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The value of the reactor thermal power (RTP) is used in the VVER-1000 control systems in most algorithms
for generation of control, blocking and protection signals. Besides, the technical and economic indicators
of the power unit are determined by this parameter. Plans to increase VVER-1000 RTP to 101.5 %, and later
to 104-107 % of the nominal require additional justification of the accuracy of the RTP determination. Therefore,
the task of increasing the accuracy of RTP determination is important. The paper describes the ways to improve
the accuracy of weighted mean thermal power (WMTP) determination by selecting the optimal weight
coefficient (that subsequently is used for WMTP determination) of each of the methods of RTP determination,
namely: by thermotechnical parameters of the primary and secondary sides by neutron flux in the in-core
monitoring system (ICMS) and in the neutron flux control equipment (NFCE). Another possibility of increasing
the accuracy of WMTP determination, namely by increasing the number of methods of RTP determination,
is also considered in the paper. The analysis of changes in the background signals of self-powered neutron
detectors (SPNDs) during the VVER-1000 fuel campaigns shows the fundamental possibility of using the total
background signal as a separate and independent method for RTP determination. The paper presents
the results of the calculation of RTP determination error taking into account the coefficients of the components
of the total RTP determination error: systematic, dynamic and random errors, which must be determined during
the commissioning phase. The results of reduction of the error of WMTP determination in case of application
of the additional method of RTP determination based on background signals of the SPNDs are presented.
Theoretically, possible minimum values of the WMTP determination error are given depending on the values
of the error of the RTP determination by separate methods.

Key w ords: reactor thermal power, thermotechnical parameters, neutron flux parameters, self-powered
neutron detector, background (compensation) cable, weight coefficients.
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The thermal power of the VVER-1000 reactor
(RTP) is not directly measured, but is determined
based on indirect RTP determination methods
in the following ways [1]:

1) by parameters of the primary side;

2) by parameters of the secondary side — by
parameters of steam and feedwater flow rate
in the steam generator (SG);

3) by parameters of the secondary side — by
parameters of steam and feedwater flow rate
in the high pressure heater (HPH);

4) by signals of the neutron flux control equip-
ment (NFCE);

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

The weighted mean thermal power of the reac-
tor (WMTP) is determined based on RTP values de-
termined by different methods.

The value of WMTP N_.. and the error of its
determination 6N, . are calculated taking into
account the weight coefficient w; of each method
of RTP N; determination [5]:

N
2w N
Nmean:l:lNir m
W
i=1
N 2
,/Z(Wi'BNi)
SNmean:[:lN—, (2)
2

where 6N, is the error of RTP determination by
the i-th method.

The importance of the most accurate determina-
tion of the RTP and the WMTP follows from the fact
that the control of the reactor power is carried out
on the basis of the signals of the NFCE, which in turn
is regularly calibrated by the values of the WMTP.

The NFCE generates signals for VVER-1000 control
systems: automatic power controller (APC), power
reducing/limiting device (PRLD). Besides, preventive
protection (PP), accelerated unit unloading (AUU)
and emergency protection (EP) are implemented
based on important safety parameters: neutron re-
actor power, reactor period, and reactor reactivity.

Therefore, the task of increasing the accuracy of RTP
determination is relevant especially when imple-
menting plans to increase the power of VVER-1000
up to 104, 107 % of the nominal level (N

nom)'
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RTP determination by parameters
of the primary side

Let us consider the components of the error
in RTP determination by parameters of the primary
side.

RTP by parameters of the primary side for the i-th
working loop N, ;is determined as follows:

W 3)

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

Ii,h, l,.,g — the coolant enthalpy in hot and cold
legs of the i-th loop, respectively, J/kg.

In practice, the RTP by parameters of the prima-
ry side is determined on the basis of the measured
parameters, and therefore the formula (3) takes
the following form:

Ni=Glpig (Ip-1;4)-10° /3.6, MW (@)

where G" — the coolant flow rate in the i-th loop, m3/h;

Pig — the coolant density in the cold leg
of the i-th loop, t/m3.

The coolant flow rate is determined by the head
vs. flow rate characteristic (HFC) of the main circu-
lation pump (MCP) in terms of the pressure drop
at the MCP, which is measured by several sensors.
The enthalpy and density of the coolant are deter-
mined by known empirical dependencies of water
and water vapor parameters on the temperature
and pressure of the coolant. Pressure and tempera-
ture in the cold and hot legs of each loop are mea-
sured by several sensors.

Thus, the absolute error of RTP determination by
parameters of the primary side for the i-th loop can
be defined as:

G

i

NSRS J S ol [0 [T

where A(X) — absolute error of determination of pa-
rameter X.

In turn, the absolute error of determination
of each parameters of a formula (5) is determined
by dependences of this parameter on the corre-
sponding parameters and formulas. For example,
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A(Gim) is determined by the error of coolant flow
rate determination by the HFC of the MCP, which
in turn is determined by the error of the func-
tion, which approximates the factory dependence
of the HFC, obtained at the plant where the MCP is
manufactured.

The relative error of coolant density determi-
nation in the cold leg due to the modernization
of ICMS, is ~ 0.1 %, which is much less than the er-
ror of coolant flow rate determination ~ (1-3) %. For
example, error of coolant temperature determina-
tion in the primary side, which is used to determine
the density of the coolant, was reduced due to: use
of individual more high-accuracy analog-to-digital
converter (ADC), increase of sampling frequency
of sensors as well as use of individual calibrating
characteristics of thermocouples (TC) and resis-
tance thermometers (RT). Such measures allowed
reducing absolute error in temperature determina-
tion from 1 °C to +(0.1+0.2) °C [2].

The error of enthalpy determination can
reach ~ (3-5) % and is caused mainly by the error
of temperature determination in hot legs, which
is associated with the peculiarity of coolant
hydrodynamics in hot legs of VVER-1000. This is
primarily the phenomenon of the stratification
of the coolant in the pipeline of hot leg,
as well as the ability to take into account this
effect on a particular VVER-1000 depending
on the number of temperature sensors in the hot
leg and their location.

Thus, the error in RTP determination by param-
eters of the primary side depends on:

error of determination of the coolant flow rate
through the loop on the basis of the HFC of the MCP,
which in turn is determined by the difference bet-
ween the actual scheme of measurement of pres-
sure difference on the MCP and the bench scheme
at the MCP manufacturer; and accuracy of determi-
nation of the coolant temperature of the cold leg,
from which the density of the coolant is determined;

error in determining the coolant enthalpy,
which depends on the accuracy of determination
of coolant pressure and temperature in the hot and
cold legs.

The stratification of the coolant depends
on the reactor power and the number of work-
ing loops, and is a feature of the each particular
VVER-1000. Besides, each particular VVER-1000
has its own other special features — other pro-
cesses that will influence the accuracy of the RTP
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determination by parameters of the primary
side. First of all, this is a phenomenon of twist-
ing of the coolant in the downcomer and reac-
tor core. For example, twisting of the coolant
in the downcomer of VVER-1000 can reach 90° [4],
which will significantly affect the error of deter-
mining the thermal power of a single loop due
to the shift of the coolant to the adjacent sector
of the core, and, accordingly, the coolant shift
to the adjacent loop.

The error in RTP determination using other
methods also depends on the reactor power and
the number of working loops, and also is a feature
of the each particular VVER-1000.

Next steps can be done to ensure the necessary
accuracy of the RTP determination:

increasing the accuracy of each individual meth-
od of the RTP determination, by improving the ac-
curacy class of the measuring equipment;

justification and implementation of additional
methods of RTP determination in operational prac-
tice;

justification and selection of optimal weight
coefficients w;, which ensure minimization of error
in WMTP determination 8N, .

Let us confirm the veracity of this approach
theoretically.

The error in determining the weighted mean
value

Let’s consider how the increase in the methods
of RTP determination affects the error in WMTP de-
termination.

It was shown in [5] that, under the assumption
that the results of two measurements x, and x, satis-
fy the Gauss distribution and denote unknown true
value of x, the best estimate of their weighted mean
value is defined as:

WX+ W) - X
I
W1+W2

(6)

Xbest =

where w,, w, are weights of the first and second
measurements in determining the Xpests respectively;

1
Wi =—5, (7)
1 612

0, — the error of the i-th measurement.
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This method also can be used to determine
the weighted mean value in the case of an arbitrary
number of measurements:

M=
=
=

M=
= -

Xbest =

where Nis the number of measurements, in our case,
the number of methods for WMTP determination.

The error in determining the best estimate
of the weighted mean value of N measurements is
defined as:

1

NoY 2
beest = (Zl WI} ! (9)

The best estimate of the WMTP is deter-
mined taking into account the weight of each
of the methods of RTP determination, and
the weight is determined in accordance with (7).

The analysis of equation (9) leads to the follow-
ing important conclusions:

with the increase in number of the methods
of RTP determination, the error of WMTP determi-
nation decreases;

the error in WMTP determination by N methods is
not more than the error of the most accurate me-
thod of RTP determination.

Thus, it has been proven that in order to reduce
the error in the WMTP determination, it is necessary
to try to reduce the error in each method of RTP
determination, as well as to introduce additional
methods of RTP determination.

It is necessary to take into account that the er-
ror of RTP determination by each of the methods
for a particular VVER-1000 depends on the mode
of its operation, and therefore the weight of each
of the methods of RTP determination depends
on the mode of operation of a particular VVER-1000.

Additional methods of RTP determination

Let us consider additional methods of RTP deter-
mination that can be applied at VVER-1000.

One of the additional methods for RTP deter-
mination may be the so-called radiation method,
based on measurement of the induced activity

S
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of the coolant of the primary side. It was shown in re-
search [6], [7], that the so-called nitrogen ('®N iso-
tope) activity of the coolant of the primary side is
proportional to the neutron flux density in the reac-
tor, and, accordingly, to the RTP.

The possibility of monitoring the RTP based
on N sensors has also been confirmed at ope-
rating nuclear power plants. For example, 2 serial
power units (1990 and 1993 of commissioning)
at NPP Comanche Peak (USA) with PWR capacity
of 1150 MW are equipped with standard control sys-
tems of RTP on the basis of '®N sensors [8], besides
there are other positive examples [9]. Such a system
has high dynamic characteristics, for example, it is
noted in [10] that determined by the 16N sensors RTP
gives the most accurate estimation in the operation
transients.

Since 1986, studies have been being conducted
at the Kalinin NPP to determine the VVER-1000 RTP
based on '°N sensors [11]. The principle possibility
of determining RTP according to the '®N sensors
of the system of correlation determination of the
coolant flow rate in the primary side of VVER-1000
has been confirmed. However, the actual error in de-
termining the coolant flow rate by leg is ~ 4 %, which
is still greater than that achieved on similar systems at
foreign NPPs, namely ~ 1.5 % [9], [12].

After solving the problem, with the so-called
«stream effect» effect [13], and ensuring the neces-
sary accuracy in determining the temperature at
the exit of the fuel assemblies, it will be possible
to use the determination of the RTP by the power
of fuel assemblies equipped with thermal control.
It is possible to provide the necessary accuracy
of determining the RTP using the ability to deter-
mine the velocity of the coolant in various sectors
of the VVER-1000 core by means of the in-core noise
diagnostic system [14].

One shall consider a method for determining
RTP based on the background signals of the SPNDs
that belong to ICMS. The SPND current is formed by
the following main components:

the first component is the current, which oc-
curs as a result of activation of a rhodium emitter
of SPND by reactor core neutrons, and consequent
[3-decay of nuclei of rhodium emitter;

the second component is the current that oc-
curs in the SPND circuit (communication line) under
the action of y-ray of the reactor core;

the additional component is the current that oc-
curs in the SPND due to the generation of {3 particles

3
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in the detector materials under the influence of re-
actor y-rays (usually the share of this current does
not exceed 10 % of the current of the SPND).

The reactor power is proportional to the neutron
flux density in the reactor. Therefore, the SPND sig-
nal, which is formed under the influence of the neu-
tron flux, is also proportional to the RTP. In order
to extract the SPND signal, which is proportional
only to the neutron flux, separation of the SPND sig-
nal and the signal, which is formed in the SPND cir-
cuit is performed at the hardware level in the ICMS.

In practice, this is realized by laying additional,
so-called, background (compensation) cable
in the neutron flux measuring channel (NFMC)
of the ICMS, which is identical to the SPND com-
munication line both in materials and in length.
Each SPND has its own background cable.
Previously, the NFMC had one background cable
with the length equal to the length of the commu-
nication line of the lowest SPND in the NFMC. For
the other SPNDs, the background signal was cal-
culated depending on the length of the commu-
nication line of the particular SPND in the reactor
core [1].

Thus, the background signal is proportional
to the intensity of y-radiation of the reactor
core, which in turn is proportional to the RTP.
Systems of reactor power control with the use of
y-calorimeters are based on this principle [15].

In practice, control systems that determine
the power of a reactor based on signals from neu-
tron detectors are more widely used. First, this is
due to the fact that it is the neutron flux density
that determines the RTP. The y-detector signal is
also proportional to the reactor power, but this
proportionality is more complex than for a neu-
tron detector. The reason is that the fission frag-
ments that occur during the fission chain reaction
of the fuel nuclei contribute to RTP the so-called

20

residual thermal power, which is mainly determined
by the intensity of - and y-radiation of the fission
fragments. The intensity of the residual thermal
power reaches ~ 6.6 % of the reactor power during
its long-term operation. About half of this residual
thermal power is determined by the y-radiation
of fission fragments. To correctly take into account
the contribution from the residual energy release of
y-radiation to the y-detector signal, when calculat-
ing the RTP, it is necessary to constantly take into
account: the power on which the reactor operates,
the time elapsed since the beginning of the reactor
operation, the fuel composition and history of fuel
operation (except first campaign fuel), and other
parameters.

It should also be noted that the signal of neutron
detectors, in contrast to the signal of y-detectors, is
more localized. For example, it was shown in [16]
that ~70 % of SPND signal is formed by neutrons
generated directly in the fuel assembly in which
the SPND is located, and ~30 % of SPND signal is de-
termined by neutrons of adjacent fuel assemblies.
In addition, the signal of the y-detector is formed
by y-ray photons, which fly into the detector from
a greater distance. Therefore, another advantage
of neutron detectors over y-detectors is their
larger localization, which is especially important
for the control of energy-intensive cores, which in-
cludes the VVER-1000 core.

RTP determination based on the background
signals of the SPNDs

Let us consider how the signal that is trans-
mitted by the background (compensation) cable
of the SPND changes during the VVER-1000 fuel cam-
paign and also investigate the possibility of using,
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as an additional method, the RTP determination
based on the background signals of the SPNDs (Np).

Figures 1, 2 show the data on the changes
in the WMTP during the 27-th and 28-th fuel cam-
paigns of the VVER-1000, as well as the deviations
of Ngpyp @and N powers (obtained by SPND signals
and background signals of the SPNDs, respectively)
from WMTP.

An analysis of the obtained data allows conclud-
ing that it is possible to use the N, signal for RTP
determination: for operating modes at steady-state
power levels with an error of no more than 1.5 %,
and when the power changes by more than 10 % —
with an error of no more than 2.0 %.

Thus, the method for RTP determination by N,
can be recommended as an additional one when
determining the WMTP. Taking into account the es-
timated errors of the RTP determination based on N,
signals, as well as the conclusions from the analysis
of formula (9) (that the error in WMTP determination
decreases with a decrease in the error in RTP deter-
mination by a individual method, as well as with
an increase in the number of methods of WMTP de-
termination), we can expect a decrease in the error
in WMTP determination provided that the method
for RTP determination based on N, signals is inclu-
ded in the algorithm for WMTP determination.

Minimization of the error of WMTP
determination

Let us estimate the error of WMTP determina-
tion based on traditional algorithm with the use
of five methods, as well as based on algorithm with
the inclusion of the additional method of RTP deter-
mination on the basis of N, signals.

S
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Ng powers from WMTP (%).

For this purpose, values of the relative error §,
of RTP determination in VVER-1000 by different
methods are used according to [17]. As it has al-
ready been noted, the errors of RTP determination
depend on many factors and they should be deter-
mined separately for each VVER-1000 and depend-
ing on the mode of operation of reactor plant (RP).
However, for a long time, the weight coefficients
w; were not taken into account in the calculation
of the WMTP in the ICMS [18].

Table 1 — Errors of VVER-1000 RTP determination [17].

Method of RTP

determination | N1k | Nse | Nup |[Nspnp| Nic | Ne

8,% 51 (11 |15 |45 |29 |20

Table 2 shows data on the weight coefficients
of traditional methods of RTP determination, as well
as the results of calculation of the WMTP error for
various VVER-1000 power units and for various fuel
campaigns when applying five and six methods
of RTP determination (the 6-th method of RTP deter-
mination is based on N, signal). Error of the RTP de-
termination by a separate method was taken accord-
ing to Table 1, in order to carry out such estimation.

The paper [17] considers the technique for deter-
mining the weight coefficients of each of the methods
of RTP determination that subsequently are used
for WMTP determination. In order to apply the pro-
posed technique, it is additionally necessary to de-
termine the corresponding coefficients of the com-
ponents of the total RTP determination error at
the stages of commissioning works: k; — systematic
error, k, — dynamic error, k3 =1—random error.

Table 3 shows: the values of the weight coef-
ficients w; of five methods of RTP determination,
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Table 2 — Weight coefficients w; and relative error 6 for VVER-1000 WMTP determination [17].

K5(13-22)* K6(12-20) T1(1-9) T2 (1-7) [Kh1 (27-28)
Wik 0.250 | 0.200 | 0.164 | 0.250 | 0.200 | 0.281 | 0.076 | 0.231 | 0.267 | 0.177 | 0.173 0.157
Wee | 0.250 | 0.200 | 0.249| 0.250 | 0.200 | 0.281 | 0.237 | 0.254 | 0.293 | 0.281 | 0.271 0.313
Wyp | 0.250 | 0.200 | 0.249 | 0.250 | 0.200 | 0.157 | 0.237 | 0.000 | 0.000 | 0.000 | 0.000 0.149
Wepynp | 0000 | 0.200 |0.090 | 0.000 | 0.200 | 0.000 | 0.213 | 0.135 | 0.000 | 0.118 | 0.127 0.036
Wc 0.000 | 0.000 [0.000| 0.000 | 0.000 | 0.000 | 0.000| 0.127 | 0.147 | 0.143 | 0.157 0.031
W 0.250 | 0.200 [ 0.249 | 0.250 | 0.200 | 0.281 | 0.237 | 0.254 | 0.293 | 0.281 | 0.271 0.313
6(5), % | 1.81 1.76 | 1.38 1.81 1.76 2.06 1.47 1.88 2.07 1.62 1.63 1.34
6(6), % | 1.36 1.41 1.04 | 1.36 141 1.48 112 1.40 1.46 117 1.19 0.92
61, % 0.45 035 | 034 | 045 0.35 0.58 0.35 0.48 0.61 0.46 0.44 0.42
*In Table 2 An(m,-m,) denotes:
A — name of NPP (K — Kozloduy NPP, T — Tianwan NPP, Kh — Khmelnitsky NPP);
n — unit number; m;, m, — fuel campaign numbers;
8(5), 6(6), — the relative errors in WMTP determination using 5 and 6 methods of RTP determination, respectively;
6, = 8(5)- 8(6).
Table 3 — Weight coefficients w;depending on the different components of total error.
Param. T T2 Kin3
ky k, 0 k,=0 k=1 k,=0.5 0 k,=0 k=1 k,=0.5 0 k,=0 ky=1
Wik 0188 | 0.232 | 0.256 | 0.217 0.172 0.217 0.196 0.167 0.191 0.363 | 0.330
Wog 0.522 | 0443 | 0.231 0.323 | 0.558 | 0480 | 0.363 | 0.433 | 0.472 | 0.140 0.128
Wepnp | 0053 | 0.068 | 0.150 0.128 | 0.030 | 0.039 | 0.079 | 0.068 | 0.033 | 0.065 | 0.074
Wc 0.070 | 0.090 0.197 0.167 0.074 | 0.098 | 0.196 0.167 0.138 | 0.266 | 0.301
W 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167
5(4), % 1.39 1.61 1.92 1.66 1.32 1.52 1.52 1.35 142 244 2.32
8(5), % 1.21 1.38 1.63 1.42 1.15 1.31 1.31 1.18 1.23 2.06 1.96
61, % 0.19 0.23 0.28 0.24 0.17 0.21 0.21 0.18 0.19 0.38 0.36

In Table 3 An denotes:

A — name of NPP (T — Tianwan NPP, KIn — Kalinin NPP);
n — unit number;

8(4), 6(5), — the relative errors in WMTP determination using 4 and 5 methods of RTP determination, respectively;

8, = 5(4)-5(5).

obtained with different combinations of account-
ing of total error components (systematic, dy-
namic and random errors); values of relative errors
of WMTP determination obtained by using 4 and
5 methods of RTP determination with a correspond-
ing normalization of w; to 1. Table 3 shows only
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those values of k;, k, that differ from 1. The column
with the number «0» contains w; values for the tra-
ditional method of error determination — without
taking into account the coefficients ki, ks, k3.
Method of RTP determination by the parame-
ters of the secondary side (HPH) is not used at some
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Table 4 — The minimum possible values of the relative error &, depending on &,.

comb. # 1 2 3 4 5 6 7
SN, 2.0 1.0 1.0 1.0 1.0 1.0 1.0
SN, 2.0 2.0 1.0 1.0 1.0 1.0 1.0
SN,p 2.0 2.0 2.0 1.0 1.0 1.0 1.0
SNepnp 2.0 2.0 2.0 2.0 1.0 1.0 1.0
ON, 2.0 2.0 2.0 2.0 2.0 1.0 1.0
&N, 2.0 2.0 2.0 2.0 2.0 2.0 1.0
&.in (1, % 2.00 1.00 1.00 1.00 1.00 1.00 1.00
8. (2, % 141 0.89 0.71 0.71 0.71 0.71 0.71
8.in 3), % 1.15 0.82 0.67 0.58 0.58 0.58 0.58
8in @), % 1.00 0.76 0.63 0.55 0.50 0.50 0.50
8.in 5), % 0.89 0.71 0.60 0.53 0.49 0.45 0.45
8in (6), % 0.82 0.67 0.58 0.52 0.47 0.44 0.41
units with VVER-1000 (for example, Bushehr NPP,
Tianwan NPP, Kalinin NPP) due to peculiarities in de- Conclusions

termination of corresponding thermal and techni-
cal parameters [2], [17]. Therefore, Table 3 does not
show the values of weight coefficients of RTP deter-
mination method by parameters of the secondary
side (HPH) — w,p.

Tables 2 and 3 show the values of &, — a de-
crease in the relative error of WMTP determination
when an additional method for RTP determination
based on N signals is included in the calculation
of the NWTP, — for a wide range of applied values
of the weight coefficients w; Thus, the use of an ad-
ditional method of RTP determination based on N,
signals to calculate the WMTP reduces the error
of its determination by 0.2-0.5 %, which is a very
important result, especially when carrying out work
to justify the safety of VVER-1000 operation at high
power levels.

Table 4 shows the minimum possible values
of the relative errors §_,  of the WMTP determina-
tion (number of methods of RTP determination
ranges from 1 to 6) depending on the relative errors
§, of the RTP determination of VVER-1000 by differ-
ent methods in the case of optimal determination
of the weight coefficients w; in accordance with (7).
The results are presented only for two values
of the relative error of each of the methods, namely
2.0 % and 1.0 %.
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The results of the &1 estimation — decrease
in the relative error of the WMTP determination
when using the additional method of the RTP de-
termination based on N, signals are presented;
they allow recommending the use of the men-
tioned method of the RTP determination in the al-
gorithm of the WMTP determination. It should be
remembered that both the error of RTP determi-
nation in a separate method 51' and weight coeffi-
cients w; are unique for a particular power unit with
VVER-1000. The values of the weight coefficients
w; are determined depending on the values of the
relative error of RTP determination &, which in turn
is determined on a particular VVER-1000 depending
on the operating mode, reactor power, the number
of operating loops, and also taking into account
the results of studies at the stages of commission-
ing activities at the power unit.
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BusHaueHHs TennoBoi noty»Hocti BBEP-1000
Ha OCHOBI cMrHaniB pOHOBUX KN AeTEKTOPIB
npsimoro 3apsgy

B. l. Bopucenko', 1. B. Byauk?, B. B. fopaHuyk'

THcTuTyT npo6nem 6e3nekn AEC HAH YkpaiHu,
M. KniB, YKpaiHa

2MpAT CeBepoaoHeLbKe HayKOBO-BUPOBHMYE
o6'egHaHHA «Imnynbo», M. CeBepofoHeLbK, YKpaiHa

3HayeHHA TennoBoi NOTyXHocTi peakTopa (TTP)
BMIKOPUCTOBYETbCA B CCTeMax KOHTponto BBEP-1000
B binblwocTi anroputmis GOpMYyBaHHA CUrHaniB Ke-
pyBaHHs, 6NOKyBaHHA Ta 3aXWUCTIB, @ TAaKOX 3a LM
napameTpom BU3HAYAIOTbCA  TEXHIKO-€KOHOMIYHi
NoOKasHWKKN eHeprobnoka. Mnanu 3 nigeuweHHs TMNP
BBEP-1000 o 101,5 %, a ni3Hiwe i o 104-107 % Homi-
HanbHOI BEIMYMHM BMMaraloTb [0AaTKOBMX OOrpyH-
TYBaHb OO TOYHOCTi B3HaueHHaA TTP. Tomy 3agauva
NiABULLEHHA TOYHOCTI BM3HayeHHA TMP € akTyanb-
Hoto. B cTaTTi po3rnAHyTi cnocobu niaBuLLEHHA TOY-
HOCTi BM3HAYEHHA CepeHbO3BaXeHOI TernnoBoi no-
Ty>HoCTi (C3TI) peakTopa Yepes BUOIP ONTUMANIbHUX
3HaueHb BaroBux KoeodiLieHTIB BpaxyBaHHA KOXHOIO
i3 cnoco6is po3paxyHky TIP: 3a TennoTexHiYHUMU
napameTpamm 1-ro Ta 2-ro KOHTYpIB, @ TakOX 3a na-
pameTpamy HEMTPOHHOIO NOTOKY B CUCTEMi BHYTPILL-
HbopeaKTopHoro KoHTponto (CBPK) Ta B anapatypi
KOHTPOSIO HeWTPOHHOro notoky (AKHII). Y cratTi
PO3MNAHYTO I iHLWY MOXIUBICTb MiABULLIEHHA TOYHOC-
Ti BU3HaueHHA C3T peakTopa — uepes 36ibLeHHA
cnoco6iB Brn3HauyeHHs TTP. MpoBegeHWn aHani3 3MiHK
curHanis GOHOBUX XIS JETEKTOPIB NPAMOro 3apagy
(AM3) ynpoposx nanueBHMX KamnaHin BBEP-1000 no-
Ka3sye MPUHUMMOBY MOXUBICTb BMKOPUCTOBYBATU
CYMapHUI curHan GOHOBUX XM AK OKPEMUI He3a-
neXxHu crnoci6 BusHaveHHA TIMP. Y cTatTi HaBegeHo
pe3ynbratv po3paxyHKy MOXMOKM Bu3HauveHHA TIP
3 ypaxyBaHHAM KoedilieHTiB CKnafloBMX 3arasibHoi
NOXMOKN: CUCTEMATUYHOI, AVHAMIYHOI Ta BUMAOKOBOI;
AKi HeoOXigHO BM3HayaTX Ha eTani NycKoHanarogxy-
BasibHMX po0iT. HaBeaeHi pe3ynbTaTy 3i 3aMEeHLLIEHHAM
noxnbkm BmsHaveHHa C3TI peakTopa y pasi 3acto-
CyBaHHA [OAATKOBOro Crnocoby Bu3HaueHHA TIP
Ha OCHOBi curHanie ¢oHoBux xmn [MN3. HaBepeHo
TEOPETUYHO MOXKIMBI MiHIMasIbHi 3HAYEHHS NMOXMOKMN
Br3HaueHHA C3TI npu 3agaHnX 3HAYEHHAX NOXUOOK
BM3HaueHHaA TP okpemumun cnocobamu.

KnioyoBi cnoBa: TensoBa NOTYXHiCTb pe-
aKTOpa, TensIoTexHiYHi napameTpu, napameTpu
HETPOHHOro MOTOKY, AeTEKTOp MPAMOro 3apsagy,
¢$OHOBa XWuna, Barosi koediLieHTN.
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