
DEVELOPMENT MATHEMATIC MODEL OF AUTOMATIC 
CONTROL SYSTEM OF WATER PURIFICATION PROCESS.
Ismailov Mirkhalil professor, 
Ozodov Ezozbek PhD 
“Tashkent institute of Irrigation and Agricultural Mechanization Engineers” National Research University

Abstract
The world's population continues to grow, putting a strain on our natural resources, including freshwater. As a result, many 

coastal regions are turning to saltwater purification as a solution to their water scarcity problems. However, the process of purifying 
saltwater is not without its challenges, particularly when it comes to mixing salt water with clean water in the correct proportions.

Water scarcity is a global issue that affects millions of people worldwide. Desalination is a process that can provide a solution to 
this problem by converting saltwater into clean water for drinking and irrigation. Possibility of using salt water for irrigation lowing 
strain on pure water resources and saving them for other more important spheres

 However, the process of mixing saltwater and clean water is a complex and challenging task that requires precise control and 
monitoring. This is where an automatic control system for saltwater mixing can play a crucial role.

This article discusses the development of an automatic decision-making system for a device aimed at reducing the level of 
mineralization by diffusion mixing. The article aimed at disclosing the issue of preserving the specified volume of salinity of the structure 
by automatically controlling the salt concentration and the level of irrigation water salinity. The article presents a mathematical 
justification, models of technological process control, technical implementation of the control concept and research results of active 
experiments. 
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Introduction. Water scarcity considered an urgent 
problem not only in our country; it is a global problem on 
which a lot of effort and pay attention by international 
organizations, countries and many scientific institutions. 
Lack of drinking resources, taking into account the rising 
demographics, leads to the fact that many countries are 
included in the list of suffering from water stress. It is 
worth noting that, 2021, our republic ranked 25th out 
of 164 countries in the world ranking (World Resources 
Institute) as a country suffering from water stress [1]. 
According to the researches, Uzbekistan is included in a 
group of 27 countries experiencing high water scarcity 
among countries such as Afghanistan, Turkey, Kyrgyzstan, 
Portugal and Italy. The hydropower resources of Uzbekistan 
make up 4.92% of the entire territory of the country, the 
total water resources are 60 km³ per year, of which only 
12.2 km³ is formed on the territory of the republic, the 
rest of the water comes from outside from the Tien Shan 
and Altai mountains from the snow and glaciers of these 
mountains. The main part of water resources goes to 
irrigate cotton fields and other agricultural needs [2,3].

The population of the republic by 2030 is project to 
increase to almost 40 million people, which will cause a 
decrease in available water resources by 7-8 km3[4].

Total water secures of republic decries from the current 
13-14% to 44-46%, which will slow down the development 
of not only agriculture, but also other industries. According 
to the World Bank, losses of drinking water in Uzbekistan 
in 2018 amounted to 469 million cubic meters, or 32% of 
the total volume of drinking water [5].

Considering the above facts, the provision of high-
quality irrigation water for irrigation is consider a 
strategically important aspect of our country. In contrast 
to drinking needs, agriculture consumes a large amount of 
water with relatively low requirements. The purification 
process obtaining data on water quality should be as 
prompt as possible and the accuracy of water quality is very 
important. Considering that the irrigation process is carry 
out in the fields, the portability of the cleaning device is 
also important. The above requirements can be technically 
implemented using precise measurement and control of 
the actuators, these two aspects can be implementing in 
combination using special automatic control systems that 

simultaneously control the quality of the irrigation water 
and the operating modes of the actuators [6].

Research method 
The programming technique based on the design 

features of the device and taking into account the technical 
parameters of the measuring instruments. The creation 
of control and interaction commands is based on a given 
flowchart algorithm. [7].    

Object of research
The object of research is construction for the selective 

choice of purification or direct supply of water to the 
mixing capsule.

The basic principle of operation of the proposed design 
is to create the required concentration of water with an 
acceptable salt content inside the tank and then transfer 
it for irrigation [8]. 

The device consists of 5 parts; 1- conduct metric sensor 
that will be installed in the water source to determine the 
salt content in the source, 2- centrifugal pump for water 
transfer, 3- on-off solenoid valves for water distribution, 
4-reverse osmosis to lower the salt level in the water, 5- 
capsules for collecting water (see Figure 1) [9].

№2(18).2023 Journal of “Sustainable Agriculture”
31

POWER ENGINEERING, ELECTRICAL ENGINEERING, AUTOMATICS. COMPUTING TECHNOLOGY



№2(18).2023 Journal of “Sustainable Agriculture” 
32

POWER ENGINEERING, ELECTRICAL ENGINEERING, AUTOMATICS. COMPUTING TECHNOLOGY



Conclusion. This model can fully technical implement 
the above diffusion mixing scheme. The key factor is an 
indicator of the salinity levels of 1 and 2 streams based 
on the overall balance, a nominal salinity level is created, 
which was required at the beginning of the task of this 
study. The main indicator of operation regulation based 
on the concentration of the salt content level inside the 
mixer. 

This model has following not researched parts and 
need making future analyze of system 

1. Adequacy of this system must test in technical 
prototype; however theoretical calculations shows 
that system is objective but aggressive habitat not yet 
researched. 

2.  Operative reaction of system linked on sensors 
reaction speed and calculations must taking in account 
this factor. 

3. System focus on close purification systems in 
addition for purification sets on base of mechanical 
cleaning like reverse osmosis and for open factories, this 
model could not be adequacy.   

In summary, this scientific article has presented an 
innovative automatic control system for the technological 
process of water purification by mixing demineralized 
and pure water. A comprehensive mathematical model 
and control algorithm have been developed to optimize 
the water purification process, effectively addressing the 
challenges associated with conventional methods. These 
advancements not only enhance the efficiency of the 
process but also contribute to a more sustainable and cost-
effective approach to water purification.

The results of the active experiments conducted in 
this study have demonstrated the effectiveness of the 
proposed control system. The data collected from these 
experiments have provided valuable insights into the 
system's performance, confirming its ability to maintain 
the desired water quality with high accuracy and stability. 
By implementing the developed control algorithm, the 
automatic control system has proven to be capable 
of regulating the mixing process, adapting to various 

№2(18).2023 Journal of “Sustainable Agriculture”
33

POWER ENGINEERING, ELECTRICAL ENGINEERING, AUTOMATICS. COMPUTING TECHNOLOGY



operating conditions, and delivering consistent results.
Furthermore, the development of a prototype device has showcased the practical applicability of the proposed 

control system in real-world scenarios. The successful integration of the mathematical model and control algorithm 
into this prototype has established a solid foundation for future iterations and improvements. The device's adaptability 
and performance, coupled with its potential for scalability, make it a promising solution for various water purification 
applications, from small-scale domestic use to large-scale industrial settings.

 In conclusion, the automatic control system presented in this article offers a significant step forward in the field 
of water purification technology. By leveraging the power of advanced control algorithms and mathematical modeling, 
this system provides an efficient, reliable, and adaptable solution for achieving optimal water quality. As the global 
demand for clean, safe water continues to grow, innovations such as this will prove increasingly vital in addressing the 
pressing challenges of water scarcity, pollution, and sustainability. The knowledge and insights gained from this research 
will undoubtedly contribute to the ongoing development and refinement of water purification technologies, ultimately 
improving the quality of life for millions of people around the world.
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