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METHODS AND APPROACHES TO SIMULATION, DIAGNOSTICS, FORECASTING EQUIPMENT
STATE AND OPTIMIZATION OF ROBOT MODES OF NPP POWER UNITS

Nuclear power plants are the basis of energy in many countries of the world, which determines the pace of their economic
development. At the same time, they as complex technological systems are objects of the increased technogenic danger. Therefore,
ways to increase the reliability, safety and efficiency of NPP power equipment have already been developed and continue to be
developed, which are largely based on diagnostic procedures. During the operation of power equipment, especially during its long
period, its technical characteristics, and, consequently, the parameters of technological processes, change under the influence of
external factors and as a result of wear, or even destruction, of individual structural elements. Changing the characteristics of the
equipment usually leads to a decrease in the level of adequacy and to the loss of conformity of mathematical expressions in the
models of the content of the processes described by them.The materials of the article consider the identification of mathematical
models of NPP power unit equipment in the process of parametric diagnostics. Ways to increase the reliability, safety and
efficiency of NPP power equipment have been developed and continue to be developed, which are largely based on diagnostic
procedures. The use of the iterative process to find the values of the identified parameters can be used to identify mathematical
models of technological processes in NPP power equipment, which increases the adequacy of models and the reliability of
diagnostic conclusions in solving parametric diagnostic problems.
Keywords: NPP power units, identification, modeling, diagnostics.

Introduction.

The basis of energy in many countries around the
world, which determines the pace of their economic
development, are nuclear power plants. An NPP power
unit with a PWPR-1000 pressurized water reactor is
considered as an object of scientific research. This choice
is due to the fact that these power units are the basis of
the nuclear power industry in Ukraine: out of 15 installed
NPP power units with a total capacity of 13,845 MW, 13
are NPP power units with PWPR-1000 (Table 1).

Table 1. Summary table of general data on nuclear power

efficiency of NPP power equipment have already been
developed and continue to be developed, which are
largely based on diagnostic procedures.

Identification of mathematical models of NPP
power unit equipment in the process of parametric
diagnostics.

One of such methods is the use of automated
systems of parametric diagnostics of power equipment
based on mathematical modeling of technological
processes as part of the ACS TP power units. Parametric
diagnostics allows to establish the factors of deviations
of equipment parameters from normal values as a result

lants in Ukraine of changes in its design: certain technical parameters
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destruction, of individual structural elements. Changing
the characteristics of the equipment usually leads to a
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of conformity of mathematical expressions in the models
of the content of the processes described by them. For
example, many of the formulas in the integrated methods
of thermal and hydraulic calculations of heat and mass
transfer power equipment [1, 6, 7] are obtained
experimentally and contain numerical parameters that
identify the model and process according to the results of
experiments.

Table 2. The general scheme of the article according to
the following descriptive algorithm

—_—

Object of scientific
research:

NPP power unit with PWPR-1000
pressure reactor;

of]

man-

2|An object
increased
made danger:

Complex technological systems
for which ways to increase
reliability, safety and efficiency
have been developed and
continue to be developed.

3|The
study:

aim of the

The problem of identification of]
mathematical models of
equipment of NPP power units in
the process of parametric
diagnostics is considered.

diagnostics of NPP
power equipment:

4|Identification of|Automated systems of parametric
mathematical diagnostics of power equipment
models of NPP|based on mathematical modeling
power unit|of technological processes.
equipment in the
process of]
parametric
diagnostics:

5 |Methods of|Probabilistic methods of]
automated equipment condition assessment
parametric on the basis of comparison of]

calculated and normative values
of diagnostic parameters;
methods based on the theory of
fuzzy logic within the ideology of]
expert systems; methods that use
linear diagnostic models.

6 |Probability of]

diagnostic results:

The level of adequacy of]
mathematical models of the
diagnosed equipment to
technological processes

proceeding in it is defined;

7 |Mathematical
models
technological
processes:

of]

Represent a system of nonlinear
algebraic equations.

8|Conclusions.

Using the iterative process to find
the wvalues of the identified
parameters, it is possible to
identify mathematical models of]
technological processes in the
power equipment of NPPs, which
will increase the adequacy of]
models, and hence the probability
of diagnostic conclusions in

solving parametric diagnostics.

However, the design of the diagnosed objects and
the values of the parameters of technological processes in
them may, as mentioned above, over time differ from the
conditions of the experiments in which the corresponding
calculation formulas were obtained. Therefore, to
increase the reliability of the results of parametric
diagnostics, it is necessary to identify mathematical
models of processes before diagnosis, in other words,
adjust them based on the analysis of measurement results
of process parameters in discrete moments preceding the
time of diagnosis (Table 2).

In general, mathematical models of technological
processes in power equipment, based on integrated
methods of calculation [1, 6, 7], are a system of nonlinear
algebraic equations:

Y = f(X,A,G), (1)

where X — vector input model;
- T
A=A, 45,0 4,)
parameters obtained on the basis of field experiments to

identify the process model.;
G — vector of the set design characteristics of the

vector of numerical

equipment;
Y — vector source model data.;
f= (fl,fz,...,fm)T symbolic record of the
functional relationship between X,A,G and Y .
Consider the case of identification of a

mathematical model of equipment, when the individual
derivatives of vector functions f on A;,A,,..A,
variables can be represented analytically. Suppose that
the vector Y s a vector-column of the measured initial
parameters of the technological process
Y = Vyor¥y) . hen, data of
measurements of process parameters for the previous
period of operation of the equipment, it is possible to
calculate average value of a vector. Y :

using archival

Y =G50 @)

Substituting these values in (1), we obtain m

equations for numerical parameters A ;, j =1,n:

.)_/1 :f‘l(X:kl,kz,...,kn,G)
52 =f2(X,}\41,7M2,...,7nn,G)

ym =fm(X,}\-1,}\42,...,}\4n,G)

©)

Ifin (3) m = n, hat is, when the number of equations
is equal to the number of identified parameters

X_/, j:I,_n, the solution of the system of nonlinear

equations can be found by standard methods of
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computational mathematics, for
modified Newton's method [8, 9]:

example, by the

Mg = A = (A (X, AL G), (D)

where A, = (4%, 4,0, 2T
0 0 0
Ay =4 4,9 4, =4, Ayse AT
k — iteration number,

w! (A) — matrix inverse to the Jacobi matrix
W(Ay):

9 o 9
oA 04, 04,
Wk =f'No)=| o2, 04, 7~ 04, | O
o 5
ok A, or,

For the case when the number of equations is less
than the number of identified parameters A j2 j=Ln,

such an approach has been developed. Instead of a matrix
W(Ay)=f'(Ay) the matrix is considered W(A,),

consisting of absolute values of the matrix W:

o\ |9 %
oM | oA, T |04,
, 9| |9 9>
WMo =[N0 =|[a2,] (o2, " |oa,||- ©
o T 5
oAl |6, oA,
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Using a matrix m,(A,)=

1'(,)] , @ square Jacobi matrix

is formed W,(A,) dimension m; xm;, whose columns
contain elements with the maximum values of the

modules of the derivatives max|-2{, i =1,m; j=1,n, and

iJ

J
the determinant is not equal to zero.
. . T . .

With my <m 1 Ag=(%,A,,..., A, )" (taking into
account the corresponding change in the numbering of
parameters A ;). That is, in this case, the identification of
the model of technological processes is carried out using
a matrix W,(A,).

At m > n, that is, when the number of equations is
greater than the number of identified parameters

A i :I,_n, a similar approach is used as for the case
m<n, with the only difference being the matrix
W, (7\0) are

W(Ao) = f’(Ao) .

formed from the matrix term

%

J
difficult to calculate in analytical form, it is possible to
use existing software implementations of models (1) [1,

If derivatives in the Jacobi matrix it is

2] and with their help to calculate derivatives
approximately by the formula:
o 1
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Conclusions.

Thus, using the iterative process to find the values
of the identified parameters, it is possible to identify
mathematical models of technological processes in NPP
power equipment, which will increase the adequacy of
models, and hence the probability of diagnostic
conclusions in  solving parametric  diagnostics.
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O. B. EOIMOB, B. /1. KABEPIJEB, T. B. IIOTAHIHA, T. A. T'APKYIIIA, JI. I. TIOTIOHHK,
A. B. MOTOBUIBHIK

METO/JM I IIIAXOJN 10 MOJAEJIOBAHHS, JIATHOCTHUKHA, TIPOITHO3YBAHHS CTAHY
YCTATKYBAHHSA TA OINITUMI3AIII PEXKUMIB POBOTH EHEPTOBJIOKIB AEC

VY crarTi po3riisiHyTa TipodbsieMa ineHTrdikamii MaTeMaTHIHAX MOJeNielt ycraTkyBanHs eHeprooiokie AEC B mpomeci
napaMmeTpudHoi miarHocTHkd. OCHOBOIO €HEpreTMKH B 0araThOX KpaiHax CBITy, $SKa 3YMOBIIOE TEMIH iX
€KOHOMIYHOTO PO3BHUTKY, € aTOMHI €JIeKTpocTaHIlii. B Tol e Jac, caMe BOHHU sK CKJIaJIHI TEXHOJOTIYHI CHCTEMH €
o0'ekTaMM MiJBHIICHOI TEXHOreHHOi HebOesneku. ToMmy Bke po3poOJeHi 1 IPOJOBXKYIOTH PO3POOIATUCS CIIOCOOH
HiBUILCHHST HaAIHHOCTI, Oe3mekn Ta e(eKTHBHOCTI eHepreTmuHoro ycrarkyBanHs AEC, ski, B 3HauHiil Mipi,
CIMPAIOThCA Ha JliarHoCTH4HI npoueaypu. OnMHUM 3 Takux criocoOiB € 3actocyBanHs B ckiaai ACY TII enepro6mnokis
AEC aBTOMAaTH30BaHMX CHCTEM MApaMETPUYHOI JIarHOCTUKUA CHCPIeTUYHOTO YCTaTKyBaHHS, 3aCHOBAaHMX Ha
MaTeMaTHYHOMY MOJICJIFOBAHHI TEXHOJIOTIYHMX TporeciB. [lapameTpuyHa MiarHOCTHKA JO3BOJISE BCTAHOBHTHU
YUHHUKYA BIIXWJICHb ITapaMETPIB YCTaTKYBaHHS BiJ HOPMAaJdbHHX 3HAYCHb B pE3yJbTAaTi MOSBU 3MiH B HOro
KOHCTPYKIIii: TICBHUM 3HAUEHHSAM IapaMeTpiB BIAMOBINAIOTh TIEBHI TEXHIYHI CTaHW. I[CHYIOTH pi3HI MeToau
aBTOMATH30BaHOI TapaMETPUYHOI JIarHOCTUKHM eHepreTmdHoro yctatkyBaHHs AEC, mo 0a3yloThes Ha
MaTeMaTHYHOMY MOJEIIOBAHHI TEXHOJOTIYHHUX MPOIECiB. BipoTimHiCTh pe3ynabTaTiB AIarHOCTYBaHHS 33 JIOTIOMOTOIO
UX METOAIB 0araTo B 4YOMYy BH3HAYAETHCS PIBHEM aJeKBATHOCTI MAaTeMaTHYHHX MOJENIEH YCTaTKyBaHHS, IO
JIIaTHOCTY€ETHCS, TUM TEXHOJIOTIYHUM IpoIiecaM, sKi MPOTIKAIOTh B HbOMY. 3aCTOCYBAaHHS iTEpalliiHOTO MPOIIECY ISt
3HaXO/DKEHHS 3HAauYeHb iACHTH(IKOBAaHMX IapaMeTpiB MOJXKHA 3aCTOCYBaTH I 3MIMCHEHHS iIeHTHU}IKAIii
MaTeMaTHYHUX MOJEJICH TEXHOJOTIYHUX TIPOIECiB B eHepreTmyHOMy yctatkyBaHHI AEC. Ile mo3Boisie migBUIIUTH
aJICKBaTHICTh MOJICJICH ¥ BipOTIIHICTh IIarHOCTUYHUX BUCHOBKIB IPH BHUPIIICHHI 33/1a4 TApaMETPUYHOI JiaTHOCTHKH.
Karouosi cioBa: eneproonoxn AEC, inenTudikarisi, MoearoBaHHsl, 11arHOCTHKA.

A. B. EOUMOB, B. /1. KABEPIIEB, T. B. IOTAHHUHA, T. A. T'’APKYIIIA, JI. U. TOTIOHUK, A. B.
MOTOBH/IPHUK

METO/bI 1 TOAXOAbI K MOAEJINPOBAHUIO, IMATHOCTHUKE, TIPOTHO3UPOBAHUIO
COCTOAHUA OBOPYAOBAHUSA U OIITUMU3ALIMU PEXXKNMOB POBOTHI SHEPT'OBJIOKOB
A3C

B cratbe paccMmoTpena mpobiieMa uAeHTHU(DHUKAIME MaTeMaTHIeCKUX Mojeei obopyaoBaHus 3Heproomokos ADC B
nporecce mapamMeTpudeckoid auarHocTuku. OCHOBOM SHEPreTMKM BO MHOTHX CTpPaHaxX MHpa, 00yCIaBIMBAaIOIICH
TEMITBI MX 3KOHOMHYECKOTO Pa3BUTHSA, ABJISIOTCS aTOMHBIE 3JIEKTPOCTAHLMHM. B TO ke Bpems, IMEHHO OHH Kak
CJIOKHBIE TEXHOJOTHYECKHE CHCTEMBI SBIISIFOTCS OOBEKTaMHU IOBBIIICHHONH TEXHOTEHHOHW omacHocTH. [loaTomy yxke
pa3paboTaHbl ¥ IPOJOIDKAIOT Pa3padaThIBaThCsl CIIOCOOBI MOBBIILICHUS HaJIe)KHOCTH, 0€301macHOCTH 1 3()(HEKTUBHOCTH
9HepreTudeckoro obopynoBanusi ADC, KOTOpble B 3HAYMTENHLHON CTENEHM ONHMPAIOTCS Ha JMAarHOCTHYECKHE
npoueaypsl. OZHUM M3 TakuX CcHocoOoB sBusiercss npumeHeHue B coctaBe ACY TII sneprotmokoB ADC
ABTOMATH3MPOBAHHBIX CUCTEM NapaMETPUUYECKOH JWArHOCTUKH SHEPreTH4YeCKOro oOOpyNOBaHMS, OCHOBAaHHBIX Ha
MaTeMaTHYeCKOM MOJICIIMPOBAHUM TEXHOJOTHYECKMX TpoueccoB. [lapamerpuueckas JUarHOCTHKA IO3BOJISIET
YCTaHOBHUTH (haKTOPBI OTKIOHEHHH IapamMeTpoB 0OOpYZOBaHUSI OT HOPMAalbHBIX 3HAYCHUH B pe3ysbTaTe MOSBICHUS
U3MEHEHHH B €ro KOHCTPYKLHMH: OINPEACICHHBIM 3HAYCHUSIM IapaMETPOB COOTBETCTBYIOT OIPEACICHHBIC
TeXHH4YeCKne cocTosTHHUA. CyIIEeCTBYIOT Pa3IMYHbIE METOABl aBTOMATH3MPOBAHHOW MapaMEeTPHYECKOW INarHOCTHKU
sHepreTndeckoro obopynosanust ADC, OCHOBAaHHBIX Ha MAaTEMAaTHYECKOM MOAEIHPOBAHUM TEXHOJIOTHYECKUX
npoueccoB. JI0OCTOBEPHOCTh Pe3ylbTaTOB JUATHOCTHPOBAHHS C IOMOIIBIO 3TUX METOJOB BO MHOTOM OIpPEJEISIETCS
YPOBHEM aJIeKBATHOCTH MAaTEMAaTHYECKUX MOAENEH OUarHOCTHPYEMOTro OOOPYHOBAaHUS, TEM TEXHOJOTHUECKUM
npoleccaM, KOTOpbIE INPOTEKAlOT B HeM. [IpMMEHEeHHe HTEepalMOHHOTO Mpolecca sl HaXOXKICHHs 3HaYeHUH
UICHTU(HULIMPOBAHHBIX APaMETPOB MOKHO NPUMEHHUTH JUIS OCYIIECTBJICHHUS WACHTHU(UKALMK MaTeMaTHYECKHX
MoOJIeJIed TEXHOJIOTMYECKHX IIPOLECCOB B JHEpreTudeckoM obopynoBaHun ADC. DTO MO3BOJISET IOBBICHTH
a/ICKBaTHOCTb MOJIEJICHi M JOCTOBEPHOCTh JMAarHOCTUYECKUX BBIBOJOB NPH PEIICHUM 33/a4 NapaMeTpUuecKOi
JIMarHOCTHKH.
KatoueBsie ciioBa: sHeproonoku ADC, naeHTudHUKanus, MoJAeIMPOBaHNE, THarHOCTHKA.
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