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INFLUENCE OF THE PROTECTIVE POTENTIAL DISTRIBUTION
OF A STEEL UNDERGROUND PIPELINE
ON ELECTROCHEMICAL CORROSION PROCESSES

Purpose. To distinguish the influence of inserts, with high resistance to the flow of electric current, which causes
deviations of the protective potential along the length of the pipeline from its classical form. Obtaining analytical
dependencies in the form of a transfer function that relates the input and output signal. That allows predicting danger-
ous deviations of the protective potential, the combination of which indicates a worsening of corrosion protection.

Methodology. To achieve this purpose, the methods of theoretical analysis, mathematical and computer model-
ing, and spectral analysis of signals are used. The initial information characterizing the operating modes of adjacent
cathode stations is obtained and verified based on the data from monitoring the protective potential along the tracks
of underground steel pipelines of various designs. The parameters taken into account in the calculations include the
geometric dimensions of the pipeline, soil condition, insulation resistance, etc. By analyzing the results of measure-
ments obtained with the help of a recording voltmeter “PRIMA 2000” and a detector “Sprut-17”, the growth of cor-
rosion risks arising from the repair of a damaged section of an underground steel pipeline using polyethylene pipes is
established and analyzed in detail.

Findings. A modeling of the operating modes of adjacent cathodic protection stations, between which there is a
section of polyethylene pipeline, with the electrical parameters of an underground steel pipeline is performed. Based
on the information obtained, attention is drawn to possible rational energy operation modes of adjacent cathodic
protection stations, the main task of which is to reduce the corrosive effects of the polyethylene section of the under-
ground pipeline.

Originality. The paper is to substantiate the possibility of such a negative impact of a polyethylene insert in a steel
pipeline, which increases the corrosion hazard. The dependence is obtained of the protective potential of cathodic
protection stations in sections of the pipeline with polyethylene inserts from the operating modes of the electrical
system with energy converters and their voltage generation algorithms at the output of cathodic protection stations.

Practical value. The paper analyzes the signals of rectifiers of cathodic protection stations and power switches
commutation modes that are aimed at improvement of the complex corrosion situation on low and medium pressure
pipelines, which are characterized by heterogeneity of structure, especially within populated areas. The proposed
modes of operation of adjacent cathodic protection stations reduce the level of corrosion hazard caused by the mas-
sive introduction of polyethylene pipes and their widespread use for repairing damaged sections of steel pipelines.
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Introduction. Ukraine’s gas transportation system
(GTYS) is of strategic importance for the development of
industries and the sustainability of Ukraine’s economy.
The GTS ensures safe and stable transportation of natu-
ral gas from gas storage facilities, production and import
areas, to various consumers, which is important for the
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operation of industrial enterprises, production of heat
and electricity, and for household needs. Its uninter-
rupted operation plays a key role in ensuring the coun-
try’s energy security.

Ukraine’s gas transportation system in terms of the
length of main pipelines is one of the longest and most
extensive networks among European countries (about
33.2 thousand kilometers) and is second only to Ger-
many’s (about 40 thousand kilometers) [1]. The Ukrai-
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nian GTS is integrated into the pan-European network
through close connections with the gas systems of neigh-
boring countries. Domestic consumers in the household
and industrial sectors are supplied with natural gas
through the gas distribution network (GDN) system,
which is also one of the largest in Europe and, according
to the NCREPU, reaches about 290 thousand km [2].

Ukraine’s active position on low-carbon develop-
ment and green transition [3] affects the gas supply sec-
tor and puts forward requirements for modernization
and development of the system. The Ukrainian Gas
Transportation System faces many organizational, regu-
latory, and technological challenges, such as depletion
of fields, import dependence, reduced transit volumes,
distribution losses, low investment, etc. [4]. Neverthe-
less, it must ensure reliable, uninterrupted and secure
gas supplies, which is an important and challenging task
due to the outdated infrastructure.

Ukraine’s GTS consists of main pipeline network
and compressor stations that transport gas under high
pressure, and gas distribution networks and stations that
transport and distribute gas to consumption facilities.

The gas distribution system is an industrial complex
for the transportation of natural gas from the main gas
pipeline to consumers. It includes gas distribution sta-
tions, gas distribution points and gas distribution net-
works, as well as high, medium and low pressure gas
pipelines. Gas is supplied to high-pressure gas distribu-
tion networks (from 0.3 to 0.6 MPa and from 0.6 to
1.2 MPa) from the main gas pipeline through a gas dis-
tribution station, and to medium-pressure (from
0.005 to 0.3 MPa) and low-pressure (up to 0.005 MPa)
gas distribution networks through gas distribution
points [5].

The vast majority of Ukraine’s gas distribution net-
work is represented by the underground steel pipeline
transportation system. They are characterized by high
mechanical resistance to geotectonic ground shifts and a
long service lifetime, which is critical for ensuring unin-
terrupted gas transportation. On the other hand, steel
pipelines are highly susceptible to electrochemical cor-
rosion, which is characterized by the loss of metal from
the structure to the surrounding electrolyte, which is the
soil around the pipeline.

However, as the quality of polyethylene pipes has
improved, the practice of using them in gas distribution
networks has become widespread [6]. The advantages of
these pipelines include the absence of electrochemical
corrosion, and therefore the need for additional pipe in-
sulation. Modern polyethylene pipelines have a service
lifetime of more than 50 years. However, a simultaneous
transition to polyethylene pipelines is not possible due
to technical and economic constraints (high cost of
work and time required for its implementation).

When carrying out repair and maintenance activi-
ties aimed to ensure the integrity of underground steel
gas pipelines and extend their operational characteris-
tics, specialized organizations carry out repair work,
which, among other things, involves replacing a part of
the steel pipeline with a polyethylene one [7]. The
presence of such inserts, the electrical conductivity
parameters of which differ significantly from those of
the steel pipeline material, causes distortion, signifi-
cant deviation, and a change in the nature of the po-

tential value along the pipeline from the generally ac-
cepted one.

In the context of these challenges, this paper focuses
on aspects of the operation of two adjacent cathodic
protection stations, in the common zone of influence of
which, as a result of maintenance activities, a section of
polyethylene pipeline appeared. To ensure long-term
operational characteristics of the pipeline, the operating
modes of the CPSs must take into account the nature of
the deviation of the protective potential’s dependence
formed by adjacent CPS.

Purpose. Typically, on a homogeneous underground
steel pipeline, the protective potential from the connec-
tion points of the cathodic protection station decreases
smoothly according to an exponential law (Fig. 1). The
cathodic protection stations distributed over the distance
of the pipeline provide a value of the polarization poten-
tial of the metal in the range from —0.85 to —1.15 V rela-
tive to the saturated copper sulfate anode electrode [7].

On the other hand, among the 290 thousand kilo-
meters of gas distribution pipelines, a significant part
has been in operation for more than 50 years (according
to surveys, it is not surprising to find gas pipelines laid in
the 50s and 60s of the last century). In the course of op-
eration, such pipelines, due to damage to insulating
coatings, delamination and cracking, as well as repair
and restoration activities, form areas with different elec-
trical parameters from the original ones. To ensure reli-
able electrochemical protection of the damaged area,
there is no option but to further reduce the protective
potential compared to the standard. As a result, the fol-
lowing undesirable effects are formed:

- excessive protection of undamaged sections of the
pipeline;

- risks of damage to the remaining insulation;

- irrational power consumption by the cathodic pro-
tection station;

- excessive loss of protective anode material.

All of these factors have a direct negative impact on
the operational and economic qualities of the CPS.

Corrosion processes depend on internal and external
conditions. Internal factors of electrochemical corrosion
include the nature of the metal, its surface condition,
crystal structure, structural defects and stresses. External
factors include the characteristics of the corrosive envi-
ronment, including such parameters as the level of hy-
drogen ion activity (pH), composition and concentra-
tion of solutions, electrolyte velocity, temperature, pres-
sure, contact with other metals, ultrasound, irradiation,
external and stray currents, and other similar factors.
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Fig. 1. Diagram of the protective potential distribution
along the underground pipeline in the influence zone
of two adjacent CPSs
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When considering a section of an underground steel
pipeline that has a clearly defined difference in electrical
parameters from neighboring sections, two opposite
cases can be considered:

1. Poor condition of insulation coatings, with direct
contact with the ground.

2. An insert of polyethylene pipe, the electrical re-
sistance of which is orders of magnitude higher than the
neighboring sections.

In the first case, the power consumed by the section
for electrochemical protection begins to grow rapidly,
and its effectiveness decreases. As a result, maintaining
the protective potential for active protection of such a
section loses all meaning and the pipeline requires ma-
jor repairs.

In the case of repairing a damaged underground steel
pipeline using polyethylene pipes, in the area of opera-
tion of two adjacent cathodic protection stations, the
measurement data demonstrates an area of high proba-
ble corrosion risks that must be taken into account.

Regulatory documents governing the standards for
the design of electrical protection systems [7] emphasize
the danger of soil corrosion activity against the pipeline
material and the impact of direct and alternating stray
currents.

In the case of an underground steel pipeline, part of
which has been restored using a polyethylene section lo-
cated at the same distance from two adjacent cathodic
protection stations, a significant heterogeneity appears
in the current flow circuit through the pipeline to the
cathodic protection station (Fig. 2, point 4 or B), which
may differ in electrical parameters from the surrounding
sections by orders of magnitude.

Since modern cathodic protection stations use recti-
fiers as a source of direct current, the output signals of
which are usually high-frequency electrical pulses [§],
the pipeline can be considered as a cable line. Similarly,
to the probing pulses during cable reflectometry, the
pulses from the cathodic protection station are reflected
from the inhomogeneities in the line and returned to the
source. From the point of view of electrochemical pro-
tection of an underground steel pipeline, the reflected
pulses distort the spectrum of the original signal and,
accordingly, provoke electrochemical corrosion.

It is also crucial to understand that this pattern is
symmetrical on the other side of the polyethylene pipe-
line section, as the same thing happens with the pulses
from the second cathodic protection station [9]. As a
result, at both ends of the polyethylene pipeline section,
a part of the cathodic protection station’s pulses is re-
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Fig. 2. Diagram of the distribution of protective potential
along an underground pipeline with a polyethylene
insert in the zone of in fluence of two adjacent CPSs

flected, and therefore the neighboring steel sections are
in increased corrosion danger.

It was also noted above that the polyethylene insert
has a significant difference in resistance relative to
neighboring, conditionally homogeneous, sections of
the steel pipeline. As a result, there is a sharp change in
the level of protective potential at points 4 and B, which
previously decreased smoothly due to the low resistance
in the cross-section of the steel pipeline (Fig. 2).

Polyethylene pipes can be connected to other pipe
materials using compression fittings, flanges, or other
qualified connection types with or without welding [10].
Since the potentials of points A and B are not the same,
a potential difference is formed at the junction of the
polyethylene and steel pipeline, which leads to the for-
mation of current and, consequently, the appearance of
a secondary stray current generator. As a result, the ma-
terial is carried away at the joint by the current, which is
especially dangerous in the welding area.

External alternating current can be particularly dan-
gerous for an underground steel pipeline, as it can lead
to accelerated corrosion of the steel, which can cause
pipeline failure [7, 11]. This can happen if the average
negative potential displacement reaches values of 10 mV
or more compared to the steady-state potential or if the
AC density at the auxiliary electrode exceeds 1 mA/cm?
(or 10 A/m?). This can lead to serious consequences, in-
cluding fluid leakage, equipment damage, and even
catastrophic accidents [7].

It must also be taken into account that since the
polyethylene insert is located between two adjacent ca-
thodic protection stations, a potential jump is observed
at both ends of the insert. A possible solution to this
problem is to equalize the potential, for example, by
electrically connecting the steel sections of the pipeline
using a conductor. However, such a solution is not ratio-
nal because the shunt conductor is current-carrying,
which means it is also susceptible to electrochemical
corrosion, and therefore it requires protection, other-
wise it will deteriorate much faster than the pipeline.
Most regulatory documents do not recommend shunt-
ing as a means of potential equalization.

Methods. The total power consumed by the CPS and
transmitted to the pipeline is the sum of two compo-
nents: the power consumed to generate external currents
flowing from the anode through the soil, which play a
key role in the electrochemical protection of the pipe-
line, and the power consumed by currents flowing
through the pipeline itself, the so-called equalization
currents. Their appearance is the result of the uncoordi-
nated operation of adjacent cathodic protection stations
(Fig. 3).

In the absence of corrosion processes, i.c. in the ab-
sence of current, both powers would be equal to 0. Since
there is always imperfection in the insulation coating
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Fig. 3. Currents in the underground pipeline
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and coordinated operation of adjacent stations, this
state cannot be achieved. However, the ratio of these
components in the total power of the CPS is important.
Since the source of equalizing currents is adjacent ca-
thodic protection stations, the negative impact can be
minimized by synchronizing the operating modes. The
real danger to the underground pipeline is the currents
flowing into and out of the pipeline, and therefore mini-
mizing the associated power is a key element of success-
ful electrochemical protection.

To determine the quality of the pipeline electro-
chemical protection system along its length, certain as-
sumptions are made about the protective current den-
sity, i.e. the ratio of the polarization current strength to
the surface area. However, the presence of alternating
current density is a corrosion factor. One and the same
drainage current can be either evenly distributed
throughout the pipeline or concentrated in one point
of insulation damage. And even a small current of
4.5 pA flowing from the pipeline is sufficient to carry
out a mass of metal per year, equivalent to a through
hole of 1 mm?>.

To confirm these corrosive effects of polyethylene
inserts and verify the need to optimize the operation
modes of cathodic protection stations, analytical [12,
13], mathematical [14] and computer modeling [15, 16]
methods are used.

Equivalent circuit. Equivalent circuit of an under-
ground steel pipeline section with concentrated param-
eters. In the course of the study, the pipeline section is
described as an object with concentrated parameters
(Fig. 4).

In Fig. 4, R,, L, are the resistance and inductance of
the pipeline; R,,, C;, are the resistance and capacitance
of the insulation; R, is the resistance of the soil. Resis-
tance, inductance of the pipeline and insulation capaci-
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Fig. 4. Equivalent circuit of an underground steel pipe-
line with concentrated parameters
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Fig. 5. Pipeline cross-section

tance directly depend on the geometry and material of
the modeled pipe (Fig. 5).
The active resistance of the pipeline R, is dependent
on its cross-section
/

Rp = pEa
where p is the resistivity of the pipeline material; / —
the length of the section; S — the cross-sectional area
equal to

S=n(r? - ),
where ¢ is the inner radius of the pipeline; » — the outer
radius of the pipeline.

The inductance of a pipeline is defined as the induc-
tance of a hollow straight wire of circular cross-section

JAEIA SR Y
P 2n r

where , is the magnetic constant; L; — the internal in-
ductance, which is equal to

W/ sinhmt —sinmt

" 2nmr coshmt —cosmt’
where p is the magnetic permeability of the pipeline ma-

terial; # — the pipe wall thickness;
m=./20uy,

where o — 27tf is the angular frequency; y — the electrical
conductivity of the material.

The capacitance of a pipeline can be roughly calcu-
lated by treating the pipeline segment as a cylindrical
capacitor. In this case, the metal-insulation junction is
the inner plate of the capacitor, and the insulation-
ground junction is the second plate of the capacitor. As
a result, the capacitance is equal to

c, - 2neyel
R

In—
’

El

where g, is the electric constant; ¢ — the dielectric con-
stant of the insulation; R — the radius of the pipeline in
the insulation.

The pipe-to-ground transient resistance is deter-
mined by the formula

_ Rrr7 in

er
DI

where R, ;, is the transient resistance of the pipeline in-

sulation depending on the resistivity of the soil,

Ohm - m?; D — the diameter of the pipe in insulation.
The soil resistance is equal to

Rg = Rtr + Ras

where R, is the spreading resistance of the anode earth
electrode, which is usually in the range of 1 to 4 Ohms.

The total resistance of the ground and insulation R,
+ R;, is equal to the value of the pipe-to-ground tran-
sient resistance R,,.

Considering the equivalent circuit shown in Fig. 4 as
a four-pole circuit, we can compose its transfer func-
tion.

For node 2’, Kirchhoff’s first law

>

158 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2025, N° 2



I +1,-1,=0. (1) U,-Iy(R,+sL,) U, IR, +sL,)
+

~1,=0.
Voltage drop according to Kirchhoff’s second law is R + % R,
s
U, +1, [ R+ L] +13(R,+sL,)=0;  (2) Bring the fraction to a common denominator
S in
. . . 1
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Substitute the obtained currents into equation (1) Determine the current 7 ; from the equation
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Taking into account that

. 1
Il[Rg +E]:Uout.
Substitute / into equation (2)
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Pl sC,

U, +U,, +

out

—

1
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The transfer function is equal to the ratio
W= —U."“’ =1-

in

(R,r +R, +~vCITJ(R” +sL,)

n

1 1)
(R, +st)(R,, +R, +st+R”(Rg + . J

n

R,,Rg +

W:

Simplify the fraction

1
R -
er[ g+sCin]
W:

1 1Y
(RP+st)[R”+Rg+SC)+R,r(Rg+ J

mn

sC,,

Expand the brackets and bring the transfer function

to the canonical form

R,
sC.

n

RP LP er ‘
R,R,+R,R, +I+SLPR” +sL,R, +_~+R, R, +

mn

Multiply the numerator and denominator by s

C. sC.

mn mn

Rtr
sR” Rg +-

in

W =

R ) L R
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P P24 C. pmr g C. reg )
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Rtr
thr Rg +

W =

C

mn mn
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o

2 L R R'
s(LR +LR)+s RR +RR +2+RR |+ 24"
pg potr re o g

Rectifier circuit. All of the above points did not fo-
cus on the shape of the output signal of cathodic pro-
tection stations, and by default, it was assumed to be
purely constant (Fig. 6, signal 7). However, this is of-
ten not entirely true, since a typical CPS is powered
by a household single-phase AC voltage source, and it
step-downs and rectifies it independently [17]. And
this, in turn, affects the shape of the output signal
(Figs. 7, 8), as a result, the real potential on the pipe-
line has a much more complex shape (Fig. 6,
signals 2, 3).

This waveform contributes to part of the rectifier’s
output power at high frequencies (Fig. 9), and even mW
at frequencies of 0.8 kHz can play a significant role. Be-
cause with increasing frequency [18, 19], the capacitor’s
AC resistance decreases, and therefore the equalization
currents begin to partially flow through the insulation to
ground and turn into drain-leakage currents. In other

WG, potental WAC_potental_ 5 AC2_potenal

Fig. 6. Potential change over time at a point on different
pipelines
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Fig. 7. Diode rectifier model
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Fig. 8. Output signal of the diode rectifier
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Fig. 9. Diode rectifier spectrum

words, as the power of high-frequency signals increases,
so does the drain-leakage power.

Results of experimental monitoring of the protective
potential. Measurements for pipelines of different diam-
eters, laying depths, influencing factors, and heteroge-
neities (railroad tracks, urban electric transport, high-
ways, etc.) are shown in Figs. 10—13. Figs. 10—14 show
that the nature of the distribution of protective poten-
tials indicates the possibility of its deviation from the
classical perception compared to Fig. 1. Also, Figs. 10—13
shows a significant scattering of protection potential val-
ues along the pipeline, provided that they simultane-
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Fig. 10. Dependence of protective potential levels on dis-
tance in the presence of insulation damage
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Fig. 11. Dependence of protective potential levels on dis-
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Fig. 12. Dependence of protective potential levels on dis-
tance in case of adjacent operation of CPSs
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Fig. 14. Dependence of protective potential levels on dis-
tance in conditions of laying without stray currents

ously deviate from the standard distribution of Fig. 1.
Under the condition that the underground steel pipeline
has modern insulation and is protected by cathodic pro-
tection stations with high-frequency inverters, the
change in the protective potential along the pipeline is
insignificant (Fig. 14).

Conclusions. Energy-efficient and reliable operation
of electrical systems for active cathodic protection of
underground metal pipelines requires taking into ac-
count all factors of laying, soil characteristics and the
presence of longitudinal polyethylene inserts used in
maintenance. This is possible by obtaining analytical
dependencies of the protective potential on the param-
eters of the protection system, taking into account point
inhomogeneities.

The results of the experimental monitoring of the
protective potential levels for various laying conditions
and the number of adjacent CPSs allowed to identify
the operating zones of permissible voltage levels. This
substantiates the need to take into account the number
and distance between polyethylene inserts for the ratio-
nal distribution of stations along the entire pipeline
distance.

Achieving the goal of creating reliable conditions for
the protection of underground steel pipelines is possible
by developing new dependencies for determining the
potential levels under arbitrary combinations of hetero-
geneity factors and decision-making algorithms for ad-
justing system facilities. The adequacy of the obtained
mathematical models is proved by various studies of the
existing facilities of the Ukrainian GTS.

The above material indicates a significant corrosion
hazard of equalization currents flowing over the pipeline
surface, which in turn necessitates a more detailed con-
sideration as a factor of negative impact.

The main feature that greatly complicates the con-
sideration of the negative impact of equalization cur-
rents is the complexity of algorithms for their separa-
tion. Thus, it is quite reasonable to use algorithms for
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the adaptive formation of protective potentials to the
electrical parameters of the protected object.
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BnimB po3noiiy 3aXucHOro mOTeHIiaxy
CTaJIeBOro MiA3eMHOr0 TPyOONMpoBOLY
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Meta. BuokpemyieHHsI BIUIMBY BCTaBOK 3 BMCO-
KHUM OITOPOM TPOTiKaHHS €JEKTPUYHOTO CTPYMY, 11O
OOYMOBJIIOE BigXMJIEHHS 3aXMCHOTO IMOTEHILially 3a
JIIOBXMHOIO TpyOOMNpoBoAy Bim kimacuuHoro. OTpu-
MaHHS$ aHaJiTUYHUX 3aJIEXKHOCTEN Y BUTJISIAL Tiepe-
JIaTHOI (PYHKIIiI, sIKa TOB’SI3y€ BXiZHUI i BUXITHUM
CHTHAJl, IO JO3BOJISIE TIPOTHO3YBaTH HeOE3IeUHi
BIIXWJIEHHSI 3aXMCHOI'O TMOTEHILialy, KoMOiHalis
3HAYEHb SIKOTO CBiIYUTH PO MOTipIIEHHS KOPO3iii-
HOTO 3aXUCTY.

Metoauka. I DOCSITHEHHS TMOCTaBJIEHOI METHU
BUKOPUCTaHiI METOAM TEOPETUYHOTO aHalli3ly, MaTe-
MaTUYHOTO i KOMIT’ IOTEPHOTO MOJIEJIIOBAHHS i CTIeK-
TpaJbHOTO aHani3dy curHamiB. BuxigHa iHngopmanis,
110 XapaKTepU3yE pexXUMU POOOTU CYMiKHMX CTaH-
1Ii{f KaTOMHOTO 3aXUCTY, OyJa OTpUMaHa i mepeBipe-
Ha Ha OCHOBIi JaHUX MOHITOPUHTY 3aXUCHOI'O TTOTEH-
Liaay B3JIOBX Tpac IMiA3eMHUX CTaJeBUX TPyOOMNpo-
BOMiB pi3HUX KOHCTpYyKLii. [TapameTpu, 1o Bpaxo-
BaHi IIig 4ac po3paxyHKiB: TeOMETPUUYHiI poO3Mipu
TpyOONpOBOAY, CTaH IPYHTY, OMip i30Jsllii TOIIO.
AHaizylouu pe3yabTaTh BUMipIOBaHb, OTPUMaHUX
3a JOMOMOTOI0 peeCTpyroUYoro BoabTMeTpy «ITPU-
MA 2000» ta Tpacomykada «Crnpyt-17», 6yno BcTa-
HOBJIEHO 1 JeTajJbHO TMpPOaHali30BaHO 3POCTaHHS
KOpPO3iMfHUX PU3MKIB, Ki BUHUKAIOThb Y pe3yJbTaTi
PEMOHTY MOILIKOAXKEHOI AiJSTHKM MiA3€MHOIO cTajie-
BOTO TPYOOIIPOBOAY 3 BMKOPUCTAHHSM ITOJlieTUIIC-
HOBUX TPYO.

Pesyabratn. BUKOHAHO MOJEIIOBAaHHS PEXUMIB
poOOTH CYMIXKHUX CTaHLIill KaTOOHOIO 3aXMCTy, MixX
SIKUMU 3HaXOIUThCS OUTSTHKA TTOJTiCTUICHOBOTO TPy0O-
MIPOBOAY, 3 EJCeKTPOTEXHIYHUMU MapamMeTpaMu ITil-
36MHOTr0 CTajieBOro Tpyoomnposomy. Ha ocHOBi oTpu-
MaHoI1 iH(bopMallil 3BepHyTa yBara Ha MOXJIUBI pailio-
HaJIbHi €HePreTUYHi pexkMU POOOTU CYMiIKHUX CTaH-
1Iiil KaTOAHOTO 3aXUCTYy, OCHOBHUM 3aBIaHHSIM SIKHX
€ 3HIXEHHSI KOPO3iiiHUX BIUIMBIB IOJi€TUIEHOBOIO
Bilpi3Ka IMia3eMHOro TpyoONnpoBoYy.

Haykosa HoBu3Ha. [1ossrae B oOrpyHTYBaHHI MOX-
JIMBOCTI TaKOTO HEraTUBHOTO BILIMBY IOJIi€TUIIEHOBOL
BCTaBKU /10 CTaJ€BOI0 TPYyOOIIPOBOY, 1O IMiABUIIYE
KOpO3iifHy HeOe3mneKy. OTpuMaHi 3aJIeXKHOCTi 3Ha4eHb
3aXMCHOTO MTOTCHITiaTy CTaHIIiil KATOMHOTO 3aXUCTy Ha
TJISTHKaX TpyOONpoOBOAY 3 MOJIiETWJIEHOBUMU BCTaB-
KaMHU BiJl peXXUMiB pOOOTU €JIEKTPOTEXHIYHOI CUCTEMU
3 [IepeTBOPIOBAYAMU €HEPTii Ta iIXHiX aAJITOPUTMIB pop-
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MYBaHHSI HaIlpyT¥ Ha BUXOIi CTAaHIIIil KaTOXHOTO 3a-
XHCTY.

IIpakTuyna 3naunmicts. [IpoBeneHo aHami3 cur-
HaJIiB BUTIPSIMJISIYiB CTAHIi /i KATOAHOTO 3aXUCTY I pe-
KMMiB KOMYTallii CUJIOBUX KJIIOYiB, 1[0 CIIPSIMOBaHI
Ha MOJIIIIEeHHs CKJIaAHOI KOpO3iliHOi cuTyalili Ha
TpyOOTIpOBOIAaX HU3BKOTO i CEPEeTHbOTO TUCKIB, IS
SKUX € XapaKTepHOI HEOTHOPIMHICTH CTPYKTYpPH,
0COOJIMBO B MeXaX HaceJeHNX MyHKTiB. 3alIpOITIOHO-
BaHi peXXUMHU POOOTU CYMiXKHHUX CTaHLiii KATOJHOTO

3aXMCTy 3HUXYIOTb piBEHb KOPO3iiiHOI HeOe3MneKku,
BUKJIMKAHUH MaCOBUM YIIPOBAIKCHHSIM ITOJIIETH-
JIEHOBUX TpPYyO i iX IIMPOKUM BUKOPUCTAHHS JIsI

PEMOHTY  MOIIKOAXEHUX  JIJITHOK  CTaJeBUX
TpyOOTIpOBOIIB.

KuouoBi cioBa: nidzemuuii cmanesuii mpyoonposio,
KamooHuil 3axucm, eNeKmpoximiuHa KOpo3izl,

eneKmpomexHiuni napamempu mpyoonpogoaoy
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