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ABSTRACT

Remote methods of Earth’s surface research have become widely used in the 21st century, as
they allow for a larger and more comprehensive observation area. These methods can provide
valuable information about various Earth objects and phenomena, such as the changes in bottom
topography in shallow water under navigation conditions. This article presents a novel approach to
forecasting these changes by using natural processes as indicators and developing programs that can
track and display them on electronic devices.

The article introduces the concept of “scale factor” to determine the significance of different
dynamic processes for the research, depending on their spatial and temporal dimensions. The article
also proposes a dynamic map modelling method that can predict the siltation of the sea/river bottom
for a given period of time and improve the model by comparing the forecast with the actual result.
The article suggests that research should take into account the changes in the object over time and
under the influence of various factors in a dynamic way.

Based on the research, we draw the following conclusions:

1. The “scale factor” should be applied in dynamic navigation map research and compilation
using different-scale data of the water surface and bottom topography;

2. A dynamic component should be added to the information block of the navigation
cartographic systems ECDIS and Inland ECDIS, enabling the navigator to see the position of the
vessel, taking into account the wave height relative to the bottom in real time;

3. The methods of parallel bottom topography transferring rely only on the data of statistical
observations using iterations. These methods usually work well on sandy and silty soils, where the
relief has clear wave-like forms, as well as frequent external influences following the main general
direction.

Keywords: RIS, dynamic processes, "scale factor”, "chart dynamic model™, ECDIS.

AHOTALIA

Jocaenenus nayku i mexuiku 6 XX1 cmonimmi AKiCHO 3SMIHUIU MPAOUYIUHI cCNOCOOU | nputiomu
8UBYEHHS 3eMHOI nogepxni. Ha oanuii Mmomenm wupoko UKOpUcmos8yomscsa OUCMAaHyitiHi Memoou,
Koau cnocmepiead abo GUMIPIOBAIbHUL 3ACIO 3HAX00AMbC HA O0esaKil oucmauyii 6i0 06'ekma
8UBYEHHS OJIs1 MO20, W00 8 KibKA pa3ig 30i1buumu mepumopiio, OXOn08any cnocmepexcenusam. Lli
mamepianu 30i1buyrome Kpyeo3ip 00CHIOHUKIB, NPU3600amb 00 30i1bUUEeHH NOMOK)Y OMPUMAHOL
yinHoi inpopmayii npo idomi 06'exmu i seuwa 3emii.

Y npedcmasnenomy oocnioxcenni nageoeri po3'sicHeHHs Mmoeo, 3a 0ONOMO2010 AKUX MEXAHIZMIB
MOXNCHA BUKOPUCTOBYEAMU NPUPOOHI RPOYECU 8 HANPAMKY CKIA0AHHA NPOSHO3Y 3MIHU penbeqdhy OHa
HA MIiIK08000i 6 ymoeax cyoHonaaecmea. Knwouosum gaxmopom € po3pooka npocpam, wo
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00360J15110Mb  BIOCMEIHCYBAMU 3MIHU NPUPOOHUX Npoyecie 3 8idobpadxcenHsm 1 (hikcayieto ix Ha
ENEeKMPOHHUX HOCISIX OYOb-s1Ke 00CTIONHCEHHS NEPEeBANCHO NPOBOOUMU 3 YPAXYBAHHAM 3MIHU CMAHY
00'exkma 6 uaci i nio0 6NAUBOM pI3HUX aKMOpié 0OHOUACHO I OUHAMIYHO. Y cmammi OuHAMIYHI
npoyecu oinamvcsa Ha ‘‘suauywi i "necymmesi”. [l 3anedicHicmeb SUBHAYAEMbCA MACUIMAOOM
npocmopy i yacy, oe i koau 8onu 8iobysaromscs. llonamms "macumabnuil ghaxmop" 6600umuvcs 3
MEMOW  GU3HAYEHHS CMYNEHsl 3HAYYWOCMIi GNIuU8y OUHAMIYHUX Npoyecie npu npo8eoeHHI
oocnidoicenv. Hasedenuii 6 pobomi cnocid mooenosanHs OUHAMIYHOI Kapmu O0A€ MOICIUBICIb
CKa0amu npocHO3 3AMYIIOBAHHA MOPCbKO20 / piuK0802o OHA HA 3a0anuti nepiod uacy. Ilicis
NOPIGHAHHA NPOSHO3Y 3 (DAKMUYHUM De3VIbMAMOM MONCHA 6600UMU NONPABKU 6 Ni0OUPAEMbCS
@DyHKYiI0, M. 4. NOCMIUHO B0OCKOHANIOIOYU MOOED.

B pesynsmami nposedenux 0ocniodcervb nputiuiiu 00 MaKux 6UCHOBKIG:

1. 'V npoyeci oocniodcens i CK1a0aHHs OUHAMIYHOT HABI2AYIUHOI Kapmu npu 8UKOPUCMAHHI
pi3HOMACUMAOHUX OAHUX 600HOL NOBEPXHI I penvedy Ona, cio 8600umu eazosuti koegiyicum “‘scale
factor ”;

2. B ingopmayivinuii 60k nasieayitinux kapmoepagpiunux cucmem ECDIS i Inland ECDIS
PEKOMEHOYEMBCSL 6600UMU OUHAMIYHY CKIAO08Y, WO 00360J5€ CYOHOB0OII0 OAUUMU NOJONCEHHS
CYOHA 3 YPAXYBAHHAM BUCOMU X8UTI, WOOO OHA 8 PEAIbHOMY PENCUMI Hacy,

3. Poszensnymi memoou napaneibHoeo nepeHeceHHs penveq)y OHa, 3aCHOBAHI quule HA OAHUX
CMAamucmuyHux NOBMOPIOBAHUX CNOCMEPENCEHb 3 BUKOPUCMANHHAM imepayil. L[i memoou darome
00CMOBIPHULL pe3yibmam, K Npasulo HA NIWAHUX i MYJTUCMUX IPYHMAX, 0e penbeqdh Mae SCKpago
BUPAdICEH] X8UNENO0OIOHT hopMU, A MAKOIIC NPU NOPIBHAHO HACMO NOSMOPIOBAHUX 3068HIUHIX BIIUBAX
npu OOMPUMAHHI 3A2AIbHO20 2EHEPATILHO2O HANPIMK).

Karouosi caoBa: PIC, nmunamiuni mpomecH, "koediuient maciitady', "ITuHAMIYHA MOJIETH
kaptu", EKHIC.

Defining the general matter and its connection to important scientific or practical
objectives

We are all and everything that surrounds us is in constant motion i.e. in a dynamic state.
Therefore, all considered and studied processes should be considered in dynamics. However, dynamic
processes can be "significant” and "insignificant” depending on the scale of the space and time where
and when they occur. We introduce the concept of "scale factor" to determine the degree of
significance of the influence of dynamic processes in research. In order to explain why we needed to
introduce this concept, let's try to answer a philosophical question. What is primary matter or
consciousness? The answer is simple and both exist "always" (as for time) and “everywhere" (as for
space) because both are "infinite". This leads to the assumption that those laws that work in the scale
we feel may work differently or not work at all with the approach to (+) or (-) infinity.

Previous researches analysis and definition of new trends in problem solution

Currently, there is already a number of works [1,2,3], devoted to the modelling of the water
surface in dynamics as well as changes in the seabed topography and vessel movement, taking into
account this process. It should be noted that on all modern transport vessels paper navigation maps
are used only as a backup, on electronic maps the skipper observes the movement of the vessel only
in the plane of the monitor screen in the coordinate system x,y. A program allowing to watch the
changes of processes of influence on nature with a reflection and fixing on electronic carriers
development can become a key factor [5]. Modern technologies allow us to obtain an image of the
vessel in dynamics in interaction with the environment, taking into account the selected parameter
"scale factor".
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The research objective

The purpose of this work is to conduct research in the field of modelling of dynamic processes
of the environment during the movement of the vessel, as well as to determine the qualitative
characteristics of "significance” when using the proposed 5th element of the spatial dimension "scale
factor".

Presenting the main material of research with a full grounding of received scientific
results

In determining the "significant” scale will be based on the parameters of the object of study, as
well as the choice of "sufficient" amount of time required for this scale. These are the geometric
dimensions of the vessel, sediment, deadweight, displacement, the area of interaction with the
elements of the environment (wind, wave, current, depth, etc.) and the time interval at which you can
set the characteristic patterns. In this paper, we analyze the existing models of the environment in
dynamics and try to find patterns of influence on a moving ship in this environment.

According to the principle of construction mathematical models are divided into analytical and
simulation. In analytical models, the processes occurring in the environment can be represented as
functional dependencies, which are used:

— equations;

— approximation problems;

— optimization problem.

In the simulation by preliminary measurements, which are the initial data, it is possible to
simulate the dynamics of the process at a certain period of time, but the prediction of the dynamics is
very difficult.

Depending on the nature of the medium under study, the models can be deterministic and
stochastic. Deterministic models suggest the absence of any random effects. Stochastic models take
into account the random effects occurring in the studied environment.

According to the principle of measurements, the incoming data models can be continuous and
discrete, as well as static and dynamic.

Due to the fact that our knowledge of the processes taking place in the environment cannot be
comprehensive, we will not be able to simulate its state with a high degree of reliability. For example,
tropical cyclones, which cause very significant damage to ships, are never repeated in their
characteristics and trajectory. And therefore their movement is almost impossible to predict. This
gives us grounds to develop a hypothetical model that can and should be tested on the basis of an
experiment.

We will simulate the dynamic processes of the seabed topography. To do this, it is necessary to
conduct repeated bottom measurements at the test site using a multibeam echo sounder (Fig.1).

On the dimensional tablet, we draw a grid of squares in the conventional coordinate system
X,y,z (Fig.2 ) and at each vertex with coordinates X1, Ul we define zi.

When choosing a "significant” scale guided by the requirements for the accuracy of the
measured parameters. As a result, it was found that the time scale should be attributed to one month,
and the scale of the grid of squares can be from one to ten meters depending on the nature of the
terrain and the mobility of the soil. The dynamics of the relief will be displayed on ENC and IENC,
taking into account the fact that Dynamic charts (sea and river) must ensure the safety of navigation
and therefore they must accurately display the applied information, especially isobates.

Hamionansauii yaiBepcuteT «Onechka MOPChKa aKaIeMis»



Cymrosoninns | Shipping & Navigation ISSN 2306-5761 | 2618-0073 34-2023

%: Profile Window - Beam Pattern

| Fie = View= Settngs > Prepartion = Suey = Processng = Fnal Products® HYSWEEP = SdeScan = Utites® Took ™ Hep ™

Update ENC Catalags Add ENC (

Profectarmger Prect s | web s | (paete 1) i WES-54 Zone: DE-OTDO DELAWARE  Distance Uit US Survey .

\
pid
N
3 ¢ E
- Draw - View = Widgets *
2 Options~ Views = o |Duuy 21 “Resey
@ Them th ~ 4 i
. B 3.9 T 446 T o
% ([ RawDatzFles A 450 438 Thn

5]

= DI saedvenris Wi 443 aap &
449
; 442
o 55 438
[ B 4340 446
P 45
ey .3
CH. 29 431 ddg M7,
CH. 1
= 440 453
o 451 16,
CH LR 44,3 Bockfresk 473
428 46 473 2
L 447 46 0
433 . 4473 ) 2 472 46
4327 445 i 449 46 470 gy 4Ic
8 46,
44 B s o B, 481 45
" Y457
W 4 S5 35 =
D = 3.2 425 435 as7 440

Fig. 2. Sounding tablet with printed grid

As is known, the seabed relief is constantly changing, especially in the estuaries of rivers, on
approach channels, in places of underwater currents and during prolonged storms. These changes can
be significant (up to several meters), which in shallow water can lead to an emergency situation for
the vessel.

As the 1st problem, we consider the problem of constructing a model of the dynamics of the
seabed topography. The algorithm of this model assumes the presence of the following initial data):

— soil type;

— soil fluidity;

— physical characteristics of water (density, temperature in the bottom layer)

— sea depth;

— characteristics of sea waves (height and wavelength, wave direction, wind strength and
direction), characteristics of the bottom current (speed, direction and vertical distribution).

To make a model, it is necessary to establish the patterns of movement (erosion, alluvium) of
underwater soil by determining the functional dependencies of changes in the seabed topography on
the dynamic parameters of the marine environment, i.e. it is necessary to determine the type of
function F(x;y;z).

For the estuarine section of the Danube, where the silting up of the fairway, chose the study
site, where installed a hydro-meteorological buoy (Fig.3), which is continuously recorded all the
characteristics that affect the movement of the underwater soil. Having accepted the hypothesis of
parallel transport of a moving wave of underwater relief, we apply the Gauss-Seidel iterative method.
Let us assume that the parallel transfer occurs at each point XI, yi along its own trajectory, which
corresponds to the transfer of the height hi to the distance bi (in projections on the coordinate axes x
and y, respectively) for the i-th point. It should be noted that hi refers to the time t0 and bi to the time
t1. Then we can write the studied array as a system of equations.
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Fig. 3. Hydrometeorological buoy

Let's take equation (1) as an array of data on the bottom topography

{ailxl+"'+a1n n=b1

: 1)
a X +..+a, x =b
and imagine it in this form:
A Xy = 8, X; — QyzXg — A X F bl
Ay, X + Ay X, = —8yuXy —...— 8y X, 1,
: )

Ao X T Qg2 Xy o+ 8y Xy =~y X T bn—l

a'(n—1)1X1 + anzxz +.o.t an(n—1)Xn—1 + annxn = bn

where ajj are the coefficients to be determined.

Here in the j-th equation we moved to the right part all the terms containing xi, for i>j and wrote
the system as follows:

(L+ D)X =-Ux+b,
where D denotes a matrix with the corresponding elements of matrix A on the main diagonal

and all other zeros; whereas the matFigs U and L contain the upper and lower triangular parts A with
zeros on the main diagonal.

After selecting the appropriate initial approximation, the iterative process is constructed
according to the formula:

(L+D)x*? =—Ux® +b,k=0,1,2,3.....n. ?)

The values of x were successively calculated by the transformation of the system:
(k+1)

X
x$ =, x4 e x +. 4
<

=, X + e x4 xW +d,

1n“*n

X +d,

2n*n

(k+1) _ (k+1) (k+1) (k+1)
Xy =Cy +C Xy et CrXoy
a. b .
where Cij=——”,d=—',|=1 ..... n.
N a.

Hamionansuuii yHiBepcuteT «Oiechbka MOPChKa aKaeMis»



Cymrosoninns | Shipping & Navigation ISSN 2306-5761 | 2618-0073 34-2023

Thus, the i-th component of the n-th approximation is calculated by the formula:

i1 n
Xi(k+l) _ Zcijxgkﬂ) n z Cijxgk) +d.,i=1...,n.
j-1 j=i+l

The condition for the end of the iterative process when the specified accuracy ¢ is achieved in
a simplified form is as follows:

) - <.

Convergence condition:

|a”|>2‘aij ‘
Above we have considered a simplified model that shows only approximately how the
underwater terrain will behave under the established load. To obtain a more realistic picture as a result

of modelling, we will use systems of nonlinear equations.
We present a model of bottom relief in the form of a system of nonlinear equations

,fl(xl’XZ’X3’ ----- ,Xn)=0
f, (X, Xy, X540, X,) =0

or

Solving this system, we find the vector
f (X, %, X5,y X,) =0,i=1.010,

satisfying the system with a given accuracy «.
Iterative methods were used to solve this system.

F:[xfxgxr?]
Transforming the system of equations:
fl(xvxz’xs! ----- ,Xn)=0
f, (X, Xy, X540, X,) =0

N

to mind:
X, = @ (X, Xg Xgyenny X))
X2:¢2(X1’X21X3; ----- ’Xn)
Xn:¢n(X11X21X3, ..... ,Xn)
or
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X = 0,(% Xg0 Xgyeenees X, ), E =110
Select the initial approximation

Find approximate values of roots:
1 k -1

X =0 x5 ey X

using the values of the variables obtained in step (k-l). The iterative process stops as soon as the
condition is met (for all variables):
k le—l‘ <

‘xj <g,j=ﬁ

Under the condition of convergence of the iterative search process, namely:

>

i=1

P

1 j=1,n.
5X<J

J
As a result of simple mathematical operations, we can find the function y(x) in the parallel
transfer of geometric shapes of the bottom using the solution of the Cauchy problem. So, for example,
consider Runge-Kutte Methods, which are based on the approximation of the desired function Y (x)
within each step by a polynomial, which is obtained by decomposing the function Y(x) in the
neighbourhood of the step h of each i—th point in the Taylor series
2

Y0 +h) = y(x) +h- y(x)+h—y"(x) h—y"'(x) (‘”() YO (1) ..

The proposed model allows us in the information box IECDIS to give a graphlcal display of the
dynamic process of isobaths on the part of the electronic map, as shown in Fig.4, as well as the image
of the dynamics of the seabed topography in the 3-D image.
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Fig. 4. The Image of the bottom topography in the dynamics (left) and the Isobar (right)

The proposed model can also be represented as a flowchart shown in Fig.5. This model involves
constant monitoring of the environment, which used a hydrometeorological buoy, data from which
were recorded in an electronic data Bank. This Bank stores and further processes such data as wind
speed, duration and direction, data on the state of the wave (wave length and height, as well as the
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direction of its movement), the calculated speed of the bottom current, changes in the water surface
level and depth. Using these data, by carrying out a multivariate analysis determine the weight
characteristics of each of the elements of the environment. Then, using the iteration method, we select
a function describing the water surface and the bottom surface. These functions are assigned to
different time scales, so bringing them to the same scale, taking into account the dynamic
components, we get a “chart dynamic model”. The above method of dynamic map modelling makes
it possible to make a forecast of sea/river bottom silting for a specified period of time. After
comparing the forecast with the actual result, we introduce corrections to the selected function, thus
constantly improving the model.

CHART DYNAMIC MODEL

Sea surface altimetry Y Sealriver) level
model = measurement

......

a7 T e e A%

e
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—_— - e
- ‘1'\-—‘_--,_-’—7—-4_ -y

>
» ———" 3
P — s ™ e

Fig. 6a. ENC in April 2013
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The fragments of the dynamic map are shown in Fig.6(a,b,c,d,e,f), which shows an image of
the depth contours in the study range in different time periods.

Fig. 6b. ENC in October 2013

October 2014

Fig. 6d. ENC in October 2014
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Fig. 6¢c. ENC in April 2014

Fig. 6f. ENC in October 2015
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Fig. 6e. ENC in April 2015

When considering the model of underwater terrain, ship and water surface movement, it should
be taken into account that all these movements are of different scales in time. For example, consider
the most commonly used models of ship motion.

The mathematical model of the vessel's motion as a controlled dynamic system in the General
case can be represented as follows:

S(t) =F(t.C,5(0),U (1), L(t). E()). (4)

where F is the operator characterizing this particular mathematical model; C is the vector of
constant parameters of the system that characterize this particular simulated vessel; S(t) is a set of
variables describing the state of the system at the time t. If we consider the plane-parallel motion of
the vessel, we can be limited by the three parameters of the coordinates xo and yo and the heading

angle q:
S(t) = (%, (1), Y, (1), (t)); (5)

U(t) - control actions on the system at different times: steering angle 6 R (t), speed n m (t) and
the step ratio H/D(t) of the propeller, the position of the regulator of the thruster N TMGrel (t), which
sets its relative power as a percentage from the maximum possible:

U (t) = 5(t),nm(t), H/D(t), NTMG.,, ). (6)

L(t) — a function of the load on the system, in this case, the distribution of all cargo on the ship;
E(t) — a function of external perturbing effects on the system: depth at all points of the water area,
wind speed and direction and flow, amplitude and phase spectrum of the waves, as well as the
spectrum of the directions of wave propagation at all frequencies for all points of the water area at all
times.

Existing mathematical models of the plane-parallel motion of the vessel can be presented in the
form, which in a more detailed form looks like this:
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d,x,/dt, =i> Fx,(t,C,dx,/dt,dy, /dt,dg/dt, x,(t), y, (t), q(t),U (t), L(t), E(t)) /m
d,Y,/dt, =i > Fy, (t,C,dx, /dt,dy,/dt,dg/dt, x,(t), ¥, (), q(t),U (£), L(t), E(t)) /m (7)
dg/dt =i M, (t,C,dx,/dt,dy,/dt,dg/dt, x,(t), y,(t),q(t),U (t), L(t), E(1)/1,

However, most authors use the following more convenient equivalent structure of the
mathematical model:

dx, /dt =vcos(q— S);
dy,/dt =vsin(q - f);

dg/dt=w; _ | |
d—V:—vwsin,Bcos,B( t ! ) - ('ZFVi)S'nﬁJr ('Zin)COSﬂ;

dt 1+k, 1+k, 1+k,,)pV 1+ky,)pV

dg :W(sinzﬂ s 003213) ~ (i> F)sing .\ (i) F,)cosp. ®

dt 1+k, 1+k, (@+k)pvVv  @Q+ky) Vv

dw i> M,

dt - (L+kg)l,’

i in (t’Civ(t)1W(t)1IB(t)’ Xo(t)1 yo(t)’q(t)iu (t)’ L(t)1 E(t)) = Xb +X p +TE + Xext;

i > F(t,Cov(t), w(t), B(t), X, (1), Yo (1), q(t),U (1), L(t), E(1)) =Y, +Y, + Trve + Yeus

i ) M, (t,C,v(t),w(t), B(t), X (1), Yo (t),a(t),U (t), L), E()) =M, + M, + My + M.

Here v(t) and w(t) — linear and angular velocity of the vessel; B(t) — drift angle (measured
clockwise from the direction of the velocity vector to the direction from the stern to the bow of the
vessel); Xb, Yo, Mp longitudinal and transverse force and moment of hydrodynamic resistance on
the hull; X, , Yp, M, forces created by conventional steering; Te — effective propeller thrust; Ttme,
Mrmc — effective thrust thruster and created by it moment; Xext, Yext, Mext — forces, due to the external
conditions of navigation: wind, current, waves, etc.; ki1, K22, kes — coefficients of longitudinal and
transverse attached masses and attached moment. Each of the forces and moments, as well as a
number of other variables in the system (6) depend on a combination of factors (t, C, v(t), w(t), B(t),
Xo(t) Yo(t), q(t), U(t) L(t), E(t)), however, for simplicity, a recording mark such a functional
dependence will be omitted.

The system (8) assumes that the components of damping (that is, depending on the angular

velocity w) inertial forces associated with the attached masses are already included in the
hydrodynamic drag forces (Xs, Ys, Ms) and therefore are not explicitly prescribed in the system.

Any of the existing mathematical models involves the system of equations (8) to the full or
simplified and crude form, supplemented by a set of formulas defines the relationship of all forces
and moments (Xb, Yo, Mb, Xp, Yp, Mp, T, Ttme, Mtmc, Xext, Yext, Mext) from the factors (t, C, v(t),
w(t), B(t), xo () Yo (t), q(t), U(t), L(t), E(t)). Itis the type of these formulas that determines the specifics
of each mathematical model.

Let us now consider the dynamics of the water surface on which the ship is moving. To do this,
assume that the water surface is a steady flow of an ideal fluid moving without friction. As in the
derivation of the differential equations of Euler equilibrium, an elementary parallelepiped is
distinguished in the flow of moving fluid and the equilibrium of force projections on the coordinate
axis is considered. According to the basic rule of dynamics, the sum of projections acting on the
elementary volume is equal to the product of the mass of the liquid at its acceleration:
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for the axis x —@-dx-dy-dz:pDWX-dx-dy-dz,
OX Dr
for the axis —@-dx-dy-dz _ 20 -dx-dy-dz (9)
y oy P Dr ,
for the axis z —(,o-q+%).dx-dy-dz:,oDWZ -dx-dy-dz.
T

Solving these equations we obtain a dynamic model of the water surface.
Depending on the nature of the seabed, the type of vessel, and the depth and condition of the

water surface, we choose models that describe the dynamics of the terrain, the movement of the vessel
and the dynamics of the water surface in accordance with the reference to the location of the vessel.
Time and distance scaling is achieved by interpolation. When it turns out that the map as it "breathes",
ie, the contour is constantly moving, depending on altitude and wavelength as shown in Fig.6. At the
same time, the vessel will be displayed in relation to the seabed on the monitor as shown in Fig.8.
The algorithm for solving this problem is shown in Fig.5. For several years in the mouth of the
Danube, namely at the exit from the Danube to the Black sea, repeated multiple observations of
changes in the bottom topography were carried out, recording in the intervals between observations,
such hydrometeorological parameters as wind strength and direction, wave height and length, as well
as the speed and direction of flow. An example of the results obtained after the measurements can be
presented in the form as shown in Fig.7(a,b).

Fig. 7a. Results of measurement of the investigated area
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Fig. 7b. Results of measurement of the investigated area
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Fig. 8. Dynamics of the vessel with respect to the seabed

Writing the substantial derivative of the projections of the velocities along the axes of spatial
coordinates:

Dw, oW, oW, oW, ow, .
=p FW, W W, - ;
Dr ot OX oy 0z
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Dw ow, ow, ow
L=p| —L+w, —+W —Lrw, - —2L; (10)
Dt ot OX oy 0z
Dw, ow, oW, oW, oW, |,
=p + W, - +Wy' z
Dr ot OX oy 0z

and having contractions, get to the respective projections of the differential equations of unsteady

fluid flow:
| X X X |-

———=p| = +W,-

ot OX v 5'y

oo (ow, ow, ow, ow,
—L W, —EHW, —L+W, -
o oy oz

—p-q—gzp or ° ox
oW
For steady flow: —=* = ,—yzo,%:Q then
T or ot
op oW, oW, oW,
——=pl W+ W, X+ W, .
OX ox 7 oy 0z
oW oW, oW
—@zp w,—L+w - —L+w, - —L; (12)
oy Y oy OX z
ap 8WZ avvz aWZ
—Pg-—=p| W, =+ W, - —L+W, -
0z 0z ox 7 oy

Systems of equations are differential equations of motion of the ideal Euler fluid for unsteady

and steady flows.
When moving a viscous fluid in the flow, in addition to the forces of pressure and gravity,
friction forces also act. For a three-dimensional flow, the projection of the resultant friction forces on

the x-axis has the form

82 o'W, O°W
X 4 ——x 4 ——X Idxdydz = £V *w,dxdydz.
ox> oy oz
The sum of the projections of all forces on the coordinate axis should be equal to the product
of the mass of the liquid enclosed in the parallelepiped on the projection of acceleration on the

coordinate axis:

(_@ + UV, ) chdydlz = p2ote ey
OX ot

% + 1V?w, |dxdydz = p Dw, dxdydz; (13)
oy H Y ot ’
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Dw, dxdydz.

or

(—p-q —?+;N2wzjdxdydz =p
z

After the reduction, we obtain the Navier-Stokes differential equations describing the motion
of a viscous drop liquid:

op ) Dw

——+uVw, = X3

ox TP

0 Dw

—apwvzwy:p Pl (14)

ap ) Dw
-p-q-——+uV'w, = L,
P-q P HV W, =P Py

The corresponding substance derivatives in the equations can be expressed for both unsteady
and steady-state fluid flow.

Conclusions and further research prospects

Solving equations (1)-(14) in the program structure "Mathlab" we obtain the required result.
To summarize our study, it should be noted that:

1. In further studies, the use of multi-scale data should introduce the so-called weighting factor
for indexing “scale factor”;

2. In the information block of navigation cartographic systems ECDIS and Inland ECDIS it is
recommended to introduce a dynamic component that allows the skipper to see the position of the
vessel relative to the bottom in real-time;

3. Methods of parallel transport are recommended for use in the wavelike form of the surface
of the sea (river) bottom;

4. In this article, we have considered only the methods of parallel transfer of the bottom
topography, based only on the data of repeated observations using the methods of iterations. At the
end of our experiment, we obtained a discrepancy between the predicted and measured values of the
coordinates of the nodal points of the bottom relief of no more than 20%.
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