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Purpose. To estimate the magnitude of the influence of currents of higher harmonics on the electric load of an
object with nonlinear electrical receivers, which receive electricity from the inverter of a network solar station.

Methodology. Measuring and modeling the processes in the electrical network revealed the presence of higher
harmonics from the network solar power station, nonlinear electric devices and determined the effect of their impact
on the electric load.

Findings. The depth of influence of currents of higher harmonics from the inverter of the network solar electric
station, nonlinear electric devices on the magnitude of the electric load due to the additional heating of the current
parts is estimated, which should be taken into account in each case in real conditions.

Originality. It lies in the experimental study of the spectrum of the higher harmonics of the inverter solar station,
of the individual nonlinear electric receivers, the depth of their influence on increase in electric power losses in elec-
tric networks and electric devices, which cause their additional heating compared to the course of sinusoidal current.

Practical value. The resulting experimental measurements of the spectrum of higher harmonics of inverters, elec-
trical receivers can serve as information for the creation of future databases. This can be used for defining the calcu-
lated loads, which will contribute to the prevention of overheating of electrical networks.
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Introduction. Widespread use of network solar elec-
tric station requires careful study of their impact on the
parameters of the electrical network, the estimated load.
This is due to the generation of higher harmonics by in-
verting DC from solar panels to alternating current of
50 Hz for the consumer. Professor Pivnyak G. G. notes
that the energy of the Sun is not only inexhaustible and
free, but, without doubt, more environmentally friendly
than any type of human access to energy [1]. Professor
Zhezhelenko 1.V. warns that the distortion of the sinu-
soidal voltage, current leads to the negative influence of
higher harmonics on the elements of electrical networks,
electrical receivers, security system, and others. [2]. The
scientist Prakhovnik A.V. emphasized that the network
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stations enter the market of high energy, which provide
electricity at the light part of the day, and at other times
the power is received from the traditional network [3]. Pro-
fessor Lezhniuk P.D. gives practical advice on simulating
the loading of electrical networks by cubic splines, which
is important for the power source power dissipation [4].

Analysis of the recent research and publications. Many
scientific works are devoted to the harmonic analysis of
the output voltage, the current of inverter sinks for various
linear and nonlinear electric devices in real time [5]. The
results of experiments with different types of inverters are
presented [6]. Pulse-frequency modulation control sys-
tems for high harmonic filters are used to improve the
quality of electric power [7]. The improvement of electric
power quality is shown using a shunt active power filter
[8]. Harmonic suppression devices based on inductive-
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capacitive elements are connected directly to the inverter
[9]. With the current control of the inverter parameters,
the harmonics of the lower order are eliminated [10].

Unsolved aspects of the problem. At the same time, the
issues of the influence of distorted sinusoidal voltage,
current on increasing the load of the electric network
remain inadequate attention in the mentioned and simi-
lar studies. This is important for the proper choice of its
section, switching and protective devices, and other ele-
ments of the power supply systems.

Objectives of the article. The purpose of the study is to
analyze experimentally obtained spectrum of higher har-
monics, which generates inverter of a network solar elec-
tric station, separate nonlinear electric receivers as well as
to define processes in the system power supply, the degree
of influence of harmonics on the additional estimated load
of the electric network using mathematical modeling.

In order to achieve this goal, the following tasks were
addressed in the work:

- to select a functioning network solar power station,
the corresponding tools and schemes of organization of
effective research for obtaining reliable results;

- to experimentally obtain the spectrum of higher
harmonics generated by the inverter of the solar power
station and individual nonlinear electrical devices;

- to carry out mathematical modeling of processes in
the electric network from the inverter to the electric de-
vices;

- to determine the degree of influence of higher har-
monics on the estimated load of the solar power station
due to the additional heating of the elements of the pow-
er supply;

- to provide recommendations for reducing the cal-
culated load by suppressing the influence of higher har-
monics on electromagnetic compatibility in power sup-
ply systems.

The experimental base of the study is based on the
equipment of a 30 KW network solar power station, which
operates in Odesa with coordinates 46°29'08" N and
L 30°44'36".

The main elements of the network solar power sta-
tion with a power of 30 kW and schemes for conducting
research on a sunny day of September 4, 2017 are shown
in Fig. 1.

Panel TALESAN TP660P-260W

Power quality analyzer
Elspec G4500

Counter
CE68038SH R

Solar Panel TALESUN TP660R-260W polycrystal-
line (production of China), power 260 W, voltage x. x
37.8V, nominal current 8.51 A, short-circuit current 9.16 A,
rated operating temperature from -45 to 60 °C.

Network Inverter HUAWEI SUN2000-36KTL (man-
ufactured in China) with a power output of 36 kW, effi-
ciency of no less than 98.6 %, operating temperature
from — 25 to 60 °C. It contains 4 MPP trackers for level-
ing the heterogeneity effects of the power generation field,
integrated intelligent monitoring of 8 strings, protective
switching offsets, protection against overvoltage, short cir-
cuit, earth faults.

The study was carried out using Elspec Technologies'
Elspec G4500 BLACKBOX Portable Elspec Technolo-
gies Portable (Israel's Production) Elspec Technologies
Company.

Software for this analyzer, the PQSCADA Investiga-
tor from Elspec Technologies (Production of Israel), ef-
fectively processes a large number of parameters that are
instantly displayed on the PC monitor.

Information that comes from one or more measure-
ment points is displayed on one synchronized hour-an-
gle axis. This allows you to observe a clear and instant
graphical interpretation of the complex processes occur-
ring on the network.

Presentation of the main research. The solar panels of
the network solar station convert the radiation energy of
the sun into a direct current, which, by means of the in-
verter, is converted into an alternating voltage of the elec-
trical receivers, typically 0.38/0.22 kV.

The inverters make distortion of the sinusoidal volt-
age, which can be observed using the Elspec G4500 elec-
tricity quality analyzer, which joins the circle to the coun-
ter from the solar station (Fig. 1).

Acceptable values of voltage distortion, current are
set by special standards for conversion devices, inverters
used for solar power stations.

According to DSTU IEC 62040, the total harmonic
voltage distortion coefficient of THD for inverters up to
8 % is allowed, which is determined by the formula

U
THD =22 .100%,
U

1

The network inverter
HUAWEI SUN2000-36KTL

BKTP-10/0,4 kV

Consumer
of electriciti

Counter

NIK 2301 AP3

Fig. 1. The main elements of a network solar electric station with a power of 30 kW and the research scheme
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where U, is the mean square voltage value of the i” har-
monic; U, is the basic harmonic.

The value of the individual coefficients of distortion
of the n” voltage of the /HD inverter is determined in the
following way

1D, =Y.
7]

100%,

where U, is the mean square value of the voltage n” har-
monic.

The results of measuring these coefficients for the in-
verter showed that their values are within acceptable lim-
its (Fig. 2).

However, additional losses AP, relative to losses AP,,,,,
for the main frequency (50 Hz) in the electrical equip-
ment in the presence of higher harmonics and interhar-
monics will depend on its parameters and the degree of
voltage distortion is

2
P 0
n__ _ kn Un ,
AP — \U

nom nom

where k,, is the coefficient dependent on the distortion of
the voltage and electrical sine current.

Additional power losses AP, by the current of the n™
harmonic in the induction motor are determined by the
formula

2 2
AP;I’;) = 3In (rSf-ﬂ + rrat.n )’

where r, 1! are active resistance of the stator and the
rotor to the frequency of the n” harmonic.

The additional total electrical load, that is, the loss in
asynchronous motors, caused by the generation of high-

er harmonics, is determined by the formula
AP;;’)) = APm.nom % K;(n)\/;’ (4)
n=2

where K, is the multiplicity of the current of the n"har-
monic to the first one.

The additional electric load, that is, the loss in trans-
formers, caused by the generation of higher harmonics,
is determined by the formula

AP™ =33 12 1.k
T four 1(n)" k™

n)?

IHD.
%
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Fig. 2. The result of measuring the harmonic voltage spec-
trum at the output of the inverter
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where r, is the short circuit resistance of the transformer
at the industrial frequency; ) is the coeflicient taking
into account the increase in the resistance of the short-
circuit over the higher harmonics so

key =2, 1, kgy =2, 5, kany =3, 2, ks = 3.7.

However, when connecting nonlinear electrics such
as air conditioners, PCs, fluorescent lamps, microwave
ovens, and others to the inverter output, there will be fur-
ther distortion of the voltage and current in the network.

An example of the study of the effect of higher harmon-
ics current on the calculated electrical load of the condi-
tioner SENSEI ECO-i FTE-23MR series [ 11—13] is given.

The diagram of the harmonics generated by this con-
ditioner is shown in Fig. 3.

The magnitude of the power that causes the addi-
tional load of the wiring to the air conditioner relative to
the heating of the main harmonic (50 Hz) of current is
determined as follows.

As is known, the approximate value of the active value
of the active power in the presence of the first and the high-
er to 40" harmonics, is calculated for the formula, W

40
P=P +AP,,:I]2R+213R. (1)

n=2
In general, the given formula (1) allows us to approx-

imate the loading modes (W) in the electrical wiring, for
example, the conditional group #1 (Fig. 4), made by cop-

1%
35

30
25

Jnl..-l..l..l.] nlm
03 6 9 1215 18 21 2427 30 33 36 m

Fig. 3. Amplitude spectrum of harmonics of current load of
a conditioner of series SENSEI ECO-i FTE-23MR

~220V from invertor
the solar station
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Gr.Nel 0.77%W; 3,5A

BBIT (3x1,5) un.fpl L=25 m
BBII (2x1,5)un./pl L=19 m

Gr.Ne2 2,0kW: 9,1A
BBII (3x2,5) un./pl. L=48m

Gr.Ne3 3,0kW; 14A
BBIT (3x2,5)un./plL=281m

Gr. Ned 7,0kW; 32A
BBII (3x6)un./pL L=15m

BBII (2x2,5) un./pl. L

Fig. 4. Characteristic scheme of group networks with volt-
age of 220V of the object
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per wire in the cross section of 2.5 mm?, 5 m in length,
p = 0.0074 Om/m, from the electric shield to the air con-
ditioner, under the influence of the 1% (3.5 A) and high-
er, up to the 25" harmonic, as follows

0.42 Y 0
0.41 0 0.023
0.33 1 0.022
0.23 2 0.01%
0.15 3 6.851 - 10"
: 3
0.08 4 2.914- 10
3.5 0059 1(0.0074-5)= 5| 8288- 10"
0.052 7 3.502-10 ;
0.05 8 3.502 - 10"
: i
0.04 9 3.238- 10
0.02 10 2.072-10*
L J 11 5.18-107

The final power from the occurrence of higher har-
monics from the 2™ to the 36" will amount to 0.071 W,
which exceeds the rated current of 3.5 A for the funda-
mental harmonic by 7.6 %.

Simulation of the current dynamics in the standard
group voltage networks in 220 V of any object will help
to detect the additional heating of the wiring from the
emergence of higher harmonics generated by the invert-
er, nonlinear electric receivers (Fig. 4).

As a rule, the standard electric network is executed
by the brands of VVP (BBII) with copper zigzags of the
corresponding section, which are laid under the plaster.

Mathematical models of differential equations describ-
ing electrical processes in circles by the action of the 1%
to the 40" harmonics have the following form

di
. 40.1 _
€401~ Ryg1iay = Ly 7 Uygp

Ry 20402 = L dt. =Uyo

€401~ Rag1iay = Ly 7th =Uy

Ry 20a02 = L dt. =Uyos

di
. 40n _
€400 — Ragnlaon — Lagn i Ugop

where R, L are active and inductive supports of the elec-
trical network for individual harmonics and areas marked
by the corresponding indices; e, i, u are electromotive
force, current and voltage for individual harmonics and ar-
eas marked with appropriate indexes.

As the inverter generates higher harmonics and avail-
able nonlinear electric receivers, the network will be heat-
ed further, which will increase the current in the circles
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by which the section of conductors, security devices, and
other units will be selected [13].

The oscillogram of the load current of the solar sta-
tion inverter by phase A in normal operating mode on a
sunny day is shown in Fig. 5.

Measured with the help of the quality analyzer, the
amplitude current spectrum in phase A at the output of
the HUAWEI SUN2000-36KTL inverter to the elec-
tricity meter is shown in Fig. 6.

Exceeding the conductor temperature relative to the
environment will be represented by a differential equation

Ijk,Rn=C%+AJ, (8)

where k, =1+ aJ, a is the temperature coefficient of re-
sistance; J is the temperature of overheating of the con-
ductor; R, is resistance of the conductor by current of
the n™ harmonic at 20 °C; C is thermal conductivity of
the conductor; 4 is the coefficient of heat transfer of the
conductor heat to the environment, which according to
all allowable values for the conductor has the form

2
A= 1 allowRa//ow

J

allow

Taking into account the above, the time of heating
the conductor is determined by the formula

T = c CJa//aw
0 === @@
A [3llow Rallow

On the basis of the values of the heating dynamics of
the conductor with resistance z, for any time you can find
the maximum averaged over 30 minutes. (half-hourly
maximum), that is, the estimated load by the formula

/

5 10 15 20 25 toms

Fig. 5. Oscillogram of load current of the inverter by phase A

%
20

) —
) illhl‘d‘lh-m
/ 12 n

2 17 2 2 32 37 4

Fig. 6. Amplitude current spectrum in phase A at the out-
put of the inverter HUAWEI SUN2000-36KTL
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The obtained values of each of the harmonics of cur-
rent will allow the above method to determine the excess
of the heating temperature of the wiring over the environ-
ment, that is, to find an additional increase in the calcu-
lated load on the electrical network, which depends on its
parameters, the rate of return of heat by the conductor en-
vironment, the presence of nonlinear characteristics of the
electrical receivers, and the properties of the power supply.

Maeasures to reduce distortion of sinusoidal current in the
network. Reducing distortions is carried out by applying ac-
tive, passive LC filters that are tuned to a certain order of
harmonics, separate transformers with a winding connec-
tion A/ Y with zero, which prevents the entry of 3" harmon-
ics into the secondary winding, the activation of magnetic
synthesizers for protection against distortion, active air con-
ditioners generating the harmonics of opposite signs.

The management of inverter systems that correct the
work of various rows of solar station modules is improved.
Improving the quality of electricity at the output of invert-
ers is due to the use of advanced pulse-width modula-
tion systems.

Reducing the effect of higher harmonics can occur due
to the ordering of the electrical receivers with nonlinear
characteristics, as well as the implementation of their sup-
ply by separate lines or from individual sources, etc.

Conclusions. The proposed methodology and exper-
imentally obtained results of the research are the basis
for evaluating the influence of solar station inverters, in-
dividual electrical receivers on increasing electric power
losses due to the distortion of sinusoid current, the volt-
age causing negative and, in some cases, dangerous situ-
ations in electrical networks due to the generation of higher
harmonics.

This will serve as the basis for developing an appro-
priate database of individual EPs for the properties of dis-
tortion of current, voltage and measures to improve the
quality of electrical energy. An important direction for
further scientific research on this topic is to estimate the
magnitude of losses from higher harmonics not only in
conductors of electrical networks, but also in power trans-
formers, electric motors, electrical receivers elements, and
power supply systems from renewable energy sources.

Reference.
1. Pivnyak, G. G. and Shkrabets, F. P., 2013. Alfernative
energy in Ukraine: monograph. Dnipropetrovsk: NGU.
2. Zhezhelenko, I. V., Shydlovskyi, A. K., Pivnyak, G. G.
and Saienko, Yu. L., 2009. Electromagnetic compatibil-
ity in power supply systems [online]. Dnipropetrovsk: NGU.
Available at: <http://eir.pstu.edu/handle/123456789/
5461> [Accessed 15 November 2016].
3. Prakhovnik, A.V. Small energy: the updiffused gen-
eration in the systems ofenergy supply [pdf]. Kyiv: Os-
vita Ukrainy. Available at: <http: //energy.kpi.ua/files/
2012_2/8-15.pdf> [Accessed 5 January 2017].
4. Lezhniuk, P., Vyshnevskyi, S. and Semeniuk, N. Model-
ling the load of electrical networks by cubic splines in adaptive
SACs in advance [pdf]. Lviv: NU “Lvivska Politekhnika”.
Available at: <http://ena.lp.edu.ua:8080/ bitstream/ntb/
35062/1/17_85 — 87.pdf> [Accessed 7 December 2016].

78

5. Kumar, P. V., Maheswari, D. and Kumar, T.N., 2013.
Power Quality Improvement for Grid Connected Pho-
tovoltaic System. Advanced Trends in Computer Science
and Engineering, 2(2), pp. 23—28.

6. Bhim Singh, D. T. Shahani, and Arun Kumar Verma,
2012. Power Balance Theory Based Control of Grid In-
terfaced Solar Photovoltaic Power Generating System
with Improved Power Quality. In: proc. for 2012 IEEE
International Conference on Power Electronics, Drives and
Energy Systems, Bengaluru, India, December 16—19, 2012
[online]. Available at: <https://www.researchgate.net/
publication/264309542 Power Balance Theory
Based_Control_of Grid Interfaced Solar Photovol-
taic_Power_Generating_System_with_Improved
Power_Quality> [Accessed 15 November 2016].

7. Patricio Salmer on and Salvador P. Litr"an. A Control
Strategy for Hybrid Power Filter to Compensate Four-
Wires Three-Phase Systems. IEEE Transactions on Power
FElectronics [online], 25(7). Available at: <http:// ieeexplore.
ieee.org/document/5419989/> [Accessed 22 January 2017].
8. Kumar, A. and Singh, J., 2013. Harmonic Mitigation
and Power Quality Improvement Using Shunt Active
Power Filter. International Journal of Electrical, Elec-
tronics and Mechanical Controls, 2(2).

9. Renzhong, X., Lie, X. and Junjun, Zh., 2013. Design
and Research on the LCL Filter in Three-Phase PV
Grid-Connected Inverters. Computer and Electrical En-
gineering, 5(3), pp. 322—325.

10. Armstrong, M., Atkinson, D.J. and Johnson, C. M.
Low Order Harmonic Cancellation in a Grid Connect-
ed Multiple Inverter System Via Current Control Pa-
rameter Randomization. /EEE Trans. Power Electronics
[online], 20(4), pp. 885—892. Awailable at: <https://
www.researchgate.net/publication/3280733 Low_Or-
der Harmonic_Cancellation_in_a_ Grid_Connected
Multiple Inverter System_Via_Current_Control Pa-
rameter Randomizationhttp://ieeexplore.ieee.org/
document/5419989/> [Accessed 7 February 2017].

11. Bondarchuk, A.S., 2015. In-house electrical power
supply. Kyiv: Osvita Ukrayiny.

12. Razumniy, Y. T., Rukhlov, A. V., Prokuda, V. M. and
Rukhlova, N.Y., 2014. Effective use of electric power and
fuel. Dnipropetrovsk: NGU.

13. Burbelo, M. J., Biryukov, O. O.and Melnychuk, L. M.,
2011. Power supply systems. Elements of the theory and ex-
amples of calculations. Vinnytsia: VNTU.

Meta. OLiHUTU BEJTUYUHY BIUTUBY CTPYMiB BUIIMX
rapMOHiK Ha eJIeKTpUYHE HaBaHTaXKEHHS COHSTYHOI CTaH-
11ii, 00’€KTa 3 HEMHIMHUMU eJIeKTpOIpUiiMadyaMu, 1110
OTPUMYIOTh €JIEKTPOEHEPTilO Bil iHBEpTOpa MepexKeBOl
COHSIYHOI eJIeKTPOCTAHILIil.

Metoauka. ExcriepMeHTaIbHUM BUMiPIOBAHHSM i
MOJIE/IIOBAaHHSIM TIPOLIECiB B €JIEKTPUYHI MepexXi BU-
SIBJICHO BMICT y Hili BUILIMX FAPMOHIK Bill iHBepTOpa CO-
HSIYHOI eJIeKTPOCTaHIIii, HeMiHIHHUX eJIeKTponpuiiMa-
4iB 00’€KTa, BU3HAUEHA BEJIMYMHA iX BIUIMBY Ha po3pa-
XYHKOBE HaBaHTaKCHHSI.

Pe3ymbTaTn. O1iHeHA TTMOMHA BIUTMBY CTPYMIB BU-
LIMX FTapMOHIK BiJl iHBEpTOpa COHSIYHOI €JIEKTPOCTaH-
11ii, HeJIIHIMHUX eJIEKTPOINpPUIIMaYiB Ha BEIUUUHY €JIeK-
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TPUIHOTO HaBAaHTAXXCHHS 34 paXyHOK JOJATKOBOTO Ha-
TpiBaHHS CTPYMOBITHUX YAaCTHH, SIKE TIOBUHHO BPaxo-
BYBAaTHCh 32 KOHKPETHUX YMOB.

HaykoBa HoBu3Ha. [losisirae B eKCriepuMeHTaTIbHOMY
JIOCJiKEHHI CIIEKTPiB BULLIMX FAPMOHIK iHBEpTOpa Me-
pPeXeBOi COHSYHOI CTaHIIil, OKPEeMMX HEJIiHIMHUX eJleK-
TpOIpHUiiMayviB, CTYIiHb X BIUIMBY Ha 30iJIbLLIEHHS BTpaT
€JIeKTPOEHEePrii B eIEKTPUYHUX Mepexkax, 1110 BUKIUKA-
I0Th JJONATKOBE HArpiBaHHS B MOPiBHSHHI 3 MPOTiKaH-
HSIM CUHYCOiJaJTbHOTO CTPYMY.

IIpakTuyna 3HauumicTs. OTpUMaHi eKCIIepUMEHTANTb-
HUM BUMIipPIOBAaHHSIM CIEKTPU BULLIMX TApMOHIK iHBEep-
TOPiB MEPEXKEBUX COHSIHUX €JIEKTPOCTAHIIiH, eJIEeKTPO-
TpUitMaYiB, 00’€KTIB MOXYTb CITY>KUTH iH(DOPMAIIIEIO TS
¢opmyBaHHS BigIoBigHuX 0a3 maHux. Lle Moxe BUKO-
PYICTOBYBATHCS IS BUSHAUCHHST PO3PaXyHKOBOTO €JIeK-
TPUYHOTO HABaHTAXKEHHS, 1110 CIIPUSITUME 3aIo0iraH-
HIO TIeperpiBaHHS eIeKTPUUYHUX MEPEXK.

KmouoBi cioBa: mepescesa consuna easekmpocman-
yis, iHeepmop, Ui 2APMOHIKU, HEAIHILIHI efeKmponpuli-
Maui, po3paxyHKo8e HA8aHMANCEHHS

ean. OnileHKa BeJIMYMHBI BAUSIHUSI TOKOB BBICIIMX
TapMOHMK Ha 3JIEKTPUYECKYIO HATPY3KY COJTHEUHOM CTaH-
1M1, 00bEKTa C HETMHEWHBIMU 2JIEKTPOITPUEMHUKAMM,
KOTOPbIE MOIYYAIOT 2JIEKTPOIHEPTHIO OT MUHBEPTOpA Ce-
TEBOU COJIHEYHOM 3JIEKTPOCTAHLIMMU.

MeTtoauKa. DKCIIepUMEHTATBHBIM U3MEPEHUEM 1 MO-
JIEJIMPOBAHUEM MPOLIECCOB B JIEKTPUUECKOMU CETU BbISIB-
JIEHO COJIepXKaHWeE B HEM BBICLIMX TADMOHUK OT MHBEPTO-
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pa CeTeBOM COJIHEYHOU SJIEKTPOCTAHLIMMU, HEJIMHEWHBIX
2JIEKTPONPUEMHHKOB OOBEKTA, ONpeIeeHa BETMUMHA UX
BJIMSIHUS HA pACYETHYIO 2JIEKTPUYECKYIO HArpy3Ky.

Pesymbrarbl. O1icHeHa CTENICHDb BIMSIHUSI TOKOB BBIC-
IIIMX TAPMOHUK OT MHBEPTOPA CETEBOM COJTHEUHOM 3JIEK-
TPOCTAHLMU, HEJIMHENHBIX JIEKTPOIPUEMHUKOB Ha Be-
JIMYUHY DJIEKTPUYECKON HArpy3KU 3a CUET NOTOTHUTE b~
HOTO HarpeBaHMsI TOKOMPOBOASIIMUX YACTEM, YTO JOJIK-
HO YYUTBIBATHCS MPU KOHKPETHBIX YCIOBUSIX.

Hayuynas noBusHa. CoCcTOUT B 3KCHEPUMEHTATBLHOM
KCCeA0BaHUM CIEKTPOB BBICILIMX FTAPMOHUK WHBEPTO-
pa ceTeBOi COJTHEUHOM CTaHLIMU, OTACIbHbBIX HEJIUHEN -
HbIX 3JIEKTPOITPUEMHUKOB, CTEIIEHb UX BIMSIHUSI HA YBe-
JIMYEHUE TIOTEPh 2JEKTPOIHEPTUU B JIEKTPUUECKHUX Ce-
TSIX, KOTOPbI€ BbI3bIBAIOT AOIOJHUTEIbHBIN HAarpeB Mo
CPaBHEHMIO C ITPOTEKAHUEM CUHYCOMIAIBbHOTO TOKA.

IIpakTiyeckas 3HauumMocTh. [losyyeHHBIE AKCIIepH-
MEHTAJIbHBIM U3MEPEHUEM CIIEKTPbI BHICILIMX TADMOHUK
WHBEPTOPOB CETEBBIX COJIHEYHBIX JIEKTPOCTAHLIMM, DJIEK-
TPONPUEMHUKOB, OOBEKTOB MOTYT CJYXKUTh MH(OPMALIM-
el 11st (GOpMUPOBAHUSI COOTBETCTBYIOIINX 0a3 JaHHBIX.
DTO MOXKET UCTTOIb30BAThCS IS OTIPEACICHNS PACUETHOM
3JIEKTPUYECKO HArpy3KH, UTO OyIeT CriocoOCTBOBATh
MpenynpexaecHUIO MeperpeBa 3JeKTPUUEeCKUX CETe.

KiroueBble ciioBa: cemegas conHeunas 31eKmpocman-
Yus, UHEepmop, BblCUlUe 2APMOHUKU, HEAUHEUHble INeK-
MmponpuemMHuKU, pacuemuas Hazpy3Ka

Pekxomendosano 0o nybaikauii dokm. mexH. HayK
B.B. Pumuero. Jlama naoxodxcenus pyxonucy 04.12.16.
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