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Primary definitions of dependability of intense 
profession members
Nikolay I. Plotnikov, Aviamanager Research and Design Institute of Civil Aviation, Novosibirsk, Russia

Abstract.Significance of the problem. The design of the activity of intense (extreme) profession 
members is due to the requirement to master new and previously unknown areas of industry 
and life. In the history of aviation, the matters of critical importance and calculation of required 
and sufficient properties of pilot and flight crew have been a subject of never-ending research 
for the purpose of regulation in the context of air transport operation. Up to the present mo-
ment, domain knowledge, theory and methods that would take into consideration the differ-
ences in the properties for standardization in flight operation management remain undefined. 
This problem of undefined domain knowledge and shortage of methods of calculation of the 
characteristics of civilian pilots and flight crew members are considered as extremely severe 
and still unsolved in the operation of civilian air transportation. Thus, the set of problems, the 
requirement for finding and developing new knowledge consists in the restriction of the avail-
able theories and methods of formalization, calculation of properties and management of hu-
man dependability. The relevance of this subject matter is reflected in fundamental and applied 
research conducted in Russia and abroad. This paper sets forth the primary definitions of de-
pendability of intense profession members using the example of a commercial pilot. Definition 
of the problem of pilot dependability.Time scale is the universal foundation for the partition of 
the scope of the human operator (pilot) dependability concept. The primary property of human 
activity is the category of purpose. Purpose can be evaluated in structured subsumption of the 
concept of dependability. The technical substance of the category of purpose is structured 
with the definition of the nominal description of the objects: pilot (P), vehicle or aircraft (AC) 
and selected activity environment (E). The paper formalizes the definition of the human activity 
dependability problem. Axiomatics of pilot resource properties.The diverse nature of the human 
properties constitutes the fundamental problem of their description and standardization for the 
purpose of activity standards development. The properties have similarities, differences and 
independence. The paper sets forth axioms as the premises of the human resources theory 
under development. The premises are stated as axioms of equivalence, independence and 
completeness of properties, parameters and indicators of pilot resources. The practical signifi-
cance of the axiomatics of the pilot resources properties consists in the fact that their formal-
ized description allows obtaining algorithms for automated and expert technologies for flight 
operation management.Below are the formalizations of dependability definitions. Conclusion.
The theoretical definitions of management efficiency and guaranteed management efficiency 
establish the concepts of discernibility of the space of successful activity outcomes. The axi-
omatics of pilot properties allow overcoming the fundamental difficulty of formalized description 
of the diverse nature of human properties and enables reliable consideration and calculation of 
the states for the purpose of flight operation management. The paper sets forth the definitions 
of pilot purpose, pilot dependability and dependability of three different kinds, i.e. individual, 
professional, operational, based on a fundamental temporal base of observation.
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1. Introduction

In the history of aviation, the matters of critical impor-
tance and calculation of required and sufficient properties 
of pilot and flight crew have been a subject of never ending 
research for the purpose of regulation in the context of air 
transport operation. 

The subject of dependability of individuals (pilots) and 
groups (crews) in today’s research is at the level of concepts 
and is limited to statistical and empirical estimations. There 
is currently no dependability theory of complex objects, 
individuals and groups of people equivalent to the technol-
ogy dependability theory, therefore the development of such 
theory is of relevance. The dependability of human activity 
and a technical object have the same U-shaped lifecycle 
profile [1, 2]. Therefore, the technology dependability theory 
can be justifiably used in the development of the human and 
organizational object dependability theory. Human depend-
ability indicators are different in their nature, dynamicsand 
intensity of temporal variation. 

The difficulty of pilot activity description consists in 
the absence of a single concept to define the activity. There 
is along list of concepts used to describe the properties of 
human activity: professionalism, occupational aptitude, 
availability, training, preparedness, dependability, respon-
sibility, fitness for work, working efficiency, profession, 
qualification, experience [3, 4]. In general, the abundance 
of conceptual descriptions may be considered as a problem 
of identification of the object of activity. 

The competitive environment of the open global air 
transportation market is leveled against the standardi-
zation of airline activities. Air disasters of the last few 
decades highlight the primary causes, i.e. professional 
properties deficiency and excessive workload of flight 
crews in civil aviation operations [5]. This situation is 
caused by not only the pressure of the business environ-
ment, but also by the critical insufficiency of scientifically 
grounded methods of managing flight operations in terms 
of human resources. 

Given the above, the set of problems, the requirement 
for finding and developing new knowledge consists in 
the restriction of the available theories and methods of 
formalization, calculation of properties and management 
of human dependability. The relevance of this subject 
matter is reflected in numerous fundamental and applied 
research conducted in Russia and abroad [6, 7, 8]. This 
paper sets forth the primary definitions of dependability 
of intense profession members using the example of a 
commercial pilot. 

2. Logical foundations 
of the professional activity theory

The activity theory distinguishes the types of activities 
that can be performed by all or the majority of individuals 
in a society, and the professions with special requirements 
[3]. In this paper, professions with special requirements 

like the profession of commercial pilot are referred to 
as intense or extreme. The design of the activity of such 
profession members is due to the requirement to master 
new and previously unknown areas of industry and life or 
those having an enduring critical relevance to the outcome 
of an activity. 

Identifying the properties of any object, whether material 
or immaterial, artificial or natural, is not a trivial task. We 
structure this task as follows: a) search for the concept that 
best generalizes and corresponds with the object’s properties; 
b) search and establishment of the required base of struc-
turization and observation (measurement, evaluation) of the 
property; c) identification of the term that best corresponds 
with the states (changes) of the property. 

Let us clarify the task in terms of theory of concepts 
(subdiscipline of logic). Each concept has its scope and 
content. The evaluation of abstract concepts (categories) is 
done through the following axiomatic heuristic statement: 
a) evaluation of the type of concept in terms of scope; 
b) identification of the basis of its partition; c) contents 
and presence of attributes; d) establishment of relations of 
concepts [9, 10].

Logical classification of concepts. “The sum of single 
concepts designating such objects is the scope of concept”. 
An example: the scope of the concept of “flight” includes 
the sum of individual concepts of “airplane”, “bird”. “The 
sum of attributes conceivable within a concept identical 
in all specimens of the class is the contents of the general 
concept [11, p. 92]. An example: the concept of class “flight” 
involves the attributes of movement in a three-dimensional 
space for all objects (specimens): aircraft, birds. The scope 
and contents of a concept are in inverse relations: while 
enriching the contents we decrease the scope and vice versa. 
The law works for reconcilable concepts, when an attribute 
characterizes a part of the scope of the initial concept, and 
for concepts having subsumption relations.

Types of concepts in terms of scope. A single concept 
contains one object or element: “Aeroflot”, “Delta Air-
lines”. Single concepts have no scope, as they signify one 
object rather than a class of objects. Single concepts have 
contents, as they have not less than one attribute. A general 
concept contains several or a set of objects, e.g. “airport”, 
“airline”. General concepts may be registering and infinite. 
In registering concepts a set of elements may be taken into 
consideration and recorded, e.g. “flight”. In infinite concepts 
the set of elements is not limited, not estimable and has an 
infinite scope. For example, “aviation”. This is explained in 
the diagram (Figure 1).

Types of concepts in terms of contents. In terms of con-
tents, four pairs of concepts are distinguished. An abstract 
concept designates abstract ideal existence. An object’s at-
tributes form an independent object of thinking, a thought 
without an object, e.g. “risk”, “dependability”. A concrete 
concept designates a real object, e.g. “airplane”, “aviation” 
(a set of real numerable objects). The concepts can be 
generalized or determined. General concepts may be both 
concrete and abstract. For example, the concept of “pilot” 
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is general and concrete, while the concept of “piloting” is 
general and abstract. A positive concept is a concept that 
includes attributes of object, a negative concept does not. 
An example: “hazard” and “safety”. Coexisting concepts 
denote objects that designate the existence of the other, e.g. 
“pilot” and “aircraft”. In independent concepts the objects 
are conceived separately: “city”, “forest”. A collective 
concept consists of a finite set of homogenous objects as a 
whole, e.g. “fleet”, “crew”, “air squadron”. Non-collective 
concepts designate uncountable single objects, e.g. “sky”, 
“safety”, or a countable set of heterogeneous objects, e.g. 
“aviation”. 

As it is shown in [12], the main property of the pilot’s 
activity is designated by the category of purpose (as the 

ability to control an aircraft in a three-dimensional space). 
The observer’s position that defines the best possible dis-
cernibility of the object’s properties is called the observation 
base. There are multiple types of observation bases: time, 
space, group and their combinations: time-space, time-
group, space-group. The most universal observation bases 
are abstract concepts or categories, i.e. space and time (G. 
Klir) [13]. Therefore, this paper adopts the time scale as 
the basis for partition of the scope of the human operator 
(pilot) dependability concept. In our opinion the property 
of purpose can be evaluated in structured subsumption 
of the concept of dependability: individual, professional, 
operational. This partition enables the substantiation of the 
definition below.

Figure 1. Logical relations of the safety concepts
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3. General problem definition 
of dependability calculation 
of pilot properties and states

The technical content of the category of purpose is struc-
tured by the specified nominal description of objects: pilot 
(P), vehicle or aircraft (AC) and chosen activity environment 
(E) of the three-dimensional space. Attributes of observation 
become possible after the establishment of the following 
four types of subject-objectivity: self-observation by pilot of 
own activity P→P; observation of aircraft by pilot P→AC; 
observation of environment by pilot P→E; observation by 
pilot of the aircraft-environment interaction P→(AC↔E). 
The sum of these objects and relations is the common task 
of purpose of pilot’s activity in flight Апот: 

.

The flight defined by the purpose is a process Pfl with the 
finite sum of n operations consisting of: (1) standardized Pst; 
(2) unexpected deviations from flight plan due to work en-
vironment Pwe; (3) random changes of flight parameters Pm. 
The parameters of operations (1) and (2) are the parameters 
of purpose. The parameters of operations (3) are generated 
by the pilot based on the analysis of the parameters devia-
tions ∆ω from the nominal values ωпот: 

,

where  is the parameter change rate, dω/dt. 
In accordance with the organization theory [14], the 

pilot’s activity is described by the set A of allowed actions 
y=(y∈A). The result of activity is z A0, where A0 is the set of 
allowed results. The connection between (y∈A) and (z∈A0) 
is fuzzy and non-limiting. The pilot can compare the results 
having preferences  ∈, where  is the preferences, ℜA0 
is the set of possible preferences. The possible  is in re-
ciprocation with the value of parameter r∈Ω out of subset 
Ω of real axis ℜI. While choosing action y∈A the pilot is 
ruled by a) own preferences and b) the effect (estimation) of 
the chosen action on the activity result z∈A0. The sum of (a) 
and (b) forms a law WI(·) that characterizes the situation of 
which the information is reflected by variable I. The choice 
of action is defined by rule of individual rational choice that 
is dictated by the standards of flight operation, professional 
experience and identifies a set of preferable actions:

.

The objective function of control actions u∈U equals:

 .

D 1. The value K(u), u∈U is called efficiency of 
control. 

D 2. If the pilot’s actions entail the least preferable choice 
in the space of successful outcomes of activity, the value 
K(u), u∈U is called the guaranteed efficiency of control:

 .

Thus, the task of control is formulated: to find the allow-
able actions in the space of successful outcomes that lead 
to the best results, i.e. to optimal control: K(u)→max. The 
control model shown in this paper is the initial representation 
(statement) for the design of the resource system of pilot 
dependability. Subsequent formalization for the purpose of 
calculation of the properties and states of human resources 
in this class of tasks of the activity theory appears to be 
impossible using the tools of the classic set theory. The 
task is formalized in the pseudophysical activity model, i.e. 
relation between actions and outcomes of which the content 
is set forth in [4, 14].

4. Axiomatics of the properties  
of pilot resources

The diverse nature of the human properties constitutes the 
fundamental problem of their description and standardiza-
tion for the purpose of activity standards development. The 
properties have similarities, differences and independence. 
For example, different and independent properties, e.g. 
professional experience, social maturity, individual’s age 
are similar and commensurate in lifetime. The similarity 
of properties allows overcoming the mentioned problem 
by choosing a limited number of properties. The mutual 
similarity of properties allows using known indicator and 
parameter values to identify the values of unknown indica-
tors and parameters in which the considered characteristics 
are examined “in isolation from all the other ones” [13, p. 
348-354]. The substantiation may be in the form of theoreti-
cal postulates and axioms. For the first time this paper sets 
forth axioms as the premises of the new resources theory 
of human activity. 

The logical conclusions of the suggested axioms are 
interrelated. The truth of the sum of conclusions is based 
on their consistency. The axioms are drawn from experi-
ence (empirical observation), formulated in heuristic state-
ments, plausible judgments and conclusions. The following 
premises are stated as axioms of equivalence, independence 
and completeness of properties, parameters and indicators 
of pilot resources. The practical significance of the axiomat-
ics of the pilot resources properties consists in the fact that 
their formalized description allows obtaining algorithms 
for automated and expert technologies for flight operation 
management. 

The proposed axiomatics of the properties of a non-
numerical object (human being) and complex object as 
formally reflected by measures of regularity, continuity 
and distance. The properties possess partial regularity Q of 
subset and defined as a binary relation over a set of states 
or a parametric set: Q⊂Vi+Vi and satisfies the following 
requirement: reflectivity of (x, y)∈Q; antisymmetry when 
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(x, y)∈Q and(y, x)∈Q, then x=y; transitivity, i.e. if (x, y)∈Q 
and (y, z)∈Q, then (x, y)∈Q; if (x, y)∈Q, then x is the pred-
ecessor of y, while y is the successor of x; if (x, y)∈Q and 
there is no z∈Q such that (y, z)∈Q and (z, x)∈Q, then x is 
the immediate predecessor of y, while y is the proximate 
successor of x; connection, i.e. for all x, y∈V1 if x≠y, then 
(x, y)∈Q or (y, x)∈Q. 

The axiomatics of properties enables the simplification 
of the design process and relatively simple calculations in 
adopted scales and units of time as shown in [11]. The system 
of pilot resources developed based on the described axiomat-
ics of properties for the first time enables the acquisition of 
algorithms for automated and expert control systems [14]. 

5. Definition of resources (states) 
of pilot reliability

The resource of purpose is defined by the concept of 
dependability. 

D 3. The ability to control an aircraft in a three-dimen-
sional airspace is called the pilot’s resource of purpose. 

D 4. Dependability is the set of properties and states of 
the object within the metric of the standard activity space. 

In [4, 13] dependability is structured in three forms: re-
sources of individual dependability, resources of operational 
dependability, resources of professional dependability. The 
solution is substantiated by the single basis, i.e. discernibility 
of each group of resources in time. 

D 5. Individual dependability is the sum of human evo-
lutionary specific biological properties in the environmental 
conditions. Individual dependability has the meaning of 
specific evolution that is infinitely longer that an individual 
human life. 

D 6. Professional dependability is the sum of human prop-
erties gained within a profession in the chosen professional 

environment. Professional dependability has the meaning of 
the duration of professional activity of an individual within 
the period roughly between 20 and 60 years. 

D 7. Operational dependability is the sum of conditions 
and states of flight defined for the realization of managerial 
activity in the chosen purpose environment. Operational 
dependability is observed within the operational period of 
one year.

6. Conclusions

The category of purpose of activity names the object of 
WHAT exactly is performed as part of practical activity, 
while the category of dependability names HOW to observe 
(measure, evaluate) the object. 

The next task is the detailed development of the cat-
egories of purpose and dependability in their linguistic, 
ontological and technical essence. The goal of linguistic 
analysis is to identify the objective semantics of words. 
The ontological task is to identify the subject area and the 
subject-objectivity. 

The technical substance defines the terms, structure of 
activity and method of observation of the object. This ap-
proach constitutes the foundation of the presented method 
of technical modeling of pilot activity and implementation 
of the calculation and management design [15]. 

The theoretical definitions of management efficiency 
and guaranteed management efficiency establish the con-
cepts of discernibility of the space of successful activity 
outcomes. 

The theoretical foundations and deduced definitions 
allow developing expert systems and automated systems 
of prediction and prevention of flight accidents during or-
ganization and performance of air transportation operations 
[15] (Figure 2). 

Figure 2. Pilot resources management ES
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The axiomatics of pilot properties allow overcoming 
the fundamental difficulty of formalized description of the 
diverse nature of human properties and enables reliable 
consideration and calculation of the states for the purpose 
of flight operation management. 

The paper sets forth the definitions of pilot purpose, pilot 
dependability and dependability of three different kinds, i.e. 
individual, professional, operational, based on a fundamental 
temporal base of observation. 

Thus, new foundations may be developed for the activity 
theory and task definition of the property of activity of people 
of any profession may be formalized. For intense profession 
members the dependability category may be universal. For 
workers of education and science competence and qualifi-
cation may be the right concepts. In professions involving 
physical labour that may be productivity and efficiency.

References

1. GOST R 53480-2009. Industrial product dependability. 
Terms and definitions. Мoscow: Standartinform; 2010.

2. Golovko AM, Gurov SV. Osnovy teorii nadiozhnosti. 
Praktikum [Foundations of the dependability theory. A tuto-
rial]. Saint Petersburg: PHV Peterburg; 2006 [in Russian].

3. Bodrov VA, Orlov VYa. Psikhologiya i nadezhnost’: 
chelovek v sistemakh upravleniya tekhnikoy [Psychol-
ogy and dependability: human being in control systems]. 
Мoscow: RAS Institute of Psychology Publishing; 1998 
[in Russian].

4. Plotnikov NI. Resursy pilota.Nadiozhnost. Monografia 
[Pilot’s resources. Dependability. A monograph]. Nov-
osibirsk: Research project center «AviaManager», CJSC; 
2013 [in Russian].<http://aviam.org/images/sampledata/
book/2015_prd.pdf>

5. Aviatsionnye proisshestviay, intsidenty i aviakatastro-
phy v SSSR i Rossii. Fakty, istoria, statistika [Aviation acci-
dents, incidents and disasters in the USSR and Russia. Facts, 
history, statistics],<http://airdisaster.ru/>[in Russian].

6. Wiener EL, Kanki BG, Helmreich RL. Cockpit Re-
source Management. New York: Academic Press; 1993.

7. Makhutov NA, Faleev MI, Puchkov VA. Bezopasnost 
Rossii. Bezopasnost i zashchishchennost kriticheski vazh-
nykh obiektov [Security of Russia. Safety and security of 
critical facilities]. Vol. 2. Part 1 of 2. Moscow: MGF Znanie; 
2012 [in Russian].

8. Ivanov AI, Ivaniushchenko AS, Narbut SR, Per-
evozchikov NI, Solovtsov NE, Cheltsov BF. Metodolog-

icheskie osnovy ispytaniy slozhnykh sistem. Bezopasnost 
poletov letatelnykh apparatov pri ispytaniyakh i ucheni-
yakh raznorodnykh sil [Methodological foundations of 
complex systems testing. Flight safety of aircraft during 
testing and training of all-arms forces]. Moscow; 2003 
[in Russian].

9. Getmanova AD. Ouchebnikpologike [Logic textbook]. 
2nd edition. Moscow: Vlados; 1995 [in Russian].

10. Goncharov SS, YershovYuL, Samokhvalov KF. 
Vvedenie v logiku i metodologiyu naouki [Introduction into 
the logic and methodology of science]. Moscow: Interpraks, 
Novosibirsk: RAS SB Institute of Mathematics; 1994 [in 
Russian].

11. Lossky NO. Logika [Logic]. Obelisk; 1923 [in Rus-
sian].

12. Plotnikov NI. Osnovaniya teorii nadezhnosti chelove-
ka-operatora (pilota) [The bases of human operator (pilot) 
dependability theory]. Dependability 2015;2(53):94-97.

13. Klir G. Architecture of Systems Problem Solving. 
Мoscow: Radio i sviaz; 1990.

14. Novikov DA. Teoriya upravleniya organizatsionnymi 
sistemami [Theory of management systems control]. 2nd 
edition. Мoscow: Fizmatlit; 2007 [in Russian].

15. Plotnikov NI. Metod otsenki riskov dlya bezopasnosti 
poletov aviakompanii na osnove upravleniya i prognoza 
resursov pilota [A method for evaluating the air safety 
risks of air-lines based on pilot resources management and 
prediction]. In: Avtomatizirovannaya sis-tema prognozi-
rovaniya i predotvrashcheniya aviatsionnykh proisshestviy 
pri organizatsii i proizvodstve vozdushnykh perevozok. 
Promezhutochny etap № 4: Adaptatsiya razrabo-tannykh 
algoritmov i programmnykh sredstv AS [Automated system 
for prediction and pre-vention of air accidents in organiza-
tion and performance of air transportation. Intermediate, 
stage 4 Adaptation of developed AS algorithms and pro-
grams]. Science and engineering re-port, 2010-218-02-068, 
official registration no. 01201150118 dd 12.01.2011, iden-
tification no. 194. Ulianovsk; 2012: 154-238, 1048-1258 
[in Russian]..

About the author:

Nikolay I. Plotnikov, Candidate of Engineering, Senior 
Researcher, Director General, Aviamanager Research Project 
Center, Novosibirsk, Russia, e-mail: am@aviam.org.

Received on 07.08.2017


