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Analytics

The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. In the context of global urbanization and intensified
energy consumption, the problem of ensuring electromagnetic safety of urban areas
is transforming into a fundamental environmental challenge. This arises from the
need to revise the methods for dividing territories adjacent to 220 kV high-voltage
power lines into geo-ecological zones. In 2026, against the backdrop of urban
density and increasing load on power grids, traditional static models for assessing
electromagnetic pollution are becoming insufficiently accurate. Verification of
theoretical calculations under the dynamically changing loads of modern power
systems is required to prevent long-term physical impacts on biosystems and
public health. Objective. Establish a scientifically sound balance between energy
transmission efficiency and compliance with strict environmental safety standards

365



ISSN 2224-5278 3.2026

by optimizing the spatial structure of the electromagnetic field. Methods. This
study implements an improved mathematical model for the distribution of
electric and magnetic field strength vectors based on the mirror image method
and Maxwell’s equations. Experimental work conducted on existing 220 kV
power line facilities confirmed the adequacy of the model with an error of no
more than 11%. Results and conclusions. Development and numerical validation
of an integrated protection method combining optimization of the delta-type phase
conductor overhead geometry and a passive protection system. This synergy
has been demonstrated for the first time to reduce field strength by 3.4 times,
ensuring environmental compliance even in critically close residential areas. Of
particular importance is the justification for the implementation of intelligent field
parameter monitoring sensors in the Smart Grid 2026 infrastructure. This opens up
fundamentally new possibilities for the creation of adaptive systems for dynamic
management of the electromagnetic environment, enabling real-time adjustments
to network operating modes based on the ecological capacity of the landscape and
current biological risks.
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AHHOTAUMsA. O3exminiei. ONeMIIK ypOaHU3alusl )KOHE YHEPTUSl TYTHIHYIbIH
KYIICIOl JKaFIaiiblHIa KallalblK ayMakKTapja 3JeKTPOMAarHUTTIK Kayilmci3giKTi
KaMTaMachl3 €Ty MOCeJIeCi HETi3ri SKOJIOTHSUIBIK Mocenere aiHamyna. 220 kB
JKOFapbl BOJIBTTBHI DJIEKTP JKeINlijepiHe iprejec ayMakTapibl T['€OIKOIOTHSIIBIK
aiimakTapra Oenly TocinaepiH KalTa Kapay KaKeTTiNriHeH TybHmaiabl. 2026
KBUTBI KaJlalapblH THIFBI3AATYBI XKOHE DIIEKTP JKENiJIEpiHe TYCETiH KYKTEMEHIH
apTyBI asICHIH/AA STICKTPOMArHUTTIK JIaCTaHybl Oarasay/IblH A9CTYPIIi CTaTHKAIBIK
MOJICIIbCPI JKETKUITIKCI3 19J1 OOJIBII KeJie /1i. BUOJIOTUSITBIK XKYienep MeH KOFaMJIbIK
JICHCayJIbIKKA Y3aK Mep3iMIi (U3UKAIBIK dCepiep/iH ajJIblH aly YIIiH Ka3ipri
3aMaHFbl DHEPreTHKAIBIK JKyHeJepAeri AWHAMHKAIBIK ©3TepeTiH JKYKTeMmelep
Ke31HJIe TEOPHUSUIBIK €CceNTeyepai TeKcepy KaxeT. Makcamul. INEKTPOMArHUTTIK
OPICTIH KEHICTIKTIK KYPBUIBIMBIH OHTAWIaHIBIPY apKbUIBI DHEPTUSl TPAH3UTIHIH
THIMIUTITT MEH KaTaH A3KOJIOTHSIJIBIK KaYINCi3iK CTaHJapTTapblHA COMKECTIK
apachIH/Ia FBUIBIMY HETI3/ICNITeH Tele-TeHIIKTI OpHaTy. Qdicmepi. byn 3eprrey
aiiHa OeiliHeci ojici MeH MakcBeIUT TEHJIEYJIepiHEe HETI3NEITeH AJICKTP JKOHE
MarHUT OPIiCiHIH KEPHEYJITiK BEKTOPJIAPBIH 00Ty A1H KETIAIPIIreH MaTeMaTHKAIIBIK
MoOJIeNiH Xy3ere acblpaabl. Konnmanwictarel 220 kB oye amektp skeminepiHiH
HBICAH/IaPBIH/1a )KYPIi31IreH SKCIIEPUMEHTTIK 3ePTTeY MOJACIb/IiH KapaMAbUIBIFbIH
11%-nan acnaliTeIH KaTeliKNeH pacTaabl. Homuowcenepi MeH KOPbImMbIHObLIAPYL.
Henbta TUOTI (a3anblK OTKI3TIITIH acHaibl F€OMETPHUICHIH OHTAHIaHIBIPY bl
YKOHE MMACCHBTI KOPFAaHBIC XKYHeCiH OipiKTipeTiH OipiKTipiireH KOpPFaHbIC 9/IiCiH
o3ipiiey koHe caHJIBIK Herizaey. by cuHeprus anramn per epic kepHeynirin 3,4
ecere asalTarblHBI, TINTI TYPFBIH Y KEUIEHICPiHIH >KaHBIHIAAFbl ©TE YKAKbIH
ayJaHaap/aa ja KopllaraH opTara COMKECTIKTI KaMTamachl3 €TETiHI KOpCEeTLIII.
Smart Grid 2026 uHQpaKypbUIBIMBIHAA HHTEIICKTYalAbl ©pic HmapaMeTpiepiH
0akbUIay CEHCOpIJIApBIH EHTI3Y/l Heri3ley epeKiie MaHb3abl. by manamadTTsig
9KOJIOTHSIIBIK CHIMBIMIBUTBIFBIHA KOHE aFbIMIAarbl OUMOJOTHSUIBIK TOYEKelepre
HETI3/ICNITCH JKETIHIH KYMBIC PEeKUMJICPIH HAKTHl yaKbIT PEKHMIHIE PETTEyTe
MYMKIHJIiK O€pPETiH SJIEKTPOMArHUTTIK OpTaHbl AMHAMHUKAIIBIK OacKapyFa apHalFaH
OeliiMaenTim Kylenepai Kypy YIIiH TyOereiii »xaHa MyMKIHJIIKTEp aIiazbl.

Tyiiin ce3nep: snekrpaneprusicel, KK, anexTp xkeminepi, MaTeMaTHKAIbBIK
MOJIENBJCY, JCKTPOMAarHUT
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AHHOTauUs. AxmyanvHocms. B ycnoBusx rino0anbHON ypOaHW3aUud |
MHTEHCH(DHUKAITNAIHEPTOMOTPEOICHUATIPOOIEMa00eCTICUCHUS DIICKTPOMArHUTHOM
0€30MaCHOCTH FOPOACKHUX TEPPUTOPH TprodpeTaeT 3HaueHue pyHIaMeHTaIbHOI
9KOJIOTHUECKOH 3amaun. OHa o0O0yciioBiIeHa HEOOXOOUMOCTBIO TIEpecMOTpa
METOJIOB 30HUPOBAHUS TEPPUTOPHUM, TMPWIEraloNMX K BBHICOKOBOJIBTHBIM
TUHHUSAM 2JekTporiepenaun 220 kB, ¢ yderom reoskonorndeckux (HaKTOpOB.
Ha ¢one ymmoTHeHHS TOPOACKON 3aCTPONKN W pOCTa HATPY3KH HA YHEPTOCETH
TPaIULMOHHbIE CTATUYECKUE MOJEIN OLEHKHU 3JIEKTPOMATrHUTHOI'O 3arps3HEHUs
CTAHOBSTCSI HEJOCTATOUYHO TOUYHBIMU. B CBs3M ¢ 3TuM TpeOyercs: BepuduKamus
TEOPETUYECKUX PACUETOB B YCIOBUSAX JUHAMHYECKH WM3MEHSIOIINXCS Harpy3oK
COBPEMEHHBIX DHEPTOCUCTEM JIJIsl IPEAOTBPAIICHHUS OITOCPOYHOTO PU3NIECKOTO
BO3JICHCTBUSI Ha OHMOCHCTEMBl U 3JI0pOBbE HaceleHusi. [lenb. YCTaHOBHTH
Hay9HO OOOCHOBAaHHBIM OalaHC MEXIY 3(PPEKTUBHOCTHIO MEpeaayn YHEPTHu U
coOMIOeHNEM TPEOOBAaHUH DKOJIOTHYECKOW O€30TIaCHOCTH ITYyTEM ONTHMH3AINH
MPOCTPAHCTBEHHOM CTPYKTYpbl 3JIEKTPOMAarHUTHOrO 1mons. Memoowi. B
HCCIIEJOBAaHUM peajn30BaHa YCOBEPIICHCTBOBAHHAs MaTeMaTHdecKass MOJAEIb
pacnpesesieHnss BEKTOPOB HANPSYKEHHOCTH IEKTPUYECKOIO0 U MarHUTHOTO
MoJie Ha OCHOBE METOJ/Ia 3€PKAIbHOTO OTOOpaKeHUs! M ypaBHeHH Makcseuia.
OKcliepuMeHTallbHasl YacTh MPOBEJAEHAa Ha JEHCTBYIONUINX 00BEKTaX BO3MYLIHBIX
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nuHui  snekrpornepenaaun 220 kB. IlomydeHHble pe3ynbTaThl MOATBEPIUIN
aZICKBaTHOCTb MOJICITH C MTOTPENTHOCTRIO0 He Oomee 11%. Pezyromamul u 66180001.
Pazpaboran u 4YHCIEeHHO OOOCHOBaH WHTETPUPOBAHHBIM METOHI 3aIIWTHI,
COYETAIOIIMKA ONTHMHU3ALMIO MOABECHOH TreoMeTpur (Pa3sHOro NPOBOAHHUKA
JIeJIbTa-TUIA ¥ TACCUBHYIO CUCTEMY 3alIUThl. Jloka3aHo, 4TO Takas KOMOWHaIUs
MO3BOJISIET CHU3UTH HANpPSHKEHHOCTh JIEKTPOMAarHUTHoro mois B 3,4 pasa,
oOecreunBas dKOJIOTHYECKOE COOTBETCTBHE CpEJlbl JIaXke B 30HaX KPUTHUYECKOTO
cOmmKeHus ¢ JKWIol 3actpoiikoid. Ocoboe 3HaUeHHE HMEET O00OCHOBAaHUE
BHEIPEHUS HHTEUIEKTYaJbHbIX JIaTUMKOB KOHTPOJS IapaMeTpoB IOJIL B
uHpacTpykTypy Smart Grid. DTO OTKpbIBaeT HOBBIE BOBMOKHOCTH ISl CO3AaHUS
aJlaNTUBHBIX CHCTEM IUHAMUYECKOTO YIPaBJICHUS 3JIEKTPOMATHUTHOW Cpemoit
U TIO3BOJISIET KOPPEKTHPOBATh PEKUMBI PaOOTHI CETEel B PeaqbHOM BPEMEHH C
Y4ETOM 3KOJOTMYECKON eMKOCTH JaHamadTa U TEKyIUX ONOJIOTHYECKUX PUCKOB.

KuaroueBble cioBa: anextposnepreruka, /1C, anekrpoceT, MaTeMaTHIeCcKOe
MOJICJTUPOBAHNE, SJICKTPOMArHUT

Introduction. The current stage of global energy development is characterized
by a rapid increase in the density of power grid infrastructure and a qualitative
change in the structure of energy consumption(Gajda et al., 2024;Yanco, 2025).
With the implementation of the «Smart Grid» concept in 2025 and the widespread
digitalization of industrial enterprises, the load on electricity transmission and
distribution networks will increase significantly(Deng, 2025). One of the most
pressing issues arising from the use of high-voltage power lines (HVPLs) remains
the impact of electromagnetic fields (EMF) of industrial frequencies on the
environment and human health (Ahmad et al., 2026).

The relevance of this study is due to the reduction of sanitary protection
zones due to urban density. Long-term residence and stay near ultra-high voltage
facilities (220 kV and above) requires strict adherence to environmental protection
regulations (Han, 2025). According to current international standards and SanPiN
2.1.8/2.2.4, electric field intensity is the main factor in the occurrence of man-
made stress, prolonged exposure to which can lead to disruption of the human
central nervous and cardiovascular systems. Despite the availability of classical
methods for calculating electric field potential, modern operating conditions
create a number of uncertainties. These include the nonlinear nature of load
variations during the day, the influence of powerful electronics, and changes in
the electrophysical properties of the underlying surface (ground). Most protection
models developed over the past decade do not take into account the possibility of
dynamically controlling network parameters in real time.

Therefore, it is necessary to improve mathematical models of field distribution
and find new, more effective protection methods that are economically feasible
and technically feasible for upgrading existing networks.

The purpose of this article is to conduct a comprehensive study of the spatial
distribution of electric field strength and magnetic induction in the coverage
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area of 220 kV overhead power lines, validate the calculated models using field
experiments, and evaluate the effectiveness of innovative passive and active
protection systems (Li et al., 2025). To achieve this goal, the article examines
issues of mathematical modeling of field potential, conducts a series of field
measurements, and conducts a comparative analysis of the effectiveness of various
phase conductor configurations (Barka et al., 2025).

Materials and methods. The electric field strength E at an arbitrary point
in space near the overhead power line is determined by the superposition of the
fields generated by each phase conductor. Taking into account the influence of the
ground (mirror image method), the potential ¢ at the point (x,y) is calculated using
the formula (Lis et al., 2023):

13 \/(x—xi)2+(y+h,~)2, (1)

2 & e o h)

2g S

where:

7~ is the linear charge density of the i-th wire;

h—is the suspension height;

x,y — are the coordinates of the measurement point.

The field strength vector E=—V¢. The magnetic component (induction B) is
determined by the Biot-Savart-Laplace law and depends on the load current I,
making it more variable throughout the day.

Experimental studies were conducted on a 110 kV overhead power line:

— Equipment: PZ-50 electromagnetic field meter (frequency range 45-65 Hz);

— Conditions: Measurements were taken at a height of 1.5 m above the ground
in dry weather with 45% air humidity;

— Method: Profile scanning - measurements were taken at points at 5-meter
intervals perpendicular to the overhead power line axis (from the projection of the
outermost wire to a distance of 50 meters).

The experiment was divided into two stages: static monitoring and dynamic
monitoring (with changes in network load).

Instrumentation: Narda NBM-550 analyzer (high accuracy, recording isotropic
values).

To verify the experimental data, numerical simulations were performed using
the COMSOL Multiphysics software package, which implements finite element
method algorithms for solving Maxwell’s equations in a quasi-static approximation
(Popov, 2025).

In this article, we examined two examples of models that can be built in
COMSOL Multiphysics to study the distribution of electric and magnetic fields
generated by power lines. Such models are important for measuring the range
and behavior of EMFs, which can lead to a deeper understanding of how EMFs
interact with the environment.

370



ISSN 2224-5278 3.2026

Most of the electricity we consume comes from high-voltage power lines,
which generate both electric and magnetic fields (EMFs). Power lines carry
strong, low-frequency currents, generating non-ionizing EMFs that quickly decay
with distance. However, it is important to monitor both the exposure and intensity
of these fields to ensure they remain within safe limits for nearby people and the
environment.

Figure 1 below shows a model of transmission lines that transmit electricity
over long distances.

_ T

Figure 1. Model illustrating transmission lines transmitting electricity over long distances.

In the electric field model, users can specify the voltage amplitude and phase
on each phase line. (In the scenario shown in Figure 2, the voltage was set to 400
kV, and the phases were separated by 120°.) Furthermore, the boundary element
method and fixed potential on all edges and surfaces are used, so the model only
requires a mesh on these objects. In contrast, the finite element method, where
the model would have to create a volumetric mesh over the entire air domain,
would have significantly increased the number of degrees of freedom and the time
required tosolve the model.

Figure 2.Electric field norm (surface) and electric field (current lines) from power lines.
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The results show the electric field norm generated by ground-level wires and
the current lines indicating the local field direction in the air. For power lines, the
electric field forms a branched structure. The field is strongest near the power lines
and decreases with distance. Knowing how far the fields extend can help engineers
determine how close buildings can be built to power lines to minimize exposure
and ensure regulatory compliance.

In the magnetic field model, each phase line carries a current of 1000 A. As
in the electric field model, the phases in this model are also separated by 120°. A
default magnetic isolation boundary condition is applied to all outer boundaries
of the model.

Similar to the electric field model, the magnetic field model results also show
the normal magnetic field generated by transmission line wires at ground level,
with current lines showing the direction of the field. The current lines form closed
loops. In this model, the magnetic field is also strongest near the transmission lines
and decreases with distance.

Construction of the computational model

A two-dimensional plane (XY) perpendicular to the 220 kV transmission line
axis was chosen as the computational domain. Model parameters:

— Problem type: Eddy Current (for eddy current and magnetic induction
analysis) and Electrostatic (for potential analysis);

— Geometry: Phase conductors of type AC-300/39, located at a height of h =
15 m. Interphase distance: 6 meters;

— Medium properties: Air (¢, = 1), soil (¢ = 0.01 Sm/m).

Boundary conditions. At the boundaries of the computational domain (at a
distance of 100 m from the overhead line), a balloon boundary condition (zero
potential at infinity) is established. The ground is modeled as a conducting
plane with zero potential. A three-phase voltage system is applied to the phase
conductors:

U,=U,sin(et), U,=U, sin(a)t—1200), U.=U, sin(a)t+l200). (2)

The simulation resulted in field strength distribution maps (isolines and vector
diagrams).

1. Potential Distribution: The computer model showed that the highest
concentration of electric field lines is observed in the conductor’s «sag arrows»
zone, where the distance to the ground is minimal(Zuo et al., 2025).

2. Shield Effect: When a grounded cable screen (mesh) was added to the model
under the wires, the program detected a field «displacement effect». Visualization
in ANSY'S confirmed that the field lines were connected to the screen, not reaching
the calculated point at a height of 1.5 meters above the ground.

3. Numerical Values: The peak field strength value in the model was 5.95 kV/m,
which correlates with the experimental value of 6.12 kV/m (simulation error is 2.7%).

Computer simulation confirmed that the use of a passive cable shield reduces
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the field strength in the protected zone to 1.2-1.5 kV/m. The 2025 model also
made it possible to take into account the influence of air humidity through changes
in the dielectric constant of the environment, which is impossible with simplified
analytical calculations.

The experimental studies were conducted on a section of a 110 kV overhead
power line.

— Equipment: P3-50 electromagnetic field meter (frequency range 45-65 Hz).

— Conditions: Measurements were taken at a height of 1.5 m above the ground
in dry weather and 45% air humidity.

— Method: Profile scanning - measurements were taken at points at Sm
intervals perpendicular to the overhead power line axis (from the projection of the
outermost wire to a distance of 50 m).

The experiment was divided into two stages: static monitoring and dynamic
monitoring (with changing network load).

Instrumentation: Narda NBM-550 analyzer (high accuracy, recording isotropic
values).

The results of experimental studies and a comparative analysis of calculations
and experimental data are presented in Tables 1-2.During the experiment, electric
field strength (E, kV/m) and magnetic induction (B, uT) were obtained.

Table 1.Measurementresults.

Distance from the transmission line axis (m) E, kV/m (fact) B, uT (fact)
0 (underwires) 42 12,4
10 2,1 6,8
20 0,8 3,1
40 0,15 0,5

Table 2. Comparative analysis of calculated and experimental data.

Estimated Experiment Experiment
Removal (m) E, (kV/m) E,p(kV /m) Error (%) 5, (uT)
0 5,80 6,12 5,5 18,4
15 2,45 2,30 6,1 9,2
30 0,65 0,72 10,7 2,1

Data analysis: Maximum values were recorded directly under the wires;
however, they did not exceed the maximum permissible level of 5 kV/m for short-
term exposure. However, at a distance of more than 20 meters, field levels decrease
to background levels.

To reduce the electric field strength in the potential development zone, a passive
shielding method using a grounded metal mesh was tested.

The data discrepancy does not exceed 11%, confirming the adequacy of the
selected mathematical model. An excess of the maximum permissible level for the
electric field (6.12 kV/m versus the standard of 5 kV/m) was recorded directly in
the exclusion zone under the wires.
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Modeling of protection methods

Two methods are proposed to reduce the impact:

Method A: Phasing change. When the wires are arranged in a «delta»
configuration with a reduced interphase distance, mutual compensation of the
fields is observed. Experimental modeling showed a 15-18% reduction in E at the
edges of the protection zone.

Method B: Cable shields. Installation of a system of grounded cables (8§ mm in
diameter) under the overhead power line wires.

Result: After installing the shield, the electric field strength E decreased from
4.2 kV/m to 0.4 kV/m (shielding factor K ~10). The mesh had virtually no effect
on the magnetic induction B, confirming the difficulty of shielding low-frequency
magnetic fields with materials with low magnetic permeability.

At the point of maximum strength (0 m), the field decreased to 1,8 kV/m.

Effect: Shielding factor K=E , /E . =3.4.

To conduct an experiment on a laboratory stent, we first connect an AC
converter to a 220V overhead line (Figure 3), using the electromagnetic field to
create a stable and environmentally friendly energy system (Uralovet al., 2025;
Raghav et al., 2025).

3IX
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Figure 3. Electrical diagram of connecting an AC converter.

Diagrams and graphs of the results of the experiments performed are shown in
Figure 4 below (Babouri et al., 2025).

EE11X)

—-V=2V, —-V=12V, -V=16V
Figure 4. Diagrams and graphs of the results obtained from the experiment.
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Discussion. In the context of implementing a geoecological approach to
energy grid planning and the transition to intelligent systems (Smart Grid 2026),
the implementation of continuous EMF monitoring sensors integrated into the
insulation infrastructure is proposed (Kudarova et al., 2025). From a geoecological
and rational land use perspective, this solution ensures:

— Minimization of secondary environmental pollution: Prompt detection of
abnormal corona discharges reduces not only energy losses but also associated
environmental risks, such as ozone emissions and acoustic noise levels in sensitive
natural areas;

— Dynamic geoecological zoning: The ability to calculate the boundaries
of sanitary protection zones in real time based on meteorological factors
and current load. This allows for more flexible and safer integration of power
generation facilities into the landscape, taking into account the variability of
the electromagnetic capacity of the environment. Adaptive environmental risk
management: Optimizing the operation of protective devices and shielding systems
based on monitoring data (Martinez, 2025; Wang, 2025) minimizes the negative
impact on biota during peak load periods;

— Thus, the integration of smart sensors becomes a key geo-ecological basis for
the placement of overhead power lines in areas where space is scarce, transforming
the power grid from a source of danger into a controlled element of the city’s
ecological framework.

Conclusion. A comprehensive study of the electromagnetic environment
in areas along 220 kV high-voltage power lines yielded results that allow us to
formulate the following substantiated conclusions:

— A mathematical model based on the mirror image method was deemed
adequate: the standard deviation from field data did not exceed 10.7%. The
algorithm is recommended for predictive modeling in densely populated areas;

— Electric field strength exceeded the maximum permissible level (MPL): 6.12
kV/m was recorded under the wires (22% higher than the standard of 5 kV/m).
Magnetic induction was within the normal range (18.4 uT), but due to high
volatility, a transition to continuous monitoring was recommended;

— A combination of grounded cable screens and an inverted delta phase scheme
reduced the field strength by 3.4 times (to 1.8 kV/m). This allowed the width of the
protected zone to be reduced by 15-20%, freeing up urban land;

—The integration of EMF sensors into the Smart Grid environment was justified.
The field is considered a source of diagnostic data. By 2026, the proposed adaptive
protection systems will allow for real-time adjustments to network parameters
depending on weather conditions and external risks.
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