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Abstract: The aim of the paper is to study and develop the processes of economic and
environmental support for the restructuring of enterprises in Russia and abroad. To
achieve this goal, the paper substantiates the relevance of environmental assessment of
the restructuring system, reviews the theoretical bases and practices of economic and
environmental aspects, presents the methodology for the formation of ecological and
economic system in enterprises during the restructuring. It is known that environmental
measures are financed on a residual basis. The problem of optimization of financial re-
sources aimed at the update of business processes and environmental measures is rele-
vant both for the operation of enterprises and its restructuring. The paper substantiates
the need for planned and preventive economic and environmental support of enterpris-
es. Due to this, the authors developed and proposed the cost allocation for the measures
to reduce environmental risks of the enterprise using the mathematical programming,
especially, the vector optimization (Pareto set). The proposed methodological recom-
mendations based on optimizing the cost of environmental measures in the ongoing re-
structuring to ensure the maximum total reliability allows a more rational funds distri-
bution in the system of administrative decisions.

Keywords: economic and environmental system, optimization of financial resources,
vector optimization, restructuring of enterprises.

1. INTRODUCTION

The current environmental situation and trends are largely determined by indus-
trial production and economic activity. Despite some successes and achievements, the
overall state continues to deteriorate, leading to the further expansion of the environ-
mental crisis in the world. The main reason for this situation is inefficient environmental
control and management mechanisms used in industrial production, which are mainly
based on strict administrative methods and enforcement. A civilized market needs an
economic interest in reducing the environmental damage and compensating the losses.
Due to the changed economic and legal relations between the owner and the state, the
industrial companies are also interested in reducing environmental risks, since the
damage compensation to the natural environment and society falls on the enterprises
themselves.

The Russian Federation today is characterized by a lack of understanding and
underestimation of the ongoing changes in solving environmental problems, up to com-
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plete disregard of such changes. Another opinion is the extreme simplification and limit-
ing to the formal implementation of a number of common requirements. Such a position
leads to inevitably missed economic opportunities and direct losses, both for individual
industrial companies and for the country. The increasing number of explicit and implicit
restrictions and corresponding losses for Russian producers in international commodity
and financial markets may serve as an example.

The aim of the paper is to study and develop methodological principles and prac-
tical recommendations for economic and environmental support of enterprise restruc-
turing. To achieve this goal, the following tasks were solved:

- substantiation of the need for environmental assessment of the enterprise re-
structuring system,;

- analysis of the terminology of the enterprise restructuring theory;
- analysis of methodological support of environmental aspects of enterprises;

- development of methodology to optimize the cost of environmental protection
measures in the system of enterprise restructuring.

2. MATERIALS AND METHODS

Analysis of practical aspects of the problem. The global trend of stricter legisla-
tion in environmental protection suggests that only economic and environmental sup-
port for the restructuring of enterprises is the only way to survive in the modern envi-
ronment. The restructuring of the enterprise has high expectations in improving the ef-
ficiency of production and ensuring the competitiveness of the manufactured products,
which should economically support financial stabilization.

The authors believe that in Russia, the paradoxical situation of "free" use of natu-
ral resources in the economy or their minimum price, which has been developing until
recently, was one of the reasons for the irrational use of natural resources, the huge
wastefulness of the economy. There was an illusion of inexhaustibility, "gratuitous” na-
ture of resources. Industrial and agricultural enterprises have mismanaged and are now
using the means of production of natural origin, with little responsibility for any damage
(or making minimal payments for pollution), which allows them to overestimate their
production results.

The economists are aware of the "ecological inferiority" of the modern economy.
For example, the study of a group of experts conducted under the leadership Of R. Con-
stanta (University of Maryland) singled out 17 categories of functions and services of
nature, which included the regulation of climate, gas composition of the atmosphere, wa-
ter resources, soil formation, waste processing, genetic resources, etc. The calculations
of these scientists produced a total estimate of these functions at an average of 35 tril-
lion USD, which is twice the GNP created by mankind (18 trillion USD per year) [9].

According to Bobylev S. N. and Stetsenko A. V. [9], adequate consideration of the
economic value of nature requires the determination of at least a cost estimate of three
natural functions: provision of natural resources; assimilation of waste and pollution;
provision of people with natural services such as recreation, aesthetic pleasure, etc.
These three functions can also be presented as components of one common function of
the natural environment - the life support. If the first function of the market economy is
often undervalued, the economic estimates of the second and third natural functions are
either absent or minimal. Namely, these costs of assimilation potential and natural ser-
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vices are crucial for determining the economic value of many natural functions, for ex-
ample, the preservation of biodiversity of protected areas.

The authors believe that the consideration of the economic value of nature is es-
sential for improving environmental protection and the use of natural resources. This is
very important, especially for the right economic decision-making. It is necessary to de-
termine the economic feasibility, compare costs and benefits in order to make such deci-
sion. The missing or underestimated value of natural goods results in a deliberate reduc-
tion in the benefits of their preservation. The problem is that nature as a commodity has
no price, so as a result, when comparing different development options; the option of
preserving nature loses compared with traditional economic solutions.

In Russia, this situation is clearly manifested in making decisions in favor of the
development of the extractive industry, forest and agricultural sectors. The insufficiency
of modern environmental financing in Russia can be shown in its absolute terms in com-
parison with the USA. The annual costs for atmospheric air protection in the USA are ap-
prox. USD 35-40 billion average for the last 10 years. Similar costs in Russia amounted
to less than $2 billion. That is, in absolute terms, about 20 times lower than in the United
States. The same ratio occurs in other areas of environmental protection. Of course, the
given level of costs in the US is impracticable for Russia in modern conditions [15].

In developed countries, the approach to environmental problems by the govern-
ment is quite strict: the pollution standards of harmful substances in exhaust gases are
toughening up. In order not to lose its market share in the current conditions, Honda
Motors software-implemented the priority of the purity of the exhaust with the help of
microprocessor control of the ignition system, instead of "squeezing" the extra HPs from
the engines. At the intermediate stage, exhaust toxicity decreased by 70%, and the en-
gine power reduced by only 1.5% [13].

The market methods to regulate the purity of environment carried out in the
United States since the 70s of the last century are much interesting. One of them, the so-
called "bubble principle" is based on combining the state and regional interests with the
interests of individual entrepreneurs. The state establishes a certain limit on environ-
mental pollution for each region, which should be maintained in the joint operation of
regional enterprises. Those enterprises that manage to reduce emissions (that is, their
discharges are below the permissible level) could use their "surplus reduction" for sale
to other regional enterprises that have their emissions above the standard. There are
five "environmental banks" in the country, the deposits to which are these "surpluses”
[15].

Japan has different, no less rigid system for new enterprises: new construction
and reconstruction projects are required by law to have the volume of pollutant emis-
sions per unit of production 7 times lower than its level at existing enterprises. The ad-
vantages of this system are that it stimulates the entrepreneur to the most saving solu-
tions to the task of environmental protection, i.e. creates conditions for the introduction
of more cost-effective and clean technologies.

The overall economic growth and changes in the environment are closely related.
With the development of social production, the influence of man on nature and the use
of its resources is increasing. In this regard, the consideration of social development
without due regard to environmental factors and the laws governing the relationship of
society and nature may lead to undesirable economic and social consequences. The fur-
ther development of production powers is connected with the involvement of significant
amounts of natural resources in the economic turnover and an increase in the environ-
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mental load. The state of the environment can significantly influence the development of
production forces, accelerating or slowing down its dynamics.

Social development has numerous contradictions between the increasing needs
of people and the limited capacity of the biosphere, natural resources to meet them, as
well as the relationship between the state of the environment and the pace of economic
growth. Maintaining the high pace of economic growth without implementing corre-
sponding environmental policies leads to environmental degradation. The economic
losses caused by pollution and depletion of natural resources mean the actual decline in
the rate and level of national income achieved.

Recently, the media has been talking much about environmental problems, the
critical level of environmental pollution, and the environmental crisis. Many people
think that the solution is the introduction of resource-saving technologies, reducing
emissions, the use of secondary raw materials, and direct environmental measures (con-
struction of various treatment facilities, filters, creation of protected areas, etc.).

Now the most cost and environmentally effective way to solve environmental
problems are alternative solutions. One of them is the restructuring of the economy, that
is, the redistribution of financial, labor and material resources in favor of resource-
saving, technologically advanced industries and activities. According to numerous esti-
mates, the change in the structure of the economy will release 20-30% of the inefficient-
ly used natural resources with an increase in the final results. These released resources
pass to the state, which finds them an effective owner.

Unfortunately, the level of competitiveness of Russian enterprises does not corre-
spond to the international one. The country has highly educated staff, natural resources,
huge market potential, as well as the opportunity to purchase the latest equipment.
Moreover, despite the widespread opinion, business leaders have real opportunities to
attract the necessary capital. The restructuring of enterprises is meant to solve these
problems.

Analysis of the theoretical bases of the subject

The implementation of restructuring programs can significantly improve the
competitiveness of companies, lead to overcoming negative situations in economic de-
velopment, and solving problems of environmental protection. he Russian practice of
economic activity has widely used the concepts like "reform", "restructuring” and "reor-
ganization" of enterprises, while many of the researchers are trying to interpret these
terms in their own way; often one concept is replaced with the other. I observed it even
in officially published documents. The authors believe that the concept of "reform" does
not refer to the enterprise, but to the industry as a whole or to the economic system.

The following sources [20, 21] indicate that restructuring is the main means of
reforming the enterprise. This process involves improving only the structure of the en-
terprise, not the management functions, as the authors point out. Improvement of en-
terprise administrative functions refers to the concept of "reorganization". Other au-
thors - Trenev V. N,, Irikov V. A,, S. V. Allemanov [26] - put together both "reform" and
"restructuring”. In their opinion, the reform refers to the strategy and reorganization of
the enterprise, and restructuring - mainly to changes in the structure of the enterprise
and its products. However, one can say for sure that restructuring is not the only means
of reforming enterprises, and the above gradation of actions corresponding to these
concepts is not exact.

Restructuring according to [19] is "...structural reorganization in order to ensure
the efficient distribution and use of all resources of the enterprise, which consists in the
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creation of a complex of responsibility centers on the basis of division, connection, liqui-
dation (transfer) of existing and organization of new structural units, accession to the
enterprise of other enterprises, acquisition of a certain share in the authorized capital or
shares of third parties". This definition specifies the concept, indicating that restructur-
ing refers to changes in the structure and the enterprise and its products. The author
does not differ the concept of restructuring and reorganization. Division, consolidation,
and liquidation of existing units and joining other enterprises refers to the concept of
reorganization, not restructuring.

According to [20], restructuring is a complex optimization of the enterprise func-
tioning system in accordance with the requirements of the external environment and the
existing strategy of its development. It contributes to the fundamental improvement of
management, increase of efficiency and competitiveness of production and products on
the basis of modern approaches to management, including the methodology of quality
management, re-engineering of business processes, information technologies and sys-
tems, etc. The authors can say that this definition balance all aspects of the enterprise
and implies a systematic nature of optimization.

From the point of view of the system approach, all the authors make a system er-
ror while missing a link of the studied category with the environment. The ties within
the system covered by all authors, but interaction with the external environment, social
and environmental aspects are not studied. However, these problems significantly affect
the activities of the enterprise. There are numerous examples to this fact: Environmental
pollution caused by the company leads to an increase in the morbidity of the working
population (from the same company), and, consequently, reduces its financial perfor-
mance. Today, when the environmental situation becomes more and more threatening,
addressing the issues of restructuring in order to change the management system for
finance, the company and the organizational structure, one cannot but take into account
social and environmental problems.

The authors think that restructuring is the process of complex optimization of the
financial and economic activity of the enterprise, regarding the influence of the external
environment and existing development strategy. Now, in the setting of an acute envi-
ronmental crisis, one can think of introducing environmental measures in restructuring
of enterprises, not only to stabilize the environmental situation, but also to improve the
quality of the environment. To enter the international market, the successfully function-
ing enterprises need such restructuring, while the unprofitable ones need incentive
measures from the state to carry out restructuring simultaneously with measures to
overcome the crisis.

The moment when environmental protection will be of interest to business exec-
utives no less than the main production will be the moment of the transition to econom-
ic and environmental thinking in production activities, and towards the interest in envi-
ronmental management. It should be noted that the restructuring scheme of each enter-
prise is individual, therefore it requires due regard to its industrial and production and
technical characteristics, relationships between departments, and the existing property
relations.

In author's opinion, nowadays the several common scenarios that have emerged
in the course of the ongoing organizational reforms of Russian enterprises can be distin-
guished. They are: conclusion of lease agreements with structural units; creation of sub-
sidiaries; transfer, sale and commercial use of social facilities; allocation and sale of aux-
iliary, not corresponding to the strategic concept of the enterprise units and types of
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business, as well as the formation of large production complexes of technologically re-
lated enterprises.

Many Russian economists (B. Mil'ner, Kh. Mingazov, Yu. Vinslav etc.) noted the
dangerous phenomena in the organizational restructuring of large enterprises and asso-
ciations. There are many examples of artificial fragmentation and disaggregation leading
to disruption of the technological chain and reduction of strategic opportunities. One of
the negative examples is the creation of 400 independent airlines on the basis of a single
Russian airline "Aeroflot". Only 20 of these created were viable [21]. According to many
leading economists, it is not the destruction, but the transformation of existing forms of
integration into market structures can give a real chance to holdings, consortia, and
business associations - the modern corporations of associative type.

Practice shows that a prerequisite for achieving financial well-being of the enter-
prise is a rational management scheme. The most important instrument in this scheme
is modern information technology, and, in particular, an integrated enterprise manage-
ment information system. The system can help a company, which is widely distributed
geographically, to achieve "transparency” and manageability of financial and commodity
flows on a day-to-day basis and to become one of the most powerful levers in the im-
plementation of strategic plans.

The authors believe that at a time when the environmental situation is becoming
more threatening, while addressing the restructuring, one cannot but consider the envi-
ronmental problems. Currently, the enterprises need the establishment of interrelations
between results of economic activity and indicators of ecological compatibility of prod-
ucts, as well as its production technology.

The inevitable environmental restrictions on business activities and the regulato-
ry role of the state in environmental management and protection is increasingly consid-
ered by leading economists and environmentalists [13, 16, 18, 24] as the only way out of
the crisis. One of the main problems of modern production systems, despite the
measures taken, is numerous accidents. At the same time, the scale of individual acci-
dents is growing, and their consequences are becoming more severe. At the present
stage of social scientific and technical development, it is impossible to ensure absolute
safety of complex technical systems and technologies. In systems that have stored ener-
gy of chemically and biologically active components, zero risk is impossible, the acci-
dents are always possible. Recognition of this fact radically changes approaches to envi-
ronmental safety of industrial facilities, technologies and systems. The real reduction of
the industrial production hazards lies in the transition from the concept of "absolute
safety” to the concept of acceptable risk and industrial safety management of the pro-
duction facilities. All this can be achieved at the stage of planned preventive production
restructuring [1,2].

Economic reforms in Russia that radically changed the management system, as well as
the nature of the business environment, determined a new view of the enterprise's capabili-
ties in the environmental sphere. This is reflected in the works by I. Afanasenko, V. Bil'chak, A.
Bobrov, S. Bobylev, V. Voznyak, Ya. Vishnyakov, A. Golub, V. Ivchenko, N. Kiseleva, E. Korotkov,
N. Pakhomova, L. Potravny, N. Reymers, G. Serov, and N. Tikhomirov. The scientific substantia-
tion of the concept of economic and environmental development of the Russian Federation
and its subjects is studied in the fundamental scientific works by L. Abalkin, A. Buzgalin, E.
Girusov, V. Golubev, V. Danilov-Danil'yan, I. Krasovskaya, K. Losev, L. Nesterova, I. Potravny, B.
Porfir'ev, A. Suetin, T. Khachaturov, N. Chepurnykh, and others.

The successful resolution of modern economic and environmental problems and the
search for ways out of the extreme natural and economic crisis are largely due to the devel-
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opment of a wide range of economic and environmental problems. Their analysis and resolu-
tion are studied in the works of the following foreign scientists: G. Blomtusta, B. Kommoner, D.
Medouz, M. Mesarovich, E. Pestel', A. Pigu, D. Pirs, B. Uord, S. Uortner, J. Forrester, et al.

The current level of development of environmentally sustainable entrepreneurship is
studied in the works by R. Uelford, G. Vinter, A. Gauldson, K. Gofman, T. Dillik, D., Ottmann, K.
Pitti, M. Porter, K. Rikhter, P. Roberts, V. Khopfenbeck, S. Shmidkheyni, etc. The air and water
pollution can harm the population, the destruction of recreational ecosystems leads to
adverse social consequences, the pursuit of cheap raw materials can cause its deficit.
The consequences are the damage to the enterprise, which could be much less if a set of
environmental measures have been taken timely.

Methodology for the formation of economic and environmental system in the en-
terprise

The authors believe that the resolution of the studied problems should be carried
out through the creation and operation of ecological and economic systems, which are a
set of resources (and methodological techniques for their optimization), technical devic-
es and elements of the natural environment. On the one hand, they provide high produc-
tion targets, and on the other, they maintain favorable environmental conditions in the
zone of their influence, the maximum possible preservation and reproduction of natural
resources [6, 8]. The production impact on natural systems is manifested in the extrac-
tion of natural resources, the disposal of industrial waste (pollution), etc.

In turn, the environment can also affect the enterprise. This impact leads to the
destruction of the controlled subsystem, and consequently, the entire ecological and
economic system. To avoid this, the compensatory measures from the controlled subsys-
tem in relation to the control subsystem via negative feedback channels are required.
The fact is that natural systems do not have enough information to compensate their
impact on production. Therefore, the corresponding functions should be implemented in
an ergonomic link of the system.

This means that a special control unit should exist in the ecological and economic
system. It is to receive the information from natural systems about the changes in them,
to assess the possible negative consequences, and to send the appropriate command to
the management system (here - the producer). The control unit may be the authorities
or specially authorized services (e.g. environmental protection services). They obtain
information on the state of natural systems through control and monitoring and pre-
scribe to the enterprise, for example, the reduction of emissions or discharges, engage
economic levers of management, in particular, adjust pollution charges, etc. As for spe-
cific measures and ways of implementation of such requirements, they are chosen by the
enterprise itself, solving the corresponding ecological and economic problem [1, 2, 15,
16]. This may include new treatment facilities, changes in technology, replacement of
raw materials and fuel, and in some cases, the suspension of obsolete hazardous indus-
tries. This kind of control units is found during the production restructuring; they should
have the "memory" to prevent possible environmental disturbances, otherwise - the re-
serves that may be excessive in the operation of the enterprise in stationary conditions
and scarce in crisis situations. Determination of necessary and sufficient reserves of the
enterprise functioning is an important task of economic and environmental manage-
ment systems [18, 19, 20].

Now let us consider the main "environmental” points of this method. They are:
analysis of the initial state of the system of economic and environmental management in
the enterprise; formulation of the basic principles and directions of functioning of the
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system of economic and environmental management; the main functions of the envi-
ronmental safety service, development and compliance with environmental policy, envi-
ronmental programs and basic requirements for the environmental management sys-
tem; creation of the environmental insurance system; environmental audit and envi-
ronmental reporting.

Analysis of the initial state of the system is carried out with the help of environ-
mental audit. The most important function of the system is to analyze the current state
of environmental quality management, which can be assessed by comparing with the
initial state of environmental management and rational use of existing resources. The
analysis covers the full range of operating conditions, including possible emergencies.
The process and results of analysis should be documented, and the opportunities for de-
veloping an environmental management system should be confirmed.

The first step in the analysis of environmental quality management is develop-
ment of a list of studied areas, which can be obtained from the analysis of the company's
documentation, from direct measurements of environmental parameters, and from the
analysis of the actions of third parties or their own departments. The practices of the lat-
ter may be adapted to improve environmental performance, materials of interviews and
control surveys of the staff. The analysis of the state of environmental quality manage-
ment can take the information from authorities of various levels, industrial associations,
banks, funds, etc., consumer societies and other public associations, and business part-
ners.

The authors believe that the analysis of the general environmental situation
should pay special attention to the direction of funds for the implementation of
measures for preventing emergency situations. Important information is obtained from
the analysis of current payments of the enterprise. This case considers the total amount
of payments, the distribution of payments (fees for emissions/discharges within the
temporary coordination of emissions/discharges, excess payments/fines, sanctions),
and the analysis of the distribution of payments by type of waste. The audit of environ-
mental management systems, besides the usual verification of compliance with the cri-
teria of the system (regulatory requirements), determines:

- the methodology of implementation and functioning of the system;
- the field of possible improvement of system characteristics;

- the ability of the company's management to analyze the results and efficiency of
the system;

- the compliance of the environmental management system with the require-
ments of contracts with suppliers and consumers.

The final result of environmental audit is the conclusions about the management
system of environmental protection and product quality management system. The au-
thors think that the main principles of creating a system of economic and environmental
management of the enterprise are:

- establishing the order that make environmental quality management one of the
economic priorities of the enterprise;

- creating and financial stimulating the environmental infrastructure of the en-
terprise;

- establishing and maintaining links with internal and external stakeholders in ef-
ficient environmental policy;
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- entering into agreement between management and employees on environmen-
tal issues with a clear understanding of mutual economic and other responsibilities;

- establishing the requirements of regulatory legal acts to the environmental as-
pects of the enterprise and clarification of compliance with these requirements of its
impact indicators on the environment with the relevant economic sanctions for their
non-compliance;

- initial assessment of the parameters of production and other processes neces-
sary to achieve the required level of environmental performance of the enterprise;

- integrating the planning and environmental aspects into the life cycle of prod-
ucts or services;

- calculating, justifying and allocating the material, financial and human resources
sufficient for the selected level of environmental sustainability;

- measuring economic and environmental management processes through in-
spections and identification of the possibility of improving the system of economic and
environmental management of the enterprise (its audit);

- implementing and developing the subsystems of environmental marketing, en-
gineering, environmental education, etc.

The main directions of the system functioning should be:

- consideration of economic feasibility in the development of environmental
strategy;

- further improvement of environmental safety of industry facilities through the
creation and implementation of environmentally friendly technologies and technical
means;

- creation of a sectoral system of industrial and environmental monitoring to con-
trol emissions and discharges, compliance with sanitary standards in the areas of the
enterprise;

- creation of an industry system of economic and environmental audit;

- creation of a system for the declaration of the safety of industrial facilities of the
organization and ensuring their insurance protection.

Development of environmental policy, goals and objectives of the company in en-
vironmental protection is the first step to creating a system of economic and environ-
mental management. The main functions of environmental policy are:

- setting the goals and activities of the organization;

- compliance with the governing documents for the protection of the environ-
ment, the laws, other by-laws, rules and regulations;

- preventing the accidental environmental pollution;

- adjusting to the other aspects of administrative policies, such as product quality,
health and safety; specific local or regional conditions.

The programs and plans for implementing the goals and objectives of the eco-
nomic and environmental policy should be carried out according to the corresponding
tasks and plans:
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- enterprise budget;

- programs of technical re-equipment and ecological improvement of the enter-
prise: from current (0.5-1.5 years) to strategic (5-15 years) ones;

- plans of technical re-equipment and equipment with environmental protection
machinery;

- plans for environmental training and staff development;
- environmental emergency action plans;

- schedules of making specific actions for the improvement of sectoral environ-
mental management.

The structure of the economic and environmental management system of the en-
terprise should include the following components:

- resource (financial, material) support;

- organizational support;

- staffing (including job descriptions);

- regulatory and methodological support;
- information support;

- technical support.

The functioning of the economic and environmental management system of the
enterprise should be carried out so that the organization should constantly respond to
the changing requirements of environmental protection and ensure continuous im-
provement of the system. In order to improve the organizational and economic mecha-
nism of environmental activities at the enterprise, it is necessary to operate the envi-
ronmental safety service. It coordinates environmental activities in structural units and
monitors the timely issuance of permits and compliance with environmental manage-
ment limits. At the moment, the main instrument of environmental management are
payments for environmental pollution. In most enterprises, the calculation of payments,
as well as their coordination with the authorities, are specially authorized for ecology. It
is carried out by the Department of environmental protection. The solution to this task
has a number of possible approaches to the determination of emissions into the atmos-
phere as options for ensuring the reliable functioning of economic and environmental
systems.

In Russia and abroad there are two different approaches to the definition of
emissions and discharges into the environment. This work uses the approach when the
concentration of pollutants in water, air and the soil should not exceed the maximum
permissible. However, this condition does not affect the company itself - the company
should just provide it. This is the contradiction in environmental protection [1, 4, 12].
The enterprise should provide that emissions and discharges that disperse harmful sub-
stances to non-hazardous concentrations in certain places. Dispersion of admixtures de-
pends on many factors independent from people (for example, controlling the processes
of air displacement). The enterprise should provide the emissions that in any environ-
mental conditions produce the required dispersion of impurities to non-hazardous con-
centrations.

The western countries make sure that the harmful substances from the enter-
prise do not have a negative impact on natural ecosystems as a whole. The criterion is
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the assimilation potential of the territory that indicated how much toxic substance can
be harmfully assimilated by a territory [23]. After determining the amount of harmful
substances that can be neutralized within the territory, the company sets limits on emis-
sions and discharges of harmful substances within a certain period. This naturally takes
into account the standards of harmful substances concentration in the environment. The
discharge or emission quota may be increased only by reducing it for another enter-
prise, since the amount of these quotas shall not exceed the total discharge for the terri-
tory.

It can be concluded that the Western approach is more humane to the environ-
ment and the population, and provides a higher quality of the environment - the anthro-
pogenic factors do not go beyond the tolerance of the human body. While following the
traditional ways of achieving "absolute" safety and reliability, the company cannot solve
the emerging problems and provide the necessary level of security of its facilities. The
solution to these problems lies in ensuring an "acceptable" level of risk and risk man-
agement, which implies an approach to the accident as a multi-stage process. In the early
stages, when there occur an accumulation of negative effects and the destructive action
of the initiating phenomenon has not yet been launched, the wise interference into the
process of forming a future accident can either completely suppress it or minimize its
damage. At later stages, when the accident has already occurred, the prompt response
and optimal strategy and tactics of its suppression and protection of people from damag-
ing factors developed in advance would ensure the reduction of human, material, finan-
cial, and labor losses [21, 22].

Risk management should be based on in-depth theoretical and experimental
studies. Currently, there are common theoretical works on the prediction of risk (acci-
dents). However, they are difficult to apply to the analysis and prediction of specific sit-
uations due to the significant unpredictable accidents at gas industry facilities and many
factors that should be taken into account [17]. As a result, mathematically correct analy-
sis (from the point of view of the prediction of possible accidents) of even a fairly simple
industrial facility requires a large amount of time, and today such analysis can not be
carried out by traditional methods. In this regard, the main method of predicting possi-
ble accidents is the expert-statistical method. It consists in summarizing the information
about the accidents that have already occurred, followed by extrapolation of the results
to new facilities [14, 22].

The problem of ensuring the reliability and efficiency of gas production and gas
processing systems is the task of economic and environmental management. It should be
noted that reliability is the ability of the system to perform the specified functions for a
given period of time. Efficiency is also the ability of the system to produce some useful
result, that is, when the results of the system exceed the costs of maintaining its work. It
is logical to assume that the higher the reliability of the system is, the higher is its effi-
ciency, but the cost of ensuring reliability can be so high that the system becomes ineffi-
cient. On the other hand, the desire to minimize costs may result in creating and operat-
ing the deliberately cheap and, consequently, unreliable systems [13,21].

Assume that solving the problem of determining the minimum allowable costs
while ensuring the maximum possible reliability of the enterprise, one can dispose of a
certain set of control parameters for the design and technological performance of the
technical system. The vector of control parameters will be a, the set of its permissible
values - 4. The authors consider the target function to C(a) that characterizes the cost

of the technical system. Thus, it is possible to formulate the problem of finding the vec-
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tor of control parameters that provides the minimum allowable cost of a technical sys-
tem while ensuring the maximum permissible reliability standards of this system:

C(a) > min,
¢ (1)
P(a)2 P,

aec A
where £, is the minimum value of the reliability index.

If the system allows for the division into interrelated sections (here - the struc-
tural units of the enterprise), optimization can be carried out within each subsystem. In
this case, there appears a problem of determining the optimal value of the vector of con-
trol parameters for the system as a whole and between its subsystems. That is, it is a
multicriteria problem of determining the vector of control parameters that provides the
minimum allowable cost of the system as a whole and each of the considered subsys-
tems while ensuring the minimum acceptable reliability standards of the entire system
and each of the subsystems:

C(a) — min,

C.(a) — min,i =1, N, 2)

ac A
where N is the number of considered subsystems.

It is obvious that the reliability of a complex system varies in proportion to the
amount of money invested in its maintenance. It is also obvious that the value of reliabil-
ity can not increase without limits. That is, having reached a certain value P, the relia-
bility no longer changes, no matter how much money is invested in the repair. There-
fore, the following task is of practical importance: to determine the available funds allo-
cation for system maintenance (repair, construction of environmental protection facili-
ties, reconstruction of obsolete facilities, etc.), ensuring minimum losses in case of an ac-
cident and the maximum possible reliability of both the system and its subsystems. This
work also delivers the mathematical formalization of this problem. The whole enterprise

will be divided into Y,,i :L_N structural units. Maintenance costs of each unit will be

C.,i= I,_N ; obviously
C""<C, <C™ (3)

i.e.,, the cost of maintenance for each unit should not be less than the minimum allowable
costs, providing the minimum required level of reliability of the structural unit, and
should be limited from above (due to limited resources of the enterprise). The total
amount of money allocated to the maintenance of units should also be limited by the to-
tal amount of money allocated to them. That is,

ch. <C (4)
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For each unit V,,i :L_N the authors introduce the values Z,,i :L_N describing
the average costs of liquidation of accidents in each of the units. Note that due to limited
funds, usually Z, > C™,i=1,N. Then the value Z, - C,,i=1,N describes the losses of

the enterprise after the maintenance at each of the units Y,,i = I,_N in case of an accident

- the cost of elimination of damage to the environment, the loss of product, etc. It is ob-
vious that the amount of losses is affected by a number of indicators. Indeed, the same
accident will have different consequences depending on the season, the condition of the
equipment, etc. Below is a list of parameters that affect the reliability of the system:

- natural and climatic features of the territory where the system is located;

- anthropogenic features of the territory where the system is located;

- parameters of the operational load of the system;

- parameters of protective measures [9, 11].

Each of these parameters, in turn, depends on a number of other parameters.

Thus, the real value of losses after the maintenance on each of the units Y,,i = I,_N after
the accident should be calculated as follows:

(Z. - CHK KKK i=LN (5)
where each coefficient kl.j , jzﬁ,izl,_N describes the effect on j-parameter listed

above in the i unit. The value of this coefficient is a generalized value that takes into ac-
count the influence several indicators. The total amount of losses from all accidents is
calculated as follows:

N
Z(Zi - Cl')kilki2ki3kz'4 (6)
i=1
As it was noted above, the probability of failure-free operation was seen as a
function from the funds invested in maintenance. Reliability of the enterprise can be cal-
culated as the total reliability of each of the considered subsystems Y,,i =1, N, that is

H®=ZEWJ (7)

where P/(C,) - the reliability of each of the subsystems, P(C) - the reliability of the
whole system. Note that P(C) can be calculated inversely proportional to the total
amount of losses from accidents. The authors consider the control parameters to be the
funds invested in the maintenance of each of the units, that is C,,i= I,_N The authors
make a record of the task:

N

S (Z, — CHEKZE K} — . min

i=1 Zl’, (C;)—max

crtht<C. =C™,i=1,N

o ‘ ‘ (8)
> c, =C

i=1

P(CH=P.,i=1,N

o

Turismo: Estudos & Praticas (UERN), Mossor6/RN, Caderno Suplementar 02, 2020

EM LAZER, TURISMO E TRABALHO . i i 1 1 -
SLAZER TURISWO £ ToAsAL http://natal.uern.br/periodicos/index.php/RTEP/index [ISSN 2316-1493]



Pagina |14

This task is multi-criteria and its solution, due to its limits in the material re-
sources allocated to the maintenance of structural units in practice, is non-trivial. To
solve the problem (8), the following method should be used:

a) the N sample points are randomly selected; the criteria values are calculated
in them (6), (7);

b) then the points that do not satisfy the restrictions are excluded (3), (4);

c) to highlight the set approximate to Pareto optimal, the authors perform the al-
gorithm exception of definitely worst points: first they choose a point from the set of
possible solutions and mark it. Comparing it with all other points, the authors exclude
the points that are obviously worse than this from the set of acceptable solutions. Then,
they choose any unmarked point from the remaining points and compare it again with
all the points, excluding the definitely worst, then mark it. After a finite number of steps,
only the marked points remain. All of them will be approximately efficient.

The calculation was carried out in the mathematical software MathCad 2000 PRO
and in the program written in Borland Pascal 7.0. The MathCad document generates
numerous sample points, calculates the criteria values, and records them into a file. The
program reads data from a file, selects a set of Pareto-optimal points, and saves them to
another file. The MathCad document reads this set and builds a graphical representation
of the Pareto area. Source data:

-Y, =Z,—C,,i =15, losses of the five main units of the company in case of an acci-

dent;
Cai 5 =15, empirical dependencies of the probability of failure-

free operation P, on the funds invested in the maintenance; q,,b,, coefficients obtained

_Pi(ci)zl_

as a result of statistical analysis of the enterprise functioning;

-Z,,i= fS, average costs for liquidation of accidents in each of the units in case of
an accident. The values are obtained according to the statistics;

- k/,j =1,4,i =1,5, characterizes the influence of j parameter on the probability

of failure-free operation of i unit. The values are obtained as a result of expert analysis
of the enterprise functioning;

- P, minimum acceptable standard value of reliability;

- the maximum permissible maintenance costs of each unit C/"",C"*,i =1,N , de-

termine the set of valid values C,,i= fS The values are derived according to the statis-
tics.
Results:

- a set of Pareto-optimal points is determined (Fig. 1). The practical testing of 250
test points determined the area of the unimprovable values (the Pareto area) in tabular
form;

- the authors found the solutions providing maximum reliability - the solutions
that provide a minimum allowable cost of maintenance of the system.
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As it can be seen from the calculations, the total average reliability reaches a max-
imum value of 0.906 at a total cost of 175541.8 (which is less than the maximum allow-
able amount of maintenance costs of the system).
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Figure 1-The results of solving the problem of ensuring the minimum allowable costs for
environmental protection measures with the maximum possible reliability of the system
with equivalent criteria

3. CONCLUSION

The proposed method of cost optimization of environmental measures in the on-
going restructuring to ensure the maximum total reliability allows a more rational funds
distribution. The methodological guidelines of resource optimization based on the im-
plementation of the task (8), proposed in this paper, as well as recommendations on the
formation of economic and environmental subsystem in the enterprise management
system, will allow managers to choose the most efficient actions, depending on the situa-
tion, while providing the necessary level of reliability of the enterprise with a sufficient
level of reserves.

The scientific novelty of the work is as follows:

- the concept of economic and environmental support for restructuring of the en-
terprises in the transition economy was developed and proposed using the analysis of
scientific and technical literature;

- the formulation, formalization and implementation of the problem of distribu-
tion of costs for environmental measures to reduce environmental risks of the enter-
prise using the apparatus of mathematical programming, in particular, vector optimiza-
tion (Pareto set) were developed and proposed.

The practical significance of the work lies in the fact that on the basis of theoreti-
cal, methodological and practical recommendations, it is possible to improve the effi-
ciency of economic and environmental support of the enterprise.
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