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Purpose: This article is devoted to studying the generation, nature, and role of

ponderomotor forces in dielectric sorting machines. Ponderomotor forces arise due to
the  charging  of  cotton  seeds  under  the  influence  of  an  electric  field  and  the
differences in their dielectric properties. These forces enable the movement of seeds
and their separation into various fractions. The article analyzes the dependence of
ponderomotor forces on factors such as electric field strength, dielectric properties of
seeds, degree of charging, and weight.

Methods.  The  article  investigates  the  processes  of  high-quality  sorting  and
processing of cotton seeds using dielectric sorting technologies.  The formation of
ponderomotor forces and their dependence on seed charging and dielectric properties
have been studied. These forces play a crucial role in separating seeds into different
fractions, thereby improving quality and efficiency in agriculture.

Results. Dielectric sorting machines separate cotton seeds based on differences
in their charging behavior and dielectric properties. Ponderomotor forces, generated
under the influence of an electric field, enable the segregation of seeds into distinct
fractions. Research demonstrates that these forces depend on factors such as electric
field strength, the dielectric properties of seeds, their charge level,  and mass. The
adoption of  this  technology in Uzbekistan expands opportunities  to  enhance  both
cotton cultivation and processing, yielding higher-quality products.

Conclusion.  Dielectric  sorting  devices  hold  significant  potential  for  high-
precision seed separation. Ponderomotor forces arise from the combined effects of
electric  field-induced  seed  charging  and  variations  in  dielectric  properties.  These
forces govern seed movement and enable their classification into targeted groups.
Studies confirm that ponderomotor forces are influenced by electric field intensity,
seed dielectric characteristics, charge accumulation, and particle mass.

Keywords: seed, dielectric separation, electrode, ponderomotor forces, electric
field strength, charge, electric field.
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In  modern  agriculture,  high-quality  sorting  and  processing  of  agricultural
products  are  of  paramount  importance.  Particularly  in  cotton  cultivation  and
processing, the separation of high-quality seeds and the removal of defective ones are
among  the  key  factors  in  improving  productivity.  Today,  dielectric  sorting
technologies  are  widely  used in  many countries  worldwide,  including the  United
States, China, India, and European nations. These technologies leverage differences
in the dielectric properties of materials to enable precise and rapid sorting.

Global researchers are actively conducting scientific studies on dielectric sorting
machines and their working principles. For instance, in the U.S. and Europe, new
methods for high-quality sorting of grains, seeds, and other agricultural products are
being developed using dielectric sorting technologies. In China, these technologies
are applied to sort medicinal plant seeds, while in India, dielectric sorting machines
have  demonstrated  effective  results  in  separating  damaged  and  healthy  cotton
components [1].  

Methods.
This  study  investigates  the  generation  of  ponderomotor  forces  in  dielectric

sorting  machines,  their  nature,  and  their  role  in  the  sorting  process  of  seeds.
Ponderomotor  forces  are  formed  as  a  result  of  the  charging  of  seeds  under  the
influence  of  an  electric  field  and  differences  in  their  dielectric  properties.  These
forces allow the movement of seeds and their separation into different fractions. The
results of the research suggest new solutions for high-quality sorting and processing
of  seeds,  which  will  help  to  increase  quality  and  efficiency  in  agriculture.
Ponderomotor  forces  and their  nature  are  described in  a  number  of  ways.  These
forces are directly related to the strength and direction of the electric field, and the
stronger  the  electric  field,  the  stronger  the  ponderomotor  force.  The  dielectric
properties of the seed also play an important role in the formation of ponderomotor
forces. Different seeds or different states of the same seed (for example, healthy and
defective seeds) are charged to different degrees in an electric field, which leads to
the influence of different forces on them.

The degree of charge of the seed determines the magnitude of the ponderomotor
forces. Seeds with a large surface area are more highly charged and therefore are
subject  to  a  stronger  ponderomotor  force.  In  addition,  ponderomotor  forces  also
depend on the weight of the seed. Lighter seeds move faster under the influence of an
electric field, while heavier seeds move slower. This difference makes it possible to
separate seeds according to their qualities and properties [2-3].  

Results.
Ponderomotor forces can move the seeds in a specific direction depending on

the  direction  of  the  electric  field.  This  feature  is  used  in  the  sorting  process  to
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separate  seeds into different  fractions.  The nature of  the  forces may be linear  or
nonlinear depending on the strength of the electric field and the properties of the
seed. For example, in small electric fields, the forces are linear, but in large fields,
this relationship may become more complex [4-6].

Ponderomotor  forces  are  formed  under  the  influence  of  the  electric  field,
depending on the charging of the seeds and their physical properties. These forces
allow accurate  separation  of  seeds  based  on  their  quality  and  properties  and  are
considered the main mechanism of dielectric sorting technologies [5-9].

Determining ponderomotor forces:

F⃗ эл=Kф Egrad E                                 (1)

Where Кф- is the coefficient that accounts for the influence of the shape and 
dielectric permeability of the particle on the dipole moment value.

In a specific case for a spherical particle: 

Кф=4 π ε0 R
3 ε2−ε1
ε2+2 ε1

(2)

R- radius of the dielectric particle.
By substituting the electric field E and its gradient grаdE into the equation, we

derive the function of ponderomotor force for a system of conductors with variable
polarity.

For the condition R≪а the following formula is derived:

F⃗эл=
−Кф π τ

2

8 ε0
2 ε1
2a3

¿

The  minus  sign  before  formula  (3)  indicates  that  the  ponderomotor  force  is
directed opposite to the unit vectors  i⃗ and   J⃗ in the case where  ε 2>ε1, meaning this
force  is  attractive  and  directed  toward  the  system  of  conductors  with  variable
polarity.

Here
 ε 1- relative dielectric permittivity of the medium;
ε 2- relative dielectric permittivity of the particle.
We  determine  the  action  zone  of  the  ponderomotor  force.  To  simplify  the

calculations,  we  pass  from  the  vector  function  of  the  ponderomotor  force  to  its
modulus:

F эл=
Кф π τ

2

8 E0
2E1

2a3
∙¿¿
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We also check the change of F эл- y along the y-axis at ordinates x=0 and x=0.5а.
Furthermore, we observe the change of  F эл along the  x axis when  y=0 in the inter-
electrode space.

When x=0 along the y-axis:

F эл1 y=
Кф π τ

2

4 ε0
2 ε1
2a3
∙
ch
π
a
y

sh3
π
a
y

It can be seen from the equation that the change in the force is equal to the ratio
of the hyperbolic cosine to the cube of the hyperbolic sine, and as the distance from
the conductor increases, it is characterized by a sharp decrease [10].

At a distance of 𝑎  between the electrodes, the force decreases to such an extent
that its value can be neglected.

When x=0,5а the force along y is determined by the following equation:

Fэл2 у=
Кф π τ

2

4 ε0
2 ε1
2 ∙ a3

∙
s h
π
a
y

ch3
π
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y

In this case, the change in force is determined by the ratio of the hyperbolic sine
to the cube of the hyperbolic cosine. A characteristic feature of this ratio is that when
y=0 the ratio is equal to zero, i.e., at the point Мо=(х=0,5а , у=0) the ponderomotor
force is absent (Fэл2 у=0) .

Figure 1. Graph of the function  
ch
π
a
y

sh3
π
a
y

    representing the change in the

component of the ponderomotor force as the distance from the system of
conductors increases along the y-axis.  
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Figure 2. Graph of the change in the ponderomotor force function as it
moves away from the system of alternating conductors at x=0.5a.

Discussions.
First of all, the influence of the electric field plays a crucial role. In a dielectric

sorting machine, a high-voltage electric field is generated, which causes the surface
of the seeds to become charged. Healthy and defective seeds acquire different levels
of charge because  their  dielectric  constants  and surface  properties  differ.  Healthy
seeds  have  good  dielectric  properties  and  become  uniformly  charged  under  the
influence  of  the  electric  field.  Defective  seeds  (for  example,  underdeveloped,
damaged,  or  contaminated  ones),  on  the  other  hand,  receive  less  charge  or  are
charged unevenly [12].

Figure 3. Illustration of ponderomotor forces in a system of alternating-polarity
conductors

Figure  3  presents  the  depiction  of  ponderomotor  forces  in  a  system  of
alternating-polarity conductors. The tangents to these lines indicate the direction of
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the force at any arbitrary point in space. As seen in the figure, the force pattern is
symmetric and uniform—whether for positively or negatively charged conductors.
That is, the direction of the ponderomotor force is not influenced by the sign of the
charge on the conductor. The conducted calculations and their analysis characterize
the behavior of finely dispersed particles in a variable-polarity field [15-16].

Dielectric sorting machines play a crucial role in the quality-based sorting of
seeds. Ponderomotor forces arise due to the charging of seeds under the influence of
an electric field and differences in their dielectric properties. These forces cause the
seeds to move and enable their separation into various fractions. Research results
show that ponderomotor forces depend on factors such as the strength of the electric
field, the dielectric properties of the seeds, their charge level, and their weight.  

Conclusions.
Dielectric  sorting  technologies  offer  methods  to  improve  product  quality,

increase  production  efficiency,  and  ensure  environmentally  friendly  processes  in
agriculture.  Implementing this  technology  in  Uzbekistan’s  agricultural  sector  will
expand opportunities  for obtaining high-quality products in cotton cultivation and
processing. In the future, by improving and widely applying this technology, it will
be possible to further enhance quality and efficiency in agriculture.  
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