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ABSTRACT

Context. The problem of identifying the manifestation of the human factor in the context of utility in maritime transport during
emergency situations is considered. The aim of the study is to increase safety in maritime transport by identifying positive and
negative human factors, as well as analyzing the behavioral reactions affecting the vessel’s passage parameters.

Objective. The aim of the work is to determine the approaches and the construction of software tools to identify periods of
manifestation of the human factor of the navigators during abnormal situations.

Method. The study identified the types of manifestations of the human factor in the form of intuitive (illogical) behavior of the
navigator. The dependence of intuitive behavior, as a reaction, on exceeding the detection threshold of perception of service
information, is given. It was determined that the distribution of information load among members of the navigation watch will
significantly reduce the detection threshold of the navigator at the time of making management decisions.

It was established that the detection step is to determine the balance of information effects on the navigator and his individual polar
reactions. The cycle of updating the navigator model is determined by analyzing his individual behavior model of previous
intellectual activity. A formal description of the space of alternatives and reactions of the navigator in the form of polar groups at the
moment of vessel management is proposed. Software has been developed that allows the analysis of the vessel’s passage trajectory
for collision detection and the identification of periods of occurrence of the detection threshold of the navigator.

Analysis of the trajectories made it possible to conclude that before the collision the navigator was in active/passive polar states of
action, which directly proportional to the speed of the vessel, which confirms the main hypothesis of the study. As a mathematical
tool for solving the problem of classifying individual reactions of the navigator, the factor analysis and a training sample are
offered — more than nine typical situations, which make it possible to adequately determine polar reactions according to the principle
of utility.

Results. In order to confirm the adequacy of the proposed formal-logical approaches, an experiment was conducted using the
Trainer Professional 5000 navigation simulator (NTPRO 5000). The results of the experiment, as well as the developed software,
made it possible to identify the time periods of the negative human factor manifestation of the navigator caused by the information
overload and to determine its individual stimulus factors. At the same time, the moment of occurrence of an extraordinary situation
was determined by analyzing the passage trajectory of the vessel by means of processing log files by passing the Bosporus strait
location.

In addition, an algorithm was developed for the formation of the navigator’s model and its updating on the basis of individual
periods of the negative manifestation of the human factor. The features of the occurrence of informational imbalance between
members of the navigation watch in the event of an emergency situation and features of its identification during the passage of the
vessel are considered. The obtained results will allow at a qualitatively new level to approach the analysis of the problem of the
influence of human factor on the adequate managerial decisions of the navigator.

Conclusions. The proposed formal approaches and the developed software will allow identifying the transition from the
controlled adequate state of the navigator to the uncontrolled state with intuitive reactions. The scientific novelty consists in the fact
that the developed algorithm of forming a navigator model in a discrete time, which allows to identify its polar reactions during
extraordinary situations. The practical significance lies in the fact that the results of the experiment allowed identifying the time
periods of the manifestation of the negative human factor of the navigator, caused by the information overload and identifying its
individual factors-incentives. Prospects for further research may be the development of software in the form of an expert system
defining deviations from a given course during the sea passage, as well as inadequate reactions in the performance of classical
maneuvers in case of divergence of ships in constrained areas.
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ABBREVIATIONS i is the individual index of the navigator;
NTPRO 5000 navigation simulator ‘“Navi-Trainer | is the navigation watch;
Professional 50007; n is a members of watch;
DSS decision support system; ©®; is a binary relations, are interpreted, as the
DT detection threshold;

) , strengths and weaknesses of the i-th navigator;
IS information system. | . ;
R, is the positive orthant of the Euclidean space;

NOMENCLATURE [ is the number of factors;
X; is a some sets of alternatives for the interaction of B is the set of admissible distributions;
DSS with a navigator; Q is a fixed set of factors;
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t (x) is a bipolar utility function representing;
Q; is a preference of the i-th navigator;

u; is a utility function;

y; is a a certain threshold DT;

0 is a not random parameter of the classification
criterion;

U is a monotonic function in time for both classes;

p is the distances between the elements;

IR' is the linear normalized spaces of real numbers;
Zp is the registration point of the response;

P is a certain probability;

Gy, G, is a two regions for dividing the entire space;
Cis a losses in the classification;

N is the sample size;

Vis the residual component;

M is a correction factor;

T*is a signal of the system;

{F } is a space with a certain probability P.

INTRODUCTION

Practice shows that the readiness status of navigator to

make management decisions is described by two
interdependent areas — some allowable distribution of
influencing factors and warning signals of the DSS. It also
takes into account the usefulness of the navigator when
making decisions in certain situations. The warning
signals of the information system of decision support are
formed in such a way as to level the threats posed by
relatively most influenced factors of navigators.
This article investigate human factor, namely the moment
of transition from the conscious condition of the navigator
to the intuitive state, individual factors affecting this
process, as well as the analysis of the human factor of the
navigator for the usefulness of its actions.

The object of the study is the process of identifying
manifestations of the human factor in marine transport.

The subject of the study is a model and information
system for reducing the time of identification of the
negative impact of the human factor in the management
of the vessel.

The purpose of the study is to determine the
approaches and construction of software tools, to identify
the periods of manifestation of the human factor of
navigators during extraordinary situations.

1 PROBLEM STATEMENT

It is known that the moment of transition to an
intuitive state depends on the intensity of incoming
information factors and their nature, after that an DT
occurs. This DT leads to the navigator moving to
intuitive, unconscious actions. The task of the DSS to not
disturb the balance of distribution of the information
between members of the navigation watch, using tools
both for tracking incoming signals and forecasting
possible emergency situations (Fig. 1).
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Figure 1 — The balance of information effects on the
navigator

The external environment maximizes the utility of
members of the navigation watch. If, in a certain
condition, the captain and/or members of the navigation
watch are meet with DT, the usefulness of actions can be
increased by IS due to the redistribution of information
factors.

The functions of DSS are summarized as there is no
complete conviction about how the situation will develop
in the near-threshold area of transition to the intuitive
state, therefore this approach method requires a repeatedly
experiment.

This will make it possible to clarify the individual
causal relationships which lead navigators into the danger
zone.

Therefore, it is necessary to solve a number of the
following tasks:

1. To determine the dependence of intuitive behavior,
as a reaction, on exceeding the detection threshold of
perception of official information. Develop an algorithm
for the formation of the navigator model, which will allow
determining the time of occurrence of reactions leading
the navigators in the danger zone.

2. To determine in analytical form an individual set of
parameters of the navigator x =(x;)e X and his critical

information load x; = (xl,...,xl) in the form of factors /

for the purpose of distribution among members of the
navigation watch [= {1,2,...,;1} when an emergency

situation occurs.

3. Identify the moment of imbalance xe€ B on the
basis of comparing the preferences of the navigator 0,
and the resulting bipolar utility function #;(x), which will

allow to determine the non-random distributions
x=(x;)e B that allow to classify the situation.

4. To determine the cycle of updating the navigator’s
model i€/ by analyzing his individual behavior model

in the form of thresholds {y i} and reactions X; C Ri .
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5. Develop software that allows analyzing the vessel’s
passage trajectory for collision detection and identifying
the time range of occurrence of the navigator’s detection
threshold.

6. To conduct an experiment, as well as processing of
data from log files on the executive route planning and
passage of the Bosporus strait location using the NTPRO
5000 navigation simulator, in order to classify different
behaviors of the navigator.

7. Determine the formal approaches to classifying
polar individual reactions of the navigator according to
the principle of utility.

Thus, the implementation of the proposed tasks will
allow build an information system for identifying the
detection threshold of the navigator, which will
significantly reduce the negative effects of the human
factor on maritime transport.

2 LITERATURE REVIEW

Many well-known sources cite various studies related
to the negative manifestation of the human factor in
maritime transport [1, 2, 15].

However, many approaches give recommendations
that do not allow to accurately identify the moment of the
navigator’s transition to a stressful state, from logically
justified actions to difficult-to-control [9—11]. At the same
time, the relationship between the large information flow
and the navigator’s fatigue leading to catastrophic
situations [4, 7] is clearly defined.

In the course of investigations into many accidents,
the authors note that there are a large number of causes of
the negative manifestation of the human factor that are
difficult to prevent [3, 5, 8, 12].

However, with the advent of navigation information
systems, such as Transas ECDIS, it becomes possible to
track the negative behavioral patterns of the navigator at
an early stage. The use of formal approaches [6, 13], as
well as object-oriented programming, will allow a
scientific search to be brought closer in a given direction.

3 MATERIALS AND METHODS

To determine the algorithm for finding the most
successful reactions, it is expediently to apply a
modernized cycle of forming a user model in the process
of dialogue interaction (Fig. 2).

The peculiarity of the model formation is that initially
it is necessary to set the basic information about the
navigator in a formal-logical view, where the most
preferable of the possible models for representing
knowledge’s in terms of artificial intelligence [3]. This
information allows forming the knowledge’s about
complex, nature and intensity of factors affecting each
separate navigator to DT. In addition, it is important to
track the polarity of intuitive behavior in each of the
individual cases in order to predict and prevent possible
catastrophes due to the human factor.

Imagine this situation in formal form.

Let X; be some sets of alternatives for the interaction
of DSS with a navigator, i is the individual index of the
navigator who is part of the navigation watch

DOI 10.15588/1607-3274-2019-2-15

142

1= {1,2,...,n} consisting of » members. On each set of X,
DSS identified binary relations ®; are interpreted, as the
strengths and weaknesses of the i-th navigator, according
to which the DSS compares different alternatives from X;.
If, X;c Ri where R! is the positive orthant of the

Euclidean space of dimension /, if / is the number of
factors, then x; € X; is the vector consisting of the set

X; = (xl,...,xl) of information flows that the i-th
navigator receives.
The set of vectors x =(x;)e X, where X = [1x;: is
iel
the product of the sets X; is called the distribution in group
1. In this case, the set of admissible distributions will be
described with the help of some set B < X . Then, let

[
Y <0 (1)

i=1

B=<xeX

the set of all redistributions, the total stock of which does
not exceed a certain fixed set of factors Q e R’

Suppose that when an imbalance x € B is detected,
the i-th navigator meet with some DT, which can be
expressed by a real number 7;(x). It can be assumed that

each i-th navigator has a preference Q; on the set of
admissible states B, which allows the DSS to compare
different states x’, x € B from the point of view of its
individual information perception, and ¢, (x) is a bipolar
utility function representing Q;. Thus, there is a utility
function u;(x;) for the preference ®; to determine on X;.

Consider situation when, based on the analysis of the
model of an individual navigator i € I , the DSS measure
the differentiation of the utility of a certain distribution
x=(x,)e B using an individual measure of DT, such that:

t(x)= Zmax[u,-(xj)—u,- (x; ),01 (2)

Jjel

The task of the DSS to determine for each navigator
iel a certain threshold DT vy;,0<vy; <1. The set of

thresholds DT, {y [} =y is interpreted as a set of priorities

that are assigned to DSS [14].

Thus, the sequence of actions of the DSS is closed
into a loop with each iteration of which the navigator’s
model is updated and, as a consequence, the change in the
threshold of its DT (Fig. 3).

From the above it is clear that the intellectual analysis
of the incoming information to the navigator, who makes
management decisions at the time of keeping the
navigation watch, is possible if to monitor data from all
onboard instruments and sensors in real time.

Under the conditions of training practice, it becomes
possible to process such data according to a number of
criteria that are generated on the server of the NTPRO
5000 (Fig. 4).
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Figure 3 — The cycle of updating the navigator model, taking into account the DT

The task of the DSS to find the threshold of the DT as
a period of intellectual behavior of the navigator and the
detection of dangerous actions (inactions) leading to
disastrous consequences.

In order to convert the server data into a free,
relational database management system MySQL, the
software and the Microsoft Excel format were developed
using the following algorithm (Fig. 5). This software also
allows analysis of vessel collision detection in the process
of simulator training.

The data analysis after conversion is aimed at
detecting both — collisions and the classification of polar
reactions caused by the intuitive forms of the human
factor demonstration in maritime transport.

The task is complicated by the fact that the
classification criterion is established and not available for
direct measurement by the random parameter 6 of the
influence function on the studied situation.
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In connection with the indicated complexity, an
algorithm is proposed for solving this problem on the
basis of a priori data on classes of features that are not
available for direct measurement (indirect evidence).

Considering that the solution of the classification
problem involves the application of a mathematical model
of the studied erratic system, it is required to evaluate the
truth of the conclusion obtained on the basis of
experimental data.

One of the typical tasks of classification is to
determine the affiliation of the intuitive behavior of the
navigator in conditions to one of the polar groups. Thus,
the group with the “+” sign is responsible for overactive,
spontaneous reactions and the group with the “~” sign, for
the absence of reactions due to the sharp inhibition of the
nervous system. The polar groups of the navigator arise as
reactions to the stressful situation caused by the
information overload during the execution of complex
maneuvers.
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Figure 5 — Algorithm for converting and analyzing server data

4 EXPERIMENTS

In the course of the experiment and automated data
processing of log files for passage planning and passing
the Bosporus Strait location on the NTPRO 5000
simulator, the following graphs were found indicating
various behavioral patterns of the navigator (Fig. 6-8a—c).

So using the approaches of automated expert
assessment based on the analysis of the trajectory of the
vessel’s speed, we can conclude that the situation most
often manifests itself when the navigator noticed an
obstacle, but did not cope with control (Fig. 6a) or did not
notice an obstacle at all (Fig. 7a). The smooth passage of
the location characterizes the graph presented in Fig. 8a.
The developed software also records the collision in time,
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latitude and longitude, allowing collecting statistics of the
most dangerous areas during the passage of the location

(Fig. 6-8 b—).
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Figure 8 — No vessel’s collision:
a — navigator smooths passage of the location; b — smooth vessel
speed chart; ¢ — non collision identification database

Let’s describe each case:

At trial exercise Fig. 6 all looks that navigator feels
uncertain but with not much influence of stress and
situation almost always looks under control.

Long time navigator proceeds with very slow speed
around 1.5 knots (0-554 sec). After that rapidly and often
change speed till 810 sec.

145



e-ISSN 1607-3274 PagioenexrpoHika, inpopmatuka, ynpasminas. 2019. Ne 2
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2019. Ne 2

From 810 sec till 2345 sec and from 2524 sec till 2882
sec vessel passage mostly stable (except between 2345—
2524 sec where vessel speed down twice — from 13.0
knots till 6.5 knots). From 2882 sec navigator met
circumstances which brought to extremely speed
reduction till 5.722 knots and finally to collision at 3179
sec. After vessel collision the trial passage has been
continue but behavior and actions of navigator was very
uncertain till the end of exercise. As we can see the
navigator detect obstruct in time but did not react properly
at this dangerous situation.

At trial exercise Fig. 7 we can see that navigator show
himself as certain and much bolded due to all time wish
proceed with high vessel speed 17.0-18.0 knots (which is
much over maximum acceptable at Bosporus passage)
and very often speed and courses alteration. Such kind of
high speed brought till often major speed reductions as
final till vessel collisions at 589 sec (speed 13.56 knots)
and at 727 sec (speed 14.531 knots). After collisions the
trial passage continues again with same navigator
behavior. In this particular case navigator even did not
determine risk of collision due to vessel high speed and
bolded behavior. When analyzing the trajectory presented
in Fig. 7, it can be concluded that the navigator (bridge
team) was unsure of their actions, and as a result, the
speed and courses of the vessel changed, indicating an
increased stress situation on the bridge.

At trial exercise Fig. 8 navigator show himself as
certain considering the average passage speed was around
16.0 knts which is over maximum acceptable at Bosporus
Strait. However all the time trial passage was stable and
looks stress free with some speed deviation due to vessel
courses alteration.

5 RESULTS

Into comparing all trial exercises need to say that best
results shown when certain behavior of navigator has
background as good knowledge’s and experience which
can be achieved by using of DSS also. The lowest speed
did not guaranty safe passage but gives more time to
determine obstruct and take final and right decision but
not bring vessel into safe navigation due to it is group of
different factors to avoid and prevent collision.

When solving the problem of classification, temporary
indicators of the activity of the navigator at the
workplace, the direction of sight and movement along the
bridge in situations requiring certain behavioral patterns
can serve as an immeasurable classification feature 0 .

In the general case, it can be stated that the behavior
of the navigator during a stressful situation is described
by a random sequence O(I), which makes it possible to
apply the discriminant analysis method. Consequently,
there is a one-dimensional probability distribution
density (), where 6 the non-random function and does
not depend on ¢.

In order to solve the problem, it is necessary to
determine the value of the classification sign and compare
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them with the values corresponding to the standards of the
studied polar classes.

This article defines the values of the information load
on the navigator and, the result of which changes in
response to information factors (arousal or inhibition).
The construction of a mathematical model is based on the
formal connection of the function 6 and the information
load u. Next, it is necessary to solve the model
classification problem using the data of a computational
experiment. It should be noted that as an input function of
the studied system will be considered a stationary random
sequence O(t), with the U (O,T ) — corresponding function

of the system response to the impact.
To solve the model classification problem, we will
consider 0 and U as elements of the metric spaces {X }

and {F}, accordingly, with the distances between the
pix)(01,62), piri(ULU:), 01,
0, € {X},U;,U, e{F}. The spaces {X} and {F} are
linear normalized spaces IR' of real numbers i.e.
p{F}(U19U2)2"U2 —U1|| =
U, —U1|=P{X}(91a92)= 62 =64

At the same time, the condition of the correctness of
the task of distinguishing values 6 by the known values
of U corresponding to them is identical to the condition of

the correctness of the task of finding a “solution” 6 from
the known “initial data” U:

elements

0=FU (3)

if the conditions are met that the range of values of the
set {6} will always lie on one side of the registration point
Zp of the response, and the time of registration of the
signal T* is selected on the interval, where U is a
monotonic function in time for both classes. Then the
following conditions must be met: the mapping
o} > {U}, where {0} {x}, {U}c{F}; {8} — domain
of definition, a limited set on the numerical line IR".

At this stage, the problem of classification is solved in
space {F } with a certain probability P. The choice of a

classification rule is reduced to choosing a method for
dividing the entire space of possible values of U into two
regions G, and G,. But there are losses in the
classification, and they are equal to C (1/2) and C (2/1).
These losses can be large and not satisfy the researcher.
To increase the likelihood of correct classification,
apply the method factor analysis. A prerequisite for the
application of this method is the fact that U, U,,..., Uy,
where N is the sample size, are elements of the same
population. The mathematical expectation as a numerical
characteristic of this distribution, which does not vary
with time, is a common factor for a sample of U;, U,,...,
Un. Then any value of U can be represented as
U=MU +V , where V is the residual component,

MU, jUpl (U)dU for class 1,
Gy
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[p1(W)av =1,
e

MU, J-Upz (U)dU for class 2,
G,

[paU)aU =1,

G,
where p,(U)=G/(U), p,(U)=Gr2,(U), G=(dU/d0)'? is the
Jacobian transformation for the probability density at the
transition {0} t0 {U}.
If MU, #MU,, then, having determined the values

of common factors for both classes, it is possible with
P = 100% to talk about which class the observed factors
U, U,,..., Uy belong to. Thus, as a result of the
application of factor analysis, we solve the problem of
classification by a sign MU in space {F } with

probability P =100% for N — 0.
Thus, if in the space {X } the classification problem is

solved with probability P, then the problem of
classification in space {F} is solved with the same

probability P. True and inverse statement.

Based on this corollary, it can be argued that the
classification problem can be solved on the basis of MU
and in the space {X }with the same probability P = 100%

for N > oo . Turning to the mathematical expectation as a
more informative classification feature, we minimize the
losses in the classification: C (1/2) = C (2/1) = 0. But in
practice we get an empirical average. The point estimate
of the mathematics expectation value for large N(N >10)

N
will be calculated by the formula: (U) = %ZU L -
i=1

Thus, the proposed formal classification mechanism
by the most significant classification parameter is
adequate and supported by experimental data. An
important step in the preliminary modeling is the accurate
diagnosis of the stimulus factors “including” one of the
two polar reactions of navigator’s at the time of a stressful
situation.

6 DISCUSSION

Experimental data give reason to believe that there is a
division into two polar classes of behavior of navigators.
That confirms the feasibility of the study and the
developed software application.

Analysis of the execution of the route planning and
the direct passage by many navigation watch crews
among the cadet staff by means of the NTPRO 5000
training center at the KSMA showed that the behaviors
model of the navigators differ depending on their
individual perception of input information.

Experience shows that the skills and behavioral
patterns developed during training practice are inherited
during real passages in unfamiliar locations. The
developed approaches, classification mechanisms and
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software have been introduced into the work of the
KSMA training center in order to develop optimal
behavioral models of navigators during emergency
situations, which will prevent the negative manifestations
of the human factor in real conditions.

The basic principles and research were discussed at
the 10th International scientific and practical conference
Modern Information and Innovation Technologies in
Transport MINTT-2018 [16].

The introduction of software will allow quickly and
efficiently process large amounts of data and highlight the
classification signs of the negative manifestation of the
human factor, both among cadets and experienced
seafarers during traineeships and advanced training in
accordance with the standards of IMO and STCW 78/85.
In the future, further research is planned to develop
software, in the form of an expert system that determines
deviations from a given course during the passage, as well
as inadequate reactions when performing classical
maneuvers when vessels diverge in constrained areas.

CONCLUSIONS

The results of the experiment using the NTPRO 5000,
as well as the developed software, allow identifying the
time periods of manifestation of the negative human
factor of the navigator. The identification is based on the
definition of information overload and as a result of
imbalance. For the unification of the identification
process, an algorithm was developed for forming the
navigator model and updating it.

The solved task, which consists in the construction of
a model and software for identifying periods of
occurrence of the detection threshold of a navigator
during extraordinary situations and allows to significantly
increase safety in marine transport.

The scientific novelty consists in the fact that the
developed algorithm of forming a navigator model in a
discrete time, which allows to identify its polar reactions
during extraordinary situations. The algorithm takes into
account the recursive updating of the model and differs
from the existing by taking into account the detection
threshold of the navigator.

The practical significance lies in the fact that the
results of the experiment, as well as the developed
software, allowed identifying the time periods of the
manifestation of the negative human factor of the
navigator, caused by the information overload and
identifying its individual factors-incentives. At the same
time, the moment of the occur of a emergence situation
was determined by analyzing the navigation trajectory of
the vessel by means of processing log-files of the server
on the passage of the location “Bosphorus”, “Dardanell”
and others.

Prospects for further research will be aimed at
building the classification of sets of navigator reactions at
the time of their performing maneuvers and operations
which leading to negative manifestations of the human
factor in conditions of information overload.
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AHOTAIIA

AxTyanbHicTh. Po3risaerbes npobnema inentudikauii nposiBiB JIFOACKKOro (pakTopy y KOHTEKCTI KOPUCHOCTI Ha MOPCHKOMY
TPaHCIOPTI MiJ Yac MO3aIITaTHUX CHUTyalii. MeTor MOCTiPKeHHs € MiABUINCHHS Oe3lekn Ha MOPCHKOMY TPAaHCIOPTI 3acobamu
ineHTH(]iKaLii MO3UTHBHOTO 1 HETATHBHOTO JIOACHKOTO (DaKTOpa, a TaKoX aHadi3y IOBEIIHKOBHX pEakliii M0 BIUIMBAIOTH HA
apaMeTpH Iepexoy CyaHa.

MeTta. MeToro poOOTH € BU3HAUCHHS ITiIXO/IB 1 HOOYJOBH MPOrpaMHHX 3ac00iB, IS ineHTH(IKALI] TepioiB IPOSBY JIIOACHKOTO
(haxTopa CyAHOBOZIIB IIiJ] Yac MO3aIMITaTHUX CUTYyamiil.

Metoa. B pamkax nocinijkeHHs BU3HA4Y€HI BHIM NPOSIBY JIIOACHKOTO (akTopa y (opMi iHTYITHBHOI (HENOTiYHOI) MOBEMiHKH
cyaHoBogiss. HaBomuThCS 3a1€XKHICTh IHTYITHBHOI MOBEIIHKH, SIK PeaKiii, 1[0 3aJIeKUTh Bijl MepeBHIIEHHs iHpOpMaIiifHOTro mopory
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CHPUHHATTS CIy»k00B0i iH(popManii. BusnadeHo, mo po3monin iHpopManiiiHOro HaBaHTAXKEHHS MiX WIEHAMH BaXTOBOI CITy>KOH
ICTOTHO 3HU3WUTH IH(OpPMAIIWHUN IOPIr CyAHOBOIIS B MOMEHT IPHHHATTS YIPaBIiHCHKHUX pillleHb. BcTaHOBIEHO, IO eTanom
izeHTudikanii € Bu3HAUeHHs OajaHCy iH(pOpPMAaIiMHMX BIUIMBIB Ha CyJHOBOAIS i HOro IHAMBIAyalbHHX IOJSIPHHMX peakmiii.
Bu3Ha4yeHO LUK MOHOBJICHHS MOJEINi CYIHOBOJIS 3a JOMOMOIOI aHali3y WOro iHIMBiAyaabHOI MOJEII MOBEIIHKH HOMEPeAHbOT
IHTEJIeKTyaIbHOI iSUIBHOCTI. 3anmponoHoBaHo (HOpMalIbHU OMUC MPOCTOPY AIBTEPHATHB 1 PEaKiiil CyTHOBO/IS Y BUIVISI TOJISIPHUX
rpyn B MOMEHT YIpPaBIiHHSA CYAZHOM. Po3pobieHo mporpaMHe 3a0e3MedYeHHS, L0 J03BOJSE BUKOHYBATH aHANI3 TPAEKTOPIi
YOpaBIiHHS CyTHOM Ha MpeIMET BHUSBICHHS 3iTKHEHb 1 iIeHTH()IKYBaTH Nepioan BUHUKHEHHS 1H()OPMALIITHOTO TOPOTY CYJHOBOIS.
AHami3 TpaeKkTopii, MO3BOIMB 3pOOUTH BHCHOBOK, IO CYAHOBOJIH Mepen 3iTKHEHHSIM 3HAXOAWBCS B IOJIPHUX Ha IPEAMET
AKTHBHOCTI CTaHaX aKTHBHUN / MACHBHHM, IO MPSIMO-TIPOIOPIIITHO BIJIOMBATIOCS HAa MIBHIKOCTI XOIy CyIHA, IO MiITBEPIKYE
OCHOBHY TillOTe3y JOCHiIKEeHHs. Y SKOCTI MaTeMaTHYHOI'O arapary Juis po3B’si3aHHs 3a1a4i kiacudikanil iHUBiTyadbHUX peakiit
CYJIHOBOJIiSl 3alpOTNOHOBAaHO (DakTOPHMI aHaNi3 i HaBYalbHa BHOIpKAa — OUTBII HIXK JCB’STh THUIIOBHX CHUTYAIliid, IO JO3BOJISE
aJIeKBaTHO BH3HAYATH IOJIAPHI peakiil 3a MPUHIUIIOM KOPUCHOCTI.

PesynabraTn. 3 MeETOI0 MiATBEPKEHHS aJCKBATHOCTI 3alpOINOHOBAHHX (DOPMAaNBHO-JIOTIYHUX MiAXOAIB OyB MpOBEICHHIA
SKCTIEPHMEHT 13 3aCTOCYBaHHSIM HaBiramiitHoro TpeHaxepa Trainer Professional 5000 (NTPRO 5000). Pe3ynbpraT ekcriepuMeHTy, a
TaKoX po3poliieHe mporpamHe 3a0e3NeUeHHs TO3BONWIN iICHTH(IKYBATH TUMYACOBI HEPiOAHM MPOSBY HETATHBHOTO JIOJICHKOTO
(axTopa CyIHOBOZIS, BUKIMKAHI iH(GOPMAIHHAM IepeBaHTaXEHHAM 1 BH3HAUUTH HOro iHAWBiAyanbHI (axTopH-cTUMYH. Ilpu
I[bOMY, MOMCHT BHHHKHEHHS MO3alITATHOI CHTYyalil BH3HAYaBCS LUISXOM aHAJi3y TPAEKTOpii yNpaBiHHS CyZHOM 3acobamu
06po0ku log-daiinie cepBepy Mo MpoxoHKEHHIO JoKallii «bocdopy.

Kpim Toro, 6yB po3poGienuii anroputm (GpopMyBaHHsS MOJENi CyAHOBOIIS 1 I HOHOBJICHHS Ha OCHOBI iHAMBIIyaJIbHUX NEPiOIiB
HEraTHBHOTO MPOSIBY JIIOACHKOTO (aktopa. Po3risiHyTo 0coOiIMBOCTI BHHUKHEHHS iH(poOpMaLiifHOro aucbanancy MiX 4WieHaMH
BaXTOBOI CITy)KOHM IPH BUHUKHEHHI MMO3aIUTaTHOI CUTyalil i ocobmuBocTeii iforo inenTudikauii mix yac nepexony cynxa. HaBeneni
pe3yabTaTH MO3BOJATH Ha SKICHO HOBOMY piBHI MiZIHTH A0 aHaii3y NpoOJieMH BIUIMBY JIFOACBKOTO (akTopa Ha a/JeKBaTHI
YIPaBIiHCHKI PIICHHS CYyIHOBOIIS.

BucnoBkn. 3anpornonoBaHi GpopMaIbHi HiIX0IH JT03BOJTh INEHTU(IKYBATH IIepeXia Bl KOHTPOJIHLOBAHOTO aJE€KBAaTHOTO CTaHy
CYJHOBOJIiSI 1O HEKOHTPOJILOBAHOTO CTaHy 3 IHTYITHBHUMMU peakiismu. HaykoBa HOBH3HA MOJISTaE B TOMY, IO BIIEpIIe po3poOieHuit
aroput™M (hopMyBaHHSI MOJEN CYJHOBOIISL y JUCKPETHOMY daci, IO J03BoJsie ineHTH(]iKyBaTH oro mossipHi peakiii mix gac
Mo3aluTaTHUX cutyauiid. [IpakTnyHa IIHHICTH MoOJsArae y pes3ysibTaTaX eKCIEePHUMEHTY, IO JO3BOJMIM ieHTHU(]IKyBaTH YacoBi
MepioAn MposiBy HEraTHBHOTO JIIOJCHKOro (hakropa CyaHOBOJis. IlepcriekTrBaMu MOJANBIINX MOCHIIKEHb MOXe OyTH po3poOKa
MPOrpaMHOro 3abe3NedyeHHs y BUIVIAAI eKCHepTHOI CUCTeMH AJI BU3HAYEHHS BiIXWICHb BiJl 3aaHOTO Kypcy MiJl 4ac Hepexomy, a
TaKOK HEaIeKBaTHUX Peakwiil MpH 31HCHEHH] KIIACHYHUX MAaHEBPIB MPH PO301KHOCTI CyAiB B OOMEXEHUX pailoHax.

KJIFOYOBI CJIOBA: moacekuii pakTop, MOJIENb CyAHOBOIIS, iHGOPMAaLiitHAH MOpIT, TO3aIUTaTHI CHTYAIIii.

YK 004.942:316.454.54
HOIXO0/bl K ONPEJAEJEHUIO IIEPHOIOB ITPOSABJIEHUS YEJIOBEYECKOI'O ®AKTOPA CYIOBOJIUTEJEMR
BO BPEMS BHEIIITATHBIX CUTYAIIAI

Hocos II. C. — kaHA. TEXH. HayK, JIOLEHT, JOLEHT Ka(eapbl CyAOBOXACHUS U DIEKTPOHHBIX HABUTAI[MOHHBIX CHCTEM
XepcoHCKasi ToCyJapCTBEHHAs MOPCKas akafieMus, Y KpauHa.

Bens A. Il. — KaHA. TEeXH. HAayK, JOLEHT, 3aMECTUTEIb PEKTOpa MO HAYYHO-TIEAATOTHUECKON padoTe, 3aBeAyIomuil Kadeapoi
CYJOBOXKICHHS M SJIEKTPOHHBIX HABHTAIMOHHBIX CHCTEM, XEPCOHCKas TOCYAapCTBEHHAsI MOPCKasl aKkaJeMus, Y KpanHa.

Cadonona A. ®@. — kaHJ. TeXH. HAYK, JOLEHT, XCPCOHCKUI TOJIMTEXHUYECKUH KOIIEDK, YKpauHa.

IManamapuyk U. B. — xanuTaH ganbHero miaBaHus, aCHUpPaHT, XePCOHCKas rOCy1apCTBEHHAss MOPCKas akaleMus, Y KpauHa.

AHHOTALUA

AKTyansHOCTB. PaccMaTpuBaercst npodiemMa MAeHTH(HUKALNK TPOSBICHNS YElI0BeUeCKOro (akropa B KOHTEKCTE I10JIE3HOCTH
Ha MOPCKOM TPAHCIIOPTE BO BPEMsI BHEIITATHBIX cUTyauuni. [{enbio uccinenoBanus ABIsETCS MOBBINICHHE 0E30MACHOCTH HAa MOPCKOM
TPAHCIIOPTE HOCPEACTBAM HACHTU()UKALIMK MO3UTHBHOTO U HETaTHBHOT'O YEJIOBEYECKOro (akTopa, a TAKKe aHaIN3a MOBEICHYECKHX
peakuuii BIUAIOMNX Ha HapaMeTphl IIepexo/ia Cy Ha.

Hean. Llensio paboTH SIBISIETCS ONpeJieNIeHHe MOAX0A0B U IOCTPOEHHE NPOTPAaMMHBIX CPEACTB, IS HACHTU(PUKAIINH TTEPHOIOB
TIPOSIBIIEHHSI YeJIOBEUECKOro (hakTopa CyJOBOANTENEH BO BpeMsl BHEIITATHBIX CUTYAIHH.

Meton. B pamkax wHccienoBaHHsS ONpEAeNeHbl BHABI IPOSIBICHHS 4YeloBe4ecKoro akropa B (GopMe HHTYUTHBHOTO
(HeJIOTMYHOT0) HOBEJCHUs CyaoBoauTens. [IpUBOANTCS 3aBHCHMOCTh MHTYHTHBHOTO ITOBEACHHMS, KaK PEAaKLUH, OT NMPEBBIMICHHS
HH(OPMAIIMOHHOTO MOPOra BOCHPHATHS ClyxkeOHOoH nHpopmaiu. OnpeneneHo, 4To pacnpeneieHine HHGOPMAMOHHONW Harpy3Ku
MEX/y WICHAMH BaXTEHHOH CiIy)KObl CYIIECTBEHHO CHHM3UT WH(MOPMALMOHHBIH IOPOT CYAOBOJMTENS B MOMEHT HPHHSTHS
YIPaBICHYECKHX pELICHHil. YCTaHOBJICHO, YTO STAalOM HICHTH()HKALMH SBISETCS OlpeleieHHue OanaHca HHOOPMAIMOHHBIX
BO3/ICHCTBUIT HA Cy/IOBOMUTENS U €r0 WHIMBHIYaIbHBIX NMOJSPHBIX peakiuit. OnpenenaeH UK OOHOBICHHS MOJEIH CYJIOBOJUTEINS
MOCPEICTBOM aHAJIM3a €ro HHIUBHAYaJTbHOH MOJEIM IIOBEJCHUS MPEAIISCTBYIOMCH WHTEIUICKTYyalbHOH JeATeIbHOCTH.
[pemnoxkeHo ¢GopmarbHOE ONMUCAHHWE MPOCTPAHCTBA ANBTEPHATUB U PEAKIM CYIOBOAUTENS B BHUJE HOJIIPHBIX TPYI B MOMEHT
yInpasieHus cyaHoM. PazpaboTano mporpamMMHoe oOecriedeHue, 03BOIA0NIee BEINOIHATD aHAIM3 TPACKTOPUH YIPABICHUS CYAHOM
Ha IpeaMeT OOHApyXEHWs CTOJKHOBEHHH M HMICHTH(HIMPOBATH IEPUOABI BO3ZHMKHOBEHUS HH(GOPMANMOHHOIO IOpora
CYZOBOIMTENS. AHAIN3 TPACKTOPHIl, TO3BOJIMI CIIETIATh BBIBOJ, YTO CYJOBOJUTENb IIEPE] CTOJIKHOBEHUEM HAXOIMIICS B MOJISIPHBIX
Ha MpeIMET aKTHBHOCTH COCTOSHHUSX aKTHBEH/IACCUBEH, YTO MPSMO-TIPONOPIMOHAIBHO OTPAXKAIOCh HA CKOPOCTH XOJa Cy/IHA, YTO
MOATBEP)KAACT OCHOBHYIO THIIOTE3y MCCIIEIOBaHMA. B KauecTBe MaTeMaTH4YECKOro anmnapara Ijs PelieHHUs 3aa4i KiacCuUKanum
UHIMBUAYAIbHBIX PEaKLHil CyJIO0BOJUTENS TpeoxkeH (HakTOpHBIH aHann3 M o0ydaromias BbIOOpKa — Gojiee YeM JEBSATH THUIIOBBIX
CHUTYyaIHi, NO3BOJIAIOAs aeKBAaTHO ONPEIENIATh HOSIPHBIC PEAKIUH MO IPUHIHUITY [OIEe3HOCTH.
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PesyabTarel. C menbio NMOATBEPKICHHUS aJeKBATHOCTH MPEUIOKEHHBIX (POPMaNbHO-TOTHUECKUX IIOIXOJ0B OBUI IPOBEICH
9KCIIEPUMEHT C MPUMEHEHHEM HaBHIallMOHHOT0 TpeHaxepa Trainer Professional 5000 (NTPRO 5000). Pe3ynbraTs! okcriepumenTa, a
TaKKe pazpaboTaHHOE MPOrpaMMHOE oOecHeYeHHe MO3BOIIIN WASHTU(DUIMPOBATh BPEMEHHBIE EPHO/IbI POSBICHNS] HETATHBHOTO
YeJIOBEUYECKOro (hakTopa CyZO0BOAUTEIIS, BbI3BAHHbIE HH(OPMALIMOHHBIM IIEPErPY30M U ONPEACIIUTh €ro HHANBUIYalIbHbIC (haKTOPBHI-
CTUMYJIBL. TIpH 3TOM, MOMEHT BO3HUKHOBEHHS BHEIUTATHOH CHTYal[MU ONPEEIIC MyTeM aHAIU3 TPACKTOPHHU YIIPABICHHS CyIHOM
mocpeacTsaM oopaboTku log-GaitinoB mo nmpoxoxaeHuo Jokanuu «bochopy.

Kpome Toro 6bu1 pa3paboran anroput™M (HOpMHUPOBAHHS MOACIH CyIOBOAUTEIS M e¢ OOHOBJICHHS Ha OCHOBE MHIMBHUIYaIbHBIX
NIEPHOJIOB HETATHBHOTO IIPOSIBIICHUS YEIOBEYECKOro (hakropa. PaccMOTpeHBI 0COOEHHOCTH BO3HHKHOBEHHS HH(OPMAIIOHHOTO
nucOananca MEXTy WICHAMU BaXTEHHOH CITy>KOBI Y BOSHIKHOBEHHWH BHEINTATHON CUTYallM M OCOOCHHOCTEH ero HICHTH(HUKANN
BO BpeMs mepexona cynaHa. [IpuBeneHHbIE pe3yibTaThl MO3BOJISIT HAa KAYeCTBEHHO HOBOM YPOBHE IIOJOWTH K aHAIM3y IPOOIeMbI
BIIMSIHUS YEJI0BEYECKOro (hakTopa Ha aJIeKBaTHbIE YIIPAaBICHUECKUE PEIICHHS CyIOBOIUTENIS.

BeiBoasl. [Ipensoxkennbie GpopManbHble MOAXOIbI MO3BOJIAT MICHTU(GUIMPOBATH NEPEXO] OT KOHTPOIMPYEMOTO aJeKBATHOIO
COCTOSIHUSI CYZOBOJUTEINS K HEKOHTPOJIMPYEMOMY COCTOSIHHIO C MHTYUTHBHBIMU peakuusiMu. HayuHas HOBH3HA 3aK/II04aeTcs B TOM,
YTO BIEPBBIC pa3paboTaH anropuT™M (GOPMHUPOBAHHS MOJEIM CYAOBOAUTENS B JUCKPETHOM BPEMEHH, YTO II03BOJISCT
UICHTU(UIMPOBATh €0 MOJSPHBIE PEaKIHW BO BpEeMs BHEIITATHBIX CHUTyarmil. IIpakTHdyeckas LEHHOCTb 3aKiIOYaeTcs B
pe3ynbTaTax OKCIIEpUMEHTa, KOTphle IIO3BONWIM HACHTU(HIMPOBATH BPEMEHHBIC IEPHOJBI IIPOSIBICHUS HETaTUBHOTO
4eJIoBedecKoro (axropa cynoBoiuTens. [lepcriekTnBaMu manbHEHIINX HCCIIEXOBAaHHN MOXET OBITh pa3paboTka HPOrpaMMHOTO
oOecrieueHHss B BUJIC DKCIEPTHOH CHCTEMbI OIpEIENAIoNell OTKIOHEHHS OT 3aJaHHOrO Kypca BO BpeMs HEpexona, a TaKxke
HeaJIeKBaTHBIX PEaKLUii IIPH COBEPILICHNH KIACCHYECKUX MaHEBPOB MPH PACXOXKCHUH Cy/IOB B CTECHEHHBIX paloHaX.

KJUIFOYEBBIE CJIOBA: uenoBeueckuii hakTop, MOAENb CyIOBOANUTENS, HHPOPMALMOHHBIII IOPOT, BHEILITATHBIC CUTYaLIUH.
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