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Compaction of products is an important stage of construction work and engineering projects. It has a significant impact on the
stability and reliability of the construction. However, the compacting quality of the products depends on various parameters
that are controlled and adjusted on vibration machine. Analysis of these parameters will allow us to determine the optimal
values to achieve the maximum quality of compacting products using a vibration machine. The article studies the influence of
different parameters of the vibration machine on the quality of the material compaction. The purpose of this article is to
determine the choice of the optimal design of vibration machine, depending on the specific conditions of production and the
size of reinforced concrete products. The authors emphasise on such key factors as vibration amplitude, frequency, workload
and duration of exposure. Therefore, taking into account the fact that these parameters can help to understand better the
vibration compaction process and develop optimal conditions for achieving high quality material compaction. This study
presents the most rational design scheme of a small-sized vibration machine and its optimal dynamic parameters. The results
of this study will be interesting for engineers, construction contractors and specialists who are engaged in the design or working
on compaction of products

Keywords: vibration, vibration oscillation amplitude, vibration exciter, vibration machine, debalance, forced oscillations

AHaJi3 napaMeTpiB BiOpauniiiHOl yCTAHOBKH,
110 BIVIMBAKOTH HA SIKICTH YIILIbHEHHS

Bacnanen O.C.'*, IkoBenko A.M.2

12 Hanjionansunii yrisepeuret «Ilonrasceka momitexnika imeni I0pis Konaparrokay
*Anpeca auist muctyBaHHs E-mail: a.s.vasiliev.76@gmail.com

YineHEeHHS BUPOOiB € BAKIMBUM €TArioM OyIiBEN-HUX POOIT Ta iHKEHEPHUX MPOEKTIB 1 Ma€ 3HAUYHMH BIUIUB Ha CTIHKICTB i
HaJliiHICTh KOHCTPYKIii. OIHAK, SKICTh YIIITbHEHHS BUPOOIB 3aJI€KHUTH BiJl PI3HUX MAapaMETPiB, sIKi KOHTPOIIOIOTHCS Ta Hala-
IITOBYIOThCS Ha BiOpamifHUX YCTaHOBKaX. AHaJi3 UX MapaMeTpPiB JO3BOJUTh BU3HAYUTH ONTUMAIbHI 3HAYCHHS IS IOCST-
HEHHSI MaKCHMaJbHOT SIKOCTi YIIITbHEHHsI BUPOOIB 3a JOTIOMOTO0 BiOpamiiiHOi yCTaHOBKH. MeTO0 Ili€i CTaTTi € mpeacTas-
JICHHS pe3yJIbTaTiB JOCIIDKEHHS JUIsl BU3HAYCHHs BUOOPY ONTHMalIbHOT KOHCTPYKTHBHOI CXeMH BiOpariiiHOro obyiaqHaHHs B
3aJIeKHOCTI BiJl KOHKPETHUX YMOB BUPOOHHIITBA Ta PO3MIpIiB 3a1i300eTOHHUX BUP0OiB. OCOOIMBICTE BibpamiiiHOro MeToxy
HOJISATa€E B TOMY, IO TIBKY 32 PaxyHOK 3HIDKEHHS IHTEHCHBHOCTI KOJMBaHb POO0OYOro opraHy BiOpaliiiHOT MallMHU MOXKHA
3/1iHCHIOBATH TMPHHITUIIOBO OKPEMi TEXHOJIOTIHHI MPOIECH, MPUYOMY Ili TEXHOJOTIYHI MPOIECH HEe BUIUISIOTHCS YiTKO 32 pe-
JKUMaMH KOJIBaHb, a TOCTYTIOBO IEPEXOIATh Y Pi3HI MPOIecH. B cTaTTi MoCiiKy€eThCS BIUIMB Pi3HUX TapaMeTpiB BiOpariitHol
YCTaHOBKH Ha SIKICTh YIIUTBHEHHS MaTepiary. ABTOpPH 3BEpPTAIOTh YBary Ha TaKi KIFOUOBi (aKTOPH, SK aMILTITYa KOJNBaHb,
YacTOTa, HABAHTAXKEHHS 1 TPUBANICTh BIUIUBY. TOMY BpaxyBaHHS [IMX [TapaMeTPiB MOXKe TOMOMOTTH KpaIlle 3p03yMiTH MPOLIEC
BiOpaIifHOTO YIIiTbHEHHS 1 pO3pOOUTH ONTUMANBHI YMOBH JUTS JOCSTHEHHS BUCOKOI SIKOCTI YIIITbHEHHS MaTepiany. Y noc-
JIDKEHH] POBE/ICHO aHaJli3 OCHOBHUX MaTepialliB, 1110 BUKOPHUCTOBYIOTBCS Mijl Yac BUTOTOBJICHHS BiOpamiiiHOT MaIluHu, Ta
TxHBOT e(eKTUBHOT poIi B 3a0e3neueHHi e)eKTHBHOrO yIlinbHEeHHs. B po0oTi npencrapieHo HalOiIbII panioHaTbHY KOHCTPY-
KTUBHY CXeMy MajlorabapuTHOI BiOpauiiiHoi ycTaHOBKH Ta ii ONTHMaNbHI JMHAMIYHI TapaMeTpy. ABTOPH HABOJATh PHUKIIAIH
MO3UTHBHOTO BIUIMBY 3MiHH LIUX apaMeTpiB Ha TYCTHHY Martepiany, ioro cTabibHiCTh Ta 3aTHICTh OMMPATUCH PYHHYBAHHIO.
Pesynbrati 1b0T0 JOCTIHKEHHS Oy IyTh IiKaBi iHXKeHepaM, OyIiBebHUM MiAPSIHIKAM i (axXiBIsIM, sKi 3aiMarOThCs MPOEK-
TYBaHHSM 1 IPOBEJICHHAM POOIT 3 YIIIJIbHEHHS BUPOOIB.

KuiouoBi ciioBa: BiOpartist, aMmIutiTya BiOpokoinBaHb, Bibpo30ymKyBady, BiOpaiiliHa MamiHa, nebanaHc, BibpaliiiHa ycTaHo-
BKA, BUMYIIICHI KOJMBaHHSI
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Introduction

Compaction of products is an important stage of con-
struction work and engineering projects and has a sig-
nificant impact on the stability and reliability of the
structure. One of the most effective compaction meth-
ods is the use of vibration machines. Vibrating machine
creates vibration waves to reduce porosity and increase
material density [1].

However, the quality of product compaction depends
on various parameters that are monitored and adjusted
on the vibration machines. Engineers and specialists in-
volved in this field feel the need to have a deep under-
standing of how these parameters affect the compaction
process and the quality of the final result [2].

This article is devoted to the analysis of the parame-
ters of the vibrating machine, which affect the quality
of compaction of the products. Our goal is to look at
various factors such as vibration amplitude, vibration
frequency, workload and machine design and deter-
mine their correlation with compaction quality.

The analysis of these parameters will allow us to de-
termine optimal values and recommendations for
achieving maximum quality of material compaction us-
ing vibration machines. These results can be used by
engineers, construction contractors and industry profes-
sionals to improve compaction processes and achieve
optimal results in construction and engineering projects

[3].

Review of Research Resources and Publications

A review and analysis of literary sources shows that
at the national and international levels, two concepts of
structural modeling of concrete mixtures have been de-
veloped: corpuscular, which represents concrete mix-
ture as a three-component medium consisting of solid
particles divided into liquid and vapor phases; the cor-
puscular and phenomenological phase describe the con-
crete mixture as a uniform material of constant density,
changing its retention properties during compression.
Both concepts with all their variations still cause a lot
of discussion [4,5].

The peculiarity of the vibration method is that it is
possible to carry out fundamentally separate technolog-
ical processes only by reducing the vibration intensity
of the platform of the vibration machine, and these
technological processes are not clearly separated by vi-
bration modes, but gradually transition from one into
one another [6,7].

To achieve a certain technical result of vibration, the
active inertia forces must act in a certain way in corre-
lation to the friction forces, viscosity and viscous re-
sistance forces, and if the inertia forces differ slightly
from the optimal value, the same result can be achieved
by changing the duration of the vibration process [8-
10].

The vibration effect necessarily requires a very useful
effect of vibrational activation of the mixed compo-
nents, which is absent in non-vibration methods.

Definition of unsolved aspects of the problem
Strengthening products is an important process in
construction and engineering projects, and vibration

machines are one of the key tools to achieve an optimal
level of compaction. However, the quality of the com-
paction can vary greatly depending on the different pa-
rameters of the vibration machine, such as vibration
amplitude, vibration frequency, workload and machine
design.

Analysis of these parameters will allow us to deter-
mine the optimal values for achieving the maximum
quality of products compaction using vibration technol-
ogy. The results of the study can be useful for engi-
neers, construction contractors and specialists involved
in the design or working on compacting the material
[11,12].

This article studies the issue of analyzing the param-
eters of the vibration machine, which affect the quality
of the compaction. One of the key aspects that requires
attention is the amplitude of the vibrations, since the
magnitude of the vibrations can affect the depth of com-
paction of the material. Studying the optimum ampli-
tude values can improve the performance of the vibra-
tion compaction and ensure uniform sealing over the
entire surface.

Thus, taking into account these parameters will help
to better understand the vibration compaction process
and develop optimal conditions for achieving high
quality material compaction.

Problem statement

The purpose of this article is to determine the choice
of the best design scheme of the vibrating machine de-
pending on the specific production conditions and di-
mensions of the molded reinforced concrete products.

Basic material and results

The study covers the analysis of the main materials
used in the manufacture of the vibrating machine and
their effective role in providing effective compaction
[13].

The obtained dependencies determine the nature of the
oscillating movements of the movable frame of the vi-
brating machine and, when the form is rigidly fixed, also
attached to its pallet.

Non-rigid fastening of the form and its massive elastic

sides make the graphics (Fig. 1), where X — offset from

the center of gravity of the zero point in the first em-
bodiment, y, — offset from the center of gravity of the

zero point according to the second option.
Consider the nature of the multicomponent oscillations
of the system depending on the amount of displacement
of the vibration exciter below the working surface of
the movable frame. An absolutely solid body on elastic
point supports of constant rigidity is taken as a dynamic
model of a vibration installation with a shape rigidly
fixed on it (Fig. 2), where 2b; — height of mold rigidly
fixed on movable frame of vibration machine,
2b, — height of movable frame,
p.1, p.2, p.3 —vibrational ~movements that are
considered.

It is also accepted that the trigger force is the horizon-
tal and angular speed of the shaft is constant. The flat
problem is solved in the inertial coordinate system, the
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beginning of which correlates with the center of gravity
of the vibration machine in the static equilibrium posi-
tion, in accordance with the cross section of the vibra-
tion platform.
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Figure 1 — Nature of vibration amplitude distribu-
tion of the movable frame at B/L=0.5

The generalized coordinates are taken:
xy(t) — coordinates of the system center of gravity;

¥, (f) — rotation angle of the system in the plane

near the center of gravity.
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Figure 2 — Scheme of options for applying forced
vibrations, relative to the center of mass of the os-
cillatory system

Neglecting the dissipation of energy in supports and
concrete, the differential equations of oscillations of the
system are obtained in the form:

Mp -5y ==2C, -xy—2C, -y-d + 0

+F, -sinat

Iy ==2(C,-d>+C,-a”)-y—
-2C, -xy-d—1; - Fysinot

where Mp =M, +Mpp — mass of the entire system;

. @

qu — mass of form;

M ,, — weight of movable frame;

C,,C, - rigidity of point supports in
directions of corresponding axes;

| — different distances of the point of

application of the disturbing force to the center of
gravity of the system;
a,d — design parameters.

A partial solution of this system, describing forced
vibrations in the resonance constant mode, is:

Xo(t)=a, -sinot, (3)
wo(t)=a, -sinwt, 4)
where amplitudes of vibration movements are
determined by formulas:
D
=== 5
4y == ®)
D
v
=—, 6
@ = (6)
D=0 Mp-1,-0*(2C,-M,-d* +
(7
+2C,-Mp-a* +2C, -1))+4C,-C, -a’
2 2
D, =Fy2C,-d" +2C,-a" - ®

— I, 0 +2C, -1 -d]
D, =F[(Mp-o*-2C)I;-2C,-d] (9)
From the ratios of the values of the main parameters
(M, C..C,,I,,®) of the vibration machine of this

type, it follows that in the obtained expressions for the
amplitudes of vibration movements, their components

are determining their value: /- M, 0, F,-1, 0,
F,M, -0 1.

An approximate estimate of amplitude values al-
lows us to conclude that with the removal of the vibra-
tion exciter from the center of gravity, the amplitude of
the rotary vibration movements increases noticeably,
but the amplitude of the horizontal vibration move-
ments slightly decreases.

The increase in coordinates, that characterize the vi-
brational movements of system points, are determined
by equations:

Ay =xo(O) =1y -y (@), (10)
Ay =& w(), (11)

where 5 + and 7] — constant coordinates, which

determine the position of the k-th point in the system,
is rigidly connected with the vibrating mechanism. For
characteristic points 1, 2 and 3 on the open surface of
the form (Fig. 2) are defined as:

Academic journal. Industrial Machine Building, Civil Engineering. — 2 (61)' 2023 21



m=n,=n,=-h, (12)
& =-¢=aq, (13)
52 =0. (14)

where /i, — distance to the center of gravity of the

system from the open surface of the form and
accordingly:

Ay = Aoy = My =X +h -y (1), (15)

Ay =~dyy=a-y (1), (16)

Ay, =0. (17)

The magnification of coordinate X is zero, that is,

horizontal vibration movements are absent at a point
that we call "zero" and the coordinate of which we

0 . . . . .
denote 7] . Find the position of this point by putting
Ax = 0, from where:

0 _ xo(t) _
w (1)
—Iy-0*+2C_-1.-d+2C_-d>+2C_-a
__0 X i X X

,» (18)
2

(Mp-®-2C )1, -2C_-d
As previously called, the magnitude and sign of
expressions for @, and a, are determined by the first

components, and therefore it is obvious from equation

0 o .
18, that 1] < 0 and with increasing l,v decreases, that

is, with the vibration exciter moving down from the
center of gravity, the "zero" point approaches the center
of gravity and horizontal vibration movements on the
upper surface of the form decrease.

The resulting dependencies can be reduced to a
form convenient for calculations. We introduce the
following dimensionless coefficients:

kl_M s (19)
P
b
k, =L 20
2b2 (20)

We present b, +b, = B and express the main

characteristics of the vibration machine through these
coefficients.

The position of the center of gravity of the machine
in relation to the open surface of the form is determined
by the distance:

h.=B- ! +k—2, (1)
1+k 14k,

Moment of inertia of the system correlate with the
center of gravity.

Iy =Mp-i°,
2 2 2
o_al bkl 3k o3
303 | 1+k  (+k)

Limited to approximate values

(22)

of vibration

movement amplitudes @, and a,:

PR — (24)
Mp- -
F, -l [.
Lyl g (25)
Iy o i

Find the increase in coordinates:

A, =a, .(1 + l#j sinar, (26)

L.
Ay, =—a, - & -—-sinwt. (27)
i

The position of the "zero" point is determined by
equality:

(28)

Amplitudes of vibration movements of points on the
open surface of the mold:

Ay =y =3y =

) 29
=a, 1_1_1.3.(L_ ky )|’ (29)
it l+k 1+k,
a3, =a-a, —. (30)
i

The obtained dependencies (Fig. 3) for the vibration
system with the following data:

M,

Mp=210%ke; =2;
MP

2C,=96-10° H/m; 2C, =72-10° H/u;

w=150pao/c; F,=2-10°H ;

a=15m; 26 =0,9 m.

The results found by the above formulas have good
correspondence to natural measurements on several vi-
bration machines with a width of a movable

frame 2a ~3Mm.

Finally, it should be noted that when the vibration
exciter is buried under the working surface of the mov-
able frame, it increases the vertical component of vibra-
tion displacements near the longitudinal sides of the
rigid non-removable frame, increasing the intensity of
vibration compaction of the concrete mixture. How-
ever, calculations and analytical studies show that the
penetration of the vibration exciter by more than 0.6 m
under the working surface of a movable formwork with
a width of less than 3 m is impractical, since the metal
consumption of the vibration machine increases, and
the excess vertical component leads to formwork colli-
sions and increased production noise [14].
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Selection of the best structural scheme of the vibra-
tion machine depending on the specific production con-
ditions and dimensions of the formed reinforced con-
crete products (Fig. 3).
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Figure 3 - Dependence of vibration
displacement amplitudes at characteristic points 1-
3 and position of "zero" point on location of
vibration exciter

Conclusions

In this paper, the most rational design schemes of
small-sized vibration machines and their optimal dy-
namic parameters were outlined:

1. When the vibration exciter is located on the vi-
bration machine in the central window of the movable
frame and below its working surface, the vibration pat-

tern of the movable frame will be uniform and symmet-
rical distribution of the displacement amplitudes of the
peripheral points of the shape. The vertical component
of displacements of the movable frame is noticeable. In
this design, the vibration exciter does not protrude
above the working surface of the movable frame, which
is convenient for conveyor lines. In this case, the cen-
tral window weakens the cross section of the movable
frame, and makes it difficult to access the vibration ex-
citer. It can be recommended for the formation of hol-
low floor slabs from inactive mixtures.

2. When the vibration exciter is located on the vi-
bration machine at the end of the movable elongated
frame and at 100...300 mm above its working surface
there is an uneven distribution of displacement ampli-
tudes along the length of the form. Transverse and ver-
tical components are unequal at the ends and smaller in
the middle part. Therefor, there is good access to the
vibration exciter. Simple and reliable vibration ma-
chine design, convenient for open polygons. Recom-
mended for vibration sites and vibration forms that are
used for forming long structures from moving mixtures.

3. If the vibration exciter is located on the side and
in the middle of the long side of the movable frame, a
more even distribution of displacement amplitudes oc-
curs above or below its working surface compared to
other cases. Also, the movable frame retains a continu-
ous section in the central part, which contributes to its
strength. Good access to the vibration exciter. Asym-
metric arrangement of the vibration drive relative to the
axis of the vibration platform. Recommended for use
on open polygons and for vibration forms.

4. When the vibration exciter is located at the end
or at the corner of the equilateral movable frame and
raised above its working surface on the calculated value
of 400...1200 mm, it is the most distinct multicompo-
nent nature of vibrations of the movable frame and
shape with significant vertical components of vibration
displacements. There is also good access to the vibra-
tion exciter. Conveniently placed in deep pits and open
landfills. Simple and reliable vibration machine design.
It is recommended for the formation of high volume el-
ements, reinforced concrete pipes, etc.

References

1. Onumierko O.I'., Ornmenko B.O., Kopo6ko b.O., Bip-
yeHko B.B. (2017). byoisenvra mexuixa. Kuis: Konmop

2. Hazapenko L1. (2007). Bibpayiiini mawunu i npoyecu
oyodigenvroi indycmpii. Kuis: KHYBA

3. Cykau M.K. (2010) byoigenvna mexnixa. Kuis Cimpe-
pononb: KHYBA — HAIIKC

4. IMosigaiino B.O. (2004) Bibpayiiini npoyecu ma ob6aao-
nannsi. JIpBiB: Haul. yH-Ty «JIbBiBCBbKa MOMITEXHIKa

5. Nesterenko M.P. Maslov A.G., Salenko Ju.S. (2018).
Investigation of vibration machine interaction with
comlpacted concrete mixture. Academic  Journal.
International Journal of Engineering & Technology, 7(3.2),
260-264

6. Hecrepenko ML.II. (2015). IIporpecrBHHMIT pO3BUTOK Bi-
OpauiifHNX yCTaHOBOK 3 MPOCTOPOBUMH KOJIMBAaHHSMH IS
(dopMyBaHHs 3a1i300eTOHHUX BUPOOIB. 36ipHuUK HAYKOGUX
npays. 1anyszege mawiunodyoysanns, 6yoienuymeo, 2(44),
16-23

1. Onyshchenko O.H., Onyshchenko V.O., Korobko B.O.,
Virchenko V.V. (2017). Building machinery. Kyiv: Kondor

2. Nazarenko I.I. (2007). Vibrating machines and
construction industry processes. Kyiv: KNUBA

3. Sukach M.K. (2010) Building machinery. Kyiv
Simferopol: KNUBA — NAPKS

4. Povidailo V.O. (2004) Vibration processes and
equipment. Lviv: Nats. un-tu «Lvivska politekhnika»

5. Nesterenko M.P. Maslov A.G., Salenko Ju.S. (2018).
Investigation of vibration machine interaction with
comlpacted concrete mixture. Academic  Journal.
International Journal of Engineering & Technology,
7(3.2), 260-264

6. Nesterenko M.P. (2015). Progressive development of
vibration units with spatial oscillations for forming
reinforced concrete products. Academic Journal. Industrial
Machine Building, Civil Engineering, 2 (44), 16-23

Academic journal. Industrial Machine Building, Civil Engineering. — 2 (61)' 2023 23



7. Nesterenko M.P., Nesterenko M.M., Orysenko O.V.,
Sklyarenko T.O. (2019). Vibrating tables with the spatial os-
cillations of the moving frame technological properties for
forming reinforced concrete products. Academic Journal.
Industrial Machine Building, Civil Engineering, 2(53), 13-
18

https://doi.org/10.26906/znp.2019.53.1881

8. Kaplan, D. (1995) Understanding Nonlinear Dynamics.
New York: Springer-Verlag

9. Hecrepenko M.II., bineupkuii B.C., Cemko O.B.
(2015). Ormiaka KOHCTPYKTUBHO-TEXHOJIOTIUHHUX IapaMeT-
PiB Ta eKCIuTyaTauifHUX SKOCTel BiOpamiiHMX MaIluH AJIs
(dopMyBaHHS 3a71i300€TOHHUX BUPOOiB. 36ipHuUK HAYKOBUX
npays. 1 anyzese mawunobyoysanns, 6yodienuymeo, 1(43),
231-237

10. Hazapenko 1.I., Hecreperko M.II. (2015). Meroauka
JIOCIIIJDKEHD 3arajabHol JMHAMIYHOI MOJENl «TE€XHOJIOriuHa
MamuHa A1 OyaiBenbHOT iHOYCTpii — oOpoOoBaHe cepe-
nosuiey. Texuika Oyoienuymsa, 34, 4- 11

11. Hazapenko LI., demos O.I1., dpsuenko O.C. (2018)
Orms KOHCTPYKIIH iCHYIOUHX HAaBiCHUX 30YAHHUKIB KOJIH-
BaHb Ta JOCIIJDKEHHS e()eKTUBHOCTI iX BUKOPUCTAaHHS IS
MIOKPAIIIEeHHS YIIUTEHEHHS 3a1i300€TOHHUX BUPOOiB Ha Bil-
pamiiHuX ycTaHoBKax. Texuika 6yoienuymsa, 39, 46-55

12. Nazarenko I., Ruchynskyi M. & Delembovskyi M.
(2018) The basic parameters of vibration settings for sealing
horizontal surfaces. International Journal of Engineering &
Technology, 7(3.2), 255-259

http://dx.doi.org/10.14419/ijet.v7i3.2.14415

13. Cepmrox JLI. (1991) OcHoBu Teopii, po3paxyHKH,
KOHCTPYIOBaHHs KEpPOBaHHX BiOpaIifHIX MaIluH 3 aedaa-
HCHHUMHU 30y THUKaMU: uc. . JIOKT. TexH. Hayk. [TonTaBa

14. Pyumncekuit M.M., Csigepcekuii A.T., J[psiueHKO
0.C. (2019) Ozn40 i ananis ichyrouux pexcumis yiuyinoHeHHs
bemonnux cymiwen. XX MikHapoaHa HayKOBO-TEXHIYHA
koHpepenwis «[IporpecuBHa TexHika, TEXHOJOTIS Ta 1HXKe-
HepHa ocBitay. XepcoH, 398-399

7. Nesterenko M.P., Nesterenko M.M., Orysenko O.V.,
Sklyarenko T.O. (2019). Vibrating tables with the spatial os-
cillations of the moving frame technological properties for
forming reinforced concrete products. Academic Journal.
Industrial Machine Building, Civil Engineering, 2(53),13-18

https://doi.org/10.26906/znp.2019.53.1881

8. Kaplan, D. (1995) Understanding Nonlinear Dynamics.
New York: Springer-Verlag

9. Nesterenko M.P., Biletskyi V.S., Semko O.V. (2015).
Evaluation the constructive and technological parameters
and performance of vibration machines for forming concrete
products. Academic Journal. Industrial Machine Building,
Civil Engineering, 1(43), 231-237

10. Nazarenko LI., Nesterenko M.P. (2015). Methods of
research of the general dynamic model "technological
machine for the construction industry - processed medium.".
Construction technique, 34, 4-11

11. Nazarenko L.I., Diedov O.P., Diachenko O.S. (2018)
Review of the designs of existing mounted vibration exciters
and study of the effectiveness of their use to improve the
sealing of reinforced concrete products in vibration
installations. Construction technique, 39, 46-55

12. Nazarenko I., Ruchynskyi M. & Delembovskyi M.
(2018) The basic parameters of vibration settings for sealing
horizontal surfaces. International Journal of Engineering &
Technology, 7(3.2), 255-259.

http://dx.doi.org/10.14419/ijet.v7i3.2.14415

13. Serdyuk L.Y. (1991) Fundamentals of theory,
calculations, construction of controlled vibration machines
with unbalanced pathogens. Poltava

14. Ruchynskyi M.M., Sviderskyi A.T., Diachenko O.S.
(2019) Review and analysis of existing concrete compaction
modes. XX International Scientific and Technical
Conference "Progressive Technology, Technology and
Engineering Education.". Kherson, 398-399

24 Academic journal. Industrial Machine Building, Civil Engineering. — 2 (61)' 2023


https://doi.org/10.26906/znp.2019.53.1881
https://doi.org/10.26906/znp.2019.53.1881
http://dx.doi.org/10.14419/ijet.v7i3.2.14415
http://dx.doi.org/10.14419/ijet.v7i3.2.14415

