(o HEeKOTOPbLIX aBTOMOACECJIbHbIX 3aKOHOMEPHOCTAX nNnepeHoCa mMmnyrsbcCca
B KOHAGHCUPOBaAHHbLIX Ccpepax npmu UHTEHCUBHbIX BO3A4EMUCTBUAX

O.b.Hanmapk
UHcmumym mexaHuku cnsiowHsbix cped YpO PAH

CodepxxaHue

* BeedeHue.

« AemomodesibHble 3aKOHOMEPHOCMU nMnpu ¢hopMUPO8aHUU M1aCMUYECKUX 80JIHOB8bIX
¢ppoHmMoe, wupokoduana3zoHHOe MoOesluposaHue.

«AemomodesibHbie 3aKOHOMEePHOCMU pa3pyulieHus npu yoapHo-e0JIHO80M pa3pyweHuuU.

O HeKOmMoOpbIX  yHUBePCallbHbIX  CUEHapusiXx  pa3eumusi  naacmu4eckoll
HeycmoliYueocmu 8 MemaJsiiax u myp6bysieHmHocmu 6 XXudKkocmsix.

« O G@803MOXHbLIX MexaHu3Max acuMnmomuku esi3kocmu. AemomodesnbHbie
3aKOHOMePHOCMU 2UdPOJIFOMUHECUEHUUU.

+O6c¢cyx0eHue pe3ynbLmamose



Jlabopamopus gpuzuueckux ocnoe npounocmu

Hucmumyma mexanuku cnaowinvix cped PAH
OcCHOBHBbIE HANIPABJICHUS UCCJICI0BAHUH

e@yHIaMeHTAJbHbIE UCCIET0OBAHUSA:

- HeJIMHeliHasA (PU3UKa M MeXaHMKA KOHIEHCUPOBAHHBIX Cpell ¢ Me3oaedekTaMu:
-CTATHCTHYECKAsl MEeXaHUKA cpell ¢ Me3oaedeKTaMu,

-TepMOJUHAMUKA cpejl ¢ Me3oaedeKTaMu,

-IIUPOKOAMANIA30HHbIE ONPe/iesiiole YPaBHEHHsI cpell ¢ Me3oedeKTaMu.

-Pazpadorka u JKCHEepUMEHTAJbHAsA BepupUKANMSA MHUPOKOAUANAZOHHBIX OIpeIeAIMX
YPAaBHEHHMU JI MOJAEJUPOBAHMUS NMOBEJCHUS MATEPUAJIOB INPHU HHTEHCUBHBIX (IMHAMHYECKHX,
YAapPHO-BOJIHOBBIX) BO31€iCTBUAX

*JKCIEePUMEHTAJIbHOE HCCJIe0OBAHUE TIOBeJIEHUSI MATEpPHAJIOB TMPH KBa3MCTATHYECKHX,
YCTAJOCTHBIX, JUHAMHYECKHUX W YIAPHO-BOJHOBBLIX HATPY:KEHHSIX ¢ HCIOJb30BAHHEM CPEIACTB
perucTpamuu BbICOKOI0 MPOCTPAHCTBEHHO-BPEMEHHOT0 pa3pellieHusl.

*CTpYKTYypHBbIC HMCCJICI0BAHUS. MHOTOMACIUTAOHBIM AaHAJM3 CTPYKTYPbl MAaTepHAJIOB (ATOMHO-
CUJIOBAsl, JJICEKTPOHHAS MHUKPOCKONHS, NPOPUIOMETPHSI BBICOKOI0 Ppa3pelieHHus]) ¢ LeJbI0
HCCJICIOBAHHUS POJIM CTPYKTYPbl B MeXaHM3Max JAe¢()OPMUPOBAHUA M Pa3pPyLICHUS B IIMPOKOM
JAUana3oHe HHTEeHCUBHOCTEN BO31eHCTBHUH.

*UccienyeMble MaTepHaibl — METAJLJIbI, CIJIABLI (B TOM 4YHCJ€e ¢ CyOMMKPO3epPEeHHOI CTPYKTYpOii),
CTEKJIa, KePAMMKH.



JKCNepUMeHTaJIbHadA 0a3a jJjadoparopuu

Jlabopamopus pacnonazaem KOMRIEKCOM IKCREPUMEHMATIbHO20 000PY00BAHUA O NPOBEOCHUS
UCHBIMAHUT MAMEPUATIO8 NPU KEAZUCMAMUYECKUX, YCIMATIOCHHBIX (6KIIOUAA 2U2AUUKTI08YI0), OUHAMUYUECKUX
U YOApHO-6OTTHOBBIX YCI0CUAX HAZPYHCEHUA

® banncTHyecKkHe KOMILIEKCHI (ra3oBble 0aIMCTHYECKHE YCTAHOBKH, Kaauop 125Mm m 45 MM; cucteMa M3MepeHHsi. METO eMKOCTHOTO
narunka, VISAR ).

ebajsncTHYecKUi KoMIUIeKe Kaaudp 19mm, coBMmemeHnnslii ¢ cucremoii perucrpanuu VISAR n undpaxpacuoii kamepoii CEDIP, nas
HCCJIeI0BAHMS THHAMHKHY NMPOLECCOB MPOOUBAHUS

*YCTaHOBKH JJIfl JMHAMHMYECKHX HCNBITAHMI MeTa/JUIOB, KOMIIO3MTOB, KepaMuk (pa3pe3Hoil ctep:keHb I'onkmHcoHa-Koabckoro mns
HCNBITAHNI HA pacTsAKeHHe-cKaThe, CABUT, THHAMUAYeCKoe HHACHTHPOBaHNe, CHCTeMA PerncTPALMN).

Undpaxpacuas kamepa CEDIP, ycranoBka akycruueckoii smuccun AMSY

*Unrteppepomerp-npopuaomerp New View 5000, aromHo-cuinoBoii mukpockomn, STRAIN-Master.

* Komiuiekc 1Jis1 NOAr0OTOBKH 00pa3lo0B ISl CTPYKTYPHBIX HCC/Ie0BaHMii (MeXaHHYecKasi, YJ1eKTPO-XMMHYeCKasl MOJTUPOBKA).
*JKCHePUMEHTAIbHBIH KOMILIEKC /ISl HCCIe0OBAHNS NMOBEI€HUsI MATEPHAJIOB B YCJOBHSIX THTANMKIIOBO# ycTaiocTu (Shimadzu).
*JKCNePUMEHTATBHBIH KOMIJIEKC /151 UCCIeOBAHUSI MEXaHNYECKHX CBOICTB MAaTEPUAJIOB NPH KBAa3UCTATHYECKUX YCJIOBHUAX HATPY:KEHHUS.
*JKCNePUMEHTATBHBIH TEXHOJOTHYECKH KOMILJIEKC M0 H3r0TOBJIEHHIO HAMOTKOI 06pa310B KOMIIO3UTHBIX MATEPHAJIOB.

*JKCNePHMEHTATbHBIH KOMILIEKC 10 MCCJIEI0BAHNIO MEXaHHYECKHX CBOMCTB KOMIIO3UTHBIX MaTepHAJIOB ¢ “iN-Situ” perucrpanueid JaHHBIX
aKyCTHYeCKOil SMHCCHU W CHCTeMO#i perucrpanuu nudposbix nzodopaxenuii (DIC).

*JKCNEePUMEHTANbHBII KOMILIEKC M0 MCCIE0BAHUIO CBOWCTB KOMMO3UTHBIX TPYOUATHIX 00Pa310B NPU JUHAMHYECKHX HATPY:KEeHUSAX NMPU
nasjaeHusix 10 1000aTm , coBMeIIeHHBII ¢ CHCTEMOI perucTpauum .

'3KCﬂepI/IMeHTaJII>Hblﬁ KOMILIEKC 10 MCCIeI0BAHUIO CBOMCTB KEepaMHUK NP TMHAMHUYCCKUX HAIPYKCHUAX MO JaHHBIM in-situ perucrpanuu
(l)paKTOJIlOMI/lHeCIleHlII/lH U CTATUCTHKHU (bparMeHTauml Ha COXpaHCHHBbIX 06pa3uax

Jlabopamopua @uzuueckux ocnoe npounocmu HMCC YpO PAH




AkcnepumeHTbl A.[l. CaxapoBa. Barker-Swegle-Grady yHuBepcaribHOCTb MNacTUYECKUX
BOJIHOBbIX (ppOHTOB

Caxapos A./l., 3aiinens P.M., MuneeB B.H., Ouieiinuk A.I. IkcniepumMeHTAaIbHOE UCCIIEI0OBAHUE
YCTOWYMBOCTH YIAPHBIX BOJIH M MEXaHUYECKHUX CBOMCTB BelIeCTBA NP BHICOKHUX JABJIEHUAX U

temneparypax// Jloka. AH CCCP.-1964.-T.159.-Ne 5.-C.1019-1022.

Viscosity and elasticity of shocked condensed matter

Substances Pressure range, Viscosity, Elastic modulus,
KBar poises MPa
Aluminum 31-202 ~10% 74
Lead 35-250 ~10* 47
Copper, Steel ~104
Anppen OMmutpueBuy
Water 8 2 10% 2 Caxapos
Mercury 15 2103 2.9 AU .Dpenrenv (Kunemuueckans meopus
Jcuokocmeil).
- 5 1 ", . Kuakocrtu, ABJIAACH
& —10°s T. —> 10_5 S_l KOH/I€HCHPOBaHHBIMH cpenamm,
V, Kn/s G, KBar m JOJIKHBI 00HaApPYKUBATh
A 4 MeXaHU3MBbI TeYeHUus 0oJiee
04T 4 AI 102- CBOIiCTBEHHBbIE TBEPABLIM TejlaM, HO
He razam.
...lHImpoxo pacnpocTpaHeHHast
02T TOYKA 3PEeHHusi, 4YTO TeKy4ecTh
t KHAKOCTel peajmn3yercs npu
/j 1% ,LIS OTCYTCTBMM C/JBHUIOBOIl YNpPYrocTH,
0.0 L . . . . . . 10 1 siBJIsIeTCSI OIIMOOYHOIM, 3a
. ' ' ' ' ' ' - HCKJIIOYEeHUEM, MOXKeET ObITD,

0.0 0.2 0.4 104 1068 108 skuakoro rejaus |1 "




C. V. Johnson and P. Steinberg.. Physics Today, May 2010

The notion of a perfect fluid arises in many fields of physics. The term can be applied
to any system that is in local equilibrium and has negligible shear viscosity #. In
everyday life, viscosity is a familiar property associated with the tendency of a substance
to resist flow. From a microscopic perspective, it is a diagnostic of the strength of the
interactions between a fluid’s constituents. The shear viscosity measures how
disturbances in the system are transmitted to the rest of the system through
interactions. If those interactions are strong, neighboring parts of the fluid more
readily transmit the disturbances through the system. Thus low shear viscosities
indicate significant interaction strength.

P. Kovtun, D. T. Son, A. O. Starinets, J. High Energy Phys.2003(10), 064 (2003); Phys. Rev. Lett.
94, 111601 (2005).

V. E. Fortov and V. B. Mintsev. Quantum Bound of the Shear Viscosity of a Strongly Coupled
Plasma. PRL 111, 125004 (2013)




ABTOMOAENBLHOCTbL MNJTACTUYECKUX BOJTHOBbIX 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 in
Al
(1 -9.5 KBar, 2 — 21 KBa,

3 — 38 KBar, 4 — 90 KBar;) [1]
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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 TepmogvHaMuKe TBepAaoro tena c gecdekramu

° TepMozmHaMmca «IJIACTHYECKOI'0 COCTOSAHUSA»

TepmonuHamuueckue
nepeMeHHbIe

a— (ge,bpSD )

DuIyKTYyallMOHHAS NIPUPOAA
IJIACTUYHOCTH
(3axkon OpoBaHa)

Vanadium
(quasi-static and shock wave test)

F = F(ge,bpSD)
——— 1

PO |

I &4

* = pS, b/t
r=vyexp(U, KT)
&' =(pSyb)vy exp(U, /KT)

o, Pa x10°

0,01 0,02 0,03 0,04 0,05 0,06&

&d
& &
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VISAR Probe
———— L
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—V2
— V5| ]
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CKOpOCTh TOBEPXHOCTH, M/C

0 200 400 600 800 1000 1200 1400
Bpewms, He

e Argon, Kocks, and Ashby “Thermodynamics and Kinetics of Slip” , 1975




LLinpokoananasoHHble onpenensiiome COOTHOLWEHUSA: Nepexoabl OT TEPMOAKTUBUPYEMbIX K
neperpy3o4yHbiM BOSIHOBbLIM (PpPOHTaM

Overdriven -—— 1
P -
Shock /

Thermaly 0
activated log &

r 11t 1 11T 1 17T 1T T T T T T
3 -2-101 2 3 45 6 7 8 9 10 11 12

-3

*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.



MTS-PTW-Model

*Kocks, Argon and Ashby. Thermodynamics and Kinetics of Slip, 1975
*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

NMoTeHumnan
AD(7,)~erf {(c,—7.)/(c,-c,)}

Onpegenswowme ypaBHeHUs

W =, exp{—A(D(T)/kT}
7 s —(s,—s,)erf {kf |n(7§°/v))}
£, = Yo (Yo — Y. Jerf {KT In(5¢/i7)}

3aKOH yrnpo4HeHus

d7/de=0(7,-7)/(7,-7,)




EVOLUTION OF DISLOCATION SUBSTRUCTURES

« TEM image of fatigued crystal of Cu (courtesy H.Mughrabi)
" 4« M 5 M : —ar TEE
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matrix vein strucrure ladder structure labyrinth structure cell structure
 Energy of dislocation substructures versus dislocation density (E.Kozlov, N.Koneva et al.)
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CBouctBa aHcambnen mesonedeKkToB

e  AHcambrb

MUKPOMPeUuH:
npoceeyusarowjasi MUKDPOCKOIMUS],

A.l".Kadomues, O.b.Hatmapk, 1983)

(marnoyanoeas

peHmeaeHo8cKas
npeyu3uoHHoe 83gewusaHue (B.U.bemexmuH,

oubpakuyus,

Material |, um n, cm>®
X-ray Microscopy X-ray Microscopy
Aluminum 0.14 0.2 101 --
Nikel 0.08 0.1 1012 2 1012
Gold, silver -- 0.2 - 2 10%
Copper, zinc -- 0.25 -- 5104
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

AHH30TeOMEeTPUYHOCTD: BsI3KOe pa3pyimienue 1:2; kpasuxpynkoe 1:10




CTpYKTYypHO-CTaTUCTUYECKAA MoAaesb

*Mesodefects (microcracks, microshears): V
B
Sy =SViV, v Sik :%S(Vilk "'Iin) | .
| Sp v B
— 14 -3
Sp P = n<sik> n~10" cm

sLeontovich 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

* E = E, — H; S +0‘Sii’
| £ (..
W~2Z" exp[—ﬁj

Effective Field

Hik =ik + ik = oik + AN(Sik )-




Onpeaensilowue COOTHOLWEHUA TBEPAbIX Ten ¢ mesoaedeKkramu

«Self-Consistency Equation for Defect Density Tensor

Pik = N SikW (s, 7,1 )dsiy -

Dimensionless Form

_ — -1 ).
Pi = _[Sikz leXp((Gik "'g pik)sik_siijdsik'

General statistics

- - _ ~ 1. - -
Pi :”Sikz lexp((gik "‘g Pic ) Sik _Silfjdscw

Dimensionless Material Parameter

5=%n.

a~93 A~G, n~R~,
V

0

5~(%0) '

3

G

IS the elastic modulus,

3

R s the distance between defects.

n -1011

0r-

20 -

i

microcracks (fatigue)

N Aﬁ,
" N ~ var

n -1011

25
20
15
10

tension

LT=11K
2.7=300K
3.7=393K

3

| | | | | |

0" 0,02 004 006 008 010 1(m)

0,01

o
/g,
10T

| o —brass

01 0

IS the defect nuclei volume,



d®eHOMeHONOruA TBEepAbIX Ten ¢ mesoaedekramu. CTPYKTYPHO-CKEUITUHIOBLIE
nepexoAasbl.

Non-Equilibrium Free Energy

‘F = Y A5,5.)p% - ¥, Bp ~ 1 C(6,6,)p°~Do p+ 1V p)z.‘

F A
\A/'\“i‘ }
- \\\\ P Bnagumup lNMaBnosuy
oo \ Ckpunos
l g\:@; Do \\\ (MeTacTtabunbHas X1MAKOCTb)
A L
H |—\d
« KBasu-xpynkoe e Baskoe e HaHoCTpyKTypHOE

5<0, =1 Oc <O < O* o >0x=13
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deHOMeHoOnormsa TBepabIX Ten ¢ mesogedekramu

*OBOJTIIOLIMOHHOE HEPABEHCTBO
oOF _oFdp oFds
& & dt e

*KMHeTN4YeCcKoe ypaBHEHWE 04
napameTpa CTPYKTYPHOIo CKennmHra

a5 _ n (8A(5,§*) 0 06C(5,8,) pﬁj

dt 00 00
*KnHetnyeckoe ypaBHeHMe ONA TeH30pa C:y;::ﬂggmw"
NOTHOCTU OEedEKTOB
dp

o, Op
L —_L|A(5,6.)p -Bp*-C(5,5.)p°-Do -
- p(( Jp ~Bp*-C(3,6,)p° - Do 8x|(Zax,))

 [lonHaa gedpopmaums ¢ =Co + P




ABTOMOAerbHbIE peleHns - KonmneKkKtmBHblieé MOAbl

* Solitary Wave: *'Blow-up” Regimes of Damage
O, <0 < 0. Localization: 0<0

C

¥
p(x,t) = %Ap[l— tanh(&174)] @:'p [2 é‘j 1 pxt) = 4t) £ (2)

&=x-Vt, V =%rp(z6)%Ap C=y£>¢(t)=®o(l—%)‘m
Pt P 1
LA
Sy 50 <0 < O. S3
Da | —
1 ﬂ \

X ) ; j\ﬁ < , L >

| X ¢ X G Gy o

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. (String

topology)





S







3







S







2







S







1












«Pe3oHaHCHoOe» pa3pyLueHue B YCrIoBUAX OTKONA

E.Bennengup, B.benses, O.Hanmapk, Joknaabl AH CCCP, 1989

«[JuHamuyeckasi gemeby» rpu omkoJsie

B
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l
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O
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b
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© >

>

>

©a,GPa
3aBUCMMOCTb BPEMEHU OTKONbHOro paspylenus l; ot amnnutyabl
HanpsXxXeHUn O 5 NPV yAapHO-BONTHOBOM HarpyxeHuu (PMMA (1) n
ynetpacapcop (2))



CpaBHureabHblii anaiau3 ¢ MTS-PTW-moaenbio

MTS-PTW-Model

S2M-Model

Potential

AD(7,)~erf {(c,-7,)/(c,—c,)}

Constitutive equations
W =y, exp{—Ad(r) /KT |

=5, — (s, — 5, erf {kf In (7/§/l//)}

£, = Yo = (Yo = Y. Jerf (kT In(yE /7))

Free energy

F=1 A(5,6.)p -1, Bp* - 1(C(5,5,)p°

Do p+)((V,p)2.

Constitutive equations
oF Ap, _8F5-20
op;,, At 00

p/m

TP = |ke|pk_

(1) (2)
L/klm e/m L/klm

Hardening law At
~ _o(sr _A\/r _2 AP, : oF
— — — ’ 2 3
dé/de=0(7,-7)/(7.-2,) W = (e, - 15, 5= &
At 00
-1 T T T T T T
PA
ILOQ%S-
Overdnven/
2 7] é‘ = AGA
/~<’
Thermally activated .
; Log ¥
5 _3 _I2 —ll OI 1I 2I 3| 4I 5| 6I 7| 8l 9| 1|O lll 1;
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SWEGLE-GRADY yHuBepcanbHOCTb Nf1TaCTUYECKUX BOJIHOBbLIX (DPOHTOB

Experimental study (plate impact test for copper)

_ Velocity, m/s
1 —
_ 300 | ]
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N 200 |
_ 6 - VISAR velocity data
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SWEGLE-GRADY yHuBepcanbHOCTb Nf1TaCTUYECKUX BOJIHOBbLIX (DPOHTOB

 Structure of deformed copper « New View data

*Correlation analysis (the Hurst exponent)

€ = Max(z() - Min (2(0)) o= r*

-

Log C(r)

)".
-
-

A
[P — P —
rd
-
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.
-’ ‘
s .
= -

;

10 .. *]-shock wave experiment

*2-the Hopkinson bar test / 2
*3,4-quasi-static experiment
L | *5-annealed specimen /
: >
0 G c 1000 % 5

p(x,t):%pa[l—tanh(gl‘l)] 100:/
1 5 10 50 100 500
E=x-Vt, V= zA(p,~p,)IL7)

Logr




Quasi-brittle damage failure transitiom
(crack propagation dynamics)

J. Fineberg et al, PRL, 1991
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STATISTICS OF FAILURE AND FRAGMENTATION

 EXPERIMENTAL STUDY OF NONLINEAR CRACK DYNAMICS .
High speed digital camera Remix REM 100-8, photo-elasticity method

‘polarizer 1

NP

y

X / f
FLASH | PMMA
Lamp | | Sample

 —

Polarizer 2

REM 100-8
Digital
camera

vV <Vc V SV e
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EXPERIMENTAL STUDY OF NONLINEAR CRACK DYNAMICS

« Characteristic crack velocity

Crack velocity via initial stress

Mirror zone concentration
V,m/s

N, mm™2

V =06V,

20 40 60 |

* Crack dynamics

V <Ve VSV ) VSV,
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SCALING ANALYSIS OF ATTRACTOR TYPES FOR DYNAMIC VARIABLES
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Camoopranu3zoBaHHAsi KPUMTHYHOCTDH XPYINKOI0 pa3pylueHus.
MacmTabHass HHBAPMAHTHOCTD siBJIeHUsI ()parMeHTaAUN

B cooTtBeTCcTBME C NpeacTaBNeHUSIMU O CTPYKTYPHO-CKEMUSTMHIOBbIX Nnepexoaax, HOBbIM
TUMOM KPUTUYECKUX AABFIEHUA B ME30CKONMUYECKNX CUCTeM € aAeceKkTamMu, yCTaHOBIMEH
NPOCTPaHCTBEHHO-BPEMEHHOW CKEUSTUHT NpoLieccoB (hparmMeHTaLumn.

Puc.1. dkcnepumeHTanbHas yctaHOBKa no
ANHaMU4eCcKOMY HarpyxeHuro obpasuoB ans
uccnegoBaHUA CTaTUCTUYECKUX
3aKOHOMepHocTeun pparMeHTaLmmn

LN(N)
O R N W R U N B W

[y
o
|

Ln(N) = - 0,543 LN(t) + 9,882

&
@
1

0 5 10 5 20
LN(t)

Puc.2. KymynatuBHasa dyHKUMA
pacnpeaeneHna BpeMeHHbIX UHTEepBasrios,
COOTBEeTCTBYHOLMNX hopMUPOBAHUIO
NOBEpPXHOCTEN pa3pyLueHUsA




1.15

0.5

Data processing

initial signal

1 1 1 1 1 1
o500 1 1.5 =2 2.5 3

filtered signal

Ifltclerval (t)
|




Cumulative distribution function of time interval

10

Fractal relation for

time
Ln(N) = - 0,543 LN(t) + 9,882

R*=0,962

LN(N)

4 -

3 4

Total number of points 1073
Lower part 16 points (long interval) - 1, 5% of

the total number of points %
Upper part 77 points (short interval) - 7,1761 % ¢
of the total number of points , , , —&
Central part — the line covering 91,3% of the 8 10 12 14

total number of points LN(t)
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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?



«Pe3oHaHCHoOe» pa3pyLueHue B YCrIoBUAX OTKONA

E.Bennengup, B.benses, O.Hanmapk, Joknaabl AH CCCP, 1989
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Failure waves in fused quartz

D.Radford, W.Proud, J.Field, O.Naimark, S.Uvarov et al., 2003
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MoaenuposaHue BONHOBbLIX (DPOHTOB
“Blow-up” collective modes

Characteristic non-linearity
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A.N.PpeHkenb “ KUHeTU4YecKkana Teopusa XXugkocrten”

*OnpenejieHue TOYKH IJIABJIEHHsI, TPAAULIMOHHO MCIOJb3yeMoOe B TePMOAUHAMUKE, MCIOJIb3yeT
CONOCTABJIEHHE OTEHIIUAJIOB /151 KUAKOro @, M TBEPAOro cOCTOSAHMIA D,

*JT10T METOA OCHOBAH HAa KOCBCHHOM IIPCANOJNOKCHHUA O TOM, 4YTO /ABC (l)a3bl Ka4€CTBCHHHO
PAa3/IH4YHbI, T.C.MMPOMECKYTOYHOC COCTOSAHUE, CBA3bBIBAIOIIECEC MMOC/ICIHUEC, HC CYIIICCTBYCT.

*OnpenesieHne CTATUCTUYECKOT0 WHTErpaJja, CBOOOAHON HSHEPruM JO0JIKHO BKJIKYATH BCe
BO3MOKHbBIE (Da30BbIe KOOPAMHATHI 1JIs1 TBEPAOI0, *KUAKOT0 U MPOMEKYTOYHOI0 COCTOSIHHUIA.

[expl- &/ )ar| ~ TS

Sik :%S<vi|k +lv,)

r,=A /6D, ~10" ¢ t, —>107°%s7




CTpYKTypHO-CKeﬁﬂMHrOBbIe nepexoabl B aHcamonsax Ae(beKTOB N HEKOTOpPbIe
aBTomMoAeJsibHble 3aKOHOMEepPHOCTU HeyCTOﬁ‘IMBOCTM B XNOKOCTAX

Ilya Prigogine

AHapen Hukonaesny
Konmoropos

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

B.B.HoBoXxunos:
NMnacTM4HOCTb — «3aMOpPOXKEHHaA»

TYpPOYNEeHTHOCTb
a E(k) = K 5/3
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Konmoropos A.H., //JAH CCCP.-1941.-T.30,31,32.

Konmoropos A.H. O norapudmuyeckn HOpManbHOM 3aKOHE
pacmpeneneHus yactul npu apodnenuu. //JJoxmagsr AH

CCCP, 1941.T. 31, 2,- C. 99-101




3KcnepwmeHTaanoe nccrieqoBaHme yaapHo-BOJIHOBbIX d)pOHTOB B XUOKOCTAX

» O.B.Naimark. Defects induced instabilities in condensed matter. JETPh Letters.- 1998.-V. 67.- ¥z 9.- P. 751-757.
*0.B.Naimark. Nonequilibrium structural transitions as mechanism of turbulence. Technical Physics Letters.-1997.-V.23.-/2 13.-P.81-87.
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Fig.1. a) Particle velocity profiles: 3 — 10 mm; 4 — 14 mm; 5 — 25 mm. b) strain rate versus pulse amplitude. ¢) spall strength versus
strain rate nepopmanun.



MeTon B3pbIBHOIO reHepartopa
Jlabopamopusi demorauyuu (UMNNXO PAH )

37

4 5 5 7 Ta6suua 1. [lapameTpsl c60poK

1 KOJIbIIO, St X=2-20 ot 50
2 okHo, [IMMA 2 70
3 oTpakaTeJib, Al 0.007 2.6

HRE 4 skpaH, IMMA 2 70
5 yAapHUK, Al 0.4 50
6 ocJsiabuTeJib, St3 20 120
7-8 B3pbIBHAdA KOHUYeCKas JIMH3a

CropocTs gepopmanuu Ha GppoHTe BOIHBI cxkatus ~ 108+107 1/¢
1 Ha (POHTE BOJHBI paspexenus ~ 3x104+17x10% 1/c.

Puc. 2. Perucrpaiuu ckopoctu cBoO0aHO# moBepxHocTH cucteMoit VISAR [1]

[1] Kaneas I'.H., Pa3openos C.B., YTkun A.B., ®optoB B.E. JkcnepumenTaabHbie Npo¢uiIn yIapHbIX BOJTH B KOHIeHCHPOBAHHBIX BellecTBax. — M.:
OU3MATJINT, 2008. — 248c.



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 1mpedance, when a rotatlng plezoquartz vi-
brator is im tion.’ In
thi od, the setup is calibrated by a standard
which is considered 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

uld be incorrect to measure the shear mechanical
Mulds by the method of rotaryM

oscillations.

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

T G’
Liquids °C) (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




B.B.HoBoxunoB: [NNactTM4HOCTb — «3aMOpPOXEeHHaaA» TYPOYNeHTHOCTb

» B. V. Derjagin & N. V. Churaev. Nature of "Anomalous Water" . Nature 244, 430-431, 1973.
* B.B. OepsrvH, N.N. Abpukocosa, E.M. Nlndpwmny. MonekynsipHoe NpuUTsiKeHne KOHOEHCUPOBAHHbIX Ten, Y®H, 1958.
 B.V.Derjagin et al., Shear elasticity of low-viscosity liquid at low frequencies. Prog. Surf. Sc. — 1992. — V. 40. —Iss. 1-4. —

P. 462-465.
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esence of shear clasticity  at

elastic relaxation process takes place in liquids; the pro-
cess may be atiributed, probably, to collective interac-
tins of molecules, because the relaxation time of none-
quilibrium states 1::-I" Ia.rg: gmup:i. ol ||1ul-:4;|.tlcs may by

There is no - ow -frequency
shear elasticity in hqulda s of a g.r-:al impoartance for the
physics of the hguid state of matter and (or cognate sci-
ences, especially for the physical chemisiry of surface
phenomena, boundary layers, and disperse systems.
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ABTOMOAENMBbHOCTbL NMNONMTHOCTLIO PAa3BUTOU TYPOYSIEHTHOCTU U HEYCTOUYUBOCTU
nyacTu4eckoro caBura
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ror universalily in jully deveioped turoullience
(Pinton J.-F., Holdsworth P.C.W. Power fluctuations in a closed turbulent shear flow//Phys.ReV.E. 1999)

*JKCIHePUMEHTAJbHbIC HCCJICAOBAHUA  PA3BUTOI0 CTALNUMOHAPHOIO TYPOYJEHTHOIO
noroka (cxema Kapmana - TypOyJIeHTHOCTH B 3aMKHYTOM 00beMe, HHUIMUPOBAHHAS
BPAIIAIIUMHUCA AMCKAMHU), YCTAHOBWIM CTATUCTUYECKYH)  ABTOMOAECJbHOCTH
GyHkuuu pacnpenejseHus GayKTyauuii MOIMIHOCTH, HHKECKTUPOBAHHOU B KUJAKOCTh.

eCTarucTuyeckasi aBTOMOACJIbHOCTh MNPOSBJIACTCHA B YHHMBEPCAJIbHOCTH (QYyHKUMH
pacnpenejeHuss QpayKTyauuili MOUHOCTH, U3MEPAEMOM HA BPAINAKIIMXCH AMCKAX B
npeaejiax 4Yerbipex NOPAAKOB 4uces PeiHosbacCa B 00JaCTH 3HAYEHUN MOCJICIHUX,
COOTBETCTBYIOLIMX PAa3BUTOU TYPOYJEHTHOCTH .

*YHUBEPCAIBHOCTh (PYHKIUHU pacnpenejeHus (GIyKTyalMd COOTBETCTBYET PeEKUMY
Pe3KOro nmajgeHuss MOIHOCTH, HHKEKTHPYEMOH B MOTOK, U CBA3BIBAETCHA ¢ reHepanuen
KOIePEeHTHbIX CTPYKTYP Ha Macmradax, OJM3KHUX K HMHTErpajJbHOMY MacuTaldy
CUCTEMBbI.

*DYHKIHUA PpacnpelejieHuss AJsd  HOPMHMPOBAHHOM HA BeEJMYUHY CTAHIAAPTHOIO
OTKJIOHEHUs (UIyKTyauuu MoIHocTH P O0HApYKHUJIa HE3aBHUCUMOCTH OT YHCJIA
PeitHooIbICA ¥ NPUCYTCTBHE XAPAKTEPHBIX BeTBeil ¢ BHIPAKEHHON AMCIEpCHEd B
00J1aCTH 3HAYCHHMH , OTIMYAOIIMXCH OT CPEAHUX .

*KorepeHTHOCTh TMOHUMAETCHA B CMbICJIE PACHPOCTPAHCHHUS TMPOCTPAHCTBEHHO-
BPEMEHHbIX MACIHITA00B CTPYKTYpP, MOAM(PUIMPYIOIIUX TeYeHUE, HA MHTErpajbHbIH
Maciurao.



i

I'vapoaroMuHecueHus. 'pannia BO3HUKHOBEHNSI CBeYeHUsl )KMIKOCTH B 3aBHCHMOCTH
OT TOJIIINHBI KAaHAJIa

J.A.BUPOKOB. JKCIIEPUMEHTAJIBHOE
HCCJIe0OBAHNE JJIOMHUHECHCHIMH B )KMJIKOCTH.
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Puc.l. 'panuna BOBHMKHOBEHHUA CBEYECHUS KUIKOCTH B 3aBHCHUMOCTH OT TOJIIUHbI KAHAJIA
u ckopoctu moroka [[epuenmureiin C.51., MonaxoB A.A. DJieKTpM3anusi M CBeYEHHE

SKHJIKOCTH B KOAaKCHAJbHOM KaHajle ¢ JHYJIEKTpHYeCKHMH cTeHkamu // «MexaHHKa
JKMIKOCTH M raza», Ne 3, ¢. 114 — 119, 2009. 46].



Van der Meulen, J. H. J. 1986 The relation between noise and luminescence from
cavitation on a hydrofoil. In Proc. Joint ASCE/ASME Conf. New York, NY:
American Society of Mechanical Engineers

By varying the hydrofoil incidence angle, van der Meulen was able to
Identify four distinct regimes of cavitation behaviour:

1.At the shallowest angles (2°), the -cavitation bubbles were of
hemispherical form and remained separate from one another.

2.As the angle of attack was increased to approximately 4-, separated
bubbles gave way to a continuous cavity, which took the form of a sheet
attached to the leading edge of the foil.

3.When the angle of attack was increased further (7¢), the sheet became
progressively more unstable, giving rise to the production of clouds of
cavitation bubbles.

4.At the highest angle of attack (12¢), the boundary layer separates at the
leading edge of the hydrofoil and the cavities form in the core of the
vortical structures generated in the recirculation zone.




Luminescence from hydrodynamic cavitation
M. FARHAT, A. CHAKRAVARTY AND J. E. FIELD. Proc. R. Soc. A (2011) 467, 591-606
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Figure 5. Temporal records of SL emission at different upstream velocities.

Van der Meulen (1986):

However, as the erosion data were a measure of the
cavitation occurring within a small distance of the
surface of the foil, and the noise data corresponded
to all cavitation, irrespective of where it occurred,
the identification of the power-law scaling of the
various measures of cavitation activity was thought
to be of more significance than direct comparisons.

p~C"

....The intensity of the emitted -cavitation
luminescence increased with increasing velocity
of the water flow (as the water velocity is
perturbed by the hydrofoil, a reference velocity,
C, upstream of the blade is generally quoted).
He interpreted the results in terms of power-
law behaviour, the exponent of C being
between 3.9 and 7.2. Similarly, he found the
noise (measured using a hydrophone) generated
by the cavitation was also positively correlated
to C, with an exponent between 4.8 and 5.9.




Salvador Dali’s Self-organized Criticality




DOUOJIHDI PaspPyllUCHA RdK dRYCIMHCCRMMA TIPCACI DI1=Qa30BblA 1ICPCAOAOSB. IViMnnMdallbHbiN

TpeeN BASKOCTH

Ap(,‘(.‘,r) TT
1
x,t)==p.[L-tanh(&1™ _
Scattering area P(x.Y) 2 pa[ (5 )] p(x,t) =¢(t) £ ()
A c=xw V=)L) oo s -0 0o
2 g tc
/-n-f(c_“)
ﬂ Caxapos A. /I. BakyyMHble KBaHTOBbIE IYKTyallMu B
= WCKPUBIICHHOM MPOCTPAHCTBE U TEOPHSI TPABUTAIIAH //
) VA Jloknanst AH CCCP, 1967.
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The minimal length of fragments

in the acoustic limit: Plenty of Nothing: Black Hole Entropy in Induced
Gravity (V.P. Frolov and D.V. Fursaev)
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Luminescence from hydrodynamic cavitation
M. FARHAT, A. CHAKRAVARTY AND J. E. FIELD. Proc. R. Soc. A (2011) 467, 591-606

Discussion......

This increase in the ratio would suggest the concentration of the emission into fewer, brighter
cavitation events, in support of option (iii) discussed in 82. This concentration into fewer
more energetic collapses, when the conditions driving cavitation at a hydrofoil become more
extreme, is well known to submariners through the ‘anomalous depth effect’.

Propeller cavitation in a submarine is extremely unwanted, as it can readily reveal the location
of the vessel to passive sonar. Submariners know that, once a propeller has begun to generate
cavitation, submerging will tend to reduce cavitation noise. However, when the cavitation is
strong and the vessel is at high speed, increasing the depth of the vessel will first cause an
increase in the cavitation noise, before suppression occurs. This so-called ‘anomalous depth
effect’ is due to the fact that an increase in static pressure increases the violence of those
individual collapses that do occur, while reducing the number of energetic cavitation events
(Leighton 1998). The evidence above in support of option (iii) is bolstered by the
imageintensifier images (figure 2). These indicate that the spatial distribution of the
luminescence (in the case addressed in the present work) is substantially independent of the
velocity of the water flow, the effect of increasing velocity being to increase the average
intensity of the luminescence. If options (i) and (ii) of 82 were applicable, then such
constancy with varying flow speed
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