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Impact of self-compacting concrete for construction sites

Abstract: This article presents the current state in the world and local experience of self-
compacting concrete (SCC) application. According to the results of the market analysis, a significant
share of the SCC market belongs to the countries of the Asia-Pacific region. As the analysis revealed,
the largest volume of SCC ever filled on construction sites was found in Abu Dhabi — more than 200
thousand cubic meters. As part of this study, a comprehensive development of a new generation of
SCC compositions was carried out, based on local inert materials, chemical and mineral additives.
A number of laboratory tests were conducted and three unique recipes were selected for the SCC
M350 B25 with characteristics exceeding the quality of conventional concrete of the same brand and
class. Educational seminars on the subject of SCC were organized for employees of a number of
construction sites and a concrete plant in Nur-Sultan. Three pilot SCC pours with a total volume
of 70 cubic meters were carried out at the Nur-Sultan construction sites. Tests with destructive
and non-destructive methods were performed, which confirmed the declared characteristics of the
SCC. It is established that the developed compositions gain 70-90% of the grade strength for 3 days
of curing. On this fact, it is possible to assume about potential economic effect for building sites
obtained due to the acceleration of construction pace. It should be noted that this effect would
be different in each of the sites, due to different influencing conditions. Thus, the pilots achieved
savings of 5000 tenge per each cubic meter of poured SCC.

Keywords: construction materials, self-compacting concrete, economic impact, concrete
strength, pace of construction.

DOI: https://doi.org/10.32523/2616-7263-2019-128-3-88-97

The President of Kazakhstan in his Address to the people of Kazakhstan for 2018 noted the
adoption of the Program “Development Strategy “Kazakhstan-2050”, as well as the development of
an integrated Strategic Development Plan of the Republic of Kazakhstan until 2025. In the Program,
as one of the main areas (direction 5), the need to introduce modern technologies in the construction
and utilities sector is highlighted. The Message states that the provision of housing per capita has
increased by 30% in the past 10 years and now stands at 21.6 square meters. It is necessary to
bring this indicator in 2030 to 30 square meters. When performing this task, it is important to
apply new methods of construction, modern materials, fundamentally different approaches in the
design of buildings and planning urban development [1]. Modern construction requires a variety of
building materials with different sets of properties. In this regard, high hopes are associated with the
improvement of the technology of self-compacting concrete (SCC) — a material that in the near future
will find wide application in the construction industry of the Republic of Kazakhstan [2]. In recent
years, in the construction practice abroad during the manufacture of concrete of a new generation,
people are increasingly inclined to develop the composition of SCC, which is a material that can be
compacted under its own weight, filling the form evenly in densely reinforced structures [3|. This
type of heavy concrete has a great future in the monolithic construction, production of precast
concrete, improvement of concrete and reinforced concrete structures of various purposes, since the
use of this type of concrete eliminates the traditional laying of concrete using vibration compaction,
optimizes labor costs and improves sanitary and hygienic working conditions [2]. SCC is a research
subject for a wide range of scientists. There are studies proving the possibility of creating a SCC
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with high physical and technical characteristics, as well as with the possibility of successfully using
fiber reinforcement and using various production wastes [4-11]. The use of SCC greatly reduces the
impact of harmful noise exposure on people and the environment during construction, which allows
concrete work to be done among densely populated urban areas and even at night. However, such a
sharp distinction of SCC from traditional classical heavy concrete with given physical and technical
properties sets a number of serious tasks for researchers in the field of concrete science. It requires
a systematic and stepwise approach for predicting the SCC properties, describing the rheological
properties of cast concrete mixes, optimal distribution of aggregates in a concrete matrix, as well
as dependencies that evaluate the effect of fine fillers on the characteristics of SCC mixes. The
systematic approach allows forecasting and directing the control of the properties of SCC depending
on the tasks assigned to the researchers [12].

Current study presents results and discusses the SCC application experience of construction sites
in the city of Nur-Sultan. This was one of the first practice of applying SCC of new generation in
Kazakhstan. To implement such experience, the researchers of different institutions, construction
sites and concrete plants worked in conjunction. In the framework of the study, several tasks had to
be solved:

1) SCC market analysis.

2) Conducting laboratory tests aimed on the selection of proper SCC compositions, based on the
local raw materials.

3) Organization and performance of SCC pilot pouring in the construction sites of Nur-Sultan.

4) SCC strength control by destructive and non-destructive methods.

5) Computation of economic impact of SCC.

The researchers of the Department of Civil Engineering at the L.N. Gumilyov ENU conducted
the first task (Figure 1). According to [13|, the developed countries have more experience of SCC
usage. Asia-pacific countries hold the leading position in terms of market share. Among them Abu
Dhabi shows high activity, where almost 200 thousand cubic meters of SCC has been poured so far.
Estimated annual growth of the SCC market is amounted 5,5% per year, and by 2026 the market is
expected to exceed 15 billion U.S. dollars.

S8 74, Growth peryear 5.7% eollsy 1 B,

Fact 2016 Forecast 2026

Hope Construction Materials BASF S.E. CISCINGEOKOM The Landmark Tower — 16 000 m3

_Sheikh Zayed Bridge — 165000 m3
— / / i
. f er — 60000 m3
; LafargeHolcim Ltd Symbol-C te LLC ¢ wer — 10000 m3
afargerolicim . mbol-Loncrete
CEMEX S.A.B.de C.V, ¢ g 1 : ke r;r:&SO 000m3
ACC Ltd. sarden Sewage Treatment
Sika Group 10000 m3
—_— / _Dubai Pearl - 30000 m3
|

Iver Tower — 15000 m3
y Tower — 10000 m3

Unibeton Ready Mix Ultra Tech Cement Ltd.

42%

Market
= shares Hong Leong Group.

e ; . SCC manufacturers Construction sites used SCC

Ficure 1 — SCC market analysis [13]

The research institute NIISTROMPROJECT having accredited testing laboratory conducted a
number of laboratory tests. The tests aimed on the selection of efficient SCC compositions, based
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on the raw materials, modern chemical and mineral additives available in the market of Kazakhstan.
The tests were performed in two cities, Nur-Sultan and Almaty, in conjunction with local concrete
plants, where the research team established the SCC mixtures production line. The issues solved by
the research team included: equipping the technological cycle of the plants, selecting good quality
raw materials and additives, selecting a new generation SCC compositions, taking into account of
climatic conditions of the cities and the net price of the ready-mixtures. Laboratory tests (Figure
2), which determine the conformity of the characteristics of the SCC mixture, differ from those of
conventional mixtures, conducted under the regulatory and technical documentation of the Republic
of Kazakhstan. The main types of tests of the SCC mixtures (Table 1) are regulated by the European
Guidelines for Self-Compacting Concrete [14].

TABLE 1 — Types of SCC tests [14]

Ne | Name Equipment Tolerances | Class
by classes

1 | Segregation Standard sieve with | <20% SR1

a mesh size of 5 mm | <15% SR2

2 | Sedimentary fluidity Abrams Cone 55-65 cm SF1

66-75 cm SF2
76-87 cm SF3

3 | Volume of air involved Air meter < 8% * -
4 | Viscosity V-shaped funnel <8 sec VF1
9-25 sec VEF2
5 | Passage through obstacles | L-Box > 0,8 with | PA1
2 rods
> 0,8 with | PA2
3 rods
Kajima-Box >0,9 -

* The norm for the volume of air involved varies depending on the required operational
characteristics, such as frost resistance, water resistance, vapor permeability, etc. [14].

According to the results obtained by the research team, 3 compositions of SCC have been de-
veloped with the brand of M350 B25, which are described in detail in [15]. A summary of the
compositions is given in Table 2.

TaBLE 2 — Compositions of SCC M350 B25 SF2 VF1 SR2 [15]

Ne | Binding material Mineral Large aggregate Fine Chemical | Water,
(cement M400 D20), | additive | (crushed stone), kg | aggregate | additive, kg
kg (silica), kg | 5-10 mm | 10-20 mm | (sand), kg kg
1 490 40 520 150 1085 14,3 135
2 490 40 565 187 1010 14,3 130
3 529 40 529 176 992 17,3 130

The research team also conducted a number of educational seminars in different construction sites
and a concrete plant (Figures 3 and 4) in the city of Nur-Sultan, where Prof. Suzev N.A. (M. Auezov
South Kazakhstan State University, Shymkent) and Dr. Akhmetov D.A. (NIISTROMPROJECT,
LLP, Almaty) introduced the procedures necessary to perform work with SCC. All the participants
of the seminars were given a certificate.

In the framework of this study, research team conducted pilot pouring of newly developed SCC
mixture in three construction sites in Nur-Sultan (Figures 5, 7 and 9), with the total volume of
more than 90 cubic meters. Before the pouring started, the workers were instructed on working
with SCC. At each pour, a number of standard cubic specimens were taken in order to control the
SCC strength gain by destructive method using press at the ages of 3, 7 and 28 days of curing. At
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Ficure 2 — Laboratory tests of SCC mixture

Ficure 3 — Educational seminars on the topic of SCC

91



JI.H. I'ymunaes arbiagarel EYY Xa6apuibicel - Bectuuk EHY um. JI.H. I'ymuiesa, 2019, 3(128)

24

FIGURE 4 — Number of participants per construction site

the same days, non-destructive tests of the concrete structures were conducted using shock-impulse
method. Figures 6, 8 and 10 present these tests results.

The results obtained show that in average, SCC strength gain exceeds 70% of its grade strength
already at the age of 3 days. In some cases this value surpasses the level of 90% at the same days.
These values indicate that the concrete structure can be readily loaded further, which eventually
resulted in acceleration of the pace of construction process. In each day, the construction sites have
to bear expenses for the workers’ wages, electricity, rental of cranes, machinery and other equipment
(i.e. overhead costs), acceleration of for instance, each floor installment for at least one day, can
save considerable amount of money for the whole building in total.

VOLUME: 3,6 m* 3
NUMBER. OF WORKERS: NUMBER OF WORKERS: T§

VOLUME: 7.nd

FOURIMNG THE COLUNMNS {6 pes.) POLURIMNG THE PLATE
Ficure 5 — Pouring SCC in the construction site of Green Quarter in Nur-Sultan

The work carried out made it clear that the economic impact for each of the construction sites
is different. It depends on the type and cost of concrete they used before SCC, total volume of
concrete substituted by SCC, number of floors, amount of daily overhead costs, and cost of person-
hours, season and many other things. It should be also noted that although SCC creates better
quality surfaces of the structures and convenient working conditions, usually it costs more than a
conventional concrete. Therefore, before choosing the type of concrete for a certain project, one
must take into account all the pros and cons. According to the calculations, for the construction
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F1GURE 6 — Strength gain of SCC poured in Green Quarterg

VOLUME: 10.m° =
NUMBER OF WORKERS: 1“ T

FiGure 7 — Pouring SCC in the construction site of Sozvezdie in Nur-Sultan Nel

137% 140%
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Ficure 8 — Strength gain of SCC poured in Sozvezdie Nel
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ELEVATOR SHAFT: 4 m*
FLOOR SLAB: 66 m®

Ficure 9 — Pouring SCC in the construction site of Sozvezdie in Nur-Sultan Ne2

a) Elevator shaft b) Floor slab

170%) 6105

141% UE

118%

3 day 7 day 28 day 3 day 7 day 28 day

® Destructive = Non-destructive m Destructive = Non-destructive
Ficure 10 — Strength gain of SCC poured in Sozvezdie Ne2

sites considered in the current study, average economic impact achieved amounted 5000 tenge per
cubic meter of concrete.

Based on the results obtained within current study, a set of recommendations was developed on
the application of SCC at the construction sites:

1) Structures of complex geometric shape: conventional heavy marketable concrete with a cone
draft of 20-25 cm does not imply the possibility of filling the entire shape, especially the complex
configuration, without vibration compaction. At realization of difficult architectural decisions pos-
sibility of a vibrocompaction is absent completely. For this reason, it is necessary to use concrete
mixture, which does not require additional placement and will fill the geometric form, without defects
in the lack of vibrocompaction.

2) Structures with dense reinforcement: dense reinforcement implies the presence of a volumetric
reinforcement frame with a reinforcement pitch of 100 mm or less. At the same time, it is not possible
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to provide easy paving (the possibility of filling the mold without defects) using conventional heavy
marketable concrete, and dense reinforcement does not allow to perform the necessary works on
vibrocompaction (the vibrator does not fit into the pitch of the reinforcement, when vibration may
lead to displacement of the frame). SCC avoids all of the above mentioned defects without loss of
performance properties, while providing the necessary class of the structure surface.

3) Large-size structures, where there is a need to fill in one cycle: at the facility sometimes there
is a need to fill large structures in one step for various reasons - lack of time, lack of access to the
structure for the production of vibration compaction, etc. Since ordinary heavy concrete in any case
needs to be vibrated, it is necessary to resort to other methods of solving the problem, for example,
the use of SCC.

4) Construction projects that are behind the schedule: SCC provides an opportunity to accelerate
the work by:

- Reducing the time spent on casting, and time spent on vibrocompaction is eliminated;

- Reducing the waiting time for the strength of the poured structures, which allows for early
stripping and loading of the structure.

5) Conventional monolithic and prefabricated construction: since SCC has advantages not only
in terms of performance but also in terms of economic effect, it is recommended to be used at any
construction site. The currently available regulatory and recommendation documentation on SCC
does not imply any limitations on its scope of application.
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L JI.H. Tymunes amwvmodaes, Bypasus yammos yrusepcumems, Hyp-Cyaman, Kasaxcman
2 M. Byesos amwindazo, Owmycmir Kasaxcman memaexemmix yrnusepcumemi. ITvmxenm, Kasaxcman
3 HUMCTPOMIIPOEKT XKIIIC, Aamamu, Kasaxcmanr
4 Koaymbua ywusepcumemi, Hvio Hopr, AKIII

O3airineH THIFBI3AANATHIH OETOHHBIH, KYPbIJbIC aJlaHAapbIiHA acepi

Apnarna: Byn makasaza e3firiHeH ThiFb3ganarbin OeToHHbIH (OTDB) osemzeri Kasipri »Karzaiibl MeH »Keprijmikti
KOJIJIAHYIbIH, ToxKipubeci kenripinren. HapoikTel Tangay mormkesepi Goiibiama OTH mapobirbiabin affTapabikTail yieci Asus-
TBIHBIK, MYXUTBHI afiMarbIHbIH ejjepine Tuecini. Tasjgay kKepceTkenjeil, OypbIHHAH KYPbUIbIC ajlaHgapbiHAa Kyiiburan OTHB-
Japably eH yikeH keseMi AGy-/labunme - 200 mbig Tekmie MerpieH acraMm ekeH. OCbl 3epTTey asiChlHIAA YKeprijgikTi mHepTTi
MaTepuajIap, XUMUSJIBIK »KoHE MUHepaJiibl Kocnajap Herisinge »xaHa OybiH OTDB Kyilenepin kemenai JaMbITy »Ky3ere
aceIpbLIAbl. bBipkarap 3eprxanasblk 3eprreysiep 2kyprisimgin, M350 B25 ©TB-biaemy yin Typui penentrapbl TanJaIgbl, OJap
Oipmeil MapKaJibl YKOHE KJIacTarbl KapalaibiM OeTOHHBIH camachbiHaH acanpl. Hyp Cysrran KajgacblHIarsl 6ipkarap KypbBLIBIC
HBICAHZAPLI MEH OETOH 3aybITBIHBIH Kbi3MeTKepsepi ymin ©TB TakplpbiObl GOMBIHINIA OKY CEMUHAPJIAPHI YABIMIACTLIPBIIALL.
Hyp-Cynran KypbLIbIC HBICAHAAPBIHAA >Kajanbl KeJsiemi 70 Tekme wmerpai KypadTbiHn OTB-apl yml muaoTThly YYyHBLILYbL
Kacanagbl. bysarsin skome Oy30aiiThIH oficTEPMEH TECTTTEP OTKI3lnai, onap ©TH-uelH xapusianran cHIaTTaMaaapblH PACTagbL.
O3sipsieHred Kypamaap OGepikrTeHiipyaiH 3-mi KyHinge mapkacbiabiH, 70-90%-He me 6G0JIATBIHIBIFBI aHBIKTANABLL. By dakr
OOMBIHINA KYPBIILIC KaPKBIHBIH JKEIEIAETY apKbLIbl aJblHFaH KYPbLIGIC AJaHIAPbI YIIH MYMKIiH 95KOHOMHUKAJIBIK THIMIITIKTI
Goskayra 6onaapl. AilTa KeTy Kepek, OyJI ocep apTypJii 9cep eTy »KarJaiaapbiHa 6ailjIaHbICThl 9p ydacKee ap TypJi 60s1aibl.
ConbiMen, Kypriziiren nuwiorrapaa OTB-ubiH op Tekme merpi yurie 5000 TeHre yHemesii.

TyliH ce3aep: KypbUIBIC MaTepUAIApPhl, ©3IrHEH THIFbI3JAJIATHIH OETOH, SKOHOMHMKAJIBIK 9cep, OETOHHBIH OGepikTiri,
KYPBLIBIC KAPKBIHBI.

H.A. Cyzes 2, E.B. Vrenos 3, E.H. Poor %, 2K.A. IITaxmos ! , X.1. JIunr 4, A.2K. 2Kycyn6ekos !

I Bepasutickutl nayuonasvneti ynusepcumem umeny JI.H. Dymuaesa, Hyp-Cyaman, Kasaxcman
2 FOsicro-Kasaxemanckudi 2ocydapemesennvidl yrusepcumem umenu M. Ayssosa, HTvimxenm, Kasaxcman
3 TOO HUUCTPOMIIPOEKT, Aamamu, Kazaxcman
4 Koaymbutickuti ynusepcumem, Huvio Hopx, CIIIA

S(bd)eKT CaMOYIIJIOTHAIOIIIEroca 6eToHa AJIdA CTPOUTEJIbHBIX IIJIOIIaJ0K

Awnnoranus. B jaHHOI cTaTbe IIPENCTABJIEHO TEKYIee COCTOSIHME B MHPE UM MECTHBIHl OIBIT IPUMEHEHUS
caMoyIIOTHsOIerocs 6erona. [lo pesyabraTaM BBINOIHEHHOIO aHAJIN3a PBIHKA, 3HaUInTeIbHAsA 1o peiaka CYDB npunanmexxur
crpanam Asuarcko-TuxookeaHCKOro permoHa. Kak BBISBUJI aHau3, caMmblil Gosbmoil o6bem CYDB kKorpa-nmmbo 3ajuThlii Ha
CTPOMTEJIBHBIX IIOIAIKax, obHapykeH B A6y Jlabu — 6osee 200 Thicssa KyboMmeTrpoB. B paMkax JaHHOTO HMCCieIoBaHus GbLia
[IpOBeJIeHa KOMILIEKCHasI pa3paboTka cocraBos CYB HOBOro nokoJieHust Ha OCHOBE MECTHBIX MHEPTHBIX MATEPUAJIOB, XUMUIECKUX
¥ MUHEPAJIbHBIX 1006aBOK. BbLI BBIOIHEH psif 1aOOPATOPHBIX HCHBLITAHUN U MOJOOpaHbl TpU yHHUKAJLHBIX perenta CYB M350
B25 ¢ xapaKTepHUCTHKaMM, PEBBIIIAIONIMME Ka4eCTBO OOBIYHOrO GeTOHa TOIl ke MapKu u Kjacca. Jlisi paGOTHHKOB psifia
CTPOUTENBHBIX IUIOMAN0K U OeroHHOro 3asoma B ropoxe Hyp-Cynram 6buim opranm3oBaHbI 0Opa30BaTesbHBIE CEMHHAPLI 11O
remaruke CYB. Bouu nposeienb! Tpu nuiioTHbie 3aauBku CYB ¢ o6imuM 06beMoM 70 KyGOMETPOB Ha CTPOUTEIBHBIX TJIOMIAIKAX
Hyp-Cynrana. IlpoBemens! ucmbplTaHusl pa3pylIAlOIMM M HEPa3PyIIAIOMIM METONAMH, KOTOPBIE IOATBEPIUIN 3asBICHHBIC
xapakrepuctuku CYB. Vcranossieno, 1ro pazpaboranubie cocraBbl HabupaioT 70-90% Mapo4HO NPOYHOCTH yKe Ha 3 CyTKH
TBephenusi. Ilo mamHOMy paKTy MOXKHO TOBOPUTH O IMOTEHIIMAILHOM SKOHOMHUTIECKOM 3(PPEKTe sl CTPOUTEIBHBIX IIOMAIO0K,
[IOJIy9a€MOM 33 CYeT YCKODEHHsI TEMIIOB CTPOHUTeNbCTBA. CilellyeT OTMETHTD, YTO HaHHbIH 3ddeKT Oyier pas/nyeH B KaxKIOM
U3 IJIOMAJI0K BBUJIY PA3JIMYHBIX BJIUSIIOMIMX ycJaoBuil. Tak, HAa IPOBEIEHHBIX MUJIOTAX JOCTUIHYTa SKOHOMUsS B pasmepe 5000
TEeHre Ha KaxKJblil Kybuueckuit merp 3amuroro CYB.

KirogyeBble CJIOBa: CTPOUTENbHBIE MaTEPUAJIBbI, CAMOYIIJIOTHSIIOIINICS O€TOH, SKOHOMUIeCKUil 3 PeKT, IPOIHOCTEL GeToHA,
TEMIIBI CTPOUTENILCTBA.
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«JI.H. 'ymuniseB arpinmarsl Eypasusi yaTThIK yHUBepcuTeTiHiH Xabapuibicbl. TeXHUKAJIBIK FBIIIBIMAAD >KOHE
TEXHAJIOTUSJIAP CEePUSIChI» >KYPHAJIBIH/A MaKaJIa >KapusJjay epe>keci

1. 2Kypnan makcarbl. TexHuka »KoHe TEXHAJIOTUSIHBIH OapJIblK GarbITTarbl (ecenTey TEeXHUKACHI, KYPBLIbIC, COYJIeT,
reOTeXHUKA, TIEOCHHTETHKA, KOJIK, MAIIMHAKYDPACTBIPY, SHEPreTuKa, cepTuduKaTTay »KOHE CTaHIApTTay) CaJaaapbIHBIH
TEOPUSJIBIK, >KOHE IKCIIEPUMEHTAJIIbl 3epTTey/iepi OOUBIHINIA MYKHUSAT TEKCEPYIEH OTKEH FBIIBIMHU KYHIBLIBIFBI Oap Makajajap
KAPUSLIAY.

2. ZKypnanjga mMakaja »KapusiylayIlibl aBTOP MaKaJaHbIH KOJI KOHbLIFaH Oip JaHa Kara3 HYCKAcChIH I'bLIbIMU 6acChLIBIMIAD
Gemimine (pemaxknusra, mexkemxkaibr: 010008, Kaszakcran Pecny6imkacer, Hyp-Cynran kanacer, K. Cornaes kemeci, 2, JI.H.
Fymunes areingarsl Eypasusi yarTeik yHusepcureri, Bac rumapar, 408 xabuner) kone wvest techsci@enu.kz 971€KTPOHIBIK
nomraceira Word, Tex, PDF ¢dopmarrapoingarsl HycKajgapblH Kibepy kaskeT. Makasia MoTiHIHIH Kara3 HYCKAChl MEH
JIEKTPOHIBI HYCKaJIapbl Oipzeit Gosymapel kKaxker. COHBIMEH KaTap, MakajaMeH Oipre pelakiiusra aBTOpJap ijecme XaT
TanceIpaasl. Makanamap Ka3ak, OpbIC, aFbUIIIBIH TiIAEpiHae KaObLIaHaIbL.

3. ABTOpAbIH KoJika3baHbl pegakuusara »>kibepyi makasaubid, JI.H. 'ymuaeB arbiHaarbl Eypasusi yiTTbIK
yHuBepcurerinig XabapuisicbiHAa bacyra KediciMmin, mieres TinmiHe ayaapbeuibin KaiiTa OachliaybIHa Kedsricimin
Ginaipeni. ABTOp MakaJlaHbI pelakIusira >Ki6epy apKbLIbl aBTOP TypPaJibl M3JIMETTIH AYPbICTBIFbIHA, MaKaJjia
KewlipisMerenairine (myarnarThiH >KOKTBIFbIHA) >KoHe 6acKa [1a 3aHCBI3 KelllipMesepAiH *KOKThIFbIHA Kemijgeme
Gepeni.

4. Maxkasanbig kesemi 18 Gerren acmayra tuic (6 6erren Gacram).

5. MakaJiaHbIH KYPbIJIBIMbI

FTAMPK http://grnti.ru/

Aemop(nap)dvir, ambvi-Hcons

Mexemenir, moav, amaysvt, Kaaacv, memaexemi (erep apTopsap o9pTYpJl MEKeMene »KYMBIC XKacaliThH 6osca, OHZa
Op aBTOP MEH OHBIH, )KYMBIC MeKeMeci KacblHa Gipzeit 6esri KoMblLy Kepek)

Aemop(aap)dvr, E-mail-v

Maxana amayst

Annomayus (100-200 ces; dopmysiacss, MaKaIaHbIH aTayblH MeliHIIe KaliTasaMmaybl KaxkeT; osgebuerrepre ciiremesep
GosMaybl KarkeT; MaKaJaHbIH KyPbUIBICHIH (Kipicie /MakajiaHblH, MakcaTbl/ MiHIETTepl /KapaCThIPbUIBII OTHIPFAH CYDPaKTbIH
TapUXbl, 3€PTTEY OIICTEP], HOTUKEJEP/TaJKblIay, KOPBITBIHIBI) CaKTall OTBHIPBIN, MaKaJAHBIH KbICKAIla Ma3MyHbl Gepiiyi
KAKer).

Tytitn ce3dep (6-8 ce3 me ce3 ripkeci. TyiliH ce3zgep Makajga Ma3MyHBIH KOpCeTil, MeHiHIIE MakKaJja araybl MeH
AHHOTAIUAAFBl CO3/Ep/l KalTanaMmail, MakajJa MasMyHBIHIAFB CO3ep/i KoJsmaHy KaxeT. COHBIMEH KarTap, aKIapaTThIK-
i3mectipy »Kyiesepinie MaKaJaHbl XKEHIJ TabyFa MYMKIH/IK GepeTiH FBUIBIM CajlajapblHbIH TEPMHUHJEPIH KOJJAHy KaxKer).

Hezizei wmomin MaKaJaHbIH MakcaTbl/ MiHZeTTepi/ KapacTHIPBUIBII OTBIPFAH CYPAKTBIH TapUXbl,  3€pTTEy
9JIicTepi,HoTHUIKEIED / TATIKBIIAY, KOPBITBIH/BI 6OIIMAEPIH KAMTYbBI KaXKeT.

Tabauua, cypemmep — aTaJFaHHAH KeiliH OPHAJIACTBIPbLIA/Ibl. Op Tab/IuIA, CyPeT KAaChIH/a OHBIH aTajlybl O0JIybl KaXKeT.
Cyper aflKbIH, CKAaHEP/IEH OTIEreH OOIybI KEPeK.

Makanagarsl popmyaaaap TEK MOTIHIE oJlapra ciiteMe Gepijice FaHa HOMEDJIEHEI].

2Kasmnbr KosiianbicTa 6ap abbpesuamypanap MeH KblcKapmyaapoar 6ackajapbl MIHIETTI Typ/e ajFall KOJIIaHFaHIa
Tycinaipinyi 6epinyi kaxer. Kapotcviaali komex mypaas, aknapar Oipiniii 6erre KkepceTiiesi.

Odebuemmep Mmizimi

Moringe oaibuerTepre ciremesniep TiKKakara ajabiHa pl. MoTingeri opebuerrep Tizimine cisrremesniep/ i HOMEpJIEHY1 MOTiH e
KOJIZIAHBLIY bIHA KATBICTBI XKYPrisiijie: MoTiH/e Ke3/jecKeH d1ebieTKe ajralikpl ciireMe 1] apkpuibl, ekinmi cinreme [2] apKbLibt
T.C.C. XKYprisinemui.

Kiranka »kacaJaTblH CliTeMesep/ie KOJJaHbUIFaH GeTTTepi Je KepceTinmyl kepek (Mbicassl, [1, 45 Ger|). 2KapusnanGaran
enbekTepre cinremernep kacaimaiipl. COHBIMEH KaTap, PeleH3UsilaH OTIENUTIiH O6acbLIbIMIApFa J1a ClareMesep KacajMab bl
(omebuerrep TisiMiH, saebueTTep TIZIMIHIH AFBUIMIBIHIIA d3ipJIey Yy/rijepiH TOMeHIeri MakaaaHbl POCIM/IEY YIriCiHEH KapaHbi3).

Makasia coHpIHIArBI daebuerrep TiziMiHeH Keilin 6ubauoepaPuasviy MaAtMeMMEDP OPBIC XKOHE aFbLUINIBIH Tulinge (erep
Makaja Ka3ak TiTiHIe Ka3blica), Kasak »KoHe arblIIbIH TiaiHge (erep Makasa OpbIC TiMiHIE »Ka3bliIca), OPBIC YKOHE Ka3ak
Tiniage (erep MakaJsa aFbUIIBIH TiMiHAE *Ka3bLIFaH Gosica) Gepinexi.

Asmopaap mypaavt Maaimem: aBTOPIBIH ATbI-?KOHI, FBIIBIMU aTarbl, KbI3METI, YKYMbIC OPHBI, YKYMBIC OPHBIHBIH MEKEH-
2Kaifpl, TeesdoH, e-mail — Ka3aK, OpbIC 2KOHE AFBUIMIBIH TiTAEPIHAE TOJTHIPBLIALEL.

6. Kokazba MYKHAT TeKcepinreH 0osybl KaxkeT. TexHUKaJIBIK TajalTapra cail KeJMereH KoJskasbaJsiap KaiiTa eHIeyre
Kafitapsuiansl. KosrkasbaHbly KafTapblIybl OHBIH 2KypHAaIAa 6acbuIyblHa Kibepityin 6inmipmeiini.

7. Pejnaknusra TyCKeH MakaJja KaOblk, (aHOHMM/JI) Tekcepyre »Kibepineni. BapJsbik perensusiiap aBrop/apra »Kibepiiei.
ABTOD (pereH3enT MaKaIaHbl Ty3eTyre YChIHBIC GepreH XKarFaaiiia) il KyH apasibIFbIHIa KaliTa Kapall, KOJKasoaHblH Ty3eTIreH
HYCKACBIH peJlaKkiiusira Kaira »Kibepyl Kepek.

PerenzentT >kapaMChI3 eIl TaHBIFAH MaKaJla KaiTapa KapacThbIpbLIMaiiael. MakaIaHbIH Ty3eTiINeH HYCKAChl MEH aBTOPABIH
peleH3eHTKe Kayabbl peakiusra Kibepiiemi.

8. Tesiemakpl. BacbuibiMFa PYKCAT €TLITeH MaKaJia aBTOPJIapbIHA TOJIEM YKacay TypaJibl eckeprisieni. Temem kenemi 4500
Tenre — EYY kpi3Merkepiiepi yirin »koHe 5500 TeHre 6acka yilbIM KbI3METKEpPJIEPiHE.

PekBusuror:

1)PT'TI IIXB "EBpasuiickuii Hanuonaubublii yausepcurer umenu JIL.H. I'ymunesa MOH PK

AO "Bank IlearpKpenut"

BUK 6anka: KCJIBKZKX

NUK: KZ978562203105747338

Ko6e 16

Kunu 859- 3a crarsro

2)PT'II TIXB "Espasuiickuit Haigmonabubiil yausepcurer umenu JI.H. 'ymnnesa MOH PK AO "Bank RBK"
Buk 6anka: KINCKZKA
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NNK: KZ498210439858161073

Ko6e 16

Kuu 859 - 3a crarbio

3)PI'II IIXB "Espasuiickuit nHarmonanbubiii yausepcurer umenu JI.H. 'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NNK: KZ599650000040502847

Ké6e 16

Knn 859 - 3a crareio

4)PT'II IIXB "Epaswuiickuii nannonanbusiii yausepcurer umenn JI.H. Tymuinesa MOH PK AO "Hapoanbiit Bank Kasaxcran"
BUK Banka: HSBKKZKX

NNK: KZ946010111000382181

Kb6e 16

Kun 859.

"3a nybaukamuio B Becrauke EHY @O asropa"

124



Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National University.
Technical Science and Technology series"

1. Purpose of the journal. Publication of carefully selected original scientific works devoted to scientific issues in all areas
of engineering and technology: construction, architecture, geotechnics, geosynthesis, transport, engineering, energy, certification
and standardization, computer technology.

2. An author who wishes to publish an article in a journal must submit the article in hard copy (printed version) in one copy,
signed by the author to the scientific publication office (at the address: 010008, Republic of Kazakhstan, Nur-Sultan, Satpayev
St., 2. L.N. Gumilyov Eurasian National University, Main Building, room 408) and by e-mail wvest techsci@enu.kz in Word,
PDF and Tex format. At the same time, the correspondence between Tex-version, Word-version, PDF-version and the hard
copy must be strictly maintained. And authors 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
Publisher, 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
guarantees 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

IRSTI 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 formula, 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.

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.

References

In the text references are indicated in square brackets. References should be numbered strictly in the order of the mention
in the text. The first reference in the text to the literature should have the number [1], the second - [2], etc. The reference to
the book in the main text of the article should be accompanied by an indication of the pages used (for example, [1, 45 p.]).
References to unpublished works are not allowed.

Unreasonable references to unreviewed publications (examples of the description of the list of literature, descriptions of the
list of literature in English, see below in the sample of article design).

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).

Information about authors: surname, name, patronymic, scientific degree, position, place of work, full work address,
telephone, e-mail - in Kazakh, Russian and English.

6. The article must be carefully verified. Articles that do not meet technical requirements will be returned for revision.
Returning for revision does not mean that the article has been accepted for publication.

7. 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.

8. 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):

PexBusutsr:

1)PT'TI IIXB "Espasuiickuii Hanponaubublii yausepcurer umenn JI.H. M'ymunesa MOH PK

AO "Bank llearp Kpeaut"

BUK 6anka: KCIBKZKX

NUK: KZ978562203105747338

K6e 16

Knnu 859- 3a crareio

2)PT'II 1IXB "Espaswuiickuit narmonanbubiii yausepcurer umenu JI.H. T'ymunesa MOH PK AO "Bank RBK"
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Buk 6anka: KINCKZKA

NUK: KZ498210439858161073

K6e 16

Kmu 859 - 3a crarsio

3)PI'II [IXB "Espasuiickuii nanmonanbubiii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NNK: KZ599650000040502847

Ko6e 16

Kuu 859 - 3a crarbio

4)PT'II IIXB "EBpaswuiickuii HannoHanbublil yausepcurer umenn JI.H. Tymunesa MOH PK AO "Hapoansiii Bank Kaszaxcran"
BUK Banka: HSBKKZKX

NUK: KZ946010111000382181

Ké6e 16

Kun 859.

st corpyauukoB EHY - 4500 Tenre, mjist croponaux opranu3anuii - 5500 Tenre

"3a nybaukamuio B Becrauke EHY @O asropa"

126



A.Il. Iloii, A.X.AsumMmKeIioBa

ITosoxkeHne 0 PyKONUCSX, IPECTABIsIeMbIX B >KypHaJ «BectHuk EBpasmuiickoro HaigmoHaJIbHOIO YHUBEPCUTETA
umenu JI.LH.I'ymuaeBa. Cepusi Texnndeckue HaAyKu UM TE€XHOJIOTHH»

1. IMenp >xypuagsa. Ilybaukanus TiiaTesbHO OTOOPAHHBIX OPUIMHAJIBHBIX HAy4YHBIX pPaboT B 0OJIACTH TEXHUKHU
U TEXHOJIOPUU: CTPOUTEJBCTBO, AapPXUTEKTypa, TIEOTEeXHUKA, DEOCHHTETHUKA, TPAHCIOPT, MAIINHOCTPOEHUE, SHEPreTUKa,
cepruduKaus ¥ CTAHAAPTH3AIMs, BEIYUCIUTEIbHAs TEXHUKA.

2. ABTOpy, KeJAIEMy OIlyOJIMKOBATH CTATHIO B KypHajie HEOOXOAUMO TPEJCTABATL PYKOIUCHh B TBEPAOH KOMAU
(pacneuaraHHOM BapuaHTE) B OJHOM 9K3eMIUIApE, IOAIMCAHHOM aBropoM B Otiesn HaydHbix u3fganuii (mo agpecy: 010008,
Kazaxcran, r.Hyp-Cymnran, ya. Carnaesa, 2, EBpaswuiickuit namumonampubiii yumsepcurer uM. JIL.H.I'ymumesa, Ywuebuo-
aIMUHICTPATUBHBIA Kopiyc, kab. 408) u no e-mail vest techsci@enu.kz B popmare Tex, PDF u Word. ITpu sToM m10/12KHO GBITH
CTPOrO BBIIEP?KAHO COOTBETCTBHE MexkIy Tex-daittom, Word-daittom, PDF-daiiiom n TBepmoit konwmeit. Takxke aBropy(am)
HEOOXOIMMO MPEIOCTABUTL COIPOBOAUTENBLHOE MUCHMO B PEIAKIIMIO YKyPHAJIA.

sk myOGauKamuii: Ka3axCKuil, pyCCKuil, aHIVIMACKAN.

3. OrnopasjsieHme crareil B peJaKIUi0 O3HA4YaeT coIjlacue aBTOpoB Ha mnpaso Msnaresnsi, EBpasmuiickoro
HaluoHaJIbHOro yHuBepcurera umenu JI.H. I'ymuneBa, m3maHusi crareili B >KypHajle U Nepeu3JaHUs] UX Ha
Jgr06oM mHOCTpaHHOM #s3bike. IIpencraBisisi TeKcT paborsl ajs myGauKanuyu B >KypHaJie, aBTOpP rapaHTUpPyeT
IpaBUJIBLHOCTH BCEX CBeAEHUi 0 cebe, OTCyTCTBHE ILJIArUaTa U APYrux (popM HENPaBOMEPHOI'O 3alIMCTBOBAHUS B
pyKoImucu, HajJiexkarnee opopMJIeHE BCEX 3aMMCTBOBAaHUM TEKCTa, TaGJINI], CXeM, UJLJIIOCTPALUNA.

4. O6beM craTbu He JOJZKEH NpeBmarh 18 crpanun (ot 6 crpaHum).

5. CxeMa mOCTpPOEHUsI CTATbU

I'PHTMH http://grnti.ru/

Hnuyuans, v Pamuauto aemopa(os)

IToanoe naumenosarue opzarudayuy, 20pod, cmpara (ecau aBTOPbl paGoTAIOT B PA3HBIX OPTAHU3AIUAX, HEOOXOIUMO
[IOCTABUTH OJIMHAKOBBII 3HAYOK OKOJIO (haMHUJIMKM aBTOPA M COOTBETCTBYIONIEH OpraHn3alyn)

E-mail aBropa(os)

Hassanue cmamovbu

Annomayus (100-200 cios; He OJKHA COAEpKaTh (DOPMYJIbI, He OJIZKHA ITOBTOPSITH 110 COIEPXKAHUIO HA3BAHWUE CTATHU; He
JOJIZKHA COZIEPKATH 6UbIMorpaduyuecKue CChUIKY; TO/PKHA OTPAXKaTh KPATKOE COJIEPXKAHUE CTATbHU, COXPaHss CTPYKTYPY CTATbU
—BBeJleHHe,/ IOCTAHOBKA 3aJa4dn,/ 11ejIi,/ UCTOPHsl, METOABI UCCJIEIOBAHUS, PE3yJIbTaThl/00Cy K ICHNAE, 3aKIIOUCHUE /BBIBOJBI).

Karouesvie caosa (6-8 cios/cioBocoderanuii. Kiodyesble €10Ba JOJDKHBI OTParkaThb OCHOBHOE COJEPKAHUE CTATbH,
HCIIOJIb30BATh TEPMUHBI M3 TEKCTA CTATBHH, & TaKyK€ TEPMUHBI, OIPEIEJISIONNe IPEIMETHYIO O00IacTh U BKJIIOYAIOIINE IPyTHe
BasKHDBIE TIOHATHS, IO3BOJIAIONIME OOJErYUTh U PACIIUPUTH BO3MOXKHOCTH HAXOXKIEHWUS CTATbU CPEJICTBAMHM MHMOPMAIUOHHO-
[IOUCKOBOW CHUCTEMBI).

OcHoeHOT MeKem cmambu JT0JIZKEH COJlePKaTh BBeZieHne,/ MOCTAHOBKY 3aJiadu,/ 11eJii/ HCTOPHIO, METO/bI UCCIIE[OBAHUS,
pe3ysbTaThl/00Cy XK IeHNE, 3aKJIIOYEHUE / BBIBOJIBL.

Tabauudbt, pucyHKy HEOOXOAMMO PACIOJIAraTh IOCJIe yIOMHUHAHUS. KarkI0f W/IIOCTPAIUU JOJRKHA CJIeJ0BATh HAIINCH.
PucyHnkn nosKHBI 6BITH Y€TKUMU, YUCTHIMU, HECKAHHPOBAHHBIMU.

B crarbe mymepyiorcs b e POPMYADBL, HA KOTOPBIE 110 TEKCTY €CTh CCHLIKH.

Bce abbpesuamypvt u COKpallieHUsI, 3a HCK/IIOYEHHEM 3aBEJOMO ODOIIEM3BECTHBIX, JOJIXKHBI OBITH pacIIudpOBaHbl IIpU
[IEPBOM YIOTPEOICHUN B TEKCTE.

Ceenenust o purarcosot noddepacre paboThl yKA3bIBAIOTCS Ha MEPBOM CTPAHUIIE B BUJE CHOCKH.

Cnucox aumepamypo.

B Tekcre ccpuikm 0603HAYAIOTCS B KBaJAPATHBIX CKOOKax. CCBUIKHM JOJIXKHBI ObITH IIPOHYMEPOBAaHBI CTPOrO IO IMOPSAKY
YIOMHMHAHUS B TEKCTe. llepBasi CChUIKA B TEKCTE HA JIMTEPATYPY JO/KHA uMeTh Homep [1], Bropas - [2] u T.1. Ccbuika Ha KHHTY
B OCHOBHOM TEKCT€ CTATbH JIOJIPKHA COIPOBOXKJATHCS yKa3aHHEM HCIOJIb30BaHHbIX cTpaHul] (Hampumep, [1, 45 crp.]). Cebuikn
Ha HeONyOIMKOBaHHBIE PA0OTHI HE JOIyCKAIOTCA. HerKeslaTeabHbl CCUIKU Ha HEPEHEH3UPYyeMble U3JaHus (IPUMEpPbI OIUCAHUS
CIIMCKA JIATEPATYPbI, OIUCAHUSI CINUCKA JIATEPATYPbl Ha aHIVIMACKOM sI3bIKE CM. HUXKe B 06pasie odOpMIIEHUsI CTaThH ).

B komme craTbu, mocie cnucka JuTepaTypbl, HEOOXOOUMO yKa3aTh bubauozpapureckue daHHble Ha PYCCKOM U AHTTIHHACKOM
sa3blKaxX (ecau craTbs 0dOPMIICHA Ha KA3aXCKOM fA3bIKe), Ha KAa3aXCKOM M AHIVIMACKOM sI3bIKax (ecsiu crarbs odopMiieHa Ha
PYCCKOM sI3BIKE) W Ha PYCCKOM M Ka3aXCKOM s3bIKax (ecyu craTbs odOpMIICHa Ha AHIVIMHACKOM SI3BIKE).

Ceederuss 06 aemopax: damunus, UMs, OTYECTBO, HAyIHAs CTENEH, JOJPKHOCTb, MECTO PabOTHI, ITOJHBIA CJIyKeOHBII
azpec, TesedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M aHIJIMHACKOM SI3bIKAX.

6. Pykonuch moszkHa ObITH TIATEJILHO BbIBEpeHa. Pykomucy, He COOTBETCTBYIOIIME TEXHUYECKUM TPeOOBaHUAM, OyIIyT
BO3BpallleHbl Ha JopaboTky. BosBpamenne Ha nopaboTKy He O3HAYAET, YTO PYKOIUCH IPUHATA K OIIyOJIMKOBAHUIO.

7. Pabora ¢ 251eKTpOHHOM KoppeKTypoii. Crarbu, nocrynusiue B OTies HaydHBIX n3aHui (pelakiys), OTIPABIISIOTCS
Ha aHOHMMHOE DeleH3MpOBaHHe. DBce pelneH3uHu [0 CTaThbsM OTIPABJISIOTCS aBTOPy. ABTOpaM B TedeHHe Tpex JHei
HEOOXO/IMMO OTIPABUTH KOPPEKTYpy craTbu. CTaThby, MOJIyYUBIINE OTPULIATEIBHYIO PEIEH3UIO, K MOBTOPHOMY DaCCMOTPEHUIO
He IPUHUMAIOTCs. VcmpaBiieHHbIEe BAPUAHTHL CTaTell U OTBET aBTOPA PELEH3EHTY MIPUCHIIAIOTCA B pegaknuio. CTaTbu, MMEIOe
[IOJIOYKUTEJILHBIE PEIEH3UHY, [IPEICTABIISIOTCS PEIKOJUIETUN YKYPHAJIA JIJIsl OOCYKI€HUsI U YTBEPXKICHUS JJIsl IIyOJIMKAIIH.

ITepuomuyHOCTh >KypHaJia: 4 pa3a B TOI.

8. Omuiara. ABropaM, IOJYYHBIIUM TOJIOXKUTEIBHOE 3aKJIIOUEHUE K OIyOIMKOBAHUIO, HEOOXOAMMO MIPOM3BECTH OILIATY IO
caemyomuM pexpusuTaM (s corpyaaukos EHY — 4500 Tenre, misa cropoHHnx opranusanuii — 5500 Tenre).

PexBusutsr:

1)PT'II IIXB "Espasuiickuii Hanuonaubublii yausepcurer umenn JI.H. D'ymunesa MOH PK

AO "Bank LenrpKpemur"

BUK 6anka: KCJIBKZKX

NHNK: KZ978562203105747338

Koe 16

Kmn 859- 3a crarsio

2)PT'II 1IXB "Espaswuiickuit nHarmonanbueiii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "Bank RBK"
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Buk 6anka: KINCKZKA

NNK: KZ498210439858161073

K6e 16

Knn 859 - 3a crareio

3)PI'II [IXB "Espasuiickuii nanmonanbubiii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NNK: KZ599650000040502847

Ko6e 16

Kuu 859 - 3a crarbio

4)PT'II IIXB "EBpaswuiickuii HannoHanbublil yausepcurer umenn JI.H. Tymunesa MOH PK AO "Hapoansiii Bank Kaszaxcran"
BUK Banka: HSBKKZKX

NUK: KZ946010111000382181

Ké6e 16

Kun 859.

"3a my6aukanuio B Becrauke EHY ®UNO asropa"
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A.Il. Iloii, A.X.AsumMmKeIioBa

MakaJjiaHbI paciMaey YJIrici
MPHTMU 27.25.19
A K. XKy6ansimesa ', H. Temupranues?, A.B. Yrecos?

L Miemumym meopemumeckoti mamemamuru u nayumoir evucaenuti Eepasutickozo
HAYUOHAALHO20 YHusepcumema umenu J1. H. lymunesa, Hyp-Cyaman, Kasaxcman
2 Axmaobuncruti pecuonasvoli 2ocydapemeenmoni yrnusepcumem umenu K. Xybanosa,
Axmobe, Kazaxcman
(Email:azaulezh@mail.ru, ntmathl0@mail.ru,adilzhan_ 71 @mail.ru)

Yucnennoe nuddepenimpoBanne pyHKINiT B KOHTeKcTe KoMnbioTepHOTO
(BBIYMCIINTEILHOIO) IIONEPEeYHNKA

Awnnorarus: B  pamrax KOMIBIOTEDHOrO (BBIYHCIUTEILHOTO) MOMNEPEYHHUKA  IIOJHOCTHIO
perteHa  3ajada  MPHOJIMKEHHOrO guddepeHnnpoBannsd (QYHKINA, TPUHAIEKAITIX KJIACCaM
CobosieBa 110 HETOYHON wuHMOPMAIUH, [OJYYEHHON OT IPOU3BOJHLHOIO KOHEYHOIO MHOYKECTBA

rpuronomerpuieckux koabdunuentos Pypoe-Jlebera muddepennupyemoii dynkuuu... [100-200
cJioB|.

KuaroueBbie cioBa mnpubmmkennoe aud@epeHInpoBaHe, BOCCTAHOBIEHNE II0 HETOTHOM

uHGOpMAIUH, IIpejesbHast IOIPENIHOCTb, KOMIBIOTEPHBIH (BLIMUCINTEIbHBIH) nonepedHuk. [6-8
CJIOB/ CJIOBOCOYETAHMIA| .

BBenenune

TekcT BBeEHUA. ..
ABTopam He ciefyeT HCHOIB30BaTh HecTaHnapTHble makerTol LaTeX (mcmosbsyiite mx Jumb B
cirydae Kpaifaeil HeoOX0IIMOCTH )

3aroJioBOK CeKIuu

1.1 3arojioBOK HOJCEKIIU
OkpykeHus.

Teopema 1. ...

JlemmMma 1. ...

IIpennoxkenue 1.

Omnpegenenne 1. ...

Ciaeacrsue 1. ...

3ameuanmue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemo.
JlokaszaTenbcTBoO. TekcT moka3aTelbCTBA.

2. ®opmyJibl, TAGIUIBI, PUCYHKU

reni )y ST = 0 b (o (o)),
e Oy (e (I, on))y = dn(ens T5 F; (1Y), o) )y =
= s [7rO —en (0 ()01 () 80|
feF v
MV” <1(r=1,...,N)

Tabsmibl, pUCYHKH HEOOXOUMO pacioJiararh nocje yrnomuHanus. C KaxKJio# WILTIOCTpanueil J0KHa
cJIeJOBaTh HAJIINACh.
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Tabnuua 2 — Hazsanue Tabiuibt

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

Pucyhok 11 — Haspanue pucyHska

3. Cchuiku u 6ubsmorpadus

st cchUIOK Ha yTBepKeHus, (DOPMYJIbI U T. II. MOYKHO HCIIOJIb30BAaTh MeTKH. Hampuwmep, Teopema 2,
Dopmyia (1)

s pykoBojicTBa o INTEX u B KadecTBe mpuMepa 0hOpMIIEHHS CChLIOK, CM., Hartpumep, JIpBosckuit C.M.
Habop u Bepcrka B makere WTEX. Mocksa: Kocmocurdopm, 1994.

Crucok JurepaTypbl 0(OPMIISETCS CJIEILYIONIM 00Pa30M.

Criucok smreparypsbl

1 Jlokyumesckuit O.M., l'aspukos M.B. Hauana ynciaennoro anamuza. —M.: TOO "dryc", 1995. —581 c. - kHura
Temuprasues H. KoMubioTepHbiil (BBIYUCIUTEIBHDLI) IONEPEYHUK KAK CHMHTE3 M3BECTHOIO M HOBOTO B YUCJEHHOM
ananuse // Becruuk Eppaswmiickoro nanmonanbaoro yausepcurera umenn JI.H. Dymmiaesa —2014. —T.4. Ne101. —C.
16-33. doi: ... (upu HasMUNM) - CTATHS

3 XKybGaunbrmesa A.2K., A6ukenosa 1. O nHopmax npou3BoaHbIX DYHKIUH C HyJIEBBIMYA 3HAYEHUSIMU 3aJJaHHOTO HAbOPa
JINHEAHBIX (DYHKIMOHAJIOB U UX IPUMEHEHHs! K IIONEPEIHMKOBBIM 3ajadaM // OyHKIHMOHAIbHBIE IPOCTPAHCTBA
u Teopusi npubsmKenust yaknmit: Tesucbr moxmamos MexayHapomHoit KoudepeHun, nocesimennoit 110-geturo
co aus poxjenuns axajgemuka C.M.Huxosbckoro, Mocksa, Poccusi, 2015. — Mocksa, 2015. —C.141-142. - Tpyasl
KOHdepeHIuii

4 KypmykoB A.A. AHMHONIPOTEKTOPHAS U TUIOJUNUAEMUIECKasi aKTUBHOCTD jieykomusuta. —Anamarsr: Bacray, 2007.
—C. 3-5 - raszerHble cTaTHU

5 Ksipo B.A., Muxaiismaenko I.I. AHanuTudeckuii METOJ] BJIOKEHUS CUMILIEKTUIeCKOH reomerpun // Cubupckue
9JIEKTPOHHBIE MarTemaTudeckue mspecrust —2017. —T.14. —C.657-672. doi: 10.17377/semi.2017.14.057. — URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (nara obpamenns: 08.01.2017). - 9JIeKTPOHHBIN Ky pPHAJI

A.2K. XKy6ansimesa ! , H. Temiprasues ! , A.B. Yrecos 2

L JI.H.Nymunes amuvimdazo, Bypasus yammork yHu6epcumeming, meopuaiblk MamemamuKa HCoHe 2olablMU eCEnMeYieD
uncmumymaot, Hyp-Cyaman, Kazakeman
2 K. 2Ky6aros amomdaeo, Axmebe onipaix memaexemmir yrusepcumemi, Axmobe, Kasaxcmar

Kowmnsiorepiik (ecenreyium) guamerp MoHMOTIHIHAe DyHKUMsIapabl caHAbIK auddepeHnuanaay

Annoranus: Komnbiorepsik (ecenteyim) quamerp monmoTiHiage Co6oJIeB KIACHIHA YKATATHIH (DYHKIMIAD/ Bl OJIAPIBIH,
TpuroHomerpusiiiblik Pypbe-Jleber koaddunmeHTTEPiHIH, aKBIPJIbI >KUBIHBIHAH aJIbIHFAH J19JI eMeC akKlapaT OOMBIHIIA XKYBIKTAY
ecebi ToubrbiMen mmentizai [100-200 cesuep.

Tyiin ce3pep: Kybikran auddepeHnuaiay, I2J eMec aklapaT OOMbIHINA YKYBIKTay, HMIEKTIK KarTeiaik, KoMmmborepsik
(ecenreyim) nunamerp [6-8 ces/ces Tipkecrepi.

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

1 Institute of theoretical mathematics and scientific computations of L.N. Gumilyov Eurasian National University,
Nur-Sultan, 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) di-
ameter, massive limiting error. [6-8 words/word combinations|
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