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Abstract. A model of performance evaluation of supplies de-
velopment schemes by ramp with the transportation of ore with 
quarry lifts is suggested in the paper. The construction of the un-
derground mine from the open pit space reduces the construction 
time and capital investments, ore transportation from the mine 
with the quarry lifts minimizing operating costs on the rise. These 
factors can significantly reduce the cost of extracting the ore mass, 
thereby increasing the effectiveness of mining stocks compared 
with the traditional way of opening through vertical shafts from 
the surface. With a small depth of the ore body engineering 
schemes considered allow to avoid supplies development from the 
surface and extend the scope of development schemes from the pit 
area using lifts installed by previous studies. 

Keywords: combined open-underground mining method, en-
gineering schemes, conveyor, skip, the transportation cost. 
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THE EFFECT OF ORE MICROSTRUCTURES OF FIRESTONE DEPOSITS  
ON THEIR TAILINGS STRUCTURE 
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Abstract. Minerals processing methods are based on the total 
information about morfostructural composition of row materials, 
obtained with the help of modern mineralogical and analytical 
methods. It was established that ore microstructure affects on the 
composition and morphology of the tailings minerals. Granular, 
crystalloblastic and metagranular ore microstructure minerals are 
characterized by a simple structure with plane edges, therefore they 
are easily revealed forming monomineral aggregates during the 
disintegration process. Corrosive, cataclastic, colloidal ore micro-
structure minerals are of the complex structure with ragged, jagged 
edges that leads to overgrinding and losses of non-ferrous metal 
minerals in tailings. 

Keywords: kies, current tailings, microstructure, minerals mor-
phology, growth edges, mineralogical and analytical approaches. 
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Abstract. Within the Russian-Turkish collaboration the 
group of scientists and production workers has improved the 
technology of steel smelting in the super power DSP-250 elec-
tric furnace of MMK-Metalurji steel works. The quality of dif-
ferent types of steel scrap has been analysed in the article. It  is 
established that in melting with the available scrap it isn't possi-
ble to provide the content of copper less than 0,25%. It negative-
ly affects on the quality of flat product, in particular cracks on a 
leaf edge are formed. The given research led to the technology 
using in charging not less than 25% of firm cast iron that al-
lowed to provide satisfactory quality of cold rolled flat product. 

Keywords: metal charge, quality of scrap, firm cast iron, 
process variables. 
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Abstract. The characteristics of structure forming and prop-
erties of white irons of different alloying systems depending on 
the composition and cooling conditions during solidification 
were studied. The research group has analyzed the distinctive 
features of the influence of white iron chemistry and cooling 
temperature conditions of alloys in the mould on the metal ma-
trix structure, carbide phase type, eutectic compositions mor-
phology, mechanical properties, wear and heat resistance of 
complex alloyed white irons. 

Keywords: white irons, microstructure, eutectic composi-
tions, carbide phase, metal structure, phase composition, wear 
resistance, heat resistance. 
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Abstract. The scientists of the Ferrous Metallurgy Department, 
Institute of Metallurgy, Mechanical Engineering and Materials Pro-
cessing, Nosov MSTU and colleagues from Department of Metal-
lurgical Engineering and Materials Science, Indian Institute of 
Technology Mumbai have organized a working group.This group 
within the Russian-Indian collaboration investigates the possibility 
of the impact on the process of steel continuous casting billet in 
order to produce a fine metal structure. The basic methods of exter-
nal influences on solidified metal in billet in order to improve its 
quality are described in the article. 
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Abstract. The paper considered the calculation of temperature fields 
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Abstract. The article summarizes the results of studies carried out 
under conditions of Moldova Steel Works OJSC for the last 25 years. The 
science-based technological solutions to improve the qualitative character-
istics of high carbon wire rod, which has a high deformability in drawing 
were resulted from. The staff of Z.I. Nekrasov Institute of Ferrous Metal-
lurgy of National Academy of Sciences of Ukraine took an active part in 
these studies. The results of these studies are effectively introduced at other 
primary metals establishments, including OJSC «MMK», in particular, the 
technology for manufacturing of high carbon wire rod-rolled in coils of 
large diameter 15.5-16.0 mm, made of 80P steel for manufacture of new 
generation rails sleepers for heavy-laden and high-speed roads.  
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Abstract. Materials on the base of multifunctional alloys with the 
special physical and mechanical properties for developing the equipment 
of new generation are in high demand at present. Among these materials 
are Invar alloys with the minimum thermal expansion and the increased 
level of mechanical properties, in particular, strength ((c) hardness (HV). 
Such materials are necessary for creating the components of navigation 
systems (accelerometers, gyroscopes), sensors of small displacements, 
laser technology (adjustment units, mirror), antennas, waveguides, etc. 
The results of complex research of innovative high-strength multifunc-
tional invar class alloys are presented. The effect of thermal treatment on 
the formation of structure and physical and mechanical properties of 
alloys in terms of iron nickel alloys, carbon, cobalt and vanadium is 
shown. Relating to the conditions of OJSC Motovilikhinskiye zavody 
the base industrial technology of the production of the nano-structured 
billets of the multifunctional alloys of new generation has been devel-
oped. This technology ensures to achieve the increased level of mechan-
ical strength ( 1100 MPa) and anomalously low values of the thermal 
linear expansion coefficient ( 1·10-6 -1). 

Keywords: feature-rich alloys, high-strength invar, durability, 
treatment, deformation, Gleeble 3500. 
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Abstract. The characteristic of cooperative research activities 
of OJSC MMK-MSTU rollermen and its innovative orientation is 
presented. Most significant results in theory and technology 
achieved by sheet rolling specialists are specified. The largest de-
velopments which were introduced in the metallurgical industry 
have been considered. The prospects of cooperative research and 
development activities between MSTU and MMK are illustrated. 

Keywords: scientific activity, rolling, innovation process, theory, 
production technology, implementation, development perspective, mod-
el of technological process, pipe billet, high strength rolled steel, mill 
5000, mill 2000. 
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Abstract. In this article you can see the overview of scientific and 
technical problems and trends which were investigated during the pro-
cessing improvement for manufacturing of front suspension and wheel 
systems ball joints as well as their components for Russian and foreign 
vehicles. You can see the main scientific and technical results which 
were achieved within those works. These results aimed to increase the 
process efficiency, invent new processes and improve the actual metal 
deforming processes such as cold forging, hot forging, sheet stamping of 
ball joints components. The following materials are presented in the 
article: the improvement results of the equipment and test methods of 
ball joints exploitation characteristics as well as qualimetric complex 
values of technological processes, quality systems etc.  

Keywords: research, improvement, metal deforming by pressure, 
technological processes, ball joints, quality characteristics, modeling, 
tests, exploitation characteristics. 
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FEATURES OF CHANGES IN MECHANICAL PROPERTIES OF COLD-WORKED  
EUTECTOID STEEL IN MECHANOTHERMAL PROCESSING  

Korchunov Alexey Georgievitch – D.Sc. (Eng.), Professor, Vice-Rector for International Affairs, Nosov Magnitogorsk State 
Technical University, Russia. Phone: 8 (3519) 29-84-09. E-mail: international@magtu.ru. 

Tereshchenko  Natalia Adolfovna – Ph.D. (Eng), Senior Researcher, Laboratory of Physical Metallurgy, Institute of Metal 
Physics, Ekaterinburg, Russia. 

Efimova Yuliya Yuryevna – Ph.D. (Eng), Associate Professor, Nosov Magnitogorsk State Technical University, Russia. 
Dabala Manuele – Professor, Department of Industrial Engineering, University of Padova, Italy. 
Dolgiy Dmitriy Konstantinovich – Postgraduate Student, Nosov Magnitogorsk State Technical University, Russia. 
 

Abstract. The mechanical properties of cold-worked reinforcement 
with 10.0 mm diameter of eutectoid steel after patenting and drawing in 
the short tempering under tension have been investigated. The features 
of changes for tensile strength V, V/ 0,2 indicator, extension strain 10, 
indentation hardness HIT, contact elastic modulus E*, steel in the pro-
cessing temperature range 250-400°C and tensile force values from 20 to 
60 kN were studied. The stress state of steel after treatment was estimat-
ed with X-ray diffraction analysis. 

Keywords: eutectoid steel, mechanical-thermal processing, temper-
ature, tension, mechanical properties. 
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ADAPTIVE CONTROL OF METAL PRODUCTS QUALITY 
Golubchik Eduard Mikhailovich – Ph.D. (Eng.), Associate Professor, Nosov Magnitogorsk State Technical University, Rus-

sia. E-mail: golub66@mail.ru. 

Abstract. Further development of modern high-technology 
production goes hand in hand with the establishment of a bal-
ance between the interests of consumers and producers. Most of 
this is relevant when developing and promoting innovative 
products with high added value to markets, especially if produc-
tion is under conditions of large industrial plants, for example, the 
steel industry. This causes the need for a rapid response to re-
quests by the user, but requests are not always consistent with the 
technological possibilities, or are beyond the known standard 
requirements for products, which require a certain amount of mu-
tual adaptation of «producer-customer». On the other hand, to 
keep the market position in the highly competitive manufacturer 
must take into account not only the market needs in traditional 
products, but also to anticipate their development vector to pro-
duce advanced metal products. The article consideres the theoreti-
cal aspects of the Adaptive control of metal products quality. The 
concept of adaptive management of quality indicators on the basis 
of the principles of operational «technological adaptation» in 
terms of multivarious technological systems is suggested. 

Keywords: multivarious technological systems, adaptation, 
quality indicators, metal products. 
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Abstract. This article focuses on metallurgy, one of the 
main BRICS industrial clusters of economic development, 
which is a part of the BRICS Technological platform. The arti-
cle describes the Concept of International Industrial BRICS 
Collaboration in metallurgy developed by Nosov Magnito-
gorsk State Technical University together with the International 
Union METALLURGMASH and the International Scientific 
bridge relating the development of BRICS UNIDO Project 
«Technological and innovative partnership between the BRICS 
countries for the development of medium-sized businesses». 

On the example of high carbon steel of grade 80, updated 
by boron, the ability of forming nanodimensional structural 
constituents has been proved. Special types of thermal and de-
formation processing are used. It is experimentally proved that 
interlamellar spacing decreasing takes place in steel, being in-
vestigated after heat treatment and further cold plastic defor-
mation. The rate of interlamellar spacing, after heat treatment, 
and cold plastic deformation is 1,66, the rate of billet geomet-
rical dimensions, before and after deformation, is 1,6. The re-
sults obtained are used to achieve desired properties of high-
tensile reinforcing bars of 9,6 mm in diameter for the new gen-
eration of concrete sleepers. 

Constant push forward for more flexible and cost-
effective production makes it obvious to search for better ways 
to control and improve product quality, personnel competence, 
and technological factors. Work effectiveness of metallurgical 
enterprise depends on personnel qualification level. The main 
resource in the quality management system as social factors in 
particular not technical ones provide better quality. Thus, it’s 
necessary for the high management executives to take care 

about the reproduction of intellectual potential if they are ori-
ented on long functioning. 

Adaptive training programs for employees at startup facilities 
in Russia and other countries for metallurgical industry have be-
come one of the most successful NMSTU together with Internation-
al Union «METALLURGMASH» and «METALLURGMASH 
Engineering». 

Keywords: industrial cluster, BRICS technological plat-
form, innovative partnership, human resources, international 
training programs. 
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Abstract. Change of 2D parameters for 3D parameters of texture 
will allow to describe properties of surface roughness with higher preci-
sion and to get new important performance characteristics of surfaces of 
metallurgy products. The use of roughness description is quite effective 
for research and development of technologies for manufacturing of 
products with given surface topography. 

Keywords: surface roughness, 3D texture, automotive sheet, sheet 
cover. 
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Abstract. The authors of this article have been supporting the col-
laboration between NMSTU and Danieli specialists for over 10 years in 
science and technology, and in international personnel training.  

Constant push forward for more flexible and cost-effective produc-
tion makes it obvious to search for better ways to control and improve 
product quality, personnel competence, and technological factors. The 
need to make fundamental changes in mill layouts while construction or 
reconstruction underlines the role of developing and using adaptive 
models that give alternative routes to solve problems that arise during 
production using systematic analysis. 

Based on structural matrix approach we have developed a pro-
gramme that automatically adjusts rolls gaps in the stands of the mill 
while considering the tonnage of rolled metal for each groove and di-
mensions of the rolled stock after finishing stand. This programme uses 
«priority coefficient» to maintain tolerances of the product when the 
cross-sections of the grooves are constantly changing because of wear. 

Other vital features are «wear matrix» that calculates wear in dif-
ferent points of the groove and «the coefficient of non-uniform defor-
mation» that shows the differences in reduction along the cross-section 
of the groove. 

Work effectiveness of metallurgical enterprise depends on person-
nel qualification level. Qualitative performance of personnel may be 
assessed by using quantity indexes. One of such indexes is the complex 
index of personnel competence. 

ISO 9000 standards require the staff to be the main resource in the 
quality management system, as social factors in particular not technical 
ones provide better quality.   

Thus, it’s necessary for the high management executives to take 
care about the reproduction of intellectual potential if they are oriented 
on long functioning. 

Adaptive training programs for employees at startup facilities in 
Russia, as well as for the perspective engineers for Danieli have become 
one of the most successful NMSTU and Danieli projects together with 
International Union «METALLURGMASH» and «METALLURGMASH 
Engineering». 

Keywords: structural-matrix models, section rolling complexes, 
flexible technological solutions, adaptive training programs, internation-
al collaboration. 
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Abstract. The effect of speed asymmetry on the metal structure and 
force parameters of brass band cold rolling has been investigated. It is 
shown that with the speed asymmetry increasing the maximum possible 
summary (before cracking) reduction was increased from 64 to 79%. It 
was determined in plate rolling that the application of two opposing 
asymmetry factors permits to reduce the rolling force, as well as to pro-
vide the resulting plate without curvature. 

Keywords: academic scholar, international collaboration, asymmet-
ric rolling, metal structure, speed asymmetry, finite element modeling, 
stress-strain state of a metal, ski-effect. 
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Abstract. The national school of quantitative methods in quality 
measuring - qualimetry has been developing for over 30 years. There is 
a number of research centres on qualimetry issues in Russia, Kazakhstan 
and Ukraine. The researchers of these centres made all efforts to form 
qualimetry extensive subsection – ferrous metallurgy qualimetry. The 
research on metallurgy qualimetry has been actively developing at Mag-
nitogorsk State Technical University. Training of engineers since 1997 
and at present Bachelors and Masters in «Standardization and Certifica-
tion», as well as the work and activities of Doctoral Dissertation Council 
on specialty «Standardization and Quality Management» (in metallurgy) 
are fruitful base for research in the field of quality. Along with specific 
engineering developments on quality evaluation of products and pro-
cesses in the ferrous metallurgy important results in the special and 
general qualimetry were obtained. They concern the methods of proper-
ties structuring, their graduation according to the Category of influence 
on integrated assessment, varied approach to quality evaluation at differ-
ent stages of the product life cycle. 

Keywords: qualimetry, metal products, quality, dominating indica-
tors, compensable indicators, product life cycle, functional and objective 
analysis. 
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Abstract. The analysis of the current state of standardization 
proved the absence of its scientific basis. This makes it difficult to 
rapidly introduce the modern scientific achievements in current pro-
duction. It is noted that there is an urgent need to develop innovative 
approaches of matching consumer requirements with producer capa-
bilities when developing different kinds of normative and technical 
documentation. The paper justifies the use of function-oriented meth-
od for identifying relations between customer requirements and prod-
uct properties. It is proposed to use the term «protypology» to define 
the science of standardization. The subject of this science is tech-
niques development for harmonization customer requirements and the 
manufacturer's production capabilities. According to the protypology 
the main standard development stages are: the development of cus-
tomer requirements as a set of properties characterized by their meas-
urable indicators, establishing harmonization between customer re-
quirements and product properties controlled by the manufacturer; a 
close match of the manufacturer and the consumer positions and the 
development of the standards as an acceptable compromise for both 
parties. From this point of view, the main goals of standardization in 
metallurgy are information ordering in normative and technical docu-
ments (systematization); unification of the total number of normative 
and technical documents for a definite type of product, the develop-
ment of methodical fundamentals considering innovations implemen-
tation and modernization of metallurgical industry. 

Keywords: standartization, scientific fundamentals, production prop-
erties, consumer requirements, production manufacturer, harmonization, 
functionally-oriented method, protypology, metallurgical industry. 
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Abstract. The paper proposes a conceptual model of the situa-
tional center of the industrial enterprise. The aim of the situational 
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Abstract. The brief analysis of the active systems for industrial 
and ecological safety at Magnitogorsk Iron and Steel Works OJSC 
and the basic directions for scientific and technical projects to mod-
ernize these systems carried out by the experts of «MMK» OJSC 
together with the scientists of Nosov Magnitogorsk State Technical 
University, as well as the data according to the results of these pro-
jects and a scientific background of the expediency of realizing 
actions directed to the increase of the efficiency of functioning sys-
tems which provide stable progress of « » OJSC are presented 
in this article. 
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Abstract. The paper presents the main achievements and results of 
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Abstract. At present transport customers in Russia show increased re-
quirements to quality (timeliness) of freight traffic. New organizational 
forms are necessary for transportation system of the country. The way of the 
description of railway transportation and technological systems (TTS), 
based on logistics principles, is presented in the article. This way has al-
lowed to systematize parameters of logistical streams in TTS and to reveal 
lacking for maintenance of timeliness of transportations parameters – factor 
of traffic volumes structure complexity and factor of volumes promptness. 
The complex of transport-logistical methods is developed for maintenance 
of  freight  traffic  timeliness  at  different  levels  of  TTS  organization.  The  
generalized mathematical model of logistical streams parameters optimiza-
tion in TTS is offered. The mathematical model defines ways of purposeful 
reduction of transport-cargo parties sizes and accordingly to raise indicators 
of timeliness of transport-logistical streams. Combined analytic-simulation 
model TTS is presented in article. The given model is offered to be used as 
the tool for a transport-logistical methods complex realization. The de-
scribed developments are base for a solution for the transport nodes effi-
ciency problem, they can be used for the reduction of cumulative transport-
logistical costs purpose. 

Keywords: transport technological system, freight traffic, railway 
transportation, timeliness of transportations, goods traffic, analytics-
simulation model, logistics, logistical system, transport-logistical streams, 
AnyLogic. 
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Abstract. Reheating furnaces for hot rolling sheet mills are multi-
zone heaters of a transmission type in which several simultaneous high 
temperature interrelated processes take place. The necessity of the ac-
count of the processes mutual influence on each other introduces the 
additional requirements for the control loops embodiment by separate 
process variables. It is of current interest especially in using optimizing 
control loops since this effect is evident in the shift of the statistical 
characteristics of the optimizing processes due to the actions brought in 
the process of perturbations from the other control loops. 

The aim of the study is to develop and investigate the behavior of 
the optimization control system for the heating furnace main process 
variables granting the significant perturbations in the stabilizing circuits 
when changing the heating furnace operation modes. 

As a result of carried out investigation the optimizing control sys-
tem structure actualizing the heating furnace power saving mode has 
been developed. The results of the developed system simulation showed 
the effective implementation of heating furnace energy saving modes 
under the significant perturbations in the stabilizing control loops. 

Keywords: reheating furnace, slab billet heating, energy saving 
heating modes, optimal control system, transients in control loops, au-
tomated system 
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Abstract. One of the main research fields of the Power Engineering 
and Automated Systems Institute research teams of Nosov Magnitogorsk 
State Technical University (NMSTU) is the development of continuous 
monitoring and state diagnostic systems for electrical equipment of 
metallurgical facilities. The technological defect diagnostic principle for 
slab continuous casting machines was considered on the basis of analy-
sis of heat exchange process characteristics between the working face of 
the mould walls and the ingot. The diagnostic method of equipment for 
electric motor load current regulation was also considered. The article 
shows the functional flow diagram of transformer state continuous con-
trol system of ultra-high power electric arc furnaces. This control system 
was implemented in the electric furnace shop of OJSC «MMK». The 
analysis of the technical state monitoring system of the group electric 
drive induction motors at the rolling table sections of the 5000 rolling 
mill  was  carried  out.  A  new  method  was  offered  for  induction  motor  
technical state monitoring using the generalized current vector in start-
ing conditions. The research team carried out the comparative analysis 
of experimentally measured current spectral recording and justified the 
application of continuous wavelet transformation of the generalized 
current vector. 

Keywords: metallurgical enterprise, billet continuous casting ma-
chine, power station, electric arc furnace, power transformer, plate hot 
rolling mill, rolling table, controlled electric drive, induction motor, 
technical state, monitoring, systems, methods, implementation. 
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PERSPECTIVES TO APPLY CONCRETE FILLED STEEL TUBE COLUMNS  
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Abstract. The global tendencies to apply concrete filled steel 
tube constructions are presented. Structural concepts, as well as the 
main advantages and disadvantages of concrete filled steel tube col-
umns are given. The factors to constrain their wide practical use are 
noted. Suggestions to improve the design of compression concrete 
filled steel tube elements are set out. Practical use of such structures in 
the experimental procedure is performed in the construction of two 
objects at OJSC «MMK». 

Keywords: concrete filled steel tube constructions, concrete filled steel 
tube columns, improvement of the construction, prestressing, experimental 
installation. 
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Abstract. The main principles of the theory of reliability predic-
tion of mechanical systems loaded elements in the stage of design 
development, underlying the creation of methodology for formulating 
and solving boundary value problems for project evaluation of relia-
bility and durability criteria for kinetic strength of materials were 
stated. The example of the implementation methodology for project 
analysis and justification reconstruction drive rotation of the kiln for 
clinker production unit, which is integrated in the industrial produc-
tion of OJSC «MCRP» among OJSC «MMK» group, is shown. 
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Abstract. Authors perception about the new scientific investigate 

paradigm peculiarities was offered on basis of non-Markov’s models 
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