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Abstract

Purpose: to develop the neural network model for evaluating correctness and timeliness of decision-making
by specialist of air traffic services during the pre-simulator training. Methods: researchers are based on the
basic concepts of threat and error management in air traffic control, for characteristic of situation
complexity (threat- error-undesirable condition) the methods of expert estimation and fuzzy sets theory have
been used. Results: stages of the conflict situation developing have been classified and quantitative
indicators of complexity level at each stage have been defined. Four layers neural network model for
evaluating correctness and timeliness of decision-making by air traffic controller during the pre-simulator
training has been built and its parameters have been obtained. The first layer (input) is exercises that
perform cadets/listeners to solve potentially conflict situation, the second layer (hidden) is physiological
characteristics of learner, the third layer (hidden) is the complexity of the exercise depending on the number
of potentially conflict situations, the fourth layer (output) is assessment of cadets/listeners during
performance of exercise. Neural network model also has additional inputs (Bias) that including restrictions
on calculating parameters. With the help of modelling complex Fusion visualisation of results of educational
task implementation by air traffic controller according to specified parameters have been defined.
Discussion: taking into account timeliness and correctness of instructor’s tasks performance during the pre-
simulator education with the help of using artificial neural networks will allow determining the possibility of
access of specialist of air traffic services to simulator training. Multimodal system Fusion will give the
possibility to improve the process of training of cadet's/listener's — air traffic controllers through automated
assessment of their actions.

Keywords: correctness; fuzzy sets; multimodal system; neural network model; potentially conflict situation;
timeliness.

1. Introduction

Statistics data [1-3] show us, that causality of
aviation accidents didn’t change over the past
decade: 70-80% of accidents and disasters happened
due human factor, and only 15-20% - through
constructive and productive deficiencies of the
aircraft. Quality training of aviation experts,
including specialists in air traffic services (ATS),
occupied important part in reducing influence of the
human factor. Simulator training is an important part
of training of air traffic controllers.

Simulator training — it’s a complex of forms and
studying methods, by which the cadet’s / listener’s
can form the practical provisions using of theoretical
provisions of several academic disciplines in the
way of performing complex tasks and exercises
under the guidance of instructor [4]. The aim of
training is to improve air traffic controller’s (ATC’s)
work and refinement practical skills of ATS in
standard situations, potentially conflict situations
(PCS), in the special conditions and in the special
cases in flight. The quality and number of exercise,
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objective evaluation of exercise influence on
effectiveness of simulator training.

According to the recommendations of Eurocontrol
and to optimize effectiveness of simulator training,
theoretical and practical training combine from the
beginning of the training process preparation using the
system pre-simulator training. The process of learning
starts with getting skills by cadet’s / listeners (SA -
skill acquisition), then practice the performance of
particular tasks (PTP - part-task practice) and continue
simulator training [5].

Types of simulator training include [5]:

— simulator training (SIMUL) - training using the
model of air traffic, which responds to cadet’s /
listener’s actions as a real air traffic. This technique
accompanies briefing, de-briefing, advice;

— guided simulator training (GSIMUL — Guided
SIMUL) — the interaction between cadet / listener
and computer in the form of questions, comments,
instructions and issue assessments of the cadet /
listener interaction in the process. Computer’s
performance consists of comparing current
theoretical model and knowledge of cadet’s /
listener’s in this study [4].

Guided competition skills is an actual at this time
(GSA - Guided SA) - gaining skills, accompanied by
interactive assessment, comments and control of
cadet’s / listener’s actions.

Guided practice of partial task’s performance
(GPTP — Guided PTP) is a practical execution of
particular tasks, accompanied by comments, display
results, assessment of the cadet’s / listener’s and the
ability of feedback [4].

2. Analysis of research and publications

The system of ATC training simulator characterized
by low levels of objective evaluation of exercise [4].
It’s connected with development of sufficient
exercises at a given difficulty level. Increasing the
number of exercises leading to significant growth an
amount of instructional and methodical staff and
requirements for their professional skills as well as
time for developing an appropriate exercises of a
given complexity. The most time spent on modelling
of air situation in accordance with the set of
objectives in the exercise, verification of exercise to
meet at a given level of difficulty, verification graph
to meet a planned workload and the possibility of
conflict-free exercises.

The correctness is the main criterion for
evaluating the quality of the exercises [5, 6]. In
modelling the air situation using inverse task of
generating dynamic air situation at a given exercise
intensity, takes into account the complexity of air
traffic, presence and quantity of PCS, occurrence of
special cases in flight [6]. The timeliness is another
important criterion for evaluating the quality of the
exercises. Take into account as correctness as
timeliness can be done with the help of artificial
neural networks (ANN). Automation of process
verification exercise can reduce the time for its
preparation (saving up to 80% of the time).

Hybrid neural-expert system is a perspective
direction of development of a neuron-information
technologies [7]. ANN have many advantages
compared to traditions and knowledge-based of
diagnostic systems [8, 9]. It can be trained on
examples, work in real-time, secure and tolerant to
errors. With the help of ANN diagnoses state of the
patient, performs the prediction on the stock market
and the weather forecast, makes decision on granting
the loan, diagnoses condition of equipment, guided
operation of the engine, etc [7, 10, 11]. ANN is
being created by serial and parallel association of an
individual neurons. Neural network is grouped in
two classes according to type of connections:
straight directional network (which links don’t have
loops) and recurrent network (with feedback
connections) [7-12]. The most common single-layer
and multi-layer perceptron, cognitron and network
radial basis function (RBF) (among straight
directional network); among the recurrent network
can be distinguish Hopfield, Boltzmann and
Kohonen networks [8, 9].

Using of neural networks and neuro-fuzzy system
is appropriate for solutions many exercises of
aviation, where it is necessary to process large
amount of unclear information; solving tasks (which
difficult formalized) and multi-nonlinear problems,
namely in the case of: a decision making on flight
[13]; using more optimum alternate aerodrome
landing [14]; evaluating the effectiveness of
alternative completion of the flight in the event of an
extraordinary situation [15]; diagnostic erroneous
actions of the operator of ergatic aviation system in
special cases of flight [16], ect.

It is proposed to use neural network model of
evaluation timeliness and correctness of decision
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making (DM) of air traffic controller in case of PCS
during performance of exercises in the simulator
training through pre-training studying.

3. Aims of the work

1. Definition of quantitative indicators of the PCS
complexity using fuzzy logic.

2. Development of neural network model for
evaluation the timeliness and correctness of DM by
ATC during the pre-simulator training.

3. Visualization the results of ATC training
exercise.

4. Estimation of situation’s complexity in case of
PCS with the help of fuzzy sets method

There is well known concept of control threats and
errors (CTE), consist of threats, errors and
undesirable condition, which allows determining
links between safety and operability of operator in
fleeting difficult operating conditions [17, 18].
Conception has descriptive character and can be
used as means of diagnosis both characteristics of
human efficiency and effectiveness of the system.
Despite in the fact that the CEM was originally
developed for using in the cockpit, but it can also be
used in various organizations of the aviation
industry, including services for ATS.

Regarding ATC, CEM consist of
components:

— threats;

— errors;

— undesirable conditions.

According to CTE, threats and errors are routine
part of aviation activity. ATC should control
undesirable conditions, because it led to dangerous
consequences. One of the main components of CEM
is the control of undesirable conditions, and it has
the same meaning as factors of threats and errors.
Control of undesirable conditions is the last
opportunity to avoid dangerous consequences and
thus provide maintaining at a given level of aviation
safety in ATS.

The concept, according to the problem of
determining the timeliness of decision making in
solving PCS by air traffic controller, was developed
classification stages of conflict situation evolution
[19].

The threat of conflict situation is the first stage of
the PCS. The threat comes from the moment when
the time of remaining to the conflict situation equal

three

time, which needed to perform all elements for
solving PCS, taking into account the required buffer
time.

Pre-conflict situation is the second stage of the
PCS. Pre-conflict situation occurs from the moment
when the time of remaining until the conflict
situation equal time, which needed to perform all
elements to solve the PCS without buffer time. In
this situation, the violation of the separation
intervals is not yet come, but the probability of
resolving situation is extremely small.

The conflict situation is a stage when happens
violation of the separation intervals. Since the
classification shows, that for determining the
timeliness in dealing with DM during PCS should
determine when there is a transition stage to the
current situation the threat of conflict and pre-
conflict situation.

For getting quantitative indicators of the level of
situation’s complexity in the developing of PCS,
was used method of fuzzy sets [20, 21].

There are values of linguistic variable on the
scale:

— threat of conflict;

— pre-conflict situation;

— conflict situation.

Minimum level of situation’s complexity equal
zero (0), maximum — one (1). The resulting range is
divided into five intervals.

The degree of membership of linguistic variable
at a certain interval defined as the ratio of answers
number (where it occurs in this range) to the
maximum value of this number for all intervals.
There was conducted survey of 30 experts from air
traffic service training centre of Kirovohrad Flight
Academy of the National Aviation University by
Delphi method in two rounds. Getting results shown
in tabl. 1.

Membership  functions of the situation’s
complexity p (threat of conflict, pre-conflict
situation, conflict situation) in the case of PCS are in
the table.2 and shown in fig. 1.

There is system of transitions between
components of CTE concept (stages of development
of PCS) in graph of states (fig. 2).

Determine the state of the exercise as:

Lty +1, <T,
05ty +19 > T,



16 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2016. N 3(68): 13-23

Table 1. Survey results

Meaning of membership functions of the complexity Interval, units
of situation in case of PCS , p 0-0,2 0,2-04 | 0,4-0,6 | 0,6-0,8 | 0,8-1,0
Threat of conflict, u, 1 1 22 6 0
Pre-conflict situation, p, 0 0 8 20 1
Conflict situation, 3 0 0 1 12 17
The fuction of 1,1
membership, 1 - .
PoH 0.9 ’ -
N N\ .
0,8 7 S
0,7 - ul
06 \ .,
0,5 Om - -2
04 N "
/ N7 R
8% y NG N e u3
091 '/ o o ' \\
0 e}
0 1 2 3 4 5
Difficulty level of situation, units
Fig. 1. Membership functions of the situation’s complexity in case of PCS
Table 2. Classification of conflict situation by the criterion of timeliness
Level of
Classification Classification by timeliness Description of situation complexity
by the CTE y p of situation,
units
Threat Threat of conflict situation Fixed PCS which requires solving 1-2
Error Pre-conflict situation Parry of PCS is difficult or impossible 4
Undesirable e Violation of separation intervals, conflict
o Conflict situation L 5
condition situation is happened

Threat
toz

11

Error

\\ //
— ta— —

Undesirable
t12 condition

Fig. 2. Transitions between stages of PCS : T}, — state, characterized by presence of threat in PCS; T — pre-conflict
situation, happen in result of erroneous or inaction of operator (cadet/listeners) ; 7, — conflict situation (violation of
separation intervals); #o; — transition from 7T} to T, characterized by time of parry of PCS and buffer time; t;, — transition
from T to T, characterized by the time of parry of PCS at stage 7}, in case of transition to stage 7, happen critical
situation; #;o — transition from 7 to T, characterized by the ability of operator to resolve the PCS; #,; — transition from
T, to T, characterized by the appearance of conflict due to 7, (violations of separation’s rules), but in case of successful
resolution of problem by operator during allowable time — a return to pre-conflict situation (7, = 75)
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The time to solve conflict depends on the
individual characteristics of the operator (cadet /
listener) (c), the numbers of PCS (n) and time of
PCS (T)):

Tsc:Tc 'C+Tn 'n+Ts:
where ¢ — coefficient, which defining the individual
characteristics of the operator (cadet / listener);

n —amount of PCS;

T, — time of developing PCS,

if n=1, c=1, then T,~T, +T, +T.

5. Development of neural network models of
evaluating the timeliness of DM during simulator
training and the definition of its parameters

To automate the evaluation of pre-training stage of
initial training of air traffic controllers at the stage of
learning pre-training studying had been done
multilayer perceptron networks (MPN) (fig. 3),
which has four layers, two of which are hidden.
Each neuron characterized by the input value
(dendrite) and output value (axon), weight
coefficients (synapses), threshold function. The
network has additional inputs, called the Bias

(offset) that takes into account additional restrictions
on calculating parameters:

Zn:wixi—BZO.
i=1

where w; — weight coefficients;
x; — neural network inputs;

6 — Bias (shift).
General view of the ANN shown in fig. 3:
Y = f(net -8),
where f— non-linear function (active function);
net — weighted sum of inputs.

Characteristics of ANN’s layers:

1 layer (input) - exercises that perform cadets /
listeners to solve PCS (X );

2 layer (hidden) - defines the physiological
characteristics of cadets / listeners ( H );

3 layer (hidden) - the complexity of the exercise,

which is determined by the number of PCS (B );
4 layer (output) — assessment of cadets / listeners

during performance of exercises (Y ).

Fig. 3. Example of ANN when three cadets / listeners perform two tasks



18 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2016. N 3(68): 13-23

Consider in more detail the topology of the
neural network as an example, if three cadets /
listeners (Y1, Y, ¥3) perform two tasks (X; and X;):

1 layer (input) — inputs xij, X, ..., X, - meet the
objectives that perform by cadets / listeners to solve
PCS (X).

2 layer (hidden) — defines the physiological
characteristics of cadet / listener (H ) using
additional input Bias, which specifies limits on
individual solving exercises (7p).

The output vector layer:

H=fWi,X)=f(net1 —860),
where El =W1Y;
Wi — weight coefficients, for example for

studying situation when two exercises doing by three
cadet’s / listener’s (fig. 4):

Wor Wi Wy
Wi=lwp wy Wy |
Wos Wiz Was

001 — time to solve individual training exercises.

3 layer (hidden) — the complexity of the exercise,
which is determined by the number of PCS (D ) and
characterized by dynamic air situation. Auxiliary
input Bias indicates the total limit time for resolving
PCS (Toy).

The output vector layer:

D=fWa2,H)= f(net2 —00),

where Ez = Wzﬁ;

W, — weight coefficients, which taking into
account the complexity of dynamic air situation (fig. 4):

o dyy dyy  dy
Wa=|dy d, dyl|;
dyy; diz dy

002 — time to solve training exercise that takes
into account the complexity of the dynamic air
situation.

4 layer (output) — directly assessment of cadet /
listener during performance of exercises (Y ).
Auxiliary input Bias limits the number of attempts
for solving the PCS (T3).

The output vector layer:

Y=f(Ws,D)= f(nets —00),
where Es =W35;

W - weight coefficients, taking into account the
quality of the exercise by the timeliness (fig. 4):

o Yoo Y Vo
Wis=\Yn Yo Ynl|s
Yoz Vi3 Va3

803 — attempts to solve exercises.
As a result, we have:
Provides the following outputs vectors layers of

neurons H,D ,Y :
Lf(x)>0
0; f(x)<0
where f- non-linear function of activation.
Consider the following set of values of weight
coefficients (W =W ,W,,W3), that take into
account the performance of individual training
exercises by cadet / listener depending on the
physiological characteristics, complexity dynamic
air situation, the quality of the exercise according to
the timeliness:
(H, = f(lx, +2x,-1)
H, = f(2x, +5x, =3)
H;, = f(3x,+4x,-5)
{ Dy = f(3d, +3d, +3d; -5)

D3 = f(4d1 +4d2 +4d3 —6)

=7y +3y,+2y;-3)
\Y3 =f@By+5y, +1y; -0)

Present an example in vector form:
(1 10 0

H,-DkYm={

1
H, 12 -1
=f | X
H, 2 5 -3
X2
H, 3 4 -5
(1 0 0 0 ]
1 1
2 2 2 -1
Dl Hl
=fl|3 3 3 —5]*
D2 H2
4 4 4 -6
D3 H3
(1.0 0 0 1'
Y, 132 3
Y2=f241—10*D1
Y, 351 0 02
\ 3




T. Shmelova, et al. Artificial Neural Network for Air Traffic Controller’s Pre-Simulator Training 19

The result of the functioning with different initial
data (X = (0;0), (0;1), (1;0), (1;1)), taking into
account the coefficients and conditions of performed
exercises (time, attempts, characteristics of cadet /
listener), are as follows (table 1).

Table 1. Results of functioning ANN

X, [ X, |H, |H, |H; | D, [ D, | D; | Y, | Y,
olololololo]ololo]o
0
1
1

1 1 rjoj|1|0|[0]0]1
0O/0[0[O0O]O0O|]O0O]O0]O0]|O0
1 1 1 1 1 1 1 110
In general, ANN can be represented as follows:

H=fW,X):;
D= f(W2,H);
Y = f(Ws,D).

From the equations, we’ve get definition of 4-
leyer ANN:

Y= IWVlf(sz(VVg(?))»,

where X — network input vector (exercises);

»—O»—AOL:<

W — coefficient of individual cadet’s/listener’s
characteristics. For example, for vector H , which
determines the physiological characteristics of cadet
/ listener, we have:

H, Nel -
characterized by ability of cadet / listener Nel;

H, N2 — wi, coefficient,
characterized by ability of cadet / listener Ne2;

Hy; Ne3 - coefficient,
characterized by ability of cadet / listener Ne3.

wi, Wy — coefficient, which

which

Wy —

which

Wiz, Wiz —

The table 1 shown, that during performance of
exercise Ne2 (X; = 1) cadet / listener No2 and Ne3
completed the task on time (Nel — not complied).

During resolving of exercise Nel — nobody
completed the task.

During simultaneously performing of 2 tasks (X;
=1, X, =1) completed the task cadets / listeners Nel
1 Ne3, and Ne2 — not coped with the task.

6. Visualization of result’s performance of
training exercises’ execution by ATC

Computer program was developed according to
visualization of state of exercise’s performance by
cadet's / listener's under timeliness. The instructor
has information about ATC’s stage of solving
problem: threats, pre-conflict or conflict. Threats
should be seen as a warning that it is necessary to
take immediate measures to resolve the PCS. Pre-
conflict stage shows that to avoid conflict is difficult
or impossible. Displays information about the origin
of these steps will allow those who are taught to pay
attention to necessary taking actions to resolve PCS.
To increase the effect is proposed to duplicate the
information data on those aircraft, between which is
predicted PCS. For instructor, such information will
help draw the attention of the learner on need for
measures to resolve the PCS. In conducting group
sessions, such information will help the instructor to
know who cadet / listener can not cope with the task.
The Institute of Air Navigation of Kirovograd Flight
Academy of National Aviation University is developed
modelling complex (MC) Fusion, which provides
multimodal system of predicted PCS (fig. 4).

Dynamic air situation

System of prediction potentially — conflict situation
1 Dynamic air 2 Safety area 3 Safety 4 Objective 5 Analysis of the
situation assessment information situation
Object storage Built of safety Model of detecting Storing Timing violations
system of area for aircraft violations information and
dynamic air about detecting recommending
situation violations

Issue recommendations for resolving the PCS

Fig. 4. The block scheme and algorithm of advanced modelling MC Fusion
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Information from display of dynamic air
situation, with regularity in one second (¢ = 1 s),
transmitted to the objective system for storage
information as to dynamic air situation. Then,
considering parameters of aircraft’s movement and
its relative positions, can determine the type of PCS.

After determining the type of PCS, this
information comes to the module of construction
safety zone of aircraft. Security zones in MC Fusion
is built in compliance with the regulations to
maintain separation intervals (longitudinal, lateral
and vertical) [22]. The size of the security zone
depends on airspace structure and the relative
position of the aircraft (for which the calculation is
performed). Security zone is built along the motion
vector of aircraft at each time when provide
recalculation of the relative position of the aircraft.
Ingestion the aircraft in the security zone of another
aircraft clearly regarded as a violation of separation
intervals and recorded as violation.

The module of detection violation’s system,
including type of conflict and an active situation of
security zone defines the fact of violation of the
intervals.

In cases where the system has detected a
violation of safe intervals, this information comes in
system of storage information about violations.
Storage information system about violations is able
to keep three types of information about the conflict
that took place, namely:

— call signs of couples aircraft, between which
there was conflict;

— time of conflict;

— type of conflict.

Visual form of information presentation is the
most appropriate form about occurrence phases of
PCS for understanding by cadet’s / listener’s or
instructor’s.

According to developed classification, proposed
to output the formula of three elements, each of
which will show the number of potentially
conflicting situations at each stage of development.
Fig. 5 shown us exterior form of output of such
information.

There are elements which colored yellow,
crimson and red correspond to stages of conflict
situation (shown in fig. 5). The yellow element
corresponds to stage "The threat of a conflict
situation," crimson - "Pre-conflict situation," Red -
"Conflict situation".

Alnd e | [ Alng e | [ Amnma -
H H H

| | el
a) b) c)

Fig. 5. Forms of indication: a — projects four PCS
(identified by yellow - the first column); b — one of the
PCS has passed the stage of "pre-conflict situation”
(identified by the crimson - the second column), ¢ — one
of the PCS has passed the stage of "conflict" (violation of
separation intervals), one of the PCS - the stage of "pre-
conflict situation" (crimson identified (second column)
and red (third column) colours

Indicators, which are located under the colour
elements are designed to display information about
the number of PCS at an appropriate stage of
development.

The use of the proposed indicators stages of the
PCS at the workplace of future ATS specialist
recommended at the stages of training, which will
allow cadets / listeners gain the necessary skills to
identify and resolve PCS.

The similar indication at the workplace of
instructor (teacher), can done the group sessions
with cadets / listeners is more ease , because that
will promptly identify problems in the detecting and
resolution of PCS during performance of training
exercises.

7. Conclusions

The correctness and timeliness are the main
criterions for evaluating the quality of performance
simulator exercises. With the help of using artificial
neural networks it take into account.

For building ANN according to the provisions
of the basic concepts of control factors of threats and
errors, classified stages of the developing conflict
situation and defined quantitative indicators of the
complexity level at each stage using fuzzy logic.

Developed neural network models of
assessment the timeliness and correctness of the
decision-making by specialist of ATS in the
simulator training and defined its parameters.

Presented the block diagram of MC Fusion with
the ability to display phases of PCS, which
simplifies the process of training of cadets / listeners
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- air traffic controllers, as well as evaluating their
actions in the performance of educational tasks by
instructor.
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Mera: Po3pobOutu HeHpoMepexkeBy MOICTbh OIIHIOBAHHS CBOEYACHOCTI Ta OC3MOMHIIKOBOCTI MPUHHSTTSA pIlIeHb
CIeiaTicTOM 3 00CIYTOBYBaHHS MOBITPSHOTO PyXy B IPOILEC] mepeaTpeHaxkepHoi miarotoBku. Meroam: JlocmimkeHHs
0a3yI0ThCsl HA OCHOBHHX IOJIOKEHHSIX KOHIIETIIT KOHTPOIIIO (hPaKTOPIB 3arpo3 Ta MOMHUIIOK IPH YIIPABIiHHI MOBITPSIHUM
pYXoM, Ul XapaKTepHCTHKH CKJIaJHOCTI CHTyalil (3arpo3a-noMuika-HeOakaHWi CTaH) BUKOPHCTaHO METOAU
EKCIIEpPTHHX OI[IHOK Ta Teopii HeuiTKkuX MHOXHH. Pe3ynbsTaTn: KitacudikoBano etanu po3BUTKY KOHQUIIKTHOI CHTYaIil
Ta BHU3HAYCHO KUTBKICHI ITOKa3HUKH PIBHSI CKIATHOCTI Ha KOXXKHOMY 3 eTamiB. IloOyZOBaHO UYOTHPHOXIIAPOBY
HEeWpOMEpekKEBY MOJIENIb OIIHIOBAaHHS CBOEYACHOCTI Ta OE3MOMMIIKOBOCTI NMPHUHHATTS pIlIEHb aBiaJucreTdyepoM B
MIpoIIeCi MepenTpeHaXepHOI MIATOTOBKM Ta OTpHMaHo ii mapamerpu. [lepmmit map (BXimHHMiA) HEHPOHHOT Mepexi
MIPENICTaBIIsIE COOOI0 BIIPABH, SKi BUKOHYIOTh KypCAHTH/CITyXadi, JPYTHi map (CXOBaHM) BU3HAYAE MICUXO0]i310TI0TIUHI
XapaKTEePUCTUKU TOTO, XTO HABYAETHCS, TPETiM 1Iap (CXOBAaHUI) BPAXOBYE CKIIA/IHICTh BIPABH 3AJIEKHO BiJl KiIBKOCTI
NOTEHIIHHO KOH(IIKTHUX CUTYallill, 4yeTBepTuil map (BUXiJHUIN) — OI[IHKa KypcaHTa/cilyxadya Ipy BUKOHAHHI BIIPaBH.
HeiipomepekeBa Mozenb TakOXX Mae€ JONATKOBI BXOIM (3CyB), IIO BKIIIOYAIOTh OOMEXEHHS Ha OOYMCIIOBAJIbHI
rnapameTpu. 3a JO0NOMOTOI MOJIENIOIYOro KOMIUIeKcy Fusion oTpuMaHO Bi3yami3alito pe3yJibTaTiB BUKOHAHHS
HaBYaJIbHOT BIpPaBH aBiaJgucreTdepoM 3a BKa3aHUMHU Kputepismu. OOGrosopennsi: BpaxyBaHHS KpuTepiiB
0e3MMOMMIIKOBOCTI Ta CBOEYACHOCTI BHKOHAHHS MOCTABJIEHUX IHCTPYKTOPOM 3aBAaHb B IIPOLECI NMEPEATPEHAKEPHOTO
HaBYaHHS 32 JOIOMOIOI BHKOPHCTAHHS INTYYHUX HEHPOHHUX MEPEK NO3BOJMTH BHU3HAYATH MOJKIIHBICTH JOITYCKY
criewiaicra 3 0OCIyroByBaHHs IMOBITPSHOTO PYXy [0 TPEHaXEPHOI MiAroToBKH. MylibTHMOIyNbHa cuctema Fusion
JIaCTh MOXITUBICTh yIOCKOHAINUTH Tpoliec MpodeciiiHOi MiroTOBKH KypCcaHTIB / CIyXadiB — aBiaJUCIETUYEPiB 3aBASKU
aBTOMaTH3arii OIIHIOBAHHS IXHIX iH.

KonrodoBi cioBa: Ge3MOMHIKOBICTh; MyJBTHMOJYJIBHA CHCTEMa; HeHpoMmepexeBa MOJETb; HEUITKI MHOXHHH;
NOTEHIIIHO KOH(IIIKTHA CUTYallisl; CBOEYaCHICTb.
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Heanb: pa3paboTaTh HEWPOCETEBYIO MOJEIb OLIEHUBAHHS CBOCBPEMEHHOCTH M 0€30IIMO0YHOCTH MPUHSATHS PElleHUN
CICIAATMCTOM IO OOCITY)KHBaHHIO BO3JYIIHOTO IBIDKCHHS B IPOIECCE MPEATPEHAKEPHOH MOArOTOBKHA. MeTombl:
UccrnenoBanmst 0a3upyrOTCsS HA OCHOBHBIX ITOJIOKCHHUSX KOHICHIIMKA KOHTPOJIA (PaKTOPOB YIpo3 W OMIMOOK TpH
VIOpaBICHUN BO3IYIIHBIM IBIKEHHEM, IS XapaKTEPUCTHKH CIOKHOCTH CHTyaluu (yTrpo3a-olrOKa-HexXelaTeIbHOe
COCTOSIHME) HCIOJB30BAHBI METOIBl JKCIEPTHBIX OLIEHOK M TEOPHH HEUYETKUX MHOXKECTB. Pe3yJbTaThl:
KnaccuduimmpoBaHb!l 3Tarmel pa3BUTHS KOH(PIUKTHONH CHUTYAIlMH W OIMpPEICNICHBl KOJTHMYCCTBEHHBIE MOKA3aTeIH YPOBHS
CIIO)KHOCTH Ha KakgoM dTare. [locTpoeHa 4OThIpexciioiHas HelpoceTeBass MOAETh OLCHUBAHUS CBOCBPEMEHHOCTH U
0€30IMO0YHOCTH MPHUHATHS PEIIeHU aBUaJUCIETYEpOM B IPOIEcce MPEATPEHAXKEPHONH MOATOTOBKU U IOTyUEHBI ee
napameTpsl. [lepBolii ciod (BXOJHOMN) HEHPOHHOW CETH MPEICTABIIICT COOOK YIPaKHEHHS, KOTOPHIC BBIMOJIHSIIOT
KYPCaHTBI/CITyIIATEIN, BTOPOH CIIOM (CKPHITHIN) ompenenseT NCHX0(QU3NOIOTHIECKUE XapaKTEPUCTHKH 00ydaeMoro,
TpeTuil cioi (CKpBITHIA) YYHUTHIBACT CIOKHOCTH YIPAXKHEHWS B 3aBHCHMOCTH OT KOJHYECTBAa MOTEHIMAIHHO
KOH(JIUKTHBIX CUTYAI[Hid, YeTBEPTHINA CIIOH (BBIXOHOMN) — OIICHKA KypCaHTa/CIIyIIaTelIs IPU BBITOJHCHUN YITPAXKHCHUS.
HefipocereBass Mopenp Takke WMEET JOMONHUTEIBHBIC BXOIBI (COBUT), KOTOPHIC BKIIFOYAIOT OTPAaHUYCHUS Ha
BEIYUCIIIEMBIC TTapaMeTpbl. C TIOMOIIBI0 MOAEIHPYIOMIETO0 KOMITIeKca Fusion moiydeHa BU3yanm3anus pe3ylIbTaToOB
BBINOJIHEHHS y4eOHOTO yNpakKHEHHUs aBHAIUCIIETIEPOM 3a YKa3aHHBIMHU KpuTepusmu. O0cyxaenne: YdeT KpuTepuen
0e30IMO0YHOCTH W CBOCBPEMEHHOCTH  BBINOJIHEHWS IMOCTABJICHHBIX HMHCTPYKTOPOM 3aJad B IpOIecce
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MIPEATPEHAKEPHOTO 00yUYEeHNSI C TTIOMOIIBIO MCIIOJIb30BAHMSI MCKYCCTBEHHBIX HEHMPOHHBIX CETeH MO3BOJIUT OIPEAEISTh
BO3MOXKHOCTh JIONTyCKa CHELHalNCTa 10 OOCIYKMBAaHHWIO BO3AYIIHOTO JBI)KEHHS K TPEHAKEPHOH MOATOTOBKE.
MynsTuMonynbHas cucTeMa Fusion JacT BO3MOXKHOCTB yCOBEPIICHCTBOBATH IIPOLECC NMPOQECCHOHATBHOM MOATOTOBKH
KypCaHTOB/CITylIaTesie — aBHaAuCIeTYepOB OJiaroapsi aBTOMaTHU3alMy OLICHUBAHUS UX JIEHCTBUI.
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