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Annotation. This article is devoted to the application of specialized software for visualizing
temperatures in technological processes. The article discusses the main tasks that can be solved
using software tools, such as monitoring the temperature regime, identifying deviations,
optimizing equipment operation, and others. In conclusion, it is noted that the development of
technology for visualizing parameters in technological processes will contribute to increasing
production efficiency, reducing the risks of emergency situations, and improving the quality of
the products produced.
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A literary review

Visualization of technological processes is one of the most important tasks of modern production.
This method allows operators to control and manage technological processes in real-time and make
prompt decisions in case of emergencies. Many researchers have addressed these issues, including
A.V. Fedotov, A.I. Kuznetsov, A. Rudnev, V.A. Makarov, M.S. Tomashevich, and others [1,2,3].

The study by Makarov V.A. and Tomashevich M.S. "Visualization and analysis of temperature fields
based on the Python software package" [4] explores the study of temperature fields using the
mathematical method of temperature field propagation.

All of these problems can be solved by using specialized programs that allow for easy collection,
processing, and visualization of temperature data in real-time. There are currently many software
packages available to address these issues, including;:

ThermoDAT - a program developed for the visualization and analysis of thermal data, which can be
used in metallurgical processes.

Thermo-Calc - a program used for modeling the thermodynamic properties of metallic systems,
visualizing their changes with changes in temperature, and more.

Main Part
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It is known that the problem of visualizing technological processes, including monitoring and
displaying numerical values of certain parameters, can be caused by various factors, including
difficulty accessing data, the need to use different file formats for data storage, incompatibility
between different visualization systems, and network bandwidth limitations.

This article considers the use of specialized programs for visualizing temperatures in technological
processes. They have several advantages. Firstly, such programs provide more accurate and reliable
data display than traditional visualization methods, such as manually drawing graphs or using
standard graphics editing software. Secondly, specialized programs can provide additional features,
such as data analysis, report generation, and process automation, which significantly increases work
efficiency. In addition, such programs have a simple and user-friendly interface, and there is no need
to have special programming or data processing skills.

It is known that currently, the factors affecting technological processes are taken into account on a
scientific basis, and there are many publications. However, all these developments are applied to
technological processes to a limited extent for various reasons and remain unimplemented. Suppose
we know the functional dependence of certain parameters in technological processes and control the
process based on these regularities.

The features of software for visualizing parameters in technological processes may vary depending
on the specific program. However, in general, such programs should have the following functional
capabilities:

Data collection and storage: The software must be able to collect parameter data from various
sensors and store it in a database.

Data visualization: the software should be able to display data on the numerical values of the
parameters in an easy-to-understand format, for example, in the form of graphs or digital form.
Process control: The software should be able to control the process based on parameter data, such
as automatically adjusting the pressure and temperature dependences according to the set
parameters.

Data analysis: The software must be able to analyze the data, for example, identify dependencies
between parameters and provide statistical reports. 5

Warning system: the software should be able to alert operators to possible problems in the process,
for example, to signal the deviation of parameter values from the set values. 6

Integration with other systems: The software must be able to integrate with other systems, such as
product management and quality control systems, to ensure data consistency and process control.
Data security: The software must ensure data security, for example, by protecting against
unauthorized access or data loss in the event of a system failure.

Scalability: Software must be able to scale based on the amount of data and hardware capacity to
operate efficiently in any environment.

The prospects for the development of technology for visualizing parameters in technological
processes with the help of special programs are enormous. In today's world, more and more
companies are striving to automate their production processes and improve work efficiency. In this
context, the use of programs to visualize parameters is becoming more and more popular. Let us
consider the above phrases on the example of studying the temperature dependences of the process.
Such problems often arise in metallurgy, chemical technology and other technological processes.
Below is one of the options for controlling the technological process using a program, the algorithm
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of which is compiled using functional dependence based on mathematical justifications. The block
diagram of this algorithm is shown in Figure 1.
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Figure 1. Block diagram of automatic control of technological
processes based on scientific research.

The algorithm logic is as follows:

Launch the main timer, during which the technological process takes place;

Launch the secondary timer, which is triggered to replace the measurement parameter sampling
based on technological logic;

Launch the measurement of the parameter with the transmission of numerical values of the
technological process with recording on an external computer storage device.

At the end of the time for recording numerical parameter values, the program stops and transfers
control to the program that analyzes the functional dependence. If the process is proceeding
normally, that is, the deviation is within the permissible limit, then signal 1 (norm) is issued,
otherwise, signal 0 warns of a deviation of the technological process from the norm. Here, together
with the signal, the technological process can be continued or stopped. Below are the results of the
process on the example of the ammonium dichromate decomposition reaction.

Below are the results of the process based on the example of the ammonium dichromate
decomposition reaction.
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Figure 2. Combustion process: a) functional dependence found by the method of least squares
y(t) = 0.004328t2 + 3.4689t — 40.3099; b) graph of temperature changes in real time.
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Figure 3. Cooling process: a) functional dependence found by the method of least squares y(t) =
0.002573t% — 2,3092t + 613.15573099; b) real-time temperature change graph.
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Figure 4. Average process of the decomposition reaction of ammonium dichromate, which is
described by the functional dependence
(t) = —0.003498t2 + 1.2896t + 138.7565

Figure 2 shows that during the combustion process of the ammonium dichromate decomposition
reaction, there were deviations in some time intervals. As expected, the cooling process proceeded
normally (Figure 3). Figure 4 shows the overall process of studying the reaction for further
application of automatic control of the combustion process in the ammonium dichromate
decomposition reaction.

Conclusion

Visualization in technological processes using specialized programs has several advantages, such as
improving process control and monitoring, increasing efficiency and accuracy, as well as the ability
to quickly detect problems and prevent emergencies. Thanks to the use of specialized visualization
software, it is possible to automate data collection and analysis processes, which increases efficiency
and accuracy of work.
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