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INTERVAL MODELS OF TEMPERATURE CHARACTERISTICS OF
SUPERHEATER SEPARATORS IN NUCLEAR POWER PLANT UNITS
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The analysis of the influence of changes in the parameters of steam superheater separators SHS-1000 of nuclear
power plant units with the capacity of 1000 MW on the efficiency and safety of their operation, including the
temperature characteristics at the nominal and partial operating modes of power units, has been carried out. Based
on the experimental data of the thermal tests of the power unit, the temperature characteristic of the second stage of
the SHS-1000 has been constructed in the form of the dependence of the temperature change of the heated steam at
the second stage of the SHS on the change in the operating mode of the power unit. To create a correct mathematical
model of this dependence, taking into account the limited amount of experimental data and the uncertainty of
information about the structure and the probabilistic nature of measurement error during testing, the use of
numerical methods of interval analysis has been proposed. Interval analysis has allowed to obtain an interval model
that describes the receiver, which contains all possible values of the dependence of temperature change of the heated
steam at the second stage of SHS on the unit operating mode (the electrical load). It has been shown that in
conditions of limited initial data and uncertainty of information about it, numerical methods of interval analysis
allow to create interval models of operational (energy) characteristics technological processes and equipment of
NPP units with the maximum possible correspondence to real processes and objects, which is important to ensure

high efficiency and safe operation of power units.

INTRODUCTION

Solving scientific and technical problems of
increasing the efficiency, reliability and safety of the
production of electric and thermal energy at nuclear
power plants, as well as implementing the program to
extend the long-term operation of nuclear power units,
are urgent and strategic problems at the state level,
directly related to the energy and economy of Ukraine,
energy conservation and prevention of large-scale
technological disasters, including those of cross-border
nature [1].

In this regard, there is an increasing need in the
development of new, more advanced methods for
analyzing the quality and safety of the operation of
nuclear power units, diagnosing the state and predicting
the reliability indicators of their systems and equipment.
This leads to the search for new and improvement of
existing methods of mathematical modeling of
technological processes and equipment characteristics
of NPP units in order to determine reliability indicators
and optimize parameters, to study the relationship
between them when upgrading control systems of power
units and their individual units and elements [2, 3]. The
use of these methods in intelligent decision support
systems at the stages of the life cycle of nuclear power
units is of particular importance under the conditions of
absence, significant limitation or uncertainty of
information about changes in the parameters of
technological processes in the units and equipment of
power units [4, 5].
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INITIAL DATA AND STATEMENT
OF THE PROBLEM

One of the most urgent problems in the design and
operation of turbines for saturated steam of the second
circuit of WWER-1000 power units equipped with wet
steam turbines of K-1000-60/1500-2 (K-1000-5.9/25)
type is to reduce moisture content in the flow part of the
low-pressure turbine cylinders (LPC). A high value of
steam humidity (low dryness x < 0.88) leads to a
significant decrease in the internal efficiency of the low-
pressure turbine (internal efficiency), erosion and
corrosion of the turbine blade surface which can
negatively affect the reliability and safety of the
operation of both the turbine unit and the nuclear power
unit as a whole.

To separate moisture from the steam flow after a
two-line high-pressure cylinder (HPC) of the turbine
and increase its temperature (overheating) before
entering the two-line LPC in the turbines K-1000-60/
1500-2 type of various modifications for nuclear power
units with a WWER-1000 reactor superheater separator
(SHS-1000) located in four buildings are used (Fig. 1).
Each case of the superheater separators is a vertical
cylindrical apparatus consisting of a louver type
separator and two stages of the superheater in the form
of surface-type heat exchangers located in the lower part
of the case. After the HPC turbine with the degree of
dryness x = 0.88 (at the nominal operating mode) wet
steam enters the inlet annular chamber, from which it is
distributed through the inlet manifolds of the separator
and sent to the louvered sheets, where moisture is
separated and flows as a separator stream into the
separator-collector (SC). The steam dried in the
separator to the degree of dryness x = 0.999 (at the
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nominal operating mode) enters the annulus of the first
stage of the superheater (SH-1), where it is additionally
dried and partially overheated by the heating steam from
the first selection of the HPC. The condensate of the
heating steam SH-1 is sent to the condensate collector
CC-1. The final superheating of the steam is carried out
at the second stage of the superheater (SH-2) by the

heating steam from the collector for supplying “fresh”
steam to the HPC. Its condensate is sent to the
condensate collector CC-2. Table 1 shows the averaged
values of the parameters of heated and heating steam at
the inlet and outlet of the SHS elements at the nominal
operating mode of the power unit [6].
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Fig. 1. Scheme of intermediate separation and superheating of steam in K-1000-60/1500-2 turbine of WWER-1000

NPP unit: 1 — SHS separation part;

2 — the first stage of overheating SH-1;

3 —the second stage of overheating SH-2

Table 1

Flow parameters of heated and heating steam at the inlet and outlet of elements of the SHS elements
of the nuclear power unit with a capacity of 1000 MW at nominal operating mode

Index Value
Parameters of wet steam flows at the inlet to the separators:
pressure, MPa 1.20
degree of dryness 0.88
Parameters of wet steam flows at the outlet of the separators:
pressure, MPa 1.18
degree of dryness >0.999
The total consumption of separated moisture entering the
deaerators, t/h 590.0
Parameters of heating steam flows coming from the first
turbineselection to the first stages of superheaters:
pressure, MPa 2.98
degree of dryness 0.93
total consumption (in 4 SHS cases), t/h 170.0
Parameters of heating steam flows coming from “fresh” steam
pipelines to the second stages of superheaters:
pressure, MPa 5.89
degree of dryness 0.995
total consumption (in 4 SHS cases), t/h 270.0
Parameters of heated steam flows at the outlet of the SHS:
pressure, MPa 1.14
temperature, °C 250.0

The main characteristics by which the efficiency of
the power plant, and, therefore, the efficiency, reliability
and safety of the power unit can be evaluated, are the
temperature characteristics of the plant as an important
part of the set of operational (energy) characteristics of
power units with WWER [6, 7]. In general terms, they
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are a multi-parameter function of the heated steam
temperature at the outlet of the overheating stages of the
SHS tfeg, i =1, 2 from the operating and design
parameters:

out

— in in
thed; = f(thedi' thingi'D'xi'Fi)'

o))
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where t}'[édi — temperature of the heated steam at the
inlet to the overheating stage; t,i?ngi— temperature of
heating steam at the inlet to the overheating stage; D —
consumption of heated steam; x; — degree of dryness of
the heated steam at the inlet to the overheating stage;
F; — effective heat exchange surface of the overheating
stages.

Since the parameters titg, , tit,g, . D, x; are
functions of the operating mode of the power unit
(electric load N) ity = fi(N), thtg, = f(N),D =
f3(N), x; = f(N), then

t;;gtgi = fS(N'Fi)!i = 1'2 (2)

In the normative technical condition of the heat
exchange surfaces of the overheating stages, the
temperature characteristics of the SHS can be
considered as functions that depend on the load of the
power unit only:

thea, = fF(N),i=1,2. @)

The temperature characteristics of SHS-1000 at
nominal and partial operating modes of a 1000 MW
nuclear power unit have a significant impact on the
change in its main indicators: electric power N and
specific heat consumption . For example, at the
nominal operating mode of a 1000 MW power unit, the
decrease in the temperature of the heated steam after
SH-1 by 1°C leads to the decrease in the power of the
power unit by 288 kW (0.027%) and to the increase in
the specific heat consumption by 2.57 kJ/(kW-h)
(0.024%), and the decrease in its temperature by 1 °C
after SH-2 leads to the decrease in power by 213 kW
(0.020%) and to the increase in the specific heat
consumption by 1.5 kJ/(kW-h) (0.014%) [7].

The analysis of the influence of the temperature
characteristics of the SHS at partial operating modes of
the power unit on its main performance indicators N and
g showed that the influence of SH-1 parameters
decreases with the decrease in “fresh” steam
consumption, and the influence of SH-2 parameters
increases. This is explained by the fact that, as the
power unit decreases at constant parameters of “fresh”
steam, the thermal load of SH-2, and therefore its
influence on N and q, increases, while the heat load of
SH-1, which is fed with the steam from the first turbine
selection, decreases. The reason for this is the increase
in the difference between the enthalpy of heating and
heated steam at the inlet to SH-2 and the decrease in this
difference in SH-1.

The abovementioned determines the relevance of
constructing adequate mathematical models of the
dependences of the temperature change of the heated
steam in the SHS-1000 stages on the operating mode
(electrical load) of a 1000 MW nuclear power unit in
order to determine correctly temperature values.

In [6,7], experimental data are presented on
measuring the temperature of heated steam at the outlet
of the first and second stages of the SHS when the
electric load N of WWER-1000 NPP power unit
changes in the range of 50...100% N,,,,,, (Table 2). The
values of steam temperatures were obtained during
thermal tests of the power unit at Zaporizhzhya NPP [8],
which were carried out with the turbine shut-off and
control valves fixed for the corresponding operating
mode, that is, with a constant volumetric flow rate of
“fresh” steam at the test mode.

Obviously, these experimental data contain
inaccuracies and have interval uncertainty, that is, the
unknown true value of the measured parameter is in a
certain interval. The uncertainty is caused by
measurement and rounding errors, noise, incomplete
information. The analysis of numerous scientific papers
[9-25] devoted to the processing of experimental data
characterized by uncertainty, shows that the interval
model can be considered one of the most adequate
models.

For a wide range of problems dealing with building
a model based on the results of the experiment, the
formalized dependence is the following:

y=oxb) +e,, 0)
where x = (x4,...,x,) € X — vector of input variables,
b — vector of model parameters; y — output variable; ¢
is a function that describes the deterministic component
of the dependence of y on x, and &,— quantity that
describes the uncertainty of the presented dependence.

In the probabilistic model which is the most
common among other methods of constructing a model
of the relationship between the input and output
variables, the component ¢, is a normally distributed
random variable with the mathematical expectation zero
and the standard deviation o,,. The uncertainty of the
variable y for a given confidence probability is
described by the confidence interval (the so-called
"2 — " rule):

y—20,<y<jJ+20, ®)
where ¥ — point estimation of the unknown values y
obtained as a result of the experiment.

The interval model [9] does not impose requirements
on the submission of the absolute error g, to any
distribution law, but considers only its limitation:
ley| < e. This suggests that the value $ was obtained
with the well-known error g, Then for any value of y
there is an uncertainty interval:

y= [y_gy:y—i' gy], (6)
moreover, the interval can always be extended when

new sources of errors and the possibility of quantifying
them are detected.

Thermal test data of K-1000-60/1500-2 turbine unit of WWER-1000 nuclear power unit Teble2
N, % 50 60 70 80 90 100
fggi?:sttesr{‘a%‘gfﬂﬁeatsﬁg’O}’}"eﬁ(‘:’f 1805 | 187.0 | 1920 | 1950 | 196.0 | 198.0
fggasg“cgenrgps‘igzt:[;";‘L;hg:g“%mcc 2580 | 257.0 | 256.0 | 2540 | 2525 | 2510
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The uncertainty of temperature measurements
arising at the use of thermocouples and resistance
thermometers to measure the temperature of the coolant
(steam) at nuclear power plants is influenced by many
factors. These are the most important of them: random
effects in the measurement; uncertainty of the recording
instrument measurement; the tolerance class of
thermocouple and resistance thermometer; changes in
the characteristics of thermocouple and resistance
thermometer between calibrations; additionally for
thermocouple accuracy class of the extension wire
connecting the thermocouple with the recording device
and the uncertainty of the temperature compensation of
the reference junction.

According to the “Guide of uncertainty in
measurement” [23] the uncertainty generated by the
above sources are considered random variables, which
are normally evenly symmetrical or asymmetrical
distribution. The sample presented in Table 2, contains a
rather limited number of experimental points — only six
measurements, and the structure and probabilistic
characteristics of measurement errors are unknown.
Thus, it is impossible to justify the use of standard
experimental data processing procedures that rely on
statistical methods and require representativeness of the
sample (its length should be sufficiently large), normal
distribution of measurement errors, and exact values of
the main argument.

In such a situation, more objective information about
the real values of the dependence of the temperature of
the steam heated in the SHS on the electric load of the
power unit, which, as it was shown above, are very
important from the point of view of ensuring the
efficiency, reliability and safety of the power unit
operation, can be obtained by means of numerical
methods of interval analysis [24, 25].

Let us consider the application of these methods to
construct an interval model of the dependence of the
temperature change of the heated steam at the outlet of
SH-2 on the load of the power unit.

RESULTS AND THEIR DISCUSSION

In the interval model, the inaccuracy or uncertainty
of the output parameter (in our case, steam temperature
T2) is described by the interval t = [t,t], where tand t
are the lower and upper boundaries of this interval,
respectively. The interval determines the set of possible
values of the unknown true parameter T2. The
peculiarity of the interval approach is that no probability
or fuzzy value is specified in this interval t, that is, all
values in the interval are equally possible.

As the proposed structure of the dependence which
is being determined between the variable N — the load of
the power unit (%) and the output variable T2 — the
temperature of the steam at the outlet of the second
stage of the SHS, we take the following linear
dependence:

T2(N,b1,b2) = b1 + b2 - N +¢, @)

where b1, b2 — parameters.
The following quantities from expression (6) are the
subject of evaluation: the set of real values of the
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parameters is “information set” [22] and the range of
real values of the dependence (6).

The experimental data (see Table 2) are presented by
the sample:

{TZi,NL-,i = 1,...,7’1}, (8)
where T2; is the measured value of the temperature of

the steam at the load of the power unit N;; n = 6 is the
sample length (Fig. 2).
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Fig. 2. Experimental data:
eee — steam temperature at the outlet of the second
stage of the SHS at a fixed load of the power unit N, %
[6]; vertical bars — uncertainty intervals

As it has already been noted, in the conditions of
thermal tests of the turbine unit, the values of electric
power N; are determined with some error. In order to
measure the power as accurately as possible, the
following measures are usually taken at the terminals of
the generator:

— the choice of measuring transformers with an
actual error in the operating measurement range of up to
+(0.1...0.2)% and taking measures that reduce errors
to a minimum (due to the difficulty of their accounting).
In particular, in order to avoid overload, it is necessary
to check the actual load of the measuring transformers,
minimizing it;

— elimination of harmful effects on the accuracy of
measurement;

— connection of measuring instruments as close as
possible to the output terminals and to any branch
through which leakage or supply of energy from outside
can occur;

— the use of two independent measurement methods
simultaneously.

Measurements of temperature values T2 contain
noise errors. Resistance thermocouples, with the help of
which the temperature of the coolant (steam) at nuclear
facilities is measured, have a device error of +(0.15 +
0.002|t]) °C or +(0.3 + 0.005]|¢t|) °C, depending on
the tolerance class [26]. In addition, it is necessary to
take into account the error, the value of which is
indicated in the metrological standards.

The given measurement error takes into account all
the components of the measurement error of the
parameter: methodological, instrumental, subjective.
When measuring the temperature of the steam in the
pipeline behind the SHS, this reduced error when
measured directly by the primary device, is 1.5%, the

ISSN 1562-6016. BAHT. 2022. Ne1(137)



readings and recording by secondary devices are
determined with the error of 2%.
Thus, for each experimental value:

T2, =T2;+¢, sl Sema i =1, ...,6, 9)
where T2; — steam temperature measurement result;
T2, — unknown true value of its temperature; g; — the
error of the i — th measurement; the maximum value of
the error g, is about 5 °C.

For each steam temperature measurement, the lower
T2; and the upper T2; boundaries of the uncertainty
interval T2; are calculated:

T2, =12, T2, i=1,.., 6
T_Zi = T2i +Emax ;
T_Zi =T2; +emax -

The physical meaning of the uncertainty interval is
the range of possible values of the steam temperature,
containing an unknown true value which is being
measured.

The set of uncertainty intervals (see Fig. 2) can be
written as follows:

{T2,} = {[252.84, 263.16],[251.86, 262.14],
[250.88, 261.12],[248.92, 259.08],

[247.45, 257.55],[245.98, 256.02]}. (11)
Each uncertainty interval T2; i = 1,...,6 contains
possible values of the measurand which are consistent
with this measurement, that is, at least one dependence
curve (7) can be drawn through all the uncertainty
intervals. For each pair of uncertainty intervals T2; and
T2;, i=1,..,5 j=i+1,.., 6, (10) of the measurement
sample, a two-parameter ‘“partial information set”
G;j(b1,b2) of parameters b1,b2 [24], which are
compatible with this pair of uncertainty intervals, is
calculated.
The next step is to determine the information set
1(b1, b2) of the parameters b1, b2, compatible with the
entire sample of measurements:

(10)

.......... (12)

For (7) and (10) we have the following restrictions
for constructing the information set:
T2; — €max < b1+ b2+ N; < T2, + €axs
i=1,..,6.
Therefore, these conditions take the following form:
252.84 < b, + 50 - b, < 263.16,
251.86 < b; + 60 - b, < 262.14,
250.88 < b; +70- b, < 261.12,
24892 < b; +80 - b, < 259.08,
247.45 < b, + 90 - b, < 257.55,
245.98 < b, + 100 - b, < 256.02.
Formal application of the rule for constructing
information set leads to the following result: the
set I(b1,b2) is a polygon with seven vertices, and
parameterb?2 is a quantity with different signs:
{(b1,b2)} =
= {(252.84, 0), (249.66, 0.0636), (256.02, 0),
(257.74,—-0.098), (262.31,—0.16333),
(280.34, —0.3436), (270.3, —0.1428)}. (15)
However, the analysis of the experimental data (see
Table 2) and the above-described features of the
technological process of drying and superheating of

(13)

(14)
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steam in SHS (see Fig. 1) shows that dependence (7) is
a function that decreases with the increase in electric
load. Therefore, it makes sense to require that the
parameter b2 < 0. Therefore, with the new restriction
for the parameters, the information set I(b1, b2) takes
the form of a polygon with six vertices (Fig. 3 — the
region with black fill):

1(b1,b2):b' = (b1,b2) = (252.84, 0),

b? = (256.02, 0),

b3 = (270.3, —0.1428),

b* = (280.34, —0.3436),

b5 = (262.31, —0.16333),

b® = (257.74, —0.098).

This set is characterized by unconditional minimal

external estimates — parameter intervals [b1, b1]and

[b2; b2]. The estimation of these intervals is carried out
according to the rules:

b1 = [b1;b1]: bl = Arg{min b1 € I(b1,b2)},

(16)

b1 = Arg{max b1 € I(b1,b2)}; (17)
b2 = [b2; b2] :b2 = Arg{min b2 € I(b1,b2)},
b2 = Arg{max b2 € I(b1,b2)}. (18)

Extreme corner points determine the size of the set
1(b1,b2)(the rectangle marked by the dashed line in
Fig.3) and the boundaries of the intervals b1
and b2:b' = (252.84, 0), b* = (280.34, —0.3436).
Then

b1 = [252.84, 280.34],b2 = [-0.3436, 0]. (19)

The interval approach allows to build a refined tube
T2(N)of the so-called guaranteed valid dependencies
(characteristic values). Such a tube is determined by its

lower T2(N;) and upper T2(N;) boundaries, calculated
using the information set in the following way:

T2(N) = {T2(N), T2(ND},i=1,..,6,
where T2(N;) = {b1+ b2 - N},

(20)

min

(b1,b2)€l(b1,b2)
T2(N;) = (bl,bzr)ne%)((bl,bz){bl + b2 N;}.

That is (Fig. 4):
{T2(Ny)} =
={252.84, 251.86, 250.877, 249.244, 247.61, 245.977},
{T2(Np} =
={263.16, 261.732, 260.304, 258.876, 257.448, 256.02}.

282.0

2746

e
=3
~
[N

parameter bl

2598

2524

2450
-0.4 -0.32 -0.24 -0.16 -0.08 0

parameter b2

Fig. 3. The information set 1(b1, b2)
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It should be noted that, as it can be seen from Fig. 4,
in some points the actual tube width is narrower than the
uncertainty intervals.

As a result, the interval model of the dependence of
the temperature of the heated steam at the outlet of the
second stage of the SHS on the electrical load of the
power unit can be presented as follows:

[T2(N)] =
= [252.84, 280.34] + [—0.3436, 0] - N. (21)

Using point estimates of the parameters b1,52 of
the unknown coefficients of the output variable model
(steam temperature at the outlet of the second stage of
the SHS) with the fixed vector of the input variable
(electric load of the power unit), we can construct a
point estimate that defines some forecast model.

.

T2°C

1

=7

253

40 50 1] 0 20 0 100 10
N.%
Fig. 4. The boundaries of the tube of guaranteed
acceptable characteristic values

Parameter estimation using the “uncertainty center
method” [27] is the following:

b1, =0.5(b1 +b1), b2, = 0.5(b2 + b2),
b1, = 266.59, b2, = 0.1718.
Therefore, the forecast line has the following form:
T2(N) = 266.59 — 0.1718 - N. (23)
Using standard statistical approaches for processing
experimental data, let us determine the parameters of

the relationship (7) using the least squares method [28].
Then, the resulting equation will be the following:

T2(N) = 265.571 — 0.144 - N (24)
the standard deviation is o = 0.33. The graph of the
linear approximation by the least square method
T2,k (V) is shown in Fig. 5 (line 1).

Another estimation was performed using the
“maximum matching method” [18, 25], which is used to
determine the dependences from data with interval
uncertainty and determines the points at which the best
agreement between the data and the dependence
parameters is obtained as a solution. In this case, the
predicted dependence T2 pnaxmatch (N) has the form:

T2(N) = 265.588 — 0.1428 - N. (25)

As it can be seen from Fig. 5, point estimates (23)
and (24) are fairly close.

(22)
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Fig. 5. Models for predicting the dependence of the
temperature of the heated steam T2 at the outlet of the
second stage of the SHS on the electric load N:

1 - MNK-estimate T2, (N); 2 — the estimate
constructed using the “maximum matching method”

szaxmatch (N)

CONCLUSIONS

While solving the problems of the estimation of
safety and reliability of systems and equipment of NPP
units, as well as improving the efficiency of their
operation based on the analysis of operational (energy)
characteristics including temperature characteristics of
SHS, there remains the problem of accounting
uncertainty in the simulated objects and processes and
the choice of mathematical apparatus for their
description. The classic “point” representation of
variables in problems of modeling and optimization
does not often allow to achieve the maximum possible
conformity between the real object and its model.
Ignoring the interval nature of the problem leads to the
solution in the form of some “exact” numbers. The
proximity of such solutions to the lower potential and,
respectively, the upper values of the interval cannot be
estimated. In the practice of the NPP unit exploitation in
the conditions of optimization of technological
processes it can lead, in some cases, to erroneous
solutions from the point of view of the estimation of
indicators of safety and reliability.

In such a situation, the advantage of data processing
as well as determining and constructing NPP unit
performance models by the interval analysis method
tools which allow to take into account inaccuracies in
the setting of initial data, measurement error, parameters
uncertainty, multi-mode operational nature of such
complex systems as nuclear power units, are obvious.

Therefore, the application of the mathematical
technique of interval analysis, its features and benefits is
promising for solving a wide range of problems of the
increase in efficiency of nuclear power units, evaluation
of their safety and reliability on the basis of valid
interval operational characteristics in the conditions of
uncertain initial data.
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HHTEPBAJIBHBIE MOJEJIN TEMIIEPATYPHBIX XAPAKTEPUCTHK CEITAPATOPOB-
IHAPOIIEPEI'PEBATEJIEH SHEPI'OBJIOKOB A3C MOIIHOCTBIO 1000 MBT

A.B. E¢pumos, T.B. [lomanuna, B.JI1. Kasepues, T.A. I'apkywa, T.A. Ecunenko

[lpoBeneH aHanM3 BIMSHMSA H3MEHEHHMs IapaMeTpoB cemaparopos-napomneperpeBareneir  CIIII-1000
sHeproo6mokoB ADC momiHoCThI0 1000 MBT Ha 3¢ (heKTHBHOCTH M 0€30MaCHOCTh UX Pa0OTHI, B TOM YHCIIC 3HAYCHHUI
TEMIIEPaTYPHBIX XapaKTEPUCTUK Ha HOMHHAJIBHOM M YaCTHYHOM peXHMax padoThl aHeproOiokoB. Ha ocHoBanum
9KCHEPUMEHTAIBHBIX JAHHBIX TEIUIOBBIX HCIBITAHUN HHEProOsi0Ka MOCTpPOEHAa TeMIepaTypHas XapaKTepUCTHKA
Bropoii crynern CIII1-1000 B Bume 3aBUCMMOCTH W3MEHEHHS TEMIIEpaTyphl HAarpeBaeMoro napa Ha BTOPOU CTYIICHH
CIIII ot m3MeHeHHs pexuMa paboThl dHeprodioka. (s co3maHms KOPPEKTHOW MaTeMAaTHIEeCKOW MOAETH 3TOH
3aBUCHMOCTH C YYETOM OIPaHMYEHHOTO KOJIMYECTBA OKCIIEPUMEHTAIBHBIX [aHHBIX W HEONPEICICHHOCTH
nH(pOpMaINH O CTPYKTypE M BEPOSTHOCTHOM XapaKTepe MOTPEIIHOCTEH N3MEPEHNI NP UCIIBITAHUSAX MPEAT0KEHO
UCTIONIb30BAaHHUE YHMCIICHHBIX METOJI0B HHTEPBAJIBHOIO aHaIM3a. VIHTEepBaNbHBIN aHANIN3 MTO3BOIMI TIOJIyIHTh HHTEP-
BIBHYI0 MOJIENIb, ONMCHIBAIONIYI0 «TPYOKY», KOTOpas COAEPKHUT BCE BO3MOXHBIC 3HAUCHUS 3aBHCHMOCTH
W3MEHEHHsl TeMIlepaTypbl HarpeBaeMoro mapa Ha Bropoi crtyneHu CIIII or pexuma pabGoTbl 3HEprotioka
(anexTpuueckoi Harpy3ku). [lokazaHo, 4TO B YCJIOBHSIX OIPAaHUYEHHOCTH UCXOAHBIX JAHHBIX U HEONPEAEICHHOCTH
nH}opManMK 0 HUX YHCIICHHBIE METOAbl MHTEPBAILHOTO aHAIN3a IMO3BOJISIOT CO3[aBaTh WHTEPBAIBHBIE MOJCIH
SKCIUTyaTallHOHHBIX  (PHEPreTHYECKUX) XapaKTEPUCTHK TEXHOJOTMYECKHMX IIpoleccoB UM 00OpymOBaHUS
sHepro6sokoB ADC ¢ MakCUMajbHO BO3MOKHBIM COOTBETCTBHEM DPEaJIbHBIM IIpOIeccaM U OOBEKTOB, YTO BAXKHO
JUIsl 0OecriedeHusl BRICOKOHM 3((EKTUBHOCTH 1 O€30MaCHO AKCILTyaTallui SHEPTOOIOKOB.

IHTEPBAJIBHI MOJEJII TEMIIEPATYPHUX XAPAKTEPUCTHUK CEITAPATOPIB
IHHAPOIIEPEI'PIBHUKIB EHEPT'OBJIOKIB AEC ITOTYKHICTIO 1000 MBT

O.B. E¢pimos, T.B. Ilomanina, B.JI1. Kasepyes, T.A. I'apkywa, T.0. Ecunenko

[IpoBeneHo aHaii3 BILIMBY 3MiHHM MapaMmeTpiB cenaparopiB naponeperpiBHukis CIII1-1000 eneprotmnokis AEC
motyxHictTio 1000 MBT Ha edekTuBHiCTE 1 Oe3meky iX poOOTH, B TOMY 4YHCIi 3HAYCHb TEMIICPATYPHHUX
XapaKTEePUCTUK Ha HOMIHAJIBHOMY 1 YACTKOBUX PEKMMax pOOOTH €HEproOJoKiB. 3a eKCIEpUMEHTATBHIMI JaHUMH
PE3yNbTATIB TEMJIOBUX BUIPOOYBaHb €HEProOJIOKY MOOyIOBaHAa TEMIIEPAaTypHA XapaKTepUCTHKA JPYroro CTYIEHS
CIIII-1000 y BUTISAAI 3aJeKHOCTI 3MIHM TEMIEpaTypd MapH, o rpietses y apyromy crymeni CIII, Bing 3minm
peXHUMy poOOTH eHeproOnoKy. Jlias CTBOpEHHS KOPEKTHOI MaTeMaTHYHOI MOJENi 1€l 3aJIe)KHOCTI, BPaXOBYIOUH
00Me)KeHy KUTBbKICTh eKCIIEpUMEHTaJbHUX JaHUX 1 HEBH3HAYCHICTh iH(pOpMamii Mpo CTPYKTypy 1 BiporimHuit
XapakTep NOMHJIOK 1 MOXMOOK BHMIpIOBaHb Ml 4ac BUIPOOYBaHb, 3alpOINIOHOBAHO 3aCTOCYBAHHS YHCEIbHUX
METOJIB iHTepBaNbHOTO aHaizy. Lli MeToan J03BOJIMIM OTPUMATH IHTEPBAIBHY MOJEINb, IO OMHCYE «TPYOKY», B
SIKIH MICTSTBCS BCI MOXJIMBI 3HAUSHHS 3aJIE)KHOCTI 3MIHM TeMIeEpaTypH HapH, IO TPIETbCs y APYrOMy CTYIEHi
CIIII, Bixg pexkumy poOOTH €HEeprodOJoKy (eaeKTpudHOi MOTYXKHOCTi). IlokasaHo, MO0 B yMOBaX OOMEXEHOCTI
BUXIZIHUX JaHUX 1 HEBU3HAa4YeHOCTI iH(OpMalil PO HUX YHCENbHI METOAM IHTEPBaJBbHOI'O aHANI3y JO3BOJISIOTH
CTBOPIOBATH IHTEPBaJIbHI MOJIEI EKCIUTyaTallifHNX (€HEPreTHYHUX) XapaKTePUCTUK Ta TEXHOJOTIYHMX IPOLECIB,
mo BimOyBaroThCS B ycTarkyBaHHI eHeprooOmokie AEC, 3 MakCMMaIhbHO MOXKJIMBOIO IX BINIMOBITHICTIO peaTbHUM
mporiecaM Ta 00’ €KTaM, IO BAXKIIMBO JJIs 3a0e3MedeHHs BHCOKOT epeKTUBHOCTI 1 Oe3nekn poboTH eHepro0IIoKiB.
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