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Ecology and industry bond. Commonly, ecological 

systems are badly affected by industrial objects. Their wastes 
and byproducts pollute the environment. However, industrial 
objects are vertices of the impetus of economy development 
that results in a gross domestic product (GDP). A part of it 
feeds the protection and support of the ecology. Without the 
ecology support, industrial pollution grows and eventually 
subjects of the pollution make additional expenses to recover 
vanishing resources. Then the GDP starts deteriorating. On the 
other hand, industrial objects can forcedly invest into ecology 
only a small part of their profit, because otherwise an annual 
GDP will be under-received. So, ecology and industry are in a 
bond whose balance is important for development of both.  

The strategy of sustainable development. By a hard logic 
pattern of production, an industrial object applies either an 
ecologically clean mode or does not apply it polluting the 
environment. The clean mode has its cost, but the non-clean 
mode may result in all the objects (being the subjects of the 
pollution) are fined when the total volume of pollution exceeds 
its limit set by the government. The fining is imposed 
regardless of a subject has applied the clean mode or not. The 
subjects thus virtually interact through their pollutions 
choosing between clean and non-clean modes. A model of the 
interaction among N  subjects is an N -person dyadic game [1] 
whose payoffs represent losses of the subjects. The losses 
include both clean mode costs and potential fines. Here, let kq  

be a probability of selecting the clean mode by subject k , 
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be minimal and simultaneously individual losses  *
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close as possible [2].  
Expert estimations. The N  matrices can be estimated by 

using the expertise of industry practitioners and governors. As 
there are only two pure strategies 1kq   and 0kq  , the total 

number of all entries is 2NN  . So, it is not difficult to conduct 
such estimation procedures and analyze them for the 
consistency. The loss scale can be binary with an option to 
omit some estimates, wherein the null estimate is then assigned 
to the averaged value of the scale. For instance, a quarter of 

2NN   estimate cells in the questionnaire can be optional. The 
estimation procedures can be conducted through specific 
groups in social networks. A database for expert estimations 
must include a list of expert groups, all experts enumerated and 
assigned to those groups, and a list of estimation procedures. 
The database is used to trace successfulness of estimation 
procedures and to redistribute weights of experts in order to 
calculate the most reliable estimates of the loss matrices. 

Genetic algorithm approach. Generally, it is impossible to 



find  *
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N
k kq   but an approximately best situation  *
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  is 

determined by using the genetic algorithm (Fig. 1). To binarize 
the probabilities, conversions  20 00 0   and  21 11 1   

are used [3, 4]. The algorithm returns the most rational 
ecology-favorable strategy for every subject and approximates 
thus the sustainable development of ecology and industry.  
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Fig. 1. The flowsheet to find approximately the best solution 



Discussion and conclusion. Despite the dyadic game model 
is seemingly very simple, it is a way to balance the 
requirements of ecological systems and needs of industry. 

Practical implementation of situation  *
1

N
k kq 
  relies on every 

probability has a finite number of digits after decimal point. 
Then the subject implements its most rational strategy through 
the process of randomly combining pure strategies 1kq   and 

0kq   with respect to the fraction in the probability. However, 

the time span of the implementation process is extended as the 

representation accuracy of probabilities  *
1

N
k kq 
  is improved 

[1]. The more accurate strategic approximation of sustainable 
development of ecological systems and industry lasts longer. 
The time unit during which the mode is unchangeable depends 
on the industrial production branch. Usually the shift of the 
mode becomes possible after a day or a few days, week, month. 
The time span of achieving the sustainable development 
stabilization is shortened by increasing the frequency of the 
subject functioning mode shift [1]. 
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Abstract 
A model of balancing ecological systems and industrial 

objects is presented. The model is a dyadic game whose 
players are the subjects of the environment pollution. 
The approximately best strategies of the subjects 
allowing to simultaneously minimize their losses of clean 
mode costs and potential fines by the government are 
found by a genetic algorithm. The strategies constitute 
the most rational ecology-favorable strategies and 
approximate thus the sustainable development of ecology 
and industry. The more accurate strategic approximation 
of the sustainable development lasts longer. It is 
shortened by increasing the frequency of the subject 
functioning mode shift. 
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