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TeopeTnyeckne 0CHOBbI MEeTaulypriv

YAK 669.89.66-971.546.442

TepmMmoaHaMmumkKa BOCCTaHOBJIEHUS
LLLeJIOYHO3eMeJIbHbIX MeTaJlJioB
U3 OKCUAO0B U YCJZIOBUS KpUCTanam3saumm

cnjaaBoB B cucteme Fe — Si — Me(msm)

H. ®. fkyweBuy’, E. B. NMpoTtononos',
M. B. TemngaHues', B. B. MaBnoB?, A. A.AOuHa',
O. B. KysHeuoBa'

"@IrBOY BO “Cubupckuli 20cydapcmeeHHbIlU UHOycmpuasnbHbil yHUgepcumem?,
2. Hoeoky3Heuk, Kemepoeckas o6n. E-mail: rector@sibsiu.ru

2000 YK “Cubupckas 2opHOo-MemaJsiiypauyeckasi KomnaHusi”, 2. HoeoKy3Heuk,
Kemepoeckasi 061. E-mail: antonova_iv@sgmk-group.ru

PaccMoTpeHbl TEpMOXUMUYECKNE XapaKTEPUCTUKK LLenoYHo3eMenbHbIX MeTannos (LL3M) n ux coegnHenni
(okcupoB, cunuumpos, kapOoHaToB, kapbuaos, Cynb(UMOOB), 3aBUCUMOCTW 3HTANbMWA CMELLEHNs W
aKTUBHOCTE KOMMOHEHTOB B pacnnasax Si — Me(mw) nSi-Fe— Me(mm), [aBreHns napa KOMMNOHEHTOB Haf
pacnnasamu. BbinonHeHa TepMonHaMuyeckas oLeHKa yCroBuii BOCCTAHOBIEHWS KanbLiys, 6apus u CTPOHLMS
N3 OKCMAOB YIMEpPOAOM, KPEMHUEM W amioMUHMEM. PacCMOTPeHbl MeXaHU3Mbl KpucTannusauuu CnnasoB
Fe - Si-Me,,,. MokasaHo, 4to npu nobom coaepxatqun kpemHusi u Ke cnnase, LLISM koHueHTpupytoTcs B
cunnynpax tvna (LU3M) - Si n (LL3M) - Si,, hopmupytoLmxcs Ha nocriefHem artane Kpuctannmsaumu. Mpu
atom cogepkaHue LLISM B atux dhasax npesbiwaet 30 macc. % W, COOTBETCTBEHHO, akTBHOCTL LLI3M B aTnX
cUnMLMEax BbICOKa.

Kntoueble croa: wenoyHosemenbHble Metannbl (LU3M), okcugsl LU3M, BoccTaHOBREHWe OKCWAOB,
aKTMBHOCTb, YNPYroCTb Napa, CUruuuabl, Kpuctannnsawms.

The thermochemical characteristics of alkaline earth metals (AEM) and their compounds (oxides, silicides,
carbonates, carbides, sulfides), the dependences of mixing enthalpies and component activities in Si - Me,,,
and Si - Fe — Me,,, melts, the vapor pressure of the components over the melts have been considered. A
thermodynamic assessment was performed of the conditions for the reduction of calcium, barium and strontium
from oxides by carbon, silicon, and aluminum. The crystallization mechanisms of Fe — Si — Me, ., alloys were
considered. It has been shown that for any content of silicon and AEM in the alloy, AEM is concentrated in
silicides of the type AEM — Si and AEM - Si,, which are formed at the last stage of crystallization. In this case
the content of AEM in these phases exceeds 30 mass. Pct and, accordingly, the activity of AEM in these

silicides is high.

Keywords: alkaline earth metals (AEM), oxides AEM, oxides reduction, activity, vapor pressure, silicides,
crystallization.
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YAK 536.221:669.24

UccnepoBaHne akTUBHOCTM KUcnopoaa
B HUKeJ1e, PaCKUCJIEHHOro MarHuemMm m
kansuuemnpn P, = 0,1 MMan 1560 °C

B. T. Bypues

UHcmumym memannypauu u mamepuasiogedeHusi um.A.A.Batikoea PAH, 2.Mockea.
E-mail: burtsev@imet.ac.ru

MeTogom 3[C uccnenosanu akTMBHOCTb KMCMOpOAA (a[o]) B pacnnasax Ni-O npu packucneHun Mg n Ca
[0 koHueHTpauun 0,2 macc. % kaxgoro B atMocdepe csepxyuctoro Ar npu 1560 °C. M3meHeHus ay, OT
KOHLIEHTpaLWA packucnuTenen onucanu norapudmuyeckamn  3asucumoctamu. [pu  packucnenun Mg
3HaueHs &, nokasanm 10-kpaTHbIi pocT packucnuTensHoi cnocobHocT Mg k Al npu cogepxarum 0,05 %.
Mpwn packucnennn Ca yeennyeHue packucnutenbHom cnocobHoct Ca k Al mpu ykasaHHOM Konu4ecTse
coctasurno 8,4 pasa, TO eCTb MpW BCEX MPOYMX paBHbIX ycnosuax Mg ssnsetcs B 1,25 pasa 6onee cusbHbIM
packucnutenem, yem Ca. 310 crniegyeT yuuTbiBaTh NpK BBELEHUM packucnnuteneil B pacnnasbl Ni.

KntoueBble cnoBa: pacnnasbl HUKENb-KUCIIOPOA, PACKUCIEHUE, aKTUBHOCTb kucnopoga, Metog SLC,marHui,
KanbLui.

The EMF method was applied to investigate oxygen activity (a[O]) in Ni = O melts during deoxidation by Mg
and Ca up to concentration 0.2 wt. pct. of each in the atmosphere of ultrapure Ar at 1560 °C. The changes
in a, on the deoxidants concentrations were described by logarithmic dependences. On deoxidation by Mg
the a,, values showed a 10-fold increase in the deoxidizing ability of Mg as compared with Al at the content
of 0.05 pct. When deoxidizing by Ca, the increase in the deoxidizing ability of Ca to Al with the indicated
amount was 8.4 times. This means that, ceteris paribus, Mg is 1.25 times stronger deoxidant than Ca. When
deoxidizing by Ca, the increase in the deoxidizing ability of Ca to Al at the indicated concentration was 8.4
times, that is at all other factors being the same Mg is a more powerful deoxidant than Ca. This should be taken
into account when introducing deoxidizers into Ni melts.

Keywords: nickel-oxygen melts, deoxidation, oxygen activity, EMF method, magnesium, calcium.
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TexHosiorm4eckme rpoLecchbl MeTasaaypriv

YAK 669.046.585.004.82

Ncnonb30oBaHUEe LWWJ1aka BHEeNne4YHom
00paboTKM cTanvu B arnonpon3BoacTee

B. B. TemHukos', O. 0. LLewykos?, M. A. MnxeeHkoB?,

A. A. Metenkun?, A. J1. MamoHoOB®

TAO “EBPA3 HTMK?”, 2. HuxxHuti Tazun. E-mail: Vladislav.Temnikov@evraz.com
20IrAOY BO Yp®Y, e. EkamepuHb6ype.

3@IrbYH UHcmumym memasnnypauu YpO PAH, 2. EkamepuH6ype.

‘@unuan ®rAQY BO Yp®Y, 2. HuxHutl Tazusn.

SOAO “EBPA3 BI'OK”, 2. HuxxHuti Tazun.

ExerogHo B AO “EBPA3 HTMK” obpasyetcs 6onee 90 Thic. T Wwnaka BHeneyHoi obpabotku ctanm (BOC).
[Mpu OCTbIBaHWM 3TOT WIaK pacnafaeTcs B MENKO3EPHUCTLIN MOPOLLOK, HE HaxoguT CObiTa U BPEMEHHO
cknagupyeTcs B OXugaHuu pelueHns no ero ytunmuaauum [1]. MpopaboTaHa BO3MOXHOCTb yTWUAW3ALMN
wnaka BOC nytem ncnonb3oBaHus ero npy Npou3BOACTBE arnomepara B kavecTse donioca, He Tpebytoulero
nogrotosky. LLinak BOC nogaeanu B WuXTy xene3ogioca B BUAE CMECH CO CTanennaBuibHbIMM Lakamm,
copepxalymn BaHaguit. McnbitaHns no wcnomnb3oBanmio wnaka BOC B armomepauun Obinn ycnewHo
NpoBefeHbl, NPy 3TOM U3 WKXTbl OblN MOMHOCTBIO BbIBEAEH ChIPOA M3BECTHSK, CHIMKEH Pacxod KOKca,
MOBLILLIEHA MPOW3BOAUTENBHOCTL arfioMalMH W yryyleHa MPOYHOCTb armonpofykTa. Tak Kak Lunaku
copepxam 4o 3,0% V,0,, 310 Mo3Bonmo npusredb B arno-A0MeHHbI MPOLECC AOMOHUTESbHbIM BaHaauit
B o6beme 6onee 100 T B MecsL.

KnioyeBble CcrnoBa: lUnak, BHeneyHass oOpaboTka cTanu, enesonioc, KOHBEPTEPHbIA  LUMaK,
BaHaanMNCoOepKallui LWaK, TOBapHbIA BaHaauM.

Each year EVRAZ NTMK JSC produces more than 90 thousand tons of slag in the course of
external steel treatment (EST). During cooling this slag disintegrates into a fine-grained powder, does not find
sale and is temporarily stored in anticipation of a decision on its utilization [1]. The possibility of utilizing EST
slag has been worked out through its use for production of sinter as a flux that does not require preparation.
The EST slag was fed into the iron flux charge in the form of a mixture with steelmaking slags, containing
vanadium. Tests on the use of EST slag in sintering were successfully carried out. In the process raw limestone
was completely removed from the charge, the coke consumption was reduced, the productivity of sintering
machines was increased and the strength of the sinter product was improved. As the slags contained up to
3.0 pct V,0,, this made it possible to attract additional vanadium to the agglomeration process in the amount
of more than 100 tons per month.

Keywords: slag, external steel treatment, iron flux, converter slag, vanadium-containing slag, commercial
vanadium.
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YAK 669.15-194.2

Onpob6oBaHue Nnpon3BoACTBa Ha CTaHe
2800 AO “Ypanbckasa Ctanb” nuctoB U3
3KOHOMHOJIErMpoBaHHOM XJ1a4,0CTOMNKON
cTanv OJig ra3onpoBOaHbIX
CepoBOAOpPOAOCTONKUX TPYO KaTeropmm
npo4yHoctu X65MS n X70MS

A. A. XonogHbin', KO. U. MaTpocos’, C. IN. 3y60B?,

A. A. Mpugenn?, J1. B. NMpokoneHKo?

1@ryri “UHUNyepmem um. U.I. BapduHa”, 2. Mockea. E-mail: kholodnyi.aa@gmail.com
2 AO “Ypanbckasi Cmanb”, 2. Hoeompouuk, OpeH6ypackasi 0671.
E-mail: a.pridein@uralsteel.com

PaccmoTpeHbl pesynbTathl onpoboBaHus npousBoacTBa B ycrnousx AO “Ypanbckas Crtanb” nuctoB
TONWMHOM 16 MM W3 9KOHOMHOMErMPOBAHHOW XMaAOCTOMKOM CTanu Ans W3rOTOBMEHWNS ANEKTPOCBAPHbIX
rasonpoBoAHbIxX Tpyd 60MbLIOro AnameTpa kateropuii npoyHocTn X65MS 1 X70MS B cepoBOgOPOAOCTOMKOM
NCronHeHnn. HW3Kknin ypoBeHb LIEHTpanbHOI Cerperavv HenpepbIBHOMUTBIX CSIOOB U X NPOKaTka Ha cTaHe
2800 o onTMarnbHbLIM pexrMam TEpMOMEXaHNYECKON 00pabOoTK C YCKOPEHHbBIM OXNaxaeHneM obecneynni
BbICOKYK0 CTOMKOCTb ITUCTOB MPOTMB PacTPECKMBaHUS B CEPOBOAOPOACOAepkallei cpefe. [lonydyeHb
3afjaHHble MexaHUYeckue CBOWMCTBA kaTeropuit X65 u X70 u Bbicokast xmagoctomkocTb (KV0 = 200 [x;
DWTT-2 > 95%) n1cTOB Npu SKOHOMHOM FEMPOBaHWM CTasN.

KntoueBble CroBa: HI3KOMNErMpoBaHHas cTanb, TpyGHast CTanb, XMMUYECKWIA COCTaB, TONCTONUCTOBOI NPOKAT,
TepMoMexaHuyeckast o6paboTka, MexaHU4eckne CBONCTBA, XNagoCTOMKOCTb, BOAOPOAHOE PacTPECKUBaHHE,
cynbdUaHOE pacTpeckiBaHe Nog HaMpPsKEHNEM.

The results are considered of production testing at Ural Steel JSC of 16 mm thick plates from an economically
alloyed cold-resistant steel for manufacture of large diameter SAWL gas pipes of strength categories X65MS
and X70MS for sour service. The low level of central segregation of the continuously cast slabs and their rolling
at the 2800 mill by optimal thermomechanical treatment with accelerated cooling modes provided high plates
resistance to cracking in hydrogen sulfide-containing medium. The specified mechanical properties of grades
X65 and X70 and high cold resistance (KV° = 200 J; DWTT-? = 95%) have been provided for the plates by
economical alloying of the steel.

Keywords: low-alloy steel, pipe steel, chemical composition, rolled plate, thermomechanical treatment,
mechanical properties, cold resistance, hydrogen-induced cracking, sulfide stress cracking.
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MarepwuasnoBegeHve v HoBble MaTtepuasibl

YAK 621.771.011

UccnepoBaHue BIINAHUSA
MUKPOCTPYKTYPbl HENPEPbIBHOJINTbIX
3arotoBoOK penbcoBon ctanu K76®
Ha COMNMpPOTUBJIEHME MNJIaCTU4YeCcKon

nedopmauum

A. A. YmaHckun, M. B. TemnaHues, A. C. Cumaues,
J1. B. AymoBa

Cubupckuli 20cydapcmeeHHbIlU UHOycmpuasbHbIlU yHuUsepcumem, 2. Hoeoky3Heuyk,
Kemepoeckoli 06s1. E-mail: umanskii@bk.ru, uchebn_otdel@sibsiu.ru,
simachev_as@mail.ru, doumova@bk.ru.

OKCepuMeHTarbHbIMU  UCCNEfOBaHNAMI  YCTAHOBMEHbI 3aKOHOMEPHOCTU M3MEHeHUst OedopMaLOHHbIX
CBOWCTB N0 CEYEHII0 HENPEPLIBHOMUTBIX 3ar0TOBOK penibCoBoi cTanu K76®. MokasaHo, 4To No Mepe yaanexus
OT NMOBEPXHOCTU K OCEBOW 30HE HEenpepbIBHOMMTLIX 3ar0TOBOK COMPOTUBIEHUE MNACTUYECKON AedhopmaLini
CHKaeTCs, YTO O0BYCNOBMEHO yBennyeHueM pa3mepa 3epHa. [MOBbILEHHOE cofepxaHue yrrepoga W
YBENNYEHHAS KOHLEHTPALUS HEMETann4ecknx BKITIOYEHUI B OCEBOW 30HE HEMPEPbLIBHOMUTLIX 3ar0TOBOK,
0bycrnoBneHHbIe MPOTEKaHEM IMKBALMOHHBIX NPOLLECCOB, HECKOMBKO HUBENMPYIOT 3(heKT, nonyyaeMbli 3a
CYeT yBenuyeHns pasmepa 3epe.

KroveBble cnosa: conpoTmnenexHne MAacTU4ECKom ,u,e(bopmau,mm, penbcoBaa Crtalnb, HENpepbiBHONUTasA
3aroToBKa, MUKPOCTPYKTYpa, HEMEeTannM4yeCckne BKIKYEHNS, XUMWUYECKUiA COCTaB.

Experimental studies have established the regularities of changes in deformation properties over the cross-
section of continuously cast billets of the K76F ralil steel. It is shown that with the distance from the surface to
the axial zone of continuously cast billets, the resistance to plastic deformation decreases due to increasing
grains size. The increased carbon content and the increased concentration of nonmetallic inclusions in the
axial zone of continuously cast billets, formed in the course of liquation processes, equalize somewhat the
effect obtained through increasing the grain size.

Keywords: plastic deformation resistance, rail steel, continuous cast billet, microstructure, nonmetallic
inclusions, chemical composition.
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YAK 669.1.17

U3yyeHne MUKpoOCTPYKTYPbl CBAPHbIX
coeaAuHeHUM pesibCoB

E. B. lNpoTtononos, P. A. LLieB4yeHkoO, H. A. Ko3bipeB,
P. E. Kpiokos, U. B. OceTkoBCKUM

@IrboY BO “Cubupckuli 20cydapcmeeHHbIl UHOycmpuabHbIU yHusepcumem?”,
2. Hoeoky3Heuk. E-mail: kozyrev_na@mtsp.sibsiu.ru.

B pabote npoBefieHO McCreaoBaHWe CTPYKTYPbl CBApHbIX COEAMHEHWA PEnbCOBOM CTanu Mapku 376X
MpU PasnUuYHbIX PexuMax CBapku. YCTAHOBMEHHO, YTO B 30HE CBApHOroO LWBa npeobnajaeTr CTpykTypa
nnacTMHYaToro nepnuta. locne KOHTAKTHOW CTbIKOBOW CBapku 6e3 MCnonb30BaHWS AOMOMHUTENbHOM
0b6paboTkM B 30HE CBapHOrO LWBA penbCa BbISBMEHbl HEAONYCTUMbIE CTPYKTYpbI, NpeacTaBnstowme coboi
uronbyaTbli MapTeHcuUT. B xoge uccnepgoBaHus Obinn OnpedeneHbl onTUManbHble NapameTpbl CBapK,
Brnarogaps KOTOpbIM BO3MOXHO MOMyYeHne Tpebyemo CTPYKTYpbl MaTepuana.

KroueBble cnosa: penbCbl, CBapHOE COEANHEHNE, MUKPOCTPYKTYpa.

The structure of welded joints of rail steel of the E76KhF grade was studied after various welding conditions.
It has been established that the structure of lamellar pearlite predominates in the seam welded zone. After
pressure contact butt welding without using additional processing, impermissible structures representing
acicular martensite have been revealed the seam welded zone of the rail. Optimal welding parameters have
been determined in the course of the study due to which it is possible to obtain the required material structure.

Keywords: rails, welded joint, microstructure.
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YAK 669.14.004.12

O cBSI3M yCTaNOCTHbIX NOKa3aTtenen
C NPOYHOCTHbIMW CBOMCTBaAMU CTaNU "
PO HeMeTaIJINYeCKUX BKIIIOYEHUN

B. B. MaBnoB', M. B. TemnsaHues?, A. B. TpowkuHa'

1 000 YK “Cubupckas 20pHo-MemaJsuypaudeckasi komnaHusi”, Hoeoky3Heuk,
Kemepoeckasi o6nacme. E-mail: antonova_iv@sgmk-group.ru

2 @I'bOY BO “Cubupckuti 2ocydapcmeeHHbIl UHOycmpuasbHbIlU yHUeepcumem?”,
Hoeoky3Heuyk, Kemepoeckast 0651. E-mail: rector@sibsiu.ru

B cTatbe npefcTaBneHbl pesynbTaThl CTAaTUCTUYECKMX WCCMESOBaHWUA W CBSI3E MPOYHOCTHBIX CBOWCTB:
BPEMEHHOE COMPOTUBNEHNE, NPeaen TEeKYYeCTH U yCTarnoCTHbIX XapakTepUCTUK CTann 0BbIYHON KaTeropum
NPOYHOCTY 1 B BbICOKOMPOYHOM COCTOSIHMM. [Toka3aHo BNNsIHUE HEMETANMNYECKMX BKIHOYEHWI HA YCTANOCTHYHO
NPOYHOCTb AN151 Pa3HbIX rPyNM MPOYHOCTY.

KroueBble cnoBa: NPOYHOCTHbIE, YCTANOCTHbIE CBOWCTBA CTanu, HEMETanNYeCKe BKITHOYEHMS.

The article presents the results of statistical researches and relationships of strength properties: ultimate
strength, yield strength and fatigue characteristics of steel of the usual strength category and in the high-
strength condition. The influence of non-metallic inclusions on fatigue strength for different strength groups is
shown.

Keywords: strength, fatigue properties of steel, non-metallic inclusions.
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YAK 669.539.382:669.17

Ctaoun npeoOpa3oBaHnsa NJ1IaCTUHYaTOro
nepnuta aundpPpepeHuUNpoBaHHO
3aKaJieHHbIX PesibCOB NpPv AJINTEeSIbHOU
aKkcnnayartauum

B. E. Kopmbiuen', A. A. IOpbeB?, B. E. lpomos’,
0. d. UBaHoB?, 0. A. PyObaHHukoBa', E. B. NoneBoin?

" Cubupckuli 2ocydapcmeeHHbIlU UHOycmpuasibHbIlU yHUsepcumem, 2. Hoeoky3Heuk.
E-mail: gromov@physics.sibsiu.ru

2 AO “Eepa3s-3anadHo-Cubupckuli Memasiniypau4yeckuli kombuHam”, 2. HOBOKy3HeUK.
E-mail: Ant-yurev@yandex.ru

3 UHcmumym cunbHomo4Hou anekmpoHuku CO PAH, 2. Tomck. E-mail: yufiS5@mail.ru

MeTogamu npocBEYMBAIOLLEN SMEKTPOHHOM MMKPOCKOMWM MpoaHanuaupoBaHbl cTagun npeobpas3osaHns
CTPYKTYpbl MNacTMHYaToro nepnuta AudepeHUNpoBaHHO 3aKkaneHHbIX PernbCcoB MpW  ANUTENbHON
aKcnmnyatauum (nponyLeHHbIn ToHHax 691,8 n 1411 MnH T BpyTT0). OBCYXOEHBI MEXaHU3MbI Pa3pyLLEHNs
NNacTUH LieMeHTUTa: nepepesaHne NnacTiH LeMEHTUTa, BbIHOC aTOMOB Yriiepoga U BbITAMMBaHWE aTOMOB
yrnepoga 13 kapbugHon a3l M yxo4 Ha gucnokauuu. [MpoBeAEHO COMOCTaBMEHWE C MeXaHu3Mamu
npeobpa3oBaHns NNacTMHYATOro NepnuTa Npy Apyrix Bugax gecopmaumn.

KritoueBble crioBa: NnacTuHbl LeMeHTUTa, pa3pyLieHune, nepepesaHne, BbIHOC aTOMOB, BbITATMBaHWE aTOMOB
yrmepoda.

Using the methods of transmission electron diffraction microscopy the stages of lamellar perlite structure
transformation of differentially quenched rails at long term operation (passed tonnage 691.8 and 1411 min.
tons brutto) are analysed. The fracture mechanisms of cementite plates are discussed: the lamellar cutting
with the carbon atoms takeaway, stretching of carbon atoms from carbide phase and care for dislocation. The
comparison with the lamellar perlite mechanisms transformation at other deformation types are carried out.

Keywords: cementite plates, fracture, cutting, atom takeaway, carbon atoms departure.
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YAK 669-156.5

OueHKa BINSHNSA 3aKaN0O4YHbIX CTPYKTYP
Ha CONPOTUBJIEHUE pa3pyLUEeHUIo
KOJIECHOM CTanu n paspadoTka
PEeXUMOB OXJ1IaXXAEeHUSA, NCKJTIOYAIOLLLUX
ux oopasosaHue B 006oae Koneca

A. C. 'puHwnoH’, B. H. 3ukeeB?, H. 0. JiuBaHOBa?,
A. N. Cepbnues’, I'. A. Dununnos?

" AO “BbiKcyHcKull Memasutypau4yeckutll 3ago0”, 2. Boikca, Huxxezopodckas o611.
E-mail: sedyshev_ai@vsw.ru
2 @ryin “yHnnyepmem um. U.I1. BapduHa”, 2. Mockea. E-mail: iqs12@yandex.ru

WccnenoBaHo BNMsHWE 3aKanouHbIX CTPYKTYP Ha COMPOTUBMEHWE pa3pYLUEHWHD KOMECHOW Ctamu ¢
NOBbILUEHHBIM cofiepxannem yrnepogaa. PaspabotaHbl pexumbl TepMuyeckorn obpaboTku, obecnevmsaroLme
nonyyeHne OLHOPOAHOW CTPYKTYPbl MO CeYeHMo 060aa KenesHOZOPOXHbIX KONeC MpakTUYecKu BCEro
BbIMyCKAaeMOro CopTameHTa. JT0 MO3BOMANO YMyuLlMTb Ka4eCTBO BbIMYCKAaEMOW MPOAYKLMK, NOBLICUTL €e
KOHKyPEHTOCMOCOBHOCTb, YA0BNETBOPUTL TpeboBaHus noTpebutens.

KroueBble croBa:; BbICOKOYrnepoancTaa crasb, TepMmn4eckad 06p660TKa, obon Kene3HOAO0POXHOro Koneca,
MakKpPOCTPYKTYypa, MUKPOCTPYKTYPa, 3aMeLNIEHHOE XPYNKoe pa3pyLleHue, 3akarka, OTnyck.

The influence of quenching structures on the fracture resistance of wheel steel with a high carbon content was
investigated. Heat treatment modes have been developed that ensure obtaining a homogeneous structure
along the cross section of the rim of railway wheels for almost the entire range of products. This allowed
improving the quality of products, increasing their competitiveness and satisfying consumer requirements.

Keywords: high-carbon steel, heat treatment, railway wheel rim, macrostructure, microstructure, delayed brittle
fracture, hardening, tempering.
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YAK 669.15-194.2:620.193

UccnenoBaHne MUKPOCTPYKTYPLI

M KOPPO3MOHHOMU CTOUKOCTHU
XOJI0AHOKAaTaHbIX MUKPOJIErMpOBaHHbIX
nuctoBbix ctaneun (HSLA)

ANg aBToMoOunecTpoeHusa

A. B. AmexHoB', 0. C. MaayeHKoBa?,
H. T. lWanowHukoB'|, U. . PoguoHoBa’,
H. A. ApyTioHaH?, U. H. YmpkuHa'

1 @ryri “UHUNqepmem um. U.IMN. BapduHa”, 2. Mockea.

E-mail: amejnov@mail.ru, igrodi@mail.ru

2 Xumu4eckuti ghakynsmem MI'Y um. M.B. JlTomoHocoea, 2. Mockea.
E-mail: jubykova@yandex.ru, naarutyunyan@gmail.com

lMpoBefeHo MccrnenoBaHe MUKPOCTPYKTYPbI M KOPPO3WMOHHOM CTOMKOCTM XONOAHOKaTaHblx HSLA cTanei pasnuyHbix
KnaccoB NPOYHOCTY. [okasaHo, 4TO CKOPOCTb KOPPO3uM cTanei knaccos NpoyHoCTH 260 1 300, NNOTHOCTb HAHOPa3MepHbIX
BbIJENEHMI HUTpUAA HNMOGKS B KOTOPbIX Marna, B OCHOBHOM OMPELeNsieT COCTOsHVE TBEPAOTO pacTBopa, (hopmmpytoLeecs
B CeKUMsiX nepecTapuBaHus arperatoB HempepbiBHOro omkura (AHO) u npu nocnepytowem oxnaxaeHun. [pu
CHIDKEHUM cKopocTu ABvxeHust nonockl B AHO B Gonblueit CTeneHn pa3BrBaOTCA MPOLLECChbl CTapeHusl, CBA3aHHbIE C
(hopMMPOBaHNEM Ha AUCIOKaLMSIX Cerperawuil yrnepoaa, KoTopble UrpatoT posib aHOLHbIX y4acTkoB. [ins npokata cranen
knacca npoyHocTh 420 ¢ BbICOKMM COLlepXaHWeM MapraHua n Huobus nocne omkura B AHO HabntogaeTcs HekoTopoe
CHVKEHWE KOPPO3WMOHHOM CTOMKOCTM W3-3a (POPMMPOBAHMS BOMbLUIOTO KONMYECTBA HAHOPA3MEPHBIX BblAENEHNN
kapBoHuTpuaa Huobus. Ctanu knacca npoyHocTn 340 3aHMMalOT NPOMEXYTOYHOe nonoxeHue. MogobHo cTansam Tuna
HC420LA dhopmupytoLLMECS B HUX MENTKO3EPHUCTAsH CTPYKTYpa W NOBbILEHHAS NNOTHOCTb AMCIIOKaLMiA 13-3a HEMOMTHOM
pekpucTannun3aLm npy OTKUre MOBBILIAIOT UX KOPPO3MOHHYH CTOMKOCTb. OfHAKO X BO3AENCTBUS HEAOCTATOUHO, YTOObI
npeoaoneTb HeraTUBHOE BIWSIHUE Ha KOPPO3VMOHHYHO CTOMKOCTb HAHOPA3MEPHBIX YacTHL, 1 MPOLIECCOB CTapPEHNS.

KnioyeBble Cnoea: aBTOMMCTOBAas CTafb, MUKPONErnpoBaHHas CTanb, HEMPepbIBHbIA OTXWT, pekpucTannmaaums,
KOPPO3WNOHHAs CTOMKOCTb, KOPPO3NOHHBIE UCTIbITAHNS, MUKPOCTPYKTYpa, CTapeHue, N30bITOYHbIE (asbl.

Microstructure and corrosion resistance of cold-rolled HSLA steels of various strength classes were studied. It has been
shown that the corrosion rate of steels of the 260 and 300 strength classes, in which the density of nanoscale niobium nitride
precipitates is small, is mainly determined by the state of the solid solution formed in the overaging sections of continuous
annealing line (CAL) and subsequent cooling. With decreasing the strip speed in the CAL aging processes develop in a
greater degree, which is associated with the formation of carbon segregations on dislocations. These segregations play the
role of anodic area. For rolled products of steels of the 420 strength class with a high content of manganese and niobium a
slight decrease in corrosion resistance is observed after annealing in CAL due to the formation of a large number of nano-
sized precipitates of niobium carbonitride. Steels of the 340 strength class occupy an intermediate position. Similar to steels
of the HC420LA type, the fine-grained structure formed in them and the increased dislocation density due to incomplete
recrystallization during annealing can be considered as factors that increase their corrosion resistance. However, their
actions are not enough to overcome the negative impact of nanosized particles and aging processes on the corrosion
resistance.

Keywords: automobile sheet and plate steel, microalloyed steel, continuous annealing, recrystallization, corrosion
resistance, corrosion tests, microstructure, ageing, excess phases.
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YAK 621.791:625.143.48

MukpoanedekTbl m 0OCOOEHHOCTH
CTPYKTYpPbl CBApPHbIX CTbIKOB peJibCOB
npun KOHTAKTHOW CBapKe onJsiaBsieHnem

H. M. AnekcaHgpoBa', A. B. 'yakos?, K. B. Bonkos?®,
O. B. JlueaHoea', I A. dununnos’

1 @ryr “UHUNq4epmem um. WU.I. BapouHa”, 2. Mockea. E-mail: igs12@yandex.ru,
n-alexandrova@yandex.ru

2A0 “BHUMNXKT”, e. Mockea. E-mail: gudkov.aleksandr@vniizht

3 TOO “APB3”, Akmobe, p-H Animambl, , AKmro6uHckasi o61., Pecriybnuka KazaxcmaH

lpoBeneHbl MCCeaoBaHNs AeEKTOB 1 CTPYKTYpbl CBAapHbIX COEAMHEHA penbcoB P65 u3 ctanm 3760,
MOMYYEHHBIX KOHTAKTHOW CTHIKOBOW CBapKoW onnasneHveMm. OnpepeneHbl Mecta Hanbornee BEpOSITHOrO
COCPEOTOMEHMUSI MOBEPXHOCTHBIX Je)EKTOB CBApKM MO CEYEHWMIO PENbCOB — BbIKPY)KKA FOSIOBKW perbca
W TopueBas MOBEpXHOCTb nepa. BbisSiBNEHbI CTPYKTYpPHbIE COCTAaBMSHOLIME, CHXKAMOLWMNE MPOYHOCTHbIE
XapaKTEPUCTVKN CBAPHBIX COEAVNHEHNI: KPYMHOE 3epHO M ceTka cBOBOAHOMO (heppuTa B 0BacTi CBapHOro
LWBA, y4acTKX MapTEHCUTHO-DEMHUTHO HEOAHOPOAHOCTM B 0OMAacT HEMOMHOTO pacnnaBfieHust N B 30He
TEPMUYECKOTO BMUSHUS. YCTaHOBMEHbI MECTa floKanu3aumi nop M pasnuyHbIX TUMOB HEMETanMYecKux
BKMIOYEHMA B 00MacT CBapHbIX CTbIKOB. PaccMOTpeH MexaHusm TpaHcdopmauum NUKBaLMOHHON
HEOHOPOAHOCTW MeTanna LUEeiikM penbca B MUKPOYYacTKU C HeJomyCTUMONA MapTEHCUTHOW CTPYKTYPONA.
lpoBeneHo paHX1poBaHME MUKPOAEGEKTOB CBAPHOTO COEANHEHNS PENBCOB NO CTEMEHMN X ONACHOCTH!.

KntoueBble CnoBa: KOHTaKTHasi CTbIKOBasi CBapka OMIaBfeHWeM, Xene3HOAOPOXHble PEerbChbl, CBapHbIE
coefMHeHNs!, AedekTbl, MAKPOCTPYKTYPa, MapTeHCUTHAs HEOAHOPOAHOCTb, HEMETaNNNYECKIe BKIIOYEHNS,

tbpakTorpacus.

Defects and structure have been studied of welded joints of R65 rails from the E76F steel produced by flash
butt welding. The places of the most probable concentration of surface welding defects have been determined
along the rail section — the fillet of the rail head and the end of surface of the rail sole feather. The structural
components have been revealed that reduce the strength characteristics of welded joints: coarse grain
and networks of free ferrite in the weld area, sections of martensitic-bainitic heterogeneity in the region of
incomplete melting and in the zone of thermal influence. The places have been established of localization
and various types of non-metallic inclusions in the field of welded joints. The mechanism of transforming
segregation heterogeneity of the rail neck metal into microsites with an unacceptable martensitic structure were
considered. Microdefects in the welded joint of the rails have been ranked according to their degree of danger.

Keywords: contact flash butt welding, railway rails, welded joints, defects, microstructure, martensitic
heterogeneity, non-metallic inclusions, fractography.
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Hpopmavums

Xl xoHPpepeHUuna Mmonoabix
cneunanucToB “lNMepcneKkTuBsbl
pPa3BUTUR MeTaJuJTyprmyeckmnx

TexHonormn”

A. A. Tomuyk, A. B. Konpaes

oryin “UHUNq4epmem um. U.I.6apduHa”, 2. Mockea. E-mail: tomchuk-a@yandex.ru

27 ¢pespans 2020 r. B PI'VIT “LIHNUWuepmer nm.
W.I1.bapnuna” cocTosiach €XKEroiHas, OIWHHA-
maras mo cuéry, KOH(EepeHIUsT MOJOIBIX CICIHAATH-
cToB “TlepCeKTUBBI Pa3BUTHA METAILTYPrUYCCKAX
texHonoruit”. Ilo naBHO cloXKUBLIEHCS Tpaauuuu
LENBI0 MPOBEACHUS KOH(PEPCHIMH SIBISUIOCH ITTOBBI-
OICHHE KBaJM(PHUKANUU MOJOIBIX CICIHAIHACTOB,
OObCIMHCHUE YCWINH TPEACTABUTEICH pa3sTHIHBIX
OpTaHU3aIi TPU PEIICHUU BAXKHBIX MTPOU3BOJCTBCH-
HO-TEXHUYCCKHUX 3a/1a4, YKPCIUICHUC CBS3M HayKd U
MIPOU3BOJICTBA, allPOOAINs TUTUIOMHBIX paboT CTYICH-
TOB U IUCCEPTAIMU aCIIUPAHTOB.

B xoH(epeHIIMM TPUHSAIN yYacTHE MOJOIBIC
VYCHBIC W CIICIUATUCTHI U3 PA3THYHBIX HAYyYHO-HC-
ClIeZIoBaTeNbCKUX oOpraHm3anui. Cpean HUX KpyI-
HbI€ Hay4YHO-HCCIIe0BaTeIbCKie MHCTUTYThl: OI'YII
“IIHNWuepmer nm. W.II. bapauna” (. Mocksa),
“Poccuiickuil  HayYHO-UCCIENOBATEIbCKUNA  HMHCTHU-
TYT TpyOHOU mnpombinmieHHOCTH (T YensOuHCK),
Wucrtutyr mnpobnem xumudeckod ¢usukn  PAH
(r. YeproromoBka, = MockoBckas — o0m.), DI'VYII
“BUAM” (r. Mocksa), UMET um. A.A. baiikoBa
PAH (r. Mocksa), HULl “KypuatoBckuii MHCTHTYT”
— IHUUN KM “TIpomereir” (1. Canxr-IlerepOypr),
®denepalbHbI UCCIIEAOBATENBCKUI LIEHTP XUMHUUe-
ckoit ¢pmsuku um. H.H. CeménoBa PAH (1. Mocksa),
UMET VYpO PAH (r. ExarepunOypr), WuctuTyT
CTPYKTYpHOU MaKpOKHHETHKHU U MPOOIEM MaTepraio-
BezieHns uM. A.I. Mepskanosa PAH (1. YUeprorosoBka,

MockoBckas o001.), AO “HIIO “IHHUUTMAII”
(r. Mockaa).

B  kxoHdepeHIMM TakXKe Yy4acTBOBAIM  CO-
TpynHuku: Benymux BY3oB  Poccun: HUTY
“MUCuC” (r. Mocksa), MI'TY um. H.3. baymana
(. Mocksa), Jlunenkwii TOCYIapCTBCHHBIA TEXHU-
ueckuil ynusepcuter, MI'Y um. M.B. JlomonocoBa
(r. Mockgra), ®T'BOY BO “MI'TY mm. I'. HocoBa”
(. MarauToropck)) M MPOMBIIUICHHBIX TPE/ITPUSTHIA:
(AO “TIOJIEMA” (. Tyna), HoBonmmenkuii MeTasutypru-
yecknit komounar (1. JInnenk), AO “Bomkckuii TpyOHBIi
zaBoxt” (. Bomxkekwit), [TAO “TAI'MET” (. Taranpor),
000 YK “Meramtonnsect” (. Mocksa), AO “Ypasbckas
Crams (. HoBorponik), [TAO “Vbkerams” (r. VkeBck),
IMAO “AnmHckuii MeTauTyprirdeckuit 3aBox” (T Ama),
AO “BM3” (r Bsikca), OO0 “OM3-Cnencrans”’
(. Canxr-IlerepOypr)).
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23 utons 2020 rona ucnonnsercs 90 et ¢ garel
ocHoBaHMs CHOMPCKOrO WHCTHTYTa YEpHBIX Me-
TaJJIOB, BrochaencTBUM CHOMPCKOTO MeTaTypru-
4yeckoro MHCTUTYTa, CHOMPCKOW TOCYHapCTBEHHOM
TOpHO-METaJUTypruyeckoil akagemun U CHOMPCKOTO
TOCYapCTBEHHOTO HHAYCTPHAIBHOTO YHHBEpPCHUTETa
(CubI'lY). Cynpba yHHMBepcHTETa TECHO CBsI3aHA C
Ky3Henkum MeTaqurypruueckuM KOMOMHATOM (B Ha-
crosuiee Bpems AO “EBPA3 O0beinHeHHbII 3amaiHo-
Cubupckuii  Merauryprudyeckuii  komOunar”). VY
UCTOKOB co3fanus BY3a u komMOMHaTa CTOSII N3BECT-
HbII yueHblld — akaaeMmuk MBan IlaBnosuu bapauH.
B nanexue 30-e rogs! npomioro Beka Mpan [1aBnoBuy
BO3IVIABUJI CTPOUTENHCTBO Ky3HeuKcTpos, JaB MOII-
HBI TOMYOK B pa3BUTUH Topofa HoBoky3Helka u
WHUIIMUPOBAT CO3JaHHe “Ky3HHUIIBI KaJapoB” JIs
komOuHaTa — CHOMPCKOTO TOCYIapCTBEHHOTO MHITY-
CTpuanbHOro yHuepcutera. CHUMBOJINYHO, YTO Me-
TaJUTyprU4eCKHi ¥ FOPHO-TEXHOJIOIMYECKHUI KopIryca
YHHMBEPCHUTETA PACIIONOKEHB] Ha POCIEKTE, HOCSILEM
KM 3TOTO JIETEHAAPHOTO YUYEHOTO.

B nacrosimee Bpemsi Cu6l' MY B cooTBeTcTBUU C
JUIEH3Uel MOXeT peanu3oBbeiBaTh 108 HampaBieHuit
noarotoBku 1o 25 YI'CH, B ToM 4mcIie: cpeiHero npo-
(beccuonanpHOrO 00pasoBanus — 17; BeICIIEro 00pa-
30BaHMs — OakanaBpuaT — 43; CHenUaIuTeT — 5;
maructparypa — 30; acniupantypa — 13 u TOKTOpaH-
Typy 1O 9 HayuHBIM CIIEUATIBHOCTSIM.

3a Bpemsi cBoero cyuiectBoBanusi BY3 moaroro-
Bua 6osee 95 000 crienuaanucToB, B TOM YHCIIE ITOYTH
30 000 — BBITyCKHUKM MeTayTyprudeckux u 12000
TOPHBIX CrienuanbHoCTel. ExxerogHo oOumii KOHTHH-
TeHT 00yYaroIuXcs 110 IPOrpaMMaM BBICIIETO U Cpe-
Hero npogeCCHOHANIBLHOTO 00pPa30BaHMsI COCTABIISIET
nopsiaka 8000 uenosex.

B Hacrosiiiee BpeMsi YHUBEPCHUTET MpPeICTaBiIs-
eT co0Ol COBPEMEHHBIN y4eOHO-HAYYHBIH KOMILIEKC,
BruTtodaron i 10 ”HCTUTYTOB: IHCTUTYT MeTalTyprun

Cunbupckui rocyaapCTBeHHbIN
MHAOYCTPUasibHbIA YHUBEPCUTET:
90 neTt B 0Opa3oBaHMU U HayKe

E.B. lNpoTtononos

U MaTepHaoBeeHUs; IHCTUTYT MallIMHOCTPOCHUS U
TpaHcIopTa; MHCTUTYT TOpPHOTO Jiela U TeOCHCTEM;
ApPXUTEKTYpHO-CTPOUTENBHBIA HHCTUTYT; MHCTUTYT
MH()OPMALMOHHBIX TEXHOJIIOTHH M aBTOMaTH3MPOBaH-
HBIX cucTeM; THCTUTYT SKOHOMUKH M MEHEDKMEHTA;
WuerutyT negarorndyeckoro odpasosanust; MHCTUTYT
JIOTIOJTHUTENBHOTO 00pa3oBaHus; IHCTUTYT OTKpPBITO-
ro oOpazoBanust; MHCTUTYT (QU3NYECKOH KyJIBTYpBI,
310pOBbsl U CIIOPTAa U YHUBEPCUTETCKUM KoJulemx. B
yHHBepcuTeTe (pyHKIMOHHpYeT 14 Hay4YHBIX IIKOJ,
3 muccepTalMOHHBIX COBETA 0 9 HayYHBIM ClIeHallb-
HocTsiM. Cubl'Y sBnsieTcs coyupeauresneM KypHaia
“M3BecTs BBICIIMX y4eOHBIX 3aBelEHUIl”, HHAEKCHU-
pyeMoro B MEXAyHapOIHOM 0a3e JaHHBIX Scopus.

B 2019 romy CubI'MY Bomen B cocras Hayuno-
00pa3oBaTeNbHOrO  LEHTPa  MHPOBOTO  YpPOBHS
“Kys0acc” u BO B3aUMOJICHCTBHM CO CBOWMH Hayd-
HbIMM M MHJycTpuaibHbIMU mnaprHepamu ['HI[ PO
OI'VII “LleHTpanbHBIN Hay4yHO-HCCIIE0BATENbCKUI
UHCTUTYT uepHoi Mmetamutypruu um. W.II. bapauna”
n AO “EBPA3 O0beaunennsiii 3amnaaHo-Cudoupckuit
METaJUTypruueckiii KOMOWHAT” TPHUCTYIHI K CO3-
JAHUI0O MHHOBALIMOHHOM TEXHOJIOTUH IPOMU3BOACTBA
JKEJIE3HOJIOPOJKHBIX PEIECOB C OCOOBIMH AKCILTyaTa-
IIUOHHBIMU CBOICTBaMH (IIOBBIIIEHHOHN XJIag0CTOM-
KOCTH, H3HOCOCTOMKOCTH, KOHTaKTHO-YCTaJOCTHOI
BBIHOCJIMBOCTH M Jp.), UMEIOIIUX pPecypc He MeHee
2,5 MIpJ TOHH OPYTTO MPOIYIIEHHOTO Ipy3a.

B ator HOMep xypHasna “TIpoGnembl 4epHOi
METAJUTypTrUM M MaTepHaJIOBeIeHUs BKJIIOYEHBI CTa-
ThU aBTOPCKHUX KOJUIEKTUBOB YUEHBIX YHUBEPCUTETA,
MOCBSIIIIEHHBIE PEIICHNI0 (QyHIaMEHTaIbHBIX U IPHU-
KJIJIHBIX Hay4YHO-IPAKTHUECKUX 33734 COBPEMEHHOI
MeTaJLTyprUH.

Cpoit 90-neTHuil robuneil Hay4HO-IIeAaroruye-
CKUI KOJUIEKTUB YHHMBEPCHTETa BCTPEYaeT IOIHBII
IUIAaHOB, HOBBIX MAEH M MEPCIEeKTUB Ha JaybHeilnee
pa3BUTHE.
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Yeasricaemuie konnezu!

Om nuya peoaxyuu xcyprana “Ilpobremvt uepHoti memanirypeuu u Mamepuaio-
6edeHus” UCKpeHHe no30pasisiem npogheccopcko-npenodasamenbCKutl cCocmas,
cmyoenmos u 6vinyckHuko8 Cubupckoco 2ocyoapcmeeHHo20 UHOYCmMpUuaibHO20
yuueepcumema (Cubl’ 1Y) ¢ 90-nemuem co Onsi ocnosarust!

Ha cuemy sawezo xonnekmuea, umeroujem 602amyro ucmopuro u 0asHue mpaou-
Yuu, MHONMCECMBO NOKPOEHHLIX 8ePUIUH, APKUX N0OEO U 3ACTYHCEHHbIX HApao.
B ynusepcumeme ocywecmensemcs nocmosanHulil NOUCK COBPEMEHHbIX hopm U
Memo0o08 00yYeHUsl, AKMUBHO 8HEOPAIOMCSL HOBelllUe 00pA308amelbHble MeXHO-
Jl02UU.

Buvicoxuii unmennexmyanvuolii. nomenyuan npenooasameneil u compyoOHUKO8
U 6 Haule 8pems No36oJisem YHUGepcumemy aKkmugHo yuacmeoeams 8 yKpenie-
HUU POCCULICKOU 8blCUUell WKOTIbL, PA36UMUYU HAYKU U UHHOBAYULL, YO NO3EOTUNLO
gocnumams 0ecAmKY MblCAY 8bICOKOKEATUDUYUPOBAHHBIX CNEYUATUCOE U Ma-
JIAHMAUBHIX YYEHbIX, cmamb “Ky3nuyell Kaopos” OJisi MeMAalypeuteckux npeo-

npUsMuLL.
3Hnanue scezoa OvLno, ecmb u Oyoem camvim OOILUUM OO2AMCMBOM YeNl08eKd, d
36anue ‘nedacoc”’ — nouemuwvim u ygaxcaemvim. Om saueco npogeccuonanus-

Ma, epancoanHcKol no3uyuu, 00Opomol, mMyopocmu, OYule8HOU uWeopoCmu 3a6U-
cum oyoywee Poccuu. Ilycms ¢ kasxcovim Onem y eac byoem ece 6onvuie n080008
07151 20pOOCMU 34 C80IO QESIMENLHOCHIb.

Om eceil Oywu dcenaem KOLIEKMUBY YHUGEPCUMeEMA U €20 CMYyOeHmMAaM HOBbIX
nepcnekmus, niaHos, MeopUecKux uoetl, OaibHelue20 nPpopheccuoHaIbHO20 pas-
BUMUSL, CMENbIX peeHUll, YCnexos, yoayu U, KOHeUHo, 8cem 000p02o 300p06bsi!

C uckpennum ysasicenuem,
Tasuwiii peoaxmop
B. A. Yenos
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