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The publication contains materials o2'®Internationalscientific conference of
young scientists and studeritéouth scientific achievements to the 21st century
Nutrition problem solution".

It was considered the problems of improving existing and creagmgenergy
and resource saving technologies for food production based on modern physical and
chemical methods, the use of unconventional raw materials, modern technological
and energy saving equipment, improve of efficiency of the enterprises, and also the
students research work results for improve quality training of future professionals of
the food industry.

The publication is intended for young scientists and researchers who are engaged
in definite problems in the food science and industry.
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1. Evaluating the dynamic performance and control precision of shubff devices in
sugar manufacturing

Maksym Kasovets, Sergii Volodin
National University of Food Technologies, Kyiv, Ukraine

Introduction. Control and shubff valves play a vital role in stabilizing production parameters.
Since the positioning accuracy of these elements affects quality, efficiency, and safety, this study
focuses on reducing control errors and improving hardwedigbility in harsh industrial environments.
Research Methods The study was conducted on experimental test benches using methods of
mathematical modeling of the dynamics of the ZRP and numerical simulation of hydrodynamic
processes in the SolidWorksoll Simulation environment. Methods of automatic control theory were
applied to analyze transient processes.
Results and DiscussionAs part of the process control system for sugar production, three types of
shutoff and control devices were studied: britievalves (D376XE68, D376 XE75 with ERNAF-
N52N electrepneumatic actuators), ball valves (fway D100H004, thregvay L-port D153H004, V
notch DN32), and globe valves (normally closed J9CPG1404, coaxial VNC10003). The automation
system is based on a 8iens SIMATIC S71500 programmable logic controller (CPU 151 PN)
with an FP2RMSA2CT4G2RS4R pneumatic island. Position control is performed by positioners with
a standardizedi20 mA signal at a control pressure of 6 bar (rariget#ar). The working medma
water, juice, steanis characterized by a pressure ofid2 bar and a temperature
to 150AC. Experi mental studies have demonstrate
of the butterfly valve is 0.5%, and the linear erbthe seat valve stem does not exceed 1 mm. The
response time of the control system is 0.02 s, and that of the distributor is 0.14 s. The flow capacity
(Kv) for the DN50 control valve ranges from 60
- -

(4-20mAJI: Current
ABUD\JQU%‘WN&*—* Current loop |—~| MCU H HART

4-20mA ‘ SPI

|
I
I
) | USART
Upper machine i MCU
] L pwm
e

420 mA gaes Position transmitter
4-20mA | Signal
n

|
| ! I
Gas ﬂ converter l—AI—MJ _____________

Ball valve
24V
+ Power supply 33V
=1 5V
=

Fig. 1 Block diagram of the sugar production process control system

Conclusion. The developed adaptive elecpoeumatic control system ensures a dosing accuracy
of 081. 2% with a repeatability of NO. 45 %, whi ch
Reducirg the dead zone by P80% and the transient response time to 10X s increases line
productivity. The economic benefit is achieved by reducing product losses and compressed air
consumption. The system can be scaled for rohkinnel dosing modules.
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3. Crystal structures of solids: characteristics and their influence on material
properties

Esmira Mustafayeva
AzerbaijanState Economic Universitidaku, Azerbaijan

The crystal structures of solids playfundamental role in defining their physical and
mechanical characteristics [1]. These structures consist of regularly arranged atoms or
molecules, whose configuration depends on the type of crystal lattice and the nature of the
chemical bonding. Analymg crystal lattice parametessich as packing density, unit cell
geometry, and the presence of defeutkes it possible to predict and optimize material
properties including strength, plasticity, and thermal resistance [2]. Additional factors, such
as latice defects, anisotropy of properties, and the formation of intermediate phases during
changes in temperature or pressure, further complicate material analysis and design.
Investigating these phenomena supports the development of more efficient anatiapplic
specific materials, ranging from construction materials to advancedpbifibrmance
composites [3].

The study aims to analyse the influence of different crystal structures of solids on their
physical and mechanical properties to develop more effiomaterials. In this study, existing
data and models of crystal structures to study their influence on material properties were
analysed.

The study determined that the type of crystal lattice significantly affects the mechanical
and thermal properties ofaterials.

The investigation of solid crystal structures and their impact on material properties was
conducted through the analysis and synthesis of existing data on lattice types, crystal defects,
and material behavior under varying temperature andymnesenditions, enabling a more
comprehensive understanding of their characteristics and performance [4]. The study
examined various crystal structures, including cubic, hexagonal, and rhombic lattices, which
served as a foundation for comparing materiaith different lattice arrangements.
Representative materials such as copper, aluminum, zinc, magnesium, and vanadium were
chosen to illustrate these structures and to enable a detailed analysis of their crystallographic
features.

The dimensions and geomebf unit cells, along with their variation under different
temperature conditions, were examined using theoretical crystal lattice models. The thermal
behavior of materials was assessed through analysis of existing data on thermal expansion,
changes inhtermal conductivity, and temperattinreluced phase transitions, which reflect
the relationship between unit cell size and temperature. This methodology made it possible
to evaluate the thermal expansion potential and stability of various materials \hithaeed
for experimental measurements.

The research demonstrated that the crystal lattice type plays a crucial role in determining
material properties. The findings indicate that materials with a cubic lattice, owing to their
high atomic packing densitgxhibit enhanced strength and rigidity. In contrast, materials
with a hexagonal lattice, although characterized by a lower packing density, tend to show
greater ductility. These results align with previously reported studies, confirming that lattice
strucure has a strong influence on mechanical properties such as strength and elasticity.

Conclusions.

1. The investigation of solid crystal structures confirmed that the crystal lattice type
plays a decisive role in shaping the physical and mechanical pegpeftinaterials. Lattice
configurations such as cubic, hexagonal, and rhombic define atomic packing density and the
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nature of interatomic interactions. High packing density in cubic lattices leads to increased
material strength, whereas hexagonal lattaresassociated with enhanced ductility.

2. The geometry and dimensions of unit cells were also found to have a substantial
influence on material behavior. Materials characterized by larger unit cells tended to exhibit
reduced strength but improved dudtilia combination that is particularly valuable in
applications requiring flexibility and the ability to undergo deformation. Techniques such as
X-ray diffraction and scanning electron microscopy were employed to analyze these
characteristics in detail.

3. The nature of chemical bonding within a crystal lattivetallic or ionieplays a key
role in defining material properties such as electrical conductivity and hardness. Metallic
bonding is associated with high electrical conductivity and good ductilltgreas ionic
bonding typically results in high hardness and low electrical conductivity in the solid state.
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2 0Systematisation of the design features of equipment for the filling of injection
preparations into ampoules

Serhii Samarchuk, Igor Zhitnetskyi, Oleksandr Zomenko
National University of Food Technologies

Introduction. An analysis of scientific and educational literature shows that there is a
significant lack of systematic data on the design features, technologicahes;hand
classification of machines for filling sterile preparations into ampoules. A comprehensive
approach to analysing equipment designs from a mechanical engineering perspective is
absent.

Materials and Methods. The aim of the research is to analyserent scientific
literature, systematise and generalise the design features of equipment, and summarise
production experience. Methods used include comparative analysis, striuntctadnal
decomposition of technological modules, and classification gngup

Results and Discussion.All equipment is classified according to the following
characteristics: productivity (from 2,000 to 24,000 ampoules per hour), level of automation
(semiautomatic, automatic, fully automated lines), structural design (rotanwegor,
combined). A typical design consists of main functional modules: transportation, ampoule
orientation, dosing, sealing, quality control, and packaging. The key component is the dosing
system, usually implemented using peristaltic, piston, or cerpomps with an accuracy of
N 12%. Features of the main units are analysed: ampoule feeding mechanisms (star
conveyors, vacuum grippers), dosing devices (volumetric and mass), and sealing systems
(gasoxygen burners, induction heating, laser technology). trAnd towards the
implementation of machine vision systems has been identified.

Conclusion. The systematisation of design solutions for ampoule equipment forms a
comprehensive understanding of the technological capabilities of modern machines and
determires the main directions for their improvement. Keywords: ampoule equipment,
injectable preparations, dosing, functional structure, GMP standards.
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21. Analysis of the structural features of liquid medicinal form dosingmodules

Serhii Samarchuk, Igor Zhitnetskyi, Oleksandr Zomenko
National University of Food Technologies

Introduction. The practical work experience gained at JSC 'Farmak' and the analysis
of technical literature indicate that the design of the dosing leeda not perfect and
requires constant adaptation for different production conditions and various types of
products. Materials and Methods. The aim is to analyse the design, patents, scientific
literature, and articles, as well as to survey industry kpéor further development and
modelling of the dosing module design.

Results and DiscussionrModern machines utilise seven main types of dosing modules.
Piston pumps (Piston Pumps / Rotary Valve Piston Pumps). Operating principle: volumetric
dosing thragh reciprocating piston movement. Advantages include high dosing accuracy;
this type is suitable for a wide range of viscosities (from aqueous solutions to thick oils),
simple design, and the possibility of CIP/SIP sterilisation. Peristaltic pumps éRrist
Pumps). Operating principle: a roller rotor compresses a tube, moving the product. Benefits:
minimal contaminatiori the product only contacts a disposable tube, but disadvantages
include periodic tube replacement and viscosity limitations. Semwvolled systems
(ServeBased Filling Systems). Operating principle: servo motors control pistons or pumps.
Advantages: maximum accuracy and repeatability, automatic volume correction. Vacuum
and timepressure systems (Vacuum / ThReessure Filling). Opetiag principle: filling
under controlled pressure or vacuum. Benefits: simple construction, low cost, suitable for
large volumes. Drawbacks: lower accuracy compared to piston/peristaltic systems,
dependence on viscosity and temperature. Mass systems KassFlow Filling).
Operating principle: measuring the product
Advantages: accuracy for products with variable density, independent of viscosity and
temperature. Rolling diaphragm pumps (Rolling Diaphragm Pun@srating principle: a
soft diaphragm rolls under the action of a ball element. Benefits: suitable for delicate
biopharmaceuticals, minimal mechanical stress. Integrated weighing systems -(Check
Weighing Systems). Operating principle: weighing each angpbefore and after filling,
with automatic volume correction via feedback. Advantages: highest accuracy through direct
mass control, automatic deviation compensation, 100% inspection of each ampoule,
compliance with FDA/GMP requirements.

Conclusion. When asigning and selecting dosing modules, principles of 'hygienic
design' are followed, along with the selection of materials depending on the chemical
properties of the product, principles of sealing to prevent contamination, CIP/SIP
compatibility, and ensurg accuracy and repeatability.
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22. Structural diagram of the piston-type dosing unit of liquid dosage forms

Serhiy Samarchuk, Ihor Zhitnetskyi, Oleksandr Zyomenko
National University oFood Technologies

Introduction. Despite the critical importance of the accuracy of dosing liquid dosage
forms into -2%)naacdrdarse WitlNGMPSequirements, the design features
of piston dosing systems of ampoule machines remain insuffic@vered in the technical
literature, which makes it difficult to optimally adjust, maintain and modernize them at
pharmaceutical enterprises (.

Materials and methods.Analysis of modern scientific and educational literature and
generalization opersonal production experience.

Results and discussionThe components of the dosage module of liquid dosage forms
are: Expansion tank, liquid accumulator, collector, chokes, TPFE tube system, dosing needle,
dosing unit fig. 1.

A/

a b
Fig. 1. Structural diagram of the pistorttype dosing unit (b), and the block with filling
needlega)

The principle of operation of pistetype modules is based on volumetric dosing with
the help of reciprocating movement of the piston, a servo drive is additionally installed to
accurately control the movement of the piston. Dosing range: 0.5 ml to Spead: 1250
ampoules/minute. The advantages are high dosing accuracy, simplicity of design and
maintenance, possibility of CIP/SIP sterilization.

Conclusion. Such a layout scheme in cases of handling viscous preparations may give
a dosing error of morthan 5%, which is unacceptable within the framework of parenteral
preparation production. The design needs additional analysis and improvement. It is
necessary to create a simulation model to simulate the dosing process.
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23.Effect of tablet density and punch moving low on tablet quality indicators

Oleksandr Zomenko, Sergii Samarchuk, Igor Zhytnetskyi, Oleksii Gubenia
National University of Food Technologies, Kyiv, Ukraine

Introduction . The aim of research is to determine the effect of tablet density and punch
movement kinematics on tablet quality indicatdrghe strength, friability and density
distribution.

Materials and methods. Tablet strength was determined by tthestructive stress
during diametric compression, friabilityby the mass loss during processing in a rotating
drum. The volumetric density distribution at different punch kinematics was determined
using MSE method using the COMSOL Multiphysics software.

Results and discussionAt a density less than 0.7 g/&the tablet has low strength and
is unsuitable for subsequent technological operations. Three zones of strength change are
distinguished: (I)i tablet strength increases proportionally to its dengitly; i with
increasing of tablet density its strength increases faster, the type of dependence is parabolic.
The conditional transition from zone | to zone 1l occurs at a tablet density of §; ghd)ri
the intensity of increase in strength slows doamq after reaching a certain tablet density,
the strength decreases. The maximum strength of the studied tablets was 4.6 MPa, and the
recommended working strength isi135VIPa. At a density value of more than 2 gf@uch
a type of defect as laminationdbserved.

With increasing density, the tablet friability decreases according to a parabolic
dependence, and at D180 g/cni it becomes less than 1%, which corresponds to the
pharmacopoeia values. With increasing density ovei1173g/cnd, the tablet friility
begins to increase according to a parabolic dependence and becomes greater than the
regulated limits.

During onesided compression, the stress and density at the opposite edges of the tablet
in the zone of contact with the die surface are greatksaualler compared to the core. The
density in the tablet core does not exceed the average by more than 7%. Such density
heterogeneity has a negligible effect on the strength and friability indicators. During two
sided compression, the zones with highersity appear at the edges of tablet. The density
in the tablet core does not exceed the average density by more than 5%. These results do not
confirm the hypothesis that the punch cinematics significantly affects the distribution of
tablet density.

Conclusons. The density of the tablet significantly affects on its strength and friability.

The punch kinematics have a negligible effect on the distribution of density over the volume
of tablet.
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24 Effect of compressing method angbunch kinematics on tablet strength, friability
and relative density distribution

Oleksandr Zomenko, Sergii Samarchuk, Igor Zhytnetskyi, Oleksii Gubenia
National University of Food Technologies, Kyiv, Ukraine

Introduction . The study aimed to determinevintablet density affects tensile strength
and friability, taking into account the compression mode and punch kinematics. Two
formulations of tablets were studied.

Material and methods The strength and friability were determined by pharmacopoeial
methodsThe density distribution inside the tablet was analyzed by finite element simulation
in COMSOL Multiphysics using a densitdependent Capped Druckérager model. The
initial true density of the powder was 1.59 gfcivulk density 0.36 g/cindie radius 5nm,
and initial powdetbed height 12 mm. Four loading cases were consideredsidee
compaction; twesided compaction with equal punch displacements:sidled compaction
with unequal displacements; and tgided compaction with unequal displacements an
sinusoidal law of motion.

Results and discussionThe results showed a complex relationship between tablet
density and quality indicators. Three regions were identified for tensile strength: an
approximately proportional increase at low density, aarintensive parabolic growth at
intermediate density, and a deceleration followed by strength loss at excessive density,
accompanied by lamination. Friability decreased with increasing density at first, reached
acceptable pharmacopoeial values below 1%hénrange of about 1.0.1 g/cnd, and then
increased again at higher density. Numerical simulation demonstrated thaidede
compression produced a nonuniform relative density field from 0.79 to 0.89, with the highest
values near the upper edge at theewlall. The difference between the density in the tablet
core and the mean tablet density was about 7%. Undesitled compression this difference
decreased to about 4%, and the density field became more symmetrical. However, the overall
effect of punch knematics on density distribution remained limited for tablets whose height
was much smaller than their diameter.

Conclusion. The hypothesis that the compression mode and punch motion significantly
change density and strength distribution within suchetalitas not confirmed. The findings
can be used to substantiate the choice of compression mode anehmtioch law when
optimizing tablet quality.
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1. Edible Materials for Rapid Prototyping of Soft Robotic Grippers

Oleh Chentsov, Mykola Yakymchuk
National University of Food Technologies, Kyiv, Ukraine

Introduction. The increasing demand for manipulators and grippers capabbdady
interacting with delicate objects and enabling huimabot collaboration has brought soft
robotics to the forefront as a ceasfective and versatile solution. However, the design of
such systems is hindered by the complexity of modeling hyperelastterials, which
necessitates extensive physical testing through models for functionality verification. This
significantly prolongs the research and development cycle due to the intrinsic properties of
commonly used materials.

An analysis of scientificiferature, patents, and existing engineering solutions reveals a
clear need to accelerate the stage of creating models for functionality verification in the
development of soft robotic grippers. In this work, a technical approach is proposed that
replacesconventional silicones characterized by long curing times with a dejbtoerin
composite exhibiting similar mechanical properties in its solidified state.

Materials and methods. The aim of this study was to investigate the mechanical
properties, formulidgon, and processing characteristics of a gelatised composite material,
as well as to compare it with conventional silicone rubbers. Additionally, the suitability of
the material for creating models for functionality verification of soft robotic grippe
components was evaluated.

Results and discussionCastable silicone materials are typically available in two main
types: platinurrcured and tircured systems. Despite differences in mechanical performance,
both types share several drawbacks, including lcuring times, high cost, and the inability
to repair cured parts. These limitations complicate and slow down the fabrication of models
for functionality verification of soft grippers.

In the field of bionics and soft robotics, the development amalyss of compliant
gripping systems require thmeation of models for functionality verification to evaluate
deformation, adaptability, and interaction with delicate objextaptability, and interaction
with delicate objects. However, conventional matsrgadjnificantly limit the speed of such
iterative design processes.

A method for significantly reducing the time required for modeling and fabrication of
such models for functionality verification was developed and experimentally validated.

As an alternatie to traditional materials, the following method is proposed: the use of a
gelatin/glycerin/water composite with adjustable component ratios. The resulting material
demonstrates mechanical behavior comparable to that of castable silicones. Its key
advantges include neainstantaneous curing (within minutes), remeltability and reusability
of failed or defective models for functionality verification, low cost, wide availability of
components, and full biodegradability.

Experimental results showed that theahanical properties of the composite can be
tuned over a broad range depending on Cc
approximately 0.05 to 2 MPa, tensile strength from 0.1 to 1 MPa, and elongation at break
from 50% to 400%. Increasing glycerin contereduces stiffness and strength while
increasing elasticity, whereas increasing gelatin concentration leads to higher stiffness and
strength but lower extensibility.

The relationships between composition and mechanical properties are illustrated in
Fig.l,i ncl uding dependencies of Youngb6s modul
on glycerin content. The material behavior can be approximated by the generalized model:

Exk- gelatm (1 —a: Cg!ycerin)
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where E is the elastic modulus, C_gelatin is the mass fraction of gelatiy @ glycerin is
the glycerin fraction, k is an empirical coefficient dependent on gelatin type, water content,
and t emp er ait2oharacterizesrhe softenirdy effect of glycerin.

# Shore E(Mpay  Oelating Glycerin -\ er (o) Feel
(%) (%)
1 00-01  0.02-0.04 5 25 70 fluid gel glycerol  Young's module relative elongation
2 00-05  0.04-0.08 7 25 68 very soft
3 00-10  0.08-0.12 10 20 70 soft gel
a 00-15 0.12-0.18 12 20 68 holds shape 0% ~15-2MPa  ~50-80%
5 00-20 0.18-0.25 15 18 87 soft rubber 5% ~0.8-1 MPa ~100-150%
6 00-30  0.25-0.40 18 15 67 elastic
7 00-40 0.40-0.80 22 12 86 firm elastomer 10% ~03-0.6MPa  ~200-300%
8 00-50  0.60-0.90 25 10 65 soft rubber 20% ~0.05-0.2 MPa ~300-400%
9 ADB 0.80-1.30 28 8 B84 technical elastomer
10 Al10 1.30-2.00 30-32 57 remainder  firm
Table 1: approximate correspondence of the final Table 2: Dependence of mechanical

composite hardness (Shore scale) to the composition ~ Properties on the glycerin content
in a composition with 10% gelatine.

-
\& & 4
E

Fig. 1: Examples of casting molds anéinished products

The presented data enable the selection of composite formulations corresponding to specific
silicone properties. However, certain limitations must be considered, including limited service life
due to drying, the need for controlled desijag to avoid premature solidification, and sensitivity
to environmental conditions. At the same time, damaged parts can be repaired through localized
heating, which is not possible with conventional silicones.

Conclusions.The proposed technology foranufacturing elements of soft robotic grippers
intended for determining functional characteristics has been validated through a series of
experiments and demonstrated practical feasibility and reliability.

The developed material is a trHe@mponent comsite (gelatin, glycerin, and water), where
variation of component ratios enables tuning of mechanical properties over a wide range
comparable to castable silicones.

The approach significantly reduces fabrication time of elastic components (shells,
membrans, and structures of various geometries) from tens of hours to minutes, making it highly
suitable for iterative development and eaigige design.

The methodology enables rapid creation of models for functionality verification with low
cost, reusabilityand biodegradability; however, it is primarily suitable for stenn testing due
to material dehydration over time.
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2. Engineering approaches to beer clarification in industrial production using
hermetic discstack separators
Ser hi i HrybkovT , Vitalili Okolitarl, V¢
i National University of Food Technol

Introduction. Beer darification is a critical stage of industrial brewing because the final
product quality depends on the efficient removal of yeast and colloidal particles while
preserving flavor stability. One of the main engineering problems of this stage is the increase
in dissolved oxygen during separation

Materials and methods. The study generalized technological and design factors
influencing oxygen pickup during beer clarification in hermetic-disck separators. The
engineering analysis included the product ialed outlet arrangement, pressure conditions
in the separator circuit, pifdling procedures, inert gas application, and sealing design of the
rotating bowl.

Results and discussionlt was established that traditional open or sherimetic
separators camh provide a stable barrier against product aeration during flow and pressure
fluctuations. Even a dissolved oxygen increase ©2Q(ppb during clarification negatively
affects beer flavor, foam stability, and shelf life. The most effective engineetirigpae for
industrial beer production include: hermetic bottom feed and axial discharge of product
wi thout contact with air,; mai ntiehlamictee of e
entire circuit; preliminary filling of the bowl and pipelines witteaerated water or beer
before starup; inert gas purging of the system; application of a hermetic mechanical seal in
the bowl assembly, and reduction of the hydraulic yeast discharge cycle duration.

Outlet

mechanical
seal

Inlet |
mechanical
seal
Fig. 1. Disestack separator Fig. 2. Outlet mechanical seal

The combined implementation of these measures makes it possible to reduce oxygen
pickup, improve process stability, and increase the microbiological safety of clarified beer.

Conclusions The key factors affecting beer a#a during centrifugal clarification in
industrial production were identified. The proposed engineering solutions for hermetic disc
stack separators can be recommended for reducing dissolved oxygen increase and
improving the quality stability of clarifieteer.

References

1. Alfa Laval (2022), Centrifugal Separation in the Brewing IndustApplication Guide.

2. Al fa Laval (2023), Br e wi Herenetic kesr:clariicatieorw 7 0 1
separator.
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3. The effectiveness of using decanter centrifuges for resource conservation and waste
disposal in the brewery
Vitalidi Okolital, Valentyn Ol
i National U n Teghaatogies,tKyiv, WkfaineF o o d

Introduction. Effective waste managementis a critical factor in reducing the operational
costs of a brewery. In the modern brewing industry, the continuous optimization of
production lines is driven by the simultaneous neaddgimize extract yield and adhere to
increasingly strict environmental regulations. Modern production requires the
implementation of separation equipment that offers significant advantages in terms of quality
and environmental requirements. Traditionalssapon methods, such as gravity settling in
sedimentation tanks or standard filtration, often struggle with highly viscous mixtures or
streams with a high concentration of suspended solids, leading to substantial product losses
and excessive waste geneat

One of the most promising solutions for such complex multiphase tasks is the use of
decanter centrifuges (Fig. 1), which demonstrate high efficiency in mechanical dewatering
processes. By utilizing high centrifugal forces (often exceeding-8000 xg), decanters
accelerate the sedimentation process, allowing for continuousybligine processing of
heterogeneous mixtures that would otherwise be difficult or impossible to separate efficiently
using conventional filtration technologies.

Industrial Horizontaly-RotatingDecanter Centrifuge
For food and Beverage Application

Feed Inlet Rotating Bowl Internal Screw
Conveyor (Scroll)

Separated

Solids/Yeast
Cmtrf{ugh
Cy

e

Main Drive
Motor

__Gearbox/
Differential

Clarified Liquid
Discharge
(Centrate)

Separated

Solids/Yeast
o st;:ya:r Clarified

beer/wort/ Liquid Layer

centrate Scroll Blade - Solids Discharge
O g:izmrub/kek/ (Flight) (Kek/Cake)
Fig. 1. Scientific illustration of the operating principle of a horizontal scroll

centrifuge (decanter) for the food industry, demonstrating the separation of a

suspension into a clarified liquid (Centrate) and a dewatered solid (Cake) phase

Materials and methods. The performance of decanter centrifuges in brewing
applications depends on the physical and rheological properties of the processed media,
primarily the density difference between the liquid and solid phases, particle size distribution,
and dynamic viscdty. The decanter consists of a rotating cylindricahical bowl and an
internal scroll conveyor operating at a slight differential speed. This differential velocity
allows for the continuous transport and discharge of the settled solids (cake) while the
clarified liquid (centrate) overflows through adjustable weir plates.

Traditionally, after the boiling stage, the wort is clarified in a hydrocyclone apparatus
(whirlpool), where a hot proteihop sediment (trub) is formed, containing a significant
amountof the target product. The trub forms a compact cone at the bottom of the whirlpool,
but its matrix retains up to 80% liquid wort. The application of a decanter centrifuge allows
for the efficient separation and return of this wort to the production ofdhe same brew.
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The decanter applies high shear and centrifugal forces to squeeze the liquid out of the protein
hop matrix. The use of a decanter at this stage saves between 5% and 7% of the wort, ensuring
a rapid return on investment (in less than 2gea

Furthermore, the fermentation process is accompanied by the formation of yeast mass,
which contains a considerable amount of marketable beer. Processing tank bottoms presents
a significant challenge due to the shsansitive nature of yeast cells athe high risk of
oxygen pickup. Decanter centrifuges are often the best solution for separating this beer from
the yeast. In this regard, preventing product oxidation is critically important, as oxygen
triggers the formation mechanisms of "stale" flav@pecifically, the introduction of oxygen
accelerates the degradation of-&pha acids and promotes the formation of Strecker
aldehydes and trarsnonenal, which irreversibly damage the beer's colloidal and flavor
stability. Modern decanter models agquipped with special hermetic seals and carbon
dioxide purge systems that minimize the product's contact with oxygen. This allows the
recovered beer to be returned to the process (usually directly into the maturation tank or
before final filtration) withat compromising its quality characteristics.

Results.Decanters effectively solve the problem of utilizing specific brewery wastes:

Brewer's spent grain: Centrifuging wet spent grain after the mash filter or lauter tun
allows for the removal of excess ntoie. The resulting product has a high dry matter content
and can be sold as animal feed or used as biofuel.

Spent yeast: Since it contains significant volumes of liquid, decanters are an ideal
solution for moisture removal, providing an extremely dry ke reducing the enterprise's
logistical costs.

Kieselguhr slurry: Thanks to special abrasive wear protection, decanters effectively
dewater spent kieselguhr (diatomaceous earth), which greatly facilitates its disposal.

Additionally, decanters can be usedthicken surplus activated sludge from biological
treatment systems prior to its disposal. This allows for an effective reduction of the biological
oxygen demand (BOD) in the effluents discharged to wastewater treatment plants.

Conclusions.The use of dcanter centrifuges is one of the most effective approaches to
increasing the economic efficiency of brewing production. By transitioning from-batzdd
or gravitydependent separation methods to kighformance, continuous centrifugal
technology, moder breweries can achieve significant improvements in their resource
utilization. They provide a comprehensive result: optimizing internal plant waste logistics by
transforming liquid sludges into easily transportable dry solids, reducing the environmental
footprint through lower water consumption and wastewater load, and allowing the target
product (wort and beer) to be returned to the production cycle with minimal risks of quality
loss. Ultimately, the implementation of decanter centrifuges supports tiséitma toward a
circular economy within the brewing industry, ensuring kemgn sustainability and
profitability.
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breweries. Technical brochure (PFT00284ER&)3Alfa Laval Corporate AB, Sweden.

2. Lehnhardt, F., Gastl, M., & Becker, T. (2021). A Comprehensive Evaluation of Flavor
Instability of Beer (Part 1): Influence of Release of Bound State Aldehydes. Foods,
10(10), 2432.

3. Kunze, W. (2014). Technolodrewing and Malting (5th ed.). VLBerlin.

84



92t International scientificconferencef youngscientistandstudents
"Youth scientificachievementto the 21stcenturynutrition problemsolution”,
April, 20 24, 2026. Book of abstractPart2. NUFT, Kyiv.

4duddzlsj L Odfcatafys ddpdzsc s C j tolz 9 O-dgglz® O % 1B tzflzupts & dzC
BesHEzZdY L fdzj o BOIsdydzdds ftedo sHisds dszms 2 dzt d
~Oteytseodms ftesHEGCIS" o

Clesmdz@a 5§ § C sge®d iy kz ¢
1 Oy tsdedd dzd BT@sy s § Bats gzl CUesig O dzO

I s Bfdzj o O I s @e'E3d) S [ dzis detEe®tc OC Is j 16 dryplztisvisls 1o fitg
dzj dz' dz' MO 5 Gaddz0 d3' ~u@E(GC Is | & iy Y &O m dz'i™ ¢ dzj dzdz
dzj 5B R lsitsasdzstsl Y ' s ddz o Grodzv | SO Isits st I dzw T
§ GSo O dpdgvls teHts B g d dz® jize s i tsLdgizy ' §2 dezso 8Ozt y * 15 dzO dz dt
Bj 7 Ols o sEsdsy dzj o dsts B3z ) sk P L 1. JOw ity dz'f fiplsy:

B d2' BOOH\H Glr -~ " Hedstygi EN Iz .

[ O tc'lsAkg sty ¢! CHosdpgE' H Y § tzde? ' tSaAiORMO lsatsts dzdzd 2
BEH bd ©ls d S Oft HiSEUsiR  sL O fls & ) o dzié sy dafvs IO & O dzdz”
Ef OC © B o dfteigifo | tric et 5C o dfGs L d ¥ ' © ol &5 © desik
£ C dzOH OQEEed? S 5L OF iz s dzd 2

s !

0.0
K8 e
Yo% %!
(XX
559

:::
:::
b

>
X
(>
8

ﬁ?

00

Bse
950,
S
X :’:’:
KKK

o
05
[
(55
S

—

737 g

{ diunj Bedy' i) @0k wEtmsdcls d ¢ Ol & 6 gl
tz@s ) 2@ alzls O ¢ s dz' fiPdfoipgizes G3ts &3z i) L izddy' ok, RakieD ;

f dzj o d3ts o3 sfiyMettitben; 31 o k2 & foRIED Is ¥ 546 3O ¢ H dzlz 0 O dz dzd 2

j dzj d3pitidst OS s6IUADY to v igisz02 ¢ O;

[ SHE@SE EH (s sl dztedzls O ¢ © dz' fipsaffdazs &t dssE iz’ o
McKibben:e | tc Rdgle 1 bsapml€) clalzin of it Is W a5 & estadey dz'ls2pi 8)
o j tbl@syOIEtsdztgy j dzis. tf g dgQ &3' hez] tsls dPeOLdH ety
O oW ikt RtsIoimdRulaf OC 6 W@y H2 BB d o 0 ' Hdash | dzdz
IsdmP Is® L,08J L § Jlsyezyfdeg'L figfvy * ts teliz® 6 tzdz® B¢t @df fidslis *
H' Of ®BsB&BEH@MEIBS OfcOls j B3O KB datf dfdizi o B3t BRE g Qzizts
f sdz' dats o3 'te O dztiztfifedg” o

85



[ Ol j 6920 0zd 3 dzO tc iz HASE & dal 'taij&ﬁals‘k’t[ﬁ a@ffiy,” w@dzlzH g dals’ o
"1 0S¢ BB Wistza § o' " § dzdes Y iy Iz alz® dzdgisXIC s sdz' Isls* ",
2024 GCo0Msdms.d2 o: [w2nu,
oaf  Gn & - e & - ef 6
HJjp o lsq’flmcl DU=cpL/ 8 o' Hdzpfdgjctsyg dzdE"h Hj dzZlsd % ' Cs59 O
Cei W' 1p31SHd;l|sdquz“ﬁ]cdelsth_dZIzdz%lq’lﬁﬂs@q’d;ls@odmmqﬂutﬂmtj@idﬂzlsdzlz
W Iz dz qudﬁ]lsdz.(diq'gtdsmtﬂstﬂ&[ﬂsq(Q[#SSB@U 0,12):

@ i “Yi ¢, Yip

HJK=23®R®R/ T=008M3=0458 ' Hj das Wi Qs@ BIOE s sdztso O dzg
O dze s € ¢ lodz o OszdaMdalzfc | ¢ 2 dzvdsjtdy dz'C digtf & dzfiy GYS H' Jedzdzs
(f tow BBz o O dadz™ d3) : o6

66 0VQO 0O, QtQt v oo 6 who
Hije)=xdT x8 (SR dEB8OJY" 15 dafdOalzy dp@d i& & sz o O tedz” |
tetsL tc On tsdp@ f) tzts i) § tc ity dzj o d3ts B iz iz dzP dzé &) O fipdzy o3
¢ j oz otOsipdats ) tizje 28 1 B fpiekl tc j H SIATEAB/SImulink,h t® € dzs YO
B dztB ' GCjlda o ® dzdz¥e, 15 tc 1 Is dpts OLEAR tzdzts ¥ | ldz@piaigSte v d3ts G 15
¢ j toz o @uizitatzls d W' @it o § dzts o j 0B ) lsiasiz® 2dsj €2 PR Ol o
LPSC MY § tod di3j dplOaifsg d3ds Qi 'd3dd ufgas oylfndz) o d3ts sz & 2 dzOc
ol dz i tem{Otc' ¢ b O fplizim 58 Ol Ot O B |5 & i &2 KB+l OKi
=12,7;Kd=0,9.

{iLEzdzdisgse sty jGgdzvlz dz' 38 B @ dgyf 56 tzdpdQdey = ' H dz
nOteOC Isj B EfflisH £ 'd dzrp Crfr lo+teliglisfads z@=dB0 dzd3 L O H O dizs difz 2 dzts o3
] 3 B§ o & dziedzC ' SO0 IsssTizdetmitgHts Y Ols ¢ 5o s
f tsdzts Y 4Hiddre BOE' Ogzezo O dadz” .

=== 3agaaHHa x d =30 MM

Gfs

KnacuyHui NI === MI[ 3 HeniHiiHOIO KOMNEeHcauieo

36 MM

30 mm

25 MM

20 MM

X, MM

15 Mm
10 mMm
5 MM

0 Mm
0.00 0.06 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65

t,c

{ g@) jtoj AR GBS Is | tehydripleffCedd o y *© Q jdatste 5O dzdzw
W dzC Y ) &0t RiEEdtz] o &3t i3k ) & B Gris Bdzts B3z
fdtj i3 Rdj-QEBA ' dzeizls eizjtf2jdigid o' fojsdpdzvisticds iisz 2 dzv
o ‘s Y OIls S Fis ks 5] Ma®DOMNJ YdagR ) wrdzj dz' g 2 dats s
C®Yf j dhoy’ " &
) St o dfsiE! QA S s tc & o dp@iadz" e 1§ @s did ) |
OB &zd. Y’ o dif AL RS HEsL d ' @ st 85O dzdzw

86



92t International scientificconferencef youngscientistandstudents
"Youth scientificachievementto the 21stcenturynutrition problemsolution”,
April, 20 24, 2026. Book of abstractPart2. NUFT, Kyiv.

1 oS tsdztso Odzd 2

1 sCOL dzd € dydzd 2 1 wr Dare st s ds
N fjtejn’ HdsE § ©,38 0,19
jtjtj Ebdz o Odzdzy , 42 2.8
sOlkdudz0 fsRdes o, 21 0,4
' Of) dZOtetsfls Odedzy , 1,21 0,12

1o jnj dajiztz’ dz'S asdigy ') dzf) Oy H j dzdts L o s dpef dts s s Pking
iR fHiEsyitne: L0,38H 9,19 Pf s Ols d G LR kH 19,4 d3ds,

H 58 J BsB'Y @R z o Oty gath @ Us stizslz \ dztf B H 2 € Is O d3d .
d'jutc ~ - 1OEROT Is j (tcte/d2pid ¢ H QSO d MdeEd ¢ Zdzv Isste
o3ttt ils dzO ifizij t6 § 6 j & Iz dasdpClidey) 7S dz'L 0ckg Y dhtscdsd
o d3ts d3bofr] ClardiPs B Is 2 § @t sy dztaf 6V BE Gt z o O dzdz?
f j Uzinizj' dz' dz' My Tfiee @5 j to ) Hods'L tEOE I Y & oz etk |
Elslst djsdzidid'e O dzls OdzQl dpdats Sds'dy SYOMB G et L 2V s 56 O.
Ols ® eSO dats & dsj @Y o 15§ 15 daBdzOtetzd e jcigs T és © 2 Cf' tepfs
Is

OFHGHR—§ 7
KO°§

nIgr3I g

‘v a Gdediz' " dzZD B6 dzls ARQRAAREY | dzts d3'  dz0 dz! dalg) iz

ol Risgtistse OMsazziglis® ©F O dz' e € Hzts dzts &ff' toysdiyty ciifdz
9y Odzdz

1 d f dzts euGdddzls j L ©alx@ dztsfdtsidy] y ' Q gets 2 &5 @ tede? y ' 5 dzO dz! dzt
j » Ols tc tsylzdztadfadz| o d3ts 3z o) Bz sidgalzfc | ¢ 2 dewdsjtsdis dz' 2 dats®
a3 J dzfipi@ls ) dzts s ) tc dafptslasjf de'd o & slis. o A difdsm d L dzgd d3
j G zdzv b Ot izl S dPPCAHEIR S tc W] 6] - ' fHieESwgehE ' '
L0,38H 19,19 d3j deff [ tcd tcj ¢ z A4, 8HORARIXY IS B)Is Ols 5zl B € 2
21 HB0,4 B33 Istcd dFPOEE OL dz@ & ¢f o 5 dzo dipefzisis tefs 5 Y dztisipls |
9 dHCHIOSCZo Odz'f dedefLyls Q teddslz y dedh d@ds y s off cheels S Is © dzd .
SH OdaEfifdz’ HEfjj telgdars Q C @ I9 ‘te d d3p zlis @ iz @Eaoyts dE® 31z
L ydidsditisiO0O H Off Is @ tesO d3 | s jteE b dzw HstisLted® dzdzdifs o
O9 Odzgls Oy j dadav .

] " IsjtcOlsztcO

1. MartensM., SeelT., Boblanl. (2023),A decouplingservopressurecontroller
for pneumatic muscle actuators, Actuators 12(3), 104.
https://doi.org/10.3390/act12030104

2. Andrikopoulos G., NikolakopoulosG. (2022), Design and developmentof a
pneumatianuscke-driven exoskeletonMechatronics 84,102772.
3. KelasidiE., AndrikopoulosG., NikolakopoulosG., ManesisS. (2023),A survey

on pneumatic muscle actuators modeling, Journal of Robotics 2023, 1i18.
https://doi.org/10.1155/2023/8871237

o

8_55“’3"_@8‘%& e O TS TSR T e T
— 7

87



JOls tc 9D [rd 3 dzO te tz® S 5 eV | teisddas ke & dAffhy, ' tc@dzkH g dals* o
1 O sb Wistzéa o' " § detes 22Q 3y z 976 dzighXXIc s sdz' Isls *
2024 GCo0Msdms.d2 o: [w2nu,
5.0 z0d&z'tsidzm Is iy " Odz' L s9o Odzd = tetsBBIsdL 59 Odzd 7 «

SchubertGmbH 9 M¢ d&zOH' fOCko Odz' dzgsGt5 B dzOH (
we Odz | dzlzh j dzC s, [ d ¢ tsdzO
1 0y’ sdzOdzr dzd2 Ekdz' o jtemdlsils R Oytseadna Isin

g

u
&3
z

f Olsj te' Odzqd
esBtsisdL so Odzd n
tjLizd b@kd.zL Oc Odz dzf dzaztizd oS stz ts itz o sfyls | 2
tetsBtslsdL so Odzgd -
H Sl sLdy"
o dL dzOyj dadav

Eso sl

qd3
Olsd ¢ d

L

O dzO dz'

> mn t
74

w2

ZUOMdZzO §OCkeo Od dzO IO
flsd S O Is! fmw
oS sdmisse v Is! fw
fls
Cdzls j ctelzo O dzdzv

afm' A Cdgh d e

L
zdz' o

CtsdmbtelkzC y"

dB3d = Ols tg ts dzdzd -
fjtcjHBOYOS

HjSBRYIBLIY'
d3d Sdbubéri@noiztizd -

BB H

BEHEZAZ 9

jemod: dz

SO f tefrls®®Y § dz] MEOC o Yptp oz oW H
ftetsd3d fdztse d A

GOdzlzL j 2
tesL tesBC O M F 9 @tktzdzs & O
L iz '

I5§©dz0ddg’ Is s HIS[O

csB 5

dzOwW o dzd -

w

zdz' o

Sc
fsmdz" His

T OEGE® O dihtes o @)
G dzsB Odz' dgd d3qd

o d
fesd
flsted

s''&a o

f o sd3d i dzts.
aigfs

zws
¢ sdz mbm
my

hubert
odzd 2

MistelzS sk tcdzd R O dedis dsdedat o ¥ b dz®

vOCd?2 Y'"HR'"H HO9 LBk LY dikzlsd BRZHBOE 1
odH' dzdlsd 2BCEB WkdS Yy SOk d jdzj 3§ dals d . tJ
tcsBtslsdL o Odzse s i3 mn Olstetsdzdzse s d3sH ZIdzY  Schubert
vOBdzdyw 1. riSdBftsLdy W d&j -~ Olstetsdzd
LO Whkdly' GdOd dss fils
. ulsOdzedd {kntsdldn' HdO .
MO&SQBJ (BOL 50| ZOdZS d | ( o d & 15 dzd gi%ﬂf;g
BSHEd| ~1, - BEH I d J
10BJL Y sjtelzo O
w ftcdo tsH
wa%ﬁguqmsmss [ dsd &) mObts
lfr]dztsadWEng ‘s ts fsLdy' dBts H Iz dzW
wz@cu't.ﬁ.%.@ fjtej® | v ftdm| sBtetse
"JM;‘O[SJBH w Loosf d fdcdod
o d¢ tdzO Lo SIS
ftedmilst Lo 6w (
=} d m
UELOHE fiowidg 1Oy d hogqueg ©SUSES
(flstelz ¢ | , g : ‘ (1] s) ]
A 90" dz/| dgd - Odz L O3 dz
J dzj ) dz - . HOlsud
&J = Odz fedhnle o esls
L Or ts{ dz o
LOOWL
VL OGOz dzs ¥ yd tjLbkzdz IsOIsq HjSBBfsLdy' Is G
fllse jteHY Zo Olsd, hts  dzg@2B ' dz h sdf soddd Hdw
BjROktesddzdn ®sHEzd o ‘ CsdhkekzSy' = L HoB®RO C
C'dz €' Mlst  Mbkfj djeulze’ de'Odgts fiplsZO dzL @B § f t5° H dzO dzd
ftesmistslsd, HMsOLd 5° tkoitd@shs' odS¢tdOo Yse t
o (¢ sdzOdzdzy tsdhgpd L' €. Pli@ kisj L Edz sOOBR] MistekzS skz
LeOLC & ofMsOdaso dzj dets, N5 @t H @YD SBEZ B Hd B 15 C

88



92t International scientificconferencef youngscientistandstudents
"Youth scientificachievementto the 21stcenturynutrition problemsolution”,
April, 20 24, 2026. Book of abstractPart2. NUFT, Kyiv.

e Odz' LE" st Mw fjtcjoOydes yJjtel L-f Oy’ "dz! g to jdgy G g

odL d&Z2OYyo' s Mw oddiBc OB HE bktydasmls’ fsLdy’ td
tesB sYyYts’ Lisdch

1 0 sMmdzso tf j H-§ tztiz€ 1§ SO izl Y oyt @d20 dz' L

B ISSOdZ-C[H danOlSt.GBdZ-quﬂ d3‘SH|Zd

Oy 0O sdf se kz Otern ' Isj SIslzts

, " L OMstsMEy EMisihy E fC

3y6uacTo-nacoea

—)‘ CTaHnHa ’
Baxeni

3ybuacTo-nacosa
nepejaya

Cncrema
KepyBaHHs

3BOPOTHI
36'A3KM

MpuUcTpiid 3axonneHHs

MexaHi3M LWBMAKOI
3aMIHV NpUCTPOKD
3axonneHHa

Baxeni

tdMulOcOdz! dzgj 20O MlstezCIsktedz® Maj BO M jy Odz
B ~Otesdzdzse 5 BBEHEBEY HEZY § OCkZo Odz! dets@ ts
l dimdztsg O tetstf sSdeso OO MbstekzCIskzedzO Mnrj BO MY § 1
B nOtocsdzgdets s BsHEZZY HdzvW f OCkZeo Odz! detseds ytsB dzOH
et shhzseodzd dzd WhkdzeS y' SdzOdzr ded d3d o 2L dzOdzd: Mlis
ZOdzeC s SO MdMmls diigse C jtekzo Odede?y. v Bi Y O- y' '~
fijteiHOY tkrabk yjtejL o Oy Odgtsdar” & LQdoOnydBzd ©0 IsIC
e ZOHtsd@o ydr SCtdi3ftsdzj dzls' ©. [ SHOISCtSoats 9tORtso C
Lotsteslsdzgddsd Lo oO6wLECORd, hts LOBJLYjykk' EL GBHY
B3j ~ Olstetsdedzts” Mmd Misd d&3d
J " IsjtcOlskztcO
1. Bader, Farah & Rahimifard, Shahin. (2018). Challenges for InduRivizot
Applications in Food Manufacturing-8. 10.1145/3284557.3284723.
2. Nayik, Gulzar & Muzaffar, Khalid & Gull, Amir. (2015). Robotics and Food
Technology: A Mini Review. Journal of Nutrition and Food Sciences. 5. 10.4172/2155
9600.1000384.
3. World Robotics 2025 reporti INDUSTRIAL ROBOTS i released by IFR
https://ifr.org/downloads/press_docs/PressConference2025_presentation.pdf

BuxiaHa
naHka

89



JOls tc 920 ﬁZd)idZOtGdB@HZSEEBﬁZWJtGEBﬁZISE‘C[&dﬁﬁFII te H
1 O BB Wistzda f o' M § detes dz) Wiy z az® dzdzieXeICh
2024 GCo0Msdms.d2 o: [w2nu,

@tzkH g dals’ o
stsdz' Isls® ",

6.0 JAZO 6Oy j Mz HBSL o Odzdz? ' HS BT @jcaytsegd &
HsL Olstste’ L fdzj o BOIsdudeddz ftcdo sSHBER

stsisWdalsddd A O s5¢ C d BYEZE, wo Odz
10y SdOdz dzd?2 kdz ojtemdljls ROtysedn Isj

Il My MzyOmdedr k3t OR Lo dls¢k ~ROttysets’ ft
stsydzsmls® s © ftesHECIsd o detsfls HisL 9 Odzdzv tc' H
OCIskz0Odz dztsfr]ls . [ BL z9 Odzdzv ‘ Cdze ytso s s JteC
Sj R dsdzisd " Ydats@ s ftesyj Mgy we' g® | € kasassydz {
odtese dzd ylseo O. ImMeedzdez ko Ok HftodH' dzwe Is! H 51
mMdMmlsy &5, ME' &z ¢d MOk yYyOfmtse ' ~nOtOCIsjtedmisd S
SO Ctdzdeo Odz' degdm wodh Wsttdize sy ¢ dzyjok Istsydz f

] steh dzjoOlstsas] L fdzj o BOIsdydeddz ftedotsHtsdz h dtet
tjteisfr]lsisls CtodemlstezCy" °, odms¢ ' 2 dzOH ' 2 desfls”’ Is (
oLl L Is d d3, T om B0 MkzftseatsHykz’ Is! Mw fi
fsodwL Oddsd L' L& dis] Bsd ML ' Hi@p azisty idaf d3

ftosH OGSz { stey’ 2 detsets HEsL zo Odadg? 9 C dzé yoO* f(tots
f sikzHuddg, stckzB sf tctso SH ' © ‘ e s § 2, UtGdlUSd?
odls' COdzdzy to' Hddzed yjtedL o' L dz  ClsOdAsmf UEIJ’Hthch
tr34>|q’d3‘a Mz H tetsL edzw dzgklsd ftetsyjmd §sHOY' 9
dBzdzts mls ' O IsOCBY o' HAB ts 9 Odedzy * odHOY' L OHC
1 4 Lo Oy Os yd O hdessj L Ofmistsikzo Odada" HisL
sjrmdsdizse ' YyddrOtef ity d Hrd tctsB dzd ylso , Isj stej Isdyde
HL Zz9 Odadzv , By dzdodrs HYJjtjdz fsndBtsS ftod o

ftesotsHddzd Mw dzj HsMISOdy 5, yYdtejL hts Yy  dlsOda

[ Olsj o' Odzd 1 'S Mdgdj sty HiF] .dzls O dz! fdi ts eHtsHiflzzHfyw ded® o ste
HL Olstste’ L fdzj o 3OIsdudedds ftcdotsHtsd. ' Od3d Iste t
odnr’ Hd’ zOMmOH ¢ d 7 B3 U RABH' Hitsfdz' HY j dz
BOCG' MisteOdA'6 @ Odgj X @n k4kso d fls Odzts’ L HES L2dn dz¥ to jO dApldry

E ©jOd dskkz yoOf' ‘'L odCstdflsOdade &5 Mmdmlsj &d L
[ dzw flesctcORdsets bk tcOo dz' dadz™ fnd fls j di3ts )
fosfstey' 2ded2 ©jckdvistste sdmSk CtdfoOd ' Fest

sBtcOdzd?2 Issi3lz, hts obk@ ddZ pddrntclL &z@Yjidedn L OHC
WOClkdudsets L dzOyj dzdz" tetsBdl! tjckdvistst dOHL
"deHdo ' HEOdz dets, ontsHd IsO oadatHd sy kls: Bkl
kO odL &zOyOldm’' w¢ fMtekd OBEls ZOBEHE@. o A 'fIfpl
fdzj o dssyddz' dzgntc® SO f jtoj a3 M jdedzy f tstehdgv o' H Yy
TO©OClsjtedsdCd ftyi Mz HEGLEo Odedz? (teqfy. 1) .
{jLEd lsodsodj v j dzd2 OdeOcdz' L j Sy jtoddsj delsOdz dzd
OOCIlsjteds thMsetzEyFmiE' HEBH OGS, 1 v o dzj dats,
Oy dle WOLSok MblClhbtl, ¥CO olds Yo' jl
p0OL' MsOY' tdz0tdd?2 ©jydd O WOLE c¢Od dgke Odzdz
kOdzso dls' BdzdL' S 2, 80M. § & ngmnqmmesqmcums
2 m, ssH' wC ftd 6 BOL ktde Od Mls: yd¢dkz f
q e LOBJ LY juk' Ldgjdehjdgdey yOMk $35%.t5 dzO dadz’
BqOBCBsO HOLO ttelsd fiteh djo sOBcdBEEOIS St
SoO0WL Odzs¥ L dOQtetsMisOdzdzy &3 sdmMEEz o wseBY 2
Ffteso sy k' Is! mw ' LSdds LB dhjdzdgvds NhodHEC

gnﬂwr\)gno 11

90



92t International scientificconferencef youngscientistandstudents
"Youth scientificachievementto the 21stcenturynutrition problemsolution”,
April, 20 24, 2026. Book of abstractPart2. NUFT, Kyiv.

SBLso dzj dzts L tetsflsOdgdzy 5 tolzh ' 2dets’ fddzd. o So
fsteh dv  flsOef dfdzvk s dyy , M sMisjtc' ¢O' k! Mw ¢ Od
I MsOdztso dzj dzs, N5 RO©OCIjtedMisdCO L ds' ded S tsdzdo
Bl tosL §sH' d ydr jdj &jdls' o f§ dzj o dstsigils g c

Free text Sensor Settings Yseanl] O [
30.03.2026 - 11:01 5/ Ci\Users\Admin\ Documents Fluidlab_M_Data\Settings\Excnepumest. TXT 0,028 ﬂ "_'.".l ﬂu
o 5 pl[bar] p2 [bar) S mem]

Data logging Aln |4 O - 10- -300
oN sowt OO 250
i e @OO0 - 9s- %

I oooa
- 9 -270
Auto-Mode  Manual-Meode  CoDesSys -260
=5 -250
start stop T
A ] . e -240
-230
754
=220
7 =210
-2
65 200
=180
C G -180
-170
5.5
=160
- 5 -150
=140
45
Reset Cursor " =
o Pl fbar] [ i
ime a - 4 g
000 p2 b [P 4 120
1 -10,000 Z e =110
v g0 (= g -100
¥ [right] 1 0,000 =] -90
400
-80
Time 2 1,000 A01 - 25 =
2| 10000 7
) @ Tylg — -60
y Dleft] 2 0,000 &

y right] 2 o0 o, - 15 B
Cursor-Delts - R
Time 0,000 @ = i -3

- 10 -20
¥ 0,000 = 05
et n -1e
¥ fleft] 0,000
rightl 12 = i T T VS R T ; ; 0
¥ righy 0,000 0 1 2 3 4 5 6 7 8 ] 10
3 Time [5]

tdfm. 1 1 Odzj Y dzsls® L 3 dzad Isdm¢ ' o C(5Istcls @ dDO)s do
fsteh dz HSLOB®EO ( 3) fted &OC' MisttOd dat
tjLbEd sOBd HBMd Hyjdd' §sCO0LO0d o kOB
v OB d&zdyw 1
v OB dzdyw JSCMmYf jteddsd dzlsOdz? dzed= H Odzd R

vdMm¢, YyoOfm yds¢ A0OLO ttL [MBdzde tsMmis’

B Ot 1ig] m

4 2,52,8 aon, 5 stedo Odz
ftetsyg id

5 2,002,2 ao, 4 dlsOB " dz' L Oy

6 1,6/1,8 ao, 3 wdzls j dzind 9 dzO

I dfdesd EOdeso dzj dzgs, fts LB  dz' M jdedz" sdmSk fls

ftocdL oatsHd IS Hts M sty tadg8 UdifyHzt8 H gL, Gz & Gsdzde' HLY
L d3gj dzh j dedz® Istedo OdeBHmB. YY R ezf " faBdz2'8 0OlsdMS 2z L OB §
stcedo Odzsfls® Hjtejn Hddrn Htyjf' o, LBCtjdBO WO
' Heo dh j dzdgw hodHC tsfls’ et fitej 3 hjdadavy. I
odStstedMlsOdz Hdzv 5B~ tolzdzls 2o O dfdeytc "eddjye' dsozOHs LAAIsats

91



tc 920 iz ¥ dzO tc tiz@ ks
EC b BisttGa § tc
20i2 4 ¢ o028s

:!ﬁ’
&

s
70 " Hodh jdzdzw jWiSkdodasfls' IsjtedktLB' ydsEs Ik
SHECIS

Is
Hd fMdzOo ltc;q’ sH! Cts, Jo[le
1 Oy’ sdzOdz! dzd 2 o j tofmdls jsig naatswtiataq’@ dsld -

B cd3tsL B Y dz2 Iskzdzj dz' " etz Q d@dyls tffridtoniAz Clsy |
Cstcd Mls O dzdz® fr)lstscfd3|z s' MW L dzOydstsé J dzj G
ddzw e Is oadMmseC” sjf dzselstcOIsd 5O dzOH B 6
distcOls d d dzj s SO dzj o' o des 3’ todzlz EmMOH
"2dedr jdzitesiWiCIlsdodedms okzLdz' © tSBHEO9kE H
it Odzd EOOBIIssBIBSH jtcdz L Oy' ' BteOdets Isj
ZzkOldzz o' Hyjdastetsoalz IskzteB' dzz L OR' dzj dats My
Steislsdtse s 5B Bl O tztgsgOC Mdz@tdr alzd » © OdZO~ " L dz
tclzo Odzdz" 5  slstsC Ok . [ dzw L dzd 3 § dzdz® J dzi o@ s
CefjtOy" HSHOIsC B9 COOdzd ftoedB@BemMtseats (s
nBHE/ oedrtsHEZ) dOLOH E ydSdz dzOcte’ o kz.
tdLEd s®IsgtsB dzj dzts 2 azff zls pdzt s dz dzO0 B OL CsOC f
osdzddzs W' Ldydes L tsdzf 9 Olsd jdzj SlstetsHe d ¢ kzd
dz Yol Od Lobstlsdsedts B jiolsOdadzy SO HJWdzj
‘ L dEysd?2 Codlstetsdzr IsdmMC-Eigley Odetlzt! s OaAstc @©
zv i3 dzt 5L Oyt olstcOIls IsjfdzO dz©® 9o HECtedIlsd
sots’ tjCkfjttoy' ° .
1 0 tesf sdzsoa OO WBESH jtedz' L OY" Ww cOteOdzlskz’ tc' 9 dz
jWiCl'ea HtsHEZSY' ’. 1 j o dijji3idide O sfztsdia s H jote j
S z2OlsOyY" 2 dzd 2 toJ f
dzy (5o jtedsj dedz? dzOGtc' Ist
ygd LOcOdz dzd?2 ssr IO
sdhistezSy' W Isjted3L B Y«

[OERZESEE
N

T&O

R

1 [

L1

Lo Steslsdztse s B j tols Odzda .
dimdztsp Offlstsizo Odzdz? o jdelsddzv stste” & L o Stetslsdzetsc ts
B' &z Lo Odzs OjtesHddzOd3" ¢ Iskzdzj dz¥ SO L OB I
o' tazskdzz L tsdzz ' Ho dh dSdgtdc Zdg@uiZdR dz' s 1 5§ SCk
' ots LdzdL ddzd jdzjtedtsodlsteOlsd. Aj BOCMdA
Yy .

92



92t International scientificconferencef youngscientistandstudents
"Youth scientificachievementto the 21stcenturynutrition problemsolution”,
April, 20 24, 2026. Book of abstractPart2. NUFT, Kyiv.

8. sid HEPdd" sdzsc s klstod dszo Odzdz? ) sOdzj o t5°
Csdzo j ' e MdMmisj BOT §OCEe O dzed & &

ld&zOHdMdzOe v €Y j y! [ ¢ tsd
10y sdz0dz ded?2 Ekdg' 9 jtefdlsjls R Owytseadn Isjn
Il MsgtHdeddz "L G dz¢ ysoadr JOf"  ® Ooltsdi@BOdL OY'
fesddmMdzss sMmis' * HtesyjmMd § Hésktsald SO fftsH OV
WkdeS y' sdzzo Odzdzr OCdr MdMmisjds BjLisMjtej Hdy B
fOCko Odz dgd m  GstB diAff dejsC e 9J2d3ma‘r]o dzj sB R HdzsMis*
5B zOH dz2Odzdz? IsO Bflsddz' L Oy' ° jdaj eetsitf 53 d o Odadz™
[ Olsjte’ Odzd .sOr ddyj rsteifigfdz’ HY j dede?y M dzse s’ oL O d
stej € dO Gdss' (i’ 2ddr dj sHdBsodr KOG dz
mMdmsjBdm. 1) ssHdCO HjtejHBOYOXEZO o dL dzOyj dadz"
Bjs0dzj o ts° FfOCtsoCd LOdzjydes o' H o jdzdyddd
ftsojterndzi® dBOGd Isdets’™ dzOff tcOo dzw s yts' .
tiLEzdz sObBd tjLEzd O ftotso j HJ ded A J Sy jt
o ME®o dzj dets, h s L OfMissMmizeo Odzdz? RBOCEdz sdedr dzOf .cOo
LOBjLH jykz' MlsOB ' dz! dzj Flstcd d3lz o O dzdzv 3 IsOdzj 9 s
fesMmisstesodn odtsyjddvn SCtdoj  60. 1 Ctej BO,
9'H O0OA HtsCHBOoAdetizj o s®WIsd Ml 2 ¢ sMmis® OBts 9' Hts
fso  IsteW dgsdts LIGL wHez o ORIBSHOD MlsOdetso dzj dets, N s L
LOL Btk dzO 1 B3 ftedL oatsHdIs! HEts L tetsmikO©didey hfisd dzo
HSLotsdzw ' tjckzdzslo®lsfd figlg jjdfdzd tetsB s
. 2 s 5 . ; 1. ssdgoj ' tedzO MMlste’
Odz' Is 2 tetsdzd
4 _\;*_hﬂ ;’;hf_;g ;r/;_ ‘ é.gztsdz‘dzidzo abdtc
-_@ [al Ce ] ) 5. 1600 " ZzOf 0o
) | ] 6. [fstedzO tcOBO 7. 1C
: O g " Hdded 8. 1-5dzdzO L
A J dzdzv B lsOdzj ot
7 MYy ds@Eed 9. 3 t5d2O
{ H dzw dscPey Q@ dizdz”
By sOdzj o 5~ do s ts
IsOteld0 . -t ezl ste
= , B 11. [ Ocdz sdz7 dzOf to
..M em  The < 12.[jlOdzj o0 e &y
—_— themcohtx ~“ e e ] *—ISOtGO.

l didese § e d dz@ede'L Zdz! 5 Olsldo j e Haptley &k o Wi I®dz' L Oy
B OG Ols ts tels te Oafzlp tiitE@sdstsitisd \ g dOfigts gl © ts to  fMyds Otddstaf YO dz dzd -
s O dzo j tofiy " 2ddedets@ K gL OB j L ff §3y Bz J& RdpO taie Isdz E80% [z
f stc' o dzisded@'H d y ' 1@ didjdsfdz Qe L o m'dzy B35 0 plsS difipH Ols € 59 d -
B =~ Odzl tedzds & fj Uxlpdisy dals* o .

93



JOB tc 92 fi7d ¥ dz0O tc tiz® S 5 el | mﬁmmnqbﬁmm tc @)tz HS@B'S
10 BB Wistzda § o' M § tetes dz) iy z oz® dzlpteIC Is s sls* "
2024 GCo0Msdms.d2 o: [w2nu,

9.f SHj tdFH @ HSE OISO UNI STOCK L |Bjlstsé §' H

tosB Slsd
Jdzj S MOdzH tc ,$ OB flzcdzl OB EHzls dz [ dz' M j o My
1 0y’ s5dzOdzr dzd2 Ekdz' 9 jtemdilsils ROwytsadn Isj rc
I Mzl jtemy j SIsdodedd3 dzOff tew 3¢ sdf5 ° dBsH jtedz L O
tcOrzdztsC EZHGBME Sd2Odz] dedzr CBdzlsOCIsdzdr ftodMistes’™ o
[ Oljtc' Odzd .' [dgVss@dz0dz’ L Iz tetsB slsd d3tsH J todz' |
UNI STOCK wBtcOdzs dzi € dzOf)dzdzatlz, @OB m3k GlOm|E &'dz] H 1
ftosyijmMkz HjLBHBEEOY' ' o MjtejHeadh' sy Mdasct

tdLEd IgCGdgf .Mls o Odz! dats’ 4 S J ted d3j dzls Odz! dats
"3 Oy 2dz0 BSHjdZ HjLBSHGSOIStO, s o' HIseo tstok
esBtslsd OfODLOY®Y jfgj e ses " H Gt oz SO HJGC
Codzsdze L Hj G dzt SsBO CsdeElsOCIsdzd d3dd Mmiskzyq j dzv iz,
9" HoatsHE HdMisddwiIskz. vOCd?2 " HR"H 9" HfBO® HO'
Hsfdz' HY j dedey Isj - desdzisce * Ay de B 3t deisly j thdzj d3tsH j dz8 o C
fOCjlsOF (Aspen Plus, HYSYS, Pro/ll, DWSIM Ik
o' Ldzdr f OtOd3jIstc’ o Ld3jdzhdlsd BsBMWE HBtsEdn
Isjrndz ydaj ' " j ditizse ) el @B OGrO(
HiLBHBKBOY' detsGls sz B ZsO 9 € Bdsd sdfz UNI
LOBjLH jykze Olsd tsd3 0 Odzdzy IstsdeS 57, to' o desd3 todz
‘dzlstzfr]q’W‘CIzaOlscf sdzlsOCIls ydwkz L CsMmistctss |
' Hic@@Bed ystf stolz. vV Yy ' sz 9 df OHSCE &EOMtse 3" dz
Is

1oqmsqsmsaowg

hoOottkz to' Hddzd, O fjtcjoOydets o sdeC " 2 fdz ey’ t

t4Oodz LOY' v fdz' aCBoatsets tejyddisz HO' LBsclz L d
fOted ftod Itsdz i d@B tH joLdS HsEREZO Ujls',f MC tstetsisdilsd
Of OteOIs' L O tORbkdE L d&3j dzh j dedew LOfnls 2 dzd Llsdz
jdzj s dlstcOlsd dz0 fjtejct' &9 coMmMbses’ §Otd tc |
Yyj HBLOtsSdv® u’tthsth’lsrdng]’QOatsjszqu’ts wiCTSfsO T dzd € t
MdBOS, SCtdz steso " Mis! , o3 Mils o dz dedr M dtededr € ¢

sO0Cdd3 yddesdz, dBsHjtedz LOY' W HJLBHSEEOLSKLO L (

2O fdz' 9 Ctso OBt 99 jHJjddzw dz' 9 CtsofdrHoff) Yis'd?
" delsd defpd o dz' Mis! IR Msdas el 2k e fotlste Yy 2 dese s L B dz!

Ad dOftwvdk L di3j dzh 2 d dlssd 4dz£U$<dzELd3®l${tdzDIscﬁlsQO
tesBlIsd dz' dz° W' Ldydets’ wOW' dzOy' .

JIsyd, LOf totstf sdatse Odzj Isj - dz' dgglzg fyde " 2" | dgtizy j tdfdis
fdz' aC 5900 IsOtc' dzZ¢ O © HJLBHBLOLBEG' UNI STOCK H
ftod Ldzdyjdedr odlsteOlsOr §Oted IO bkHBME sdzOdzj dac
CtedmlsOdz' L Oy* ° otsMC" @ fjtejn W' dz lsteOy" ‘ & . t
ddzgjeetsiWjClsdodz Mlsy dz' dz@° W' Lduydes’™ t6OW" dzOy'
LOBjLYJuyudlsd B  dzh MlsOB' dzt dz¢ tojydd3d tsBtslsd t

Il dmdes g SOfz' dz@ IsteOH dy' 2 dzd ~ BOtB tsls Oy dzd n s Ot
fsojtendg HBLotdv' ' disjdemdBy C tzg O ' wz®lntstsd s
mMestetslsdIlsd yoOfm fjtcjBlkzo Odada" tsdz' ftod odMmtsC "’ 3
sjfdztlsd HjLSHBSKGIS Odzts’™ tsdz' HO' sy dzdoe ' Mls: |
9 Hytse' Hdzts, JjdzjteetsadlsteOlsd.

94



92t International scientificconferencef youngscientistandstudents
"Youth scientificachievementto the 21stcenturynutrition problemsolution”,
April, 20 24, 2026. Book of abstractPart2. NUFT, Kyiv.

10} j iy j SeOffotaty’ dsd § WH g § N £ dedgo desfyls’ ttsBslsd td

vjtec' 2 cMmistej B
1 sdkzk@of: CO W' dZ w 10y’ SkOd desets kdz o jtemdlsj sk
| iszgflststedydsts §jtehtss BEdZO L OMsshss OdO
ftoj Mzo Odedz” 3 L § toj dz lcdsjfifigisfodzfids * ) i s d alafitc 5B dzd Yy |
s jteOy" ° tydh jdedzy dzOf' degdz? © ' H HtsdE hsC, 9 ' HH
sBtsB ¢ Iz, ftej Mizo Odzdz" . ltetslsy o  dz dagj LOBjLU
[Mdeso desy fodyuddes® y! sct ' @y &6 i z0d' fmis! 1 t
[Oljtc' Odzd VictsBjjlsigrozs. § Olsj dzsdzd?2 kO OdOd Isdy
OCtHBdd]r &OzSsodr kO Isjhodd ydedr HYJjtjd
SfjtejHdy SEBib® jEddgEfwed (§' deyjosces) o ddb
4L ds@isiilz yOTXEER i Hted ' dsfflso OR o & stedMls,
toj d BJLUJtﬂJth@EiESISI{dI—dj Stee Odets s ° hdzJQtsacfQ :
sL d2 Bdesdikz Miskf' dyuOmssdz BOEOBOd? (Lj' t'),
ZOMmisddz. 1 ' HIsdMS Odedz® wdz' ! Mwe Lh@JIZJt@G§bIZ1’dZISQq’tdr]1lsfrﬂGr}!
Qo HWCd L dgjdgh jodadz®r o dz dgsée s SBO' Bz &' 4 9 dIs€ (
10 " HMsOe " Ledv dikzlsdrs M ddetmisj 2 sy
B3 "L hdzwiR'e " dasjdeipdW €Oy’ ftesyjmkz o dy
Cdzdimfjedst §4 d2 H MY jtemdds yOMissC dBjLed N odz
&' ydzedn Ctdzde Odz . | BHUsSes BBCE, Yyj LOB
temdzts ¢ s fr]JtQJHHStQIzI?C@IZSO@zdzJ‘.” G detifs ® t5 Mistclz ¢
¢ L d3j dzgh j deizfylsl Odzqf Of tedstf s dzes dzOdztlz € s dzmis to
ez BsHjdz' ~64454UA), o WwWGC' 2 jdzjtec’
&z 2 yomlsdde ftjmMO, HJ H'  BIl! dzO2B"' dz@ h*

6 5 \4 13

t dM-Clstef Ligse BYO g@dgggng@saqs;-d;om]owo; 5
YJ dzlstc Odz! dzd 20 dfishls o' dixf; 2 6n o i fgls w dz@ € ts B Ballsuiae ©f dz@Mis ;
9i12- dzlz dzy j @G0 dMB G d

l L sdz lItG fr]IzaOdzde e ZOHO' 5! v L Coflkmo 1,
sd' OMOHSd 4 L 8 dH mHl d k0 CEDd.tcsisd B HHdE";
hdzJQtsatsGts 90kZO 3 oditdzOds sty ddmlsdds L fts
LOYfsodzj 20 ¢ HieSf dzORis B ydzd®R, df) - Bdz| ol ts ootz § 5 dzO
M sdzeyj dzdn L f ety dddss o da' Hdsc zdpghids oo d
912, WwC' ftod GBjtelsOddz " dzj C 5t tsfglsk th DAOdZPBE?  Lisil
©OH' Od desdikz  dzOf eW 8' § tsd-1 B.L OJ gissts s g f)la O dadaf iy lsdz"
HsLotsdY ' fjtjHOlsd fjtjtedo yOmls' LEkmdddy o' H
5O dM'tc fEd MOY' = tBsEsdSd, "'t Mftdw' HSHOIKS
I dmdzsp §zde SOt oo jHjdedzw o Ltz ftej Mo Od
" delsj defpd W SOyt w fesyj Mk eadH' dzj dedzv tsdz' .

95



[ Ols j t692f7d 3 dz0 tc 2O dAS G & tzW 'taigmmls'la’t[ﬁdmnlu',‘ tcQtzlzH g dzls ' o
"1 OkC Bb Wistaa (' " § tatzs WO w5 £ a6 dpipoxicn s s dz' Sis'
2024 GCo0Msdms.d2 o: [w2nu,
llubkhddz dz0 bisPUzcpCPHAZ &3 § ' H' ctc’ asdy f &
thGG‘Is?tG;CBfr@, [ Bdlstes [ s dzt €O, 1 IsO
10y s5dz20dz! dzd?2 Bkdz' 9 jtemdlsjls nOtyseadn Isjnc

I misfflzh * dedzgv 3 sz Jdzj tcetsL OlstcOlsdzddz ftetsyd
fshCk hdwe' o L d3j dg" j[datiated d5 Ous ted@@Y W Odgzdee Of ¢ ts dats d
sjifdtslsd o'  HfttOY! o Odzisets Mkh Jddzr dzse s ©OGj dalskz
ssf Sk HAzvw ctste’ dzdzv f Odzd e O.

[ Oljtc' Odzd } tetsgijlsgrials. § Olsj da2lsdzd?2 M E22C, OdzOdz
sjrds ydedrm HY jtojdz NtsHts CdefmlstclzCy' 2 Rsdsimizh d
tesBtsis(d. l S stedMlsOdzets oL tcOnrzdzE 8o d2 I IstsH  HC
ftesHECIS" &8 yYykCtosotsets o dsBdzd ylso O.

fjLEzdsoisfdz’ Csd3 sdftsets’ ydsheh dd dts’ EZfls
ffzh ddzt degddz OcG jdelstsdz, NPts o dH O ' &d ddzj o ©d BlistyW ,
dzOq’tsOsde‘lstr]W 9 bsfllk H&Y ctc’ dzdzv § Odzdo O |
COLOB]d &BO* sj &3 j eOlskztcz 20AC LO t©0OR kzdzsé
Isj &3 j tOkted o dMmkh zo Odedz?y Y sdBz 7506 800Au. | dzv
d3;>|1sl51]’tsJBIzBlstr]W LdzOydz® L OlteOIlsd jfdzO, s st

ltesf sdzlz’ s+ mw (tsq’fr] 1) HEHOIC s ts o MlsOdzso
feslsdlsj 4y 2dztsets Isdf iz, wed2 i Mmisdls! f4jthd?
O dzsO SO Htokzcd? Atkzlslftto LOBEH, o Prd Yy’ sd@Bz o~
sjfdzosBdd dzdzd C O L O HAdzOdzed?2 L tsfyp sodd3dooadyf 2MmE d
fOtczBSC 53 oadHOdzZjdzdz" o' HYftcOY'! so Odese s 0OC J dzlsC
dzOGtc' 9 Odzdzy Isj §f dztstsB ' dzdzd $BAs tolz 6 * OHsdBdRd 2] towdzts § © Is
9odr'"H L fObttBCORBd f8HOY' " H cto' ssets o [

F amworpeny  (TEplurse nofinps

—A
l«‘ o Bannzu xam 13
0
[idhzpins /
RO —l 7
J—
J T -

‘l\"x_ s'; i Ly
53 7 | TS | o

1. uDj k0 wEeBisd 3 BEEhHEN ] s EmbO@BSQ(
Bsfih dd dzd 2ls BPLOE O/ &M Ox zo Odz dzd2 O o doC
s 'C, dlsHzg a3t firtsfy f dstse o3’ dzdzd € feslsdlsj ' 2 d

Is
1 0Oftetsf sdetso OO Mo J BO i jtejHde s@ts " H' Gtc’
"HiwOyY' o Odesets Mikh ddz dese s OC jSdzls O H s
iCtdsdB3dls! Hts 10 % fOdde O
Hdg yded? tojLbd 5Ok HOdSEts Isjnd udse
jCldo dzsfls’ ) tdBsfikzh ddz dats’ Ml Odatse € ¢
9 Odets@ts fMizh ddz' detséts OcGjdzskz dzO f° H' Gt

96



92t International scientificconferencef youngscientistandstudents
"Youth scientificachievementto the 21stcenturynutrition problemsolution”,
April, 20 24, 2026. Book of abstractPart2. NUFT, Kyiv.

L2y dme e Jdzt 9 Oy L JNd Symizd @3 gy F € & fg RO Hztley
r 3dlste’ 2 1 sdzgH Oteykz¢, { BRBOdz ¢S BYLZS,
10y sdz20dz! dzd?2 Edz 9 jtemdlsjils - Oteytse dn Is;.-.c
Il Misizth.d Clsde dz2' Mis fh * dzdzv ' Hddz & Mmikh Jd
Oyo‘ Is: mw ' dzlsj dzid e dzljflplﬂs“lswcg@frjjsma‘nd:sstﬁdxdiﬂ lﬁetcu
& L fittmfjCisdoddn dOftewds & " Hodh jdz
seodn tesL fddzs 9 Oy’ o, L HOIsdzd A LOBJLq’Ju 9
tsﬁ]JtGJHdz.Jts 9 Lbdzz tetsL § ddzj dzdzv  taf oHdH digfls ¢ A
dz' dets’ EmMsOdzsseoCd Hfted odMmse 2 wlshmls' ftotst
-iz® BOMsy jte] daj M dade .
[ Olsjtc' Odzd 1 toclpjjlsHsjHdds OdzOdz' L. dz2OESBs9dnr SO
fMstelzC y*' 2 HdMS s dn tesL f ddzs 9 Oy’ aOig®e d A
9. 10 ®shmdss" L Oc Odz! dzj dzde” IsJ ~ dz' yda
Ccotsets L fddzs 9o0OYyod L i JiSy 2dedds 4 Wi SIlstsai.
tdLizdz BOLPtesf sdzso OdzsdZz HdME o3z L §dd
NJiSlskzoOdgdz" cOL o’ WOLd BYLUYPBHNEadR stesL
ted M. 1) 9o ¢Cdz¢ yo' Cstef 2 1 L tetsL f sH ' dz' dad &
stetf
H

I

I N

oF @

Frg
T
N
g
722

bk §ted' H&OdZ? ojtend 4 SO ddydg’ 5 sy’
&v fsitHE fMbhdd dsct O] ds0. dibt siPhdddzt
., cStdseoddk 8 O HdWbkLs®E 9, w¢' ©OLGAE ki
fMsstesds Stk HdMSO L& " jds ©OH' Od d

fsHOYk fMmkh ddz dese s O jdzls O E Ltsdzz L &3 M 29 Odzdzv .

98 7 432 C-Q,Lf
B = %—n F=O=O-0-0f

f"_ ] I

5 B 7
tdfm. 1 rdMmSEsead?2 tesL § ddtsjeiBusdy j3 4 Sy 2d
1" H yofm ttetlsd HdMEtSeotets tesL fddze 9oOyo® (10
HdMf Jtec ' st Mw O jyjSbi’ GOLBoaz WOLE (MmMEkhoc
dNd Sy 2dzsets Of OO O. skls 9" HBEZO®O' Is' Mw L d3" |
" dals | defy difetededydy Mtsds B3O MsY j toj daj MJ dedew . v C stcdzis o
tej Odz' L ' Is! Mmw fjteh O- 'OFC spddz® B o' Odzld, I1sQ ff detf W z L 1
MisOGB ' dz' LOY' ¢ GcOL B Hddedese s FslssCl fjtejH 25
109HYWSd LOfts sdetseo OdaS@ts CtsEamfsdedzC ayO YO HId MG
JWiChktd BcOd Lo Odets HotMlsky jdzi od>d tHtssalj M
INdSyYy 2dese s Of RPe@®OJdzHER®BH 2 sBO ' o3 EmMlsOdetse ¢
HisSL 8 sdzv * LOBjL judlsd MlsOB ' dz! dzj W stcdislz o O dzdz
@lszid o dz' Mls! dBOMsse B dzdedsr ftesyim' 9 SO fBCt6O
Il didetse(CteL f d dz @ Odz! dzd 2 HdMC LOf el sdztso Odzts’
dWiClsdodzai JxnJSllzoOdedew MmEkh Jdz desets OGJ dzsO 9
fosyj d" sE@ sy | tojf dejsif jsdiatso . Odaj O Isj = dz2' udzj te' " j da
Hdzw  MmEh ' dedzv 6" HEdnA ' oo0wWLGCdRr ROteytseadn

ffzh ddzr dzd~ Of Otc OO .

[ sjcOlktO
) Sdzs BOh | dgllits B Uz & ,dz' (S 1. t5zH Ofe e &L § d dzé 0 Oz dzq
H d f}CQls fallss o qdyEalz) db'5 9 9[0f5z ELeN7.2025) & 2.2 9/ 2025 .

97



[ Ols § 1692 fizd 5 dzOtedB@HzﬁsfsdeWJtajjBﬁmS‘E’t[ﬁ a@ffihy, " € @t
1 Ok BB WisWwEa o' h § detl Ziz@tdquzaﬂzﬁ)dzﬂ;&s)@(mlsts
20024 GCo0@sdmg.d29: jwamu,

kH g
&' s

13.[ B ok dals fac@dedzC sz Hdzv HdMSCtsotsets tetsL f d dzj dadzw
[ 3d ste* 2 JiSdZHOtG'l{IZQ t sd3

1 0y sdzOdz! ded?2 Edg' o jtemdlsy .-.Otsutsaq’.-. Isj R

I MshtesMils Odzdzy YOMISE d M@asﬂ' Hiftf tda=fd3 dofipistoe ts i)

CcOWIissadma odttsBdzd ylsoe, led3tsadz*5‘ fslstciBlz £ ¢t
iWiClsdodets fjtojtetsBdzvIsd dzj o jdzdC' O fjL sdadz
M smMtse' 8 ltcd BOdzdz"  stotsh € 59  n OO Waj & dndzd ' dzdey
HdgMCBoadds tetsL f ddzt @ Oyd 3. Ad2 Mfsm' B LOBJLYTJ VU
fesHESC E, C(ttslkséd?2 yYyoOofm CodsOSlskz L Ij{f dsdsh!
ftesyj mMiz.

[ Olsjtc' Odzd ['B 63 Clistisilg] .H sfydz' HY j dadz? ° ERPEASE@IOB Ot
L HdMEtsoaddz tesLfddzr oOyjd3 SO t" HE" / § OMissY tsH
9 ¢ B5dzO dzts -tOEZOEO AskefdeBsso dd3 i3 ssH s 'L f ste’ 9 dgv dzc
Ctedlsj e’ " a3 mn Adz'LyR'ts o dzOMisdo smlis’ ftedHOIsdz Mmls
H' O3y SitB @B, Bolzsy dzd o ' Mis! tetseslsd L BOdZd 3 f Otcls”
VL OG Odz' dgj dzda¥ tojLEzdz IsOIs" o LH' 2 fdzj dzts L O H s
fowlsdB Odz' detss N C Odztss .

tdLEzdsOfsids sdztso OdzO MdMisj BBO Ctedlsy HtSL
f

Ctolz Bq" oCdzs yjdzr ' Mdzw cEetsfBEsejdz L Oy’ Bl W'
tej yse d da. vOC " mMdmlsjdsd L OB jL i Jykzs Is! "9 des 3’
fMsOB ' dz' dg' Mis! Jesyj Mz Mkh ' dadav .

1 0 toJ Ozgf' Is'Odgls | ¢ tcOdz! dzts’ sy dz2¢d dz02B' dz' h
tesL § ddzj dedz” o d WALl "soffafido BsO e tej. 1 O2e8dh

J e 9
kOB ' o des § MO IS HIPLCO&B | wdL £ s' v  § sd5' ©dass
0
tc

GOtBkzLsSO j f¥tej (4, 6), wBdzzyded?2 ' €/ frtej (
Odz' sjtedzOIsdodz? YtosHEZO&EJ W H O tofnesdsd Al B datfstz dntf € 4
sotsyjoead? Bhkd 2tdz (4, 0) . [ dzv BOdztse OB Oted Is dzd -

18 CG6/etsH LO o9dfOtcj dets o BzSEBE HBY' dzX dzd o3
H' Od3j Istetsdz 50100 d3dz L ° h o9 dHCR anist 1 de's } & is 1D Udda
sotsyjodms M o/ et tj i3 dHBso Odes Isj B j tOIst
&z odrBH' 65680 AC. 10 IsO¢dnA Pdsse W tstedilzy Is
40670 BCd3, s LOBjLYjuyk® JWJjSlkdoedzsg odmih kza

o dz0dz' L Ctdmisto iz € indzd dfdf dzdte’ M Lddzd to fsCOL Od
oditstcdMisOdzdzy ' Ldzdr SR tsdsoss L Odzjydts o' H

l didetse CEW stcdtseo Odets MdMmisj gz Ctedlsjte’ ~ o 9dB s
BOzsGE OB OtedIsdzdn  fMmizh d dz' ded - Of Ot OIsOR p Ode ME 59
"delsjcteOdzr dzd?2 f° HR' H HEt T o sy tazColsOuadzy .M tsIChfls dsd
‘ dz02B ' dz' h sjrdetscetse ' ydets ftedH Olsdzd i3 SO € sd3d
fstesh Csodn ftosHECIS' o &z ' Hited' d3mise OR B30 o
Cdzemis to el S djodatlzy MEN Jdzr dedr S O3 6 9 dL dzOyy dzts |
fOtcOzjIstc’" & tetcBBlsd HIMCtSoaEets totsL f ddz¥g 98 OYO.

[ '] tcOkcO.

l.Bara@®ska A., Jed!l i Bska A., S a-frele fouit anét veegetdble |1 s it
powders by spray dryingRolishjournal of food and nutrition science2023. Vol. 73, Is. 3. P. 214
223. https://doi.org/10.31883/pjfns/168709

2. Dantas A., Piell&ri f ~ M., Costa D. P., Felipe X., Gou
technology for liquid food processing: desigmechanisms, and potential for application. Applied
food research. 2024. Vat, Is. 1. P.100382. https://doi.org/10.1016/j.afres.2023.100382

98



92t International scientificconferencef youngscientistandstudents
"Youth scientificachievementto the 21stcenturynutrition problemsolution”,
April, 20 24, 2026. Book of abstractPart2. NUFT, Kyiv.

140 H i8NS sdzOdzj dedz? fedMlstets’ o § jtoj ds' h kzo Odada?
fesHES K" o

1 BGHOdz 1 Jjdedfe €, t sd30d
10y BdOd dzd2 kdz ojmdljls nOysedn Isjnc

1l mis.zy J Ediso On LtesisOdzdzy odddsE HEts jdzj oG 5] ¥
Cdzlsj dzfipdWC SOyt sjrdsdse ydedr ftosyjMm' @« LK Otyts
fjtoj &3 "kzo Odzdzy 9 6V L& ( Afs fififsjBtalidrotd’ d 'O CdsAmCatn' dzts fyls * .

lteso jHjdes OdzOdz' L MEzyOfmdedr ¢ sdemistelzSy' 2 ftedmls
9 ‘B¢ Mdedr Of OwOlOR Hdw fjtej B "koOdadg" 9060w L C A

ltesOdzOdz' L so Odes ofdzdo f QOB Iste” 9 3" N Odzs €  dzO
1 Mls O dztstp jdag jdasOc d C BB detso Oded n MdMmlsi &3 Hdzw B dz' 5
sjtf dztstse o5 dzlz . 1" Hlse j toH X jogssH j dgs We jCCdisizve dz' Hids™ Y
JdzjteetsjWjCilsdo detsfyls” fesyjm =« O BGlkdd LOY" "’
tsB dzOH dzO dzdzv .

[ Ojtc' Odagfd 't R IO BOLE' s Mw dzO® MmdMlsj Bdes Bz (

MzyOMmded n § ° HAgESHH] de® oHOSZd®'F D5 " HissH J dZ20O 3" € o906wL €dnA
E dOkS¢tsoadrn fEkBd COYy wi. OMbcsMmtseo Odzs ¢ i3 dzj ¢ M
Gjoljlsted yded s ydzd m ¢ f @Rjc®@I3 s tc' o 3" h Odzts ¢ ZzO0 ydte
ddzgjteetsjWwjClsdoads M o Of OttOISOR

fdLEzddsdd®Bd.L. MEyOmddr ftodmlstes 8 § jtoj 3 " zo Odz
CsdzmistezCy' 2 fHtod tesBtslS’ L 96wL Cdda3d fthGJHtsaqh
dztsf Olsj to'dz' Is@&' W O'dzC d Mrddzr d2 HE ke stej dzdzv L Ofls’
i 3Os Is! dedL Sk jWiClsdoeds fls: B' dzv Mls’ dats ¢, 0]

d dzgj tee s gdz’ Mlss .

ljtemfjSisde dzd d3 dzOff oW BisEEOH * Ofdg’ talgd=" Hin dHis J Elf " o s
zsf OljR5 B,5 s HisLeatsdw' " Hoadhdlsd CsjW' y' ' dzls Is,
yom L a3 hzo Qtiztiztso s B %O dz0dz' L thtsedzdetsMisj?2 (et
dMmisj 8 §jtej B3 " zo Odadz” o1 OWpS diyditts d3fp W JisClsiz{CoHORPCHgEdZ"
Cod3B ' dztso Odz', ¢ tsdefflists mldap't'ls fjtejo0Ocd ' Ldedr Isdy"

1 Of tetstf sdztso Odets RBSHIW " CtsoOdzz ¢ sdeflstelzC y* ¥ Hdzw
ftotst j dzj tedzlz 3" " OdzS . glstc’ y<¢ o, aMisOdztso dzj dzO L
Cdzlsj dzipdW T S l2° ttkr ftHEZSCIOF, 0 OGzEH ki@Ils Otse d O Mistc B
Of OOl 0. vOC] (' HAdzOdzdz" L OB JL YT jykz* 15é625% j¢
ftesHEZSCISEZ LOoaHwSd Misotste dede® MS dZOH dztsets Isted o d d3'

I didatse Cujidzls § deid ¥ - @Y ' BOMGHY dtsdzlz L O mizOwAf] plada “d3s * |
s ®HE ' Odz dzedr MdMisi B it &3 "N zo Odzdaw . s dzs Yytso d o
d3tsH J dz¥ 9 Odzdzv , hFs HBLO B B tkdzlskzo Olsd f jtemf j ¢
Cjtelzo Odedz?y hodHC' fr]ls 5B j tols Odzdz” . l ftctso OH Y j dgdzg¥
' Hodfdzvj jdzgjteetsjiWjClsdodesMmls’' IsO ' dalsj defpd e desfyls® Is

[ " sitOkzteO

1. Salhg A.K., Hamzah D.A. (2024). A review of stirred tank dynamics: Power
consumption, mixing time and impeller geometngernational Journal of Heat and Technolggy
Vol. 42, No. 3, pp. 1081092.https://doi.org/10.18280/ijht.420335

2. Xu, H., Guo, J., Xu, S., & Wang,K. (2025).The Influenceand optimizationof mixing
characteristicsof feed basedon responsesurface methodologyof stirring paddle structure.
Processes13(10),3101https//doi.org/10.3390pr13103101

99



H

(ST}

{ Ols tc 92 fi7d ¥ dz0O tc tiz® S 5 el | taig&ﬁalsht[& agffiy, * e
1 O BB Wistzda f o' M § detes dz) Wiy z az® dzdzieXeICh
2024 GCo0Msdms.d2 o: [w2nu,

® dzls * o
Is ts Is ,

tizlz H 9
&' s

151 f dzdeo ¥ 'adfQumisfde sMisj 2 ttsL yddz o8 dzO B Gl

1" s0dz" 2 1 sdesd3Otej deS s, t
10y sdzOdz! ded?2 Ekdz 9 jtemdlsils ROLytseadm Isj nc
skElf . mOttytse ' 2 f tocts R3] MdefteLifds * o dj Oty i€ dshiiddasio z & |
Mdzj dzdzw Isj mdesdzse " ydede ftosyifm' o, §todusdik
sde smils® w g ss c¢kMmisddzlz, fsojtendsj od?2
¢
Is

1
H' 2
dzO
tc O
(O]

110

d
9
0] sjtedmisdSd jyjSltste’ o, Hddzv Elssjydagdzdsy W ¢ c
[ Olsjte’ Odzd 1 toctslpjjlsHsjiHdfts OdzOdz' L @ dOEZECtsoadrn kO |
sdhtez¢y 2 jyjChtste' a9 O ' 7 wsBtsydn RKOtOCIs,
NdGltste L HdMy jteBoOdeddyz Mistelzd3j dzj d3 t6* Hddzed Is
mMdMmis ] BOA Sl O &sH j dz' dad - ykzCtetso dn s © Ctots
Codgyj dzgstcOy*' w o3d 12% 0O 16, 6%. ] ' HteO-9 dz' ydzd
odd3 to¥ 9 Odz’ dets® Of OwOlsktetsy : & yddzr degd¢ cOL k& tsB
9dlstcOlstsd3’ tel ,t.c5 H qUAlfOfg I Issydesmisl 6 A, 5§ dz.d30ldAs WEdzts figls

— "

tdLEzdz BOIsdsmdzse ftetseo j H dzd Htsmdz" HY J dz2 E
CsjW' 'y "delsO jydiSy' " o' H bdMSk fHOY' t' HJda
3,5 3,5

Tk 5

S 2 =

3 \-)-;: $ d 3

25 ¢ %5

) Px10, MTla Px10, MIla

0,5 1 1,5 2 25 0,5 1 1,5 2 2,5

Bopa-noeitpa @ Hyxkop 8.3%-ra3z @ Lykop 16,6%-ras Boaa-nositps @ Kpoxman 12%-ra3 ¥ Kpoxmanl6,6%-ras

0]
tdfm. 1 bOdfudd My " dso jxjcy’ o' H IsdMm¢l
O-ykzStose drn toifitoythddiOpdz! ded » totsL yddz' o

) OdzOdz' L E tjLEzdz sOI" 9 l]’tclsa,jH,jdch: Htsfdz' H
Cdzyd dzstc Oy " ° ykzCtesLd (tedfm. 1 0©) MmMfftedyddsw’ L C
feyO t' Hddzd o M dts WstthkzdSd jydSktstetO® B dz2!
LOdziydlsy o' H CBdayj delstcOy’ °™ ykCtetstd o t' Hddz
Is d d3, s ftod dzgOdzdn sdm¢ oOn fsHOY' ' Hddzd o
Cdzyj dzsteOy" * s oz lesipy @M HEoO] dzdded f tOo d dz dz
B'dzh odmMsCO o96wWL S Mis! SO ftojtendzj od?2 dzOIsw
0, 25 [1 0O, LB ' dz hz' Is! fmyw hodHC' Mis! oadls’ € Odz
tesL f ddzj dedzr fted vwEC sz ¢ ta@tdziz'es wWdfflsedsd dtc tf Licngf P dB O
Witedzz tof o dztse j dzd EBEE H' Od3j IstcO. lted vy! sz ¢
Codpyj delste Oy~ Ltc" oadgs 8ls! mw,

O ZOdzts ¢ ' ydz Hisffdz' Hd BLkdzd ftetse jHJ da ZO Cteofs
ftcj HINIsOo dzj dz' dzO0 Gt * 4 ‘Bdzls @ Ojdzj yWa) Mis o' H € tsd
toj ysoddz Cstej dzg ¥ Is! 3 3 MmtsB 58 .

| didzts g Bt d dsQ dz' iz dzefsts P ksl o off C 15 to dif i Gds' ) disg ttpcis y o 7
nOtOS Is jjtydfi§ it Bas B z®" H dLtzZOE d¥d dzdd yakf@Fgls d o sfyls W d3q

100



92t International scientificconferencef youngscientistandstudents
"Youth scientificachievementto the 21stcenturynutrition problemsolution”,
April, 20 24, 2026. Book of abstractPart2. NUFT, Kyiv.

16.f sBsyYy®O BOQBRFHEPC st ftod 2t o jtelsds Odz! dz

] " ls0dz' 2 )1 e300t dzS 5, 5

1 0y’ s5dzOdzr dzd2 bkdz' 9 jtemdlsils R Oytseada Isj ac

I Mgy jSlsted hduesits odistwdmistsokzels: Mw o 17 Of
ftosmMiststetso drn  § Sdztsy fzzdzOF j tePajdaf B f Hicts o @e Od3. [+
dzO0 By’ ~nOOCIsjtedmMisdS iNdSlste’ o, L 5¢C to

HSHOIsS sodma HBMdZ HYJ dz .

[ Olsjte’ Odzd 1 toctslpjjlsHsjiHdfts OdzOdz' L @ dOEZECtsoadrn kO |
tetsB tsydn ~nOEOCIjtedMmisdC sQdy s 518 ts@ydz’ H SHPY G atcfigfwd3
HdfMY jice o Odzeddz Mistelzdzj dzgj @3 te' H d dzd sO yddz' dzH
E)JT.GISCfQOdZJ dzts 31z f sdztsy J dzdz' . 1l HttOo dz' ydzd 2 fr

odd3 to¥ 9 Odz! detss Of OteOlkztetss : &' yddz' dzd ¢ tsB O 3k

odlstcOtsldy ¢ O Istsydetsls® -116 06,, Skl dzslsiy Usdets fifls [ 11

[JLIZdZJ'LISGDlstG{dfT] 1 ftejHMIsOodzj d2O L Odzj ) dg' M+ s
Ck ' Hdded o Msfd Westkthikzdétd ftod f(tetsisdlsdf

stct 9 QoMW ftod LOdkztcj dzedz o HEtedIlsBEts Issteyw
[Cfr]ﬂ'JtGCfd:sJleSOdZ’dIiZfT]IS'HO(ﬁ4697°/’$lS&L d&3i 1 On H ts ) dz'

s st mw ts'adeIzizdedz,Q{ Ywcdhis ' dzaztztizthlz o dlssC 2t

o Odzdzw (€' dzj y* COBjted L3 hlzo Odadz? L dzOR |

Hddz' ), Mismisjt’ GO lsiijfr]WHidz;QhQJdedk“@cf@cffg%Iactt

a'HBIzaO s+ fqw ° HdMY jtcezo Odzdz2r L 0, 05
thgt st Mw BBO2yj dzO© 50 %.

16

14

M
h
iz
a3
dz

§ v = 4,8835x + 0,7167 e
i R = 0,9614

1 / ¥ = 1,5447x + 0,0938

" |
R: = 0,978

0.8
0,6
0.4

.2 ;;:;——'Zf;“““ﬂ
) P, MIIA

0,04 0,06 0,08 0,1 0,12 0,14 0,16
H=0 H=50 H=100 H=150 =H=200 ®H=250
tdfm. 1. 0djyd fMis! B’ ' Gkscts Csj¥' y' ‘' dso |
WsteizdSd fted o' Ldskk feslsdlsdnsk

I
=3

@

©

‘tejdasz B EsOls' o Yo jHjddR HBMd HYJ d
LOdzztej dgdzv € dgyv COd3jted L 3" h Odedzw §°
‘i v, fedusdkkz dOe ' k! ftod daj L dzOydztsdz
Crdgls jnd Syl UdGjEdLz dso e P2 jjdzdey  §c de
COdBjted LB hizoOdedzm HB 250 s otsH. Mls.
kO jyjSy' . IfmbOdase dzs s -yt ' tdsAEMs BC
jdadzr wCts’® LOdzjydls! o' H cddzdeddzd L Odzlz o
dats of Geff. 3 Qg L Iz dz'disq iz é bz Isodd € 5 o s s’ § Isz o O dzdz'
t5itetd o € Qf ci cizbats| sty © ) & 14 lie'ts s d Is 1) € 15 .

8_]]
-5 g

Pl SRR
&ssg ==

FHOnr- =
gs' -~ =

v

N

d

q—.
X

101



JOB tc 920 fizd ¥ dzO tc tz® BASE 5 el | tajtsddais B & d@ffify, " tc @ ek H
10 BB Wistzda § o' M § tetes dz) iy z oz® dzlpteIC Is s
2024 GCo0Msdms.d2 o: [w2nu,

teleH g dzls ' o
sdz' sls* ",

17.) £ OC baf§ O ted s Odzdz"  § &zOY stecBd Moodl e ftad
HdMydy dz' dz
o ko OR L& hOdscts dOs YO dzdz"
[ Bdlstes [ % dz €O, )6 ds@od (2€ 8 BoiSdz0 ©
1Oy SdOdz dzd?2 bkdz o jtemdlsjls ROtysedn Isjac
I sEYUOMEZO mdhlsj kO odht’ sfe' lsd o vCLO d
CdkzsB Odz! dzd R o ¢ dzd € ' BOVID-1 &€ t5 PHEA 4§ @azazPd" s O dats’

Octej ' . PC s yddzdadEafOdzd Y slstejBlz E offtctso OHY
BHJjdzj 2 BeOde L Oy ' e bde sets ftesyd Mz, L HC
BiL olttOkd w¢Ctsmls® ftesW jfm' 2dess’ '  HetsktseaCd W
BsH jdzj 2 L d3' 'bléndrfleaddip YO Hz€zy ¢ ' Hdzlz” sStcOH dy

LOdW Islsw L HdMBOdzy' 2ded d3d Isj - desdzse " W dsd SO MO
[ Oljtc' Odzd 1'tedBjilsgrzs. O0dzOdz' L dzOkSsSoadm HYJto] (
L3 " Odesets dzOo yOdedz? E L OC dz®BH Gl jdsifiE 51 s ke " g dizo
OdzOdz' L dOkStsodni fked COY' 2, (st oddz dzd 2
sy’ dzf 0o Odzdzr (W JjiSCIsdodatsils' offtctso OHY J dada" ydW totse
CjWhlssH, hts fjtejHBOYO OdOdz L (OB 1 O
sjrdsdzte 2 O " dhdr Mo sd' = L OC&ZzOH' 9.
tdLzdusasd.' Mis: HsMd Hyjd WsCEhE' s MY dO
KsH' w¢ MfjydW¥' €O odC &zOH Odzdz® Isj R dz' udzq: H o fr
fdmlsj BOdBd, ¢ toiddajj dif g , o IDBEDOO 3 O dzdg’ " Bt € &
dzj HisMIsOlsdz' ts. ] Edsso ©Of " Hodh jdzse s  fydn sdzs
sy’ Odz dzd B SO 9 t5° dzdzed Bq WOlelstsOd:sq’, sftsB dzd ¢
HiB ' to Bzdz! sddzj H' 2 dets@ s Csdzls j dzls iz 5O tsflsdd
LHSBRZOo Ot tsolsts bl ended | earning teL ¢ dvHOd
fesWifM 2d 2 "  HEeslBO Y' i J tofnts RO dudzts Co' jodzd g - A3t
fsyodzO JtosdedS Olsd 9 OCOHJ B ydk e ' Isk.
JtecOdzg LOYy' v dzQo yodz! desets ftesyjfmkz o MPtjHB
Edsdsod ottORlzo Odedzr to' Ldzdr COdzOdz 9 Ctscdz Isdo de
COds Yydzd@S IKdedzQdz ¢ Ist W yJtejL odSstedMmlsOdedzy o
9' tWlszOdz' dzd = MdzEB 5O A P O 'OddO'dds + fqw  yJtejL Isj ¢
Isj Stej IsAflsyjde ' Gigzd s O O dzP dz0 B i o elztizt@ A oAz IS + W
odSCs5dzOdzdzy f tcOCIsdydedrs MddBzdvy' 2, ' disjtcOCIsdoc
1tcOCIsdC O o d¢ sted Motz o ff Z&OW Buzdz Isj - dz' ydad -
1UMU HJj Bsdhistclz* J Wi Qefidfdz’ dgjs® y' Rz da' Is d digji 1z dzls
LOMstsizeo Odzgdz?y G stcdedr Stdemf jSIs" 8 sO o' L EOd |
mMftedw O¢CIsde ' L Oy~ L stetso t5° fOdoOwWIs" |, tetsL o d I
LOMe s dadz® MC &ZOHdzdr Isjndz ydedrm f sdgvist .
ldestedmisOdatlaly MaadDdsWeasteL OB j L f j ykz' to" 9 dzd?2 H sl
LHtsBzoa OYy' @ L tsiissBdzdoddd tMme  Isda &3  slstej B Od3c
"delsjcteOyY"t o tsfpe ' Isdz MjtejHtsadh j. 1 t60C Isd ydzd
f "  HeslssaCd kO LO®RYEse HtrOsOa -~ o dh j dadzv  j V
1 0oHwCd s’ 2dasdBz HisMiskf & HB o3 IstsH dydedrn d3C
By dzdeo sfls’ Loteslsdetsets LodwL Sk EkMmf ' M ddOfmls: L H
I5%f ste’ adgwdzts L ISeOHdY' 2 des¥ St Odz L OyYy' " 8 yY! 5G
1 d fydzts ol S ts to d dg ©xiatizf o ffipO)jlsM tMoogf f ted d3' M O dzts 3z
dz0 0 Y O tedzd ity Bz dzis D s o ' 1L Hzte Disali®lstt P IOtEEE tc © d3dzd R
toj L zdzdd®® Iy BaddzH ff ts £ SHiglEdi As | dzls detsfyls j 2 .

102



92t International scientificconferencef youngscientistandstudents
"Youth scientificachievementto the 21stcenturynutrition problemsolution”,
April, 20 24, 2026. Book of abstractPart2. NUFT, Kyiv.

18.4 Is o ts tc Jsda@@elzf f -tz@ B tets d Uz ® Oz dgd 7 ' dg' 2 'L LG
Ctsdzo j ' todzd FARE)(@AdiuistgdRdler Belts)
52 cSqdiuksS, [ sd&Ods
10y’ S5dkzOdz dzd?2 kdz o jtmdlsjls ROLyse
bsz@q@ ‘L ©BO'CI' o BsHjted L OY' °  to
Hdz fsHOY kO Ystkdkze Oddzy Mstek¢

]

Is to

frjlstsl]’q’) (WiSlksde dz fMls! tesBtslsd kOSCHdnr it
tc j dadz" d3 ¢cdzzys dn az' dz' 2 stcOdzmYf stels o O dzc
dZOdZ@G'BHXIZS@{CWBN tdrjsjBfrjﬂslsﬂsiﬁ;.-.lzjz o OHSE L B da
dedy' , kjodsdse ydks Maojdkd S zOHOdd Istht

] Oljte' Odzd @ BB, ddz? cScdzzyScdnr dz' dz' 2 IsteC
Csdgo j ' ez MdMmlsjdd3d ARB Ctsi3f Odz” Intral ox.
H ts fipply] de odL dzOyj dzgs BMmdzse dz' L Odzj » detsfyls’ HdzWv e
fOcO3jIstc’ 8 off dzdokz Htedmlstes & tsto' ' dzlslzo Odzdzv
¢
Cs

fn
tsd M
Otlz,
so ts
Jte]
HJ

te

' dz i301Is d ydz nOtOCIsjtedmisd S d Cdzod ' 6" 9 ARE
dzZhlstclz ¢ y' v dzd .

t d L kzdzlls Gdsaf@ dzfre sCtetdstidefsy z 0 Odz! dzz md Misj dzz tetsB Bls s
SHWIs! Ctsdzo j ' to6d, hts odCtsdalze Is OCIsde dz W Iz
shssteso s’ o' * dadsOY' ' o90dzsOy des’™ tSHddedy'® IsC
LBjtc' cOdedzy EZ{f OCtsotc§ulo @QY) o WIOREH® Ottclry @ c
sd HBSHOIStse ' OCIsdeo dz Oets §f OMde dz 3 » Odz’ L
dztsy j dzdzv 9 Odzls Oy dz' 2 tHJdzd Y hdzw Rsds ~ °  ftodc
tedzzo Odzgdz? W HE, " Otk Ithts.

10 tjLizd sOIsOdd LHOMTS oHOdptxiz! Btz dzs OMiIssmize O

TS r SO
FHFO "§n

fedosH 8, WGC' §iwjHOsI! kR yYjtiL GsdedCd -
kteO' Clste' © ' ' tkok. JIdCsedmlsodd Mmkyofdsdn
LB dz" dsd cOBOLdld o d° kO GEBOdaRL Zo@gE &
?ngagq o joigeas®ddgy SO Mdmisjkd L' Lotkislddd
j©y

ZOGsHY j dzdzy Ctsdzo j ' todets’ MmdMmisj B o HYtse '
3

tdm. 1 stdzoaj  tedzO MdMmlsj B0 ARB (Acti va
li¢tsdze j ' to, hitS sidpHO'ts; 2 tojiwte 'Hodzls@lag 2" ;¢ BAzo j * |
1 d fydzts 9 ISfigfls O dzfs ohdag alzip § ts tc d M Odizlz) * fig diady E JARE o
tetsB Slstsls j &2dazf| @ 2o O @ilzticd kMY c ez L tstsH 2C Isd o dzts
thQIzaOoﬁltsddﬂGdlsJLQGirplzJLtjgdzlzfiqﬁfIS@lsaquﬁthJ 2O dz@®@® s H Y | oz
flsdd3 b igdz@B PP C Is | o1 @ s & ) lastdets ' adzls dz® O dzbiz® 3 dzlz
H d dzdrydzg dzh § gl to ¢ j dsdffIsutetle@idts tc d3iz o MPleiadar C Is r tzglzdg g dzls * o
fO¢Bs0Cd.

NG @

103



;Ols tc 9D [rd 3 dzO te tz® S 5 eV | teisddas ke & dAffhy, ' tc@dzkH g dals* o
1 O B Wiszéa o' h § tdetzs 2z) iy z oz0 ezdgXitn s sdz' Isls* "
2024 GCo0Msdms.d2 o: [w2nu,
191 sfdz' HY jetdpy ME J oL ' ' &@jlOdkzE L O HBT BAES

ddzHte' 2 [z 2dzdC, wjtea' 2
10y SdOd dzd2 bkdz ojtmdlkjls ROLysedn Isjn

I fpsgtesL ' v &jlsOdz o jtenddd yOmisdds Ockd o ¢
cszsodzdrn ftodydde f jtojHYyYOmMdesets oadrtsHEZ L dzOH
B ZO HVdzOkzdZ Otsytse ' 2 kO 5' &' ydz 2 fsddhndss sfils
ktebHtsd MisC' kO Hetse' , Istdk -HOjCTsdatids cdaddds  H
o' hkzOdz desets ftoscdetsL o Odedg? L tsde L desfplz [ 1] .

[ Ojt' Odzd T i lsiopiddzdzy §totso j4 bestsp d®  digsteig e
pdlicOlsd ©0O st sd MO. | jsdjstedydk &sHj d
' B celsso Odzs © Aut odesk CFD. | 6 Odzd ydz Fdizse d
odasH' 0 1 0. | Jjdaj tetsg Grgetizj e @l Is o thR 2 C L delp ) & =z
L &5' dzd zOf v (kezlk thsBEEzl o Odedz® jtesL ' ' o dCtsdml
[ HOo OteH MO/ v zMmdzd ER=AF0s, 5F3d (B\Bre,j taHj fris= 1 5,06 A Bc s dz
Hdew obkcedzj yji$ B O FieBFE OIS fatsTls ' Fd ' H € k2 ls
1,73. JwOfisoOds 'dgsGyl®' dOGshEE 2DHEJS / &

dW 'y “dals o' Hdzseodzjdedz?" O, 5 IO mddziz Iswy * dzdzv .

{iLbd fsOmHdzd o Odzdz? §&COLOds SO©OCI]tedsd? tot
LeddzOR lsteksCd. uvw©O Cht' ' &OMssdn yYOfMlsddasS
kO oHOEWSsIs! v B M’ d€d, GMssddsts o d&' Mywn
(Erosion Raf By iz0dw dsd dzisdz@ZQj dedz? dzO@ o dzlzlste® " dz' -
Hj yOfkddSd bkHOEwWsIk! v §' n iBPAJEOd deddsy €
LdOyjdedz? ER fjtejodhikz'i5Mmict®f vde. thHisLtfssalz @ elalzr
jesL ' W f0Clsdydss ol teiGipbsed dedzv ] |y @ilsl dzteSy ' KO
BsHjd ' Ho jtoHy k¥ls! dsCOd LOyY' ¥ &OSMddiod
odzzlstc’ hdzt ses tOH' EMO o dcddzlz, hs ftods Mise o
kteke odltcOtd t©' n sfkie' md' hE
(edf. 1). [bda o
HESL sty G dz ¢ Moz .. .
Codzls j demd e dz’ Mlst  j te | reo

"o dnC s (et o
o ZOMisdoe siilsj 2 yom| [=F°
Il dmdzse € d. CFD - 45006

- de-06

d3tsH j dzt o O dzdz” 9 ALl Lsseos
iWjiCIlsdo dats ftetsce | [,

JeBL ' 2 desE s L Ozt 20
fteso j HJ dadaw d[ﬁna
odftetsB zo Odz . 2
tejL zdz sOIs( H

s Is dzdz'OUs d Codemb wus y -

tsB dzZOH dzO dzdzw H dzw " Ho N w o :
I6Cts  dzOH' 2 desfls” U[lsqg”'aqgj?'@d%%& fsdi Mo
Mz B d .

] " sjtOkktcO
1. Parsi M., Agrawal M., Srinivasan V. et al. CFD simulation of sand particle erosion under
multiphase flow conditions // Weai. 2017.1 Vols. 376 377.1 P. 1176 1184. DOI:
10.1016/j.wear.2016.12.021

104



92t International scientificconferencef youngscientistandstudents
"Youth scientificachievementto the 21stcenturynutrition problemsolution”,
April, 20 24, 2026. Book of abstractPart2. NUFT, Kyiv.

20{fIsdds’ cPpysss igded o3° " oo b Sifec oy § M’
Ctod fls O dZOK GipdstEdzs Wi 50 Ols Y

[ Bdlstets 1 s5CtcOM! sdzg, St 2

1 Oy’ t5dzOdz' dzd 2 Edz 9 jtemMdlsjls ROLytsedn Isjn

I Msiffsdzsydz® Mdtese OISEO Y' dzdzts s 9 Is st d dzdzts

fes@dmMzse sMmis® . ¢ My MEAt’ Mdsoa OlSd O Is

9'H ftesyd Mk StedmMsOd L Oy~ d&OCIstsL d. sdz6 ytse dd
HE 20 ®&®¢dB " J dfloolg iyt e@M3]  dedzd B ftetsyjmt 9 k&

HEMWGEO' s M hdwoitsds EHSME s5dz0dzj dedzar € sdzfistclz € y

ftedmlstets™ o .

[ ilssHd HBMHduleyDdgd H dftc skyg Gids o O dzdav CtsdzH d Is |
wdfmstso ks Is! Isjf dzstss B3 dzddy S i dz' tdsls O ylz R A tsd
SBdB dedzd S ® VGO o fCteOh jddz oty
g0 LB'd¢ h jdgdw fesHESIKde datsfls’ s ff dzts
sd3 HBMdz" HYyj dadzv ftoesyjfl toh sdztsH Y j dada”
Mendn tjuseddz 55%) B ClesHsdds @ dads
ddz0ds' ydedn O Isjfdsedr ftsyjm o o
c .
74

“® WO

Mz Solid Simulation, hts HEtL 9 tsdw 9
9 0Isd Mo iRy Ml flegidfedaydidtayjdzts sz M Ot " .
sOIsd '] 38 5o ppfpdafiatc’ o dzv dz! dzd 2 OdzOdz' L
2100 i3 AMH7 OdRds)tc QYfPidcEDlsd dzj dzts, 5 St
2075
H

ENa—~—0 FoO

v

RN

®Bd3. A4 LOBjLY Uk @ dgH BOE dalz
d smMwelsd y' dz seots’ sj &3 j cOlskzted 1°
d dedz’ MlsOdzH Otclsdese s L Qo tsHM! CsEts 5B dzOH
&z HYy jdets oaf dzdo Cklstsdx0 tw/mE slshils ®@dzEd @Y
Wicl 1 ftisg/ CodH UMY tcloi/ ) . 10 OS¢
AtsdzsHY j dzdzy HEBMW e dzO L OHOdEs fsCOLddSO L O
SLYBH dz yjdelste' ©# SCtedmlsOdz L Oy .
1 sto' adgvdgdzg (oW BsC Elsdzsets, IseOf jyj HOM dzsgt
Jtcjo0Oclkz ssOddt YRS ZIsdtse ts oW " dzs H dzw L (
Ftepkzdz LOY"' ' fsltsClkz B' ¥ BAtdtsHY kzo Od dedr Mk
l didesofSfds.d 3" L Oy v OO Iste’ & twsBtslsd 1§ jtej
" delsj dgind W S o Olsd ftosyjf GRtsdsH)Y j dda? LO 0
sjf dzsetzets h Ots
1 Of tetstf sdetse Odzg' L3 ded HBL O tsSdzw B Is! MestetslsdIsd
f" " HodNhdlsd LOGOd dez ftesHkSCIkdoe dz' s MlsOday’ =~ ¢

oT g
o @

] " IsjtcOlsztcO
1. Wong, S. Y., & Hartel, R. W.). Crystallization in Food Processing. In Encyclopedia of
Food Grains (pp. 31323). Academic Press. 2014
2. Matsson, J. E. An Introduction to SolidWorks Flow Simulation. SDC Publications.
2023
3.1tedy+s . 1., 10LO0jdls S. 1., J1t6HOd [. |
Mdeso OIsSCd: ' dzdzso Oy' 2dz27 OMY JjSIsd IsO B &zOH dzO

105



{ Olsj 69207  dzO tctz® BASE 5 teW | taitddas k' d ; daffiff, " @zt g dals ' o
"1 0SBt MWiszéa d e’ " § tetzs ) wiy z alz® ezdgsXitn s sdz' Isls
2024 C o0Msdes.d2 o Twamuy ,

fls fesyim' o tydhjd
sqqz hezw otsdB o € tsted fi
o tBZtOHH [ Osdeds,L 5t " 2 J

21 " Ho dh j dzdzw  § W J

EMlsOdatso C OF BOLOB 56
¢ dzH o' 2 YJtGQJfr] aC fitp, ]

1 Oy’ sdzOdz! dzd 2 Edz 9 jtemdlsjust t&@tedg@ o drn s -

Il M OH dy" 2 dz fr]o[fr]ls;d3cf sydh j dzdzv ftseo ' Istew ¢
BOL Iz Is: fyw ZzO0 Of OtcOIsOn Meratsets Idfkz (ydg dzt
dzj HsMisOlsdz ts¥ HdzW o dztso dz¥ 9 Odzdz" Htc' BdatsH d Mt j tof
coksotsets fosHEZSCkE Bafn5%BdEStd g j Odptzk wdS d
¢’ tghksls! jOtkse' ydd?2 MsOd HoC' ddv. vt
' HH' ' dzj dzgdz" hdzw s o MisOdatso dzj dzdz2" HESHOIE 59 d n
' OCkkzOdz dzdd3 L ©O9 H Odzdzv 3.

[ ilssHd HMEYddE d §&dodgijSldstsiHo dzL Odzd h O s+ fiyw
Oy sdz0dz! dedds Hdzw fkh " dedzvy yYykCtok, Ctodlsd ydzsa t
fpeh ddz' dzd e bEfMlsOdtse 5C. | dzOydz ©BO° &3 o' HY O
sdftse’ ydCdztsded, ofpj N"Nj 3 Miswis! Higf sfgasHHWHIG &
ftots dzdL ' Sk MjfoOwLOYy 2dzk LHOd Mis! bLOHdY' 2 d
pfteso OHY jdgdz" B' dz' N jWiClkdodedn d3jlstsH' o tsydh

[BO  Clstsdy Hisfdz HY jdzdz? BLkdzts SBtOdes ety
' Mdzw Ctsdzo j CIsdo detsc tsB tfijdZh * alzdfid ts tagiAifldctrdzts vd3j tsts H
BsHJj dzt 9 Odedz? G HietsH dzZOdR" yded e ftesydifm' o E MmdHh
CedzZlsOCls f ddzstf tso ' lstow dats”’ fMzd' L to" Hd dets® o
HsLotsdY' ' Hodhdld Mmisky ' d@ ydhjddg® HB 99, ¢

fdLEd IsOd st PuiztifBtsH® BsH ] dz¥ 9 Odegdz? BEIEZE o0
hodHCtMis' ttkalkz yYyoOMmlsddasS oMmMjtejHdds MmMSteks jtcO

- iR tedydedr f OORiIstc’ 9 Mtsf zO Of OOl O;

- headHCtMIs' orn' Hdese s folstsClk Isjfdsdsh' w.

1 Oa HWwCd 9' LEZOd L Oy’ fclstsC " o 9 MisOdztso dzj ¢
fddzsf so ' Istew dzts™ fkd3’ h° o tw'Lddr fitejte’' LOR f
dz02B "' dz/ M s’ skztes Iz dzj dzls dztsfls SO0 ®sflsdB3Ood d Is t
o dztso dz¥ © Odzdzw f d dzlz. [ Mmdzso dzd 3 toj L zdz' sOls Od3qd
sydh jdzdzvr 99, 9 dW,cOIsdzjydzC jedzdz. 5% Hts &3 dz' d3Odz! «
LOdzjydz Mlst oddesmkz yOmlsddese o' H CdemlstelzCIsd o c

l didetsp ©Od sMdetso Hsfdz' HY J dzgdgv 3 - Odz' ydzdrs 15O

YeCmMCk GlttdBOds - OwOCIsytd fkds{ ses* dedhs v Gzts o
odR HdzsdBz §OttkBCk MCtkBjted®. fjLEzd SOId
sflsdBOd d2 tojydkd tsetlsd ©B&OHBGOdM:Y, s L C
' HoBH ] dzO ' ydzed 8 S stesds SO BOS Mg sOdz dass  j W j G
["sjtcOlktO
LijLrdzsnsCts [. [., zjwmlse ¢ t. 1. [uydhjdedev ¢
Hitc' BdesHd MY j emdese s fddzz. 1 OkC o 11480y’ 1 um
2.1k d 1. 1., M jidits [. 1. [ tH]d¥ 9 Odzd"
f d dzso dztso dzv @ O YO A dzOQHh) s H2O i3 dfJ el sls j R degsdzs @ ' ° ke
2021. T 152. o . 45
3.02yje J. 1. uvHBMStdOM] dd" ftesyim' o MmjfOte
GOL' 9. M' &3 YO " djdajte’ Vv, jCB&SES W O tjfk

4. He Z., Li J., Yang X. Optimiation of Venturi scrubber performance using computational
fluid dynamics (CFD). Journal of Loss Prevention in the Process Industries. 2020. Vol.
65. P. 104112.

106



92t International scientificconferencef youngscientistandstudents
"Youth scientificachievementto the 21stcenturynutrition problemsolution”,
April, 20 24, 2026. Book of abstractPart2. NUFT, Kyiv.

2. 0HtME sz @icdazts ydmMdzsects M f OOlsstd Isd:
[ Otedw Jtedh j dzS 5, [ di3d |9 tadoizty d¥@im jSAEE, s )

10y’ sdzOdz! dzd? Bkdzg' 9 jtemdlsjils rOtytseadn Isj n
Il M lsOdz dz' Mis! Isj B L Edise dzj dzO dzj 5B~ "' H dz fn
BB Sd L jtedzO Hdzw L dedy j dedev olstcOls fted LBt
JWiCSlkdodshbd Mot BwNIstczS Isdo dzse s o HisME t5dz0 dz]
[ Oljte' Odzd U fREIsB®MAEJr ERse Of jWjiClsdedz fMmis:!
o dL dzOuOdzJ dzddz WOCkstetsds jCtsdtd yds’ MlsOB ' dz' ¢
wetsfmils® ' H YyoOfy LBjte' cOMEDY dz' @ J tdAs ™ liss Odrdigh . L H ¢
JBO' CSlstsd3 HtsfMmdz HY j dadgv ° Lijtedestsyd mded2 M ¢ «
mMdMmisj Bdese s OOz’ LE bjrndsdkse ydktes kst ik
BBHJjdz L Bo Odzsets ozL dzO L HEsHOICtSaddyz Mdlstse d d3

18%.

tiLEzE{s@BO B¢ o) kjdgdiimy d iy dz i OteOLtsted Isd
@O sh diejdz hdn d&OhMddz O j dzj o Os©EOR SO BStEt
fsfdvtcdz Mis! LERsodzi 20 o' HftcOY! to Odeiss € sdzmle
kO bkd2 ojtemMOd d Mlss b biEE. s OB B dzOs @&dsd fs OF bsar O d
Ho sm GMdsesddr t©j Y ddiOA: st jtejHdz sydh § dzdzw
sydh j dedzv ( dgdzd detso d 2 toj ¥ d d3) .

OOz L toBlsd MsOdHOGlsdsets MjfOLOlsied od"

60665%. 10ftkssdss Odts so [l O datotal] 2P dz' HzsE Bls |
shdse dzgdds Mlskzeo Od dedds Witekftsd HdzW  § s jte] H
15§ jtejHde Budh jddey HBLoBdY' daj ' d €d L dedL
fMilsls* ots ftsdjchdlsd §sHOd ' 6§ jtcOyhtdg b isC i)
fsCteoh ' Mmdfky' fMis' &Ojtk' Odk, Lddyk' twdLd
oqm;qoso:, fsCteOh ' WwWC' fjls! odMmkh ko Odzdz® L Jj toc

[ sfgpe " H S zOOY" BsH jtedz' L ts9 Odzd ii{ols
Ottt dz BOIsd ydzts’ L sded dzOdzOh sz o O dzdz® dz! fiflgcffdgrftc O Is
1 O ted € dzOH Z "  oHjdedzedr t6j G' S5d2OR, Hy L J todets
YOMmlstslslkz Ctsdzdo Odz' Hdzvw L OB ¢cOdedz? IstcOo gz o O dzc
L sdzgOr ' delsj demdo dz' Mils! o' BteOY' ' &BO' BLRIsd &OS M
o tsdzgdzd yYOMmisd dz€ O d3d .

Il MsOdetso dzj dets, Nts fted Ctozetso dr Rz Qaipls s §

6,25 T 1OCO CtdW' ckztcOY' ¥ HEsSL ©tsdzw’ f " Hadhdlsd
80%. Aj HBMWEO' Is! MW L O teOhbkzdetsC totsL 9 Odzls Oy j dzc
94dch dr oCdzsyjder, s SOk’ ftotsddC dzg fMls! 1

Cdd3s yd dats o, sflsdd3 LOY' W OjtetsHddOd ydsc s

Ldzq’Ldlsq’ 9ddzei Mj dedz?  so dzsy’ dedzse s L jtedzO E 9o ' H-

VM hdz®@ dBsHjteds LOY' W MjfOcOlstedGda o O s C
Ljtedtssydmddns Mdmisj k. 1 Oyddodd O jSistsd * HE
fsodetslslz tetsL H' dzj dadzgv . 10 fMm! sEBHdZ 9adSCsted Mistse
tetsL H' dzj dzgdz" L O hdtoddets® ), HBaegOMls® (LO Isseah(d
ctedd sO ' dzh dn cteOdzuOfr]qu Ckdz skztg) .

I dffdzetsg e jtodz L OY' w tojh' lsdesets MlsOdz L jtodests
LOBjLY juk' ftdte' ls jWjiSkdodsimls' MMmjtfOLOy"
B~ tolzdzls zo Odzdz BOGOLtsMmisky j dzgj o s5° M~ jodgy, tdtm H'
toj Csd3j dzHso Odats Hdzv o fftotso OHY j dede" dzO@ j dzj 9 Ols tste (

107



[ Olsj e 9D 3 dzO tc 2@ HASE 5 izl | tesdiasd & dAfiky, ' t© Gtz
10 BB Wistzda § o' M § tetes dz) iy z oz® dzlpteIC Is s
2024 Co02sdpg.d2 9: {wawmu,

8.wdzls § dzimd ¥ CHBOBE zo Odzdzy MO~ OtesL d © HIWEZL
Hsf sdisd s dzadL ! CtsyOfmbssisdzedr € sdzd @ Ok
[ B stets [ dzr €O, | ' IsOdz 2 )
1 0y’ sdzOdzr dzd2 bkdz' o jtemdlsi)s GOwQsdz@rn Isi A
I Miskztzh * 2 detss MY bzse s BOMstsB di3' dzdetse s ftesyj Mk
Cdzyj dzlstcOy* 2. v oL’ Gibjttseg j dzdzse s fetsyj mkz
Emiwindd W¥oOoLd, Odzj ° u;tGJL Bik tesLH' dz2 W C
By dzdeo © ftod bikzteebkd L Oy’ Lods "de' Bets ff BIstsC L
[ Olsjtc' Odzd 1'd CapjclefthHsdD.dzts O dzgOdz' Isd ydz® d3jIstsHd st
ZO0 e L OSCtsdk [ Ot (W' d btckzo Odedz?y MBS E o
h Otelz Mistclzy € d dzlf eded lzOC OO BsSIsdzed s § 2dzr MOy 2.
tdLizdz IsOIsd O Gpdtss ftspdedgtso d d30OIsj BOIs d ydzts
MisdmMC Odzgdz?y MsC sMmistezy Csoats’™ Mkd' ' LtesBdzj dets Is
fsods Mmiss dzOfr]q’ludch? J EMisteOc j dzls 5 a3, fMsoOdz w¢

J
o]
q

dzj mdzdf snd d3 G' HteOQo dz' ydets BjL fjtcj too dzd o3; h Ote
HjWsttdtse Odzd d3: O telzy j dadav , w e 9dded € O8 Is
fitejds hjdadzv; hOt Moy Cd daj MstkCktto Oded?2
HEs dzj ', ®dlsls' ot f sfig'df ik drj listg @ Q" Ms ! S WzOo o
f' HfSE"HSCSo k' Is! W L OCtdkz | Otfh' .

10 kOCdR ftedikzh jd¢ LBsods hdg 2 Idms, hs
MsCsMmstezy S so s’ Med' ' MC d&zOH O

P=R +R., (1)
Hi)idzOH d&zdh Ssod2 IkkdMmS jCMtcOc,ddsO o §SEOR;
tei f2dz MOY' 2ded?2 IkdmS, wCd2 Mmhotsts ' k' Mw t
Of OtcOk &0 BktwCsolk Mmisteky k.
10 LOCHds® %' d sttOy' = | Ddal)y eoddflsGHEIO  dEPsCidO
tkik MsCk tkted kO’ &s:
ﬁ TQ.t._! (2)
Hk TS % y' “dals W' dz Oy’
1Tsdm¢ o My’ .
1 0L zs yd dzO@ HOdzd R BOLBoadr to' odzwdzdzv n Ml
pOR o Odadz" o3 mqumq@m@W'swqwg tsls 1 J dgfZy i35 OH O '

MMtk C o™ Mz , hts HtsLeotdw' odwedlsd
sdfriet B2 Ot ° sy M W‘dzJ IsteOu" JEMsteOGcj dzZlsO vy
. e

0 oo 0t p -foé Hi- tQ ™ (3)

1 HOdztsegts to' o dagW dzdzv L dzO2 H jteas' H O§Gsfiglz torsdz tsBi Lz 1
W'Cfntsa@dztscts fitejte" Lk hOttk MEEIHT . .Misgtc’ Wds db tdsct
M ¢ Hdzw BEZH! wWOttet fjtejtc' LEZ © BEH!Y WwWCd2 f{t
(BB' " @3dzk hodHC " Mmis! W'odz IsteOyY" ) dzj sB %' H dzts
tGJLIzdzJLsOIs‘ slted BO* dits:

o —t0t-ti Qe-teotQT . (4)

Il didesp §dkzdz’ sOIsd O BOIsdydese s dEsH j dz¥ 9 O dzdz™

HsLoatdzwsls! ftotsojMmisd ftosW' dz L Oy' ¥ tetsByts’™

108



92t International scientificconferencef youngscientistandstudents
"Youth scientificachievementto the 21stcenturynutrition problemsolution”,
April, 20 24, 2026. Book of abstractPart2. NUFT, Kyiv.

24 BHjtedz L Oy' v BOMdzs EldeXustsmddny O diDjtedfinfd %s'l1$ C
ftesyd Mz fJ 6] lsoxsdetg dizfler oo jdti s 'tso .

] " Cltste vdlsOtej dgS s, wo C

1 0y’ sdzOdzr dzd2 bkdz' o jtemMdbsdlsorn OtsYte®d BzOIs j A
sEf Hfted " d@BMlseo O Bsdzsydss™ fosdddmMdse sMis' odfk
o jtoh CixB@®B Gy BDipEOs MC ZOHE, WOLMSHdRE ' dzfs afd dzts
sd3 Yy dkz. U ndzbdztse " ydzi B dzOH dzOdzdzy H dzv 9 ¢
fiukzoOlsd thted B3Odzdz?r BOMEZO o MBS s’ wesfls®
dz

dte' Odzd [ B o] Sslasmicy . Hdzv  HBfMdz' Hofsjodd? fighodedzts Is
59 0. r dzv eodL dzOyd dzdzv dzOH ' 2 dzts s sO Htso
Hie) odSttdmMlssokzoaOdzd t' LdzZ BOLjte' Odzd IsO

odz hdgg §tso9jton dzs .

dz sOIsd . tBGclsp Bt daday tc g ezdzf§ ylod @' ¥ Ftcd U590 56
Lfjtojtcodzd 3 RBjlssHisd f jtoj sotstej dzadg? o dMsCts ) dted
Mzs Eklseo ster 8 OyOn ' Ldzdn SCBdMstezSy" 2. vie! Ba 1
w aqtslsadzqulsao oM n odH' o o jdedz€ sSo FE&EEC EHO M6
tth 9, 0O IOCtY HA&v =slted 3Odzdzy MY tg jlsHe Jad3Odizddy s H
f) dz

tS

Oorroo

g=

L o dMsC s >1q’tgdzq’: 9ajthC' 9 9o HOddHBEz BOMC
dZtSH)|JdZdZW 9 jthC' o, HijfMlsOB' dz' LOY" "Csgyj teh® ' o
R Odz ydzts’ tSBtstSBQq’

[ BHjtedz LOY' ¥ fYsH' Bdeséts BOMdzs ko tstes 9 OYoO dzj ts
ftosHbECIsde dz' Mls! Oy , BOLO toj delsOB j dz dg' Mls! ot
oL dz' & odzzlst' hdz sG55 BOWOB OdMls' § sGigl EzPls © 3§ dzh ¢
sO¢ 5y H dzw lj"Hacchdzde ftosHECIsdo detsfyls® 0O ) dzts
BOMssB 3 dez. I dMsStsiWiCldodzai ftesojHjdzdzw o 1 sist
BOMdzO L Odzj 3 dls! 9'H LOftest sdzso Oded n LSS defidsdedizC Is
SRtdzsHy jddr ojthC' o L odzlste' hde 57 Yo jterndz Yy
stc! A yddz' dzHtetseo sG RO M dzts Flsotstes 9Oy® 4 jtojHB
odetlssodzve Is! Mw dzOStsdej ydedScd mMEtejsS' @ ' fetso jH
yddzite© o dls' fdzs 0o Odz! delsets BOtOB OO BOMdzs klso tstes o

I tjLkzd O’ Hhd HYjddw, w¢' ftotsosHdddmw I
hts fsdzsBC O dzOS tsdzj Ydzd € “®©8 éCeds'j KL 90O Lis cfws dtf tOfE dzd
14 L &3 dg dzi L Odzj ¥ dztsdzOamdats tzjsypdfedplzr o @HOBSISd " H H' ‘B
bj B jteOlzted *  Iste fEOQdstsif]laydzd GdhB thi€de,j B S o  * dzlsj dzf
l dzzlstg’ h dg' 2 yddz' dghnte BEOMdzs Eklso ste 9 OYyO fMisOdzH Ofte
BZOIs j te B Atz 12m187110wu.

I didesal S diej L kdz' Y Blsise O@Ftets BBH jtedeg L Oy °  Iste! 57
Flso tste 98 OyoO sy dzO LtetsBdlsd oadMmdesea Cd, hts ftod L Of
- yddz' dzH te) fls Qaf'dz’ dz@tE 1 3 2 m1 8- f1'0nso d /M lef a4 w " odzls § dzfi
sjf dztstsB B dgz dz@ 20 . . f o5 Is ff dodf' fryle !ts BlzB "o 'R i ciADf
SOCtsy LiesMdzO dOH' 2dz Mis! SO visd € Bde" fgldd MistsB EIsE
L' flOd 40X13 o {(-BBEodtzde h  ZOMBdzD O wBOL ' o .

1" Hoadh ddzOMmw ' dalsj dzd o dz' Mls ‘s Hisy Jj ety s 8f dg' tsclaldz SLs@r 9 O
h o', LtesfEEdisihn dgde s 8SCOL dzd S d tetsBlsd Isj R dats dzts @
ftesHESCIsdoadz Mis', LddLdddmw esdtsBddy IO jdzj Gt

109



JOls tc 9D [rd 3 dzO te tz® S 5 eV | teisddas ke & dAffhy, ' tc@dzkH g dals* o
1 O B Wiszéa o' h § tdetzs 2z) iy z oz0 ezdgXitn s sdz' Isls* "
2024 GCo0Msdms.d2 o: [w2nu,
250 L dzOyj dzcdzv f scztsy § dzdzv f W BT, Nt fteSh S
foshisstclz IsO Ho' ftew dz' | hts Majhksls

[ Ol 2 [tBOYBSO, 1 OHd®
1 0y’ sdzOdzr dzd2 bkdz' 9 jtemdlsils R Oytseada Isj
1 s ufn.dzlz ‘ SOCO ctkzf © L OHOY, Hj hECOdz 4 dzj
Hst sd3' X detsc f tsfdlzie gy delf © O, ‘g | f tHORASHIBH O dgdis j d
fited sddz0® Istejls’ 2.

[ Olsjte' Odzd ) tefi3j Btsu g dH W L Odzdz ftsH"  Bdzdm" L OHO-
90 HJ dedz" Yffsdpg e daflzd C O, "5 &' Misdlsddi o MmEE"
t d L Ezdz dsvOdsdfw * dzsts ( ted M. 1), ey dgGRHHdEs ! Iy Co0O
fdzshdde . rdv LteEydshmls' sLedvwL Sk L RO’ z -

AE, LOHOo DHGBIstsyt d¥ dzs cdzOu tdscH3 'qi? ADE).

ldL dz20yddis IssySk fjtellsdaez { OB Dadzb a3 del d3f dzs '
99 HJjdadz" HESY A ¥ dats’ -ffsthyg ey Brdadg© f dzsh o dzd

1 OHOBs WtetsdzlsOdz! dzz ftets' Cy' ¥ WESGSOd wus] & d
3" MisddzO o b.mMse ' oW 3z

EUlz;bi BEY Bl (b

1 dztsh dzO f j toj Isd dzOs wpd gDEzsh drdzl sted ' 2§ oW dgg * dzd |
slsted 3ZOdz0 § tew 30 1 B L RO- & HOHIOMEDY (Hcl HRdsS 2 o of ddafs
fdtcdlsddzOs Is! v [Es yl§is WyKdsyE df ew iz0 1 2 L dzOR tSHW
fashdd . uvifjt &Bd ALfSH G EEs g dejn iz IsBdatE df te v d3kz
ftevaz Isdyy’

A L OHOyYk SOC 5y By 20 Lo dwL Olsd a3 IstsH:
ofmMsOdzsoadonh d HBYBAR ydkz §dshddz fts' ¢y 2 (4
ftew di3dn.

tdf.
Il didesg S s fslste’" Bdes ftetso j Misd ftewdide Cte" L ¢ I
99 jHjdd" B3 HBY B Yy des’™ s y' 88 ys’' f dztsh dded o3t
ZOdzj yOlsdd3j M ECOd 2 fwd 2.

110



92t International scientificconferencef youngscientistandstudents
"Youth scientificachievementto the 21stcenturynutrition problemsolution”,
April, 20 24, 2026. Book of abstractPart2. NUFT, Kyiv.

26.{ ftsB dzd BiSHJsclzs © Oczdz?y BOMBo s’ CtodMmlsOd L O1

v 0O 1 6 st o&dg,dte]s@zinj]zg

10y sdz20dz! dzd?2 bkdz' 9 jtemdlsjils nOwyseadn Isjn

I Mzl LedwLCE L 903¢dd3, thteBdzdets o tsMisOdz

ddittejbbdyds 2 MW jittOR uvStO dzd, csmMstes § sMmisO*

idzj ettt MzEfgsed. 2 ) esikdmdse sMls' dO28' d& " j d
9 ' HH' dzj dzdzv .

[Oljtc' Odzd 5O islEBHGN jClsdods " seEts §j o Odade
YkC o sets ks jd¥ dzjsen' Hdzs Mlsestdlsd Ol o3
sfdmkze Olsddsy HOdzd?2 | detesy Qs | R Jd Y steditsH j dz'

SHdAdBYOMds owORksOlsd ojddCk €' d $' f@ls! Isjn
udmlssls 0o &' Mls fMRid R o Uide: § g0 RHodes L i zC o 5¢ &

Udmbisls© o 3" Mils MmMked - Pfsaddz o di3' Mis s t$)d Mis O
€' HeBHddZOB' ydzdn (M aud HE O fyis € Isifligh bs j If s ¥ dzt d y dzg
ykC oo sets kW j d, esLyddzz MOROLsLd kO

jf sy ey WSy’ da, 5§ ST d@BREEe ' dadsd R Y
d Wy " diglsy mfﬁwfﬂzh@@ dzse s DiptsL Qd dzoO ¢ fizQ 7 Qg husP y
dr fesyjfm' o, §sMsO' dyjsBR HdZ Mls! o (o,
o J

B 3]

o

(¢
s ©
1 fjteh sz JlsOﬂ' ftotso j HJ dzdzv ROl d30Is d ydzts ¢
st dzdo sfils' L fsH ¢z ] B Ok htdzsd MfHEsSwOES 2
ktezeSd HE o' fM' MdMmiikt' ™ kOSCE' ktkzSd, wed
dzts te dz0 dz' Hts wWCdn BEdzd dOftcOodzj dzgdes oL HEtSOY @
9 0OC O teOO. uvisoahddz® odH' dzj detsets fftetsh OteC kz o
tetsL GdzZ" HOZOM! tMjMmddj sted ydatss .

10 Hicketsd@Rlz jIOf' L ecdvdizists s ddeo sMis'

fjodes’ B des’ ©B&OMS' o kkWjd , "t fio]i
5B d&ZOMls! &' 3y CtdmsOd dscts L yddkkz MOROtsLd Is
10 Itejls! sk jlsOf' o jH,jddy &Olj BOldY

st dzdo sfils' tetsL ftsH' dz Isj B j cOlskzte o' H dzOGtc' o
stczSd LO Ed@sed, Nt o tsBd&ZOMI' ZlsWjds, wed?2
stezBCd BlRzdzttsB de@ s dzj df®Otcso 5° wWoLd, tsB dzOMls |
MO- OtetsL d, B dZOMIs! CtedmMsOdzO ykStkz SO BJjL{sMJ
LOHOYO, w¢ ' 9 fHfijtwhsddz adfOHCE, IOCBY L GC

1 Okzo Oy ddss h s dzO C oy descd3lz | Wz ' f O GOk §f f dats
tesLedzv HOo MW dzgj MIsOyY' 5dzOtcdzd d3, t. IssBIsts IsOC dd3, ht

tdLizd fsplsfdz! sOIsd ffteso jHjdedr HEsfpdz' HY J dz i
dOo jHjdedR JjlsOf" &9 dBOIlsj BOIsdydetsegts d3tsH j dzs 9 O dzdaw
9 OC HHADEHOBRES L Bsez odL dzOydlsd ttsL fsH' dz Isj o3t §
ElsWjds, LO Edtsod, Ctdzd o kW jd' dzg Bkdzts odH
tsB dzOfls ¢ ZlsW jdz¢ BOZO Efjtej H dzj dz Isjf dztsW ' L d ydz
FPdssod odH' dzj dzdp? I BB Mt zFPdcso 7 woLd, tsB
tesL yddzz MOR OtetsL d IsO tsB dzOMls! CtodMmlsOdzk ykStck)
nOteOCIsjtedisd .

l didetsp § Pz’ L 50 Odets dzOMilskztf ded?2 JjlsOf Htetso j H ] dad
dzi MlsOy' sdzQtedzse s B tesyybpbtotsg dgis sk Y flzdz’ o dzOG
COdj ted -QIOR tiz@xlstd .

111



;Ols tc 9D [7d y dzO te tz® BB S 5 eV | taitddas e d F daffhy, ' € @ dz
10 BB Wistzda § o' M § tetes dz) iy z oz® dzlpteIC Is s
2024 GCo0Msdms.d2 o: [w2nu,

27 Sidz Hyfeteipi ' ® &' HEBHdAOK Sd O Isjf kst
ZOE ' o dats’ & OO GEODDEC & Iz s

] OHdd dHOB) dZ€ 5, © OLOM

10y SdOd dzd2 bkdz oj Mmoo nOYEeoy B0l §

I skl Mddkkz Hehmdls! o20yCsSeEt ' d@o ' 5! GCtodls

fMlsOdzso dh O o M jte' jdeitecjilsdSd vCw©O ded, gl
L Bj dgh j dzdze o G St s Odzdgy j dgj e st Mzt o. |
jdzj cetsL OlsteOlsdzdds ‘' HtosHEZSItso ] o HH' dzj dedew. 1 d
[Oljtc' Odzd KGLksEE das OdcStedlsds f o j Hj dzdgy

€ HeBHddZOB C€d SO Isj dessedi dzk o -BEOEBEOL 5 @ds
BOMtso s sdzde Oz s tsets kW j dzvw Celsted 2 BOL Iz

' o dzvdz dzj f jtoj too detsfyley dada): j daglel " ( Z)3) 0O

Tuu) ;g ®
rp pz
rwr pu, +u, uuz @*'}E%E(/TH' m)Wzg (2)
¢ W UZ‘ HZ rpre Vigpe
& MT WTg_ 1pdd  mouTo )
re g Bru, B 8= F +tar
°c " wr z + rwégéﬁ Pn@wg

10 fjtehsdBz jlsOf" ftososHdddzsh! Hisd' HY j dadaw
9 BOL B9 ' 2 dzOc tc' SoQieki2ic ds PDHEIWdIsOwe ‘(we ). 1, 2) . )
Mlso stpddssH j3dz' BOLBoats’™ IO d@BH| tedz L tseGRdast Olds@e.z B
{ SLcOREdztg€ 3 )L O §(dAs)y O 9 miBj Mfwy jdzz L OH
G'HiesHd dzOd3' € d IsO f{f tetsyj MExH dissjfiflsdzts sy difh) dalz!. dztsle sy
otWORlzo Odedz 5 o M' - dzO0c tc' o dzd n stclzB ¢ Bzdzs
BOIsj BOBdydej dEsSHj dzé 9 Odedlz?y Jetsyj Mz 6" HistsH d dzOd3’
(tedfy., wC¢O dz20 ¢ dgyvn &BO' h imlsdetwOdzdzd? o dc dzv

tdLizd I9Qladzdz sOJsfj dzef BtsoH sfMdz' HY j dz ftetsyj Mk
slsted BOdetse s & oadedzvH' tetsLEpHD ZEtcf sdgV 2" BERE [
COodzj ted @UO@txtzGleip

105
LL]
015

td.
skt BO&J 7 B fnisDdztsl 6ds 'das, ( & dh.g " o
90 ' HAZO H' &S O, HJ fsW' d

g2 fMdzj dets §jteh g2 JjlsOf fteso jHjdedzg BC
¢ HEBHAAO® $d ykCksotses kW] ds o -QfCHWD oaE 2

112



92t International scientificconferencef youngscientistandstudents
"Youth scientificachievementto the 21stcenturynutrition problemsolution”,
April, 20 24, 2026. Book of abstractPart2. NUFT, Kyiv.

Section 4!

Mechatronics and packaging
technique

Cemxug 14!

Yge EodobteRFE + cEFealdEFaoc

113



tc 920 fizd ¥ dzO tc (2@ HASS B el | taftodas b § d@fiRy, té@aﬂz H g
¢ BB MistEa o' h IUtzdzBZiz@mIzaﬂz@dztﬂ;k)@(m Is
20024 GCo0@sdmg.d29: jwamu,

dzls ' o
Is

(ST}

1. Digital Twin and IloT -Based Control of a Hybrid DosingPackaging Module Using
Matlab Simulink

DenisGaiduchekVolodymyr Kostin
National University of Food Technologies, Kyiv, Ukraine

Introduction. The increasingintegration of the Industry 4.0 principles in food
processing machines requires the integration of real equipment with digital simulation and
cloud-based analytical systems. Hybrid mechatronic depamkaging modules, particularly
those utilizing electrgpneumatic actuation, provide flexible and precise control of liquid
dosing processes. However, ensuring high accuracy and stability under varying operational
conditions remains a challenging process due to nonlinear interactions between pressure,
flow rate, and product characteristics.

The approach to address these challenges is the implementation of a digital twin, which
combines real equipment, mathematical modeling, and cloud connectivity into a single
system. This abstract represents the developmenhgbrid dosing module integrated with
a mathematical model in MATLAB Simulink and extended with MEdased
communication for redime interaction between physical and virtual components.

Materials and Methods. The research object is a hybrid mechatrotisingpackaging
module designed for liquid products. A mathematical model of the system was developed in
the Simulink environment using blodtiented physical modeling within MATLAB
Simulink. The model incorporates gas and liquid subsystems, includasguype sources,
pipelines, tanks, and control elements. The model is built in a modular way, which makes it
easy to adjust system parameters and analyze both changing conditions over time and stable
operating states.

To enable lloT integration, MQTT commigation was implemented for bidirectional
data exchange between the physical module, the Simulink model, and cloud infrastructure.
Native MQTT support in the MATLAB ecosystem was introduced through the Industrial
Communication Toolbox, enabling seamlessbedding of publish/subscribe mechanisms
into simulation workflows.

The utilized MQTT functionality supports standard publish/subscribe architecture,
allowing reaitime transmission of process variables such as pressure, flow rate, and volume
to a cloudbased broker, as well as receiving of control commands and parameter updates
from external cloud analytical systems. Within the Simulink environment, MQTT
communication blocks is integrated directly into signal chains, enabling conversion of
physical signalinto serialized data streams and vice versa.

This architecture establishes a clo$sap interaction between physical and digital
components. Sensor data from the experimental setup are transmitted to the cloud and
simultaneously used to update the digitdn model, while control signals generated either
in the cloud or within the simulation environment are applied back to the physical system.
As a result, the proposed approach enablestimal synchronization, monitoring, and
adaptive control of the ding process within a unified cybphysical system framework.

Results and DiscussionThe developed mathematical model demonstrates a high degree
of virtual integration with the physical setup. The integration of MQTT communication
enables redfime synclonization between the physical module, its digital twin or
accompanyingubsystems. This allows continuous monitoring of process parameters and
dynamic adjustment of control strategies. The system can respond to deviations between
simulated and measuredatd, improving robustness and enabling adaptive control.
Furthermore, the combined architecture enhances accuracy capabilities by identifying
inconsistencies between the physical process and its virtual representation.
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Fig. 1. Architecture of the hybrid IloT solution

Conclusion. The proposed approach demonstrates the effectiveness of integrating real
equipment, Simulirdbased mathematical modeling, and cliased infrastructure into a
unified digital twin framework. The developed system improves dosioguracy,
adaptability, and monitoring capabilities of hybrid mechatronic packaging modules. The
results confirm that combining physical experimentation with mbedekd design and lloT
technologies provides a scalable solution for modern packaging sydtetare work will
focus on extending and implementing advanced-dat@n optimization methods within the
cloud environment.
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2. Optimization of parameters for adaptive electrepneumatic control of a product
conveyor system for a food product dosinghodule

Oleksandr Zaporozhets, Liudmyla Kryvoplydslodina
National University of Food Technologies, Kyiv, Ukraine

Introduction. Improving the accuracy of liquid food product dosing is a pressing
challenge in modern production. The use of proportional pneumatic valves in product lines
is accompanied by nonlinear effects: hysteresig¥®, deadband, and response delays (up
to 2.5 ns). Traditional PID controllers do not provide the necessary pressure stability when
the product density or flow rate changes.

Research methods Mathematical modeling of the dynamics of a pneumatic system,
taking into account valve nonlinearitieExperimental study of transient processes on a
laboratory test bench with recording of pressure, flow rate, and time characteristics.

Results and discussionAn adaptive control system for the product pipeline of the dosing
module was developed based ddi@mens SIMATIC PLC with a builh PID controller (24
V DC power supply, 820 mA analog channels). A proportional pneumatic valve (AP) with
a repeatabil ity ofi7%Ba%usedrfodpressure gostileTheadaptise o f
control algorithm impgments two control laws: sinusoidal and cosinusoidal. The cosine law
ensures a stable particle transport velocity of 7.75 m/s while reducing acceleration from 150
to 112.5 m/ s| (by 25%). The use of tmen ext e
compensation of external disturbances.

Mathematical modeling of the relationships between the main parameters [oifidse
flow (flow rate, density, mass, pressure) in a pneumatic conveying system is based on an
analysis of the kinematic and dynamic propertiethe medium, which are determined by
its rheological characteristics. Experimental studies were conducted for various modes of
vertical transport of bulk materials: dried peppercorns and granulated cereal products (dry
breakfast cereals).

The pneumatiphase was generated by converting 204mA analog signal into pulse
width modulation (PWM). The measurement and control system included: electronic
pressure relays, compressed air flow meters, a Siemens SIMATIC PLC, and AR series
proportional pneumaticalves. The system implements puéstaptive control of compressed
air supply through a cascade: a PWM driver, a solenoid valve, and a pressure booster. The
goal is to ensure higprecision product dosing with minimal errors in speed and flow rate.

The exmrimental basis for the study was the performance characteristics of industrial
dosing systems, which made it possible to test the proposed approaches aimed at improving
the accuracy and stability of dosing under industrial conditions. To optimize thegiara
of the adaptive electrpneumatic control of the product line in a food dosing module, the
following research objectives were defined:

T to conduct a comprehensive analysis of the dynamic processes of pressure dosing,
taking into account that the rsieffective application of the developed methods is in valve
less pressure dosing systems to reduce cumulative error during transient processes;

I to substantiate the technical and software characteristics of solutions that ensure the
implementation of amprehensive methods for optimizing dynamic parameters and the
construction of adaptive systems aimed at improving the precision and fault tolerance of the
dosing process
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Fig. 1. Functional diagram of the adaptive product line control system: HMI; SINIATI
PLC; Driver 130; 2/2vay control valve; Amplifier; Product line; SWCN (feedback). The
PROFINET channel facilitates data exchange between the HMI and the PLC.

Conclusion. The developed adaptive elecfsneumatic control system ensures a dosing
accuracyoD.81. 2% with a repeatability of NO. 45 %,
food industry. Reducing the dead zone by3B®% and the transient response time t0i0.15
0.4 s increases line productivity. The economic benefit is achieved by reducing presest lo
and compressed air consumption. The system can be scaled forchanltiel dosing
modules.
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3. Biopolymers and cellulse substrates for printed nfc electronics in packaging

Vladyslav Baltazhy, Serhii Tokarchuk
National University of Food Technologies, Kyiv, Ukraine

Introduction. The aim of this study is to identify the patterns of how the properties
of cellulosesubstrates affect the functionality of printed NFC antennas for smart packaging.
This is necessary to ensure environmental sustainability and the development of
biodegradable electronic identification systems throughout the life cycle of consumer
packaging

Materials and Methods. The electrical characteristics were evaluated based on the
series resistance and inductance parameters in accordance with 1SO 14443. A profilometer
with a diamonedipped probe was used to measure surface roughness; air permeasility
determined using the Gerli method (ISO 5636/3), and surface moisture absorption was
determined using an edge goniometer. Statistical analysis of the results was performed using
oneway analysis of variance.

Results and Discussion.Experimentalresults show that the optimal electrical
characteristics of NFC antennas are achieved when using paper substrates with low surface
roughness (Ra < 2 em) and | ow air permeabi
for NFC-enabled packaging is currgntstimated at $5.87 billion and is projected to grow
to $19.22 hillion by 2034, with a CAGR of 12.47%.

Other Biopolymers

2%, PLA/NFC Other &
/8%

Biopolymers
PLA/NFC

Papir

PET Film

Marier Sh;Eé;'%"'-rrg%’. 70 3

Figure 1.Breakdown of materials for NFC tags (statistical analysis for 2025)

An analysis of the distribution of materials for NFC labels shows tEdt fim
accounts for 65% of the market, paper substrates for 25%, biopolymers (PLA, nanocellulose)
for 8%, and others for 2%see Fig.1). It has been established that the adoption of NFC
technologies by industry sector is as follows: food indd@s8$%, plarmaceuticald 25%,
luxury good® 20%, electronias 12%, and othefs 8%. For one million standard NFC

| abel s (801745 mm), replacing PET film wit
consumption by 110 kg, representing a 100% reduction in plastic wastéioAddsavings
from switching to cellulose substrates 1inc

increase in recyclability to 95%.

Conclusions. The use of cellulose substrates instead of PET films is a promising
approach for creating biodegradable NH&bels with equivalent communication
characteristics. Paper substrates offer the additional advantage of protection against
fraudul ent removal due to the material 6s bl
label. The results of this study canused in the design of edaendly identification systems
for smart packaging of food, pharmaceutical, and branded products.
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4. Digital Twin and lloT -Based Control of a Hybrid DosingPackaging Module Using
Matlab Simulink

DenisGaiduchekVolodymyr Kostin
Nati onal University of Food Technol c

Introduction. The increasing integration of the Industry 4.0 principles in food
processing machines requires the integration of real equipment with digital simulation and
cloud-based analytal systems. Hybrid mechatronic dosipackaging modules, particularly
those utilizing electrgpneumatic actuation, provide flexible and precise control of liquid
dosing processes. However, ensuring high accuracy and stability under varying operational
conditions remains a challenging process due to nonlinear interactions between pressure,
flow rate, and product characteristics.

The approach to address these challenges is the implementation of a digital twin, which
combines real equipment, mathematical niade and cloud connectivity into a single
system. This abstract represents the development of a hybrid dosing module integrated with
a mathematical model in MATLAB Simulink and extended with MEdased
communication for redime interaction between phygsil and virtual components.

Materials and Methods. The research object is a hybrid mechatronic depaakaging
module designed for liquid products. A mathematical model of the system was developed in
the Simulink environment using blodtiented physicalmodeling within MATLAB
Simulink. The model incorporates gas and liquid subsystems, including pressure sources,
pipelines, tanks, and control elements. The model is built in a modular way, which makes it
easy to adjust system parameters and analyze batlginlgaconditions over time and stable
operating states.

To enable lloT integration, MQTT communication was implemented for bidirectional
data exchange between the physical module, the Simulink model, and cloud infrastructure.
Native MQTT support in the MADAB ecosystem was introduced through the Industrial
Communication Toolbox, enabling seamless embedding of publish/subscribe mechanisms
into simulation workflows.

The utilized MQTT functionality supports standard publish/subscribe architecture,
allowing red-time transmission of process variables such as pressure, flow rate, and volume
to a cloudbased broker, as well as receiving of control commands and parameter updates
from external cloud analytical systems. Within the Simulink environment, MQTT
communicéion blocks is integrated directly into signal chains, enabling conversion of
physical signals into serialized data streams and vice versa (Fig. 1).

This architecture establishes a clo$sap interaction between physical and digital
components. Sensor dafrom the experimental setup are transmitted to the cloud and
simultaneously used to update the digital twin model, while control signals generated either
in the cloud or within the simulation environment are applied back to the physical system.
As a resit, the proposed approach enables -teak synchronization, monitoring, and
adaptive control of the dosing process within a unified cpbgssical system framework.
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Fig. 1. Architecture of the hybrid IloT solution

Results and DiscussioriThe developedhathematical model demonstrates a high degree
of virtual integration with the physical setup. The integration of MQTT communication
enables redime synchronization between the physical module, its digital twin or cloud
subsystems. This allows continuowmsonitoring of process parameters and dynamic
adjustment of control strategies. The system can respond to deviations between simulated
and measured data, improving robustness and enabling adaptive control. Furthermore, the
combined architecture enhanceswacy capabilities by identifying inconsistencies between
the physical process and its virtual representation.

Additionally, the proposed architecture provides a scalable foundation for further
extension toward cloutdased analytics and edge computing.eBgbling bidirectional data
exchange, the system supports not only-tiea¢ visualization but also the accumulation of
historical datasets for advanced analysis, including anomaly detection and predictive
maintenance. The integration with cloud servidasilitates remote supervision and
centralized data processing, while edigyeel computation ensures leatency response for
critical control actions. This hybrid approach contributes to improved system reliability,
reduced downtime, and more efficientimation of resources, which is particularly important
for adaptive mechatronic systems operating under varying production conditions.

Conclusion. The proposed approach demonstrates the effectiveness of integrating real
equipment, Simulindbased mathematl modeling, and cloutlased infrastructure into a
unified digital twin framework. The developed system improves dosing accuracy,
adaptability, and monitoring capabilities of hybrid mechatronic packaging modules. The
results confirm that combining physieaxperimentation with modddased design and lloT
technologies provides a scalable solution for modern packaging systems. Future work will
focus on extending and implementing advanced-dat@n optimization methods within the
cloud environment.
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