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Introduction. The constant increase in the amount and intensity of traffic requires organization and precise
management.

Problem Statement. In the present-day conditions, when the number of vessels engaged on internal and ex-
ternal routes has been growing, without the vessel driver/navigator all alone are not physically able to assess the
navigation situation and to make the right decision how to operate his vessel. The need to develop and to implement
algorithms that help address the issue of navigation safety is an important task, especially when it comes to the
management of groups of vessels.

The main approaches that allow generalizing the information flows to ensure continuous and safe navigation
are the formation of a structured system of processing and evaluation of input factors and related output para-
meters. This enables controlling the ergatic system of vessel, given a significant number of factors.

Purpose. The purpose of this research is to create new approaches to controlling the vessel ergatic system for
making an optimal and timely decision.

Materials and Methods. Fractal methods for representation of the primary information and applied compu-
ter programs of mathematical simulation have been used.

Results. The proposed model of information processing as part of the vessel ergatic system is designed to comp-
rehensively ensure the safety of vessels, while providing control and optimization of both operational and orga-
nizational parameters and diagnostic functions, with the ability to predict and to prevent failures of the vessel
engineering system.

Conclusions. The applicability of general algorithms for the processing of information and its structuring ac-
cording to the degree of impact has been shown. The application of these approaches solves the problem of over-
loading the navigator with excessive navigational information and reduces decision-making time. The developed
algorithm allows creating an automatic control system for groups of vessels in real conditions of difficult navi-
gation environment.
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The changes in the economic and social situation
worldwide require revising approaches to the
transportation of goods by sea. Thus, today's prob-
lems related to the optimization of maritime trans-
port necessitate finding the advanced approaches
to their solution.

The constant increase in the vessel traffic amount
and intensity requires proper organization and
precise management of the marine transport. To
do this, it is necessary to identify the factors that
inhibit this process. According to general statisti-
cal survey, one of the most important is the human
factor. Therefore, it is necessary to find a way for
its complete exclusion from the management pro-
cess, at the final stage.

Maritime transport has not always been seen
as a promising area for the application of informa-
tion technology. This was caused both by the tra-
ditional conservatism of the industry and a long
cycle of ship design and operation, as well as by
a fairly high degree of regulation, especially in
terms of safety, by national and international or-
ganizations.

The issues related to designing decision support
systems in navigation are now becoming particu-
larly important because of a much higher level of
automation of modern vessels and the increasing
number of maritime accidents caused by the hu-
man factor. According to available statistics, navi-
gator’s wrong decisions on the vessel control are
the main cause of more than 80% of marine acci-
dents. This is confirmed by the growing number
of maritime events. Reducing the impact of the hu-
man factor on the accidents is an urgent research
and practical problem that needs to be addressed
by improving the processes of interaction between
the navigator and modern technical means of ves-
sel control. The creation of a vessel ergatic system
is one of the most promising areas for reducing
the accidents and increasing the intensity of car-
go flows. The interaction between the navigator
and the equipment is complicated by a significant
increase in the amount of navigation information
that is available in real time through the use of mo-
dern information technology. On the other hand,
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the rapid development of information technology
and the active application of the principles of ar-
tificial intelligence in the technology have crea-
ted favorable conditions for the development and
implementation of decision support systems (DSS)
in navigation.

In our opinion, the solution to this problem can
be found in the field of creating systems that help
find non-standard approaches to achieve an ulti-
mate goal. The creation of new approaches to the
control of the vessel ergatic system significantly
improves the conditions of controlling an indivi-
dual ship or groups of vessels. This should be un-
derstood as the optimal and economically justi-
fied goal in the transportation of goods by sea.
Making optimal and timely decisions is the major
task. The need to develop and to implement algo-
rithms that help ensure navigational safety is also
an important task, especially when it comes to ma-
naging groups of marine vessels.

Finding the main directions of research and vec-
tors of the development of decision support sys-
tems is the initial stage of creating a vessel ergatic
system for decision-making in complicated and
uncertain processes. This is directly related to the
field of traffic management.

In this regard, the purpose of this research is
to determine the principles of the formation of
automatic systems and decision support systems;
to choose among them the most convenient and
useful factors to achieve the ultimate goal, based
on the analysis; proceeding from this to identify
the main factors of the automatic control process
for further improvement of the existing decision
support systems; and to create our own, more fle-
xible, user-friendly system as a final product.

In the present-day conditions, when the num-
ber of vessels engaged on internal and external rou-
tes is growing, the navigator is not physically ab-
le to assess the navigation situation and to make
the right decision how to operate his vessel. The
solution to this problem is to create an automa-
ted system for preventing ship collisions. Various
aspects of such systems have been considered in
[1—6]. In [7], the principles and architecture of
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the automated system for ensuring vessels to pass
clear of each other, which is under development,
with a navigation subsystem for assessment of
the situation have been described. The main task
solved by this subsystem is the comprehensive
assessment of the current navigation situation,
including the assessment of the risk of collision
with other vessels, the risk of getting ashore, and
the like.

The analysis of accidents and incidents at sea
in recent years has led to the gradual departure of
the international maritime community from a one-
sided approach focused on the technical require-
ments for ship design and equipment. This analy-
sis has drawn attention to the approach that re-
cognizes the role of human factors in safety at sea,
with the navigator and the ship considered as a
single system.

The hazard assessment process is based on the
retrieved information and identifies priority mea-
sures to control the vessel safety, so the main task
of risk analysis is to provide a sound basis for
risk management decisions.

Risk analysis may be not only quantitative, in
which the main results are obtained by calculat-
ing risk indicators, but also qualitative, in which
the results are presented in the form of text de-
scriptions, tables, diagrams by applying qualita-
tive methods of hazard analysis and expert assess-
ments. When choosing methods of risk analysis
in navigation, it is necessary to take into account
the criteria of acceptable risk, the parameters of
the situation, and the nature of hazard, the avai-
lability and the nature of the necessary informa-
tion, experience and qualifications of the naviga-
tor, as well as other factors.

Starting with the simulation of the operator-
ship system, one shall consider a human-enginee-
ring system with the two main components: the
human being and the ship. It should be borne in
mind that the main link in the complex chain of
this system is the human operator with his sub-
jective factors [4]. The sea accidents data have
shown that neither automation nor equipping ves-
sels with cutting-edge control instruments may
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guarantee their complete safety. The main causes
of accidents are subjective (or human) factors.

Since the 1960s, in the industry, to prevent the
manifestation of the human factor, more atten-
tion has been paid towards separating ergatic
systems from the control ones. In the ergatic sys-
tem, control over the human factor is achieved
through the use of the probabilistic approach by
changing or decreasing the entropy of its indi-
vidual elements, including a particular operator.
In the navy, this has been already reflected in the
fact that the vessels collect some statistics on the
reliability of each crew member [5].

Strengthening the role of the human factor in
the accident in the navy requires joint considera-
tion of control systems and ergatic systems to im-
prove control over it. The analysis of publications
on control systems and ergatic systems has shown
that there are several researches on either control
or ergatic systems [6—10].

Currently, more than six different control sys-
tems have been implemented on vessels. Each their
data system contains a requirement to determine
in advance a potential failure of ship operations
and hardware, which may lead to undesirable re-
sults. In different standards, these failures are re-
ferred to differently, for example, the sudden ope-
rational failures of critical equipment and tech-
nical systems, in the International Code for Safe
Operation of Ships and Pollution Prevention
(the International Safety Management, ISM Code);
the potential nonconformities, in the Quality Ma-
nagement System (ISO 9001:2008); the poten-
tial threats to the safety of ships, crew, and shore
facilities, in the International Code for the Pro-
tection of Ships and Port Facilities (ISPS Code);
the environmental aspects, in the Environmental
Management Systems (ISO 14001:2004); the
potential threats to human health, property or
the operating environment, in the Occupational
Health and Safety Management System (OHSAS
18001:2007).

In addition, the majority of maritime legisla-
tion requires, before the ship starts operations, to
assess the potential risks of failures to prevent
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them in every application. In the case of actual or
potential failure, the management system shall
control it and prevent the recurrence of human
factor by modifying and /or improving the struc-
tural and/or functional elements of the control
system [11].

Ergatic system is a system consisting of the fol-
lowing elements: the operator, the machine and
environment, and the control system of the inter-
actions of these elements. It allows precautionary
measures directly to the element, i.e. a particular
operator, engineering system or equipment [12].

In the case of the human factor, the actual or
potential failure, the ergatic system changes the
given state of the structural elements of the cont-
rol system and, accordingly, increases their ent-
ropy and the entropy of the management system.
Control over the prevention of the human factor
is established by reducing the entropy of its ele-
ments on the basis of the probabilistic approach
through changing the probabilistic states of the-
se elements.

Vessel ergatic system shall achieve various
objectives of management. It should be noted
that each goal requires a different number of ent-
ropies of ergatic systems. When developing an
ergatic system, the input data are legislative and
regulatory requirements, as well as the interac-
tion of elements of the ergatic system “operator —
ship — environment”, which are implemented
as operator-ship, operator-environment, opera-
tor-operator, ship-operator, environment-opera-
tor pairs.

Thus, increasing the level of automation of mo-
dern vessels, the widespread introduction of ad-
vanced means of navigation makes it possible to
successfully solve the problems of effective plan-
ning and implementation of transoceanic transi-
tions by creating DSS for the navigator [13]. The
world largest companies involved in the marine
transportation of goods have been studying the
problems of optimizing the performance of mari-
time transport both at the planning stage and in
the conditions of sea crossing.
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PRESENTATION OF THE MAIN MATERIAL

DSS shall provide information and analytical
support to decision-making processes in the event
of the occurrence of or threat to traffic safety on
the basis of information processing of operatio-
nal, analytical, reference, expert, and statistical da-
ta. The DSS is created on the basis of integration
of functional, informational, and software-hard-
ware means of separate elements; the integration
is focused on the use of generalized information
flows to obtain a timely and objective assessment
of traffic safety.

The subsystem for collecting, pre-processing,
and storing information is designed to collect, sto-
re, backup, and to retrieve the necessary data for
further processing. There are both manual and
automated methods for information input. Data
are stored based on the databank technology that
provides object-oriented allocation of resources
and information references [4].

Designing a DSS for the practical implemen-
tation of integrated safety of vessels starts with
the development of an algorithm. The principle
of the DSS algorithm is typical. However, in cer-
tain cases, it may differ, since each vessel has diffe-
rent equipment and different sailing area. An
important basis for the DSS is its integrated struc-
ture formed on the basis of operational configura-
tion of information subsystems and areas, which
ensures their interaction.

When designing DSS, it is obvious that the fi-
nal decision to be made shall comply with the fol-
lowing model:

S=(P,K, A, E M),

where P is data area; K is area of knowledge; A is
area of solutions; E is area of expertise; and M is
area of graphical simulations.

The data area is primarily the characteristics of
a vessel, in particular its maneuverability.

D=(m,k, d, w,c),

where m is seaworthiness; & is stability; d is buo-
yancy; w is propulsion; and ¢ is controllability.
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The designed DSS shall allow the navigator to
independently build the intended route of pas-
sage. For a given route, the DSS, with the requi-
red interval, offers a graphical (on the route map)
or tabular detailed analysis of weather pheno-
mena. Based on the ship maneuverability, the
expected speed of the ship is predicted, depen-
ding on the weather conditions. It should also be
possible to construct a route, depending on the
requirements of the navigator (which boundary
zones in terms of the wind strength, the height
of wind waves, and ripples shall be avoided on
the route).

The field of knowledge is a formalized assess-
ment of environment is as a set of factors that ha-
ve different nature and cause disturbances and pos-
sibly negative interactions with the ship and the
navigator and may lead to dangerous situations.

K= (ph,p,o,7),
where ph is phenomena; p is processes; o is ob-
jects; ris relations (links).

In fact, such a representation of the field of
knowledge allows us to identify the concept of
safe navigation systems with the concept of its
structure. In this context, the concept of safety
system structure refers to the interconnection of
the following elements, the relationship of which
is the object of further analysis and development.
In the first phase, there are several different and
interconnected fields:
¢ the internal that is influenced and controlled

by the crew;
¢ the environment in which impacts on the ship

are formed;
¢ the macro-environment that forms the general
requirements for navigation safety.

The area of expertise is

E=(a,l pr,s),
where a is compliance with the MLSW; [ is tech-
nical (technological) restrictions; pr is priorities
between vessels; s is the maneuver impact on the
safety of the ship.

The area of graphical simulations in a simp-
lified form may be represented as a situational as-
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sessment of the movement of two or more vessels:
M=(Lov,v,..0 k,k,....k,),

Y

where 1 is distance between the vessels; v, v,,... v,
are relative speeds of vessels; &, k,,... .. k_are
course changing speeds.

In this case, the time until collision may be cal-
culated based on the original data. The formaliza-
tion of these conditions is determined by the spe-
cific interpretation of the concept of dangerous
situation. Here, it is advisable to refer to the ex-
perience of practical navigation, which has shown
that the most important thing is the observance
of a safety zone [16] around vessel to which other
vessels are not allowed. There are many models
of a safe zone (“domain”) around a vessel, depen-
ding on its type, condition, speed, etc. To do this,
it is most appropriate to use the following al-
gorithm:

« to identify vessels in the area of possible collision;

¢ to monitor and to analyze the parameters of the
motion of the vessels and their dynamics, given
the errors of observations and measurements;

¢ to classify the vessels in terms of degree of danger;

¢ to determine the possible behavior of vessels in
accordance with COLREG-72;

¢ to simulate possible scenarios for the develop-
ment of the navigation situation; and

¢ to work out possible measures for preventing
and avoiding dangerous situations with alter-
native solutions.

Obviously, the proposed approach to building
a decision support system for a ship owner causes
a vast array of information to be obtained. These
data are different in terms of the source from
which they are obtained, accuracy, reliability, re-
levance, etc.

At the first stage, all the information received
can be divided into several groups:
¢ very relevant information;
¢ relevant information;
¢ useful information; and
¢ irrelevant information.

It is important to continuously monitor and
process the parameters of the vessel diagnostic
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equipment, which directly affect the ship safety.
For this purpose, it is necessary to provide for mo-
nitoring of vessel technical means, which allows
considerably expanding the possibilities of diag-
nostics, especially at the early stages of the deve-
lopment of dangerous processes, in particular, the
hidden ones. In addition, the analysis of the inter-
dependent parameters of different vessel techni-
cal equipment reduces the errors and influence of
the operating parameters of one system on those
of others.

In this regard, there is a need to sort out the in-
formation by the above parameters and to deter-
mine for the data obtained by the data system the
coefficient of impact on the simulation result. In
our opinion, the array of data obtained shall be rep-
resented by fractals, because they are self-similar.

The reason for the self-similarity of traffic is the
integrated nature of the data set. This data set is
used simultaneously to provide the system with
information from the data area and the knowled-
ge area in the form of standard messages. The data
array, formalized rules, measurement results, mes-
sages, and commands are transmitted by a single
system with a single software and control laws.
Therefore, we may assume that the probability of
an event (providing new information, a new data
packet) depends on the occurrence of the event
in past time intervals, i.e. the event flows are flows
with some function of allocating time intervals
between events. In most known systems, it is ac-
cepted that the probability of occurrence of the
next event depends only on the time that has elap-
sed since the occurrence of the previous event
and does not depend on the history of events.

Describing a simple object and moving on to
a complex one that is similar to it, one can signi-
ficantly simplify the solution of a multilevel prob-
lem. Fractals have the ability to display complete
information about an object or phenomenon, de-
fining its part that is similar to the whole. As a
tool, in this case, it is convenient to use fractal
objects, work with which is interesting and rele-
vant both in terms of mathematical research and
in terms of practical applications. In the case of
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uncertainty, this can help due to random changes
in some parameters. For example, the influence of
hydrometeorological conditions, difficult naviga-
tion situation, the state of the cargo, and so on.

Mandelbrot set as a fractal consisting of indi-
vidual points on a complex plane may be identi-
fied as the most realizable:

7,-0,7

n+1 = Zn2 + C
Moreover, this sequence of individual points C
does not go to infinity. Thus, for each point C, one
may write as
C=x+1iy;
Z,=0;
Z=2+C=x+i-y,
Z,=Z+C=(@x+i-y)y+tx+ti-y=
=x*+2i-yx—y*tx+i-y;
Z=..

The Mandelbrot set is usually represented as
an unlimited number of simple shapes around
a large one that touches them. Each large figure
has a set of smaller figures around them, the size
of which goes to zero. This process is infinite,
with the formation of a fractal [17].

Thus, it is advisable to present the parameters
obtained by vessel systems in the form of fractals
to simplify the procedure for their classification
and processing. Another important property of
fractal is its small dimension. This allows a more
detailed and objective consideration of the im-
pact of each parameter on the simulation results.
This is an illustration of the dynamic chaos in this
system with limited predictability and funda-
mental impossibility of accurate prediction, given
the randomness of the choice of the motion tra-
jectory of each point on one of several branches.
The divergence of adjacent trajectories leads to
the uncertainty of the position of the point after a
while, creating a cloud of uncertainty. The beha-
vior of the system is predicted for a small period
of time and unpredictable for a rather large pe-
riod, as the system starts behaving chaotically, for
which only a statistical description is possible.
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Fractal dimension may take both whole and
small values. The calculation of the fractal dimen-
sion D of the time series allows us to conclude on
the nature of the process. In [3], a fractal scale of
estimation of measurement results of a complex
dynamic system has been proposed. This scale
can be used to evaluate the measurement results
of complex systems mentioned above.

The most appropriate is the R/S analysis algo-
rithm:

R/S=(c- )",

where ¢ is constant value as correction factor; R is
the range between the maximum and the minimum
values of parameter over a given period of time;
S is the root mean square deviation for a certain
time period. H is the Hearst index.

The standard deviation may be represented as:

The range between the maximum and minimum
values of parameter over a given period of time

R = (R(t,) — R()",
In this case, the Hearst index H may be defined as:
H=2—D.

This index is important because it indicates
the stability of the parameters under study. The
results of the experiments have shown that:
¢ H =0 corresponds to unpredictable and chao-
tic processes;
¢ 0 <H < 0.5 shows that there is a tend towards
return to the average prevails, which makes it
impossible to rely on this indicator;

¢ H=0.5 characterizes random processes;

¢ 0.5 < H < 1.0 characterizes a steady tend that
can be used in predicting the development of
events. An increase in H indicates a stronger
trend in the parameter over time.

The fractal scale has the three distinctive criteria:
¢ at D =1, the measurement result is interpreted

as strictly deterministic behavior of the sys-

tem, with the possible equation of the behavior
of the process;
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¢ at D = 2, the system behaves in a regular man-
ner, but the variation of the measured values is
very large, which makes it impossible to use me-
thods of processing the measurement results;

¢ at D = 1.5, the process is random, statistical me-
thods are used to analyze such systems;

¢ at 1 <D < 1.5 the process under consideration is
persistent and approaches the deterministic one;

¢ at 1.5 <D <2, the process is antipersistent and
has a random scatter that exceeds the magni-
tude of slow variations.

Thus, over time, the systems whose behavior
is determined by the rules that do not include
randomness show unpredictability because of
growth, amplification of small uncertainties, and
fluctuations.

Designing these systems is complicated by the
existence of many ways to bring these parameters
to a single numerical estimate, and this signifi-
cantly affects the calculation results. The user of
this system shall not be guided by the principles
of this system, methods of formalization, and cal-
culation algorithms. Thus, the developer of this
product shall take into account not only specific
numerical parameters and dependencies, but also
possible alternatives.

The software part of the designed system con-
sists of separate blocks, each being responsible for
a separate vessel engineering system. This allows
the use of standardized input parameters wit-
hout taking into account the algorithms of each
of them. When forming the final product, it is pos-
sible to add or to exclude individual blocks from
the general software module, depending on the
tasks, which makes the system more versatile and
simplifies its adaptation to a particular vessel or re-
gion of navigation, as the conditions of navigation
and the behavior of vessels differ significantly.

At the first stage, information is collected from
the primary transducers and the primary databa-
se is formed of the input parameters of the projec-
ted system.

The database includes as follows:
¢ results of the measurements of kinematic and

dynamic parameters of the vessel (speed, course,
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wave and wind load on the hull, sway, draft, cont-

rollability of the vessel, stress and condition of

individual elements of the hull);

¢ results of the measurement of cargo parameters
and possible impact on the condition and cont-
rollability of the vessel;

+ aset of meteorological data: results of the mea-
surements of wind direction and speed, visibili-
ty, precipitation, agitation, ice conditions by its
own meteorological station and the analysis of
incoming meteorological reports and forecasts;

¢ information on the navigation environment co-
ming through the channels of the automatic iden-
tification system of vessels;

¢ information coming from shipborne radar sys-
tems,

¢ international rules for the prevention of vessel
collisions;

¢ information on flight parameters;

This database allows optimizing in more detail
the operation of DSS for a particular vessel, given
the area of navigation, season, cargo, crew compo-
sition, etc. This process is extremely important, be-
cause errors in measurements, definitions, estima-
tes lead to erroneous simulation results. This, in
turn, not only complicates the decision-making
process by the navigator, but also causes confusion
and load-up with incorrect information. Therefo-
re, it is advisable not only to continuously com-
pare the obtained parameters with the maximum
permissible ones, but also to compare them with
each other using known dependencies.

The second stage deals with the processing of
the obtained primary information in an intelligent
system that simulates the current processes to
identify possible negative prospects for changes
in operating parameters and the parallel verifica-
tion of combinations of primary parameters in ac-
cordance with analytical algorithms and a comp-
lete knowledge base, which allows early identifi-
cation of unfavorable situations:
¢ anticipation of possible actions of vessels in the

maneuvering area;

¢ assessment of the current situation in the ma-
neuvering area and classification of vessels in
terms of the risk of collision;
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« assessment of the possibility of maneuver by the
vessel, etc.

In the case of correct definition of boundary
conditions and coefficient of influence of each pa-
rameter by means of the MATLAB software it is
possible to receive correct results of modeling the
development of a navigation situation with gra-
phic display of difference, convergence, and motion
of vessels. For example, analyzing the meteorolo-
gical data received in the form of messages and
results of measurements in combination with ti-
me dynamics allows predicting the development
of a meteorological situation for given vessel in
specific conditions. The cargo characteristics and
the data of the primary transducers on the spe-
cific voltage of individual elements of the vessel
enable warning the navigator about the danger-
ous condition at an early stage. To do this, it is
necessary to provide an intelligent system with a
continuous flow of information at certain inter-
vals. The information representation in the frac-
tal form enables studying in more detail the im-
pact of each element.

Using data flows, the system forms a set of pre-
cedents similar to each other. The precedent in-
cludes a situation that may be characterized by
a set of data, a decision, and a result. The situation
for which a precedent has been set is considered
basic. The choice of the most worthy precedent
in a particular situation allows making a deci-
sion on its basis in a ready form, or requires addi-
tional actions to adapt the decision in order to
take into account differences in the contexts of
the situation. This, in turn, creates a persistent si-
milarity and repeatability of precedents, specific
to a particular vessel. In our opinion, such a strate-
gy of forming the structure of vessel ergatic sys-
tem makes it possible not only to use data flows,
but also to formalize the maritime experience in the
form of saved solutions to a specific navigation
situation.

Upon calculating these parameters with defi-
ned coefficients of influence and analyzing prece-
dents, recommendations for navigators are gene-
rated, and alternatives based on the existing (sa-
ved) precedents are proposed. including changes
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and route of formation compliance and dnyh mes-
saging modes of propulsion, preventive activation
of auxiliary systems (system of change of a condi-
tion or parameters of cargo, etc.), and also a pos-
sibility of performance of operative maintenance
for increase of operational reliability or restora-
tion of working capacity of the vessel as a whole.

Conclusions. The proposed model of informa-
tion processing as a part of the vessel ergatic sys-
tem ensures complex safety of vessels. It provides
for monitoring and optimizing both operational
and organizational settings, and diagnostic func-
tions, with the ability to predict and to prevent
failures of vessel engineering systems. The two-tier

architecture has been adopted for the construc-
tion of DSS, as the processing of initial data in-
volves separate techniques for diagnostic and or-
ganizational parameters.

Further research aims at the formation and ac-
cumulation of a database and knowledge consis-
ting of statistical information on dangerous phe-
nomena, consequences, and mechanism of emer-
gency development.

Research funding. The research has been con-
ducted within the framework of research project
01190100652 Development and Implementation
of the Cutting-Edge Technologies for Automatic Cont-
rol of Groups of Vessels.
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BUBIP ®PAKTAJILHOTO CIIOCOBY JIJ1s1 BI3YAJII3AIIIT
BXIAHOT IHOOPMAIIIT TP HPOEKTYBAHHI CUCTEM
HIITPYUMKU HPUNHATTA PIIIEHD CYIHOBO/IIEM

Beryn. [locriiite migsurieHtst o0csry repeBeseHb Ta iX iHTEHCUBHOCTI TOTPeGYI0Th OPraHisallii Ta TOYHOTO KepyBaHHS HIMIL.

IIpoGaemartuka. B cygyacHrX yMOBaX, KOJIM KiJIBKICTh Cy/IEH, 3aliHATUX Ha BHYTPIIIHIX Ta 30BHIIIHIX MIJISIXaX, 3pOCTAE, CY/I-
HOBO/Ii#1 Pi3NYHO He MOKe CaMOCTIHHO OIIHUTH HaBiraliiiny 06CTaHOBKY Ta TPUITHATH MPaBUJIbHE PIllIeHHS II0I0 YIIpaB-
JIHHS cBOIM cyaHoM. HeoOxinHicTh po3po0ieHHs Ta BTiIEHHS alTOPUTMIB, SIKi CIPUATUMYTh BUPIIIEHHIO T TaHHs 3a0e31e-
YeHHsT HABIraIiiiHol Ge3IeK, € BAsKJIMBUM 3aBAHHSIM, & 0COOJIMBO SIKIIO IIe CTOCYETHCS KEPYBAHHS TPYITAMU MOPCHKHX CY/IEH.

OCHOBHUMU MiIX0IaMU, IKi I03BOJISITh, y3arajibHUTH iH(hopMalliiiHi HOTOKY s 3abe3iieueHHs Ge3epepBHOro ta 6es-
[IEYHOTrO TJIABAHHSI, € (POPMYBAHHS CTPYKTYPOBAHOI CHCTEME 0OPOOKH Ta OIHKY BXiAHUX (hAaKTOPIB Ta MOB'sI3aHUX 3 HUMU BU-
XigHux mapameTpis. [le 103BOIUTH KEPyBaTH CYHOBOIO €PraTHYHOIO CUCTEMOIO 3 YPaXyBaHHIM 3HAYHOI KiJTbKOCTI (DaKTOPIB.

Mera. CTBOpeHHS HOBUX Ii/IXO/iB IIPY KEPYBAHHI Cy/IHOBOIO €PraTUYHOIO0 CUCTEMOIO /LI IPUHHATTS ONTUMAJIBLHOTO T
CBOEYACHOTO PillleHHS.

Marepiaum it MeToau. Bukopucrano ¢hpakTaibHi METO/IU IPEICTaBIEHHS IEPBUHHOI iH(bOpMaltii, TPUKJIaHI KOMITIOTEP-
Hi IpOrpamMu MaTeMaTHYHOTO MO/ICJTIOBAHSI.

Pesyabrati. 3anponoHoBaHy Moziesib 00poOKH iHdopMallii B CKJIajii CyAHOBOI epraTHYHOl CHCTEME TIPU3HAYEHO I KOMII-
JIEKCHOTO 3abe3riedeHHs Oe31eKy Cy/IeH, [P [[bOMY TepedaueHo 31iHCHEHHS] KOHTPOJIIO Ta OIITUMI3AIlil SIK ONepaTUBHUX i
OpramisaiiiHux mapaMeTpiB, Tak i AIarHOCTUIHNX (PYHKITIH, 3 MOJKJIUBICTIO IPOTHO3YBAHHS i1 TIONIEPEPKEHHS Bi/]MOB CY/IHO-
BOI TEXHIYHOI CUCTEMT.

BucnoBku. [TokazaHo MOKJIMBICT 3aCTOCYBaHHS 3arajlbHUX AJITOPUTMIB 06pOOKH iH(GOPMAILiT Ta MOKJIUBICTD i CTPYKTY-
DYBaHHsI 32 CTYIIEHEM BILIUBY. 3aCTOCYBAHHsI IIUX IiXO/IB JI03BOJIUTH BUPIIIUTU HIPOGJIEMY TIEPEOOTSIKEHHS CYIHOBOIISI
HaIMipHOIO HaBiramiiHoI0 iHhOPMAIE0 Ta CKOPOTUTH Yac MPUUHATTS pillieHb. Po3pobiieHnii aJIropuT™ 103B0OJISAE CTBOPUTH
ABTOMATUYHY CUCTEMY KEPYBAHHsI TPYTIAMU CY/IEH B PEaIbHIX YMOBAX CKJIaJHOI HaBiramiitHoi o6cTaHOBKY.

Kuwouoei croea: cucreMa NiATPUMKHU IPUITHATTS PillleHb, CYIHOBA epraTuyHa cucteMa, GesreKa IIaBaHHs.
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