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Abstract. Development of metallurgy provides for further increase and improvement of steel production volumes through the introduction of various
advanced resource- and energy-saving technologies. The main and most universal control actions that affect the course and technical-economic indi-
cators of the process are inextricably linked to the optimization of technology parameters which is focused on achieving the best results in the field
of productivity, product quality and reduction of resource costs. This is achieved through the regular monitoring and analysis of key indicators, as
well as making necessary adjustments to process management. A successful combination of these factors contributes to maximizing the production
efficiency and increasing the competitiveness of products on the market. To calculate the process static parameters, it is advisable to use the resources
of mathematical modeling and development of an instrumental system. When creating a static calculation model, the electric steelmaking process was
considered as a complex thermodynamic system into which condensed and gaseous input media enter, and the final products are metal, slag and gas.
Calculation of the static modes of the electric steelmaking process is carried out on the basis of calculations of material and thermal balances based
on the laws of mass and energy conservation relative to the components of a heterogeneous system. The solution of the optimization problem based
on formal methods involves selection of various criteria and setting a system of restrictions (requirements for metal composition; ranges of change
in the cost of components of charge materials and system state parameters; compliance with the law of mass conservation at the level of fluxes,
substances and elements; compliance with the law of energy conservation). A feature of the developed method of mathematical modeling and optimi-
zation of the electric steelmaking process is the systematic solution of a set of interrelated optimization problems to determine the optimal conditions
for the processes in the metallurgical system and the optimal solutions for implementation of electric smelting technology.
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AHHomayus. Pazsutie MeTaluTypriuu npeaycMaTpuBaeT JajbHellnee yBelnueHne 00beMOB U COBEPIICHCTBOBAHUE MPOIIECCOB BBIIIABKH CTAIH 3a
CUCT BHEJPCHHUS PA3IMYHBIX MPOTPECCHBHBIX PECYpco- M Heprocoeperaromux TexHoiornii. OCHOBHBIC M Hanbolee YHUBEPCAIbHBIC YIIPaBII-
FOIIME BO3/EHCTBYS, BIHMSIOIINE HA XOJ U TEXHUKO-PKOHOMHYECKHE MOKa3aTeI! Mpoliecca, Hepa3pbhlBHO CBA3aHBI C ONTUMM3AIMEH MapaMeTpoB
TexHosorn. ONTHMHU3anys MapaMeTpoB TEXHOJOTMYECKOTO IpoIiecca OPUEHTHPOBAHA Ha JOCTIDKCHHE HAWIYYIINX pe3yJbTaroB B 00IacTH
TIPOM3BOIUTEIBHOCTH, Ka9e€CTBA MPOAYKIINHU U CHIDKEHUS 3aTpaT pecypcoB. DTO JOCTUTaeTCs MOCPEICTBOM PETYIIPHOr0O MOHUTOPHHTA U aHAIIU3a
KIIFOUEBBIX TTOKa3aTesel, a Takke BHECECHUS] HEOOXOMMBIX KOPPEKTHPOBOK B YIIPaBJICHHE MPOLECCOM. YIaYHOE COYETaHUE YKa3aHHBIX (JaKTOPOB
Croco0OCTBYeT MAaKCHMHU3ALMU ITPOU3BOICTBEHHOH A (HEKTUBHOCTH M NOBBILIEHHIO KOHKYPEHTOCIIOCOOHOCTH MPOAYKLMHU Ha pbIHKe. s pacuera
CTaTHYECKHUX PEKMMOB ITpoIIecca I1eJIeco00pa3Ho UCIIOIb30BaHNE PECYPCOB MaTEMAaTHYECKOTO MOACIMPOBAHUS U Pa3pabOTKH HHCTPYMEHTAIBHOM
cucreMsl. [Ipy co3nanum cTaTHueckoi MOJICITH pacdeTa MNEKTPOCTAICIIIaBUIIbHBIHN MTPOLIECC pacCMaTPUBAIIH KaK CIOKHYO TEPMOAMHAMUYECKYTO
CHCTEMY, B KOTOPYIO TIOCTYIIAIOT KOH/ICHCHPOBAHHbIC ¥ Ta3000pa3HbIC BXOIHBIEC CPEJIbl, @ KOHCUHBIMHU ITPOYKTAMH SBIISIOTCS METAJLI, IIJIaK U ras.
Pacuer craTnueckux peKMMOB EKTPOCTAICINIABUIBHOTO MPOIECcca, OCYIECTBIsIEMbI Ha OCHOBE MaTEPHAILHOTO M TEIJIOBOro OajJaHCcoB, Oa3u-
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pyercst Ha 3aKOHAX COXPAHEHUsI MAacChl U YHEPTUHM OTHOCHTEIBHO COCTABIISIONIMX FETePOreHHOM cucTeMsl. PerieHne onTHMU3aMOHHON 3a1auu
Ha OCHOBE (hOPMATBHBIX METOZOB MPEIyCMATPUBACT BHIOOP Pa3IMYHBIX KPHTEPUEB U 33/laHUE CHCTEMbl OTPAHHYCHUH (TpeOOBaHHSA K COCTaBY
MeTaJlla, INana30Hbl U3MEHEHHs PACX0J0B KOMIIOHEHTOB HIMXTOBBIX MAaTEPHAJIOB U 1apAMETPOB COCTOSTHUSI CUCTEMBI, COOMIOIEHHE 3aKOHa COXpa-
HEHHS MacChl Ha yPOBHE MOTOKOB, BEIIECTB M 3JIEMEHTOB, COOIIONCHHE 3aKOHA COXpaHeHUs SHeprun). OcOOCHHOCTHIO Pa3paboTaHHOTO METOIa
MaTeMaTH4eCKOro MOJIEJIMPOBAHKS U ONTHMHU3ALMHU 3JIEKTPOCTAJICIIaBUIBHOIO TIpoliecca SBISETCS CUCTEMHOE PEIIEHHE KOMIUIEKCa B3aMMOC-
BSI3aHHBIX ONTHMH3AIMOHHBIX 33/1a4 MO ONPEIENICHUIO ONTUMANIBHBIX YCIOBUH MPOTEKaHHs MPOLECCOB B METAITyPrUUECKOI cHCTeMe M ONTH-

MaJIbHBIX PEKUMOB peajiu3allii TEXHOJIOIUH JJIICKTPOIIABKHU.
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[ INTRODUCTION

Federal programs for the technological develop-
ment of metallurgy currently call for further growth in
steel output and for continued improvement of steel-
making processes through the adoption of advanced
resource- and energy-saving technologies. A central
objective of modern steelmaking is to produce a molten
metallic semiproduct with a specified chemical compo-
sition and temperature while minimizing material and
energy consumption [1 —5]. The most universal control
actions affecting both process evolution and its technical
and economic indicators are typically inseparable from
the optimization of technology parameters [6 — 8]. This,
in turn, necessitates solving problems related to establish-
ing optimal operating modes for electric arc furnaces and
forecasting the key indicators of electric melting [5 — 8].

Addressing these tasks benefits from mathemati-
cal modeling and from developing an instrumental sys-
tem for calculating the static modes of the process, i.e.,
for analyzing the process at the level of input—output
flows [9 — 12].

Static-mode calculation methods enable, among other
things, determination of the material and thermal balan-
ces! [13 — 15]; evaluation of limiting energy capabilities,
identification of thermodynamic feasibility limits and
interaction conditions for components within a metallur-
gical unit, and selection of the most effective components
of the input flow to obtain metal with specified properties
while achieving optimal technical and economic indica-
tors [13 — 16].

- METHODS

When developing the static calculation model,
the electric steelmaking process was considered as
a complex thermodynamic system into which condensed

! Simulation model of the electric steelmaking shop of the Che-
lyabinsk Metallurgical Plant. URL: https://www.anylogic.ru/resources/
case-studies/chelyabinsk-metallurgical-plant-uses-a-simulation-model-
electric-furnace-melting-shop/
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and gaseous input media are supplied, while the final
products are metal, slag, and gas [17 — 20]. Depending
on the selected technological route, the condensed input
flows include: metal charge (liquid or pig iron, steel scrap);
solid oxidizers (sinter, iron ore, pellets); slag-forming
materials (lime, limestone, fluorspar); carburizers (metal-
lurgical coke, coke breeze, dust from dry coke quenching
units, electrode scrap, etc.); and ferroalloys. The gaseous
input flows are oxygen and natural gas [21 — 23].

Accordingly, the defining parameters of the input flows
are: K — the total number of flows; K/, K¢ and G/, G¢ —
the number and mass of condensed and gaseous flows,
respectively (the subscripts fand g denote condensed and
gaseous flows); N, ,{ and N¢ — the number of substances in
the k-th flow; £/, ¢¢ and p-k/: p; — the temperature (°C) and
density (kg/m?) of the flows; [R |, {R }, — the content
of substance R in the k-th flow, %.

The output flows are characterized by the following
parameters: G, G, G — the mass of metal, slag, and
gas;t 1,1, — the temperature of metal, slag, and gas, °C;
N_ NS], N, — the number of substances in the correspon-
dmg phases; [R ], (R,), {R,} — the content of substance

R, in the metallic, slag, and gas phases, respectively.

In defining the system parameters, it was assumed
that substances R, and R are elements of the set R and
may be present in different phases in the form of various
compounds £, L , composed of elements £, and E, from
the elemental set x. With the input flows, the followmg
compounds may enter the reactor: condensed phase — Fe,
C, Mn, Si, S, P, Al, Ni, Mo, W, V, Ti, Cr, B, Cu, FeO,
Fe,0,, Al,O,, CaO, SiO,, MgO, MnO, P,O,, CaS, CaF,,
NiO, V,0;, Cr,0,, TiO,, MoO,, WO,, CuO, B,O,; gase—
ous phase - H,0, CO,, O,, CH,, CO, N,, H,. The ele-
ments forming these substances are: Fe, C, O, Mn, Si, S,
P, Al, Ca, Mg, H, F, Ni, Ti, V, Cr, N, B, Cu, Mo, W.

Calculation of the static modes of the electric steel-
making process involves determining the consumption
rates of charge materials required to achieve the specified
metal parameters and metal temperature. The calculations
are based on balance models and thermodynamic equa-
tions. The calculation scheme is shown in Fig. 1.
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Specification of the initial data includes entering
the following information: the input flow parameters;
the process parameters; and the element distribution coef-
ficients among phases.

The adopted process parameters are: ¢ _, Z, 1, — phase
temperatures, °C, O, - — heat losses to the environment,
O yop — Metal losses with metal droplets; 1., — the degree
of carbon oxidation to CO; n,, — the degree of iron oxi-
dation to FeO; a — the oxygen utilization degree.

The element distribution coefficients among phases
are specified on the basis of experimental data within
the prescribed ranges of variation of the input and output
flow parameters.

The following technical and economic indicators are
used: E — process energy intensity, kW-h/t; C — produc-
tion cost, RUB/t; PU — unit productivity, t/h; g, — specific
material consumption, kg/t.

Once all required parameters have been specified,

an initialdata table for the input flows is generated.
The input information includes the temperature, density,

and flow rate of the k-th input flow. The procedure also
requires the chemical composition of the charge materials
to be specified. For all calculation variants, the software
provides a baseline composition for the condensed and
gaseous input flows, as well as for the volatile compo-
nents of the charge; if necessary, this composition can be
modified by the user.

B RESULTS AND DISCUSSION

The static modes of the electric steelmaking process
are calculated from the material and thermal balances,
formulated on the basis of the laws of conservation
of mass and energy for the components of a heteroge-
neous system. The calculation procedure for the material
and thermal balances is outlined in Fig. 2.

At the level of input—output flows, the overall material
balance for the system can be written as:

K
ZGk =

k=

G,

L
=1

Formation of input data
for calculation

Specification of input
flow parameters

Specification of output
flow parameters

Specification of process
parameters

Calculation of stages
and subprocesses

Calculation of processes

Calculation of processes

in the furnace in the ladle
| |
Material balance Thermal balance Material balance Thermal balance
calculation calculation calculation calculation
Flow Substance| | Element Enthalpies Thermal Flow Substance| | Element Enthalpies Thermal
balance balance balance of input effects balance balance balance of input effects
and output || of chemical and output || of chemical
| | | | flows reactions | | | | flows reactions
Calculation Calculation

of phase composition

:

of phase composition

i

Analysis and presentation

of results

Calculation of technical
and economic indicators

Fig. 1. Calculation scheme of electric steelmaking process

Puc. 1. Cxema pacdeTra dIeKTpOCTaNeIIaBUIIBHOTO Ipoliecca

639




N3BECTUA BY30B. YEPHASA METAJIJIYPTUA. 2025;68(6):636-646.
Puwibenko U.A., [lpomononos E.B.,, 3anoasckas E.M. O611vie TPUHIUIIBI MOJEJIUPOBAHUS U ONITUMHU3ALMH 3JIEKTPOCTAIENJIaBUIBHOTO TPoIiecca

When phase separation is taken into account, the mate-
rial-balance relationship can be expressed in the follow-
ing form:

K- K8
> Gl +>.Gf =G, +G, +G,.

The total mass of substances entering the furnace with
the input flows is:

Gf| - K& Ni Gg

|k ZZ

k=1 m=1

K
2.Gi =
k=1

22

The mass of substances leaving the system with the
output flows is defined as the sum of the masses con-
tained in the metallic, slag, and gas phases:

& GlR,|
gl n
100 Z 100

n=1

ALY
,Z:;G’ 2 100 Z

n=1 n=1

Accordingly, the material-balance equation at the le-
vel of substance flows takes the form:

x/ N/ f| m|k K& Ni GER

RIS zz 1Rl _

k=1 m=1 k=1 m=1

0 [R] ALY
~ <00 Zl 100 Zl 100

To determine the phase composition of the output
flows, element balance equations are written for each ele-
ment £, since a given element may be present in different
phases as a range of compounds:

K/ Ny Gf\E ol x M,
mlk i +
k=t m=1 100 Eixn1 EJ)’m
ES
Kzg % Gk {E“m E/ym }k ‘meE‘
+ ! =
k=1 m=1 100 Mszm EJ‘m
_G,lE] + L Gsl(Eixn Ej)’n) x, Mg, N
100 = 100 M, ,

ixp = jvn
N GE E, ) x,M,
+2 100 ’

n=l Eix,, E.f}’n

where |E,x E /ym|’ {Eimejym} — the concentrations of the
m-th substance containing element £, in k-th condensed
and gaseous input flows, respectively, %, [£,] — the con-
centration of the substance consisting of element £, in
the metal, %; (E E; ) {E E, }—the concentrations of
the n-th substance contammg element E, in the sl g and
gas phases of the output flow, respectlvely, %; N/ o, NG

sl 2

Ng — the numbers of substances containing element £, in

640

the k-th input flow, slag, and gas; x,_, y, — the stoichio-
metric coefficients of the m-th compound of element £ ;
Mg, Mg, E, — the molar masses of element E, and its

compounds, kg/mol.
The total mass of the condensed substance R entering
the system with the input flows is given by:

x/ le

=220

k=1 m=1

G/ |Rmk|

The mass of the gaseous substance R entering the sys-
tem with the input flows is also determined taking into
account its content in the gaseous input flows:

) K& Nf GE(R
Gt = .
R ;; 100

The phase composition of the output flow is deter-
mined as follows. In accordance with the element distri-
bution coefficients among phases, the amount of element
E, in the metal is determined by the following expression:

G[Ei] - Ggll'i L[Ei]’
here Lz —
the metal.

The amount of the oxide of element E, in the slag is
determined accordingly as

the distribution coefficient of element E; in

MEO

Xy j\n

G =Gy L
ngE,-

(E”nol‘n) ! (El)

Next, the amount of oxygen remaining in the system
after oxidation of all components and consumed for iron
oxidation is determined as follows:

E/

KN Gf|E 0, | 0.016y
Go=> > m -
k=1 m=1 E,-me‘,-ym
N‘E‘I GE,XHOM 0.016y,
=100 Mg oo

The amount of iron oxides in the slag is then deter-
mined as:

Gre0) = GoNreos

Girey05) = Go(l=Mgeo)-

Accordingly, the amount of iron in the metal is calcu-
lated as follows:

0.056 ., 0.112

G, =G —-=
[Fe] = "Fe 10.072 2% 0160

_GFeO

Consequently, the masses of metal and slag are deter-
mined as:
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Material balance calculation

Calculation of the amount

Calculation of the amount
of elements in the input flow

of substances in the input flow
s
£.G/|R|,

_ K GE{R|
Gm: k
K ,; 100 +; 100

K Gk| ix jy|

Gin_
r kl 100

EixEjy

Calculation of element
distribution among phases

_ in
G[Ei] - GE[L[E;]

E; O
G
(E”‘nolvn) (E ) E

i

M
G m ixp ™~ jyn
x, M

|

Calculation of the masses
of output flows

Nye

GMe = Z G[E;] -

sl_ZGF E;

ixy fvn

Calculation of the amount
of iron oxides

G(FeO) =GoNkeo
G(Fe203) =Go(1-Mpeo)

Calculation the residual oxygen level

Go

& NA Gf

in the system

ZZ | 50 O ¢ 0.016y,,

k=1 m=1 100 Ey, O

— Nﬁ[ G(EL‘M O/yn) 0.01 6yn
00 M,

ixp = Jvn

Calculation of substance enthalpies

AH} = AH g +
ot
+ [ CdT+AH, + j C,,dT
298 T,

pt

Calculation of material
enthalpies

Thermal balance calculation block

Pg‘ ]

AT = Z( 0) m100Mp

Yo [R]

Calculation of thermal balance components

Calculation of thermal effects
of chemical reactions

Gk Rk w

AH, = iA}N[i

w=1 k=1 IOOMRW

L(;W
Lo

n=

Wendo

Gsl (Rn)
" 100M,,

:nz"";(AH )nl ](AHT

AHC - Mpgi <
,;( T) n100M,
0 i G Ry, 7L GR,, +0,. =
~ kleOOM ,:1100MRW

K L
+ > AH - + 0,
; [kIIOOM ZIOOM ] Qi

balance residual

Thermal

|Qin - Qoul' <E

Technical and economic performance calculation block

Y

Cost calculation

K
szPk

C=& L OH+PC

Energy intensity calculation

K
ZGkEk
E= k=1

G

m

Productivity
calculation

N
PU=G, = ZG[",:;]

n=1

Fig. 2. Algorithm for calculating material and thermal balances

Puc. 2. Anroput™ pacdeTa MaTepHAIBHOTO 1 TEILIOBOTO OaIaHCOB
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Ny

Me:ZG[E,-l?
Gsl_z (EiyyEiyy)®

txn ’vn

The calculation of the phase composition and masses
in the ladle is performed in a similar manner; however, in
this case the input flows consist of the metal produced in
the furnace and slag that partially enters the ladle during
tapping.

To calculate the composition of the gas-phase com-
ponents, the following mechanism of off-gas formation
in the electric furnace is proposed. For technologies
involving the use of natural gas, complete combustion
is assumed, which results in the chemical composition
of the gases in the output flow corresponding to that
obtained under classical decomposition conditions.

During complete combustion of natural gas, CO, and
H,O are formed:

; 0.044
comb in .
G‘C02 = [CHy| (l_nconv) 0 016’
comb in 0018
G‘HZO‘ =Uicny, (1 - nconv) 0016

The amount of CO formed during combustion of the
carbon contained in the charge can be determined as fol-
lows:

£ .Gllcl, G,[c])0.028
Goo = k_m =2,
coi nco[; 100 100 |0.012

Taking into account the combustion of natural gas,
the amount of CO, in the off-gases is given by:

G;‘COZ; = (1=mgo) X
£.6/[cl, _ G,[c])o.0s
_ m . Gj:ombl.
X[; 100 100 0.012 o

The total amount of hydrogen in the off-gases is:

G{Hﬁ = G{Hﬂ :
The amount of water vapor is determined as

_ in comb
Gin0, =G0, + G0 -
The amount of nitrogen in the off-gases is equal to
the amount of nitrogen entering the system with the input

flows per unit time:
_ in
G{Nzi o G{Nzl'

The amount of SO, in the off-gases is determined in
accordance with the sulfur transfer coefficient to the gas
phase:

642

o 0.064
Giso, =Cs %5 0.032°

The total mass of gas is determined as follows:
out out out out out out
G, =G co, + Gico, + G, + Glyo, + Giso, + Oy -

When deriving the thermal balance equations, it is
assumed that the principal processes governing the thermal
state of the system are: the sensible heat of the charge mate-
rials; heat exchange with the surrounding environ-ment;
heat released by electric arc combustion; and chemical
reactions with their associated thermal effects. The thermal
balance equations are formulated on the basis of the law of
conservation of energy, expressed as O, = 0 .

Taking into account the enthalpy of the input and out-
put flows, the total heat of chemical reactions occurring
in the system, the heat supplied by the electric arc, as
well as heat exchange with the environment, the thermal-
balance equation can be written in the following form:

<l K&
D GIAH] + > GiAHE + 0, =

k=1 k=1

L
= ZG]AHI +AHcr+Qloss’
=1

where AH/, AH, AH, — the enthalpies per unit mass of
the k-th condensed or gaseous input flow and the /-th out-
put flow, respectively, referred to standard conditions and
a temperature of 298 K; O, — the heat input to the system
from electric arc combustion; O, - — heat losses to the
environment; AH - the total thermal effect of the chemi-
cal reactions.

Only liquid pig iron has a nonzero enthalpy; therefore,
the enthalpy per unit mass of liquid pig iron relative to
T=298 K is given by:

Npgi (R],, M ogi
i = 2. (A7), 100M,

where (AH ]Q) — the enthalpy change of the m-th substance
of liquid pig Tron upon heating from 298 K to T,, kJ/mol;
[R],, .— the concentration of substance R, %; M —is
the molar mass of substance R, kg/mol.

The enthalpies per unit mass of metal, slag, and gas
are determined, respectively, as follows:

it = 3 (01) g
ity = 3 (a4, e

Ry
) " 100M

AHZ(
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The thermal effect of chemical reactions is defined as
the sum of the thermal effects of independent reactions
describing the transition of the system from the initial to
the final state:

w
AI—Icr ZZAHW’

w=l

where W — the number of independent reactions;
AH, = AH wAng — the thermal effect of the w-th chemical
reaction, kJ/mol AH! — the standard thermal effect of the
w-th chemical reaction; An, — the number of moles of
substance R that reacted in the w-th reaction.

The number of moles of the reacting substance R
is determined as the difference between its amounts in
the input and output flows:

5 GR, & GR
An, = kK" Mhkw [Yw )
%= X0, 2 100M

k=1 =1

The heat released by arc combustion is determined
taking into account the electric energy consumption:

0, = 3600E,

where E — the electric energy consumption, kW-h.
Taking the above into account, the thermal-balance
equation can be written in the following form:

Npgi [R]m

2. (¥5), S0z,

+V§ AHO i GkRkw i Iw —
S\ E00M, 51000,
A G,[R,] & Gy(R,)

_ 0 m["n 0 sl\"tn

_;(AHT)n 100M,, +,,Z:;<AHT)n 100M, !
& ol GR, & GR,

+; A ;100MR Z100M + Qi

The principal heat inputs in the thermal balance
include the heat of liquid pig iron, the heat of exother-
mic oxidation reactions of charge components with gas-
eous oxygen, the heat of slag-forming reactions, and the
heat released by arc combustion. The heat expenditures
include heat required for heating the metal, slag, and gas;
heat consumed for decomposition of carbonates and iron
oxides; heat required for moisture evaporation; and heat
losses to the environment.

The enthalpies of the input and output flows were cal-
culated using the following reference data: coefficients
of the approximation equation for the heat capacity of a
substance (c,, ¢ |, ¢,, ¢,, ¢;), values of the enthalpy of
formation and entropy at standard temperature (A, H) 2085

98), and data on phase transitions (T AH ) for indi-
vidual substances.

The solution of the optimization problem using for-
mal methods involves selecting appropriate criteria and
defining a system of constraints, including requirements
for metal composition, allowable ranges of variation in
the consumption rates of charge-material components
and system state parameters, compliance with the law
of conservation of mass at the levels of flows, substances,
and elements, and compliance with the law of conserva-
tion of energy.

The following indicators may be used as optimization
criteria:

— total consumption (TC) of charge materials per unit
of product, kg/t,

-1000 — min;

— production cost (C), RUB/,

K
ZGkPk
C=%+ OH + PC — min;

m

— energy consumption (E) per unit of product, GJ/t,

K
2 GiEy
E=4 — min
— unit productivity (PU)

Nm
PU=G, =) G%' | — max,
n=l1

where P, — the price of the k-th input material, RUB/t;
OH — general plant overhead costs, RUB/t; PC — process-
ing costs, RUB/t; E, — is the specific energy intensity
of the k-th material, GJ/t.

The formulation of the optimization problem consists
in finding an extremum of one of the selected criteria sub-
ject to the following constraints:

— on the ranges of variation in charge-material con-
sumption rates:

G . <G <G

% min k k max>

— on metal and slag parameters:

|:Rn]min < [Rn] < [ ]max (l’l =1+N )
(Rn )min < (Rn) < (Rn)max (I’l =1+ Nsl);
Tlmm< T < Tlma (l: 1 +L);

— compliance with the law of conservation of mass at
the levels of flows, substances, and elements:
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K/ K®

>.Gl +>.G, =G, +G +G;

k=1 k=1
K/ Nfo|R | K& Nf Gg
DI N ZZ
k=1 m=1 k=1 m=1
¢ 6 [R] \ Gg{Rn}.

~ & 00 Zl 100 Zl 100

KfN‘ Gf‘ . .ym . XaMp .
k=1 m=1 100 ME,.me,-‘m

K Nflg G/%{Eimejym }k meEL

+ =
;mz:l 100 Mg &

:Gm[Ei]+A§: GS‘(Eianjyn) x,Mp, N
100

n=l1

. GlEn ) 5 My
*2 1oojy M, .,

Xp = Jyn

n=1

— compliance with the law of conservation of energy:

Npgi (R],, .
(1), g+
P m100M,,
Wexo K G R L GR
0 k" kw I“Mw =
t 2 A, Z;looM ‘ glooMRw + Oue
N,
B 0 [R] 0 Gsl(R")
_;(AH ) " 100M,, E(AHT) 100M, i

Wendo K L GRI
+2 A, ZIOOM _ZIOOM

k=1

J+ Qloss;

— fulfillment of at least one of the following target
conditions:

TC,, <TC<TC

max ’

Crn<C<C..

min

Emin<E<E

max ’

PU,, <PU<PU_

Thus, a method for mathematical modeling and opti-
mization of the electric melting process has been deve-
loped, providing a systematic solution to a set of inter-
related optimization problems.

[ BuiBOARI

The electric steelmaking process was analyzed, and
a method for its mathematical modeling and optimization
was developed. The proposed approach is distinguished
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by a systematic treatment of a set of interrelated optimi-
zation problems, enabling the determination of acceptable
process conditions within the metallurgical system using
modeling and optimization methods. In addition, tech-
nological operating modes for implementing the electric
melting technology are proposed.
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