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Abstract: The operation of technical objects is subject to the regulatory conditions established by their manufacturer.
Regime of regulatory conditions keeping needs to be controlled. A new technical object at the time of commissioning has an
initial, maximum level of technological efficiency of operation, including ecological, economic and general technical
components, and has an initial, complete working capacity resource too. During operation, the technical object wears-out, its
technological efficiency is reduced. In accordance with the international standard and the standard of Ukraine, a technical
object that has exhausted a resource is subject to decommissioning and replacement with a new technical object, since at a
level of technological efficiency that is less than the minimum, the use of technical object is inexpedient. However, in the
current difficult economic conditions in Ukraine, the replacement of worn-out equipment with a new one is impracticable.
Further use of worn-out equipment is inevitable. To control a worn out object, complex automation is required. The technical
object is studied in this direction from three positions. The first is to study the process of wearing-out. The second is the
prediction of wearing-out dynamics. The third is the object control in the process of its wearing-out. The development of the
theory and practice of worn out objects automating leads to the formulation of new tasks. With long-term operation of the
equipment, it is necessary to periodically adjust its characteristics. It is necessary to create adaptive automatic control systems
that take into account the degree of equipment wear-out and conditions of its operation. It is important to establish the
patterns of influence of the current state of the equipment and the operating conditions on its residual resource. A productive
way to increase the efficiency of worn-out equipment is its renovation by implementing measures that increase the level of
efficiency of the most worn-out elements of technical objects. The technical objects control with registration their wear-out
will ensure compliance with the regulations for their operation.
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Introduction

The stagnant development of world production, which began in the middle of the last century and continues today, has led
to a complication of its state. In Ukraine, as in other countries, in the fleet of operating equipment, the proportion of technical
objects (TO) that have spent their working capacity resources has increased prohibitively. For example, in the most advanced
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industry - power engineering - more than 95% of the existing boiler equipment has worked more than 1.5-2.5 resources. The
level of technological efficiency of worn-out equipment is lower, the longer it functions after the completion of its resource
use. Such equipment needs to be renovated in order to improve its technological efficiency. The next, higher level of
renovating a technical object is the renovating of the control system of a technical object with regard to its wear-out.

The problem of increasing the technological efficiency of worn-out equipment has been formed and continues to worsen.
The significance and scope of the required varied efforts to solve the problem are of the state level and of paramount
importance. The program of measures to solve the problem is complex, very resource-intensive and urgent.

The most important condition for successfully solving this set of problems is to ensure high-quality control of all stages and
parts of the process of solving it.

One of the elements of the problem is the task of technical objects control with registration their wear-out.

A new TO at the time of commissioning has an initial, maximum level of technological efficiency of operation, including
ecological, economic and general technical components, and has an initial, complete working capacity resource too. In
practice, the level of technological efficiency of TO is judged by the level of one of the three components listed above, which
is accepted as the leading one for this TO.

From the moment of putting into operation, TO begins the expenditure of a resource, wears out. This leads to a continuous
decrease in the level of its technological efficiency, all its components. In this case, the residual working capacity resource is
reduced.

At the moment of the completion of the expending (i.e. exhaustion) of the resource, the TO reaches its limit state, the level
of its technological efficiency reaches its minimum permissible value.

In accordance with the international standard and the standard of Ukraine, a TO that has exhausted a resource is subject to
decommissioning and replacement with a new TO, since at a level of technological efficiency that is less than the minimum,
the use of TO is inexpedient, if to proceed on generally accepted standards and requirements for the degree of perfection of
relevant existing TO.

The TO working capacity resource, declared by its manufacturer, can be realized if the regulatory conditions of operation
specified by the manufacturer are observed. Regulatory conditions are a complex set of interrelated technical and
organizational factors. To comply with the regulatory conditions, the maintenance regime for this complex must be controlled.
This control task is very difficult. In particular, due to the need to renovate the traditional control process, taking into account
wear-out.

As it's known, the operated technical object wears-out. The level of its technological efficiency decreases. The patterns of
this process are complex and insufficiently studied. This set of questions is the subject of technical gerontology (TG).

Statement of problem

The solution of the TG problems is based on the optimization of the operating mode of TO, which can be implemented only
through the use of their integrated automation. At the same time, it is necessary to use the entire arsenal of automation
equipment, all its elements, and above all, control, regulation, blocking, protection, alarms, and technical diagnostics.

It is assumed that the TO is initially equipped with traditional means of automation, which help to solve common
technological problems. Realignment to automation in accordance with the rules and regulations of the TG puts forward new
elements of technological problems, sometimes requiring an unconventional approach to finding ways and means to solve
them. It puts forward new tasks within each of the three functions of the TG as a scientific discipline [1 - 4].

Solutions of problem

Let us dwell on the functions of the TG.

1. The TO studying with registration their continuous wear-out (primarily due to the degradation of structural materials by
strength properties) during operation.

2. Prediction (forecasting) of the process of wear-out of objects in time.

3. Object control taking into account the process of their wear-out in time, which is equivalent to the indirect control of this
process.

Within the framework of the first function, it is necessary to study in depth a number of issues, including the following:

- factors affecting the condition of the TO; means of obtaining signals proportional to the current level of physical
quantities, which act as such factors;

- the separation of these factors into the ones which depend on the properties of TO and the regime factors which do not
depend;

- mechanism, character, direction, intensity of the impact of these factors (static characteristics);

- the consequences of their long-term effects on TO, i.e. signs of wear-out (dynamic characteristics of output parameters,
first of all - strength and other service properties of structural materials in technologically especially important details,
properties of the surface layer on their working surfaces, deformation of gaps in joints, regime of appearance and development
of cracks, etc.);

- the dynamics of change in the state of TO (its reaction) under the action of various factors individually and in their
totality;
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- methodology and method for assessing this state based on the analysis of data about its reflecting parameters,
characteristics of TO;

- indicators (characteristics) of the properties and state of important parts and TO as a whole, the level of which should be
affected by the automatic control system (ACS) in the framework of solving the general task of control of TO wear-out ; means
of receiving signals proportional to the current level of such indicators;

- technological process parameters that characterize the mode of TO operation, the value of which can be used in
automation to solve this problem; means of receiving signals which proportional to the current level of these parameters.

In the second function, the following is necessary:

- to have information about the properties, TO state and mode of operation at the previous stage;

- to have the results of solving the problems of the first function;

- to have information about the permissible deviations of the controlled parameters of the TO state (for example, about the
permissible degree of degradation of structural materials by strength parameters) and the technological process at the
upcoming stage of their operation;

- to have a technical assignment for the projected phase of the TO operation, which contains information about the
upcoming mode of operation and the allowable degree of wear;

- to perform the estimated forecast of TO wear-out and tear at the upcoming stage of their operation;

- to develop organizational-technical regulation for the TO control at the upcoming stage of their work.

As part of the third function, the following is necessary:

- to ensure the collection of current operational information about the TO state and the state of the technological process,
their processing, generalisation and analysis;

- based on the current results of the analysis, promptly to diagnose the state of the TO in real time (or with an admissible
small delay);

- on the basis of the obtained data, to work out an the control algorithm for the process of wear-out and tear for the next
period,;

- to ensure the operation of the ACS of process TO wear-out in accordance with the regulations drawn up according to the
norms of the TG;

- to carry out the necessary scientific procuring and technical service of ACS of wear-out process.

It should be noted that the evolution of TG puts forward a number of new technological tasks within each of the three
above mentioned functions. In this regard, in relation to the field of this scientific discipline before the theory and practice of
automation, features of solving traditional problems appear, new problems arise. Among the latter are the following:

- identification of objective unambiguous clear signs of TO wear-out, free from the influence of any factors except its
condition;

- the transformation of these signs into a useful technologically expedient signal of full value metrologically , changing its
parameters and transferring it to the automation system;

- creation and development inside the existing systems of technical diagnostics of the element (unit) responsible for
assessing the condition (degree of wear-out) of TO, taking into account their operating time (age);

- creation in the automation system of a contour of software control of the TO wear-out process, containing elements of
logic and designed to extremely slow down this process, to ensure a high degree of adaptation of TO to operation conditions, to
assess their condition, to optimize the operation mode taking into account the degree of wear-out, to evaluate the residual
working capacity resource.

Traditional ACS are customized with regard to the actual static and dynamic characteristics of TO in controlled areas of the
technological process. Over time, due to the wear-out of objects, these characteristics undergo changes. Therefore, for
equipment used for a long time, it is necessary periodically to do testing and adjust the characteristics. This is one of the
elements of novelty in the application of traditional automation.

The radical solution of the problem is to create such ACSs of TP that would allow to optimize the process of control of
objects taking into account their continuously changing state throughout their operation. This solution should be based on the
use of special adaptive self-adjusting ACS in which the adaptation node operates according to an algorithm that takes into
account the current state (degree of wear-out) of the TO and the conditions of their operation.

The wear-out control program should primarily concern the most vulnerable parts of TO, i.e. those that determine their
condition throughout the campaign. In practical conditions, the adjustment of the program or its individual fragments is
inevitable. In particular, after the reconstructive repair of the mentioned vulnerable parts of TO, it is necessary to make
corrections in the appropriate places of the program. In this sense, the adaptability of the wear-out management program must
be high.

To create new ACS by the TO wear-out process, to develop new algorithms, it is necessary to know the regularity of the
influence of the current state of TO, conditions and duration of operation on the properties and residual resource of these
objects. Data collection to establish these regularities is an important and urgent scientific and technical problem. It has
significant features in each of the areas of production, in each of the real TO.

It is essential to reflect the tasks of the TG in the curricula of universities [5].
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Conclusions

1. The operation of technical objects is subject to the regulatory conditions established by their manufacturer.

2. Regime of regulatory conditions keeping needs to be controlled.

3. During operation, the technical object wears-out, its technological efficiency is reduced.

4. To control a worn out object, complex automation is required.

5. A worn-out technical object is studied from the standpoint of studying the process of wearing-out, predicting the
dynamics of wear-out, and controlling the object in the process of its wear-out.

6. With long-term operation of the equipment, it is necessary to periodically adjust its characteristics.

7. 1t is necessary to create adaptive automatic control systems that take into account the degree of equipment wear-out and
conditions of its operation.

8. It is important to establish the patterns of influence of the current state of the equipment and the operating conditions on
its residual resource.

9. Control of technical objects with regard to their wear-out ensures compliance with the regulations for their operation.

10. A productive way to increase the efficiency of worn-out equipment is its renovation by implementing measures that
increase the level of efficiency of the most worn-out elements of technical objects.

11. The technical objects control with registration their wear-out will ensure compliance with the regulations for their
operation.
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