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AHoTaniss. OOHiclo 3 20/106HUX NPOONEM CYHUaCHO20 CGIMYy € NOWLYK €eKOHOMIL
eHepeopecypcis, a came nanuea, ma 3HUMCEHHS SUmMpam Memany HpUu HA2PIBAHHI.
Bucoxomemnepamypui naepieanvui Kkono0sA3i € OOHUMU 3 HAUOIILUWUX CHONCUBAUIB
namea. Y cyuacHux ymoseax € 6acamo @axmopie, wjo 6nausaromev HA NiOGUWEHHS
MPUBANOCMI 3HAXOOJNCEHHS Memaiy y HAaCPIBANbHUX dzpe2amax, sK MexXHOJI02IYHUX
(uepeosicmv  euoaui 3a COPMAMEHMOM), MAaK [ 308HIWHIX (NOBIMPAHI mpusoau,
3HeCmpYMJIeHHs. CMAHI6 ma iHule), Wo Npu3eooums 00 1020 nepecuddicysanns. Ilpu yvomy
Memain 3HAxooumuvcs 6 Hux mpugaiuu dac npu memnepamypax euwe 1300 °C, wo
npu3600UmMb 00 3HAYHUX 6mMpam Memany 3d pPAXYHOK NnepecpieanHs, ONideleHHs md
OKAUHOYMBOPEHHS Ma NIOSUWEHUX SUMpaAm nalued, wjo 6 C80l0 uepay 6NIUBAE HA
niosuweHHs: cooieapmocmi nPoOYKYii.

Memoro Oocniodxcenns € 3HUJCEHHS 6mpam naiuea ma Memany 3ad pPaxyHOK
nepezpieamHsl.

CmeoperHs i 00CNIOIHCeHHS PAYIOHAILHUX MA NEePCHEeKMUBHUX DeNHCUMIB HASPIBAHHS
Memainy npu mpueaniomy 3HAXOONCEHHI 8 HACPIBANbHUX KON00A35X, 3 YOOCKOHAIEHHIM
MeXHOI02IYHO20 NPOoYecy, € AKMYAIbHUM 3A60AHHSIM.

YV pobomi po3paxoeano 6niug H08020 pedcumy HAZPIGAHHS HA NUMOM)Y SUMPAMY
36apr06anbHO20 WNAKY ma nanusa. Po3pobOnenuti pedxcum cnpaMOGaHUL HA 3HUINCEHHS
HAOX0O0JICeH s Memany 6 30HI eucokux memnepamyp euwe 3a 1300 °C (momninms
nPOBOOUMbC MINbKU OOUH PaA3), Wo 00380JIAE 3HUSUMU U020 NepePiBanHs 8 Npoyeci
HacpigawHs i, SAK HACHIOOK, 3MEHWUMU ONJAGIeHICMb 3IUMKi6 ma 3MeHuumu
OKAUHOYMBOPEHHA.

Hosuui pesicum Hacpieanns memany npusgede 00 3HUNCEHHS MeMnepamyp, wo
BNIUBAIOMb HA Memall N0 YAC MPUBALO20 3HAXOONCEHHS 8 HACPIBANbHUX KOJOOA3AX, WO Y
c8010 yepey 003801umb 3HU3UMU yeap memany Ha 1,015 ke/m 3a paxyHox cKOpoueHHs
KIIbKOCMI WINAKY, WO 3 A6NIAEMbC, A MAaKoMC 3HU3umu eumpamy namuea Ha 2,03
K2YyM.n/m ma ompumamu 3HAYHU eKOHOMIYHUL egheKm Ha 8UPOOHUYMEL.

KiawuoBi ciaoBa: nanueo, HazcpieanvHi KonooAaAsi, WwinaK, NPOZPiBAHHA,
memnepamypa, menio6uil peicum, Mema’

AKTyaJbHicTb. OHI€IO 3 TOJIOBHUX MPOOJIEM CY4YaCHOTO CBITY € MOIIYK €KOHOMii

eHepropecypciB, a camMe IMajvMBa, Ta 3HWKEHHS BHUTpAT COOIBapTOCTI BUPOOHUIITBA.
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BucokoremneparypHi HarpiBaJibHi KOJOJsA31 € OJHUMH 3 HAWOUIBIIUX CIIOKUBAYiB
nanuBa. Y Cy4acHMX yMoBax € Oarato (hakTopiB, IO BIUTMBAIOTh HA ITiIBUILCHHS
TPUBAJIOCTI 3HAXO/KEHHS METally B HarpiBaJbHUX arperatax, SK TEXHOJOTTYHUX
(ueproBicTh BHJAYl 3a COPTAMEHTOM), TaK 1 3OBHIIIHIX (TMOBITPSHI TPHUBOTH,
3HECTPYMJICHHS CTaHIB Ta 1HIIE), 0 MPU3BOIUTH 0 Horo nepecupkyBanHs. [Ipu mpomy
METall 3HAaXOJWUThCA B HUX TpUBAIMK dYac mpu Ttemneparypax sume 1300°C, mo
NPU3BOAUTH 10 3HAYHUX BTPAT METaly 3a paxyHOK IMeperpiBaHHs, OIUIABJICHHS Ta
OKaJIMHOYTBOPEHHS Ta IIJBUILIEHUX BUTPAT TMajMBa, 110 B CBOK YEpPry BIIMBAE Ha
MIIBUAIIEHHS COO1BAPTOCTI MPOTYKITIi.

CTBOpEHHS 1 AOCHIHKEHHS PalllOHaJbHUX Ta MEPCHEKTUBHUX PEXHMIB HAarpiBaHHs
MeTajy MpU TPUBAJIOMY 3HAXOKCHHIO B HAarpiBaJIbHUX KOJIOAS3AX, 3 BJIOCKOHAJICHHSIM
TEXHOJIOTTYHOTO MPOLIECY, € AKTYyaJIbHUM 3aBIaHHsM [ 1,2].

AHAJI3 OCTAaHHIX [dOCHiIkeHb Ta mnyOjaikaumiii. /lo kimacy monym'sHHX Tmeuen
HaJjeXaTh HarpiBayibHi Kojoja3i [1]. [lepmuii mepios Ha3uBalOTh NMEPI0JIOM HArpiBaHHS, a
ApYTUil epioJl — nNepioioM BUTPUMKH. TeruioBHi MOTIK HA METajl y IOYAaTKOBOMY IEpio/ii
Ma€ TOHWIKEH1 3HA4YEHHS, a TeMIepaTrypa MOBEPXHI 3JIMBKa IMiJBUIIYETHCS 3 MIBHIKICTIO
HarpiBaHHS MOBEPXHI, IO MOCTIAHO 3HMKYEThCS [2]. Y HarpiBajbHI KOJOJA31 3a3BHYai
HaAXoAuTh A0 95 % 37MTKIB rapsdyoro mocajga 3 TEMIEpaTyporo IMOBEPXHI, IO He
nepeuirye 950-1000 °C.

3aBIaHHSIM HarpiBajJbHUX KOJOMSI3IB € PIBHOMIpHE NPOTrpiBaHHS (3a Mepepi3oMm)
MeTajy Ta JIOBEJIEHHsA Horo a0 TemrepaTypu npokatku [3]. HoBi pexumu HarpiBaHHS
cHeniagbHO po3po0sieHO 3a cneuudiuHuX YMOB pOOOTH BIAJIJIEHHS HarpiBaJIbHUX
KOJIOAS31B, KOJU B TEXHOJOTIYHOMY TIPOIECl BUHUKAIOTH 3aTPUMKH B PoOOTI, IO
MPU3BOJUTH JI0 TPUBAIUX TMEPECUKEHb METaly 3a OJHY roauHy 1 Ounbiie. [Ipu mpomy
BEJIMKA YacTKa METally, 1110 HarpiBa€ThCs, MEPECUIIKYE Bl TOTOBHOCTI JIOBUIE 1-1 rOAMHH 1
MPOBOIUTHCA TOMITIHHS Tipu Temriepatypax Buie 1300 °C no nBa pasmu.

MeTa noc/izkeHHs1 — 3HIDKCHHS BTPAT MajuBa Ta METATY 32 PaXyHOK IeperpiBaHHS.

Marepiaju Ta MeTOAM AOCTII:KEeHHsSl. 32 METOAUKOI [4] BUKOHAHO PO3PaAXyHOK
BUTpATy NUIAKy Ta TajdvMBa MpPU HArpiBaHHI 3JUTKIB 3 BUTPUMKOIO TICJS MOCATU TIPU

temrepatypi 1200 °C 1 oqHUM 3 HarpiBaHHSIM y HarpiBaJIbHUX KOJOSA3SIX.
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KoedilieHT OKaINHOYTBOPEHHS (3a/I€XKUTh Bil TEMIIEpaTypH TOMICHHS, MM/TOI""):
k T — e~ 10125/T+7.25 (1)
ne T — cepenHsa TeMiepaTypa MOBEpPXHi 3TUTKA.
KBapaT TOBIMHY OKAINHM, IO CILIABIIETECS B ILTAK, MM:

SM2=12+*k T"2(T/2Ct. H+t_T), (2)
ne 1,2 — koedillieHT, 0 BpaXxOBY€ YTBOPCHHS OKaJIMHU TPH PO3JATaHHI, MOCAIIll Ta
Bunayi 3nuBKiB; C — mocriliHa 3MiHHa, piBHA 10125; ta Ta tT — TpuBandicTh HarpiBaHHS Ta
TOMIJIEHHSI BIIMOBIAHO, TOJUHH.

Toxl TOBIIMHA OKAJIMHY, IO CILIABIISETHC B 1Ak S=3,5487 MM.
Butpara MeTally Ha IUTAK, KI/M
Y=316+S, 3)
ne S — TOBITMHA OKAJIMHM, IO CIUIABIIIETHCS B MIJIAK.
3HaxXoAMMO Macy IUIaKy 3a GOPMYIIOL0, KT
M=Y*S. 4)
Butpara nutaky a1 10caigHOT TEXHOJIOT1T HarpiBaHHS 3JIUTKIB, KI/T:
Y rop=M/m, (5)
Jie m — Maca 31uBka 15,727 T.
3HIKEHHS] BUTPATH [IUTAKY MPU BIPOBAHKEHH] TEXHOJIOT1T HAarpiBaHHS, KI/T:
AP=Y rop/m. (6)
3HIKEHHSI BUTPATH TaJMBa MPU BIPOBAXKEHHI TEXHOJIOT1i HArpiBaHHS, KT yM.TIaJI/T:

B:t*QIIEJI *QE* Xm" (7)

ne t- pi3HMI TPUBAIOCTI HArpiBaHHSA MeTamy, rof; (n.,-BUTpPaTH MajuBa Ha HarpiBaHHSI

7000

OJIHIET KaMepu KOJIOsI3s, M3/roz[; QE- TEIJIOTBOPHA CIPOMOXHICTh TaJiiBa, KJI>1</M3; n-
KUIBKICTh KaMep y OJJHOMY KOJIO/sI31, 01; M — Bara MeTaiy, T.

Pe3syabTatu jgociaimkeHb Ta ix o0roBopenHsi. Po3poOnenuii pexum (puc.l)
CIpsIMOBAaHUM Ha 3HIDKCHHS HAJIXO/KEHHS METATy B 30HI BUCOKHX TeMIIEpaTyp BUIIE 3a
1300 °C (ToMuiHHS TPOBOAMTLCS TUILKM OJWH pa3), MO IO3BOJSE 3HH3MTH iX
MeperpiBaHHs y TPOIleci HarpiBaHHS 1, sIK HACTIIOK, 3MEHIIIUTH OIUIABJICHICTH 3JIMTKIB Ta

SMCHIINTHU OKAJIMHOYTBOPCHHA.
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Knacuranmii pexum JlocTHIT peskimM
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Puc. 1. HarpiBanus meTajy 3a KJIACHYHOI0 TEXHOJIOTIEI0 Ta HOBOIO TEXHOJIOTIEI0 NMPH
nepecHI:KyBaHHiI MeTaJIy Bil TOTOBHOCTI (HANPUKJIad, 3 roa)

3a HOBMM pEXKHMMOM HArpiBaHHs MeETall MICJS TOCAJKH B HarpiBajbHI KOJIOMAS31
HarpiBaetscs 10 Temmeparypu 1200 °C (zamicts 1320-1340 °C 3a KTaCMYHOIO CXEMOIO
HarpiBaHHsi Metany [5]). [loTiM HarpiBaHHS TMPUIMHHSIETHCS Ta 3TIACHIOETHCS MIIATPUMKA
TEMIIEpaTypy Ha 33JIaHOMY PIBHI /10 IOYATKY HarpiBaHHS 32 MiHIMAJIbHO MOXKJIMBHUI 4Yac.

Po3paxoBaHo BIUIMB HOBOTO pPEXHUMYy HarpiBaHHs Ha [UTOMY BUTpaTy
3BapIOBAJILHOTO IILJIAKY.

Posrasaatoun nmopiBHAHHS PO3paxyHKY ICHYIOUMX Ta OTPUMAHUX JaHUX y Tabmuml 1
3HWKEHHS YajJly METally 3a paxyHOK MiIBUILEHHS TOYHOCTI BUMIpIOBaHb BUTPATH Ta3zy Ta
MOBITPS B MEPI0 TOMJIIHHA MeTaly ((pakTuyHo B naHuil yac 10 80 % BUTpaT HUIAKYy Ha
MeTaj 3 MIJBUILEHUM TEIUIOMICTKOCTI, a 48 % uacy TOMJIEHHS Ha 3 BUTpaTaMu rasy Ta
MOBITPS HA ICHYIOUMX MPUJIaZaxX Ta B METOIUIl (DIKCYIOThCS pi3HHINO Takox B 80 %, me

30Ha moxuOKa BUMiproBaHHs (cymapHa ) 10 10 % 3a rpadikom 3 puc. 1).
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1. HopiBHsNIBbHI JaHI PO3PaXyHKY 32 JAHMMM, 110 OTPUMYKOTHCH 32 KJIACHYHOIO

MECTOAUKOIO
Po3risinyra BeimunHa Jocainamii pexum Kaacuuyna meroauka | BiaxujeHHS
Cepenns temneparypa | 1340 1320 +20
noBepxHi 3mutKy, °C
TpuBamicte  HarpiBanus, | 3,33 2 +1,33
yac B roguHax
TpuBanictsh TomieHHd, | 1,23 2,57 -1,34
yac B roJAMHAX
Koedirmient 2,646 2,445 +0,201
OKAJIMHOYTBOPEHHS,
MM/rozlo‘g]T
KBanpar ToBIMHH | 12,593 19,541 -6,948
OKaJIMHH, MM
Burpara MeTary 13|11,214 13,969 -2,755
IIJIAKOM, Kr/M?
Maca nutaky, Kr 112 139,52 -27,52
Butpara nuiaky, Kr/t 7,12 8,87 -1,75

BucnoBku Ta nepcnexkTuBu. Ha 0CHOBI IpoBeAEHUX OCTIIKEHb BCTAHOBJICHO, 1110
IpY BIPOBA/DKEHHI HAarpiBaHHS 3IMTKIB 3 BUTPUMKOIO mpu TemmepaTypi 1200 °C micis
MOCAJIKU 3JIUTKIB Yy KOMIPKH 1 3 OJJHUM HarpiBaHHSM B10YyBa€TbCAd OUYIKYBAHE 3HUKEHHS
BUTpPATH NUIAKy, 10 ckimaae -1,015 kr/t. 3HmkKeHHs BUTpaTH manuBa ckiamgae 2,03 xr

yM.IAJL/T.
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STUDY OF METAL HEATING MODES IN HEATING FURNACES
O. Petryk, 1. Nazarenko, A. Kuzmenko

Abstract. One of the main problems of the modern world is the search for saving
energy resources, namely fuel, and reducing metal consumption during heating. High-
temperature heating wells are among the largest consumers of fuel. In modern conditions,
there are many factors that influence the increase in the duration of the presence of metal
in heating units, both technological (order of delivery according to the assortment) and
external (air alarms, power outages, etc.), which leads to its settling.

At the same time, the metal is in them for a long time at temperatures above 1300°C,
which leads to significant losses of metal due to overheating, melting and scale formation
and increased fuel consumption, which in turn affects the increase in the cost of
production.

The purpose of the research is to reduce fuel and metal losses due to overheating.

The creation and research of rational and promising modes of heating metal during
long-term stay in heating wells, with the improvement of the technological process, is an
urgent task.

At the article calculates the influence of the new heating regime on the specific
consumption of welding slag and fuel. The developed mode is aimed at reducing the supply
of metal in the zone of high temperatures above 1300 °C (quenching is carried out only
once), which allows to reduce their overheating during the heating process and, as a
result, to reduce the melting of ingots and reduce scale formation.

The new mode of metal heating will lead to a decrease in the temperatures that affect
the metal during a long stay in the heating wells, which in turn will allow to reduce the
carbon black of the metal by 1.015 kg/t, due to the reduction of the amount of slag that
appears, and also to reduce costs of fuel by 2.03 kgf/t and obtain a significant economic
effect on production.

Key words: fuel, heating wells, slag, heating, temperature, thermal mode, metal
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