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TeopeTndeckme OCHOBbI METaJITypPrim

YAK621.833:539.4

OueHKka KOHTaKTHOM BbIHOCJIMUBOCTU
LLEMEHTOBaHHbIX 3y04aTbiX KONec 3

Tennocrtoukoum ctanu 16 X3HBOPMB-LL
Ha OCHOBE 4YMUCJIEHHbIX pac4yeToB

M. 0. CemeHoB
@My “UHnsepmer mm. W.1.bapanHa”, r. Mockea. E-mail: szigona.podzogin@gmail.com

lMpeanoxeHa yCOBEPLLEHCTBOBAHHAS PacyeTHas MOAENb AN OLEHKU KOHTAKTHOM BbIHOCAMBOCTM MOABEPTHYTHIX
BaKyyMHOW LieMeHTaLum 3yb4aTbiX KONEC U3 TENNOCTONKO cTank. Moaenb 0CHoBaHa Ha ONPefeneHnmn BIMSHUS Ha
Npenen KOHTaKTHOMN YCTaNOCTW KOHLIEHTPALMM HanpsXeHWiA BONM3W YacTuL, LIEMEHTUTA M TYroniaekux kapbuauos, a
TaKke pa3mepa 3epHa MatpuLibl. OBHAPYXeEHO YA0BNETBOPUTENBHOE COOTBETCTBIE PACHETHBIX W SKCTIEPUMEHTATBHBIX
[JaHHbIX. 0Ka3aHO HE3HAYUTENbHOE BUSIHWE HA KOHTAKTHYIO BbIHOCIMBOCTb HArpeBa OT TPEHMS MPW COXPAHEHNN
MAaCnsHOIA NNEeHKM B 3aLienneHmm. NMpemnoxeHo 06bCHEHNE NPUYNH HEOIHO3HAYHOTO BIIMSIHWSI HACKILLIEHHOCTY CNOS
YrNepoaoM Ha Npeaen KOHTaKTHOM YCTanocTy.

KrnioueBble CIOBA: BaKyyMHasi LIEMEHTALMS, KOMIIEKCHO-NIernpoBaHHast CTaslb, NPEeN KOHTAKTHOM YCTanocTu, kapouaHas ¢asa,
maTemaTiyeckasl Mofenb.

An improved computational model was proposed for evaluating the contact fatigue limit of vacuum carburized gear
wheels made from a heat-resistant steel. The model is based on determining the influence on the contact fatigue limit of
the stress concentration near particles of cementite and refractory carbides and of the matrix grain size. The calculated
and experimental data was found to correlate satisfactorily. The friction heat effect was shown to exert an insignificant
action on the contact fatigue if lubrication between gears existed. The explanations were put forward for the causes of
ambiguous influence of the layer carburization on the contact fatigue limit.

Keywords: vacuum carburization, complex-alloyed steel, contact fatigue limit, carbide phase, mathematical model.
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Teopusa n npakTukKka MArkoro ooxxaTma
npuv HenpepbiBHON pa3nueke (| YacTb)

B. A. Cuxenbhukos!, . A. dununnos?

'Akanemus TexHomornyecknx Hayk P®, r. Mocksa.E-mail: sinelnikov-va@mail.ru.
20ryn “LHMyepmer um. W.1. Bapanna®, r. Mocksa.E-mail: iqs12@yandex.ru.

AHanu3om nuTepaTypHbIX AaHHBIX MOATBEPXAEHA B3aUMOCBS3b MEX[Y CTENEHbI0 PABHOBECHOCTW pacriiasa u
NedeKTHOCTBIO0 HenpepbiBHONMTOM 3aroToBky (HJ13). MpoTsxeHHOCTb KpUcTanaM3auuoHHbIx 30H B HI13 onpenensetcs
TEPMUYECKMM U KOHLIEHTPALIMOHHBIM NEPeoXIaxaeHeM pacniaea B NpoLecce kpuctanmsaumu. GopmupoBaHne
[AByX(ha3HON 30HbI B LiEHTpanbHOM yacTu HJ13 npoucxomut nop BAusHUEM cneaytowmx GpakTopoB: CKOPOCTH
KpUCTaNNN3aumm, KOHLEHTPALUMOHHOrO nepeoxnaxaeHns u Gpa3oBon ycapku cautka. Ocesas nukeauus
HEOAHOPOHOCTb 3aBMCSIT OT ABUXEHNS XWAKOCTU B ABYXHA3HOMN 30HE M HACTPOIKM OMOPHbIX ponnkos MHJ3.

KiioyeBble CnoBa: HEPaBHOBECHOCTb PACT/IaBa, TEPMUYECKOE NEPEoXTaxeH e, KOHLIEHTPALMOHHOE NepeoxiaxaeHue, AsyxdasHas
30Ha B cmTke, $Ha30Bas ycaaka, Markoe obxarve, ocesas IMKBaLWS, 0CEBast NOpPUCTOCTb, 3NEKTPOMAarHUTHOE nepemeLLnBaHme
metanna.

Analysis of published data confirmed the relationship between the degree of melt equilibration and imperfection of
continuously cast billets (CCB). The length of crystallization zones in CCB is determined by thermal and concentration
supercooling of the melt during crystallization. Formation of the two-phase zone in the CCB central part is influenced by
the following factors: crystallization rate, concentration supercooling and billet shrinkage. Axial segregation and
heterogeneity depend on the liquid motion in the two-phase region and adjustment of supporting rollers of the
continuous casting machine.

Keywords: non-equilibrium melt, thermal supercooling, concentration supercooling, two-phase zone in ingot, phase shrinkage, soft
pressing,axial segregation, axial porosity, electromagnetic stirring of metal.
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Pa3pabotka apPeKTUBHON TeXHONOIrMm
oOoraweHna HeKOHANLMNOHHbIX
XPOMUTOBLIX pya AraHO3epCcKoro
MeCTOPOXAEeHNSA

K. A. Konorpues, A. H. CepervH

@ryI “UHHWNqepmer um. W.1M.bapauna”, r. Mockea. E-mail: ferrosplav@chermet.net

Pa3paboTaHbl OCHOBbI TEXHONOT MM 0BOraLLIEHNS HEKOHAMLIMOHHBIX XPOMUTOBbIX Py, AraHO3epCKOro MECTOPOXIEHMS.
MpoBeneHbl MUKPOCKOMUYECKMIA aHANKU3, UCCNENOBaHNS MUHEPaibHOMO COCTaBa Py/bl M XMMUYECKOr0 COCTaBa
XPOMLLMWHENNAA, UCTIbITaHNS HA 000raTMMOCTb. PaspaboTtaHHas cxema nepepaboTkii XpOMUTOBOM Y[kl CO CPEAHUM
conepxatem Cr,0, Ha yposHe 20,24% 00ecrie4vBaeT CriefiyoLLve TEXHONOrMyeckie nokasarenu: copepxate Cr,0,
B KOHLeHTpare — 46,5 %; Bbix0A koHueHTpara — 35,0 %; ussneyenue Cr,0, B koHueHTpar — 80,4 %.

KnioueBble coea: AraH03epCKoe MECTOPOXAEHME, XPOMUTOBAS PY/ia, HEKOHAULIMOHHBIE PY[ibl, MUHEPaNbHBINA COCTaB, 0OOoralLeHue,
KOHLIGHTPAT, U3B/EYEHNE.

The fundamentals of the technology have been developed for concentration of substandard chromite ores of the
Aganozersky deposit. Microscopic analysis and investigations were performed to find the ores mineral compositions
and the chromospinelides chemical compositions. The concentration tests of the ores were also carried out. The
developed scheme of processing the chromite ore with the average Cr,0,content at the level of 20,24 % provides the
following technological indexes: Cr,0, content in the concentrate — 46,5 %; concentrate output — 35,0 %; extraction of
Cr,Q,into the concentrate — 80,4 %.

Keywords: Aganozersky deposit, chromite ore, substandard ores, mineral composition, concentration, concentrate, extraction.
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TexHosorn4eckmne npoLecchbl MeTaanyprim

YAK621.77.04.

NMpuMmeHeHne MeTon40B MMUTaAUUM

U BOCNpou3BeneHus npoueccos

B 1aOoOpaTOpPHbIX YCJIOBUAX

ANna pa3paboTKy TeXHOJIOrM4ecKux
CXeM TepMOMexXaHU4YeCKOU NPOoKaTKn

A. A. PuHruHen, A. B. HYactyxuH, I'. E. Xapees, J1. U. 3¢poH

OAO “BoikcyHekwii MeTannypruseckwii 3aBos”. Huxeropoackas oo, r.Bbikca.
E-mail: ringinen_da@vsw.ru.

B pabote npemnoxeHa, 060cHOBaHa 1 onpoboBaHa cxema pa3paboTkyi TEXHONOMMIA ropsiueit NpoKaTku, OCHOBaHHas
Ha nabopaTopHbIX MCCnenoBaHUsX. MPemIoXeHs KPUTEPUM Noaoous NabopPaToOPHOIo U NPOMBILLNIEHHOTO SKCTIEPUMEHTA
1 cnocoBbl Ux cobnioaeHus. MokasaHo XopolLee COOTBETCTBUE KOHEYHOI CTPYKTYPbI U CBOICTB 1aGOpaTOpHOro 1
NMPOMBILLINEHHOr0 Npokarta.

KnioueBble croBa: ropsiyas npokarka, Gleeble, MMKpPOCTPYKTYpa, MexaHUyeckue CBOWCTBA, MUKPOCTPYKTYpHOE nopobue,
nabopaTopHbIii pokaTHIii cTaH YO-300, nucTonpokatHblii ctaH-5000.

The paper proposes, justifies and proves a circuit for development of hot rolling technology, based on laboratory
studies. The similarity criteria of laboratory and industrial experiments and methods of their compliance are suggested.
A good agreement is found between the final structure and properties of laboratory and industrial rolled steel.

Keywords: hot rolling, Gleeble, microstructure, mechanical properties, microstructure similarity, laboratory mill DUO-300, sheet mill
5000.
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Tepmunyeckass oopabdboTka

AN NCKNIOYEeHUA MEeXKPUCTaNIJIUTHOro
KOPPO3UOHHOIo pacTpeckuBaHus

noa Hanps)XeHuem

A. H. Pomanos', C. B. Espormn’, A. T. lepxasun’, K. W. LLiytbko’,
A. B. Kopocrenes?

" OAO “Opnena JlennHa HayyHO-MCCEA0BATENLCKMI M KOHCTPYKTOPCKUI MHCTUTYT 3HEPIOTEXHUKM
umenn H.A. fonnexans”, r. Mocksa. E-mail: ra@nikiet.ru, evropin@nikiet.ru, derjavin@nikiet.ru,
correnes@nikiet.ru.

2@ryr “Uxcturyt TMHLBETMET’, r. Mocksa

OnbIT akcnnyatauuu Tpybonposoaoe [y300 Ha aHepro6okax ¢ peakTopHoit ycTaHoBkoin PBMK nokasan, 4to cBapHble
COEAMHEHNS 3TUX SNEMEHTOB NMOABEPXEHBI MOBPEXAEHUIM N0 MEXaHU3MY MEXKPUCTAITHOTO KOPPO3UOHHOMO
pactpeckusanus nog, HanpsixeHuem (MKPIMH). PaccmoTpeHo BnusiH1e TEPMUMHECKOI 00pabOoTKK Ha CTOMKOCTb TakMX
CcBapHbIX coeanHeHuin K MKPITH. OHa ycTpaHseT 0CTaTo4HbIE CBAPOYHbIE HANPSKEHNS M CEHCMOUNM3aLMIO B METaINE
OKOJTOLLIOBHOI 30HbI CBAPHOTO COeAMHEHWS. B paboTe npeacTaeeHbl pesynbTarbl ONbITHO-NPOMBILLIEHHbIX MCTbITAHWIA
TEXHOJOrMU BLICOKOTEMMNEPATYPHOMN TEpMUYeckoi 0bpaboTku npu Temnepatype 900 C.

KnioueBble CrioBa: peakTopHas YCTaHOBKa, TPYGONPOBO/b, CBAPHbIE COBAMHEHMS, MEXKPUCTAIIATHOE KOPPO3UOHHOE PACTPECKMBAHIE,
TepMuyeckas 06pabotka.

Operating experience of the type DN300 pipelines at the energy units of the RBMK-1000 reactor plants revealed that the
welded joints of these parts are subjected to damages through the mechanism of intergranular stress corrosion cracking
(ISCC). The influence was considered of heat treatment on the resistance of these welded joints to ISCC. The treatment
eliminates residual stresses and sensitization in the metal of the heat affected zone of the welded joint. The paper presents
the results of pilot testing high-temperature (at 900 centigrade) heat treatment technology of the welded joints.

Keywords: reactor plant, pipelines, welded joints, intergranular stress corrosion cracking, thermal treatment.
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HexkoTopblie nepcneKkryuBHble HanpaBieHns
co3aaHus pecypcocoeperalowmx
TEXHOJIOr'M NPON3BOACTBA
XKene3HoO0pPOXHbIX Konec

A.H. Hukynun', M. E. Tetmanosa’, A. O. Jlapbietko?, I'. A. Gwmnnos!

"oy “UHmyepmernm.N.M.bapanna’, r.Mocksa. E-mail: iqs12@yandex.ru.
2340 “OMK”, r. Mocksa.

PaccMoTpeHbl 0COOEHHOCTY TEXHONOMUK NPOu3BOACTBA LieJIbHOKAaTaHbIX XeNe3HOA0POXHbIX KONec, onpepengtolipe
WX KQYECTBO WM MAaTepuanoemkocTb. poBEAEH aHanM3 HEKOTOPbIX NEPCMEKTUBHBLIX TEXHONOTMYECKMX PELLEHNI
Npon3BOACTBa KOnec, 00ECneymBaIOLLMX MOBbILLIEHUE KA4YECTBA U CHUXEHME pacxofa MeTaina B TEXHONOrMYECKON
JINHUK UX U3roTOBJIEHUS

Knioyeeble C/10Ba: Xese3HOAOPOXHOE KOJIECO, CIMTOK, NoJiasi 3aroToBKa, LEHTPOGEXHOE IMThE, MPOLLMBHOM NPECC, BUHTOBAs
npoKarKa.

The features are analyzed of the production technology of all-rolled railway wheels that determine their quality and
materials consumption. The analysis of some promising technological solutions of wheels production was carried out
that might improve the wheels quality and reduce the metal consumption in the production line.

Keywords: railway wheel, ingot, hollow billet, centrifugal casting, punching press, screw rolling.
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MukpocTpykTypa n CBOUCcTBa
TOJICTOJINCTOBOIO NpoKaTa n3 TPyOHbIX
ctaneun X52-X65 nocne TMO

C YCKOPEHHbIM OXJ1aXXaeHuem

}0. 1. Marpocos’, A. A. Xonogssiit', E. C. Monos?,
I'. H. KoHosanos?, C. B. Cocun?®

"oy “UHmyepmer mm. .11, bapauna”, r. Mocksa. E-mail: pscenter@chermet.net.
2 [1A0 “MK “A30BCTAJIb” I'pynisi Metursect, r. Mapuyrons, YkpanHa.
3000 “METVHBECT XOJIAMHI, r. [loHeux, YkpauHa.

B MpOMBILLNEHHBIX YCNIOBUSIX UCCIIEA0BAHO BAUSHWNE PEXVUMOB YCKOPEHHOTO OXNTaX/AEHNS NOCNE KOHTPONIMPYEMO
MPOKATKK Ha MUKPOCTPYKTYPY N MEXaHUYECKWE CBOMCTBA TONCTOMMCTOBLIX HU3KONETMPOBAHHbIX CTaNEl KaTeropuii
npo4HocTU X52-X65 anst uarotosneHmns Tpyb 60MbLIOrO AamMeTpa B CEPOBOAOPOAOCTONKOM MCMIONHEHWM. MoKa3aHb!
0CODEHHOCTU BAMSIHUSA PA3IMYHBIX PEXMMOB YCKOPEHHOTO OXNAXAEHMS HA XapaKTeP KOHEYHOI MUKPOCTPYKTYPbI 1
MEeXaH14eckme CBOICTBA.

Kntouesble G0Ba: HU3KONErMpOBaHHas CTallb, KOHTPOJIMPYEMas POKATKa, YCKOPEHHOE OXMaXEHIe, MAKPOCTPYKTYPa, MEXaHUYeckm1e
CBOIICTBA, HeppuT, BEMHNT.

The influence of accelerated cooling after controlled rolling on the microstructure and mechanical properties of plates
from low-alloy steels of the X52-X65 strength grade dedicated for large diameter pipes resistant to H,S was studied in
industrial conditions. Special features of the influence of accelerated cooling modes on the final microstructure and
mechanical properties were established.

Keywords: low-alloy steel, controlled rolling, accelerated cooling, microstructure, mechanical properties, ferrite, bainite.
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YAK669.14.018

BnusHune copepxaHma asitoOMUHUS

Ha TPELWMHOCTOUKOCTb U CKJIOHHOCTb
K 3aMenJJIeHHOMY pa3pyLueHUuIo
noALWMNHUKOBOWU CcTanu

J1.A. BaeBa', K. A. Cemepukos?, W. . LLiaGanos', I'. A. dununnos!

" ®ryr “UHnnqepmer mm. W.1.6apanna’, r.Mocksa. E-mail: iqs12@yandex.ru
2040 “Tpy6Has meTannypruyeckas komnaqus”, r.Mocksa.

MccnenoBaHbl CTPYKTYPa, MEXaHWYECKME CBOMCTBA W COMPOTMBNEHUE pa3pylueHnto ctamm LLX-15 B 3aBucumocTy ot
coaepxaHns antommHus. NMokasaHo, YTO NOBbILLIEHHBIE KOMMIEKC MEXAHUYECKUX CBOMCTB U TPELLMHOCTOMKOCTb CTam
¢ 6onee BbICOKVM COfIEPXaHUeM aNioMUHUS IBNSIOTCS CNEACTBIEM U3MENbYEHIS CTPYKTYPbI, PENaKCaLmMm OCTaTOYHbIX
MUKPOHAMPSKEHWIA M YMEHBLLEHWS BPEAHOIO BUSHUS MPUMECEN HA FPaHNLbl 3EPEH.

KntoyeBble cnoBa: NOAWMNHWKOBAS CTanb, NPUMECH, TPELWHOCTOWKOCTb, 3aMEANEHHOE Pa3pyLIEHUE,0CTaTOuHble
MUKPOHANPSDKEHNSA.

The structure, mechanical properties and fracture resistance of the Shkh-15 bearing steel were investigated as a function
of aluminum content. It has been demonstrated that the improved complex of mechanical properties and resistance to
cracking of the steel with a higher aluminum content are the results of grain refinement, relaxation of residual microstresses
and reduction of the adverse effects of impurities on grain boundaries.

Keywords: bearing steel, impurities, resistance to cracking, delayed fracture, residual microstresses.
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YAK669.15-194

BnusHue Hukensa Ha mopdonornyeckKkme
0Cco0eHHOoCTHN KapouaoB
HU3KOYIrnepoaucCTbIX cTanen
MapTEHCUTHOrO KJjlacca

B BbICOKOOTNYLEHHOM COCTOSSHUU

9. A. Enucees, H. M. BosHeceHckasi, 0. A. ToHbILLeBa

@Yl “Beepoccuiicknii Hay4HO-UCCAIEA0BATENLCKUIA UHCTUTYT aBUALIMOHHBIX MaTepHaos”,
r. Mocksa. E-mail: yeliseyevea@viam.ru.

YCTaHOB/EHO BNMSIHME HUKENs Ha kapObuaooOpa3oBaHWe B HWU3KOYrNEPOAMCTbIX HWU3KONErpoBaHHbIX CTansiX
MapTeHcUTHOrO knacca. lMocne 3akanku ot 940 °C 1 panTenbHoro Beicokoro otnycka (550 °C, 50 u) otcytcTayioT
MPOTSXKEHHIE BbIENEHIS LIEMEHTITA M0 FpaHuLIaM 3EpeH, a Takke HabionaeTcs 6onee paBHOMEPHOE WX pacripefeneHme
Mex Iy rpaHuLeit 1 06bEMOM 3epHa. YkasaHHbIe 3aKOHOMEPHOCTV NOATBEPXEHbI UCCNIEN0BAHNSIMY AKCTIEPUMEHTATIbHBIX
yrnepoamctbix craneii (20, 20H1, 20H2, 20H3). YcTaHoBNEHO BAMSIHWE NOBEPXHOCTHOI NNACTUYECKOMN AedopmMaLimm
Ha CTPYKTYPY 3KCNEPUMEHTAbHBIX YTNIEPOAMCTLIX CTasei: 0OHAPYXEHO MONHOCTLIO PABHOMEPHOE PacnpeaeneHne
rNo6yNPHBIX LIEMEHTUTHBIX BblAENEHWIA N0 rpaHu1LLaM 1 No 06bEMY 3epHa.

Knioyesble CoBa: HU3KOYrIepoANCTas CTaslb, BLICOKONPOYHAA CTaslb, CTajlb MApTEHCUTHOIO KIAacca, rpaHuLia 3epHa, BbleneHus,
POsb HUKENS B CTaM, NacTu4eckas Aedopmaums, ANEKTPOHHAA MUKPOCKOMNMS.

The effect of nickel has been established on carbides formation in low-carbon low-alloy steels of martensitic class. After
hardening from 940 centigrade and prolonged high-temperature tempering (550 centigrade, 50 hours), there are no
extended precipitates of cementite at grain boundaries and also a more iniform distribution of the precipitates between
the boundaries and volumes of grains are observed. These regularities were confirmed by investigations of experimental
carbon steels (20, 20Ni1, 20Ni2, 20Ni3). The influence of surface plastic deformation has been established on the
structure of the experimental carbon steels, a fully uniform distribution of cementite globular precipitates along the
boundaries and volumes of grains was observed.

Keywords: low-carbon steel, high-strength steel, martensitic steel, grain boundary, precipitates, the role of nickel in steel, plastic
deformation, electron microscopy.
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YAK544.72.05.

BnnsHne MmukponermpoeaHuvs
HNMOoOueM U TUTAHOM Ha KMHETUKY
cerperupoBaHus MalbiX npumMmecen
B IF-cTanax

A. 10. Pawkosckuiz, A. U. Koeanes, [1. J1. BaHwTeiH,
U.T. PoamnoHoBa, 10. C. buikosa, 1. H. 3axapoBa

@Iy “UHnqsepmer nm. W.I1. bapanna’, r. Mockea. E-mail: a_rashkovskiy@sprg.ru

McenenoBaHmns KMHETUKW 3ePHOMPaHUYHOI CErperaLym Masbix NPUMECEN B CTaNsIX NSt ryOOKOM BbITSKKM MO3BONSIOT
YNY4WWTb UX MEXaHUYECKWE CBOICTBA, ONTUMM3NPYS MapameTpbl nocie fedbopMaLMOHHOr0 omkura. KuHeTuky
$opMMPOBaHUS 3epHOrPaHnyHbIxX cerperaumii C, N, P S nayyanu B xofie cepum U30TepMUYECKMX BbiiepXek 00pas3LIoB
npu Temneparypax ot 250 a0 550 °C B paboueii kamepe aNEKTPOHHOIO CNIEKTPOMETPA. XMMUYECKMIA COCTAB NOBEPXHOCTM
1CCNenoBani METOAOM cnekTpockonuu Oxe-anekTpoHoB. [ns Kaxmaoii U3 NpUMeceil paccYUThiBanM M30[03HbIe
C-06pasbie kpueble. [nd IF-CTaneii ¢ pasniyHbIM CofepxaHvemM Mukponervpytowumx 1o6asok Nb v Ti 6binv onpeaeneHb
TEeMnepaTypHO-BPEMEHHbIE MHTEPBAbI NPeuMyLLECTBEHHON cerperaumm C, N, P, S. NponeMoHCTprpoBaHo BAMSIHUE
MWKPOJIEMMPOBAHWS CTa/IM HUOBMEM W TUTAHOM Ha CErperaLyio NPUMECEi BHEAPEHWUS 1 3aMELLIEHNS.

KnioueBble cnosa: cTanu ins rnybokoii BLITSXKM, IF-cTanu, 3epHOrpaHnYHbIE Cerperalui, crekTpockonus Oxe-anekTpoHoB,
OTXMI, MUKPOJIErNPOBaHKE.

Investigations of grain boundaries segregation (GBS) of minor impurities in steels for deep-drawing allow improvement
of their mechanical properties by optimizing parameters of post-deformation heat treatment. The kinetics of GBS of C,
N, P and S was studied by series of isothermal heating of specimens in the spectrometer work chamber at the
temperatures between 250 and 550 centigrade. Surface chemical composition of samples was measured by Auger
electron spectroscopy. Isodose C-curves of GBS for each detected impurity were calculated. Time-temperature intervals
of preferential enrichment of grain boundaries by C, N, P, S were determined for IF-steels with various concentration of
micro-alloying elements (Nb and Ti). It was also demonstrated how interstitial and substitution impurities influence GBS
in IF-steel micro-alloyed by Nb and Ti.

Keywords: steels for deep drawing, IF-steels, grain boundary segregation, Auger electron spectroscopy, annealing, micro-alloying.
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SKoHOMUKa N opraHun3dauus rnpon3soactBa

YAK669.1.003.

NMpou3BOACTBO YepPHbIX MeTaslyIoB
B Poccuu m 3apy06eXxHbIX CTpaHax

H. X. MyxatauHos, A. A. Bpoaos, K. J1. Kocbipes

@My “UHWHqepmer um. W. 1. bapauna”, r. Mockea. E-mail: economy@chermet.net

ConocTagneHne COBPEMEHHOTO NPOM3BOACTBA CTa/W U NpokaTa B Poccum 1 BeayLuyx 3apybexHbIX cTpaHax. [MHammka
NPOM3BOACTBA YEPHBIX METaIOB B Poccum no Buaam npoaykuum B nepuog, 2007 — nepeoe nonyropve 2014rr.
MokasaHo UCnonb30BaHUe NPOM3BOACTBEHHBIX MOLLHOCTEMN, MHBECTULIMIA B YEPHYIO METAJUTYPIUIO M OCHOBHBIE HaKTOpPbI
3P EKTUBHOTO NPON3BOACTBA YEPHBIX METANINOB.

KnioyeBble C10Ba: NPOM3BOACTBO, YYryH, CTallb, MPOKAT, CTa/IbHbIE prﬁbl, VHBECTULMK, UCMONb30BAHNE MOLLHOCTEI.

The comparison of modern production of steel and rolled metal in Russia and the leading foreign countries.Dynamics
of ferrous metals production in Russia by product types in the period from 2007 to the first half of 2014.Production
capacity use, investments in ferrous metallurgy and the main factors of ferrous metals effective production are presented.

Keywords: production, iron, steel, rolled steel, steel pipes, investments, capacity use.
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YAK669.1.003

O cTpaTernm pa3suTug 4YepHoOM
MmeTtannyprum Poccumn Ha nepvon
Ao 2030 r.

H. X. MyxatauHos, A. A. bpopgos, K. J1. Kocbipes,
J1. . Makapos, B. A. LLUtaHckui

@My “UHWHqepmer um. W. 1. bapauna”, r. Mockea. E-mail: economy@chermet.net

Ha ocHoBaHuu npoekTa NporHo3a passuTus akoHommukin Poceum oo 2030 r., noarotoBneHHOro MMHIKOHOMPasBMTUS
Poccuu, rocyaapcTBeHHOI NporpaMmbl Pa3BUTUS MPOMBILLIEHHOCTY POCCUM 1 MOBbLILLEHWS €8 KOHKYPEHTOCNIOCOBHOCTY
102020 1., a Takxe CTpaTeruit pasBuTHS pasnuyHbIX OTpacnei 3koHoMUKM Poccum, NOAroTOBNEH NPOrHO3 pasBuUTHs!
yepHoii meTanyprium oo 2030 r. MokasaHbl HEO6X0AMMbIE MHBECTULWM A1 Pa3BUTMS OTPAcIK, 06beMbI MPUPOCTa
NPOK3BOACTBEHHBIX MOLLHOCTEN 1 HE06X0AMMbIE MEPONPUSTIAS 151 YCMIELLHON peannaauum CTpaTerum.

Kniouesble cnosa: BBI1, MHBECTULMM, NPOMBILLNIEHHOE NPOU3BOACTBO, AMHAMUKA NPOU3BOACTBA YEPHBIX METANNIOB, AMHAMMKA
noTpebneHns YePHbIX METAIIOB, PA3BUTVE OT/E/bHBIX OTPACHEN SKOHOMUKM, MPUPOCT MOLLHOCTEY! M0 NPOM3BOACTBY YEPHBIX METAIIOB.

The prognosis of ferrous metallurgy development in Russia until 2030 has been prepared on the basis of the project of
economic development of Russia until 2030, prepared by the Ministry of economic development, on the government
program of developing industry in Russia and increasing its competitiveness by 2020 and on the strategies for the
development of various branches of Russian economy as well. The required investments for the development of the
industry, the increase of production capacities and the necessary arrangements for the successful implementation of the
strategy have been accentuated.

Keywords: GDP, investments, industrial production, dynamics of ferrous metals production, dynamics of ferrous metals consumption,
development of economy particular branches, gain of capacities for ferrous metals production.
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KoHTpOsb MeTannypruyeckoro npou3BoAcTBa U MeTaa10npoayKUmm

YAK669-419.4.

UccnepoBaHue npupoabl AedpeKToB
ouMeTanna, BO3HUKaIOLWMX

Ha COBPEMEHHOM YpPOBHEe pa3BUTUSA
MeTaJiNNyprm4ecKkom TexXHO1Iormm

A. B. AMexHoB, A. W1. 3aiiues, U. I'. PoanoHosa, A. A. Maenos
Oy “UHnnsepmer mm. U.1.bapanna”, r. Mocksa.E-mail: amejnov@mail.ru, aizaitsev@yandex.ru

B pabote npencTaBneHbl pesynbTathl UCCNEN0BaHUS NPUYMH 00pa3oBaHKs aedekToB B GUMETanne, noiy4yeHHOM
METOA0M 3NIEKTPOLLNAKOBOI HaNMaBku ¢ NOCNEAYHOLEN ropsyeli NpoKaTKoii 3aroToBOK Ha ABYXCNOMHbIE JINCTBI.
Axanus NPWYNH BO3HUKHOBEHUSA ,U,ed)eKTOB NPOBOAWIIN C Y4E€TOM Pa3BUTUS METATYPrUYECKUX TEXHONOrUiN BbINIABKMN
CTasnei, MCnonb3yembix B KQYECTBE OCHOBHOMO €losi Gumetanna. MokazaHa BO3MOXHOCTb Y4acTusi BOLOPOAA B
00pa3oBaH1u AedeKToB.

KnioueBble cnoga: Gumetann, 3/1eKTPOLLIAKOBAs HAMJIaBka, NPOYHOCTb CLEMNEHUs, CMIOWHOCTb CLEnneHus, nedekTbl,
BbIiBNIIEMbIE MPU Y3K, HemeTannmyeckue BKIOYEHNS, LINAKOBbIE BKIIOYEHNS, BOAOPOAHbBIE NNOBYLIKW.

The paper presents the results of research into the causes of defects formation in the bimetal produced by electroslag
facing technique followed by hot rolling of billets to two-layer sheets. Analysis of the causes of defects was performed
with the due regard for development of metallurgical technologies for smelting steels used for the bimetal base layers.
The possibility of hydrogen involvement in the defects formation was established.

Keywords: bimetal, electroslag facing, adhesion, clutch continuity, defects detected by ultrasonic, non-metallic inclusions, slag
inclusions, hydrogen traps.
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NHpopmauyns

dryn UHUU KM “lNMpomeren” — 75 net

B stoMm roay ucnonusercs 75 net @I'YII ITHUU KM “IIpomereii” — BegymeMy HHCTUTYTY B 001acTu
CO3/1aHUS MaTepHajoB JJIS CYyJOCTPOCHHSA, aTOMHON M TEIUIOBON >HEPreTHKH, NOOBIUM U mepepaboTKu
HedTerazonpoaykroB. [IpakTnuecku rmojaBexa HHCTUTYT TecHO cotpyauuyaet ¢ LIHMW4epmer um. U.I1.bapnuna
B 00acTu pa3pabOTKU U BHEAPEHU HOBBIX MATEPHAJIOB U METAJUTYPIHUECKIX TEXHOJIOTHH UX IPOU3BOJICTBA.

Haumnnas c xonna 60-x ronoB XX B., B CBSI3H C aKTUBHBIM Pa3BUTHEM OTEUECTBEHHOTO KOPaOIeCTPOCHUS
[MHWU KM “TIpomereii” Obu1N pa3paboTaHbl HOBBIE CYJIOKOPITYCHBIE CTAJIH C HEJIOCTHKUMBIMH paHee (GU3UKO-
MEXaHH4YeCKIMH XapaKTepUCTUKaMH. [[0CKOIbKY MPUMEHSIBUINICS paHee MapTeHOBCKHUI ClI0C00 BBIMJIABKU
He oOecredynBai HEOOXOIMMOI0 METAaJIypPruuecKoro KadecTBa, TapaHTUPYIOMIEro BBHICOKHII YpPOBEHB
MeXaHHYeCKUX XapakTepucTuk HOBBIX cTaneil, THUM KM “IIpometeit” coBmectHo ¢ UDC um. E.O.ITatona n
HHWWuepmet, 00nagalomUMH YHUKAJIBHBIM OINBITOM pa3pabOTKH METAJIypTHYeCKHUX TEXHOJOTHH, U C
(rarmaHaM¥ OTEYECTBEHHOM KaueCTBEHHOM MeTalulyprun — 3aBogamu “JlHenpocnercrans”’, “A3oBcTais”,
“Kpachsiit Okt10ps” 1 >kopckuM 3aB010M — ObUIH pa3BEpHYTHI IINPOKOMacIITaOHbIE pabOTHI IO CO3AAHHIO
HOBBIX TEXHOJIOTHH MPOU3BOICTBA METOAOM dJIeKTpoIlIakoBoro neperiasa (D).

B xome paGoT mo ocBOEHHIO MPOU3BOACTBA KOPIYCHBIX cTaneit metomoM DIIT 6kt BRIOpan ciocobd u
oTpaboTaHa TEXHOJIOTHS U3TOTOBJICHUS PACXOyEMBIX 3JIEKTPOJIOB; OMPECIICHBI ONITHMAIbHBIC IJIEKTPUUECKIE
napaMeTpsl IeperiaBa, 00eceynBaoIINe NOJyYeHHE Ka9eCTBEHHBIX CIITUTKOB KaK 110 IOBEPXHOCTH, TaK U 110
MaKpOCTPYKTYype; pa3paboraH pexum TepmMuueckoit 06padotrku ciautkoB DI, mo3Bonstomuit 06ecneunTh
MOBBILICHHE UX AS(POPMUPYEMOCTH U MOJIy4eHHE OpaM C BBICOKHM KaueCTBOM ITOBEPXHOCTH.

Hansneitmee corpynandectso [ITHUW KM “IIpomereit” u IITHVH4epmeT npoaomKUIoCs B HalPaBICHUH
OCBOEHHSI HOBBIX MOIITHOCTEI METAJUTYprHUECKUX IPEANIPUATHI U yBeTmueHus Macchl cuTkoB DI 1 TonmuHb!
npokara 110 100 MM 171t o6ecniede s pacTyLIINX OTPeOHOCTEH KopalIecTPOCHHUS B HOBBIX CYIOKOPITYCHBIX CTaJISX.

Taxum 06pazom, pa3paboTaHHBIE CKBO3HBIE TEXHOJIOTHH 00ECIIeUNIA ITPOU3BOICTBO BEICOKOKAUYECTBEHHOTO
MeTaja i KopabieCTpOeHHs ¢ BRICOKMM YPOBHEM MEXaHHYECKUX CBONCTB, MOJHOCTBIO YIOBIETBOPSIOIIETO
TpeOOBaHMAM COBPEMEHHOTO KOpabIeCTPOCHHUS, a CIICIIHATNCTH HHCTUTYTOB, IPUHUMABIINE yYacTHe B paboTax,
6sutn HarpaxkaeHs! [Ipemueit Cosera muancTpoB CCCP u I'ocynapctsennoii mpemueit CCCP.
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11 aBrycra 2014 r. ucrionsmnocs 60 1eT U3BECTHOMY
Y4EHOMY — METAJUIOBENY, JOKTOPY TEXHUYECKHUX HayK,
3amectuTento aupekropa Lenrpa pusndeckoit xummm,
MaTCpUaIOBCICHUA, GI/IMeTaJ'[J'[OB U ClICUAJIbHBIX BUIOB
xoppo3uu LIHUuepmer umenn W.I1.bapauna Mpune
T"aBpunoBHe PonmonoBoii. CBOIO HAYUHYIO JEATETHHOCTh
rmocyie OKOHYaHHA MOCKOBCKOTO WHCTHUTYTa CTald U
criaBoB B 1977 r. U.I'PonnonoBa Havasa Ha kadeape
MCTAJUIOBCACHUA CTAJIU W BBICOKOIIPOYHBIX CIIJIABOB
OTOT'0 MHCTUTYTA. 3annmaia JOJDKHOCTHU MHIKCHEPA U
miaamiero Hayaaoro corpynauka. C 1981 mo 1984 rr.
obyuanach B acmupantype. B 1984 r. 3amuruna
KaHAWAATCKYIO AuccepTanuio 1 ¢ 1984 r. mmo HacTosIiee
Bpemst pabotaet B ®I'YII “IIHNHNgepmer um. N.I1.
bapnuna”.

OCHOBHBIM HallpaBJICHHEM €€ IeATeIFHOCTH CTajla
pa3paboTKa HayYHBIX OCHOB MOJTyYeHHsT OUMETAIIIOB C
KOPPO3UOHHO-CTOMKUM IIIAKUPYIOIIUM CIIOEM, TeX-
HOJIOTUH UX MMPOU3BOJCTBA, B TOM YHUCJIIC METOAOM
3JIEKTPOIIJIAKOBON HAIUIABKH, U OCBOEGHHE CO3JJAHHBIX
TEXHOJIOTH Ha MPAKTUKE. Pe3ysbTaThl paboThl O3BOIMIN
peInTh HApOJHOXO3IUCTBECHHYIO 3a71a4y 00eCIICUCHHUS
HedTenoObIBarOIeH 1 HedTenepepabaTrIBaOIICH
TIPOMBIIIUIEHHOCTH Ka4€CTBEHHO HOBOM OT€YECTBEHHOM
METaJIONPOIYKIMEH, HCIIOIB30BaHNE KOTOPOIl TOBBI-
LIaeT J0JITOBEYHOCTh M HAJACKHOCTh 00OPYIOBaHHMS,
CHMXKACT TPYAOECMKOCTE €TI0 U3TOTOBJICHUSA, IPUBOJIUT K
YAYYIIEHUIO SKOJOTHYECKOM 0OCTaHOBKU H3-3a CHHU-
JKeHUs aBapuitHocTH HedTenpoBoaoB. Ha Hedrenpo-
Mmbiciiax OAO “CnaBHedTh-Merrontedreras” mocTpoe-
HBI U HaxOJSTCSl B DKCIUTyaTaIlld TPyOOIIPOBOBI U3
CBapHBIX U OECIIIOBHBIX OMMETAIUTNYECKUX TPYO IpoTS-
JKEHHOCTHI0 Ootee 20 kM. B pesyisrare mpoBeneHHBIX
TIPOMBICJIOBBIX HUCITBITAHUHN o6pa3u013 OMMETAIUTMYECKHUX

UpuHe NBpUnoBHe
PoanoHoBsoii — 60 nert

TpyO 1 00pa3IOB-CBUACTENEH PA3TUUHBIX CTATICH MOYKHO
CIeNaTh 3aKJIF0YEHHE, YTO CPOK CITyKOBI TPYOOIIPOBOIOB
13 IUIAKUPOBAHHBIX TPYO cocTaBUT He MeHee 30 JieT.

Co Bropoii mosoBuHBI 1990-X rog0B OTHUM H3
OCHOBHBIX HanpaBiieHui nesirenbHocty .1 PogrioHoBoM
CTaJIO UccieloBaHNe (HPaKTOPOB, ONMPEIENIONINX KOp-
PO3HOHHYIO CTOMKOCTh CTaIH JUIsl He(DTEITPOMBICIIOBBIX
TpyOOIIPOBOIOB, TEIJIOBBIX CETEH M IPYTrUX BHIIOB
obopynoBanusi. BbuTo ycTaHOBIEHO, YTO Hporpecc B
Pa3BUTHUH YEPHOM METaJUTypruH, 00yCIOBICHHBIH, B
MIEPBYIO O4Yepenb, pa3paboTKOi U BHEAPECHUEM HOBBIX
TEXHOJIOTMU BBIIUIABKH M 00pabOTKM MeTaiia, Ipu
HEIOCTaTOYHO KOPPEKTHOM BBIOOPE TEXHOIOTHYECKUX
MapaMeTPOB MOKET MIPUBOAUTE K 3arPA3HEHUIO CTalIN
HEMETANINYECKIMHU BKIIOUCHHUSIMH, OTPHUIATEIBHO
BJIMSAIOIIMMY Ha PsiJi BAKHEUIIUX CBOMCTB MeTalla:
KOPPO3UOHHYIO CTOMKOCTb, Kaue€CTBO MOBEPXHOCTH,
YCTaJOCTHBIC U APYTHE XapaKTepUCTUKU. B gacTHOCTH,
MIPOBEACHHBIMHU UCCIIEIOBAaHUAMU OBLIO JOKA3aHO, UYTO
OCHOBHOM NIPUYHMHON aHOMAJIbHO BBICOKUX CKOPOCTEH
KOPPO3UH HEDTENPOMBICIOBBIX TPYOONPOBOIOB,
TEIUIOBBIX CETEil H HEKOTOPBIX JIPYTHUX BHIOB 000py-
JIOBAHUS SIBJIETCS 3arPA3HEHHOCTh CTAIN HEMETaJIIH-
YECKHMH BKITIOYEHUSIMH 0COOO0T0 THITa, BHOCUMBIMH B
CTaJib B IIpoOLiecce KOBIIOBOW 00padoTku. Takue BKITIO-
YeHHsI TOJIYYWIN Ha3BaHHE KOPPO3MOHHO-aKTHUBHBIX
Hemetaynaeckux BritoueHnit (KAHB). Beimn paspa-
60TaHBl M BHEAPEHBI CIIELUAIbHBIE METOJIBI, T03BO-
JIUBILKE ONPEAETUTh HICTOUHUKH UX BOSHUKHOBEHUS U
CKOPPEKTHPOBATh TEXHOJOTHYECKHE IMapaMeTphl BBI-
TUTABKH M BHENEYHOW 00paboTKH aiisi oOecredeHus
YHCTOTHI CTAJIH 110 BKIIOYCHUSM 3TOTO TUIIA.

C 2001 — 2004 rr. I.T. PogronoBa mpuHUMAaET
aKTUBHOE y4acTHe B Pa3pabOTKe TEXHOJIOTUH 1 OCBOCHHHI
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MIPOMBIIIIEHHOTO IIPOM3BOJICTBA HOBBIX KJIACCOB, THIIOB
1 MapOK aBTOJIMCTOBBIX CTaJIel. Perienne nocTaBieHHbIX
3a71a4 HOTpeOOBaIIO NCTIOIb30BAHUS OPUTMHAIBHBIX, HE
MMEIOIINX aHAJIOTOB B MUPOBOH IPAKTHKE, HAyKOEMKHX
11ox010B. OHM OCHOBaHbI HA BO3MOKHOCTH TIOJTyYEHUS
HEOOXOMMOT0 CTPYKTYPHOTO COCTOSIHUSI M 33JaHHOTO
YPOBHSI CBOWCTB CTJIH ITyTEM yTIPABICHHS IPOLIECCAMHU
(hopMHpOBaHUS BBIJICIICHUH HEMETAJUINYECKUX H30BbI-
TOYHBIX (pa3, COCTOSHIEM TBEPAOTO PACTBOPA, I'PAHUI]
3epeH, (OpM MPHUCYTCTBUS ITpUMeceii Ha BCEX ATamax
pon3BoACTBa. bruto co3nano 6onee 30 HOBBIX MapoK
ABTOJIMCTOBBIX CTaJeH, MPOU3BOACTBO KOTOPHIX OBLIO
ocBoeHo Ha OAO “MMK” u OAO “Cesepcrans”. 3a
uccnenosanus B 31oit ooacty B 2013 . .I". Ponnonosa
Obla yIocToeHa IpeMun npaBuTenbcTBa PO B obnacti
HayKH 1 TEXHUKH.

Ponuonosa U.I". aBTop 260 HayuHBIX TPYIOB, B TOM
gmcie AByx MoHorpadwuii u 50 marenros. Ee HayuHBIC
paboThl MyONUKYIOTCS B BEAYIIUX POCCHUCKUX U
MEXIyHApOAHBIX kKypHanax. OHa yuacTBOBaa B peasy-

3aiuu 10 npoekroB PODU, 6 nccnenoBaHuii o LeneBbM
nporpammaM MuHIpoMHayKu 1 MUHOOpHaYKH, OoIree
70 TpsSIMBIX XO3SHCTBEHHBIX JOTOBOPOB C METAJLTYPIHU-
yeckumu npeanpustusimu. U.I"Poauonosa Bezner npe-
[o/IaBaTeNIbcKylo nestenbHocTh. OHa wieH AK no
crenuanbHOCTH “MeTaioBeACHHE i TePMOOOpaboTKa
MetaioB ¥ ciasos” B HUTY “MUCuC”. Ilox ee pyko-
BOJICTBOM 3arnuiieHs! 10 guccepranuii Ha COMCKaHUE
YYCHOW CTEMEHU KaHIuAaTa TEXHUYCCKHX HayK. B
HACTOSIIIEEe BPEMsI SIBIISICTCSI HAYYHBIM PYKOBOIUTEIIEM
6 acriupanToB. C 2007 r. 1.I"PoarioHOBa aKTUBHBIH WieH
peIaKIMOHHON Koywiernu )xypHaina “TIpobiemsl gepHOH
METAJLTyPTUH i MATCPHATIOBEICHUS .

Konnexmuewr @I'VII “ILIHUHuepmem um.
UII Bapouna” u Llenmpa ¢usuueckoii xumuu, mame-
puanogedenus, OUMemManrio8 U CREeYUaIbHbIX U008
KOppO3uU, peOaKyuOHHAs KOLLe2Usl HAule2o HCypHAId
cepoeurno nozopasusirom Upuny I'aspunosny Poouonosy
¢ FOBHJIEEM, oicenaiom el Kpenkozo 300p08bs U
OanbHeUxX MeoPYecKUx YCnexos.
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