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IIpogedeni excnepumenmanvii 00CHiOHCEHH NPO-

Uecy CYwinHA 6UCOK060J102020 HACIHHA 2aply3a y
sibpayitinii cywapui, wo 06ymoeaeHo HeobXiOHiCMIO
supiuwenns npodemu weuoKoi ma AKicHoi Hozo nic-
AA3OUPANLHOT 00POOKU 3 MIHIMATIGHUMU EUMPAMAMU.
Icnyroui mexnonoezii ma ob6nraonanna mne 3abesneuy-
10Mb AKICHO20 BUKOHAHHS NPOUECY CYWIHHA Y NICAA3-
Oupanvnuil nepiod a6o 30ilicniotomo 1020 i3 3HAUHUMU
sumpamamu wacy ma pecypcie. OcHo8HUM 3a60aAHHAM
00CNi0NHCEHHS € BUHAMEHHS PAUIOHAILHUX napame-
mpie npoyecy ma 001AOHAHHA ONSL CYUIHHA HACIHHSA
eapoysa.

Buacaidox euxonanux excnepumeHmanvHux 00-
caiddcenv Kinemuxu 6i0pauitino-KoH8eKmMueHo20
CYyminna HaciHnA 2ap0y3a ompumamno pauionanvii
napamempu 6e0eHHs NPoUecy: MaAKCUMAILHO 00NY-
cmuma memnepamypa CYywuivbHoz0 azeHma CK1aoae
tea=50 °C, wo 6idnosidae maxcumanvio donycmumii
memnepamypi naepieannus uaciunsa t,»,=46,7 °C, 3a
AaKoi 3epno 30epieae KOHOUUTUNT 3HAMEHHS CX0ICOCML
ma enepeii npopocmanus. 3HAMEHHA MAKCUMATLHO
donycmumoi memnepamypu € na 0,3 °C menuoro, nixc
2panuMHO donycmuma memnepamypa HaAzpi6anus Ons
Hacinna eapéysa.

Pesynvmamu oocnioxncenns inmencuixyrouoi oii
8iOpauiiinozo 6NIUBY 6KA3YIOMb HA NPAMY 3ANEHCHICTD
Midic wacmomoro 6i6pauii cymunbHoi Kamepu ma mpu-
sanicmio Cywinma: uum oivua wacmoma, mum Ginouwa
inmencuenicmv 6i6PaAUIIHO-KOHBEKMUBHO20 CYWINHIA, A
MAaK0J’C HA CKOPOUEHHA MPUBANOCH CYWINHA 13 30116~
wenHam amniimyou eibpauii.

Ompumani pesyrvmamu niomeepoNcyons 00Uilb-
HiCmb BUKOPUCMAHHA Dintompayiiino-KOHEeKMUBHOT
gibpocymapru, axa 3abesnewye OOMPUMAHHA PAUio-
HAJIbHUX napamempie Cywinns, cepeo aKux: memnepa-
mypa i weudxicmv CYywunIbHo20 azewmy, amniimyoa,
wacmoma, 3anoenenns pooouoi xamepu. Iloeonanns
uux napamempie 00360J1€ 30UICHIOBAMU CYWIHHA
HACIHHEBO20 Mamepiany 3 MIHIMATLHUMU SUMPAMAMU
ma 36epexncennam 6ucoxoi tiozo axocmi

Knmiouogi cnosa: nacinna eapéysa, 6i6poxunisuui
wap, weuoKicmo Cywinna, cCymuavHull azenm, 6iopa-
UIHO-KOHEEKMUBHA CYmapKa, PauioHabHi napame-
mpu, KoHGeKmMueHe CyuinHHs
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1. Introduction

2. Literature review and problem statement

Intensification of heat and mass transfer processes under
the action of external vibration forces is achieved mainly as
a result of increasing the contact surface area of the phases
and, respectively, of the heat and mass transfer coefficients.
The latter, according to most researchers, is due to addi-
tional turbulence of the working environment by supplying
the energy of mechanical vibrations and convective flows.
However, the mechanism of vibration influence on various
heat and mass transfer processes is not yet fully disclosed [1];
so the theoretical and experimental study of the vibration
influence on these processes with the aim of their intensi-
fication and creation of high-intensity drying equipment is
an urgent task.

In [2], the author investigates the process of drying pump-
kin seeds in a stationary state, using the energy of the sun.
The advantage of this method is the low energy costs, and the
disadvantage is uneven heating of the layer during the pro-
cessing cycle, which leads to considerable process duration.

In [3], the drying process in the moving layer is consid-
ered, where the suspended state of the seed material is ensured
by blowing the drying agent at speeds of 2.39-2.87 m/s.
This method does not guarantee uniform heating of the seed
and causes additional energy consumption to provide the re-
quired speed of the drying agent.

In [4], the influence of the drying process on the
quality properties of pumpkin oil was investigated. The



influence of drying speed on the physiological maturity
of melon seed was determined in [5]. These works do not
give a clear understanding of the method and equipment
of the process.

In [6], the results of studies of the material drying
process in a vibrating dryer with an infrared emitter are
presented. This method and equipment allows intensifying
the drying process, but is not suitable for drying seed lots be-
cause there is a risk of local overheating of the seed surface,
which immediately leads to the loss of germination ability
and energy.

The same approach is observed in [7], but it is carried
out using equipment different in design compared to the
work [6].

In [8], the results of studies on drying granular materials
with low humidity are highlighted, which greatly simplifies
the mechanism for solving such a problem.

The researcher [9] described the results of studies on
drying low-humidity seed material, which is also much sim-
pler than drying high-humidity seed.

The work [10] presents the hydrodynamics of the fil-
tration drying process of seeds with high initial humidity
and the corresponding equipment for its implementation,
which shows the method and equipment of drying. This
approach intensifies the drying process on the example
of high-moisture pumpkin seeds, while ensuring a gentle
processing mode in order to preserve their quality. Con-
tinuation of the started researches in the work [10] is pre-
sented in the publication [11], which presents generalized
results of studies of the 15¢ period of filtration dehydration
of freshly purified pumpkin seeds with vibration-pneu-
matic activation.

In [12], the results of studies of heat transfer processes
during the drying of high-moisture pumpkin seeds in a
vibratory fluidized bed are presented. It is shown that
the drying process can be intensified using vibration
equipment by blowing the treated material layer. But the
issues of determining rational modes and parameters of
the process and equipment, its energy efficiency remained
unresolved. One way to overcome this problem may be
to create pilot experimental samples of vibration drying
equipment and to carry out appropriate experimental
studies. This approach originates in [10, 11], where on the
basis of experimental data, the basic analytical depen-
dences characterizing the hydrodynamics and kinetics of
filtration drying of freshly purified pumpkin seeds were
obtained, in particular, the influence of the ratio of the
vertical and horizontal components of vibration ampli-
tude, and the feasibility of vibration activation during
filtration drying is substantiated.

Known methods of intensifying the drying process-
es of thermolabile and especially seed materials do not
provide a significant increase in efficiency while main-
taining the conditions for preserving their sowing and
nutritional qualities [8]. Therefore, there is a problem in
further deepening of the scientific researches aimed at
the development and substantiation of design-technolog-
ical parameters and operating modes of vibration drying
equipment for intensive energy-saving drying of these
specific materials.

All this suggests that it is advisable to study the kinetics
of the process of vibrational and convective drying of pump-
kin seeds.

3. The aim and objectives of the study

The aim of this work is to determine the kinetics of
vibration-convective drying of pumpkin seeds in the hu-
midity range of 38—10 %. This will allow finding rational
parameters of the process and equipment for drying seed
lots of pumpkin seeds in order to preserve their conditioning
properties.

To achieve this aim, the following objectives were de-
fined:

— to substantiate the rational parameters of the process,
in particular, the maximum permissible values of the tem-
perature of the drying agent and heating of the pumpkin
seed layer, as well as the feasibility of vibration activation, as
a significant intensifying factor;

— to derive dependencies for calculating the duration and
speed of drying of pumpkin seeds in the first period in the
studied range of the process parameters.

4. Materials and methods for determining the kinetics
of the process of pumpkin seeds vibrational-convective

drying

The methods of theoretical and analytical mechan-
ics, continuum mechanics, in particular visco-plasticity
mechanics, mechanics of bulk discrete media, were used.
Experimental studies used the methods of planning a factor
experiment, methods of electrical measurements of non-elec-
trical quantities.

Microsoft Excel, Grapher software packages were used
to visualize the research results.

Determination of quality indicators of seeds was carried
out in testing laboratories in accordance with NSU 4138-2002
and NSU 7160: 2010.

5. Results of determining the kinetics of the process of
pumpkin seeds vibrational-convective drying

During the experimental study of the process of drying
pumpkin seeds, it was found that the drying occurs in two
stages. The first is vibrational and filtration drying of the
material from the humidity of 52 % to 38 %; the second is
vibrational and convective drying from the humidity of
38 % to 10 %. The hydrodynamics and kinetics of the first
stage of drying were considered in [10, 11]. Experimental
studies of the second stage of drying (vibrational and con-
vective) were carried out using the pilot-industrial sample of
filtration-convective vibrating dryer [12, 13], its schematic
diagram is shown in Fig. 1.

The filtration-convective vibrating dryer consists of a
drying chamber 1 mounted on elastic supports 2. The work-
ing chamber, which is oscillated by means of a vibrator 3,
has a neck 4 above to remove the spent drying agent, and
a perforated U-shaped bottom below. The supply system
of the heated drying agent consists of a fan 6 and electric
heating elements 7. Position 8 indicates the direction of
movement of the drying agent, and position 9 — pumpkin
seeds to be dried.

The filtration-convective vibrating dryer works as fol-
lows. The vibrator 3 drives the drying chamber 1 with
pumpkin seeds 9 mounted on the elastic supports 2. The dry-



ing agent supplied by the fan 6 passes through the electric
heating elements 7, is heated to a predetermined tempera-
ture and, through the perforated U-shaped bottom 5 of the
working chamber 1, passes through the pumpkin seeds 9 in
the direction 8 and is removed through the neck 4.

Measurement of the coolant and seed layer tempera-
ture was carried out using thermocouples of ChC type and
semiconductor integral thermometers of DS18B20 type. For
research, pumpkin seeds of different ripeness, years of har-
vesting, degree of surface cleaning were used.
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Fig. 1. Schematic diagram of the filtration-convective
vibrating dryer: 1 — drying chamber; 2 — elastic supports;
3 — vibrator; 4 — neck; 5 — perforated U-shaped bottom;

6 — fan; 7 — electric heating elements; 8 — direction of
movement of the drying agent; 9 — pumpkin seeds

The initial values of pumpkin seed temperature (hu-
midity W=38 %) were taken considering the results of the
previous stage studies — filtration drying [11].

The process of vibrational and convective drying of
pumpkin seeds, based on the angle of inclination of the ob-
tained dependence curves (Fig. 2, 3), can be divided into two
periods. In the first period of drying pumpkin seeds (in the
humidity range of 38—17 %), intensive removal of moisture
with a constant speed of drying due to evaporation from the
surface of the dried material is observed. Therefore, in this
humidity range, the kinetic curves are depicted by straight
lines whose slope depends on the speed of the drying process.
The second period (within the humidity range of 17-10 %) is
characterized by a lower drying rate, which is shown on the

kinetic curves (Fig. 2, 3) by curvilinear sections, the slope of
which indicates the slowdown of the process.

The study of the kinetics of vibration-convective drying
of pumpkin seeds was carried out under the following pa-
rameters: the filling factor of the drying chamber, the speed
and temperature of the drying agent, the vibration ampli-
tude of the drying chamber.

Investigation of the effect of the filling factor of the
drying chamber (1 — 0.25;2 — 0.5; 3 — 0.75; 4 — 1) on drying
kinetics was carried out at the drying agent temperature
t4a=50 °C, velocity Vz,=0.6 m/s and vibration acceleration
Aw?*=138 m/s%. As a result, it was found that if the dry-
ing chamber is 100 % full, the total drying time increases
by 1/3 (from 4,000 s to 6,000 s) compared to the drying time
by filling the drying chamber by 0.25. In the case of 100 %
complete filling of the drying chamber, the second drying
period starts in 3,000s and lasts 3,000s, and when filled
by 25 % —in 2,100 s and lasts 1,900 s. Therefore, there is a
direct dependence — the increase in the duration of the first
and second drying periods and the drying process as a whole
on the filling factor of the drying chamber (Fig. 2).

Kinetic curves (Fig.2-12) are constructed directly
from the results of experimental studies of the process of
vibration-convective drying of pumpkin seeds in a filtra-
tion-convective vibrating dryer (Fig. 1) with the following
variables: the filling factor of the drying chamber, the speed
and temperature of the drying agent, vibration amplitude of
the drying chamber. The curves are constructed to study the
regularity of the process itself depending on the variables.
Kinetic curves are the initial stage for mathematical pro-
cessing of the results of studying the kinetics of the drying
process.
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Fig. 2. Changes in the humidity of pumpkin seeds from the
duration of vibration-convective drying at different filling
factors of the drying chamber at ¢,,=50 °C; V,,= 0.6 m/s;
Aw?=138 m/s% 1 — K=0.25; 2 — K~=0.5; 3 — K=0.75;
4 - Kf=1.0

Fig. 4, 5 contain the results of the study of the influence
of the coolant velocity (1 — 1 m/s; 2 — 0.8 m/s; 3 — 0.6 m/s;
4 — 0.4 m/s) on the kinetics of vibration-convective drying
for the filling factor of the drying chamber K=0.75, vibra-
tion acceleration Aw*=138 m/s? and coolant temperature
t4.=50 °C.

At the coolant velocity Vz,=0.4 m/s, the first and the
second drying periods last for 3,000 s (total drying time
is 6,000 s), and for V=1 m/s — the second drying period
begins in 2,000 seconds and lasts 1,600 s (total drying time



is 3,600 5s). So, the coolant velocity also has a significant
impact on the duration of the first and the second drying
periods and the drying process of pumpkin seeds in general.
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Fig. 3. Determination of the critical humidity of pumpkin
seeds and the time of its achievement during vibration-
convective drying at different filling factors of the drying
chamber at t4,=50 °C; V,,= 0.6 m/s; Aw?=138 s /s%
1— K~0.25; 2 — K;=0.5; 3 — K;=0.75; 4 — K=1.0
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Fig. 4. Changes in the humidity of pumpkin seeds from the
duration of vibration-convective drying at different speeds
of the drying agent at #,,=50 °C; K=0.75; An?=138 m/s%

1= Vi=1m/s;2— V4=0.8m/s; 3 — V;;=0.6 m/s;
4—V;=0.4m/s

1,8

In order to justify the expediency of vibrational activa-
tion of the process, a study of the intensifying effect of the
vibrational influence (vibration amplitude and frequency)
was carried out.

The influence of the vibration amplitude of the drying
chamber on the kinetics of drying was investigated by the
filling factor of the drying chamber of 0.75, coolant velocity
of 0.6 m/s and temperature of 60 °C (Fig. 6).

The vibration amplitude was changed within 12—18 mm.
The results of the study (Fig. 6) indicate a reduction in
the drying time with increasing vibration amplitude: for
A=12 mm, the start time of the second drying period was
recorded in 3,300 s, and the drying time as a whole was
7,200 s; for A=18 mm, the second period occurs already in
2,200 s (which is 1.5 times faster) and lasts 900 s, which is
4.3 times faster than for A=2 mm. The total drying time is
reduced by almost 2.3 times and is 3,100 s.
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Fig. 5. Determination of the critical humidity of pumpkin
seeds and the time of its achievement during vibration-
convective drying at different speeds of the drying agent at
t1o=50°C; K=0.75; Aw’=138 m/s% 1 — Vye=1m/s;
2—V;=0.8m/s;3— Vy;=0.6m/s;4— V;;=0.4m/s

The results of the studies on the effect of vibration fre-
quency (Fig.8, 9) indicate a direct relationship between
the vibration frequency of the drying chamber and drying
time: the higher the frequency, the greater the intensity of
vibration-convective drying. As can be seen from Fig. 8,
for the vibration frequency f=10 Hz, the second period
begins in 3,200 s and lasts 2,800, and the total drying
time is 6,000s. For the vibration frequency f=25 Hz, the
second drying period begins in 2,000 seconds and lasts for
2,200 seconds, and the total drying time is 4,200 seconds,
which is almost 1.5 times less than for /=10 Hz.
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Fig. 6. Changes in the humidity of pumpkin seeds from the
duration of vibration- convective drying at different speeds
of the drying agent for K=0.75; V,,=0.6 m/s;
Aw?=138 m/s?; t,,=50°C: 1 — A=18 mm; 2 — A=16 mm;
3—A=14mm; 4 — A=12 mm

The results of studying the influence of the coolant tem-
perature in the range of 40—60 °C on the kinetics of vibra-
tion-convective drying of pumpkin seeds at a coolant velocity
of 0.6 m/s, vibration acceleration A®?=138 m/s? and filling
factor of the drying chamber of 0.75 are shown in Fig. 10, 11.

The obtained results indicate an increase in the process
intensity, both in the first and second periods of drying with
increasing temperature of the thermal agent. As can be seen
from Fig. 10, at a temperature of 40 °C, the second drying pe-



riod begins in 3,600 s and lasts for almost 3,000 s, the total
drying time is 6,500 s. At the coolant temperature of 60 °C,
the second period of drying occurs already in 1,800 s and
lasts for 1,800 s, and the total drying time is 3,600 s, which
is 1.8 times less than at 40 °C. Consequently, the higher the
coolant temperature, the more intense the drying process is.
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Fig. 7. Determination of the critical humidity of pumpkin
seeds and the time of its achievement during vibration-
convective drying at different vibration amplitudes of
the drying chamber for K=0.75; V,,=0.6 m/s;
An?=138 m/s?; t;,=50 °C: 1 — A=18 mm; 2 — A=16 mm;
3—A=14mm; 4— A=12 mm
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Fig. 8. Changes in the humidity of pumpkin seeds from
the duration of vibration-convection drying at different
vibration amplitudes of the drying chamber for: K=0.75;
V,i=0.6 m/s; t,,~=50 °C: 1 — =25 Hz; 2 — =20 Hz;
3—r~15Hz;4— ~=10Hz

However, the drying temperature of a product such as
pumpkin seeds is limited to a certain level in order not only
to reduce their humidity, but also to simultaneously pre-
serve their germination ability and energy [14, 15]. In the
reference literature [16, 17], it is determined that the max-
imum permissible heating temperature of pumpkin seeds is
th max. permissible=47°C for the corresponding duration of the
heating (drying) process. Detailed definitions of rational
parameters of the drying process, taking into account the
permissible values of the heating temperature of pumpkin
seeds are highlighted in [18].

The average heating temperature of the seed surface was
determined by the method of measuring «in a suddenly low-
ered layer» [19, 20], when the supply of coolant and vibration

were temporarily stopped. The error of this measurement
method does not exceed 0.5 %.
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Fig. 9. Determination of the critical humidity of pumpkin
seeds and the time of its achievement during vibration-
convective drying at different vibration amplitudes of
the drying chamber for K=0.75; V;,~=0.6 m/s; t,,=50 °C:
1—FF~25Hz;2— ~=20Hz;3— ~=15Hz; 4 — =10 Hz
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Fig. 10. Changes in the humidity of pumpkin seeds from
the duration of vibration-convective drying at different

temperatures of the drying agent for K=0.75; V,;,=0.6 m/s;
Aw?=138 m/s% 1 — t;,,=60 °C; 2 — t4,=50 °C; 3— t,,=40 °C
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Fig. 11. Determination of the critical humidity of pumpkin
seeds and the time of its achievement during vibration-
convection drying for different vibration frequencies of the
drying chamber for K=0.75; V,,=0.6 m/s; An?*=138 m/s%
1—t,,~60 °C; 2 — ¢4,~=50 °C; 3— #4,=40 °C



As a result of the research, it was found that during the
drying of pumpkin seeds at a temperature of the thermal
agent of 50°C, the average heating temperature of the surface
of the dried material is practically the same throughout the
layer and does not exceed t1,,=46.7 °C, that is, is within the
permissible values.

Measurements of the nucleus (embryo) temperature of
pumpkin seeds were not carried out, since they are suitable
for conducting thorough research of the selection direction,
in particular, the influence of temperature on the structural
biochemical properties of seeds.

During the studies of the kinetics of vibration-convec-
tive drying, the dynamics of the surface heating temperature
of pumpkin seeds was also determined (Fig. 12).
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Fig. 12. Changes in the humidity of pumpkin seeds from
the duration of vibration-convective drying at different
temperatures of the drying agent for K=0.75; V,,=0.6 m/s;
An?=138 m/s% 1—40°C; 2 —50°C; 3 —60 °C

To determine the values of the critical humidity of the
seeds W, at different temperatures and speeds of the drying
agent, the filling factor of the drying chamber, as well as the
drying time in the first period t.;, the method was used to
construct kinetic curves in the Ig(W-W,)=/(7) coordinates.
On the basis of the results of experimental research, the crit-
ical humidity and the time of its achievement for different
parameters of the drying agent and operating modes of the
drying equipment were determined by the graph-analytical
method. In order to find the dependence of the duration of
vibration-convective drying of pumpkin seeds in the first
period on the drying rate, we shall present the graphic de-
pendence Ney,=f(tcr), shown in Fig. 13.

The dependence of the critical drying time 1., on the dry-
ing rate Ny, in the first period is described by the equation:

768

T = N ’

)

The obtained dependence (1) is valid in the investigated
range of the speeds of vibration-convective drying (Fig. 13),
namely 0.0056 %/s<N<0.0125167 %/s. The confidence fac-
tor of approximation R? is 0.942637, which is quite accept-
able and characterizes the smoothing as reliable. The ob-
tained dependence coefficients are found to be statistically
significant.

The drying rate in the first period N will depend on the
operating parameters of the drying equipment and can be
represented in general by the equation [8]:

N=A-t;-K/"-Vy. (2)
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Fig. 13. Dependence of the speed of vibration- convective
drying N of pumpkin seeds on the critical drying time 1,

According to the calculations, the unknown coefficients
of the drying process are found, then the drying rate in the
first period of vibration-convective drying of pumpkin seeds
can be determined by the equation:

N,=1,016-107 2,7 . K

f70.33 ) VdO(I.SGG. (3)

The calculated empirical dependence (3) is valid in the
studied range of:

— coolant temperature 40 °C<t,4,<60 °C;

— coolant velocity 0.40 m/s<V,<1 m/s;

— drying chamber filling factor 0.25<K<1.

The confidence factor of linear approximation R? is
0.954705, which is quite acceptable. The obtained depen-
dence coefficients are found to be statistically significant.

From the analysis of equation (3), it can be seen that
with the growth of coolant temperature and velocity, the
drying rate in the first period increases, and with the in-
crease of the filling factor of the drying drum (the height
of the pumpkin seed layer), respectively, decreases. This is
confirmed by numerical experimental studies [8]. Compar-
ison of the calculated and experimental values of the drying
rate of pumpkin seeds in the first period is satisfactory, and
the relative error does not exceed 8 %, which is a permissi-
ble value.

6. Discussion of results of determining the kinetics of
the process of pumpkin seeds vibration-convective drying

The graphs (Fig. 2—12) obtained by conducting experi-
mental studies to determine the dependencies of the study
of the kinetics of the process of vibrational and convective
drying of pumpkin seeds make it possible to summarize them
for determining rational parameters:

— Ky=0.75, typical for most vibration machines;

— A=18 mm, corresponds to the largest pumpkin seed size;

— V,4.=0.6 m/s, sufficient for the drying agent to access
the surface of each seed without affecting its trajectory;

—14,=50 °C, provides a thermal effect on pumpkin
seeds without exceeding the maximum allowable heating
temperature.



Smaller values of these parameters would not intensify the
drying process and larger ones would require additional energy.

The above rational parameters make it possible to obtain
the dependencies (1)—(3) for calculating the duration and
speed of drying pumpkin seeds.

The conducted researches prove the feasibility of using
mechanical vibrations in the process of drying high-moisture
pumpkin seeds, as this will provide intensive and energy-
saving modes of processing with a simultaneous sparing
effect on the seed material.

The advantages are determination, substantiation and
coordination of rational technological and operating pa-
rameters of the process and equipment of vibrational and
convective of pumpkin seeds.

The disadvantages are that the work was limited to
studies of one crop, which requires verification of the results
obtained when used for other crops.

The results obtained are practically significant for dry-
ing sowing lots of pumpkin seeds in agricultural enterprises,
as they guarantee high quality of the seed material, which
has been tested in a certified laboratory according to [14]:
germination ability — at least 95 %; germination energy —
not less than 90 %.

The presented studies are the final stage of the complex
of studies of vibrational and mechanical intensification of
pumpkin seed drying in the post-harvest period.

Thus, the performed work gives grounds to claim that the
scientific hypothesis of drying high-moisture pumpkin seeds in
two stages using vibrating equipment by providing the required
mode of vibration movement of the processed material in the
working chamber with gentle processing modes is correctly
formulated and theoretically and experimentally justified.

7. Conclusions

1. Rational parameters of the process of vibrational-con-
vective drying of pumpkin seeds are determined, in partic-
ular, the maximum permissible temperature of the drying
agent is t4,=50°C, which corresponds to the maximum
permissible heating temperature of seeds t,,=46.7 °C, at
which the grain retains the conditioning values of germi-
nation ability and germination, coolant velocity is 0.6 m/s,
vibration acceleration Aw?=138 m/s?, filling factor of the
drying chamber K,=0.75, vibration amplitude of the drying
chamber A=18 mm, and drying time is 105 min.

2. The dependence was determined for calculating the
duration and speed of pumpkin seeds drying, taking into
account the operating parameters of the vibrating dryer in a
certain range: coolant temperature is 40 *°C<t,4,<60 °C; cool-
ant velocity is 0.40 m/s<Vy,<1 m/s; drying chamber filling
factor is 0.25<K,<1.
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3anpononosana naepieanvha cucmema
0J151 NPOZHO3YBAHHA MENTL0BO20 CIANY, KOH~
mpono ma pezynro8anHs 00izpiey mexHo-
JI02IMHO aKMUGHUX 30H BUPOGHUMUX CnOPYO.
Ile dae moxcausicmo 3abesnevumu axicrnuil
Pisenb 0ompumyeanis cmanoapmie menJio-
6020 pexcumy Yy 6upoOHuUuMUX cnopyoax
3a605KU 3ACMOCY6AHHS eHep2030epizato-
uux Gazamodynxuionanshnux cucmem baza-
mopienesoi cucmemu obizpisy. Ilpu yvomy
00izpieni npunaou peucmopmozo muny
po3mawosani Huxicue pieHa nidnozu, npu
JcueenHi ix naepisauie 6i0 mpaduuitinux i
Hempaouyitinux NOHOBII0BATLHUX OCepest
enepeii.

IIposedeno modenrosanns mennosux
npouecie 8 HazpiBavbHIl cucmemi, aKe 36e-
deno 0o pimenns 3adayi menionpogionocmi
6 cucmemi naockux wapie. Ckanadoeoro
UACMUHOI0 U020 DPIWEHHS € BUHAUEHHS
memnepamypu nogepxui nidaozu y euznsnoi
QPynruionanvnozo pady, wo 6CMaAHOEII0E
36'130K Mi)C cmandapmamu Ha Hazpiea-
HA n0GepxHi nidJo2u U NOMYIHCHICMIO eHep-
20nomoxie y GazamopieHesiii cucmemi 06i-
episy. Taxuii nioxio 0o3eonse peanisyeamu
cmpyxmypHno-Qynryionanvie Kepysamnms
eHnepzonomoxamu i npu ubomy 3abeznewumu
onepamueHicmo i mouHicns 0ompuMyeanHs
3adanux cmanoapmie menioeux napame-
mpie MIKpOKIIMAmMy MexHoN02iMHO aKmue-
HOi 30HU 8UPOOHUMUX CnOPYO Pi3HO20 PYHK-
UIOHAILHOZ20 NPUSHAYEHHSL

Kmionosi cnosa: popmyeanns 3aoanozo
pesxcumy MiKpoxaimamy, eneKxmpomensnosi
npouecu, menionpogionicmo, epitoua nioo-
2a, mpyouacmi nazpieaui
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1. Introduction

search and applied developments aimed at the construction

of the theoretical foundations of automated environmentally

Increasing the productivity of livestock bio-objects is an  safe and resource-saving electro-technical complexes. These
important and quite complex economic problem. Its com-  complexes ensure the thermal mode of the microclimate of
plete or partial solution requires systematic fundamental re-  production premises and structures and determine optimal





