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The concept of generalized friction is used for the calculation of
the ion flow influence on the distribution of charged grains. The
generalized friction force acting on grains due to ion scattering
and atomic friction can be represented via the friction coefficients
with atoms �a and with ions �i for the respective Fokker�Planck
equation for grains. The stationary distribution of grains is found
to be non-Maxwellian. A generalization of this method to the case
of active particles (including biological objects which are able to
self-motion) is discussed.

The concept of generalized friction [1] can be used for the
calculation of the ion flow influence on the charged grain
distribution. The generalized Fokker�Planck equation
for grains has the form:

dfg(P; t)

dt
=

=
@

@Pi

�
Ai(P;y)fg(P) +

@

@Pj
(Bij(P;y)fg(P))

�
; (1)

where P � MV, M , and V are the grain momentum,
mass, and velocity; y � Mu, and u is the ion driven
velocity. The coefficients Ai and Bij can be determined
if the respective probability transition (PT) functions
are known [1]. These coefficients are related to the
generalized friction ��i and diffusion B�

ij = M2D�
ij ,

where � = i; a for the processes of momentum transfer
between grains and ions (i) and atoms (a), respectively.
For the function A, we find

A(P� y) = Ai(P� y) +Aa(P� y) �

� (P� y)�i(jP� yj) +P�a(jPj): (2)

The diffusion coefficients can be written in a similar way.
Eq. (2) can be represented as

A(P� y) '

�
(P � y)

P 2
P� y

�
�i(jP� yj)+

+P

�
�a(jPj) +

�
1�

P � y

P 2

�
�i(jP� yj)

�
: (3)

The first term on the right hand-side of Eq. (3) is
perpendicular to the vector P. The second term on
the right-hand side of Eq. (3) is parallel to P and
describes the effective friction, which can be negative
in the case under consideration and for V � u due to
the acceleration of grains by the ion flow. In general,
the manifestation of negative friction is the change
of a sign of the friction coefficient as a function of
the mesoscopic (e.g., Brownian) particle velocity for
some specific parameters and conditions in the system.
We suggest that the characteristic velocities V;u �

vTi, that provides the applicability of the Fokker�
Planck equation for ion scattering [2]. Therefore we can
neglect the velocity dependence of the friction �a; �i and
diffusion Da; Di coefficients, which will be denoted as
�a0 ; �

i
0, etc. in this case. Then the effective (velocity-

dependent) friction coefficient in the Fokker�Planck
equation can be simplified and taken in the form

�e�(V) = �� �
u �V

V 2
�i0; (4)

where �� � �a0 + �i0. A stationary solution of the
Fokker�Planck equation can be easily found as

fg(V) = C exp

(
�

��

2D�

�
V �

�i0
��
u

�2
)
: (5)

Here, C is the constant of normalization, and the
effective diffusion coefficient is D� = Da

0 +Di
0. For the

friction and diffusion coefficients, we can use the specific

expressions: �a0 = 8
p
2�
3

(ma=M)a2navTa (scattering of a
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point atom with mass ma by a hard spherical grain with
mass M and radius a), �i0 ' 2A0�

2 ln �, where A0 �p
2�
3

(mi=M)a2nivTi (mi; ni are the mass and density of
ions), and � � e2ZgZi=aTi � 1 is the characteristic ion-
grain interaction parameter. The Landau logarithm ln �
for dusty plasmas can be taken in the form given in [3,4].
In the case of a strong interaction between ions and
grains, the logarithmic approximation is not suitable,
and a more elaborated consideration of ion scattering
is needed [5]. However, the conclusion on the negative
friction and the shifted velocity distribution of grains
is independent of the specific form of the ion scattering
expression.

In the simple case where u is parallel to V, Eq. (4)
yields the total negative effective friction coefficient
considered earlier [6]:

�t(V ) = �a(0)

�
1�

uminivTi
2VmanavTa

�2 ln �

�
: (6)

It is necessary to mention that, for the condition (y�P) >
0, negative friction is always exists for enough small
values of the particle velocity V .

We now turn to the case of active particles, e.g. some
small biological objects (BO) in the ambient medium
which are able to self-motion. The phenomenological
model of such a motion and the comparison with
experiments has been done in [7]. Recently, a
microscopic consideration of self-motion in the case of
the average self-acceleration in the direction of motion
on the basis of the appropriate PT function has been
developed in [1].

In general, as was mentioned already in [1], the
direction of acceleration for BO is related with some
inner vector of BO which can rotate and takes the
instantaneous direction to the external gradients of
temperature, or a food density, or other BO density in

the system. We named this vector as a �driver� ~D. The
appropriate Fokker�Planck equation for such a type of
motion has the form

dfg(P; t)

dt
=

=
@

@Pi

�
(Pi�(P) � ~Di)fg(P) +

@

@Pj
(Bij(P)fg(P))

�
: (7)

In general, ~D can be a smooth function of the grain
velocity [1]. If this dependence is negligible the term with

a �driver� has a typical structure of a force term in the

kinetic equation, ~D
@fg(P)

@P
.

It is easy to show that there is some analogy in the
description of this process and the acceleration of grains
by an ion flow. In both cases, we have the acceleration of
particles due to the momentum transfer to the ambient
medium (with a loss of the inner energy of BO) or to a
grain due to the ion flow scattering. In the case of BO,
the effective friction coefficient can be represented as

�e�BO(V) = �M �
D �V

V 2
�BO: (8)

Here, �M is the friction coefficient for the ambient
medium, and �BO is some characteristic function for the
momentum production by BO.
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ÍÅÌÀÊÑÂÅËËIÂÑÜÊÈÉ ÐÎÇÏÎÄIË ×ÀÑÒÈÍÎÊ
ÇÀ ØÂÈÄÊÎÑÒßÌÈ Ó ÇÀÏÎÐÎØÅÍIÉ ÏËÀÇÌI
Ç IÎÍÍÈÌ ÏÎÒÎÊÎÌ

Â. Åáåëiíã, Ô.Ï. Îíóôði¹âà, I.Ì. Òêà÷åíêî, Ñ.À. Òðiããåð

Ð å ç þ ì å

Äëÿ âèçíà÷åííÿ âïëèâó iîííîãî ïîòîêó íà ðîçïîäië çàðÿäæå-
íèõ ïîðîøèíîê âèêîðèñòàíî êîíöåïöiþ óçàãàëüíåíîãî òåðòÿ.
Ïîêàçàíî, ùî óçàãàëüíåíà ñèëà òåðòÿ, ùî äi¹ íà ïîðîøèíêó
âíàñëiäîê ðîçñiÿííÿ iîíiâ, à òàêîæ àòîìíå òåðòÿ ìîæóòü áóòè
îïèñàíi çà äîïîìîãîþ êîåôiöi¹íòiâ òåðòÿ (�a � äëÿ àòîìiâ i �i
� äëÿ iîíiâ) ó âiäïîâiäíîìó ðiâíÿííi Ôîêêåðà�Ïëàíêà äëÿ ïî-
ðîøèíîê. Îäåðæàíî âèãëÿä ñòàöiîíàðíîãî íåìàêñâåëëiâñüêîãî
ðîçïîäiëó ïîðîøèíîê. Îáãîâîðþ¹òüñÿ óçàãàëüíåííÿ äàíîãî ìå-
òîäó íà âèïàäîê àêòèâíèõ ÷àñòèíîê, ó òîìó ÷èñëi áiîëîãi÷íèõ
îá'¹êòiâ, çäàòíèõ äî ñàìîäîâiëüíîãî ðóõó.
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