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Abstract: In the classical views of thermodynamics and statistical mechanics, the phenomenon of self-organization of 

systems has an entropic nature and an increase in the order of their behavior is achieved away from the 

equilibrium state due to a decrease in the entropy of the system. In the development of this doctrine, cybernetic 

and information theoretical concepts postulate the need to curb and “expel” entropy processes in a dynamic 

system as a result of introducing information into it, which, with the displacement of entropy, streamlines the 

functioning of a system engulfed in chaos. Thus, under the influence of entropy and information, order is born 

in a self-organizing system, which encourages the search for its inherent patterns and their interpretation. The 

article presents a brief analysis of the dynamics and limits of change in entropy and the amount of information 

from the standpoint of ensuring the self-organization of the industrial system and a review of the disturbances 

to its innovation activity in order to equip with formulated conclusions theoretical and methodological 

provisions and applied tools for the development of these systems at the time of the formation of an innovative 

economy. 

1 INTRODUCTION 

With the emergence of thermodynamics and 

statistical physics, researchers acquired analytical 

tools for understanding the patterns of functioning of 

dynamic systems subject to the influence of random 

disturbances. The processes inherent in physical and 

chemical objects are often universal in nature and can 

be observed in social structures, which provides the 

basis for transferring knowledge about the 

characteristics and properties of natural objects to 

economic, in particular, industrial systems. We are 

talking primarily about entropy, first introduced in 

thermodynamics as a measure of irreversible energy 

dissipation, and in statistical physics - the probability 

of the realization of any macroscopic state. 

An example of an organic enrichment of 

knowledge is the borrowing from these teachings of 

the concept of entropy for use in information theory 

as a measure of the uncertainty of some experience 

(test) with different outcomes or the uncertainty of 

messages. Moreover, from the ideas about 
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information entropy, we can also carry out the 

opposite method - the derivation of all the most 

important provisions of statistical physics 

(Prokhorov, 1983, p. 904). 

A fundamentally important consequence of the 

Clausius inequality from thermodynamics for the 

problem under discussion is the statement that under 

irreversible adiabatic conditions (no heat exchange 

with the environment), the entropy of an isolated 

system only increases and becomes maximum in a 

state of thermodynamic equilibrium and, moreover, 

having absolute stability. Nowadays, complex 

nonequilibrium systems are the subject of the study 

of synergetics (Prigogine, Stengers, 2005; Haken, 

2005), within the paradigms of which the emergence 

of organized behavior of “order out of disorder” can 

be the result of external influences or the 

development of one’s own instabilities. 

In historical retrospect, the entropic interpretation 

of the behavior of a system goes back to the 
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pioneering studies of R. Clausius (Carnot, etc., 2007), 

L. Boltzmann (Boltzmann, 1970), J. Gibbs (Gibbs, 

1982), M. Smoluchowski (Carnot, etc., 2007) in 

thermodynamics and statistical physics. 

Over time, the entropy approach to the study of 

the functioning of systems demonstrated its 

constructiveness, mastering not only related areas of 

knowledge, but also those that were substantially 

different from them. It is noteworthy that the 

relationship between entropy, organization and the 

amount of information in a system was carefully 

studied in works on systems theory and cybernetics 

by L. von Bertalanffy (Bertalanffy, 1969), N. Wiener 

(Wiener, 1983), S. Beer (Beer, 1965), L. Brillouin 

(Brillouin, 1966), С. Shannon (Shannon, 1963), W. 

Ashby (Ashbу, 1959), etc. 

The interdisciplinary scope of solving the 

problem of designing adaptive management of 

industrial systems in a space saturated with 

innovation flows enhances the tools for increasing the 

efficiency and stability of industrial enterprises in a 

competitive environment. 

2 MATERIALS AND METHODS 

By summarizing the views and methods of 

fundamental sciences – thermodynamics, statistical 

physics, nonlinear dynamics, synergetics, 

cybernetics, information theory – a research 

methodological apparatus is formed, which has found 

application in the presented research. Thanks to this 

diffusion of systemic knowledge, the necessary 

prerequisites appear for the analysis and 

interpretation of self-organization processes in 

economic structures in a business environment 

disturbed by innovative and destructive factors. 

3 RESULTS AND DISCUSSION 

The founder of information theory, C. Shannon, 

determined the amount of information  I extracted or 

entered by the difference between the maximum 

possible entropy mH  of the information source  and 

its current value H (Shannon, 1963): 

                     HHI m                               (1) 

and thus the amount of information I measures the 

eliminated uncertainty, estimated by the values of 

entropy mH  and H . 

Note that their ratio 
mH

H
 with the change 

interval [0;1] shows to what extent the current 

entropy H  differs from its maximum value mH , i.e. 

the degree of disorder in the system, which we 

indicate with the symbol R : 

                         
mH

H
R  .                              (2) 

Meanwhile, to describe the order in the system, H. 

Foerster (Foerster, 1964, p. 122) quite logically 

proposed to use a value R  complementary to unity, 

and known as the Shannon measure of relative 

entropy or redundancy, also with a variation interval 

[0;1], designated R : 

                     
mH

H
R  1                        (3) 

and taking into account equality (1) we can write for 

the quantity R : 

mm

m

m H

I

H

HH

H

H
R 


1 .         (4) 

 

The relationship between the rates of change in 

the level of order in a system, its maximum entropy 

and the amount of information in it deserves analysis. 

To do this, let us represent formula (4) by the equality 

mRHI   and after its differentiation 

                                              

dt

dR
H

dt

dH
R

dt

dI
m

m                    (5) 

let's find the required expressions. So, when the 

quantity mH  remains constant ( mH = const) and 

dt

dHm
= 0, it follows from (5) that 

dt

dI
H

dt

dR
m

1 . 

 

Acting as a coefficient, the inverse value of 

maximum entropy 1
mH  affects the rate of growth    

of the order level R  and the more 
mH , the less 

dt

dR
, and vice versa. And since expression (1) is 

characterized by the equality IHHm  , at 



mH  = const an increase in the amount of 

information I  in the system is accompanied to the 

same extent by a decrease in its entropy H , which 

leads, according to (4), to an increase in the level of 

order R . Moreover, the inverse function  1
mH  is 

defined everywhere and has no restrictions or 

extrema. 

In another special case, when the quantity R  is 

constant  ( R = const) and then  
dt

dR
= 0, from (5) we 

obtain 

                    
dt

dH
R

dt

dI m                           (6) 

and we can assert that the coefficient R  connects the 

rate of change in the amount of information and 

maximum entropy by a directly proportional 

relationship. In addition, according to equality (4), in 

order to maintain a stable level of order R  in the 

behavior of the system, the increase 
mH  is 

compensated by a corresponding increase in the 

amount of information I  entering the system. But 

since, by definition R 1, equality (6) gives rise to 

the relation 
dt

dH

dt

dI m
 , and thus the rate of 

growth of the amount of information I in the system  

cannot exceed the rate of increase in the maximum 

entropy 
mH  in it. 

Now let us turn to the limits of change in the value 

of entropy and the amount of information, which are 

determined by the nature of self-organization of the 

industrial system. To do this, we resort to the 

inequality (Chuprov, 2023): 

              ,
dt

dH
I

dt

dI
H m

m                      (7) 

which, taking into account (4), we rewrite in the form: 

            

mm dH

dI

H

I
R                        (8) 

and for a self-organizing system we will find a limit 

for the level of order in it R : 

                      

mdH

dI
R  .                            (9) 

Inequality (9) sets an upper limit for the value R , 

which is higher, the greater the increase in the amount 

of information I  in the system compared to the 

increase in its maximum entropy 
mH . A simple 

analysis of this inequality leads to non-trivial 

conclusions regarding the interdependence of 

quantities 
mH   and I  in the process of self-

organization of the industrial system. 

1. In the special case, when the amount of 

information I  in it is constant ( I = const) and 

therefore dI  = 0, using expression (9) we find 

R  < 0, which is impossible by the definition of the 

indicator R . According to its meaning and 

calculation using formula (3), the value R  belongs 

to the interval [0;1] and cannot take negative values. 

This leads to the conclusion that there is no alternative 

to a monotonous increase in the amount of 

information I  in the system in the process of its self-

organization.                            

2. In continuation, we rewrite inequality (8) in 

the form: 

,

m

m

H

dH

I

dI
   

which determines the requirement that the increase 

in the amount of information I  be faster than the 

increase in maximum entropy 
mH . 

3. Hypothetically let us assume that the 

information entering the system completely 

neutralizes entropy ( I =
mH ), and then, according to 

(4), the level of order R  of the system reaches the 

upper limit: R  =  1. If after this the increments of 

entropy and the amount of information in the system 

are the same, we can theoretically assume that such 

an alignment of their dynamics will not change the 

level of order in the system. However, according to 

expression (9) at dI  = mdH  value R  < 1, which 

contradicts the guess about the maximum R = 1 and 

gives reason to reject the hypothesis about the 

possibility of completely displacing entropy from the 

system even with a massive input of information into 

it, i.e. in any case I 
mH , the value according to 

(1) of the entropy of the system is H  0. 

4. Next we see that since H  0, according to 

equality (1) we always have I <
mH . In other words, 

the amount of information the system has always 

remains less than its maximum possible entropy. 



5. Let us now transform inequality (7), replacing 

in it, in accordance with (1), the indicator I  with the 

difference that determines it :)( HHm   

,)(
)(

dt

dH
HH

dt

HHd
H m

m
m

m 


  

after which we write the inequality for entropy 

indicators that is identical to the condition of self-

organization (7) of the industrial system: 

                                                              

.
dt

dH

H

H

dt

dH m

m

                   (10) 

And obviously, if the system is characterized by a 

constant value of maximum entropy (
mH = const) 

and then 
dt

dHm
 = 0, according to (10): 

0
dt

dH
 

in a self-organizing system the rate of entropy growth 

H  decreases. 

6. Taking into account that by definition (1): 

dt

dH

dt

dH

dt

dI m  , 

this process occurs under the influence of an increase 

in the speed of information 
dt

dI
 entering the system. 

7. By analogy with the upper limit (9) for a self-

organizing system, we can find a lower limit for it, for 

the purpose of which we turn to formula (2) for R  

and substituting it into expression (10) we arrive at 

the inequality: 

                     .
mdH

dH
R                            (11) 

If the upper limit (9) for a self-organizing system 

was formalized for the level of order R  in it, then the 

lower limit R   (11) is for the level of disorder. In the 

second case, the value R  is not inferior to the ratio 

of entropy increments H  and 
mH  and with excess 

dH > 
mdH  the minimum level threshold R  

increases as expected and vice versa. 

In conclusion, we will touch upon the 

disturbances to the innovative activity of the 

industrial system and their classification from the 

point of view of the influence of disturbances on the 

functioning of these systems. 

Along with excluding the facts of destruction of 

information in the process of receiving, transmitting, 

processing and storing it, it is reasonable in this 

regard to turn to methods of combating disturbances 

in the technical field and the theory of potential noise 

immunity for communications, the founder of which 

is Acad. V. Kotelnikov identified a number of 

interference with radio reception: 

A. Sinusoidal interference in the form of one or a 

finite, usually small, number of sinusoidal 

oscillations (interference from stray radiation from 

radio stations). 

B. Pulse interference in the form of single pulses, 

following one after another at such long intervals of 

time that non-stationary phenomena in the radio 

receiver from one pulse have time to practically fade 

away by the time the next pulse arrives (atmospheric 

interference, interference from electrical appliances). 

C. Normally fluctuating (smooth) interference, 

also consisting of individual pulses, but occurring one 

after another so often at random intervals that non-

stationary phenomena in the receiver from individual 

pulses are superimposed on each other in such a form 

that they can be applied to laws of large numbers, 

probability theory (lamp noise, noise from the 

thermal movement of electrons in circuits, etc.). 

D. Intermediate type pulse interference, when 

non-stationary phenomena in a radio receiver from 

individual pulses, although superimposed on each 

other, are not in such large quantities that the laws of 

large numbers can be applied to them with sufficient 

accuracy. This is an intermediate case between cases 

B and C (Kotelnikov, 1998, p. 7-8). 

Let us put forward the hypothesis that in an 

economy with sensitive interference it is possible to 

detect disturbances identical in nature that disrupt the 

order of functioning of innovative industrial systems, 

for which we illustrate these disturbances with 

examples. 

In particular, periodic fluctuations in demand for 

innovative products can be taken as sinusoidal 

disturbances (group A), forcing industry enterprises 

to adapt to its wave-like tendency and incur losses due 

to uneven workload of production personnel and a 

fleet of high-tech equipment. 

Impulse disturbances in the form of single pulses 

(group B) occupy a polar opposite position in the 

sense of stationary appearance relative to 

disturbances of group A and in the economy they 

represent noticeable surges in prices for consumed 

resources or mastered innovative goods that occur 



from time to time, when innovators have the task of 

payback costs. Meanwhile, the sharp pace of change 

against the background of long intervals between 

price jumps allows industrial enterprises to adapt to 

the price factor and restore, to one degree or another, 

an acceptable operating mode. 

Normal fluctuation (smooth) disturbances (group 

C) is distinguished by comparative frequency and 

regularity and in the economic aspect resembles 

fluctuations in the rhythm of the technological 

process with the transition to the manufacture of a 

new type of innovative product, caused by various 

organizational reasons (arrhythmia in the supply of 

components, operating department flows of 

workpieces, parts and etc., failures in documentation 

support, deviations from production technology, 

etc.). 

Finally, impulse disturbances of the intermediate 

type (group D) makes itself felt during episodic 

disruptions in the supply of resources for the 

production of innovative products, which are quite 

noticeable for the functioning of the industrial 

system, but occur less frequently than previous 

disturbances. These, apparently, are aperiodic large 

non-payments by buyers for purchased products 

(debit indebtedness), violations in the fulfillment of 

orders for the manufacture of innovative products, 

which leads to overloads in certain periods of the 

industrial system, etc. 

The above grouping of disturbances to the 

planned activities of the industrial system is, of 

course, very conditional, like any similar 

classification. Its purpose is that it reflects the 

spectrum of typical disturbances and offers a 

principle for their systematization, allowing for the 

possibility of clarifying and introducing additional 

classification groups as analytical material 

accumulates. This enriches the methodology and 

tools for the development and operation of an 

adaptive management system and risk management 

of an innovative industrial system, which creates the 

prerequisites for increasing its stability in the 

turbulent flow of external disturbances. 

4 CONCLUSIONS  

With the search and interpretation of entropy-

information patterns of self-organization of an 

industrial system, it is appropriate to shift attention 

and analytics to substantiating cause-and-effect 

relationships with the efficiency and stability of the 

functioning of these systems. From the standpoint of 

nonlinear dynamics (Akhromeeva, etc., 2007; 

Chuprov, 2016) and synergetics, nontrivial 

metamorphoses and restructuring of evolving 

systems with combinations of equilibrium and 

nonequilibrium, stable and unstable stages of their 

behavior (Arnold, 1990) form a research agenda, the 

implementation of which will require the use of 

economic-mathematical modeling technologies and 

computer experiments. The attractiveness of this 

scientific work in various scenario conditions will be 

caused by the acceleration of the development of the 

innovative economy and its digitalization in a 

business environment disturbed by destructive 

factors. 
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