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TeopeTnyeckne OCHOBbI MeTannypruv

YAK 669.018.242.70

CtTpykTypHO-bDU3nyeckue

NPUYNHbI HAONIO4EeHNA NPOoLEeCcCCoB
HaHoOKpucTannu3sauum amop@PHbIX
MeTaJI/IM4eCcKUnx CrnsiaBoB B npouecce
Meransiactuyeckom pedpopmaummu

A. M. Me3sep'?2

" TonbssmmuHckut F'ocydapcmeeHHbil YHusepcumem, 2. Tonbssmmu;
2 HauyuoHanbHbIl Uccnedosamenbckulil TexHonoz2u4yeckulli YHueepcumem “MUCuUC”,
2. Mockea.

TeopeTuyeckn mnokasaHo, YTO HaHOKpUCTannu3aums npu hOPMMPOBaHWM MONOC ChaBura B Mpouecce
Merannactnyeckon aedopmauun amopgHbIX MeTannMyeckux CnnaBoB 0OYCroBneHa CyLIECTBEHHbLIM
MOBbILLUEHWEM TEMNEPATYPbI BHYTPU NOMOC, KOTOPOE, B CBOIO O4epeab, CBA3AHO C AnCcMnaLmeit HakonneHHom
3HeprM MerannacTuyeckon gedopmavmu. PocT TemnepaTypbl 3aBUCUT OT BENMYMHBI edopmaLm, CKOpoCTy
pacnpoCTpaHeHNst MONOChI CABKra N N3MYECKUX NapaMeTPoB, ONPeAensoLLUX TENOBbIE XapakTepUCTUKM
amopdHON MaTpuLbl B 06nacTi nonock! casura.

KntoyeBble crosa: aMOpCIZ)HbIVI cnnae, MerannacTnyeckas ueq)opmauvm, nonoca casura, nokanbHoe
TennosblgeneHne, auccunaumsa ynpyr017| QHEepPrun, HaHoKpucTannu3auna.

It has been shown theoretically that the nanocrystallization process during slip bands action at severe plastic
deformation of amorphous metallic alloys is due to the remarkable temperature rise inside bands which in
tern is connected with the dissipation of storage energy of severe plastic deformation. The temperature rise
depends on deformation value, on rate of slip band propagation and on physical parameters which correspond
to the heat characteristics of amorphous matrix in the area of slip bands.

Keywords: amorphous alloy, megaplastic deformation, shear band, local heat release, dissipation of elastic
energy, nanocrystallization.
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CoipbeBasi 6a3a 4epHoOV meTannypriv

YAK 662.74.012:658.562

BbiOOp HE3aBUCMMbIX NapaMeTpoB
AJ1Sl OLLEHKU OKUCJIEHHOCTN YyIew
Nnpv NPOrHo3MpoBaHNN Ka4yecTBa
kokca no nokasatenasm M. u M.,

A. 1. AnekceesB', A. H. CMupHOB?

" Hosompouuykuti ¢hunuas MOCKO8CKO20 20CydapcimeeHHO20 UHCmumyma

cmainu u criaeos

462359, OpeHbypackasi 0611., 2. Hosompouuk, yn. ®pyH3e, 8,

E-mail: alekseev41047@mail.ru

2 MacHumozopckuti 2ocydapcmeeHHbIl mexHu4yeckul yHueepcumem um. I"A. Hocoea
455036 2. Maznumozopck, nip. JleHuHa, 38. Poccusi, E-mail: sman@magtu.ru

B cratbe npoaHanuaupoBaHbl MOAENU CTPYKTYPHOrO Tuna LS MPOrHO3MPOBAHWS NoKalaTenen kayecTsa
kokca M, u M., umerouime B ka4ecTBe HE3aBUCUMOW MEPEMEHHON MokasaTerb CTEMeHU OKUCIIEHHOCTM.
lNoka3aHa HEOAHO3HAYHOCTb aHANUTUYECKOrO BUAa NapameTpa — nokasaTens CTEneHn OKUCIEHHOCTM Yrms
M . YctaHoBMEHo, 4TO Mokasateslb OTPaXeHUs BUTPUHUTA R ManounH(opMaTiBeH Mpu OLEHKe CTerneHu
OKMCNEHHOCTMW.

KrioyeBble CnoBa: KOKC, MOKasaTenn kavecTBa KOKca, MaTemaTtnyeckas MOLEfb, KJ'IaCCVI(bVIKaLlI/IFI no
BHyTpeHHeI;I CTPYKTYpe N anroputmy NOCTPOEHUA, CTPYKTYPHAA MOLENb.

The article analyzes structural models for predicting the quality indicators of M, and M, coke, which have an
independent indicator of the degree of oxidation. Shown the ambiguity of the analytical form of the indicator —
the indicator of the degree of oxidation 1 . It is shown that the vitrinite reflection index R_is not very informative
in assessing the degree of oxidation.

Keywords: coke, coke quality indicators, mathematical model, classification by internal structure and
construction algorithm, structural model.
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TexHosorn4yeckue rpowuecchbl MeTaanypruv

YAK 621.771.65:534.1

AHanuTunyeckoe mogenumpoBaHue
AedopMaLNOHHbIX YCJIOBUN KOBKM
KPYyrsiou 3arotoBKM Ha paauasnbHO-
KoBO4YHON mawmHe PKM 55

M. E. letmaHoBa, O. B. JlusaHoBa, H. O. JIueaHoBa,
A. H. HukynuH, I'. A. Dununnos

@ryri UHUNq4epmem um. WU.IN. BapduHa, 2. Mockea. E-mail: iqs12@yandex.ru

C npuBneveHnem Teopun konebaHuit OCYLLECTBMEHO aHANUTUYECKOE MOZENMPOBAHWE MPOLECCOB KOBKM
3aroToBok Ha PKM. PaccMoTpeHbl MexaHnaM (hopM1poBaHus B 3aroTOBKE Mpu NONEPEYHON koBke (0Capke)
CTPYKTYPHO-Ae(hOPMALIMOHHBIX 3IEMEHTOB C (HOPMUPOBAHNEM NAACTUYHBIX W KECTKUX 30H, UX y4acTue v porb
B npouecce AechopmaLini. Mpu HanMuum NNACTUYHBIX W KECTKIX 30H B 3ar0TOBKE ONpefeneHo passuTie B Hel
npu gedopmavum ynpyrux 1 AMCCUMNaTMBHBLIX CUM B BUAE OTHOLEHUS €'/, KOTOpOe BbINo MCMOoNb30BaHO B
Ka4eCTBe OLIEHOYHOrO KpUTEPUS NPK aHANUTUYECKOM UCCMEA0BAHUN BINSHINS TEXHOMOTUYECKUX (haKTOPOB K
PEXMMOB AethopMaLyv Ha HanpsHKEHHOE COCTOSHWE METanna U pasBuThe OCEBOrO Pa3pyLUEHUS 3aroTOBKM
npu koBke Ha PKM. cnonb3oBaHue Teopun konebanuii Ans MOAenupoBaHns 1 aHanuaa npoLeccoB KOBKW Ha
PKM no3sonumno nony4uTb HOBbIE Hay4Hble NPEACcTaBMNEHNs O TEXHOMOTMYECKOM MPOLIECCe.

Kniouesble criosa: PKM, medopmauusi, 3aroToBka, nonepeyHasi koBKa, BMHTOBas MpokaTka, korebaHus,
HanpsbkeHusl, MacluTabHbIil hakTop, oyar aedopMaliyn, 0CEeBOe paspyLLeHHe.

With the involvement of the theory of vibrations, analytical modeling of the processes of forging of blanks on a
radial forging machine has been carried out. The mechanism of formation of structural-deformation elements
in the workpiece during transverse forging (upsetting) with the formation of plastic and rigid zones, their
participation and role in the deformation process are considered. In the presence of plastic and rigid zones
in the workpiece, the development of elastic and dissipative forces in it during deformation was determined
in the form of a ratio €'/, which was used as an evaluation criterion in the analytical study of the influence
of technological factors and deformation modes on the stress state of the metal and the development of axial
fracture of the workpiece during forging on radial forging machine. The use of vibration theory for modeling
and analysis of forging processes on a radial forging machine has provided new scientific concepts of the
technological process.

Keywords: radial forging machine, deformation, billet, transverse forging, helical rolling, vibrations, stresses,
scale factor, deformation zone, axial fracture.
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YAK 669.15-194.2

Pa3paboTka u ocBOeHMe maTtepuasioB
B NPON3BOACTBE BbICOKOMPOYHbIX
OypuJibHbIX TPYO CO cneuuanbHbIMU
CBOMCTBaAMM

E. M. Sacenbckuin', H. T. TuxoHuesa',
N. M. CaBueHko', O. A. CodpbirmHa’:?

" AO “CuHapckutli mpy6HbIl 3ae00”, 2. KameHck-Ypanbckud,
2 [MonumexHu4eckuli uHcmumym (¢punuasn) Yp®Yy, 2. KameHck-Ypansckut, E-mail:
SofryginaOA@sintz.ru

lMpeacTaBneH OMnbIT OCBOEHHS NPOVU3BOLCTBA BbICOKONPOYHbIX ByprnbHbIX TPYD ¢ 0BecnevyeHem nokasarteneil
XNafO0CTOMKOCTM 1 KOPPO3WNOHHOM CTOMKOCTH B Cpefax, coaepaLyx cepoBoaopoa. CopmynmpoaHb! obwive
pekoMeHaaLum no BbIBOpY XMMMYECKOTO COCTaBa CTanM U TEXHOMOTMYECKUM OCOBEHHOCTSIM MPOBELEHUS
3aKanku ¢ otnyckom OypunbHbix Tpyb. Mo pesynbTatam NpoBEAEHHBIX UCCEA0BaHUA, MUKPONErMpoBaHue
Bopom XpoMOMapraHLEeBoW CTanm CepuitHO BHEAPEHO B MPOM3BOACTBO TONCTOCTEHHbIX BypUbHbIX TPYO, Npu
9TOM ONTYMW3MPOBAH MPUMEHSIEMbIN YPOBEHb NErMpoBanns monnbaeHom B auanasore 0,15 — 0,65 macc. %
B 3aBMCMMOCTM OT Tpebyemoro KoMnekca NPOYHOCTHBIX W CrieLmanbHbIX CBOACTB Tpyo.

KnioueBble crioBa: KOHCTPYKLMOHHAsi XpOMOMapraHueBasi CTanb, MUKponerupoBanue, GypurbHas Tpyba,
yryulLleHe, MPOKANMBAaeMOCTb, XMaA0CTONKOCTb, CEPOBOAOPOLOCTONKOCTb.

The article presents the experience of implementation of high-strength drill pipes assuring the performance of
cold resistance and corrosion resistance in H,S environment. General recommendations to choose chemical
composition of steel and technological specifics of quenching with tempering of drill pipes are established.
According to the results of the research studies, microalloying the chromium-manganese steel with boron was
serially implemented into production of heavy wall drill pipes, at that, the used level of alloying with molybdenum
was optimized within the range of 0.15 - 0.65 % wt. depending on the required strength and special properties
of pipes.

Keywords: structural chromium-manganese steel, microalloying, drill pipe, improvement, hardenability, cold
resistance, H,S resistance
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YAK 669.531.5

CoBpemMeHHOe COCTOSIHME U NyTu
nepepadoTKn A, OMEHHbIX LLUJIaKOB:
KpaTkuii 0630p

A. B. SuHoBees, B. I'. [llo6aHoB

®IrbYH Mncmumym memannypauu u mamepuasiogedeHusi um. A.A. Balikosa PAH,
E-mail: dzinoveev@imet.ac.ru

[lomeHHble Lnaku SBRSioTCS OOHUMM 13 CaMblX KpYNHOMACLUTabHbIX OTXOA0B YEPHOI MeTannypriv. B mupe
exerogHo obpasytotcs okono 0,67 — 0,7 Mnpa T AOMEHHbIX LWnakoB. Mpyn 3TOM OCHOBHOE UX KONMYECTBO
YTUNN3NPYETCA B CTPOUTENTbHOM CEKTOPE SKOHOMUKK, B HACTHOCTW B IOPOXHOM CTPOUTENLCTBE Y NPON3BOACTBE
BSUKYLLMX BellecTB. B HacTosiee Bpems paspaboTaHbl cnocobbl no3sonsiowye nonyyatb 13 LOMEHHbBIX
LnakoB Martepuanel C BbICOKOM ,ﬂoﬁaBﬂeHHOVI CTOMMOCTbIO Takue Kak: LUnakocuTanmbl, LWNakoLenoYHble
BAXYyLLME, LeOnUTbl, NPONaHTbl, HaHOYaCTULbl KPEMHUA. [NoBblLeHve FJ'Iy6I/IHbI nepepaﬁoTKM OOMEHHbIX
LLMAKOB NO3BOSUT METaNYpPriyeckum NpeanpuUATASM He TONMbKO CHU3WUTL Harpy3Kky Ha OKpyXxaroLLyto cpeay, Ho
1 NONy4nTb AONONHUTENbHbIE AOXOAbI.

KrioueBble C€rnoBa: [OMEHHbBIA LUMaK, rpaHynAaundg, Peunknuir, yTunmnsauua, LIJJ'IaKOU.leJ'IO‘-IHbIVI LIEMEHT,
Lnakocurannmn, Kap60HM3aLlI/I9|, Leonur.

Blast furnace slag is one of the largest-scale wastes of the ferrous metallurgy. About 0,67-0,7 billion tons of blast
furnace slags are produced annually in the world. The most common methods of its utilization are use in the
construction industry, particularly in the road construction and the production of binders. Currently, methods have
been developed for obtaining high-value-added materials from blast-furnace slags, such as glass-ceramics, slag-
alkali binders, zeolites, proppants and silicon nanoparticles. The increase of recycling degree of blast furnace
slag by metallurgical plants can contribute to decreasing of environmental pollution and getting additional profits.

Keywords: blast furnace slag, granulation, recycling, utilization, slag-alkali cement, glass-ceramics,
carbonization, zeolite.
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CoBpeMeHHble MeTOoibl OLLeHKN
3P DEeKTUBHOCTUN OKUCIIUTEJIbHOIO
0o0)Xura BaHagunmcoaepxawmx LwjiamMmoB

Y. A. Konorpuesa, A. . Bonkos, I. E. Ctynos.,
A. J1. BanHwitenH

@ryi “UHUNqsepmem um. U. . BapOuHa”, 2. Mockea,
E-mail: ufowka@mail.ru, rhenium@list.ru, pavel1411@rambler.ru, d_wainstein@sprg.ru

[ns Hambomnee MOMHOrO M3BNEYEHUS] BaHaaWs W3 OTXOAOB rTMapoMeTannyprm4eckoro npon3soctea
neHTaokcuga BaHagus Heobxogumo NnpoBeAeHNe OKUCIUTENTbHOIO obxwura. B pa60Te paccMOoTpeH
KOMMNJIEKC COBPEMEHHbIX METOO0B “ccneaoBaHuin ans OLIEHKHM Sq)CpeKTVIBHOCTVI OKUCIUTENBHOTO 0bXura
BaHanMVlconepmammx L1aMOoB: METO[ OKUCINTENBHO-BOCCTAHOBUTENTBHOIO TUTPOBAHNA; peHTreHod)aaoaoro
aHanuaa; peHTFeHOBCKOVI Q)OTOSJ'IeKTpOHHOVI CNEeKTpoCKonuu.

KntoueBble cnoBa: BaHafui, 0TX04bl, NEHTAOKCUA BaHaauMs, WNUHemNb, 0BXur, TMAPOMETanNypris, Wnambl,
BbilLienaynBaxme.

For the most complete extraction of vanadium from the waste of hydrometallurgical production of vanadium
pentoxide, it is necessary to conduct oxidation roasting. The paper considers a set of modern research methods
for evaluating the efficiency of oxidative roasting of vanadium-containing sludge: the method of redox titration;
X-ray phase analysis; X-ray photoelectron spectroscopy.

Keywords: vanadium, waste, vanadium pentoxide, spinel, roasting, hydrometallurgy, sludge, leaching.
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MarepuanosegeHue n HoBbie MaTepualibl

YAK 621.785.532

CBoiiCcTBa XeJsiesoMmapraHLu,eBoro
aycTeHuUTa, NermpoBaHHOro a3soTom
[0 CBepXpaBHOBECHbIX KOHLLeHTpaLun

I. C. Benoycos
oryi “LUHUNq4epmem um. U.I1. BapduHa”, 2. Mockea. E-mail: metalhqg@rambler.ru

MpoBefeHO WCCneaoBaHWe CTPYKTYpbl M MeXaHW4eCKUX CBOWMCTB KENe30MapraHLeBbIX ayCTEHUTHbIX
cnnaeos, cogepxalyumx ot 0,38 go 2,3 macc. % a3oTa. YCTaHOBNEHO, YTO Npu COAepxaHun asoTa cabiwwe 0,5
% CTpyKTypa CMiaBOB MpU BCEX PEXMMAX MEXaHUYECKUX MCMbITaHWN COXPaHsSeTCs aycTeHUTHOM. Cnnasbl
¢ 0,9 - 1,1 % a30Ta xapakTepusylTCs ONTUMAmnbHbIM COYETAHUEM MEXAHUYECKUX CBOWCTB. AHOMamnbHO
BbICOKOE [edhopMaLMOHHOE YNPOYHEHE Kene3oMapraHLLEeBOoro ayCTeHUTa MOXHO CBSi3aThb C 06pasoBaHueM
knactepoB, 0BoralLleHHbIX MapraHLem 1 a3oTom.

KrioyeBble croBa: adyCTEHUT, CBEPXPaBHOBECHbIE KOHLEHTpauuu, OUCIoKauuu, ﬂerOpMaLl'I/IOHHOG
YNPOYHEHUE, MEXONCITOKALNOHHOE B3aWMOZEVCTBIE, reHepauma D,VICI'IOKaLl'I/IVI, npegen Teky4ecTu.

The study of the structure and mechanical properties of ferromanganese austenitic alloys containing from 0.38
to 2.3 wt. % nitrogen. It was found that at a nitrogen content of more than 0.5 %, the structure of the alloys
remains austenitic under all mechanical test conditions. Alloys with 0.9 — 1.1 % nitrogen are characterized by
an optimal combination of mechanical properties. The abnormally high strain hardening of ferromanganese
austenite can be attributed to the formation of clusters enriched in manganese and nitrogen.

Keywords: austenite, superequilibrium concentrations, dislocations, strain hardening, inter-dislocation
interaction, dislocation generation, yield strength.

56

IPOBIEMbI YEPHOUA METAIIIYPIVIM U MATEPUAIIOBELEHUSA 2021 Ne 2
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UccnepoBaHve BIUSHUSA NapamMeTpoB
cOCTaBa yu TeMmnepaTtypHoO-
nAedopmMaLoHHON 00paboTKN

Ha CTPYKTYpPY U CBOMCTBA npokKaTa

IF ctanen

A. U. 3anues'?, 1. T. PogunoHoBa', A. B. Konpaes',
H. A. ApyTioHqaH?, H. A.KapambiieBa'

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

E-mail: aizaitsev1@yandex.ru, igrodi@mail.ru, koldaevanton@gmail.com

2 Xumuyveckul ¢pakynsmem MI'Y um. M.B. JlomoHocoea. Poccusi, 2. Mockea,
E-mail: naarutyunyan@gmail.com

Ha metanne 2-x nabopatopHbix nnasok IF cramen c¢ cogepxanvem yrnepoga 0,004 n 0,006 macc.% c
MCMONMb30BaHNEM COBPEMEHHbBIX TEPMOAMHAMMYECKMX METOZOB MPOTHO3MPOBaHWA YCNOBWUW CTAbUMBbHOCTM
ha3oBbIX BbIAENEHNA, OMPedeneHns WX XapakTepucTUK METOAaMW CKaHMPYIOWEn W NpoCBeuMBaioLLEeN
3NEKTPOHHON MMKPOCKOMAW, TIOKANbHOTO  PEHTIEHO-CNEKTPANbHOrO  aHanuaa, WUCTbITaHUs  MEXaHUYeCKUX
XapaKTepucTuK, OMpedeneHns COAEPXaHUs SMEMEHTOB BHEAPEHUS B TBEPAOM PacTBOPE, BbIMOIHEHO
[JeTanbHOe 1CcCcrnefoBaHie CTPYKTYPHOTO COCTOSIHWSI M CBOWCTB FOPSIMEKATaHOrO M XOMOHOKATaHOro mpokara
OTOMOKEHHOro no pexumy AHILL. YcTaHoBREHb! 3aKOHOMEPHOCTY (HOPMUPOBAHMS CTPYKTYPHOTO COCTOSIHUS W
CBOWCTB ropsiyekaTaHoro 1 XONoAHOKaTaHoro npokata. [okasaHo YTO MPOM3BOACTBO BbICOKOKAYECTBEHHOMO
XOIOAHOKaTaHOMO U OLMHKOBAHHOMO MpokaTa u3 IF cTanei ¢ NpuHUMIMAnbHO yNyyLleHHbIMKU NoKasaTensamu
NNacTMYHOCTX, LUTAMMYeMOCTU MOXeT ObiTb 06eCreYeHo NPy OTHOCUTENBHO BbICOKOM COLepXaHuu yrneposa

0,006 macc. %, npv ycriosun npuaaHis emy 6riaronpuaTHOM (hopMbI CyLLIECTBOBaHIS B BUae BblaeneHui Ti,C,S,.

Knroyesble crioea: cBepxHuskoyrnepoguctole IF cTanu, ropsdyekataHbli MpokaT, XOMOAHOKaTaHbI
npoKaT, peKpUCTann3aLMoHHbIN OTXUr No pexumy AHIL, da3oBble Bblenerus, MUKPOCTPYKTYpa, 3NeMEeHTbI
BHEJPEHWs!, COCTOSIHWE TBEPAOrO PacTBOpa, NNacTUYHOCTb, LUTAMMYEMOCTb.

Detailed investigation of the structural state and properties of hot-rolled and annealed cold-rolled IF steels was
carried out. Annealing was performed according to the mode of continuous hot-dip galvanizing units (CHGU). The
study of two laboratory-smelted steels with a carbon content of 0.004 and 0.006 wt. % included thermodynamic
prediction of the stability conditions of phase precipitates, determination of their characteristics by scanning and
transmission electron microscopy, and local X-ray spectral analysis, tests of mechanical characteristics, detection
of the content of interstitial elements in a solid solution. The regularities of the formation of the structural state
and properties of hot-rolled and cold-rolled steel have been established. It has been shown that the production
of high quality cold-rolled and galvanized rolled IF steels with fundamentally improved plasticity and stamping
characteristics can be ensured at a relatively high carbon content of 0.006 mass. % under conditions, which
provide the favorable variant of carbon existence in the form of Ti,C,S, precipitates.

Keywords: ultra-low-carbon IF steels, hot-rolled steel, cold-rolled steel, recrystallization annealing according
to the CHGU mode, phase precipitates, microstructure, interstitial elements, state of solid solution, plasticity,
stampability.
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3aBMCUMOCTb BOAOPOAHOIO
KOPPO3UOHHOIo pacTpecKuBaHus
TPYOHbIX cTanen

B cepoBoaopoacoaepxawemn cpepe
OT COoAep>XXaHUs NnerupyroLmx
3J1IEMEHTOB: KJII04YEeBble 0COOEHHOCTH

A. H. Nepmsakosa

@ryi “UHnqyepmem um. U.I. BapouHa”, 2. Mockea,
E-mail: darya.permyakova.msk@mail.ru

YCTaHOBMEHbl  3aBUCUMOCTM  BOLOPOAHOMO  KOPPO3MOHHOTO — pacTpeckuBaHus TPYOHbIX CTaneh B
CepoBOLOPOACOAEPXKALLE Cpefe OT COAEPXaHWs Nervpylolmx aneMeHToB. Ha ocHoee aHanuaa
COBPEMEHHbIX Hay4HbIX AaHHbIX ObINO ONpeAeneHo AenCTBUE MErvpYILLMX 3IEMEHTOB Ha LieHTPanbHYio
CerperalmoHHy0 HEOOHOPOAHOCTb 1 CTOMKOCTb NPOTUB pPacTpeckuBaHus TPYBHbIX CTanen. beinu coenatbi
BbIBOAbI 06 aKTyanbHOCTU UCCNeA0BaHMI Anst Hay4HOro CoobLLecTBa.

KrtoueBble CoBa: XMMUYeCKnin CocTas, BOJOPOAHOE pacTpecknBaHme, CyanI)I/I,EI,HOG pacTpecknBaHue, pr6HaF|
CTanb, nernposaHmne, cepoBoaopoacoaepxallaa cpeaa, LeHTpanbHasa cerperalnoHHad HeOAHOPOOHOCTb.

The dependences of the hydrogen corrosion cracking of pipe steels in a hydrogen sulfide-containing medium
on the content of alloying elements are established. Based on the analysis of modern scientific data, the effect
of alloying elements on the central segregation heterogeneity and resistance to cracking of pipe steels was
determined. Conclusions were drawn about the relevance of the research for the scientific community.

Keywords: chemical composition, hydrogen cracking, sulfide cracking, pipe steel, alloying, hydrogen sulfide-
containing medium, central segregation heterogeneity.
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UccnepoBaHue XMMUNYECKOro coctaBsa
rpaHuny 3épeH B a30TUPOBAHHOM

cJioe CTasiun MapTeHCUTHOroO KJlacca
BKC-7, oOpaboTaHHO meToA0M
NOBEPXHOCTHOM NJ1aCTUYECKOM
nedopmauvm nepen a3oTMpoBaHNEM

3. A. Enucees, I. C. CeBanbHEB, A. B. [10pOLUEHKO,
K. B. lynbHeB

®edepanbHoOe yHUMapHoe 20cydapcmeeHHoe npednpusimue “Bcepocculickuli Hay4YHO-
uccnedoeamersibCKUll UHCMUMYym asuauyuoHHbIX Mamepuasoes” (“©Irylrl BUAM”),
2. Mocksa, yn. Paduo, 0. 17, 105005, E-mail: yeliseyevea@viam.ru.

B pamkax paboTbl MccregoBaH XMMUYECKMA COCTaB rpaHuL, 3épeH a3oTUpOBaHHOrO cnosi 06pasuoB W3
HWU3KOYrMepoAMCTON CTann MapTeHeUTHOro knacca BKC-7 nocne npeaBapuTensHON Tepmmudeckorn 06paboTkm,
MOBEPXHOCTHON MacTU4eckon AedopMaLyi U HU3KOTEMMNEPATYPHOrO a3oTUPOBaHWS. YCTAHOBMEHO, YTO
Ha rpaHuLax 3épeH B a30TMPOBAHHOM CO€ MPOWCXOAWT CYLLECTBEHHOE NepepacnpeneneHne XMMUYeCcKuX
anemeHToB. CoflepxaHne HWKENs Ha rpaHuLax 3€peH CyLIECTBEHHO MPEBbLILAET CPEeAHEe COoAepxXaHue
HUKENS B CTanu, COAEpXXaHne Xpoma 3HauuTenbHO NafaeT, a B NPUNOBEPXHOCTHbIX 06nacTsx npubnuxaeTcs
k Hynto. CoaepxaHue a3oTa Ha rpaHNLiaX YMEHbLIAETCS MO CPABHEHMIO C HeJepOPMUPOBAHHBIM COCTOSHUEM.

KntoueBble croBa: A30TpoBaHWe, a30TUPOBAHHbIN CIOW, HATPUAHAS ceTka, Anddy3noHHas rpaHnLa 3epHa,
NOBEPXHOCTHas MmiacTnieckast aedopmaLis, anekTpoHHas Oxe-CrekTpocKonus.

The chemical composition of grain boundaries of the nitrided layer of samples made of low-carbon steel of
the VKS-7 martensitic class after preliminary heat treatment, surface plastic deformation and low-temperature
nitriding was studied. It was established that a significant redistribution of chemical elements occurs at the
grain boundaries in the nitrided layer. The Nickel content at the grain boundaries significantly exceeds the
average Nickel content in steel, the chromium content decreases significantly, and in the near-surface areas it
approaches zero. The nitrogen content at the boundaries decreases in comparison with the undeformed state.

Keywords: Nitriding, nitrided layer, nitride mesh, grain diffusion boundary, surface plastic deformation, electronic
Auger spectroscopy.
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HaHomaTepuasibl U HAHOTEXHOJ10r v

YAK 669.539.382:669.17:625.1

SBOJIIOLUMSA CTPYKTYPHO-(Pa30BbIX
COCTOSSHUA U CBOUCTB
andpdepeHUnpoBaHHO 3aKasleHHbIX
100-MeTpoOBbLIX penbCoB Npu
3KCTpeMasJibHO AJINTESNIbHOM
akcnnyaTtaummn. CooOieHue 3.
CTpykTypa n CBOMCTBA pPesibCoB Nnocre
nponyLweHHoro ToHHaxa 1,77 mnpa, TOHH

P. B. KysHeuoB', B. E. l[pomog’, E. B. MoneBoit?,
0. A. Py6aHHukoBa', B. E. Kopmbiwwes!

"Cubupckutl 2ocydapcmeeHHbIl UHOycmpuasbHbIl yHueepcumem, 2. HOBOKy3HeUK,
E-mail: gromov@physics.sibsiu.ru
2A0 “Eepa3s-3anadHo-Cubupckuli Memansypaudeckuli kKom6uHam”, 2. Hoeoky3Heuk

OKCTpeManbHO AnuTenbHas SKcnnyaTauns AMMHHOMEPHBIX AndhEPEHLMPOBAHHO 3aKaneHHbIX PenbcoB
kateropun [T350 nocre nponylleHHoro TOHHaxa 1,77 MNpA. TOHH COMPOBOXOAETCS 3HAYUTEMNbHbIMU
npeobpa3oBaHNsMK CTPYKTYPHO-(ha30BOr0 COCTOSIHUS U CBOWCTB penbcoB. OnpegeneHbl KONMMYeCTBEHHbIE
3HAYEHNS] MEXaHUYECKMX CBOICTB, TBEPLOCTH, MUKPOTBEPLOCTH, MAPaMETPOB MaKpo- U MUKPOCTPYKTYPI,
AedeKTHOM CyBCTPYKTYpbI MO CEYEHMHO M HA MOBEPXHOCTY KaTaHWsl TONoBKM PenbCoB. [pOBEAEHO CpaBHEHME
C pesynbTaTami WCCrefoBaHWIA MapameTpoB 1 CBOMCTB 3TOM Xe NapTuM penbCoB MOCe MPOMyLLEHHOro
ToHHaxa 0,69 n 1,41 Mp4 TOHH.

KntoueBble cnoBa: AnuTenbHas aKCnnyaTtawuus, penbCbl, Makpo- M MUKPOCTPYKTYPa, MEXaHUYECKIE CBOMCTBA.

The extreme long-term operation of lengthy differentially quenched rails of DT350 category after passed tonnage
1.77 billion tons is accompanied by the significant transformations of rail structure phase state and properties.
The quantitative values of mechanical properties, hardness, microhardness, macro- and microstructure, defect
substructure by cross section and on the rail rolling surface are detected. The comparison with the study
results of parameters and properties of the same bath of rail after passed tonnage 0.69 and 1.41 billion tons
is completed.

Keywords: extreme long-term operation, rails, macro- and microstructure, mechanical properties.
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