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ABSTRACT The article is devoted to the effect of atmospheric overvoltages on the operation of overhead lines of electrical distribution
networks with protected and bare wires. The article deals with the methods of protection and their effectiveness in lightning storms
used in Ukraine and in the world. The influence of lightning and line parameters on the probability of a direct lightning strike in the
overhead line is considered. The technique for calculating direct lightning strikes in a line is analyzed. A new approach to the
simulation of overhead lines affection by direct lightning strikes is applied by modeling the height of the orientation of the lightning. It
is described the creation of a large-scale model for conducting experimental studies, with the possibility of changing the parameters
of lightning (lightning current) and overhead line parameters (line voltage, type of wire). The data allowing to determine the zone of
the zipper capture for the lines with the protected wires and the bare wires by the experimental method are obtained. Due to the
obtained data, it is possible to more accurately determine the number of direct lightning strikes in overhead lines. The possibility of
creating an overhead transmission line using a combination of bare wire and protected wires is considered. With this configuration,
the striking effect of lightning on bare wires will be significantly reduced, and the bare wire in addition to the phase conductor will act
as a lightning protection cable. An experimental model of a combined power transmission line has been created and its effectiveness
has been experimentally confirmed. Conclusions are made about the possibility of using an overhead power line with combined wires
for medium voltage classes.

Keywords: Lightning, medium-voltage overhead line; protected wires; lightning orientation height; large-scale model; lightning
capture zone; combined overhead line.

BUBYEHHS BILJIMBY ATMOC®EPHUX IEPEHAIIPYT HA ITOBITPSHI JITHIT
CEPEJIHIX KJIACIB HAIIPYT'

A. 0. JAHUIIBYEHKO

Kagedpa «llepedaui enexmpuunoi enepeiiy Hayionanonuii Texniunuil Yuisepcumem «Xapkiscokuii [lonimexniunui Incmumymy,
Xapkis, YKPAIHA

AHOTALIA Cmamms npucésiena NumanHiO GNaugy ammoc@epHux nepeHanpye Ha pooonty nosimpsHux JiHill eneKkmponepeoasanHts
PO3NOOINLUUX eNeKMPUYHUX MepedC 3 3aXUleHUMU I 2onumu nposodamu. Posensnymo ennue napamempie 6auckaéxku i miHil Ha
ULMOGIpHICMb NPAMO20 YOapy OIUCKABKY 6 NOGImpAHY NiHii. IIpoananizoeano memoouxy po3paxyHky npamux yoapie O1uUcKaexku 6 JiHii.
Onucano cmeopenHs 8eIUKOMACUWMAOHOI MoOeni Ol NPOBeOeHHs. eKCNePUMEHMANbHUX OOCHIONCEeHb, 3 MOJICIUBICIIO 3MIHU
napamempie OIUCKABKY | napamempie nogimpaHoi tinii. EKcnepumeHmanoHuM Wisixom OmpumMano 0amui, o 003601:A10Mb GUIHAYUMU
30HY 3AXONJNEHHA ONUCKABKU O 3AXUUWEHUX NPO800i6 i 20uX Nposodis. Pozenamymo modciugicmv cmeopenHa noeimpanoi NiHii
eleKmponepe0asantss 3 GUKOPUCTNAHHAM KOMOIHayii eonoeo 1 3axuweHux npoeodie. Excnepumenmanvuo niomeepooiceno
eghexmuericmov KOMOIHOBAHOT NIHIT eneKmponepedasanHsi.

Knrouosi cnosa: bnuckasxko spascacmicmy, nogimpsina aiHisi e1eKmponepeoasants cepeOHbo20 Kaacy Hanpyau, 3axuujeHuti nposio,
eucoma  OpieHmMy6aHHs — ONUCKABKU,  BEAUKOMACUWIMAOHA — MOOenb, 30HA  3AXONAeHHs  OIUCKAGKU;  KOMOIHOGaHA  JIHIs
eleKmponepedasantsl.

Introduction

The quality of power supply for most consumers
directly depends on the reliability of the operation of the
distribution overhead lines (OL) 6-35 kV. Among the
causes of accidents and violations in the 6-35 kV overhead
line, connected with the damage of insulators, poles, wires,
accompanied by single-phase earth faults, arc
overvoltages, short circuits and automatic shutdowns, one
of the main are lightning effects. Due to the low impulse
strength of linear insulation, 6-35 kV overhead lines are the
most susceptible to lightning trips, since virtually all
overvoltages from direct lightning strikes and a significant
portion of induced overvoltages result in insulation

overlaps that are likely to be converted into a power arc of
industrial frequency voltage.

Therefore, the problem of increasing the
effectiveness of lightning protection and reducing the
number of outages from electric power sources is very
urgent, and it is given increased attention in power systems.

Traditional overvoltage arresters used for lightning
protection of substation equipment can not be widely used
in overhead lines, either because of technical inadequacy
to the requirements, or because of the high cost.

To calculate the density of direct lightning strikes to
the ground, information is used about the intensity of
thunderstorm activity. In this case, it is necessary to take
into account the screening of network objects by buildings,
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structures, trees, etc. Screening in some cases can reduce
the number of direct hits to network objects by ~ 70%.

Reliable protection is achieved if the equipment and
structures have sufficiently high insulation strength or
effective lightning surge protection devices are installed in
the PC.

To protect the PC with a voltage of 0.4 to 35 kV
from lightning overvoltages, the following applies:

e surge arresters (SA);

= high-spark arresters;

= gate and tube arresters;

= protective spark gaps.

The type, number and location of the protection
devices is selected when designing specific network
objects. When installing protection devices, the
requirements for the value of the earth resistance are
selected according to the Rules for the installation of
electrical installations [1], taking into account the specific
features of the systems and principles of operation of the
devices (equipment) protecting against lightning
overvoltages.

The task of protecting the DN 0,4 kV is to prevent
people, animals and fires from breaking down due to the
penetration of lightning overvoltages into the internal
wiring of houses and other structures, as well as damage to
the electrical equipment of 6-10 / 0.4 kV substations.

Protection of the OL middle class voltage of 6-70
kV from lightning overvoltage and the burning of protected
wires is a very urgent task. In some countries, surge
arresters (SA) are being used for this purpose. The main
drawback, which determines the technical and economic
inexpediency of using SA for lightning protection OL, is
that they break down with direct lightning strikes (DLS).
This extremely negative characterization is undeniable and
is recognized by the developers of SA [2,3].

In Japan, extensive experience in the use of SA with
an air gap for lightning protection OL 6.6 kV. These
devices work relatively well only in combination with a
lightning protection cable. Moreover, increasing the
energy intensity of SA, in itself, does not solve the problem
of their destruction from DLS. Even in the case of lightning
protection cables, SA damage is observed with DLS with
high currents [4]. It should be noted that this is a very
expensive solution, because For reliable protection of the
OL, in addition to installing the cable, it is necessary to
install SA parallel to each isolator OL.

Therefore, at the present time, in fact, the only
technical measure designed to reduce the damage from
lightning tripping of OL 6-35 kV is automatic re-
activation, the efficiency of which does not exceed 50% on
average.

The real prospect of introduction in our country of
distribution overhead lines with insulated wires
predetermines the necessity of using any system of their
lightning protection to prevent the possibility of burning
wires with short-circuit power currents. Those known for
the experience of using in other countries lightning
protection systems for overhead lines with isolated wires

that are affordable, do not solve the problem in a complex
manner, but only provide protection for the wires.

Objective

The problem of protection against lightning
overvoltages OL and substations is very actual for DN with
a voltage of 0.4-35 kV, since they have low impulse
insulation strength in comparison with electrical
installations of other voltage classes and have a long
duration.

The causes of lightning overvoltages on the OL are
direct lightning strikes in the line, as well as close impacts
to the ground, causing induced (induced) overvoltages on
the line wires.

One of the issues related to the calculation of
lightning protection of overhead lines is the determination
of the striking of lines by lightning. The existing estimates
of the number of lightning strikes drawn by the line are
empirical. The possibilities of improving this approach due
to taking into account a greater number of influencing
factors are practically exhausted.

Lightning resistance OL voltage 0,4 - 35 kV
significantly increases when using wood insulation on the
constructed OL with wooden supports, and OL with
reinforced concrete and metal supports - with the use of
insulating traverse.

Also, the lightning resistance OL of medium
voltage classes can be increased by replacing the bare wires
with protected ones. As shown earlier studies, lightning
resistance OL with protected wires is less than OL with
bare wires [5,6].

Methodology of determining the quantity of direct
direct lightning strikes on the overhead lines

In order to estimate the average number of
insulation overlaps on air lines of medium voltage classes
for the year, it is necessary to take into account direct
lightning strikes and induced overvoltages. An estimate of
the number of direct lightning strikes in the transmission
line, each of which will lead to insulation overlap, will be
100% for 6-35 kV lines. For induced overvoltages, it is
necessary to select all lightning strikes that can occur at a
distance greater than the zone of capture of a given electric
transmission line, isolating from them those impacts that
will lead to overvoltages that exceed the isolation voltage
of the electrical transmission line [7,8].

According to normative documents, the number of
direct lightning strikes (Nprs) in air lines with bare and
protected wires is calculated identically, according to the
formula [9]:

Nprs = 0,067 *n * 6 * Hgys * L, @)
Where, n - number of thunderstorm hours per year;

L — Length of the line, m; Hsus — Wire suspension
height, m.
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As we see in this formula, the expression (6 Hsus)
is used, which means that the capture takes place on both
sides of the line, with the capture zone in the 3 Hsys. In this
case, the line voltage class is not taken into account.
Nevertheless, the literature [9] gives graphs from which it
can be seen that the capture zone is from 2 Hgus to 5 Hsus
for OL with bare wires, depending on the height of the
supports, i.e. class of voltage OL.

In carrying out experimental studies, the main
parameter is the height of the orientation of the lightning.
According to [10], the height of the orientation of the
lightning (Hor) depends on the lightning current and is
determined from the expression:

Hor=2 I, +30 (1 — e 165), Q)

Where, I - lightning current; Ho, - height of the
orientation of the lightning.

Thus, we see that the height of the orientation of the
lightning depends only on the value of the lightning
current.

Experimental investigations on the damage of
overhead line and overhead line with protected wires
direct lightning strikes

The purpose of the experiments was to confirm the
lightning capture zone for bare wires (3 Hsys) and to
specify the capture zone for the protected wires.

To conduct these experiments, full-scale models
with corresponding similarity coefficients were created.

The general view of the model is shown in Fig. 1.

In this figure, the scheme of the experimental model

1 — support insulator;

2 — secure wire;

3 — electrode simulating lightning;

X —distance from the electrode simulating lightning
to secure the wire.

As a high-voltage source, a pulse voltage generator
(PVG) with a maximum voltage of 2.4 MV was used,
whose appearance is shown in Fig. 2. The PVG was
assembled in a half-wave circuit using 24 capacitors with a
capacitance of 0.25 pF and a voltage of 100 kV. The supply
of the PVG is carried out through a step-up transformer of
100/ 100,000V.

To carry out the research, the lightning current was
chosen to be 20 kA and 10 kA, as the most common in the
plain and mountain regions, respectively.

According to (2) of such currents, the orientation
height is 43 for 10 kA and 68 meters for 20 kA. Since we
carry out tests for medium voltage voltage lines of 6-35kV,
we take for consideration the typical PM 10-1 supports for
6 kV lines and 35P-5M substations for 35 kV lines. The
height of the wire suspension for the PM 10-1 support is 9
m, and for the PS 35P-5M it is 15 m. As the test wires, we
used the wires SIP 3 1 * 50-20 and AC-50/8.
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Fig. 1 — General view of the model.
1 support insulator, 2 secure wire, 3 electrode simulating
lightning, X distance from the electrode simulating
lightning to secure the wire.
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Fig. 2 — The pulse voltage generator of 2.4 MV.
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Results of experimental investigations of the high-level
on the determination of the zone of capture of direct
lightning strikes

Based on the results of the experiments, the results
in Table 1 were obtained.

Table 1 - The zone of lightning capture for different
types of wires, determined experimentally, on a large-scale
model

Model height of The dis‘tance‘from. which the wire
the Hsus wire takes direct lightning strikes, m
suspension, m SIP 31 *50-20 | AS—-50/8
0,1314 0,18 0,27

0,209 0,2339 0,42

0,22 0,2347 0,4225

0,345 0,393 0,62

The results of the experiments showed that for lines
with protected wires the capture zone is one and a half
times smaller than the area of capture of the bare wire.

Table 2 — Lightning capture zone for various wire
types, classes voltage lines and different lightning current

lightning current The distance from which
values and voltage on | wire takes a direct lightning
the wire strikes, m.
SIP-31* AS —50/8
50-20
I=10kA; U=6kV 10,06 18,1
LI=10kA; U=35kV 16,95 26,72
I1=20 kA; U= 6kV 11,4 17,1
1=20kA; U=35kV 15,96 28,73

For the constructions of the lines studied, the height
of the wire suspension varied from 9 m to 15 m, and as can
be seen from the obtained results, for the bare wire, the
capture zone is not 3 Hsus, but 2 Hsus. The area of capture
by wire SIP 3 1*50-20 is almost 2 times less than the zone
of capture of the bare wire and does not much exceed the
height of the suspension line, thus it can be said that the
zone of capture of the protected wire is Hsys. This fact
shows that Nps for overhead lines with protected wires is
much less than for overhead lines with bare wires.

Investigation of a line consisting of a bare and
protected wires

As shown by previous studies, the bare wire grip
zone of the bare wire is 1.5 times the protected zone of the
secured lead, which allowed considering the creation of an
OL with a protected and bare wire.

This allows you to consider the possibility of
creating a line consisting of bare and protected wires. This
will make it possible, due to the larger bare-wire capture
zone, to practically eliminate DLS in the protected wires
and substantially increase the lightning resistance of such
a line. The increase in lightning resistance is due to the fact
that only the bare wire will be affected, and therefore only
it needs to be protected. We called this line a combined
one, the diagram of such a line is shown in Figure 3.

| bare wire

2 protected wite 2 protected wire

O, O,

Fig. 3 - The model of the combined line.
1 bare wire, 2 - protected wires.

For a line with this configuration, experimental
studies were conducted to determine the lightning impact.

Four series of experiments were performed on 100
experiments in each series. The investigations were carried
out for different distances between phases and the height
of the excess of the mean phase over the extreme phases.

In this case, all lightning strikes occurred in the bare
wire, there was not a single lightning strike in the protected
wires.

This is because the area of capture of the bare wire
is much larger than the zone of capture of the protected
wire. Such a line design will save considerable money,
because the installation of protective equipment is required
only in the middle phase with a bare wire. Moreover, in
medium voltage networks, a single-phase earth fault is not
an emergency. With a single-phase ground fault when an
arc arises on a bare wire, the arc moves along the wire and
under the action of electrodynamic forces, which leads to
its rupture and corresponding extinction. In the case of a
protected wire, in the event of breakdown of insulation, the
arc is not able to move along the wire and burns in one
place, which can lead to wire burn-out and burnout.
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Conclusions

1. Overhead lines with protected wires require
protection against direct lightning strikes, so determining
the number of direct lightning strikes and developing a
protection system is an urgent task.

2. The created large-scale model allows to carry
out studies of the lightning severity of overhead lines of
medium voltage classes by direct lightning strikes.

3. The conducted experiments showed that the
existing methods for determining direct lightning strikes in
overhead lines require clarification.

4. The obtained results made it possible to clarify
the magnitude of the zipper capture zone for overhead lines
with protected wires.

5. An overhead line model having both a bare wire
and a protected wires was investigated. It is experimentally
confirmed that such an overhead line will significantly
reduce the probability of hitting the protected wires with a
direct lightning strike.

Bibliography

1. TlpaBuna yjamTyBaHHs €JeKTpOycTaHOBOK / MiHicTepcTBO
EHEPTeTHKH Ta BYTUIFHOI MPOMUCIOBOCTI YKpainu, Xapkis,
dopr, 2017.

2. Kauffel, E. High Voltage Engineering / E. Kuffel, W. S.
Zaengl — Pergamon Press, Great Britain, 2000. - p. 554.

3. Short, T. A. Monitoring Results of the Effectiveness of
Surge Arreser Spacins on Distribution Line Protection / T. A.
Short, R. H. Ammon // [EEE Trans. On Power Delivery. —
1999. - V. 14, No. 3. - P. 1142-1150. -
doi: 10.1109/61.772385.

4. Nakada, K. Energy Absorption of Surge Arresters on Power
Distribution Lines due to Direct Lightning Strokes-Effects of
an Overhead Ground Wire and Installation Position of Surge
Arresters / K. Nakada et. al. // [EEE Transactions on Power
Delivery. — 1997. — V. 12, No. 4. — P. 1779-1785. —
doi: 10.1109/61.634205.

5. Sergey, S. Defeat of overhead lines transmission networks
with protected wires from lightning strike / S. Sergey, D.
Dmitriy // Applied Physics (YSF), 2015 International Young
Scientists Forum on. — IEEE, 2015. — P. 1-4. — doi:
10.1109/ysf.2015.7333228.

6. Illesuenko, C.FO. IlopaxkaeMOCTb BO3AYIIHBIX JHUHUI
pacrpeneuTeNabHBIX CeTeil C 3alMIICHHBIMH POBOJAMH
rpozoBeiMu  paspsaamu. / C.HO. IlleBuenko, b.®.
Epmoaenxo, A.A. Januabyenko, C.U. JdpuBenxmii // —
Bicuux Hayionanvnoco mexuiunoco ymnigepcumemy «XIII».
36ipnux nayxosux npays. Cepis: Enepeemuxa: naoitinicme
ma enepeoepexmusnicmo. — X. : HTY «XIII». —2016. - Ne3
(1175). - C. 101 - 107.

7. Rizk, Farouk A.M. Modeling of Substation Shielding
Against Direct Lightning Strikes / Farouk A.M. Rizk // [EEE

10.

10.

Trans. on Electromagnetic compatibility.—2010.—V. 52, No.
3. —P. 664. — doi: 10.1109/temc.2010.2046903.

Cooray, V. Attractive radius and the volume of protection of
vertical and horizontal conductors evaluated using a self
consistent leader inception and propagation model — SLIM.
/ V. Cooray, M. Becerra // Proc. of 30th Int. Conf. on
Lightning Protection. Italy (Cagliari), 2010, 1062 p.

P 153-34.3-35.125-99 Pexkomenumanuu 1o  3alIuTe
AEKTPUIECKHX CEeTeH OT MOJHHM U  BHYTPEHHEro
nepeHanpspkerus 6 - 1150 kB.

I'yas, B. U. Koopaunanus U30J1HK U TIEpEHANPSHKEHAUS B
JJIEKTPUYIECKUX BBICOKOBONBTHEIX cersax / I'yas B. H.,
Hu:xecknii B. ., Xomenko, U. B.llleuenko C. IO.,
Yesoruenon B.A. // Xaprskos. —2009. — 270 c.

Bibliography (transliterated)

Pravila ulashtuvannya elektroustanovok / Mlinlsterstvo
energetiki ta vugllnoyi promislovostl Ukraine, KharkIv, Fort,
2017.

Kuffel, E., Zaengl, W. S. High Voltage Engineering.
Pergamon Press, Great Britain, 2000, 554.

Short, T. A., Ammon, R. H. Monitoring Results of the
Effectiveness of Surge Arreser Spacins on Distribution Line
Protection, /IEEE Trans. On Power Delivery, 1999, Vol. 14,
No. 3, 1142-1150, doi: 10.1109/61.772385.

Nakada K. et. al. Energy Absorption of Surge Arresters on
Power Distribution Lines due to Direct Lightning Strokes-
Effects of an Overhead Ground Wire and Installation Position
of Surge Arresters, IEEE Transactions on Power Delivery,
1997, Vol. 12, No. 4, 1779-1785, doi: 10.1109/61.634205.
Sergey, S., Dmitriy, D. Defeat of overhead lines
transmission networks with protected wires from lightning
strike. Applied Physics (YSF), 2015 International Young
Scientists  Forum on. 1EEE, 2015, 1-4, doi:
10.1109/ysf.2015.7333228.

Shevchenko, S., Ermolenko, B., Danylchenko, D.,
Dryvetskyy, S. Susceptibility of overhead lines of
distribution networks with protected wires by lightning
discharges, Bulletin of the National Technical University
"KhPI". Collection of scientific papers. Series: Power
reliability and energy efficiency. - Kh: NTU "KhPI", 2016,
Ne3 (1175), 101 - 107.

Rizk, Farouk, A.M. Modeling of Substation Shielding
Against Direct Lightning Strikes, [EEE Trans. on
Electromagnetic compatibility, 2010, 52, No. 3, 664 p.,
doi: 10.1109/temc.2010.2046903.

Cooray, V., Becerra, M. Attractive radius and the volume of
protection of vertical and horizontal conductors evaluated
using a self consistent leader inception and propagation
model — SLIM, Proc. of 30th Int. Conf. on Lightning
Protection. Italy (Cagliari), 2010, 1062 p.

RD 153-34.3-35.125-99 Guidelines for the protection of
electrical networks 6 - 1150 kV lightning and internal
overvoltage.

Gul, V., Nizhevsky, V., Khomenko, 1., Shevchenko, S.,
Chevychelov, V. Insulation coordination and overvoltage in
electrical transmission systems, Kharkiv, 2009. p. 270.

Caenenus 06 apropax (About authors)

Danylchenko Dmytro — graduate student, assistant dept. «Electrical power transmission» National Technical University "Kharkiv
Polytechnic Institute", Kharkiv, Ukraine; e-mail: Danylchenko.e@khpi.edu.ua.

Hanunvuenko Amumpo Onexciiiosuu — acnipant, acucteHT Kadenpu «Ilepemaua enextpuunoi eHepriiy HamionambHuit
TeXHIYHUH YHiBepcuTeT «XapKiBChbKUil MOMITEXHIYHHUN IHCTUTYT», M. XapkiB, Ykpaina; e-mail: Danylchenko.e@khpi.edu.ua.

BICHUK HTVY "XIII" Ne 32 (1254)

23


https://doi.org/10.1109/61.772385
https://doi.org/10.1109/61.634205
https://doi.org/10.1109/YSF.2015.7333228
https://doi.org/10.1109/TEMC.2010.2046903
https://doi.org/10.1109/61.772385
https://doi.org/10.1109/61.634205
https://doi.org/10.1109/YSF.2015.7333228
https://doi.org/10.1109/TEMC.2010.2046903
mailto:Danylchenko.e@khpi.edu.ua
mailto:Danylchenko.e@khpi.edu.ua

ISSN 2079-5459 (print)
CEPIA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'AX" ISSN 2413-4295 (online)

Please cite this article as:

Danylchenko, D. Study of the effect of atmospheric overvoltages on overhead lines of medium voltage classes. Bulletin of
NTU "KhPI". Series: New solutions in modern technologies. — Kharkiv: NTU "KhPI", 2017, 32(1254), 19-24, d0i:10.20998/2413-
4295.2017.32.03.

Byow nacka, nocunatimecs na yio cmammio HACMYRHUM YUHOM:
Jannasuenko, [I. O. BusueHHs BIUMBY aTMoc(epHHX IepeHanpyr Ha MOBITPsHI JiHIi cepeaHix iaciB Hanpyra / 1. O.

Jammnbuenxo // Bicnux HTY «XI1l», Cepisn: Hosi piwenns é cyuacnux mexnonozisx. — Xapkis: HTY «XITI». —2017. — Ne 32 (1254).
—C. 19-24. —doi:10.20998/2413-4295.2017.32.03.

THooscanyiicma, ccolnatimecs Ha 9my CMamvio CledyiowuM oopazom:

Januibuenko, J. A. M3ydeHue BiusHHSA aTMOC(EpPHBIX TNEpEHANpPsDKEHHH HA BO3AYINHBIC JIMHUHA CPEJHHX KIacCOB
HanpsoxeHus / . A. lanniabaenko // Becmuux HTY «XI1H», Cepus: Hosvle pewenus 6 cospemeHHbIX mexHono2usax. — XapbKoB:
HTY «XIT». —2017. — Ne 32 (1254). — C. 19-24. — do0i:10.20998/2413-4295.2017.32.03.

AHHOTAIIHA Cmamvss nocésweHa GONPOCY GIUAHUSL aMMOCQEPHbIX NEePeHanpsidiceHutl. Ha pabomy 6030YWHbIX JIUHUL
pacnpeoenumenbHbix ANEeKMPUYeCKUX cemeli ¢ 3aWUeHHbIMU U 20AbIMU NP08ooamu. Paccmompeno éiusinue napamempos MOIHUY U
JUHUU HA BEPOAMHOCIb NPAMO20 y0apa MOJIHUU 6 8030ywHYI0 aunuu. Ilpoananuzuposana memoouka pacuema npamvix yo0apos
MonHuu 8 aunuy. Onucano cosoauue KPYNHOMACWIMAOHOU Mooenu Ol NpOo8eOeHUss IKCNEPUMEHMANbHBIX UCCLe008aHUl, C
B803MOJCHOCb USMEHEHUs NAPAMempo8 MOIHUU U RAPAMempo8 8030yuHol aunuu. [lonyuenvl oanHblie no3gondiowue onpeoeiums
30HY 3aX6ama MOJHUU OAA JUHUL C 3AWULWEHHBIMU NPOO0AMU U 20bIMU NPo8oOamu 3Kcnepumenmanvuvim nymem. Cosoaua
9IKCHEePUMEHMATIbHASL ~ MOOelb  KOMOUHUPOBAHHOU  JUHUU  JJIeKMponepeoayu U  IKCHePUMEHMANbHO — NOOMEepicoeHa  eé
aghpexmusnocmy.

Knrouesvie cnosa: I'pozonopadicaemocms; 8030yWHAsA TUHUS CPEOHE20 KIACCA HANPAJICEHUs, 3aujuujeHHble Npo6ood; GblComd
OPUEHMUPOBKU MOTHUU; KPYNHOMACWMAOHAS MOOEb, 30HA 3aX6ama MOTHUU, KOMOUHUPOBAHHAS TUHUSL JeKMPONepeoaiu.
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