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INNOVATIVE SOLUTIONS FOR MANUFACTURING
HIGH-QUALITY RAILS IN UKRAINE

Introduction. The development of railway transport is a necessary factor in the national development and European
integration of Ukraine.

Problem Statement. Nowadays, over 80% of rail tracks in the national railways does not meet the requirements for
bearing high-speed and heavy-load trains and needs to be replaced. At present, Ukrainian Railways corporation buys rails
in foreign countries, which requires significant foreign exchange costs, and therefore the manufacture of high-quality
mainstream and switch point rails in our country becomes an urgent need.

Purpose. To develop innovative options for organizing the production of premium rails in Ukraine.

Materials and Methods. Rail steel. Experimental melting and metallographic studies (using the optical and electron
microscopy methods).

Results. A high homogeneity (high purity of boundaries and dispersion of primary grains, small inter-lamellar distance of
perlite), enhanced properties of the rail metal ensured by conventional electroslag remelting (ESR), and similar characteristic
ofingot steel produced by ESR in the current-supplying mold with twice as fast speed of formation have been experimentally
proved. Experiments with high-speed ESR and test of fluoride slag in the mold on real continuous casting machine has
created the technological framework for a hybrid process of continuous casting with electroslag heating of the meniscus in
current-supplying mold (CC + ESR).

Conclusions. ESR enables reducing the minimum hump rate of casting, improving the density and uniformity of the
metal in the axial zone, and maintaining a high quality of the ingot surface. Promising options of technological schemes of
waste rail ESR for obtaining the ingots with cross section close to the rail profile have been developed and proposed. Using
several modern ESR furnaces with special design will enable satisfying needs of Ukrainian Railways corporation in high-
quality main and switch point rails.

Keywords: railway, main rail, switch rail, rail steel, CC, ESR, hybrid process, and recycling of used rails.

Nowadays, in many countries, the development | tional Transport Strategy Drive Ukraine 2030 for
of transport infrastructure is a priority and a dri- | the period up to 2030 [1], the development of
ving force for national economic development. In | transport is mentioned among the key factors for
accordance with the ambitious goals of the Na- | Ukraine's national development and European
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passenger rail transport (with a speed of up to
400 km/h), express delivery of valuable goods
(with a speed of up to 350 km/h), fast delivery of
containers (with a speed of, at least, 200 km/h),
as well as connection of regional centers with
a network of fast (with a speed from 160 to
200 km/h, by 2025) and high-speed (from 250 to
400 km/h, by 2030) railways, in particular, via
public-private partnership (PPP) projects.

It is clear that all this requires the introduction
of new sections of the railway track with high
quality rails to ensure traffic safety. The economic
approach to the implementation of the planned
measures shall involve the maximum use of pro-
ducts of domestic manufacturers, which must
match the best world models.

Production of premium quality rails requires
upgrading the existing metallurgical facilities and
creating new enterprises, technologies, and equip-
ment based on innovative developments of the
National Academy of Sciences and leading insti-
tutions with involvement of private enterprises
in order to maximize the use of PPP benefits.

The basic approaches to a promising innova-
tion project aiming at meeting the objectives of
the Strategy are discussed below.

RAILS PRODUCTION IN TODAY’S UKRAINE

It is well-known that in countries with advan-
ced network of railroads for high-speed passenger
trains use only high quality rails with a length of
more than 100 m in order to ensure proper align-
ment of rails and minimum amount of joints for
improving interaction between the rolling stock
and the rail track for smooth movement of trains
[2, 3]. Currently, in our country, more than 80%
of the total number of rails constituting the rail-
way tracks of Ukrzaliznytsia (Ukrainian railways)
PJSC was manufactured at different times by
Azoustal Steel Plant and referred to the first qual-
ity category [4]. Because of this, the need to imp-
rove the technical parameters of the rails is an
urgent task. Meanwhile, PJSC Ukrzaliznytsia has
to buy rails abroad, especially for the loaded sec-
tions. The organization of high-speed traffic re-
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quires increasing rails imports. The program of
Metinvest Holding to that Azouvstal Steel PJSC be-
longs, foresees the transition to the production of
50—100 m long high-quality rails, but it is associa-
ted with significant capital costs and time inputs
for upgrade of the existing or installation of new
equipment [5]. Today, rails are not among the
manufacturer's priority, but they remain in the
company's product portfolio. This is explained by
both the market situation and, in our opinion and
by some pending issues of the steelmaking tech-
nologies discussed in [6, 7].

In addition to solving the problem of produ-
cing high-quality main-line rails in Ukraine, it is
also important to find efficient technologies for
the manufacture of switch rails used for the pro-
duction of switches. Most often, the switch rails
are made by shaping the rail components or by
milling, which requires significant time and ma-
terial costs [8, 9].

Therefore, it is necessary to search for new ap-
proaches, among which the use of electroslag
technologies for improving the rail steel quality
may be a promising solution. The use of hybrid
rail steel smelting/casting technology that com-
bines the benefits of continuous casting and elect-
roslag remelting opens up new opportunities for
getting high-quality rail steel, including modern
hypereutectic brands [10—13]. The new techni-
cal solutions proposed in [14] have enabled orga-
nizing the manufacture of the premium quality
rails in Ukraine.

HYBRID CONTINUOUS CASTING
PROCESS WITH ELECTROSLAG HEATING
OF THE MENISCUS (CC + ESR)

One of the problems related to the rails quality
is defects in the axial part of the workpiece caused
by the liquation and shrinkage in the curing me-
tal, which significantly reduce the service life of
the rails. The defects appear as a result of insuffi-
cient stirring and feeding of the last portions of
the liquid metal in the deep cup. A high flow rate
of continuous casting (from 0.5 m to several me-
ters per minute, depending on its cross section)
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Fig. 1. Microstructure of steel samples
from model ESR ingots formed at
different pulling rates: 1 — 20 mm/
min; 2 — 40 mm/min; a, ¢ — view
under optical microscope; b, d —
SEM (enlargement 100x)

leads to the formation of a very deep liquid cup:
even for a 200 x 200 mm square ingot, the length
of the liquid cup reaches up to 7 m at different
withdrawal rates. Naturally, under such condi-
tions, the stimulation of shrinkage of the conti-
nuous cast ingot in its axial part is limited and, as
aresult, liquation and porosity defects occur. Ho-
wever, it is impossible to significantly reduce the
depth of the liquid cup, as the continuous casting
machines have a certain lower limit of the casting
speed, beyond which the meniscus freezes and the
ingot surface becomes unsuitable for further rol-
ling [15, 16].

Therefore, it has been proposed to use electros-
lag heating of the meniscus and the area of con-
tact of the slag mix with the mold to reduce the
specified threshold of the minimum casting rate
and to prevent corrugation. This solution enables
ensuring the surface quality of the continuous
cast ingot, improving the density and homoge-
neity of the axial part by reducing the pouring
rate and, accordingly, leads to reducing the depth
of the two-phase zone and the depth of the liquid
metal bath (metallurgical length of the conti-
nuously cast ingot).
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The results of mathematical modeling of the for-
mation of a round-shaped continuously cast ingot
with a diameter of 500 mm of carbon steel at diffe-
rent casting rates (200—500 mm/min in 100 mm/
min increments) have shown almost linear depen-
dence of the depth of both the liquid metal bath
and the two-phase zone on the casting rate [17].
The direct dependence of the metallurgical length
of the liquid metal bath depth on the casting rate
has been established to remain unchanged, even
with the influence of the four secondary cooling
zones taken into consideration (the lengths of the
secondary cooling spray zones are assumed equal
to 5000 mm (zone 1); 6000 mm (zone 2); 11000 mm
(zone 3); and 11000 mm (zone 4) (the last two
are consecutive sections of cooling, which differ
in the intensity of water flow), which corresponds
to the geometry of Continuous Casting Machine
of PSJC Dzerzhinsky Dniprovsky Metallurgical
Plant, Kamianske).

The estimated reduction of the two-phase zone
depth from 29 m to 11 m (almost three times) as
a result of slowing the rate of casting into a 500 mm
diameter mold down to 300 mm/min suggests
that the proposed hybrid slag heating process [17]



Medovar, L., Stovpchenko, G., Polishko, G., Sybir, A., Kolomiets, D., and Kostetski, Yu.

can give the second life to a semi-continuous cas-
ting of forging ingots with a large cross section
on vertical machines [18]. A significant reduction
in the fraction of liquid metal in the two-phase
zone means that the proposed method for redu-
cing the casting rate to prevent the formation of
axial heterogeneity and shrinkage effects is quite
promising.

The results of comparative study of the macro-
structure and comprehensive evaluation of the
microstructure of model ESR ingots obtained at
different withdrawal rates (20 and 40 mm/min,
respectively) gave reasons for similar conclusions.

In both ingots, there are traces of lamellar per-
lite and sections with globular perlite containing
fragments of the cementite phase that underwent
transformation into globular forms of cementite
(Fig. 1). This is probably caused by uneven distri-
bution of the elements and the duration of the me-
tal stay in the temperature range of the pearlite
transformation (from 650 to 550 °C). In general,
the microstructure of both ingots is homogeneous,
dense, without any phase separation along the
grain boundaries. The distance between the pri-
mary and the secondary axes of dendrites in the
first and the second ingots slightly ditfers (Table 1).

It is known that the finer the structure of the
steel, the more homogeneous it is, the better its
properties in the cast state and, accordingly, in
the final product. The distance between the pri-
mary and the secondary axes of the dendritic
branches is a direct indication of the fineness of
the primary dendritic structure.

A typical perlitic microstructure with thin ce-
mentite lamellae has been found in both ESR in-
gots. The quantitative evaluation of the interpla-

Table 1

The dimensions of structural components
of ESR steel rail ingots with a diameter of 180 mm

Ingot Distance Distance
. Interplanar
withdrawal between between . - .
. distance in perlite,
rate the primary | the secondary m
(mm,/min) axes, m axes, pm H
20 248 82 0.74
40 162 43 0.56
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Fig. 2. Technological flowchart of the hybrid steel casting
process by CC+ESR plant

nar distance in the perlite has shown that the two
ESR ingots of the K76F rail are almost identical
(distance 0.54 and 0.76 pm, respectively). These
values are higher as compared with the interpla-
nar distance in the specimens of premium steel af-
ter deformation and heat treatment (the distance
is about 0.2 um), since the study was made using
a cast metal without any deformation and heat
treatment, which increase the perlite fineness.
The size of the pearlite grains in the ESR in-
got with a withdrawal rate of 20 mm/min is 100—
120 pm, the size of the subgrain is 20—30 pm,
while that of the pearlite grains in the ingot ob-
tained at a withdrawal rate of 40 mm/min reaches
60—100 um and the subgrain size is 10—15 pm.
That is, even a slight decrease in the metal feed
rate while gradually molding the ingot has a po-
sitive effect on its structure. The density of the
ingot metal increases by improving the shrinka-
ge stimulation, which helps to eliminate the cen-
tral heterogeneity of the ingot. The conclusions
of mathematical modeling have been confirmed
by the results of the study of ESR ingot metal ob-
tained using current-supplying molds (& 110—
620 mm) in laboratory conditions of the Paton

ISSN 2409-9066. Sci. innov., 2019, 15(6)



Innovative Solutions for Manufacturing High-Quality Rails in Ukraine

Electric Welding Institute of the NAS of Ukraine
at different times [19—21].

In view of the above results, several original
technical solutions for electro-slag remelting ha-
ve been developed. They are practicable for rail
production and fully consistent with the concept
of a “circular economy” [22]. Today, all innova-
tions are checked for patent clearance to be re-
ferred to the national priority.

The proposed technological line of the CC + ESR
hybrid process is schematically shown in Fig. 2.
The technical solutions underlying this techno-
logy have been tested on industrial CC casting
machines at the stage of using ESR slag for steel
casting and in laboratory conditions at the stage
of electroslag heating for preventing the crystal-
lization of the meniscus in the electroslag process
with the use of liquid metal.

The key issue for the implementation of the
CC+ESR hybrid process can be the logistics se-
quence casting on a continuous casting machine,
which usually have from two to six pulling lines
(strands). The calculation for the existing CC of
Azovstal Steel Casting Plant, where the average
cast weight is 350 t, have shown that only one
strand can be used for the hybrid process, since a
significant decrease in the productivity makes im-
possible to complete casting the batch within a
certain time. Given the need for the premium qua-
lity rails in Ukraine reaches about 10% (10,000—
15,000 t) of Ukraine's total annual demand for
main rails, the above process may be sufficient to
satisfy it. When decreasing 5 times the operating
speed of the machine, in order to provide ade-
quate casting time, it is necessary either to reduce
the amount of metal laddled from the arc furnace
(AF), or to divide the cast into two parts with
their successive feed to the ladle furnace (LF)
and degassing, or to additionally heat the metal
in the ladle or blasting pan while increasing the
cross section of the casting ingot. The logistics of
operations with the introduction of new CC + ESR
casting technology will require accurate estima-
tes and tuning-up, but the compatibility of the
combination of different casting speeds on a mul-
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Fig. 3. Options for ESR process with current supply to pul-
ling rollers of the machine using a current-supplying mold
with a constant cross section (a), with widening (), and
with short circuit between the sections of current-supplying

mold (¢)

ti-strand continuous casting machine (CC) or a
general decrease in its productivity are obvious.

Thus, the CC + ESR hybrid process can be
implemented both on a single strand of the exist-
ing casting plant, on the entire operating CC, and
obviously, on a new plant that may be configured
in several options.

To prevent the formation of surface defects at a
reduced casting speed, the meniscus can be hea-
ted in a current-carrying mold with a constant
cross section (Fig. 3, a) or with widening (Fig. 3, b)
in the case of bottom current supply through the
pulling roll facility, or using the scheme with a
short circuit between the sections of the current-
supplying mold (Fig. 3, ¢).
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The last version of the electric circuit is the
most promising in terms of simple implementa-
tion and minimal energy costs, but may be ac-
companied with an increased erosion of the cop-
per mold, which can be avoided using other mate-
rials for the manufacture of the upper section.
The efficiency of these materials in terms of ser-
vice life and minimum contamination of cast met-
al requires full-scale testing on a pilot sample of
the newly formed mold.

Naturally, for the introduction of the new CC
+ ESR technology in the industry, it is necessary
to carry out all necessary qualification tests of the
rails, in particular, fracture toughness (static and
cyclic fracture toughness), fatigue characteris-
tics, residual stress in the rail bottom, etc., in or-
der to guarantee their high operational perfor-
mance and economic efficiency.

EFFICIENT
ELECTROSLAG RECYCLING
OF WASTE RAILS

The search for the possibility of producing the
premium quality rails in Ukraine has led to the
formulation of several more options for the effi-
cient industrial implementation of electroslag
technology, which are based on the current trends

ingot cutting

of the circular economy and the following key

starting points:

+ Ukraine has both an urgent need to create and
real opportunities to organize its own produc-
tion of modern rails;

+ The key factor in improving the quality of rails
in the modern technological cycle is the intro-
duction of continuous casting process, and
ESR is an effective method for heating the
metal in the CC mold, which reduces the rate
of casting/pulling the ingot and leads to a de-
crease in central heterogeneity;

+ There is a technical possibility of re-melting
the rails removed from the tracks after the end
of their service life;

+ For the production of modern rail steels by
electroslag method it is necessary to realize
casting in a dry box of electrodes with a low
content of hydrogen (1 ppm) and oxygen (5—
10 ppm) and to keep this level in ingots;

+ Despite the fact that once, because of a high
cost of the ESR method, its practical applica-
tion to the rails manufacture was suspended
(in the 1990s, the comparative assessment ba-
sed on the results of manufacturing a pilot
batch of rails made of ESR metal showed that
the cost of rails production of ESR metal and

waste rail ESR ingot (bloom),
/ 320 x 320 mm
ap, =~ = 1 ]
2 {

bloom rolling

OO
— T
DOD

{

new rail

Fig. 4. ESR flowchart for modern ESR furnace with a dry box and the use of waste rails
as consumable electrodes
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Fig. 5. Flowchart of SCC+ESR process for waste rails

that using the conventional technology amoun-

ted to RUB 332—339/t and RUB 160/t, res-

pectively, in the prices of 1990). Today, based
on the world experience, the cost of ESR rails

is expected to increase by, at most, USD 0.2—

0.3 per 1 kg of rails (which is the largest indica-

tor even for the conventional ingot molding

rates in electroslag remelting of consumable
electrodes), which justifies its application to
the manufacture of premium quality rails.

It is clear that the use of current-supplying
molds in the hybrid process and, in particular, in
the ESR furnace for the recycling of waste rails,
requires certain power input. The preliminary es-
timates of energy consumption for the ESR rail
manufacture, as recommended in this research,
(also for the combined process of casting CC +
ESR rail steels), have showed that they do not
exceed 400 kV ¢ A for a mold with 320 x 320 mm
cross section. Thus, the remelting of waste rails
using a modern ESR equipment, even according
to a pessimistic forecast, reduces the cost of rails,
as compared with the standard ESR technology,
at least, by a third. However, using the state-of-
the-art technologies and equipment for casting,
provided waste rails are used as consumable elec-
trodes, the situation will be favorable for the pro-
posed technical solutions, as the electrode cost
usually accounts for about half of the rail cost.

ISSN 2409-9066. Sci. innov., 2019, 15(6)

41

In the course of research, several options of
technological schemes for the manufacture of pre-
mium quality rails have been developed and pro-
posed. This has enabled organizing the process of
remelting waste rails to obtain a ingot for new
ones, the dimensions of which either correspond
to the size of the CC ingot used for rolling the
rails, or are as close as possible to the rail profile,
in order to reduce the reshaping costs.

The first option of the organization of the pro-
cess is shown in Fig. 4.

In Ukraine, there are currently no ESR fur-
naces of a modern design, with a dry box and re-
placeable electrodes, which, on the one hand, comp-
licates the implementation of the proposed met-
hod for remelting of rails, and on the other hand,
gives an opportunity to offer a specialized design
of the ESR furnace with additional equipment
that enables transforming the remelting process
into a semi-continous one. The concept of a spe-
cialized ESR furnace for melting waste rails fo-
resees that the waste rails are continuously fed
to the mold, in particular, the current-supplying
one (Fig. 5), via a horizontal induction heating
device, with their subsequent bending through
90 grad.

Remelting waste rails into new ones in a dry
box is not accompanied with significant losses of
alloying elements, iron, etc., and slag metal treat-
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Table 2
Indicative Dimensions and Weights
of Waste Rails to be Used in the ESR Process

Dimensions of ESR ingot, mm x mm
Characteristics
320 x 320 | 400 x 400 400 x 500
Weight of 1 m ingot t
0.8 1.25 1.57
ESR rate, kg/h 600 1000 1500
ESR linear pulling ra-
te, m/h 0.6—0.85| 0.75—0.90 | 0.90—1.05
Linear rate of feed of
rails for remelting, m/h | 8—10 13—15 20—25

ment ensures the purity of steel and a favorable
morphology of non-metallic inclusions.

Indicative weights, lengths and P65 rails feed
rates (a 100 m rail has a weight of 6.5 t) to be re-
melt, as well as the pulling rate of ESR ingots of
various sizes are given in Table 2.

Given numerous discussions with Ukrzaliznyt-
sia specialists, as already mentioned, in recent
years the country's need for the premium quality
rails has reached about 10,000—15,000 tonnes
annually or about 70—110 km tracks of P65 rails.
Such a quantity of ESR metal can be produced by
4—6 modern specialized plants, in a dry box, and,
at least, doubled melting speed without reducing
the steel quality will contribute to the formation
of price competitiveness of these products. It
would be advisable to build such a micro-plant as
a part of PJSC Ukrzaliznytsia that removes used
main rails from the railway tracks, or at a metal-
lurgical plant that has a rolling mill for manufac-
turing rails. Unfortunately, today, all existing

rolling mills that can manufacture rails in Ukraine
have been outdated and require major upgrade or
replacement.

The most effective use of the proposed method
can be the production of switch rails from ingots
having a cross section that is as close as possible
to the required size. When recycling waste rails,
the ESR metal structure has a high density and
quality, which ensures exceptional properties of
switch rails at a low cost. The use of electroslag
technology for the production of switch rails can
significantly reduce the cost of machining and in-
crease the service life of the critical units of the rail-
road bed due to a high quality of the ESR metal.

Schemes with the use of a current-supplying
mold have been developed for practical applica-
tion of the CC + ESR hybrid process. The men-
tioned process can significantly reduce the ingot
pulling rate by heating the meniscus and improve
the density and uniformity of the ingot metal
while guaranteeing the quality of its surface.

The metallographic studies of ESR metal of
various brands have shown that due to a higher
purity of grain boundaries, there are no grain-
boundary precipitation of impurities, which pro-
vides enhanced metal properties, in particular,
plasticity.

New promising schemes for the production of
new rails by the ESR method at a specialized mic-
ro-plant (conditionally, a micro-plant within Ukr-
zaliznytsia) have been proposed. Using several mo-
dern ESR furnaces of special configuration, they
enable remelting waste rails for manufacturing
premium quality main/switch rails, with a mini-
mum consumption of dopes and alloying agents.
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THHOBAIIIHI PINEHHS TPOBJIEMIU
OPTAHI3AIIIT BUPOBHUIITBA PEMOK
HAVBUIIOI'O TATYHKY B YKPATHI

Beryn. PosBuToK 3a/1i3HUYHOTO TPAHCHIOPTY € HEOOXIAHMM YMHHMKOM HaI[lOHAJIbHOTO PO3BUTKY Ta €BPOIEHCHKOI iH-
Terpariii Ykpainu.

IIpo6aemaTuka. Ctarnom Ha chorogui monazs 80 % peiiok B KOMISX BITYM3HAHOL 3a/Mi3HUII HE BiANOBIZAIOTHL BUMOTaM
MIBUKICHOTO PyXy Ta MPOIYCKY BEJIMKOBArOoBUX M0i3/iB i motpedyiors 3aminn. Hapasi ITAT «Ykpsamisuuiisg» KyIye peiku
3a KOPJIOHOM, 1[0 TIOTPeOYE CYTTEBUX BAIIOTHHUX 3aTPAT, a TOMY HAJIATO/KEHHS B KpaiHi BUPOOHWIITBA BUCOKOSIKICHUX
MaricTpajbHUX Ta BICTPSIKOBUX PEIOK cTae HaraJbHOIO HEOOXIAHICTIO.

Mera. Po3poOka iHHOBalliiiHUX BapiaHTiB opraHisaliii BUPOOHUIITBA PEIiOK IpeMiyM Kiacy B YKpaiHi.

Marepianu it metonu. PeiikoBa cranb. ExcriepumenTtanbhi nmaBku i Metanorpadiuni gociizzkeHHs (OnTHYHA Ta
€JIeKTPOHHA MiKPOCKOIIis).

Pesyabratu. ExcriepiMeHTaNIbHO JIOBEIEHO BUCOKY OJHODIAHICTD (BUCOKY YHMCTOTY T'PAHUIL Ta JAUCIEPCHICTD Iep-
BUHHUX 3€PeH, MaJly MiKJIaMeJIbHY BiZICTaHb MEPJITY) Ta MiIBUIEHUI PiBEHb BJACTUBOCTEN PEHKOBOTO MeTaly, SIKUN BU-
TOTOBJIEHO TPAAUIIINHNUM eslekTponiaakoBuM reperiaaeHHsM (EIIID), Ta ananoriuyxi mokasHUKM MeTasny 3i 31WBKiB, BU-
pobaernx EIII B cTpymomiaBinHOMY KpHCTaIi3aTopi 3 BABIUI BUIIOK mBUAKICTIO (opMyBaHHs. ExcrepumenTamu 3i
mBuakicium EIIIT ta BunpoOyBaHHsSM (HTOPUAHOTO HMIJIAKY B KPUCTAMI3ATOPI PEabHOI MAIIMHU OE31ePEepBHOIO JIUTTS
3arotoBoK (MBJI3) cTBOPEHO TEXHOJIOriYHe MiAIPYHTsI TiGPUAHOTO 1polecy Ge3MEePePBHOrO JUTBA 3 eJeKTPOLULIAKOBUM
migirpiBomM MeHicky ctpymorriasignum kpuctaiizaropom (bJI+EIIIT).

Bucuosku. EIIII 1o3Bossie 3MeHmuTH MiHiMaThHY TTOPOTOBY MIBUAKICTH po3auBy Ha M BJI3, moxpamuTy miapHicTh
Ta OJHOPIAHICTH MeTaly OCbOBOI 30HM W 30eperTu BUCOKY SIKICTh ITOBEPXHi 3aroriBku. PospobieHi i sanpornoHoBaHi
MePCHEeKTUBHI BapiaHTH TEXHOJIOTTYHUX CXEM €JIEKTPOIIIAKOBOTO TIepPeIJIaBIeHHsTY BiZPallbOBAHUX PEHOK 3 OJIePIKAHHSIM
3ar0TOBOK 3 [EPETHHOM, HAGJIMKEHUM /10 TPOMIIIO PeiiKu, 3 BAKOPUCTAHHIM A€KiIbKoX cydacHux nedyeil EIIIT crierfianbHol
KOHCTPYKIIii 3a6esnedath oTpedy ITAT «Ykpsasisuuiig» B MaricTpaibHUX Ta/ab0 BICTPSAKOBUX peHKax MPeMiyM SIKOCTI.

Knwouoei crnoea:3anisundmi MaricTpaabHi peiiku, BicTpsikoBi peiikn, peitkosi crami, MBJI3, EITI, ri6pumarmii iporiec,
nepepoOKa BiAMpPabOBaHNX PEiioK.
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NMHHOBAIIMMOHHBIE PEINEHNMA ITIPOBJIEMU
OPTAHUMSAIIVN B YKPANHE ITPOU3BO/ICTBA
PEJIBCOB BBICOKOTI'O KAYECTBA

Bcerynuenne. PasBuTie jkeJie3HO0POKHOTO TPAHCTIOPTA SIBJSIETCST HEOOXOANMBIM (haKTOPOM HAITHOHAIBHOTO PA3BHTHSI
1 eBPOIeCKOI NHTerpanun YKpanHbl.

IIpo6remaruka. Ha cerozst 6osiee 80 % pesibCOB B IIyTSIX OTEYECTBEHHOI JKeJIE3HOU JJOPOTH He COOTBETCTBYIOT TpebO-
BaHUSIM CKOPOCTHOTO [[BIIKEHUsSI U IIPOIYCKa TSKEJIOBECHBIX 110e3/0B 1 TpebytoT 3ametbl. Ceitvac OAO «YKp3aiusHbIiis»
MOKYIIAET PEJIbChl 32 PyOEKOM, 4TO TPEGYET CYIECTBEHHBIX BANIOTHBIX 3aTPaT, a MOATOMY HAJKUBAHUE B CTPAHE TIPOU3-
BOJICTBA BHICOKOKAYCCTBEHHBIX MATHCTPAIBHBIX U OCTPSKOBBIX PEJIbCOB CTAHOBUTCST HACYIITHON HEOOXOIMMOCTBIO.

Ilenn. PazpaboTka MHHOBAIIMOHHBIX BAPUAHTOB OPraHU3AINI TPOU3BOJICTBA PEITBCOB IPEMUYM KJacca B YKpauHe.

Marepuansl U MeToAbl. PesbcoBast cTasib. IJKCIepHMeHTalIbHble IUIABKU U MeTasulorpaduyeckue HCCIeLOBAHUS
(onTudecKast v 3JIeKTPOHHAST MUKPOCKOTIHS ).

Pe3yapraTel. JKCHEPUMEHTATIBHO /I0KA3aHA BBICOKAS OJHOPOAHOCTH (BBICOKYIO UMCTOTY TIPAHUI] M JUCIEPCHOCTD
MIEPBUYHBIX 3€PEH, MAJIOe MEKIAMEJbHOE PACCTOSTHIE B TIEPJIUTE) U MOBBIIIEHHbII YPOBEHb CBOHCTB PEIBCOBOTO METAJLIA,
M3TOTOBJIEHHOTO TPAJIUITMOHHBIM JIEKTPOIILIaKoBbIM 1eperiaom (D), u anasornyHbie ToKazaTes i METaLIa U3 CJAUT-
KOB, TpousBeeHHbIX myTeM DI B TOKOMOABOAAIIEM KPUCTAIIM3ATOPE € BABOE (OJIee BHICOKO CKOPOCTHIO (hopMUpOBa-
Hust. xernepumentamu co ckopoctubiM DI u ucnbrTanueM GTOPUAHOTO MIJIAKA B KPUCTATIIU3ATOPE PEATHHON MAITUHBI
HEIpPePBIBHOTO JinThst 3arotoBok (MHJI3) co3nana texHoJI0THYeCKast OCHOBA THOPHIHOTO MPOIECCA HEITPEPHIBHOTO JIUThSI C
2JIEKTPOIIIIAKOBBIM TIOZIOTPEBOM MEHUCKA TOKOTIOABO UM Kpuctauauzaropom (HJI + DIIIIT).

BeiBoapl. DIIIIT mo3BossieT yMEHBIINTh MUHIMAIBHYIO TIOPOTOBYIO CKOPOCTh pasyimBku Ha MHJI3, yryumuTs nimort-
HOCTb M OTHOPOZHOCTh METAJJIA OCEBOIl 30HBI 1 COXPAHUTH BBICOKOE KAYECTBO MOBEPXHOCTU 3arOTOBKHU. PaspaboTanbie
MIPE/VIOKEHbIE TIEPCTIEKTUBHbIE BAPHAHTDI TEXHOJOTHIECKHUX CXEM HJIEKTPOIIIIAKOBOTO TIEePEIIaBa 0TpaboTaHHbIX PEJTbCOB
C MOJIyYEeHHEM 3ar0TOBOK CeYeHueM, TIPUOJIKEHHBIM K TIPOGMUIII0 PEJibCa, ¢ UCTIOIb30BAHINEM HECKOJIBKUX COBPEMEHHBIX
neueii T crenmanbHOit KOHCTPYKIMK 1103BOJIAT 0beciedntb moTpedbHocTs OAO « YKP3aIu3HBIIS» B MATHCTPAIBHBIX U,/
WJIM OCTPSIKOBBIX PeJIbCaX MPEMUYM KayecTBa.

Knwouesvie cnosa: Kere3HOMOPOKHBIE MATUCTPAIBHBIE PEJILCBI, OCTPSIKU PEJIbChI, pesibcoBbie ctamu, MHJI3, SIII,
ruGpuHbI 1porece, nepepaboTka OTPAOOTAHHBIX PEJIbCOB.
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