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Abstract: Traditional automatic control systems do not solve the task of limiting the harmful effects of technical objects on
the environment. The problem is to increase the effectiveness of means of its protection against the harmful effects of industry.
Relevant is the use of indicators of environmental performance of technical objects as controlled parameters. A new approach
to the control of technical objects is proposed. As the main control parameter it proposed to adopt the level of their ecological
efficiency. Complicating circumstances of solving the problem is the insufficient knowledge of the factors of harmful effects on
objects of living nature, their intensity, interrelation, mechanism, strength, and dynamics of exposure. Improving the economic
efficiency of technical objects leads to an increase in their ecological efficiency. The solution to the problem is facilitated by
the fact that traditional ACS should be left in action, adding to them an ecological efficiency control component. Heat-power
engineering has a large impact on the environment through emissions and discharges of harmful substances and heat. To give
to ASC the functions of controlling the ecological efficiency of the boiler (for SO y emission), it is necessary to apply an
additional, new control loop - regulator of SO y concentration in furnace gases. An urgent task in the use of direct control of
the ecological efficiency of boiler-furnace systems is the development and production of physical quantity sensors, reflecting
the level of aggressiveness of the source of hazard, working in real time. Direct control of indicators of ecological efficiency is
much easier in other branches of industry, in particular, in its food branch, where objects do not have a large-scale complex
negative impact on the environment.
Ⱥɧɨɬɚɰɿɹ: Ɍɪɚɞɢɰɿɣɧɿɫɢɫɬɟɦɢɚɜɬɨɦɚɬɢɱɧɨɝɨɭɩɪɚɜɥɿɧɧɹɧɟɫɩɪɚɜɥɹɸɬɶɫɹɿɡɡɚɜɞɚɧɧɹɦɧɟɨɛɯɿɞɧɨɝɨɨɛɦɟɠɟɧɧɹ
ɲɤɿɞɥɢɜɨɝɨɜɩɥɢɜɭɬɟɯɧɿɱɧɢɯɨɛ ɽɤɬɿɜɧɚɧɚɜɤɨɥɢɲɧɽɫɟɪɟɞɨɜɢɳɟɉɪɨɛɥɟɦɚɩɨɥɹɝɚɽɜɩɿɞɜɢɳɟɧɧɿɟɮɟɤɬɢɜɧɨɫɬɿ
ɡɚɫɨɛɿɜʀʀɡɚɯɢɫɬɭɜɿɞɲɤɿɞɥɢɜɨɝɨɜɩɥɢɜɭɜɢɪɨɛɧɢɰɬɜɚȺɤɬɭɚɥɶɧɢɦɽɜɢɤɨɪɢɫɬɚɧɧɹɩɨɤɚɡɧɢɤɿɜɟɤɨɥɨɝɿɱɧɨʀ
ɟɮɟɤɬɢɜɧɨɫɬɿɮɭɧɤɰɿɨɧɭɜɚɧɧɹɬɟɯɧɿɱɧɢɯɨɛ ɽɤɬɿɜɹɤɤɟɪɨɜɚɧɢɯɩɚɪɚɦɟɬɪɿɜɁɚɩɪɨɩɨɧɨɜɚɧɨɧɨɜɢɣɩɿɞɯɿɞɞɨɭɩɪɚɜɥɿɧɧɹ
ɬɟɯɧɿɱɧɢɦɢɨɛ ɽɤɬɚɦɢ Ƚɨɥɨɜɧɢɦɤɟɪɨɜɚɧɢɦɩɚɪɚɦɟɬɪɨɦɡɚɩɪɨɩɨɧɨɜɚɧɨɩɪɢɣɧɹɬɢɪɿɜɟɧɶʀɯɟɤɨɥɨɝɿɱɧɨʀ
ɟɮɟɤɬɢɜɧɨɫɬɿɍɫɤɥɚɞɧɸɸɱɢɦɢɨɛɫɬɚɜɢɧɚɦɢɪɿɲɟɧɧɹɩɪɨɛɥɟɦɢɽɧɟɞɨɫɬɚɬɧɹɜɢɜɱɟɧɿɫɬɶɱɢɧɧɢɤɿɜɲɤɿɞɥɢɜɨɝɨɜɩɥɢɜɭ
ɧɚɨɛ ɽɤɬɢɠɢɜɨʀɩɪɢɪɨɞɢʀɯɿɧɬɟɧɫɢɜɧɨɫɬɿɜɡɚɽɦɨɡɜ ɹɡɤɭɦɟɯɚɧɿɡɦɭɫɢɥɢɞɢɧɚɦɿɤɢɜɩɥɢɜɭɉɿɞɜɢɳɟɧɧɹɟɤɨɧɨɦɿɱɧɨʀ
ɟɮɟɤɬɢɜɧɨɫɬɿɬɟɯɧɿɱɧɢɯɨɛ ɽɤɬɿɜɨɛɭɦɨɜɥɸɽɩɿɞɜɢɳɟɧɧɹʀɯɟɤɨɥɨɝɿɱɧɨʀɟɮɟɤɬɢɜɧɨɫɬɿɊɿɲɟɧɧɹɩɪɨɛɥɟɦɢ
ɩɨɥɟɝɲɭɽɬɶɫɹɬɢɦɳɨɬɪɚɞɢɰɿɣɧɿɋȺɍɫɥɿɞɡɚɥɢɲɢɬɢɜɞɿʀɞɨɞɚɜɲɢɞɨɧɢɯɤɨɦɩɨɧɟɧɬɭɩɪɚɜɥɿɧɧɹɟɤɨɥɨɝɿɱɧɨɸ
ɟɮɟɤɬɢɜɧɿɫɬɸɌɟɩɥɨɟɧɟɪɝɟɬɢɤɚɦɚɫɲɬɚɛɧɨɜɩɥɢɜɚɽɧɚɧɚɜɤɨɥɢɲɧɽɫɟɪɟɞɨɜɢɳɟɲɥɹɯɨɦɜɢɤɢɞɿɜɿɫɤɢɞɿɜɲɤɿɞɥɢɜɢɯ
ɪɟɱɨɜɢɧɿɬɟɩɥɨɬɢȾɥɹɞɨɞɚɧɧɹɋȺɍɮɭɧɤɰɿɣɭɩɪɚɜɥɿɧɧɹɟɤɨɥɨɝɿɱɧɨɸɟɮɟɤɬɢɜɧɿɫɬɸɤɨɬɥɚ ɩɨɜɢɤɢɞɭ62\ ɧɟɨɛɯɿɞɧɨ
ɡɚɫɬɨɫɭɜɚɬɢɞɨɞɚɬɤɨɜɢɣɧɨɜɢɣɤɨɧɬɭɪɭɩɪɚɜɥɿɧɧɹɡɪɟɝɭɥɹɬɨɪɨɦɤɨɧɰɟɧɬɪɚɰɿʀ62\ɜɬɨɩɤɨɜɢɯɝɚɡɚɯɇɚɝɚɥɶɧɢɦ
ɡɚɜɞɚɧɧɹɦɧɚɲɥɹɯɭɜɢɤɨɪɢɫɬɚɧɧɹɩɪɹɦɨɝɨɭɩɪɚɜɥɿɧɧɹɟɤɨɥɨɝɿɱɧɨɸɟɮɟɤɬɢɜɧɿɫɬɸɤɨɬɟɥɶɧɨ-ɬɨɩɤɨɜɢɯɫɢɫɬɟɦɽ
ɪɨɡɪɨɛɤɚɿɜɢɪɨɛɧɢɰɬɜɨɞɚɬɱɢɤɿɜɮɿɡɢɱɧɢɯɜɟɥɢɱɢɧɳɨɜɿɞɨɛɪɚɠɚɸɬɶɪɿɜɟɧɶɚɝɪɟɫɢɜɧɨɫɬɿɞɠɟɪɟɥɚɲɤɿɞɥɢɜɨɫɬɿɳɨ
ɩɪɚɰɸɸɬɶɜɪɟɚɥɶɧɨɦɭɦɚɫɲɬɚɛɿɱɚɫɭɉɪɹɦɟɭɩɪɚɜɥɿɧɧɹɩɨɤɚɡɧɢɤɚɦɢɟɤɨɥɨɝɿɱɧɨʀɟɮɟɤɬɢɜɧɨɫɬɿɡɧɚɱɧɨɩɪɨɫɬɿɲɟɜ
ɿɧɲɢɯɝɚɥɭɡɹɯɩɪɨɦɢɫɥɨɜɨɫɬɿɡɨɤɪɟɦɚɜɯɚɪɱɨɜɿɣʀʀɝɚɥɭɡɿɞɟɨɛ ɽɤɬɢɧɟɧɚɞɚɸɬɶɦɚɫɲɬɚɛɧɨɝɨɤɨɦɩɥɟɤɫɧɨɝɨ
ɧɟɝɚɬɢɜɧɨɝɨɜɩɥɢɜɭɧɚɧɚɜɤɨɥɢɲɧɽɫɟɪɟɞɨɜɢɳɟ
Ʉɥɸɱɨɜɿɫɥɨɜɚɭɩɪɚɜɥɿɧɧɹɷɤɨɥɨɝɿɱɧɚɟɮɟɤɬɢɜɧɿɫɬɶɬɟɯɧɿɱɧɢɣɨɛ¶ɽɤɬɫɢɫɬɟɦɚɚɜɬɨɦɚɬɢɱɧɨɝɨɭɩɪɚɜɥɿɧɧɹ ɋȺɍ 
ɤɨɬɟɥɶɧɨ-ɬɨɩɤɨɜɚɫɢɫɬɟɦɚɧɚɜɤɨɥɢɲɧɽɫɟɪɟɞɨɜɢɳɟ.
Keywords: control, ecological efficiency, technical object, automatic control system (ACS), boiler-furnace system,
environment.
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Introduction
The successful functioning of the socio-economic system of the state is the basis of potential for its further development.
However, the emerging resource, economic, social and ecological problems are largely due to its activities. Therefore, a
targeted reduction of the integral ecological load from production and consumption processes is a global vital issue of the
entire global community in the context of the transition to sustainable development.
Automatic control systems (ACS) of technical objects (TO) traditionally solve, mainly, the task of maintaining the
parameters of the technological process, which affect the reliability and / or economic efficiency of these objects, at a given
level. At the same time, their ecological efficiency (EE) is formed spontaneously and in most cases turns out to be extremely
unfavorable for the natural environment. The result of this is the effects of anthropogenic destructive actions on the natural
environment. They are increasingly becoming irreversible. Such a traditional concept of TO control under conditions of
accelerated development of industry, and a corresponding increase of the volume of harmful effects on nature, is untenable.
Therefore, the problem of developing a new concept, focused on a radical reduction of the impact of TO on the natural
environment, was formed.
Statement of problem
In accordance with the new concept, it is necessary to accept as the main controlled technological parameter of the TO
functioning the level of their EE. At the same time, to save, if it is necessary, control of other significant technological
parameters, but as additional ones, which make it possible to maintain the parameters of the said process within the limits of its
adopted regulations.
TO EE is a complex property. One should control one of the indicators forming it. Choice of it is a responsible and difficult
task. In each case, this indicator represents the factor that is the most aggressive and dangerous for the environment among the
existing ones. When assessing aggressiveness, as an object of impact should be chosen not only a man, but also representatives
of flora and fauna in the area of TO. They are most often the most vulnerable to harmful actions.
The solution of these problems is complicated by a number of circumstances, in particular the following:
- mechanism, strength and dynamics of the harmful effects of various factors on objects of living nature, including the
chains of their mediated effect on the biosphere, have not been studied enough;
- effect of the intensity of the impact of each factor on the nature and extent of damage to animate nature, have not been
studied enough;
- it was accumulated little data on the quantitative side of influence, on the mechanism and strength of the joint influence of
two or several factors, it was insufficiently developed methodological and instrumental base for the operational control of the
strength of influence of factors and control of its consequences;
- there is a psychological barrier in the way of abandoning the former and the transition to a new concept (direct control of
the level of TO EE) [1].
You should pay attention to the fact that the increase in the economic efficiency of TO, usually accompanied by a
corresponding reduction in energy and raw materials consumption per unit of production, causes an increase in the EE of these
objects [2].
Because of the aforementioned, the solution of the problem under consideration is facilitated by the fact that in TO the
traditional ACS of the economic efficiency of the technological process should be save in action, but as the second one by
importance. Other ACS may have to be given the same status, save them or update. It seems appropriate saved to use ACS to
combine into a comprehensive system with enhanced functionality. Priority in it should belong to ACS EE.
To solve the above problems, it is advisable to use advanced ACS, with an increased intellectual level of their algorithms
that are capable of implementing high-dimensional technological process control. The creation of such systems should be
problem-oriented towards the direction and future development of the industry of application [3 - 7].
Solutions of problem
Using the idea of EE control is of interest for all branches of modern industry. Of particular interest are industries that are
highly responsible for damage to the natural environment. This applies primarily to the heat-power engineering. Boiler plants
used in station and industrial power engineering, as well as at each plant, have a detrimental effect on living nature. They, in
particular, made emission and dumping of harmful substances and heat into the environment. In boiler plants they make a lot
of effort to maintain high efficiency of equipment. Transferring efforts to EE control can bring a major ecological effect in this
important sector of industry.
It should be noted that the harmful effects exerted by boiler equipment on the environment depends on the state of these
objects. During the operation of power equipment, as the resource is consumed, the level of its technological efficiency
decreases, including the level of ecological efficiency: the degree of harmful effects is progressively increasing. The analysis
shows that the fleet of boiler plants operating in Ukraine (not counting micro-boilers) is about 60 thousand units of different
unit capacities, operating on different types of fuel: solid, liquid, gaseous. Moreover, more than 95% of these units have
worked more than 1.5 - 2.5 resources. The level of technological efficiency of this equipment is extremely low. This applies
primarily to the level of ecological efficiency. Among the tasks of national importance facing the energetics sector of Ukraine,
the most important, impatient should be recognized the task of updating power equipment, first of all, the park of boiler plants.
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The high complexity of solving this problem, which has a problem character, is due to the fact that the domestic boilerbuilding industry is represented by only one engineering enterprise located in the town of Monastyryshche, Cherkasy region.
The company produces a limited number of boilers of small unit capacity. At the same time, the country's energetics sector
needs to renovation of thousands of boilers: power units of high unit capacity, industrial and heating units of medium and small
unit capacity. The above shows that the solution of the problem under consideration requires very high resources, the level of
which exceeds the possibilities that are currently available.
The analysis shows that along with the solution of the considered problem, it is necessary to solve another related problem
that has emerged in the current energetics sector of Ukraine. It is necessary to normalize the structure of the fuel balance of the
energetics industry. The share of solid fuel, amounting to about 55 percent, needs to be increased to a level of 85-90 percent,
displacing the expensive imported gaseous and liquid fuels from the balance. At the same time, an increase in the share of solid
fuel burned, respectively, will increase the emission of ash into the atmosphere, that is, increase the harmful effects of power
engineering on the environment. To compensate for this negative effect, it will be necessary to implement a complex of
research, production and technical measures. To solve this problem will require large resources. The positive effect of these
events will be to increase the energetic independence of the domestic power engineering and industry as a whole.
When they burn in boilers sulfur fuel formed in furnaces sulfur oxides (SO 2 and SO 3 ) - SO y - enter the atmosphere, have a
harmful effect on the environment. Traditional ACS of burning process in the furnace does not have a direct effect on the
emission of SO y .
As an example, we present the proposed solution to the issue of controlling the emission of these oxides.
In boilers, the combustion process is traditionally controlled by an air regulator (economy) and a fuel regulator (heat load).
The first one controls the flow of blow air in the furnace. It operates on the “steam flow” signal, the signal from the fuel
regulator and the feedback signal on the amount of incoming air. The fuel regulator controls its feed and operates by the signal
“steam pressure behind the boiler” and the feedback signal on fuel consumption or the position of the final control element on
its flow.
To give to the ACS control functions of the boiler's EE (for SO y emission), it is necessary to apply an additional, new
control loop - regulator of SO y concentration in furnace gases. It restricts SO y from above, keeping with it the specified
minimum level of boiler's EE (for this indicator). The regulator operates by the signal “SO y “. To reduce the dynamic error, it is
also given to it a dynamic (disappearing in statics) feed signal from the heat load regulator. The regulator controls the flow of
solid bulk additives containing CaO or MgO (for example, ground limestone), introduced with the fuel into the furnace.
Additive in the process of burning of fuel chemically binds sulfur oxides to solid products removed from the furnace with ash.
The example illustrates the availability of direct control of boiler-furnace systems’ EE. However, for this it is necessary to
have sensors of physical quantities that reflect the level of aggressiveness of the source of harmfulness (in our example, by
sensor of concentration of SO y in gases) working in real time. Such devices are scarce now. The development and evolution of
their production is an urgent scientific and technical challenge.
Technical objects control on the basis of limiting their impact on the environment using direct control of environmental
efficiency indicators is much simpler in other branches of industry, in particular, in its food branch, where objects do not have
such a large-scale complex negative impact as in the energetics sector.
The world community is seriously concerned about the increasing harmful effects of world production on the environment,
living and inanimate nature. A manifestation of this concern about the deteriorating state of the environment is the events held
in all countries, international meetings. The decisions of world-class meetings, the Stockholm Conference (1972), the
International Environmental Conference in Rio de Janeiro (1992), the Kyoto Protocol (1992) and the Paris Climate Conference
(2015), became important. A vivid manifestation of the need to protect the natural environment is the adoption of an energy
saving program that has an environmental protection substance.
The implementation of energy saving program activities is carried out in all countries of the world, including Ukraine.
Participation in the implementation of the activities of the program is necessary and not only for energetics sector workers.
Ecological culture should be inherent in every inhabitant of the planet Earth.
Conclusions
1. Traditional systems of automatic control of technical objects do not cope with the task of the necessary limitation of the
harmful effects of these objects on the environment.
2. The problem is to increase the effectiveness of environmental protection from the harmful effects of industry.
3. It is relevant to use indicators of ecological efficiency of technical objects as controlled parameters.
4. A new approach to the control of technical objects was proposed on the basis of limiting their impact on the natural
environment.
5. As the main control parameter it is proposed to adopt the level of ecological efficiency of the technical object.
6. Complicating circumstances of solving the problem is the insufficient knowledge of the factors of harmful effects on
objects of living nature, their intensity, interrelation, mechanism, strength, and dynamics of exposure.
7. Improving the TO cost-effectiveness sets conditions for increases their ecological efficiency.
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8. The solution to the problem is facilitated by the fact that traditional ACS should be left in action by adding the EE
control component to them.
9. EE control is of interest for all branches of modern industry, especially for that ones, which is responsible for damage to
the natural environment.
10. Heat-power engineering has a large impact on the environment through emissions and discharges of harmful substances
and heat.
11. The harmful effect exerted by boiler equipment on the environment depends on the state of these objects.
12. Important task of Ukraine energetics sector is updating of boiler plants.
13. To give to ASC the functions of controlling the ecological efficiency of the boiler (for SO y emission), it is necessary to
apply an additional, new control loop - regulator of SO y concentration in furnace gases
14. An urgent task in the use of direct control of the ecological efficiency of boiler-furnace systems is the development and
production of physical quantity sensors, reflecting the level of aggressiveness of the source of hazard, working in real
time.
15. Direct control of indicators of ecological efficiency is much easier in other branches of industry, in particular, in its food
branch, where objects do not have a large-scale complex negative impact on the environment.
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