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Introduction. The development and trends in the transformation of
organizational and technical systems of maritime transport directly depend on the
preservation of specialist subjects qualification parameters [1-5]. Dynamic processes
affect the integrity of the maritime transport specialists qualifications, which
negatively affects the level of their performance of their functional duties [6-8]. The
amount of loss from the human factor can be fatal and irreversible [9-12]. This
implies, on the part of scientific world, the development of control systems that allow
identifying the state of qualification parameters, both as a private subject of the
system, and in field of maritime transport as a whole [13-15].

There is a need to identify and restore the qualification parameters of
specialists, predict risks and prevent catastrophic consequences [16-18]. For this, one
of important components of solving the problem posed is formal definition of control
recovery signal to maintain a sufficient level of qualification parameters for maritime
transport specialists.

Main research material. To solve the indicated problem, it should also be
taken into account that in addition to determining the individual settings for the
supply of a control signal in time, it is necessary to take into account the amount of
information sufficient both to restore the level of qualification parameters (QP) and
not exceeding the ability of a specialist to fully perceive it P.

In this case, it is necessary to observe the accuracy of information signal

normalization in time x(t*) using a correction factor r depending on the complexity

of perceived information (individual indicator).

In this form ¢, it allows to normalize the flow of information, providing
sufficient bandwidth of perceived control signal, which is described by the condition:
F[R.(0),R (z)]2P,at (R (r)/R (0))=P, (0<P<1).

Due to heterogeneity of information signal between indicators R (0) and R (7),

peculiarities of individual perception of information by a specialist, the occurrence of
uncertainty, parameter r will change cyclically, which does not allow the formation
of a long-term plan of control actions [19]. In this case, it is necessary, in each the
predetermined discrete cycles, to take into account the mean square error of signal
adjustment L_, both in total time ¢ and in 7, of form:

L =\/M[x(t* +f)—x(t*)]2 , then R (0) :M[xz (t* +1>], a Rx(r) :M[x<t*)x(t* +T)]
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From the above, it follows that in order to increase the effectiveness of QP
recovery, it is necessary to generate a control signal according to criterion of
individual information susceptibility [20]. This approach involves the introduction of
signal quantization process &, according to the criterion of conscious perception

volume of information R within (g, ), by a maritime transport specialist, [21,22] such
that:

R :§10g2 [25_%(&(7)/&(0))}.

N

Then, the level higher of signal quantization, the indicator higher of volume of
information conscious perception by a maritime transport specialist.

Given that the recovery signal QP is X, directed to impact of parameters
5,...8,...s,, then there are individually oriented limits on volume of such impact 4’ and
Ain , at Xires _Ai’ < Xi < Xires +Av‘” .

Based on indicated parameters, we will simulate the volumes of nformation
perception 1 to restore QP for each S; (s; is the level of educational qualification; s, is
the current set of valid certificates, courses; s; is the level of practical qualification
(position); s, - long-term sea experience).

The main components that allow approximating the studied processes in the
form of surface graphs will be: correction factor r; recovery time of a specialist's
qualification ¢* ; the intensity of control action y .

For example, for s;, with an increase in y (0.3; 0.5; 0.7), the effectiveness of
information perception increases significantly without additional correction, which
indicates the age and sensitive characteristics of this specialists category (applicants
for higher education) (Fig. 1) .

a b c
Fig. 1. Graphs-surfaces of information perception processes by maritime transport
specialists s;:a- y=0,3;b- y=0,5;c- y=0,7

The data obtained indicate that the process is stable and does not require high
intensity. The graphs (Fig. 1 a, b, ¢) show that it is possible to achieve the maximum
effectiveness of qualification restoration for s; without significant indicators y,
varying only by the submission of information and additional correction in time.

In turn, for the group of specialists s, when comparing the level of
qualification the primary and "refreshing" for each of qualification courses, there is a
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tendency to lose the effectiveness the perception volume of information for restoring
qualifications in the second cycle (Fig. 2).

a b c

Fig. 2 Graphs-surfaces of information perception processes by maritime transport
specialists s;:a- y=0,3;b- y=0,5;¢c- y=0,7

In the case for s, increasing the amount of perceived information by
specialists, it is necessary to increase y, so in the case of y=0,7, it is possible to get
almost the same high result with “refreshing” as with “basic”. Thus, taking into
account the track record of a specialist, it is possible to determine the control action
for each individual with the maximization of the result. At the same time, an effect is
observed when an excessive increase in volume of information-signal of control
action can cause a sharp decrease in the efficiency of qualification restoration. It can
also be caused 7, when the optimal time for effective impacts is lost to restore the

lose

qualifications of specialists [23,24].

When moving to a new position, when the set of course certificates changes
and it is necessary to ensure a qualitative transition to a new level of marine specialist
qualification, it is necessary to significantly increase the intensity of control actions y

in addition, to balance the corrective function K, (q).

a b c

Fig. 2 Graphs-surfaces of information perception processes by maritime transport
specialists s3:a - y=0,3;6 - y=0,5; ¢ - y=0,7, when balancing X (q)

The data obtained for s, show that, at a certain age, maritime transport
specialists lose the ability to progress when their qualifications are restored and are
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based on previously acquired qualification levels. This fact indicates the risk of
working in leadership positions for a long time.
And there is also the effect of a
sharp decrease in efficiency with
increasing load. Under the conditions of
long-term modeling for s, there is a
decay in the effectiveness of information
perception even in the conditions of

introducing corrective actions into the
process (Fig. 4). Fig. 4. Efficiency of recovery of

qualification for s,

There is also an increased risk of control by these specialists over specialists
who have an updated level of qualification for their position.

Conclusion. The obtained formal and analytical data indicate that the problem
area of research under consideration requires in-depth study and application of
innovative approaches in the framework of automating the management of processes
and complex multi-parameter objects of organizational and technical systems of
maritime transport.

From the formal description and subsequent modeling, it became clear that the
main factor for managing the processes of forming identification and restoring the
qualification parameters of maritime transport specialists are terminal ones. The
management of such parameters in a time context involves the use of not only linear
models, but also fuzzy systems that can identify the state of processes and fine-tune
the control system to reduce risk factors due to the human factor in water transport.
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