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1. Introduction

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.

2. Literature review and problem statement

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 
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Проведенi експериментальнi дослiдження про-
цесу сушiння високовологого насiння гарбуза у 
вiбрацiйнiй сушарцi, що обумовлено необхiднiстю 
вирiшення проблеми швидкої та якiсної його пiс-
лязбиральної обробки з мiнiмальними витратами. 
Iснуючi технологiї та обладнання не забезпечу-
ють якiсного виконання процесу сушiння у пiсляз-
биральний перiод або здiйснюють його iз значними 
витратами часу та ресурсiв. Основним завданням 
дослiдження є визначення рацiональних параме-
трiв процесу та обладнання для сушiння насiння 
гарбуза.

Внаслiдок виконаних експериментальних до- 
слiджень кiнетики вiбрацiйно-конвективного 
сушiння насiння гарбуза отримано рацiональнi 
параметри ведення процесу: максимально допу-
стима температура сушильного агента складає 
tса=50 °С, що вiдповiдає максимально допустимiй 
температурi нагрiвання насiння tн2=46,7 °С, за 
якої зерно зберiгає кондицiйнi значення схожостi 
та енергiї проростання. Значення максимально 
допустимої температури є на 0,3 °С меншою, нiж 
гранично допустима температура нагрiвання для 
насiння гарбуза.

Результати дослiдження iнтенсифiкуючої дiї 
вiбрацiйного впливу вказують на пряму залежнiсть 
мiж частотою вiбрацiї сушильної камери та три-
валiстю сушiння: чим бiльша частота, тим бiльша 
iнтенсивнiсть вiбрацiйно-конвективного сушiння, а 
також на скорочення тривалостi сушiння iз збiль-
шенням амплiтуди вiбрацiї.

Отриманi результати пiдтверджують доцiль-
нiсть використання фiльтрацiйно-конвективної 
вiбросушарки, яка забезпечує дотримання рацiо-
нальних параметрiв сушiння, серед яких: темпера-
тура i швидкiсть сушильного агенту, амплiтуда, 
частота, заповнення робочої камери. Поєднання 
цих параметрiв дозволяє здiйснювати сушiння 
насiннєвого матерiалу з мiнiмальними витратами 
та збереженням високої його якостi

Ключовi слова: насiння гарбуза, вiброкиплячий 
шар, швидкiсть сушiння, сушильний агент, вiбра-
цiйно-конвективна сушарка, рацiональнi параме-
три, конвективне сушiння
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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 1st 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-
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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.

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 
tda=50 °С, velocity Vda=0.6 m/s and vibration acceleration 
Аω2=138 m/s2. 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 3,000 s and lasts 3,000 s, 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.

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 tda=50 °С; Vda= 0.6 m/s; 

Аω2=138 m/s2: 1 – Kf=0.25; 2 – Kf=0.5; 3 – Kf=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 Kf=0.75, vibra-
tion acceleration Аω2=138 m/s2 and coolant temperature 
tda=50 °С.

At the coolant velocity Vda=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 Vda=1 m/s – the second drying period 
begins in 2,000 seconds and lasts 1,600 s (total drying time 
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is 3,600 s). 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.

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 tda=50 °С; Vda= 0.6 m/s; Аω2=138 s/s2:  
1 – Kf=0.25; 2 – Kf=0.5; 3 – Kf=0.75; 4 – Kf=1.0

Fig. 4. Changes in the humidity of pumpkin seeds from the 
duration of vibration-convective drying at different speeds 
of the drying agent at tda=50 °С; Kf=0.75; Аω2=138 m/s2:  

1 – Vda=1 m/s; 2 – Vda=0.8 m/s; 3 – Vda=0.6 m/s;  
4 – Vda=0.4 m/s

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 °С (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.

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 
tda =50°С; Kf=0.75; Аω2=138 m/s2: 1 – Vda=1 m/s;  

2 – Vda=0.8 m/s; 3 – Vda=0.6 m/s; 4 – Vda=0.4 m/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 s, and the total drying 
time is 6,000 s. 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 f=10 Hz.

Fig. 6. Changes in the humidity of pumpkin seeds from the 
duration of vibration- convective drying at different speeds 

of the drying agent for Kf=0.75; Vda=0.6 m/s;  
Аω2=138 m/s2; tda=50°С: 1 – А=18 mm; 2 – А=16 mm;  

3 – А=14 mm; 4 – А=12 mm

The results of studying the influence of the coolant tem-
perature in the range of 40–60 °С on the kinetics of vibra-
tion-convective drying of pumpkin seeds at a coolant velocity 
of 0.6 m/s, vibration acceleration Aω2=138 m/s2 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-
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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 °С, 
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 °С. Consequently, the higher the 
coolant temperature, the more intense the drying process is.

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 Kf=0.75; Vda=0.6 m/s;  
Аω2=138 m/s2; tda=50 °С: 1 – А=18 mm; 2 – А=16 mm;  

3 – А=14 mm; 4 – А=12 mm

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: Kf=0.75; 
Vda=0.6 m/s; tda=50 °С: 1 – f=25 Hz; 2 – f=20 Hz;  

3 – f=15 Hz; 4 – f=10 Hz

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°С 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 %.

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 Kf=0.75; Vda=0.6 m/s; tda=50 °С:  
1 – f=25 Hz; 2 – f=20 Hz; 3 – f=15 Hz; 4 – f=10 Hz

Fig. 10. Changes in the humidity of pumpkin seeds from 
the duration of vibration-convective drying at different 

temperatures of the drying agent for Kf=0.75; Vda=0.6 m/s; 
Аω2=138 m/s2: 1 – tda=60 °C; 2 – tda=50 °C; 3– tda=40 °C

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 Kf=0.75; Vda=0.6  m/s; Аω2=138 m/s2: 

1 – tda=60 °C; 2 – tda=50 °C; 3– tda=40 °C
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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 th2=46.7 °С, 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).

Fig. 12. Changes in the humidity of pumpkin seeds from 
the duration of vibration-convective drying at different 

temperatures of the drying agent for Kf=0.75; Vda=0.6 m/s; 
Аω2=138 m/s2: 1 – 40 °С; 2 – 50 °С; 3 – 60 °С

To determine the values of the critical humidity of the 
seeds Wcr 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 τcr, the method was used to 
construct kinetic curves in the lg(W–Wp)=f(τ) 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 Nexp=f(τcr), shown in Fig. 13.

The dependence of the critical drying time τcr on the dry-
ing rate Nexp in the first period is described by the equation:

1.133

7.68
cr N

τ = ⋅     (1)

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 R2 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]:

.т п k
da f daN A t K V= ⋅ ⋅ ⋅    (2)

Fig. 13. Dependence of the speed of vibration- convective 
drying N of pumpkin seeds on the critical drying time τcr

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:

5 1.74 0.33 0.3661, 016 10 .p da f daN t K V− −
⋅= ⋅ ⋅ ⋅ ⋅   (3)

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

– coolant temperature 40 °С<tdа<60 °С;
– coolant velocity 0.40 m/s<Vdа<1 m/s;
– drying chamber filling factor 0.25<Kf<1.
The confidence factor of linear approximation R2 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:

– Kf=0.75, typical for most vibration machines; 
– А=18 mm, corresponds to the largest pumpkin seed size; 
– Vda=0.6 m/s, sufficient for the drying agent to access 

the surface of each seed without affecting its trajectory; 
– tda=50 °С, provides a thermal effect on pumpkin 

seeds without exceeding the maximum allowable heating 
temperature.
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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 tda=50 °С, which corresponds to the maximum 
permissible heating temperature of seeds th2=46.7 °С, at 
which the grain retains the conditioning values of germi-
nation ability and germination, coolant velocity is 0.6 m/s, 
vibration acceleration Аω2=138 m/s2, filling factor of the 
drying chamber Kз=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 °С<tdа<60 °С; cool-
ant velocity is 0.40 m/s<Vdа<1 m/s; drying chamber filling 
factor is 0.25<Kf<1.
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1. Introduction

Increasing the productivity of livestock bio-objects is an 
important and quite complex economic problem. Its com-
plete or partial solution requires systematic fundamental re-

search and applied developments aimed at the construction 
of the theoretical foundations of automated environmentally 
safe and resource-saving electro-technical complexes. These 
complexes ensure the thermal mode of the microclimate of 
production premises and structures and determine optimal 
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Запропонована нагрiвальна система 
для прогнозування теплового стану, кон-
тролю та регулювання обiгрiву техно-
логiчно активних зон виробничих споруд. 
Це дає можливiсть забезпечити якiсний 
рiвень дотримування стандартiв тепло-
вого режиму у виробничих спорудах 
завдяки застосування енергозберiгаю-
чих багатофункцiональних систем бага-
торiвневої системи обiгрiву. При цьому 
обiгрiвнi прилади резисторного типу 
розташованi нижче рiвня пiдлоги, при 
живленнi їх нагрiвачiв вiд традицiйних i 
нетрадицiйних поновлювальних джерел 
енергiї.

Проведено моделювання теплових 
процесiв в нагрiвальнiй системi, яке зве-
дено до рiшення задачi теплопровiдностi 
в системi плоских шарiв. Складовою 
частиною цього рiшення є визначення 
температури поверхнi пiдлоги у виглядi 
функцiонального ряду, що встановлює 
зв'язок мiж стандартами на нагрiван-
ня поверхнi пiдлоги й потужнiстю енер-
гопотокiв у багаторiвневiй системi обi-
грiву. Такий пiдхiд дозволяє реалiзувати 
структурно-функцiональне керування 
енергопотоками й при цьому забезпечити 
оперативнiсть i точнiсть дотримування 
заданих стандартiв теплових параме-
трiв мiкроклiмату технологiчно актив-
ної зони виробничих споруд рiзного функ-
цiонального призначення

Ключовi слова: формування заданого 
режиму мiкроклiмату, електротепловi 
процеси, теплопровiднiсть, грiюча пiдло-
га, трубчастi нагрiвачi
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