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TeopeTnyeckne 0CHOBbI MEeTaulypriv

YAK 621.7: 669.1'75.017.1

UccnepoBaHue BJIMAHNSA 3K30rNeHHbIX
TyronanaBKkmx HaHo4acTtuvy Ha yaasieHume
Meaun n3 pacinjiaBoB XeJie3a N UX
BJINAHUE Ha KanuJiyidapHbie CBOMCTBA
MeTania

B.T. bypueB, C.H. AHy4ykuH, A.B. CamOoxuH

UHcmumym memannypauu u mamepuasioeedeHusi uMm. A.A. batikoea PAH, 2. Mockea.
E-mail: burtsev@imet.ac.ru

[Ona obocHoBaHWst BbiOOpa TyronmnmaBkux HaHo(as MCMONb30BamM TEPMOAMHAMWYECKUME pacyeTbl Mo
JMCCoLMaLN COBQMHEHMIA, MPOLLECCaM CTIapeHNst MEAN U MTEpaTypHbIE AaHHbIE MO CMaYMBaHMI0 MeTans-
kepamuka. V3y4mnnn s3anmopencteme HaHodacTuy Al,O, n MgALL O, ¢ NOBEPXHOCTHO-aKTMBHBIM BELLECTBOM —
MeZbto B MofienbHbIX pacnnasax Fe — Cu 1 nernpoBaHHoi ctann. OBHapyXumm, 4To MakcManbHash CTeneHb
yaaneHns Cu coctasuna B cucteme Fe — Cu— 24 oTH. % v B ctanm 12X18H10T — 23 oTH. % B 3aBUCMMOCTY OT
BpeMeHu NpebbiBaHNs HaHouacTuL, B pacnnase. MeTofom BOnbLION Kanmm U3y4nnu KanunnsipHble CBONCTBA
1 BnepBble Mokasanu, YTo BBefeHue B pacnnas Fe-Cu HaHovacTuy npuBeno Kk uHBepcn koadduumeHTa
d0/9T, a TaKcke K KOMNPECCUn NIOTHOCTH MO CPABHEHUIO C YNCTLIM XENE30M.

KntoueBble cnoBa; retepochasHoe B3aMMOLENCTBME, 9K3OTEHHbIE HaHo4acTuubl cuctema Fe-Cu, cranb,
MOBEPXHOCTHOE HaTSXKEHWe, MIOTHOCTb MeTanna.

To substantiate the choice of refractory nanophases, thermodynamic calculations on the dissociation
of compounds, processes of copper evaporation and literature data on metal-ceramic wetting were used.
Interaction of Al,O, and MgAl, O, nanoparticles with a surface-active substance - copper were studied in model
Fe-Cu melts and alloyed steel. It has been found that the maximum degree of Cu removal was 24 rel. pct. from
the Fe — Cu system and 23 rel. pct. from the steel 12Cr18Ni10Ti depending on the duration of the nanoparticles
stay in the melt. The capillary properties were studied using the large drop method and for the first time it has
been shown that the introduction of nanoparticles into the Fe-Cu melts leads to the inversion of the coefficient
dalaT, as well as to the density compression as compared with pure iron.

Keywords: heterophase interaction, exogenous nanoparticles, Fe-Cu system, steel, surface tension, metal
density.
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TexHosiorm4eckme rpoLecchbl MeTasaaypriv

YAK 621.78.01: 621.771.26

OnTumMmmusauma TemnepatypHo-
AedopmMaLMOHHBbIX YCJIOBUM NPOKaTKU
3aroToBOK B YHEepHOBOM KJ1eTHU
pesibco0aNo4YHOro ctaHa

. C. Benoycos', K. B. Bonkog?, b. K. Kackunn?,
A. H. HukynuH', B. B. O6uneu?, I'. A. Dunnnnos!

1@ryi “UHUNq4epmem um. U.I. BapduHa”, 2. Mockea. E-mail: igs12@yandex. ru.
2TOO “APB3”, 2. AkmtobuHck, KazaxcmaH

Ha  MHOroyHKUMOHanbHOM — komnnekce — cuamdeckoro  moaenupoBaHus  “Gleeble”  BbINOMHEHb
NNacTOMETPUYECKME WCCEeSoBaHNs BbICOKOTEMMNEPATYPHbLIX MEXaHUYECKUX CBOWCTB HEMPEpPbIBHONNUTHIX
3aroToBOK M3 CTanu Mapki 376® AByX NOCTaBLUMKOB. BbiBNEHO BMSHME TEXHOMNOTMYECKMX OCOBEHHOCTEN
N3roTOBNEHWS 3arOTOBOK Ha MX MEXaHN4eckne CBOMCTBA. 10 pesynbTatam nnacToOMEeTPUYECKUX UCCenoBaHNi
YCTaHOBNEHa ONMTUMarbHas TemnepaTypa HarpeBa 3aroTOBOK, MO3BONsLWas o0becneyntb BbICOKME
noTpebuTtenbckue CBOMCTBA rOTOBOW MPOAYKUMK. [MoKa3aHO BRMSHWE TeMnepaTypbl HarpeBa 3aroTOBOK Ha
HanpsKeHHO-0eOPMUPOBAHHOE COCTOSHWE MeTanna, AeopMaLMOHHY0 NpopaboTky MakpoCTPYKTYpbl U
Ka4eCTBO PernbCoB.

KnioueBble cnoea: gedopmauus, penbchbl, ctanb 376, HenpepbiBHONWTAs 3aroTOBKa, MEXaHUYEeCKue
CBOWCTBA, TEMNepaTypa Harpesa, HanpsikeHHOE COCTOSIHNE, Ka4YeCTBo.

Plastometric studies of high-temperature mectanicatproperties of contimoously cast billets from the E76F

steel of two suppliers have been carried out using the multifunctional complex of physical modeling “Gleeble”.
The influence has been revealed of technological features of billets production on their mechanical properties.
According to the results of plastometric studies, the optimum heating temperature of the billets has been
established, which allows ensuring high consumer properties of the finished products. The influence of the
billets heating temperature has been shown on the stress-strained state of the metal, deformation study of the
macrostructure and the rails quality.

Keywords: deformation, rails, E76F steel, continuously cast billet, mechanical properties, heating temperature,
state of stress, quality.
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YAK: 669.01:620.17-18

OnbIT Npon3BoACTBAa KPYNHOradapuTHbIX
3arotoBoK u3 ctanu 15X2MODA-A
Mmoaovdukaumsa A pna Kkoprnyca peakropa
Kypckoinn ASC-2 no npoekty BBOP-TOU

. N. Kapsos|', U. B. Tennyxuna', B. 1. BorpaHoB',
A. C. UeeTtkoB', T. U. TutoBa?, H. A. LLlynbran?,

. B. PaTtywer?, O. H. )KypaBneBa?,

C. 0. AdpaHacbes?, [I. C. AKUHUH?®

"HUL “Kypyamoeckuli uncmumym” — LUHUU KM “TTpomemel”, 2. CaHkm-lTemep6ype,
E-mail: a.s.tsvetkow@gmail.com.

2000 “TK “OM3-Uxxopa”, 2. CaHkm-llemepbype.

3000 “OM3-Cneuycmans”, 2. CaHkm-llemep6ype.

[ins obecneyenms cTpouTenbcTBa HOBLIX SHeprobnokos Kypekoit ASC ¢ peaktopamu npoekta BBOP-TOW Ha
OLIHOM W3 KPYMHEMLIMX POCCUNCKMX MeTanmyprisyeckux 3aBogoB “OM3-CrevcTans” BHepeHa KoMMeKcHas
TEXHOMOrMs NPON3BOACTBA KPYNHOrabapmTHbIX 3ar0TOBOK 3 YCOBEPLLEHCTBOBAHHOM CTann Mapku 15X2MOA-A
MoA. A ¥ M3rOTOBMEH KOMMIEKT KOPMYCHbIX 3aroTOBOK Afsi nepsoro Groka. AHanua MeTannypridyeckoro
Ka4ecTBa 1 MexaHMYeckux CBOWCTB MeTanna nokasar, YTo BCEe W3rOTOBMEHHbIE 3ar0TOBKU UMEHKT BbICOKYHO
OLHOPOZHOCTb CBOWCTB MO BCEMY CEYEHWMKO W Tpebyemoe COYeTaHMe MPOYHOCTHBIX XapaKTEPUCTUK W
COMPOTMBIIEHUS XPYNKOMY paspyLUEHIO, YTO B KOMIIIEKCE C BbICOKOWM CTOMKOCTbIO cTanm 15X2M®PA-A mog.
A K paguaumoHHOMY W TEMIOBOMY OXPYMYMBaHMIO rapaHTupyeT 6e30macHOCTb Mpu SKChyaTaumn koprnyca
peaktopa BBOP-TOW B TeueHue Bcero cpoka cryxObl.

Kntouesble cnos: Kypckas A9C-2, BBOP-TOW, pagvaumoHHO-CTOMKas CTanb, COMPOTUBMEHUE XPYNKOMY
pa3pyLLEHMIO, MPOYHOCTb, MAKPOCTPYKTYPA, METannypruyeckoe kayecTso.

To ensure the construction of new power units of the Kursk NPP with VVER-TOI project reactors, at one of the
largest Russian metallurgical plants OMZ-Special Steel a complex technology was introduced for the production
of large-sized billets from improved steel of the grade 15Kh2MFA-A mod. A set of case blanks for the first block
was made. Analysis of the metallurgical quality and mechanical properties showed that all of the manufactured
blanks have high uniformity of properties throughout the cross section and the required combination of strength
characteristics and brittle fracture resistance, which in combination with high resistance of steel 15Kh2MFA-A
mod. A to radiation and thermal embrittiement guarantees safety in the course the operation of the WWER-TOI
reactor vessel during its entire service life.

Keywords: Kursk NPP-2, WWER-TOI, radiation-resistant steel, brittle fracture resistance, strength,
microstructure, metallurgical quality.
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YAK 621.771.294

NMoBbilweHne 3PpPeKTUBHOCTU
nedopmMaLMOHHON NPopPadoTKn
MeTaJia HenpepbiBHOJINTON 3aroTOBKM
npv Npou3BOACTBE XXeNIe3HOAOPOXHbIX
Konec

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

@ryi “UHUNq4epmem um. U.I1. BapduHa”, 2. Mockea. E-mail: iqgs12@yandex. ru

lMepeBoq M3rOTOBNEHWS XENEe3HOZOPOXHbIX KOMEC C WCXOAQHOW 3aroTOBKM M3 CNWTKOBOrO MeTarnna
Ha WCMONb30BaHWE HEMPEPLIBHONMMTON 3aroTOBKM 6e3 KOpPEKTUPOBKM CyLUECTBYIOLLEA TEXHOMOrUM
MPOM3BOACTBA MPUBEN K CHWKEHMIO MX NOTPEOUTENLCKMX CBOWCTB. BbINOMHEHHbIE NMnacToMeTpuyeckue
NCCeaOBaHWs MO3BOMUNN YCTAHOBUTb TEMMEPATypHble rpaHuLbl Mepexofa TPaHCMOpTHOrO MeTanna
W3 yNpyronnactuyeckoro COCTOSHUS B MONHOCTBbK) MAacTuyeckoe coctosHue. [edopmauns meTtanna B
yNpyronnacTuiyeckoM COCTOsIHUM npu Gonee HU3KOW TemnepaType HarpeBa 3aroTOBOK, YEM MPUHSTO MO
CYLLIECTBYIOLLEN TEXHOMOTMM NPOM3BOLCTBA, NO3BONSET 06€CNeynNTb MTOTOBMEHNE KOMNEC B COOTBETCTBUE
C HOPMaTWBHbIMW [OKyMEHTaMu. PaccMOTpeHbl YcroBust aedopmauuu, CrocoBCTBYIOLME MOBbILIEHWO
MeXaHW4eCKIX CBONCTB MEeTanonpoAyKLMM NPW CHUKEHUN TEMNEpaTypbl HarpeBa 3aroToBOK.

KnioyeBble cnosa: Kene3HOAOPOXHOE KONecCo, packaTka, obon, ,qed)opmau,wﬂ, TeMmnepartypa Harpesa,
MeXaH14eckne CBOWCTBA, MaKpOCTPYKTYypa, HENPEPbIBHONNTAsA 3aroTOBKa.

The transfer of railway wheels production from the initial preparation from ingot metal to using continuous cast
billets without correction of the existing production technology has led to decreasing their consumer properties.
The performed plastometric studies allowed establishing the temperature borders for the transition of the
transport metal from the elasto-plastic state to the completely plastic state. Deformation of the metal in an
elasto-plastic state at billets heating temperature lower, than is accepted at the existing production technology,
allows wheels manufacturing in compliance with the normative documents.The deformation conditions are
considered, which promote increasing mechanical properties of steel products as the billets heating temperature
decreases.

Keywords: railway wheel, expansion, reeling rim, deformation, heating temperature, mechanical properties,
macrostructure, continuously cast billet.
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MarepwuanoBegeHvie v HOBble MaTtepualsibl

YAK 669.15-194. 669.15-194.2

DKcnJlyaTauuoOHHbIe U TeXHOJIorn4eckue
ceBoucTBa cnnasa XH62M-BU

N. A. Xapun', H. I. 3nHuyexko', T. M. MepBepeBa’,
A. ®. LleBakuH?, A. IN. NanTi0XMH?, U. B. NMNonoBos?3,
. B. KabaHos*

1 AO “HUWNxummaw”, e-mail: peter@niichimmash.ru, zinchenko@niichimmash.ru,
21-otdel@mail.ru;

2@ryim “YHnnYepmem um. U.IN. BapduHa”, e-mail: shevakin@bk.ru,
kim291287@yandex.ru

3 @IrAQY BO “Yp®Y”, e-mail: polovov_ilya@mail.ru

4 AO “Memannypau4eckutli 3aeo0 “Onekmpocmans”, e-mail: info@elsteel.ru

[MpoBedeHbl UccnenoBaHns No ONPeAeneHnio BNUSHWS ANUTENbHOCTK Bblgepxku npu 550 u 625 °C Ha
MexaH14eckiie CBONCTBA, yOapHYIO BA3KOCTb, TBEPAOCTb U CTPYKTYPY CMnaBa co CBEPXHWU3KM COAEPXKaHNeM
yrnepoga XH62M-BW (3K190-BW). MpoBeaeHb! UCMbITaHNS CriiaBa Ha CTOMKOCTb MPOTUB MEXKPUCTANUTHON
koppo3un (MKK) 1 KOppO3MOHHOrO pacTpeckuBaHns, paspaboTaHbl TEXHOMOTMYECKMe pekoMeHZauum no
cBapke 1 TepMoobpaboTke CBapHbIX COEAMHEHUI STOTO CMraBa, COrnacoBaHbl TEXHWYECKME YCrOBMS Ha
MeTannonpoaykuMio 13 cnnaea. YCTaHOBNEHa BO3MOXHOCTb NMPUMEHEHUS METannonpogykunu u3 cnnasa
XH62M-BW ans usrotoenenns obopynoBaHns W TpybGonpoBOAOB YCTaHOBOK, paboTatlwiux B pacnnasax
xnopugos ZrCl,, HfCl,,KCI, AICI, npu Temnepartypax 400 — 625 °C.

KnioyeBble CroBa: HUKENbXPOMOMOMMBAEHOBLIA CMNaB, MEXKPUCTANNUTHAs KOpPOo3us, MexaHudeckue
CBOIACTBA, yapHas BA3KOCTb, CBapHbIE COBAMHEHMS, TBEPAOCTb, AEOPMALVS, OTHKNT.

Studies have been carried out to determine the effect of the long-term keeping at 550 and 625 °C on the
mechanical properties, impact strength, hardness and structure of the CrNi62Mo-VI (EC190-VI) alloy with
ultralow carbon content.The alloy was tested for resistance to intercrystalline corrosion (ICC) and corrosion
cracking, technological recommendations for welding and heat treatment of welded joints of this alloy were
developed, specifications for metal products from the alloy were agreed. The possibility was established
of using metal products from the CrNi62Mo-VI alloy for the manufacturing equipment and pipelines of the
installations, operating in molten chlorides ZrCl,, HfCl,, KCI, AICl,at temperatures of 400 - 625 °C.

Keywords: Ni-Cr-Mo alloy, intercrystalline corrosion, mechanical properties, impact strength, welded joints,
hardness, deformation, annealing.
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YAK 620.193

NMoBbiLLEeHe KOPPO3NOHHOM
CTOMKOCTM CTanen, npegHasHa4yeHHbIX
AN 3KcrJiyatauvm B MOPCKOu Boae

U.TI. PoanoHoBa, A. B. AmMeXxHoOB, E. . 3apkoBa,
B. U. UpemawuBunu

THLY ®ryri “UHUNqyepmem um. U.I.bapduHa”, 2. Mockea. E-mail: igrodi@mail.ru

lMpeacTaBneHbl pesynbTaThl UCCNEfOBaHUS BAMSHUS XMMWYECKOro COCTaBa CTanel W WX 3arps3HEeHHOCTM
HEMETaNNMYeCKMMI BKMIOYEHUSMM Ha KOPPO3MNOHHYIO CTOMKOCTb B MOPCKMX CPeAaX. YCTaHOBIEHO, YTO YacTb
TpeboBaHMi K CTansM MOBbILIEHHON KOPPO3MOHHOW CTOMKOCTW ANs HedTenpoMbICHOoBbLIX TPy6ONpoBOAOB
W MOPCKMX YCMOBUMIA COBMaJaeT, HO eCTb W CYLLECTBEHHble OTNMYMA. Tak K MOBbILIEHUIO KOPPO3UOHHOM
CTOWMKOCTM CTanen B MOPCKWAX Cpedax MPUBOAMT CHWXEHWe COAEpXaHWs yrnepoga, a Takke NerspoBaHne
HukeneM. NokasaHa LenecoobpasHocTb pa3paboTkm TpeboBaHWI k CTansm, 0becneynBaroLLMX NOBbILIEHHYH
KOPPO3MOHHYK CTOMKOCTb B MOPCKOW BOZe. OTO MO3BONMT YBENUYWTL CPOKN BE3peMOHTHOro nepuopa u
CHU3WTb METANNOEMKOCTb 3a CYET YMEHbLUEHMS 3anaca Ha Koppo3uto CTanen, UCnonb3yemblx B CySOCTPOEHUM.

KnoueBble crosa: KOPPO3NOHHasA CTOWKOCTb, MOpCKMe cpebl, HeVITpaﬂbele BOOHbIE Cpeabl, XUMUYECKNIA
COCTaB CTane, HW3KOYrnepoancTble CTanu, HU3KONErnpoBaHHble CTanun, HeMeTanM4eckne BKMOYEHUS.

The results are presented of investigation into the influence of the chemical composition of steels and their
contamination by non-metallic inclusions on the corrosion resistance in marine environments. It has been
established that a part of the requirements for steels with increased corrosion resistance for oil-field pipelines
and for marine conditions coincides, but there are significant differences. For instance, a decrease in
carbon content, as well as alloying with nickel lead to increasing the corrosion resistance of steels in marine
environments. The feasibility has been shown of developing requirements for steels that provide increased
corrosion resistance in seawater. This will allow to increase the time of the maintenance-free period and reduce
the metal consumption by reducing the corrosion reserve of steels used in shipbuilding.

Keywords: corrosion resistance, marine environments, neutral aquatic environments, steels chemical
composition, low-carbon steels, low-alloy steels, non-metallic inclusions.
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YAK 669.14.018.29.

NMpoOGnembl Npon3sBoaAcTBa cTanen
ANng MmocTtocTpoeHua B Poccum

0. A. Mopo3sos', U. . Nemos', B. P. 3uHbKO',
H. B. Uniownn?

1@ryr “UHUNq4epmem um. U.IN. BapouHa”, 2. Mockea. E-mail: morosov@chermet.net.
2000 “Macmepckasi Mocmoe”, 2. Mockea

PaccmotpeHbl  TeHgeHumn passutua  Tpebosanmin TOCT  55374-2012 u CTO  13657842-1-2009
(OAQ “Ypanbckas cTanb”) k npokaty cTanei 4nst MOCTOCTPOEHIS: aTMOCEPOCTONKOCTH, MPeaeny TEKy4ecTy,
yOapHoON BsA3KOCTM npu Temnepatype Ao —70 °C, TEXHONMOrMYecKom NnacTUYHOCTH, CBapUBaeMOCTU W
CNNOWHOCTU. B 0TeYecTBEHHOM MOCTOCTPOEHUM MPUMEHSETCS MpOKaT C Npegenom npoyHocT 345 w
390 H/mm2, PasBnTtie MocTocTpoeHust B Poccum GyaeT cBsisaHo ¢ co3faHuem cTanei knacca npodHocti C590
(Mo npegeny TekyyecT), OTBEYatoLLEeM BCeM TpeboBaHNAM CTPOUTENLCTBA W SKCNyaTaLmu.

KrioyeBble crosa: Tpe6OBaHI/I9| K npokaty, MOCTOBad Ctallb, aTMOC(i)epOCTOVIKOCTb conpoTmnenexHmne
paspyLLeHnto, NPpO4YHOCTb, NITACTUYHOCTb.

The development trends of the requirements of GOST 55374-2012 and STO 13657842-1-2009 (JSC “Ural
Steel”) for rolled products of steels for bridge building are considered: resistance to atmosphere, yield strength,
impact toughness at temperatures down to —70 °C, technological plasticity, weldability and continuity. In the
domestic bridge building, rolled steel products with the tensile strength of 345 and 390 N/mm? are used. The
development of bridge building in Russia will be associated with the creation of steels of the C590 strength
class (yield strength) that meet all the requirements of construction and operation.

Keywords: requirements for rolled products, bridge steel, resistance to atmosphere, resistance to breaking,
strength, plasticity.
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yaAK 621,771,23.016.3

UccnepnosaHue copepxaHus npumecen
BHepgpeHua B IF ctann metooom
BHYTPEHHEero TpeHus

A. 1. 3aiues', U. . PoguoHoBa', E. C. KnioeBa?,
A. B. Konpaes', [1. M. Jleeun?, I'. B. MapkoBaZ,
B. M. MoryTtHoB', U. A. KpacHsHckas'

T @IYI1 “LeHmpanbHbili Hay4HO-uccriedoeamesibCKUll UHCmumym YepHoU
memannypeuu um. U.I. BapduHa”, 2. Mockea, aizaitsevi@yandex.ru
2 Tynbckul 2ocydapcmeeHHbIl yHUgepcumem

BbinonHeHo mccnegoBaHve copepaHns NpuMecer BHEAPEHUS METOLOM BHYTPEHHEro TpeHns B obpasuax
[BYX TWNOB XorofHokKaTtaHoro npokata u3 IF ctanu mapkn DX54D nocne MoaenupoBaHus pasHbIX PeXxUMOoB
HenpepbIBHOro omxura no pexumam AHIL Ha yHuBepcanbHOM ucnbiTatensHoM komnnekce Gleeble-3500.
MonyyeHHble pe3ynbTaTbl NOKa3bIBAKOT, YTO BO BCEX UCCNEAOBaHHbIX 0Bpa3uax C- n N-nuku UMEHOT BbICOTY
= (1 - 2)-107, 4T0 HaxogWTCA Ha Npepaene BO3MOXHOCTEN M3MepeHus. Bo Bcex mccrnegoBaHHbIx obpasax
KOHLIEHTpaLus yrnepoda U asoTa B TBEPAOM pacTBOpPE HAXOAUTCS Ha YpOBHE MpeAena pacTBOPUMOCTM
(= 1-10™* macc.%). Obwee copepxanme C n N B 0bBpasyax, NOABEPrHYTbIX Pa3HbIM PEXUMaM OTXMra,
pasnuyaeTCs He3Ha4MMO, YTO He MO3BOMSIOT OBBACHNTL CyLLECTBEHHOE Pasnuyne B HaGEHHbIX 3HAYEHMSsIX
npenena TekyyecTy 06pasLoB pasHbIX TUMOB. Ha OCHOBaHNM OLEHOK YACNa LIEHTPOB 3aKpenneHns AucrnokaLni
CAENaHO 3aKIloYeHNe, YTO MPUYNHON PasnNUUNS 3HAYEHU Npesena TEKYYeCTH SBNSETCS pasnnyHas cTeneHb
3aKpeneHus A1CoKaLuii B UCCRefoBaHHbIX 0bpa3yax npokara.

KntoueBble crioa: CBEPXHM3KOYrNepoaucTble ctamu, IF ctanu, npumecn BHeOPEHWs, BHyTPEHHee TPeHue,
MexaH14Yeckie CBONCTBA, 3aKpenrneHne AMcnokaLmi.

The internal friction method was applied for investigation of interstitial impurities content in two types samples
of cold-rolled products from the DX54D IF steel after simulating various modes of continuous annealing using
CHDG modes at the universal test complex Gleeble-3500. The obtained results reveal that C- and N-peaks
in all studied samples have a height of = (1 - 2) -10~, which is at the limit of measurement capabilities. In the
all studied samples carbon and nitrogen concentration in the solid solution is at the level of the solubility limit
(= 1-10~* wt. pct). The total content of C and N in samples subjected to various modes of annealing differs
insignificantly, which does not allow explaining the significant difference in the found values of the yield strength
of samples of rolled products of different types. Based on estimation of the number of dislocation anchoring
centers, it was concluded that the cause of the difference in yield strength values is the different degree of
dislocation anchoring in the rolled stock samples.

Keywords: ultralow-carbon steel, IF steel, interstitial impurities, internal friction, mechanical properties,
dislocation anchoring.
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YAK: 669.15 26:601:539.67

BnusiHne CTPYKTYPHOIro COCTOSSHUSA

n mukponervposaiua P3M Ha
KOPPO3VUOHHYIO CTOMKOCTb TPUMN-cTanu
C MeTacTabuJibHbIM ayCTEHUTOM

A. A. BypxaHoB, M. IN. NnkuH, B. B. lyk,
E. A. Bpanuukasa, I. A. Dununnos

@ryi “UHNqyepmem um. U.IN. BapouHa”, 2. Mockea. E-mail: 1ab@bk.ru

ViccnepoBaHo BrMsiHME  CTPYKTYPHOTO COCTOSHWS UM MUKpORerMpoBanus Tpun-ctanu  23X15H5CM3r
peakosemernbHbIMM MeTannamu (P3M) Ha cToikocTb K 06LLEei 1 MUTUHIOBOM KOPPO3UK. YCTaHOBMEHO, YTO
MWKPONeErMpoBaHne ymeHbLUaeT pasMep UCXOOHOTO ayCTEHUTHOTO 3epHa. KOoppo3noHHas CTOMKOCTb cTamu,
MuKponernpoBaHHon P3M, B ropsyekaTtaHoM COCTOSIHUM NpU BCEX YCMOBUSX UCTIbITAHMUIA BbIlUe, YeM CTanu
Bes mukponernposaHus. Tepmudeckas obpaboTka MUKPONErMPOBAHHON CTamnu NOBbILAET XapaKTepUCTUKN
COMPOTMBNEHNS KOPPO3NHK, YTO CBUAETENLCTBYET O 3HAYNTENBHOM BIINSHAW CTPYKTYPHOTO COCTOSHUS aHHOM
CTanu Ha passuTie npoLiecca Kopposuu.

KnoueBble cnosa: Tpun-cranb, P3M, adyCTEHUT, MapPTEHCUT, rops4ekaTaHoe COCTOAHWE, 3aKalka, pasMep
3€pHa, KOppo3us, MUTTUHT.

The influence of the structural state and microalloying of the trip steel 23Cr15Ni5SiMo3Mn with rare-earth
metals (REM) has been studied on the resistance to general and pitting corrosion. It has been established
that microalloying reduces the size of the initial austenitic grain. Corrosion resistance of the steel, microalloyed
with REM, in the hot-rolled state is higher than the steel without microalloying under all test conditions.
Heat treatment of microalloyed steel increases the characteristics of corrosion resistance, which indicates
considerable influence of the structural state of this steel on the development of the corrosion process.

Keywords: trip-steel, REM, austenite, martensite, hot-rolled state, quenching, grain size, corrosion, pitting.
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16 aBrycra 2019 r. ucnonauinocs 70 ner mep-
BOMY  3aMECTUTEIIO  TEHEPaJIbHOTO  JIUPEKTOpa
AXK BHHUHMMETMAII, wnpodeccopy bopucy
Anexcanaposuuy CuBaky.

[lomyunB oOpa3oBaHHME TIO  CIEIMAIBHOCTH
“ABTOMaTH3aM METAILTYPruue€CcKOro Npou3BoICTBA”
B MOCKOBCKOM MHCTUTYTE CTAJIM U CIUIaBOB, OH B 1972
r. noctynuia Bo BHUMMETMAII nnxkeHnepoM-KOH-
cTpykTopoM. 3a Bpemst pabotsl Bo BHUMMETMALIlle
Bb.A. CuBak npuHUMaJl aKTUBHOE Y4aCTUE B aBTOMATH-
3aIM IPOKATHBIX CTAHOB:

— crana 250/350 DrekTpocTanbCKOro MeTajryp-
TMYECKOTO 3aBOJIA;

— craHa 630 MarauToropckoro Merajurypruye-
CKOTO KOMOMHATa;

— cra"a 1700 YepenoBeukoro merajuiypruye-
CKOTO KOMOMHATa;

— crana 2000 Marauroropckoro MeTajurypruye-
CKOT0 KOMOMHara.

OH TaxKe y4acTBOBAJI B CO3JAaHUM KPHUCTAJUIN3a-
TOPOB M y3JIOB MAIlIMH HENPEPHIBHOTO JINTHSI 3ar0TO-
BOK JUISl psila METaUIyprudeckux 3aBomoB Poccum,
CHI' u manpHero 3apy0exns. b.A. CuBak mpuHIMAI
HETIOCPE/ICTBEHHOE Y4aCTHE B CO3/1aHIN OpOUTAILHOM
KOCMHUYECKOM aHTEeHHbI. HarpaxiaeH Menaipio HM.
C.A. AdanacreBa Deneparmn KocMOHABTHKH Poccu.

NHpopmaums

Bopucy AnekcaHppoBu4yy
CuBaky — 70 net

B 1981 r. bopuca AnekcanapoBuya MEPEBOIAT B
MHUHHUCTEPCTBO TSXKEJIOTO M TPAHCIOPTHOTO MAIIUHO-
CTpPOCHUsI, Ii¢ OH paboTaeT IIaBHBIM CHELHAINCTOM
TEXHUYECKOTO yIPABJICHUs], IIOMOIIIHIKOM MHUHHUCTPA, a
3aTeM 3aMECTUTENEM HadyallbHUKa YIPaBICHHS JIeTIaMHu.

B 1987 r. oH Ha3HaYeH 3aMECTUTENIEM I'€HEpalb-
Horo nupexkropa BHUMMETMAII — 3amecturenem
JMpeKTopa MeXOoTpacieBoro HayqHO-TEXHHYECKOTO
koMIiekca “MeramyprmMam’”. B 3TOl  JOMKHOCTH
Bb.A. CuBak oTBeval 3a KOOPAMHALUIO JIEATEIbHOCTU
20 opranuzauuii 8 munucrepcts CCCP no cozpanuto
HOBOW TEXHHUKH JJISI METAJUTyPTHYECKOTO KOMILIEKCA.

Bopuc AunekcaHIpoBHY NPOAOIDKACT HAyYHYIO
JiesTenbHOCTh U B 1997 I 3amMinaeT KaHJuaaTcKyro
JICCepPTaLuIO.

B 2005 1. on cranoButcs Bune-npezuaeHTtom, a
¢ 2015 r. u Ilpesunentom Mexnynaponnoro Corosa
MPOU3BOJUTEINICH METaJUTypruiecKoro 00OpyZOBaHUS
“MeTtaimyprmair’” U OpraHu3yeT B3auMOJICHCTBUE Be-
JOYIMAX TPEIIPUATHH METaTyprHYecKoro MalllHO-
CTpoeHUsl, MPOPHUIbHEIX [0CYIapCTBEHHBIX HAayYHBIX
ueHTpoB Poccuiickoit ®enepanuu, BY3os u HUU npu
pELICHNH KOMIUICKCHBIX HAyYHO-TEXHMUYECKHX 3a/ad
0 CO3/IAHUIO HOBOH TEXHUKH, SIBJISCTCS WICHOM psija
OOIIECTBEHHBIX HAYYHBIX OpPraHM3alUd, WICHOM pejl-
KoJulerui KypHainoB “Tskenoe MalIMHOCTPOEHHE”,
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Bopucy AnekcaHdposu4y Cusaky — 70 nem

“Cranp”, “Meramnypr”, “Ussectuss BY3o0B. UepHas
metamryprust’, “IIpoOiembl yepHO#l MeTauypriuv u
MaTepHaJIOBEACHUS .

b.A. CuBak wunen IIpesuauyma Cosera
Accommannu 'HII P®, 3amectutens mpexncenarens
KomuTera 1o MeTamtypruu 1 Ts)ejaoMy MaIlliHOCTPO-
ennto Jluru conericTBusi 0OOPOHHBIM MPEATIPUSTHSIM,
YJIeH KOMUCCUH U pabouux rpymi npu MuHnpomropre
P®. C 2013 . on sBisieTcst GpeepabHbIM IKCIIEPTOM
B HAyYHO-TEXHHUYCCKOH cepe.

Bopuc Anekcanaposuu aBTop Oonee 350 Hayu-
HBIX TPY/JOB, B TOM 4uciie 9 y4eOHBIX IOCOOHH U MO-
Horpadui, a Take 178 nzobperenuii. OH coueraer
Hay4HY0 JEeSITEeIbHOCTh C IPENOAABaHUEM B TEUEHUE
mHorux jietr B MUCuC u B MI'TY um. H.D. baymana,
rJe mpenojaeT u 1o Hacrosuero spemenu. B 2008 r.
Bopucy AnexcHApOBHYY NPUCBOEHO YUEHOE 3BaHUE
npocgeccopa.

B.A. CuBak — NO4YETHBI MAIIUHOCTPOUTEND,
MOYETHBIH METaJUTypI, NOYETHBIH PabOTHUK HAyKH U
TexHUKN P®D, moueTHbIi pabOTHUK MTPOMBIIICHHOCTH
. Mocksbl. OH BHEC 0OJIBIION BKJIa] B pa3BUTHE Ma-
LIMHOCTPOEHUSI B 00JAaCTH CO3aHMsI METaJlTyprude-

CKHUX MHHH-3aBOJIOB, COBEPIIIEHCTBOBAHMSI IIPOLIECCOB
BHEIEYHOH 00paboTKM MeTajula, CO3JaHusl KpHcTall-
JIM3aTOPOB /ISl OTJAMBKH KPYIVIBIX 3arOTOBOK OECIIOB-
HBIX TpyO. bopuc AJlekcanapoBuy JIBaXKAbl YIOCTOECH
npemun IlpaButensctBa Poccuiickoit denepanyu: B
2001 r. 3a pecypcocOeperarIiy0 TeXHOJIOTHIO IIPO-
M3BOJICTBA KY3HEUHBIX CIIMTKOB M IMOKOBOK Ha 0asze
ABTOMATH3UPOBAHHOTO  IPOEKTUPOBAHMSI  MOJIHOTO
TeXHOJornueckoro Iukina, B 2009 r. 3a pa3paboTky
KOMIUIEKCA HAy4HBIX M TEXHMUYECKUX pELICHUH M0
CO3/IaHHUIO U IIUPOKOMY BHEAPEHUIO KOHCTPYKIMH U
TEXHOJIOTMH NPOU3BOJICTBA TUIB30BBIX KPUCTAIUIN3A-
TOPOB ISl BBICOKOIIPOU3BOUTENBHBIX MAIIMH HEIpe-
PBIBHOTO JIUThSl CTAJbHBIX 3ar0TOBOK. OH HarpaxxaeH
Menarsamu: “B mamsate 850-metrss Mocksber”, “300 et
Poccuiickomy ¢uory”, MUC, a Taxke [louetHoit rpa-
Mmoroii [IpaBurenbcTBa MOCKBBI.

Komnextus ITHUWuepmer um. W.Il.bapauna u
penkoiuterust xypHana “IIpoOnembl 4epHOi MeTtai-
Jypruu U MaTepuaroBeieHUs” CEPAEUHO MO3/pPaBIIs-
tor bopuca AnekcanapoBuuya CuBaka c¢ 70-JieTHUM
100MIIeeM, KEJTAI0T eMy KPEIKOro 310pOBbs, Oyarono-
JIy4Hsl, HOBBIX TBOPYECKUX YCIEXOB.
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