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PesyabTatel. [1IpoBeneH aHanus pusnyeckoit Mmoae-
JIU Tpoliecca, MPOMCXOASIIEro MPU OTAavye TErUIOBOM
SHEPTUU OT MOTOKA BBIXJIOMTHOIO ra3a B TPyOOIpoBo/Ie
reHeparopa, W OIpeaesieH MPUHLIUIT pacyeTa ero oc-
HOBHBIX TTapaMeTpoB. Pa3paboraHa MaremaTmdecKast
MoJieJib TEMJI000MeHa B TpyOoIpoBoae OJOYHOIO Tep-
MO3JIEKTpUUYECKOTo TeHepaTtopa. Co3gaHa mporpaMmma
Ha 0a3e rporpaMMHoro obecrnieueHus Wolfram Mathe-
matica ¥ ImpoBeIeH pacyeT COOTBETCTBYIOIIMX ITapame-
TPOB UISI KaXIOro 0JioKa MPU Pa3IWyHBIX Harpyskax
JABC. TexHuyecku 000CHOBAHO CO3JaHNE YCTPOMCTBA
IJIST peKymnepaluu BbIOpachiBAaeMOl HapyXXy SHEPruu
toruuBa aist JIBC nerkoBbix aBTomoouieii. CooTBeT-
CTBYIOIIMM YCTPOMCTBOM SIBJISIETCSI TEPMOIJIEKTpUUE-
CKUi1 TeHepaTop OJIOYHON CTPYKTYPhI, KOTOPBIA pabo-
TaeT Ha TeIJIOBOI 3Hepruu BHIXJOMHBIX ra3oB. [lpen-
JIOXKEHO WCITOJB30BaTh BO3AYIIHOE OXJIAXKICHUE I
noaydyeHus ontumanbHoro KII mnpeobGpa3zoBaHusi.
IToka3zaHa BO3MOXKHOCTD ITOJTYICHMS IIPU €TI0 UCTIOIb-
30BaHUM A0 1 KBT a1eKTpuyecKoii SHEPIruu.

Hayynasa noBu3Ha. PazpaboTaHO MHHOBALMOHHOE
YCTPOMCTBO IO YTUIM3ALIMU SHEPTUU BBIXJIOIHBIX ra-
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Purpose. The determination of the optimal mode of asymmetric three-phase electrical system using the sym-
metrical component filters and computer power system model is considered.

Methodology. The system is represented as a visual model that uses a resistive-capacitive filter to select reverse
symmetrical components. Its amplitude is a function of the target value, which in the process of optimization is re-
duced to zero. The variables used to be optimized are the parameters of the balun. Optimization is performed by a
zero-order method.

Findings. In the process of optimizing the balun device parameters are calculated. The power supply system is set
to symmetrical mode. Changing the angle of the line currents with respect to the phase voltages by changing the pa-
rameters of the balun device, and at the same time symmetric mode in the system is maintained. Thus the optimum
mode can be achieved in which the reactive power in the power system is fully compensated.

Originality. A new approach to the problem of balancing the three-phase power supply systems based on the use
of the visual system models and optimization techniques is proposed. The principles of formation of the objective
function in order to achieve a symmetrical mode are formulated. The possibility of using filters of symmetrical com-
ponents for this purpose is shown. The method of exclusion of their direct impact on the power system with depen-
dent sources is found.
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Practical value. The proposed method does not require special measuring devices and may be easily implemented
in practice. The method is characterized by high accuracy and reliability. It can be used in a digital implementation of
balancing system based on the use of microcontrollers. It does not require complex processing of signals removed

from the voltage sensors.

Keywords: three-phase system, unbalance, reactive power, symmetrical component filters

Introduction. The emergence of unsymmetrical
modes is representative of a number of consumers in
public utilities, agriculture, steelmaking, railway electric
transport [1, 2]. In these cases, separate phases of the
system are unevenly loaded, which can be treated as
equivalent single-phase load connection, distorting the
symmetric mode. In addition to the reactive power Q,
mainly due to inductive load nature, additional reactive
power N emerges, conditionally called reactive power of
asymmetry [3]. When sinusoidal currents occur, in or-
der to optimize the mode it is necessary to compensate
both components of reactive power. For this purpose,
reactive symmetrical elements are connected to the ter-
minals of unbalanced load. They alter amplitudes and
phases of currents in power lines, without any losses. At
the same time amplitudes of the currents become equal,
and phases of the currents should coincide with the
phases of the supply voltages. In this case, transmission
losses of electrical energy from the source to the load
became minimum, i.e. this mode is optimal.

Calculation of parameters of balancing elements, as
it was shown in the fundamental works of A. K. Shydlov-
skyi, V. Kuznetsov, V. A. Venikov, is a rather complicated
nonlinear problem. Its content is reduced to finding the
types of reactive elements and the values of their param-
eters, which depends entirely on the system parameters
and loads.

In some cases, the problem is simplified, by neglect-
ing a number of factors, and the approximate analytical
and graphical methods are used. The methods are based
on calculations of such currents of the balun that could
compensate for the symmetric component of the reverse
sequence. Further, depending on the magnitude of the
inverse vector component and its phase formula for de-
termining the parameters of the balancing device has
been selected.

However, the solution of the problem, in full view of
its non-linearity is only possible with the use of numeri-
cal methods implemented in computer mathematics
systems. In [3] the possibility of such solutions with use
of search optimization is shown. In these works models
of asymmetrical three-phase systems with a balancing
device connected to the terminals of load are used. The
problem is stated as an optimization one, where the
variables of optimization parameters are the values of
balancing elements. The optimization criterion is re-
ducing to zero reactive powers consumed from sources
of electrical energy. In the model, such measurements
do not cause difficulties, because it can be connected to
required virtual instruments at the terminals of genera-
tors of electrical energy.

This makes it possible to measure the voltage at each
source and the current supplied to it. From these data,
the total power is calculated using a virtual meter of ac-
tive and reactive power. The use of indications of the
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reactive powers of the sources of electrical energy makes
it possible to form the objective function for optimiza-
tion, which is a ball metric composed of the coefficients
for imaginary parts of the total power. This optimization
criterion is characterized by simplicity and high reliabil-
ity in solving the problem of optimizing the regime. In
practice, not all of the required measurements are avail-
able on the side of electricity energy consumers. The
only accessible part of the system for them is the one
which relates directly to the load. In addition, the guide-
lines contain only asymmetry coefficient for voltage at
the customers’ terminals and the limit values (2—4 %)
must be provided with electricity consumption by asym-
metrical loads.

The objective of the article is development of optimi-
zation method of asymmetrical mode of three-phase
three-wire power supply system on the visual model by
use of search optimization, where the objective function
is formed as a result of measurements on the side of the
load by means of a filter for symmetrical component of
negative sequence.

Presentation of the main research. We will consider a
generalized asymmetric three-phase three-wire system.
Its visual model simulated in system SimPowerSystem is
shown in Fig. 1.

The amplitudes of the supply voltages are 100 V, the
frequency is 50 Hz. Complex resistances of electric
power lines are taken equal (0.1 +j®0.001) ohms. Load
resistances in phases A, B, C, are correspondently (0.7 +
+ j®0.005), (1.0 + j©0.01), (2.0 + jw0.04) ohm, where
o = 2nf — circular frequency of the line voltages, which
represent the symmetrical three-phase system.

To measure the symmetrical component of negative
sequence of three phase voltage at the load terminals the
filter for negative sequence was connected to them. The
resistive-capacitive circuit of the filter was selected,
which is represented in Fig. 1 by elements Ca, Ra, Cc,
Re. Calculation of parameters of filter elements were
carried out by the system of computer mathematics
MathCAD. For frequency of supply voltages, the fol-
lowing parameters of the selected filter were received,
which satisfy conditions of separating negative sequence
voltage at complete suppression of positive sequence
voltage: Ca = 5.513289 uF; Cc = 3.183099 uF; Ra =
= 1000 ohms; Rc =577.350269 ohms. It should be noted
that this variant of the parameters is not unique, since
the problem of determining the parameters of symmet-
ric component filters has a number of solutions even for
one selected filter scheme. Variation of the parameters
will lead to a change in the equivalent Q of the designed
filter. However, attention is drawn to the fact that the
capacitances of the filter capacitors are relatively large.
The direct connection of the symmetric component fil-
ter to the power supply system has an effect on the mode
in the system, and this effect can be quite noticeable.
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Fig. 1. Visual model of the generalized three-phase system of power supply

In the visual model of the power supply system, this
effect can be eliminated. In order to avoid the direct in-
fluence of elements of the negative sequence filter on the
processes in the power part of the circuit and distortion
of the research results in the model the filter was not
connected to the load terminals directly. It is rational to
connect filter to three terminals, which repeat linear
voltages on the load using dependent voltage sources
Uab and Ubc (Fig. 1) controlled by signals from the vir-
tual voltmeter Vab and Vbc. In the model the output
voltage of the filter is measured by virtual voltmeter Vop
and fed to the effective value measurer RMS. The output
signal of the last device is used as the value of the objec-
tive function of optimization.

The optimization program fiminsearch is a built-in
MATLAB function, which includes, as the required pa-
rameters, the name of the file-function which delivers
the value of the objective function. The file-function
contains a call to the model, which is drawn up in the
worksheet using the elements of SimPowerSystem li-
brary. In order to bind variables of optimization with the
value of the objective function in the model, the file-

warning off
global Cab Cbc Cca Nst Nev
Nst=10

Y = fminsearch('func_s3fnesim',[700 1000 200])

Nst

Fig. 2. Texts of programs:
a — calling function; b — file-function
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function and the main program, these variables are de-
clared as global. From the model into the programs the
objective function value, announced by the name of
Neyv, is transferred to the MATLAB workspace by a spe-
cial block To WorkSpace. The texts of the call program
and the file-functions are shown in Fig. 2, a, b, respec-
tively. After optimization finishing the obtained values
of optimization variables and the objective function can
be taken from the workspace with the necessary number
of significant digits.

It is necessary to note that in general case balancing
of power supply system can be achieved by a variety of
combinations of parameters of a balancing device.
Reached values of optimization parameters are depen-
dent on the initial values of the optimization variables
vector. The course of the optimization process is deter-
mined by the optimization algorithm by deformable
polyhedron method and has random character.

This method is a method of the so-called direct
search. In its work it does not require the calculation of
derivatives of the first and second order, but uses calcu-
lations of the objective function itself at several adjacent

function Nev = func_s3fnesim(x)
global Cab Cbc Cca Nst Nev
Cab = abs(x(1)*1E-6)

Chc = abs(x(2)*1E-6)

Cca = abs(x(3)*1E-6)

sim s3fnesim3FOP_CSofV

Nev

Nst=Nst + 1
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points. In this case, the so-called simplex is construct-
ed, which is a polyhedron in a multidimensional space.
In the process of implementing the optimization algo-
rithm, this polyhedron is subjected to reflection, expan-
sion, outside and inside constrictions and shrink opera-
tions. This causes the polyhedron to move along the
hyper surface of optimization in the direction of the re-
quired minimum. The trajectory of the displacement of
the deformed polyhedron is unpredictable in advance
and depends on many factors. One of these factors is the
vector of initial values of the optimization variables. In
the problem under consideration, the solution is further
complicated by the fact that only the balancing of the
power supply system is required. Symmetric mode can
be achieved not by a single method, that is, the problem
has an ambiguous solution. On the one hand, this cir-
cumstance makes it easier to find the optimal solution,
since we are talking about finding not a global optimum,
but only one of the set of local optima. This disengages
the optimization parameters from the need to bring the
solution to a single point of the global optimum further
contributes to the random character of the behavior of
the trajectory of the deformed polyhedron.

In Table, optimization results for the three cases of
initial values of the optimization variables vector are
represented.

The simulation was carried out by method ode23
(stiff/Mod. Rosenbrock) at the maximum allowable step
of integration 0.0001 s. Diagrams of currents in power
lines in the absence of a balancing device are shown in
Fig. 3.

The amplitudes of the currents in phases 4, B, C, re-
spectively, are 31.5 A, 31 A and 10.34 A. The amplitude

of the symmetric negative sequence component for lin-
ear voltages on the load is 10.8 V. The amplitude of the
direct sequence is 160.1 V. Thus, the ratio of these am-
plitudes, which is the voltage asymmetry coefficient, is
6.75 %, which is 2—3 times higher than the maximum
permissible values.

The model in Fig. 1 shows the state of the instru-
ments after optimization for the third option. It should
be noted that balancing with the full reactive power
compensation corresponds to the options with parame-
ters Cab = 562.1295 uF; Cbc = 182.3177 uF; Cca =
= 34.465 pF. For this case the amplitudes of the currents
in the wires of power line are minimal and amount value
7.754 A, and all the line currents completely coincide
with its phase voltages of sources of electrical energy,
which corresponds to unit power factor. Comparing the
results of the optimization, it can be seen that the closest
to the symmetrization option with absolute compensa-
tion of reactive power was the second option, which is
characterized by the least values of the shift angle of cur-
rent and its amplitude. The other options provide bal-
ancing with overcompensation mode on reactive power.
For these options advanced angle of the current in the
power lines and large quantities of capacitances of the
compensation capacitors are characterized in compari-
son with the option of full reactive power compensation.
The amplitudes of the linear voltages on the load in-
crease and exceed the voltages in the beginning of the
power line.

To bring the system to optimal mode a method of
vectors rotation of currents in power lines is proposed.
The rotation is implemented by changing the capaci-
tances values of capacitors batteries to the same value.

Table

The optimization results for different initial values of the variable vector

Research options Parameters of the research options
Number of option 1 2 3
Initial values of vector x (uF) [7 10 12] [70 100 120] [700 1000 1200]
Capacitances of the balancing
capacitors:
Cab 213.6047 553.6363 1089.6738
Chc 433.7939 173.8255 709.8629
Cca 285.9409 25.2725 562.0100
Amplitude and phase of current
in phase A:
Ly (A) 25.91 7.756 5914
¢4 (electrical degree) 68.93 -5.814 76.11
Amplitude and phase of positive
component of line voltage on load:
Uiyt (B) 185.4 171.5 202.8
¢pvi. (electrical degree) 27.03 28.64 25.00
Amplitude of negative component
of line voltage on load: 8.18E—6 6.943E-6 9.982E-6
Capacitances of capacities for two-
capacitors balancing:
Cab 527.6638 527.6638 527.6638
Chc 147.8530 147.8530 147.8529
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Fig. 3. Line currents in asymmetric mode

Since the reactive power of balancing device is changing
to the same value on each phase, the symmetry of cur-
rents in power lines is not violated. Identification of the
onset of optimal mode with the full reactive power com-
pensation can be carried out in several ways. You can
measure the reactive powers delivered by each source of
energy — in the optimal mode, they must become equal
to zero. You can identify the optimal mode, watching
decreasing of the absolute value of the current shift an-
gle in the line against the corresponding phase voltage to
zero. Finally, when the mode is optimal, amplitude of
each line current becomes the minimum, which indi-
cates the optimum mode input. The last method is the
most appropriate from the point of view of practical
implementation, because it is limited by the minimum
volume measurement.

Boundary case of the rotation of linear currents vec-
tors is reduction of the value of capacity of balancing
capacitor with minimal capacity to zero. This capacitor,
in such a way is being excluded from the balancing de-
vice, and the system operates in a symmetrical mode
with a two-capacitor balancing device. Calculating of
capacities of the two-capacitor balancing device is im-
plemented by subtracting from the values of capacities of
three-capacitors balancing device a minimum capacity.
The results of these calculations for all three options are
given in the last line of Table 1. Calculation of parame-
ters of the two-capacitor balancing device from the op-
timal mode gives accurate results: Cab = 527.6645 uF;
Chc = 147.8527 uF. As it can be seen from the compari-
son, obtained results coincide with the six significant
digits. Checking on the model modes with the two-ca-
pacitors balancing device confirmed the high accuracy
of the calculation of symmetrical mode in power supply
system.

Fig. 4 shows diagrams of linear currents for the case
of two-capacitor symmetrization.

The currents in the line have the same amplitudes of
8.24 A, and the amplitudes of the reciprocal and direct
symmetrical components for the line voltages are
2.66 E-5V and 170.2 V, which causes a practically zero
coefficient of asymmetry.
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Fig. 4. Current in the line with two-capacitor balancing

Fig. 5 shows the diagrams of linear currents with full
compensation of reactive power in the system. The pa-
rameters of the compensating capacitors for this case are
obtained as a result of the proposed rotation procedure.
For this, the capacitances of all three capacitors were si-
multaneously increased, ultimately, by 34.465 uF in
comparison with the two-capacitor balancing variant.
The amplitudes of the linear currents decreased to
7.754 A, which provides a reduction in losses in the
transmission line by 13 % compared to the two-capaci-
tor symmetrization and by more than 30 times com-
pared with the version where the balun is absent.

Conclusions.

1. The proposed method for calculation of the opti-
mal mode in an asymmetrical three-phase power supply
system on the basis of visual models and optimization
techniques allows avoiding complex calculations and
finding the solution for the optimal mode to high preci-
sion.

2. For implementing the method the algorithm is
proposed for linking the program MATLAB optimiza-
tion system with a visual model of electric supply system
SimPowerSystem.

SB LEL ARRB B AR ~
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Fig. 5. Line currents when full compensation
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3. For the calculation of the objective function in
process of optimization it is effective to use the symmet-
rical component filter of the reverse sequence. Elimina-
tion of the direct impact of the filter on the power supply
system is achieved by introduction of dependent sources
of voltage, whose output signals are brought to the filter.

4. Computer experiments with the model showed
that depending on the initial values of the balancing de-
vice parameters in the process of optimization, the vari-
ous parameters of symmetrical mode and of balancing
device are achieved.

5. An effective calculation technique of vectors rota-
tion of linear currents with symmetry conservation was
proposed and tested. This allows passing to the full reac-
tive power compensation mode in the power supply sys-
tem, in which the losses become minimal.
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Meta. BuzHaueHHSI ONTUMAaNbHOTO PEXUMY TpHU-
(ha3zHOI HECUMETPUYHOI eIeKTPUYHOI CUCTEMU 3a J0-
MoMOror (iIbTPiB CUMETPUYHUX CKJIAJOBUX i KOM-
M’ I0TePHOI MOJIeJTi CUCTEMMU eJIEKTPONOCTaYaHHS.

Metoauka. CucteMa MPEACTABISIETbCS Y BUIJISIL
Bi3yaJIbHOI MOJEJi, 110 3a JOMOMOTOI0 PE3UCTUBHO-
€MHICHOTO (inbTpa BUIISE 3BOPOTHY CUMETPUYHY
CKJIanoBy. i aMIUTITYIa € 3HAaUeHHSIM Tb0BOT (hYyHK-
1ii, 1110 Y MpoLeci ONTUMi3allii 3BOAUTHCS 40 HYJIbOBO-
ro 3Ha4YeHHs. 3MiHHUMM ONTUMi3allii € TapaMeTpy CU-
METPYIOUOro MpUCTporo. OnTuMizailiss BUKOHYETHCS
METOJIOM HYJIbOBOTO TIOPSIIIKY.

PesynbTaTu. Y npolieci ontumizailii 00UMCIIOI0Th-
csl TTapaMeTpU CUMETPYIOUOTO MPUCTPOIO. Y cCUCTEMi
€JIeKTPOIOCTaYaHHSI BCTAHOBJIIOETHCS CUMETPUYHUIA
pexuM. 3MiHa KyTa 3CyBY JIiHIHHUX CTPYMiB 1110J0 Bil-
MOBiNHUX (Da3HUX HAIPYT 3AIACHIOETHCS 3MiHOIO Ma-
paMeTpiB CUMETPYIOUOTrO MPUCTPOIO, i MPU LILOMY B
CUCTEMi 30epira€Tbcsl CUMETPUUHUMN pexuM. Takum
YUHOM, MOXe OyTU JOCSITHYTUI ONTUMATBHUN PEXUM,
3a SIKOTO PeakTHMBHA MOTYXHICTb y CUCTEMi €JIeKTPO-
MOCTaYaHH$ MOBHICTIO KOMIIEHCYETHCSI.

HaykoBa HoBu3Ha. Po3poGieHO HOBUI miaxid 10
npobJieMd CUMETpyBaHHSI TpU(a3HUX CUCTEM eJIeK-
TpOIOCTaYaHHsI, 3aCHOBAHWI Ha 3aCTOCYBaHHI Bi3y-
aJIbHO1 MOJIeJli CUCTeMU I MeToAiB onTumizatiii. Cop-
MYJIbOBaHI MPUHIUMIU (POPMYBaHHS 1JIbOBOI (DYHKIIiT
IUIsSI TOCATHEHHSI cuMeTpuuyHoro pexumy. ITokazana
MOXJIMBICTb 3aCTOCYBaHHS JJISI LIi€1 METU (DibTPiB CU-
METPUYHUX CKJIANOBUX i CITOCIO BUKITIOUEHHS iX 0€310-
CEpPeqHbOTO BIUIMBY HAa CUCTEMY €JIeKTPOIOCTaYaHHS
3a JOTIOMOTOIO 3aJIEXHUX JIKEepe.
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IIpakTHyna 3HAYMMICTB. 3aTIPOIIOHOBAHUI METOJ He
BUMarae creliaJbHIUX BUMipIOBaJIbHUX MTPUJIAIIB i MOXeE
OyTU JIETKO peastli3oBaHUi Ha MpakTUlli. MeToa xapakTe-
PU3YETHCS BUCOKOIO TOUHICTIO 1 HaniliHicTIOo. BiH Moxe
OyTM BUKOPUCTaHUI 3a U(pPOBOI peatizallil cucTeMu
CHUMETpPYBaHHS HAa OCHOBI 3aCTOCYBaHHSI MiKDOKOHTPO-
nepiB. [Ipy LibOMy He TIOTPIOHO CKJIaAHOI OOPOOKU CUT-
HaJIiB, 1110 3HIMAIOThCS 3 JaTYUKIB HAIIPYTH.

KimouoBi cnoBa: mpugasna cucmema, necumempis,
PeaKmuHa NOMYJCHICMb, irbmpu cCUMempuyHUX CKAA-
dogux

Heab. OnpeneneHre ONTUMAIbHOTO peXUMa Tpex-
(bazHOIT HECUMMETPUIHON JIEKTPUUECKOM CUCTEMBI C
TTOMOIIIbIO (DPMITBTPOB CUMMETPUIHBIX COCTABJISTIOIINX 1
KOMITBIOTEPHOM MOJIETN CUCTEMBI 2JIEKTPOCHAOKEHUSI.

Metomuka. Crctema TIpeCTaBIsIeTCs B BUIEC BU3Y-
aJbHOM MOIeNn, KOTopas C ITOMOIIBIO PEe3NCTUBHO-
€MKOCTHOTO (UIbTpa BBIICISICT OOpPaTHYIO CHUMMeE-
TPUYHYIO cocTaBisollyo. E€ amruutyna siBisieTcst
3HAYCHUEM 1IeJIeBOM (DYHKIIMM, KOTOpasi B IIpolecce
ONTUMU3ALIMU CBOIUTCS K HyJeBOMY 3HaueHuio. Ile-
PEMEHHBIMU ONTUMMU3ALIMU CIIYKAT MapaMeTpbl CUM-
METPUPYIONIETro ycTpoiicTBa. ONTUMU3ALIMS BBITIOTHS -
€TCsl METOIOM HYJIEBOTO MOpSIIKa.

Pesyabratbl. B mipoliecce ontumusaiiuy BbIYMCISI-
IOTCSI  TIapaMeTpbl CUMMETPUPYIOIIETO YCTPONCTBA.
B cucrteme anekTpocHabXeHUs yCTAaHABIMBAETCS CUM-
METPUYHBIN pexkuM. MI3MeHeHMe yIiia COBHTA JIMHEH-
HBIX TOKOB OTHOCUTEJIBHO COOTBETCTBYIOIINX (Pa3HBIX
HAIPSDKEHUM OCYIIECTBIISIETCSI M3MEHEHUEM TTapaMe-
TPOB CUMMETPUPYIOIIETO YCTPOICTBA, W IIPH 3TOM B
CHCTEME COXPAHSICTCS CHMMETPUYHBIN pexkuM. Takum
00pa3oM, MOXKET OBbITh JOCTUTHYT ONTHUMAJIbHBINA pe-
JKMM, TIPYU KOTOPOM PeaKTUBHAsI MOIIIHOCTb B CUCTEME
9JIEKTPOCHAOXKEHHUS TTOJTHOCTHIO CKOMITEHCHPOBaHa.

Hayuynas noBusHa. Pa3paboTaH HOBBIIA ITOIXOM K ITPO-
GJeMe CUMMETPUPOBaHUS TpeX(ha3HbBIX CUCTEM JICKTPO-
CHaOXEHMSI, OCHOBAHHBII Ha MPUMEHEHUN BU3YaJIEHOM
MOJIEST CUCTEMBI ¥ MeTOAOB onTuMu3atmu. Cchopmynu-
POBaHBI TIPUHIIAITEI (POPMUPOBAHUS 1ICIICBOI (DYHKITAI
IUTS. TOCTIDKEHUSI CUMMETPUIHOTO pexknma. IlokasaHa
BO3MOXKHOCTb TIPUMEHEHUS IUIST 3TOM Heau (PUIBTPOB
CUMMETPUYHBIX COCTABIISIIOIINX U CIIOCOO MCKITIOYECHHUS
HX HEIIOCPEACTBEHHOIO BIMSHUS HA CUCTEMY 3JIEKTPO-
CHaOXKEHMSI ITPY TIOMOIITY 3aBUCUMBIX UCTOYHUKOB.

IIpakTHyeckas 3HAYUMOCTD. [1pemioxkeHHBII MeTo
He TpeOyeT CIielralbHbIX U3MEPUTEIbHBIX MPUOOPOB
1 MOXET OBITh JIETKO peajin30BaH Ha MpakTuke. Meron
XapaKTepu3yeTcsl BBHICOKOW TOYHOCTBIO M HaleKHO-
cThio. OH MOXET ObITh UCIOJb30BaH Mpu LKUGPOBONA
peayM3ali CUCTeMbl CUMMETPUPOBAHUSI Ha OCHOBE
IIpUMEHEHUSI MUKPOKOHTpOJuIepoB. [1pu 3TOM He Tpe-
OyeTcs CI0XHOW 00pabOTKM CUTHAIOB, CHUMAEMbIX C
JMATYNKOB HATIPSKCHUS.

KimoueBble cioBa: mpexgasnas cucmema, Hecumme-
mpusl, peaKkmueHasi MOUHOCIY, QUALMPLL CUMMEMPUY-
HBIX COCMABASIOUUX
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