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Abstract. The work presents generalized experience in the development and implementation at PJSC Severstal of technological measures to extend
the campaign of blast furnace No. 5. The authors carried out an analysis, identified and described the problem areas, generalized the principles
for ensuring the safety of the shaft lining, boshes and metal receiver of the blast furnace. The results of a study of the working space of blast
furnace No. 5 in 2006 are also presented. The identified technological factors ensure an increase in duration of the unit campaign. Technological
measures are given for: washing the blast furnace hearth, reducing chemical erosion of the carbon blocks of the hearth and flange, forming a protec-
tive skull in the blast furnace shaft, special methods for loading solid coke substitutes, and organizing an effective structure of the charge column
in the blast furnace. It is necessary to use digital models integrated into the blast furnace expert system for operational control of blast furnace
technology. The results of the current blast furnace campaign were compared with previous ones. It was proven that the systematic use of all
elements of the developed technology makes it possible to achieve high economic indicators while exceeding the standard duration of the campaign
by 1.75 times. Experience in technology development made it possible to increase the furnace campaign duration to 17.46 years, achieve a reduction
in specific coke consumption by 15.9 %, and increase the specific consumption of natural gas for cast iron smelting by 46.4 %; reduce the specific
carbon consumption for cast iron smelting by 6.3 %.
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AHHomayus. B pabore npezcrapieH 0000MICHHbIN OIBIT O pa3paboTke U BHeApeHuto Ha ITAO «CeBepcTaiby TeXHOIOINUECKIX MEPOIPHATUH 0
HPOUICHUIO KAMIIAaHWH JOMEHHOH neun Ne 5. ABTOpBI IPOBEJIH aHAJIM3, BBIABUIIM M OIMCAJIN IIPOOIEMHbIE 30HBI, 0000LIMIN NPUHIUILI 0becrie-
YEHUs] COXPAHHOCTH (PyTEPOBKH IIAXTHI, 3aIUICYUKOB U METAJIONPHEMHHKA JOMEHHOH meun. Takke IpeiCcTaBICHBI Pe3yIbTaThl UCCICIOBAHMS
pabouyero npoctpaHcTBa JoMeHHOH meun Ne 5 B 2006 r. BrisiBiieHHbIE TEXHOIOTHYECKHE (DAKTOPBI 00CCIICUMBAIOT YBEIHUCHUE JUTUTEIBHOCTH
KaMIaHuH arperara. [IpuBeeHb! TEXHOTOrHYeCKUEe MEPOIPHATHUS 10 IIPOMBIBKAM I'OpHA JOMEHHOH [EeYH, CHIDKCHUIO XUMIYECKOU 3pO3UH yIIIepo-
JIUCTBIX OJI0KOB TOpPHA U JIeIa 1, (pOPMHUPOBAHHIO 3ALIUTHOIO TapHUCAkKa B 1IAXTe JJOMEHHOMU MeuH, 0COOBIM IIPUEMaM 3arpy3Ku TBEP/IbIX 3aMEHU-
Teneil Kokca U opranu3anuy 3QpGeKTUBHOI CTPYKTYpBI CTOJIOA IIUXTHI B JOMEHHOI! 11edn. JIIt OnepaTHBHOTO YIPABICHHS TEXHOIOTHEH JOMEHHOH
IUIABKM HEOOXOAMMO MCIIONIb30BaTh IU(POBBIC MOZEIH, 00bEIMHEHHBIC B OKCIIEPTHYIO CHCTEMY JIOMEHHOMN medn. ABTOPBI IPOBEIH CPaBHEHHE
PE3yIbTaTOB TEKyIel KaMIIaHUK JOMCHHOU IIeUH C IPEABIIYIIMMH K JOKa3alH, YTO CHCTEMHOE IPHMEHEHUE BCEX 3IEMEHTOB pa3pabOTaHHOH
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TEXHOJIOTHH TO3BOJISIET JOCTUTATh BBICOKMX SKOHOMHUYECKHX IOKa3aTeseil NMpH MpPEBBIICHUA HOPMATHBHOW MPOJOJDKUATEIBHOCTH KaMIaHUU
B 1,75 pa3a. OnbIT pa3BUTHSA TEXHOJIOTHU MO3BOJIMI YBEINYNTH JUTUTEIBHOCTh KaMITAHUH 1Teud 10 17,46 J1eT, JOCTUTHYTh CHIDKEHHS YAEITBHOTO
pacxona kokca Ha 15,9 %, yBeTHMUYHUTB y/ICIBHBII pacXo/] IPUPOIHOTO T'a3a Ha BHIIUIABKY 4yryHa Ha 46,4 % 1 COKpaTUTh YCIbHBINA PacXo/ yriieposaa

Ha BBIIIABKY YyryHa Ha 6,3 %.

Katoueswle caoea: nomenHas neds, IpofonkuTenbHOCTh Kammanuy, [TAO «CeBepcTanby, TOpH, MIaXTa, TOTEPMaH, MPOMBIBKA TOpHA, TapHHUCAXKe-
00pa3oBaHKe, yleIbHbIH PAcXo] IPUPOIHOTO Ta3a, PacXo TBEPIOro TOIUIMBA Ha TOHHY YyryHa, LH(POBast MOJEIb, KEIE30pYAHbIe MaTePHAIIbI, KOKC,

noka3zarens CSR

s yumuposanus: Kanvko A.A., Bunorpanos E.H., Kansko O.A., Kanbko A.A. Pa3paboTka u BHEAPEHHE TEXHOIOINYECKUX MEPOIPHUATHH O MPO-
JuieHHt0 Kammanuu qoMenHo# reuu Ne 5 [TAO «Ceepcranby. Hzsecmus 8y308. Yepnas memannypeus. 2024;67(3):260-269.
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[ INTRODUCTION

The current development trends of global blast fur-
nace production are aimed, as before, at bringing down
the cost of cast iron smelting by reducing coke consump-
tion, enhancing the productivity of blast furnaces (BF)
and the duration of their campaign. Increased duration
of the campaign, the period between overhauls of the first
category above the standard level, enables to reduce
the unit cost and boost the competitiveness of the manu-
facturer in the world market.

This work presents generalized experience in
the development and implementation of technological
measures aimed at extending the campaign of blast fur-
nace No. 5 at PJSC Severstal. As previously scheduled, on
April 1 -2, 2024, PJSC Severstal performed blowingout
of blast furnace No. 5 “Severyanka” with a useful volume
of 5500 m? and tapped the salamander. The furnace was
submitted for the overhaul of the first category. Blow-
ing-out was successful, accident-free, consistent with
the developed technological program. The furnace cam-
paign lasted 17.46 years from 20.10.2006 to 02.04.2024
(hereinafter referred to as the current campaign), signifi-
cantly exceeding the standard service life of blast fur-
naces with the similar design. Blast furnace No. 5 was
first blown in on April 12, 1986 and is currently the lar-
gest cast iron production unit in Europe. The current
campaign is the third in a row, the first two lasted 9 and
11 years respectively.

[ THEORETICAL BACKGROUND

The standard blast furnace campaign in most cases
is 12 — 15 years [1; 2], but campaign durations of some
furnaces, such as Hamborn No. 9 blast furnace made
by ThyssenKrupp Steel Europe, can exceed 22 years [3].
The authors of [4] believe that the key technological fac-
tors ensuring the duration of the blast furnace campaign
are stability and compliance of charge materials with
quality standards, rational slag and blast modes, loa-
ding mode parameters ensuring the required distribution
of charge components and gas flow, and technologically
justified mode of melting products processing. In addi-
tion, a number of researchers [5 — 7] note that, to a large

extent, durability of the flange and hearth lining, con-
tribute, to a large extent, to achieving long-term safe and
accident-free operation of the blast furnace.

The major factors affecting wear of the refractory lin-
ing are:

— abrasive effect of liquid cast iron flows;
— chemical effects of cast iron and slag;

— infiltration and thermomechanical stress in the lin-
ing [8].

While high quality iron-containing materials are
required to ensure a long service life of the blast furnace
shaft lining, the service life of the hearth lining is largely
determined by the quality of the loaded coke. Wear-resis-
tant hearth structures are currently non-existent [9], but
the technologies aimed at extending the life of the furnace
lining are continuously improving. The numerous studies
were conducted by domestic and foreign researchers on
blown-out and cooled blast furnaces to establish the main
types of impacts destroying the lining and changes in
their intensity along the blast furnace height [10 — 12].

Creation of a stable skull is one of the main measures
aimed at ensuring the safety of the shaft lining, boshes
and metal receiver of the blast furnace, which contributes
to increasing the duration of its campaign.

The gas flow distribution along the blast furnace
radius and height is controlled by a purposefully formed
zone of enhanced gas permeability, the so-called vent,
which can be formed by distribution of ore loads both in
the axial zone of the furnace and at the periphery.

- IDENTIFICATION OF CRITICAL AREAS OF BLAST
FURNACE NO. 5 REQUIRING PROTECTION BASED
ON THE RESULTS OF THE PREVIOUS CAMPAIGN

Blast furnace No.5 was shut down for overhaul
of the first category at the end of the previous cam-
paign in 2006. After blowing-out of blast furnace No. 5,
the samples of refractory lining and skull-forming masses
were selected along its height. Fig. 1 features a scheme
of the sampling points and the Table presents the chemi-
cal composition of the studied material samples.
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The analysis of the state of blast furnace No. 5 work-
ing space in 2006 revealed the following:

—in the area of cast iron notches, the refractory
thickness did not exceed 200 — 250 mm, carbon periph-
eral blocks of the upper flange located directly under
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Fig. 1. Location of sampling points for refractory materials
and skull from the working space of blast furnace No. 5
after blowing-out of the furnace in 2006

Puc. 1. Pacnionoxenue Todek 0T60pa npod OrHEYHOPHBIX MaTepHaioB
U rapHucaxa u3 pabouero npocrpanctsa 11 Ne 5
rocJie BeiyBkH reur B 2006 1.
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the notches were deformed, cracks and chips emerging
in some places;

— significant reduction in the thickness of the shaft
lining (the upper rows were 270 — 300 mm thick) and
wear of the uncooled part of the shaft were mainly caused
by abrasive impact of charge materials and vapors of sub-
limated alkaline compounds;

— horizontal coolers of the shaft cooled part were
mostly deformed and destroyed, only the upper
three — four rows were in satisfactory condition;

— boshes in the upper part were mostly open, no traces
of skull deposits were noticed on the coolers in this part.

— chemical analysis of the skull samples taken in
the furnace hearth revealed the presence of significant
amounts of alkali in it, as well as the presence of zinc
oxide and even metallic zinc in the high-temperature fur-
nace zone.

During the 2006 overhaul, the furnace shell was par-
tially replaced and the lining was replaced completely.
The hearth structure was reinforced within the dimen-
sions of the furnace shell. On the steel leveled surface
of the furnace bottom, the graphite blocks, 800 mm high,
were vertically installed and carbon blocks, 1100 mm
high, were vertically placed on them. On the periphery,
the blocks were stacked horizontally in the follow-
ing order: two 400-mm graphite and two 550-mm car-
bon ones. Above, on the periphery of the furnace, seven
rows of ring carbon blocks supplied by NDK were laid.
The bottom two rows of those were made of BS-8SM2
grade microporous blocks and the top five rows were
made of BS-8SR grade super microporous blocks.
The internal volume of the five lower rows was laid with
high-aluminous MLLD-62 blocks, 550 mm high, thus
the value of the “dead” layer in the hearth increased from
1500 to 2050 mm.

Copper coolers were installed in the under-notch area,
three coolers under each notch. The cooling channels
were made by drilling holes in the cast and rolled cop-
per plate. A pumping station of chemically treated water
was built to supply these twelve coolers. The combined
cooling by smooth plate coolers, 120 mm thick, in com-
bination with horizontal 100-mm thick coolers installed
in the inner recess, was provided in the furnace belly and
shaft at about 65 % of its height. The uncooled portion
of the shaft was lined with chamotte.

Thus, in the 2006 — 2024 campaign, the basic techni-
cal solutions for the design of blast furnace No. 5 hearth
and shaft were retained in the classical form, with nec-
essary adjustments in problem areas based on the expe-
rience of the first two campaigns of 1986 — 1995 and
1995 —2006. To maximize the duration of the current
furnace campaign, certain technological measures were
applied as a priority.
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Chemical composition of the samples of refractory materials
and skull extracted during dismantling of the refractory lining of blast furnace No. 5 in 2006

XHMHYECKHUI cOCTAB MPOO OrHEYNMOPHBIX MAaTePHAJIOB U TAPHHUCAKA,
H3BJIeYeHHBIX MpU pa3dope orueynopHoii pyrepoku Il Ne S B 2006 1.

Place of . Content of chemical compounds, wt. %
sampling Material Fe,0, | AlLO, Na,O K,0 Zn0O
1 ShPD — 39 (chamotte engineering domain bricks) | 1.34 38.7 - - —
2! ShPD — 42 (chamotte engineering domain bricks) | 1.33 43.4 - - -
3 Skull - - 0.23 0.81 0.110
4’ ShPD — 42 (chamotte engineering domain bricks) | 4.07 38.7 - - -
5! ShPD — 42 (chamotte engineering domain bricks) | 1.89 42.8 - - -
22 Skull (ChL 3 (cast iron)) - - 0.22 3.80 30.500
23 Skull - - 0.08 0.20 0.045
24 Refractory material - - 0.28 0.79 1.200
25 Skull (ChL 2 (cast iron)) - - 0.07 0.36 40.000
27 Skull (ChL 4 (cast iron)) - - 0.30 2.70 1.000
29 Skull (ChL 1 (cast iron)) - - 0.17 0.40 0.035
Place of ) Content of chemical elements, wt. %
sampling Material C S P Si Mn Zn
Ml Metal in carbon block joints 0.69 0.060 0.057 0.25 0.29 95.00
GB Graphite block of the first row 98.2 0.450 - - - -

[l DEVELOPMENT AND IMPLEMENTATION OF TECHNOLOGICAL
MEASURES AIMED AT EXTENDING THE CAMPAIGN
OF BLAST FURNACE NO. 5 IN 2006 — 2024

The series of investigations of the 1995 — 2006 cam-
paign results (see the Table, Fig. 1) revealed low resid-
ual thicknesses of refractory materials and the absence
(or small amount) of protective skull and enabled to deter-
mine critical zones of blast furnace No. 5 that require pro-
tection and adjustment of smelting technology in the cur-
rent campaign: the hearth, the bottom part of the shaft and
the top of the boshes.

First of all, to increase the durability of the hearth lin-
ing, the development of abrasive action of liquid cast iron
flows in the near-wall zone should be prevented, i.e., it is
necessary to ensure intensive filtration of liquid melting
products through the toterman and to achieve good gas
permeability in the central furnace zone. In real conditions
of blast furnace operation, the toterman porosity can sig-
nificantly decrease due to fluctuations of coke quality char-
acteristics, water ingress into the hearth from defective ele-
ments of the cooling system, localized masses of refractory
components of blast furnace charge entering the hearth,
even an area can form impermeable for flows of liquid
melting products in the hearth, as well as for countercur-
rent flows of gases and liquids above the tuyere level.

The results of experimental studies at blast furnace
No. 9 at the metallurgical plant Krivorozhstal proved that

it is possible to form a dense, poorly permeable layer on
the toterman’s surface [13; 14]. Since this furnace has
about the same parameters as blast furnace No. 5 at PJSC
Severstal, the experience gained from its operation was
taken into account by the authors when the technologi-
cal process at “Severyanka” was arranged. First of all,
the above experience proved that gas permeability in
the central furnace zone and the condition of the toter-
man should be systematically controlled.

It is extremely difficult to control the toterman size
in an operating furnace. Temperatures of melting prod-
ucts in the hearth reach 1500 °C and in the tuyere zones,
the gas temperature can exceed 2000 °C. In such con-
ditions, physical sounding without bulky equipment is
complicated and remote methods are not yet sufficiently
developed. To assess the toterman permeability and con-
trol its geometry at blast furnaces of PJSC Severstal,
a scheme was proposed of systematic probing of the blast
furnace hearth during short-term shutdowns for planned
preventive maintenance. A metal slice bar, 10 m long,
with a diameter of 28 mm, served as a probe. The probe
was plunged into the furnace until it became obvious that
the front of the slice bar reached the hard-to-penetrate
zone. The toterman was probed systematically, at least
once a quarter during normal furnace operation and more
often if the charge conditions changed or signs of impu-
rity content in the hearth emerged.

To clean the hearth from refractory flux residues and
fine coke fractions, technological provisions were deve-
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loped for complex washing of the blast furnace hearth.
The procedures were proposed for forming a washing
portion consisting of a mixture of a sinter, pellets, lump
iron ore and converter slag, as well as the mass of this
portion depending on the mass of the working portion
of iron ore materials. Consumption of charge materials in
the washing portion was determined based on obtaining
primary slag melt with FeO content in the range from 35
to 55 %, which was calculated by the equation

FeO, =29.73 - 1.43Ca0 + 3.27Si0, -
~10.18MgO + 1.36A1,0, — 0.58F¢O,

where FeO ., is FeO content in the primary slag melt, %;
CaO, Si0,, MgO, Al,O, and FeO represent the content
of these components in the washing feed, %.

The efficiency of the developed procedures for comp-
lex washing was controlled by means of toterman pro-
bing. Its results showed that systematic washing helped
to maintain high level of the coke head permeability.
The area of the hard-to-penetrate zone at the tuyere level
shrank by 47.8 rel. % compared to the previous (before
complex washing) measurements.

In addition to the traditional methods of assessing
the condition ofthe lining based on the data of heat removal
by the hearth and flange cooling system and embedded
thermocouples installed at different levels, new nonde-
structive inspection methods were applied in the current
campaign. The purpose of the survey was to determine
the condition of the refractory materials and the thick-
ness of the residual lining, as well as to detect anomalies
in the refractory materials such as cracks, delaminations
and unfilled mortar joints in brickwork. The work was
carried out using the technique of supersonic sounding
using the echo method (AU-E). The scope of the survey
included periodic monitoring of the condition of the fur-
nace refractory lining from the metal receiver to the tuyere
level, as well as determining the trend of the refractory
lining wear in various zones.

To reduce chemical erosion of carbon blocks
of the hearth and flange due to non-equilibrium chemi-
cal compositions of cast iron, the method was developed
to control the technological process through monitor-
ing the ratio of the actual carbon content in cast iron C,
to the saturated content C_ by regulating the flow rate
of natural gas blown into the furnace. The indicated C,/C,
ratio was maintained in the range of 0.92 — 0.98. When
the C,/C ratio dropped below 0.92, the natural gas con-
sumption was increased by 2.0 — 10.0 m%/t of cast iron,
and when the C /C_ ratio rose above 0.98, the natural
gas consumption was reduced by 0.2 — 2.0 m¥/t of cast
iron while maintaining the oxygen content in the blast.
The applied method enabled to significantly (from 5.8
to 1.4 % of the total number) reduce the number of tap-
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pings aggressive to carbon lining. During 12 months
of the use of the claimed method, the increment of heat
loads on the cooling system coolers in the metal receiver
decreased on average twice compared to the previous
similar period. The effectiveness of the applied method
can also be evaluated by the results of supersonic sound-
ing using the echo method. Its use enabled us to record
the fact that the average thickness of the unchanged lining
did not alter significantly during 2019 — 2021, probably
because the skull layer that protected the underlying lining
was preserved. The average thickness of the residual intact
lining of the hearth wall measured by the AU-E method
was 540 mm or about 21 % of the initial lining thickness.

To ensure self-renewal of the protective skull
in the blast furnace shaft, the previously developed
method [15] was used, which involves cyclic loading
of charge materials, including the skull-forming mixture
consisting of iron ore and sinter, which enables to obtain
from it the primary slag melt in the amount of 20 — 25 %,
the proportion of ferrous oxide in this melt not exceeding
15 %. In addition, the requirements for enhancing the eco-
nomic efficiency of cast iron smelting made it necessary
to develop the methods for industrial use of small sub-
standard fractions of iron ore materials. The mass fraction
of 3 — 5 mm of the sinter loaded into the near-wall zone
was determined depending on the index of sinter strength
during the reduction-heat treatment of its oversize frac-
tion by the following formula

M =KM, 100 — A(100—R) ’
100

where M — mass of undersize fraction of the 3 — 5 mm
sinter in the loaded iron ore portion, t; K — empirical coef-
ficient equal to 0.10 —0.25; M, — mass of the sinter in
the head part of the loaded iron ore portion, t; 4 — share
of the sinter in iron ore portion, units; R — index of the sin-
ter strength during reduction-heat treatment of the sinter
oversize fraction, %.

To achieve the given number of closed cycles
of the chute, the fraction of the 3 — 5 mm sinter was dis-
tributed in the furnace working space using a bell-less
top depending on the bulk weight of undersize fractions
of iron ore materials.

Due to the need to use cheaper fuel for smelting cast
iron, in the second part of the campaign the specific con-
sumption of various solid substitutes for skip coke con-
siderably increased. Both substandard fractions of met-
allurgical coke (less than 25 mm) and anthracite served
this purpose. In the final third of the furnace campaign,
an innovative carbon-containing product (ICCP) was
additionally used. It was obtained in the process of lami-
nar coking of the coal charge, consisting of 60 — 100 %
of coals of one or several grades tentatively suitable for
coking.
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The results of earlier theoretical studies and industrial
experience revealed [16 — 19] that effective replacement
of skip coke with various substitutes (natural gas, pul-
verized coal fuel, anthracite, substandard coke fractions)
is only possible if the quality of the bulk of coke and
iron ore materials is high. Therefore, to use solid coke
substitutes with relatively low-quality characteristics in
significant quantities, which includes the charge contain-
ing solid fuel with reduced hot strength reaching almost
50 %, special methods of its loading and distribution over
the cross-section of the furnace mouth had to be prelimi-
narily developed and applied. The solid fuel with reduced
strength before reaction (CSR) was loaded into the inter-
mediate zone of the blast furnace in portions at a distance
of 0.1 — 0.5 of the furnace mouth radius from the fur-
nace wall, and the ore load in the axial zone of the fur-
nace mouth was maintained in the range from 0.8 to 3.2
depending on the difference in the index (CSR) of high
and low quality solid fuel. Smaller ore load in the furnace
axis corresponds to a larger difference of the CSR charac-
teristic for the two solid fuels.

The escalating environmental challenges associated
with the climate change and the prospect of carbon regu-
lation call for a continuous search for new ways to reduce
CO, emissions in the course of steel production [20].
Technologically, in the production chain “blast fur-
nace — converter”, carbon dioxide emissions are reduced
by cutting the specific consumption of solid carbon fuel
for smelting cast iron and increasing the consumption
of hydrocarbon coke substitutes blown into the blast fur-
nace.

The approach to building an effective structure
of the charge column in the blast furnace had to be recon-
sidered and a set of procedures was developed to regu-
larly wash the hearth from coke waste and flux residues,
maintain a stable self-renewing skull in the lower part
of the shaft, effectively distribute various types of solid
fuel over the furnace cross-section and develop the tech-
nology of ultra-high specific consumption of natural gas
during cast iron smelting. As a result, we, on a perma-
nent basis, used the system of charge material distribution
over the height and cross-section of blast furnace No. 5,
which includes the specified distribution of ore load
over the furnace cross-section [21], as well as the cyclic
use of axial, prewashing and washing portions, provid-
ing a central operating mode of the blast furnace under
variable charge and gas blowing conditions [22]. Fig. 2
shows the structure of the charge distribution used on
a permanent basis in the working space of blast furnace
No. 5. The efficiency of the applied system of charge
materials distribution was evaluated during the final third
of the current furnace campaign, when, despite signifi-
cant changes in charge conditions and transition to a tech-
nology of high (more than 170 m3/t of cast iron) specific
consumption of natural gas, stable operation of the fur-

nace could be achieved. The presence of protective skull
in the lower part of the blast furnace shaft was established
when the furnace was disassembled during the overhaul
of the first category, and the condition of the horizon-
tal coolers of the furnace shaft cooling system and their
recesses, which have not lost their initial geometry, indi-
cates that the cooling system operates under protection
of the sufficient layer of stable self-renewing skull.
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Fig. 2. Structure of the charge column from 11 feeds
including axial, pre-washing and washing portions:

K — portion of coke, positions of the BLT (Bell Less Top) chute (9 — 3);
CM - portion of the iron ore mixture, position of the BLT chute (/7 — 3);
KII — central (axial) portion of coke, position of the BLT chute (8 — 2);
CMII — portion of iron ore mixture for feeding with axial coke, position
of the BLT chute (/0 — 5); KIIII — pre-washing feed coke, position
of the BLT chute (/0 — 3); CMIIII — portion of iron ore mixture
of the pre-washing feed, the position of the BLT chute (/7 — 5);

KIT — washing feed coke, position of the BLT chute (9 — 3);

CMII — a portion of the iron ore mixture of the washing feed,
the position of the BLT chute (7 — 3)

Puc. 2. Ctpykrypa cronba muxThl u3 11-tu mogad,
BKJTFOYAIOLIAs] OCEBBIC, MPEANPOMBIBOYHBIC U POMBIBOYHBIC TOPIIUH:
K — pabouast kokcoBast mopiusi, nosnoxenus jgotka b3y (9 — 3);
CM - paGouast TIOpLHs KeJIe30PYIHONU CMECH, TIOJIOKEHHS JIOTKA
B3V (11 - 3); KI] — uenTpoBas (oceBast) MOPIHs KOKCa, MTOI0KEHHUS
notka b3V (8 — 2); CML] — nopuus xene30pyRHoi cMecH
JUTS TIOJIAYH C OCEBBIM KOKCOM, mojiokeHus iotka b3Y (10 — 5);
KIIIT — xoKc mpepOMBIBOYHOM 1TOAA9H, OJIOKECHUS
notka b3V (10 — 3); CMIIII — nopuust xexe30pyaHoit cMecu
IPEIIPOMBIBOUHOM MOJauH, ojaoxkeHus notka b3V (11 - 5);
KII — xokc mpoMBIBOYHOM 10/1a4H, mojiokeHus gotka b3V (9 — 3);
CMII — nopiyst sKeIe30pyAHOI CMECH IPOMBIBOYHOI TO1a4H,
nosnokenust notka b3V (7 - 3)
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It should be noted that the application of a set of mea-
sures aimed at extending the campaign of blast furnace
No. 5 under conditions of frequent changes in the qua-
lity characteristics of iron ore raw materials, as well as
the increased use of solid and gaseous coke substitutes,
requires constant monitoring of both the smelting para-
meters and the effectiveness of the applied technologi-
cal solutions. At the coke-and-sinter production of PJSC
Severstal, this task is solved, among other things, by using
operational control of blast-furnace smelting technology
involving on-line digital assistants [23], united in a blast
furnace expert system (ES). The blast furnace expert
system is a proprietary development of PSJC Severstal.
It is a system for optimizing, monitoring and managing
the cast iron smelting process. It is based on highly effi-
cient technological models, special application software,
graphical end-user interfaces and many years of practical
experience of domainers.

The task of the blast furnace expert system is to develop
controlling technological influencing factors affecting
the blast furnace melting process adequate to the cur-
rent conditions due to unambiguously interpreted results
of processing the heterogeneous source data. Thus,
to prevent fluctuations in the thermal state of the furnace,
related to the inertness of traditional methods of fuel con-
sumption operational control through changing the mass
of coke in the feed, a digital model of the melting hourly
heat balance is used, as well as monitoring of the specific
consumption of solid and blown fuel and a model for cal-
culating the minimum theoretical value of coke consump-
tion. To prevent the phenomenon of spontaneous skull
descent, the following models are used: models of skull
accumulation, charge materials distribution in the furnace
working space, charge descent with controlled feed posi-
tion in the working space, gas-tuyere model with the esti-
mated oxidation and circulation zones depths. The models
of melting products accumulation in the hearth, tapping
control and slag viscosity are applied to arrange effec-
tive melting products processing. The source data for
the above models are the values of technological param-
eters, chemical compositions of raw materials and melt-
ing products, the amount of raw materials and fuel con-
sumed per unit of time, etc., coming into the system and
processed automatically, without involving the technical
team.

The use of the calculation results, recommendations
of the blast furnace expert system enables to reduce
the influence of human factor in the evaluation and
interpretation of controlled process parameters, thereby
decreasing the number of deviations of the blast furnace
operation parameters from the optimal range, to achieve
the most stable specified chemical composition of mel-
ting products and minimum fuel consumption, as well as
to minimize the negative impact on the refractory lining
of the furnace.
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- MAIN PRODUCTION RESULTS OF BLAST FURNACE NO. 5
CAMPAIGN IN 2006 — 2024

Due to implementation of the above-mentioned devel-
oped technological measures on a permanent basis, the fur-
nace worked in the campaign for 17 years 5 months and
13 days (17.46 years). The standard duration of the cam-
paign was exceeded 1.75 times or by 74.6 %.

During the current campaign, the furnace smelted
75,180,099 tons of cast iron, which is ~1.6 mln tons more
than the total cast iron production for the first two cam-
paigns of blast furnace No. 5 (a total of 73,582,218 tons
of cast iron were smelted during the previous two cam-
paigns in the periods 12.04.1986 —03.07.1995 and
26.10.1995 — 19.06.2006).

The productivity and duration of the current cam-
paign increased due to a radical change in blast furnace
smelting technology and practically 1.5 times growth in
coke replacement with natural gas. Moreover, the nega-
tive factors caused by hydrocarbons that are additio-
nally blown into the furnace hearth (reduced theoretical
combustion temperature, redistribution of temperatures
over the height of the furnace, significant fluctuations in
the furnace thermal state, etc.) were successfully compen-
sated by the developed technological measures. The fuel
efficiency was improved during the current campaign
(hereinafter the comparison is made between the first full
year of operation of blast furnace No. 5 after in 20006, it
was blown in and in 2024, full capacity was achieved
with the final three months of the campaign):

— specific coke consumption was reduced from 417.3
to 351.1 kg/t of cast iron, i.e., by 66.2 kg/t of cast iron or
by 15.9 %;

— specific consumption of natural gas for cast iron
smelting was increased from 118.0 to 172.7 m3/t of cast
iron, i.e., by 54.7 m%/t of cast iron or by 46.4 %;

— specific carbon consumption for cast iron smelting,
defined as the ratio of total carbon input into the blast fur-
nace with solid and gaseous fuel, as well as with com-
ponents of iron ore charge to the amount of smelted cast
iron was reduced from 428.9 to 401.7 kg/t of cast iron,
i.e., by 27.2 kg/t of cast iron or by 6.3 %.

B ConcLusion

The use of a systematic scientific approach aimed at
maximum extension of blast furnace No. 5 campaign based
on the analysis of the previous campaigns results, identifica-
tion of problem areas and ways to improve cast iron smelt-
ing technology, development of technological measures
taking into account the accumulated experience and pros-
pects for further development enabled to increase the ser-
vice life of the unit by 1.75 times and achieve its highly
efficient operation during the entire 2006 — 2024 campaign.
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The results were obtained at the blast furnace

of “classical” design without principal capital-intensive
changes in refractory lining of the blast furnace shaft and
hearth only by developing new methods of maintenance,
control and adjustment of cast iron smelting technology.

The system for optimizing, monitoring and managing

the cast iron smelting process based on in-house deve-
loped digital assistants is the most promising direction for
further development. It provides stabilization of smelting
results at significant fluctuations of incoming parameters,
maximum efficiency of the developed scientific and tech-
nological measures during long time spans due to reduc-
tion of human factor impact during the process opera-
tional control.

[ REFERENCES / CMUCOK NUTEPATYPbI

1.

Liu Z., Zhang J., Zuo H.-B., Yang T.-j. Recent progress on
long service life design of Chinese blast furnace hearth. ISLJ
International. 2012;52(10):1713-1723.
https://doi.org/10.2355/isijinternational.52.1713

Analysis of metal receiver operation in order to increase
the duration of blast furnace campaign and its safe operation.
Novosti chernoi metallurgii za rubezhom. 2003;(4):32-36.
(In Russ.).

AHanu3 paboThl METAJUIONPUEMHHUKA C 1IETbI0 YBEIUYCHUS
MIPOJOJDKUATEIBHOCTH KaMITAHWU JOMEHHOM Tieun u Oe3o1mac-
HOM ee »Kcmuyatanuu. Hogocmu uepHou memaniypeuu 3da
pyoexcom. 2003;(4):32-36.

Ruther P., Peters M. Requirements for a campaign life
of more than 20 years at the blast furnace 2 of Thyssen Krupp
Steel Europe. Chernye metally. 2015;(10):59-66. (In Russ.).

Prorep I1., Ilerepc M. YcnoBus mpomsicHust Oojiee ueM Ha
20 ner xammaHuu JoMeHHOIl neun Ne 2 xomnanuu Thyssen
Krupp Steel Europe. Yeprvie memannwr. 2015;(10):59-66.
Bol’shakov V.I., Ivancha N.G., Nesterov A.S., etc. Develop-
ment of measures to extend the blast furnace campaign by
improving loading technology, slag mode and automated
control of blast furnace parameters in conditions of unstable
quality of charge materials. In: Proceedings of the Insti-
tute of Electric Welding named after E.O. Paton. Problems
of Service Life and Operational Safety of Structures, Struc-
tures and Machines. Dnepropetrovsk: Z.I. Nekrasov Insti-
tute of Ferrous Metallurgy, National Academy of Sciences
of Ukraine; 2015:628-634.

Bonpmrakos B.U., MBanua H.I., Hectepo A.C. u np. Pasz-
paboTKa MEPONPUATHI MO MPOIJICHUIO KaMITAaHUH JTOMEHHBIX
neyell myTeM yCOBEPLICHCTBOBAHMS TEXHOJOTUH 3arpy3KH,
[IJJAKOBOTO PEKUMa M ABTOMATH3MPOBAHHOTO KOHTPOJIS
rapamMeTpoB JOMEHHO IIaBKHU B YCIOBUSX HECTAOUIIBHOCTH
KauecTBa LIMXTOBBIX MAaTEPHANOB. B coOopruxe HayuHbix
cmametl Uncmumyma snekmpoceapku um. E.O. Ilamona:
IIpobnemvr pecypca u bezonacnocmu dKCAAYAMAYUU KOH-
cmpykyuil, coopyscenuil u mawun. Jlnenponerposck: UM
nM. 3.1. HexpacoBa HAH VYkpaunsr; 2015:628-634.
Mozharenko N.M., Kanaev V.V., Panchokha G.V. Influence
of smelting technology on lining of metal receiver of blast
furnaces. Metallurgicheskaya i gornorudnaya promyshlen-
nost’. 2003;(5):5-8. (In Russ.).

10.

11.

12.

13.

Moxapenko H.M., Kanaes B.B., [Tanuoxa I'.B. Biusinue tex-
HOJIOTUH IJIABKH Ha (hyTEPOBKY METAJUIONPHUEMHHKA JTOMCH-
HbIX nieyeid. Metallurgical and mining industry. Memannypeu-
yeckas u 20pHopyoHas npomviutiennocms. 2003;(5):5-8.
Kurunov LF., Loginov V.N., Tikhonov D.N. Methods of
extending a blast-furnace campaign. Metallurgist. 2006;50:
605-613. https://doi.org/10.1007/s11015-006-0131-5

Kypynos U.®., Jlorunos B.H., Tuxonos JI.H. MeTons! npoa-
JICHUS KaMIlTaHUM JOMEHHOH neuu. Memannype. 2006;(12):
34-39.

The influence of blast furnace productivity on duration
of its campaign. Novosti chernoi metallurgii za rubezhom.
2005;(1):21-24. (In Russ.).

BrusiHre IPOU3BOMUTENLHOCTH JOMEHHOMN TI€YH Ha PO~
KHUTEITBHOCTE €€ KaMIauuu. Hosocmu uepnoi memaniypeuu
3a pybexcom. 2005;(1):21-24.

Shul’te M., Klima R., Ringel’ D., Foss M. Monitoring
the wear of blast furnace hearth using heat flow sensors.
Chernye metally. 1998;(4):17-22. (In Russ.).

[Iynere M., Kiiuma P., Punrens M., ®occ M. Kontponas
M3HOCA FOPHA JIOMEHHOH MEYH C TOMOIIBIO JaTYMKOB TEILIO-
BOTO 1MoToKa. Yepuvie memannvi. 1998;(4):17-22.

Koval’ski V., Lyungen Kh.B., Shtrikker K.P. Durability of blast
furnaces: current level, development and company develop-
ment measures. Chernye metally. 1999;(9):26-35. (In Russ.).

KoBamsckn B., Jlroaren X.b., Wrpuxkep K.II. Croii-
KOCTh JIOMEHHBIX IeYel: COBPEMEHHBI YPOBEHb, Pa3BUTHE
Y MEPONPHUSTHS TI0 PA3BUTHIO KOMITAaHHU. YepHble Memaivi.
1999;(9):26-35.

Kaplun L.I, Malygin A.V., Onorin O.P., Parkhachev A.V.
Construction and Design of Blast Furnaces: Tutorial. Ekater-
inburg: URFU; 2016:217. (In Russ.).

Karutyn JI.W., Mansirun A.B., Onopun O.I1., [Tapxaues A.B.
VYCeTpoHCTBO M MPOSKTHPOBAHUE JOMEHHBIX Tedeii: Y4ueOHoe
nocobue. Exarepunoypr: Yp®V; 2016:217.

Bliznyukov A.S., Feshchenko S.A., Kurunov LF,, etc. Study
of the blast furnace hearth lining. Report 1. Ferrous Metal-
lurgy. Bulletin of Scientific, Technical and Economic Infor-
mation. 2010;(9):31-36. (In Russ.).

bmusniokoB A.C., @emenko C.A., Kypynos U.®. u np.
HccnenoBanue GpyTepoBKH ropHa qoMeHHO#t neun. Coobie-
Hue 1. Yepnas memannypeus. bionnemenv nayuno-mexnu-
yeckotl u sxkoHomuueckou ungopmayuu. 2010;(9):31-36.
Bol’shakov V.I., Mozharenko N.M., Murav’eva 1.G. Ensur-
ing the safety and integrity of blast furnace linings dur-
ing blowing-down and blowing-in. Metall i lit’e Ukrainy.
2009;(7-8):75-80. (In Russ.).

bonpmakos B.M., Moxapenko H.M., MypasseBa W.I
Ob6ecrieuenne 0€30IACHOCTH M COXPAHHOCTH (DYyTEPOBKH
JIOMEHHBIX Teueil IPH BBIAYBKE U 3aayBKe. Memann u aumove
Vxpauner. 2009;(7-8):75-80.

Bol’shakov V. 1., Gladkov N. A., Murav’eva 1. G., etc.
The structure of the lower part of the charge column and the
role of its elements in the organization of smelting processes.
In: Proceedings of IFM. Fundamental and Applied Problems
of Ferrous Metallurgy. 2004;(8):112—119. (In Russ.).

bompmakoB B.U., I'magxoB H.A., MypaBeeBa W.I. u mp.
CrpyKTypa HIKHEH 4acTH CTosI0A INXTHI U POJIb €€ AIIEMEH-
TOB B OpPraHM3allUM MPOLECCOB IUIAaBKU. COOPHUK HAYUHBIX

267


https://doi.org/10.2355/isijinternational.52.1713
https://doi.org/10.1007/s11015-006-0131-5

N3BECTUA BY30B. YEPHASA METAJIJIYPTUA. 2024;67(3):260-269.
Kanvko A.A., Bunoepados E.H. u dp. PaspaboTka 1 BHe/IpeHHe TEXHOJIOIMYECKUX MEPOTIPUATHH 110 IPOJJIEHUI0 KaMIIaHUHY JOMeHHOU eyn N2 5 ...

mpyooe M9M. @ynoamenmanvHbvle U NpuKiaouvie npoo-
snemsl ueprou memarnnypeuu. 2004;(8):112—-119.

14. Bol’shakov VI., Buzoverya M.T., Stromenko V.A., etc.

Experimental study of gas sampling machines and a 5000m?
blast furnace shaft. In: Intensification of Blast Furnace Pro-
cesses and Development of Large-Volume Furnaces. Mos-
cow: Metallurgiya; 1980;(7):75-80. (In Russ.).
Bbomnpmakos B.1., Byzosepst M. T., Ctpomenko B.A. u ap. Dkc-
MepUMEHTATFHOE HCCIESIOBAHUE MAalIMH Uil 0TOopa mpod
rasa ¥ IIaxThl JOMEHHOH meun oobemoM 5000 M. B cGop-
HUKe: Humencugpuxayus npoyeccog OOMEHHOU NIABKU U
oceoenue neuell 6onvuio2o obvema. Mocksa: Merannyprus;
1980;(7):75-80.

15. Loginov V.N., SukhanovM.YU.., Gurkin M.A., Vasil’ev L.E.,
Karimov M.M., Bol’shakov V.I., Nesterov A.S., Mozha-
renko N.M., Yakushev V.S. Method for creating a protective
skull in a blast furnace shaft. Patent RF no. 2251575. MPK
C21B 5/00. Byulleten’ izobretenii. 2005;(13). (In Russ.).
[Tar. 2251575 RU. Crioco6 co3gaHus 3alUTHOTO rapHUCaKa
B miaxrte nqoMeHHO# neun / JlorunoB B.H., Cyxanos M.IO.,
I'ypxkun ML.A., Bacunses JLE., Kapumos M.M., bonbuia-
xoB B.U., Hecrepos A.C., Moxapenko H.M., Slkymes B.C.;
3asBieHo 21.04.2004; omy6mukxoBano 10.05.2005. Bromte-
TeHb Ne 13.

16. Yaroshevskii S.L. Iron Smelting using Pulverized Coal Fuel.
Moscow: Metallurgiya; 1988:166. (In Russ.).

Spomesckuii C.JI. Bolmapka 4yryHa ¢ IpUMEHEHHEM IIbLIE-
yronpHOro TorauBa. Mocksa: Meramryprusi; 1988:166.

17. Leittsel’ D., Khunger I., Kryuger V., etc. Processes during
injection of coal dust into a blast furnace. Chernye metally.
1999;(5):20-28. (In Russ.).

Jeiitnens JI., Xynrep 1., Kprorep B. u ap. IIporeccs mpu
BIyBaHHH YTOJBHBIX TbUICH B JOMEHHYIO Te4b. YepHbie
memannwt. 1999;(5):20-28.

18. Chizhikov V.M., Bachinin A.A., Nesterenko S.V. Viscosity
of heterogeneous slags containing fuel. Izvestiya. Ferrous
Metallurgy. 1987;30(5):145-146. (In Russ.).

UmwxukoB B.M., baunann A.A., Hecrepenko C.B. Bsizkocth
TeTEPOTEHHBIX MIJIAKOB, COJIEPKAIIUX TOIUIMBO. M36ecmus
8y308. Yepnas memannypeus.1987;30(5):145-146.

19. Lyalyuk V.P.,, Tovarovskii I.G., Demchuk D.A., etc. Anthra-
cite and Thermoanthracite in Blast Furnace Charge. Dnepro-
petrovsk: Porogi; 2008:245. (In Russ.).

JIsmoxk B.I1., ToBaposckuii NI, Jlemuyk JI.A. u 1p. AHTpa-
LUT ¥ TEPMOAHTPALUT B IIMXTE JOMEHHOH IIaBky. JJHenpo-
nerposck: IToporu; 2008:245.

20. Roginenko S.A., Shevelev L.N. The Paris Agreement and
Russian metallurgy: time to reduce risks and stimulate energy
saving. Stal’. 2018;(12):61-66. (In Russ.).

Porunenko C.A., llleeenes JI.H. [Tapmxckoe cornamienue u
Poccwuiickast METaJUTyprust: BpeMsi CHI)KATh PUCKH M CTHMY-
aupoBaTh SHeprocoepeskenue. Cmanwy. 2018;(12):61-66.

21. Vinogradov E.N., Kal’ko A.A., Volkov E.A., Zavod-
chikov M.V. Method of blast furnace smelting. Patent
RF no. 2709318. MPK C21B 5/00. Byulleten’ izobretenii.
2019;(34). (In Russ.).

TIat. 2709318 RU. Cnoco0 BemeHuss TOMEHHOM IUIaBKH /
Bunorpagos E.H., Kansko A.A., BonkoB E.A., 3aBomuu-
koB M.B.; 3asBieno 24.04.2019; ony6iukosano 17.12.2019.
bromterens Ne 34.

22. Kal’ko A.A., Volkov E.A., Karimov M.M., Terebov A.L.
Method of loading washing and working feeds into a blast
furnace. Patent RF no. 2786283. MPK C21B 3/00. Byulleten’
izobretenii. 2022;(35). (In Russ.).

ITat. 2786283 RU. Cnioco0 3arpy3ku MpOMBIBOYHBIX U pabo-
YHX 1Moja4 B JOMeHHYI0 reub / Kanbko A.A., Bonkos E.A.,
Kapumor M.M., Tepe6oB A.JL.; 3asBieHo 01.03.2022; omy-
6mmkoBano 19.12.2022. Bromuterens Ne 35.

23. Vinogradov E.N., Kal’ko A.A., Chikinov S.V., Volkov E.A.,
Kal’ko O.A. Development and implementation of coke sub-
stitution technology with natural gas to reduce solid fuel
consumption at the classic blast furnaces of PJSC Severstal.
Metallurg. 2024;(1):11-16. (In Russ.).

Bunorpagos E.H., Kamsko A.A., YukunoB C.B., Bomn-
koB E.A., Kanbko O.A. Pa3paboTka 1 BHEIPEHUE TEXHOJIO-
MU 3aMELIeHHs KOKCa MPHUPOIHBIM Ta30M Ul CHI)KCHHUS
pacxozma TBEpAOrO TOIUIMBA HAa KIACCHUECKHX TOMEHHBIX
neyax [TAO «Cesepcranby. Memannype. 2024;(1):11-16.

Andrei A. Kal’ko, Head of Technological Development Center Upstream,
PJSC Severstal, Cherepovets Steel Mill
E-mail: aakalko@severstal.com

Evgenii N. Vinogradov, Deputy General Director of Production -
General Director Severstal Russian Steel Division and Mining Assets,
PJSC Severstal, Cherepovets Steel Mill
E-mail: envinogradov@severstal.com

Oksana A. Kal’ko, Cand. Sci. (Eng.), Assist. Prof. of the Chair of Chemical
Technologies, Cherepovets State University

ORCID: 0000-0001-8158-5626

E-mail: oakalko@chsu.ru

Aleksei A. Kal’ko, Gas Operator of Blast Furnace, P]SC Severstal, Chere-
povets Steel Mill; MA Student of the Chair “Metallurgy, Mechanical Engi-
neering and Technological Equipment’, Cherepovets State University
E-mail: akalko@chsu.ru

268

AHdpeii Anekcandposuu Kaiwvko, pykosodumesib YyeHmpa mexHoJ10-
euyeckoeo paszsumus Upstream, I1AO «CeBepcTayib» YepenoBenkui
MeTaJUIypru4ecKuii KOMOUHAT
E-mail: aakalko@severstal.com

Eezenuii Hukosaesuu BuHozpados, 3amecmumenb 2eHEpaNbHO20
dupekmopa no npouzeodcmasy - 2eHepa/ibHblll dupeKmop Jusu3UOHA
«Cesepcmanb Poccutickas Cmasb» u pecypcHuix akmusos, [1AO «CeBep-
ctasib» YepenoBel KU MeTa/ulyprudecKuii KOMOUHAT

E-mail: envinogradov@severstal.com

OxcaHa Anekcandposna Kaavko, k.m.H., doyeHm kagedpwl Xumu-
yeckux mexHoso2uli, YepernoBeLKHii roCcyAapCTBeHHbIH YHUBEPCUTET
ORCID: 0000-0001-8158-5626

E-mail: oakalko@chsu.ru

Anexkceli Anopeesuu Kaavko, 2azosujux domeHHoli nevu, [TAO «CeBep-
cTasb» YepenoBenKUil MeTa/uIypruieckuiit KOM6UHAT; MazucmpaHm
Kaghedpebl memannypauu, MQUUHOCMPOEHUS U MeXHO102U4ecKo20 060-
pydosaHusi, YepenoBeLKUH rocyjapCTBEHHbIH YHUBEPCUTET

E-mail: akalko@chsu.ru


mailto:aakalko@severstal.com
mailto:envinogradov@severstal.com
https://orcid.org/0000-0001-8158-5626
mailto:oаkalko@chsu.ru
mailto:аkalko@chsu.ru
mailto:aakalko@severstal.com
mailto:envinogradov@severstal.com
https://orcid.org/0000-0001-8158-5626
mailto:oаkalko@chsu.ru
mailto:аkalko@chsu.ru

I1ZVESTIYA. FERROUS METALLURGY. 2024;67(3):260-269.
Kal’ko A.A., Vinogradov E.N., etc. Development and implementation of technological measures to extend the campaign of blast furnace No. 5 ...

A. A. Kal’ko - analysis of the results of previous campaigns, identifica-
tion of problem areas, development of measures to increase the dura-
bility of the blast furnace hearth lining and organize an effective charge
column structure in the blast furnace.

E. N. Vinogradov - analysis of the results of previous campaigns, iden-
tification of problem areas, development of measures to increase the
durability of the blast furnace shaft lining and special techniques for
loading solid coke substitutes.

0. A. Kal’ko - analysis of the results of previous campaigns, determi-
nation of the physical and chemical principles of obtaining melts of a
given composition.

A. A. Kal’ko - analysis of the results of previous and current campaigns,
comparative calculations of the specific carbon consumption for cast
iron smelting during different periods of blast furnace operation.

A. A. Kanbko - aHanu3 pe3y/ibTaTOB NpeAblAyLIMX KaMIIaHUM, olpe-
JleJleHue NMpo6JIeMHBIX 30H, pa3paboTka MepONpHUATHH 10 MOBBILIe-
HUIO CTOWKOCTH QYTEpOBKU rOpHA JIOMEHHOM Me4Yu W OpraHu3alnuu
3¢ $eKTUBHON CTPYKTYPbI CTOJI6A LUXThI B JOMEHHOU MeYH.

E. H. BuHo2pados - aHa/u3 pe3yJbTaTOB NpeAblYIIUX KaMIIaHUH,
onpe/iesieHHe Npo6JIeMHbIX 30H, pa3paboTka MepoNnpHUATHH 110 NOBbI-
IIEHUIO CTOMKOCTH QYTEpPOBKHM IIAXThl JOMEHHOH Me4u U 0COBBIX
pYeMOB 3arpy3KHu TBep/blX 3aMeHHUTe el KoKca.

0. A. Kanbko - aHanu3 pe3ysbTaTOB NpeAblyLIUX KaMIIaHUH, ompe-
JAejieHue (QU3UKO-XMMHUYECKHMX 3aKOHOMEPHOCTeH MoJydeHHs pac-
IJIaBOB 33/JaHHOI'0 COCTaBa.

A. A. KaibKko - aHann3 pe3y/bTaToB NMpeAbIAYIIMX U TeKylled KaM-
NaHWH, CpaBHUTEJIbHbIE PacyeThbl YAEJbHOr0 pacxofa yriepoja Ha
BBIIJIABKY YyTyHa B pa3/IMYHble IepUO/bl paGOThI JOMEHHOH MEYH.
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