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Abstract
The article deals with the problems of forecasting related to the insufficient quality and quantity of initial data, changes in the 

environment in which the process takes place, the impact of subjective factors. The process of formation of a mathematical model is 
analyzed, and the prediction of obtaining biogas in the fermentation process for a part of the bioreactor, which will facilitate the study 
of various processes occurring in this installation. A daptive neuro-fuzzy system of conclusions is discussed, which implements a fuzzy 
output system in the form of a five-layer neural network of direct signal propagation, as well as mathematical modeling of thermal 
processes in a biogas plant.
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Introduction. Mathematical modeling is an important 
stage of scientific research, because it allows you 

to imagine the physics of the process occurring in a 
particular object. The most accurate and complete model 
helps to simplify the process of analyzing the dynamic 
characteristics of a physical phenomenon or process 
occurring in the object of study, subject to verification 
for adequacy to the real process [1]. The expediency of 
mathematical modeling is due to the high cost of conducting 
experiments on a real biogas production unit (bioreactor). 
, subject to the need for its design and manufacture, and 
significant time costs, due to the high inertia of a number 
of  processes, on the example of  obtaining biogas from 
various agricultural wastes by anaerobic fermentation in 
the bioreactor, due to the large overall dimensions of the 
installation.

Material and methods. Consider the process of forming 
a mathematical model, and predicting the production of 
biogas during fermentation for a part of the bioreactor, 
which will facilitate the study of various processes 
occurring in this installation.

Forecasting is one of the most popular, but at the 
same time one of the most difficult tasks of data mining. 
Forecasting problems are associated with insufficient 
quality and quantity of initial data, changes in the 
environment in which the process takes place, the impact 
of subjective factors. The forecast is always made with 
some error, which depends on the forecast model used and 
the completeness of the initial data [2].

As the information resources used in the model 
increase, the accuracy of the forecast increases, and the 
losses associated with uncertainty in decision-making 
decrease.

Various forecasting methods are known and widely 
used: algorithms for extrapolating experimental data in 
simple engineering calculations and software products, 
as well as more cumbersome statistical methods using 
parametric models.

Four methods of identifying the nonlinear dependence 
of output are considered - using a linear regression model, 
a quadratic regression model, a fuzzy knowledge base and 
a neural-paring model. To solve this problem, consider a 
class of adaptive networks functionally equivalent to fuzzy 
reasoning systems. An important task is to determine the 
network inputs. 

	 The adaptive neuro-fuzzy inference system is 
one of the first variants of hybrid neuro-fuzzy networks 
- a neural network of direct signal propagation of a 
special type. The architecture of a neuro-fuzzy network 
is isomorphic to a fuzzy knowledge base.  Neuro-fuzzy 

networks use differentiated implementations of triangular 
norms (multiplication and probabilistic OR), as well as 
smooth membership functions. This makes it possible to 
use fast neural network training algorithms based on the 
method of backpropagation of errors to configure neuro-
fuzzy networks [3, 4]. The adaptive neuro-fuzzy system of 
conclusions implements a fuzzy output system in the form 
of a five-layer neural network of direct signal propagation. 
The purpose of layers is as follows:

the first layer - the terms of the input variables;
the second layer - antecedents (parcels) of fuzzy rules;
the third layer is the normalization of the degrees of 

implementation of the rules;
the fourth layer is the conclusion of the rules;
the fifth layer is the aggregation of the result obtained 

according to various rules.
For a fuzzy system having two inputs x and one output y, 

fuzzy reasoning is shown in fig. 1, a, and the corresponding 
equivalent adaptive neuro-fuzzy network - in fig. 1, b.

Figure 1. Fuzzy reasoning (a) and equivalent adaptive 
neuro-fuzzy network (b).
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