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APPLI CATI ON OF PM] | N ENVI RONMENTAL P
CHALLENGES, AND PRACTICAL EXAMPLES

MelnykV.I.
Kherson State Agrarian and Economic University,
National University of Life and Environmental Sciences of Ukraine

The PM|] met hodol ogy, devel oped by t|
a contemporary project management framework that integrates the structured
approach of traditional methodologies, such as PMBOK, with the flexibility of
Agil e principles (European Commi ssi on
stakeholder collaboration, aratlaptability, making it particularly suitable for
complex initiatives. In the context of environmental projects, such as ecosystem
restoration, waste management, oOr (gr eece
systematic approach to achieving sustainablebpment goals (United Nations,

2015). It encompasses four key phéseastiation, planning, execution, and
closure with a focus on artifacts like the Project Charter, Risk Log, and
Stakeholder Matrix (European Commission, 2023).

The r el ev an cenviromnfentaPgvbjectsfisodriven by global
challenges, including climate change and biodiversity loss. According to the
European Environment Agency, over 65% of environmental initiatives in Europe
face delays due to unstructured planning and insuffictakébolder engagement
(European Environment Agency, 2024). Within the European Union, projects
must comply with stringent regulations, such as Directive 2014/52/EU on
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environmental impact assessment (European Union, 2019). In Ukraine, where
environmental pjects are often funded through EU programs like
EU4Environment, PM] facilitates the i1
the 2017 Law on Environmental Impact Assessment (Ministry of Environmental
Protection, 2022). The objective ofthispaperis de monstr at e how
the efficiency of environmental projects by minimizing risks and optimizing
resources. The tasks i nclude analyzi.
reviewing practical case studies, identifying challenges, and formulating
recommendations for Ukraine. The paper is structured to provide a logical
progression from theory to practice, concluding with insights and future
prospect s. PM] is not merely a tool b
sustainable developmemnabling projects to adapt to dynamic conditions such

as climate change or regulatory updates.

Theoretical Foundations of PM] for

P M| I's grounded in best practices
European contextturopean Commission, 2023). Its core components include
phases, roles, and artifacts. The initiation phase involves creating the Project
Charter, a document that defines objectives, scope, and stakeholders. In
environmental projects, this enables cledm@ation of environmental impacts,
for instance, in land reclamation projects where the Charter includes biodiversity
metrics (Krajewska & Nowak, 2022). The planning phase employs the Work
Breakdown Structure (WBS) to decompose tasks, the Risk Log tofydesks
such as soil contamination, and the Stakeholder Matrix to analyze stakeholders
ranging from local communities to regulators (European Commission, 2023).

The execution phase focuses on Monitoring & Control, utilizing tools like
the Issue Log taréick progress. The closure phase includes the Lessons Learned
report, whi ch enhances future ©project
Manager Coordinates activities, the Steering Committee oversees progress, and
stakeholders are actively engaged tiglouregular meetings (European
Commi ssi on, 2023) . This distinguishes
bureaucratic, or pure Agile, which lacks structure for regulatory projects
(PRINCEZ2 Foundation, 2017; Agile Alliance, 2022).

Integration with environmentalt andar ds i s a key stre
with ISO 14001, which governs environmental management, enabling the
application of PDCA (Plaibo-CheckAct) cycles in projects (International
Organization for Standardization, 2015). Within the EU Green Dedl]|
supports circular economy objectives, such as waste management, where WBS
facilitates recycling supply chain planning (European Union, 2019; Van der Meer,
2024) . Technol ogi es <imehmonitormg (EgM|CO2 | o T
sensors in green energyojects), GIS for spatial planning and Al for risk
forecasting through machine | earning r
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The advantages of P M| ar e evi dent
Commi ssi on, projects using PM|] are <co
deviations (European Commission, 2023). In environmental contexts, this
translates to reduced environmental impact, with optimized resource use lowering
emissionsbhy2® 5% ( Del oi tte, 2023). PM] O06s ris
Response Plan; classifgnrisks by likelihood and impact, with mitigation
strategies (avoid, mitigate, and accept). For environmental projects, this is critical,
as risks encompass not only financial but also secaogical factors, such as
community conflicts (Project Managentdnstitute, 2021).

Table 1
Comparison of PM] with Other Methodo
Stakeholder Be_neflts for
FOCUS Envwonmental
Projects
P M| High Moderate High Alignment with EU
standards,
transparency
PMBOK High Low Moderate Detailed risk
management, less
adaptive
Agile Low High High Fast iterations, lackg
structure for
regulatory projects
PRINCE2 High Low Moderate Strict control,
bureaucratic for
dynamic ecosystem:

Methodology | Structure | Flexibility

PracticalAppl i cati on of PM] .in Environme:

Practical experience demonsworidat es
projects. Three case studies are presented below.

Case Study 1: Land Reclamation in Poland

A reclamation project for poshining areas in Séisia (20182022) utilized
P M| to restore 500 hectares of l and (
initiation phase, the Project Charter outlined objectives: reducing heavy metal
contamination by 70% and implementing reforestation. The Stakeholder Matrix
identified key playe® local communities, the Ministry of Ecology, and NGOs.
Planning involved WBS for stages (soil analysis, bioremediation, monitoring) and
a Risk Log addressing risks like weather delays, with mitigation plans
(contingency budgets) (Eysean Commission, 2023). Execution used IloT
sensors for regime monitoring. The project was completed 15% under budget,
with a 40% increase in floral species diversity (Krajewska & Nowak, 2022). This
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iI's relevant for Ukr ai ne 6d co@ddnate post r eqgi
conflict reclamation.

Case Study 2: Green Energy in Spain

A solar farm project in Andalusia (20D 02 3) appl i ed PM]
MW of capacity (Mart?2nez & L-pez, 2023
an 80,00&onne annual C® reduction. The Stakeholder Matrix ensured
collaboration with local farmers and regulators. Planning used WBS for
infrastructure (panels, grids) and a Change Management Plan to adapt to updates
in the EU Renewable Energy Directive (European Union, 2(Ri8ks (supply
chain, weather) were managed via the Risk Log. Execution included weekly
reports and Al for energy output forecasting. The project launched six months
ahead of schedule, achieving a 150% RC
PM] | sableatp gdlar farms in the Chernobyl Exclusion Zone, where
regulatory risks are significant.

Case Study 3: Waste Management in the Netherlands

A circular economy project in Rotterdam (20290 2 4) wused PM] f
waste recycling (Van der Meer, 2024)itiation involved a Charter aiming to
reduce waste by 70%. The Stakeholder Matrix engaged businesses and
municipalities. Planning included WBS for logistics and a Decision Log for rapid
decisions (e.g., supplier changes). Monitoring & Control utilized ftoTwaste
tracking (European Commission, 2023). The project reduced plastic waste by

60% and saved Ul.5 million (Van der
optimize waste sorting pilots in Kyiv or Lviv.
Chall enges: Lack o f PM] taneex prelr t i s ¢

technological barriersSolutions Training programs, EU partnerships (e.g.,
Horizon Europe, 2024).

Recommendati ons for | mpl ementing |
Perspectives

Adapting PM|] in Ukraine requires al
2017 Law on Environment al | mpact AsS s €

artifacts like the Risk Log for EIA processes (Ministry of Environmental
Protection, 2022). Recommendations include developing a national guideline
through the Ministry of Environmentd?r ot ecti on usi ng EC
(European Commission, 2023). Training programs, in collaboration with
EU4Environment, should certify project managers. Budget allocatioin 1%

of project costs for PM]| I mpl enmoaent at |
year (Deloitte, 2023).

Stakeholder engagement via the Stakeholder Matrix can coordinate
government, NGOs (e.g., EnvironmdegopleLaw), and businesses. In the
Carpathians, PM] could manage forest r

Gl oball vy, PM] idard fdr éHoriaom iEur@pe, targesng a n
climateneutral cities by 2030 (Horizon Europe, 2024). McKinsey predicts that
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P M-Jike methodologies will attract $2 trillion in green project investments by
2030 (McKinsey & Company, 20 2duging Ukr
project delays by 25% and attracting 4
and waste management (Ministry of Environmental Protection, 2022).

Conclusion

PM] transforms environmental projec
and sustainability. It minimizes risks, optimizes resources, and engages
stakeholders, contributing to the Sustainable Development Goals (United Nations,
2015). Its benefits include compliance with regulations, economic efficiency, and
reduced environmental pact (European Union, 2019). Future prospects involve

i ntegrating PM] i nto Ukraineds nation
(McKinsey & Company, 2025).
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DETERMINATION OF COEFFICIENT OF LOOSENING DYNAMICS
OF CULTIVATOR WORKING BODIES ON AN SPRING SUSPENSION

Al f shov O.
Ukrainian State University of Railway Transport

Statement of the problerfihe process of cultivation at the present stage of
development of agricultural production machinery has a wide range of soil
cultivation tools. A special place is occupied by cultivators with working bodies
on an elastic suspension, which provides a number of advantages, such as
efficiency and quality ofal cultivation (reduction of ridging, improvement of
loosening indicators, etc.) [1]. The presentation of the process of dynamic soil
loosening on the example of a cultivator with ashaped elastic stand as an
oscillatory process made it possible to ntiy a number of dynamic
characteristics of the loosening process that provide an opportunity for
optimisation.

Analysis of recent studie$he literature often considers the deformation of
an Sshaped elastic strut as consisting of four stages: theihsn the initial
position of the machine is characterised by zero velocity and no deformation in
the post; the second is characterised by the beginning of the machine's movement
with the paw deepening into the soil, which deforms the post and deflests it
much as possible in the direction opposite to the direction of the machine's
movement; at the third stage, the tine returns to its original position (soil
destruction occurs under the influence of dynamic loads and this stage is the
beginning of the gbloosening process); final soil loosening occurs at the fourth
stage, when the tine deviates in the direction of the machine movenrgint [1

The following dynamic characteristics of the elastic suspension
corresponding to the loosening process wererchated [3]:

Relative displacement of the tine attachment point to the post:

X,(t) =- %sin kt+%(/ - 1)1 cosk)

relative velocity of the tine attachment point to the rack:

(1)
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# ) =-v coskt+ KB P gy
C (2)

where,V i speed of the machine = %n I natural vibration frequency of a
singlemass systentji bending stiffness of the rackii the combined weight of

the tine and soil involved in the oscillatiorfs;:% ;117 loosening resistance
2

force before the start of the tine movemgntj resistance force at the stage of

relative movement of the tine during loosening.

The purpose of the studylhe aim of the study is to determine a
generalising indicator that summarises the main dynamic characteristics of soil
loosening.

Research result#t. is known that the soil resistance during cultivation can
be up to 800N per fnetre of cultivator working width. Given that there are 4
racks per metre of working width, we can see that each of them is subjected to a

force oft , =267 HBAt, wi t h G = {,,=320 HfMachioeetravela | u e
speedV =2 m/ s, the stiffness of theack is assumed to be equalcte 3 37 L 10
1/ m, natural vi br amasosystetk+ 27qad/e.ncy of a

Given the main dynamic characteristics of soil loosening, it is advisable to
introduce a generalised indicatothe coefficient of soil loaning dynamics,
which acts as a criterion of similarity.

Let's introduce some auxiliary parameters:

- eaD,/ - 1)
VJQx
wherew [—; Q, =mg, g acceleration of free fall.
Then the expression for the coefficient of loosening dynamics will be:

V./Q arccose -

3)

S g

Using the above theory, it is easy to determine the maximum elastic
displacement:

mn —_
I-|n’BX

=D/ ; (5)

o |0

frequency of oscillations

1 p _
T g+2b’ ()
2

where p= gC/QG , g = arccos“%.
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Under the initial conditions given above, at the machine sieed m/s,
we have the value of the coefficient of loosening dynagics 2,01,maximum
elastic movement of the paw = 29 mm, and frequency of seh‘scillations%

=34,5Hz.

Conclusions.In accordance with the theory presented, it is possible to
distinguish the main dynamic characteristics of loosening, such as the dynamic
elastic movement of the tine during one periodaifoscillations, the maximum
elastic deviation of the tine from the initial position, and the frequency of
oscillations- these indicators are significant in terms of increasing the mechanical
reliability of the units by ensuring the strength charadiesisof the working
members at the design stage. The coefficient of loosening dynamics, acting as a
criterion of similarity, should be related to the traction resistance forces of the
unit, which makes it possible to further develop the theory of calogl#ie main
parameters of working bodies and the operating mode of tillage machines and
implements. The combination of these dynamic characteristics should be used in
the formation of the theory of ensuring the technological reliability of soil
cultivation
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UDC 631.362

HYDRODYNAMICS AND KINEMATICS OF GRAIN MOTION IN A
FLUIDIZED BED OF A CONICAL VIBRO -CENTRIFUGAL
CENTRIFUGE

Stepanenk&.P, MelnykV.A.
Institute of Mechang and Automatics of Agroindustrial Production of the
National Academy of Agrarian Sciences of Ukraine

An analysis of graiseparating machines that rely on pneumatic vibro
fluidization, as detailed in a series of fundamental studies [1, 2], suggestwsethat
potential of pneumatic sorting tables has been nearly exhausted. Consequently,
further increases in the productivity of seed material separation processes can only
be achieved by using vibientrifugal machines.

The effectiveness aylindrical vibro-sieves as working components was
demonstrated in earlier works [3, 4]. However, subsequent research [5, 6] revealed
their drawbacks, leading to a justification for the use of cascading conical sieves.
Their efficiency was confirmed botheoretically and experimentally in work [5].

The existing mathematical models for vikrentrifugal separation {3]
have certain limitations: they only describe the movement of grains on a conical
surface that rotates around a vertical axis and oscillatesertical plane. These
models, however, do not account for iAfgier processes or changes in the radial
coordinate of the grain along the height of the cone. Although the movement of a
grain within a vibrecentrifugally fluidized layer has been thetbcally
considered in works [4, 6], changes in its radial coordinate, both inside the layer
and on its surface, were not included in the mathematical descriptions.

Thus, there is a need to refine the current models of seed material
separation processesimng conical rotationalibrational surfaces.

The technology for sorting seeds by density, which is the most important
quality indicator, involves preleaning and sizing on sieves and trieurs, followed
by a final separation in a conical vibeentrifugalcentrifuge. In general terms,
the vibropneumatic separation of seeds on the surface of a conical centrifuge can
be viewed as the stratification of seeds in a moving fluidized bed. This process is
a redistribution of seeds throughout the layer's thicknedsr the influence of
vibration, airflow, and centrifugal force. As a result, "light" seeds (with a density
below average) "float" to the open surface, while "heavy" ones sink deep into the
layer, toward the rotor's supporting surface. The hydrodynanterairtion
between the fluidized bed, formed by air jets, and the grain medium is a rather
complex process. Therefore, an analytical justification is a key condition for
improving the efficiency of this method of grain separation.
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Hydrodynamic drag, which body experiences when moving within a
granular medium, is comprised of two distinct forces: pressure dragaad
frictional drag 0 ).

0 0 0O
The pressure resistance forde)(can be calculated using the formula:
0 O Y
where® is the pressure resistance coefficient (or drag coefficiévity; the
characteristic crossectional area of the body being streamlined by’ais; the
density of the grain mediun is the body's velocity (or speed of the body's
movement).
Thefrictional resistance force)() is determined by the formula:
0 TGO O
where® is the frictional resistance coefficiefi@is the surface area of the grain
that is in contact with other grains and moving within the grain medium.

Based on these dependencies, the tota!‘ resistajicarf be expressed as:

R
The total resistance coefficieni)(for thebody's movement is therefore
calculated as:
v G T “O
0] w w .‘_Y
To estimate the pressure drag coefficient for bodies with poor

streamlining, let's consider the axisymmetric potential flow around a spherical
particle. It is positioned perpendicular to the flofaan incompressible fluid. The
nonviscous flow in a cylindrical coordinate systentre(f) is described by the
equations of motion:

CA

T
L T
ro To  1U
1 Ve M4

continuity equation:
Tt .. T v
— Tl —
o T a
Based on the Bernoulli equation, the pressure for our case can be
determined as: 5
n n m"oi TQ
wheren represents the pressure at the stagnation point.
The pressure force on a spherical particle is determined by the following
formula:

L W I QiQe
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Let's consider the pressure drag coefficient for the potential flow around a
flat plate, which is also placed perpendicular to the flow. In a Cartesian coordinate
system (1), the flow is described by the equations of motion amdicoity.

In a general form, the frictional resistance coefficieat) (can be
represented as the sum of three components [3]:

6 » ® ®
where @ is the frictional resistance coefficient for a body with a
hydrodynamically smooth surface is the frictional resistance coefficient due
to the overall roughness of the body's surface;crid the frictional resistance
coefficient caused by local surface roughness.

The first two coefficients are calculated based on equations derived from
boundarylayer theory for lowviscosity fluids. The third component, however, is
determined experimentally.

The frictional drag coefficient for a smooth particle streamlined by air in
the longitudinal direction can be found using the formulas presented in literary

sources [1, 3]: _ o §
o Tl G

The frictional drag coefficient due to overall roughness exhibits a different
dependency on the Reynolds number than the coefficient for a smooth surface. As
the Reynolds number increases, the value ofribgonal drag coefficient also
rises.

The Reynolds number surpasses a certain threshold, the sum of these two
coefficients becomes constant and no longer depends on Re. This phenomenon is
known as the seliimilar region with respect to the Reynolds nemhln this
region, frictional resistance becomes proportional to the square of the body's
velocity.
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The separation of cereal crops in a vipneumofluidized medium is a
crucial stage in posdtarvest processing, as it improves the quality of the final
product. This technological approach relies on differences in the physical
properties of individual particke such as density, size, shape, and surface
roughness [#4]. Unlike conventional methods, which are often based solely on
size classification, this method enables the production of fractions differentiated
by density, which is particularly important foemarating viable seeds from
lightweight impurities, as well as from damaged or immature grains.

In modern practice, computational modeling has become a key tool for
optimizing and understanding these complex processes. Instead of lengthy and
resourcentersive experiments, it allows us to investigate particle dynamics, their
interaction with the airflow, and the influence of vibration. This not only
accelerates research but also makes it possible to develop virtual prototypes of
equipment, enabling the tesy of various configurations and operating modes
without physical intervention [5].

Modeling Methodology and Extended Analysi$o investigate the
interaction between the airflow and granular material in detail, the DDPM
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(Discrete Droplet Particle Modelvas applied. This model treats the system as a
two-phase medium: a continuous gas phase (air) and a discrete solid phase
(particles).

Gas phase modelingfthe airflow is described by the NavierStokes
equations [3, 4]. To account for gasarticle interations, an additional term is
introduced into the equations, representing the drag force exerted on the gas by
the particles.

Discrete phase modelinggach particle is considered as an individual
entity, whose motion i s govequatomadf by |
motion for a given particlecan be expressed as followsqJ

a %(‘) O 5 Oy O r O i
where & is the particle mass;, is the particle velocity;O  is the
aerodynamic drag forcéQ , is the lift force;"O i Is the pressure force;
and™O i IS the gravitational force.
Interaction force dependencid$ie aerodynamic drag forc&( ) plays

a central ra@ in describing fluidization. It depends on the relative velocity
between the particle and the gas. The Syam@b Br i en model , apr
study, calculates this force while accounting for the influence of surrounding
particles.

. "¢ 8

O R T[& ) T 0 T T
where- is the drag coefficient, is the gas density; is the relative velocity
between the gas and the partitle;is the particle sphericity coefficient; aifl

is the particle diameter.
The drag coefficient depends on the particle Reynolds nunilgé&Rand

the solid phase volume fractien. According to the SyamlalO6 Br i en mod e |
can be expressed as [1]:

3 G
‘Y'Qp
Here, - is the volumetric gasconcentration (porosity)(p T );

m P

. -

while ———— signifies the Reynolds number specific to the particle.

The conducted modeling provided a visual and quantitative understanding
of the dynamics of the material's transition ftuaized state. The graph showing
the change in the soliphase volume fraction over time, as presented in Figure 1,
serves as clear confirmation of the chosen model's accuracy and its ability to
reflect the key stages of the proceBbe next step in ouresearch will be the
implementation of models for vibration and pulsating airflow. These factors have
a significant impact on the efficiency of separation and the stability of the
fluidized bed.
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Fig. 1. Drag coefficient Reynolds numbélr Q

Incorporating them will enable the creation of a more accurate and
practically useful model. This opens the way for developing a new generation of
separation equipment for the agricultural industry that operates with higher
efficiency and precision.
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RESEARCH INTO THE USE OF SPIRAL VIBRATORY FEEDERS
FOR SEED DOSING IN AUTOMATIC PHENOTYPING SYSTEMS

Elchyn Aliiev, Olexandr Chernii
Dnipro State Agrarian and Economic University

ProblemStatementModern trends in the development of @gricultural
sector require the introduction of higinecision, automated technologies for
quality control of crop seeds at the stage of their breeding [1]. One of the key
directions in this context is the automatic phenotyping of seeds using machine
vision systems [2, 3]. The efficiency of such systems largely depends on accurate
and stable seed transportation and dosing, which are ensured by appropriate
technical meand in particular, vibratory feeders.

Analysis of Recent ResearcAccording to previousstudies [3, 4], a
structural and technological scheme af automatic phenotyping system for
agricultural seeds has been developed. To improve the efficiency of such a
system, it is necessary to study the interaction between moving bulk particles and
the vibrating working element in order to determine the optimal structural and
technological parameters of the vibratory convepolarge number of scientific
works are devoted to finding optimal parameters for the process of vibratory
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transportation of various types of bulk materials. In [5], a numerical analysis of
the parameters of vertical spiral vibratory conveyors was carried out. By
introducing a nonlinear proportionderivative controller into theoretical
dependencies, optimizedbration parameters of the conveyor were obtained.
Numerical modeling of particle motion along a vibrating surface with lining was
studied in [6]. Models of load particles were created in the form of spheres with
an average radius of 0.5 mm. Simulati@sults showed that the main factors
influencing the conveying speed are the static coefficient of friction and the
rolling friction coefficient of particles on the conveyor lininQue to their
advantages, vertical vibratory conveyors are widely usednigtas conveying
machines but also as machines for additional processing of the moving load.
Another application of vertical vibratory conveyors for disinfection and
pasteurization of barley seedslamheat flour is presented i,8]. The influence

of vibrator drive parameters (the tilt angle of the vibromotor axis relative to the
horizontal, rotor rotation frequency) on the residence time of transported material
in the conveyor trough was investigated. The effect of vibration trajectory type on
conveying speed in vertical vibratg conveyors was analyzed in9]]
Experimental results confirmed that for transporting loads with a low friction
coefficient, elliptical oscillations of the avking body are required. In (],
numerical modeling using the STARCM+ platform was presented to study
sunflower seed motion along a vibrating surface with compressed air blowing.

Research ObjectiveThe aim of the study is to analyze the structural
features and operating principles of spiral vibratory feeders used fopdréng
and dosing seeds, in order to determine optimal technical solutions for ensuring
uniform and controlled seed feeding in automatic phenotyping systems based on
machine vision technologies.

Research Result§ransportationand dosing of agriculturadeeds using
vibration-based equipment have specific features and subtleties. Each type of seed
is characterized by diverse geometric, mechasteinological, and rheological
properties, which significantly affect the performance and dosing accuracy of
vibratory conveyors. Therefore, for each seed type, the structural and
technological parameters of vibratory feeders must be optim&tedcturally,
vibratory conveyors and feeders are classified by:

1 Operating moderesonant and neresonant;

1 Number of vibating massesinglemass and muHlmass;

1 Drive type eccentric, inertial, electromagnetic, electromechanical,
pneumatic;

1 Direction of transporthorizontal, inclined downward, inclined upward,
vertical, curvilinear;
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1 Type of elastic suspensiofiat metal or polymer springs, round rods,
lattice hyperboloid torsions, rubber vibration isolators;

1 Method of tuning vibration resonancehanging the number of elastic
elements, stiffness of suspension, working mass, or vibration frequency;

1 Shape of wdiing elements troughtype, bowitype (cylindrical and
conical).

The main advantages of vertical spiral bowl vibratory conveyors compared
to horizontal ones are:

1. Small footprint in production facilities;

2. Due to longer conveying timesimultaneous processes such as drying,
cooling, and orientation of loads for the next technological stage can be
performed;

3. Smooth transportation of materials difficult to move by other conveyor
types (e.q., irregularly shaped or spherical loads);

4. Constantconveying speed, which positively affects the quality of
subsequent processing stages;

5. Easy adjustment of productivity by changing vibrator drive parameters
(unbalance mass, rotor rotation frequency, input current frequency, etc.);

6. Can be used as vibraydieeders for uniform supply of artificial materials
for further processing on technological machines;

7. Minimal dust formation during transportation;

8. Simple design ensures low labor intensity during maintenance.

Promising solutions include twmass and mukmass vibratory conveyors,
which, due to their design, can create elliptical trajectories of working body
oscillations. Such oscillations increase conveying speeds of particles along the
vibrating surface. However, elliptical vibrations complicate theigmesof
vibration machines, suspensions, and vibrator drives. Therefore, the main task for
designers is to achieve higjuality, productive, and reliable vibratory machines.

An analysis of modern advances in vibratory conveying machinery shows
that there a several main technical approaches to generating elliptical oscillation
trajectories in vertical vibratory feededgcoupling the rigid connection between
the conveyorodos working body and its d
elementsspecial plaement of drive elements in vibrator mechanisms.

The review also revealed that elastic elements of vibratory feeders for
dosing bulk and smafpiece materials are often polymer or metal springs in the
form of rods or plates inclined to the horizontal. Arestividely used solution is
hyperboloid torsion suspension of the feeder hopier.main types of drives for
spiral conveyors are electromagnetic and inertial (unbalanced).

ConclusionsBased on the scientific review results, it can be stated that
vertical spiral vibratory feeders have several advantages over horizontal feeders.
The most optimal type of drive for spiral vibratory feeders used in automatic seed

95



yf m3aod cavBhmgmzRiIraeaasn XPR) daY oy

phenotyping systems is thehalanced centrifugal vibratofhe study made it
possible to systematize advances in the development of designs and methods for
improving the efficiency of vibratory feeders for transporting and dosing crop
seeds in automatic phenotyping systems.
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METHODS OF MECHANIZED DISTRIBUTION OF SOWN SEEDS
ACROSS THE SOWING AREA

Derevyanko D.A., Keert V.V., Kuskovsky O.P., Parkhomchuk M.P.,
Razmakhin D.V.
Polissia National University

The uniform distribution of seeds in a field is a key requirement for high
crop yields. When seeds are sown too densely or too sparsely, plants compete
unevenly for light, water and nutrients, leading to lower yield and poor stand
uniformity. Mechanized ®zling tools have been developed to control the number
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of seeds distributed per unit area and their spatial arrangement. Modern seeders
not only meter seeds at a specified rate but also regulate depth, row spacing and
seed to seed s p aconditogs for germmatienat e opt i mal

Mechanized broadcast seeding scatters seed across the soil surface rather
than placing it in rows. According to the Wisconsin Department of Natural
Resourcesodo silviculture handbook, me c |
prime movers (crawler tractors, skidders, ATVs, snowmobiles or other vehicles)
and use electric motors or power take
seed over the soil surface. These machines are a powered version of hand
broadcasting; the opeaatdrives across the field while the spinning mechanism
distributes the seed behind the machine. Aerial broadcast seeders mount the same
mechani sm on helicopters or fixed wit
inaccessible areas.

Advantages and Limitatian

High field capacityMechanical broadcast seeders can quickly cover large
areas; aerial seeders are especially useful for rough or steep terrain. Mechanical
seeders can be attached to tractors performing other site preparation tasks.

Simplicity and low cost.Compared with precision planters, broadcast
seeders have simple designs and are inexpensive to operate.

Poor uniformity.Broadcast seeding is difficult to control; seed distribution
depends on wind, machine speed and seed chasticker The Wisconsin
handbook notes that mechanical broadcast seeders require large quantities of seed
and leave seed exposed to insects, animals and weather. Seed is not covered
uniformly, reducing germination.

Variable depthBecause seeds remain on thface, moisture stress and
predation reduce establishment. To improve soil contact, broadcast seeding is
often followed by light harrowing or rolling (incorporation). lowa State
Uni versityods I ntegrated Crop Mangageme
with 1T ncorporationo as a 1 or 2 pass
incorporated using vertical or other tillage tools.

Broadcasting is suited for pastures, cover crops and restoration plantings
where uniform rows are not required. Aerial &loasting is used to seed large or
i naccessi bl e areas, such as post fir
broadcast seeders can also be used for overseeding cover crops into standing
crops; however, distribution may be uneven.

Drill seeding places sesdn shallow furrows at a preset row spacing and
depth. The MDPI review of intelligent seeding machinery explains that drill
seeding requires forming ditches (furrows) at uniform intervals and depositing
seeds into them. A typical grain drill consists of:

Ground driven metering mechani sm: a
seed flow from the hopper.

Furrow openers: discs or hoes cut furrows in the soil.
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Seed tubes: deliver metered seeds into the furrow.

Press wheels: close and firm the soil over the segatoving seetsoil
contact.

Advantages and limitations:

Uniform distribution and depth. Drill seeding provides more consistent
seed placement than broadcasting. lowa State University notes that drilling gives
the most uniform seed distribution and exaelte seed t o soi | con
better stands.

Lower seed rate. Because seeds are placed in rows at a specified spacing,
drill seeding requires less seed than broadcasting.

Delayed timing. On farms where drill seeding follows harvest, the
operation may be delayed beyond the optimal planting window. Delayed seeding
can reduce biomass of cover crops or yields of grain crops.

Limited flexibility in rough terrain. Drills require relatively even fields and
cannot easily operate on steep or hyghiegular ground.

Mechanized seeding has evolved from simple broadcast spreaders to
sophisticated, sensor equipped precisi
remain useful for cover crops and extensive reseeding but suffer from poor
uniformity andhigh seed consumption. Drill seeders improved uniformity by
opening furrows and metering seed into rows. Further progress led to pneumatic
seed drills and precision planters, which use vacuum or air pressure to singulate
seeds and place them at prescribpdcing. Yet, pneumatic drills may exhibit
lateral unevenness when the distributor head is tilted. Emerging intelligent
seeding systems integrate sensor s, vV a
optimize seeding according to soil properties and yielsyo

Understanding the operating principles, advantages and limitations of each
mechanized seeding method helps farmers choose appropriate equipment for their
crops, fields and management goals. As technologies continue to advance, future
seeding machinery i | | | i kely combine precisio
adaptability to further enhance yield potential and resource use efficiency.
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