TEOPETUYECKOE ONMCAHUE TNJIPOJUHAMUYECKHUX
SIBJJEHUU B IIBLIEBOMU ITIJIABME
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Mockosckuii puzuxo-mexHuuecKuil UHCmumym

B mocnennue ronpl mpoBeeHO 3HAYUTEIHLHOE KOJIUYECTBO SKCIIEPUMEHTOB 1O HAOIIO/E-
HUIO U UHTEPIpETallid THIPOJAUHAMHYECKUX SIBICHUH M TPAHCIOPTHBIX CBOMCTB B IBUIEBOM
wiasme [1] . OmHol U3 BaKHBIX, HEPEIIEHHBIX MPOOJIeM SBISIETCS CYIIIECTBOBAHHE THIPOINHA-
MHUYECKO# TypOYJIeHTHOCTH B MBUICBOH I1a3Me. TeopeTuueckoe OMUcaHnue THIPOANHAMIYECKUX
U TPAHCIIOPTHBIX SIBJICHUH B MBUIEBOH IJIa3Me OIPEIeIIeTCs CIEIYIOMUMHU TPOOIeMaMH.

1. IlputeBas maa3Ma MOXET CYIIECTBOBAaTh B TEPMOJMHAMHYECKH PABHOBECHOH IIIa3Me, B
9TOM Ccllydyae KOHIIEHTpAIlMM KOMIIOHEHT OIpeNesIsIOTCS MapaMeTpaMu YacTHIl IJIa3Mbl,
AQHAJIOTUYHBIM TIOTEHIIMAJIaM MOHU3AIUH, CHEeKTpa SHEPruil BO30YKICHHsI, pacCUUThIBae-
MBIM T10 U3BECTHBIM (OopMyJiaM, OCHOBAaHHBIM Ha yCIOBHUSX HOHU3AIMOHHOTO PAaBHOBECHUS
WA MUHUMH3ALUU OJJHOTO U3 TEPMOJMHAMUYECKUX MMOTSHIIUAIOB, paiyC SKPaHUPOBAHUS
3apsHKEHHBIX YACTHI] B 3TOM CIIydae sIBJsieTcs 1e0aeBCKUM.

2. B GonpmuHCTBE CilydaeB B SKCIIEPUMEHTaX M B IPUPOE MbLIeBas I1a3Ma o0pasyeTcs BO
BHEITHUX DJIEKTPUUYECKOM, MAarHUTHOM U TPAaBUTAI[MOHHOM IOJISIX, IPH HAJIMYUH BHEUTHUX
MCTOYHHUKOB MOHU3AIIUH U MIPOTEKAHUH IJIa3MOXUMUYECKHUX peakiuii. CrucremMa mepexoauT
OT TePMOJIMHAMUYECKH PaBHOBECHOW — 3aMKHYTOM K OTKPBITOM cucTeMe, TJie BHEIIHHE T1a-
paMeTphl ONPEEISIIOT KOHIEHTPAIMIO YaCTHIL O] JEWCTBUEM BHEIIHUX UCTOUHUKOB HO-
HU3ALIMH, a CPE/IHSISI SHEPTUsl YaCTHUIL OTIPEeIIIeTCSl BHEIITHUM IOJIEM.

3. B OGonpmmHCTBE 3KCIIEPUMEHTOB MPOBOIMINCH HAOMIOACHUS BUXPEBBIX CTPYKTYpP M U3Me-
PEHHS BS3KOCTH IJIa3MbI B YCJIOBHSIX, KOT/Ia JUTMHBI CBOOOIHOTO ITpoOera MblIEBbIX YacTHII
HE MaJIbl 10 CPABHEHUIO C XapaKTEPHBIMH pa3MepaMu HEOIHOPOTHOCTEH, TO3TOMY THJIPO-
JUHAMHYECKOe OIMCAaHUE U Ipe/ICTaBICHHs He aJleKBaTHBI cucTeMe. B yacTHoCTH, rpaju-
SHTHBIC THUIOTE3bI (CTOKCOBCKOE BBIPKECHHUE JIJISI TEH30pa HANPSHKCHUi) Hapymmatorcs. B
9TOM CiIydae HeoOX0IMMO KHHETHUECKOE OMMCAHUE MBLICBOU TJIa3MBl.

4. B ycnoBwusx, Korja HapyuiaeTcsi IpUMEHUMOCTh THPOJINHAMUYECKOTO OMHCAHUS OCHOB-
HBIE TUAPOTMHAMHYCCKIE HEYCTOMUYUBOCTH T€M HE MEHee MPOSBIISIOTCS (HEYyCTONINBOCTH
KenbBuna-I'enbmroneia u Penes-Teiinopa). Pa3Butie 3THX HEyCTOHYMBOCTEH Ha HEJH-
HEHHOW CTaguu MOXKET NMPUBECTH K BO3HUKHOBEHUIO THAPOJWHAMUYECKOW TypOyJIEHTHO-
CTH TBUJIEBOU TJIa3MBL.

5. T'maponnHaMuka TBUIEBOHM IMJIa3Mbl UMEET OTIIMYUTENBHYIO OCOOEHHOCTH, CBS3aHHYIO C
TEM, YTO JUUIsl pa3MepOB IBUIEBBIX YAaCTHIl CPABHUMBIX C JJIMHON IMpoOera u mnapaMmeTpaMu
HEOJIHOPOJHOCTH CPe/lbl HEOOXOIUM HOBBIM MOJXO]], aHAIIOTUYHBIA pa3BUBAaEMbI B TEO-
puH MHOTO(A3HBIX Cpej.

B noxmane mpuBeneHbl METOIBI U IPEBAPUTENbHBIE PE3YNIbTaThl 10 mpobiiemMam 1-5.B vactHo-
CTH, TIpOBe/IeHa KJIAacCH(UKAIMS MbUICBON IUIA3MbI MO KOHIEHTPAIMU 3apsDKEHHBIX YacTHI] U
rapaMeTpaM BHEIIHUX IOJIeH, TOCTPOEHBI KHHETHYECKHEe MOJIETTH U IIPUBE/IEHBI PEe3yIbTaThl MO
TPAHCIIOPTHBIM CBOMCTBAM INBUIEBOH IIa3MBI ¢ aHAJIM30M NMPUMEHUMOCTH TPaJIMEHTHBIX THIIO-
Te3, MOCTPOEHA KMHETUYecKasi Teopus TUIPOJMHAMUUYECKAX HEYCTONUYMBOCTEH U M3JI0XKEH HO-
BBIH MTOJIXO K THIPOJMHAMHUYECKOMY OIMUCAHUIO MBIICBON TJIa3MBI.
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Last years the significant amount of experiments with obgenvand interpretation of
the hydrodynamical phenomena and transport properties in dusty diHsisa&arried out. One
of the important, unsolved problems is existence of hydrodynamitailémce in dusty plasma.
The theoretical description of the hydrodynamical and transport pheaomelusty plasma is
defined by the following problems.

1. Dusty plasma can exist in thermodynamically equilibrium p@asmthis case concen-
tration a component are defined by plasma particles paransetglar to potentials of
ionization, a excitation energy spectrum, considered on the known &wrbaked on
conditions ionization balance or minimization of one of thermodynamic palenthe
screening radius of charged particles in this case is Debye radius.

2. In most cases in experiments and nature dusty plasma isdfannexternal electric,
magnetic and gravitational fields, at presence of external e®wfkionization and a
number of plasma-chemical reactions. The system passeshieomotdynamically equi-
librium - closed to open system where external parametersedégnconcentrations of
particles under action of external sources of ionization, and avenaggy of particles is
define by an external field.

3. In the majority of experiments observations of vortical strastand measurements of
viscosity of plasma in conditions when free path length of dusty particles amalbirs
comparison with the characteristic sizes of inhomogeneouty eeereed out, therefore
the hydrodynamical description and representations are not adeguhge gystem. In
particular, gradient hypotheses (Stokes expression for stressr} are broken. The ki-
netic description of dusty plasma in this case is necessary.

4. In conditions when the hydrodynamical description is invalid nevesthéhe basic hy-
drodynamical instability like Kelvin-Helmholtz and Rayley-Tayl exist. Development
of theseneycroitunBocteit at a nonlinear stage can result in occurrence of hydrodynami-
cal turbulence of dusty plasma.

5. The hydrodynamics of dusty plasma has the distinctive featureected by that the
new approach is necessary for the sizes of dusty partmbegazable to free path length
and inhomogeouty parameters similar developed in the theory of multiphase flows.

In the report methods and preliminary results on problems 1-5 are ¢jivparticular, classifica-
tion of dusty plasma by concentration of the charged particles and parameteesiodl fields is
carried out(spent), kinetic models are constructed and results rapdra properties of dusty
plasma with the analysis of applicabilityamuentarix hypotheses are given, the kinetic theory
hydrodynamical instabilities is constructed and the new approatle thhydrodynamical descrip-
tion of dusty plasma is stated.
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