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Abstract. The floating complexes − buoys, floating freely (drifting) or tethering cable (oceano-
graphic, neutral buoyancy, special, etc.) can be considered one of the Marine tethered system 
class (MTS), having in its composition a flexible links (FL). Previously, the problem of design-
ing a buoy of neutral floating (BNF) are treated as one-criterion problem when all other require-
ments can be expressed in the form of various quantitative restrictions. The aim of the study is 
to test the performance and versatility of the model created by the dynamics of the algorithm 
and computer simulation of the dynamics MTS program with FL as an example of the BNF. The 
examples of the use of model MTS speakers FL: – small buoy without the float, current in the a 
45°, seaways, the rock 10 m, in this case takes place on an open construction with 15.77 sec; – 
small buoy and the load, current in the a 45°, seaways, the rock 10 m, the load pulls a small buoy 
and does not give him the opportunity to move freely. FL destruction does not occur; – small 
buoy and the load, current in the a 45°, seaways, the rock 10 m, slow speed of CV. The diagrams 
in column 2 of Table. 4 allow to observe the configuration parameters of the system in real time. 
Watching the changes of the parameters, it can be seen that under agitation and the presence 
of heavy load power CV. Not enough to keep on course (see the parameters for 3 seconds and  
250 seconds). FL does not apply to underwater obstacles (rocks), as CV UTS system removes 
from it. In column 3 of Table. 4. On account of the excitement and impact load that is in the 
middle of the farm, produced a surge in FL that can be seen en charts. FL failure, however, does 
not occur. Created a computer program describing the dynamics of the MTS with FL allows us 
to apply it also to describe the movement of the BNF at anchor. The developed mathematical 
model and algorithm of dynamics FL of MTS realized a computer program describing the dy-
namics FL of MTS, MTS enables project, having in its composition, better and more quickly to 
design almost all MTS classes in various modes of operation and maneuvering.
Key words: Marine tethered system (MTS), flexible links (FL), buoy of neutral floating 
(BNF), three dimension of motion, regime of motion.

Анотація. Своєрідні плавучі комплекси − буї, що вільно плавають (дрейфуючі) або 
утримувані тросом (океанографічні, нейтральної плавучості, спеціальні і т.п.) можна 
розглядати як один із класів морських прив’язних систем (МПС), що мають у своєму 
составі гнучкий зв’язок (ГЗ). Раніше завдання проектування буїв нейтральної плавучості 
(БНП) розглядали як однокритеріальне завдання, коли всі інші вимоги можуть бути 
виражені у формі тих або інших кількісних обмежень. Метою дослідження є перевірка 
працездатності й універсальності створені моделі динаміки, алгоритму й комп’ютерної 
програми моделювання динаміки МПС із ГЗ на прикладі БНП. Розглянуто приклади 
використання моделі динаміки МПС із ГЗ: – малий буй без поплавця, плин під 45°, 
хвилювання, скеля 10 м, у цьому випадку має місце обрив ГЗ на 15,77 с; – буй малий і 
вантаж, плин під 45°, хвилювання, скеля 10 м, вантаж відтягає малий буй і не дає йому 
можливості вільно переміщатися. На 103 с ГЗ не торкається підводної перешкоди (скелі), 
притискає ГЗ до скелі, у результаті чого ГЗ сковзає по ній. Руйнування ГЗ не відбувається. – 
буй малий і вантаж, плин під 45°, хвилювання, скеля 10 м, малий хід СН. Діаграми в 
2 стовпці табл. 4 дають змогу спостерігати за зміною параметрів системи в реальному 
масштабі часу. Спостерігаючи за змінами параметрів, можна помітити, що в умовах 
хвилювання й наявності на ГЗ вантажу потужності СН не вистачає для втримання на 
курсі. ГЗ не торкається підводної перешкоди (скелі), тому що СН відводить ПБС систему 
від неї. Завдяки хвилюванню і впливу вантажу, що перебуває всередині ГЗ, утворяться 
пульсації в ГЗ, які можна бачити нa діаграмах. Pуйнування ГЗ не відбувається. Створена 
комп’ютерна програма опису динаміки МПС із ГЗ дає змогу застосувати її також і для 
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опису процесу руху БНП на якорі. Розроблені математична модель й алгоритм динаміки ГЗ МПС, реалізовані 
у вигляді комп’ютерної моделі опису динаміки ГЗ МПС, дають змогу проектантові МШС, що мають у своєму 
складі ГЗ, більш якісно й оперативно проектувати практично всі класи МПС на різних режимах експлуатації й 
маневрування.
Ключові слова: морська прив’язна система (МПС), гнучкий зв’язок (ГЗ), буй нейтральної плавучості (БНП), 
просторовий рух, режим руху.
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Problem statement. We have studied the existing 
marine tethered system (MTS) [3] having in their com-
position a flexible links (FL). A mathematical model of 
the dynamics of MTS with the FL, which allows to de-
scribe the significant movement of the FL in the absolute 
coordinate system [1; 2], and used to develop an algo-
rithm for calculating the dynamics of FL with its large 
displacements [45], in the form of realized computer’s 
program [5]. 

However, there is another class of MTS having in 
its composition FL [6−9], – a kind of floating complex-
es – buoys, floating freely (drifting) or tethering cable 
(oceanographic, neutral buoyancy, special, etc.). 

I.B. Ikonnikov in the preface to the book G.O. Ber-
to [3, p. 5] notes that buoys – surface and recessed, 
free-drifting and anchored, equipped with modern elec-
tronics and long-distance transmission of information – 
can be quite thoroughly inspect the entire thickness of 
the ocean long time intervals. In the ocean, there was a 
set of large and fairly sophisticated buoy stations oper-
ating in deep water and perform a variety of functions.

Thus, d. F-m. n., head of Laboratory of the Insti-
tute of Oceanology of marine currents them named P.P. 
Shirshov Rassian Academy of Sciences Vladimir Zhmur 
says [8, p. 41] that one of the main tools for studying 
ocean currents began to develop since the late 1990-s, 
a global network of robotic floats floats ARGO varia-
ble buoyancy – the main modern tool of studying ocean 
currents. Installed from ships or buoys aircraft cover a 
network of almost the entire world’s oceans. Buoys are 
evenly distributed throughout the world’s oceans except 
the Arctic zone, with a pitch of about 300 km. Originally 
planned amount in 3000 buovs was reached in 2007 year, 
and now their number is constantly increasing. A charac-
teristic feature of the robotic float ARGO – its variable 
buoyancy. Bui works in cycles of ten days. Most of the 
time (nine days), it is located at a depth of about 1000 m 
and then briefly lowered to 2000 m, and then pops up to 
during the day transfer to the satellite data collected over 
the watch. At various depths on the surface buoy meas-
ures the density, electrical conductivity, optical proper-
ties, and even water.

In the 1980-s, the task of designing the BNF is con-
sidered as a one-criterion problem when all other re-

quirements can be expressed in the form of certain quan-
titative restrictions [8, p. 122].

In order to test the universality developed a mathe-
matical model and algorithm dynamics of the MTS with 
FL implemented as computer’s program of description 
of dynamics MTS with FL, use the resulting model to 
describe the dynamics of the BNF.

Latest research and publication analysis. Buoy 
of neutral floating (BNF) – Automatic self-propelled 
autonomous underwater vehicles, in which as a pay-
load installed various complexes research equipment  
[8, p. 118]. They are sometimes called neutral buoyancy 
floats (NBF) – stand-alone media research equipment, 
rather than having automatic means of buoyancy control. 

The emergence of the NBF, and then BNF was due 
to the need to:

– improve the accuracy of sonar and gravity meas-
urements by eliminating complex electromechanical 
coupling of the instrument to the vessel in the form of 
a cable-rope on which inevitably disturbing influences 
from the vessel;

– increasing duration measurements (especial-
ly when studying underwater currents, internal waves, 
ocean and other large-scale vortex phenomena in the 
ocean) without using escort vessel.

In the book, G.J. Berthod [6, p. 7] the set of theo-
retical and practical information needed for the design 
and selection of core elements buoy complexes. These 
elements include proper buoys (so-called body with lim-
ited movement) surface and buried, buoy line (retain-
ing cables), the armature and the auxiliary devices and 
equipment. These elements are combined in the system 
of the buoy. It also considered the statics and dynamics 
of the submerged anchor wires. The statics are consid-
ered constant load and resultant buoy line configuration. 
First studied simplest model so nazyvaemymy “closed 
solutions” (“chain line”) is then introduced cable func-
tion. Finally, a programmed method for calculating the 
flat and spatial options are discussed in detail. The buoy 
line dynamics are investigated linear models. In the first 
model, the cable is regarded as an elastic continuous me-
dium. In this case, the tension and the offset value deter-
mined by solving the wave equation with a respective 
granichnymy conditions. In the second model of the ca-
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ble it is represented as a finite number of discrete masses 
interconnected by spring elements. In conclusion of this 
part are methods of solutions of systems with several de-
grees of freedom. Also considered Bueva classification, 
methods of their design, particularly the design, selection 
buoyancy materials, etc. In conclusion of this part are 
methods of solutions of systems with several degrees of 
freedom. Also considered Bueva classification, methods 
of their design, particularly the design, selection buoyan-
cy materials, etc. In conclusion of this part are methods 
of solutions of systems with several degrees of freedom.

The literature [8; 11–17; 18–22] accumulated a 
large amount of theoretical and experimental data on 
the hydrodynamic resistance of the cylindrical bodies 
yaky can be used in the design of BNF. For the design 
of specific BNF, as noted I.B. Ikonnikov, V.M. Gavrilov 
and G.V. Puzyrev available data need to be interpreted 
correctly [8, p. 124−125]. Analysis of the literature [8, 
p. 128] has shown that static calculations methodology 
NBF has much in common with static unmanaged sub-
mersible vehicle (SV) and submarine (S).

Fig. 1 is an example buoy spanned from station-men-
tioned buoy line belongs Woods Houls  oceanographic 
Institute) [6, p. 114].

1 − donut with installed spotlight, 
wind velocity meters to the beacon; 
2 − Hard bridle; 3 − with the strain 
gauge sensor to a telemetry system; 
4 − chain caliber 12.8 mm; 5 − 
measuring the flow velocity; 6 − a 
metal cable, designed for load 45300 
H (Anti-wicking) with galvanized 
and plastic shell; 7 − a cable portion 
length of 1500−2000 m (depend-
ing on the installation location of 
the buoy), protected from fish bites; 
8 − tension recorder; 9 − nylon rope, 
a load withstanding 45300 H {freely 
curl); 10 − buoy line portion whose 
length ensure necessary tension 
depending on the depth on the site of 
installation of the buoy; 11 − buoy-
ancy elements (hollow glass spheres 
of a diameter of 40 cm, fixed on the 
nylon wires with a diameter of 19 
mm); 12 − acoustic isolator and the 
transponder: 13 − nylon rope diam-
eter 19 mm; 14 − 12.8 mm caliber 
chain; 15 − anchor Stimson weigh-
ing 1820 kg; 16 − Danforth anchor 
weighing 29.5 kg.

Fig. 1. Floating is fixed on the basis of the still submerged 
(but may float and sink), stationary (fixed on the basis of fixed 
underwater anchor) VBNF = 0

When the development of the shelf is often neces-
sary to transfer significant power through underwater ca-
bles. The company “Simplex Valle End Cable” (UK) has 
developed the transmission system at 35 kV [27, p. 238].  
The system consists of an oil vessel, equipped with a 
generator; buoy, connected to the bottom by a hinged 
rack; intermediate underwater buoy, supporting cable 

and production platform. The vessel is permanently con-
nected to the buoy mounted on a hinge post and perform-
ing raid berth function.

Fig. 2 shows one anchor’s moorings buoy station of 
Woods Houls Oceanographic Institute at the bottom of 
the buoy [6, p. 121].

Fig. 2. Single Anchor Leg 
moorings Woods Houls 
Oceanographic Institute at 
the bottom of the buoy  
[3, p. 116]:
1 − radio beacon;  
2 − The flashing light,  
3 − Spherical glass 
buoyancy; 4 − a current 
meter; 5 − acoustic 
isolator; 6 − anchor

Fig. 3. With the underwater 
buoy station auxiliary buoy 
[3, p. 116]:
1 − vertical cylindrical buoy 
with a spotlight transmitter 
and meteorological sensors; 
2 − electronic block;  
3 − Floating half rigidity;  
4 − the universal joint;  
5 − auxiliary underwater 
buoy; 6 − a metal cable;  
7 − chain; 8 − anchor

Fig. 3 shows French underwater buoy station with 
auxiliary buoy.

In [12,  p. 72−76] a mathematical model of autono-
mous submerged buoy station (ASBS), by which on the 
basis of experimental data on the relative flow velocity 
at some horizons at discrete instants of time expected to 
reverse geometry ASBS at these times and to estimate 
the distortion It introduced its own motion ASBS read-
ings of flow rate.

Fig. 4 shows an example submerged buoy system is 
distributed throughout the buoy line buoyancy elements 
(hollow glass spheres [6, p. 208]. As you can see, their 
design can be rather complicated and cumbersome.

Methods, object and subject of research. We 
used the following methods: analysis (selection of the 
object and subject of the study), the synthesis of (part 
object, features, properties), structuring (structural 
MTS construction with FL allows the use of combina-
tion where the elements can change place in the struc-
ture and change the qualitative aspect of the object), 
synthesis (in a primary generalizations can serve as part 
of MTS as a part of Tethered Systems (TS), and then 
releasing the other TS – Underwater Tethered Systems 
(UTeS), Submerged Towed Systems (STS), simulation 
(study − original object by creating and examining its 
copy (model). 
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As the empirical methods used: observation (fixation 
of the observed object − produced under the supervision 
of the information was recorded, systematized on the 
various observations of the same object, carried out at 
different times), experience (previous studies), exper-
iments (using the computer’s model of distribution of 
dynamics MTS with FL). 

1 − submerged buoy with 
a beacon and flashing 
fire; 2 − chain caliber 

12.7 mm; 3 − buoyancy 
elements (eight glass 

spheres with a diameter 
of 406 mm, enclosed 
in plastic containers 

Attached to chain bow 
bolt); 4 − measuring 
currents; 5 − Dacron 

rope diameter of 9.5 mm; 
6 − meter buoy line in-

clination;7 − Eight glass 
spheres with a diameter 
of 406 mm; 8 − seven 

glass spheres; 9 − nylon 
rope with a diameter 
of 14.3 mm; 10 − six 

glass spheres; 11 − strain 
gauge; 12 − acoustic 

isolator; 13 − nylon rope 
with a diameter of 18.9 
mm; 14 − anchor Stim-

son mass 1132.5 kg.

Fig. 4. Typical submerged buoy system is distributed 
throughout the buoy line buoyancy elements (hollow glass 
spheres) [3, p. 208]

Subject of study a spatial movement on MTS an ex-
ample BNF.

Object of study is a MTS construction with FL (for 
example BNF).

The article aim. The aim of article is to verify the 
functionality and versatility of the dynamics model cre-
ated by the dynamics of the algorithm and computer 
program simulation of the dynamics distribution of MTS 
with FL as an example of the BNF that perform calcula-
tions BNF dynamics. 

The basic material (results). As noted G.O. Berto 
[6, p. 9], the analysis of the forces produced by the par-
ticles and the fluid acting on the floating body with lim-
ited movement, and their moments are important for the 
proper design of floating structures, and a choice of ways 
to retain them at some point in the ocean. It is assumed 
that the forces due to currents and winds are constant and 

forces being called excitement, change over time. The ex-
citement in the ocean has a strong effect on the behavior 
of the anchor cables, retaining the buoy station [6, p. 80]. 
Examination of responses to these impacts ropes to deter-
mine the value and character of the distribution of dynam-
ic loads, as well as to clarify the conditions of resonance.

When choosing the type and size of elements dy-
namic loads should be read in conjunction with the static 
[8]. Resonant effects and they cause significant fluctua-
tions in the cable can create enormous peak loads. As a 
result, there is a threat of serious damage. To study the 
dynamics of the buoy line used two fundamentally dif-
ferent approaches: buoy line is regarded as a continuous 
elastic thread and as a series of discrete, freely oscillat-
ing spring-mass.

In general, the uncontrolled movement of the BNF 
dynamics problems can be attributed to the dynamics 
of a compressible body moving in a compressible strat-
ified fluid perturbed [8, p. 16]. Because BNF stabiliza-
tion zone depths in the passive mode does not exceed 
a few tens of meters, it is generally considered linear 
density stratification field and (or) the temperature in the 
direction of the gravity vector. Dynamics uncontrolled 
movement BNP examines the motion of the buoy un-
der the influence of various interfering process apparatus  
[8, p. 126]. The reliability of mathematical modeling 
motion processes will be the higher, the more precisely 
the original motion equation BNF.

On the basis of the developed mathematical model of 
the dynamics of the MTS with the FL [1–3], defines the 
system of equations describing the dynamics of the FL el-
ement [4] as a result of external forces on it and stretching 
reactions twists and turns. The algorithm FL dynamics 
modeling allows you to perform calculations of the dy-
namics of FL of the MTS, and later go on to develop a 
computer program, describing the dynamics of MTS with 
the FL. Using this computer model to describe the dynam-
ics of the BNF. The obtained model instead of Carrier Ve-
hicle (CV) use BNF instead of SV – anchor (A). 

Consider the examples of the MTS dynamics model 
with FL:

1). small buoy without the float, current in the a 45°, 
seaways, the rock 10 m;

2). small buoy and the load, current in the a 45°, sea-
ways, the rock 10 m;

3). small buoy and the load, current in the a 45°, sea-
ways, the rock 10 m, slow speed of CV.

Case 1. Small buoy without the float, current in the 
a 45°, seaways, the rock 10 m. In Fig. 5 is a view of the 
working window BNP dynamics simulation program af-
ter data input. 

Working window of the program contains a window 
for setting the values of parameters and MPS 58 4 al-
gorithm parameters. The point here is these windows 
jot down the name of the parameter and dimension. 
Number of HS elements defines simulation accuracy 
and time-consuming to perform calculations. dynamics 
simulation time conditionally accepted 250. Step visual-
ization of simulation results determines the frequency of 
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update diagrams in the working window, and write the 
results to files on the hard disk.

Number of construction elements of FL made 
20 elements, length of one element is 5 meters. Con-
struction parameters: initial construction length of 
100 m; heavy initial diameter of 14 mm; density per 
unit length heavy 0.15386 kg/m; Young's modulus of 
the material construction 9,55·108 Pa; allowable ten-
sile strength of the FL 2·104 N; tangential drag co-
efficient construction of FL 0.025; normal drag coef-
ficient farm of FL 1.8; heavy obstacle of FL in the 
friction coefficient 0.5.

Two groups of eight parameters of each, determine 
the characteristics of BNF and the A (Table 1). 

Table 1. Parameters BNF and A

№ Specifications BNP A

1 length 2 m 1 m
2 width 2 m 0.4 m
3 draft 1 m 0.4
4 displacement 1,000 kg 150 kg
5 buoyancy 3 – 0.1
6 resistance coefficient 2.6 2
7 stationary time 0 sec 1000

Stationary means time from the beginning of the 
MTS dynamics simulations during which BNP or A re-
main stationary in the sea plane vertically movable BNP 
and I in the stationary time of 0 (absent). Courant num-
ber 0.3.

Initial construction coordinates are deter-
mined by three coordinates and BNF and A: initial  
X-coordinate of BNF 60 m; BNF starting coordinate 

of Y 0 m; initial coordinate BNF at Z is 0 m; ini-
tial coordinate of A the X 0 m; starting coordinate of  
A Y 0 m; A for initial coordinate Z 80 m. The initial 
time is shaped construction unstretched straight line 
(tensile force zero) joining the points with coordi-
nates BNF and A. If the initial length heavy great-
er than the distance between BNF and A, then the 
program algorithm automatically changes the coor-
dinates of the position A am in the H0Y plane, and 
without changing the set coordinates of its position 
on the Z, and then, to the top of the simulation dy-
namics MTS moves A initially specified point. In 
this case, if the specified coordinate A in the Z axis 
is greater than the minimum depth of the sea.

Sea water is considered incompressible and has a 
density of 1,000 kg/m3. Characteristics of steady sea-
ways at the sea surface is determined by two parameters: 
a wind speed of 10 m/s; wind direction angle of 0 deg. 
A homogeneous volume of sea water area characterized 
by three projections for its speed on the coordinate axes: 
Vx = 1 m/s; Vy = 1 m/s; Vz = 0 m/s. Relief bottom wa-
ters characterized by three parameters: the mean water 
depth of 80 m; amplitude changing water depth 30 m; 
coordinate (X-axis) changes in water depth of 10 m. The 
water depth is changed stepwise by an amount prede-
termined amplitude constant along lines parallel to the 
Y axis, the position of which in the X coordinate axis is 
determined by the depth of the sea changes. If the water 
depth decreases, the amplitude of the negative, otherwise 
– it is positive. At predetermined points of time (a prede-
termined pitch visualizing) occurs recording generalized 
coordinates heavy and BNF nodes as well as heavy ten-
sile forces at the nodes of its elements in the file system. 
These files are available for data analysis after the com-

Fig. 5. View dynamics simulation program working window of the dynamics of the BNF after entering the initial data  
for the case 1
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pletion of the work program). The recorded parameters 
are given in Table. 2. 

The simulation results are presented graphically in 
seven diagrams at a given time, which shows in the win-
dow next to the diagram (see. Fig. 4). These moments are 
determined at intervals of time through it image change 
occurs in the diagrams, and set the parameter “visual-
izing step, sec”. In this case, the three charts show the 
spatial arrangement of the BNF, FL and A projected on 
the plane X0Z, Y0Z and X0Y Cartesian coordinate sys-

tem. The fourth diagram shows the distribution of heavy 
stretching forces along its length (coordinate S) (shown 
in the second column of Table. 2). In this case, the three 
charts show the spatial arrangement of the BNF, FL and 
A projected on the plane X0Z, Y0Z and X0Y Cartesian 
coordinate system. The fourth diagram shows the distri-
bution of heavy stretching forces along its length (coor-
dinate S) (shown in the second column of Table. 2). In 
this case, the three charts show the spatial arrangement 
of the BNF, FL and A projected on the plane X0Z, Y0Z 

Table 2. Parameters of the model as a function of time (case 1)
time The parameters in the coordinate system FL options

2 sec.

7 sec.

13 sec.

15.77 sec.
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and X0Y Cartesian coordinate system. The fourth dia-
gram shows the distribution of heavy stretching forces 
along its length FL (coordinate S) (shown in the second 
column of Table. 2).

In the first three diagrams, coordinate range varies 
continuously adapting to MTS location at the current 
time, however for purposes of clarity, the fifth diagram 
coordinates X and Y vary only within ± 100 meters.

On the sixth chart positioning data about the change 
in time FL tension forces acting on the BNF and A. On 
the seventh diagram shows the change in the speed of 
BNF (natural speed A is 0) during its movement. In the 
process of modeling the dynamics of BNF force FL 
stretching exceeded the permissible value to 15.77 s (FL 
rupture occurred), the program is finalized and put on 
your window message “Break FL !!!”.

Case 2. Consider the case: small buoy and the load, 
current in the a 45°, seaways, the rock 10 m. Such a 
scheme is shown in Fig.. 6 [26, p. 124]. Buoyancy main-
tained taut rope anchor portion in the anchor, the force 
of gravity on the portion of the buoy station is not trans-
mitted. Rope hanging free, steel ropes. As supports used 
anchoring ships or gravity anchors. Vertical load from 
the force of gravity the anchor rope portion receives the 
buoy stations. Buoyancy maintained taut rope anchor 
portion in the anchor, the force of gravity on the portion 
of the buoy station is not transmitted. 

Fig. 7 shows a fragment of the dynamics simulation 
software working window floating buoy after data input 
in this case.

Table. 3 in this case shows the spatial location of the 
BNF, FL and A, FL settings for some of the stages dy-
namics simulation time conditionally accepted 250.

In the first column of Table. 3 shows the time dy-
namics simulation (chosen randomly). The last point was 
chosen time 231 sec, as further to point 250. character-
istics do not differ. The diagrams in column 2 of Table. 
3 allow to observe the configuration parameters of the 
system in real time.

As you can see, the weight pulls a small buoy and 
does not give him the opportunity to move freely. At 103 
sec FL cartridges underwater obstacles (rocks), presses 
the FL to the rock, resulting in a FL slides on it. FL de-
struction does not occur, as in the previous case.

 Case 3.  Consider the case: small buoy and the load, 
current in the a 45°, seaways, the rock 10 m, slow speed 
of CV. As an example diagram (Fig. 8) [3]. 

Fig. 9 shows a fragment of the working dynamics 
simulation program window dynamics floating buoy af-
ter data input for the

Table. 4 in this case shows the spatial location of the 
CV, BNF, FL and A, FL settings for some of the stages. 
Dynamics simulation time conditionally accepted 250.

In the first column of Table. 4 shows the time dynam-
ics simulation (arbitrarily chosen) which conditionally 
accepted 250. The last point parameters are indications 
for the time 250 seconds. The diagrams in column 2 of 
Table. 4 allow to observe the configuration parameters of 
the system in real time. The velocity of a small CV (CV 

Fig. 7. Fragment working dynamics simulation program 
window dynamics floating buoy after data input to the case 2

Fig. 6. Anchor Systems Buoy’s stations with attached to the 
buoyancy relations to greater depths

1000 W engine power), however, watching the changes 
in the parameters, it can be seen that under agitation and 
the presence of heavy load power CV. Not enough to keep 
on course (see the parameters for 3 seconds and 250 sec-
onds). FL does not apply to underwater obstacles (rocks), 
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Table 3. Parameters of the model as a function of time (case 2)
Time The parameters in the coordinate system FL options

1 2 3

9 sec.

15 sec.

55 sec.

75 sec.
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End Table 3
1 2 3

103 sec.

123 sec.

171 sec.

231 sec.
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Table 4. Parameters of the model as a function of time (case 3)
Time The parameters in the coordinate system FL options

1 2 3

3 sec.

8 sec.

23 sec.

62 sec.
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End Tables 4
1 2 3

141 sec.

178 sec.

250 sec.
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as CV removes system UTeS from it. In column 3 of Ta-
ble. 4 The parameters (top to bottom): TCV − tension force 
on the driving end of the heavy construction, N; NCV − CV 
motor power, W; VCV − CV velocity, m/s. On account of 
the excitement and impact load that is in the middle of the 
farm, pulsation generated in construction, which can be 
seen en diagrams. FL failure does not occur.

Discussion of the results. Analysis of project tasks at 
creation MTS (UTS and UTeS) shows that considerable 
complexity and theoretical research intensity calculations be-
come heavy MTSs, durability and reliability of the elements. 

Currently, there is a need of theoretical justification 
of methods of designing and improving the design cal-
culations of structural elements FL of MTS on the basis 
of mathematical models of dynamic modes of operation 

and to develop recommendations on forecasting possible 
load for the design of components and systems in general, 
Bringing them to the level of engineering applications.

CONCLUSIONS. Using this computer program 
describing the dynamics of the MTS with FL eliminates 
the physical modeling to study processes associated with 
conducting field tests on the high seas, which gives sub-
stantial savings of financial and material resources, hu-
man resources.

Scientific novelty this approach is to improve the 
FL design methods based on mathematical models FL 
of MTS (with the development of complex computer 
models: application of new methods of mathematical de-
scription), as a theoretical basis for the development of 
high-performance MTS with FL. 

Fig. 8. Antenna mine: 1 − displacer; 2 − top antenna;  
3 − mine; 4 − bottom antenna; 5 − anchor

Fig. 9. Fragment working dynamics simulation program 
window dynamics floating buoy after data input for the case 3
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