TopajirblpoB yHUBEPCUTETIHIH Xa0apbIchl
FBLJIBIMMU KYPHAJIbI

HAYUYHBIA XKYPHAJI
Becrnuk TopaiirelpoB yHUBepcUTETa

TopaiirbIpoB YHUBEPCUTETIHIH
XABAPHIBICHI

JHEPreTUKAJIBIK CEPUACHI
1997 xpuiman GacTall MIbIFagbl

| TORAIGHYROV
UNIVERSITY
BECTHUK
TopailrbIpoB yHUBEPCUTETA

JHepreTuvecKas cepus
Uzmacetcsa ¢ 1997 rona

ISSN 2710-3420

Ne 1 (2024)
MMABJIOJIAP



Becruuxk Topaiirsipos yausepceutera. ISSN 2710-3420. Cepus onepeemuyeckas, Ne 1. 2024

MA3MYHbBI

CO/JEPKAHUE
CONTENT

JI. A. Asoees, C. E. Kokun, III. 3. Terbaesa
........ HUccnenoBanue rpauIkoB dIEKTPHUECKON HATPY3KH B YCIOBHSX KaparaHIHHCKOTO
YToIBHOTO OacceitHa

Azamamoe M. T., Apocnasyes M. B., Tarunos O. M
Cnupuponos E. A., UcnyioB, H. A. ...MOJeIMpOBaHNE aBTOHOMHOMI HEPrOCUCTEMEI €
HaKOTINTEJIEM U BO30OHOBIISIEMBIMH HCTOYHIKAMHE YHEPTHU

K. Akishev, K. Aryngazin, A. Kalkenov, Zh. Nurtai,
B. Biybosynowv....... development of an automated information system for accounting and
movement of wind turbine equipment

A. K. Anuna, K. K. Kaovipacanos, /1. H. Llnumac, A. H. bepzyzunos,
.... I3yueHne BNUSHUSA paguialiioHHOI MoauuKauy Ha ynpodHeHue B (1-x)wo3 —xzno
KepaMHKax

9oinzazvl P.A., Ecentoaes C.X., Ecuyxamoem 7K.b.,
Heanoe B.A., Cmazynosa K.K.
CychIMalibl MaTepUAIIIbI OHTAIIBI MOJIIIEPIICY MACCANIBIK aFbIH/IbI OaFraiay *oHe
MaTEMaTHUKAJIBIK MOJICIIBACY

Zhalmagambetova U., Radelyuk 1., Omerbayeva D., Neftissov A., Kazambayev 1.
Environmental monitoring in Kazakhstani context — state-of-the-art and challenges for
industrial region

S. K. Zhumazhanov, S. K. Akimzhanov, A. B. Zhantlessova
Zh. B. Issabekov, B. B. Issabekova
Mathematical modeling of non-sinusoidal modes of transmission lines

. /I. Hcabexos, H. b. Hcaes
AnbTepHaTHBHAs pecypcocOeperaroiiasi MaKCHMalbHasi TOKOBasi 3aIliTa

A.K. Kunxcuoexoea, *J1.B. /I[mumpuenko, A.1l. Ilnesaxo

3J'leM€HTHbII>i COCTaB GI/IOyl"OJ'lebIX 6pI/IKeTOB M3 paCTUTCIIBHBIX OTXOJ0B CEJIBCKOIO
XO3ﬂﬁCTBa 1 OTXOJ0B IPOMBIIIJIECHHOCTH

A.A.KucabexoBa, A.C.Kpacuukos, I'.K.AimbicoBa ............ XapaKTepHCTUKHN HHOOATa
JIIOTENUS] aKTUBUPOBAHHOTO HOHaMu bi3+ u eu3+ - MOTeHIMAIBLHOTO JIIOMHUHODOPA IS
OeJIbIX CBETOIMO/I0B

H.0. Kocakos, I'.B. /Iyyenko

...pa3paboTKa aBTOMATU3MPOBAHHOI CHCTEMBI 3ALUTHI JAHHBIX B PAJANOCETX Ha OCHOBE
MaHI/IHyHﬂL[I/lﬁ C CUT'HaJIOM




Becruux Topaiirsipos yausepceutera. ISSN 2710-3420. Cepus onepeemuyeckas, Ne 1. 2024

MPHTMU 44.01.94: DOI xXXXXXXXXXXXXXXX

* U. Zhalmagambetova!, I. Radelyuk’!, D. Omerbayeva!, A. Neftissov?, 1.
Kazambayev?
Toraighyrov University, Republic of Kazakhstan, Pavlodar
2Astana IT University, Republic of Kazakhstan, Astana
*e-mail: ultuara@mail.ru

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.

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
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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:

- 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.

- Objects 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.
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- 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 wunder 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.

1. Data collection

2. Data processing

3. Modeling and forecasting

4. Decision-making

Figure 1 — Operational scheme of environmental monitoring

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
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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
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
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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

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
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
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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» s every minute. These
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, 5 concentrations in Astana (22.5 ug m™) and
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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 ug m~ (Astana) and
76.0 ug 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, 5 concentration levels ranging between 100 —
200 ug/m® [10]. Annual average (2015-2017) population-weighted
concentrations were Kazakhstan cities was 157, 51, 29, and 41 pug m™ for TSP,
NO,, SO, and O; 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 (I1oT)
technologies.

It is noteworthy that the Republic of Kazakhstan currently lacks
indigenous developments in the field of Industrial Internet of Things (IloT),
highlighting a reliance on foreign technologies. This underscores the importance
of promoting research and development in the realm of IToT at the national level
to enhance technological transferability and innovation processes, especially
within the Kazakhstani energy sector industry.
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JKoJIornYecKknii MOHUTOPHMHI B KOHTekcTe Kazaxcrana — coBpemMeHHoe
COCTOSIHME U BBI30BbI UIs1 IPOMBIIIJIEHHOTO PerHoHa

Dkonoeuveckue npodremvl OCMAOMcs AKMYdibHoOU npodremol ons
npomvluLienHbix pezuonog Kaszaxcmana. B mo epema xax saxonodamenvivle
mpebo8anUs K 8b10POCAM 68 OKPYHCAIOWYIO CPedy NOCMOSAHHO CIMAHOBAMCA 8Ce
bonee sHcecmKUMU, 8 CUCHeMe IKOTO2ULECKO20 MOHUMOPUH2A OMCYMCmEyem
HeCKONbKO CIMPYKMYPHbIX (hakmopos.

B amotii cmamve paccmampusaiomes QyHOAMeHmanbHble mpeboganus K
cucmemam KON0UYECKO20 MOHUMOPUHSA U PACCMAMPUBAIOMCS Memoobl U
MOOenu MOHUMOPUHEA BLIOPOCOB 8 OKPYHCAIOWYIO CPeOdy HA OCHOBE UCTOYHUKOB
u  gaxkmopos  6osdeticmeus. Iloopobno  onuceieaemcs — cmpykmypa
KIACCUHeCKO20 MOHUMOPUHSA, DACCMAMPUBAIOMCS MEmMOoObl, OCHOBAHHbIE HA
MENCOYHAPOOHOM ONbIMe UCHOIb30BAHUS CYUWeCMEYIOWUX CUCTNEM YADAGTeHUS.
u koumpons. Ob6CYyHcOaomes NPUYUNbL U REPCHEKMUBbl 6HEOPEHUsL CUCINEMbl
9KON02UUECKO20 MOHUMOPUHSA NPOMBIUAEHHBIX 00bexkmoe ¢ Ilasnodapckoil
obracmu. Ocoboe snumanue mpedyemcs yoeiunv IHePemudecKkomy CeKmopy 6
C6A3U C BBICOKOU WIOMHOCMBIO PACHOIONCEHUSI KPYNHLIX NPEeOnpusmuii u
SHAYUMENbHBIM 8030€LLCTNBUEM HA OKPYHCAIOWYI0 CPeoy.

Mooicno cOenamb 618600, MO HECOBEPUUEHCMEO 3AKOHOOAMENLCMEA U
ycmapeswiue  YCA08Us  UHGPACMPYKMYpPbl  NPUBeiu K yepoxcaroujemy
3aePAZHEHUI) AMMOCHepHo20 6030yxa. Xoms HAOMOOEHUs, OCHOBAHHbIE HA
PempOoCheKmMUEHbIX OAHHBIX BDEMEHHBIX PO08, 8 HACMOsUjee BPeMs HO380IAIOM
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OYEHUMb CMAMYC-K80, CLeOVIOWUM OMANoM S6JAemcs HeobXoo0UuMoCmb
6Hedpenus NPOMBIULIEHHOU UHMENLEKMY AIbHOL uHpopmayuonno-
AHATUMUYECKOU CUCHEMbl, KOMOpAsi MOJICem Cblepamp  KIouegyio poib 6
APUHSIMUU PEUEeHUll N0 YAPABTIEHUIO KAYeCME0M 8030YXd.

Kniouesvie cnosa: sxonocuueckuti MOHUMOPUHS, 6b10POCHL NAPHUKOBLIX
2a308, 3azps3HeHue oKpycarwell cpeovl, Unoycmpus 4.0, kauecmeo 6030yxa

* Y., Kanmaraméerosa', U. Pagemiok!, JI. Omep6aeBal, A.
Hedrecon?, U. Kazamoaes®
'Topaiirsipos yrusepcureri, Kazakcran Pecrryomnukacer, [asnonap k.
2Astana IT University, Kazakctan Pecy6nukacsl, AcTana K.

Ka3zakcTan KOHTeKCTiHAerl 3K0I0TUslJIbIK MOHUTOPHHT -
HHAYCTPUHAJIABI aliMaK YIIiH 3aMaHayH ’KoHe CbIH-KaTepJep

Oxonoeusanviy npobaemanap Kazaxcmanuwiy onepkacinmik enipiepi
yuwin ezexmi macene bonvin Kana bepedi. Kopwiazan opmaza wwi2apbinobiiapaa
KOUbIIAMbIH 3aHHAMANbIK MALANMAp YHeMi Kamaivin Kejie JHCamKAHbIMEH,
IKONIO2UANILIK MOHUMOPUHE JCYlieciHOe Oipheuie KYpulLiblMOblK pakmoprap
JHCOK.

byn makanada 3Kk0n02UANLIK MOHUMOPUHZ dicylieniepine KOUbLIamblH
Hezi3ei mananmap Jcane acep emy Ke3oepi MeH (PaxmopuapuiHa He2i30enceH
KOpuiazan opmazd ubleapbiHObLIApObl baxvliay a0icmepi MeH Modenvoepi
Kapacmulpuliaodbl.  Knaccuxanvlk — MOHUMOPUHSMIY — KYDLLILIMbL  e2diceli-
mezoicetini cunammanzan, Koioanblcmagol backapy dicone 6axuiiay Jicyienepin
KONOAHYOblH XanbIKAPAbIK maoicipudecine Heziz0eeeH 20icmep
Kapacmuipviiean. Ilagnooap obnvicvinoa — eHepkacinmix — 06vekminepOiy
IKONOGUANLIK ~ MOHUMOPUHSL — XCYlleciH — eHei3yOiy — cebenmepi  MeH
nepcneKxmuganapbl  MaikbliaHaovl.  DHepeemuka  CeKmopvl  JHCo2apbl
MbI2bI30bIZLL MEH AUMAKMAZbl KOPUIAAH OpMAea atimapiblKmaii acep emyine
balliaHbICmbl epeKuLe Has3ap ayoapybl Kepex.

3aynamaoasbl  Kemwinikmep  MeH — UHQDPAKYPLIIBIMHLIY — eCKipeeH
2CALOAUNAPBl KOPUALAH AYAHbIY JACAHRY KAYNiHe aKeaoi 0e2eH KOPblMblHObl
Jcacayea 601advl. Yagelm KamapiaapbiHbly pempoCHneKmuemi oepexkmepine
Heziz0eneeH OaKvlIaynap Kaszipel Yakblmma ey 3aMaHayu mexHOL02UsIapObl
KOpCemKeHiMeH, OHEePKICINMIK UHMENIEeKMYaI0bl AKRAPAMMbLK-AHAIUMUKALbIK
JCylleni eneizyee WYebLl WaKblpy ayd candcvli 6ackapy canacelhod weuim
KabwvLi0ayoa weutyuii pei amKapybl MyMKIH.
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Kinmmi  ce3dep: oKonI02UANLIK MOHUMOPUHZ, NAPHUKMIK — 2a30ap
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