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Abstract. In the hydraulic engineering construction, structures of various purposes, as well as
the shores of the seas, lakes and reservoirs, are subjected to intensive action of wind waves.
Reducing the intensity of this action is an important technical problem, the solution of which will
significantly increase the service term of stationary offshore structures and reduce the degree of
destruction of coasts, especially those areas where settlements and recreation areas are located.

Many countries in the world have patented many design solutions for floating and flexible
breakwaters designed to reduce the parameters of storm waves. They can be used for various
purposes as temporary structures. This primarily relates to the construction of protective and shore
protection structures in unprotected waters. The water areas of many ports of our country are
reliably protected by stationary sea structures from penetrating wind waves from the sea, but in the
same time the technical condition of many shore protection structures exposed to storm waves
cannot be described as satisfactory. They require major reconstruction. Long coasts of the Black
and Azov Seas must be protected from the destructive effects of wind waves and drifting level ice
in severe winters of rare frequency by various types of shore protection structures.

The arrangement of offshore hydrocarbon deposits on the Black Sea shelf is associated with the
offshore constructions at various depths. Their construction will also be carried out in conditions of the
open sea. At the same time, the loss of working time, due to adverse weather conditions, will be
significant, which will lead to an increase of construction term, and therefore to financial losses. For
this reason, the development of new designs of non-stationary, quickly built breakwaters for temporary
protection of water areas, limited in area, seems to be an important engineering task.

This paper analyzes the designs of floating and flexible breakwaters patented in various
countries. Based on this analysis, a design of a flexible floating breakwater was developed, which can
be successfully used to effectively extinguish the energy of wind waves in limited areas of a wavy
stormy sea surface.

This design of a flexible floating breakwater is protected by the patent in our country. In order
to significantly reduce the parameters of wind waves, it can be successfully used in processes of:
construction of stationary protective structures; the construction of shore protection structures of
various types; the arrangement of offshore hydrocarbon deposits on the continental shelf; protection
of sea channels from sedimentation.

Keywords: flexible floating protective structure, floating breakwater, flexible breakwater,
shore protection structures, offshore oil and gas hydraulic structures, innovative design, water area,
approach channel, sea channel, wind waves.

Introduction. The main difficulties during the construction of offshore hydraulic structures in
the open sea are wind waves. Since calm weather in the waters of the seas is a rare occurrence during
the year, the loss of working days during the construction of hydraulic works is very significant. This
applies to the construction of stationary protective and shore protection structures, and to the
development of offshore hydrocarbon deposits on the continental shelf, located at great depths, where
the construction of stationary protective structures is inexpedient.
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The stationary shore protection structures built in our country are in unsatisfactory condition.
Reconstruction of existing shore protection structures and construction of new ones involves the
production of hydraulic works in the open sea. Therefore, at present, the creation of floating and
flexible protective structures is of practical interest in various countries. The development of the most
rational and efficient designs of floating and flexible protective structures is also relevant in Ukraine.

Analysis of recent research and publications. Reducing the construction time of any
structures, including hydraulic, is an important economical problem. In the near future, our country
will have to actively develop offshore hydrocarbon deposits on the Black Sea shelf belonging to
Ukraine. Currently, various engineering organizations are developing projects to protect the sea
shores of the Azov and Black Seas. The main force factors that destroy the coast are wind waves
and drifting level ice fields. The successful construction of offshore hydraulic structures for various
purposes in the open sea requires the development, testing in laboratory and natural conditions of
effective and not expensive constructions of protective structures for temporary protection of
limited water areas. Only after that it will be possible to introduce them into engineering practice.

A lot of designs of floating and flexible protective structures have been patented in the world.
The main wave-extinguishing structural elements thereof are located directly on the surface of the
water. In addition, part of the proposed designs works on the principle of seaweed, located in the
thickness of the water environment.

Winds form and extend wind waves on the water surface [1]. In accordance with the classical
concept of oscillations, particles of the water environment during the extension of waves make
oscillatory movements around their middle position. It follows from this that in the process of wave
extension over the water surface, only energy transfer is observed, and mass water transfer doesn’t
occur. This means that only the wave form extends over the water surface, since water particles in the
wave do not participate in the translational motion.

It is known that in deep water, water particles in the waves make approximately uniform motion
in closed circular orbits [2], moving at a certain speed at the tops of the ridges in the direction of wave
movement, and in the troughs in the opposite direction. Entering the shallow zone, the height of the
waves first increases, they become asymmetric due to an increase in the crest. Then the height of the
waves decreases, and the shape of the orbits of the water particles in the wave changes to elliptical
ones, which, decreasing in size with depth, do not attenuate at the bottom, that is, the process of wave
spread from the wavy surface to the bottom.

Floating protective structures [3-10] are located on the surface of the water environment,
where the main energy of wave motion occurs. Such structures make forced oscillations on a wavy
surface. When the frequency of their own oscillations is close or coincides with the frequency of
storms waves, then the phenomenon of resonance occurs. At the same time, the amplitude of the
breakwater oscillations increases sharply, which contributes to a partial decrease in wave energy. In
this case, the floating part of the breakwater is an additional generator of waves on a wavy surface.
Waves generated by a floating breakwater contribute to the quenching of wind waves in those cases
when the period of natural oscillations of the breakwater is more than the period of storms waves.

However, floating breakwaters, despite a number of advantages, have a significant drawback,
which is associated with their fixation in the design position through flexible connections, as well as
with an insufficient degree of quenching of wind waves. The first drawback, as shown by field tests,
leads to a break in ties during the operation of hard storms. The second drawback does not allow the
use of floating breakwaters instead of stationary ones, especially when protecting port water areas.

So, for example, in the 60s of the last century, on the waters of one of the Black Sea ports in the
open gate range, a floating breakwater, patented in the former USSR, was installed at anchor ties [11].
Being on the water surface, the frame structure with wave-extinguishing elements was attached to the
bottom by means of anchor ties. During the period of the storm, the experimental section of a
breakwater repeated the profile of irregular waves, without significantly affecting the change in their
parameters. As a result of the force impact of the waves, the anchor ties were broken, and the
breakwater was thrown ashore. Also, such breakwaters are ineffective when exposed to long-period
waves in the post-storm periods, since they are completely on the surface of the water.
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Constructions of flexible protective structures proposed by various authors [12-17] are
attached directly to the bottom and do not cross the free surface of the water, being constantly in
vertical position. Under the influence of wind waves, they deviate from a vertical position, like
seaweed growing vertically in fresh water. The wave-extinguishing elements of flexible protective
structures under the influence of wind waves make elastic wavering in the water depth, thereby
causing the energy of the waves to dissipate, and reducing their speed of extension over the water
surface. In addition, flexible fibers made of synthetic materials help to reduce not only bottom wave
velocities, but also along coastal currents, which will stimulate sediment accumulation. Thus, using
these design solutions, you can protect the coast, increasing the width of the beaches. The main
disadvantage of the flexible type of protective structures is the insufficient degree of quenching of
wind waves on the water surface. They also cannot be used to protect port water areas.

A review of the patented construction of floating and flexible protective structures, as well as an
analysis of their operation, showed that they cannot, in principle, effectively absorb the energy of wind
waves throughout the water depth. For this reason, they did not find their application on the seas. Their
use is possible only on lakes and reservoirs where the size of the wave parameters is much smaller than
at sea. The combination of the technical features of floating and flexible protective structures in a new
design solution will provide a more intense dissipation of wave energy throughout the water depth,
which means it will significantly reduce the parameters of the initial storms waves.

The purpose of research. The purpose of this work is to develop an innovative design for an
easily erected and not expensive floating flexible protective structures that can effectively
extinguish the energy of wind waves, significantly reducing their parameters, for the temporary
protection of local water areas where construction of hydraulic structures for various purposes in the
conditions of open sea is underway is taken place. This construction design can also be successfully
used as: temporary shore protection structures of an active type; enclosing flexible spurs to protect
against the sedimentation of marine navigation channels, including approach channels.

Research methodology. The development of a floating flexible protective structure was
carried out taking into account: the process of quenching of wind waves on the sea surface; water
depths; trajectories of motion of fluid particles in a wave in deep and shallow water zones; physical
and mechanical properties of non-woven synthetic materials; bracing the construction design of a
floating flexible protective structure to the seabed.

Research results. The construction design of a floating flexible protective structure is shown
in Fig. 1. It is patented by the authors of this article with a patent of Ukraine for a utility model [18].

S

Fig. 1. The construction design of a floating flexible breakwater:

1 — floating wave-extinguishing structural element; 2 — floats; 3 — synthetic ropes with positive
buoyancy; 4 — bracing device; 5 — synthetic ropes, which consist of a material whose density is
approximately equal to the density of sea water; 6 — bottom; 7 — wavy water surface; 8 — elliptical
orbits; 9 — calm surface of the water
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The construction design of a floating flexible protective structure consists of a floating wave-
extinguishing structural element 1, made in the form of a self, one-piece cloth of non-woven
synthetic material with positive buoyancy. The total height of the canvas consists of the sum of the
water depth at the installation site, taking into account the maximum water level of 4% of reliability
in the construction area, and half the average wavelength in the storm system, repeated once in 25
years at the place of operation of the breakwater. A three-dimensional model of the construction
design of a floating flexible protective structure is shown in Fig. 2.

Fig. 2. A three-dimensional model of the construction design of a floating flexible protective
structure

The vertical part of the wave-extinguishing element 1 is additionally equipped with floats 2, to
create additional buoyancy and roughness over its entire area, which contributes to the dissipation of
the energy of wind waves (Fig. 3). The floating wave-extinguishing element 1 is strengthened along
the entire length by synthetic ropes 3. The density of the material of these ropes is less than the density
of water. Thus, the ropes, in addition to increasing the strength of the material and buoyancy, also
increase its roughness. The lower part of the vertical wave-extinguishing element 1 is connected by
synthetic ropes 3 with a bracing device 4 located on the seabed 6 along the entire length of the flexible
floating breakwater. The horizontal part of the wave-extinguishing element is also strengthened by
synthetic ropes 5, the density of the material of which is approximately equal to the density of sea
water.

A floating flexible breakwater works as follows (Fig. 4). Wind waves 7 on a wavy surface
meet wave-extinguishing element 1 on their extinguishing path. As known, water particles in a wave

with a ratio of water depth d to wavelength A, (% <0,5) move along elliptical orbits 8 decaying

with water depth. In this case, vertical V, and horizontal V the projections of the orbital velocities
decrease with distance from the quiet level 9. In shallow water, the vertical projection of the orbital
velocity V, tends to zero throughout the water depth, and the water particles near the bottom 6 make
reciprocating movements, the speed of which is determined by the formula (1) [19]:

1h
V, =——,/0d
X 2d g 1 (1)

where h — is the wave height.
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Fig. 3. Plan of a floating wave-extinguishing structural element:
1 — floating wave-extinguishing structural element; 2 — floats; 3 — synthetic ropes with positive
buoyancy; 4 — bracing device; 5 — synthetic ropes, which consist of a material whose density is
approximately equal to the density of sea water

The vertical part of the wave-extinguishing element 1, resists the wave pressure, deviating
from the vertical in accordance with its depth distribution plot. Positive buoyancy of the vertical
part of the canvas and the floats 2 located on it contribute to its return to the vertical initial position
after the passage of the crests of the waves. In addition, the floats 2 create additional roughness for
the dissipation of wave energy. Due to the deflections of the canvas (both its vertical and horizontal
parts), there is a sharp decrease in the projections of wave velocities along the depth of the water.
Considering the irregular and three-dimensional nature of sea waves, the horizontal part of the
wave-extinguishing element along the entire length and area will make asynchronous oscillations.
These oscillations will generate disturbances in the water environment, both in the water depth and
on the water surface, which will also contribute to the effective suppression of the initial storm
waves, significantly reducing their initial energy. Both the vertical and horizontal parts of the wave-
extinguishing element 1 will obstruct the process of moving wind waves on the water surface.
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Fig. 4. Scheme of work of a flexible floating breakwater (% <0,5):

1 — floating wave-extinguishing structural element; 2 — floats; 4 — bracing device; 6 — bottom;
7 —wavy water surface; 8 — elliptical orbits; 9 — calm surface of the water

Thus, the design of a floating flexible breakwater almost completely absorbs the energy of
movement of water particles throughout the water depth, and behind a floating flexible breakwater
along its entire length at a certain distance from it there will be a local, protected from sea waves,
limited in area water area (Fig. 5).
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Fig. 5. The work of a flexible floating breakwater in the in shallow water zone (% <0,5)

A flexible floating breakwater can also be used at more depths of water, for example, in the
development of offshore hydrocarbon deposits, on the shelf of the seas, even in deep water zones.
In this case, the vertical wave-extinguishing part of the breakwater can be limited to half the
average wavelength in the storms system with a repeatability of once in 25 years. Moreover,
bracing to the seabed can be carried out using synthetic ropes 3 (Fig. 6).
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Fig. 6. The work of a flexible floating breakwater in the deep sea zone (% >0,5):

1 — floating wave-extinguishing structural element; 2 — floats; 3 — synthetic ropes with positive
buoyancy; 4 — bracing device; 6 — bottom; 7 — wavy water surface; 9 — calm surface of the water

The design of a floating flexible breakwater represented in this work is quick-build, mobile
and relatively inexpensive. It can be rearranged and installed with the help of a floating crane of
small capacity on the seabed in those places where the construction of hydraulic structures is being
carried out in the open sea. In addition, a floating flexible breakwater can be successfully used in
the water areas of estuaries, bays and reservoirs.

Conclusions:

1. The combination of the technical properties of floating and flexible protective structures in
a new design solution will allow to overlap the wave front and effectively extinguish the energy of
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wind waves, not only on a wavy surface, but throughout the water depth.

2. The design of a floating flexible breakwater can be used in deep-sea, shallow and in surf zones.

3. A floating flexible breakwater is a fast-build protective structure, which significantly
absorbs the energy of movement of water particles in the waves throughout the water depth,
significantly reducing their parameters.

4. A floating flexible breakwater can be successfully used for temporary protection of limited
water areas from wind waves, on which hydraulic structures of various purposes are being built in
the open sea, as well as in estuaries, bays and reservoirs.

5. A floating flexible breakwater can also be used as temporary shore protection structures of
the active type.

6. A floating flexible breakwater can be used as protective flexible spurs to protect against
deposition of sea channels, including approach channels, both during their construction and
operation.

7. The operational efficiency of a floating flexible breakwater in each specific case, taking
into account the topography of the bottom, the protected area of the water area, the directions of the
wave fronts, the calculated parameters of the waves, the sizes and characteristics of used materials,
can be investigated and refined both in laboratory and in location conditions in the process of
scientific support.
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AHoTauis. B rigporexHiyHoMy OyIiBHHITBI CIIOPYIM Pi3HOTO MPU3HAYECHHS, a TAKOX Oepera
MOpIB, 03€p 1 BOJIOCXOBHIII ITiIJAIOTHCSI CHJIOBOMY BILTMBY BITPOBHX XBHWJIb. SHM)KEHHS IHTEHCHBHOCTI
[[bOTO BIUIMBY MPE/ICTABISIEThCA BAKIMBOIO TEXHIYHOIO IMPOOIEMOIO, BHPIIICHHS SKOI T03BOJIUTH
ICTOTHO 30UIBIIMTH TEPMIH CITY:KOHM CTalllOHAPHUX MOPCHKHX CHOPY/ 1 3HU3UTH CTYIIHb PYHHYBaHHS
y30epexiKsi, 0COOIMBO THUX JUISIHOK, /1€ 3HAXOIATHCS HACEIICH] ITYHKTH 1 30HU BiIIOYMHKY.

V pi3HMX KpaiHaxX CBITY 3allaTEHTOBAHO 0Aarato KOHCTPYKTUBHMX PILLIEHb IUIABYYUX 1 THYYKHX
XBHJIEJIOMIB, TPU3HAYCHUX Ui 3MCEHIICHHS I[apaMeTpiB INTOPMOBHX XBHJIb. BOHH MOXYTb
BUKOPHMCTOBYBATHCS JJIs PI3HUX ILIUJIEH B SKOCTI TUMYACOBUX CHOpPY.. B mepiry uepry 1e BiTHOCUThCS
70 3BEICHHS OTOPO/DKYBAJIBHHX 1 OEpEero3axucCHHUX CIOPYA Ha HE3aXWIIEHHX aKBaTopisx. SIKmio
aKkBarTopii O6araTbOX MOPTIB HAIIOI KPaiHW HAIIHHO 3aXHIIEHI BiJl MPOHUKAKYOTO 3 MOPS BITPOBOTO
XBWJIFOBAHHS CTAlllOHAPHUMHU OTOPO/DKYBAJTBHUMH CIIOpYJaMH, TO TEXHIYHMH CTaH 0araTtbox
Oepero3axucHUX CIOpy/, 110 MiJJIAI0ThCs BIUIMBY IITOPMOBUX XBHJIb HE MOYKHA OXapaKTepU3yBaTH,
SK 3aJ0BUIbHIIA. BOHM BHMararoTh KariTajabHOI peKOHCTpyKii. Y30epexoxs YopHoro i A30BCHKOTO
MOpIB BEJIMKOI MPOTSKHOCTI HEOOXITHO 3aXWINATHU BiJl PYWHIBHOTO BIUIMBY BITPOBHX XBUJIb 1
Aapeiyrounx KpWKaHUX TOJIB B CYBOpI 3MMH PIAKICHOI IOBTOPIOBAHOCTI PI3HUMHU THIIAMU
Oepero3axucHUX CIOpy.

OOnamTyBaHHsT MOPCHKHX POJOBHIL BYIJIEBOAHIB Ha mIenb(pi YopHOro Mops MOB's3aHE 3
OyIiBHUIITBOM MOPCHKMX HA()TOra30IpPOMHCIOBUX TiAPOTEXHIYHUX CHOPY/l HA Pi3HUX TIMOMHAX. Ix
3Be/IeHHs OyJie 3[IHCHIOBATHUCA TaKOX B YMOBax BigkpuToro mops. Ilpu npomy BTpaTu poboyoro
qacy, 4epe3 HECNPHATINBI MOTroAHI YMOBH, OyIyThb CYTTEBHMH, IO MpHU3BEAE A0 30UIBIICHHS
TEepMiHIB OyAIBHHUIITBA, a 3HAYWUTh 1 10 (piHAHCOBUX BUTpaT. 3 L€l NMPUYUHU PO3pOOKa HOBHX
KOHCTPYKILIIH HeCcTal[lOHapHUX, IIBUJKOMOHTOBAaHMX XBWJIEJIOMIB JJIsi THUMYacCOBOTO 3aXHCTy
00MeKEeHMX IO IIJIOLII aKBAaTOP1i € BaKJIMBOIO 1HXKEHEPHOIO 3a/1a4elo.

VY naniif po6OTi MpoaHai30BaHi 3alaTeHTOBaHI B PI3HUX KpaiHax KOHCTPYKIIi IUIaBydux 1
THYYKHX XBuWJenoMiB. Ha mifcTtaBi 1poro a”amizy Oyiia po3po0OsieHa KOHCTPYKIlS TUIaBYy4OTO
THYYKOIO XBWJIEJIOMY, SIKa MOJKE YCIIIIHO 3aCTOCOBYBATHUCS JUIsl €(EKTUBHOTO TaciHHS eHeprii
BITPOBUX XBHWJIb HA OOMEKEHUX IUIONIAX CXBUILOBAHOI IITOPMOBOI MIOBEPXHI MOPS.

JlaHa KOHCTPYKIIisl IUIaBy4Oro I'HYYKOI'O XBHJIEJIOMY 3aXMILEHa MaTeHTOM Halloi KpaiHu. 3
METOI0 ICTOTHOTO 3MEHILEHHS apaMeTpiB BITPOBUX XBUJIb BOHA MOXKE YCIIIIHO 3aCTOCOBYBATHCA
npu: OYIIBHHMIITBI CTAI[lOHAPHUX 3aXHUCHMUX CIIOPYJ; 3BEJEHHI Oepero3axucHUX CIOpYyI pPi3HUX
THUIIIB; O0OJAIITyBaHHI MOPCHKHMX POJIOBHUII BYIJIEBOJHIB HA KOHTHHEHTAJILHOMY LIENb(]1; 3aXUCTY
MOPCBHKUX KaHaJiB BiJl 3aHOCUMOCTI.

Kuro4oBi ci10Ba: miaByya rHydka OropoKyBajIbHa CIIOPY/1a, IJIABYYHMIM XBUJIEIIOM, THYYKHI
XBHJIEJIOM, Oepero3axucHi CHOPYAHM, MOPCHKI Ha(TOra3ornpoOMHUCIOBI TiIPOTEXHIYHI CHOPYAH,
IHHOBAIIII{Ha KOHCTPYKLis, aKBATOPIsl, MIIX1THUN KaHaJl, MOPCHKHUM KaHaJl, BITPOBI XBHJII.
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AHHOTAUUsA. B rupOTEXHNYECKOM CTPOUTEIBCTBE COOPYKEHUS PA3IMYHOIO MPEIHA3HAYCHMS,
a Tarke Oepera mMopeil, 03ep W BOJAOXPAHWIIUIL TTOJABEPralOTCSI CHIIOBOMY BO3/ICHCTBUIO BETPOBBIX
BOJIH. CHIKCHHE WHTEHCHBHOCTM 3TOrO BO3JEHCTBHSA NPEACTABIACTCS BAXXHOM TEXHUYECKOU
npoOJIeMOl, pelIeHHe KOTOPOM TIO3BOJIUT CYIIECTBEHHBIM 00pa3oM YBEIHYHTH CPOK CITYXKOBI
CTAl[MOHAPHBIX MOPCKHUX COOPY)KEHMH M CHU3UTH CTENEHb Pa3pylIeHHs MOoOepexuii, 0COOEHHO Tex
YYaCTKOB, TJIe HaXOASTCS HACEIEHHbIE IIYHKThI U 30HBI OT/IbIXA.

B pa3HbIX cTpaHax Mupa 3alaTeHTOBAHO MHOI'O KOHCTPYKTHBHBIX PELICHHUH IUIaBYyYUX U TMOKMX
BOJIHOJIOMOB, IpE€JIHA3HAUCHHBIX JUI YMEHBIIEHHsS MapaMeTpoB IITOPMOBBIX BOJH. OHM MOTyT
UCIIOJIb30BATHCS JJISl Pa3/IMUHBIX LENIEH B KAUECTBE BPEMEHHBIX COOPYKEHUI. B nepByro ouepens 310
OTHOCHUTCS K BO3BEIEHHMIO OIPaKAAIOUIMX M OEpero3allluTHBIX COOPYKEHHM Ha HEe3allUIIEHHbIX
akBaropusx. Ecin akBaTOpuu MHOTMX IIOPTOB HAIlIEH CTPAaHbl HA/IEKHO 3ALIUILEHBI OT IPOHUKAIOLIETO
U3 MOps BETPOBOI'O BOJIHEHMS CTAl[MOHAPHBIMU OrPAKIAIOLIMMU COOPYKEHUSIMU, TO TEXHUYECKOE
COCTOSIHME€ MHOTHX O€pero3allluTHBIX COOPY>KEHUH, OBEPratOLIUXCsl BO3AECHCTBUIO IITOPMOBBIX BOJIH
HEJb3sl OXapaKTepU30BaTh, KaK yJIOBIETBOpUTEIbHOE. OHU TpeOyOT KaluTaJbHOM PEKOHCTPYKLIUH.
ITo6epexxbe YUepHoro m A30BCKOro Mopeil OONbIION MPOTSHKEHHOCTH HEOOXOAMMO 3aluliaTh OT
Pa3pYIIUTEIFHOTO BO3JCHUCTBUS BETPOBBIX BOJH M APEH(YIOMMX JISTIOBBIX 00pa30BaHUIA B CYpOBBIC
3UMBI PEAKOI NOBTOPSEMOCTH PA3IMYHBIMU THIIAMU O€pEro3allluTHBIX COOPY>KEHUH.

OOyCTpOHCTBO MOPCKUX MECTOPOXKICHUHN YIIIEBOJIOPOJOB Ha Iienbde UepHOro Mops CBsI3aHO
CO CTPOUTENBCTBOM MOPCKUX HE(TErazornpoMbICIOBBIX TMIPOTEXHUUYECKUX COOPYKEHMH Ha pa3HbIX
rmyouHax. Mx Bo3BeneHne OyIeT OCYIIECTBISTHCS TAKKE B YCIOBHSX OTKpBITOro mMops. Ilpu stom
IIOTEpH PaboYero BpeMEeHH, Py HEOIAronpUsATHBIX TOTOAHBIX YCIOBHSX, OyIyT CYLIECTBEHHBIMH, YTO
MIPUBEJET K YBEJIMYEHUIO CPOKOB CTPOMTEIHCTBA, a 3HAYUT U K (MHAHCOBBIM 3arparam. [lo 3Toii
Npu4rHe pa3paboTKa HOBBIX KOHCTPYKIMH HECTALMOHAPHBIX, OBICTPOBO3BOAMMBIX BOJHOJIOMOB IS
BPEMEHHOM 3alUTHI OTPAaHUYEHHBIX 110 TUIOIIAN AKBAaTOPHUHU SBIISETCS BaKHOW MHXKEHEPHOU 3a7adeil.

B Hacrosmeill paboTe mNpoaHaTM3MPOBAHBI 3alaTEHTOBAaHHBIE B PA3IMYHBIX CTpaHAX
KOHCTPYKILMH IJIaBy4YUX U THOKMX BOJHONIOMOB. Ha ocHOBaHuM 3TOro aHammsa Obula pazpaOoTaHa
KOHCTPYKLIMS TIJIaBy4ero TI'MOKOrO BOJIHOJIOMA, KOTOpas MOXKET YCIEIIHO MPUMEHSAThCS JUIs
3¢ (GEeKTUBHOIO TalIeHUs] SHEPrUM BETPOBBIX BOJH HAa OTPAHMYEHHBIX IUIOUIAJAX B3BOJIHOBAHHOM
LITOPMOBOM ITOBEPXHOCTU MODA.

JlaHHAast KOHCTPYKILMS IJIaBy4yero TMOKOro BOJIHOJIOMA 3alIMILEHa MaTeHTOM Hallled CTpaHbl.
C nenbro CyIIECTBEHHOTO YMEHBUICHMsI IapaMeTPOB BETPOBBIX BOJH OHA MOXET YCIEIIHO
MPUMEHSTHCSI TpPU: CTPOUTENBCTBE CTAMOHAPHBIX OIPAJAMTEIbHBIX COOPYKEHHUH; BO3BEIECHUU
Oepero3aluTHBIX COOPY)KEHUH pPa3JIMYHbIX THUIOB; OOYCTPOMCTBE MOPCKUX MECTOPOXKICHHUN
YTJI€BOIOPOAOB Ha KOHTUHEHTAJIBLHOM HIelb(]e; 3aluTe MOPCKUX KaHAJIOB OT 3aHOCUMOCTH.

KioueBble ciioBa: miaBydee TMOKOe OrpajuUTENbHOE COOPY)KEHHE, IJIaBYYHil BOJHOJIOM,
THOKMI ~ BOJHOJIOM,  OEpEero3amiuTHBIE  COOPY)KEHHs, MOpPCKHE  He(Tera3ornpoMbICIOBBIC
THJIPOTEXHUYECKHE COOPY)KEHUS, WHHOBALIMOHHAs KOHCTPYKLIMS, AKBAaTOPHsA, IOIXOJHOM KaHal,
MOPCKOH KaHaJI, BETPOBBIE BOJIHBI.
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