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HDRM BbICOKOMJ/1I0THbIE peaKLMOHHbIe MaTepuasbl
(High Density Reactive Materials)

Main High-density

Explosive charge reactive material liner

EFP Liner
Reactive Material

Housing L~} ’ :

Design 2 (25 cm)

O e - -2 []

51 @ 160 ps 536 a) B ps
Dresign 3 (14.6 cm)

- - - — Penetration Behavior of High-Density Reactive Material Liner

i Shaped Charge // 2019 Materials 12(21):3486 H.Guo et al.

HDRM obnagaetr npoYHOCTBIO  antiOMUHUMEBBLIX  CMaBOB U MNOTHOCTbD  MSATKOWN
HU3KOYIrMepoanucTon ctanu, 4Tto Aenaer marepuan wugeanbHOW 3amMeHoW OObl4HOM cTann B
CHapsigax. [lo BbiCTperna KOMMOHeHTbl 0605104kM Boernpunaca ocTalTCcAa MHEPTHbIMU. 3aTo Npu
CUNTIbHOM MEXaHW4YeCKOM WM  TENSIOBOM BO34EWUCTBMM OCKOSIKM ObICTPO croparwT unu
B3pbIBAIOTCH, BbICBOOOXOAA  OOMNOMHUTESNIbHYIO  QHepruo  BOODABOK K  KMHETUYECKOW.
[Mopaxatowas cnocobHocTb 6oeronoBok ¢ HDRM, MoOXeT yBennunBaTbCsl B HECKOSIbKO pa3 no
CpaBHEHMIO C TPaaULUMOHHbLIMK Boenpunacamm

Al + Ni > NiAl + 1,38 k[Ix/2 (7,16 kKDr/cmd)

THT - 4,18 k[x/2 (6,86 kx/cv®)



Pressure, GPa

17

Ni+Al =

Ni+Al + 330 kan/r
5,165r/cmM3 + 1710 kan/cMm3

o v=1075 ms"!
= v= 1064 ms"'

Ul L ] L | v 1 L T =T T

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Time, us

mixtures
Time resolved stress traces recorded in a Ni+ Al mix-

Shock compression of reactive powder

D. E. Eakins and N. N. Thadhani*

ture at two impact velocities v. Pressures in excess of

- : ) International Materials Reviews 2009
those expected for an inert material were observed in
both experiments shown. The expected inert pressure
was ~21 GPa for the closed and open data set, as
shown by the dashed line (adapted from Bennett
et al.'®) SHOCK ASSISTED REACTIONS SHOCK INDUCED REACTIONS
p Tbulk P T
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YaapHas cXXMMmaeMoCTb CMecel HUKeSA U antoMUHUA U3 MUKPO- U HAaHOPa3MepHbIX
nopowkoB // ®n3uka ropeHnsa v B3pbiBa. — 2018. — T. 54, Ne 5.
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CKOPOCTb 3BYKA B YAAPHO CXATbIX OBPA3LIAX U3 CMECH

MUKPO- " HAHOOUCITEPCHbIX MOPOLUKOB HUKENA U 4000 I
AINMIOMUHUA. ®I'B, 2019, N26
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Puc. 10. (a) P—p-auarpaMMa HHKENA INA pa3HbIX m: CIUIOLIHbIE JTIMHHU — 3KCNEPUMEH-

TalbHbIE yIapHble aanadaThl, TOUEYHbIE IMHUU — pacyeTHbie anMabatel mo [20], wrpHxo-

BbIE JIMHMU — pacueTHbIe H30TepMbl Mo [20] (Ludpel y H30TepM OTBEYAKOT COOTBETCTBYIOLIHM
Temnepatypam). (6) 3aBucHMOCTb Y(p) Ha aguabaTax wiA pasHeiX m (pacueT mo [20])
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Shock compression of reactive powder
mixtures

D. E. Eakins and N. N. Thadhani*
International Materials Reviews 2009




Metal nanoparticles equipment appearance
MIGEN

Carrier gas flow

HF inductor Levitating drop ‘
- of molten metal

Zone 1
metal vapor
condensation

Special
inlet unit
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injection

Zone 3 —I : : Zone 2

cooling chemical reaction

Reactor _I_)
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NocTtaHOBKa aKkcnepuMeHTOB: MeTaHne BB+4 kaHanbHbIN VISAR
uHTepcepomeTp, nopoxoBas nywka+1 kaHan. VISAR

OkHa: H,0O, LiF, Bo3gyx
Al doonbra 7 — 50 MKm

nNi h =1.6-4.5Mm py, =4,3-4,6 rlcm® € = 50% (48,5-51,5) k = 2 (1.94-2.07)
<d>=50+80HM E = 8 [x/r (YoenbHaa noBepxHOCTHas AHeEPrus)




g

1 — base plate; 2 — sample with water window; 3 — sample
bordering with air; 4 — sample with LiF.
W= 3.26 km/s Velocity of flyer
h =3.54, 3.84, 3.90 mm Thicknesses of samples

Velocity, km/s
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Velocity, km/s
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Time, ps

e
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W= 0.837 km/s, h = 2.06 mm W= 5.3 km/s, h =2.41 mm




B nanoNi
—O— microNi




B nano Ni
—O0— micro Ni
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> Isentropes nNi
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Mie-Gruneisen EOS y = const and
V/V = const = (vo/Vo) (vo=2)
Isotherm - Birch-Murnaghan
expression with free coefficients K,
and K, (185 GPa and 5)

Pressure, GPa

70

60

50

40

® nano Ni
solid Ni
¥ = const
¥/V = const
©  micro Ni

0.10 0.12 0.14 0.16 0.18 0.20

Volume, cmB/g

Pressure, GPa

Pa(V, Ep) = Pr(V) + 3 (Ex (V) — E (V)

)" )3

70

20
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B nanoNi
--<¢-- Isentropes nNi

Y = const

—Y/V =const

Vy =2
—) -1
%)




Melting curve
Y = const
—v/V = const
A nano Ni

N
)
e
=
p—
=
O
—
=
O
-

40

Pressure, GPa

1-2 melting [Boccato S. et al. // J. Geoph. Res. 2017]




W= 1- 296 m/s
2-587 (LiF)
3-646
4-682
5-837

Interface velocity (m/s)

700 4
600 -
500 H
400
300 ]
200

100

Interface velocity (m/s)

600

500

400

300

200

100

0 2 3 4
Time (us) Time (us)
Martepuan TonwmHa ) CKopocTb TonuwmHa
Ne Martepuan okHa oTpaxamwowen | yaapHuka 'V, obpasua h,,
yAaphuka ¢donbru, MKm m/c MM
1 Meab BoAa 7 296 2.10
2 LiF 7 587 2.01
3 BoAa 7 648 2.125
4 BoAda 7 682 2.98
5 BoAda 7 837 2.06
6 BOOA 50 1010 5.44
7.1 016t Bo',u,a 50 1010 3.675
7.2 LiF 50 2.96
8.1 BO34yX 10 3.91
8.2 BOOA 10 1105 3.87
8.3 LiF 10 3.82
9.1 Bo',u,a 100 1260 3.44
9.2 LiF 20 3.33
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BpemeHa HapacTaHuda Ha (ppoHTE BOSIH

YNIAOTHEHUS, pacnpoCTPaHAILLUXCA B
3aBMCMMOCTb Npeaena ynpyroctu HaHopa3mMmepHoM Ni okaszanucb cpaBHUMbI C
[toroHMo OT To/ILWMHBI 06pa3La BpEMEHaAMMN, N3MEPEHHBIMU ASIA MUKPOHHbIX
MOPOLLKOB. OTO NPUBOAUT K TOMY, YTO TOSILLMHbI
BOJTIH YNSIOTHEHUA B criydae HaHo Ni
nponopumnoHasrbHbl HECKOSTbKMM COTHSM
CpenHuX pa3MepoB YacTul, a He cpeaHemy
pas3Mepy YacTuL, YTO XapaKTepHo AN
pasnnyHbIX MUKPONopoLUKoB. [Npeaen
ynpyroctu ['toroHmo B HaHo Ni cHuxaetcd ¢ 0,45
no 0,2 ['MTla ¢ yBennyeHnem TonuwmHbl 0bpasuos
(0T 2 0O 5 MM), YTO CBUOETENBLCTBYET O
OOCTaTO4YHO ObICTPOM 3aTyxaHUKM yrpyroro
Pressure (GPa) npeagBeCTHUKA.

Sample thickness (mm)

Rise time (us)




3aKroueHme

YnapHasa agnabaTta HaHOpa3MepHOro HUKENs B npegenax owmbok
9KCnepuMeHTa CoBnagaeT ¢ yaapHon agnadaton MUKPOHHOIO HUKENS.
YnapHoe cxatne oo 61 'Ma He nmeeT 0COBEHHOCTEN, XOPOLLO OMNUCLIBAETCH
Moaenbto 3enbaoBuya ang nopucTton cpeabl U MOXET ObITb pacCUYnTaHo C
NOMOLLLIO YpaBHeHUA cocTosaHuAa Mu-I'proHanseHa.

W303HTpONbI PA3rpyaKu MMBIOT CYLLLBCTBEHHbIG ocobenHocTK. TIpU paarpyaxe U3 COCTOAHWM C J,aBNGHMEM A0
20 ['Ta pacueTHble U3IHTPONbI PACLUMPEHA ONUCHIBAIOT J1aHHbie B Npe Aenax norpelHocTy IKCnepuMenTa.
0.,HaKo B cpe.,HeM J1ana3one Npy PaciuMpeHW 3 COCTOANMIA ¢ A,asnenrem 20-35 ITTa MIIHTRONDbI HA
AuarpaMmmax J,aBneHue-Maccoas cKopocTb CYLLLBCTBEHHO OTKNOHAIOTCA B CTOPOHY MAaccoBbIX CKOPOCTeH
Ha 300-400 M/c BbiLLe, UM B CIYUae «3epKaNbHOA CUMMETDUM>>.

TTpothvny y A,apHbiX BOJH NpY AaBnexuax Huke 8 [TTa MMeIoT CNo:kHyl0 MHOTOCTYNEHUaTylo CTPYKTYpY, B

KOTOPOM BbiA,8NAOTCA BOJIHA-NPE A, BECTHWK W BONHA YNNOTHEHWA. TONLLLMHbI BONH YNNOTHEHUA B CHIYYae HaHo
Ni nponopi.uoHanbHbl HECKONbKMM COTHAM Cpe A HUX Pa3MepoB UacTHIL.
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