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* Mechanisms of momentum transfer in condensed matter.

*Scaling laws of fully developed turbulence and plastic flow.

* Experimental study of scaling laws of wave fronts and strength of shocked
liquid.

* Discussion. Could liquid reveal solid-like mechanisms of momentum
transfer and instability?
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O HEeKOTOpbIX 3AKOHOMEPHOCTAX PAa3BUTUA HEYCTOMUYMBOCTU U
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Heycmouvyueocmu e Memannax u myp6ynenmHocmu e xudkocmsx (yHueepcaibHOCMb
PDF, aemomodenbHoOCMb 60J/IHOBLIX (hpOHMOE)

* 0O6cyxOeHue pesynbmamoe (A.llamawuHckul:“Mbl yacmo npuebikaHue NPUHUMaem
3a nNoHumaHue...”)
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ABTOMO,Z[EJII:HOCTI: BOJIHOBBIX (l)pOHTOB

L.M. Barker [1], J.W. Swegle-D.E.Grady [2, 3]
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O TepmoanHaMuke TBepaoro tena c aedekramm
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Speckle Interferometry (V.E.Panin et al.)
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MTS-PTW-Model

*Kocks, Argon and Ashby. Thermodynamics of Plastic Shears.
*D.Preston, D.Tonks and D.Wallace. Model of plastic deformation for extreme
loading conditions. J of Applied Physics, 2003, V.93, n.1, pp.211-220
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Structural-Statistical Model

*Mesodefects (microcracks, microshears): T\T
S, =8VV, ik = % s +lv)| —
Sp v B

Py =n(s; )| n~10" cm™

*Leontovich Effective Field Method ( 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
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Comparative analysis with MTS-PTW-model

MTS-PTW-Model

S2M-Model
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SELF-SIMILAR SOLUTIONS - COLLECTIVE MODES

* Solitary Wave:

*’Blow-up” Regimes of Damage
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Langer J .S., Pechnik L. Dynamics of shear transformation zones in amorphous plasticity:
Energetic constrains in a minimal theory // Phys.Rev.E- 2005.- V.68.- P. 061507.
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Plastic Wave Structure

* Characteristic regimes

*  Wave front
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TRANSITION TO THE OVERDRIVEN SHOCK REGIME

 Stress front

There is a five-decade gap
separating the thermally
activated and overdriven
shock regime (Preston,
Tonks and Wallace)

* Characteristic regimes
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SWEGLE-GRADY UNIVERSALITY OF PLASTIC WAVE FRONT

Experimental study (plate impact test for copper)
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*  Structure of deformed copper




SWEGLE-GRADY UNIVERSALITY OF PLASTIC WAVE FRONT

e  Structure of deformed copper * New View data

*Correlation analysis (the Hurst exponent)
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Sakharov’s experiments. Barker-Swegle-Grady universality of plastic

wave front
Substances Pressure range, Viscosity, poises Elastic modulus, Viscosity of shocked condensed
GPa MPa matter
Aluminum 31-202 ~10¢ 74 . 10 5
Lead 35-250 ~104 47 & = S
Copper, Steel ~10* -5 -1
. —>10"s
Water 8 2 10¢ 2

Mercury 15 2108 2.9 4
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Barker, 1968 ; Swegle & Grady, 1985

Fig.1: a - Profiles of plastic wave fronts in aluminum: 1 — 9.5 KBar, 2 — 21 KBar, 3 — 38
KBar, 4 — 90 KBar; b — “stress amplitude” VS “strain rate”




A.N.OpeHkenb «KuHeTu4yeckaa Teopus XuUOKocTemn»

“...Jllupoko pacnpocTpaHeHHAasi TOYKA 3PEHUSI 0 TOM, YTO TEKY4YeCThb *KHUIAKOCTEH
00yCJIOBJICHA OTCYTCTBHEM CIABHMIOBOW YNPYrOCTH ... SIBJSACTCH JIOKHOM
(uckarouasn cay4dau xuakoro reaus IT).

* «B meiicTBUTELHOCTH, PA3HUIIA MEKAY «KHUAKUM» M «TBEPAbIM» COCTOSIHUSIMH
KOJIMYEeCTBEHHAsl, HO He KA4YeCTBEHHAasl: IUIOTHOCTb, CHJIbI B3aMMOJACHCTBHUS,
XapakTep TeII0BOr0 ABHKEHMSI.

““CTpyKTYypa KUAKOCTEH MOKeT paccMaTpuBaThCH KaK
«KBa3UKPUCTAINYECKAS», INPUHMMAS BO BHHUMaHHe OJMKHMHA MOPAIOK,
KOTOPBbIE )KUAKOCTH O0HAPYKUBAKOT MOJ00HO KpUcTAJLJIamM”.

J
*Jlepsrun b.B. (B.V.Derjagin et al., Polymer 30, 1 (1989): l}QtTaHOBJIeHa
CABMIOBasi YIPYrocTh B KMAKOCTSX NMPH BO3MYIIEHHMHM CIABMIOBBIX TeYeHHH C
4yacToTaMu




A.N.PpeHkenb “KuHeTnyeckas Teopusa XXumagkocten”

*OnpeneseHue TOYKH IJIABJIEHUSA, TPAAULIMOHHO UCHOJb3yeMOe B TEPMOAMHAMMKE, UCIOJIb3YeT
COMOCTABJIEHHE MOTEHIHAIOB 1151 3KUAKOro @ u TBepaoro cocrosinuii O,

*JT10T METO0J OCHOBAH HAa KOCBCHHOM IIPECANOJOKCHHUH O TOM, 4YTO /IBC (1)33131 KAa4Y€CTBCEHHHO
pPasiindHbl, T.C.IMPOMCKYTOYHOC COCTOAHUE, CBA3LIBAOIICE MMOCICAHUEC, HC CYIICCTBYCT.

°Onpez1e.11e}me CTATUCTHYICCKOI0 HHTEIrpaJa, CBOOOIHOM JHEPIrun JA0JI’KHO BKJIAKYATh BCE
BO3MO’KHbBIE (1)a30131>1e KOOpAUHATLI IJIsd TBEPAOI'0, ;KUAKOI'0 U MPOMECKYTOYHOI'O COCTOSIHHUM.

[expl- B/ Jar| <SS

Sip = AS(Vilk +livk)

1 =A /6D, ~10"" ¢




Similarity of Turbulence and Plastic Instability

*J-F. Pinton’s experiment *PDF universality
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*Bramwell S.T., Holdswoth P.C.W., Pinton J-F. Universality of rare fluctuations in turbulence and
critical phenomena// Nature, 1998, v.396, p.554.

*Pinton J.-F. and Holdsworth P.C.W. Power fluctuations in a closed turbulent shear flow//Phys.Rev.E.-
1999.-V.60.-n.3.-P. 2452-2455.

*Lathrop D.P., Fineberg J, H.Swinney.Transition to shear-driven turbulence in Cuette-Taylor flow//
Phys.Rev.A., 46, 10, 1992, 6390-6405.

Castaing B., Gagne Y. And Hopfinger E.J. Velocity probability density functions of high Reynolds
number turbulence//Physica D.-1990.-V.46.-P.177-200.




ror umversauty in jutly deveioped turouiience

( Pinton J.-F., Holdsworth P.C.W. Power fluctuations in a closed turbulent shear flow//Phys.Rev.E. 1999)

*JKCIePUMEHTAJbHbIC MCCJACA0BAHMS  PAa3BUTOI0 CTALMOHAPHOIO TYPOYJEHTHOIO
noroka (cxema Kapmana - TypOyJIeHTHOCTh B 3aMKHYTOM 00beMe, HHUIUUPOBAHHAA
BPAIAKIIMMHUCHA  JUCKAMM), YCTAHOBMJIH CTATHUCTHYECKYH AaBTOMOJAEJIbHOCTH
pyHkuuu pacnpeneseHus QGIyKTyalui MOIHOCTH, MHKEKTUPOBAHHON B )KUIKOCTD.

*Crarucruyeckass aBTOMOACJBbHOCTH IMPOSBJACTCH B YHUBEPCAJIBLHOCTH (yHKUMH
pacnpenejieHus (PIYKTYyallMd MOLIHOCTH, M3MepPsieMOl HA BPALIAIOIIMXCH JTUCKAX B
npeaeiax d4erbipex MOpsAKOB uuces PelHosbaca B 00JaCTH 3HAYEHUH NOCJEIHMX,
COOTBETCTBYIOILUMX PAa3BUTOM TYPOYJIEHTHOCTH .

*YHHUBEPCAJIBHOCT, (QYHKIHMU pacnpeneseHus (PIyKTyalMd COOTBETCTBYET PeKUMY
Pe3Koro najeHus MOUIHOCTH, HHXKEKTHPYEMO#l B MOTOK, M CBA3BLIBAETCH C reHepanuen
KOIEPEHTHBIX CTPYKTYP Ha Macumradax, OJM3KHX K MHTErpajbHOMY MacuuTady
CUCTEMBI.

*DyHKUUA pacnpenejeHuss AJd HOPMHPOBAHHON HA BeJIUYMHY CTAaHIAPTHOIO
OTKJIOHeHUs1 (UIyKTyauuu MOIHOCTH P  0o0Hapy:Ku/iIa He3aBUCUMOCTb OT YMCJIA
PeitHoibICa M NPHCYTCTBHE XAPAKTEPHBIX BeTBeil ¢ BHIPAKEHHON AHMCIEpPCHEH B
00/1aCTH 3HAYEHMH , OTIHYAKIIMXCHA OT CPEIHMX .

*KorepeHTHOCTH MMOHMMAETCHA B CMbICIE PACHPOCTPAHECHUS MPOCTPAHCTBEHHO-
BPEMEHHBIX MACIITA00B CTPYKTYP, MOAUPUUMPYHIIUX TEYECHUHE, HA UHTErpajbHbIN
Macirao.



Long-range correlation and universality of stress fluctuations

Aluminium magnesium alloy 5454-O
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Fig.1. PDF of plastic flow fluctuations for aluminium magnesium alloy (room temperature,
tension test for strain rates: / - - 6= 0,01s7); m- PPE fppinertial range of
turbulence.
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cmamucmuku gaykmyayuit npu naacmuueckom mevenuu memanna // BMCC.- 2009.




B.V.Derjagin: Anomalous Water

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

* b.B. Jlepsrun, N.1. A6pukocosa, E.M. Jludumuu. MonexkynspHoe NpUTSHKEHUE KOHACHCUPOBAHHBIX TE,
YOH, 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 liquids at a frequency of shear oscillations of
about 10" Hz. However, a detailled investigation of this
property, depending on the thickness of a tested film, has
shown that the shear elasticity is inherent to the bulk

liguid. Moreover, it has been established that this prop-
erty is possessed by all the liguids without exception, in-
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
present experiments. 1his conclusion tollows Trom the
fact that the time of settled life of separate liguid mole-
cules in a temporary equilibrium state is a relaxation time
of the nonequilibrium state. The relaxation time i1s evalu-
ated in accordance with the self-diffusion rate. Hence
this time, when calculated with the Einstein formula, will
be equal to

62

= 1
T oD ° (1)




B.V.Derjagin: Anomalous Water

Numerous investigations of the shear mechanical prop-
erties of liquids by other methods indicate that the liquids
are Newtonian up to supersonic frequencies. This means
that the shear elasticity must be absent also at the fre-
quency of our experiment of 73.5 kHz. Below we shall
prove that this contradiction is an apparent one. The
shear mechanical properties are usually measured by two
methods. The first method is based on a determination of
mechanical lmpedance when a rotatlng plezoquartz vi-
brator is im tion.’ In

which 1is con31dered to be explicitly Newtonian. After-
wards, on determining the constant of the setup, other
liquids are investigated. In accordance to our data,> 7 all
the liquids possess a shear elasticity at the frequencies of
shear oscillations of about 10° Hz; that is, in nature there
is no explicitly Newtonian standard liquid. Therefore, it
ould be incorrect to measure the shear mechanical
Mquids by the method of rotaryM

oscillations.

TABLE I. Values of the shear elasticity and the tangent of
the mechanical loss angle.

f G’
Liquids *Cy (107° dyncm  ?) tan@
Water 23 0.31 0.3
Cyclohexane 22 0.22 0.09
Hexadecane 24 0.75 0.08

Dibutylphthalate 21 0.82 0.21




Perucrpauvna ynapHo-BONHOBLIX (DPOHTOR B XXWUAKOCTHU

Puc. 1. Cxema usmepeHnsi MAaCCOBOM CKOPOCTH B :KMAKOCTH cuctemMoli VISAR

*OnTOBOJIOKOHHBIA NPUEMHHK: BUIUMOE MATHO J1a3epHOro Jryya — 0.2MMm.

*3epkaJio: amomuHueBas ¢osbra toamuaon 0.01 mm.

*I'pannna: Boga — ¢oibpra — BO3ayX.

*CkopocTs 3ByKa B Boje: ¢, =1450 m/c.

*YB umMnyJ/ib¢c HHUIMUPYETCH IJTEKTPOB3PHIBOM MEIHOI0 MPOBOAHUKA: JyinHAlS MM , auamertp 0.01mm,
MJIOTHOCTH ToKa ~10!'! A/m?



Cxema nsmepeHna MaccoBOW CKOPOCTY Ha yAapHO-
BONMHOBOM (hPOHTE B KUOKOCTWU
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shock | wave \ L
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Puc.1. Ilpodpuan ckopocTH NOBEPXHOCTH, NOJTYYE€HHbIE HA PA3HBIX PACCTOSTHUAX X OT MeCTAa MHUIIUMPOBAHMS
B3pbiBa: 1— 8 MM (28/1:x); 2 — 14 mm (28/1:x); 3 — 10 mm (28/1:x); 4 — 14 mm (28 /1:k); S — 25 mm (28 1:k)



ABTOMOAEenNbHbIe 3aKOHOMEepPHOCTU (hopMMpoBaHUA yaapPHO-BOJSTHOBOIo
¢PbpOHTa N OTKOSIbLHOU MPOYHOCTU

£%-1051/s
10

| >
v = 5SE-06x3-2

0.1
1 10 100 Po. MPa

Puc.1 3aBucuMocTh CKOpOCTH JepopMaIIuU OT
AMILTHTYAbI MMITYJIBCA CoKATHS.

Ps. MPa

100
Fa¥
a2

v =22 8x0°-3

10

0 1 10 &10*, 1/s

Puc.2 3aBucMMOCTBb OTKOJIbHOM MPOYHOCTH OT
cKopocTH aeopmanuu.



Mexanu3Mbl NEPEeHOCA HMIMYJILCA H HEYCTOHYNBOCTH
B KOHIECHCHPOBAHHLIX Cpeaax

* @du3uyecKkHe MeEXaHU3Mbl, MPUBOASAIIME K Pa3sBUTHI HEYCTOMYUBOCTEHd B
KOH/JICHCHPOBAHHBIX Cpelax, YKa3bIBAIOT HA BO3MOKHOCTH ONUCAHHMS HEYCTOMYUBOCTEH B
JKUAKOCTSIX HA  OCHOBE AaHAJM3a KHHETHMKH  (UIyKTyauumd, HWHAYUMPOBAHHBIX
CTPYKTYPHBIMHU M3MeHeHUAMHU B :xxuAK0OCTH [A.J[.Caxapos]

*Me3ockonuueckue Ae(peKTbl, KOTOpPble MO0 CBOEH NpUpoAe ABJIAITCA (PIyKTyalUusAMU
MOJIA CMeEIeHMH B TBEpABbIX Tejaax, PacCMAaTPUMBAKTCH KaK peajibHble CTPYKTYpPHbIE
AedeKTbl B KUAKOCTAX NMPU BOSHUKHOBECHUM KOJUIEKTUBHBIX ABWKEHUN IPYNIl MOJIEKYJI
APYr OTHOCHUTEIbHO Apyra [b.B.[depsarun].

*JTOT MEXAHU3M JBHMKEHHUSI HE COOTBETCTBYeT TPAAMIHMOHHO PAaCCMATPUBAEMOMY JIJIf
JKHAKOCTEH (M0 aHAJOruM ¢ razamMu) Au¢pdy3MOHHOMY MEXaHU3MY MEePEeH0Ca UMITYJIbCA, HO
MOKEeT UTPaTh, KaK BlepBblie 0b1710 0TMeYeHO0 .. @peHkeneM, BadKHYI0 POJib B PAa3BUTHH
HEYCTOMYMBOCTEH B JKUJIKOCTSX.

® Caxapos A./l., 3aiineas P.M., MuneeB B.H., Oaeiinuk A.I'. // JkcnepuMeHTATIbHOE HCCI€I0BAHHE YCTOWYMBOCTH YIapHBIX
BOJIH M1 MEXaHMYECKHUX CBOICTB BellleCTBA MPH BHICOKMUX JaBJjieHUsAX U Temneparypax // Jokaaabl Axkagemuu nayk CCCP, 1963.
T.159. NeS. C.1019.

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

* b.B. /lepsirun, U.U. AdpukocoBa, E.M. JIn¢pmun. MoJiekyJIsipHOe NPUTSKEHHE KOHICHCHPOBaHHbIX Tesl,  Y®H, 1958.
*B.V.Derjagin et al., Shear elasticity of low-viscosity liquid at low frequencies. Phys.Rev.A,1990

*@penkensy A.U. /| Knnernueckasi Teopus s;kuakocreii // U3n-so «Hayka», Jlennnrp. ora., JI., 1975. C.592.

*Haiimapk O.b. // HeycToH4MBOCTH B KOHACHCHPOBAHHBIX cpenax, o0yciaosiaeHHble nedexramu // IIncbma B ZKITP. 1998. T.67.
Ne9. C.751.



	Страница 1
	Страница 2
	Страница 3
	Страница 4
	Страница 5
	Страница 6
	Страница 7
	Страница 8
	Страница 9
	Страница 10
	Страница 11
	Страница 12
	Страница 13
	Страница 14
	Страница 15
	Страница 16
	Страница 17
	Страница 18
	Страница 19
	Страница 20
	Страница 21
	Страница 22
	Страница 23
	Страница 24
	Страница 25
	Страница 26

