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THE DYNAMICS OF THE STRUCTURED PARTICLES

The mechanics of the structured particles develops. It was shown that the expansion of the classical mechanics
arising at replacement of material points on structured systems leads to its consent with thermodynamics and allows
using the classical mechanics for studying of processes of evolution of physical objects in the nature.

The classical mechanics meets with the big
difficulties if one analyzes the mechanisms of
structures creations, i.¢. all those type of dynamics,
which are connected with dissipation, and an
openness of systems. The most vivid example of such
difficulties is the irreversibility problem. Since L.
Boltzmann the interest to this problem is not
decreasing [1-3].

In the basis of the existing explanations of
irreversibility the property of mixing of the
Hamilton’s systems and averaging of phase space
on physically small volume are used. The explanation
of'the irreversibility is based on postulation of casual
fluctuations [2, 3]. Thus the casualty is the
irreversibility reason. But it means absence of
determinism of the nature. On other side if the world
is cognizable, the deterministic mechanism of
irreversibility exists. Our research has shown that
such mechanism exists in the frameworks of the
expanding of the classical mechanics. The expansion
consists in replacement of model of system in the
form of set of material points on model of system in
the form of the set of structured particles [10]. The
dynamics of such system can be described with the
help of the motion equation of'the structured particles
consisting of potentially interacting material points

or equilibrium subsystems (ES). Such model
possesses the big generality because the wide range
of nonequilibrium systems can be presented in the
form of ES set. The analysis of the submitted model
of the nonequilibrium systems is constructed under
the following conditions: 1). Energy of ES should
be presented as the sum of internal energy and energy
of ES motion; 2). the each element of system should
belong to one ES; 3). the ES are in equilibrium during
all time. The first condition is necessary for
introduction the internal energy into the description
of systems dynamics as the key parameter
characterizing the energy exchanges between ES.
The second condition allows avoiding the difficulties
arising due to mixing of particles between different
ES. This condition is equivalent to the weak enough
ES interaction that does not disturb its equilibrium.

The task of this work is to show how and why
the irreversibility are appearing in the system
consisting of the structural particles. For this purpose
we will analyze distinguish between the models of
system from material points which and the system
form of'the ES. We will also show how it is possible
to obtain the motion equation for ES and how
Lagrange, Hamilton, Liouville equations for ES
follow from it. We will explain interrelation of the
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classical mechanics with thermodynamics and how
it is possible to define entropy in the classical
mechanics.

We will show that the description of dynamics
of nonequilibrium system in the classical mechanics
is possible if this system will be represented as a set
of ES consisting of potentially interacting material
points and the energy of ES will be presented as the
sum of the motion energy and internal energy. Basing
on such model we obtain the equation of ES
interaction from the law of energy conservation.
These equations will connect the microstreams of
energy caused by pair interactions of particles with
macrostreams of energy between ES.

2. The equation of ES motion

It is known, that the law of conservation of energy
and a principle of the least action follow from
Newton’s equation. But also it is possible to obtain
back Newton’s equation from the law of conservation
of energy. It is important, because the law of
conservation of energy is correct always, but
Newton’s equation is convenient only for potential
forces. Therefore the ES motion equation is
necessary to obtain from the energy conservation law,
because the change of internal energy of the
structured particles is connected with the non-
potential forces of a friction. These forces are not
taking into account by the Newton’s equation.

In this case the motion equations for two ES can
be obtained in two stages. At first we obtain the
motion equation for the system of material points.
After that we obtain the motion equations for two
interacting ES. Forces between ES can be obtained
from their potential energy of interaction.

Let us firstly show how the motion equation for
a system of  material points (further we will call
it particles) with weights m = 1 can be obtained from
the energy conservation law [10].

Forces between pairs of particles are central and
potential. The systems energy E is equal to the sum

" mv? /2 their potential

i=1

of kinetic energy T, = >

energy in a field of external forces, -U™" and the
potential energy of their interaction-

N-1 N
Uy (rij )=Zi=l Zj:mU(rii)’ where Ty ="
are the coordinate and velocity of - th particle. Thus,

E=E,+U™=T, +U, +U™ =const By transition to
corresponding variables we submitted the systems
energy as a sum of CM motion energy and internal

_rj’ ri:vi'

energy. After derivation this energy on time, we will
obtain:

VaMyVy + Ey = -V F™ - @™,

1)

- = e env _ XN penv ~
here 7, =R, +7, My =mN, F*" = aF(RysT),

N

Ey =Ty @G)+UF)= . .(mi, +F(7),),

vi = VN +"7l’ F‘ieﬂv =aU£’”V/a’;;’
N
i=1
and velocity of j - th particle in relative to the system

CM, V,,R, -are the coordinate and velocity of the
system’s CM.

The eq. (1) represents balance of energy of
system in a field of external forces. The first term in
the left hand side determines change of kinetic energy
of system. The second term determines the change

O™ =) v, F™(R,,7), V.7, - are the coordinate

of internal energy of system. Because Zf;% =0, the

change of internal energy will be distinct from zero
only when the characteristic scale of inhomogeneity
of an external field is commensurable with system
scale. In this case depending on a configuration of
an external field can vary or a kinetic energy of
system rotation or energy of the relative motion of
elements. In the both cases the force changing an
internal energy is non-potential.

As it follows from the Newton equation the
particle motion is defined by the work of potential
forces, which transform the energy of an external
field into the kinetic energy. But the system motion
is defined by work of potential and non-potential
forces that transform the energy of an external field
into kinetic energy of the system motion and into
internal energy accordingly. By multiplying the eq.

(1) on ¥, and dividing on ¥;?, we obtained [10]:
(2)

where a, = (@ +E»)/V} is friction coefficient.

MNVN

—F™ —a,V,,

Let us call eq. (2) as generalized Newton equation
(GNE) for the structured particle. The first term in
the right hand side defines system acceleration, and
the second term defines change of its internal energy.
The GNE is reduced to the Newton equation if one
neglects the relative motion of elements, i.e. when
the internal energy does not change. In this case the
dynamics of system is similar to the reversible
dynamics of an elementary particle.

The eqs. (1, 2) can be obtained also by
multiplying the Newton’s equation on corresponding
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velocity and then summarizing all equations. But if

“we simply summarize Newton’s equations the non-
potential forces will be lost and the right hand side
will be equal to the potential forces. Thus the
Newton’s equation does not define full dynamics of
system since it does not include the non-potential
forces. It confirms Leibnitz idea that vise viva, i.e.
energy is a fundamental parameter but not
momentum or force [8].

Let us explain how to obtain the ES interaction
equations. For this purpose we take the system
consisting of two ES-L and K - L -is a number of
elements in the L-ES, and K-in K-ES, i.e. L+K=N.
Let LV + KV,=0, where V, and V, are velocities of-
L and K ES. By derivations energy of system on

. . " N . N-IN—N
time, we will obtain: 3" vy, +3 "> Fv, =0,
where F, =aU/ar,. For finding the equation for

L-ES, we gather at the left hand side only the terms
defining the change of kinetic and potential energy
of interaction of 7 -ES elements among themselves.
All other terms we displaced into the right hand side
and combined the groups of terms in such a way that
each group contained of the terms with identical
velocities. In accordance with Newton equation, the
groups, which contain terms with velocities of the
elements from K-ES, are equal to zero. As a result
the right hand side of the equation will contain only
the terms which determine the interaction of the
elements L-ES with the elements K-ES. Thus we will
have:

L . L-1 L L K
ZiL Vi viL+Z ip=1 Zj,_:iLH E’LILVI'LIL - ZIL=leK=1 F
where double indexes are entered for a designation
of an accessory of a particle to corresponding

Vi )
ijx ¥

subsystem. If we will make replacement: v, =7, +V,,

where v, -is a velocity of i, - particle in relative to

CM of L-ES, then we obtain the eq. for L-ES. The
eq. for K-ES can be obtained in the same way. As a
result we will have [7]:

VMV, +E =-®, -V,¥ 3)

VMV +EX =@, +V,¥ 4)
where

- LI L - z L X
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L ~ ok K~ L
ML =mL, (DL _Z,-L=1viLFiL H (DK _Z,‘K v.l';\-Fl'x s

K L
Xhh.  ReZLE
F;L Je=l g ? F}K LS T P

ins _ G K ZK ~ 2
EK - ZiK =t Jx=ig+l v’x,ix [mv"x.ix /K + F;Kj,( ] £

M, =mK,

The egs. (3,4) are the ES interaction equations.
They describe energy exchange between ES.
Independent variables of ES are macroparameters
and microparameters. Macroparameters are
coordinates and velocities of ES motion.
Microparameters are coordinates and velocities of
ES elements. These equations bind together two
types of the description: on the macrolevel and on
the microlevel. The description on the macrolevel
determines of ES dynamics as a whole and on the
microlevel determines dynamics of ES elements. The
potential force, y, determines the motion of ES as
awhole. This force is the sum of the potential forces
acting on elements of one ES from another. The non-
potential forces which determined by the terms @,
and @, , will transform the motion energy of ES into
the internal energy as a result of chaotic motion of
elements one ES in the field of the forces of another
ES. They are dependent on velocities and cannot be
expressed as a gradient from any scalar function.
These forces are equivalents to dissipative forces.
As well as in case of system in an external field these
forces are distinct from zero when the characteristic
scale of inhomogeneity of a field of forces of one
ES is commensurable with scale of another.

The ES motion equations corresponding to the
eqs. (3,4) can be written [10]:

MY, =-¥-a,F, (%)
MV, =P +a,b, (6)
where a, =(E" +®,)/V}E; o, =(@, —EF)IVE.

The egs. (5, 6) are GNE for ES. The second terms
in the right hand side of the equations determine the
force changing internal energy of ES. This force is
equivalent to the friction force. The efficiency of
transformation of energy of relative motion of ES
into internal energy are determined by the factors
a,,a, . For to find the solution of the egs. (5,6) it is
necessary to add them by the equations for
microparameters which are the Newton’s equations
for material points of ES. If the relative velocities of
ES elements are equal to zero the force of friction is
also equal to zero and the GNE will be transformed
into the Newton equation for two bodies. For
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example it is possible when distances between ES
are great enough.

3. The generals of Lagrange, Hamilton and
Liouville equations for ES-

The Hamilton principle for material points is
deduced from differential D’ Alambert principle with
the help of the Newton equation [8]. For this purpose
the integral on time from the virtual work éw* made
by effective forces is equated to a zero. Integration
on time is carried out provided that external forces
possess power function. It means that the canonical
principle of Hamilton is fair only for cases when

D Fi6R, = -8V where i- is a number of particles, and

F, - is force acting on this particle. But for ES it is
impossible to demand performance of a condition
of conservatism of forces because the non-potential
forces exist. Non-potential forces change ES internal
energy. Therefore Lagrange, Hamilton, Liouville
equations for structural particles must be deduced

basing on ES motion equations. Liouville equation
for ES looks like [5]:

df[dt=—f3" 0F, 10V, ©)
Here f-is a distribution function for a set of ES,
L=123..R, Fi-is anon-potential force acting on ES,

V, -isa velocity of L-ES. These forces can be found

with the help of egs. (5, 6). The right hand side of
the eq. (7) is not equal to zero since forces of ES
interaction depend on velocities of elements.

The state of system as a set of ES can be
determined by the point in the phase space which
consists of 6R—] coordinates and momentums of ES,
where R is a number of ES. Let us call this space as
S-space to distinguish it from usual phase space for
material points. The S-space unlike usual phase space
is compressible though total energy of all elements
is a constant. The rate of compression of S-space is
determined by the rate of transformation of motion
energy of the ES into their internal energy. The
volume of compression of S-space is determined by
energy of the ES motion. The impossibility of return
of internal energy of ES in its energy of motion is
caused by impossibility of change of momentum ES
due to the motion of its material points.

4. The equations of interaction of systems and
thermodynamics

Let us consider how thermodynamics can follow
from the classical mecha- nics [9]. According to the
basic equation of thermodynamics the work of

external forces acting on the system are splitting on
two parts. The first part is connected to reversible
work. The change of the motion energy of system as
whole can be put in conformity for this energy part.
The second part of energy will go on heating. It is
connected with the internal degrees of freedom of
system. The internal energy of ES corresponds to
this part.

Let us take the motionless nonequilibrium system
consisting of “R” of ES. Each of ES consists of great
number of elements N;>>1, where L=123..R,

N=3" N,.LetdE isthe change of the energy of a

system (do not confuse E with the internal energy of
ES - E™. It is known from the thermodynamics: dE
=d(Q - PdY. Here, according to common terminology,
E is the energy of a system; Q is the thermal energy;
P is the pressure; Y is the volume. The equation of a
systems interaction also includes two types of energy.
The one part goes to the change of ES motion, The
other part changes the internal energy. The
interrelation of classical mechanics and
thermodynamics in more details is considered in [10].

Entropy can be entered into the classical
mechanics as the rate characterizing increasing of
the internal energy ES at the expense of energy of
their motion. Then the entropy increasing will be
defined so [7, 10]:

a5 =Y" WSS Fivdi)Ef  (8)

Here E| is the kinetic energy of L-ES; N, is the
number of elements in L-ES; L=1,2,3... R is the
number of ES; s - is a number of the external elements
which interact with elements & belonging to the L-
ES; F! isaforce, acted on k-element; v, -is a velocity
of the k -element.

5. Conclusion

The obtained results lead to the following
conclusions. System evolution in non-homogeneity
space is determined by external force. The external
force breaks up on potential and non-potential parts.
The motion energy of the system changes by the
potential component of the force. The system internal
energy changes by the work of non-potential part.
This work is distinct from zero if the scale of
heterogeneity of external forces is less or
commensurable with the system scale.

Potential and non-potential forces define
evolution of the closed nonequilibrium system in the
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homogeneous space, which represented by a set of
ES, as well as in the case of a system motion in an
external field. But the difference is following. These
forces are caused by interaction between ES instead
of external forces. The potential part of forces
between ES changes their kinetic motion energy. The
work of non-potential part of the force transforms
the energy of ES motion into the internal energy.
Therefore the phase space, which defined in
coordinates and the velocities of ES CM, is
compressible. We call that space as S-space. S-space
compression is defined by Liouville equation for ES.
The system equilibrates when the ES motion energy
transforms into their internal energy. It defines the
irreversibility mechanism.

The existence of the non-potential forces in
nonequilibrium systems throws light on the nature
of non-integrability of Hamilton systems [2]. Really,
the self-agreement between changes of potential and
kinetic energy of particles would exist if the forces
were only potential. And it would mean systems
integrability or possibility of its description by means
of Newton’s equation. But Newton’s equation for
material points excludes non-potential forces.
Therefore it does not allow considering all streams
of energy in nonequilibrium system. Hence it does
not allow describing nonequilibrium systems with
the help of Hamilton formalism.

For the same reasons there are difficulties of the
description of strong interactions by means of an
initial formalism of Hamilton. These difficulties can
be overcome using the modified equations for case
when potential interactions of elements inside ES
are stronger than interactions between ES as, for
example, in the case of interaction of elementary
particles. Then it will be possible to take into account
the energy of excitation of internal degrees of
freedom of particles and change of their internal
energy. It is one of possible reasons of broken
symmetry.

As a whole, the obtained equations connect the
classical mechanics and thermodynamics. The
explanation of the First law of thermodynamics is
based on the fact that the work of subsystems’
interaction forces changes both the energy of their
motion and their internal energy. The explanation of
the Second law of thermodynamics is connected with
irreversible transformation of the subsystems’
relative motion energy into their internal energy.
Moreover the impossibility of occurrence of

unstructured particles in the classical mechanics
follows from it. It is equivalent to the infinite
divisibility of the matter.

Thus we have obtained that that the expansion
of the classical mechanics arising at replacement of
material points on structured systems leads to its
consent with thermodynamics and allows using the
classical mechanics for studying of processes of
evolution of physical objects in the nature.
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Pesrome

KypbimbiMaanfad OeIieKTepIiH, IMHAMUKACHL TaMyIa.
Matepraiplk HyKTeep/liH KYphUILIMIAHFaH XYienepre aj-
Macybl Ke3iHie ratiia 60JIaThiH KJIACCUKAITBIK, MEXaHUK AHbIH,
KEHEr01 OHBIH TepMOJIMHAMUKAMeH ColKecTiriHe aKell coFa-
THIHJIBIFBI XOHe TAOUFATTaFb! (DU3UKATBIK HBICAHIAP DBOJTIO-
TUSICHI TIPOTIECTEPiH 3ePTTEY YIIiH KJIACCUKATBIK MEXaHUKA-
HBI TTaKJaIaHyFa MyMKiHAiK OepeTiHIir KopceTiireH.

Pesrome

PasBuBaeTcs juHaMHKa CTPYKTYPHPOBAHHBIX YaCTHII.
TokazaHo, 4TO pacTMpeHHe KIacCHUeCcKOH MEXaHUKH, BO3HU-
Karoree IIpH 3aMeHe MaTepHANIBHBIX TOUEK Ha CTPYKTYPUPO-
BaHHBIE CUCTEMBI, IIPHBO/UT €€ K COIJIACHIO ¢ TePMOIMHAMU-
KO U [T03BOJISIET UCTIOIB30BATh KIIACCHYECKYO MEXaHUKY JIIIS
M3yUEHHUS IIPOIIECCOB BOIIONMU PU3NUECKUX OOBEKTOB B IIPH-
poje.

Jenapmamenm «Huemumym nonocgepvl»,
2. Anvamut Hocmynuna 14.07. 2009 2.
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B.B. JI.IXOB

KHHETHUIECKAS MOJEJbh PABHOBECHOI'O TIOTPAHUTYHOI'O
CJOA MEXY TEILIOBOM IIJIAZMOM 1 MAT'HUTHBIM ITOJIEM

Hccnenosanme CTpyKTypbl paBHOBECHBIX IOTPa-
HUYHEBIX CJIOEB MEKAY XOJOAHOH M TEIUIOBO#H Iuias-
MOM U MATHUTHBIM NOJIEM UMEET JUTHHHYIO HCTOPHIO
¥ HaumHaeTca ¢ pabor Yenmena u Deppapo [1].
ABTOpHI €CTECTBEHHBIM 06pPa30M CTAIKMBAIOTCA C
3¢ deKTOM NONAPU3ALNH TOrPAHAUYHBIX CIIOEB, BO3-
HUKAIOLIMX B 3aMarHUYeHHOW TUIa3Me BCIIEACTBHE
Pa3HbIX 3HAYEHMH Macc H, CJIENOBaTeNbHO, JapMO-
POBCKHX paJiiyCOB 3JIEKTPOHHOH M HOHHOM KOMIIO-
HeHT. MHorue peuieHus, HanpuMep [2], nony4eHsi
B NpUOIMKeHNH KBa3sHHEHTpanbHOCTH. BosHukaro-
lIee B TAKUX MPUOIKEHHBIX PEIUEHUAX JIEKTPU-
4ecKoe nosue TpebyeT, KOHEUHO, JOTIONHUTENLHOTO
MCCJIeIOBaHHUS M TI0JIHOTO pellieHus 3afaqu. [[pyrue
peleHns MOy YEHbI B KJIacCe AEKTPOHEHTPaTbHBIX
[3,4], uTo mOCTHTaeTCs HANOXKEHHEM OIIPEIEICHHBIX
CBs3e# Ha mapaMeTpbl 3a1a4u. HekoTopsle uccie-
JIOBATENH, HAIIPUMED [ 5], OCTYNUPYIOT HHTETPasib-
HYIO HEHTPaNnbHOCTh NEPEXOAHBIX ciioeB. U, Hako-
Hell, B rpynmne pabot, Hanpumep [6-7], nenaeTcs
BBIBOJ O TOM, 4TO ILI1a3Ma MEPEXOAHbIX CIOER B 06-
LIEM ClTy4ae NoJisipU30BaHa.

Huxe Gyner nmokasaHo, 4TO 3/I€eKTPOHENTpasb-
HBI€E PEIIEHUS CIIPABEAIHBbI TOJILKO MPU HEKOTOPHIX
OIpeNeIeHHBIX COOTHOIIEHUAX MEX/Y NapaMeTpa-
MH 33/1a4H.

ITpu uccnenoBaHuM yCTOMYHMBOCTU TpaHUIIbI
IJ1a3Ma — MarHUTHOE M10J1€, KaK MpaBuiio, npeHet-
peratoT npeaBapUTeNIbHBIM CTPOTHM HCCIIE0BaHH-
€M paBHOBECHS 3TOi rpaHuLbl. B kauecTBe paBHO-
BECHOro peleHus B yueOHuke [8], Hanpumep, Ge-
petcs a priori MaKCBEUTOBCKas QyHKLIMA paciipesie-
JIEHUS C HEOMHOPOAHBIMH 3HAYEHUAMH TUIOTHOCTH
¥ Temrepatypsl. PaccMaTpuBaeTcs, B YaCTHOCTH,
Clly4aH, Korzia XxapaKTepHbIH pa3Mep HEORHOPOIHO-
CTH I'PaHHLbl HAMHOTO NPEBBILIAET J1aPMOPOBCKHE
paaMycbl KOMIOHEHT masMel. Ho 3Tum He moxker
6bITh HcuepnaHa obuas npobiema rpaHuusl. B Ta-
KO¥ MOCTaHOBKE OCTAETCs 3a INpeleaMH PaccMOT-
peHus mpobneMa caMOCOIIacOBaHHs JJEKTpoMar-
HHUTHBIX TIOJIeH, a 3HAYUT CTENEeHb aJeKBaTHOCTH
npeuiaraeMblX MojeseH peajbHOH rpaHuue U e€
ycroiunBocTH. Tak, B K1acce caMOCOINIaCOBAHHAIX

PelIeHUH Mla3Ma ¢ MAaKCBEJUIOBCKUM pacrpeelie-
HHEM IO CKOPOCTAM HE MOXKET 006pa3oBaTh paBHO-
BECHOM I'PaHHULIbI C YAEP/KUBAIOLUMM €& MarHUTHBIM
noJieM.

IlocTanoBka 3axaun

[IycTh B HHXHEM MOMYNPOCTPAHCTBE (CM. pHC.
1) cocpenoroyeHa mia3Ma, a B BEpXHeM ONYIPOCT-
PaHCTBe — yIepXHBalolliee €€ MarHuTHoe nojie. Ha
rpaHHlie 5THX obIacTel B IIIOCKOCTH X0y 06pasyer-
€4 CaMOCOIIACOBAHHBIN NIEPEXOHBIH CIIOH.

3a,ualla OAHOMEpPHA, BCC BEJIMYHUHBI 3aBUCAT OT
nepemeHHo# z. Mccnenyemas cpena onuceiBaercs
CHUCTEMOM U3 KUHETHYECKOTO ypaBHEHHS

S 5%, ¥ o
e - ea et —
ot or oP,
H ypaBHEHHH MaKcCBenia ¢ caMOCOIIacOBaHHbIM

3JIEKTPOMAarHUTHBIM TOJNIEM (BHEIIHHE HCTOUHHKH
OTCYTCTBYIOT)
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3anaya (1),(2) peluaercs METONOM TEOPUH BO3-
MYLUEHUH

[ (PF,2,8) = fo,(P)+8f, (P,F,2,0);

E(7,z,t) = Eo(2) + 8E(F, 2,1); 3)

B(#,z,1) = Bo(z) +8B(F,z,1).
[Inasma cuuraerca ciaGoHepaBHOBECHOM
6fa(13,;:,2,t) < an(p)
BbiBo1 ypaBHEHHI, ONHCHIBAIOLIHX 3JIEKTPO-
MAarHHTHOE HoJie MOrPAHCJIoN
PaBHoBecHas GyHKLUM pacnipeieNeHHs] KOHCT-
pyupyeTcs Kak GyHKIUS OT HHTErPAJIOB ABHXKEHUS

foa(P) = fon (W,P,,P), rae mojHas 3Heprus

00001EeHHbIE UMITYIBChI UMEIOT BH:

1
W= Em“ (vx2 +vy2 +v22)+ea¢(z),

P =m,v, +e,4,(z),

4)

Pr = mavx‘
3nech ¢(z),4,(z) - SNEKTPUUECKUHA ¥ MarHUT-

HBIA noteHwmans! ( E, = —gradg, B, = rotd ).

Bri6op paBHOBecHOH QyHKLMH pacnipene/ieHUs
B BHJE [3]

aaPya

om0 )

w,p)=| e
. P) (27[9

az

2
) n0a(1+aa>exp{——;—Vi—

IJe CTeneHh aHU30TPONUU a, onpenensercs dop-
MYJI0H1

9(.&
a, = (6?_ =1, (6)

ay

a MHTerpasl Asiwxends W, u P, - hopmyna-

MH (4), 103BONET MONY4YHUTh YPABHEHHUS /1S TIOTEH-

LIMAJIOB CAMOCOIJIACOBAHHOTO 3J1EKTPOMAarHUTHOIO
Tos:

2 2 2
v v a, a a, a
=exp(—-————)~ -y ————),(7
ndgz CXp(ﬂ (o, Zﬂu) exp(—y T+ 2).()
2 2
.‘j_az_a_e__...._exp(z_ ae 4 +
d&* l+a, p B l+a, 28u
+— 2 gexp(-y - — i)
1+¢; A l+aq;, 27 (8)

1

3nech BBEAEHBI cieayiolue 6e3pa3MepHbIe Be-
JTHUMHBE;

—_ m —_ exe — exi — €
,U - M,ﬂ 0)“. ’77 MCZ ’W en ¢9
e 1 4me’n
A=A, " =—— 0y 9
¢ HxiM g 6 Mcz ( )

®yHkuMs pacnpenenenus (5) BBeneHa B pabo-
Te Hukonbcona [3] mpu nocTpoeHnn paBHOBECHO-
ro pelleHHUs )14 ¢105 TEII0BOH MJ1a3Mbl, pa3aess-
1o1eH 06J1aCTH ¢ OZIMHAKOBO HATIPaBJIEHHBIMHU Mar-
HUTHBIMH NoJIsIMU. HukonbcoH paccMaTpuBaet Hau-
fosiee NpocToii cnyuail HNEKTPOHEHTPATIBHBIX pe-
weHuH. Takue peteHns MOKHO MOYYUTh TONBKO,
€CJIY HAJIOXKHUTD Ha IIapaMeTphl 3aJa4H CIIEAYIOILYIO
CBS3b:

1 1
0,.m, 1+a, B O.m l+a,’

a

e i

(10)

B sTOM ciydae ypaBHeHHE U1 3NEKTPUUECKOTO
noteHuuana (7) faeT TPUBUAIBHOE pELICHUE

w(£)=0. B xauecTBe rpaHM4YHOro YCJIOBHS K OC-

TaBLIEMYCS YPABHEHHIO TSI MATHUTHOTO MOTEHLIU-
ana (8) HukonbscoH BeiOupaert:

a(&=0)=0, an

2
OCTaBJIAsA BTOPYIO KOHCTAHTY C=(§—%(§=O)) 3

NpeACTaBIASIONIYI0 co00l KBaapaT MarHUTHOTO
NoJIsl, IPOU3BOJIBHOM.

Oka3pIBaeTcs, 4TO C MOMOILBIO QYHKLUUH pac-
npeneneHus (5) MOXXKHO IMOCTPOUTH peUIeHHe IS
PaBHOBECHOH I'paHULIbI MEXAY TETIOBOM IMIa3MOM
W MArHUTHBIM 1tosieM. B 3ToM cilydae B KauecTse
rpaHuuHbIX J1g ypaBHeHui (7), (8) cnenyer nocra-
BUTBH CJIEIyIOLUHUE YCIOBUS:

V/(_OO) = O,a(—oo) =0, E(—OO) =

—'(—©) = 0, B(—x©) = a'(—») = 0. (12)

ITonyyeHHas cuctema ypaBHeHHit Makcpesuia
(7), (8), (12) onuceiBaeT CaMOCOITIACOBAHHOE JJIEK-
TPOMarHUTHOE FOJIe PABHOBECHOTO MOrPAHHYHOTO
C/IOS MEXKAY I1a3MOM M MarHUTHHIM noneM. Mbl
OTKa3bIBAEMCS OT YCJIOBHS 3JIEKTPOHEHTPAIBHOCTH
(10), orpanuuuBatoiero o61acTe NPHMEHUMOCTH
peiueHus. Berony B o6nacTi nepexoqHoOro ¢Jios cy-
IECTBYET OTIUYHOE OT HyJIS PABHOBECHOE JJIEKTPH-
yeckoe none (8).

3nech BBeEHHI caeqyoue 6e3pa3MepHble Be-
JIMYHHBIL
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12 10° |

210

-240°
= -3

Puc. 2. Tlpodumu xapakTepucTUK TIOTPAHUTHOTO CIIOS

0,
:-————?,‘// =

Mc

<
8,

Xt

U= Nl P,

m
H >
g 1
c \/BX,M
dyHkuus pacnpesenenus (5) sBeseHa B pabore
Huxonscona [3] npu MOCTPOEHHH PaBHOBECHOTO
peleHus 11 cJ10s TEIUIOBOH MM1a3Mbl, pasaeisio-
et o6nacTi ¢ ONMHAKOBO HANPABIEHHBIMHY MarHuT-
HBIMHU TonsaMy. HUKOMBCOH paccMaTpuBaeT Haubo-
Jiee MPOCTOH ciydail JIeKTpOHEHTPalbHBIX pellle-

Huit. Takue perieHus MOXKHO MOy YHTB TOBKO, €CIIH
HAJIOKUTH Ha TapaMeTphbl 3aJa4H CIICAYIOLIYIO CBA3b:

1 a 1 o

6,m,1+a, 6O,m l+a,’

4me*n
2 0 .2
Ay,f = ——cz o

€))

(10)

B aTOM cyyae ypaBHEHHUE AJIS JIEKTPHUECKOTO
noteHuuana (7) maeT TpUBHUAJIbHOE pEUIEHHUE

w (&) = 0. B kauecTBe rPAHUYHOIO YCIIOBHSA K OCTaB-

1eMycsi YPaBHEHHIO TSI MATHUTHOTO MOTEHLHAA
(8) HuxonbcoH BEIOMpAET:

a(¢=0)=0, an

2
OCTaBJAgd BTOPYK KOHCTaHTy C =(§%(§ = O)] >
NpeACTaBIAIOULyI0 co00i KBaJpaT MarHUTHOIO
ToJ1s1, IPOU3BOJIBHOM.

OKasbIBa€TCS, YTO C HOMOLIBIO (QYHKLHH pac-
npeneneHus (5) MOXHO MOCTPOUTh pellieHHe Ui
PaBHOBECHOI rpaHHIIbl MEXXAY TEIUIOBOM IJ1a3MOM
¥ MarHMTHBIM roneMm. B sTom cnydae B kauecTse
rpaHAYHBIX U1 ypaBHeHuH (7), (8) cnenyet nocra-
BUThH CJIEAYIOLIHE YCIIOBHUS:

Y(~0) = 0,a(~) = 0, E(~0) =

= —'(—0) = 0, B(—0) = a'(-0) = 0. (12)
ToyyeHHas cucTema ypaBHeHHit Makcsesia

(7), (8), (12) onuceIBaeT CaMOCOIIACOBAHHOE JIEK-
TPOMarHWTHOE T0JI€ PABHOBECHOIO MOTPaHUYHOIO
cnost MexXly TU1a3MON M MarHWUTHBIM NojieM. Mbi

OTKa3bIBaEMCS OT YCJIOBHA JIEKTPOHEHTPATBHOCTH
(10), orpanuyuBaroniero o6aacTh NMPUMEHUMOCTH
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I[IPOI[ECCHI B OKOJIO3EMHOM KOCMHUYECKOM I[IPOCTPAHCTBE

peenus. Berogy B 06;1aCcTH IEPEXOIHOTrO CJI0s CY-
LIECTBYET OTJMYHOE OT HyJIsi PABHOBECHOE MIEKTPHU-
YeCKOe IoJIe.
MeToauka YHCIEHHOrO pelIeHHs 3242491
YucneHHoe pelieHUue HeMoCpeICTBEHHO 3a/1a-
uu (7), (8), (12) nact TpuBHanbHbli Hy1s. Heobxo-
JMMO TIPeX/Je HaWTH aCUMIITOTHKY YpaBHeHu# (7),

(8) B obmactn a — 0,y — 0. OcraBnas Manbie

YileHbl, MopsAaKa W U g2, MOKHO HAaWTH aCHMIITO-
THKY CHCTEMBI:

d’y 1+p 1 q 1 a, .,
=— Y+ - ,
d¢* fn " 2p1+e, Pul+a,
d*a _ _l_ a, a; )a 13
dé* ul+a, l+a” (13
Pemenue sToli cucTEMBI €CTh:
a=c; exp(«/Ef),B =q'= czx/l—)exp(\/gf),
c,d
y = mexp(ﬁé) +¢, exp(/s&), (14
c,d\b
=y =27 exp(Vbé)- .
e oy J;)exp(f £)- c;s exp(/s&)

Hpn HYHUCJIEHHOM CUETE Ha4O CTAPTOBATH C aCUM-

nToTHYeCKoro peteHus (14) B HekoTopo# Touke & .
3nech BBeIEHbI 0003HAYEHUSL:

s_1+,B d= 1 e 1 e,
Bn’ 1+, Pul+a,”
1 a a,
b=(——""—+—"— 15
(,u1+ae 1+ai) (15)

Koa¢¢uumentsl ¢, 4 ¢,MOTyT GBITh IPOM3BOIb-
HBIMH, B YACTHOCTH MOXXHO MOJIOKHTh

e, =g, =l.

Pesyabrarsl peieHust

YucienHoe perenue 3agaqu (7), (8), (12) c yue-
TOM acHMNTOTHKH (14) mojsydyeHO B makere
MATHCAD v npenctasieHo Ha pHC. 2.

PacueTsl poBeieHbI NPH 3HAYSHUAX MapameT-

poB s=0.5,7=05, f=1 Kpusas | npeacrasnser
co6oit nmpo¢uIs MarHUTHOTO MOTEHLMAJIA, KPHUBas
2 ~ npoduib MarHUTHOTO MOJS, KpUBas 3 — Mpo-
(bunb ANEKTPUYECKOTO NOTEHIIMANIA, KpHBas 4 — Ipo-
¢unp 3nekTpuueckoro nons. Kpueeie MarHUTHOro
MOTEHLHaJIa 1 MATHUTHOTO TOJIA SBJISIOTCS THUMWY-
HBIMH U1 OTPAHUYHOTO CJI0S MEXKIY TUIa3MOH H

MarHUTHbIM rosieM. Ho npu 5ToM oka3biBaeTcs, 4To
B 061IEM CiTyqae POU3BOIBHBIX NapaMeTPOB IU1a3-
Ma [TOTPaHCIIos NIOJIIPU30BaHa, CM. IPOQHITL JTEKT-
pudeckoro noss (kpusas 4).

3ak/0ueHne

OneKTpoHeHTpaIbHbIe peLeHUs TPEACTABISIOT
co0ol y3KHii KJlacc pelieHH# U CyLIeCTBYIOT TOJb-
KO IpH OMpPEeNCHHBIX COOTHOLICHUSX MEXY Ma-
pamMeTpaMu 3afaqd, cM. popmyny (10). Jina nomy-
YEHUS CTPOroro pelleHHs 3afa4dd O MepexoqHOM
CJ10€ MEXIY TEMJIOBOH TUIa3MON YU MarHUTHBIM IO-
neM HeoOX0AUMO TPUOETrHYTh K YUCIIEHHOMY CUETY
cuctemsl (7), (8), (12). Oka3piBaercs, 4To B 001LEM
cllyyae Ijia3Ma CTalMOHAPHOTO MOIPaHHUYHOTO CJI0S
NOJISIPH30BaHa, ¥ 3TO IEKTPHUECKOE MOJIIpH3aIH-
OHHOE€ 110J1€ HEOOXOAUMO YUHMTBIBATh MPH UCCENOo-
BaHUM HEYCTOHYMBOCTH IIOTPAHCIIOEB.
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Pesiome

BrnacoBTBIH, CTallMOHAPJBIK TEHAEYiH IIelly HerisiHe
KbIJly TJIa3Machl MEH MArHUTTIK ©pic apacbiHIaFbi Tere-
TEHOIKTeri uiekapasblk KaGaTThiH KMHETUKANbIK MOZENI
KypbutraH. Ka3ip naiinanaHsinaThiH 31€KTPOHEHTPaNIbIK
LwemiMAEPAIH, XiHIIIKe KJIACTBIK LIelliM O0JIbIN TabbLIaThiH-
JIbIFbl XOHE 0JIapAblH €CenTep napamerpiepi apachbiHia
Oenrini 6ip kKaTbiHAcTAp KE3iHAE OPBIH aJaTblHABIFbI
KepceTinreH. ZKasrmsl Xargaiaa CTAlMOHAPIIBIK WEKaPaIbIK
KabaT miaa3Machl NOJIAPU3aALUSIAHANBI EKEH.
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Summary

The kinetic model of equilibrium boundary layer between
thermal plasma and magnetic field is built on the basis of
solution of Vlasov’s stationary equation. It is shown that
electroneutral solutions used nowadays represent the narrow

class of solutions and exist only at specific relations between
parameters the problem. It tumns out that generally plasma of a
stationary boundary layer is polarized.

Jenapmanmenm «Hnemuniym uonocgepol»,
2. Anmamut Hocmynuna 21.07.2009 2.



