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INVESTIGATION OF HYDRODYNAMIC PROPERTIES OF HOT DENSE PLASMA

Abstract. In this work hydrodynamic properties of hot dense plasma bunch have been studied in terms of their
application to the problem of inertial confinement fusion. The two-temperature hydrodynamic equations taking into
account the electron thermal conductivity and kinetics of the charge composition are presented. The following model
problems are considered: expansion of a plasma bunch in the vacuum, compression of the plasma by shock waves,
on the role of the electronic thermal conductivity in compression of the plasma bunch by shock waves, interaction of
the plasma bunch with a laser and a beam of heavy ions. On the basis of the developed numerical methods the test
problems arising in the problem of inertial confinement fusion are analyzed. The results shows that the expansion
wave tail of the electron temperature is much higher than the ion as time energy exchange between electrons and
ions is proportional to the ratio of their masses. In the case of a spherical geometry in passing of the shock wave to
the center, reaching the center several times and reflected from it, and a dense layer of the ablator, resulting in a
significant increase in density and temperature.

Key words: Hot dense plasma, Hydrodynamic model, Shock wave, Two-temperature plasma, The target for
inertial confinement fusion, Compression by shock waves.
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NCCJENOBAHUE I'MAPOANMHAMHNYECKUX CBOJCTB CT'YCTKA
IJIOTHOU I'OPAYEMN IIJIAZMbBI

Annoramusi. B maHHOW padoTe HMCClIEAOBAHBI THAPOJMHAMHYCCKHE CBOWCTBA CIYCTKA IUIOTHOH TOpSUCH
ILTA3MBI IPHMEHHUTEIBHO K IMTPOOJIeME HHEPIHAILHOTO TEPMOSICPHOTO CHHTE3a. [ [pHBEICHBI ypaBHEHHS ABY XTEMIIC-
parypHOH THAPOAMHAMHKH C YHYCTOM OJICKTPOHHOHW TEIUIOMPOBOAHOCTH, KHHCTHKH 3apsI0BOTO cocraBa. Pac-
CMOTPEHBI MOJCIBHBIC 33Ja4H: PA3JieT IMJIA3MECHHOTO CIYCTKAa B BAKYYM, CXKATHC IUIA3MbI YJAPHBIMH BOJHAMH, O
pOIM 3IECKTPOHHOW TEIUIOMPOBOAHOCTH IIPH CXKATHHM CTYCTKA IJIA3Mbl VIAAPHBIMH BOJHAMH, B3aHMOJCHCTBHC
CryCTKa IJIasMbl C JIA3CPHBIM H3JIyUICHHCM H ITYYKOM TKCJIBIX HOHOB. Ha ocnose paSpa6OTaHHI>IX YHUCJICHHBIX
MCTOAOB MOJYUCHBI H NPOAHATHU3UPOBAHBI TCCTOBBIC 3a4dYH, BO3HHKAIOIIUEC B np06neMe HHCPUHUATIBHOTO
TEPMOSIACPHOTO CHHTE3a. Pe3ybTaThl MOKA3BIBAIOT, YTO B XBOCTE BOJHBI PA3PEKCHUS INMCKTPOHHAS TEMIIEpaTypa
3HAYUTEIHHO MPEBBINIACT HOHHYFO, TAK KAK BPEMsA OOMEHA SHEPTHH MEXKIY HOHAMH H 3JICKTPOHAMH BEJIHKO H3-33
60IpIIOTO OTHOLICHHUS WX Macc. A Takxke, B ciydae cepHucCKO TeOMETPUH, IPH MPOX0XKIACHUE YIAPHON BOIHBI K
LEHTPY, OHA, JOCTHTas HECKOJBKO pa3 IICHTPA M OTPAXKASACh OT HETO M IUIOTHOTO CJNOSI abiiTopa, MPHBOIUT K
SHAYATCIIBHOMY MOBBIIICHUI) IIJIOTHOCTH U TCMIICPATY PBL

Kmouennie ciopa: [lnotHas ropgayas mia3ma, [ mapoauHAMAYCCKAS MOJCTb, YJapHAsS BOJHA, JByXTeMiic-
parypHasi miasma, Mummean A7 HHCPIHUOHHOTO TCPMOAACPHOTO CHHTE3A, Coxatme YAQPHBIMH BOJTHAMH.
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H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

Beenenne. Ha ceromnsiuHuii AcHP B MHpPE MPOBOIUTCS OONBINOE KOTHYCCTBO TECOPSTHUYCCKHX H
IKCIICPUMEHTAIBHBIX UCCICIOBAHUM B 001aCTH MHEPLUHUOHHOTO TepmosiaepHoro cunreza (UTC) [1, 2 .
N3-3a crnokHOCTEH B NMPOBEICHUN 3KCIICPHMEHTOB C MOJTHOMACINTAOHBIM YIIPABISICMBIM TSPMOSACPHBIM
B3PBIBOM OYCHb IMHPOKO HKCIOIB3YIOTCS METOIBl BBIYUCIHTEIRHOTO 3kcmepuMenta [3-5]. Cpeau mux
MOJIEIM Ha OCHOBE VPaBHEHHUH TMAPOAVMHAMHUKH ABIIAIOTCS Pa3yMHBIM KOMIIPOMHCCOM MEKAY TOUHOCTBIO
MOJC/IH U CITOKHOCTBIO MOJTYUYCHHUS YACICHHOTO peIeHus [6-8].

B nxanHOW paboTe HCHONB3YETCS THAPOAUHAMUYECKAS MOJCTbh JBYXTCMIICPATYPHOW INa3sMbl B
VCAOBHAX WMHCPLUHMOHHOTO TepMosAcpHOTO cuHTe3a [2]. PaccmarpmBacmas 3amada  CBS3aHO C
SHEPrOBKJIAAOM JIA3CPHOTO HU3AYYCHUS B TBEPAOTCIBHBIA CIOW Metanna (MHOTAA - IUTACTHKA),
OKPYKAKIIEro ICHTCPUH-TPUTHEBBIM a3 — 3TO c¢aok T.H. abmsropa. B Hem oOpasyercs mmasma
MHOTO03apsAIHBIX HOHOB C HEPABHOBECHBIM MOHHBIM COCTABOM, PA3lET KOTOPOH OMNPEAEIIICT BAKHEHITHH
JUTSL TEPMOSJSPHOTO CHHTE3a TMAapaMeTp YJAEpKaHWA - NPOW3BEICHHE paguyca ACHTEPHH-TPHTHEBOTO
CT'YCTKa Ha €0 IUIOTHOCTB.

CBolicTBa IIIOTHOH TOPSUCH IITa3MBbl, MONYYACMOU HA 3TOM 3TAIC MOKHIa TCPMOSACPHON MHUILICHH,
B paMKax THAPOAMHAMHYIECKON MOJESIH M3YUAIOTCS HAa MPUMEPE HECKOJIBKHUX CAMOCTOATENBHBIX 3a1ad. B
KOKIOH W3 HUX HAa OCHOBE WYHCICHHOTO JSKCIIEPHMEHTA PACCMOTPEHBI CICAYIOIINE VIIPOINCHHBIC
(PUBUUICCKUE CHCTCMBI.

[lepBasg u3 HUX, 3TO pasieT MIOTHOTO TOPSYETO CI'YCTKA B BaKYyM. 3AeCh MPCACTABISICT HHTEPEC
CpPaBHEHHE C TOYHBIMH PEIICHHUAMH - BOJHOH pa3pelkeHUs, HCCICIOBAHME KHHETHUECKHX CBOWCTB
MHOTO3aPsIIHOM TTA3MBbI - HAPYIIICHUE HOHU3AIMOHHOTO PABHOBECHS (3aKaiKa HOHHOTO CocTasa) [9].

Bropas 3agaua cBsa3aHa ¢ Oonee CIOKHBIM THAPOAUHAMHYCCKHM SIBICHHEM - YIAPHBIMH BOTHAMH B
JBYXTeMIepaTypHod 1mmasme [9]. 3mech BaKHYIO PONb HIPAIOT OTPHIB HOHHOM H 3JICKTPOHHOU
TEMIIEPATYP ¥ BOJHA JNIEKTPOHHOH TEIUIONPOBOIHOCTH.

B tpeTreilt 3amauc pacCMOTPCH Cavyall BO3ACHCTBHSA MOIINHOTO Ja3C¢PHOTO MMITYJIRCA HA IUIOTHYIO
000NOYKY M3 30710Ta, OTPAHHYMBAIOINYIO CMECh ACHTEpUs ¢ TputneM. B Hel cxarue aelitepueso-
TPUTHECBOH CMECH MPOUCXOTUT 3a CUCT Pas3neTa BHEINHCH OOOIOYKH, W TAKKE BAKHYIO PONb HUTPAIOT
BOJIHA 3IIEKTPOHHOM TEIUIONPOBOAHOCTH M yAapHas BOJIHA, PACTPOCTPAHSIIOIIAECS BHYTPh MUIIEHH.

2. IlocTanoBka 3aga4n

B cnyuagx mmockod, mwmHapwdeckodl wmn chepuueckor cummerpum (n=0, 1, 2) cucrema
VPaBHCHHH Ta3oBOH JUHAMUKA B JAarpaHKEBBIX KOOPAMHATAX C VYCTOM KHHETHUCCKUX SIBICHHH
(BSI3KOCTB, TEILUIOMPOBOJHOCTh, HEPABHOBECHOCTh HOHHOTO COCTABA M Pa3NHYHC TEMIEPATyp HOHOB U
3MEKTPOHOB, BKJIAA HEVIPYTHUX MPOLECCOB HOHU3AIUM, PECKOMOHHALIMH W TMOTEPh HA H3IYUCHHC B
SHEProdaNaHce ICKTPOHOB) UMEET BH!
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Jrta cucTeMa VpaBHEHWH JOKHA OBITh JOMOJHEHA VPABHCHHAMH KHHCTHKH HOHHOTO COCTAaBa.
VYpasHeHus OaaHca Jj1s ONMUCAHMS HOHHOTO COCTABA MHOTO3APSTHOM TUIA3MBI UMCIOT BH/I!
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