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The purpose. The purpose is to improve the quality of the process of heating fruit jams in the
boiler through the improvement of the algorithm of automatic control of the temperature of the heat
medium in the steam jacket. The main criteria for the quality of the system of automatic control of
the temperature of the heat medium are the time of rising and readjustment of the transition process
at the output of the system.

Research methodology. When solving research tasks, the method of computational experiments
using specialized computer programs for modeling transient processes in automatic control systems
is taken as the basis. The methods of the modern theory of automatic control were used in the
calculation of the heat medium temperature regulator in the cooking boiler. At the same time, the
requirements for the control process from the point of view of jam production technology, as well as
the spedifics of the operation of the control object in real conditions are taken into account.
Theoretical research methods (systems analysis and synthesis) were used to study the automatic
control system. The research was conducted on the basis of computational experiments using
analytical and computerized methods of synthesis of automatic control systems. Evaluation of the
effectiveness of the automatic control process was carried out using the methods of mathematical
statistics.

Research results. A simulation model of the system of automatic temperature control of the heat
medium in the cooking boiler was created. A justified approach to the synthesis of an automatic
control system, taking into account the requirements for the control process, as well as the features
of the operation of the control object in real conditions, and based on it, the calculation of the
temperature controller was carried out using various methods. The dependences of the control quality
criteria on the controller parameters are obtained, on the basis of which the optimal settings of the
controller are determined. The results of the study on the robustness of the automatic control system
with the optimal setting of the temperature controller proved the effectiveness of the synthesized
system under conditions of significant fluctuations in the parameters of the control object.

Scientific novelty. For the first time, it was established that the rise time of the transient process
at the output of the system of automatic control of the heat medium temperature in the steam jacket
of the boiler for the production of fruit jams with a PI controller and a dynamic corrector depends on
the constant time of the reference dynamic model directly and nonlinearly. This dependence is close
to parabolic.
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It was also found for the first time that the dependence between the overregulation of the transient
process at the output of the automatic control system with a P1 controller and dynamic corrector and
the time constant of the reference dynamic model has a parabolic character with the presence of a
maximum extremum, but over the entire range of changes in the values of the time constant of the
reference dynamic model, the overregulation does not exceed the maximum permissible value of
2.5%.

Practical value. The method of synthesis of the system of automatic control of the temperature
of the heat medium in the cooking boiler for the production of jam is proposed. At the same time, the
parameters of the optimal control algorithm are substantiated according to the criterion of minimizing
the time of changing the temperature regime without exceeding the permissible over-regulation of
the transient process at the output of the automatic control system.

Keywords: synthesis of the automatic control system, heat medium temperature, cooking boiler
for jam production.

Introduction. In the economy of Ukraine, the role of industry remains the leading
one. About 40% of all Ukrainian output of goods and services, 80% of their exports,
and more than 30% of gross added value are created in the industrial sector [1]. About
a third of the main means of production employed in the economy are concentrated in
this sector.

Among the branches of the industrial sector of Ukraine, the food industry should
be singled out. Guaranteeing the food security of the state directly depends on the
development of the food industry [2]. The need to realize the potential of this industry
in the current socio-political conditions is a serious challenge. Despite the existing
difficulties, the food industry is one of the most competitive sectors of the economy.
The progressive development of the food industry is confirmed by statistical data.
Thus, the volume of sales from the production of food products, beverages and tobacco
products is more than 20% of the total volume of sold industrial products of Ukraine
[3].

One of the main problems of the food industry of Ukraine is the insufficient
amount of financing and investments in its development [2]. It was established that the
inhibition of the development of the food industry, the lack of innovative renewal, the
insufficiency of effective technologies is explained by the inadequate level of financial
support [4]. Low funding does not allow to update outdated equipment, to ensure the
introduction of innovations.

The purchase of modern equipment for enterprises of the food industry of Ukraine
requires significant funds, which currently most enterprises do not have, nor do they
have the opportunity to take a loan on acceptable terms for the modernization of
equipment. In this case, one of the effective compromise solutions to this problem is
the partial improvement of the existing old equipment.

Research shows that even with old-generation equipment, its effectiveness is
largely determined by the quality of control and automation systems, including the
rationality of laws and algorithms for controlling technological processes. Therefore,
increasing the efficiency of the automatic control of the temperature of the heat
medium in the cooking boiler for the production of fruit jams based on the study of the
laws and algorithms of the automatic control of the temperature of the heat medium is
a really relevant scientific and practical task.
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Formulation of the aims of the article. The goal is to improve the quality of the
process of heating fruit jams in the cooking boiler through the improvement of the
algorithm of automatic control of the temperature of the heat medium in the steam
jacket.

Based on the requirements for controlling the temperature of the jam from the
point of view of its production technology and based on the results of the analysis of
the existing quality criteria of the transition process, there were formed the following
quality criteria of the system of automatic control of the temperature of heat medium
in the steam jacket of the cooking boiler for the production of fruit jams under the
condition of changing the temperature regime:

- the rise time should tend to the minimum value. Moreover, the rise time is taken
as the time when the water temperature enters the range of £2.0 °C around the set point;

- overregulation should not exceed 2.0 °C in absolute units of the controlled value.

Main part.

The dynamic model of the cooking boiler for the production of jams as an object
of automatic control by the control channel of heat medium temperature is obtained on
the basis of structural and parametric identification based on the experimental
acceleration curve. As a result of this procedure, a dynamic model of the automatic
control system, shown in Fig. 1, was created.
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Fig. 1. Diagram of a simulation model of the system of automatic temperature control
of the heat medium in the steam jacket of the cooking boiler

In the simulation model of the system of automatic control of water temperature
as a heat carrier in Fig. 1, control is carried out according to the principle of negative
feedback based on the deviation of the actual water temperature from the setpoint. The
gain coefficient of the control object is calculated taking into account the fact that with
a fully open valve (control influence — 100%) and a full boiler, we have a water
temperature at the outlet of the jacket of 95 °C, and with a fully closed valve for a long
time (control influence — 0%) we have an ambient temperature of 20 °C. Also in Fig.
1, with the help of “Manual Switch” blocks, there is implemented a mechanism for
changing the constant time and the time of the transport delay with a significant (by
30%) increase and decrease of these parameters. This was done for the convenience of
researching the synthesized system of automatic temperature control of the heat carrier
in the steam jacket of the cooking boiler for robustness. Moreover, there changes the
time constant which is larger, which describes the process of heat exchange between
steam and the walls of the cooking vessel through the thermal jacket of the boiler (it
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changes with a change in the level of filling of the boiler). In turn, the transport delay
changes with a change in the type of cooking boiler, when we have a jacket of a
different design (the heat carrier travels a path of a different length), or with a change
In pressure in the steam pipeline.

The “Regulator” block in Fig. 1 is a subsystem in which there is a circuit that
implements the law of formation of the control value on the control object.

The smaller time constant of the control object is taken as an invariable value,
since it describes the inertia of the change in the flow rate of the heat medium. This
inertia depends on the inertia of the drive motor of the steam generator pump, which
does not change significantly during the operation of the cooking boiler for the
production of fruit jams.

Taking into account the significant difference between the smaller (0.61 s) and
larger (24.98 s) time constants of the transfer function of the control object, and
conditionally assuming that the model of the control object has the first order, we
determine the condition of its control complexity because of transport delay :

141

= ____0,361.
(14,1+24,98)

where 14.1 s is the transport delay time.

Since the number 0.361 belongs to the range from 0.2 to 0.5, we conclude that the
control of our control object requires special controller structures for long-delay control
objects [5]. A classic example of such a structure is Smith predictor (Fig. 2).
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Fig. 2. Structural diagram of SAC with Smith predictor

In Fig. 2, the following notations are used: x(t) —set point of the controlled value;
f (t) — disturbance; e(t) — deviation of the actual controlled value from the set point;
u(t) — control signal; y(t) —actual controlled value; W, (s) — transfer function of the
regulator; W, (s)-e ™ — transfer function of the control object; W, (s)-e™™* — the
transfer function of the object model with a delay; W, (s) — the transfer function of the
object model without delay.
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The main advantage of the Smith predictor is that it contains a model block that
allows you to predict the behavior of the control object after a time equal to the delay
of the control object, and thus eliminate the negative effect of the delay, excluding it
in the calculation of the controller. This makes it possible to choose higher values of
the gain of the regulator, regardless of the condition of the closed-loop stability. At the
same time, there remains the task of determining the transfer function of the regulator.

To solve this problem, a computerized synthesis method was used based on a
special application of the MATLAB program “PID Tuner” (Fig. 3). This application
linearizes the control object as needed and offers controller settings with an optimal
combination of system speed, stability, and wide operating frequency range. It also
allows the user to make additional settings of the PI controller, giving preference to
either the speed of the system or its stability indicators.
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Fig. 3. PID Tuner application window for PI controller

Figs. 4 and 5 show the results of additional setting of the PI controller based on
the “PID Tuner” application. From their analysis, it can be concluded that under the
condition of additional setting of the PI controller, it is necessary to choose the highest
speed of the SAC — on the one hand, it corresponds to the smallest value of the rise
time of 63.85 s (Fig. 4), and on the other hand, overregulation will not exceed the
permissible level of 2.5% (Fig. 5).
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Fig. 4. Dependence between the rise time of the transient process at the output of the
SAC and the adjustment time specified in the MATLAB “PID Tuner” application, in
case of additional PI controller adjustment
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Fig. 5. Dependence between the re-adjustment of the transient process at the output of
the SAC and the adjustment time specified in the MATLAB “PID Tuner” application,
in case of additional adjustment of the PI controller

The disadvantage of using the Smith predictor with the computerized method of
synthesis of the system of automatic control (SAC) is the impossibility of checking the
achievement of the quality criteria of the transient process at the output of the system
of the best indicators due to restrictions on possible variations of additional settings of
the PI controller.

Therefore, as an alternative method of synthesizing the control system, we will
consider a PI controller with a dynamic corrector with an analytical calculation of its
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parameters based on a reference dynamic model. The best indicators of the quality
criteria of the transient process are achieved with the study of their dependence on the
constant time of the reference dynamic model.

A PI controller with a dynamic corrector has an integrating component with a time
delay:

e P

T,-p’

Wpee(p):KP+

where Kp — the gain coefficient of the proportional component of the regulator;
T, — constant of the regulator integration; z, — connection delay time of the integrating
component of the regulator.

To set up a Pl controller with a dynamic corrector under the condition of ensuring
a monotonic transition process, it is only necessary to set the desired time of the
transition process, i.e., the time constant that corrects the dynamics of the automatic
control system T,,,, and then calculate the parameters of the Pl controller according to
the formulas:

T =TI'—T =——7

Oun

T, =K, (T, +7,).

UH

where K, and z, — respectively, the amplification factor and the transport delay time of
the transfer function of the control object; 7, = T, / Ko.

In order to find the optimal setting of the regulator, there was carried out a study
of the influence of the constant time of the reference dynamic model on the quality
criteria of the transient process at the output of the SAC. The study was carried out
with the help of computational experiments based on a simulation model of the system
of automatic control of the temperature of the heat carrier in the steam jacket of the
cooking boiler for the production of fruit jams.

The results of the research are shown in Fig. 6 and Fig. 7.

From Fig. 6, we can see that the rise time of the transient process at the output of
the automatic control system with a Pl controller and a dynamic corrector depends on
the constant time of the reference dynamic model directly and nonlinearly. This
dependence is close to parabolic.

In turn, it can be seen from Fig. 7 that the dependence between the overregulation
of the transient process at the output of the automatic control system with a Pl controller
and dynamic corrector and the time constant of the reference dynamic model also has
a parabolic character with the presence of a maximum extremum, but over the entire
range of changes in the values of the constant time of the reference dynamic model of
overregulation does not exceed the maximum permissible value of 2.5%.
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Fig. 6. Graph of the dependence of the rise time of the transient process at the output
of the automatic control system with a Pl controller and dynamic corrector on the
constant time of the reference dynamic model
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Fig. 7. Graph of the dependence of the overregulation of the transient process at the
output of the automatic control system with a PI controller and a dynamic corrector
on the constant time of the reference dynamic model

From Fig. 6, we can conclude that the time constant of the reference dynamic
model should be set as low as possible — the lower this indicator, the shorter the rise
time and, accordingly, the higher the speed of the SAC. However, as the speed of SAC
increases, its degree of robustness decreases and fluctuations in transient processes
appear. At the same time, it can be seen from Fig. 6 that when the time constant of the
reference dynamic model is further reduced below the level of 6 s, the rise time of the
transient process practically stops decreasing. Therefore, under the condition of setting
the PI controller with a dynamic corrector, the time constant of the reference dynamic
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model from the point of view of achieving the optimal balance between the speed and
the level of robustness of the control system is chosen equal to 6 s.

Thus, the dependences obtained in Fig. 6 and Fig. 7 help to determine the time
constant of the reference dynamic model, under the condition of which the highest
speed of SAC operation is observed without exceeding the overregulation of the
permissible value of 2.5% and with ensuring a sufficient level of robustness of the
control system.

Let us calculate the parameters of the PI controller with a dynamic corrector based
on the value of the time constant of the reference dynamic model of 6 s:

T =K, (T, +7,)=0,75-(6+14,1)=15,075;
( _Tot7, _2498+141
S 15,075

2592

We will perform a comparative analysis of the system of automatic control of the
temperature of the heat medium in the steam jacket of the cooking boiler under the
condition of synthesis by analytical and computerized methods on the basis of the
formed criteria of the quality of the operation of the SAC - the rise time and
overregulation of the transition process at the output of the system.

Fig. 8 shows the combined graphs of the transient process at the output of the SAC
under the condition of using a PI controller with a Smith predictor and a PI controller
with a dynamic corrector.
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Fig. 8. Transient processes at the output of the synthesized SAC under the condition
of using a PI controller with a Smith predictor (solid line) and a PI controller with a

dynamic corrector (dashed line)
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So, as can be seen from Fig. 8, according to the main criterion of the quality of
the transient process at the output of the synthesized SAC (its speed), the synthesis
using a Pl-regulator with a dynamic corrector gives a slightly better result compared to
the case of synthesis based on a Pl-regulator with a Smith predictor . If a Pl controller
with a dynamic corrector is used, the overregulation is 1.3%, while if a PI controller
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with a Smith predictor is used, the overregulation is 1.21%. As for the rise time of the
transient process, if a Pl controller with a Smith predictor is used, it is 63.85 s (Fig. 8),
and if a PI controller with a dynamic corrector is used, it is 63.05 s, which is 1.3%
lower.

Now let us analyze the quality of work synthesized by various methods of SAC
under the condition that the time constant, which describes the inertia of the heat
exchange processes in the boiler, is reduced and increased by 30%. Such a change in
the larger time constant may be due to the different amount of materials in the cooking
boiler.
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Fig. 9. Transient processes at the output of the synthesized SAC under the condition
of using a PI controller with a Smith predictor (solid line) and a PI controller with a
dynamic corrector (dashed line) with an increased by 30% longer constant time of the
control object
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From Fig. 9, we can conclude that a 30% increase in the constant time of the
control object leads to an increase in overregulation, but in both cases the
overregulation does not go beyond the permissible limits of +2.5% (dash-dotted lines
in Fig. 3.14) . The rise time in both cases increased and was almost the same, the
version of the Pl controller with Smith predictor — 77.29 s, the PI controller with a
dynamic corrector — 73.94 s.

From Fig. 10, we can conclude that a 30% reduction in the longer constant time of
the control object leads to different consequences depending on the methods of SAC
synthesis. Under the condition of using a PI controller with a Smith predictor,
overregulation decreases to zero, but the rise time of the transient process increases
significantly - up to 99.51 s. While under the condition of using a Pl controller with a
dynamic corrector, fluctuations appear in the transient process, but the overregulation does
not go beyond the permissible limits of £2.5%. At the same time, the rise time of the
transient process remains almost the same - 67.98 s.
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Fig. 10. Transient processes at the output of the synthesized SAC under the condition
of using a PI controller with a Smith predictor (solid line) and a PI controller with a
dynamic corrector (dashed line) with a reduced by 30% longer constant time of the

control object
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Fig. 11. Transient processes at the output of the synthesized SAC under the condition
of using a PI controller with a Smith predictor (solid line) and a PI controller with a

dynamic corrector (dashed line) with a 30% reduction in the transport delay time of
the control object
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Thus, in this case, the option with a Pl controller and a dynamic corrector provides
a significantly higher speed of the control system.

Now let us analyze the quality of work synthesized by different methods of SAC
under the condition of the transport delay timer reduced and increased by 30%. Such a
change in the time of the transport delay may be associated with a change in the
performance of the pump and, accordingly, a change in the speed of moving the energy
carrier through the pipes.

From Fig. 11, we can conclude that a 30% decrease in the transport delay time of
the control object leads to a significant increase in the rise time of the transient process
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at the output of the SAC in the case of using a Pl controller with a Smith predictor (up
to 85.21 s), which is unacceptable. Under the condition of using a PI controller with a
dynamic corrector, the SAC remains fast-acting — the rise time is 59.44 s, at the same
time, the maximum overregulation does not exceed the permissible value of 2.5%.

In case of a 30% increase in the transport delay time of the control object (Fig. 12),
we have a similar picture — the speed of the SAC with a Pl controller and Smith
predictor significantly decreases (the rise time of the transient process is 76.45 s), and
the SAC with a Pl controller and dynamic corrector, it remains fast-acting (the rise time
of the transient process is 65.94 s), while the overregulation in both cases does not
exceed the permissible limits of £2.5%.
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Fig. 12. Transient processes at the output of the synthesized SAC under the condition
of using a PI controller with a Smith predictor (solid line) and a PI controller with a
dynamic corrector (dashed line) with a 30% increase in the transport delay time of the
control object

Thus, it can be concluded that the use of a PI controller with a dynamic corrector
gives a better result according to the main criterion of the quality of the operation of
the SAC - the rise time of the transient process at its output, both under the condition
of a change in a wide range of a longer constant time of the control object, and under
the conditions of changing the transport delay. This is due to the disadvantage of Smith
predictor regarding the use of the control object model in the control influence
formation algorithm.

Therefore, for the most unfavorable operating conditions of the control object,
when its parameters change by a significant amount, it is recommended to use a Pl
controller with a dynamic corrector.

Conclusions.

1. With the additional setting of the PI controller with the Smith predictor in the
MATLAB “PID Tuner” application, the maximum speed of the automatic control
system corresponds to the value of the rise time of the transient process at the system
output of 63.85 s, while the overregulation does not exceed the permissible level of
2.5%.
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2. The rise time of the transient process at the output of the system of automatic
control of the heat medium temperature in the steam jacket of the cooking boiler for
the production of fruit jams with a PI controller and a dynamic corrector depends on
the constant time of the reference dynamic model directly and nonlinearly. This
dependence is close to parabolic.

3. The dependence between the overregulation of the transient process at the
output of the automatic control system with a Pl controller and dynamic corrector and
the time constant of the reference dynamic model has a parabolic character with the
presence of a maximum extremum, but over the entire range of changes in the values
of the time constant of the reference dynamic model, the overregulation does not
exceed the maximum permissible value 2.5%.

4. According to the main criterion of the quality of the automatic control system
— the rise time of the transient process at its output, the use of a PI controller with a
dynamic corrector gives a better result both in the case of a change in a wide range of
a longer time constant of the control object, and in the case of a change in the transport
lag. This is due to the disadvantage of Smith predictor regarding the use of the control
object model in the control influence formation algorithm.

Therefore, for the most unfavorable operating conditions of the control object,
when its parameters change by a significant amount, it is recommended to use a Pl
controller with a dynamic corrector.
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AHOTANIA
Meta. MeTta nossirae y miIBUIIIEHHI SIKOCTI IPOIIECy HarpiBy (ppyKTOBUX JKEMIB Y BApUIbHOMY KO-
TJTi 32 PaXyHOK BJIOCKOHAJICHHS aJlTOPUTMY aBTOMAaTHYHOTO KEPYyBaHHS TEMIIEPATYPOIO TEIUIOHOCIS
y napoBiit copoutii. ['0JI0BHUMHU KpUTEPISIMU SIKOCTI pOOOTH CUCTEMH aBTOMAaTHYHOT'O KEPYyBaHHS Te-
MIIEpaTypoIO TEIUIOHOCIS € Yac HApOCTaHHS Ta MepEePeryIOBaHHS MEPEXITHOTO MPOIIeCy Ha BHXOII
CHCTEMU.

Metoauka aociiaxkens. [Ipu BupilieHHi 3aBIaHb TOCIIKEHHSI 32 OCHOBY B3STHI METO 00UYHUCITIO-
BAJIbHUX €KCIIEPUMEHTIB 3 BUKOPHUCTAHHSM CIICIIaII30BaHUX KOMIT IOTEPHUX MPOTPaM IS MOJIEITIO-
BaHHs MEPEXiTHUX MPOIIECIB B CHCTEMax aBTOMAaTUYHOTO KepyBaHHs. [Ipu po3paxyHKy perynsaropa
TeMIIepaTypH TETUIOHOCIS Y BapUILHOMY KOTJII BUKOPUCTaHI METOJM Cy4acHOi Teopili aBTOMaTH4-
HOTO KepyBaHHS. [Ipu 1IbOMy BpaxoBaHi BUMOTH JI0 MIPOLIECY KepyBaHHS 3 TOYKU 30py TEXHOJOTIi
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BUTOTOBJICHHS JIKEMY, @ TAaKOXX OCOOIMBOCTI poOOTH 00’€KTa KEpYBaHHS B peallbHUX yMoBax. Jlis
JOCIIPKEHHSI CHCTEMH aBTOMAaTHYHOTO KEPyBaHHS BUKOPHCTAHI TEOPETHYHI METOAN JTOCIIKESHHS
(amami3 i cuHTe3 cUcTeMH ). JloCmiKEHHS TIPOBECHI Ha OCHOBI OOUMCITIOBAIBHIX EKCIIEPHUMEHTIB 3
BUKOPHCTaHHSM aHAJITHYHHUX Ta KOMIT FOTEPU30BAHUX METO/IIB CHHTE3Y CHCTEM aBTOMAaTHYHOTO Ke-
pyBanHs. OniHOBaHHA €()eKTUBHOCTI IPOLIECY aBTOMATUYHOTO KEPYBaHHS 3/IiliICHEHE 3 BUKOPUCTaH-
HSIM METO/1iB MaTeMaTU4HOI CTATUCTUKH.

Pe3yabTaTu gociaimkennsi. CTBOpeHa iMiTalliifiHa MOJIENIb CUCTEMH aBTOMAaTHYHOTO KEpyBaHHS Te-
MIIEPATYPOIO TEIJIOHOCIS B BApWIBHOMY KOTJi. OOTpyHTOBAHUHN MMiX1/1 IIOJI0 CHHTE3Y CHCTEMH aB-
TOMAaTUYHOTO KEPYBaHHS 3 YpaxyBaHHSIM BUMOT JIO ITPOIECY KEPYBaHHS, a TAKOK OCOOIMBOCTEN PoO-
00TH 00’€KTa KepyBaHHS B peallbHUX YMOBAX, Ta HA OCHOBI HHOT'O MPOBEJICHUN PO3PAXYHOK pETyJisi-
TOpa TeMIEepaTypu pisHUMH MeToaaMu. OTprMaHi 3aJISKHOCTI KpUTEPIiB SAKOCTI KepyBaHHS Bij ma-
paMeTpiB peryssTopa, Ha OCHOBI SIKMX BH3HAYECHI ONTUMAalbHI HACTPOUKHU peryistopa. Pesynpratn
JOCIIKCHHST Ha pOOACTHICTh CUCTEMH aBTOMATUYHOTO KEPYBaHHS 3 ONITUMAIILHIM HAJIAIITyBaHHSIM
peryisiTopa TeMreparypu 10Belu eheKTUBHICTh POOOTH CHHTE30BaHOI CUCTEMH 32 YMOBH KOJIMBAaHb
napameTpiB 00’ €KTa KepyBaHHsI y 3HAYHKX Jlialla30HAX.

HaykxoBa HoBu3Ha. Briepie BcTaHOBIICHO, IO Yac HAPOCTAHHS MEPEXiJHOTO MPOIECYy HAa BHXOZI
CHCTEMH aBTOMaTHYHOTO KEPYBaHHs TEMIIEPATyPOIO TEIUIOHOCIS y ApOBiii COPOUIll BApHILHOTO KO-
TJIa JJIs1 BUTOTOBJICHHS (PpYKTOBHX JuKeMiB 3 I1l-perynsTopom Ta TMHAMIYHUM KOPEKTOPOM 3aie-
KHTD BiJl MOCTIHHOT Yacy €TaJIOHHOT JMHAMIYHOT MOJIEII MPSAMO 1 HemiHiKiHO. L5 3anexxHicTh OM3bKa
710 TTapaboIIivyHO1.

Takox BriepIie BUSBICHO, 10 3JICKHICTh MIXK ITEPEPETYTIOBAHHIM IEPEXiTHOTO MPOLIECY Ha BUXOI1
CHCTEMHU aBTOMAaTU4HOTro KepyBaHHA 3 [1I-perymnsaropom i AuHAMiYHMM KOPEKTOPOM Ta IMOCTiIHHOIO
9acy €TAJIOHHOT TMHAMIYHOI MOJIeITi Ma€ apaboiuyHIi XapaKTep 3 HassBHICTIO MAKCHMAaJIbHOTO €KC-
TpeMyMy, ajie Ha BCbOMY Jliala3oHi 3MiHM 3HAYEeHb MOCTIMHOI Yacy eTaJIOHHOI JUHAMIYHOT MOl
NepeperyIroBaHHs HE TIEPEBHIY€ MAaKCUMaJIbHE JOMyCTUME 3HaYeHHS 2,5%.

IIpakTnyHe 3HAYeHHS. 3alIPOIIOHOBaHA METOIMKA CUHTE3y CUCTEMHU aBTOMaTUYHOTO KEPYBAaHHS Te-
MIepaTyporO TEIUIOHOCIS Y BapUIbHOMY KOTJII AJIs1 BUTOTOBJICHHS JkeMy. IIpu iboMy 0OrpyHTOBaHO
napaMeTpHu ONTUMAIBHOIO AITOPUTMY KEpyBaHHs 3a KpUTEPIEM MiHIMI3allli 4acy 3MiHU TeMIepaTy-
PHOTO peXuMy 0€3 MepeBUIIEHHS JIOMyCTUMOTr0 epeperyIoBaHHs epeXiJHOTo MPoLecy Ha BUXO/1
CHUCTEMH aBTOMAaTHUYHOT'O KEPYyBaHHSI.

Kniouogi cnosa: cunmes cucmemu agmomamudHo20 Kepy8anHs, memnepamypa menjioHocis, apu-
JIbHULL KOmeJl 0715 BUOMOBIIEHHS 0HCEM) .
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