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Anuomaulm. le/l MOJCJIMPOBAHUM YCAJOYHBIX IMPOLCCCOB MPU 3aTBCPACBAHUN U OXJIAXKACHUH 3arOTOBOK Ha MAalIMHE HEIIPEPBIBHOI'O JIMThS 3aI0OTOBOK

(MHJI3) ycaaku Bo3HUKAeT HEOOXOAUMOCTh B OMpPEACICHUH KO3(D(PHIMEHTa TUHEHHOTO PACIIMPEHHs B 3aBUCMOCTH OT TEMIIEPATyphl U COMlep-
KaHus yriepoza. [IpuBeieHHbIC B CIIPABOYHON JIUTEPATyPe IKCIEPUMEHTANIbHBIC JaHHbBIC 10 KOA(DGUIMEHTaM JIMHEHHOTO PacIIMpeHus B 00Jb-
[IMHCTBE CJIy4aeB OrpaHHYEHbl HHU3KOTEMIIEPATYPHBIM MHTEPBAJIOM, BEPXHssl rpaHuna koroporo He mpebimaer 1200 °C. st Goniee BBICOKHX
TeMIIeparyp 3Ha4eHHs HTOro Kod(hduieHTa He U3BeCTHBI. X onpe/eneHue B MociaeaHee BpeMst OCyLIECTBILIIOT ¢ HCIIOJIb30BAaHUEM dMITHPUUECKUX
3aBUCHMOCTEH /IS pacyeTa H3MEHEHHUS yIeIbHbIX 00beMOB (a3 npu u3MeHeHnr Temieparypbl. OHAKO IPUBEICHHBIC B JINTEPATYPE 3aBUCUMOCTH
3a4acTyI0 HOCSIT MPOTHBOPEYMBBINA Xapakrep. B cBs3u ¢ 9THM BO3HHKIIA HEOOXOMMMOCTh B pa3pabOTKe eIMHOM METOAMKH ONpEe/ICH s 3HAYCHHU
ko3 uULIHEeHTa TMHEHHOTO PacIIUPEHNUs] B 3aBUCUMOCTH OT TeMIEpaTypbl U cofiepkanust yriepoaa. [Ipu BeiBoge Gopmyst s pacuera kodhdu-
LMEHTA JIMHEHHOM YCaKku 32 OCHOBY IPHHSUIN MOJIyYCHHbIC PaHee BRIPAKESHHS [JIs pacyeTa yAelbHbIX 00beMOB cI1aBoB cucreMsl Fe—C. M3mene-
HHE yIeTbHOro 00beMa OT TeMIIEpaTypbl CYIIECTBEHHO BIMSCT COepKaHue yriepoja. Pacuer 3HaueHuii kod)GUIMeHTa THHEHHOM YCaJKH BBINOJI-
HEH OTJIETIbHO IJIs TPEX MHTEpBaNoB KoHUeHTpanuil yraepoaa 0 — 0,10, 0,10 — 0,16 u 0,16 — 0,50 %, oTuyaromuxcs Apyr OT Apyra pa3IudHBIMU
(ha30BBIMH MIPEBPAIICHUSIME TIPU 3aTBEPACBAHUH M OXJIXACHUHM CIUIaBoB. [IpencTaBneH npumep pacuera kodQuineHTa JTHHSHHONW ycaaKu s
Cepe/iiH yKa3aHHBIX HHTEPBAJIOB. BBIMOIHEHO COMOCTABIICHHE MOJTYYEHHbBIX PE3yJIBTATOB pacueTa ¢ M3BECTHBIMU JIUTEPATYPHBIMHU U CIIPABOYHBIMH
JIAHHBIMHU. YCTaHOBJICHA a/IEKBAaTHOCTD MPEIOKEHHOH MeTouKy. [TokazaHa BO3MOXKHOCTb HCIIONIb30BAHUS ITPEIaraeMoii METOIUKH JUTSl PEILICHUS

HCCIICA0BATCIILCKUX 3a1a4.

Kniouesvie cnoga: nuueiinas ycaaka, KodQUIHEHT JTUHEHHOTO paclinpeHHs, YenbHbIi 00beM, nuarpamma Fe—C.
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[Tpr MomeNMMpPOBaHNH yCaI0YHBIX MIPOIIECCOB IPH 3aTBEP-
JICBAHUM U OXJIKICHUU 3arOTOBOK HA MAIMHE HEPephIB-
HOTO JUThs 3aroToBok (MHJI3) Bo3HMKaeT HEOOXOAUMOCTh
B HaXOKACHUU KOI(DGOHUIMEHTa JHHEWHOTO PaCIIUPCHUS
(mayee ko3¢ duIMEHTa YCaJIKN) B 3aBUCHMOCTH OT TEMIIepa-
TYpPBI ¥ COZICPIKAHUS YIIEpOaa. DTH 3HAYCHHUS OIPEICIICHBI
AKCHEPUMEHTAIHHO TSI MHOTHX TPYIIT MAapOK CTaJlk M CBe-
JICHBI B TAOJUIIBI, KOTOPBIC MOYKHO BCTPETUTH B CIIPABOYHOM
nureparype [1 — 3]. OmHako B OOJNBIIMHCTBE CITy4aeB B TAKHX
TaONMHUIAX PUBOMATCS CPESAHUE 3HAYCHUS ITHX KOd(duUIm-
€HTOB B MHTepBaiax temreparyp (20 — 7), rie Tekyas TeM-
nieparypa (7) oobruHo He npesbiinaet 1200 °C. [Tpu BeIcOKHX
TeMITeparypax 3HaueHHs1 KOdQQHUITEHTa YCaKH HE OIpesie-
neHbl. [ X OmpeneneHus UCHOb3YIOT PaCUueTHBIE METO-
ITB1, HATIPHMEP, TT0 N3MEHEHHIO YIEITBHBIX 00hEMOB KHUIKOH 1
TBEpAOH (a3 npu U3MEHEHUH Temrneparypsl [4 — 7].

[Tpu BBIBOZIE (hopMyIT Juist pacdeTa Kod(pPHUIIMEeHTA JTU-
Heiinon ycanku o,(7) UCHONB3yeTCs M3BECTHOE OINpeEse-
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JIEHWE I BEMYMHBI 00beMHON ycanku o, (7) ¢ 3aBHCH-
MOCTBIO YCIBHOTO 00beMa CILIaBa OT TEMIIePATYPHI:

_avm 1
o (1) = dr  V(T)

e V(T) — ynenbHbIH 00BbeM criiaBa (popMysbl sl pac-

av(T)
T

4era MpuBeIeHEI B padote [8]); — TeMII U3MEHEHUs

YAENBHOTO 00BeMa.

Ha u3MmeHeHMe ynenbHOro o0beMa OT TEeMIepaTypbl
CYIIECTBEHHO BIHAET CONEpKaHHE yIIepoa B CHCTEME
Fe—C [8]. B cBs3u ¢ 3TuM BBIBOJ GOPMYI /TS pacueTa Ko-
> dunmenta munelinol ycanku o, (7) BBIIOJIHEH OTAETBLHO
JUISL KXKJIOTO U3 TPEX MHTEPBAJIOB KOHIICHTPALUH yIiepo-
Jla, OTIAWYAIOMUXCA APYT OT JIpyra HaJMYHeM Pa3iIMIHBIX
(ha30BBIX NpEBpalCHUIl MPU 3aTBEPACBAHUM U OXJIAXKE-
HHH CIUIABOB:
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aycrenura, ayctenuta npu 0,16 < [C] < 0,50 %, 5-peppura
dv.(T)

dr

HOTO 00beMa JKUAKOH (ha3bl (aHATOTUYHO JUISI OCTATbHBIX

u riementura [8 — 10];dV, = —TEeMIT I3BMEHEHUSI YAEIb-

ay, dvys ay,
a3); dy, = —2, dys =—=, dy, = —~ — TeMn oOpa3oBa-
(as); dy, a7 Ws JT Y, aT P
Hus o-pepputa, 6-peppura u aycrenura [8]; T,p, ..., T, —

Kputndeckne Touku nuarpammbl Fe—C [11, 12]; dV1 =
=dVyys + Vidys + dV (1 — ;) — V. dyg; dV, = dvy, +
+ Vyd\uy +dVy(l - \py) - Vsd\vy; av, = dVy\uy, + Vyd\VY, +
tdv (I —vy,) - V)Kd\yy,; av, = dvyy, + Vidy, +
+ dVy(l - Wa) - Vyd\va; dV4 = dVS(l - WFE3C) + VFe3Cd\VFe3C'

Pacuer monu memenTuTa 715 3aMaHHON BenmumuuHbI [C]
BBIMOJIHEH I10 CIIEyoIIel Gpopmyle:

_Cp-[C]
WFe3C - Cp _CK ’

e C, = 0,02 %; C,, = 6,67 % — KOHUEHTpaus yriepoja B
KpUTHYECKUX Toukax auarpammsl Fe—C.

YpaBHEHUS IS ONIPEACICHUS TEMIIA H3MEHEHUS YACIb-
HOro 00beMa COOTBETCTBYHOIIMX (a3 momydeHsl nudde-
PCHIIMPOBAaHKEM 3aBHCUMOCTEH JJIsI pacueTa YIeNbHBIX
00BEMOB OT TEMIIEpaTyphl, IPUBEIACHHBIX B padote [8]. Pe-
3yJBTaThl PACCMATPHBAEMOr0 MPeoOpa30BaHUsl MPEACTaB-
JieHbl B Ta0I. 1.

Ha puc. 1 npuBeneH npumep pe3yabTaToB pacuera Ko-
3 PUIMEeHTA TUHSWHOUW yCaIKU ISl COJICPKAHUS YIIepoa
[C]=0,05, 0,13 u 0,33 %, COOTBETCTBYIOLINX CEPEAMHAM
CBOMX MHTEPBAJIOB.
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Puc. 1. 3meHenue kodpHUIIMEHTOB TMHEHHON YCa KU OT TEMIIEPaTyphbl
JUISL CTUTAaBOB C PAa3JIMUHBIM COAEPKAHUEM yITIeposa:
1-3-[C]=0,05,0,13,0,33 %

Fig. 1. Changes in linear shrinkage coefficients from temperature for
alloys with different carbon content
1-3-[C]=0,05,0.13,0.33 %
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Tabnuna 1

3aBucumMocTH AJIA pacdueTra TeMia USMEHCHU YACJIbHBIX 00beMOB (1)33

Table 1. Dependences for calculation of the change rate of phases’ specific volumes

® 3aBI/ICI/IMOCTL JUISI HHTEpBajla TEMIICpaTyp
B 0<r<Ty T, <T<1600°C
dv, 1000(0,8 —0,09[C])
x a dT  [7100-73[C] - (0,8~ 0,09[C])(T ~1550)]°
v, 1000-0,4724
5 Vs | ar” [C]
ar (8010,71—0,4724T)| 1+ ——— |(1+0,01343[C])"*
100 - [C]
dv, 1000-0,5091
Yy _par C]
v ar 2 (8105,91-0,50917)*| 1+ ——— |(1+0,008317[C])"*
100 [C]
v,
Fe,C L 3 -
dr

Hpumeuanue. b =552810°b,=8,56-10; b, =4,88-10°; T, — Temneparypa

BCPXHUX KPUTUICCKUX TOYCK.

Ha puc. 2 npencraBieHsI pe3yasTaTsl pacueTa Ko du-
LIUEHTOB YCAJKH, YIENbHbIX 00bEMOB CIJIABOB M M3MEHE-
HUH cOcTaBOB (a3 B 3aBHCUMOCTH OT TEMIEpaTypbl H UX
cB3b ¢ uarpammoit Fe—C 111 yka3aHHBIX BBILIE CIUIABOB.

Haubomnp1ree omimyne B 3Ha4CHUASX KOAPPHUIMEHTA yCaI-
KH JUTS PA3JIMYHBIX CIUIABOB MPOSBIISIOTCS B OONACTH BBICO-
kux (7> 1400 °C) temneparyp (puc. 1, 2). Tax npu [C] =
= 0,05 % BOnmm3u ukBUyca 3Hauenue o, (7) = 16 10* 1/°C,
YTO Ha J[Ba MOPsIKA BBIIE, YeM BOMM3M comumyca. Mak-
cumanbroe 3nauenue o (7) npu [C]=0,13 % B nBa pasa
nmwxke, yeMm npu [C] = 0,05 %, a mpu [C]=0,33 % — cy-

IIECTBEHHO HIDKe. TakuM 00pa3oM, yeM HHXKE ColepKaHue
yIieposa, TeM Ooblias ycajaka HaOaroaaeTcst BOIM3H JIMK-
BUyCa PH KpucTaum3amu. OIHAKO TAKOE SBJICHUE IMEET
MECTO B CPaBHHUTEJILHO HEOOJIBLIOM TEMIIEPATypPHOM HHTEp-
BaJIe M HE UTPAET ONPEACISIONICH PO B MEXaHU3ME COKpa-
LIEHUS TMHEHHBIX pa3MepOB CIUTKA B IIPOLIECCE YCAIKU.

3HaueHns K03(PpQUIIMEHTOB ycaaku B 00IacTH TeMIle-
paryp 20 — 700 °C B 1esioM COOTBETCTBYIOT PUBEAECHHBIM
B CIIPaBOYHBIX TaOmumax [1 — 3] 1 HaxomsATCsS Ha CpeTHEM
yposue 1,4-107 1/°C. ITonoGHbIe 3HAYCHUS IPEACTABIECHEI
B pabore B.A. Edumosa [13].
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Puc. 2. Vismenenus nomu ¢as (y), yaenbHoro oobema (V) n kodpduumuenta TuHeiHol ycanku (0,) OT TeMIEpaTypbl B COOTBETCTBUH C (ha30BBIMU
npespamieHusmu B cucteme Fe—C npu conepskannu yriuepona B crnase 0,05, 0,13 n 0,33 % (/- 111)

Fig. 2. Changes in phases’ share (y), specific volume () and linear shrinkage coefficient (o) from temperature in accordance with phase
transformation in Fe—C system at carbon content in the alloy of 0.05, 0.13 and 0.33 (/ — I1])
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B untepBane 727 < T< T, BO BCex ciyyasx Habmona-
eTCs TePMUYECKOE PaCIIMpEeHHe, O YeM CBHICTEIBCTBYET
nepexos 3HaueHui kodppuumentos o,(7) B oTpULaTEND-
HYF0 0071acTh (puc. 1), 94To CBSI3aHO C PE3KUM POCTOM YICITh-
HOro o0beMa CIuIaBa B Hauase pacrnajaa aycreHuta [8]. [Ipu
3TOM CaMoO€ CyIIECTBEHHOE PACIIMPEHUE XapaKTePHO IS
conepxanus yrepoaa 0,05 %, HauMeHbIee — sl COAep-
xkanus 0,33 %.

Ha puc. 3 nokasan rpaduk 3aBUCUMOCTH OTHOCHUTEIb-
HOW JIMHEWHOMN yCaJKH CIUIABOB C Pa3JIMYHBIM COJEpKaHU-
€M yIIeposa, MOIyUYEeHHBII MyTeM pacdeTa ¢ HCIOIb30Ba-
HUEM (OpMYJT TSI OTIpENICIICHUS YIEIbHBIX 00beMOB [8].

OOmas ycaaka OT TeMIepaTypsl JUKBUIYC U HIDKE CO-
crasisger npuMepHo 3,5 % (puc. 3), uTo coniacyercs ¢ u3-
BECTHBIMU TipezicTaBieHusmu [13 — 20].

JlJist ipoBepKH aJIeKBATHOCTH pa3pabOTaHHOW METO/IH-
K1 pacueTra Kod(pQUIIMEHTOB TUHEIHON yCca ki BBITOTHEHO
CpaBHECHHUE 3HAYCHUH, PACCIUTAHHBIX C TOMOIIBIO pPaccMaT-
pHBaeMOi METOIUKH ¢ AaHHBIMU padotsl [13]. [nst sToro
MIpeJICTaBIICHHBIC HA PUC. 3 TaHHBIC CBEJICHBI B Ta0II. 2.

Comnocranenue 3HadeHuid (Tabn. 2) TOKaszano, 4TO
pe3ynmpraThl pacyera Kod(pQHUINCHTA JTHHEHHOW yCaIKH,
paccunTaHHBIC MO MPEATIOKEHHON METOIUKE, JOCTAaTOYHO
OJNM3KH K 3HAYEHVSIM, TOTYYEHHBIM JKCIIEPUMEHTATbHBIM
MyTEM, 4YTO IIO3BOJIACT CHACJIAaTh BbIBOJ 00 aJ€KBAaTHOCTH
pa3paboTaHHOI METOTUKH U BO3MOKHOCTH €€ UCIIOh30Ba-
HUSL JUISL PEILICHUS] HCCIIEA0BATEIBCKIX 3a/1ad.

Bui6oowt. Ilpennoxena opurnHaNbHAass METOAWKA JUIS
pacueTHOTrO ompezeNeHust 3HaYeHu Kod(huIeHTa Tep-
MHYECKOTO pACIIMpEHHs CIUTaBoB cucteMbl Fe—C B 3a-
BUCUMOCTH OT COJIEpXKaHHUs YyIJIEpoJa W TEMIIEPaTyphl,
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Puc. 3. OG1ast nuHeiHas ycaKa CIIaBOB C Pa3INYHBIM COJCPKAaHUEM
yriepoaa:
1-3-[C]=0,05,0,13,0,33 %; O—[C] = 0,04 % (081O) [18];
A —[C]=0,044 % [10]; <>f [C]=0,1 %[10]

Fig. 3. General linear shrinkage of alloys with different contents of
carbon [% CJ:
1-3-[C]=0.05,0.13,0.33 %; O — [C] = 0.04 % (08Yu) [18];
A —[C]=0.044 % [10]; & — [C]1= 0.1 % [10]

Tabnuma 2

Pe3yibTaThl pacdera ycaJaku CIIaBOB
C Pa3JIMYHBIM COEP:KAHUEM YIIIepoaa

Table 2. Results of calculation of shrinkage of alloys
with different carbon content

Honepaur- JluneitHoe Hocxenep- CoGoaHast
[C], Hast JIATHAs M
. pacupeHue . JTUHERHAs
% JTUHERHAs o % JIUHEHHas cana. %
ycajka, % Y=o o ycanka, % yeasxa, vo
0.05 1.650 0,11 1.015 2.644
0,08 1,420 -0,11 1,160 2,470
0.13 1.594 -0,13 1.013 2.725
0,14 1,520 -0,11 1,060 2,460
0.33 1,574 -0.14 1.010 2.413
0,35 1,470 -0,11 1,040 2,400

[Ipuwmeyanue. Buncnurene npeacTaBieHbl pe3ybTaThl
pacyera, B 3HaAMEHaTele — JaHHbIe paboThI [8].

MO3BOJISIONIAs C IOCTAaTOYHOW TOYHOCTHIO BBINIOJHSTH YH-
CJICHHBIC HCCJICOOBaHHUA ITPOLUECCOB YCaJAKHW YKa3aHHBIX
CILIIaBOB.
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COMPUTATIONAL METHOD FOR DETERMINING TEMPERATURE DEPENDENCIES
OF LINEAR EXPANSION COEFFICIENT OF CARBON ALLOYS

D.I1. Gabelaya, Z.K. Kabakov, M.A. Mashchenko

Cherepovets State University, Russia, Vologda Region, Cherepovets

Abstract. In modeling of shrinkage processes during solidification and

cooling billets on the continuous casting machine there is a need to
determine values of coefficient of linear expansion, depending on
temperature and carbon content. Experimental data to coefficients of
linear expansion given in reference literature are in most cases limi-
ted to a low-temperature interval, the upper limit of which does not
exceed 1200 °C. The values of this coefficient are unknown for high
temperatures. Their calculation definition is carried out recently with
the use of empirical dependences for calculation of change of phases’
specific volumes at temperature changes. However, dependencies
given in the literature are often contradictory. In this regard there was
a need to develop a unified method for determining values of linear
expansion coefficient depending on temperature and carbon content.
In derivation of formulas for calculation of linear shrinkage coeffi-
cient, the previously obtained expressions for calculation of specific
volumes of Fe—C alloys were taken as a base. Since the change in
specific volume with the temperature significantly affects carbon con-
tent, calculation of linear shrinkage coefficient is performed separately
for three intervals of carbon concentrations: 0 —0.10 %, 0.10 — 0.16 %
and 0.16 — 0.50 %, differing from each other in various phase trans-
formations during solidification and cooling of alloys. An example of
calculated determination of linear shrinkage coefficient is given for
the midpoints of specified intervals. Comparison of the obtained cal-
culation results with known literature and reference data was made.
Adequacy of the proposed technique was established and possibility of
its use for the research problems solving is shown.

Keywords: linear shrinkage, linear expansion coefficient, specific volume,

Fe—C phase diagram.

DOI: 10.17073/0368-0797-2019-10-790-795

794

REFERENCES

Vargaftik N.B. Teplofizicheskie svoistva veshchestv [Thermophysi-
cal properties of substances]. Leningrad: Gosenergoizdat, 1956,
367 p. (In Russ.).

Zinov’ev V.E. Teplofizicheskie svoistva metallov pri vysokikh tem-
peraturakh [Thermophysical properties of metals at high tempera-
tures]. Moscow: Metallurgiya, 1989, 384 p. (In Russ.).

3.

11.

12.

13.

14.

15.

Sorokin V.G., Volosnikova A.V., Vyatkin S.A. etc. Marochnik sta-
lei i splavov [Grade guide and alloys]. Sorokin V.G. ed. Moscow:
Mashinostroenie, 1989, 640 p. (In Russ.).

Yur’ev S.F. Udel 'nyi ob’em faz v martensitnom prevrashchenii aus-
tenita [Specific volume of phases in martensitic transformation of
austenite]. Moscow: Metallurgizdat, 1950, 48 p. (In Russ.).

Pierer R., Bernhard Ch. High temperature behavior during solidifi-
cation of peritectic steels under continuous casting conditions. Ma-
terials Science and Technology. Oct. 2006, pp. 601-608.

Shatov A.Ya., Boikov D.A., Stupak A.A. Linear shrinkage of steel
castings, its relation to Fe-Fe,C phase diagram. Vestnik Bryanskogo
tekhnicheskogo universiteta. 2007, no. 2, pp. 20-26. (In Russ.).
Konovalov A.V., Kurkin A.S. Calculated determination of tempera-
ture dependences of thermophysical properties of structural com-
ponents of low-alloyed steel on its chemical composition. Zavods-
kaya laboratoriya. Diagnostika materialov. 2013, vol. 79, no. 9,
pp. 41-45. (In Russ.).

Gabelaya D.I., Kabakov Z.K., Mashchenko M.A. Calculation of
changes in specific volumes of Fe — C system alloys depending on
carbon content and temperatures. lzvestiya. Ferrous Metallurgy.
2019, vol. 62, no. 8, pp. 627-631. (In Russ.).

Kabakov Z.K., Pavzderin A.L, Kozlov G.S., Gabelaya D.I. The
determination of the effective heat capacity coefficient of carbon
steels. Izvestiya. Ferrous Metallurgy. 2014, vol. 57, no. 2, pp. 15-19.
(In Russ.).

Kabakov Z.K., Tsyurko V.I. Determination of temperature depen-
dence of true heat capacity of carbon steels taking into account phase
transformations. Proizvodstvo prokata. 2012, no. 2, pp. 40—44.
Chalmers B. Physical Metallurgy. Wiley series on the science and
technology of materials: Wiley, 1959. 468 p.

Zimmermann R., Gilinther K. Metallurgie und Werkstofftechnik —
ein Wissensspeicher. Band 1. Leipzig: Deutscher Verlag fiir Grund-
stoffindustrie, 1977, 679 p. (In Germ.).

Efimov V.A. Razlivka i kristallizatsiya stali [Steel casting and crys-
tallization]. Moscow: Metallurgiya, 1976, 420 p. (In Russ.).
Zhao-zhen Cai, Miao-yong Zhu. Thermo-mechanical behavior of
peritectic steel solidifying in slab continuous casting mold and a
new mold taper design. ISLJ International. 2013, vol. 53, no. 10,
pp. 1818-1827.

Meng Y., Li C., Parkman J., Thomas B.G. Simulation of shrinkage
and stress in solidifying steel shells of different grade. Solidification
Processes and Microstructures: A symposium in honor of Wilfried
Kurz TMS (The Minerals, Metals & Materials Society), Charlotte,
NC, March 15-18, 2004. Rappaz M. ed. pp. 33-39.



MATEPUAJTOBEJEHUE

17.

18.

19.

20.

Zhu L.-G., Kumar R.V. Shrinkage of carbon steel by thermal con-
traction and phase transformation during solidification. /ronmaking
and Steelmaking. 2007, vol. 34, no 1, pp. 71-75.

JMatPro. Practical Sofiware for Material Properties. Available
at URL: http://www.sentesoftware.co.uk/jmatpro.aspx (Accessed:
10.06.2019).

Guo Z., Saunders N., Miodownik P., Schillé J.-P. Modelling phase
transformations and material properties critical to the prediction of
distortion during the heat treatment of steels. Int. J. Microstructure
and Materials Properties. 2009, vol. 4, no. 2, pp. 187-195.

Thomas B.G., Ojeda C. Ideal Taper Prediction for Slab Cast-
ing. ISSTech Steelmaking Conference, Indianapolis, IN, USA,
April 27-30, 2003. Vol. 86. ISS-AIME, Warrendale, PA, 2003,
pp- 295-308.

Li C., Thomas B.G. Ideal Taper Prediction for Billet Casting.
ISSTech Steelmaking Conference, Indianapolis, IN, USA, April

27-30, 2003. Vol. 86. ISS-AIME, Warrendale, PA, 2003,
pp. 685-700.

Information about the authors:

D.I. Gabelaya, Cand. Sci. (Eng.), Assist. Professor of the Chair of Me-
tallurgy, Machine Building and Technological Equipment
(digabelaia@chsu.ru)

Z.K. Kabakov, Dr. Sci. (Eng.), Professor of the Chair of Metallurgy,
Machine Building and Technological Equipment
(zkkabakov@chsu.ru)

M.A. Mashchenko, Cand. Sci. (Eng.), Assist. Professor of the Chair of
Metallurgy, Machine Building and Technological Equipment

Received April 14,2019
Revised June 18, 2019
Accepted June 20, 2019

795



