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TeopeTndeckme OCHOBbI METaJITypPrim

YAK621.73-412.004.12

NU3yyeHne BNUAHUA KoHpurypaumm
Ky3He4HbIX CJZIMTKOB Ha pacnpeanesieHue
XUMUYECKUNX DNIEMEHTOB

Mo UX CeYEeHUIo

B. C. ly0, A. H. Pomawkun, A. H. Manbruvos, U. A. UBaHoB,
L. C. Toncmbix

OAO HIIO “UHMUTMALLY, r. Mockea. E-mail: an romashkin@cniitmash.ru, raslovo@bk.ru.

Ha oCHOBaHWM KOMMbIOTEPHOTO MOAENMPOBaHMS U 000OLLEHNS MMEIOLLErOCS OMbiTA U3Y4EHUS XUMUYECKON
HEOJHOPOAHOCTH KY3HEYHbIX CIUTKOB BbisIBNIEHbI 06LLIME 3aKOHOMEPHOCTM pacrpeneneHns IMKBaToB B OCEBOM W
paavanbHOM HaNpaBNEHUsIX.

KnioyeBble CoBa: CUTOK, TEXHONOrMS, pa3nveka, HEOAHOPOLHOCTb, JIKBALMSA, CErperaums, 3aTeepaeBaHne, Kpuctanamusaums,
[EHAPUTBI, CKOPOCTb.

Based on computer modeling and generalization of the experience of studying chemical heterogeneity in forging ingots
general regularities have been identified in distribution of segregating steel components in axial and radial directions.

Keywords: ingot, technology, casting, heterogeneity, segregation, solidification, crystallization, dendrites, rate.
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CbipbeBasi 6a3a HepHOV MeTaIyprimv

YK 669.001.12/.18

NMepcnexkTuBbl NpoOU3BOACTBA
MeTaJIJIM4eCcKOoro MmapraHua ns 6egHbix
pya B Poccun.

1. Cutyaumsa Ha MUPOBOM PbIHKE

A. 10. Xykos', A. H. Ceperun?

" PXTY um. [1.1. Menpeneesa, r. Mocksa. E-mail:dzhukov35@yandex.ru.
2.@ryn “UHMyepmer um. W.11. bapanHa”, r.Mocksa. E-mail: ferrosplav@chermet.net

lMpoBeaeHa OLEeHKA pa3BedaHHbIX 3anacoB MapraHUEBbIX Py B POCCMM M B MMPE 1 MX KOMMOHEHTHOrO COCTaBa.
Mcnonb3oBaHKe MapraHLa SBSETCS HEOTLEMIIEMOIA YaCTbIO CTANENUTEHOM NPOMbILLNEHHOCTW. MapraHel, obnanaeT
0COObIMU XMMUYECKUMM CBOUCTBAMM, 33 CHET KOTOPbIX MOBCEMECTHO UCNOSb3YETCsl B CTaNeniaBuibHbIX NPOLIECCaX,
SBNASICH BAXHEMLLVM IETMPYIOLLIMM 3ieMeHTOM. 10 M1poBbIM 06bEMaM UCTONb30BaHIS MapraHeL, SBNSIETCS YETBEPTHIM
META/INIOM NMOCIIE XeNe3a, AlloMUHIS M MeaK. 3a MUHYBLLIEE AECSTUNETVE CEMMKPATHO BO3PACM 00beMbI NPOM3BOACTBA
METANIMYECKOTO MapraHLa.

Kniouesbie C/10Ba: MapraHeL, MapraHLeBble py/bl, CTaNIe/UTEHas MPOMBILLIIEHHOCTb, IETVIPOBAHIE, CrIJIaB, SNEKTPONTUYECKMIA
mapraHet,

Established resources of manganese ores in Russia and in the world and their component compositions have been
assessed. Use of manganese is an integral part of the steel industry. Manganese possesses specific chemical properties,
due to which it is widely used in steelmaking processes as important alloying ingredient. On the global scale of the use,
manganese is the fourth metal after iron, aluminium and copper. Over the past decade, the volume of production of
manganese metal has increased sevenfold.

Keywords: manganese, manganese ores, steel industry, alloying, alloy, electrolytic manganese.
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TexHosorn4eckmne npoLecchbl MeTaanyprim

YAK669.18

NMpob6nembl cTanennaBuibHOrO
NPOu3BOACTBa HA COBPEMEHHOM JTane

B. A. CuHenbHuKOB
lpeacrasutenscteo OAO “HJIMK” B Mockse. E-mail: sinelnikov va@nlmk.ru

B XXI B. Ha nepeaHmMin NiaH MCCNENO0BaHMIA M NPOMBILLAEHHOTO NPUMEHEHNS BbIABUMAIOTCS MPOLECCH GU3NYECKOTO
BO3AENCTBMS Ha XWOKWA METIN NPMW BbIMIABKE W PA3AMBKE: UCMO/b30BaHUE HWU3KOBOJLTHOTO 3MIEKTPUYECKOrO
MoTeHLMaNa B KOHBEPTEPE; YNbTPA3BYKA W ANEKTPOMArHUTHOO NepeMELLIMBAHIS XUAKOrO METaslIa B MPOLIECCE PasfIBKY.
9TV BO3AENCTBYS NO3BONIST NONYYaTh GOSEE BLICOKMIA YPOBEHD KauecTBa roTOBOI NpoAyKLmMK. K BaXHbIM BONpOCam
COBPEMEHHOrO CTa/IenNaBuIbHOTO NPON3BOACTBA OTHOCUTCS MMKPOJIEMMPOBAHWE CTaM HATPUA000PA3YOLMMK
3NIEMEHTaMM W iuratypamu, COAepXaLLMn CUMKOKabLmiA, 6apuii u P3M. HepelueHHbIMM npobiiemMamu B HacTosLLee
BPEMSI OCTAIOTCS CHUXEHWE OCEBOIA IMKBALMM B HEMPEPLIBHOMMTLIM CIIUTKE [/151 MOMTYYEHUS BHYTPEHHEN CTPYKTYPbI Ha
ypoBHe 1-ro knacca no wkane MaHecmaHa; npon3Boacteo 6e3nedekTHbix CnsiboB Npu pasnueke cTanei
NEepUTEKTUYECKOr0 COCTaBa. dTu NPo6MeMbl YCUAMBAIOTCS NPU HENPEPbIBHOM pas3nMBke TONCTHIX CNs00B Ha
KPMBONUHENHBIX U paamanbHbix MH3. PelueHue HaiiieHo ToNbKo B 0THOLLEHUM MHJT3 BepTukanbHoro Tuna. [JaHHble
00CTOATENLCTBA HEODXOAUMO YYMTLIBATL METANNYPrUYECKM MPEANPUATUAM MPU PEKOHCTPYKLIMU W CTPOUTENLCTBE
HoBbix MHJT3.

KrioueBble COBA: KMCNIOPOAHO-KOHBEPTEPHbIA NPOLIECC, HU3KOBOMBTHBIN NIEKTPUYECKMIA MOTEHLMAN, YNIbTPA3BYK, HEMPEpbIBHas
Pa3NMBKa, ANEKTPOMArHUTHOE NepeMeLLNBaHNE, HUTPUOHO0OPA3YIOLLME ANIEMEHTbI, 0CEBas JIMKBALMS, NEPUTEKTUNECKAs CTalb,
TocTonsabosas MH/3, Markoe o6xarue 3aroToBKM.

The XXl century has brought to the forefront the investigations and industrial applications of physical actions on the
molten metal during smelting and casting: the use of low-voltage electrical potential in the converter; ultrasound and
electromagnetic stirring of molten metal in the course casting process. These actions make it possible to achieve a higher
level of finished steel quality. The important issues of modern steelmaking are microalloying of steel with nitride-forming
elements and additions of ligatures containing calcium silicon, barium and REM. At present among the unresolved
problems remain reduction of center segregation in continuously cast ingots required for obtaining the internal structure
at the 1st class level on the Mannesmann’s scale; production of flawless slabs during casting steels of peritectic
composition. Continuous casting of thick slabs on curved and radial CCM exacerbate these problems. The solution is
found only for vertical type continuous casters. These circumstances should be considered by metallurgical enterprises
while reconstruction and construction of new CCM.

Keywords: basic oxygen process, low-voltage electrical potential, ultrasound, continuous casting, electromagnetic stirring, nitride-
forming elements, center segregation, peritectic steel, thick slab caster, billets soft draft.
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YAK620.193

UccnepoBaHue KOMIJIEKCHOM TEXHOJI0rMn
npou3BOACTBA LUTPUINCOBOro MeTasuia

C LieNbl0 CHWKEHUS YPOBHS OTCOPTUPOBKU
HenpepbIBHOMUTBLIX 3aroTOBOK U NpoKaTa no
AedeKkram noBepxHOCTU U pe3yfikTaTam
Y/IbTPa3BYKOBOro KOHTPONA

A.WN. 3aies!, U.T. Panponosa', C. B. Hukoxos?, A. 1. Xopoumnos!

" @rymn “UHmqepmer um. W.M.bapanHa”, Mocksa. E-mail: aizaitsev@mtu-net.ru
2 4epMK OAO “Cesepctanb”, r. Yepenosew, Bonoroackas o611,

MpoBeneHo AeTanbHOE TEOPETUYECKOE U 3KCMEPUMEHTAIbHOE UCCNeaoBaHue HA Bonbliom Maccuse (okono 300)
ONbITHBIX KOHBEPTEPHbIX M/12BOK MPUYMH U MEXaHM3MOB HOPMMPOBAHUA HA BCEX nepeaenax AedekToB NoBepxXHOCTH
LUTPMICOBOrO MeTaa 1 AedeKToB, BbISIBASIEMbIX NPU YALTPA3BYKOBOM KOHTPOAE. 0Kka3aHo, 4TO BO3HUKHOBEHME
ZJedeKToB CTanenaBuIbHOTO NPOMCXOXAEHUS MOXET ObiThb CBS3aHO CO CeaytoLMmM GakTopami: TUM, COCTOSHKE,
Ka4eCTBO HAaCTPOWKU M CTabUnbHOCTL paboTsl YHPC; HapyLUeHWe TEXHONOM M HENPEPBIBHOI Pa3NMBKY 151 KOHKPETHbIX
3aroTOBOK; NOBLILIEHHOE COLlepXaHue W/uin HepaBHOBMEPHOe pacnpe/eneHne BOAOPOA B METANE; NPUCYTCTBUE
HEMETUTMYECKIX BKIIOYEHMIA. OHM MOryT BbiTb Kak HE3aBUCUMLIMM, Tak M YCUMBaTL AeicTeue apyr apyra. C
UCNO/b30BaHWEM COBPEMEHHbLIX METOL0B HU3NKO-XMMUYECKOTO MOLENUPOBAHUSA U aHanM3a YCTaHOBJEHDI
3aKOHOMEPHOCTM 3BOIOLM HEMETIIMYECKMX BKITHOYEHWIA MO X0y KOBLUIOBOY 06paboTkM M HEMPEPBIBHOI Pa3NMBKH
CTaJ1, W HaleHs KII0YEBbIE TEXHONOMMYECKME NapaMeTpbl NPOM3BOACTBA LUTPUMCOBOIO METa/IA, KOHTPOMPYIOLLME
BO3MOXHOCTb BO3HUKHOBEHUS AEEKTOB NOBEPXHOCTU. YCTAHOBNEHbI UX ONMTUMAJIbHBIE 3HAYEHN MUHUMU3UPYIOLLVE
WM NpeaynpexpaloLme oTCopTUPOBKY npokara no aedektam. OfHO3HAYHO MOKA3aHO, YTO MPEANOCHIIKM
BO3HUKHOBEHMS AEhEKTOB PasHbIX TUTMOB, 3A/I0XEHHbIE Ha NPEAbIaYLUMX CTaausix 06paboTKy CTaM, MOTYT NPOSIBASTLCS

WU He NPoABNATLCA Ha NOCNEAYIOLLIUX nepeaenax B 3aBUCUMOCTI OT I'IpVIHﬂTOI7I TEXHONOrnun.

KnioyeBble CnoBa: HEMPEPbIBHONMTLIE 3ar0TOBKM, LUTPUNCOBLIA NPOKaT, AedeKThl NOBEPXHOCTH, AedeKThl, BbiSBNAEMbIE Npu
YNbTPa3ByKOBOM KOHTPOE, BOLOPO/, B CTAIW, HEMETANNIMYECKME BKIIIOYEHMS.

Causes and mechanisms of forming surface defects and defects that are detected by ultrasonic control have been
theoretically and experimentally studied in detail on all phases of skelp steel production. A data bulk of about 300
converter melting was used for the purpose. It has been shown that the occurrence of defects of steelmaking origin may
be connected with the following factors: the type, condition, quality settings and processing stability of continuous
casting machines; breakdowns in processing of continuous casting of specific billets; the increased content and / or
uneven distribution of hydrogen in the metal; the presence of non-metallic inclusions. These factors might be both
independent and reinforce each other’s action. Regularities of evolution of nonmetallic inclusions during the ladle
treatment and continuous casting of steel have been established by modern methods of physical and chemical analysis
and modeling. This enabled us to find the key technological parameters of skelp steel production that control surface
defects appearance. The optimal values of these parameters have been determined that allow minimizing or preventing
rejection of rolled metal by defects. Simultaneously it has been shown that prerequisites for appearance of various types
of defects generated at the previous phases of steel processing might or might not reveal themselves at subsequent

process phases, depending on the adopted technology.

Keywords: continuously-cast billets, skelp steel, surface defects, defects detected by ultrasonic control, hydrogen in steel, non-
metallic inclusions.
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O TexHonoruyeckom obecneyeHumn
BbIMJ1IAaBKU HU3KOYrNMepoancToun
BbICOKOMNMPOYHOU KOHCTPYKLUMOHHOM
cTanu

b. ®. 3uHbko, P. K. Yenrenus, 0. 1. Mopo3os,
K. J1. Kocbipes

Oy “UHnhqepmer nm. W.1. bapanxa”, r. Mockea. E-mail: morozov@chermet.net

BbinonHEH aHanM3 pasBuUTHS TEXHOMOT M BbINIABKM BHICOKOMPOYHBIX MAPOK KOHCTPYKLIMOHHO CTanu. PacCMOTpEHbI
BOMPOCHI 06ECMNeyYeHns YNCTOTbl CTanu Mo COAEPXAHUI0 BPEAHbIX MPUMECEN U MOBLILEHMI0 Ka4YecTBa
meTannonpoaykuuu. MokasaHo BausHWe GOPMbI HEMETAIMYECKMX BKIIOYEHWUA HA HANPSXEHHOE COCTOsHWE
METAIOKOHCTPYKLIMIA.

KnioyeBbie CnoBa: TpeGOBava K Ka4eCTBY CTaJI1, BbICOKONPO4HaA CTaJlb, TEXHOJIOTUS BbIM/1aBKN, HEMETaNIINYECKNE BKITIOHYEHNS,
nedocdopaums.

The development of smelting technology of high-strength constructional steel has been analyzed. The following problems
have been considered: ensuring of steel cleanness in harmful impurities content and improvement of metal production
quality. The influence of non-metallic inclusions shapes on the stressed state of metal frameworks has been established.

Keywords: quality requirements for steel, high-strength steel, smelting technology, nonmetallic inclusions, dephosphorization.
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PaHynupoBaHHbIN PnioC
ONA LEeHTPOOEeXXHOro fiuTba

K. H. BoosuH, J1.T. Cbiub, A. B. MeHsiitno

@rboY BIO “MarnuToropckwii rocyaapCTBeHHbIN TexHudeckwii yHusepcutet um. I.W. Hocosa”,
r. Maruutoropek. E-mail: kn.vdovin@gmail.com

PaccmoTpeHbl cywecTaytome Gockl, NPUMEHIEMbIE ANs MTbS NPOKATHBIX BAKOB, Yka3aHbl MX HE0CTaTKM.
Mono6paHbl MaTepuanbl fns HOBOro GJitoca U METOAAMM TEPMOTPaBUMETPUM U AnddEPeHLMaNbHO-CKAHMPYIOLLEN
KaIopUMETPUN NOYYUM MHGOPMALMIO 0 pa30BbIX NPEBPALLEHUSX U XMMUYECKVX PEAKLIMSIX, MPOUCXOASILLMX B HOBOM
dnioce, YCTAHOBUAM: XapaKTEPUCTVKM Pa3MSrYeHust, MNaBNeHs, pacTekaHus 1 Kpuctannsaumun. Bee nccneposaxms
NPOBOAWIM B YC/OBYSIX HEMPEPBIBHOMO HarpeBa 1 oxiaxaeHus 06pasLo. co ckopocTbio 10 “C/MUH B cpeie MHEPTHOrO
rasa (aprota). I3rotoBum 1 MCMbITann B NPOU3BOLCTBE MPaHyIMPOBAHHbIA GAIOC NP INTLE LIEHTPOOEXHBIM CrIOCOBOM
NpoKaTHbIX BaskoB. Do Aan NONOXMTENbHbINA PE3ynbTaT U BHEAPSIETCS B NPOU3BOLCTBO.

Knioueebie cnosa: Gpioc, Lwiak, LEHTPOGEXHOE INTbE, BAOK, LLako06Pa3yHoLLAs CMECH, KAIOPUMETPHS, TEDMOTPaBUMETPMS.

The existing fluxes used for casting of forming rolls were considered and theirs imperfections were indicated. Materials
were chosen for a new flux and with thermogravimetry and differential scanning calorimetry techniques information was
obtained about phase transitions and chemical reactions occurring in the new flux. Characteristics of the flux softening,
melting, spreading and crystallization were found. All studies were conducted under samples continuous heating and
cooling with rate of 10 centigrade per min in inert gas (argon). The granulated flux was prepared and tested in the course
of centrifugal casting of forming rolls. Testing gave positive results and now the flux is applying in industry.

Keywords: flux, slag, centrifugal casting, roll, slag-forming mixture, calorimetry, thermogravimetry .
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lNepepaboTka TEXHOr€HHOIro ChbipPbSl

YAK543.427:543.421: 543.51

O HeKkOoTOpbLIX MeToaax onpenesieHns
coaep>XxXaHusg MeTansioB NJAaTUHOBOM
rpynnbl B OTPA0OTaHHbLIX aBTOMOOUJIbHbIX
KaTanm3aTopax u npoaykKkrax ux
nepepadboTkm

H. H. ®epionnnal, A. C. Kupnuenko?, U. ®. Cepérunal,
A. U. Bonkos?, A. H. Cepérnn2

" ®reoy Brio “Mry wm. M.B. Jlomorocosa’, r. Mocksa.
2.@ryn “LHMyepmer um. .M. bapanna®, r. Mocksa. E-mail: rhenium@list.ru,
ferrosplav@chermet.net.

ConocragneHbl pe3ynbTaTbl ONpeaeneHns MET/IOB NiaTMHOBO rpynnbl (M) B 0TpaboTaHHbIX aBTOMOOMIIBHBIX
kaTanmsaropax M NpoaykTax ux nepepaboTku (Crnasa u Lwaka) METOAaMM PEHTTEHOIYOPECLEHTHOTO aHaK3a
(P®A), aTomHO-abcopOLMoHHOM criekTpockonuu (AAC) 1 Macc-CneKTPOMETPIN C UHAYKTUBHO-CBA3AHHOM Ma3Moii
(MC-MCI). OtmeyeHo, 4To yyBCTBUTENBHOCTL PMA HepocTatouHa ang onpenenequs MM B wnake. Metoa POA
PEKOMEH0BAH KaK 3KCMPECCHbIA M Mano3arparHblii cnocob onpeaenenns MIT B katanusaropax 1 METaE TOMbKO
MNPV HAMYMKM rPanYVMPOBOYHBIX 00pa3LoB. MeToaom AAC He yaanoch ONpefennTb NaTuHy BO Bcex 06pasuax. dtoT
MeToz 6e3 NpeaABapMTENbHON CTaaUM Pa3aeneHms M KOHLIEHTPUPOBAHHS MPUTOLEH TONbKO 1St ONPELENeHst poaus
v nannagus B obpasLiax karanuaaropa u metasia. Metog MC-UCI npuroner ans onpenenenmns MIT kak B MCXOAHBIX
kaTanmsaropax, Tak 1 B NPOAyKTax ux nepepaboTku. ITOT METOA, HE3AMEHUM NPK aHaIM3e LUNaka.

KnioueBbie cnoBa: 0TpaboTaHHbIE aBTOMOOU/IbHBIE KaTaM3aTopbI, MPOAYKTHI NepepaboTKy KaTanm3aTopoB, METaIbl NNATMHOBOM
TPYNMbl, XAMUYECKWIA aHANN3, MACC-CNEKTPOMETPHS C MHAYKTMBHO-CBSA3aHHOI MN1a3Moit, aTOMHO-abCOPOLIMOHHAS CIEKTPOCKONNS,
PEHTreHOMNYOPECLEHTHBI aHAN3.

Results of analyzing dead motor catalysts and products of their recycling (alloy and slag) for platinum group metals
(PGM) are compared. The following methods were applied: x-ray fluorescence analysis (XRF), atomic absorption
spectroscopy (AAS) and mass spectrometry with inductively coupled plasma (ICP-MS). The sensitivity of the XRF was
found insufficient for PMG contents determination in slag. This method is recommended as a rapid and cost-effective
way to determine the PMG in catalysts and metal on condition that calibrated samples are available. The AAS technique
failed to determine platinum in all samples. Without the preliminary stage of the separation and concentration it is suitable
only for determination of rhodium and palladium in samples of the catalysts and metal. The ICP-MS method is suitable
for the PGM determination both in catalysts and products of their recycling. This method is indispensable for the slag
analysis.

Keywords: dead motor catalysts, products of catalysts recycling, platinum group metals, chemical analysis, mass spectrometry with
inductively coupled plasma, atomic absorption spectroscopy, x-ray fluorescence analysis.
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YAK669.18:669.04.:669.12

dopmupoBaHue BHYTPEHHUX NOJIENn
HanNpsa>XeHuun B penbcax

10. ®. UsaHos'-2, B. E. pomos?, A. M. Inesep?, A. B. IOpbes®,
K. B. Bonkog®, K. B. Mopo3og?®, E. B. lMonesoit®, K. B. Ancapaesa®

" HauwmoransHbiii nccnegoBaresibckmi TOMCKW MOSMTEXHUYECKWI YHUBEDCUTET.
E-mail: yufi5b@mail.ru.

2 WHeTuTYT CunbHOTOYHOI 3nekTpoHuky CO PAH, r.Tomck.

3 Cubupckmii rocyiapCTBEHHBIA HAYCTOUATIbHBI YHUBEPCUTET, I. HOBOKYSHELIK.
E-mail: gromov@physics.sibsiu.ru.

4 oIy “LyHUepmer mm. W.1. BapanHa”, r. Mocksa. E-mail-a.glezer@mail.ru

5 0AO “EBPA3 — O6beamHeHHbIi 3ananHo-Cubupckwii MEeTatypriHeckmii KomouHar”,
r. HosokysHeuk. E-mail: volkov kv@nkmk.ru.

MeTozamu NpoCBEYMBAIOLLEN ANEKTPOHHON AUPPAKLIMOHHOI MUKPOCKOMM BbINOAHEH NOCONHDIA aHANU3 BHYTPEHHMX
nonei HanpsiXeHuiA, opMUPYIOLLIMXCS B PeNbCax, NOABEPrHyTHIX 00bEMHON 3aKasKe C NOCNEeAYOLLMM OTMYCKOM M
InddepeHLMpOBaHHON 3aKake BO3AYXOM. YCTaHOBAEHO, Y4TO NAIOTHOCTb KOHLIEHTPATOPOB HANPSXXEHWN JOCTUraeT
MaKCUMaIbHOTO 3HAYEHWUS Yy MOBEPXHOCTW KaTaHus. [lng 06bEMHO 3aKaieHHbIX PEIbCOB OHA BbIlLE, YeM s
AnddepeHLMPOBaHHO 3akasieHHbIX. Hanbonee onacHbIMM KOHLIEHTPATOPaMM HAaNPSDKEHNIA, KOTOPLIE NPEUMYLLIECTBEHHO
$hopmMupyIOTCS B PeNbCax, NOABEPrHYTHIX 06bEMHON 3aKaske, SBASIOTCS rPaHuLbl pasaena rnodynspHble YacTuubl
LleMEHTMTa — MaTpuLa.

Kntoyesble CNoBa: penbChbl, CTPYKTYPa, GpasoBblit COCTAB, 3akaska, BHYTPEHHME MOAS HANPSXEHWNA.

The transmission electron diffraction microscopy technique was applied for the layer by layer analysis of the internal
stress fields being formed in rails subjected to the bulk hardening with the following tempering and differentiated
hardening by the air. It is established that the stress concentrators density reaches the maximum value at the tread
contact surface. It is higher for the bulk hardened rails than for differentiated hardened ones. The most dangerous stress
concentrators which are predominantly forming in the rails subjected to the bulk hardening are the interfaces between
globular cementite particles and matrix.

Keywords: rails, structure, phase composition, hardening, internal stress fields.
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UccnepoBaHue ¢pa30BbIX nNpeBpaLleHnmn
npuv Harpeee Xos04HOKaTaHOM
MMKpPOJIermpoBaHHOW HUOOMem ctanu

C. B. flwyk', H. I. Wanownxukos', A. B. Huuwmk!,
C. E. dununnosa?

" @rymn “UHMnqepmer nm.W.11. Bapanma, r. Mocksa. E-mail: nicolas-shaposhnikov@rambler.ru
2 @reo0y Brio “Mry um. M.B.Jlomoxocosa”, r. Mocksa.

Metozom DTA npy pasnmnyHbIx CKOPOCTSIX HArpesa uccnenoBaHbl GasoBbie NPEBPALLEHS B ABYX HU3KOYINEPOAUCTbIX
CTaJIsIX, OfiHa 13 KOTOPbIX MUKPONENPOoBaHa HMoBreM. OBHapyXeHo, 4To 00pa30BaHie aycTeHuTa B e OPMUPOBAHHOM
METaJINe CONPOBOXAAETCH HE OAHUM, KaK B OTOXCKEHHOM, & BYMS 3HAOTEPMUYECKUMM addekTamu. Mpn yBenmyeHum
CKOPOCTV HarpeBa “HU3KOTEMNEPaTYPHbIA” 3ddEKT BO3pacTaeT 3a CYET “BbicokoTemnepatypHoro”. Mpm 3ToM cTeneHb
3TOr0 N3MEHEHMS B MUKDOJIErMPOBaHHOM CTa/i MEHbLLE. BbickazaHo Npeanonoxexue, 4To HabnioaaeMoe oTnyue B
MOBELEHUN CTalel CBS3aHO C OCODEHHOCTAMM B3aUMOAEWCTBIS MPOLIECCOB PEKPUCTANNM3ALMM U 00pa30BaHus
ayCTeHuTa.

KnioueBble CnoBa: XonofHokataHas CTaib, MUKPONErvpOBaHHas CTalb, PeKpUCTanin3aums, o6pa3oBaHue aycTeHuTa,
InddepeHLMabHbI TEPMUYECKUA aHANNS.

Method DTA was applied to study phase transformations in two low-carbon steels, one of which was microalloyed with
niobium, at various heating rates. It was found that austenite formation in the deformed metal is accompanied by not one
endothermic effect as in the annealed state but two endothermic effects. As the heating rate grew the “low-temperature”
effect increased at the expence of the “high-temperature” one. The degree of the effect changes was smaller in the
microalloyed steel. It was suggested that the observed difference in the steels behaviour is due to the peculiarities of
interconnection between processes of recrystallization and austenitizing.

Keywords: cold-rolled steel, microalloyed steel, recrystallization, austenite formation, differential thermal analysis.
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CoBepLueHCTBOBaHUE MmaTtepuana aons
$PPUKLMOHHOIO KJZIMHA Yy3/1a raluieHus
KoNie0aHMM TeneXKm rpy3oBoro BaroHa

A. B. Ta6eu!, A. B. Cyxos2, M. B. Canetos?, I'. A. ®ununnos*

000 “CubTparncMaw’, r. bapHayn,

2 0AO “BHMMXT’, r. Mocksa

3 “BIPK-2”, r.Mocksa

4 Oryn “UHmyepmer mm. U.1M.6apannHa’, r. Mocksa. E-mail: igs12@yandex.ru

MpoBefeH aHanu3 NpUYMH HEYAOBNETBOPUTENBHOM 3KCMTyaTaLMOHHON CTOWKOCTM paboymx NOBEPXHOCTEN
(PUKLMOHHBIX KITMHLEB TENEXEK BArOHOB, M3rOTOBNEHHBIX 13 YyryHa Mapku CH25. YcTaHoBNEHO, YTO 3TO CBSI3aHO C
HE[0CTATOYHON TBEPAOCTLIO MaTepuana. MpeanoxeH cocTas MOAUPMLIMPOBAHHOMO EMMPOBAHHOO YyryHa MapKm
YMH-35M ¢ noBbILLIEHHBIMI TBEPAOCTbIO, MPOYHOCTLIO M M3HOCOCTOMKOCTBIO. YCOBEPLUIEHCTBOBAHA KOHCTPYKLMS
(PUKLMOHHOTO KNMHA, 06ECNEYMBAIOLLIAS CHUKEHUE MaTepUanioeMKocT Ha 20%.

Knioyesble Cnosa: YyryH, MoambuuuposaHme, GPUKLMOHHBIA KIH, TBEPLOCTb, U3HOCOCTOMKOCTb.

The unsatisfactory service durability of working surfaces of freight-car trucks friction wedges made from the brand CH425
cast iron has been found to be caused by the material inadequate hardness. An inoculated alloyed cast iron YMH-35M
was proposed with high hardness, strength and wear resistance. The design of the friction wedges was improved that
allowed the reduction of the material consumption by 20%.

Keywords: cast iron, inoculation, friction wedge, hardness, wear resistance.
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BnvsHune pexumoB aedopmMaLMOHHO-
TepMun4eckom oopadoTku TpyoHoM
ctanu Ha popmMmupoBaHue
MUKPOCTPYKTYPbl U COMPOTUBJIEHNE
BOAopoaHomMy pactpeckuBaHuio (HIC)

}0. U. Marpocos!, A. A. Xonognsiit', E. C. Monos?, C. B. Cocun®,
I'. H. KoHoBanos?

" ®ryr “UHWnqepmer um. U.1. bapauna’®, r. Mocksa. E-mail: morozov@chermet.net.
2 [1A0 “MK “A30BCTAJIb” I'pynisi Metursect, r. Mapuyrons, YkpanHa.
3 000 “METVHBECT XOJIAMHI, r. [loHeux, YkpauHa.

WcenenoeaHo BAMSHUE PEXUMOB AedOPMaLMOHHO-TEPMUIECKOI 06paboTkM Ha MUKPOCTPYKTYPY ¥ CONPOTUBIEHNE
BofiopoaHomy pacTpeckusahuio (HIC) Hu3konermpoBaHHbIX TPYOHbIX CTaneii kateropuii NpoYHOCTU X46-X56.
®opmupoBaHne OfHOPOAHON MO TOWMHE GEeppUTO-BEiHUTHON MUKPOCTPYKTYPLI 06ECNIEYNIIO MOBLILIEHHYIO
CTOWKOCTb CTaNW K BOAOPOAHOMY PacTpeckmBaHuio. I0ka3aHo, YTO ONTUMAIbHON TEXHOMOMMYECKON CXEMOM
NPOW3BOACTBA TONCTOAMCTOBOIO NPoKaTa [1sl TPyD, AKCMyaTMpyeMbIX B KUC/bIX CPEAX, SBNSIETCS KOHTPOMpYeMast
MpoKaTka C NOCNEeAYHOLLMM YCKOPEHHBIM OXJTXAEHUEM.

KnioueBble CnoBa: pacTpeckusaHue, Bbi3BaHHOe BogoponoM (HIC), Hu3konervpoBaHHas CTaib, KOHTPOAMPYEMas NpokaTka,
YCKOPEHHOE OXMaX/eHWe, 3aKaska C OTryCKOM, MUKDOCTPYKTYPA, TBEPAOCTb.

The effect has been studied of thermomechanical processing schedules on microstructure formation and hydrogen-
induced cracking (HIC) resistance of low-alloy pipe steels X46-X56. Formation of homogeneous through-thickness
ferrite/bainite microstructure allowed increasing HIC resistance of the steels. It has been demonstrated that optimal
manufacturing process for sour service pipe steels is controlled rolling with subsequent accelerated cooling
(TMCP-process).

Keywords: hydrogen-induced cracking (HIC), low-alloy steel, controlled rolling, accelerated cooling, quenching and tempering,
microstructure, hardness.
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NHpopmauyns

NMpemua U.M. bapauHa 2013 .

B roxa 130-ntetust co JHS pOXKAESHUSI BBIIAIOILIETOCS
COBETCKOTO YUYEHOro-MeTajiaypra akaJleMHKa
W.IL. bapauna Ilpe3unuym Poccuiickoil akagemMun HayK
TIPUCYANIT IPEMHIO €10 UMEHH HOBOKY3HEIIKUM yUEHBIM
U CHenHalnucTaM: 3aBeaylomeMy Kadeapoil Gpusuku
Cubupckoro rocyaapcTBEHHOTO WHIYCTPHAIBHOTO
YHUBEPCHUTETA, TOKTOPY (HPH3HKO-MaTeMaTHIECKHIX HayK,
mpodeccopy B.E.I'poMoBy; yrpapmnsromemMy IHPEKTOPY
OAO “EBpaz-3amnanHo-CHOMpCKHUil MEeTaINTyprudecKuit
KOMOMHAT”, JOKTOPY TEXHUYECKUX HayK, podeccopy
A b.JOpbeBy 1 HauaNbHUKY OTAENA METAIIIOBEACHUS U
TEPMUYECKOH 00pabOTKH TOTO K& KOMOWHATA, KaHIH-
Jiaty TexHuueckux Hayk B.S.HYuHokanosy. [Ipemust npu-
CyXJeHa 3a NUKJI ucciaenoBaHuii “PazpaboTka u
BHEJIPEHHE PecypcocOeperatonux TEXHOIOTHI yIIpod-
HEHUsI [IPOKaTa M IPOKATHBIX BAJIKOB, 00€CIIEUMBAIOIIIX
TIOJTy9EHHE BBICOKOTO YPOBHS IIPOYHOCTH M SKCILTyaTa-
UOHHOU CTOMKOCTH .

B cBoux mcciaemoBaHHMSX aBTOPHI YCTAaHOBUIHN
(PU3UUECKYIO IPUPOLY YIIPOYHEHHSI YyTYHHBIX BAJIKOB
IIpH IUIa3MEHHONH 00paboTKe, TEPMOMEXaHUIECKOM
YIIPOYHEHUH apMaTypbl OOJIBIIIOTO JHaMeTpa 1 IBY TaB-
POBOI#1 OaJIKN 13 HU3KOYTIIEPOIUCTHIX MapoOK CTAIN. JTO
TT03BOJIMJIO Pa3padOTATh M BHEPUTH TEXHOJIOTHYECKNE
pemieHnst 1 00OpyIOBaHME JUIS YIPOYHSIIONINX 00pa-
6otox Ha OAO “EBpa3z-3CMK” ¢ 3xoHOMHYECKHM
a¢dexTom, mpeBbimaromuM 300 MTH pyOIiei B HEIHEII-
HuX neHax. [lomydeHHbIe HaydHBIC PE3YJIBTaThl H3J10-
eHbl B 12 MoHOrpadusx, 6onee yem B 300 cTaThsx,
MOJIOBUHA U3 KOTOPBIX B )KypHajax criucka BAK, 3amium-
mensl 29 nareHTamu PO.

Jist cozmanus (PU3NKO-TEXHMYECKUX OCHOB IPO-
MBIIUICHHBIX YIPOYHSIONINX TEXHOJOTHH, obecrie-
YUBAIOUINX 3HAUYNTEIBHOE YBEIMYECHHE JKCILTyaTa-
IIMOHHBIX U MEXaHWYECKUX CBOWCTB NpOKaTa U 000-
pyZoBaHus, OBIIIO HEOOXOAMMO MTOHUMAHHUE MPUPOIBI
MpoueccoB ()OPMUPOBAHUS U 3BOJIIOIUH CTPYKTYPHI,
(hazoBoro cocrasa, 1eeKTHOH CyOCTpYKTYypBI cTallel 1
CIUIABOB B YCJIOBHSAX BHEIIHUX DHEPTEeTHUYECKUX U
JiehopManMoOHHBIX BO3EHCTBHI. ITO OBUIO JOCTUTHYTO
METOlaMHU COBPEMEHHOT0 (pU3MUYECKOro Marepuaso-
BE/ICHUS M, ITPEXKJIE BCETO, MPOCBEUNBAIOIICH 1 pacT-
POBOM ANIEKTPOHHOM MHKpockonuend. B wactHocTn
YAAIOCh I0Ka3aTh, YTO OHUM U3 MEXaHU3MOB, OTBETCT-
BCHHBIX 32 IJIa3MEHHOE YIIPOYHEHHE YyTYHHBIX BAJIKOB,
ABJIsieTCs. GOPMHUpPOBaHNE HAHOKPHUCTAIINYECKOHN
3€pPEHHON CTPYKTYPHI, CTAOMIM3UPOBAHHON YaCTHIIAMHU
LEMEH-TUTA Pa3MepoM 3-5 HAHOMETPOB. 32 MOBBILLIEHUE
MEXaHWYECKUX CBOMCTB IPOKaTa — apMaTypsl U JIBY-
TaBPOBOM OaJKM — TaK)Ke OTBETCTBEHHBI HAHOPA3-
MEpHBIC KPHUCTAJUIBI MapTeHCUTA U KapOua jkeesa,
(hopmupyronIMeCcs MPU TEPMOMEXaHHYECKOM YIIPOU-
HEHHH.

3HaMEHATEeAbHO, YTO INPEMUs, yUpexkKIeHHAsA
Akaziemuen HayK, OCHOBHOM 3ajjadeid KOTOPOH SIBIISIETCS
npoBeeHrne QyHIAMEHTAIBHBIX MCCIECIOBaHUN B
Pa3IMYHBIX 001aCTSIX HayKH, TIPUCYXK/IEHA 3a [IUKII paloT,
BBITTOJTHEHHBIX Ha CTHIKE NPHUKJIAAHBIX M (QyHIaMeH-
TaJbHBIX HamnpaBieHuM. B cBoell gestenbHOCTH
WLIT. BapawH npraepKuBaics MPUHIKIA 00s3aTeIBHOTO
BHEJIPEHHS Pa3pabdOTOK YUEHBIX B IPOU3BOICTBO, YTO
OBUIO YCIICIIHO PEaTM30BaHO.
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5-a Hay4yHOo-TexHun4eckasn
KOHdepeHuUusa Monoagbix cneunasimctoB
“INepcnekTuBbl pa3BUTUS
MeTasinypru4yeckux texHonornn”

21 —22 anpens 2014 roga B ®I'VII “LieHTpanbHblil HAy4HO-HCCIIEN0BATENbCKAN HHCTUTYT YEPHOIM METAILTy prun
mM. W.I1.BapanHa” coctoutes 5-s1 HayYHO-TEXHUYECKass KOH(EPEHINS MOJOABIX CHenHaATHCTOB “TlepcreKTHBEI
Pa3BUTHS METAILTYPrUUECKUX TeXHONOTHi . OHa OyZieT MPOXONTh B paMKax Mpa3aHOBaHUs 70-JIeTHs cO THS OCHOBAHHS
MHCTUTYTA, KOTOpPbIi co3nan [Tocranosienuem I'ocynapcteenHoro Komurera O6oponst CCCP u 3a moarue rogst
paboTsI cTan u3BecTeH B Poccnu n 3a pyOexxoM CBOMMH pa3paboTKaMu B 00J1aCTH METAJUIMYECKHX MAaTepPHaIoB 1
METaJUTYPrUUeCKIX TEXHOJIOTHH.

Ha xongepenun OymyT pacCMOTPEHBI OCHOBHBIE HAIPABIICHUS PA3BUTH METALTYPrHUECKUX TEXHOJIOTHH,
CO3JIaHMS HOBBIX METAJUIMYECKUX MATEPHAJIOB W MOBBIMICHUS CIIY>KEOHBIX XapaKTEPHUCTHK IPOU3BOANMON Ha
METaJLTyPrHIECKUX MPEeITPUSITHX MPoayKIHy. Llenbro e€ mpoBeieHus sIBIsieTcs! MOBBIICHHE KBATM(HKAIIH MOJIOIBIX
CHEIUAINCTOB, 00BEANHECHUE YCHJINN NMPEACTaBUTEICH Pa3IMYHbIX OPTaHU3ALUN NPU PEIICHHH BAXHBIX
IIPOM3BOJICTBEHHO-TEXHUYECKUX 3aJ1a4, YKPEIUICHNE CBS3H HAyKH M ITPOM3BOJICTBA. ACIIHPAHTaM M CONCKATEIIsIM
TIPE/ICTABIISICTCS XOPOIIasi BO3MOKHOCTD alpo0aliiy TMCCEepTalMOHHBIX paloT.

Jlyumie nokmaael OyayT oIryOIMKOBaHbI B HAyYHO-TEXHUUECKOM KypHae “TIpoGiemMbl 4epHOI MEeTaJuTypriy 1
MaTepuanoBeICHUs .

[To Bompocam, CBsI3aHHBIM C ydacTueM B paboTe KoH(pepeHInH, mpochda oOpaniarses K npeacenarento Cosera
Monoabix ydyensix u crenuanuctoB LIHUWuepmer um. U.I1.bapauna AmexHoBy Anzapero BragumupoBudy no
Teit. (495) 777-95-26.
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Anexcannp MBanoBuu Llenukos poausics 20 anpers
1904 1. B MockBe B ceMbe npernoanareisi MOCKOBCKOTro
BEICIIETO TexHU4eckoro yummmima (MBTY). B 1921 1.
Anekcannp Msanosuu noctynuin B MBTY, kotopoe
YCIIEIIHO OKOHYMI B 1928 .

TpynoByro nesTenbHOCTh OH Hadan B 1921 r.
ciecapeM, Oyqy4H elie CTyIeHTOM, 3aTeM padorai
KoHCTpykTOpoM (1925 — 1931) B O10p0 Meramtypru-
YECKHUX M TEIUIOTEXHUYECKUX KOHCTPYKIHi (c 1928 1.
NepeMMEeHOBaHO B “CTabIIPOEKT ), HA METAILTyprude-
ckoM 3aBoge “Cepn u Monot”. B 1932 — 1935 rr.
Anexcannp VBaHoBHY paboTan HaYaJIbHUKOM CTPOH-
TEJIBCTBA Iexa OfoMuHra Ha VkeBCKOM MeTaltypru-
YEeCKOM 3aBOJIC.

C 1935 r. HaunHaeTcs €ro MnpenojaBaresbcKas
aesrensHocTs B MBTY nmenn H.O.baymana, kotopasi ¢
HEeOOJIBIINMH ITEpePHIBAMHU MPOIOIIKAIACH JI0 KOHIIA €TO
JKU3HU CHaJalla Kak OCHOBHas pabora (1935 — 1938), a
3aTeM Kak paboTa 1o coBMecTuTenscTBy (1949 —1984). B
9ToM MHCTUTYyTe Anekcanap MBanosud B 1949 . ocHoBan
kadenpy “TIpokaTtka v Boo9eHHE ", KOTOPO 3aBEAOBAI
HenpepbIBHO B TedeHue 35 net. B 1945 . A M. .1lenukoB
BO3IVIaBHJI CO3I@HHOE TI0 ero nHuImaruse LleHTpanbsHoe
KOHCTPYKTOPCKOE OI0pO METayuIyprHyecKOro Marlu-
Hoctpoerus (LIKEMM) B Mockse, kotopoe B 1959 1.
OBIJIO peopraHM30BaHO BO Bcecoro3HbIN Hay4dHO-
HCCIIEIOBATEIbCKUI U MPOEKTHO-KOHCTPYKTOPCKHUI
HHCTUTYT METAJUIypPIH4YeCKOr0 MAIIMHOCTPOCHHUS

(BHUMMETMALLI).

K 110-netunio co aHs
POXAEeHUa akagaemMumka
A.U.LUenukoBa

(1904 — 1984 rr.)

B HacTosmiee BpeMsi AKIIMOHEpHAsT XOJTUHTOBAs
xomiraaust BHUVIMETMALIIL uwm. akan. A.W.1enukosa
SIBIIICTCS BEAYIIIMM TPEANPUSATHEM CTPAHEI B 00JIaCTH
METaJTyprU4eCKOT0 MAITMHOCTPOCHHS U 00NajgacT
crarycoM [ocymapcTBEHHOTO Hay4HOTO IIeHTpa
Poccuiickoit denepanyu.

OcHOBHas TBOpYECKasl I€ATENbHOCTh AJIEKCaHApa
UBanoBuya npoxoauna B creHax UKBMM —
BHUHMMETMAIlla HenpepslBHO B TeueHue 39 ner
BIUTOTH JI0 €ro KOHYHHBI 28 oKTA0ps 1984 1. B ncTopuio
Hayku U TexHUKH A.J.1{en1KoB Bollesn Kak BbIIArOIUics
YYCHBIH, KOHCTPYKTOP, BOCIIUTATEIh WHKCHEPHBIX U
HAyYHBIX KaJPOB, BHECIITHI OTPOMHBIH BKJIaJ] B Pa3BUTHE
OTEYECTBEHHOTO METAJLTY PITIECKOr0 MAIITITHO CTPOCHHSL.

Coznannas A.W. LlenukoBbIM HayyHas LIKOJA 110
TEOPUHU TPOKATKH, pacdyeTaM W KOHCTPYHPOBAHUIO
MPOKATHEIX CTAaHOB UMEET JO HACTOSIIErO BpEMEHHU
OCHOBOIIOJNIATAOIIee 3HAYCHUE TIPU CO3JAaHUH MeTall-
JYPTUYECKUX TEXHOJIOTUH 1 000PYIOBaHHS.

[Tox ero pykoBoICTBOM pa3pabOTaHBI BEICOKOIIPO-
W3BOJUTEIbHBIC MPOKATHEIE, TPYOOIPOKATHEIE U
TpyOOCBapOYHEIE CTaHBI, MAITUHEI HEMPEPHIBHON
Pa3JIMBKH CTalld, MOIIHBIC CTaJICIIJIABUIbHBIC KOH-
BEPTOPHI, YHUKAIBHBIC THAPABIMICCKUE PECCHI, TaMMa
JICTAICIIPOKATHBIX CTAHOB U JIP.

MupoBoe MpU3HAHHUE MOJYYUIH CO3IJaHHBIC
A.N.1lenrMKOBbIM MPUHUMUIINAIBEHO HOBBIE IPOLIECCHI
MIPOKATKH M CTAaHBI IJIs HX OocymiecTBieHus. Hanbomee
M3BECTHBIMU ¥ BAXKHBIMHU U3 HUX SBJISFOTCS POJTMKOBBIC
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K 110-netmio co anHs poxaenus akanemvka A.W.Lienmkosa (1904 — 1984 rr.)

CTaHbl IS MOJIydYeHHUs] 0C000 TOHKOCTEHHBIX TPYO,
TUTAHETApHBIE CTAaHbI, A TAKOKE JIETAJICTIPOKATHBIC CTaHBI.

Anexcannp VBanoBuu ocraBmi Ooraroe HayqyHOE
Hacnenue: UM oryonukoBaHo 36 moHorpaduii (9 —
TIepeBe/ICHBI HA THOCTPAHHEIE SI3BIKA ), CBBIIIe S00 cTaTei,
€My C COABTOPaMH BBIIAHO 226 aBTOPCKHUX CBUACTEIILCTB
1 TIaTEHTOB.

3a BbLAAIOIIMECS HAyYHbIE TOCTHXKEHUA B 1953 1.
AW .IlenukoB Okl M30paH 4i.-Kopp., a B 1964 . —
neficreuTebHEM wicHoM Akaremun Hayk CCCP. On Ob11
MPU3HAHHBIM PYKOBOAUTEIEM COBETCKOW MIKOJIBI
METaJIIypru4ecKoro MaIllMHOCTPOCHUS, TPOBOINIT
60rbIIIyI0 pabOTY MO OATOTOBKE HAYYHO-TEXHUUECKUX
KaJapoB, sBisuics wieHoM Komwurera mo JIeHuHCKNM 1
T'ocynapcreennsiM mpemusim CCCP.

3aciyru A.W.1lennkoBa BBICOKO OLEHEHBI TOCY-
napcrBoM. OH aBaxk1bl yaoctoeH 3BaHus [epos Co-

nuanucTuieckoro Tpyna, HarpakaeH MHOTHMHU Op-
nenamu u MegainsiMmu CCCP. EMy npucyskaeHa Belcias
Harpaga Akagemun Hayk CCCP — 3omnoras menanb
uM. M.B.JlomonocoBa. OH yn0oCTO€H 3BaHHMs J1aypeara
JleHMHCKOM TpeMnuyu M TPMXXIBI — 3BaHMSA Jaypeara
T'ocynapcreennoi npemuu CCCP.

[Mamsatu A.M.LlenukoBa NOCBAILIEHB HAay4YHbIE
W3/IaHus, BBITYILIEHHbIE B CBET M3AaTeNbeTBOM “‘Hayka’:
“Anexcannp MBanosnd LlenmkoB. Y4ueHsIi, KOHCTPYKTOD,
nenaror” (1991 r. Cepust “Yuensie CCCP. Ouepkn,
BOCIIOMHHAHUS, MAaTepHAIBI’) U COOPHHK “AJlekcaHap
WBanosuu LlenukoB. Ouepku. Bociomunanus. 130-
pannbie crate’” (2003 1.). EMy mOCBAIIeH TaKoke psin
MoHoTpaduii, OIyOIMKOBaHHBIX €T0 YIEHHUKAMH, B TOM
guciie T. IV — V 40-TtoMHONH DHIUKIIONEIUN MallH-
HOCTpOEHHS: “MallyHbI ¥ arperarbl METaJUTyprudeckoro
npousBozactBa” M.: Mammnoctpoenue, 2000.
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