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BuiBOABI

[lokasaHO, 4YTO IpM YydeTe HEAMHETHOrO »DKpaHUpoBaHNMA (a30BOe COCTOSIHUE CHCTEMBI,
oIpeJeasieMoe II0 ee ITapaMeTpaM, MOXET OTAMYAThCS OT (Pa30BOTO COCTOSHMSI CUCTEMBI, PacCINTaHHOTO
Oe3 yuera 9dpeKra HeANHEITHOTO DKPaHNPOBaHIIA.
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FEATURES OF MACROIONS SCREENING IN COMPLEX PLASMA

I.A. Martynova, 1.L losilevskiy, A.A. Shagayda

Joint Institute for High Temperatures RAS, Moscow, Russia

Non-ideal complex plasma is a subject of intensive study for many decades. In the present paper we
consider four systems of non-ideal complex plasma. First, it is discharged dusty plasma [1]. Its
representative values are the following: macroion concentration nz~10*—104cm?, a macroion charge
number (hereafter we will call it a macroion charge) Z ~ 10°—10% macroion temperature Tz ~1—2 ~eV,
electron temperature Te ~1—7 ~eV, positive microion temperature Ti~ 0.03 ~eV (there are two sorts of
microions here -- electrons with charge -1 and positive microions with charge +1), a macroion radius
Rz ~1—10 um. Also, we consider two idealized systems: colloidal plasma [2] and CDP —plasma (plasma
with condensed dispersed phase) [3]. Their representative charge is Z ~ 10—10%. Temperatures of macro-
and microions are equal. For example, temperature of CDP—plasma is about 2000-3000 K. The fourth
considered system is dusty plasma in noctilucent clouds [4]. Maximum charge comes to be Z ~ 100 and,
again, temperatures of macro- and microions can be considered as equal Tz=T.=Ti=0.03eV. In the
present paper we consider two-component electroneutral models which consist of finite size macroions
and one sort of pointlike microions.

Non-ideal plasma is characterized by two dimensionless parameters I' and x, where I' is Coulomb
non-ideality parameter and « is structural parameter
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where a is the Wigner-Zeitz radius, and r, :(

concentration of positive microions, (n,) is average concentration of electrons (or negative microions).

There is a well-known phase diagram of dusty plasma in «—I" plane [5]. The effective potential of
macroions Z is widely assumed to be of the Yukawa form

Ze
DOy, ¥ —exp(-r/ry). 0.2)
r

The Poisson—Boltzmann equation should be written as
Ap(r) = —4rAp(r) = 4re{n, exp(—r/1y) — hy exp(+r/ 1)}, (0.3)

where nio is positive microion concentration at infinity, ne is electron concentration at infinity (or at the

border of the cell).

zZe?

Then a linearization condition

>1 should be used.
z

We showed that as one considers non-linear screening a phase state can be different (see fig.1).

Figure 1. Change the phase state in the case of non-linear screening consideration. Points 1-2-3-4-5-
6-7-8-9 are plotted as one doe not consider non-linear screening. Points 1*-2*-3*-4*-5%-6%-7%-
8*-9* are plotted as one considers non-linear screening. Red lines are phase boundaries of
the initital phase diagram [5].

Conclusions

We showed that a real phase state can differ significantly as one takes into account non-linear
screening effect.

The work is supported by the Russian Science Foundation, Grant No 14-50-00124.
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MOAEKYASIPHO-AMHAMMWYECKOE MOAEANPOBAHUNE
YAAPHBIX AAVMMABAT DHEPTOEMKUX MATEPMA/OB
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BBeagenmne

Metoa MozaexyasipHOI AuHaMuKy (M) ocHOBaH Ha IIPSIMOM BBIUMCAEHNY KOOPAMHAT U CKOPOCTell
aHcaM04s 9acTull (aTOMOB AU MOJ€KYA) B IIpoliecce DBOAIOLINI AAHHOTO aHCaMOAs YaCTUI] BO BpEMEHI.
M/, MeTOoa IMPOKO MCIOAB3YETCA AASl MOAEAMPOBAHMS Pa3AMYHBIX (PU3MUECKUX IIPOLIECCOB BO MHOIMX
aTOMHBIX aHCaMOASIX, YTO ITO3BOASAET MOAy4aTb AOCTOBEPHYIO MH(POPMaUMIO O CBOMCTBaX MCCAeAyeMBIX
BemecTs. M/ MeTo 1o3poaseT HabAIO4aThb Ha aTOMHOM YpPOBHE M3MeHeHMe CTPyKTyphl MaTepuada B
3a4aHHOM pPaBHOBECHOM MAM HepPaBHOBECHOM COCTOSIHUM. DTO OCODEHHO BaKHO A4 DHEepPreTHMYecKuX
Marepuaaos (OM), Tak Kak JeTaabHOe OIJMCaHMe CBOJCTB TaKMX MaTepualoB MOXKeT BBIABUTD
pyHAaMeHTaABHBII MeXaHWU3M, KOHTPOAMPYIOIINII WHULIMMPOBAHME AeTOHAIIUV DHEPreTUIeCcKOTO
Marepuada. Pesyapratet M/ MogeampoBaHN:, HpM aKKypaTHOM NCIOAB30BaHMM MeTOAd, MMeEIOT
AOCTOBEPHOCTb, COIOCTaBUMYIO C DKCIIepMMEHTaAbHBIMM JaHHBIMU. Metoa M/ MoaeamposaHMs
npuMenseTcs B pusnke, Ouoxnmuy, 6nodpU3UKN U MaTepraloBe eHN, 1030455, B HEKOTOPBIX CAyYasiX,
IOAy4IUTh MHQPOPMAIINIO O IIOBeJeHMM BelllecTBa B DKCTPeMaAbHBIX YCAOBMIX, KOTOPYIO HEBO3MOXXHO B
HacTosIITee BpeMs ITOAYINTDh DKCIIePUMEeHTAABHO.

B nacrosmeit pabote MoJeAupoBaHMe HPOBOAWAOCh C uCIOAb3osanmeM M/ makera LAMMPS
(http://lammps.Sandia.gov). BodaMO>XXHOCTH, 3al0KeHHBIE B IporpaMMHOM Itakete LAMMPS, 1no3soasior
1ccAe]0BaTh IIPOLIECCHl  XMMMYECKOTO B3aMOAENCTBUA M IIpeAcKasblBaTh IIOBeAeHMe pPa3AMIHBIX
MaTepualoB B yCAOBMAX BO3AMCTBIA DKCTpeMaAbHbIX JaBAeHui 1 TeMneparyp. Ilonnmanne mexanusMma
yAapHO-BOAHOBOTO (YB) cxatmst MoaexyaspHbix Kpucraaaos (MK) nmpeacrasaser 60apmoit naTEpeC. JTO
CBA3aHO C TeM, 4YTO OOABIIMHCTBO BDHEPreTUYECKUX MaTepualoB SBASIOTCI MOAEKYASPHBIMU
Kpucraaaamm. VI3-3a CuABHON CXKMMaeMOCTM MOAEKYASPHBIX KpPHUCTAaAl0B, MX HU3KOIO IIOpora
IaacTudeckoit gedpopmanuy, ¥ HECMMMETPUYHOCTM DTU KPUCTaAAbl MOTIYT IIpeTepIlieBaTh pa3ANdHbIe
Pusnaeckue n XMMMIeCKne N3MEeHEHN 1104 BO3JelicTBeM Y B oxaTus.

1. PeakmmonHoe cuaoBoe moae ReaxFF

Ilpu M/ MoaeampoBaHMM CTaTUYECKOTO M YAAPHO-BOAHOBOIO CXaTUsA MOHOKPMCTaAAOB
paccMmaTpuBaeMbIX DM 1CIO0Ab30BaA0Ch peakiinoHHoe cuaosoe nole ReaxFF (Reactive Force Field). [1]
Cnaosoe mnozae ReaxFF paspaboTaHo A4s1 ommcaHUs XMMMYECKOTO B3aMMOAENCTBIS, AMCCOLMAIIUN U
gopMmpoBaHMs XMMMIECKMX CBsI3€l, a TakXKe CBOVCTB JedeKTOB I HemjeaabHOV IIOBEPXHOCTU





