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Annomayun. B pabote npoBeneH aHaMM3 (aKTOPOB, BIMIOMINX HAa HEPABHOMEPHOCTh HArpeBa METalla B METOIMICCKUX
negax. Ocoboe BHUMaHWE YICICHO HCCICNOBAHHIO BIMSHUS HEPAaBHOMEPHOCTH TEMIIA BBIIAYH CTANBHBIX CIIO0B M
3aTOTOBOK M3 METOJMYECKHX HarpeBaTeNBHBIX TIeUel Ha WX TEIUIOBOS COCTOSHHE M TOTEpH C yrapom. B kadectse
HMHCTpYMEHTa JUTs HCCIEA0BaHMH UCTIONb30BaHa pa3paboTaHHAs paHee JeTepMHHHMPOBAHHAsS MaTeMaTH4IecKasi MOJIeb,
TI03BOJISTFOLIAS OTIPENIeNIATh AMHAMUKY TETIIOBOTO COCTOSIHUS M yrap MeTaJlla IIPY HarpeBe B METOJUYECKUX nevax. [t
pellieHHs] TIOCTaBJICHHOW 3aJaull MOJENb MOJIEPHHM3UPOBaHA, e¢ (DYHKIMOHAJT pACUIMpeH C LeNbI0  ydera
HEpaBHOMEPHOCTH TEpEeMEILeHNs HarpeBaeMoOro MeTajula B MeyH. Y CTAHOBJIEHO, YTO IPU OTHOCHUTENIEHO HE BBICOKOM
BJIMSIHUM HEPAaBHOMEPHOCTH TEMIIA BbIIaY1 Ha KOHEYHOE TETUIOBOE COCTOSIHUE CIISIO0B yrap MOXET MEHsIThes B 1,5 pasa,
4TO 00YCIIOBJICHO BIIMSTHUEM TEeMIIEpaTypHO-BPEMEHHOTO (hakTopa.
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Short report

INVESTIGATION OF THE EFFECT OF THE RATE OF ISSUANCE OF SLABS AND
BLANKS ON THE UNEVENNESS OF THE THERMAL STATE AND METAL CARBON
MONOXIDE DURING HEATING IN METHODICAL FURNACES
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Siberian State Industrial University (42 Kirova Str., Novokuznetsk, Kemerovo Region — Kuzbass 654007, Russian
Federation)

Abstract. The paper analyzes the factors influencing the uneven heating of metal in methodical furnaces. Special attention is paid
to the study of the influence of the uneven rate of delivery of steel slabs and blanks from methodical heating furnaces on
their thermal condition and losses with carbon monoxide. A previously developed deterministic mathematical model was
used as a research tool to determine the dynamics of the thermal state and metal carbon monoxide during heating in
methodical furnaces. To solve this problem, the model has been modernized, its functionality has been expanded in order
to take into account the uneven movement of the heated metal in the furnace. It was found that with a relatively low effect
of the uneven rate of discharge on the final thermal state of the slabs, carbon monoxide can change by 1.5 times, due to
the influence of the temperature-time factor.

Keywords: methodical furnace, slabs, metal heating, temperature and time factors

-81-



For citation: Kuznetsova O.V., Temlyantsev M.V., Temlyantseva E.N., Zapol'skaya E.M. Investigation of the effect of
the rate of issuance of slabs and blanks on the unevenness of the thermal state and metal carbon monoxide during
heating in methodical furnaces. Bulletin of the Siberian State Industrial University. 2024;1(47):81-85. (In
Russ.). http://doi.org/10.57070/2304-4497-2023-1(47)-81-85

Jns HarpeBa HENPEPBIBHOIUTHIX 3aroTOBOK,
c1s100B M OJIFOMOB TIepe MPOKaTKOW HanboJjee Mn-
POKOE pacrpoCTpaHeHHE MOMYUYHIN METOAMYECKHE
Me4YM pa3audHbIX KOHCTpyKuui [1; 2]. OnHuMm u3
HanOoJiee Ba)XHBIX ITOKa3aTeleld KauecTBa Harpena
MeTaJula SIBIISIETCS PAaBHOMEPHOCTh Harpesa, KOTO-
pasi XxapakTepusyeTcs pa3HOCTbIO Temrmepartyp (He-
PaBHOMEPHOCTHIO TEMIIEPATYPHOTO IOJIS) MO cede-
HUIO U IO NEPUMETPY HENPEPhIBHOJIUTHIX 3ar0TO-
BOK OsroMoB miu cisiooB [3]. YacTo HepaBHOMEp-
HOCTh XapaKTEpU3YIOT IMepenagoM TeMIIepaTyp IO
TOJILIMHE, AJNHE U IEPUMETPY.

B kauecTBe OCHOBHBIX HEPBOIPHYMH HEPABHO-
MCPHOCTU Harpe€Ba MOXHO BBIACIUTE OCHOBHBIC
(hakTOpHI, CBSA3aHHEIE C:

— HarpeBaeMbIM METAJUIOM (TeTTO(PU3NIECKHE
CBOMCTBA CT&JIM U BIUSHUE HAa HUX TEMIIEPATYDHI,
reOMETPHYECKUE pa3Mepbl U (hopma OJIOMOB WIIH
cisi00B, B TMEPBYIO OYepeab YITOB (palnyc 3aKpyT-
JIEHUs1, HAJTMYKE OCTPHIX yTJIOB U T.I1.));

— CHCTEMOM TeruioreHepalyu (paBHOMEPHOCTb HH-
TEHCWIBHOCTH BHEIITHETrO TeruiooOMeHa, KoTopas 00y-
CIIOBIIEHA PabOTON TOIUTMBOCKUTAIOIINX YCTPOKCTB,
MNPUMCHACMBIM TOIIVIMBOM, TUAPABINYCCKUM PCKU-
MOM paboTsl ieun) [4];

— KOHCTPYKLHMEH (yTepoBKH M reoMeTpueil pa-
0o4ero MpocTpaHCTBA MEYH;

— CHCTEMOU TpaHCIIOPTUPOBAaHHS METajia depe3
neyb (TOJKATENBHOTO THIIA, IIArarolldi MoJ, [iara-
forre OaTKu) M IIaroM PacKJIaJKy 3aroTOBOK [5; 6];

— TEXHOJIOTHEN IMPpOU3BOJCTBA, B YaCTHOCTU HEC-
00XOIMMBIM TEMIIOM BBIAAYM METaJIa U3 MEYH.

[locnenuuii ¢akTop 3aciIy’XUBAeT OTIAEIBLHOTO
BHUMaHUS. [lOCKONBKY TpagUIMOHHO MJIsi OCY-

IIECTBJICHUS] WH)KEHEPHBIX pPacyeToB W MaTeMaTH-
YECKOTO MOJEIMPOBAHUSA CUUTAIOT, YTO METAJI B
METOJUYECKON Me4H IMepeMelaeTcs paBHOMEPHO,
neds paboTaeT ¢ MOCTOSHHOM MPOW3BOIUTEIHHO-
CTBIO, a BpEMsI HarpeBa 3arOTOBOK COOTBETCTBYIO-
IETO CEYCHHMS] W MapKH CTall OJWHAKOBO [3; 7 —
10]. B ycnoBusix peanbHOro Mpou3BOACTBA BbIgaua
MeTalyla U3 TeYl CHHXPOHU3HWpOBaHA C paboOTOMH
MpokaTtHoro craHa. [Ipu »ToM HEOOXOAUMO YUHTHI-
BaTh, YTO B METOJMYECKUX IIe4ax MepeMelleHHe
MeTaljla OCYIIECTBIIAETCS AUCKPETHO TOJIKATEIEM,
UMEIOIINM OTpPEACNCHHBI MUK TOJKAHUS, WA
MEXaHM3MOM IIararInnuX 0aNoK WK MOJa, KOTOPHIHA
XapaKTepU3yeTcsl OIpeNeieHHbIM IMKJIOM Ilara-
Husl. [l peanpHBIX MPOU3BOACTBEHHBIX YCIOBHMA
XapaKTepHbl OCTAaHOBKH CTaHa, KOTOPBIE COMpO-
BOXKJIAIOTCSI OCTAaHOBKAaMHU TPAaHCIOPTHUPOBAHUS Me-
Tajia yepes mneyb.

B pamkax nacrosmeit paOoThl IpoBeIeHa MOJEP-
Hu3aIpsl mMareMarmueckod momemu [3; 11; 12] Ha
MpeaMeT y4yeTa HepaBHOMEPHOCTH TepeMelleHHs Me-
Tajlla B MeToAWYecKod meuu. s mpumepa nemMoH-
cTpaimi pabOTBl MOJEPHU3MPOBAHHOW MaTeMaTHhde-
CKOM MOJIENIM UCIIONB30BaH BapuaHT Harpesa [13; 14]
cisi0oB TommuHoM 0,25 M U3 CTal MapKH CT2TIC B Me-
TOAMYECKOH ITeur JumHor 50,4 M ¢ IIararonmmu 0as-
KaM{d OJIHOTO M3 METAJUTYyPrU4ecKUX TPEAIIpUsITHIA
Poccru. Temmepatypa mocana metama 20 °C; koHed-
Has Temrieparypa Harpesa 1200 °C.

Temn HepaBHOMEPHOTO NEpeMeIIeHus CIsI00B B
METOJUYECKON Teun mpeacTaBieH Ha puc. 1. O6-
mas TPONOIDKUTENIFHOCT, HAarpeBa COCTaBIISIET
217 mun. [Ipu TakoM HEpaBHOMEPHOM IEpeMeElle-
HUU BpeMs HaX0XKJIEHHUS METaljIa B Pa3IUIHbIX
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Puc. 1. I'padmku HepaBHOMEPHOTO TeMIIa IEPEMENICHUS CIII00B B METOAMYECCKOM TIEUH
Fig. 1. Graphs of the uneven rate of movement of slabs in a methodical furnace
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yJacTKax nedyn MeHseTcs B 2 pasa (ot 70 mo 140 c).
[Ipu amamornyHOM HarpeBe, HO C PaBHOMEPHBIM
NepeMeIeHHeM MeTajljla 1o MeUH, BpeMsi HaXxoxkKae-
HUS cIs100B Ha Pa3lWYHBIX y4acTKax OAMHAKOBO U
cocrasisaeT 116,25 c.

W3 ananmm3a pe3ynbTaTOB MaTeMaTHYECKOTO MO-
JeTTMPOBAHUS CIENYET, YTO NPU UCCIEAYEMBIX Tapa-
METpax HarpeBa M OJUHAKOBOM CyMMAapHOH Mpo-
JOJDKUTETTFHOCTH HAXOXKJCHUS METaJIa B IT€YH TEM-
[IepaTypbl HUKHEU, BEPXHEN MOBEPXHOCTEH U LICH-
Tpa cisi00B MpH PaBHOMEPHOM U HEPaBHOMEPHOM
TeMIIe TIepeMeIeHIs OTINYAIOTCS MakcuMyM Ha —11
+ 420 °C. KoHeuHOe TemIoBoe COCTOSIHUE CIII00B Ha
BbIJa4e U3 Meur PakTHUeCKH OJMHAKOBOE, pa3inyiue
Temneparyp cocrasiser He 6omee 1 —2 °C.

J5is OoIeHKM BIHSIHWS HEPaBHOMEPHOCTH TEeMIIa
nepeMeleHys Ha yrap Metauia B neuu [15; 16] mpo-
aHATM3UPOBAIM JBAa JOMOJNHUTENBHBIX  PEXHMa
HarpeBa (puc. 2). Yrap pacCUdTBHIBAINA IO COOTHO-
IICHUAM, TPEICTaBICHHBIM B padoTax [11; 17]. Pe-
KHUM 2 XapaKTepHU3yeTcsl TeM, YTO OT Mocaja 1o ce-
pEenVHBI iUl CISIOBI TIepEMEIA0TCS IIUKIAMH TIPO-
JOJDKHTENBHOCTRIO 70 C, a Janee 70 BbIJa4uM uyepes
162,5 ¢. [l pexxuma 3 oT mocaja A0 CepeAMHBI 1e-
un cIsI0bI TIepeMenIaroTes nukiaMu depe3 162,5 ¢, a
nanee 1o Bbigaun yepes 70 c. Ilo paccuntaHHOMY
TEMJIOBOMY COCTOSIHUIO CJISIOOB ONpENENIIN  yrap
MeTajuia npu Harpese. i ycnoBuil Temna nepeme-
IIEHNs] COOTBETCTBYIOIIEMY pHC. | moTepn MeTauia
cocrasumu 0,173 r/cm?, nns pexumos 2 u 3 0,194 u
0,133 r/cm?. Bonee BbICOKMii yrap s pexuma 2
00OCHOBaH TeM, YTO TPH TaKOW HEPaBHOMEPHOCTH
TEMIa TEepeMEelIeHUs] MeTajlla ero IOBEPXHOCTh
HaxXoJMTCsl Oonblliee BpeMsi MpU 0OoJiee BBICOKON
TeMmreparype, 4eM NpHU JPYTHX CPAaBHUBAEMBIX pe-
XKUMax. ITO MOATBEPIKIAETCS TEM, UTO TPH PEKIME

2 TOBEPXHOCTh CIII00B JOCTUTAET TEMIICPATyphl B
800 °C (unrteHcubuKaimu yrapa) yxke Ha 80 MuH
HarpeBa, a pu pexxume 3 ToibKo Ha 105 MuH.
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Puc. 2. TemneparypHblil pexxiM HarpeBa CI100B B METOHYECKOI MeUn:
1 1 2 — TemmiepaTyphbl HIDKHHAX M BEpXHHUX Kamep neun; 3 — 5 — Temreparypa BepXHel, HIKHEH OBepXHOCTe! U IIeHTpa cIsi00B
(IMHMYM — paBHOMEPHOE NepeMeleHne, TOUKH — HEPaBHOMEPHOE)
Fig. 2. The temperature regime of heating slabs in a methodical furnace:
1 and 2 — the temperatures of the lower and upper chambers of the furnace; 3 — 5 — the temperature of the upper, lower surfaces and
the center of the slabs (lines — uniform movement, points — uneven)
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