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echnical development, the complexity of control objects and developed
is causing a significant increase. Therefore, it was necessary to develop
nical systems that would have high autonomy, flexibility, reliability and high
quality under conditions of uncertainty. The object of control of such systems are complex,
ultidimensional, nonlinear control systems that have the ability to predict the required
ription of use and broad functionality, as well as the adaptability of the system to the
current state of external influences [1-14].

The uncertainty of production situations that arise at technological facilities operating in
real conditions, the error of the process model, the size and errors of the flow of
information coming from the facility, and the complexity of their processing complicate the
development of a control algorithm. of these dynamic systems, as well as the need to use
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modern information technologies in solving such problems. The creation of such control
systems requires the use of non-standard methods. This, in turn, gives rise to the need to
create intelligent control methods and software for a technological object.

There is a wide variety of models and algorithms for creating intelligent automatic
control systems used in various fields of science and technology. Analysis of the formal
expression, modelling and research methods of dynamic control systems operating under
conditions of uncertainty of factors influencing the operating modes of the systems
shown that the use of hybrid methods, which are considered the basis
intellectualization of control processes of complex dynamic objects, are the ma
and solvable issues.

2 Research methods and the received results

During the fermentation process, it is necessary to maintai

the dynamic characteristics of the regulator - the channel
determined. The dynamic properties of the control
of control algorithm and the calculation of its par

LA 2n o
T B P
1+el — X, — X,
sz X, + X
1+e a(XZ b) b:1—2
2

here: a,b- parameters of the sigmoid function. Based on these connections, the

parameters of the proposal function are determined for each layer of the neural network.
Then the defuzzification operation is performed and the control signal is found in the form:
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here: z. . =z, +V(y_ yﬁe,,) - calculated at each stage of training; v- is the learning rate.

It is necessary to increase the number of hidden layers and the number of neurons in
them to ensure the suitability of the selected neural network for the real proce
increase its accuracy.

The formulation of technological processes using the proposed method a
express control models for dynamic objects operating under conditions of ungerta
on a unified mathematical apparatus.
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In a quantum computing scheme, these two states (|0> a
superposition state, that is, the most general state of a quantum bitgan
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Thus, the action of the operator H on an arbitrary qubit can be expressed as follows:
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optimal value of the fuzzy controller.

Based on the fuzzy quantum inference algorithm, the identity of the knowledg
fuzzy adjusters is organized (Fig. 1). The proposed fuzzy quantum inference
shows the structure of an intelligent control system consisting of fuzzy Pl ntro
a self-organizing fuzzy quantum inference block.

Control
Object
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nperature in the fermenter based on process control. This does not allow obtaining
a high-quality product, since existing local automatic control systems are not able to take
0 account all the factors influencing the process, their interdependence and the
uncertainty of variables. Therefore, the creation of a high-quality control system based on
intelligent technology methods, taking into account various uncertainties that arise during
the fermentation process, remains one of the urgent tasks.

As basic parameters describing the fermentation process, the following variables were
defined:
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U= {Upc,upx}- control parameters, Upc - brine flow, pr- brine temperature,
Y= {yt,ym} - output parameters, y —fermenter temperature, Y .- concentration,
F= {fm.mc.m.’ fm,M,y:, fm, fK5} - external influences, fm_m,m.— speed of the

fermentation process, fm_M'yv_ - change in the external environment, fm. - quantit

materials, fm - device pressure.
To evaluate the effectiveness of the developed algorithms for,

model of a fuzzy-quantum system for regulating fermenter para
Matlab environment and a series of computational experiment:

NeTuzzy quantum controller are determined;
ients of the fuzzy quantum controller are determined,;
ective parameters are selected;
ach linguistic variable in the system.

m with a fuzzy quantum controller for controlling the
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Fig. 2. Computer model of fermentation process contr

Transient graphs of the control system for the Ridrotreatmentof diesel fuel (Fig. 3).
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ig. 3. Comparative analysis of graphs of transient processes of an automatic control system: 1-
lassic PID controller; 2 - neuro-fuzzy controller; 3-fuzzy quantum controller.

3 Conclusion

From the transient graph it can be seen that the fuzzy quantum controller ensures a stable
temperature in the bioreactor, ensures the stability of the control system and improves
control quality indicators compared to existing systems. In addition, it helps to increase
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reaction speed. The transition process took 90 minutes using the traditional method, 60
minutes using the neuro fuzzy method, and 40 minutes using the fuzzy quantum method
and reduced the deviation of the fermenter temperature from the nominal value by 2.2%.
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