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Annotation: This article discusses the application of fuzzy logic in managing the storage processes
of dairy products, highlighting its advantages over traditional PID controllers. It emphasizes the
limitations of PID systems in handling variable microclimate parameters such as temperature, humidity,
and CO: levels. By employing fuzzy logic, the article illustrates how control systems can adapt to
dynamic conditions, reduce human error, and integrate expert knowledge for optimal dairy storage. The
structure of a fuzzy logic control system is explained, detailing its components: fuzzification, rule-based
inference, and defuzzification. Practical examples demonstrate the effectiveness of fuzzy control in
maintaining product quality and stability.
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Control of the storage process of dairy products based on fuzzy logic is one of the main directions of
modern intelligent control technologies. According to the results of the literature analysis and
mathematical description of the control object, it was found that the use of traditional PID controllers to
stabilize microclimate parameters has a number of limitations. During the storage of dairy products,
parameters such as temperature, humidity, and CO: content are constantly changing. PID controllers are
not effective enough in maintaining these variable parameters constant and stable. This is because the
operation of PID controllers is based on precise mathematical equations and has limited ability to adapt
to uncertainty and dynamic changes in the system. In addition, the constant participation of the operator
in controlling technological processes is required, which increases the likelihood of human error and
reduces the stability of the control process. The variability of microclimate parameters and the
complexity of technological processes require intelligent control approaches for the effective control of
dairy storage systems. In particular, control algorithms developed based on fuzzy logic show high
efficiency in controlling the complex dynamics of microclimate parameters. Fuzzy control systems
operate based on human experience and intuitive rules rather than mathematical models. These systems
are developed based on the practical experience of engineers and technologists and allow for effective
control of microclimate parameters even under uncertain conditions.

A fuzzy logic control system consists of three main components. The first component is the fuzzification
stage, at which the input parameters (temperature, humidity, CO: content) are converted into fuzzy
language variables. For example, temperature is presented as “low”, “normal” or “high”. The second
component is the rule base and inference, at which the system develops control decisions based on the
input parameters based on predefined logical rules. For example, if the temperature is high and the
humidity is within the norm, activate the cooling system. The third is the defuzzification stage, at which
the results obtained based on fuzzy rules are converted into precise control signals and transmitted to

the appropriate technological equipment.
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The effectiveness of the control system developed based on fuzzy logic has been confirmed by a number
of practical studies. This approach plays an important role in stabilizing the storage process of dairy
products in variable conditions and maintaining their quality for a long time. For example, using fuzzy
control algorithms, it is possible to automatically control temperature and humidity in warehouses where
dairy products are stored. This ensures the stability of microclimate parameters and significantly reduces
the likelihood of product spoilage.

One of the advantages of fuzzy control is its effective operation in complex dynamic systems and
reduces the accuracy requirements of the mathematical model. For example, when controlling
microclimate parameters in a warehouse, such variable factors as seasonal changes in temperature and
air flows entering and leaving the warehouse are taken into account. Traditional PID controllers have
difficulty adapting to such changes, since they operate only on the basis of constant and clear limits.
Fuzzy logic bypasses these limitations and allows for real-time control of technological processes.

In addition, a control system based on fuzzy logic can fully reflect the experience of specialists and be
integrated into automatic control algorithms. For example, a fuzzy rule base developed for temperature
and humidity control in dairy storage may be as follows: “If the temperature is too high and the humidity
is too low, turn off the cooling system and activate the humidifier.” These rules are based on the practical
experience of specialists and provide effective control in uncertain and changing conditions.

» the traditional use of PID controllers in automated control systems of the microclimate of a dairy
storage facility to stabilize microclimate parameters cannot provide a sufficient level of control
automation due to the dependence of the requirements for the technological process on external
factors and the need for constant operator participation in the formation of technological process
parameters [17];

» full coverage of the task of controlling the technological process in changing conditions (for
example, taking into account the seasons) is currently considered a problem that needs to be solved;

» program-based adjustment of the microclimate parameters of the technological process does not
allow using the accumulated experience of engineers-technologists to optimize processes and
increase their efficiency;

» a promising direction for automating technological process control [16] is the use of intelligent
control technologies.

An intelligent system is a control system with intellectual support capable of solving heuristic tasks
without human intervention.

Intelligent control technologies currently include the following areas [1-9]:
» use of expert systems;

» fuzzy logic;

> neural network structures;

» Associative memory.

In the management of dairy storage processes, the principle of situation-based control is applied, which
should fully take into account the experience of engineers and technologists. This control experience
can be described quite fully in the form of logical conditions that link the control effect on the process
with its state and external factors.

This approach makes it possible to choose the direction of logical control based on fuzzy logic as the
basis for creating a control system.

The generalized structure of a control system based on fuzzy logic is presented in Figure 1.
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Figure 1. Structure of a control system based on fuzzy logic

When creating a control system for the storage of dairy products based on fuzzy logic, it is necessary to
solve the following fundamental issues:

» Fuzzification process: The information used for control should be presented in terms of fuzzy logic.
By fuzzifying the microclimate parameters (temperature, humidity, CO: concentration) during the
storage of dairy products, numerical values are converted into fuzzy language variables. For
example, the process is introduced into the automatic control system through descriptions such as

nmn

"low humidity", "normal temperature" or "high CO: content".

» Formation of a base of fuzzy logical inference rules: When creating a control system, it is necessary
to develop a base of logical inference rules based on the expert knowledge of engineering
technologists. These rules are determined in relation to microclimate parameters to ensure optimal
storage conditions for dairy products. For example, rules such as "If the temperature is high and the
humidity is low, activate the ventilation system" are formed. This process requires the transformation
of the knowledge of experienced specialists into logical rules, taking into account the complexities
of the technological process.

» Defuzzification process: This is the output of the system, where the results of the fuzzy inference
are converted into precise control signals. Defuzzification results in precise control actions to control
the temperature, humidity, and CO: levels in the dairy storage facility. For example, commands such
as "activate the ventilation system at 60%" or "turn off the humidifier to reduce the humidity to 55%"
are generated [12].
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