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Abstract. Not a few devices of food production work periodically and programmers are widely used to control these
devices. Using logical devices that transfer between program sections can significantly improve the quality of control, but
these methods are not sufficiently studied.

The research is devoted to the development of a programmer for the implementation of programs with nonlinear time
areas, containing logical devices in its structure. Single-loop and combined programmable automatic control system (ACS)
with logical devices and without them were investigated and a comparative analysis of their work was performed.

Keywords: programmer, automatic control system, non-linear time areas.

Introduction. For this study, a widespread program of regulation (Figure 1) has been selected, which has such time areas
as a growth area of the regulated value (time interval T,), the endurance area at reaching the set value of the regulated value
(T,) and the descent area (T53). Growth and endurance areas are linear in time with first-order staticism. For the descent area, if
it is known that the autoclave uses first the shower, and then the water cooling, we make an assumption that it will be nonlinear
and then there will be second-order staticism.

A program of the periodic process of canned sterilization [1] can serve as an example of such program. The process of
sterilization occurs under the same technological regulation. The heating of the autoclave is carried out to the sterilization
temperature, and then occurs the actual sterilization, after which the cooled water in the form of a shower is fed to the
autoclave, and then after a certain time, cold water is fed for traditional water cooling.
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Fig. 1. Program of regulation

The research was carried out by using the Matlab package. The mathematical model of the object consisted of the transfer
functions of the autoclave (1) and the resistance thermometer (2), respectively
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where W,(p) is the transfer function of the autoclave described by the second-order inertial link and the delay link; K, is the
autoclave transmission coefficient; T, - time constant of the inertial link of the second order; A - coefficient of damping; 1, -
time delay constant of the delay link; p is the Laplace operator.
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where W+t (p) is the transfer function of the resistance thermometer; Ky is the transfer coefficient of the resistance
thermometer; T+ is a time constant.

For further calculations, the following values of the parameters of functions (1) and (2) are
taken: K, =1, T, =250c; 7, =20c; 41 =4; K; =1, T =100c.

The scheme of simulation of a system with a single-loop programmer [2] without logical devices (Figure 2) worked like
this: the time characteristics of the program change were pre-set in the Repeating Sequence block, and then the signal from the
Repeating Sequence Interpolated get to the Multiport-Switch, which, depending on the time, carried over the value of the
temperature task from one of its inputs to the output. At the first input there was a linear section of growth (heating); at the 2nd
input - also a linear section of endurance (the sterilization); at the 3rd entry - a section of the program that implements
nonlinearities in time with the help of two links connected in parallel, namely the aperiodic link of the 1st order and the real
differentiating link.

The task from Repeating Sequence Interpolated and the signal from the feedback came to adder (Add) to form a
disagreement. The signal from the regulator passed through the object and the temperature value was displayed on the graph in
the Scope and arrived at the calculation of the optimality criterion. To assess the quality of the regulatory process, an integral-
modular optimization criterion was used, calculated by the formula:

7k
| = I |At(z)|dz
70
where At(z) is the value of the controlled variable in time.
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Fig. 2. Simulation scheme of a single-loop programmable ACS with non-linear section and without logical devices

As a result of the simulation of a single-loop programmable ACS with a nonlinear section and without logical devices
(Figure 3), the optimization criterion was 23565 °C-s. Since the deviation of the temperature from the task exceeded the
permissible limits (at some parts of the program it reached 12 °C), and the optimization criterion was very great value, we tried
to achieve the required quality control under the technological regulation with the help of single-loop programmable ACS with
logical devices (LD).
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Fig. 3. Result of the simulation of a single-loop programmable ACS with a nonlinear section and without logical devices
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The scheme with logic devices (Figure 4) worked like this: Repeating Sequence Interpolated filed a task on the adder,
which also received a signal from the feedback. The PI regulator with the optimal settings for this area worked on each of the
areas. To do this, the Multiport Switch was used, which connected the exit and the input whose number was applied to the first
input. The Repeating Sequence set the time (Time values: [0 1200 1200 1680 1680 2880]) and the input number (Output
values: [1 1 2 2 3 3]). Thus, the first 1200 s signal came from the first regulator, from 1200 to 1680 s - from the second, and
then from the third.

The optimal settings of the regulators in the ACS with logical devices were determined in such a sequence [3]. Initially, the
value, which was found in the ACS without logical devices, was set in all regulators. Next, the settings of the regulator were
changed at the growth area to improve the optimality criterion, also were changed the settings at the endurance area, and then
at the descent area. This process was repeated several times before finding the best results.
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Fig. 4. Simulation scheme of a single-loop programmable ACS with non-linear section and with logical devices

As a result of the simulation of a single-loop programmable ACS with a nonlinear section and with logic devices (Figure
5), the optimization criterion was 15126 °C-s. The improvement compared to the previous scheme was more than 35%, but the
results for the temperature deviation from the task were still not satisfactory. Therefore, the combined programmable ACS
without logical device was considered further.
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Fig. 5. Result of the simulation of a single-loop programmable ACS with a nonlinear section and with logical devices

For a combined ACS, the modeling scheme of which is depicted in Fig. 6, the transfer function of the compensator
W, (p) is calculated by the formula:

1
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35



m ABTOMaTH3aIlis TeXHOJOr YHMX 1 GizHec-mponeciB Volume 10, Issue 2 /2018 m
http://www.atbp.onaft.edu.ua/

In this case, W, (p) does not meet the conditions for physical implementation, since the degree of the polynomial of the

numerator must be less than or equal to the degree of polynomial of the denominator. Therefore, we replace it with an
approximate transmitted function:

6250000 p° +162500p2 +1100p +1
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Fig. 6. Simulation scheme of a combined programmable ACS with non-linear section and without logical devices

This scheme works like this [4]: Repeating Sequence Interpolated submits a task to the compensator represented by the
TransferFnc3 link, and to the adder on which the feedback signal is received. The signal from the regulator is summed with a
signal from the compensator. The settings of the regulator are calculated in the same way as in the scheme of single-loop
programmable ACS, whose optimal settings are taken under the initial conditions.

As a result of the simulation of a combined programmable ACS with a nonlinear section and without logical devices
(Figure 7), the optimization criterion was 1975 °C-s. The improvement compared to the previous scheme was more than 85%,
the transition process meets the requirements of the technological regulations. However, the use of logical devices can provide
further improvement.

The scheme of combined programmable ACS with logic devices in MatLab is shown in Figure 8.
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Fig. 7. Result of the simulation of a combined programmable ACS with a nonlinear section and without logical devices

Repeating Sequence Interpolated submitted a task to the compensator and to the adder, which also received a signal from
the feedback. The value of the disagreement was submitted to the regulator. The PI regulator with the optimal settings for this
area worked on each of the areas. To do this, the Multiport Switch was used, which connected the exit and the input whose
number was applied to the first input. The Repeating Sequence set the time (Time values: [0 1200 1200 1680 1680 2880]) and
the input number (Output values: [1 1 2 2 3 3]). Thus, the first 1200 s signal came from the first regulator, from 1200 to 1680 s
- from the second, and then from the third. The signal from the regulator was summed with a signal from the compensator. The
signal from the regulator passed through the object and the temperature value was displayed on the graph in the Scope and
arrived at the calculation of the optimality criterion.

As a result of the simulation of a combined programmable ACS with a nonlinear site and with logical devices (Figure 9),
the optimization criterion was 1862 °C-s, which is more than 5% better than the scheme without logical devices; the transition
process meets the requirements of the technological regulations.
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Comparison of the values of the optimality criterion for different types of programmable ACS with a nonlinear section and
standard regulators is given in Table 1, where the type of program is the duration of the growth, endurance and descent areas
respectively.
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Fig. 8. Simulation scheme of a combined programmable ACS with non-linear section and with logical devices
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Fig. 9. Result of the simulation of a combined programmable ACS with a nonlinear section and with logical devices

Table 1 - Comparison of the values of the optimality criterion

Optimization criterion, °C-s
Type of
program, min Single-loop ACS Single-loop ACS Combined ACS Combined ACS
without LD with LD without LD with LD
25-5-25 15 473 13222 1 660 1448
20-8-20 19508 14 688 1996 1997
20-10-20 23 565 15127 1976 1863
20-30-20 34084 19 002 2681 2384
10-40-25 29 390 16 242 4239 2854

Conclusions. The use of logical devices in the transition between program sections and the introduction of compensators in
the system give a significant improvement in the quality of program control in the presence of nonlinear time sections. The
error in the integral-modular criterion in the combined program ACS with the use of LD is 7 times less than the error of the
single-loop system with using the LD and 11 times less than the error in the single-loop system without using the LD.

The use of LD made it possible to more accurately reproduce the program and reduce the specified error in almost all
program variants. It is also worth noting that schemes with logic devices have high efficiency, since it is possible to customize
each section separately, which is important not only for the program control of autoclaves, but also for program control of
other periodic devices.
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Aunnomayusi. Paccmompena npobnema onpeoeienusi Kpamuauuieeo nymu 60 G36CULCHHOM OPUEHMUPOBAHHOM 2pade ¢
NpUMEHEHUEeM  JJIeKMPUUECKOU MOOelU ¢ UOeAIbHbIMU OUOOAMU, UCTIOYHUKAMU Hanpsijcenuss u moka. IIposedenvi
meopemuieckue UCCIe006anusl 6 00AACMU  MAMEMAMUYECKO20 MOOEIUPOBAHUST INEKMPUYECKUX CXeM C UOeaTbHbIMU
anemenmamu. Paccmompen npumep onpedenenust Kpamuaiiuie2o nymu 8 3a0AHHOM 636CULCHHOM OPUEHMUPOBAHHOM Zpage.

B 3a0auax nebonvwioll pazmepHocmu MONCHO UCHOIb308AMb AHAN0206ble dnekmpuyeckue mooenu. Oonako onst OOnbULUX
epaghos ananozosvie MoOenu CMAHOBIMCA BeCbMA CPOMO3OKUMU U3-30 HEOOXOOUMOCMU BKIIOYEHUS 6 KadCOVIO Uenb
UB0IUPOBAHHOLO UCMOYHUKA JJIEKMPUUECKOU IHEP2UL, d MOYHOCb PeUeHUs HU3KOU U3-3a He UOeaNIbHOCU XapaKmepucmux
9NEMEHMO8.

B Oannoii cmamve paccmampugaemcsi pasgumue MoOoenu npeOCmasieHus. 836CUEHH020 OPUESHMUPOBANHO20 2paga 6e3
UCNONBb308AHUS CIMPYKMYPHOU MAMPUYbl UL KAKUX-TUOO OpyeUX MONnoiocuveckux mampuy. Bmecmo smozo npednacaemcsi
Gopmuposams 1 06pabampleams 6 Npoyecce AHAIU3A CHUCOK BeMEell ¢ NPUCYUUMU UM XAPAKMEPUCTIUKAMU U NAPAMEMPAMU.
Lenvio pabomwl signsiemcsi 00OCHOBAHUE DIEKMPUYECKOU MOOenu O NOUCKA Kpamuanuie2o nymu 60 636eUuleHHOM
OPUEHMUPOBAHHOM epaghe, npedcmasieHue ancopumma 0s pealu3ayuu u uiocmpayuu d¢hgdexmusHocmu memood.

Tak Kax ucxoouas NeKmMpudecKas yenv He cOOepICUm HaKxonumenetl SHepeuu i 8 Hell 6 NPUHYUNE HEBO3MOIICEH NepexoOHblIl
npoyecc, npeonazaemcsi npeodpas’06amv UCXOOHYIO INEKMPUUECKVIO UYenb 8 OUHAMUYECKYI0 NYymeM NPUcOeOUHeHus: K
KACOOMY Y37y CXeMbl N0 eMKOCMU, OpY2oil KOHeY KOMOPOU COeOUHUMb ¢ OA3UCHBIM V3JI0M, HE NPUHAOILEHCAUUM OAHHOU
cxeme u 0OWUM ONsL 8cex emKocmeil. B pesyibmame cmano8umest 603MOJNCHLIM NpOMeEKAHUe NepexoOH020 Npoyeccd, no
OKOHUAHULU KOMOPO20 MOKU eMKOCMEN CIAHYM PAGHLIMU HYIIO U He OYOym OKA3bleams GIUSHUSL HA PACApedesieHue MOK08 U
HANPsIICeHUll 6 cxeme.

Abstract. The problem of determining the shortest path in a weighted and directed graph is considered using an electric model
with ideal diodes, voltage and current sources. Theoretical studies in the field of mathematical modeling of electrical circuits
with ideal elements have been carried out. An example of determining the shortest path in a given weighted directed graph is
considered.

In problems of small dimension, analog electric models can be used. However, for large graphs, analog models become very
cumbersome because of the need to include an isolated source of electrical energy in each circuit, and the accuracy of the
solution is low because of the non-ideality of the characteristics of the elements.

In this paper, we consider the development of a representation model of a weighted and directed graph without the use of a
structural matrix or any other topological matrices. Instead, it is proposed to form and process in the process of analysis a list
of branches with their inherent characteristics and parameters.

38



