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Abstract. Improvement of equipment for processing vegetable and melon crops requires research on the nature
of the movement of the crushed mass to reduce material damage and obtain high-quality seeds, which will
bring the vegetable and melon industry to a new level of development. The aim of the study is to analyse the
movement of the crushed mass on the surface of the sieves of the vegetable and melon seed separator. The
nature of the movement of the crushed mass on the surface of the sieves of the proposed design solution was
substantiated on the basis of the use of methods of physics, theoretical mechanics and analysis and study of the
physical and mechanical characteristics of the technological mass. As a basic design for the study, a vegetable
and melon separator were used, the feature of which is the use of a two-screen system of sieves. In this system,
the upper sieve separates the peel, and the lower sieve separates the seeds and pulp; the pulp and juice are
the final product of the second sieve. The sieve, which performs inertial motion, helps to remove the seeds
associated with the peel. As a result of the research, the functional dependence of the amplitude of oscillations
on the frequency of oscillations for different operating modes of the separator is presented. To determine the
average speed of material movement in the technological zone of the separator, formulas are provided for
the upper screen operating in the inertial separator mode and for the lower screen operating in the vibration
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separator mode. In the context of the above-mentioned features of the proposed design solution, the nature
of the movement of the crushed mass along the surface of the inertial and vibrating screens was studied. In
the course of theoretical calculations, dependencies were obtained to determine the average particle velocity
in the working area of these sieves. On the basis of the theoretical analysis, a methodology for calculating the
main parameters of a double-screen separator was developed. The mechanical and technological properties of
vegetable and melon seeds separated by the proposed design solution were determined. In laboratory conditions,
the composition of the components of the separated seed mass was studied and analysed, which indicates
the feasibility of using the proposed design solution for the separator of vegetable and melon crops and the
practical application of the obtained theoretical dependencies for regulating its technological parameters

Keywords: inertial separator; vibrating separator; mechanical and technological properties; particle motion

INTRODUCTION

The transition to the cultivation of vegetable and mel-
on crops in private households has led to an increase
in the gap between the real producer and the achieve-
ments of the latest technologies and has significantly
limited the opportunities for the development of this
industry and the production of quality seeds. There is a
need to develop equipment for the production of vege-
table and melon seeds that can be adapted to the con-
ditions of small farms. To create and design machines
and equipment for the processing of vegetable and
melon seeds, it is necessary to theoretically substan-
tiate the nature of the movement of seeds along the
moving parts of the machine in order to prevent their
injury and increase germination.

Considerable attention has been paid to research
on the cultivation of vegetable and melon crops and
constructive solutions for seed extraction. In order to
meet the needs of modern agriculture, it is essential
to obtain high-quality seeds of vegetable and melon
crops in order to reduce costs and eliminate the need
to purchase them from third-party producers (Muk-
hopadhyay et al., 2021). Yield estimation of new varie-
ties of hybrid watermelons was paid attention to by re-
searchers A.Wahyudi et al. (2022). It was proved that the
production of watermelon seeds within an agricultural
enterprise can increase the production and income of
watermelon farmers. Seed evaluation and selection are
important steps in a plant breeding programme.

The influence of the mechanical and technological
parameters of vegetable and melon seeds on the sub-
sequent seed quality was studied by S.Kale et al. (2020),
and K. Fayzullaev et al. (2021) presented the develop-
ment of a machine for sowing vegetable and melon
crops. Tests have shown that the developed machine
reliably performs the specified technological process,
and its performance fully meets the requirements.
D. Tlevlessova et al. (2023) noted that the transition
to cultivation in households and small farms has led
to the need to introduce scientific advances and the

latest technologies for obtaining high-quality seeds.
The authors emphasised that one of the key problems of
industrial pumpkin production is the transition of pro-
duction from large agricultural enterprises to small pri-
vate farms, which currently account for more than 90%
of the total. At the same time, the transfer of production
to the private sector brings additional income to small
producers and may be their only source of income. The
current situation shows that private peasant farms
are more adapted to the specifics of market relations.

C. Osuiji et al. (2023) conducted a comparative study
between mechanised and manual seed hulling of veg-
etable and melon crops. The seeds were peeled manu-
ally and mechanically using a mechanical melon peeler
and a press machine. The efficiency of seed extraction
using these machines was evaluated. The huller was
the most efficient of the mechanised processes. The
cleaned seeds were evaluated by mechanical and tech-
nological parameters. The study showed that the choice
of a suitable variety, seed separator and packaging ma-
terial is crucial for the overall efficiency and high-qual-
ity production of vegetable and melon seeds.

Studies of the probability of seed passage through
the sieve holes indicate that by changing the geometric
dimensions of the sieve holes it is impossible to achieve
a separation level of more than 53...58%. In order to im-
prove the quality of separation, it is necessary to study
and theoretically substantiate the kinematic mode of
operation of the sieve in order to determine the range
of optimal speeds at which the content of impurities in
the mass of freshly separated seeds is minimal with the
maximum percentage of conditioned seeds that have
passed through the sieve holes. At the same time, an
increase in the relative speed of the separator sieves
above 0.23...0.24 m/s negatively affects the operation
of separation mechanisms due to the movement of the
technological mass beyond the working surface. In view
of this, there is a need to conduct theoretical studies
to substantiate the process of separating seeds from
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the crushed crust and pulp obtained during the grind-
ing of seed fruits. The kinematic scheme of horizontally
oscillating separators is almost identical. The quality
of separation is influenced by the degree of seed fruit
grinding, seed shape, shape of sieve holes, type of sep-
arator, and the nature of sieve movement. The literature
does not contain enough specific recommendations on
the design schemes of vegetable and melon crop sep-
arators, their kinematic modes, which allow intensifying
the process of separating seeds from organic impuri-
ties. Therefore, the purpose of the article was to identify
the factors that have the greatest impact on the quality
of the technological process.

LITERATURE REVIEW

The literature review provides an important analytical
overview of aspects of the entire cycle of cultivation
and processing: from a thorough study of melon culti-
vation parameters to research on improving technolo-
gies to obtain high-quality seeds. For example, Ernia-
ti et al. (2022) studied the cultivation of melons and the
optimal parameters for obtaining high-quality material.
Particular attention was paid to the growing parame-
ters, the study focused on monitoring such indicators as
air temperature, relative humidity, radiometric sunlight
intensity, plant age, leaf area, plant height to predict
leaf area and plant height for the next two days. The
author W. Nascimento (2002) noted that seed prepara-
tion and improvement can be a good option to increase
the survival rate of melon crops. Primed seeds demon-
strate better performance during germination, espe-
cially at low temperatures. The author discusses some
aspects related to seed preparation and its impact on
melon seed germination and yield formation.

In the context of the study of the full cycle of vege-
table and melon crops cultivation and seed production,
experiments on improving the environment for growing
vegetable crops were conducted by P. Mazuela & M. Ur-
restarazu (2009), who noted that there is a need to in-
crease the number of producers of vegetable and melon
seeds. Obtaining high-quality seeds helps to increase
yields, and grafting technology is also highly effective
in reducing seed injury and, consequently, yield loss-
es. The issue of automation of machinery for growing
vegetable crops was addressed by J.M. Lee et al. (2010).
Ukrainian scientists A.O. Lymar & V.A. Lymar (2012) paid
attention to the issues of melon growing in Ukraine,
who in their monograph described the technical, tech-
nological and agronomic aspects of melon growing in
Ukraine. M. Zayachuk (2012) analysed the territorial dif-
ferentiation of production of major vegetable crops in
the regions of Ukraine.Research on melon varieties that
can be grown in Ukraine was conducted by O.S. Shablya
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& 0.G. Kholodnyak (2022). They present a device for
classifying quality watermelon fruits using microwave
technology. This device converts radio frequency to DC
so that the voltage of mature fruits is higher than that
of immature ones. The experiment of K. Kuchakorn et
al.(2021) shows good separation of unripe and ripe wa-
termelons. The study paid attention to determining the
ripeness of fruits using specialised equipment and its
suitability for further seed extraction. The properties of
melon seeds as a food additive were also investigated
by B. Gutyj et al. (2017).

Studies have also been conducted on the pro-
cessing of vegetable and melon seeds. O.V. Tsurkan et
al.(2015) highlighted the hydrodynamics of the process
of filtration dehydration of freshly cleaned seeds with
vibration activation. The authors studied the effect of
pressure drop and mainly vertical vibrations on the
intensity of dehydration, and compared the calculated
and experimental values. O.V. Stanislavchuk et al. (2017)
also presented the kinetic features of vibration and fil-
tration dehydration of freshly peeled pumpkin seeds.
On the basis of the constructed graphical dependence,
the drying coefficients depending on the main pa-
rameters of the process of vibration of freshly peeled
pumpkin seeds and combined dehydration, as well as
the coefficient of relative drying, were determined. The
dependencies for calculating moisture and dehydration
time in the studied range of changes in the parame-
ters of the drying process are presented. G. Kaletnik et
al.(2020) investigated the determination of the kinetics
of the process of vibratory convective seed drying. The
research is driven by the need to solve the problem of
fast and high-quality post-harvest processing at mini-
mal cost. Existing technologies and equipment do not
provide high productivity of the drying process in the
post-harvest period or carry it out with significant time
and resources. The main objective of the study was to
determine the rational parameters of the process and
equipment for drying pumpkin seeds. The results of the
study of the intensification of vibration impact indicate
a direct correlation between the vibration frequency of
the drying chamber and the drying duration: the high-
er the frequency, the greater the intensity of vibrocon-
vection drying, as well as the reduction in drying time
with an increase in vibration amplitude. The determi-
nation of the parameters and operating modes of the
structures of new solar collectors for drying grain and
plant materials by active ventilation was carried out by
B. Kotov et al. (2019). The article presents the results
of experimental studies of the efficiency of air heating
in solar collectors with different surface shapes, de-
veloped to justify their use in agricultural equipment.
The authors also analyse the technological parameters



of a vibration centrifugal mixer and their influence on
the kinetics of the process of preparing bulk solids.
The analysis of the obtained experimental data made
it possible to establish the rational operating param-
eters of the experimental vibrating machine, provided
that the energy consumption for the organisation of the
studied process is reduced (Kaletnik & Yanovych, 2017).
Considering bulk or individual units of agricultural ma-
terial, it is important to have an accurate estimate of
the shape, size, volume, density, specific gravity, surface
area and other mechanical characteristics that can be
considered as design parameters for food production.
Measurement techniques allow for the calculation of
these parameters, which can provide information on the
impact of processing (Dobrzanski & Stepniewski, 2013).
Studies have also been conducted on the physical
properties of vegetable crops (Tang et al., 2014). Thus,
the study of physical properties of vegetable crops and
methods of their measurement is an integral part of the
field of food production and agricultural technology.

MATERIALS AND METHODS

The study used the methods of physics (Lerner &
Trigg, 1991), theoretical mechanics and analysis
(Lanczos, 1986), and the study of the physical and
mechanical characteristics of the technological mass
(State Standard of Ukraine DSTU 8439:2015, 2015). In
the course of analysing the movement of the crushed
mass on the surface of the sieves of the vegetable and
melon seed separator, a stepwise integration method
was used, which allows more precisely determining
the moments of transition of particles from one sep-
aration mode to another, from one direction of move-
ment to the opposite. On the basis of the theoretical
analysis, in accordance with the assumptions made,
mathematical dependencies were established that al-
low determining the main structural and kinematic pa-
rameters of the vibrations of a sieve separating seeds,
pulp and pulp from the crust. The theoretical study of
the movement of seeds, pulp and hull along a sieve
moving in a vibrating mode allowed to obtain formulas
for determining the acceleration, speed and movement
of the separated mass in the technological zone of the
separating device. The greatest influence on the qual-
ity of the technological process was found to be the
angle of inclination of the sieve, the frequency of oscil-
lations, the amplitude of oscillations and the angle of
additional forced oscillations. These factors were taken
into account during the experimental studies.

Using the expression that characterises the mode
of operation of sieve oscillations, the dependencies
for determining the amplitude A and frequency of
its oscillations w and the angle of additional forced
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oscillations S were derived. To carry out engineering
calculations, formulas were obtained that allow to
calculate the average speed v, of the movement of
particles of the crushed mass in the working space of
the proposed design, productivity Q and drive power
N. The determination of the mechanical and techno-
logical properties of vegetable and melon seeds sepa-
rated by the proposed design solution was carried out
using statistical analysis methods. During the study
of mechanical and technological properties, the mass
after the grinding device was considered. The deter-
mination of the percentage of suspended components
of the crushed mass of seeds entering the separation
was based on the following calculation:

Ci=< T

n
Zi=1mi

) -1000, (1)

where C, m, - percentage and weight of the i-th frac-
tion.

The interdependence of the fraction components
was determined by the formula:

— mj .
¢ = (zﬁf:lmi) 100%, )

where C/ m, - percentage and weight of the i-th com-
ponent

The methodology for determining the size and
weight, physical and mechanical parameters of seeds
and fruit elements is based on specific conditions of
experiments with the development and manufacture
of the necessary instruments and devices. Statistical
methods of research and mathematical processing are
used to distinguish natural changes from random in-
dicators. Selective statistical observation was used to
characterise the general population (all seeds of the
studied varieties) by discrete variation traits. The ex-
treme values of each observation are denoted as X
AND X .The total number of samples n for each trait
was taken as at least 50. At the same time:

n= i 1(0). (3)

The statistical series of the feature X was divided
into a number of classes N, =10 at n>50. In this case,
the class step:

t= —X’"“’;V‘k Zmin, 4)

The lower limit of the class:
X, =X . (5)

The upper limit of the class:
X=X+t (6)
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Relative frequency of observations from any k-th
class
n
Pe="%, 7)

where n,_- number of variants falling into the k-th class.
The results were checked by the expression:

ipk = 1. (8)
k=1

The average arithmetic value of a feature by class:

(Xp—1+Xp)
Xk.aver = % (9)

The statistical distribution of discrete values was
determined:

N
Xa = ZXk.aver Py (10)
k=1
The estimate of the scatter (dispersion) of the val-
ues of the random variable X around the average sta-
tistical value Ha was determined by the formula for the
mean square of the deviation (variance) S:
N 2
S= Z(Xk.ch —Xa) P (11)
k=1
To compare the spread of values near the centre

of the distribution and a random variable, the standard
deviation is calculated o:

o=+5S,

as well as the coefficient of variation or variability of
the trait v:

(12)

v=(c/X )-100%.

aver

(13)

The experience error rate should not exceed 4.0% :

_ 4
p_ix,,ﬁ

-100%. (14)

In order to determine the dynamic and kinematic pa-
rameters of the proposed design solution for a vegeta-
ble and melon seed separator, such indicators as the de-
pendence of seed deformation on the applied force, the
dependence of elongated testis lengths on the average
transverse size,and the dependence of fruit deformation
on the applied static and dynamic force are of interest.

For the mathematical description of the studied
dependencies, the least squares method was used,
followed by a check of the obtained functional de-
pendence for adequacy using Fisher’s criterion. The
functional dependence y=f(x) of the studied trait was
determined at j fixed values of the argument, with j = 4.
The repetition of the experiment at each point of the
fixed argument value was n=5. Based on the results of
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the experiments, the average value of the function at
each point was calculated, i.e:

n
7
i=1
After that, the Cochrane criterion was determined,
which confirms the accuracy of the results. At the next
stage of processing the experimental data, it was as-
sumed that the obtained dependence could be de-
scribed by a first-degree function:

S|k

Y = (15)

Y=ax+b. (16)

After that, the adequacy was checked by Fisher’s
criterion F. If the condition F,_, > F, is met, with a given
number of degrees of freedom, the hypothesis of ad-
equacy of the description of the studied dependence
by the function of the form (92) is accepted with the
level of significance recommended for research in ag-
riculture of 0.95.1f F 2 F  the hypothesis of the linear
nature of the studied dependence was rejected, its de-
scription by the following expression was used with a
repeated check of adequacy:

Y=a-X2+b-X+CorY=a-X+b-X*+c-X+d. (17)
RESULTS
Figure 1 shows the proposed design solution for a veg-
etable and melon seed separator. The final cleaning of
seeds from impurities is carried out on separate ma-
chines that are part of the technological chain after the
seed separators.

The technological process of the proposed design
solution of the vegetable and melon crop separator is
as follows: the fruits are loaded into the hopper 2 of the
chopper 3 by a special conveyor. The material crushed
by drums 4-5 falls into the screen 10. Seeds, pulp and
small equal-sized particles of peel (subgrade product)
fall on the surface of the sieve of the second screen
11. Seeds with impurities on its surface are subjected
to final cleaning, while other components are sent to
the pump 4.The presented design solution provides for
the following adjustments: the rotational speed of the
cranks and, consequently, the frequency of the screen
oscillations was changed by V-belt variators 19-20;
the angle of inclination of the sieves was changed by
adjusting the lengths of the hinge suspensions 12-13;
partitions were made to change the length of the work-
ing part of the sieve.

The separator is a system consisting of two screens.
The upper screen separates the coarse fraction of the
crushed peel, while the lower screen separates the
seeds. The remaining fractions, such as pulp, pulp parti-
cles and juice, fall into the tray. To reduce seed losses in



the peel fraction, it is advisable to use the inertial sep-
arator mode. Additional friction of the material against
the edges of the holes in the peel fraction reduces the

- 12
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seed content. The mode of the vibrating conveyor for
the second sieve is used to increase the passage of the
pulp through the sieve holes.

- seed fruits;

- crushed mass;

i crust;. 1 - frame;

- seeds; o 2 - receiving hopper;

- pulp + juice 3 - shredding chamber;

4 - shredding drum;
13 5 - wiping drum;
6 - electric motor;
7 - V-belt transmission;

8 - V-belt variator;
9 - tray;

10, 11 - decisive screens;
12, 13 - suspensions;

14, 15 - crank mechanisms;
16, 17 - articulated rods;
18 - electric motor;

19 - V-belt transmission;
20 - V-belt variator.

Figure 1. Proposed design solution for a vegetable and melon crop separator

Source: developed by the authors

To study the nature of the movement of the
crushed mass on the surface of the sieves of the veg-
etable and melon seed separator, it is necessary to an-
alyse the nature of the material movement on sieves
that perform inertial and vibratory movement. In the
context of analysing the movement of material along
an inertial sieve of a separator, Figure 2 shows a gen-
eral case of seed movement along an inclined plane.
The angle of inclination of the sieve plane to the hori-
zon a and the angle of inclination of the vibrations to

the sieve plane B are within the limits:
—§~ T<a< § T
{OSﬁsg.n. (18)
Projections of sieve movement &; ndescribed by the
system:

{f = A - Cosp - Sinwt

19
f=A-Sinf - Sinwt’ 1)

where A and w - oscillation amplitude and frequency.

Figure 2. General case of seed movement on an inclined plane
Source: developed by the authors on the basis of theoretical mechanics (Maas, 2017)

Relative material movement in projections on mov-

ing axes:
{m-x”z—m-f”—m-g-Sina+F (20)
m-y'"=-m-n"—-m-g-Cosa +N"
Substituting into the system of equations the
expressions for the projections of the force of inertia

-m &” and -m n”, obtained after double differentiation
in t equations, the system has the form:

{m-x"= m-A-w?-Cosp-Sinwt—m-g-Sina+F 21)

m-y'=m-A-w?-Sinf-Sinot—m-g-Cosa+N.

The normal reaction is determined:
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N=N{t)=m-g-Cosa-m-A-w?*- Sinp- Sinwt. (22)
Condition N(t) > 0 transforms:
. g-Cosa
Sinwt < m =Ly, (23)

or, using the concept of the operating mode factor:

_ A-w?-Sinp <1 (24)

g-Cosa
The relative equilibrium equation is as follows:
FO=FO(t)=m-g- Sina-m-A- w?- Cosp- Sinwt. (25)
The condition of relative calm is represented by:
=f, - N(t) < FO(t) < f, - N(2). (26)

Transforming the first equation of system (21), the
equation of motion of a particle on the sieve surface is
obtained:

X" = d’x _ __ sin(atp)
a2 T Cosp
) 27)
+A - w? ) Gint,
Cosp

Substituting the values of N(t) from (22) and the
value of FO(t) from (25), is determined along the axis wt
the boundary of the sub-interval of the particle staying
on the sieve surface in relative rest:

Sinwt>Z,; (28)
8, = arcSinZ,
6, = arcSinZ,

5 = {n —arcSinZ_ ato; =1

o, (Z,_- Sinwt) >0,

where the following designations are introduced:

g-Sin(atpy)

7., =gsmatp)
127 Aw2-Cos(BFpy)’

oy=Sign[Z— (B +p)]| =
_{ 1 at f+p<m/2

-1 at ﬁ+p1>%. (31)

Then the time limits for the intervals t=t¢ (k=0, 1,
2,...) can be determined from the equations:

Sinwtt=Sind*=Z2; (32)

Sinwtt =Sing* =7 , (33)

and the condition of continuous motion of the particle
on the sieve surface is:

g-Cosa
A-w?-Sinp

Sinwt > =7Z,>1 (34)

The time limits of the intervals of continuous
movement of particles on the surface of the separator
sieve are defined as:

Sinwts =Sindt =2, (35)

In the following ., 6,1 & denote the roots of the

0 T+
equations defined by the relations:

arcSinZ_ ato; =—1i.e.at B+p, >n/2,

where arcSinZ means the main value of the function ly-
ing in the interval -0.5m...+0.5m. The differential equa-
tion is transformed into a more convenient form for
further calculations:

P @ CosBTR)
T a2 T Cosp 37
. [S' t— g-Sin(atp) (37)
nw A-w?-cos(BFp))
by entering the following notation:
o=wt; (38)
a+=A.w2.M; (39)

- Cosp
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i.e.at f+p; <m/2 (36)
_ g-Sin(atp,)
Zy3 = A-w?-Cos(BFp1)’ (40)
Equation (37) will have the following form:
' =L = a, - (Sind — 2,). (41)

The values of sums and angle differences are lim-
ited to: -0.5m < (0 p) £0.5m and -0.5m < (B F p) £0.51.
Since condition (28) was accepted, the values of the
terms of equation (41) will also be limited: a,>0; Z, >0;
Z <0. For positive and negative direction, the phase
angles are 6. and §', and the phase angles of the end of
these motions are respectively &', and §". The particle
will slizde in the positive direction if the acceleration

d .
x" = d—; > 0,i.e.at



Sin§'>Z, (42)

and its sliding in the opposite (negative) direction when

the condition:
Siné' <Z . (43)

The conditions for starting a slip are indicated by:

. -Sin(a+p)
Sindy, =27, = #:(ﬁp_p); (44)
Sind,. =27_ = _gSinla=p) (45)

T Aw?Cos(B+p)’

If to each of the angles §,, and §,_ the share was
at a relative standstill, meaning that the previous slide
had already ended, therefore §,=6,, and 8’ =§_. To ful-
fil this condition, it is necessary that the projections of
velocities on the X-axis are equal to 0. By integrating
the equations of relative motion, the phase angles are
determined §,, and §,, the corresponding stopping
points for each of the displacements. When integrating,
the following relations should be taken into account:

0 =wt; dé =w-dt
,,_dzx_dx_w dx
dt?’ dt ds’

(46)

The first integrals of the equation for the intervals
of relative motion of the particle in the positive and
negative directions are respectively:

rodx _ A
dt w (47)
-[(Coséy, — Cos8) —Z, - (6 — &y )];
’ dx a_
X = E = : .
(48)
-[(Cosby_ — Cos6) —Z_ - (6 — 8,_)].

The right-hand sides of these equations go to zero
when the sliding stops, i.e., when the angles of § take
the values 8. and &' . Therefore,

Coss,, - Cos8,=Z,- (8 - 8,,); (49)

Coss, - Cosé' =Z -(86-8,). (50)

By solving the transcendental equations, the val-
ues of the phase angles &, and &~ corresponding to the
stopping of the particle when it moves in the positive
and negative directions of the X-axis are determined.
Then for this mode it can be written as:

{& =5t

' = 2m+ 5. (1)

Integrating the differential equation (41) within the
limits of x;=0:

Babenko et al.

=t
dt w

- [(Cosdy — Cosé) —Z, - (6 — 64)].

(52)

For the negative direction of motion of the particle,
equation (41) is integrated from &' to &:

P
x dat w (53)
[(Cosé. — Cosé) —Z_ - (6 — 81)].

The moment the slide stops x;, = Z—’: = 0,the angles
§ in equations (52; 53) take, respectively, the values &
and 8 =& . After substituting these values into equa-
tions (52; 53), the equality is obtained:

Cos8' - Cos& . =Z. - (8. - 8.); (54)

Coss' - Cos8 =Z (8 - 8'). (55)

After substituting the values of §' and & from sys-
tem (35), the equality is obtained:

Cos8. - Cos(2m+8))=Z -(2m+8. - 8)), (56)
which in transformed form can be written as follows:
Coss. - Cos,=Z -[(6, - 8.) - 2m]. (57)

Equating the right-hand sides of equations (38) and
(41), the formula is obtained:

5r—68' = 2n~ﬁ, (58)
where vy is defined by the expression:
_ Z- _ Sin(a—p)-Cos(B—p)
Y= Z4 - cos(B+p)-Sin(a+p)’ (59)
The following notation has been introduced:
£ = 0i-8y _ T (60)
2 y-1

Converting the left-hand side of equation (58) with
the expression (60), the following is obtained:

. (83-6) ;
2-Sln(%)-5m€ =Z,-¢ (61)
S8 _ arcSin (%) (62)
Provided that 6*;6+ is an acute angle, then:
8i-6L . (eZy
=T arcSin (m) (63)

Grouping equations (61; 63) into a system and solv-
ing it, there will be formulas for determining the phase
angles of the beginning and end of the particle’s mo-
tion in the positive direction along the axis OX:
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oL = (n —arcSin ;ZTZ) —&; (64)

(65)

. &Z
8§ = (7‘[ - arcSln,—+) +e.
Sine

Based on the formulas, the following ratios were
formed:

Sind,, = ?Z* +Sin2e—(¢-2,)%;  (66)

x, =2 [(Coss} +2, - 84) - (85 — 8}) — (Sind} — Sind}) - Z, - B2,

x. == [(Cosd; +2_-87) - (2 + 8} — 87) — (Sind}, — Siné;) — z_ - T,

Taking into account the formulas (23; 24; 41; 44;
47-50), it is determined:

x+=2A.M.(1_L).

Cosp tge

70
\JSin%e — (- Z,)% (70)
x =2A.M.(1+E).
- Cosp tge
71
-\[Sin%e — (- Z,)% 71
Average particle velocity:
1 &% 5%
Xour =5 (L' x'dé + L’ x’d5>, (72)
A u
OT Vygpy = x+;x_, (73)

where T=21/®m.

Substituting (70; 71) into (73), the equation of the
average velocity of a particle on an inertial sieve is ob-
tained after transformations:

Vgyr =A-w - Cosf - Cose -

2 T
-[;-tgp-tgﬁ-(tgs—s+;—1]
eZy
1-(52).

The theoretical study of the nature of the move-
ment of the crushed mass on the surface of the sieve
of a vegetable and melon seed separator can be
based on various hypotheses about the impact inter-
action of a particle with a vibrating working surface:
the impact can be considered inelastic, partially elas-
tic, or absolutely elastic. Interactions in the tangen-
tial direction can be expressed by the coefficient of
instantaneous friction, which is taken from one of the
following relations. Usually, the relationship between
the velocities before and after the impact of a parti-

cle with a vibrating surface is taken from one of the
following relations:

(74)
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Siné; = 22 _ JSinZe — (e Z,)2.

tge

(67)

To determine the magnitude of the particle dis-
placements in the positive and negative directions
along the axis OX for one period of oscillation, it is
necessary to integrate equation (52) in the range
from &, to §, and equation (53) within &' =6, to
8 =2-m+8§.. It is necessary to take into account the
relationship (46).

(68)

(69)
Ve = (%)+ ={1-21) v_atly_|<

(75)

- |f‘(vy+—a—vy—)|,(og/1s1),

where v ;v - projection of the particle velocity onto
the axis of the OX, respectively, before and after the
impact; ViV, = projection of the particle velocity on
the axis OY, respectively, before and after the impact;
A — instantaneous friction coefficient equal to the slid-
ing friction coefficient f.

dx '
Vx+ = (E)_'_ = Ux- _f '

(vys —vy) sign(v ) atlv_| > (76)
f(vy+-vy-)
> [,

where f' - impact friction coefficient equal to the slid-
ing friction coefficient.

At the same time, the recovery rate of seeds when
they hit the metal surface of the sieve is numerically

equal to R = —2* |n further theoretical analysis, the

Vy—
relation between the particle velocities relative to the
sieve plane in the tangential and normal directions is
assumed to be 1 hypothesis (75).
The differential equations of particle separation at
F=0; N=0.
P

x =E=A-w2-Cosﬁ - Sinwt — g - Sina; (77)

y" = Z% =A-w?-Sinp - Coswt — g - Cosa. (78)

To obtain a complete system of relations defining
the motion of a particle, equations (77) and (78) should
be supplemented by equations (75) and (76) defining
the law of change of the relative velocity of a parti-
cle when it collides with a surface. Since in the steady-
state motion the particle systematically hits the vibrat-
ing plane, when integrating equations (77) and (78), it is
sufficient to assume the initial value of the coordinate



Y is zero, i.e., to consider the flight of the particle start-
ing from the vibrating plane. By placing the origin at
the point of the plane from which the particle flight
begins t=t, it can be assumed that the X coordinate
at the training moment is also equal to zero. As a re-
sult of integrating equations (77; 78), taking as initial
conditions:

X(tg)=0; v, =X(t)=0; y(ty) =0; v, =y'(t)=0, (79)

where v,;; v, —projections of the particle velocity, re-
spectively, on the axes OX and OY, at the moment of its
detachment from the plane at t=t.

The movement of a particle when it is detached:

v(t), = % =-A-w- Cosfi- (Coswt - Coswt)) - g-

(t-t)-Sina+v +1; (80)
x(t)=-A- Cosp - (Sinwt - Sinwt;) = 0.5 - g Sina-
(t-t)+A-w-(t-t)- Cosp- Cosot,+V. - (t - t.); (81)
v(t), = Z_Jt’ =-A-o-SinB- (Coswt - Cosot)) - g-
(t-1)- Cosa+v; (82)
y(t)= - A-Sinf - (Sinwt - Sinwt;) - 0.5 - g- Cosa-
(-t +A - (t-t;)- Sinf- Coswty+V - (t - ;). (83)

It is assumed that when a particle falls on the sieve,
both a completely inelastic (R=0) and an elastic impact
(0<R<1) are present, and that the particle can be de-
tached from the plane at time ¢, which is determined
from the condition:

g-Cosa

Babenko et al.

and the moment of particle impact on the plane can
belong to any period of oscillations of the plane, de-
pending on the values of the system parameters and
the initial conditions of motion. The moment of fall of a
particle is determined by:

y(t) =~ A-Sinfi- (Sinwt, - Sinwt;) -
(t,~t;) - Sinp- Coswty+V,

0.5-g- Cosa -

-t (85)

by converting which can be written as:

R PR , o
0 fz o 4 (Sln¢f— SlnSO) - (¢f— 60) . (COSSO + W) =0. (86)

The following notations are used in the equation:

_v(ye)
1/) T Aw Smﬁ” w: t

=6y 0 =9, (87)
This equation is transcendental. To solve it
graphically, it is necessary to plot in the coordinates
{6 =w-t; O; y} sinusoid y = Sing and a parabola
described by the expression: y = F(p) = - M
+(Cosd,+v) - (p - 8,) + Sing,. The root of equatlon (85)
is the abscissa of the intersection of the curves. Con-
ducting transformations of equations (80; 81), similar
to the transformations carried out in the derivation of
the formulas, an expression for determining the aver-
age speed of a particle on the sieve of a separator of
vegetable and melon seeds can be obtained:

Voor EA- @ - (Cosﬁ - % - Sing - tga). (88)

Figure 3 shows the interpretation of the detach-

Sinwt, = Z, = — (84) ment of a particle of material from the sieve.
A-w?-Sinp
y=Fo)

g

+1
y=Sing
/

. 8o @ -

0 Coon T 3n 2T o =wt
2 2

-1

Figure 3. Interpretation of material particle detachment from the sieve
Source: developed by the authors on the basis of theoretical mechanics (Hand & Finch, 2008)

To determine the kinematic modes of the upper
sieve, on which seeds, pulp and pulp are separated from
the crust, the expression is transformed to determine

the operating mode coefficient and the solution is per-
formed sequentially with respect to A; w; a and S. Tak-
ing the operating mode coefficient G=0.5, it turns out:
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G-g-Cosa
A=———,;
w?-Sinf

G-g-Cosa
W= [——;
A-Sinf3

f = arcSin (G'g'cos a).

Aw?

(89)

Based on the analysis of the mechanical and
technological properties of the crushed seed mass
(Bortz & Schuster, 2010), analytical dependencies
are presented that can be used for practical applica-
tion. The graphical dependence A =F(w) for different
modes of operation at different angles of applica-
tion of forced oscillations £ is shown in Figure 4. The
region of existence of the mode of particle motion

140 A (M™)

without detachment from the separator surface lies
to the left of curves | and Il. As can be seen from
the graphs, at the angle of force application f=10°,
the screen oscillation frequency should be at least
25 1/s. Reducing the oscillation frequency less than
this value leads to an unjustified increase in the os-
cillation amplitude and complication of the drive
mechanism. In the kinematic mode at an angle of
£=30°, the oscillation frequency can be in the range
of 15...20 1/s, while the oscillation amplitude will
not exceed 100 mm.

G=0.75 \ I
130

120 \\G=1

110 \\

G=0.75

100 G=O.5lk\
oL\

of L\

p W

. L1 ghos)

0 VN

. A\

. NN

0 AN

10

10 20

p=10° B=30°

~ T~
:\%\
30 ZF\“\Q: 50
w(1/9)

Figure 4. Functional dependence of oscillation amplitude on oscillation frequency for different separator operating modes

Source: developed by the authors

It is necessary to strive to reduce the amplitude
and frequency of oscillations. This reduces the dynamic
loads on the drive elements and simplifies the design
of the separator. The authors recommend determining
the frequency and amplitude of oscillations not sepa-
rately, but investigating the relationship A- w?= F(f) or:

2 _ G-g-Cosa

4w Sinf

(90)

The graphical interpretation of expression (90) is
shown in Figure 5. The zone of existence of the mode
of sliding particles without detachment from the plane
will also lie to the left of curve I. To determine the av-
erage speed of material movement in the technolog-
ical zone of the separator, use formulas (74) for the
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upper screen operating in the inertial separator mode
and (88) for the lower screen operating in the vibrating
separator mode.

The separator capacity is determined by the formula:

Q=3600-F,-y v,_-7, (91)

aver

where F, - cross-sectional area of the rumble plate; y -
bulk mass of the material; y - filling factor.

The drive power for an inertial separator is calcu-
lated using the empirical expression:

_4107%QL
n-tgp

.(6-10-4-“’7“’2+1),
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and the drive power of the vibrating screen by the for-
mula:

where L - length of the sieve; 5 - efficiency; C - trans-
portability coefficient; k, — coefficient of specific power

c ;
N ~ ﬁ. ks L, (93)  consumption.
60A - wi(m/s?)
N 1
N N \w\ G=3.6
\ N Bk
R0 G=2
=0. G=1 NI
'7 ~
40— T
NN I~
\ \ N‘\‘\
30
[
62057 |NL N
0 \\\\ —
~_ \h‘__ H--“______-‘
“\____. Tt
10 I R
B (degree)
10° 20° 30° 40°

inertial mode

- vibration mode

Figure 5. Dependency graphs

Source: developed by the authors

Based on the theoretical analysis, a methodology
was developed for calculating the kinematic and struc-
tural parameters of the proposed design solution. The
calculation sequence is as follows:

= according to the graph (Fig. 5), the values of
the amplitude A and the oscillation frequency w of the
screen and the angle S are selected, with an arbitrary
choice of the sieve angle «;

« phase angles of transition ¢ from one mode of
motion to another or from one direction to the opposite
are determined;

« determine the maximum speed for each mode,
determine the force of interaction between the seeds
and the sieve surface;

= calculate the average speed v, _; find the pro-
ductivity Q, determine the drive power N;

« if the separator capacity Q is specified by reg-
ulatory documents (technical specifications or initial

Name of the crop

peel + pulp
Cucumber “Konrurent” 41.2
Watermelon “Vognyk” 35.0
Melon “Kolkhoznitsa” 53.6

Table 1. Components of the process mass

requirements for development), the cross-sectional
area of the screen F,and then its width is determined.

To confirm the effectiveness of the proposed de-
sign solution and the feasibility of using the presented
analytical dependencies, the selected seeds and peel
with pulp were weighed alternately (State Standard
of Ukraine DSTU 7160:2020, 2020). The percentage of
each component of the crushed mass was determined
according to the following dependencies:

ms . — (M), .
¢ =(%)-100% c.=(=) 100%,(94)
¢, = 100% — (C; + C,),

where C, C, Cp - percentage of seeds, crust with pulp
and pulp in the obtained material; m, m_- weight of
seeds and the weight of crust with pulp in the crushed
mass; m is the total weight of crushed seeds. The re-
sults are presented in Table 1.

Components of the process mass, %

seeds pulp + juice
3.8 55.0
23 62.7
3.5 429

Source: developed by the authors on the basis of experimental research

The percentage of peel in the crushed mass was
determined by size group: up to 10 mm, 10-50 mm and
over 50 mm using the following formulas:

C1o = (222) - 100%;

c

Cop = (?) - 100%;
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Cro = (%) -100%; (97)
where m,, m,, m, - mass of peel and pulp of each

size group contained in the heap; m_- total mass of the

shredded peel. The results of the study of the compo-
nents of each of the fractions of the crushed mass are
presented in Table 2.

Table 2. Indicators of the crushed process mass
Crushed peel, %

Culture

till 10 mm 10-70 mm

Cucumber 12 37
Melon 11 53
Watermelon 11 57

more than
70 mm

The seed bound

to the pulp and Injured seeds, % Seeds, %
crust, %
7.5 0.5 92.0
2.4 0.35 97.25
6.6 0.4 93.0

Source: developed by the authors on the basis of experimental research

In the process of studying the mechanical and tech-
nological properties of the crushed mass of seeds, the
friction properties of the peel of vegetable and melon
crops were also studied. The values of the friction an-
gles of the peel on the following three surfaces were
determined: rubber, metal and sieve plates. Rubber,
metal and sieve plates were chosen as friction surfac-
es. When studying the sliding friction of crushed crust
particles, the latter were placed on an inclined plane of
the device with a sample of the material under study

fixed on it. The inclined plane was raised to the an , at
which the particles began to move. The sliding friction
coefficient f was determined by the formula:

f=tg(p).

The replication of the experiments for cucumber
variety “Konkurent”, watermelon variety “Ogonyok”, mel-
on variety “Kolkhoznitsa” was a hundred times, the an-
gles and sliding coefficients of the peel particles from
the studied materials are presented in Table 3.

(98)

Table 3. Sliding angles and coefficients of friction of crushed peel
Variety of crops under study

Friction surface Cucumber Melon Watermelon
material - o ..
.. friction .. friction .. friction
friction angle coefficient friction angle coefficient friction angle coefficient
Rubber plate 24°78 0.53 22°16’ 0.41 22° 59 0.42
Metal plate 18°46’ 0.34 19°57° 0.36 19°29 0.35
Sieve cloth 19°41° 0.36 21°17 0.39 21°22 0.37

Source: developed by the authors on the basis of experimental research

The presented research results indicate that the
mechanical and technological parameters of the com-
ponents of the crushed technological mass, namely the
ratio of the components of the crushed mass and the
indicators of the crushed technological mass, are with-
in the normal range. The use of the proposed design
solution and regulation of its modes in accordance with
the presented dependences of the amplitude of oscil-
lations on the frequency of oscillations for different
modes of operation of the separator and determination
of the average speed of material movement in the tech-
nological zone of the separator for the upper screen
operating in the mode of an inertial separator and for
the lower screen operating in the mode of a vibrating
separator is advisable.

DISCUSSION
The development of vegetable and melon seed pro-
duction requires the introduction of industrial models
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of machines designed for complex mechanisation and
automation of production processes. Improvement and
development of the seed production industry will help
to ensure that agricultural production is supplied with
seeds of its own production, which will significantly
reduce costs and increase productivity in the industry.
Producers of melons and gourds will be able to reduce
the cost of production of these crops if they produce
their own seeds.

Vibrating machines are widely used to separate
seeds of vegetable and melon crops. The study of mod-
elling the sieving of crops at different vibration am-
plitudes, frequencies and angles is presented (Chen &
Yan, 2019). The results show that the angle of deviation
of the vibration direction has little effect on the sieving
efficiency. Under the influence of other parameters, the
sieving efficiency first increases and then decreases. Af-
ter comparing the data, the best combination of sieving
parameters was obtained with an amplitude of 4 mm, a



vibration frequency of 13 Hz, a sieve angle of 8° and a
vibration direction angle (angle between the vibration
line and the Z-axis) of 0°. The combination of vibration
and inertial motion, as in the case of the proposed de-
sign solution, has a positive effect on the quantitative
and qualitative indicators of seed separation.

A study has been conducted on the practical applica-
tion of unbalanced vibration drives in adjustable drives
of vibrating sieves (Despotovic et al., 2019). For synchro-
nous operation of vibration drives, frequency control
of their exciting force is required, as well as operation
of vibrating screens in the so-called “superresonant”
mode. This study presents an experiment to determine
the amplitude-frequency characteristics of vibrating
screens, as well as the most important experimental
results obtained under real operating conditions. The
design solution proposed by the authors and the use of
graphs to optimise its design and operating parameters
allow increasing the seed yield and reducing its losses.

Z. Kaliniewicz et al. (2021) evaluated the relation-
ships between the main physical properties of seeds
of selected species for seed sorting purposes. Physical
properties were measured in seeds of five species, and
the existence of relationships between these traits was
determined using correlation and regression analyses.
Seeds should be separated on a sieve equipped with
at least two mesh screens with holes. The study em-
phasises the need for technical means for post-harvest
processing on farms, with vibration equipment being
particularly effective. The use of the proposed design
solution provides not only the use of the properties of
vibrating machines, but also additional work in the iner-
tial mode, which ensures high quality seed separation.

The authors M. Ohienko et al. (2010) proposed the
design of an inclined rotary separator with an irrigation
device located on the axis of rotation of the drum. The
inclined rotary separator for refining the technological
seed mass of vegetable and melon crops consists of a
frame, an electric motor, a worm gearbox, a cylindrical
mesh drum, a sprinkler, a loading and unloading tray,
which differs in that to improve the process of pass-
ing seeds through the holes of the drum and remov-
ing them outside the machine, it has an irrigation de-
vice mounted in the axis of rotation of the drum. The
purpose of the utility model is to further separate the
seeds on the rotary separator during the passage of the
crushed mass along the inner surface of the rotating
mesh drum. The peculiarity of the separator is that it
can be used as the first in the flow line for refining the
processed mass. The proposed design solution is an in-
dependent machine for the main operation of separat-
ing seeds of vegetable and melon crops, and not as a
machine for refining.

Babenko et al.

The methodology for modelling the technology
of processing the seed mass of vegetable and melon
crops can be used to determine the optimal values of
the design and operating parameters of seed separa-
tors (Shebanin et al, 2019). The researchers presented
a solution to the problem of predicting seed character-
istics using the tested method. The optimisation crite-
ria were seed loss and purity of the resulting material.
However, the machine used for the experiment was
a pressurising machine, which has a lower quality of
seed separation compared to vibrating equipment. In
addition, mathematical modelling of the technological
process is time-consuming and allows modelling only
for a certain sample of varieties of vegetable and melon
crops and does not allow predicting the results, unlike
the proposed study of the movement of the technolog-
ical mass of vegetable and melon seeds, which makes
it possible to predict the results to some extent and
choose the optimal operating modes of the separator
using the proposed graphs.

The analysis of trends in the models and types
of equipment used for different breeding volumes of
vegetable and melon seed production in the southern
region of Ukraine shows that the existing equipment
for seed selection of vegetable and melon crops in
Ukraine is energy inefficient. Significant amounts of
seeds are damaged or lost during the selection process.
When obtaining seeds of vegetable and melon crops,
there are no methods of their analysis, synthesis and
optimisation adapted to the systems of complex mech-
anisation. A. Pastushenko (2021) proposed the analy-
sis and optimisation of technical systems for the inte-
grated mechanisation of vegetable and melon seeds
production using graph theory methods, constructed
information and flow charts and incident matrices for
a prototype production line for processing fruit seeds
and producing vegetable and melon seeds. By varying
the schematic solutions and/or different variants of the
layout of system elements, structural elements and the
distance between them, it is possible to determine the
optimal technological line, in accordance with a pre-se-
lected optimisation criterion. An algorithm for opti-
mising the system is proposed, which establishes the
procedure for calculating mathematical models and
its individual elements. The efficiency criteria can be
economic, energy, technological or other characteristics
of the system. The proposed methodology is effective
for determining the optimal combination of equipment
for a technological line, but it is not adapted to deter-
mine the operating parameters of specific samples and
equipment that complete the technological line. It has
been determined that the disadvantages of vegetable
and melon separators include a significant percentage
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of injured seeds and loss of conditioned seeds, which
can be avoided by predicting the technological process
and adjusting the equipment. It can also be noted that
there is a need to improve the methods of optimising
the mechanisation of this technological process.

The experimental studies in this article allowed to
optimise the sieve angle a, the amplitude A and fre-
quency of oscillations w, the length L and the angle of
application of forced oscillations f. The surface of the
material has a negligible effect on the sliding friction
coefficient. The advantage of using the proposed design
solution of the separator is the combination of inertial
and vibrational motion of the sieves, as evidenced by the
experimental data obtained on the basis of the mechani-
cal and technological properties of the selected samples.

CONCLUSIONS
Theoretical studies have made it possible to identify the
main factors influencing the technological process and
to obtain analytical dependencies for calculating the
amplitude, oscillation frequency,angle of forced oscilla-
tions, material movement speed, drive performance and
power. The graph-analytical method of studying kine-
matic modes made it possible to determine the zones
of existence of different modes of inertial and vibratory
separator screens. Laboratory studies of the mechanical
and technological properties of the technological mass
made it possible to conclude that it is expedient to sep-
arate seeds using the proposed design solution. As a
result of statistical data processing, it was determined
that the percentage composition of the components of

The obtained theoretical dependences fully charac-
terise the technological process of seed cleaning from
pulp, pulp and hull on a two-screen separator with
different kinematic modes of each sieve. However, it is
necessary to take into account the value of the friction
coefficient (friction angle) for both the crust and the
freshly separated seeds, the data on the value of which
are not available.The absence of data on the mechanical
and technological characteristics of seeds and crushed
mass does not allow using the obtained dependencies
in further practical engineering calculations. To deter-
mine their values, it is necessary to conduct additional
experimental studies of the physical and mechanical
characteristics and dimensional and mass parameters of
various components of the crushed mass of seed fruits.

Determination of the size and weight characteris-
tics of seed fruits of a particular crop does not affect
the degree of crushing and the mechanical and tech-
nological parameters of the crushed mass. The degree
of grinding depends only on the design of the impac-
tor and the crop being processed. The size and weight
characteristics of the seeds allow to conclude that they
can be separated from impurities by the principle of
differentiation by seed length. However, it is not possi-
ble to use the same type of sieves for all studied crops.
Therefore, the prospects for further research are to de-
termine the geometry of the sieve openings and seed
resistance to static and dynamic (impact) loads and the
effect of the kinematic parameters of the separator on
the seed injury parameter.

the technological mass depends on the crop and varie- ACKNOWLEDGEMENTS
ty. The optimal values of the content of seeds, pulp,peel  None.
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OocnipkeHHa XxapaKTepy pyxy nogpiéHeHoi Macu
rno NoBepXHi peLiT cenapaTtopa HaciHHA OBOYEBUX Ta 6aLUTaHHUX KYNbTypP
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AHoTauif. BoockoHaneHHs obnagHaHHg Ans nepepobky 0BO4YEBOi Ta BaWTaHHOI KynbTyp NOTpebye NpoBeLeHHS
[OCNiAKeHb XapakTepy pyxy noapibHeHOT Macu O19 3MeHLWEeHHs TpaBMyBaHHS MaTepiany Ta OTPUMaHHS SKiCHOro
HaCiHHA, WO L03BONMMTbL MEPeBECTM rany3b 0BOYe-6aWTaHHULTBA HA HOBMI piBEHb PO3BMTKY. METOK AOCNIOXKEHHS €
aHani3 xapakTepy pyxy noapibHeHOi MacK No NOBEPXHi peLuiT cenapaTopa HaCiHHA 0BOYEBMX Ta HALUTAHHMX KYNbTYP.
O6rpyHTYBaHHS XapaKTepy pyxy noapibHeHOT MacK MO NOBEPXHi PeLLiT 3aNpONOHOBAHOMO KOHCTPYKTUBHONO PiLLIEHHS
BMKOHYBANOCs Ha 6asi BUKOPUCTaHHA MeTOAIB (i3nKKM, TEOPETUUYHOI MEXaHiKM Ta aHani3y i focnigxeHHs (i3uko-
MeXaHiYHMX XapaKTePUCTUK TEXHONOTYHOI MacK. B skocTi 6a30B0i KOHCTPYKLii A1 AOCNiOXEHHS BUKOPUCTOBYBABCS
cenapaTop 0BOYEBMX Ta BALUTAHHMX KynbTyp, 0COBMMBICTIO IKOTO € 3aCTOCYBAHHS ABOrPOXOTHOI CUCTEMM peLliT. B
HaBeAEeHIN CUCTEMI BEPXHE peLeTo BUKOHYE BUAINEHHS KipKM, @ HUXKHE — HACIHHS Ta Me3ru; M'aKOoTb i CiK ByayTb
niarpaTHMM NPOAYKTOM ApYroro peweta. PewweTo, Wo BUMKOHYE iHEPLUIMHUIA pYX, CNPUSE BUNYYEHHIO MOB'I3aHOMO
3 KipKOK HaciHHA. B pe3ynbTati focnigxeHb npeactaBneHa QyHKLiOHANbHA 3aN1€XHICTb aMMAiTyaAM KONMBAHb Bif,
YaCTOTU KOMMBaHb AN Pi3HUX pexXUMiB poboTu cenapatopa. [1ng BU3HAYEHHs CepefiHboi LWBMAKOCTI pyXy MaTepiany
B TEXHOJONiYHIM 30HI cenapatopa HafdaHi GOpMyan AN BEPXHLOrO rpoXoTy, WO NPALOE B PEXMMI iHEPLUIAHOIO
cenapaTopa i AN HUXHbOFO TPOXOTY, KWK MpaUlE B pexuMi Bibpocenapatopa. B KOHTeKCTi BuMLLeBKa3aHUX
0cobnBoCTEN 3aNpONOHOBAHOIO KOHCTPYKTUBHOIO pilleHHS NpoBeAeHe AOCNIAXKEHHS XapaKTepy pyxy NnoapibHeHOT
Macu No NOBEPXHi iHepLiMHOro Ta BibpauifHOro pewit. B xoai TeopeTMYHNX po3paxyHKiB OTPUMAHO 3aNeXHOCTI Ans
BM3HAYEHHS CEpeaHbOi WBUAKOCTI YaCTMHKM B pOBOYiiA 30HI 3a3Ha4YeHUX pewiT. Ha niacraBi TeOpeTMyHOro aHanisy
6yna po3pobneHa MeToAMKa pO3pPaxyHKy OCHOBHMX NapaMeTpiB ABOrPOXOTHOrO CcenapaTopa. 34iMCHEHO BU3HAYEHHS
MEXaHiKO-TEXHOJOTYHMX BNACTMBOCTEM HACIHHS OBOYEBMX Ta OalITaHHUX KynbTyp BUAINEHOrO 3a AOMOMOro
3anponoOHOBAaHOI0 KOHCTPYKTUMBHOTO pilleHHs. B nabopaTtopHux ymMoBax Oyno npoBefeHO AOCNILXEHHS CKNnagy
KOMMOHEHTIB BUAINEHOI HACIHHEBOI MacH i iX aHaNi3, IKMIM CBIAYMTb NPO AOLINBHICTb 3aCTOCYBAHHS 3aNPONOHOBAHOIO
KOHCTPYKTMBHOIO pillEHHS Cenapatopa 0BOYEBMX Ta BalITaHHMX Ky/JbTYp Ta 3aCTOCYBaHHS HA NPAKTULLI OTPUMAHMX
TEOPETUYHUX 3aNEXHOCTEN ANS PErYIOBAHHS MOro TEXHONOTIYHMX NapaMeTpiB

KntouoBi cnoBa: iHepLiiHWI cenapaTop; BibpauiiHMiA cenapaTop; MeXaHiKo-TEXHONOTIYHI BIACTUBOCTI; PyX YaCTUHKM
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