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IMPROVING THE ACCURACY OF THERMAL POWER DETERMINATION OF VVER

In most algorithms for forming control signals, locks and protection of VVER, the value of the reactor’s thermal
power (RTP) is used. This article is dedicated to the analysis of the problem of determining the RTP of VVVER-1000.
The article suggests ways to improve the accuracy of the determination of RTP based on the signals of the neutron flux
parameters control system at VVVER-1000. The thermal power of the reactor is one of the important safety parameters of
VVER-1000, and also this parameter determines the technical and economic parameters of the power unit. The task of
increasing the accuracy of RTP determination is especially relevant considering plans to increase RTP of VVVER-1000:
in the first stage to 101.5 % of the nominal value, and later to 104 - 107 % of the nominal value, which equals to
3000 MW according to the project. In the article, the main factors influencing the errors of determination of RTP in
different ways are considered: according to the thermal parameters of the 1st and 2nd contours and the parameters of the
neutron flux in the Neutron Flux Monitoring System (NFMS) and In-core Monitoring System (ICMS). In order to
improve the accuracy of determination of RTP in the NFMS, we propose a model that considers the influence on the
signal of the ionization chamber of the following parameters: temperature and concentration of boric acid in the coolant,
the position of the control rods, burning of fuel, etc. The results of the analysis of the change in RTP during the fuel

campaign of VVER-1000 are given, which is determined in different ways.
Keywords: reactor thermal power, thermal engineering parameters, neutron flux parameters, correction model, linear

heat generation rate, weight coefficients.
1. Introduction

Reactor thermal power (RTP) is one of the most
important parameters by which control and regulation
at VVVER-1000 are being carried out. On the basis of
RTP values, algorithms of the following systems are
implemented: automatic power controller (APC),
power reducing/limiting device (PRLD); as well as
preventive protection (PP), accelerated unit unloading
(AUU) and emergency protection (EP) systems [1]. In
addition, RTP is a parameter by which technical and
economic indicators of a power unit are determined,
including the coefficient of efficiency.

Correct determination of RTP (absolute value, er-
ror et al.) becomes more important at the implemen-
tation of plans to increase VVER-1000 thermal
power to 104 - 107 % Nraed (rated power), which
equals 3000 MW according to the project.

The methods of RTP determination applied today
at various VVER-1000 are different; besides, the
method of minimizing the error of RTP determina-
tion is not used.

Therefore, it is important to study the peculiari-
ties of the determination of RTP by different meth-
ods at power levels, as well as to develop methods to
reduce the error of the determination of so-called
weighted mean thermal power (WMTP), which is
determined on the basis of RTP data obtained in dif-
ferent methods.

2. The methods of RTP determination

The following methods are used to determine the
RTP at VVER-1000 [2]:

1) by parameters of the 1st circuit;

2) by parameters of the 2nd circuit — by parame-
ters of steam and feedwater flow rate in the steam
generator (SG);

3) by parameters of the 2nd circuit — by parame-
ters of steam and feedwater flow rate in the high-
pressure heater (HPH);

4) by signals of the neutron flux monitoring sys-
tem (NFMS);

5) by signals of self-powered neutron detectors
(SPND).

Determination and control of RTP at VVER is
carried out by the in-core monitoring system (ICMS)
[2]. RTP at VVER-1000 is determined by 4+5 me-
thods depending on the equipping of the power unit
with control systems [3, 4].

Each of the methods for determining RTP is
characterized by a corresponding error, which, in
turn, depends on the errors in determining the RTP
parameters.

The value of WMTP N, ., and the error of its
determination 8N, .., are calculated taking into ac-
count the weight coefficient w, of each method of

RTP N, determination [5]:
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where SN, is the error of RTP determination by the i-th

method.
On VVER-1000 units use different sets of values of
the weight coefficients w;, which is why the task of im-
plementing the methodology of optimal choice of weight
coefficients is urgent.
Improving the accuracy of the RTP determination in a
separate method, as well as the correct determination of
the weight coefficient of the contribution of each method
of RTP determination in the reactor WMTP allows mini-
mizing the error of WMTP determination.
The components of the error of WMTP determination
are the following:
systematic error, which in turn consists of method and
hardware errors of WMTP determination;
dynamic error, which is determined by the response time
of the method and can be significant in non-stationary
processes;

random error, which is determined by the RTP level and
the state of measuring channels.

Consider the features of the RTP determination by
each of the methods used in VVVER-1000.

1. RTP determination by parameters of the 1st circuit.

RTP by parameters of the 1st circuit is determined as
the sum of the thermal powers of all operating loops (in
VVER-1000 there are four of them), taking into account
the heat losses on the equipment of the 1st circuit. In turn,
the thermal power of the i-th operating loop is determined
as:

Nl,i:Gi’(Ih_Ig)' @)

where G, — the coolant flow rate in the i-th loop, kg/s;

Ly 1
spectively, J/kg.

The error in RTP determination by parameters of the
1st circuit depends on:

error of determination of the coolant flow rate through
the loop on the basis of the head vs. flow rate characteris-
tic (HFC) of the main circulation pump (MCP), which
in turn is determined by the difference between the
actual scheme of measurement of pressure differ-
ence on the MCP, from the bench scheme at the
MCP manufacturer; and accuracy of determination
of the coolant temperature of the cold leg from
which the density of the coolant is determined;

error in determining the coolant enthalpy, which

— the coolant enthalpy in hot and cold legs, re-
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depends on the accuracy of determination of coolant
pressure and temperature in the hot and cold legs,
and the accuracy of the approximating dependencies
of the enthalpy on pressure and temperature.

The accuracy of the RTP determination by pa-
rameters of the 1st circuit is significantly affected by
the accuracy of coolant temperature determination in
the hot leg. This is a consequence of the hydrody-
namic features of the coolant in the hot leg, namely
the coolant stratification. It is the coolant stratifica-
tion that leads to the fact that the difference in tem-
perature values from the temperature control sensors
in the hot leg can reach ~3 °C and more [6], which
increases the error of determination of the loop pow-
er to more than 10 %.

Taking into account the differences in the loca-
tion of temperature control sensors in the hot legs of
different VVER-1000, as well as the dependence of
the intensity of coolant stratification on the reactor
power, the number of operating loops, etc., the error
in the RTP determination by parameters of the 1st
circuit of VVER-1000 is a feature of each individual
VVER-1000 and should be further studied.

Respectively weight coefficient of a contribution
of RTP by parameters of the 1st circuit in WMTP
determination depends on the power level, number
of operating loops, etc.

Therefore, additional investigations at the object
should be conducted for the correct determination of
systematic error (methodical) of RTP calculation.

The error of temperature determination of the 1st
circuit coolant was reduced during the moderniza-
tion of ICMS due to use of individual more high-
accuracy analog-to-digital converter (ADC), an in-
crease of sampling frequency of sensors as well as
the use of individual calibrating characteristics of
thermocouples (TC) and resistance thermometers
(RT). Such measures allowed to reduce absolute er-
ror in temperature determination from 1°C to
+(0,1+0,2) °C [3].

Switching to the use of more up-to-date data,
such as tables of properties of water and steam, is
also justified [7, 8].

In case of the insignificant influence of stratifica-
tion on a determination of the coolant temperature in
the hot leg, determination of coolant flow rate
through the loop introduces the biggest error in RTP
determination by parameters of the 1st circuit.

For determination of dynamic error in RTP de-
termination it is necessary to take into account cool-
ant transit time between points of temperature meas-
urement in cold and hot legs, which can be from 3 to
6 s, depending on a number of operating loops [3].

It is also necessary to take into account that in
case of TC change to more accurate RT, a dynamic
error will be increased due to greater response time
of RT compared to TC.
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2. RTP determination by parameters of the 2nd
circuit — by parameters of steam and feedwater flow
rate in the SG.

RTP by parameters of the 2nd circuit (SG) is de-
termined as a sum of the thermal powers of all work-
ing SG, taking into account the heat losses on the
equipment of the 1st and the 2nd circuits. In turn, the
thermal power of the i-th operating SG N, is de-

termined as

Nossi = NS+ NP8 — NiM -N", (4)
where N =G*-(1/-x+1/"-(1-x)) - power,
which is removed by steam from SG, W,

NP =GP .1/ — power, which is removed by
blowdown water from SG, W; N™=G".-I," -
power, which is applied by feedwater in SG, W,
N" — power, which is applied in the reactor from

MCP, W; G — steam flow rate in i-th SG, kg/s;
G™"* — blowdown water flow rate in i-th SG, kg/s;
G," — feedwater flow rate in i-th SG, kg/s; 1/, 1/ —

water enthalpy on saturation line in SG and steam
enthalpy at the output from SG, accordingly, J/kg;

I, — feedwater enthalpy in i-th SG, J/kg; x — de-

gree of steam moisture.

The error of RTP determination by parameters of
the 2nd circuit (SG) depends on:

errors in the determination of the steam and water
enthalpy on the saturation line in SG and feedwater
enthalpy to SG, which, in turn, are determined by
errors in measurement of corresponding tempera-
tures and pressures;

errors in the determination of steam flow rate in
SG, feedwater, and blowdown water flow rates.

However, in the most of VVER-1000 projects,
direct measurements of steam flow rate from SG
aren’t realized, and hence this parameter is deter-
mined from material balance equation, namely
feedwater flow rate will be equal to steam flow rate
from SG and blowdown water flow rate only in case
of a constant level in SG. In practice, the level regu-
lator in SG is working constantly, so it is necessary
to take into account additional components in the
material balance equation. Therefore, at WMTP de-
termination, the weight coefficient of RTP value
determined by the parameters of the 2nd circuit (SG)
will also depend on the operating conditions and
power level of a reactor plant (RP). The error of
RTP determination by parameters of the 2nd circuit
(SG) will be the lowest when VVER-1000 works at
the power levels close to the nominal [4].

For stationary operating conditions of VVER-
1000, the biggest contribution in the error of RTP
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determination gives an error of determination of the
feedwater flow rate.

For determination of dynamic error in RTP de-
termination by parameters of the 2nd circuit (SG) it
is necessary to take into account coolant transit time
from point of feedwater temperature measurement to
the entry point in SG, which can reach ~20+30 s and
depends on the feedwater supply scheme at the spe-
cific VVER-1000 [3, 4].

3. RTP determination by parameters of the 2nd
circuit — by parameters of steam and feedwater flow
rate in the HPH.

RTP by parameters of the 2nd circuit (HPH) is
determined as a sum of thermal powers of all work-
ing HPH (there are two of them in VVER-1000),
taking into account heat loss on the equipment of the
1st and 2nd circuit.

Thus, Eq. (4) will have the following form:

NZHP,i = 05 N:_'P + Nipurge _ NifW _ NiMP ,
or
Nopp, = (0!5'GJHP —Gipurge)-(|i// - |JHP)+

+Gipurge ( Ii/ -1 JHP ) _ NiMP , (5)

where G — feedwater flow rate through j-th HPH,
ka/s; j =1,2; 1;" — water enthalpy at the output

from j-th HPH, J/kg.

HPH with j =1 is related to SG with i =1, 2, and
HPH with j =2 is related to SG with i =3, 4.

The error in RTP determination by parameters of
the 2nd circuit (HPH) depends on:

errors in the determination of the steam and water
enthalpy on the saturation line in SG and feedwater
enthalpy in HPH, which, in turn, are determined by
errors in measurement of corresponding tempera-
tures and pressures;

errors in determination of steam flow rate in SG,
feedwater flow rate in HPH and blowdown water
flow rate.

Therefore, the problem in error determination in
the measurement of water flow rate before HPH is
added to the listed above problems of error determi-
nation with the use of the SG method.

Method of RTP determination by the parameters
of the 2nd circuit (HPH) is not used at some units
with VVER-1000 (for example, Bushehr NPP,
Tianwan NPP) due to peculiarities in the determina-
tion of corresponding thermal and technical parame-
ters [3, 4, 9].

4. RTP determination by signals of NFMS.

RTP by signals of NFMS Nc is determined as a
sum of signals of all NFMS control channels (CC)
which is normalized to the number of CC. The pecu-
liarity of NFMS is that the neutron-flux density,
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which determines reactor neutron power, is not de-
termined directly but coefficient is determined for
every ionization chamber (IC) of NFMS CC during
so-called calibration as a value by which it is neces-
sary to multiply 1C signal value to receive value of
thermal power (in W) at which NFMS calibration is
carried out. However, this approach is justified and
provides the necessary accuracy of power determi-
nation only for the operating modes with a constant
power distribution profile over the core volume.

The issue is that during transient modes of VVER
with change of such parameters as coolant tempera-
ture at reactor inlet; boric acid concentration in cool-
ant of the 1st circuit; pressure in the 1st circuit;
movement of control rods of reactor control and
safety system (CR RCSS); as well as nuclear fuel
burn-up changes neutron distribution over the reac-
tor core volume, which, in turn, influences on leak-
age of neutrons from the reactor core, that are regis-
tered by NFMS IC [10].

To establish the correspondence between reactor
neutron power and the signal of NFMS IC, a regular
calibration procedure is performed, which provides
necessary accuracy in the determination of neutron
power in NFMS (according to the VVER-1000 pro-
ject, the error is not more than 2 %). Correspondence
between reactor neutron power and the signal of
NFMS IC remains for some time (~ 7+10 days) dur-
ing the steady-state operation of the reactor. During
transient modes of reactor operation, established
during calibration correspondence becomes broken,
which leads to the increase in neutron power deter-
mination error that can essentially exceed a 2 % lim-
it, which is set by Standard operating procedure of
VVER-1000 safe operation [11].

To solve such a problem, it is necessary to devel-
op the model of NFMS operation, which would take
into account the influence of change in reactor tech-
nological parameters on NFMS IC signals and
properly correct them.

Modern design codes should be used for the de-
velopment of such NFMS model, which should be
built on the use of the Monte-Carlo method for
simulation of neutron transport in the core, near ves-
sel space of VVER and in places of IC location in
the concrete of reactor biological shielding.

It was confirmed previously [10] that implemen-
tation of correction of NFMS IC signals will allow
providing regulatory requirements concerning the
error in reactor neutron power determination, name-
ly — not more than 2 %, for the wide range of transi-
ent modes of RP operation, including during power
maneuvering.

The introduction of correction in the NFMS will
increase the safety of operation of VVER by ensur-
ing the correct determination of the neutron power
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of the reactor, and, accordingly, the projective for-
mation of protection and blocking signals for exter-
nal systems, including RCSS.

5. RTP determination by signals of SPNDs in
ICMS.

RTP determination by signals of SPNDs is rea-
lized in ICMS through the estimation of the linear
heat generation rate (LHGR) of the fuel assembly
(FA) in the locations of SPNDs.

LHGR of FA in the locations of SPNDs is deter-
mined by the equation [2, 10]:

- Yn'r:n) ’ (6)

where Y, — current of m-th SPND in n-th neutron

qnm = anm (Ynm

flux measuring channel (NFMC); Y.\ — background
current; a,,, — coefficient, which depends on the pa-

rameters of the core in the location of the SPND,
namely: enrichment and burn-up of the fuel, temper-
ature, and pressure of the coolant, the concentration
of boric acid in the coolant of the 1st circuit, the
burning of the fuel emitter.

RTP by signals of SPNDs is determined by the
equation:

N M
Ngpnp = K - qunm -h, (7

n=1lm=1

where K — a coefficient that takes into account rela-
tion between the power in the whole core and the
power in the prisms with SPNDs, and which is de-
termined by the ratio of average linear power in the
core to the average linear power in (NxM) prisms
with SPNDs; h — height of the prism with SPND.

The biggest error in the RTP determination by
signals of SPNDs is the uncertainty of the coeffi-
cient anm, Which is calculated separately for each fuel
type in the ICMS.

However, the ICMS still uses the algorithm for
calculating a.m coefficients based on simplified
models of more than 30 years old, which incorrectly
takes into account the influence of such factors as
[10, 12]:

spectral factor, which takes into account the
change in the neutron spectrum as a result of fuel
burn-up, changes in the concentration of boric acid
in the coolant of the 1st circuit, change in the coolant
temperature at the location of the SPND;

geometric factor; since the SPND signal is gener-
ated by the neutrons of the adjacent fuel assemblies
by 25 - 30 %, it is necessary to calculate the anm co-
efficients not only for each fuel type but also for the
actual loading of the fuel campaign in order to take
into account the influence of neutrons of adjacent
fuel assemblies on the SPND signal;
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SPND burn-up factor, which is determined by a
decrease in the probability that electrons will fly
from the emitter to the collector of the detector, due
to the greater burn-up of outer layers of SPND.

When determining the RTP on the basis of SPND
signals, it is also necessary to take into account the
possible vertical shift of the SPND position from the
design one.

Table 1 shows data from [9] concerning the error
of RTP determination by different methods on
VVER-1000. As has been already noted, the errors of
RTP determination depend on many factors and they
should be determined separately for each VVER-
1000 and depending on the mode of operation of RP.
However, for a long time, the weight coefficients w;

were equal to 1 (and/or w;=0) in the calculation of
the WMTP in the ICMS, regardless of the operating
mode and power of the VVER-1000 [13].

Table 1. Errors of VVER-1000 RTP determination [9]

Method of RTP

determination N1 | Nase | Nowp

Nsenp | Nic

Relative error, % 5.1 1.1 15 45 29

Table 2 shows data on the weight coefficients as
well as the results of the calculation of the WMTP
error for various VVER-1000 power units and for
various fuel campaigns [13]. The error of the RTP
determination by a separate method was taken accor-
ding to Table 1, in order to carry out such estimation.

Table 2. Weight coefficients wi for VVER-1000 WMTP determination [13]

Method K5(13 - 22)* K6(12 - 20) T1(1-9) T2(1-7) X1

N 1.00 | 1.00 [ 0.66 | 1.00 [ 1.00 [ 1.00 [ 032 [ 0.91 [ 0.91 [ 0.63 0.64 0.500
Nasc 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 [ 1.00 | 1.00 [ 1.00 1.00 1.000
Natp 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.56 | 1.00 | 0.00 | 0.00 | 0.00 0.00 0.475
Nseno | 0.00 | 1.00 | 0.36 | 0.00 | 1.00 | 0.00 | 0.90 | 0.53 | 0.00 | 0.42 0.47 0.115
Nic 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 050 | 0.50 [ 0.51 0.58 0.100
5, % 181 | 1.76 | 1.38 | 1.81 | 1.76 | 2.06 | 1.47 | 1.88 | 2.07 | 1.62 1.63 1.34

* An(k1-k2) denotes: A — the name of NPP (K — Kozloduy NPP, T — Tianwan NPP, X — Khmelnytskyi NPP);
n — unit number; k1, k2 — fuel campaign numbers; & — relative error.

Table 3 shows data on the range of changes in
weight coefficients of every method of RTP deter-
mination, in the condition of normalization on 1,0 of
the sum of all weight coefficients.

Table 3. Range of changes in weight coefficients wi

Method Min Max Average
Ny 0.099 0.391 0.269
Na2sc 0.250 0.457 0.349
Nanp 0.000 0.333 0.184
Nsenp 0.000 0.280 0.125
Nic 0.000 0.216 0.075

As can be seen from the given data (Tables 2 and
3), different weight coefficients w; are used at differ-
ent VVER-1000 units for taking into account RTP
values in WMTP. Apparently, reduction of error in
WMTP determination can be achieved in the follow-
ing cases: reduction of the error in RTP determina-
tion by separate methods; choice of optimal weight
coefficients wi; application of additional independent
methods for RTP determination.

Conclusions

Minimization of the error of the weighted mean
value determination is a classical problem that has
been already solved theoretically. However, the task
of the minimization of the error in WMTP determi-
nation is not yet solved at any of the considered
power units. Therefore, it is important to conduct
additional investigations dedicated to minimization
of the error in WMTP determination at VVVER-1000.

The article presents suggestions to improve the
accuracy of the RTP determination separately by
each of the methods of RTP determination and con-
siders the way to minimize the error of WMTP de-
termination. The main attention was focused on im-
proving the accuracy of RTP determination in
NFMS and ICMS. In order to increase the accuracy
of RTP determination in these systems, the authors
proposed scientific and technical solutions obtained
in the course of development of applied software for
modern NFMS and ICMS, which are supplied to
NPP units with VVER-1000 in Ukraine.
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HNIABUIEHHA TOYHOCTI BUBHAYEHHSA
TEILIOBOI OTYKHOCTI BBEP

Y OimbIIOCTi anropuTMiB (GOpPMyBaHHS CUTHAIIIB KepyBaHH:, OJIOKyBaHb i 3axucTiB BBEP BHKOpHCTOBY€ETHCS 3HAYUCH-
Hsl TeruoBoi noTykHocTi peakropa (TIIP). Crarrs came npusHaueHa aHamizy 3aaadi BusHadenus TIIP BBEP-1000. 3a-
MIPOIIOHOBAHO CIIOCOOM MiJBHIIEHHS TOUHOCTI Bu3HadeHHs1 TIIP Ha OCHOBI CHTHAJIIB CHCTEM KOHTPOJIIO ITapaMeTpiB HEUT-
ponsoro nortoky Ha BBEP-1000. TITP € omanmu 3 BaxmBux napamerpis 6e3nekn BBEP-1000, a Takox 3a uM mapamer-
POM BH3HAYAIOTHCS TEXHIKO-€KOHOMIUHI MOKa3HUKH €HeproOyoka. 3amada MiJBUIeHHS TOYHOCTI Bu3HaueHHs TIIP € ax-
TyaJbHOI 0CO0JIMBO 3 oAy Ha mianu 3 migsuiieHdss TITP BBEP-1000: va nepmiomy etami 10 101,5% HOMiHaIbHOT, a
mizHime 1 10 104 - 107 % HOMIHATBHOI, KA 3TiHO 3 MpoekToM cTaHOBUTE 3000 MBT. Po3risHyTo OCHOBHI (hakTOpH, IO
BIUIMBAIOTH Ha MOXHOKW Bu3HaueHH: TIIP pisHrME crioco6amMu: 3a TEIUIOTEXHIYHIMH ITapaMeTpaMu 1-To Ta 2-To KOHTYPIiB
i 3a mapameTpaMi HEHTPOHHOTO MOTOKY B amaparypi KOHTPONO HeWTpoHHoro motoky (AKHII) i cuctemi BHYTpIlIHBO-
peakTopHOro KoHTposto. J{ms mixBumenHs Tounocti BusHaueHHs TIIP B AKHII 3anponoHoBaHo Mozenb BpaxyBaHHS
BIUTMBY Ha CUTHAJ 10HI3allii{HOI KaMepH 3MiHM TaKUX IapaMeTpiB: TeMIepaTypa i KOHIIEHTpaIliss O0pHOI KUCIIOTH B TEILIO-
HOCIi, [TOJIO’KeHHsI OPTaHiB PeryJItOBaHHs CUCTEMHU YIPaBJIiHHS 1 3aXUCTy, BUTOPSIHHI NajiuBa Toiio. HaBeneHo pesynbraTu
anaunizy 3minu TTIP npotsirom nanueHoi kamnanii BBEP-1000, siky BU3Hau€HO pi3HUMH CIocOOaMHu.

Kniouosi cnosa: TemnoBa MOTYXHICTh PeakTopa, TEIIOTEXHIYHI ITApaMETPH, NapaMeTpyh HEHTPOHHOTO TTOTOKY, MO-
JIeITb KOPEKIIil, JiHiifHe eHeprOBUALICHHS, BaroBi KOS(IIlieHTH.

B. U. Bopucenko'*, /. B. Byaux?, B. B. F'opanuyxk?
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IHOBBIINEHUE TOYHOCTU ONIPEJAEJIEHUS
TEILIOBOM MOIITHOCTH BBOP

B OomnblIMHCTBE aaropuTMoB (HOPMHUPOBAHMSI CUTHAJIOB YIpaBieHHs, OJIOKMPOBOK u 3ammt BBOP ucnonesyercs
3Ha4eHHe TerioBoi MourHoctu peakropa (TMP). B cratbe npoBenen ananm3 3agauu onpezneienuss TMP BBOP-1000,
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IMPROVING THE ACCURACY OF THERMAL POWER DETERMINATION OF VVER

MIPEAJIOAKEHBI CIOCOOBI MOBBIIEHHUSI TOYHOCTH onpeneneHuss TMP Ha oCHOBE CHTHAIOB CHCTEM KOHTPOJIS IapaMeTpoB
HelTponHoro nmotoka Ha BBOP-1000. TMP siBisieTcst oHMM W3 Ba)KHBIX mapaMmeTpoB OesomacHocT BBOP-1000, a
TaKKe MO 3TOMY HapaMeTpy OINpPENeNsIOTCs TEXHUKO-dKOHOMHUYECKHE MOKa3aTeNl dHeprooioka. 3agada MOBBIICHHS
TogHOCTH ompexneneHns TMP akryanpHa, 0COOEHHO ydnThIBas IaHsl o noBeimernto TMP BBOP-1000: Ha mepBom
stane 1o 101,5 % HomMHMHaNBHOM, a mo3xe U 10 104 - 107 % HOMUHAIBHON, KOTOpasi COTJIacHO HPOEKTY COCTABIISIET
3000 MBTt. PaccmoTpensl 0ocHOBHBIE (DaKTOpBI, BIMSIOIINE Ha MOTPEIHOCTH onpexaeneHus TMP pasnuunbsiMu crioco-
06aMu: TI0 TETIOTEXHUYECKHM MapameTpaMm 1-ro u 2-To KOHTYpOB, 110 ITapaMeTpaM HEHTPOHHOTO ITOTOKA B anmaparype
KOHTpoJsl HeiTponHoro motoka (AKHII) um B cucreme BHYTPHPEaKTOPHOTO KOHTpPOJIA. Il MOBBIMIEHHSI TOYHOCTH
onpenenenus TMP B AKHII npennoxena Moaenb yueTa BIMSHUS Ha CUTHAJI HOHU3AIIMOHHON KaMepbl U3MEHEHHUs Ta-
KHX [TapaMeTpoB: TeMIlepaTypa W KOHIIEHTpanusi OOPHOW KUCIOTHI B TETJIOHOCHUTEIIE, MOJIOKEHHST OPTraHOB PETyINpO-
BaHMS CHCTEMbI YIPABJICHHS U 3aIUTHI, BRITOPAHHs TOIUIMBA U 1p. IIpuBeneHs! pe3ynbTaTel aHanu3a n3MeHeHus TMP,
OMpeIeICHHON Pa3IHYHBIMHU CITOCO0AaMH, B TeUECHHE TOILIMBHOM kammanuu BBOP-1000.

Kniouesvie cnosa: TennoBas MOIIHOCTh PEAKTOPA, TEIUIOTEXHUYECKHUE MapaMeTphl, TapaMeTpbl HEHTPOHHOTO TIOTO-
Ka, MOJIEJIb KOPPEKIINH, JINHEWHOE SHEPTOBHIIEIICHHE, BECOBBIE KO (PHUITNECHTHI.
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