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INNOVATIVE TECHNIQUE FOR EVALUATING ELECTRIC POWER
DISTORTION IN CABLE TRANSMISSION LINE

Purpose. The rationale for use of electrical power components produced by current and voltage harmonics with different fre-
quencies to assess its impact on the electrical energy transmission process.

Methodology. PI-section equivalent circuit of the cable line is used. Insulation conductivity is assumed to be infinitely small.
Using the results of known studies, the change in active resistance with increasing current frequency is taken into account. The
cable power line is represented by a quadripole, whose equations are written in the A-form. With the constant voltage composition
at the end of the line, for two cases of alternating non-sinusoidal current at the end of the line, its similar current value and the
nonlinear distortion coefficient, the quadripole mode parameters are calculated. Based on the obtained parameters of the line
mode, according to the existing methods for determining the power components, their numerical calculation was performed. Ac-
cording to the results of the analysis obtained power components for the two cases, their concurrency at the beginning of the line
and the discrepancy at the end of the line were noted. Based on this, a conclusion was drawn on the low information content of
power components calculated by the known method.

Findings. Using an alternative method for determining the components of instantaneous power, depending on the combination
of harmonic frequencies of current and voltage, a number of power distortion indicators are proposed. At the same time active and
reactive powers are traditionally used. Performing a numerical calculation of the indicated power indices for the power line, under the
conditions of two previously agreed experiments, their effectiveness is demonstrated. It is noted that for the conditions of conducted
numerical experiments, the indices of the share of pseudo-canonical and non-canonical components differ significantly depending
on the distribution of the amplitudes of current harmonics for the same current value, and the nonlinear distortion coefficient

Originality. The theory of instantaneous electrical power has been developed in terms of power distortion indicators, deter-
mined taking into account the combination of frequencies of polyharmonic current and voltage in single-phase electrical systems.

Practical value. Innovative indicators of electrical power distortion, obtained based on the analysis of the composition of in-
stantaneous power, reflect the low quality of electrical energy. Additional introduction of the proposed indicators into the electric-

ity metering procedure is a prerequisite for motivating participants in the process to improve quality.
Keywords: cable transmission line, current and voltage harmonics, power components, norm of power

Introduction. Semiconductor converters are widely used in
the modern power industry for the mode control of the electric
power system elements. At the same time, distribution of con-
nections of low and medium power generating complexes to
the power system is noted. These complexes use the technique
of electrical energy converting of direct or alternating current
of varying frequency into electrical energy that will be inverted
into the electrical power network. As a rule, part of the electric
power system or power supply system comes in view of re-
searchers [1]. A negative impact on the electrical energy qual-
ity is exerted by increasing the installed capacity of electrical
technology of consumers with devices of semiconductor tech-
nique, which are also an element of the electric power system.
In this case, the problems of electromagnetic compatibility are
solved successfully taking into account the quality level of
electrical energy [2]. Small generating systems are installed
close to consumers’ location. They are connected to the power
supply system with the limited capacity lines. A striking ex-
ample in this case involves the co-generating devices. The gen-
erators of these installations perceive and sometimes aggravate
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the electrical energy quality, which affects their mode and
characteristics as a result [3]. Thus, a number of tasks arise in
assessing the distortion of electrical energy, and its effect on
the electricity system elements [4].

Literature review. The influence of higher harmonics of the
consumer current (load) on the capacity of transmission lines
of electric energy is taken into account by line impedance in-
creasing. Special attention is paid to the skin effect. In research
|5], based on the early experience of scientists, it is shown that
the presence of higher current harmonics necessitates a de-
crease in the cable lines’ load capacity due to increase a power
loss and increase in the temperature of cable cores. Similarly
in [6] a need is noted to adjust the line load for public utility
company networks that provide LED lighting systems power.
In this case, emphasis is placed on the growth of the active
resistance of the line with an increase in the nonlinear current
distortion rate. In general, higher harmonics are characteristic
not only of current, but also of voltage. However, in [3], using
the example of a cable transmission line, it was concluded that
voltage distortion does not effect the line losses level. In turn,
in work [7] a section of the power supply system of a mining
enterprise with a voltage of 6 kV with semiconductor convert-
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ers is considered. Converters, providing power to DC motors
operating in intermittent duty cycles, generate harmonic cur-
rent into the network, while distorting the voltage. The ana-
Iytical expressions obtained in [7] and results of measuring
operation mode parameters prove the effect of current and
voltage distortion on the growth of power supply system losses.
Thus, the prerequisites are created to take into account the im-
pact of both the power level of the consumer and its distortion
nature on the losses level. The most solid document that de-
clares the components of electrical power is the standard of the
Institute of Electrical and Electronics Engineers (IEEE) —
IEEE 1459-2010 [8]. However, studies by a number of scien-
tists show that the indicated components are not exhaustive
[9]. The effect of inactive power components on network
mode parameters is considered in work [10]. To quantify this
effect, quadratic norms of the electric power components are
used [11]. A similar technique for the selection of electrical
power alternative indicators was proposed in work [12]. Sepa-
rating the power components formed by the interaction of cur-
rent harmonics and voltage harmonics depending on their
frequency, the work [13] theoretically justifies an approach to
accounting for the quantity and quality of electrical energy.

Purpose. The rationale for use of electrical power compo-
nents produced by current and voltage harmonics with differ-
ent frequencies to assess its impact on the electrical energy
transmission process.

Results. Standard [8] sets several components of electric pow-
er that are recommended for determination. In particular, for a
single-phase circuit, voltage and current are taken in the form

u=Uy+ 3 u, =Uy +\2Y U sin(kot +y, ) (1)
k k

i:[0+zin:[0+\/521”sin(nmt+\|l,~,,), (2)

where U, [, are constant components of voltage and current,
respectively; k, n are voltage and current harmonics orders,
respectively; U,, I, are effective values of voltage and current
harmonics, respectively; v, v are voltage and current har-
monics phase shift, respectively; o is angular frequency; ¢ is
time. In the future, we take the current and voltage constant
components equal to zero (1, = 0; U, =0). RMS values of cur-
rent and voltage are used

ty+T
I idr= Y12
1, n

where T is the fundamental period, 7' = 2n/w; f, is reference
time. The RMS value of current and voltage higher harmonics is

ty+T 2
I, = % I (\/EZInsin(no)H\u,-,,)j dt = /Z:,Ij;
n#

I n#l

ty+T 2
0= L] [ﬁzuksm(kmwuk)] - [SUE
#

I k#1
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T

The total harmonic distortion of current and voltage is

2 2
rap, =Y [ Y] _y, rup, =L | L)y,
LG lG [l ]H

The instantaneous power is defined as
p=ui= ZUkln cos[(k —n)mt W —\u,.n] -
k,n

_ZUklncos[(k+n)(ot+\yuk +wm} )
k,n

Then, to characterize the electric power, the following
components are introduced:

- active power

1,+T

P=— ’j pdt

- fundamental active power
Py=Uil cos(yu — yin);
- non-fundamental active power

Py = ZUhfh COS(‘l’uh _‘Vih)§

e
- fundamental reactive power
0, = Ul sin(y,;, — wi);
- apparent power
S=UI
- fundamental apparent power
Si=Ul;

- non-fundamental apparent power

- current distortion power
D,=Uly=S8THDy
- voltage distortion power
Dy=1,Uy;=S8,THDy;
- harmonic apparent power

SH: UHIH:SITHD]THDU;

- harmonic distortion power

DH:\/ﬁ§

- non-active power
N=+8§*-P2.

Consider an element of the power supply system — a cable
transmission line with a voltage rate of 10 kV. Let us take the
cable transmission line type — SBG 16, 5 km long. The cable
equivalent circuit is shown in Fig. 1.

Let us set the voltage and current at the end of the cable
transmission line (Finish line) for two experiments (Expl and
Exp2, Table 1). Using the superposition principle, we perform
calculation for each voltage and current harmonic (h) at the be-
ginning of the cable transmission line (Uy,, (h), 1, (), given
the voltage and current harmonic at the end of the cable trans-

mission line (U ,,(h),1 ;,(h)). To do this, we use the A-form
quadripole equations in a complex form for scheme (Fig. 1)

U (W)= AU 1, (h)+ B(W)I 1, (h);
Ly (W) =C(W)U 1, (h)+ D(W)] 1, (h),

where A(h) = 1 + Y(h)Z(h); B(h) = Z(h); C(h) = Y(h)(1 +
+ Y(h)Z(h)); D(h) =1 + Y(h)Z(h) are quadripole parameters;
Y(h) =johC is transverse line capacitive conductance; Z(h) =
= R(h) +johL is line longitudinal impedance.

The transmission line resistance R(/#) depends on the fre-
quency (harmonic order /) of the current due to the action of
the skin effect. As noted in [5, 6], this dependence can be ex-
pressed as

R(H=R (0.187+0.532JZ),

where R, is active resistance to the fundamental frequency
current.
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Fig. 1. The equivalent circuit of the cable transmission line

The voltage and current initial data at the end of the line
(Finish line) and the calculated voltage and current at the be-
ginning of the line (Beginning line) are given in Table 1.

The voltage and current obtained as a calculation result
will be expressed as a time function in accordance with equa-
tions (1, 2) (Figs. 2, a, b). The power calculated by the equa-
tion (3) for both experiments is shown in the time diagram
form in Fig. 2, ¢. The power at the beginning of the line in Fig.
2 is not represented, due to a slight visual difference from the
power at the end of the line.

For the currents and voltages given when making experi-
ments, we define the power indices in accordance with the
standard [8]. The calculations results are summarize in Ta-
ble 2. The calculation result analysis shows that the power
components’ integral indices at the beginning of line are the
same for both experiments. It is necessary to pay attention to
the difference in power components at the beginning of the
line for two experiments: active power AP = 2.7 |[kW]; non-
fundamental active power APy = 2.7 [kW]; non-fundamental
apparent power ASy = 1.17 [kKVA]; current distortion power
AD;=1.42 [kvar|; harmonic distortion power AD;=7.13 [kvar].
Consequently, taking into account the different values of pow-
er components at the beginning of the line, with the same
power components’ values at the end of the line, it is reason-
able to question their information content. A more important
disadvantage is the fact that the values of these components
are the same, for different instantaneous power (Fig. 2, ¢).

Table 1

Voltage and current at the beginning and end of the cable
transmission line for two experiments (Fig. 1)

20T u,kl”

Ufin. 1, Ufin.2

Fig. 2. Parameter diagrams over time at the end of the line:

a — voltage; b — current; c — power

Table 2

The calculation results of power components at the end and
the beginning of the line

Expl Exp2
Parameter

Pfin1 Phegl Pfin2 DPreg
P, [kW] 361.5 374.0 361.5 371.30
Py, [kW] 353.5 362.70 353.5 362.70
Py, [kW] 8 11.30 8 8.54
0, [kvar] —285.70 —-321.90 —-285.70 -313.70
S, [kKVA] 505.20 533.40 505.20 533.00
S, [kVA] 454.47 485.05 454.47 485.14
Sy, [KVA] 220.65 221.91 220.65 220.74
D,, [kvar] 219.51 220.70 219.51 219.28
Dy, [kvar] 17.27 25.22 17.27 27.65
Sy, [KVA] 8.34 11.47 8.34 12.49
Dy, [kvar] 2.34 2.00 2.34 9.13
N, [kvar] 352.91 380.32 35291 382.39

Expl Exp2
Parameter | - Finish | Beginning | Finish line | Beginning
line line line
U(l) 1414 £ ¢ 1433 £ 0° 1414 £ 0° 1433 £ 1°
U(3) 400 £0° | 593.1£0.1° | 400£0° | 463.73 £2.3°
U(7) 400 £0° | 491.7 £0.1° | 400£0° | 684.3 £10.4°
[(1) 64 £ 39° 67.3 £ 42° 64 £ 39° 67.3 £42.1°
](3) 30£0° 299 2 1° 10 £0° 10 £2.7°
](7) 10 £0° 10 £ 6.4° 30£0° 29.9 £2.6°

Let us estimate the process of energy transfer in the cable
transmission line (Fig. 1) under the same conditions (Table 1),
using the power components proposed in work [13]. We pre-
sent power in the form

p=Y[Ud,cos(w, v, ) [cos(k —n)er +
+zk["_uk1,,cos(w sy )Jcos(k +n)or+
+§[—Uﬂnsm(wuk “Vi)

)

]
Jsm k—n)ot+
+Z|:Uk1n Sm(\lluk Y, Jsm

k,n

(
(

)
k+n)(nt
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Following the separation, which was adopted in [13], we
will consider the power components in this way:
1. Zero frequency cosine component (active power)

= X[Vl o5{viq ) eos(k -nJor =
v Pcos(0), fork—n=0.
2. Zero frequency sinus component (reactive power)
oo =2 ~Upd,sin(w, —v,,) Jsin(k - n)or =
v Qsin(0), fork—n=0.

3. The canonical component, product of current and volt-
age harmonics of the same frequency

p.= Z[ U cos(wuk+\|/mﬂcos(k+n)mt+
ion
+Z[U 1 sm(\uuk+wmﬂs1n(k+n)mt—

= z P, sin(sot)+ z > cos(sot),

fors-k+n—2k—2n,
where P, ., P, ., are the amplitudes of cosine and sine canon-
ical components, respectively, due to the same frequency har-
monics of current and voltage.
4. A pseudo-canonical component, product of current and
voltage harmonics of different frequency, the addition or sub-
traction of which gives an even result

Ppe =D Uil c08(w 4 ~ ;) |cos(k —n)or +
+ZEka1n cos( .+, ) Jeos(k +n)or +
+§,[*Uk1n sin (v, ~v,,) Jsin(k —n)ot +
fi[Ukln Sin (W, + vy, ) Jsin (K +n)or =

Z 2.pe.s COS(SO1) + sz pes SIN(sO1),

fors:|kin|:(2k or2n)and k #n,

where P, ., P, ., are the amplitudes of cosine and sine pseu-
do-canonical components, respectively, due to the different
frequency harmonics of current and voltage, the addition or
subtraction of which gives an even result.

5. A non-canonical component, product of current and
voltage harmonics of different frequency, the addition or sub-
traction of which gives an odd result

Pre = [ Uil c08(w i v, ) Jeos(k —n)or +
+ZE U, cos(y .+, Jcos (k+n)or +
*Z:[ U, d,sin(y,, —v,, }sm (k=n)or+
S0l v i

Z Puies COS(501) + 3By sin(s000),

fors:|kin|¢(2k or 2n) and k # n,

where P, .., Py .. are the amplitudes of cosine and sine non-
canonical components, respectively, due to the different fre-
quency harmonics of current and voltage, the addition or sub-
traction of which gives an odd result.

To estimate the individual contribution of the indicated
components to the instantaneous power, let us use the RMS

value, determined on the repeatability period of power [13],
considering it as a signal

For this purpose, we introduce the following indicators:
1. Active power degree

s

" el
2. Reactive power degree

o =7—-

° el

3. Canonical power degree

P2 +pP?

a.pc.s b.pc.s)

2l

P +P

a.nc.s bncs)

el

Using the above equations for active and reactive power,
based on the data in Table 1, we will perform a numerical cal-
culation of the degrees for previously indicated experiments.
The calculation results are summarized in Table 3.

Thus, the power degrees obtained by the ratio of power
components with its RMS norm are different. We perform a
comparative analysis of the results obtained (Table 3.) for
power at the end of the cable transmission line. First, we
should note the difference in the RMS power values at the end

2

Table 3

The calculation results of degrees of the power component
at the end and beginning of the cable transmission line

Parameter Expl Fxp2

Ppinl Dhegl Pim Preg2
P, [kW] 361.50 374.00 361.50 371.30
0, [kvar] —285.80 —-320.60 —-285.80 -313.70
lpl,IkVA] 458.90 480.80 511.30 529.30
Prusc, [KVA] 482.80 507.40 483.80 505.50
Prus.pe, [KVA] 232.90 240.90 235.40 239.0
Prusne [KVA] 2.12 3.35 2.11 3.65
qp, [pu] 0.788 0.778 0.707 0.701
9o, [pul -0.623 -0.667 —0.559 —0.593
qc, [pu] 0.697 0.713 0.629 0.648
qpc, [pul 0.508 0.501 0.460 0.452
qnes [pul 0.005 0.007 0.004 0.007
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of the cable transmission line — Al|p| = 511.3 — 458.9 =
=52.4[KVA] £ 10.24 %. As a result, with the same active pow-
er value, the active power degree values (gp) are different
0.788 > 0.707. Among other things, the non-canonical power
degree value (g.) and pseudo-canonical power degree value
(gpc) are 0.697 > 0.629; 0.508 > 0.460, respectively, for the first
and second experiments. The numerical values of the pro-
posed indicators obtained from the experiment results, create
prerequisites for their further use in assessing degrees and rea-
sons of electrical power distortion.

Conclusions.

1. According to the analysis results of existing methods for
calculating power components, it has been established that the
diversity of these indicators, regulated by existing standards,
ineffectively reflects instantaneous power characteristics. This
is proved by the numerical experiment conducted for the cable
transmission line presented by PI-shaped equivalent circuit,
for which the active resistance change under the skin effect is
taken into account. In this case, at the end of the cable trans-
mission line, the voltage and current with the same RMS and
THD value act.

2. It is noted that the different distortion mode of instanta-
neous power at the end of the cable transmission line, corre-
sponds to the identical integral power indicators, calculated by
known methods. However, this leads to different power indices
calculated by the same methods at the beginning of the cable
transmission line and different values in line power losses.

3. The alternative power indicators calculated relative to its
RMS value are proposed. Their effectiveness in reflecting the
power distortion is shown, using the alternative method for de-
termining the power components depending on the harmonics
frequency combination of current and voltage. It is noted that
for the conditions of the conducted numerical experiments,
the pseudo-canonical power and non-canonical power de-
grees differ.
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Merta. OGrpyHTYBaHHSI BAKOPUCTAHHSI KOMITOHEHT eJIeK-
TPUYHOI IMTOTY>KHOCTi, YTBOPEHUX TAPMOHIKaMu CTPyMy i Ha-
MPYTU Pi3HOT YaCTOTU, JUIsI OLIIHKM ii BIUIMBY Ha Ipoliec Ie-
penadi eleKTpUYHOI eHepTii.

Meronuka. Bukopucrana I1-o0pa3Ha cxema 3aMillieHHSI
KabenapHOI JiHil enekrpornepenavi. [lpoBigHiCTb 130511l
MPUIAHSTA HECKIHUEHHO MaJIOIO. |3 BUKOPUCTaHHSM pe3yib-
TaTiB BiIOMUX JOCiI>)KeHb ypaXoBaHa 3MiHa aKTMBHOTO OTO-
py 3 MiABUILEHHSIM YacToTu cTpyMy. KaGesbHa JiiHis eyek-
Tporiepenadi nMpeacTaBjieHa YOTUPUTIOTIOCHUKOM, PiBHSIHHS
sgKoro 3anucadi B A-dopmi. [Ipu He3MiHHOMY XapakTepi Ha-
MPYTY B KiHIII JIiHiT, AJIS1 IBOX BUIAIKiB 3MiHHOTO HECUHYCO-
iaJIbHOTO CTPYMY B KiHIli JIiHil, OMHAKOBOMY HOT0 /il0uoMy
3HaYCHHI i KoedillieHTi HeJIiHIMHUX CITOTBOPEHb, BUKOHAHO
pPO3paxyHOK MapaMeTpiB pexuMy YOTUpUIIONIOCHUKA. Ha
MiIcTaBi OTpUMAHUX MapaMeTPiB pexXKUMy JIiHii, 32 ICHYIOUMX
METOIMK BU3HAYEHHS CKJIAJOBUX MOTYXKHOCTi, BAKOHAHO iX
YUCENbHUI PO3paxyHOK. 3a pe3yabTaTaMy aHallizy oTpuma-
HMX CKJIQIOBUX ITOTY>XKHOCTI ISl IBOX BUIIAJIKIB BiI3HAYeHO
ix 30ir Ha MoYaTKYy JIiHil Ta po30iXHICTh Y KiHLi JiHii. Ha mix-
CTaBi 1IbOTO 3pO0JIEHO BUCHOBOK IIOAO HU3BKOI iH(opMa-
TUBHOCTI CKJIQIOBUX IOTY>KHOCTI PO3paxOBaHMX 3a BiJOMOIO
METOIMKOIO.

PesyapraTn. I3 BUKOpUCTAaHHSIM aJIbTEPHATUBHOI METO-
NMIVKW BU3HAYEHHSI KOMITIOHEHT MUTTEBOI MOTYKHOCTI, Y 3a-
JIEXKHOCTI BiJl TOEAHAHHS YaCTOT TAPMOHIK CTPYMY i1 Hampy-
I'M, 3alPOTIOHOBAHO PSIZl MIOKA3HUKIB CITOTBOPEHHSI TIOTYX-
HocTi. [Tpy boMy TpaauliiiHO BUKOPUCTAHI aKTUBHA i1 pe-
aKTUBHA MOTYXHOCTi. Ha 6a3i yucenbHUX pO3paxyHKiB 3a-
3HAYEHMX MOKA3HUKIB MOTYXXHOCTI JJIs1 JIiHii1 eJieKTporiepe-
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a4y, B yMOBaxX JIBOX paHille 3a3HAYEHUX EKCIIEPUMEHTIB,
MPOAEMOHCTPOBaHA iX e(peKTUBHICTh. Bim3dHaueHo, 110 ms
YMOB MPOBEACHUX YUCEIbHUX €KCIEPUMEHTIB iCTOTHO Bill-
PI3HSIIOTHCS TIOKA3HUKU YaCTKU TICEBAOKAHOHIYHOI Ta HEKa-
HOHIYHOT KOMIIOHEHT Yy 3aJIEXKHOCTI BiJl PO3IMOALTY aMILTiTy1
TapMOHIK CTpYMY IpU OMHOMY i TOMY 3K JIif04OMY 11OTO 3Ha-
YeHHi Ta KoedillieHTi HeTiHIHUX CTOTBOPEHb.

Haykosa HoBusHa. OTpuMaia po3BUTOK TEOPisi MUTTEBOL
€JIEKTPUYHOI MOTY>KHOCTI B YaCTUHI MOKAa3HUKiIB CITOTBOPEH-
HSI TTOTY>KHOCTI, 1110 BUBHAYAIOTHCSI 3 ypaxyBaHHIM KOMOiHa-
i1 4acTOT MOJIIrapMOHIYHOIO CTPYMY W Hampyru omHodasz-
HUX eJIEKTPUYHUX CUCTEM.

IIpakTyna 3HauuMmicTh. [HHOBAIliliHI MOKa3HUKU CIO-
TBOPEHHSI €JIEKTPUYHOI TOTYKHOCTi, OTpUMaHi Ha OCHOBI
aHaJli3y CKJIaly MUTTEBOI MOTYXXHOCTI, Bi1OOpaxkaroTh Hes-
KiCHICTb eJIeKTpUYHOI eHeprii. JlomaTkoBe BBeIeHHS 3a1po-
MOHOBAaHUX MOKA3HUKIB 0 MPOLeypy O0JIiKYy eeKTPUIHOL
€Heprii € mepeayMoBOIO Ui MOTHBALlii YYaCHUKIB Mpoliecy
JIO TIABUILIEHHS SIKOCTI.

KutouoBi cioBa: xabeavra ainis enekmponepeoaui, eapmo-
HIKU cmMpyMy U Hanpyeu, KOMROHeHMU NOMYICHOCMIE, HOPMA NO-
myacHocmi

VHHOBaNMOHHASI METOMKA OLEHKH
MCKAKEHHs JJIEKTPUIECKON MOIMIHOCTH
Ka0eJIbHOM JIMHAM JJIeKTponepeaadn

A. B. banoopaceckuii, C. C. bonoapenro, C. H. Hxumey

KpemeHuyrckuii HaMOHAIbHBIA YHUBEPCUTET UMeHN Mu-
xamna Ocrtporpaackoro, . Kpemenuyr, YkpauHa, e-mail:
seemal@kdu.edu.ua

Ieas. O60cHOBaHME MCITOJb30BAHUSI KOMITOHEHT 3JIeK-
TPUYECKOM MOIITHOCTH, 00pa30BaHHBIX TAPMOHUKAMM TOKA 1
HaIpsiKEHUsT pa3HOM YacTOThI, ISl OLEHKHU ee BIWUSHUS Ha
Mpoliecc Tepenayn 3JIeKTPUIeCKON SHEPTUH.

Meronuka. Mcronb3oBana I1-o0pa3Has cxema 3amMellie-
HUS KabelTbHOI JWMHMM 3jeKTponepenayr. [IpoBommMocTh
M30JISIIMU MPUHSATA 6ecKoHeuHO Masioii. C MCcnoib30BaHUEM
pe3yJIbTaTOB M3BECTHBIX MCCIIECAOBAHUI YITEHO M3MEHEHME
aKTHBHOT'O COIMPOTUBJIICHUS C TMOBBIIIIEHWEM YaCTOThI TOKA.
KabenpHast mUHUSA 35eKTpoIiepenadyn MpeacTaBlIeHa YeThli-
PEXITOTIOCHUKOM, YpaBHEHHUSI KOTOPOTO 3alicaHbl B
A-dopwme. [Tpu HeM3MEHHOM XapaKTepe HAIPSKEHUS B KOH-

LI JJMHWH, U1 ABYX CJIy4aeB MTEPEMEHHOTO HECUHYCOMIATb-
HOTO TOKa B KOHIIE JIMHUU, OIMHAKOBOM €ro JAeiCTBYIOLIEM
3HaYCHUU U KO3 PUIIMEHTE HEIMHEMHBIX MCKAXKEHWI, BBI-
MOJIHEH pacyeT MapaMeTpOB pPeXMMa YeThIPEXITOJIOCHMKA.
Ha ocHOBaHUM MOJYyYeHHBIX MAapaMETPOB peXUMa JIMHUH,
M0 CYILIECTBYIOLIMM METOAMKAM OINpeae/ieHUs] COCTaBJIsIIO-
LIMX MOIITHOCTH, BBITIOJIHEH MX YMCJIeHHBINA pacueT. [1o pe-
3yJbTaTaM aHajn3a MOJYYEHHBIX COCTABIISIIOIIMX MOILIHOCTH
IIJIST IBYX CJIy9aeB OTMEUEHO UX COBITaZicHUE B HAYaJle JIMHUK
U HeCcOBMaJeHUe B KOHILIe TMHUU. Ha ocHOBaHUM 3TOro cle-
JIaH BBIBOJ O HM3KOH MH(MOPMATUBHOCTU COCTABJISIOIINX
MOILIHOCTU, pACCUMTAHHBIX 110 U3BECTHON METOIMKE.

Pesyabrarel. C uCIIo1b30BaHNEM aJTbTEPHATUBHOM METO-
JIMKU OIpeAeieHUs] KOMIOHEHT MTHOBEHHOI MOIIHOCTH, B
3aBUCHMOCTH OT COYETAHMSI YaCTOT FTApMOHMK TOKA W HaIpsI-
XKEHMSI, TIPEUIOXKEH psi/i TToKa3aTeseil UCKaXKeHUsT MOILIHO-
ctu. [Ipy 3TOM TpaaMIIMOHHO MCITOJIB30BaHbl aKTUBHAS U
peakTUBHAasI MOLIHOCTH. BBITIOJTHUB YUCIIEHHBII pacyeT yKa-
3aHHBIX MTOKa3aTejIeii MOITHOCTHU JIJIST IMHUU 3JICKTpOIepe-
JIauu, B YCJIOBUSIX IBYX paHEee OrOBOPEHHbBIX KCIIEPUMEHTOB,
MMPOIEMOHCTPUPOBaHA UX 3P (PEKTUBHOCTb. OTMEUYEHO, YTO
JIJIS1 YCIIOBUM TTPOBEASHHBIX YMCIEHHBIX 9KCITIEPUMEHTOB CY-
IIECTBEHHBIM 00pa30M OTJIWYAIOTCS MOKa3aTeId JOJIU TICEeB-
JIOKAHOHMYECKOI 1 HEKAHOHUYECKOI KOMITOHEHT B 3aBUCU -
MOCTU OT paclipeieJIeHUs aMIUTUTYI TapMOHUK TOKa Tpu
OIHOM U TOM K€ ICMCTBYIOIIEM €ro 3HaYeHUU U KO3 PULIK-
€HTE HEeJIMHEWMHBIX UCKAXEHUI

Hayynas noBusHa. [lonyywia pa3BUTHE TEOPUsS MTHO-
BEHHOI 3JICKTPUYECKOUW MOIITHOCTM B YacTH IOKazaTesiei
HMCKaKEHMST MOITHOCTH, OTpPEAe/IIeMbIX C Y4ETOM KOMOWHA-
LIMY YaCTOT MOJIMTAPMOHUYECKOTO TOKA M HAIPSIKEHUS Ofl-
HO(a3HBIX DJICKTPUUECKUX CUCTEM.

IIpakTHyeckas 3Ha4UMOCTh. VIHHOBaIIMOHHBIE TTOKA3aTe-
JIM UCKAXKEHUS 3JIEKTPUYECKOM MOIIHOCTH, TTOJyYeHHbIC Ha
OCHOBE aHajiM3a COCTaBa MTHOBEHHOI MOIITHOCTH, OTpaxa-
JOT HEKAYeCTBEHHOCTh 3JIEKTPUUECKON 3Hepruu. JlonoaHu-
TeJIbHOE BBeJeHME MPeII0XKEHHBIX ITOKa3aTeseil B poLe1y-
Py y4eTa 3JIEKTPUIECKOU SHEPTUM SIBIISICTCS TTPEANOCHITKOM
JIJIsI MOTMBALIMK YYaCTHUKOB IpolLiecca K MOBBIIIEHUIO Kaye-
CTBA.

KinroueBbie cioBa: xabeabHas AuHus 31eKmponepeoayu,
2APMOHUKU MOKA U HANPANCEHUS, KOMNOHEHMbl MOUHOCMU,
HOpMa MOWHOCIU
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