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MoTusauus

¢y|-|p,ame|-|Tan bHbi€ U NPUKNagHble

dKCTpemMasibHble COCTOAHMUA BELLECTBA 3agaum:

0  ®PU3NKO-XMMMYECKME MPOLLECChbl NPU IKCTPEMANIbHBIX o  MccneaoBaHUA PUIMKO-XMMUYECKUX
yCNOBMAX — MOLLLHOE MMMYJIbCHOE CBOMCTB BELLECTB 1 NPOLLECCoB Npu
SHeprosblgeneHne, CIOXKHbIM 3-X MEPHbIN XapaKTep, 9KCTPEMabHbIX YCNOBUAX

6o/blUME TPaANEHTbI NAaPaMETPOB TeYEHUA
(naBneHue, NNOTHOCTD, T.MN.)

o HauwuoHanbHaA 6e30nacHOCTb

o WHepumanbHbIM TEPMOAAEPHBIN CUHTES,

0  ODUNKO-XMMUYECKME NPeBPaALLEHUA, Pa3IUYHbIE KUHETUKa peaKLMil Npu SKCTPeManbHbIX
arperaTHble COCTOSIHMA BellecTBa YC/1I0BUAX
o YucneHHoe mogenvposaHme: obpaboTKa o be3onacHocCTb SAepPHOM IHEPTETUKHN

IKCNepunmeHToB, MNPOrHoCTU4eCKmne pacyeThbl
O cDyHKLI,MOHl/I[Z)OBaHl/le MOLWHbIX

o Mopaenu cBoICTB 3aMbIKalOT CUCTEMY YPaBHEHUI U SHEepreTMYecKMX yCTaHOBOK
onpeAenatoT AOCTOBEPHOCTb U TOYHOCTb

o TexHOoreHHble KatacTpodbl
Pe3yNbTaTOB YMUC/IEHHOTO MOE/IMPOBAHUA

o «Kocmunuyecknit mycop», actTepomaHas

Temperature (K)

Pressure (GPa)



ypaBHEHMe COCToAHUA. onpeaeneHmne u

«YpasHeHUe COCMOAHUA — (YHKUUOHA/AbHAA 308UCUMOCMb MeXOy napamempamu,
XapaKmepusyrouwumu COCMOAHUEe egeuwecmeda, — A879emca e20 OCHOBHOU

Kosu4yecmeeHHOoU xapakmepucmuKoul, darouwieli 803MOXHOCMb MPpUMeHeHUa obuwezo
¢opmanbHo2o annapama mepmMooOUHAMUKU U OUHAOMUKU Cr/AO0WHbIX cpeo
(Mamemamuyueckol ¢pu3uKu) K o6vekmam u rnpoueccam 4pe3sbi4aliHo pa3Hoobpa3HoUl
ApupoObl — OM mMenaA08biX MAWUH U buosoau4yecKkux cmpykKkmyp 00
YyAbMPAsKCMpPemMasnbHbIX ycao8uli bonbwo2o0 83pbisa U pPeaamMuUBUCMCKUX AOPOHHbIX

cmosnkHoseHuli» B. E. PopTos, YOH, 184(3), 231-245 (2014)

LUIMPOKOANANA30HHOCTb O COMPOTUB/IEHUE CHKATUIO: NpU P—>co,
BbICOKaA TOYHOCTb T=const 1/p—0

[NaAKOCTb U HENPEepPbIBHOCTb o YCTOMYMBOCTb NpoLLecca TEMJONPOBOAHOCTH
onucaHuA B Nnpeaenax ogHon dasbl Cv=(dE/dT)v>0

MacWwTabmupyemocTb o cywectBoBaHMe ckopocTu 3ByKa (dP/dV)s<0

3bGEKTMBHOCTb UCMONb30BaHMA B o0 YCTOMYMBOCTb YAaPHOM BOHbI CXKaTUA
pacyeTax (d2P/dV?)>0



LLinpokoaunanasoHHble YPC meTannos
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TBEpA0E TeNo — 30HHble meToabl, MOI

*KUOKOCTb — UHTErpanbHble ypasHeHnAa, KM/
naasma — XMMM4YecKasa moesib naasmol

60nbLUME NNOTHOCTU, BbICOKME TemnepaTypbl - TP

MNpoun3BoAHblE NOTEHLIMANA U3 SKCNEPUMEHTOB:
anmasHble HakoBanbHu P(V, T=const)

Xuakue metannsl p,Cs(P=1 6ap)
N303HTpoNMnYeckoe cxatue P(V,S=const)
3N1eKTPoB3pbIB Nposonoyek E,V,T,H,Cs (P=const)
anekTpoB3pbIiB ponbr P(E,V=const)

yAapHoe cKaTue CNIOLWHOro, NOPUCTOro BELLECTBa,
NOBTOPHOE U MHOrocTyneH4yaToe cxKatme P,V,E
M303HTPOMMYECKOE pacliMpeHMe YAaPHOCKATOro
BeutecTsa P(U) (P,V,E)

PaspaboTaHbl LUMpoKkoamnanasoHHble ypasHeHusi cocmosiHusi (YPC) 30
mMeTansnos; obnacte npuMmeHmmoctn 0<T<108 K, 10-5<p /p,<103, y4TeHsl
3pbdbekTbl UCNapeHns U NNaBneHns, NoHU3aumu, nepexona Mmetans-
AN3NEKTPUK U Np.

BasucHasa nHpopmaums:

* CpaBoYyHble AaHHble npy P=1 6ap

* pac4yeTbl N0 NEPBOMNPUHLUMIMHBLIM U NIIA3MEHHbIM MOAENAM

» cknmaemocTtb P(V,T=const) B anma3sHbIX HaKoBasbHAX

* P-T ycTponcTtea un nogorpeBaemMble ariMasHble HakOBaribHM

* MNIOTHOCTb, CKOPOCTb 3BYKa B XWUAKUX MeTannax

* n3obapuryeckoe pacLumpeHme MeTansioB Npu HarpeBe MOLLHbIM TOKOM
* SNEeKTPOB3pPbIB Posbr

* yaapHble agnabatbl KpyucTanna, oxnaxaeHHoro, HarpeToro, NOPUCTOro
BELeCcTBa, MOBTOPHOE CXXaTne B OTPaXKeHHOW yaapHOW BOMHE

* CpaBHUTENbHAA yaapHasi CXMMaeMOCTb B NOA3EMHbIX SAEPHbIX B3pblBax
* N303HTPOMMYECKOE N MHOTOCTYNEeHYaToe yaapHoe cxatune

* N303HTPONMYECKOE pacLUMPEHNE yaapHOCKATOro BellecTBa

* OLIEHKM KPUTUYECKOW TOYUKM

BbinonHeH pacyeT ¢as3oBbix AnarpamMmm M CONOCTaBreHne ¢ AaHHbIMU
9KCNEePUMEHTOB N TEOPUIN, NOKa3aHO, YTO NOCTPOeHHble YPC onucbiBatoT
nmerLmnecs pasHopoaHble AaHHble HEMPOTMBOPEYNBLIM 06pasomM C
MOrpeLlHOCTbIO, HE MPEBbILLALLEN NOrPELLUHOCTM UCXOAHOIro
3KCNepuMeHTa, 1 obecnednBatoT HAOEXKHOCTb U TOYHOCTb ONMUCaHWUS
BbICOKO3HEPreTU4eCKMX NPOoLLECCOB NpY NPOBEAEHNN YNCIIEHHOIO
MoOenupoBaHus.
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From http://www.almax-industries.com/
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P<350 (660) GPa, T=293 K
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Angle dispersion and structure of Cs-V according to
K.Syassen, Proceed. Enrico Fermi School - 2003




I(sobaric) EX(pansion)

P <4 kbar, T <8000 K
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Typical IEX setup according to M.Boivineau,
J.Nucl.Mat. 297, 97 (2001)

Resistive heating of wire
d=1mm,L=30mm
discharge 60 kJ capacitor 7
bank in 100 s.



EPI (isochoric closed-vessel plasma)

0.3<P<3GPa,15<E<50kJ/g, p/py~0.1
T <40 000 K to limit sapphire damage

Rogowski _
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P Epr Density
Schematic thermodynamic path in
EPI experiment

EPI setup according to
P.Renaudin,C.Blancard, G.Faussuirier,
P.Noiret. PRL, 88, 215001 (2002) 8




Shock & Release Waves

Hugoniot relations: Riemann invariants:
P=P+DU/V, N

E =E, - (P(dU/dPY dP
E=E,+1/2(V,-V)(P, +P) T i( )

-+ shock compression

adiabatic expansion




Pressure, GPa

Shock-Wave Data for Al

Shock Hugoniots Release isentropes
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|.V.Lomonosov, Laser & Part. Beams, 25, 567 (2007)

102 GPa <P < 1TPa (10 Mbar)
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Pressure (Mbar)
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NMHpopmaumna no YPC

CeoucrtBa OrpaHuyeHun
Teopua
kpuctann (T=0 K, CTpyKTypa, PasnnyHble noaxoawl
KOHe4YHble T), TEPMOANHAMMUKa, JloKanbHaA NPUMEHNMOCTb
¥NOKOCTb, N/1a3mMa TPaHCNOPT

JdKCNepuMmeHT
DAC
T-DAC

IEX
B3pbiB donbr

H, — H, (Hugoniot)
s =const

P(V,T=const), cTpyKkTypa
P(V,T=const), cTpyKkTYypa

H, E, Cs, T, V (P=const)
P, E, npoBOAMMOCTb

P,V,E Cs, T

P,UT

P<3.6 Mbar nnm 6 Mbap (HaHo)
P<3.6 Mb6ap T<5700 K/npo4HocTb

P<4 kbap, T<8000 K, 0.1<Vo/V<1
P<100 kbap, E<50 kx/r, 0.1<Vo/
V<0.3/T
P —ntoboe, V — KoHe4yHoe
P<4 [6ap, 0.3<V0/V<6

P - 4-5 nopagkos, V — 3-4 nopaaka

Pes3ome:

# nN3BeCTHbI OTAENbHbIE MPON3BOAHbIE NOTEHLUManNa
# obnacTtn dasoBon gMarpaMmbl — NOKarnbHbIE ANS KaXKA0ro MetToaa, nodTu He,

nepekpbiBaloTCH




LUWPOKOAUANA3OHHOE YPABHEHUE COCTOAHUA Al (1)
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LUINPOKOAWANA3OHHOE YPABHEHUE COCTOAHUA Al (2)
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LUINPOKOAWANA3OHHOE YPABHEHUE COCTOAHUA Al (3)
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daszoBana gnarpamma Al Npu NOHUMKEHHDbIX NIOTHOCTAX
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CpaBHVITeH bHbi€e N3SMEPEeHUA

Reference Metal | Standard | Pressure, Mbar
Altshuler et al., JETP 27(3), 420-422 (1968) Fe Pb 31.3
Trunin et al., JETP 29(4), 630-631 (1969) Cu Pb 15.7
Cd Pb 13.9
Trunin et al., JETP 35(3), 550-552 (1972) Cu Pb 38
Fe Pb 511
Cd Pb 33.3
Al'tshuler et al., JETP 45(1), 167-171 (1977) Cu Fe 39.8
Fe Pb 534
Cd Fe 34.4
Al Sio2 20.4
Pb Fe 59.3
Simonenko et al, JETP Lett. 31, 588-591 (1981) | Al absolute | 10.9
Simonenko et al, JETP Lett. 39(2), 85-88 (1984) | Al Fe 4410
Simonenko et al, JETP Lett. 43(2), 93-96 (1986) | Pb Fe 541

Truninetal, JETP 75(4), 777-780 (1992) Fe absolute | 54.4
Trunin et al, JETP 76(6), 1095-1098 (1993) Fe absolute | 104.8
Trunin, UFN, 164(11), 1215-1237 (1994) Cu Fe, Al 204
Cd Cu 33.9
Fe Al 191.2
Pb Fe 217.6
Mo Fe 14 1
Reference Metal | Standard | Pressure, Mbar
Ragan et al, JAP, 48, 2860-2870 (1977) | Mo absolute | 19.9
Ragan, PRA, 25, 3360-3375 (1982) Al Mo 22.2
Mo 49.0
Ragan, PRA, 29, 1391-1402 (1984) Cu Mo 60.6
Fe Mo 57.3
Al Mo 295
Mo 64.2
Nellis, et al., JAP, 69, 2981-2986 (1991) | Cu Mo 23.2
Pb Mo 8.9
Mo 24.3

USSR-RUSSIA:
5 standards
4.4 Gbar

P, Mbar
10Y

109 |-

102 |-

0

Compression

17



Maxosckuu B3pbiBHOU reHepatop UMXP PAH
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MgO B

N Interferometer
/Interferometer AN,

(532 nm)

o.f yooys

da3oBble nepexoabl B Na3epHbIX yAapPHbIX

BOJIHAX
A
Drive
‘I
- (broadband)

laser ablator anti-reflection
coating coating

3
10

2
10

1
Fig. 1. Schematic of laser-shock experiments (A) showing target configu- 10
ration with drive laser impinging on an Al buffer plate to which the sample
(MgO) or a combination of standard (SiO,) and sample were attached (11).
Shock velocity, temperature, and reflectivity were determined using velocity
interferometry (B) and streaked optical pyrometry (C) that document intensity
(of interference fringes or self-emission, respectively) as a function of distance
across the target (vertical axis, ~500 pum full scale) and time (horizontal axis,
~22 ns full scale) (11—14). Reflectivity and velocity are determined, respec-
tively, from the observed intensity and fringe shift in (B), with shock velocities
extrapolated below Us = 17.3 km/s where reflection from the shock was not
detectable (11). In the shock-velocity (black dots, dashed line where extra-
polated) and emission-intensity (blue dots) records (D), events are labeled
e; to e4: Entry of the shock into the MgO sample (e;) and a period of nearly
steady shock propagation are followed by steady decay of velocity and emission
until e,, where the rate of emission decay decreases, then increases (e;), while
velocity continues to decay steadily; then emission increases (e, to e5) and decays
again before the shock exits the MgO (e).
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Pa3oBble nepexoabl
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JlasepHoe 6e3yaapHoe cxKaTtue

t, <compression wave

stagnating

L

cerererrees

Trees

reservoir motion‘——p X target

FIG. 1. Schematic of target density at three times: 1, the
shock is about to break out of the reservoir: f,. the reservoir
has unloaded across the gap and is starting to pile up against
the sample initiating the shockless compression wave: 13, the
reservoir continues to rarefy, the load is increasing, and the
wave in the sample is beginning to stecpen
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FIG. 2 Schematic of the target, and a typical VISAR record
reflected from the rear of a 294 pwm Al foil (Table I, B). Fringe

motion indicates acceleration of the surface (1.65 km/s/
fringe). Targets were axisymmetric about the laser axis.

Edwards et al. PRL (2004)
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FIG. 3. (a) Rear surface velocity data for the experiments
listed in Table I, and the associated backintegrated front
surface loads (b) Integrated LASNEX simulations (dashed lines)
are shown for cases A and C. Curves A, B, and C are offset
vertically by +(2 1.5, 05) km/s and +(0.45, 0.25,0.15) Mbar

for clarity.
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BbiBOAbI

Ona pa3pabotkmn YPC akTyanbHbl na3epHbie
AaHHble

¢ JKCNEepUMEHTbI C 1a3epHbIMK YB AnA BbICOKUX
TMa-pasneHnmn

»* JlasepHble YB npu ymepeHHbix (Mbap)
nasneHunax — dasosble nepexoabl

¢ JlasepHoe 6e3ynapHoe cxaTue — BbICOKUE
NaBNeHUS

¢ M33HTponMyecKoe paclimpeHme

¢ [lnarHocTnyecKkue cpeacresa —
nHteppepomeTpua, nupometpusa (Brkatovasa UK) ,,



