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DEFINING THE INFLUENCE OF THE SCREW PRESS LOADING CONDITIONS ON THE
CONSUMED CURRENT OF ITS DRIVE WITH THE USE OF ARDUINO MICROCONTROLLER

In scope of this article was developed method for detecting how the loading conditions of a screw press impact its drive's power
consumption with the help of sensors and Arduino microcontroller. Since sunflower oil is one of the most common products of the
food industry, the problem of efficiency of the seeds processing is an urgent one aimed at improving the performance of presses and
decreasing the consumed power of their drives. The research employed scientific methods such as analysis, modeling, experiment,
measurement and observation to create valid outcomes. The simplified schematic diagram of the screw press electromechanical
system is developed based on its full-scale experimental prototype LiangTai LTP200. The measurements are performed with the help
of the current and voltage sensors SCT-013-030 and ZMPT101B connected to the Arduino microcontroller. Study defines the loading
levels of the pressing chamber as the ratio between the volume of the sunflower seeds loaded into the chamber and the total active
volume of the chamber. The volume of the seeds is defined with the help of the measuring sleeve (volumetric flask) and is additi-
onally calculated as the product of their mass by the corresponding bulk density. The mass is measured by the electronic scales
KYA800077. The study tested consumed current at no-load conditions and at the loading levels of 33 %, 67 %, 100 %. The experi-
ments conducted for the case of the sunflower seeds processing confirm the proportional increase in the consumed current of the
screw press drive during the increase of the loading level of the pressing chamber. This allows improving the corresponding control
algorithms aimed at optimizing the power consumption of the press drive. The significance of utilizing the Arduino microcontroller
in this context is profound. This research has set the ground for the possible application of these methods in other oil-containing se-
eds processing. In addition, the experimental data can be used for monitoring and preventing the overloading conditions that can cau-
se the breakdown of the press drive elements.

Keywords: sunflower oil; seeds processing; consumed power; pressing chamber; control algorithm; overloading conditions.

Introduction / Beryn mance. In particular, the influence of screw design modifi-
cations on efficiency and longevity has received significant
attention. Some studies have ventured into automation of
the oil extraction process, examining potential strategies for
temperature regulation, sensor integration for monitoring
oil volume and motor current, and electronic systems for
adjusting screw rotation frequency.

However, within this body of research, a noticeable gap
persists. The specific area of examining the influence of the
screw press loading conditions on the consumed current of
its drive using a system like the Arduino microcontroller for
real-time monitoring and data collection remains largely
unexplored.

Given the increased interest in automation and applicati-
on of smart technologies, this area presents significant po-
tential research opportunities. Exploring the utilization of
Arduino microcontroller and similar microcontroller-based
systems for process optimization in screw press operation is
highly relevant task. Such exploration could provide val-
uable insights for enhancing energy efficiency, operational
control, and overall performance of the oil extraction pro-

Sunflower oil is one of the most widespread food pro-
ducts. Unlike industrial machinery intended for pressing se-
eds, small household presses are not comprehensively stu-
died in terms of performance and energy efficiency while
processing different types of seeds and kernels. Therefor
exists problem with defining dependency of the consumed
current of the screw press drive on the pressing chamber lo-
ading level, to enable optimal performance and energy effi-
ciency the of the oil extraction process. To ensure accurate
data and real-time monitoring, it is advisable to use an Ar-
duino microcontroller together with current and voltage
Sensors.

The existing scientific literature provides a rich analysis
of various aspects of screw press operation, with studies
exploring mechanical elements, structural parameters, heat
creation, oil yield, and lifespan of the device. Advanced
methodologies such as regression analysis, strength
analysis, and the use of the finite-element method have be-
en employed to optimize screw press design and perfor-
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cess, warranting further study.

Object of research— application of Arduino micro-
controller and sensors SCT-013-030 and ZMPT101B for
measuring voltage and current consumed by the press drive
at different loading levels.

Subject of research — methods and means of quantitative
definition of the influence that varying loading conditions
in the screw press has on the consumed current of its drive.

The purpose of the work — define the influence of the
screw press loading conditions during sunflower seeds pro-
cessing on the consumed current of its drive with the use of
smart technologies which will allow to monitor the loading
level of the pressing chamber depending on the power con-
sumption.

To achieve this purpose, the following main research
objectives are identified:

1. To analyze the general design and structure of the screw
press system LiangTai LTP200.

2. To develop an experimental prototype of the screw press
for oil processing and equip it with sensors and Arduino
microcontroller for real-time data monitoring.

3. To experimentally investigate the dependency of the screw
press drive's consumed current on varying loading levels
within the pressing chamber.

4. To analyze the collected experimental data and determine
the influence of chamber loading conditions on power con-
sumption.

Analysis of recent research and publications. The
existing global scientific literature has provided valuable in-
sights into various facets of screw press operation and the
factors influencing its efficiency. The examination [9] focu-
sed on analyzing the forces and energy exerted within the
press chambers of the FL 200 press during the compression
of sunflower seeds. To achieve this, a universal compressi-
on machine and a tangent curve model were utilized.

The study [13] examines how technological and structu-
ral factors of the screw press, such as screw shaft pitch, spe-
ed, and cake removal area, affect energy usage in oil extrac-
tion. Regression analysis from multifactorial experiments
helps estimate these influences, aiding in designing oil
press machines. Response surfaces show the relationship
between power consumption and cake removal area, screw
shaft pitch, and speed. For specific parameters (e.g., shaft
pitch of 21.8 mm, cake removal area of 107.99 mm’, shaft
speed of 5.12 min™), power usage is 170 W, maximizing oil
yield at 36 %.

Using stepwise regression analysis and a normal proba-
bility plot, the study [10] finds statistically significant rela-
tionships between the theoretical deformation energy, force,
pressure, and energy of the FL 200 screw press and several
predictors, with coefficient of determination values ranging
between 61 % and 86 %. Study [7] suggest a novel screw
press design with optimal pressing parameters based on the
algorithm of engineering calculations and analytical fore-
cast. Empirical evidence has demonstrated that a reduced
screw rotation speed leads to decreased heat creation and
enhanced oil recovery.

On the other hand, article [18] analyses the mechanical
elements of the screw press, focusing on its design, service
cycles, and remaining lifespan. The authors determine that
the screw press that operates at a rate of 121 pressing cycles
per hour has a total lifespan of 2.625x105 cycles. In studies
[5, 8] structural analysis is applied to design safe and effici-
ent screw presses with increased productivity for small-sca-
le applications. Experimental design methods and strength

analysis are employed in the study [3]. The significance of
screw geometry parameters has been determined, and cal-
culations have been conducted to assess the load and tem-
perature effects. A methodology for evaluating process effi-
ciency and improving the durability of press-extruder com-
ponents is presented.

The article [2] investigates modifications to the screw
design of the JY 200 oil extraction machine, aiming to en-
hance its efficiency and longevity. By adjusting the pitch of
the screw shaft, the study found improvements in oil capa-
city and the number of cycles to failure, while also reducing
the von Mises stress, deformation, and fatigue stress of the
press. The paper [11] investigates the design of an advan-
ced screw-type press for oil extraction and explores the
screw's stress-strain states under extreme load conditions
using the finite-element method. The work clarifies zones
of screw overloading and discusses how to ensure screw re-
liability and longevity.

The study [16] examines a rapid method for assessing
the necessary load strength for forging using an extrusion
press. A new drive for a modified machine has been experi-
mentally and theoretically tested. Experiments were con-
ducted on two presses to confirm the theoretical approac-
hes. The modified press demonstrated increased energy and
load strength. A number of studies are dedicated to defining
optimal rotation speed and temperature parameters for
extracting oil [1, 14].

This paper [12] delves into optimizing the extraction
process of vegetable oils through meticulous analysis and
mathematical modeling. By scrutinizing multiple elements
influencing the process, such as rotational frequency and
flight pitch of the screw, it aims to enhance productivity
and efficiency. Authors provide visualized graphical repre-
sentations to aid in comprehending the relationships betwe-
en parameters.

The literature reviewed suggests various avenues for au-
tomation in the oil extraction process. These include imple-
menting temperature regulation, integrating sensors to track
oil volume and motor current, and utilizing electronic
systems to adjust screw frequency. The findings serve as a
valuable resource for researchers and engineers in refining
screw press designs and performance. In one study [17],
authors developed a modernized screw-type press tailored
for this purpose, demonstrating a commitment to innovation
in the field. Additionally, another investigation [6] showca-
sed the practicality of developing a press equipped with a
twin screw, further expanding the possibilities for enhan-
cing efficiency and productivity in oil extraction processes.

Research results and their discussion /
Pe3y/ibTaTH AOC/IiA)KEeHHS Ta iX 06rOBOPEHHSA

Analysis of main elements of screw press LiangTai
LTP200. The general design of the small household screw
press LiangTai LTP200 is presented in Fig. 1. It consists of
the press body 1, charging opening 2, pressing chamber 3,
discharging opening 4, filter sieve 5, and oil tank 6. The
sunflower seeds are loaded (fed) into the opening 2 of the
pressing chamber 3, where the screw-type working member
processes them and extracts the oil. The latter flows out
from the pressing chamber through the grooves (slots) cut
on its bottom surface. The extracted oil passes through the
filter sieve 5 and is supplied to the tank 6. The sunflower
cake is discharged through the opening 4 into a bag, box, or
another package.
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Fig. 1. General design of the screw press LiangTai LTP200 /
BaranbHuii BUIILA MHeKoBoro mpecy LiangTai LTP200

The simplified schematic diagram of the screw press
electromechanical system is shown in Figure 2. The sunflo-
wer seeds are fed into the pressing chamber, where the
screw crushes and presses the seeds and extracts the oil.
The processed material is discharged in the form of the
sunflower cake. The gearbox is used for reducing the rotati-
onal frequency and increasing the pressing torque transmit-
ted from the shaft of the asynchronous electric motor to the
screw shaft. In order to control the angular speed of the mo-
tor shaft, the frequency converter is implemented. The latter
is powered by the urban single-phase network of alternating
current of 50 Hz (230 V).

~230 vV

Qﬁ\TFI
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Freguency
converter

uvw
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Fig. 2. Simplified schematic diagram of the screw press electromec-
hanical system / [IpunImnoBa cxema eneKTpoOMeXaHiqHOI CHCTe-
MU ILHEKOBOI'O Ipeca

Preparing experimental prototype of the screw press
for oil processing and equipping it with sensors and Ar-
duino microcontroller for real-time data monitoring. Whi-
le performing experimental investigations, the current and
voltage supplied to the press drive are monitored for diffe-
rent loading levels of the pressing chamber. The measure-
ments are performed with the help of the current and volta-
ge sensors SCT-013-030 and ZMPT101B connected to the
Arduino microcontroller [4]. The Arduino microcontroller,
combined with current and voltage sensors like the SCT-
013-030 and ZMPT101B, can provide real-time monitoring
and data collection of the screw press's performance under
different loading conditions. The current sensor measures
the consumed current and the voltage sensor records the

supplied electrical input to the drive. These sensors are con-
nected to the Arduino microcontroller which digitizes the
analog readings and processes them. This setup allows to
accurately measure how load conditions in the pressing
chamber impacts the consumed current of the drive. The
data can then be analyzed to discern patterns and dependen-
cies, which can contribute to the development of control al-
gorithms for optimizing the power consumption of the
screw press drive under different loading conditions.

The voltage sensor ZMPT101B (Figure 3) is a precision
AC voltage sensor that is a voltage transformer with a
1:1 transformation ratio. In our case, the sensor measures
the voltage supplied to the frequency converter from the ur-
ban single-phase network of alternating current of 50 Hz
(230 V). The corresponding data is processed by the Ardui-
no microcontroller and sent to the laptop in the form of the
voltage-time dependencies plotted at the scanning
(sampling) frequency of 10 5™,

MM
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Fig. 3. The connection schemes of the voltage sensor ZMPT101B
with Arduino / Cxema mia'eiHaHHs JaBava HAPYTH
ZMPT101B 1o Arduino

The current sensor SCT-013-030 (Figure 4) is designed
as a measuring transformer, in which the role of the primary
winding is played by a wire conducting the measured cur-
rent. Such transformers are made on closed cores in the
form of a ring made of ferromagnetic materials. Herewith,
the cores of some models have a cut through which a wire
is inserted into the core ring hole. When alternating current
flows along the wire, an electromotive force (EMF) occurs
in the coil, and if an ammeter is connected to it, the circuit
is closed and the device shows the current proportional to
the measured one. The proportionality coefficient depends
on the number of coil turns. In order to connect the current
sensor SCT-013-030to the Arduino microcontroller, the
additional SMD-resistor of 62 Q is applied. The controller
measures the voltage on this resistor at the following inter-
relation: 1 V voltage corresponds to 30 A current.

The experimental prototype of the screw press based on
the LiangTai LTP200 model is presented in Figure 5. The
locations of the voltage and current sensors are shown by
the positions 1 and 2, respectively. The frequency converter
3 powers the electric motor 4, which sets into motion the
gearbox 5 actuating the pressing screw. The analysis of the
consumed current and voltage of the press drive is carried
out at different loading levels of the pressing chamber. The
latter are determined as the ratio between the volume of the
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sunflower seeds loaded into the chamber and the total acti-
ve volume of the chamber (60 ml).

To AO
From power Arduino
supply network 5V
+EV
Arduino
SCT-013-030
10kQ
. 10k
220 uF 16V GND
To the electric motor T Arduino
b) of the screw press =

Fig. 4. The connection schemes of the current sensor SCT-013-030 /
Cxemu nin'enHanss gasada crpymy SCT-013-030

The volume of the seeds is defined with the help of the
measuring sleeve (volumetric flask) and is additionally cal-
culated as the product of their mass by the corresponding
bulk density (410 kg/m®). The mass is measured by the
electronic scales KYA800077. The experimental testing is
performed at no-load (idle) conditions and at loading levels

of 33% (20ml, 8.2 g), 67% (40ml, 16.4 g), and 100 %
(60 ml, 24.6 g).

Analyzis of the collected experimental data and the de-
pendency of the screw press drive's consumed current on
varying loading levels within the pressing chamber. The
experimental results are presented in Fig. 6. Considering
the case of powering the screw press from the urban single-
phase network of alternating current of 50 Hz (230 V), the
corresponding measurements of the supplied voltage are
shown in each experimental plot by a full (solid) black line.
In general, the voltage changes within the range of 227.6
...228.2 V regardless of the press loading conditions. The
plot shown in Fig. 6(a) presents the time changes of the
consumed current of the press drive at no-load (idle) conditi-
ons (see the full (solid) red line). The current changes within
the range of 1.4...2.0 A. Therefore, the instantaneous value
of the consumed power varies from about 320 W to 460 W.

In the case when the pressing chamber is loaded at the
level of 33 %, i.e., when 20 ml of the sunflower seeds are
fed into the chamber, the supplied current significantly
increases and varies in the range of 2.4...2.65 A. This al-
lows for the conclusion that the instantaneous value of the
consumed power changes from approximately 540 W to
600 W. Therefore, the increase in the loading level by 33 %
(from 0 to 20 ml) causes the increase in the consumed cur-
rent and power by 23...41 %.

Further increase of the loading level of the pressing
chamber to 67 %, when the 40 ml volume of the sunflower
seeds is charged into the chamber, causes a proportional
increase in the consumed current. In this case, the current
minimal value is about 2.5 A, while the maximal value re-
aches 2.8 A. Therefore, the instantaneous value of the con-
sumed power changes from about 570 W to 640 W. This al-
lows for the conclusion that a further increase in the loading
level by 34 % (from 33 % to 67 %) causes the increase in
the consumed current and power by 5...7 %.

Fig. 5. Experimental prototype of the screw press / ExcriepumeHTansHu 3pa30K ITHEKOBOTO Ipeca

Considering the case of the maximal loading level
(100 %), when the full volume of the pressing chamber
(60 ml) is filled with the sunflower seeds, the nominal cur-
rent changes within the range of approximately
2.45...3.0 A. This allows for concluding that the instantane-
ous value of the consumed power varies from about 558 W
to 685 W. Therefore, a further increase in the loading level
by 33 % (from 67 % to 100 % or from 40 ml to 60 ml) cau-
ses the increase in the consumed current and power by
approximately 6...7 %.

Summarizing all of the above, it can be stated that the
no-load and part-load conditions are not recommended to
be used from the viewpoint of the screw press performance
and energy efficiency. Therefore, the control system should

be provided with the opportunity to continuously monitor
the loading level of the pressing chamber and to change the
screw angular speed in such a way that the pressing cham-
ber is maximally loaded. The continuous monitoring of the
loading level can be implemented in different ways. For
instance, the current sensor may be used for registering the
instantaneous values of the consumed current. When its
average value calculated for the specified period of time is
less than the normative one, the control system slows down
the screw in order to increase the loading level of the pres-
sing chamber. The change in the screw angular speed can
be provided by integration of the control system into the
frequency converter.
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Fig. 6. Results of experimental investigations performed at different loading levels of the pressing chamber / Pe3ynprartn excriepumeHTaib-
HUX JIOCITIIXKEHb, MIPOBEJICHUX MPU PI3HUX PIBHAX HABAaHTAXKECHHs KamepH npecyBanHs: &) 0 % (no-load conditions) / 0 % (6e3 HaBaHTa-
sxeHHs); b) 33 % (20 ml, 8.2 g) /33 % (20 mu, 8,2 1); ¢) 67 % (40 ml, 16.4 g) / 67 % (40 mu, 16,4 1); d) 100 % (60 ml, 24.6 g) / 100 %

(60 mi, 24,6 1)

Considering the obtained experimental data (Figure 7),
the following conclusion can be drawn. At the no-load (id-
le) operational conditions, the average value of the consu-
med current is equal to 1.68 A. Therefore, the average po-
wer needed to be supplied to the press drive is approxima-
tely equal to 380 W. When the pressing chamber is loaded
at the level of 33 %, the average consumed current rises to
2.54 A or by 34 %. Further increases in the loading level to
66 % and 100 % cause increases in the average current to
2.64 A and 2.73 A or by 4 % and 3 %, respectively. This
means that the most energy efficient operation of the screw
press can be provided at its full-load conditions.

3.0 T A

2.5

2,0

']

1,5
1,0
0,5

]

0,0
0 33

100

Fig. 7. Diagram of the average consumed current of the press drive
at different loading levels of the pressing chamber / liarpama
CePEIHBOTO CIIO)KMBAHOTO CTPYMY IIPUBOY Mpeca IpH Pi3HUX
PIBHSIX 3aBaHTAKEHHS KAMEPH [PECYBAHHS

66 %

Discussion of research results. Our study aimed to in-
vestigate the influence of screw press loading conditions on
the consumed current of its drive using an Arduino micro-
controller system for real-time monitoring and data collecti-

on. The results indicated a clear relationship between the
loading levels of the pressing chamber and the consumed
current of the press drive. It was discovered that optimal ef-
ficiency of the screw press can be achieved at the maximal
loading levels and by appropriately modulating the screw
angular speed [19].

Interestingly, this conclusion harmonizes with previous
research findings in the field. For example, authors in paper
[9] demonstrated a similar relationship involving the comp-
ression processes of bulk oil seeds. However, compared to
work our results present a more in-depth understanding as
we have considered a wider range of load conditions.

The work done in paper [7] also revealed the correlation
between the increase in load and the enhanced performance
of a screw press. Our study echoes this conclusion and adds
onto this by demonstrating how different loading conditions
in the pressing chamber influenced the consumed current of
its drive. Authors of study did not take this specific aspect
into consideration, so our study significantly adds to this to-
pic and provides a fresh perspective.

The research [18] bears a similarity to ours, as they
analyzed the functioning of a screw press machine. Howe-
ver, their work did a failure analysis while ours studied how
the loading conditions affected the consumed current of the
press drive. Indeed, insights from both studies could be
combined to enhance the durability and efficiency of screw
press machines.

Another noteworthy comparison is with the study [8],
which looked into the design aspect of the system. Our re-
search supplements this work by highlighting how critical it
is to consider the loading conditions and their influence on
the current of the press drive while designing a screw press
machine.
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Moreover, our results concerning optimal loading con-
ditions for energy efficiency align well with a study [5].
Here too, there was a focus on the design, specifically the
stress analysis of the screw shaft, but the reiteration of the
importance of load management in our findings adds
further weight to their postulations.

In summary, our investigation into exploring the corre-
lation between the screw press loading conditions and the
consumed current of its drive offers novel insights that not
only align with the previous studies but also significantly
enrich the body of knowledge in this domain. Future inves-
tigations can use our research to further explore the deve-
lopment of robust and energy-efficient screw presses [15].

So, based on the results of the work performed, it is pos-
sible to formulate the following scientific novelty and prac-
tical significance of the research results.

Scientific novelty of the obtained research results — de-
veloped method for defining the influence of the screw
press loading conditions on the consumed current of its dri-
ve with the use of Arduino microcontroller for real-time
monitoring and data collection.

Practical significance of the research results — the obta-
ined experimental results allow for recommending the de-
veloped system for practical implementation in real produc-
tion in order to provide the energy-efficient conditions of
the oil extraction process performed with the help of the
screw presses for different types of seeds.

Conclusions / BUCHOBKH

In this research, we focused on understanding how dif-
ferent loading conditions in the pressing chamber influen-
ced the consumed current of its drive with a help of an Ar-
duino microcontroller system for real-time monitoring and
data collection. Based on the results of the research the fol-
lowing main conclusions can be drawn.

Through comprehensive experimentation and in-depth
data analysis, the study established a clear relationship bet-
ween the loading levels of the pressing chamber and the
consumed current of the press drive. It was defined that the
operation efficiency of the screw press can be significantly
improved by maintaining maximal loading levels and mo-
dulating the screw angular speed suitably.

The real-time monitoring enabled by the Arduino mic-
rocontroller allowed for continuous performance evaluati-
on, which has significant potential to improve operational
control. Further, this approach could facilitate the develop-
ment of advanced control algorithms to optimize power
consumption under different loading conditions.

This study provides insightful data and techniques that
can be employed to enhance the operation of small house-
hold screw presses, improving energy efficiency, and oil
extraction capabilities. There is also substantial potential to
extend our methodology to the study of other oil-rich seeds,
and to larger, industrial scale presses.
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BU3HAYEHHS BIIJ/IUBY YMOB 3ABAHTAYKEHHS ITHEKOBOT'O MPECA HA CIIOKUBAHUM
CTPYM HOT'0 IIPUBOAY 3ACOBAMH MIKPOKOHTPOJIEPA ARDUINO

P03p006IIeHO METOJMKY BU3HAUCHHS BILIMBY YMOB 3aBaHTQKCHHS IITHEKOBOT'O IIpeca Ha CHOKMBAHUH CTPYM Ta IMOTYXKHICTh HOTo
MIPUBOAY 3a JIOMOMOTOIO aBadiB Ta MiKpoKOHTposiepa Arduino. OCKiNEKY COHSITHUKOBA OJIisl € OTHUM 13 HAWIOIIMPEHIINX MIPOJIYK-
TIB XapuoBOi IPOMHCIIOBOCTI, TO aKTyaJIbHOIO € IIpobJieMa aBTOMaTH3allil Iporiecy repepoOIeHHs] HACIHHS COHSIIHUKY, CIIPSIMOBaHA
Ha TiJABUILCHHS [TPOAYKTHBHOCTI MPECIB Ta 3HMKCHHSI CII0XKUBAHOT OTYKHOCTI 1X NPUBOIB. I OTPUMAaHHS SKICHUX PE3YJIbTaTiB y
JIOCITI/DKEHHI BUKOPUCTAHO TaKi HAyKOBI METOJH, SIK aHaji3, MOJICIIOBAHHs, eKCIEPHUMEHT, BUMIPIOBAHHS Ta CIIOCTEpeKeHHs. Po3-
pOOJIEHO CHPOIIEHY NPUHIMIIOBY CXEMY €JIeKTPOMEXaHIYHOI CHCTeMH IIHEKOBOr'o Ipeca Ha IiJICTaBi HOro moBHOMACIITAOHOTO eK-
cnepuMeHTanbpHOro nportotumy Moaeni LiangTai LTP200. IIpoBeaeHo aHani3 COXKUBAHOTO CTPYMY Ta HAIlpyTH MPUBOIY Ipeca 3a
PI3HHX PiBHIB 3aBaHTQXXCHHS KaMepH MpecyBaHH:. BUMiproBaHHS MPOBOIMIHN 3a JOTMOMOTOI0 AaBaviB cTpyMy 1 Hanpyrua SCT-013-
0301 ZMPT101B, nix'ennanux 1o mikpokonTposnepa Arduino. CTymiHb 3aBaHTaXEHHSI KaMEpH NPECyBaHHS BH3HAYECHO SIK BiIHO-
mIeHHs1 00'eMy 3aBaHTa)KEHOTO B KaMepy HACIHHS COHSIIHHKY JO0 3arajbHOTO aKTUBHOTO 00'eMy kamepu. O0'eM HaCiHHS BU3HAUECHO
3a JIOIIOMOTOI0 MIPHOTO CTaKaH4YHMKa (MipHOI KOJOHM) Ta JOAATKOBO PO3pPaxoBaHO K JOOYTOK HOro MacH Ha BiJIOBIJIHY HACHITHY
MUTBHICTD (TycTHHY). Macy BuMiproBainu enekTporHoo Baroo KYA800077. ExcriepuMmeHTaibHi BUIPOOYBaHHS IIPOBEJICHO y HEHa-
BaHTA)KCHOMY CTaHi (Ha XOJIOCTOMY XO/ly) Ta 3a TaKHX PiBHIB 3aBaHTaxeHH: 5K 33, 67 1 100 %%. Ha nigcrasi orpumannx pesyibra-
TiB [IPOAHATI30BaHO CHOKMUBAHY MMOTYXXHICTh MPUBOAY IITHEKOBOT'O Ipeca 3a Pi3HUX PIBHIB 3aBaHTAXKCHHs KaMepH mpecyBaHHs. Ek-
CHEPUMEHTAIBHO MiATBEPIKEHO MPOIOpPLiliHe 301IBIIEHHS CIOKUBAHOTO CTPYMY NPHBOAY IIHEKOBOTO Mpeca y pasi 301LIbLICHHS
PiBHS 3aBaHTaXKEHHS KaMepH MpecyBaHHs. Pe3ynpTaTi 1atoTh 3MOTY BIOCKOHAIWTH BiAOBIAHI ITOPUTMHU YIIPABIIHHS, CIPSIMOBAaH1
Ha ONTHMI3AII0 eHeProcHOKUBaHHS. [IepCcrieKTHBY MOJaNbIINX TOCIIKEHb MOKYTh MICTHTH aHAJIOTIUHI JOCITIKSHHS JUIS 1HIINX
BUJIIB HACIHHS OJIHHUX KyJIbTYp. EKClIeprMeHTalIbHI JaHI MOXKHA BUKOPUCTATH ISl IPAKTHYHUX PEKOMEHIALN 111010 PO3POOIICHHS
BITIOBIZTHOI CHCTEMH YIIPABJIIHHS, SIKa 1aCTh 3MOTY ONTHMI3yBaTH €HEproCHOKUBAHHS IIPUBOJY Ipeca, JJIsi MOHITOPUHTY Ta IIOIIe-
PEIDKEHHS YMOB TI€PEBaHTAKEHHS, SIKi MOXKYTh CIIPHYMHHUTH HOJIOMKY €JIEMEHTIB IIPUBOJLY Ipeca.

Ki1104oBi cj10Ba: COHAIIHMKOBA OJIist; EpepoOICHHsI HACIHHSA; CII0XKMBAHA IOTY)XKHICTh; KamMepa MPecyBaHHs; alrOPUTM yIIpaB-
JiHHS; YMOBH IIEPEBAHTa)KCHHSI.
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