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INFLUENCE OF SPIRAL TAPE PARAMETERS
MIXER FOR MORTAR HOMOGENEITY

The article investigates the influence of mixer spiral belt design parameters on the mortar mixing uniformity.
The features of the spiral working elements were analyzed and the effectiveness of their interaction with the material
was assessed. The advantages of using a drive from a walk-behind tractor have been determined, which provides
autonomy of operation and increased mixing efficiency. A comparison was made with traditional concrete mixers,
and the relationships between the blade inclination angle, solution movement speed, and distribution uniformity were
established. Recommendations for optimizing the mixer design to improve the quality of mortar and reduce energy

costs are proposed.
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Introduction

Mixing mortar is one of the key technological
processes in construction, since the performance
characteristics of the material, in particular strength,
adhesion, plasticity and resistance to external influences,
depend on the uniform distribution of its components.
Despite the development of modern technologies,
ensuring high homogeneity of the solution remains an
urgent problem, since the mixing process is complex and
depends on many factors. In particular, the mixing
efficiency is determined by the mixer type, kinematic
parameters of the working elements, mixing chamber
geometry, and mechanism actuation method.

Traditionally, gravity and forced concrete mixers
are used to prepare mortar, each of which has its own
advantages and limitations. Gravity mixers are simple in
design but provide a lower level of mixing uniformity.
Forced mixers, in which components are mixed due to
the rotation of the working blades, are characterized by
high mixing quality, but require significant energy costs
and are more difficult to manufacture and operate.

One promising approach to improving mortar
mixing technology is the use of a spiral ribbon mixer,
whose design enables intensive component mixing by
combining circular and axial material movement. A
distinctive feature of this mixer is its spiral working
elements, which provide gradual and uniform
distribution of solution components throughout the
mixing chamber. Studies of such structures are
necessary, since their use can significantly improve the
quality of mixing, especially when working with highly
viscous and thick mortars.

Most modern concrete mixers use an electric drive,
which imposes certain restrictions on their use in

construction sites where there is no possibility of
connecting to the mains. The use of an alternative drive
source, in particular a drive from a walk-behind tractor,
can be an effective solution that will increase the mobility
of mixing equipment and reduce dependence on
centralized power supply. However, the effect of such a
drive on mixing efficiency requires thorough research.

Therefore, it is crucial to study the influence of the
spiral ribbon mixer's design parameters on mortar
homogeneity, enabling the development of
recommendations for optimizing the mixing process. In
particular, it is necessary to assess the influence of the
shape and arrangement of the working elements and
determine the kinematic parameters of material
movement.

Analysis of Recent Research

In the scientific literature, various aspects of mortar
mixing are widely studied, since the quality of this
process directly affects the physical and mechanical
characteristics of the final material. The main attention is
paid to the efficiency of different types of concrete
mixers, the kinematic characteristics of their working
bodies, as well as methods for assessing the homogeneity
of the mortar [1]. Since the uniform distribution of
components in the mortar determines its durability and
strength, improving the mixing process remains one of
the priorities in the field of building materials production.

According to research, traditional mixers for
mortars are divided into gravitational and forced, among
which, in particular, belt mixers are distinguished.
Gravity mixers are the most common due to their
simplicity of design, however, they have significant
limitations in ensuring uniform mixing, especially when
working with thick and highly viscous solutions [2]. This
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is due to the fact that during the free fall of components,
dead zones can form in the drum, where the material does
not move intensively enough. Forced mixers, on the other
hand, provide significantly more efficient mixing due to
the mechanical impact of the blades on the material, but
such installations have higher energy costs and a more
complex design [3].

A current area of scientific research is also
developing new methods to assess the homogeneity of
building mortars. Traditional methods include
determining homogeneity wusing visual analysis,
calculation of standard deviation, and coefficient of
variation. In recent works, it has been proposed to apply
mathematical modeling and statistical methods to
quantify the mixing process [4-5]. In particular, the use
of Markov processes is promising, which allow analyzing
the probability of particles moving in the mixer
depending on the initial state of the system.

In particular, the influence of the geometric
parameters of the spiral belt concrete mixer on mixing
uniformity has not been sufficiently studied, and there
have not been enough experimental studies on the
effectiveness of alternative drives. This determines the
need for further research in this direction to improve the
quality of mortars and expand the possibilities of using
autonomous concrete mixing equipment.

Research Goal

The purpose of this study is to determine the impact
of a spiral belt concrete mixer design parameters on the
homogeneous mortar forming process, in particular, an
assessment of using drive from a walk-behind tractor
efficiency, analysis of working bodies kinematic
characteristics and their influence on the component
distribution uniformity.

The task of the study is to analyze the operation
features of a mixer with an alternative drive, determine
its advantages over an electric drive, and identify key
indicators that characterize mixing quality for use in the
research.

Methodology and Results

Traditional electric concrete mixers are widely used
in the construction industry due to their simple
construction, reliability, and relatively low cost. They
operate by mechanically mixing mortar components in a
drum powered by an electric motor through a gear or belt
drive. The main working body of the concrete mixer is a
rotating drum, inside which there are blades that
contribute to the solution components mixing.

The operation of an electric concrete mixer is based
on the drum rotating around its axis, causing the materials
to mix as they are lifted and fall under the influence of
gravity. In this case, there is a mechanical grinding of
cement clumps and a uniform distribution of components
throughout the mortar entire volume. This method of

mixing allows to obtain the necessary homogeneity of the
solution, although in some cases it leads to an increase in
mixing time.

The main characteristics of traditional gravity
concrete mixers (Fig. 1) are the power of the electric
motor, the speed of the drum, the capacity of the working
body and the performance. For most mobile models used
on construction sites, drive power typically ranges from
0.55 to 1.5 kW, resulting in optimal drum speed (15 to 30
rpm). The capacity of the drum can vary from 100 to 500
liters, depending on the type and purpose of the
equipment. The design of such mixers provides for the
presence of a gearbox or V-belt transmission to reduce
the load on the electric motor and ensure stability of
operation [6].

JLLES

Fig. 1. Gravity concrete mixer

Despite their popularity, concrete mixers with a
traditional electric drive have a number of limitations and
disadvantages that can affect the efficiency of work.
First, they require a constant connection to the power
grid, which significantly limits their mobility and makes
it difficult to use in construction site environments where
access to electricity may be limited. Secondly, in such
mixers, energy losses are observed due to mechanical
transmissions, which reduces their overall efficiency. A
significant disadvantage is also the wear of the drive
mechanism, in particular the gearbox or belt drive, which
can lead to unstable drum operation over time.

Another significant disadvantage of traditional
concrete mixers is the uneven mixing at large loading
volumes. Due to the specifics of the design, there is a risk
of mortar sticking to the inner walls of the drum, which
can complicate its cleaning and reduce the quality of
subsequent batches.

Based on the analysis conducted and the identified
influence of the drive and working elements on mixing
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quality, an experimental spiral ribbon mixer driven by a
walk-behind tractor was developed. To evaluate its
effectiveness, appropriate tests were carried out aimed at
determining the uniformity of mixing, performance and
energy characteristics of the equipment.

The test results showed that the use of a spiral belt
mixer allow to achieve a more uniform distribution of
components in the solution, which helps to improve its
quality. In addition, the use of a drive from a walk-behind
tractor ensured the stable operation of the equipment
even when working with thick solutions, which was a
difficult task for traditional mixers.

The spiral belt mixer used in this study (Fig. 2) is a
modern version of mixing equipment that combines the
principles of gravitational and forced mixing. Its design
includes spiral working elements that provide
simultaneous circular and axial movement of the
material, which contributes to the uniform distribution of
the mortar components. The main feature of this mixer is
the use of a drive from a walk-behind tractor, which
ensures autonomy of operation and allow to use the
equipment in construction sites without access to the
mains [7].

The main structural elements of the mixer are the
mixing chamber, spiral belt working bodies, support
frame, drive mechanism and rotation speed control
system. The mixing chamber is made in the form of a
cylindrical tank, inside of which there are spiral blades.

The geometry of the spiral blades determines the
trajectory of the material and significantly affects the
quality of mixing. The blades are mounted on the central
shaft, which is driven by a chain drive from the walk-
behind tractor.

The mixer drive system is one of the key design
elements. The use of a drive from a walk-behind tractor
allows to provide sufficient torque necessary for
intensive mixing of the solution. Thanks to the walk-
behind tractor’s gearbox, the operator can adjust the
mixing shaft speed, allowing optimization of the
operating mode based on the type of solution. In addition,
this solution increases the mobility of the mixer, as the
equipment can be easily transported and quickly
commissioned on the construction site.

One of the advantages of a spiral belt mixer is the
ability to work with various types of mortars, in particular
with highly viscous and thick compositions. Thanks to
the design of the working bodies, an even distribution of
components is achieved, which helps to reduce mixing
time and improve the homogeneity of the solution,
ensuring its high quality. An additional advantage is the
reduction of energy costs, since the drive from the walk-
behind tractor allow to do without power supply, which
is especially important in field construction or the
absence of a stationary power supply [8].

Fig. 2. Spiral belt mixer driven by walk-behind tractor

During operation, it is important to take into
account the design parameters that affect the quality of
mixing. In particular, the inclination angle of the spiral
blades, their width, and the shaft's rotation speed
determine the mixing intensity and the uniformity of
material distribution in the mixing chamber. Optimizing
these parameters allow to increase the efficiency of the
mixer and ensure the stability of the technological
process [9].

To determine the efficiency of a traditional electric
mixer and an advanced mixer using a walk-behind tractor
as a source of rotation, a comparative analysis of their
key characteristics was carried out. The table below
provides a comparison of the main characteristics of both
types of equipment, which allow to determine their
advantages and disadvantages when used on construction
sites.
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Comparative analysis between mixers

Table 1

e Traditional concrete mixer | Mixer driven by walk-behind
Characteristics Lo
(electric drive) tractor
Drive type Electric motor with reducer Walk-behind . t.ractor engine
through transmission
Drive power, kKW 05-1,5 4-8 (depending on the walk-behind
tractor)
Power Supply Fixed power grid Fuel engine (petrol/diesel)

Mixing mechanism

Rotation of the drum through the
reducer

Rotation of the drum through the
wheel drive shaft

. . . High autonomy, independence
Energy efficiency Limited, depends on mains voltage from the power grid
Mobility Low, power binding High, can work in any conditions

Depends on the

Uniformity of mixing

adhesion is possible

load, solution

Improved with more drive torque

Wear and tear of parts constant load

High in gearbox and motor due to

Less wear due to a more powerful
motor and  easier  torque
transmission

Noise and vibrations Moderate

Higher due to the operation of
internal combustion engines

Comparative analysis shows that a traditional
electric concrete mixer has certain limitations related to
the need to connect to the mains and lower motor power.
At the same time, a mixer driven by a walk-behind tractor
has significantly higher mobility, which allows it to be
used in the field without the need for power supply. The
higher torque of the walk-behind tractor motor provides
better mixing quality and reduces the risk of mortar
sticking to the inner walls of the drum.

In traditional electric mortar mixers, power is
limited by the characteristics of the electric motor, which
usually has a range of 0.55-1.5 kW, which makes it
impossible to mix thick or highly viscous mortars,
especially in conditions of unstable power supply.

The walk-behind tractor-driven mixer uses an
internal combustion engine with significantly higher
power (from 4 to 8 kW), which provides a greater margin
of torque and allow to maintain efficient mixing even at
maximum load. This feature makes it possible to be more
versatile and suitable for work in conditions where there
is no or limited access to the power grid.

The torque on the shaft of the working body is one
of the key parameters that determine the efficiency of the
concrete mixer. It characterizes the force with which the
rotational motion is transmitted to the mixer drum,
providing the necessary conditions for mixing the mortar.

High torque is especially important when working with
thick and highly viscous mortars that create significant
resistance during mixing. Insufficient torque can cause
the drum to mix unevenly or even stop under high loads.
That is why the analysis of this parameter is important for
assessing the efficiency of various concrete mixer drives.

A spiral belt mixer differs from traditional mixing
devices by the presence of special spiral blades, which
are fixed on the central shaft and act as the main working
body. The main feature of this design is the combined
mixing of the solution, which occurs simultaneously in
two directions: along the axis of the drum and in the
radial direction. This ensures high mixing uniformity and
reduces the risk of undermixing areas [10-11].

The working elements of the spiral ribbon mixer are
designed as spiral blades (Fig. 3), ensuring the
translational transportation of material along the drum
axis. The geometry of these blades dictates the solution's
speed, turbulence, and homogeneity level. The key
parameters influencing mixing efficiency include the
spiral's diameter and pitch, the blade inclination angle
relative to the rotation axis, and the spacing between
adjacent spiral turns.

One of the main advantages of spiral blades is the
ability to create a uniform circulating flow of material,
ensuring simultaneous mixing in all directions. Thanks to
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this, the mortar passes through the entire working space
of the mixing chamber, avoiding the formation of
stagnant zones. Additionally, the spiral shape helps to
reduce the mechanical resistance to particle movement,
which reduces energy costs for the mixing process [12].

Fig. 3. Working body of spiral ribbon mixer

The evaluation of mixing efficiency in a spiral
ribbon mixer relies on analyzing the kinematic
characteristics of mortar particle movement influenced
by the geometric parameters of the working elements.
The main factors affecting the mixing process are the
diameter of the mixing drum, the spiral pitch, the angle
of inclination of the blades, the radial velocity of the
particles and the overall flow rate of the material.

One of key parameters affecting mortar mixing
quality is the material's movement speed in the mixer. It
determines the uniformity of component distribution and
the intensity of the mixing process. In particular,
assessing the material's translational speed along the
mixing drum axis is crucial, as this movement ensures
component transport and uniform particle distribution
throughout the mixer. This rate is calculated using the
formula:

V_ =wRtan0, (1)
where @ — angular speed of shaft rotation, rad/s;
R — drum radius, m;
6 — spiral blade angle, deg.

This equation shows that increasing the helix angle
accelerates the axial motion of the particles, while
decreasing this angle makes mixing slower, which can
affect the uniformity of component distribution [13].

In addition to translational motion along the axis,
the material in the mixer also moves in a radial direction.
This parameter is crucial for solution homogeneity, as it
determines the extent of particle mixing across the drum's
entire cross-section. Taking into account the radial
velocity allows to assess how effectively the spiral blades

contribute to mixing the components and prevent the
formation of zones with insufficient circulation. The
radial velocity of material movement is determined by
the equation:

v =R sin(6), @)

n
where V, — radial velocity of material movement,
m/s;
n —amount of spiral turns per unit drum length.

Also, the mixing efficiency is characterized by the
coefficient of particle distribution uniformity in the
solution, which can be estimated through the coefficient
of variation Ksqp, which is defined as the ratio of the
standard deviation of components concentration to their
average value [14]:

Keap = z ’
C

ceped

(€)

where ¢ — root mean square deviation of particle
concentration, %;

Ceepeo — average particle concentration, %.

To assess turbulence and uniformity of mixing, the
Pecle Pe number is also used, which determines the ratio
of the convective transfer of the material to the diffusion
transfer:

Pe= s 4

V.L
D

where L — mixer length, m;

D — diffusion coefficient of particles in the mixing

medium, m?%s.

If Pe>1, convective transfer dominates, and if
Pe <1, then mixing process is predominantly diffusion.
In the practice of mixing mortar, it is important to strike
a balance between these two processes.

The ratio of the drum diameter to the spiral pitch
also affects the mixing quality. Its optimal value is
determined empirically and can be expressed as a ratio:

D
A== ©)
where 4 — relative helix pitch;
D — mixer diameter, m;
S — step of the spiral, m.

Too large step can reduce the mixing intensity
because the mortar will move too quickly without
sufficient distribution of the components [15]. On the
contrary, a step that is too small can increase the
resistance to the movement of the mortar and energy
expenditure.

Another important indicator of the efficiency of the
mixer is the torque on the shaft, which determines the
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load on the drive mechanism and the required power to
ensure high-quality mixing. The assessment of this
parameter is especially relevant in the case of using a
drive from a walk-behind tractor, since it has different
kinematic characteristics compared to electric drives.
Torque determination allows you to optimize energy
consumption and avoid excessive loads on the mixer
structure. The torque on the shaft is calculated using the
formula:

u=-L (6)
0]

where M — torque on the shaft, N-m;
P — drive power, W.

Due to the higher power of the walk-behind tractor
engine compared to a traditional electric drive, the torque
of the mixing drum can be adjusted, which is especially
important when working with stiff and highly viscous
mixtures. The increased torque allows to maintain an
optimal mixing mode even at maximum mixer load,
which reduces the adhesion risk and contributes to an
even component’s distribution.

The spiral belt working body creates an efficient
internal flow of the solution, ensuring simultaneous
radial and axial movement of the solution particles. This
significantly improves the homogenization of the
material, since the mortar passes through all working
areas of the mixer without the formation of cement or
aggregate local accumulations. In traditional concrete
mixers, insufficient mixing often occurs in the central
part of the drum. In contrast, a spiral mixer minimizes
this effect through the directed movement of particles
along the mixer's axis.

The increased mobility of equipment driven by a
walk-behind tractor allows for adjusting the speed of the
central shaft’s rotation with spiral blades, enabling
adaptation of the mixing mode to specific conditions. For
example, for liquid mortars, it is advisable to use lower
speeds, while for thick and highly viscous formulations,
the optimal solution is to increase the mixing speed to
achieve uniformity. An additional advantage is
independence from a stable power supply, which is
especially important for working in the field or on
construction sites without access to a three-phase power
grid.

The use of a drive from a walk-behind tractor in
combination with a spiral belt working body ensures the
uniformity of the mortar, increases mixing efficiency and
reduces energy costs, which gives a high potential for use
in various construction conditions.

Conclusions

The analysis of spiral ribbon mixer design
parameters demonstrated that using this type of working

element enhances mortar mixing by combining axial and
radial particle movement. Due to this, an even
distribution of components is achieved, which has a
positive effect on the homogeneity of the final product.
In addition, optimizing the blade geometry allows for
reduced energy costs, allowing for efficient mixing
without the need for a significant increase in drive power.

The use of a walk-behind tractor drive is a
promising alternative to traditional mains faucets. This
solution increases the mobility of the equipment and
allows it to be used in conditions where there is no access
to power supply. The analysis of the mixer’s kinematic
characteristics revealed that using a more powerful drive
ensures stable mixing and enhances efficiency,
particularly when working with thick and highly viscous
mortars.

The results obtained can be used to further optimize
the design of mixers and develop methodological
recommendations for their wuse. The defined
dependencies between design parameters, drive torque
and mixing quality make it possible to improve the
process of preparing concrete mixtures and increase the
efficiency of construction equipment.

References

1. Christ, R., Pacheco, F., Ehrenbring, H., Lopes, R., Tutikian,
B., & Funke, G. (2023). Effect of type of mixer on rheological
and mechanical behavior of ultra high-performance concrete.
Structural Concrete, 24, 4276-4285.
https://doi.org/10.1002/suco0.202200258

2. Onyshchenko, O. G., & Pomazan, V. M. (1999). Building
machinery. Kyiv: Harvest.

3. Zhou, Y. C., Yu, A. B., Stewart, R. L., & Bridgwater, J.
(2004). Microdynamic analysis of the particle flow in a
cylindrical bladed mixer. Chemical Engineering Science, 59(6),
1343-1364. https://doi.org/10.1016/j.ces.2003.12.023

4. Basinskas, G., & Sakai, M. (2016). Numerical study of the
mixing efficiency of a ribbon mixer using the discrete element
method. Powder Technology, 287, 380-394.
https://doi.org/10.1016/j.powtec.2015.10.017

5. Ferraris, C. (2001). Concrete mixing methods and concrete
mixers: State of the art. Journal of Research of the National
Institute of Standards and Technology, 106, 391-399.
https://doi.org/10.6028/jres.106.016

6. Rudyk, R., & Bidanets, S. (2023). Research on modes and
operating parameters of construction mixes preparing
equipment. Academic Journal Industrial Machine Building
Civil Engineering, 1(60), 25-30.
https://doi.org/10.26906/znp.2023.60.3183

7. Krot, O. Yu., Kuzub, Y. O., & Kryuchkov, O. A. (2024).
Development of a mortar mixer driven by the wheel of a walk-
behind tractor. In Abstracts of the 76th scientific conference of
professors, lecturers, researchers, postgraduates and university
students (Poltava, May 14-May 23, 2024) (Vol. 1, pp. 279—
280). National University «Yuri Kondratyuk Poltava
Polytechnic».

307



Hayxosuii sichux 06yoisnuymea, 2025, Bunyck Ne 112

ISSN: 2311-7257, ISSN: 2708-6194 (online)

8. Virchenko, V. (2011). Mixing of construction mortar
solutions with the effective mixers. Bulletin of the Mykhailo
Ostrohradskyi KNU, 1(66), 71-74.

9. Rohozin, 1., Vasyliev, O., & Pavelieva, A. (2018).
Determination of building mortar mixers effectiveness.
International Journal of Engineering and Technology, 7(3.2),
360-366. https://doi.org/10.14419/ijet.v7i3.2.14553

10. Onyshchenko, O. G., Popov, S. V., & Virchenko, V. V.
(2010). The influence of geometric parameters on the efficiency
of the sprue engagement of mixers for the preparation of
building mortar mixtures. Collection of Scientific Papers.
Industrial Mechanical Engineering, Construction, 27, 3—-8.

Technology, 51(3), 217-229. https://doi.org/10.1016/0032-
5910(87)80022-0

Author: Yurij KUZUB,

Postgraduate student,

Department of Industrial Engineering and Mechatronics
National  University  «Yuri  Kondratyuk  Poltava
Polytechnic»

KVY3VYB IOpiit Onerosuy,

3000ysau  euwgoi oceimu mpemvoco pigHsa, Kagheopu
2any3e6020 MAWUHOOYOY8AHHS MA MEXAMPOHIKU,
Hayionanvnuii yHigepcumem «llonmascvka
noaimexuixa imeni FOpiss Konopamiokay

11. Korobko, B. O., & Virchenko, V. V. (2016). Modeling the
working process of a ribbon-blade mortar mixer. Collection of
Scientific Papers. Series: Industrial Mechanical Engineering,
Construction, 2(47), 32-38.

12. Tsugeno, Y., Sakai, M., Yamazaki, S., & Nishinomiya, T.
(2021). DEM simulation for optimal design of powder mixing
in a ribbon mixer. Advanced Powder Technology, 32(5), 1735—
1749. https://doi.org/10.1016/j.apt.2021.03.026

13. Halidan, M., Chandratilleke, G., Dong, K., & Yu, A. (2018).
Mixing performance of ribbon mixers: Effects of operational
parameters. Powder Technology, 325, 92-106.
https://doi.org/10.1016/j.powtec.2017.11.009

14. Daniyan, [. A., Aderoba, A. A., Jimmy, D. N., Rominiyi, O.
L., & Adewumi, D. F. (2017). Development of a mixer for
concrete production. American Journal of Engineering and
Technology Management, 2(3), 20-24.
https://doi.org/10.11648/j.ajetm.20170203.11

15. Masiuk, S. (1987). Power consumption, mixing time and
attrition action for solid mixing in a ribbon mixer. Powder

E-mail — kuzub_vyurij@ukr.net
ID ORCID: https://orcid.org/0009-0006-8463-3914

Author: Rostyslav RUDYK,

Postgraduate student,

Department of Industrial Engineering and Mechatronics
National  University  «Yuri  Kondratyuk  Poltava
Polytechnic»

PYJIUK Poctucnas FOpiitoBud,

3000ysau  euwgoi oceimu mpemvoco pigHsa, Kagheopu
2any3e6020 MAWUHOOYOY8AHHS MA MEXAMPOHIKU,
Hayionanvnuii yHigepcumem «llonmascvxa
noaimexuixka imeni FOpiss Konopamiokay

E-mail: rostyslavrudyk@nupp.edu.ua

1D ORCID: https://orcid.org/0000-0001-8386-977X

BIIVIMB TAPAMETPIB CIIIPAJIBHOI'O CTPIYKOBOTI'O
SMIIIYBAYA HA OJHOPIJHICTb BYAIBEJIBHOI'O PO3YNHY
10.0. Ky3y®0, P.1O. Pymuk
Hamionansnmii yHiBepcuret «IlonraBcbka nomiirexHika imeni Opis Konapariokay, Ykpaina

Y ecmammi npoeedeno ananiz koHcmpyKmueHux napamempie cRipaibHO20 CIMPIYKO8020 3MIULY8AYA MA IXHLO2O
BNAUGY HA AKICMb nepemiuly8anHs 6y0i6ebH020 PO3UUHy. PO32IAHYMO OCHOGHI 2eOMEempPUdHi XapaKmepucmuxi
pobouux opeawis, 30kpema diamemp i KpOK CHIpani, Kym HAXULy Jonameu ma weuoKicms obepmanus obapabaua.
Bcmanosneno, wo onmumizayis yux napamempie Cnpuse DIGHOMIPHOMY PO3ROOITY KOMNOHEHMIS, 3MEeHUEHHIO
HANUNAKHA PO3HUHY HA CIIHKAX Oapabana ma 3HuUdCeHHIo enepeemuunux eumpam. Okpemy ysazy npudileHo ananizy
eghekmusHOCMI BUKOPUCTNAHHS NPUBODY 8I0 MOMOOIOKA K AIbMEPHAMUBU OeMOHO3MIULY8AYAM, WO NPAYIOIOMb 6i0
enekmpomepedici. Busnaueno, wo 3acmocyeanms 06ucyna 6HympilHb020 320PSiHHA NIOBULLYE ABMOHOMHICMb poOOmMU
3miutysaua, 3abesneuye cmadOilbHull KPYMHULL MOMEHM Ma NOKpawjye npodykmusHicme 001adHanus. Ilposederno
NOPIGHANLHULL AHANI3 XAPAKMEPUCMUK 080X MUNI6 npugoois, AKuil niomeepous nepegazi NPpusoody 8i0 MomooiIoKa y
KOHmeKcmi MOOIIbHOCHI, eHeP2OHe3ANeIHCHOCIT Ma MONCIUBOCME pobomu 8 ymogax 6ydieebHUX MAUOAHYUKIE De3
docmyny 00 enekmpomepedici. 3anponoHo8arHo Memoou OYIHKU OOHOPIOHOCHI 6)0iBeIbHO2O PO3UUHY, WO OA3VIOMbCSL
Ha koeghiyienmi eapiayii Konyemmpayii kKomnonenmis. Hagedeno mamemamuyHi mooeni, sIKI ORUCYIOMb GNIUB
KOHCMPYKMUGHUX NApamempie 3Miuysaua Ha Pi6HOMIpHICMb po3nodiny YacmuHox y posuui. IIpoananizoeano
3AN1eACHICb WEUOKOCI NepemilyeHHs: Mamepiany 63006dc oci bapabana 8i0 Kymogoi weuoKkocmi obepmanms,
padiyca bapabana ma xyma Haxuiy aonamei. Pesynmbmamu Odocniodcents niomeepodcyromv, w0 HOEOHAHHSA
CHIPATbHO20 CMPIYK0B020 POOOYO20 OpP2aHy 3 NPUBOOOM GI0 MOMOOIOKA 00380J€ NIOBUWUMU eDeKMUBHICMb
npoyecy 3MIULY6aHHs, SHUSUMU eHePemMUYHI GUMpamu ma NOKPAwUmu Kicme KiHyego20 npooykmy. 3anponoHoeari
nioxoou mMoxcyms 6ymu UKOPUCIAHI 051 ROOANLWOT ORMUMI3AYI] KOHCMPYKYTT 3MIiUY8a1bH020 00AOHAHHS MA
PO3poOKU pekomeHOayiti w000 1020 NPAKMUYHO20 3ACMOCYBAHHSL.

Knrouosi cnosa: smiwysau, OyoigenvHuil po3uuH, 3MiULy8anHs, OOHOPIOHICHb PO3YUHY, MOMOOIOK, NpUusio,
eghexmusHicmb, MOOIIbHICMb
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