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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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VISUALIZATION OF GEODATA OF SEASONAL FLUCTUATIONS
OF MAGNETIC FIELDS BASED ON ESRI ARCGIS

Abstract. Energy objects, installations of high and ultra-high voltage, are considered man-made, dangerous
objects in terms of the intensity of the electric and magnetic field distribution, which create ion shells in high-altitude
zones and spread a certain radius on the territory of a residential area. In this regard, during the construction
and commissioning of low-frequency power facilities, it is necessary to conduct a specific environmental analysis
on the selected territory. One of the main sanitary and epidemiological requirements for the construction and
commissioning of high — voltage power lines is to take into account changes in the daily and seasonal distribution of
electrical loads along high-voltage power lines, which have a continuous dynamic characteristic that increases the
level of electric and magnetic field strength. In turn, the development of information support for environmental
problems of the territory based on GIS technologies makes it possible to record information about the ecological
state of the territory at a specific time and present this state with a set of thematic environmental maps of various
territorial or district entities.

It should be noted that the above characteristics increase the advantage of geoinformation technologies as an
information platform of the database, which will make it possible to obtain data for processing operational analyses
and conclusions about the state of the environment around high-voltage power lines.

Key words: remote monitoring, geoinformation technology, dynamics of changes in electrical loads, dynamics
of changes in current loads, digital maps of the area.

Introduction. The interaction of physical agents, the intensity of the distribution of electric and
magnetic fields produced by high-voltage power lines with biological systems depends on the frequency,
amplitude of the fields, and exposure time [1]. It can be assumed that the interaction of electromagnetic
radiation with a living organism will depend on the amount and parameters of the transmitted energy, as
well as on the type of irradiated tissue [2]. In the article [3], the specific goal was to determine the safe
distance from the electromagnetic field created by high-voltage overhead power lines in the immediate
vicinity of the specified section. Measurements were made for both electric and magnetic fields in
different months in order to detect the highest levels of electromagnetic field fluctuations during peak
loads. In the article [4], the measurement of electric and magnetic field fluctuations was carried out for 48
hours. The measurements were carried out six times at each site at intervals of about two months, in the
period from January to December. For each measurement, the cross section of the magnetic flux density
was determined in the middle of the span from nine measurement points in the range of 80 m. Technical
data for both lines, as well as data on load flow during measurement periods, were provided by grid
operators. These data were used to calculate the 48-hour average absolute values of the magnetic flux
density and compare them with the simulated values. The results of the electromagnetic field estimation
near a high-voltage substation are presented [5]. Electric and magnetic fields were measured depending on
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the distance to high - voltage equipment, while others were measured depending on the time change. The
main goal was to verify compliance with specific limits and, if necessary, to identify protective measures.
Finally, safe exposure times were determined for personnel working at these facilities. In the future,
detailed maps of electromagnetic field variations will be available to energy companies. The article [6,7]
noted the importance of conducting an environmental survey around high-and ultra-high-voltage power
lines, which are potentially dangerous, low-frequency objects in the anthropogenic environment.

The level of change in the intensity of electric and magnetic fields is continuously dynamic, which
requires constant monitoring of the course of disturbing events. Therefore, when conducting
environmental monitoring, it is necessary to be guided by methods and means that can be used to extract
reliable and accurate data on certain man-made objects, in our case, energy objects that directly affect the
ecological system [8-10].

There are a number of environmental monitoring methods for obtaining reliable results about the state
of the environment, which are influenced by the intensity of the electric and magnetic field distribution.
One of these methods is the method of mathematical modeling or the method of data visualization through
the use of new generation information technologies [11,12].

The geographic information system (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 [12-15].

The use of the GIS program in assessing the level of electromagnetic pollution generated by a high
voltage power line allows you to solve the following problems:

- get the dependence of the distribution of the electric and magnetic fields generated by a high-and
ultra-high-voltage power line, which allows you to accurately assess the electromagnetic situation in the
selected local area;

- develop a geo-information database and a layer-by-layer electronic map of the location of high-and
ultra-high-voltage power lines on the map of the selected territory;

- create user interfaces in the form of an integrating shell, which provides an electronic map of
electromagnetic pollution zones for a specific radius of the selected territory;

- get calculated forecasts for the electromagnetic environment over large territories from a radiating,
low-frequency object [8, 12-14].

These functions make it possible to create a unified system for monitoring electromagnetic pollution
(analysis of the state of the environment located in the zone of the electromagnetic field, make forecasts
based on the data obtained, as well as evaluate the selected environmental zone for carcinogenic risks of
various types of adverse conditions).

Materials and methods of research. Residential areas Nursat and Kazygurt of Shymkent city, which
are located in the zone of active influence of the electromagnetic field, were taken as the studied objects.
According to these residential areas, high-voltage power lines, 110 and 220 kV, which originate from the
Nursat 110/10 kV and Shymkent 220/110/10 kV substations, have been laid.

In the course of conducting environmental surveys, together with specialists of the regional power
grid company "Ontustik Zharyk Transit" LLP, measurements were taken of daytime and evening
maximum electric loads of high-voltage power lines in summer and winter periods.
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Figure 1 — Dynamics of changes in electrical loads in 110 and 220 kV high-Voltage power line
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Figure 1 shows that the peak values of electrical loads on high-voltage transmission lines, 110 kV in
the summer time periods was 48 MVA, and in the winter time periods is 64.3 MVA. For high-voltage,
220 kV transmission lines, the peak values of electrical loads were 123 and 163 MVA, respectively, in the
summer and winter time periods. It should be noted that the growth of electrical loads increases in the
evening, in summer time, evening maxima in 110 kV high-voltage power lines occur at the time from
21:00-22:00 (48-45 MVA), and in winter time at 18:00-21:00 (63.8 — 60.9 MVA). In high-voltage 220 kV
transmission lines, the peak values of electrical loads in summer periods fall on the evening time of day at
17:00-21:00 (120.8 -119.6 MVA), in winter periods at 18:00-20:00 (158.4-162.7 MVA).

The dynamics of changes in current loads has a similar characteristic. When calculating current
loads, correction factors were introduced that take into account the dependence of current loads on the
ambient temperature. The correction coefficients in summer time periods are k. = 0.8, in winter time
periods they are k. = 1.2. Data on current loads in 110 and 220 kV high-voltage power lines are shown in
figure 2.
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Figure 2 — Dynamics of changes in electrical loads in 110 and 220 kV high-Voltage power line

Figure 2 shows that the peak values of current loads on high-voltage power lines, 110 kV in the
summer time periods was 201.786 A, in the winter time periods is 405.47 A. For high-voltage power lines,
220 kV peak current loads were 258.12 and 512.97 A, respectively, in the summer and winter time
periods. It should be noted that the growth of electrical loads increases in the evening, in summer, evening
maxima in 110 kV high-voltage power lines occur at times with 21:00 22:00 ( 201,786-189,17 A), in
winter time periods at 18:00-21:00 (402,3 — 384,025 A). In high-voltage, 220 kV transmission lines, the
peak values of electrical loads in summer periods fall on the evening of 17:00-21:00 (253.9 -251.39 A), in
winter periods at 18:00-20:00 (499.42-512.97 A).

The dependence of the intensity of the magnetic field distribution generated by a high-voltage power
line on the dynamics of changes in current loads is described by the mirror image method using the
following formula:

HI() = -~ (\/(2k1 = k3 — k2)2 + 3(k3 — k5)Z + (2k3 — k& — k6)2 + 3(k4 — k6)2) (1)

The dynamics of changes in the magnetic field strength in high-voltage power lines, 110 and 220 kV
of the measurements carried out in the Nursat and Kazygurt microdistricts, with maximum current loads in
summer and winter periods are shown in figures 3 and 4.

Figure 3 shows that during winter periods, the impact of the magnetic field in 110 kV high-voltage
power lines on the ecosystem is almost 2 times higher compared to summer periods. The critical values of
the magnetic field strength per day in the summer time periods were 5,225 A/m, in the winter time periods
10,476 A/m.
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Figure 3 — Dynamics of daily changes in the magnetic field in the summer (a)
and winter (b) periods in 110 kV power lines carried out in the Nursat microdistrict
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Figure 4 — Dynamics of daily changes in the magnetic field in the summer (a) and (b) winter periods
in power lines with a voltage of 220 kV, carried out in the Kazygurt microdistrict.

Figure 4 shows that during winter periods, the impact of the magnetic field in 220 kV high-voltage
power lines on the ecosystem is almost 2 times higher compared to summer periods. The critical values of
the magnetic field strength per day in the summer time periods were 11.208 A/m, and in the winter time
periods 22.243 A/m.

Results and discussion. As a result, digital maps of the area were built based on the ESRI ArcGIS
application program, which visually showed the intensity of the distribution of magnetic fields generated
by 110 and 220 kV high-voltage power lines in the residential areas of Nursat and Kazygurt in the summer
and winter periods of the day. Statistics that describe the effects of characteristic magnetic field
distribution zones on the environment are constructed using a magnetic field distribution buffer. To
construct the buffer, we used the method of interpolation of inversely weighted distances (IDW) with an
interval of 10 m. During the construction of digital maps, the maximum values of magnetic fields
produced by low-frequency energy objects in the summer and winter periods of the day were taken.

Digital maps of the area describing the dynamics of changes in the magnetic field generated by a
high-voltage power line, 110 and 220 kV, in the residential areas of Nursat and Kazygurt are shown in
figures 5, 6.

From figure 5, it can be seen that the shift in the distance of propagation of magnetic pollution in
winter compared to summer is 8§ m. In turn, the distance shift increases the level of magnetic pollution
and, in comparison, has an increased risk of carcinogenic phenomena.
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Figure 5 — GIS map describing the dynamics of changes in the magnetic field in 110 kV high-voltage power lines
in the summer (a) and winter (b) periods of time in the residential area of Nursat
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Figure 6 — GIS map describing the dynamics of changes in the magnetic field in 220 kV high-voltage power lines
in the summer (a) and winter (b) periods of time in the residential area of the Kazygurt microdistrict

From figure 6, it can be seen that the shift in the distance of propagation of magnetic pollution in
winter compared to summer is 15 m. In turn, the distance shift increases the level of magnetic pollution
and, in comparison, has an increased risk of carcinogenic phenomena.

Conclusion. The use of geoinformation technologies made it possible to build a digital map of the
area. In our case, the values of the intensity of the electromagnetic field distribution and the degree of its
impact on the environment were taken as input data. 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 magnetic pollution in the Nursat residential area in summer is 0 -18 m, and in winter it
reaches up to 26 meters. In the environment of the Kazygurt residential area, where high-voltage power
lines, 220 kV, are installed, the radius of coverage of the spread of magnetic pollution in summer periods
is 0-25 m, in winter periods it reaches up to 40 meters. By introducing local data, as well as by ranking the
level of impact of the electromagnetic field on the environment, zones of residential areas that are under
increased exposure to the electromagnetic field were identified. The data obtained show that the level of
impact of the magnetic field on the environment is transient, which indicates a decrease or increase in the
number of residential objects that are exposed to the emergence of a carcinogenic risk in the ecosystem.
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MAYCBIMABIK MAT'HUT OPICIHIH TEOMOJIIMETTEPIH
ESRI ARCGIS BA3BACBIHIA BU3YAJIAY

AHHOTanMsl. DHEPreTHKAIBIK OOBEKTIIep, )KOFaphl JKOHE aca KOFaphl KepHeyJi KOHABIPFhUIAp OWiK alMax-
Tap/a HOHBIK KaObIKTap KAaCalThIH )KOHE ayllaH ayMarbl OOMbIHIIA OeNrii Oip paauycrieH TapanaThiH 3JIEKTp JKOHE
MarHuT ©pICTEepiHIH Tapajly KapKbIHIbUIBIFBI TYPFBICBIHAH TEXHOTEHJIK, KayilTi OoObeKTiiep OOJIBII CaHaaJbl.
OcbIFad 0aiJIaHBICThI, TOMEH KHUUTIKTI SHEpreTHKa 0OBEKTUIEPiH cally jkoHe NalaanaHyra Oepy Ke3iHae TaHIallFaH
ayMaKTa HaKThl DKOJIOTHSUIBIK TaJIfay KYPrizy KakeT. JKorapbl BOJBTTHI 3JICKTp Oepy KeIUIepiH caiy )KoHe maiaa-
JaHyFa Oepy Ke3iHJeri HeTi3ri CaHUTapIIbIK-3HIeMUOJIOT HSUTBIK, TaJlalTapAbIH 0ipi SJIEKTP KOHE MarHUT OpPiCTEePiHIH
KEpHEY JIeHI'eliH apTThIpaThlH Y3IIKCi3 JUHAMHKAIBIK CHIIATTaMachl Oap >KOFapbl BOJBTTHI JJIEKTP Oepy »Keliyepi
OOMBIHIAFBl JJIEKTP JKYKTEMEJIEpiHIH TOYJIKTIK JKOHE MayChIMIBIK TapaybIHBIH ©3repyiH ecemKke aiy OOoJIbII
TaObpuTagel. O3 keseringe, ['AXK-TexHoNmorusap HETi3iHAE ayMaKTHIH SKOJOTHSUIBIK MPOoOJIeMalapblH aKMapaTThIK
KaMTaMachl3 €Tyl AaMBITy Oenrini Oip yaKpITTa ayMaKTBIH SKOJOTHSUIBIK JKardalbl Typallbl aKMapaTThl TipKeyre
JKOHE OCHI JKar[Jalbl OpTYpJli ayMakTbK HEMece ayJaHIbIK KYPBUIBIMAAPIBIH TAKBIPBIITHIK SKOJIOTHSIIBIK
KapTaJlapbIHbIH XUBIHTBIFBIMEH YChIHYFa MYMKIHIK Oepei.

XKorappla atanraH cuUmaTTamManap AepeKTep 0a3achIHBIH aKIapaTThIK IUIaT(GopMackl peTiHie reoaknapaTThlK
TEXHOJIOTUSIAPIbIH apTHIKIIBIIBIFBIH apTTHIPAThIHBIH aTall ©TKEH XKeH, OyJI KOFapbl BOJBTTHI 3JIEKTp Oepy xemiie-
PiHIH aifHaNachIHIAFbl KOpIIaFaH OPTaHbIH XKali-KYH1 Typalibl JKeJel Tajjayjiap MEeH KOPbIThIHABUIAP/Abl OHJIeY YIIIH
JIEpeKTep ajlyFa MYMKIH/IK Oeperi.

Tyiiin ce3mep: KalIBIKTHIKTaH 0acKapy MOHUTOPHUHTI, T€0AKIAPATTHIK TEXHOJIOTHIIAP, JJIEKTP KYKTEMeIepiHiH
e3repy AMHAMUKACHI, TOK )KYKTEMeJIepiHiH e3repy ANHAMHUKACKL, )KEPTUTIKTI JKepJIep/iH CaH/IbIK KapTachl.
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BU3YAJIN3AIIAA TEOJIAHHBIX CE30HHBIX KOJIEBAHUI
MATHUTHBIX ITOJIEA HA BA3E ESRI ARCGIS

AHHOTanMsl. DHEPreTHYecKne OOBEKThI, YCTAHOBKM BBICOKOI'O W CBEPXBBICOKOI'O HAMPSOKEHHS CUUTAIOTCS
TEXHOT€HHBIMH, OITACHBIMU OOBEKTaMH C TOYKHM 3PEHHsI HHTEHCHUBHOCTH PacIpeAeIeHus! 3JIeKTPUIECKOr0 U MarHUT-
HOT'O TOJIEH, KOTOPBIE CO3/1aI0T HOHHBIE 000JIOUKH B BBICOTHBIX 30HAX M PacIpOCTPAHSIOTCS ONPEEICHHBIM Paany-
COM II0 TEPPUTOPHHU >KWIJIOTO paiioHa. B CBs3M ¢ 3TUM IpU CTPOHMTENBCTBE M BBOJAE B IKCIUTyaTalUi0 OOBEKTOB
HU3KOYAaCTOTHOH SHEPTeTUKH HEOOXOOMMO MPOBECTH KOHKPETHBIH SKOJIOTWYECKHAN aHANW3 Ha BHEIOPAHHOW TeppH-
Toprr. OJHAM W3 OCHOBHBIX CaHMTapHO-3IHMIEMHOIOTHYECKHX TPEOOBAaHMH IPH CTPOMTEIHCTBE M BBOJE B IKC-
IUTyaTalyio BBICOKOBOJIBTHBIX JIMHUM AJICKTPOIEpEeaud SBISIETCS y4eT M3MEHEHHH CyTOYHOTO M CE30HHOTO pac-
MIPEAEIEHHS NEKTPUUECKUX HAarpy30K BOJIb BHICOKOBOJIBTHBIX JIMHUI 3JIEKTPOIIEPENaun, MMEIOIINX HETPEPBHIBHYIO
JUHAMHYECKYIO XapaKTEPUCTUKY, MOBBIMIAIOIIYI0 YPOBEHb HANPSHKEHHOCTH 3JIEKTPHUECKOTO U MAarHUTHOTO TOJIEH.
B cBoro ouepenp, pasBuTHe MHGOPMALMOHHOTO o0ecHedeHHsl 3KOJOTMYECKUX HpOoOIeM TEppUTOPHU HA OCHO-BE
I'C-texHomnoruii no3Bossier GpUKCUpoBaTh UHOOPMALUIO 00 IKOJIOTUUECKOM COCTOSHUM TEPPUTOPUHU B KOHKPET-
HBIIi MOMEHT BPEMCHH W NPEACTABJIATH 3TO COCTOSAHHUE Ha60pOM TEMATUYCCKHUX DKOJOI'MYCCKUX KapT Pa3JIMYHBIX
TEPPUTOPUAIBHBIX MJIM PAHOHHBIX 00pa30BaHMUiL.

Crenyer OTMETHTb, YTO BBIILECIIEPEUUCICHHBIE XaPaKTEPUCTUKU IOBBIMIAIOT INPEUMYIIECTBO TeonH(pOopMa-
LIMOHHBIX TEXHOJIOTHH Kak MH()OPMALMOHHON I1aTopMbl 06a3bl TaHHBIX, KOTOPAsk MO3BOJIUT IOJIydYaTh JaHHBIC JUIS
00paboTKM ONEpPaTUBHBIX AHAJIM30B U BHIBOJIOB O COCTOSHUU OKPY’Karollel Cpeabl BOKPYT BHICOKOBOJIBTHBIX JIMHUN
3IIEKTpOIIepeIadn.

KiroueBble c10Ba: qUCTaHIIMOHHBI MOHUTOPHUHT, 3JIEKTPOMAarHUTHBIE TIOJIS, T€OMH(OPMAIIHOHHBIE TEXHOIIO-
THH, TUHAMHKA U3MECHEHHE 3JIEKTPUYECKHX HArpy3o0K, AMHAMHKA N3MEHEHHE TOKOBBIX HAarpy30K, OH(POBHIC KapThl
MECTHOCTH.
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