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Economic feasibility of by-products processing of metallurgical production

Annotation: In this paper the economic aspects of the processing of the metallurgical production
by-products such as a mill scale obtained by mechanical cleaning of hot-rolled steel strips and
hematite obtained by spray roasting of the spent pickling solution are discussed. It is shown by
the statistical processing of literature data and mathematical modeling that steel production is
growing with time exponentially both in developed countries and in the world as a whole, which
emphasizes the importance of this material and the processing of its by-products.
One of the most economically viable methods for producing iron oxides, in our opinion, is the use
of by-products of steel rolling production.
Due to their unique properties, nanostructured iron oxides are widely used in various branches of
science and technology. Due to their magnetic properties, corrosion resistance, low toxicity, they
are used in catalysis, environmental protection, sensors, magnetic information storage materials,
in diagnostics and treatment, as electrodes of lithium-ion batteries.
In particular, α -Fe 2 O 3 hematite can be used in gas sensors, catalysts, and electrode materials.
Magnetic iron oxides magnetite Fe 3 O 4 and maghemite γ -Fe 2 O 3 are used in biomedicine as
contrast agents for NMR tomography and the separation of biological materials.

Key words: metallurgy, steel, iron, processing, mill

DOI: https://doi.org/10.32523/2616-6836-2018-125-4-25-33
Introduction

The indispensable by-products of any metallurgical industry are mill scale formed after hot rolling
of the steel sheets and powdered hematite arising during the regeneration of the spent pickling
solution.
A mill scale called as just scale is formed on the outer surface of the steel strips in their manufacture
during hot rolling at elevated temperatures. The scale is the flaky surface of hot rolled steel,
consisting of the iron oxides iron(II) oxide (FeO, wustite), iron (III) oxide (Fe 2 O 3 , hematite),
and iron (II,III) oxide (Fe 3 O 4 , magnetite). It must be removed before undergoing various other
processes like cold rolling, deposition of protective coatings, etc. Cleaning of steel strip from scale
is carried out in two stages. Hot rolled strip passes before cold rolling through the scalebreaker
where the main mass of scale exfoliates during the bend of the strip. The steel rolling mills descale
the sheet by passage through scalebreaker rolls, which flexes the metal enough to fracture the scale.
Generated in rolling mills mill scale is collected and usually sent to a sinter plant for recycling.
The main part of the mill scale with particle size less than 0.5 mm is heavily contaminated with
oil and is dumped for land filling as waste. This has negative multi dimensional effect including
cost of disposal and environmental pollution [3].
In an integrated steel plant, though the major part of mill scale is recycled for in-house consump-
tion, no commercial process for its utilization is so far available for the secondary sector. Thus, it
is either dumped or exported at a very low price. The generations of mill scale represent about 2%
of steel produced and are available as a six secondary material due to its richness in iron (about
72 % Fe).

25



Л.Н. Гумилев атындағы ЕҰУ Хабаршысы - Bulletin of L.N. Gumilyov ENU, 2018, 4(125)

Substantial quantity of mill scale, containing very high percentage of iron is generated during
processing of steel towards production of various long and flat products. In an integrated steel
plant the major part of mill scale is recycled for in-house consumption, but no commercial process
for its utilization is so far available for the secondary sector. Thus, it is either dumped or exported
at a very low price. Irrespective of the products, during processing of steel to yield long or flat steel
product, mill scale is generated during hot rolling and considered as a waste [3]. The generations
of mill scale represent about 2% of steel produced and are available as a secondary material due
to its richness in iron (about 72 % Fe).
1. World steel production. The produce of the metallurgical industry is one of the most sought-
after materials by modern manufacturing. Steel is used in different industries in the world today
and mainly in construction as a primary resource and also in the automobile production industry.
Consumer products such as home appliances and kitchen utensils are also made of steel to ensure
durability. Steel is used to package materials and transport energy resources such as oil and natural
gas. There are many grades and types of steel available in the market today classified broadly into
Stainless Steel, Alloy Steel, Tool Steel, and Carbon Steel. The top steel producing countries are
China, Japan, India, USA, Russia and other (Figure 1). Kazakhstan produces 4.4 million tons of
steel per year and ranks 34th in the world steel producers rating [1].

Рисунок 1 – The top countries by crude steel production and Kazakhstan in 2017 (million tons per year). The graph was
plotted by processing the data of [1]

Let’s consider the dynamics of steel production by years. If we assume that steel production grows
over from what was achieved then it can be written down

dM = kMdt, (1)
where dM is an increase of steel production during dt , k is a constant characterizing the annual
relative increase in annual steel production, M is volume of the steel production at a moment t .
After integration eqn (1) it is possible to obtain

lnM = kt, (2)
26
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or taking into account the boundary conditions

M = M0e
kt, (3)

where M and M0 are the annual steel production at the time t and t = 0, respectively.
It is seen steel production is increasing over time exponentially. Indeed, the steel production of
the main producers obeys this equation. The annual steel production dynamics in the world and
in China in the period of 1967 to 2017 years according to [1] is shown in Figure 2. Similar results
were obtained for a number of other countries (Figure 3).

Рисунок 2 – The annual steel production dynamics in the world and in China in the period of 1967 to 2017 years (it was
processed by us according to the data of [1]). The graph shows also the trend lines and the regression equations

The dynamics of steel production in some countries that are major steel producers is shown in
Figure 3.

Рисунок 3 – TThe annual steel production dynamics in the period of 1967 to 2017 years in the several countries: 1-India,
2-South Korea, 3-Turkey, 4-Iran. The graph was processed by us according to the data of [1]

Figures 2 and 3 show that in 2008 there was a short-term sharp drop in steel production in all these
countries (except India) caused by the global economic crisis, which began in 2008 and, according
to some estimates, was not overcome until 2015 [2].
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The trend lines and the regression equation obtained by statically processing of data are given
also on the graph. Results of the observed data mathematical modeling for a number of main steel
producers using the regression equation of type (3) are given in the Table 1.
Table 1 - Results of mathematical modeling of the steel production growth dynamics for a
number of major steel producers
No. Country M0, millions tons per year k, year−1 Coefficient of determination R2

1 World 470.7 0.025 0.944
2 China 11.43 0.089 0.974
3 India 4.790 0.060 0.978
4 South Korea 1.137 0.091 0.855
5 Turkey 1.182 0.073 0.971
Clarifications: M0 is steel production in 1967; Constant k is annual increase in steel production
in relative units; R2 characterizes the accuracy of the approximation of the observed data using
the regression equation of type (3). The model with a coefficient R2 > 0.8 is considered quite

significant.
The values of the determination coefficient R2 (the 5th column of Table 1) indicate a rather high
accuracy of the approximation of the steel production growth dynamics by Eqn 3. South Korea
and China have the highest growth rates of steel production in accordance with the values of the
coefficient k .
However the growth dynamics of steel production in a number of countries does not obey eqn (3).
These include major steel producers such as the USA, Japan, Germany, Italy and also Common-
wealth of Independent States (CIS) countries (Figure 4).

Рисунок 4 – The annual steel production dynamics CIS countries in the period of 2000 to 2017 years. The graph was
processed by us according to the data of [1]

Thus steel production in developed countries exponentially grows, which emphasizes the impor-
tance of this material and the processing of by-products of it production.

2. Mill scale obtained by mechanical cleaning of hot-rolled steel strips

The production of steel strip is accompanied by the appearance of by-products and waste.
For example generation of mill scale in comparison with steel production in India is shown in
Figure 5.
According to the data of [3] for India the mill scale, a high iron containing body was thus treated
as a waste for a long time and was dumped. However, in recent past a significant part of mill
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Рисунок 5 – Steel production and generation of mill scale in India [3]

scale is being exported to China at a very low price. Though a small amount of mill scale is used
in ferroalloys, cement and petrochemicals industry, there is a potential for production of almost
1.0 Mt 8 of steel, even with the current level of mill scale generation. All the above calls for an
initiative to find suitable means for effective utilization of mill scale.
The paper [3] presents some preliminary results of a laboratory scale investigation which involves
pelletization of mill scale, using steel plant waste as an additive and subsequent reduction of the
air dried pellet by non coking coal fines under conditions, simulating a tunnel kiln. Sintering being
not suitable for such a low volume operation, agglomeration through briquetting or pelletization
appears to be the first step in any attempt towards utilization of mill scale. Prima fascia, such a
step encounters problems primarily on three inherent characteristics of the ferruginous raw material
(i) being flaky and fragile (ii) wide variation in particle size (iii) heavy contamination with oil.
The mill scale in as received condition was pelletized into 12-16 mm diameter pellets in a disc
pelletizer by using industrial waste as the binding agent and required quantity of water. Pelleti-
zation conditions such as time of rotation, amount of moisture, percentage waste as binder etc
were varied to adjust the green pellet property. The acid pellets thus produced were air dried for
approximately 24 hours and sufficient dry strength could be developed for further processing. The
reduction of mill scale pellets were carried out in a laboratory scale, electrically heated muffle
furnace, simulating the conditions of a tunnel kiln. A series of reduction experiments were car-
ried out in the temperature range of 1000 0C to 1200 0C. The reduced mill scale pellets, treated
at different temperatures and for varying l ength of time we r e us ed for: (i) Measurement of
swelling / shrinkage; (ii) Weight loss measurement and chemical analyses for calculation of degree
of reduction and extent of metallization and (iii) Phase identification by X-ray.
The results of this investigation show that the green pellets could be successfully handled, without
generating much of fines and could be converted to highly metalized Directly Reduced Iron (DRI)
at a moderate temperature and at a reasonably low heating time. Overall, reduction of green pellets
of mill scale in tunnel kiln appears to provide an attractive way for utilization of this high iron
containing waste. Such processing allows to increase the added value of the by-product by an order
of magnitude. The potential for recycling steel mill scale in the sintering process is investigated
in a paper [4]. A description of the wide use of the mill scale can be found in the collection of
inventions [5].
Thus, one of the by-products of the metallurgical industry is the mill scale which is formed on the
steel strip surface as a result of the metal oxidation during hot rolling at elevated temperatures.
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Before cold rolling, the mill scale is separated from the steel strip surface by the scalebreaker and,
after purification from the oil, can be used, for example, as an additive in the ore raw since it
contains up to 70% iron or at worst is emitted in the form of waste. The added value of this
by-product can be raised by its further processing, for example, reduction to pure iron as shown
in paper [4].

3. Powdered hematite obtained from spent pickling solution

The second stage of cleaning the steel strip surface is the dissolution of scale residues in the
pickling hydrochloric acid solution during steel production. Such pre-treatment is aimed to remove
various oxide layers, rust or scale and other impurities from the steel surface by passing the steel
strip through the vessel with pickle liquor. The pickling process generates large amount of pickling
sludge which contains acidic rinse water, dissolved metal salts of iron, iron chloride and spent acid.
The spent pickle liquor is a hazardous waste therefore it must be treated. Processing of the waste
pickling solution includes the acid regeneration and obtaining an iron oxide powder from the spent
pickle [6,7].
The purpose of this work is to identify the economic feasibility of developing and implementing
a technology for obtaining pure iron powder from spent pickling solutions in the production of
unalloyed steels by recovering iron oxides precipitated from the solution. Unalloyed steel does not
have alloying elements which are added at a steel smelting [8]. Such steel contains only natural
components therefore it is the purest amongst other steels (Table 2).

Table 2 - Chemical composition of unalloyed electrical steel [8]
Smelting options Impurity content, 10−2 wt.%

C S P Al Ti Cr Ni+Cu
Mn Si No more

Semi-killed steel 35-55 2-7 4.0 2.5 5.0 - 0.6 8 35
Killed steel 30-50 14-40 4.0 2.5 5.0 1.0 - 8 35

The urgency of the work lies in the fact that the most complete utilization of waste of processing
enterprises in order to maximize extraction from them the useful components and elimination of
harmful effects on the environment is one of the priority tasks of modern industry.
The technological process of disposal of the spent pickling solution is as follows. The mill scale layers
which remain after scalebreaker on the steel surface must be removed for subsequent processing of
steel strip. Therefore steel goes through a unit process called pickling to remove these impurities
and stains from the surface of strip [5]. Continuous pickling line (CPL) typically is used at the
metallurgical enterprise for these purposes.
The initial stages of the etching process is the separation of the oxide layer from the steel strip
by dissolving it in hydrochloric acid [6,7]. Pickling is a process which consists of chemical removal
of scale and other dirt from steel by immersion in aqueous acid solution. The basic components
of oxide and iron interact with the hydrochloric acid HCl2 with formation ferrous chloride FeCl 2 .
The product of acid reaction with oxide scale - ferric chloride easily dissolves in water, which makes
it possible full regeneration of spent solutions without accumulation of the insoluble residues. The
sludge formed from dross residues precipitates is removed by washing of baths and strip surface.
The spent etching solution is supplied to the warehouse of the solutions.
The next by-product is formed as the result of the thermal decomposition of FeCl 2 by a spray
roasting method. The spent solution enters from the warehouse by means of a pneumatic pump
through the filter in the heat exchanger of the regeneration installation, in which the solution is
heated to 92-94 ◦ C [6,7]. The heated solution is fed into the reactor that is a steel tower, lined
with refractory bricks heated by four gas burners. The spent solution FeCl 2 is pumped through
the spray nozzles, is heated to a temperature 600 ◦ C and thermally decomposes to fine hematite
Fe 2 O 3 and hydrogen chloride gas HCl.
Powdered hematite is separated in the cyclones from the exhaust gases, is pulled down on the
reactor bottom and therefrom flows into the hopper for loading in a dosage plate. Iron oxide is
shipped in powder form or as granules.
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Let us consider an obtaining of the iron powder by reduction of iron oxides. The gas reagents
are widely used to reduction of the solid iron oxides, which easily penetrate through the cracks
and pores into the recovered pieces and provide the reactions on their outer and inner surface.
Usually are used for reduction of the iron oxides by carbon monoxide CO with forming Fe and
carbon dioxide CO 2 and also by hydrogen when Fe and vapor of H 2 O are formed. We exam-
ined the opportunities of the iron oxides reduction by hydrogen under laboratory conditions. The
investigations indicated the technology possibility and economic expediency of getting the iron
nanopowder from hematite microparticles obtained by spray roasting method from spent pickling
solution.
The resulting powders of iron and iron oxides can be used in the chemical industry in the catalysis
of chemical reactions in medicine for wound healing in agriculture, in engineering as an additive to
motor oils to restore worn-out engine parts directly in the course of their work in the semiconductor
industry for the production of ferrite cores. The technology can be implemented in metallurgical
plant where unalloyed steel is manufactured.
Let’s evaluate the economic feasibility of recycling mill scale. A market price of mill scale is about
0.06 USD/ kg, A price of ordinary iron powder 0.8 USD/ kg, i.e. 13 times more expensive. The
output of the mill scale is on the average 1 - 3% of the weight of the finished rolled product. If
metallurgical plant annually produces about 10 6 tons of rolled steel then the output of mill scale
is 10 4 tons / year. Let the iron powder output of scale recycling is 50 % i.e. 5 · 10 3 tons / year. If
we assume that the iron powder production costs amount to 95% of the price, then profit will be
about 2 · 10 5 USD / year. If the technology development costs, manufacturing and installation of
equipment for the recovery of iron powder, introduction of technology into production will amount
to about 10 6 USD. Then the cost of equipment will pay off approximately in 5 years.

Conclusion

Further processing of the manufactured production, in particular, the processing of by-products of
the metallurgical industry have of special importance in the context of the raw material orientation
of the Kazakhstan industry development. Both by-products the mill scale formed on the steel sheet
surface during hot rolling and the hematite microparticals powder arisen at spray roasting from
spent pickling solution have great potential for increasing their value added by the according
processing.
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Металлургиялық өндiрiстiң қосалқы өнiмдерiн қайта өңдеудiң экономикалық негiздемесi

Аннотация: Бұл мақалада пайдаланылған ерiтiндiлердi шашыратып алынған ыстықтай илектелген болат
жолақтарын және гематиттi механикалық тазалаудан алынған диiрмен сияқты металлургиялық өндiрiстiң қосалқы
өнiмдерiн қайта өңдеудiң экономикалық аспектiлерi қарастырылады. Әдеби мәлiметтер мен математикалық
модельдеудiң статистикалық өңдеуi негiзiнде, болат өндiрiсiнiң дамыған елдерде де, тұтастай алғанда да бүкiл дүние
жүзiнде, бұл материалдың маңыздылығын және оның қосалқы өнiмдерiн қайта өңдеудiң маңыздылығын атап көрсете
отырып, экспоненталық өседi.
Темiр оксидтерiн өндiрудiң ең үнемдi әдiстерiнiң бiрi, бiздiң ойымызша, болат илектеу өндiрiсiнiң қосалқы өнiмдерiн
пайдалану болып табылады.
Өздерiнiң ерекше қасиеттерi арқасында, наноқұрылымды темiр оксидтерi ғылым мен техниканың әр түрлi салаларында
кеңiнен қолданылады. Магниттiк қасиеттерi, коррозияға төзiмдiлiгi, төмен уыттылыққа байланысты олар литий-ион
батареяларының электродтары ретiнде катализде, қоршаған ортаны қорғауда, сенсорларда, магниттiк ақпарат сақтау
материалдарында, диагностикада және емде қолданылады.
Атап айтқанда, α -Fe 2 O 3 гематитi газ датчиктерiнде, катализаторларында және электродтарда қолданылуы мүмкiн.
Биомедицинада магниттi темiр оксидiнiң магнетит Fe3O4 және магигит γ -Fe 2 O 3 NMR томографиясы және
биологиялық материалдардың бөлiнуi үшiн пайдаланылады.
Түйiн сөздер : Металлургия, болат, темiр, өңдеу, диiрмен.
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Экономическая целесообразность переработки побочных продуктов металлургического производства

Аннотация: В этой статье обсуждаются экономические аспекты переработки побочных продуктов металлургического
производства, таких как мельница, полученная механической очисткой горячекатаных стальных полос и гематита,
полученными путем распыления отработанного травильного раствора. На основе статистической обработки
литературных данных и математического моделирования показано, что производство стали растет со временем
экспоненциально как в развитых странах, так и в мире в целом, что подчеркивает важность этого материала и
обработку его побочных продуктов.
Одним из наиболее экономически целесообразных способов получения оксидов железа, на наш взгляд, является
использование побочных продуктов сталепрокатного производства.
Наноструктурированные оксиды железа благодаря своим уникальным свойствам находят широкое применение в
различных отраслях науки и техники. Благодаря своим магнитным свойствам, коррозионной стойкости, низкой
токсичности они используется в катализе, защите окружающей среды, датчиках, магнитных материалах хранения
информации, в диагностике и лечения, в качестве электродов литий-ионных батарей.
В частности, гематит α -Fe 2 O 3 может использоваться в газовых сенсорах, катализаторах и электродных материалах.
Магнитные оксиды железа магнетит Fe 3 O 4 и маггемит γ -Fe 2 O 3 находят применение в биомедицине в качестве
контрастных агентов для ЯМР-томографии и сепарация биологических материалов.

Ключевые слова: Металлургия, сталь, железо, переработка, мельница.

References
1 "Monthly crude steel production - 2017" (PDF) Available at https://www.worldsteel.org/en/dam/jcr:0909050c-
1086-4017-95ef-0eb94b1487c2/Steel%2520production%2520December%25202017.pdf (Accessed : 27.08.2018).

2 The 2008 Financial Crisis: Causes, Consequences and Lessons, 2017 Available at //mogul.news/financial-crisis-
lessons utm_source=tmm&utm _medium=article &utm_campaign=lessons -financial-crisis&utm_content=11
(Accessed : 01.09.2018).

3 Paswan Dayanand, Malathi M., Minj R.K., Bandhyopadhayay D. Mill Scale: A Potential Raw Material for Iron
and Steel Making. www.researchgate.net/profile/Malathi_Madhurai/publication/272073289_Mill_Scale_
A_Potential_Raw_Material_for_Iron_and_Steel_Making/links/54eec01a0cf25238f93b2e77/Mill-Scale-A-
Potential-Raw-Material-for-Iron-and-Steel-Making.pdf (Accessed : 01.09.2018).

4 Recycling of steel plant mill scale via iron ore sintering plant. Available at URL:
http://www.tandfonline.com/doi/abs/10.1179/1743281211Y.0000000063 (Accessed : 01.09.2018).

32



D.B. Kargin, Y.V. Konyukhov, Nguyen Van Min, D.G. Mukhambetov, A.L. Kozlovskyi, Z.S. . . .

5 Uses description - Mill scale (EU number 266-007-8, CAS number 65996-74-9). Available at: https://www.iron-
consortium.org/assets/files/sief/UsesDescription_MillScale_20140108.pdf (Accessed : 02.09.2018).

6 Agrawal Aditya, Naman Navneet, Dubey Sanjeev Kumar. A review on regeneration process of waste pickling acid
at steel industries//International Journal of Engineering Research and Reviews. 2(4), 70-73 (2014). Available at
Published online: October - December 2014. URL: www.researchpublish.com (Accessed : 02.09.2018).

7 Acid Regeneration for Spent Hydrochloric Pickle Liquor. Available at http://ispatguru.com/acid-regeneration-
for-spent-hydrochloric-pickle-liquor/(Accessed : 03.09.2018).

8 Kargin J.B., Mukhambetov D.G., Biseken A.B. Obtaining of an iron powder from spent pickling solution//Science
Researches, 11(10) 13-15 (2016).(Accessed : 04.09.2018).

Сведения об авторах:
Каргин Д.Б. - Л.Н.Гумилев атындағы Еуразия ұлттық университетi Коммерцияландыру департаментiнiң директоры,
Астана қ-сы, Сәтпаев көшесi, 2.
Конюхов Ю.В. - «МИСиС» Ұлттық ғылыми-технологиялық университетiнiң Функционалдық наносистемалар және
жоғары температуралық материалдар кафедрасының доцентi, Мәскеу қ-сы, Ленин даңғылы 4.
Нгуен Ван Минь - «МИСиС» Ұлттық ғылыми-технологиялық университетiнiң «Нанотехнология және
наноматериалдар (металлургия)» мамандығының аспиранты, Мәскеу қ-сы, Ленин даңғылы, 4.
Мухамбетов Д.Г. - Алматы экономика және статистика академиясының Ақпараттық жүйелер кафедрасының
профессоры, Қазақстан Республикасы, Алматы қ-сы, Жандосов к-сi, 59
Козловский А.Л. – Л.Н.Гумилев атындағы Еуразия ұлттық университетiнi? Инженерлiк профиль зертханасының
қызметкерi, Астана қ-сы, С?тпаев көшесi, 2.
Касымханов Ж.С. – Л.Н.Гумилев атындағы Еуразия ұлттық университетiнiң Инновациялық және патенттiк қызмет
бөлiмiнiң бастығы, Астана қ-сы, Сәтпаев көшесi, 2.
Бисикен А.Б. - Алматы энергетика және байланыс университетiнiң Энергетика кафедрасының доцентi, Алматы қ-сы,
Байтурсынулы қ-сi, 126/1
Kargin D.B. - Director of Technologies Commercialization Department, L.N. Gumilyov Eurasian National University, Satpayev
Str., 2, Astana, Kazakhstan.
Konyukhov Y.V. - Associate Professor of the Department "Functional nanosystems and high-temperature materials" National
Research Technological University "MISiS", Lenin avenue, 4, Moscow, Russia
Nguyen Van Min - Graduate student of the Department "Functional nanosystems and high-temperature materials" National
Research Technological University "MISiS", Lenin avenue, 4, Moscow, Russia
Mukhambetov D.G. – Professor of Information Systems Department, Almaty Academy of Economics and Statistics, Almaty,
Kazakhstan. Zhandosov Str., 59, Almaty, Kazakhstan
Kozlovskyi A.L.- Employee of the Laboratory of Engineering Profile оf the Institute of Nuclear Physics, L.N. Gumilyov
Eurasian National University, Satpayev Str., 2, Astana, Kazakhstan.
Kassymkhanov Z.S. – Head of Innovation and Patent Activity Department, L.N. Gumilyov Eurasian National University,
Satpayev Str., 2, Astana, Kazakhstan.
Bisiken A.B. - Assistant professor of Power Engineering Department, Almaty University of Power Engineering Telecommuni-
cations, Baitursynuly street, 126/1, Almaty, Kazakhstan.

Поступила в редакцию 18.10.2018

33



«Л.Н. Гумилев атындағы Еуразия ұлттық университетiнiң Хабаршысы. Физика. Астрономия
сериясы» журналында мақала жариялау ережесi

Журнал редакциясы авторларға осы нұсқаулықпен толық танысып, журналға мақала әзiрлеу мен дайын
мақаланы журналға жiберу кезiнде басшылыққа алуды ұсынады. Бұл нұсқаулық талаптарының орындалмауы сiздiң
мақалаңыздың жариялануын кiдiртедi.
1.Журнал мақсаты. Физика мен астрономия салаларының теориялық және эксперементалды зерттелулерi бойынша
мұқият тексеруден өткен ғылыми құндылығы бар мақалалар жариялау.
2. Баспаға (барлық жариялаушы авторлардың қол қойылған қағаз нұсқасы және электронды нұсқа) журналдың
түпнұсқалы стильдiк файлының мiндеттi қолданысымен LaTeX баспа жүйесiнде дайындалған Tex- пен Pdf-
файлындағы жұмыстар ұсынылады. Стильдiк файлды bulphysast.enu.kz журнал сайтынан жүктеп алуға болады.
Сонымен қатар, автор(лар) iлеспе хат ұсынуы керек.
3. Автордың қолжазбаны редакцияға жiберуi мақаланың Л.Н. Гумилев атындағы Еуразия ұлттық
университетiнiң хабаршысында басуға келiсiмiн, шетел тiлiне аударылып қайта басылуына келiсiмiн
бiлдiредi. Автор мақаланы редакцияға жiберу арқылы автор туралы мәлiметтiң дұрыстығына,
мақала көшiрiлмегендiгiне (плагиаттың жоқтығына) және басқа да заңсыз көшiрмелердiң жоқтығына
кепiлдеме бередi.
4. Мақаланың көлемi 18 беттен аспауға тиiс (6 беттен бастап).
ҒТАМРК http://grnti.ru/
Автор(лар)дың аты-жөнi
Мекеменiң толық атауы, қаласы, мемлекетi (егер авторлар әртүрлi мекемеде жұмыс жасайтын болса, онда
әр автор мен оның жұмыс мекемесi қасында бiрдей белгi қойылу керек)
Автор(лар)дың Е-mail-ы
Мақала атауы
Аннотация (100-200 сөз; күрделi формулаларсұзсыз, мақаланың атауын мейлiнше қайталамауы қажет; әдебиеттерге
сiлтемелер болмауы қажет; мақаланың құрылысын (кiрiспе мақаланың мақсаты/ мiндеттерi /қарастырылып отырған
сұрақтың тарихы /зерттеу /әдiстерi нәтижелер/талқылау, қорытынды) сақтай отырып, мақаланың қысқаша мазмұны
берiлуi қажет).
Түйiн сөздер (6-8 сөз не сөз тiркесi. Түйiн сөздер мақала мазмұнын көрсетiп, мейлiнше мақала атауы мен
аннотациядағы сөздердi қайталамай, мақала мазмұнындағы сөздердi қолдану қажет. Сонымен қатар, ақпараттық-
iздестiру жүйелерiнде мақаланы жеңiл табуға мүмкiндiк беретiн ғылым салаларының терминдерiн қолдану қажет).
Негiзгi мәтiн мақаланың мақсаты/ мiндеттерi/ қарастырылып отырған сұрақтың тарихы, зерттеу әдiстерi,
нәтижелер/талқылау, қорытынды бөлiмдерiн қамтуы қажет.
5. Таблица, суреттер – Жұмыстың мәтiнiнде кездесетiн таблицалар мәтiннiң iшiнде жеке нөмiрленiп, мәтiн
көлемiнде сiлтемелер түрiнде көрсетiлуi керек. Суреттер мен графиктер PS, PDF, TIFF, GIF, JPEG, BMP, PCX
форматындағы стандарттарға сай болуы керек. Нүктелiк суреттер кеңейтiлiмi 600 dpi кем болмауы қажет. Суреттердiң
барлығы да айқын әрi нақты болуы керек.
Мақаладағы формулалар тек мәтiнде оларға сiлтеме берiлсе ғана номерленедi.
Жалпы қолданыста бар аббревиатуралар мен қысқартулардан басқалары мiндеттi түрде алғаш қолданғанда
түсiндiрiлуi берiлуi қажет. Қаржылай көмек туралы ақпарат бiрiншi бетте көрсетiледi.
6. Жұмыста қолданылған әдебиеттер тек жұмыста сiлтеме жасалған түпнұсқалық көрсеткiшке сай (сiлтеме беру
тәртiбiнде немесе ағылшын әлiпбиi тәртiбi негiзiнде толтырылады) болуы керек. Баспадан шықпаған жұмыстарға
сiлтеме жасауға тұйым салынады.
Сiлтеменi беруде автор қолданған әдебиеттiң бетiнiң нөмiрiн көрсетпей, келесi нұсқаға сүйенiңiз дұрыс: тараудың
номерi, бөлiмнiң номерi, тармақтың номерi, теораманың (лемма, ескерту, формуланың және т.б.) номерi көрсетiледi.
Мысалы: қараңыз [3; § 7, лемма 6]», «...қараңыз [2; 5 теорамадағы ескерту]». Бұл талап орындалмаған жағдайда
мақаланы ағылшын тiлiне аударғанда сiлтемелерде қателiктер туындауы мүмкiн.

Қолданылаған әдебиеттер тiзiмiн рәсiмдеу мысалдары

1 Воронин С. М., Карацуба А. А. Дзета-функция Римана. –М: Физматлит, –1994, –376 стр. – кiтап
2 Баилов Е. А., Сихов М. Б., Темиргалиев Н. Об общем алгоритме численного интегрирования функций многих
переменных // Журнал вычислительной математики и математической физики –2014. –Т.54. № 7. –С. 1059-1077. -
мақала
3 Жубанышева А.Ж., Абикенова Ш. О нормах производных функций с нулевыми значениями заданного набора
линейных функционалов и их применения к поперечниковым задачам // Функциональные пространства и теория
приближения функций: Тезисы докладов Международной конференции, посвященной 110-летию со дня рождения
академика С.М.Никольского, Москва, Россия, 2015. – Москва, 2015. –С.141-142. – конференция еңбектерi
4 Нуртазина К. Рыцарь математики и информатики. –Астана: Каз.правда, 2017. 19 апреля. –С.7. – газеттiк мақала
5 Кыров В.А., Михайличенко Г.Г. Аналитический метод вложения симплектической геометрии // Cибирские
электронные математические известия –2017. –Т.14. –С.657-672. doi: 10.17377/semi.2017.14.057. – URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (дата обращения: 08.01.2017). - электронды журнал
7. Әдебиеттер тiзiмiнен соң автор өзiнiң библиографикалық мәлiметтерiн орыс және ағылшын тiлiнде (егер мақала
қазақ тiлiнде орындалса), қазақ және ағылшын тiлiнде (егер мақала орыс тiлiнде орындалса), орыс және қазақ тiлiнде
(егер мақала ағылшын тiлiнде орындалса) жазу қажет. Соңынан транслиттiк аударма мен ағылшын тiлiнде берiлген
әдебиеттер тiзiмiнен соң әр автордың жеке мәлiметтерi (қазақ, орыс, ағылшын тiлдерiнде – ғылыми атағы, қызметтiк
мекенжайы, телефоны, e-mail-ы) берiледi.
8. Редакцияға түскен мақала жабық (анонимдi) тексеруге жiберiледi. Барлық рецензиялар авторларға жiберiледi.
Автор (рецензент мақаланы түзетуге ұсыныс берген жағдайда) үш күн аралығында қайта қарап, қолжазбаның
түзетiлген нұсқасын редакцияға қайта жiберуi керек. Рецензент жарамсыз деп таныған мақала қайтара
қарастырылмайды. Мақаланың түзетiлген нұсқасы мен автордың рецензентке жауабы редакцияға жiберiледi.
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9. Төлемақы. Басылымға рұқсат етiлген мақала авторларына төлем жасау туралы ескертiледi. Төлем көлемi 2018
жылы 4500 тенге – ЕҰУ қызметкерлерi үшiн және 5500 тенге басқа ұйым қызметкерлерiне.
1) РГП ПХВ "Евразийский национальный университет имени Л.Н. Гумилева МОН РК
АО "Банк ЦентрКредит"
БИК Банка: KCJBKZKX
ИИК: KZ978562203105747338 (KZT)
Кнп 861
Кбе 16
"Мақала үшiн (автордың аты-жөнi)"
2) РГП ПХВ "Евразийский национальный университет имени Л.Н. Гумилева МОН РК
АО "Bank RBK"
БИК Банка: KINCKZKA
ИИК: KZ498210439858161073 (KZT)
"Мақала үшiн (автордың аты-жөнi)"
3) РГП ПХВ "Евразийский национальный университет имени Л.Н. Гумилева МОН РК
АО "Forte"
БИК Банка: IRTYKZKA
ИИК: KZ599650000040502847 (KZT)
"Мақала үшiн (автордың аты-жөнi)"
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Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National University.
Physics. Astronomy series"

The journal editorial board asks the authors to read the rules and adhere to them when preparing the articles, sent to the
journal. Deviation from the established rules delays the publication of the article.
1.Purpose of the journal. Publication of carefully selected original scientific.
2. The scientific publication office accepts the article (in electronic and printed, signed by the author) in Tex- and Pdf-files,
prepared in the LaTeX publishing system with mandatory use of the original style log file. The style log file can be downloaded
from the journal website bulphysast.enu.kz . And you also need to provide the cover letter of the author(s).
Language of publications: Kazakh, Russian, English.
3.Submission of articles to the scientific publication office means the authors’ consent to the right of the Pub-
lisher, L.N. Gumilyov Eurasian National University, to publish articles in the journal and the re-publication
of it in any foreign language. Submitting the text of the work for publication in the journal, the author guar-
antees the correctness of all information about himself, the lack of plagiarism and other forms of improper
borrowing in the article, the proper formulation of all borrowings of text, tables, diagrams, illustrations.
4. The volume of the article should not exceed 18 pages (from 6 pages).
5. Structure of the article
GRNTI http://grnti.ru/
Initials and Surname of the author (s)
Full name of the organization, city, country (if the authors work in different organizations, you need to put the same
icon next to the name of the author and the corresponding organization)
Author’s e-mail (s)
Article title
Abstract (100-200 words, it should not contain a big formulas, the article title should not repeat in the content, it should
not contain bibliographic references, it should reflect the summary of the article, preserving the structure of the article -
introduction/ problem statement/ goals/ history, research methods, results /discussion, conclusion).
Key words (6-8 words/word combination. Keywords should reflect the main content of the article, use terms from the article,
as well as terms that define the subject area and include other important concepts that make it easier and more convenient
to find the article using the information retrieval system).
The main text of the article should contain an introduction/ problem statement/ goals/ history, research methods,
results / discussion, conclusion. Tables, figures should be placed after the mention. Each illustration should be followed by an
inscription. Figures should be clear, clean, not scanned.
Tables are included directly in the text of the article; it must be numbered and accompanied by a reference to them in the
text of the article. Figures, graphics should be presented in one of the standard formats: PS, PDF, TIFF, GIF, JPEG, BMP,
PCX. Bitmaps should be presented with a resolution of 600 dpi. All details must be clearly shown in the figures.
In the article, only those formulas are numbered, to which the text has references.
All abbreviations, with the exception of those known to be generally known, must be deciphered when first used in the text.
Information on the financial support of the article is indicated on the first page in the form of a footnote.
6. The list of literature should contain only those sources (numbered in the order of quoting or in the order of the English
alphabet), which are referenced in the text of the article. References to unpublished issues, the results of which are used in
evidence, are not allowed. Authors are recommended to exclude the reference to pages when referring to the links and guided by
the following template: chapter number, section number, paragraph number, theorem number (lemmas, statements, remarks
to the theorem, etc.), number of the formula. For example, "..., see [3, § 7, Lemma 6]"; "..., see [2], a remark to Theorem 5".
Otherwise, incorrect references may appear when preparing an English version of the article.

Template

1 Воронин С. М., Карацуба А. А. Дзета-функция Римана. -М: Физматлит, -1994, -376 стр.-book
2 Баилов Е. А., Сихов М. Б., Темиргалиев Н. Об общем алгоритме численного интегрирования функций многих
переменных // Журнал вычислительной математики и математической физики -2014. -Т.54. № 7. -С. 1059-1077. -
journal article
3 Жубанышева А.Ж., Абикенова Ш. О нормах производных функций с нулевыми значениями заданного набора
линейных функционалов и их применения к поперечниковым задачам // Функциональные пространства и теория
приближения функций: Тезисы докладов Международной конференции, посвященная 110-летию со дня рождения
академика С.М.Никольского, Москва, Россия, 2015. - Москва, 2015. -С.141-142. - - Conferences proceedings
4 Нуртазина К. Рыцарь математики и информатики. -Астана: Каз.правда, 2017. 19 апреля. -С.7. newspaper articles
5 Кыров В.А., Михайличенко Г.Г. Аналитический метод вложения симплектической геометрии // Cибирские
электронные математические известия -2017. -Т.14. -С.657-672. doi: 10.17377/semi.2017.14.057. - URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (дата обращения: 08.01.2017). - Internet resources
7. At the end of the article, after the list of references, it is necessary to indicate bibliographic data in Russian and English
(if the article is in Kazakh), in Kazakh and English (if the article is in Russian) and in Russian and Kazakh languages (if the
article is English language). Then a combination of the English-language and transliterated parts of the references list and
information about authors (scientific degree, office address, telephone, e-mail - in Kazakh, Russian and English) is given.
8. Work with electronic proofreading. Articles received by the Department of Scientific Publications (editorial office)
are sent to anonymous review. All reviews of the article are sent to the author. The authors must send the proof of the article
within three days. Articles that receive a negative review for a second review are not accepted. Corrected versions of articles
and the author’s response to the reviewer are sent to the editorial office. Articles that have positive reviews are submitted to
the editorial boards of the journal for discussion and approval for publication.
Periodicity of the journal: 4 times a year.
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9. Payment. Authors who have received a positive conclusion for publication should make payment on the following requisites
(for ENU employees - 4,500 tenge, for outside organizations - 5,500 tenge):
Реквизиты:
1) РГП ПХВ "Евразийский национальный университет имени Л.Н. Гумилева МОН РК
АО "Банк ЦентрКредит"
БИК Банка: KCJBKZKX
ИИК: KZ978562203105747338 (KZT)
Кнп 861
Кбе 16
"За публикацию в Вестник ЕНУ ФИО автора"
2) РГП ПХВ "Евразийский национальный университет имени Л.Н. Гумилева МОН РК
АО "Bank RBK"
БИК Банка: KINCKZKA
ИИК: KZ498210439858161073 (KZT)
"За публикацию в Вестник ЕНУ ФИО автора"
3) РГП ПХВ "Евразийский национальный университет имени Л.Н. Гумилева МОН РК
АО "Forte"
БИК Банка: IRTYKZKA
ИИК: KZ599650000040502847 (KZT)
"За публикацию в Вестник ЕНУ ФИО автора"
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Положение о рукописях, представляемых в журнал «Вестник Евразийского национального
университета имени Л.Н.Гумилева. Серия: Физика. Астрономия»

Редакция журнала просит авторов ознакомиться с правилами и придерживаться их при подготовке работ,
направляемых в журнал. Отклонение от установленных правил задерживает публикацию статьи.
1. Цель журнала. Публикация тщательно отобранных оригинальных научных работ по актуальным проблемам
теоретических и экспериментальных исследований в области физики и астрономии.
2. В редакцию (в бумажном виде, подписанном всеми авторами и в электронном виде) представляются Tex- и
Pdf-файлы работы, подготовленные в издательской системе LaTeX, с обязательным использованием оригинального
стилевого файла журнала. Стилевой файл можно скачать со сайта журнала bulphysast.enu.kz. Автору (авторам)
необходимо предоставить сопроводительное письмо.
Язык публикаций: казахский, русский, английский.
3. Отправление статей в редакцию означает согласие авторов на право Издателя, Евразийского
национального университета имени Л.Н. Гумилева, издания статей в журнале и переиздания их на
любом иностранном языке. Представляя текст работы для публикации в журнале, автор гарантирует
правильность всех сведений о себе, отсутствие плагиата и других форм неправомерного заимствования
в рукописи, надлежащее оформление всех заимствований текста, таблиц, схем, иллюстраций.
4. Объем статьи не должен превышать 18 страниц (от 6 страниц).
5. Схема построения статьи
ГРНТИ http://grnti.ru/
Инициалы и фамилия автора(ов)
Полное наименование организации, город, страна (если авторы работают в разных организациях, необходимо
поставить одинаковый значок около фамилии автора и соответствующей организации)
Е-mail автора(ов)
Название статьи
Аннотация (100-200 слов; не должна содержать громоздкие формулы, по содержанию повторять название
статьи; не должна содержать библиографические ссылки; должна отражать краткое содержание статьи, сохраняя
структуру статьи –введение/ постановка задачи/ цели/ история, методы исследования, результаты/обсуждение,
заключение/выводы).
Ключевые слова (6-8 слов/словосочетаний. Ключевые слова должны отражать основное содержание статьи,
использовать термины из текста статьи, а также термины, определяющие предметную область и включающие другие
важные понятия, позволяющие облегчить и расширить возможности нахождения статьи средствами информационно-
поисковой системы).
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Численное дифференцирование функций в контексте Компьютерного

(вычислительного) поперечника
Аннотация: В рамках компьютерного (вычислительного) поперечника полностью
решена задача приближенного дифференцирования функций, принадлежащих классам
Соболева по неточной информации, полученной от произвольного конечного множества
тригонометрических коэффициентов Фурье-Лебега дифференцируемой функции... [100-200
слов].
Ключевые слова приближенное дифференцирование, восстановление по неточной
информации, предельная погрешность, компьютерный (вычислительный) поперечник. [6-8
слов/словосочетаний].

Введение

Текст введения...
Авторам не следует использовать нестандартные пакеты LaTeX (используйте их лишь в
случае крайней необходимости)

Заголовок секции

1.1 Заголовок подсекции
Окружения.

Теорема 1. ...

Лемма 1. ...

Предложение 1. ...
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Определение 1. ...

Следствие 1. ...

Замечание 1. ...

Теорема 2 (Темиргалиев Н. [2]). Текст теоремы.

Д о к а з а т е л ь с т в о. Текст доказательства.

2. Формулы, таблицы, рисунки

δN (εN ;DN )Y ≡ δN (εN ;T ;F ;DN )Y ≡ inf
(l(N),ϕN)∈DN

δN

(
εN ;

(
l(N), ϕN

))
Y
, (17)

где δN
(
εN ;

(
l(N), ϕN

))
Y
≡ δN (εN ;T ;F ;

(
l(N), ϕN

)
)Y ≡

≡ sup
f∈F∣∣∣γ(τ)

N

∣∣∣≤1(τ=1,...,N)

∥∥∥Tf (·)− ϕN
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l
(1)
N (f) + γ

(1)
N ε

(1)
N , ..., l

(N)
N (f) + γ

(N)
N ε

(N)
N ; ·

)∥∥∥
Y
.

Таблицы, рисунки необходимо располагать после упоминания, каждой иллюстрации должна
следовать надпись.

Таблица 1 – Название таблицы

Простые Не простые
2, 3, 5, 7, 11, 13, 17, 19, 23, 29 4, 6, 8, 9, 10, 12, 14

Рисунок 1 – Название рисунка
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Компьютерлiк (есептеуiш) диаметр мәнмәтiнiнде функцияларды сандық дифференциалдау

Аннотация: Компьютерлiк (есептеуiш) диаметр мәнмәтiнiнде Соболев класында жататын функцияларды олардың
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