ISSN 2222-0631 (print)

5. Gandel'Y. V., Polyanskaya T. $latematicheskie voprosy metoda diskretnykh zaryadov. Ucheb. posobigMathématical problems of the
method of discrete charges. Tutorial. Part I]. Kharkov, Kharkov State University Publ., 1991. 67 p.

6. Gandel' Y. V., Eremenko S. V., Polyanskaya TMateuaticheskie voprosyetoda diskretnykh dkov. Ucheb. posobie. CH. [Mathematical
problems of the method of discrete currents. Textbook. Part Il]. Kharkov, Kharkov State University Publ., 1992. 145 p.

7. Ivanov V. V.Teoriya priblizhennykh metodov i yeye primeneniya k chislennomu resheniyu singulyarnykh integral'nykh Jrgumeniynate
methods theory and its application to numerical solving of singular integral equations]. Kiyev, Naukova dumka Publ., 1968. 288p.

8. Korneychuk A. A. Kvadraturnyye formuly dlya singulyarnykh integralov [Quadrature formulae for singular integraislennyye metody
resheniya differentsial'nykh i integral'nykh uravneniy i kvadraturnyye forfhluynerical methods for solving differential and integral equations
and quadrature formulae]. Moscow, Nauka, 1964. pp. 64—74.

9. Natansor. P.Konstruktivnaya teoriya funktsfConstractive theory of functions]. Moscow —Leningrad, GTTI Publ., 1949. 688 p.

10. Gandel' Y. V.Lektsii o chislennykh ¢tvdakh dlya singulyarnykh integral'nykh uravneniy. Ucheb. posobiel [Cactures on numerical methods
for singular integral equations. Textbook. Part I]. Kharkov, V. N. Karazin Kharkov National University Publ., 2001. 92 p.

11. Gabdulkhaev B. GOptimal'nye approksimatsii resheniy lineynykh zad@gaptimal approximation of solutions to linear problems]. Kazan, lzd.
Kazanskogo. Universiteta Publ., 1980. 231 p.

ReceivedHaoiinuna) 09.01.2020

Binomocti npo aBTopiB / Ceenenus o6 aBropax / Information about authors

Hoasncoka Temana Cemeniena (Ilonanckas Tamovana Cemenoena, Polyanskaya Tatyana Semenovna) — kaH-
aupaT ¢Gi3uko-MaTeMaTUYHMX HayK, DOLeHT, HalioHanbHuil TeXHIUHUN yHiBepcuTeT «XapKiBChbKMH MOMITEXHIYHUMN iH-
cTUTYT», M. XapkiB; ten.: (093) 921-97-17; e-mail: tpolyanskayal@gmail.com.

Haéoka Onena Onekciiena (Haboka Enena Anekceeena, Naboka Olena Oleksiyivna) — xanaunar ¢izuko-
MaTeMaTWdHUX HayK, NOUeHT, HalioHambHMIT TEeXHIYHWI YHiBepcHTEeT «XapKiBCbKUI TOJITEXHIYHUN [HCTUTYT»,
M. XapkiB; Tein.: (097) 961-81-16; e-mail: lena622651@gmail.com.

UDC 621.039, 519.65 doi: 10.20998/2222-0631.2020.1.13
T.V.POTANINA, O. V. YEFIMOV, G. L. KHAVIN

MO DELING NPP POWER UNIT STEAM TURBINE INSTALLATION STEAM SEPARATOR-
SUPERHEATER TEMPERATURE CHARACTERISTICS BY INTERVAL ANALYSIS METHODS

The determination of the temperature characteristics of one of the significant elements of the wet-steam turbines of nuclear power units — the stean
separator-superheater is considered: namely the construction of the dependence of the temperature of the heated steam at the outlet of the second st
on the changing load of the power unit. Modeling is carried out taking into account the error limitation without reliable information about its distribu-
tion. To evaluate the coefficients of empirical dependence, constructed according to the results of experimental data, it is proposed to use numerica
methods of interval analysis. The interval approach allows building a refined tube, guaranteed to contain acceptable dependences of the temperature «
the heated steam on the electric power of the power unit. In a situation of data uncertainty and limited errors, numerical methods of interval analysis
allow creating models of processes and equipment of NPP units with the maximum possible correspondence to a real object.

Key words: equipment of NPP power units, steam separator-superheater, temperature characteristics, uncertainty, processing of experimental
data, non statistical measurement errors, interval analysis, interval model.

T. B.IIOTAHIHA, O. B. EQIMOB, I". /1. XABIH
MOJAEJIOBAHHS TEMIIEPATYPHUX XAPAKTEPUCTHUK CEITAPATOPA-ITAPOIIEPETPIBHUKA
MAPOTYPBIHHOI YCTAHOBKH EHEPTOBJIOKA AEC METOJIAMM IHTEPBAJIBHOTI'O AHAJII3Y

Po3rasHyTO BU3HAYEHHS TEMIIEPATYPHUX XapaKTePHCTUK OJHOTO i3 3HAUYIINX €JIEeMEHTIB BOIOronapoBux TypOiH eneprobnokiB AEC — cemaparopa-
naporieperpiBHuKa: no0y10Ba 3aJIeKHOCTI BiJl HABAHTAXKCHHS! €HEPTrOOJIOKY TEMIIEPATypH MapH, IO HarpiBaeThesl, Ha BUXOJI 3 APYroro crynexs. Mo-
JIETIOBAHHS 3[iICHIOETHCS 3 BpaXyBaHHAM OOMEKEHOCTi MOXMOKH BUMipIOBaHb Oe3 BiporiaHoi iHpopMatii mpo ii poznoain. J{ns ominroBaHHsS koedi-
LEHTIB eMIMIPUYHOT 3aJIKHOCTI, 1110 KOHCTPYIOETBCS 3a PE3yIbTaTaMU €KCIIEPUMEHTANIBHUX JAHHX, HPOMOHYEThCS 3aCTOCYBAHHS YUCEIBHUX METOMIB
IHTEPBAJIBLHOTO aHai3y. [HTepBaIbHNMIA MiAXiA 103BOJISE MOOYAYBATH YTOUHEHY TPYOKY, KA rapaHTOBAHO MIiCTUTh NPUITYCTHMI 3aJIEKHOCTI TeMIiepa-
TypH TapH, IO HAarpiBacThCs Bifl €NEKTPUYHOI MOTY)KHOCTI €HeproOyoKy. B cutyanii HeBM3HaYE€HOCTI TaHUX Ta 0OMEXKEHOCTI MOXUOOK YHCENIbHI Me-
TOJM IHTEPBAIBHOTO aHAi3y HO3BOJISIIOTH CTBOPIOBATH MOJIET MPOIECIB Ta YCTaTKYBaHHsS €HEProOIOKiB aTOMHHUX €JIEKTPOCTAHLIM 3 MaKCUMAIbHO
MOXKJIMBOIO X BiJIIIOBiJHICTIO peabHOMY 00’ €KTY.

KurouoBi ciioBa: obnamnanns eHepro6iokis AEC, cemapaTtop-maporneperpiBHUK, TeMNepaTypHi XapakTepUCTUKH, HEBU3HAYEHICTh, 00poOka
€KCTIepMEHTAIBHUX JaHUX, HECTATUCTHYHI MOXUOKHM BUMipIOBaHb, IHTEPBAIBHUIA aHaIi3, IHTEpBAIbHA MOJIEIb.

T.B.IIOTAHHUHA, A. B. EOUMOB, I'./1. XABUH

MOJE/JIUPOBAHUE TEMITEPATYPHBIX XAPAKTEPUCTHUK CEITAPATOPA-
MAPOINEPETPEBATEJISI IAPOTYPBMHHOM YCTAHOBKHM SHEPTOBJIOKA A3C METOJAMM
HMHTEPBAJIBHOI'O AHAJIM3A

PaccMoTpeHO onpejieneHe TeMIepaTypHbIX XapakTePUCTHK OJHOTO M3 3HAYMMBIX 3JIEMEHTOB BJIAXKHOMAPOBBIX TypOUH 3HEprodiokoB ADC — cena-
paTopa-riaporeperpeBarens: MOCTPOCHHE 3aBICUMOCTH TEMIIEPATyPbl HArPEBAeMOTO Tapa Ha BBIXOJIE M3 BTOPOIi CTYNEHH OT U3MEHSOMIEICs Harpys-
K1 sHepro6ioka. MoenupoBaHue BBITIONHAETCS € Y4€TOM OTFPaHMYEHHOCTH MOTPEIIHOCTH U3MEpeHHit 6e3 T0CTOBEPHO MH(pOpMALK O ee pacHpe-
nenenun. J{ns oueHuBaHUs KOI((UIMEHTOB SMITMPUYECKOI 3aBUCUMOCTH, KOHCTPYMPYEMOI TI0 pe3yJIbTaTaM SKCIEPUMEHTAIBHBIX JJaHHBIX, Ipeuia-
raeTcs MPUMEHEHHE YNCICHHBIX METOI0B MHTEPBAIBHOTO aHAIN3a. VHTEepBaIbHBIH MOAX0A MO3BOJAET MOCTPOUTH YTOUHEHHYIO TPYOKY, TapaHTHpPO-
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BAHO COZIEPIKAILYIO JOMYCTUMbIE 3aBHCHMOCTH TEMIEPATyphl HarpeBaeMoro mnapa ot 3JeKTPUYECKOi MOIHOCTH dHeprodioka. B curyaumu Heonpe-
JIENICHHOCTH JIAHHBIX U OIPaHUYEHHOCTH OMIMOOK YMCIICHHBIE METO/IbI MHTEPBAILHOTO aHAIM3a MO3BOJIAIOT CO3/1aBaTh MOJIENH MPOLIECCOB U 000PYI0-
BaHMs SHEProOIOKOB aTOMHBIX HJIEKTPOCTAHLIMI ¢ MAKCUMAILHO BO3MOYKHBIM UX COOTBETCTBHEM PEaIbHOMY OOBEKTY.

KioueBbie ci0Ba: obopyaoBanue dHeproomokoB ADC, cemapartop-maporieperpeBaresb, TeMIepaTypHble XapaKTepHCTUKH, HEOIpeIeeH-
HOCTb, 00pab0TKa SKCIEPUMEHTANIBHBIX JAHHBIX, HECTATUCTUYECKUE TTOTPELIHOCTH N3MEPEHUI, HHTEPBANIbHEIN aHAIN3, MHTEPBaIbHAs MOJEIIb.

Introduction. Solving the problems of increasing the efficiency, reliability and safety of electricity and heat pro-
duction by nuclear power plants, implementation of the strategy of long-term operation of NPP units whose design life-
time has expired or expires in the near future is a topical and strategic state level problem directly related to the energy
sector of Ukraine, energy saving and prevention of large-scale man-made disasters [1].

In this regard, there is a growing demand for the development of new methods for analyzing the quality and safety
of the operation of thermal power systems, such as nuclear power plant units, diagnostics and forecasting of equipment
reliability. This leads to the search for new and improvement of existing methods of technological process modeling in
order to determine the reliability and optimize their parameters, to study the relationship between these parameters when
upgrading thermal power facilities control systems. Of particular importance is the use of these methods in systems of
intellectual support in the absence, significant limitation or uncertainty of information about changes in the parameters
of technological processes during the operation of thermal power systems.

Initial data and problem setting. One of the main tasks arising during the operation of wet-steam turbines is to
reduce the moisture content in the flow part of the turbine. An increase in steam humidity can lead to a significant de-
crease in the internal efficiency of the turbine and erosion of the turbine blades.

Moisture is removed using separation devices.

SPP-1000 steam separator-superheater is used for KhTZ K-500-60/1500 and K-1000-60/1500 turbines of nuclear
power units with a WWER-1000 reactor.

The turbine unit is equipped with four steam separators-superheaters. The steam separator-superheater is a vertical
cylindrical apparatus consisting of a louver-type separator and a two-stage superheater (surface heat exchanger), which
are located in the same housing (Fig. 1).

Wet steam from the turbine high-pressure cylinder (HPC) enters the inlet annular chamber, from which it is distrib-
uted through the inlet separator manifolds. The steam dried in the separator enters the annulus of the first stage of the
steam superheater, where it is finally dried and partially overheated. Final overheating of the steam occurs at the second
stage of the steam superheater. Then the overheated steam from the separator-superheater is sent to the low pressure cyl-
inder (LPC) of the turbine. Heating steam for the first stage of the steam superheater is the steam from the first selection
of the turbine high pressure cylinder, while for the second stage it is sharp steam.

1 stage

-

condensate collector,
2 stage

condensate collector,
separat collector

Fig. 1 — Steam separator-superheater installation diagram: 1 — heating fresh steam; 2 — heating steam from the first selection; 3 — wet
steam from a high pressure cylinder; 4 — separation bags; 5 — removal of the separat; 6 — superheater of the first stage; 7 — superheater
of the second stage; 8 — condensate of heating steam of the first stage; 9 — condensate of heating steam of the second stage.

Consider the problem of determining the temperature characteristics of steam separators-superheaters. Such charac-
teristics, in general, describe the influence of many different factors on the temperature of the heated steam at its outlet
with the stages of the steam separator-superheater. One of the important factors is the mode factor, i.e. the change in
electrical power (load).

At our disposal are the data of various measurement experiments [2] of the steam temperature at the outlet of the
first and second stages when changing the electric pdlvef the unit in the rang&0+ 100% (Tablel). Temperature

values were obtained at the fixed power of the unit.
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Table 1 — Thermal test data for the K-1000-60/1500 turbine

N, % 50 60 70 80 90 100
steam temperature at
the outlet of the first 180.5 187 192 195 196 198

stageTl,'C
steam temperature at
the outlet of the sec 258 257 256 254 252.5 251
ond stageT2,C

It is obvious that the experimental data contain inaccuracies and have interval uncertainty. Uncertainty is caused by
measurement and rounding errors, noise, incomplete information. The analysis of numerous scientific works devoted to
processing experimental data characterized by uncertainty, shows that an interval model can be considered as one of tt
most adequate existing models [3 — 16].

It is known that for a wide range of tasks of constructing a mathematical model based on the results of an experi-
ment, the dependence being formalized is the following:

y=¢(x,b)+ey, 1)
wherex = (x1 xq) O X is the vector of input variableg; — the vector of model parameteng;— the output variable;
¢ — the function describing the deterministic component of the dependenc®nfx, and £, — the value describing

the uncertainty of the presented dependence.
In the probabilistic model, which is the most common among other methods of constructing a model of the depend-

ence between the input and output variables, the compeyeista normally distributed random variable, with a mean
of zero and standard deviatian, . The uncertainty of the variablg for a given confidence level is described by a con-
fidence interval (the rule «2r»):

Q—Zaysys 3/+20y, (2)

where§/ is the point estimate of the unknown quantity obtained as a result of the experiment.
The interval model [3] does not impose any requirements on the absoluteertmbe given by any distribution

law, but only considers its Iimitation*ssy| <¢. What, in fact, is accepted in metrology is the assumption that the value

9 is obtained using an inaccurate instrument with a known eyyoAnd then for any value of/ there is an interval of

uncertainty:

y=[V-¢,v+e,]. (3)
moreover, the interval can always be extended when new sources of errors are detected and their quantitative evaluatic
is possible.

Many factors influence the uncertainty of temperature measurements using thermocouples and resistance ther-
mometers that measure the temperature of the heart carrier (vapor) at atomic power plants. The basic ones are: rando
effects when measuring; measurement uncertainty of the recording instrument; tolerance class of thermocouple and re
sistance thermometer; change in the characteristics of the thermocouple and resistance thermometer over a period ¢
time between checks. There are also several factors specific for a thermocouple such as: the accuracy class of the exte
sion wires connecting the thermocouple to the recording device and the temperature compensation error of the referenc
junctions. According to the “Guide to the Expression of Uncertainty in Measurement” [17], the uncertainties generated
by the listed sources are considered random variables that obey a normal, uniformly symmetric or uniformly asymmetric
distribution.

The sample presented in Table 1 contains a rather limited number of experimental points — only six measurements,
and the structure and probabilistic characteristics of the measurement errors are unknown. Thus, it is impossible to jus:
tify the use of standard procedures for processing the experimental data, which rely on statistical methods such as: repre
sentative sample (it should be of sufficient length), normality of the distribution of measurement errors (the error is
probabilistic and its distribution is normal and unbiased), accuracy of the values of the main argumen.

In such a situation, applying numerical methods of interval analysis provides more complete information on the de-
pendence of the vapor temperature on the load [18 — 19].

Results and their discussion. We briefly introduce the basic principles of interval arithmetic [3]. Any interval
number (range) can be written in the form of some closed real intarve[lg, 5}, where§<5 [3]. In the case of

Bicnux Hayionanornoeo mexwiunozco ynisepcumemy «XI11» .Cepia: Mamemamuune
Mooentosanis 6 mexwiyi ma mexronoeisx, Ne 1 (1355) 2020. 89



ISSN 2222-0631 (print)

azazg, the intervala is identified with a real numbea . The width of any intervah is defined asw(a) :5—2_1.

. . - a+a . o . a-a
The middle (center) of the interval isid(a) == The interval radius is defined aad(a) == The absolute

value (module) of the interval ig| = max{H |§j} .The intervala determines the set of possible values of the unknown

true parameten . In the interval approach, no probabilistic or fuzzy measures in the range (interaed)specified, i.e.
all values within the interval are considered equally probable (not identical to the uniform distribution of a random vari-

able).
The interval operations are carried out according to the following rules:

1. Addition a+b = [g+9,5+6] .
2. Subtractiona-b = [g—E, 5—QJ .

3. Multiplication asz[min(gE@,gtﬁ,aE@,atﬁ) ma>( b ab alb 5[5)]
4. Division 3=[g, 5}{&, E} and beside®0b .
b b b

[kg, ka], k=0
5. Multiplication by scalak A=<~ _ .
[ka, kg], k<0

In the interval model, the inaccuracy or uncertainty of the output parameter (which in our task is the steam tem-
peraturet ) is described by the interval=[t,t], wheret andt are the lower and upper bounds of this interval respec-
tively. The interval defines the set of possible values of the unknown true paramétee peculiarity of the interval
approach is that no probabilistic or fuzzy measure is set within the interthat is, all values within the interval are

equally possible.
Assume that the output steam temperature at the outlet of the second stage of steam separator-suglerheater

pends linearly on the electrical load of the uNit(%):
t(N, bl, b2) = bl+ b2IN+ ¢, 4)
wherebl, b2 are parameters.
The following values from (4) are to be estimated: the membership(bﬁ,tbz) of the actual values of the pa-

rameters and the range of the actual values of the dependence (4).
The experimental data are presented by the sample:

{T2,N, i=1,..n, ()

whereT2; is the observation of the dependenbk;are the values of the arguments= 6 is the sample length (Fig. 2).

265

T2°C
o0 257
uncertainty J.

interval 253
EEE

249

243
40 50 60 70 80 90 100 110

N, %

Fig. 2 — Experimental datd:2, 'C — steam temperature at the outlet of the second stage recorded at the specified level of electrical
load N, % of the unit [2]; vertical posts — uncertainty intervals.

We assume that the valu@$ are known exactly. Although the values of electric power in the conditions of ther-
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mal tests of a turbine unit are also determined with some error. For the most accurate measurement of the electric powe
at the terminals of the generator, the following measures are taken:
« choosing measuring transformers with the actual error in the operating range of measurements up to

i(O.1+ 0.3 % and adopting of measures that reduce errors to a minimum (due to the difficulty of accounting for the lat-

ter). In particular, in order to avoid overload, it is necessary to check the actual load of the measuring transformers, min-
imizing it;

« eliminating harmful effects on the accuracy of measurement;

e connecting measuring instruments as close as possible to the output terminals and to any branch through whict
leakage or supplementary supply of energy can occur;

e using two independent measurement methods simultaneously.

The measurement of temperature valles are assumed to contain noise errors. Resistance thermocouples that

measure the temperature of the heat carrier (vapor) at atomic power plants have the de\zﬁ(Q.&Es@r0.00:{l ) °C or

+(0.3+ 0.00%

value of which is indicated in the metrological standards. The reduced measurement error takes into account all the
components of the parameter measurement: methodological, instrumental, and subjective. When measuring the temper:
ture of the steam in the pipeline behind the steam separator-superheater, the reduced error for direct cotirtthés 1.5
readings and registration by the secondary devices are determined with an effor of 2

That is, for each experimental value:

T2 =T2+&,|§|< &maxs 1 =1, 6, (6)

) °C, depending on the tolerance class [20]. In addition, the given error should be taken into account, the

whereT2; is the result of the vapor temperature measurenfeéhtdenotes the unknown true value of the temperature;
& is thei -measurement error; the maximum value of the egfgy, is about5°C.

For each vapor temperature measurement the |GWerand upperT_2i bounds of the uncertainty interval2,
are calculated using model (3):
T2 :[Tzi ﬁ] i=1,..,6T 2=T 2-¢,

T 22T (2 Epax- (7

ax

In the physical sence the uncertainty interval is the range of possible values of the vapor temperature that contains
the unknown true value.
The set of the uncertainty intervals shown in Fig. 2:

{12} ={[252.84,263.1p[, 251.86,262]14 , 250.88,26]L[12 , 248.92,75p.08 , 247.45]%57.55 , 245098}, 2¢B)

Each uncertainty intervall2;, i =1, ..., 6 contains possible values of the measured value, consistent with this
measurement, that is, at least one curve of dependence (4) can be drawnahioteghals of uncertainty.

For each pair of the intervalB2, and T2j ,i=1..5,j=i+1,..,¢ of uncertainties of the sample measurements
given by (7) — (8), a two-dimensionadrtial membership seg, ; (hl, b2) of parametersl, b2 [18] compatible with the
given pair of uncertainty intervals is calculated.

The next step is to determine the membershipl §&t, b2) of the parametersl, b2 compatible with the entire
sample of measurements:

(b1, b2)=izy, _5j=+1..8 (KL, b2). (C))
From (4) and (7) follow the constraints for the membership set:
T2 —Eax SO+ D2IN < T2 +&,,, i= L ..., € (20)

Accordingly, these conditions take the form:
252.84<Db + 50ab, < 263.1,

251.86<b + 60b, < 262.1,

250.88<b + 70b, < 261.1,

248.92< b, + 80b, < 259.0,

247.45<b + 90b, < 257.5,

245.98<b + 10@b, < 256.0. (11)
The formal application of the rule for constructing a membership set leads to the following result:| {bé, b&X)
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is a polygon with seven vertices, and the parame2etakes values of different signs:
{(o1,b2)} ={(252.84,9 ( 249.66,0.06B¢ , 256.02,0 , 287-70.099 [ 262.3% 0.163}:

(280.34- 0.343p ( 270.3, 0.14)8 (12)

However, the analysis of experimental data (Tapland the principles of the process of drying and superheating
of steam in a separator-superheater show that dependence (4) is a function that decreases with increasing electric power.
Therefore, it makes sense to require that paraniter0. Accordingly, with the new restriction on the parameters, the
membership set (b1, b2)takes the form of a polygon with six vertices (Fg- the gray region):

| (b1,b2):b" = (b1, b2) =(252.84,9, b®=(256.02,(, b*=(270.3,~ 0.142, b* =(280.34- 0.343p,
b° =(262.31~ 0.1633F, b®=(257.74,~ 0.09. (13)

parameter b

~0.4 -0.32 -0.24 -0.16 -0.08 0
parameter b

Fig. 3 — The membership sefbl, b2).

This set is characterized by the unconditional minimal external estimates which are the parameter intervals
[b_l, b_lJ and [b_z; b_ZJ . These intervals are determined according to the rules:

blz[b_l; tTl]:b_l:Arg{min b101(b1,b2)} ,bl= Ard mab D1 (b b B (14)
b2:[b_2;b_2]:b_2:Arg{min b201(bL,b2)} ,b2= Arg maxb Z1(b b } (15)
The extreme corner points defining the size of thel figt, b2) (rectangle marked with dotted lines in R3y.and
the boundaries of the intervaledl andb2 areb' =(252.84, 0, b* =(280.34,- 0.343p. Thus,
bl1=[252.84,280.34 b 2[- 0.3436]. (16)
The interval approach allows to construct a refined ti{bd of guaranteed — valid dependencies. Such a tube is

defined by its lowett(N;) and upperE(Ni) limits, which are calculated using the membership set in the following way:

t(N):{;(Ni),'t(N)}, i=1 .6 (17)
where t(N,) = ezpil) (blbz){b1+ b2IN}, t(N;) = (bl‘bg}%lbz){bh b2ZN}.

Namely (Fig4)
{t(N;)} ={252.84, 251.86, 250,877, 249.224, 247.8527% ,

{t(n)} ={263.16, 261.732, 260.304, 258.876, 257 285.03 .
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265

261

T2
(X
T2L 257

L
T2

253

249

245
40 50 60 70 80 90 100 110

Fig. 4 — The boundaries of the tube of actual values.
It should be noted that at some points the actual value tube is narrower than the uncertainty intervals.
The interval model of the dependence of steam temperature at the outlet of the second stage on electric power ca

be represented as:
[t(N)]=[252.84, 280.3}4+ [~ 0.3436]ON . (18)

26
258

Tomnk(x) 229

T2maxsogl(x)
E— 254

252 1 /

25

50 60 70 80 90 100
X

Fig. 5 — Forecast models for the dependence of steam temperature on electric power:
line 1 — LSM-estimation, line 2 — estimate constructed using the maximum compatibility method.
Using the point estimates of the parameﬁir,sﬁz of the unknown coefficients of the output variable model (steam

temperature at the outlet of the second stage) with a fixed vector of the input variable (electric power), it is possible to
construct a point estimate defining some prediction model. The parameter estimates obtained by appigices-the
tainty center methofP1] are:

b1, = O.5(b_1+b_1) b2 = O.”\ﬁb_Zb_?, (19)
bl, = 266.59,b 2= 0.171.

Accordingly, the direct forecast is the following:
f(N)=266.59- 0.1718N . (20)

Using standard statistical approaches for processing experimental data, we determine the parameters of relation (4

by the least squaraemethod[21]. The resulting equation is:
f(N)=265.57% 0.144N , (21)
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the mean square deviationds= 0.333. Least squares linear approximation graph is shown irbKlme1).

Another assessment was performed udimg maximum compatibility metho@his method was proposed by
SharyS. P [12, 19] to restore dependencies from data with interval uncertainty and as a solution determines the points at
which the best agreement of the data with the dependence parameters is achieved. The desired dependency has the form:

f(N)=265.588- 0.1428N . (22)

In the problem under consideration, the point estimates (21) and (22) of the parameters are fairly close.

Conclusion. When solving problems of safety and reliability assessment of systems and equipment of NPP units,
as well as improving their efficiency by determining operational (energy) characteristics, the problem of taking into ac-
count uncertainty factors in the objects and processes for which models are created, as well as choosing mathematical
tools for their description remains relevant. The classic "point-by-point" representation of values in modeling and opti-
mization problems often does not allow to reach the maximum possible correspondence between a real object and its
model. Ignoring the interval nature of the problem leads to a solution in the form of certain "exact" numbers, and the
closeness of such solutions to the lower possible and, accordingly, the upper possible values of the interval cannot be es-
timated. In the practice of operating NPP units this can result, in a number of cases, in erroneous decisions when solving
problems of process optimization, as well as assessing safety and reliability indicators.

In this situation, the advantages of data processing, model defining and constructing by means of interval analysis
methods are quite obvious, as their means allow to take into account inaccuracies in setting the initial data, measurement
errors, uncertainties of parameters and system model, multimode nature of the operation of such complex systems as
NPP units. Therefore, the use of the mathematical tools of interval analysis, its capabilities and advantages is promising
for solving a wide range of problems connected with safety and reliability assessment, increase in the efficiency of NPP
units based on correct operational characteristics in condition of the uncertainty of initial data.
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