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TeopeTnyeckne 0CHOBbI MEeTaulypriv

YAK 669.184

Ucnonb3oBaHue ruOpuaHon mogenm
Ha 6a3e HeNMHelHOon aBToperpeccun
MCKYCCTBEHHOU HEMPOHHOU CEeTHn
rmyookoro ooy4eHua u metopga
CMEeKTpPaJsibHO-CUHIYNISPHOro aHann3a
Ana MmoaenpoBaHUs NoBeaeHus

M NPOrHO3MpPOBaHNSA OCHOBHbIX
KOMMOHEHTOB U NokKasaTtesnen
ra3oBoro aHanaum3sa no xoany
KUCNIOPOAHO-KOHBEPTEPHOU NiaBKu

. H. NMaBpuvnuH
115553, 2.Mockea, HazamuHckasi Hab., 0.10, k8.51. E-mail: ilya-gavrilin@mail.ru

lMpeacTaBneHo onucaHue, MeToauka co3naHus U pesynbTaTbl Ucnonb3oBanus rubpugHor mogenn NAR MSSA.
Mogenb Bbina cosgaHa nyTem NpUMEHEHUst Ans HEMUHENHON aBTOPErPECCMOHHON MOZENN UCKYCCTBEHHOM
HerpoHHoW ceTu rnybokoro obyveHns (NAR ANN) neped 9tanom npeanpoLeccMpoBaHUs pacLUMpeHHOM
UNbTPaLUMM MCXOOHBIX AAHHBIX METOLOM MHOTOMEPHOrO CMeKTpanbHO-CUHIYNspHoro aHammsa (MSSA)
MonyyeHHas rmbpugHas mogens (NAR MSSA) ucnonb3oBanack Ans MOLENMpOBaHNUS W NPOrHO3VPOBaHNS
NOBeAEeHNs1 OCHOBHBIX KOMMOHEHTOB M NoKa3aTenen ra3oBoro aHanuaa no Xogy KUCNOpOAHO-KOHBEPTEPHOM
nnaBKm.

KntoueBble crioBa: UCKYCCTBEHHbIE HEMPOHHbIE CETH, rNybokoe 0ByyeHWe, HENMMHENHas aBTOPErpecCoHHas
mogenb, rmopuaHas mogenb, MSSA, npeanpoueccupoBaHue, MSE, MAPE, paclumpeHHasi dunbTpauus,
NPOrHO3MpOBaHHe.

The description, method of realization and results of use of the NAR MSSA hybrid model are presented. The
model has been developed through application for the nonlinear autoregressive artificial neural networks of
deep learning (NAR ANN), before preprocessing, of extended filtering initial data by the multi-channel singular
spectrum analysis (MSSA). The developed hybrid model (NAR MSSA) was used for simulation and forecasting
the general behavior of basic components and indicators of waste gases analysis in the course of LD process.

Keywords: artificial neural networks, deep learning, nonlinear autoregressive model, hybrid model, MSSA,
pre-processing, MSE, MAPE, extended filtering, forecasting.
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TexHo1orn4yeckme rnpoLecckl MetTasnypriv

YAK 669.183:669.14.018.294:539.219.1

Pa3paboTka TeXHOJIOrMm TepMun4YecKomn
00paboOTKM XXeNne3HO[0POXHbIX

KoJsiec, ooecneymBalowen nosiy4eHme
OAHOPOAHOM CTPYKTYpPbI B 000a€e

E. M. Bacenuna', A. C. lpuHwinoH’, A. U. CeppbiueB’,
B. B. Kucnumua', J1. A. baea?, I. A. Dununnos?

'AO “BbIKcyHCKUU Memasiiypaudeckull 3aeod”, 2. Boikca, Huxxe2opodckasi o6i.
E-mail: sedyshev_ai@vsw.ru.
2@ryinm “UHnN4epmem um. U.I.6apduHa”, 2. Mockea. E-mail: iqs12@yandex.ru

[MpUMeHeHre HOBOW CXeMbl 1 anropuTMa OXNaX4eHUs MU 3aKanke XenesHOAOPOXHbIX KONEC B YCHOBUSX
konéconpokaTHoro nponseogcTBa AO “BbIKCyHCKMIA METannyprinyeckuii 3aBog” NpyUBENO K 3HaYNTENbHOMY
YAYYLWEHUI0 MaKpo- U MUKPOCTPYKTYpbl 000AbeB konéc auameTrpom 957 Mm u3 ctann mapkw “T" no
FOCT 10791-2011 n konéc anametpom 914 no ctangapty AAR M-107/M-208 npu coxpaHeHnn qu3mnko-
MexaHUYeCKX CBOWCTB Ha YPOBHE KOMEC TeKyLUero nponseofcTea. [peanaraemble M3MEHEHWS NO3BONAT
3HaYMTENbHO NOBBICKTB SKCMTyaTaLMOHHBIE XapaKTepPUCTIKM KONEC 3a c4eT 6ornee 0OAHOPOAHON CTPYKTYPbI N0
BCeMy ceveHunto obopaa koneca. MpumMeHeHe HOBOM TEXHOMOMM OXNaXKAEHUS MPU TEPMUYECKOM YMPOYHEHNM
KENE3HOZOPOXHBIX KOMEC MO3BOMSET BhLIMOMHATL YXKECTOUYEHHbIE TPebBOBaHWS K MUKPOCTPYKType oboga
korneca pasnnyHbIx 3apybexHbIX CTaHAAPTOB Ha NPOU3BOACTBO XeNe3HOA0POXHbIX Konec.

KroueBble cnosa: Kene3HOoAO0pPOXHbIE Koneca, TepMOO6p360TKa, CTPYKTYypa, MexaHN4eCkne CBOMCTBA.

The application of the new scheme and algorithm of cooling for hardening of railway wheels in the conditions
of wheel rolling production of OJSC “Vyksa metallurgical plant” has led to significant improving macro- and
microstructure of rims of wheels of 957 mm in diameter from the “T” steel (GOST 10791-2011) and wheels of
914 mm in diameter according to the AAR M-107/M-208 standard, while physical and mechanical properties
remain at the level of wheels of the current production. The proposed changes will significantly enhance the
wheels operational characteristics through a more uniform structure throughout the cross section of the wheels
rim. The use of the new cooling technology for thermal hardening of railway wheels allows following the stringent
requirements to the wheels rim microstructure of various foreign standards for railway wheels production.

Keywords: railway wheels, heat treatment, structure, mechanical properties.

10

IPOBIEMbI YEPHOU METAIITYPIVIM Y MATEPYAIIOBELEHUSA 2018 Ne 3



MarepwuasnoBegeHve v HoBble MaTtepuasibl

669.14.018.8

O BAUSHUN UMPKOHUA HA KOPPO3NOHHYIO
CTOWKOCTb YrnepognucTton m
HU3KOJIErMPOBaHHOW TPYOHbIX cTanen

U.T. PoguoHoBa, A. B. AmexHoB, C. U. 16yposB,
A. U. Banues, H. 1. Dnpenb

@ryn “UHUNqyepmem um. U.I. BapduHa”, 2. Mockea. E-mail: amejnov@mail.ru,
igrodi@mail.ru

lMpoBedeHbl WCCnefoBaHUsS BRMSHWS  MUKPONErMpoBaHUS LIMPKOHMEM Ha  KOPPO3WMOHHYI0 CTOMKOCTb
YrNepoaucTbIX W HWU3KOMErnpoBaHHbIX CTanew, UCMonb3yeMblX Ans HeTenpoMbICIOBbIX TPyOONpPOBOAOB.
YcTaHoBNeHo, 4to cTanu, obpaboTaHHble MoAudMKaTopamu, cofepkaliumu Kanbuuid, umetoT 6onee
HU3Kyl0, a cTann, obpaboTaHHble LMPKOHMEM Boree BbICOKYI0 KOPPO3WNOHHYI0 CTOMKOCTb, MO CPABHEHWIO C
aHanornyHbIMK CTansamu, npousseaeHHbIMM 6e3 0bpaboTkn Mogudukatopamu. ocne 3akanku U OTmycka
cTan umetoT Bonee HU3KYI0 KOPPOMOHHYKO CTOMKOCTb MO CPABHEHWIO C HOPManM30BaHHLIM COCTOSHUEM.
KoppoanoHHast akTUBHOCTb HEMETaNMYECKUX BKMIOYEHUA B COBPEMEHHBIX CTansx, MOAUMNLMPOBaHHbIX MO
Pa3nUYHbIM TEXHOMNOMAM, 3aBICUT OT UX XMMUYECKOro M (ha30BOro COCTABOB.

KnioyeBble CnoBa: KOPPO3WOHHAs CTOMKOCTb, YIMEPOAMCTbIE CTami, HU3KONErMpoBaHHble CTany,
MUKPONEr1poBaHie LIMPKOHMEM, PacKUCTEHME, KOPPO3MOHHO-aKTUBHbIE HeMeTaniMyeckie BKIHOYEHWS,
HehTeNpOMbICNOBLIE TPY6ONPOBOAbI.

Studies have been conducted on the influence of microalloying by zirconium on the corrosion resistance of
carbon and low-alloy steels used for oil-field pipelines. It has been found that the steels processed by calcium-
containing modifiers have lower, while the steels processed by zirconium have higher corrosion resistance in
comparison with the analogous steels produced without processing by modifiers. After quenching and tempering
the steels are characterized by lower corrosion resistance in comparison with the normalized state. Corrosion
activity of nonmetallic inclusion in the modern steels, which are inoculated according different technologies,
depends on theirs chemical and phase compositions.

Keywords: corrosion resistance, carbon steels, low-alloy steels, microalloying by zirconium, deoxidation,
corrosion active nonmetallic inclusions, oil-field pipelines.
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YAK 669.14.018.29.

BnusHune oTnycka nocne
TepMoMeXxaHn4Yeckom oopadoTku

Ha MexaHun4Yeckue CBOMCTBa U CTOMKOCTb
nPOTUB BOAOPOAHOINO pacTpeCcKnBaHUS
JINCTOB U3 TPYOHbIX cTanemn

A. A. XonogHbin, 0. U. MaTpocos, 91. C. Ky3He4yeHKo
@ryn “UHNqyepmem um. U.I. BapduHa”, 2. Mockea. E-mail: kholodnyi.aa@gmail.com

Viccneposanu BnusHue otnycka npn 650 °C Ha MexaHuyeckue CBOMCTBA W CTOMKOCTb MPOTUB BOLOPOAHOIO
pactpeckusaHus (HIC) nuctoB 13 TpyGHbIX CTanew, U3roTOBMEHHBIX N0 Pa3nnYHbIM PeXMMaM OXNaxgeHus
nocne KOHTPOMMPYEMOW MpoKaTkM. YCTaHOBMEHO, YTO OTNYCK MOBbILAET COMPOTMBISEMOCTb NMCTOB
npotve HIC. OnTumarnbHoe coueTaHne MexaHW4Yeckux CBOWCTB U cTonkocTh npotue HIC obecneunBaetcs
nocne obpaboTkn NUCTOB MO TEXHOMOTMM KOHTPONMPYEMOW MPOKATKW C YCKOPEHHbIM OXMakAEHUEM W
[ONOMHUTENBHBIM OTMYCKOM.

KroueBble cnosa: HU3KOIernposaHHaa pr6HaF| CcTasb, TONCTONMCTOBOM NPOKaT, KOHTPONMpyeMaa NpokaTka,
YCKOPEHHOE OXNnaxaeHue, npsMasa 3akarnka, 0Tnyck, MexaHn4eckmne CBOWCTBA, BOOPOAHOE pacTpeCKnBaHme.

The effect of tempering at 650 °C was investigated on the mechanical properties and resistance to hydrogen-
induced cracking (HIC) of pipe steel plates produced using various cooling modes after controlled rolling.
The tempering was found to increase the plates resistance to HIC. The optimum combination of mechanical
properties and HIC resistance is provided by controlled rolling of plates with accelerated cooling and additional
tempering technology.

Keywords: low-alloy pipe steel, rolled plate, controlled rolling, accelerated cooling, direct quenching, tempering,
mechanical properties, hydrogen-induced cracking.
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YAK 53.098:669.018.5

BnusHue “cnadboro” MmarHUTHOro nons
Ha Mécc0Oay3pOBCKUI CNEKTP CrjiaBa
S5bACP

P. A. Hasunos, 0. M. BbinxumosB, 3. A. ApcnaHoB

@rbOY BO “KazaHckuli HayuoHasnbHbIl uccredogamesibCKUli mexHos102u4eckull
yHusepcumem?,
2. Kaszanb. E-mail: rusnazipov@kstu.ru, rusnazipov@mail.ru.

B cratbe nokasaHO BMMSIHME BHELIHEro “crniaboro” MOCTOSHHOTO MarHWTHOrO Monst Ha MécchayapoBckue
cnekTpanbHble napameTpbl MarHUTOMSTKoro amOopgHO-HAHOKPUCTaNMYECKoro MeTannnyeckoro Cnnasa
5B[CP (Finemet-tuna). Mpu méccbayapoBCkux MccneoBaHUsX crnasa B aMOPHOM COCTOSIHIM C HATNOXEHNEM
marHuTHoro nons 0,24 Tn Ha pacnpegeneHnn QYHKUMM NAOTHOCTW BEPOSTHOCTM MO CBEPXTOHKOMY MOS0
nosienstoTCa cnabble HepasneneHHble MakcuMmymbl. CpeHee 3HaueHne CBEPXTOHKMX MOMei yMeHbLuaeTcs
CUIbHEE, YEM BEMNNYMHA BHELLHErO Noss.

KroueBble crosa: MéCC68y3pOBCKaﬂ CMNEeKTpOoCKonuaA, CBEPXTOHKNE B3aWMOLENCTBUS, aMOpCbHaFI CTPYKTYpa,
aMOde)HbIe CnniaBbl Ha OCHOBE Xernea3a.

The paper presents the effect of an external weak stationary magnetic field on Méssbauer spectral characteristics
of the magnetically soft amorphous-nanocrystalline alloy 5SNbCuSiB (Finemet-type). In the course of Méssbauer
experiments with the alloy in amorphous state under 0.24 T magnetic field it was found that weak inseparable
peaks appeared at the distribution function of the probability density over superfine fields. The average value
of the superfine fields decreased more severally than the external field.

Keywords: Mdssbauer spectroscopy, hyperfine interactions, amorphous structure, Fe-based amorphous alloys
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YAK 669-136

NMpuHUMNbI CO3paHUA cTanen

ANa N3rotoeneHna aPPeKTUuBHbIX
BbICOKOMPOY4YHbIX U3gesnvim metogamm
ropsiyev LTamMmnoBKH

A. U. 3anues'?, A. B. Konpaes', 5. M. MoryTtHoB',
H. A. ApyTIOHSIH?

1@ryr “UHNq4epmem um. U.N.6apduHa”. Poccus, 2. Mockea.
E-mail: aizaitsev1@yandex.ru
2 Xumu4deckul ¢pakynbmem MI'Y um. M.B.JTomoHocoea, 2. Mockea

Ha meTanne nabopaTopHOit 1 NPOMBILLEHHON BbINaBK/ NPOU3BELEHO UCCrefoBaHNe BNUSHUS NPOLECCOoB
(hopMMpOBaHNS 06BEMHON CUCTEMbI HaHOPa3MEPHbIX (Pa3oBbIX BbIAENEHWUA W OUCNEPCHOCTU CTPYKTYpbI
MCXOLHOTO MpoKaTa Ha MoKa3aTenu CBOWCTB M3OENWA, MOMy4aeMblX METOAaMK ropsyen LUTaMMOBKA.
YcTaHoBneHa LienecoobpasHocTb MNOBbILEHUS AMCMEPCHOCTM MUKPOCTPYKTYPbI MCXOBHOMO MnpokaTta o
Homepa 11-12 no FOCT 5639-82 ans noBbILLEHNS NPOYHOCTHBIX CBOUCTB METanMa Takux nsgenuit. Mokasato,
4TO MyTEM YNpaBneHust OMUCMEPCHOCTbIO CTPYKTYPbl MCXOAHOMO mpokata W MpoLeccoM (opMUpOBaHUS
0BBEMHOW CHCTEMbI HAHOPA3MEPHBIX (Ha30BbIX BbIAENEHWA MOXHO [OCTUYb MPUHLMMIMANBHOMO MOBbILEHMS
WX MPOYHOCTHBIX 1 APYTUX CIYyXEBHBIX CBOWCTB.

KroyeBble crosa: crarb, ropsa4as LWTaMnoBKa, ayCTEHUT, MapPTEHCUT, HaHOpa3MepHble BblOENEHUS,
OMCNepPCHOCTb CTPYKTYPbI, NPOYHOCTD, cny>|<e6Hb|e CBOWCTBA.

The metal of laboratory and industrial smelting was used for research of the influence of processes of
forming volume system of nanosized precipitated phases and dispersion of structure of starting rolled stocks
on characteristics of articles produced by hot die forging. The advisability has been established of raising
the microstructure dispersion of starting rolled stocks to the number 11-12 (GOST 5639-820) for increasing
strength properties of the metal of this type articles. It has been shown that controlling the structure dispersion
of starting rolled stocks and the process of forming volume system of nanosized precipitated phases allows
fundamental increasing theirs strength and other working properties

Keywords: steel, hot die forging, austenite, martensite, nanosized precipitates, structure dispersion, strength,
working properties.
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UccnepoBaHue CTPYKTYPbl ¥ CBOMUCTB
NnoALLUUNMHUKOBBLIX cTanen gna ten
KayeHus, NermpoBaHHbIX a30TOM
MeTOoA0M rasoTepmMooapn4yecKomn
00paboTKMn

. C. Benoycos, A. B. benoycos, M. E. l[etmaHoBa,
r. A. dununnos

@ryn “UHnqyepmem um. U.IN. BapouHa”, 2. Mockea. E-mail: igs12@yandex.ru.

lMoka3aHa BO3MOXHOCTb NONyYEHMS CBEPXPABHOBECHbIX KOHLIEHTPALMIA a30Ta B NOALLMMHUKOBBIX CTaNsX Mapok
60X13-L[ n 110X18M-LUL cnocobom rasotepmobapuyeckorn obpaboTku (TTBO). ccnenosaHbl cogepxanie
asoTa, 4OCTUraemoro B CTansx nocne pasnuuHbix pexumos [TBO, 1 nx TBepaocTb. MpoBeaeHb! CTPYKTYPHbIE
UCCneaoBaHus  MeTannorpacuyeckum MeTOAOM, 9MNEKTPOHHOM  MMKPOCKOMMEN, PEeHTTEeHOCTPYKTYPHbIM
aHann3oMm. 3y4eHo BNusiHNE a3oTa Ha KOHTaKTHY'0 BbIHOCTIMBOCTb TEN Ka4eH!st NOALLMMHUKOB MCCNeayeMbIX
cTanem.

KroueBble crnosa: a30TnpoBaHMe, CBEPXpaBHOBECHAA KOHLUEHTpauund, TBepaoCTb, CTPYKTYpa, MapTEeHCUT,
KOHTaKTHas BbIHOCINBOCTb.

The possibility has been shown of obtaining super-equilibrium concentrations of nitrogen in bearing steels of
brands 60H13-ShD and 110H18M-ShD by gas-thermobaric processing (GTBP). The nitrogen content attained
in the steels after GTBP of various regimes and their hardness were investigated. Metallographic method,
electron microscopy, X-ray diffraction analysis were applied for structural studies. Influence of nitrogen was
investigated on the contact endurance of rolling bodies of bearings from the studied steels.

Keywords: nitriding, super-equilibrium concentration, hardness, structure, martensite, contact endurance.
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PacueT 3HepreTnyeckoro nopora
noNMMopd@HOro npeBpaLlLeHus

B cucteme Fe — Cr meToaom
aTOMUCTUYECKOro MmoaenmpoBaHus

M. 0. CemeHoB', B. C. KpanowuH', A. J1. Tannc?,
A. 10. XXunsakos3, U. . Kopones'

"MI'TY um. H.3. BaymaHa, 2. Mockea. E-mail: semenov.m.yu@bmstu.ru.
2UH30C PAH um. A.H.HecmesiHoea, 2. Mockea. E-mail: talishome@mail.ru.
3YP®Y um. lNepeoezo lNMpe3udeHma Poccuu b.H. EnbyuHa, 2. EkamepuH6ype.
E-mail: a.y.zhilyakov@urfu.ru.

B kayecTBe anemeHTapHOro akta nonMMopHOro NPeBpaLLEHNs paccMaTpuBaeTes nepebpocka auaroHanen B
pombe, BepLUMHBI KOTOPOTO 3aceneHbl aToMamyt Xenesa u/mniu xpoma. SHepreTudeckuii Nopor paccyuTLIBanCs
B pamkax napHoro noteHuuana Mopae. YncneHHble napameTpbl annpoKCUMUPYIOLWen NoTeHUman yHKLm
kanubpoBaHbl MO 3KCNEPUMEHTaNbHBIM 3HAYEHNAM SHEPTUiA CyBruMaLmn 1 TemnepaTypHbIX 3aBUCMMOCTEN
YNpyrux KOHCTaHT xenesa u xpoma. BenuumHa aHepretudeckoro Bapbepa npu 1193 K ans uncTbix xenesa
1 Xpoma oka3anacb pasHoi cooTBeTcTBEHHO 150 1 195 k[x/Monb. Mpu pa3meLLeHun 0gHOrO aToMa Xpoma
B BEPLLUMHE OCTPOro yrna pomba aHepreTuyeckuin bapbep paseH 222 k[hk/Monb, a B BEpLUKWHE Tynoro yrna
pomba 93 k[hx/monb. Mpu 3aceneHun AByMS aToMaMu Xpoma [BYX BEPLUWMH OAHOrO pebpa SHepreTnyeckui
Bapbep paseH 181 khx/Monb. ALEKBATHOCTb pacyeTa NOATBEPKAEHA COTNAcMEM PacyeTHbIX 3HaYeHuit ¢
3KCMEPUMEHTANBHBIMM.

KnoueBble crosa: nonMMopchHOe NpeBpaLLeHne, CUCTEMA XKENe30-XPOM, NapHbIii NOTEHLMAT, SHEpreTUYECKMil
Mopor, aTOMUCTMYECKOE MOZIENMPOBaHME, Ypyre CBONCTBA.

The rhombus diagonals flipping was regarded as an elementary act of polymorphic transformation. Some of
rhombus vertexes are occupied by atoms of Fe, some are occupied by atoms of Cr. The energy threshold
was calculated using the Morse pair potential. The numeric parameters of the function approximating the
potential were calibrated according to the experimental values of sublimation energies and the temperature
dependencies of Fe and Cr elastic constants. The value of the energy barrier for pure iron and chromium at
1193 K are equal to 150 and 195 kJ/mol respectively. In the case of occupation of the acute rhombus vertex
by chromium atom the energy threshold was equal to 222 kJ/mol. But in the case of occupation the obtuse
vertex the threshold was only 93 kJ/mol. If two different vertexes are occupied the threshold is equal to 181
kJ/mol. The calculation adequacy was proved by the agreement between the results of the calculations and
experiments.

Keywords: polymorphic transformation, iron-chromium system, pair potential, energy threshold, atomistic
modeling, the elastic properties.
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UccnepoBaHue ponmn monmnbpeHa
B CUCTEeMe MUKPOJIermpoBaHus
BbICOKOMPOYHbIX PEepPPUTHLIX
aBTOJINCTOBbLIX CTaJIEUN

A. U. 3anues'?, A. B. Konpaes', 5. M. MoryTtHoB',
H. A. ApyTioHsaH'2, C. ®. lyHaeB?

1 @ryii “LUHUNq4epmem um. U.I1. BapduHa”, 2. Mockea. E-mail: aizaitsevi@yandex.ru.
2 Xumu4eckuti ghakynsmem MI'Y um. M.B. JlomoHocoea, 2. Mockea.

BbinonHeHo uccnenoBaHue BnusHUA MonubaeHa Ha (hOpMUPOBaHWE CTPYKTYpbl M KOMMMEKCA CBOWCTB
HOBbIX BbICOKOMPOYHbIX (heppPUTHBLIX aBTONMUCTOBbLIX CTanen. [okasaHo, YTo yyacTie monubaeHa B cucteme
MWKPONErMpoBaHns MPMBOAMT K YCKOPEHWUIO 3apOKOEHUS KapBuUaHbIX BbIGENEHUA TUTAHa 3@ CHET CHKEHNS
3Heprun nb6ca noBepxHOCTM X pasfena C MeTanINYeckon MaTpuLen 1, HanpoTMB, K COEPKUBAHWIO WX
pocta Brnarogaps 3amenneHno Anddy3noHHbIX npoueccoB. OAnH U3 KMKOYEBbIX MEXaHW3MOB NOMyYeHNs
HeoBXxo4MMOro KoMnnekca CBOWCTB paccMaTpuBaeMblx ctanei — (hopMupoBaHne 06bEMHON, TEPMUYECKM
CTabuUnbHON CUCTEMbI HAHOPA3MepHbIX KapOuaHbIX BbIGENEHNA B 3HAYNTENBHONM CTENEHU KOHTPONMpYeTCcs
npucytcTeem Mo B cocTaBe metanna. CoaepxaHue monubaeHa AOMKHO ObiTb OPAHNYEHO W HAXOAUTLCS
Ha ONMTUMarbHOM YPOBHE, MOCKOMbKY BTOPbIM YCAOBWUEM AOCTUXEHUSI HEOBXOAMMOrO KOMMMeKca CBOWCTB
ABnseTcs (hOPMMPOBaHNE OBHOPOAHON MENKOLMUCTIEPCHON (DEPPUTHOM CTPYKTYPbI.

KnioyeBble CroBa: BbICOKOMPOYHbIE CTanM, aBTONMUCTOBbIE CTanM, (DEppuT, MUKpOMNEr1poBaHie,
MonnbaeH, HaHopasmepHble KapbuaHble BbiAeneHus, MexdasHble BblgeneHusl, OOHOpPOaHas aucnepcHas
MMKPOCTPYKTYpA.

It was studied how molybdenum influences the structure formation and the complex of properties of new
high-strength ferritic autosheet steels. It has been found that the participation of molybdenum in microalloying
system leads to accelerating nucleation of titanium carbide precipitates at the expense of a decrease in the
Gibbs energy of the carbides-metal interface and, on the contrary, to retarding their growth because of delaying
diffusion processes. One of the key mechanisms of obtaining the necessary complex of properties of the steels
under consideration lies in forming a bulky, thermally stable system of nanosized precipitates of carbides that
is largely controlled by the presence of Mo in the metal. The molybdenum concentration should be restricted
and be at an optimum level because the second condition of attaining the necessary complex of properties is
formation of homogeneous fine-grained ferritic structure.

Keywords: high-strength steels, autosheet steels, ferrite, microalloying, molybdenum, nanosized carbides
precipitates, interphase precipitates, homogeneous fine-grained microstructure.
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UccnepoBaHue XMMnN4ecKkoro
COCTaBa 3epPHOrpaHNYHbIX
ob6nacTtei a30TUPOBAHHOIO CJ1I09
B HU3KOYIrnepoaucTom crtanam
MapTEHCUTHOrO Kylacca

3. A. Enucees, I. C. CeBasnbHEB, A. B. JleoHOB,
0O.B.Cepos

@IYI1 “Bcepocculickull Hay4Ho-uccriedoeamesibCKUll UHCmMumym asuayuoHHbIX
mamepuaisos”, 2. Mockea. E-mail: yeliseyevea@yviam.ru.

ViccnepoBaH XUMWYECKMA COCTaB rpaHuL, 3épeH B a30TMPOBAHHOM CHOE CTanl MapTEHCUTHOrO Kracca
BKC-7 (16X2H3MO®BAIO-LL) meTomom Oxe-aneKkTpoHHOM criekTpockonun. OBHapYKEHO CyLLeCTBEHHOE
nepepacnpefeneHne xpomMa 1 Hukens Mexgy rpaHuuamm u obbémom 3épeH. Pacnpegenedue asota
no TOMLIMHEe a30TMPOBAHHOTO CMOS Ha rpaHvUax 3EépeH cBA3amu C pacnpefeneHnem Hukens. pagueHt
KOHLEHTPaLWM HWKens OOBACHWNM BblZeNeHWeM Ha rpaHuUax BO BpeMsl a3oTMpOBaHWs Y'-dhasbl.
CyLLecTBeHHOrO nepepacnpenenenns Apyrix nerupyoLmx SNEMEHTOB MEXAY rpaHuLamn n 06bEMOM 3EpeH
B @30TMPOBAHHOM CF0€ He 0BHapyKeHO.

KnioyeBble cnoBa: a3oTupoBaHMe, BbICOKOMPOYHAS CTamnb, KOMMEKCHO-NErMpoBaHHast CTanb, CTalb
MapTEHCUTHOTO Krnacca, rpaHuLia 3epHa, 06bem 3epHa, y'-thasa.

Auger electron spectroscopy was applied to study the chemical composition of grain boundaries in the nitrided
case of the martensitic steel VKS-7 (16Cr2Ni3MoVNbNAI-Sh). Essential redistribution of chromium and nickel
between grains volume and boundaries was revealed. Nitrogen distribution along the thickness of the nitrided
case on grain boundary was related to nickel distribution. Concentration gradient of nickel was explained by
y'-phase precipitation on grain boundary in the course of nitriding. Essential redistribution of other alloying
elements between grains volume and boundaries in the nitrided case was not detected.

Keywords: nitriding, high-strength steel, complex-alloyed steel, martensitic steel, grain boundary, grain volume,
y'-phase.
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BnansHne xmumMmm4yeckoro cocraBsa
HeMeTaNlJIn4eCKUX BKJIIOYEeHUn

Ha KOPPO3UOHHYIO CTOMKOCTb
yrnepoaucTbiX U HU3KOJIErMpoOBaHHbIX
cTasien B BOOHbIX cpeaax, XapakKTepHbIX
ONa YCJZI0OBUM 3KcniyaTaumm
HedTenpomMbICNIOBbIX TPYOONPOBOAOB

A. B. AmexHoB, WU. . PoauoHoBa, A. . 3anues,
B. M. MorytHoB, O. H. BaknaHoBa

@ryn “UHUNq4epmem um. U.I. BapduHa”, 2. Mockea. E-mail: amejnov@mail.ru

lMpeacTaBneHbl pesynbTaThl UCCNEA0BaHMS BNSHIAS XMMUYECKOTO COCTaBa KOMMIEKCHBIX HEMETaNIMYeCKUX
BKIMKOYEHUIA  (KOMMMeKCHbIX HB) Ha KOPPO3MOHHYI CTOMKOCTb YIMEPOAUCTbIX W HWU3KOMErMpOBaHHbBIX
cTanen B HemTpasnbHbIX BOAHbLIX CPedax, XapakTepHbX AN YCMOBWA 3KCnnyaTtauun HedTenpoMbICHOBbIX
Tpy6onpoBoaoB. KoppoanoHHas akTMBHOCTb HB 3aBMCMT OT X XMMUYECKOro cocTaBa, ONTUMKU3aLeil KOTOpOro
MOXHO NpegynpeanTb WX OTPULATENbHOE BIMSIHWE Ha KOPPO3VMOHHYK CTOMKOCTb. [lomumo copepxaHus
KarnbLnsi B OKCUAHON COCTaBMSIOLLEN BKITIOYEHUI Ha OCHOBE antoMOMarH1eBoi LUNMHENW, Cnoco6CTBYHOLLEro
nepeBofy BKMKYEHNS B rNoBynsipHyt0 (OpMy, K CHXKEHWUIO KOPPO3MOHHON aKTUBHOCTY TaKiX KOMMIEKCHbIX
HB npuvBOAMT NOBbILLIEHHAs KOHLEHTpaLMs OKcuaa MarHns B WX OKCUAHOW cocTaBnstowwen. K noBbiLeHnto
KOPPO3MOHHOW aKTUBHOCTK KOMMMeKCHbIX HB npueogut Gonbluoe KONMWMYecTBa KOpyHOa B OKCUAHOM
COCTaBMSIOLLEN BKMKOYEHNS. B kaueCTBe 0QHOTO U3 KpUTEPHEB KOPPO3WNOHHOM aKTUBHOCTW KOMMEKCHbIX HB B
COBPEMEHHbIX CTansX MOXeT CIY)UTb OTHOLLEHWE CPELHEr0 COAEpKaHMs aroMUHNS K CPEAHEMY COAEPXaHUo
MarHus B OKCWAHOW cocTtaBnsiowen BkmodeHus [AlJ[Mg]. Mpu 3Ha4YeHUM yka3aHHOTO OTHOLLEHWS MeHee
1,0 HemMeTannM4eckue BKMKYEHWUS HE MPOSIBMIST KOPPO3MOHHOW aKTUBHOCTH, YTO MO3BOMSET obecrneynTtb
BbICOKYH) KOPPO3WOHHYH CTOMKOCTb CTanem An1s HedhTenpoMbICIoBbIX TPyOONpPOBOAOB.

KnioueBble crosa: KOPPO3NOHHaA CTONKOCTb, HeﬂTpaJ’leble BOAHbIE Cpeabl, He(bTeI'IpOMbICJ'IOBbIe
prﬁOI’IpOBO,D,bI, KOMMEKCHble HEMETanNM4yeckne BKMYEeHUA, ANekKTpoXnMmmnyeckas MeToanka.

The paper presents the results of research into the effect of the chemical composition of complex non-metallic
inclusions (CNI) on the corrosion resistance of carbon and low-alloy steels in neutral aqueous media typical for
service conditions of oil-field pipelines. The corrosion activity of CNI depends on their chemical composition,
optimization of which can prevent their negative impact on corrosion resistance. In addition to calcium
content in the oxide constituent of inclusions based on aluminomagnesium spinel, which favours inclusions
transformation into the globular form, an increased concentration of magnesium oxide in the oxide constituent
leads to a decrease in the corrosion activity of this type CNI. A large proportion of corundum in the inclusions
oxide constituent results in increasing the CNI corrosion activity. The ratio of the average content of aluminum
to the average content of magnesium, [AlJ/[Mg], in the oxide constituent of inclusions can serve as one of the
criteria for the corrosion activity of CNI in modern steels. If the specified ratio is less than 1.0, the non-metallic
inclusions do not exhibit corrosion activity, which allows providing high corrosion resistance of steels for oil-field
pipelines.

Keywords: corrosion resistance, neutral aqueous media, oil-field pipelines, complex non-metallic inclusions,
electrochemical technique.
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KOHTPOJIb METaI/TyPrn4ecKoro rnpov3BoACTBa Y MeTasl/IonpoayKLmn

YAK 620.193

PaspaboTka MeTOoaAuKKN uccnenoBaHus
KOPPO3UOHHOU CTOUKOCTMU
MHOIOCJIOMHbIX MeTaNJIn4eCKux
MaTepuanoB C BHYTPEHHUM
NPOTEKTOPOM AJ19 NOBbILUEHUS
DOJIFOBEYHOCTU U HAJEXHOCTHU
MEeTaJINTIOEMKNX KOHCTPYKLIUN

H. H. Pauyk', U. A. CadpoHoB'2, E. P. JlexxHeBa3,
. J1. XapuHa?

" HayuoHanbHbIU uccredogamesibCKUll mexHosio2u4eckull yHueepcumem
“MUCuC”, . Mockea. E-mail: ratsuk.n@gmail.com.

2 AO Hay4Ho-npou3zsodcmeeHHoe 06beduHeHue “LjeHmpanbHbili Hay4YHo-
uccnedoeamesibCKUll UHCMuUMym mexHoJsio2uu MawuHocmpoeHus”, 2. Mockea.
E-mail: IASafonov@cniitmash.com

3 @I'bOY BO “lleH3eHckull locydapcmeeHHbIlU YHueepcumem?”, 2. lleH3a.

CraTbst NOCBSAiLEHa ONbITy pa3paboTkn METOAUKW MCCNEefoBaHUS KOPPO3MOHHBIX CBOWCTB MHOMOCMOMHOIO
MeTann14eckoro Matepuana ¢ BHyTpeHHuM npotektopom (MBIM). B pesynbTtaTe npoBeAéHHbIX UccnenoBaHni
BbISIBIEHbI 0COBEHHOCTH KOpPO3nUOHHOro npovecca MBI, koTopble He NO3BONAKT NPOBOANTL SKCMEPUMEHTbI
B ctporom cooteeTctBM ¢ TOCT 9.912-89. MpeonoxeHa HoBas meToauka wcnbitaHuii MBI, yuuTbiBas
HeAO0CTaTKW TPaAULMOHHOIO NOAX0Aa.

KnoueBble crioBa: MHOrOCIOMHbIA METaNNNYeCKi MaTepuar, BHyTPEHHUA NPOTEKTOP, KOPPO3WS, MUTTUHIOBAS
Koppo3us

The paper is devoted to the experience of developing a technique for research of corrosion properties of a multilayer
metallic material with an inner protector (MIP). The performed studies have resulted in revealing special features of
corrodibility of MIP, which do not allow conducting experiments in rigorous compliance with GOST 9.912-89. A new
technique of testing MIP has been proposed that takes into account the drawbacks of the traditional approach.

Keywords: multilayer metallic material, inner protector, corrosion, pitting corrosion.
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OnpepeneHne XxMmmMmm4eckoro cocrtasa
MeTaJUJIN4EeCKMX NOCTOAHHbIX MAarHUTOB,
coaepXxawumx peakosemMmesibHble
MeTaJsibl, o00ecne4ymnBaloLl,ero
onTUMasnbHbleé MAarHUTHble CBOMUCTBA

C. C. WymkuH', M. 0. CeméHoB?

' AO “CneymacHum”, 2. Mockea. E-mail: shoomkin@s-magnet.ru.
2@rbOYBO “MITY um. H.3. bBaymaHa”, 2. Mockea. E-mail: semenov.m.yu@bmstu.ru.

[MpoBefeH cTaTUCTUYECKINIA aHanW3 CBONCTB cnnasoB cucTemMbl Sm— Co — Cu — Fe — Zr. YcTaHOBREHO, 4To npu
TeKyLMX ycnousix 06paboTkn 80 % NOCTOSHHBLIX MarHUTOB COOTBETCTBYIOT NPEAbABISEMbIM TPEDOBAHUAM
(26 MI'cd < (BH),__ <28 MI'c3). MonyyeHbl onTiMaribHble COOTHOLIEHNS OCHOBHbIX NIEMMPYIOLIMX 3MIEMEHTOB.
lMpeanoxeHa ynpoLyeHHas napameTpuyeckas hopMyna nepecyeTa aTOMHbIX W MacCOBbIX KOHLEHTpaLui
nervpyroLmx anemeHTos B cucteme Sm— Co — Cu—Fe - Zr.

KntoyeBble crnoBa: MOCTosiHHble MarHuTbl, cuctema Sm — Co — Cu — Fe — Zr, marHuTHble CBOWCTBA,
CTaTUCTUYECKME METObI.

The statistic analysis of magnetic alloys of the Sm — Co — Cu — Fe — Zr system was carried out. It was
established that 80 pct of permanent magnets after current conditions of processing were consistent with the
specified requirements (26 MGOe < (BH) _ < 28 MGOQe). The optimum relations of main alloying elements

were found. A simplified parametric formula was suggested for recalculation of atomic and mass concentration
of alloying elements in the Sm — Co — Cu - Fe - Zr system.

Keywords: permanent magnets, Sm — Co — Cu - Fe — Zr system, magnetic properties, statistic methods.
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MeTopuka n obopynosaHue
ONa uccnepoBaHUsa KMHEeTUKU pa30BbIX
npeBpaLwLeHm aycteHuTa

. U. dpaHTOoB, U. 0. YTKUH, A. C. KupnueHko

@ryn “UHNqyepmem um. U.I1.6apduHa”, 2. Mockea. E-mail: IFrantov@mail.ru,
iutkin89@ya.ru

OnucaHa MeToaMKa WHTEPMpeTauuu AWNaTaLMOHHbIX KPUBBIX B TEPMUHAX PasfMuHbIX MpeBpaLLeHui
ayCTeHUTa Npu pasHbIX CKOPOCTSX OXMaxaeHust. [oCcTpoeHb TEPMOKMHETUYECKAS U CTPYKTYpHAs AnarpaMmbl
[OJ15 MeTarnmna OKoMoLLOBHOMN 30HbI CBapHOro coeanHeHus n3 ctanu 06Ib. OnpeaeneHsl ananasoHbl CKOPOCTEN
OXNaXAEHNS, B KOTOPbIX MPOMCXOANT 0Bpa3oBaHme pasfinyHbIX MUKPOCTPYKTYP.

KroueBble cnosa: ayCTEeHUT, d)a3OBbIe npespaLleHna, KNHETUKa, CTPYKTYpa, TEPMOKMHETUYECKaA Anarpamma,
MWUKPOTBEPAOCTb.

The paper presents methods of interpretation of dilatometric curves in terms of various transformations of
austenite in the course of cooling with different rates. Thermokinetic and structural diagrams were constructed
for the metal in neighbourhood of welded joint of the 06MnNDb steel. Cooling velocity ranges were determined
where various microstructures were formed.

Keywords: austenite, phase transformations, kinetics, structure, thermokinetic diagram, microhardness.
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NMpaBuna

odpopMsIeHns cTaTeum B XXypHan
“NMpoO6nemMbl YepHOW MeTannyprum un
MmartepvanoseneHua’”

Penkonnerus xypHana NpuHAMaeT B neyaTb OpUriHanbHble HayyHble cTaTbit 1 0630pbl hyHAAMEHTANbHOTO
W MPUKNagHoro xapakTepa no Bcem npobrnemam, UMEtLMM OTHOLLIEHNE K YEPHOI MeTanypruu, CBONCTBaM
cTanu 1 cnnaeos. MyBnuKyITCS Takke AUCKYCCUOHHbIE CTATbW, PELEH3UM Ha U3aHHbIE KHUM, MHopMaLs
0 Hay4HbIX KoH(hepeHLusix. Bce nybnukavmum npoussoasTcest GecnnarHo.

CraTby NPEACTaBNSOTCS B PeAAKLMIO B NEYATHOM 1 9NIEKTPOHHOM BapuaHTax, 0pOpMITEHHBIE MO CReayoLM
npasunam.

1. WHpoekc YIK, HasBaHue ctatbn, VIO aBTOpOB, MECTO paboThl aBTOPOB, MOYTOBLIA MHAEKC M aapec,
aapec 3NEeKTPOHHOMN MOYTbI.

2. OneKTpOHHbIN BapuaHT npeacrtasnsetcs B popmate MSWord ¢ pucyHkamm B Bue oTzenbHbIX (haitnos
tuna TIFF, EPS unu JPEG (paspelueHue He mMeHee 300 Touek Ha fioim). MpuHUMAIOTCS Takke rpaduky,
noctpoeHnHble B COREL, EXCEL, ORIGIN. B crnyyae 6onbLuoro obbema chaiina gonyckaeTcst MCnonb30BaHe
0bLLen3BECTHBIX apX1BaTOPOB.

3. TeKcTy cTaTbi AOMKHbI MPEALecTBOBaTb aHHOTALUMs pasmepoM He Gonee 100 croB M nepeyeHb
KIOYEBbIX CIIOB.

4. Tabnuupl 1 NOANMCK K PUCYHKaM PacnonararTCs B KOHLE TeKcTa.

5. B matepuanax BOImKHbI MPEUMYLLECTBEHHO MCMONb30BaTbCs (DU3NYECKME enHULbl N 0BO3HAYEHNS,
npuHsiTble B MexayHapoaHoi cucteme eauniny, CA.

6. CraTby, cogepxallme pesynsTaTbl UCCMENOoBaHNM, NPOBEAEHHbIX B YYPEXKAEHUN, AOMKHbI 06S3aTENbHO
UMETb HanpaBIeHNe 1 paspeLLeHne 3Toro YUpexaeHIs.

7. Cnucok untupyemon nutepatypbl 0hopMIseTcs cneaytoLm obpasom:

damunum 1 MHMUManbl aBTopoB. HassaHue cTatbu. // HaumeHoBaHue xypHana. Fog. Tom. Ne. cTpaHuupi.
Ecnu cebirnka AenaeTcst Ha KHUrY, TO yka3blBaeTcs KONMYecTBO cTpaHuL,. Mpumepsl

& lIBaHoBA.A., Cngopos[1.MM.uMetpos X.[. MexaHnyeckwe ceoiictea cnnasos. //OMM. 2002. T. 77.Ne 7.
C. 1970 - 1975.

4 Hillert M. The Nature of Bainite. // ISIJ International. 1995. V. 35. No. 9. P. 1134 — 1140.

¢ Xunnept M. MapapaBHoBecKe W Apyrue orpaHuyeHHble paBHoBecwus. / B kH.: [uarpammbl ¢a3 B
cnnasax. M.: Mup.1986. C. 151 — 168.

¢ lBaHoB A.A. 3akoHOMepHOCTM amopdu3aumm Hukenesbix cnnasoB. / B kH.: VI Hau. koHd. no
amopdHbIM cnnasam. Tes. gokn. M.: Metannyprus. 1998. C.145.

& Cyactnmeues B.M., Mupsaes [.A., Akosnesa W.J1. CTpyktypa Tepmuyecks obpabotaHHon cramm.
M.: Metannyprus, 1994, 288 c.

8. [levaTHblit BapuaHT MOAMMCHIBAETCS BCEMM aBTopami. Kpome TOro, aBTOPCKWI KOMNEKTUB AOMKEH
yKasaTb NNLO, C KOTOPLIM pefakums byaeT BECTU NEpPeroBopbI 1 NEPENMCky.

9. [lns o3HaKOMNEHUs C MOATOTOBIIEHHOW K ﬂy6ﬂMKaLl|I/IVI cTaTben aBTopam no 3ﬂeKTp0HHOI;1 noyte
BbICbI/TAETCA KOPPEKTYPa. CsefeHus 06 oneyaTkax B Te4eHne 3-X AHe! A0MKHbI ObITb nepenaHbl B peaakunto.

Bce ncnpasnieHna B KOPPEKTYPE AOMKHbI ObITb YETKAMM 1 SICHBIMMN.

ABTOpam cTaTby BbichinaeTcs 1 ak3eMnnisip XypHara.
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