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CPABHEHMUME 30HAJIBHOI'O METOJA MOJAEJINPOBAHUA TEIIJIOOBMEHA
N3ITYYEHUEM C METOJAOM KOHEYHBIX OB BEMOB HA ITPUMEPE PACYETA
HATPEBA HENIPEPBIBHOJIUTOM 3ATOTOBKH B KOJIBIIEBOM IIEYN

AHHOTaNuA

B pabome npeocmasneno cpasHenue 08yX Memo008 MaAmMeMamuyeckoco MoOeiuposaHus
Meni00OMeHa UsLyyeHuem: Memoo KOHEYHbIX 00beMOo8 U 30HANbHuIL Memod. bviia nocmpoena
MOOeb KONbYesol HacpesamenbHOl neyu ¢ 8paaroyumMcs N0OOM 0l Hazcpesa Henpepbl8HOIUMOL
3a20MO6KU, U NPOBEOEHO MOOEIUPOBAHUU ee MENJO8bIX PEedCUMO8 pA3HbIMU Memodamu. B
pe3yibmame MOOeIUuposanusi NOKA3ano, 4mo memoost F'VM u 30HanbHblli noxazanu conocmagumyo
MouYHOCMb MOOenuposanus (pacxodrcoenue He npesviuiaem 50°C). Bpems mooenuposanus memooom
FVM npesviwuaem epems 6vinonHenus 30HanvHo2o memooa ¢ 5—10 paz 66udy 0on2o2o pacuema
unmencugnocmu uznyyenus (30—100 umepayuii) Ha 00Hy umepayuio uOPOOUHAMUKY U 2OPEHUSL.

Knrouesvie cnosa: macpesamenvuvie neuu, menjiooOMeH u3iydeHueMm, 30HATbHbIL Memoo,
Memoo KOHEeUHbIX 00beMO8.

Abstract

The comparison of two modelling methods for radiation heat exchange — finite volume and
zonal methods — has been provided. The mathematical model of heating concast bars ring furnace
has been created. Modelling of different heat modes of this furnace has been completed. In the result
of modelling it is shown, that these methods demonstrate similar accuracy of obtained temperature
values (not exceeding 50°C). The calculation time of FVM method is greater than zonal method by
5-10 times, because slow convergence (50-100 iteration) on a one calculation of hydrodynamic and
combustion parameters.

Key words: heat furnaces, radiation exchange, zonal method, finite volume method.

BBenenue

B Hacrosmiee BpemMs  IIUPOKOE  PAa3BUTHUE  IIONYYUIIO  MCIOJB30BAHUE  METOOB
MaTe€MaTHYeCKOr0  MOJEIMPOBAHUS IPUMEHUTENIBHO K DHEPrOEMKMM  METAJLIyPrU4eCKUM
mmpoueccaM, B 4acTHOCTM — K HarpeBaTelIbHbIM IedaM. K HacTosdleMy BpEMEHM CIOKUIOCH
HECKOJIBKO TOJXOJ0B K MOJEIMPOBAHUIO TEIJIOBOTO U3JIYYEHHsT B TEPMUYECKHUX IIedax.
Kommepueckue nporpammsl, coueTarone B cede pacyeT TernaooOMeHa U3Iy4eHHEM C pacyeToM
TUIPOJIMHAMUKY, TOPEHHUSI M JPYruX (QU3MYECKHX IMPOLECCOB, KaK IMPaBUIIO, HCIOJB3YIOT
KOHEYHO3JIEMEHTHbIE METOJIbl: METOJ TUCKpeTHBIX opauHar (DOM), MeTo] KOHEYHbIX 00BEMOB
(FVM) u 1.. OCOGEHHOCTh ITHUX METOOB 3aKJIIOYAETCS B OJIHOKPATHOM IIOJIHOM pacueTe BCeX
IIOTOKOB TE€ILIA B CUCTEME, UCXOMS U3 )KECTKO 3aJaHHBIX I'PAHUYHBIX yCJIOBH. [Ipy n3MeHeHnH X014
OBl OIHOTO TPAHUYHOTO YCJIOBHSI pacyeT HEOOXOAMMO MOJTHOCTHIO MPOJIEIBIBATh 3aHOBO, YTO, BMECTE
C HeoOXOAMMOCThIO pa30uBaTh pabounii 00beM CETKOH T0CTaTOYHO MEJIKOro Mmacmrtada, JaenaeT
JaHHBbIE METO/bl TpeOOBaTEIbHBIMU K BPEMEHHU pacuera M KOMIBIOTEPHBIM MOIIHOCTAM. Jpyroii
MOJIXO/1 COCTOUT B pa30MEHUHU BCEX MOBEpPXHOCTEH U pabouero o0bemMa CUCTEMBI HA OTHOCHTEIBHO
HeOOJIbIIOE YHUCIO 30H C JalbHEMIIUM MOJy4YeHHEeM Uil JaHHOTO pa3OueHus HEeKOTOpO
IIPOMEKYTOUHOM XAPAKTEPUCTUKH, WHBAPUAHTHOM K 4YacTH TpaHUYHBIX YycioBuil. Takon
XapaKTepUCTUKOM, Kak MpaBUJIo, sBisgercs Marpuna pazmepHocTd NxN (rae N — 4ncio BbIJIeIeHHbIX
30H), Ha3bIBaeMasi MaTpHIle 0O0OIIEHHBIX YIIIOBBIX KO3()(GUIIMEHTOB U3TydeHus (B aHIJIOS3bIYHON
JUTepaType JUIsl aHaJOTHYHBIX 1eJel BBeJeHa MaTpHIla MPsIMbIX B3aUMHBIX MoBepxHocTel (Direct
Exchange Area Matrix — DEA). Jlannast matpuiia, Oy 1y4d BEIYUCICHHON OJTHOKPATHO, CYIIIECTBEHHO
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yIpolaeT JajlbHeilee BbIUUCICHHE TEIUIOBBIX IOTOKOB B CHUCTEME JUIsl pa3iM4YHbBIX HAOOpOB
TPAaHUYHBIX YCIIOBH. DTO MO3BOJISET BHIYUCIUTH MATPHUILY OOOOIIEHHBIX YTIOBBIX KO3 PUIIEHTOB
OJIMH pa3, U B JaJbHEHIIEM IPOBOIUTH OBICTPbIE PACUEThl C Pa3IMYHBIMU HAOOpPaMU I'PaHUYHBIX
ycnoswuii. Hanmpumep, Haxox/1eHHe HEM3BECTHBIX TEMIIEpATyp 30H B CUCTEME YPaBHEHHH TEIIOBOTO
Oananca. Takum oOpa3oM, IPEUMYILIECTBAMU METOAOB KOHEUHBIX 3JIEMEHTOB SIBJIAIOTCS MIPOCTOTA
POrpaMMHUPOBAHUS, HCIIOJIB30BAaHUE TOH )K€ CETKHM 3JIEMEHTOB, YTO W JUIi METOJOB pacyuera
IMJIpOAMHAMUKY U ropeHus. OnHaKo, JaHHbIE METOJbl HE ONTUMHU3UPOBAHbI Ul MHOIOKPAaTHBIX
BBIUUCIICHUH C pa3jIMyHBIMH TPAaHUYHBIMH YCIOBUSMH. [IpenMyiiecTBaMu 30HAIBHOTO METOJA
SBJISIOTCSL €0 BBIUMCIIUTENIbHAS TOYHOCTb, a TAKXKE COKPALEHHE BBIYUCIEHHS Ul pacyera IpU
M3MEHEHMH TPaHUYHBIX YCIOBUH (TPaHUYHBIX MOTOKOB WM Temreparyp). K HegocTatkaMm JaHHOTO
METO/a MO>KHO OTHECTHU TO, YTO OH TpeOyeT NOCTPOSHUS OTAEIbHOM YIPOIIEHHON CETKH 30H, a TAKXKe
MOBBIIIEHHYIO BBIYMCIUTEIBHYIO CI0KHOCTb OIpe/IesIeHUs] 0000IIEHHBIX YTIOBBIX KO PHUIIMEHTOB,
3aBUCAIIMX KaK OT TIEOMETPUYECKUX COOTHOIIEHHH, Tak M OT (PU3MYECKUX MapaMeTpoB
(KOHIIGHTpAIHiA BEIIECTB M TEMIIEPATYPhI IIEUHOU aTMOC(EPHI).

B pabGote paccMOTpeHO CpaBHEHHE ABYX METOIOB MOJEIMPOBAaHUS TEINIOOOMEHA: METOoAa
KoHeuHbIX 00beMOB (FVM) u ycoBepiieHcTBOBaHHOTO 30HANBEHOTO MeTona (DTZM). B kauectBe
00bEKTa MOJENUpOBaHUA Obula BbBIOpaHA II€Yb HAarpeBa HENPEPHIBHOJIUTHIX 3arOTOBOK C
BpAILAIOIUMCS IOJIOM. AKTYaJIbHOCTh

Teopernueckoe onucaHne MCNOJIb3yeMbIX METO10B

Memoo koneunvix 06vemos

JlaHHBIE METOJl OMHCAaH JOCTaTOYHO MOJAPOOHO B psne 3apyOexHbix [1-3] a Takxke
OTEYECTBEHHBIX MCTOYHHKOB. B €ro OCHOBE JIe)KHUT pelIeHHe YpaBHEHHUS TEIUIOBOTO OaiaHca ISt
SYEHKH MPOCTPAHCTBA (KOHEUHOTro o0beMa) P 1 Kax10ro U3 NpoCTpaHCTBEHHBIX HanpasieHuil. B
KayecTBE W3BECTHBIX BEIUYMH OEpyTCsS paHee pPacCUMTAHHbIE WHTEHCHBHOCTH W3IyYCHHS Ha
rpaHul@ax IaHHoro o0beMma Iy , Iy, , I,, a Takke U3JIy4eHHE UCTOYHHUKOB, PACIIOIO0KEHHBIX BHYTPH
TaHHOTO 00beMa bp. B kauecTBe HEM3BECTHOUN BEIMYHMHBI BHICTYNAET MHTEHCUBHOCTH M3ITYYCHUS
BHYTpH 00BbeMa P [p. OOmmii Bua ypaBHEHHS U1l KOHEYHOTO 00beMa:

aplp = ayl, + a,l, + a,l, + bp, 1)
TIE Ap , Ay , Ay , A; — KOOPOUIHMEHTBI ONPENENIEMBIE TEOMETPUYECKON KOHMUIypaLlMEl KOHEYHOTO
o0beMa 1 BEIOpaHHBIM HAIPaBJICHUEM H3JIyUeHHUs..

OcHOBHasi BEIYUCIUTENbHAS TPYIHOCTh METOAA COCTOMT B pacuere mHTeHcHBHOCTH . [Tpn
3TOM B ciyyae Oosbioro umcia suyeek (mo 100000) tpebyercs or 50 mo 100 urepaumit mo
TOCTHKEHUS YCIIOBHSI CXOAMMOCTH PEIICHUSI.

KoaddurpienTs! 1ist oproroHaibHoro oosema pazmepom (Ax) X (Ay) X (Az) u BbIOpaHHOTO
HarpasiieHus | B 0011eM citydae BEIYUCISIOTCS 10 popMyIam:

ap = AyAz|DL| + AxAz|DL| + AxAy|DL| + AxAyAzQ! (2)

ay = AyAz|D}|, a, = AxAz|D}| , a, = AxAy|D}| (3)

rae sHadenus DL | DJI, , D} ompenenstorcs BHIOpaHHEIM HampaBieHHeM | W TemecHBIM YriaoMm

pacnpocTpaHenus usmydenus QL.

B oOmewm cnywae, xorga temmeparypbl (2 3HAQUUT M UHTEHCUBHOCTH) HEW3BECTHBI, IS
MOJyYeHUs TEMIIEPaTypHOro TMoyig TpeOyeTcsl MTEpalMOHHBI IpoIece MEepeBbIUYMCICHUS
UHTEeHCHBHOCTEH 110 popmyraam (1)—(3).

YcosepuiencmeosanHulil 30HANbHBIL MEMOO

30HANBHBIA METOJA TPAAWIMOHHO HCIIONB3YETCS ISl pacueTa TeIUIOBBIX PEXHMOB B
MeTajurypruueckux nedax. CBoe pa3BUTHE OH MOJyYMJI B paboTax TPyMIbl MOJ PYKOBOICTBOM
Jlucuenko B.I'. [4-6].

B 30HaBHOM METO/1€ MOYKHO BBIJICIUTH HECKOJIBKO XapAKTEPHBIX ATAIOB!

1. BeigeneHue B CUCTEME MTOBEPXHOCTHBIX U OOBEMHBIX 30H, XapaKTEPU3YIOIIUXCS B TIEPBOM
NpUONMKEHUN  TIOCTOSTHHBIME ~ (DM3WYECKUMHU  TapaMeTpaMd BHYTPH 30HBI  (TeMIieparypa,
K03 (HUIIMEHTHI TOTIOMICHHS W OTPAXKEHUS U T.11.)

118



2. TlpucBoeHHE KaXI0M W3 30H CHUCTEMBl MPUCYIIMX €W ONTUYECKHX CBOMCTB (CTEIICHb
YEepPHOTHI JUIs IOBEPXHOCTHBIX 30H, KO3(PUIIMEHT MOTIOIEeHUs I 0ObEMHBIX 30H) Ha OCHOBAaHHU
MPUHATBHIX MOJIEJICH U3TY4YEHUs TIOBEPXHOCTEH TBEPIBIX TEJ U T'a30B.

3. Beruncnenne MaTtpuibl  OOOOIIEHHBIX — YIVIOBBIX  KOX(PQHUIMEHTOB Ha OCHOBaHHHU
TEOMETPHUECKOTO B3aMMOPACIIOIOKECHUS 30H U UX ONTHYECCKUX CBOWCTB C IMOMOIIBIO YHCICHHOTO
ornpeaeneHus o hopmyie:

_ 1 —1(dA;,dA;) €OS 0icos;
lpij = y fAi Aj e L —1TL2 dA]dAl , (4)

rie

dA; u dA; — sneMeHTapHbI€ IJIOMA/IKH, BbIICICHHbBIE HA IOBEPXHOCTH 30H | U J;

Aj v A; — IO 11 HOBEPXHOCTHU 30H I U J;

6; 1 0; — yribl MEXy HOPMAIAMH K HOBEPXHOCTH 30H M JIy4€M, CBA3SBIBAIOIIMM MX MEHKIY

co0O0H.

7(dAj, dA;) — onTrYecKas TOJIKMHA CJIOS CPE/Ibl Ha ITyTH JIyda MeKy miomaakamMu dA; u dA;

4. B ciaydae MpHCYTCTBUSL B CHUCTEME OTPAXKAIOUINX IMOBEPXHOCTEH BBIYUCICHHE MATPHULIBI
0000IIEHHBIX Pa3pPEIIAOIINX YTIIOBBIX KOA((OHUIIMEHTOB, YYUTHIBAIOLINX MIEPEOTPAKEHHS U3ITYUCHUS
B CHCTEME.

5. BblunciieHHEe MOTOKOB Ha KaKIYIO W3 TOBEPXHOCTHBIX U OOBEMHBIX 30H Ha OCHOBAaHUU
MOJY4YCHHBIX BEJTUYHUH.

Jl1st moy4YeHus: JOCTOBEPHON KaPTHUHBI PacIIPEIEIICHUs TEIIOBBIX MOTOKOB, MOCTYMAIOLINX K
3aroTOBKaM B K&KIbIi MOMEHT BPEMEHHU B TI€UH, HEOOXOIMMO MaKCHMAaIbHO TOYHOE ONpeAeTICHUE
MPUHATBHIX B MOJICNIM ITAPAMETPOB, BIUSIONIMX Ha TEIUIONEpeHOC. Tak Kak OCHOBHBIM MCTOYHHKOM
TEIUIa B TICUH SBIISIETCS CKUTAEMOE B TOPEIIKaX TOIUIMBO, TO 0CO00€ BHUMaHHE HEOOXOIMMO YIEIHUTh
COCTaBy Ta30BOi cMmecH, oOpazyeMoil B mporiecce ropeHus. s mpupogHOro rasa MpOIyKTHI
CrOpaHus NPEJICTaBISIIOT COO0M cMech AUOKCH 1A yriiepoJa U BoAsHbIX apoB (CO2+H20). Otu rasst
SIBJISTIOTCSI. OCHOBHBIMU HM3JTYYaIOIIMMUA KOMIIOHEHTaMU atMoc(depbl MEYHOro MPOCTPAHCTBA, a UX
BBICOKAs. TEMIIEpPaTypa M 3HAYUTEIbHBIA OOBEM JeNlaeT UX OJHUM M3 OCHOBHBIX HCTOYHHKOB
W3IY4YCHUs B TIeud B 1ejoM. KITroueBoil XapaKTepUCTHKOW, OMPEICISIONIe CTEeIeHb H3ITy4eHUs
neyHoi arMocdepsl, sBisieTcss K03((GUIMEHT MorjiomeHus k, KOTOpbIii MOXKET OBITh MOJYYEH U3
BBIPAKCHUSI:

k(T: PcoZ’PHZO) = %ln (1 - S(T: pCOZ'pHZO))i ()

r7le € — UHTErpaibHas CTENEeHb YEPHOTHI paccMaTpUBAaEMOro obobema ra3oBoil cmecu; L — anmuHa
XapaKTepUCTUYECKOTO MyTH JIy4ya B JAHHOM OOBbeMe.

VYuuThiBas CUIIbHYIO 3aBUCHUMOCTb ITapaMeTpa & OT COCTaBa ra30BOM CMECH, TEOMETPUUYECKOM
KOH(Urypanuy 3aHIMaeMoro ra3oM o0beMa U TeMIlepaTyphl ra3a, ero OnpeeeHue COnpsHKeHo co
3HAYUTENIbHBIMU BBIYUCIIUTEIbHBIMU TPYAHOCTSIMHU, BBI3BAaHHBIMU CYIIECTBEHHBIM H3MEHEHHEM
TEMIIEPATYp U COCTaBa ra3a KaK B Pa3JIMYHBIX TOYKAaX MEYHOI'O MPOCTPAHCTBA TaK U B pa3jIMUHBIC
MOMEHTHI BPEMEHH B IIPOLIECCE CTOpaHUs TOIUIMBA. B naHHON paboTe A BHIYMCIEHUS 30HATbHBIM
METOZIOM oIpeseieHne Kod(p@UIMEeHTa MOIJIOMEHUs ObUI0 MPOBEIEHO € IMOMOIIBI0 MEeTOoJa,
MIPEJICTAaBICHHOIO B [5], YTO MO3BOJIMIIO JOCTUYb TOYHOCTH PE3YJIbTaTOB, CPABHUMOM C TOYHOCTBIO
pu BerauciieHnd FVM meronom.

Yci0Bus M 00bEKT MOJEJIMPOBAHUS

B kauectBe o0OBEKTa MoaenupoBaHMsA Oblma BeIOpaHa KosbleBas neub  (KII)
TpybompokaTHoro nexa Nel OAO «Cesepckuit Tpyonsrii 3aBoay (. [Tomesckoit) TITI-1 OcnoBHBIE
KOHCTPYKTHBHBIE U pexkiuMHbIe apameTpsl KII npuBeaenst B Taba. 1.

HeoOxonuMocTh MOJEIMPOBaHUS PEKUMOB pabOThI 1aHHOM Meun Obljia BhI3BaHA YCTaHOBKOM
B IIPOLIECCE KANUTAIbHOIO PEMOHTA NE€YM MHHOBALMOHHON KOHCTPYKIMM I0/1a M€4YH: a UMEHHO B
COOTBETCTBUU C MAaTEHTOM Ha noje3Hyro monesb RU 128301 Ul «YcTpoiicTBO MOANHBI KOJBLIEBON
HarpeBaTeNbHOI neun» (mpuoputet ot 12.11.2012) [7] npennokeHo yCOBEPIICHCTBOBAHUE TTOMHBI
II€YH, COCTOSIIEE B YCTAHOBKE Ha HEE MTPOJIOJIBHBIX BBICTYNOB MHUPHUHON 290 MM 1 BbicOTON 60 MM,
OTCTOSIIMX APYT OT Apyra Ha paccTossHUuH 350 MM, BBIIOJTHEHHBIX U3 OTHEYOpHOro 6eToHa. [lepBbiM
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ATarioM MOJEPHU3ALMH SBJSETCS aHAIM3 paboOThl MEUd A0 PeKOHCTpyKUuU. Cxema MpoaoIbHOTO
pa3pesa neuu npeacTaBieHa Ha puc. 1.

Tabnuna 1
OCHOBHBIE KOHCTPYKTHBHBIC M PEXKHMHBIC ITAPAMETPhI KOJIBIICBOUM YU
HanmeHoBaHue mapamerpa Benuuuna, e, u3m.
JlnuHa ey no cpeaHen JMHUU 70,7 M
[Iupuna pabodero NpocTpaHcTBa 52wMm
BricoTa pabodero npocTpaHCcTBa 2,04 m
JlnaMeTp 3aroTOBKH 290-360 mm
JlmuHa 3aroToBKH 23004500 mm
Bec 933-3596 kr
KousinuecTBo 3aroToBOK B neyu 120 3aroToBOK
Pacrnono)xeHue 3aroroBoK OpHopsigHOE
[Ipon3BOIUTENBHOCTD IEYU J0 90 /9
Temneparypa HarpeBa 1200-1300
Yucno 30H peryaupoBaHus 5 + 1 He oramiuBaemasi
KonmgecTBo ropenok 56
Temneparypa nojorpeBa Bo3ayxa 400-500
MaxkcuMaIbHBIN pacxoj raza 5400 m*/a
3aroToBka
=

Oewxyuiasncs
noavHa ne4yu

Puc. 1. [Tonepeunslii pa3pe3 NEYHOIO IPOCTPAHCTBA

B kauecTtBe 0a30BBIX PEKMMOB JUIs MOJEIMPOBAHUS HArpeBa C Pa3IMYHON KOHCTPYKIMEH
MO/IMHBI OBLIM B3ATHl JBa XapaKTEPHBIX peXUMa C MPOU3BOAMTENbHOCTAMHU neun 60 u 29 1/4
(TUTIOBBIE MO pe3yJbTaTaM »HKCIUTyaTalliM IIeYd B JIMHUM Ipokata) Kpurepuem mnosyueHus
YIOBJIETBOPUTENIbHBIX PE3YJIbTaTOB HAarpeBa SIBJISIETCA TOCTHIKEHUE K KOHIy HarpeBa TeMIlepaTyphl
BCEX YYaCTKOB 3aroToBku He Huxke 1280°C+15°C

Pe3yabTaThl cpaBHeHUs

Mogens meun mo AnvHe Oblna pa3buta Ha 12 pacueTHBIX ydacTKoB. Kaknwlii yuyacTok
BKiIoyaeT B ceOs 10 moBepXHOCTHBIX W 2 o0ObeMHBbIe 30HBI. Kaxkmas 3aroroBka uMeeT 5
MOBEPXHOCTHBIX 30H, U3 KOTOPBIX 4 30HBI COOTBETCTBYIOT MOAY, BEpXHEH OOKOBON yacTu, HUKHEH
OOKOBOIl YacTH, CBOJY 3aroTOBKHM COOTBETCTBEHHO, a OJIHA 30Ha MOJEIUPYeT OJHY WM JBE
TOPLIEBBIX TOBEPXHOCTHU 3ar0TOBKU. OTAEIbHBIE 30HBI MOIETUPYIOT TOPLIEBBIE OBEPXHOCTH IIEYH.

Pe3ynbrar MosenupoBaHus KaK0oW U3 TEMIIEPATyp MOBEPXHOCTH 30H IIPEJCTABIIEH HA pUcC.2a
u 3a nns FVM-mMerona u Ha puc. 26 u 30 17151 30HATBHOTO METO/1A:
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a) 0)
Puc. 2. JluHaMuKa HarpeBa pas3IHYHbIX YIaCTKOB 3arOTOBKHU IPHU MPOU3BOAUTEIBHOCTH IICUN
60 1/4, paccurTaHHasl C IOMOIIBIO METO1a KOHEYHBIX 00beMOB (FVM) (a)
U C ITOMOIIIBIO 30HAILHOTO MeToa (6)
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Puc. 3. JluHaMuKa HarpeBa pa3JIMuHbIX y4aCTKOB 3aTrOTOBKH IPU IPOU3BOJUTEIBHOCTH €YU
29 T/4, paccurTaHHAs C TIOMOIIBIO MeTO1a KOHEUHBIX 00beMOB (FVM) (a)
¥ C IOMOIIBIO 30HATBHOTO MeTo/1a (6)

W3 cpaBHeHUs pe3ynbTaToB pabOTHI ABYX METOAOB BHJIHO, YTO TOYHOCTH BBIYMCICHUH JUIS
0o00MX METOJOB cpaBHHMMa U coctaBiser He Ooznee 50°C (Cc AOCTMKEHMEM MaKCUMAJIbHOTO
PacXoXKAEHUs s TEMIIepaTyphl IEYHOT'O JIbIMA).

Tax kak cocraB neyHoi aTMOC(epbl 3HAYUTEIBHO U3MEHSETCS B 3aBUCUMOCTU OT 30HBI I1€YH,
TpeOyeTcsi IMHAMHUYECKOE IepeBbIlUnciIeHre Kod(hdULMeHTa MmoriomeHus u3nydeHus. [Ipu stom
MOKHO OTMETHUTb, YTO MpPHU JUHAMHUYECKOM BBIYMCICHUH KO3((UIIMEHTA MOTJOLEHUS ISl SYeeK
metogoM EWBM o6imee Bpemsi BbimonHeHuss FVM Mertona mpeBbliaeT BpeMs MOJAEIMPOBAHUS
30HaIbHBIM MeT0/10M B 5—10 pa3. Ecnu ke AuHaMuyeckoe BbIUMCciIeHre KO3 PuIueHTa NOTJIOMIeHNS
HE UCHOJb3YeTCsl, pe3ylbTaThl MOAEIUPOBaHUS MeToJoM FVM He COOTBETCTBYIOT (PU3UUYECKOMY
IIPOLIECCY HArpeBa v He MO3BOJIAIOT IOJYYNUTh aJICKBAaTHBIE TaHHBIE IIPY MOJAEIMPOBAHUH.

BriBOabI

B pabore ObumuM MpoaHANM3UPOBAaHBl JIBa METOAA MaTeMaTUYECKOTOo MOJIETUPOBaHUS
TEIIO0OMEHa M3JIyYeHHEeM: METOJ KOHEYHBIX O0OBEMOB M 30HAJbHBIN MeToJ. bbuia moctpoena
reoMeTpusi BbIOpaHHOrO OOBEKTAa MOJAENUPOBAHUS — KOJIbLIEBOM HarpeBarelbHOW TMeuu ¢
BpalIaOIUMCs [TOJOM UL HarpeBa HEIPEPBIBHOJIMTON 3arOTOBKH.

B pesynbrare mogenuposanys MeToasl FVM 1 30HanbHBIN TOKa3aJIM COIIOCTaBUMYIO TOYHOCTh
MozaenupoBanusa (pacxoxaeHue He mpesbimaer 50°C). Bpems mopenupoBanus merogom FVM
IIPEBBILIAET BpPEMsl BBINOJHEHUS 30HAJIBHOrO Meroga B 5—10 pa3 BBHAy [IOJITOro pacdera
nHTeHCUBHOCTU M3nydeHus (50—100 ureparnuii) Ha OJJHY UTEPALIUIO TUAPOJIUHAMUKH U TOPEHHUS.
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000 I UJPOMAI — HK», r. HoBoky3nenk, Poccus

PECYPCO- U SHEPI'OCBEPET'AIOLIIASl TEXHOJIOI'MS BBIIIVIABKH CTAJIN
B MAJIBIX JYT'OBBIX CTAJIEIIJIABUJIBHBIX NTEYAX JIMTEUHBIX HEXOB

AHHOTaNus

Pecypco u suepecocbepesicenue 6 Hacmoswee 6pemsa ANAemcs Haubonee BaANCHLIM
Hanpaenenuem paseumus cmaneaumenno2o npoussoocmea. CHudiceHue pacxooa gheppocniagos, 6
npoyecce 8bIN1AGKU CIMANU 8 HACMOsAWee 8peMs AGNAemcs akmyaivHou 3aoayetl. OOuH U3 OCHOBHbIX
Odehekmos umvsi Cmanu Kaxk CUmMoBUOHAs NOPUCIIOCHb He NOABNAEMC 8 XOPOulo PACKUCIEHOU
cmanu oasice npu BbICOKOM cooepircanuu 8000podd. OCHOBHbIM CNOCOOOM YCMPAHEHUs IMO20
Odeghexma ssnsiemcs 3QpgekmusnHoe packucienue. B eudy smoco, oona u3z ocHOBHbIX 3a0au
OKUCTUMENILHO20 Nepuoodd, no YOaieHUur 8000pood, CMAHOBUMCS MeHee aKmyaibHOoU. B smoti céa3u
CMAHOBUMCSl MANOYENecO0OPA3HO 6 NIAKAx OJisl OMIUBOK BbldHCULAHUE OOIbUIO2O COOePHCANUSL
yenepooa u3 pacniasa, Komopas COnpo8oHcOaemcs OKUCIeHUeM NONe3HbIX npumecell — KpemHus,
Map2anya u xpoma.

Knrouesvie cnosa: oxucnenue cmanu, manvie JJCII, cumosuonas nopucmocms, Kaiecmeo,
mepmospeMeHHas 0opabomxa.

Abstract
The reduction in the consumption of ferroalloys in the steelmaking process is currently an
urgent task. One of the main defects in steel casting like the sieve-like porosity does not show up in a
well-deoxidized steel even with a high hydrogen content. The main way to eliminate this defect is
effective deoxidation. In view of this, one of the main tasks of the oxidative period, to remove
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