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Purpose. The purpose of the work is to perform analytical analysis of methods for calculating power losses of a
power transformer and to improve the estimation method of calculation to increase the accuracy of calculating power
losses on the example of an industrial power transformer.

Methodology. Analytical and calculation method was used to determine power losses in the power transformer.

Findings. Analysis of the main power losses of power transformers is an important task to determine the optimal
conditions for their operation. Analytical analysis of transformer power loss calculation methods is carried out. The
relative contribution of different types of power losses is shown. The calculation of energy losses of the power trans-
former TM 1000/10/0.4 is performed. The losses of active and reactive energy of the transformer are determined. The
efficiency of the power transformer is calculated. A generalizing formula for determining the efficiency of the trans-
former is proposed.

Originality. On the basis of the analytical analysis of methods of calculation of power losses of the power trans-
former the estimation technique is improved and calculation of losses of active and reactive energy of the industrial
power transformer TM 1000/10/0.4 is carried out. A new generalizing formula for determining the efficiency of a power
transformer, which takes into account the operating time of the transformer at maximum load, is proposed.

Practical value. The estimation method for calculating the power losses of an industrial power transformer under
load is improved, in which a generalizing formula for determining the efficiency of a transformer is applied. The pro-
posed technique simplifies the calculations, reduces the estimated time to determine the operating parameters of the
power transformer with the required accuracy. The proposed technique was tested on the example of the power trans-
former TM 1000/10/0.4. It is shown that with increasing maximum load time, the efficiency of the transformer increases
and asymptotically approaches the maximum value.

Keywords: power losses; power transformer; efficiency; analytical and calculation method, transformer effi-
ciency.

I. INTRODUTION ern needs in terms of accuracy and computational effi-

. . . L ciency of its parameters is an urgent task.
A transformer is a static electromagnetic device in Y P &

which there are no rotating parts and, consequently, no . This prqblem can be SOIV?d by improving the esti-
mechanical losses. All losses in the transformer are losses ~ Mmation .techmque for calculating the power 10§S Of a
of active power that occur in the magnetic system, wind- ~ Power industrial transformer for practical engineering

ings and other parts of the transformer in different modes applications, which will increase the accuracy of calculat-
of its operation. ing the operating parameters of the power unit as a com-

. . . t of the electrical network.
Today there is a reduction in industrial load, the in- ponent of the electrical networ

troduction of generation through alternative (renewable) II.ANALYSIS OF RECENT RESEARCHES
power sources, the emergence of powerful agricultural
consumers of electricity. As a result, there is a need to
design new or upgrade existing power networks, which
must meet modern requirements for energy efficiency and
reliability. This requires the application of new improved
methods for calculating the parameters of power net-
works, one of the main elements of which are distribution
power transformers. The accuracy of calculating the oper-
ating parameters of transformers will depend on the accu-
racy of calculating the parameters of power networks and
the efficiency and reliability of their operation. Therefore, In [6] the information on the electromagnetic field of
determining the optimal method for calculating the power transformers and reactors, methods of calculation of pa-
loss of the power transformer and its adaptation to mod- ~ rameters in the operating mode, experiments with idle

Based on the analysis of works on methods of calcu-
lating power losses of power transformers, we can iden-
tify the main works of foreign [1] - [3] and domestic au-
thors [4] - [5]. It is shown that when the transformer oper-
ates at idle or under load, in the magnetic circuit of the
device, electrically insulated windings and other structural
elements of the device, part of the active power of the
transformer decreases. Losses are variable, so the effi-
ciency of the devices is different and never reaches 100%.
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load and short circuit, classification, measurement meth-
ods and ways to reduce additional losses are given.

In [7] the main theoretical provisions and principles
for determining and analyzing electricity losses in electri-
cal networks by the criterion of minimum cost of electric-
ity transmission are developed. The methodology and
practice of calculations of electricity losses in 6-20 kV
distribution networks are given.

In the article [8] the review of analytical and empiri-
cal methods of calculation of losses and heating of ele-
ments of a design of the power transformer equipment
with oil cooling is resulted, the basic simplifying assump-
tions are specified.

In the article [9] the calculation of losses in struc-
tural elements of power transformers and reactors by the
finite element method with boundary conditions of im-
pedance type is carried out. A mathematical model based
on the application of the finite element method is pro-
posed, which allows to more efficiently models eddy cur-
rents and losses caused by field scattering in the tank of
power transformers and reactors and elements of their
structures.

In the article [10] the analytical calculation of mag-
netization current is applied. Analytical and numerical
calculations of the magnetic field and losses, as well as
computational and empirical methods for estimating tem-
perature rise are used. For a five-rod transformer with a
power of 630 MVA under the action of geomagnetic cur-
rents, increased losses and heating of structural elements
on the rods of the magnetic system, reservoir and in-
creased sound level are determined.

The article [11] presents an overview of current re-
searches on the problem of transformer losses, especially
in terms of practical engineering applications. This re-
veals that the problem of transformer losses remains an
active area of research. The article classifies the problems
of transformer losses into three main groups: losses of the
tank due to the power currents of the bushings, losses in
the connections of the transformer core and losses in the
transformer tank.

The article [12] considers the subject of distribution
transformers no-load losses and the factors that influence
these losses. This paper reviews methods to correct errors
in no-load loss measurement caused by excitation voltage
distortion and temperature. These methods depend on the
ability to separate no-load losses into its hysteresis and
eddy current loss components. Accordingly, methods used
to separate the no-load losses into its constituent parts are
also reviewed.

The article [13] discusses the theoretical issues un-
derlying the calculation of active, reactive power and en-
ergy losses in medium / low voltage transformers. Main-
taining a balance of active and reactive power is of key
importance for the flawless functioning of the power sys-
tem and the receipt of high-quality electricity. Based on
the parameters of transformers and data from consumers
measuring active and reactive power, active and reactive
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power and energy losses were obtained in order to assess
the efficiency of transferring active power and energy
through medium / low voltage transformers.

The article [14] considers the problems of increasing
the power losses of the magnetic cores of power trans-
formers that have been operating for a long time. The
degree of influence of service life and repair of power
transformer cores on the increase of idle losses without
idling and analytical dependence of change of dynamics
in time of magnitude of power losses in cores of energy
transformers of 150 kV is found. Recommendations for
refinement of calculation of power losses without load in
distribution network transformers are developed.

The article [15] is devoted to the development and
research of a universal mathematical model of the 0.38
kV electric network for calculations of power losses and
electric energy on the basis of information on voltage
losses in power lines.

The article [16] is devoted to the main methods of
estimating additional power losses in the basic elements
of power consumption and power supply systems caused
by the presence of voltage and current asymmetry. An
analysis of existing methods for determining additional
power losses in the main elements of power supply sys-
tems is carried out. It is shown that the presence of ampli-
tude and angular asymmetry in the network leads to an
increase in additional power losses in comparison with the
symmetric mode.

Today, methodological recommendations are used to
determine the technological costs of electricity in trans-
formers and transmission lines [17], which are recom-
mended by the Ministry of Energy and Coal of Ukraine to
determine the technological costs of electricity in power
network elements - power transformers, transmission
lines and reactors. In these guidelines, the technological
costs of electricity include energy losses due to electro-
magnetic processes in the conductive parts of the electri-
cal network and the cores of the devices during its trans-
mission, as well as climatic losses and energy losses in
the insulation of network elements.

The analysis of previous studies presented in the
above works shows that many methods of calculating
power losses of power transformers are based on analyti-
cal methods of calculation using mathematical modeling
of electromagnetic processes in a power transformer. The
choice for the practical engineering application of a
method of calculating losses is often complicated by the
cumbersomeness of mathematical calculations, which are
not always justified in the conditions of industrial opera-
tion of power units. Therefore, there is a need to improve
calculation methods in terms of practical engineering ap-
plications.

III. FORMULATION OF THE WORK PURPOSE

The purpose of the work is to perform an analytical
analysis of methods for calculating power losses of the
power transformer and improve the evaluation method of
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calculation to perfect the accuracy of calculating power
losses on the example of an industrial transformer.

IV. PRESENTATION OF THE MAIN MATERIAL
AND ANALYSIS OF THE RESULTS

The power transformer is designed to convert and
transmit electrical energy without changing its power.
During the operation of the transformer, energy losses
occur, which are associated with the conversion of part of
the electrical energy into heat, which is heated by the de-
vice and dissipated in the surrounding space. The loss of
electrical energy in the transformer consists of the main
components: electrical losses in the electrical windings of
the transformer, magnetic losses in the magnetic circuit
and additional losses.

4.1. Electrical losses

Heating of the transformer coils during the passage
of current causes electrical losses and reduced power.
Such losses on average on the network account for 5% of
the total amount of energy consumed.

When the load is applied to the transformer, the
electromagnetic energy from the primary winding is
transferred to the secondary coil. Electrical losses are
equal to the sum of losses in the transformer windings.
Electrical losses in the primary and secondary windings of
the transformer are determined in proportion to the
squares of the currents of both coils and their resistances

[1]:
AP, =I'rn+1L;r,
where [, and I, are the load currents of the primary and

secondary windings of the transformer; », and r, are the
resistances of the winding conductors.

Thus, there is a dependence of APg; losses on the
required amount of power to the final consumer. There
are fluctuations in load costs in a specific time interval, so
the electrical losses in the windings are different within a
day, are variable and "tied" to the load modes.

To reduce electrical losses, the windings of trans-
formers are made mainly of copper, and the cross section
of the wires of the coils is increased.

4.2. Magnetic losses

Magnetic losses are associated with processes in the
magnetic circuit of the transformer under the action of an
alternating magnetic field. The causes of losses are mag-
netization reversal of the transformer core due to hystere-
sis and eddy currents (Foucault currents).

The magnetization reversal of the transformer core
due to hysteresis is due to the fact that in ferromagnets
there are zones of spontaneous magnetization-domains.
The magnetic moments of the core domains are character-
ized by a chaotic orientation, so outside the influence of
the external field of magnetization, the final magnetic
moment of the ferromagnet is close to zero. Under the
action of a magnetic field, domains change the direction
of their own magnetization in the direction of the mag-
netization field. As a result, the domains are reoriented,
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their size increases and the ferromagnet is magnetized.
With each reversal cycle, some work is expended, the
magnitude of which is proportional to the area of the hys-
teresis loop. Work contributes to the thermal heating of
the core and causes additional energy consumption.

The occurrence of eddy currents (Foucault currents)
in the core of the transformer occurs under the action of
an alternating magnetic field, which generates an alternat-
ing eddy electric field. Eddy currents also cause heating.

The magnitude of magnetic losses is determined by
the properties of the ferromagnetic material of the core
and depends on the magnitude of the magnetic flux and its
frequency. At a constant magnitude of the magnetic flux,
the magnetic losses remain unchanged when changing the
mode of the transformer operation (load change). In the
nominal mode of operation, their value is the same as in
the idle mode and they are determined by the idle power
of the transformer.

To reduce power losses in the core, use a magneti-
cally soft material with high magnetic permeability and
low coercive force. To compensate for the action of eddy
currents, the magnetic circuit is made of electrically insu-
lated plates, and the steel is specially alloyed with silicon
[3],[18]-[19].

4.3. Additional losses

In addition to the main losses in the coils and mag-
netic circuit of the transformer, there are additional losses.
They occur in other steel elements of the transformer
structure - in the walls of the cooling tank for heat loss,
yoke beams, pressing rings. Additional losses account for
up to 10% of total losses and can often be ignored.

Additional losses of active power of static electro-
magnetic equipment also occur as a result of asymmetry
of currents, which is caused by the inclusion in the power
supply system of consumers, which reduces the quality of
electricity [16]. In multiphase transformers, the nature of
the processes is not affected by the order of phase shift,
but asymmetric loads lead to losses of active power. The
asymmetry of the input voltages causes the asymmetry of
the output voltages, which is due to the flow of currents in
the reverse sequence.

On the basis of magnetic, electric and additional
losses determine the total energy loss of the power trans-
former.

4.4. Efficiency

Efficiency is calculated as the ratio of useful energy
and energy consumption [20]. The reduction of energy in
the power unit consists of magnetic losses occurring in
the magnetic circuit and electrical losses generated in the
transformer windings. The following values are used for
calculations:

* active power P; obtained from the power supply;
* active power P, transferred to the final consumer;

* electrical losses AP occurring in the transformer
windings;
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» magnetic losses AP, which are formed in the
core;

« additional power losses AP,pp arising in other
structural elements and components on average up to 10%
of all losses.

To calculate APg; use the formula [21]:
APy = APELNOMBZ’

where APpg; vou - €lectrical losses at nominal current of
the transformer, B - load factor. Nominal electrical losses
are determined based on passport data, or experimentally
based on the test results of the transformer.

The value of APy, is calculated by the formula [21]:
AP, = AP, + AP,

EC>

where APy - hysteresis losses; APgc - losses due to eddy
currents.

The efficiency of the transformer is calculated by the
formula [21]:
b

‘1:;1

b
(P2+APM +APEL)’

where 1) is assumed to be zero when the transformer is not
operating, and its power is used to compensate for mag-
netic losses.

For a more accurate calculation of efficiency, addi-
tional energy consumption is taken into account, which
occurs not in the magnetic circuit and winding, but in
other elements of the power unit.

4.5. Methodical principles of calculation of energy
losses of elements of electric networks

The main methodological principles for calculating
energy losses of electrical network elements are devel-
oped in detail and set out in [7]. For a single network
element with active resistance R, load losses of electricity
are determined by the relationship [7]:

T
AW, =3R j I*(t)dt.
0

The analytical function that describes the law of cur-
rent change over time is often unknown, so in practice
various methods are used to integrate this relationship
numerically, which determine the main methodological
approaches to calculating the load losses of electricity in
the elements of electrical networks.

The most widely used method in practice is the
method of average loads. According to this method, the
load losses of electricity are determined by the formula
[7]:

Wi+w;
—4_—L Rk;,

av

AW, =3RI’ kT =

where I, is the average value of the current, U,, is the
average value of the voltage, kr is the coefficient of the
form of the graph, T is the calculated time period, W, is
the active electricity, Wy is the reactive electricity.

Electricity losses in the elements of the electrical
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network are determined by the results of measurements as
the difference between the volumes of electrical energy
calculated from the simultaneously taken readings of me-
ters installed at the input and output elements of the elec-
trical network. In case of technical impossibility or eco-
nomic inexpediency of loss measurement, they are deter-
mined by calculation in accordance with the methodo-
logical recommendations for determining the technologi-
cal costs of electricity in transformers and power lines
[17]. According to this method, the losses of active and
reactive energy in transformers are calculated by a for-
mula that takes into account electrical and magnetic
losses.

4.6. Calculation of energy losses in the transformer
T™M 1000/10/0.4

The power transformer with a nominal power of
1000 kVA and a nominal voltage of 10 kV is involved in
the work. The initial data for calculating the energy losses
in the transformer are shown in Table 1.

Table 1. Initial data

Indicator Expression Value
Nominal power, kVA S vom 1,000
The voltage is rated U you 10
based on the parame-
ters of the network 10 /
0.4,kV
Transmitted active W 4 53,954
electricity, kWh
Transmitted reactive W g 39,062
electricity, kvarh
Short-circuit P 10.5
losses, kW
Costs in idle mode, kW Py 1.4
Time worked under T uw 1,000
load, h
Maximum load time, h Ty 900
Time of greatest t 100
losses, h
Power factor CoS @ 0.81

The device worked for 1000 hours in operating
mode, and part of the time the transformer operated at
maximum load, and part of the time converted electricity
with the greatest losses. We apply the method of calculat-
ing the power losses in the power transformer [22], which
is based on the methodology of [7] and allows you to es-
timate the power losses depending on the operating modes
of the transformer. The following condition is used to
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calculate the consumption of the maximum possible en-
ergy of the transformer during 7), [22]:

W,, <098, cose-T,.

AM —
From this value of the condition W, is equal to:

W, =656,100kWh.

Accordingly, the time of maximum load of T),is 900
h, and the time of the largest losses ¢ will be 100 h. The
power factor is found by the formula:

w
—4___ =0.81.
N

Constant energy losses depend on the idling costs
and are [22]:

cosQ =

AW, , = RT,, =1400kWh,
AW, = AQ, T}, = 20,953 .2kvarh,
where AQ, is losses of reactive power at idling cost:
1,%
AQ, =.[| 22—
O \/[ 100

where I, =2.1% is coefficient of current at idling cost.

2
SNOMJ — P? =20.953kvar,

To calculate the variable losses of active energy in the
calculation period, the formula [22] is used:

Wi+Ww;
AW 4 = PM(W] =5.75kWh,
M~ NOM
reactive energy [22]:
2 2
AW = AQSC{WJ =23.97kvarh,
M~ NOM

where AQgc is short-circuit losses of power [22]:

!

where Usc =4.5% is coefficient of short-circuit losses of
voltage.

Uy %
100

2
AQq. SNOMJ — P2 =43.757kvar,

Active energy losses in the calculation period are:

AW, = AW, , + AW, =1,405.75kWh.

Reactive energy losses in the calculation period are:

AW, =AW,  + AW , =20,97Tkvarh.
So, calculation results of active and reactive energy
losses in the calculation period are:
- active energy losses are 1,405.75 kWh,
- reactive energy losses are 20,977 kvarh.
General energy losses in the calculation period are:

AW = AW, + AW,
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Converting reactive energy losses to units of kWh:
AW, (kWh) = AW, (kWArh)-cos@ =16,991.37kWh.

Thus, the general energy losses in the calculation period
are:

AW = AW, + AW, =18397.12kWh.

Then we can calculate the efficiency of the trans-
former by the formula:

W, —AW

n= =0.972.

AM

Thus, the efficiency of the transformer is = 97.2%.

The given method of calculation allows to derive
the generalized formula of dependence of efficiency on
time of the maximum loading and time of the greatest
losses of the transformer. The resulting formula is as fol-
lows:

TM TM

where the coefficients 4 and B are equal to:
- (B +A0)T,,
0.9S 0y, "COSQ’
B= (Psc +AQSC)'(W,42 +WR2)‘
0.9S you - €OS®

The numerical values of the coefficients 4 and B
for the conditions of this example are equal to: 4 =25.2 h,
B =246.5 h’. Then the generalized formula for calculating
the efficiency for this example will be written as follows:

n=1-252 2465
T, T

To compare the results, the efficiency was calcu-
lated according to the method of calculating electricity
consumption according to the normative document of the
Ministry of Energy and Coal of Ukraine "Methodological
recommendations for determining the technological con-
sumption of electricity in transformers and transmission
lines" [17]. The calculation according to this method
showed that for the transformer TM 1000/10/0.4 the effi-
ciency is equal to 1 = 97.1%. This result almost coincides
with the value of efficiency, which was obtained by us in
the applied method using a generalizing formula to de-
termine the efficiency of the transformer TM 1000/10/0.4.

The graph of relationship of efficiency on time of
the maximum loading at the set time of the greatest losses
of the transformer has the following view:
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Figure 1. Graph of efficiency relationship on the time of
maximum load at a given time of the largest losses of the
transformer

The analysis of the obtained results allows us to state
that the relationship of efficiency on the time of maxi-
mum load of the transformer at a given time of the great-
est losses of the transformer has the form of a function
that asymptotically approaches the maximum value with
increasing 7T), value.

V.CONCLUSIONS

1. Analytical analysis of methods for calculating
power losses in the power transformer is carried out. It is
established that many methods are based on analytical
calculation methods using mathematical modeling of elec-
tromagnetic processes in a power transformer. The choice
for the practical engineering application of a method of
calculating losses is often complicated by the cumber-
someness of mathematical calculations, which are not
always justified in the conditions of industrial operation
of power units.

2. Improved estimation technique for calculating
power losses of the power transformer, which allows to
estimate power losses depending on the operating modes
of the transformer and find the value of the efficiency. A
generalizing formula for determining the efficiency of the
transformer is proposed. It is shown that with increasing
maximum load time, the efficiency of the transformer
increases and asymptotically approaches the maximum
value.

3. The calculation of energy losses of the industrial
power transformer TM 1000/10/0.4 is performed. The
losses of active and reactive energy of the power trans-
former are determined. The efficiency of the transformer
at a maximum load time of 900 hours and a time of
maximum losses of 100 hours is 97.2%. This value of
efficiency almost coincides with the efficiency obtained
by the method of calculating electricity consumption ac-
cording to the normative document of the Ministry of
Energy and Coal of Ukraine.
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BJIOCKOHAJIEHHS OLIHOYHOI METOJUKHU PO3PAXYHKY BTPAT
HOTYXHOCTI CUJIOBOI'O TPAHC®OPMATOPA

HI]_—[.HICHI/IP'I O.C. cmyoenm enexmpomexniunozo gpaxynememy Hayiananvnozo ynisepcumemy «3anopizvka
noaimexuixay, 3anopioxcoics, Yrpaina, e-mail: opodlesny14@gmail.com;

JIVIIMH C.II. Kano. ¢hiz.-mamem. nayx, Ooyemm kagedpu isuxu Hayionanvrozo yuisepcumemy
«3anopisvrka nonimexuixay, 3anopixcacs, Vrpaina, e-mail: luschin@zntu.edu.ua;

Mema pobomu. Memoio pobomu € npogedenns anarimuyHo20 anaiizy MemoOuK po3pPaxyHKy 6mpam nOmyICHOC-
mi Cun08020 Mpancopmamopa i 00CKOHANIEHHsL OYIHOYHOT MEMOOUKU PO3PAXYHKY 05l NIOBUUEHHS MOYHOCMI 004UC-
JIeHHS 6MPAM NOMYIHCHOCMI HA NPUKAAOT NPOMUCTOB020 CUL0B020 MPAHCHOpMamopa.

Memoou Oocnidocentn. AHanimuko-po3paxyHKo8i memoou O/ 6UHAYEHHS 6Mpam HOMYAHCHOCHI CUT0B020
mparcghopmamopa.

Ompumani pezynomamu. Ananiz 0CHOGHUX GMPAM NOMYIUCHOCMI CULOBUX MPAHCHOPMAMOPIE € BANCTUBUM 3a-
B0AHHAM OJiA BUSHAYEHHS ONMUMATILHUX YMO8 ix pobomu. IIposedeHo anHanimuyHul ananiz Memooie po3paxyHKy empam
nomyacnocmi mpancgopmamopa. Ilokazano 6iOHOCHULL 8HECOK PIZHUX MUNIE 6MPAM NOMYNHCHOCMI. Bukonano pospa-
XYHOK smpam enepeii cunosozo mpancgopmamopa TM 1000/10/0,4. Busnaueno empamu akmueroi ma peaxmueHol
enepeii mpancgopmamopa. Pospaxosano xoeghiyienm xopucHoi 0ii cunogoeo mpauncgopmamopa. 3anponoHo8ana y3a-
2aIbHIOIYA Popmyna Oist BUHAYEHHs Koeiyienmy KopucHoi 0ii mpancgopmamopa.

Hayxosa nosusna. Ha ocnosi amanimuynoco amanizy memooié po3paxyHKy Gmpam HOMYHCHOCMI CUN0BO20
mparcghopmamopa 600CKOHANEHO OYIHOUHY MeMOOUKY i NPO8eOeHO PO3PAXYHOK 6Mpam aKmueHoi ma peakxmusHoi eHe-
peii npomucnosoeo cunogozo mparcgopmamopa TM 1000/10/0,4. 3anpononosaro Ho8y y3azanvhiowuy gopmyny 0is
BU3HAUEHHSL KOeDIYICHMY KOpUCcHOT Oii CU08020 mpancghopmamopa, sKka 6paxosye vac pobomu mpaucopmamopa npu
MAKCUMATBHOMY HABAHMAICEHHI.

Ipaxmuuna yinnicms. Boockonanena oyinoyHa MemoOuKd po3paxyHKy Gmpam HOMYICHOCMI NPOMUCTOB020 CU-
J108020 MPAHCHOPMAMOpa nio HABGAHMANCEHHSM, 8 SKIU 3ACMOCOBANA Y3A2anbHIOIOYa opmyla eusHaAueHHs Koeiyie-
Hma KopucHoi 0ii mpancghopmamopa. 3anpononosana MemoouKa cnpousye po3paxyHKku, CKOpouye po3paxyHKosull yac
BUBHAYEHHS eKCNIYAMAYIUHUX Napamempis Cuno8020 mpancgopmamopa 3 HeoOXiOHOW MouHicmI0. 3anponoHoeana
Memoouka byna eunpobyeana Ha npukiadi pobomu cunosoco mpancgopmamopa TM 1000/10/0,4. Iloxkazano, wo npu
30LIbUIEHH] 4aCY MAKCUMATILHO2O HABAHMAdCEHHS, Koeqhiyienm KopucHoi 0ii mpancgopmamopa 30insuyemvcs i acum-
NMOMUYHO HAOIUNCAEMBCA 00 MAKCUMATBHO20 3HAUEHHSL.

Kniouoei cnosea: empamu nomyscnocmi; cunosuii mpancghopmamop; ananimuino-po3paxyHKoeuii Memoo,
Koeghiyienm Kopuchoi 0ii mpancghopmamopa.

YCOBEPHIEHCTBOBAHHME OIIEHOYHOM METOJIUKHU PACUETA
INIOTEPH MOIIHOCTHU CHJIOBOI'O TPAHC®OPMATOPA
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Llenv pabomwi. Llenvio pabomvl sA61semca npogedeHe AHATUMUYECKO20 AHATU3A MeMOOUK pacyema nomepb
MOWHOCIU CULOB020 MPAHCHOPMAMOPA U YCOBEPUIEHCIBOBAHUE OYEHOUHOU MemoOuKu paciema O NOGblUleHUs
MOYHOCIU 6LIYUCTEHUA NOMEPL MOWHOCTNU HA NPUMEPE NPOMBIUIEHHO20 CUT08020 MPAHCHOPMATIOPA.

Memoowr uccredosanusn. Anarumuxo-paciemuvle Memoovl 01 OnpedeneHus Nomepb MOWHOCMU CULOBO20
mpancgopmamopa.

Ionyyennvie pesynomamol. Anaius nomeps MOWHOCMU CUTOBBIX MPAHCHOPMAMOPOS ABIACMCA 8AHCHOU 3a0aUel
0J151 onpeoeneHus ONMUMANLHLIX Yeaosull ux pabomol. I[Iposeden ananumuueckuti aHaius mMemooos pacuema nomeps
mowHocmu mpancghpopmamopa. Ilokazan omuocumenvHwill 6K1A0 PASIUYHLIX MUNOE NOMEPL MOWHOCMU. Bvinonnen
pacuem nomeps dHepauu cuno6o2o mpancgopmamopa TM 1000/10/0,4. Onpedenenvt nomepu akmusHoul u peakmueHou
snepeuu mpaucgopmamopa. Paccuuman xosgpuyuenm nonesunoeo oeticmeus cunosoeo mpaucgopmamopa. Ilpeono-
arcena obobwarowas popmyna 0 onpedeneHuss KO3 puyuenma noie3Ho2o Oelicmsus mpancgopmamopa.

Hayuna nosusna. Ha ocnose ananumuyecko2o aHaiuza memooos pacyema nomepb MOWHOCMU CUTO8020 MPAHC-
Gopmamopa ycogepuieHcmeo8ana OYeHOUHAA MemoOUKa U nposedeH pacuem nomepb aKMUeHoU U PeakmugHoll IHep-
2UlU NPOMBIUIEHHO20 Ccul08020 mparcgopmamopa TM 1000/10/0,4. Tpeonoxcena nosas obodbwarowas gopmyna s
onpedenenus KO3duyueHma noie3Ho2o O0elcmsus CUui08020 MPaAHCHOPMAmopa, KOmopas yuumsleaem epems pado-
Mbl MPAHCHOPMAMopa NPy MakCUMATbHOU Hazpy3Ke.

Ilpaxmuueckas yennocmo. Ycosepuiencmeosana oyeHouHas MemoouKa paciema nomepo MOWHOCIU NPOMbIUL-
JIEHHO20 CUI08020 MPAHCGHOpMAmMopa oo HAZPY3KOU, 8 KOMOPOU npumeHeHa obodwarowas Gopmyia onpedeneHus
K03 uyuenma nonesnozo devicmsusa mpauncgopmamopa. Ilpeonoscennas memoouka ynpowaem paciemsl, COKpaua-
em pacuemuoe epems onpedeneHus IKCHIYAMayuoHHbIX NApamempos Cuio8020 mpancgopmamopa ¢ mpedyemou moy-
Hocmbio. Ilpednosicennas memoouxka Oviia onpobosana Ha npumepe pabomuvl cuiogoeo mparcgopmamopa TM
1000/10/0,4. Ioxazano, umo npu yeeruueHuy 6pemeHu MaKCUMAIbHOU HASPY3KU, KOIMOouyuenm noiesno2o 0etucmeus
MPancoopmMamopa yeeaudusaemcs u aCUMnmomuiecky NPUOIUANCAemcs K MakCUMAIbHOMY 3HAYEHUIO.

Knrouesvie cnosa: nomepu mowHocmu,; Cuno8ow mpancoopmamop,; aHaIumuKo-paciemusli Memoo, Kodgguyu-
€Hm none3Ho20 Oelicmeus mpancgopmamopa.
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