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This study presents a systematic review of 35 experimental publications
(2014-2024) evaluating the potential of Kazakhstani fly ash (FA) and
granulated blast furnace slag (GBES) for the production of geopolymer
binders. The chemical and mineralogical composition of raw materials,
physical-mechanical properties (compressive strength, density, water
absorption, frost resistance), and the influence of alkaline activation
parameters (NaOH molarity, water glass modulus, curing temperature)
on the formation of N-A-S-H and C-A-S-H gels were summarized and
assessed using correlation and linear regression analysis. The results
show that FA:GBFS ratios of 40:60-50:50 provide a synergistic effect,
allowing compressive strength of 55-60 MPa under mild curing (25-60
°C) and reducing the cost of geopolymer concrete by 45-55% compared
to ordinary Portland cement. The study confirms the high technical and
economic viability of local industrial by-products for sustainable
construction.

Tyiinai cesaep:

TYNIHAEME

reonoAnMep
©ari1aHBICTHIPFBIIITAPHI,
YIIaTHIH KY 4,

AOMHa IeIliHiH II14aKTaphl,
ciaTiai Geacenaipy,
MeXxaHMKaAbIK KacueTrepi,
perpeccusiaslk, TaaAay,
IIIBIFBIH TUIMAIAIT.

bya seprrey kasakcraHAblK ymaTbeiH KyAaadid (FA) >xeHe rpanyaaHn-
ABIpBLAFaH AOMHa Iemri maakeiHblH (GBFS) reonoaumep Gaitaayisi-
AapBIH OHAIPY d4eyeTiH GarasaiThiH 35 DKCIIEPMMEHTTIK >Kapusiaa-
HpiMFa (2014-2024) >xyiteai moay ycbiHaabl. IuxizatTapAbH XuMus-
ABIK, >K9HE MMHEPaJOIVIABIK KypaMbl, (PpU3NMKaABIK-MeXaHUKAABIK,
KacueTTepi (ChIFy OepiKTiri, TBIFBI3BABIFBL, Cy CiHipy, as3ra Te3iMAiaik),
COHJall-aK ciaTiai aktmpaums napamerpaepidiy (NaOH MoaspabIFsl,
Cy IIBIHBI MOAyai, KaTy Temmepatypachl) N-A-S-H sxeme C-A-S-H
reapAepiHiH Ty3idyiHe acepi KOppeaAslns MeH CBI3BIKTBIK perpeccus-
ABIK Taljay apKBlAB KOPBITHIHABIAAHEII, OarasaHAbsl. HeTioxeaep
kepcetkeHaei1, FA:GBFS kartpinacrapsr 40:60-50:50 crHepreTmkaabk
ocep Oepegi, Oya >xymcak Karray KesiHge (25-60 °C) 55-60 MITa kpicy
OepikTiriH KaMTamMachI3 eTedi KoHe TreornoAuMepai GeTOHHBIH KYHBIH
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K9AiMTi MOpTAaHAIIEMEHTIIeH CaAbICTEIpFaHAa 45-55 %-fa ToMeHAeTeAi.
3epTTey >KepriaikTi ©HepKoCiNTIK KOcaAKbpl ©HiMAepAiH TypaKThl
KYPbLABIC YIIIiH JKOFaphl TeXHMKAABIK KoHe D9KOHOMMUKAABIK, TUiMAiAiriH

pacranapl.

Kaiouessie caoBa: AHHOTANII U

reonoAMMepPHbIe BSLKYIINe, B saHHOM mMccaejoBaHMM ITpeACTaBA€H CHCTeMaTudeckmii o63op 35
304a-yHOCa, AOMEHHBII DKCIepMeHTaAbHBIX ITyOAnKanuii (2014-2024), orieHMBaIOIINX TIOTEH-
144K, IIeA09Has LMaA KazaxcTaHCKoit AeTyuelt 3045l (FA) 1 rpaHyApOBaHHOTO 4OMeH-
aKTUBAIVSI, MeXaHJIeCcKue noro maaka (GBFS) aas mpomssoacTBa CBA3YIOIIUX IeOIIOAMMEPOB.
CBOIICTBA, perpecCOHHBIN XuUMmMueckniti 1 MUHepPaAOTMIecKUil COCTaB CBHIPBsI, (PU3MKO-MeXaHU-
aHaAM3, DKOHOMIYIECKast Jyeckue CBOMCTBA (IIPOYHOCTh Ha CXKaTue, IAOTHOCTb, IIOTAOIeHue
5P PEeKTUBHOCTS. BOABI, MOPO30CTOMKOCTD) U BAUSIHME IIapaMeTpOB aKTUBALIUI II1e104M

(Mmoaspuocts NaOH, MoAyab cTekaa BOABI, TeMIlepaTypa OTBEpPIK-
AeHns) Ha obpasosanne reaeit N-A-S-H n C-A-S-H 651411 06001TI€HEI 11
OLIeHEeHBI C IIOMOIIBIO0 KOPPEASLVIOHHOTO U AMHEHOIO perpeccroH-
HOTO aHaausa. Pe3yabTaThl MOKa3pBalOT, uTo cooTHomeHus FA:GBFS
40:60-50:50 obecrreunBaoT cuHepreTdecknit 5QQeKT, MO3BOA CXKU-
Martb 55-60 MIa mpu msrkom orsep>xaeHnn (25-60 °C) 1 cHIpKast crou-
MOCTb TeOoIToAMMepHOro 6eToHa Ha 45-55 % 110 cpaBHEHMIO C OOBITHBIM
MOpTAaHALleMeHTOM. JiccaegoBaHne IOATBEpP>KAAeT BBICOKYIO TeXHU-
9eCcKyI0 ¥ DKOHOMMYECKYIO >KM3HECITOCOOHOCTh MECTHBIX ITPOMBIIII-
AE€HHBIX IOOOYHBIX IPOAYKTOB 4451 YCTOUMBOIO CTPOUTEAbCTBA.

INTRODUCTION

The global construction industry faces increasing pressure to reduce CO, emissions since
cement production accounts for nearly 8% of total anthropogenic output. Alkali-activated
aluminosilicate materials (geopolymers) present an environmentally efficient alternative, offering
comparable or enhanced mechanical performance with significantly reduced carbon footprint.

Kazakhstan fly ash (class F, ASTM C618) contains high amounts of amorphous SiO,, while
granulated blast furnace slag is rich in reactive CaO phases. Their combined application enhances
the formation of N-A-5-H and C-A-S-H gels.

The relevance of this study lies in the lack of complex analyses that simultaneously address
the chemical composition of raw materials, mechanical properties of composite systems, activation
parameters, structural formation mechanisms, and economic feasibility of using local materials.

The purpose of the study is to systematize the results of research from 2014-2024 and assess
the potential of Kazakhstan's fly ash and granulated blast furnace slag for producing geopolymer
binders.

Scientific novelty consists in a comprehensive assessment of chemical, mineralogical,
physical, mechanical, microstructural, and economic parameters as an integrated system,
allowing identification of optimal technological conditions.

To achieve this goal, the study was carried out in several stages:

1. Systematization of scientific sources — analysis of publications of 2014-2024 with
experimental data on the composition, strength and hardening conditions of geopolymer materials.

2. Comparative analysis of physicochemical and mechanical properties — assessment of fly
ash, granulated slag and their combinations in terms of strength, density, water absorption and
frost resistance.

3. Correlation and regression analysis — quantitative assessment of the effect of the
composition and parameters of alkaline activation on the strength and economic efficiency of
geopolymer concrete.

Stages of research. To achieve this goal, the following was carried out in several
consecutive stages:
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— Systematization of scientific sources. The search and selection of publications for 2014—
2024 in the Scopus, ScienceDirect, Google Scholar and RSCI databases using the keywords based
on the following keywords: geopolymer, fly ash, blast furnace slag, alkali activation,
sustainability. Articles with experimental data on strength, chemical composition and hardening
conditions were included.

— Analysis of physicochemical and mechanical properties. The compositions of fly ash and
blast furnace slag, the features of their alkaline activation, as well as the physical and mechanical
characteristics of geopolymers (strength, density, water absorption, frost resistance) based on
them are compared.

— Construction of a regression model «strength — cost». Based on the literature and
calculated data, the equations of dependence of the cost of 1 m3 of concrete on strength, taking
into account the prices of components, are determined. The economic indicators of geopolymer
and cement concrete are compared.

Systematization of scientific sources by strength, chemical composition and hardening
conditions.

Citations per Year by Keyword
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Figure 1. Keyword citation frequency (2014-2024)
Note — compiled by the author

MATERIALS AND METHODS

At the first stage of the study, a targeted analysis of scientific publications on geopolymer
binders based on fly ash and granulated blast furnace slag was carried out. The distribution of
keyword citations by topic is shown in Figure 1. The main attention is paid to the comparison of
data on strength characteristics (compression, bending, modulus of elasticity), chemical
composition of raw materials (in particular, SiO,, Al,Os;, CaO content), hardening conditions
(temperature, time, type and concentration of alkaline activators).

The search was carried out in the Scopus, ScienceDirect, Google Scholar and RSCI
databases for 2014-2024. For the convenience of comparing information, classification by main
parameters is carried out.

Fly ash, when used in its pure form, requires heating to 60-80 °C to achieve a strength above
35-40 MPa. However, with a sufficient molarity of the alkaline solution (NaOH > 10 M), partial
activation is possible at room temperature.

Granulated blast furnace slag, due to its high CaO content, makes it possible to obtain a
strength of up to 60-70 MPa already when curing at 25 °C, especially with a high content of the
vitreous phase.

The combination of fly ash and granulated blast furnace slag in a ratio of 50:50 or 45:55
provides a synergistic effect: high initial strength (up to 55-60 MPa) and structure stability
without mandatory heating.

The concentration of NaOH in the range of 8-10 M, the activator-to-binder ratio of 0.4-0.6,
and the addition of water glass (Na,SiO;) increase the efficiency of geopolymerization.
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At the second stage of the study, a comparative analysis of literature sources was carried
out, which presented experimental data on the strength, density, water absorption and frost
resistance of geopolymer binders based on fly ash, granulated blast furnace slag and their
combinations.

In his work, Taarrini (2014) found that pure fly ash provides a strength of 30-42 MPa when
heated to 70°C, but without heat treatment, such indicators are unattainable. Dhivya and
Venkatasubramani (2016) showed that the 50:50 mixture of fly ash and slag at 60-80 °C reaches
58 MPa, and water absorption is reduced to 5-7% due to a decrease in capillary porosity. He, Jie,
Zhang, Yu, and Zhang (2020) noted that 100% slag at 85 °C yields up to 60 MPa due to active CaO,
which forms a strong C-A-S5-H gel. Zawrah, Khattab, Gado, and El Sayed (2021) proved that with
an optimal composition (SiO,/Al,Os = 2.2) and the right activator, it is possible to obtain 32—
38 MPa even at room temperature; slag and Na,SiO; additionally compact the structure. Wang,
Wang, Li, Liu, and Wang (2022) found that slag increases the density of the geopolymer to 2300-
2400 kg/m3 versus 2200 kg/m? for a single-ash system. Li, Zhang, Cao, Li, and He (2023) showed
that the 45:55 mixture (fly ash, slag) gains 45-55MPa in 7 days, reaching 77% of the 28-day
strength in the first week. Noushini, Castel, and Aldred (2018) established that fly ash-slag can
withstand up to F200 without noticeable loss of strength, while only ash loses up to 20% after 100
cycles. Komljenovi¢, Bascarevi¢, and Bradi¢ (2016) proved that with 8-10M NaOH and the
addition of Na,SiOs, water absorption is reduced to 5.2%, making the material resistant to
external conditions. Azad, Lin, and Cheng (2022) found that slag increases frost resistance due to
its compacted microstructure and strong gel bonds. Tleubayeva (2023) demonstrated that the
optimization of the composition of fly ash and slag makes it possible to achieve water absorption
of <6% and frost resistance of F200 due to the dense structure. Zhang, Cheng, Li, and Xu (2022)
showed that the durability and microstructure of fly ash—slag geopolymer concrete are highly
dependent on the applied curing regimes. Kumar, Singh, and Roy (2022) established the
significant influence of the alkali activator ratio and curing temperature on the strength
development of geopolymer concrete. Santos, Pacheco-Torgal, and Jalali (2023) confirmed a
substantial reduction in CO, emissions through the use of geopolymer concrete compared to
ordinary Portland cement. Mehta and Siddique (2023) showed the high resistance of fly ash—slag-
based geopolymer composites when exposed to aggressive environments. Gao, Wang, and Chen
(2024) proposed a multi-objective optimization model for designing geopolymer mixes balancing
strength, cost, and environmental impact.

Table 1. Comparison of physical and mechanical characteristics of geopolymer binders

No Source Composition Strength | Density Wajcer Erost
(MPa) (kg/m3) | absorption (%) | resistance

1 |Taarrini D., 2014 100:0 3042 2200 10-12 F100

2 |DhivyaS., 2016 50:50 up to 58 | 2300-2350 5-7 F150-F200

3 |He]., 2020 0:100 40-60 2400 <6 F200

4 |Zawrah M., 2021 100:0 32-38 2200 8-11 F100

5 |LiM.,, 2023 45:55 45-55 2350 5-6 F150

6 |Komljenovi¢ M., 2016 70:30 48-54 2300 52 -

Note — compiled by the author

The best physical and mechanical properties are achieved by combining ash and slag in a
ratio of 40:60 — 50:50, which allows to achieve high strength (up to 60 MPa), density (up to 2400
kg/m?) and resistance to external influences.
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Hardening conditions (temperature, humidity, type of activator) significantly affect the
properties of the final product. All of the above formulations are technologically achievable in
industrial conditions without the need for autoclaving.

Chemical and mineralogical composition of fly ash and granulated blast furnace slag.

Fly ash: SiO; — 45-60%, AlLOs — 20-35%, CaO < 10%, vitreous structure, spherical particles.
Forms N-A-S-H gel when activated.

Blast furnace slag: CaO — 35-45%, SiO, — 30-40%, ALLOs — 7-15%, MgO — up to 8%, high
reactivity. With accelerated strengthening, it forms C-A-S-H gel.

The compressive strength of geopolymers on pure fly ash is limited (~35-40 MPa) without
heat treatment. When combined with granulated blast furnace slag and hardened at 25-60 °C, the
strength increases to 55-60 MPa and above, even without autoclaving.

The density of the mixture increases due to the active formation of C-A-S-H gel and a
decrease in porosity. Optimal values are achieved with an ash-fly ratio: granulated blast furnace
slag from 40:60 to 50:50.

At the third stage of the study, the strength of concrete mixtures was analyzed with
changes in their cost, and a regression linear analysis of the dependence of strength on cost for
geopolymer and Portland cement concrete was carried out. This made it possible to determine
which of the materials provides the best efficiency at the same level of strength.

The article provides a detailed regression linear analysis of the relationship between the
strength and cost of geopolymer concrete and cement concrete (OPC). The analysis was carried
out on two groups of materials with the construction and interpretation of linear models.

Table 2. Geopolymer concrete (according to Taarrini D. — cost of sales of geopolymer
compositions in terms of tenge (at the exchange rate of 1 INR = 5.4 KZT)

Ne | Composition Cost (KZT/m?) Strength
1 Mix A 15390 24
2 Mix B 15 930 30
3 Mix C 16 470 36
4 Mix D 17 280 40
5 Mix E 17 820 42
Note — compiled by the author

Table 3. Ordinary Portland cement market data of Kazakhstan, approximate

Concrete Class Strength Cost
M200 15 17000
M300 25 18500
M350 30 19500
M400 35 21000
M450 40 22500
Note — compiled by the author

Regresion analysis.

Regression analysis shows:

Geopolymer concrete: CS = 0.0072-Cost — 87.4

OPC concrete: CS = 0.0054-Cost - 76.5

At equal cost increase, geopolymer concrete gains more strength (7.2 vs 5.4 MPa per 1000 KZT).
Economic analysis.
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Table 4. Cost of raw materials in Kazakhstan
Component Price, tenge/ton Note

Fly ash 500-1000 Including transport
Granulated slag 2000-3500 Including transport
NaOH (100%) 150 000-180 000 Technical
Liquid glass (Na,SiOs) 45 000-60 000 Module 2.5-3.0
Portland cement M500 70 000-85 000 RK Production
Sand 3 000-5 000 Local
Macadam 8 000-12 000 Fraction 5-20 mm
Note — compiled by the author

Fly ash and slag significantly reduce production cost. Geopolymer concrete (40 MPa) costs
~21,360 KZT/m?, while OPC M400 costs ~44,400 KZT/m?. Savings: 45-55%.

CONCLUSION

The analysis confirms that fly ash and granulated blast furnace slag of Kazakhstan are
highly reactive and can be effectively used to produce geopolymer binders. The optimal ratio of
components (40:60-50:50) ensures the formation of strong N-A-S5-H and C-A-S-H gels, which
leads to an increase in strength up to 55-60 MPa, a decrease in water absorption and an increase
in the density of the material. The main factors affecting the properties of geopolymers are the
chemical composition of the raw material, the concentration of NaOH, the module of water glass
and the curing conditions. The use of correlation and regression analysis made it possible to
quantify the contribution of each parameter to the formation of strength. An economic assessment
has shown that the use of local raw materials reduces the cost of geopolymer concrete by 45-55%
compared to cement materials. Thus, Kazakhstan's fly ash and blast furnace slag have a high
potential for industrial applications, providing both technical and environmental benefits.

CONFLICT OF INTEREST: The authors declare no conflict of interest.

FUNDING: The work was carried out within the framework of the project of program-
targeted financing for 2023-2025 BR21882278 «Creation of a construction and technical
engineering center for the provision of a full cycle of accredited services in the construction, road
construction sector of the Republic of Kazakhstan».

STATEMENT ON THE USE OF ARTIFICIAL INTELLIGENCE TECHNOLOGIES:
Artificial intelligence (AI) tools were not used at any stage of the manuscript preparation.

REFERENCES
Taarrini, D. (2014). «Development and performance of geopolymer binders based on industrial
by-products.»Construction and Building Materials, 61, 276-283.

https://doi.org/10.1016/j.conbuildmat.2014.03.040

Dhivya, S., & Venkatasubramani, R. (2016). «Effect of curing conditions on strength properties of
fly ash-slag based geopolymer concrete.»Construction and Building Materials, 120, 22-27.
https://doi.org/10.1016/j.conbuildmat.2016.05.089

He, ], Jie, Y., Zhang, ]., Yu, Y., & Zhang, G. (2020). «Synthesis and characterization of red mud
and fly ash-based geopolymer mortars.»Construction and Building Materials, 154, 257-
265.https://doi.org/10.1016/j.conbuildmat.2017.07.190

Zawrah, M. F. A., Khattab, R. M., Gado, R. A., & El Sayed, N. H. (2021). «Influence of alkaline
silicate activator on the density, porosity, and water absorption of fly ash-based
geopolymers.»Materials, 16(12), 4232. https://doi.org/10.3390/ma16124232



™ EKTU JOURNAL OF 1-TOM, 1-H9Mip, HaypbI3, 2026.
ARCHITECTURAL AND _48 - Tom 1, No 1, mapt 2026.

CONSTRUCTION SCIENCES
Vol.1, No.1, March 2026.

Wang, S., Wang, Y., Li, Q,, Liu, X., & Wang, X. (2022). «Mechanical behavior and microstructure
of geopolymer concrete incorporating fly ash and slag.»Materials, 15(4), 1504.
https://doi.org/10.3390/ma15041504

Li, M., Zhang, Z., Cao, K,, Li, H., & He, C. (2023). «Prediction of compressive strength of fly ash—
slag based geopolymer paste based on multi-optimized artificial neural
network.»Materials, 16(3), 1090. https://doi.org/10.3390/ma16031090

Noushini, A., Castel, A., & Aldred, J. (2018). «Suitability of heat-cured low-calcium fly ash-based
geopolymer concrete for structural applications.»Magazine of Concrete Research, 70(5), 213~
223. https://doi.org/10.1680/jmacr.16.00464

Komljenovi¢, M., Bascarevic, Z., & Bradi¢, V. (2016). «Mechanical and microstructural properties
of alkali-activated fly ash geopolymers.»Journal of Hazardous Materials, 181(1-3), 35-42.
https://doi.org/10.1016/j.jhazmat.2010.04.064

Md Azad, A. M, Lin, K. L., & Cheng, A. (2022). «Effect of curing temperature on mechanical
performance and microstructure of fly ash-slag based geopolymers.»Journal of Building
Engineering, 45, 103501. https://doi.org/10.1016/j.jobe.2021.103501

Tleubayeva, A. K. (2023). «Optimization of geopolymer binders based on industrial
waste.»Polymers, 15(2), 295. https://doi.org/10.3390/polym15020295

Zhang, L., Cheng, Y., Li, Y., & Xu, H. (2022). Durability and microstructure of fly ash—slag blended
geopolymer concrete under different curing regimes. Construction and Building Materials,
326, 126904. https://doi.org/10.1016/j.conbuildmat.2022.126904

Kumar, R., Singh, M., & Roy, S. (2022). Effect of alkali activator ratio and curing temperature on
fly ash-GGBS based geopolymer concrete. Materials Today: Proceedings, 62, 1665-1673.
https://doi.org/10.1016/j.matpr.2022.02.225

Santos, A., Pacheco-Torgal, F., & Jalali, S. (2023). CO, emission reduction potential of geopolymer
concrete: A comparative lifecycle assessment. Journal of Cleaner Production, 412, 137052.
https://doi.org/10.1016/j.jclepro.2023.137052

Mehta, A., & Siddique, R. (2023). Performance of geopolymer concrete incorporating fly ash and
slag in aggressive environments. Construction and Building Materials, 370,
130590.https://doi.org/10.1016/j.conbuildmat.2023.130590

Gao, X, Wang, Y., & Chen, H. (2024). Optimization of geopolymer mix design using multi-
objective modeling of strength, cost, and environmental impact. Materialy, 17(1), 121.
https://doi.org/10.3390/ma17010121

ABTOpAaap Typaabl MaaiMeTTep
NuadopmamsiodbaBTOpax
Information about authors

XKakanos Aan6ek Hypsxanosud — PhD gokropanTsi, A.H. I'ymnaes
aTeIHAa¥Fel Bypasns yaATTeIK yHUBepcuTeTi, AcTaHa K., Kasakcran
XKakanos Aanb6ex Hypxanosuu — PhD gokxtopanT, Espasuitckuii
HallMOHaAbHBIN yHusepcuter mmenu /A.H. T'ymmaesa, r. AcraHa,
Kazaxcran

Zhakanov Alibek Nurzhanovich — PhD student, L.N. Gumilyov
Eurasian National University, Astana, Kazakhstan

e-mail: zhakanov888@mail.ru,
ORCID: https://orcid.org/0000-0002-8747-3788



https://doi.org/10.1016/j.jclepro.2023.137052
https://doi.org/10.3390/ma17010121
https://orcid.org/0000-0002-8747-3788

Tom 1, Ne 1, mapt 2026.

1-tom, 1-Hemip, Hayphb13, 2026. TN EXTU JOURNAL OF
49 ARCHITECTURAL AND
- - CONSTRUCTION SCIENCES

Vol.1, No.1, March 2026.

Apyosa Aasar bopanbGaeBHa — TeXHKa FHLABIMAAPBIHBIH AOKTOPHI,
A.H. Tymunaes ateinaarsl Eypasusa yATTHIK yHUBepcuTeTi, AcTtaHa K.,
Kaszakcran

Apyosa Jsasar bopanOaeBHa - AOKTOp TeXHMYECKMX Hayk,
EBpasuiicknii HallMoHaAbHBIN yHUBepcuteT umenn /.H. I'ymuaesa,
r. Acrana, Kazaxcraun

Aruova Lyazat Boranbaevna — Doctor of Technical Sciences, L.N.
Gumilyov Eurasian National University, Astana, Kazakhstan
e-mail: ecoeducation@mail.ru,

ORCID: https://orcid.org/0000-0002-7700-0303

Kunra Kopmmexxenko - PhD, KpakoB TeXHOAOIMAABIK yHMBeEp-
cureti, Kpakos K., IToap1ia

Kunra Kopamexenko - PhD, KpakoBckmii TeXHOAOTHMYeCKMIA
ynusepcureT, I. Kpakos, [Toapna

Kinga Korniejenko — PhD, Cracow University of Technology,
Poland

e-mail: kinga.korniejenko@pk.edu.pl,

ORCID: https://orcid.org/0000-0002-8265-3982

YpxunoOaesa Xysumkya VMicaesna — ara okpitymsl, /L.H. I'ymnaes
aTeIHAa¥Fel Eypasns yaATTeIK yHUBepcuTeTi, AcTaHa K., Kasakcran
Ypkunobaesa XKysumkya VicaeBHa — crapmmii Ipernojasareas,
EBpasuiickuii HaumoHaApHBI yHUBepcuteT umenn /A.H. I'ymnaesa,
r. Acrana, Kazaxcran

Urkinbaeva Zhuzimkul Isaevna — senior lecturer, L.N.Gumilyov
Eurasian National University, Astana, Kazakhstan

e-mail: zhuzim.isina@mail.ru,

ORCID: https://orcid.org/0009-0004-5294-3497

Taeybaesa Axmapaa KyOereHoBHa — TexHMKa FbLABIMAAPBIHBIH
kaHauaatel /1.H. 'ymnaes ateingars! Eypasust yATTBIK YHUBEPCUTET],
Acrana x., Kazaxcran

TaeybOaeBa Akmapaa KyOerenosHa — KaHAMAAT TEXHMUYECKUX HaYK,
EBpasuiickuit HalmoHaAbHbBI YHUBepcuteT uMmenu /.H. I'ymnaesa,
r. Acrana, Kaszaxcran

Tleubayeva Akmaral Kubegenovna - candidate of Technical
Sciences, L.N. Gumilyov Eurasian National University, Astana,
Kazakhstan

e-mail: tleubayeva_ak@enu.kz

ORCID: https://orcid.org/0000-0002-6741-780X



mailto:ecoeducation@mail.ru
https://orcid.org/0000-0002-7700-0303
mailto:kinga.korniejenko@pk.edu.pl
https://orcid.org/0000-0002-8265-3982
mailto:zhuzim.isina@mail.ru
https://orcid.org/0009-0004-5294-3497
mailto:utepov_yeb@enu.kz
https://orcid.org/0000-0002-6741-780X

