeTa/UIMYeCKNX
CITaBax, cOpMy/IMpOBaHBI IPUHIUIIB TOYHOTO
OIVICaHMsA CTAOMIBHOCTY aMOPQHBIX MeTa/In-
YecKUX CIUIaBOB M NyTell UX IOC/IefyIomX
IIpeBpalleHNIl, IPeJI0KEeHbl MEeTObI IIPOTHO3M-
poBanysi GUBMKO-XUMUIECKUX U MEXaHMYeCKUX
CBOJICTB TBEPABIX aMOp(dHBIX MarepyuanoB. OH
BIIEpBBIC B MUPOBOJI Hayke OIpefenna abco-
JIIOTHYI0 ¥ OCTaTOYHYI0 SHTPOINIO aMOPQHBIX
MeTa//INYecKX CIUIaBOB, a TaKXXe MCCIefioBasl
Ipyrye aKTyaJbHble HAlpaBIeHNUs (PU3NIECKON
XUMUMN.

AJI. 3ajiueBbIM IMYHO U NIPU €TO HEIOoC-
PEACTBEHHOM y4yacTuym ObUIM pa3paboTaHBbI
pasnuyHble TeopeTudecKye MOAXOAbl U MeTO-
IOVIKM, KOTOpble JCIIONb30BalINCh Ha IIpenll-
PUATHAX MeTa/UTyprudeckoil orpaciu. B reue-
HIle MHOTMX JIeT HAayYHBIM KO/UIEKTUMBOM IIOf
pykoBozcTBoM A.JI. 3aiiijeBa Oblna moTydYeHa
obmypHas 6asa JJaHHBIX TePMOJVHAMUYECKUX,
(UBMKO-XMMIYECKMX CBOVICTB Hambosee BaXK-
HBIX [UIS COBPEMEHHBIX MeTaJUIyPrudecKmux
MIPOILIECCOB META/UIMYECKMX ¥ IIJIAKOBBIX CHC-
TeM. Ha ocHOBe IOTTy4eHHBIX IaHHBIX U IIpefic-
TaBIEHUII ~ ACCOLUMMPOBAHHBIX  PacTBOPOB
AV 3aiineBpIM cO3[jaHa HOBas TEOPMsI MeTajl-
JYprUYecKUX UIIAKOB I pacIVIaBOB Heopra-
HUYEeCKNX COeNVHEeHM, YTO TI03BOIMJIO CO3JaTh
ajlekBaTHple  (QU3MKO-XMMUYECKNE€  METO[BI
IPOTHO3MPOBAHNSA IIPOLIECCOB, IPOTEKAIUX
Py KOBIIOBOJI 06paboTKe, HEMPEPHIBHOI pas-
JIBKE CTAJIN.

Haunnasg ¢ 2000-x rogos A.J1. 3aiiieB akTUB-
HO TIOJK/TIOUMICS K paboTaM B 00/IacTU HPUK-
JIaiHON MeTa/UTyprun. BHec 6onblioit BKIaj B
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OCBOEHIE MPOM3BOJCTBA ABTOMUCTOBBIX CTaseil
HOBOTO ITIOKO/IEHMs, KOPPO3MOHHOCTOMKUX U W3-
HOCOCTOMKIX OMMETAs/IoB, a TaK)Xe B pa3pabor-
Ky TEeXHOJIOTWil, 00eCreYBaIOIVX MOBbILICHNE
KOPPO3MOHHOI CTOMKOCTM CTajell PaslIMYHOTO
HasHA4YeHM Ty TeM ONTUMU3alNN UX XMMUIECKOTO
COCTaBa ¥ CTPYKTYPHOTO COCTOSTHMUA.

CrepmyeT OTMETUTD, YTO B IIpoOIiecce BBIIIONI-
HeHusA yKasaHHbIX pabor B 2005 r. B IITHUI-
YepMeT IPOM3OLUIO CAMAHME [IBYX KOJIEKTU-
BOB — KOJIJIEKT/BA, 3aHMMAIOLETOCs IPUKIIATHON
HayKoI1, ¥ KO/UIEKTMBA, 3aHMMamwolerocs gpyHna
MEHTAJTbHBIMU UCCIETOBAaHUAMY, B €IVHBIN
LeHTp, HasBaHHBIN IleHTpoMm  (usmyeckoit
XMMUY, MaTepuasioBefileHNsi, OVMeTa/UIoB MU
creruanbHbIX BuoB kopposunu (LIOMK), koro-
paiit BosrmaBua A.JV. 3aiines.

Takoe oObeguHeHNE ITO3BOMMIO YCIelI-
HO pelllaTb BCe TIOCTaB/IEHHbIe 3a/laull B Ilepe-
YJIC/IEHHBIX BbIllle ¥ MHOTMX APYTUX HaIlpaB-
JIEHUAX, I 4ero OblI paspaboTaH IiesIblil
P70 OPUTMHAJIbHBIX, He UMEIOIIVX aHAJIOTOB B
MMPOBOJ IIpaKTMKe, HaYKOEMKUX IIOJXOLOB.
PaspaboTka 1 1MCIOIb30BaHME KOMIUIEKCA CO-
BpPeMEHHBIX MeTOMOB MCCIelOBaHUs, BKIIIO-
qamouiero (GpusmMKo-XxuMmuyeckoe, TEPMOANHA-
MUYECKOe U KMHETUYECKOe MOJe/IMpOBaHNe
MPOLIECCOB  00pa3oBaHMUsA HeEMETa/UTNIECKUX
BK/TIOUeHNT U (a3oBBIX BBIJEEHUIT, MCCIIe-
IOBaHME KUHETUKM MHOTOKOMIIOHEHTHOTO
CerpernpoBaHus IpUMeceil ¥ MHOTHe Ipyrue,
[IO3BOJIM/IM IOHATb MEXaHM3Mbl IIPOIIECCOB,
OIIpEeJEeNAIIINX KOHEYHbII yPOBEHb CBOJCTB
MeTautonpopykuuu. Ha ocHoBe mcnonb3oBa-
HIST pa3pabOTaHHBIX MOAXONOB OBUIM OIpe-
Ie/IeHbl ONTMMAJIbHble 3HaYeH!s IapaMeTpOB

XMMMUYECKOTO COCTaBa ¥ pa3pabOTaHbI BLICO-
K03 PeKTUBHBIE TEXHONIOTUN, 0becrednBa-
11ye IPOPbIBHOE IIOBBIIIEHNE YPOBHS CBOJICTB
aBTO/MMCTOBBIX CTajiell pasJIMYHBbIX TUIIOB U
KJIACCOB ITPOYHOCTM IIPY MUHMMAa/IbHBIX 3a-
TpaTax.

Mmuorue roppl AV, 3aiilieB COTpyAHMYAN
¢ xypHanamu «IIpo61eMbl YepHOIT MeTa/Typrun
U MaTepuanoBefieHs» U «MeTamnypr», B KOTO-
PBIX OH ObITT WieHOM pepkomteruit. OH aBTOp Co-
TeH Hay4HBIX CTaTell B HAyYHBIX KypHa/laX, B TOM
41Cle B MEeXIYHAPOHBIX U3aHNUAX, B Ka4eCTBe
9KCIIepTa ¥ PeljeH3eHTa OH TaK)XXe MOATOTOBUII
OT3bIBBI Ha MHOTME Hay4Hble cTartbu. AV, 3aii-
LIeBbIM B COABTOPCTBE HAIMCAHDI VM BBIIYIIEHDI
mecsTKy KHUT: « COBpeMeHHbIe IIOfIXO/bI K IIOBbI-
LIEHNI0 KOPPO3MOHHOM CTOMKOCTH M 9KCIITyaTa-
IIVIOHHOV HAJeKHOCTM CTaleil A HedTermpo-
MBICTIOBBIX Tpy6omposopos» (VI.I. PoxnoHosa,
A 3arues, O.H. Bakmanosa u ap.), «AMop-
¢usanusa mMeraymdeckux pacmnasos» (A 3a-
itieB, b.M. MorytHos, E.X. [Mlaxmasos), «®Du-
3MYecKass XMMMSA MeTa/UIyprUyecKUX ILIIAaKOB»
(A.W. 3aitues, 5.M. Morythos, E.X. Illaxna3os),
«KoMmrimekcHble HeMeTa/In4yecKye BKIIOUYeHN 1
cBorictBa craim» (AJ1. 3aities, B.C. Kpanomins,
J.I. Ponnonosa, I.B. Cemepunn, A.JI. Tamnc) u
Ipyriue.

Anexcaunpp ViBaHoBuY 66171 podeccnoHanom
BBICOKOTO YPOBH:, OTBETCTBEHHBIM PYKOBOJINTE-
JIeM, OT3BIBUMBBIM U1 JOOPBIM 4eTIOBEKOM.

KomnextnB VIHCTUTYTa ¥ pemaKIMOHHBIE
KojIeruy X ypHanos «[Ipo6meMsl uepHOIT MeTaI-
TypIUM U MaTepuanoBefeHus» u «Mertamaypr»
BBIP@)KAIOT IITyOOKMe cOO0/Ie3HOBAHNS POIHBIM
u 6rmm3kum AnekcaHppa VIBaHOBIYA.

MopgnucaHo B nevatb 25.09.2023 r. DopmaT 60x88 1/8. OTneyataHo B Tunorpadpum OO0 «MeTannypriusgar»
www.metallurgizdat.com
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YBaxkaembie konneru!

[Mpuraamaem Bac omy0AMKOBaTh pe3yAbTaThl CBOMX MCCAe-
AOBaHUN B XypHaAe «[IpobAeMBbl UepHON METAaAAYpIUM U MaTe-
puasoBepeHus». JKypHaa myOAMKyeT Ha 6€3BO3Me3AHON OCHOBE
OpPUI'MHaAbHBIE CTaTby M O030pBI, CBSI3aHHBIE C IepepabOTKOM
PYAHOTO M TEXHOT€HHOTO ChIpbs, MTOAyYeHMEM YYTyHA, CTAaAU U
beppocnraBoB, CBOMICTBAM CIIAABOB Ha OCHOBE >KeAe3a, MaTepua-
AOBeAeHVEeM 1 Pp131KOI METAAAOB, BOIIPOCAaMU pecypcochepexe-
HUSI, 9KOAOTUM, CTPATeruy pasBUTUS I SKOHOMUYECKON addek-
TUBHOCTY METAAAYPIMYeCKOl OTpacAU. VIspaHMe BXOAUT B mepe-
4yeHb )KYPHAAOB, peKoMeHAyeMbIXx BAK aas mybAaukaumm TpyaoB
CONMCKaTeAell YYeHBIX CTelleHell, B 9AeKTPOHHOM 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 HAayYHO-VICCAEAOBATEAbCKUII MHCTUTYT Y€PHOM
meTtaaAypruu um. VLIT. Bapauna. B 2020 r. 6614 00HOBAEH COCTaB
PEAKOAAETUY, B ee COCTaB ObIAM NPUTAAIIEHBI M3BECTHBIE YYe-
Hble-MeTaAAypru. C 2021 1. cTaTbsIM )XypHaAa IPMUCBaNBAIOTCS
ccoiaky DOIL C 2022 r. 3HAUUTEABHO YAyYIIEHBI 0pOpPMAEHME,
CTPYKTYpa 1 MoAUrpaduIecKnii ypoBeHb IeYaTHO BepCUY Kyp-
HaAa. AAsI TOBBIIIEHVS KaueCTBa y0AMKaLmii, 00ecrieyeHus Bbl-
COKOI'0 Hay4YHOI'O YPOBH:, IPAKTMUECKOI 3HaYMMOCTH, OCBellje-
HIsI TIOCAGAHMX HAYYHBIX AOCTVIKEHUI IPOBOAUTCS Cepbe3Has
paboTa 1o NpUBAEYEHNUIO AaBTOPOB, OOCY>KAEHUIO, PeLleH3MpOBa-
HUIO PYKOIIMCEN.

BHUMAHUE! NPOAONMAETCA NOAMUCKA Ha xypHan

«[TIPOBNEMbI YEPHOU METAJUTYPTUU U MATEPUAJIOBEEHUS»

[MoonucKy Ha XypHan ebl Moxeme opopmMume:

« Ha caiite «<O6begumHeHHoOro Katanora «lMpecca Poccum» www.pressa-rf.ru

Moanucxomn uupekc— 58999

0 Moanucartbca yepe3 NHTEPHET-MarasnH «I'Ipecca Mo NOAMNNUCKEe» MOXHO Ha caunTe

https://www.akc.ru;
+ [lognucka B pegakumu.

Ha a1eKTpoHHY0 BEpCUIO KypHasia MOXKHO MOAMNMCATbCA Ha caTe

HayuHow dnektpoHHon brnbnunotekn (HIbB) http://www.elibrary.ru

MprobpecTy XypHanbl 3a 6e3HaNMUHbIN pacyeT MoxxHo B THL OIYM «LIHUWuepmeT nm. U.M. BapanHa.
[na odopmneHns NOANUCKM Ha »KypHas No 6e3HaNnYHOMy pacyeTy HeobXo4MMO NpUCNaTh 3aABKY
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