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Abstract—The results of the development of an information support system for decision-making in the monitoring of acoustic safety of professional activities of aviation specialists are presented. The information system is implemented on the principle of a territorially-distributed system, the components of which are united into a single whole by a common information field. The results of monitoring the acoustic safety of the professional activities of aviation specialists, compared with the changes in their health indicators, will enable us to solve the tasks of planning and implementing measures to ensure the acoustic safety of professional activities of aviation specialists, as well as monitoring, analyzing, evaluating and predicting the functional reliability of their professional activities.  
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I. Introduction 

Scientific and technological progress calls for an increase in the capacity of industrial equipment, accompanied by an increase in unfavorable factors in the working conditions of personnel. The leading place among such factors is noise: about 25 % of the workplaces of the industry personnel do not meet the noise standards [1–3].

In most cases, it is not possible to ensure the acoustic safety of personnel by reducing the noise level in the source of education, since a decrease in the capacity of the equipment reduces its productivity. Therefore, to ensure acoustic safety, technologies are used that ensure individual and collective protection of personnel against noise [1, 4–7].

The most acute problem of ensuring the acoustic safety of personnel is in the aviation industry, the progress of which leads to an increase in the intensity and exposure time of aircraft noise, which has specific features [8–11]:

· broadband spectrum with the presence of several maxima of power spectral density in low-, medium- and high-frequency sound ranges with a pronounced infrasound component;

· the sound pressure levels in almost all octave frequencies exceed 100 dB, which makes it possible to classify noise as high-intensity;

· the noise effect is cyclical – the periods of the active load last from several tens of minutes to several hours and alternate with pauses, the duration of which varies within the same limits.

Of the forty-five major occupations of the aviation industry, the working conditions of representatives of nineteen of them are considered harmful [1]. Professional and professionally conditioned diseases were detected in 91 % of the aviation industry personnel, and most of them had a combined pathology of two or more body systems [1–3, 8–11].

The problem of protection against aircraft noise is exacerbated by the absence of individual personnel (HIS) and collective (RHC) protection, which ensure effective protection of personnel. Personnel used PPE and VHC, as a rule, ineffective in terms of noise protection, which increases the risk to health and performance [2, 5, 7, 9, 12].

Decision-making on the planning, implementation and monitoring of the quality of activities to ensure the acoustic safety of the professional activities of aviation specialists requires the storage, retrieval and processing of information, as well as the relevant organizational resources that ensure the receipt and dissemination of this information. The foregoing determines the urgency of the development of special information systems for decision support in monitoring the acoustic safety of professional activities of aviation specialists.

II. Technologies of automated acoustic safety monitoring
Monitoring acoustic safety involves evaluating environmental noise, including a specific component (associated with the investigated noise sources) and residual (ambient noise without the presence of specific noise) component [13, 14]. An obligatory part of any program to provide acoustic safety is the conduct of objective acoustic measurements. The rules and standards define the indicators that are to be measured and, in most cases, set recommendations for tuning the measuring equipment depending on various factors (meteorological, climatic).

Typical are acoustic measurements that are performed at a great distance from the facades of buildings and obstacles, on the leeward side, in dry weather at a wind speed of less than 5 m/s, with the placement of the microphone at an altitude of 1.2–1.5 m above ground level.

As an indicator of industrial noise, the International Standard ISO 1996-2 defines the magnitude of the noise effect, corrected taking into account a number of factors that increase the degree of stimulation (pulsed nature of noise, time of day, etc.) and it is established that boundary estimates should be determined depending on time intervals, related to the characteristics of the source / sources and the receiver / receivers of noise. The calculation of noise levels due to the large amount of data, characteristic for acoustic measurements in real time, is automated.

During acoustic monitoring, computer environment models are used, indicating identified noise sources, topographic parameters and terrain features that affect the propagation of noise to the points of interest (receiver).

Modern means for acoustic measurements can function in the field in the absence of maintenance personnel, record environmental noise levels by sending reports via a wireless protocol. The operator's participation in the acoustic measurement procedure is necessary when monitoring acoustic acoustics in difficult conditions: time is limited, access to the measurement site is difficult, it is impossible to connect the equipment to the network or the power supply is supplied in pulsed mode, an unexpected event occurs or the measurement is interrupted and the operator can not perform repeated measurement.

In most cases of monitoring the acoustic safety of personnel, a combination of measurements with the participation of the operator with measurements in automatic mode is rational. In this case, the presence of the operator during the measurements in the experimental studies and in the instantaneous checks on the measuring platform is mandatory, and the automated measurement mode is used for long-term or continuous monitoring of acoustic safety.

However, in accordance with modern concepts, the monitoring of the acoustic safety of aviation specialists should be based on the technologies of geographically distributed information systems that provide both real-time monitoring and decision support for the development and implementation of activities aimed at providing acoustic safety based on long-term acoustic monitoring.

III. Architecture of information system of support of adoption of decisions in monitoring of acoustic safety of professional activity of aircraft specialists
The decision support information system for monitoring the acoustic safety of the professional activities of aviation specialists is realized on the basis of a territorially distributed system, the components of which are integrated into a single whole by a common information field. The implementation of the system is based on the sanitary and hygienic certification of objects – the sources of potentially dangerous physical factors in the conditions of professional activity and the radio frequency identification of the trajectory of the employee when performing tasks of professional activity. Sanitary and hygienic certification of objects means a system of measures to identify and record organizations and their structural units, as well as technological processes where workers can be exposed to potentially hazardous physical factors [15].

In the interests of monitoring the acoustic safety of the professional activities of aviation specialists at the site (aerodrome, aviation industry enterprise, aircraft repair plant, etc.):

· a special administrator workplace should be created;
· before the beginning of the professional activity, a transponder (RFID tag) must be fixed on the uniform (equipment) of each worker (aviation specialist);

· each object – the source of potentially dangerous physical factors of the conditions of professional activity (industrial equipment, aviation equipment, etc.) should be equipped with a special parametric recorder.

The administrator's workplace should be equipped with a computer that maintains a hygienic register containing information on the doses of noise and other physical factors that each worker receives in the course of his professional activities.

Transponder (RFID-tag), fixed on the outfit (equipment) of each employee before commencement of professional activities. The type of transponders used (according to the operating frequency, the source of power, the type of memory, the execution) is selected depending on the specifics of the organizations (structural units) and the specifics of the professional activity of the employee. In particular, the employee can be assigned a unique identifier (for the use of the employee, one or several transponders with a unique identifier are manufactured) or the transponder can be issued to the employee before the activity starts (in this case the identifier of the transponder is associated with the specific employee each time).

A parametric recorder installed at each noise source must provide:

· fixing in real time the movement of several marked objects (workers who have a transponder) or to identify their position in space;

· calculation in real time of the intensity of noise generated during the operation of the equipment (depending on the mode of operation) at the point of location of each fixed object;

· transfer of the combination "object identifier – noise intensity" to the administrator's workplace via the radio channel.

Thus, when the equipment is switched on, a parametric recorder is activated, the transponder reading radius (identification radius) of which should exceed the distance at which the probability of exceeding the maximum permissible levels is the maximum possible noise intensity accompanying the equipment operation is different from zero.

When identifying an employee (entering a transponder into the identification zone), the parametric recorder provides a real-time calculation of the noise intensity at the point of its location. The calculation can be carried out both on the basis of verified mathematical models of physical fields and on the results of interpolation of direct measurements of the fields of physical factors obtained with sanitary and hygienic certification of objects. The frequency (discreteness) of calculations is determined for each object (or for each physical factor, if the object is the source of several potentially dangerous physical factors), depending on the specifics of the tasks being solved [16–18].

The results of the "object identifier – noise intensity" are transmitted to the administrator's workplace via the radio channel in real time or at the end of work shifts (depending on the specific nature of the problem being solved). At the administrator's workplace, the hygienic register is maintained with the determination of the doses of physical factors accumulated for any period of interest. With the simultaneous impact on the employee of several potentially dangerous physical factors using known methods, the effects of their combined effects can be evaluated.

The results of monitoring the acoustic safety of the professional activities of aviation specialists, compared with changes in health indicators of employees, will allow solving the tasks of monitoring, analyzing, evaluating and predicting the functional reliability of the professional activities of aviation specialists with the definition of cause and effect relationships between the state of health and the impact of factors of professional conditions for timely adoption measures to eliminate (minimize) the potential for impact.

IV. Conclusion
The implementation of the above approach to monitoring the acoustic safety of the professional activities of aviation specialists based on the proposed decision support information system will make it possible to ensure its objectivity and personification with minimal costs of collecting information on noise doses received by employees in the performance of professional tasks, which is essential for ensuring reliable activity and preservation of health of aviation specialists.
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