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APPARENT POWER PLACE IN THE INSTANTANEOUS POWER
OF A LINEAR QUADRIPOLE WITH A SINUSOIDAL CURRENT

Purpose. Justification of the fallacy of using the concept of “apparent power” for quadripole circuits in alternating sinusoidal
current circuits on the basis of the instantaneous power balance.

Methodology. The apparent power in electric power is a generalizing value of energy processes that researchers use provided
that other power components are determined. Based on the analysis of known studies, some were found, in which the authors
question such a role in apparent parent. The well-known provisions of the electrical engineering theory are used with the applica-
tion of mathematical methods, in particular trigonometry, the Euler transformation and the complex numbers theory to determine
the instantaneous power components of sinusoidal current and voltage.

Findings. The instantaneous power components of sinusoidal current and voltage are analytically determined in trigonometric
and complex form. The corresponding vectors are represented graphically on complex planes of zero and doubled frequency. Ac-
cordingly, it is indicated which components of the instantaneous power correspond to the apparent power; in addition, the phase
shifts of the latter on the corresponding complex planes are determined. For an elementary electrical circuit, they are defined for
all elements of the circuit provided that the balance of instantaneous power (Tellejen’s theorem), active power, reactive power
(Boucherot’s theorem) is observed.

Originality. It has been proven that the order of determining the active power as the difference between the maximum value of
the instantaneous power and apparent power determined by the effective values of voltage and current in sinusoidal current circuits
cannot be accepted as general. Using the example of a sinusoidal current an elementary electrical circuit, it was found that for an
element of electric energy transmission, the amplitude of power fluctuations, which in certain cases is called “apparent power” in
general, can be less than the instantaneous power average value — active power.

Practical value. The obtained results can be used to improve the power component compensation algorithms for series and

parallel power active filters.

Keywords: electrical power, apparent power, instantaneous power, active power, reactive power

Introduction. Apparent (total) power became widespread in
electrical engineering after the publication of the work first edi-
tion of “Theory and Calculation of Alternating Current Phe-
nomena” in 1897 under the authorship of the American engi-
neer of Polish origin, Charles Proteus Steinmetz. The chapter
of the book entitled “Power, and double frequency quantities
in general” deals with the graphical interpretation of sinusoidal
current and voltage time-oscillating dependences by corre-
sponding vectors on the complex plane. The author introduces
the concept of “total volt amperes of circuit”. Along with the
term “true power”, which means active power, and the term
“wattles power”, the term “total apparent power” is also intro-
duced. There is a statement that in the symbolic representation
in the form of two-frequency vector products, powers can be
combined and represented by a parallelogram of vectors in the
same way as currents and e.m.f. in graphic or symbolic repre-
sentation. In other words, the apparent power in symbolic
terms (real and wattles) of a circuit or system is the sum of the
powers of its individual components in symbolic terms. Finally,
the author states that the first equation is obviously a direct
consequence of the law of conservation of energy.

As a result, the conclusion is made: if the current in the
generator, feeding the system, does not coincide in phase with
the e.m.f., then in order to eliminate the wattles power, it is
necessary to bring the current into phase with the e.m.f. gen-
erator, or make the load on the generator non-inductive by
installing a device that produces wattles power anywhere in the
circuit. That is, the compensation of wattles currents in the
system occurs regardless of the location of the compensating
device. Obviously, wattles currents will flow between the com-
pensating device and the compensated wattles current source,
and for this reason it may be advisable to move the compensa-
tor as close as possible to the compensated circuit. Thus,
Steinmetz laid down the idea of compensation the power, that
is not “watt”.
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In fact, the definition of instantaneous power components
in IEEE Standard 1459-2010 “IEEE Standard Definitions for
the Measurement of Electric Power Quantities Under Sinu-
soidal, Nonsinusoidal, Balanced, or Unbalanced Conditions”
is based on the concept of “apparent power”.

Literature review. Research into the correctness of using
full power to display energy processes in electrical circuits,
electrical networks, and electrical installations does not stop.

The phenomenon, responsible for the different apparent
power measured in a subsystem of a star-connected three-
phase system based on a voltage reference point was identified
in [1] using specific instantaneous power components, as a re-
sult of the application of the law of conservation of energy. The
authors proposed a component of the apparent power, which
is called neutral displacement power, the square of which is
the quadratic difference between the subsystem apparent pow-
ers, measured using two voltage reference points. The neutral
displacement power is the component of the apparent power,
which is determined using the values of the zero-sequence
voltages and line currents in this subsystem. Expressions of the
proposed power were obtained using Buchholz’s apparent
power equations.

In research [2], a new equation for apparent power is pro-
posed, which takes into account the power losses of the neutral
conductor, is compared with the normative one, and the con-
ditions of their equivalence are found. The authors claim, that
a new physical meaning of apparent power has been estab-
lished — the geometric mean value of power losses and reverse
short-circuit power of the power supply system.

The work [3] is devoted to the analysis of three-phase elec-
tric energy. The authors considered the identification of the
apparent power and its components, as well as the assessment
of power quality indicators in three-phase systems with an
asymmetric load. The evaluation and simulation results show
differences in the estimation of power factor, apparent power
and unbalance power in the case of a three-phase system with
and without a neutral.
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On the other hand, in the research [4], it is stated that the
Buchholz apparent power and its derivative unbalanced power
is determined from the quadratic difference between the ap-
parent power and the positive sequence apparent power, for-
mulated by the authors in vector form for three-phase sinusoi-
dal systems. The proposed unbalanced power vector contains
three components that measure the unbalance effects, caused
by active and reactive currents, and voltage unbalance effects,
respectively. According to these new formulations, the total
apparent and asymmetric power of several subsystems (sources
or loads) can be obtained, respectively, as the norm of the vec-
tor sums of their total and asymmetric power vectors.

Just as Steinmetz developed his theory of alternating cur-
rent in single-phase sinusoidal systems, the authors in [5]
identified several formal relations between the Buchholz in-
stantaneous and apparent power expressions in three-phase
systems. Based on these relationships, a methodology for ex-
pressing the apparent power of Buchholz and its components
in any three-phase system with a star configuration — sinusoi-
dal or non-sinusoidal, balanced or unbalanced — was created
using instantaneous power equations. The proposed method
application to the system made it possible to determine a new
value called the neutral displacement power, which measures
the effect of phenomena caused by the operation of the neutral
wire on the apparent power value of the source and load.

The absence of a generally accepted definition of the ap-
parent power components in circles with non-sinusoidal con-
ditions is noted in [6]. The authors note, that a number of de-
compositions of the resulting power have been proposed and
analyzed over the years, usually in the compensation context.
At the same time, the authors present a unique system that is
able to simultaneously perform apparent power decomposition
for non-sinusoidal conditions in real time. The system can cal-
culate the power components associated with different decom-
positions, but the basic parameter is the apparent power.

The authors of the paper [7] investigated low-voltage dis-
tribution systems, which are usually asymmetrical. In this pa-
per, the presentation of vector expressions for the analysis of
asymmetric apparent powers and powers of three-phase linear
systems is proposed. In addition, these vector expressions are
extended to nonlinear systems to quantify the harmonics ap-
parent power. These expressions were formulated on the Bu-
chholtz power basis and are valid for systems with unbalanced
voltages and currents.

Important comments are formulated in work [8] regarding
the concept of apparent power and power factor as indicators of
system power, that have existed for more than a hundred years,
but still have not received a single, strict and acceptable defini-
tion. Instantaneous power is accurately determined, and the
average power, measured over a selected period is widely dis-
tributed. Many ways of determining and measuring reactive
and apparent power in single-phase and three-phase systems
are based on different assumptions and give different results in
real cases. The authors are based on the definitions of the IEEE
1459-2010 standard. In this paper, in the linear algebra of the
vector space and the frequency domain, active conducting cur-
rents are formulated, as those that cause minimal losses in the
network for the supplied power. Power factor measures the
relative efficiency of power supply as determined by losses. Ap-
parent power, according to early terminology, is the maximum
power that can be obtained with the same initial losses in the
line. It is identified without requiring the controversial concept
of reactive and inactive components of power. Measurements,
based on this approach, are independent of assumptions about
sinusoidal signal waveforms, voltage and current balance, and
frequency-dependent wire resistances and are applicable to
power supply systems with any number of wires.

The concept of apparent power is used apparently under
the conditions of solving optimization problems [9] in hybrid
AC and DC networks. According to the authors’ reasoning,
converters with a parallel connection can increase the inten-

sity of the exchange of apparent power between the AC and
DC buses. At a certain stage of solving the optimization prob-
lem, an indicator called the apparent power deficit index is
introduced. It should be noted that for direct current and pul-
sating current circuits, similar theses are not actually used in
the sources, and in this case, they are probably erroneous.

The authors of the work [10] note that traditional power
theories and one of their most important concepts — apparent
power, are still a source of controversy, because they contain a
number of shortcomings that incorrectly interpret the phe-
nomena of power transfer and energy balance in the distorted
network conditions. In recent years, advanced mathematical
tools such as geometric algebra have been introduced to solve
these problems. However, the use of such a tool in electrical
circles requires greater consensus, improvements and refine-
ments. The authors reviewed the theories of electric power for
single-phase systems based on geometric algebra. An alterna-
tive expression for electric power in the geometric domain is
given. But at the same time, the norm is compatible with the
traditional apparent power, which is defined as the product of
the rms voltage and rms current values. This does not signifi-
cantly differ from the generally accepted approach.

The researchers [11] presented a simple but effective way of
calculating electrical power, which avoids the need for direct
measurement of phase shift and frequency. The authors note that
the traditional approach to calculating active and reactive power
in AC power systems requires measuring the phase shift between
voltage and current to estimate the power factor. In principle, it is
always necessary to identify specific signal points (for example,
using the zero crossing detection method) and obtain their time
shifts. In particular, the authors calculate the active power as the
difference between the peak value of the instantaneous power
and the apparent power. Reactive power and power factor are
estimated using the same quantities. Thus, there is a certain divi-
sion of opinion regarding the use of full power.

The purpose. Justification of the fallacy of using the concept
of “full power” for quadripole circuits in alternating sinusoidal
current circuits on the basis of the instantaneous power balance.

Main material and research results. The apparent power in
circuits of single-phase alternating sinusoidal current can be
determined in several ways. The first is based on the current
1, and voltage U,,,, RMS values [12], as follows

S=U,,l

rmsTrms*
Second in active P and reactive Q powers [13]
S§2=P2+ Q2

which, in turn, are determined by the current and voltage
RMS values and the phase shift between them ¢

P= Uyl s c0s (9);
Q = Urms[rms sin ((P)

In fact, both options correspond to the same geometric in-
terpretation [14], which is sometimes called the “power trian-
gle”. It is known [ 14, 15] that in this case, for an arbitrary con-
figuration of the circuit, which includes v — passive elements
(consumers) and w — active elements of sources, the power
balance, generalized by Bouchereau’s theorem, is preserved

> P,+Y P, =0
>0,+>0,=0.

But at the same time, it is noted that the apparent power
balance is not fulfilled

D8, +>.8, #0.

Such a balance can only be achieved by using a complex
form for full power [16]
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S, =P +j0,; S,=P,+jO,.
Then it becomes a fair expression
>8,+>.8,=0.

The situation becomes even more complicated if we are
talking about non-sinusoidal current circuits, and it becomes
even more complicated with an attempt to determine the ap-
parent power of a multiphase (three-phase) circuit, but these
issues are not the purpose of the current work.

The question arises — what is the fallacy of “full power”?
The analysis of works such as [14, 16] shows the use of addi-
tional mathematical techniques that are not devoid of meaning
for determining apparent power, but at the same time have a
gap with the concept of instantaneous power.

Consider the power of sinusoidal voltage and current [17]

i=2Isin(t+y,); u="2Usin(ot+y,),

where U, [ are voltage and current RMS values, respectively;
y,, y; — voltage and current initial phase, respectively; o —
angular frequency; ¢ — time.

Using the Euler transformation for current and voltage, we
will write them in this form

Jlor+y,) _ ,—j(ot+y,) [ jor _ [* —jot
iz \/E 7€ e.z _1le ' e
2j 2j
[ =2Ie = \/Elcosw,. +jﬁ]sinw[.;
Jotty,) _ p=iorty,)  [piot _ [T*e=iot
"y \/EU e e.z _ Ue U e -
2j 2j
U =2We =\2Ucosy, + j\2Usiny,.

In this way, there is a transition to the known vector image
of the specified parameters on the complex plane, which ro-
tates counterclockwise with the angular frequency o (Fig. 1).

In this case, the instantaneous power will have the form
_ut

2

s vy i(ory,) _ e—j(wrwu)—/(wrw,)]

p=ui |:_ej(wt+wu riory) | gi(ory,)-j(ory,) |

Opening the parentheses in the exponents, while not ex-
cluding from the review o7 — ot =0, we get

p= UL _giCory,sv) 1 gi0m, ) 4 o100, v) _ g-i0rry, v

2

Let us separate elements dependent on frequency and de-
pendent on phase shifts

b= ﬂ[_eﬂzmr)ej(ww,) el pitv, ) |

2

Lo Oe=itv,~v) _ e—j(zmne—/wuw,)}

Let us write down the component equations as follows

J|U]siny,

jlllsiny, 1

|
|
|
|
|
o

|Ulcoswy, \ |Z|coswy;

Fig. 1. Display of voltage and current on the complex plane

—e/2Ne/ ) = —(cos(y, +y,)+ jsin(y, +y,))e/ ),
—e~/Qong=jy, ) — —(cos(y, +v,)—jsin(y, + \I,l_))efj(th);
e/ e/ v,~v) — (cos(y, —w,)+ jsin(y, — ‘V,-))ej(o);

e /e /) = (cos(y, —w;) — jsin(y, —y,;))e /.

We introduce the following power components
Py =Ulcos(y,—v,); Ppy=Ulsin(y, - y);
Pora=Ulcos(y,+vy); Py = Ulsin(y, +y)).

Thus, the resulting instantaneous power equation will take
the form
(P + 7P )’V + (P = B e’V
p= 2 B > : - —
(Poioa + 7Py 1)) +(Py 1y — Py 1)e 7
3 .

Otherwise, this expression can be represented using com-
plex conjugate numbers (marked *), as follows

> (0 p* ,—j(0 > (2ot p* ot
pHej( )+PHe J( )_pme/( m)_,_pme JQot)
2 2 ’

where A =P, +jF 1, Pa=F u+iP .-

In turn, these components can be rewritten in an indica-
tive form

D _ Iy D _ I
PH—|PH|e 5 P1+1—|P1+1e .

However, given the pairwise identical arguments of the
sine and cosine functions, it is clear that the power module will
be the same for both cases and correspond to the current defi-

nition of apparent power
|P1-| | =P} +P = |P|+1 =\ P+ P, =UL

However, the phase shift of these components is different
Wy =arctg( PILI—I/RLI—I) =
=arctg(sin(y, —y,)/cos(y, ~y,)) = v, ~ v,
similarly

Vi =V + Vi

That is, there are two groups of power components [18]
oscillating with angular frequencies determined by the sum
and difference of current and voltage angular frequencies, 2®
and 0. Accordingly, these groups of components can be de-
picted on the complex plane as shown in Fig. 2. Note that in
fact, two current vectors and voltages shown on the complex
plane ot (Fig. 2, a) form a group of two power vectors, which
are represented in two planes 0 (Fig. 2, ) and 27 (Fig. 2, ¢).

Thus, the apparent power only partially reflects the charac-
teristics of the energy process — instantaneous power. To identify
gaps in the defined and interpreted apparent power, let us ask one
more question. Is it possible to talk about the apparent power S of
a certain quadripole? We will search for an answer to the specified
question by analytically calculating a fairly simple linear circle
(Fig. 3). As a result, we will determine the distribution of the in-
stantaneous power, according to Telegen’s theorem, and the ac-
tive, reactive, and apparent powers of all circuit elements. Let us
conditionally highlight an ideal source, transmission elements (a
quadripole is marked with a dotted line) and a load in the scheme.

We will calculate currents and voltages by the classical
method using complex numbers. Let us assume that the pa-
rameter values of the circuit elements and the power source
specified voltage are known

U,=Re(U,)+jIm(U,)=U e/,

where U; is source voltage RMS value; ¢, — source voltage ini-
tial phase.
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Fig. 2. Vector diagrams:

a — current and voltage; b — power vector on plane 0; ¢ — power
vector on the plane 2ot

Fig. 3. Calculation scheme

The circuit total impedance for the power supply is
Ztot = [Rfl + (R3 + [Rgl + R[;l - j(O‘)le )71 ]71 )71 ]71 .

Accordingly, the source current is

I s Us / Z tot *
The voltage drop between the source and the load will be
. .U
AU=Up,=|1,—=|R;.
R3 [ s R1 j 3

Then the load voltage will be determined as follows
U, =Upy=U.~AU.
Accordingly, taking into account the load impedance
Zy =R} = j(oLy) T
The load current will have the form
j[d = Ula’/Zld'

Let us separate the parameters of voltage U , and current
1, of the source, voltage U, and current , of the load and

each element of power transmission U, 1. This is necessary
to determine the instantaneous, active, and reactive powers of
the source and load, respectively — powers at the input and
output of the power transmission element [19]. To do this, we
will use an approach based on the balance of instantaneous
(Tellegen’s theorem), active and reactive (Boucherot’s theo-
rem) capacities. According to Telegen’s theorem, in the
scheme the power balance is performed

Py =(Pri+ Pra+ Pr3) + Prug + Pria = P + Pria + Pria-

The instantaneous power at the input and output of the
transmission element, as well as the power of each circuit ele-
ment, will be considered in the following form

Py =P, 11 cos(0)+ P, sin(0)+
+P ,cosCwt)+ B, ,,, ,sin(Qwr),

a.l+l.e 1+1.e

where Pa.l—l.e/ = Uel]e/ CoS (Wu.el - the/) = Pel — the circuit ele-
ment’s active power; Py iy = —Uyly SN (W0 — Wie) = Qo — the
circuit element’s reactive power; P, _1 4 = —Uyl, cos(Y,. o —
— ;) — a cosine oscillating power component; Py, = U,.
Ao sin (v, . — v, ) — a sine oscillating power component; U,,,
1,; — voltage and current RMS value; v, ., v;., — the voltage
and current initial phase.

The specified voltage and current parameters (Fig. 1) are
related to complex variables as follows

Ue/ = Ue/ [ el

> Wil :arg(ie/)‘

Quite often in known sources [19, 20] you can find an-
other form of recording the instantaneous power of a sinusoi-
dal current

> Wyl :arg(Uel); [el =

Per = Pel COS(O) + Qel sm(O) + Se/ COS(2Q)I + W&e/)a

where S, = \/Rz%o,el +Ple = \/})e% +0; = \/Pazl.el +P},, isthe
amplitude of the instantaneous power oscillating component;
W, = arctg(Py, ./ P,20) — initial phase of the instantaneous
power oscillating component.

Considering the complexity of the analytical calculation of
the indicated circuit elements indicators, we will perform nu-
merical calculations by setting the circuit parameters as fol-

lows U, =100e/V, R, = R, =200 Ohm, R, = 10 Ohm, o =
=314.16s7".

Consider two load cases: 1) R, — o, L,;=20/wH (reactive
load); 2) R,;=20 Ohm, L,; — oo (active load).

The results of calculating currents, voltages and power
components of the elements are summarized in Tables 1 and 2.
The analysis of the calculation results for instantaneous power
components shows the following. First, the power balance is
performed according to all the components listed in the table,
both active and reactive powers, and quadrature components
of the oscillating power for both variations. Second, in all but

one case, the identity holds \/Pj+ 6,2,=\/P(,2.,+1.e,+1’,f,+,.e,.
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Table 1
The currents and voltages calculation results

Element uv LA
case 1 Ry —> o, L;;=20/0H
Source 100 +,0 2.737 - j3.69
R1 100 +,0 0.5+,0
R2 77.63 +;36.97 0.39 +,0.19
R3 22.37-36.97 2.24 -j3.69
Load 77.63 +,36.97 1.848 —j3.88
Tr.EL, 100 +,0 2.737 —j3.69
Tr-El.,, 77.63 +36.97 1.848 —3.88
Tr.ELA - -
case 2 Rj;=20 Ohm, L;;, — «
Source 100 +,0 4.05+,0
R1 100 +,0 0.5+j0
R2 64.52 + 0 0.32+,0
R3 35.48 + j0 6.45 +j0
Load 64.52 +j0 3.23+,0
Tr.EL,, 100 +,0 4.05 + 0
Tr-El. 64.52 +0 3.23+/0
Tr.ELA - —
Table 2
The power components calculation results
Element | PW | QVAr | P, VA P, VA
case 1 Rj;— o, L;;=20/0H
Source 273.66 369.69 —273.66 -369.69
R1 50 0 =50 0
R2 36.97 0 -23.30 28.70
R3 186.69 0 86.64 —165.37
Load 0 369.69 -287.0 -233.02
Tr.EL,, 273.66 369.69 —273.66 -369.69
TrEl. 0 369.69 6287.0 -233.02
Tr.ELA 273.66 0 13.342 —136.67
case 2 R;;=20 Ohm, L;; —» o
Source 404.84 0 -404.84 0
R1 50 0 -50 0
R2 20.81 0 -20.81 0
R3 125.91 0 —-125.91 0
Load 208.12 0 -208.12 0
Tr.EL,, 404.84 0 -404.84 0
TrElL,, | 208.12 0 —208.12 0
Tr.ELA 196.72 0 —-196.72 0

Third, in the case of the power transmission element, the
identity is not performed.

Accordingly, Fig. 4 shows time diagram of the circuit ele-
ments’ instantaneous power for the two studied cases. As can be
seen in the first case, the diagram of the instantaneous power of
the transmission element p, has an oscillations amplitude,
which coincides with the average value. In the second case (Fig.
2, b), the diagram has an amplitude of the variable component
smaller than its average value. Thus, following the instanta-

10007 p, VA
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600T
4007
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0To 0005 001 0015 002

-200~

500 1

p VA Pr

400 1
3007
200
100 7

0 0.005 0.01 0.015 0.02

a

10007 p, VA

Ps

5007

0 \/ 0.005

-500~

Wo.dls

p, VA P

5001

4001

3003
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1007
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0 0.005 0.01 0.015 0.02

b

Fig. 4. Time diagrams of instantaneous power in circuit elements:

a — for case 1; b — for case 2

neous power equation and the statements used in works [ 11, 21],
the conclusion is that the apparent power of the power trans-
mission element is less than the active power S, < P,,.

To determine the reason, consider the time diagram of
transmission element instantaneous power p,. = pg; + Pra + Pr3
shown in Fig. 5 for option 1. Based on the orthogonal compo-
nents given in Table 2, the instantaneous power of the resistors
is determined by the following expressions

Pri=50—-150 cos Qwi);
Pro=36.97 — 233 cos (2wf) + 28.7 sin Qo?) =
= 36.97 + 36.97 cosQwt + 2.25);
Pry= 186.69 + 86.64 cos(2w?) — 165.37 sin(Rw?) =
=186.69 + 186.69 cos(2wz — 1.09).
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Fig. 5. The time diagram an instantaneous power on resistors
transmission element

Thus, the phase shift between the variable components of
the resistors’ instantaneous powers leads to their interaction,
in which their total instantaneous power has an amplitude of
oscillations much smaller than the average value.

Conclusions and further research direction. As a result of
the analysis of the known studies of the relationship between
instantaneous power and apparent power in sinusoidal current
circuits, it was established that some authors use the difference
between the maximum value of instantaneous power and the
apparent power determined by the RMS values of voltage and
current to determine the active power. It is proved that this
method cannot be used in the general case in sinusoidal cur-
rent circuits.

Analytically, on the basis of current and voltage, the power
components of the sinusoidal current are determined in a
complex form, respectively, modules, arguments and orthogo-
nal components, with a division into components of zero and
doubled frequency, as a result, the place of “apparent power”
is determined for such a case.

For an elementary electrical circuit of a sinusoidal current
using Telegen’s theorem for the instantaneous power balance
and Boucherot’s theorem for the active and reactive powers bal-
ance, their distribution for all elements of the circuit was deter-
mined, and it was found that for the electric energy transmission
element the amplitude of power oscillation, which in certain
cases is called “apparent power”, can be less than the average
value of instantaneous power — active power in the general case.

The obtained results can be used in the future to improve
power component compensation algorithms for series and
parallel power active filters.
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Meta. OOGrpyHTYBaHHSI XMOHOCTI BUKOPUCTAHHS ITOHSIT-
TS «IIOBHOI MOTYXHOCTI» I YOTUPUIIOIIOCHUKIB Y KOJIax
3MiHHOTO CMHYCOINaJIbHOTO CTPYMYy Ha TMincraBi OajaHCy
MUTTEBOI MOTY>KHOCTI.

Metoauka. [ToBHa MOTYXHICTb B €JIEKTPOCHEPIreTUlli €
y3arajbHIOIOYOIO0 BETMYMHOIO €HEPreTUUHUX TPOLECIB, SKY
NOCJIIAHUKNA BUKOPUCTOBYIOTh 32 YMOBU BU3HAUYEHHS iHIIUX
KOMIOHEHT MOTYXHOocTi. Ha mifcTasi aHani3y BitoMux 10Ci-
JKeHb BUSIBJIEHI Taki, B SKMX aBTOPU CTaBJSTH Iili CYMHiB
y3arajibHI0I04y poJib MOBHOIO MOTY>KHOCTI. BukopucraHi Bi-
JIOMi TOJIOKEHHST TeOpil eIEKTPOTEXHIKU i3 3aCTOCYBaHHSIM
MaTeMaTUIHUX METOMIB, 30KpeMa TPUTOHOMETpIi, MepeTBO-
peHHs Eitnepa it Teopii KOMITJIEKCHUX YMCEJT 7151 BA3HAUYEHHS
MUTTEBOI MTOTYXXKHOCTi CUHYCOIIAJIbHUX CTPYMY Ta HATIPYTU.

PesyabraT. AHaJITUYHO BU3HAYEHi CKJIAIOBI MUTTEBI
TOTY>KHOCTi CUHYCOINaJIbHOTO CTPYMY i1 HAlIPyT! y TPUTOHO-
METPUYHIi i KOMIUIEKCHil dopmi. BinmosigHi BekTOpU pe-
Mpe3eHTOBaHi rpadivHO HAa KOMIUIEKCHUX IJIOLIMHAX HYJIbO-
BOi Ta MOABOEHOI YacTOTU. SK HacJimoK 3a3HayeHo, sKi
CKJIAJIOBI MUTTEBOI IMOTY>KHOCTI Bi[AIOBiIaIOTh MOBHIM IMO-
TY>KHOCTIi, OKpiM TOro BU3HauyeHi ha30Bi 3CyBU OCTAHHBOI HA
BIAMOBIAHUX KOMILIEKCHUX TUIOIIMHAX. 151 eaeMeHTapHOoi
€JIEKTPUYHOI CXeMU, 32 YMOBU JOTPUMaHHs OaJlaHCy MUTTE-

BOi MOTYXHOCTi (Teopema TesenkeHa), akTUBHOI MOTYX-
HOCTI, peaKTUBHOI MOTY>KHOCTi (TeopeMa byiepo), ix Bu3Ha-
YEHO IS BCiX €JIEMEHTIB CXEMU.

HayxkoBa noBusna. /loBeieHO, 1110 MOPSIAOK BU3HAYEHHS
AKTUBHOI MOTYXHOCTI K Pi3HMILI MiXX MakKCUMaJIbHUM 3Ha-
YEHHSM MUTTEBOI MOTY>XXHOCTI ¥ MOBHOIO MOTYXHICTIO, BU-
3HAYEHOI Yyepes Mitoui 3HAUEHHSI Halpyru Ta CTPyMy, Y KoJiax
CHHYCOINATbHOTO CTPYMY, HE MOXe OyTU MIPUNHATUM SIK 3a-
ranpHuit. Ha mpukiani eleMeHTapHOI eleKTPUYHOI CXeMU
CHHYCOINaTbHOTO CTPYMY BUSIBJICHO, 1110 /17151 €JIEMEHTY TIepe-
nayi eJIEKTPUYHOI eHepril aMILTiTy1a KOJMBaHb MOTYXXKHOCTI,
SIKy B TIEBHUX BUIAKaX HA3MBAIOTh «MTOBHA MOTYXHICTb», ¥
3arajJlbHOMY BUMAAKy MOXe OyTU MEHIIIA 32 CEpeTHE 3HAYCH -
HSI MUTTEBOI MTOTY>KHOCTI — aKTUBHY TTOTY>XHiCTb.

IIpakTiyna 3HauumicTs. OTpUMaHi pe3yabTaTy B MOJATb-
IOMY MOXYTb OYyTU BUKOPUCTAHI AJIs1 YIOCKOHAJIEHHS aIro-
PUTMiB KOMITIEHcAllil CKIaI0BUX MOTYXKHOCTI JJIs1 TTOCTiT0B-
HUX i TapajeJbHUX CUJIOBUX aKTUBHUX (DiTBTPIB.

KiiouoBi ciioBa: esexmpuuna nomyscHicms, noéHa nomyoic-
HiCMb, MUMMEBA NOMYICHICMb, AKMUBHA NOMYICHICMb, PeaK-
MUBHA NOMYICHICMb
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