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ANALYTICAL AND STATISTICAL ASSESSMENTS OF THE
METHODOLOGY FOR EVALUATING THE QUALITY OF
LAMINATED MAGNETIC CORES

The paper solves the relevant issue of improving the reliability of electromechanical converters with a steel
laminated magnetic core by implementing effective measures to diagnose the quality of the laminated core. A
method for assessing the quality of laminated magnetic cores with insulated sheets is proposed. The method is
based on the analysis of the response of electromagnetic interconnected circuits to test transient processes in order
to assess the development of defects in the inter-sheet insulation and the concentration of parasitic eddy currents
associated with specific losses in the magnetic core which is the normative method of magnetic core evaluation
that is closest to the operation of an electric machine under real conditions. Taking into account the complexity
and labour intensity of regulated methods of core quality control, a reasonable assessment of the relationship
between the eddy current time constant and the specific losses in the magnetic circuit will significantly simplify
the test methodology, the implementation of which does not require complex and expensive equipment and high
qualification of the service personnel. In addition to the physical connection, the paper shows the statistical
relationship between the eddy current time constant and the specific losses in a number of real magnetic circuits
and performs statistical processing of the experimental data. A linear regression dependence is obtained and the
correlation coefficient is estimated, which confirms a significant relationship between the above components on
the example of magnetic cores of different geometries. Confidence intervals for defect-free and defective magnetic
cores are estimated, taking into account the geometric dimensions, power, and number of poles of the studied
electric motors.

Keywords: Magnetically coupled circuits, damping time constant, specific losses in magnetic circuit,
reliability, remaining insulation resource, laminated magnetic cores

Introduction

Electromechanical and electromagnetic energy converters use electrical steels with high magnetic
conductivity and low magnetisation losses as magnetic flux conductors. In the process of cyclic changes in the
magnetic structure, processes associated with hysteresis losses and eddy current losses occur. At industrial
frequencies of 50-60 Hz, the hysteresis loss component is dominant. Depending on the steel grade, the
predominance of hysteresis losses over eddy current losses at industrial frequencies ranges from three to six times.
However, in technological and operational processes, the component of eddy current losses, due to deterioration
of the inter-sheet insulation, can significantly exceed hysteresis losses. Methods for assessing the quality of
magnetic cores traditionally use the dependence of the quality of the magnetic core on the specific losses in steel
at induction close to machine operation and industrial frequency. These methods are standardised, but they are
labour-intensive and do not meet modern requirements for the efficiency of control tests. Therefore, there is a need
to develop methods for more effective control methods that can be associated with regulatory tests. It is proposed
to use as a diagnostic feature the relationship between the time constant of eddy currents in a magnetic circuit and
the specific losses that meet the regulated methods.

The purpose of the study is to establish a physical and statistical relationship between the specific losses
in @ magnetic core at a fixed induction and frequency and the time constant of eddy currents for magnetic cores
of different geometries.

The objective of the study is to investigate the physical connection of the fast process of establishing
magnetic flux in magnetically coupled circuits with the reaction of the secondary system in the form of eddy
current circuits in the defect-free and defective level of the laminated magnetic core.

Main Material of the Study

Physical bases of connection between parameters of transient processes and specific losses in
laminated magnetic cores

If a test coil is wound around the back of the magnetic core, it will also induce an EMF. A single sheet can
be considered as an element in a composite magnetic core, if the insulation between the sheets is of high quality.
Let us consider the distribution of EMF, currents and eddy current losses in the cross-section of the sheet under
alternating magnetic flux in the sheet. We assume that the equipotential lines of the elementary circuit are
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symmetrical relative to the centre. As the circuit grows, its cross-section g, increases according to the quadratic
law, and the length of the circuit [, — The induced EMF will depend on the rate of change of the flow. Using the
operator p for ease of writing, the following relations can be obtained for a circuit with a width of 2x:

N ex = pd, = pBg, 1)
Where g, = 2x2 P cross-section of an axisymmetric contour, h — sheet height.
Resistance of a contour with a thickness Ax when section length [ = 1:

Ar, = 2(2x+%x)i‘ﬂ (2)
X
Where p_ — specific losses of steel. The elementary current in the considered circuit will be:
= P
Ai, = ity ?)

This is true for the case when h >> b. When B = B,,;sinwt i pB = 2rnf B, the current value of the EMF
will be:
E, = nﬁfBCIx (4)
It is obvious that when the induction decreases due to the demagnetising effect of parasitic eddy current
circuits, the effective EMF value will decrease with increasing frequency.
The losses in an elementary circuit of length [ = 1 will be:
h 2
_ B2 _ (nV2fBm2px?)
bpy =y = r A (5)
Total eddy current losses:
2m? f2BZ, 20 252p2
Po=[ dpo=""""2 fp Bfy xddx = LA pp (6)

Specific eddy current losses:
Py _ mf2B5b?

Pspec.ec = Tgs (7)
Where m = 2hblg, — considered element mass, g — steel density 7,8 * 103 %. Pspec.ec IS proportional to
2p2
the product f2B2, a constant coefficient in this formula k,, = %.

Thus, for a steel sheet with b = 0,25mm and p = 2 * 1077 losses are Popecec = 0,5 %, which fully
corresponds to the table data for electrical steel. Hysteresis losses are several times higher. For 2013 steel, the total
losses:

w
(pspec.ec + pspec.h) =05+2=25 E (8)

In other words, in order for the total losses to increase significantly, the losses due to eddy currents caused
by defects in the interlayer insulation must increase at least by several times.

For a defective magnetic core, assuming a uniform distribution of defects in the interlayer insulation, in
addition to eddy currents that are confined to individual sheets, there are common integral currents that cover the
entire package. With a uniform distribution of defects, the processes in the package can be described in the same
way as in a single sheet, but it is necessary to take into account electrical anisotropy, i.e. the fact that due to defects,
the specific resistance in the transverse direction is much higher than the resistance of steel [1].

The % ratio can be any, more often less than one. The value of b in this case plays the role of the width of
the entire package, i.e. if the thickness of the sheet was equal to the width of the package.

According to (1) EMF of xth circuit will be:

2hx?
ex = pB b )
And the resistance of the elementary circuit according to (2) will be:

h
z(szdef+§xPs) _ 4Xpdef

x Ax Ax
where p - electrical resistance of the defective circuit.
The current in the elementary circuit according to (3) will be:
h
B_
Ai, = zid:f xAx (1)
1 pByh? uxz(b2—§>
Op= (3 Budx)ax=—p (12)
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For alternating magnetic flux, eddy current losses are determined by the following equation:

2
E2 n'\/fmeZExz
Ap, = = M (13)

Tx 4pgefx
The eddy current losses in a magnetic circuit with integral defects will be as follows:

2,252 ()2
me2f Bm(;) b* _ w?f2B% (hb)?

b
Pec - fO dpx - Pdef 4 2Pdef (14)
P, w2 f2B2 hb
Pspec.ec = f = Zpde:;s = kec.def.szrzn (15)
2hb
k = 16
ec.def. 2pdefds ( )

As can be seen, the relationship between the specific losses for eddy currents in a magnetic core with integral
defects is direct through k.. 4. Which depends on the cross-section of the magnetic core % and the resistance of
the defective circuits p -

In order for the total specific losses to increase compared to a defect-free magnetic core, for example, by a
factor of 2 (up to 5 WI/kg), different degrees of defectiveness are required for magnetic cores of different
geometries.

To do this, we define Paes

2f2BZ hb
pdef - ;TgsPspecec - 0‘63hb (17)

For the magnetic core of a small machine, hb = 0,01 * 0,1 = 0,001 m?, Paey = 6.3 * 10~* Ohm * m. As

the cross-section increases, the same effect will be achieved at higher p ,, s a and the total losses in steel increase

in proportion to the square of the cross-section.

The inertia and demagnetising effect of the defective circuits is superimposed on the magnetic inertia and
the reduction of induction in the magnetic core itself. The decrease of the average induction value will occur faster
in defective magnetic circuits compared to defect-free ones with increasing frequency. Relative to the coil, which
creates a magnetic field in the magnetic core, the total resistance Z will be determined [2]:

U j adhwp ~ D
ZZYZETNZth(l‘l']); (18)

Analysing the above expressions, it can be concluded that the level of defectiveness of a magnetic core can
be determined through the same parameters inherent in the eddy current time constant and specific losses of a
magnetic core at an industrial frequency and a fixed induction, which is usually 1 T. For defect-free magnetic
cores, the relationship between T and Py,ec .. is made through the square of the sheet thickness, electrical
conductivity and magnetic permeability of the steel material. For a defective magnetic core, a parasitic circuit is
superimposed on the eddy current circuit that occurs in a defect-free magnetic core, which depends on the degree
of defective metal overlaps and the overall geometric component of such circuit, which is proportional to the
product hb (18).

Based on the proposed method of quality control of the magnetic cores, model installations were created,
which allowed to conduct large-scale experiments at the enterprises ‘Miskvodokanal’ of Sumy City Council and
ENERSIS UKRAINE LLC company.

The experiment was carried out on a large number of magnetic cores of IMs with power from 0,37 kW to
37 kW with different degrees of defects. The magnetic losses in the cores were measured by the wattmeter method
at an induction of 1 T and the time constant of eddy currents T,. us. The results are presented in table 1. The
experiment included testing more than 200 magnetic cores of different quality and geometry, which corresponds
to a range of motor park capacities available at the enterprises.

As samples for the experiment, both magnetic cores that were not in operation and magnetic cores that are
in operation, as well as magnetic cores that have undergone a repeated technological cycle of heating in a furnace
to a temperature of 350-450 °C in order to burn out the old winding before rewinding electric motors, were used.
Thus, there were two groups of magnetic cores: high-quality and defective, with varying degrees of damage to the
interlayer insulation.

Identification of the correlation coefficient and linear regression analysis of samples on the
relationship between specific losses and the generalised diagnostic parameter

To perform such an analysis, a fully automated calculation was used for the largest sample of N = 200 to
represent the relationship between p - and pgyp,.. for magnetic cores from the experiments shown in table 1, where
i, — is the mean value of a random variable. In this table, the values of specific losses were measured at an
induction of 1 T and industrial frequency are given in W/kg.

Correlation analysis allows to determine the degree of relationship between two or more variables.
However, it is also desirable to have a model of this relationship that would make it possible to predict the value
of one random variable from the specific values of another.
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In our case, the correlation analysis of the data from numerous experiments established a significant linear
relationship between the diagnostic parameters in the magnetic cores under study and the specific magnetisation
losses. The logical next step is to specify this relationship so that this generalised diagnostic parameter could be
used to predict the specific losses P,..

Table 1 - Relationship of specific losses in magnetic cores of different defect degrees with T, [3]
Pspec | 3,28 3,49 3,44 3,28 3,62 3,33 3,62 4,1 4,25 4,36 4,92

Tec 42 43 48 43 48 45 47 51 53 51 49
Pspec | 5,12 5,39 5,62 5,68 5,36 4,38 4,92 5,65 5,34 5,46 511
Tec 53 54 59 66 52 48 51 59 57 58 64
Pspec | 5,62 4,80 4,92 4,75 5,35 5,55 5,98 6,32 6,45 6.0 6,13
Tec 62 55 53 52 55 58 71 75 81 72 87
Pspec | 6,20 6,18 6,4 6,45 6,31 6,4 6,12 6,53 6,27 6,63 6,84
Tec 88 86 91 86 83 84 87 78 82 85 92
Pspec | 6,8 6,32 6,55 6,27 6,35 7,14 7,45 7,05 6,94 6,40 6,4
Tec 91 74 79 84 85 97 91 99 89 77 83

Pspec | 6,78 7,0 7,2 7,24 7,55 7,46 7,9 8,08 7,9 7,46 7,93
Tec 100 107 113 108 102 101 115 119 123 100 128
Pspec | 8,0 8,21 8,36 8,64 7,94 8,2 8,32 8,6 8,2 8,56 9,0
Tec 104 119 121 133 107 116 135 129 132 139 120
Pspec | 9,60 9,21 9,36 8,84 8,05 7,68 8,63 8,43 8,02 8,43 8,68
Tec 130 128 126 117 125 111 134 119 124 127 117
Pspec | 8,9 8,45 9,63 9,2 9,40 10,8 8,72 9,0 9,2 9,34 8,63
Tec 138 132 130 132 138 152 108 114 124 128 136
Pspec | 9,8 9,64 9,55 9,84 9,39 9,69 10,12 | 9,87 11,0 9,85 10,16
Tec 152 142 141 144 138 135 157 148 154 152 158
Pspec | 10,28 | 11,42 | 1123 | 11,0 1152 | 10,63 | 10,05 | 10,48 |1069 | 11,57 | 11,23
Tec 160 150 145 172 174 161 139 144 152 181 175
Pspec | 11,10 | 10,88 | 10,67 | 10,58 |10,85 | 1105 |1145 |11,38 | 10,93 |115 11,43
Tec 172 170 163 158 147 171 173 176 169 177 179
Pspec | 11,89 | 11,71 [ 115 11,25 | 11,8 11,34 | 11,02 | 11,47 | 1125 | 10,96 | 10,74
Tec 186 181 176 174 180 177 166 168 174 169 166
Pspec | 11,43 | 11,28 | 123 11,48 | 11,3 11,85 | 12,05 |1168 | 1155 | 109 | 11,8
Tec 181 174 180 175 172 178 182 172 177 159 172
Pspec | 11,98 | 11,68 | 1135 | 118 11,87 | 123 1145 | 11,36 | 11,8 11,2 12,3
Tec 188 182 180 173 184 185 178 172 173 180 185
Pspec | 11,93 | 11,24 | 1167 |117 12,4 12,38 | 12,87 | 1145 | 12,39 | 12,12 | 1243
Tec 188 169 174 179 190 184 192 182 185 180 183
Pspec | 12,66 | 11,96 | 12,12 | 127 1301 | 12,75 | 1196 | 1356 |12:88 | 134 13,27
Tec 191 189 192 190 200 197 183 214 207 211 209
Pspec | 12,63 | 13,78 | 13,07 | 1454 |13/4 1325 | 12,75 |12/4 12,36 | 12,89 | 13,15
Tec 194 203 209 218 205 211 199 202 201 212 215
Pspec | 13,87 | 13,47
Tec 210 209

Methods for solving such problems are called regression analysis [5]. In our case, x can be a diagnostic
parameter, and y — can be specific losses. The linear relationship between two random variables means that the
forecast of the value of y based on this analysis is as follows:

j=A+Bx (19)

where A and B are, respectively, the segment of the ordinate axis that forms the line and its slope. If the

data are related by a perfect linear relationship r,,, = 1, then the predicted value of ; will be exactly equal to the
observed value of y; for any given x;.

However, in practice, there is usually no perfect linear relationship between the data. Nevertheless,
assuming a linear relationship and an unlimited sample, it is possible to choose such a value of 4 and B, that will
allow to predict the expected value of y; for any given x;. This means that ¥; does not necessarily coincide with
the observed value of y;, corresponding to a given x;, but it will be equal to the average of all such values.

34 ISSN 2308-7382 (Online)



ISSN 1813-5420 (Print). Enepeemuxa: ekonomixa, mexmnonozii, ekonozia. 2024. N 3

The generally accepted procedure for determining the coefficients of equation (19) is to choose such values
of A and B, that minimise the sum of the squared deviations of the values from the predicted value of y. This
approach is called the least squares method [5].

Using the data in table 1, let’s define a line that gives a linear prediction of the specific losses in the magnetic
core Py,e. by the diagnostic parameter T.. It should be noted that regression in general has a more complex
relationship than a linear one, but since the correlation coefficient is large, we can use a linear regression function.
As before, let x be the diagnostic parameter, and y = Py,..

125
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@
=]

100 150 200

wn
=

X

Figure 1 — Experimental data and regression line

Accordingly, the regression line that estimates the average specific losses by the diagnostic parameter T,,
is as follows:
y =1,3135 + 0,05838x (20)
and is shown in figure 1.
Based on it for T,. = 50 us we get P = 4,23 %; for T,. = 80 us we obtain Py, = 5,98 %; for T, =
130 us we get Pypo. = 8,9 %; for T, = 180 us we obtain Pye. = 11,82 %
Having calculated the confidence interval and prediction interval, we obtained the graph in figure 2.
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S0 100 150 200

X
Figure 2 — Experimental data, regression line, prediction interval and confidence interval

Thus, according to the results of correlation and regression analysis of the presented sample, it can be stated
that for the diagnostic parameter T,. = 50 us specific losses according to confidence interval are in the range from
4,05 to 4,37 W/kg, and according prediction interval are in the range from 3,14 to 5,28 W/kg; for T,. = 80 us
specific losses according to confidence interval are in the range from 5,88 to 6,22 W/kg, and according prediction
interval are in the range from 4,93 to 7,06 W/kg; for T, = 130 us specific losses according to confidence interval
are in the range from 8,82 to 8,97 W/kg, and according prediction interval are in the range from 7,83 to 9,95 W/kg;
for T,. = 180 us specific losses according to confidence interval are in the range from 11,68 atoo 11,89 W/kg,
and according prediction interval are in the range from 10,73 to 12,85 W/kg.
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The correlation coefficient R is 0,98, which means that there is a very strong, direct dependence of the
specific losses on the eddy current time constant T,.. And the coefficient of determination R? is 0,961, which
means that 96,1% of the variability of the specific losses is explained by T,..

Selection by the relationship between the time constant of eddy currents and geometrical
dimensions for high-quality magnetic circuits

Table 2 shows a selection of the relationship between the time constant of eddy currents T,. in magnetic
cores at fixed Py,.. and different geometries of high-quality charge magnetic cores. The 45 independent
observations obtained from the results of experiments conducted in the ENERCIS UKRAINE LLC company and
the ‘Miskvodokanal” of Sumy City Council contain 9 groups of 5 motor cores, ordered by increasing power, which
corresponds to the variable geometry of magnetic cores. The magnetic cores of all these 4A series motors had

specific losses Py,ec = ~ 4 % at f =50 Hz and B = 1 T, which is acceptable quality wise.

Table 2 - Relationship of specific losses in defect-free magnetic cores with T, in IMs of different size [3]

Series P, kW Specific losses (1/50 T/Hz)/Eddy currents time constant Tec

W22 80B4 0,75 2,97/32 3,23/41 3,78/46 3,15/51 2,9/34
W22 9054 11 3,85/42 2,7/31 3,13/45 3,25/39 3,4142
W22 90L4 15 2,35/26 2,9/33 3,2/141 3/38 3,2/43
W22 100L4 2,2 3,42/46 3,75/50 3/42 2,95/42 2,827
W22 100LB4 | 3,0 3,4/40 3,56/46 3,45/43 3,2/38 3,15/37
W22 112M4 4,0 3,8/43 3,65/48 3,4147 3,63/52 3,43/39
W22 13254 55 3,65/46 3,35/42 3,1/46 3,6/40 3,3/38
W22 132M4 7.5 3,9/56 3,74/44 3,2/33 3,48/48 4,1/56
W22 160L 15 3,8/53 3,45/54 3,6/47 3,2/34 3,1/30

Statistical analysis involves finding the distribution function of a given random variable x. The Gaussian
(or normal) distribution has a standard density and distribution function [6]:

— —Z2
p(z) = (VZn) ez (21)
where z — random variable that looks like:
g = (22)

Ox
where p, and o, — the corresponding mean and standard deviation of the random variable x(T,.).
Let’s perform the calculation using the data in table 2 and estimate the mean value of a random variable:

x=p =2, x = 42,93 (23)

The variance of a random variable:

o2 =23%, (x—x)" =6957 (24)

The probability density function is shown in figure 3, and the distribution function is shown in figure 4.

As can be seen, this function almost perfectly corresponds to the Gaussian distribution function of a random
variable, unimodal, monotonically varying on both sides of the mode. The fact that the above function obeys the
law of normal distribution allows us to assert that the diagnostic parameter for high-quality magnetic cores is
practically independent of changes in the geometry of magnetic cores.

Next, we need a parameter estimation procedure associated with the construction of an interval in which
the estimated parameter T, is located with a known degree of confidence. Let the sample mean x, found from N
independent observations of the random variable x(T,.), be used as an estimate of the mean .. Usually it is of
interest to estimate w, in terms of some interval x + «, in which p, falls with a given degree of confidence. Such
intervals can be constructed if the sample distributions of the estimates in question are known.

It is known that the following probabilistic statement can be made about the values of the sample mean [7]:

W 70| =1 a (26)
X 2
Formally, this statement is true before the sample is drawn and x is calculated. Once the sample is obtained,

the value of x becomes a fairly definite number, not a random variable. Accordingly, it can be said that the
(x—w)VN
a

Prob |Zi-a <
2

probabilistic statement contained in formula (26) loses its meaning, since the value either falls within the
specified limits or does not. In other words, after obtaining the sample, the following statement is formally correct:

Prob (Zi-a < (E_iﬂ <Za={0,1} (27)
2 x 2
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Usually, the true value of the probability (27), which is either zero or one, is unknown. However, with the
decrease of a (increase of the interval between 21 -« and Za) it is reasonable to assume that this probability is

more likely to be one than zero. In other words, if many samples are taken and the value of x is calculated for each
of them, then we can expect that the value involved in formula (27) will fall into the specified interval with a
relative frequency approximately equal to 1 — a. With this approach, it can be argued that there is an interval in

(E_p‘x)\m

which the value falls with a higher degree of confidence.

).50

045

Probabiilty

0.05
000
Pl 25 3 33 40 45 50 55 G0 (-
Tec
Figure 3 - Probability density function

Probabiity

20 25 ) 5 40 48 50 55 &0 [
Tae
Figure 4 — Distribution function

Such statements are called confidence statements. The interval over which the statement is made is called
the confidence interval. The degree of confidence associated with a confidence statement is called the confidence
level. When estimating the mean, the confidence interval for the mean py can be constructed from a sample value
of x by rearranging the terms in the formula:

a'xZZ O'XZZ
— 2 2
X S <xt (28)

If o, is known, then the confidence interval for p, can be constructed from sample values of x and S by
rearranging the terms in the formula:

Stng Stng
X — WZSu <x+ \/ﬁ? ,n=N-1 (29)
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In formulas (26, 27), the properties Z, _a = —sz are used. These intervals correspond to a confidence level

of 1 — a. Accordingly, the confidence statement isas foIIows the true value of p, falls within the specified interval
with a confidence level of 1 — « or (in generally accepted terms) with a confidence level of 100 * (1 — a)%.
Similar statements can be made for any parameter estimates, as long as the corresponding sample distributions are
known. The following formula allows us to construct a confidence interval with a confidence level of 1 — « for
the variance a2 from the sample variance S? calculated from a sample of size N:
m? g2 <™ N1 (30)
e x
where y2 —is the chi-squared distribution of x, n — is the degree of freedom N. In our case, the sample contains
N = 45 independent observations of the distributed random variable x (the mean p, for good quality magnetic
cores of different geometries).
Let us find 90 percent confidence intervals for the mean and variance of a random variable x. According to
formula (29), a confidence interval with a confidence level of 1 — a for the mean y, is calculated based on the
sample mean x and variance S? with a sample size of N = 45:

Stya Saad
(= ey

From the table of percentage points of the Student's t-distribution given in the source [8], we find for a =
0,1; t44;§ = t44,005 = 1,3011, so the interval is as follows:

[(x —0,194S) < p, < (x + 0,194S)] (32)
According to formula (30), the confidence interval for the variance g2 with confidence level 1 — a is
calculated based on the sample variance S? with a sample size of N = 45:

2 2
M <oz (33)
X4-4;% X44;1;—a
From the table of percentage points given in the source [8], the y-squared of the distribution for « = 0,1
is )(44 @ = Xino0s = 56,37 and ¥}, | _a = Xiuo0s = 32,49 s0 the interval takes the form:
(0,7852) < 62 < (1,355?) (34)

It remains to substitute the sample mean and sample variance into the formulas for the confidence intervals. Sample
mean:

x=-3N, x =4293 (35)
and, sample variance:
1 2
P=——3N, (% —x) =6957 (36)

Thus, confidence intervals with a 90% confidence level for the mean and variance of a random variable x
are as follows:
41,31 < p, < 44,55 (37)
54,27 < 02 < 93,92 (38)
this area is shown in figure 3.
The study suggests that the distribution of high-quality magnetic cores along p, can be performed with a
very high level of accuracy for any core geometry, provided that the p, value itself can be accurately determined.

Conclusions

Transient processes in circuits with ferromagnets were analysed. The analytical and statistical analysis
based on the results of experiments on real samples confirms the theoretical conclusions of the possibility of
estimating the specific losses in magnetic cores by the parameters of transients. A significant correlation between
the specific losses in magnetic cores and the transient time constant has been established, the regression
dependence has been determined, and confidence intervals have been calculated to assess the accuracy of the
measurement parameters.

It is shown that the main destabilising factor affecting the reliability of the results is the failure to take into
account the magnetic delay component in hysteresis phenomena, as well as the geometry of the parasitic circuit
closure of eddy currents.
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«KuiBcbknii nojirexniynuii incrutyr imeni Iropst Cikopcbkoro»

AHAJIITUYHI TA CTATUCTHYHI OHIHKN METOJAUKHN OLIHIOBAHHA
AKOCTI IMXTOBAHUX MATHITOITPOBO/IIB

B pobomi eupiwene axmyanvne numauHs niOBUWEHHS HAOIUHOCI pPOOOMU  eNeKIMPOMEXAHTYHUX
nepemeopiosayie 3 WUXMOBAHUM CMALEGUM MAZHIMONPOBOOOM WLISXOM 30IUCHEHHS epeKmUsHUX 3ax00i6 no
0iacHOCMYBAHHIO CMAKY AKOCMI JAAMIHOBAHO20 0CEPOsl. 3aNponoHOBAHO Memood OYIHKU SAKOCHI JNAMIHOBAHUX
MA2HIMONpPoBodi8 3 1301b08AHUMU JTUCMAMU, SAKUL IPYHMYEMbCA HA AHANI3T BIOKIUKY eNeKMPOMACHIMHUX
63AEMONOG A3AHUX KOHMYPIE HA MeCmOo8i WEUOKONIUHHI NPOYecU 3 Memol OYIHKU PO36UHEHOCMI OegheKmi
MIdICIUCMOB0I 13071aYii ma KOHYeHmpayii napasumuux 6UXpoGUX Cmpymis, Wo noe's13aui 3 NUMOMUMU 8MPAMaMU
6 MACHIMONPo8oIi, WO € HOPMAMUBHUM MEMOOOM OYIHKU MACHIMONPOBOOY, HANOLIbIL HAOAUNCEHUM 00 poOOmU
eeKMPUYHOT MAWUHU 8 PedNibHUX ymMosax. Bpaxogyrouu ckradnicme ma mpyooemHicme HOPMAMUBHUX MemMOOi8
KOHMPONO AKOCMi 0cepob 002PYHMOBAHA OYIHKA 36'513KY NOCMINIHOI 4acCy 3a2acanHs GUXPOGUX CMPYMIE 3
RUMOMUMU BMPAMAMU 8 MACHIMONPOB0OI 003801UMb CYMMEBD CHPOCMUMU MEMOOUKY GUNPODY8atb, peanizayis
AKol He nompebye cknaouoi ma 00pozoi anapamypu ma eucoxoi xKeanigikayii oociyeosyrouozo nepcouary. B
cmammi Kpim @i3uyHo20 36'a3Ky NOKA3AHO CMAMUCTNIUYHULL 38'130K MidC NOCMIIHOIO YACY 3A2ACAHHA BUXPOBUX
CMpYMi8 ma NUMoMUMYU UMPAMAMU HA HU3YI PeANbHUX MASHIMONPO800ie i npogedena cmamucmuiia oo6pooxa
pe3yIbmamis excnepumenmanvHux oanux. Ompumana JiHitiHa pecpecuia 3aiedchicms ma oyiHeHo Koe@iyichm
Kopenayii, wo niomeepodcyc 3HaAUYWy 3ANeNCHICMb MIdC HABCOeHUMU Gulye CKIAOHUKAMU HA NPUKIaoi
MazHimonpogoodis piznoi eceomempii. Oyineno 008ipyi inmepsaiu wodo bOe3dehekmuux i Oepexmuux
MA2HIMONPOBOOi8 3 BPAXYBAHHAM 2eOMEMPUUHUX PO3MIPI6, NOMYICHOCMeEN ma KIbKOCmi  Noacie
00CIOACYBAHUX eeKMPOOBUSYHIB.

KirouoBi cioBa: Maenimonog’azani kowmypu, noCmiuHa Yacy 3a2acanHs, NUMOMI eémpamu 8
MacHimonpogooi, HAJIHICMb, 3ATUWKOBULL PeCypC I301aYil, WUXIMOBAHI MAZHIMONPOBOOU
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