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Purpose. To quantitatively estimate the contribution of the surrounding-medium parameters to the magnetic flux
density of a three-phase 110 kV air-insulated transmission line installed inside an underground tunnel, and to clarify
whether such parameters must be included in routine engineering magnetic-field assessments.

Methodology. Numerical quasi-stationary simulation of the magnetic field at industrial frequency was carried out
for a symmetric three-phase system of AC-240/32 conductors loaded with 500 A. The computational domain was de-
composed into five characteristic horizontal layers extending from the open air above the ground surface to the very
plane of the phase wires. Two parametric series were performed: in the first the soil resistivity was scanned from 50 to
1000 Q-m at a fixed wall thickness; in the second the concrete-wall thickness was varied from 250 to 500 mm at a fixed
soil resistivity of 70 Qm.

Findings. Within the studied envelope of parameters neither the resistivity of the soil nor the thickness of the con-
crete wall measurably alters the magnetic flux density either at the control point or inside any of the analyzed layers.
The configuration of the field is governed almost exclusively by the magnitude of the phase current and by the geometry
of the conductor cluster. At the reference point the peak flux density is approximately 1.5 uT and is reached at phase
angles of about 115° and 295°; the value rises to roughly 2.27 uT at the ground surface, to about 8 uT on the upper
outer face of the tunnel and exceeds 10 uT on its inner face, while pronounced local maxima are observed in the imme-
diate vicinity of the individual phase wires.

Originality. A systematic quantitative demonstration is provided that for a 110 kV underground concrete collector
in typical urban operating conditions the soil and the reinforced-concrete envelope contribute negligibly to magnetic-
field attenuation at 50 Hz. The widespread informal design assumption about the natural shielding role of these media
is therefore not supported within the considered ranges of parameters.

Practical value. The reported results allow designers to omit detailed soil and concrete characterization from pre-
liminary magnetic-field calculations above underground collectors and to instead direct mitigation efforts toward opti-
mization of phase-conductor geometry or toward dedicated active and passive shielding solutions, the only practically
effective routes to a noticeable reduction of magnetic flux density in compact underground transmission infrastructure.

Keywords: electric power industry, magnetic flux density; underground collector air insulation; soil resistivity;
reinforced-concrete tunnel; phase-conductor geometry; numerical modelling; electromagnetic compatibility.

built-up areas, while the right-of-way available for tradi-
tional overhead corridors is steadily shrinking. To recon-

Modern development of urban electric grids is cile these constraints, network operators ever more often
shaped by two simultaneous and partly contradictory relocate high-voltage circuits below the surface, placing
pressures: load densities continue to grow inside densely  air-insulated bare conductors inside cast reinforced-
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concrete tunnels — the so-called underground collectors.
Such installations mechanically protect the live parts, iso-
late them from people and surface traffic, free up valuable
urban land and visually disappear from the landscape. At
the same time, they appreciably modify the electromag-
netic environment along the route and raise new questions
about the magnetic flux density to which pedestrians and
equipment located directly above the corridor will be ex-
posed.

Reliable assessment of this flux density is required
both by electromagnetic compatibility standards and by
sanitary norms limiting prolonged human exposure to
power-frequency magnetic fields. Practising engineers,
however, frequently rely on a tacit and convenient as-
sumption: that the natural cover of soil above the conduit
and the massive concrete shell of the tunnel itself together
behave as a partial magnetic shield and visibly attenuate
the field at ground level. The factual basis of this expecta-
tion is far from solid. The actual shielding effectiveness
depends on the conductivity and magnetic permeability of
every material lying on the path of the field, on the geo-
metric arrangement of the conductors inside the conduit
and on the operating regime of the line, and very little of
this dependency has so far been quantified for the geome-
try typical of municipal collectors in Ukraine.

II. ANALYSIS OF LAST RESEARCHES

A review of recent literature dealing with the mag-
netic environment around underground power infrastruc-
ture reveals a clear concentration around two topics. The
first one focuses on the electric and magnetic fields asso-
ciated with cable systems or air-insulated lines accommo-
dated inside service tunnels, with particular attention to
the safe-work envelope of maintenance personnel and to
the contribution of return currents, sheaths and earthing
schemes to the resulting field [1-3]. The second covers
practical field-reduction techniques, including passive
metallic loops, ferromagnetic plates, conductive screens,
optimized phase splitting and transposition arrangements
[4-7]. Detection-oriented works, in which buried conduc-
tors are localized through their stray power-frequency
field, indirectly confirm that the field persists at ground
level despite the presence of soil and concrete and re-
mains a measurable quantity [5, 6].

A separate group of publications examines the ther-
mal behaviour and electromagnetic characteristics of ca-
bles enclosed in non-homogeneous soil masses, as well as
the uncertainty associated with overhead-line field calcu-
lations [8—12]. In all of these works the soil and the sup-
porting structures are described through their electrophys-
ical parameters, yet the actual sensitivity of the magnetic
flux density to the precise numerical values of those pa-
rameters is rarely studied systematically. The outcome is
an asymmetry that has consequences in routine design:
where the geometry of the conductors is treated in great
detail, the surrounding medium typically enters the calcu-
lation through default values or coarse engineering rules
of thumb, leaving the designer without a defensible an-
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swer to the question of whether refined soil and concrete
data are worth acquiring at all.

International standardization documents and recent
surveys [13—16] reinforce the same observation: while
measurement protocols and shielding strategies are de-
scribed in considerable depth, the quantitative sensitivity
of the field to the dielectric and magnetic parameters of
the host medium in compact underground geometries is
not the subject of dedicated studies. The gap is particular-
ly evident at the preliminary design stage, when the ge-
ometry of the collector still has to be fixed and detailed
in-situ measurements of soil resistivity or concrete quality
are rarely available. Closing this gap, even within a lim-
ited but representative configuration, therefore has direct
practical value.

III. FORMULATION OF THE WORK PURPOSE

The objective of the present work is to determine the
influence of the parameters of the medium surrounding a
110 kV underground transmission line — first of all the re-
sistivity of the soil cover and the thickness of the con-
crete-tunnel wall — on the magnetic flux density at obser-
vation points located both above ground and inside the
conduit, and to establish whether the inclusion of these
parameters in engineering magnetic-field calculations is
justified.

In line with this objective, the work analyzes a three-
phase air-insulated 110 kV line carrying 500 A and in-
stalled inside a reinforced-concrete underground tunnel.
AC-240/32 conductors with an overall diameter of 21.6
mm are used; the phase angles are set to —120°, 0° and
120°. The computational domain is split into five charac-
teristic layers — the air space 1 m above the ground (Layer
1), the ground surface itself (Layer 2), the upper outer
face of the tunnel (Layer 3), its inner face (Layer 4) and
the plane of the phase conductors (Layer 5). A control
point situated 1 m above ground over the central axis of
the tunnel is used as the reference observation site. The
soil resistivity is scanned within the range 50-1000 Q-m
and the concrete-wall thickness within 250-500 mm; all
remaining geometric parameters are kept fixed.

Cost trade-offs of construction, extrapolation beyond
the declared parameter ranges and detailed analysis of
transient regimes lie outside the scope of the present
study.

IV. EXPOUNDING THE MAIN MATERIAL AND
RESULTS ANALYSIS

Mathematical formulation. The magnetic field is
computed in a quasi-stationary formulation, in which dis-
placement currents and wave-propagation effects can be
neglected because at the industrial frequency f = 50 Hz
the characteristic wavelength in vacuum (about 6000 km)
exceeds the typical dimensions of the computational do-
main (a few metres) by many orders of magnitude. Under
such conditions the problem reduces to the Poisson-type
equation for the magnetic vector potential A:
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where p is the absolute magnetic permeability of the
medium, o its electrical conductivity and Js the source
current density distributed across the cross-section of the
phase conductors. The magnetic flux density at any ob-
servation point is recovered from B =V x A. A balanced
three-phase sinusoidal excitation is imposed:

ir(t) = L, sin(2nft + @,), k = A B,C (2)

where I, = V2 - 500 A is the amplitude per phase
and @x = —120°, 0°, 120° are the initial phase angles. The
simulation is parametrised by the phase angle 0 = 2=ft +
@k, so that the full 360° cycle is sampled and both the time
evolution of the field and the positions of its instantane-
ous maxima can be recovered.

Geometric model and material parameters. The
phase wires are represented as continuous conductors of
circular cross-section corresponding to the AC-240/32
specification with an overall diameter of 21.6 mm. The
inter-axis spacing of adjacent phases is 300 mm. The rein-
forced-concrete tunnel has an internal square cross-
section of 1000 mm on a side; its wall thickness T is var-
ied within 250-500 mm. The reinforcement is modelled
as a regular grid of 16 mm steel bars spaced 250 mm
apart, with electrical conductivity o; = 1.5 MS/m and rela-
tive magnetic permeability p, = 60. The surrounding soil
is described by its electrical resistivity pe, taken succes-
sively at 50, 70, 100 and 1000 Q-m to cover the range
from moist clay-loam through average mineral soils to dry
rocky terrain. The external boundary of the computational
domain is placed sufficiently far from the conductor clus-
ter to make boundary reflections insignificant.

¥ REFERENCE MEASUREMENT POINT 1
= DATUM PLANE | REFERENCE LEVEL

AIR/GROUND INTERFACE

GROUND
{508, STRATUM)

TUMNEL OVERBURDEN INTERFACE [UPPER)

INNER TUNNEL VOID OVERHEAD

INTERNAL CONDUCTOR AXIS

REINFORCED CONCRETE
TUNNEL SECTION

Figure 1. General view of the underground reinforced-
concrete collector with the three-phase conductor cluster
and the reinforcement grid

Procedure. The magnetic flux density is evaluated
at the reference point Point 1 and along characteristic
cross-sections lying inside Layers 1-5. The phase-angle
scan is performed with a step of 5° in 6, which provides
adequate resolution of the instantaneous extrema while
keeping the computational cost moderate. Two parametric
series are performed independently. In the first series the
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soil resistivity pe is varied while the concrete-wall thick-
ness is held fixed; in the second the wall thickness T is
varied while the soil resistivity is held at the practically
representative value of 70 Q-m. This separation isolates
the individual contribution of each factor and allows their
relative importance to be judged directly. To exclude re-
sidual influence of numerical artefacts, every series is re-
peated with two independent mesh densities and the ob-
tained values are compared; the difference between the
corresponding curves does not exceed 0.7 %, which is
well below the variation that any meaningful physical ef-
fect of the medium would produce. The simulation results
discussed in the following subsections therefore reflect
physical behaviour rather than discretization errors.

Influence of soil resistivity. The plots of magnetic
flux density at Point 1 versus the phase angle 6 obtained
for pg =50, 70, 100 and 1000 Q-m turn out to be virtually
indistinguishable — the four curves overlap within the line
width of the plot. The flux density follows a smooth near-
sinusoidal pattern with two clear maxima of approximate-
ly 1.5 uT at 6 = 115° and 6 = 295°, which correspond to
the moments at which the contributions of the two outer
phases add coherently along the vertical line passing
through the control point.

The same picture is observed across Layers 1-5: for
a given resistivity the layer-wise profiles fall on top of
each other, with no measurable separation between the
curves. This insensitivity to pe is found not only at Point 1
but throughout the entire computational domain. The ab-
solute magnitudes, however, change strongly when the
observation moves from Layer 1 to Layer 5. In Layer 1,
located 1 m above the ground, the peak flux density is
about 1.5 uT; on the ground surface (Layer 2) it grows to
roughly 2.27 uT; on the upper outer face of the tunnel
(Layer 3) it reaches approximately 8 uT; on the inner face
of the tunnel (Layer 4) it exceeds 10 pT; in the plane of
the conductors (Layer 5) the curve becomes strongly non-
uniform with sharp local maxima around the individual
phase wires — a direct fingerprint of the geometric factor.

Influence of concrete wall thickness. In the second
series the soil resistivity is held at 70 Q-m and the wall
thickness T is set successively to 250, 300 and 500 mm.
The dependences B(0) at the reference point again practi-
cally coincide: a twofold increase of the concrete shell
does not visibly alter the magnetic flux density at the con-
trol point, while the position of the maxima at 6 ~ 115°
and 0 = 295° as well as their magnitude of about 1.5 uT
remain unchanged. Inspection of the layer-wise distribu-
tions for the three thickness values yields the same con-
clusion. Across Layers 1-5 the curves obtained for differ-
ent T overlap within the resolution of the graph, with de-
viations of the same order as the numerical noise of the
model.



ISSN 1607-6761 (Print)
ISSN 2521-6244 (Online)

«EJIEKTPOTEXHIKA TA EJIEKTPOEHEPI'ETHKA» Ne2 (2026)

Po3ain «EnekTpoeHepreTuka

ok ° by

d)

Figure 2. Magnetic flux density distribution in: a) Layer 1
at T =250 mm; b) Layer 2 at T =250 mm; c¢) Layer 3 at T
=250 mm; d) The same in Layer 4 at T =250 mm

A consolidated comparison of peak flux density at
the control point for all combinations of p¢ and T is sum-
marised in a generalised plot.
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Figure 3. Peak magnetic flux density at Point 1 for the
full set of p_g and T combinations

The bars are visually indistinguishable; the relative
spread does not exceed several per cent and stays inside
the uncertainty band of the underlying numerical model.
Both series therefore confirm that, within the considered
ranges, the surrounding medium does not contribute ap-
preciably to the formation of the magnetic field.

Physical interpretation. The observed insensitivity
admits a straightforward physical explanation. In contrast
to the electric field, which is strongly modulated by the
dielectric properties of the medium, the magnetic field of
a power-frequency conductor system is governed primari-
ly by the source current and by the spatial arrangement of
the conductors. For materials with relative magnetic per-
meability close to unity (soil, plain concrete) and modest
electrical conductivity, the induced eddy-current response
at 50 Hz is so weak that it cannot perceptibly redistribute
the field across spatial scales of the order of metres. A
simple skin-depth estimate confirms this: at 50 Hz the
skin depth in soil with pg = 100 Q-m exceeds 700 m,
which is about three orders of magnitude larger than the
characteristic thickness of the soil layer above the tunnel.
Under such conditions the soil is essentially transparent to
the time-varying magnetic field, and any back-reaction it
can produce is negligible. The reinforcement bars intro-
duce locally elevated permeability (i, = 60), but the vol-
ume fraction they occupy and the 250 mm grid pitch are
far too small for them to act as a continuous high-
permeability shield at the frequency of interest; their con-
tribution shows up only in a slight perturbation of the
field near individual rods and is not visible at the macro-
scopic observation scales considered here.

The dramatic growth of B between Layer 1 and Lay-
er 5 confirms the dominance of the geometric factor: the
flux density follows a Biot-Savart-type decay with dis-
tance from the conductor cluster, and the field on the in-
ner face of the tunnel is several times higher than on the
ground surface even though the materials filling these two
zones are entirely different. The visible spatial non-
uniformity in Layer 5 — where the field develops sharp lo-
cal peaks close to each phase wire — is the direct finger-
print of this dependency and could only be removed, in
principle, by tighter compensation between the phase con-
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tributions. Any meaningful reduction of magnetic expo-
sure above an underground collector should therefore be
sought through changes of phase geometry — tighter trian-
gular bundles, compensating split-phase arrangements,
optimal phase transposition — or through dedicated pas-
sive and active screens, rather than through reliance on
the natural shielding of soil or concrete. The combination
of geometric optimization with a single layer of conduct-
ing screen typically yields the strongest practical reduc-
tion with the smallest construction overhead.

Generalization and limitations. The reported in-
sensitivity of the magnetic flux density to the considered
medium parameters has been established within a clearly
delimited configuration: 110 kV three-phase line, current
500 A, tunnel of fixed internal dimensions and reinforce-
ment grid, observation points up to 1 m above the ground.
Extrapolation of the present conclusions to substantially
different geometries — for example, larger underground
vaults with multiple parallel circuits, shielded buses, or
installations operating at considerably higher currents — is
not warranted and should be supported by dedicated simu-
lations. Similarly, the model assumes balanced sinusoidal
currents at the industrial frequency; the influence of har-
monics, of transient overcurrents and of asymmetric
earth-fault regimes lies outside its scope. Within the de-
clared envelope, however, the results are robust and pro-
vide a defensible quantitative basis for omitting the sur-
rounding-medium parameters in preliminary engineering
calculations.

Comparison with normative limits. It is also in-
structive to compare the calculated magnetic flux density
at the reference point with the public-exposure limits
adopted by international standards. The ICNIRP guideline
for the general public at the power frequency of 50 Hz
sets the reference level at 200 pT, while the more con-
servative occupational reference is 1000 pT. The peak
value of approximately 1.5 pT registered 1 m above the
ground in the present geometry is therefore more than two
orders of magnitude below the public-exposure threshold,
which means that even significant variations of operating
current would not bring the field anywhere close to the
regulatory limit. From the standpoint of human safety the
underground collector considered here is fully compliant;
nevertheless, accurate computation of the magnetic field
remains valuable for electromagnetic-compatibility pur-
poses — in particular for the protection of sensitive elec-
tronic equipment that may be installed at or below the sur-
face in the immediate vicinity of the corridor.

Implication for instrumentation and surveys. A
practically important corollary of the obtained results
concerns the planning of in-situ magnetic-field surveys
around underground collectors. Since the field above the
conduit is determined chiefly by the geometric configura-
tion and by the current actually flowing in the line, any
field measurement must be accompanied by an accurate
synchronous record of the load current and of the relative
position of the probe with respect to the tunnel axis. Vari-
ations of soil moisture, seasonal changes of the upper soil
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layer, or differences in the concrete grade between adja-
cent route segments may safely be excluded from the list
of dominant uncertainty sources within the parameter
ranges considered. This observation simplifies both the
design of measurement campaigns and the subsequent in-
terpretation of their results, allowing the survey team to
concentrate on the truly influential variables.

Conflict of interest. The authors declare that they
have no conflicts of interest.

V.CONCLUSION

The numerical study reported above quantifies how
the parameters of the surrounding medium affect the
magnetic field of a three-phase 110 kV transmission line
installed inside an underground reinforced-concrete col-
lector. Within the practically meaningful ranges consid-
ered — soil resistivity from 50 to 1000 Q-m and concrete-
wall thickness from 250 to 500 mm — the magnetic flux
density at the reference point 1 m above the ground and
along the five analyzed layers of the computational do-
main remains effectively unchanged. The structure of the
field is determined almost exclusively by the magnitude
of the phase current and by the geometric arrangement of
the conductors, whereas the soil and the concrete enve-
lope do not provide measurable magnetic shielding at in-
dustrial frequency.

It is further established that the flux density depends
strongly on the position of the observation site relative to
the conductor cluster: it grows from approximately 1.5 uT
at the control point to over 10 puT on the inner face of the
tunnel, with pronounced local maxima around the indi-
vidual phase wires in the plane of the conductors. From
the engineering point of view this means that the natural
medium cannot be relied upon as a field-attenuation
mechanism. Reduction of magnetic exposure above an
underground collector should be achieved through opti-
mization of phase-conductor geometry or through applica-
tion of dedicated active and passive shielding solutions.
The obtained results may be used directly for rapid pre-
liminary estimation of magnetic-field levels in newly de-
signed underground transmission corridors without the
need for detailed soil or concrete characterization.

From a methodological standpoint, the work also de-
lineates a clear hierarchy of factors that influence the
magnetic field of underground transmission corridors.
The dominant role belongs to the magnitude and phase
distribution of the conductor currents, the second tier is
occupied by the relative geometric placement of the phas-
es, while the parameters of the surrounding medium —
within the limits considered — form a tertiary contribution
that can be reasonably neglected. This hierarchy provides
a basis for rational prioritization of design effort: detailed
soil sampling and concrete quality control, although still
important for thermal and mechanical performance of the
conduit, do not need to be repeated for electromagnetic
purposes. The same principle can be applied to the plan-
ning of in-situ field surveys, where the focus should re-
main on the verification of geometric parameters and cur-
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rent loading rather than on the characterization of the me-
dium.

Further work will be directed at the influence of
conductor-bundle geometry, varying current load and
shifted positions of control points on the magnetic-field
distribution, as well as at the development and experi-
mental validation of efficient shielding strategies tailored
specifically to compact underground collectors. An addi-
tional line of research will focus on extending the present
analysis to higher-voltage classes (220 kV and 330 kV)
and to multi-circuit underground vaults, where mutual
coupling between adjacent circuits and the resulting redis-
tribution of currents may become a non-trivial source of
additional field non-uniformity.
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Mema pobomu. Kinvkicho oyinumu, HACKITbKU e1eKMpODI3udHi XapaKxmepucmuky HA8KOIUUHbO2O Cepedosuyd
BNIUBAIOMY HA MACHIMHY THOVKYIt0 mpughaszHoi ainii enexkmponepedaui nanpyeoro 110 kB i3 nosimpanoro izonayiero, po-
3MilgeHoi’ y nio3eMHOMY MyHeri, ma 3 ’acyeamu, Yu OOYiIbHO 8PAX08YEAMU Yi NAPAMEMPU Ni0 YaC iHHCEHEPHUX OYIHOK
MA2HIMHO20 NOJIA HA emani NonepeoHbO20 NPOEKMYBAHHS MICbKUX NIO3EMHUX MPAHZUMHUX MPAC.

Memoou docnioscennsa. Buxonano keasicmayionaphe yucenvie MoOeno8aAHHA MASHIMHOZ0 NOASL NPOMUCTIOBOT Ya-
cmomu 05 cumempuyHoi mpughasznoi cucmemu nposooie muny AC-240/32 3i cmpymosum nasanmasicennsim 500 A. Po-
3paxyHKo6a 061acms 0eKOMHOHOBANHA HA N SIMb XAPAKMEPHUX WIAPIE — 8I0 NPOCMOPY HAO NOGEPXHEIO 3eMi 00 NAOWU-
Hu asHux nposionuxie. IIposedeno 06i napanenvri cepii po3paxyHKie: y nepuill 8apiro8ascs NUMOMULL ORIp TPYHMY 6
meawcax 50—1000 Om-m npu @ixcosarniii mosuwuHi cmiHKYU MmyHenro, y Opyeiti — MosujuHa OemMoHHOI CIIHKU 8 MedHcax
250-500 mm npu numomomy onopi tpyumy 70 Om-m. KonmponvHy mouky posmiweHo Ha gucomi 1 M HAO nogepxuero
3eMai no yenmpy myHeno, KpoK CKamy8anHs azoeo2o Kyma Cmanoeueg 5°.

Ompumani pezynomamu. Y medcax pozenanymux 0ianazomie napamempie Hi NUMOMUL Onip Ipynmy, Hi moeujuna
OemoHHOI CMIHKU He 3MIHIOIOMb NOMIMHO Pi6eHb MASHIMHOL IHOYKYIT AHI 8 KOHMPONLHIN MOYYL, AHI 6CEPEOUHT HCOOHO-
20 3 ananizoeanux wapis. Ilone eusnavacmoca Hacamnepeo 6eIUUUHOIO (A3HO20 CIMPYMY A 2e0Mempicio PO3MAauLy-
BAHHSL NPOBIOHUKIB. Y KOHMPONbHIN MOYYl MAKCUMYMU MacHImHOI tHOYKyii cmarnosnsims Oauszvko 1,5 mxTn npu gaszo-
sux kymax npubauzno 115° ma 295°; na nosepxni semni pigens spocmace 0o 2,27 mxTn, na 6epxHiti 308HIWHIT NOGEPXHI
myHento — oausvko 8 mxTn, na enympiwHiti nogepxui — nonao 10 mxTn, a 6 nrowuni NPOBIOHUKIE PIKCYIOMbCS TOKANbHI
Mmaxkcumymu nooauzy okpemux ¢paz. Ompumare 3HauenHs iHOYKYii 8 KOHMPONbHIU Mouyi Oilbl HidC HA 084 NOPAOKU
HUdCHe 30 HOPMOBAHUL pedhepenmHuil pieens 05 HACeNeHHA.

Hayxosa noeusna. Cucmemamuyuno npoOemMoHCmpo8ano, wjo Oisi MUnO0B020 Ni03eMHO020 OEmOHHO20 KOAeKmopa
nanpyeoto 110 kB 1pynmoge nokpumms ma 3a1i300emonHa 00010HKA 6 PO32NAHYMUX YMOBAX He 3a6e3neuyioms 8iouy-
MHO20 NOCAAONEHHA MASHIMHO20 NOJA HA NPOMUCIOosil yacmomi. Tlowupene npunywents npo npupooHy expamyiouy
PONb Yux cepeoosuly y mexucax OOCHiONHCeHUX napamempie KilbKiCHO He niomeepodcyemucs. Bemanoeneno iepapxiio
YUHHUKIG 8NIUEY HA PIBEHb MASHIMHO20 NONA NIO3eMHOI Mpac: OOMIHYIOUUMU € CIMPYMOSE HABAHMAICEHHS MA 2eoMe-
mpis ¢asnoi cucmemu, mooi AK napamempu cepedosud CKIa0aioms He3HAYHUL GHECOK, SIKUM MOICHA 3HEXTYBAMU.

Ilpakmuuna yinnicme. Ompumani pe3yirbmamu 00380JAI0Mb GIOMOBUMUCS 8I0 0emanbHOi Xapakmepusayii énac-
mueocmetl IpyHmy i 6emoHy npu NONepeoHix OYiHKAX MAZHIMHO20 NOAA HAO NiO3eMHUMU KOJeKMOopamu ma 30cepeou-
M iHM#CeHepHi 3YCULA Ha onmumizayii ceomempii posmawuiyganus ¢paz abo Ha 3aCMOCY8AHHI CReyiani308aHuUx aKmue-
HUX | RACUSHUX eKPAHYIOUUX PilleHb AK COUHUX NPAKMUYHO eQeKMUSHUX WIAXAX 3HUMHCEHHS MACHIMHOT iHOYKYIT 8 KOM-
NAKMHUX NiO3eMHUX MPACAX.

Knrouosi cnosa: enexmpoenepeemura, MacHimua iHOYKYis, NiO3eMHUL KOJEKMOp, NOGIMPSAHA I30JAYisA, NUMOMUL
onip Ipynmy, 3ani300emoHHUll MyHenb, ceomempis asHux npoeioHUKIE, duceibHe MOOENIOBANHS, eNeKMPOMACHIMHA
CYMICHICMb.
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