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ABSTRACT

Considering the current state of Ukraine's energy sector in a dangerous and unstable environment, the operation of nuclear
power plants is one of the most important sources of electricity supply for the state. The development of the theory of optimal control
and the technical level of automated process control systems in the current state of affairs make it possible not to reduce the
efficiency of controlling a nuclear power unit, not only by changing the parameters at any load, but also by changing the structure of
automation equipment capable of implementing a certain static control program of power, which currently eliminates the influence of
internal and external disturbances, without reducing safety indicators. The article considers the situation when the linear
programming method is not applicable for solving the control problem. In this case, the decision at each stage does not depend on the
decision at the previous one. This is where target programming comes in handy — this is one of the methods of multi-criteria
optimization, in the theory of which decision-making problems are solved simultaneously according to several criteria. The purpose
of the work is to ensure the safe and efficient operation of a nuclear power unit in an energy system that is not constant in operational
states. Using a mathematical model of a nuclear power unit, experiments were carried out to simulate the switching of control
programs. The simulation model of the automated power control system, based on the bumpless switching of static programs
according to the technological methods of operating power equipment, made it possible to form a change in the current model of the
control program, as well as eliminate the static control error and get the response of process dependent parameters to program
switching. Also, based on the results of the research, an objective function was proposed, which includes three normalized criteria
with different objectives. In particular, the problem of optimizing the switching of static power control programs was solved by
minimizing the objective function, which combines such characteristics as the efficiency and safety of the operation of a nuclear
power unit.
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INTRODUCTION Modern automated process control systems for
nuclear power plants allow not only to perform con-
trol tasks using a static power control program based
on the feedback principle, but also, using the accu-
mulated information about the state of the equip-
ment, to predict the possible states of a nuclear pow-
er unit, taking into account disturbances of various
nature, including during unscheduled unloading of a
nuclear power unit during destruction of the power
grid. The development of the theory of optimal con-
trol and the technical level of automated process
control systems, in the current state of affairs, make

Given the state of Ukraine's energy sector in
dangerous military conditions, the operation of nu-
clear power plants (NPPs) remains one of the im-
portant means of providing the state with electricity.
When a nuclear power unit is operated in a steady-
state, it is affected by many internal perturbations.
The number of external disturbances increases when
the nuclear power unit is operated in the mode of a
daily load cycle in wartime, which leads to a change
in the values of process dependent parameters.

it possible not to reduce the efficiency of control of
nuclear power unit, not only by changing the param-
eters at any load, but also by changing the structure
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of automation hardware capable of implementing
one or another static power control program that cur-
rently neutralize the impact of internal and external
disturbances, without reducing safety performance.

ANALYSIS OF THE ISSUE

It is known that linear programming is a
mathematical apparatus developed for solving
optimal problems with linear expressions for the
optimality criterion and linear constraints on the
range of variables. To solve a large range of linear
programming problems, there is an almost universal
algorithm — the simplex method, which allows
finding the optimal solution for the vast majority of
problems in a finite number of iterations. The type
of restrictions used (equality or inequality) does not
affect the possibility of applying the specified
algorithm. Additional optimality checks for the
resulting solutions are not required [1].

The task of switching belongs to the class of
discrete systems because the switching of control
programs will supposedly be carried out only at a
given moment of power of a nuclear power unit. The
control programs do not switch on the way of
reducing or increasing power. Therefore, the linear
programming method is not applicable for solving
the problem, which is additionally confirmed in [2].

The dynamic programming approach is to solve
each subproblem only once, using the same number
of calculations. This is especially useful in cases
where the number of repeating subtasks is
exponentially large.

The considered problem is similar to the
transport problem. But in such a problem, each
successive solution depends on the previous
solution. In our case, the solution at each stage does
not depend on the solution at the previous one. The
decision to decrease/increase the power of the
nuclear power unit according to a certain control
program does not depend on previous decisions [3].

It should be noted that in dynamic
programming the sum of local optimal solutions
does not necessarily lead to a global optimal solution
[4].

Target programming is one of the methods of
multicriteria optimization (MCQO), in the theory of
which decision-making problems are solved
simultaneously by several criteria [5].

The MCO problem is posed as follows: it is
necessary to find the numbers xq,x,,...,x, that
satisfy the system of constraints:

9i(x1,%3,..., %) < b, i =12,....m, (1)
for which the functions are:

zi = fi(x1, X250, X0) k= 1,2,.., K, 2

reach their maximum value.

A large number of points X = (x4,x5,...,%,),
satisfying system (1) form an accessible region D c
R™. The elements of the set D are called admissible
solutions or alternatives, and the numerical functions
fr, k=1,2,...,K are called objective functions or
criteria defined on the set D. In the formulation of
task (1) — (2) there are K objective functions. These
functions reflect the set D < R™ into the set F c RX,
which is called the set of attainability.

The name of this method is due to the fact that
the person who makes the decision sets certain goals
fi, f2r- .-, fx for each criterion.

The MCO problem in this case turns into the
problem of minimizing the sum of deviations with
some indicator p:

1

z= (Z§=1 wi | fie (X) — fklp); - min, at XeD, (3)

where w;, — some weighting coefficients that
characterize the importance of a particular criterion.

Task (3) can be specified depending on the
values of the parameter p and the given objectives.

In particular, for p = 2 and w;, = 1 we get the
problem of minimizing the sum of squared
deviations:

z= \/mllfk(X) — fi|" - min atXeD,

in which the Euclidean distance from the reachable
set F to the “absolute maximum” f* =
(i, f2,---, fi") is minimized in the criteria space.
Here fi; = maxf (X).

Complications caused by the
incommensurability of the values |f,(X) — fi |, can
be overcome by normalizing the criteria, considering
the following optimization problem:

£\ 2
z=J2§=1(m‘(’;—1_m) - minat XeD. (4)
k
The criteria of the objective function are
defined, the objectives of each of the criteria are
given, and minimizing the distance from the set of
attainability to the “absolute maximum” in the space
of criteria will give the optimal solution. At this
stage of solving the problem, the weighting
coefficients of each of the criteria are equal to one.
In the future, the simulation results will show
whether it is necessary to change the value of these
coefficients or not [6].
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THE PURPOSE OF THE ARTICLE

The aim of the work is to provide the operation
of nuclear power units in a power system that is not
constant in terms of operational states by searching
for the best method for switching static control pro-
grams when disturbances of various nature are ap-
plied.

To achieve the goal, the following tasks must
be solved:

— study the change in technological indicators
in transient modes when choosing a static control
program for nuclear power unit;

— substantiate the criteria and objective function
of finding the best solution for the process of switch-
ing static power control programs;

— develop a method for switching static power
control programs by searching for the best control
program depending on disturbances and the current
state of power equipment.

MAIN PART. ANALYSIS OF CHANGES IN
PROCESS DEPENDENT PARAMETERS IN
TRANSIENT MODES FOR STATIC PRO-
GRAMS OF CONTROL OF A NUCLEAR
POWER UNIT

Using the mathematical model of a nuclear
power plant with a pressurized water reactor, im-
plemented on the basis of Matlab Simulink [5], ex-
periments were carried out to simulate the switching
of control programs. A total of 6 switching’s made,
namely from Ta=const to Ti=const; from Ti,=const
to Ta~=const; from Ty=const to P.=const; from
P, =const to Ta=const; from Ti;=const to P,=const;
from P,=const to Ti, = const. The experiment was
carried out as follows: the reactor power was re-
duced to 80% when operating according to one con-
trol program, and reaching 100 % power was carried
out according to another.

In Fig. 1, Fig. 2 and Fig. 3, points 1 and 2, cor-
responding to zero power, indicate the absence of a
temperature difference at the inlet and outlet of the
reactor core. Consequently, with an increase in the
power of the nuclear power unit, a temperature dif-
ference arises at the inlet and outlet of the core,
which is shown in the figures mentioned above. Ver-
tical lines located at the power level of 80 % indicate
transitions from one control program to another
when they are switched. In Fig. 1 Fig. 2 and Fig. 3,
from points 1 and 2, the temperatures of the coolant
at the outlet, average and at the inlet to the reactor
core go from top to bottom. Black color shows how
the coolant temperature changes according to the
static program Ta=const. The red color shows how
the coolant temperature changes according to the

static program Ti»=const. The blue color shows how
the coolant temperature changes according to the
static program P»=const.
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Fig. 1. Characteristics of a nuclear power
unit with a pressurized water reactor when

switching T.v=const and Ti,=const
Source: compiled by the authors

0 50 80

N, %

Fig. 2. Characteristics of a nuclear power unit
with a pressurized water reactor when switching

Ta.=const and P,=const
Source: compiled by the authors

ISSN 2663-0176 (Print)
ISSN 2663-7731 (Online)

Information technology in management 141



Beglov K. V., Odrekhovska Y. O., Petik T. V., Vataman V. V. / Herald of Advanced Information Technology

2023; Vol. 6 No.2: 139-151

Fig. 3. Characteristics of a nuclear power unit
with a pressurized water reactor when switching

Tin=const and P,=const
Source: compiled by the authors

Table 1 shows the value of the temperature de-
viation at the time of switching control programs at
80 % of the power of the nuclear power unit, which
was obtained using the optimization conditions
shown in Fig. 1 of [7].

Table 1. Values of temperature deviations at
the moment of program switching

CRITERIA AND OBJECTIVE FUNCTION
FOR SEARCHING THE BEST SOLUTION
FOR THE PROCESS OF SWITCHING STATIC
CONTROL PROGRAMS

The conditions of the problem are as follows:
consider a 4-year campaign of a reactor plant oper-
ated under a certain power control program.

The reactor plant will routinely reduce power in
the evening, operating according to the selected con-
trol program, and in the morning, ascending power
will be carried out according to another (one of
three) control programs. Thus, the static power con-
trol program can be changed in the evening. Every-
thing will depend on the decision of the operational
staff to change the control program.

Based on the values of the burnup B, cladding
damage o, and changes in the axial offset A0, it will
be possible to search for exactly the control program
that will currently ensure the control of the operation
of the nuclear power unit [8, 9] in the best ratio of
efficiency and reliability [10, 11].

For the case of operation of a nuclear power
unit, the fuel burnup B acts as an efficiency parame-
ter [12], while 40 and ® are operation reliability
parameters.

Since the criteria included in the objective func-
tion are multidirectional, that is, they strive to
achieve different objectives and have absolute val-
ues that differ by an order of magnitude, first of all,
it is necessary to normalize them [13, 14].

The normalized value of fuel burnup B is as-
sumed from 0 to 1 and was calculated as follows:

Bpow
Switching control AT, AT, ATou, Boorm = 7 (5)
max
rograms °C °C °C . .
Fronl? Tg—con o The cladding damage indicator does not need to
av=Cons 2.4 2.1 2 be normalized, since its value [15] is in the range
Tin=const from 0 to 1.
From Tis=const to 24 21 18 The maximum possible value of the axial offset
Ta=const ' ' ' AO is 5 relative units, due to falling into the recom-
From Ta=const to mended area established by the regulations [16].
4.1 3.5 3.1 Th : ; .
P,=const e normalized value is calculated by (6):
From P,=const to AOpow
-4 -35 -3.2 AOnorm = — 6
Ta=const oMM A0max ©)
From Tin=const to 16 15 15 As is known, one of the conditions under which
P,=const ' ' ' the optimization problem can be formulated and
From P,=const to solved is the presence of a single, clearly formulated
_ -16 -15 -1.2 | and quantitatively defined optimality criterion in the
Tin=const o2 .
form of an objective function.
Source: compiled by the authors In the context of many objectives and limited
resources, not all objectives can be achieved. In tar-
get programming, this possibility is provided, and a
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new type of variables is introduced to display it,
showing the degree of deviation of the achieved lev-
el of objectives from the required one.

In general terms, the objective function will be
written as follows [17]:

] :\/Kl(Bnorm'B')Z-HCZ(w'w’)2+K3(A0norm'AOl)21 (7)1

where B, w’, 40" are the objectives of each criterion;
K1, Ko, K3 are weighting coefficients, x;=x,=k3=1.

Due to the parity of the criteria included in the
objective function, it was decided to leave the
weight coefficients equal to one.

Within the framework of this task, the normal-
ized values of the objectives are as follows: B' = 1,
since the maximum value of the burnup is found;
w' =0, since the minimum value of the damage
parameter is found; A0 =0, since the minimum
deviation from the set value of the axial offset is
found. From the point of view of reliability and safe
operation of nuclear power plants [18], the values of
the last two indicated values should be within the
prescribed ranges.

Therefore, expression (7) can be simplified by
excluding zero objectives:

J = \/Kl(B— 12+, w2+ x5 A0  (8)

Thus, the solution of the optimization objective
function will consist in minimizing the functional of
J, and will be written as follows:

J(B, w,A0) - min. 9

Having solved the tasks set, it will be possible
to talk about the concept of “efficient operation”,
that is, a solution that combines three incompatible
components, but, nevertheless, is “useful” in terms
of reliability and economic benefits. Such a solution
from the point of view of multicriteria optimization
problems is called Pareto optimal.

Thus, the objective function has become:

J = f(B(tl; n;Top); w(ti; 15 Top); AO(t5;1)).(10)

where ti1 is coolant temperature at the reactor core
inlet, C°; n is neutron flux density; z,, is operating
time, hour.

METHOD FOR SWITCHING STATIC POWER
CONTROL PROGRAMS

The input parameters of the power unit are as
follows: the initial position of the control and protec-
tion system elements, of the turbine control valve,
the initial value of the boric acid concentration.

The output adjustable parameters are axial off-
set, neutron power, electric power of the nuclear
power unit, steam flow rate, steam pressure in the
secondary circuit, saturation temperature, and cool-
ant temperature [19].

Also, three separate single-circuit automatic
power control systems [20] were synthesized, with
the help of which one of the process dependent pa-
rameters is maintained:

Tin is the coolant temperature at the inlet to the
reactor core; Tay is he average coolant temperature;
P is the steam pressure in the secondary circuit.

The control action for these parameters is the
change in the boric acid concentration. Individually,
these circuits work correctly.

With the help of these automatic control sys-
tems, three static control programs were studied for
the same object — a nuclear power unit with a pres-
surized water reactor [21]. To study transient pro-
cesses during the transition from one control pro-
gram to another, a switch of these programs was
added to the existing model of an automatic control
system [22, 23].

When testing the idea of the possibility of
choosing a control channel, a problem arose in the
I-component of the Pl controllers during direct
switching. It turned out that each controller exerts its
own control action on the control object through the
program switch, and after the control object via the
feedback line, a control error accumulates in the oth-
er two disconnected controllers, since these control-
lers are not connected to the control object. When
another controller is connected, in relation to switch-
ing the static program, the total control action is
transferred to the control object, which causes a peak
change in the main process dependent parameters of
the object [24, 25]. The values of other process de-
pendent parameters in this case also exceed the
range of permissible values, which can lead to an
emergency situation [10, 26].

Fig. 4, Fig. 5 and Fig. 6 show graphs showing
the response of controlled variables to switching
static programs. From these graphs it can be seen
that the controlled values increases when applying a
step disturbance. AO departed by 7 %, Tin — by
35 rel. units, P, — by 10 rel. units.
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Fig. 4. Graph of AO change when

switching static programs
Source: compiled by the authors
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Fig. 5. Graph of Tin change when
switching static programs
Source: compiled by the authors
In real conditions, the use of regulators also
faced a similar problem. When switching from

automatic control mode to manual control and vice
versa, the value of the controlled variable increases.
Therefore, it became necessary to implement a
bumpless or smooth transition from one control
mode to another [27]. Currently, regulators with a
technically implemented smooth switching of con-
trol modes are used in industry [28].

54900 54950 55000 55050 55100 55150
3
15
!IN — Is
-15 ‘
3 |
-45 ‘l
.75 |
-9 |
-10.5
P,
rel. units

Fig. 6. Graph of P, change when

switching static programs
Source: compiled by the authors

So, using the experience of smooth switching, it
was possible to eliminate a surge in the simulation
by adding additional feedback, indicated by a dotted
line between the program switch and the controllers
(Fig. 7). Thus, a smooth transition is obtained when
switching from one control action to another.

Fig. 7 shows a simplified block diagram of the
power unit and the control system for the main pro-
cess parameters.

Digital
filter
n T calculation
av
=»=| controller | .
| Control object
| I
1
o] 1
I . >
| Tin |2 I T
I I controller || T
| = ! an
| |
' |
| P |
| controller
|
' |
' |

Fig. 7. Block diagram of bumpless switching between static power control programs of a

nuclear power unit with a pressurized water reactor
Source: compiled by the authors
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Thus, the possibility of bumpless switching [29]
between these programs is implemented. The feed-
back of each of the regulators eliminates the control
error. This made it possible to obtain a response to
switching programs in the range of allowed devia-
tions. Fig. 8, Fig. 9, Fig.10, Fig.11, Fig.12 and Fig.
13 show the response of process dependent parame-
ters to a bumpless program switching at 80 % power
of a nuclear power unit, as well as reaching 100 %
power according to another control program.

59950
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-3.400
-3.405
-3.410
-3.415
-3.420
-3.425
-3.430

-3.435 V¥
AO, %

60050 60150 60250 60350 60450

P - Ta =P
\

Fig. 8. Axial offset response to direct switch-

ing of power control programs
Source: compiled by the authors
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Fig. 9. Axial offset response to reverse switching

of power control programs
Source: compiled by the authors
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Fig. 10. Response of coolant temperature
at the core inlet to direct switching of power

control programs
Source: compiled by the authors
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Fig. 11. Response of coolant temperature
at the core inlet to reverse switching of
power control programs
Source: compiled by the authors
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Fig. 12. Steam pressure response in the
secondary circuit to direct switching of
power control programs
Source: compiled by the authors
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Fig. 13. Steam pressure response in the
secondary circuit to reverse switching of

power control programs
Source: compiled by the authors

An analysis of the data shown in Fig. 8, Fig. 9,
Fig. 10, Fig.11, Fig.12 and Fig.13 showed that the
maximum AO deviation was 0.015 % for direct
switching, 0.027 % for reverse switching, and the
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control time was 300 s for direct switching and 400 s
for reverse switching. The coolant temperature at the
core inlet changed by 5 rel. units during 150 s during
direct switching, and by 4 rel. units during reverse
switching, the control time of which was 300 s. The
maximum deviation of steam pressure during direct

switching of programs was 0.45 rel. units, and
0.3 rel. units — during reverse. The transient period
in both cases was 150 s.

The description of the problem-solving algo-
rithm is presented below (Fig. 14).

N, T, P,

time interval

>

»

¥

Operation at
constant power

|

|

! l

s ™y s

Simulation of the power
maneuver according to
the control program
P,=const

Simulation of the power
maneuver according to
the control program
T, =const

™y s ™y
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l

| |

Determination of the
value of the objective
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Determination of the
value of the objective
function J according to
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Determination of the
value of the objective
function J according to
the control
program 7, =const

¥
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a min value of J

l
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|

Fig. 14. Algorithm for switching power control programs

Source: compiled by the authors
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This algorithm works in the prediction mode.
So, first, the simulation of the operation of the reac-
tor plant during the day in the maneuvering mode is
carried out, reducing the power of the reactor plant
to 80% at night and increasing it to 100 % at the be-
ginning of the day. The reactor plant is operated ac-
cording to one of the three control programs consid-
ered, namely, with a constant pressure in the sec-
ondary circuit, a constant temperature of the coolant
at the inlet to the reactor core, and a constant aver-
age temperature of the coolant in the reactor.

For 15 hours, the power of the reactor plant is
maintained constant at 100 %. Then, within
0.5 hours, by introducing a solution of boric acid
into the reactor, the power is reduced to 90%. Next,
the reactor is poisoned, due to which its power is
reduced to 80 % in 2.5 hours. Further, the reactor
plant is operated at 80 % power for 4 hours. At the
same time, the value of the objective function J cor-
responding to one or another power control program
is calculated. And this happens two more times for
the remaining regulation programs. The values of J
are compared with each other and the minimum is
found. If the minimum value of J corresponds to the
current power control program, the operation of the
reactor plant during the next day will occur accord-
ing to the same control program. If the minimum
value of J corresponds to a different control pro-
gram, then it will be necessary to switch the equip-
ment and achieve 100 % power according to another
control program within 2 hours. Then the cycle con-
tinues throughout the entire fuel cycle.

RESEARCH RESULTS

There are studies on optimization of the control
program P,=const by the objective function, which
was based on the fuel burnup and axial offset. The
obtained results of the control method minimize
changes in the local energy release, accompanied by
a change in the values of the reactor power and axial
offset, which characterizes the uneven distribution of
power over the height of the core [30].

From the point of view of the study, the uneven
distribution of power affects the durability of the
fuel cladding, which made it possible to introduce a
characteristic into the optimization function that
takes this into account. Moreover, for the first time,
the optimal states of the characteristics of various
control programs for the proposed objective function
(10) have been studied.

Based on these data, the solution of the objec-
tive function was verified during 1 month of opera-
tion of the nuclear power unit according to the
schedule of daily maneuvering, which is 11 switch-
ing’s (Fig. 15).

Program No.

3

0 5 10 15 20 25 t, day
Fig. 15. Schedule of switching power control
programs during 1 month of maneuvers:

1 - Ta=const; 2 — Tin==const; 3 — P,=const
Source: compiled by the authors

The solution to the problem of optimizing the
switching of static power control programs by
searching for the optimal control program was ob-
tained by comparing the following load history sce-
narios during a 4-year campaign (Table 2):

— 2 months in transition mode, 10 months in
stationary mode (scenario I);

— 3 months in transition mode, 9 months in sta-
tionary mode (scenario Il);

— 4 months in transition mode, 8 months in sta-
tionary mode (scenario Il1);

— 5 months in transition mode, 7 months in sta-
tionary mode (scenario 1V);

— 6 months in transition mode, 6 months in sta-
tionary mode (scenario V).

Table 2. The results of optimization of switching
between static programs

&, | Program Scenario number

= name I i pmjpiwv | v
(&]

S | Tn=const | 20 | 33 | 35 | 38 | 54
o | Tw=const | 18 | 32 | 34 | 37 | 53
o]

=

5| Foravears | gq | g5 | g9 | 75 | 107

campaign

Source: compiled by the authors

Consequently, the solution of the objective op-
timization function is a different number of switch-
ing’s only between two static control programs
Ta~=const and Ti,= const of the power of a nuclear
power unit to ensure the optimal balance of safety
and efficiency of operation of a nuclear power unit.
Based on the obtained results, it is proved that daily
power maneuvering according to the P,=const pro-
gram for more than one month is not optimal.
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CONCLUSIONS

1. The simulation model of the automated pow-
er control system, based on the shockless switching
of static programs according to the technological
methods of operating power equipment, made it pos-
sible to form a change in the current model of the
control program with the power of the control object
in the range from 80 to 100 %, eliminate the static
control error and obtain the response of technologi-
cal parameters to switching programs in the range of
allowed deviations.

2. An objective function is proposed, which in-
cludes three normalized criteria with different objec-
tives: the maximum value of the fuel burnup, the
minimum value of the fuel element cladding damage
and the axial offset. This made it possible to com-
bine multidirectional factors in one expression and
find the best solution.

3. The problem of optimizing the switching of
static power control programs is solved by minimiz-
ing the objective function, which combines such
characteristics as the efficiency and safety of opera-
tion a nuclear power unit with a pressurized water
reactor. This made it possible to switch static pro-
grams without shock during the reactor's fuel cycle
in a daily load change cycle, minimizing current ex-
ternal and internal disturbances. Minimization of the
objective function consists either in 11 switching’s
between the static programs Ta=const, Ti»=const,
Pr=const during 1 month of daily maneuvers at the
beginning of each year of the fuel cycle, or in 38;
65; 69; 75; 107 switching between the static pro-
grams Tmy=const and Ti»=const during the 4-year cy-
cle at 2; 3; 4; 5; 6 months of maneuvers at the be-
ginning of each year respectively.
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AHOTANIA

BpaxoBytoun akTyandbHHH CTaH €HEPreTHKH YKpaiHu B HeOe3leuHOMY Ta HecTaOlTbHOMY cepemoBmii, ekciuryaranis AEC e
OIHMM 3 HaWBXUIMBILIMX JKepen 3a0e3ledeHHsi Jep)kaBH enekTpoeHepriero. Ilim wac ekcrutyaramii saepHOi eHepreTHIHOL
YCTaHOBKH B CTalliOHAPHOMY CTaHi Ha Hei i€ 6araTo BHYTpIlIHIX 30ypeHb. KiTbKICTh 30BHIMIHIX 30ypeHb 30LIBIIYETHCS 32 YMOBU
eKCILTyaTalil siiepHOT eHepreTUYHOT YCTAaHOBKU B PEXKHMIi T000BOTO IIMKITy HABAaHTAKSHHS IPU BOEHHOMY CTaHi, 10 TPU3BOIUTH JI0
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KOJIMBaHb Ta 3MIHM 3HaueHb TEXHOJIOTIYHHMX IapameTpiB. Po3BHUTOK Teopil ONTHMaabHOTO KEpyBAaHHS Ta TEXHIYHHN pPiBEHb
aBTOMATHU30BaHUX CHCTEM KEpyBaHHs TEXHOJIOTIYHMMM TIPOIIECAMH, NPH ITOTOYHOMY CTaHI pedei, JO3BOJSIIOTP HE 3HH3UTH
e(EeKTHBHICTh KEpyBaHHS SAEPHOI0 CHEPreTHYHOIO YCTAaHOBKOIO HE TUTBKM 3a paxyHOK 3MIHHM MHapaMerTpiB IpH Oyxab SIKOMY
HaBaHT@KEHHI, a ¥ 3a paXyHOK 3MiHH CTPYKTYpH TEXHIYHUX 3aco0iB aBTOMAaTH3allii, IO 3[aTHI peani3yBaTd IEBHY CTaTHYHY
MpOTpaMy PEryJIIOBaHHS MOTYXHOCTI, 10 B IMOTOYHHH Yac HiBENIO€ BIUIMBU BHYTPIIIHIX Ta 30BHIIIHIX 30ypeHb, 0€3 3MCHIIECHHS
MOKA3HMKIB Oe3nekn. Po3risimaeTsest CHTyallist KoM MeTOA JiHIITHOro mporpaMyBaHHS He MO)Ke OyTH 3aCTOCOBHUI [UISl BUPINICHHS
3a7a4i peryaroBaHHA. Y JaHOMY BHIAAKY DPILICHHS Ha KOKHOMY €Talli He 3aJIe)KUTh BiJ pillleHHS Ha momepeaHsoMy. Came TyT y
Harofi CTa€ IiTb0oBE NPOrpaMyBaHHS — IIe OAWH 3 METOMIB OaraToKpHUTepianbHOI ONTUMI3AIlil, B TeOpil SKOI BUPIMIYIOTECS 3aBIaHHS
MPURAHATTS pillleHb OJHOYACHO 3a KiJIbKOMa KpuTepisiMu. MeTtoro pobotu € 3abe3mnedeHHs Oe3neyHoi Ta eheKTHBHOI eKCIuTyaTamii
SIIEpHOT eHepreTHYHOI YCTAaHOBKM B €HEPreTHYHIH CHCTeMI, 1[0 He € IOCTIiIHOIO 3a eKcIuTyaTalifHiuMu ctaHaMu. Lle mocsraerses 3a
paxyHOK TOIIYKy HaWKpaIoro MeToAy MEepEeMHMKaHHS CTaTHMYHUX HPOrpaM PeryaioBaHHS MpH 3aBJaHHI 30ypeHb pi3HOI NPHPOAN.
BukopucroByoun MaTeMaTHYHYy MOMAENb SAEPHOI €HEPreTUYHOI yCTAaHOBKH MPOBEJIEHI JOCHIAM 3 MOJAENIOBAHHS MEPEKII0YeHb
IIporpaM peryJioBaHHsA. B pesynmbrari oTpHMaHO IUIaBHMI Tepexii NpH NepeMUKaHHI 3 OJHOTO Kepyo4yoro BIUIMBY Ha IHIIMIL.
ImitarmiiiHa Mozenb aBTOMaTH30BaHOI CHCTEMH KepyBaHHS MOTYXKHICTIO, sIKa 3aCHOBaHA Ha 0e3ylapHOMY MEPEeMHKAaHHI CTAaTHYHUX
IIporpaM 3a TeXHOJIOTIYHIMH METOJIaMH eKCILTyaTallil eHepreTHIHOTro 00IaHaHHs, JO3BOJIIIIA C(OPMYBATH 3MiHY IIOTOYHOI MOJei
MIPOTPAaMH PETyJIIOBaHHSA, a TAKOX JIKBIAYBATH CTaTHYHY MOMUJIKY PETYJIIOBAaHHS Ta OJEP)KaTH PEaKiilo TEXHOJIOTIYHUX MapaMeTpiB
Ha MepeMUKaHHsI IporpaM. Takok 3a pe3yibTaTaMH JOCITIIKEHb 3allpOIIOHOBAHO IUTBOBY (YHKIIIO, 0 CKIamy SKOI BXOISITH TPH
HOPMOBaHI KpUTepii 3 pi3HUMH LUTAMH. 30KpeMa BHUPIIIEHO 3a7ady ONTUMi3alii NepeMUKaHHS CTaTHYHHUX MPOTpaM PETYITIOBaHHSI
MIOTYKHOCTI 32 PaXyHOK MiHiMi3awil 1iapoBol QyHKII, sKka 00’€qHye B cOOi Taki XapaKTepPHCTUKH, K €KOHOMIUHICTh Ta Oe3reka
EKCIUTyaTallii SJAepHOT EHEPreTHYHOT YCTAaHOBKH.
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