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I'naBHbIil penaxkTop
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LOCAL MONITORING OF THE ENVIRONMENTAL SITUATION IN RESIDENTIAL AREAS
WITH HIGH LEVELS OF ELECTROMAGNETIC RADIATION

Abstract. The growing energy demand of the city of Shymkent has led to the construction and introduction
of new energy hubs, high-voltage power lines, which are being built and conducted around residential areas
exposed to environmental and carcinogenic risks. In turn, when constructing new energy facilities, energy
companies and designers should present a cartography of residential areas in the project, in addition to the
features of the selected territories and the population, which becomes a multi-factor object and subject of
research when taking into account environmental and sanitary-epidemiological requirements, as well as when
choosing optimal solutions in terms of routing high-voltage power lines. In our case, the residential district of
Nursat, Nazarbayev Avenue and Kazygurt were chosen as such objects, which are polluted residential arcas
from the point of view of the spread of electromagnetic radiation generated by high-voltage power lines with
a voltage of 110 and 220 kV.

The introduction of modern information technologies of a new generation made it possible to pinpoint
and determine the main zones of electromagnetic radiation contamination, to establish the gradients of the
electric and magnetic fields according to the degree of its impact, as well as to determine the number of
residential objects that are partly exposed to carcinogenic and environmental risk by using the functional
features of the geoinformation program.

Key words: mapping software, satellite monitoring, open access streets maps, coordinates of reference

points, geolocal data, polygonal grid

Introduction. In the article [1], the main
purpose of the study was to determine the safe
distance of residential buildings from the source of
electromagnetic fields generated by high-voltage
power lines. The article [2] shows the importance
of using Arc GIS geoinformation technologies in
processing certain results and analyses on the impact
of low-frequency energy objects on the environment.
ICNIRP standards were used to evaluate this result.
The results showed that the electric field strength is
below the standard limit. Regulatory bodies such as
the Energy Holding Company of Nigeria (PHCN),
the Occupational Health and Safety Code (OHSC),
and the Lagos State Urban and Regional Planning
Regulations (LSURP) have legislated a minimum
failure rate for every infrastructure located near
power lines. These rules were used to evaluate the
infrastructure that violates the rules. 12.5% of the
assessed infrastructures complied with the PHCN
regulation, 56.85% with the LSURP regulation and
78.12% with the OHSC regulation.

In the studies [3], during the experimental work,
the main emphasis was placed on the establishment
of their own national standards for the effects
of electromagnetic radiation, followed by the
presentation of the obtained standards on a regional
database.

In turn, the processed database will be publicly
available to energy companies and designers in
order to ensure the safety of workers and residents
of nearby residential areas who are exposed to a
carcinogenic risk during the construction and during
the implementation of high-voltage power lines.

In [4], a study was conducted in which the
reaction of people to new routes of high-voltage
power lines was clearly shown experimentally.

The research [5] developed a new open-source
approach based on information platforms, which
allows for transparent and reproducible route
determination, tracking and evaluation, covering the
whole of Europe. Each layer represents a criterion
that affects the routing of the power line.

Together with the start and end points of the
construction project, this allows you to create rasters
of accumulated costs for various ratios between the
perspective weights that are relevant in the routing
process of the linear infrastructure.

The paper [6] presents a new method of
automated route selection for the construction of
new power lines, based on geographic information
systems (GIS). It uses a dynamic programming model
to optimize the route. Environmental constraints
are taken into account along with all operating,
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maintenance and installation costs, including a new
approach to the costs associated with the slope of the
terrain crossed by power lines. The computational
and visual capabilities of GIS are used to select
economic corridors, with total costs not exceeding
the threshold set by the user. Examples of intensive
modeling illustrate the power and flexibility of the
proposed methodology.

Materials and methods of research. During
the environmental monitoring, objects that are under
the influence of electromagnetic radiation generated
by high-voltage lines were visually shown on the
example of data cartographies. When creating data
cartographies, the coordinates of reference points of
high-voltage power lines were obtained, which were
obtained using Google maps satellite monitoring
[7-9]. The coordinates of the location of low-
frequency energy facilities in the Kazygurt and
Nursat microdistrict are shown in the following
table 1.

23 | 69,63772058 | 42,36182363 |20 | Nazarbayev
avenue
24 | 69,63609364 |42,36234736 |20 | Nazarbayev
avenue
25 |69,63354906 |42,36332174 |20 | Nazarbayev
avenue
26 | 69,63105546 |42,36426242 |20 | Nazarbayev
avenue
27 |69,62903561 |42,36502889 |20 | Nazarbayev
avenue
28 169,62708935 |42,3657687 |20 | Nazarbayev
avenue
29 169,62594653 | 42,36620148 |20 | Nazarbayev
avenue

Table 1 — Coordinates of reference points of high-

voltage high-voltage power transmission lines

that were carried out in the Kazygrut, Nursat
microdistrict and along Nazarbayev Avenue.

X, M Y, M 7z, M | name
a

5

E

3

1 69,56505792 |42,29352498 |25 | Kazugurt
2 | 69,56671752 | 42,29604867 |25 | Kazugurt
3 69,5635874 | 42,29121334 |25 | Kazugurt
4 |69,55852767 |42,2918258 |25 | Kazugurt
5 69,5534706 | 42,2923942 |25 | Kazugurt
6 |69,5494745 | 42,29284474 |25 | Kazugurt
7 169,54513641 |42,29406788 |25 | Kazugurt
8 69,54062849 |42,29531494 |25 | Kazugurt
9 169,53608063 |42,29658172 |25 | Kazugurt
10 |69,53194278 |42,2977167 |25 |Kazugurt
11 | 69,52682585 |42,29920416 |25 | Kazugurt
12 | 69,52120685 | 42,30071241 |25 | Kazugurt
13 | 69,5674 42,29711387 |25 | Kazugurt
14 169,517873 42,30164907 |25 | Kazugurt
15 169,66111903 |42,35435369 |20 | Nursat
16 |69,65849679 |42,35520754 |20 | Nursat
17 169,65630018 |42,35590878 |20 | Nursat
18 |69,65389224 |42,35668267 |20 | Nursat
19 | 69,65166657 |42,35737922 |20 | Nursat
20 | 69,64943143 |42,35809723 |20 | Nursat

21 [69,64718974 |42,35880808 |20 | Nursat
22 169,64661969 |42,35898763 |20 | Nursat

After establishing the reference points of high-
voltage power lines, which were carried out in the
Kazygurt, Nursat microdistrict and along Nazarbayev
Avenue, data on high-voltage power lines were
entered in the Open Street Maps application.

The cartographic data for the Kazygurt and
Nurset microdistricts are shown in Figures 1 and 2.

Figure 1. GIS Map of Kazygurt microdistrict based
on Open Street Maps applications

Pucynok 2. GIS Map data of the Nursat
microdistrict based on Open Street Maps
applications
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Figure 1 and 2 show the main parts of the

neighborhood (streets) that are exposed to
electromagnetic radiation.
The  geographic information  application

program Arc GIS allows you to obtain the necessary
information about geolocal data, process, and analyze
the environmental situation at selected sites. In turn,
by introducing the necessary information into the
program, you can get specific results and conclusions
when conducting environmental monitoring. First,
the task is set by introducing the main gradients in
the degree of danger of electric and magnetic fields,
to determine the quantity of residential objects that
are in the danger zone of the electromagnetic field
generated by a high-voltage power line, 110 kV and
220 kV voltages [10-11].

Figure 3 shows a sample of geolocal data based on
the ESRI ArcGIS program. As a necessary parameter,
the distance ranges from the initial wire of the power
lines to the point of interest were entered. This range
was taken by the hazard gradient of the electric and
magnetic fields.
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Figure 3. A selection of geolocal data based on the
ESRI ArcGIS geoinformation program.

Figure 4 shows a selection of point features
that were determined based on the construction of
a polygon grid. In the polygonal grid, residential
buildings of the Kazygrut microdistrict were
calculated, which are located in the danger zone of
the electric field in high-voltage power lines with a
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Figure 4. Selection of point objects based on
a polygonal grid that are located in the zone of
high danger of the electric field in the Kazygurt
microdistrict.

Figure 5 shows a selection of point features
that were determined based on the construction of
a polygon grid. In the polygonal grid, residential
buildings of the Kazygrut microdistrict were
calculated, which are located in the danger zone of
the magnetic field in high-voltage power lines with a
voltage of 220 kV.
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Figure 5. Selection of point objects based on a
polygonal grid on the example of residential objects
of the Kazygurt microdistrict located in the zone of

high magnetic field activity.

Similarly, for the residential districts of Nursat
and for N. Nazarbayev Avenue, residential objects
located in the zone of high, medium and insignificant
danger of electric and magnetic fields were identified.

When ranking the electric and magnetic fields
according to the degree of their impact on the
environment, the maximum permissible levels of the
electromagnetic field intensity were used.

Results and discussion. ESRI  ArcGIS
geoinformation program allow us define the number
of residential objects that are located in the zone of
high, medium and insignificant danger of electric
and magnetic fields generated by high-voltage power
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lines with a voltage of 110 and 220 kV in the Nursat
microdistrict, Nazarbayev Avenue and Kazygurt
microdistrict was calculated.

Figure 6 shows the number of residential
facilities that are in the dangerous zone of electric
and magnetic fields in the Nursat microdistrict.

Number of residential facilities
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The danger degree of an electric field
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Figure 6. The number of residential facilities within
the danger zone of electric and magnetic fields in
the Nursat microdistrict.

Figure 6 shows that 3 residential facilities in
the Nursat microdistrict are in the insignificant
danger zone due to the electric field origin, 4, and 10
residential facilities in the medium and insignificant
danger zone, respectively, due to the magnetic field
origin.

Figure 7 shows the number of residential
buildings that are in the dangerous zone of electric
and magnetic fields along Nazarbayev Avenue.
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Figure 13. The number of residential facilities that
are in the dangerous zone of electric and magnetic
fields along Nazarbayev Avenue.

Figure 7 shows that 7 residential facilities are in
the area of insignificant risk zone and 7 residential
facilities in the medium risk zone of electric field
origin, 7.31 and 15 residential facilities, respectively,
located in an area of high, average, or insignificant
risk for the magnetic field origin in the Nazarbayev
prospect.

Figure 8 shows the number of residential
facilities located in the dangerous zone of electric
and magnetic fields in the Kazygurt microdistrict.
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Figure 8 shows that 197,168 and 179 residential
facilities, respectively, are in the high, medium, and
insignificant dangerous zone due to the electric field
origin, and 365,168 and 252 residential facilities,
respectively, are in the high, medium, and insignificant
dangerous zone due to the magnetic field origin in the
Kazygurt microdistrict.

Conclusion. Today, the geoinformation map
describing the current situation of the development
of electric power networks allows timely and precise
determination of the optimality of high-voltage
power transmission lines, and increases the level
of efficiency and ensures the safety of residential
areas that are located around low-frequency energy
facilities. In turn, in the last decade, global domestic
energy companies have identified and developed new

to justify the laying of high-voltage lines from the
point of view of economic efficiency, as well as
smoothing the processes of environmental risk and,
accordingly, the concern of people who are exposed
to carcinogenic risks.

In our case, the necessary maximum permissible
levels of electric and magnetic field strength were
introduced, which made it possible to visually
represent the electromagnetic coverage of certain
residential areas in the selected territories. Based on
the polygonal grid in the GIS, the number of residential
objects that are located around low-frequency energy
objects was determined and the residential zones
were selectively evaluated according to the degree of
influence of the intensity of the electromagnetic field
distribution.

forms of methodology for the use of GIS equipment

H.C. ®aii3', M.H. Caraes" A.M. Azumos', lIL.LK. Illanamnos!, C.O. Typry.abanHosa’
1«M.Oye30B arsinaarsl OutycTik Kasakcran Yausepcuterin KEAK, Illsivkent, Kazakcran;
?Kazak YJITTBIK arpapiiblk 3€pTTeyY YHHBEPCHUTETI
E-mail: nursultan_90faiz@mail.ru

IEKTPOMAT'HUTTIK COVJIEJIEHYIH 7KOFAPBI JIEHTEII BAP TYPFBIH
AYJAHJAPIABIH SKOJOI'UAJIBIK KAFJAUBIHBIH KEPTTJIIKTI MOHUTOPHUHI'T

AmnnHotauus. IpIMKEHT KallaCbIHBIH ©CiH KeJIe )KaTKaH YHEPreTUKANBIK KaXKETTUIIT )kaHa SHEPreTHKAIIBIK
TOpanTapAblH, KOFapbl BOJBTTHI AJIEKTP Oepy JKeNIepiHiH KYPBUIbICHIHA KOHE KYPri3iayiHe ajblll KeJfi,
oJIap 3 Ke3eriHjAe TYPFbIH YH ananTapblHAa KaHLEPOTEHIIK Kayil-KaTep TOHIIpYl MYMKIH (akTopiapabiH
Oipi OombIn TaObLIanbl. O3 Ke3eriHze, )KaHa DHEPreTHUKAIBIK HbICAHIAP/ABI Cally Ke3iH/Ie IHEepPreTUKAIBIK
KOMIIaHUSUIap MEH >Ko0anaymbuiap o0aja TaHAalFaH ayMaKTapIblH €PeKIICTIKTEPiH KOHE IKOJIOTUSIIBIK
HKOHE CAHUTAPITBIK - STIM/IEMHOIOTHSITBIK TANANTAP/IbI €CKEPE OTBIPBITI, KOl q)aKToanI 0OBEKT MEH 3epTTey
0OBbeKTICiHE aifHaNaThIH TYPFBIHJAP CaHBIH, COHJaii-aK KOFapBI KEpHEYJi 3JIeKTp JKEIIepiH OarbITTay
TYPFBICBIHAH OHTANIIbI memleLepzu TaHJIaFaH Ke3/1¢ TYPFbIH YH aliMaKTapbIHbIH KapTaChlH YCHIHYBI KEPEK.

bizniy >xarnaiina oceiHaail oowvekTinep perinze Hypcar marbin aynansl, HazapOaeB NaHFBLIBI JKOHE
Ka351r¥pT WIAFbIH ay/laHbl TaHIAIbl, Onap kepreyi 110 sxone 220 kB »Xorapbl BOJBITBHI 3JEKTp Oepy
KEJJIEpIHeH TYBIHIANTBIH AJIEKTPOMArHUTTIK COYJIEJICHYAIH Tapalybl TYPFBICBIHAH JIaCTaHFaH ayMakTap
OOJIBIIT TAOBLIA/IBI.

JKana OybIHHBIH 3aMaHayd aKMNapaTThIK TEXHOJOTHSUIAPBIH EHTi3y 3JIEKTPOMArHHUTTIK COYJICIEHYMEH
JlacTaHaTBhIH HETi3r1 aiiMakTapsl o1 Oaranayra >KOHE aylJblH-aja aHbIKTayFa, OHBIH oCep €Ty AJPEKeciHe
COMKEC AIEKTP KOHE MarHUT OPICiHIH IPaAUCHTTEPiH aHBIKTAyFa, COHIail-aK reoaKnaparTbIK OaFaapiaMaHbiH
(YHKIMOHANAB! EPEKIIETIKTEPiH KOJJaHyFa MYMKIHZIK O€peTiH KypbUIBIMAApAbl KOJaHa OTBIPHII,
imiHapa KaHIEPOTreH Il XKOHE HKOJIOTHSUIBIK, KayillKe YIIBIPANThIH 00beKTiep 00BN TaObLIaThIH TYPFBIH Y
OOBEKTIIEPiHIH CaHbl aHBIKTAJIJIbI.

TYI/IIH ce3iep: KapTorpaq)HmLIK KaMTaMachl3 €Ty, CITy THUKTIK MOHUTOPHUHT, KOILIeJIEPre alllbIK aKIapaTThIK
KOJI J)KETKI13Y, TIpEK HYKTEJIEPiHiH KOOpAMHATAIAPbI, T€0JOKAIBIK JEPEKTEP, NOIUTOHAIABIK TOP.

H.C. ®aiiz', M.U. Caraes', A.M. Azumos', I11.K. Illanaaos', C.A. TypryibanHoBa’
"HAO «¥Osxno-Kazaxcranckuii YaueepcureT umenn M. Ayazosay, [lIeivmkent, Kazaxcram;
*Kazaxcknii HartmoHanbHBIN arpapHblii HCCIeN0BATENbCKI YHUBEPCHUTET, AnMarsl, Kazaxcran
E-mail: nursultan 90faiz@mail.ru

JJOKAJIBHBI MOHUTOPHUHT YKOJOT'MYECKON OBCTAHOBKH KWUJIBIX PATOHOB
C IOBBIIEHHBIM YPOBHEM JIEKTPOMATHUTHOI'O U3JTYYEHUS

AunHotamus. Pactymas sHepreTrueckast norpeOHOCTh ropoja LIIbIMKEHT npuBeia K CTPOUTEIBCTBY H
BBEJICHUIO HOBBIX PHEPreTUUYECKUX Y3JIOB, BBICOKOBOJIBTHBIX JIMHUM AJIEKTPOIIEpeiad, KOTOPbIE BO3BOISATCS
1 MPOBOJATCSA BOKPYI KWIbIX PaliOHOB, IIOABEPrarOIIMXCs SKOJIOIMYECKOMY M KAaHUEPOICHHOM PHUCKY.
B cBo ouepenn, mpu BO3BEICHHM HOBBIX JYHEPreTHUECKUX OOBEKTOB JHEPreTHUYCCKHM KOMIIAHUSIM H
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MPOEKTPOBIIMKAM CJICAYET IPEICTABUTH B IPOEKTE KAPTOTrPa(UIO )KUIIBIX 30H, C JONOTHEHHEM 0COOEHHOCTEH
BBIOpaHHBIX TEPPUTOPHN M YHCICHHOCTU HACEIEHUs, KOTOPbIE CTAaHOBSITCS MHOTO(AKTOPHBIM OOBEKTOM
U TIPEIMETOM MCCIIeIOBaHUsI NP yUeTe HKOJOTHUECKUX U CAHUTApHO-3IUAEMHUOIOTHYECKUX TPEOOBaHUM,
a TaKkKe MPH BBIOOPE ONTHMAIBHBIX PEHICHUH C TOUKU 3peHHsS MapIIpyTHU3alUil JIMHUHA 3JeKTponepenad
BBICOKOTO HarpsbKeHus. B Haliem ciydae B KauecTBe TaKuX 00bEKTOB ObLTH BEIOpaHbl MUKpopaiioH Hypcar,
npocrnekt HazapGaeBa m mukpopaiioH KasbIrypT, KOTOpbIE SIBISIOTCS 3arpsI3HEHHBIMH JKHUJIBIMH 30HAMH
C TOYKHM 3pEHHs paACHpPOCTPAHEHHs DIEKTPOMATHUTHOTO H3JIy4EHHUs, MOPOXKJAaeMble BBICOKOBOJIBTHBIMU
JUHUSMU JIeKTporepenay, HanpsokenueM 110 u 220 kB.

BHenpenne coBpeMeHHBIX WH(QOPMAIMOHHBIX TEXHOJIOTHH HOBOTO TOKOJICHHS MO3BOJIHMJIO TOYEYHO
OLIEHUTh W TIPEIONPENETUTh OCHOBHBIE 30HBI 3apa)X€HUs AJIEKTPOMArHUTHOTO M3JIy4eHHUs, YCTAaHOBHUTH
IPaUeHThl DJIEKTPUYECKOTO0 M MArHMTHOTO MOJIA 10 CTENEeHM ee BO3JIeHCTBUs. Takke HpHUMEHEHHEM
(YHKIMOHAIBHBIX 0COOEHHOCTEH TeonH(pOPMAIIOHHON TPOTpaMMBbl OBUIO ONPEeSICHO KOITUUECTBO JKUIIBIX
00BEKTOB, KOTOPBIE OTYACTH U SIBJIAIOTCS] O0BEKTaMH, TIOIBEPralOIIUecs] KaHIEPOTCHHOMY U OKOJIOTHUECKOMY
PHCKY.

KaoueBble caoBa: kaprorpaguueckue oOecredeHHe, CIYTHUKOBBIH MOHHUTOPUHI, OTKPBITHIHA
WH(POPMAIIMOHHBIM JOCTYI YJUI, KOOPAWHATHI OMOPHBIX TOYEK, TEOJOKAJIbHBIC JAaHHbBIE, MOIUTOHATIbHAS
CeTKa.
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