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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, a-Feo O3 hematite can be used in gas sensors, catalysts, and electrode materials.
Magnetic iron oxides magnetite Fe3 O 4 and maghemite vy-Fey O3 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 (Fe2 O 3, hematite),
and iron (ILIII) 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).
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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].

W 5.Russia 44
M 34.Kazakhstan
| 4.USA

71,3

M 1.China
M 3.India

M 2.Japan

PucyHok 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 ¢ .
After integration eqn (1) it is possible to obtain

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

M = Myet, (3)
where M and My 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).

1800 -
1500 -
y= 470,726,0257(
2 -
1200 R*=0,944

y=11,43e008%
R*=0,974

900

600

300

Annual steel production, mill. tons

0 . | 1 T T 1
0 10 _20 30 40 50
1967 1977 Time =Year-1967 2007 2017

PucyHok 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.

3

o]
o

=1
o

P
o

]
o

Annual steel production, mill.tons

o

0 10 20 30 40 50

1967 1977 Time=Year-1967 2007 2017

Pucvynoxk 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].
27
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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 My, millions tons per year | k, year—! Coefficient of determination R?
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: MO 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 R? (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).

W—*—‘

5 Kazakhstan
-

80

~
(=]

=]
Q

Annual steel production, mill.tons
B

3
Belarus
2
1
0
0 3 6 9 12 15 18
2000 2003 Time=Year-2000 , , 2015 2018

PucyHok 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
28
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PucyHok 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 | 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 [§]

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 HCI2 with formation ferrous chloride FeCl 5 .
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 FeClo 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 o is pumped through
the spray nozzles, is heated to a temperature 600 °© C and thermally decomposes to fine hematite
Fe3 O3 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 Ho 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 109 tons of rolled steel then the output of mill scale
is 10% tons / year. Let the iron powder output of scale recycling is 50 % i.e. 5-10% tons / year. If
we assume that the iron powder production costs amount to 95% of the price, then profit will be
about 2-10° 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 106 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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O.B. Kaprua ', FO.B. Koutoxos 2, Hryen Ban Muns 2, JI.T. MyxamGeros 5, A.JI. Kosnosckuii 4, 2K.C.
Kacbimxanos %, A.B. Bucuken °

L JI.H.Tymunes amwvindazs. Eypasusa yammur yrusepcumemi, Acmana, Kasaxcman
2 «MHCuC» Yammouk evavtmu-mernoio2usiv ynusepcumemi, Macxkey, Pecet
3 AAMAMoLAbIK SKOHOMUKG dCOHE CIAMUCTUKG axademuacs,, Aamamor, Kasaxcmarn
4 Aoporvs, usura uncmumymaol, Aamamo, Kaszaxcman
5 Aamamor onepzemurka sicone batiranoic yrusepcumemi, Aamamol, Kasaxcmar

MeTaniy prusiiblK, ©HAipiCTiH, KOCAJIIKbI OHIMAEPiH KallTa eHAey/diH dKOHOMUKAJIBIK, Herizgemeci

AnHoTauusi: Byn Makanajga mnaiajaHbUIFaH epiTiHALIEpAl IIabBIPATHII  AJBIHFAH BICTBIKTAl WJIEKTEJreH 6oJiar
2KOJIAKTapbIH >K9HE MeMaTUTTI MEeXaHHKAJIbIK Ta3ajiay/JaH aJIbIHFaH JIUiPMEH CHSAKTHl METAJLLYPrHUsIbIK ©HIIPICTIH KOCAJIKbI
eoHIMEpiH KailiTa OHJEYIiH 3KOHOMUKAJBIK AacCleKTiiepi KapacThIpbLIaJbl. Oe0u MoJiiMeTTep MeH MaTeMaTUKAJBIK,
MO/IEJIBIIEY 11 H, CTATUCTUKAJIBIK, OHeY1 Heridinae, 6osar eHAipiciHiH gaMbIFaH ejfepie Je, TyTacTail ajJraHia j1a OyKija JyHue
2Ky3iHIe, 6yJI MaTepuaJIIblH, MaHBI3IbIILIFBIH YKOHE OHBIH, KOCAJIKBI OHIMIEPIH KaliTa OHAey/IiH MaHbI3IbLILIFBIH aTall KOpceTe
OTBIPBII, SKCIIOHEHTAJIBIK, OCE/I].

Temip okcuaTepin eHAIPY/IiH €H yHeMi ojicTepiHiy 6ipi, 6i31iH OWBIMBI3IIA, OOJIAT WIEKTEY OHIIPICIHIH KOCAJIKbI OHIMIEPIH
naiiranasy OOJIbII TaObLIa bl

O3/1epiHiH epekiiie KacueTTePi apKAChIH/1a, HAHOKYPBIJIBIM/IbI TEMID OKCHATEP] FBIJIBIM MEH TEXHUKAHBIH 9P TYPJIi cajlajiapblHjia
KEeHiHeH KOJIJaHbLIa bl. MarHuTTiK Kacuerrepi, KOppo3usiFa TO3IMILIIri, TOMEH YBITTHIIbIKKA OaMIaHbICTHI 0JIAD JIMTHI-HOH
GaTapesIapbIHbIH 3JIEKTPOATapPbl PETIHE KaTaaus/le, KOpIlaraH OpTaHbl KOPFay/ia, CEHCOPJIap/ia, MAarHUTTIK aKnapaT cakTay
MaTepuasapblH/ia, JUArHOCTUKALA YKOHE eMe KOJIIAHBLIAIbL.

Aram aiitkaina, «-Feo O 3 remaruTi raz JaTduKTepiHe, KATAJIU3ATOPJIAPBIHIA YKOHE SJIEKTPOATAP 18 KOJIIAHBLIY bl MYMKIH.
Buomenuiuuana marmurti Temip okcuiainig MarHerur Fe304 xone marurutr y-Feo O3 NMR rtomorpadusicer xone
OUOJIOTUSIJIBIK, MaTEpHUAJIIAP/IbIH OOJIiHy] VIIiH Hail/1aIaHbLIa/Ibl.

Tyiiin cezmep : Meramnyprus, 6osat, TeMip, enaey, JUipMeH.

O.B. Kaprua ', }O.B. Kouroxos 2, Hryen Ban Muns 2, JI.T. MyxamGeros 5, A.JI. Kosnosckuit *, 2K.C.
Kacbimxanos %, A.B. Bucuken °

1 Eepasutickuti nayuorasonsili yrusepcumem um. JI.H. Dymunesa, Acmana, Kazaxcmar
2 Hayuonarvnoui uccaredosamenvcrkuti mexnosozuseckuti yrusepcumem «MHCuCs, Mockea, Poccus
3 Aamamuncras axademus IKOHOMUKY U cmamucmury, Aamamo, Kasazcman
4 Uncmumym sadepnoti usuru, Aamamol, Kazaxcman
5 Asmamuncruti yrusepcumem snepzemury u céasu, Aamamol, Kasaxcman

DKOHOMUYECKAs 11eJIeCO06Pa3HOCTh epepaboTky MOBOYHBIX IIPOAYKTOB METAJLIIy PruvYeCKOro Iponu3BOACTBA

AnHOoTanusi: B 371001 craThe 06CyKIA0TCS SKOHOMUYIECKUE ACIIEKThI IIepepabOTKH OOOYHBIX MTPOAYKTOB METAJIIY PLUYECKOTO
NIPOU3BOJICTBA, TAKUX KAK MEJbHUIIA, MOJYyUYEHHAS MEXAHUIECKON OYUCTKONW TrOpAYeKATAHBIX CTAJIbHLIX IOJIOC U PeMaTUTa,
[OJIyYeHHBIMU IIyTE€M PAacClbLIeHUs] OTPabOTAHHOIO TPABUJILHOIO pacTBopa. Ha OCHOBe CTaTHCTUYECKON 0O6paboTKui
JIMTEPATYPHBIX JAHHBIX U MATEMATHYECKOTO MOJE/IMPOBAHUSA IIOKA3aHO, YTO IMPOU3BOJCTBO CTAJU PACTET CO BPEMEHEM
3KCIIOHEHIINAJILHO KAaK B Pa3BUTHIX CTPAaHAX, TaK U B MHUPE B IIEJIOM, YTO IMOAYEPKUBAET Ba’KHOCTH ITOrO0 MaTepuaja U
06paboTKy ero MoOOYHBIX IIPOILYKTOB.

OpuuM n3 HamboJiee SKOHOMUYECKM IEJIECOOOPA3HBIX CIOCOOOB IOJIyYEeHUsl OKCHUJIOB XKeJjie3a, Ha HAIl B3IJIsiJl, SIBJISIETCS
HCIIOJIL30BAHNE TIOOOYHBIX MTPOJYKTOB CTAJIEIPOKATHOIO IPOU3BOICTBA.

HanocTpyKkTypupoBaHHBIE OKCHJIBI Keje3a OJiaromapsi CBOMM YHHMKAJBHBIM CBOHCTBAM HAXOAAT IIMPOKOE MPUMEHEHHE B
Pa3IMYHBIX OTPAC/AX HAYKH M TEXHUKU. Bjaromaps CBOMM MATHUTHBIM CBONCTBaM, KOPPO3MOHHONW CTOMKOCTH, HU3KOHN
TOKCUYHOCTHA OHM WCIIOJIB3YETCsl B KaTaJln3e, 3allUTe OKPYKAIoIIell Cpejbl, JaTYUKaX, MarHUTHBIX MaTepUajiaxX XPaHEHUs
uHdOpMaInK, B JUATHOCTUKE U JI€YEHUsI, B KAYECTBE 3JIEKTPOJOB JIMTUH-UOHHBIX GaTapeii.

B wacrrOCTH, remaTuT « -Fe 9 O 3 MOXKeT UCIIOJIB30BATHCS B Ta30BBIX CEHCOPAX, KATAJIN3aTOPAaX M 3JIEKTPOIHBIX MAaTEPUATIAX.
MaruuTHble OKcubl Kejie3a MaruneTuT Fe 3 O 4 u marremur < -Fe o O 3 HaxomdaT npuMeHeHue B OGHMOMeIUIIMHE B KadeCTBE
KOHTPACTHBIX areHToB st SIMP-roMorpadun u cenapaiusi GUOJIOrHYECKUX MATEPUATIOB.

KuroueBblie ciioBa: Merasuryprus, craib, ¥Kejie30, IepepaboTKa, MEJIbHUIA.
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Op aBTOP MEH OHBIH, *KYMBIC MeKeMeci KachlHia Gipeit Geri KoiblLy Kepek)

Aemop(nap)don, E-mail-v

Maxana amayst

Anrnomayus (100-200 ces; kypaeni popMyIanapcy3ceI3, MaKaJaHBIH aTayblH MEHIHIIE KafiTasaMmaybl KazKeT; oaebuerrepre
ciaremesiep 6oJIMaybl KarXKeT; MaKaJaHbIH KYPbUIBICHIH (Kipiclie MakaJaHblH MakcaTbl,/ MiHIETTepi /KapacThIPBLIBII OTHIPFAH
CYPaKTBIH TApHUXBI /3epTTey /oicTepi HoTHKeIEp / TAJIKbLIAY, KOPBITBIHABL) CAKTall OTBHIPBII, MAKAJIAHBIH KBICKAIIA Ma3MYHbI
Gepinyi Kaxer).

Tyiiin cesddep (6-8 ce3s He ce3 Tipkeci. TyiliH ce3zmep Makasa Ma3MyHBIH KepceTim, MeilliHIle Makaja aTaybl MeH
aHHOTAIUSANAFBl CO3IEPAl KalTajgaMall, Makala Ma3MYHBIHJAFbl CO3/Aep/i Koimany kaxker. COHbIMEH KaTap, aKIapaTTbIK-
i3gecripy Kyllesepinge MakaJaHbl XKeHI TabyFa MYMKIH/IK GepeTiH FBIIbIM CajlajJapbIHbIH TEPMUHIEPIH KOJIIAHY KAaXKeT).
Hezizei momin MakaJaHbIH  MakcaTbl/ MiHIeTTepi/ KapacTBIPBLIBII OTBIDFAH CYPaKTBIH, TapHUXbl, 3€pPTTEY oicTepi,
HOTHXKeJIEP / TAJIKbLIaYy, KOPBITHIHABI OOIIMIEPIH KAMTYbl KazKeT.

5. Tabauua, cypemmep — 2KyMmbICThIH MOTiHIHIE Ke3jeceTiH TabJuuiasap MOTIHHIH iIIiHIE >KeKe HOMipJeHil, MOTiH
KeJleMiHze cinreMesiep TypiHge kepcerinyi kepek. Cyperrep men rpaduxrep PS, PDF, TIFF, GIF, JPEG, BMP, PCX
dbopmMaTbIHIarsl cTaHgApTTApra cail 6osybl kepek. Hykremnik cyperrep kenetitiiimi 600 dpi kem 6ommayst KazkeT. CypeTTepin
GapybIFbl Ja aflKbIH 9pi HAKTHI OOJIYBI KEPEK.

Maxkasanarsl gopmyaaaap TeK MITIHIE oJlapra ciiiteMe Gepijice FaHa HOMEDJIEHE/I].

2Kanner xongansicra 6ap abbpesuamypaaap MeH KuicKapmyaapdar GacKagapbl MIHAETTI Typle aJjifall KOJITaHFaHIa
Tycinaipinyi 6epinyi kaxker. Kapotcoinat Kemex mypaase aknapar 6ipinmi 6erre Kepceritemni.

6. 2KyMmbicTa KOJJAHBUIFAH de0HeTTep TeK >KYMBICTA ClaTeMe »KacajiFaH TYIHYCKAJBIK KOpceTKimike cail (ciireme Gepy
TopribiHAe HeMece arbLINBIH o/inbui TopTibi Herisinze TONTHIPBbLIAABI) GOJybl KepeK. BacnajaH mIbIKIAraH »KyMBICTapra
ciiireme KacayFa TYHBIM CAJIBIHAIbL.

CistemeHni 6epyzie aBTOp KoOJaHFaH oJebuerTiH OeriHiH HOMIpiH KepceTmei, Kejeci HyCKara CyHeHIHi3 JypbIC: TapayblH
HOMeDi, GesliMHIH HOMEPi, TapMaKThIH HOMEPi, TeOpaMaHbIH (JeMMa, ecKepTy, (POpMyJIaHbIH, *KoHe T.6.) HOMepi Kepceriesi.
Mpicanbl: Kapaup3 [3; § 7, memma 6]», «...KapaHbp3 [2; 5 Teopamaiarsl ecKepTy|». Bys Tasan opblHIaJMaraH Kargaima
MaKaJIaHbl aFbLIIIBIH TiJIiHE ayJapraHia claTeMesepae KaTeJiKTep TybIHAaybl MyMKIH.

Kounnaubuiaran aaeduerrep TisiMin pacimaey mbicajigapbl

1 Bopouun C. M., Kapany6a A. A. [Izera-dyuknua Pumana. -M: @usmariaur, —1994, —376 crp. — KiTan

2 Bammos E. A., Cuxo M. B., Temupramues H. O6 ob6meM ajropurMe UHCICHHOIO HHTEIPUPOBAHU (DYHKIUH MHOIHX
nepemeHHbIX // 2KypHas BBIYMCIMTENBHON MaTeMaTuku U MaremMarndeckoil dusukum —2014. ~T.54. Ne 7. —C. 1059-1077. -
MakaJsa

3 2Kybanbimesa A.2K., Abuxenosa III. O mopMax npousBogHbIX (DYHKIMI C HyJIEBBIMU 3HAYEHHSAMH 3aJIaHHOrO Habopa
JIMHEHHBIX (DYHKIMOHAJIOB M UX NPUMEHEHHs! K IONEPEYHUKOBBIM 3ajadaM // DyHKIMOHAJIbHBIE IIPOCTPAHCTBA U TEOPHUSI
npubsmkenus: dyuknuit: Te3ucsl nokiaoB MexiyHapomHoit KoHdepeHnud, mocBsiieHHoil 110-j1eTuro co JHsl POXK/IEHUS
akagemuka C.M.Hukosbckoro, Mocksa, Poccust, 2015. — Mocksa, 2015. —C.141-142. — koHdepeHnnusa eHbekTepi

4 Hyprasuna K. Peiaps matemaruku u nndopmaruku. —Acrana: Kaz.mpasga, 2017. 19 anpens. —C.7. — razeTTik makasa
5 KbipoB B.A., Muxaiinunuenko I.I. AHanuTudecKuil MeTOJ BJIOXKEHHMsI CHMIUIEKTHYEeCKOH reomerpun // Cubupckue
3JIEKTPOHHBIE ~MaTeMarnueckue wusBectus —2017. -T.14. -C.657-672. doi: 10.17377/semi.2017.14.057. — URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (mara obpamenusi: 08.01.2017). - 3JIEKTPOHABI >Ky PHAJI

7. Opebuerrep TisiMiHeH COH aBTOp ©3iHIH GubiuorpaduKaIbIK, MOJIMETTEPIH OPBIC YKOHE aFbUIIIBIH TiaiHge (erep makasa
Ka3ak, TUIiHe OPBIHJAJICA), Ka3aK, YKoHe arblINIbIH TUIiHAe (erep MaKaJia OpbIC TiIH/e OPBIHAAJICA), OPBIC XKOHE Ka3aK TijiHge
(erep mMakaJsa arbUIIIBIH TLTiHE OpBIHAJICA) Ka3y KaxkeT. COHbIHAH TPAHC/IATTIK ayJapMa MeH arbUIIbIH TiaiHge Gepiiren
oiebreTTep Ti3IMIHEH COH Op aBTOPJBIH KeKe MosliMeTTepi (Ka3ak, OpbIC, aFbUILIBIH TLIAEpiHe — FBIIBIMU aTarbl, KbI3METTIK
MeKeHKaibl, Tesedonsl, e-mail-b1) Gepinesi.

8. Penmakiusira TyCcKeH MakaJsa »KaOblK (aHOHUMJI) Tekcepyre »Kibepineni. Bapublk peneHsusiiap aBropsiapra »Kibepineni.
ABTOp (peleH3eHT MaKaJlaHbl Ty3eTyre YCHIHBIC OepreH »Karjaiijia) yIl KyH apajblFblHAa KalTa Kapal, KOJKa3OaHbIH
TY3€TIITEH HYCKACBIH peJaknuara Kaiita Kibepyl Kepek. PeleHseHT »KapaMcChI3 Jeln TaHBIFaH Makaja Kaiitapa
KapacThIPbLIMaiIbl. MaKaJIaHblH TY3€TIINeH HYCKACHI MEH aBTOPJBIH PEIEH3EHTKE Kayabbl pelakiusara Kibepimei.
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9. Tenemakpl. BacbuibiMFa pyKcaT eTijireH MakaJja aBTOpJIapblHAa TeJEeM rKacay TypaJibl eckepriieni. Tesem kesemi 2018
kKbLibl 4500 Tenre — EYY kpiamerkepsiepi yirin xkoue 5500 TeHre 6acka yilbIM KbI3MeTKEpPJIEPiHE.

1) PI'II I[IXB "Espasuiicknii HanpoHanbHblil yausepcurer umenn JI.H. I'ymunesa MOH PK
AO "Bank IlearpKpenut"

BUK Banka: KCIBKZKX

NUK: KZ978562203105747338 (KZT)

Kun 861

Ko6e 16

"MakaJa yiis (aBTOPIbIH aThl->KeHi)"

2) PT'II IIXB "Espasuiickuii Hanuonauabublii yausepcurer umenn JI.H. Tymuresa MOH PK
AO "Bank RBK"

BUK Banka: KINCKZKA

NNK: KZ498210439858161073 (KZT)

"MakaJia yiis (aBTOPIbIH aThl->KeHi)"

3) PI'II IIXB "Espasuiickuii HanuoHaubublil yHuBepcurer umenn JI.H. Tymuresa MOH PK
AO "Forte"

BUK Banka: IRTYKZKA

NUK: KZ599650000040502847 (KZT)

"MakaJa yiis (aBTOPJbIH aTbl->KeHi)"
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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 Bopouun C. M., Kapany6a A. A. [I3era-dyuknusa Pumana. -M: @usmarinnt, -1994, -376 crp.-book

2 Bawmos E. A., Cuxos M. B., Temupramues H. O6 ob6iieM asropurMe YUCIEHHOIO WHTEIPUPOBAHUS (DYHKIUN MHOIUX
nepeMeHHBIX // ZKypHasi BBIYMCIMTENBHON MaTeMaTHKH M MareMarudeckoil dwusukm -2014. -T.54. Ne 7. -C. 1059-1077. -
journal article

3 2Ky6anpmmesa A.2K., Abuxenosa III. O nHopMax IpPOW3BOAHBIX (DYHKIUN C HYJIEBBIMH 3HAYEHHIMU 3aJaHHOIO Habopa
JIMHEHHBIX (DYHKIMOHAJIOB U MX IPUMEHEHHs K I[IONEPEYHUKOBLIM 3ajadaM // PyHKIMOHAJbHBIE IIPOCTPAHCTBA U TEOPH
npubnmkenns yskuii: Tesncsl gokmamoB MexaynaponHoit KoHdepeHny, nocBaneHHas 110-yeTuio co JHS POXKIeHUs
akagemuka C.M.Hukosbckoro, Mocksa, Poccus, 2015. - Mocksa, 2015. -C.141-142. - - Conferences proceedings

4 Hyprazuna K. Peimaps matemarunku u nandopmaruku. -Acrana: Kaz.mpasna, 2017. 19 anpesnsa. -C.7. newspaper articles
5 Koipop B.A., Mupxaiinnuenko [.I. AnamuTudueckuil MeTOJ BJIOXKEHHs CHMIUIEKTHYIeCKOH reomerpun // Cubupckue
9JIeKTPOHHBIE ~MaTeMarumdeckue wu3Bectuss -2017. -T.14. -C.657-672. doi: 10.17377/semi.2017.14.057. - URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (zara obpamenus: 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):

PekBusursr:

1) PI'II IIXB "Espasuiickuii Hanponasbubi yausepcurer umenu JI.H. I'ymunesa MOH PK
AO "Bank IlearpKpenut"

BUK Banka: KCIBKZKX

NNK: KZ978562203105747338 (KZT)

Ko 861

Ko6e 16

"3a ny6mmkanuio B Becruuk EHY ®UO asropa"

2) PT'TI IIXB "Espasuiickuii Hanuonauabuelii yausepcurer umenn JI.H. T'ymuresa MOH PK
AO "Bank RBK"

BUK Banka: KINCKZKA

NUK: KZ498210439858161073 (KZT)

"3a nybaukamnuio B Becrauk EHY ®UO asropa"

3) PI'II IIXB "Espasuiickuii Hanuonaabublii yausepcurer umenn JI.H. Dymuresa MOH PK
AO "Forte"

BUK Banka: IRTYKZKA

NNK: KZ599650000040502847 (KZT)

"3a nybnukaruio B Becruuk EHY ®UO asropa"
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ITosio>keHne O pyKONMUCsIX, MPEACTABJISIEMBIX B >KypHasl «BectHuk EBpasuiickoro HamoHaJIbHOrO
yausepcurera umenu JI.H.I'ymunesa. Cepusi: @usuka. AcTpoHOMUs»

Pedaxyusn otcypraaa npocum a8mopos O03HAKOMUMBCA C NPABUAGMY U MPUOEPIHCUBAMBCA UL NPU MNod20moske pabom,
HANPABAAEMBIL 8 dHCYpHaA. OmKAOHEHUE OM YCTNAHOBAEHHBIT NPABUA 300ePIAHCUBAEM NYOAUKAUUIO CMAMDU.

1. Heap >xypuasa. [Iy6aukanusi TIIATEJIBHO OTOOPAHHBIX OPUTHMHAJIBHBIX HAYYHBIX PA0OT MO AKTYaJbHBIM MIPOGJIeMaM
TEOPETUICCKNX U IKCIIEPUMEHTAJIbBHBIX I/ICCJIe,ILOBaHI/II‘/'I B OGJIa.CTI/I d)I/I3I/IKI/I 1 aCTPOHOMUU.

2. B pemakimio (B GymMarKHOM BHUZE, NOJIMCAHHOM BCEMH aBTOPDAMHM M B 9JIEKTPOHHOM BHJIE) INPEACTaBIAIOTCA Tex- u
Pdf-daitnbr paborTel, oAroToBeHHbIe B u3jaTesbckoil cucreme LaTeX, ¢ 06si3aTe/IbHBIM HCIOJIB30BAHUEM OPUTHMHAJIBLHOIO
crusiesoro daitna xypuasna. Cruesoit dailsi MOXKHO cKadaThb co caiita XypHasaa bulphysast.enu.kz. Asropy (aBTOpam)
HEOOXOAUMO IIPESOCTABUTH COIPOBOAUTEIBLHOE IIHCHMO.

SI3bIk myGauKanuil: Ka3aXCKuil, pyCCKuil, aHTJINACKUN.

3. OrnpaBieHue crareii B peNakIHMIO O3HAYaeT corjlacme aBTOpoB Ha mnpasBo Msgaresnsi, EBpaswuiickoro
HanmoHasbHOro yHusBepcurera umenu JI.H. I'ymuneBa, uspganusi crareili B >KypHaJjie U HNepen3JaHUs UX Ha
a060M mHOCTpaHHOM s3bIke. IIpescraBiisisi TeKCcT paboThl s MyGiuKanuyu B >KypHajie, aBTOpP rapaHTUpyeTr
IPaBUJILHOCTH BCEX CBeAeHUil o cebGe, OTCYTCTBUE IJIArNaTa U APYyrux (pOpM HEIIPABOMEPHOI'O 3aMMCTBOBaHUS
B pyKomnmucu, HajJjiexkaiuee oopMJIEHIE BCEX 3aMMCTBOBAHUIN TEKCTAa, TAGJIMIL, CXEM, UJLJIFOCTPALUAM.

4. O6beM craTby HE JOJDKEH NpeBblnarh 18 crpanur (or 6 crpaHuir).

5. CxeMa IIOCTPOEHUS CTAThU

I'PHTH http://grnti.ru/

Hruyuaas u Pamuaus aemopa(os)

INoaroe naumernosarue opzanusayuu, 20pod, cmpara (ecau aBTOpbl paboTAIOT B PA3HBIX OPTaHU3AIUAX, HEOOXOAMMO
IIOCTaBUTH O}II/IHaKOBBII;‘I 3HAY0K OKOJIO (baMI/IJ'II/H/I aBTOpa u COOTBGTCTByIOLT_IefI OpFaHHSaHI/IH)

E-mail asropa(oB)

Haseanue cmamvu

Annomayus (100-200 cioB; He OOKHA COAEPXKATb TIPOMO3AKHE (DOPMYJIbI, II0 COAECPXKAHUIO IIOBTOPITH HA3BAHUE
CTaTb¥; He JIOJDKHA COJIeprKaTh O6ubamorpaduyecKkue CCbUIKH; JOJKHA OTParKaTh KPATKOE COAEPKAaHUE CTATbH, COXPAaHsIs
CTPYKTypy CTaTbU —BBeJeHHE, IOCTAHOBKa 3ajadu/ Leau,/ HMCTOpUS, METOABl HCCIENOBAHUs, PE3yJbTaThbl/0bCYKIeHHE,
3aKJIIOYEHUE / BBIBOJIBI ) .

Karouesvie caosa (6-8 cios/cnoBocoueranmii. KiroueBble cyioBa JIOJIZKHBI OTpayKaTh OCHOBHOE COJIEPXKAHHME CTATbH,
HCIIOJIb30BATH TEPMUHBI U3 TEKCTa CTATbH, & TaKKe TEPMIHBI, OIPEIeJISonne IPeIMETHYIO 06/IaCTh U BKIIIOYAIONIUE NPYTue
BaXXHbI€ IIOHATHUA, ITIO3BOJIAIOIIIUE O6J'IeF‘{I/ITb U PpacCIIuPUTH BO3MOXKHOCTHU HAXOZXKAEHUSA CTATbU CpeacTBaMU I/IHCbOpIVIa,L[I/IOHHO—
[IOUCKOBOM CHCTEMBI).

OcnosHoli meKkem cmambu JOJKEH COAEPXKATh BBEICHHE,/ MOCTAHOBKY 3a1a4H,/ 1/, UCTOPHIO, METOAbI UCCJIeIOBAHNS,
pe3yJIbTaThl/ 06Cy XK I€HHE, 3aKIIIOYeHNE/ BBIBOJIBL.

Tabmunbl BKIIOYAIOTCS HEIIOCPEACTBEHHO B TEKCT PAOOTHI, OHU JOJI2KHBI OBITH IIPOHYMEPOBAHBI U COIPOBOXKAATHCS CCHLIKON
Ha HUX B TeKCTe paboThl. PucyHku, rpaduku JOJ>KHBI ObITH NIPEJICTAaBIEHBI B OJHOM M3 CTaHIapTHLIX dopmaros: PS, PDF,
TIFF, GIF, JPEG, BMP, PCX. Toueunsle pucyHKu HeOOXOLUMO BBIIOIHATH ¢ padpemenueM 600 dpi. Ha pucynkax moskHb
OBITH SICHO IIEPEIAHbI BCE JIETAJIH.

B crarbe mHymepyiorcs numb Te )OPMYABL, HA KOTOPHIE IO TEKCTY €CTh CCHIIKU.

Bce abbpesuamypst u coxkpauweHus, 3a UCKIIOYEHUEM 3aBEJIOMO OOIIEU3BECTHBIX, JIOJKHBI OBITH paciindgpoBaHbl IIPHU
[IEPBOM YIOTPEOIEHUHN B TEKCTE.

Ceenienus 0 purarcosoti noddepatcke paboThl YKA3LIBAIOTCI Ha IIEPBOH CTPAHUIE B BHIE CHOCKH.

6- CHI/ICOK JIATEPATYPhI JOJIZKEH COAEP2KaTh TOJIBKO T€ UCTOYHUKN (HpOHyMepOBaHHBIe B IIOPAAKE NUTUPOBAHNA UJIN B IIOPAIKE

aHIIMACKOro andaBuTa), Ha KOTOPbIe MMEIOTCS CCBUIKU B TeKCTe paboThl. CCBIIKK Ha HEOILyOIMKOBAHHBIE PAOOTHI, PE3YIIBTATHI
KOTOPBIX HCIOJIB3YIOTCS B NOKA3ATEIbCTBAX, HE JOILYCKAIOTCS.
ABTOpaM pPEKOMEHIYeTCsl Npu O(POPMIIEHUU CCHUIOK HCKJIIOYUTL YIOMHUHAHUE CTPAHUI] U PYKOBOACTBOBATLCH CJIEIYIOIIIM
mabI0HOM: HOMEp TJIaBbl, HOMep naparpada, HOMep IyHKTa, HOMEP T€OPEMBI (JIEMMBI, yTBEPKICHUS, 3aMETaHUsI K TEOPEMe
u T.1.), Homep dopmynsl. Hanpumep, "..., eM. [3; § 7, memma 6]"; "..., cM. [2; 3ameuanune K Teopeme 5]". B nporusHOM ciryuae
IIpu IIOATOTOBKE AHTJIOSI3bITHOU BepCuu CTaTbU MOT'YT BOSHUKHYTH HEBEPHBIC CCBLJIKU.

IIpumepsl opopMIIEHUS CIIMCKA JINTEPATY PbI

1 Bopouun C. M., Kapany6a A. A. [Izera-byuknua Pumana. -M: @usmariur, -1994, -376 cTp. - KHuUra

2 Bammos E. A., CuxoB M. B., Temupranues H. O6 obmeM aJropurmMe HUHCICHHOIO HHTEIPHUPOBAHU (DYHKIUH MHOIHX
nepeMeHHbIX // ZKypHasl BBIYMCIMTENLHON MaTeMaTHKu M MareMarudeckoil dwusukm -2014. -T.54. Ne 7. -C. 1059-1077. -
cTaThs

3 2KyGanbimesa A.2K., Abuxenosa III. O mopMax nmpousBogHbIX (DYHKIMI C HyJIEBBIMU 3HAYEHHUSAMH 3aJIaHHONO Habopa
JINHEHHBIX (DYHKIMOHAJIOB M WX IIPUMEHEHHs] K IONEPEYHUKOBBIM 3afadaM // PyHKIMOHAJbHbIE IIPOCTPAHCTBA U TEOPHs
npubsmkenns: dyuknuit: Te3uchl nokiiaoB MexyHaponHoit KoHdepeHnun, mocBsieHHoi 110-j1eTuro co gHsI POXKJIEHUS
akagemuka C.M.Hukosnbckoro, Mocksa, Poccusi, 2015. - Mocksa, 2015. -C.141-142. - Tpyabl KoHdepeHun
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He IpUHUMAaIOTCs. VcripaBieHHbIe BApHAHTHI CTATEN U OTBET aBTOPa PELEH3EHTY IPHUCHIIAIOTCA B pegaknuio. CtaTbu, HMeronme
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NUK: KZ978562203105747338 (KZT)
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Kobe 16

"3a nybaukamnuio B Becrauk EHY ®UO asropa"

2) PI'II IIXB "Espasuiickuii Hanmonaabublii yausepcurer umenn JI.H. Dymmresa MOH PK
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MakaJjiaHbl paciMaey YJrici
MPHTMN 27.25.19
A.2K. XKy6anpimesa !, H. Temupramues?, A.B. Yrecos?

L Unemumym meopemuneckoti mamemamurky u nayunse evvucienuts Eepasutickozo
HOUUOHAALHO20 YyHUBepcumema umeru JI. H. lymunesa, Acmana, Kazaxcman
2 Axmioburcruti pezuonasvront 2ocydapemeennviti yrusepcumem umenu K. XKybanosa,
Axmobe, Kaszaxcman
(Email: ' avaulezh@mail.ru, 2 ntmath10@mail.ru, 3 adilzhan_ 71@mail.Tu)

Yucaennoe auddepeniiuposanne pyHKIUA B KOHTeKcTe KOMIbIOTEPHOTO
(BBIYMCINTEIBHOIO) MOMEPEYHUKA

AnHoTtanmsi: B pamMkaxXx KOMIIBIOTEDHOIO (BBIYMCJIUTENHHOIO) MOIEPEUYHUKA MOJHOCTHIO
pertena 3ajada npubamKenHoro auddepennupoBanus GYHKINN, TPUHAIEKAININX KJIaCCaM
CoboJsieBa 110 HETOYHOW WHMOPMAIINY, IMOJIYIEHHON OT IIPOU3BOJBHOIO KOHEYHOTO MHOXKECTBA
rpuronomerpuydeckux Kosbdunuenros Pypoe-Jlebera muddepenupyemoit dyuximn... [100-200
CJIOB].

KiaroueBblie cioBa mnpubimmkeHHoe audpepeHInpoBaHne, BOCCTAHOBJIEHHE 110 HETOTHON
uHOPMAIHN, [IPeJIebHAsT OTPEIIHOCTb, KOMIIBIOTEPHBIH (BBIYUCIUTENbHBI) MOIepeIHuK. [6-8
CJIOB/ CJIOBOCOYETAHMUI]|.

BBenenue

TekcT BBEIEHMUSI. ..
Apropam He ciiesyer uCIoJb30BaTh HecraHgapTHble Hakerbl LaTeX (ucmosb3yiite ux Jiuinib B
cilydae Kpaiineii HeOOX0MMOCTH )

3aroJIoOBOK CEKIu

1.1 3aro/ioBOK moJCeKIuu
OKpysKeHusl.

Teopema 1. ...
Jlemma 1. ...

IIpennoxkenue 1. ...
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Onpenenenue 1. ...

CaencrBue 1. ...

3ameuanmue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemot.
JlokaszaTenbcTBo. Teker gokazarenbCTBA.

2. @opmysibl, TaOJIUIBI, PUCYHKH

. _ . _ : ()
On(en;DN)y =dn(en: T F; D)y = (Z(N),;Ijlf)GDN on (EN, (l 790N>>Y7 (17)
e O (en; (1M, on)), = dnlen; T; F; (1Y), o) )y =
= s 17O e (10 ()00 0 () +00:)|-
feF Y

|71<V7) |§1(r:1,...,N)

Tabsurpl, pUCYHKE HEOOXOMMMO paCIOJIaraTh IIOC/IEe VIIOMUHAHUS, KaXKJOH WIIIOCTPAIUU JTOJIZKHA,
cJIeJOBATh HA/IIINCH.

Tasmua 1 — Haszsanue Tabiauiisr

IIpocToie He mpoctoie
2,3,5,7,11, 13,17, 19, 23, 29 | 4, 6, 8, 9, 10, 12, 14

Pucynaok 1 — Hassauune pucynka

3. Ccpliaku u 6ubsimorpadpus

JlJisi cChUIOK Ha yTBEPXKJieHUs, (pOPMYJIbI U T. II. MOXKHO KCIIOJIb30BaTh MeTKu. Hampumep, Teopema 2,
Dopmya (17)

g pykoBoncrsa o INTEX un B kadecTBe mpumepa 0OpMIIeHUST CCBLIOK, CM., Harmpumep, JIpBosckwuii C.M.
Habop u Bepcrka B makere KITEX. Mocksa: Kocmocundopm, 1994.

Crucok JuTepaTypbl OQOPMIISIETCS CJIELYIONUM 00pPAa30M.

Cnucok aureparypbl

1 Jlokymmesckuit O.M., 'aspukos M.B. Hauana uncimennoro ananuza. —M.: TOO "dAuyc", 1995. —581 c. - kHUra

2 Temuprammes H. KoMmbioTepHbIil (BEIMUCIATENLHBIN) MTOMEPETHAK KAK CAHTE3 U3BECTHOTO U HOBOTO B IUCJIEHHOM
ananmuse // Bectauk Espasuiickoro nanuonanssoro yausepcurera umenu JI.H. Tymuesa —2014. —T.4. Ne101. —C.
16-33. doi: ... (mpu Hamuuun) - cTaThs

3 Kybaubimesa A.2K., Abukenosa III. O mopMax npousBoaHbIX (DYHKIUN C HYJEBHIMU 3HAYCHUSIMU 3aJAHHOTO
Habopa JIMHEHHBIX (DYHKIMOHAJOB U UX NPUMEHEHWsl K IOINEPEYHMKOBBIM 3afadaM // @DyHKIMOHAJILHBIE
MIPOCTPAHCTBA W Teopusi npubymKenusi ¢yuknmit:  Tesuchkl g0KIa10B MeXKIyHapOIHON KOHMpEpeHInH,
nocsitennoi 110-jgeruio co gus poxkaenusi akajgemuka C.M.Hukonbckoro, Mocksa, Poccusi, 2015. — Mocksa,
2015. —C.141-142. - Tpyapr KoudepeHuit

4 KypmykoB A.A. AHrHONIpPOTEKTOpPHAS W TUIIOJUNKUIEMUYIECKAsT aKTUBHOCTb JIeyKOMHU3nHa. —AJyimarer: bBacray,
2007. —C. 3-5 - razeTHbBIE CTATHU

5 Keipos B.A., Muxaitinyenko I.I'. Anasmrudecknii METO, BIIOYKEHHsI CUMILIEKTHYIEeCKON reomerpun // Cubupckue
9JIeKTPOHHBIe MareMmarmdeckne u3pectust —2017. —T.14. —C.657-672. doi: 10.17377/semi.2017.14.057. — URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (nara obpamenus: 08.01.2017). - 3JIEKTPOHHBINA >KypPHAJ
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A.2K. 2Ky6anbimesa ! , H. Temipramues ! , A.B. Yrecos 2
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2 K.2Ky6anoe amomodaes. Axmebe onipaix memaexemmix. yrueepcumemi, Axmobe, Kasaxcman

Kowmnsbrorepaik (ecenreyim) auamerp MoHMaTiHIHAe DyHKUMANAPAbL caHABIK AuddepeHnuanaay

Amnnoranusi: Kommnbiorepiik (ecenreyinr) nuamerp mMouMoriHiHAe Co60JeB KIIACBIHIA YKATATHIH (DYHKIUAIAPABI OJapIbIH,
TpuroHomerpusinblk Pypobe-Jleber koaddumEeHTTEPIHIE AKBIPIIBI }KUBIHBIHAH AJIBIHFAH 971 EMEC aKIapaT GOMBIHIIA YKy BIKTAY
ecebi TonprrpiMer mmreminai [100-200 cesznep].

Tyitin ce3mep: xyvikTan mnuddepeHpaNLIay, ToJI eMeC akKmapar OOMBbIHINA >KYBIKTay, IIEKTiK Karesnaik, Kommbroorepsik
(ecenreyim) nuamerp [6-8 co3/ces TipkecTepi|.

A.Zh.Zhubanysheva ! , N. Temirgaliyev ! , A.B. Utesov 2

L Institute of theoretical mathematics and scientific computations of L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan
2 K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan

Numerical differentiation of functions in the context of Computational (numerical) diameter

Abstract: The computational (numerical) diameter is used to completely solve the problem of approximate differentiation
of a function given inexact information in the form of an arbitrary finite set of trigonometric Fourier coefficients. [100-200
words|

Keywords: approximate differentiation, recovery from inexact information, limiting error, computational (numerical) diam-
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