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THE ELECTRICAL POWER QUALITY INDICATOR — INTERFERENCE
POWER FACTOR

Purpose. Substantiation of the methodology for calculating an indicator characterizing the pulsating current power distortion.

Methodology. When analyzing the power of direct and alternating sinusoidal currents, the features of the ratio of a root-mean-
square norm to its mean value, known as the invariance power factor, are noted. In this case, the root-mean-square power value
acts as a normalizing parameter. Using a combination of direct and sinusoidal (pulsating) current, the dependences of the invari-
ance power factor on the ratio of direct and alternating components are obtained.

Findings. Taking into account the interaction of the current and voltage components of different frequencies, the correspond-
ing power component is highlighted, called “interference power”. With its use, by analogy with the invariance power factor, the
interference power factor is introduced. The interference power factor behavior for AC non-sinusoidal current circuit and DC
pulsed current circuit of rectifier was investigated, as a result of which a difference was established in the interference power factor
dependence in these circuits.

Originality. The obtained dependences of the interfere power factor on the ratio of DC and AC components for current and
voltage prove the versatility of its application for assessing power distortion in both DC and AC circuits, as proved by the example
of a circuit with a single-phase controlled rectifier.

Practical value. The results obtained can be used to assess the electrical power distortion level in electric complexes and systems
of various kinds of current and kind of energy, including when it is taken into account. This is a prerequisite for the measures de-

velopment to improve the electricity quality.

Keywords: fraction substation transformer, current and voltage harmonics, power loss, electrical power quality

Introduction. Modern electric power systems and com-
plexes are actively equipped with semiconductor devices for
regulating or converting electrical energy. Together with elec-
trical installations such as arc furnaces, welding units, etc. the
specified loads refer to the consumers group with non-linear
volt-ampere characteristics. The distortions in current and
voltage that they cause lead to an electrical energy distortion.

In electric power systems and complexes in the generation,
transportation, distribution and consumption conditions of
electric energy, the power balance is maintained. Energy tends
to accumulate, therefore, with the uncertainty of its initial vol-
umes in the system elements, it is impossible to draw up a cor-
rect balance. The energy derivative — power is a parameter by
which a balance is made in electrical engineering and the elec-
tric power industry. Accounting for electrical energy using
power allows solving financial issues related to electrical ener-
gy as a product. This process is predominantly carried out by
active power (kW/h). In some cases, reactive power (kVAr/h)
[1, 2] is taken into account, the presence of which indicates a
deterioration in the electrical energy quality. In this case, the
reactive power value in a certain way reflects the level of qual-
ity deterioration.

Electromechanical complexes can be attributed to a sepa-
rate consumers category. In such complexes, electrical energy,
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before being converted into mechanical energy, goes through
one or more stages the current type converting (rectifiers, in-
verters, frequency converters, pulse converters). At the same
time, the network power balance, the mechanical motor DC
pulsating current circuit is maintained, taking into account the
power of each element of the specified link.

If for three-phase alternating current circuits the electrical
energy indicators, reflecting its distortion, are disclosed in a
certain way in [3], then for direct current circuits, or rather
pulsating current, such indicators are not used at all. Although,
as stated above, these circuits, in certain cases are united by a
single energy process.

Literature review. The authors of studies [1—3] emphasize
the reactive power importance in the losses analysis in the
electrical network. To determine the losses level, it is proposed
to take into account the components proportional to the
square of the RMS value of the reactive power and the square
of the RMS value of the active power variable component. At
the same time, in [2], the instantaneous power theory for
three-phase systems [4] is used as a basis. But the results ob-
tained cannot be extended to other energy transfer elements
and conversion process, such as pulsating current circuits.

For networks with a linear and time-invariant load, it is
shown by means of the Hilbert transform, the analytical signal
associated representation [5] and instantaneous power that its
reactive component according to Budeanu can be associated
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with energy fluctuations, but only in the average value. In ad-
dition, the distortion power is decomposed into a part repre-
senting the fluctuation degree around the active power, and a
part representing fluctuations around the Budeanu reactive
power [6]. Works [5, 6] have commonality in the structure of
power analysis and its components using trigonometric series.
At the same time, the authors focus on criticizing well-known
solutions without providing an alternative.

An alternative option for determining the electric power
distortion implies its decomposition into components depend-
ing on the current and voltage harmonics combination [7].
However, such a division into even and odd components is not
enough due to the combination of different frequencies har-
monics in certain components.

The selection of the active, reactive component in the in-
stantaneous power and the assessment of the corresponding
root-mean-square norms, according to the authors [8], can be
used as a tool for the alternative indicator formation, which
reflects the electrical energy distortion level [9], both in alter-
nating current and pulsating current circuits [10]. In this case,
the indicator can be used for all links in the electrical energy
conversion, and possibly other types of it, for example, me-
chanical, for electrical machines [11, 12].

Purpose. To substantiate the methodology for calculating
an indicator which characterizes the pulsating current power
distortion.

Results. Let us analyze the power for several elementary
cases, corresponding to stationary processes of energy transfer
in idealized systems of direct and alternating current at the
same time.

Consider a circuit section with the known voltage and
current

u= Uo, i= 10.
The energy transferred through a circuit section is deter-
mined by the power
p= ui = U0109

and by the time interval T during which it is transferred
T T T ’
W = pdt = [uidt = [U,I,dt =Uy It

0 0 0

=UI,T.

If we divide the energy by the observation time interval, we
obtain the average value, active power

1 T
P :?.([pdt =U,I,.
If we consider p as a signal, then it can be characterized by
the RMS value, or the quadratic norm on the interval 7'

1,
P, = /ﬂp dt =UyI, = P.

Thus, in the case of a circuit section with direct current
and voltage, the average power value (active power) is equal to
the norm, and the energy is transferred evenly. There are no
ripples in the circuit section. Let us assume that in this case the
electrical energy quality is ideal, and there are no distortions in
its transmission process. Therefore, the time derivative of en-
ergy, power, can also be considered ideal.

In signal processing technology, electronics, power supply,
to characterize the unevenness of the load curve, among other
things, an indicator called the “shape factor” is used [13]. In
this case, to characterize the electrical energy quality, we use a
similar ratio known as the “invariance power factor” [14]

__P
qinv P

rms

In the case of direct current and voltage ¢;,, = 1.
Consider a circuit section under the following condition

=21, sin(of +y, ); u=-20, sin(of +v, ),

where U,, 1, y,, y; are RMS values and phases shift of voltage
and current, respectively; o is angular frequency.
Then

=P,,_;cos0at + Py ,_;sin0wt + P, ;,;cos2mt + Py, sin2wt,

where P, _, = U\l, cos(y, — y,) = P is active power; Py, _, =
=-U,I,sin(y,—,) = Qisreactive power; P, ,,=—U, I, cos(y,+
+ ;) is an oscillation cosine quadrature component; Py, =
= U1, sin(y, + ;) is an oscillation sine quadrature compo-
nent.

Accordingly, the energy change over time during period 7'is

T
W= Ipdt—f 1 1c0s(0) + B, ,sin(0) +
0
+Pa L cos2wf+ P, |, sin zo)t)dt =

T

P P
—[P Ht+%sm2mt bil+l cos2cotj =P T
(0]

a. 2@

0

That is, the resulting dependence of energy includes a
component that provides an increase in energy in proportion
to time, as in the previous case, and two harmonic quadrature
components that cause harmonic energy fluctuations over a
period of time. These fluctuations do not affect the resulting
value of the transferred energy.

The average value, active power is

1 T
:?jpdt:Ulll cos(y, —y,)=P, .
0

The RMS value is

17 1 2
= ?J.pzdt:U,1M/5+cos(\uu—\y,.).
0

Thus, for a section of an alternating sinusoidal current cir-
cuit, the RMS power value differs from the average value. Ac-
cordingly, the invariance power factor [15]

P Ul cos(y,—-vy,)

Qiny = T

" UI\/ +cos(\uu \41,.)2

1
e
2cos(y, —y;)* +1

is different from 1. The maximum value of this indicator can be
achieved under the condition y, —

- fi- 0.817,
Giny.max = 2cos(0)2 11 \f

which corresponds to the process of energy transfer exclusively
by active power, while reactive power is equal to zero. If the
energy transfer process is accompanied exclusively by reactive

Y, =¢= ig, then

power, i.e. Vv, —

qin\hmin =

Given the above, we note that under the condition of a si-
nusoidal voltage and current, the energy transfer process dif-
fers from the ideal one. Both power and energy have fluctua-
tions. This affects the transmission process of the latter de-
pending on the current and voltage phase shift.

Is it reasonable to consider electrical energy in this case as
distorted? The answer is yes. The change in energy over time is
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uneven, the rate of its transfer is not constant. Is it possible to
achieve in this case the power fluctuations minimization? Yes,
but not higher than the level g,,, = 0.817 corresponding to vy, —
—y,;=¢ =0, provided that the oscillations amplitude coincides
with its constant value, i.e. P,,, = P,,_,=P,and P,,, | =
=P, =0

It is important to note that it is impossible by nature to
achieve a ¢;,, = 1 value in the case of harmonically current
and voltage. The design of electric power systems and power
supply systems, their operation involves the action of a sinu-
soidal current and voltage. Thus, it should be considered that
the sinusoidal current and voltage acting in such systems are
initial. Accordingly, electrical energy is considered not dis-
torted and is characterized by active, reactive power and in-
variance power factor. But in terms of the electrical energy
quality, a certain contradiction arises at direct and alternating
currents.

Consider a circuit section in which there are harmonic
voltage and current oscillations around a direct value

i=1y 42U sin(ot+y, ); u=Uy+V20 sin(or +y,,),

where Uy, Iy, U,, I, are RMS values of direct components and

harmonical components of voltage and current, respectively;

1, y;; are phase shifts of harmonical voltage and current.
Then

p=Uyl,+
+U, 1, cos(y,, —y,;)cos0wt —U, 1 sin(y,, — v, )sinOws +
+(ﬁU011 sin(y,,)+2U I, sin(\yul))coslmt +
+(\/5U011 cos(y, )+ \/EUIIO cos(y,, ))sinlcot -
U, I, cos(y,, +\,; )cos2mt + Ul sin(y,,, +;,)sin2ot.

Let us represent the latter with three components in ac-
cordance with their frequency

P=pyt P+ Py
and separated by orthogonal components

p= (Pa,0+0 + Pa.l—l )COSO(DI + P[,_]-[ sinOw? +
+(Pa.0i| +Ptl.li0)0051wt+(Pb.0i| +Pb'1i0)5in1(,0t +

+P, ,, cos2wt+ P, |, sin2wt,

where P, _, = Uyl + U1, cos(y,, — v;;) = P is active power;
Py, -, = =Ul sin(y,, — y;;) = QO is reactive power;

Pos+ P 1eo = ‘/500[1 sin(y;;)+ ‘/5U1 Iysin(y,;) is oscillation
with unit frequency cosine quadrature component; P,y | +

+P, .y =N2U, I, cos(y ;) ++2U, I, cos(y,,) is oscillation with
unit frequency sine quadrature component; P, , ; =
—U,1I, cos(y,,; + ;) is oscillation with double frequency cosine
quadrature component; P, , , = U\l sin(y,; + ;) is oscilla-
tion with double frequency sine quadrature component.

Thus, in contrast to the direct current circuit, where there
is only constant power, and the alternating harmonical current
circuit, where there is a constant power component and an os-
cillating component with a double frequency, in this case an
additional oscillating component with a unit frequency is
formed. This component is due to the component interaction
of currents and voltages with different frequencies, and is
called “non-canonical” [16].

In this case, the RMS power value is

rm.

1 T
P, = ?j pldt =\JURIZ + U2 cosX(y, — ;) +
0

)+4UOIOU111 cos(y,, — ;) +URIR +URI2 +0.5U212.

Accordingly,

P
Giny =P :[UOIO +U 1 cos(y, —y; ):.X

rms

x[\/Uglg U212 o’ (v, — ) +

>+4UOIOU]I, cos(y,, —y, )+ U2 +UI2 +0.5U 21 T/z -
1
ORI+ U + 20,10, 1, cos(y, — )+ 0.5U2 1
(U +U 1 cos(y, ) |

1

Let us determine the ratio of the RMS value of pulsating
components to the direct components of current and voltage
as follows: I, = K1, U, = K U,; we introduce them into the
previous expression and perform the reduction and we get

1
L K3+ K2 +2K, K, cos(y, —v,) +0.5KZK3
2
[1 + K, K, cos(y,, —\Vn)J

For the case when only active power is transferred by the
variable component ,,; — y;; = 0, the expression for the invari-
ance power factor will look like this

q[nv =
1

1
K} + K2 2K, K, +05K2 K}
[1+K,K, T

qinvl =
1

For the case when only reactive power is transferred by the
variable component y,; — y;; = /1, the expression for the in-
variance power factor is simplified

1
JI+ K2+ K2 +0.5K2K?

Dinv2

Fig. 1, a shows the dependences g¢,,, on the ratio of the
variable component to the direct component of current and
voltage, respectively ¢,,, = f(Ky, K;). At the same time, the
surface g,,,, which fits the case y,; — y;; = 0 is not signifi-
cantly different from the surface g,,,,, which fits the case y,,; —
—y;; = /2 provided K; < 1, Ky < 1. This is evidenced by the
zero level of the difference between these surfaces in Fig. 1, b
in the indicated area “1”. The value of the invariance factor at
the boundary of this region is g,,,; = ¢ = 0.686. With in-
creasing K; and K, the difference between surfaces grows. De-
pendence g;,,» =f(Ky, K;) is decreasing with increasing argu-
ments K; and K and tends to 0. At the same time, depen-
dency g,,,; =f(Ky, K)) at the borders (K;= 0 or K;=0) match-
es the dependency g¢,,,, =f(Ky, K;). With the increase in Ky >
> 0, K; > 0, that is, in the case when the variable component
increases, ¢;,,; also increases and tends to a value of 0.817.
This corresponds to the maximum value of g;,, the sinusoidal
current and voltage.

Thus, the surfaces g,,,; and g,,,, limit the range of all pos-
sible values for the case under consideration.

Using the distribution of instantaneous power over the
components [16], we determine the RMS value of the “non-
canonical” oscillating component with a unit frequency

B s :\/U(%[l2 +ULI§ + 201U 1 cos(y, =)

In view of the fact that the specified power is formed by the
components of current and voltage of different frequencies, we
use the name RMS value of “interference power” for this pa-
rameter.

Determine the interference part (interference factor) by a
suitable factor
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1
U132 +UR12(0.5+cos™(y, —w,) )+ 20U, L, costy, — )
U +UE +2U 1 U I cos(y, — ;)

— Plrms —

A
1+

Using the parameters K, K, we obtain the following expression

1

qin =
' 1 1+ K2 K3 (0.5+ o8y, —v,) ) + 2K, K, cos(y,, )
+
K+ K} +2K, K, cos(y, —v,)

For the case when only the active power y,; — y; = 0 is
transferred by the variable component, the last expression will
look like this

qintl =
\/1+

For the case when only reactive power is transferred to the
variable component, y,; — y;; = n/2, the last expression will
take the form

1
1+1.5K2K? +2K, K,
K2 +K?+2K,K,

1

qim‘2 = .
1+0.5K2K?
14220
K2 +K?

Fig. 1, ¢ shows the dependences of g;,, on the ratio of the
variable component to the direct component of current and
voltage, respectively ¢,,, =f(Ky, K;). Both obtained surfaces are

Fig. 1. Dependence diagram K;=1,/1,, Ky,= U,/ U,:

closely spaced throughout the study area. The nature of the g,
change corresponding to the y,,; — y;; = 0 case differs from the
W, — W; = /2 surface corresponding to the g,,, case by no more
than 0.05 under the condition of K;< 1, K;;< 1. This is evidenced
by the corresponding level of difference between these surfaces
in Fig. 1, d, in the indicated area “1”. The maximum difference
between the surfaces in the studied range is 0.15 — area “2” in
Fig. 1, d. At the same time, the dependence ¢,,; =f(Ky, K;) at
the boundaries (K= 0 or K; = 0) coincides with the dependence
i = f(Ky, Kp). In this situation, we should note the limiting
case, under the conditions K;; =0, K; - o and K, > «, K;=0
the value of the interfere power factor tends to unity g;,, — 1.

Provided that K;;=0 and K, =0 (direct current and voltage)
Qi1 = 9ima = 0, which is also observed under the condition
Ky — o and K; — o (sinusoidal current and voltage).

We use the proposed indicators to estimate the power of a
single-phase elementary semiconductor rectifier in the circuit
shown in Fig. 2. The following circuit parameters are set for
the experiment. The source has voltage u,, = U, ,, sin(w?) =

m.gr

Gins
pu.

0.8
0.67]
0.47]

0.27]

01
a0 Kupu.

0 1 2 3 4 5

a — invariance power factor; b — invariance power factor differences; ¢ — interference power factor; d — interference power factor differences
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Fig. 2. Scheme of the system under study with a controlled sin-
gle-phase rectifier

= 22()\/5 sin(2n50¢), where 7 is time;  is angular frequency;
U, 1s source voltage amplitude. The network is represented
by a lumped resistance R,, = 10hm of active load with resis-
tance R,; = 100hm. Rectifier semiconductors are assumed to
be ideal. Let us assume that the rectifier control angle a of the
semiconductors changes. Current, voltage and power under
the condition of a control angle 90 degrees are shown in Fig. 3.

The analysis of the diagrams in Fig. 3 shows that the graph
of power changes at the input (p,¢) and output (ppc) naturally
coincides. We use the procedure for calculating the instanta-
neous power given in [16] with its division into canonical,
pseudo-canonical and noncanonical components. As shown in
[17], in this case, the components of the last group are absent.
A series of experiments was carried out with a change in the
rectifier control angle from o = 0 deg to o = 120 deg. For each
case, a discrete spectrum of amplitudes of orthogonal cosine
and sine power components was calculated from the harmon-
ics s at the input (p,¢) and output (p,) of the rectifier (Fig. 4).

4007,y Pac/100
i,A ! S, Uyc E \\.
200 1p,V: : o
‘\‘ iy H ‘\‘
0 5 + . - } et ~
180 %
2001
-4001
a
300 'u,V pp('/IOO
iA >
2007, y4 T
»i a Ao “\
100 1€ > s inc
03 ’ 180
b

Fig. 3. Time diagrams in the rectifier parameter changes:
a — on the AC side; b — on the DC side

The analysis of the diagrams shown in Fig. 4 shows the fol-
lowing. When the valve control angle is changed from 0 to
30 deg, the sine orthogonal power components have an insig-
nificant level. Significant amplitudes of the cosine compo-

The power spectrum of semiconductor rectifier AC side The power spectrum of semiconductor rectifier DC side
orthogonal (cos) orthogonal (sin) orthogonal (cos) orthogonal (sin)
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Fig. 4. Discrete amplitude spectrum of orthogonal cosine and sine power components
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nents of the zero and second power harmonics are observed.
On the AC side, the amplitude of the cosine component refers
to the canonical power components, and on the DC side, to
the pseudo-canonical ones. On the DC side, the amplitude of
the fourth harmonic of the canonical power component is
compensated by the harmonic of the pseudo-canonical power
component.

Under the condition of an angle of 60 deg, the sine orthog-
onal power components acquire a significant level. Due to the
action of the pseudo-canonical components, the second and
fourth harmonics of the cosine orthogonal power components
are amplified.

In the range of control angle change from 60 to 120 deg,
there is a decrease in the direct component and the amplitude
of the second harmonic, both cosine and sine orthogonal
power components at the input and output of the rectifier.

According to the data obtained, depending on the control
angle, the integral indicators are determined according to [17]
in the AC and DC circuits: active power (P); RMS power
(P,,.s); RMS interference power (P, wc).- The dependences of
the invariance power factor (g,,,) and the interference power
factor (g;,) for the indicated conditions are also determined.
The results are shown in Fig. 5.

The active power and RMS power (Fig. 5, a) at the input
and output of the rectifier are equal (Pyc = Ppc Ta Psuc =
=P,,.pc)- But the change in the interference power RMS value
has a different pattern of change (P, wc ac # Poms.we po)- At the
same time, even at a control angle of 0 deg, the interference
power RMS value at the rectifier output differs from zero.

Conclusions.

1. Theoretical provisions for estimating electric power us-
ing the invariance power factor have been developed due to the
possibility of its application for power in both direct and alter-
nating current circuits.

2. Using the factors due to the ratio of the harmonic com-
ponent RMS value to the direct component for current and
voltage, respectively, the surfaces of the invariance power fac-
tor are obtained. Its limiting values are established, due to the
dominance of the harmonic or direct component, as well as
the phase shift of the variable components of voltage and cur-
rent.

P.kW,
P l‘ms:kV A4 l l ! P T‘WW‘I(’} Crmis DC |

Ny

10 TmsWCIPC

P
5 L rmswCAC /

PA('=P
0 —— a, deg
0 20 40 60 80 100 120
a
GinnP-U. A
Gimy P-U. \</ Qinv.AC
0.6 ~

C] int.DC

/
0.4 AYin.DC N‘i}

dintAC /'
0.2 i
//
— a, deg
0 20 40 60 80 100 120
b

0

Fig. 5. Characteristics when changing the control angle:

a — active and RMS power; b — invariance and interference power
factor

3. To assess the power distortion due to interaction of dif-
ferent frequencies current and voltage components for a pul-
sating current circuit, the rationality of using the interference
power factor is substantiated.

4. The interference power factor, as the ratio of the effec-
tive value of the harmonic component to the direct compo-
nent for current and voltage, changes from 0 for direct current
and voltage, to 0 for harmonic current and voltage. In this
case, the maximum value of the interference power factor is
achieved with a combination of direct current/voltage and si-
nusoidal voltage/current. This case is classified as limiting.

5. The change in the interference power factor in the case
under study, depending on the phase shift of the current and
voltage harmonic components of (0 and n/2), does not exceed
0.15p.u.

6. The behavior of the interference power factor was stud-
ied for circuits of alternating non-sinusoidal current and pul-
sating current of a controlled rectifier. As a result, the differ-
ence in the dependence of the interference power factor at the
input and output of the rectifier is established.

7. The interference power factor is rational to use, taking
into account its universality for an arbitrary power nature,
which is especially important for evaluating processes in cur-
rent/voltage type converters, electromechanical converters
and similar devices.
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IToka3HMK SIKOCTi €J1eKTPHYHOI MOTYKHOCTI —
(akTOp MOTYKHOCTI 3MillyBaHHSA
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2 — Jlep:kaBHe TTiATPUEMCTBO «YKpaiHChKHiIT HAYKOBO-IOCITiI-
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Meta. OOrpyHTyBaHHSI METOIMKHU PO3PaXyHKY ITOKA3HU -
Ka, [0 XapaKTePU3y€ CIIOTBOPEHHS ITOTYKHOCTI ITyJIbCYIOUO-
IO CTPyMy.

Meroauka. [TpoBoasiun aHasi3 MOTY>KHOCTI MOCTIHOIO Ta
3MiHHOTO CHHYCOIJQJIBHOTO CTPYMY Bil3HAU4€Hi OCOOJMBOCTI
CIIiBBiTHOIIIEHHSI CePeTHbOKBAIPATUYHOI HOPMU TMOTYXKHOCTI
110 1i TOCTiITHOTO 3HAYEHHSI, BilOME SIK (haKTOp HE3MiHHOCTI IT0-
TyxXHocTi. [Ipyu 11bOMy cepenHbOKBaJipaTUYHE 3HAYEHHS MO-
TY>KHOCTi BUCTYIIa€ HOPMYIOUUM TapameTpoM. BukopuctoBy-
1041 KOMOIHALIi10 MOCTiAHOTO I CHHYCOINaTbHOTO (MyJIbCYI0YO-
r'0) CTpyMY OTPMMaHi 3aJ1€3KHOCTI (haKTopy HE3MiHHOCTI ITOTYK-
HOCTI Bi/l CHiBBiJHOILIEHHSI TTOCTIMHUX i 3MiHHMX CKJIa[IOBHX.

Pe3ynabratn. bepyuu 10 yBarm B3a€EMOiI0 CKJIAAOBUX
CTpYMY I HAIIPYT'u pi3HUX YaCTOT, BUIiJIEHA BilTOBiIHA KOM-
MOHEHTA TMOTY>XHOCTi, iMEHOBaHA «IOTYXXHICTIO 3MilllyBaH-
Hs1». 3 11 BUKOPUCTAHHSIM, 3a aHAJIOTIiE€l0 i3 (haKTOpOM He-
3MiHHOCTI MOTY>KHOCTI, YBeIeHO (haKTOP MOTY>KHOCTI 3MillIy-
BaHHs. [ToBeniHKa (pakTOpy MOTYKHOCTI 3MilllyBaHHS 10CTi-
JKeHa U1l KiJ 3MiHHOTO HECUHYCOINAJIbHOTO CTpyMy Ta
MyJIbCYIOUOTO CTPYMY BUIIPSIMIISIYA, Y PE3YJIbTaTi 4YOro BCTa-
HOBJIEHA Pi3HULIS 3aJIEXXHOCTI (haKTOpy MOTYXKHOCTI 3Millry-
BaHHS Ha BXOJIi i BUXOJIi BUTIPSIMIISTYA.

Hayxkosa HoBusna. OTpuMaHi 3aJ1eXXKHOCTI (haKTOPY MOTYK-
HOCTI 3MilllyBaHHS Bifl CITiBBiTHOIIIEHHS MTOCTIMHUX 1 3MiHHUX
CKJIAIOBUX [UISI CTPYMY Ta HAMPYTHU JOBOISITh YHIBEpCATIbHICTh
110r0 3aCTOCYBaHHS /ISl OLIiIHKU CIIOTBOPEHHSI MOTY>KHOCTI SIK
y KoOJIax MOCTiHHOTO, TaK i 3MiHHOTO CTPyMY, 1110 JIOBEJEHO Ha
MPUKJIaJi CXeMU 3 OMHO(hA3HUM KEPOBAHUM BUMPSIMIISTUEM.

IIpakTiyna 3HaumMicTe. OTpUMaHi pe3yabTaTu MOXYThb
OyTM BMKOPUCTAaHi ISl OLIHKU PiBHS CMIOTBOPEHHS €JIeK-
TPUYHOI MOTY>XKHOCTI B €JIEKTPOEHEPTETUYHUX KOMIUIEKCaX i
CHUCTEMaX Pi3HOTO PONy CTPYMY il pO/ly €HEeprii, y TOMY YMCIi
npu ii o6miky. lle € mepeamyMoBolO 1 po3poOKU 3aXOMIiB
1IOMTO MiIBUILIEHHS SIKOCTi €JIEKTPUYHOI EHEeprii.

KimouoBi ciaoBa: mpaucghopmamop mseoeoi nidcmanuii,
2APMOHIKU cmPYMY U Hanpyau, 6mpamu NOMYMICHOCMI, AKIiCMb
eneKmpuyHoi enepeii
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