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Abstract:     The modern development of the innovation economy and its rapid intellectualization demanded a symbiosis 

of natural science and social paradigms for the development of theoretical, methodological and applied tools 

for studying the entropy-information processes of an industrial system. In the context of the classical teachings 

on thermodynamics and statistical physics, an analysis is made of the dependence of the effect of the 

functioning of this system on the amount of control information received by it, the formalized connection of 

the latter with the level of perfection/imperfection of the system control, its stability and the level of 

knowledge inherent in the system and its determining factors. Conclusions are formulated following from the 

features of the nonlinear dynamics of the uncertainty indicators, entropy, the effect of the functioning of an 

industrial system and the amount of control information in it. In this analytics, the argumentation of the 

influence of an information resource on the effect of an evolving industrial system and its stability in the space 

of growing global cross-country contradictions and the development of engineering of the economy of 

innovations and knowledge acquires cognitive and practical value. 

  

1 INTRODUCTION 
 

The formation and mastery of the tools of the 

intellectualizing economy of the 21st century give 

impetus to research in a wide range of scientific fields 

of knowledge, including classical teachings in 

cybernetics and information theory, advanced 

theoretical and applied developments in the field of 

information and communication technologies. If the 

former constitute the fundamental beginnings of the 

formation of information concepts, based on the 

heritage of the founders of thermodynamics and 

statistical physics, then the latter embody the original 

ideas of IT designers in high-tech products. Such an 

interdisciplinary approach opens up the possibility of 

solving the problems of assessing and analyzing 

entropy-information processes and their influence on 

the concept and models of industrial system 

management. 
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The purpose of the presented study is to recognize 

and interpret the features of the conditionality of the 

amount of control information of the knowledge 

level, the effect, its stability and the 

perfection/imperfection of control the functioning of 

an industrial system with the involvement of natural 

scientific postulates in the field of entropy-

informational interpretation of processes in dynamic 

systems. In view of this, the task of the study is to 

determine the mathematical dependencies between 

the characteristics of the system and their 

interpretation for use in adaptive control algorithms 

for industrial enterprises in a space perturbed by 

destructive factors and innovation flows. 

 

2 MATERIALS AND METHODS 
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Achieving the goals of the study involves a symbiosis 

of complementary natural science and social doctrines, 

the complementarity of which allows avoiding the 

fragmentation of analytical work and giving it 

sufficient completeness. The application of the views 

and methods of thermodynamics, statistical physics, 

cybernetics, theories of information, organization and 

stability, innovation management and economic 

analysis makes it possible to objectify the study of 

cause-and-effect relationships of entropy-information 

processes and the intellectual environment of an 

industrial system, in particular, the characteristics of 

orderliness, the effect of functioning and its stability 

from the point of view of evaluating the 

perfection/imperfection of the control of this system. 

3 RESULTS AND DISCUSSION 

Of economic systems in a space saturated with strong 

The response to the challenges and prospects of the 

knowledge economy was the focus of researchers on 

the development of its theoretical and methodological 

tools in the environment of the ongoing global 

political and economic restructuring. Among the 

many scientific publications devoted to this topic, we 

mention works that address the problems of the 

formation of a new technological structure of 

economic structures (Alekseeva, Babkin, 

Makhmudova, Yung, 2020), the impact of 

innovations in industry on structural changes in the 

Russian economy (Akberdina, Smirnova, 2021) and 

the development of technopolises and science cities 

(Chistyakova, 2012), the stability disturbances 

(Chuprov, 2021; Babkin, Chuprov, Tashenova, 2017; 

Sokolova, Kazantseva, 2021), analytics of the 

processes of ensuring the stability of innovative 

development in an uncertain and dynamic 

environment (Khudyakova, Shmidt, 2018), analysis 

of methodological approaches to assessing the 

effectiveness of innovations (Slobodnyak, Sosedova, 

2021). 

Among the impressive sources and successes of 

scientific and technological progress in recent years, 

one should note the revolutionary impact of 

information and communication technologies on the 

development of the economy, which accelerates the 

transfer and development of rapidly growing 

knowledge, transforming the structure and functions of 

economic systems and intellectualizing the tooling of 

production and management processes. The 

advancement of cognitive technologies leaves in the 

past the routine of documentary support of the stages of 

following products from their creation to exchange and 

consumption, expands the scope of traditional 

applications (office software suite, e-commerce, 

payment and search services, etc.) and invades the 

sphere of development and adoption of non-trivial, 

"smart" ("brain-like") solutions. 

In this regard, the notion of knowledge is 

semantically defined as a set of data and information 

that, taking into account expert opinion, professional 

skills and experience, lead to a valuable asset, a useful 

management decision (Knowledge management, 

2011). Experiencing the flow of technological and 

organizational innovations, the model apparatus of 

enterprise management with its rethinking and 

modernization is achieved by increasing its heuristic 

equipment and analytical functionality. 

In the aspect of the statistical paradigm (Boltzmann, 

1970; Gibbs, 1982; Brillouin, 1966; Shannon, 1949), a 

randomly affected dynamical system has a measure of 

entropy and uncertainty in its behavior. Already in the 

pioneering works on thermodynamics and statistical 

mechanics, they operated with the concept of the 

stability of the equilibrium of a material system isolated 

from external influences. It is known that L. Boltzmann 

revealed the regularity of the movement of any closed 

system to the final state with maximum entropy, and as 

a result of an irreversible process it will become 

equilibrium, and J. Gibbs showed under what 

conditions a stable, indifferent and unstable 

equilibrium of such a system is achieved. Moreover, it 

can have several equilibrium states, and then one of 

them, which corresponds to the largest of the maximum 

entropy values, has absolute stability.  

Later, in the application to the economic system, its 

entropy was associated with the degree of disorder of 

the system's behavior, and the change in its entropy, 

with the amount of information received or entered into 

the system. In the notation adopted in information 

theory, if the initial entropy  
*

H   of the system in the 

process of observing it decreases to a value H , the 

amount of information extracted in this case is equal to 

the difference between them:  

IHH  . 

It is important that in studies of control processes 

in the economy, information is recognized not only in 

the form of knowledge accumulated by society and 

control information circulating through the channels 

of its transmission from the source to its user and 

reducing the uncertainty (entropy) of the functioning 

of controlled complexes, but also in the form of 

materialized science-intensive information 

(inventions, technological innovations, etc.) in 

technical means and products of production. 



I will refer to the example of microelectronics as 

an illustration of the introduction of innovations and 

intellectual capital to the technology of 

manufacturing integrated circuits (Electronics, 1991). 

It is clear that their design was preceded by the 

discoveries of domestic physicists, engineers, 

designers, technologists, which ensured superiority in 

the industrial production of a number of electronic 

components. At the same time, innovations were 

embodied both in individual elements (miniature 

resistors, capacitors, inductors, etc.) and in their 

switching circuits, which became the embodiment of 

inventive thought. 

Traditional methods of layout and installation of 

devices in the early 90s of the last century gave way 

to new physical and chemical methods: growing 

single crystals, epitaxy, plasma-chemical, ion-beam 

processing, etc. Thus, the technology for the 

production of microelectronic devices is also 

"intellectualized", absorbing the know-how of 

advanced ideas and forming a promising science-

intensive activity. 

The design and technological development of 

microelectronics is reflected in a cardinal 

complication of the structure of integrated circuits: an 

increase in the density of placement of elements and 

a decrease in their size made it possible to concentrate 

more than a million elements per chip in them and 

increase the number of operations performed by 

them, reduced to the area of integrated circuits. 

The improvement of planar technology, in turn, has 

accelerated the mass production of large and very large 

integrated circuits. Progress was made not in 

individual, but in the whole set of parameters of 

integrated circuits (dimensions, weight, speed, design 

reliability) and economic indicators of their 

manufacture (volume of  output, profitability, etc.). 

A "breakthrough" direction in microelectronics was 

the increase in the information capacity of integrated 

circuits, up to the gigabit range. The design and 

technological information materialized during the 

design and manufacture of integrated circuits makes it 

possible to push its capacitive limit far and made it 

possible to record about a billion bits of information on 

one integrated circuit. 

From the standpoint of statistical physics, the 

dependence of the effect E  of the functioning of a 

controlled complex on the amount of control 

information I  introduced into it is statistically 

expressed by a formula argued by V. Trapeznikov 

(Trapeznikov, 1983): 
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where  maxE – is the effect of a perfectly working 

complex, 

       
0

B  – is the disorder of the complex in the initial 

state, 

       
0

I  – the amount of information characteristic 

of this complex. 

Visualization of the exponential dependence of the 

effect of the controlled complex on the amount of 

control information in it (1) is shown in Fig. 1. 

 

 

Figure 1: The effect of the controlled complex depending on 

the amount of control information in it (Trapeznikov, 1983). 

Disorder 
0

B  expresses the degree of deviation of 

the state of the complex from the extremely possible, 

which corresponds to the maximum value of maxE , 

and is always limited to unity: 
0

B  < 1. 

Associated with the chaotization of the behavior of 

the controlled complex, its disorder (often called 

"noise" by experts) serves as a reaction to various kinds 

of random disturbances arising in the complex due to 

unforeseen interruptions in the provision of resources, 

downtime of equipment and personnel, violations of 

technological and executive discipline, equipment 

failures, disagreement in decision making, etc. 

In the flow of control information entering the 

system, V. Trapeznikov separated the information i 

sent by the human-operator and the information cI  

entered by the control system (Fig. 1). 

We note two features in the dynamics of changes in 

the magnitude of the effect E  (1) of the functioning of 

the industrial system 



First, there is a changeable growth rate of the effect 

depending on the amount of control information I  sent 

to the system: as it becomes saturated in the curve of 

the graph, the time of the region of greatest curvature 

begins (Fig. 1), after which the increase in the value of 

the effect of the system decreases monotonically, 

despite the continued increase the amount of control 

information in it. 

Secondly, the asymptotic approximation of the 

upper branch of the curve of the function E  to the 

straight line of the maximum limit maxE  (Fig. 1) 

indicates the existence of an unremovable to the end 

disorder of the industrial system, which encourages us 

to follow a balanced approach to solving the problem 

of suppressing "noise" in it, taking into account the 

achieved the magnitude of the effect E  and the 

payback of attracted resources. 

Thirdly, in the absence of additional control 

information introduced into the industrial system ( I = 

0), the magnitude of the effect E  (1) does not decrease 

to zero and is numerically equal to: 

           .)
0

1(max BEE   

And this is true: in the initial state, before the 

control information I  enters the system, it contains a 

certain amount of information, as a result of which the 

industrial system has a non-zero effect E  of 

functioning. 

Let us analyze the conditions under which the 

values of the effect E  approach the minimum ( E 0) 

and maximum ( E  maxE ) limits. 

In accordance with equality (1), the minimum value 

of  E  takes place at: 

         00
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and with the continuation of the transformations, we 

find the expression: 

                         .
00

ln BII                      (2) 

On the other hand, the tendency of the magnitude of 

the effect E  to the maximum ( E  maxE )  according 

to formula (1) implies an approximation to unity: 
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or its equivalent: 

                             ,00
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which, for a given value 
0

B  is feasible with an 

unlimited "pumping up" of the control information 

system: .I  

It is appropriate for the analytics of the behavior of 

an industrial system to compare the current value of the 

effect E  of its operation with the theoretically 

maximum limit maxE . Using the relative value 

maxE

E

,  it becomes possible to evaluate not only the 

usefulness of control information for reducing the 

entropy of the system and extinguishing the hindrance 

that occurs in it, but also the success of the regulatory 

actions of the created and developed system control. In 

the concept of V. Trapeznikov, the ratio  

maxE

E  

determines the level of control perfection of the 

economic system cL  (Trapeznikov, 1983), reflecting 

the performance of its management personnel, and 

therefore we will accept: 

                       
maxE
ELc  .                     (3) 

Already noted, with a consistent increase in the 

amount of control information I  in the controlled 

complex, the curve (its upper branch in Fig. 1) of the 

effect of its functioning E  asymptotically approaches 

the straight line  maxE  and therefore, in relation to 

(3), the level value cL  is limited to unity: cL < 1.0. 

We formalize the dependence of the amount of 

control information  I  in an industrial system on the 

level of perfection of the control cL  of its 

management. Omitting mathematical 

transformations, we present the final form of the 

expression: 

             )(
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The exponential nature of the connection (1) 

brings us back to the logarithmic dependence (2) of 

the amount of control information I  entered into the 

system, on the magnitude of the disorder 
0

B  of its 

behavior and the level of perfection of the control cL  

of this system. 

Finally, the peculiarity lies in the nuances of the 

influence of the values 
0

B  and I  on the level  cL  

(4). In order to increase it, it is preferable to achieve 

an increase in the amount of information I  if the 

disorder of the system  
0

B  is low enough. In the 

opposite case, when the system has a very high value 

0
B , it becomes more difficult to increase its level  



cL , since to reduce the entropy of the system, an 

increase (disproportionate to the incremental effect 

E ) in the amount of control information I  in it is 

required. 

The calculations carried out by formula (4) give 

grounds for the following conclusions. In the initial 

state, at  I = 
0I  and disorder  

0
B = 0.50, the level of 

control perfection cL  = 0.82, while at higher disorder 

0
B = 0.75, the value cL  is lower ( cL = 0.72). 

Meanwhile, with increasing control information 

I  the discrepancy between the values cL  at different  

0
B  decreases. So, if the amount of control 

information I  is 5 times more (compared to 
0

I ) in 

the industrial system than it was before its arrival ( I
= 5

0
I ), then at the previous 

0
B  (0.50 and 0.75) 

values cL  coincide up to hundredths of values (0.99). 

It seems quite reasonable to search for a condition 

under which the effect E  of the functioning of an 

industrial system, together with  the level of 

perfection of the control  cL  (3), will be stable, 

despite the destructive effects exerted on the system. 

We assume that the level value cL  will be 

characterized by stability if its value remains in the 

allowable range of values from the lower c
l

L  to the 

upper c
u

L  limit: 

.cсc
ul

LLL   

Simplifying mathematical transformations, we 

find the desired condition for the stability of the level 

of perfection of the control of an industrial system  

cL : 

        .lnln
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1
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We state that in order to maintain a stable the level 

of perfection of the control cL  in a given interval 

,];[ cc
ul

LL the relative indicator 
0I
I  of the amount 

of control information in an industrial system must 

satisfy inequality (5). 

The graph of condition (5) is a curve (Fig. 2) that 

displays a non-linear relationship between the level of 

perfection of the control cL  of an industrial system 

and the amount of control information I  entered into 

it for a given value in the initial state 
0

I . 

Taking into account that the dynamics of the level 

of perfection of the control cL  (3) of an industrial 

system with a constant value of the maximum 

possible effect maxE  ( maxE = const) is determined 

by the achieved value of the effect E  of the system 

functioning, in fact, inequality (5) also expresses the 

condition for the stability of the magnitude of the 

effect E  when changing the amount of control 

information I  in an industrial system. Calculations 

according to formula (5) make it possible to quantify 

the distinctiveness of the conditions for ensuring level 

stability cL  for different limits c
l

L  and c
u

L  an 

allowable interval. 

 

Figure 2:  Graph of the non-linear relationship between the 

level of perfection of the control  cL  of an industrial system 

and the relative value 

0I
I  of the amount of control  

information introduced into it. 

It is expected that as these limits increase, the 

amount of control information I , required to be 

entered into the industrial system in order to cancel 

hindrances and maintain level stability cL  increases 

rapidly. So, comparing the volumes of information 

for intervals of the same length, but differing in 

boundary points [0.4;0.5] and [0.8;0.9] we find that in 

the second case it is required to ensure the input of 

control information into the industrial system (for the 

lower limits of  c
l

L  in 1.61:0.51 ≈ 3.16  and the upper 

limits of  c
u

L  in 2.30:0.69 ≈ 3.33) by more than three 

times 

Thus, the task of maintaining the stability of the 

level of perfection of the control cL  of the industrial 

system as it is maximized obliges to fill the system 



with a nonlinearly increasing amount of control 

information, and this entails a large-scale 

modernization of the industrial system control 

complex and again actualizes the question of the 

limits of expedient investment support for such a 

project. 

It was already mentioned above that for the 

innovative economy and its digitalization, the 

prerequisites for the growth of the effect of the 

functioning of the industrial system were not only the 

flows of control information circulating along the 

highways of communications, but also the widespread 

use of high-tech knowledge materialized in the 

technical base of the enterprise (the design of machines, 

equipment, their complexes, etc.), which determine the 

level of perfection of the system sL . The product and 

technological innovations introduced in them give 

modern quality to production equipment capable of 

mastering the manufacture of competitive industrial 

products, ensuring the adaptability and stability of 

enterprises in a business environment. According to V. 

Trapeznikov, the aggregate indicator generalizing the 

levels cL  and sL , characterizes the level of knowledge 

and skills used, or in short, the level of knowledge kL
, i.e. is measured using the expression: sck LLL   

(Trapeznikov, 1983). 

Mathematically, the value  kL  is proportional to the 

multiplication of productivity of labour, measured by 

the net product worked out, and capital productivity 

(Trapeznikov, 1983). The theoretical, methodological 

and applied value is the definition and interpretation of 

the dependence of the level of knowledge on the 

financial and economic indicators of an industrial 

enterprise, such as productivity of labour, autonomy 

coefficient, fixed production assets and normalized 

working capital, efficiency (turnover) of the 

enterprise's own funds. 

The analysis carried out by the author showed that 

in order to increase stability and maintain competitive 

positions, an industrial enterprise annually mastered 

the production of 10 to 14 new products and within 

three years increased investment in its development 

by 5.4 times. The vigorous technical re-equipment of 

the enterprise resulted in a significant increase in the 

cost of fixed production assets, but the indicators of 

profitability of own funds and assets of the enterprise 

decreased. Along with this, every year it increased 

management expenses (by 1.9 times) and financing of 

technical means (computers, etc.) and software 

products for management purposes, the cost of which 

increased by almost 11 times. As a result, the 

modernization of both the computers of managers and 

the technology of their activities made it possible to 

increase the level of knowledge of the control system 

by 2.2 times. 

Boundary conditions for changing the value were 

substantiated kL : the minimum limit was fixed by the 

autonomy coefficient, the maximum - by the share of 

fixed production assets and normalized working capital 

in the assets of the enterprise. At the same time, the 

smaller this share, the further the upper limit of the level 

value kL  is pushed back and the range for increasing 

the level of knowledge of an industrial enterprise 

expands (Chuprov, 2021). 

Let us introduce a characteristic that is opposite in 

meaning to the level of perfection of the control cL   (3) 

of an industrial system  and is determined: 

          ,
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E
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            (6) 

which it is logical to call the level of imperfection of 

the control cL  of the industrial system. 

Transform expression (1) to the form: 
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and taking into account equality (6), we find the 

formula for the level of imperfection of the system 

control cL : 
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For subsequent analytics of changes in its value, the 

first derivative of the function  cL  with respect to the 

variable amount of information I  at constant  
0

B  and 

0
I : 
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0

0
I
I

e
IdI

d BL c

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             (7) 

makes it possible to formulate remarkable 

conclusions. 

Firstly, the negative equal sign (7) indicates a 

decrease in the function  cL   with an increase in the 

amount of information I  in the industrial system, or 

in other words, according to (6), a monotonous 

increase in the level of perfection of the system 

control cL . 



Secondly, the coefficient 

0

0

I

B  affects the rate of 

the process of decreasing the function cL , since with 

its increase, the value of the function cL  decreases 

faster, and vice versa. In a word, the greater the 

disorder of the industrial system in the initial state 

0
B , the more rapidly the level of perfection of the 

system's control cL  decreases with the tempo input 

of control information into it. 

Moreover, from the point of view of trigonometry, 

the coefficient 

0

0

I

B  is the cotangent of an acute angle 

of a right triangle (Fig. 1): the ratio of the adjacent leg 

of the segment 
0

B  to the opposite leg of length 
0

I . 

And as the amount of control information I  grows and 

this angle increases, its cotangent in the analyzed 

interval decreases, and with it the rate of decrease in the 

level of imperfection of the control cL  of the industrial 

system (7). 

Thirdly, the non-linear nature of the decrease in the 

value (7) can be estimated from the following 

dynamics. When doubling the amount (compared to 
0

I
) entered into the industrial system of information from 

0
II   to 

0
2II    the rate of decrease in the level of 

control imperfection cL   (7) will decrease by 2.72  

times. And with the same doubling of the amount of 

information in the industrial system, but with a higher 

initial value  
0

2II   to 
0

4II    the rate of decrease 

in the level of control imperfection cL  (7) will already 

decrease by 7.39 times. 

Eventually we note that the non-equilibrium of an 

evolving industry, with the prevalence of integrating 

tendencies in it and the rooting of innovative 

transformations, is capable of initiating restructuring of 

industrial systems with chaotization of their 

functioning and a hierarchy of instabilities. After all, 

synergetics assigns the role of a trigger to extremely 

insignificant changes, which, nevertheless, can stir up 

the measured course of the economic process and start 

the processes of degradation and extinction of 

industrial structures. In view of this, modeling and 

analysis of such scenarios described by nonlinear 

dynamics (Akhromeeva, Kurdyumov, Malinetsky, 

Samarsky, 2007) is intended to provide answers to 

questions about the ornate pattern of changing stable 

and unstable equilibrium states of industrial systems 

(cycles, bifurcations, attractors, etc.).  

At the same time, the non-linear nature of the 

probabilistic entropy-information processes in the 

industrial system and the conditionality of the effect of 

its functioning enrich the theoretical, methodological 

and applied management tools and intellectual means 

to support managerial decision-making. Thanks to this, 

algorithms, models and production management 

technologies are being modernized in line with the 

development of high-tech industrial technologies and 

products. 

4 CONCLUSIONS 

Interpretation of the exponential dependence of the 

effect of the behavior of an industrial system on the 

amount of control information introduced into it 

generates the phenomena of nonlinearity discussed in 

the article in dynamics and the condition for the 

stability of the magnitude of the effect and the level of 

perfection/imperfection of controlling the functioning 

of this system. The analysis of the level of knowledge 

in it allows us to determine the degree of influence on 

it of a number of financial and economic indicators of 

an industrial enterprise and their minimum and 

maximum limits. The reasoned features of changing the 

characteristics of these processes introduce a 

significant nuance into the designed tools of innovation 

management in the environment of the knowledge 

economy. 

Analytical research should be directed to expanding 

the coverage of indicators of the functioning of the 

industrial system, searching and interpreting entropy-

information patterns of change and ensuring the 

stability of their values. The intellectualization of these 

systems motivates the disclosure of the relationship of 

a complex of their characteristics with the effect of the 

behavior of systems and levels of knowledge and 

perfection/imperfection of their control in highly 

chaotic environments: the perturbed space of world and 

domestic economic metamorphoses, oncoming flows 

of innovations and changes in technological patterns.     
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