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Abstract

The paper considers the navigational path planning complex, which includes new original methods of
developing a given algorithm of ship handling system operation and control over the process of moving on
motion paths, including curved portions. We propose the algorithms of control over the process of movement
and precision control methods in the management of the ship's position. We created automatic place
planning and control systems for curvilinear motion. The proposed concept gives a new direction to ensure
the safe navigation of vessels in all driving conditions. This makes it possible to automate the process of
planning and ship control when moving along the trajectories of arbitrary curvature. These benefits are
achieved through: the development of high-precision methods of trajectory planning, which take into
account the maneuvering characteristics of the vessel;, improvement, using support systems control
algorithms of decision-making in real-time; the use of automatic control of the center of gravity of the
deviation from the set path precision methods, conversion of high-precision coordinate space satellite
antenna on the determination of the vessel's center of gravity; the use of high-precision calculation methods
maneuvering characteristics, visualization process of movement and improving the efficiency of adjustment
movement with a single remote control. The results can be used on ships to create a navigation device
transition planning, as part of the pilot of the individual information devices and simulators for training
navigators to control in cramped conditions.

Keywords: curvilinear motion; handling; navigation complex; path planning; trajectory point; system.

1. Introduction information about a rejection and creates pre-
conditions for the origin of danger situation.

During maneuvering in the straitened waters the
planning of the turn acquires a primary important and
requires that maneuvering properties, degree of shoal
and presence of other vessels be taken into account.

To plan a curvilinear trajectory by hand prior to
navigating can be done, however control of motion on the
vessel is impossible in practice, from the velocity process
of turn. The automatic systems of planning and control of
place at curvilinear motion are not created.

Therefore a navigator estimates the turn duration

The track of moving ships in restricted waters
preliminary planned carefully. In accordance with
the requirements of International Marine
Organization (IMO) planning of passage of marine
ship must be executed from moorage of port of
departure to moorage of point of arrival. Thus the
way of ship is represented as rectilinearly and
planning of turns are not produced. The results of
such planning are recorded as a table and entered
in the receivers of navigation devices that
determine the location of ship.

In the restricted waters, on channels and
fairways width of navigable part of comparable
with the sizes of ship. It considerably complicates
a management motion and promotes a requirement
of exactness in planning of way and determination
of the ship’s position. Transience of process of
change of navigational situation and duration of
process of control of position of ship relatively
planned by a classic method, comparing of the set
and current position, results to the delay of

by gauging with a naked eye survey-comparative
method, which substantially reduces exactness of
location and creates the pre-conditions for a
navigational accident.

2. Analysis of recent achievements and
publications

It is noted in the work [1] that the operational
management of the vessel and solutions to
navigational problems is considered as a material
point. The solving of the operational problems is
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considered a constant solid, the current position of
which is described by the coordinates of the center
of gravity, including linear and angular velocity,
and the angle of rotation of the drift.

When planning a predetermined path in the
usual way, the navigator selects the safe ways
points (WP), calculates the true course (TC),
sailing from the previous to next one and presents
the passage in tabular form, as shown in Table 1.

The control of movement along straight sections
is produced by the nonobservational method, by
applying current position on the chart, and
graphically lateral deviation relative to the path
previously applied. In some cases, the rotation is
planned by applying the point of its start and end.

Table 1. Preliminary Passage Plan

wp | TC | S, miles " A\

1 - - 38°06,8"S | 144°23.3'E
2 147° 1 0,8 38°07,5'S | 144923 8'E
3 83 2,6 38°07,2'S | 144°272'E
4 102 3,7 38°07,9'S | 144°31,7'E
5 55 4,0 38°05,7'S | 144°36,1'E
6 67 0,7 38°05,5'S | 144936,9'E
7 73 04 38°05,3'S | 144937 4'E
8 80 2,7 38°04,7'S | 144°41.8'E
9 118 34 38°06,4'S | 144°456'E
10 172 4,9 38°1 1,3l S 144046,4l E
11 | 226 |25 38°13,0'S | 144744 3'E
12 | 204 |3, 38016,3'S | 1449423
13 254 2,7 38°17,0'S | 144°39.0'E
14 222 8,5 38Y23,0'S | 144932.,0'E
15 126 94 39°16,8'S 146°09,0'E
16 90 19,1 39°16,8"S | 146°33.8'E
17 |65 75,5 38°42,5'S | 148°16,8'E
18 |55 100 37°45,0'S | 150°00,0' E
19 |58 |28 35°14,5'S | 15500,0' E
20 |55 |302 32°20,9'S | 160°00,0' E
21 |52 321 29%02,8'S | 165°00,0' E
22 |50 350 25°19.3'S | 170°00,0' E
23 |47 478 20%00,0'S | 176°20,0'E
24 |20 130 17957,0'S | 177°7,0'E
25 |77 6,3 17955,8'S | 177°132'E
26 10 43 17951,5'S | 177°14,0'E
27 |41 |9;2 17°44,6'S | 177°204'E
28 [ 14 |62 17938,5'S | 177°21,9'E
29 50 4,0 17°36,01 S 177025,01 E
30 |82 1,6 1793581S | 177°26,6IE

Movement along a curved path is often not
controlled because of the fact that the determination of
the place takes a long time, and such information is
delayed by the time of control decision.

The disadvantage in this form of pre-passage
development, is a lack of information about the
moment at which a turn begins ends. From the
analysis of the passage it shows that when leaving
port the ship should have made 12 turns and 6 turns at
the entry to the magnitude of change of a rate of 20 to
95 degrees.

In work [2] for the first time the graphical
methodology of turn planning by segments mode is
offered.

In work [3] a method has been refined and
formalized  accounting  model of  turning
characteristics when planning a curved section of
track was proposed.

In work [4] an algorithm and a program for
calculating the coordinates of the curved path from the
point of intersection of courses before and after the
turn were developed.

In work [5] the theory of planning exercises with
the dynamic characteristics of the vessel in carrying
out offshore operations for anchoring and mooring
was considered.

In work [6] the problems of improving the
accuracy of planning and execution of pilotage
through the use of an individual pilot device, which
uses a method of preventing vessel stranding,
described in [7] were considered.

Work [8] is a methodological framework to ensure
the guaranteed safety of navigation, and its
implementation when navigating in confined waters
by high-precision motion planning of trajectory points
(TP), is considered in [9] and the concept of a
guaranteed safety of divergence discussed.

Work [10] contains basic principles of ships
management in cramped conditions. However, precise
control issues are not addressed.

In the existing published methods, path planning
algorithms implemented in relevant calculations are
not use in the training of navigators. This issue is
especially relevant for the pilots who are working in
cramped conditions and often perform turns. The
necessary data for the planning of turns they are not
usually available to them.

It is therefore proposed that the navigational device
"path planning" used to calculate the coordinates of
the trajectory of the vessel, including curved portions
and process control movement (manual, semi-
automatic or automatic) for marine navigation and the
pilotage personal information device.
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The purpose of this article is processing of
formalized models and algorithms for planning
trajectory points of vessels’ and decision making
support for its realization.

3. Presentation of research material with

substantiation of scientific results

We know three methods of characteristics for
turning in planning curvilinear motion - graphic
(segments and perpendicular), analytical (segments
and perpendicular) and ellipse method; there are
three ways to perform the rotation - manual,
automated and automatic.

In manual planning the skipper defines
necessary input data for the maneuvering
characteristics before turning. They include the
coordinates of the beginning and end of rotation
and the bearing and distance to the notable
landmarks in these moments. There is a sailor on
the wheel in the process of turning. Control of the
process is determined in the maneuvering of the
vessel at the time from start and finish. Movement
along a curved path is often not controlled because
of the fact that the determination of the position
takes a long time, and such information is delayed
by the time control decision. In order to control the
drift during turning usually used fast methods of
ship position detect. In this case, preparation for
sailing, grid contours are plotted, which
significantly speeds up the process control and
allows for the receiving of timely information
about the location of the vessel.

When automate performance of turning, the
calculation of the required data: the start of the
turn, the choice of rudder angle, determining the
coordinates of the current situation, when the
moment of checking the helm is made on a
computer. Navigator sends the necessary
commands to the helmsman and controls on the
steering computer screen position relative to the
planned movement and adjusts the vessel.

When performing an automatic rotation process
is planned and implemented by a computer without
navigator and helmsman, The navigator oversees
its normal operation and, where possible, to
visually evaluate the ship's position according to
navigational signs.

Selecting the rudder angle is performed on the
largest change rate, calculating coordinates or
transferring of the corresponding part of the curve
characteristics of the turning capacity on the card,
followed by the definition of the coordinate

beginning, end and intermediate points of circulation.

The second method is based on selecting rudder
angle according to the magnitude of the radius of
curvature of the established path. It involves
maintaining a constant angular velocity of rotation for
the entire circulation time and variable rudder.
Monitoring is carried out by using turning the angular
velocity sensor and gyro. The disadvantage of this
method is that it does not allow establishing the
adequacy of the actual and planned way. Operation is
carried out by a constant value of the angular velocity
(and hence the radius of gyration), while the boat is
moving while maneuvering. The variable angles of the
rudder which are used then increase the bandwidth
maneuverable shifting. Main attention, in dangerous
areas and restricted waters.

For high-precision automatic path planning
procedures of sailing in restricted conditions and
automatic control of the vessel it is offered the
navigation device "path planning", a functional
diagram is shown in Fig. 1.

In order to organize the work of a decision support
system for motion in restrictive conditions it is
necessary to consider the direction of their work -
precision specified path planning and control of the
parameters of this motion with the issuance of
decisions on the adjustment of the motion. To do this,
use the following navigation devices: the calculation
of brake performance; calculating the characteristics
of turning capacity; the definition of high-precision
location coordinates of the receiving antenna and
recalculation of the center of gravity; calculation of
the coordinates of the trajectory of motion in the form
of way points (WP), courses and sailing on them;
calculation of angles of rotation for each of the WP
and select rudder angle for each WP; plan the way in
the form TP 0,5 cbts in cramped conditions and 2 cbts
length on the high seas, since the start and end points
for each WP turns and corresponding TP, forming
them into a rotation matrix; TP payment for each
straight section from the end of the turning points of
the previous WP prior to the subsequent rotation,
forming a matrix of straight sections TP; calculating
the deviation of the current position of the plan and to
develop proposals to adjust the motion.

The calculation results are represented as an array
of travel matrices and matrices TP rotation for all WP
in the following sequence:

Mo , Muz , M1z, Mas, Mas... M), Migsn, - -
.. --Mt(m—l)m, M(m—l)m- (1)

Transition matrices do not contain information

about the trajectory of the way from the dock to the
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pilot of disembarkation point during the
withdrawal and the place of receiving the pilot to
the pier at the port of arrival. This section describes
the formation of a pilot plan for navigation and
pilotage of the ship in the form of a ship sailing
under the plan pilotage, and formed a separate
procedure.

A functional diagram of a high-precision path
planning of the center of gravity of the vessel and
the continuous automatic monitoring of traffic
safety in restricted conditions is shown in Fig. 1.
To perform the calculations the following notations
are adopted.

Length between perpendiculars: Ly, m.
Breadth overall: B, M.
Draft Forward Dy, M.
Draft Aft D.q, M.
The number of propellers / rudders:  n/m/
Speed steady reversal: 9 knt
The number of propeller blades: Z.
Propeller diameter Dy,m.
Propeller disk attitude :0p.
Pitch ratio of propeller: H/D,.
Square the rudder: S, M.

The number of turns of the propeller reverse
Nag, t/Min

The conversion factor of abutment P Yo-

The estimated coefficient of resistance K.

The conversion coefficient of resistance 7.

The coefficient of completeness midship
bulkhead .
time of reversal trey.

Command Passing Time t'.

Permissible lateral deviation from the TP dy;.

Current lateral deviation from the set path d.,,.

During automatic turning, the process of
moving is controlled and implemented by a
computer without navigator and helmsman.
Navigator oversees its normal operation and,
where possible, to visually evaluate the ship's
position according to navigational signs.

For understanding whole processes which takes
place let us consider the three figures that
consistently show the transformation of the
processing of information, as shown in Fig. 2.

Currently, they use a system of path planning
center of gravity of the vessel , graphical
representation of the path, as shown in Fig. 2.1)
and a table of courses and navigating on them.
Presentation of the trajectory in the form of an

array of points, the coordinates of which 0.5 cbs in
restricted conditions and clearly distinguished
coordinates of the start and end of the TP, TP, ... TP,
rudder while turning, as shown in Fig. 2.2). Such an
array is a predetermined control algorithm of the
vessel and external influences can not change it.
Adjustment may be required only when the variable
restrictions in the form of other vessels or dangers
suddenly arise.

By controlling the rate and speed, the master must
hold the point of the actual position of the vessel,
which receives data from the block 3 of the intended
track. Typically, management of the ship as a point of
intersection takes the midsection - the frame and the
center plane.

It is believed that the center of gravity is exactly in
it and deviations from the given path visually on the
display screen, or automatically in block 11 by
comparing the current and tolerance.

If the magnitude of this difference is less than
acceptable, the unit 12 calculates the control action to
bring the system to a predetermined state in blocks 4
and / or 8. If the control is done
manually, the detection of unacceptable deviations
navigator gives a command to the controls. As a
measure of the MSE it should be a radial position
fixing, the sensitivity of the human eye, which allows
you to determine the offset, or the ratio of width and
maneuverable offset the navigable part of the marine
waters. In view of the accuracy of modern satellite
systems of differential determination of the place and
the ability of the eye to detect the amount of
displacement can be taken as 5 m.

Development of formal planning models of the
vessel demanded knowledge of analytical methods,
taking into account the effect of shallow water on
maneuvering characteristics, which are now,
unfortunately,  absent. =~ For  obtaining  such
dependencies the comparative tests in deep water and
in shallow water at mathematical model m/v "Mykola
Bajan" were conducted.

In carrying out these comparative tests,
characteristics of braking, turning capacity and steady
in the helm of turning in deep water and in shallow
water H/ T = 1.2; 1.4; 1.6; 1.8; 2.0 were determined
[8]. The results of these tests to determine the turning
capacity characteristics are shown in Table. 2

To make practical calculations of maneuvering in
shallow water, coefficients for each element must be
taken into account:
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1)
WP
WP

WP

WP

Fig. 2. — The Graphic image transformation of set and actual path: 1) on data from block 9; 2) on data from block 14; 3)
on indicator 15.

PHIT _pop g - pHIT _pop The coordinates of the center of gravity X u V' are
1 Th Rty =y ks . . .

) calculated using detection by satellite system X » ¥ read

D]’f’/T :D;p-kDr;Df/T =D;p-kDy on definite by satellite system with 0° < K <90° by the
following relationships: [6,7], fig.3:

Table 2 - Comparison tests of turning capacity X = X—AX +AX. U Y =Y +AY +AY.. (7)
=4 TAad4 2 = 1 22

characteristics m / v "Mykola Bajan" under cargo
for 8= 35" at Vr=12.4 kt

The results of the research are used to represent H/T fl » cbt 62 DT ’ Dy’
the coefficients of the shallow water in the form of cbt cbt cbt
a linear regression: 1.2 4.58 2.56 5.83 5.73

1.4 4.17 2.04 4.62 4.37

K=b,+b-X,+b,- X, . @) 1.6 400 [1.84 [398 [3.62

1.8 3.89 1.75 3.68 3.07

5 2.0 3.84 1.67 3.54 2.75

where X =(T/H), and X,=(T/H)". oo 3.48 136|323 |267

Influence of shallow water on the
characteristics of turning capacity is proposed it v
approximately in the form of coefficients ,
calculated by the formula: X

K, =1.55-1.81-(T/H)+1.84-(T/H)" . (3)
K
K,,=2.35-4.63-(T/H)+4.84-(T/H) . (4)
K, =1.60-2.77-(T/H)+3.51-(T/H)". (5) g

K, =0.27-0.42-(T/H)+2.09-(T/H) . (6)

Also taking into account shallow water on the X
accuracy of route planning two factors affect - the X—
conversion of the coordinates of the antenna in the A),(l AX,
center of gravity of the SNA vessel and control the X

deviation from the center of gravity of the line of
the planned path defined by the CT.

Fig. 3 Reduction of observation to the center of
gravity
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where AX - the distance projection of the point of

antenna reception A, from the center plane 14 y In

the X-axis; AX, — distance projection of the point
of the antenna from the center of gravity of the DP
in the X-axis; AY, - The distance projection
distance of the point of antenna reception A, from
center line on the axis Y; AY,— distance

projection of the point of the antennaf_ from the

center of gravity of the DP on the Y axis.
The expanded form of the equation (7) can be
written as:

AX, =/(,cosK; AX, ={ sinK
AY, =/ sinK ; AY, ={ cosK
Xsz—Ey~cosK+€x-sinK (8)
Y =Y+ /(, -sinK+/ -cos K ©
The central link in the system for prevention of
vessel stranding is calculating the distance from
the current position to the plan [8].
On entering the coordinates of the observe point
from navigation system is necessary to calculate
the distance and bearing from observe points to the

trajectory points of plane coordinates, using the
known formulas shown in Fig. 4:

1B, :arc[(ho _ki)'COS(Po /((po _(pi)] ,
d,.. =1852(¢, —¢;)/cosTB;.

(10)
(11)

Fig. 4 Control of traffic on the trajectory points

Then, they define the minimum valued_, and

if it is less thand er» the rudder angle remains

unchanged until the next observation. If the
deviation is greater than specified, depending on

the position of an observation point relative to planned
one, rudder angle is increased or decreased to enter
the planned trajectory. This method can also be used
to control movement on the straight sections. If the
deviation is larger than allowed, visual and audible
alarm automatically triggers.

Application of this method to prevent the
grounding of the ship aground will allow avoiding an
accident, which is caused by the incorrect
management of the vessel when maneuvering in areas
of heavy traffic, narrow waters and difficult
navigational conditions. This will significantly reduce
accidents and incidents related to marine pollution and
the loss of property.

A working model of the navigation program for path
planning was developed, in accordance with the data from
block diagram shown in Fig. 1. It contains the following
subsystems; calculation of maneuvering characteristics,
taking into account of shallow water; coordinate system
conversion from space with a satellite antenna on the
center of gravity; a system of high-precision calculation of
the path of the TP with the curved portions and the current
system of calculating deviations from DH track and assess
values.

The model allows you to modify the original data
when the ship to change its load. Appearance panel is
shown in Fig. 5.

B View data of ship Sl@l=] |,
R [omoret Lenghbetween perperdeulas.m  [2220
Data of ship Breadth overall m 358
Inexgn  Inhalat e of sk, et
Dltfowadm  [1220 | [aoe The number of propelers / udders {1 Incargo In balst
/ 7
The nunber of popelecbades: 5 a1 150 10 153 110
Drait A, m 12.20 964 S 28 2|0
The coefficent of o | W =
compleleness midship 51
oss0 | [ose0 = e
Dispacement [0 | [ssso0 0710 o 55 |2
Squarethe udder, [500
Heigh heim, 555

Squaestemunderct [55.00

TgaTetees
450497608
sa7sian
105043027

ZisaTrats
S0
6amesea
12087147

231481545
325672887
535286567

Stasting speed of active braking. knt
The number of s of the propelle reverse, Vmin 38

o | |

Fig. 5. Input data panel
After calculating the path of TP; results are placed
in a matrix and displayed in graphical form as shown
in Fig. 6.

f L ——— P e =~

|
Fig. 6. The results of the calculation of path
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As an example, on fig. 7 it is shown a fragment
of the path when turning on the entrance to the port
of Yujniy.

The developed system "path planning" contains
for the first time developed methods and
techniques for developing a predetermined
algorithm for the system control of the vessel and
control over the processes of moving the motion
paths, including curved portions. It automates the
process of planning the motion path based on
turning ability and control of safe maneuvering.

4. Conclusions

The results can be used on vessels with automatic
transition planning, part of the pilot individual
devices and the information to create a simulator
for training navigators on maneuvering in
restricted area and conditions.

In order to perform this work, existing
navigational devices should be upgraded, as well
as new ones should be created, which will allow to
a navigator to obtain information in the form ready
for a decision making on maneuvering.

The results received can be used in maritime
institutions and colleges, updated refresher training
courses for navigators and during pilotage
planning.
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CucreMa BUCOKOTOYHOI'O MJIAHYBAHHS MePexoAy MOPCHKOro cyIHa
Hamionansauii yHiBepcuteT «Onechbka MopcKka akageMis», By1. JlinpixcoHa, 8, Onxeca, 65029, Ykpaina

E-mail: Capt.V.Sokolenko@mail.ru

Y po6oTi pO3rISHYTO HaBIramiHHUN KOMIDIEKC IUIaHYBaHHS IUISAXY, KM MICTHTH YIeEpIIe 3alpoIllOHOBaHI CIIOCOOH,
METOJMKH PO3POOKH 331aHOTO alropuT™My (DYHKI[IOHYBAHHSI CUCTEMH YIIPABIIiHHS CyIHOM Ta KOHTPOJIIO HaJ IIPOLIECOM
HepeMilleHHsT 10 TPAEKTOPISAX PyXy, BKIIOYAIOYM KPUBOJIHINHI AUISHKM. HaBeneHO anropuTMy KOHTPOJIO Haj
HPOLIECOM PYXY 1 CIIOCOOM BHCOKOTOYHOTO KOHTPOJIIO MICISl CyHA NpH ynpasiiHHi. CTBOPEHO aBTOMaTHYHI CHCTEMH
IUTaHYBaHHS 1 KOHTPOJIO Miclisl IpH KPUBOJIHIHHOMY pyci. 3amporoHOBaHa KOHLENIIsS Ja€ HOBUHM HamNpsM JUis
3a0e3neueHHs 0e3NevHOro IJIaBaHHA CyAeH Yy OyIb-iKnX yMmoBax pyxy. Lle mae MOXIMBICTH aBTOMaTH3yBaTH IIPOLEC
IUTaHYBaHHS Ta YIPABJIIHHS CYZHOM IIPH PYCIi [0 TPAEKTOPISIX IOBIIBHOI KPUBU3HH.

3a3HayeHi IepeBaru IOCATAIOTHCSA 32 PaxXyHOK: pO3pOOKHM BHCOKOTOYHHX METOIB IUIAHYBaHHS TPAEKTOPil pyxXy, AKi
BPaXxOBYIOTh MaHEBPEHI BIIACTHBOCTI CY[IHA; BIOCKOHAJICHHS aJITOPUTMIB KEpyBaHHS, KOTPI BUKOPHCTOBYIOTH CHCTEMH
MIATPUMKH MPUAHATTS PILICHHS B PEXKHMI pealbHOTO 4Yacy; BUKOPUCTAHHS aBTOMATHYHOTO KOHTPONIO BiIXHJICHHS
LEHTPY Bard BiA 3aJaHOTO NUIAXY BHCOKOTOYHMMH CIIOCO0AMM; INEpepaxyHKy BHCOKOTOYHHX KOOPAMHAT MiCId
CYILyTHHKOBOI aHTE€HH BH3HAYECHHS MICI CyIHA Ha LEHTP Barl; BUKOPHCTAHHS BHCOKOTOYHHMX CHOCOOIB PO3paxyHKY
MaHEBPEHUX XapaKTEePHCTHK; Bi3yallisalii Iporecy pyxy i HiIABUIIEHHS ONEPaTUBHOCTI HOTO KOPUTYBAaHHS 3 €IMHOTO
MYJIBTY YIPaBJIiHHS.
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PesynbpraTi MOKyTh OyTH BHKOPHCT@HI Ha CyAax IPH CTBOPEHHI HABIralifHOrO MPHUCTPOIO IJIaHYBaHHI IEpexony, B
CKJIa Il JIOLIMAHCHKOTO 1HJIUBIyanbHOTO iH(OPMALIITHOrO IPUCTPOIO 1 B TpeHaXKkepax JUIid MiJITOTOBKH CYJHOBOAIIB 10
VIPaBITiHHSA B YMOBaX 0OMEXEHOTO IPOCTOPY.

Kuro4oBi c1oBa: KpHBONIHINHUA pyX; HaBiramiifHMA KOMIUIEKC; IUTAHYBaHHS HUIAXY; CHUCTEMA; TPAEKTOPHI TOYKH;
YIpaBITiHHS.

B.HU. CoxoJjieHK0
CucreMa BBICOKOTOYHOI0 IJIAHUPOBAHHUS NEPEX0/1a MOPCKOIo CyAHA

Hanuonansuelii yauBepcuret «Onecckas Mopckasl akaaeMus», yii. lunpuxcona, 8, Onecca, 65029, Ykpauna
E-mail: Capt.V.Sokolenko@mail.ru

B pabote paccMOTpeH HAaBUTAIIMOHHBIN KOMIUIEKC IUIAHHPOBAHUS ITyTH, KOTOPBIH COIACP)KUT BIIEPBBIC MPEII0KECHHBIC
CIOCOOBI, METOAMKU pa3paboTKM 3aJaHHOrO airoputMa (YHKIHOHMPOBAHMS CHUCTEMBI YIPABICHUS CYJHOM U
KOHTPOJISL Ha/T MIPOIIECCOM IEPEMENICHHS 110 TPASKTOPHIM JIBHKEHUS, BKIIIOUasi KpUBOJIMHEHHBIE yUacTKH. [IpuBeneHs
JITOPUTMBI KOHTPOJISI HaJ[ TPOLIECCOM JIBHXKEHHUS ¥ CIIOCOOBI BHICOKOTOYHOTO KOHTPOJISE MECTa CyTHA NIPU YIPABJICHHH.
Co3maHbl aBTOMAaTHYECKHE CHUCTEMbl IUIAHHMPOBAHMS M KOHTPOJS MeCTa MpH KPHUBOJIMHEHHOM IBIKCHHH.
[IpeanoxenHass KOHUENIMS JaeT HOBOE HANpaBieHUE Uil oOecrieyeHHs Oe30I1acHOro IUIaBaHMsI CY/IOB B JIIOOBIX
YCIIOBUSIX JIBHXKEHUS. DTO JAaeT BO3MOXKHOCTh aBTOMAaTU3UPOBATH MPOLIECC MIIAHUPOBAHUS U YIIPABJICHUS CYIHOM MPHU
JBIDKEHUH TI0 TPACKTOPHSIM MPOU3BOJIBHON KPUBU3HBL YKa3aHHBIC IPEUMYIIECTBA TOCTUTAIOTCS 3a CYET: pa3padOTKU
BBICOKOTOYHBIX CIIOCOOOB IUTAHUPOBAHUS TPACKTOPUU JIBUKCHUS, KOTOPBIC YUYUTHIBAIOT MAHEBPCHHBIC CBOWCTBA CY/IHA;
COBEPIICHCTBOBAHMS AJITOPUTMOB YIPABJICHHUS, UCIOIB3YIOMINX CHCTEMBI MOANCPKKH MPUHSATHS PEHICHUS B PEXKAME
pearsHOTO BPEMEHH; MCIIONb30BAaHMS aBTOMATHYECKOTO KOHTPOJISA OTKIOHEHHS IICHTPa TSDKECTH OT 3aJaHHOTO ITyTH
BBICOKOTOYHBIMHU CIIOCO0aMM; MepecdeTa BRICOKOTOYHBIX KOOPAWHAT MECTa CIIyTHHKOBOI aHTEHHBI OTIPEACTICHNS MecTa
CyOHa Ha MEHTP TSKECTH; HCIIONB30BAaHMS BBICOKOTOYHBIX CIIOCOOOB pacdeTa MaHEBPEHHBIX XapaKTEePHUCTHK;
BH3yQJIM3allUH TIPOIecca ABIKCHHS W TOBBIIICHHWE ONEPAaTHBHOCTH KOPPEKTHPOBKH IBIDKEHHS C €IWHOTO MyJbTa
yIpaBIeHUs.

Pe3ynbraThl MOryT OBITH HCIIOJIB30BaHBl Ha CyJax NpPU CO3/JaHMM HaBUTAIIMOHHOTO YCTPOMCTBA IUIaHUPOBAaHHU
nepexojia, B COCTaBe JIOLMAaHCKOTO HWHIMBHIYJIBLHOTO HMH(POPMAIIMOHHOTO YCTPOWCTBA W B TPEHAXeEpax IJis
MOATOTOBKH CYAOBOAMUTENEH K YIIPABICHUIO B CTECHEHHBIX YCIOBHSIX.

KiaioueBble cioBa: KpHBOHHHeﬁHOC JBHIXXCHUC, HaBI/IFaHI/IOHHHﬁ KOMIUICKC; IUIAHUPOBAHUEC IIYTH; CHUCTEMA,
TPACKTOPHBIC TOYKHU; YIIPABJICHUC.

Sokolenko Vasyliy (1963). Deep Sea Captain, Postgraduate.

National University “Odessa Maritime Academy”, Odessa, Ukraine.

Education: National University “Odessa Maritime Academy”, Odessa, Ukraine (1995).

Research area: theoretical and practical principal’s development of safety of navigation in restricted regions.
E-mail: Capt.V.Sokolenko@mail.ru
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