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The development and implementation of technological lines for cleaning grain and sunflower seed
mixture waste using aerodynamic separators, including column-type separators, play an important role in
organizing modern solutions for primary grain processing, ensuring effective cleaning and sorting of grain
through air flows.

Their relevance is due to low energy consumption compared to traditional mechanical separation
methods. They have high productivity, allowing for the rapid sorting of large volumes of grain and seeds. They
also demonstrate high efficiency in removing light impurities, dust, debris, and grain admixtures while being
characterized by the absence of mechanical contact with the processed material, which reduces the risk of
grain damage during processing. Additionally, they can be classified as universal machines since they are
suitable for working with various crops (wheat, corn, sunflower, etc.).

Modern enterprises engaged in the primary processing of grain and seeds increasingly implement
aerodynamic separators to enhance the efficiency of grain production and comply with international
standards.

The experimental research results of the column-type aerodynamic separator presented in this article
indicate that the model describing the dependence of the kernel and sunflower seed content in the kernel
collection area is significant and adequate. Additionally, equations were derived to describe the relationships
between the distribution coefficient and energy consumption based on research factors.

To achieve the efficient operation of the column-type aerodynamic separator, it is necessary to
maximize the kernel and sunflower seed content in the kernel collection area, optimize the performance of the
vibrating feeder, and minimize its energy consumption. The obtained dependencies were used to adjust the
operating parameters of the column-type aerodynamic separator and achieve maximum operational efficiency.

Key words: sunflower seed waste, separation, cleaning, airflow, cleaning efficiency, modeling,
optimization.

Eqg. 11. Fig. 5. Table. 4. Ref. 13.

1. Problem formulation

Waste from sunflower seed processing contains a significant proportion of an oil-rich fraction
(30 — 50 %), making it a valuable secondary raw material. However, the efficient extraction of this component
is only possible through mechanical separation, which requires modern technical equipment. The existing
equipment does not provide an adequate level of cleaning for sunflower seed processing waste while ensuring
resource conservation [1].

Morally and physically outdated cleaning complexes lack modern automated control systems, leading to
reduced process efficiency and increased energy consumption. These challenges highlight the need to search for
and implement innovative solutions for extracting the oil-containing component from the waste mixture [2-4].
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One such solution is the introduction of a column-type aerodynamic separator into the technological
lines for cleaning sunflower seed mixture waste. However, to fully understand the process and enable its
implementation, it is necessary to justify the rational structural and technological parameters of the column-
type aerodynamic separator. The results of experimental research can serve as the basis for developing an
industrial prototype of this separator [6, 8].

2. Analysis of recent research and publications

The development of the experimental prototype of the column-type aerodynamic separator aimed to
reduce overall dimensions, material consumption, and energy costs while maintaining the efficiency of
cleaning sunflower seed mixture waste [3, 5].

The column-type aerodynamic separator for fine cleaning of seed materials is equipped with a
cylindrical sedimentation chamber. Sorting channels are positioned around the perimeter of the sedimentation
chamber at an angle to its vertical axis, with the inclination angle determined based on the size of the vertical
cross-section of the inlet pipe. Additionally, the sedimentation chamber is fitted with an automatic control
system that regulates the inlet pressure for each sorting channel separately [7, 10].

This set of general and distinct characteristics, which differentiate the improved device from its closest
analogs, is novel and sufficiently unique for all applications.

The achievement of the technical result in the development of the experimental prototype of the
column-type aerodynamic separator included the following aspects:

- The vacuum chamber was designed in a cylindrical shape;

- The sorting channels are arranged around the perimeter of the sedimentation chamber at an angle to
its vertical axis, with the inclination angle selected based on the size of the vertical cross-section of the inlet pipe;

- The unit is additionally equipped with an automatic control system for regulating the pressure at
the inlet of the vacuum chamber [11, 12].

Thus, the combination of these essential features in the column-type aerodynamic pneumatic unit for
fine seed material cleaning has allowed for a reduction in material usage for its manufacturing, as well as a
decrease in the overall dimensions of the sedimentation chamber, while maintaining the efficiency of seed
mixture sorting and impurity removal [13].

3. The purpose of the article
The aim of the experimental research is to empirically substantiate the rational structural and
technological parameters of the column-type aerodynamic separator for cleaning waste from oilseed mixtures,
particularly sunflower seeds.

4. Results and discussion

Considering previous theoretical studies and the justified structural and technological parameters, an
experimental prototype of the column-type aerodynamic separator has been developed, with its general
appearance shown in Fig. 1.

The machine is designed for cleaning, sorting, or calibrating sunflower seed mixture waste for further
use in the oil and fat industry. It can also be integrated into technological lines for primary and secondary seed
processing, installed at grain elevators, and used in storage facilities as part of specialized lines in all
agricultural zones for monitoring and adjusting the main grain cleaning equipment.

The manufactured column-type aerodynamic separator operates as follows. The raw material is fed
into the hopper of the vibrating feeder, then moves through a chute into the sorting channel. Upon entering the
airflow zone created by the fan, the material is separated based on the floating velocity index of the seed
mixture.

Particles with lower floating velocity, including dust, rise through the channel, where they are further
divided into two streams. The aspiration dust and the main airflow exit through the upper outlet pipe, while all
lightweight particles of the incoming material are discharged through the lower outlet pipe. The entire oil-
containing fraction settles in the discharge pipe.

A sampling window is provided in the discharge pipe for collecting samples to monitor the separation
process. If necessary, the separation process parameters can be adjusted via the control unit panel.

The selected research factors include the feed rate of sunflower seed mixture waste (q), the airflow
velocity (Va), and the content of kernels and sunflower seeds in the mixture (y«). The variation levels of the
research factors are presented in Table 1.
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Fig. 1. The generaapfance of the experiental prototype of the column-type aerodynamic sparator

The feed rate of sunflower seed mixture waste was adjusted by changing the parameters of the
vibrating feeder.
The airflow velocity was modified using a frequency converter for the centrifugal fan motor (Fig. 2).

The content of components in the seed mixture was adjusted by adding and mixing the missing component.
Table 1.

Variation Levels of Research Factors for the Column-Type Aerodynamic Separator Experimental Studies
" Feed rate of sunflower seed mixture Airflow s Gorizent € sunflower
Variation Level : kernels and seeds in the
waste (q) velocity Va .
mixture Yk
Lower (-1) 50 1 0,2
Zero (0) 100 3 0,6
Upper (+1) 150 5 0,8
Interval (A) 50 2 0,2
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The criteria selected for the research include the distribution coefficient §, the content of sunflower
kernels and seeds in the kernel collector area nx, and the consumed power P.

Based on the research conducted by Aliyev E.B. [9, 10], the qualitative criterion for evaluating the
performance of the developed aerodynamic separator is the distribution coefficient 6, which is defined as the
average content of waste components from the sunflower seed mixture in the respective collectors 0.

The content of sunflower kernels in the kernel collector area nk-k was determined by manually
separating the collected samples and weighing them.

The consumed power P was measured using an electric meter over a specified time interval. The study
was conducted following the Box-Behnken design for three factors at three variation levels, with a total of 15
experiments. The tests were repeated three times:

§=Mhn + Mo + M
3 _ 1)

The content of sunflower kernels in the kernel collector area nmk.x was determined by manually
separating the collected samples and weighing them.

The consumed power P was measured using an electric meter over a specified time interval.

The study was conducted according to the Box-Behnken design for three factors at three variation
levels, with a total of 15 experiments. The tests were repeated three times.

Using the Wolfram Cloud software package, a second-order regression equation was obtained in coded
form, describing the dependence of the content of sunflower kernels and seeds in the area of the kernel collector
Mk-k 0N the studied factors.

Nk = 0,947667 — 0,010625 xo— 0,0112083 xo* + 0,04225 x3 —0,00833333 XoX3 — 2

—0,0294583 x3% + 0,0069583 x5 — 0,00208333 xoxs — 0,0023333 x3x5 + 0,0014583 X3, )

where n«k is the content of sunflower kernels and seeds in the kernel intake area; X9 is the coded value

of the vibrating feeder capacity q; X3 is the coded value of the air flow rate Va; Xs is the coded value of the
content of sunflower kernels and seeds in the mixture .

The calculated statistical indicators are presented in Table 2. The regression coefficients for which the
calculated Student's coefficient is less than the table value are highlighted in grey. Since these coefficients are
statistically insignificant, they will not be taken into account in further analysis. The calculated variances are
homogeneous according to the Cochran criterion. The calculated value of Fisher's criterion exceeds the table
value. This indicates that the null hypothesis can be rejected, and the model has a significant impact on the
dependent variable.

After decoding and removing insignificant regression coefficients, we have (Fig. 2):

Nk = 0,748552 — 4,48333-10 ¢* + 0,000934167 q — 0,0000833333 V, q + 3

+0,0736458 V,—0,00736458 V.2 +0,0347917 yi. 3)

The analysis of the obtained equation shows that the performance of the vibratory feeder affects ni« in

a nonlinear manner: the linear term indicates a positive effect, i.e., with an increase in g, the number of kernels

in the intake increases, but the quadratic term indicates the presence of a saturation point, after which further
increase in performance leads to a decrease in selection efficiency.

Table 2.
Statistical indicators of the regression equation (2)
bo b bs be bes bss bes
094767 | 001063 | 004225 0,00696 000833 | 000208 | 000233 | 001121 | 002946 | 000146
Aby Aby Abs Abg Abg Abg Abg Abg Abg Abgs
000713 | 000437 | 000437 000437 000618 | 000618 | 000618 | 000643 | 000643 | 000643
bo b bs be bes bo bs b bss bes
094767 | 001063 | 004225 0,00696 000833 | 000000 | 000000 | 001121 | 002946 | 0,00000
.. G G(005;2,15) Result
Codhvarecriterion 0,1943 0,3346 The variances are homogeneous
y 1(0,05:30) Sw? Sul
Stentsariterion 204 TATTIR10° 0000167797
. .. F F(0,05,8;30) Result
AEEBRILEIE 24304 227 The model is adequete
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The interaction between the performance of the vibrating feeder and the airflow rate shows that at high values
of V,, an increase in g can have a negative effect, which is explained by the increased removal of light particles along
with the nuclei. Airflow velocity also has a significant effect: at the initial stages, increasing it improves the separation
efficiency, but at too high V, values, a negative effect appears, which may be due to excessive particle removal.

The content of kernels and seeds in the initial mixture has a direct positive effect on the final result,
which is quite natural, since the more kernels in the initial mixture, the more of them can be selected into the
intake. In general, the analysis of the regression equation confirms that in order to achieve optimal efficiency,
it is necessary to rationally combine the parameters of the vibratory feeder performance and air flow rate,
taking into account their nonlinear effect on the final kernel selection rate. Under the condition of maximizing
Nk = 0.976, we obtain the values of the factors g = 60.91 kg/h, Va=4.65 m/s, y« = 0.8.

'L 4
150 150
Fig. 2. Dependence of the content of sunflower kernels and seeds in the kernel collector area .«
on the performance of the vibrating feeder g, air flow rate Va and the content of sunflower kernels and

seeds in the mixture

Using the Wolfram Cloud software package, a second-order regression equation was obtained in coded
form, which describes the dependence of the distribution coefficient 6 on the factors under study:
8=10,928111 —0,0170833 x9— 0,00868056 x> + 0,0426667 x3 — 0,00991667 xoX3 —
—0,0266806 x3* + 0,0128333 x5 — 0,00475 xoxs + 0,00258333 x3x35 + 0,00765278 X%,
where & — the distribution coefficient.

The calculated statistical indicators are presented in Table 3. The regression coefficients for which the
calculated Student's coefficient is less than the table value are highlighted in grey. Since these coefficients are
statistically insignificant, they are not taken into account in further analysis. The Cochran test showed that the
variances are homogeneous. The calculated value of the Fisher's criterion exceeds the tabulated value, which
allows us to reject the null hypothesis and confirm the significant impact of the model on the dependent criterion.

After decoding and excluding insignificant regression coefficients, the following equation was
obtained (Fig. 3):

“)

8=10,799747 —0,000341667 q + 0,0613542 V,—0,00667014 V.2 + 0,0641667 yx. 5)
Table 3.
Statistical indicators of the regression equation (4)
bo by bs be bos b b Des
092811 | 001708 | 004267 | 001283 | -000992 | 000475 | 000258 | 000868 | 002668 | 000765
Aby Aby Abg Abg Abg Abg Abg Abg Abz Abgs
001416 | 000867 | 000867 | 000867 001226 001226 001226 001276 001276 | 001276
bo by bs be bos b bas P b Des
092811 | 001708 | 004267 | 001283 0,00000 0,00000 0,00000 000000 | -0,02668 | 000000
.. G G(005;2,15) Result.
CERETRCILELST 016579 03346 The variances are homogeneous
o 1(005;30) S’ Sl
e 204 0000029437 000504582
i . F F(0,05;8,30) Result.
FEBEL T 201964 216 The modelis acequate
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The analysis of the equation shows that the performance of the vibrating feeder has a slight negative
effect on the distribution coefficient, since the coefficient at q is negative. This indicates that with an increase in
the material feed, the uniformity of its distribution may deteriorate, due to flow overload or uneven flow of
particles into the separation zone. The airflow velocity Va has a significant effect on the distribution coefficient.
The linear term has a positive sign, which means that as the velocity Va increases, the separation factor improves,
i.e. the efficiency of particle separation increases. The quadratic term, however, is negative, indicating that there
is an optimum value for the airflow velocity. If the velocity exceeds a certain level, the separation efficiency
begins to decrease, possibly due to turbulent effects or excessive particle removal. The content of kernels and
seeds in the initial mixture yk has a positive effect on the distribution coefficient, which is logical, since an
increase in the number of kernels in the initial material contributes to their more uniform distribution in the flow.

Ne1(128) /2025 TexHika, eHepreTHuka,
% l_: ,% Tpancnopt AIIK
-

150
Fig. 3. Dependence of the distribution coefficient 6 on the performance of the vibratory feeder ¢,
air flow rate Va and the content of sunflower kernels and seeds in the mixture yy

Thus, to achieve the optimal separation factor, it is necessary to control the performance of the
vibrating feeder, avoiding excessive increase of g, and to set the air flow rate in the optimal range to ensure
effective separation of particles without losses. Under the condition of maximising 6 = 0.975, we obtain the
values of the factors g = 50 kg/h, Va=4.59 m/s, yx = 0.8.

Using the Wolfram Cloud software package, we obtained a second-order regression equation in coded
form, which characterises the dependence of power consumption P on the studied factors:

P=1559,711 + 63,6417 x9— 6,02222 x¢* + 255,875 x3 — 10,0667 Xox3 —
— 10,6722 x35* —2,05833 x5 — 8,48333 x9x5 — 2,8 X3Xs + 9,59444 x¢%, (6)
where P —the power consumption of the aerodynamic separator, W.

The statistical indicators obtained as a result of the calculations are shown in Table 4. The regression
coefficients for which the calculated Student's coefficient was less than the table value are highlighted in grey. Since
these coefficients are statistically insignificant, they are not taken into account in further analysis. The Cochran test
confirmed the homogeneity of the variances. The value of the Fisher's criterion exceeds the table value, which allows
us to reject the null hypothesis and confirm the significant impact of the model on the dependent criterion.

Table 4.
Statistical indicators of the regression equation (6)
bo by bs be b b bas Do bz Des
559,711 | 63642 255875 2,058 -10,067 8483 2,800 6,022 10672 | 95%4
Aby Aby Abs Abs Abg Abg Abs Abg Abz Abgs
32426 | 19857 19857 19857 28,082 28082 28082 29229 20229 | 29229
bo by s be b b bas b b Des
559,711 | 63642 255875 0,000 0,000 0,000 0,000 0,000 0000 0,000
. G G(0052,15) Result.
SOSTEEREL 2T 027957 0,3346 The variances are homogeneous
. 1(0,05;30) Sl St
Stuertscrterion 204 15445 2271949
. . F F(0,05;8,30) Result
FATESEILETER 147004 200 The model is adkeQuae
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After decoding and excluding statistically insignificant regression coefficients, an updated equation
was obtained (Fig. 7):

P=48,6153+1,27283 q+ 127,938 V.. )

The analysis of the equation shows that the power consumption is linearly dependent on both the
performance of the vibratory feeder and the air flow rate. The coefficient at g is equal to 1.27283, which indicates
a direct positive effect of the vibrating feeder performance on power consumption. This means that with the
increase in the performance of the vibrating feeder, the power consumption increases proportionally. The
coefficient at Va is 127.938, which indicates a significant effect of airflow rate on power consumption. This
means that increasing the airflow rate significantly increases the power consumption, probably due to the need
to overcome additional air resistance or increase energy to provide the higher airflow rate. In general, the equation
confirms that both the performance of the vibratory feeder and the airflow rate must be optimized to effectively
manage power consumption. An increase in either of these parameters leads to a proportional increase in power
consumption, so it is important to balance these two factors correctly to achieve energy efficiency. With the
condition of minimizing P = 240.2 W, we obtain the values of the factors g = 50 kg/h, Va =1 m/s.

As the preliminary analysis has shown, the optimal values of the research factors for the selected
criteria do not coincide, so a compromise problem needs to be solved. Namely, the effective operation of the
developed aerodynamic column-type separator is possible provided that the content of sunflower kernels and
seeds in the kernel intake area nk-k, the performance of the vibrating feeder g, and the minimization of its
power consumption P are maximized:

Mg, — Max,
g — max, (8)
P — min.

After ranking the criteria and reducing them to a single generalising criterion, we will transform system
(8) to the following form:

_ nk-k_min(nk—k) q_min(q maX(P)_P
max (., ) —min(n,_, ) max(q)—min(q) max(P)—min(P)

. —> max. 9)

A

100

q, kg/h
150 !
Fig. 4. Dependence of power consumption P on the performance of the vibratory feeder g and air
flow rate Va

By solving equation (9) in Wolfram Cloud together with (3) and (7), we obtain two equations that
indicate the relationship between the performance of the vibratory feeder g and the air flow rate Va on the
content of sunflower kernels and seeds in the mixture yk (Fig. 5):

q = 38,352 yk + 108,89, (10)
Va=-2,5013 yx + 4,378. (11)
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Fig. 5. Dependence of the vibrating feeder performance g and air flow rate Va on the content of
sunflower kernels and seeds in the mixture yk
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The analysis of the obtained dependences of the vibrating feeder performance g and the air flow
velocity Va on the content of sunflower kernels and seeds in the mixture yk allows us to draw several important
conclusions. Equation (10) shows that the productivity of the vibrating feeder increases linearly with the
increase in the content of sunflower kernels and seeds in the mixture. This means that an increase in the content
of kernels and seeds in the mixture has a positive effect on productivity, because with a higher content of
material in the mixture, the vibrating feeder needs more power to process this volume. The coefficient of
38.352 indicates a relatively high sensitivity of performance to changes in kernel and seed content, which
highlights the importance of properly adjusting the vibrating feeder parameters to achieve optimal
performance. Equation (11) indicates an inverse relationship between air flow rate and sunflower kernel and
seed content. As the kernel and seed content of the mixture increases, the airflow rate decreases. This may be
due to the fact that a larger number of particles in the mixture creates more resistance to the air, which reduces
the speed of its movement through the separator. This may also indicate the need to adjust the ventilation
system parameters to achieve optimal airflow for different material composition.

Both dependencies are important for optimising the operation of an aerodynamic separator, as a high
kernel and seed content increases productivity but reduces airflow. From the equations obtained, it can be
concluded that optimising the separator's operation involves controlling the content of kernels and seeds in the
mixture, which will maintain high productivity and at the same time maintain an efficient air flow for the
subsequent separation process. The dependencies in Figure 5 are used to adjust the operating parameters and
achieve maximum efficiency of the column-type aerodynamic separator.

5. Conclusion

The results of experimental studies of a column-type aerodynamic separator have shown that the model
describing the dependence of the content of kernels and sunflower seeds in the area of the kernel intake nk-k
(3) is significant and adequate. This model includes nonlinear dependencies between all research factors:
vibratory feeder performance q, air flow rate Va, and kernel content in the initial mixture yk. Additionally,
equations describing the dependence of the distribution coefficient & (5) and power consumption P (7) on the
research factors were obtained.

To achieve the efficiency of the column-type aerodynamic separator, it is necessary to achieve the
condition of maximising the content of sunflower kernels and seeds in the kernel intake area nk-k, the
performance of the vibrating feeder g, and minimising its power consumption P. The solution to the stated
trade-off problem is two equations that indicate the relationship between the performance of the vibrating
feeder g (10) and the air flow rate Va (11) and the content of sunflower kernels and seeds in the mixture yk.
The obtained dependencies were used to adjust the operating parameters of the column-type aerodynamic
separator and achieve maximum efficiency of its operation.
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PE3YJIbTATHU EKCIIEPUMEHTAJIBHUX JOCJII)KEHb AEPOAJUHAMIYHOI'O
CEITAPATOPA KOJIOHHOI'O TUITY

Pospobra ma 3anposadicenns y upoOHUYmME0 mexHoI02IUHUX TIHIT OUUWeHHs 3epHa ma 8i0X00ie
HACIHHEBOI CYMIWi COHAWHUKY 3 UKOPUCIAHHAM AePOOUHAMIYHUX Cenapamopis, 30Kkpema i cenapamopis
KOJIOHHO20 MUnYy, 8I0icpaioms 8aNCIU8Y POb y OP2AHI3aYil CYYACHUX piuleHb 000 NepeunHoi 00pooKU 3epHa,
3a0e3neuyrouu epekmusHe OUUEHHs Ma COPMYBAHHS 3ePHA 3a OONOMO20I0 NOMOKIE NOGIMPAL.

AxmyanvHicms  iX 3aCMOCY8AHHA 3YMOGNEHA HUSbKUM CHOMCUBAHHAM eHepeii MNOPIBHAHO 3
MPAOUYIUHUMU MEXAHTYHUMU MEMOOaMU Cenapy8anHs, 60HU MAMb GUCOKY NPOOYKMUBHICTD, U0 0036071€
WBUOKO COpMYS8amu 8eauxi 00cseu 3epHa ma HACIHHA, MArmb GUCOKY eQeKmuGHiCmb GUOALEHHS e2KUX
OOMIULOK, NUTY, CMIMMEBUX MA 3EPHOBUX OOMIWIOK, XAPAKMEPU3YIOMbCA BIOCYMHICMIO MeXaHiuH020
KOHMAaxmy 3 06pooii08aHUM MAMEPIAnom, Wo 3HUNCYE PUSUK HOWKOOICEHHS 3epHa Nid yac oopodxu. Takooc
iX MOJICHA BIOHECmU 00 YHIBEPCANbHUX MAWUH, 60 RIOX00AMb 0151 pOOOMU 3 PIZHUMU KYIbINYpaMU (RuleHuys,
KYKypy03d, COHAUHUK MOW0).

Cyuachi nionpuemcmea 3 nepeuHHoOi 00pOOKU 3epHa MA HACIHHA 6Ce uacmiule 8npo8adI’CyOMb
aepoounamiymi cenapamopu 0Ji NiOGUWEHHS eQeKMUSHOCI 3ePHOB020 BUPOOHUYMEA Ma GiON0GIOHOCHI
BUMO2AM MINHCHAPOOHUX CIMAHOAPMIE.

Haseoeni 6 cmammi pe3ynsmamu eKcnepumMeHmaibHux 00CHiO#CeHb AdepoOOUHAMIYHO20 cenapamopa
KOJIOHHO20 MUNY NOKA3AAU, W0 MOOEb, IKA ONUCYE 3ANEHCHICTNb 6MICMY S0ep | HACIHHA COHAWHUKY 8 00aacmi
3abipHuxa a0ep, € 3HAYYWO Mma adekeamuow. Jo0amkoo Oyiu OMpumani pieHAHHS, AKI ORUCYIOMb
3ANeHCHOCE KoepiyieHma po3noodiny i CRONCUBHOI ROMYIHCHOCHI 610 (DaAKMOpPi6 OOCTIOHCEHD.
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lna  Oocaenenus egexkmugHocmi pobomu  AepoOUHAMIYHO20 Cenapamopd KOJNOHHO20 MUny
HeOOXIOHUM € OOCACHEHH YMOBU MaKcuMizayii emicmy a0ep i HACIHHA COHAWHUKY 8 001acmi 3a0ipHuUKa a0ep,
NPOOYKMUBHOCI BIOPONCUSUNLHUKA A MIHIMI3aYiT 11020 cnodcueHoi nomyorcnocmi. Ompumani 3anedcHocmi
BUKOPUCTNAHIT OJIs1 HATIAWIMY8AHHS ONEPAYIUHUX NAPAMEMPI6 aepOOUHAMIUHO20 CENapamopa KOI0HHO20 Muny
i 00CsI2HEeHHs MAKCUMATbHOL egheKmusHocmi tlo2o pobomu.

Knwuogi cnosa: 6ioxo0u HACIHMA COMAWHUKY, CENAPYEAHHS, OYUWEHHS, NOGIMPAHULL NOMIK,
eghekmueHicmb OUUWEHHS, MOOCTIOBAHHS, ONMUMI3AYIAL.

@. 11. Puc. 5. Tabn. 4. JTim. 13.

INFORMATION ABOUT THE AUTHORS
Ihor KUDRIAVTSEV - Recipient of the Third Educational and Scientific Level at the Department of Food
Technologies, Dnipro State Agrarian and Economic University (Dnipro, Serhii Yefremov St., 25, e-mail:
kudravcevigor898@gmail.com, https://orcid.org/0000-0002-9939-7014).
Vitalii KOSHULKO - Candidate of Technical Sciences, Associate Professor, Head of the Department of
Food Technologies, Dnipro State Agrarian and Economic University (Dnipro, Serhii Yefremov St., 25, e-mail:
koshulko.vs@dsau.dp.ua, https://orcid.org/0000-0002-0744-6318).
Nataliia SOVA — Candidate of Technical Sciences, Associate Professor at the Department of Food
Technologies, Dnipro State Agrarian and Economic University (Dnipro, Serhii Yefremov St., 25, e-mail:
sova.na@dsau.dp.ua, https://orcid.org/0000-0003-4750-2473).
Oleksandr LEUSENKO — Second (Master's) Level Student at the Department of Food Technologies, Dnipro
State Agrarian and Economic  University (Dnipro, Serhii Yefremov St., 25, e-mail:
alexanderleusenko@gmail.com, https://orcid.org/0009-0004-8988-7206).

KYJAPABLEB Irop MuxonaioBuu — 3100yBad TpeThOro (OCBITHBO-HAYKOBOTO) PiBHSI BHIIOI OCBITH
Kadeapu XxapaoBHUX TEXHOJIOTiH JIHIMPOBCHKOTO IEPKABHOTO arpapHO-eKOHOMIYHOTO YHiBepcuTeTy (M. J{Himpo,
Byi1. Cepris €dpemona, 25, e-mail: kudravcevigor898@gmail.com, https://orcid.org/0000-0002-9939-7014).
KOIIYJBKO Biradiii CepriiioBuy — kaHAWAAT TEXHIYHUX HAYK, JOIEHT, 3aBiyBad KadeIpu XapuoBHX
TEeXHOJOTiH J[HIMPOBCEKOTO NEp>KaBHOTO arpapHo-eKOHOMigHOTo yHiBepcuteTy (M. [[Himpo, Bynm. Cepris
E€dpemora, 25, e-mail: koshulko.v.s@dsau.dp.ua, https://orcid.org/0000-0002-0744-6318).

COBA Harajisi AHaTOIBHA — KaHIUJAT TEXHIYHUX HAYK, JOLEHT, AOIEHT Kadeapu XapuoBUX TEXHOJOTIH
JIHITPOBCHKOTO JEPIKaBHOI'O arpapHO-eKOHOMIYHOTO yHiBepcuTety (M. JlHimpo, Byi. Cepris €dpemona, 25,
e-mail: sova.n.a@dsau.dp.ua, https://orcid.org/0000-0003-4750-2473).

JIEYCEHKO Ougekcanap OnaexcanapoBuy — 37100yBad Jpyroro (MaricTepcbKoro) piBHSI BHILOI OCBITH
Ka(epyu XapuoBUX TEXHOIIOTIH JIHITPOBCHKOTO JIep:kaBHOTO arpapHO-eKOHOMIYHOTO yHiBepeuTety (M. JHinpo,
By Cepris €dpemosa, 25, e-mail: alexanderleusenko@gmail.com, https://orcid.org/0009-0004-8988-7206).

54


mailto:kudravcevigor898@gmail.com
https://orcid.org/0000-0002-9939-7014
https://orcid.org/0000-0002-0744-6318
https://orcid.org/0000-0003-4750-2473
https://orcid.org/0009-0004-8988-7206
https://orcid.org/0000-0002-9939-7014
https://orcid.org/0000-0002-0744-6318
https://orcid.org/0009-0009-5334-0133
https://orcid.org/0009-0004-8988-7206

