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ENVIRONMENTAL MONITORING IN KAZAKHSTANI
CONTEXT = STATE-OF-THE-ART AND CHALLENGES
FOR INDUSTRIAL REGION

Environmental issues remain a pressing concern for Kazakhstani
industrial regions. While legislative requirements for emissions into the
environment  permanently become increasingly stringent, the
environmental monitoring system lacks several structural factors.

This article delves into the fundamental requirements for
environmental monitoring systems and overviews methods and models for
monitoring emissions into the environment based on sources and impact
factors. The structure of classical monitoring is outlined in detail,
examining methods based on international experience with existing
management and control systems. The reasons and perspectives for an
environmental monitoring system for industrial facilities in the Pavlodar
region are discussed. The energy sector should gain the special attention
due to its high density and significant environmental impact in the region.

It can be concluded that imperfections in legislation and outdated
infrastructure conditions have led to the threatening ambient air
pollution. While the observations based on the retrospective time-series
data currently show state-of-the-art, the urgent call for implementation of
industrial intelligent information-analytical system may play a pivotal
role in decision-making in air quality management.

Keywords: environmental monitoring, greenhouse gases emissions,
environmental pollution, Industry 4.0, air quality.
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Introduction

More than half of the world's population is currently vulnerable to the
consequences of climate change. One such consequence is the emergence of
environmental issues resulting from and exacerbated by anthropogenic pressure.
Kazakhstan is a country that has been grappling with a steadily increasing array
of environmental problems. These include harmful emissions from industrial
enterprises, water and soil pollution, as well as other detrimental impacts of
industrial activities. Water resource challenges are escalating each year, posing
a significant threat to water deficit in certain regions. Additionally, industrialized
regions are experiencing contamination from radioactive, bacteriological, and
chemical sources.

Sustainable development of the country in the modern world necessitates
careful consideration of environmental safety. The responsibility of our
generation is to safeguard nature and judiciously utilize the abundant resources
of the country [1]. The government claims its commitment to the UN’s urgent
appeal for concrete action to preserve the environment for future generations.
Kazakhstan has become the first country in the Central Asian region to ratify the
Paris Agreement and embrace the Carbon Neutrality Strategy 2060.

Environmental monitoring is a part of the measures for assurance the
environmental sustainability. It encompasses the processes and activities
essential for evaluating the quality of the environmental objects and associated
risk assessment. The regulatory framework governing these requirements
focuses primarily on evaluating impact compliance and reporting industrial
emissions and wastewater discharged into the environment [1-3]. Nevertheless,
monitoring can be more efficient when obtained data can serve multiple
objectives, such as statistical analysis for state-of-the-art evaluation and
forecasting the future environmental conditions. The specific parameters to be
monitored are contingent on the characteristics of the subject of a particular
environmental study and the factors prevailing within it. Targeted chemical
parameters for monitoring depend on the characteristics of each particular
subject. Environmental monitoring system implies ecological analysis of
interaction between people and nature within the biosphere. While national
monitoring systems are based on such activities on the territory of one country;
it is emerging and challenging to establish regional monitoring within ecosystem
boundaries, which goes beyond the governmental boundaries.

This paper overviews the system of environmental monitoring in
Kazakhstan under the context of worldwide experience and the recent updates in
the field.

Materials and methods

The following objects are included in the environmental monitoring
system of Kazakhstan:
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- Environmental objects, including land, soil, water (both underground
and on the surface), subsoil, air, radiation, and energy pollution levels. This scope
extends to the ozone atmospheric layer and the space near Earth, crucial for
creating favorable conditions for life.

- Obijects of nature, which include natural ecosystems, natural landscapes,
and the constituent elements within them.

- Natural-anthropogenic objects, referring to elements of nature altered
due to any economic activity or objects reproduced by human intervention,
serving recreational or protective purposes.

- Sources exerting anthropogenic influence on the environment,
encompassing hazardous objects.

An integral component of environmental monitoring involves the
formulation of a formal monitoring program. The primary objective of this
program is to furnish objective information about the environmental situation,
aiding in informed decision-making under current and foreseeable
circumstances. Quality control and quality assurance play a pivotal role in this
process to ensure the reliability and objectivity of the collected data throughout
the monitoring process.

Numerous procedural manuals and standards are available to facilitate
this endeavor. To discern the strengths and weaknesses of the environmental
monitoring system within the Kazakhstani context, it is imperative to analyze not
only the legislation of the Republic of Kazakhstan, with a specific focus on
mitigation plans of industrial enterprises, but also to compare it with relevant
international experiences.

The operational scheme of the intelligent informational system of
environmental monitoring is presented in Figure 1.

2. Data processing

3. Modeling and forecasting

4. Decision-making

Figure 1 — Operational scheme of environmental monitoring
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Data collection is the first step of the environmental monitoring. This step
demands the reliability of the information obtained, as future conclusions and
decisions will be derived from the processing of it. Data for intelligent
information and communication systems can be acquired through two primary
methods. Instrumental method, which involves direct measurements of required
indicators using control and measuring devices. Data acquisition can be
automated, requiring no human participation. Manual input method, which is
carried out by entering available data manually. It is applied for extra statistical
indicators required for calculations in risk assessment, such as population size
and density, traffic intensity, number of local domestic heat sources, etc. It is
essential to consider potential measurement errors or variations in the
interpretation of statistical data for both methods. Overall, the requirements for
the data collection stage are well-established. The legislation of the Republic of
Kazakhstan, along with various normative and technical documents, outlines the
scope of measurements, the composition of instrumentation, and the methods of
measurement.

Data processing is directed towards acquiring comprehensive information
about the state of the environment. During this stage, secondary indicators of the
environmental state are computed, and the obtained data are compared with
standardized values. Additionally, graphs, maps, and other visual forms of
information presentation are generated. To serve as initial data for the subsequent
stage of the information and communication system structure, it is crucial to
establish dependencies among various parameters using statistical methods. Data
analysis and processing follow various non-unified normative techniques in
Kazakhstan nowadays. The list of these techniques is extensive, enabling a
diverse range of calculations essential at this stage. However, the established
system still follows a post-soviet approach in assessing and interpreting obtained
data.

At the modeling and forecasting stage, the intelligent information-
communication system should build mathematical models considering obtained
data. The models aim to depict the dynamics of environmental parameters under
established scenarios. This stage heavily relies on the existing research tools,
which should be permanently reflected and revised in the respective regulatory
framework.

As a final step, the intelligent information and communication system
should facilitate the dissemination of the obtained results to various stakeholders
involved in the environmental monitoring process. This procedure ensures the
availability of information crucial for decision-making. The level of decision-
making can range from routine consideration of the received information in day-
to-day activities to the capacity for prompt intervention in processes influencing
the environmental situation on the governmental and intergovernmental levels.
There is a comprehensive system of responsibility for the notification of
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environmental conditions on different levels in Kazakhstan. However, the
administrative leverage still lacks an efficient roadmap for the improvement of
environmental conditions.

There is still a space to improve the regulatory standards and guidelines
for the environmental monitoring system in Kazakhstan. Directive on ambient
air quality and cleaner air for Europe may be used as a reference point [4]. This
document contains strict and well-established requirements for both air quality
and data management, including quality assurance and quality control
framework. The required data and information for reliable ambient air
management are presented in Figure 2. The general obligatory requirement for
implementation in all European countries is Emissions measurement systems
(CEMS), aiming for monitoring of greenhouse gases (GHG) emissions. This
system is based on stationary installations and equipped with high-tech devices.
The level of automation in data transmission and processing renders these
systems accurate and responsive to changes. Even in case any indicator
surpassing established norms, an alert is activated, prompting the central point to
make decision-makers [5]. The measurement is followed by a respective
assessment of the impact of emitted GHGs [6].
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Figure 2 — Data and information required for reliable ambient air
management
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Contradictory, the post-soviet countries still tend to follow outdated
standards and methods for environmental monitoring and risk assessment,
including standards for calculation for environmental control and monitoring, the
organization of state services for environmental observation, and the
metrological support of control system [7].

The overall goal of environmental monitoring is to formulate economic
and political solutions grounded in environmental safety, achieving a precise
diagnosis, forecasting negative scenarios, and proposing respective measures.
Unfortunately, this goal is barely visible in Kazakhstan, where the environmental
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monitoring does not reflect the abovementioned objectives and exists by itself.
The system of various types of observations conducted at both stationary,
organized posts and in expeditionary conditions is not implemented into the
decision-making and may not offer reliable predictions, particularly in
fluctuating conditions or during facility planning. Consequently, one of the most
viable approaches to managing risks and making optimal decisions involves the
mathematical modeling of processes, enabling the exploration of different
scenarios. This approach can be considered, as one of the priority directions to
achieve environmental sustainability in Kazakhstan.

Pavlodar region is one of the most important industrial actors of
Kazakhstan, which accounts for more than one-third of emissions within the
whole country. Therefore, the system of environmental monitoring fails
significantly. Industry has taken advantage of loopholes in environmental
legislation for a long time to emit significantly high levels of GHGs. The data
collection stage has limitations in several parameters, such as spatial and
temporal boundaries, which may not offer reliable predictions, particularly in
fluctuating conditions or during facility planning. Mathematical modeling of
processes, enabling the exploration of different scenarios are not implemented
for managing risks and making optimal decisions, particularly in establishing fair
target indicators of environmental quality. The energy sector, represented by
Aksu GRES, Ekibastuz GRES, Pavlodar CHPs, oil refining cluster, etc.,
contributes significantly to the environmental issues of the region. The situation
worsens due to outdated obsolete infrastructure, which does not meet the modern
requirements for environmental safety.

Thus, achieving carbon neutrality is a questionable challenge, demanding
a systematic multitask approach. One of the urgent parts for the region is the
development of a comprehensive set of intelligent information and
communication systems for monitoring emissions into the environment to
facilitate decision-making within the framework of the carbon neutrality concept.

Results and discussion

National Air Quality Monitoring Network (NAQMN) by the RSE
«Kazhydromet» comprise 140 environmental posts spread across 45 settlements
in the country. These posts are equipped with automated gas analyzers designed
for monitoring pollutants. An interactive map is in place to depict the real-time
condition of the atmospheric air, considering factors such as the concentration of
harmful substances and pollution levels. The existence of these automated
monitoring systems results in the generation of extensive datasets, offering
opportunities for the application of intelligent processing methods and tools.
However, the reliability of the data generated by the NAQMN has been
questioned by the number of authors. As an alternative, the «Airkaz» public air
quality monitoring network (www.airkaz.org) uses Pms5003 PM2.5 sensors
(Plantower, China) to measure the concentrations of PM» 5 every minute. These
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monitoring systems can serve as a basis for stochastic modeling and
implementation of the Industry 4.0 concept, as the tool for forecasting and
decision-making for each particular settlement.

Unfortunately, the number of air quality research in Kazakhstan is limited
by a few publications, and is absent for Pavlodar. The existing publications show
the threatening situation, where air pollution is extremely dangerous for the
population. In 2021 annual PM, s concentrations in Astana (22.5 pg m>) and
Almaty (35.3 pg m) exceeded the annual WHO limit by 4.5 and 7.1 times,
respectively [8]. The daily limits surpassed 151 days in Astana and 217 days in
Almaty. PM, 5 levels were highest in winter averaging 35.3 pg m > (Astana) and
76.0 pg m~> (Almaty) over the heating season, with coal combustion as a main
contributor. The dangerous concentrations of NO, and SO, exceeded the limits
by 2-3 and 1.5-2 times, independently of the seasonality in Ust-Kamenogorsk
[9]. Averaged concentrations of TSP slightly exceeded the established limits for
the most industrialised part of the city. In the wintertime, some cities of
Kazakhstan (e.g., Astana, Almaty, Karagandy) are frequently among the top ten
polluted cities globally, with PM, s concentration levels ranging between 100 —
200 pg/m® [10]. Annual average (2015-2017) population-weighted
concentrations were Kazakhstan cities was 157, 51, 29, and 41 pg m3 for TSP,
NO,, SO», and O3 respectively. We estimated a total of 8134 adult deaths per year
attributable to PM,s (average over 2015-2017) in the selected 21 cities of
Kazakhstan [11].

All the available research attempts to analyze state-of-the-art air pollution
with some suggestions for stakeholders. The implementation of intelligent
information and communication systems can become the next step in efficient
and preventive forecasting and developing respective measures to improve
ambient air quality.

Acknowledgements. This work was supported by the Committee of
Science of the Ministry of Science and Higher Education of the Republic of
Kazakhstan within the project BR21882258 «Development of Intelligent
Information and Communication Systems Complex for Environmental Emission
Monitoring to Make Decisions on Carbon Neutrality»

Conclusions

Establishing a monitoring system necessitates a methodological
foundation in the realm of risk and uncertainty management, coupled with the
utilization of intelligent information technologies. These technologies are
designed to process a diverse range of information, including inaccurate,
incomplete, and fuzzy data, presented in the form of data and various knowledge.
The pivotal components of the information-analytical system involve the
processing of varied information, including inaccurate, incomplete, and fuzzy
data, as well as the incorporation of advanced Industrial Internet of Things (110T)
technologies.
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It is noteworthy that the Republic of Kazakhstan currently lacks
indigenous developments in the field of Industrial Internet of Things (I10T),
highlighting a reliance on foreign technologies. This underscores the importance
of promoting research and development in the realm of 11oT at the national level
to enhance technological transferability and innovation processes, especially
within the Kazakhstani energy sector industry.

CITMCOK HUCITIOJIb30BAHHBIX NCTOYHUKOB

1  TIlpuka3 MuHHCTpa OKpyKarolie cpeabl ¥ BOJHBIX pecypcoB PK ot
12 utonst 2014 roma Ne 221-O. O6 yTBep>KIE€HUHU OTACIBHBIX METOJUYECKHUX
JIOKyMEHTOB B 00JIaCTH OXPaHbl OKPYKAIOLIEH CPe/IbL.

2 TIpuka3z Munuctpa oxpatsl okpysxatoineii cpeast PK ot 18 ampens 2008
roga Ne 100-m OO yTBEp)KIACHUU OTHACIBHBIX METOAMYCCKHX TOKYMCHTOB B
001acTH OXpaHbI OKPY>KAIOIIEH Cpebl.

3 [Ipuka3 MuHHCTpA SKOIIOTHH, TEOIOTHH U MIPUPOIHEIX pecypcoB PK ot
10 mapta 2021 roma Ne63. / MeTtoauka ompeneneHnss HOPMAaTHBOB SMUCCHH B
okpyxaromryto cpeny /11.03.2021. - Ne22317.

4 Directive 2008/50/EC of the European Parliament and of the Council of
21 May 2008 on ambient air quality and cleaner air for Europe / OJ L 152,
11.6.2008. P. 1-44 (Special edition in Croatian : Chapter 15 Volume 029 — P.
169 — 212.

5 A Continuous Quantitative Detection Method for Total Mercaptans,
Organic Sulphides, H2S, and CS2 for Odouriferous Emissions /

P. Vanderstraeten, E. Wauters, E. Muylle, G. Verduyn, E. Vanderheyden &
E. F. Vansant —Pages 1271-1274 | Accepted 15 Feb 1988, Published online: 08
Mar 2012, https://doi.org :10.1016/s0021-9673(99)00963-2.

6 Holger Gottel. Application of continuous emissions measurement
systems for the determination of CO2 emissions, Experience and assessments by
the German Emissions Trading Authority (DEHSt) // Holger Géttel, Burkhard
Lenzen and Christian Schneider, November 2019. — P. 34. DEHSt — Homepage
— Application of continuous emissions measurement systems (CEMS) for the
determination of CO2 emissions.

7 ApryuuHuesa, A. B. Monenu 1 METOIBI IS OLIEHKH PacpeaeTIeHAs
BEIOPOCOB B  OKDYXAIOIIYI0 CpeIy AHTPOIOTEHHBIMH WCTOYHHUKaMu //
Hpkyrckuit TrOCYAAapCTBEHHBIN YHUBEPCHTET, DyH1aMEHTAJIbHbIE
uccnegoBanus. — 2005, — Ne 8. — C 52-54,

8 Mukhtarov, R. et al. An episode-based assessment for the adverse
effects of air mass trajectories on PM2. 5 levels in Astana and Almaty,
Kazakhstan //Urban Climate. — 2023. - T. 49. - P. 101541.

https://doi.org:10.1016/j.uclim.2023.101541

89


file://///psu.local/offices/Аппарат%20Правления/Toraighyrov%20University/Асия/.%20https:/doi.org%20:10.1016/s0021-9673(99)00963-2.
https://doi.org:10.1016/j.uclim.2023.101541

TopaiirsipoB yHHBepcuTeTiHIH Xabapibicel. ISSN 2710-3420. Dnepeemuxanvix cepusicor, Nel. 2024

9 Assanov, D. et al. Spatiotemporal Patterns of Air Pollution in an
Industrialised City—A Case Study of Ust-Kamenogorsk, Kazakhstan //
Atmosphere. — 2022. — T. 13. — Ne 12, — P. 1956. [Electronic resource].—

https://doi.org:10.3390/atmos13121956
10 I1QAir.com World’s most polluted countries 2020 (PM2.5).

[Electronic  resource].—https://www.igair.com/world-most-polluted-countries.
Accessed 06 February 2023.

11 Kerimray A. et al. Trends and health impacts of major urban air
pollutants in Kazakhstan //Journal of the Air & Waste Management Association.
— 2020. — T. 70. — Ne. 11. — P. 1148-1164. [Electronic resource].—

https://doi.org:10.1080/10962247.2020.1813837.
REFERENCES

1 Prikaz Ministra okruzhayushej sredy i vodnyh resursov RK Ob
utverzhdenii  otdelnyh metodicheskih dokumentov v oblasti ohrany
okruzhayushej sredy 12.06. 2014. Ne 221-©. [On approval of certain
methodological documents in the field of environmental protection Order of the
Minister of Environment and Water Resources of the RK].

2 Prikaz Ministra ohrany okruzhayushej sredy Respubliki Kazahstan
18.04. 2008 Ne 100-r1 Ob utverzhdenii otdelnyh metodicheskih dokumentov v
oblasti ohrany okruzhayushej sredy. [Order of the Minister of Environmental
Protection of the RK].

3 Prikaz Ministra ekologii, geologii i prirodnyh resursov RK 10.03.2021
Ne63. / Metodika opredeleniya normativov emissij v okruzhayushuyu sredu
[Order of the Minister of Ecology, geology and Natural Resources RK].

4 Directive 2008/50/EC of the European Parliament and of the Council of
21 May 2008 on ambient air quality and cleaner air for Europe / OJ L 152,
11.6.2008, p. 1-44 (Special edition in Croatian: Chapter 15 Volume 029 P. 169
—-212.

5 A Continuous Quantitative Detection Method for Total Mercaptans,
Organic Sulphides, H2S, and CS2 for Odouriferous Emissions / P.
Vanderstraeten,E. Wauters,E. Muylle,G. Verduyn,E. Vanderheyden &E. F.
Vansant Pages 1271-1274 | Accepted 15 Feb 1988, Published online: 08 Mar
2012. https://doi.org::10.1016/s0021-9673(99)00963-2.

6 Holger Gottel. Application of continuous emissions measurement
systems for the determination of CO2 emissions, Experience and assessments by
the German Emissions Trading Authority (DEHSt) // Holger Géttel, Burkhard
Lenzen, November 2019. — P. 34.

7 Arguchinceva, A. V. Modeli i metody dlya ocenki raspredeleniya
vybrosov v okruzhayushuyu sredu antropogennymi istochnikami [Models and
methods for estimating the distribution of emissions into the environment by

90


https://doi.org:10.3390/atmos13121956
https://www.iqair.com/world-most-polluted-countries
https://doi.org:10.1080/10962247.2020.1813837.
https://doi.org::10.1016/s0021-9673(99)00963-2.

Becthuk Topaiirsipo yrusepcurer. ISSN 2710-3420. Cepus snepeemuueckas, Nel. 2024

anthropogenic sources] // Irkutskij gosudarstvennyj universitet, Fundamentalnye
issledovaniya 2005. — Ne 8. — P. 52-54.

8 Mukhtarov, R. et al. An episode-based assessment for the adverse
effects of air mass trajectories on PM2. 5 levels in Astana and Almaty,
Kazakhstan //Urban Climate. — 2023. - T. 49. — P. 101541.

https://doi.org:10.1016/j.uclim.2023.101541
9 Assanov, D. et al. Spatiotemporal Patterns of Air Pollution in an

Industrialised City—A Case Study of Ust-Kamenogorsk, Kazakhstan
//Atmosphere. - 2022. - T. 13. — Ne. 12. - P. 1956.

https://doi.org:10.3390/atmos13121956.
10 IQAir.com World’s most polluted countries 2020 (PM25). [Electronic

resource].— https://www.igair.com/world-most-polluted-countries. Accessed 06
February 2023.

11 Kerimray A. et al. Trends and health impacts of major urban air
pollutants in Kazakhstan //Journal of the Air & Waste Management Association.
- 2020 - T. 70. —  Ne. 11. - P 1148-1164.

https://doi.org::10.1080/10962247.2020.1813837.

Received 07.02.24.
Received in revised form 07.02.24.
Accepted for publication 01.03.24.

*V. JKarmacambemosa®, H. Padeniox*, JI. Omepbaesa®, A. Hegpmecos?,

HU. Kasambaes?

Topaiirsipos Yuusepcurer, Pecriyonuka Kasaxcran, r. Tlasnonap;
2Astana IT University, Pecny6iuka Kasaxcran, r. Acrana
Ioctynuio B penakuuio 07.02.24.

Hoctymuno ¢ ucnpasienusmu 07.02.24.

[punsto B neyars 01.03.24.

3KOJIOT'MYECKWI MOHUTOPUHT B KOHTEKCTE
KA3AXCTAHA - COBPEMEHHOE COCTOAHUE U BBI3OBbI
JJISI MTPOMBIIIVIEHHOI'O PETUOHA

Oronozuyeckue npobdieMbl OCMAOMCS AKMYATbHOU NpodIemol O0s
npomvluLieHHblX pecuonos Kasaxcmana. B mo epems Kak 3aKkoHoOamenvbHvle
mpebo8anUsl K blOPOCAM 8 OKPYIHCAIOWYIO CPedy NOCMOAHHO CIAHOBAMCSL 6Ce
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bonee dcecmkuMU, 8 CUCHEME IKOLOSULECKO20 MOHUMOPUH2A OMCYMCMEyem
HeCKOIbKO CIMPYKMYPHBIX (pakmopos.

B amoui cmamve paccmampusaiomest (hynoamenmanvivie mpeboeaHust K
cucmeMam IK0N02UHECKO20 MOHUMOPUH2A U PACCMAMPUBAIOMCSI MEMOObl U
MOOenU MOHUMOPUH2A BbLOPOCOE 8 OKPYIHCAIOWYIO CPEDY HA OCHOBE UCHOYHUKOS
u  gaxkmopoe  6o30eiicmsua. IloopobHo  onucvigaemcs — cmpykmypd
KAACCUYECK020 MOHUMOPUHEA, PACCMAMPUBAIOMCSl MeMOObl, OCHOBAHHbIE HA
MEACOYHAPOOHOM ONbIME UCTIONbIOBAHUSL CYUIECMBYIOUUX CUCEM YNPAGLeHUS
u xoumpons. O0cyxncoarmes npuduHbl U NEPCneKmuesbl 6HeOPEeHUsl CUCMeMbl
IKOIOSUYECKO20 MOHUMOPUHSA NPOMBIULIEHHBIX 00bexkmog 6 Ilasnodapckoti
obnacmu. Ocoboe sHumanue mpedyemcs yOeiums IHePeemudeckomy cekmopy 6
CB3U C BbICOKOU NJIOMHOCMbIO PACHONONCEHUSI KPYNHbIX NPeOnpusimuti u
BHAYUMENLHIM 8030€UCMEUEM HA OKPYICATOUYIO CPEDY.

Mooicno coenamo 6b1800, MO HECOBEPUIEHCMBO 3AKOHOOAMENbCMEA U
yemapesuiue — YCIoGus  UHGPACMPYKMYypbl  APUBeIU K YePOACAIOUeMy
3A2PSZHEHUI0 amMOchepHo20 6030yxa. Xoms HAOMOOEHUsl, OCHOBAHHbIE HA
PEMPOCNEKMUBHBIX OUHHBIX BDEMEHHBIX PSLO0S, 8 HACMOosUee 8PeMsl NO360NSI0M
OYEHUMb CMamyc-K6o, CAOYIOWUM IMANOM SGISIeMCsl  HeoOX00UMOCmb
6HeOpeHus. NPOMBIUAEHHOT UHMENNeKMYAIbHOU ungopmayuonHo-
AHATUMUYECKOU CUCMEMbl, KOMOPAs MOJICEm Cbigpamb KIO4egyio poib 6
NPUHATUY PEUeHUll RO YRPAGIEHUIO KAYeCMBOM 6030YXd.

Kniouegvie cnosa: sxonocuueckuii MOHUMOPUHS, BbIOPOCHL NAPHUKOBHIX
2a308, 3azpssHenue okpyicaioujeli cpeowvi, noycmpus 4.0, kauecmso 6030yxa

* V. Kanmazambemoea®, U. Pademox®, JI. Omepbaesa®, A. Hegpmecoe?,

U. Kazambaee®

Topaitreipos yausepcuteri, Kazakcran Pecny6nukacel, [Tapiogap K.
2Astana IT University, Kasakctan Pecriy6mmkacel, ACTaHa K.
07.02.24 . 6acnara TyCTi.

07.02.24 x. Ty3erysepiMeH TYCTi.

01.03.24 k. GacsIm msIFapyra KaObUITaHIEL.

KA3AKCTAH KOHTEKCTIHJAEI'T 9KOJOI'UAJIBIK
MOHHUTOPUHT-UHJIY CTPUAJIBI AUMAK YIITH
3AMAHAYMU )KOHE CbhIH-KATEPJIEP

Oxonoeusanviy npobremanap Kazaxcmannvly oHepKacinmik oHipaepi
ywin e3exmi macene bonvin Kana bepedi. Kopwasan opmasa wwieapuinoviiapea
KOUBIIAMbIH 3AHHAMANLIK MANANMap YHeMi Kamauvln Kejae HCAMKAHbIMEH,
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9KONOGUANLIK MOHUMOPUHE JicyilecinOe OipHewe KYpblIbIMObIK pakmoprap
JHCOK.

Byn maxanaoa skonocusnvly monumopune icyuenepine KoubliambvlH
Hezi32l mananmap HcoHe acep emy Ke3oepi MeH akmoprapviHa HezizoenzeH
KOpUIazan Opmasgda Wbl2apblHObLIApObl Oaxvlady 20icmepi MeH Moolenvoepi
Kapacmulpbiiadvl.  Knaccukanvly — MOHUMOPUHSMIY — KYPbLILIMbL  e2iceli-
mezxcelini cunammangat, KoI0aHeicmagsl backapy dcane 6aKwliay rcytienepin
KOJLOAHYObly XAnbIKApablK maoicipubecine Heziz0enzeH a0icmep
Kapacmuipoiiean. Ilagnooap  00abiCbiHOQ — OHEPKICINMIK — 00bekminiepoin
IKONOSUANLIK, —~ MOHUMOPUHR]  JICYLlecit eHeizyoiy ~ cebenmepi  MeH
NepCneKmueanapbl  Maikblianadsl.  DHepeemuKka  CeKmopbl — JHCO2apbl
MbI2bI30bIRLL MEH aUMaKMAgbl KOpULaean opmaza atmapivikmail acep emyine
baunanbicmbl epeKkuie Ha3ap ayoapybvl Kepex.

3aynamaoasel  Kemwinikmep  MeH — UHOPAKYPBIILIMHGIY — eCKipeeH
Jrcazoainapl KOpUagan ayauvly 1acmany Kaynine axendi 0ezen KOpblmblHObL
Jrcacayea 60aadvl. Yakeim Kamapaapulubly pempocneKmuemi oepexmepine
Heziz0enzen 6Gagvliayiap Kazipei YaKblmma ey 3aMAHAyU MexHOI0SUANapObL
KepcemKeHiMeH, OHepKICINMIK UHMENNeKMYanobl aKNnapammaulK-aHaiumuKaiblk
Jrcytieni eHeizyee WYLl WaKbpy aya candacvli 6ackKapy Caiacbiioa wewim
KabuLoayoa wewyui poa amkapybl MyMKIH.

Kinmmi  ce30ep: sKonocuanvly MOHUMOpUHZ, NAPHUKMIK —2a30ap
WbI2APLIHOBLIAPYL, KOPUIAAH Opmansly aacmanyst, Onepxacin 4.0, aya canacwi
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