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Abstract

Purpose: on the basis of professional and non-professional factors formalization, designing of models of
decision making by Air Navigation System’s human-operator and flight situation development to work-out
the methodology of research and training in Air Navigation Socio-technical System. Methods: systemic
analysis, reflexive theory, network planning, decision tree, Markov network, GERT network, neural network,
expert method. Results: the Air Navigation System has been presented as a complex Socio-technical System.
The influence of the professional factors (knowledge, skills, abilities, experience) as well as the factors of
non-professional nature (individual-psychological, psycho-physiological and socio-psychological) on the
decision making by Air Navigation System’s human-operator has been defined. Graphical-analytical,
deterministic, stochastic, reflexive, neural network models of decision making by Air Navigation System’s
human-operator and flight situation development have been obtained. The program complex “Prompt”
which operative and timely selection of the optimal flight completion strategy in the unusual situations
required an aircraft forced landing has been created. Methodology of research and training in Air
Navigation Socio-technical System has been developed. Discussion: the result of the evaluation of non-
professional factors is determination the socio-psychological impact on human-operator’s decision making
by identifying the preferences, diagnostics the individual-psychological qualities of human-operator in the
development of flight situation, monitoring of the human-operator’s psycho-physiological indicators
(emotional state). The proposed models will allow timely diagnosing and predicting the possible actions of
human-operator in the expected and unexpected conditions of aircraft operation. The algorithms and
methodology for analysis of situation development under influence of decision making by human-operator
can be used in other technogenous production.

Keywords: Air Navigation System; decision making; Decision Support System; flight emergency;
formalization; human factor; modeling; Socio-technical System.

1. Introduction operation between human and technological

components occurs [1]. The distinguishing feature of
Air Navigation System (ANS) in conformity to the the STS is availability of the hazardous kinds of
principles of functioning may be referred to Socio- activity as well as wusage of the high-level
Technical systems (STS) within which close co- technologies in production. Since operations in STS

Copyright © 2018 National Aviation University
http://www.nau.edu.ua



V. Kharchenko, T. Shmelova, Y. Sikirda. Methodology of Research and Training in Air Navigation Socio-Technical System 9

generally involve high-risk / high-hazard activities,
the consequences of safety breakdowns are often
catastrophic in terms of loss of life and property [1].
The more a human-operator (H-O) is trying to
control a production process being aided by high
level technologies, especially in case of distant
operation, the more non-transparent becomes the
result of the operation of a system, which is
accompanied by a high degree risk of causing
catastrophic outcomes [2 — 3]. Most investigations
were conducted with a view to provision of safety in
nuclear power production [4 — 5], [22]. In the ANS
provision of safety is rather actually with the aim of
prevention threats on the operational level, for
example in the event of technical equipment damage
or maintenance personnel faults [3]. The provision
of flight safety in the ANS by means of high level
technological processes depends primarily on
reliability of H-O as well as his timely professional
decisions. Currently, one of the main strategic
problems of mankind on the path to sustainable
development is the safety and stability of
technogeneous  production [5]. As  noted
technogeneous production is a complex system that
contains interrelated technical, economic and social
objects. It has a multilevel hierarchical structure and
a high level of risk [6 — 7]. Recent results show that
there are frequent and common emergency such as
disaster, accidents, crashes in hydraulic engineering,
chemical and military industries, gas and oil
pipelines, nuclear power plants and transport [4 — 7].

2. Analysis of latest research and publications

Statistical data show that human errors account for
up 80% of all causes of aviation accidents [§ — 9].
The existing approaches to checking separate
aspects (psycho-physiological, behavioural,
ergonomic, professional, etc.) do not consider the
functional state of H-O in the conditions of the
dynamic change of external and internal factors [3].
Representation of the ANS in the form of a STS first
makes possible to take into account the influence of
social, cultural environment of people who decision
making (DM). Culture surrounds people and affects
their values, convictions and behaviour, which they
share along with other members of different social
groups. Culture serves to bind us together as
members of groups and to provide clues as to how to
behave in both normal and unusual situations. The

psychologist Hofstede suggests that culture is a
“collective programming of the mind” [2]. Thus
fatal mistakes can be committed by normal, healthy,
highly motivated and well equipped personnel [1, 3,
8, 10]. have used lately the term
“departure of conscience” when they analyzed the
causes of aviation events conditioned by the
insufficient development of the appropriate cultural
values in a person that makes decisions [8]. Aviation
systems with its complex interrelation between a
man and technologies have been evolved towards
complex STS.

Nowadays ICAO addressed awareness of
cultural interfaces and the impact of cross-cultural
factors on aviation safety in circular Human Factors
Digest [2]. The circular presents the safety case for
cultural interfaces in aviation safety with reference
to three established conceptual safety models: the
SCHELL model, Reason’s model of latent
conditions, and the Threat and Error Management
(TEM) model. The evolutions of Human factor's
models are presented (from 1972 to present time) in
Table 1. There are 4 stages of the evolution of the
Human factor's models associated with the
appearance of new system components and the
diagnosis of operator errors:

1. Professional skills / Interaction / Errors.

2. Cooperation in team / Error detection.

3. Culture / Safety / Error prevention.

4. Safety Management / Minimization of errors.

Therefore, components such as culture and the
influence of society are important for the safety in
aviation (for example SCHELL model). One of the
possible approaches to the solution of these
problems is formalization and mathematical
presentation of the ANS operators’ activities in the
form of a complex STS on the base of the systemic
analysis. It’s necessary timely to diagnose the
individual properties of the operator and forecasting
of emergency situations. Taking into account in the
act of DM by a H-O within ANS, besides the
separate professional factors (knowledge, habits,
skills, experience) also the factors of non-
professional  nature  (individual-psychological,
psycho-physiological and  socio-psychological)
enables to predict the H-O’s actions on the basis of
modelling the “large-scale” outcomes of individual
actions with the aid of the reflexive theory [11].

Scientists
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Table 1
Evolution of Human factor's models
Content of stage of Number of
Years Model Content of model evolution human stage
factor's model &
1972 SHEL Softwgre (pros:edures) - Hardware
(machines) - Environment - Liveware
1990 Reason's  “Swiss | Active errors - Latent errors - Windows of | Professional skills
Cheese Model” opportunity - Causation chain Interaction 1
Software  (procedures) -  Hardware | Errors
1993 SHELL (machines) - Environment - Liveware -
Liveware (humans)
1999 CRM Crew - Resource - Management
2000 TEM Threat and Error - Management
2000 MRM Maintenance - Resource - Management Cooperation in team I
Software  (procedures) -  Hardware | Error detection
SHELL-T . . .
2004 (machines) - Environment — Liveware -
(SHELL-Team) .
Liveware (humans) - Team
SCHELL  model Software (procgdures) — .Culture -
2004 Hardware (machines) - Environment -
and CRM . .
Liveware - Liveware (humans) Culture
2004 |LOSA Line - Operation - Safety - Audit AT i
2009 HEAD Human - Environment - Analysis - Design p
2010 HFACS Human Factors - Accident - Classification -
System
Safety management
2013 SMS Safety Management System L v
Minimization of errors
3. Research tasks The ambient conditions determine the reaction

The research tasks are:

— decomposition of the DM process by ANS’s H-O,
systemic analysis and formalization of the factors which
affect the DM within ANS treated as complex STS;

— diagnostics the individual properties of the
operator and forecasting of emergency situations;

— designing the models of DM by ANS’s H-O and
flight situation development;

— creating of a computer program for Decision
Support Systems (DSS) of H-O in unusual situations;

— development the methodology of research and
education of ANS as STS;

— preparation of the individual tasks for the
scientific work of aviation students in education
after Master class of DM in ANS.

4. Monitoring and Diagnostics of the Individual
Properties of the Human-Operator during the
Professional Activity

Analysis of influence of the factors of professional
and non-professional activities on the DM in ANS as
STS has been made (Fig. 1) [12].

of H-O and this reaction changes the environmental
conditions accordingly. One of the possible
approaches to the solution of these problems is
formalization and mathematical presentation of the
ANS operators’ activities in the form of a complex
STS on the base of the systemic analysis. For
example, modelling of H-O DM in the unexpected
conditions of flight (difficult flight situation, hearing
channel of identification informational by H-O,

route stage of flight) functional Y (Fig. 2). The
distinctions between “professional” and “non-
professional” factors, features of factors are
indicated in books and articles [12 — 13]. On the
basis of the methods for analysis of DM by the H-O
ANS using graph, stochastic, GERT, Markov
network, reflexive theory the methodology for
analysis of flight situation development under
influence of DM by H-O ANS in FE has been
developed. The proposed models will allow timely
diagnosing and predicting the possible actions of H-
O in the expected and unexpected conditions of
operation of the aircraft (AC). The practical value of
the research carried out is to develop a method for
conducting a prolonged socio-psychological
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correction of the H-O ANS in the process of training
and professional activity, as well as the application
for investigators of the approach to the evaluation of
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In order to take into account the complex of the
factors that influences on H-O of the ANS as STS in
the expected and unexpected conditions of operation
of an AC a reflexive model of bipolar choice of H-O
has been worked-out (Fig. 3). In the informational
processor of the reflexive intuitive selection of H-O
is selected in the directions of positive pole A4,
negative pole B; mixed selection AB according of
reflexive theory [11]. The choice of H-O ANS is
described by the function (1):

X=f(x;,x5,%3), (1

where X — is probability, that H-O is ready to choose
a positive pole A in the reality; x; — is a pressure of
the environment on H-O toward positive alternative
at the moment of the choice, x,€[0, 1]; x, — is a
pressure of the previous experience of H-O toward
positive alternative at the moment of the choice,
x€ [0, 1]; x3 — is a pressure of the intention of H-O
toward positive alternative in moment of the choice,
x3€ [0, 1].

Verified the reflexion theory, i.e. unexpected
emergency situations H-O performs automatic
selection influenced by previous experience (x;) and
environment (x;). In expected emergency situations
the choice of H-O has influenced by the intention
(x3) of the H-O.

The alternative solution B — is the choice of H-O,
which is determined by H-O preferences system
under which any form of arrangement of F-set is
understood, i.e., removing the uncertainty of choice
of some element f*e F on the basis of selection rule
K. A selection of a rule K shows the concept of a
rational behaviour of individual y and his
preferences system p in a particular situation of
choice {7, p}%K . The ANS’s H-O preferences

system are influenced by professional F » and non-

professional an factors (2-3):

Fp={Fu.Feol: @

an = Fip aFPf:fSP}ﬂ (3)

where F s —are knowledge, skills and abilities, acquired

H-O during training; Fexp — are knowledge, skills and

abilities, acquired H-O during professional activity;

FiP = {f;'pt ’f;'pa s f;'pp > f;'pth ’f;'pi s f;’pn ’f;'pw’ﬁ'ph > fexp } - iS
st of H-O
(temperament,

factors
thinking,

imagination, nature, intention, health, experience); F of —

individual-psychological
attention,  perception,

is set of H-O psycho-physiological factors (features of the
nervous system, emotional types, sociotypes);

Fg = {f.gpm:ﬂpe,fgps»fypp:fypz} — is set of H-O socio-
psychological factors (moral, economic, social, political,
legal factors).

For example, with using expert method have been
obtained the preferences system of the pilot on the set

of individual-psychological factors F,'p , which reflect

the objective characteristic of DM and thinking
psychology of H-O [12 — 13]: he is guided by action, in
cases of normal and catastrophic situations (4-5):

(j{iph H fexp ) = fipa = ipw s ipt =
)
= ﬁpi s fipp = ipth s ﬁpn

(ﬁph ’»fexp) = (ﬁpt’ﬁpp) s ipa >

, 5

= ](ipw = ](ipth s ](ipi s j[ipn ( )
where f,, — is health; fj,.,, — is experience; f;,, — is
attention; f;,, — is intention; f,, — is temperament;
Jipi — 1s imagination; fj,, — is perception; f; — is
thinking; f;,, — is nature.

In both cases, the most significant factors are the
health and experience. During a flight situation
development towards catastrophe such factors such
as temperament and ability to perceive information
are getting much more significant role. Other
individual-psychological factors remain unchanged.

The preferences models for military pilots and

navigators allowed to obtain the priorities of socio-

psychological factors I_Tsp (6):

S = Lo ot = Fop = fims (6)
where f;,; — are social factors; f;,. — are economics
factors; fy,y — are legal factors; f;,, — are political
factors; f;,,» — are moral factors.

In Fig. 4 presents the priority of economics and
social factors in result of influence of socio-
psychological factors on the professional activities
of military pilots and navigators.
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it | Gg — expected conditions of the AC
operation;
Ge — unexpected conditions of the AC
operation;
G:1 — normal situation;
G;2 — complicated situation;
G;: — difficult situation;
G:+ — emergency situation:
G:s — catastrophic situation

optic channel;

Gon — anditory channel;
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G — verbal channel;

(gs — preceding experience

Fig. 3. The model of DM by H-O ANS

Moral factors
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Political factors " g ! Social factors

Fig. 4. The influence of socio-psychological factors on the
professional activities of military pilots and navigators.

The previous studies the factors that affect the DM
by ANS’s H-O have been determined, namely: level
of knowledge, skills, abilities, preceding experience
as well as the factors of non-professional nature. The
analysis of social-physiological factors conducted by
the authors allowed to make a conclusion that the
activities of pilots are influenced by the own image,
the image of corporation as well as by interests of a

family. At the same time respondents — air traffic
controllers pay special attention to interests of their
families, their own economic status and professional
promotion.

The nature of the operator’s work depends on the
dynamic properties of the control object. Researches
in worldwide practice to determine changes in the
emotional state of H-O are mostly held by direct
measurements of physiological characteristics, such
as heart rate, blood pressure, tremors of hands,
perspiration, changes in iris, etc., which are applying
the appropriate medical equipment, sensors [14].
Such studies of the H-O physical condition have
practical wvalue, but it is difficult to obtain
measurements of actual emotional state H-O during
execution of professional duties, particularly in
aviation accident. It is required to obtain the real
characteristics of the emotional state of H-O without
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interference in ergonomic conditions of operator
activity.

It is proposed to evaluate move of assessment of
the pilot is piloting parameters (deviation ailerons,
rudder direction, etc.) and negotiations on the flight
deck, i.e. communications between the pilot and
controller because its more available for
investigation are piloting parameters. The pace and
range of motion of the pilot during controlling the
air vehicle that changes with increasing emotional
stress is an indicator of emotional state [8, 12].
Identification of the current emotional state of the
operator is based on analysis of variance obtained
from spontaneous, emotional or sensible (phase
portraits) types of activity H-O for using dispersion
analysis and determine of stability for using Nyquist
criterion (Fig. 5).

-
-
-
-
-
-
-
-

= theoretical Nyquist hodograph with delay;
— —spontaneous type of activity;

----- emotional type of activity;

= + = rational type of activity;

theoretical Nyguist hodograph witout delay.

Fig. 5. Nyquist hodograph to diagnose the emotional state
of H-O and definition of ANS stability during
deformation emotional experience.

Monitoring of H-O current emotional state and
diagnostics of emotional experience deformation in
the form of transition to dangerous types of H-O
activity (reasonable or emotional) in extreme
situations and determining the functional stability of
H-O will allow time to prevent the development of
flight situation.

5. Models of Decision Making by Human-
Operator in Air Navigation System as a Socio-
Technical System

The structural analysis of flight emergencies (FE)
development and DM by aircraft (AC) crew and air
traffic controller (ATC) in FE enabled to obtain such
results [12 — 13, 15 — 16]: graphical-analytical
models of FE development and DM by a H-O
(controller, pilot) in FE; deterministic models;
stochastic models type decision trees, Markov chains
and GERT network (Graphical Evaluation and
Review Technique); reflexive models of bipolar
choice in FE under the influence of external

environment, previous experience and intentional
choice by H-O.

Network analysis of DM by H-O in FE under
certainty with using the network planning methods
gave a chance to obtain [15 — 16]: structural-time
table of the actions taken by H-O (controller, pilot)
in FE; network graph of taking the actions by a H-O
(controller, pilot) in the FE; critical time of taking
the actions by a H-O (controller, pilot) in the FE.
Logic determined models for a H-O (controller) are
presented in Fig. 6, which were obtained in
accordance with the adopted technologies of ATC’s
work ASSIST (Acknowledge, Separate, Silence,
Inform, Support, Time).

The critical time for performing the operations by
an ATC in the FE namely: engine failure on take-
off, AC depressurization, hydraulic system faults,
failure of the electric power supply system, etc. as
well as the critical time of the AC crew actions in
case of an engine failure on take-off and approach to
land in the adverse meteorological conditions has
been obtained [12].

Ts T,sec.

Fig. 6. The network graph of carrying out
the actions by an ATC in the ANS.

Models of DM by H-O in FE in risk have been
obtained with using decision tree. The expected risks
R4, Rp of making a decision in the ANS under the
influence of the external environment x;, the
previous H-O’s experience x, and the intentional
choice of H-O x; have been obtained. The expected
risk in the process of DM of a H-O is equal (7):

R, = min {Rij
Rpy =Ry ={r.p} ’
Ry =X (x.x,,%3),7.p}
where R, — is an expected risk of the DM for a H-O
with taking into account the criterion of the expected
value minimization; Rp — is an expected risk of the
DM for a H-O with taking into account his model of
preferences; R;; — is an expected risk for making 4,;-
decision; y — is a concept of a rational individual’s

(7
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behaviour; p — is a system of individual’s
preferences in a concrete situation of the choice; R4
—is a mixed choice made by a H-O.

For example, let’s analyse catastrophic situation
development under hazardous weather conditions
using decision tree, Markov network and stochastic
network GERT [17 — 20] (Fig. 7).

Wils)
a
K¢

4 T T T. T Ts Tc

Fig. 7. One of the scenarios of flight situation
development: A, B — is the selection in the direction of
positive or negative pole respectively; G;, G,, G;, G4, Gs
— are normal, complicated, difficult, emergency,
catastrophic situations respectively.

According to data of the National Transportation
Safety Board (NTSB) [21], during the last 10 years
21,3% aviation accidents happened due to weather
conditions, of which 39,1% — in adverse weather
conditions. The major cause of aviation accidents in
adverse weather conditions (68%) considered
improper and untimely DM by AC crew.

The example of the computation of the expected
risks in the course of the transition between flight
situations is presented in Fig. 8. The selection in the
direction of the negative pole in compliance with the
S'1.2-3.4p scenario leads to the maximum expected risk
R=1028 conventional units (c.u.). The choice in the
direction of the positive pole when the FE occurs at
the first stage of DM by H-O ANS (for example, a
flight to alternative aerodrome in the difficult
meteorological conditions) has a risk which is 60,5
times lesser: R=17.

Based on the W-functions of positive and
negative H-O choice the Markov network of flight
situations development from normal to catastrophic
has been constructed (Fig. 9).

In stochastic networks of the flight situation
development of GERT type the tops are represented
by stages of the situation (normal, complicated,
difficult, emergency or catastrophic), and the arcs
are represented by a process of transition between
stages of the situation. The algorithm of stochastic
network analysis has been developed. Thus
according to results of stochastic network analysis of

the flight situation development from normal to
catastrophic the following values have been
obtained: mathematical expectation of flight
situation development time #;; variance of flight
situation development time ¢#;; probability of flight
situation development p;;.

0.7y 60

BJO%*;;

0 5
0_.7/: ;
Y4

B

7
X
0. 56
3™ 5
(%2

Fig. 8. The example of the computation of one of the
scenarios of flight situation development: 4, B — is the
selection in the direction of positive or negative pole
respectively; G;, G,, G;, G, Gs— are normal,
complicated, difficult, emergency, catastrophic situations
respectively.

Ra=17 Ra=257

Rus=874

Ra=07 Rss=577

Ras=1028 Ra=991 Re=597

Fig. 9. Markov chains of the development of flight
situation: G, ,G,, Gs, G,,G5 — are normal, complicated,
difficult, emergency, catastrophic situations respectively;
R;; —is the value of risk during transition between flight
situations

The developed neural network model of evaluating
the efficiency of the potential alternative of flight
completion on the basis of the two-layer perceptron
(Fig. 10) differs from the used ones because it
enables to define with a high degree of precision the
amount of the possible loss due to the complex
taking into account of the influences of various
separate factors differing from the point of view of
their significance which characterize the potential
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place for making a forced landing. The entry
parameters of the model in the form of the artificial
neural network are factors which characterize the

potential alternative of the flight completion.
B c o) E

Yer B
Fig. 10. Neural network model: a — the potential
alternative of the flight completion is an aerodrome; b —
the potential alternative of the flight completion is a
landing field

Yaues a)

Decision Support System of ATC in the emergency
situations has been developed [12]. For the informational
support of an ANS to enable it to make operative and
timely decision concerning the selection of the optimum
flight completion strategy in unusual situations which
require a forced landing the specialized program complex
“Prompt” has been created. With the aid of the program
“Prompt” the subsystems of forming the strategies of
actions, predicting the development of a situation,
defining the characteristics of the alternative variants of
the flight completion, evaluation of the efficiency of the
potential alternatives and building the optimum decision
were realized. The program “Prompt” enables to handle
two non-standard situations — an engine failure and fire on
board an aircraft. When the recommendation concerning
the necessity to accomplish a forced landing is obtained,
the field of approachability for the aircraft is built on the
monitor, also values of the potential loss required for
selection of a definite flight completion alternative as well
as the coordinates of the potential landing sites (azimuth,
range) are presented on the monitor. The program
envisages the formation of the field of approachability for
two extreme cases — the regime of planning and regime of
an immediate descent (Fig. 11).

The program complex “Prompt” allows: to give
the recommendations concerning the possibility of
the further flight continuation or the necessity to
accomplish a forced landing of the aircraft with the
aid of the interface suitable for the user; to define the
field of approachability of the aircraft in case when
the necessity to make a forced landing arises; to
form the evaluation of the alternative variants of the
flight completion and define the optimum variant
using the potential-loss minimization criterion.

T
B

Fig. 11. The field of approachability and defined potential
loss for a few variants of the flight completion: a — in case
of the complete failure of the aircraft engines; b — in case
of the fire on board the aircraft which was not
extinguished

6. Methodology of Research and Training in Air
Navigation Socio-technical System

Methodology of research and training in ANS as
STS has been developed:

1. Human factor problem. Analysis of complex
control systems as STS (Aviation systems, Chemical
production, Energy, Military industry, etc.).

1.1. Individual-psychological factors /
comparative analysis of different age and social
groups.

1.2. Socio-psychological factors / comparative
analysis of different age and social groups
(countries, regions, cities, etc.).

1.3. Monitoring of psycho-physiological factors
(ordinary, extraordinary, emergency situations, ect).

2. Diagnostics, monitoring of the factors
(professional and non-professional) that influence on
DM by the H-O in STS.

2.1. Diagnostics, monitoring of the professional
factors.
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2.2. Diagnostics, the
professional factors.

2.3. Diagnostics of individual-psychological
factors / comparative analysis of different age and
social groups.

2.4. Diagnostics of socio-psychological factors /
comparative analysis of different age and social
groups (countries, regions, regions, cities, etc.).

2.5. Monitoring of psycho-physiological factors
(ordinary, extraordinary, emergency situations,
ergonomic correction of results, ect.).

2.6. Comparative analysis of different age, social
groups, countries, etc.

3. Complex accounting of the factors affecting
the H-O DM in the STS.

3.1. Methods of aggregation of the factors that
influence on DM in the STS (additive, multiplicative
aggregation, etc.).

3.2. The method of generalization of
heterogeneous factors, with the help of which the
influence of individual-psychological, socio-
psychological and psycho-physiological factors in
the STS determines.

3.3. Reflexive bipolar choice in the positive /
negative pole. Reflexive information processor for
diagnostics and predicting the development of
situations, etc.

4. Models of DM in STS and forecasting the
development of the situation for different spheres of
industry as STS.

4.1. Deterministic models of DM in STS.

4.2. Stochastic models of DM in STS by an H-O
in extreme situations (under conditions of stochastic
reflexive bipolar choice).

4.3. Neural network, Markov chains, GERT-
models of DM in STS by an H-O in extreme
situations.

4.4. Models of diagnostics of the emotional state
of H-O in extreme situations.

4.5. Master Class of DM, etc.

5. Algorithm for diagnostics the pilot's emotional
state by the parameters of piloting (movement of the
ailerons, etc.) in extreme situations. Algorithm for
diagnostics the H-O's emotional state in extreme
situations.

5.1. Stability of STS during deformations of the
emotional state by H-O.

5.2. Methods of stability correction of STS.

monitoring  of non-

5.3. Methodology for modeling the development
of an emergency situation, taking into account the
impact of individual and social factors on DM, etc.

6. Applied tasks of the DM in STS by an H-O
(Aviation systems, Chemical production, Energy,
military industry, etc.).

6.1. Prerequisites for a catastrophic situation, etc.

6.2. Preventing catastrophic situation, etc.

6.3. Accident investigation problems, etc.

7. Development on-line systems.

7.1. On-line system of DM study.

7.2. On-line diagnostics of the factors of non-
professional activities on the DM by H-O.

7.3. On-line diagnostics of the emotional state of H-O.

7.4. On-line professional diagnostics for using
DM with socionics.

7.5. On-line business planning, etc.

Let’s consider the individual works of aviation
students in education (course “Basic of DM in ANS”
in National Aviation University, Kyiv) after Master
class of DM in ANS. Plan of research FE “Aircraft
Decompression”:

— technology of H-O (ATC) actions in FE
“Aircraft Decompression”;

— decomposition of technology on the operational

procedure;

— block-scheme of algorithm of the operational
procedure of the ATC in FE “Aircraft
Decompression”;

— structural-timing table of the operational
procedure of the ATC in FE “Aircraft

Decompression”;

— network graph of taking the actions by a H-O
ATC in the FE “Aircraft Decompression”;

— DM under risk and calculation of the optimal
solution using the criterion of Expected value;

— DM under uncertainty and calculation of the
optimal solution with using Wald and Laplace
criteria.

For example, there is individual work of students
“DM in emergency situation “Aircraft Decompression”.

Decision making under certainty.

Algorithm of H-O DM under certainty in the
emergency situation “Aircraft Decompression™:

1. To choose the emergency situation from the
ASSIST list.

2. Technology of human operator (ATC) actions
in emergency situation.
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3. Decomposition of technology on the

operational procedures: 4;, i =1,7n.

4. Definition of time , i=1,_n with help of the
method of experts’ estimations.

4.1. Determine the experts’ group opinion
(sample average, arithmetical mean) t,,; = tyidare-

Determine the coordination of experts’ opinion

fort, i=1Ln:

— dispersion for each factor — Dj;

— square average deviation — Gj;

— coefficient of the variation for each #; — v;.

5. To build the algorithm block-scheme.

6. To build the structural-timing table.

7. To build the network graph of taking the
actions by a H-O (ATC) in the emergency situation.

8. Determine the critical time and the critical path
of complex work T,

Results of individual work are presented in Table
2 and in Fig. 12-13.

From the graph has been defined the critical way:
W, =A1—-A2— A6 — A7 — A8 — A9 and the critical time
for operations execution: 7, = 72 seconds (Table 2).

Table 2
Structural-timing table of ATC actions
Ne | Designation Content of ATC Based Time
of actions, actions on of
A; actions | actions
t,, sec
1 " AC Decompression X 25 sec-
1 min
Confirm request for
2 A2 immediate descend Al 8
and decompression
3 43 Divert AC fiom ALA2 |10
previous route
Clear airspace
4 44 beneath the AC 42,43 >
5 45 Ask fgr the crews’ ", 25
mtentions
6 A6 Silence mode Al A2 5
Inform Emergency
services and all
7 A7 concerned ATC AL 45, 15
units about A6
emergency
Provide priority
8 A8 landing on the AL 45, 5
. A7
nearest airport
Give all necessary
9 A9 advice (heading, A8 8
weather, frequency, etc.)

1
Beginning W

/ - =
/‘/ Aircraft /‘/
/ decompression |/
fl /
/ [60s ]

//////TAcknowledge\\\\ _
— the emergency o ifnotneeded

If needed ~_
—__ descent __—
4
Mode of silence (emergency
broadcast)
5

Divert the aircraft from the
previous route

Clear the airspace
beneath the

A4 aircraft [10s]

T
Request —

/ 7 —
Continue————— intentions of :::

Divert
\\the flight crew __—
~_
8 9
" - Provide the information about the
Instruction to continue " .
: . alternative a/d or a/d on which the
flight on the occupied FL. . ft is intended to 1
ﬁ 55 malrcra is intended to langrry
10—
Inform the emergency
services and all the
[AGoncerned ATS unifJsy

11
Provide the priority landing

| The End

Fig. 12. Block-scheme carrying out the actions by an
ATC in FE “AC Decompression”

Ter=T1s

oy by gy TS
-ttt

0;10[5 0 2% W X O 45 % 5 OG0 & T0 75 S0 85 00 05 100 108
Fig. 13. The network graph of carrying out the actions
by an ATC in FE “AC Decompression”

Decision making under risk.

Using case: AC BAE 146-300 flied from
Dnipropetrovs’k to Minsk. At the quarter of its route
pressurization problem was happened. AC
characteristics require minimal landing distance
1380 m. Poltava, Kirovograd and Boryspil are the
nearest aerodromes. Poltava has paved runway of
3000 m length, Kirovograd — soft-field runway of
1301 m length, Boryspil — two paved runways of
4000 m and 3500 m length correspondingly.
Boryspil is alternative aerodrome for flight from
Dnipropetrovs’k to Minsk. Pilot is informed about
thunderstorm activity near Kyiv ACC. Which of this
scenario should pilot take under conditions of risk:
continue flight to destination of make a diversion?
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This problem we will solve with the help of decision
tree. At first, the structural analysis of the situation
was performed. We defined the stages of solution
(square nodes): emergency descent of AC, choosing
of intentions by pilot; choosing of aerodrome for
emergency landing; choosing of the nearest
aerodrome; choosing between alternative or
departure aerodrome for emergency landing.

At the second step we defined of alternatives at
each stage. On decision tree we have the following

alternatives (Fig. 14).

- Gm -

==z
L 11 !

.
Qus

Fig. 14. Decision tree of the ATC actions in case
of AC Decompression

According to the -calculations, the optimal
solution is ai,, a»; and asz;. So, in the conclusion we
may say that in case of pressurization problems the
pilot should make a forced landing at the nearest
aerodrome Poltava.

Decision making under uncertainty.

Decision making under uncertainty, as under risk,
involves alternative actions whose payoffs depend on
the (random) states of nature. In decision making under
uncertainty, the decision maker has no knowledge
regarding any of the states of nature outcomes, and/or
it is costly to obtain the needed information. In such
cases, the DM depends merely on the decision maker's
personality type. On approach of aircraft to Boryspil
aerodrome decompression happened. We have to make
a choice of the optimum landing aerodrome with
classical theory of decision criteria: Wald and Laplace.
Alternate aerodrome is an aerodrome to which an
aircraft may proceed when it becomes either
impossible or inadvisable to precede to or to land at the
aerodrome of intended landing. Alternate acrodromes
include the following: Boryspil, Zhuliany, Gostomel,
Antonov. In Table 3 represented decision matrix with
sets of alternative actions 4 = {4, Ay, ... 4;,..., A}
and factors A = {4, A, ... 4;,..., 4, } that influence on
the decision effects:

A, — landing at Boryspil aerodrome;

A, — landing at Zhuliany aerodrome;

Az — landing at Gostomel aerodrome;

A4 — landing at Antonov aerodrome;

A1 — availability of fuel on board;

Ar — remoteness;

A3 — tactic-technical characteristics of runway;
A4 — weather conditions;

As — lighting system approach;

A¢ — landing system approach;

A7 — navigation aids approach;

Ag — conditions of apron, taxiways, ect.

Table 3
Decision matrix
Aggﬁ)ﬁve M| 2 [ % | [ s | 2 | 2 | 2 | Wald %;fe
Boryspil o[8|5]3[7]8]5]4] 3 e
Zhuliany 10717587613 3 6,6
Gostomel 715|6|7|5]6|3]8 3 5,9
Antonov 66 |8|8|4|7(4]5 4 6

As we can see, if this flight is regular it is better
to land at Zhuliany aerodrome for the most optimal
solution regarding to Laplace criterion. But
regarding Wald criterion it is better to land at
Antonov aerodrome if this flight is performed for the
first time.

On the basis of the individual works students
taking part in conferences and reporting about
results of scientific work.

7. Conclusions

The ANS has been presented as a complex Socio-
Technical System. The influence on the DM by H-O
of the ANS of the professional factors (knowledge,
skills, abilities, experience) as well as the factors of
non-professional nature (individual-psychological,
psycho-physiological and socio-psychological) has
been defined.

The result of the evaluation of non-professional
factors is determination the socio-psychological

impact on DM of H-O by identifying the
preferences, diagnostics the individual-
psychological qualities of H-O ANS in the

development of flight situation, monitoring of the
psycho-physiological factors (emotional state) H-O
ANS for timely diagnostics transition to a potentially
dangerous mental activity and determine the stability
of ANS in the performance of professional actives.
The network analysis of the actions of an AC
crew and ATC in the FE has been made with the aid
of the network planning methods; also the logic
determined models of DM by H-O ANS in FE have
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been developed. The numerical indices of an
expected risk in the stochastic models of DM by H-
O ANS under risk and uncertainty have been
defined. The scenarios of developing a flight
situation in case of selecting either the positive or
negative pole under the pressure of the external
environment, the preceding experience of a human-
operator and the intentional selection (intention) in
accordance with the reflexive theory have been
obtained. The neural network model on the basis of
the two-layer perceptron realized in it enables to
define with a high degree of precision in the regime
of real time the quantity of the possible loss due to
the complex consideration of the various factors of
different significance which characterize the
potential place for accomplishing a forced landing.

To ensure the informational support of an
operator of the ANS with the purpose of assisting
him in taking the operative and timely decision
concerning the selection of the optimal flight
completion strategy in the unusual situations which
require a forced landing of an aircraft the program
complex “Prompt” has been worked-out.

The methodology of research and education of
ANS as STS has been developed. The scientific
work of aviation students in education after Master
class of DM in ANS has been presented.

It is our belief, that the methods of analysis of
DM by ANS’s H-O can be used in fields other than
aviation. The algorithms and methodology for
analysis of situation development under influence of
DM by H-O can be useful in any technogenous
production. In future we are planning consider other
different complex STS, such as hydraulic
engineering, chemical and military industries, gas
and oil pipelines, nuclear power plants and transport
etc. It is necessary to analyse the all factors
influencing the DM of operators in these systems in
order to predict the development of the technogenic
catastrophe and prevent it.
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Meta: Ha ocHOBi (opmanizanii mpodeciiiHux i HempodeciiiHux ¢(akTopiB, KOHCTPYIOBaHHS MoOJeNeH
TIPUAHATTS PIlICHB JIFOJMHOI0-OTIEPATOPOM aePOHABITAIIIHHOT CHCTEMH Ta PO3BHUTKY IOJILOTHOI CHTYyarlil
PO3pOOHUTH METOOJIOTII0 JOCIIPKeHb Ta HABYAHHS B aepOHABIralliifHii COIIOTEXHIYHIN cucTemi. MeToau:
CHUCTEMHMH aHami3, pedeKcuBHA Teopis, MepeXeBe IJIaHyBaHHS, NIEpPeBO pilleHb, Mepexa Mapkoaa,
meperxka GERT, HelipoHHa Mepeka, eKclepTHHH MeTon. PesyabTaTH: aepoHaBiraimiiiHa cucrema
MIpEeJICTaBIeHa SK CKJIaJHAa COI[IOTeXHIYHA cUcTeMa. Bu3HaueHOo BILMB mpodeciiiHnx (akTopiB (3HAHB,
HaBUYOK, BMiHb, JIOCBiy), 8 TAaKOXK (aKkTOpiB HempodeciiHOro xapakrepy (1HIUBIITYaTbHO-IICUXOJIOTTUHHX,
cuxoQi3ioNoriyHUX Ta COIIABHO-TICHXOJIOTIYHUX) HAa TMPUHHATTA pIlIeHb JI0JUHOI-0TIEpaTOPOM
aepoHaBiramiiinoi cuctemu. OTpuMaHO TpadiuyHO-aHANITUYHI, IETEPMiIHOBaHI, CTOXaCTU4Hi, pe(IeKTOpHI,
HellpoMepeKeBi MOJIeITi MPUHAHSTTS PillIeHb JII0JUHOI0-0NEepaTOpOM aepOHaBIralifHOi CHCTEMH, Ta PO3BHTKY
CUTyaIisX, SKi MOTPeOYIOTh MOJNLOTHOI cuTyarii. CtBopeHo mporpamamii komiuieke "Ilimkaska", sxwit
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ONEPaTHBHO Ta CBOEYACHO MiAOMpAE ONTUMANbHY CTPATETil0 3aBEpUICHHS MOJILOTY B TI03aIITATHUX
BUKOHAHHS BUMYIICHOT II0CAJKH TOBITPSIHOTO Kopadiisi. PO3po0ieHo MeToI0I0Ti0 TOCIPKeHb Ta HABYaHHS
B aepoHaBiramiiHii corioTexHiuHill cuctemi. OQOroBopeHHs: pPE3yJbTATOM OIIHKH HemnpodeciitHuX
(akTOpiB € BU3HAYECHHS COL[aIbHO-TICUXOJIOTIYHOTO BIUIMBY HA MPHHHATTS PILLIEHb JIOJUHOIO-0NEPaTOPOM
IIJSIXOM BHSBJICHHS IIepeBar, JiarHOCTHKA 1HANBIAYaIbHO-TICHXOJIOTIYHNX SKOCTEH JIIOJUHU-0TIEpaTopa IpH
PO3BHUTKY TIONBOTHOI CHTYyalii, MOHITOPHHT TCHXO(Qi310JOTIYHUX IOKAa3HHUKIB JIOAMHHU-OIIEpaTopa
(emoriifHOTO cTaHy). 3ampoNOHOBaHI MOJENi MO3BOJATH CBOEYACHO JIarHOCTYBAaTH Ta IPOTHO3YBaTH
MOJJIMBI il JIOAMHU-ONEpaTopa B OYIKYBaHMX Ta HEOYIKYBaHMX yMOBaX eKCIUTyaTalii MOBITPSHOTO
KopalJis1. AJNTOPUTMH Ta METONOJIOTIS aHaJi3y pO3BHTKY CHUTYyalii IIiJ{ BINITUBOM TPHHHSATTSA pillleHb
JFOIMHOIO-ONEPATOPOM MOKYTh BUKOPHCTOBYBATHCH B IHIIMX TEXHOTCHHUX BUPOOHHUIITBAX.

KiouoBi cioBa: acpoHaBiramiiiHa cucteMa; JOACHKUAN (DakTop; MOJIENIOBAaHHS;, OCOONMBUN BHUIANOK Yy
MOJIbOTI; TPUHHATTS PpillleHb; CHUCTEMa MIATPUMKH TPHUAHATTS pIlIeHb; COIIIOTEXHIYHA CHCTEMA;
(dhopmanizaris.
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Heas: ©Ha ocHOBe (¢opmanu3auud Npo(EecCHOHATIBHBIX M HenpodecCHOHANbHBIX  (HaKTOPOB,
KOHCTPYMPOBAaHMS MOJENEH MPHUHATHS PEIIEHUH 4YeI0OBEKOM-OIEpAaTOPOM a3pPOHABUTALIMOHHON CUCTEMBI U
pa3sBUTHA  MOJETHOW CHUTyalMu pa3paboTaTh  METOJOJOTHMI0  HCCIEAOBAaHMH M OOy4yeHus B
A’POHABUTAIIIOHHONW COIIMOTEXHUYECKON cucTeMe. MeToabl: CUCTEMHBIH aHaiu3, pedeKCHBHAs TEOpus,
CEeTeBOE IUIAHUPOBAHUE, IEPEBO pelleHnH, ceTb MapkoBa, cetb GERT, HelipoHHast ceTh, SKCIIEPTHBII METO.
Pe3ynbrarel: a’spoHaBUTAllMOHHAs CHUCTEMa IMPEJACTaBlI€HAa KakK CIIO0XKHAsg COLMOTEXHUYECKas CHUCTEMa.
OmnpeneneHo BiusSHHE NPOPECCHOHANBHBIX (H)AaKTOPOB (3HAHWN, HABBIKOB, YMCHMH, OIBITA), a TaKXKe
(hakTOpOB HEMPO(heCCHOHATBHOTO XapakTepa (MHANBUAYATHHO-TICHXOJIOTHYECKHX, TICUX0(U3UOIOTHICCKAX
U COLMANBbHO-TICUXOJOTHYECKUX) Ha MPHUHATHE DELICHHH YelIOBEKOM-ONEepaTOpoOM a’3pOHABUTALMOHHON
cucrtembl. [lomydensl rpadoaHanuTHUECKHE, NETCPMHUHUPOBAHHBIC, CTOXACTHUECKHE, peQIICKCUBHEIE,
HEHUPOCETEBBIE MOJEIM IPHHATUS pPEIICHUH YeT0BEKOM-OIIEpaTOPOM ad3pOHABUTALMOHHON CHUCTEMBI U
pa3BuTHs TONeTHON cutryaruu. Co3maH mporpaMMHBIN koMmimieke "[loackaska', KOTOPBIA ONEpaTUBHO U
CBOEBPEMEHHO MOAOUPAET ONTUMAJbHYIO CTPATETHIO 3aBEpIICHHS I0JIETa BO BHEINTATHBIX CHUTYaIUsX,
TpeOYIOIIMX BBHIMOJHEHUSI BBIHYXKIEHHOH MMOCAaAKH BO3AYIIHOTO Kopabmsa. Paspaborana mertomomorus
HCCIeIOBaHNH 1 00y4YeHHUs B a9POHABUTALIMOHHON COLIMOTEXHUYECKOH cucteme. Q0cysKaenne: pe3yibTaToM
OLIEHKH HemnpodeccHoHaIbHBIX (aKTOPOB SBISIETCS ONPEACICHUE COLUAIbHO-TICUXOJIOTHIECKOTO BIUSHUS
Ha TIPpUHATHE pEHICHHH YeNOBEKOM-ONEpaTOPOM IIyTEM BBIABICHHA NPEANOYTCHUH, IUATHOCTHKA
WHAWBHUYATbHO-TICUXOJIOTHYECKUX KadecTB 4YeJIOBeKa-Oleparopa NpPH Pa3BUTUM MOJETHOH CHUTYyalluH,
MOHUTOPHHT TICUXO(QHU3HOJIOTHUYECKUX TOKa3aTeJaeld YenoBeKa-orepaTopa (IMOLHOHAIBLHOTO COCTOSHHSA).
[IpennoxeHHble MOJENN TO3BOJIAT CBOEBPEMEHHO JAWAarHOCTHPOBATh M IPOTHO3UPOBATH BO3MOJKHBIC
JIEHCTBHA 4YENIOBEKA-OIEPaTOpa B O0XXKHMIAEMBIX W HEOXKHIAEMBIX YCIOBHAX JKCIDIyaTallMd BO3AYLIHOTO
Kopabiyid. ANTOPUTMBI M METOZOJOTHS aHalu3a pPa3BUTUS CUTYalMU IOJ BIIMSHUEM MPUHATUS peIIeHUi
YeJI0BEKOM-0IIepaTOPOM MOTYT UCIOIb30BATHCSA B APYTUX TEXHOTEHHBIX MPOU3BOJCTBAX.

KitroueBble cjioBa: aspoHABUI'allMOHHAsI CHCTEMa; MOJCIUPOBAHUE; OCOOBIM Clyyail B MOJIETe; NPUHATHE
pellieHui; cHucTeMa TMONACPKKA MPUHSATHA pPEIIeHWH; CONHOTEXHHYecKas cUcTeMa; (popMaIu3alus;
YeJI0BEYeCKUi (GakTop.
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