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that during the impulse force of relative and absolute trajectories of motion and acceleration, Coriolis forces,
inertia, friction, and friction, when the rotation speed of the drum or rotor increases, the deformation of grains
weighing 0.03-0.06 g with a transverse diameter of 3-5 mm within the range of 600-700 rpm is 0.015-0.035 mm,
and damage increases significantly due to a decrease in seed strength, stress and force. Microtrauma at drum
speeds of 700 to 1,000 rpm increases almost 9 times, and at rotor speeds 3 times. Microtrauma of Fortuna seeds
before harvesting was 4.5%, and after unloading 56.2%, and for Yuvileina seeds 5.1% and 59.3%, respectively.
There was no macro-damage to the seeds of either variety before threshing, but after unloading the grain from the
combine harvester's hopper, it amounted to 7.3% and 6.2%. Damage by microorganisms, in particular Fusarium in
the Fortuna variety after threshing, increased to 40.1%, Helminthosporium to 24.3%, Septoria to 13.6%, Alternaria
to 4.6%, and in the Yuvileina variety to 18.2; 13.0%, 11.8% and 3.9%, respectively. During the threshing process,
damage, injury and microorganisms affected the quality of the seeds, in particular in the Fortuna variety, the purity
at unloading was 96.2%, the number of weed seeds per 1 kg was 281, and the germination rate was 92.1%. The
weight in grams was 44.0, the specific weight was 741 g/litre, the raw gluten content was 24.6, and the protein
content was 14.7. Accordingly, for the Yuvileina variety, these indicators were 95.0; 170; 94.8; 44.4; 740; 23.1; 13.7.
The moisture content of the grain mass after harvesting both varieties was within the range of 14.6 and 14.3%

Keywords: force; impact impulse; speed; grain; microtraumas; microorganisms; yield

INTRODUCTION

Achieving high yields of winter wheat and ensuring
gross grain production in Ukraine of over 100 million
tonnes will significantly improve the economic and fi-
nancial capacity of the state and at the same time con-
tribute to meeting the comprehensive food needs of
the population, in particular with high-quality products
of various types of bread, various baked goods, pasta,
confectionery, etc. Over the past few years, gross har-
vests have reached more than 60 and even 70 million
tonnes, with an average yield of more than 50 centners
per hectare, However, in order to increase these indica-
tors, it is necessary to improve the quality of seed ma-
terial by reducing damage and microtrauma to seeds
at the technological stages of harvesting, processing,
transportation, storage and processing, i.e. by improv-
ing and modernising technical means.

It should be noted that some modern technologi-
cal lines and agricultural machinery are metal-inten-
sive, bulky and expensive, and the level of injury and
damage to grain is high, Therefore, both in theory and
in practice, it is important to scientifically substantiate
the results of theoretical, experimental and production
research on the impact of working parts of machines
and equipment on the injury and quality of grain seeds
throughout the entire technological process of their
cultivation. The results of experimental and produc-
tion research by D. Derevjanko et al. (2020) show that
damage and injury during the technological process
by various working parts during threshing, i.e. reapers,
conveyors, threshing units, and sieves, reach 20%, and
sometimes more than 40% due to the biological condi-
tion of the plant, humidity of 20-25%, weed infestation,
the preparedness of units and aggregates, and the pro-
fessionalism of operators. and when a grain weighing
0.005 g falls onto the surface of a working body rotat-
ing at a speed (o) of 6 rad s, it causes tangential defor-
mation of the seed in the plane O, & 1, which is 0.021
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and 0.025 mm. An increase in the linear U and angular
parameters © with a decrease in angular velocity over
a certain period of time indicates damage to the seed
parameters. Therefore, when the seeds pass over the
surface of the combine’s threshing apparatus, which ro-
tates at a speed of 700-800 rpm and above, there is an
increase in deformation and injury, which contributes to
a decrease in grain quality.

External factors, including climatic and soil condi-
tions, are important components of plant growth and
development throughout the growing season and sig-
nificantly affect the size and quality of the crop (Tal-
war et al.,2023). The impact of the working parts of var-
ious technical means during the technological process
of plant development reduces the germination and oth-
er quality indicators of seeds, while limited soil mois-
ture, light, and temperatures below 15°C have a nega-
tive effect on seed germination efficiency, resulting in
low crop quality and quantity. Production, experimental
and laboratory studies show that the impact of work-
ing parts on seed damage during sowing sometimes
reaches 20% or more, depending on the interaction of
different working parts (Yu et al,, 2020). Studies of the
impact of working body surfaces when seeds weighing
0.04-0.006 g hit the working surfaces while rotating at
a speed (o) of 6 rad s contribute to the occurrence
of deformation and the formation of cracks to a depth
of 0.25-0.75 mm, and the influence of microorganisms,
which reduces the quality of the grain material, and the
working parts are located at an angle of 10-15°, which
move the seeds and, during drying, increase seed dam-
age.According to J. Mellmann et al. (2018), temperature,
temperature fluctuations, light and mechanical stress,
if they exceed the optimal values, for example, temper-
atures above 25°C or below -20°C for a long time, also
have a negative impact on damage, quality and yield of
grain crops.




The use of reliable, timely, accurate, cost-effective
and environmentally safe methods for assessing seed
quality is indicated by S. Stepanenko et al. (2024) point
to the use of reliable, timely, accurate, cost-effective,
and environmentally safe methods for assessing seed
quality, as well as the creation of a structural model
of the separation process and the development of a
criterion equation that includes quality indicators, al-
lowing for the assessment of grain damage under the
influence of key factors such as impact force, force mo-
mentum, elasticity modulus, density, etc. The influence
on the efficiency of separation and, accordingly, on the
quality of the seeds obtained is highlighted in the study
by V. Bredykhin et al. (2021) on the parameters of the
pneumatic vibration and centrifugal separation process,
which is critically influenced by the circular rotation fre-
quency of the cylindrical working surface, the frequency
and amplitude of its oscillation, which are within the
range of ®=24-25 rad/s and © =15.0-15.6 rad/s, and
the air velocity is V=2 m/s.

Scientific evidence of the impact of technical
means on the quality of seeds with the lowest biolog-
ical potential is provided in the studies by V. Bredykh-
in et al. (2023), which propose mathematical models
of the technological processes of loading grain eleva-
tor buckets, the nonlinear dynamics of a multiphase
medium on the disc spreader of a vibrating separator,
and the separation of seeds by density in a pneumatic
fluidised bed. Technical features of seed calibration on
screens with Cassini oval-shaped holes, etc. are pro-
vided. Researchers O. Pivovarov et al. (2023) propose
innovative methods for assessing the quality of grains
of various crops and provide a description of modern
laboratory equipment that allows determining the na-
ture, moisture content, purity, vitreousness, and mass
of grains and legumes from the perspective of inno-
vative methods. The authors K. Szwedziak et al. (2023)
indicated in their research that harvesting, transporta-
tion, and storage technologies affect seed quality, and
the use of electrical engineering support allows for the
detection and selection of image elements. The study
describes the development of a technology for evalu-
ating grain in storage using electrical engineering and
computer technology.

In connection with the research results considered,
on the basis of which it is possible to study the phys-
ical, mechanical, technological and biological charac-
teristics of seeds and the operation of machines and
technologies, it is possible to improve the operation of
working parts in interaction with grain material, reduce
damage and injury, and significantly improve seed qual-
ity. The aim of the study was to justify the improvement
of the quality of seeds of new modern high-yielding va-
rieties of winter wheat of Ukrainian selection by reduc-
ing its macro-and micro-injuries and damage at various
stages of the harvesting process, i.e. before threshing,
in the reaper, in the threshing machine, on the sieve,
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during the operation of the transport working parts of
the LEXION 770 combine harvester.

MATERIALS AND METHODS

A LEXION 770 combine harvester (Germany) was used
to harvest winter wheat (Fig. 1).

Figure 1. General view of the LEXION 770 combine
harvester during the harvesting process
of Yuvileina winter wheat
Source: CLAAS (n.d.)

This combine harvester is equipped with a
high-performance, powerful and fuel-efficient engine
from Mercedes-Benz, which uses an individual cylinder
feed system with solenoid valves in combination with
an electronic control system (Fig. 2).

Figure 2. General view of the engine
Source: CLAAS (n.d.)

Features of the threshing system of this combine
harvester model with a pre-accelerator, significant
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acceleration of grain mass movement up to 20 m/sec,
and an effective separation device equipped with a
multi-finger system ensure high productivity and effi-
ciency of the machine (Fig. 3).

Figure 3. Special threshing unit on MSS
Source: CLAAS (n.d)

The LEXION 770 combine harvester features the in-
novative MULTI CONTOUR system for efficient control
of the swivel frame and adjustment of the cutting angle
depending on the position of the bridge, ensuring that
all process control functions are performed (Fig. 4).

Figure 4. Innovative MULTI CONTOUR system
Source: CLAAS (n.d)

Figure 5 shows the latest equipment for more even
distribution of cut mass in the combination of stalks
and grain for better feeding and threshing.

Figure 5. Equipment for uniform mass distribution
Source: CLAAS (n.d)
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Theoretical research and calculations were per-
formed by mathematical modelling of the working
parts of the technical device and technological pro-
cesses using the basic laws of mechanics, modern
methods of computer calculations for constructing a
system of differential equations, graphical definitions,
integrations, transformations, etc. When compiling dif-
ferential equations of relative motion of seeds on the
working surface, its motion in the absolute coordinate
system was considered, for which the methodology of
Academician P.M. Vasylenko (1960) (1) was used. In this
regard, a polar coordinate system (R, ©) was chosen, in
which the absolute velocity is calculated from the ex-
pression:

V, =VR%+ R262, 1)

where R - the radial component of vector V ; R - the
tangential component of vector V.

To differentiate the equations of seed movement,
Lagrange equations of the second kind were used in
accordance with the research objective of reducing
seed damage and injury, to improve its quality at var-
ious stages of the threshing process on this combine
harvester of modern, high-yielding varieties of winter
wheat of domestic selection, for which it is necessary
to substantiate and perform theoretical calculations of
the influence of the working parts of the combine har-
vester on the deformation and injury of seeds, the im-
pact of various types of injuries on the breaking force
and maximum stress, the impact of the rotation speed
of the working parts of threshing machines on the in-
jury and quality of seeds of new, modern high-yield-
ing varieties of winter wheat in the soil and climatic
conditions of the central part of the Right-Bank For-
est-Steppe of Ukraine. To this end, new designs with
rubber-coated threshing apparatus beaters were im-
proved and proposed, and laboratory equipment was
manufactured to study the effect of mechanical factors
on the strength, damage and microtrauma of cereal
crops, in particular winter wheat. The motion of the
applied mechanical system, which at the initial mo-
ment of time (t=0) was oriented along the Ox axis and
begins to move from a state of rest, is described by
Lagrange equations of the 2™ kind:

d

G- =als=T8) ©)
where T - the kinetic energy of the mechanical sys-
tem; g, - the generalised coordinate; s — the coordinate
number; Q, - the generalised force corresponding to
the generalised coordinate g..

The kinetic energy of a mechanical system is calcu-
lated as the sum of the kinetic energies of each link in
the system:

T =2 T = Zim G+ 9D + Lol (3)




where /, - the moment of inertia of the /-th link relative
to the vertical axis passing through its centre of mass;
w,=f, - the angular velocity of rotation of the i -th link;
X, y; - the projection of the velocity vector of the centre
of mass of the j-th link of the system.

The coordinates of the centre of mass of the i-th
(i=2,4) link can be expressed in terms of x,,y,, the coor-
dinates of the centre of mass and the angles of rotation
of the previous links and the given parameters:

Dependencies (4)-(6) can be written in general form:
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xy=x1—(l1—a;)cos By — a, cos B, ,
y2 =y —(l1—ay)sin By — a, sin :32:] *)
x3=x,—(ly—ay)cos f;—1,cos f,—ascos 5,
y3 =y1 —(li—ay)sin By =1, sin B, — a3sinﬂ3,] ©)
x4,=x1-(l4-a;)cos f;-1, cosﬁZ—l3cosB3—a4cosﬁ4,}
(6)

vy =y -(l4-a)sinB-1, sinf,-1;3sin f3-a,sin B, .

x;=x1-(l4-ay) cos B,-a; cos ,Bi—zg;lzljcos B,

yi=y;-(l;-ay)sin By-a; sin B-X523 1 sin B}, (i = 2,4). (7)

Taking derivatives with respect to time from expressions (7), determine the velocities of the centres of mass

of the system links:

% =%1+(l-ay) Bysin By+a; B sin By + L2 LB sin B,

=y, —(ly-a;)Bcos Bi—aiB; cos i — Xizi 1, cos B, (i =2,4).

Substituting (8) into (3),an expression for the kinet-
ic energy of the system is obtained:

T=>[m,G2+y)) +1,52+
+ X, (m G2 + 92 + 1,67)]. ©)

The basis of elastic strength theory is the strength
criterion, whereby the onset of a dangerous condition
in a specific location under the action of stress and load
causes damage to increase, i.e. the intensity coefficient
reaches a critical value. Over time, the growth and ac-
cumulation of forces in the plastic deformation zone
causes numerous microdamages, which is the begin-
ning of crack formation and then destruction. The stress
intensity factor k,, egulates the intensity and zone of
plastic deformation, since strength depends on crack
formation and the safety factor, i.e:

(10)

where [ - deformation distance, and ¢ - permissible
stress.

Experimental and production studies of the im-
pact of combine harvester working parts on macro-
and micro-damage to grains of modern winter wheat
varieties Fortuna and Yuvileina were conducted at the
“Dnipro” agricultural enterprise in the Cherkasy region
by selecting wheat samples in 2023 at various stag-
es of the technological process during threshing. The
authors determined the damage and its impact on the
main quality indicators, namely purity, germination,

(8)

moisture content, seed weight, nature, etc., as well as
damage by microorganisms, at the regional agricul-
tural seed laboratory. Experimental studies of plants
(both cultivated and wild), including the collection of
plant material, complied with institutional, national
and international guidelines. The authors adhered to
the standards of the Convention on Biological Diver-
sity (1992).

RESULTS AND DISCUSSION

The emergence of resistance to injury and damage to
seeds during threshing is associated with the action of
external and internal factors that cause the displace-
ment of organic matter from stresses and an increase
in the distances between individual particles, which
weakens strength and is the beginning of the forma-
tion of a rupture. This process consists of the onset of
destruction, i.e. the physical characteristics of destruc-
tion and the mechanics of destruction, which have
different patterns that are not yet sufficiently studied,
and the correlation between microtrauma and mac-
rodestruction is very important from the point of view
of grain destruction theory and strength theory. Thus,
the strength of the seed depends on the force, stress
and occurrence of a crack, and its growth leads to dam-
age and macrotrauma. Experimental studies show that
force and stress affect cracks and damage and increase
the stress intensity factor (Fig. 6).

Damage and injury to the embryo, seed coat, and
endosperm affect seed strength, while stress, deforma-
tion, and applied force lead to micro-damage and rup-
ture (Table 1).
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Figure 6. Dependence of seed destruction force (a) and stress value (b) on the degree of destruction
Source: developed by the authors based on own research

Table 1. Dependence of seed strength on damage

Type of damage Damage due to force P,N Damage due to deformation Al, mm Stress value, Y,V
Cracked embryo 474 0.17 5.55
Damaged endosperm 79.1 0.27 7.15
Injured embryo 85.2 0.25 7.0
Damaged seed coat 96.1 0.24 7.45
Injured seed coat and embryo 105.4 0.23 7.90
Damaged seed coat of endosperm 105.2 0.25 7.95
No damage 105.5 0.29 8.55

Source: developed by the authors

The results obtained, presented in Table 2 in per- of the combine harvester’s working parts (x, rpm), indi-
centage values of seed microtrauma (y,)Jand damage cate a proportional dependence on the increase in the
(v,),which depend on the increase in the rotation speed  number of damages.

Table 2. Microtrauma and damage to seeds depending on the rotation speed of the working part
Drum-type threshing machine

X 700 800 900 920 950 970 1,000

A 0.8 0.84 1.45 1.51 3.35 5.40 7.05

A 27.0 28.15 29.50 33.15 40.40 50.15 54.25
Rotary type threshing machine

X 700 800 900 920 950 970 1,000

A 0.12 0.25 0.34 0.45 0.35 1.15 3.05

A 29.15 34.40 36.10 39.20 42.10 46.65 47.15

Source: developed by the authors

The investigation regarding the influence of force 7
on injury and damage to the seeds according to the the-
orem of change in momentum during impact interac-
tions between working parts and grains in projections
on the axes of the Cartesian coordinate system, the ex-
pression will be as follows:

mV,, —mVy, = S,(t)
_ - : (11)
mV,, —mV,, =5,

During the passage of the grain heap between the
blades of the drum apparatus, the trajectory of the grain Figure 7. Scheme of speed dynamics
can be presented according to the diagram (Fig. 7). Source: developed by the authors

Scientific Horizons, 2025, Vol. 28, No. 9




After performing calculations according to the dy-
namics diagram (Fig. 2), expression (11) took the fol-
lowing form:

0—Viycosp =S,/m
=V, = Vysinp =S, /m, (12)
where f - the angle of grain mass entry into the drum.

Continuing the calculation yielded:

% = VZcos?f + V2 +VZ2sin2p + 2V, V,sinfs . (13)

During the threshing process using a rotary com-
bine harvester, the path of the seeds is as follows (Fig. 8).

Yy

Voo

Figure 8. Diagram of the dynamics of movement speed
Source: developed by the authors
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In this regard, the expression will be as follows:

V,sinae — Vycosfp =S, /m

—2V,cosa — Vysinf = S, /m. (14)
Continuing the calculation yielded:
% = JVZsin?a + VZcos2f—2V, V,sina - cosf +
J+VEcosa + VEsin2B + 2V, V,sinf - cosa . (15)

Analysis of the calculations showed that the impact
forces in the drum apparatus have advantages over the
rotary one,therefore damage and injury will be more se-
vere. Experimental studies of various threshing devices
of a grain combine harvester are presented in Table 2 in
the form of percentage values of microtrauma to seeds
(function y;) and damage (function y,) depending on
the rotation of the drum and rotor (rpm). An analysis of
these data indicated that increasing the revolutions of
both apparatuses promotes a rise in injury and damage
to the grain, but the grains are more heavily injured and
damaged in the drum apparatus. The data in Table 3
showed that embryo injury for the Fortuna seed variety
increases from 3.7 to 6.0%, and that of the Yuvileina
variety from 3.3 to 6.2%.

Table 3. Winter wheat seed injury during harvesting in percentages

Macrotrauma
Farm Variety Research stage Embryo Total injury No damage Macrotrauma
Crushed Damaged

- At the root 0 0 4.5 95.5 0
S During harvesting 2.1 3.7 21.5 78.5 31
= After threshing 38 42 416 584 45
§1 Fortuna After screening 4.2 4.9 44.4 55.6 5.2
< In the bunker 4.9 5.5 53.4 46.6 6.1
f:“ After the bunker 5.8 6.0 56.2 438 73
g At the root 0 0 5.1 95.9 0
=LO). During harvesting 2.7 33 212 78.8 2.7
§ . After threshing 3.8 4.4 50.3 49.7 3.8
c Yuvileina -

(&) After screening 4.9 5.1 522 47.8 4.9
T In the bunker 5.6 5.9 57.6 424 5.6
- After the bunker 6.2 6.2 59.3 407 6.2

Source: developed by the authors

The total number of microtraumas in Fortuna seeds
increased by 51.7%, i.e. 43.8% were undamaged, while
for Yuvileina seeds these figures were 54.2% and 40.7 %.
Macrotrauma increased to 7.3% and 6.2%, and embryo
damage to 6.0% and 6.2% for both varieties, respective-
ly. Thus, injury and damage to grains is observed in both
varieties, but with a slight difference, i.e. the resistance
to damage and destruction of these varieties is almost
at the same level. The research data (Table 4) showed
that during the harvesting of winter wheat, the purity
of seeds and the amount of weeds before the clean-
ing system was more than 3-4 times higher, and after

the combine harvester’s cleaning screens, the purity
remained at 96.5-95.0% and 281-270 weed seeds per
1 kg of grain mass until the end of harvesting. Germina-
tion during the technological process decreased from
95.1-97.7% to 92.1-94.8% due to the influence of con-
tamination, injuries and damage, especially to the em-
bryo, on which it primarily depends. Moisture content
during harvesting decreased from 15.8-15.4% to 14.6-
14.3% due to the separation of impurities, especially
raw weed seeds, chopped straw, chaff, weed stems,
and drying due to air movement, blowing, and mixing.
The weight, naturalness and vitreousness of the seeds

Scientific Horizons, 2025, Vol. 28, No. 9
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decreased at all stages of harvesting, while the amount
of protein and gluten increased from 13.1% and 21.4%

before harvesting to 14.7% and 24.6% after threshing,
i.e. after unloading from the bunker.

Table 4. Influence of injury on winter wheat seed quality during harvesting

z 8 2 & 5 5 5= 3 g 2 g
Es 5 £ 3 g 5 BE £ 5 5 5
L 3 & 5 g £ 5 33 g 3 B °

g * 2 g 2 g3 z & = g

[ é o 2 = & s &
. At the root 98.6 101 95.1 15.8 46.5 769 83.1 139 22.8
§ o During harvesting 974 188 94.5 15.1 46.4 761 81.2 142 233
g § After threshing 96.8 415 93.3 15.0 45.5 757 78.1 144 24.1
qGJ\ US_ After screening 96.5 291 92.0 14.9 444 449 76.7 144
< In the bunker 96.7 286 92.5 14.8 444 750 75.2 14.5 243
ﬁ After the bunker 96.2 281 921 14.6 44.0 741 74.7 147 24.6
E‘ At the root 98.9 103 97.7 154 46.1 770 66.7 131 214
::).  During harvesting 98.1 190 96.2 15.0 45.6 761 66.0 13.2 216
= E After threshing 96.2 320 96.0 14.6 451 755 65.1 133 219
:5 S After screening 95.8 255 95.8 14.5 44.0 753 64.2 134 220
= = In the bunker 95.7 250 95.0 144 44.8 750 59.1 13.6 22.5
& After the bunker 95.0 170 94.8 14.3 44.4 740 58.4 13.7 23.1

Source: developed by the authors

Damage by microorganisms (Table 5) during the
harvesting process occurred in both varieties, but
higher values were observed in the Yuvileina vari-
ety, because the damage here is also greater. The
prevalence of Fusarium before harvesting was 2.8%,

Helminthosporium 0.3%, Septoria 0.1%, Alternaria
0.2%, and after harvesting these figures were 42.2%,
23.4%, 14.9 and 7.7, respectively, indicating a signifi-
cant increase. Thus, damage and microorganisms have
a negative impact on the quality of seed material.

Table 5. Winter wheat seed damage by microorganisms during harvesting in percentages

Fl
f..g“ ‘% Research stage Fusarium Helminthosporiosis Septoria Alternaria Mould fungi
>
1 2 3 4 5 6 7
. At the root 2.9 0.3 0.2 0.1
S.% During harvesting 19.0 154 71 2.7
a2 2 -
sS85 After threshing 14.3 19.3 8.8 38
i Q % UB_ After screening 28.1 18.5 10.6 4.1
o In the bunker 40.3 204 14.0 5.1
After the bunker 40.1 24.3 13.6 5.6
1 2 3 4 5 6 7
= At the root 2.9 0.3 0.1 0.2
S2 o  During harvesting 213 17.2 7.2 33
(0]
g ] E After threshing 17.2 20.6 9.7 5.1
2 g8 3 After screening 30.5 211 124 6.0
a E > In the bunker 41.4 215 14.5 7.5
et After the bunker 42.2 234 14.9 7.7

Source: developed by the authors

Thus, the results of the studies show that the
working parts of drum and rotary threshing machines
affect the injury and development of microorgan-
isms, and in combination and interrelation affect such
quality indicators as purity, germination, weight, nat-
uralness, vitreousness, protein and gluten, etc. These

Scientific Horizons, 2025, Vol. 28, No. 9

indicators are decisive for the characterisation of seed
material in terms of yield potential, as well as for the
taste and nutritional properties of food, which are
the basis of human energy and health. A significant
contribution to the theoretical scientific research on
the interaction and influence of the working parts of




various machines and mechanisms was made by
Ukrainian scientists P.Vasylenko (1960), P.Zaika (2006),
L. Tischenko et al. (2011), who developed the theoret-
ical foundations of the interaction of working bodies
and materials, in particular grain, optimal operating
modes of machine working bodies during harvesting
and post-harvest processing,and vibrating screen sep-
aration of bulk materials.

Research by V.M. Arendarenko et al. (2020) on
the movement of grain material on inclined surfac-
es of working bodies and experimental studies by
T. Samoylenko et al. (2021) on the movement of grain
material on inclined surfaces of working parts and the
experimental studies of T. Samoylenko et al. (2021)
show that the speed of material movement, the rota-
tion of working surfaces, the angle of inclination of
working bodies, and the movement and placement of
grain mixtures and seeds on them, in particular taking
into account their biological characteristics, moisture
content, purity, and other factors, affect productivity
and efficiency. Similar theoretical and experimental
studies by V. Bulgakov et al. (2023) on the impact in-
teraction of grains with working surfaces and their ef-
fect on seed damage and quality during technological
processes of grain pile processing, transportation and
other operations confirm other experimental, labora-
tory and production results. The results of studies by
. Strona (1974), T. Samoylenko et al. (2020) confirm that
during the processing of grain piles after threshing, the
inclination of working surfaces at an angle of 10° or
more, the speed of working parts exceeding 5-7 m/s,
and the rotation of working parts exceeding 600 rpm
increase the damage to grain seeds. Damage to cere-
al seeds increases depending on their biological and
physical properties.

Research data from D. Derevyanko et al. (2023) sub-
stantiate a series of experimental influences of working
parts on damage and microtrauma to winter wheat and
rye seeds during harvesting, with these indicators reach-
ing 20% or more, and during post-harvest processing,
sometimes more than 40%, and during sowing, 12-16%,
which significantly affects the quality of the grains. Re-
searchers V. Zabrodin and M. Sukhanova (2019) confirm
the impact of working parts of technical equipment
during seed movement on its damage, which reaches
20-22%, as well as a decrease in the germination of
cereal crops, on which the quality of the future harvest
fully depends. Authors J. Mellmann et al. (2018) inves-
tigated the impact of technological processes during
the processing and drying of grain crops under differ-
ent conditions with different mechanical loads, energy
costs, the influence of special conditions, temperature
fluctuations, light, moisture and oxidation in combina-
tion with the interaction with the working surfaces of
machines and equipment, seeds are damaged, micro-
traumatised and their quality, especially germination,
is reduced. Analytical studies on germination, growth
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energy, and the effect of temperature on fodder crop
seeds were conducted and confirmed such an effect on
these indicators by W. Chaleb et al. (2021) and V. Olek-
siak et al. (2023). In addition, the authors S. Bayram et
al. (2024) showed the negative impact of salinisation
on plant growth and development, and |. Buranji et
al. (2019) confirm a decrease in germination with an
increase in soil acidity. The justification of the impact
of the parameters of individual working elements of
technical means during the transportation of grain
materials, conducted by A. Rucins et al. (2024) and the
assessment of the level of damage and injury to grain
in the studies by O.M. lvanov and K.V. Simonov (2021)
indicate their impact on seed injury, which in turn will
affect its quality.

In general, studies by various researchers indicate
the relevance of studying the impact of various factors
of external and internal characteristics of grain varie-
ties, in particular different varieties of winter wheat,
soil and climatic factors, especially soil fertility, mois-
ture, acidity, soil and air temperature regimes, light and,
of course, the impact of working parts of machines and
equipment in interaction and interconnection on mi-
crotrauma, damage by microorganisms and seed quali-
ty, which significantly affects the yield and gross grain
production in Ukraine.

CONCLUSIONS

Theoretical studies of injury and damage to seeds of
modern, new, high-yielding varieties of winter wheat of
domestic selection by the working parts of the foreign
grain combine LEXION 770 occur due to additional
forces, stress and deformation, which is a condition for
the accumulation of microtraumas and the creation of
mandatory causes of microtrauma and destruction. The
process of the onset of injury and destruction depends
on soil and climatic factors, external and internal forc-
es, deformation, biological condition, quality, especially
moisture content, mass, the presence of protein and glu-
ten, etc. Increasing the speed of the combine’s working
parts from 700 to 1,000 rpm led to an increase in the
number of microtraumatised seeds from 27.1% to 54.3%
in the drum threshing machine,and in the rotary thresh-
ing machine, this increase was 18%. Thus, the working
surfaces of the rotor have a mitigating effect on the op-
erating mode by 9.1% compared to the drum thresher.

Experimental, production and laboratory studies
show that during the technological process of har-
vesting, microtrauma to Fortuna seeds increased from
7.5% to 56.2%, i.e. 43.8% were undamaged, while for
the Yuvileina variety, it increased from 5.1% to 59.3%,
meaning that 40.7% of the seeds remained undamaged,
i.e. 3.1% more seeds of this variety were damaged than
the previous one, but in general, these varieties are
more resistant to damage than other varieties. Damage
to grains has a significant impact on seed quality in-
dicators during the threshing process. In the Fortuna
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variety, purity decreased by 2.4%, moisture by 1.2%,
weight by 2.5%, and specific weight by 28 g/litre, while
for the Yuvileina variety, they decreased by 3.9%, 1.2%,
2.7%, and 30%, respectively. The data obtained show a
slight advantage of the impact of damage on the qual-
ity of the Yuvileina variety seeds, and in general, these
indicators are more positive compared to others that
were previously conducted in studies.

The results of laboratory studies show that the
technological process and injury significantly affect the
growth of damage by microorganisms (Table 5), when
before the start of harvesting the amount of Fusarium
was 1.9%, Helminthosporium - 0.3%, Septoria - 0.2%,
alternaria - 0.1% in the Fortuna variety, while in the Yu-
vileina variety these values were 2.8%, 0.3%, 0.1% and

dependencies, experimental and production and labo-
ratory studies of the effect of the working parts of a
grain combine harvester on modern varieties of domes-
tic selection have a negative impact on microtrauma,
damage and seed quality of both varieties of winter
wheat. The drum-type working parts of grain combines
have a greater negative impact than rotary ones, but
all working parts have a certain negative effect on the
deterioration of quality indicators. Further research
should be aimed at substantiating the impact of work-
ing parts of technical equipment on seed quality, im-
proving machine designs using modern materials, and
expanding experimental and laboratory tests in various
agricultural zones of Ukraine.

0.2%, respectively. After unloading the seeds from the ACKNOWLEDGEMENTS
bunker, the presence of grains damaged by microorgan-  None.
isms in the Fortuna variety was 40.1%, 24.3%, 13.6%,
and 5.6%, respectively, and in the Yuvileina variety, it FUNDING
was 42.2%, 23.4%, 14.9%, and 7.7%. The complex in-  None.
terrelationship between damage and the presence of
microorganisms contributed to a significant deteriora- CONFLICT OF INTEREST
tion in seed quality. Theoretical calculations, graphical  None.
REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]
[°]

Arendarenko, V.M., Antonets, A.V., Savchenko, N.K., Samoilenko, T.V., & Ivanov, O.M. (2020). Calculation model of
grain gravitation movement in sloping passage with discrete variable inclination angle. Scientific Progress &
Innovations, 4,273-282. doi: 10.31210/visnyk2020.04.35.

Bayram, C.S., Yalinkili¢, N.A., & Basbag, S. (2024). Investigation of germination and early seedling development
of some flax (Linum usitatissimum L.) seeds under salt stress. Manas Journal of Agriculture Veterinary and Life
Sciences, 14(1), 64-70. doi: 10.53518/mjavl.1424429.

Bredykhin,V.,Pak,A., Gurskyi,P.,Denisenko,S., & Bredykhina,K.(2021). Improving the mechanical-mathematical
model of pneumatic vibration centrifugal fractionation of grain materials based on their density. Eastern-
European Journal of Enterprise Technologies, 4(1(112), 54-60.doi: 10.15587/1729-4061.2021.236938.
Bredykhin, V.V., Bogomolov, O.V,, Slipchenko, M.V., Kis-Korkishchenko, L\V., Ivashchenko, S.G., Irkliyenko, V.I.,
Chernyaey, 0.0., & Tikunoyv, S.R. (2023). Scientific foundations of economical seed preparation with improved
biological potential. Kharkiv: Disa+.

Bulgakov, V., Adamchuk, V., Nadykto, V., Trokhaniak, O., & Beloey, I. (2023a). Experimental study of the
transportation process bulk materials of agro-industrial production by pneumatic auger conveyor. Mechanization
in Agriculture & Conserving of the Resources, 67(3), 76-78.

Buranji, ., Varga, I., Lisjak, M., Iljkic, D., & Antunovi¢, M. (2019). Morphological characteristic of fiber flax
seedlings regard to different pH water solution and temperature. Journal of Central European Agriculture, 20(4),
1135-1142.doi: 10.5513/ICEAQ01/20.4.2484.

Chaleb, W., Ahmed, L.Q., Escolab-Gutierrez, AJ., & Julier, B. (2021). The history of domestication and selection
of lucerne: A new perspective from the genetic diversity for seed germination in response to temperature and
scarification. Frontiers in Plant Science, 11, article number 578121. doi: 10.3389/fpls.2020.578121.

CLAAS. (n.d.). Retrieved from https://www.claas.com.
Convention on Biological Diversity. (1992, June).
show/995_030#Text.

Retrieved from https://zakon.rada.gov.ua/laws/

[10] Derevjanko, D., Holovach, I., Bulgakov, V., Ihnatiev, Y., & Nozdrovicky, L. (2020). Mathematical model of uniform

cereal crops seeding using a double-disk coulter. Acta Technologica Agriculturae, 23(4), 195-200. doi: 10.2478/
ata-2020-0031.

[11] Derevyanko, D.A., Polishchuk V.M., Grudovy R.S., & Derevyanko, O.D. (2023). Substantiation of the impact

interaction of grain crop seeds and their damage during movement on the surface of the oscillating
separator’s cylindrical screen. Bulletin of Uman National University of Horticulture,2,7-12.doi: 10.32782/2310-
0478-2023-2-7-12.

Scientific Horizons, 2025, Vol. 28, No. 9



https://doi.org/10.31210/visnyk2020.04.35
https://dergipark.org.tr/en/pub/mjavl/article/1424429
https://doi.org/10.15587/1729-4061.2021.236938
https://repo.btu.kharkiv.ua/items/3c8c8f21-7ed3-4108-a44e-bfd51e657082
https://repo.btu.kharkiv.ua/items/3c8c8f21-7ed3-4108-a44e-bfd51e657082
https://stumejournals.com/journals/am/2023/3/76
https://stumejournals.com/journals/am/2023/3/76
https://www.researchgate.net/publication/338071164_Morphological_characteristic_of_fiber_flax_seedlings_regard_to_different_pH_water_solution_and_temperature
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2020.578121/full
https://www.claas.com
https://sciendo.com/article/10.2478/ata-2020-0031
https://sciendo.com/article/10.2478/ata-2020-0031
https://journals.udau.cherkasy.ua/index.php/visnyk/article/view/63
https://journals.udau.cherkasy.ua/index.php/visnyk/article/view/63

Derevianko et al.

[12] Ivanoy, O.M., & Simonov, K.V. (2021). Theoretical and probability approach to the assessment of the
level of grain damage during transportation. Scientific Progress & Innovations, 2, 266-272. doi: 10.31210/
visnyk2021.02.35.

[13] Mellmann, J., Weigler, F., & Scaar, H. (2018). Research on procedural optimization and 1 development
ofagricultural drying processes. Drying Technology, 37(5), doi: 10.1080/07373%937.2018.1494186.

[14] Oleksiak, V., Stasiv, O., Baistruk-Hlodan, L., & Bilovus, H. (2023). Optimization of temperature modes for seed
germination of perennial reegrass (Lolium perenne L.). Foothill and Mountain Agriculture and Stockbreeding,
74(1),95-109. doi: 10.32636/01308521.2023-(74)-1-7.

[15] Pivovaroy, 0.A.,Kovalova, 0.S., & Koshulko,V.S.(2023). [nnovative methods for determining grain quality indicators.
Dnipro: DDAEU.

[16] Rucins, A., Bulgakov, V., Holovach, I., Trokhaniak, O., Klendii, M., Popa, L., & Yaremenko, V. (2024). Research on
power parameters of a screw conveyor with bladed operating body for transporting agricultural materials.
INMATEH - Agricultural Engineering, 74(3), 428-435. doi: 10.35633/inmateh-74-38.

[17] Samoylenko, TV., Antonets, AV., Arendarenko, V.M., & Melnyk, V.I. (2021). Modeling the impact interaction
of a grain with a flat hard surface. Engineering of Nature Management, 1(19), 63-68. doi: 10.37700/
enm.2021.1(19).63-68.

[18] Samoylenko, T.V.,Arendarenko, V.M., & Antonets,A.V.(2020). Kinematics of grain movement on a spiral device
with variable angle of descent. Scientific Progress & Innovations,1,267-274.doi: 10.31210/visnyk2020.01.31.

[19] Stepanenko, S., Myronenko, V., & Pogorily, S. (2024). Study of grain damage factors in the processes of
separation. Scientific Bulletin of the Tavria State Agrotechnological University, 14(1). doi: 10.32782/2220-
8674-2024-24-1-1.

[20] Strona, I.G. (1974). Injury of grain crops seeds and harvest. Seed Biology and Technology, 8, 122-129.

[21] Szwedziak,K.,Dolezal,P.,Tabor,S., & Ogrodniczek,J.(2023).Electrotechnical tools and computer image analysis
in assessing the quality of maize grain during storage. Agricultural Engineering, 27(1), 213-227. doi: 10.2478/
agriceng-2023-0016.

[22] Talwar, S., Bamel, K., & Prabhavathi. (2023). Impact of elevated temperature and carbon dioxide on seed
physiology and yield. Plant Science Today, 9(sp3), 85-91. doi: 10.14719/pst.2059.

[23] Tischenko, L.N., Olshanskiy, V.P., & Olshanskiy, S.V. (2011). Vibrosilicate separation of grain mixtures. Kharkiv:
Miskdruk.

[24] Vasylenko, PM. (1960). Theory of particle motion on rough surfaces of agricultural machinery. Kyiv: UASG.

[25] Yu, J., Sharpe, S.M., & Boyd, N.S. (2020). Germination and emergence of common beggar’s-tick (Bidens alba)
seeds at two different stages of afterripening as affected by environmental factors. Weed Science, 68(5), 503-
509.doi: 10.1017/wsc.2020.45.

[26] Zabrodin, V., & Sukhanova, M. (2019). Analizing interaction between seeds and pre-seeding treatmeut
machines of cyclic action. Agricultural Machine and Tehnologies, 13(5), 63-68. doi: 10.22314/2073-7599-2019-
13-5-63-68.

[27] Zaika, PM. (2006). The theory of agricultural machines (Vol. 3). Kharkiv: Oko.

Scientific Horizons, 2025, Vol. 28, No. 9

47


https://journals.pdaa.edu.ua/visnyk/article/view/1525
https://journals.pdaa.edu.ua/visnyk/article/view/1525
http://dx.doi.org/10.1080/07373937.2018.1494186
https://journals.isgkr.science/index.php/phzt/article/view/190
https://dspace.dsau.dp.ua/bitstream/123456789/8403/4/%D0%86%D0%9D%D0%9D%D0%9E%D0%92%D0%90%D0%A6%D0%86%D0%99%D0%9D%D0%86_%D0%9C%D0%95%D0%A2%D0%9E%D0%94%D0%98_%D0%92%D0%98%D0%97%D0%9D%D0%90%D0%A7%D0%95%D0%9D%D0%9D%D0%AF_%D0%AF%D0%9A%D0%9E%D0%A1%D0%A2%D0%86_%D0%97%D0%95%D0%A0%D0%9D%D0%90-2.pdf
https://doi.org/10.35633/inmateh-74-38
https://repo.btu.kharkov.ua/bitstream/123456789/978/1/11.pdf
https://repo.btu.kharkov.ua/bitstream/123456789/978/1/11.pdf
https://journals.pdaa.edu.ua/visnyk/article/view/1324
https://doi.org/10.32782/2220-8674-2024-24-1-1
https://doi.org/10.32782/2220-8674-2024-24-1-1
https://sciendo.com/article/10.2478/agriceng-2023-0016
https://sciendo.com/article/10.2478/agriceng-2023-0016
https://www.researchgate.net/publication/367105267_Impact_of_Elevated_Temperature_and_Carbon_dioxide_on_Seed_Physiology_and_Yield
https://www.researchgate.net/publication/342013072_Germination_and_emergence_of_common_beggar's-tick_Bidens_alba_seeds_at_two_different_stages_of_after-ripening_as_affected_by_environmental_factors
https://www.researchgate.net/publication/338002499_Analyzing_Interaction_between_Seeds_and_Pre-Seeding_Treatment_Machines_of_Cyclic_Action
https://www.researchgate.net/publication/338002499_Analyzing_Interaction_between_Seeds_and_Pre-Seeding_Treatment_Machines_of_Cyclic_Action

48

The impact of grain combine harvester working parts...

Bnnauve po6o4nx opraHiB 3epHOBOro kom6aiHa
Ha NowKoMXeHHS i iKicTb HaciHHA 03UMOI NweHuLui

Omutpo [epesaHKo
[lOKTOp TEXHIYHMX HayK, Npodecop
Monicbkuit HaLioHaNbHWI YHiBEPCUTET
10008, 6ynbs. Crapuit, 7, M. XutoMump, YKpaiHa
https.//orcid.org/0000-0003-1408-6274

Onena CykMaHIOK

KaHaupaT icTopMYHMX HayK, LOLEHT
[Monicbkuit HaLioOHaNbHWI YHiBEpCUTET
10008, 6ynbs. Crapuit, 7, M. XXutoMump, YKpaiHa
https.//orcid.org/0000-0003-2485-488X

PomaH lpynoBuit

KaHanpaT TexHiYHMX HayK
MonicbKUi HaLiOHaNbHWUI YHIBEpPCUTET
10008, 6ynbs. Crapuit, 7, M. XutoMump, YKpaiHa
https.//orcid.org/0000-0002-7273-9432

Hatania LiuBeHkoBa

KaHanpaT TexXHiYHMX HayK, OLEHT
HauioHanbHui yHiBepcuTeT BiopecypciB i MpUPOLOKOPUCTYBAHHS YKpaiHu
03041, Byn. lepois O6opoH#u, 15, m. Kuis, YkpaiHa
https.//orcid.org/0000-0003-1703-4306

Makcum 3aeupb

KaHamaat TeXHIYHMX HayK, OOUEeHT
MonicbKuit HauioHaNbHUI YHIBEPCUTET
10008, 6ynbs. Crapui, 7, M. XutoMump, YKpaiHa
https.//orcid.org/0000-0002-2290-1892

AHoTauif. MeTa gocnifxeHHs nonsrana B NOKPaLEeHHI SKOCTi HACiHHS 03UMMOI nNweHuui coptiB M@opTyHa i OBineliHa
LUSIXOM 3HMKEHHS AOr0 MOLIKOAXKEHHS Nif 4ac 36MpaHHa KOMOaMHOM Ha Pi3HMX CTafisX TEXHONOFIYHOrO NpOLLecy.
Ha ocHOBi koMnneKkcHOro niaxopy i B33aEMO3B%3KY KAIMAaTUMYHMUX Ta TIPYHTOBMX 0OCOBMMBOCTEN, TEOPETUYHUX
pO3paxyHKiB, MaTEMaTUYHUX MOAENeN, eKCnepuMeHTaNnbHUX, BUPOOHMYMX Ta NabopaTOpHUX LOCHiOXKEHD,
MoKasaHo BM/MB poboumx OpraHiB 3epHO36MpPanbHUX MONOTUABHUX arperaTie 6apabaHHMX i pOTOPHUX TUMIB Ha
MiKpO TPaBMYBaHH$ HACiHHA, Ta MOr0O BM/IMB HA PO3BUTOK MIKPOOPraHi3MiB i Y B3aEMO3BAI3KY Ha AKiCHI NOKa3HWUKM
HaCiHH$, Bi YOr0 CYTTEBO 3a/1€XUTb YPOXKAWHICTb KYNbTYpU. HagaHa aBTopaMm MaTteMaTUyHa MOAENb MOLKOAXKEHOI
NPYXXMHO-BI3KOI eNincoifHOi 3epHiBKM CBIAYMTb, WO Mif 4ac CUAM iMMNYNbCy yAApiB BiLHOCHOI i aBCONOTHOI
TpaekTopii pyxy Ta Aii npuckopeHHs, cun Kopionica, iHepuii, TepTa npu 36inblweHHi YyacTtotn obepTtaHHs 6apabaHa
abo poTopa npwu 3iTKHEHHi 3epHiBok Macot 0,03-0,06 r 3 nonepeyHuM fiameTpom 3-5 MM B Mexxax 600-700 o6/
xB pedopmauia ctaHoBuTb 0,015-0,035 MM, @ NOWKOAKEHHS 3HAYHO 3POCTAOTb Bifl 3HUXKEHHS MILHOCTI HaCiHHS,
Hanpy>XeHHs Ta 3ycunns. MikpoTpaBMyBaHHS npu obepTtax 6apabaHa Big 700 po 1000 36inbwyeTbcs Maike y 9
pasis, a poTopa BiAMNOBIAHO Y 3 pa3un. MikpoTpaBMyBaHHS HaciHHA copTy DopTyHa nepen 36MpaHHIM CTAHOBMIO
4,5 %, a nicna BMBaHTaxeHHs 56,2 %, a copty lOBineiHa BignosigHo 5,1 1a 59,3 %. MakpoTpaBMyBaHHS HACIHHS
nepepn o6MonovyBaHHAM 060X COpTiB BynM 30BCiM BiACYTHI TO MiCNS BMBAHTaXEHHSN 3epHa i3 6yHkepa kombaliHa
BOHM CTaHOBWAM 7,3 Ta 6,2 %. NowkooxeHHs MikpoopraHiaMamu, 3okpema @ysapiosom y copTy PopTyHa nicns
obmonouyBaHHs 3pocno fo 40,1 %, lenbMiHTOCnopio3om o 24,3 %, Centopio3oM fo 13,6 %, AnbTepHapio3om ao
4,6 %,ay copty OBineiHa BignoBigHo go 18,2; 13,0; 11,8 Ta 3,9 %.1Mif 4ac NpoXoaXXeHHS TEXHOMOrYHOro npoLecy
00MON0YYBaHHS, NOLWKOAXEHHS, TPAaBMYBaHHS i MiKpOOPraHi3Mu BNAMBaNM Ha SKiCTb HACiHHA, 30KpeMa y COpTy
MopTyHa YMCTOTa NpM BUBAHTAXKEHHI CTaHOBMNA 96,2 %, KinbKiCTb HAaCiHHSA OypHiB y wTykax Ha 1 kr-281, cxoxicTb
92,1 %.Maca B rpamax 44,0, Hatypa 741 r/niTp, cupa kneikoBuHa 24,6, a 6inok 14,7. BinnosigHo y copty HOBineiHa
i nokasHuku ctaHoeunu 95,0; 170; 94,8; 44,4; 740; 23,1; 13,7. BonoricTb 3epHOBOi Macu nicng 36upaHHa 060x
copTiB 3Haxoaunach y Mexax 14,6 ta 14,3 %
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