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Place of the analysis of safety in system of maintenance of safety of flights (SMSF) aviocompany 

Features and problems of estimation and the analysis of safety of flights in comparison with other elements of system of maintenance of safety of flights are convenient for considering, if last to present as a control system of danger factors.

At such approach it is possible to conclude, the analysis of safety of flights is a part of system of display of the information on danger (SDID) SMSF. As a whole SDID 4 basic elements, three of them consist them: the control – functioning, investigation of adverse events and system of reports – carry out functions of gauges, and the fourth – the analysis of safety of flights – indicator functions.

As indicator SDID the analysis of safety of flights is the statistical device and is intended for studying of statistics of adverse events in interrelation with results and conditions of industrial activity of aviation enterprises.

As indicator SDID the analysis of safety of flights should be characterised:

· Accuracy;

· Reliability;

· Sensitivity;

· Ingenuity;

· Inertity;

· Ergonomics.

Proceeding from position in SMSF and requirements to it as to indicator SOIO, the purpose of the analysis of safety of flights is periodic or continuous updating of preventive activity on the basis of studying of the tendency of flights of change of danger in aviocompany and its links.

Structure of estimation and the analysis of safety of flights

According to position in SMSF the analysis of safety of flights should include five blocks or consist of five sections:

Section 1. The General characteristic of activity of an aviation enterprise. A condition of safety of flights.

Section 2. An estimation of reliability of elements the expert.

Section 3. An estimation of danger of factors (reasons) of adverse events.

Section 4. An estimation of efficiency SMSF.

Section 5. Working out of recommendations about maintenance of safety of flights.

Problem of the first section is the estimation of a condition of safety of flights in aviocompany and in its structural units. Performance of following operations is in view provided:

· Calculation of the basic indicators of safety of flights as a whole for the analyzed period of time on types of air courts, on flight groups, on flight stages.

Problem of the second section is the establishment of the most unreliable links SMSF of an aviation enterprise. For achievement of it in section it is provided:

· Construction of distributions of refusals of basic elements the expert by kinds of special situations;

· Construction of distributions of refusals compressoral elements the expert by kinds of special situations.

In the third section the estimation of danger of factors of adverse events or their sets is spent. For this purpose in it is provided:

· Construction of distribution of factors of danger on danger to an aviation enterprise as a whole;

· Construction of distribution of danger on groups of factors: in directions of activity of services, on elements the expert (the person, techniques, environment): on levels in causal chains of inimical events (flight, flight preparation, flights company);

· Construction of distributions of refusals.

The fourth section is devoted an estimation of efficiency of preventive activity in an aviation enterprise. Accordingly in it: 

· Efficiency indicators as a whole for SMSF for the established period of time, and also efficiency indicators in directions of activity SMSF are calculated, efficiency indicators on elements SMSF are calculated;

· Construction of the tendency of indicators of efficiency SMSF is made;

The reasons of the tendency of indicators of efficiency SMSF are established.

Problem of the fifth section is working out of offers on maintenance of safety of flights. Development of correcting actions is carried out under separate factors of danger, on elements and directions of activity SMSF. Its basis is made by the forecast of a condition of safety of flights provided in section for the subsequent period of the analysis.

Formation of initial data for the analysis of safety of flights
Quality of the analysis of safety of flights is defined by a choice of initial data. Initial data for the analysis of safety of flights are all parameters of aviation system characterising those parties of its functioning on which safety of flights depends.

All initial data can be presented two basic groups:

· Results of activity;

· Activity conditions.

The first group consisting of data about results of activity includes quantitative data on the adverse events which were taking place while in service of air courts, and as about an operating time (amount of executed works).

The second group covers the data characterising conditions of operations of air courts.

The basis for carrying out of the analysis of safety of flights is made by data on adverse events. Materials of investigation of aviation incidents and incidents, results of decodings of the given means of the objective control of flights and inspection checks concern them, private (or anonymous) messages.

Data on adverse events include:

· The information on a kind (category) adverse events;

· About aircrafts type on which it has occurred adverse event;

· Onboard number of an air vessel;

· Date of adverse event;

· Place of adverse event;

· Data about crew, quantity of the people who were aircrafts onboard, quantity of victims in aviation incident;

· The characteristic of events of special situations in flight previous adverse events, including a kind of situations, the reasons (factors), their causing, flight stages on which they have occurred, recommendations about their elimination.

For the purpose of comparison of safety of flights to other characteristics of aviation transport system data include in structure of initial data about amount of executed works. Their number concern:

· Touch (in hours);

· Quantity of flights;

· Quantity of the transported passengers.

The second group of initial data includes the materials characterising objectively developed under operating conditions air courts, for example, condition of an environment (meteorological conditions, ornithological conditions, intensity of air movement, etc.).

Representation of all data characterising results of activity, make differentiation on types of air courts, on classes of air courts, by kinds of aircrafts application, for the reasons of adverse events, on types of events, on flight stages, on aviation enterprises and their services.

Data about inimical events are represented under the uniform form.

All data on adverse events grow out of their causal analysis. For the purpose of formations of full data file about inimical events irrespective of procedure of inimical events studying (investigation, the analysis of flight with use of onboard means of the objective control, private messages) the scheme of their causal analysis should be uniform and calculated on possibility of studying of dynamics of development in inimical events in flight.

Construction of a causal relationship of adverse event – difficult process. It can be broken into some stages, each of which is sufficiently independent. The first stage consists in an establishment of a kind of the adverse event, being a flight failure, and identifications of a kind of the special situation directly previous it. Thereby degree of danger of adverse event and a condition of its occurrence from a previous situation will be defined.

The second stage is directed on studying of dynamics of change of danger in flight. During its realisation the sequence of change of conditions of system «crew – an air vessel» in flight comes to light.

The third stage consists in an establishment of causal chains of special situations. Such causal chains should be so much, how many changes of conditions of system “crew – the air vessel” has occurred in flight. The scheme of definition of a causal chain for each situation is identical. It includes revealing of all sequence of events from an original cause to an immediate cause, caused with necessity occurrence by the considered person of a situation. Thus in each causal chain it is necessary to allocate three links:

· Initial link – a link of an original cause or the reason which resulted lacks of the organisation aviation of system and have caused occurrence of deviations in work of services;

· Average link – a link of the reasons which representing deviations in work of services of maintenance of flights and have entailed occurrence of refusals of system “crew – an air vessel – environment” at performance of flights;

· Final link – a link of immediate causes of adverse events or the reasons representing refusals of systems.

Estimation of economic efficiency of analyses of safety of flights

Estimation of economic efficiency of analyses we will spend to two stages.

At the first stage we define number of the prevented adverse events for the fixed time interval. At the second stage we will define economic efficiency from the prevented adverse events.

1. Under unimical events (UE) in safety of flights (SF) understand aviation incidents (АI) and incidents (I)

AI – The event which has caused destruction of people and (or) such damages of a vehicle which do impossible or inexpedient its restoration. They share on Accidents (A) and aviation incidents without human victims (AIWHV).

Incidents are incidents not having signs AI. They share on dangerous incidents (DI) and incidents.

DI – The event really menacing to safety of flights. Incident is characterised by potential threat SF.

Any system of prevention AI and I (SPAII) has difficult structure consisting of set of subsystems. One of them is the subsystem of the analysis of traffic safety. For realisation of the first evaluation stage we need to define possible number of the prevented UE at the expense of accurately put analysis SF. Therefore for the decision of this question we will compare possibilities SPAI and Both in the presence of a subsystem of the analysis and without it, meaning absence of the periodic analysis i.e. when operating actions are accepted by results of current investigations AI.

Let the quantity of UE for any time interval Т, is equal N. It develops of two parts: 


N = N1 + N2,
(1)

where N1 is the number of UE caused by action of adverse factors, before not meeting.

In turn N2:


N2 = N0 + Np + Nи, 
(2)

where

· N0 is the component caused by errors in definition and an estimation of adverse factors (AF), reducing level SF.

· Np is the component caused by errors in working out of operating actions by structures and persons, engaged in this work.

· Nи is the component caused by errors at realisation (introduction) of operating actions.

Formally SPAII has means for decrease in number of these errors, so and to decrease in the general number, i.e. sizes N. Such means can be:

· Creation of new means and establishment and estimation AF methods;

· Increase of level of competence of the experts developing and realising actions;

· Perfection of procedures of the control, etc.

Thus the general number of UE N can be presented consisting of four parts (four kinds AF)


N = N1 + N​2 = N1 + N0 + Np + Nи, 
(3)

With a view of simplification of calculation and, taking into consideration limitation of possibilities existing statisticans of UE, an estimation of efficiency from use of system of analysis SF we will spend proceeding from its ability to prevent UE at the expense of reduction of only one component (np), working out of actions characterising quality.

Let's consider statistics of adverse events on three equal and following one behind another time intervals Т1, Т2, Т3 (Т = Т1 = Т2 = Т3). The problem consists in an establishment and comparison on interval Т3 of quantity of the UE caused by action of the same factors, as interval Т1 for two cases: without system of analysis SF and at its application. 

Let for time interval Т1 has occurred N1 unfriendly events and by results of investigations it is developed N1 actions (we consider, that all UE of the given series are caused by action of various factors). Then the quantity of UE in the range of time Т2, those factors caused by action, as in the range of Т1, will be defined by following expression:


n(Ф1) = n02(Ф1) + np2(Ф1) + nu2(Ф1), 
(4)

where np2(Ф1) is the component caused by an error by working out of actions by results of investigations, spent to period Т1.

If to consider known the factors characterising probability of incorrect definition of the factor of UE at investigation of UE (k) and an error at development of actions by results of investigation of UE (l), for np2 (Ф1) fairly following expression:


np2 = l*N1 (1-k)
(5)

Taking into consideration that fact, that in the absence of the block of analysis SF the establishment of the fact of repeatability of events under identical factors is impossible (i.e. in everyone the subsequent period of time all events are considered as new) and therefore it is impossible to make additional updating of actions for number of events, which happened in Т3 under the same factors, as during Т1, we will receive expression:


np3(Ф1) = l²·(1-k)²·N1
(6)

Inclusion of the block of analysis SF allows to reveal a component np2 (Ф1), to establish the reasons which have caused its occurrence, and to develop the actions specially directed on their elimination. Therefore at the included block of analysis SF expression for np3 (Ф1), will assume the following air:


np3(Ф1) = d·l·(1-k)²· N1,
(7)

where d is the factor characterising probability of incorrect correcting action by results of comparison statisticans of UE for periods Т1 and Т2.

Accordingly the quantity of the prevented UE at the expense of application of analysis SF can be defined expression:


Δnp = l·(1-k)²· N1·(l-d)
(8)

As d in relation to l is the characteristic of repeated decision-making l (d equality Performance d = 0 is a problem of perfection of analysis SF.

Let's make an estimation Δnp on an example of statistics of incidents in a virtual aviation enterprise. We will accept Т = 0,5 year. Let N1 = 60 incidents – an average of incidents for a half-year in an aviation enterprise. Value k we will accept equal 0,25. It is received at the analysis of materials of repeated investigations AI and defined as frequency of cases of incorrect revealing of factors of danger at investigation AI. Value l we will accept equal 0,4. It is received at comparison of materials of analysis SF in two aviation enterprises and represents frequency of cases of discrepancy of the actions developed on UE, which happened under identical factors. Taking into consideration k and l, their values it is necessary to consider estimated character of methods of definition approached and underestimated in relation to valid.

If to take into consideration, that repeated examination improves accuracy of results on the average on 40 %, and working out of actions to consider as examination carrying out, in this case d = 0,16

Thus for d = 0,16 (a case of real efficiency of analysis SF) Δnp 2 (incidents, and for d = 0 (a case of an ideal system effectiveness of analysis SF) Δnp 6 (incidents. As a whole for aviaknot on which is based to 10 aviation enterprises for 1,5 years at use and the further perfection of system of analysis SF can be prevented from 60 to 180 incidents only at the expense of improvement of quality of working out of the actions directed on elimination of factors of danger.

2. Estimation of economic efficiency from use of system of analysis SF and its perfection we will build on the basis of the assumption of identity of the reasons (factors) causing both incidents, and aviation accidents (АA). Then average cost of incident is defined under the formula:


CПАП = САК ·
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(9)

where

· САК is average value of a material damage from one АA;

· р is average value of number of the incidents falling one АA under identical factors.

Economic benefit from Δnp the prevented incidents will make: 


ΔЭ = СПА  Δnp = САК ·
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·Δnp.
(10)

Material damage from one aviation accident we will define from the expression offered by authors of work:


САП = СВС + Сr + Cp + Cn + Cз-Смл, 
(11)

where

· СВС is cost of an air vessel;

· Сr is the conditional cost of human victims or disability of members of crews air vessel and passengers, and also expenses on payment of grants and pensions;

· Сn is payment for taken luggage;

· Cp is expenses of AA for investigation;

· Сз is compensation put at AA a material damage to buildings, constructions and ground grounds;

· Смл is payment for the handed over scrap metal formed as a result of АA.

Cost of air vessel is defined under the formula:


СВС = Со  + Скр + Сдз – СА, 
(12)

where

· Со is cost price of air vessel;

· Скр are expenses for major repairs;

· Сдз are expenses for completion of air vessel, replacement of units;

· СА is amortisation.

Let's make estimation САП, proceeding from following values of its components:

Со = 4100000 USD, Скр = 170000 USD, СА = 410000 USD, Сr = 200000 USD, Ср = 100000 USD, Сn = 30000 USD, Сдз = 320000 USD. By sizes Сз and Смл it is neglected. The resulted figures are averaged values of components САП for passenger of air vessel.

Thus the economic damage from one АA conditional of air vessel makes not less than 5300000 USD

САК > 5300000 USD

Accordingly economic benefit of the prevented incidents provided that р (120 incidents, will make not less than 2650000 USD for Δnp = 60 incidents and not less than 7950000 USD for Δnp = 180 incidents.

If to admit, that d = 0,16 – the characteristic of existing level of analysis SF, economic benefit of the further perfection of system of analysis SF directed only on reduction d, (d ( 0), will make not less than 5300000 USD.

Conclusion

1. Aviation enterprises have the fulfilled system of analyses of safety of flights which are base of system of prevention of aviation incidents and incidents

2. The system of prevention of aviation incidents and incidents demands essential resources for its functioning. 

3. As in itself it does not provide a sure gain, always there is a question on an estimation of its efficiency.

4. In work one of methods of such estimation is offered.
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Smoljakova N., Laurena I., Šestakovs V. Lidojumu drošības analīžu efektivitātes ekonomiskais novērtējums 

Tiek izskatīta lidojumu drošības analīze. Piedāvāta jauna lidojuma drošības analīzes struktūra. Veikts lidojumu drošības analīžu efektivitātes ekonomiskais novērtējums. Aplūkots primāro datu savākšanas princips, turklāt šie dati pēc tam tiek izmantoti analīzei. Aviācijas uzņēmumiem pastāv atstrādāta lidojumu drošības analīzes sistēma, kura kalpo par pamatu aviācijas negadījumu un incidentu novēršanai. Tomēr šā sistēma izvirza prasību pēc ievērojamiem un ar lieliem izdevumiem saistītiem resursiem, bez kuriem tās funkcionēšana ir neefektīva. Tā kā pati par sevi šī drošības analīzes sistēma nespēj nodrošināt tiešos labumus, ik reizi paceļas jautājums par tās efektivitātes novērtēšanu. Piedāvājamais pētījums iztirzā vienu no šādiem iespējamiem ekonomiskiem vērtējumiem.

Smoljakova N., Laurena I., Šestakovs V. Economic estimation of the efficiency of the analysis of the flights security 

The analysis of safety of flights is considered. The new structure of the analysis of safety of flights is offered. The economic estimation of efficiency of analyses of safety of flights is made. The principle of gathering of primary data which are used at the analysis is resulted. Aviation enterprises have the fulfilled system of analyses of safety of flights which are base of system of prevention of aviation incidents and incidents. The system of prevention of aviation incidents and incidents demands essential resources for its functioning. As in itself it does not provide a sure gain, always there is a question on an estimation of its efficiency. In work one of methods of such estimation is offered.

Смолякова Н., Лаурена И., Шестаков В. Экономическая оценка эффективности анализов безопасности полетов

Рассмотрен анализ безопасности полетов. Предложена новая структура анализа безопасности полетов. Произведена экономическая оценка эффективности анализов безопасности полетов. Приведен принцип сбора первичных данных, которые используются при анализе. Авиапредприятия имеют отработанную систему анализов безопасности полетов, которые являются базой системы предотвращения авиационных происшествий и инцидентов. Система предотвращения авиационных происшествий и инцидентов требует существенных ресурсов для ее функционирования. Поскольку сама по себе она не обеспечивает прямой выгоды, всегда стоит вопрос об оценке ее эффективности. В работе предлагается один из методов такой оценки.
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