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MODELING THE MANIFESTATIONS OF THE HUMAN FACTOR OF
THE MARITIME CREW

Purpose. The article investigates the trajectories of the watch team members in maritime transport that lead to
a decrease in the level of security. A formal apparatus is proposed, as well as software and hardware to identify the
location of members of the watch team during the execution of complex maneuvers. Methodology. In the course of
constructing the mathematical model, the most common schemes of interaction of watch members at the time of
performing complex maneuvers were considered. The general problem was considered as a series of watchkeeping
interactions that solve micro-tasks of ship control at a certain moment. As a result of simulation it is determined that
a key role is played by the first mate, who is the most likely to deviate from the instructions, because of excessive
activity or passivity in actions. Also, interaction models of members of the watchkeeping service within the frame-
work of a multi-day ship passage are considered. Findings. Research shows that the formation of established inter-
actions depends on the level of experience and qualifications of the members of the watchkeeping service. Overly
active relocation of the mate, as well as function duplication of individual members of the watchkeeping service
adversely affects the safety level in ship management. Software and hardware tools are proposed that allow identify-
ing the location and movements of the watch team members, indicating deviations from the watchkeeping instruc-
tions for maritime transport. Originality. The authors for the first time developed software and hardware for analyz-
ing the movements of the watchkeeping service members, allowing identifying violations of official instructions.
Practical value. Based on the developed software and hardware identification of positions and movements of the
members of the watchkeeping service, it becomes possible to more effectively manage the process of training navi-
gators during simulator practice on the basis of the navigation simulator NTPRO 5000 at the Kherson State Mari-
time Academy, Ukraine. These studies can also be useful in studying the discipline «Organization of the crew ac-
tions in extreme conditions.

Key words: human factor; behavioral model; teammate interaction; abnormal situations

10, 14]. Such manifestations are directly reflected
Introduction in the result of passage of locations and other ma-
neuvers [11, 12] at the time of crew control on the
captain's bridge. The situation is complicated by
the fact that in addition to the factors directly af-
fecting each specialist [3, 8, 13], factors of influ-
ence from the team members exist [16, 4]. The
more complex the task and the features of the loca-
tion [15], the larger is the amount of information
signals that the navigator faces [9, 17]. At the time
of decision-making, the number of such infor-
mation signals may exceed the perception thresh-
old, which leads to the concentration loss and, as a

One of the important stages in the organization
of work on maritime transport is the crew for-
mation, taking into account behavioral characteris-
tics at the time of taking managerial decisions.
This approach is conditioned by security measures
in accordance with international standards and re-
gulations.

During the control of the vessel, both in real
conditions and during practice simulations, a num-
ber of difficulties arise. They are related to the
negative manifestation of the human factor [1, 2,
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consequence, raises the subjective entropy of the
navigator [4]. World practice shows that the human
factor remains the most common cause of catastro-
phes in maritime transport in present day [5].

Purpose

Thus, the purpose of this article is to analyze
the movements of crew members resulting in the
safety level decrease during the maritime transport
control.

The main purpose of the article is to determine
the interactions of navigators leading to a decrease
in the safety level during the performance of the
watchkeeping service. It should be noted that for a
more visual representation of the situations under
study, it is necessary to build a mathematical mo-
del for the interaction of team members in terms of
set theory, group theory, game theory and the theo-
ry of formal systems [6, 7].
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Methodology

In the conditions of watchkeeping, especially
when practicing maneuvers in relation to locations,
several members of the watchkeeping duty influ-
ence the decision concerning ship control. In some
cases, when it is required by the changes in the
situation, the captain gives the command to imme-
diately strengthen the watch on the bridge (Figure
1). Typically, this decision is affected by: visibil-
ity, weather and sea conditions, the intensity of
navigation and other features of the navigation si-
tuation. At the same time, the number of members
of the watchkeeping duty is increasing, which also
contributes a factor capable of adversely affecting
the decision of the navigator. To construct a formal
model, consider the following scheme for the in-
teraction of watch members. During the maneu-
vers, the naval officer requests the watch personnel
to specify the indications of navigational instru-
ments and other parameters necessary for steering
the vessel.
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Fig. 1. The layout of the watchkeeping service’s posts
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In this case, local short-time interactions be-
tween the members of the watch and the deck of-
ficer (captain) occur.

We will assume that two subjects are involved in
the interaction: W is the deck officer or captain and
M is a member of the watch crew. In this
example, the captain instructs before the start of the
location passage, and immediately at the time of
passage the first mate takes control (Figure 2). Thus,
the participant 1 (the captain) does not participate in
team interaction, but can prompt the first mate.

Each watch interaction solves the micro-task of
steering the vessel at the current moment.

During the passage, the command performs
a different kinds of tasks n consisting of a finite
sequence of operations depending on the complexi-
ty uj,i=1..,n

Members olf the watchkeeping duty W and M
are divided into interacting groups W, ... Wg and

M,,..., M5 depending on the level of qualification
and experience (Figure 3).

This leads to the formation of groups Wy, Mg
for completing the tasks n and producing re-
sultsCR, C° .

Creating the model.

To describe the model, let us set: the set of |
different groups of interaction between the watch-

keeping members; the numbers N° Qel of
these groups; the set H ={y} of possible interac-
tion types, where
\4/=<Q(1,\|/),...,Q(m(\y),\|/)>, m(y) — the number
of interactions participants y, Q(i,y)el is the
group to which the participant with the number i
belongs; function 9(v), indicating for ye H , the
performance value of the micro-tasks, united into
interaction .

Let us denote the type of interaction cor-
responding to the individual member of the watch Q,

who is not united with anyone using (Q) (Figure 4).
At the same time he can be a deck officer with
high experience, who ignores the watchkeeping

members or an unclaimed watchkeeping member
due to low qualification, then

vQel(Q)eH, 8((Q))=0.

Fig. 2. Planned interaction of the navigators

In this situation the following condition will be
true:

H={(Q).Qel}u
U{(Wg,Mg), R=1...Q, S =1...., S}

when | ={Wl,...,WQ,M1,...,M§}. Proceeding from

the desire of watch members to maximize the ves-
sel controllability, it is natural to assume that when
the participants from the groups Wg, Mg unite,

they will give the following result:

i — max (uj -C} —st) ie. 9((Wq,Ms)).

Fig. 3. Interaction of the captain and the first mate
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Fig. 4. Doubling of members
of the watchkeeping service

The situation when (Q) is a deck officer is fully
justified in the conditions of passages with mini-
mal risk, however, in the conditions of complex
maneuvering this can lead to serious negative con-
sequences. The case when (Q) is a member of the
personnel on duty, whose skills are not trusted by
the captain, is unlikely.

Based on Figure 4, the reduction in the safety
level can be preceded by the duplication of the
functions of the watchkeeping personnel by the
watch officer. Even in situations when the maneu-
ver was carried out successfully, the loss of experi-
ence by the personnel on duty due to inaction will
subsequently lead to negative consequences.

This is justified in cases when the watch officer
needs the support of a more experienced navigator,
and the acting member of the watchkeeping service
does not cope with the task in the allotted time. In
such cases, there are unforeseen collisions in the
source information for decision-making, uncoordi-
nated actions are possible and as a consequence,
the safety level decrease.

Findings

Initial conditions of the experiment: a team of five
men is formed (captain, 1st-3rd mate and boatswain).
Before start of the course plotting, the captain in-
structs on the peculiarities of the terrain and traffic
congestion of sea transport (Figure 5).
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Fig. 5. Vessel's transition path to locations

We describe the interaction of team members
formally. Then, N, when Q=1..,Q and Nj

when S =1,...,S — we will take as the numbers of
interaction groups of the personnel on duty with
varying qualification in order if its descent.

Analyzing videomaterials on task completion
by the watchkeeping members shows that the func-

tion of the micro-task performance 8(<WQ,M S>)

decreases monotonically with respect to Q and S,
i.e. there is a performance increase due to the par-
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ticipation of more qualified member of the watch.

In order to identify location of the members of
the watchkeeping service, a computer program was
developed that captures their local displacements
and synchronizes with the moments of taking ma-
nagerial decisions.

To determine the location of team members,
a three-component system consisting of beacons,
wearable sensors and a server is used. Beacons M;,
(ie(@..m)), are BLE transmitters (Bluetooth Low
Energy), that use the Arduino technology in con-
junction with the AT-09 BLE module. Wearable
sensors Dy(k e (1..d) ) use the Arduino Mega 2560

plate, heart rate sensor, temperature sensor and the
ESP8266 Wi-Fi module.

Fig. 6. The scheme for determining the position
of the object from distances

All beacons and sensors have their own batter-
ies, which makes them autonomous. Dk sensors
connect to all beacons Mi by turn and accept from
them the packet time Tpac. Based on Tpac the dis-
tance Si between the beacon M; and the sensor Dy
is determined with some error p. For unique de-
termination of the location coordinates of the ob-
ject with sensor, it is necessary to obtain infor-
mation from at least three beacons.

Increase in the number of beacons will lead to
increase in the determination accuracy of the indi-
cations. The server receives the data on distance, as
well as data from temperature and heart rate sen-
sors over the Wi-Fi network. Also in its memory
are written the coordinates of all installed BLE-
beacons, which allows accumulating in its database
(DB) the coordinates of the object in real time
(Figure 6).
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Fig. 7. General scheme of the system operation

Beacons M; can be placed at different heights,
as well as the wearable sensors Dk. Given this fact,
there will be an intersection of three spheres. The
common part of the intersection will determine the
object location with a certain sensor. Increasing the
number of beacons will help avoid blind spots and
increase the accuracy of the indications.

A special program is installed on the server,
which registers the movements of all team mem-
bers with the connected sensors. All their parame-
ters (coordinates, heart rate and temperature) are
stored every few seconds in the database. It is pos-
sible to view all movements of team members for
conducting behavioral analysis.

The general scheme of the system operation is
shown in Figure 7.

The software and hardware complex allows
identifying not only the location of members of the
watchkeeping service, but also physiological cha-
racteristics, such as heart rate and body temperature.
These characteristics may indicate the level of stress
and mental state of navigators (Figure 8).

Also, in the photo (9) during the experiment it
is clear that the small experience of the third mate
and the uncertainty in the actions attract the atten-
tion of the first mate, who subsequently makes the
decision, independently replacing the third mate.

Thus, there is a situation:

VL Y(Wq 4, Mg )= 9(Wo, M ) TS, i.e. maneuver-

ability due to the involvement of a more qualified
member of the watch grows faster. Thus, we as-
sume that there are navigators W, and Mg, of

the lowest experience and qualification.
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During the experiment, we define combinations
Q(S) and S(Q) of interactions between the
watchkeeping members from the conditions:

While: Q=1....,Q, S=1,...,S .

The most preferred interactions at the time of
watchkeeping are of the most experienced mem-
bers of the watchkeeping service in order of de-
scending qualification, which confirms the existing
problem. In this case, two options are possible:

1. For §8(WQ(§), M§)> 0> S(WQ(g), M§+1)

deck officer 1,..., S is organized into a conversa-
tional interaction pair with the watchkeeping mem-

ber 1,..., Q(§)—1, i.e. an experienced deck officer

and unexperienced watchkeeping member. Accord-
ing to the experiment, at a certain time, the deck of-
ficer begins to make decisions on his own (Figure 9).

2. For Q(§), Q(S) — is the least experienced

deck officer with which the experienced member
of the watchkeeping duty S interacts, i.e. members
of the watchkeeping duty from the group S +1 are

unittd when S<S , similarly: S(Q) when

Q<Q(§); values py,Q=1..,Q, Ps,S=1..,5
are determined from the following condition:
Po=Ps =0 when

Q=Q($).s>$, ps :S(WQ(S),M
P :S(WQ'MS(Q))_ Ps(o)

s<S§, Q<Q(§). In situations when Q and S are
interchanged, the following is applied:

when

Q=<Q S(Wo'Ms(o))>°>9(WQ+1'M 5(Q ))

From formal expressions it follows that the
most experienced navigators tend to interact with
also more qualified members of the watchkeeping
duty, in particular, avoiding interaction with un-
experienced personnel. In normal circumstances,
this does not carry a high risk. However, when per-
forming complex maneuvers, the intensity and
content of the information flow from the watch-
keeping personnel increases significantly and con-
sequently requires more participation of all mem-
bers of the watch without exception.

Uncoordinated actions and violation of instruc-
tions in the interaction between members of the
watchkeeping personnel greatly overloads the na-
vigators’ perception, which reduces the safety level
of the vessel control. So in the course of the expe-
riment (problem variant No. 2), an abnormal
emergency occurred in such a chronology:

1.13:11:19 — Stop the engine;

2. 13:12:57 — Emergency anchoring for breaking,
full astern.

3.13:13:13 — Touched the ground at the speed
of 2.2 knots (Fig. 10).
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Fig. 10. Catastrophic situation

It should be taken into account that the indi-
cated situations and their formal models are not
situational, but have a vector of development and
change the structure with discrete time.

Thus, the set I ={1...m} 1={1,...m} of in-
teractions and the sets J? of behavior strategies for
each interaction Qe |l are given in the model

under study. So, from task to task the model is
a cycle (passage) of periods t =0, 1,2,..., in
each of them interaction between members of the
watchkeeping duty occurs. Moreover, each watch
Q is divided in a given transition t into subgroups

(Q,j)(t), jeJ°, according to strategies in a giv-
en period, therefore, the subgroups are represented
as N (t), and its number in the designated period
is NO(t).
The behavior of watch members Q forms
Eo(t)= (&Q( )= &J distribution by
NO(t), jed®

strategy, and the cumulative behavior of watchmen
in the given period is described by the set

g(t)=(%(1),Qel).

The result of the interaction in the period t is
characterized by the vector

f(t):(ij(t)), Qel, jeJ?, where f2 defines
the outcome of the solution of the micro-problem
for the group (Q, j). Next it is necessary to indi-
cate the dependence of f2 f2 on the conditions

in the form of a distribution according to strategies
of behavior — &(t); weather conditions, visibility,
intensity of navigation, proximity to navigational

hazards — z(t), as well as technical parameters
whose totality is denoted by q(t). This totality can

include the numbers N*(t), time t, etc. Thus, the

behavior of the watchkeeping duty in the long term
will be described by the following dependence:

g(t+1)=6({5(x). f (x).2(x).a(0)} )

In real conditions, the composition of the watch
duty Qel is constant, in turn, members of the

watchkeeping duty change their strategies depend-
ing on the tasks, adapting to the conditions of in-

teraction with the aim of maximizing f;2(t). Du-

ring the duty, each watch member compares the
strategy i and the strategy j with respect to the in-
teraction partner, possibly subconsciously choos-

ing the more effective one: f?(t)> f,%(t) regard-

less of the composition of the watch.

The performance loss from the initially chosen
strategy i, leads to the choice of strategy j.

This is a significant problem because individual
members of the team will form stable coalition
relationships of interactions, which violates the
watchkeeping instructions.

In the conditions that the recruitment of the
watch-keeping personnel on a vessel is of an acci-
dental nature, we get:

u(f2(t)- £2(t)),u(0)=0
Then:
N (t+1)=

_Zu(fQ _fQ

rel

(1))NR (NSt /NQ

The forecast of the state of carrying the watch on
the passage at time t +1 will be:

g2 (t+1) Zu(

Thus, there is a problem of inconsistency and
spontaneous replacement of the watchkeeping per-
sonnel by the mate, which violates the instructions
and reduces the safety level. During simulator
practice is an imbalance in training useful skills
among cadets during the training practice. Passive
members of the watchkeeping service do not learn

2(1)ed (1), ied®.
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the necessary practical skills, but active ones do
this in overabundance.

The situation is complicated by the fact that for
the laying and passage of a new route the composi-
tion of the watch team is formed randomly and
there is a possibility of recruiting cadets who do
not have the necessary skills, which will lead to the
task failure.

When maneuvers are carried out in real condi-
tions, the security threat increases significantly and
can lead to catastrophic consequences.

In order to clarify the facts of the negative man-
ifestation of the human factor, it is recommended
to use the means of diagnosing the psycho-
emotional state of navigators in the form of Smart
Watch. Synchronization of data from Smart Watch
is displayed in the program interface (Fig. 8.).
Complex use of software and hardware will allow
the most accurate localization of individual human
factor manifestations in maritime transport.

Originality and practical
value

The authors for the first time developed software
and hardware for analyzing the movements of
members of the watchkeeping service, allowing
identifying violations of safety regulations. As a
result, a hardware-software complex for identifying

the location and psychophysiological parameters of
navigators was developed. Exceeding the tempera-
ture and heart rate of navigators, as well as fast
moving of individual members of the watchkeeping
service to the positions of other team members, tes-
tifies the violation of watchkeeping instructions.
The automatic identification of these manifestations
will prevent the negative manifestations of the hu-
man factor of the team, both in the course of simula-
tor practice, and in the real situation.

Conclusions

Based on the results of the simulation, it can be
concluded that, regardless of the composition and
functional duties of the watchkeeping personnel,
navigators with the highest qualifications tend to
interact with the most experienced members of the
watch, which significantly affects the safety level in
maritime transport. However, the selection of the
team consisting of the most qualified and experi-
enced navigators in practice are not possible. The
developed software and hardware complex will al-
low preventing undesirable interactions and objec-
tively assessing the fulfillment of tasks by cadets
during the simulator practice. It will also be possible
to classify and form the members of the watchkeep-
ing service in relation to the same qualifications,
which will reduce the risk of unwanted interactions.
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MOJAEJIOBAHHSA ITPOSBIB JIIOACBKOI'O ®AKTOPA Y KOMAHAU
MOPCBKOI'O TPAHCHHOPTHOI'O 3ACOBY

Mera. ¥ craTTi nependavyaeTbesi JOCIIIUTH TPAEKTOPIT MEepeMillleHHs YICHIB BaXTOBOI KOMaHAHM HA MOPCHKOMY
TPAHCIIOPTI, 1[0 MPU3BOAATH 0 3HUKCHHS PiBHS Oe3mekd. MeTor JA0CIHIPKEHHS € po3pobka (popManpHOro amapa-
Ty, @ TAKOX MPOTPaMHO-arapaTHUX 3ac00iB ieHTH(iKalii po3TallyBaHHs YWIEHIB BAXTOBOT KOMaH/IH I1iJ] 4ac BHUKO-
HaHHS CKJIaJHUX MaHeBpiB. MeTommka. Y Xo/i MOOYIOBH MaTeMaTHIHOI MOJeIi Oyid PO3rIAHYTI HAWOLIBII 1MO-
LIMPEHI CXeMU B3a€MOIi YICHIB BAXTH B MOMEHT BUKOHaHHS CKJIaJIHUX MaHEeBpiB. 3aranpHa 3aja4a Oyna po3risiHy-
Ta SIK cepisl BAXTOBHMX B3a€MOJIN JUIsl BUPIIIEHHS MiKpo3aay yIpaBiliHHs CyZHOM Ha IIEBHUM MOMEHT. Y pe3yJbTaTi
IMITaIifHOrO MOJIETIFOBaHHS BU3HAYEHO, 1110 KJIIOUOBY POJIb BUKOHYE MEPIINI IIOMIYHHK KalliTaHa, SKUH 3 HalO11b-
1100 HMOBIPHICTIO CXMJIBHUI BIAXMJIMTHCS Bl 1HCTPYKLiH 4Yepe3 HaJMIpHY aKTHUBHICTh a00 NMACHUBHICTb y AifX.
Takok pO3IISIHYTI MOJENi B3a€MOJIl WICHIB BaxTOBOi CIIy)KOM B paMKax O0araTOIEHHOTO Iepexojy Cy/Ha.
PesyabraTn. JlocniKeHHS CBITUNTD, IO YTBOPEHHS CTAJIMX B3a€EMOJIN 3aJIe)KUTH B piBHS J0CBiny i kBamidika-
il WIeHiB BaxToBOI ciry>kOu. HanMipHO akTHBHE IepeMillleHHs] OMIYHHKA KalliTaHa, a TaKoX JyOmoBaHHSA QyHK-
il OKPEeMUX YJICHIB BaXTOBOI CIIyKOM HETaTUBHO BIUIMBAE HA PiBEHb OE3MEKH IIiJl Yac yNpaBIiHHS CYJHOM. 3ampo-
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MTOHOBAHO TPOTPaMHO-anapaTHi 3acO0H, IO TO3BOJIOTH iAEHTHU(IKYBaTH PO3TAIIYBAHHA W IIEPEMIIICHHS UICHIB
BaxXTOBOi KOMaHIW, SKi MPU3BOAATH IO BIIXWICHb BiJl IHCTPYKIiM HECEHHS BaXTH HA MOPCHKOMY TPAaHCIOPTI.
HaykoBa HoBH3Ha. Ynepre Oy po3po0iieHi IporpaMHo-anapaTHi 3aCO0H AJIS aHAIII3Y MEepeMIlIeHb WICHIB Bax-
TOBOI CITy>kOH, IO O3BOJIAIOTH ieHTH(IKYBATH IMOPYIICHAS [TOcafoBUX iHCTpYKIii. IIpakTuyHa 3HayuMicTb. Ha
OCHOBI pO3pOOJICHUX MPOTrPaMHO-anapaTHUX 3aco0iB iMeHTHU(IKALT PO3TAIyBaHHS ¥ MEPEMIIICHHS YJICHIB BaXTO-
BOI KOMaH/M 3’SIBISIETBCS MOXKJIMBICTH OLIBII €()EKTUBHO OLIHIOBATH Jii KypCaHTIB-CyJHOBOIIB IiJ 4ac MPOXo-
JOKEHHS IIPaKTHKK Ha 0a3i Hasiramiitnoro tpeHaxxepa NTPRO 5000 y XepcoHChKii iepkaBHii MOPCHKii akanemil,
VYxpaina. Lli mocmipkeHHsT TAKOK MOXKYTh OYTH KOPUCHHMMHU MiJ Yyac BUBYEHHS TUCLUILIiHK «OpraHizauis Aid exi-
MaXXy B €KCTPEMAJIbHUX YMOBaX».
Krouosi crosa: nroncekuil pakTop; MOJEIb MOBSAIHKY; B3aEMO/Iis WICHIB KOMaH/IU; TO3AIITaTHI CUTYyaIlii
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MOJEJUPOBAHUE MNPOABJEHUA YEJIOBEUECKOI'O ®AKTOPA Y
KOMAHAbI MOPCKOI'O TPAHCIHHOPTHOI'O CPEJACTBA

Heasb. B cTatbe npeanonaraeTcst UCCIEA0BaTh TPACKTOPUU NIEpEMEIICHHS WICHOB BaXTEHHON KOMaHIbI Ha MOD-
CKOM TPaHCHOPTE, IPUBOIINE K CHIDKCHHIO YPOBHA Oe3omacHOCTH. Llenpro mccinejoBaHus SIBISIETCS pa3padoTKa
(opMarbHOTO amnmapara, a TaKke IMPOrpaMMHO-AINMAPATHRIX CPEICTB HICHTH(OUKAIIUN PACIIONOKCHUS WICHOB BaX-
TEHHOH KOMAaHBI BO BpEeMs BBIMIOJHEHUS CIIOKHBIX MaHeBpoB. Meroamka. B xone mocTpoeHuss MaTeMaTnaecKoit
MoJieny OBUTH pacCMOTpPEHBI Hamboliee pacpOCTpaHEHHBIE CXEMbI B3aMMOACHUCTBHS WICHOB BaXTHl B MOMEHT BEI-
MIOJTHEHMUS CIOKHBIX MaHeBpoB. OOIIas 3amava OblIa pacCMOTpPEHa KaK cepys BaXTEHHBIX B3aMMOACHUCTBHMA IS pe-
[ICHUST MAKPO3aad yIpaBICHHUS CYIHOM Ha ONpeAeICHHBI MOMEHT. B pe3yipraTe MMHUTAIMOHHOTO MOJICITHUPOBa-
HUS OTIPEJIEJICHO, YTO KIIFOUYEBYIO POJIb BBIIOIHAET MEPBBI MOMOIIHUK KallUTaHa, KOTOPBIA ¢ HAHOOJIBIIIEH BEpOsT-
HOCTBIO MOABEPIKEH OTKIOHUTHCA OT I/IHCprKL[I/Iﬁ BBUOY qpesMepHoﬁ AKTUBHOCTH WJIM IIaCCUBHOCTH B }IeﬁCTBHﬂX.
Taxxe PaCCMOTPEHBI MOACIN B3aHMOH6ﬁCTBHH YJIEHOB BaXTE€HHOU CJ'Iy)K6I>I B paMKax MHOI'OJHEBHOI'0 mepexona
cynHa. PesyabTarsl. UccnenoBanue cBUIETENBCTBYET, YTO 00pa30BaHUE YCTOSBIIUXCS B3aMMOJICHCTBUI 3aBUCUT
OT YPOBHS OIBITA U KBaJNM(DUKAIIMN YWICHOB BaXTEHHOW CiyXObl. Upe3aMepHO aKTHBHOE IepeMenieHUe ITOMOIIHUKA
KaluTaHa, a Takke TyOomupoBaHue GyHKIMI OTASIbHBIX YICHOB BAXTEHHOH CITy>KObI HETAaTUBHO BJIMSET HA YPOBEHH
0€30MacHOCTH TIPU YTIPaBICHUH CyTHOM. [IpeanoxeHbl mporpaMMHO-aiiapaTHEIE CPECTBa, TIO3BOJIIONINE HICH-
TU(QUIMPOBATH PACTIONIOKEHUE W TEPEMEIICHHE WICHOB BaXTEHHON KOMAH/BI, YKa3bIBAIOIIME HAa OTKIOHEHHS OT
HHCTPYKIMH HECEHUS BaXThl HA MOPCKOM TpaHcrmopTte. Hayunasi HoBu3Ha. BriepBeie pa3pa0oTaHbI MPOrpaMMHO-
ammapaTHbIe CPEICTBA IS aHAIIN3a MePEeMEIICHI WICHOB BaXTEHHOH CITy>KOBI, TIO3BOJISIOIINE HICHTHOUIIUPOBATD
HapYIICHHs TOJDKHOCTHBIX MHCTpYKImid. [IpakTuyeckasi 3HaunMocTb. Ha ocHOBe pa3paboTaHHBIX IPOrpaMMHO-
amnmapaTrHbIX CPEACTB I/UICHTI/I(bI/IKaHI/II/I PACIIOJIOXKEHNA U TEPEMECIICHNUA YJICHOB BaXTEHHOU KOMAaHAbI IIOSBJIACTCA
BO3MOKHOCTH Oosee 3((eKTHBHO OIEHHWBATH ACUCTBHUS KypCAHTOB-CYHZOBOIUTENCH MPH MPOXOXKICHUU MPAKTHKH
Ha 6a3ze HaBuranuoHHoro TpeHaxepa NTPRO 5000 B XepcoHCKoil rocyaapcTBEHHOW MOPCKO# akaieMuu, YKpanHa.
ﬂaHHBIe HCCIIEAOBAaHUA TAKXKE MOT'YT OBITH MOJIE3HBIMH IpU U3YYCHUHU TUCHUTLUTAHBL ((OpFaHI/I3aHI/I$[ HeﬁCTBHﬁ OKH-
Taxa B OKCTPEMAJIBHBIX YCIIOBHUAX).

Kntouegule cnoga. qenoBedeckuil (pakTop; MOIENb TOBEACHIS, B3aMMOICHCTBHIE WICHOB KOMAaH/IbI; BHEIITATHBIC
CUTYallH
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