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THE ROLE GIS IN THE ASSESMENT OF ELECTROMAGNETIC
RADIATION ON THE EXAMPLE OF A RESIDENTAL AREA

Abstract. Today, one of the important tasks that is set before environmental monitoring is to continuously
obtain the necessary data on the state of the environment through the use of remote sensing techniques. It should be
noted that remote sensing (hereinafter — RS) is used in the technogenic environment of mankind, which directly
creates unfavorable conditions, increasing the statistics of the origin of various types of carcinogenic risks.

The growing consumption of electric energy leads to the construction and commissioning of new energy
facilities, as well as to the construction of high-voltage power lines in the residential environment. An important task
in this direction is the establishment of sanitary protection zones, taking into account environmental restrictions,
which is aimed at reducing social tension among the population located in the zone of active exposure to the
electromagnetic field. Given that low-frequency energy objects, like other man-made objects, are characterized by
dynamic characteristics and require constant monitoring of the course of changes in continuous processes, which
directly affects the change in the intensity of the electromagnetic field. In turn, the modern information platform
allows you to simultaneously conduct environmental surveys to identify carcinogenic risks in the selected area at a
specific time by entering the necessary data, which are the main factors in setting the maximum permissible
conditions.

The development of digital maps based on Arc GIS application programs has a simulation characteristic and
allows you to visually assess the dynamics of environmental changes with different variations.

Key words: environmental monitoring, modern information platforms, inversely weighted distance
interpolation method, control point, digital maps of the area.

Introduction. The article [1,2] noted the importance of conducting an environmental survey around
high-and ultra-high-voltage power lines, which are potentially dangerous, and low-frequency objects in an
anthropogenic environment. The level of change in the intensity of the electric and magnetic fields is
continuously dynamic, which requires constant monitoring of the course of perturbed events. Therefore,
when conducting environmental monitoring, it is necessary to be guided by methods and means from
which it is possible to extract reliable and accurate data on certain technogenic objects, in our case, energy
objects that directly affect the ecological system [3, 4]. There are a number of methods of environmental
monitoring to obtain reliable results about the state of the environment, which are influenced by the
intensity of the distribution of the electric and magnetic fields. One of these methods is the method of
mathematical modeling or the method of data visualization through the use of new generation information
technologies [2, 4, 5, 6, 7, 8].

The geoinformation system (hereinafter - GIS) is a powerful information platform that allows you to
develop digital maps of various topologies, graphically visualize spatial geodata and obtain additional
necessary data about the objects under study.

ESRI ARCGIS Pro (Arc View) is one of the modern software products for the application of
environmental survey analysis. This product of the ARCGIS product line has the following functionality:

- creating interactive maps and preparing them for printing;

- using ready-made templates when creating maps; - embedding of issued maps in other documents
and applications;
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- interaction with the map using the tools for moving and zooming, hot links, hyperlinks, and object
identification;

- create models and scripts that describe workflows to automate the creation, visualization, and
analysis of data;

- read, import, and manage a large number of data formats, including third-party GIS formats, CAD
drawings, remote sensing data, metadata, and multimedia;

- implementation of spatial data analysis.

When creating a digital map of an area and defining additional spatial data, the ARCGIS Spatial
Analyst module was selected as an additional module. The additional ARCGIS Spatial Analyst module
has the following functionality:

- additional tools for working with raster data;

- spatial modeling;

- raster and vector algebra (Map Algebra)

The purpose of this study was the development of digital maps by using geoinformation technology,
which in turn made it possible to visually assess the impact of the intensity of the distribution of the
electromagnetic field on the living environment. As a result, reliable results were obtained, which clearly
showed that the main factor in clarifying the sanitary protection zone is the daily and seasonal distribution
of electrical loads, the ambient temperature, which directly affects the increase in the level of electric field
strength. In turn, the expansion of the zone leads to an increase in the number of infected foci of
electromagnetic radiation. Therefore, continuously obtain the necessary data on the state of the
environment to allow an objective assessment of the state of the environment that is generated by low-
frequency energy facilities and solves specific issues from the point of view of environmental restrictions
in the construction and commissioning of new energy facilities on the example of specific residential
areas.

Materials and methods of research. When conducting environmental monitoring on the basis of the
ESRI Arc GIS Pro geoinformation system (Arc View), the objects under study were taken high-voltage
220 kV power lines located in the Kazygurt microdistrict and residential buildings located in the
electromagnetic radiation zone. This area is densely populated, on average, about 50 000 thousand people
live in this area. The neighborhood also has schools, kindergartens, and other administrative buildings that
increase the pockets of carcinogenic risk generated by low-frequency energy facilities [2,3,5,8,9,10].

Statistics that describe the effects of the characteristic distribution zones of the electric and magnetic
fields on the environment are constructed using the buffer of the distribution of the electric and magnetic
fields.

To construct the buffer, the inverse weighted distance interpolation (IDW) method was used with an
interval of 10 m.

The Inverse Distance Weighting (IDW) method is a deterministic algorithm based on the assumption
that the values at the nearest points have a stronger influence on the predicted value than the values at the
points that are located further away [7].

The interpolation is based on known values from the vicinity of the given point. It is assumed that
each point with a known value has a local influence that decreases with distance. Points located closer to
the estimated point are assigned a greater weight than those located further away:

. Zz(si)do_ip
Z(So) = za)iz(si) = l=1m—
2]
. (D

where: z(s0) is the estimated value of a point in some locations s, z(s;), z(sy)...... z(s,) is the value of
reference points.

The weights are proportional to the inverse distances (between the data point and the interpolated
location), raised to the power of p.

The weights are proportional to the inverse distances (between the data point and the interpolated
location) raised to the power of p. As a result, as the distance increases, the weight will rapidly decrease.

—— 88 ——




ISSN 2224-5227 2.2021

The degree of weight reduction depends on the p value. If p = 0, there is no decrease with the distance
increase, and since all the weights of A; are the same, the predicted value will be the average for all the
values of the fragment being searched. As the p value increases, the weights of distant points will rapidly
decrease. If the p value is too high, only points located in the immediate vicinity will affect the
interpolation.

Geostatistical Analyst uses power values greater than or equal to 1. If p = 2, the method is called
inverse distance squared weighted interpolation. p = 2 is used as a default value, although there is no
theoretical justification to prefer this value. The impact of changing the p value should be investigated by
viewing output data and checking cross-statistics. [11-16].

The surface calculated using IDW depends on the choice of degree (p) and the neighborhood search
strategy. IDW is a hard interpolator where the minimum and maximum values (see the figure below) on
the interpolated surface can only occur at reference points.

Figure 1 shows an example of a profile of inversely weighted distances.

Figure 1 - Example of a profile of inversely weighted distances

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

Results and discussion. As a result, digital maps were constructed, where the intensity of the
distribution of the electromagnetic field in the daytime and at night was visually shown, and by selecting
local data, a part of the residential area was identified that is located in the zone of active exposure to the
electromagnetic field generated by a high-voltage power line. Figure 2 and 3 show digital maps of the
area, with the distribution of the electromagnetic field strength in the residential area of the Kazygurt
microdistrict.

In the studies, the zones of intensity of the distribution of the electric and magnetic fields at different
times of the day were shown and identified, which are shown in figures 2 and 3.
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Figure 2 - Digital map of the electric field intensity distribution in the daytime and in the evening

Figure 2 shows that the intensity of the electric field distribution at night has an increased risk, and the
area of its impact on the living environment expands accordingly. From the point of view of the sanitary
protection zone, the risk zone in the daytime is 30 m, and the risk zone at night is 40 m.
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Figure 3 - Digital map of the distribution of the magnetic field intensity in the daytime and in the evening

Figure 3 shows that the intensity of the electric field distribution at night has a critical characteristic
from the point of view of environmental risk and, accordingly, the zone of its impact on the living
environment expands. From the point of view of the sanitary protection zone, the risk zone in the daytime is

45 m, and the risk zone at night is 60 m.

Figure 4 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 4 - Selection of geolocal data based on the ESRI ArcGIS geoinformation program

Statistics on residential areas that are located in the zone of influence of the electromagnetic field with
a radius of coverage of 25 and 40 m are shown in figure 5.

—— 9) ——



ISSN 2224-5227

2.2021

Private objects located in the zone
of high electromagnetic fields
(coverage radius of 25 m)

Private properties located in the high
risk zoneelectromagnetic fields
(coverage radius of 40 m)

163 184 300

—_— / o ——— /

~—— —_— /

[ - residential buildings; || - non-residential buildings; [T] - constructions

Figure 5 - Diagram of statistical data for residential areas located in the area of increased
exposure to the electromagnetic field

Conclusion. The use of geoinformation technologies made it possible to build a digital map of the
area. In our case, the input data should be the value of the intensity of the distribution of the
electromagnetic field, the degree of its impact on the environment. The output data was obtained by
constructing an interpolation of the inversely weighted distance. According to statistical data, as well as
according to the literature review and the regulations of sanitary and epidemiological requirements, the
radius of coverage of the spread of electromagnetic pollution in the environment of the residential area
was 25 m and 40 m.

By introducing local data, as well as by introducing a ranking according to the level of
electromagnetic field impact on the environment, the zones of residential areas that are under increased
exposure to the electromagnetic field were identified.

The data obtained show that the level of exposure to the electromagnetic field on the environment is
transient, which indicates a decrease or increase in the number of residential buildings exposed to the
emergence of a carcinogenic risk in the ecosystem
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1 . .
«M.Oye3oB aremaars OHTYCTiK Kasakcran Yuusepcureti» KEAK, Hlsivkent, Kazakcran;
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«Omnrycrik Kazakcran megunmna Axanemusicel» AK, IlIsivkent, Kazakcran;
3 .
«XapbKoB ¥JITTHIK aBTOMOOMIIB JKOHE KOJI YHUBEPCUTETI», XapbKOB, YKpanHa

TYPFBIH YW AJIABBI MBICAJIBIHJIA 3JIEKTPOMATHUTTIK
COVYEIJIEJERY JEHI'EUIH BATAJIAY JAT'BI 'AJK POJII

Annoranus. Ka3ipri TaHIa 3KOJOTHSIIBIK MOHHTPOUHI JKYPri3y Ke3iHIe Heri3ri Tajmantap/blH Oipi KallbIKTHIKTaH
30H/TAY OJICIH KOJJaHy apKbUIbl KOPLIaFaH OpTa TYpalbl MOIIMETTepAl Y3IIKci3 anmy Oonbin Ta0buiafbl. O3 Ke3erinie,
KAIBIKTBIKTaH 30HATay (MyHaH api — K3) agaM3aTThiH TEXHOT€HIIK MEKEH/IEY OPTAChIH/A KOJIAHbUIA-THIHBIH aTal ©TKeH
JKOH, OJI 9P TYPJl KaHLEPOTeHAIK ToyeKeNAepAiH naiiaa 00Ty CTAaTHCTUKACHIH apTThIPa OTHIPHIII, KOMACHI3 JkaFAaiimapabl
TiKesen jxacaipl.

DJeKTp SHEPTUSACHIHA IETeH CYPAaHBICTHIH apTyhl KaHa YHEPreTHKAJIBIK HbICAHIAPABIH CATbIHYbIHA JKOHE NaliaataHyFa
OepinyiHe, cOHOal-aK TYpFbIH YH ajanTapbl MaHbBIHZA XKOFApFbl KEPHEYJNIKTIH 3JIEKTp KeNUIepiHIH XKypridilnyiHe ajbl
Keni. by GareITTarkl MaHBI3IBI MAcenenepiH Oipi — aKTHUBTI AJICKTPOMATHUTTIK COYJICICHY OPTACBIHAA OMip CYpeTiH
XaJbIKTHIH QJICYMETTIK Hapa3bUIBIKTapbIH a3aiTy MaKCcaThIH/A, SKONOTHSIBIK LIEKTEeYIePAl €CKepe OTHIPBII CAaHUTAPIIbIK-
KOpFaHBIC alilMaKTapblH OpHATY OOJBINT TaObUIaAbl. TOMEHT1 JKHIUTIKTETi YHepPreTHKAIBIK HbICAHAApbIH, 0acka Ja TeXHO-
TeHAl HbICAaHAAp CHUSAKTHI JUHAMUKAIBIK CUIIATTaMara M€ EKEHIH ecKepeTiH OoJicak, 3JIEKTPOMAarHUTTIK CoyJeNeHYiH
e3repyiHe TiKeNel oKeNeTiH Y3IIKCi3 YPaiCTep/i TYPaKThl Typ/ie Oakpuiay KaXKeTTUTIr TYbIHAANH b,

O3 KeseriHje 3aMaHayMd akKNapaTThlK IUIaTGopMa IIEKTiK IIapTTapAblH HETrisri (akTopnapbl OONBIN CaHAIATHIH
KaXKeTTi MaJTiIMETTep 1l Oenrii Oip yakbIT apaybIFbIHa, HAKTHI TaHJAJIBIHFAH aliMaKTa KaHIIEPOT'CH/IIK TOyeKeIIepi aHbIK-
TayFa MYMKIHJIK TYABIPaThIH SKOJIOTHUIBIK TalJayJiapbl )KYPri3yre €3 CENTiriH TUri3ei.

ArcGIS konpmanGansl OarmapiaMachkl asChIHAA CAHIBIK KapTalapibl OHJIEY WMMHUTALMSUIBIK CHUIIaTTaMara Me KoHe
KOpILIaraH OPTaHbIH ©3repy TMHAMUKACHIH OPTYPJIi BapHalusia BU3yanu3anusuiayra Oarajgayra MyMKIHIIK Oepeni.

Tyiiin ce3mep: KalIBIKTHIKTaH OakblIay, T€0aKMapaTThIK TEXHOJOTHSIIAp, Kepi OJIIEHreH KAIBIKTBHIKTBl HHTEPIIO-
TSI QAICI, TIpeK HYKTeJepi, CaHbIK KapTaap.

—— 9] ——
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} XapbKOBCKUH HAllMOHATIbHBIN aBTOMOOMIBHO-IOPOXKHBIH YHUBEPCUTET, XapbKoB, YKpauHa

POJIb I'C IIPU OLIEHKE YPOBHS QJIEKTPOMATHUTHOM PATUALIMA
HA ITIPUMEPE KUJIOM 30HBI

AnHoTauus. Ha ceromHs ogHOM M3 BaXHBIX 3a1ad, KOTOpas CTABUTCS IEpel] SKOJIOTHYECKUM MOHHMTOPHHIOM,
SBISIETCS HEIPEPHIBHOE IIOJMydYEHHE HEOOXOAMMBIX NAaHHBIX O COCTOSIHUM OKpY’Kalolled cpeabl IMyTeM IpUMEHEHUs
METOAMKH JAWCTAaHLUMOHHOTO 30HAMpoBaHMsi. CieqyeT OTMETHTh, YTO AWCTAHLMOHHOE 30HAMpoBaHHe (nanee — /[13)
IPUMEHSETCSI B TEXHOTCHHOH cpefe OOMTaHMs 4YelOBEUEeCTBA, KOTOPAs HANPSAMYIO CO3JaeT HEONaronpusATHbIE YCIOBUS,
MOBBIIIAS CTATUCTHKY 3apPOXKICHUS Pa3IMYHOTO BUA KAHIICPOTCHHBIX PUCKOB.

Poct morpebneHust 3JIeKTPUUYECKOM SHEPrHU NMPUBOJAUT K CTPOUTEILCTBY M BBEACHMIO B OSKCIUIyaTallMI0 HOBBIX
JHEPreTUYeCKHX OOBEKTOB, a TAKKe K MPOBEACHHIO JMHHUH JIEKTpOIepenad BBICOKOIO HANpsHKEHHs B JKHIOH cpene.
BaxHoil 3amadeil B 3TOM HalpaBiICHUU SBJIAETCS YCTAHOBJIEHHE CAHUTAPHO-3ALIUTHBIX 30H C Y4ETOM JKOJOIMYECKHX
OrpaHUYEHM, KOTOpas HAIpaBICHA HA CHU)KEHUE COLUAIbHON HANPSDKEHHOCTU CPEAU HACEIEHMs, HaXOJSILIErocs B 30He
AKTHBHOTO BO3AEHCTBHS IEKTPOMATHUTHOTO IOJS. YUHTHIBAs, YTO HU3KOYACTOTHBIE JHEPreTHUECKHE OOBEKTHI, KaK H
Jpyrue TEXHOTEHHbIE O0BEKTHI, OTIMYAIOTCA JUHAMUYECKOH XapaKTepUCTUKON U TpeOyIOT IOCTOSHHOIO OTCIIC)KUBAHUS 32
XOJIOM H3MEHEHHs HEIPEepPBhIBHBIX IIPOLECCOB, KOTOPHIC HANpsAMYIO BO3ACHCTBYIOT Ha H3MEHEHHE HalpsKeHHOCTU
3JIEKTPOMArHUTHOro mojs. B cBowo ouepenb, coBpeMeHHas UH(OpMALUOHHAs ILIAT-GopMa IMO3BOJSLET MapajlIenbHO
MIPOBOJIUTE JKOJIOTHYECKHE OOCIENOBAHUS IO BBHIABICHHIO KAaHIIEPOTCHHBIX PHCKOB Ha BBHIOPAaHHOW TEPPUTOPHH B
KOHKPETHbI MOMEHT BPEMEHHU IIyTEM BBEIEHHUS HEOOXONUMBIX [AHHBIX, SBJIAIOIIUXCS IIABHbIMU (haKTOpamu Ipu
YCTaHOBJICHUH TPENIENBHO JOIMYCTUMBIX YCIOBHM.

Pazpaborka nudpoBblx KapT Ha 0a3ze mpukiaaHblx nporpamm Arc GIS uMeeT MMUTAIMOHHYIO XapaKTEPUCTUKY U
MO3BOJISIET BU3YaJIbHO OLIEHUBATh AUHAMHUKY U3MEHEHHsI OKpY Karolliell cpelibl IPU pa3HbIX €ro BapHalusiX.

KioueBble ¢/10Ba: AUCTAHLUOHHBIM MOHUTOPUHI, I€OUH(OPMALUOHHBIE TEXHOJIOTMM, METOJ UHTEPHOJIALUU
00paTHO B3BEIICHHOTO PACCTOSIHUS, OOPHBIE TOUYKH, IH(POBLIE KapThI.
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