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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

NNacTU4YecKNX BOSTHOBbIX (PPOHTOB

AHppen OMmutpneBuy
CaxapoB

(1964).
Substances Pressure range, Viscosity, Elastic modulus,
KBar poises MPa
Aluminum 31-202 ~10% 74
Lead 35-250 ~104 47
Copper, Steel ~104
Water 8 2 10* 2
Mercury 15 2103 2.9
Viscosity and elasticity of shocked condensed matter
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AU .Dpenrenv (Kunemuueckas meopus
cuokocmeil).

", KuakocTtu, ABJIAACD
KOHJACHCHPOBAHHBIMM Cpexamu,
AOJIKHBI 00HAPYKUBATH MEXaHU3MbI
TedeHust  0Oojlee  CBOICTBEHHbIE
TBEPAbIM TeJIlaM, HO He ra3am.
...I1HMupoxko pacnpocrpaHeHHas
TOYKA 3peHHMsl, 4YTO0 TeKYy4ecThb
JKHAKOCTEH peajusyercs npu
OTCYTCTBHHM CIBUIOBOW YNPYrOCTH,
AABJISIETCH OIIHO0YHOM, 3a
HCKJIIOUYEHHEM, MO:KET OBITh,
sxuaxoro reaus 11"




O TepMmoanHamMmuke TBepaoro tena c gecgekramm

® TepMozmnaMmca «IIJIACTHYECKOI'0 COCTOAHUSN»

Vanadium
(quasi-static and shock wave test)

Tepmogunamuyeckue DuyKTyalMOHHAA MPUPOAA
nepeMeHHbIEe MJIACTHYHOCTH
3akoH OpoBaHna
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« V.Bulatov et al., Probing the limits of metal plasticity with molecular dynamic simulation.

Nature, 550, 492-495 (2017)

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




EVOLUTION OF DISLOCATION SUBSTRUCTURES

e of fatigued crystal of Cu (courtesy H.Mughrabi)

PSB M
—— o

PSB

matrix vein strucrure ladder structure labyrinth structure cell structure
saturation saturation, Y= 10°° saturation, y =510 saturation, V,=1.4510 ‘

 Energy of dislocation substructures versus dislocation density (E.Kozlov, N.Koneva et al.)

AU,
k% Koneva, N.A., Lychagin, S.P., Trishkova, L.T. and
Kozlov, E.V., In: Strength of Metals and Alloys,
0-36 Proceedings of the 7-th International Conference,
Montreal, Canada, v.1, 21 (1985).
0.24 Hansen, N. and Kuhlmann-Wilsdorf, D., Materials
Science and Engineering, 81, 141 (1986).
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Structural-Statistical Model

Mesodefects (microcracks, microshears): T\y
E I ]
Sy = SVV, < S ‘%3 bl+h) '
Sp vV B
Sp P, =N(S,) 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-—KkT

Generalization of the Boltzmann-Gibbs Statistics

Effective Field

E*( ) E" = E, —HiSic +asii’
W~ZzZ" exp(——Q"' j

Hiy = oy +Apy = oy +An s, .




CONSTITUTIVE EQUATION OF SOLID WITH MESODEFECTS

*Self-Consistency Equation for Defect Density Tensor

Dy =N 5, W(s,.1)ds, .
Dimensionless Form

5 I Y VP N
Pi = Jsikz 1exp((0ik "‘g pik)sik_sizkjdsik'

*General statistics

- -~ S
Pik = _U S Z e ((O-ik +g P )Sik — Silfj ds do

Dimensionless Material Parameter

5:%“ a~§, A~G, n~R?®,

0

| _ 3
G isthe elastic modulus, Vo~ 15

R is the distance between defects.

11
n-10 e )

- microcracks (fatigue) Tore g, COPPE!
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IS the defect nuclei volume,




®eHOMEHONOrnA TBepAbIX Ten ¢ MesoaegexTamu. CTPyKTYpHO-CKeNNUHIroBble
nepexopabl.

Non-Equilibrium Free Energy

F= Y A0.0.)p" - B+ 7£C (6,6, )p° - Do p+ 1 (V, p)’.

OF _oF dp OF 06 _ N\
— < T
5t dpdt oo dt \
H-M i\;
' dp 3 5 0, dp
= . > 1% = | A5,6)p-Bp®+C(5,0,)p° - Do———(;- L
L 1= Lo| Al0.0)p—Bp’+C(0.0,)p° - Do o U
KBasu-xpynkoe .+  Bsiskoe * HaHocTtpykTypHOe

§0<4,=1 J,. <0<, 0>0,~1.3

YA /



ABTOMOAernbHble pelweHUA. KonnekTtuBHble moabl AedeKkToB

* Solitary Wave: ’Blow-up” Regimes of Damage
Localization:
5, <5<0 6 <0, |
=~ pfi-tann(c 17
P.)= P, L tanhic | P(x,) = pOf(0)
t
—_ —_ -2 = = —_—ym
E=x-V, V= d(p,-p,)I2L)) [€= XL o=, 5)
L, =kL,, k=1J2,...
P A P A
T Tl =
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X X
Langer J .S., Pechnik L. Dynamics of shear transformation zones in amorphous 1 >
plasticity: Energetic constrains in a minimal theory // Phys.Rev.E- 2005.- V.68.- P. 0. O, o

061507.



Speckle Interferometry (L.B.Zuev, V.E.Panin et al.)
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CpaBuurteibnblii anaan3 ¢ MTS-PTW-moaennio

MTS-PTW-Model

S2M-Model

Potential
AD(7,)~erf *{(c,—7,)/(c,—¢C,)}
Constitutive equations
Y =y, exp{—AD(z) /KT |
=5, —(s, -5, )erf {kf In (;/5/1//)}
£, = Yo — (Yo — v )erf {KT In(5¢/y7)}
Hardening law

d#/de=0(¢,-17)/(¢.-,)

Free energy
F=1A(s,5.)p"- Y, Bp* - 1(C(5,5,)p° -

Do p+;((V, p)z.

Constitutive equations

- oF dpy OF ;
TPs=0, e~ ap, Atk_ 35 020
=7 oF
— 1 (@@ ~
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NMnacTnyeckne BonHoBbIe (PPOHTLI

* Characteristic regimes

« Wave front
X oP
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*Relaxation times
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Self-Similarity of Shock Wave Fronts

Particle velocity versus time for aluminum (with different grain size) in

dimension and self-similar coordinates (J.Asay):
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Scaled particle velocity
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SWEGLE-GRADY yHuBepcanbHOCTb MNlacCTUYeCKUX BOSTHOBbLIX (DPOHTOB

Experimental study (plate impact test for copper)

_ Velocity, m/s
1 . . . . . .
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-1 - VISAR velocity data

/ \Y 3 100 ' ]
) /4 2 T 1

o lew

0 2000 4000 6000

Time, ns

New View data




SWEGLE-GRADY yHuBepcanbHOCTb MNlacCTUYeCKUX BOSTHOBbLIX (DPOHTOB

Structure of deformed copper New View data

*Correlation analysis (the Hurst exponent)

c(r) = <{5(ngrx}(z(x» —{Mgrg}(z(x)>>x o "

Log C(r)

10L.. *1-shock wave experiment

+2-the Hopkinson bar test / 2
*3,4-quasi-static experiment
L | *5-annealed specimen /

p(x,t):%pa[l—tanh(fl‘l)] 100:/
1 5 10 50 100 500
E=x-Vt, V= A(p, - p, )I2L7)

Logr




AddekTnBHbIE TemnepaTypbl. Npobnema PIY
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Effective temperature

Effective temperatures corresponding to

Teﬁ.l{ different values of plastic strains e&:
1) 4,0%
2) 4,4%
3) 51%
Sl 4) 5,8%
5) 6,3%
500 _ @
| _\’_‘x;m =~ Thermally activated
\ rmally activa .
3|:u:|: > og ¥
i \ ST T T T T T T T T T T T T
200 b 2010 12 3456 7 8 9 1011 12
' (1)

1
29 == &7 116 145 174 {,10,m




Laser Shock Peening

HmnynsvcHoe nHazpyscenuepeanusoseano Ha ycmanoeke Beamtech SGR-EXxtra-10 (anepzus ¢
umnynwsce 10 /e, onumenvnocmo umnynvca 11nc, ouamemp nammua 3mm ), CO6MEULeHHOU
c pecucmpavueil napamempos yoapHo-60,1H068020 UMNYIbCA MemO0OM OONNIEPOBCKOU
unmepgepomempuu (nazepuuitii uzmepumeiv ckopocmu FDVI Mark IV VISAR)
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Puc. 1. Cxema 3xcnepumenma u npoodONn0020MoBKuU
oopazuoe nocne Hazpyycenusn. Qoo3nauenusn. 1 -
pazvemMHan ocHacmka 0asa 3aKpenjenus oopasua; 2 —
oopaszeu; 3 - 3aeeca 600bt (namunaphwviii nomok); 4 - Al
¢gonvea, nakneennan na oopaszeuy; S - 30Ha 8030elCMEUA
nazepa




«Pe3oHaHCHOe» pa3pylueHue B YCIIOBUAX OTKoNa

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

«[JuHamMu4eckasi eemeb» npu omkoJsie
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3aBMCMMOCTb BPEMEHU OTKOSIbHOIO paspyLlueHus tc OT aMnnuTyAbl
HanpsxeHun 0, npu yaapHO-BONMHOBOM HarpyxeHun (PMMA (1) n
ynetpacapdop (2))



BonHbl pa3pyweHus

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)

28 us 3.8 us

1.6 s 2.8 us 3.8 us

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 nnaBreHHOro KkBapua

D.Radford, W.Proud, J.Field, O.Naimark, S.Uvarov et al., 2003

2.4

failure

front




Distance, mm

30+

25

20

15

10

CKopocTu BOSNTHOBbLIX (PPOHTOB
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Pesyn bTaTbl MOAeNMNpPpoOBaHUA

P(X,0) = o ()f( D),

= v

0’ _do,
PW—E,
1
EZZ—EO'ZZ P,
op,, | oF g(}{%)
ot op, oI\ ot

C=XIL o= (1-)"



FAILURE WAVES

Characteristic non-linearity

pA
O¢ <0 <O

Qy

0] o1 o

General equations
o%u oo,

Po? &’

€2z = Ozz T Pzz,

apZZ:_L or +8[ apzzj
ot op,. Oz Oz

Boundary and Initial Conditions

=2(t), o

zz\ z=0 22,4 =0
pZZ‘ z=0 :pzz‘z=h =0

:pZZ:O for t=0

“Blow-up” collective modes
P A

N

R
[

T

>‘<V

Self-similar solution

For P> D.-

Driving force
Non-locality
parameter

OF | Op

=S,(p.)p’

2=x(p)p”

C

g()=G(-1)"
T

p=glt)f (&)

=x/o(t)

“Blow-Up’”’ Front:
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X: =St Xo

Z(ﬁ 1)t

ﬂ g+1
(B-1)




CaMooprann3oBaHHasi KPUTHYHOCTb XPYIIKOI0 Pa3pyumieHus.
MacmTadHasi HHBAPUAHTHOCTD siBJIeHUs parMeHTaANUM

B cooTBeTCTBUE C NpeAcTaBfieHUS MU O CTPYKTYPHO-CKEUSTUHIOBLIX Nepexoaax, HOBbIM
TUNOM KPUTUYECKUX ABNEHUU B MEe30CKONMMNYECKNX CUCTEM C AedeKTaMu, yCTaHOBIEH
NPOCTPaHCTBEHHO-BPEMEHHOMN CKEUSTUHT npoueccoB pparMmeHTaLum.

velocity registration |
8 L

|
O
\
W
\
' W
’ A -\
'

foam plastic

sample

catcher

[t

Puc.1. 3kcnepumeHTanbHas yctaHOBKa Nno
ANHaMUYeCKOMY HarpyxeHuro obpasuoB ans
uccrneaoBaHUA CTaTUCTUYECKUX
3aKoOHOMepHocTeun pparmeHTaLumn

LIN(N)
O Bk N W B OO N B WO

[
Q
|

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

LN(t)

Puc.2. KymynatuBHasa ¢pyHkums
pacnpeaeneHnsa BpeMeHHbIX UHTepBaros,
COOTBETCTBYHOLUUX thopMUpOBaHUIO
NoBepXHOCTEN paspyLleHuUs
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Data processing
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Memood OUEHKU  xapakmepucmuk
rno2s1oWeHuUsi MexaHu4ecKoll aHepauu u
posiu cmpyKmypHbIX ¢hbakmopos npu
OUHaMU4eCKOM Haz2pyXXeHuu KepamMukK

Haebidoea M.M., Yeapoe C.B., Halimapk O.b.
lIpocmpaHcmeeHHO-8peMeHHas

macwmabHas UHeapuaHMHoOCMb npu
duHamu4eckou ¢pazcmeHmayuu
keasuxpynkux mamepuasioe /| ®dusnyeckas

Me3omexaHuka.-2015.-T.18.-Ne1.-C.100-107. 1 7 & 5 @

X

®pazmeHmayusi yunuHopudeckux obpasyose s, \\ \ 7
0C 0C: Y
, | VISAR
Ve | wave
: N

5 0 X X

In(Np»

i
w
4]
]
) -l/.

0

- In(m)/3

L | o
100mm 3w st
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KyMyﬂﬂTMBHble NnPpoCcTpaHCTBEHHbIE N BPEMEHHbIEe

pacnpeaeneHus
LN(N) = -2,144LN(6m)/3 + 1,748
= RZ2 = 0,977
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@
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Time interval distribution in ceramics

a) 0.1782x + 3.1914
R> = 0.9933
3 \
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Figure 1. Fracture time interval distribution in shocked ceramics: a:

porosity 10%; b: porosity 60%



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

-Onpezle.ﬂenne TOYKH IIJIABJICHHUSNA, TPAAUINUOHHO UCIOJb3YEMOEC B TCPMOINHAMHUKE, OCHOBAHO HA
COIMOCTABJICHHUM MOTCHIHUAJOB IJIA KU/IKOI'0 U TBEPAOI'O COCTOSIHUH.

*JT10T moaxoa OCHOBAH Ha KOCBCHHOM IIPEANOJOKCHHHU, YTO I3THU JIBa (l)a3OBbIX COCTOAHMUA
Pa3/indHbl, TO €CTh MPOMEKYTOYHOEC COCTOAHUE OTCYTCTBYCT.

*B 1elicTBUTENIBLHOCTH ONpeesieHne CTATUCTHYECKOI0 MHTErpasia, CBOOOIHOM IHEPIrUH T0JIKHO
BKJIIOYATH BCe BO3MOKHbIE ()a30Bble epeMeHHbIe KaK JIsl JKMJIKOT0, TAK U TBEPAOT0 COCTOSTHHH.

@

O

o= fie0, -0t [t 1077 %S zs(vilkHin)




B.V.Derjagin: Anomalous Water

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

* b.B. Jlepsirun, U.1. AGpukocona, E.M. Jludmmi. MonekynsipHoe NpUTSHKEHUE 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 liguids 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 liguids 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—HoOwWTver, O doraifed inrvestigaoorrof —thms-
property;-tepernmad o thretinrckress—ofa—tested—fitor—ras—
1i A — : N ] - _

present experiments. 1his conclusion ftollows ifrom the
fact that the timme of settled Ilife of separate liguid 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
6D

= (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.-/e 13.-P.81-87.
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74
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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+ * ; i &%-10°%1/s Ps. MPa
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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. c) spall strength versus
strain rate nepopmanum.
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B.B.HoBoxunos: MNnacTUYHOCTb — «3aMOpPOXEeHHaA» TYPOYINeHTHOCTb

* B. V. Derjagin & N. V. Churaev. Nature of "Anomalous Water” . Nature 244, 430-431, 1973.
* B.B. Oeparvn, N.N. Abpukocosa, E.M. Nludpwmu. MonekynapHoe NnpuTsKeHne KOHAEHCUPOBAaHHbIX Ten, YOH, 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.

The cnce of shear clasticily at
es that an earlier unknown, low-frequency, visc
elastic relaxation process takes place in ligquids; the pro-
cess may be attributed, probably, to collective interac-
tions of molecules, because the relaxation time of none-
guilibrium ststes of large groups of molecules may by
orders of magnitude exceed the time of settled e
molecules of liguid.

There is no w-lrequency
shear elasticity in liquids is of a greal importance for the
physics of the hguid state of matter and lor cognate sci-
ences, especially for the physical chemisiry ol surfuce
phenomena, boundary layers, and disperse systems.
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JKcnepnMeHTanbHoe nccriegoBaHue ruapontoMMHecLeHLUn

Macno TpaHCcMMUCCUOHHOE: aaBneHune ~ 250 aTtm, CKOpPOCTb uctevyeHmna ~280 Mm/c,
AnameTp KaHana d=0,6 mm

Ucchepyemasn BbICOKOCKOPOCTHasA
Kamepa

KUAKOCTb

MopleHb- :
pasgenutens . =
Macno — |
rUApaBAMYEcKoe C60pKa ¢ —
KBapLeBbiM N
KaHanoMm

Mpumep reomeTpmumn KaHana
B KBapLEBOW BCTaBKe

Hacoc BbICOKOro
AaBneHus
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I'mapoaroMuHecueHu . I'pannna BO3HUKHOBEHUSI CBeYeHHS JKMIKOCTH B 3aBUCHMOCTH
OT TOJIIIIUHBLI KaHAJIA

/. A.BUpPOKOB. JKCIIEPUMEHTAJIbHOE
HCCJIeIOBAHME JJIOMUHECHEHIIMH B KUIKOCTH.

8200 1
16 1

£~10"-10°s™

8100 A
12 4 L]

8000 A @ [ ] ® [ ]

o
[ ]
v/d, 1/c

2 ° 7900 1

0 T T r . 7800 T T T .
0 0,4 0,8 1,2 16 0 0,4 0,8 1,2 16

d, mm d, mm

Puc.l. I'panuua BO3BHUKHOBEHNSI CBEYE€HHUS KUIKOCTH B 3aBUCUMOCTH OT TOJIIIUHBI KaHAJIa
u ckopoctu mnoToka [[epuenmreiin C.51., MoHaxoB A.A. DileKTpU3alMsi M CBeYEHHE
JKMAKOCTH B KOAKCHAJLHOM KaHajle ¢ JIMYIEKTPHYEeCKHMH cTeHkamum // «MexaHuka
JKMIKOCTH M raza», Ne 3, ¢. 114 — 119, 2009. 46].



MareMarnuyeckass IOCTAHOBKA

pr=V.o
ptpV-v=20

D= %(V1’+V1rr)

1
6=6,1+6,,6, =—6¢:E

J
6" =i(D:E)E+2G(D-#" - p)
¢ =6-R-R"-6+6-R-R’

g =& exp( F(T))(lq -1, E)

p
p=¢& (T) 6T, _)
op
o= —305[‘5 28
k 7m=
U(T) = T_ .
FF i }; B ‘;); TapTa 111(03+C4P+P2)_ G;“;}p

peT =6 & —i—F:p+aﬂT
op

(1)
(2)

(3)

(4)

(3)
(6)

(7)
(8)

9)
(10)

(11)

(12)

p — IJIOTHOCTh

V — CKOPOCTb

G — TCH30P HANPSKECHUMN

A, G — ynpyrue KOHCTaHTbI
E — enuHWMYHBINA TEH30D

€P — TEH30p MIACTUYECKUX
nedopmaruii

P — TEH30p MJIOTHOCTHU
MUKpPOJE(PEKTOB

T — Temneparypa

0 — mapameTp CTPYyKTypPHOTO
CKEMJIMHTa

L', Fpos I'ps s Ny Ny, Ny —
KOHCTaHTbI MaTepualia

F — cBOOOIHAS HHEpTUS

C — TEIUIOEMKOCTH

o — ko3 pueHt

TCIUIOIMPOBOAHOCTH

36



UneHTudukanua mapamMmerpoB Moe/Iu

o, MIla
400
3 00 PacueTHEIN H 3KC1’[C]JI~IMEH’[3.]'[BHBIﬁ IPEACIIbl TEKYUCCTH
IIPH Pa3IHYHBIX CKOPOCTAX Ac(opMalHH
g, c! or (pacuér), MIla | o (3kcmepuMeHT), MIla
200 1 164 165 [1]
520 176 175 [2]
100 /7 Pacuér
¢ DKCIICPUMEHT
£
0.1 0.2 0.3 0.4
PacyétHaa WM 3KCnepuMmeHTaNbHaA PacueTHEIH H 3KCIIEpPHUMEHTAIBHBIH IIPeIeIbl
avarpammbl  gebopMUpoBaHUA Npw TEKYUYECTH IIPH Pa3/IHYHBIX TEMIIEPATypax
ckopocTu aedopmaumn 1 1/c T, °C or (pacuet), Mlla or (3kcnepument [3]), Mlla
25 164 165
100 153 160
200 117 135
300 72 60

[1] Bayandin Yu.V,, Ledon D.R., Uvarov S.V. Verification of Wide-Range Constitutive Relations for Elastic-Viscoplastic Materials Using the
Taylor-Hopkinson Test // Journal of Applied Mechanics and Technical Physics. — 2021. —Vol. 62, No. 7. — P. 1267-1276.

[2] Imymak B.JI., Urnarosa O.H., [TymkoB B.A., HoukoB C.A., ['upun A.C., Cununbid B.A. JlunamMmudeckoe 1eopMUpOBaHUE ATFOMHUHHEBOTO
criaBa AMr-6 npu HopManbHOU | noBbIIeHHOU TeMneparypax // IIMT®. 2000. T. 41, Ne 6. C. 139-143.

[3] ®ponoB K.B. Mammnoctpoenue. Tom 11-3: IBeTHbIe MeTaiIBI U cTIaBbl. KOMIO3UIIMOHHBIE METAJUTMYECKHUE MaTepraibl. M.:

Mammnoctpoenue, 2001. 880 c.



IlocTaHOBKA KpaeBOHU 3a1a4M I BepU(PUKALIMHA
apamMeTpoB MOAeJIN: MOAU(PUIMPOBAHHBIA TECT
Tewnsopa

HV:vx‘VF =V, v},‘yp =0 m/c, vz|Vp =0 m/c, T|Vp =T,=29°C,

ry: ux|sb =0, rr‘sb =0, o'-n‘sf =0, (a-n)-‘r‘sc = u(a-n)-n‘sc , VKT‘BVP =0

U= {Uy, Uy, Uz f, 0= {le, b 1) = 6B ;0= {N, My, N2, T= {Ty, Ty, T2)-
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Bepudukanus mnapaMeTpoB MOIEIHN
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Pacnpenenenue TeMneparypbl B UHCIICHHOM
0,2 pacuére (Tect Telmopa)
O " " "
0 10 20 30 40
MM

CpaBHEHHE TTepEMEIIICHUM BJOJIb CTEPKHS B
skciepumenTe (Tect Tewnopa) [1] u pacuérax

[1] Bayandin Yu.V., Ledon D.R., Uvarov S.V. Verification of Wide-Range Constitutive Relations for Elastic-Viscoplastic Materials Usings[ye
Taylor—Hopkinson Test // Journal of Applied Mechanics and Technical Physics. — 2021. —Vol. 62, No. 7. — P. 1267-1276.



Bamunanusa monesan. IlocranoBka 3agaun

['eomeTpus 3a1a4n ¥ TpaHUYHBIE YCJIOBUS ISl pacyeTa
npoOUBaHUA MpErpay
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Baaunpauusa moaean

T.9¢ PP
225 1,00
300 0,92
250 0,75
795 0,67
— 200 T 0,59
— 175 [ 0,50
puE | 150 — 0342
125 0,34
100 0,25
75 017
50 0,08
25 0,00

MonenupoBanue mpobuBanus nperpaid. [lone pacnpeneneHnusi TeMneparypsl (ciaeBa) u
MOBPEXKAECHHOCTH (CIpaBa) B MPOIIECCE BbIHOCA «MPOOKW». Pe3ynbTarbl pacdy€ToB
XOPOIIO COMIACYIOTCS ¢ AKCIIEPUMEHTAIBHBIMU JaHHBIMU [1].

[1] Bunanos J[.A., CokoBukoB M.A., basuaun 10.B., Uynunos B.B., O6opun B.A., Haiimapk O.b. Onucanue 3dhdexra maaeHus mpouHOCTH
criaBa AMr6 ¢ pocToM Temiieparypbl IpHu quHamuueckoM Harpyxenuu // Bectauk ITHUITY. Mexanuka. — 2019. — Ne 2. — C. 5-14. 41



OO6cyxaeHue pe3ynbTaToB

Konoencuposannwvie cpeoovt ¢ Oepekmamu o00HapyHCcUBarom CHEUUAIbHbII K1ACC
HEPABHOBECHBIX KPUMUUECKUX ABNEHUN— CHMPYKMYPHO-CKEUTUH206ble NeEPEx0oobl,
CONnPoBoIHcOarouwuecs hopmuposanuem KoanieKmueHvlX Moo ancamonell oeghekmoa.

Yemanoenennaa aemomooenvnan npupooa OamHBIX MO0 NO360UNA CEA3AMD
YHUBEPCAIbHOCHb  NJIACMUYECKUX  B0JIHOBBIX (PpoHmos, paszpyuieHue npu
UHMEHCUBHBIX  6030€licmeuax («8OJIHbL  paspyuwieHus») ¢  HOOUUHEHUEM
PENaKCauUOHHBIX  CEOUCME  (NAACMUYHOCMU), JOKANUIAUUU  PA3PYyUIeHU
HeNUHEUHOU OUHAMUKE KOJIIEKMUBHBIX MOO.

3Kcnepumenmaﬂbuo u meopemuueckKu nodmeepofcdena 6O3MONCHOCHb
«KeaszunjiacmuuecCkKkoco mexanumay) nepenoca umnjyibca 6 .ﬂCU@KOCm}lx,
aA8MOMOOECIbHOCHLb 80JIHOBBIX qbponmoe.

Ilokazano cywecmeoeanue «mMe30CKORUYECKO20 Npeoena», Onpeoeniou,ezo
2paAHuUUamM NPUMEHUMOCHU Memoml «(npamozo  — MD  mooenuposanusn,
COOMEEMCMEYIOULe20 8PEMEHAM 10°-10"°s™ |



