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ABSTRACT

Context. There is a problem of identifying the subjective entropy of the navigator as an indication of negative
human error in maritime transport. The aim of the study is to develop the data system to identify the negative
manifestations of the human error for ensuring safety in maritime transport.

Objective. The objective of the work is to design the data system consisting of two levels. Levels are targeted at
detection of primary factors and secondary factors of subjective entropy of the navigator increase.

Method. Within the scope of this work, the phases of the navigator’s activity are determined, in which negative
manifestations of the human error arise. This most often occurs during emergency situations. It is determined that the
navigator’s loss of focus leads to inadequate actions in relevant situations. Stressful situations are the second reason that
affects self-control level. The factors’ expanses influencing the navigator’s subjective entropy increase as well as the
vector affecting the subjective entropy at the first level of the formal system are determined. The arrangement of sets of
factors was carried out. The arrangement result represents the formal system’s first level description. Multi-objective
optimization problem is vital for optimal solutions identification. The patterning’s target is error evaluation on finding a
vector, which is an essential stage. The lower limit of the system identification level is determined. The formal
description of actions at the second level of the system is carried out and vector is specified at this level. The
dependences of second-level vectors’ impacts on navigator subjective entropy increase are specified with maximum
accuracy. Time input estimation for system actuation allows us to determine three operating modes of the system. The
input data for operating modes specification is indicated. The matrix-based framework algorithm of navigator’s
behavior during emergency situations is given.

Results. Formal approaches were confirmed by simulation patterning using the navigation simulator NTPRO 5000.
The data obtained allowed to build an algorithm in navigator’s shaping of in various situations.

Conclusions. The proposed formal approaches, patterns and algorithms will provide a basis for navigator’s behavior
analysis during emergency situations. The search of the best practice of human error data mining based on real data and
simulator training data can be the direction for future research. This will allow to determine the mathematical
expectation of navigator’s behavior in emergency situations, as well as when performing operations with a low
coefficient of experience.

KEYWORDS: human error, behavior pattern, subjective entropy, emergency situations.

ABBREVIATIONS .
NTPRO 5000 — navigation simulator “Navi-Trainer M is an acceptable limit of factors at the first level,
Professional 50007 which are displayed in the second level;
Y is a Euclidean subjective entropy manifestations
NOMENCLATURE €xpanse;
& is a nonnegative number function; ¥ is the vector required at the first level;
7 is the result provided by the system when choosing F(m, y) is a identification criterion;
the level vectors; ® o\ .
£ is the system result after the second level; Y(-) is the set of y vector values by factor analysis;
. . . L]
¢ is a continuous function of system status; M 4 is a sufficient factors set for vector identification;
M is a Egclidean factor§ expanse qffecting the H is a Euclidean vectors expanse z;
navigator’s subjective entropy increase manifested at the z is the control impact vector on subjective entropy
first level; ) ) level decrease
J is a Euclidean factors expanse affecting the ¢ is an actuation system time input

navigator’s subjective entropy increase manifested at the S'is a system status index

Second level; . , L6 A is an individual navigator’s reactions, dependent on
W is a navigator’s personal factors set; work experience;

[ . . N .
W is an acceptable limit of factors at the first and B 1S anav%gator’s focgs,'
C is a navigator’s optimism;

second levels; . . .
E is a parallelepiped display expanse; d is amodes I and II constant (invariable).
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INTRODUCTION

One of significant reasons for emergencies to occur in
maritime transport is the human error. Statistics provides
evidence of maritime accidents reason in 75-96% of cases
to be human errors [1, 4]. Most often this occurs when
ships collide, as well as when servicing the tankers.

One of reasons for the human error negative
manifestations is poor safety culture management in
maritime transport. High-level indicators of emergencies
causes are also low level of competence of marine
officers [5].

From practical experience it was noted that due to
simultaneous manifestation of distracting information
factors, the individual’s focus is lost when taking
decisions (navigators) while ship handling. This is the
serious problem for the safety management and requires
thorough analysis and solution.

1 PROBLEM STATEMENT

The study is aimed to create identification information
system and to prevent navigator’s human error negative
manifestations. In relation to sector-specific issues, the
information system is proposed to be divided into two
levels: detection of primary factors and detection of
secondary factors of navigator’s subjective entropy
increase. There is a dependency: the more information
resources are consumed by the system at the first level,
the more accurate the formal description at the second
level is. This will make it possible to perform the
functions of navigator’s subjective entropy elimination in
emergency situations more effectively. The system should
be designed so that the balance of information resources
could be changed at the time of navigator’s individual
behavior pattern identification.

At the first level, the system forms approximate values
of the subjective entropy level, depending on navigator’s
behavior. The second level depends on the time indices of
navigator’s steady negative manifestations.

Therefore, it is essential to complete following tasks:

1. To identify M and J factor feature spaces, which
affect navigator’s subjective entropy increase. The
requirement to determine M and J space edges is that their
Cartesian product will represent individual set of
navigator’s factors W.

2. To find an individually-oriented vector of
navigator’s  subjective entropy increase @y by
identification criterion F(m,y) utilizing minimization
function on m parameters.

3. In order to increase modeling accuracy, it is
necessary to determine lower limits of critical factors
individual set identification that affect the subjective
entropy p, by nonnegative number function

implementation S(m) .

4. To determine control action vectors space to
subjective entropy level z reduction by implementing
®(m, y, j,z) function as the final characteristics of

formal system performance after the second level.
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5. To specify most likely system actuation modes in
emergency situations at first and second levels, depending
on factors manifestations from y and from m.

6. To design the information system scheme for
human error negative manifestation identification in
maritime transport.

7. To confirm experimentally the hypothesis of sudden
factors negative influence on subjective entropy increase
and, therefore, navigator’s management decisions leading
to devastating consequences.

8. To design algorithm of navigator’s behavior pattern
creation in various situations to prevent human error
negative impact in maritime transport.

Thus, the highlighted tasks implementation will create
an information system for identification and prevention of
human error negative manifestations in maritime
transport.

2 LITERATURE REVIEW

One of indicators of focus loss while ship operation is
subjective entropy level increase [6].

Our study is targeted at navigator’s operational stages
during emergency situations, in which negative
manifestations of the human error [2] and [3] occur. This
leads to navigator’s inadequate actions when focus loss
occurs. [7]. Factor identification process is an objective
problem for safety system management in maritime
transport and this occurs in conditions of uncertainty.

From practical experience [8] it is noted that stressful
situations have a direct impact on self-control level and
increases navigator’s negative subjective behavior. Stress
reasons can be tensions between crew [2, 13] and [3] that
happens quite often.

The study purpose is to build an information system
for identifying human error negative effects to ensure
safety in maritime transport.

3 MATERIALS AND METHODS

Let M and J be the Euclidean factors expanses that
affect the navigator’s subjective entropy increase shown
at the first and second levels of formal system [11],
respectively. Let’s take that the system can determine
their level. For each navigator there is a psychological
barrier to work in conditions of factors actuation from M
and J expanses, as well as an individual set of factors such

that, W=MxJ ,W cw, W — a set of acceptable limit
of factors w = (m, j)e W at the first and second levels.

The system task is to find an individual-oriented
vector of navigator’s subjective entropy increase.
We assume that:

M:{meM:EIjeruch thatw:(m,j)eW},

J(m):{weW:(m,j)eV;/}[me]\.lj,
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MuJ (m),[m eM J — acceptable limits of factors sets

at the first and second levels.

Sets arrangement of A and J(m) is true when
M =J =E, M - is a parallelepiped in E, and
J(m):{jeE:(m—i-j)eM}.

Let Y be the Euclidean manifestations expanse of
subjective entropy, is subject to system analysis. y — the

vector required at the first level out of Y, which is

identified by a number of features from factors m, ¥(m)

is the set of vector values y in the analysis by factors m, F’
(m, y) — the identification criterion.
Formal description of the first level will be:

F(m,y)—)minye}.’(m).

This patterning approach represents the task of
multicriteria optimization [9, 12].
Then the point-set mapping Y (m) for F (m, y)

assumes that the Y(-)= {ﬁ € ]lol : }.’(ﬁ)i @} and set of

optimal problem solutions is not empty (1):

ﬂM=A@mm%wmw»e%w%¢@. m

It should be assumed that in cases where the set ¥(m)
consists of a single point y(m) for any m € domY () , then

the operator y():domY —Y providing with an
approximate vector value y will be called the navigator’s

subjective entropy identification operator.

We will assume that the closed set of subjective
entropy manifestations will be fully analyzed by the
system for the main navigator’s functions when handling

a ship: M4 < domY(-) for precise vector identification
y,if Y()(m): {j}}Vm eEMg.

Error evaluation in finding a vector is an important
step in the patterning y , for this purpose we introduce a

nonnegative number function &(m) defined on a set

dom f/(-) such that (2):

mmﬂy—ﬂrye%am%ssw». o
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While S(m):O for me]\}a and 6(m)>0 and for

medomY()\My, where M, — a sufficient sets of

factors for the vector identification.

This will allow us to determine the lower limit of the
system ability at the time of individual set of critical
factors identification affecting subjective entropy.

To describe the second level, we denote: H is the
Euclidean z vectors expanse controlling impacts on
subjective entropy level decrease, that are planned
together with vector J .

Let Z(y,j)cZ
(I)(m, ¥, j,z) — acceptable limit of human factors set and

and the number function is

criterion for choosing the vector z, (I)(m, v, j,z) is the

final characteristic of the system after the second level.

The introduction of @ dependence on both y and m is
caused by the need to determine the time balance of the
system operation at the first and second levels.

The aim of controlling impacts of the system is to
determine influence vectors on navigator’s subjective
entropy increase most accurately.

It is possible to obtain after the second level,
considering the time input of system actuation c¢; (m) and

c) ( Jj ) regarding factors m and j, such that,
®(m. . j.z)=~[nly.2)~c1(m)- (/).

where rc(y,z) is the result provided by the system when

selecting vector z of controlling impacts with the original
vector y data.
The second level model is (3):

®(m,y, j,z)—> min, jeJ(m), ze Z(y, j). (3)

The effectiveness at the second level is based on the
value of 8(m) — error evaluation function of vector 7
location after the first level. The system task at the second

level after dominant factors selection m e M at the first
level, and looks like:
d)(m,jz,j,z)—> min, j € J(m), ze Z(j/,j) .

For any me M function &(m) defined on the set M ,
we will call the system result after the second level.

min{(l)(m,j/,j,z): je J(m),z e Z(j/,j)}s &(m)

The set Z (y, j) is set by a finite number of
dependencies on y, j:

Z(v,j)={z € Z:04(y,/,2)<O(s € S) @y (v, ,2)=0(s € S")},

(here ¢ ,SeS=5'US", in

(YxJxZ).

continuous functions
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The system result after the second level can be
considered for three most likely modes.
Mode I. The functions ¢ (seS=8"US") do not

depend on vectors y, therefore, in the second level task
only the objective function of @ depends on vectors y,
there is a constant of navigator’s individual reactions,
dependent on work experience — A [10,14]. Moreover,

A>0 for any me Il;[,j € J(m),y(m)e ).’o(m),z € Z(j), so
that the inequality follows (4):
(I)(m,y,j,z)s (I)(m,y(m), j,z)—i— A"y(m)—y" . 4

Mode II. The indexing set S" =, but there are
constants 4 >0, 4 >O(seS) such that for any

meM,yeY, y(m)e Yo(m),z € Z inequality is true (4),
as well as the inequality:

05 (0./.2)< @ (¥(m). j.z)+ Ag|y(m)- (s € 57),

and the set Z (y, j) is the closure of an open set in Z
lzeZ:9,(r,j,z)<0(s€S")}.
Mode 1III. There are constants A>0,B>0

A;>0(seS=8"US"),C>0 (where B and C are

individual indicators of human error manifestations that
prevent subjective entropy increase — focus and optimism)
such that for any:

meM.yeY,ym)eYo(m) |y(m)-y] < 5(m),
zeZ(y(m).j)zez(y. ),
05 (7,/,2)< 05 (Wm), j,2)+ Ay |y(m)- (s € S),

(I)(m,y,j,ﬁ)s (I)(m,y(m),j,z)+ A"y - y(mm + B||2 —z" .

L

dist(z, Z(5,])) = minmz - E" 2 eZ(5,/)of = max(g, ,O)H.

in this way,

dist(z, Z(3, j)) < c{

> ot Gosoz)+ Ylos(..2)

ses’ seS"

The task of system result optimization will be (5):

é(m)—) min, me M .

©)

Then, if

m« € Arg min{&(m): me ]\.4}, v« €Yy (m*) s
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and a pair
{j*,z*}e Argmin{(l)(m*,y*,j,z): Jje J(m*),z € Z(y*,j)}
then (m*, Vi, j,z) we take as the system result.

This solution optimizes the result obtained after the
second level, considering the error 8(m) in vector y

identification at the first level.
In each of modes I, II, II1, the task (5) is equivalent to
the task of minimizing a function (p(m, ¥, j,z) on a certain

set under conditions of extreme restriction y Y (m) to

connect m and y.
We put d = 4 in mode I, 11, and in mode III we assume

that d = A4+ BC(Y_ 4,)

wherein (p(m,y,j,z)z dS(m)+ (I)(m,y,j,z).
Then for modes I-11I, min{&,(m): me A;[ } =
min{(p(m,y,j,z): me ]\;l,y € I./()(m),j € J(m),z € Z(j)} s

j)} :

min{(p(m,y,j,z):m e]\./[,ye ).’o(m),jeJ(m),zeZ(y,j)}.

:meM,ye Yo(m),jeJ(m),zeZ(m,y,

mm{q,(m,y,j,z)

System operating modes regulation is carried out
individually for each navigator during the training using
the Navi-Trainer Professional 5000 (NTPRO 5000)
navigational simulator. The experiments are held at
Kherson State Maritime Academy (Ukraine). The first
individual signs of subjective entropy manifestation are
determined at the stage of training cadets and depend on
the set of influence factors.

The system is adjusted to locations and tasks carried
out during the ship operation in real conditions, based on
navigators’ dispositions. Data allows us to regulate and
improve the system.

The final stage is the design of navigator’s behavior
when emergency occurs.

The NTPRO 5000 system identifies 55 indicators,
which are generalized into two groups of factors, m; and
y;, where i € (1.55). Each navigator takes individual
approaches when makes decisions in ship operation.
Consequently, the interdependence of these 55 factors
will characterize navigator’s behavior in various
situations. The general system operation scheme looks
like (Fig. 1).

This process is cyclical and data-bank is designed for
each navigator. Data processing allows the system to
identify the most vulnerable categories of factors leading
to emergency situations. The function of backward
recurrence makes it possible to make corrective influence
on navigator’s retraining or improvement of his individual
psycho-emotional characteristics.
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Level 1 Navigator’s human
. > error:
Fimv)— Y
(m y) mimny e (m) ) Stress,
\l/ - fatigue,
N Error evaluation 0 - distractions,
Yy - diseases,
- insufficient quali-
fication,
Level 2 - other.
(I)(m,y, s z) —»min, j& J(m) ze Z(yyj)

Veritying the performance condition:
min{®(m, 3, j,z): je Jm)z e Z(5, )} < £(m)

Backward
recurrence

Svystem operation modes purpose:

—> min{{(m): m eM}zmin{qp(m,y,j,z): m eM,y € }-’o(m),j € J(m),z € Z(j)}
> min $(n)im €1 | = min {n, . .2 )im €A1y €T o) )z € 2.}

— min{/j(m): m eﬂ;f}: min{go(m,y,j,z): m eﬂ;f,yefo(m),j’EJ(m),ZEZ(%J')}

Figure 1 — Information system operation scheme for human error negative manifestations identification for
safety in maritime transport

4 EXPERIMENTS

We will carry out human error negative manifestation
simulation patterning while operating a ship.

We will carry out the experiment using the Navi-
Trainer Professional 5000 navigational simulator
(NTPRO 5000) at Kherson State Maritime Academy
(Ukraine). The experiment purpose is to determine
subjective entropy areas of influence while operating a
ship.

Prior to exercise commencement, cadets made course
plotting to pass “Bosfor”, with initial parameters:

—board time is set at 12:00:00;

—wind, 13 knots (direction 0 degrees);

—wave height, 1.3 m;

— current, 0 knots.

Chronology of events during the experiment (Fig. 2):

1. 12:00:19; Ship movement start.

2. 12:09:39; Start of overtaking ship #1 (Bulk carrier
21); complexity — low (Fig. 2a).

3. 12:16:40; Finish of overtaking ship #1 (Bulk carrier
21); complexity — low.

4.12:22:00; Start of passing procedure with the vessel
No. 2 (Coast guard boat 1); sudden event (Fig. 2b).

5. 12:24:20; Finish of passing procedure with the
vessel 2 (Coast guard boat 1); sudden event.

6. 12:24:20; Wind 10 knots (direction 0 degrees);
reduced from 13 knots.
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7. 12:24:20; The current is 0.3 knots (direction 0
degrees); increased from 0 knots.

8. 12:29:40; Start of passing procedure with the vessel
No. 3 (Passenger ferry 2); sudden event.

9. 12:30:09; Suddenly snow started; the intensity 70%
(Figure 2, ¢).

10. 12:30:11-12:30:26; During the passing procedure,
the maneuver is to bypass from the right side; (right to the
side 6°-16°).

11. 12:30:28; Short shift left on board 4 °(Fig. 2 d).

12. 12:30:30; Quick setting right 50 ° (Fig. 2 e).

13. 12:30:31; Quick left-sideways 44 °(Fig. 2 ).

14. 12:30:36; Engine stop.

15.12:30:43; Turn on reverse; power 30%.

16. 12:30:49; Turn on reverse; power 40%.

17. 12:30:52; Collision with vessel
(Passenger ferry 2); sudden event (Fig. 2 g).

18. 12:30:53; Reverse actuation; sudden event.

19. 12:31:18; The wave height is 1.5 m.

number 3

20. 12:36:00; Overtaking ship No. 4 (Container ship
22); complexity — low.

21. 12:37:19; Reducing visibility; from 10 miles to 4
miles.

22.12:38:00; The wave height is 1.6 m.

23. 12:41:50; Detecting an obstacle; drifting container
“40 foot”.
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Figure 2 — Chronology of events during the experiment
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24. 12:42:28; Current 0.6 knots (direction 0 degrees);
increased from 0.3 knots.

25. 12:43:06; Passing with an obstacle; drifting
container “40 foot”.

26. 12:48:34; The start of passing procedure with the
vessel No. 4 (Passenger ferry 1). The passing procedure
was predetermined as well as maneuver speed and course;
sudden event.

27.12:50:30; Finish of passing procedure from vessel
No. 4 (Passenger ferry 1); sudden event.

28. The rest of the time has no significant events

The experiment shows significant navigator’s focus
loss after first two maneuvers with low complexity. When
adding random factors “Sudden snow”, navigator’s
readiness to perform adequate maneuvers while passing
procedure with vessel No. 3 was decreased.

5 RESULTS

To determine the degree of mutual dependence of the
factors F(m;, y;), the Spearman correlation coefficient was
chosen [15]. This coefficient represents the measure of
the linear relationship between random variables. It
becomes possible to create a behavioral matrix P, of a
certain navigator in a particular situation k, where
ke(1,0).

There is an opportunity based on dependencies
between factors to build navigator’s behavior pattern in
various situations. That’s important to mention that the
trainee’s experience does not always reflect his
experience in unusual situations for him. Navigator’s in
certain situations does not guarantee a high level of
competency in the whole range of possible events,
especially during emergency situations.

Fie(my,y;)  F(mp,y)  Fi(ms,y;) Fi(my, ;)
B =| F(m,y3)  Fi(my,y3) Fp(m3,y3) Fe(m;,y3) |-
Fe(m,yy) F(my,yy) Fi(mg,pp) .. Fi(m, ;)
Fe(m,y) F(m,y)  Fr(ms,yp) Fi(m;, )

Because the matrix displays the data of one situation
only, it becomes necessary to select the corresponding
behavioral matrices for unusual cases. To do this, it is
essential to determine the set of matrices P; of the
dependencies of the indicators that are specific to a
particular navigator. This model displays knowledge of
navigator’s behavior in particular situations, which
corresponds to the specific matrix P, (Fig. 3).

Since the model is a 3D matrix, it can be stored and
processed as a database object. The algorithm of this
model formation is shown in Fig. 4.
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Figure 3 — Skipper’s behavior model in a specific situation

Determination of sets factors
m; and y;

.
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F(m,,y)=1-6 Zl

n -n

Updating knowledge of navigator behavior

Figure 4 — The algorithm of navigator’s behavior pattern
formation in different situations
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6 DISCUSSION

The experiments conducted have confirmed the
feasibility of the study. The highlighted approaches are
based on the analytical experience of emergency
situations investigations, both during simulator practice,
and in real conditions. The designed models, methods and
algorithms for subjective entropy identification as the
reason of human error negative manifestation were
implemented into training program of NTPRO 5000
simulator at Kherson State Maritime Academy (Ukraine).
Besides, the studies’ results were talked through at the
10th International Scientific and Practical Conference
“Modern Information and Innovation Technologies in
Transport” MINTT-2018 [16].

The implementation of highlighted solutions will
make it possible to minimize human error negative
manifestation in maritime transport. The technology will
also assist in tracing Marine Officers competency level.

The information system knowledge base increases
continuously, which, eventually, will lead to real time
result obtaining rate reduction. In the long term, further
studies of evolutionary system development to prevent
emergency situations in maritime transport are intended
for the purpose of both system actuation rate and forecast
time step increase.

CONCLUSIONS

The result of the simulation is the determination of
three operating modes of the system, which depend on the
level of preparedness of the navigator. For the most
experienced navigators, the control of the system is
carried out at the second level. Identification of factors of
emergency situations is carried out in mode I. For mid-
level navigators, the forms of control that monitor the
most complex functions during ship operation in the
regime of III will be characteristic. Finally, for the least
experienced navigators, the system is to be monitored at
both the first and second levels, identifying all the
influencing factors in Mode I1.

The construction of the system based on the proposed
formal approaches will significantly improve safety in
ship operation in conditions of human error negative
manifestations.
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AHOTAIIA

AxTyanbHicTb. IcHye mpoGiiema imentudikariii cy6’e€KTHBHOI €HTPOMii CYJHOBOIIS SIK MOKa3HHKa HETaTHBHOIO JIIOACHKOIO
(axTopa Ha MOPCHKOMY TPAHCIOPTi. MeToro JociipKeHHs € nodynoBa iHpopmManiiiHoi cucteMu ineHTH(iKalLii HEraTHBHUX MPOSIBIB
JIIOACHKOTO (hakTOpa A 3a0e3medeHHs Oe3MeKn Ha MOPCHKOMY TPaHCHOPTI.

3aBaanns. MeToro poOOTH € MPOEKTyBaHHS 1HPOPMAIIIHOT CHCTEMHU IO CKIANAETHCS 3 IBOX PIBHIB, BUSABICHHS MEPBUHHUX
(axTopiB i BUSABICHHS BTOPUHHUX (PAKTOPIB IMiJBUINEHHS Cy0 €KTUBHOI €HTPOIIII CyTHOBOIIS.

Metoa. B pamkax IOCIiPKEHHS BH3HA4Y€HO (a3l IisTbHOCTI CyJHOBOJIS, B SKUX BHHHKAIOTh HETaTHBHI NPOSBH JIHOJCHKOTO
¢daxropa, a came miJ yac MO3AIUTATHUX CHUTyalild. Bu3HaueHo, IO BTpaTa KOHLEHTpaLii yBaru IPH3BOMUTH N0 HEAIEKBATHHUX
cutyanii niif 3 60Ky cyanoBonis. KpiMm Toro, Apyroro IpHYMHOIO MOXKYTH CIIy)KHTH CTPECOBI CHTYyaIlil, 110 BIUIMBAIOTh HAa PIBEHb
caMOKOHTpOJ0. Bu3HadeHo mpocTip (akTopiB, 110 BIUIMBAIOTh HA IiJBHILEHHS Cy0 €KTUBHOI SHTPOIMi CyIHOBOMIS y BHIJISIL
BEKTOpa 1110 IPOSBIISIOTHCS Ha TepuioMy piBHi GopmanbsHoi cuctemu. [IpoBeeHa KOMIOHOBKA MHOXKHH (paKkTOpIB, B pe3yJIbTaTi 40ro
OTprMaHO (HOpMaJbHUN OMHUC TEPLIOro piBHSA CHCTEMH. 3aBHaHHS 3BOAUTHCS 10 OaraTOKpPHTEpialbHOI ONTHUMI3alii 3 METOIO
3HAXO/PKEHHSI MHOXXMH ONTHUMANbHHX pillleHb. BaXIMBHM eTarmoM B XOAI MOJETIOBAHHS € OIIIHKA MOXHOKM IPH 3HAXOKCHHI
BEKTOpa 1 BHM3HA4YECHHS HIKHBOI TpaHi MOXIMBOCTI cHCTeMH. Bukonano QopmanpHmil omuc niif Apyroro piBHS CHCTEMH i
BU3HAYCHHS BEKTOPiB. BuzHaueHo OTpUMaHO MaKCHMAaJIbHO JIOCTOBIpHE BH3HAYCHHS BEKTOPIB BIUIUBY Ha IiJABUIICHHS CY0’ €KTUBHOI
CHTPOIIii CyJHOBOMISA Ha €Tami JAPYroro piBHSA 3 ypaxyBaHHSIM THMYacOBHX BHTPAT CIIPAllbOBYBAHHS CHCTEMH, LIO J03BOJISIE
BU3HAYHUTH TPH PEXUMH poboTu. [To3HaueHO BXifHI JaHi [UIsl BU3HAYCHHS PEXHMIB POOOTH CHCTEMH Y BUIJISAI MaTPHLb HOBEIHKH
CYJHOBOJIISI ITiJT Yac MO3aLITaTHUX CUTYaLliM.

PesynbraTn. @dopmanpHi migxoau Oyiu MiATBEpUKEHI IMITALIHHUA MOJEIIOBaHHSAM 13 3aCTOCYBaHHSM HaBirauitHOro
tpeHaxkepa NTPRO 5000 i cramu ocHOBOIO i MOOYIOBH alnroputMy (OPMYBaHHS MOJCIHI MOBENIHKH CYJHOBOMIS B Pi3HHX
CUTYAIlifX.

BucnoBkn. 3anponoHoBaHi GopManbHi MiIX0AH, MOJETI Ta aJrOPUTMU JO3BOJIATH CTBOPHUTH MIJCTaBy JUIS aHAJi3y MOBEAIHKH
CYIHOBOJIIIB MiJ Yac Io3amTaTHUX cuTyanidl. [lepcrekTMBaMu MOAaibIIMX IOCTIDKCHP MO)Ke OyTH 3HAXOPKSHHS HAHOUIBIT
ONTUMAIILHUX METOMIB IHTENEKTYalbHOr0 aHA3y JIIJCBKOro (akTopa Ha OCHOBI pealbHHX MAHUX 1 HaHUX TPEHaXEPHOI
migroroku. e 103BONKTH BH3HAYATH MaTeMaTHYHE O4iKYBaHHS MOBEAIHKU CyIHOBOIIB B HECTAHIAPTHUX CUTYAIlisX, & TAKOX TIPH
BUKOHAHHI OTepalliii 3 HEBUCOKUM KOCe(]illi€HTOM JO0CBiIy.

KJIFOUYOBI CJIOBA: sro/chKHii (hakTop, MOJEIb HOBEAIHKY, Cy0’ €KTUBHA SHTPOIIIsl, IO3AIUTATHI CUTYyaLil.
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AHHOTADIUA

AxTyanbsHocTh. CyniecTByeT nmpobiieMa HACHTH(GHUKAIMN CyObEeKTHBHOI SHTPOINH CYZOBOIUTEIIS KaK [T0Ka3aTelisi HeraTHBHOT'O
4eJioBeueckoro (akropa Ha MOPCKOM TpaHcmopre. Llenbro uccnenoBaHHs SBISIETCS IIOCTPOEHHE WH(OPMALMOHHOW CHCTEMBI
UIeHTH(UKALMN HETaTUBHBIX NPOSBICHUI YyesoBedeckoro (akropa st obecredeHnst 0e30I1acCHOCTH Ha MOPCKOM TPAHCIIOPTE.

3agauu Llenpio paboTh! sBISETCS NPOESKTUPOBAHNE HHPOPMAILIMOHHONW CHCTEMBI COCTOSIIIECH U3 ABYX YPOBHEH Ui OOHApY KEHUS
TIEPBUYHBIX ()aKTOPOB M OOHAPYKEHNE BTOPUYHBIX (PAKTOPOB MOBBIMIECHUSI CyOBEKTHBHON SHTPONIUH CYZOBOIUTENS.

Metoa. B pamkax uccnemoBaHus ompeneneHbl (as3bl OEATETBHOCTH CyJOBOAUTENS, B KOTOPHIX BO3HHKAIOT HETATHBHBIC
MIPOSIBIICHHST YEJIOBEUECKOTo (hakTopa — BO BpeMsl BHEINTATHBIX cHTyaunuid. OmnpezmeneHo, 4TO MOTeps KOHICHTPAUH BHUMAaHUS
IIPUBOAUT K HEAJEKBATHBIM CHUTYAI[MH IEHCTBUSM CO CTOPOHBI CyloBoauTens. KpoMme TOro, BTOPHYHON NPUYNHON MOTYT CIIy>KHTh
CTPECCOBBIC CUTYAllMH, BIMSIONIME HAa YPOBEHb CAaMOKOHTpoJs. OnpezneneHsl NpocTpaHCTBa (aKTOPOB BIMSIOIINX Ha IOBBIIICHUE
CyOBEKTUBHOM SHTPOIMH CYIOBOIUTENST B BHJE BEKTOpA IPOSBISIEMBIX Ha NEPBOM YpoBHe (opmanbHO# cuctemsl. IIpoBeneHa
KOMIIOHOBKA MHOXECTB (JaKTOpPOB, B pe3yJibTaTe 4ero Moiy4eHo (opMmaibHOE OIMCaHHE IIEPBOrO YPOBHS CHUCTEMbI. 3ajava
CBOJMTCA K MHOTOKPUTEPHAIbHOW ONTHMHU3ALUM JUI HAaXOXJIEHUs MHOXECTB ONTUMANbHBIX pelIeHHil. BakHpIM 3Tanom B Xone
MOJIETTMPOBAHMS SBIISIETCSI OLEHKA MOTPEIIHOCTH INPH HAXOXKACHWH BEKTOpPAa U ONpEAEieHHe HIDKHEH TPaHHIBI BO3MOXKHOCTU
cucTeMbl. BrImonHeHO (opManpHOe ONMMCcaHWe ACUCTBHH BTOPOTO YPOBHS CHUCTEMBI M ONpEAEICHHE BeKTopa. MaKcHMaiabHO
JIOCTOBEPHOE OTIpEZeIeHHe BEKTOPOB BIMSHMS Ha IIOBBIIICHHE CYOBEKTUBHON SHTPOINH CyJOBOANUTEINS, IIOIyIaeMoe II0cIe BTOPOro
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YPOBHSI C Y4E€TOM BpPEMEHHBIX 3aTpaT CpadaThIBaHUS CHCTEMBI, IIO3BOJISICT ONPENEIHTh TPH pexuma ee paboTsl. OO603HAYEHBI
BXOJIHBIC JaHHBIC JUIsl ONPENCICHHs PEKUMOB PaOOTHI CHCTEMBI B BHJIE MAaTpPUIl NOBEJICHUS CYJOBOAUTENS BO BPeMsl BHEIITATHBIX
CUTyaluH.

PesynabTathl. QDopmanbHble MOAXOABI OBIIM  MOATBEPXKIAECHBl HMMHTAlMOHHBIA  MOJEIMPOBAHHEM C IPHMEHEHHEM
HaBuraironHoro tpeHaxepa NTPRO 5000 u cramy OCHOBOW [Uisi MOCTPOCHHsI anropurMa (GpopMHUPOBaHHsS MOJIEIH MOBEICHUS
CYIOBOANTENS B PA3TTMIHBIX CUTYaLUsIX.

BriBoasl. [IpeanoxxenHsie GopManbHbIE TOAXOIbI, MOJIETH U aITOPUTMBI TIO3BOJISIT CO3J[aTh OCHOBAHUE ISl AHATIM3a TIOBECHUS
CyIOBOAMTENEHl BO BpeMsl BHEINTATHBIX CUTyaruid. [lepcriekTWBaMm JabHEHIIMX HCCIEIOBAHMH MOXKET OBITH HaXOXICHHE
HanboJiee ONTHMAJIBHBIX METOJI0B MHTEIUIEKTYaJIbHOIO aHAIN3a YeI0BEYeCKOro (akTopa Ha OCHOBE PEabHBIX JAHHBIX M JaHHBIX
TPEHaXEPHON IOArOTOBKU. DTO IO3BOJIHUT ONPE/CIISTh MaTeMaTHYECKOe O)KUIAHUS ITOBEICHHS CYJIOBOAUTENEH B HECTAaHIapPTHBIX
CUTYaIMsIX, @ TAKXKE TIPH BBINOJIHEHUH ONepannii ¢ HEBHICOKMM KO (QHIIEHTOM ONbITA.

KJ/IFOUYEBBIE CJIOBA: uenoBeyeckuii pakTop, MOJeNb MOBEACHNUS, CyObEKTUBHAS SHTPOIMHMS, BHEIITATHBIE CUTYaIlUH.
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