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Abstract.  The problem of use of methods and means of inductive modeling for solving the problem of modeling 
physical processes is considered. Use of these tools for modeling of the process of silico melting in furnaces, 
predicting of anode effects occurrence in the production of aluminum, modeling of process of welding by explosion, 
modeling of interaction between the ions of gas and the surface of materials is showed. The effectiveness of these 
methods for solving of these problems is shown. 
 
1 Introduction 
The inductive approach to modeling and forecasting is based on building of a model of transition from private data 
to their generalization in the form of models. The epitome of an inductive approach is the group method of data 
handling (GMDH) - the original method of models building based on experimental data under uncertainty. 
Academician A.G. Ivakhnenko is the author of this method. The model of optimal complexity that has been obtained 
by this method reproduces the pattern of the unknown function of the object (process), information on which is 
implicit in the data sample [1-3]. 

During the entire history of the GMDH algorithms they had a wide range of applications in various fields of 
human activity. Back in the 1980-2004s GMDH was used to simulate real-world tasks of models building of some 
physical and technological processes connected with the sphere of metals and alloys. GMDH was used to simulate 
the process of silico smelting in furnaces [4]. The models of dependence of specific energy consumption, the silicon 
content in the alloy and manganese in the slag are constructed. These models allow to optimize the energy 
consumption in the electric furnace. 

GMDH was used to predict the anode effect in aluminum electrolysis cells by spectral characteristics [5]. 
Inductive approach was used for dependency building of the geometric characteristics of the undulation surface 
between the plates formed by explosion welding on the location and size of the plates, and the amount of explosives 
used [6]. In the problem of modeling of interaction of ions with the surface of the materials the dependence of the 
sputtering surface of the material flow of ionized gas on its properties was developed[7]. The aim of solving of this 
problem is the selection of the material coating the surface of the aircraft, which was the least disrupt by the flow of 
gas. 

Thus, based on the experience of the techniques developed in the theory of inductive modeling, the 
technology of data mining, modeling and forecasting processes in foundries can be proposed, which will solve the 
problem of data analysis, modeling and forecasting of complex processes. 

 
2 GMDH problem in data analysis, modeling and forecasting processes 

The main tasks which could be solved by the technology of data mining, modeling and prediction of complex 
physical processes. 

Among them are the following tasks: 

 - data analysis task of the process monitoring; 

 -  construction model to identification of current state; 

 -  construction  a model for process control; 

 -  forecasting of future course of the process. 
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For each of these tasks is based model using combinatorial GMDH algorithm, taking into account the 
characteristics of each of the tasks. 

To the optimal models construction in work use GMDH in particular the combinatorial GMDH algorithm [3, 
4]. This is an inductive method of automatically find the best model for a sample of experimental data. It is well 
known in the world and has established itself as a method of giving the ability to open and extract according to new 
knowledge, which are contained in the data sample, but are not known to man - the author of the modelling. Based 
on the knowledge obtained in the modelling, the expert can analyze the current state of the system, to find the 
factors that influence the changes in this state that is able to adjust the course of the process. 

The effectiveness of GMDH algorithms is confirmed by extensive experience in the successful solution of 
many problems in the real environment, hydro-meteorology, economics, engineering, both here and abroad. 

 
3 Applied GMDH algorithms to physical processes modelling 

The examples of real-world problems of constructing models of some physical and technological processes 
connected with the sphere of metals and alloys were given. Let us examine them in details. 

 
3.1 Modeling of ferroalloy process Ferroalloy process modeling 

 
The task is to build a model of governance ore-smelting furnace in order to optimize [4]: 

- Consumption of electricity; 

- Performance electric furnace unit; 

- The content of the updated item in the slag; 

- Stabilization of the given chemical composition of the alloy in the melting of silicon manganese. 

Since simultaneous optimization of power consumption and electric furnace unit performance is a 
controversial task, only specific energy consumption was chosen as a control objective in the melting of silico. 

Information about the work of one of the 63 МВА furnace melting silico СМН17 was provided for modeling 
of the melting process of silicon manganese. 

The models which were constructed using combinatorial GMDH algorithm, which allows us to find an 
optimal model of the experimental data in a class of polynomial basis functions which are linear coefficients. 

Figure 1. Shows a graph of the specific energy consumption ( ), the silicon content in the alloy, manganese 
slag obtained from the real object and calculated from the model. 

yW

 
Fig.1. Change in specific energy consumption ( ): (real object (solid line) and calculated from the model  

(dashed line) 
yW

 
As can be seen from Figure 1 the models accurately reproduce the specific power consumption values ( ), 

the silicon content in the alloy, manganese in slag. Thus the efficiency of GMDH application to the problem of the 
process of ferroalloy modeling is shown.  
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3.2 Prevision of the anode effect approaching in the plating bath 

 
The aim is to anticipate technological violations of "anode effect" in the aluminum production process. In 

industrial production of aluminum by electrolysis - electrolysis of alumina dissolved in molten cryolite. One of the 
major technological failures of aluminum electrolytic cells is the so-called "anode effect". 

"Anode effect" is a sharp increase in the cell voltage as a result of reduction of alumina in molten electrolyte 
in the electrolytic production of aluminum. The anode effects accompanied by an increase in cell voltage 6 - 10 
times, in result it increased power consumption and temperature increase of the melt occurs, which (is) turn leads to 
an increase in electrolyte evaporation and growth rates of all harmful side reactions. The main reason that causes 
anode effect is the deterioration of  the wettability of the surface of the anodes melt. 

This disruption leads to a significant deterioration of the process: a sharply reduced cell productivity and 
output of the metal, increasing the unit cost of electricity and raw materials, rising labor costs. 

Therefore the actual is control of the development of methods based on the measurement of electrical 
parameters of the cell (the anode voltage) that do not require special sensors and expensive installations. 

Study of the time series voltage prior anode effect and rows corresponding to the normal course of the process 
showed that as the anode effect is increasing low frequency vibrations. On that fact building prediction of anode 
effect: a rule based on classification of rows of the first and the second type and the incoming time series refers to 
one of them. 

Fig. 2 shows an example of the time series spectrum anode voltage "pre-fault" (type 1) and "normal" (type 2). 

 
Fig.2. Example spectra of the time series of anode voltage “pre - fault”  (type 1) and “nprmal (type 2)” 

 
The method of forecasting of technological violations "anode effect" in the production of aluminum was used  

by the Tajik aluminum plant (Dushanbe, 1988). 
 
 
3.3 Mode Electric Modeling 
 

The aim is to identify the dependence of the geometric characteristics of the wave surface between the sealing 
plates on the location and size of the plates, and the number of explosives. 

Input variables is 

- The thickness of the base plate and flyer 

- The gap between the plate and the flyer and the amount of explosives per unit mass of the flyer. 

The output value is the amplitude and wavelength. 

The dependence of the geometric characteristics of the wavy surface between the plates, formed by explosion 
welding, on the location and size of the plates, and the number of explosive was examined. The models are 
constructed using combinatorial GMDH algorithm [6]. Criterion of regularity is used as the main criterion, criterion 
of minimum bias is used as additional criterion. 
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Explosion welding technology eliminates the valuable welding equipment and gets a perfect weld quality 
stress-free and bubble cavities. The quality of the weld does not depend on the qualifications of the personnel and, in 
the seam saved the initial physical, mechanical and geometrical characteristics of metal. In contrast to conventional 
welding, explosion welding joins metals at the molecular level. This yields a chemically clean section at the junction 
of two surfaces. The process is dynamic, for it is not a critical situation, when the characteristics of welded 
dissimilar metals. 

Through explosion can connect almost any metal with an arbitrary number of layers, including materials that 
are not connected in any other way than by welding. Feature and advantage of the structure of the compound is the 
acquisition of new properties that can withstand long-term deformation and variable dynamic loads. The resulting 
compounds for technical performance and mechanical characteristics of strength and reliability may be even higher 
performance than the original metal. This is a qualitative difference between the alloy from their counterparts 
obtained by conventional methods, namely, cold welding, pressure underwater electric welding, etc. 

Combinatorial Algorithms by using an extension of the data sample due to the introduction of additional 
arguments are built according to the amplitude and wavelength of the thickness of the base plate and flyers, the gap 
between the plate and the flyer and the amount of explosives per unit mass of the flyer [6]. 

The results of modeling showed that the main indicator to determine the amplitude and wavelength is a 
quantity of explosives. This option dominates the rest by a wide margin. To a lesser extent the initial values depend 
on the thickness of flyers. The gap between the plates and the thickness of the base plate of the wave contour of the 
junction of the two plates is almost independent. 

 

3.4 Detection of dependencies of ion interaction with a surface by the Combinatorial 
GMDH algorithm   

The dependence of the factor of sputtering (destruction) of the ionized gas material flow surface on its properties in 
order was developed to select a material coating the surface of the aircraft, which would be the least disrupt by the 
flow of gas. Based on this model, you can calculate the value of the sputtering other materials without conducting 
costly experiments. Data sample contains the following dimensions: 

1xy =  – the sputtering coefficient by ions of Xe+ 300 eV, mg/K;  

2x  – mass density, g/cm3;  

3x  - molecular weight;  

4x  - temperature of sublimation, K;  

5x  – the heat capacity, J/mol/deg;  

6x  - energy of bonds, eV.  

The purpose of this example is to find the dependence of sputtering coefficient from the physical properties of 
materials by GMDH algorithm with additional determination. The data sample, normalized over the largest value of 
every variable. 

Using the Combinatorial GMDH algorithm to determine the optimal model, the dependence of external 
regularity criterion from model complexity was founded. It has an interval of uncertainty which contain five models 
with almost equal values of regularity criterion. For each of these models the values of the bias criterion were 
calculated (Figure 4).  

The following optimal model was received: 
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Parameters of model: AR = 0,0002728; BS = 3,55. 
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Figure 4. Dependence of regularity CR and bias BS criteria from models complexity S 

 

In Figure 3. graph of the real and estimated values of the sputtering for twenty materials. 
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Fig. 3. Graph of actual and calculated values for the resulting model of the sputtering 

 
Thus, the use of models for self-organization by GMDH algorithms made possible with relatively high accuracy 
(20-40%) to predict the value of the sputtering of materials coefficient by their properties. Such accuracy is not 
achieved by models with physical parameterization that may produce an error of up to 100 - 200%. 
 
Summary 
Examples of application of the inductive approach to solving of the problems of modeling and forecasting in the 
field of metals and alloys are given. The accumulated experience in solving problems of this type can be used to 
create an information technology of data analysis, modeling and forecasting in the foundry. 
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