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The purpose of the research is to increase the accuracy of control calculations, the efficiency of the control
system and the safety of navigation in general, by using a mathematical model in the control system to
determine the parameters of external influences in real time. The mathematical model of the vessel is an
important element of the mathematical support of the control system, the use of which allows to significantly
improve the quality of the control system. Mathematical models are used to predict the movement of the
control object, monitor the parameters of the state vector of the control object that are inaccessible to direct
measurement, including in noise, determine the failures of command and executive devices, solve optimization
problems, etc. In the work, integral functions for determining the resulting lateral force, the resulting yaw
torque and the arm of the resulting lateral force, depending on the angle of attack of the flow and the shape of
the hull contours, are obtained. The values of integral functions for simple hull contours are calculated.
Compared with known approaches to determining the hydrodynamic and aerodynamic interaction of the ship's
hull with the environment, the obtained results allow: in comparison with simple models, to estimate external
forces and yaw torque much more accurately; in comparison with complex models, to carry out their
estimation in real-time control systems. The obtained results are explained by finding and using integral
functions for determining the resultant lateral force, resultant yaw torque and resultant lateral force arm,
which for simple hull shapes are reduced to analytical solutions. The results are reproducible and can be used
in the mathematical support of automated/automatic control systems in real time.

Key words: intelligent transport control systems; navigational safety; mathematical model; on-board
computer; lateral force arm; energy efficiency.

DOI: 10.33815/2313-4763.2024.2.29.024-034

Introduction. The quality of the automated / automatic vessel movement control system as
a whole is determined by the quality of the mathematical support of the on-board computer, the
quality of the input information coming from the measuring instruments and the quality of
processing command signals from the on-board computer by the executive devices.

Automated control systems used on all transport vessels and specialized vessels with a
dynamic positioning system have distributed computing power located in specialized units:
Automatic Radar Plotting Aid (ARPA) — for processing radar information, Electronic Chart Display
and Information System (ECDIS) — for processing cartographic information, AUTOPILOT — for
automatic course / trajectory maintenance, power plant automation — for automatic control of
propeller speed or propeller blade pitch. In dynamic positioning systems, additional computing
power is used to maintain a given position or move along a given trajectory and the related tasks of
evaluating external influences, splitting controls into redundant structures, etc. By the term "on-
board computer" used in the article, the authors mean the computing power of such specialized
units.

An important element of the mathematical support of the on-board computer is the
mathematical model of the vessel, the use of which allows you to significantly improve the quality
of the control system. Mathematical models are used to predict the movement of a controlled object,
monitor the parameters of the system state vector that are inaccessible to direct measurement [1-3],
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using a neural network model of a ship for control tasks [4, 5], optimal control [6, 7], solving multi-
objective divergence problems [8], etc. Automation of control processes allows to maximally
eliminate the human factor, which is the cause of a large number of accidents and disasters and
significantly reduce the human influence on the processes of controlling moving objects. The use of
mathematical models of objects and processes in the on-board computer allows to significantly
increase the operational efficiency of automated / automatic control systems. Therefore, the
development of such models is an urgent scientific and technical task.

Problem statement. Find the resulting lateral hydrodynamic (aerodynamic) force, the arm
of the resulting lateral hydrodynamic (aerodynamic) force, and the resulting yaw torque depending
on the shape of the hull and cargo contours f(x,y)=0 and the angle of attack of the flow.

Analysis of recent research and publications. Many works of the authors are devoted to
the issue of using mathematical models in the control system and studying the influence of the
shape of the body on the hydrodynamic and aerodynamic characteristics.

The aim of the research [9] is to study the applicability of the SQCM (Source Quasi-
Continuous Vortex Method) to predict the hydrodynamic forces acting on the Wigley hull. Two
types of free vortex models are considered. The predicted results are compared with the results of
model tests to verify the effectiveness of the free vortex model.

Taking into account hydrodynamic forces and torques is of great importance in describing
any maneuvers of a vessel, such as braking, acceleration, circulation, Kempf zigzag, dynamic
positioning, and others. In [10], based on known experimental data, using multifactor quasilinear
(linear in coefficients) regression analysis, expressions for the constants of hydrodynamic
polynomial models of hydrodynamic forces and torques on the vessel hull were obtained. Various
dimensionless ratios of the geometric parameters of the vessel, such as length, width, draft, and
fullness coefficient, were taken as factors (regressors). When selecting regression models, the
values of the normalized R-square and standard errors were estimated.

In [11], the reference hull model KCS (KRISO Container Ship, KRISO — Korea Research
Institute for Ships and Ocean Engineering) is used to analyze the maneuverability characteristics in
shallow water. The PMM (Planar Motion Mechanism) test, based on the RANS (Reynolds-
averaged Navier—Stokes) equations, was carried out to obtain the maneuverability coefficient for
different drift angles, using the overload method. The computational hydrodynamics results are
compared with experimental data from the literature and show good agreement.

In the article [12], the problem of static positioning of a vessel with non-rectilinear hull

contours on a wave is considered. The dependences of bending torques and shearing forces on the
frequency and amplitude of the oncoming wave are obtained. The influence of the non-rectilinearity
of the hull contours on the values of bending torques and shearing forces is analyzed.
Designing and optimizing the shape of a ship's hull to minimize drag and meet other design
requirements is a well-known problem in ship theory and design. The hull shape design and
optimization method proposed in [13] uses CFD (Computational Fluid Dynamics) analysis to
estimate drag under systematic transformations of the hull surface. Each individual transformation
corresponds to a new hull shape variant with a transformed surface area. All variants prepared on
the basis of the initial hull shape belong to the first step of the optimization process. They are used
in CFD calculations to estimate resistance changes in calm water. As a result, an optimal shape
along the frames can be obtained, which expresses the optimal longitudinal distribution of the
constant hull volume and corresponds to the optimized hull surface shape. This method was applied
to the bows of two ships, including the well-known KCS hull shape. The obtained optimization
results in calm water conditions were additionally evaluated in waves.

In the article [14], a reasonable choice of the dimensions of a fishing vessel with a large
block coefficient is considered. To solve the problem, a mathematical instrument was developed,
which included design equations, including equations of buoyancy, mass, capacity, waterplane area
coefficient, stability, power, relative elongation, prismatic coefficient, as well as boundary
conditions and calculation of economic indicators. The key indicator of the economic profitability
of the project was determined to be the efficiency of capital investments. To find the most efficient
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vessel, a variational calculation was performed — solving a system of equations with a variation of
some initial data. According to the results of the variational calculation, the most successful
combination of the main characteristics of the vessel was determined, which provide the best
economic indicators.

In the article [15], the assessment of maneuverability of high-speed vessels at the early
stages of their design was studied. Previously, experimental, analytical and empirical methods were
used for this. Nowadays, numerical methods are also used, given their accuracy and short
calculation time. The paper presents a hybrid numerical-theoretical method for calculating
hydrodynamic coefficients using CFD modeling based on RANS equations. Linear and nonlinear
hydrodynamic coefficients of the vessel hull were calculated using the combined method. The
simulation results were compared with those calculated by the semi-empirical Levandowski
method. The comparison results show that the proposed hybrid model can predict the
maneuverability of a marine vehicle at the preliminary design stage.

The textbook [16] contains formulas for determining the lateral aerodynamic force

Ray = Cay %SayAWa2 , where Cay is the coefficient of lateral aerodynamic force, Py is the air

density, Say is the area of the above-water part of the vessel perpendicular to the incident flow,

AWy s the relative velocity of the oncoming aerodynamic flow; ng = ng%sgyAWgz is the

lateral hydrodynamic force, where ng is the coefficient of lateral hydrodynamic force, pgis the
water density, Sgy is the area of the underwater part of the vessel hull perpendicular to the
oncoming flow, AWg is the relative velocity of the oncoming hydrodynamic flow; relative arm of
lse  Gw

360°
the vessel, @y, is the angle of the oncoming aerodynamic flow; relative arm of lateral hydrodynamic

lateral aerodynamic force ra =0,25+ , Where Isc is the center of sail, L is the length of

I oy . . o .
colr _ W where Icolr is the center of lateral resistance, a,, is the angle of the

L 180°
oncoming hydrodynamic flow; aerodynamic yaw torque M, = R4 l; and hydrodynamic yaw
g hy y Y y q a ay'a y Yy y

force Fg =0,5+

torque Mg =Rgylg.

The aim and objectives of the research. The aim of the study is to obtain a refined
mathematical model in terms of integral equations for determining the resultant lateral force and
torque, as well as the resultant lateral force arm, depending on the angle of attack of the flow and
the shape of the hull, to increase the accuracy of control calculations using the refined mathematical
model, to increase the efficiency of the control system and navigation safety in general. The aim is
achieved by taking into account the hull contours when determining the resultant lateral force and
torque, as well as the resultant lateral force arm. The objectives of the study are to obtain, for a
given hull contour: the integral equation of the resultant lateral force; the integral equation of the
resultant torque; the resultant lateral force arm; the values of these parameters for individual
simplified forms of hull contours; to compare the results obtained with those known from literary
sources.

Main part. Fig. 1 shows a diagram of the interaction of the ship's hull with the oncoming
flow.
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i

Figure 1 — Diagram of the interaction of the ship's hull with the oncoming flow

A body element of length Al is subjected to lateral force AY and drag force AX from an
oncoming flow with a relative velocity AW at an angle .

a:qw+arctg(%], (1)

where (y, x) = 0 1s the function describing the contours of a ship's hull, % 1s the derivative of the
X

function (y, x) =0 at the point of the element Al, (y is the angle of incidence of the flow on the
diametrical plane of the vessel.

d
For a constant (y, only the angle arctg (d_ij along the length of the body changes.

The lateral force dY generated by a hull element dl can be written as

2
dy :C)‘}‘(qw+arctg(%BpAV2V dl, ()

where Cy" —is the coefficient of lateral force, p is the density of the medium.

We write the element dl in the form

2 2
dI:w/d2x+d2y:\/d2x+(%j d2x=\/l+(%] dx 3)
X X

After substituting equation (3) into equation (2), we obtain

2
dy)) Aw? dyj
dY =Cy|qy +arctg] == | |p——[1+| == | dx 4
[ 2o 202 ’
The resulting lateral force of the hull is equal to
L
"2 dy AW 2 dy 2

Y(aw)= jLC)‘f(qW+arctg(&DpT 1+(&) dx, &)

2

where L is the length of the ship's hull.
The torque from the lateral force element dY is equal to

dy)) Aw? | (dy)?
sz=—C§‘(qW+arctg(d—O]pT 1+[d—§j xclx, (6)

and the resultant torque from the oncoming flow
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L
+7
2 dy)) AwW? dy)?
Mz(qw)z_fLC)‘}(qW+arctg(d—iDpT 1+(d—§j xdx . (7)
2
Using equations (5) and (7), we find the resultant lateral force arm
N 2
2 dy)) AwW? dy
CY%l qy+arctg| -2 | |[p—— . [1+| -2 | xd
I y[qw gﬂdXDp ; +(de xdx
M _t
la(Qw) = YZ = 2L , (8)
5 2
2 dy)) Aw? dy
Co qy +arctg] —~ ||p——[1+| 2 | dx
A y(qw g(dx))*’ o)
2

Formulas (5), (7) and (8) allow us to determine the resultant lateral force of the hull, the
resultant hull torque and the resultant lateral force arm, depending on the angle 0y of the incident

flow, for an arbitrary hull contour (y,x)=0.

Resultant lateral force, resultant torque and resultant lateral force arm for an elliptical hull
contour. In this case, the hull contour function (y, x) = 0 has the form

2 2
X y
— I —=1. 9)
a’ b2

Let’s find the derivative % of equation (9)
X

2x 2y dy dy x b?
a’ b2 dx dx ya? (19

Also, from equation (9) we find

2

2 _p2l X b 2 2 X xa

y =b%ll-—| - y=—va' -x* o> —=—rwn—— (11)
[ aZJ a Y pyal —x2

After substituting equation (11) into equation (10), we obtain

b2

Xa xb
—_—Y— e —— (12)
bva? — x2 a’ ava? — x?

Substitute the values % from (12) into equations (5), (7) and (8)
X
L
"2 xb AW 2 xb ’
Y = | Cy|qy +arctg| - p I+ ———— dx (11)
_L avaZ? - x2 2 ava® - x?
2
L
+7

2
2 2
M, = | CY| qy +arctg| — X AW 1+ o xdx (12)
z y|w > 2 1P 2 2 2
L a\/a —X ava“ — x

2

dy ibz B

A ya’
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L
+7

2
7 2
I Cy qW+arctg(— X ] pAW 1+(—Xb] xdx
L a

a /a2_x2 2 /a2_x2

M
la(Qu) =% =— (13)
+7

2
2 2
| Cy qW+arctg[— X J pAW 1+[—XbJ dx
L a

a /a2_x2 2 /a2_x2

The obtained integrals (11), (12) and (13) are quite complex to find an analytical solution (or
do not have one at all). Therefore, calculations according to formulas (11), (12), (13) are better
performed numerically.

Resultant lateral force, resultant torque and resultant lateral force arm for a rectangular

hull. For a hull having a rectangular shape, jy 0 along the entire length of the vessel. Then, from
X

formulas (5), (7), (8) we obtain

L
2 AW2 AW 2 AW 2 AW 2
Y= [ Cyqyp-r—dx=C{ x["L)3=Cydwp (£+Lj= S p o L (14)
L 2 2 2
2
L
2 AW 2 1 AW Lo 1 AW 2 (sz ( sz
= [cY¥ d _—CO‘ M —Cc = =|==1 =005
M, _IL y dwPp—— > xax dwp—— ||_/2 > yQwPp—— > > 5 (15)
2
M
la(aw) = % =0 (16)

Resultant lateral force, resultant torque and resultant lateral force arm for the wedge-
shaped part of the hull. The diagram of the interaction of the wedge-shaped part of the hull with the
oncoming flow is shown in Fig. 2.

X1

Figure 2 — Diagram of the interaction of the wedge-shaped part of the body with the oncoming flow
For the wedge-shaped part of the body

Y _ _tga (17)
dx

After substituting equation (17) into equations (5), (7), (8), we obtain
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A AW 2 AW 2
Y(qw):(j)C)(f(qW+oc)p 5 \/1+tg2adX:C§7(qW+a)p 5 J1+tg2ax|f=
= (18)
AW 2 AW 2
=Cy(aqy +a)p 5 \/1+tgza(A—O)=C§L(qW+a)p 5 J1+tg2aA
A AW? 5 1 AW? 5
Mz(Qw)Z(I)Cg(Qwﬂ“Oﬂ)P > 1+t920‘x‘ix:§C?(QW+G)P > 1+t92aX2|€:
(19)

2 2
:%C)‘}(qw +a)p AVZ \/1+tg2a(A2 —0):%C§‘(qw +a)p AV;/ J1+tg2an?

1 AW 2 2 .2
~—CHqy + 1+t A
M, (@) _ o OY wrodp ™ yl+tgian”

la(Qw) = ==A (20)
Y 2 2
(Gw) C)(f(qw+oc)pAV;\/1+tgzocA

Resultant lateral force, resultant torque and resultant lateral force arm for a rectangular
hull with a wedge-shaped nose. The resultant lateral force is found as the sum of the resultant forces
of the rectangular and wedge-shaped hull parts, taking into account the change in the limits of
integration

AW? AW?
Y:C;‘quT(L—AHCg(qW+a)pT\/1+tgzoLA (1)

The resultant torque is found as the sum of the resultant torque of the rectangular and
wedge-shaped parts of the body, taking into account the change in the limits of integration.

1 AW2 (L (LY 1 AW 2
MZ=—C§}qu—{(—Aj —(—j J+—C§7(qw+a)p7\/1+tgzoﬁ2 (22)

2 2 2 2 2
From equations (21), (22) we find the shoulder of the resulting lateral force

| AW2(L Y (LY 1 AW 2
C?qu[(—A] —(] J+2C§f(qw+(x)p 5 \ll+tgzaA2

2 2 2 2
I (Gy) = oz ) (23)

Y (Aw) AW? AW? [
W ngWpT(L—A)+C§7(qW+a)pT 1+tg20cA

Fig. 3 shows a container ship with a rectangular cargo shape in the aerodynamic flow, a
rectangular and wedge-shaped hull shape in the aerodynamic and hydrodynamic flow.

PIER R Yo e
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Figure 3 — Shapes of the hull and cargo contours of a container ship
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Conducting the experiment. The above-obtained integral equations (11)—(13) for
determining the resultant lateral force, the resultant torque and the resultant lateral force arm for the
elliptical contour of the hull, Fig. 1, which do not have analytical solutions, or the solutions are
quite complex, so we will apply numerical methods. A fragment of the program for numerical
integration of equations (11)—(13) is shown in Fig. 4.

BE Editor - C\Program Files\Polyspace\HapaboTtka\lMPAKTIYHI 3AHATTAVArticled.m*
| disp12.m | Sensor.m -| rungel2.m | ship12.m | meteo.m | sysctri2.m .| Article.m | Arti
21 ZlloYaTKoOBL YMOBM
23— Xx=—a+dx;
253 — ¥=0; FpesSylbTyoda ODoROEBa CcHIa
24 — Mz=0; SPEesSYIbLTYDUYMIA MOMEHT
25
26 — dv=10: fpigHOCHa WEMAOKICTE HaDIirapuoro OOTORY
2o gqw=180/57_3; ZRYT HabiraHHa NOOTOKY
28 — dp=1:
29 — [dwhile x<=a-dx
35— dydx=D>b*x/ (a*sgrt (a~2-x~2)+0.0000001) ;
= H calfa=(cos (gw) +tdydx*sin (gw) ) /sgrt (1+dydx~2) ;
32 — salfa=(dydx*cos (gw) —sin{(gw) ) /sgrt (1+dydx~2) ;
= e alfa=asin(salfa) ;
34 — if alfa>0
S alfa=0; 200KOBa CHMJIa i MOMEHT HEe CTBOPRIOTHBCH
36— end
= e dy=0.5*cyalfa*alfa*ro*dv"2*sgrt (1l+dydx~2) *dx;
38 — Y=Y+d¥:
S b dMz=0.5*cyalfa*alfa*ro*dv~2*sgrt (1+dydx~2) *x*dx;
AL — Mz=Mz+dMz;
47 — la=Mz/¥;
P x=x+dx;
43 — xp(1,Jp)=Y;
44 — xp (2, jp)=M=z;
45 — xp(3,jp)=la;
46 — Jp=jp+l;
47 — -end
48 — subplot{1,3,1); gMaTpmia 1x3, nepmmdt rpadix

Figure 4 — A fragment of the program in the MATLAB environment

Fig. 5-7 show graphs of the dependence of the resulting lateral force Y, the resulting torque
M, and the resulting lateral force arm Ia on the angle (y of attack of the flow for an elliptical
body contour.

1

180 qw.

Figure 5 — Graph of the dependence of the resulting lateral force Y on the angle (y
of attack of the flow for an elliptical body contour
r 0 30 60 90 120 150 130 q\;
20 |
10
0
-10
-20
30 g

Figure 6 — Graph of the dependence of the resulting torque M, on the angle
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of attack of the flow for an elliptical body contour
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Figure 7 — Graph of the dependence of the resultant lateral force arm Ia on the angle (y
of attack of the flow for an elliptical body contour

As can be seen from the results obtained, for the elliptical shape of the hull contours, the
resultant torque M, and the resulting lateral force arm significantly depend on the angle of attack

of the flow, Fig. 6-7. For the rectangular shape of the hull contours, the resultant torque M, and

the resulting lateral force arm are equal to zero, regardless of the angle of attack of the flow,
formulas (15), (16). For the wedge-shaped shape of the hull contours, the resultant torque M, and

the resulting lateral force arm are constant values and also do not depend on the angle of attack of
the flow, formulas (19), (20). Therefore, the resultant torque and the resulting lateral force arm do
not depend on the angle of attack of the flow, if the derivative of the hull contour function is
constant along the length of the vessel. The resultant torque and the resultant lateral force arm do
not depend on the angle of the incident flow, and are equal to zero if the derivative of the hull
contour function is equal to zero along the entire length of the vessel hull.

Discussion. The issues of the influence of hull and cargo contours on hydrodynamic and
aerodynamic forces and torques are considered, which is important to know when using a
mathematical model in a control system. A search and analysis of literary sources devoted to the
issues of hydrodynamic and aerodynamic interaction of the ship's hull with the environment and the
use of mathematical models in control systems are carried out. Integral functions for determining
the resulting lateral force, the resulting yaw torque and the resulting lateral force arm are obtained,
depending on the angle of incidence of the flow and the shape of the hull contours. The values of
the integral functions are calculated for simple hull contours, and a numerical calculation is
performed for an elliptical hull contour. In comparison with known solutions [16], it was found that
the arm of lateral force and the resulting yaw torque do not depend on the angle of incidence of the
flow for hulls in which the derivative of the contour is constant along the length of the hull, for
example, for a rectangular and wedge-shaped hull. For other hull contours, these dependencies are
purely nonlinear. The obtained results allow: to estimate the resulting lateral force, arm of lateral
force and the resulting yaw torque much more accurately. In comparison with other known
approaches to determining external influences by mathematical modeling of a system of partial
differential equations, for example, by CFD methods, the developed model allows estimating the
specified parameters in real time and can be used in the on-board computer of automated /
automatic control systems. The obtained results are explained by finding and using the integral
functions of the given forces and torque, which for simple hull shapes are reduced to analytical
solutions. The results are reproducible and can be used in the development of mathematical support
for the on-board computer of automated / automatic vessel motion control systems. Further research
may be related to the use of neural networks for evaluating hydrodynamic interaction.

Conclusions. The issues of the influence of the hull and cargo contours on the
hydrodynamic and aerodynamic forces and torques are considered. Integral functions for
determining the resulting lateral force, the resulting yaw torque and the arm of the resulting lateral
force are obtained, depending on the angle of incidence of the flow and the shape of the hull
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contours. The values of the integral functions are calculated for simple hull contours and a
numerical calculation is performed for an elliptical hull contour. It is established that the resulting
torque and the arm of the resulting lateral force do not depend on the angle of incidence of the flow
for hull contours in which the derivative of the contour is constant along the length of the hull.
Compared with known approaches to determining the hydrodynamic and aerodynamic interaction
of the vessel hull with the environment, the obtained results allow: to calculate the resulting lateral
force, arm of resulting lateral force and resulting yaw torque more accurately using simple
mathematical models that can be used in the automated / automatic control system.

The theoretical significance of the results obtained is: obtaining integral functions for
determining the resultant lateral force, the resultant yaw torque and the resultant lateral force arm,
depending on the angle of attack of the flow and the shape of the hull contours; calculating the
value of integral functions for simple hull contours.

The practical significance of the results obtained is the possibility of their use for calculating
the resultant lateral force, the arm of resultant lateral force and the resultant torque in the
mathematical model of the on-board computer automated / automatic vessel motion control system
in real time.
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3inuenko C., Kaainivenko €., Kozauwoxk FIO., Mareiiuyk B. BIUIMB KOHTVYPIB KOPIIYCY
TA BAHTAXY HA BIYHY CHJIY I MOMEHT PUCKAHHA B CUCTEMAX KEPYBAHHSA CYJHOM
Y PEAJIBHOMY YACI

Basicausum enemenmom mamemamuyHo20 3abe3neyens O0pmoeo20 oOUUCTIOBAYA € MAMEMAMUYHA MOOEb
CYOHA, BUKOPUCTNAHHA AKOI 003607A€ CYMMEBO NIOGUWUMU AKICb cucmemu Kepysauua. Mamemamuuni
MOOeNi 8UKOPUCTOBYIOMbCA 01 NPOSHO3YBAHHSA PYXY 00'€KMa KepyeanHs, CHOCMEPed CeHHs 3a Napamempamu
8€KMopa cmamy cucmemu, HeOOCMYNHUX NPAMOMY GUMIPIOBANHIO, Y MOMY YUCTI 8 WYMAX, BUSHAYUEHHS 8I0MO8
KOMAHOHUX MA BUKOHAGYUX NPUCMPOI8, UPIMEnHs Onmumizayitinux 3aoau mowo. Memoio docniodxcenns €
BUSHAYUEHHS Pe3yIbmyo4ol 60K0BOI Cunu i MOMEHMY, a MAKO}C Nieyd pe3yibmyodol 60K08OI CUU, 3a1eHCHO
8I0 Kyma HabieanHs NOmMoKy ma Qopmu KOpnycy, RNiOBUWEHHS MOYHOCMI PO3PAXVHKIG Kepy8aHb i3
BUKOPUCIMAHHAM YMOYHEHOI MamemMamuyHoi mooeni, nio8uueHHs eQeKmueHocmi cucmemu KepyeaHHs mda
besnexu cyononnascmesa 8 yinomy. Ompumani inmeepanvhi QYHKYII 8USHAYEHHS pe3yabmyouoi 60K08oi cuu,
Pe3YIbmyI04020 MOMEHMY PUCKAHHA Md Nieya pe3yibmylouoi 60K0GoI cunu, 3anedxdcHo 6i0 Kyma nabieanus
nomoky ma ¢gopmu 06600ig kopnycy. Po3paxoeani 3nHauenHs iHmecpanibHux QYyHKYill 0 npocmux 0680016
xopnycy. YV nopieuanni i3 eidomumu nioxooamu 00 SU3HAYEHHS 2i0POOUHAMIUHOI MA AepoOUHAMIUHOT
83a€MO0Ii KOpnycy cyOHA 3 OMOUYIOUUM CepPeO0GUUeM, OMPUMAHT PE3YTbMamu 00360AI0Mb. 3HAUHO MOYHIULe
OYiHIOGAMU  30GHIWMI 6RAUGU I3 GUKOPUCMAHHAM NPOCMUX MAMEMAMUYHUX Mooeneu, 5Ki MOJCHA
3acmocosysamu y 60pmosomy 00uuUcIo8aui cucmemu Kepysanns y peanvrnomy uaci. Ompumani pesyniomamu
NOACHIOIOMbCS  3HAXOOMHCEHHAM MA  GUKOPUCTNAHHAM THMESPANLHUX QYHKYIU USHAYEHH pe3yabmyloqoi
O0KO0BOI CUlL, pPe3yIbmYHu020 MOMEHmMY md nieda pe3yivmyryoi 60K08oi cunu, AKi 01s npocmux @opm
KOpnycy — 3600Ambcsi 00  AHANIMUYHUX — piwieHb. Pesynemamu € gi0meoplosanumu i MOJICYMb
BUKOPUCIOBYBAMUCS 6 MAMEMAMUYHIN MOOeNi asmomMamu308anoi cucmemu KepyeauHs pPYXOM CYOHA 6
PeanvHoOMY Yaci.

Kniwouosi cnoea: inmenexmyanvhi cucmemu KepyBamHs MPAHCNOPMOM, JIOOCbKUU YUHHUK, HAGieayiliHa
beznexa, Mamemamuyna Mooeib, niewe DOKO8oI cun, eHepeoedekmueHicmy.
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