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Abstract:  The results of non-destructive
technological control of the number of defects in the
enamel wire insulation based on polyetherimide polymer
are presented. The application of statistical analysis of
the measurement results of control indicators with the
help of a mathematical trend model for the use in active
technological control is considered. Recommendations
for the practical use of the trend function parameters to
control the probability of finding several parameters
within the established limits are proposed. The main
parameter of the trend is the flow parameter of the
number of defects exceeding the established
technological limit (the failure flow parameter) in short
periods of the technological time, for example, for each
spool of wire (several thousand meters of wire). The
ability to quantitatively assess the tendency of enamel
insulation defects for the wire with two-layer insulation
with a nominal diameter of 0.63 mm during a continuous
technological cycle has been theoretically explained and
confirmed by measurements. Quantitative assessment of
the tendency of changing the enamel insulation
defectiveness allows using a model based on collating
the information on a significant number of control
parameters. At the same time, one parameter of the
spectrum of interrelated ones is allowed to exceed a set
technological limit, which ensures sensitivity to changes
in this limit. Data on the sensitivity of this model to
technological changes are presented.

Keywords: enamel wire, polyimide insulation,
defectiveness, technological control, voltage tests.

1. Introduction

Enamel wire with double insulation based on
polyimide copolymers is the state-of-the-art result of
enamel wire production. Ensuring the electrical strength
of enamel wire requires minimizing the dispersion of
values of the breakdown voltage Up, (hereinafter for

brevity U). For the manufacturer, it is especially relevant
to study the change in the dispersion of U values during
a continuous technological cycle, which includes the
continuous production of a large number of enamel wire
spools (thousa nds of meters) on modern high-speed
enameling units. The problem of organizing such control
in real time becomes important when introducing
modern automated production lines. Significant product
lengths lead to high requirements for uniformity in
length for a number of parameters. The indicator of such
uniformity, for example, is the discrete measurement of
the current through the enamel wire insulation in the
real-time technological mode under the action of high
voltage direct current, which is provided by the licensed
EFHP system of the MAG-ECOTESTER company [1].
This system provides non-destructive technological
control within a wide range of parameters: test voltage is
300 V up to 4000 V with a 1 V step; critical current is 4
LA up to 40 pA with steps of 1 pA.

Determining the breakdown voltage remains a
destructive procedure performed on a limited part of the
product and, therefore, in parallel, there must be the non-
destructive control of the wire uniformity provided along
its length.

The high cost of innovative products, the production
of which is based on the use of advanced technologies
and materials (often imported) on the one hand, and the
need for additional costs for the organization of control
of the spectrum uniformity of technical parameters along
the length in real time on the other hand, which, in turn,
create the problem of economic efficiency of innovation
implementation. Their efficiency directly depends on
ensuring a sufficiently high level of the operational
characteristics of innovative products.

Automated imported technologies being used, which
is typical for the Ukrainian cable industry, the analysis of
the specific technological control results as the basis for
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ensuring a sufficiently high level of operational
characteristics remains the competence of the innovative
technology developer. The problem of organization of
specific technological control and analysis of its results
during the implementation of modern automated
production lines is one of the most urgent problems of
cable industry.

This problem is so closely related to the economic
component of innovative production that in [2] it is
proposed to resolve the contradiction between the high
cost of products and the price factor as a liquidity
criterion for enameled wires with polyimide insulation
by reducing the level of breakdown voltage requirements
agreed with the customer. In essence, this is an
announcement of capitulation to the problem of
introducing this innovative product, caused precisely by
the complexity of organizing the use of a modern
technological online control system for determining
insulation defects of enamel wires produced by enamel
aggregates of world manufacturers of the corresponding
equipment.

2. Analysis of literature review

There is a significant theoretical and technical
difference between the tasks of acceptance and current
technological control [3]. To estimate the guaranteed
level of the technical parameters of products during the
technological process, it is advisable to use the
mathematical apparatus of marginal distributions [4].
Reliable determination of the probability of occurring
inadmissible random variable values is still the subject of
a search for specific solutions for specialists in the field
of mathematical statistics [3,4]. First, we are talking
about the dynamic voltage test (that is, directly during
the cable product being moved along the production
line), which is a dynamic [5] type of non-destructive
control in cable production.

Dynamic insulation tests are poorly studied in the
world [5], and there are significant contradictions in their
practical using. Thus, in the countries of the Soviet
Union, only alternating voltage was standardized, while
in the world alternating, pulsed, and (mostly) direct
voltage is used [5, 6, 7, 8].

Under these conditions, the use of modern imported
automated technological lines at cable factories led to the
fact that dynamic tests of insulation with spark DC
voltage tests exist as an element of technology, but their
results are not used. Firstly, the methods of the results
analysis remain the property of the innovative
technology developer and, secondly, these results are
beyond the scope of current regulatory documents [9].

In [10], distributions of discrete random values of
minimum insulation breakdown voltages normalized to a
unit length of the enameled wire were obtained basing

on the results of PET 155-0.71 wire tests. Four groups of
defects were distinguished with the corresponding limit
values of the insulation electrical strength (breakdown
voltage): theoretically defect-free enameled wire, low-
level defect enameled wire, average-level defect
enameled wire, and high-level defect enameled wire.

The division into defect groups based on the analysis
of the statistical (integral) breakdown voltage
distribution function F*(U) is theoretically and
experimentally justified in this article. It is possible that
a division by defect groups similar to this one is the basis
of the licensed technological control applied in enamel
aggregates of the MAG company.

The idea of dividing the enameled wire into 4 defect
groups, proposed in [10], is relevant and indicates that in
the case of dynamic tests, control lengths (100 m) with
different defect levels differ not only statistically in
terms of the number of defects, but and at least by their
size. This is confirmed by the fact that we observed the
results consistency of non-destructive testing in the real-
time technological mode with the results of typical
testing of the produced wire only in the case of the
presence of all 4 defect groups.

However, the quantitative results of [10] cannot be
used in this research for comparison or analysis for at
least two reasons:

1) objects are different both by construction (solid
insulation) and by the chemical nature of the insulation;

2) the test method is static and destructive with the
breakdown voltage determination (can be normalized)
provided for specially made samples.

Technological non-destructive control of defects in
real-time production mode is a comparative method that
should ensure the presence of all four groups of defects.

This work is devoted to the development of a
statistical model for processing the results of
multiparametric technological control in real time during
insulation tests by spark DC voltage and to the
verification of the possibility of its application under the
conditions of modern wire production with insulation
based on polyimide copolymers.

3. Main results

Fig. 1 shows a fragment of the results of insulation
defect control by spark DC voltage in real time (EFHP
system of MAG-ECOTESTER company [1]), which is
an element of manufacturing technology of modern
high-speed enamel machines.

The results of dynamic spark voltage tests of double
insulated enameled wire (primary insulation is
polyetherimide, the first cover is polyamide; insulation
thickness is not less than 0.05 mm), nominal diameter of
0.63 mm, test voltage of 1500 V DC (voltage pulses
lasting 10 ms) are presented in this paper. At the same
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time, the number of defects is fixed on each 100 m
length. A defect is a segment with a length of 0.1 m in
which the current through the insulation exceeds 10 pA.

On each spool of wire, the EFHP system records the
number of wire control lengths belonging to one of four
groups according to the number of defects (er):

— group 1 (practically defect-free): er <4;

— groups 2 and 3 (low level of defectiveness):
3<er<9 and 8< er < 18 respectively;

— group 4 (high level of defectiveness) er > 18.

To simplify understanding, the results are presented
in graphic form as the frequency f{(¢)* of the different
defects groups appearance in successive periods of the
continuous automatic wire production. Fig. 1 shows the
direct results of defectiveness control by four
parameters: f1(¢); f>(9); f3(2); fa(f). These parameters are
statistically not mutually independent, as they are
connected by the condition of: ) f(f)= 1. However, both
electrophysically and, as shown in Fig. 1, statistically,
they differ significantly, and their difference is the main
information for the analysis of control results.

The system provides a wide range of the test voltage
and critical current adjustment, at which the presence of
a defect is fixed.

I I
0.5
0.4 P X N
-" \,
Y et
03F, L ueoes. S =
. .. \ .
.. §'\ ...
0.21 e, N
N
N\
0.1t ! M
1 2 3 4

Fig. 1 A fragment of the results of insulation defects control
obtained by using DC spark voltage in real time according to
F1(0; 5(0); f3(0); fo(f) which are the frequencies f(t)* of the
appearance of groups of different defects in successive periods
of continuous automatic wire production:during the first 5
hours the frequency of occurrence of f(t)* for groups with the
small number of defects (Ist, 2nd, 3rd groups) is significantly
lower than for the 4th (the most defective), which is the
evidence of increased defectiveness (the run-in period [9]).

Fig. 1 is the evidence of the technological process
instability, for example: the instability of the wire speed,
or the presence of at least two significantly different
types of defects.

During the next 15 hours, the maximum frequency
of the second group of defect appearance is observed
(from 4 to 8 defects), and over time the maximum

frequency increases. In accordance to this, the
appearance frequency of the 4th group (most defective)
decreases, which means decreasing the insulation
defectiveness at the same time with high control
sensitivity (period of normal technological process).
Thus, the EFHP system is not an alternative control
system (acceptable or unacceptable number of defects),
in contrast to traditional online insulation quality tests
[5], but it is the way of adjusting the technological
process by means of flexible non-destructive control of
insulation defects in accordance with reached level.

It is important that the DC voltage control in real
time according to four parameters, which are the
frequencies f{¢)* of the appearance of different defect
groups, makes it possible to adjust the control procedure
by choosing the values of the test voltage and the critical
current through the insulation in such a way, so that the
control procedure might record the presence of all
groups of defects at the achieved level of the enameled
insulation uniformity. If the sensitivity is too high (low
critical current and too high test voltage), all control
sections of the wire belong to the fourth group, and the
number of defects shows the discreteness of the
measurements. If the sensitivity is too low (too high
critical current and low test voltage), all or almost all
control sections of the wire belong to the first group and
the control becomes traditional voltage test for checking
the insulation integrity (alternative control).

The conformity of the non-destructive testing results
in the real-time process with the typical testing results of
the produced wire is observed only in the presence of all
four defect groups. With such a setting (the presence of
all four defect groups with the maximum frequency for
the 2nd or 3rd group), the values of the critical current
and the test voltage are important interdependent control
parameters that mean the electrophysical properties of
the insulation, and the assessment of distribution of the
number of defects along the spool means its statistical
homogeneity.

Setting the maximum frequency of the 2nd or 3rd
groups occurrence provides information about the
insulation defects level in the form of three values: test
voltage, critical current and modal number of defects per
unit of wire length.

Thus, the first obvious analysis of the results of the
MAG-ECOTESTER company EFHP system testifies to
the fundamental necessity and possibility of using many
parameters (multi-parameter control), including interde-
pendent ones, for technological control in real time by
high-voltage insulation tests during the cable production,
characterized by significant product lengths.

At the same time, the purpose of technological
control is to identify and evaluate changes in the
technological process. Theoretically, this means that
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each current result can be an element of an unknown
statistical array. Therefore, a specific algorithm for
processing and presenting results is necessary for current
analysis, which is capable of ensuring technical
decisions both in real time and remote analysis.

The main requirements for this model are:

1) Evaluation of the tendency of control parameter
change as a function of technological time (technological
trend) and separation of the trend and random deviations.

Such a separation is possible with the help of a well-
known statistical trend model with an error [11]. It is
used to estimate the trend during the high voltage tests of
enamel insulation [10].

2) Ignoring the classical principle "more
measurements — greater accuracy” by selecting an
elementary segment At of technological time for which
statistical data processing is performed. Application of
statistical procedures of discrete interval models [11] to
analyze and make current technical decisions regarding
each wire spool (EFHP system) or during a defined
technological period (hour [9], day, etc.) as part of the
entire technological cycle.

3) We need to ignore the normative mathematical
principles of assessing the reliability of technological
systems [12], which are the limit of the number of
controlled parameters. Technical and economic
considerations lead to this limit, but not mathematical
ones. It is obvious that the more control parameters, the
more information, the more accurate the forecast is. The
usage of well-known universal mathematical procedures
for the empirical parameter evaluation of the flow of
events (intensity of events) to estimate the probability of
finding a technological system in a controlled state
should provide an open spectrum of control parameters
necessary for analysis (multi-parameter control).

The presence of a technological trend of f(r)*,
frequencies of appearance of different defect groups in
successive producing periods (Fig. 1) is obvious. For its
quantitative assessment (requirement 1), the data from
Fig. 1 are presented in Fig. 2 in the form of the average
number of defects in all four groups of defects during
successive segments of technological time At = 5 hours
(requirement 2).

For all four control parameters fi(¢); £(£); f5(5); fa(f)
trend is different not only in magnitude, but also in sign,
so it must be evaluated separately.

For sufficiently small Af compared to the
technological cycle (several days), the simplest linear
approximation of the trend is shown in Fig. 3.

According to the data in Fig. 3 we obtain:

er(t)y =a+b-(t—t,,), €))
where a = 345,5 er; b =— 209,8 er/h
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Fig. 2. The average number of defects in all four groups of
defects during consecutive segments of the technological time
At = 5 hours at different scales along the er axis: x — group 1,
er<4;A—group 2 (3<er<9); ®—group 3 (8<er<18); ¢-
group 4, er > 18.
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Fig. 3. The example of evaluating the trend of the defects
number by linear approximation during the production of 11
coils of wire.

A rough trend calculation makes it possible to
estimate the flow parameter w*(¢) of the defect number
exceeding the current technological limit, for example by
M*[er] + k-c*[er], where M* and ¢* are mean and root
mean square deviation estimates of the technological
time segment At. Thus, the flow parameter w*(¢) is:

w*()=er(t)/ (M [er]|+k-oc"[er])-At, (2)

where k£ can be chosen for technical reasons like the
basic value for the exponential distribution of the defects
number [9]: k= 1.

The simple evaluation of the flow parameter w*(¢) of
the defect number exceeding the set technological limit
(the "failure" flow parameter) during short segments of
the technological time, for example, for each spool of
wire (several thousand meters of wire), allows
quantitative comparison of the influence of different
control parameters on the probability of finding the
technological system in a controlled state. The results of
evaluating w*(¢) according to formula (2) during 20
hours of continuous operation of the enamel line are in a
fairly narrow range from 0.4 h™ to 0.6 h™' for parameters
11(0; £(0); f(6) (low-defective groups of 100 m wires)
and a significantly wider range from 0.1 h™ to 1.2 h™
for f4(f) (groups of the most defective 100 m wires).

The instability of the parameter fiy(¢) is its feature,
which is shown in Fig. 4.
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Fig. 4. Evaluations of changes in the frequency of appearance
of various defect groups per unit of technological time
for four consecutive periods of the technological cycle:

®—0..5hours;, o—15...10hours; A, »— 10 ... 20 hours.

In Fig. 4, the dependence (AfAf)* (empirical
estimate of the distribution density of the number of
defects in the spool) of the defectiveness growth is the
important indicator of the insulation defectiveness in
different technological periods: dependences A and ¢ are
characteristics of a normal period; e is the characteristic
of a run-in period; o has a transitional character.

Additional parameter f5(f) = (AfAH)* with
sufficiently small Az can be used as information about
the duration of the run-in period (desirable to be
reduced), the normal isolation period (desirable to be
increased), the "fatigue" period (it is desirable to limit
the duration of continuous cycle). Thus, the more control
parameters, the more information, the more accurate the
forecast is.

Technological control in real time should be
multiparametric, but the role of each of them in the
process of analyzing the results may be different depen-
ding on the specific parameters of the technological
process. The ability to make operational decisions in real
time requires using statistical control model, which
makes it possible to summarize the information of the
entire range of parameters, taking into account their
weight when making operational decisions.

The idea of convolution of several event flows with
different parameters of stationary flows is not new [13].
Its use in each specific case requires matching the
mathematical apparatus of the convolution of functions
with the technical meaning of the parameters and with its
technological capabilities under production conditions. It
is obvious that such a definition in production conditions
should take into account the volume of production and
should be based on well-known and indisputable
statistical models. A one-time, even multiple, study of
statistical stability is practically impossible to be
performed. The concept of solving applied problems for
estimating probabilities is the known concept of Mises
[7]: the frequency f*(A) of an event A4 is the fraction in
which a numerator is the number of occurred events

m*(A4) and a denominator is the number of independent
attempts n* in identical conditions under which those
events could occur: f*(4) = m*(A4)/n*. Here and further,
the sign "*" is wused for values determined
experimentally. The requirement of reproducibility of
the phenomenon with frequency determination acquires
a quantitative expression in the form of the frequency
constancy principle:

my *(A)/ n*=m, *(A4)/ n,* =

=m, *(A)/ ny*=..m, *(A)/n, *

€)

that is, Ar in formula (2) should be small enough as
compared with the technological cycle or its part to be
analyzed. In this case, the generally accepted statistical
procedure in practice is the use of the exponential law of
distribution and the corresponding flow of events.

The developed algorithm uses a convolution of four
functions control

exponential to four

parameters:

P(1) =p(0) +p(O)+p () +ps(0) +py(0)

according

,(4)
p(t) =" =01 i=1,2,3,4
» (t) (x)(t)] X [e(—Z(u(t)1 t) _e(—t~((u(t)z +o(t), +(u(t)4)] (5)
] - b
o(t), +o(t); + o), — 20(1),
» (t) (D(l‘)z X [e(—Z(u(t)z~t) _e(—t~((u(t)1+(u(t)3+(u(t)4)] (6)
2 - b
o(t), +o(t); + o), — 20(t),
» (t) B (x)(t)3 ,[e(—Z(u(t)3~t) _e(—t~((u(t)l+(u(t)Z +(u(t)4)] (7)
3 - b
o(t), +o(), +o(t), — 20(t),
(x)(t) . [e(—Z(u(t)4~t) _e(—t~((u(t)l+(u(t)2 +(u(t)3)]
p4 (t) - 4 , (8)

where w(?); is the flow parameter w*(¢) of the number of
defects beyond the current technological limit of the
parameter f(¢).

Estimates of the probability that the number of
defects does not exceed the established limit for at least
three of the four parameters fi(f) are shown in Fig. 5.

It is important that according to formula (4), the
possibility of one of the spectrum of interrelated
parameters exceeding the technological limit is
acceptable for the tasks of current technological control,
since the control is nondestructive and the parameters are
interrelated. The control is designed to record and
analyze the changes in parameters at production in short
segments of technological time, for example, for each
spool of wire (several thousand meters of wire).
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Fig. 5.The probability P(t) that the control parameters are
within the established technological limits during the
production of one spool of wire (= 3600 m): 1 — the fault-free
model for 4 parameters, according to which none of them
exceeded the limits accepted for it (the more parameters, the
lower the fault-free); 2 — the fault-free model for the 1st
parameter (it is not permissible for the parameter to exceed the
limit set for it) in the normal technological period (the
defectiveness is constant): solid line for the parameter f5(t);
dashed line for parameter f3(t); 3 — the failure-free model for 4
parameters, according to which it is permissible for one of any
parameters to exceed the limit set for it: the solid line
corresponds to the extended permissible range.

The comparison of the curves in Fig. 5 shows that
the use of a no-failure model in technological control for
the parameters spectrum, according to which none of
them would exceed the accepted limits (increasing the
number of control parameters leads to a sharp no-failure
decrease) is theoretically unacceptable (the control para-
meters are not completely independent). Applying this
principle even to one parameter in the most favorable
technological period (curves 2) does not ensure
sensitivity to technological changes (solid and dashed).

The use of a model that allows one of the
interrelated parameters to exceed its limit ensures
sensitivity to changes in this limit (curves 3 differ only in
the value of the coefficient & in formula (2): solid &=1;
dashed £=0.2). Fig. 6 shows more detailed data on this
model sensitivity to technological changes. Additionally,
the model based on the information convolution of a
significant number of control parameters is quite
flexible. If one or more parameters are absolutely
independent and (or) critically important for making a
current technological decision, then the influence of such
parameter(s) can be taken into account by removing the
corresponding application (formulas 5-8) and leaving
this parameter in formula (4).

The use of multi-parameter technological control is a
means of adjusting the technological process by flexible
non-destructive control of insulation defects according to
the achieved level and sensitivity of both of them to the

established technological limit of each control parameter
and to changes in the technological process. The
estimation of P(f) during the production of the wire
spool allows the quantitative comparison of the influence
of various control parameters on the probability of the
system being under control.
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Fig. 6. The probability P(t) that the control parameters does
not exceed technological limits during the production of one
spool of wire (= 3600 m) according to the fail-safe model for 4
parameters, according to which it is permissible for one of any
parameters to exceed the limit set for it: 1, 2 — correspond to
the run-in period (from 0 to 5 hours, defectiveness is
increasing, trend — defectiveness is decreasing): solid curve (1)
corresponds to an extended permissible range compared to the
range for dashed curve (2); dotted line (3) corresponds to the
data of the run-in period and, if the range of permissible values
is narrow, the period of a normal technological process
(defectiveness is relatively small and constant)

The comparison of the curves in Fig. 6 shows that
the use of a model allowing one of the interrelated para-
meters spectrum to go beyond its limit provides
sensitivity to technological changes.

3. Conclusions

1. A statistical model (formulas (1) ... (8)) of pro-
cessing the results of four-parameter technological
control in real time during the high voltage spark tests
under the conditions of automated production of modern
enameled wires has been developed.

2. Insulation testing with high voltage during the
production of modern enameled wires based on polyi-
mide copolymers is a means of setting up the techno-
logical process by means of flexible non-destructive
control of insulation defects according to the achieved
level. Real-time control of four parameters by the DC
spark voltage test, which are the frequencies f{#)* of the
appearance of different defect groups, makes it possible
to adjust the control procedure by choosing the values of
the test voltage and the critical current through the insu-
lation, whose values are important control parameters.

3. It is proposed to use the fifth additional parameter
fs(t) — the empirical estimate of the density distribution
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of the number of spool defects. It is shown that this
parameter is an important indicator of insulation defects
in different technological periods and can be used as
information about the duration of the run-in period (it is
desirable to reduce it), the normal period of isolation (it
is desirable to increase it), the onset of the "fatigue"
period (it is desirable to limit the duration of a con-
tinuous cycle).
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CTATUCTUYHA MOJEJIb
OBPOBJIEHHS PE3YJIBTATIB
TEXHOJIOI'TYHOI'O KOHTPOJIIO
IIPU BUITPOBYBAHHSX I30JIAIIII
EMAJIBITPOBOY BUCOKOIO
HAITPYT'OIO HA ITPOXIJA B YMOBAX
BUPOBHUIITBA

Okxkcana ["onuk, Jlecs 1le6enrok, Onexcanap Keccaes,
IOmist I'onrap, Mukona 3uxoB, Anina [llypynoga,
Poman binsnin, Tapac AHTOHEIH

[pencraBneHo pe3ynbTaTH HEPYHHIBHOTO TEXHOJOTIY-
HOI'0 KOHTPOJIO KUIBKOCTI Ie)eKTiB B 130/I11i1 eMallb IIPOBOLY
Ha OCHOBI mnomiedipimizHoro momimepy. PosrisiHyro 3acrocy-
BaHHS CTaTUCTUYHOTO aHAN3y pe3yNbTaTiB BHMIpPIOBaHHS
MOKA3HHUKIB KOHTPOJIIO 3a JOIIOMOIOI0 MaTeMaTH4HOI Mojei
TPEHAY Ul BUKOPHUCTAHHS PE3yJIbTaTiB B aKTUBHOMY TEXHO-
JIOTIYHOMY KOHTpOJi. 3aIlpOoIOHOBaHO PEKOMEHAALii 11010
MPAaKTHYHOTO BUKOPHCTAHHS MapaMeTpiB (QYHKLIT TPEeHIy Ui
KOHTPOJIIO MMOBIPHOCTI 3HaXOMXKEHHS KIJIBKOX IapaMerpiB y
BCTAQHOBJICHNX MexkaX. OCHOBHMM IapaMeTpoM TpEHIy €
rapaMeTp KiJIbKocTi JIe)eKTiB 3a BCTAHOBJICHY TEXHOJOTIYHY
MexXy (IapaMeTpy IOTOKY «BiIMOB») Ha KOPOTKHX BIJpi3Kax
TEXHOJIOT{YHOr0 4acy, HAIpHKIaA I KOXKHOI KOTYIIKH Hpo-
BOAY (KUIBKA THCSY METpiB IpoBofy). TeopeTuyHo nokasaHa i
BUMIPIOBaHHAMH  IIJATBEP/UKEHa MOXJIMBICTh  KUIBKICHOT
OLIHKM TEHIEHIii 3MiHM JAe]eKTHOCTI eMaib i30Msmii Is
nposony I[TEEIIX2 — 200 3 nBomapoBOO i30JISLi€I0 HOMi-
HainbHUM JiamerpoM 0,63 MM BIPOIOBXK HE-TIEPEPBHOIO TeX-
HosoriuHoro IwWKiIy. KinpkicHa omiHKa TEHJEHIIl 3MiHH
nedeKTHOCTI eManb 1300141l O3BOJSE 3aCTOCYBAaTH MOJIEINb,
OCHOBaHy Ha 3ropTaHHi iHpopMalii Nnpo 3HAa4YHYy KUIBKICTH
KOHTPOJNBHHUX mMapameTpiB. IIpy 1bOMY HOIYCKa€ThCS BUXIiZ
OJIHOTO 3 CIIEKTPY B3a€MOIIOB’A3aHUX NTAPAMETPIB 33 BCTAHOB-
JIeHy TEXHOJOTiYHy MeXy, Mo 3a0e3redye YyTIHMBICTH [0
3MiHM Li€i Mexi. HaBeneHo nani mpo gyriuBicTh miel Mozeni
10 TEXHOJIOT1YHHX 3MiH.



Oksana Holyk. PhD (Enginee-
ring Science). Associate Professor of
the Department of Electrical Insula-
tion and Cable Engineering of Natio-
nal Technical University "Kharkiv
Polytechnic Institute".

Scientific interests: statistical
analysis, reliability and quality of
cables and wires.

Lesia ~ Shchebeniuk.  PhD
(Engineering Science). Professor of
the Department of Electrical
Insulation and Cable Engineering of
National  Technical  University
"Kharkiv Polytechnic Institute".

Scientific interests: electrical
insulating materials and structures
analysis methods; methods of
reduction  electrical  insulating
materials parameters dispersion.

Oleksandr Kiessaiev. PhD
(Engineering Science). Head of the
Department of Department of
Electrical Insulation and Cable
Engineering of National Technical
University "Kharkiv Polytechnic
Institute".

Scientific interests: electric and
magnetic  fields, mathematical
models of insulating materials and
structures, quality control methods.

Yuliia Gontar. PhD (Engi-
neering Science). Senior Lecturer of
the Department of Electrical
Insulation and Cable Engineering of
National  Technical ~ University
"Kharkiv Polytechnic Institute".

Scientific interests: electrical in-
sulating materials and structures ana-
lisys methods; overloading charac-
teristics of cables and insulated
constructions, mathematical analysis

Statistical Model of Processing the Results of Technological Control at Testing Enamel... 21

Mykola Zykov. Head of testing
center, YUZHCABLE WORKS,
PJSC.

Scientific interests: develop-
ment and implementation of new
methods of testing cable products.

Alina Shurupova. Head of la-
boratory, YUZHCABLE WORKS,
PJSC.

Scientific interests: influence
of the composition and physical and
mechanical properties of insulating
materials on the service life of cable
products.

Roman Belyanin. PhD (En-
gineering Science). Deputy technical
director, YUZHCABLE WORKS,
PJSC.

Scientific interests: pressure
treatment of metals, the process of
production copper wire rod and its
quality control methods.

Taras Antonets. PhD (Engi-
neering Science). Deputy chief tech-
nologist, YUZHCABLE WORKS,
PJSC.

Scientific interests: the influ-
ence of the power cables construc-
tion on their load characteristics and
methods of controlling the electrical
parameters of these cables.

Received: 28.11.2022, Accepted: 25.12.2022




 
 
    
   HistoryItem_V1
   InsertBlanks
        
     Where: after current page
     Number of pages: 1
     same as current
      

        
     1
     1
     1
     792
     407
            
       CurrentAVDoc
          

     SameAsCur
     AfterCur
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2 2.0c
     Quite Imposing Plus 2
     1
      

   1
  

    
   HistoryItem_V1
   InsertBlanks
        
     Where: after current page
     Number of pages: 1
     same as current
      

        
     1
     1
     1
     792
     407
            
       CurrentAVDoc
          

     SameAsCur
     AfterCur
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2 2.0c
     Quite Imposing Plus 2
     1
      

   1
  

    
   HistoryItem_V1
   InsertBlanks
        
     Where: after current page
     Number of pages: 1
     same as current
      

        
     1
     1
     1
     792
     407
    
            
       CurrentAVDoc
          

     SameAsCur
     AfterCur
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2 2.0c
     Quite Imposing Plus 2
     1
      

   1
  

 HistoryList_V1
 qi2base



