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HenpeanbHasa nnasma 3a GPOHTOM MOLLHbIX
yOapHbIX BONH B Ar n Xe

Pacuer ynapHbix aauadar aproHa u KCEHOHa //
KypHan npuknagHOW MEXaHUKU U TEXHUYECKOU
buzuku. 1973. Bemm. 3. C. 70-76. I'ps3uos B.K.,
HNocunesckuu 1.J1., ®opros B.E.



ONX® AH CCCP. B3pbiBHas yaapHas Tpyba

Energy
~ 3MJ

Power
~ 100 GW
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Explosive
Charge

Lens
ortorpacdus
B3pLIBHOH yAapHO# Detonator
TPyOBI:
11— HAeTOHAallOHHas JIMH3a,

2 —sapan BB; 3 — KoJablo-
BCTaBKa C 3/1eKTPOKOHTAKTHBI-
MH JaTyHKaMH H OKHOM HOJd
PEHTIreHOBCKHX H3MepeHUuH;
4 — 3epKano AJsi ONTHYECKHX
perucrpanuii; 5— tpybka mas
nojayM rasa
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Dynamic compression of non-ideal argon plasma

V. E. Bespalov, V. K. Gryaznov, A. N. Dremin, and V. E. Fortov

Division of Institute of Chemical Phys;cs. USSR Academy of Sciences
(Submitted June 27, 1975)
Zh. Eksp. Teor. Fiz. 69, 2059-2066 (December 1975)

Experimental results are presented on the investigation of the equation of state of a non-ideal argon
plasma obtained with an explosive shock tube. The registration of the shock-wave front velocity, of the
plasma density, and of the plasma temperature made it possible to obtain P-V-H-T information on the
thermodynamic properties of the shock-compressed plasma. The obtained data are compared with theories
of a non-ideal plasma,; it is noted that bound states make an appreciable contribution.

PACS numbers: 52.25.Kn, 52.35.Lv

FIG. 2. X-ray pattern of density profile: 1—-shock-wave front, 2—
shock-compressed plasma, 3—detonation products.
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Shock-wave production of a non-ideal plasma
V. E. Fortov, A. A. Leont’ev, A. N. Dremin, and V. K. Gryaznov
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Division of Institute of Chemical Physics, USSR Academy of Sciences
(Submitted January 14, 1976)
Zh. Eksp. Teor. Fiz. 71, 225-236 (July 1976)

Experiments on generation of a non-ideal argon or xenon plasma by intense shock waves are described,
and results of investigation of the equation of state of the plasma are presented. The experiments are
performed with explosive generators of rectangular shock waves in which condensed explosives are
employed as the active elements. A thermodynamically complete equation of state of the imperfect plasma
is determined by recording the kinematic parameters of the shock wave and the temperature. The equation

is compared with theoretical models.
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Electric conductivity of a non-ideal plasma

=0

5/

Yu. V. Ilvanov, V. B. Mintsev, V. E. Fortov, and A. N. Dremin

Division of Institute of Chemical Physics, USSR Academy of Sciences
(Submitted January 14, 1976)
Zh. Eksp. Teor. Fiz. 71, 216-224 (July 1971)

Results are presented of measurements of the electric conductivity of a dense plasma with strong
interparticle Coulomb interaction. Experiments with air, neon, argon and xenon were carried out with an
explosive nonideal-plasma generator. A four-point probe recording technique was used. The Coulomb
component of the electrtic conductivity is compared with that predicted by theories of a non-ideal plasma.
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DoproB, Bragumup EBrenbesuu.

A8 o
= M HCCHCI{OB&HHC HEUJACAJIBbHOU I1J1Ia3Mbl IMHAMHUYCCKHUMHU MCTOJAMU:

Juccepranus Ha COUCKaHUE YUYEHOU CTEIICHU

JOKTOpa (PU3MKO-MATEeMaTUYECKUX HaYyK.
01.04.08
Nu-1 BeicOKHX Temneparyp AH CCCP. — Uepnoronoska : 1976.

OrnaBiieHue

BBenenue

l. O030p paboT 10 KUCCIIENOBAHUIO HEUACABHBIX CPET

. [TocTpoeHne TEpMOAMHAMUYECKH MMOJTHOTO YPAaBHEHUS COCTOSTHUSL HEUICATbHBIX
Cpell 10 JTMHAMUYECKUM SKCIIEPUMEHTaM

I1. YpaBHEHUE COCTOSHUS HEUCATbHON IE3UEBOU TIJIA3MBbI

V. JlnHaMu4eCcKoe CkaThe HENACATBLHOM TIA3Mbl aproHa

V. ['eHepaius HeuAeaIbHOM IJIa3Mbl MOIIHBIMU YJIAPHBIMU BOJTHAMH

VI. DIIEKTPONPOBOAHOCTh HEUAEAIBHOU T1a3Mbl

VII. YpaBHEHUE COCTOSTHUS KOHACHCUPOBAHHBIX CPEJI

VIII. HccnenoBanue ypaBHEHHS COCTOSIHUASI METAJIJIOB METOAOM U33HTPOIMUYECKOTO
pacimpeHust

IX. O «mna3mMeHHoM (ha30BOM MEPEXOIe» MPH AETOHAIIMOHHBIX SIBICHUSIX

X. ['unpoaunamuyeckue 3PHEeKThl B HEUCATBHBIX Cpeaax

3aKII0ucHUE
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Thermodynamic properties of a nonideal argon or xenon
plasma

V. K. Gryaznov, M. V. Zhernokletov, V. N. Zubarev, I. L. losilevskir, and V. E. Tortov

Division of the Institute of Chemical Physics of the USSR Academy of Sciences
(Submitted 21 June 1979)
Zh. Eksp. Teor. Fiz. 78, 573-585 (February 1980)

Results are presented on shock-wave dynamic compression and on the investigation of the equation of state of a7
a strongly nonideal argon and xenon plasma. The experiments were performed with explosive propelling
devices, using the energy of the detonation of powerful condensed explosives. A considerable increase of the
pressure and a decrease of the internal energy are established. This is a consequence of the deformation of the
electronic energy levels of the strongly compressed plasma. A quantum-mechanical model of a bounded atom ~ )
and a pseudopotential model of a plasma are proposed to describe this effect. oo A 701420
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Electric conductivity of a high-temperature nonideal

plasma i
V. B. Mintsev, V. E. Fortov, and V. K. Gryaznov :jlf,;? =
Institute of Chemical Physics, USSR Academy of Sciences =l
(Submitted 12 November 1979) L

Zh. Eksp. Teor. Fiz. 79, 116-124 (July 1980)

Results are presented of measurements of the electric conductivity of a2 nonideal xenon plasma at high o
temperatures T ~(3-10)< 10* K. Explosive cumulative plasma generators and linear explosive devices were i -

used in the experiments to obtain a highly heated plasma in the reflected shock waves. Non-Coulomb

scattering of the electrons by ions was observed and qualitative agreement was demonstrated with a model o= wf| &
that describes the presence of an ion core in the pseudopotential approximation by the partial-wave method. L




Radiation emitted by a shock-compressed high-pressure
argon plasma

V. E. Bespalov, V. K. Gryaznov, and V. E. Fortov

Division of Institute of Chemical Physics, USSR Academy of Sciences
- (Submitted 20 July 1978)
Zh. Eksp. Teor. Fiz. 76, 140-147 (January 1979)

Results are presented of measurements of the coefficient of optical absorption of a non-ideal argon
plasma produced by powerful ionizing shock waves. The experiments were performed with explosive
generators of rectangular shock waves, using condensed explosives. The obtained radiation of the shock-
compressed plasma turned out to be much less than theoretical. The “transparentization” of the plasma
is explained by using a bounded-atom model that takes into account the deformation of the electron

energy spectrum.
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Mucoxua 6 XITD, mon 31, 6wn. 1, cmp. 67 — 70 5 ansapa 19801.

NEHEPALMSA HEATPOHOB [IPU B3PHBHOM MHULIMUPOBAHUU
AA-PEAKIMN B KOHWYECKNX MAWMEHAX

C.H.Auucumos, B.E.BEecnaros, B.H.Bosuenxo
AH dpenun, O.H . AyGosuyxuti, A1l . Xapxos, M.9.Hsanos,
H.K.Kpacox, I.0.Mawunun, A M.Mpoxopos,
B.fA.Tepnoevi, B.E.®opmos, J.H . Wyp

JaperucTpupoBaH HERTPOHHBIH BBIXON 0KoA0 108 HeTPOHOB npy TOPMO-
XEHUM B KOHUUECKUX MUIIEHSX, 3aloNHEHHbIX IefiTepieM, MeTallnuecKux
JafiHepOB, yCKOpSeMblX MPOJYKTamy IeTOHALMM KOHAEHCHPOBAHHBIX B3DHIB-
JaThiX BewecTB. IIpoBenensl TeopeTuUeckue pacuersl npolecca rexHepa-
1MW HEHTPOHOB, yuMThiBawve deopMaluio KOHyCca Ha KOHEUHON cTamun
CXaTus U Harpesa JefiTepus.
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Mucema 5 XTd, Tom 10, primn. 21 12 nogbpa 1984 r,

OTPAXEHHE J/TA3EPHOTO HU3/IYHEHHA
OT YOAPHO-CXATOH IJIA3MbI
KCEHOHA BbICOKOIro [JABJIEHHUA

0.B, 3anopoxeu B.B. M uHxue s,
B.E. PopTos OM BaToBcxuit

[Ipencrapnexns pesaynbTaTbl H3MepPEHH# KO3pPHUHEHTA OTPAXKEHHS
naseproro uwamyuenus ( A=1,08 MkM) oT ynapHo-cxaTo# MNJIOTHO#
nnasMel KCeHoHa, 3adpuxcHposanHule phicoxkue (po 50%) snayenns
k0o3(pPHLUHEHTa OTpPAaXEeHHS CPaBHHBAIOTCH C TEOPEeTHYECKHMH MOIens-
MH., BapuiBHOe nnasMeHHoe 3epKajio HCHNONL3OBAHO OIS MOAYISAUMH
nO6pPOTHOCTH HEOAHMOBOI'O j1a3epa.
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I1J1a3Mbl KCCHOHA

Maxnaaiiuyx B.H., Opmuep U., Poiniox B.M.,
Txauenxo U.M., B.b.Munyes, @opmos B.E.

YepHorosioBka, 1991.



INTERACTION OF EXPLOSIVELY DRIVEN DENSE PLASMA
WITHA LOW INTENSITY LASER RADIATION

Laser beam

Shock wave
front

Dense plasma

Interaction of plasma with laser radiation 1.0 15 2.0 25 3.0 35
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LLIMPOKOOWUANA3OHHbLIE YPABHEHUA
COCTOAHUNA BELWWECTBA

Isentro
pic
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MHOrokomMmnoHeHTHass mogenb nia3mMbl

Atoms, lons: . IONIZATION BY:
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EMPERATURE PRESSURE
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Electrons: partially degenerated Fermi gas @ A®

GDH, LD, PADE ..."°
Short Range repulsion: Hard or Sort Spheres — R;

MD simulation 4_ 4
FiHszNikTV 3V2; V= 7R, \

(1-v) 3

Bound States — Hartree Fock:Q,(R.)=> g, exp{— EK(RC)}
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JluHamMu4eckue MeTo/Ibl B PUBHKE TIIIa3MbI //
: VYenexu puznueckux Hayk. 1982. T. 138. Beim.
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B OPRLCTNTYT BBICOKNX TEMIEPATYP __il

Monenu ypaBHEHHUs COCTOSIHUS BelliecTna //
VYenexu guznueckux Hayk. 1983. T. 140. Boim.
2.C. 177-232. — Coagsr.: bymman A.B.

du3nyecKue CBOMCTBA MJIa3Mbl BBICOKOTO
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Statistical Physics of Nonideal
Plasma
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KO3®PUIUEHTHI IOTTTOMEHUA INIOTHOM ILIA3MBI
APTOHA M KCEHOHA

© 1995r. M. . Kymmu, B. K. ['pazuos, C. B. Keuros, B. 5. Munnes, /1. H. Hukonaes,
B. 1. Tepnopoiu, A. C. ®uaumonos, B, E. ®opros, A. A. Foayées, b. 10. lllapkos,
. Xopdpmann, K. Mtokns, X. Berunep

TEIMIIO®PUINKA BBICOKUX TEMITEPATYP TtomM 33 N6 1995
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:‘)RCHepHMEHTaJIBHbIﬁ CTCH/I 1A UCCJIACA0OBAHUSI TOPMO3HbBIX

[0TEPHb MOHOB B IJIa3Me, FTeHepUupPyeMOou B3PbIBOM




AkcneguuMsa MeXnnaHeTHON KOCMUYeCKOW cTaHLuu
«BETlA» (BeHepa — komeTa Nannes), 1986

Mocne c6poca 30HAa Ha BeHepy KA «BETA» 6bin
HanpaBrieH K KoMeTe [annes v npoiuen Yyepes ee KOMy €
OTHOCUTENbHOW CKOPOCTBLI oKorno 80 KM/c. Mpu Takon
CKOPOCTH yAaphbl NbINeBbIX YacTUL, KOMbI UMenu
TPOTWUMOBBIN 3KBMBaneHT 800. KM3HeHHO BaXHble arperartbl
KA 6bInu salmileHbl TOHKUMU MeTanfIM4eckMMKU 3KpaHaMum.
Heobxoaumo 6bIno onpeaenuTb 3anperpagHoe AeficTBUe
T L yAapa ¢ y4eTOM NnnasrieHns, MCNapeHns 1 paspyLleHns

/ 3KpaHa.
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AnnapaT Hec Ha GopTy
perucTpaTep NbineBbix YacTu
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NMPEOBPA3OBAHUE XUMUYECKOW
OHEPI' KBB B
ANNIEKTPOMAIHUTHYIO SHEPI'UIO

BMI" Ha 300 MOx

Mpu komnpeccun MarHUTHOro nons
3Heprus KBB npeobGpa3yeTcs B
3NEeKTPOMarHUTHyH

2
R
~ 0

Ha aTom npuHuMne co3paHbl
B3pbIBOMarHUTHbIe reHepatopsbl (BMIN)
C peKopAHbIMU 3HAYEHUAMU

ToKa ~300 MA, aHeprumn ~300 Mx,

. MarHuUTHbIX nonen ~ 2800 T B o
B3pbiBHon CBY-usnyuyarens 3pbIBHON UMUTaATOP

yaapa MOJSTHUU

FA ~310cm, P, ~11BT,t~05mm Bupkatop BMI saBnsiroTcsa

1 KOMMNAaKTHbIMMU
' MOLLHbIMM
MCTOYHMKaMMU
MMNYNbCHOMN
3Hepruu Ons WMpoKoro
Kpyra
CMNeuycTpouCTB, Taknx
KaK:




CocTosiHMe BellecTBa B 3KCTPeMaJibHbIX
YyC/IOBUAX

UcTouyHMK Ha BGa3e nnasmeHHbIX yCKoOpUTeneu
(UINX® PAH, OUBT PAH, 'HL P® TPUHUTU, locHUWmaw, POSIL| BHUNI®)
OKCNepUMEHTarnbHbIN CTEHS
B S gy s

CkopocCTb NOTOKa AenTepmeBom

nnasmbol ~ 300 km/cek =
Mpn CTOKHOBEHWUM BCTPEUHLIX MOTOKOB W=
peanu3oBaHbl:

Temnepartypa nnasmbl ~1-2 kaB

NNOTHOCTU A0 ~10% cm3

Bbixoa DD HeMTpOHOB ~101

BMI

BB

/

[na3MeHHble NyLwKn CFYCTKVI nJia3mbl

LinnnHgpunyeckoe obxatne BB

B.E. ®opTtoB u ap., TBT, 2010.
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mas Viscositv as a Test for String

gravity)

\ =
In part|cular most p

— romﬁg%gldate for qual;ntum gravity
(Local quantum field theor}?@ avity non-renormalizable)
'\\’\I@gerlmental verification m|ssmg, Q unique formulation
For : JI relat|V|st|c N ries. , OCD, etc.):

— 4Ky
Argument: Viscosity Is proﬁoﬁﬁl\‘a’l;io energy density times mean free path

Entropy density is proport|o al to density of quasiparticles  Eladi )

Uncertainty principle: quaS|part|cIe energy gl n ilmes mean free path

larger than h I, f

S - k




Viscosity to Entropy Ratio
(Experiments)
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