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COLLISION FREQUENCY AND FREE LENGTH PATH
OF ELECTRONS OF SEMICLASSICAL DENSE PLASMA

Nowadays the study of collision processes of dense semiclassical plasma is of considerable interest
in many experimental facilities. The paper studies the collision processes of dense semiclassical plasma
taking into account the quantum mechanical effects of diffraction and symmetry at small distances and
the effects of screening of charge’s field at large distances. The collision characteristics of dense
semiclassical plasma are obtained numerically such as the dependences of the electron collision
frequency on the parameter of nonideality and the free length path of electrons on the parameter of
nonideality are determined. It has shown that taking into account the screening effect and quantum-
mechanical effects of diffraction and symmetry in dense semiclassical plasma leads to a maximum on
the electron collision frequency’s curve at certain values of the nonideality parameter. The free length
path of electrons has a minimum in some values of the nonideality parameter.

Key words: dense plasma, semiclassical plasma, collision processes, collision frequency of electrons,
free length path of electrons.

.
TypexaHoBa K.M.", KaaueBa A.C.
Kasaxckuii HauMOHaAbHbIN YHMBepcUTET UM. aab-PDapabu, KasaxcTtaH, r. AAmartsl,
‘e-mail: kunduz@physics.kz

YacTtora CTOAKHOBEHHI M AAMHA CBOOOAHOIO npobera
3AEKTPOHOB MAOTHOM KBa3UMKAACCHMYECKOM MAA3Mbl

B HacTosilee Bpems nccaep0BaHME CTOAKHOBUTEAbHBIX MPOLIECCOB MAOTHOM KBa3MKAACCUUYECKOM
MA@3Mbl, PEAAU3YIOLLIMECS BO MHOTMX YCTPOMCTBAX, MPEACTaBASET 3HAUMTEAbHbI MHTepec. B paboTte
NCCAEAOBaHbI CTOAKHOBUTEABHbIE MPOLLECChI MTAOTHOM KBa3MKAACCUUYECKOM MAA3Mbl C YHETOM KBAaHTOBO-
MexaHn4eckmx 3pekToB AncpakLmMm 1 CUMMETPMU Ha MAAbIX PACCTOSIHUSX 1 3 EKTbl SIKPaHUPOBKM
MoAs 3apsia0B  Ha  GOAbWIMX  paccTosiHMsX. CTOAKHOBUTEAbHbIE — XapakTEPUCTMKM  MAOTHOM
KBa3MKAACCMYECKON MAa3Mbl MOAYYEHbl YMCAEHHO, HampuMep, OMPEAEAeHbl 3aBUCUMOCTU YacTOTbl
CTOAKHOBEHWIN SAEKTPOHOB OT MapamMeTpa HeMAEAAbHOCTM U AAMHbI CBOGOAHOTO Npobera 3AeKTPOHOB
OT napameTpa HeMAEaAbHOCTM M MAOTHOCTM MAasmbl. [MokasaHo, uto yueT adhdhekTa 3KpaHUPOBKU U
KBaHTOBO-MeXaHWYecKnX 3ppeKkToB AMpakLmm 1 CUMMETPUM B NMAOTHOM KBAa3MKAACCMYECKON MAasMe
Npyu OMpeAeAeHHbIX 3HAUYEeHUsIX MapameTpa HeMAEAAbHOCTU MPMBOAMT K MOSIBAEHWMIO MakKCMMyMa Ha
KPUBOM 4acTOTbl CTOAKHOBEHWI 3AEKTPOHOB. A AAMHA CBOGOAHOroO npobera 3AeKTPOHOB MMeeT
MMHUMYM B HEKOTOPbIX 3HAUEHMSIX NMapameTpa HEMAEAABHOCTHU.

KAloueBble cAoBa: MAOTHAg MAasma, KBasmKAaccMueckas MAasma, CTOAKHOBWTEAbHbIE MPOLLEeCChI,
YyacToTa CTOAKHOBEHMI SIAEKTPOHOB, AAMHA CBOOBOAHOTO Npobera 3SAeKTPOHOB.
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TbifbI3 KBa3MKAACCUKAADIK, MAA3MaAaFbl IAEKTPOHAAPADIH,
COKTBIFbICY XXHIAITi MeH epKiH XXYPY YOAbI

KenTtereH KypblAFblAapAa Manaa 6GOAATbIH TbiFbl3 KBAa3MKAACCMKAAbIK, MAA3MaHblH, COKTbIFbICY
KYObIABICTapbIH 3epTTey OYriHri TaHAQ alTapAbIKTaM Kbi3bIFYLLbIAbIK, TaHbITaAbl. ByA XKyMbICTa TbiFbi3
KBa3MKAACCUKAABIK, MAa3MaHblH COKTbIFbICY MPOLECTEpPi WWaFblH KAlbIKTbIKTAaPAAFbl KBAaHT-MeXaHW-
KaAbIK, ANPPAKLMS XKOHE CUMMETPMS KYObIABICBI MEH ©PIC 3apSIATAPbIHbIH, YAKEH KALUbIKTbIKTapAaFbl
3KpaHAAAy KyObIAbICbI eCKepiAe OTbIpbin  3epTTeAreH. KBasmKAACCMKaAbIK, Tbifbl3  MAa3maAarbl
COKTbIFbICY KYObIAbICTapbl BOALLEKTEPAIH BCEpPAECYiHiH 3DMEKTUBTI NOTEHUMaAbI HEri3iHAE CaHAbIK,
TYPAE €CenTeAreH, MblCaAbl SAEKTPOHAAPAbIH COKTbIFbICY XKMIAIMHIH, MA€aA eMeC MapameTpiHe >KaHe
€pKiH XYPY >XOABIHbIH, MA€AA eMeC NnapamMeTpiHe TAYEAAIAIKTEPI aAblHFAH. TbiFbl3 KBa3MKAAQCCUKAABIK,
nAasMaAarbl 3KPAHAAAY XK8He KBaHTTbIK, KyObIAbICTApblH eCKepeTiH 60ACaK, MAEAA EMEC MapaMeTPAIH
Kenbip MOHAEPI YLLiH SAEKTPOHAAPAbIH, COKTbIFbICY XXMIAITHIH KUCbIFbIHAQ MAaKCUMYMHbIH TYbIHAQYbIHA

OKeAEeTiHi

KepceTi/\reH. AA SAEKTPOHAAPAbIH epKiH KYPY O2KOAbIHbIH,  Y3bIHAbIFbl MNAE€aA emec

napamMeTpAiH Kenbip MOHIHAE MUHUMYMFa Me GOAaAbI.

TyidiH ce3aep: Tbifbi3 MAasMa,

KBa3MKAACCUKAADBIK

MAasMa, COKTbIFbICY — MpoLecTepi,

SAEKTPOHAAPAbIH, COKTbIFBICY >KMIAITi, IAEKTPOHAAPADIH, €PKiH XYPY >KOAbI.

Introduction

Modern theoretical studies of plasma physics
suggest comparing the results with a very highly
developed experiment, this is true in relation to both
laboratory and space plasma. Most of the simplest
effects are known, so it is relevant to consider rather
complex collision processes of dense semiclassical
plasma [1-4]. To date, investigation of the collision
processes such as the collision frequency and the
free length path of electrons of dense semiclassical
plasma are an actual problem, as such plasma is
realized in many experimental devices: in the
implementation of the idea of controlled
thermonuclear fusion, in the collision with a rigid
barrier of metal liners, in MHD generators, rocket
movements with gaseous nuclear reactors, with a
powerful electric discharge in liquid, with an electric
explosion of conductors, with optical and
microwave discharges in gas and etc [5-9]. For the
collision frequency of electrons, the most notable
feature is the non-monotonic nature of its
dependence on the nonideality parameter of the
plasma, which has a maximum in the case of dense
plasma containing once charged ions under the
nonideality parameter [10-19]. The calculation of
the collision coefficients remains one of the most
urgent problems of the physical kinetics of the
semiclassical plasma. The great interest represents
the research, allowed to obtain reliable information
on the collisional properties of dense semiclassical
plasma. When studying the physical properties of
such the plasma located in an external electric field,

it is necessary to take into account the effects of
screening and quantum mechanical effects of
diffraction and symmetry.

of the collision coefficients remains one of the
most urgent problems of the physical kinetics of the
semiclassical plasma. The great interest represents
the research, allowed to obtain reliable information
on the collisional properties of dense semiclassical
plasma. When studying the physical properties of
such the plasma located in an external electric field,
it is necessary to take into account the effects of
screening and quantum mechanical effects of
diffraction and symmetry.

Calculation and discussion

The study used dimensionless parameters
characterizing the system: nonideal parameter

y=e€ [ (rpk,T) ; density parameter 7y =7, /a,,
where 7,),
the Bor.

As the description of interaction of charged
particles in a classical plasma is used the
pseudopotential, which takes into account the

correlation effects of higher order at large distances
[20-21]:

a, — the Debye radius and the radius of

L4y f(R)
OR)=Le R 2
R 1+c(y)
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FR) =V —1)1-e*) /5,

2 3

c(y) = — 0.008617 +0.455861 » —0.108389 y~ +0.009377 »°,

where ¢() — is the correction factor for different y

nonideal parameters obtained on the basis of cubic
interpolation.

Also to describe the interaction of charged
particles in semiclassical dense plasma used the
effective potential that takes into account the effect
of screening and quantum effects [22]:

2 -Br —Ar
q)aﬂ (I") = Z"‘Zﬂe (e - c j’ (2)
J1-4

2 2
A 15\ T r

A =

= 2;2 (1+1/1—/Ijﬁ/r;),
1
B = S (1—1/1—13/5/1”;),

/2
Ty =(kBT/(47reZanZ_IZ.D — the Debye
J

radius, Z,e,Zze — the electric charges of a and

particles, 4., =h/\/27zm, k,T —the length of the
de-Broglie, m,, =m,m, /(m, +m,)— the reduced

mass of the o and [ particles.
The free path length of electrons:

2.4
m U
A, =— 3)
© A4rne*A(A)
The electron collision frequency:
4rne
v =——A(A). 4
e m503 ( ) ( )

The collisions frequency of electrons and the
free length path of electrons are computed using the
Coulomb logarithm [23]:

1 b L0
/I(A)z—2 (j) sin (?)p dp, (5)

Py
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where p| = ee/ 2 is the impact parameter,
Y7y

The integral (5) was solved numerically by
Euler's method and Simpson. Solving the scattering
angle of the particles, it is possible to obtain the
collisional characteristics of dense plasma, such as
scattering cross-section, the free length and
frequency of the particles based on the effective
pseudopotential models.

Figure 1 shows the dependence of the electron
collision frequency on the parameter of the
nonideality of dense semiclassical plasma on the
basis of different pseudopotentials.

It is shown that the collision frequency curve
based on the effective potential (2) is lower than in
the case of pseudopotential (1). It is seen that the
account of the screening effect and quantum-
mechanical effects leads to a decrease in the
frequency of electron collisions with an increase in
the non-ideal parameter. Figure 2 shows the results
of the electron collision frequency calculated using
the Coulomb logarithm on the nonideality parameter
based on the effective potential (2) of dense
semiclassical plasma at different rs values. It is seen
that as the density parameter increases, the
frequency of electron collisions also increases [24,
25]. The results of the calculations are presented in
figure 3 in dependence of the mean free length path
of the electrons on the parameter of the nonideality
of dense semiclassical plasma where it is seen that
the mean free length path of electrons for the
pseudopotential model (1) lies higher than the
corresponding data for the effective potential, which
taking into account quantum-mechanical effects of
diffraction and the effect of screening (2). Figure 4
shows the dependence of the free length path of
electrons at different values of the density parameter
[26]. The mean free length path of the electrons
obtained on the Dbasis of the -effective
pseudopotential of the interaction of the particles
increases with the increase of the density parameter
when accounting for the effect of screening and
quantum effects. This all effects may be due to the
increasing role of quantum effects, which leads to a
decrease in the scattering cross section of the
particles.
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Figure 1 — The dependence of the electron collision
frequency on the nonideal parameter based on the (1) and (2)
potentials of dense plasma.
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Figure 3 — The dependence of the free length path of
electrons on the nonideal parameter based on the (1) and (2)
potentials of dense plasma.

Conclusion

The collision processes of dense semiclassical
plasma are studied taking into account the quantum-
mechanical effects of diffraction and symmetry and
the screening effect. Thus, the dependences of the
electron collision frequency and electron free path
length on the nonideality parameter of dense
semiclassical plasma are obtained on the basis of the

—15 = 61p/ag
—1s=4rp/ap

Figure 2 — The dependence of the electron collision
frequency on the nonideal parameter based on the effective
potential of dense semiclassical plasma.
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............. —15 = 2rp/ag

Figure 4 — The dependence of the free length path of
electrons on the nonideal parameter based on the effective
potential of dense semiclassical plasma.

effective interaction potential of particles. When we
take into account the screening effect and quantum
effects of diffraction and symmetry, the collision
frequency of electrons has a maximum in some
values of the nonideality parameter and the free
length path curve of electrons has a minimum at
certain values of the nonideality parameter, which is
associated with the formation of some ordered
structures in dense semiclassical plasma.
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