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JkcnepumeHTbl A.[l. CaxapoBa. Barker-Swegle-Grady yHuBepcanbHOCTb
nslacTUYeCKUX BONMHOBbLIX (PPOHTOB

A.D Sakharov, R.M.Saidel, V.N.Mineev, A.G. Oleinik. Sov.Phys.Doklady, 159, 1019

(1964). Hanpabnewue  pasfepmrn
Substances Pressure range, Viscosity, Elastic modulus, N
KBar poises MPa
Aluminum 31-202 ~104 74
Lead 35-250 ~104 47
Copper, Steel ~104
Water 8 2 10* 2
Mercury 15 2108 2.9
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ABTOMOAENbHOCTb MNSIAaCTUYECKNX BONTHOBbIX CprHTOB

L.M. Barker [1], J.W. Swegle-D.E.Grady [2, 3]
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Fig.1. Plastic wave profiles

for different shock
amplitudes [1]

Fig.2. Plastic strainrate at SWF versus plastic strain rate [2,3]

[1] Barker L.M. Behavior of dense media under high dynamic pressures. — New York: Gordon and Breach, 1968. — 482p.
[2] Swegle J.W., Grady D.E. Shock viscosity and the prediction of shock wave rise times // J. Appl.Phys. — 1985. — Vol. 58, no.2.
[3] Grady D.E. Structured shock waves and the fourth-power law // J. Appl. Phys. — 2009. — P. 1-23..



O TepMmoanHamMmuke TBepaoro tena c gecgekramm

Vanadium
e TepMoaMHAMMKA CIJIACTHYECKOI0 COCTOSTHUS) (quasi-static and shock wave test)
6, Pa x10°
Tepmoaunamuyeckue DuIyKTYyallMOHHAS IPUPOAA
nepeMeHHbIe MJIACTHYHOCTH
e (3axkon OpoBaHa)
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e Argon, Kocks, and Ashby “Thermodynamics and Kinetics of Slip” , 1975




CBoucrtBa aHcambrnen mesopecdeKkToB

e  AHcambrib

MUKPOMPeUuH:
npoceequsaroujasi MUKPOCKOIMUS,

(Marnoyarnoeas

PEeHMmeeHoB8CcKaAd

oucbpaKkuus,

npeyusuoHHoe 83sewusaHue (B.N.bemexmuH,

A.[Kadomues, O.b.Hatmapk, 1983)

Material l, um n, cm?
X-ray Micrgscopy X-ray Microscopy
Aluminum 0.14 0.2 101 --
Nikel 0.08 0.1 1012 2 10%2
Gold, silver -- 0.2 -- 2 10%
Copper, zinc -- 0.25 -- 51041
Beryllium 0.12 -- 51012 --
Steel 30CrMCN2A -- 0.1 -- --
NacCl 2 1-3 108-10° 10°
Polyetylene -- 0.015 -- 6 1015
Polypropylene -- 0.02 - 7 1014
PMMA -- 0.02 -- 4 1012

AHHM30T€OMETPUYHOCTD

. BSI3KOe paspyuienue 1:2; kpasuxpynkoe 1:10




CTpPYKTYpHO-CTaTUCTUYECKAs MOoAenb

Mesodefects (microcracks, microshears): V
E T ]
Siy = SV, $ i = %S (Vilk +|in) | |
Sp v B
S P, = n<Sik> n~10" cm™

sLeontovich Effective Field Method, 1937 ( Tsallis Statistics, Superstatistics for
Out-of-Equilibrium  Systems with Slow Dynamics)

dF" =dU" -T"dS" - A.d¢& E—>E Q—kT

Generalization of the Boltzmann-Gibbs Statistics

Effective Field

E*( ) E™ = E, — Hy S +as;,
W~2Z" exp[—%}

H, = oy T Apiy = o +ins,.




CpaBuurteibnblii anaaun3 ¢ MTS-PTW-moaennio

MTS-PTW-Model

S2M-Model

Argon, Kocks, and Ashby “Thermodynamics and Kinetics

of Slip”

Potential
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deHomeHoNnorMA TBEpALIX Ten ¢ Mesoaedektamu. CTpYKTYPHO-CKEANUHIOBLIE

nepexoab

HepaBHOBeCHaﬂ cBoboaHas dHeprusa

F=1A(30)

pz—%Bp“+%C(5,5C)p6—Dap+X(le)2.
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O AMHamMuKe NIacCTUYHOCTHU

Vanadium
(quasi-static and shock wave test)

Speckle Interferometry

CKOpOCTh MOBEPXHOCTH, M/C
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LLinpokoauanasoHHble onpepensilowme COOTHOLEHUS: Nepexoabl OT TEPMOAKTUBUPYEMbIX K
aBTOMOAEeNbHbLIM U Neperpy3oYHbIM BOJIHOBbLIM (PpOHTaM
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«2005: The “Deep Impact” NASA experiment (Comet
Tempel 1): 370 kg copper armored rod, impact
velocity ~ 10 km/s, energy under collision ~ 4500 kg
of TNT.



SWEGLE-GRADY yHuBepcanbHOCTb MNlacCTUYeCKUX BOSTHOBbLIX (DPOHTOB

Experimental study (plate impact test for copper)
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»  Structure of deformed copper
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«Pe3oHaHCHOe» pa3pylueHue B YCIIOBUAX OTKoNa

E.Bennerndup, B.bensies, O.Haumapk, fJoknadsi AH CCCP, 1989

«[JuHamMu4eckasi eemeb» nNpu omkoJsie
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BonHbl paspyweHus

JLA. T'anuH 1975; Rasorenov, S.V., Kanel, G.J., Fortov V.E. and Abasenov, M.M.(1991). High
Pess. Res. 6, 225.

High Speed Framing of Shock Wave Propagation in Glass
(N. Bourne et al., 1994)
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Main Open Questions
How does a failure wave start?
How does a failure wave propagate?
What is the material state behind a failure wave?
What are the kinetics of failure process and failure wave?



BonHbl pa3pylweHusa B o6pasue nnaBfieHHOro KBapua

D.Radford, W.Proud, J.Field, O.Naimark, S.Uvarov et al., 2003
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CKopocTu BOSNTHOBbLIX (PPOHTOB
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Pesyn bTaTbl MOAeNMNpPpoOBaHUA
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ABTOMOAENIbLHOCTbL CTaTUCTUKUN bparmMeHTaunm

Nevill Mott
Nobel Prize, 1977

Mott, N.F. Fragmentation of Shell Cases. Proc.Royal Soc., 1947.-A189, P.300-308.

«.. Ilpobaema ¢parmenTanun uMeer (yHIaMeHTATIbHOE 3HaveHue... OHa
MOKET NPOJHUTH CBET Ha TO, YTO MNPOM30OLLIO ¢ Haumed BceaenHoit mocJe

boasuioro B3psiBa...»

10 mm

Puc.1 ®parmeHTanus KepaMHU4eCKOro Tpy64aToro o6pasua ¥YB Harpy»xeHHeM B KUIKOCTH
CymmMapHas macca pparmentoB He MeHee 98% macchl ncxoaHoro 0Opasma. Obiee koarmuecTBo GparmeHToB u3MeHsock ot 1600 10 4800 B
3aBUCUMOCTH OT YJEIbHOW SHEPIUU HArPy KEHUS
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JkcnepumeHTbl A.[l. CaxapoBa. Barker-Swegle-Grady yHuBepcanbHOCTb

A.D Sakharov, R.M.Saidel, V.N.Mineev, A.G. Oleinik. Sov.Phys.Doklady, 159, 1019

(1964).

Substances

Aluminum

Lead

Copper, Steel

Water

Mercury

Pressure range,
KBar

Viscosity,
poises

~104
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2104
2103

Elastic modulus,

MPa

Viscosity and elasticity of shocked condensed matter
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NNacTU4YecKNX BOSTHOBbIX (PPOHTOB

AHppen OMmutpneBuy
CaxapoB

AU .Dpenrenv (Kunemuueckas meopus
cuokocmeil).

" Kuakoctu, ABJIAACD
KOH/ICHCHPOBAHHBIMH Cpexamu,
AOJIKHBI 00HAPYKUBATH MEXaHU3MbI
Te4YeHN 0oJiee  CBOWCTBEHHbIE
TBEPAbIM TeJlaM, HO He ra3am.
...1HInupoko pacnpocrpaHeHHast
TOYKA 3pPEeHHUs, 4YTO0 TeKY4ecThb
JKHAKOCTel peajusyercs npu
OTCYTCTBHM CIBUIOBOM YNPYIOCTH,
ABJsETCS OIIHOOYHOM, 3a
HCKJIIOUYEHHEM, MO:KeT OBIThD,
skuaxoro reaus 11




A.U. ®peHkenb «KnHetnyeckaa teopusa xXugkocten’”

-Onpezle.ﬂenne TOYKH IIJIABJICHUSA, TPAAUINUOHHO UCIOJb3YEMOEC B TCPMOINHAMHUKE, OCHOBAHO HA
COMOCTABJICHUM NMOTCHIIUAJIOB /IJIA )KUAKOI'0 U TBEPAOI'0 COCTOSIHUH.

*JT10T moaxoax OCHOBaAaH Ha KOCBCHHOM IIPEANOJOKCHHUHU, YTO I3TH /IBa (l)aBOBBIX COCTOSAHUA
Pa3/indHbl, TO €CTh MPOMEKYTOYHOEC COCTOAHUE OTCYTCTBYCT.

*B 1elicTBUTENIBLHOCTH ONpeesieHne CTATUCTHYECKOI0 MHTErpasia, CBOOOIHOM IHEPIrUH T0JIKHO
BKJIIOYATH BCe BO3MOKHbIE ()a30Bble epeMeHHbIe KaK IJIsl dKMJIKOT0, TAK U TBEPAOT0 COCTOSTHUH.
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B.V.Derjagin: Anomalous Water

* B. V. Derjagin & N. V. Churaev. Nature of '""Anomalous Water* . Nature 244, 430-431, 1973.

* b.B. Jlepsirun, .. AGpukocona, E.M. Jludummi. MonekynsipHoe NpUTSIKEHUE KOHACHCUPOBAHHBIX TE,
1958.

*B.V.Derjagin et al., Shear elasticity of low-viscosity liquid at low frequencies. Phys.Rev.A,1990

Our research work on the measurement of the shear
elasticity of ligquids had started with just the investigation
of the shear mechanical properties of the boundary layers
of liquids.? We actually detected a shear elasticity in thin
layers of ligquids at a frequency of shear oscillations of

S

» >

dependently of their viscosity and polarity.”” 7 In accor-
dance with the present notions, this property should have
been observed at frequencies of 10''—-10'* Hz; that is, at
6—7 orders of magnitude higher frequencies than in the

about 10 Hz—FHowever, @ dertailed mvestigation of tirs
5 H | e - i ]

lrormd—vE —; s I - _

cTTY IS posscsscd by all tiie Hgquids wititout eXcepuorn, 1rm-

present experiments. 1 his conclusion follows from the
fact that the time of settled lifte oOf separate liquid mole-
cules in a temporary equilibrium state is a relaxation time
of the nonequilibrium state. The relaxation time is evalu-
ated in accordance with the self-diffusion rate. Hence

this time, when calculated with the Einstein formula, will
be equal to

62
oD

= (1)

YOH,



JKcnepuMeHTanbLHoe uccriegoBaHne yaapHO-BONMHOBLIX (PPOHTOB B XKUOKOCTAX

 O.B.Naimark. Defects induced instabilities in condensed matter. JETPh Letters.- 1998.-V. 67.- N2 9.- P. 751-757.
+0.B.Naimark. Nonequilibrium structural transitions as mechanism of turbulence. Technical Physics Letters.-1997.-V.23.-Me 13.-P.81-87.
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*SW initiation: electro-explosive method of copper wire (length 15 mm, diameter 0.01 mm, current density ~10 A/m?)

150 j ) i £%.10°,1/s Ps. MPa
3 10 100
(y=5E-@ oo
100 . : ; H?xﬁ"“&
= T 1 10
E_ ‘L“w Lm ) 5 e
~ 50 \ KHWW s
O
0.1 1
0" c I 1 10 100 Po, MPa 0 1 10 210%, 1/s
0 4 8 12
t, us

Fig.1. a) Particle velocit’y profiles: 3 —10 mm; 4 — 14 mm; 5 — 25 mm. b) strain rate versus pulse amplitude. c) spall strength versus
strain rate nepopmanum.
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I'mapoaroMuHecueHu . I'pannna BO3HUKHOBEHUSI CBeYeHHS JKMIKOCTH B 3aBUCHMOCTH
OT TOJIIIIUHBLI KaHAJIA

. A.BUpPIOKOB. JKCIIEPUMEHTAJIbHOE
HCCJIeIOBAHME JJIOMUHECHEHIIMH B KUIKOCTH.

8200 - . —
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Puc.l. I'panuua BO3BHUKHOBEHNSI CBEYE€HHUS KUIKOCTH B 3aBUCUMOCTH OT TOJIIUHBI KaHAJIa
u ckopoctu mnotToka [[epuenmrerin C.51., MoHaxoB A.A. JJieKTpu3amusi M CBeYeHHE
JKHJAKOCTH B KOAKCHAJbLHOM KaHajle ¢ JIMYIeKTPHYeCKHMH cTeHkamm // «MexaHuka
JKMIKOCTH M raza», Ne 3, ¢. 114 — 119, 2009. 46].
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MogaepHU3npoBaHHaA IKCMepUMeHTabHaa YCTaHOBKM 419 UCCNef0BaHMA COHO- U
rMAPOAIOMUHECLEHL UM
| =1 | B




JKcnepumeHTasnbHOe HabnoaeHne 3dPpeKToB rmapo- U COHOMOMUHECLEHLUY
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3aBMCMMOCTb YaCTOTbl UMMYNbCOB, PETUCTPUPYEMBIX
boTOyMHOXKMTENEM, OT CKOPOCTU AedopMaLmn
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Buaeokaapbl HabnogeHna 3GPeKToB ruapoatoMUHECLLEHLMN Ha EEET
TPaHCMUCCMOHHOM Macne (MHTepBan mexay Kagpamu ~10
MUANIUCEKYH/,) B KaHane U COHONOMUHECLEHUMN B anddysope: (R o . s 5
a) Ha4yano «cBevyeHua»; 6) pa3suTan rMAPONIOMUHECLLEHLNS; d, v
B) n r) 3aTyXaHune «cgevyeHmna» sCneacrsmun nageHna AasieHUA B
KaHane anddysopa. lpaHWLA BO3HMKHOBEHMA  CBEYEHMA  XKWUOKOCTM B

3aBUCUMOCTM OT TONLUMHBI KaHana M CKOPOCTU NOTOKa [2].

[1] FepueHwTerH C.A., MoHaxoB A.A. QniekTpusaums 1 CBeYeHWe XUOKOCTU B KOaKCUanbHOM KaHane C AUSNeKTpuYeckumm cteHkamm // «MexaHvika xugkoctu v rasax», Ne 3, c. 114 — 119, 2009.
[2] Konpamacos, A.W., 1991. MNnasmeHHoe o6pa3oBaHve B KaBUTHPYIOLLIEN AnanekTpuyeckon xuakoctv // XKT®, T. 61, Bein. 2, C. 188 — 190.



ABTOMOAOENBLHOCTL NMOMTHOCTLIO Pa3BUTON TYPOYNEHTHOCTU U HEYCTOMUYMBOCTU
nfiacTuyeckKkoro casura
Karman’s instability *Plastic Strain Instability in AIMg alloy
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*Bramwell S.T., Holdswoth P.C.W., Pinton J-F. Universality of rare | S e L Y
fluctuations in turbulence and critical phenomena // Nature, 1998, v.396, TR sty " l
p.554.
10°- 0
-1t
% D
= 5
(@]
S 3|
4l
(P-P)/ P -5 : ' : : :
s 8 -6 -4 -2 0 2 4
He3aBucumocts PDF ot uncia PeifHoabca B 1Hana3oHe yeTbIpex (o-<o>)/o

MOPSIIKOB



CTpYKTypHO-CKeﬁnMHFOBbIe nepexoabl B aHcamMmonsax Il.'l,e(ZbeKTOB N HEeKOTophbIie
aBToMoAeJsibHble 3aKOHOMEepPHOCTU HeyCTOﬁHMBOCTM B XXNOKOCTAX

Gregory L. Eyink, Katepalli R. Sreenivasan. Onsager and the theory of
hydrodynamic turbulence. REVIEWS OF MODERN PHYSICS, 2006.
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AHgpen Hukonaesuy
Konmoropos

1072 1071

Konmoropos A.H., //JAH CCCP.-1941.-T.30,31,32.

00 102
k, (cm™)

Theodore von Karman

Konmoropos A.H. O jorapuMudecKyd HOpMaTbHOM 3aKOHE
pacrpeneneHusi yactul, npu apodbnenuu. //Joxmanst AH
CCCP, 1941.T. 31, 2,- C. 99-101
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