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Development of a Method for Computation of Aircraft Safety Control Signal

Abstract

The optimal flight safety management of an aircraft is considered, on the basis of which the signal for parrying the threat of an
aviation accident is calculated. In the process of analyzing the factors affecting the flight safety of the aircraft, the psychophysical
state of the crew, the serviceability of the aircraft’s onboard equipment and the flight weather conditions are separated into separate
groups. Based on the performed analysis, a target function of aircraft flight safety management is proposed in the form of a maximum,
which is provided by the output signal of the aircraft flight safety management system. The calculation of the control signal is based
on a count state of the flight conditions of the aircraft, which allows us to estimate the causal relationship of the factors of threat of the
accident, and to determine the control signal with the safety of the vessel. In the course of this work, an algorithm for calculating the
aircraft safety control signal has been developed. The results obtained during the work can be used for software and hardware imple-
mentation of aircraft flight safety management systems, as well as for the design of systems and complexes of its onboard equipment.
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PaspaboTka meToaa onpeaeneHUsa curHana ynpaBrieHus
6e30MacHOCTLIO NofieTa BO3AYLWHOro cyaHa

Paccmampueaemcs onmumanivHoe ynpasienue 6e30nACHOCMbI0O NoAema 6030YUIHO20 cYyOHA, HA 6a3ze KOMOpPO20 NPoGo-
dumcs onpedeseHue cueHana nNAPUPOBAHUs Yepo3bl ABUAUUOHHO20 npoucuiecmeus. B npoyecce anaausza 6osdeiicmeyroujux Ha
bezonacHocms nosema 8030YulH020 cyoHa haKkmopoe svideseHvl 6 0omoenbHble ePYRNbl NCUXOPU3UYECKoe COCMOsHIUe dIKUnaica,
ucnpagHocms 60pmogoeo 000py008anUs AeMAMeNbHO20 Annapama U nozoonsie yciogus noiema. Ha ocnose 6vinoanennozo
aHaausa npedaodceHa yeneeas YHKyusa ynpagieHus 6e30nacHocmbsio noiema 6030YUiH020 CyOHa 6 8ude MaKCUMyma OyeHKU
be3onacHocmu noaema, Komopuli 06ecne4u8aemcsi @bl X00HbIM CUSHAAOM CUCeMbl YpasaeHus 6e30nacHocmu noiema cyoua.
Onpedenenue cueHanra ynpagieHus ocywecmeisemcs Ha 6ase epaga cocmosanus ycao8uii nosema 6030YuiHo20 cyOHa, KOmo-
Dblll N0360A5em OYeHUMb NPUHUHHO-CAe0CMBEHHYIO 83AUMOCEA3b PAKMOPO8 yepo3bl ABUAUUOHHO20 NPOUCUWIECBUS, A MaKice
onpedeaums cueHan ynpaeieHus 6e30nacHoCcmoio noaema cyoHa.

[loayuennvie 6 npoyecce vinoaHenus padbomol pe3yarbmamosl Mocym 6bimb UCNOAb308AHbI 045 NPOSPAMMHO-ANNAPAMHOU
peasusayuu cucmem ynpagieHus 6e30nacHocmoio noiema 6030YUIHbIX cy008, a MAaKice npu NPOeKMupOBAHUU CUCMEM U KOM-
naexcog e2o 60pmoeo2o 060py008anus.

Karoueevte caoea: cucmema ynpasienus 6e30nacHOCMbi0 NOAeMA, ABUAYUOHHOE NpoUCUecmaue, ORMUMAAbHOE YRpasie-
Hue, epag) cocmosHuUll, CUeHaA YNPaeieHUs

Introduction tion of onboard equipment of aircraft (AC), incl.
control systems. Here it is necessary to note the
complex control systems, which include the systems

of remote and automatic control of the vessel, in

The active development of computer technology
has significantly influenced the use and moderniza-
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addition, the intelligent support of the crew using
limiting signals [1, 2]. The use of intelligent crew
support systems together with the limiting signal
system is associated with rather stringent require-
ments for aircraft flight safety.

Ensuring the safety of aircraft flights [3] is a
very urgent scientific and technical task, which is
confirmed by statistics: the number of accidents in
2000—2016, about 200 units. Typically, the speci-
fied level of aircraft flight safety is ensured by com-
pliance with the requirements for its operation (on
the ground and in the air), redundancy, control and
reconfiguration of critical systems of its equipment.
However, 83 % of aviation accidents occur due to
the human factor, 15 % — due to failures and mal-
functions of aviation equipment, 2 % — due to ex-
ternal influencing factors [3]. Consequently, most of
the accidents occur due to the human factor, as well
as equipment failures. In this case, an accident can
occur due to the influence of a single factor or their
combination. For example, failure of the aircraft hy-
dropower system (a single factor) can lead to a cata-
strophic situation. Further, the wrong actions of the
aircraft crew in bad weather conditions can lead to
an aircraft accident, and its presence is due to the
influence of a combination of two or more factors.

Thus, the development of modern means of par-
rying the threat of an aviation accident should be
made taking into account the combination of fac-
tors affecting the safety of the flight of the vessel.
However, these means should have the functions of
recognition, prediction of threat of the accident,
warning her crew availability and advise the crew
of how it can parry or output of the control signal
in the mating system and the device avionics of the
aircraft.

Currently, there are various ways and devices
to warn the crew about the threat of an accident.
For example, the method of supporting the aircraft
operator in dangerous situations [3] allows an ex-
pert system to assess the performance of on-Board
equipment and the actions of the crew, followed by
predicting an emergency and notifying the crew of
its presence. It is worth noting that the technical
implementation of this method allows you to notify
the crew of the threat of an aviation accident and
does not issue a control signal to the means of par-
rying the threat.

Therefore, countering the threat of an accident
should be carried out by means of aircraft flight
safety control, the control signal of which will re-
duce the negative influence of external and internal
influencing factors on the aircraft flight conditions.

Formulation of the problem

The purpose of this work is to develop a method
for calculating the safety control signal of an air-
craft flight, the implementation of which will mini-
mize the threat of an aircraft accident and ensure a
high level of safety of the aircraft flight.

To achieve the goal, you must complete the fol-
lowing steps:

a) analyze the factors affecting the safety of the
aircraft;

b) define the safety objective of the ship’s flight;

¢) develop a method for calculating the aircraft
safety control signal;

and d) simulate the flight safety control signal.

Description and analysis of factors affecting
the safety of aircraft flight

Controlling an aircraft is a complex technical
process that is influenced by various factors. These
include internal influencing factors (condition of
onboard equipment, load-bearing and load-bearing
structural elements of the aircraft, crew). When as-
sessing the threat of an accident, it is also necessary
to take into account external influencing factors
(terrain, weather conditions of the flight, other air
traffic participants, etc.). Moreover, each type of
influencing factors is divided into groups, the char-
acteristics of which are presented in table.

It can be seen from the table that each group
is characterized by a set of input variables that as-
sess the state of the factors and their impact on the
aircraft flight. These factors are poorly formalized,
so the input variables must be represented as a lin-
guistic variable. Moreover, each linguistic variable
is set on a set of fuzzy values "Fatigue" that be-
long to a certain space-time region. For example,
the linguistic variable "Fatigue" is defined by three
sets [—1+—0.5]; [—0.5+0.5]; [0.5+1]. Moreover, the
set [-1+—0.5] — characterizes high crew fatigue;
[—0.5+0.5] — average; [0.5+1] — high.

The fuzzy values of linguistic variables deter-
mined during registration are fed to the input of
the flight safety control system (FSCS). This system
is part of the aircraft onboard equipment complex.
The actions of the aircraft security management sys-
tem are related to the recognition of the threat of an
aviation accident, with the subsequent assessment of
its consequences, as well as with the prediction of
the direction of its development and with informing
the pilots about the threat using the means of sound
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Characteristics of parameters that affect flight safety

Neo Group Parameter Measurement Linguistic variables
method
By pupil re- Low f
Fatigue sponse sensor, Middle f,
strain gauges High f3
. . High k; Average k,
Attention Pupéle;e;?)itlon Low kj
Psycho- Scattered k,
1 physical
state of High f;
the pilot Preparation level | Pilot test tasks Average f,
Low f3
No k,
Stress Pupil reaction Low k,
sensor Average ks
High k4
Failure of func- . Meqns of Insignificant f;
. . signaling and Emergency f,
tionally signifi- . p
failure Catastrophic f;
cant elements c
indication
Deformation Absent k,
. Load mea- .
of load-bearing Insignificant amount &,
surement .
structure SenSors Essential k3
. elements Critical &,
) Aircraft
condition
e Aircraft control- | Characteristic High f,
lability and of the control Average f,
stability object Low f3
Detecting No k,;

Error in the failure of Insignificant amount &,
aircraft control the aircraft Essential k5
system software | control system Critical &,

function
Change of Week f;
Headwind aircraft flight Average f,
parameters Strong f3
3 Weather Change of Week f
conditions Side wind aircraft flight Average f,
parameters Strong f3
T Good k,
Visibility Photocells Bad &,
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Fig. 1. Structural diagram of an aircraft FSCS flight

and light indication. The block diagram
of the system (Fig. 1).

In accordance with the structural
diagram, the core of the aircraft SMS is
a device for supporting decision-making
by the crew, which is connected with
devices for preliminary processing and
information transfer. On the basis of
preliminary data processing, electrical
signals are generated about the output
of the values of the controlled variables
from the specified intervals. This allows
the threat of an accident to be detected
and its consequences assessed. Then,
based on the preliminary processing in-
formation, the decision support device
generates data on the possible direc-
tions of the threat development, which
it warns the crew about using the output
device. At the same time, the decision
support device also generates recom-
mendations for the pilot to neutralize
the threat of an accident.

Thus, the system based on two-level
recognition of aircraft flight conditions
and predicting the development of an
accident reduces the likelihood of a false
conclusion about its presence and con-
sequences. It is expedient to implement
the data preprocessing device on the
basis of programmable logic integrated
circuits using fuzzy logic algorithms.

Determination of the target safety
function of the aircraft flight

According to the analysis of the safe-
ty of the aircraft flight, the assessment
of the quality of its control is carried
out on the basis of the flight conditions
under the influence of external and in-
ternal factors. Then the input variables
of the mathematical model for assessing
the safety of aircraft flight will be the
variables characterizing the psychophys-
ical state of the crew, weather conditions
of the ship’s flight, the technical condi-
tion of the ship and its onboard equip-
ment. In this case, the output variable of
the model is the assessment of the safety
conditions of the aircraft flight. Consid-
ering that the input and output variables
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of the aircraft flight safety assessment model are
complex non-deterministic and difficult to formal-
ize, then the apparatus of fuzzy logic should be used
as the mathematical apparatus of the model.

The general view of the mathematical model for
assessing the flight conditions of an aircraft can be
represented by the expression:

Vi eltgtp]: Yi(t) < FLX (), Xy (1), X3(2),u(?), 1] (1)

where X(¥) are input variables of the flight safety
assessment model, Y(r) is the output variable of
the model (aircraft flight safety assessment),
FIX,(), X,(2), X5(f),u(r),tf] — objective flight
safety management function

A necessary condition for the safety of an aircraft
flight is a high psychophysical state of the crew,
technical serviceability of the aircraft and its on-
board equipment, good weather conditions, then
the objective function will take the following form:

Fi[X, (1), X,(1), X5(2),u(?),1] - max. )
Initial conditions:
Fol X, (1), X, (1), X3(2),u(r), 1] = Y. 3
Objective function constraints are as follows:
A< FIX,(0), X,(0), X;(0),u®),t]< B (4)

where A, B are the maximum and minimum
admissible values [0.5:1.0] of the objective function
in the range [0.5: 1.0], which are determined from
the possible conditions of the aircraft flight.

Thus, the optimal control of the aircraft flight
safety must ensure that the condition for the maxi-
mum of the objective function (2) is satisfied under
its given initial and boundary conditions.

Development of a method for calculating
the aircraft flight safety control signal

In the process of aircraft control, the safety of its
flight changes, the assessment of which Y(¢) € [0; 1]
is carried out depending on the values of internal
and external influencing factors of flight safety
(X;(?) is the psychophysical state of the crew, X,(7)
is the technical the state of the control object, X;(7)
is the weather conditions of the flight). At the same
time, countering the threat of an aviation accident
is carried out as follows:

1) the pilot by independent actions prevents the
threat of an aviation accident, which is performed
with the crew’s decision support system disabled,
voice translators, etc.

2) the pilot on the recommendations of decision
support prevents the development of the threat of an
aviation accident, which occurs under the condition
of a positive psychophysical state of the crew and a
working safety management system, a voice transla-
tor and other means of issuing recommendations to
the crew;

3) aircraft control systems fend off the threat of
an aircraft accident without the participation of the
crew with its low psychophysical state, minor fail-
ures of onboard equipment.

Assessment of the quality of parrying the threat
of an accident is carried out as follows:

I) crew actions are sufficient to parry an acci-
dent and Y(¢¥) — 1.0;

2) the actions of the crew are not enough to par-
ry an accident and Y(¢) < 0,8;

3) the actions of the aircraft control systems are
sufficient to parry an accident and Y(r) — 1.0;

4) the actions of the aircraft control systems are not
enough to parry an aircraft accident and Y(¢) < 0,8;

5) correct issuance of recommendations to the
crew on countering the threat of an aviation ac-
cident and, as a result, the actions of the crew cor-
respond to clause 1 of this list;

6) incorrect issuance of recommendations to the
crew on countering the threat of an accident and,
as a result, the actions of the crew correspond to
clause 2 of this list.

At the same time, each action to counter the threat
of an aviation accident can lead to an improvement,
deterioration and absence of changes in the safety
of the aircraft flight. Then the aircraft flight safety
control signal can take the following values:

I) u(¥) = [—1:0) — deterioration of aircraft flight
safety;

2) u(®) = 0 — no changes in aircraft flight safety
from the control action;

3) u(f) = (0:1] — improvement of aircraft flight
safety.

Considering that the problem of optimal control
of aircraft flight safety is solved within the frame-
work of the creation of a safety control system for the
flight of an aircraft, then we will accept two methods
of countering the threat of an aircraft accident:

a) the threat is countered by the action of the
crew on the recommendation of the decision sup-
port device — z,(?);

b) the threat is countered by automatic control
systems — z,(f) at X (f) > max.

Thus, the general view of aircraft flight safety
management can be represented by the ratio:
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u(t):{f(zl(t)), atk =0; 5)

f(zy(0)), atk =1,

where k =(X,(1), X,(t)) — conditions for turning
on the automatic parrying of the threat of an ac-
cident based on the psychophysical state of the crew
and the state of the onboard equipment.

Let z(f) € G, where G < (g, &), then using ex-
pression (5) and a mathematical model for assessing
the safety of an aircraft flight (1):

z(1) = [ (811-821) = ©)
= (Y(1); X,(1); X5 (0): X3(1) k() i = 1,
where G is the set of control actions to counter the
threat of an aviation accident; g;,, g, — subsets of
manual and automatic control to counter the threat
of an accident, respectively; g,;, g&,; — elements
of a subset of manual and automatic control in
countering the threat of an aircraft accident.

Thus, the solution to the optimal control prob-
lem for aircraft flight safety consists in finding the
variable z;(f) € G in accordance with expression (2)
and ensuring that the condition ¥(f) —» max is satis-
fied. The problem can be solved under the following
initial and boundary conditions:

u0)=2y=0;, 0<u(r)<l. (7)

The calculation of the aircraft flight safety con-
trol signal can be carried out on the basis of the
graph of the state of the aircraft flight conditions,
which is described by the Kolmogorov — Chap-
man equations. The graph of the state of the aircraft
flight conditions (Fig. 2), where 0 — no emergen-
cy conditions for the aircraft flight, 1 — difficult
flight conditions with deterioration of the aircraft
onboard equipment and weather conditions of the

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L

Fig 2. Aircraft flight safety graph

flight; 2 — difficult flight conditions with deterio-
ration of the psychophysical state of the crew and
weather conditions of the flight; 3 — emergency
flight conditions with deterioration of the aircraft
onboard equipment and weather conditions of the
flight; 4 — emergency flight conditions with dete-
rioration of the psychophysical state of the crew and
weather conditions of the flight; 5 — catastrophic
flight conditions; z,,(f) — countering the threat of
an accident by the actions of the crew in difficult
conditions of aircraft flight; z,3(f/ — countering
the threat of an accident by actions of the crew
in emergency conditions of aircraft flight; z,5(f) —
countering the threat of an aircraft accident by the
actions of the crew in the event of a threat of di-
saster z,,(f) — countering the threat of the aviation
automatic control system of the aircraft in difficult
conditions of aircraft flight; z,,(ff — countering
the threat of the aviation automatic control system
of the aircraft in emergency conditions of aircraft
flight; ¢;; — indicator of transition of aircraft flight
conditions from state 0 to state 1; ¢;; — indicator of
transition of aircraft flight conditions from states 0
and 1 to state 3; ¢;s — indicator of transition of air-
craft flight conditions from states 1 and 3 to state 5;
¢y, — indicator of transition of aircraft flight con-
ditions from state 0 to state 2; c¢,, — indicator of
transition of aircraft flight conditions from states 0
and 2 to state 4; c,5 — indicator of transition of air-
craft flight conditions from states 2 and 4 to state 5;
¢,3 — indicator of transition of aircraft flight con-
ditions from state 2 to state 3; c¢;4, — indicator of
transition of aircraft flight conditions from state 1
to state 4; c;5 — indicator of transition of aircraft
flight conditions from state 0 to state 3.

The figure shows that the state of the aircraft
flight conditions are interconnected by the direct
transition of one state to another, as well as by
the transition through an intermediate state. For
example, an emergency flight condition for an
aircraft (3) can arise from without an emergency
flight condition (0) and as a result of a worsening
of difficult flight conditions (1 and 2). In this case,
the signal to counter the threat of an accident must
ensure the transition of the current flight condition
to the non-emergency mode of the aircraft flight,
which will ensure the specified speed of the aircraft
flight safety control system.

Using the Kolmogorov — Chapman equations
and the graph of the aircraft flight safety state, it is
possible to compose a system of equations for the rate
of change of the flight safety assessment in its various
states (the system of flight safety control system):
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LD 2 %0+ 25050 +
+ 215(DY5(8) + 204()Y4(1) + 25 (1) Y5 (1) —
—(eqy + €y + 35+ €13+ €)Y (1)
% = ¢ ¥p() -
— (13 + ¢4 +¢5)Y1 () — 2 (DY, (1)
% = ¥y (1) -
= (€23 + €y + €25)Y5 (1) = 22 (DY, (1)
IO _ (1,0 + Y 0) - 2,00
Ay, () _
dt

@®)

o4 (Yo (8) + Yy (1)) — 24 (1) Y4 (2);

d¥s(r)
dt
+ 35 (Y4 (1) + Y5 (1)) + ¢35Y () — 245 (1) Y5(2),

where Y, (7), Y,(?), Y,(¢), Y5(¢), Y4(2), Ys5(¢) is the
assessment of the aircraft flight safety in normal, dif-
ficult, emergency and catastrophic flight conditions.

Thus, the calculation of the aircraft flight safe-
ty control signal consists in solving the system of
equations (8) for the current aircraft flight condi-
tion for the given initial and boundary conditions
of the control signal (7), the known aircraft flight
condition state, as well as indicators of the transi-
tion between aircraft flight conditions.

=c5(Y3(0) + Y1(0) +

Simulation of the aircraft
flight safety control signal

In the process of performing the work, the sim-
ulation of the aircraft flight safety management
system was carried out in terms of assessing the
threat of an aviation accident and calculating the
safety control signal of its flight. In the first case,
the aircraft flight conditions are assessed based on
information characterizing the state of external and
internal factors that affect the safety of the ship’s
flight and, based on fuzzy logic methods, a conclu-
sion is drawn about the threat of an accident. Then,
according to the data of the threat of an accident,
the signal of the aircraft flight safety control is cal-
culated, the action of which is aimed at countering
the threat of an accident.

In fig. 3 (see the fourth side of the cover) shows the
results of modeling the threat of an aviation accident.

In the process of modeling the threat of an avia-
tion accident, the following flight conditions were
obtained:

— with linguistic variables equal to "1", the value
of flight conditions is "0.8", which corresponds to
an accident-free flight regime, therefore, there is no
threat of an accident (Fig. 3a);

— with linguistic input variables equal to mean
values, the flight conditions will correspond to a
complex state, i.e. under the influence of a combina-
tion of influencing factors, aircraft control is created
and becomes much more complicated (Fig. 3b).

Suppose that during the time T = [tH; tK], the
flight safety conditions changed from state 0 to state
1 without transition to other aircraft flight safety
states, then the system of flight safety equations (8)
will take the following form:

% = le(t)Y](t) — CllYO(t);
©)
dlc/z’lt(t) = ¢ Yo () — 2 (DY, (7).

To solve the system of equations (9), it is nec-
essary to introduce the total characteristic of the
flight safety assessment (K) for accident-free and
difficult flight conditions, which can be represented
by the expression:

Y,(t) + Y, (1) = K. (10)

The solution of the system of equations (9) tak-
ing into account (10) with respect to Y 0 (t) takes
the following form:

dY,(t
00 K =Yy -y (D
dY,(t
LD - Kz (- + 2 @@: (12
dY,(t
d—ot()+(cll+z“(t))Y0(t)=Kz”(t). (13)
A particular solution to equation (13):
Kz,,(0)
Y,(r) = —12 (14)
‘ i+ 211(0)
General solution of equation (13):
Y,(t) = Ce itz (15)

Using expressions (14) and (15), the solution to
equation (13) can be written in the form:
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Thus, the transition of aircraft flight safety from
state 1 to state 0 has the following form:

KZ”(I) [1- e*(011+111(f))t]
e+ 240

where ¢, = Y,(#)/ Y, (7).
Using the Taylor series expansion e etz
we get:

Yy (2) = (18)

Kz, (1)
ey +241(0)

Let us express the variable z;;(r) from expres-
sion (18):

Yy(t) = [211(F) + ¢y 2. 19

a(t)cyy

K —a(t) (20)

7)) =

where a(f) = Y,()/t.

Based on expression (20), it is possible to deter-
mine changes in the safety control signal of an air-
craft flight with a deterioration in the psychophysi-
cal parameters of the crew and external influencing
factors. It is known from work [1] that Y,(¥) = 1 and
Y,(r) = 0,5. Then K = 1,5, ¢;; = 0,5. Suppose that
T=10:0.5] h.

Substituting the known values into expression
(20), we get:

Fig. 4 that the change in the aircraft safety control
signal under difficult control conditions is z;,(f) =
= [0:2] and has a continuously increasing character.
It should be noted that the control signal counteracts
the threat of accident for 0.325 h, then the action of
the signal is aimed at maintaining a trouble-free flight
condition. Further processing of the signal consists
in its normalization in accordance with the level of
control signals of the aircraft onboard systems. The

v

/

.--""'/

/
0.5 =
0 005 o1

th

015 02 0256 03 035 04 045 05

7

N

Fig. 4. Change of flight safety control signal

results obtained can be used in the development of
software for the flight safety control system.

Conclusion

As a result of the work, the analysis of external and
internal influencing factors influencing the safety of
the aircraft flight was carried out, on the basis of
which the target safety function of the aircraft flight
was determined. In this case, the optimal control of
flight safety consists in ensuring the maximum of the
objective function for its given initial and boundary
conditions. To solve this problem, a method is
proposed for calculating the safety control signal
of an aircraft flight, the action of which is aimed
at ensuring a high level of aircraft flight safety and
minimizing the threat of an aircraft accident. The
calculation of the aircraft flight safety control signal
is based on the graph of the state of aircraft flight
conditions and its mathematical model based on the
Kolmogorov — Chapman equations.

The proposed method for calculating the aircraft
flight safety control signal is advisable to use in the
algorithms and software of the aircraft SMS.

Referance

1. Sapagov V. A., Anisimov K. S., Novozhilov A. V. Fail-safe
Computing System for Integrated Flight Control Systems, Trudy
MAI vol. 45, available at: http://www.mai.ru/science/trudy/ (Ac-
cessed: 01.03.2017) (in Russian).

2. Obolensky Ju. G. et al. Remote control systems and steering
gears: structures and developments, Vestnik MAI, 2016, vol. 20 (2),
pp. 161—171 (in Russian).

3. Black G. Th., Moorhouse D. J. Flying Qualities Design
Requirements for Sidestick Controllers, 1979, 186 p., available at:
http://contrails.iit.edu/reports/9304.

4. Popov Ju. V. Safety indicators of aviation flights, Available
at: http://agps-2006.narod.ru/ttb/2014-6/10-06-14.ttb.pdf (Ac-
cessed: 04.02.2017) (in Russian).

5. Zheltov S. Yu., Fedunov B. E. Operational Goal-Setting in
Anthropocentric objects from the Viewpoint of the Conceptual Model
called Etap: I. St ructures of Algorithms for the Support of Crew De-
cision-Making, J. Comput.Syst.Sci., 2015, vol. 54, no. 3, pp. 384—398.

6. Levin D. N., Grif M. G. Formalization of Ergonomic
Indicators During Research Data-Control Field of the Aircraft
Cockpi, 2019 Modern Safety Technologies in Transportation (MO-
SATT), Kosice, Slovakia, 2019, pp. 94—97.

7. Fedunov B. E., Prokhorov M. D. Conclusion on precedent
in knowledge bases of onboard intellectual systems, Iskusstvennyj
intellekt i prinjatie reshenij, 2010, no.3, pp. 63—72 (in Russian).

8. Bolshakov A. A., Kulik A. A., Sergushov 1. V. (2016). Devel-
opment the control system algorithms functioning of flight safety for
the aircraft of helicopter type, Izvestija Samarskogo nauchnogo centra
RAN, 2016, vol. 18, no. 1, pp. 358—362 (in Russian).

9. Kuklev E. A. Safety management of aircrafts based on
fuzzy assessments of risks of abnormal flight conditions, Nauchnyj
vestnik MGTU GA, 2016, no. 226, pp. 199—205 (in Russian).

10. Rezchikov A. F. et al. Diagnostics of operators’ dangerous
states in case of critical events’ combinations in man-machine
systems, Vestnik komp juternyh i informacionnyh tehnologij, 2017, no.
8(158), pp. 48—56 (in Russian).

662

MexaTpoHnKa, aBToMaTn3anus, ynpasienue, Tom 21, Ne 11, 2020



