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Abstract. The article is devoted to the issues of physical experimental researches connected
with the determination of the parameters of wave quenching when overflowing them through the
superstructure of enclosing hydraulic structures (ENS) of incomplete vertical profile. The research
was conducted in the hydrowave laboratory of the Department of Hydraulic Engineering of the
Odessa State Academy of Civil Engineering and Architecture. The article presents partial results of
experiments performed on ENS of incomplete vertical profile. The models were made on a
geometric scale and were subjected to wave effects similar to the conditions of the natural section of
the coast of the Odessa Bay in compliance with the criteria of similarity.

The construction of new structures of enclosing hydraulic structures requires careful primary
experimental research. These researches mostly often carried out on physical models in specialized
hydrowave laboratories, allow to get rid of risks of financial losses at the wrong choice of types and
elements of the designed objects. The carried out researches allow estimating with a high degree of
reliability, according to scale conditions, physics of the processes proceeding on models which will
also be observed at the operation of real construction. The physics of the process of hydrodynamic
impact on hydraulic structures is often difficult to describe only with the help of a mathematical
model, which confirms the high degree of importance of physical experiments.

The progress of technical science largely depends on the ability to make more accurate
measurements. High-precision measuring equipment was used in laboratory tests.

This paper describes the method of conducting experiments that were performed on one
physical model, under three different conditions of the location of the superstructure relative to the
quiet level, as well as different values of the initial wave heights.

The use of structures of incomplete vertical profile, in order to protect the waters of seaports, as
well as elements of the coastal infrastructure of maritime cities will increase economic attractiveness
by reducing financial costs, thanks to the reduction of the topside of the enclosing structures.

Keywords: hydrowave tray, physical modeling, enclosing hydraulic structure of incomplete
vertical profile.

Introduction. In the engineering practice of construction of enclosing and shore protection
structures, structures of incomplete vertical profile are used, through the crest of which a partial
overflow of waves with a further change of their main parameters is allowed. However, in the
normative documents of many countries on the design of enclosing hydraulic structures, there are
no practical recommendations to determine the amount of wave damping by structures of this type.

Many specialists have studied these issues, the results of which have been published in the
extensive literature [1-5]. In practice, the allowable wave heights in the protected waters of seaports
are regulated by the parameters of the displacement of the settlement vessel, as well as the method
of setting it to the wavefront. These norms establish the requirements for the possibility of mooring
operations and the provision at the time of contact of the vessel with the jack devices of berths, the
normal components of their approach speed. Permissible wave heights expected on the protected
areas of urban infrastructure are regulated by the parameters of preservation of seashores and beach
material, prevention of flooding of coastal areas due to the impact of storms of rare recurrence.

The progress of technical science largely depends on the ability to make more accurate
measurements. High-precision measuring equipment was used in laboratory tests.
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This paper describes the method of conducting experiments that were performed on one
physical model, under three different conditions of the location of the superstructure of the
enclosure in relation to the calm water level, as well as different values of the initial wave heights.

Analysis of recent research. The literature review showed that studies of the issues of wave
damping, construction of enclosing structures of incomplete vertical profile, were carried out both
in the Soviet Union and abroad. However, currently, there are no practical recommendations in the
regulations that could be used in engineering practice.

Experimental data of laboratory researches at the frontal approach of waves, were analyzed in
discussion O.Yu. Birskoy [2]. In order to determine the damping coefficients of the waves, it was
recommended to use formula (1):

K,y = 1= h° \f(ozs +23— +16) W

where: h — source wave helght (m);
h, — residual wave height between the breakwater and the shore (m);

A — source wavelength (m);

AH — elevation of the top of the structure relative to the calculated water level (m);

B —ridge width (m).

After analyzing and comparing the results of similar experimental studies of wave damping
parameters published by various authors (Seeling, 1980; Allsop, 1983; Daemrich and Kahle, 1985;
Powel and Allsop, 1985; van der Meer, 1988; Daemen, 1991), d * Angremond [3] it was proposed to
apply the following dependence (2) to determine the parameters of wave transformation by co-
weapons of an incomplete vertical profile:
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where: R — elevation of the top of the structure relative to the calculated water level (m);
H,; — source wave height (m);
B —ridge width (m);
¢ — coefficient taking into account the influence of the location of the breakwater in relation
to the wave profile, determined by the formula (3):

tana

ST (3)

where: « — angle of propagation of the wave beam with respect to the longitudinal axis of
the structure.

After processing numerous experimental data on wave effects on ENS of incomplete vertical
profile, Briganti and others [4] in 2003 proposed an empirical dependence (4):

k, = _0355 051( )—065 (1—e%4)

I I
where: h,— elevation of the top of the structure relative to the calculated water level (m);

(4)

H; — source wave height (m);

B —ridge width (m).

The aim of the work was to review the existing engineering techniques, both domestic and
foreign, related to the determination of wave damping parameters by the structures of enclosing
structures of incomplete vertical profile. Carrying out a physical experiment on a model of the
construction of an incomplete vertical profile in order to determine the parameters of wave
damping. The purpose of further research was to conduct a comparative analysis of the obtained
data of physical experiments with published methods of various authors. These studies were
conducted in connection with the lack of practical engineering techniques in the regulations of
Ukraine and other countries.
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Research methods. In the practice of the construction of enclosing hydraulic structures,
structures of incomplete vertical profile are sometimes used (Fig. 1), through the superstructure of
which the overflow of waves with the further transformation (change of their main parameters) is
allowed. Depending on the conditions of their use, these structures can be exposed to both standing
and breaking waves. However, in the normative documents of Ukraine and many other countries,
there are no practical recommendations to determine the amount of wave damping by structures of
this type.

Permissible parameters of waves expected in the protected waters of the coastal infrastructure
of maritime cities are regulated by the parameters of preservation of shores and beach material, as
well as the prevention of flooding of coastal areas due to wave effects of storms of rare recurrence.
In cases of protection against sea waves, it is recommended to take 1.2 (m) permissible wave
heights with security of 5% in the storm system. These conditions are set based on the
implementation of mooring operations, as well as ensuring at the time of contact of vessels with
berths, the normal component of their approach speed.

~%e I ! &
~Lom 41,0 405 00
Wind surge 1% § —= = e |
Wind surge 28 - — 1T - =7 e
Cam level = >~ | .~ . 0
3
-2,0
4 g 20 oy
!NNMNMWWWWWWWWWWWWMNNNNN
40 |30 | 6,0 | 20 | 4,0

19,0

Fig. 1. Cross section of the construction of a breakwater of an incomplete vertical profile:
1 — concrete mass; 2 — pregnant massif (slotted plate); 3 — stone bed

As an example, the project «Design justification and design of structures of hydraulic
structures for protection against flooding by sea waves of the plant’s territory at the address:
Odessa, st. Chernomorskogo Cossachestva, 72» [6]. In the project, the creation of an enclosing
structure of an incomplete vertical profile, located at a distance of 200 m from the coastline, was
considered. The construction was supposed to be located at a depth d =4.0(m), due to the wind

which can reach d =5.0(m). Having built the refraction rays, the values of the basic wave
parameters of 1% coverage were established in accordance with the requirements of the standards at
the location of the designed structure. Wave height 1% security at depth d =4.0(m) will make
h =2.4(m), and the average length will be equal 1 =24.5(m). With a wave surge of 1% security in
the Odessa Gulf, the wave height will be h=2.55(m), and the length is the average wavelength
A =30.0(m). In accordance with the calculations, it was found that in order to avoid flooding of the
protected area of the plant, the permissible wave height should not exceed h=1.5(m).

Research results. The author of the article conducted experimental studies in the hydrowave
tray of the laboratory of the Department of «Hydraulic Engineering» Odessa State Academy of
Civil Engineering and Architecture. In order to conduct research in the hydrowave tray, an
experimental physical model was created, which is presented in Fig. 2. The model was exposed to

large-scale effects of the calculated parameters of the waves, at three different calculated elevations
of calm water levels.
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.

Fig. 2. Model of an incomplete vertical enclosure

For the purpose of the most exact and reliable technique of an estimation of work of a protective
construction of an incomplete vertical profile, and also a possibility of comparison of the received
experimental results with results of the experimental researches carried out earlier, geometrical
parameters of a construction (fig. 1) were accepted similar in scale to the size described in the literary
source [2].

The experimental tray is a box of rectangular cross-section, the length of which was — 15.0 (m),
and width — 1.0 (m). The height of the board in the tray was equal to 1.0 (m). For the convenience of
work with the model, the tray is lifted over a floor of the room, on the height of 1.0 (m), the wave tray
is equipped with glass sidewalls. At one end of the tray a waveform of the panel type, designed for the
formation of waves is placed, and on the opposite side of the tray is a wave damper.

The aim of the study was to determine the parameters of the waves in front of OGTS incomplete
vertical profile at a distance of two wavelengths (Sensor 1), measuring the parameters of the waves
formed above the stone bed directly in front of the concrete mass of the structure (Sensor 2), just
behind the vertical barrier structures (Sensor 3), as well as in the most protected area (Sensor 4). The
location of the measuring sensors in the hydrowave tray is shown in Fig. 2.

In the formation of surface waves and their interaction with the barrier, the most important and
prevailing factor in the ongoing processes are gravitational forces - gravitational forces, which is why
these waves are called gravitational. The influence of friction forces, capillarity, and elasticity on the
processes taking place in these conditions is almost imperceptible. Thus, for example, in accordance
with the literature [7], the effect of surface tension on the formation of gravitational waves at the speed
of propagation of the waveform can be estimated to be approximately less than 1% of the action of
gravity. Which gives the right to study the models of the interaction of gravitational waves with the
enclosure to recalculate the obtained experimental results in kind in accordance with the law of
mechanical similarity and, in particular, the law of gravitational similarity [8, 9].

Before the start of physical experiments, methodological experiments were performed, which
consisted of selecting a range of values of wave parameters. The heights and periods of the waves were
determined based on the heights of the values that were determined when approaching the projected
structure when performing research work [1]. Subsequently, the measuring system was debugged. The
device of measuring sensors is presented in the publication [10]. In accordance with [11], a research
plan was developed, the partial results of which are presented in Table 1-3, and the graphical
construction is presented in Fig. 3-5. The results of the conducted physical experiments on the model
of the enclosing structure of incomplete vertical profile at the width of the superstructure and three
different values of the location of the superstructure in relation to the calm water level are presented.
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Table 1 — The results of experiments with the width of the concrete mass b=6.0 (m)
and elevation AH=1.0 (m)

No Sensor Sensor Sensor | Sensor K. % Form_ula Formula For_mula_
Nel (m) Ne2 (M) | Ne3 (m) | Ne4 (m) ’ O.Yu. Birskoy |d'Angremond | Briganti

1 2 3 4 5 6 7 8 9
1 2.82 1.64 0.67 0.62 76.24 0.40 0.38 0.11
2 2.71 1.54 0.40 0.62 85.24 0.35 0.36 0.10
3 2.66 1.52 0.40 0.58 84.96 0.32 0.36 0.09
4 2.55 1.50 0.53 0.54 79.22 0.26 0.34 0.08
5 2.53 1.44 0.53 0.54 79.05 0.25 0.34 0.08
6 2,23 1.30 0.53 0.46 76.23 0.09 0,30 0.04
7 2.07 1.20 0.40 0.44 80.68 0.01 0,28 0.02
8 1.86 1.06 0.53 0.46 7151 -0.10 0.24 -0.01
9 1.62 0.96 0.27 0.32 83.33 -0.23 0.19 -0.05
10 1.60 0.90 0.27 0.32 83.13 -0.24 0.18 -0.06
11 1.49 0.92 0.67 0.30 55.03 -0.30 0.16 -0.08
12 1.46 0.92 0.27 0.32 81.51 -0.31 0,15 -0.09
13 1.44 0.90 0.27 0.30 81.25 -0.32 0,14 -0.09
14 1.38 0.82 0.27 0.28 80.43 -0.36 0.12 -0.11
15 1.28 0.80 0.27 0.26 78.91 -0.41 0.09 -0.13
16 1.17 0.78 0.40 0.24 65.81 -0.47 0.05 -0.17
17 1.09 0.74 0.27 0.22 75.23 -0.51 0.02 -0.19
18 1.06 0.70 0.53 0.24 50.00 -0.53 0.00 -0.21
19 0.85 0.64 0.27 0.20 68.24 -0.64 -0.11 -0.30
20 0.69 0.60 0.40 0.18 42.03 -0.72 -0.25 -0.41
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Fig. 3. Parameters of wave transformation at the width of the concrete massif b=6.0 (m)
and elevation AH=1.0 (m)
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Table 2 — The results of experiments with the width of the concrete mass b=6.0 (m)
and elevation AH=0.5 (m)

No Sensor Sensor Sensor Sensor K % Form_ula Formula For_mula_
Nel (m) Ne2 (m) | Ne3 (m) | Ne4 (m) ’ 0O.Yu. Birskoy |d'Angremond| Briganti
1 2 3 4 5 6 7 8 9
1 3.09 2.73 0.92 0.74 76.05 0.99 0.52 0.24
2 2.93 2.74 0.80 0.69 76.45 0.90 0.50 0.23
3 2.79 2.71 0.82 0.56 79.93 0.83 0.49 0.22
4 2.77 2.39 0.96 0.56 79.78 0.82 0.49 0.22
5 2.74 2.39 0.82 0.64 76.64 0.80 0.49 0.21
6 2.71 2.26 0.53 0.53 80.44 0.79 0.48 0.21
7 2.29 2.00 0.70 0.51 77.73 0.57 0.44 0.17
8 2.26 2.05 0.80 0.51 77.43 0.55 0.44 0.17
9 2.21 2.07 0.67 0.45 79.64 0.52 0.43 0.16
10 2.18 1.81 0.67 0.48 77.98 0.51 0.43 0.16
11 2.05 1.60 0.53 0.37 81.95 0.44 0.41 0.14
12 2.00 1.65 0.56 0.43 78.50 0.41 0.41 0.14
13 1.92 1.49 0.53 0.35 81.77 0.37 0.40 0.13
14 1.86 141 0.53 0.37 80.11 0.34 0.39 0.12
15 1.84 1.73 0.53 0.37 79.89 0.33 0.39 0.12
16 1.73 1.68 0.40 0.35 79.77 0.27 0.37 0.10
17 1.60 1.55 0.27 0.29 81.88 0.20 0.35 0.09
18 1.46 1.30 0.40 0.27 81.51 0.13 0.32 0.06
19 1.06 0.96 0.67 0.24 77.36 -0.08 0.23 -0.02
20 1.01 0.88 0.27 0.21 79.21 -0.11 0.21 -0.03
21 0.74 0.61 0.27 0.13 82.43 -0.25 0.10 -0.12
22 0.72 0.64 0.27 0.13 81.94 -0.26 0.09 -0.13
23 0.53 0.37 0.13 0.11 79.25 -0.36 -0.04 -0.23
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Fig. 4. Parameters of wave transformation at the width of the concrete massif b=6.0 (m)
and elevation AH=0.5 (m)
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Table 3 — The results of experiments with the width of the concrete mass b=6.0 (m)
and elevation AH=0 (m)

No Sensor Sensor Sensor Sensor K % Formgla Formula For_mula_
Nel (m) Ne2 (m) | Ne3 (m) | Ne4 (m) ’ 0O.Yu. Birskoy |d'Angremond| Briganti
1 2 3 4 5 6 7 8 9
1 2.53 1.62 1.09 1.04 58.89 0.93 0.50 0.22
2 1.94 1.34 0.93 0.72 62.89 0.62 0.46 0.18
3 1.65 1.08 0.93 0.68 58.79 0.46 0.44 0.17
4 1.60 1.10 0.93 0.60 62.50 0.44 0.43 0.16
5 1.46 0.98 0.53 0.50 65.75 0.36 0.42 0.15
6 1.44 0.94 0.27 0.56 61.11 0.35 0.42 0.15
7 1.41 0.96 1.06 0.64 54.61 0.34 0.42 0.15
8 1.38 0.94 0.53 0.56 59.42 0.32 0.41 0.15
9 1.33 0.92 0.67 0.56 57.89 0.30 0.41 0.14
10 1.28 0.88 0.40 0.48 62.50 0.27 0.40 0.14
11 1.17 0.84 0.53 0.48 58.97 0.21 0.39 0.13
12 1.12 0.78 0.67 0.52 53.57 0.18 0.39 0.13
13 1.09 0.82 0.53 0.46 57.80 0.17 0.39 0.13
14 1.06 0.80 0.53 0.40 62.26 0.15 0.38 0.12
15 1.04 1.82 0.67 0.44 57.69 0.14 0.38 0.12
16 1.01 0.78 0.40 0.40 60.40 0.13 0.38 0.12
17 0.98 0.80 0.40 0.44 55.10 0.11 0.37 0.12
18 0.96 0.72 0.53 0.40 58.33 0.10 0.37 0.12
19 0.80 0.70 0.53 0.42 47.50 0.02 0.35 0.10
20 0.51 0.62 0.13 0.24 52.94 -0.14 0.30 0.08
21 0.45 0.40 0.27 0.20 55.56 -0.17 0.29 0.07
22 0.43 0.37 0.27 0.16 62.79 -0.18 0.29 0.07
1,20
1,00 o
F 080 /
g 0.60 A /
E —+—Experiment
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Fig. 5. Parameters of wave transformation at the width of the concrete massif b=6.0 (m)
and elevation AH=0 (m)
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Conclusions. As a result of the performed experiments, the values of the change in the
attenuation of the ox heights by the enclosing structure of the incomplete vertical profile were
obtained in three computational cases. These cases differed in the location of the superstructure of
the enclosure relative to the calculated water level. By comparing the damped wave heights
obtained from the results of physical experiments and the existing methods of other authors,
significant differences were found.

Underestimation of the mark of the surface structure of enclosing structures will lead to the
fact that at the time of the calculated storm, there will be an overflow of the ridges of the wave
heights of 1% security, through the upper structure of the structure to the protected port area. This
circumstance will in no way create an emergency situation in the port or in the area of the coastal
infrastructure of maritimecities. Underestimation of the mark of the superstructure of fencing
structures will significantly reduce financial costs in the construction of new seaports, as well as in
the repair of existing. This circumstance will in no way create an emergency situation; lowering the
elevation of the ENS superstructure will reduce financial costs during construction by 10-15%.
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EKCIIEPUMEHTAJIBHI JOCJI/KEHHS BIIVIMBY XBUJIb
HA OI'OPOKYBAJIBHI CITOPYJIH HEITOBHOI'O BEPTUKAJIBHOT'O ITPO®PLIIO
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AHoTanig. CrarTs NpHUCBsYEHA NUTAHHIM (I3MYHUX EKCIEPUMEHTAIBHUX JOCHIIKEHb
MOB'I3aHUX 3 BU3HAYCHHSIM IapaMeTpiB TaciHHS XBUJIb MPHU MEPEIUBY iX uepe3 BEpXHIO OYIOBY
OrOpODKYBaIbHUX TigpoTexHiunux crnopya (OI'TC) HemoBHOro BepTUKAIBHOTO MpOodisio.
JocnimkenHs Oyaud TPOBEICHI B TiIPOXBHIBOBIK Jaboparopii kadempu «[1iapoTeXHIYHOTO
OyniBHHIITBa» OAEChKOI JepKaBHOI akajemii OyAIBHUIITBA Ta apXiTEKTypHu. ¥ CTATTi IPEICTaBIICHI
YaCTKOBI pE3y/lbTaTH EKCHEpUMEHTIB, 1m0 npoBoawinch Ha OI'TC HEMOBHOrO BEPTUKAIBLHOTO
npodiato. Moaeni Oyau BHUKOHAHI B T€OMETPUYHOMY MacmTadi, SKi IMiJJaBaIuCs XBHJIbOBUM
BIUTMBAM aHAJIOTIYHMM YMOBaM HaTypHOI MIISHKHM y30epexoks OIechKoi 3aTOKH MpH JTOTPUMAaHHI
KpUTEpiiB MOAIOHOCTI.

ByaiBHUIITBO HOBUX KOHCTPYKLIA OTOPOKYBAJIbHHUX TiIPOTEXHIYHUX CHOPYI BHUMAararoTh
MIPOBE/ICHHSI PETENIbHUX NEPBUHHUX EKCHEPUMEHTATbHHUX JIOCHiKeHb. JlaHi JqocCimiKeHHs
HalyacTile TMPOBOAATHCA Ha (I3MYHMX MOJCISIX B CHCIIaNi30BaHUX  TiAPOXBUILOBUX
naboparopisix, AKi JO3BOISIIOTH MO30YTUCS PU3UKIB (PiHAHCOBHUX BTPAT MPHU HEMPABHILHOMY BHOOpI
TUMIB 1 €NEMEHTIB MPOEKTOBaHUX OO0'€KTiB. BHWKOHaHI MOCHIIKEHHS TO3BOJSIOTH OI[IHIOBATH 3
BHUCOKUM CTYII€HEM JOCTOBIPHOCTI, Y BIJMOBIAHOCTI 3 MacIITAOHUMHU yMOBaMH, (i3UKy MPOILIECIB,
IO TPOTIKAIOTh HA MOJEINAX, SIKi OyIyTh TaKOXX CIIOCTEpIraTHCs IMPH EKCIUTyaTalii peaibHOl
cropyau. ®i3uky Tporecy TiAPOAMHAMIYHOTO BIUIMBY Ha TiIPOTEXHIYHI CIOPYAM HaWdacTiIe
CKJIQIHO OTMHUCATH TUIBKU 32 AOMOMOIOI0 MaTeMaTU4HOI MOJENI, 0 MiATBEPAKYE BUCOKY CTYIIHb
BXJIUBOCTI POBEIEHHS (PI3MUHUX EKCIICPUMEHTIB.

[Iporpec TeXHIYHOI HAyKH B BEJIHMKIA Mipi 3aJIC)KHUTh BiJ] MOKIUBOCTI TPOBEACHHS OUIBII
TOYHUX BHUMipioBaHb. Ilpu mpoBeneHHI JabOpaTOPHMX JOCHIKEHb Oyiga BHKOpHCTaHa
BHCOKOTOYHA BUMIPIOBAJIbHA amaparypa.

VY naHiii poOOTI omKcaHa METOAMKA MPOBEJCHHsS EKCIEPUMEHTIB, sKi Oylu MpOBeAEHI Ha
OHIN ¢i3uyHIi Mojeni, NMpPU TPHOX PI3HUX YMOBaxX pO3TALIYyBaHHS BEPXHbOiI OYyJOBH TI0
BIIHOIIEHHIO JI0 CIIOKIHOTO PIBHS, @ TAKOXX PI3HUX 3HAYCHHSIX BUX1JHUX BUCOT XBHJIb.

3acTocyBaHHs 3aXMCHUX CHOPYJ HEMOBHOTO BEPTHKAIBHOTO MPOQUII0, 3 METOK 3aXUCTY
aKBaTOpPIi MOPCHKHUX IMOPTIB, a TaKOX €JIEMEHTIB OeperoBoi 1H(PACTPYKTypH MOPCHKUX MICT
JIO3BOJIUTH MIJBULIUTH €KOHOMIYHY NPUBAOJIMBICTh 32 PaXyHOK 3HM)KEHHS (PIHAHCOBMX BMTpaT,
3aBJIKM 3MEHIIEHHIO M03HauKN Ha/iBoAHO1 yacTuHu OI'TC.

KuarouoBi ciaoBa: riApoXBWILOBUN JIOTOK, (I3UUYHE MOJIENIOBAHHS, OrOPOKYBajJbHA
TIpOTEXHIYHA CIIOPY/a HEMOBHOT'O BEPTUKAIBHOTO MPOPIIIIO.
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3KCHEPUMEHTAJIBHBIE UCCJIEJOBAHWSA BO3JIEACTBHUS BOJIH
HA OI'PAJUTEJIBHBIE COOPYKEHUA HEITOJIHOI'O BEPTHUKAJIBHOI'O ITPO®NJIA

Cunnna P.B., unxenep,

sinitsa_roma@ukr.net, ORCID: 0000-0001-6796-4785

Qoeccxas 2ocyoapcmeeHHAs aKademus CmpoumenbCmea U apxXumeKmypbl
yi. duapuxcona, 4, r. Oxecca, 65029, Ykpauna

AHHoTanusi. CTaThs MOCBAIIEHA BOMPOcaM (DPU3UUECKUX 3KCHEPHUMEHTAIBHBIX MCCIIeIOBAHUH,
CBSI3aHHBIX C ONpEJIEJICHUEM TapaMEeTPOB TallleHNs BOJH IPU NEPEIUBE UX Yepe3 BEpPXHEEe CTPOEHHE
OrpaUTeNbHBIX THApoTeXHHYeCKuX coopyxenuit (OI'TC) HemoaHOro BepTHKAIBHOTO MPO(UIIA.
HccnenoBanus ObUIM MPOBENEHbI B THIPOBOJIHOBOW s1abopatopun Kadeapsl « MApOTEXHUYECKOE
CTpOUTENLCTBO» OJIECCKOM rOCyapCTBEHHON aKaJeMHM CTPOMTENbCTBA M apXUTEKTYpbl. B craTthe
IIPEACTAaBIEHbl YAaCTHYHbIE pPE3YJIbTaThl HKCIEPUMEHTOB, HpoBoauMbIXx Ha OI'TC HemonHoro
BEpTUKAIBHOTO mpoduias. Mopenn OBUIM BBINOJHEHBI B TE€OMETPUYECKOM Maciitabe, KOTOpbIe
[IOJJBEPraJICh BOJIHOBBIM BO3/EHCTBUSM aHAJIOIMYHBIM YCJIOBUSIM HAaTYpPHOIO y4yacTKa HOOepexbs
Onecckoro 3anmBa py COOIOICHUH KPUTEPUEB TIOA00USI.

CTpouTenbCTBO HOBBIX KOHCTPYKIMI OIpasKAAIONIMX MMIPOTEXHUUECKUX COOPYKEHUI TpeOyroT
IIPOBE/ICHUS TIIATENILHBIX MEPBUYHBIX 3KCIIEPUMEHTAIBHBIX HCCeI0BaHUN. JlaHHbIE HCCIEOBaHUS
Yalle BCEro IMPOBOAATCA Ha (PU3MUECKMX MOJEISIX B CHELUMAIU3UPOBAHHBIX T'MIPOBOIHOBBIX
71a00paTOPHUsIX, TTO3BOJSIIOT M30aBUTHCSI OT PUCKOB (PMHAHCOBBIX IOTEPh MPH HETPABUIBHOM BBIOOpE
TUIOB M 3JIEMEHTOB MPOEKTUPYEMbIX OO0BEKTOB. OCYILECTBIEHHbIE HCCIEIOBAaHHUS IO3BOJIIOT
OLIEHMBATh C BBICOKOH CTENEHBIO JOCTOBEPHOCTH, B COOTBETCTBUM C MACIITAOHBIMU YCIOBHUSIMH,
(GU3MKYy IpOLECCOB, MPOTEKAIOIIMX HAa MOJENAX, KOTOpble OyayT Takke HaOmoAaTbes IpU
AKCIUTyaTallud pPEeaJIbHOrO COOopy:KeHus. PU3MKy Mpolecca THAPOJMHAMUYECKOTO BO3AEUCTBHUS Ha
THJPOTEXHUYECKUE COOPYKEHUS Yallle BCEro CIOKHO OMMCATh TOJIBKO C MOMOIIBIO MaTeMaTHYECKOM
MOJIETIH, YTO MOJITBEPKAAET BHICOKYIO CTETIEHb BAYKHOCTH MPOBEICHHS (PH3HUECKUX IKCIIEPUMEHTOB.

IIporpecc TexHMYeCKOH HayKd B OOJBLION CTEHNEHU 3aBUCUT OT BO3MOXHOCTH HPOBEICHUS
Oonee TOUHBIX M3MepeHui. Ilpu mpoBeneHMM Ta0OPATOPHBIX HCCIEIOBAaHWK ObLIa HMCIIOJIH30BaHA
BBICOKOTOYHAsI U3MEPUTEIIbHAS arnaparypa.

B nanHoli pabote onrcaHa MeToAMKa MPOBEACHHS SKCIIEPUMEHTOB, KOTOPbIE ObUTH MTPOBEIEHBI
Ha OHOM (pU3MYECKON MOJENH, MPU TPeX Pa3IMUHbIX YCIOBHSIX PAacIOiI0KEHHs BEPXHEro CTPOEHMs
10 OTHOILIEHHIO K CIIOKOMHOMY YPOBHIO, @ TAK)KE Pa3IMYHbIX 3HAUEHUSIX UCXOAHBIX BBICOT BOJIH.

[TpumeHneHne cOOpyKeHUI HEMOIHOTO BEPTHKAIBHOTO MPO(uiis, ¢ LEeIblo 3alUThl aKBaTOPHU
MOPCKHX TIOPTOB, @ TaKXK€ 3JEMEHTOB OeperoBoil MHPPACTPYKTypbl MOPCKUX TOPOJIOB IMO3BOJIUT
MOBBICUTh SKOHOMHYECKYIO TPHUBJIEKATEIbHOCTh 33 CUET CHIDKEHMs (PMHAHCOBBIX 3aTpat, Ojarogaps
YMEHBUIEHNUIO OTMETKH Ha/IBOJHON YaCTH OTPaUTENbHBIX COOPYKEHUH.

KiroueBble cjioBa: TUApOBONHOBON JIOTOK, (PM3NYECKOE MOJAEIMPOBAHUE, OrPaJAUTEIILHOE
TUIPOTEXHUYECKOE COOPYKEHNE HEMOTHOTO BEPTUKAIBLHOTO MPOdUIIS.

Cratts Hagidinuia 1o penakuii 17.06.2020
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