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The publication contains materials df*dinternationalscientific conference of
young scientists and studeritéouth scientific achievements to the 21st century
Nutrition problem solution".

It was considerethe problems of improving existing and creating new energy
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, impeoof 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 problers in the food science and industry.
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Engineering of food , biotechnology
and pharmaceutical production
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13.1.

Machines and apparatus of food,
pharmaceutical and
biotechnological production
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Crystal structures of solids: characteristics and their influence on material properties

Esmira Mustafayeva
AzerbaijanState Economic Universit{aku, Azerbaijan

The crystal structures of solids play a fundamental role in defining their physical and
mechanical chaicteristics [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. Analyzing crystal lattice paramegersh as packing density, unit cell
geometry, and the presence of defeuntskes it possible to predict and optimize material
properties including strength, plasticity, and thermal resistance [2]. Additional factors, such
as lattice defects, anisotropy of properties, and the formation ahiedéate phases during
changes in temperature or pressure, further complicate material analysis and design.
Investigating these phenomena supports the development of more efficient and application
specific materials, ranging from construction materials deaaced higkperformance
composites [3].

The study aims to analyse the influence of different crystal structures of solids on their
physical and mechanical properties to develop more efficient materials. In this study, existing
data and models of crystakgctures 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 of materials.

The investigation of solid crystal structures andrtirepact on material properties was
conducted through the analysis and synthesis of existing data on lattice types, crystal defects,
and material behavior under varying temperature and pressure conditions, enabling a more
comprehensive understanding of itheharacteristics and performance [4]. The study
examined various crystal structures, including cubic, hexagonal, and rhombic lattices, which
served as a foundation for comparing materials with different lattice arrangements.
Representative materials suah 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 geometry of unit cells, along with their variation under different
tempeature conditions, were examined using theoretical crystal lattice models. The thermal
behavior of materials was assessed through analysis of existing data on thermal expansion,
changes in thermal conductivity, and temperatndeiced phase transitions, ieh 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 without the need
for experimental measurements.

The research demonstratbdt 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 density, exhibit 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
structure has a strong influence on mechanical properties such athstrethglasticity.

Conclusions.

1. The investigation of solid crystal structures confirmed that the crystal lattice type
plays a decisive role in shaping the physical and mechanical properties of materials. Lattice
configurations such as cubic, hexagoaakl 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 lattices are associated with enhanced ductility.

2. The geometry and dimsions 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 ductility, a combination that is particularly valuable in
applications rquiring 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 lattieetallicor ionic-plays a key
role in defining material properties such as electrical conductivity and hardness. Metallic
bonding is associated with high electrical conductivity and good ductility, whereas ionic
bonding typically results in high hardness and logcelcal conductivity in the solid state.
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RatherEngineers2015
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Systematisation 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, technologloamss, and
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 analys@rent 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 classificatioomng.

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 (rotamyveyor,
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, @mgeirpumps 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 technologf) trend 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
detemines the main directions for their improvement. Keywords: ampoule equipment,
injectable preparations, dosing, functional structure, GMP standards.
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Analysis of the structural features of liquid medicinal form dosing modules

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

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

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

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

Serhiy Samarchuk, Ihor Zhitnetskyi, Oleksandr Zyomenko
National University of Food Technologies

Introduction. Despite the critical importance of the accuracy of dosing liqoshge
forms into -2%)naacdrdarse WithlNGMPSequirements, the design features
of piston dosing systems of ampoule machines remain insufficiently covered in the technical
literature, which makes it difficult to optimally adjust, maintain anddernize them at
pharmaceutical enterprises (.

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

Results and discussionThe components of the dosage module of liquichgedorms
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 controhte movement of the piston. Dosing range: 0.5 ml to 30 ml. Spe&§0.0
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 liagdviscous preparations may give
a dosing error of more than 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 sitadtee dosing process.
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Effect of tablet density and punch moving low on tablet quality indicators

Oleksandr Zomenko, Sergii Samarchuk, Igor Zhytnetskyi, Oleksii Gubenia
Nationd 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 the destructive 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 MSEmethod 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 stength increases proportionally to its density; (ll)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 down, and 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 tham/cn? such
a type of defect as lamination is observed.

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 incségy density over 1i3.7 g/cm, the tablet friability
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 zore of contact with the die surface are greater and smaller 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. Dwing
sided compression, the zones with higher density 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 significantbctsffthe distribution of
tablet density.

Conclusions.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.

References
Gubena O,, Zomenko 0., Samarchis, MnerieD. (2025), On the strength and friability
of series products manufactured by direct compression efredallic granules
Nonconventional Technologies Review/Revista de Tehnologii Neconvent2@ialepp.
1521

36



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

Effect of compressing method and punch kinematics on tablet strength, friability and
relative density distribution

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

Introduct ion. The study aimed to determine how tablet 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 werestermined by pharmacopoeial
methods. The 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 gfcimlk density 0.36 g/cfy die radius 5 mm,
and initial powdetbed height 12 mm. Four loading cases were consideredsidee
compaction; twesided compaction with equal punch displacements:sidled compaction
with unequal displacements; and tgaided compction with unequal displacements and a
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 propoitnal increase at low density, a more intensive 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
acceptal# pharmacopoeial values below 1% in the range of about.1.@/cni, 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 the die wall. 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 symmetnealdrche overall
effect of punch kinematics 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 andrehgth distribution within such tablets was not confirmed. The findings
can be used to substantiate the choice of compression mode anehmtioch law when
optimizing tablet quality.
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Edible Materials for Rapid Prototyping of Soft Robotic Grippers

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

Introduction. The increasing demarfdr manipulators and grippers capable of safely
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 hinderday the complexity of modeling hyperelastic materials, 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 wed materials.

An analysis of scientific literature, 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, ahtécal approach is proposed that
replaces conventional silicones characterized by long curing times with a iggiatérin
composite exhibiting similar mechanical properties in its solidified state.

Materials and methods. The aim of this study was to instigate the mechanical
properties, formulation, and processing characteristics of a gbkgd composite material,
as well as to compare it with conventional silicone rubbers. Additionally, the suitability of
the material for creating models for functadity verification of soft robotic gripper
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 tpes share several drawbacks, including long curing 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 andoft robotics, the development aadalysisof compliant
gripping systems require thmeation of models for functionality verification to evaluate
deformation, adaptability, and interaction with delicate objextaptability, and interaction
with delicae objects. However, conventional materials significantly 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 experimentally validated.

As an alternative 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 comparablehtd ©f castable silicones. Its key
advantages include nemrstantaneous curing (within minutes), remeltability and reusability
of failed or defective models for functionality verification, low cost, wide availability of
components, and full biodegradatyili

Experimental results showed that the mechanical 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 content reduces stiffness and strength while
increasing elasticity, whereas increasing gelatin concentration leads to higher stiffness and
strength but lower extensibility.

The relationships between composition and medadrproperties are illustrated in
Figl, including dependencies of Youngb6s moddul
on glycerin content. The material behavior can be approximated by the generalized model:

Exk- nglatirz ) (1 —a- Cg!ycerin)
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where E is the elastic modulus, C_gelagithe mass fraction of gelatini(D), C_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.

Gelatin Glycerin

# Shore E (MPa) () ) Water (%) 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.

e
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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 degassing 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 for manufacturing 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 mataiiis a threecomponent composite (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 elasbmponents (shells,
membranes, 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 verificadithnlow
cost, reusability, and biodegradability; however, it is primarily suitable for-séront testing due
to material dehydration over time.
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Engineering approaches to beer clarification in industrial production using hermetic
disc-stack separators
Ser hi i HrybkovT , Vitalili Okolitarl, V¢
i National University adineFood Technol

Introduction. Beer clarification 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 problerttgobtage 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 analysiscluded the product inlet and 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 isbermetic
separators cannot 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 nafective engineering solutions 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 he bowl and pipelines with deaerated 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 A
mechanical
seal

Inlet |
mechanical
seal
Fig. 1. Disestack sepaator 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 actors affecting beer aeration 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 quaty stability of clarified beer.
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The effectiveness of using decanter centrifuges for resource conservation and waste
disposal in the brewery
Vitalidi Okolital, Valentyn Ol
1 Nat Unvaersity of Food Technologies, Kyiv, Ukraine

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 thénsultaneous need to maximize 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 requiremis. Traditional separation 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 exessive waste generation.

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 (oftegemding 30081000 x g), 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 technaes.

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
beer/wort/ Layer LiCIaiélIEed :
centrate quid Laye scroll Blade ) A
O yeislltrub/kek/ (Flight) (Kek/Cake)
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 viscosity. The decanter consists of a rotating cylinet@atal 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 sciills) (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 anfigant
amount of 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 tfagpction cycle of the 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 (@ss than 2 years).

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 ofeast cells and the 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'stfale” flavors. Specifically, 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 deaster models are equipped 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 fitration) without 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 remoMaof excess moisture. 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 antrexmely dry cake and 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, decaters can be used to thicken 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.

Conclusians. The use of decanter 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, modern 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, reducirepthnmental
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 centrifisyggports the transition toward a
circular economy within the brewing industry, ensuring kemgn sustainability and
profitability.

References
1. Alfa Laval (2013). Getting more from less: Alfa Laval Foodec decanter centrifuges in

breweries. Technical brocheif(PFT00284EN 1308). Alfa 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). &chnology Brewing and Malting (5th ed.). VIErlin.
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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 increasing integration of the Industry 4.0 pritespin 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 flexibled 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 appoach 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 development of a hybrid 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 mechatronic depaakaging
module designed forduid 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, including pressure sources,
pipelines, tanks, andaotrol 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 communication was implemented for bidiredtion
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 seamless embedding 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 cohtommands 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 signals into serialized data streams and é@csav

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 digital twin model, while control signalsagemheither
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 dosing process within a unified cpibgscal 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 synchronization between the physical moduts, 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 measured data, improving robustness and enablamiva 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 lloT solution

Conclusion. The propose@pproach demonstrates the effectiveness of integrating real
equipment, Simulirdbased mathematical modeling, and cliased infrastructure into a
unified digital twin framework. The developed system improves dosing accuracy,
adaptability, and monitoringapabilities 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 systems. Future work will
focus on extendingral implementing advanced datdven optimization methods within the
cloud environment.
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Optimization of parameters for adaptive electrepneumatic control of a product
conveyor system for a food product dosing module

Oleksandr Zaporozhets, Liudmyla KgmyasVolodina
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 accompaied by nonlinear effects: hysteresis$ 86), deadband, and response delays (up
to 2.5 ms). Traditional PID controllers do not provide the necessary pressure stability when
the product density or flow rate changes.

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

Results and discussionAn adaptive contissystem for the product pipeline of the dosing
module was developed based on a Siemens SIMATIC PLC with &b&ilD controller (24
V DC power supply, 820 mA analog channels). A proportional pneumatic valve (AP) with
a repeatabil i taesisa €579 Ba%usedrodpressure gostrioleThe adaptive
control algorithm implements 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
t o 11 2(by325%n/Tisejuse of an extended state observer (ESO) allows fdmreal
compensation of external disturbances.

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

The pneumatic phase was generated by convertii@@mA analog signal into pulse
width modulation (PWM). The measurement and control system included: electronic
pressure relays, compredsair flow meters, a Siemens SIMATIC PLC, and AR series
proportional pneumatic valves. The system implementsaulagtive control of compressed
air supply through a cascade: a PWM driver, a solenoid valve, and a pressure booster. The
goal is to ensure gh-precision product dosing with minimal errors in speed and flow rate.

The experimental 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 acuracy and stability of dosing under industrial conditions. To optimize the parameters
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 arsadyof the dynamic processes of pressure dosing,
taking into account that the most effective application of the developed methods is in valve
less pressure dosing systems to reduce cumulative error during transient processes;

I to substantiate the techniand software characteristics of solutions that ensure the
implementation of comprehensive 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; SIMATIC
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. Thedeveloped adaptive electpmeumatic control system ensures a dosing
accuracy of 0.8L . 2 %
food industry. Reducing the dead zone by3B®% and the transient response time t0i0.15
0.4 s inceases line productivity. The economic benefit is achieved by reducing product losses
and compressed air consumption. The system can be scaled forchanltiel dosing

modules.
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Biopolymers and cellulose substrates for printed nfc electronics in packaging

Vladyslav Baltazhy, SerhTokarchuk
National University of Food Technologies, Kyiv, Ukraine

Introduction. The aim of this study is to identify the patterns of how the properties
of cellulose substrates 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
saies resistance and inductance parameters in accordance with ISO 14443. A profilometer
with a diamoneipped probe was used to measure surface roughness; air permeability was
determined using the Gerli method (ISO 5636/3), and surface moisture absorption w
determined using an edge goniometer. Statistical analysis of the results was performed using
oneway analysis of variance.

Results and Discussion.Experimental results show that the optimal electrical
characteristics of NFC antennas are achieved whieng yppaper substrates with low surface
roughness (Ra < 2 em) and | ow air permeabi
for NFC-enabled packaging is currently estimated at $5.87 billion and is projected to grow
to $19.22 hillion by 2034, with a CAGEt 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 that PET film
accounts for 65% of the market, paper substrates for 25%, biopolymers (PLA, ndosegl|
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$%, pharmaceuticals25%,
luxury good® 20%, electronias 12%, and othefs 8%. For one million standdrNFC

| abel s (801745 mm), replacing PET film wit
consumption by 110 kg, representing a 100% reduction in plastic waste. Additional savings
from switching to cellulose substhgamdans i nc

increase in recyclability to 95%.

Conclusions. The use of cellulose substrates instead of PET films is a promising
approach for creating biodegradable NFC labels with equivalent communication
characteristics. Paper substrates offer the additiamlyhntage of protection against
fraudul ent removal due to the material 6s bl
label. The results of this study can be used in the design-ffiendly identification systems
for smart packaging of food, phaaceutical, and branded products.
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Digital Twin and IloT -Based Control of a Hybrid DosingPackaging Module Using
Matlab Simulink

DenisGaiduchekVolodymyr Kostin
Nati onal University of Food Technol

Introduction. The increasing integtion 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 electrgoneunatic 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, andproduct 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 development ofril ldgsing 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 mechatronic dppackaging
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, including gressuces,
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 communiaati 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 seamless embegldif 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 boker, 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 signals intserialized data streams and vice versa (Fig. 1).

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 theitdiigtwin 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 thdosing process within a unified cybghysical system framework.
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Fig. 1. Architecture of the hybrid IloT solution

Results and DiscussioriThe developed mathematical model demonstrates a high degree
of virtual integration with the physical setup. Theeigration of MQTT communication
enables redime synchronization between the physical module, its digital twin or cloud
subsystems. This allows continuous monitoring of process parameters and dynamic
adjustment of control strategies. The system can nespm deviations between simulated
and measured data, improving robustness and enabling adaptive control. Furthermore, the
combined architecture enhances accuracy capabilities by identifying inconsistencies between
the physical process and its virtual reggntation.

Additionally, the proposed architecture provides a scalable foundation for further
extension toward cloutdased analytics and edge computing. By enabling bidirectional data
exchange, the system supports not only-tieaé visualization but alsthe accumulation of
historical datasets for advanced analysis, including anomaly detection and predictive
maintenance. The integration with cloud services facilitates remote supervision and
centralized data processing, while edigyeel computation ensurésw-latency response for
critical control actions. This hybrid approach contributes to improved system reliability,
reduced downtime, and more efficient utilization of resources, which is particularly important
for adaptive mechatronic systems operatindar varying production conditions.

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

117



[ Ols j to 9Dz 3 dzO to @ HaASS 1 telf | s 7 dfify,* 1 H
1 O BB Wistzda f o' M § detes dz) Wiy z az® dzdzieXeICh
2024 Co02sdpg.d2 9: {wawmu,

@tzkH g dals’ o
stsdz' Isls® ",

B tolzdzslzo Odzdlz?y t€OY' t5dzOdz! dzed = €' dzgj BOIsd ydzd -
stc Odzim§ -dz® 6 tizth Yz o Odz! dzd ¥ SdzxHmEz dZ' alz’ PSIYOS z o O dzdzg™
~Oteyseodrer odtse' 9 bk Mitydeyk kfOSCt

pdzZlssdz ssmOdz, [ dzj SMOdgHtc -| Oz @, dzP¥ H
10y’ sdz0dz! dzd 2 Ekdz' 9 jtemdsg L@ ydo drn Isj nC

I mMsBYf.v yYyom SCodi3ftsdzzeo Odzdzy (Y BlssStsodn dz' dz 2
ftesHECIS" 9 E Misydouyk EfOCtseCk o90y3ddet L dzOls
CiBilstedyudzdr § OtcOdP &l f ylsdc@dizmdzdsicls dgtsH 2 dz' o
sHddz BBOE' MistcOdz' dzd?2 Ctsdzgoj ' 86 dZOHA BHW Is! o dtctsB
B@ROCG " Mistc Ode jdettaiilz oScftaiis B d sy s § jtsj d3' M Olsd mpw  w
eW"H' 9. 1 0ajHjdz ERseod WEdS Yy tsdkzeo Oddz"  SlsE E
tejlsjdzt dgses 'R 0O0dgOdz' Lz IsO HEsMdz' HY § dzdzv .

[Oljte' Odzd B ® wRpBLKEE. fjtoj i3 N jdedew Htod2dewlsts
MsOdz' c¢itdRkRjibtcdyds L i3 od O BOME 2 HBMISOIsC
"L twsBtydBd tecOdORBd &BsHEzd o, di 9 HBERZO Odsf
SO f§jtj o Odzls Oy j dadzw Hisfdz' HY 29 Odzd MW 0dzOdz' Is d 1
shdese dzd rH A BAABFAE P Iso jtcHBE B Is' dzO.

tdLEkd IsOIsd s©. ts1B @ tsotaTfich) ez 1 dzO0o j H
Is tc O dzfn fFde@dstidfisd ylzo Odz! dzgdrn BsHEd 9 ol tsed
fesHbkSI' 9 E Misydeoyk E2fOCte ¢ Lz.

j zo
Tod d

RN Y

t MmOt OCIsj tedzO fMr jodeEE dstftafOdifipf@sintistddis o f SlstsC tso
fOSC o Odzdzy h skydzdn " Otysedn fsHESIK' o |
1if sHOo Odz! dz' T GBaZo M EEclz! &2 Ctsdzo j ' to

118



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

[dzv L OBjLYJUj dedz? H®B'teP dasdste ORBA5EE 1 (106G Csifctize @y tz!
BOh ddzz § slstc' B dzs, N mEz 0 s deesy ‘SOF P @O Y deO1 o ' H i

sHddz o' H ' dgh sGEts, LO Ekd@tsoed tsHA&ZOSC o s’ " dals § d
Csdzo j ' OB, IstsBlsts
a a o 3B o (1)

Hhidg d2t B0z dets Hisf EMisdBO o' HMsOdz &' ¥ odtets
B3O d dalz ;

O TheadHS fils! tkok dzj MEuset jdj k) ds® KOG fl

B 01 Istede Odz' fls: fjtcjoOdalsOy jdadzy hlskydesets
BOG ' MisteOdz dzd 2 Ctsdeo j ' t6;

ni¢'  dz ¢' Mls! ROwOCIjtedzdrn jlOf o jtejoOdzlsOy
ZO KOG MistcOd ded?2 SCtsdzo j * ts.

HEZBOtdO Istedo Odz' fMls! §jtejoOdasOy jdedz" odtetsBlz

Cdzo 4 * s LOdzj ¥ dIs! 9 ' H BOGOIs! 51 wWOoOCIlstste® 9 :
f o Ozt dese 5 BOG"' MlstcOdz! desets Ctsdgo j ' o' 9 €
dzj MEydnr Jdzj di3j delsOr Ctsdzo j ' t8' 9; Ctdhstezéy ™

oo sHdZ tsdkdCd, ftdetHd BOwLOBOd], ftdMml
o d C t5 dzO dzdztels @y jtadp'o O Jt65B ' © N qtod dz® dgj Mutses J dzj
odL dzOYyoO' Is! v L kdtse d

5 me & 8 @)
© " JIPO seOd dscts Ctdgo ' 6O
5 6 o & sax o, 3)

HpabiHtse Y E@Oh JicddzO o dtesBlz o  HY S8 ' Hdzfs;
| Dl DI O @80

QICHW] Yy dels lsjteksw (oL Odadzt tojBEO odesBl I

we | OdeGr tEe) sdi3j Sted ydzd n f Ot OB Iste' & BSH kzdzw
l, ktkkz "t o' dz oORak' ItedoOd Mis! §jtjo Odzs
ZzO0 &BOGc' MisteOdzr dzd?2 Ctdzoj ' t6. v sydz fMis: SHjtey O
LOdzi ¥ Olsd o' H  totas d da £ O rdz@oOAAO ¥ Ij dz! zO 9 (
fjtejo Odids Oy j dzdav .

I didzse QO thdtse ' OdzOd Lz bk B azOE tsa tslsytizie HO@ES dit
BsHEd o d2' d2 2 §OCEko Odzdzv N lskydzdr odttsB' 9 k
LOo HOdMdzY HEsfdz HY j dzdz WIER EdzO" siztsiaf & O d» dad B 5
BOGC' flstcOd dtsdsz Ctsdzo j ' ©OR.

[ " 5jtcOlktO

1. Monika Kabmann2021) Grundlagen der Verpackung. DIN Deutshes Institut fur
Normange V, Berlin, 418.
2. Saravacos, G. & Kostaropoulos, A.E.. (2016). Food packaging equipFoad.

EngineeringSeries.
3. 1000 [.[.5l tssasdd dapdzy iy [ . (2003). 1 jtejo O
fslstsCtsodn dz' da'fWOE tsto GBSO didaw

119



{ Ols 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* ",

[Ehd Hipje@iZ st 2 ttholk &Od fdvkssEO o L OHOY

1OL Ok [s¥ 0O, [JdRO2ds zCdviipddsd? dzof
10y SdOdz dzd?2 bkdz o jtemdljls ROtysedn Ijac

mMsf MEzyoOmdzedr Ed@iseo OF L d3' dzdes’™  detsd3j dz§ dzOls z e ¢
HECIsdoe dztsfyls fOCZzoOdz dedm dz' dz 2 90Oy dZdodd
b dsOdz § bdzv SswleOls: " fsdz0Odeifgly'  §Jtd &' " J dade”
JGIs' o IsO " Hodh jdzdz" dzOH" " 2 desMils® twisBBIsd B C
[ Olsjte' Odzd [ tshpgy’ lHtsHjddzdzY o  C 5dzOdets 2O tsfydztso
Odz fdzv Istste® L Jdzj Slstetsy dzj © &30Isd ydats® fd MmlisJ d3t
H2Mdzj dets L o d ¢ sSted ilsidndadeiisdy deB jj ldetwHOz [N jsdz@ias'L & G dzv
J
4
s

C11

tjlso Stoj dgdg" CtssteHddzOls 8 ¥ &OdS Ok ROdZ f Iz dzv
L & dz flsGldsjddsOls  ydz® sH j dz' Rk BOLE' 5! fw dzO
steHd dgPls "5 o dL dzOYOs 5B stisdzisy jsdedpOdzle Lk ff totsr
'Mujfsdsyjddr ssuCd LOReObE o dL &zOyo' kst fw v
MO R ol om o i (D)
~BOstedyY f jtojlso i dirzvO & BdeitedzjfdiZOIsS ststeH d dzO s o
OlCtsoj §dsyjddy ssytd. zodHC Mls! w©ERE s
To —— @)
[ dzv L OBJjLY Juyd ddaw ¢ dzOo-fiasiiss datb® - Iz0 9 § &zts tc dg ) tz dzt
vo v to- ¢- ;uo —— ©))
[juod-dz dz 2dz0 hodHC' MEE—IsEEE Y H dz@Rjesadadad Gy L O
yomsdz, s odL dOYyod’' L &
v . f sdztsy j dzdzV QOCtspiftsdds  Lydg ded
e 0 hoadHCtsfls" :

y = -0.0996x + 0.2951 60

‘*—wn'—*u:hl-a. L

= T
7
:l

€2
[

0o v to- ¢c - @
Hjuo-disdlsls* 9 © headHC' Mis!
BB/ e - BOE Md 3Odzr dzO " 9 dHS
telzn lz,0-fdis ldys y dzd 2Y- yOfy, ]
LOGCOd dzd?2 yom-¢jtej dz" i
o A o i /el dsteBStseo Odzd 2 yOfm.

Tpaneuis KomBiHosaHa S-noajGHM#

t dfipy) Odzj ¥ dz' Mls! IbsydtsMmis® oL dy' & 9 0dedz?y IsO H(
LA dd heodHECtMls' BOd fzdvissteO

Il dmdzsp 8 d&30Odz’ toj L zdz IsOIs' d d3tsH j dzs 9 Odzdzy  ° H I
HEBMIS® Mkl ats saff dzdeo ©° dz0O HJdzO3" ydy - Ot
Cklsdzsets SO btOf jy' ‘' fsH Bdese s oW dz' o {t
d&zd € O HEHOIC 59" dz0o Odzls Oy § dzdzv dzO € - dzj BOIs
"Bds’ O Cltste’ T L OBJjLfjuk' § zOedzk L 3 dz
dzd LHJdsd4O 03 ydz' dzO o BABIYO yisjCdzdf HHotx 2dBs  Issydz Mlis!

[ 'Is j tc O sKeytoPliasVolodina L., Gavva O., Blazhenko S., Marunin A., Volodin, O.

(2023) Architecture of hybrid mechatronic dosing and packing module of packaging machine
based on quaktive analysis. EasteffBuropean Journal of Enterprise Technologies; 4(2
124), pp. 7679. doi:https://doi.org/10.15587/1728061.2023.286615

o

50

e

i G ;

TOYHICTL, €, MM

54 TR
=-10.34xx + 64.62 3254010

o

30

HasaHTareHHn, F, H

120



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

s sdzMmistc iz Y lOfeoOddty Isted ydzO® B lsddz' L Oy' v ¢’ BtedH dzd m
csBsls' 8  §OCkoOd dzgdt ftesyj mMoOQ

| dzd Lls@>» jz 8 ©2 yj 'dE 5B O ®9 w jtec' 2 U

10y sdzOdz! ded?2 Ekdz 9 jtemdlsils ROLytseadm Isj nc

I mMskf jss Hisfdz' HY § dzdav ‘ o Mis Odzts o dzj dzdzv
Codzmstc AL BGig@digslste d yded = - OtcOCIsjtedMmisd S ¢ BtedH dgd
jWiCknksdz 7 Whkdly' tSdkzeOdd' & M EOH' tsBlsd
dzi 5B~ ' H dzfs H dzw "  Hodh j dadaw OHOf Isd o detsmls’ |, ‘
®RjnObtetsdzdzdn MdMisj s £ L B dzdedm ERtse OF o d tstsB dac
Cjdjilste' -Bj m Od" Y BshephH.

[ Olsjte’ Odzd [y BgSlOsH|W. j SIsdo detsfyls’ & BtedH ded n
fsCOL dzdC OB Mddzd Ebted 3Odedz” , Istsydetsfls’ L dy
odL dzOyj dedz" -6 PEz@B YIS dEPIs OO Iste’ @ dzO HJ OB
totsL OR £ dzCdded ndzjrtc@s OC s jtedMisd & BOde f dzw sstc®. |
odStsdegzo Odzd ! "L odSttedMmlsOdzdzg?" @3 HOIyd< " o Mmd d
Ctodzlstetsdzs . wlsOldMmisdydz®O BB O tjLkzd IsOl' o
HdfMY jeM' 2dses Odz0Odz L& ( ANOVA) .

tJLUHdd®Ilsd O tsBLEfisls Bdzg alatiz) dzts, hs odStstedmls
LOR9 O "9, WwWC' {5 Hdzz¥ 5! Bjm Ods Yydz' MOBsYy,  dzls
HsLotsdzw® LOBjLYjudlsd MmlsOB"' dz' dzj Eklsted di30dede” ts
L d3gj dzh j dzdz’ j dzj toc 560%hsy d o Odedz? dzO 45

O . w0 6 0 0 0Qo

0 QEQ & —
. . . 1)

h _0 _0 _0

— W mh— T T
n LOdzisy ddEls #50tcdz’l ) j dzjd3®©d s d Istc Ols ¢
‘90 k) d Mis! BRI BdkisE b Of to
¢ & @azae® ) YA fefidsfjoderdz’ fjlkls; tesBOs Y6 ts

Iz Is o HOEEY Y 'O'Rdpl® iz IBRHEd dzOH * 2 d
LOO ~ tftstdf cfifj Solstay j, dzdfve ;0 ' dz{ CEEEQED f OH ' daz
Voo 58,0090, des/Ep|Q W deS(yS-¥ W B Is d e3tlz0 ©
O 900CEkbd@idzse s Osdels ®IBEBH HYMEE (6 0OC EEK)
MistezCIsdodzgd?2  OtcOd3j Isted d GO | BHY Bis tzs ¢ 6 s dgk
30 9 0GB CtsjW ' y' ‘ delsd O] lsujdiy, ' GefOdts fudd d3° L O
Ofmisd dzdz’ 4§ tsn' WdzgdzC y' &z 5 o' HYf tso ' Hdzd BB 1 C
Bjlsted HtsMweEOsls: M Htod ' HAZOdd st
Zdigded i3 € sdi3ff tsdzj dzls O 3, hts LOBJLY jyks s ¢
Yyofm HBMmd HYj dz 9 fils Odzts® alz) datizis G & tsd3ts Hidz ddzh |
SHdIls! Hts Ldedyd dgdg? * dzj ey’ 2ded~ dzOo Odzls Oy
Bd Hts NO, 1 d3ds.
tetsf sdztso OdzO@ MdMmlsj BO hoadHEC 5’ L d3' dzd totSE
disd yofp fjtc dzOdZAOBG S| d2izE oty iaif @a 2@ dedey d3L
n fOCkoOd dzdr odtBddylse. 1 0 BOL' Odz
J sfisj?2 (tedfp. 1) lteddBOdkd, s L' LB' d' "
e} fesmsjte’ O Ist Mw L dedy J dedzy jdzjtectgij Wi Slisd
Bso dzj dzts L tetsMisOdzdzy d3 ' dzj ey’ 2 dzd - dzO9 Odzls Oy § d
O bklsted 3Odzdz" f sflskzftsots LM, s ftsoadw

FRS Oz 0o
§AOIT TP

I

N-O,d

SErPrT a3 IS oS T| nas g oo
sg-—oan

cCOmEgN oOF 000
INOQNG JoTIogo

121



[ Olsj e 9D ¥ dzO tc tz® kA& 5 ol | taiftsoidais by J d@fify, ' € @tz H g dzls ' o

"1 0SB WisWhEa o o' " § tzizs 2O 3y k o6 ezfpexCh s s dz' Isls '

2024 GCo0Msdms.d2 o: [w2nu,

Y steMmils S sMmis® Codgmlstez €y . 1 sHOdzZ PO sflsddi L
(fazsh O Y20pfy SMShpts] 1B BYQY rO0sjL§juk’ Mk’ e
Plsted 30dzdz® Hts 450 1 ftod BSHdsYyOMd 2 e@s ' dz' L (
Il MisOdztso dzj dzts dzOW 9 dz' Mils! B AZOMIS' ©OY' BSdOdz' dzd -
a3’ Jdzj e MY sez@Ba Odzdg fiffls & ° L OR tsi dzj dzdzv . {1Is
f'  Hlso jtoHY z¥ Is! A0 tc O tE3dells Iotd b AOd otslfidls d d3° L Oy v @
fsoddzdz® BOL ko9 Olsdmw dZzO0 o' dz' di3' L Oy" BOMd to
f" Hodh j dzdz dWdCIlsdo desmls’ 9 0€ zziRpztsd Is dn ¢ AO@ B0 dR
tsBslsk ttsBskdL o Odzdn §OSko Odz dgdn MmdMmlsjds k& ¢
u

60.0 60.0
“ 500 50.0
" 40.0 40.0
2 30.0 30.0
— 20.0 20.0
g 100 10.0
w > 0.0 0.0
S 1001 2601 4601 6601 8c0 2,% 2,0 2,5 70 80
5 MBIMBIMACT &1 O

ssdifstkzSlsdod § OO
) Z2fq dzdzy L OF tpepjddgdme s W j Ssd e dz

tdzdEO©dz) y dz' Mis! jdzjtecjWjCldodesimis' SO fddd
CdzmistezSsdo dzdn § OeO®R) ste’ o

O dzOdz L CtdmlstekzCIsdodzdr t' M jdz f =EdGL G dafitstics
wer LOBJ LY Jyks Is C 5dgls te 5 dz mMddzd CsddsOClskz ¢
fshCtosHy jdaday ftesHEZSY ™ 1O ' Headh k' dzgOH' 2dg Ml
H' Ocdesisd S d HBLotsdzw' HlosedetsL zoOlsd o Hdstsea d &

l dmaldisd. s sdzmis tc =z Bif © dgisls tc d y dzO sflsdd" L Oy v
LORts dzt 9 Odz! degd - BBsHEZA 9 ‘ dWjSlbdodzdds dzOf tow
csetslsdL 5o Odzdrn § OC ko Odz! dzedr Mmd Misj d3-o OK dz Lz 3tdat 5 Is C
fteddzydtf ' o HitsL 8 sdzv* L OB J Lt g uidisidS Isid dz'dz jnts fiy O dis C
stsyds mMmls tetsB SiIs (. J sted d30 dz' toj L zdz SOIsd sy k2l
OHOf Isd o ded r B34 = Ols te 5 dzdzd n mMdMmlsj &5 § OC 9 Odadzw |
dzse " Msdydes™ G OdzkzL § 2.

[ " bjttOdkzteOu kY j ¢ ' 1 Tluls dztsH ‘s de@ o o i. 6fY. figdzyy ts ) d
" delsj dzj S sk Odzt dzd A dB3d ssH " 9 fsLdy' ¥ o Odadav G tsl
tesBtslsslsj ndz ydzdres MdMmisj d30r f OC ko Odz' degsets o lets
v. 31, 71223 DOIxl0.24263/2028924202531-3-15 https://surl.li/ezyraf

2. IooizsH' defwvfdzsHsEQo [ . [., uvsCOykz¢ . 1.
1 0CkzoOdz! dzgd?2 " deyddz teddzc: Bsdztsc t6:966612-384h. v muU ,
URL: https://surl.li/wfagli

3. Tai K., E}Sayed A:R., Shahriari M., Biglarbegian M., Mahmud S. State of the Art
Robotc Grippers and Applications. Robotics. 2016. Vol. 5(2). Article 11. DOI:
10.3390/robotics5020011. URhttps://www.mdpi.com/2218581/5/2/11

122



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

stsdif j Moy v MsROomisdydedn % dzzClkzOy' 2 ¢ Okt

| ocjdze vtso BOY, stsMiswdzlsddz
| OysdzOdz: dzd2 bz o j tefmdls sle RO tsdz@ & Isj 7 dzts

I MsbfOHd Y 2ded?2 tosL cORkzdesS ' dzfstelzd3j dzls © H dzw
RO Hjbjtod' dtso Ode" 2 Istseoh d dz BOIj te' Odzlz. 1 tetsls
stsoh ddz® IsO M ' dz dg' Mls+ ‘d.Mlg CRfQdryisy Uzdadisdfpl tsodgOodz]j 1tz
fjtejrtsH' HB HJOB ydesets f OwLOR sted ydetse s fiyd dal
0 f Otc OB Is/ted f Mz tizd Bz s Mw  dz0 s 1Y Bz &ZOGE O z:
Yy steMisC 8 Ejtsdijlste’ ", O L O9 HOYCIHO B j' L g tdeBj towpiiz’ 9
e dd3 tj Odz degsée s yYyomk.

[ Olsjte’ Odzd [ Olagjds@siqfydets  OtcOd3j Istc detsdz' dzO dz' dizt
odL d&zOyoO"* Is! fqw wg

"’ P

Pd dztsC Odz' dzO Is ts o T kZ®L S@tedgtsmlzg O dzfigisiiztsdiis  dz€B0 Is to
Odzz. v sfRiztc ft©Otcdsdejdalz o3' € tc s delfCL l® sy 'Is™ s tise fisds
ystemMsC s L OW ' QiEamQdeEds e Gudsdtc’ o dn sHJIs!
d 30dz' dzts’ L sdzd . CEhts dzsOfd®d HdBY  Isdachy \fjdzO0 .LE
ddzzyj ftesetsC k' ¢ to(EGEiY 2dzQdids Hdfddats cdisO Md@)jdis Oy stfo'
slstso dzj dzdz € Otelstsdzdets’ E§ OCtsa S d.

LEdz 5OIsq s O wtzBydtaist@ | dzizayd W tctso d 2 Ho ' 2 dad ¢
Cllkz' st mMw we d&BjrObtetsdzdz® MmdMmlsj O ' L L Od
9 0Odz! dets¥ fj Cy' '8 2 HOjLGddalzdl! filps ofh taf jdaisdly | 162, dzd
JLE LosHdl! Mv s d3 dz i3 LOY" ' Yo-adesd

"0"Q0o r 00 Qo T °m

K " odevdegdz? HESL ®tsSdzW’ Ho ' 2dzad Sk ftestcOntsolzo C
sts¢ s, we CdeSte]j IsdzO H ' odzw daf PL S Ohglsdsideizdz tistsldste O te

hlstezdzj delstsds ( ftoj HE &bdBoAss f e@p azOdadzr ) . Ho " 2
L OBS dzj dets dzlet dSisdpleiire ‘dzj ftosmists W' €Mz’  sd3d dz€ iz,

l " Hitse ' Hdes Wi y' ' WkdCy' ', C(Bdabdelsdy etc jo&z G’

©og@EENT

e = R N S OR o8
ged.agurog

S W
0N

SO LO HBfB®BsEEH oadMmMtsCshoadHC" Mdad n fMd tco s tod
B Y yj delstetseo 2 9Q0H ) sMOjdz' H LSS daw CGOteOdzlszo OIsd ¢
COtelstsdzz IsO dzkdz' soed?2 to' 9 jdzd BWWOCE dzgjL Odzj y dats
1t odwe dzj dzdz IS Odz dzs @ &) |, ) lsysdith tg txipdefv?  CHODEE ISAtopfA
Ldgj dzgh 2 o' 3 yj delste &)z, of tmHnIsiOsis df d50BE ovnd®f ¢ Lz
COtOdzs Iz fMlsOB ' dz' dzkz & jfddtsoyQdz tausjL WOy da@Dyladey ¢
MstczS bkztcd ¢ Otglists(dglrizd 3" 51 dz2v S stcdilzo Odadzr W ¢ ' fdats
Lo dz hdg segts dzO2 dzj .60O.

AJ HiSL 8 sSdzv * fMlse tste® 9 Ols d "tesL Zd3dzj " tsB dzOH
dz02 MC dzOH dZROERE ' PUAO B dBO2BEIsdz G 5.

l dimdesoufid . ftetso j HY dzadrm OdzOdz' Isdydzedrm HEsMdz HY J
o d frpdgs .

[ B9 jHjdzts dzgj sBR ' Hdz Mmis! fjteirtHE HB dj IsSSHE
mMddasjL iz. 1 Of el sdztso O dzBO QiEs® I W'CdD @l W Bsdzimy”
fshzSE " Hddes™ " HJjOdz des” @Gitsdgjlste’ ", O dz©O B
LMkze & M dzworldwlgly \Oids’ tsteOH Of Is O R0 e tictg By 5 ulgs ¢ tic j LOGR! siste

123



{ Ols tc 920 fizd » dzO tcz® BASG 5 tel | taisdaas e d & dafiby,© tc @tz
10 BB Wistzda § o' M § tetes dz) iy z oz® dzlpteIC Is s
2024 GCo0Msdms.d2 o: [w2nu,

vjtedstsH ddzOd3" yded?2 ¢ OO Istedyded? MmMddzlsj L dals| dz
Hdzw B' tStetsL C d&zZOHdzd - f dz' o €

| ocjdze vtso BOY, stsMiswdzlsddz
10y 5dz0dz dzgd?2 Ekdz o jtehmdsg w6 BOw®o 8 Isj = ¢

Il M stesL C ZOHdz JOCEoOdz! dZ BOIsjte' Odzd dBwBOE Lk
Lo Ot 9 Odzdz" . ldestedmlsOdedzy IstcOHdy' 2dzedr L o Ote®
“dgj ey’ ‘o ftcdL o sH dIs Hts Isjted3’ ydets’ HjGicOHOY
Is§ edstsH d dzO dgl3julsiad @ U dpcPe O ddals j L, HJ ° By dzds ' fMls!
fesW¥' &2 IdmMSE O IsjBYfjtcOkzted, "t OHOfIsk® Is! f
| Olsjte' Odzd [ y dgigslsotsdfdzy  OtcOZJ Iste’' 9 dBsSHEZA o

MG " deyd deded » J dzj o3d daels ' o, W Gifsd yudds idsts dzw ' O X tde@fAsty o
CsejLdoadzg Ltsded (HdzW BsHj dzt 0 Odedz?y totsL " Otclzo O dac
tdLizdz sOd 1O GBB® tSdeshej Adaf Is  ydest L sdetss o O
(Vertical Form Fill Seal ) B Myd 4] lsddzlz
Is = ssoh ddz0 BOIjte® Oz MlstedB S S SH" Bdes L tefs
1 ' sftsd BBjted, dO o HA dzk o' H C dZzOMdydese s Bz
LOf sodzj dedg? bklotstejdadrn i3 CtesCOdOdz' @ fHted f tsfyls”
OBts Isj 3 J tc Odsdzldddr’ odskz BasES dzd € O -d3Pts § fo O @iz O disdey  oE
Gjtedij s ydetsfls” Ef OC s Cd. 1 OtOd3d sted yded?2 M dals
fjtejHBOYO" 9 " HdBBsaz ' H HBteMmMlse s’ C' dzj 3OIsd ¢ 0
o ¢ dzs 4o BOdzts' dzj toy' 2 dz' |9CBLES dg Gl ddz| dz' | dry @ity wdelsS
oBkZHBsOo OdzZ BjLtMjtejHdy 5 £ ftesW ' dz2 ' defplstelzdzj c

TEPMO[IMHAMIMHWIA NAPAMETPUYHWA CUHTES
IHTENEKTYANBHUX 3BAPIOBANBHUX MYEOK INA VFFS-ABTOMATIB

ss‘\;aonm

BNOK YTIPABNIHHA

E, j(P v G)dt<Eag N

IHTENEKTYANBHI
P

[ Olsj B30I d ydz® d3tsH § dz MddelsjL z° s Mw  sO¢, h s
L 9 Otss 00 dzdzw

0 Dotwoth oQo ©
HJ0O O dzsC Odzs RO 8 P o dH S Mis! 1B EQdedrtsp d2 sl
% 8fste' 6 bjtedd ydes' HJjGELOHOY' ' B' Gftsd &j tc

stsdzd Isjdzlt sHOLYdS W' Sk Yslstsoh jdzdgw f oz o ¢
Gjdzjtelz® ¢ dzj BOdyuded?2 &3 Ctets ' B3f zdz figd m L OBgaL
fsdz Bj ez dzO &' Stetste' odz , Odzj Hted y! sk dzj o
HiSLotsdzw © Mlseo stos 9 Olsd " tesL Zd3dzj " B dzOH dzg®@dzdzy ,
BOljtc' OzOBd KRO22BEkId G ts.

Il didesp Of o Sdzso Odets dztseo 2 d30Is j ds@isigiwdzl2 s BB H | dz
fMstese d?2 Ctdistetsdzr ff dls O’ W Cj0dzj tekgls j ¢ tollzd O taly toCOIAHA
hodHC fMis! L RBISOdzdzy SO Ijfdasead?2 fsls' ¢, cOO
fstesekz Isjteds” ydets” HJjGtOHOY' ' B' Sftd &jtk.

124



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

Jfbddi" LOY " O Bz ©@izdey 3 SHOZE®MdB iz dgwisy § ° H

[dzj CMOdzHte 8 OoykS, [ drno2ds | cdst
10y tdOdz dzd?2 bkdz o jtmdljls ROtysedn Isjac

Il MBI IszO0dz! dz' Mis! tesBtslsd L Ezdiseo dzj dzO dzj sB =" H
Lded ¥ j dedzw  j dzj tee s dIstcOls  Is©L Ho Gidedgh | Hzdz z Y © fis digdf -
dz' dz' wao, s WkdzCy' sdezs Is! 9 kd@igse Orn L d3' dadels’ (
edydd3' 9 tesBBIsd.

[ Olsj o' Odzd [ g’ lsHHjddzdz? o ¢ SdzOdets dzO BMdzatse
HisL o d@mtes Odz dedr dBsHEd o -Mjlcgbjdt ks Gdaf - o Chizs
HOIsydS¢d bkdmSkz, oadlstcOlsd, fsdzisy j dedz? 1O oGt
[ Olsj BOISdydzO &BsHjd fMdmisjdkd §sBbkHtse OO dzO t
' Hddzed, ' eadavdz BOXZOdME ®BOMd IO HJZORB ¢d o
Jice j sdydedr R OtOCIjtedMmMlsds MdMmisj di3d o dS tsted MlsC

tdLEdzsds JOf OtcOlsktedesdts L OBJ LY jyd dedg? Sy j

Iz

o MBS’ MsOB' d&' LOY' ~ HJdOdG S$qd L d ®REE kdme
wdzls j 6 tsso OdzOCoil¥igichdzts dzts 6 °
o —a— IloxnGka nosypauus 3(t) e L QE‘ U’ J’ ‘LLq' dzo B J L 'I J tGJ

B dz s st d dze B sls (
CzOf Odz & (tedfm. 1).10 f

IHTEHCHBHICTE Nepenayi Janux 120
Gaara (1)

. : BOdzOdzmMEz o dlsteOls Hdzv Is
g | “E mBGtkzdzskzo Odzdz? tsB' ‘ Bk

Bos | fos £ 56y’ o' HCSGE IS f

ls £ BYLOY’ 5900 ' disj E O

- , : ' | | = 9dlsteOIsd L O yoMmtsds:

05 1,0 15 2,0 25 20 25 = i q’fr] ]].OdZ,J b dz' ff]lSJ 11' B:q

TTapameTpH KepyBanHs H 5 1Otz o) " dgls j dafyd o

fjtejHOY HOdIR o' H (OEMERjdEE o Cjtlzo Oddzw | |

G . D oQo 1)

Hjo -tsB' ' &3 HBL-diBd Isdsj' 9 © o dIs'tc PHS'® - ldcts uo @z Syl

HBL o Odadz?, M. 1 ©ORSEOR HisMdz HY jdede¥ HJ dzOd3" yc

dzj MlsOy' sdzOtdtse s kol ' Hddd © ftesHEZSISBYteso t
0 — YOO 3f0 2

b - O ydzd?2 " dajtey YkG?2 HGOY W ydfaBegst 6 ¢ O

JtifOH bdMSE, Mbottejdd?2 MmMdMmisj isss ¢ j telzo Odadz"

Il dmdzsauS dtej L Zdz! SOIs’ Odz0dz' Lz JOCEko Odzt dzsc ts

d B8 o MmMlsOdztso dzj dzts, s JWJiSlkdeds dgils! dzPhisie t

B3 S8 d3j n Olstctsdzdzsets HESL 2o Odz! dese s d3tsH 2z dzv

n ‘gj dijloFe dh " . 1 t60OC Isd ydaj L dz0yJ dedz? tsisted

dotsmls' Mo stej degdzg? OHOfIsdodedms MdMmlsj &3 ¢4 te

JLfjiygeBodh j dadaw Istsydets s’ HisL o Odzdz” , L

stesyj dzdz? RBitciiotsets ktcOW' Ck O tetsL h o] dzdz

" OcdesMmisd € d .

[ 'Is j tc O sKeytoPliasVolodina L., Gavva O., Blazhenko S., Marunin A., Volodin, O.

(2023) Architecturef hybrid mechatronic dosing and packing module of packaging machine

based on qualitative analysis. EastBuropean Journal of Enterprise Technologies; 4(2

124), pp. 7679. doi:https://doi.org/10.15587/1728061.2023.286615

125



H

(ST}

;Ols tc 920 ﬁzdxdzOtediz@Hz@sfsBﬁzw tefgtsodais B § deXfify, © tc @b
1 OkC BB WisWwida § 6 hjtﬁdzBZiz@tdquzaﬂz@mtﬂ;k)@(Efnls
2024 GCo0Msdms.d2 o: [w2nu,

teleH g dzls ' o
sdz' Isls ,

[ sBMdz' HY j daday 16D ROy £ @dz 3OMsoa s’ o dlsteOlsd
fosydim' ' -defpyteBdets W stcdgOde@dzdzy 1 [ U

sOBOM 1 kg, | tdsHddB]d
10y 5dz0dz dzd? bkdz o jtemdls) v CAc@Ewiz®e g5 s 7 da

I MisdYfj.Isss HEMdz HY J dedz? ° tetsL tesBC O HBMistse ' tedat
B HEjodD dzdz?  BOMBets’ o dlsteOlsd HssoedisteWh jo dajdsBR'" H alafs
fiteinHE o' H J&Bf tedudesets dzOzO" Islzo Odzdz? 5B dZOH
CoRf ' s sjtedetsets ftetsj Clskzo Odadaw .

[ Oljt' Odzd ‘1 tiRgkisisx i dadz” GOLsHJdOd3' yded = sy,
f dzj @ 3QIs iy ls § o3 ftos®Rd Mdzse 5° EmlsOdztsea € odHkoak
B3 sOdzj o drn  C DA & dejOts ‘59 dssBlsO 1, 5 dz. r dd&z0dz* € k&
f' LtstejLdmsdodeddd HOYdStsds (HKS 40 BOW, 1000 |
fMjtej HBBAQUS/ Exip | i Ehvisdavity oj dzj ds;fdtlsusddﬂvcfu’hlzkgelsOu '
d3®fr]lslssd3 dzlz .

tdLEzdz IsOIsd IsOr B jste dsdgj dds@ dz! dzs o Mis Odets o dzj dats, |
¢l wiso d2f dapd B@sdudes' MdMmisj dd MmisOdsadls! 0,22 d

fMlseo stk Mkl sz yYOfmtselk 2L OSOFRS 2 dd s te Qddzd Is
a0y dzdodds Hdzvw HteOQoaddz desets WL tcOnkzdlEz hodHCBMIs
dzj dz' dz' 2 dzz L Odzj y dz' Mls! BOMsets™ odltcOlsd o' Istew
CdzOf OdzO: dz@2e9dh O yklsdzde ' fis: wipdmilsij dff OL s dis j HE da
sBjtls' 9 GoaddzasO. | fMsOdesodzj des, Nts s’ € 9 Istgw
(LokCtso sdBlz) ey ddi fted M o9 ' Hdzsh j dzdz sdms " o
odlstcOlsz 9" H 0,0119 Cc/ M (B d BOLLdBdF s LOY OH
1 Ste' odew dadz toj L ZAZB EQUY Qo dipdsdgiedtaduyid’ H Odzd &3 ff oS H
odmMsClk LB ydz Mist : d30§fr]q’d3®dzidzo fs2dRr%wO0 & ' ¢t

“ MNopiBHAHHA EXCMEPMMERTANEHUK T8 MOAENEOBAHNY LAHKK IPOCTAHHA T J U— 59 dzr fr] IS "
) f" HlsojteHy E2° wLrduy
Hisflstse ' tedz' fMis!
1 o d¢tsted s Odzdz” tc' o daw
21 MsOdzk &g OdzOdzz L O
s LBl jted ydad A Izd3tsa
odMmMsCtshodH ¢ Mded n
ftosdzd mMdzso d - ftotsyg fr
1 dL dzOyd dzts, s H d

sflsddz' L Oy"

e | d B BGBLB BN dzdzw
% % w0 3 : =0 L dzd ¥ J dzdav dzOo Odzls Oy J
e dzO Csdisf o Msted

SflsdzOd ddds ° {§toltstedz 8 gXBBYMISOdedzy IsdMEE dzO
l dMmdzshb €@ lzo Odedzy € tf d2fplOteity Aslded sodzdf Hizj edgli AddsdolStxfe, 5 L t5€
B'é igklz)22 ° sBtso' WL Ctso 58 Z@Rtse ts¢ Hdzw o ydL

W tstcdzlz o O dzdaw . { sLicsBdZ] 20 yYydWtese O dBsHj dz HESL 9 15

MEtsteslsdIlsd yom ftetsj Slskzo Odzdzy dzso dr W sSteds.

[ " IsltOEttO
1.NixonanJd.$.Y & Menary, G. H. (2013) . Deve
condition for the stKey clhn dil meve rmobsuf 4dMantge rp

557, - 17BZ9

126



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

[sfd Hy jdedz" §jemMfjSlsde §OCko Odsz®S § Bt ytso o &
Odz Isj todzOls deo' 2?2 dfj tsdBfyldjtco dz' 2 SOt

I OHdd 1 klsj dSts, ¢dOmlsomn
Oy' tdzOdz dzd?2 kdz o) idls v CReE o 7 Isj A

1

I M@ jIs (red gy dEPoEcshige ' dzso Odz0 1 OC 59
Bzo Olsd Isjted3s" ydzz wBtetsB C & LORzOaafsg s WfZS I8 js
n CStdmjtcodzdr BOdesS. 1 OQoHWEd Mo tsddy &3¢ tsBY C
de smilsw d3, yJ 2 o dH EfOoStsaCd MlsO* HJHOCd
MizsetsMis*, LOBJjLYJjykze yd Itedo Odzj LBjte' G
Ol jtc' Odzq C [ jdiy SsHssidds ¢ ¢y dzlz tsfr
sblzaOolzizWHsémtaztsm.qﬁdzdzw MisOdetso dls!  Iday detf 2 Is d y dzd
LY s cQdz@ge's osjrde yded s R OLOCIjtedimisds
o] sREBS so|ylsj tedz’ ydzts’ sBtotsB Cd. 8 8§ - Uds dztsicts fiydz
fOCko Odzdz" R Ottytsoe - OF s Gy 'd'dsde = t

v sjted3 ydes’ tsBtetsBC (.
iz o O dzdpw tdLiEzdz sOdsBdtso plefdatlzae ¥ j dzets  C dzs

A O

. fOtOdjlsted SO shsedds sfls’ tseslsd
v 1. vjtehk U0 GetsSBCO o tjlttl' .
] dH Odzj dzdzv | gHstHL odsglw © M ts to ®UOPAs dYf tsyaf Coddzvad@s 3.0
| B sOdzj 9 s € 5 dsiPitddws de []BSoabvwL CBBO S

v BiLYjCd o tojlstls’ * §° Histd B0 dzdz
litt®jIsdL ‘jucjodh o Od odizste' hdz 2 IsdMS O
(bjteBsS sdds O dzj
L ® Qtcs 8 Odddz2). ANOfmMkzeo Odedz? IsO GjtedziIsdL Oy v. [

v EfOCcoCd BO' ' o' d dzSeEts fshssis

YydfmsslsO Ltsdd bjtRsSsdsOCsdsets L
vjteds ydzO fseHeyp Q@B j L jujdedzy ftsodzets’ 6 jted3jsdy
(fljlsétsq’dz‘l@q.‘W)q’HOdszdeW fso ' IseW. 1 Okso O |

flsdMS Odzdz? OBt o OCklzdkzo Odzdgy j W j G|

CdMmdzs, L Ofts8' ¢O¢ yd ¢dMmddieds 1t

| [ftdsHyjfdwdmtlk » EfOSsoy' . uvOCHy odCtdhls
v Hazw o dls' fdej dedz® € d fydes .

4. [nsdshyjddy kO d&sc' Msdso.

dlzh ' dedevf @G b s HieOL 2 ' fpdzw fisj teddz’ L O
SO ctkzftsoj ﬁﬁ{”%gﬁ@? t§,w fOCiblz. Y HOFL Is'ods OHdaC

i ©

ftoesCtsdz oj deis L adigP®B =" Hdz fls Tade s

tdfgJ - detsdzt56 " Wog@ ol  ysthisCk Lsodd Mdr kOt
JOC Lo Odede" -~ OLYBLBp §EHWOE jIsd * jWjCldo dzss 0Od
fesHlZCY - OfF iilRdgs®felS " kjkodjo' 2 kO’ L OoH:
o ZOMisdotsmiswd3 O * daglsj demdo dz' h Bz Kk

KO Stdif OF IsdzsfEs &, Is ' ff teHstisHj O IfStdotdsic 5 L OR dMisk & o d @

f OC ko Odzdzv . 13 Yo f teEHoz S Bif b dzd THDO s dAffdz’ & (H3dDY B
Lzdsse dzj dzO Isj mdetsdztse * ydzd d3d tsBd3j  J dzdzv 3 G j ted3j Is
fsHOdz h dn Hisfmdz' HY § dz "M sy Btizd Qdzd - 6L toifs'BHsE d
ftesHECIsdo dzsmls ' .

[ " Isj tc Ovalrea@iedseafoodproductsprocessinghroughnovel enzyme/ M. Vijay
PradhapSingh et al. ValueAddition in Food Products and Processing Through Enzyme
Technology/ ed.: M. Kuddus, C. N. AguilarAcademic Press, 2022. P. 3@20. DOI:
https://doi.org/10.1016/B978-323-899291.000135.

127



{ Ols 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* ",

[ sfdz Hy jdzdz" SO OdzOcdkz' L § OCko Odz dzd 7 -f BTG Jstb ‘0O iz’

lOndds 1 E2Isj deS 5, ¢ dOMIsOM’

10y’ tsdzOdz! dzd? Bkdz' 9 temdls] lw SAc@swyiEdo dr IS m

1 Mis ztf 4. s ©®IS | teifrt péuch hduesis L OMssmse 28 Is! Mw
nOttytseodms ftsHEZSIS'" 8 LOOHWEd ' A LHOIdsh' 9

sj B j eOkteOr * IsdMSk, LOBjLYjyuks ud Isteds Odz
5B ZOH ZO M. " [AH jCbdse’ ydz Mis! Mkl ok
BOGOLKI Otgts iz [~ "
fobjt' Odd td fip. zOMmd PET+AI+RCPP [
[jlstnbdse’ ydkz *Ou v Ml PET+EVOH+RCPP
dz' H Y j dzdzv Msed MstekC szt - 1
sdyded?2 EdzvH- | BOECOIEh ( PET+NY+RCPP [
42 OdzOdZ L o-dz §f OC zo O dz 3
CloOd diR GOK 5Ok 6 Of PET+NY+NY+RCPP |
] SH®E jIs 0. PET+A+NY+RCPP |
Higdz' HY j dedzv * - m=E ——
o Odz dz B0kt d5(| Standart PET+EVOH+NY+RCPP 1
sOo dzj &z BOGOL| 3 retor PET+AI+VMPET +RCPP |
fsLdlsdddd MswlS e
C dedztse Oy 2 dzd B4 | & PETX(SIOX)+NY+RCPP |
ftednOlsded d3d to' @ PETX(AIOX)+NY+RCPP |
tjLizd OLdlO
5B G 5o f5.tapj ey L - OPP+HBOPP+RCPP |

sets wddSkz SO Iy e
©OCIjtedmisds -HBL ey _ OPP+(SIOXFOPP+RCPP

dw " ¢ 2ploteglsd dzO

Heo ' Bmdstso dz' el d: |StGOHCf " 2dz BOGOItsh Otetso
MlstekSlskted . ( teddD.my.ydz 0c 0 sgmmm&ammawmygszm
[Mmdzso detss  § etsB dzj Biss sogq: GOk jte' Odz' & * dzdL -
tetsL H ' dzj dzdaw h Ote® o, ftotsls j otsdzd LOBjLYJjykzels!

102 dh twoLftsoMmMes HY j 2O yslsdtedh Otesea O S tsdif 5L
PETd Lsoads Ndzg' 2 hOte Hdzv LORdMskz B @ swtdddRE ;B OAld
fteslsd ¢ dfdes |IsiF) 2 foAs'dfy R dz' N\zO( o3' ydz' mls+  *  Mls'
RCPP8 o dagzlste’ hdzg' 2 IsjtedBtsL 9 Otcs 9 Odz! dzd?2 h Ote, hts L C
9 Otc' Odzlsd, dzOftedS d&zOH PET+NY+NY+RCPP, L Ofmlstsfy:
9 Cdzs yjdedev dsd. 1 jL W isdz ¢ tods BV OH d@dvis-ti Co@pChHSd o
LOBjLH jylzs s I]’tc;tSLtSte;‘fr]lsJ fOCko Odzdzy SO ftedHOI

LBJteg ) J dedz BOtd ' Bded 7 $ t5dzB® i s ({loats RRcReTorj Bpdzh)
q;m;H30qosbJ pdCted s Odzdz" H Bk H dss st difj e
fjjsell. sdf s O fMtekzSlskze® OPP+HBOPP  (
ftsdz ftesf ' dzj dg) +RCPP LOBjLYH jyk' BOtd' ' tods 9z
ftsd fesf' dj dse dn 1§ df BSSE] s lawj Ridssens ' wis tSdSok2
we 2 dzj ‘ECleOmifiEzdzr f jtojtesBSE SO otHASYOM L O
Jq’fr]dztsalﬁjdetsaOHdezde " dzdPtPo Ofgs @A EZtMo o o d ¢ ¢

BOW®O' g hOw's (HBOPP) IO dzOf ddzj o
jClsdodddE ZOTtw Bsds, Nits HiSL o Eat * f teftds bHCHECH
do' Mlst fodts olbttddadats’ §jtejtesBSd k1

&83
336
= o)
g

128



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

{flsdd LOy" v

sj ndesdztse ' ydedm f OtcOdi3i Iste’ & tsBSlS
fOCjlk'a LOMSBORd HdMCtjlsdtsets ' g sOy" 2
stMmiswdzlsddz | sts' dzg, ¢ dzOfls O

1 0y’ sdz20dz! dzd 2 Oldgse JEBM &g F lez€®OC 'dZD, sd o

| s By OMdz

fOCko Odz g

& & fsltjBlsls oc

BEHEZAE 9. ] otsB dz d3ts® odded Cdzj dgdzv co kL CdR
LOGOM dez ftesHEzSIsdedz Mis! . [ Isdd'dGy Ws il O |
ydedz' o9 tsCtcj B3drn dsHEzd 9 SO § Hoadhdlsd JWjClsde
[ Olsjtc' Odzd [ B O6d3jCldsdsHdg . H sfdz' H Y § dadzv tesB BIsdL
StcOdzmy stelsdzdrn § OCJls' 9. [ i ssH e " W BOL E' s 1
Sted o Odzts fighs jo? toyBSslsd MC ZOHtSo tsSE s 8B dZOH dzO dzdz
cobkzL! Cdn a3’ My e H dzw "Hyddsd¥W oy’ O dzts €

MmMdlszOy' 2 dzs Bz
tdLbkd IsOIsd s
5B G 59 ts.ta)j dafigy te j
Fl exSim 2026
AR Oyt 2 d&zkz da

W tste dslz o O dadaw I
fOCils’ o. ] ots
cokzLs Cdn d3 My
sflsdd3' L so Odzts
csBISO B@BOd Iz
o f tc ts19] Qledzw
BOGOItsL On 9 Olsdk
HisL o Sdzd dztsdz" M H[:
HjC' dz Ge®C dotisie
sHJ dz yd ¢ dz,

' Hodh d dzstet iz
LHOIdz Mmis: fn 1)).
o dzOdz' L H' O¢-
5B dzOH dzO dzdzw 2
f HIso jtocHy Bdo d
9 dzj Mj ded A

LOo Odels Oy j dz' Mmlis
MisOdztse d Is ¢ 6
e " HYydls: f tot
dzj sBn' HdzsGE 5 (]
dzsmyls " ) ; tc ' edgtsd
L sdz colzLyw
LdzdL do mw HtS
f HIso jtoH Y E'H O
L Olsste’ 9 dis Gnlsls
ftoshyizC .

l dimdetse S 1 tets
sflsdd” L Oy v f
tesBtslsd O 0]
B3 mMyie, LOBJL
stcOdzmy stels dzd

B Oy 2dsdlz dBsHj dv o Odzdz .

=

1

tdmMwdsl sOy' 2 dz0 BsH j dz tofs

stcOdmy stols dets e 5T Hf RSP Bizc e 1-
tcj dzdzv oadHOY' 9' HY B9
ftozOHSC fFpdzC 5 Queue HAV
OBy d uj dzdzv '  HHBSdE o s O
bottlenecki S ted Isd ydzO H ' dzv¥v dz§ O, -
Bz s mw L Olstste LRoball5iY tots 6
fOdzj sO21L j to.
State Bar

Il Releasing [l Offset travel empty [l Ofiset travel loaded [l Loading
1 Unloading Idle Empty Waiting for transporter

bottleneck 234%
Robot1  66.37% ]

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

[ DEOkO flsOd o dsHLE
COdMy sedscts OS¢ sk

Odzdz? B OGOItsL OR 9 Olsdgsets I
o' odesd3’ tedzd 2 f tsls ‘dfdzvf totsH L

129



[ Olsj 92 fizd ¥ dz0 to 2@ HASE & tizll | witshiasa'd J dAFY, ' € @ dizhs 1
'10C BB Wistzba ftc’ " § tpts d2) ©iy z az® ezdgseXICn s s
20124 Co028sdgs.d2 o: {wawmu,

teleH g dzls ' o
sdz' sls* ",

W' 5Oy 2dzj BiSHJ dz5 o Ocdzdz? BsHEZdY HJdzOK yYdase ts
sflsdd' LOY' ' §sSOLddS' & OEE
{ sd3Odz Ccy¥ yJ def s, ¢ zOMls OM
Oy' 5d0d dd2 kdz ojemdls v le@®e we dr Isj A
l Mistk tﬁetSJlelzaOdzdzw ofipia) QthgRd Az’ D Rk f slstejBlz' 54 j
tesB slsd BBsHEZAE 9 C ts dzls tc s dz¥ BOMd w e CtedIsd ydzd -
ftesHECIsdoe dz' Mmis+ . ldestedmMisOdgdzy d3j stsH" 9 " B Oy’
ftotsj Clslzo Odzdzy ' dzlsj Gtelzo Ols d dzj Oigaztsddis] 1€ B CAHEEL t§ AV edz
Equi pment Effectiveness) HM&Y OdOd Lk Issydtsfls’
LOtste’ o .
[ Oljtc' Odzd 1'd Caslictgs d i3] ks@y 'd2 dztElss QA Hs jj dEvdzs dzs 6 ° Y ¢
f tetsyJ fiis fipls d UfiglisO ez s dsOE M O tesL te O Iz dzts CdzfC0s dQYEdE]. ¢ ) o
I BOS ¢ dzsigy jdlzdyj - dats dzts G’ dzd 2
ftesyifm ak@dedzOC S totsH
t L 2dlds@IstHB G Sousteqd t
R AE' 2 i H | dz¥ 9 Odzdz
"o gditej Hso dh ! ]
Bz st B Od&zOIs 5 85 C
LBtstclz kO 0OdgO
3" ydzesets Lo Oy ko O
WO kO Sl 5
‘s MlsOdz o ( FA
ion Ti me, Avai ldazls -
dfs’  HjlsOdlzd O dzl FlexSim States
1 d fndztsa Cq j S sdiY tsLeddy .EZ::SS:Q Dﬁ.sn?:tup idle  Blocked  Breakdown
Mlsodz' © (Produ@ant@)BZOH 5L L amic Checkueiaher
l}l;s:_s%dl:,(ﬁ?& ;—{83#] A IZE() 2Icszﬂe11l > e ghor:oo uazoollo;{:lo.l:lo:.ooll1"1:00 =
9Oz’ Ist Mw w e
L tcOrdC & € sd3f dzPEHN
OMmdzts o dzd 2 dz® § dzcfiad ¥  catry Production Time
dJWjCIlsde desfls’ ot3@ Y f (| m scheduleLoss @ onshin
(Performm ce St 0o pﬂ]ISS G)LdZDW ' 19] Dynamic Checkweigher
Cdz Betsds azO - Availalillity .t 07:00 0800 09:00 10:00 11:00
1" L 2Odz' L CdgZ Wi tdddass Gff tsoH
Is © Rejected Dos
9adCtstcdMmistso zo Ols B+
' Histed &3¢ dzv Iststs d tg' h Availability
tSU J tcOls q‘ o) dZtSG s ¢ tStGJ G =,:vla:|ahle .StA:ailabilityLoss B Unavailable
dzr dzl > . eriormancesto
J— f ISJ tGoB 'Etl#@ts-ij &@’ZEHK (mnamicChecmeigher_ | | l | | -Il -l'
:gs.Oh q{jzu, ls%ds,gl_tgoquls, _WtG| ‘ff]dgf 0700 0800 09:00 10:00 11:00
L 4
s ted o =i ztzfgH * dzO, .
rdtd 1
U 2

ém&&mz
IONO

s
0
d

q
o]
t6

o'-w:t.—':n:wmct, -

Is©

!
OkC'E "~ FLOY™ "L umMs." ~Z018.

& oM SO [/
.24 5.128.. 115

130



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

OHOfIsdo dzO € tststc Hig EHzOm s tzd O Sifo Odzr dzd & g Mls
O dz¢ s to MRER o

| &zOH d dzO ol Oxif) teffstsfetz v 2 W j §
1Oy BdOdz dzd?2 kdz ojtmdljls ROwuysedn Isj R

I s fesmisOdzdzy o Otc’ Olsdo dzsidg" " @ @S 28 O0z d&[E tc tslf

yomls® 4t dzOdzOHtE B slsdz's dIsts d3'dzlz U IspfW § € Isd o dzd d&3d ,
HisfMw ) desfyls o dded € O Is! oL O' dzdzg B dzs € zo Odzdz” ,

[ 4 W stcditse Odz' 9 Odzls Oy ° (fOSild/ a3 h Cd)s * isiySdrOH dz
' H uOfr] LO 90z, bz {lstc' Bdets toj G zdz¥ tedets ts¢
StcO' CIsts ’ [ 1] . O0[tgtsiOtc sBtsfipdf’ HISQ dzaizy e W ' S zo Ols
Ho ' dchQIz) OHOfIsdodzk CtBtEHddZOY' ¥ HOBA EBBEIS
cOn sk dz@dedzy dzsC Odz’ L Oy °, MRTA IO f dzOdzlzo O dzd

[ Olsj o' Odzd ' ¢ 3l Jstscfi dfj dzls O dz' dzd 2 HdL O2 dz fnd ds
CoppeliaSim; Swdzoaj'tc 2 d3d "L tjelzdz s Odetst h ¢
Ctsda? " czteOY" W : H 9 @0OfH: tf i3dftsdzitisds'd] Hi®tOB tBIE d € dzo §
BsHjdz' /| 9 0dzlsOy tstf " H2tsdsdz' Myls! / €' dzt €' Mls sfmj?2) ;
i &MB8tcGB D CORBited dzOH Ctsdgoj ' tetsdE Hdzw W stcd
dzetstedIsd3’ yded 2 SCBdzlskzte: (i) ds¢odk Loy'w BO'
J dZlstets’ H; D2/ D2m L GOHOdW w e d3d sSsHJ Izlsvsqdzg
JYyJ dzstcOdz' L s Oded 2 Contract Net ftH"' Bdzd?
tc s GdZISLBaOdchQ yofm, fto' stedlsjls, histcOW € tsdgW dz
O Clstc’ A OOz 8] 8 tOMPL § d&zOec' dz ( RRT Conne
[ jsted € d: ftesf M 2O L HOId Mis! (sBO' €' 9/ c
dzdL ' &' fHtwesatsHde, ' odzsdy tedz Mis! E&AOPUE Oy j d
f ' hdedr 6 jtcOy' 2 sk ytf teWOdalzy texAd < d 11 .
tdLEzdzds@®IsgB ¢ coustejjdetetstso sz Ho ' 2dzedC k2 L ¢ dzv
"dBsHT T O LOfwesf sdeso Odzgs Ctedlsjtc’ 2 odBtStelz,
t), o 2 9 Otc’ Olsdoe dz' Mls £ yomte" gwe
StcHd dztso Odz0 ttsBtslsO k2 Mf ' dz2 dz' 2 L isdz' € dzOo jH
0 tsB6' CIs'" 9/ GB8H; Ho StetsB BBIsdzed?2 B J L CBtsteH
ttHddzOy"' ‘¥ 4330 BO' Cl' 9/ etsH. UV "  HMMERC L
s Ho s
s 9

o
y
H
]
Is

KT O
S w

I FNNX T
N FFOF O

N
#

BIEBH) o HdzsMdzs dzgj € j tetso Odzets tctsB tSls dzts
Hjdzs 9 0dedz’ . 1 dzv H W stcditse Odzd n Odzs Oy ' 9 dz
9 98. 7 %.
Il dmdets g Gsofise * dzlzo Odzdz2v RGB D dzsCOdz' L Oy' Hivy
TA Mstc@Wsd3 CBdz' L " 2é& SO OMPL f dzOdzzo Odzdzv Ists
OCIsdydzddz " dzwritsds " Hodh jdedzw Htetstf MG dats’ L
LdS" 9 E M dz dz2 2 Bty 2 L d . 10 HOdd B
Lizdz 5OIsd o OH Ofddipsetdets fids ' dzlz Coddjo yd@ledzy  IsO  Si
tc' odgvdgdz" " HAtSH' & 9 Otelsts o jMmisd dzg® ‘' HJ des Bz
] " jtcOkktcO

1. Quinton F., Grand C., Lesire C. Market Approaches to the {Roltiot Task
Allocation Problem: a Survey. J Intell Robots§y2023. doi:10.1007/s108422-018030.

2. Surynek P. Problem Compilation for Mugent Path Finding: a Survey. IJCAI 2022
(Survey Track), 2022.

3. Coppelia Robotics. CoppeliaSim User Manual: Path/motion planning (OMPL plugin).
[ 5C k2d3j dzls Oy 'Ow2 6( HOBM IREABY):. 2

S E DT ST O DO DO
O]

Fe—a s

131



{ Ols tc 92 fi7d ¥ dz0O tc tiz® S 5 el | taig&ﬁalsht[& daffrhy, * tc @ dz
10 BB Wistzda § o' M § tetes dz) iy z oz® dzlpteIC Is s
2024 GCo0Msdms.d2 o: [w2nu,

1 Offlstsflzo Odzdz" RO  dadzas e ts dz0o YO dzde? H &z fetsE
BOdz v sste' © k£ §OCko Od dedn 2’ dz'

s OO dlsteOdzdz S,,] @tz fztisd tz0 dzBY j
1 Oy’ sdzOdz! dzd 2 E dz' SJthr]CfISJIS nOteytsadnr Isj

I mMsAfes slstsis j n dz'fupds'd3d dpdztzd Sls’ (fOC ko Odz dz'
Mm¢ dzOH d) yofmlsts ftcOys & Is BJLUJt]tco dats, Is s di3kz
steOHdy' 2d2 MdMmlsj B seBMdEZEc o o Odzdz? L O  dzO dzts
f'HR' ' H fiocsedetsL dese 5 5B fi)doiztcetswazre d0edgdzy o d Spts teddf Isc
fnd delmtste” ® °  dEtsH j dz' ML Hdzv sy  dfd MmMisOdzz tsB dzO
RUL (Remaining Useful Life) [A3 ] . [ Jsts¥ Hisfmdz" HY J dzday dzv totsL
odwedzj dzdzy L dzOSC dzOB dz O dp dfdi dzwols tsitaifds o ISfOtftilis tisdaals L
9 Hisod, hts HtsLotsdzdIls! § dzOdzzo Olsd tsBMdzZG s Iz 9 (
HOdzdr, ©®dB' 't BSHjdzj2 ML, odL dzOyj ddz?v Bjlsted €

] Oljt' Odzd '¢f EIgBlsaed. CtdeV " cteOyY' W 9L dzg 4O
BOdz §f £z t€isdfc sif tcff o sHOB IsO MdMmlsji Bz Mj demtstc’ o
[dzv LOBjLH jyjdeday ' deW stedBOIsdo desMmils® HOdzdr L Ofyl
W' dz steOy" v, Mjedsj dzZsOy' v MdedzOdz' 9 dzg©@ yYOMtso '
L dzOyd dedzv, J dzEIsyYp desig” dz0 @S sz’ s+ fqw L © d34 |
AUC-ROC) IO tjcetejfnp® " ( MAE, RMSE)H O g d Istdtc dsfy in®G
ydW¥tetsodnm HOo' 2dzdC OR. vsOCd?2 Y'HR"H HBLOtGAYS
tcsBtslsdL so Odedn § OF Qe yddd = ~fy dofdsj d3, dz’ fiflsH o * L o

t L EZdzsOols® ¢ 5o tgte jzdizis Ols § =St j @lrzd L didfts) EHVELS -
dzj M tcOo dztsMISIBD % dz® O ~ B®R Zdzts € Mo s’ YOMdzse s o
sBMizze B o Odedzy [ 1, 2] . 1 Of ted € dzOH, j LefdiduplazCls + L
odMmMsClk Iktyds Mis! ftscdtsLkz o' H&3Bes (>90% AUC)
1 O O0Odzsd3 oS tstedMmisOdzdzy d3j IstsH' & BON ddzdzse s dzO ¢
tcOdzdz' sets o dwWo dzj t2d@"o HSjON jLCd) dp" ddB@ 1 AtSMs s5°1 dZw M
fteOC gy L Oy ' LOMssMtsa zs Is! ¢ =3 dztlzOO B tsdf 5
H' Ocdesmisd € d, ted 6 tizts | Qete@alz’ 0B ey & Is®o ¢ r BUcE dz iz dztE3t
O Hdzw Ctedlsdydedrs MmMdMmlsj ds.

l dfmdetsg ©Odlstsfmizo Odzdz? d3j IstsH ' 9 dBOMN Jdzdztse s dzO@o Yy
ZOHdts mis tesBtslstslsj 7 dz' ydzd - mMdMmisj &g L d3d dzh
o dw e dzj dzdzs HiWjiCl' o SO pr e dylscdtyi’ wselzO mdzd A t df rca
HY' dz des o dSCstcdmlstso o Olsd € dzOfmMdude Odkestedlsds
M ZOH ded m YO Mmtseldssd ofiga] ¢ Qe Bas € W jozsH j dz' (LSTM,
FtcOR o Odzdz? i3 S s tetsdy’ Mk &3 3 bkyds Misse sO tj
BOMXZzOdzMkzoe OdzdztsB ilsts g C SBEd g 3’ dz' 30 dz! dz' -t * L Q lslactal’ dd<d d )
(Y destcOdz' L s9 OdzO 0OdzOdz' Isd € O) 8 9 0GRzt fislO'C YRS H Pdzjj 2
Cde jdzgj odese s fted2dzvIslsw gt h | dz .

[ "IsjtcOkztcO

MmO 11,

1. S. Fengdreitveanl .pr efidDactta ve maintenance o
IEEE Trans. Ind. Inform., 2022.

2. J. Zhang, M. Li, AMachineSueaepjdgSéons
2021.

3. A. Lee, B. Kb ars, e dii DFreaepl tL edirang maggsi s f or
IEEE Access, 2020.

132



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

) SHE Bdgj dzdz? o Isjrdzscese' WA o yqdCdz dedz

]l ' s0dz' 2 wpllithdda dizgdtc s tsf
10y’ tsdzOdz! dzd? BEZdz' og teBdzsg 2 O tsoa dr U BB
Il M1 0 MEyomdsets twLodlsClz Ikjrdd §d IO [k
fscoltstedzsets adCsted MisOdzdz?r dBwOIs| tc° Odz 9 MO’ HJ
2020 L OBtokzHdzj dzdzv § zOMIsdEtsd3 L Odzdh O° Is fify  tsH dz
dzs Hlse O.
[ Olsjt' Odzd . 1d3j ks®ezqd?2 tcsB BIs ftososHdIss Mw

fsHE' Bdzj dede o ' Mdzkd YR sjRdesdse’ 2 ) ydSC d
odCtsdzzo O fyw L odCtstedMisOdzdzy 53 Isj tste Isd ydzd -
tsB dzOH dzO dzdzw .

tdLizdz sQlefsldsrtcds d ¢ tsted Mls © dzdz® 9 "  HatsH' &8 o©od¢C
GOodds, fjtjrnk’ §jLjLsECO, o' "L OGO L 7
u Od' &z 5ON ddzd 5O EflsOdase Cd wdw §jtejGss

9 Hdzv wslstcd B3Odzdz? O 9 kb Btc ¢ dzdetEs ¢ ) O otafistzdds”

9 ' Hfso' HOdZO B ff jtco JCuz Vcadndfflccplda@d . § ] t
BaQq’, hts Ldgjodgh z' f s h€ fo HLHEBE ! o COLE B
Yy' (HtetsBdzj dzS d) HdAzv § tHOd "s's ydggdn? L dfizd » firl
& fd kv, fodjchk' StOdmnyfsilskzs Odzdz? 50O
fMisd¢, §Of 't O 'dz"' &OLjte' Odzd k& o s dzd
jJtesBSC O BHd ' stsded § ZzOMisdCk dBsy g LBJte
Sezy Bz j dzj @G'7°0, dB K5 odz'ely el af dagQ M) lSPBEO, 30 Gt
yv dz20 Lo Odkzdh O, IO 48000 dz' ste' &9 otH(.
dC sted i so dsdide SPEBY jsid SO B OH dzO dzdzy
l 5 jtej Hd (isH®' b gejzdzlzf n OB Iso jtH,dRh &f OC Iz:
ftsdzjch ' &OfEk)fuss o] d

A1 tctsB dzjlaRets ofsth to s BOGRedn dats o dzd 2 d3j IsStsH  H dzWv  f dzO Mk
fOCjlsd, fdvhcd 'Ykl My Mfjy' ©dgHdeotdBdiz] ddEEZ@RBC

At sls siglegBls tstc dz' ¢ s d3tsfylg alds te Odgdete d o d ) ts Cds@simdizts te
(Memf jder * ° ) L BeOd ydzedrs OBt fnOteytseadnrs L Odzd?

A ztjHjittdlzw s jtejHdsy sSets f SHt' Bdgj dzdzvy f O §
Ldsjdzgh 26 yd ©B' ‘&5 O Mmitesh s yd Mmetlkkze Odzdz" .

(WjiClkdods §Ht Bdzj dzdg? ff zOfMlsdS bk to' L dedn o«
f O HBMe ' HEZ. Aj HGY{sHEOCO' sflkdiod ds
5B dzOH dzO dzdzw &ZO wetsdBkz otded BLRHLEIS! f sHtc' B dz®
odCtstedMmisOdzdz wWodzwe s! Mw desy 59’ HiesBOWEd IO
wg 9 vCtO d LOC & hHetfts] ' sHB2BEHE GO f dzOT
STILER GRINDEXIs® * dzh ', fts ° dzOHLo®duO2des o slskzy dzg
CsdzMlstekClsdo dz titedds sfls' tsesydh GEcOds o Lk
sO© €' dzgj BOIsduydz’ 4§ OO®R Isted, Yhtadsyy s jLghjtey e dsj dz
f zOo dzj dgdg? sz’ Bj edzsc 5 RO j o' Odzlz.

l dimdetsoa Gl LS tO de dzO2B' dz' " tsets ff sh dtoj daday dzO
fjtejtesBSd f§od Bjteddr &GOjt' Ok o, ftd W sk
ffqtesoddzd o Ctdhlslk, totsidds'otbci "G H Y Be0d dilz dz' fig§ d
o' H RO jtc' Odtz.

133



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* ",

{jSkfjtOldods o jtedzj dedzy Isj ff dztsoits  djtigj@e 6
yomiz

locjdg 2 ulCk2B' HO, | Sds

1Oy SdOdz dzd2 bkdz ojtmdljls ROLysedn Isjnac

Il mMis.Bftctse j Hj dedets ¢ sy ceasts ftesyj Mk By ddey L O
Jdzgjtee" . whkyoOmdy? oddiscdcd htsHts MEBBYj ddz? o d
CodzmistezSIsdodedm SO ISjrmdesdzse’ ydzdm t6' M jdz2 k2 a

[ Olsjte' Odzd . ' [ BEBBHdcsB SIS O dzP Az dztdpl WEdErdz
BONJdz nOtcysadr odwsBddylse "L tj Sk jtcOlsdo dzad c

fdLEd IsOIsd . tB&bdtisdgaidid] B EZOHEZOddEY -~ O
By 20 MistkSkkzttkzoOld L O Hot®RO Cd¥ yse ddd L dz
SO fwodiosH st pHiEicld dzdatzs s | flzslssC 2. stsdzy dzlsteOls
Hj Bsdziistelzs Is@  dz@2edh 2 ¢ silsj dzy' iGedz HL d2]5 j wiasz 4
| Bl@3sej dz L Olststed Is © JSMmistelzn j tod L oBEHBO O
LOBJ LY juylze Is! -2f5% jotcdzj Holadey” 1j5dzj tze ' fls O ‘O@&dsdzd? d 2
1015% i %' Cfk‘ls: mw E L& hkeaOUyuoOR 'L HBOSBe St
fdagj o BOIsdyded s MdMlsj BOR bttOdey stelskzo Odadzy, HJ |
f stc' o dzv dzdzw ledzfr]lstslz(;lsq’adzq’: 9 Otc' Odzls*' o od¢ st
fsCOoLdgOIgY " y' ' dzals S stedmdes™ H' hts 9'HlSBtGO>|(
Jtojlbotstej des’ dzO@ € tsted Mmdzd 2 TGJLIZdZJ ISIQls j v yts O ke
JSEfjteOy” ", wed?2 odL dzOyo©‘ 9o Hdesh jdedgv toj € Iz
s tsB MOE Lk ilstodsksts o3 Jdzj cetso dlsteOlsd dzO tsHddzdys®
JSEfjtwOlsdads MmdMmisj &3d-39 %H 8 d Miifsddets yezg fs! dz@ d b |
jdzj e 35O BB adzgvdes L IsteOHdY' 2dzgd dB3d Mmr j BOWB
sLotsdY' toj Odz' L zo Olsd? BlsjjLrfditalgttese’ dagdad 24 ] tdst=Ouf jdbf,
j dzd t6G § IS df usdedyd3 2 dzd d3" d3 alsJHu’de[GGO.dzdw’thstsdfnlsOdzdzwd3 H
skzlsztgBs zdazv y' 2 detss fMdMmisi ks ftosdy ydesets to' H(
OLBoatsets fjtejmBHE lsJUdztsdztSfr)‘ wOdes. s L 3 dzd 2 ts¢
l didetse €ld L Odzj y desmis® o' H Isdfik &GO dded, W L
Isjdey' Odz L dzdy J dzdzy MYy sy doOdeder §Jteo ddedets’
MsiBOR40% k BOGCOItsMisEY] jdjiodr d&OMsMOR. s
H
)
s

= ne. :n—'—*Ig;cr,

t
d
d
dz
"HiNEklsdz Misdzd - 2L OE @Et3'daj dzd BBHJ dzj 2, L HOIsded
JH dSE MmMdMmjdkd E fijtein Hddr tojyddiBO- 'L
tetslsdzdr LoO6wLEC 9.
] " IsjtcOlsztcO
1. Stadnyk I., Piddubnuy V., Balaban S., Kaspruk V., Derkach A. Methodology for
assessing thegat potential recovery regime at food industry enterprises. Animal Science and
Food Technology, 14(1), 2023,4932. doi:10.31548/animal.1.2023.95.
2. Zhou K., Zhang X., Chen J. Physiedormed Neural Networks for Transient Thermal
Systems. Applied Therah Engineering, 233, 2023, 121145.

s
fnd
)
]
L

s
9

3. ltdmbt' 2 Hd&Y ©jCkyfjwcOsdodisets o] todz
bjfdssed dz & 3 HosHEOEOdB®o § e, § s S OMBES5 9 7 7
stsfiss ¢ I.w, zjoujdSt [.5. kO 'd&; LOWodC
MOtYBe R v j Fd2d3e0e3 N1WB.N7.2023 W &5 24842024 1 % dz. -~ 17
P4 .

134



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

rjtoj oow diz dg S yEd® dzO IsOtc O

sikbwdz0 | jtjfmsy SO, I tsdt
1Oy SdOdz dzd2 bkdz ojteimdlsj o CRe@iwse dn Isj Ac

I mMsfySd Lovedddmw B ' d " j’ 2008 dMigis€E®yIstd
HYJ G dz €O o0y dzdodms " dzpyjdajtededm foddzydyf  o. s dz
HjOdz dg Wtstediz, "t LOBjLY jykz® &ROCHMdBOdz dzz ¢

[ Olsjte' Odzd [ sdsjpls WatsB.slsd * Htsfdz' HY | dedg? tsMiSE
‘BSMisj2 ‘T LL@fjtcglb dozd j ' CEOdzdzy O bttOdzhy sl kz
[ Bdz" HY jdadg? HtesotsHddzdMm' L odSCtstedfmlsOdedzy &3 ls;t

tdLizdzt s@ldfr § OCkzo Odedzr ' Ldzdr IsStso O’ o
Hjtcjoowdzy L Odzdoe ds ' si25Hs Qs dz'z tsd3' 2 @ KfYe shipkso v dzvd+
BtsdzH Otefy* € dR o d tc 6B 6Fc zaw dfidy € @Y @O &L d Slo % tBHsdUdS'S 5
B Mis¢C' Mlse 200 dz

10 9" HA3 dzz o' H " dg"drn ROl jte' Odz' @8 E Hjtejod
fstcsHO, wHddRO BOEOEBOBE |  B8dOfb RsheFe ' Bdid 9
OCIsdoedz fMis: . 1 O0cOIssydmdzj dzadz’ HEBMdz' HY j dadzaw ff 5C
LHOdO L &gjd" o Olsd ¢' dz ¢ fMls! o Stetse' o L dzq
O ted ¢ dzOH H dzw HiSL to' o O disigw H)szdeO, N\‘Q@'dmdz'QIZL
9" HBEkZo O Is: v Ek MC ZOH' Cwdz v ydsedn fr]ﬂq’tsls o
1 O0f ted € dzOH 9 HEYJ otszsedn Htedds dedzv » Mt o
HdWEL " ") hoadHbh j, dz' 9 BH O, 26 ts d3W1qi31$ mis+ ,
fosf stey' 2d Mlsjfjdz otdseMmls' fodd hjd' .
LBjt' OB Iss Mw Z HEkBtso ' 2 sOte' of dzd o Ot Is! mtste
odetlssodzj degdzg? SO ' HeGSIsts9C O HEts ftotso jHJ dedgw
[ Cdfrpdetsi dafsteta) j i fted Wistediszo Odzdz' IsO HsL to' o Odzdz
CsdzlsOC sz 2tséts L HEkBtoatss Hjtejoddats® ' H YOf E

ltesyg md, Fts © ' HBEZ® O8 Is! Mmw £ MfdtlsOn LO L
W' Lduydse , (4 SMmstc@®@YY O tsotizte Odiaflalz® dadzy ~I5 @' ydz' . 1 «
‘"L Hjtjoadded HEBO fitjrtHdIs! E mMydwls d' cdz
B' dz€ tso' toj ytso d dad , WdzOe sdets’ Hd Hywe: a3’ dz,
fllso tstes 5 Is JQfI’]IStGOQIS M dtecls B Mis g @®OE of @ydzde'z Zs 0 @ d3d
mMfdtols kz f " Hodh jdzO Isj B jtcOlkztc® odlsted BSd.
Cazjf¢d Btsugq’ ftod?2 &30 Is Zyomls! 9 ' Lddr A
Wsted3lzo Odzdz" S tsdz' stelz, MBOCE O OLttsdiOIE.

Jdﬁ]dztsd)qqsth’fr]lsedmﬂzwa HY GEldde L Odzdo dzd i B SYBS
dzi BO' Odz' Isj todzOls4fg § dztstiztfls O apded 7 O KO Gipdzy o Figls i & ¢
BzSjlk MBZOCtsoadn kO OtesBBOIsdydedr wEMlsj2 L O
! setsHdg hdg' 2 Hjdg, O JjCHdsHc fude']RlzR3sRORHEQ
B' &z hsets oaditstedMmMlsOdzdzy 2ts6ts 9 dBO2BEIsd BRLz.

[ " jteOkzteO

456 sdzj &20€ g Our' dz7 BOIs j-ts 'dP dudlz’ Is @ ZEHEEfSadtydigssts , /
l.a. st ¢, s. 1. 1 0O0Mmdis.C:" osdisdbmn@dcdisioy s8R, /2/0 1!
f.

135



JOls 6 9D [rd y dzO te tz® S 5 eV | taitddas e d § a@ffhy, ' te H
1 O BB Wistzda f o' M § detes dz) Wiy z az® dzdzieXeICh
2024 GCo0Msdms.d2 o: [w2nu,

@tz H g dzls o

stsdz' Isls® ",

1 Oflstsfkzo Odzdz? OdzOdz' sdydedn o ZOMisdodsil z2 Wk
LOHOY |®jROd ¢d

I 56HOdz sOflsOdzsofm:! Cd2, |
1Oy tdOdz dzd?2 kdz ojtmdljls ROtysadn Isjn

I skt OH dy' 2 deds sy SsisH o On Oy Isj tsfsj 1 § Yditts O o dsgz
tcjBlz® Is LOMssMmMkzeo Odzdzy MEC ZOHdzse s B BOIs d
0, Mt d ¢d Mddadiyf oadiSisthisg. ISOJ W3stez]j diap'dO
stdmistolk: Is! W HdW OdOd Lk tkobk W' Ldydds
Lotk ddR LOHOY 5O ©iLEOREME RGOtk
jteyj" HJdO® Sd. uvbskkz, GfksdE LOY' v KO fhb
stedfls Oddz € &zOMdudeds Wlkden Ocsj dzls Oz dzgd & KO
OCIEzOdz! dzdptlzdzL O H Odz

[Ojtc' Odzd | BLdgiiAs Eakdss 5jlssHd sYy' dz€d B EOMIS'
1 5Cte) di3O0, L OMistsmize Odzdz? 3 IssHEkz o dH' dzj dedg? f 59 ¢
B3y tkrkz. @ OfucdC dOw, 1T, Mt HO' LBk odL dzOyc«
LdeOyy ledz@Qpd "1. [ dzv Yy de€d jdzgjtecjlsdydedr to' o dg ¢
fdtejHdz &3 OdW d3j Isd ydeed3s s @ j sdsd Iotea] dpdzd o5:H 5w ¢
ftod @ vOCBY HBMdZ HYJj ds o d&zOMIsde ' Mls! sB d3j 4 «
OEE pHdORO Lz O®fdz sknwd ¢ tsdzd e Odz &34 = Odz' ydzd
tdLkzdz sOIsd ' s®' BB q®Mstajsdgdlz! H Y j dedzvy tc' o dzv dg
hts HBMJIs! yomlss &' 90 yofmlsddz® ' o dzv dz tolz A |
Lictsmis O ydn WEkdSupw Mo (pdpoy) to d SupdOdrw, ©  dzj ¢ 02 dzgs  H S
‘Hddz MisL ey p SMS' d& Cd MERO SOCdR WhkdSy' 2 #
CdeS toj dzsets L dzOyj dzdzy dzdh j BSHdz t6OL. | jlsOdz d
P 0 Alodf sCOL 0o, fosmicsL v dd B By &do dafso Ot igO'Md
YyjtejL odzOMisdoatsMmis' € o Owic OB Jifyedss O W g@4§lajd dzO L WDjpty
Ctsfd dzpmoslsy j, fjtejlsdd ctwOW ¢ o sy dcdeod? dzdh
dzj dz' dz' 2dzd 2 Stsdzde Odz dedn MmdMmlsj &g HEY' Q' dasS dod € |
Is tc © dzf ¥ 15 to YL Eod oAb W sibszd OEd « ,» OAT - . £
HSLotsdY ' OdOd sdydss o dL dzOydls§ DM PHEOE dzz  C
YOLBea ] LA hjddzw BJL ' delsg cOHaOC@zdzY s o ditsde'O G t
fslsjdy’ Odz dz®@ jdgjtec' W 1 dc iR IE O o ¥irf dz®y ' Bk d3(s 62Ot
OETw WM ow ¢ MHBo jHjdts, hts MisOdz M sStss Hismw

we' ' My dzr deddzd S tstej dzv d3d  H dzv o ¢ tf PdiptS ¢pO BHSS H O dzf
®w Q) , hts tcOHJdSCOdz des M tetsh 2° f tshodzdets Bifdetlz 2R (2R
" HR'"H HB L lzdy dedzgv WEkdeSy' 2 HEGLO B Edzd ¢ O
UJtlesatstGszde" ‘ LOBj L Jjyk’ hadHCE ojtedW' €
tc jdzlzls Ols

l d mdats d ‘L‘f@lsth’fr]lsOdzdz,W dzj o' o dzetsfls j2 IsO o dzOMmisdoe
IWiClkdodeddz ' demlstelzdzj delstsds Hdzvw heoadHEB' o jtedW "
Ctedlsdydzedr  OteOiBjIste’ 8 BBj - Ods' ydedrm MmdMmlsj ds.

[ ' Is] tcOBIZIGiONa Gr i gMeti ktovdas (g2fONdBmpd tva mdar d Pr
Springe35, #p406 28

136



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

dlsteOlsjc' "’ tL B tdsdts OdOdz' Lk O sy def d t

Hd OB Y’
rdddm [tedses, [dzj s
10y sdz20dz! dzd?2 Edz' 9 jtemdlsjils mnOwyseadn Isjn
Il Miseffnded a3 " L andszqaﬂlescjwl@ @fdtd dgOH j dz¥ 9 O dzdz”
BirOdz ydedrn MdMmlsj ddMmd ' & HigOw O fj lskeflels L Oy* W B O
MistczCIlskted HEts B' d " CsBfOCldsets oadedzvHlk BJL
LHOIdetsfis . [ Oded?2 HBHdMm e dfnaWquZd%lsmdgfnldzdzthml
Hdzw L d3j dgh j dedz? totsL 3° tedetsMis® W OLBsSotsets fosMmiststcl

[ Oljtc' Odzd v j o) WsHEsL &3 tGdztsfnlsJQT Y JO deljdis s H |, to L
BOLE' Is' mMw daOL Sl odg'j yledads mazts o dzd dsd W " L d yded d&sd 9 j ©
Yyom) Hddzv fdgviadg' e, teBmH jtasee Odzdzy ftesyjifm o O L &3,
I mdetse dzd 2 ' idzfiplg skadg idzldls 1 € dze j R3O, hs fitcilso sto®
BJLteBLd3‘tsdz‘ fOtcOBIsted. v j Gtej 0FOO oA joldste® di3d 1y t
OBJj LttsL d3 tedz' Gtz d.
fdLizd s@lsd ss®tq jQzdaf tcd ¢ dzOH ftosyj Mz MHOHYJ
ISSJtBHCf: Y @frplsSdtaidgt rkOtcoytseo sz Mjtcj HBSO dh " ftetsSH J
sy’ dz8 9 Odgdz?y f steWHCEZ o j dzd yd dz. ]l MlsOdetso dzj dets, f
hodHCU MissMW e O’ Is! Misw X Cezdizf MELRO dztso O 2 Is! Mw B
(L —) . 1 dzj otsL A3 tor 9 Odzdzv to" o dgv dzgdzv tokzrlkz HtsSL O

sSMOHY jdadev, hts dgj LOdzjydl: o' H CdeCtcjlsdes’ B
Yyof "ts Stedlsdudes & @yz&tio B8dmts Jiesl BRI 2 dzd R s C
[ JIsOdz! ded?2 OdzOdz' L tetsBtslsd 9 0Odz y!' sedr OGte] GC
OBts ftsHt' Bdgj dgdz? L jtedzO) (sCOL k', Pt fted o H
3"y dzeddsd IsO adgstsqfnls&dzﬁ‘zﬁ?s&%tmmg t@daSLsz;maq
Wy
gy

m-

oS dzt ydets " H CBj W' ‘' dezls O Isjtelsw, Hdzw  Ekfmf "
LOHBo sdz! dgvIsd Mt ' 99" Hdztsh j dzdg® , HJ te‘adztSH'de(
Mt BsoaOdz® o B' ¢ tkrk. Aj HisL 9 sdzv * Zdzd € O
e ZOH ds @B tktEE ftsodsdr ' adzWdy CdalsOCIsdets’ oL C
lted twBtls' yjdstedWkze O MmjfOttOlsste’ 9 dzOW o

fitjodh jddz” Ctodlsdudets’ Afsifists icf dals?j tdidOniddz" Y ¢
ssyy MmO de Mls OB dz Cdedigds to st iEq RQ A5 wdz@ SHE M

j¥jSlsdodescBl totSL H' dzj dadzf WOGCY' 2 t' Ldzs’ N oc
BjLEBLE tdscs) HSOB @GN stOssdsts CjtkoOlsd Ckist
fjfOLOls® HEY sflsdd LOY' ' oditSHE cclstocEt

vOC" " mEGSHESH | dzs 9 0OdzdzY HEBSLO Sz E Is! ISteOdzmW Ste
o' adgwdzdz" HJdZOB ¢ E fwsmis' OdejBttO yd M
LOBjL jykeyd odMmtsCk Istsyds fmls! fsfjtejrnds n
9 0Otc' Olsdo desmls' odzafilsdotsmisj 2 Mdets

l didetsd §eEtso OHY j dzdz? flstcOlsj e’ 2 tetsL 3 todatsets O
5B dZOH dzO dzdz? H 5L 9 Sczv odwedwisd WkdsH O3 dals Odz' oz
fsH' Bdz Mis: ftesyjm @ MifoOy' ') sO L dzOydats
' Hf tOyt d@lzdzy tettsipyslsd B dzOH dzO dzdz™ .

[ " Isj te@seAdtca®p | ace, G., Loubi re, K., Ducept,
analysis of food propm9Xés8. Amsterdam: EI se

137



JOls tc 920 ﬁzdxdz@tedz@lzlz@sfsu; tzY | tecddas e & daffihy, ' tc @ dz
1 Ok¢ & asBkzlz,hsﬁzdsadts h f tztzs 22 iy &z alz® dzdgsXXICh Is ts
2012 4 0028s dps. 2 9 : {w2mu,

1 Ote' Oy' 2d2 feddydfd O &OctkOdy o W sttkOd
odv L W d3d

I OHdWBls j dzS s, [dzj S’ 2

10y sdz20dz! dzd?2 Edz 9 jtemMdlsjils mnOwysedn Isjn

IzU;’OWadzéNfr}lsy oz BjROd ydz 2 Mmdmi &k L dzOyd

1 fls

C d&zOfmd ydz BjrOod Sd 1! 8 IstdzO, sMC" dz ¢d o d dzg
tGJOQu'l’dZ Bigdsdzd ,tc ' PomlzviedslzY ttknk Gsd LHSIB] 5O
v Y!' sz Ctdasj CMls' MsBdzdetsets L dzOyj dadz? dzOB Iz
HiSL o tsdzW LH" 2Mdzdlsd OolstsBORd &) ' ad Qedzsowlzyddez
f° Ha"H dZJ dzdh j dnzgsh Y OOl | O] 2 LOBJ LYY
ftotsL ste] BSH jdz8 9 Odzadzy HJdzOd3" €d d&3j - Odg' yded n  fd fi

f Ojt' Odzd 'shdy BIgH s fteddydy RONBE@E s° H'
0Q0 [ jsBHBdESE' W BOLE' ! MW &0 il ks )6 © ez

EsHE— — T [ dv Mmdmisjd 'L dzj Qsdsdsddddd o

Bdzsy dzd S ' o _[ OEBOdE0Oo sdz"° o OR MO dn B d3j ¥ j dade
fiLkd SO O strcussonss| dzdzy ol BOE 55 O Odzy O
pdCtsted Mis Odedz” Ctsdeyd §y* "1 loff tdafls 2Oz dlzd L&A § 1R d3™Y
Het' ode (DD ekt 5 HBLoBdY ' ©fdMkze Olsd twi ddh j
LOHOYOR (s M¥jiedyudd?2 &EOWIsddS Gk ddrods
W d ud fMls: OLdeszls Ot detwe o dzslz 190 Isj St dtss 1 j
LBjtjjdedz fesjCy'n oleisObitadst tditsik] faki | lso sis
stedo dds' tedzk L OHOYE dz® t©Hdse dds' tedzz g OB €Lz
— 0RO dzOdz L jWjCkdodset { ls pemyls @ulz? degedL

B @ —9 1) , wCd2 W' Ldudss fjtejN CsHY O dzOBdzd N § «
fiod dzj debdz' so B Sbklstse sk dsdj das ' .

[dzv fmdflsjd 'L BOCOIl! GGH MBEY jfddgdf dz®' dzOdzLd:
fsHo 2ded?2 BOWIdzdS, odCttdmisOdadz’ FOCLOds j o B
kRl O §jtjd NQd@Y ol jdistyhd&ZOfLE, HJj kL OCO
— MO ls! CEdhkodsOodkd ©kiiktwfdosh' ol § ges it

COR" &z ssdzsosets f " HAatSHE o WOLBosRkBkz ftsMmistste’
ttkrlkz w¢ btO' Clstste’ hs dai H4ted IsddzOs Ist fiw, |
fmd misj d&3d . 1 OMmistsmizo Odzdzy feddzydy 2z ¢ C BB fifd= OL
MdMmlsj B3O L OayHd tkrO' s MW oL HBOY dzO2Ctstotslsh ts¢c
By sted O wWEsets adL dzOyoO' Is! mMv tesL §f sH' dzsd3 dz30fy.
l dimdesd ©OEcOdzey " 9@ SO cOd3 dzt ssdz’ 9 WstedzOdz' L d3d
U‘HZ‘H Hts d3tsH j dz¥ 9 Odedz MG de@D ¥ tetf BBz 31 O dzj g dzg 5 to ff
E odzls hdZ odzOfmisde sMmis® HJdOM ydzdr tc' o dzv dz' .
I'Is;tsOlslztsO
1. Manuel de Le-n, Juan C. Marrer o, & Dawvi
Nonlinear Constraints. I|Internatiom@d7idour ne
995 Ap99T7TSpringerl NalEZe4. 3 50016:
2. Olga KrupkovigagPangeValnml .HaEi Hheordb o ne qnu a t
systems in field theory. Journal of Physics
8 7 1857 4250,0l5n.st i t ut e of Physics -P4DO0fi 3&/i 1/ 0 DD

138



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

[ Olsj ;30Isd ydzj d3sH j dz8 ef Cdedds ] fipldcte/Sdisitsdztin d dzls j L Iz
BOdZ f 2dzv ss5t6 O
AJH'  t6 JECOWARS, | 0OlOd
1 0y’ sdzOdz! ded?2 Isjrdz ydzd?2 Ekdz o9jtefmdlsils vCtO’ dzd
"By dz wetstew, us'gf B /Ao ¢ s e

I MismfzyOmdzj ¢ OkzRa Getzdzy BOttysedr odttseddyls
o dMsC 58 hodHC" fmiss sO dzj sBR ' Hdz Mlss bsydets @
BOdz' fedzw Iststed, WwWEC WkdeSy' dzOdz' dg dBj - Olstcsdedz
) LOHOy&Bp!| pcek ] etsls g JWiClsdw dzg'Lfiplsizj ¥ d B+ L &
tcOyY' tsdzOdz! desets ff ' H dzO dzdzv GjBdij sted ydzd ~ f OtcC

ftedotsH' o. steOHdYy' 2dz BdIssHd tLtOREdSE Y
f " HfpdMmisj 3, hts SBERsod® ' dzgjsBr' Hdz Mis! Mo st
Mstelz C If PimiElc d ydese s Mddelsj L 2 Hdzw ssflsdd3" L Oy ° ¢

[ itsH( Hisfd' Hofsjindlas.e 2 dBsHj dzf o Odzdz?  -f 56 dzOH
fOtcORBj Istedyded?2 MddalsjL L L OMlstsizeo Odzdz? d3 B OG C
BsHjd LH 2fMde o OkzOMw h W s S SR Hl§ jotg detsd & h -
FluidSim © OGSty L odSttedMmlsOdedzy &3 Mls Olsd s d ydzd A

tdLkd IsOIsd 01 5B ¢ B®OMHc jfigdgdsde Lz dYdsitsttea® W ¢ fip!
oL dz0O fOCkEo Odz! dzgs™ BOhMdded odwoeodzj dets, hts dzO 6k
of dzdfgtO'" 9 9 ' Hdaetsh jdzdzv Htsoy ddzd Iswe f OteOdzj dzsG e OC

f dzOIls¥W tsted3. 1 Odzj M j dedzw f C
sB d3d ¥ 4 dz HiSL ® Sdzw ° W
Stelstse BdzOdz! dzgz d3detsy d dzglz H 5 &
L O Ciedlsj te’ W d3qd HEMW Y dz
o 0dzs Oy 5 ' H2 sd3dets ls ' . 1 tod
GJjBd3j stedydedsq ed HBY O, Ffls

ot dzd o O ftosHEzCIsdo dz' fMls
Isjm desdzsc ' ydz' f OteOi3j Isted,
ljtsdﬁjQBtstzde ftedotsH 8 5O
ftedmlstetss . |l dftetsB zo Odadz? ( t
9' Hf s ' Hdz Mmlis! L OH Odzd d3
L
H

ljtetSSISHq’dzq’ O] HtSlItSd3tSG’tS“

HOlsuq’Q ﬁJ]J tc zH s dn B35 H j dzo
FluidSim ndBSCO LYy Bdkzo O
tctsstsuts Ltsded fted dBEBOSC Mddz3Od
fr]LsOdzIsaq’dzO dzd B' dz' hj 0,5

fjtoj 3" M jdedz? o zOlsW tstedsd o

9 Otc' ¥ 9 OdzOMw L dz3j Istss
Cted Isd yded n e dd3 o tetsB tsis g
fBdeCd o Mis ©Odztso dzj dzdzv H
fOOdijlste' @ NO, 25 %.
t dfs 1dzj BOMGdEASO M j BO
JSMfiJtedd3d dzlsOdz! dzgsects Del t a d3®dz‘l]’|zdelststGO
l dmdesdbsGo jHjdzs " HjdzZsdW ' SOy 8 OO Iste’ 9 1
odCtsdzOdzdzy Mjte’  Lk'ddS] B8Oy 12deRRH jtddSL TERe OB sted
odStsted ils Odz' ftod ftotse jH  dadz thSLtGO Edz€ s0 dn
ftesHizCIsdeo desfyls’ f OC zo-BCrdzdd B dz 3Ot tddlz, ' dely J Dteth & @uc

B3y » Odz" L 3 .

139



[ 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,

Vo Btoj dzdz? ®CMdHdzs’ 2 8Cd O §tso j ton

fOCdd | zOMmEse, ¢ dzObkt
1Oy SdOdz dzd2 bkdz ojtmdlkjls ROLysedn IsjnAc

Il M lsOdd COdz dzd?2 L O Mot &3 o dzOMmisdoe sMisw d3¢
nOtOCIsj tcRiPE]E QAEDOL do Ot Is! BjlsOzsEdm BO2B RIS G5
&zt HRdByd Is! Mw fitcilbeostcdlsd @' 8 dzO tcj Odz dz° fyls

[ Olsjtc' Odzd ) tetsaglf)easd .d2 M ts' B HBsBEZzo Odadz? Isdls
E 40 .. mm MmMbtsd kvw. uvdkOd ' 2ttt Mf z0e d
Fts EMCdzOHdzs' L OMissMize Odzdzizj Rt56 8 tSH dfvts Oaydf ¢ tsls ts e
WtedCy' 2dese s L desmlz. 1 ted o dc t6ds sdergatzdzint s f t6d €
CLOHEOdzdzv e ' ¢ dZOBslskzo Odzdzv e BjlsOdzE. v dlsOdz
Mdted Hsodh Or (L ydded Mm' teyOdets’ , Izfighy ddndants ™
dzgj Hisdz' €' @ o] Csd3j dgH 2* Is+ fmyw LOMtsMizo Odadz™ ts ¢
fesotsHdIls! MW OdzsH dzts¥ BB S BY HJjlSOdzZj 2 o KL
rtesdiiseo s’ CdMmdzsls OBt "R Mkdg hj2, " desH® L HESE

tdLizdz IsOIsd 150O) ©Bgde dzEy Uafzv f tets9 jHjdzed s HSMdZ
MdHlzo Odzdg? IsdlsOdzgz "  Hadh Ez° n By Mmilst 2¢°
9 jten dz' . l1dz o¢d "  Headh j dets’ stseh ddzd d3O¢8 Is:
sz dlsOodz et MY d@ls idz CLyo fiPlsdidiPts o dg® s § '™ O
sd3d hdztse d - o' 2! Ctsoadn ‘ yde ' dz¢ dzd A 9 dtetsB o
jtejtosBdz 2 ftosdizdmdzse sfls” . rd otsdd dzOH' 2 dats

c;fr_|q’adzq’.-- MjtejHBsoadhOR o H' Of OL SidB00) K j di3tf j 5 O

IBhdl' ddmlsOddd IsdlsOdzkz ¢ttt bkmd Mizuj d
Hd Mwisddz' slswdgd dzj "ty @e " v ls! * dzgj tokz2 dzz®
L'"2d0 * C0O9' ' OY' 2dz0 MmIs®* 2¢€ " Mils! HBRoO AV

LoOY jdg o dz 2 d3 t6' OH( ' hddatsC dzj NGt
gz ‘L sdzts o dzd n My sy do OyY"' o sdlsOdzse 5°
fmMdzse ' Mis! -7 (o SHaws CiAstayd’ 1S IsdlsOdz L Ofis s
H dzvj dpdgf'c Bl otle d R skt  dz Hodcekzdz o dz' IsO
Odzsdz LO y''®s LOtOCIjtedMmisdC tss . 1 C
sddztse ' dzi My JjdzjdBidasd. 1 JjlOdz M OMm

it ad®w lgf' fipvOMmisde) o d ¢ Silstso dzj dedzgv dztstf Olsts
Q‘q 2dzedr jdzj B dzlst 9 o jdEsddzvIstste O 1§ A3t

hq’ sCMMdHdzz fdz' 9Ck dzO f tso j ton dz IsdlsO(
i fodzz’ fJO¢ Lst$dzdzu; 1D polz 6 OIS iz lpdl)
I fqw 9 CtmdizsMm’ SatdzsHy ' Is! Mw Hts
tc mddz dets GEL G’ 9O i fqw, WwWChis §ts
s, fMmls' dzS d Qtsfr]ds Yydzts ¢ ts Ctsts@falslsz'szBGBdgfaOtsm&*fdzJ
dyjL detss haq’ fplse , ' L dZOaSHWIS: Mqw ' H H
Is Btsy dzd o fnlsJ oadlsted 3OIsd Is' dzr € 9q’fnts€tsd:
Is 4

R N N Rt

B RO GG o G2 028, 0 maahahmn
e i
& - -

(ONOR VI~
goega
g0 O -

g0 EH L TG~
N o -

NE GRS
=
2

DUT
7 &
312.
n§&

x

Oddz0 ' IsdlsOdz. 1 jtejoOcO LodyodO? dzts
ddgs o Qo HW C d Eklso tstoj dadz® ’
stedmlstsolz' Is' MW Hdzw o dc sl
Yye 90Isd o ' Lddr Octj Mde

o"n

140



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

] gL dzOyg teiaed | ' d3te isEWEI S sE@slstE' sOdkzz 1 w10 fd yd
dz0o Odzls Oy j dzdzv -

[ OCHdd | zOms®d s Op dzOls
10y BdOd dzd2 bkdz ojmdljls ROLysedn Is

Il sy sdz' §h j dadgw nOOCIsjtedMmisd¢ a3’ ydetsmls® o
LA ydet 8 ydaddq G§sCtedlslsw dzd tofsBIsdadim J;’dz})(j;i@(&lﬂsdza C
odMltsls] B j cOsktedzd Bd cOLtsoddiidd MitijHtsadh Ofi],
Mlso stcj dadzw CesRRfsL dls’ o stsh ts, HO' d315>1dzc[a‘fr]ls
Codemlstcz € y' 2 dz' BOIsj e Odzd . l 2 xj yoefm od¢
d3jGdz’ yded adzOfr]lscfslsfr]lsJQ, sMe " d ¢d OC' Isjnrdz
MstclkzC lskztcdats’ dzj SH dzstc’ H dzsfls BOIsj o' Odziz 4 dzj

[ jlssHd HGfidddy fdl. j¥jSkdoddn, O o' HYo' Hdz
ZOHePW Oy ' 2 @0 CPeBHEOY §sojtitsd &Okj
fMlstekC ke 2t fso jterndsjodn NOL' . uHloBw: "

fs54 j ) ydd o fjtjte' LOT LBOLS o, Nt HisMd HyL
{iLkd kOIsd QI b d&zOa s tzgztzdzy = OGOSIS | odMisdS
e OL € 9, we! f° HHO8 Odzd MW afdzde &z 9¢COL Odzd -

BsH jteds LsoOde 2 odfftesBkzoQdzr dF @ HzOsOdegisglz
odftcsBlzo Odzdzy BOIsjtc' Odz'" 9 dzO ol Htod ydmlstsc
sj B3 j 8Olslzts. [ Mdz@ alAf dpls @ps f dzdez L ‘'dzOdzj Is' dzt €d N et
f solsstegizmzdzd n o3 7 Odz' ydzd - dzOo Odzls Oy jdz2 (9" H 1
odMmMtsC O btsyds fMmls: EmMsOdeso dzj dzdz? SO ' HIsted d30O da
Il " Hdzsfdz0 IR dBCO 9o dL dzOayQ didst® ) JOdBRY dazjs 2t j te jodp flddk
Yyofmlstsls' CtsdzdeoOdzr " H 10 Wt 120 Jy.

[ dzv ftetse j Hj dadaW Hisfpdz' HY § d& Blzdzs 9 dBtcOdats
Ctodzyj delstcOlststetsd3 S tsde’ Yydesets adHlkz o 26t tsBBY'
" dzlsj defnd o dz' Mmis: 2@ IsC 5y dElac OB C o b3z Jf 1 B d tc O dzd W
tdLlzdz Ok odfttsBkzoOdz LtOLS' & s jtejrndz 5

' CedkB ' dZOy' fste' adzk oOcdzdfm™ 2 OdzOdz' L ko Oc
MO dMisdydzsBlz B tetse dzj dadz o tio d. dzcftf vis Oelsq Lo dz@i stz
o' Hdzsfdes® §sndBCd ' (Gt ode o OczdfMw L desteBOIs C

[ sMdz’ Hy j dzdzv R Ow©OSkjtedmlsds & ydesils' &0l j

ttOH' OYy' 2des’ O OSEMisdudzts® tetesBSd MstekzSIskzte
"L ¢ iszdzO 9 € 56 tsis dolstidzttotdsxds M zOekz 1 uwl10. r dzv  to
dzj tsG ' B dz My SkdHddr W @Bfkd M o dOL Jjtdsets
f sB' G Odzda f izOo dzj dzdz® a3d Is O dzlz ] zs ¢ Odz' dzd A
SCMdHGY sdz' d&3j teddzs dg’ drlzO fotzfodiz] fomimvtsty € s d, ¢t

nd d3® fsCtedlslsy f5C0O0L0dO dzO0 ted MizdeC 2.

dz L JEMfjteddzj delsOdzr dgdr HOdzdn dz20 9 Istsd3kz

LJtGdzts’ sBtesBCd LwOLGC' @ ftod L dzOydedr dzOo
4 dzgh jndzddy' ydzsls® . 10 HGf sd@icetss Isjted3syf Otc o fils
tesBSCd ' H yOf odftetsBlzo Odzdz? dzOG e’ ® Odzd MW
sBetsBdzj dzgd 3. | 5B 6 o' Hsi®Bts, Nt o j dzd yd dzO

Cdz' yded n 2O oYOfilds' Oy 'z oL @dzj o j dzdudded o d dzd ¢
fokyjd, OEC ' o' H NodHStMIs' kol o' dz¥ dzd -

141



{ Olsj 6 9207 y dzO tc @ HASE 5 el | twtdias e & dAfihf,” c@®dekh g dzls* o
"1 0SB Wislzéa e’ " § tztzs &) Wiy z 076 dzdipsXiCnis sdz' Isls "
2024 Co02sdpg.d2 9: {wawmu,
O3, MLl

ga0

L]

400

g ]
3

1 4G B dlsis™

w Istsdikz d31s>1dzO fMiso jtoHy o Olsd, hs L d3j dgh j deda”
Jdegdzvn H' B ydna dOftekzyjdz , 9 'CHsRHE o8 QY tuts d
h Of ey jd@ E ®RBOljt' Od .
telzy 4 dedz” , 9900 i35, L zdstse dzj dz' Zls.
n h OO~R . [ smdz' HY j dzdaw LieOLC" 9 7
H o nOOCIsjtedz L tsdzd ' 3 B BAdREz § @dzE
Mp'odr'L C1IOLOL €O
dzj L dzOydzj L dzdy Jj dzdzv 3" Ctetslseo j toH 8IS

g g0

TEEzTO she

3 oddzdCdzj dzdzv 3 bk fjtedWjte' 2dedm h Ot O~
Zy 4 dz 9o dCdzd C Odzd » dzOH getedA it 1S flzfp s d3n tak 6260 oz
94 LA ydzj dzdzy L s OLiMfas yPIsldzv  SxOdzB) ‘teddtg o GO
B3 twOH" Oy" 2 daj T oA s tetsd3’ dz¢ 9 O dzdzV 9 L Bdz
deo Odztsfyls * . v0¢ LiesMis Odedzy L dzO yjsdrdfvdzts o j
4 18 %, Hdo . todfm.

OL J tedzj OL slskzo Odzdav LtecOLS &9 HitjH odftetse
sodh’ tt' HEsEts OL slskz. ] esd3’ dz zOL jteO f
hOte ' HEBBEB OL slskz, Mftedyddev @ soadB lzn ¢
ndzj odnr hOwOR BOIsjte" Odziz dz' stedH' ® Isdls
oadqd&zO 50 dz M. , Hso)yddzO neddz O ' dz¢ dz
$=Hdz6 Md&3°A S/EiFB L 10

1 tod sO¢ sdikz B IstsH ' sBtetsB ¢ d 3" Ostg tiels eQjdts o* iy |
fsojtendzi odnrn " OSEAE LissMdzO dz0 35

l ddesots€ j terdzj 9 O dzOL jtedzO tsBtesBCO B' d2f h sfyls”’
lv10) dzgjcOlsdodes oafdzdo O dO "7 " OtOCIsjtedMmisd
H 8 ydnrn dzO0o OdzlsOy jdet . Afi, L dgsalatkf delglstctz@Istz@ Y 1 &
hot' 9, HBMdI! L dz2O0ydddd f§odvdkd LOdkdh s dn d
sCdMmdzj dgdz? i3 GteOdzj 2 3 Cteslste’ hddzg, ftseojtentsdy ¢
HJC ' dzr Ctsn WOL dBjlsOodz 9, MSC d&zOH dadsy * to ts L A Aste1 O Sobts jdiie
Hdzw ¢ M dzOH dzdré dBOIjte' Odz' o .

—~0LFNOO_IIF 08
LRGN o]

A

oIFRLT QORIQE OF O
IQOYSFE S

142



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

s zOMmdW "' oy w tesetsydnr ttccOdz 9 B' Mjtedzdn 3
jdzj et jiWjSlsdodesmls' ftesyj Mz dzOHIstsdES 56

[dzj CMOdzHte 1 StesH AR | OOl e
1Oy S5kOd dd2 bkd2 ojtmMdsilson O YOy B0l A«

I Mk dzj eetsjiWjSClsdoe dz' Mmls B' Mjtedzd n d3dzd dz' o
'HtrsISHc[dzOd3‘ ydzedr ftetsyjfm' o, hs odL dzbrPwE: MW
nldesdztse ' Yydzge HsME sdzOdz' Mls Bzddz' © o' H dz' H
Is © dzdzv sflsddisL Ok syt oy sfteshisstelz LOdzdh ©
JSIlsdodz Mis! fHwtsyj Mk ftewdks L Odzxdls! ©" H Cfsc
Ol jte’ Odzd ¢ 'dzOdizf lstH Az HBMdz' HY jdede? oo j Hj da
Ctodr d&' jteOblztedadr HYJtej dz

LiEzdz sQlHgise j Hj diffi2y O@daBdzsL. SB dzZOH dzOdzdz? ff tetso
, NETZSCH, B¢hler) HBLoaBARY' CdOmMdW'™ SkzocC
Yy tsdzO dz dzo[d30[ sL 20 O0d3d. | MisOdatso dzj dets, h s L
Isdodzd d3d Hdz¥ dzOH Is s dzl tsdstg dIffts dgjsary-M1 D&y hOEL ts o
Odz" WAB OBt Alpha 9'H CtdifOds NETZS
SH' &z jdzgjtee' ~ & of sk tBO' RBE.

) cfd3cf sdf Odkd tetsBtsydnmn ttecOdz 9, s o9adCts
fn © ffddisijdd3gdzj o M digdzvtizd HAR s BB ]
w Clsfrjls . (dej eetsj W jClsde dz fyls! BBy Is
Y ddr * " .

YyJ et'y p(eP)i nfifddedstjtakds: zOH, Mjte® Centex 9
a ' H Stifod °’ NETZSCH) , hs R OtOS|
J deasdzd. Mlse tstes 8 Is4 " dalsj demdoe dzgj Isktes kzdzj dzls c
LB tek yOfmsddetsS <100 dedz ftcd Bjd&" dm o dls
Is stz yj delstctso -type)( fdMmbj dgd L odMmtsC 58 mJ
Oldz fMmiss ( dzOf BAIR)ZOHN 5 frHj oL’ Vs BCMs ! o d € Sio
dz2' 3Odzr dzdrn 0, QBRHBE, 8 MeGlsO0B s " Hoadh k¥ yd
03B
d

—oRoa®@

dz
Cs
L
y
h

oz!
p

4.

D"U')&l_'_"S‘Q—>

B' dztseo Odz (Hybrid) 0O L Od&limottt aaBdzeo @'dz' (
HCE L3 dez ftesHESIsE SO i dz' &3 LOY" 5 ols

[ sdz" HY j dadg? fsCOL ks ls! , hs jdzj ey ¥ § G o d
fjtojrntBH' 9" H BOCtsMi "' ydtsets L 3 hkzeo Odedzr H
d34 dzj dz' dzd d3 Is' dzOd3.

l dfmdesa C d s zOfmMd¥% " SOy v ' oz ydrn Cdhstekzey' 2
RO tew d3d disH jtode L Oy’ ° 5B dzOH dzgOdzadz? H dzv f figlIsls‘ o t
LBjtejjdede odMmtsCts’ wCtsfls' clstsoats’ MmkMmy jdaL * °

2. 1dStstedMmMlsOdzdz totsBtsydnr BGcOdz @8 L dBsHIW '
HdMSd, hisdWilsd L Gfikdd Lo Odadds CtesCtsd3) HBL ot
ddzitce' w odltcOyYO' Is! MW 2dztfd Pzde® WO elzisSC O daj ¢

[ "jteOizKO.

1.

°F CIAAG

Willy A. Bachofen AG (WABGROUP) . tdddd3 HBMsE] E: h
group.com/.

2. NETZSCHFei nmahl techni k Gmb H. tdydd3z - HEsMIs
grinding.com/.

3. B¢ghloer Group: Grinding & Di spersing

https//www.buhlergroup.com/.

143



JOB tc 920 qumomm@W@&smw'mﬁmmnqéﬁmm tc @ dz
10 BB Wistzda § o' M § tetes dz) iy z oz® dzlpteIC Is s
2024 GCo0Msdms.d2 o: [w2nu,

1l Sto' odgv dz! 2@ Y SO jdzjteetsjWjClsde dzsfyls’ o jto
B' Mjtedadrn dwBdzdde’ @ ftcd odsBdedylsea® odmtsCt
[idzdfm )OS so, g QlsPted dzO

10y’ 5dz20dz dzd?2 bkdz o jtemdlsjls ROLYyseadn Isj o

I skld' & foshsstss s’ St ' dsOy' = sBBYS’
odL dzZOYOd dzd s YOS ksktsd ftod (o' Slkko Odads  j o
) sfted StdffstekClsdo dzz fshisslslz o jtlsdS Od dzd !
jdziee s’ ddesMls' SO wCsfls' ocdudstsoda] S ' o lz fffjjeLn
CstedL sdsOdz dzd R MmdMmlsjd. fjlsY wseslsd ' 0dOd
%O fdltsd odlktwOld jdjte' = kO fMlsOs' d d2 fMis: t

[ Olsjtc' Odzd ¢ 'dzOdlzf Ustsfudlz’ HEsfMdz" HY j dedzv ftetse j H | dz
ZOECrtsode] Isj tcOlskztcdzdr HY Jtod dz
tdLEzdz Qi tshmdese OdzOdz' L & J S dzEOIOyY" 2 dzd F
5B dZOH dzO dzdz” ( Mj e’ °~ OZMOtgls BE @ dz'e dz' SMNAReESEN NO E
Alphad ctstedL tsdzlsOdz dz7 ) odweodzj des dzOMlskzy dz L OF tsdzt
1. | ' HiesH d dzO 3" Y dapsy )l Bac'd dzisdizls O dz! dzd = d3dzd dzO -
9L HSO Y sfy! tetslststc O, hts LOBjJ LY jyk® tc' o
9jtlsdSOdz dzgdr MmMdMmlsd BOR " H H" "¢ Mmddzd Iw
MisteOIsd®W " €Oy ' w fdijdz degdm Is' dz, hts ftedL o sH
stccOdz 9 SO fjtejodlsteOls jdzgjteeg' '~ dz0 Jtej 3
dzdy dz' 2 yOmlsddzs COdj ted .
2. [ dgj 66§ Isd ydz I ts€ P =aiglS @dz! dz’ mMdMmlsj 8d (L B¢
sStec OdzOd3d APz HEA M tsdzv 8 Is ! ftcOys 9 Olsd L
9 dlstcOIsORB] ftosHEZWEEz ISitdgf | PP RcdtsdE toj 3y d &
T dlstsds’ j dzj tcG Slo20Us tfCdstaf odd@y dasO L o j telsd € Odz! dz
HeMWecdzj dedz’ tHAZOC s’ Istsdzeddzd § sd3d dzlz.
3. u¥jt0O L Omblsintzle OMialy!: dz' dosdzd dzd ( dz0ff ted & dzOH ,
IRKOM-ECT, uvCtQ’ dzO) L Odatfdf OH dgY My d PHE Y ©€ @[ A
O ojddSdms Ol 2 fsHEZEY' ~, Hi CStdlsdy
sydh j dzdevr COd3d ted, fteslsy otdzd §sMmisBY O Is f
f sHtc' B dzj dadzv .
Il dmdztse € d .
| StedL sdelsOdz? dzO tste” ' delsOy’ v tesB ®yts | HOAMJ tg dizd Lt
LOoHWECd EkMmkzdz dzgdz® L Ofls® 2 dedr L tsdz SO to' o desdl3’ toc
dzw ftesyjm' o odesB dzd ylseo O ZOds BOIs j to* Odz' o
q’Qtsth’fr]lsOddeW CstedL sdzlsOdz! dedr dRdzddz" @ "L fMmdMmisj
l jtelsd S Odzr de'ts yfydidn lslzisdsh d C sted Mistso zo Olsd W ¢  j daj to
IsOH ‘w: GtezBtsEts ftsHte' Bdzj dedz" OBt fted tetsB IS
fr]O 4 dzdzv .
Is;tsOlslztsO
1. Willy A. Bachofen AG (WABGROUP) . tdixdd3 HBMIsEEY : h
group.com/.
2. B¢ghloer G rnodui pn: g @r i Dispersing solution
https://www.buhlergroup.com/.
3. 10atsH bjrndtdtse' Yydsets 5B &ZOH &ZOddY (ZTO) . t

4, ldiesBdzd ¢ ftosdBBdmMdzsco st HH@O@H dz@ deor dv H Is fds la
https://irkomekt.com/.

[—

9

fy
ts
I

144



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

{ jMztehttstGyda? Ofkz SttkL ddyuonlsds B' Mjtddr o
BOdztsls 5 dzdzOy desc 5 H MY j ¢ z o O dzdzw

[djSf' 2 utd, s0stgad dz0
10y SdOdz dzd?2 bkdz ojtmdljls ROtysedn Isjac

Miswyf .o dtetsB dgd Yylso Mfdy Odz L soOdedr W OteB,
jfOttOls" 9 Ctodlsdydseddz d3'dzd3 LOYy' % olstcOIls |
dh j dzdgv 5B dzOH dzO dzdz" . steOHdyY' 2dz ftetsls sydz

EetsftcsotsH' @ dal L OQOeayH( IWiSClsdededdsd Hdzvw ¢
j Mtemtstsh OH dzd @3 st § Ad® dgdz? ¢ st ddzyOMmisdes (° &3
Hdzzs s fesyjmd L& hizo Odzdz" SO dzOH IstsdzS 8¢ s
Ol jte’ Odzd ¢ 'dzOdizf lstH Yz HBMdz' HY jdede? o9 jHj da
FCsoadrn d' sjtcOlskztcddns HY Jjtoj d&z

JLEzdz s OOzl lste @ C Yy 2 L Odalzte® 9 Oz degd”  fd fMmls j «
/| HCP o :Giet Y MAnn, 9 ' lsydil dzvodz'H @G UEE ddsL » fs dzd
H

1.

§ SFTE=
a>_ﬁoﬁm_°— §CF o

C
) Pdzdlsd S dz¢ ytse ' j tej-as@c de,j Mzt Mftpl te ¢f ej s dgdatzi t
fd2 &3 LOYy' ' W dBOI] cOOHEY izdr L Okie®dzdar  tctsSB IS
(SteLddzd L B M tesdy) BjLYiBMjtejHdz 5 © H'
dzOm s mdzd md Misj i3O~A SO L 0" Hdzzo Odz! ded n h oz
fsods Mist EddC¢OIsd LOdzdh ¢ 9 BOLjte' Odzk o M
2. [ daj 66 j Isd ydz© ° dilsdj CoiEjaiciv ISYOBE Wzls s Odzd » tetsB 51
(20 ted € dzOH , sdfz HCP) ofmdtej H] dz CsteL d d
fljl]'JdZL" Cte'' L! hOte B' Mjtelz. | sMmdz" HY j dadaV
tclsodr Ltsdze L0 BB YO0RBd CtsteL ddzd, Yo
oz’ &@D5 B0 ste” adgv des L ° LoadyO2deddsd HJ
giz' L Oy v s jziu@tmEa o3 disx: | dz CtstrchfdzuOfnlsq’
a‘?dzq’dsq’ fMis' dz¢ Odzd S ssteL ddzed SO H' Y
t]’ Olslztslz ftesyj Miz. Aj LOYftsB' ¢B* E)HJfI’]lS'G
9lteOIlsd oBBHd dzO tsn tSdzSH Y j dadz” .

I
s fls'® csczddzd ° CzO2B' b tej Mkt W, C
d BCBHdMUJ&m%dE mMdMmisd 3 & dd ¥ A0 0RO ). SO
]OMBBMESO&%W LOdzztes 0 Oz dzgd 7 Md'Mls jalgf Is 8 Bls ¢ t

jdzj Cbtesj dzgjtec' ® L O ©OREdsS ' disj dzgiyde des’ ydes

q¢ dzkz .

1 sHOdz hd2 Lo dlktst CtdhsttkzSy 2 (LBGte]j &3O
[ sU) 9" HGtcdo O diztsy dzd o sMls H dzw ‘R stelssL O
G dzlz y ¢ tswBsdzpyfldee © dzO =" d3' ydedrs ' Hited ' dsmlsea Or v ¢
] " jttOkktO.
1. Willy A. Bachofen AG (WABGROUP) . tdixdd3 HBMIsEEY : h
group.com/.
2. ldiesBdzd ¢ ftosd@3dmMdzse sets B ez@é dz0dzdey d &g H =Tl
https://irkomekt.com/.
3. NETZSCHFeinmahltechnik GmbH: Bése t Mi | | technol ogy. ]
https://www.netzsclgrinding.com/

145



{ Ols tc 920 fizd ¥ dzO tc tz® BASE 5 el | tajtsddais B & d@ffify, " tc @ ek H
"1 0OkC bisb Wistztba o' " f tztzs 22D d3y z alz® dzdgsXexICh Is ts
2024 GCo0Msdms.d2 o: [w2nu,

teleH g dzls ' o
sdz' sls* ",

t sLtictsBC O hOWd CJjtelzo Odzdzy Hdzvw 3 mn OlstetsdzdzisG s 3t
ftcsHEZCIs" o

r 3dlstes | stesdzS s, wicd dzO

sd of Cd2 WORGed2 CtdzjHy CdYTielPudas s d

dzj Cs3j oy 2detse s ff° Ht]’tsq’ d3fr]lsao Airdty Qodd?2 vdz e

wdzfr]lscflslzls , sd° 9, LS teO dzO

Il Mspthlss@BOIsdL Oy W Uteisu;fr] HiSL o Odzdz? IsO W C
mMzyomdedes ¢ Hfted' di3Mise EOtGutsats’ i tc Slse MdiZtsiy s Is
9' H3 to¥ 9 Odzdzwv, MlsOB ' dz' dz' Mils! Isj ndztsdztse ' ydzdr §
lftctso OHY j dzdz? 3] ~m Olstesdzdzd n BSHEZAZ 9 HBL OtV '
d3' dz' 3O dz! dzts ¥ Fyomliss sBMdze o s ysets  Jj tefmsdzOd
L dzd qtB ' dnOtels' Mils! JesHEZEY" ~ .

[ JIstsHd Hfirddzwv )i dase j H j dadzw ' sftcOys o Odzdzy o
LOMistsmise OdzisW HApisCtoZ Cisdz@Qairdztlzd 2 O dzOdz' L Isj R desdzisG * -
MddasiL MdMmisj i3d Ooalsts@BOIsdydese s ¢ jtoclzo Odzdz? dzO B
3 ssH g Cslif ' v Isj tcdzlsG s "R Oy 2dztse s dBsH j dzs
tetsL 6 Or PdizDED 5 d y dz' d3d IssH d odBBtelz Is © B tolzo
Qo lssdiBOIsdL Oy"'

AKTYATOPH (Bu
24vDC

{ilLbd Ol O 1t8c sy G, dedst tetseCd hOWd ¢
Bj R Olstets dzdzts G 5 Bs HizZGHp O da Has iz 85O dzis diztf Iz Z dzts i t
sjrdsdzse’ yded?2 ftetsyjfm HLEZoOdzdsw to' HEC R R Ots
mMdtest d) . {t sLYtsH" dz fdaj o BOIsdyded n FREMSEOdZ' L
2MBCAV-6Q, hs HBL 9 dzv MftesMmisdlsd BedzlsOy IO f°
= | HMI MAHE/b ONEPATOPA CUrHANbHA KONTOHA
@|  START (DI6) | STOP (DI7) | RESET 3ENEHUNA (DO7) | YEPBOHUM (DO8)
v t 1
eEmens i =20

o erporon 600
DI2: CST-220 SO [LMckpeTHi

0
L eXogu/sixo
(KiH. non. yun. Ne1) 24V DC

H HEBMOI{;UI.
QP2A100A050V N21
(BepTuKanbHe)
DO2: MHesMouun.
QXT2A025A100 Ne2-|
(l'opua NiBwi)

3: HeBMOLIMA
DI4: CST-220 S2 . XT2A025A100 Ne2-11
(Mon. uun. No2-1) 1 24V DC ﬂ'npus nplauu)
DIS: CST-220 S3 4: . M.
(Mon. unn. Ne2-11) =| IHEBMOOCTPIB FP2RMSA-2MBCAV-6Q QR303 N93 (0'190')
g DOS: [loaatop No1
= (Poanogin curHanis) gg:“ N2
(Npasuir)

t LWHWHA AHWUX PROFINET

t dfM.A kIS 4' SdOdz dz0@ Mo j GO fd i ikE o © gzic tzt O tadzists ¢

I dMdzsg ©®® j 1 jdets tojL zdz OIsd tetsL tesBCqd " OWd ¢
BEHEdY HBLEo Odedz?  to' H SIddRv o ) tdatsts ofpls Isf to 612 &z Sold* dp
fec OBt Odetise 5 CdAsEG SHRER® &0 kssyds k! HBL k.
ftosHkSCI' 9, Nt " HIiseo jteHy k' Is fw L d3j dz" j dedev d5 o
[ Bo jH] detfC s MleOdzdey yJ delstcOdz' L so Odetsets  ff dzj 9 d3
H' OcdzsMlsd Sk kO tsBmdzkc o k& fjap dzOnaftiHoy jdsddzy L dd§)
{ SLieSB d&Zj &Z20 MdMmisj BO sy j L OMstshmse o Olsd M H
nOoysedn fEsHESK o t' Lds’ o' WL CHMis' . 1 jtehf
L esBSEZ OHOfldoddr Odestkdlsd o § t&fdCENHoy"
stsydz Mls! HBL ko Odzdz? IO ' dzlsj ¢ d@@w'dzy gt HiHdDz] Het
Bisdz bsteddclk O H' OcdzsMmisdsd.

146



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

[BHjteds LOY' W oL O ¢ jteko Odzdz?" KOz kv ststc O
1 Odzj o' W, [ wicd dz® ¥ tsdzsjhtgazi2s | sdzts

IS’ of)! CAAcEPOmSoYBBE' s sjtedzdn jrndsdkse 2 kO
Bj SsBRjtey’ 2dscts §' Hftd' ®BMlse O A jty Oodd? vdz

wdzmisdlskzlse, sd’ o, uLvVStO’ dzO
20y 5dz0dz dzd?2 Ekdz o jtefdlsjls ROLyseadn Isj Qo
I Msk@alstsBdOsdL Oy’ v &3O dz?2§ iz i)'z y®dizs dsl | o @t'ds:
odtsBded ylso* ‘ sHddd® 'L fto' stedlsjilsdedr dzOf tov
[BHjteds LOY' v fdMmlsjdd Cjtkeo Odedzy jdzj Slstetsy o
f " Hoadhdlsd Iktyds fMs' fsLdy' tsdkzo Odzdzv, "o dHSCSH
wzsPg' v fsccOdBss Oddn dsc' yddh Csdlsttdyjts
Col3f sdzj dzls™ o ise tstes fitedHERS H dzw oaftetse
Cjtolzo Odzdzy BOdz f Zdzv Istste O Bq .

[ ilssHd Heslpd g ElRE. L OMissseo Odzs di3j ssHd OdaC

g hjdd L O3l =EROE 0Lz Is sick deS y ' fEsEe Isdmfdzsh d dzls §
Citczo Odadzy, CBRY' slsjtedzi " B OY' 2dzj dBSHJ dz8 9 O
sO¢ 5y tetsL- (Ddl@dzdz@tf:mdz B stsH 5B tckzdzlstso Odzts@G
jazj Clstetsyf dzj 8 BOIsdydets’™ MmdMisj &d.

fdLEd s@ledste’'jutsfests’ Cls' totsL totsB dzj dats d3tsH j tedz L
fdzj o BOdudssets BOdz fedzvsste® L bt sBO My
f4tj ds' hj dadaw , ojtelsdCOdz dagj (e 3 hjdedzyr O

stk Clktc® Mmdmisj & o Cc
dzj L Odzj y dz' d S @EaldstzdgOIlsd L O
Codzskte cttedL sdzsOd? dats@ s
CdzZsbtc o jtlsdSOd desets
Csdalszte o W o dzj dadzw sB ' ‘¢
stsdhlsttzSsdo dzs BOdz f Iz dzw |
2O Odz* &' dz ‘ otsBkz S Ote§ Of'

¥ 5EMsC Mls) ' GOdk GOME
toj Odz' L Oy’ tizj dg' 2 gaderh
o dStedMisOds -yd dlf dait &5t

J tels Odz! dzd 2 ez L O
ostetslsdzd 2 4 dzj o &3OIs d ydzd =
n St dzj dzdzv sB' " Cls" 9o
j o BOIsdyded?2 L ORo0OIs 1L
BCORd Canlb.zzi CGSY
tdm. 1. wbtckClskztedzO 3I
f dzj 8 BOIsd Yydets 6 5 13 dp' tefdOdzindss @A Oy O 2 dzOIs W 516 B3O ;
9 JtelsdC Odz' dp@zdy s tc @z0 4l "Od{ae@z' 3 jithpoo Gsddriso;0 & 5 dzts
7ThO¥ 0O Cjtokzo Odzdzy L 11 dzj 8 dg®©ts i I iag Bzt Qulslzw 9
HilbOdzjiZsdzsd dzO0 BOLtsa O f dzdie@r s tstgd 2 tsids Odz)
dzOf tew BUEO); te A RS Odz! dzd 2 § dzj o Bsyd dz' dzH te.
fsesyYyd?2 yYydseédz RBOdz fedzw Iststce©® ME ZOHO' s fyw L
sO2 di3j tc' o . stdzistotsdz! 59 Odegd s § OtOd3j IsteOdZd |
dZzOw o dz Mis! B' ' ClsO od2 sdf ML OR ts1ff dizj alzdgts iy ¢ BIs jodgB &
l dmdesp sEtcsB dzj dZO MdMisj BO By j L OMissMmtses zo Ols
fOC ko Odz' dets@ s ftedL dzOyd dzdzv . } sSHOdz! h H s fydz'
OHOf Isd o dzd = Oz stedlsdz" @ € j tolzo Odada” sO ' dalsj Gt
' HodW jQadE sdzs 3dzsMis® BOdz f Edzv Istst6 O.

{B
fts
L O
§ dzj
(ell4

147



[ Olsj t692f7d y dzO tctz® BASE 5 teW | t@itddas k' d ; daffihf, " @zl H § dals
"1 0k¢ BB Hist o' h § tetzs dzQ Wiy z oz® ezdgeXiCniIs sdz' Isls*
2024 GCo0Msdms.d2 o: [w2nu,

Section 115

Processes and apparatus of food
productions

Cexuig 115

ndos3qd¥Y 9F EFEcEdEosY ¢ FEc
I YdqogbyYsold

148



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

sk yOmde hdwiRd § Hodhjddgw jWjClkdodasimls' 1§t
fesddfdse sils’

B lstets [ sB 2GS
Ujtodetstf 2 dzte@yC 5§ dzOdz! ded2 bkjrmdz yded?2 Ekdz ojtefmdlisy

I mMisBAfetsyj md MmEh ' dedgv Ctedlsdydes 9o O dzd & d A&3d
sM¢"  d €d LOBJLYjykzels! LBjtyyjdeda" wEsMmils' ot
SO L dzd y J dedz¥ o d Is i@y dzO Llsig Galzfip Gedede iz o[ OL ] .

[ Olsjtc' Odzd [ cdyjHsBH S sdzOdes dzO tshdeso mdMmis §
fteOy:, fHtedmowyjdeddrmr ftotsBdzj BOB oalstcBOIlIs B' dZC O k

tdLizdz BOPeyse ' 2 fesdidmdzsse sMmis’ LOMssMmse 2
s todsstcOH " OYJ &L sted ydz' , OSkMmisdydz 1O Mize dz' d3C
&ZO2fsh dqtejdz "ddz * CtsdzojSIsdaded?2 [ 2] .

] SHdzsyOMm Lo dlssS Isjrdtsdzse’ 2 MmMftedw fJtegr
dBZ3jIstsH ' 9, hs " Heoadh k¥ Is ftecsHECIsdoe dz2' Mmlis! tsB dzC
l MisOdzts o dzj dzts, hs odiBtedMmlsOdzdzy ' deW leOYJ teo SdztsG
LjtdO wyjdzr fedmSestes ™ fwsyjm ° Lddykz' M0y
Cdzls§ depd Wt COyY" ok mizh * dzdav LO tiz@EEdsSo ' (s o dzdffts ¢

Jdzj Cltetsd3OC dz' Is dztocOds Istists da' . H L [dfOayjddstsf] HtsBtoj o do yj
fpkzh * dadzd " L L O fiflosifi 0. O dzdz” o3 1 1 v

1Oy dzdodds ' HABHBSM®R * LB dhjddgy  cdztsh' € tsdgl
Oc j dzls 53, LsCtej B3O fted W' dz steOyY' 2detsdzsz flzh
HdMY j eMmdz Mis® MU PHIs d eztizl] d3 1-W) "Gds'diyf teeQ W' PIAs i Ad ° dadz
otcORtso Iz* fsecdffdOmsPudfitc b ldaisz C Iskztelz dB3OIsj t6' Odz
fsted s’ fMls LdBjdeh 2 s v P o0 HdpS anddew’ s?2 gy ts 0 dav
ftosdzd ¢ dzj dedz® Mmbkh Jdzv dese s O6j dzls©O o f ste(.

1 d i dzts o £ fd dztd aizdk zOf oW 3O i3 L dzd 3 § dzda¥ Jdzj we s
CsdiB ' detso Odzdrn RBjlstsH' @ ° LB" dzt b jdedgy @' Cts

BOMstsB 3° dzlz .

] " IsjtcOlsztcO

1. Shynkaryk, M., Kravets, O., Papernyak, R., & Lukiyanchuk, B. (2@2&ermining
the influence of egjpment used in modern cottage cheese production lines on the quantitative
and dispersed composition of cheese dust. EaEt@mpean Journal of Enterprise
Technologies, 1(11 (139), 122.

2. [ sBlpts . 7 dzv niddzd ¥ J jdegVte ¢ s fdietasnisiy M 8 ezdzt fdgdten
BOIsj tof [@dz] 5B, {tous 6t Oo fysls jHsfwwww [ * yifde O CdsO z €. ts daW
BedzsHdr bkydjddr SO MlskHjdzls" @ ¢ ¢S s-EQdzedzlzH dzOH
2024 tG. vJtedesty * dz' -336. v v UL, 2024. 4. 335
; Yy . w. [ MEsdlde ] ls? dtic iz filptd'O ydzd@wdzts
ys, [ .f. zddlosdldz/ / ¢ B@b| tcC ©ObzdzH O

f tetse dzj o3d -1z Us@shipdad » 2192 0dztHalzts cu' j2ted
23.
y! 1. w. 1 f dzefip© i eetdsfyfij s M B s 6-tC O L B a3
074 dese s Mmih ' dedzv /1. w. sttO@o j y' , .
Qo jy! /1 i {oJ Iﬁta@zom;qsum WO dzk jst8 jsdzy
[
¢

9 J

OH

. 2
4 . sttOo |
2

Hsosdzr ydr ftesHESIS' 9: {ftetsBdzj d&3d tfthent]’JIC
o1 r wumf dtelse * sfdesHé. 2024. w. 41

149



{ Ols 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* ",

15" 20 Ctdsftejm 2ddr o kOMmisdotsmisj?2 COLj dk

[ Bq IJdasy ¢ ©
sjtedzsf " dz M) Cd2 dzOy' SkOdz dzd2 Ij Rdz ydzd?2 kg

I Misrfdzj e ts* d3dz’ Mils: Mlh ' dede? C OxGY wlak alftsdpsizO’ My
OL jiyddey ¥ , s fSHO' Is! Mw z MmEzhotSCk [1]. [ C
"Hodhdisd fMkf' d (sfjtjHd! St odHOdM] dzdzv ot
[ Olsjtc' Odzd ['j lsdgjHI[EHO] . H sz HY j dade?y SRt ' 2 da
j HB Oy Qddzve diLdgleGlzf 2tsets tsBO " d3dedrm R~ OWOCIsj toc
E L W ¢€mMoOoy' ' 0O st] o {BYfktfipl dzlsls @ t
sd3 u’llesOUdztsGls dz09 Odzls Oy j dzdz L 6OL SO L fSH
‘dszZdZW ' Hd dzds,0OddsB d s L 2 ©Odizy cpzs §)fy* By Isdfr
le;teq’fr]lsq’QOd:sc[ BOIj o' Odzlz.

110 T FHeh o0

j L z2dz @Bz CofBftej M 2dedr o ZOMIsdo sMilsj2 ¢
¢ sted fiyls O dzdzw @J:O@'qmscs o' HisdmMCk W& jWjClsc
M tcdw'® L dadfipilsj’ dzdzf tc toHAEESSAS SO " Hea dh E2° J Wi
h‘dzdzw_

MisOdzso dzj dgs L Odzj )y dz' Mls! fdssdis’ "eodHEC BMis’
hs 9C0OLE" 2O dgj sBr' HdE Mls! 2tets Oy tdOd das@
ftedLotsHdIls! Hts EM' Hy da dgglzitzh ) @@dezr £ ®©©dhledasmis® Is
odH" dzj dedzd Mdetse OE (.

] SCOL Odats, Nt dzOH B tedzd?2 IsdMC Mfeduyuddy Wt
sMOHE, wCO yddedls! HBHOICBSO 2 " t tkak " HC

vOCtsy odL dzOyj dets, s " Hodh jdzdzw yYOMBEOSISd st
sB/ R 9, sM¢"  d ¢d fsHOd hj o L tesfyls Odadzy  daj
ftesyj Mk O * jdajtedjlsdydes dzj HisYy' dz' dad o3.

l dmdetsp Offlssmizeo Odedz? g ~ Odg' ydese s 9" HIsdmE z w¢
COoL 4 dzz HsY' dz' ded a3 HsL 9 Bdzy " s s H N  Bedav
Edsse’ odCttedmMisOdzdzy tOY' tsdgOdz! degd i L dzOyj dz@ Isd f

| " sjteOlskztcO

1. [ sBlZte . 5. Zdzved LdedyJ dzdzy j dzj G 5" d3dats
BOIsjte' Odz' @ / r. 5. [ tBlEt, [ . w. sftad>Cjlsy ¢ 13 daL
BsdzsHdr Eyjiddss ols @ ¢fflsziO dz! dz' L OH Oyl 2 MmO -

B )

2024 t. v jtdssi ' dz' -336. v v UL, 2024. 4. 335

2. ste@o j y! [ . w. [ s#fdz'dH dsjcdadg’ 2 Szt &Y t® jda@ fifdsdfte t
mMdtye [/ [. w. stOojy!, [.[. zddotedm' Cld.2w. s
ZOEECtsod?2 o' fMddS. uvjnds WE dOESd. . 4, 202 ¢

3. Shynkaryk M., Kravets O., Venhrynovych S. (2021) Features of pressing the juice from
viburnum berries. Scientific Journal of TNTU (Tern.), vol 101, no 1, ppi Ba5b.

4. Improvement of envimmental sustainability of milk processing enterprises / Oleh
Kravets, Mariia Shynkaryk, Viktor Kravets // Scientific Journal of TN BUTern.: TNTU,
2024.0 Vol 114.0 No2.0 P.111118.

5. Shynkaryk, M., Kravets, O., Papernyak, R., & Lukiyanchuk, B.§20Retermining
the influence of equipment used in modern cottage cheese production lines on the quantitative
and dispersed composition of cheese dust. EaBw@mopean Journal of Enterprise
Technologies, 1(11 (139), 122.

150



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

1 Odzj ydzg' Mis! L B t' 9 YOMIsddesS Mmdtcdz
shdtso detse s ftesHEZSC sk

[ dCtsdz0 ulsOHdzdy' $q2, fOt'w zdds Oted ¢,
sjtedzsf " dz M Cd2 dzOy' SdOdz dzd2 Isj Rdz ydzd?2 & dz

Il MsktcicOlsd Mdtetso ddzd 2 o d ¢ dz2v Hdz0O Mif teelsa Gtc lIff 'd fidiz
ftesHESY' ~ kO EMSdOHM s ls! ftHOM-3I E §jtjtese L
[ Olsjtc' Odzd [‘B O3 Slistisrfg] .H sfydz" HY jdedz? Blzo HJMY j tefy
fr]cftstsaOIsu , BlteddiOdz 2 ftwcd odttsBdzdylse' MmMdtekz ¢
0%, 5%, [B0AHPE O ~“tckdlskzo OdZOMW dzO® BjlssH® Mdls
[;ledzillst@dfsq’aq’teissdz.q’ulsa‘ Mdtek ¢ dMmMdasksddksydse s
B Y Ydds Miss HesHkzSE SO tosidid g Yy OB stz
Flso stes * Is! Mw ftod o dtoteB fipf ylsd |, 2 i B 1 EHD ISR * gedds '
odiosBdzd ylso' HtosH[BSIsE Y dteds fMmilss 9 %
40% 37%
35%
30% 24%

2500 +— -22%
19%

; 9%
27% 28% 506 —

24% 25%
21% = 0,20% —

"14% 15%15%
I: 4

0,1-0,25 0,25-0,5 0,5-0,75 0,75- 1,0

dijtejHdg 2 H"  Ogi ste, B33
tdmezdzs¢. 1 dMmfjtemded?2 ME dZOH Mddsets fddzz k
ftesHEZSIE Yy dteds Ml 0, 2%, 5% IO 99

20% T 129

15% - 110

10% +—
5% +—
0%

[ OMBOe © yoOMmls

dhdzsd YgodHdes, Mt L Odzjydzg Misy teds'L w3 Nedftc dz®ffplis
fmdzt “ s Mw o dzdotsdy Yy dek dzO ¢ &zOMmiIsd ydz Mmis+ Mmd
~Cdds. utsdskz ftd 2t ttkz2dikzo Oddz klseotstes ' Is!
sj cOEztO

1. 1 O j tedav € t. 1. stdif dzj ¢ Mded 207 Plc OB & 18 dztsiE
LOBjL g duteaatzd ylse © mMdtelkz SdmMasBsdsydses/ . J
ste@o jy', 1.c. [ES wdzykC // uvOest' 2! €d2 dzOIzQ
214224,

2. zddeCoteds [.]. JHBMEBdOdD] dd" d& d ' suydfn
SCOdts, Jiyw. /dtcOs 1fpddht” v w.v .-198.2

3. Improvement of environmental sustainability of milk processing enterprises / Oleh
Kravets, Mariia Shynkaryk, Viktor Kravets // Scientific Journal of TNBUTern.: TNTU,
2024.56 Vol 114.6 No 2.0 P.111118.

4. Shynkaryk, M., Kravets, O., Papernyak, R., & Lukiyanchuk, B. (2026). Determining
the influence of equipment used in modern cottage cheese production lines on the quantitative
and dispersed composition of cheese dust. EaBtwemopean Journal of Eerprise
Technologies, 1(11 (139), 122.

151



[ Ols j to 9Dz 3 dzO to @ HaASS 1 telf | s 7 dfify,* 1 H
1 O BB Wistzda f o' M § detes dz) Wiy z az® dzdzieXeICh
2024 Co02sdpg.d2 9: {wawmu,

@tzkH g dals’ o
stsdz' Isls® ",

1 L0 @it & ¥ §O0LOdk)seOdd sBtesBCd LekMmisClk
plstcOlOBd B' SO k odcdvH' MdLdscs §ddz

[dzj¢ swOojy', [O' W zddSOwds, [ tkOd }
sjtedss " dz M Cd2 dzOy' SdzOdz dzd 2 sl Eedat  da Q te @ dak

I mMsfde ‘¥ L o003 dzdodr Ijrdtsdztse’ ydedr 1 totsB dz
Mdtckz CdMzscRtdsydsets * olsteOlsd Hto' BdzsH MY j e
[ Olsjte' Odzd [ cdgjHs sai ffS sdzOdets dz0 sMdetse fnd Mis j
Oy, ftodpazy BPdzgdD Sfe®ls B ZCO k ftosyjf odts
{dL Ed UslOdstsfte j dzdzy fdtodesets f ddzk ftedL o sHdIs! H
LB ' dzt h jdgde" olsteOl B dZC O kO ydwk "L MmMdtese Ols¢
fsCOoLdzdC 9 Mmls" ydedms otsH [ 1] .

szt Yytso s s JesdytOyP " dlsj dzhdoe dz' Mmis: Zlso tste
' L Odzdz? Mdedasets LekmsCl, ' wkjqOis Widsc v dOE)s
Mdtdzsets L jtedzO, ' delsj demdods Mis: MmMddzj tej L dmiz O
Yy o2 M OH "’ sO¢ 5y W tstiedglg ‘sz iy i defigiaftsj’ to fydE®@ iy dfiy
BOMstsB A3’ dzdz IsO ) Bdzse " ydz2' R OOCIsjtedMmisdsd ¢t
ltetsyjf ' L Odedey M tetsosHy k' Is! Mw tckz2 dzz o O dadaw

Gjdzs SO kZlotstej dzgde" d3 deso dr o jteatsds . s dz ¢
LCEZMBCE fsdzj ds d3j - Odz' yded s dzOo Odzls Oy j dz@ [ 4] .
wdzls j deifd o dz' Mis: * Istedo Odz' Mils' to' L Odedz? Mklsls’ ¢

Codsf sdzj dzls' ©. | JHESMSOIlsdzY ' dzlsj demd o dz' Mis! My tedv
olststed dzdztsc 5 tolz 2 dzlz 9 O ddddf tg d LisotssHH' dSWCCts HdgQ HifpdZY te deQ) tc dz
LicsMisOdzdz? oIlstcOIls B' dz¢ O * Y dtek

]l Oydzdoaddz WOCItstesdy sOC 5y Bsd3d dzls § syoOIks¢
dzj L d&3' ydg' dztses L ceckfmlsCkz LB dz hI2° Zlso stej dzdzv H

sMW ¢ dzj dzdz' CtedIsd ydzts”’ B3 ydesmls ‘o s Pdrd wHMmd $ dzh
yomlsddes¢ B dz€ O.
Il dmdzs§ B qozdzlslzo Odzdzy t€OY' BSdzOdz' dedr iy dd3 o to

dWiSldodedds hdzwrntsds L dedyJ dzdgy Isj m dzsdzse ' ydaed -

odiosBdzd yso © CdMmMdzsdBtsdzsydesets Mdtclz.
] " IsjtcOlsztcO
1. Shynkaryk, M., Kravet., Papernyak, R., & Lukiyanchuk, B. (2026). Determining
the influence of equipment used in modern cottage cheese production lines on the quantitative
and dispersed composition of cheese dust. EaEt@mpean Journal of Enterprise
Technologies, 1(11 (B3, 14 22.

2. Aldalur, A., Bust amant e, M. c., Sal mer
between cheesarocessing conditions and curd and cheese properties to improve the yield
of Idiazabal cheese made in small artisan dairies: A multivarigt®agh. Journal of Dairy
Science, 104(1), 25269.

3. Everard, C. D., O6Callaghan, D. J., Mat
F. A. (2008). Effects of cutting intensity and stirring speed on syneresis and curd losses
during cheese manuface. Journal of Dairy Science, 91(7), 262582.

4., Fagan, C. C., Castill o, M. , Payne, F.
Effect of cutting time, temperature, and calcium on curd moisture, whey fat losses, and curd
yield by response surda methodology. Journal of Dairy Science, 90(10), #49%2.

152



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

wdzls § ded ¥ COY' W fiedctslsko Odzdz? Btesh dgv ded B Mz

we tste wlsOHdzd €
ujtedest " dz' i €2 deOY' BdzOdz ded? Isjrde’ ud?2 kde e

I mMstsHjtedz L Q' v s gslskzo Odgdz? B OGOl 5¢ tsdiBY
'hj? febtjBlk’ oftsoOHyjdkdY odfsts' dbjd
o dasdg tdz fMls! HdM tc ¢ z o O dzdfvic tdsCA3 & dz! defgdsad CCOs dgtf* de
JtGd3 delzs ygdksd WO lststGOd3cf B Ws'tediziz o 1© dzfiEs O ol @ dzfg Is |
p nOtOCIsjtedmisd ¢ Clstso dn odtetsB ' 9.
hts Mddzaj eejlsdyded? JWjCls * dalsj dzipdi* ¢
&3 ' delsj cwOy’ " fg ‘o BRUSE 2" npsie dsl ¢ STS(ORizEL Qi
‘i dgifidsdz! dzs G ts 99 j HJ dadav ddzj e’ (r wlrpg)
tso Odzd 2 ot dzd o O & CtsmbtekzS kel ¢ tsdf
tsacflstsOlsO.-..
j te' Odzd S [ B3 1€ tsHsdf3 H s fl)dz' H eitsdadeyi G' HisC
SCtRf sdz] dels gz B B tszdwdg o Oy’ L fMmiot
tsacfd34 dElsOdz 20 kEMlsOdetso O toj Odz' L ' HYtoddzayd
L 3" hze Odada , hs " dg y' &' COa "' sOY" 2dg
ZO. 1 OttOdj lstsq’ i fJ ow'ds 2555 (¥4 ylzdz" @ d2AGHD fldsitsHs@
dzOdz' L GtsOdzlzdztsd3Jlstsdudz1sGts M dzOHEZ L H" 2
G ' ydzd » OoddBD fiisQte dsdpEsgj 2O W * .
E dz lsOlsq’ ‘shEzf B dziz OISOy sO tetsL yd
ZO0 Ek ' H] zZdesdglisL Gz s W ¢ sy, ¢4t
dz' L 3O d3d : GZOMsy j o] desmisdz G tc O dzd Y dats d3lz
hzo Odzdz? ) SO HBMskzY dst o jtendzit YOMIsd dat
vy ¢ dz ¢ Mesets sfdMk ftesyjmMkz 6" HIGOLOY®
gw' Stso ®digy dzdzvil "l9sR . MO | Mis Odztse dzj dzts, s j W
HE tsfyls k * Bkzd sdf dz'-%'0ds'dediac® HfE&tdQdg) St o
YyjdelsteOy' ° %bo j H OE B’ (o sdzs@ sfls® (W)
Is d d

N
R =}

yd

¢
J

to

~FI TIgITS
< &
O,
W
f&
O,
]

googos—

FG©@ 0T @
- NoXeXo!

FgoTI-QUE—~ 7 FQIa-*§I =
0o "R UGAGED

"OF-F FE=QQE® 01T Q

o - . 0 Q
Q%o Q 'QA@DOJ %OA@DC— OE
HjoOkB OL 59 O ¢ Bgénts Pldzip @O dzWdzO -elsidy e, fiflss L(@B2j L
BOC I BOd dz "odHGC fls! L BSyke O dadz" .
{ $MY 5dzj day' 2 dzj L dzd ¥ j%iadd» d3tke ddfj telzfdzdatiits fgesfOdrds s )
MM jdL ' 5O §OH' dzdzgv 5 GLOH' ‘' dasO € ts5dgyj dalsts Oy
wlsjfjdoO L8Oe)th 'dal Mndsjterky 2, hits ' delsj dzlpd® ' SOy

hdzwitsds LB dz' M jdedzgy fdlstsdits’ fdztsh' Ik @OkEets
E tjydd rwlr. lOoEkEMseo O Wisted3sO L Odzj x desfls” 1 s
ftod dzedL ! €dma W O faddz dz' s HE olststed dadats’
l ots@ dztst Ld3" ded ¢ sSlstsydats’ Ctsdzyj dzlstc Oy " ° Hd Y j
" dzls | ¢ tc Ombtg disisss W

C(t) = Cs- (Cs- Co) exp k(%o HQ

Hj OCts' o dzgse O dzO S tsdzgyj dzlsteOy' v dzOfmd yJ dzdzv .
[lstd BO&ZO  BSHj dz! HESL o tSdzv ° ftoj ydr * 2des
ClBtsGe § dedzets s fMezdg' SO tflsddi LkzeaOlsd tj ) dd3

153



tc 920 fizd ¥ dzO tc tz® HASE 5 thel | tagtsddais B & d@ffify, " tc @izl H g
ZC bisb Wistztba o' " f tztzs 2z w3y z alz® dzdgsXxICh Is ts
2024 GCo0Msdms.d2 o: [w2nu,

dzls ' o
s ",

osdztse sMmls' Mmafde'swdptdzd, Pts LOBjLYjyk' MmlsoOs' dz¥ dg
s M O.

l didesp BdtetsB dzj dets C syl dzj S ez BOIs j B3O d ydzz o3t
Bistetsh dgv dzd 2 Mk h j2, s stOnGolz’ -0 OdmBEdeEWL
wOCIlstste® o .

[ 50 JHjdats, kb OdzedziOfls wmifh HisL & sdzw * Csi3 J dzmiz o
odMmMsCts’ CrdeyjdalstcOyY' ' Iso jteH ) s Pdzd ‘dzO' dzipld 8 £ &
HdzZw Qo lktsdiOIsdL Oy Codzstetsdzs W ¢ tsfls® O MmlsOH
o zOMIsdo sMisj 2 Btetsh dzO.

[ " 8j Okt

1. Yu.Yu. Pakiv, l.Ya. Stadnyk, V.P. Vasylov, T.S. Kos. (2021) Dynamics of interfacial
interaction between components during mixing. Coll. of science Proceedings of the
Institute of Food Resources of the National Academy of Sciences. K.: BARMY LLC. T.
8. No. 15. 174184.

2. Stadnyk I., V Piddubnyi, Mykhailyshyn, Petrychenko, V. Fedoriv, V.Kaspru (2021) The
influence of rheology and design of modelling rolls on the flow and specific gravity
during dough rolling and injection. Journal of Advanced Manufacturing System22/ol.

No. 01. 3548.shttps://doi.org/10.1142/S021.

154



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

I L dzOyj dgdz" B lsd BOd dets’ hodHS M ok Mt

ddzite' 2 CSqj S, [¥HABJEO §jd d
1Oy SdOd dzd2 bkdz ojtmdlkjls ROtLysedn Isjn

Il MsEH.MsteB y' xgQde’ fifflse sdf cdtesH ded mn  Hd MY j tefydzd -
esL B 6, &BI~Odz YydzO o' ydz mls! 9" Hic' L dgv s Is! fpw o
sydh j dadzy Mstels® oatsC, dzgjtsBrR  Hdzts o dL dzOydlsd w©fls
h Ote OHMtsteB j dzals O.

[ Olsjtc' Odzd Is[OOIstpfEzisH;d .H dz%¥ HEMdz" HY j dz B &z dzts
WteOCy* > 3,0 6 2,0 Bd3. odHMtsteB jdzls L Oo Odzls Oy kzo (

vstedo Odz' Mmls tetsBtslsd OHMBB jto' 9o L fOzd e stef
OHMBB j dzls O, o3 Mk HGHBYHEGsEsdBRH - kB dzHdgildz 0 ¢
hodHECMIs' ftesnaHY Jddz? Ml 9¢d yYyjtejL MOt O

lesed MmMtels' 9 ¢ d, we! f8BHO Odzd L ° hodHCtsMmlis!
OdzOdz' L o Odzd dz20 R tetsHBOGGELOE " Hst R Y[ 4222 : 20
tdLizdz IsOIsd SO [ skdOtstc dedpt .zdz s PlEd H R is@azizH oy

sOB dz. 1.
vsOBd&zdyw 1

l &3 Mls HsR3 & EygEV Hd 2 fOdzdetstefm: ¢ ssdz (|
Mtstels" ay', s ftets2h d&zO h Ot OHMtsteB j dzls© L

- s h¢d | 1 dr" zodHE Mmils! , HA(

g/ ] mMtstels’| 10 20 30 40

1. dyjlsOdz Hj 572 41 3,2 2,75 2,5

2. [ ilsddzOyj k 0,6 0,8 0,8 0,6 0,6

3. (s d&zOyjls 0,4 0,3 T T T

4, wL sftetsf ' dzts + + + + +

5. 1-ftetstf ' dztse d 2,4 2,8 2,8 2,4 2,4

6. wL sB lsd dzts o 0,4 0,5 0,3 0,4 0,1

7. 1Blzlsd dztse d 2 1,6 0,3 0,3 0,2 0,2

8. 1-03 dztmdf & 0,2 0,3 0,3 0,2 0,2

2Oz’ L ¥ yd HOdZ s OB dz. 1 Bigddtsys 2 sMPdElkC
OHMBteB R Is! Mw fted o' 7 hodHEtMmMlswr ttkrk Mkl
ifted 30 1sO 40 HOd eétsH. 1twd y' 2 X jls!hfipvd Helldstddsy
JIsddzOyjls0ls OHMmBteB 2 Is4 Mw fcOCIsd ydzts fso dz M
fOzdetstem! €' Issdg Mstels” 9y , wCeO ftets2h dzO h Ote
fteOCIsdydes SHARZOSCBoad?2 "L od@ Missdd HBER ¢ E M
[ deEMsOYy" &40 tydh j dscts {f Ofddts tsﬁjsﬁtﬁdtststsdgtswusd-ld
ftots2h tse L' hodHC Mise 30 IsO 40 HOdM/ GBH. 1"
9dn" HdztsE .

Il dmdesp €N j dzdzv Mtstels' 9 Cd f Odzdetstem! €' Issdz J WJ
30, 40 HOdz/ ¢ tshHdz 1:ddls dJedsoedss telgsils Ode dH ¢ sMis” ez
hstg' ydes © BB Y Or BGHdsEB L OoatsHE ftedBdzdL dzas 2 4«

155



{ Ols 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* ",

lfdzde Isj s jcOktcd dzO JWJQISq’adzifr]fl]'BfitGISLisdqu’dﬁisH1
iz ds" h

¢ dzH to ' 2 CCo[d34sz15, s HBdZO [ jdz d
1 @ s5dzOdzt ded?2 Ekdz o jtemdlsjls R Otytseadrn Isjn

I MisH.dz “8 "L o0Oydzdedrms MC dzOH tso i diftadsdis o Lfdej €
tesL yddz 9 ° Isj B jwOlskzeO dO f 5o j ton dEflf qassEmteBn] d
Ot 9, wWChms sy MOd! dzd Eo B0 @R . f tod dzsteds

[ Olsj te' Odzd d @ OdJsls tru dy. oltcOlsd Isjfdaslsd, hts
OHMmBteB YY" ¢ tsdzd B dzj € & dzd otsH( fted OH M
CsdgH j dgfflze Ist MW, dzi sBr' Hdzs Blzdzs o dL dzOydlsd il
Yy! BEs HishdsdapjloplsO@fy ' & L dzj 9o sSHdzj detsd 5 | Is O dzts dzlz
ftesyj Mk o ' dalsj oo Odz WDt BE’0 X .j ol FE BB J fipls B

Chddzsflsqdsd s ' &seHjd Is.

{iLkdr sOd kO | GBEqpHnHs @Hdpstes vy' =~ Mkzfose SHY
sjfdsots’ jdajW ls; MWCQuddh jojnsH' dsdjCld
OHfskB S0 Odzd2 MlsOdz. A' ' ' Isjfdslsd o B' d hsh

H

Of sB' G Odzdzy ¢ Hipfrdjtedsifs®ys '’ foldeddztsdzO ff s j tor dz' Ot
tesosHdIsd ftsyd M L dzj odgiadfidzdzy o s Isd di30dz! dzd -

Jstcd 30dz tjLlzdz sOIsd HBMdz HYy jdz dzOe jHjdz o
v OB d&zdyw 1

ssdzyj delstc O ftebtsade®d tosL yddz o (% tsB. ) §°' M

Chddsflsddsd stsd3, &BsteH jdz ssd3 ftedi 96 L%zdsB .19

L
]

[BO stsdgyj dgstcOYy' W, % B.
tetsL Yy Ui B jtcOsktcO,
dzdz 80 82 85 87 90

o B O B (0] B O] B (O] B
50 98,8 | 99 98,0 (99,6 |99,8| 100 |99,9| 100 | 99,9 100
100 97,8 198,1|98,0|98,4|98,8| 100 |98,8| 100 |98,8| 99,9
150 96,2 | 97,2 96,3 | 97,6 97,2|99,5|98,2|99,7|98,9]| 99,7

OiL dzj o sH dzj dzdzv ¢ dzd dztizf dipifdzdzvlz’ d3tstdzy J dz' Is s d3.
l dH dzts, h s fted ftestf MC Odigllf d tcty® ezd ~ Bz a3" 03] ¢
sj 3 j c@&B R &0 dztsy dzd o ts HtsﬁjWGdzlzlsdl(E(nsdz,%JﬂzkstcOuﬁ

fswids ' 54 Mmw Ltetsfr]lsOdz.dedZ, Jdzgjtee" " LodOwWLCE O3 Y
l s5dz0 dndsrots s LO jdajteg' © OClsq’adzq’E u,jdzlste'a
“delsj defnd e dz' Mist OHMtteBY' B Ldzdyk'IB2MW. dists dzdge B
CtsdzH | dzm O ¥ tedstsiwdets f Otcd dzO § s9 j torn d2' OantstGBJc
H' dzw dz€ O~r , fsCtedIsdR o' Hfddrdis®sy 2§ dz' ls9jCte d3' - 4t

MmMfdelssoadr fOtc' © ©® OHMBEB ] tc' .
l1ted Isjsf jteOlskzte odhj 90 sjf dzseo @ jdzj teg ' w

o dMBsCs, hts Mkl ot fjtjo0Oy0" jdzgjted' s OFIsq
Bsdzj Ckdz OHMBEE Obklsddzjlz dEsy'jH df a0 O OH Msics
" delsj defnd 9 dz' Mis: OHMtsteB YY" LB ' dz hlzs yd Jdzj e
BjLOBHAEEE jddZtsesets Mfdkl.

I dipdets g 66 d BOdz! ded3d s j B j Qb fEeEEBd g Oetse Y ¢ ¢
Wedn HBMWEOsIs! MW o NEGBEC SHAFEscOPLlSE ©j C B
oftoso OHY jdzdzgr . 1 jtejoOck E oadStstedmlsOdadz KO ¢

156



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

1 dzj o sHdzj dafipf JEmlsBaztfr L yddz' @ yYj tsdz' IsC

ddzite' 2 CSqj S, [¥HABJEO §jd d
1Oy SdOd dzd2 kdz ojtmdljls R@eysedn Isjn

I mMslffjteyO0dd?2 L B' sd3OMd jlkOdetsdz, wECd2 dBtsy da
dz' o, daj ssbtejBl' LB dd E CtdhsttzSy' ~ H

L dzv ' st mw o 8 gaflac § dzl o de@dizd BB J aizb K da
sz, Hdz¥ Glted ZOdsdrz B2jcots HOdEBE RS * jHIOERNZ f © H H (
HiG' HIBOlOY" welkz BwBsy dzO LH" 2fdzs @ Olsd ftodt
fshtSHY jydedztiz' IsOdzd, LtsCtcj BO Cdzddeastf sd dztsdz’ Istsds s«

[ Objt’ Odzd bOHW] By d. Y J B2z Os Ji3R3EAT WEd3 0 dgO fts ¥
1006 o dMmkh o Odzd ftd Isj Bf jteOkte® 250 ftoslsw g
9 OHMmtsteB j t5, wed?2 fssfjtejHdy 8 ' HHOaOdzd 9 0OCE
Mfdtesk LH"  2Mdes 9o Odzd E fted?2 BOdz dz' 2 * dzdetsls
odHOdz] degdzW s fslsitdd Y dzdf diz o34 Is s H 5d3.

tdLEkd IsOIsd Is0Ol sBEiseIS'te) dr'dzOMmls® ¢ sdayj delstc Oy
sB.) ©® OHMBteBBo Odz 2 WOL' Ctdzyj dzlsteOyY' W otsH(
ftes oade' tcCBok OHMBSteBY' ¢ oOotHd © Y’ 29 tsBdzOdIs'
OHMBteB s Odz' 2 WOL ' dZOH BBO' d3dzgdds HBMWEO' Is! M
nOtOCIsjtedztss 2 oadL dz2Oyjdzdz® HJWEdm R Otytssadnm Yy

lted Ctdzyd destcOy' tesL yddz @ odhj 60 % fBB.
OHfMtsteB Y ', IstsBlsts Godas' 2MisY CoLs H ddzjor a@Hufics tOpetinas is & fip W -
OL | slstetst ' .

o  omMlsOoadoehd Yo jH  dSkz OCIsdo dztsls’ otsHd o

BOdsBEz ~ ' od Mk o ttsLydd (4 % ' &jdhj) B
WOL' BEHj HEY] HBOzktcOY'te'd a®uz] 2o S Bzt so ts
CodgS tejday' ¥ L O °° totsLIsOhlzo Odede o tBO ' B yd

L dzj © SH dzj cipfvd tolstsrodistss 5 totsL yddzze H MW elsd dzj dstsy dzd

[ sted 3O dz' H Odz' iWiClsdo detsmif Jtels tsala] d tsH tafs dzulp
Cdzd dzs ' ldftuipfis dds © EtsteH j dz' Istsdz fpeo ' H YiQls 0, diugs € dgtOtl H
OHMBtB R o9tHEZ, d@3y Oyjysglz B W &Y fpdes ' B/ thw L B '
9C d&zZOHE Ltsods Nde 57 Htsojtondz o OHMtsteBY' 2dzz M
BEH] Loy il teid &3ff det Pdzilz’ tetsL &3' ez Hd MY J tefiydzad
fMzlls ats @  teh k' Is: Mw W' dz' Iste@y’' 2dz® L HOIdz fyls!
]l dmdetsp tg§ © SH dzj dipifvd toldssiodetss tetsL yddz @ BEsy dzO@ L H'
OLd fdetHdddd Hdmnijdmuffypsd dsdf dafs'daizjs teghiz Asdgs:Iszfs © H
tsanGlsq’ fscodzse s L dzgj o sHdz] dedz? jlsOdesdzze " L t6° +
tSHq’ MmMfdebigsdr Mk hj2 CtOhj LH' IdIds ' d&dg,Mw
S dzd detsff Is d dzts dz' Is ts 3.

157



f Olsj 69D 3 dz0 tc 2@ MBS & el | tsase ; dafif, ' o @zl h g
1 Ok BB WisWwEa o' h § detl B&@Wuh&@&@@@ﬁMss
20024 GCo0@sdmg.d29: jwamu,

dzls ' o
s ",

[ sfdz' Hy jdedz? ¢ Histsdsj ROdz ydzda fesyjfm' o
Cisn 3Odzj o d3' Mdes’ Mdtstse d ded

rdgdedfp [ 2Lt S5, [ dzj & MOda
1 0y’ sdzOdzr dzd2 Ekdz' o jtemdlsils R Oytseadna Isin

I mMsgf¢.MstgclzL * w ° SHddd 'L d02°" dzlsj delmdo dz' h d
nOttytse ' 2 ftosd3d Mdzse tsfyls * hts LOBJ L f\jufiz" 9
stcOdzmf stels zo Odzdz” fmils d i dzj dedzv , dzOc tc' o Odzda” , ]
1 OO Iste cslstso dn JSMmMistczH O 9, L sCtoj d30 fi
otsHBY s dzd dzOdz! dzO L HOIsdz MiIs! , L dzOydetse d3° tetss o
9 L dz f J to jSHORIEO DA, YydBs e IsOC sy CtsdemistclzC Isd o dzd d&zd
stee Odz' o JSMmistelzH j 0. 1 4 dz20dzj ¥ dzts 9 doe yd dzO
o zOMmisdosmisj2 MmMdeseddzed § " H of dzdetsdy odMmtsC dn
dzj MlsOB " dz¢ dztsfls’ GJBdi3j stedudede L d3 t6' 9 G lstsot
| Olsjtc' Odzd [ Sfipgg IssiHjddedz? L H' 2 Mdz¥ 8 Odzd dzO dzOB T
SHdesh dzgj Ctso s CtsdemlstezCy' 8, wed2 d&Oe M 99" H

v wesfls® HsfMdz' HY o Odglsc s BOIs j e Odziz odCsted
f syl sodds t' o9 dzisZy OB dtgfiply Codalstetsdzse IsdmS k2
esLfdzOolz o Ltsdy eEedB@Bejdz LOY' ~ LOMsMmise 9o O dz

odMsSd2 kdMS. vOmsskk ©B,jlsOdd® hdzgjCO L g oz
wlskf ' d@ HjCMstedd [ OF] o tsishd6dzy | ®dg) dzlsOlsal o dz

' ojdz ftdmlssmls’ tltedBOdedr JEMistckzH O 8 o dI
sBO' Bz Mdfluydd MjtejHsedh j d3.

tdLizdzrlstohfpd] . H Y j dzdzv B¢ OL Odzd, Mt Ctetsn @3Odz! dad
ftosw o dzw * o dzOMlis d'oasfipisC 57~ dzj td2' ¥ dcdzdlz L Wit tsC
fMmdoHtf zZOMIsdydeddz -~ OwOCIsjtetsd3 Isjy' '~ . lted LB C
Hts 300 B/ rno MitsMmMisjte' cO' s Mw L dedigaztey 4§ 4 ¢
wodhj oty do f§swihddlsd HjnOod tds SO] iPsks My | ¢
Mftedyddej dets® H'™ 8 dgOftekyide LMok, hts, E Mot
BOjte' Oz yjtejL dBOItdy:s .

Il MlsOdetse dzj dets, hts Szt ysodd3 yddeded S sd3 Hdzv W ste
dSMstezH Ol * GtOH' ‘' dzls Isdiffliiz odzOQ ®d4 - =ROIsted W' d
8,0 [10 SO Isjldffoj cABEB" HARSO' Is! Mw Bdlsls‘ 9 j
LOaHWwWECd odBlkzattotsdidk jWjSlkkz. Aj LOBJjLYT jiyke’' tot
4,2. tOLtsd3 L Iddz, fitjodhjddzw o'sdAs'crsdndsh j dgdgm
T o' wL Ctsfyls SO L d3j dz" j dadaw sj B jtcOIskzted HJHT
¢ dzy 2 ftesHEzC O' dOHEB todes N " dzt ded a3 '  daC

fls
q &) Odz ydes'® jdzjtec' 70150 i ls,
ClisL dznudzdzwts Hs 70% Isjfdksods f
O Edss jdjtd ', WCO sdEOyO 5! MW dzO Isjtslsw
odltcOlsd dzO LBods "dg 2 jdzjCltedyuded? B' €6 o Gt
Idipdesp §dzdz! 5O ftetse j v dedrn da@fxfis di x 13 Hlas d dgGsal
OO sted jSMlstekl ' CkCbkHL W dsil 60 Iz fudd: lsastsc
BjlsOdzdzy 1P COB /2BeD, Isj Bf jcOkzeO §jtejH Ok
kOdd hdss 5 HEY oLtsBCd ¢jBdjlste’ "N dg C°
OBjLff juyk® MmMksOB' dz' dzk tetsBtslslz 5B ZOH dZOdzdz? SO ¢

158



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

[ id Hy jdedzr S dzgjlsdSd O jdzgjtecjlsdudzdi § Ots
fzh ' dgdz? -f delsH tests M ese d dg

g% w 10y S, [dzj S fOdzH
1Oy SdzOdz dzd?2 kdz o) emeglsi s SPrasodCicB) &

| sz 2 BOY' 2dzj Mkh ddv, "'t fsdvc0O L aq

MlsOdzz, tdi3ddzOr yd t' HEEZ ¥ OL Iz, HiSL & Bdzw ° LBJtej
ftedtesHdzed?2 SBdz t6, OsdZOl u’tstrao[fr]lslz MstckzC skzte
9d¢C stcd fls O dzdz” Yy! sets d3jIssH BO° sB d34 Y 4 dad €
Jddzj te ' d3dz’ Mis! ' L dzOydze Istedoe Odz' fmls yd ¢ dzlz .
sjfdzsf Ho jHJddzw o Edizse OR Cdzdeitsets 9 0CkEA
9 dHOdzj dzdzv @10 )ty te EOmERY dfpHSid St Yy' W) .

fOljte’ Odzd ['B OdsjClistissl Wishdz X dadz” Bldd watsH(

tjtsq;tG;Hdzlts-aaa/&lgiSte‘tsmlzfs@qufc ‘Hitpls s SABdzsH Y j dac
M jtedd3j delsd fetsotsHddzd dz©@ ZzOBtKOLed 2 bk
ZOh ddglsy kg OolstsBOdyudsets Stdlstetsds GOMd L
R e hts § Histed EBEOO0I®. K jBjHOYO 28, § &zO
‘er]dz#a@dzOfr]J CtodiB ' detso Oz d3 Bj stsHisdz, wWCd2 o
‘WO oo tSdzy o d {f tetisiell diEf o OlsigdaBy j tf QU2 taffs i Us  da
j t6 4 ftesHkS bk odStstdMmistsalzo Odzd 3 Stetsls
tsHEZCIE odCtdzo OkzOM:! h dWEtsd odL dOyj dzdz? € 5

{jLbd SaQdssfyyj i Mkh ' dzdz® B caesd  fOsc ig edsts X
ORsL OBStesy zo Odzdz? ' H 0 0OCkEkdssd, hdse dd?2
jf dzso sets HEME 2o Odzdzw . | sfdz Hy j dets,  h
j B j 6Olsktt® 9 L tsdz' fMkze dz' BOY' ~  -22B:2 BAGO' Is!
sOdzetso tizj tztizls j Bz W' SOy ' v 2@ f jteh ' 2 flsOHu' * h
s Hts +45AC HO' LBsekz L d&gjdhdlsd L Odz' dalz I
f° HjMtesy'  (Stdzd t' o jdz L Odzdh s5° 9 fsc
St C 6 dls to Sl bowtks d dsjj difjjws o d P k¢ ud
O Odztsets 3 dZOdets” Hd deslzls o stoj dade? s ©
dbdzOdz’ L. Stedeodma Mmkh ' dzdzv fBCOL O, Hts
HOdzj dzdz o' dz dgts’ o tsdtsed (8o tsHds)s,d Is
% YOmsedr tjMmktem o. 10Mmlsshmke Odzdz? yd ¢ &'
ftetsds’ dzt 9 Odzdz? o ' i3 &z dz! fr]dztsd3lz ey dd3" HBL 9 tsdzc
MRtk " O’ fesHEZCkE, LOfse' ¢0¢yd f'ted y' &
Bdz' o Odz W ¢ tHAI O dd ufHs@ls(dglsf) yls® o '8ibdzs o dzs o G
95% o3 LO 3 rneoddzdded. JIltcOld o' IsOd dzz o
d o' & BOd ddsd 2 MsOdmseddd dej B dhj 7
tc' o dzgW gtk did3 BldAGIOH d y' 2 dzd d3 By SsHESR Isj f dzseo 56 5
I didatsp Bz’ Hyjdeds §' HlsejHddd, N5 LOMkshEe
2 ' HdOdzdz L B dz Mded s " deW tcOyjtco sdzeddz ° H
BOZOdGM o' 3 bede Od M § LEy  filslO6ss U2 gl ¢ ISf et
yomse' tixddd mMked GOY' ~ HELotdYEls! (4N Bkl
CS5HJ dzq . [ sted &30 dz' GjLEd O By kls: Blzlsc
OolstsdBOdL 50 Odzdn MdMmlsj s i twOo dz' dzdg® o f tetsd3d fc

-G =
TS0

gI-=2Cc I 00
Al UGS Al ) g§853
R o eN o) o [\
=% 7 &
< G- =
“n I
o O,
&N &

©

S W I SINO N
FNEFRNR L 00

159



JOls tc 92 fizd 3 dzO tc tz® dAS & &5
1 O BB HBistta § tc hj
20i2 4 ¢ o028s

gﬁi

[ dz" HY j dgdg? G HtetsH d dzO 3’
tc

ydedr ftesyjm' @ tetL H'
ftosMmistste’ MOt L

SLOoOdzlsOy 2o Odz dedr M ff C
YW L OkO2ykS, [dj s mo
1 Oy’ sdzOdz! dzd 2 Izdz. o jtemMdlsjls ROteyseadr Isjn

Il Miszfj.f Otclze Odzdzv SHdzff 8 " L o dz® s PIis frOR" hdzl
fsmMsB' & tSLH' dzj dzdg? o' HECdr dzi sHdzste” Hdzd R g
sdzsydz 2 ftosdRkdmazse sfils” Yyi?2 fwesyimM 9 H' ctcO’
dzj Y e j dese s B2 O, O OStsYy bk oy 6tzpdadzdzd &
B hsC . [W;(;lscfsdz'fr]lsJ trstssislscf i f OtOyY"' 2 dzts@ ¢
sz sOSdBd WOSCksttORRd, wWE¢ ccitdRkjilte’ v IsOttse
4 6ls Odzdzy -RlS @3 'W{dZL dE®teOSIsjtedMmisdSd orn' Hds’ fi
ZveBRBZzp S LO odmMtsCdr BBjkls' 8 Eklsotstes 8 Isd
jydteSbezdyvy °, w¢' EMCEZzZOH s Is! MOHY j ddg¥" HG'
[ Olsjtc' Odzd }'tcjdgjddg tiersdls H sfydz® HY j dzdz? B lzdzts dzj L B«
todz' Mlss 3, 8% kO MjtejHdy ¢ ABHAK.) cOS K st d diy
" Y fdes 9 Odzd MW O 2O ' o4 joisTRY Hadse i 'didzE o iPjufl O tc1O
JclsOdzdzgr B Ot OB OIBO 0 HSBOTFOL s@cdnNGk®ZSy' v BO
CikO "L 55 GCtsdg ydzdm IO’ dzts§ , oD dazmbs &' ted
ez o Ldzjydte] desdze B dzsyY' ftoso sHddztsfw  gj Ist
HJ
dz

Foge T mgs
—@Ton

j dzt 9 Odzdz? Y slstsC ' o L O frislastdiftspdr, o Oday ot b figky scisizw
Ctsets NOtwhk ' Hddzed o EkZddso Of o' HYyj dalstetso dr i
tdLEdz st . H Y j dedzv  5C O LteOdzfy, ) Mads L i) dedisj odedgfv?  off
sz sk YCk i3 Y bOt' Tz DA, HI z dt HdydK
dqudzd?2 H' ORBjbte ydteseadnm Ckdz ¢, we" By
ECkdodesfls’ . | MlsOdatso dzj dets, "5 YO  dztcd 51
sdedz Mls! MjfoOLOy” ' Mkl o Lddyk’ s+ v A
dz' teftsL H' dzj dzdav .
z JQﬁjUJTGdd34dZ|SOdZJ dets oL dzOyj dzets, h s tsflsdd
Bjdh ' o' wL ' Mls! dBsdzsyds tofs®isdid 29 AL,
"Hdzs HB LOSCtdEZz skt Mo, M tedw® L dz0 y dz
R Skl s¢. 10 yOfmlstslksd B jtelsOdzdg" 7500
Is 9 1@k PO, 0N B3 fsodz Mist o  HfBBO " HO' Mk
sots Blkdzs HGMd HYjds ofdde L OBtelzHdzj dzdaw
ddzshw, s yjtejL 2 cetsHddd BJjLY jtojtoo dats™
LH' dzjdedzd Ldedy k5! Mmw dzO 12% yjtejL Loy dede
dzls j o Odz B O OUBSOG Gdzdz? &3 B Ot OB OdzZO H dz¥ H
ofMlsOdzetso dzjidz8 &2® ez elzdz' 4 5
l dideso € JL Edz' IsOIsd ftose j Hj dzd n Hisfdz' HY j dz

ot 0 o TGX @ rx
=5 & FA2OP T

e

g —T ==X 0 N

CodemstezSsdodzdn R OBOSIjtedMmisds lsOt' dsS Mjf OC
CklsO dzOR ddbzleS usfifls' lotte' 8 HA&Y ' H2tdBEz &Bsdss
Hisfwedsj dzdzv MisOB ' dz' des dedL ' Ctsets 6" adzv ydlz o
' Hlsted BO dzdzv OB dZOwdsets twjydiz folssSkz o
LOBJ L jykz' Ist mw " dzv 7 tSiiglf B tsoe@f G dz'o d@'dZdzv o df Totisisiy Is gf
tojLizdz sOld Bldzd o dStstedmMlsOds HdzW LB S ] MGt
odmMtsCshoadHC Mdedrn cjtodzjlsdydedr MmjfOtcOlstste’ o .

160



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

wdzls j dzmd W' oy’ w RO GHES &g diEo o Lipd MeORdg dztsE ¢ @L]
j¥jChk [ OttOddd

10L Ote stso Odzj oM € d2

d2, [dzj dz©0 sto Odz ykz¢,
1 0y’ tsdzOdz! dzd? Bkdz' 9 tef
&3

]t
dlsjls "Ottytsednr Isjn

I Misgfmdz Hy j dadzw d34--0dz- L @ YWOLds Ikkztsk
LOSHOdZdZWd3 Hdzv fMiEzyOomdsts’ Wq’mtq’@dﬁtjdnisaqtgfrﬁ'ﬁa H [t 1o df
f " Hoadh q’lso[ ftesHEZCIsd o dzg' Mmlis! tsB dZOH dzO dzdz" , L ded L
J S dzse ' ydats BJLYJyds Isjndsdizse ' ' . O[Hdzo[d3 "L
Cdgls j dgipd W SOyt BOMsf jtej HOY' T o d 6ztf & ezl Hz@zdzd:
C Sdzedjoldisf 7 fskssC' o o &ZOMdZ HESS GCLOH' ‘ dZsO 5o jt6

[ i ssHBdZE " v Sl telcﬂqsgdﬁzls(bdz dz' Hismdz" HY j deda?
“OB 5Ol st dats bzt ' dzdzts’ B hOkSd o HStdlkse
fjtojEBtesHSOBRG. [ v sy d€d 'kdOed®d d & fpt e g
HdfMBseBYy' °~ L odStstedmMlsOdzdz? d5 fsdzv et OW ' yYdatse ts

1 tsBtsyd MijtejuHsoadh j: BsHjdz 2O o' HddzO (o ts
(NapSQG;) Hd&zw Leo' wL ko Odadgy tetsL yddaj desets € d ipdes .

T wdzg y oy ' v JjWjCOELSdy&Ofe) U i@ bthg ko O
JIsOdetsdz, h s Mlsostes 9 O dzj sBr' Hdzd?2 GOH' ' dzls ¢
T ¢dz20Odz’ sdyded? S tsdelstetsdz tej " MsteOy' v Ctsdzyd
Hsf sdiisce s Hltedldbdz@QH A tsH O dz' M Hfsts HYf BBdfHAS oStHEd S 7 dzO f
tdLizdz IsOIsd 50O GEBE jolundjjdmidvdsj dzlslz B z dzts o Mls O dat
CGOLBoats” IO ' HES™ WOL MEftesotHY k' st MW Elso st
£ o' wLCBMI' SO heodHCtMIs' fslss¢’ 9 oddzd & OF Is!
ftoedCstcHtsdzdzdm h O’ 9, hts Badk iy JoyOlSsoklz Ist
[ SHO9 Odzdz 1 ¢t HBLoBEJqIZs OCIsdokzoOld JjWjtls
tekzh ' 2 bkt lzd LOYy" ~ . [Mdsesd mMftshmisjtedy jddev ¢
T 1 " Hodh jdedew JWjCIlsdodesfls' : LO BHA&OSCBad=A
B "odzCd, IS OLddSd OB MttEsnsj 3OLRE dzd HLsEEWdEzds"
T fJrOde L3 H" GteOH "' ' dzls o jtoendzj o sEts dz0O
fkzdz MOy ', it ftcdLoBHWIS! HE tokz2dzOYy’" ' Blzdz B (

fseojternds GCBdsOSIsE WOL.

T {B" " Bded?2 St5§ %" y' "ydals 3Ot @jusggl@ @@ i () dzO ¢
ftesyiMmMiz L O bLOdeJ s SEZISO dOrddl d' dgj(CUgd,L t
ftotsH | BsdzMmistezo O MIs' 2 ¢ LtesMisOdzdzr fted Mmisd dzlzc

l dMdesoa R OC Isd ydzj LOMmMistsizoe Odada? dWicClk [ O
Cdzistelz a3 dzldAs sz W C Oyt B' Blsjrdssdzse® ydedn f to
OdzZlsde ' tslsd¢ ' o, HJ Ctedlsdydes 9Oy dzdeadd3z wer
Wittdzj delsOy' 2 desd3ge fMjtejHBsoadh . 1" HIso jtoHY j dets,
ZOlswW ek HBLOoBdY' f S o disd) st G & oddds'Odz’ L d3'
Yy dz seotsets fsHESCIE.

] " sjtOkttO:

1. Qi Mao, QingJun Yang, YdLong Li, Wang Cao. Numerical study of the
Marangoni effect induced by soluble surfactants and solute based on rising dr@d24s

161



tc 920 fizd ¥ dzO tc tz® HASE 5 thel | tagtsddais B & d@ffify, " tc @izl H g
¢ s HBistEa dtc’ M § tetzs d2) iy 2 926 dzdigsXxiCh) Is s
2024 GCo0Msdms.d2 o: [w2nu,

dzls ' o
s ",

1 Jjtefmd J € Isdeoddn lsoOfifdsy dzOH SCtodIsd ydats™ Wdze Hdzts™ jGCf
bz dZO YjfkBHO, [ Ot W 1 jddats, | GSdsHJ
10y 5dzOdzt degd?2 BEdz' 9 jtefdlsjls ROtyseadnr Isjn dats

Uomdes sz jsOf' tw©sLodlsSk B' Bl Ddtsdagc”
BjlssH' 9 o d dzlz y 4 dzdzv y' dz sedn ¢ st
iWjcClsde dz te' h j dzdav . JHdddB "L dz02 B " dz' b
ZOHStedlsdyudsj Wdzv Hdzj JSMistcOcko Odzdz?, hts L E
keOHdY' a8 D j€ iedCy' ', BG o5dz0 ' ®jMmMkehmsLE |6
skt Bzo Okd fesHECId dOHoe dMsC s’ ydhmlsslsd BjL LC
[ i sBHEZEE " W udsfimlslzy dgdpg Az' .OdzOdz' L W zdzH Od3g dzls Odz' «
LOSSteH sdzdzd B dzOkC o d R § e @' y' f tdaPi & weq JsdbdRizd B J th)e
ftotso jHjdets f s5tc’ o daV dz' dgg ' dg'f Y\ dedds O 8 teglzlipbiz® dzl¥ ' o € tzd -
SOCtsy B tokdzlstso Odzs odB' to Isjrndesdzse’ ydzd s § Ot O dzd
BOMsY j 6] deof MJ cAfiste M) IS P * fdds tsldAlsIS 2 )@ & st 1 ffatpd dz

tdLkzd sOd 1Oy BBSEdistbydedzt . ¥ dz6 " H (1 sA) WwWodw
OGtej GOdzd?2 MlsOdz tej usoadded, s oddzdS O’ ftod 4 tc
O IdmMSk. v y' 2 bsyy' o' HAB ddesfls’ &' 3 ' HE s
Wdzs C HE MY jyd¥ ydeds o &zOMmisde syl 2 :

1. 1 d¥kEL' 20 LHOKd MBs HUSD] osdedf iS¢ s o' Wi Ctshls’
COL' ®) 1SA Hj®Bsdhstkz' d&OHodmMsCk ftsddCdkz LHOI
LOBJjLY jyk® hoadHCd2 ®&OMB jtejdg'f) 9O CHUBIEDOYHSOLIS ta
L dBOYyjteOy' ‘ b .

2. t 5L yd dedz©® L{H@Isuly Mz Mis d dzlz, dzOB dzd ) j dzz H BB 6
L yddzv* hdetsCdRe 'y j &ftc’ MfdseazfC Edzw tsdzed 7 j W ' todz

odMsS sdtsdzy Skdzwtcdedrn St dzj € M o .tsddtsef fipte Is@ yfgds @ iy dzc
HiSL & tsdzw * SsdeS 5 tejcbkzdzt 9 Olsd 2tets ttsL yddzdzze L HOIs
LOBJLY juk' odfMsSk fMmjdjClsded Mmis! o ddzzyj dedzv .

3. 1jtejoOced H' s¢MdyYh jabdOdgoysyd ( wdo * mdzkzeo O dzdzw
(N2O,NHz, SF3) , o kzg dzj € d MadIQ: fgwO L] o Goddisfdzdzd a3 J§ € MisTieO ¢ j dzls ts
=311 ,Pc,e= 73,8 BOE) ‘ HtsBtedddd Hdzv Isj tcdi3tsdzOB *
‘dgj elsdzsdBz MitiHBeadh ', hs odCdz yoO' ¢dMmdzj dzdzv B

4. 1 0OCIsdydz0 tj Odz' LOY'" v o B' BIsj ndbdzse '

A OtcagO W 5O  dzizls tas Isyd crogAsdgdz™ © 9 NS 5C sdzyj delstetso
OdzZs S MdHOdZs' & 15O COtetslsddzts’ H' & (L BStj BO dzs Isj’

MmOteytse O & @aifB usC< :j 4t tosB dzj dzdaw te ts ) dzd dzdzts f
OttsBOdydzdn jCMiseOS 5" o8 j L tOEZS ustdsdits "dzd & O edzgPd,§f 5 ©
@ZOlsdo dzscts ftetsl ' dz5 MBOS k.

O dzOdz' Isdydz® B oIS sHapmdzOaZda: | sA HdY o dH' dzj dzdzv
B' 5O jt' & IO tydh jdedzy W jtogj dzsdedn ftojf OcOls” o

MEYO COf' sOd d2 odltOlsd dz® ftsB &ZOH dz@alpdz® o ¢
Ctdsf j deilkzs s Mw  dzdL* S5 Mtse' o O’ Miss jC M ZzOkO
v nsd HjSCE®Rtejm © SO o' HMklsdy Miss fslstejsd o H

I didzsp §gzdz 5O OdzOdz' Lz ' HIse jteHy ks s, hts d
MistcOtes cd QY dzdo dds ' defplstezdzj delstsds Hdzv Blsted B3O dedzy  j €
EftcOo dz' dzdz? ftesyjmtsds O sy dzde ' fMls: L Bjtejyj dedgw
9" HCtcdo O Is! hdtets¢ it jdsl§g§aah e s jf dGis@
B' t5lsj n dats dzts cdztspdis ¢ iz fdis € tsdz' dzdzw .

162



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

sfd Hyjdde" ofdzdolz tjyddsdedr § OLOdjIste’ & dzO
tetsMdzd dedets” Mmdtetse d dad

gtsdzsd3" w J sH" My, Jjtetsde €O stsdzyj 9 0, I s
1 0y’ sdzOdzr dzd2 Ekdz' o jtemdlsils R Oytseadna Isin

OEC swfpdzso s ' dalsj degmdW ' COy' W Isjmdesdzse’ y
tedMlsOdadzy W' Ldydedr jWjCl"oa. | dzv HBMW I
fsCtcOn jddzv WwWECtsMis' ftosHkSCIE OBt tojf
of dzdolz dzE&'YydeB," ¢ B WA dR tsydzed 7, & <
B dedzdr HftetsyjMm' oa. vtz dzj HisMIsOlsdzw ' daW
dzdzw ftedL o sHdIs! His dzjfsodesets oS tsted Mls
"Clskzo Odzdzy IO J S M dz2OOY" .

| Olsjto' Odzd 1 'dzVvd3jff ististage.mgiztizezy j dz o d S Bted Mistse o Oc
Ckdzwy' 2dz0 Mmkh" ddzr dzO EMlsOdzso € O B dzOH dzO dzC
j € lIste s dzdz' sjtejL d, Odzj i3s3 Iste Hdzv o dL dzOyJ dzdz
Bsd3| Iste H dzw tcj ¢ zdzs o O dzdzw sj i3 J eDIs gy Ml
o' B dzj degdz?v d3OIsj ' Odzlz.

tdLEzdz sOIsd SO zweldHEs ths) dzdzilz b * dzdaw ftesHECIS
d&ZzOyo' Is! mw f slsj,dzy O dzdzdf a3 M ksh L dgdPy ' B isdeAsts dsts

B dE=kids 9

f "  Hodh jdedav d3 Isj B J tOlslzted MmMkMwd dz'sdztslry © O dsj d
ftedL o sHdIs! H S L tetsfls O dadaw C sdzinls O dzls h g
dzIsij;tsJH(Du , sifdtse" HHOY' , &EOMBtsB ' dzlz, H C
s 9 ofdzdelz dzO ' dals ji dzfn dtfo jdis jiids'! M Izt toOsiagaw iy 2 f
dsz@zdz,Jéts , hs Mftedw' L B' dz' h jdedzt (o] tor dz

1" H yoOfm ftetso jHjdedz" HBMdz H' @8 wBkZESB GEOMts:H

Ists9iMC dd3dx? LOo Odzls Oy o Odzqd £ CotetsByOmilsd?

&' hzo Odzd o Mikh dzdr'Odide 9 OF3jdakzlz 2 1s@ tsW 'dFOffpd ¢ ' H
9, ' sO¢ HBlsd, HBSCd §5C0OL Odzdzy T lsijstej L * o
WGEdz dedzdy d3OIsj 6’ Odzsd3 W dztsle 'Of dias 6 5 d3'o dzdizts i ©:
yd mk Htsfr]dz Hdg §tolststes 9 Odzd. dJ dor daBQIO O MO dz*
Ols¢ Iz 9 maBH' Mmbkh' ' dzdev, '@ WHOHBHEL tsdatizy S0 8!
Odz0Odz' Lz BlstedB3Odedr tojL zdz' IsOIs" 9 hsHB of
Clslkz fitjd3 hkzoOdzdzr MmMdtetsoadded o MmMkh ddz o
EHEZo Odzd o Hitse' HdzZ CLOMBOIH] toc'OExizE das s .
dzv (StodWiz= fizh ' g QIlsd o dz' fmls Cs) des@ 5

Yo' Is! fqw L g dz" j dzdz" digv LoGs drisjcTiiste” dyfzfnjlsoizdztsiz Qs dedf
%/ n92 QP Mmizh ' dadzv ) . s st cteOW ' ydats
dzdz?" BEZzHEZO9Odzd GtOW' ' €d L Odzj ydetsfpls® hodHEC 1
teh sd3lz ° HUsTzdWEIEFE(WY j stzsH e L dzdrn tojy dd3 o tot
Mdes g Xdn.f J tod d3J dzld 51 £BQRIsGas,dz! s9 O dzj ol G zdzs o (
JIste' 9 mMEh OteCd Mkl ats ftodL 9 sH dIs! H 5
Jdzdzy Istedo Odzsfyls' HBMW G dzj dedz?y to' o dztso Oy datsc
fMisjteydddzr  s€COL Odzq, s B toGtok G &6 d dzd
9' HdzsE s O to' Odziz, 9' H dzOVW o dzsflis’ sO
Ck o ®&BOIjt' Od . wdzls j dzlmdeo dz' Mis! fjtej d3 N
B tedz 2 HdMdy Oy B jdzgjte' B o ttsBBYsdlz t
Jtetzo jterndz2 CtdzZlsOCllk ¥WOL, kBt HB ' dzlsjc

IO
woxgg™

S He-C SIFQQO
7]

—o @Fego
IE“®

)
S‘I_

—

36 7
N =59
:‘m-u:r,

A8 G [z O]
2GS, 0
o+ Q

]
s

J
dz
dz

NOQzNO
"ﬁa. > So
O] "g-ss

:ar—N.:'

OO TG IR IT OIF

<,
O

]

=
O]
e O

s

m%o

[7!8"‘9
g "©
FooI
©

ﬁ—[ﬁ"tﬁ

163



tc 920 fizd ¥ dzO tc tz® BASE 5 el | tajtsddais B & d@ffify, " tc @ ek H
¢ s HBistEa dtc’ M § tetzs d2) iy 2 926 dzdigsXxiCh) Is s
2024 GCo0Msdms.d2 o: [w2nu,

teleH g dzls ' o
sdz' sls* ",
[ sfpdz" HY j dedzy OB MtsteB Yy’ 2dedr R OtOSCIsjtedMmisd €
fjtedd3' PzoOdzr dedds ftedMmistets’ 3
[ Odz" z0 s O O, o¢dzHtc' 2 mtstesh kdz, | sdzsH ]
10y’ sdzOdz! dzd? Bkdz' 9 jtemdlsifls GOQtsdazdr Isj n

I fskfesyjmd Ckd sdokoOddz" o5 CtsbBEOd L&' o b

" delsj defnd o deslst RBOMEBSY jtej HOYW SCdfdzs L cOLBats’ W
fstcjBlz’ ClzdetsCts@ts tesL zd3' dadaw G' HistsH d dzOd3" ydzd
ftosBdzj BOB] ftod yY! sz L Oddh Osls! v  MC &zOH dz Mls!
Ctsdeyj dzgste Oy ' -’ tetsL Yyddaj detseg s € d fydes SO ctsd LHS
BOMsf jtci HOY . Utz ttsLtesBCO O o HBME sdzOdzj dzdz™
o ZOMsdB @By &ZOdzdz" *  OS-fstz @%Us dizq dzgd dgOIz © ss18 & dzdzy .

[ JsBHEZEE " W He " j Htoydj delg dals © dz! dz' Hisfdz' H Y j dadaw
OB st Olststedz 2 EflsOdsoy' , Cdzs ysoadd | dzj d3j dals s

odCsdzOdadzy . | J s5dBJ Isted ydz fOcOBhb®dzso g O0OREB2 BB Bty
skztesi'ldzd dd3 fted cdzdsddz L Odzztej dedzg? 210 d3ci3.

] HtesHd OB Yydz tjyxddd: yYyOMmlstslsO B jtels Odadz? L of
1200 tsB/ Rne9, s HBLoaBdW dzts HBMd HYEZe Okd o]

@

teBlzdzj delstizs g ®dz' dzed @' Stk dzj S fy: o dStsted MisOdadzy 1 5
sydseo (L Wisttsf dzOmisse st &j A G dzls©) f I5lstf Hz2yr 6
4 HisL o tsdzd dzts BJLUJIGJtGSleS W' CMmMkoa Olsd HJdOM
HG S lstsaQO Hazte f Safdgeas 5 g o @dzifdz YOS sd3 € 5y dets @
Hd dz

T ON

HESHO9,8Qkd ttsL yddz Na
ledszOlsd sO (g Etsajtbtdg dglgw . OB MsteB y*' ° 9 of
B "o Odzdz" &5 o dL dzOYO* Is! Mmw * dalsj defpd @ dz' MmisE  tsde
Isd B Zodf@sdztzs OHidsds@yls ydzd 2 o3 stsH, h s BOLE' 5! MW
Bf j dzgmOy' v " dgj ey 2desfls’ . tsME &z € HOLYd<¢
BB Oded, BEEZO odL dzOyj dzO LB Y dZO R OOCIsj ted Ml
HISLalsdzq’dzts Mt Edig s Pdzi €27 HOdZ 1O "  Hadhdlsd I

[ Olbj 30Isqd ydzO d3tsH j dz' @ tots ¥ jshy * dzQidtscf y JCdedfe S8 Y, d fight? ex
WetEs' LH'2fdes 9 OzOMW L O to' o dzg¥ dedzv 3:

n((c,- a)/(c, -G)) ®(t ©

HEb@iCtdyj dalsteOy’ ° CdMmads@ & KBsdj dzlsd YOk

YO tj ZOSCMOY' 'S klsQ OkzGhafddelzj dffifesvsits’ 2 dzOf * o dzts @ C
IN(C,i C)=f(t) o dL dZOYOdzd LIPHtetle FzPC NOHISV ctsds WCBE s tokzh
Ld3jdzgh ' st w9 e ©OL " 9.

SEiW 'y ‘dds BOMBYjtejHOY : oMmlsOdsse dzj dils: h 5 s
5B j todzd gotive yd dzets® HB WKL) tcj &z®E HFOY dZO Y[ dedzv L tesfyls
" dgls j dzfpd e dztsfyls’  f jtoj ds' h ko Odzdzy, Nt f W dgs ¢ st mw
L' dz' hjdgdg" o8 "o dHSBMIS' o' HdssMdzsets kol WoL.

] d mdetsorStfindz® H Y j dadev ' Hlso jtoH d dzdlzeo Odzdzy d3p n Otdg N dk
MoBsOjteOy" ™ LOBjLYjyk® odmtsSCk heoadHC' Mis! sdaso
BjlstsHICO okfyji2®juy dzig®f tej &zOS MOy °~ fsyjmkz, ©j0
HisLotsdzw ° s jteOldodats t5y* dzs 9 Olsd O 6 isdghdztlz ¢ 3Ot
Bsyj Bklsd odSttdmsOdkO Hdv Bfsdd LOyYy' = ftsddnd

G‘Q—
'Ujmﬁ'_"

J
d
s
s

G = FSWIGET

.

164



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

Il S stedimlsOdzdzy o' ok Odz dzs’ (ZOBSEOLSedas’ to
fletsyj Mz §SHi' Bdzj dedz? ® RBsdslSt ' 2 H

gjtec' 2 [RLY, {(tdi30d J1EIjdits, uvOttOMf
1 Oy dzOdz dzd 2 bkdz' 9 jtemdlsdls R Oytseadms Isj n

Il Mstzyomded?2 L oadlstse ' dayjdaj todets” Mo ' sd
ygWteesodrn Isjndsdztse’ 2, LSt BO o tlskzOdz dzdm ¢
BESHjdzt 9 Olsd toj Odz dz' Is jsdsHiAEsO daddy W toisdynd dasle B8 j &
‘" BB dzdot OCIskzOdz deddz o bkdise OrR-sFE dgj yetesc B8 O
JHdddZ 'L o0y dkzdoadr fttsyjm' o I BOGCOI! 5= ¢ 0
BOIjte' Odz' o, JWjSlkdoeds Mis: wCtsets' 1 dz8HdZOH daB dadz
LodwLCE L yddz OSIkkzOd dzdd3 Hisfdz" HY j dedzv o
9 telskzOdz' dzgdr dzOBGStcOlsstededr L OfmMtsB " o .

[ Olsjt' Odzd Is@dmdg Bgy dedzy  totso tsH  dzts iy L od¢
OB stc O stedzts’ LkMlsOdesa €, MesOLW skhd otiss tsdstz it
SO odd3 tcr 9 Odz detse 5 tsB dzOH dzO dzdz” . cS¢ HtsMmdz HY k9
®OMtsE 100 ¢.

(S jteddzjdals f jtcjHBOYOD ftsHtc' Bdzj dadlz? dRBOIsj te°
L H' ORjbtcOdsd Bloatstc' 8 1 d3ds, ¥ oz SO B HApAdP o
Mdktsotsdlz OdzOdz' Lz L O Hftdktsetss dOBstelz Mdls
sls

bt BOdd 2 WwLOCY' 2 odL ZOYUOEOM:' 'L eodCttdhlsoc
[JBsHJCO 9Cdzs YyOozO Y tsfmdz Hisodzj o ¢ tsdzOdzday j I
Bjh' IsCd, LGS C fHistseBj H j dzdzv  f totsf)' v o Odzday  Is ¢

oddz' to¥ 9 Odz' .

tdLEd IsOIsd sOU SERdEY StejtdEdy .1y j dzdzv o Mis Odes o d
ZzOB st OIsstcdz® EMlsOdZso ¢ O HBLotsdY' OHJCo9Olsdes o
5O tkttdBOlsd ¢ dz¥ 'shdisHr GlzO WOt qufh19d € d

dbdzOdz' L tjLbkdz O 9 fBCOL Oo, hts fted od¢tsts
ssotste' 8 (1 &dz) Witedskz' Is' v B dz# b Hte' BdetsHd My
H' O3 stc® tkoste' 9 tjh ' IsCd HB 3 &R LteshisO’
Ldzed ¥ § dedew Mlslzf j dzv § SHtc' B daj dadzv .

[ sted 30O dz' L Odzj q detsfyls’ ELesHy s 5 Mw L jBtej
tesBslsd dBsdslsSss dn HictsB Ote 5§ . 1 d¢ tsted Mmls O dzdzw
s jtcOlsdodats L 3 dzs 90lsd § OO Isted Htosyj Mz IO
odlsteOls yoOfmkz O tjMkth' o.

stc' 5 bktsEts, o' lszOdz dzj MittiHBadh j LOBjL Y

By dzd 8 ' fls! BOGOSiOL sosets f solststej dedz”  § € Mt
@ZOo YyoOdz' desets ftetsyj Miz.
I dfdase S d .

1. | " tlkzOd d0 kOB KOt dd wise BEO Hsflz] 64 6
ftesyd Mz §Htc' Bdaj dedz? BOjte' Odz' o .

2. 1 MlsOdztse dzj dzts, s L d3gj dgh J dzdav H' ORBj st tsls
" Hodh jdzdgw Mlsizy jdzgv  sHtc' B dzj dzdz™ .

3. 1 dStstedisOdzdzy o' tolskzOd dztsets fjtejHSoa N O HES
kO " Hoadhdlsd BJLYJjyd s’ JCMYjteddy ds’ o.

4. 1 tkzOd dz OB SOl st HisYy' dz dzs L Oflsts
Hisf sodsj dzdzv HB IstcOHdY' 2dzedm J S Jjted d3j dzls Odz! dzd -

165



tc 920 fizd 3 dzO tc tiz® HAS G & de | tajsidase d ; dafipy, ' tc @tz H
FC BB BistdEGa ( tc hj&dzBZiz@tdquzaﬂz@mtﬂ;k)@(Efnls
2024 GCo0Msdms.d2 o: [w2nu,

teleH g dzls ' o
sdz' sls* ",

skOmdW ' COoy' v Isjfdssed dddi Of OOk’ o -

t sd30dz | O afp! €d2, 1tEHOd Jtedh jdCts, uUOts
10y 'dedd@f 2 Ekdz o jtmdlsjls ROtytsedn Isjndetsdz

I M .L dets B3Oz’ Isdz” fls: sj ndesdztse” ydzdrms L Q9 H Odz Iz
flso Btej dedz? h dqesCsets M jCltek CodMmtekzSy' 2 Isjf dt
s f dzstsB d3' dzdzd = Of Ot Oldls @ QLt:QizﬁWlsIthszQqsq?S)ddﬁ{%q’ddeisddzOQO
ZOEZCGste®S Isd ydzed &3 L Oo HOdzdz? di3 H dzv tsff Isd 3O dz dztscts odB

[ issHtsdse ' Vv IHisHpdg muc{z@zlﬁ]c[ﬁ]ls,; Bded 2 OdzOdz' L 4 d

f '  Hftcd' di3Mise d3tsdzts§1stj4te;teissdzls , q’an%Ofs@m"?de
sL dzO¢ (: fteddeydy w' ", Codelstez € Isd o daj 9 d ¢ tsdzO dzo
sy’ dzg¥ 9 Odzdz” : CjiW"  y" "das bjfdsfjtjHoy' K (1llIs/

By dzdo ' Mls! MOdz kOkdts’ BiesBC(.

tjiLkd sOd SO ©BEGO Sto, dadz” .

10 fteddydyftsd H° " odH' dzj dafs:

T ik jteObdods OfOtOlsd (IsjFeAsle s /dd dgljleg)) i
1 tjcjdjtcOldodz OfOwOId (UjtejL OSbdbds s yb d
1 OfOLOld L& hkoOddzv (ftew B2 CddsOCls s dztsdz
10 CtdfstlzClsdo dzd &5 o d ¢ t5 dzO dgde® dizw s jsQ Ly j teaDls d o dz

1 bteksyOfls' (ICHES|] ZR5E0IS0E Zdg|dz' tetsB syd?2 IsdMmMs Hts 2,

(Hdz" BOGOLSGS tstef Zfdzd A
0O MfsmMsetd ' dzlsj dzefnd

1 § &zOflsddzyOmis’ (K Hts 6000 250 dell/sdyj,) :§ dlstsdi0

1 M ©Od d@ (jWjClkdods Hdw o' wWLCdR MjtejHBod

1 BteiBtejdzg (SCB4W 125 delszvtstsjj of deSdimgfiizs’. tdr ¢ OL

10 Mojdss wkoibk Isjfasdkdsh  o:

1 ftewgglsjy 2d (dO2ftesmls' h' ),

1 feskbdljy 2d ( BOSHdBOd &0 Isj tdsH d&Od' | dko

1T it rted Mdzslsj y' 2 dz' (Cdftetsdz' i B 4 S BY OCIsc
z

fr]lsodztsatsg)
1 "Covy' :
1 OfOkOlsd L bkktBlkd L OE8BKE] (§ Hodh jdedg K d
7T L oW dz soOdedd3dd o jterndzvdzd (ctWtctso Odz f oz
7T b RBIFrOd ydedds f jtoj &3 "o Odedzv &3 ( MStejB S8 OFf
I st adgvdz! dgd?2 OdzgOdz’ L. f sC OL Oo:
T Hdzy to' Hddeded n MiteiHtsoadb' sl { dedsdfotkddzOdqIs
6000 Jls/ (& Ls)) ;
1 Hdzw odMBCe' WMCGIBfBEBHZOKO®LOJ;
1 fted odMBC sdlkz SIS A(tklts 68 d&' }; 0)
T Hdzv cOLBoadnr Isjfdzsdsh' o ddtBr' Hdzj BSicj Bicj
l dmdzetse € (.
{ SLtetsB dzj dzts S dzj S Mz € ZOMIH O € Oy § 7 Isg o SRS
Eqte RO thdtse dzd B L ZOCOdBd. | MisOdesse dzj dats, h 5 ¢
9 jtemMOdz dzgddsd Hdzv ' Hddzdzdn R Oteysedn GJletsHEZSCIS
®f OCIsdz Mis! kO dsydds' Mis! MOds SORYEY BBESE B
CstedMlsO&z0 ftod ftes' Clskzo Odadz’ Isj Rdgsdztse’ ydzd 2 dz'

166



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

vitstejlsdyded?2 OdzOdz' L BjIstsH' 8 ' dalsj deifdW '™ €Oy
Of OOIsOr " Otytseodr odttsBdzd ylse

f sd30dz | O afy! €d2, I1tEHOd Jtedh jdeCts, uUOts
1 Oy 5dzOdz! dzdp sk &Ow s drn Isj ndetsdzse ' 2, s

Il Mskrdgfj.§ dzstsB di3' dzdz' Of OtOIsd dzj " H' ' d3dzts® fr
Otyseodrms odttsBdzd ylsoe : 9 s dzq LOfr]Istsfr]BalzBlstr]W t
sdzihj o ' o, o df Ote® 9 Odzdz M’ o @i@kﬁlﬁaobf@dz@fr]ls
dssi3tse 9 OctssE o L OCOd dzs Bl BOdZOdef] 9dlstcOlIs
02 BO* SHdzz L Cdz6 ysodm gssrdy 2 wC LO COf°
dlstcOls Od3d . 1 " Hodh jdzdew ' delsj dzind o detsfyls” Isj f dzs ¢
J i dzstlzizdy L dzdL dIsd dEOLjte' Odzsdz” MisC ' Misy Of OwOIs
O d3d Is s 3z ls;tstsg,lso[udzJ L Oc Odz' dzj dzdav sO fdf
0 o¢ i

s ©

Cts

i = b

q’hO |51fr]w
tdLkd IsOIs(q
dL zOyo"‘ Is! fw

AadE! dei@fHoglzdode 7 CAoHD dzdz" d3.

w tzB § dzi) ¢f to gz'daizs o lsysijzdz‘q@fzjl:gdﬂzlzoq’<
sjW' Yy ‘dastsds Isjfdztse HHOY U,
Nu = "ERRe

Hd yYydfmdzO 1 Efmj dz 0O, [J?dzvsdzJHfr]O SO 1 tcOdzH Is dzw
QdeaJleo[adztsGls sjf dzstsB d3° dzlz, " tousdfi q diZ0 d3 e B
ls;tjdzisdzisfr] U dZOd3' dzO te dzts d3lz t£;4>|q’d3 (Re < 230
a3 30 dz dz,lst‘, ssH® w¢ fijtejrn' H HB skt kdzj dzls dzt
V] LO tcORkzdetsC s jtoj ydesets f jtoj d3' h zo Odadzy  ff tod f
gt @fmde dzd A B stsH " 9 'dzls;dz,fnq’W‘COu" Isj f o
SHOLSCtsodr Jjdzjtedjlsduydedr odlstcOls, dz02 B "' dzt " 5
MsOeaCd (MY tOdz' dg' , fMste® yStso ' , Hictslsw dz' ) , ]
sWiclzo Odedzv ) SO MUz wi dz' olisOBLAS.C Wisdalewy ©° Lk tol

(]

Hh Otz O GszJtsOu" 9 Is stc d dzdzd ~ odrtetso dn
Jf dzstsB 3" dedets’ fso jton dz' . v st Isdyded ? 0 dzO dz'
Hdesded dz CtotsC Sidg dzO@8 g @ § g ulzs laetzOe g Afiply B0 Wd
Ld fited ftsd3 tcdesBz L tesMisOdede’ @ HteOo dz' Ydas@ s
dCIlsdo dz Bj IstsHd i dpls' jedE@W " Xdpyt T H "W dz0
I Clstese’ HieBHd 2O Yyded2 of dzPa.j L fgykBtcBL o EJ s
iCls, ftetslsy ftsistcj Blzededzy HIH OBRGdzB@r trt tHB' dzO @
OOls0. ) f-¢ iz d3' ylslgsn dz' € sy ' dz! detsfyls H dzw
sd 3O dz! dzd &z LOMIstsmizeo Odzdzy ¢ sz " datso Oded n
s ts¢ 'L Stcj Btoj dzdzv a3 o dzgzlste’ h dz' 57 ftso jton
sy dgfsls! LO Ctdlsjte’ ' i3 f dlstsdie H'dakzls jj difdaf alxdzt fipls’
Nu HB ftedesmlsk CtsjW" y' ‘ dzs©O 6' HicOo dz' Yydeseg s Is
Il dihdese §gtcjIsdyded?2 OdzOdz' L. L OfMe " HYyk' , hHts L OM
Z btz yOmisdr Isjf dzstse d3' dzdatp @ = d3l Is ECRdE ' ‘dzdzls j din
sjf dzstse d3' dzlz HdZW Edksse R Ottytsoadn o dtotse dzd ylso .
Hdzw ' Ldedm IJH° afr]lsOatsC Mlse stes * ©Mdetse & H dzw
odetstelz tffilsd &0 szts CodemMstezC y' " ' @O0 QO O RBEZD B
dzO
9

!
d
t
J

GSLtesB S kd %' (o Odzdn tSLOREdS S dn B
WL Cddd rnOttuysed®d MijtjHBedh OB .

167



{ Ols tc 9 fizd ¥ dzO te tiz® dA G 5 dzY | tesdias e’ d F daffify, ' € @ dz
1 OzC BB kzl3hs€iz¢adts h f tztzs 22 iy &z alz® dzdgsXXICh Is ts
2012 4 0028s dps. 2 9 : {w2mu,

I gL dzOyjdecdey CStsjW' y' ‘dzs' o Isjfdetse’ HHOY' §toc

Hjtee' 2 [ELWw, {tB0d J1bkkjdlts, o OLOMn
10y SdOdz dzd2 bkdz ojtmdlkjls ROLysedn Isjn

I sk sji% ' y' ‘dis sjfdse wHOY U ‘° Cdv ysedds
Isj f dzstsB 3" dzdetsG 5 5B dZOH dzZOdedz? G~ Otytse d - Toaf tedsBdd Y ls ¢
Csdzo j Sy' v, oddkh j deedz'C stz HE YIS MWs O tc ' CLdded dsq OIS
BSHj v B, "t EMCdzZOHdz* ode  to tetSLteOREdS e da ¢
YOMists OsIs! tedjyjdek B kOMS! L OMsshEs Odzdzy 5O
MdMmisj BOJL 5o Odzj 1§ t5te' o dzv dzeey L 2@ty Gl zUts of 6% Yots o d
bjf st & dk ‘° OF lsid0 d'd ddiatf diz® O 8 OEzdz" ds.

tiLkd 5Od 5O 1 teise s ugsdeditd fls j GO dudej 5t o
tesLteOnkdllk CjW y ‘ dEsO kjfdses HHOY' ftod to' L dzd

1 dz dz0 CCizEREBRRROL 2 s v d0 Ctedljt’ Od desdsl

Nu = CL(GrLPr)W = CLRaW
Hj C = 0,54 O n = 0,25 Hd&V OB &OLdsEs tj>
Hdzw IszteBlzdzj dzlsdeses (Ra > 10 ).
USH '
U = (Nulka)/L

I ddBlzh j dzO Srtwide jE ez dz) dzs dzse & B ylPBY B jOfjls s 6
to' o dzv dzdawi jrdz! Idds)iAdiE@D

Nu = 0,023LRe L LPrw
Hi n = 0,4 ftod dOGctK' 90dedz’ IsO n = 0,3 fted A
USH '

U = (0,023La/d)LRe L LPrw

sqdif ' dzdev [z agdzﬁqt’stgizdﬁabtsébtj lsJﬁquWsiztscB&zdeZOslzlsOls
= 0,0625Lq /ly ' 'Yp LYT L
OBt Odz lthzdzOlscfadzO W stedsedzO [ OB kzdzytse O:
U = CL(qgjly "Ly " Lr) L] /(dLopT)
1 ste’ oadew dz! dzgd?2 OdzOdz' L IJ’ISCOLG)S:

1. ltd o' dz dg' 2 Ctsdzoj Sy U ~ T L} ( MdzOB ¢ O
2. 1ted oddkzh jdg 2 SCsddj Sy~ U fgs'w) L ( nd dz@ dz0
3. lted Sdf  dedze' U ~ q L (LOdZ,j>1dZ'fr]ls o' H Isjf
I MsOdzeso dzj dets, P ts fted T 20AC O R OKOSIS] t6dzts

-1 dz dzO QtstbS;les/W(dsthé) 5
-l dqBkzh j dzO@ Ctsdzo j Sy M O( W Is¥ (2B &/sfy) : U & 25
-sdf ' dzdzw  ( / o) )2:0 OBD00A QISD BO ( B| L s )
] " HdesfdzO Y ndBCO tsLtcOnbkzdS 8 L O dzO9 j H j dad d3c
ot odgwdes L J S Jtedd3d delsOdz! dzd d3d H Odzd dz3d .
|l dmdzseuSddnls j BOIS AL s Odzs tefsL L OR ZdzS 59 ° W tste d3lz dzq
kjfdkse HHOY' (tod Istds jfrdzteasipodis oddizd & | fififlSCOhyisso QIZj dats |
fjtejdsmiz sjfdO odkOcOsls: ftddydfsets o' i d dzded -
tedlsjte' Ode dzgda L Odzjydesfmlsj2 o' H cjtdjltedydzdn IsC
i LOdjydshisj2 o' H ) fOsledsetshisy Bls t6'H 2@ . o @z§
"COY'" ' HbojttHddO ftdddvlsdlk ktyd M ¢
f OtcOd3j Iste' o, hts HBL & sdzv '’ o S sd3j dzH Iz o

¢
|
oJtd¥W ' €
te§ 3 d d3dzd =
s f dztstsB 3’ dzdetsGts 5B dzZOH dzOdzdzv R Oteytsodrm o dtetss dzd ylse

168



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

[ sdz' Hygsiaggvinty] Isjf dzssB 3 dgze o S sy kZntslstelz B dzts
Hsf sdisets¥ Sol i dWor ks Fl ow Simul at

[dzj CMOdzite [ S5O' deS 5, )} Oocdzts wdz¥ MO, v O
10y’ SdOdz dzd?2 kdz ojtmdlsjls ROwysedn Isjn

I sptsy R slsekze d2  Is jufodzts & Bk digfd L sdz02 § &h d 6§ dz
Nt ude 2, Jjdajtcjlsdquds 2 kO ROwuse' 2 f totsdd s

jdzi e sy 5y o Odgdgy Isj Rdgs s’ yded T fsyjf o | Mb
esLtcORkzdlz suvu, L OMdzs 0 Odz'dzj dz® ts 1IQalAOdiz 4Yslg "y dzdf s o dats
o0 ko Old lstedodds ttded? ROLOCIjte Isjy' ' ' ©SLYSH

Of OO z. stz L OfmissmiEzo Odzdzw dBB3j IssH " 9 sBydmadzs o
OCIskzOdz! dgd &3 H dzw ssydztse ts ftotse deSL ZOWEARAS j tod Mis § €
Isj §f dzstsB d3' dzdetsG 5 5B dZOH dzOdadz dzO MIsOH' ° s’ Clskzo C
fibtHdse v  fshdt B gdHsd Hyj ddav SHdgts A St
j f dzssB 3" dzdzd & L f EZyS sd3 1]’(D'r£;(9dz‘jdzJ dzdr Istcks. 1 Ot
O' s Mv E IstelzB dzdd2O fflsd=tdipsj oté 2L 'C dldapj GO o d A BH
MBIRZEHd&ZO o9BHO (u = 15 AC) yqtet zdzs 2
Jted. ydmdztse © d&sHj dz tej Odz' L so OdzO E Sol i d)
Wz f jRdesdz HIO H dzYy dds Iz s iz i dz 2§ dizs zs18) 91 ' ks B i@ t
Gdzw H' OHOYf Isd o dats”’ HiCOtlstse ts° teih " Is€d L
[

Q.

JLIzdlesOlsq’ 5O ¢ O dzs o Stsjsdedf 3O ded = toj L zdz' IsOIs' o
fitcOlztec £ btk dsBzc@BNishkE’ Zddso » JEBY j G Ot
H® T4Hlts A3CA dz@ o dnafsH' . 1 seodg hdgw o jtemndsy Istelz
fjtcOlktcO wCisets ffoMmMiskzisots LiesMsO' o' H 15 A
‘ dz02 ' delsj dzlmdodz' " setg’ Wsj hzOE sk [ FLEB@d' T
&z stetso 58 C Otelstss Isjd3f jteOlkzte y' k¢t ' dz¥ Mistelz®
nodzsH dzse s fslstsCt 9, hts ¢ BSLAOCKs jWjClde dzsce s
jtc odesd3 toded 2 totsL f sSH ' dz ffhtcasdiHsOstcM s ¢ deO S dy'd ¥EO Ay mixlzts
, 256 &/ fm) MmMisMmisjte' cOsls! Mw YoBddLlk orn' Hdtse
tezB O hodHC' fMis! dzOB dzdy O Is! MW  Hts dzlz dzv . 1l dw.
Od3,jteoz o' HYOIls: ftets dzOW o dab'fds;) fAsC Odgd dgfRe I8 H
jWiCldeods fMls! Isjf dzstsB 3 dedesets Of OtcOls O.
Ste' o dgV dzdz?y S Owlsdded o fjtejte’ L L bkttO' Chkste'
j CIsdoedzg Mmls: Of OteOIslz L Odzj ¥y dlIs 9'H BtteOd L OY'
ndz s V"HE fdREELBOBISY sRsUls,d ssH® w e o dad
JoOydats RsdzsHdzdd3 O@ j dzls 53, hs fe " Hydls! f tets
Bded 2 fEys¢. v0OCd2 tLfitH' &z d@Bsyj ftedLeasHdIsd
Mz, [bttdd®kOd HOM G ‘X Hfficdxl ws0 W dzv i tsRit@gim{os |
Odzs o dzj dzdzw s jtej yded n fitej estetsH € (BOWW d
ddzmd¥ ' CoOoy' > bjfdtstssd diz SO kfkzdz dzdzv L OMmis' 2
] d fy dzts o Slsdie d 30 dz' Isted o d 3" tcdz COwlsddzd L sH' d
HisLotsdzd s dlisd Zzs$ 0dz dz dzgj Hsdz' € d CodefmistelzC y* -
OdzOdz' Is d ydzd d3d Bj ssH O] . l MlsOdzs 9 dzj dzts, h 5 dzj tc
B ystckp sz ftetsMmistste’ L Ezdtsodzs ® dejtc’ o desd3’ todei Is.
1 Ofmistsizeo Odedzy Sol i dWor ksj WEIC &\ o & d3u I alAfils tc iz d3j dzls ts
OdOdz' LE O Bflsddi' LOY" ' Isjfdstsed ddscts tsB dZOH dzC
M cteslsdlsd BOIj e’ Odz d2 IsO yOfmse ' odlscOIlsd dzO© o d

TO e O %
WWWNEEL“L

§_3§_BQ—G—-EE

169



JOls 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* ",

[ sMdz' Hy j dedzv €' dzj Isd € df Qs dgj' IsHide H j ARGl tou@igdizne
LJtcdzse 5° Mdteseodded E o Btotsj CMistcOC Istste’

rddedfm [ kL' Cts, Sdazt w

1 Oy’ sdzOdz' dzd 2 Izdz.‘a;tsfncfls;ls nOyseadn Isj n

I s aufzls j ded % ' SOY' v &OMmsse d3' deded B T fots 8 fdde o
LOGd" @Y stsHdd B 'L fese HdzdRn d2Oftew kS ' o bk MW
BjlssHd jCMteOckzo Odzdz” t6 ts ) dzdf dzdzts’ mdtetse d dzd
sBd3d ) 4 dede” B3f, Yo oOwWLOdddsd L dedL! Sts8 hoadHC' )
CsRB' dzso Odgse s j dzj e tef UOb j H gedadz § sy O gl s 6z
o dMsC syoOmls sisdz € sdzd 9 O dzdz" , HO' LBsSE k2 L dzOydz
y' &z sedn CtdRftsdjds . [Mdksedd &jikO y' ' Gt
NOEOSjtedmisds fsyjmkz JjCMisttOc zo @ dagets o dzf o dzs &
sMdzOh j descslz o ' By jtoj 5 N k2o Odadzy ds.

[ Oljtc' Odzd ['B OB Clstiss| .Hisfd' HY j dede BEd&O  SHIES
Ljtodzso segts f sk tSH Y j dedav LSt &30 ¢ h j ded ydzd 2
HdMY jemdese s MC &OHE L OMktshse 2o @s fip' Byt o s
OOk L Otste’ L odSttedmisOdzdzy 3 MlsOcdzh Oels dzgs ¢ 5 dzC
L &5 & yOfMilsddsS wsBYdMd 0 Oomw L O W istedsk dss

WteOCy" . [er]tjgtrscfd34dz»ls(9dzJ dz' HisMdz" HY j dedz? o dCts
BJLJtgdcdzts’ H , wWCO MEdZOHOZOMw L Ctef 2z, 9
HdMS OB, O LOCY odmMsSsyYyOmMbsslsdsects odftosd3 dz
sj i3 jcOlskzte®OR 45 ' 65 Aw 'L odSttdmlsOdsdz” d3 G °

[JLE&J@OE¢H' Hisfd HY §deavizts B 2 dzts o fls @@ty 2 dz0

s dzmd o detsdze dBz3OMsY jtoj daj M dede® oMmjtejHddz Iso
c1er]lstn;OG'rsaOdzq’.-- tdysedd £ ' HCE WOLE. rdzw  t
HdWEZL " fMmdteseo ddzO dBsH j dzs 0 OdzOMmw k£ 1W iy’ ¢fifiEQjdig o
C  dzajlsdSd oddzzyj dedew totsL yddededrn toj ytse ddz- L H' 2 M
"IsjteOyY 2dese s BBjIstsHE tesLteORkzdS ' 9 jJCMlstOC Y 2
E s d2 ftesyjmkz jSMstcOckzo Odedzg? dzO Ctoj 3"
we ftsmdz Hseadg Mis! o Hte" LEC" 8 W B .

10 fisyObStsosdkkz jlOf" o MisOdzatso dzj dzts, his jCf
fsojtendsj od? h Ote, tetsL yddzv s s fw BO2 Y § Bdlsls
" HBEkZoO' s mMw HjtwjtesLf{H dz ydes tjyseadds d3
tetsL teOnzdetsS HIWEL ' 2 dese s Stodlsjte’ ¥ Abkte' * IIsO €t
LdzOyj dedev S W' y' ' delsO dBsdzj € kzdzw te dzts”’ HdW kL " .
L dzOy dzts ® B tetss LOdzj 1 dIs! 9' H Isjdisf jteOlskzted
1" Hsted B3¢ O MgPplcssdzcec b jtojyddi3z L O HEY tdicE !
setsdzsdz$ d HBLoaBRZdA&ZO HtsMwElsd EMlsOdz dets’ L tso dg' b

l didetsq ©d .sMdetso fteso jH ] dzgse s OdzOdz' L & MW stec

Clsdodzsets EZftcOQodz dzdz?y BJL Y jtojtcodzd 3@y 'H'(
Ols Cdzg ysoaddzs * btsydz© mMddzmtetsdz’ L Oy' v 9

. 10MmtsMmkze Odzdz? fetslsjy' 2dzdn hdzj Stsodn Of C
sOCl, LOBjLfjuls ud 2566 odhstk udhlssit
tf
z
H

p=

$QoLqu 9 ckfmMisdded odr' Hdzsets L Yddzlz. |
s Bklsd odCttedmMlsOde Hdhv oHMC s5dzOdzj dadz™

W
Is t
¢
j &M
f) dz
5

HH dzjdz dz0 ' Hifted' disMlse Of YkCtseats' O MsCt

©GH—T O

170



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

[ sz Hy j dedz" | dzj eG t5° Bdzsigls Uz b @S¢ 1 o

By &
Litcdzso s’ MmMdtsodded o dBsdzslsttse dn

J
Htc

HW' W L OkO2 kS, Sd' w
1Oy SdOdz dzd?2 kdz ojtmdlsjls ROwysedn Isjn

I fMsBYsHte’ Bdzj dede? o dfsikzy O Cdzt ytso s s jteOyY’
JtosBSCd L jtodgdy dlse " Hj WY Cts'd o dz'Ofgds ! dzOMmis z 4 dzd .
stcOc ko Odzdz", ¢ " Htetsdz' L ' bjtedz" ydz0 tseBtctse  O.
dz! b j dzdav 1J’O[Is1sd315’ fse jtorn dz oL O d3tsH "’ wWoL,
Yyjfm" e, LG Hdts i to d dgy df isGidpd BLAE) Ssiattlz L AG dEJO .0
RO jdzjteadts’ dBde' "dr (ieBHYHHC BrcdBigEd o Odets dzd lj
stoj dadz? deso dr (o jton tsdz , O tejhlsO fjtojlsot
SdzOdzdzy Moz Isj telsw ssdl3z o dL dz@tpisded@tc &Y Is d'd
JLUJuIzaOdch B OdeZ,CfQ CleOdglz dzts d3j Iste d Yy dad 2

j Cltetsj dzj s ' ‘ 90y dzdodds L OoHOdzdzY d3 H dzw
s
(O]

@ "3‘6’

L

d
s
Is

B

O = T =
QROFT @ 0

Bdzdudr ftesyjm’ o.
sjte" Odzd V tojdpidpidfdy y'! sSets HBMdz Hy jdedzw B E
jdz# L to' odzj 3 oatcdztsetsfmist 14N0, 5%. [ S jtcdds]
Hjd&3, [ FCO HBLOBEY'® tjcelkdz 9 0Isd yomlstsiskz tsB,
3500 wBjtls' 9 dO =~ o ddzd dzlz. Jsted &3O dzlz H j t6ls!
StcOtsesfzfn 2Bl [A "L H ORBjIstesdd BSlotste" @ o
OH BZOIsj tc' Odzlz 9de yodzd hdzwosds fsBRZHtSe d
fJjtcOkztclz ftesHECISE g fpdzw ftesyd Mk f SHte
cOyjtcosdzsiz ' sd3j Istclz.
tdLizdz sOfgd Hy Jj daerd, §f COL L LB
Bszsls¢" 9 o' H 45 HB 85 i3/ M Mmdtey
L OC tsdzts d3. J HdzOC Ctcdo O lj’q’lstsd3q’:
fi. © A
]

P07 F &,

"3 gIG *
=gg®

Cdzt hjodaday di3 €
Hdz 2 H' Oj Ists
jdzjteetso dlstcOls

Hisfwedzgj dedz? Mo dHStsMis' 70 o/ ol ISP Rj ot HiG
Yyomlsed L jtedzO dzfj ofmlsdcOsls! R sHdlsd YjtejL
fsolsttedatsdilz  SHtc' Bdzj dadzs (SOC Lo OdatscBlz ff jtej Isq
ez dzz o Odgdzg Ctetsm BOdz! dgdm L jtejdz * fjtejcte’ 8 dOI
I s Oddstss, dzjh 5 L OflstsMize Odzdz Mdls 'L Hse ¢ Ofls d B
dthszdZ*‘ l]’thSHIlesq’adztsfrjls' HicsBOtcCd dzO 15% E
‘ jdzjteetsjWiClsdodesmls' ftotsH j ddtsdemistelzeo O
Bds, o dsH@SEER S H @ st OC Y, flsdBOd d
/. 10 OCHE bkdse S' dr &' fMls' § ddsd sH' B dzo
L otsdzw ' B dz B LizoaOlsd olteOlsd Mdtetse dded Is
fddr MIsOH' v o wisHgitRE | B HedOUsigis o tts’ sadgvedzdz’
sSLEzoOlsd jdzj e L OlstcOIlsd L Odzj ydets o H 9 f5dzt
d

}—‘_Q_‘ -
723
Q—.

&
LS

Vg w
(N

2% jdzj e ts’ dgdz’ Mils! f esiyli2ie Witjta® BYfdz] Hoipdzff

Yydetsfls® B ddtse L j tedz0.

oS dL zdzt 5OJsifj dzff BsoH tsfdz' H Y § dz o' HCtod o (
jHjcCdods s’ wseslsd fHHE' Bdf o Od d

HOtsMls' tsBtsyde jdzj Bjdls' & 5O oHISH

th(s;qude“ fdlssdsdn J dzjsdscasiodgizie tdsls] d;@rats

Is

gASOFC
(ORI =y
3&61{/7::&-

Fo= anag
o -

§® T
oF o

te Odzlkz dzts a3 Is to d y dzd o3 fr]CdzOHtsd3 hts o

fn
SHdzstc' H dz
! © dOfMmlskfddr jndsdkse yddr jkOf"

171



H

(ST}

{ Ols tc 920 fizd ¥ dzO tc tz® HAS G B de | tasddas e d § dafiny, © t
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

[ sfdz Hy jdedz" jWjiCldodssfmls' jdzjCltes' MCso Gt
HdzW  Cdzls dedW ' C Oy esq trbzy flztigtize Y &z me

| zdL Oo jkO® mOE! , Sd' w
1Oy SdzOdz dzd?2 kdz ojtemdlsjls ROwysedn Isjn

I Mz Hndzddz 'L ZO2f ity jCilsdeads M dn O oW d3' ©
sBdi3 dzdzd n ftetsyjim' e bk ROttysedm Isjndsdzse’ W R
oz dzO thsfr]dzq’dzdzIz Mdeseddzz. [Hdzd 3 "L OSSR o
), wCj T twkzdeskz st MW dzO o dded C dgj dzdz’ o dMsE S
jHsoadh " . Aj?2 Utstsu;fr] fr]lztjtstsaTSHxlz s/ mw dedL G s
woadhjd C08'lsOYy" dzls j defyd @ ded o5 EZzdz! Istc O
tsBOcds Isded s f tsdz' 9. 1 sH' BdzO ® ff Otc s tzdlzy M
dsfls’® B' sdtse’ ydedrn & BBtcOdz Cdz' sddz, hPts Mkl
q

g

achysﬂw&
N® HoeO30.

=2 "/
ﬁ'Q—

SHEIHF

j to Odzq’ b ®HBEBEHEY jddz BEdZO oS¢ sStedMlsOdO tots
sd3 fjSIsddetsoadrn tjuseadds O Odadstsy' Odz o, ts |
dzj dzgdzy jdzj S btets' MCtesodds dRBjlstsHsd ftotse 5H d dzt
¢ 0O tn;stéLKw“O-dmfrpOIZ'SE‘DIIQL@dszthEG'W C oy dztse s
ry. s' My L OMssmMseo Odedrn ' @Y dz! M' 8 L @&
0G z9 Odadav u’tGISQISHq’afr]W E o' Btotsj CMistcOCIstste” E
sd e @tz W' y' * delst o HdW kL o d¢S tsdzlzo Odzd My
y' Idigsets BjltsHE 420 shdse' HOdM]R s L & db
Zdz 1§ @20dz L teijLkzdz Ol o fs¢COL Qo , hts Jdzj ¢
zZoOlsd dzOHo §Rfs® M e Hdz' MaeB 66 dsig Mdtese o dzd (
OBj LY jyks s BB - Odz ydzi twk?2delzo Odedzv € dz' Isd d

~mL.gHHm
'_’(/TO*”:OW&“_‘
g /T e DS S
o

g =2

500

E dz0 ftesHEkCIs. [ tfd HYjddgw odweddts, hts L (
y' "t dals  f dzOL dgtg ddzdzvEO DHOBIEY GO a WOL 2 dz0  f te G

9 0dzdz" feslsts dzOMlsk ¢ dz' Isd da
sfidz HYyjdede? €' deilsdSd JSEMmlsteOCy" ”’ sBtetsB dzj dzats’
dzz Yy j dzdz? C R sdzjidkls ‘t@OL Itotffifdddd ‘o dd* dz®@ , & dzj sBtctsB
LicOR 5o Odz d W Os OXffptisdets] Hisd s jte' 8 Alzted' ' HIse j toH
sy Mk: o 5 dz0 fitejd hiz' s mw L o dalzlstc' h dz t
pdz hdg' SHdWhkL " 2detsets fjtoj desmbk, wek dBsydd jWj
BtoOY 2 detsets fjtoj &3 " zo OdedkOo d 3 k¥ Q disdsaczipjolatzts | lsie)
sBtetsB dzj dedg? dzaj dzdhj Mmftedw’ BB - Odz' ydes Bz oz 2 dzlz
MC d&zOHdzd R o dMisS sditsdzy SEdzwtededn St dzj SM' o, ' Hod

o =q
"I N@ES N
N

=

)
t

q
L
)

o3 Mls dzjBOY Odzdn Stdks’ Hdzdn HB®R " SCL OB EHQlEEEs
BOSKjtedydHrded? j%jCl, hts Mitedw' §Htsoyjddzs Isj te
l dfmdzsg @ S stes' MC tetso tSBthSdeJOZdZW LOtcj C sd3d dzH Iz ¢
Mfsm s § HeslseCd ROLusets’' Mdwsodded, wCd2 o'
U f 5° H dzO dzdz’ L BjLfjtejteodzddB o' BlisjSMisteOc ko Odz
KOS Mg BOd degscts oadRtSHE B' BSdsc' ydts OCkdo dzdR toj Yt
60%. [bteddOdy tjLbd sOd Mizcksls! dOkS s 58
ddzj ClstetsW ' L flapded Ry dzthd mdis dz' 2 fjtejtesBCd Mdtese ddzd

0 Cdzs yoOs yd L jtodzatse ' -“Ccz du dsldz tefdtc tisHOz Y ytssH.ts 0 15

172



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

dfesCMdiOy' v Isjfdsy' Ldyuddn o dkOmisds sflsj 2

1 ZOIO | Otcdzdy! SO, "  OdzO w B wdz, uUOt
1 0y’ sdz@def ded fpdlsjls R Oteysednr Isj n dasdzt

I mMsEfsHO ' dO2fshdejd hdd Isjf dasdsih' " &3 2 =
flosd3dmMdztse sMils' . 1 ted ' deyj daj tedzedn totsL tORkdS OR
Of OtOIls' & ' tj ClsdW® COy" 2dzdr ¢ sddsdz Hijls's - 6 B Hab
hdesCtsdiiz H' Of OL sdg sj B 4 tOlskzts. steOHdy" 2 dats
sOB dzd yv n, hts EMS dzOH dgt T A o d¢ tsted s O dada” 9
OCIsz0Odz dzd 3 sltcd BOdedz? St OCkdedr OdzOdz' sd y
HOdz L HBE]BQ&'%I@‘ JoimlstdsfddizO s d  ftetsmis’ Of esC fdd
Hdzw ' wisd IsjfdzsW' Ldyddn o zOMmisdo sfijE4® ABHC
fsndB S t5¥ dZ.J B'dzhji 4 %, fHtedHOIsd HdzZw o ¢ tsSte(
Of OteOls d B pddn Oo E@EBERdE] o dCsdOdkd Skttt

{ Olsj te* Odzq’ @ ~d3Hldadmikd. HOdzd d3d Mdzzczo Odzd HBo
Isj &3 j wi@QldOte AC L StsCtsd 1 AC. ¢ftesSmddOoy'
CoOHtOIls' MatCADIs @ythdn(NumPy, SciPy)y dzv ckzfmisdded 1, Isj f d
SO Isjff dztsftetseo * Hdztsfls —GBLﬁ?Ers]Islfsj]ddezué(q’)sdz dzts o34 t
[ &2 HddzOdg ydzs® o' wiL Csfls’ ¢ ydmdzO 1 tcOdzH Is
exp(A + B [/ (1€ =dfCl O dalsfdd a&d(DTcﬁQuB(ﬁ;htOlslztsO A«

tfdLikzdz sOsd O BBCEtso tstej dada™ . )
sOBdzdyYw. o¢ftesShddBOoy" 2d' W itstdkddillljo] dAssl) " L d
] &ZOMmisdo " A 516 Bz dzO [ Hddza MAE
LeMsddo | | 7,236L10 Ltji4,5 Cc/ d 0028%
v dzs’ dB3dz ¢ 17,35L10 Ltj+2,6r1r%/ (S 0,032%
vjf zsftetse o 4,07L10 Ltji1,45 JIs/ (¢ 0,087%
J"wL g fylst ¢ exp(3,353 + 516,6 ®BS1 0O 0421%
ydfmdzs 1O Pr = e x p468,26/ (t6+10D,26)) B 0,160%
[ &z2v ¢ EkMmisddad, Isj f dzts* dzdztsmls SO Isjfdzsftetse " H
dzj jtwejoadhkz®* 0,09 %, hHits 9" Hftse  HO' Iiydaslis’
o' wL CsMmis' LOBj L jykz® MAE = 0,%,2 tocd?2 dzpOsdnid d3

dey) j dzj tcdzed n  tetSL teOR 2 dzS * o . rifs B'dhoOo Htshids!
L Zdistse dzj dzO dzOw o dz' flss O dzts 3O dz' dzd n L dzOyj dz’ |
LOf s sdzso Odzdn Wstedkzdz ' € tsd3i40 SCstslg' Wijlsy ' ¢ dflsthy dz
6] Od' L IE'xlgef) OmCE 2B k8o ' f totsc tc O sz o O dadz™ .

I dfpdztse S [ ted BOdes OdkzOdz' Isdyde odtOLd Hdw |
E H' OfiD4GAACO 2. | dzv 4, cC ;6> (plsdSyt eI OUAE §<ts
Hdzw e WstREz e | s j dzv  (MAEA t=tc dilz,dz3 ©%)C.5 d3j dzH t
%Oo YyOdz dsets fsyjmkz o Cktfm' c¢lesyjmd kO ©
0 S SdzOdzdz Skthmsodn ' CoOd W' COy' 2dzd2 ftets' Gk

sf dMmMts¢ dz' sjeOkd

1. Rumble JR. (ed) CRC Handbook of Chemistry and Physits104th ed.i Boca
Raton:CRC Press/Taylor & Francis, 2028. 2700 p.

2. Mishima O., Sumita T. Equation of State of Liquid Water Written by Simple
Experimental Polynomials and the Ligtlitquid Critical Point // J. Phys. Chem. B2023.
T Vol. 127, No. 67 P. 14141421. DOI: 10.021/acs.jpch.2c08342

173



{ Ols tc 9 fizd ¥ dzO te tiz® dA G 5 dzY | tesdias e’ d F daffify, ' € @ dz
1 OzC BB kzl3hs€iz¢aq’ts h f tztzs 22 iy &z alz® dzdgsXXICh Is ts
2012 4 0028s dps. d 2 o Twamuy

{fsddi3 ©Pyj ¢ &tz ted

BOIs j B3Ofipls @ HSCf fls
1 OH

1 Oy’ sdzOdz! dzd 2

1 M ls mtz.y O ) dzj
jtedd ydzgdn W OCkBt:
tcdtetsH 2
Octc' o lz.
flsda’ L Oy’

e

[ Olsj e’ Odzqd

Jh ' syomlstsegts Hdzw
Ols' sdedzse s G z0Otlkz.
JL

SH

-1

"

Is
]
dz
d
to
6
¢

zdz' IsOIs' o

d3 4 dzj 2.

{iLkd WOG L Ed O
sfdmizs Is!
I s Odzts o dzj dzts,

(0] h ts
sdeHd Yy tsdzj 6 0O.
‘"Hiesd L Ok sl
' I8z dzfd o dzj
CsdzHdy' sdzz s y
] sBEHBo Odz
M ' o' Hdatsh j dadaw
BjL tsBlsw )y j dadgv
L BOdzOdzmtse Oded
4 99  Hdash j dzdav
GOl j &OIs d ydats’
jWiClkde dz fls:

L Odzj 3 detsfls *
¢
G H

o 5 dzts fiy iy w
9,
o sz detse s Milsted 3 dav ,
ljtemf jSIsdodedds dzOf tesdtsdr; c'ol o€ sdzied q
e yjflszted
syOmlssdts d3j stsHE f dzOdzlzo O dada”
T siRdzIs s H ¢ dzdzv
Is tg

L o sdztsy j dadav
o zOMisd o sfls*
B d&zOMls "
Cdif sdzj dzls '

o sdzsmfgw .
Codzyj dzlsteOy" 2
Hisfpdz" HY zo Odzd n
BSH jodz] y°

dy'Lp

fw

[ OcGH ] dg

Zdz o8 jtemdIlsjls

tsn
l Ot

-1

9d¢ Bdzzo Odzd

dz' o

ftt

Is©

9 O dzdzW

E ftsc

94 HJ
otf dzd o
h 5

hjded y'

WOCItstedzisG 15

9,

zj BB sdgts H alzts i dzts 0 dzj dzdzv
duded 3d 3 ssH O3 0OdzOdz' |

vOLOMn § dmn t

~nOttytse dn

H

Hsy' dz! dzts

IsJ n

tzts glr O'p I Oz 0 2 ° dglp & @] af dzd
s ftedL oatsHdIS!
OCIszOdz! dzd d3

s ftelzh,
fiy I

L-H °

2 md

J Sy jteddzi dalsk

©Od

fetse SHJ dg
‘Weo CYfishtsjtedzdpy

L- 9d¢ts

|G CH' teHistglis dz' OLL
C 5B t5dzj dzls

9 L F
STATI ST

detz@ tizs 3By § 2y )
Mm¢ dzOH 2

tod yd

Hisfdz' HY ko Odg

LOBJ L juyk"
W tste sz o O dadav
SO tL Yy Mkze Odz Mmis!
ftesmMisstelz
L QlztsvoldeEre Qhdis fipiede20 * |l

I s Odzts o dzj dzts,

Zm' =

Is te

1

o
¢ s i3t tsdzj dals
O j i 5 tzd B3@dz sOBj L zdz' Is
o q S sgjghfi] ISOWRIEY s tshy dsdzf iz @ dglz © O dzdz™

L

L On d fndats

s sl
OCIsd ¢
9 1

H
H dzts © dzj dac

d¢Myjtedddd

CsdzHdy' dzj6® L jWjiCltsds RtsdsHdSEE o
v OB dzdi WO lstcd yv f dzOdzalz 9 O dadz”
TSy I &85 M S sdaj dzs' o I
B dzsOdd | " Hislbdzif | | " HissdZ- 1| s O’ sdzdWte o
ssySdilsj’ dz o s dz2 9 ¢ GOt
1 4 0 0 U1
2 0 4 0 U2
3 0 0 4 U3
12 2 2 0 U1
13 2 0 2 U3
23 0 2 2 U 23
123 1.33 1.33 1.33 U123

I dMmdzsg ®Mis sMize O dzaw'j h fifigisiyiy C B SSH k2

sflsdBOd dd?2 M zZOH
©jyifbke® LOBjLY,
MstekC ke o sdshnwy,

B H | dzs o Odzdz”

CsdzHdy' sdzj 6O
f sCtcOn j dzdgv

uk’
h s

ftcd teLtetsBY'

174

' Hlso j

L

H

tcHY 2°

C Mg sdyded

L o tsdzq dzt
jWicldg

CtsdzHd y' Bdz

HisYy' dz
LOMmtsB '



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

[ Olj BOIdydzj BsHj dzs o Odzdzw  dzj MlsOY' tsdz0 6 dzd 7
§f zOMmisd ZyOMmisdr Of OLOlOR ROLyse s’ fii

lOudd3 [ dmwdem! €2, 1" ¢ " O 1" jdzgdyded?2,

1 Oy’ s5dzOdzr ded 2 bk dz' lbj gt digds’ T Otcytse dn

I Misk flzOMmiIs d dzy O Mmlis " sjf dzstsB d3' dzdzed € dzOBEZdzd h d

Mo &’ sO fdeotsoOteds 2 Htosdizdmdzse sMmis' LOo HW
sjfdzcsBd dzz SO L tckydesmis' 9 tBMdzkzec 5o z9o Odzde
tctsB A ¢ , LEfddzS O, L BT Rzofsdgtdtsy § iR g6z dz
9" H LOHOd~ L dzOyj dz , hs Ctdlsduydets Hdzv fHtotsy, f
[ BLEESBC O dBOI] BBOIsdydzdr d@sH jdzj 2 dzj MisOy' t5dzOt
fOOlsOr ° OFIskzoOdzs datf §3dzadz0 o vy OEzeia o3, OB j L f j ylz®
WiClsdedzdme MdMmlsj d3 OQolss®BOISdydzse s ¢ j telzo Odzdzw .
tdLizdz SO I1sOf BB & d6 Isdy dadz BEH j dz dzj MlsOy' sd
f zOMlsd dzyOmissdzdz Of OtcOIs® BEHE' Is! MW dzgO tsMhdase
ZQdzbz tc OR o Odzdz? d3 Isj f dztso 5° OC zdgzdzv y* ° mls* dz
f
[

1
4

sj B3O HJW Jtsjdzu‘@dzl dzd ~ tss‘adzwdzJ z uOfr]lscfdzdzo[:
HECIE T (x,t) O Isjf dzsdztsf' T (x,t) oLHL
rde IJ’dzOfnlsq’dzq’ my" (ﬁungdeSJu’dBSSjatd”BbdZHdz s & o
fyls BOIs j o' Odzlz =60] e OD ¢ I8 YO, fiYls Oz 79 @0 € ¢
a O HddZOR' Sk fjtejn  Hddr ftosyjm' 9.

L ' o dzv dz E BjLisL B tedz 2 Wt

H' B tSlf[]def]dZtS ANzte' ! Fo = albLt/d], h s
j zOC mMoOy" mis® dzS o, sO ydmdzts J‘ts Bi
dzo j CIsdodedds ' CtdezHECIsdodzedd3 Isj ted3

dzj nlstso des @ROdedsh 2° l3sAY dzv s Md Mmis
"odwdy . dzv kdytsedm § dzOMmisddz O
H' Of @0®dz' h5s0 f " HIse jteHy 2 ftcOo
vydfpjdzt dzaj L o' WL Odadzy MmdMmlsj dizsd
fnj di3tse Of tesC Md BOY " ° LOBjJ LY jykz* B J
dzj LOdzjydets 9" H CtesCkz LO yYyomsd. 1 jtedW:®
tesLtcOnzdzS sodrn Isj i3 jtcOktcdzdr oW dz @ L OdgO
EmM@aects fteslsdlsj y' 2dese s s f dzstse a3’ dzkz

Il MlsOdetse dzj dets, P s s~ dB L3N dglstddlﬁtstag@Izq'JHté;@g’dm
ydmdzO sHddedy! §j@gdzj Mjsdediye MU Is= ftets HEMSO
Cdey j dgj todzed R tesSL teOR kZdzC " o .

l dfmdetsgt S . totsB dzj dz0 3OIs j 3O Is'd 5 dfzDtc dalstsHsj dbds | 1 digtshitpls
f Z2O0fmisd dzyOMmlssdzsz Of OtcOlIs* otcORBoalz' Isjfdsok OF]
OHjCoOIdzd?2 ®fdfMm HJitinmn Hddr tejydd3 & tetsBsilsd.
Btsy dzd @ * Mls LOMstsMkze Odzdzy M tetsh j dzts’ e ls tz: b
[ Istcd dizO dz' tejLkzdz sOIsd sjttejlsdydetse Ghdese ¢
sj ik jtcOlskztcdzd 3 toj Y dddtsds f OfMmlsjtcdL Oy’ 2dzedr EkMmlsOd

o]
J
2
¢
m
g

5§20

o gs o

G0 _ =g

] &
gRoo

©8

175



JOls tc 920 ﬁzdxdzOtcdiz@Hz@sfs eV | teitddas e d f a@ffhy, ' te
1 Ok¢ & asBkzlz,hsﬁzdsadts h f tztzs 22 iy Iz az® epdpsXeXIC)
2012 4 0028s dps. 2 9 : {w2mu,

uj stedilsdydz Ofmy
0f O OIS0

lOndd [ dmwdem €d2, 1S O 1hjdadyded?,
10y’ SdzOdz dzd?2 kdz ojtmdlsjls ROwysedn Isjn

jClkd kjfdsssd &z fd ¥OLG
TN OGiydks skl o d&

] Miskfd.§ Otc® o Odgdzv ° sHdddB 'L dzO02B "' dzt M dzj fe
tesdidd Mdzso sMmls® IO h JtetsC & Ylsbbfijls & fipehlzj* das ey’ dfdalegfs
Offlsd, WwkClstsodnr Cttdzyj dzZsteOl’' &8 1O yYykzStekz. v
so j torn dz fioddydfsets o' Hte' LdgW "  Is! MW o' H BHBG
dL dzOy0O‘ s Mw dgj dzdh j @' HietsH § tr@ds'dAass , L @igy lzd C
so j ton dz Is © WL duded o3 o zOMmisd o tsfylsw d&3d n Ot
sfdz' HY jdada" L OCBdetsd’ tedetsflsj 2 Isjf dztstsB d3' dzlz
Mdzseo 5 Hd&zY oHBME SO ddv Cdhstezéy' 2 odf O
j dzj te o dlstcOls

LiLd 5Od SO ) tessqydsey @iz ddy ©' Hddd o

N-wv-wm-—'u:r, L Y

dzj 5B R ' Hdzafs otcOnRtsalzo Olsd ftod tetsL teOR 2dzS
cOssC sl bddr odfOtddr kNsOdssOn.
stdzH j dzMOY' W § Oted dZOL i tsterslsidi T W Giods 'dodh VEFQ ‘to

tesatsHdIls! €' dz €O LR OOSCIjtedzdr i dd3 @ L Odzj X ¢
TdzOfm. 1td dBOdzds L dOyj dedz?¥ » T (HB 5 s) tj Od
so tstcj dzdzw B tzH B @ P s tlzdzw g3 GpT s H BOMRISO’ tGJ>|dd3 to
Zdz? BOMN Csotsegts Cdf " dedev, ftod wWEtsdikz CtsjWw' y dz
dzOyj dz@ 73(010000000) Is/ ( &) Ls) HdzWw o tsH dzd = tGBLI,{d
J B jtcOkztedesets dzOf stelz f bfadetsH d 98" LHtE dif df' CeHS =k
so stoj dedz Mmky' dz' des’™ §Otetsats’™ fdze 9Cd B Y 6" HC
[ dzw nOtoyto din MtIER Loy d dazis dzts Sz Is st tsts f " toftsB dzd ©
U‘Haq’thZdZW sj &3 jeOkzted S dff " dedev ¢ St o dgV dats L
cdy " dzgng wE O LiesmisO! L' LB dz hjdedew 5 € tsdeyg dz
L d3j dzh dWjClsde dzd 2 Isj &3 j tcOls kztcded 2 &zof ' e E
Isj tstSBd3 . v istttjlsdydd?2 O0d&Odk L fs¢OoOLk‘, N
Csdeyj delstelzo Odzdz o Wsodfdaitm j YWY Mgrs g & dedzy L 6165
h s
B O

Cdzé yso & totsdzisdzizj defp@lestste” oC O Isjf dzsodn dzOMms
sfdhmk' k' Mw kjst' ‘s 1kMMmjd O, L¢' Hds L W
ftestf stey’ 2dzd?2 Istsoh ddz CsdgHj dzmMOlsdets’ {2 96 d
IS B3 JtcOlskte B 3 §Otesy SO AN "dzCus®B j LsticjOuf kzd dadaf;
L 2Oy dedpf100 WE ' B), feskj ' MOk §' Histdd
sjRdesdzse "’ yYydets MS ZzOHdzd 3 L O9 H Odada” 3.

I dimdzse §tejlsdudzd? OdzOdz' L Isj§f destse o' dzgz f teq W

odL dzOYOdz: delz tetsdzr 6 'd B&d € ddpdzndzdzis © e § © gz o5
Wistodszo Odedz’ Isjf dzsoadrn ROwOSIjtedMmisdS odf Otcdzd
leOn ko Odzdz” ydrn WOCkst' o ftod fsjClslzo Odzd

Isj f dzstsB 3 dzdets® o jternds SO HEL o tsdzf* dedzeiizd ¢ bzl ls
Ctodlsdydets Ldedykz° jWjSlkdoads Mis! fesyjmkz. [Itedc
Haew sflsdd Loy tjydd o ttsetslsd BOCOIEBS Sl Iz

176



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

viskjlsduds shdsed Isjfhossed dz £ o' WL tdn
) sdzs6 ' Ydad n o @zOfdslsjo dsfifdsg &' fs! fetsyj Mk

f sd30dz | O afp! €d2, J1tcHOdz [ tedh jdeS 5, ¢
10y s5dzOdz' ded 2 kdz o jteMmdlsjls ROwysesdn Isj -

Il Mg fdz0ydz® yYOMmiIsd dzO® RO dS® IFRO {§ified@simi@,ls " vy J &3d
md, Md3jilsDd) yteldsdzpdtss stsdz' o S dr 6" Hddz, 6] 5d
slIs* o8 o' Hig' L dgv e s Mmw 9 ' H o dzOMisdo sMmisj 2 L ¢
sdzsHy j dzadz’ sOCdr MitjHtsedh k Ijtf dstse di3' dzdzed A
L sj 3 J Olskess Odzyj 2L ko BtcOHE ' egdyfthEHHS
eSL tcOREdesC s f dzstsB 3’ dzlz. 1 OMmistsmize Odedz? ¢ dzOMJ
Hdzw dzt ¢ stsdz" afp! € dm t6' H(Jdg ftedL osH dIs! HiS L dzO
ofdzdo z tj sdzse ' ydzd -~ 9o dzO MPIS dfdz®©fgds jZ H dr® o & Piifizdas 45 B

s;{0]
miz
sn

Cdzy J daj 6 .

fiLkzd Okd O OB doty sstEdsgdzdgtizs s 50 j H' dzf 55 T
C oMW ' Sk ls! @O0 ffMjontsidonlsdyds ( BO2 sdzgj L
(Ctdpyj delstetse Ocdz MMy jdet ' SR O ) kO {§ zOf
BOMdzteY . § i o HY ZOMIsdwded 7t Hedz H O'dpjchjHif tfisls *  daC
sfdmikz’ s Mw  Mmisj f j daj o ichdy U QSR 3K [i i§ldsq] & dz'yH O dels
Csdeimd flsj deyi " der( SO AW’ 'n (n < 1 HdW §MjoHBH d
n o' Hodazwh ls'syfddy' , Idd Mdd dz hj odteOy j dzc
fMjtejHsodh O SO kddk B ' dz' "5 * §s5dBSO ftod od
W st sl dz.

[ dzw 9 tcOn kzo Odada™ dzj dz 5 Is fns Cts° fsojH" dz€

s 9
poditstedmisse ks Is! kL Oc M@ dzj dzj uq’fndzts t 4 2detsdz! H
Resj& J Lu] WLAdW / (KL8W 7)),
we g L Od3" deg* C zOmd ydzj Re E Stdlsjtc’ Odz ded n
dzj dz' 6 stsdz' afm! S dnrn t' HJdz SOCtSYy dBSHIW ' SE° st Mw
nOtOCIsjtocdzsd3e G tOH " ' dzls’ L Mz lAc 5L w I s l8sD otsofsd f ‘dz
ftedBiytsotsets h Ol WKIJR soHdzY § @dz@dzlf = fMjtej Hise d
LdzOydes B dzt 0" 2 9 ' Hdztsmdz 2 Hitso ) d dzg Of OtcOIs O
otcORtsolzo Olsd ftoed odL dzOyj dzdz fjtejHde SEts S5 W'
 BHOLSCBadds EMS dzOH dz¥ dstfud tdi0 Isulafteledadf ¢ us@zdzj 3 ds jMmls !
B' dz2 hsMmls' ~OLytseadn &BOM oatdd sfdmikz‘ Is: mMw " o c
€ = AlbLexp(Eal/ RT),
Hj THalzjteg'w OCIkdoeOy' Isjy' .

Aj tftodLotsHdls! Hts dzj o' o detsd3’ tedzsets tdda f sH " d
ftedMmls' dedzg' 2 L tsdzo,dh ®] Is] ;gffIBOISEZtg dz" o' w L C 58
[ Oded?2 jWjSCls otOnRtcalk' s MY nsBfBOY stigdtfdi’ dzdzls y ¢

f

vJ2l0, s C(stdek’ ydmdzs 1 gmjdzt sO Hdzv Edise
mMjtejHBadh.

I didzss § e sdy dzq’? O dz@dz'ol Wis LB SEOds ydsp d 5 fj tej
dzj sBR' Hdz fMis! L OfMistsizeo Odzdz?y BsH W ' Ctso Odzda Ctodls,
t j2dtsdzr HIMNO kO it OB dzO Isj &3 jtcOlskztedzl
dzj dz' 6 stsdz ofy! Ct5° o jH' dz¢d fWdediwtsjilslzo @dedz'L Olsy
esL O &S s 5° f 59 j telAdE %. Is jutfddiysts o) sdfl. OdzO w 2 @ j s dzt
nOteyseadr MjtejHBoadh SO o' HfBe ' Hdzdr toBL OR ZzdeS s
Ctej Cldetsets “ dpy j dzj edesets ftetsy Clslzo OdiZdlzy o dstg tf mazdsg sz

177



H

(ST}

JOls tc 920 fizd ¥ dzO tc tz® HASE 5 thel tngmISE‘C[&dﬁﬁFﬂ te
1 O BB Wistzda f o' M § detes dz) Wiy z az® dzdzieXeICh
2024 GCo0Msdms.d2 o: [w2nu,

)i ~2 dzls * o
Is ts Is ,

tizlz H 9
&' s

[dej teetsLBjtejyjdedaw Bk Isjf dzstsB 3 dadatsdiz tsB dzOH ¢
bjstejlsdyds § ' HatsHd O fwddydfd tjckzf

IOndd [ dmwdem €d2, 1 S O 1hjdadyded?2,
L0y SdOd dd?2 bdz ojthdlsjls SOGyUse da Isjn

I lsmPryse O fesddhdss  fls! dOdiyds! HE | djt
kjfdsobk jdjtee' ¥ k& Mms b0 lsisis) » dits seH'kE ys d H v
Ujf dZstse &3 dzdzji f OHBEG Hedf @ dRdEMs e, Misjteddz L Olststed,

[ shdgsofipfdsy do Oyj 3 Isj f dztso t5° Jdzj teg "’ &z0 f ' H
9 Otclstsfls Jdzj cesdesm’ " @ SO ftiddj ddy | ¢ tsdsc
odSC tsted fls O dzdz” sjtf dztse d n tej Miztef' o ' Stec Odz' L

MisteOIlsj 6" Yydetsets L dzOyj dzldzy O dzdzv stets § deydelf * dsB j el tiz6
sjtf dzstsB 3" deded =7 fMd Mls j dz&dfAe O ¢ s@Qustid@iiz' L dapdp OdditkyCdis o t
tdLizdz 5Ol 1OJ fisdpEdsdedcds | dedeIstclz 3] dals s d3 OdzO dz' L
"dgylssH (Pinch Anal ys-EsliCOEL s dfjcdg 5z ONG
Ocytse ' 2 fHteskdmdss sfmis® Hdzw MmddesjL 2 Bfilsd o
OL k' ' Mw dO (tsBEkHBe W  §HEOHYjddeff— LsQ dfjdzfsdrts(fifls j¢2
"H Isj B jtcObkzted Hd&Y cOwydn *° ~rtisHddr ik
B dzd ¥ § dedz™ ( # sdseud-O) odL dzOyo* Isj st Isd ydaets a3
o dz N dz 5oz mideQeeEls ' oRQsddtiEH MG <z Is @ 5 BOC d B3O dz' «
iSkfjteOy ¥ bjfdzO & 3y kst OoRd.

(WiSkdeads s wjCkYfjtOy' ° bkjfdko ¢ d ¢ fdsts

d '_tB§/QL®G

Hd ;@ €' dzr € Mmls sJ f azsls d, fijtiHOdO o' H CcOtwy
fnd Mis j dgdL, OcP dz! dzO Isjf dzso © fslstejB O o dtesBdzd ylsa O
[ dzv¥ dsdzsydeds L OoatH' 98 IsjttejlsdydiB 5 %isfiwpazd 2
fdotseo Otedzd = 1f60IR § %d ‘° yhigdsalr’ 3" dz' d3Odz! dets’ t6'-L dzd y'

StsUYYymn fprHOdH E2° telzh " 2dze Mddzz Ijf dztstsB o' delz

s dzstsB 3" dzdzd € ' 8y tf 8ikldzh O3dzedizs ©'dz! dzd 2 € i3 tetsd3’ |
SO JSMmy dzzOolsoOy' 2ddd3d o dlstcOIs O3 .

[ St Bd 3 dzOf tow dPmlalfz Isq f st dfffls dzOMtsm' @ Hdzw
dzdL ! CSslsj 5 j tOIskztedzd 9 Istste d dddzetf § § ditsdigidic ¢ § Is dzy gader
ftesHizoadzdrn ©fSH, 9jdesddzv y' 2dedrs o9 dSdH" 9. U jte
ZOMmMtsmMO® COP (Coefficient ofsjRémnyf 6mdapdsmsc ) tcd Bt

COP:Q'/HWJ;:Z
Hi jdMf sy do Odz® j dzj Slsted ydzO f tslsky dz' fyls! .

lted odSttedfls Odzdz sjfdzse sets dzOMsMO  H dzw
fOMmlsjtedL Oy" 2 dzts”’ EMlsOdeso S Isj 16, 9d ydijs L telOsyd]
sjrdsdzse ' & (§¢§ cdatsdgssydalgOai’ Is@ L O fsd3 todets’™ o' L d
SO Isjfdsealkz jdzjtec ' & .

Il dfmdess §ftcjIsdyded?2 OdzOdz’ L. ' HEBBH' & HB | dzgj toc
5B d&ZOH 20 dzdz’ - Oteysseadr o dtetsBdzd ylsoe fns)‘Huq’lsJ ff to
tej Odz' L Oy’ vozdw OscdsO diEyfldss i 2z f@zy " dzlsj et Oy* -’ Is
St ysodd §OwLO®) stesds f otsj CIsko @dzdzf-S' 8y Is d ds@c
odL dzOyO* IsLjfifs dAdsf dgddftely totsL teOR EZdzC sd3. 1 ftcts9 OH Yy
HisLotsdzw* L dzedL dlsd Mmtfticdrtseot© dzadz) 2t @' d taz® 02 B tso
MyOfmdzdds o ddiisc Oz jdzjtecjiIsdudes’ Htsdz' sd&d r Oten

§r - o w1l

178



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

{ SLtctsB dzj-d@AIs BBz HoIZY tsSLtORkdSE IsjfdasW L
bdzHte' 2 CcBsd s, U Ot
10y’ sdzOdz! ded?2 Ekdz o jtefdlsj sC BOcwgB®a drn Isj n

I Miskd . MzyoOmdz 2 " de 4 da tedz’ 2 fteOCIsdy’ tesL o
G' HIEOoa dz' € d s O sj ted3sH d dzOd3' ¢ d f slstcy BzY Is Is
o dzOMisdo sMmisj 2 tesB sydn Is ' dz. ] sHO tsH dzd d3
o zOMisdo sMis’ fllz I91sO dajtsy datsd3’ odzsHe Isls st j tcOlskzted . U te
sisted d30 dzdzv  IsiACABrizdny@aiPr § 2y E Gz yded dz fa ddz' dzd «
"daEsjteftsdzyyt . v LOOWLECE L yYyddz OClkkzOd ded 3
Cdeflstelzdzj dzlskz, P s |_OBJ’Ll;’jeQE‘lzdzngqsm‘q’ﬂqbdzl@mlslq’BWd

[ istsHBdE " W 4gmmBHx dedzB .5 ls d : tetsL totsB dzj dad
ojBLOMsMzdt 2 HdYv tBydMdj dedz? Isj§f dzsW ' L d ydedr
sj &3 j OB R AC ftcod ObBsMW jodatsdEz IsdmS kz.

tdLEzdz sOIsd lsO[tsstI;@ﬂiztBMﬂzdz"ﬁ].&ngﬂ] odetsdzz® s+ Mmw
Of s Md 3Oy " 2 dzd = W ste d3lz
Association for the P

T 4 (¢ kst ydzj dadzd ?
0i100 AC;

dz ") dABYI s (Inttmatitkmal fyls O dz
roperties of Water anc
fsdz desds s j d&zO (@&975) ,
1 (Hd O3 Yi2®' o dewdzdle Mg j dzv, YR dBEO < O
1 (ls"jdgdzlsijtssa‘ Hdz' Mis! ) i §aspkz’ (Asdls ©dyd dds | Pt
J dz' o

T Ps (IlsdMm¢ dzOifaf wpjdaztizdzv Ghtaigs)z © dzO ;

19 0 (¢tej ton dijSofj dez@ys wg )I APWS 2014;

T Prr 3jtmL,t®rtolzsls' Mw yjtojL §jteddadz o dzOMy

dtorn ' Isj Clsiztc O |LOAfipldstflpldzatslClz .t ] Odz' L s Odzs W C  fplscC
Mdte j edes’™ uOMgdzdni(g) i ehts MEEZOHO' Is! Mw L Iste!

1. water.jsi d3tsH Iz dz tsB ydfmdzj dz , h s ' dgis@f] fgdz dzsls ©  df Ak
Wstcd3OIlszo Odzdzy toj L 2dz! sOIsSBb.‘ Ctlsj Qdz' §f s @ dagfcd dy €A
getProperties, toCelsius.

2. app.jsi sHEzdzr " delsjteW j2MMEkz, ht tBteSBdEY § BH'
9otHEZ, HJB&ZOMB uydiz] gdjsdelsgiz ' ¢ ®OBIS® ] C iz Odz d3C

3.styles.cs$ OH O Isdo dzO IsOB dzdyw Misddz' af. RBPHPOE LHEDC
768 ¢, s LOBjLY jyk' Ctstej Clsdzj 9' HEB O
hJtesC W stcdEOs detse 5 dBsdz' ststcO.

wdzls jteW j2Mm §° Histed gz o otgrH J 'dA® dz@s5j 3 4 Jo@Isfg e,
ANOtjdzg j2Is). JdeojHjdedzw taotsffdzr 11 fOtOd3jIste’ ¢

ljtedW¥W' CoOy" & oS sdzOdes N dzvntsds f tste’ o dav dzdav
Codalstetsdz! dzgdm ISBYBSS: 20, 6 Ngguise@d o0 A 1" HanA
fjtejodhizt 0, 8 I8dzd df tsH dzw ' . e
tetsL tcORlzdzS " 9. Y Ofidpj dEgjlzBE

l dmdeseo £ gL totsB dzj dzd 2 L Ofmist

sdzw !

Cdp J ded OB ‘ Hisfdz' Hded C Od sted i3z ®
Isjf dztsW ' L dydzg o zOMisd o tsfls" Is @B dzd -
M jy Odz' L so Odelsc s 1. . . L fj tco
" det e OMid tc 2 fstlztsh Iz mchsmBCE‘ et g Ssded
tetsL o JIsC Iz tetsL h d tej dadzw H' C "2 1 N i
“deh dh bjfdsdksh e, jSCMistk 9 k C¢

179



{ Ols tc 9 fizd ¥ dzO te tiz® dA G 5 dzY | tesdias e’ d F daffify, ' € @ dz
1 OzC BB kzl3hs€iz¢aq’ts h f tztzs 22 iy &z alz® dzdgsXXICh Is ts
2012 4 0028s dps. 2 9 : {w2mu,

[ sfpdz" HYy jdedev O tsflsddiz' L Oy ' v fetsyj Mk kd kst
tej ysoddz L wBdZzZEyddrs o9dyOe ts¢

1 OL Ot J tastg'd ,u Af ' Cds
1Oy SdOdz dzd?2 kdz ojtmdlsjls ROwysedn Isjn

I mMiskff SIsddztse’ tjuseaddzed o' H' GtcO¥Is! 90Oy dde kz
Otyseodms fsHEZSI' o, LOoaHWEd A LHOIsdatsmlIs' 4
fedrisd HjloEOhdI@E. ' [B8 @0 beOHdy 2dd2 Myt
v et SdMmdskds’ jSMisteOCy" L wBdzkzydedrs 9 dn
"HL dZOYO' s v kttdo Odzdds fesyj Msd, odmssddad |
dzj e 5L OO O®RY, "“C' HOMEGL®F @Yy dzBOR &t &l tzy

LBjdg" s s 2wEts My ' d Jjlsjted®¥ SOy ' . v Lo
OQtoyso tsets BONddesBzHEZO Odzdzgy MlsO' oL tesB ¢ O
OBjLfjykoOlddkzls: §tedmC sty dedzy ' jolsls o af dzts ) b t
tesydm' @9 ° LBjteiydddy odMmtsCts’™ wCtsfmis' ¢4 Sisdc

[ Oljtc' Odzd ['B Ok ClstisHis] .H sz HY j dede® o g fyls 2§ Odzq
prdzse Mlsy 12%. o wCsMmls' jSMicOc] dsO od§ st
Cdmazsld L §6COL ddC sd§2,2p HS M j ted djf dds ds dz'ff te to, t8
o dCtsted s O©dedz” s Mfjy Ok Lo Odts’ EflsOdztso € d
Edz steOLobkCtsodds odftesds dz 0o Oyj &3, ©MdzOh j dzgd o5 o
yOflssls® € tsddo Odz odftesd d¥ o OYO® fMlsOddss d kO
Fdz2 stcOL o HELBLadis’ 0 Cetd' tr 9 O AW 1 8s/ gz O Rt ts8c° o daw dzdz
odctlsto dzj des Cdzstesd & L©OLSd hd"Rtd ¢ &zOf
lsj &g j Okt 90AC. | d& M ¢ HSjlCowiads dzg dfL dEQiyst
Bsdzj Cdvtedlz &GOME HBMd HY&pOW] ,L 00 Hisl sfEsdets ¢
OOd' Lo Odkd *jlssHtsd sdlsted B sts' .

tJLkd sods@d L tsls tc d 3O dzd HOdzd A Hj Btsdzfls to |

bd stcOLobkStsots’ ©BEsSBSd 0dSdZdS O’ jWjCl OC Ikl
Cdz' sqdzdets’ MbstekzSbkted W & dig&ktsts:s 5S¢ aRddzd B 0 dzdziz
Biy' foH' d&z Wel H®DpeH ) Ik jdid SOk’ Hehd HY
Cdgls j dzfjd o desfyls'  kdz kteOLokCE 10 I/ md] 5] &Y
"W BOMd MERt’ 6] use dded .o fiy de of wwd e3dE" Bdavd, dzdls
kSH HBMWEO' OdOdtse ' ydztsid® 0 ts Jlo b dizd I8t I8 s o dzdfshj jt
AcC.
rlsfr]dz HY J dzdzv of dzdoe &z sted o Odztsfyls Zdz' stcOL o
dodh jdedgw yOfmkz HtsdzOH 45 r"oddzdde ftedL o sHJI
ddzz L 150 ¢r0O HB 90 ¢r O, hits dzJGG)Isq’adzw
jZlsotstejdzdzy. [YlgdBOd d2 § OtcO®jlsted Gtetsyj
Jmoszmo|aoACOUQO@&B@Q&E&HMmO$wm%m¢ fls
nodizddg di'¢: ABSHBE® ydr kdkse Mmiskf' d@ Jjlsjted)
tc'ig 8%, 7265 HSLOBMY ' o' Hdzgj Mlsd 2BEts HB C Olsj
Mdzs o CAff.tetso OH Y j dada” Fdz stcOL o k¢ 50 dn Of Ot O
Jdzgz HBSL o tsdzY ‘L dz0 Usdpts dAtsdste s la sy sls g Qalz' fip
jtcObkztedzd? ofdzdo &O Mmdtseddidz. A Mmitegw
kdo dzsfls' ' Hited' dslse ®, Odzj 2 LOB LY
j C Iz
dz
J

= 1140 © T ]

LO&(D
[@X N

0O O .0

TS g AT ass

wE G
0. F =00

v tedets®  BOMtss O fsCteOh jdd dsd W sdeC y' sk
JLsG)Isq’ d3ts>|lzlsJ Mzzczo Olsd Mmdztso 58 Hdzv
tcj o dzs’ H L " desjctetseo Oded dzd kdz' steOL 9 [z 6

180



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

[ Bipdz" Hy J dzdzv G' HiesH J dzZOd3" yded s SO Isj f dztstsB A3’
fOMisjtedL Oy’ odmsCe' WL Cdn dBisdtsyddn

[ Otoqdte@H Ptej dzS s, 1 ' Clststs’
1Oy SdOdz dzd?2 kdz ojtemdlsjls ROwysedn Isjn

I Msofl f dzso © tSBEBBC O dBdsyddr ftosHEZCI' o L
sO¢dms wWC ojthCd, Mk h' Hdv &BstesLdo O yd 2 c
hts LEzdgtd dzj mdz d3d dzj dz' dz' 2 ded 3 toj sdztse ' ydad &3 ~
SteOHdy' 2dzedr § &zOMmisd dzyOfMmisdr Isj §f dztstse o3’ dzdzed & ' o L
flosBdz) BOBY dzjtc’' adets B todese s ftotscte' alz, ' Hoadh
Flso stcj dgdg?" a3 dzOC d.f A jOB B wWdoyfdeddtcz Mmkzlsls' o j L dzo
sjfdsfjtciHOYy' sO odd®iOcO’ yomilsdrer LEfddsé
sy

[Okjte' Odzd ‘[BdjBEBA. HESMd HYJ dd" BEEO dzt
ftoedL dzOyd dz0 Hdzv o dtetsB dzd ylso O gj jtetelh zte sOEHEOE W d3 stk
fOtcOBI IstceOBd: o MIs ydtek 10%, MmMkadms tj yse ddz
00250, 08 1 OLf. [SMYjtedd) disOd &2 odytetselzo Odad
EmMlsOdztse y* H dzw lj@fr]ls tedL Oy" ', BB d&ZOHdOMEd?2 { dzO0
ZOndazz (30A, 45A SO B60A). [ d&v oddi s o Odadg”
o lstcOlssd o, IstsH' wC Cwdstesd IsjBfjtcOlsizted L (
stsydz s No, 1AC. 1| HBOo dz ydzd?2 "t sy’ dz¢ o
BOdes d3j Is ts'] dc. Oslz dz LOdzj ) desfls* tetsL tcOnrso lzo Odzd iy
fsH" BdzsMIs® , Of sso Odedn HB o dZOMIsdo sMisj 2 daj c

[JLIZdZJBOL‘BICf.Ll_ f HisMmdz" HY j dz2 B Iz dzts o fMisOdztso o
odmMsCseo' wLCdnrn MER hji2 E € OdzOdeOrf fjoHtd GlsL@ Lodis
dzdL ' €dr hodHECBMj2 Ylkstlk MismMisjte' O Is! Mw 1
M edw ' Zlso stej dede®* ftedmls' dedztsets h Otelz L §jtejc
LOMissMizo Odedz?y § d&zOMisddz 'L tedWdzjdedzv &3 " H C kst
HisL © Sdzw * LOBjLfjydlsd fjtejr"H HB Isktes zdzj dzlsd
J2dzsdz HMO Bt adevWdes L G dZOHSCdARd € O0dzOdzOd3] .
B detss ROftw Bz folssSlkz SO 2ttt * dzsj dzfd o dzd o3
dz

U nfsH' 4 & MtnjstOpegsjoddgdzts L Odzj 3 dz' mls! ydmdzd
J2desdzr HMO ( Re) HdzWw Htsfpdz' HYy o Odzats” mezdz " " .
sktsCk L 0,2 Hts 0,6 &/ M Mftedyddw' "  Hodh jdz
Izl]’tstsatSHxlz s+ mw L tetsis@dzdz'Odf O 'Ols © 0O dzdz' 2y d3ts cisO L
OfOLtsdz ydmjdz  j2detsdzz HNO Hdzv LOBJL Y jyj dedg?
i 0 RA206c 800
ImMsBdzdoa d2 OCyjdzls LtetsBdzj dets dzg©O OdzOcdz' L wo dh
hs LOBJ LT JUd dedew H Slsdeyaia®c ) Isdz@af ©IEZ Y Jf dedgyi o 1 fy I alzde
" dgls j defnd e dz' Mmls Zlso stcj dadgv B' &z¢ so dn 9' HC dzOH §
stcd o Odzsfls® tsBtytsds Yydedzkz Of O0tOlsO ' ¥y dd2 ¢«
l dimdetsp §dzdz! sOIsd HBMdz" HY j dedg?y Mo HYyOIls! , hts
Bedged 7 MiEzdz" hj2 d2O2iWiSlsdeods hdd3 tG‘thZst
Cklstsds dORddzz cetsWte' o, hs Mmftedw hisEydz 2 |
G' HietsH d dzO 3" ydz' f OtcOdzj Isted HESL OBV E Is! flse stot
Of Ot OIsd, we" LOBE jagkzs I8 L ] Cesef'tadm ZC sz,
B' sdztse ' ydzkz y' dzdz’ fpls? L dzgffDpdar yd J dad e s 5y d €

181



{ Olsj 69207  dzO tctz® BASE 5 teW | taitddas k' d ; daffiff, " @zt g dals ' o
"1 0S¢ BB Wistza § o' " § dzdes Y iy Iz alz® dzdgisXIC s sdz' Isls* ",
2024 GCo0Msdms.d2 o: [w2nu,
[ sfpdz" vy jdedzgw jWjSIsdoe MB Zdz! sSteOW " dz? s.eOY"’
Mdteso OIS d L ddls SHJte) Odedzgy B ' dZC 59 d A

s Oted dzO s tstetsdz! 1 Clst
1 0y'dedd@ 2 kdze o jteimdlsjls ROwyseadrn Ikjr datsdz

I s Hidtedz® Mdteso OSO * B’ YydeddBd ftetsH ZC IS
BO2Y | ttsdseddlkz Mkrdrer toj ysoddz disdztsC ©, o € dzs yC
Mdcseo Ok seo' B' € d, BOW]. " D tc@dz'dpylz & datzd-tily B a1 dft
ody Otes 9 Odzdz® SO Mmkh ' dzdzv, dEOEIs! odMsSlz j dzj oGt
Hy dZOlskzteOY" & B' dz€ ' o . ]l ftctso OH Y j dadaw B Otetsd3j
Edz stcOW " dz' stcOy" ° (vn), HO' L Bscletsg Al Xds d dz@e
Bsdzj Cdwtcdeatsdsz o' adz' BjL Ijfdzsetsets off dzde kz vyc
Yy! st HBMdz HY jdedgd MIsOdzs o doyjdedz? off dzdo bk tofs
dzZOH Bj BB O dzdztse 5 " Otelz dzO Mjdzj CIsdo dz Mls! Ftetsy,
ftodstotyf 3O dedz’ S tsdpyj delsteOls’ 9 Mdtetso OlsSCtsoadna B' dz€°

[ Oljt' Odd ['B O Cldstisiy .1 sMdz' HY j dedz® * ' H M tedzO
mMzadn tj uytse ddz0p8 WY, pSipESteddsj dzlsd o S tsdze Od
zOB ste Ols sto dats’ d3j d3B tc O dzdzts ’ g sk@dzslz0Wzs ~ § Ql§ stz
By BBt OdZOB dBIOsidzEtccsdEd® L Olstcd 3O dzdzy Bsdzj € k&
{ sBsYyd?2 kdmS §°H Yo ftesyjmkz Csdde Osfw o @

eifdds " Histed BzoiO2BC, ZOStcHBdzd SO dzts [k dathC dzz Is d
fMmkzeo Odgdz? ftetsHESIE. m' &' yded?2 MC &OH tejlsj dzlsO
cjWtcOSIssBjIste' ™ O fosdzvtedd3jlste ", O oad3 Mls B ¢

tdLkdz sOlsd yofmm ftesyj Mk W' d kttOy' ’ Blzdzts o d
fdbtsBsets f SIsS B dzdfsjdaihylso Is z d3 j( dfstds O dzd ) fetslsw g ts
ftedyddetss kOCtsets wWodh O odL dzOyjdets klso tstej dadaw
B3y BB Oded SO BdzsSSC zo Odzdzy °~° st B' dzC tso ddzd d30O¢€
sdmSEz o©°'H 0,1 Hts 0, 25 [ OdnttfsthisH S le ezt ls ‘
fsHOd "] "' Hoedh jdedz IsdmS¢k Hts 0,4 [10O0 Mmftd
dzj d3B te O dz" Fts ftedLotsHddkzs HB MlsOB' dz' L Oy' ° (
heodHCtMIs' W' dz stcOy"' ’

JilsdBBOdz! dzO hoadHEC' Mis! slstsC i Om T483]065ds Ozt ¢
0] l]’ COLddS LOBJLYjYE" HsMIsOlsdzs IIskztes Iz dzj
f n B' &9 dOLOH E Yl ¢, hts HEL 9 v
lj [ JBBORO ftotsH ] BsdeMistclzo OO od MsC k2
, 5%. Aj] LisBddzs sy ddesdd tsistcd 30 dadaw
2,5% LO WOCIktste® Ctsdzy] dzlstelzo Odadaw , tc' odztsegts 15
tsdz;l) E fjtodsj Ols’ Bedzd ftOCIsduydets f tso ded 3,
SHOdz! M ts¢ SOdalaf ¢ sHedfvfnls @ dH ' dzj dedz? dBsdzsydesets Yk
detslstso dzj dgdgv W j o] dzlstso Odzed 7 dzOf 57 o .

l dmdesp §dzdzr sOIsd HBMdz Hyjd ' Hise jteHddzd od
CjteOds Yydedrm kdz' stcOW " dz' steOy' 2 dedrn o5 3B tcOdz H dzw
FPdsso dstesgsdme 0, 25 [1 0O, hodHuC' ! (olssClkz 4
ftesHkSCIsde dz' fls: SO odmtstkz w¢' fls: Slsted BO dzls G t
BsHEzdz 9 E eodttsBdduy fHtosyldfd BodsCtsfjtcltess d
Hdzw flse tstej dzdz" Bl L BOH Bbimdpt®@zdzy d Ydzdzaded 7 * dac to
M stclsdo dzgse s SO Hlwytsets - Oteyke Odzdz” .

OQSHB‘OG‘C

182



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

[ sfydz Hy jdzdzn jWjClkdodesils' € dzOf Odzdets’ @ ts Bis
' Hdzso dzj desets BsdzsC O O dsdtsydedr Mk

¢ Z2OMlsOMm" w AjHBtesOdY, |
10y sdz20dz! dzd?2 Idgoagftcfisgd E jds dZs@tc 2, sd o,

Il mMsfsf@Etse jdz L Oy v Cdzs ysoddzs jlOftsds £k
ftosHESCI 8, Nt Mftew s OdzO dzO0 L Of sB ' ¢ O dada?
'h BcOdsdzj flsdydeds o dzOMiIsde sMmisj 2. ¢ zdsHd ]
Cbdz 8¢ f'H ofdzdotsds sdmsSitsets IsdmMCk, ¢ tdd
CBsSEjdg' L ¥ ys™ cetsdzsea ¢ d. [MBdzdoats 90Oy dzde d
odetslssodw ' s Mw L MEAitet dodztydseés ftstetsh ¢
WistedBlz' Is dfiy wlzOm s@Es'dzs dz$ © Y dteso dma yYyoOMmlstse, h s 0]
ftesHEzSCE. [ jlO ttsettld fosdvecO' k& odL dOy,j dzdzs
kO fMjttjHdyd &8 H' OB Y diesedr Skd ¢, 0 Is
sBtotsBCd dz0 Mis Qs dz! jddslAmplis ‘" Siste d BO

| Olsjte’ Odzd r'sdig IsitsiHflzdzy fteso sHJdzd dzO o' H dztso
ydtelkz 3, 2% 1dv jCMfjtedd3jdalds' 9 oadCsstedMmlssalzo O
Gl jdz L Olsste "L Ho sflskzf j dzj o ts% C dzOf Odadats &
pOtc' 5 9 OoCHFVIAD ¢g) P, IstsH' i 4§ 'CH IsO] Blsiz@asif § sl ;
E 5 [10. [(WjChkdeads s HftsyjMmMkz sy’ d o O0dzd, O
Yyomlstss ' odCdks yd & CtsmMCsf' ydd?2 O0dOd L,
H' O3j stc® O totsL ff L dgzize 5O i lsudjdds ] tOB L ts® f tofs
Zlsted szo OdzOM: 65 MC.Of OL sdz' 60

tdLizdz isOfiydf’. HY j dzdz? § 5COL Odzd, NMts LB' dz' M j dzdg”
mMftedw' L dzOydesdsz §f sHtc' Bdzj dedz® Yy dJtesoadnrm SkEdz €.
i ted Hdz 2 H' Ofigiy Gdes oyddMIslf,dBsCBSC &3, O dted § Hadh
LBjd" dofjo, AasZ3O 7 I dwedzjdets, Pts fsHOd "] LB
dzi LOBJjLY jyk' " MMistslsdzse s L d3j dgh j dzdzv  tesL 3 tokz
Jdzj ceatso dlsteOIlsd IsO * dzdgsdemd ©dz'dmis: L desmblz § dzOf Oc

ImMsBdzdoaz ko Oek ftodH' dzjdes W j desdzi dzz Octej ¢
ftesyj Mkz.  simdz' Hy jdedzv € OL Odzq, hs LOMtsmize
HiSL @ tSdzv JWiClsdo dets-y dazRodzlz o @ leap ) I’ talefl,ts0 58 OB j L
o' odesB’ teded? sk f Btz YOMsts] S sted s Odzdz?y H o tsf

)
9 ' H
lcts

q’.

a3
h ¢
L OF

J10) LOBJjLfiyk® odMmtsCd?2 " dHjCf eBSEjde L OY'
ydesotsegts €' dz yvw dz0 ftseo jtondze fJtosHEZSIE ftoslswe
hs jdaj teg' v, 9 d Is tc Glzggdz©O friellsCO dzis i B 4 tocdzgphQiL O & O dz
ff sy do Odats’ fslskzy detsfls* StsH' we tjhlsO ] tog
' Hodh jdedew Isj B j tOls z 63 A Csidd® C O ylzR' o G sH) O dd®©d

l dMmdetsozCsp. tslsted BOIsd o dMmMsS W ¢ Mdzj 9 ' Hdzsoe dzj
IOMmlssmMtso o Olsd HotMiskzYy jdzj ok ctsdiisej 5 YW G. L
vsO0¢d2 f"HR'"H Mftedw' MkOB' dz¥ desls® j digzdzr "
[ sted diz0 dz' tejLzdz sOIsd HiSL @ tsdzv & Is ¢ iWiClsdedz b
odmMtsC et Isd M@ 2sflO] BOAd'dRyOts] ¥  3d BGBtetsB S d Hdz
mMdtetse d dzd .

183



tc 920 fizd 3 dzO tc tz® HAS G B dal | talgtsidas
FC BB BistdEa ftc’ b
2024 G 9o020sdps.d2 o :

Sectomn L6

Physical and mathematical
principles of technological processes

Cexuig 16

At f YpEosqpDEoasY3>bt odbo 3
s5qeboaojtab¥e edos3qdt ¢

184



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

16.1.

Physics and occupational safety

16.1.

At f YBE cdooaqdtybE ¢€qrf c

185



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}

Application of NMR spectroscopy andartificial intelligence inhoneyquality and
safety control procedures

Polina Volkova, Svitlana Litvynchul
National University of Food Technologies, Kyiv, Ukraine

Introd uction. The integration of modern digital technologies with established food
quality control procedures is considered one of the key contemporary approaches to ensuring
transparency and traceability in global supply chains. This issue is particularkytefer
the honey market, which is characterized by significant risks of adulteration.

Materials and methods The study employs a comprehensive analytical approach to
assessing the quality and safety of honey, combining the capabilities of nuclear magnetic
resonance (NMR) spectroscopy with artificial intelligence methods for further processing of
spectral data

Results and discussionin the modern world, new methods for assessing honey quality
and detecting adulteration are emerging. Among the main cuaireliénges are ensuring the
generalizability of models, harmonization of international datasets, and their proper
validation under practical conditions. At the same time, the integration of spectroscopic
methods with artificial intelligence technologiepens new opportunities for developing
intelligent and traceable systems for honey authenticity control, increasing transparency in
the global honey production and distribution sector [1].

The NMR spectroscopy method enables a comprehensive analysis difieimécal
composition of honey without complex sample preparation [2]. Due to the high
reproducibility and informativeness of spectral characteristics, this method allows detection
of added sugar syrups (corn, rice, cane) as well as determination of #recélotand
geographical origin of products. However, processing large volumes of spectral data requires
the application of modern intelligent analytical algorithms.

Artificial intelligence plays a crucial role here, enabling automation of spectrum
interpreation, increasing the accuracy and speed of impurity detection, and developing
reliable models for classifying honey by origin. The use of machine learning methods makes
it possible to create digital libraries of spectral profiles, significantly simptifyguality
control and certification procedures. Furthermore, the integration of artificial intelligence
with NMR technologies opens prospects for developing automatetimeahoney quality
monitoring systems. Such systems can be applied both in latyosstiings and within
governmental control structures.

Conclusions. The combination of NMR spectroscopy capabilities with artificial
intelligence technologies forms a modern scientifically grounded approach to honey quality
control, contributing to incresd transparency in its global circulation, ensuring food safety,
and protecting consumer rights.
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Application of electrophysical methods in the food industry

Maria Sokolova, Darya Malchenko, Anastasia Bashtan, Svitlana Litmmchuk
National University of Food Technologies, Kyiv, Ukraine

Introduction . A promising alernative to traditional heat treatment of food products is
the introduction of electrophysical methods, which allow improving technological processes
in various branches of food production.

Materials and methods The work considers electrophysical meth&alsprocessing
food raw materials, as well as meat and dairy products. The following methods were used:
microwave heating, electrocontact (ohmic) heating and pulsed electric field (PEF) treatment.

Results and discussionLet us analyze the specified metlsdn more detail.

Microwave technology (microwave heating) provides effective cooking, heating,
defrosting, pasteurization, sterilization or drying of products using electromagnetic waves. In
this case, heat is generated directly inside the product dbe toteraction of microwaves
with polar molecules. The dielectric properties of the food material also play an important
role in the conversion of microwave energy into thermal energy. That is, microwave radiation
provides rapid and uniform heating, rethg the duration of the processing of dairy and meat
products without deteriorating nutritional and organoleptic properties [1].

Of particular importance is ohmic heating, which is based on the passage of electric
current through the product. Studies f2jve shown that this method allows pasteurization
of products with a high content of solid particles without the risk of overheating the wall
layers of the equipment. Ohmic heating allows processing with less loss of nutrients, since
the time to reach thtarget temperature is reduced several times compared to tubular heat
exchangers.

It is known that IEP is used for processing potatoes, chicory, meat and dairy products
[3]. As a result of such processing, microorganisms are inactivated (and in thikezass
no need to use preservatives), a longer shelf life of products is ensured and their quality
indicators are maintained at high levels. At the same time, effective extraction of biologically
active components from raw materials is ensured.

Conclusians. The use of electrophysical methods (microwave heating, electric contact
heating and pulsed electric fields) in the food industry allows to intensify heat and mass
transfer, reduce the duration of processing, increase the shelf life of products,@and als
preserve their nutritional value and high quality.
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Prospects for the use of emiging technologies in occupational health and safety
management at food industry enterprises

Andrii Sukhyna, Oleksandr Tsiupryk , Olga Yevtushenkqg Alina Siryk
National University of Food Technologies, Kyiv, Ukraine

Introduction. The occupational healtmd safety management system (OHSMS) of
food industry enterprises is the basis for ensuring occupational safety in the food industry of
Ukraine. The implementation of new models and principles in the information provision of
OHSMS at a food enterprise witie involvement of modern information technologies plays
a decisive role in the soundness and timeliness of management decisions made.

Materials and methods.The research was based on analyzing literature sources and
summarizing scientific results.

Resultsand discussion.Digital technologies used in the information provision of the
OHSMS of a food enterprise must perform the tasks of occupational risk assessment. Let us
consider modern technologies based on the implementation of advanced methods: robotic
systemg[1] T robots can perform various tasks: lifting heavy loads, welding, and assembly,
which minimizes physical strain on workers, reduces the risk of human error and exposure
to hazardous conditions, thereby improving occupational safety and hygidifiejal
intelligence and machine learning [R]artificial intelligence algorithms can analyze vast
amounts of data to identify patterns and predict potential hazards, transforming workplace
safety based on retime monitoring and risk reduction strgies, and they also allow for the
optimization of emergency response plans, ensuring a safer working environment;
exoskeleton$ devices that support and enhance workers' physical abilities, reducing the risk
of injury during physically demanding taskdt{tig heavy loads) by decreasing the strain on
muscles, lower limb joints, and the back, thereby providing mechanical support and
improving overall workplace safety; unmanned aerial vehicles (UA\tEn monitor large
facilities, inspect structures, andass hazardous zones without exposing workers to danger,
while also being utilized for aerial mapping, surveillance, and tracking moving objects,
helping to maintain occupational safety standards and prevent accidents; the Internet of
Things (loT)i involves a network of interconnected devices that collect and exchange data
to enhance workplace safety, where sensors enable thireahonitoring of environmental
conditions, equipment status, and workers' health; virtual and augmented reality (WR/AR)
sene as powerful tools for safety training and management capable of simulating hazardous
scenarios, allowing workers to practice safety protocols in a controlled environment,
improving hazard identification, personnel training, and ensuring compliance with
occupational safety standards.

Conclusion. Thus, an improvement of the OHSMS of food industry enterprises in terms
of occupational risk management is proposed, which enables the identification of appropriate
tools to address these risks, taking into actoestablished objectives and necessary
resources, which, in turn, will increase the efficiency of the preparation, adoption, and
implementation of occupational safety management decisions.
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Analysis ofinjuries among students andemployees ofeducational institutions

Anatoliy Pasko, Diana Holovnia, Olga Yevtushenko
National University of Food Technologies, Kyiv, Ukraine

Introduction. The purpose of studying injuden the field of education is to determine
the patterns of accident occurrence, develop measures for their prevention, and promote the
prophylaxis of injuries, which necessitates a systematic analysis and generalization of the
causes of such incidents.

Materials and methods. The study was conducted using the method of statistical
analysis of accidents that occurred in the field of education during the period from 2019 to
2024.

Results and discussion. Nearly 25.6 thousand state and communal educational
institutions fall under the management of the Ministry of Education and Science, serving over
6 million students and employing 1.014 million staff members (Letter of the MES "On the
state of injuries among students and employees of educational institutiafg4dy. Official
data provided by the State Statistics Service of Ukraine regarding the level of occupational
injuries indicate that 834 employees in the education sector sustained injuries between 2019
and 2024, 48 of which were fatal (Statistical buleOccupational injuries in Ukraine in
20192024).

An analysis of the distribution of accidents by main causes, types of activities, and
professional groups was carried out. It was established that organizational factors lead to 60%
of injuries among paicipants in the educational process. The primary cause of injuries
among employees is identified as deficiencies and omissions in the organization of
occupational safety, as well as the neglect of personal safety.

It has been proven that in 82.5% of catles cause of injury is the behavior of the student
themselves, while only 17.5% of cases result from a hazardous situational environment.

Cases of nomccupational injuries among participants in the educational process that
occurred in everyday life wer also analyzed. According to statistical data on-non
occupational (domestic) injuries between 2019 and 2024, 2,677 participants in the
educational process died, including 111 individuals in the higher education sector: 34 in
2019, 16 in 2020, 27 in 20227 in 2022, 7 in 2023, and 22 in 2024.

According to the analysis of nerccupational fatal injuries in 2024, transport accidents
rank first in prevalence (22.05%), in second gdgcidental drowning and submersion in
water (19.42%), in third pladeconseguences of external causes of morbidity and mortality
(13.65%), and in fourth pladeintentional sedharm (11.29%). It is noted that the scale,
damage, and complexity of resolving issues related teoaonpational fatal injuries make
it a socially dang®mus phenomenon. This requires a systemic approach to the prevention of
domestic injuries at all levels, awareness of the priority of protecting life and health over
other interests, strengthening control over the implementation of injury prevention eseasur
and planning fire safety measures.

Conclusion. Thus, a statistical analysis of injuries among patrticipants in the educational
process and employees of state and communal educational institutions, enterprises, and
organizations under the managemenhefinistry of Education and Science was conducted
for the period from 2019 to 2024. It is recommended to use these research results during
occupational health and safety briefings for both employees and students.
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Modern challenges of biosafety of emplgeesin the hotel and restaurant industry

Daria Lukashuk, Alina Siryk
National University of Food Technologies, Kyiv, Ukraine

Introduction. The hotel and restaurant industry is a sector of increased biological risk,
as employees constantly interact withkitors, come into contact with food products, and use
shared facilities. Global challenges, in particular the CO¥¥Dpandemic, have increased
the requirements for biosafety, making worker protection an important element of
occupational safety, whichréictly affects the stable operation of enterprises in the industry.

Materials and methods. The work used an analysis of scientific publications,
recommendations of the Center for Public Health of the Ministry of Health of Ukraine,
international WHO guideties, and regulatory documents in the field of sanitary safety and
food hygiene. The research methods are generalization of information, comparative analysis
of risks and measures for the prevention of biological hazards in hotel and restaurant
establishmets.

Results anddiscussion.It was found that biological risks for workers are divided into
external and internal. External risks include respiratory infections such as COVID
influenza, acute respiratory viral infections, tuberculosis, which can bentitied by
airborne droplets, as well as contact skin infections and fungal diseases [1]. Internal risks are
associated with violations of sanitary working conditions in the institution: food infections
(salmonella, E. coli, norovirus), mold in damp rogrb®logical agents in ventilation and
water supply systems (legionella) [2].

Effective personnel protection involves a set of preventive measures: vaccination,
medical examinations, use of personal protective equipment, regular disinfection of surfaces,
guality control of raw materials, air and water, implementation of the HACCP system and
ongoing employee training.

Each preventive measure is implemented taking into account the possible danger, with
an outline of the circle of people who may be infectdtls] the COVID19 pandemic has
become an illustrative example of a high external ritke use of protective face shields,
mask mode, contactless service and enhanced sanitary requirements were introduced to
protect workers [1]. These measures have prdkeneffectiveness of rapid adaptation to
safety standards. No less important is the education and training of personnel in biosafety
training and the development of algorithms for responding to possible outbreaks of infection

Conclusions. Biological risks are part of the professional activities of hotel and
restaurant workers. Minimization of these risks is possible only under the conditions of a
systematic approach that combines sanitary control, engineering solutions, preventive
medicine and personnehtning. Modern challenges require increased biosafety standards,
which not only protects workers, but also builds consumer trust and ensures the stability of
enterprises in crisis conditions.
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