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TeopeTndeckme OCHOBbI METaJITypPrim

YAK 661.811

dopmMmupoBaHue MmeTansin4eckom m
KapoupHbix ¢pa3 npu nonyyeHumn
yrnepoaucrtoro ¢peppoxpoma:
Teopusa n 3KCNepuMeHT

B. E. PowwuH, A. B. PowuH, K. T. AxmeTos, B. 1. loBonouxkui,
10. H. lNoitxeHGepr

10xHo-Yparsckmwi rocyaapcTeeHHbNI yHvBepcTeT (HWY), r. Yensnuck. E-mail: roshchinve@susu.ac.ru

lpoaHanu3npoBaHb! CYLLECTBYIOLLME TEOPETUHECKME NPEACTABEHNS O MEXaHM3ME BOCCTAHOBIIEHMS! XENEe3a 1 XpoMa
13 NPUPOAHBIX XPOMMTOB. MoKa3aHa HeAOCTaTOuHAsk KOPPEKTHOCTb MOMBITOK OOBACHSTb SKCMNEPUMEHTANbHbIE
pe3ynbTarhl C NO3NLMIA ABYXCTAAMIAHONM CXEMbI YrNEPOAOTEPMUYECKOTO BOCCTaHOBNEHMS. OB0OLLEHbI Pe3ybTaThl
COBCTBEHHBIX 3KCMIEPUMEHTANbHBIX UCCNIEA0BAHNIA BOCCTAHOBEHMS META/IIOB M3 XPOMMTOBIX YL PA3HOM0 reHe3unca,
OTMEYEHO aKTUBHOE Y4acT1e B BOCCTAHOBMTENBHOM NPOLIECCE CUAMKATHOMN a3kl BMeLLaloLLei nopopsl. [MposeaeHs!
9KCMEPUMEHTBI C MCKYCCTBEHHBIM HAHECEHWEM Ha MOBEPXHOCTb XPOMLLIMMHENWAO0B CUINKATHBLIX a3 pasHOro CoCTasa.
lMosiBneHMe CMAMKATHOW NPOCNOWKN MEXy BOCCTAHOBMTENEM M LINWUHENUAOM Pe3KO YCKOPUIo NpoLecc
BOCCTAHOBJIEHWSI METAINIOB BHYTPM LUNMHENNAA U 00pa30BaHHs HA HAPY)XHOI NOBEPXHOCTH CUAMKATHOI NPOCIONKM
cnos kapouaos. MoyyeHHbIE B AaHHOI paboTe M M3BECTHbIE paHee SKCMIEPUMEHTANbHBIE PE3Y/bTATbI MPOAHAM3MPOBAHI
C NO3WLMIA Pa3BMBAEMOIA aBTOPaMM INEKTPOXUMMYECKOHA TEOPUM CENEKTUBHOTO TBEPAOGA3HOr0 OKWUCIEHMS -
BOCCTaHOB/EHMS. [10Ka3aHO COOTBETCTBUE AKCTEPUMEHTANIbHBIX PE3YIbTATOB PA3BUBAEMbIM MOIOXEHMAM TEOPUU.

KnioyeBble CNoBa: XPOMOBBIE PY/bl, XPOM, YTIEPOAMCTbIi (PEPPOXPOM, BOCCTAHOBINIEHME, kapGi006pa3oBaHme, WecTU3apsaHbii
KaT1OH XPOMa, SNEKTPOXUMUYECKIE MPOLIECCHI.

The current theoretical understanding of the mechanism of reduction of iron and chromium from natural chromites has
been analyzed. It is shown that efforts to explain the experimental results in the context of the two-stage scheme of
carbothermic reduction are not quite correct. The results of own experimental investigations of metal recovery from
chromite ores of different genesis have been generalized. Active involvement of a silicate phase of host rocks in the
recovery process was found. Experiments were carried out with chromespinelides, which surfaces were covered with
silicate phases of different composition. The silicate layer between the reducing agent and the spinelides dramatically
accelerated reactions of metals recovery within the spinelides and formation of carbides layers on the silicates outer
surface layer. The present and previously obtained experimental results have been analyzed in the context of the
electrochemical theory of selective solid-phase oxidation-reduction, which is developing by the authors. The experimental
results are consistent with the theory.

Keywords: chrome ores, chromium, carbon ferrochrome, recovery, carbide formation, six-charging cation of chromium, electrochemical
Processes.
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YAK621.778

OueHka 3dpPeKTUBHOCTH
dbopMmonameHeHusa nNPoBOJIOKN
B Npoxoae BOJIOYEHUS

I. H. T'ypbsHoB

000 “©EHUKC +”, bawxoproctan 453500, r. benopeuk, yn. Kpynckos, 43 — 31.
E-mail: GGNbelorhome@rambler.ru

MpennoxeHo oueHnBaTb 3PHEKTUBHOCTL HOPMOM3MEHEHIS B MPOXOLE BOSIOYEHNS MO OTHOLLIEHMIO 3HAYEHMIA NpUpOCTa
0CEBOr0 HaNPSXXEHWs! Ha OCYLLECTBAEHME NAACTUYECKON AedOopMaLM U OCEBOTO HaMPSXEHUS B TAHYLLEM KOHLE
MPOBOJIOYHOIA 3aroTOBKM. [pMBELEHbI PE3YNbTaThl pACYETa OTHOCUTENBHOMO NMPUPOCTA OCEBOTO HAMPSKEHNS], MAYLLEro
Ha M3MeHeHue GopMbI 3ar0TOBKW, NPEOAONEHNE CUilbl KOHTAKTHOTO TPEHMS U OCYLLECTBAEHWE AOMNONHUTENLHOM
Jnedopmauuy cagvra MeTasiia Ha BXoAE W BbIXoAe paboyero KoHyCe BOMIOKM B 3aBUCUMOCTM OT OCHOBHBIX apaMETPoB
Jedopmaumn.

KnioyeBble CNoBa: BONIOYEHUE, NPOBOJIOKA, 0CEBOE HAMPSXEHWe, BONOKA, M3MeHeHWe GopMbl, 3amac Npo4HOCTH, KO3hGULMEHT
TpeHus, AedhopMaLMOHHOE YNPOYHEHWE.

It has been suggested to evaluate the effectiveness of deformation in the course of drawing by the ratio between the
increase in the axial stress required for plastic deformation and the axial stress at the drawing end of the wire rod. The
results are presented of calculations (in relation to deformation basic parameters) of the relative increase in the axial
stress, required for changing the shape of the workpiece; for overcoming the contact friction force and for additional
shear strain of the metal in the inlet and outlet of the operating die bell.

Keywords: drawing, wire, axial stress, die, deformation, safety factor, friction coefficient, strain hardening.
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CbipbeBasi 6a3a HepHOV MeTaIyprimv

YAK620.067.1

YBenunyeHve npon3BoauTesibHOCTU
yyYyacTKa nsiaBJieHUs NeHTokcuaa
BaHagua OAO “EBPA3 BaHapuii Tyna”
3a cYeT CHMXXEHUS BJZIAXXHOCTU NacThbl
neHTokcupa BaHagus

W. C. Epmakos!, B. J1. Tyxukos', A. A. ®odaHos?,
. 1. Cyxos', WU. B. Buiroeckas', 0. B. Benukosa'

" OAO “EBPA3 Baranwi Tyna’, r. Tyna. E-mail: lvan.Ermakov@evraz.com, vanadium@evraz.com
2,000 “EspasXonamnr”, r. Mocksa. E-mail: Alexander. Fofanov@evraz.com

Anann3 pabotbl OAO “EBPA3 Banapuit Tyna” B pasnuyHble nepuogbl BPEMEHW BbISBUN NPSMYI0 3aBUCUMOCTb
NPOM3BOANTENBHOCTM y4acTKa NMNaBNEHUs NEHTOKCUAA BaHaaust OT BNAXHOCTM MAcTbl NEHTOKCMAA BaHAmu,
3arpyxaemoi B nevb nnagki. MpoBEREHHbIE OMBITHO-NPOMBILLNIEHHbBIE UCTbITAHYS NO3BOAUM NOA0OPATL OMTUMAIBHYIO
Lmknorpammy paboTsl GuaLTP-NPeccoB. B pesynbtate NpoBeAEHHbIX MEPONPUSTUIA YAANOCh CHU3UTL BTAXHOCTb
NacTbl NEHTOKCMAA BaHAAVS B CpeaHeM Ha 3,5%, TeM caMbiM YBENMYMB NPON3BOAMTENBHOCTb YYaCTKa NiaBeHus
neHTokcnaa BaHaams Ha 11,8%.

KnioyeBble CoBa: NEHTOKCWA, BaHaaws, Nacta, BNaxHOCTb, pUNbTP-NPECC, NPOM3BOAMTENLHOCTD.

Analysis of operation of the “Evraz Vanadiy Tula” open society at varying length of time has revealed a direct dependence
of the capacity of the vanadium pentoxide melting shop on the humidity of vanadium pentoxide paste charged into the
smelting furnace. Conducted trial tests allowed selection an optimal cyclogram for filter-presses operations. The performed
measures resulted in reducing the vanadium pentoxide paste humidity by 3.5 pct. on average thus increasing the
capacity of the vanadium pentoxide melting shop by 11.8 pct.

Keywords: vanadium pentoxide, paste, humidity, filter-press, capacity.
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TexHosorn4eckmne npoLecchbl MeTaanyprim

YAK669.1

AP PeKTMBHOCTbL MCMNOJIL3OBAHUS
0aKasibCKUX CUAepuToB B AL OMEHHOM
npouecce

A. C. Bycuxuc, J1. W. Jleontbes, B. C. l'ynakos, [. 3. KyauHos

Wrncturyt metannyprim YpO PAH, r. ExatepurOypr.
E-mail: vasS58@mail.ru, gvs49@mail.ru, d.kudinov@mail.ru.

B paboTe npoBeaeHa oLeHka 3PHEKTUBHOCTI MCNIONBb30BaHMS Pa3NIMUYHbIX CUAEPUTOBLIX MaTEPUANIOB, U3rOTOBJIEHHbIX
U3 MCXOMOHOI pyabl (CbIPOi; 0O0XKEHHbIA; YNPOYHEHHbI; METANNM30BaHHbIA CUAEPUT, NOCNENHUIA B BUIE
KOHLIEHTPATOB, BOCCTAHOBJNIEHHbIX ZI0 Pa3nin4HOI CTeneHm metanmaaumm — Fe, . /Fe o — 20 — 80 %), npv BBEAEHUM
WX B PYAHYHO YaCTb LUMXTbI IOMEHHOA NNIaBKM B konyecTse oT 5 10 20 %, nyTem conocTaeneHus 6a30Bbix nokasateneii
paboTbl AOMEHHOI NeYn C pesynbTaTaMu aHAMTUYECKIUX PacyeToB. okasaHo, YTo NapamMeTpbl AOMEHHOI NaBKkK
MOTYT Y/y4LIaThCs B 3aBUCUMOCTM OT YCNOBMIA MONYYEHNS STUX MATEPUAIOB (NOBbILLIAETCS MPOM3BOAUTENBHOCT,
CHMXAeTCs pacxop kokca). Ho 061was TeHAeHLMS COBPEMEHHOTO IOMEHHOO NPOLIECCA — UCTONb30BAHME CUAEPUTOR
Jn9 NOMLIMXTOBKW B KonnyecTBax He 6onee 15 — 20 % OT 06LLEro KOAMYECTBA XENE30PYAHON YacTH LNXTbI —
coxpansercs. Heobxopmma pa3paboTka uHoi cxembl nepepaboTki CuaepuToB, KOTOpast No3BosuAa Obl pacLUMPUTL

00bEM WX UCTIONb30BAHNS.

Knioyesble €noBa: CUOEPUT, KOHLIEHTPAT, OKCWUL, MarHus, ,quap60Hmaau,vm, 00Xur, MeTaniusaums, JOMeHHas niaBka,
maremMarnyeckas Moaenb.

In this paper we evaluated the effectiveness of the use of different siderite materials made from the original ore (raw;
calcined; hardened; metallized siderites in the form of concentrates recovered to varying degrees of metallization —
Fe,e/Fe,a — 20 — 80 pet) through correlation between the base factors of blast furnaces operation and the results of
analytical calculations. These materials were added to the ore part of blast-furnace burden in the amount from 5 to 20
pct. It was found that indexes of blast-furnaces smelting can be improved depending on the conditions of these materials
production (productivity increased, coke consumption reduced). But the general tendency of modern blast furnace
process — the use of siderites for burdening in the amounts of no more than 15 — 20 pct of the total amount of iron ore,
is saved. Development of another scheme for siderites processing is required for theirs use expansion.

Keywords: siderite, concentrate, magnesium oxide, decarbonization, annealling, metallization, blast furnace - smelting, mathematical
model.
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YAK669-422.11.

UccneposaHue TMNOB U NPUYUH
BO3HUKHOBeHUa pnedekrTos
HenpepbIBHONMIUTbIX 3aroTOBOK,
COPTOBOIrO NpoKaTa v roToBbIX N3aenumn
U3 PeCCOPHO-MNMPYXUHHbIX CTaneun,

B TOM 4YMCJie, CBA3aHHbIX C 00Opa3oBaHMeM
HeMeTaJIJ/IM4YeCKUX BKITIIOYEeHUA

A. 0. 3aiiues’, A. B. Crenanos', B. A. Capbiyes?, A. 10. [13106a2

" oy “LHMsgomer v, W.IT. Bapanka’, r. Mocksa. E-mail: aizaitsev@yandex.ru, aizaitsev@mu-net 1u.
2 0A0 “MMK’, r.Maruutoropcx.

C MCcnonb30BaHMEM COBPEMEHHBIX METOAMK ONMTMYECKOW M 3NEKTPOHHON MUKPOCKONUM, NOKANbHOrO
PEHTTEHOCNEKTPAILHOMO aHaNM3a BbINOHEHO AETAIbHOE UCCEN0BaHNE METajlia HEMPEPLIBHOIMTON 3aroTOBKM,
KpYr/10ro COpPTOBOrO NPOKaTa AxamMeTpom 14 MM 1 U3TOTOBIEHHBIX U3 HETO YNIPYTUX 3/IEMEHTOB (MPYXMH). YCTaHOBNEHO,
4TO CO CTa/IENNaBMIIbHbIM MPOM3BOACTBOM CBSI3aHbI M MOTYT ObITb NPERYNPEXaeHs creayiowye fedekTbl: packaTaHHbIi
My3biPb, TPELLMHA 11 30Ha NONHOTO UM YACTMYHOIO 00e3yrnepoxuBaHus. GopMMpoBaHWe apyrux, HaMHoro Gonee
NPeACTaBUTENbHLIX BUAOB AebEKTOB (HEMETANIMYECKUE BKIIIOYEHUS, BKATaHHAS OKalMHA, 30HbI MOHOMO Wm
YaCTUYHOrO 00E3YrNEPOXMBAHMS, MIEHA, YACTUYHO TPELLMHA), @ TAKKE BO3MOXHBIX 1X CyNnepno3uLmii NPOMCXOAUT B
MpOLIECCE HarpeBa 3aroToBOK W ropsiyeit NacTU4eckoii AeopmaLy B pesynbTare 0BLLEro 1 CeNeKTUBHOMO OKUCIEHMS
cranu, paseutis addekta PebuHaepa.

KnioueBbile C/10Ba: PECCOPHO-MPYXUHHbIE CTANW, KPYIiblil COPTOBOM NPOKAT, AedeKTh METaNa, CTaNlen/iaBuibHOe NPOU3BOLCTEO,
NpoKaTHOE NPOV3BOZICTBO, HEMETAIMYECKVE BKIIIOYEHIS, OKaIHa, 06e3yrnepoXuBaHme.

Modern techniques of optical and electron microscopy, X-ray spectrometry were used for detailed research of the metal
of continuously cast ingots, round bars of 14 mm in diameter and resilient elements (springs) made from the bars. It
was found that the defects like expanded blisters, cracks and zones of complete or partial decarburization are connected
with steelmaking and can be prevented. Forming other much more representative types of defects (non-metallic
inclusions, rolled-in scale, zone of partial or complete decarburization, scab, partially crack), as well as their possible
superposition, occurs in the course of ingots heating and hot plastic deformation due to general and selective oxidation
of the metal, development of Rebinder effect.

Keywords: spring steel, round bars, metal defects, steelmaking, rolling, non-metallic inclusions, scale, decarburization.
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YAK669.786

BnnsHmne pexxvumMmoB nj1ia3smMmeHHO-AyroBoro
nepensasa Ha coaepXxaHue a3oTa
B ctasimu 10X8HMB®b

J1.E. Wykuna', A. E. Cémun!, A. C. Tiodptsies?, . A. dDununnos®

"HUTY “MUCuC’, r. Mocksa. E-mail: asemin2007@yandex.ru.
2 O6venmHeHHbIi UHCTUTYT Bbicokux Temneparyp PAH, r. Mocksa. E-mail: 16mvb@mail.ru.
3ryn “LHqepmer um. W.1.Bapanna’, r. Mocksa. E-mail: lutik 181@mail.ru, iqs12@yandex.ru.

B cratbe pacCMOTPEHbI PEXMMBI JIErYPOBaHUS CTasW a30TOM MPUW NNa3MEHHO-AYroBOM nepenase. Mcnonb3osatue
nnasmMbl NO3BONSIET BAMSATb HA GOPMY MPUCYTCTBUS a30Ta B ra30BOM MOTOKE (MONEKYNsipHasi, BO3OYX/AEHHas,
aromapHas). B nocnepHux iByx hopmax a3oT BECbMa aKTMBHO NOTTIOLLAETCS META/IIOM, YTO M03BONAET 33 IOCTATOYHO
KOPOTKOE BPEMsi NoNy4uThb TPeBYeMOoe ero conepxanme B Metanne. NposeneHa cepyst TabopaTopHbIX KCTIEPUMEHTOB
no azotupoeaHuto ctanu 10X8HMBMB, B peaynbTarte KOTOPbIX YCTAHOB/EHb! HAUNYYLLKE NApaMETpPbI NPOLIECCA.

KnioyeBble CoBa: CrneuuanbHas MeTalypris, a3oTucTble CTau, nnasmMeHHo-ayroBoii Nepennas, pacxos, a3ora, coaepxaque
asoTa.

The article deals with conditions of steel alloying with nitrogen in the course of plasma-arc remelting. Plasma using allows
influencing the form of nitrogen presence in the gas stream (molecular, excited, atomic). Nitrogen in the last two forms
is very actively absorbed by the metal, which permits obtaining its desired concentration in the metal for a relatively short
time. A series of laboratory experiments on nitriding the 10Cr8NiMoWVND steel have been carried out, which resulted in
determination the best conditions of the process.

Keywords: special metallurgy, nitrogen steel, plasma-arc remelting, nitrogen consumption flow, the nitrogen content.
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YAK669-419.4.

SBOJIIOLUNA HEMETAJNIJINYECKUNX
BKJIIOMEHUM B npouecce BHene4yHoun
00pabOTKN KOHCTPYKLMOHHBbIX CTanemn

C. B. Crykanumn, A. 0. KazaHkoB
@ryIn “UHMsepmer” um. W.I1. bapauxa, r. Mockea. E-mail: staspoint@yandex.ru

B pabote uccnenoaHa SBONIOLINS HEMETAIMYECKUX BKIIOYEHUIA B HU3KONETUPOBAHHBIX CTANSAX, PACKUCIIEHHBIX
anoMuH1EM 1 06pab0TaHHBIX KaNbLIMEM HA CTAAMSIX OT BbiNycka MeTasuia A0 pasnueku. CocTas BKIIOYEHMIA ONpeaensm
NPV NOMOLLIY SNEKTPOHHOIA MUKPOCKOMMM METOLIOM SHEProAMCIEPCUOHHOTO aHANK3a. YCTaHOB/IEHO, YTO B COCTABE
PACKMCIEHHOrO METaIa MPENUMYLLIECTBEHHO BCTPEYAIOTCS BKIIIOYEHNS C SIPOM 13 a/IOMOMArHUEBO LLMUHENW, KOTOpbIe
rocsie 00paboTKM KasbLveM TpaHCHOPMUPYIOTCA BO BKtodeHIs cuctembl MgO — Al,O, — CaO ¢ cynbdmaHoil 0607104Koi
u3 CaS. BbisiBneHa 3aB1CMMOCTb KONIMUECTBA HEMETAILINYECKUX BKITI4eHuit cuctembl MgO — Al,O, — Ca0 — CaS ot
COMIEPXaHs KarbLIWs 1 CEpbl B METAE.

Knioyesble cnoBa: BHeneyHas 06p360TKa, HEMeTasIn4eckne BKIOUYeHNUd, COCTaB, 3BONOLMSA, KOPPO3NOHHAA aKTUBHOCTD,
NlOMOMArH1eBast LWNUHENb, CyNbGuAbl, TIOMUHAT KabLWS.

Evolution of non-metallic inclusions in Al-killed, Ca-treated low-alloy steels has been studied at the stages from tapping
to casting. The composition of inclusions was determined using electron microscopy by means of energy-dispersive
analysis. It has been established that in the deoxidized metal predominantly occurring inclusions have aluminum-
magnesium spinel cores. After processing with calcium they transform into MgO — Al,O, — CaQ inclusions enveloped
in CasS sulfide. It was found how the amount of non-metallic inclusions of the Mg0O — Al,O, — Ca0 — CaS$ system
depended on calcium and sulfur content in the metal.

Keywords: ladle treatment, non-metallic inclusions, composition, evolution, corrosivity, aluminum-magnesium spinel, sulfides,
calcium aluminate.
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Marepmanose,quMe n HOBble Mmarepuarsibl

YAK621.774.2.

BavaHiue ¢opopmMoBKU B BasibLlax

Ha KOMMJIEKC MeXaHN4YeCKUX CBOUCTB
MeTaJila 3JIeKTPOCBapPHbIX TPYO
OoNbLUOro guameTpa

U. M. Wa6anos, . M. ConoBbes, I'. A. dununnos, 0. B. JineaHoBa
@ryI “UHMWqepmer um. W. 11, bapanna”, r. Mocksa. E-mail: iqs12@yandex.ru

MpoBeneHbl MCCNEN0BaHNS KOMMIIEKCA MEXAHWMYECKMX CBOVCTB U COMPOTMBNEHUS Pa3pyLUEHUIO METana aucTa u
rOTOBOW TPYObI, N3rOTOBNEHHDIX HA IMHUM GOPMOBKU B BaJTbLIAX B MUCXOAHOM W COCTAPEHHOM COCTOSIHUM. YCTAHOBNEHO,
YTO TPYOHbIA NEpeaen He 0Ka3blBAET CYLLECTBEHHOIO BMUSIHUS HA MPOYHOCTHBIE W MAIACTMYECKIE XapaKTEPUCTUKU, HO
MOBBILLAET YAAPHYI0 BA3KOCTb OTHOCUTENBHO YPOBHS IUCTA. B Hanbonblueii cTeneHm TpyOHbIN nepeaen okasbiBaeT
B/MSIHWE HA NapameTPbl COMPOTUBIEHMS Pa3PYLLEHMIO B 0651acTh “kpomka”. TpyOHbIV Nepeaen NoBbILIAET CKIOHHOCTb
K ieOpMaLMOHHOMY CTapEeHMIo, @ Pas3BuTHE AerpafauMoHHbIX NPOLECCOB NPK AJUTENbHOM aKcnyaTauum Tpyo
3aBUCHT OT CTeneHm eopMaLMOHHOO BO3AENCTBYS B JIOKANbHBIX 061ACTSX MO CEYEHMIO TPYObI.

KnioueBble coBa: pOpMOBKa B BaIbLIAX, ANEKTPOCBAPHbIE TPYOLI 60/bLLOMO AMamMeTpa, e opMaLIMOHHOE CTApeHNE, MEXaHUYeckue
CBOMCTBA.

Researches have been performed of the complex of mechanical properties and resistance to destruction of the metals
of a sheet and a finished pipe, produced on the line with 3-roll bending process, in the initial and aged states. The pipe
repartition is found to have no essential effect on strength and plastic characteristics, but it increases the impact strength
concerning the sheet level. The most pronounced effect the pipe repartition has on the parameters of destruction
resistance of the edge area. The pipe repartition increases tendency to strain ageing, but the development of degradation
processes at long operation of pipes depends on the extent of deformation influence in local areas on the pipe section.

Keywords: 3-roll bending process, electric-welded pipes of large diameter, strain ageing, mechanical properties.
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YAK621.785.5:539.62

OueHKa BIMSIHUA YCI0OBUIA TPEeHUs

Ha KOHTaKTHYIO BbIHOCJIUBOCTb
NnoAaBepPrHyTbiX XMMUKO-TEPMNYECKOMN
0o0paboTke 3yOG4aTbiX Konec

U3 KOMIUJIEKCHO-JIErMPOBaHHbIX
TenJOCTOMKUX cTanen

M.10. CemeHoB

@My “UHWNqepmet um. W.11. bapanna”, MITY um. H.3. baymana, r. Mockga.
Email: szigona.podzogin@gmail.com

lpoBeaeHa OuUeHKA COMPOTMBEHWSI KOHTAKTHOM YCTANOCTW MOBEPXHOCTM MOABEPTHYTHIX XMMMKO-TEPMMUYECKOM
00paboTke 3y6uaTbix KONEC U3 TEMIOCTOIKYX CTaeli B 3aBUCUMOCTH OT 3 PEKTUBHOCTY 3aLLMTHI OT CXBATbIBAHUS. Ha
OCHOBE PacyeToB BAMSHWS UHTEHCMBHOCTM TPEHMS HA pacnpeneneHne NPMBEAEHHbIX KOHTAKTHBIX HANPSXeHUs B
3ybyatom 3auenneHu 060CHOBaHA rMMOTE3a O CYLECTBOBAHMM [IBYX MEXAHU3MOB KOHTAKTHO-YCTaNOCTHOMO
PaspyLLEHIS: NOBEPXHOCTHOO M NOAMOBEPXHOCTHOIO, NPUOPUTET KOTOPLIX ONPEAENSIETCS YCNOBUSIMU B3aUMOLECTBIS
CONPSHKEHHBIX MOBEPXHOCTEN. peanoxeHbl peKOMEHAALWM MO BbIBOPY MaTepUaoB 1 BAPUAaHTOB XMMMKO-TEPMUYECKON
00paboTKyM BbICOKOHArPYXEeHHbIX 3y6uaTbix nepeay.

KntoyeBble cnosa: XUMUKO-TEPMUYECKas 06pa60TKa, KOMMMJIEKCHO-NIErnpoBaHHbIEe CTan, TEMIOCTOolKMe CTaN, KOHTAKTHO-
YCTA/IOCTHOE PaspyLLEHUe, TPEHne

The contact fatigue resistance of gear wheels made from heat-resistant steels and hardened by thermo-chemical
treatment has been estimated depending on the effectiveness of seizure protection. Based on calculations of the friction
effect on the contact stress distribution in gearing a hypothesis has been justified that there exist two mechanisms of
contact fatigue damages: surface and subsurface. The mechanisms priority depends on the friction conditions.
Recommendations have been suggested for choosing steel grades and thermo-chemical treatment options for heavily
loaded gears.

Keywords: thermo-chemical treatment, complex-alloyed steels, heat-resistant steels, contact fatigue failure, friction.
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YAK620.179:621.791.927.5

CTpyKkTypa n CBOMCTBA N3HOCOCTOMNKOM
Hans1aBku Ha ctanb Xappokc 400

E. B. Kanpanos', E. A. Bynosckux', B. E. pomos’, C. B. Paiikos’,
A. M. Tnesep?, 10. ®. Usanos®

' CubmpcKkmii rocynapCTBeHHbIN MHAYCTOMANBHBIN YHUBEPCHTET, T. HOBOKY3HELK.

E-mail: gromov@physics.Ssibsiu.ru.

20ryn “UHMyepmer nm. W.1M.Bapanna’, r. Mocksa. E-mail: a.glezer@mail.ru.

3MHCTM7yT CUIIbHOTOYHOM anekTpoHuky CO PAH, HaumoHanbHbiii nccnenoBatenbckuii ToMckwi
TOSIMTEXHUYECKMI YHUBEPCUTET, I'. TOMCK.

MeTtoaamu CBETOBOI, NPOCBEYMBAIOLLIEN 1 CKAHUPYHOLLIE SNEKTPOHHON MUKPOCKOMMM, @ TAKKE PEHTTEHOCTPYKTYPHOMO
aHanu13a nNpoaHaIM3MpoBaHbl 0COBEHHOCTY CTPYKTYPLI 1 $Ha30BOro COCTaBAa ANEKTPO/YrOBOI HaMaBKy NOPOLLKOBOA
nposonokoit EnDOtecDO*30 Ha ctanb Hardox 400. YcTaHOBNEHO, YTO HannaBka MMEeT U3HOCOCTOMKOCTb B [1Ba pasa
BblllE, @ KO3hPULMEHT TpeHns B 1,2 pasa HUxe, YeM ucxopHas cranb. OCHOBHOM MPUYMHOI YBENMYEHUS
TpUOONOTNYECKMX XaPaKTEPUCTMK HANMABKU MO CPABHEHMIO C NOMJIOXKON SBNsSeTCs GOPMUPOBAHME B HEll HAHO- Y
CyOMUKPOPa3MepPHbIX YaCTHLL KapOuaHbIX, GOpUaHBIX 1 kapoobopUaHLIX $a3 Ha 0cHoBe xene3a (bonee 40%).

Krioyesble CnoBa: 3/1EKTPOAYroBas Hansaska, MopoLLIKOBas MPOBOJOKA, CTPYKTYPHO-(ha3oBoe COCTOSHUE, M3HOCOCTOMKOCT,
K03OULIMEHT TPEHMS, HAHO- 1 CYOMUKPOPa3MepHbIe ¢dasbl.

Methods of optical, transmission and scanning electron microscopy, X-ray diffraction analysis were applied to study
specific features of the structure and phase composition of the facing on the surface of the Hardox 400 steel arc welded
by the EnDOtec DO*30 powder wire. It was established that the facing has wear resistance two times higher and the
friction coefficient of 1.2 times lower than the initial steel. The main reason for the increase of the facing tribological
characteristics compared with the sublayer lies in the formation in it of nanosized and submicroscopic particles of
carbide, boride and carboborade phases on iron basis (over 40 %).

Keywords: arc-welded facing, powder wire, structural-phase state, wear resistance, friction coefficient, nanosized particles,
submicroscopic particles.
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YAK669.15:614.8

BavaHue gnntesibHOM aKcnayaTauumn
n nedopmMaLNOHHOro CTapeHus
KOHCTPYKUMUOHHOM cTtanu 09Ir2C

Ha CONpPOTUBJIEHUE Pa3pPYLUEHUIO

M UCKPOOOpa3yioLylo CNOCOOHOCTb

B. 10. HaBuens', B. I'. Ctpyyanun’, H. O. JIusaHoBsa?,
I. A. ®ununnos?

! Mockosckwii rocyaapCTBeHHbIi YHUBEPCHTET nyTeit coobLyermns “MUNT”, . Mocksa.
2.@ryn “UHMyepmer um. W.11. bapanka’, r. Mocksa. E-mail: igs12@yandex.ru

MCCHGD,OBaHO BIINAHUSA }J,ﬂl/lTGﬂbHOVI JKcnnyarauun Ha MexaHu4eckue CBOVICTBa, COMPOTUBJIEHNE PA3PYLUEHNIO W
CKNOHHOCTb K AedopMauuoHHOMy cTapeHuto ctanm 09I2C, ucnonb3yemoit B KayecTBe Matepuana s
Xene3HoA0POXHbIX LIUCTEPH. yCTaHOBJ'IeHO, YTO AnnTenbHas aKCryatauus npakTM4yeckn He Oka3blBaeT BIMAHUA HA
BpeMeHHOe ConpoTuBIeHNE U NnacTu4eckne CBOIZCTB&, HO CHMXaeT conpoTuBieHNE pa3pyLLEHNIO. I'onasaHo, 4YTO B
pesynbTate AedOpPMaLMOHHOTO CTapeHus MOBbILLAETCS Npefen TekyyecTu. BoickasaHo npeanonoxexue o6
0TpULIATENBHOM BMSHIM AedOpMaLMOHHOIO cTapeHus cTanm 0912C Ha npoLiece MCKpoobpa3oBaHus.

KntoueBble CNIOBa; XeNe3HOLOPOXHbIE LIMCTEPHDI, AyMTESIbHAs AKCTUTyaTaLys, NOXapOoOonacHOCTb, MCKPOOOPa30BaHUe, MEXaHUYeck1e
CBOViCTBA, AepOPMALMOHHOE CTapeHue, TPELLMHOCTONKOCTb.

Influences of continuous long-term operation have been studied on mechanical properties, resistance to destruction
and tendency to strain aging of the 09Mn2Si steel, which is used as the material for railway tanks. The continuous long-
term operation is established to have practically no impact on temporary resistance and plastic properties, but reduces
resistance to destruction. It is shown that strain aging resulted in increasing the yield strength. It is suggested that strain
aging of the 09Mn2Si steel might affect negatively spark formation process.

Keywords: railway tanks, continuous operation, fire hazard, spark formation, mechanical properties, strain aging, crack resistance.
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lMopoLukoBasi metannyprus

YAK621.762

NMopoLwKoBbie KOMMO3ULMOHHbIE
MaTepuasbl HA OCHOBEe MONUOaeHa

U. 0. EpwoBa, 0. b. ®enoreHkoBa
@My “UHnnsepmer mm. W.11.bapannHa”, r.Mockea. E-mail:akimenko08@ mail.ru

PaccMOTpeHbI TEXHONOTMYECKe 0COBEHHOCTY M3rOTOBIEHNS MOPOLLKOBbIX AEHOPMMPOBAHHBIX 1 KOMMO3ULIMOHHBIX
MaTepuaoB Tna NCeBAOCNIABOB HA OCHOBE MONMOMEHa, UX NMPEUMYLLIECTBA M HepocTaTku. MiccnenoBaH ¢asoBblii
COCTaB Mocyie CrekaHusi KOMMO3ULMOHHBIX MaTepuanoB ¢ A06aBkaMu TYroniaBKMX COEAMHEHWA METaNsoB
IVA — VA rpynn Tabmupl [ M. MeHneneesa (kapouabl, 60puabl, HUTpUab], OKCuabl). M3ydeHbl MexaHUieckme CBOIICTBA
marepuanos npu 20 — 1800 °C npm ucnbiTaHnsx Ha pacTsbkeHue. MNokasaHbl NPeMMYLLIECTBA U HEAOCTATKM NCEBAOCIIIABOB
Ha 0CHOBE MonnbaeHa u BonbGpama. MccneoBaHbl 0COOEHHOCTV paspyLUeHnst 06pasLIoB Mo TMMy 13foMa Nocne
MEXaHWNYECKMX UCTIBITaHMIA.

Kniouesble CoBa: MOMMBIEH, BOSbhPaM, ME[lb, MOPOLLKOBAsA METATYPI IS, TYrOM/IaBK/E COSAMHEHNS, KOMTMOVLIMOHHLIE MaTEpUanbl,
MCEBOCNNIAB, MAKPOCTPYKTYPA, MEXaHWYECKVE CBOMCTBA, MOBEPXHOCTb PaspyLLIEHMS.

Technological features of manufacturing, advantages and disadvantages were considered of molybdenum-based powder
deformed and powder composite materials of the pseudo-alloys type. The phase composition was studied of the
sintered composite materials doped with refractory compounds of metals that belonged to the IVA — VA groups of the
periodic table (carbides, borides, nitrides, oxides). Mechanical properties of the materials were studied at
20-1800 centigrade by tensile tests. The advantages and disadvantages of pseudo-alloys based on molybdenum and
tungsten were revealed. The specific features of samples fracture surfaces after mechanical testing were examined.

Keywords: molybdenum, tungsten, copper, powder metallurgy, refractory compounds, composite materials, pseudo-alloy,
microstructure, mechanical properties, fracture surface.

ITPOBJIEMbI YEPHOM METAJITYPIVIM M MATEPYATIOBEZIEHNS 2015 Ne 1 93


Наташа
Текст

Наташа
Текст

Наташа
Записка
Unmarked установлено Наташа

Наташа
Записка
Unmarked установлено Наташа


SKoHOMUKa N opraHun3dauuns rnpon3soactBa

YAK621.746.047

DKoHOMuU4Yeckass 3pPeKTUBHOCTb
NPMMeEeHeHnd NJIa3MEeHHOoro noaorpesa
ctanun B npomkoswe MHJ13

H. X. Myxatantos!, A. C. Tiodprses?, 1. U. I0cynos?,
I. A. ®uamnnos’

'Oryr “LHNsepmer mm. W.I1. bapanna®, r. Mocksa.
206bennHEHHBI MHCTUTYT BbICOKUX Temnepatyp PAH, r. Mocksa.E-mail: spt yusupov@mail.ru.

CratncTieckme MCCnea0BaHus 3aBUCUMOCTU BbIXOAA FOAHOMO METaIA OT CTEMNEHM NEpPerpeBa Hag, IMKBUIYCOM Mpu
pa3NMBKe NOKa3ai BO3MOXHOCTb 3HAUMTENBHOMO YBESIMYEHUS BbIXOAA METaIa NyTEM CTabunM3aLmmu TemMneparypb
CTa/n Npy PasnnBKe, COXPaHI MUHUMANbHBIA Neperpes Hag AMkenaycoM. OouH M3 CyLIECTBYIOLWMX CNOCOBO0B
DOCTUXEHWUS 3TOW Lenu — nna3MeHHbIA NOLOrpeB CTanu B NPOMKOBLUE. Bbln NPON3BELEH OLEHOYHbIA PacyET
9KOHOMUYECKON 3GEKTUBHOCTU KanUTaNbHBIX BOXEHWIA NPY BHEAPEHWM Na3MEHHOTO NOAOTPEBa CTai B IPOMKOBLLE
MHII3.

KntoyeBble CnoBa: nyiasMeHHbI NOJOTPEB METaING, NPOMEXYTOYHBIA KOBLL, SKOHOMUYECKas (dEKTUBHOCTb, TeMneparypa
CTa/u, KauecTso cnsiba.

Statistical research of metal yield, depending on the degree of superheating above liquidus in the course of casting, has
revealed the possibility of a significant increase in metal yield by stabilizing the temperature of the casting steel and
maintaining minimum superheating above liquidus. One of the existing methods to achieve this goal is plasma heating
of steel in the tundish. Estimate calculations were carried out of the cost efficiency of capital investments in the
implementation of plasma heating of steel in the caster tundish.

Keywords: plasma heating of metal, tundish, economic efficiency, steel temperature, slab quality.
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KoHTpOsb MeTannypruyeckoro npou3BoAcTBa U MeTaa10npoayKUmm

YAK621.746:681.5.001.57.

Mopenb cuctembl NPOrHO3pPoOBaHNSA
nedeKkToB 1 ynpaBJ/iIeHU Ka4eCTBOM
HenpepbIBHOJINTbIX 3aroToOBOK

M. A.ToneHkos, A. [l. Yepros, B. M. MapwuH
@y “UHWWyepmet um. W.11. Bapanna”, r. Mocksa. E-mail: xfl@comtv.ru

B ctathe M3noxeH nopxof, NpUMEHsIeMbIi s NoMCKa B3AUMOCBSI3ei MeXy TEXHONOrNYecKUMM napamMeTpaMu
HernpepbIBHOI Pas/vBKI 1 NOKa3aTeNsiMIM KaYecTBa HEMPEPLIBHOMMTHLIX 3ar0TOBOK. MpencTaeneHbl 0CO6EHHOCTY pacyeTa
1 pe3ynbTathl GYHKLIMOHMPOBAHWS MOLIENW CUCTEMBI IPOTHO3MPOBaHWS Ka4ecTBa CsiOoB.

KnioyeBble cnoBa: HenpepbiBHas pasnuBka, cnsboeas 3aroToBka, NPOrHO3MPOBaHME AehEKTOB, YNpaBNeHUe KauecTBOM,
MHTENNEKTYa/bHas CUCTEMA, HEVPOHHAS! CETb.

The article describes an approach for searching relationships between the technological parameters of continuous
casting and cast billets quality indicators. Specific features of calculations are presented together with the results of
functioning of the system model for slabs quality prediction.

Keywords: continuous casting, slab blank, defects forecasting, quality control, intelligent system, neural network.
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