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Abstract. Global climate changes lead to an increase in the number and intensity of extreme
events in the seas and oceans (tsunamis, floods, storm surges, etc.). This can have catastrophic
consequences involving the destruction of civil infrastructure, the flooding of large areas of
recreational land, the loss of life, and can also adversely affect water quality, sediment transport,
and habitats for living organisms.

The creation of artificial berms on the seabed and breakwater piers changes significantly the
parameters of wave processes, reducing destructive effect of waves in the coastal zone. But the use
of traditional coastal protection structures (dams, piers, breakwaters) is not always efficient and
economically reasonable. Thin permeable barriers are increasingly being considered as an
alternative option in providing economic and ecological protection of coastal areas. The purpose of
this research is to substantiate the effectiveness of vertical semi-submerged walls for protection the
shores of natural reservoirs from the destructive energy of surface waves. Such a structure is non-
permeable near the free surfacer, and is supported by piles at some distance from the bottom, which
allows the flow of water and sediments. The physical simulation of the interaction of a nonlinear
solitary wave, which is considered as a tsunami model, with a semi-submerged thin vertical barrier
is performed in the experimental channel to evaluate the effectiveness of vertical wave barriers
against the destructive energy of long waves. It was found that interaction of a solitary wave with an
overhanging vertical wall leads to generation both of the reflected wave, due to roll of the incident
wave on the structure, and the transmitted wave, which is formed after the liquid mass passes
through the gap between the bottom and the wall.

Quantitative characteristics of the interaction of the wave with the obstacle were obtained
with the help of capacitive sensors, which were installed along the main axis of the laboratory
channel to record the free surface disturbances caused by the propagation of the wave in the
channel, its reflection from the wave screen and its transmission downstream. The processing of the
received data made it possible to estimate the parameters of a solitary wave, which was formed in
the channel by the impact of a heavy body on the water surface, those are the amplitude, length, and
velocity of wave propagation. The energy attenuation of a solitary wave is estimated, which is an
important characteristic of the channel and makes it possible to obtain more accurate values of
reflection and transmission coefficients.

Evaluations of wave reflection and transmission coefficients show that thin partially
submerged vertical barriers are sufficiently effective in reducing the energy of nonlinear solitary
waves although they do not suppress the waves completely. The depth of the screen-type permeable
obstacle immersion relative to the free surface has a significant influence on the
reflection/transmission coefficients and its effectiveness, accordingly. It has been established that
semi-submerged obstacles can dissipate up to 60% of the incident wave energy.

Keywords: solitary wave, wave screen barrier, submersion, reflection and transmission
coefficients.

Modern construction and architecture, 2023, no. 4, page 71-80

71



72

HYDROTECHNICAL AND TRANSPORT CONSTRUCTION

Introduction. Breakwaters are widely used to provide economical protection of harbors and
beaches from surface waves. The study of the interaction of waves with protective structures, as
well as the expediency and effectiveness of the means applied to reduce the impact of waves on the
shores of natural reservoirs are important aspects of coastal and marine engineering [1].

Recently, breakwaters in the form of thin, rigid vertical barriers, also called a wave screen,
have been used or considered. These structures are installed at the entrance to small sea or river
harbors to dissipate wave energy and control shoreline erosion. The wave screen consists on cast
walls that are connected with the supporting piles at the sides [2]. The upper part of the wall is
impermeable and extends above the water level and other part is permeable and consists of closely
spaced horizontal slots. This breakwater not only dissipates energy of incident waves but also
improves water circulation, facilitates fish passage and minimizes the pollution near shore because
it permits the flow exchange between the partially enclosed water body and the open sea. The study
of wave interaction with a semi-submerged wave screen is needed to obtain the key information for
understanding the hydraulic performance of this structure as a special breakwater. Note, to develop
a modern protective structure, coastal engineers have to consider not only its effectiveness against
waves, but also care for the environment.

Analysis of recent research and publications. Due to the importance of the problem under
consideration, many theoretical and experimental researches have been performed to evaluate the
efficiency of vertical barriers against waves. In most of them, only periodic waves were considered,
and much less attention was paid to long solitary waves (solitons), although they are very dangerous
for coastal areas. The results of the most comprehensive study of the interaction between a solitary
wave and a partially submerged vertical barrier are presented in [3]. Transmitted and reflected wave
characteristics, as well as velocity fields and wave-induced loads to the structure were obtained
experimentally and numerically over a wide range of problem parameters such as water depth,
incident wave amplitude and draught of the barrier. Experimental data were used to check a
numerical model, based on the Reynolds-averaged Navier-Stokes (RANS) equations and the
(k —¢) turbulence closure model. Calculations were then carried out to obtain additional results,

which allowed derive generalized formulae for the maximum run-up height and the maximum wave
force. In [4], non-linear and dispersive solitary wave reflection and transmission characteristics after
interacting with a partially immersed screen were calculated using the Smoothed Particle
Hydrodynamics (SPH) method. Nonlinear waves of different heights when changing the draught of
the curtain wall were considered. It was shown that the partially immersed curtain breakwater is
effective in dissipating incoming wave energy if its immersion depth is over half of the water depth.
In [5], the wave-curtain screen interaction was investigated by the weakly compressible smoothed
particle hydrodynamics (WCSPH). It is noted that the submergence depth of wall plays a crucial
role on its performance as a breakwater. The conclusion of the study [4] that the relative
submergence of the wall by 50% is the most effective for damping wave energy was also
confirmed. It was obtained that about 50% of the incident wave can pass the breakwater in this case.

An analytical theory for calculating the hydrodynamic characteristics of a partially submerged
porous barrier attacked by a solitary wave is presented in [1]. It is based on the Fourier integral and
the procedure of superposition of solutions, which are used to obtain the velocity potentials in the
reflection and transmission regions. To evaluate the performance of a partially submerged thin
porous wall as a breakwater, the wave run-up, transmission coefficient, and maximum horizontal
force under various conditions are presented and discussed. The verification of the analytical
solutions was based on a series of experimental measurements where the wave profiles in front of
and behind the porous wall were determined.

The purpose of the work. In this paper, we study the prospects for reducing the energy of
waves that attack the shores of natural reservoirs with the help of a curtain permeable screen. For
this purpose, the laboratory experiments were conducted in which the characteristics of the
interaction between a solitary wave and a semi-submerged screen were meagered. The reflection
and transmission coefficients are obtained in a wide range of wave amplitudes and draught of the
screen. These results make it possible to evaluate the efficiency of the considered device as a
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breakwater.

Experimental setup. Experiments were conducted in a glass-walled wave tank located at
Institute of Hydromechanics of NAS of Ukraine. The wave tank is 16 m long, 0.30 m wide, and
0.70 m deep. In order to generate solitary waves, a heavy body was installed at one end of the
channel. The fall of the body to the bottom created a local rise in the water level, which later
transformed into a solitary wave. Note that this method of wave generation was first used by
Russell (1834) [6]. In the experiments, it was modified by using a special arrangement to cut off the
"dispersive train" that develops during the formation of a solitary wave. A model of a protective
structure in the form of a semi-submerged curtain screen was mounted in the middle of the wave
tank. Logging free surface deformations during the passage of a solitary wave over the screen was
made by capacitive gauges, which were posed along the central line of channel. Four sensors,
marked as DO...D3, were mounted in front of the curtain screen for recording the parameters of the
incident and reflected waves. Sensors D4, D5 were located behind the screen to register the
transmitted wave. The system for collection and processing of experimental data made it possible to
poll the sensors, convert the received signal into a numerical form with the help of the analog-to-
digital converter and quickly analyze the process using a PC. The sensors were calibrated prior to
the experiments to obtain a regression relationship between the signals from the sensors and their
depth. The average velocity of wave propagation as well as the amplitude, energy and profile of the
wave were determined from these data. The picture of the interaction of the wave with the
submerged screen was supplemented using a digital video camera. One can find a detailed
description of the wave tank and experimental methodology in [7].

Validation of solitary wave generation. Since the generation of solitary waves in the present
study followed the "old" method, their profiles were verified by comparing the free surface
displacements to be obtained to the theoretical shallow water waveform. Fig. 1 demonstrates the
profile of the solitary wave generated during the experiments (markers) and the Korteweg-de Vries
wave solution (solid line) [8]:

y2
n=a-sec h{(%) (x — ct)} ,

where n is the free surface elevation; x and t are stream wise direction and time; a is the wave
amplitude; H is the water depth and ¢ is the wave celerity that can be calculated as ¢ = /g(H +a) :
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Fig. 1. Relative profiles n(x)/a of a solitary wave against x/A s , where A5 is the distance from
the wave crest to the point corresponding to half the amplitude of the wave [9]
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From this comparison, it follows that the waves formed in the experiment are close to typical
long waves, which are identified as solitons. A series of tests on the generation of a soliton in the
experimental channel showed that the resulting waves are highly repeatable.

The length of such a wave is theoretically infinite; for practical use it can be estimated as the
distance containing 95% of the total mass [10], namely:

A=2.12H/Ja/H .

The waves travel over long distances without spending much energy. In a channel of constant
depth, their motion is accompanied by only a slight decrease in amplitude, which is a consequence
of the dissipation of wave energy due to shear stresses caused by friction of liquid against the walls
and bottom of the channel. Fig. 2 depicts the relative profiles of the solitary wave of amplitude
a/H =0.32 obtained when travelling the wave in the tank without the curtain screen. An analysis
of these data revealed that obtained wave attenuation is close to theoretical estimates from [11].
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Fig. 2. Evolution of the solitary wave in the laboratory tank with a horizontal bottom

Results and discussion. If the channel is blocked by an obstacle, the solitary wave will undergo
significant deformations, the determination of which is the goal of this study. The scheme of the
experiment and the coordinate system Oxz are presented in Fig. 3, b. Note that the vertical axis z=0
coincides with the obstacle, which is located between sensors D3 and D4 at distances ~7H and ~5H
from those, respectively. The obstacle has the form of a thin curtain wall (screen) whose upper part
rises above the free surface and the lower part does not reach the bottom. So, a slot is present in the
channel section through which water can flow. The main geometrical parameter of this structure is the
draught z, defined as the distance between the undisturbed free surface and the lower edge of the

curtain wall (Fig. 3, b). Thus, the parameter z, regulates the width of the gap between the channel

bottom and the curtain screen. In all the experiments, the protruding section of the screen exceeded the
incident wave amplitude to prevent water flow there. The series of the experiments was carried out, in
which the heights of transmitted and reflected waves were measured at different values of both the

incident wave amplitude and the draught z,. Technically, the position of the curtain walls relative to

the free surface adjusted with the help of a tripod (Fig. 3, a). The water depth in the experimental tank
was H=13 cm throughout the experiments. Further, when interpreting the obtained data, all
parameters will be referred to the depth H.

The evolution of a solitary wave interacting with a semi-submerged curtain screen is captured
on the snapshots presented in Fig. 4. At the top, the initial half of the process is shown, when the
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wave generated close to the left end of the channel travels to the obstacle. It can be seen that the
wave grows as it approaches the screen.
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Fig. 3. Scheme of the research:
a — snapshot of the experimental channel with the semi-submerged curtain screen; b — sketch of the
interaction between the solitary wave and the semi-submerged screen; the dotted line indicates the
level of the free surface at rest; DO-D5 are the capacitive gauges

At the same time as the wave runs the screen, part of the water passes through the gap
between the curtain wall and the bottom that causes an increase in the level of the free surface
behind the obstacle too. After the runup of the wave reaches its maximum, it rolls down; as a result,
a reflected wave is formed that propagates in the opposite direction (to the left end of the channel).
The lower part of Fig. 4 demonstrates the final stage of the wave evolution, when the water that has
passed between the obstacle and the bottom forms a transmitted soliton, which continues to move
forward. It is obvious that the amplitude of the transmitted wave decreases compared to the incident
wave owing to energy losses on the reflected wave and turbulent processes initiated by the wave
near the obstacle. A series of experiments with different parameters of the problem made it possible
to identify the configuration of the protective structure when the incident wave will spend maximal
energy to overcome the obstacle.

2 Solitary wave runup
04
0.0
04
08
2 -1 0 1 2 2 -1 0 1 2 2 -1 0 1 2
xH xH xH

Solitary wave rundown

2 -1 0 1 2 2 -1 0 1 2 2 -1 0 1 2
xH xH xH
Fig. 4. Snapshots of the longitudinal section of experimental channel demonstrating interaction
of a solitary wave with a semi-submerged curtain wall at z; =5cm, H =13cm
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In Figs. 5, 6 the records of the free surface level obtained by sensors DO-D5 are presented for
two configurations of the curtain wall. In the first case, the bottom edge of the wall coincides with

the free surface, i.e., zy =0, and zy =5cm in the second case. The number 1 denotes there the

incident wave; 2 — the reflected wave; 3 — the transmitted wave and 4 — the wave reflected from
right end of the experimental tank. The free surface disturbances n in these figures are referred to

the incident wave amplitude ay, which is recorded by DO sensor at the beginning of the

experimental tank. The non-dimensional time is introduced as t = t,/gH /H =t,/g/H . Note that the

given data were obtained at H=13cm, aj =0.32H .

It is obvious that when interacting a solitary wave with the cross wall lying at the free surface,
the bulk of water passes below the obstacle. As a result, the wave is restored almost completely
after the obstacle. It is seen in Fig. 5, that the transmitted wave is about 85% of the incident wave.
The reflected wave is insignificant; it is recorded by D3 sensor only.

As the draught of the curtain wall increases (Fig. 6), the interaction between the solitary wave
and the obstacle intensifies, which is manifested in the rising the energy of the reflected wave. It is
now registered by all the sensors located in front of the wall. Data recorded by sensors D4, D5
indicate that the height of the transmitted wave drops significantly compared to the previous case. It
is equal here ~75% of the initial value a,. These results confirm that the depth of wall immersion is

a factor that specifies the effectiveness of the curtain wall as a protective structure.
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Fig. 5. Free surface disturbances recorded by sensors DO-D5 during the propagation
of the solitary wave in the channel with the curtain wall at draught z; =0
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Fig. 6. Free surface disturbances recorded by sensors DO-D5 during the propagation
of the solitary wave in the channel with the curtain wall at draught z; =5cm

A quantitative criterion used to estimate the effectiveness of a breakwater against surface
waves is defined as the ratio of the amplitude of the wave passed through structure to that of the
incident wave [12]. It is called the transmission coefficient and is denoted as K, :

Ky = atr/ai J
where a;, is the amplitude of the transmitted wave, a; is the amplitude of the incident wave.
Similarly, the reflection coefficient K, is introduced:
K, =2a,/a;j,
where a, is the amplitude of the reflected wave.

If a cross wall is installed on the bottom of tank and protrudes above the free surface, the incident
wave will be almost completely reflected from this obstacle [12]. In this case, the free surface profiles
formed when a solitary wave rolls off the wall are similar to runup of the wave to the obstacle. The
decrease in the amplitude of the reflected wave compared to the amplitude of the incident wave
recorded in the experiments does not exceed 5%. In this limiting configuration of the breakwater, the
transmission coefficient K, is about zero and the reflection coefficient K, goes to 1. From the point

of view of protection of water areas from waves, such a construction is the most effective, but it
does not meet ecological requirements, as it does not allow water exchange and free migration of
fishes and other representatives of marine fauna. When the width of gap between the seabed and the
lower edge of the curtain wall increases, the effectiveness of the structure against waves will
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deteriorate, since the transmission coefficient rises and the reflection coefficient, on the contrary,
drops. Thus, when using the curtain wall as a breakwater, it is necessary to establish a balance
between protective characteristics and environmental requirements.

Fig. 7 illustrates the dependences of the transmission K, and reflection K, coefficients on

the relative draught of the curtain screen zy/H calculated based on the data of this investigation.

The picture also contains a comparison of the available results with the corresponding data known
from [5].

Fig. 7. Transmission K, and reflection K, coefficients against the draught to depth ratio zq/H:

curves with markers -m- , -0- correspond to the present investigation, solid thick and dashed lines
reflect the results of numerical simulations by SPH and WCSPH methods, respectively [5]

The curves represented in Fig. 7 indicate the good correlation between the transmission and
reflection coefficients when a solitary wave propagates in the channel with a cross curtain screen.
When the draught of the screen increases, its influence on the process grows which leads to the
intensification of the interaction between the wave and the obstacle. The narrower the gap between
the bottom and the screen the less water it passes, as a results, the energy of the transmitted wave
drops. On the contrary, the energy of the reflected wave increases. It is obtained in the experiments,
that the draught to depth ratio z,/H is decisive in this configuration, at the same time, the water

depth in the channel does not a significant effect to the transmission and reflection coefficients. It
follows from Fig. 7, that augmentation of the relative draught z,/H leads to a decrease in the

transmission coefficient and an increase in the reflection coefficient. The value of zy/H at which

the coefficients are equal is about 0.7. It is also seen that attenuation of a solitary wave can reach
60-70% when it passes through a semi-submerged curtain screen. This fact points out the high
efficiency of such a structure in dissipating the energy of the waves attacking sea shores. It must
also be emphasized that a semi-submerged curtain screen will be effective in dissipating the energy
of incident waves when its draught exceeds half the water depth.

A comparison of the transmitted coefficient (shaded squares) with the corresponding results
of paper [5], which have been numerically calculated with applying the smoothed particle
hydrodynamic method (SPH) — solid line in Fig. 7, and the weakly compressible smoothed particle
hydrodynamics (WCSPH) — dashed line, demonstrates that the experimental data are slightly
overestimated the numerical results. Although the general trend for the dependence of the
coefficient K, on the ratio z,/H remains. The maximum error was observed at small draughts

and it ranges from 15% to 30%. When the draught is large, the error drops to 5-7%.
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Conclusions. The results of the experimental research of the interaction between a solitary
wave and a semi-submerged curtain screen are presented. It is shown that such a structure can be
effective in reducing the energy of waves attacking seashores, although it does not suppress the
waves completely. The efficiency of the semi-submerged screen as a breakwater is measured by the
transmission coefficient, which is calculated as the ratio of the amplitude of the incident wave to the
amplitude of the transmitted wave. The experimental data obtained indicate that the coefficient
depends on the ratio of the screen draught to the water depth. If the ratio is less than 0.5, then more
than 50% of the energy of the incident wave is carried downstream by the transmitted wave.
However, when the draught to depth ratio exceeds 0.5, the semi-submerged screen will be effective
in restraining a solitary wave, since the transmission coefficient in this case can drop to 35%. Thus,
the target protection when using such structures can be achieved by choosing the draught of the
impermeable section of the breakwater.
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Anoranisi. [7100a7pH1 3MIHM KJTIMATy TPU3BOJATE JO 30UTBIICHHS KiTBKOCTI W 1HTEHCUBHOCTI
eKCTPEMAIIbHUX SIBHII B MOPSX 1 OKeaHax (I[yHami, OBEHi, IITOPMOBI HaroHu BoaM Ta iH.). Lle Moxe
MaTH KatacTpodivyHi HACIIIKH, ITOB’sI3aH1 3 pyHHYBaHHIMH IIUBUIBHOT 1H(PACTPYKTYPH, 3aTOTUICHHSIM
BEJIMKUX TEPHUTOPIH, BiBEACHHUX /IS peKpealiifHuX Liiei, BTPaTO0 JKUTTIB, a TAKOX MOXe 3ryOHO
BIUIMHYTH Ha SIKICTh BOJM, TPAHCIIOPTYBAHHSI 0CA/1y Ta CEPEIOBUIIE ICHYBaHHS )KUBUX OPraHi3MiB.

CTBOpeHHS ITyYHUX OEpM Ha MOPCHKOMY JHI Ta XBWJIEPYHHIBHHX MOJIIB CyTTE€BO BIUIMBAIOTH
Ha TapaMeTpy XBWJIbOBUX IIPOIIECIB, 3MEHIIYIOUM iX PYHHIBHY Iif0 B NpUOEpekHiH 30HI. AJe
BUKOPHCTAHHS TPaJULIAHUX Oepero3axucHux cropyxa (rpedenb, MOJiB, XBUJIEIOMIB) HE 3aBXKIU €
JOLUIBHAM Ta €KOHOMIYHO OOIpyHTOBaHUM. [IpOHMKHI NEpemKoay Bce YacTille po3MIAaloThCs K
abTEPHATHBHUIA BapiaHT B 3a0€3ME€YeHHI €KOHOMIYHOIO I EKOJIOTIYHOTrO 3aXHCTy HpHOEpeKHUX
Teputopiif. Metoro 11i€i poOOTH € OOrpyHTYyBaHHS €(EKTHBHOCTI BEPTUKAJIbHUX HAIliB3aHYPEHUX
CTIHOK U1 3aXUCTy OeperiB MpHPOAHMX BOAOWM BiJl PYHHIBHOI €HEprii MOBepXHEBHX XBWIb. Taka
CropyZa € CyLUIbHOK MOOIN3Y MOBEPXHI BOMH, a 3HU3Y MIATPUMYETHCS MaIsIMU Ha JIESKIN BiiCTaHi
Bil NMHA, IO JIOMYCKAaE€ TEpeTiKaHHS BOJW Ta HAHOCIB. BukoHaHe (i3WdHE MOJCIIOBAaHHS B
eKCIIEPUMEHTAIbHOMY KaHaJl B3a€MOJIl MOBEPXHEBOI IMOOJMHOKOI XBHJI, sIKa PO3IVIANAETHCA SIK
MOJIeTIb IlyHami, 3 HAIiB3aTOIUICHOID TOHKOK) BEPTUKAIBHOI TEPEIIKOAOK 33Ul OLIHKH
e(EeKTUBHOCTI BEPTHKAILHUX XBUJIBOBUX Oap'epiB B 3MEHIIICHH] €HEPTii CHIIBHUX HEJHIMHUX XBWIb. B
eKCIEepUMEHTaX OTPUMAHO, 1110 NMPH HAOIraHHI COJITOHHOI XBWJII Ha HABICHY BEPTUKAIbHY CTIHKY,
BiZIOMTa XBWJISL YTBOPIOETHCS 3 HAKaTy Majar0yoi XBUII Ha CIIOpPYAY, a MPOXiJHa XBUIA (HOPMYEThCS
ITICJIsl MPOXO/KEHHS MacH P1IMHU Yepe3 3a30p MIXK THOM 1 HHDKHBOIO YaCTUHOIO CTIHKH.

KinbkicHI XapaKkTepUCTHKH B3a€MOJIIT XBHJI 3 MEPEIIKOI0K0 OyiIM OTpUMAaHi 3a JI0OMOMOIO0
€MHICHMX JIaTUYMKIB, Kl OyJIM BCTAaHOBJIEHI B3JIOBX TOJIOBHOI OCi J1a0OpaTOpHOro KaHaly 1
peectpyBasii 30ypeHHs BUIbHOI MOBEPXHI, BUKJIMKAHI MOMIUPEHHSAM XBMJI B KaHal, ii BIAOUTTAM
B1Jl XBWJILOBOT'O €KpaHy Ta MPOXO/KEHHSAM BHU3 10 Teuii. OOpoOka OTpUMaHuX JaHUX J03BOJIMIIA
OLIHUTH MapaMeTpu MOOJUMHOKOI XBWII, 11O (popMyBajacsi B KaHali yJapoM Ba)KKOro Tina 00
MOBEPXHIO BOJU — aMIUIITYJU, JOBXKHUHHU, HIBUAKOCTI MOUIMPEHHS. 3poO0JI€HO OLIHKY 3aTyXaHHS
eHeprii MOOJUHOKOT XBHJI, II0 € BaXJIMBOK XapaKTEPUCTUKOI KaHalIy 1 Ja€ 3MOTy OTpUMAaTH
OUIPII TOYHI 3HAYEHHS MO KoepilieHTaM BIAOUTTA Ta MpoxokeHHs. OTpuMaHl OLIHKU
KOC(IIiEHTIB BIIOUTTS Ta MNPOXO/PKEHHS XBUJl TOKa3ylTh, IO TOHKI YacTKOBO 3aHYpeHi
BEpPTUKaAIbHI Oap’epy Xoya ¥ HE NPUTHIYYIOTh HENIHIMHI COMITOHHI XBWJI TOBHICTIO, ajle €
JOCTaTHRO €(EeKTUBHUMH B 3MEHIICHHI IX IHTEHCHBHOCTI. 3HAaYHWA BIUIMB Ha KOE(IIiEHTH
MPOXOKEHHSI/BIAOUTTS 1, BIANOBIIHO, €(EKTUBHICTh MPOHUKHOI MEPEIIKOIU €KPAaHHOTO TUITY Ma€
rnubuHa ii 3aHYpeHHS BITHOCHO MOBEpXHI BOAM. BcTaHOBIEHO, 110 HamiB3aHYPEHI MEPelIKkoan
MOKYTh po3citoBatu 10 60% eHeprii nagaro4oi XBHJIL.

KirouoBi cjoBa: mnooanHOKa XBWIIS, XBHUJIBOBUH Oap’ep €KpaHHOro THIIY, OCaJKa,
Koe(IIieHTH BITOUTTS Ta MPOXOHKEHHSI.
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