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llliSIM CI<OpOCTH JJ,eTOllal..{Hli, a, C JJ.pyroii CTOpOllbl, 
.ll,OCTaTO'lllOH JVISI TOfO, 'lT06bI IIOMep>KHBaTb CTauu
ouapuoe pacnpocYpaueuue BOJillbI HC)l. 

IlpeJ.J;JiaraeMaSI MOJJ,eJib 6brna uue.Apeua B .ABy
MepubIH rtt.ll,pOKO.ll, ll uepmpuuupoBaJiaCb nyTeM MO
JJ,eJIHpOBallHSl 3KCnepHMellTOB, B I<OTOpbIX 11a6mo
JJ,aJiaCb HC)l B nnacTucpuuuponauuoM OKTOreue 
c llHJKOH uopHCTOCTbIO ( < 2%) . B npSIMblX .llByMep
llblX pac'leTax 6bIJI noJiy'!ell CTal..{HOUap11bIH pe>K11M 
pacnpoCTpa11emrn HC)l H yJJ.anocb uoc11pou3sec
TH 6oJibWHUCTBO 3KCnepHMe11TaJibllblX acpcpeKTOB. 
Pac'!eTbl TaK:>Ke IIOKa3aJIH cymecTBOBamte IIH>KUero 
II Bepx11ero npe,lleJibllbIX 3Ua'!eIIHH A11aMeTpa 3ap.H
J.J;a, onpe.AeJI.HIOIIJHX o6JiaCTb, r.Ae BO3Moarna CTaIJ»
O11ap11M HC)l. )l;rn IJHJIHIIJJ.PH'!ec1<oro JapSI.lla BB 
6e3 o6oJIO'!I<ll 01111 OIJeimBaIOTCSl KaK 50 ll 200 MM, 
COOTBeTCTBe1111O. 

PHYSICAL MODEL OF LOW VELOCITY 
DETONATION IN PLASTICIZED HMX 

K. F. GREBENKIN, M. V. TARANIK, 
s. K. TSARENKOVA, A. S. SHNITKO 

Federal Nuclear Center - Zababakhin All-Russia 
Research Institure of Technical Physics, 

Snezhinsk, Russia 

In a given report a physical model of low veloc
ity detonation (LVD) for dense plasticized HMX is 
suggested. The model is based on the well-known 
fact that two thresholds were observed when shock 
wave initiation of chemical reactions in dense high 
explosives. The first (low) one is just threshold 
of the explosive ignition by the shock (subdeto
nation reactions initiation threshold). The second 
one is the threshold of normal detonation (ND) 
initiation. 

In plasticized HMX the first threshold is ob
served at pressures about 0.1 GPa. The second one 
is located near 3 GPa where the sharp growth of 
the chemical reactions rate is observed with pres
sure increasing, and when the ND initiation takes 
place. 

It's supposed that LVD in the explosives having 
small porosity corresponds to well-recognized ZND 
theory , and the LVD wave is a complex of the 
leading shock wave and the chemical reaction zone 
behind the shock front . The main idea of the sug
gested model is that due to the lateral unloading 
the pressure at the leading shock front is reduced 
as compared to the ND, and it lies between two 
abovementioned thresholds. As a result, the reac
tion rate and, hence, the energy released between 
the front and the sound surface is much lesser than 
at ND. That is why, the detonation propagation 

velocity at LVD is lesser than at ND. But, from 
other side, the released energy may be enough to 
sustain the stationary regime of L VD propagation. 

The model was implemented into 2-D hydro
code and verified by means of modeling of exper
iments where the LVD was observed in plasti
cized HMX having small porosity ( < 2%). In 2-D 
calculations the stationary L VD wave was ob
tained , and the most of known experimental ef
fects were reproduced. Also, the computer mod
eling has shown that there is some range of the 
charge diameters where stationary LVD may take 
place. For naked cylindrical charge of plasticized 
HMX it has been evaluated that the stationary 
LVD is possible when the charge diameter lies 
between 50 and 200 mm. 

YPABHEHHECOCTOHHHH 
IlJIOTHhIX BB 

B. <D. KYPOilATEHKO, M. IO. CAXAPOB 

Poccuiic1rnn cpeAepaJibllbIH HAepIIbIH ue11Tp -
BHl111 TCXIIH'!CCKOH q>H3HKH 

HM. aKaA. E. 11. 3a6a6axmia, C11e)KHUCK, Poccm1 

C,n.eJialla IlOilbITI<a nocTpOHTb MaKCHMaJibllO npo
CTOe ypau11e1me COCTOSlIU1Sl ,llJISl KpHCTaJIJIH'!eCI<HX 
BB, onupa.Hcb 11a pacnpocTpa11em1bie cpH3Ht.JeCKHe 
npHlll..{HflbI, ,llOCTaTO'-111O Tpa,llHIJHO!IllblH BH,ll npe.n:
CTaBJiellHSl u :>KeJianue o6oHTHCb MHllHMYMOM no.n:ro-
11O'-!llblX napaMeTpOB. 

Ypa1rne1111e COCTOSlllHSl CTpOHTCSl 8 Tpa,ll.HIJHOII
IIOM Bll,ll.e, Tttua M11-fp1011aii3e11a, c pa3,1J.ene1meM 11a 
IIOTeUIJliaJibIIYIO H TeflJIOBy1O '!aCTH. )lJISI HOCTpoe
llHSl llOTelll.(HaJibllOH '-1acn1 6epeTCSl UOTeUIJHaJI nrna 
Jleuuap,lla-ll»<onca, napaMeTpbI KOToporo, c noMo
IIJbIO l13BeCTllblX COOTIIOUieIIHH, Bbipa»<aIOTCSl '-lepe3 
KOM6tt11a1JllH cptt3H'!eCKlfX BeJIH'!lill, JJ.JISI KOTOpblX 
eCTb 3KCnepHMeHTaJibllble 311a'!ellHSl . ]lJISl OOCTpoe-
1111.H TenJIOBOH '!aCTH 6epeTCSl 3aBHCHMOCTb, annpoK
CHMttpy1omasi TeUJIOeMKOCTb npH IIOCTOSllllIOM ,AaBJie
llHH, uptt'!eM Bll.ll: 3TOH 3aBJ1CHMOCTH Bb1611paeTCSl, na
pSI.llY C q>l13H'!IIOCTbIO, 113 coo6pa»<ellHH BO3MO)KUOC
Tlf JierJ<oro IIOJiy'ieilllSl cpyuKIJHH Tef!JIOBOH aueprnH 
li, ,llaJiee, TeUJIOBOH 'iaCTH ,n.aBJiellHSl. TenJIOBaSI '!aCTb 
,llaBJieUHSl CB.H3aua C TellJIOBOH 'iaCTb!O aueprHH '!epe3 
cpyuKIJHIO fp1011au3e11a, 3aBHC.HIIJeH OT IIJIOTIIOCTH 
nemecrna. I1pe.AJ1o»<e11 Bl1.ll. cpyuKIJliH fprouauJeua, 
aunp0Kc»M11py1om11ii xapaKTep ee noBe.n.e1mS1 
11 upe,lleJibllbie 31Ia'-le1111S1. l1cxoM HJ npe,ll.J10:a<e1111oi1 
cpynKIJl1lf fp1011aibe11a, 11OJiy'!e11O Bb1pa»<e1me JI.AA 
cpy11KIJ11H TeM11epaTypb1 ]le6aSI. B Te11J1oay1O 'iaCTb 
BKJI!Ot.Jell '!Jieu, Y'!HTbIBaIOlUHH BKJia,ll 3JieKTpOIIIIOH 
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COCTaBJUUOllleH. Y'-lTelI BKJia,l.l ,mepnrn uyJieBbIX KO

Jie6a1m.iL CKouCTpyttpoBauuoe ypaBue1rne cocToR

mrn: HMeeT neCKOJlbKO 110,/.ll'OUO'-lllblX napaMeTpOB, 

B AaJibne.ihueM naJbmaeMbIX Koaq>qmu11emaMH YPC. 
qttcnemtble JHa'-leJIHR Koaq>q>ttutteUTOB YPC JJ.JIR 

Ka)K,l.lOro BB rro.z:t6ttpa10TCR TaKHM o6pa3oM, •uo6b1 

pac'-leTllbie 3Ua'-leUHR KaK M0)l(Jl0 JIY'HllHM o6pa30M 

arrnpOKCHMHpOBaJIH H3BeCTilbie 3KCHepHMeIITa./lbllhle 

aua'-leJIHR, uanpttMep, B npe11.cTaBJie1moM .l.lOKJia.z:te, 

annpoKCHMHpoBanach y,napua.R: a,n11a6aTa u tt3o6a

pu'-lecKoe TeMrrepaTypuoe pacwupeuue. 

Ilo,l.lo6pamihie 3Ua'-lelIHR K03q>q>HUHeUTOB upo

BepRIOTCR ua .l.lpyrnx noueccax ( TennoeMKOCTb upu 

flOCTO.R:IIIIOM ,naBJieUml' H306aptt '-leCKaR TeMuepaTyp

naR 3aBHCHMOCTb CKOpOCTH 3ByKa), ,l.lJI.R KOTOpbIX 
eCTb ,l.lOCTOBepIIbie 3KCI1ep11Me1ITaJihllbJe ,'J.allllhle. 

Ilpe,llCTaBJieJibl pe3yJihTaTbl 110,n6opa K03q>q>H
u11e1ITOB npe,l.lJIO)Kemwro YPC ,l.lJIR THT. 

DENSE HE EQUATION OF STATE 

V. F. KuROPATENKO, M. Yu. SAKHAROV 

Russian Federal Nuclear Center - Zababakhin 
All-Russia Research Institure of Technical Physics, 

Snczhinsk, Russia 

An attempt of establishing simple equation of 

state for crystalline HE was made. Establishing 

is based on on wide physical princi pies. Equation 

established in traditional form with small amount 

match parametres. 
Equation is Mi-Gruneisen type with division 

on potential and thermal parts . Lennard-Johnse 

type potential is used for potential part establishing 

which parametres are expressed through physical 

variables of known experimental values. Functional 

approximation of heat capacity at constant volume 

is used for establishing thermal part of the equation. 

Pressure heat part is apparented with energy heat 

part trough Gruneisen-like function. Form of such 

function proposed. Upon it a function of Debay 

temperature derived. Heat part contains portion 

counts electron component. Zero oscillations counts 

as well. 
The equations has a number of match paramet

res - so-called coefficients. Numerical values 

of the coefficients are ajusted to comply with 

experimental data (Hugoniot, isobaric temperature 

expansion etc.) 
Equation coefficients for TNTare presented. 

.Z:U1HAMHKA MAJIO-Yf JIOBOfO 
PEHTfEHOBCKOfO PACCEHHHH IlPH 
tlETOHAI.U1H KOHtlEHCHPOBAHHbIX 

BB C JlO:6ABKAMH HAHOAJIMA3OB 

K. A. Trn1, B. M. T11Tos1, fi. TI. ToJio'-lKo2, 

M. JI. )Kor.11H, 3. P. IlPYY3JJ1, 

JI. A. JIYKb51H'-ll1KOB1 

111ncnuyT rn.z:tpo.z:t1111aMHKH HM. M.A. JianpcHThCDa 
CO PAH, Honoc116npcK, PoccHH 

2111ICTHTYT XHMHII TDCp.z:toro TCJia H MCXalI0XHMHH 
CO PAH, Honorn6HpCK, Pocc1ur 

XoTR CHIITeJy uauoaJIMa30B 11p11 B3pbme IIOCB511Ue
lIO BeCbMa 60JiblllOe '-lHCJIO pa6oT BOnpoc 06 06paao

ua1111li ux, a TaK)l(e 6onee 06ut11li Bo11poc o Koutteuca

UHli yrnepo,l.la npli t1.ernuaum1 BB c oTpuuaTeJibllbIM 

KHCJI0pO,l.lllblM 6aJiaJICOM, OCTaeTCR ,l.lHCKYCCHOllllblM 
tlO uacToRmero BpeMe1111. On1eT 11a uero Ba)KeJI KaK 

t (JIR ll0IIHMaJIWl q>H3HKH .RBJiemrn, TaK H ,l.lJIR oueJIKH 

KOJIIIlJCCTBa a11eprn11, KOTOpa.R BbI,l.leJIReTCR npu 3K30-

TepM11'-leCKOH 1rnary11nu11u yrnepoti.JihIX KJiacTepou. 
IlepBbIC ,l.lHllaMH'-leCKHe 3KCnepuMeUTaJibllhie uc

CJie,'J.0Balllrn 0 pocTe B3pb1BllblX 11a11oaJIMa30B CTaJIU 

B03M0)KllblMH 6naro,l.lapn HCIIOJib30BaUHIO cuuxpoT

po111l0ro 113JIY'-lemrn, a HMClllI0 B03MO)l(JI0CTH peruc

Tpauuu tJ.Hq>paKUIIOllllblX ( MaJIO-yrJIOBbIX) curna

JIOB c '-laCTOTO.i't tto 4 Mfu. IloJiy'-le1111b1e peJyJihTaThl 

110Kaaanu , '-ITO c11r11aJI MaJio-yrnoBoro peuueuoa

cKoro paccenuun (MYPP) 11a•m11aeT pacn-1 c uym1 

ua q>po11Te .z:tern11auuu 11 ero pocT upo,AOJI)KaeTcR 
B Te'-le1111e uecK0JlbKI-IX MHKpoceKyll.Ll . O1.u1aKO 13 3TUX 

aKcuepm,1emax c1m1aJI MYPP a11a'-la.ne M0)KeT 6bnh 

0•1e11b MaJI , BBHtlY MaJIOH «K0IITpaCTIIOCTJ-1~ 11a11oaJI

Ma3a ua q>po1ne. l!JIHTeJibllblH pocT M0)l(CT o6bRC

IIRTbCR p0CTOM «KOIITpaCTII0CTJ-1~ uptt paaJieTe npo

.l.lYKTOB ,l.leT011au11u. l11rn orneTa 0 MeCTe IIORBJle

llHR B3pb!BllblX uauoaJIMa30B 11eo6XO,'J.HMO IIOBbl

CHTb '-lYBCTBHTeJihuocTb MYPP ( '-lT06b1 q>ttKcupoaaTh 

11a11oaJIMaJb1 ua q>po11Te tternuauuw) 1-1 yBeJIH'-lHTh 
npeMemwe paapelllem1e. 

B pa6o-re 3KCnepHMeIITaJiblI0 HCCJie,l.lOBaJIOCb Ila'-la
JIO 110.HBJICIIHR 11a11oaJIMa30B BO BpeMR ,l.lCT0llaUHH co

CTaBa Tr 50/ 50 MeTOt(0M MYPP C HCIIOJlb30Bam1eM 
cm1xp0Tpom10ro 11aJ1y'-le11uR ycKopHTenn B3TITI-3. 
PacCMOTpel!bl B03MO)l(II0CTU HCIIOJib30BallHR MeTOAU

KH ,l.lJIR perncTpauu11 11a110'-laCTHU paa11oro paaMepa. 

Il0Kaaa110, '-ITO MeT0tl MYPP B uawux JKc11epttMe11-

TaJ1hllhIX YCJIOBHRX ,l.laeT B03MO)KIIOC'fb q>HKCHpOBaTh 

paccen1111oe HJJiy'!euue OT '-lacTuu paaMepoM oT e.nu
uuu ,ao IleCK0JibKHX ,'J.CC.HTKOB 11a110MeTpOB. 

fl puMe11e11a IIOBaR 3KCnepttMellTaJiblla.R IlOCTaIIOB

Ka C BBe,'J.CllllbIMH BO B3pbm'-laToe aemecTBO 11a11oaJI

Ma3aMH. BBe,l.leirne 1:13pb1BllblX (noJJy'-leJillblX 11p1-1 AeT0-

11auuu BB) 11a11oa.nMaaoB n aapMblTpOTHJia 11 reKcore11a 
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fH)lPO)lHHAMH11ECKHE IlPOU:ECCbI 
BO BPAillAIOillHXCH C<I>EPH11ECKHX 

If U:HJIHH)lPH11ECKHX 
MHKPOMHIIIEHHX 

B. <D. KYPOilATEHK01, B. r. JIYnAHOB2 

1PoccHHCKHH q>e,l.lepa.11bIIbIH .11,l.lep11b1H uemp -
BHJU1 Tex11H'leCKOH q>HJHKH 

HM. aKa,l{. E. H. 3a6a6axm1a, C11elKHIICK, Poccmr 

2qe.11.116HJ1CKHH rocy,l.lapcTBeIIIIblH y1rnaepCHTeT, 
qem16HIICK, PocCH.11 

l1pet1,CTaBJie1Ibl pe3yJibTaTbl 'IHCJieuuoro MOt1.eJIH
poBaum1 rnt1,pOt1,HUaMH'leCKHX .srnJieIIHH apoTeKa10-
IUHX BO Bpama10muxc.si: MHKpOMHllleu.si:x ccpeptt'leCKOH 
11 UHJIHIIJJ.PH'leCKOH cpopMbI nocJie o6beMuoro 3uep
roBJIO)Ke1m.si:. CxeMa H aapaMeTpbI UHJIH11t1,pH'leCKOH 
MHllleim l1 T.sl)KeJIOHOIIIIOro JJ.paii.Bepa COOTBeTCTBYIOT 
tJ,aI!llblM, IIpHBeJJ,elllibIM B JIHTepaType. 

AcHMMeTpH'lllOCTb 3ueproBJIO)l<eJIH.sl ny'IKaMH 
T.si:)KeJiblX HOIIOB a CJIOH a6cop6epa CHMMeTpH'IIIOH 
MHKpOMHllleUH MO)KeT .slBHTbC.sl OJJ,IIOH 113 npH'IHII 
pa3BHTtt.si: P3Jieii -TeiiJiopoBcKoii ueycrnii'IHBocrn 
H 11apyllle1m.si: KYMYJI.sIUHH 311eprn11 . .l{JI.si: H3Meue
mrn tl,I111aMHKH pa3BHTH.sl ueycTOH'IHBOCTH MHlUeUb 
pacKpy'IHBaeTC.sI. HccJie,nyeTC.sI BJIH.sIIIHe 11pet1.Bap11-
TeJiblIOH pacKpyTKH MHllle11eii BOKpyr OCH CHMMeT
p1rn Ha npouecc pa3BHTH.sl ueycTOH'IHBOCTH . .l{JI.si: 
onwcamrn npoueccoa 11cnoJih30BaUbI Mo,neJIH Muoro
KOMnoue11T11bIX cpe,n B Jiarpau)KeBblX H :)HJiepOBbIX 
nepeMeJIJibJX. PellleIIH.sl O.llllOMep11bIX, tJ.ByMepUblX 
11 TpexMep11b1x uecTauwouapIIbIX 3a.l(a'I 110Jiy'le11h1 
'IHCJieuuo C HCilOJib30BaJmeM MeTO,l\OB C. K. fo.n.y110Ba 
H B. <D. KyponaTeUKO. 

HYDRODYNAMICAL PROCESSES 
IN ROTATING SPHERICAL AND 
CYLINDRICAL MICROTARGETS 

V. F. KuROPATENK01, V. G. LuPANov2 

1Russian Federal Nuclear Center - Zababakhin 
All-Russia Research Institure of Technical Physics, 

Snezhinsk, Russia 

2Chelyabinsk State University, Chelyabinsk, Russia 

Numerical simulation results for the hydrody
namical phenomena in spherical and cylindrical ro
tating microtargets after volume energy input are 
presented. The design and parameters of a cylindri
cal target and heavy ion driver are based on the 
printing works data. 

The asymmetry of heavy ions beams energy input 
in a symmetric microtarget absorber layer can be 

one of the reasons for Rayleigh-Taylor instability 
initiation and infringement in a cumulative action 
of energy. For changing the development instability 
nature, the target twists. The influence of prelimi
nary target spinup around of an axis of symmetry 
on development of instability is investigated. For 
the phenomena simulation the multicomponent me
dia models in Lagrangian and Eulerian coordinates 
are used. Numerical solutions for one-dimensional, 
two-dimentional and three-dimensional non-station
ary problems are received, using the S. K. Godu
nov and V. F. Kuropatenko methods. 

HEfiTPAJibHO YCTOfillHBbIE 
Y)lAPHbIE BOJIHbI 

B TEPMO)lHHAMH11ECKH 
HEH)lEAJibHbIX CPE)lAX: TEOPHH 

If BbI11HCJIHTEJibHbifi 
3KCilEPHMEHT 

A. B. KOHIOXOB1
' A. 11. JIHXA4EB1

' B. E. <D0PT0B1
' 

A. M. OJlAPHH2, C. 11. AHl1Cl1MOB3 

1061>e,l.lH11e1111b1H HllCTHTYT Bb1co1rnx TeMneparyp PAH, 
MocKna, Pocc1rn 

2l111cTHTYT anrnMaT11Jau1rn npoeKTHponanH.11 PAH, 
MocKBa, PoccH.11 

3l1IICTHTYT TeopeTH'ICCKOH (j)H3lll<H HM. JI . Jl, . Jla11.l{ay 
PAH, MocKna, Pocc11.11 

B pa6oTe npetl,CTallJleUbl pe3yJihTaTbl TeOpeTH'leC
KOro aIIamrna 11 KOMUbIOTepuoro MOt1,em1poBa1m.si: 
IIOBetJ,ellH.sl ueii.TpaJibllO ycTOH'IHBblX yJJ.apUblX BOJIII 
C 11CflOJib30Bau11eM MOtJ,eJibllOfO H peaJibllbIX (ra3 
Bau-.n.ep-BaaJihca, Manmii.) ypasue1mii cocrn.si:1111.si:. 
Pa3BHT llOJJ,XOJl, ua OCIIOBe KOTOporo o6JiaCTb ueii.
TpaJiblIOH ycTOH'IHBOCTH yt1,ap11oii BOJIUbl .l(Jl,Sl Ka)l<
.l(OfO 311a'le1111.si: t1,aBJieutt.si: nepe.n. ueii onpeJteJI.si:eTc.si: 
113 a11aJI113a ypaB11emrn cocrn.si:1111.si: . Co3.l(au npoc
Toii. aJiropHTM, 1103BOJJ.sIIOIUHH ycTaUOBHTb HCTO'lllltK 
aKyCTH'leCKHX B03MYIUellHH (cppOIIT yt1,apuoii BOJillbl 
HJJH BllelllUHH HCTO'IIIHK) 11enocpet1,CTBe1mo no Kap
THUe Te'!eIIH.sl . .l{JI.si: cpe,l\bl C MOtJ,eJibllbIM ypas11e1meM 
COCTO.sIIIH.sI npoBetJ,ellO '!HCJJe1moe MOt1,em1poBa1me 
npOXO)KJJ.ellH.sl uonepe'IIIOfO BHXp.si: '1epe3 IIOJJJIYIO 
KOM6HI1HpOBa1111y10 BOJIJIY' BKJJIO'!aIOIUYIO a6coJIJOTIIO 
H ueii.TpaJibllO ycroii.'!HBbJe y.n.apllble BOJillbl. l10Ka3a.lIO, 
'!TO B3aHMOtJ,eii.cTBHe BHXp.sI C 11eii.TpaJJbllO ycTOJ!'IH
BOH yt1,apuoi1: BOJIIIOH conpoBO)l<JtaeTC.sI pe3KHM yse
JIH'leIIHeM aKyCTH'leCKHX lllYMOB. OTMe'!aeTc.si:, '!TO 
B OTJIM'!He OT npetJ,CKa3allHH JIJ11leii11oii TeOpHH aMU
JIMTy.na B03Myme1111ii 11eiiTpanb110 ycrntt'!HBoii. y.n.ap
IIOH BOJillbl yMellblllaeTC.sl co BpeMeIIeM, XOT.sl 3TOT 
npouecc 11po11cxot1,11T 311a'111TeJJbllO Met1.Jie1111ee, •1eM 
a CJJy'!ae a6COJIJOTIIO ycrnii.'IHBOH yt1,apuoii UOJIIIbl. 



TEOPIU:I fA3OBhlX CMECEfi: 

B. <I>. KYPOilATEHKO 

PoccuiicKuii cpe.ncpaJibllbill si.nep11b1ii uemp -
BHl111 TCXJIH'lCCKOll <pHJHKH 

UM. aKa.zt. E. 11. 3a6a6axm,a, Clle;)KHJJCK, Poccusi 

l-faJiaraeTC.R MOJieKyJinpuO-KHlleTH'-teCKOe 06oc110-
Ba11ue MOt{eJIH MHOroKOMIIOllellTilblX cpe..n. flepexo..n 
C MHKpoypOBII.R na MaKpoypoae11b npoHCXOt{HT TaK, 
'lTO ace 3aKOllbl coxpaue,mn MaCCbl, KOJIH'leCTBa J(BH
)KellH$1 H :meprHH Bb!IlOJIJljfJOTC.SI. B pe3yJibTaTe :no
ro KHlleTH'leCKM :rnepru.R MOJieKyJI pa3.l(eJI.ReTC.R ua 
KHUeTH'leCKYJO a11epr1110 CIIJIOlllllOH cpe.l(bl H 11epaB
llOBecuy10 KHlleTH'leCKyIO a11epr1110. flpu MrIIOBelllIOM 
nepeXOJ(e K paauoaecuoMy COCTO.RIIHIO CIIJIOlllllOH 
cpe.l(bl a cJiy'lae 01(11oro KOM11011e11Ta uepaauoaecuan 
KHlleTH'leCKa.R a11epr11.R 11peBpa1.UaeTC.R BO BJiyTpe11-
IIIOIO auepr1110. flocJie aToro onpe.l(eJI.S110Tcn Bee Be
JIH'IHllbJ, xapaKrep113y101.UHe ra3 ua MaKpoypoaue. 
B CJiy'lae CMeCH MaKpoypoBellh Ka)KJ(Oro KOMflOlleUTa 
.RBAAeTCSI npoMe)KYTO'lllblM ypoBHeM (MeJoypoa11eM) 
.l{JISI CMeCH. flpu ,AaJibllettllleM uepexo,ne ua MaKpo
yposeub cMecu 110Ba$1 11epasuoaec11asi KHUeTH'lec
Kan auepnrn uepexo,D.HT so m1yrpe11111010 a11epr1110 
ue Mruoaem10, a B xo,D.e peJiaKcauuo1111b1x upouec
coa, KOTOpbie OIIHChlBaIOTCSI 3aKOUaMH coxpaueuun 
B ,uu¢¢epe11uuaJih11oi1 ¢opMe. 

THE THEORY OF GAS MIXTURES 

V. F. KuROPATENKO 

Russian Federal Nuclear Center - Zababakhin 
All-Russia Research Institure of Technical Physics, 

Snezhinsk, Russia 

The molecular-kinetic substantiation of the mul
ticomponent model is given. The transition from 
micro-level to macro-level is so that all the conser
vation laws of mass, momentum and energy are sat
isfied. As the result the kinetic energy of molecules 
is divided between kinetic energy of continuum and 
non-equilibrium kinetic energy. When transition to 
equilibrium state of continuum in the case of one 
component is instantaneous non-equilibrium kinetic 
energy transfer into internal energy. Then all the 
macro-level characteristics of gas are determined. In 
the case of mixture the macro-level of each compo
nent is intermediate level (mesa-level) for mixture. 
Under further transition to macro-level of mixture 
new non-equilibrium kinetic energy transfer to in
ternal energy not instantaneously but in the course 
of relaxation processes that are described by con
servation laws in differential form. 

OilPEt(EJIEHHE CKOPOCTH 3BYKA 
H PEillEHHE 3Ati;AqH O IlOPillHE 
B ti;BYXKOMilOHEHTHOfi: CPEt(E 

c. n. BAYTHH, c. JI . .llEPj{fiHH 

YpaJibCKHH rocy.napcTne1111b1ii y1mnepcHTCT 
nyTeii coo6menusi, EKarcpuu6ypr, Poccusi 

PaccMaTplrnaeTC.SI MO,ll.eJib MIIOrOKOMilOllellTIIOH 
cpe,ll.bI, npe,nJio)Keuuan B. <I>. KyponaTe11Ko. Onpe
,AeJISIJOTCSI 311a 'le UH.SI cKopocTett pacn pocTpauemrn: 
xapaKTep11cr11K (cKopocTett 3ByKa no repMHIIOJionrn 
ra30BOH ,AHllaMllKH) B llOKO.SILUeHC.SI MII0fOKOMIIOUeH
TUOH cpe,ne, KOI",ll.a Ka)K,ll.blll KOMflOUellT eCTb II0JIH
TpOIUlblll raJ. B pa6ore noJiy'lena ¢opMyJJa M11oro
'lJ1e11a cre11e1m N, IIOJIO)KHTeJJbllble KOplm KOTOporo 
3a,D.aIOT KBa,D.paTbl CKOpocreii 3ByKa B cpe,ne C N KOM-
11011e11TaMH. B cJJy'lae N = 2 B .SIBUOM BH,ll.e 011pe,ne
J1e11b1 3lla'lemrn ,nsyx cKopocTett pacnpocrpaueuu.SI 
3BYK0BblX xapaKrepucrnK (6hJCTpoi1 H Me,ll.Jie1111oi1), 
KOTOpble B 061.UeM CJJy'lae ue COBJia,AaIOT co CK0-
p0CT.SIMH 3ByKa B Ka)K,AOM OT,UeJJbllOM KOMIIOHeure . 
IloKaJauo, 'lTO 11ai1,ne1111oe TaKllM o6pa30M MaKcH
MaJihllOe 311a'lelllle CKOpOCTH 3ByKa B .ABYXKOMTIOHeU
TllO!I cpe.l(e aJOTa H KHCJJOpO,Aa C COOTBeTCTBYIOl.UHMll 
B03.AYXY o6beMllblM11 KOitUe11Tpauu.SIM11, OTJIH'laeTC.R 
B OTIIOC11TeJJbllblX BeJJH'lHHax OT CKOpOCTH 3ByKa 
ll B03,D.yxe, oupe,ll.eJJellllOH B qJH3ll'leCKHX 3KC11epu
Me11rax, Meuee 'leM 11a TPH ,necRTbIX npoue11Ta. 

B J11meapH30Bailll0M CJiy'lae pe111e11a 3a,D.a'la o 11J1aB-

110M .D.Bll)Ke1111u 11op11111.S1 a paccMaTpttnaeMott ,nayx
KOMnoueur11oi1 cpe,Ae. O6JJaCTb Te'l.emrn pa36uaa
ercn 6b1crpoi111 Me,AJ1e1moi1 xapaKTep11cruKaM11 11a 
Tpu 'lacr11. B nepaoi1 HMeer Mecro 3a,D.a1111b1ii o,A110-
po,D.11b1ii IIOKOH, OT,ll.eJJellllblH OT HCKOMOro Te'l.ellH.SI 
6hlCTpoii xapaKTepHCTHKOH. Bo llTOpoii o6JiaCTH -
B o6JJacrn Me)K.Ay 6b1crpoii 11 Me.AJ1e1111oii xapaKrepuc
THKaMH - pac110J1araerc.S1 nepBoe HJ t\Byx HCKOMhIX 
re'l.euuii. TpeTb.SI o6JJaCTb - o6JJaCTh Me)K,ll.y Me,AJ1e11-
11oi1 JBYKOBOH xapaKrepucruKott H t{BH>KYlllHMrn nop-
11111eM - ecrb o6JJaCTb oupe,neJJeuusi Broporo ucKo
Moro re'leIUt.SI. O6a nocrpoe1111b1e HCK0Mbie Te'l.e1111$1 
.SlllJI.SllOTC.SI TO'l.llblMll pe111e11H.SIMH COOTBeTCTBYIOlllHX 
11a'laJJb110-Kpae11b1x Ja,D.a'I. Ha ueupouuuaeMOM nop-
11111e C 3a,D.alllJblM JaKOIIOM ,ABH:>KellH.SI y ,AOBJJersope
llbl ycJJOBH.SI uenporeKamrn ,ll.JI.SI o6oux KOMUOlleHTOB, 
a ua 3ByK0BbIX xapaKrepHCTHKax Te'lellH.SI CTbIKYIOTC.SI 
11en pep bJBIIO. 

TaKHM o6pa30M, llOKaJaita a,D.eKllaTHOCTb paccMaT
p11aaeMOH MO,ll.eJIH KaK q>H3H'leCKHM 3KCnepttMe11TaM, 
TaK H C TO'lKH 3pe11H.SI MaTeMaTH'leCKOH KoppeKTIIOCTH 
KJJaCCH'!eCKOH ,ll.JIH ra30BOH ,ll.HllaMHKH 3a,D.a'lH O IIJlaB
IIOM ,UBH:>KellHH 11op11111.S1 ll ra3e. 
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to a difference of speeds of the fractions marked 
with indexes i and j. Appeared that for the mixes, 
containing two or more compressed fractions, prob
lem Coshi it is correct only in the limited range of 
speeds ( Mathematical Modelling Journal. 2001. 
Vol. 13. - M. 10. - P. 27). 

BOJIHA PA3PEjKEHHH 
B .l{BYXKOMIIOHEHTHOfi 

CMECH fA3OB 

B. <I>. KYPOTTATEHKO, 11. P. MAKEEBA 

PoccHiicKHii q>e.AepaJibllhIH H.llep11h1ii uemp -
BHI1l1 TeXHH'leCKOH q>H3HKH 

HM. aKa,ll. E. 11. 3a6a6axm,a, C11e:>1<HIICK, PoccHH 

J13J1araeTcH pa3IIOCTIIaH cxeMa pac'leTa cHcTe
Mbl ypaBnenH.ii MnoroKoMnouenmo.ii cpe11.b1 (MKC) 
C y'leTOM y1mBepcaJJbllblX CHJI H IlOTOKOB a11eprHH, 
oTpa)KaIOmHx KJiacTepuoe B3aHMOAeiicTBHe B MKC. 
Y'IHTb!BaeTOI uepaBHOBeCUOCTb CMeCH no 11.aBJielIH
HM, CKOpOCTHM H TeMnepaTypaM. Ka)K,AblH KOMIIO
HeHT CMeCH xapaKTepH3yeTCSI HIIAHBHAyaJiblibIMH 
(pH3H'ieCKHMH 3Ha'lellHSIMH CKOpOCTH H TepMOAHHa
MH'!eCKHX BeJIH'!HII, o6beMHOH KOHUe11Tpau0eu H co6-
CTBelIUblM ypam1e1meM COCTO.IUIH.H. r011ep6oJIH'IHOCTb 
ucxo.u.uou cttcTeMbl ypaBne1m.ii MKC o6ocnonaua 
B CJiy'!ae CMeCH H30TepMH'feCKX ra30B. Ha nepBOM 
aTane pac'ieTa B Jiarpau)KeBblX Koop,nmiarnx onpe,ne
JU110Tca HIIAHBHAYaJibllbie napaMeTpbl KOMllOJleIITOB , 
3aTeM npottCXOAHT nepec'ieT ua 06my10 auJiepoBy 
CeTKY' H onpe.u.eJJSIIOTCH HIITerpaJJbllbie xapaKTepHC
THKH CMCCH. IlpHBOMTC.H pe3yJibTaTbl pac'!eTa BOJ!llbl 
pa3pe)KeUHH B CMeCH ABYX H30TepMH'feCKHX ra30B 
C yqeTOM H 6e3 Y'feTa napIIbIX o6MellOB HMllY JlbCOM 
H ::i11eprtteH Me)K,ny KOMilOUeJITaMH ,AJI.H pa3JIH'illbIX 
pe)KHMOB Te'!eHH.H. 

Pa6oTa BblIIOJIHeua npu no.u..u.ep)KKe P<I><I>l1, 
rpaHTbl #07-01-96025-p-ypaJJ-a H 07-01-00378-a. 

RAREFACTION WAVE 
IN THE TWO-COMPONENT 

MIXTURE OF GASES 

V. F. KuROPATENKO, I. R. MAKEYEVA 

Russian Federal Nuclear Center - Zababakhin 
All-Russia Research Institure of Technical Physics, 

Snezhinsk, Russia 

Difference technique is described for calculations 
of the equations for mullticomponent media (MCM) 
considering universal forces and energy fluxes. These 

forces and fluxes express cluster interaction in 
MCM. Each component of the mixture is char
acterized by individual physical values of veloc
ity and thermodynamical parameters, volume 
fraction and own equation of state. Difference 
scheme use movable Lagrange-Eulerian grid. Dur
ing the first stage of the calculation individual pa
rameters of each component are determined using 
Lagrange coordinates, then all the parameters are 
recalculated to common Eulerian grid and integral 
characteristics of mixture are defined. The fact 
that the initial set of differential equations is of 
hyperbolic type is proved for the case of isother
mal gases. The results of calculations of rarefaction 
wave in the mixture of two isothermal gases are 
given in several cases: considering and not consider
ing pair pulse and energy exchanges between com
ponents for different flow regimes. 

The work was performed under financial sup
port of RFBR, grants # 07-01-96025-p-ural-a and 
07-01-00378-a. 

METO.l{ 3AMbIKAHHH YPABHEHHit 
JIAf PAffjKEBOfi fA3O.l{HHAMHKH 

B CMEIIIAHHbIX H11EfiKAX, 
OCHOBAHHblfi HA PABEHCTBE 

CKOPOCTEfi KOMIIOHEHTOB 

E. A. fott4APOB, B. IO. KoJIOBRHl1H, 
IO. B. 5IHl1JIKl1H 

PoccHiiCKHii q>C.AcpaJihllhIH H,llcpnb1ii ucHTp - BHI1l1 
aKcnepHMCJITaJihlloii q>H3HKH, Capon, PoccHH 

0.u.uou H3 11a060Jiee cJIO)K11b1x npo6JieM Jiarpau
)KeBo-aitJiepoBblX (ALE) MeTOAOB HBJiaeTc.H aunpoK
CHMaUH$1 ypaBue1rnit Jiarpa11)KeBott ra30BOH .AHIIaMH
KH AJIH CJiy'ia.H MIIOrDKOMllOlleIITIIOH cpe,llbl H3-3a 
llORBJieuua TaK ua3bJBaeMbIX CMelllallliblX R'ieeK, co
,llep)Kamux ,llBa 0 6oJiee KOMHOJlellTOB. CMelllallllble 
Sl'!ettKH B pac'!etax MoryT JIQjlBJISITbCR 110 ABYM upH
'IHllaM. Bo-nepBbIX, npH ABH)Kel!HH KOUTaKTJIOH 
rpaIIHUbl HO aitJiepoBOH cetKe H, BO-BTOpblX, eCJIH 
B 3a,Aa'fe HMelOTCH 30Ilbl CMemeuH.H pa3UbIX eemecTB. 
OT peweuHR yKa3a1111oit npo6JieMbl 3aBHCHT 9q>cpeK
THBUOCTb H TO'fllOCTb KaK Jiarpau)KeBOH ra30AHHa
MHKH B OTAeJibllOCTH, TaK ll ALE MeTO,Aa B UCJIOM, 
B KOTOpOM Jiarpa11)KeBa ra3oaaa .AHilaMHKa $1BAAeTCR 
COCTaBUOH '!aCTblO. 

B pa6oTe npe,llJiaraeTcH HOBbIH MeTOA pac'!eTa 
repMO,llHIIaMH'ieCKOro COCTORIIHH CMeWalllibIX SI'ieeK 
(MeTO,A 3aMbIKamm), OCJIOBaJlllblH ua BbipaBiutBallHH 
MaCCOBblX CKopocreii KOMllOllellTOB llOCJie upoxo)K,lle
UH$1 MaJibIX B03Mymeuuit 110 reTepore1moit cMec11. 
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