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Loading parametersLoading parameters
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Time-temperature regularities of dynamic failure process under the action 
of REB and LR
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Structurization of the lattice slip 
bands near the growing fracture 
centers and tangents to the slip 

bands

Size distribution of fracture centers 
in Fe (=410-4m) and Cu (=10-3m) 

samples
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h1                                                            h2                                               h3
        

        

Bitmapped images of patterns of gravitation turbulent mixing of two 
incompressible various density liquids (three layers at different height 

from the liquid-liquid interface h1< h2< h3) 

Examples of similarity of origin for various nature infinite clusters 
near the critical point
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Recovered three-dimensional failure region in copper sample (a); 
three-dimensional visualization of recovered tantalum sample (b); 

volume percolation cluster (model calculation) (c)
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Dependence of average distance between  r=N**(-1/3)
dissipative structure elements on their average size <D>.

 Sizes r and <D> are given in cm

Dependence of average distance between  r=N**(-1/3)
dissipative structure elements on their average size <D>.

 Sizes r and <D> are given in cm

-6 -5 -4 -3 -2 -1
-6

-5

-4

-3

-2

-1

- Ti
- polymers
- Cu
- Fe,  0,5 mm
- bronze 0,3 mm
- Cu,  0,37 mm
- Au
- Cu
- Cu

bot

- Cu
top

lg r

lg <D>



1010

Time dependence of critical pressure and longevity 

P(t)tr = const,

where  = 3,8 for all studied materials in the longevity 

range t  10-6  10-10 s; tr – failure time
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t ~ 10-8 s 
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Element, Element,   V- Volume per one atomV- Volume per one atom, , Interatomic distanceInteratomic distance, , Sublimation heat Sublimation heat 
per atomper atom, , Lattice energy unitLattice energy unit, , K- Compression modulusK- Compression modulus, , TTПЛПЛ- Melting - Melting 

temperaturetemperature, , TTDD - Debye temperature - Debye temperature, , Dimensionless melting temperatureDimensionless melting temperature

Characteristics of interatomic interactions in metalsCharacteristics of interatomic interactions in metals  
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Fractography of microstructure 
of cross-section slice of tungsten 
foil with thickness  = 0.02 mm 

after irradiation (x500)

1 – spalls; 2 – micro-jet; 
3 – particles; 4 – shock wave in air

Particle ejection from the free 
surface of lead sample 

(roughness Rz40) after shock 
wave exit – at the time moment 

3.8 µs 
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View of failed pyramids (a); copper sample slice after REB action (b); disperse 
products on the obstacle (c); view of disperse metal particles on the obstacle (d); 

copper pyramid face (х200) (e) 
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Metal energy parametersMetal energy parameters
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Scheme of shock wave motions in the pyramid volume
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1) Geometrical similarity 
х  = сх, у = су, z  = cz, 

where c – geometrical similarity factor.

2) Field similarities 
(х, у, z) (field of temperature, concentration, potential). 

  (х , у , z )= c (х, у, z)

3) Process similarities 
 = с

  (х , у , z , )= c (х, у, z, ),

for х , у , z ,  и х, у, z,   are related by the correlation 
х  = сх, у = су, z = cz,  = с 
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Pyramid fragment after loading (х200)

Origin of spall phenomenon near 
the pyramid faces
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External view of disperse particles from the pyramid (Cu, corner angle
 ~ 600) and results of mathematical disperse particles treatment
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External view of support region made of polyethylene and results of 
mathematical treatment of disperse particles 

-0,6 -0,4 -0,2 0,0 0,2 0,4 0,6 0,8 1,0 1,2

-1,5

-1,0

-0,5

0,0

0,5

lgN(D)/N(<D>)

lgD/<D>

d
f
 ~ 1,51

0,0 0,2 0,4 0,6 0,8 1,0 1,2
-0,2

0,0

0,2

0,4

0,6

lg R/S

lg n

Н ~ 0,76

0 50 100 150 200 250
0

50

100

150

200

250

300

350

400

D, pixel

N(D)

Distance between two  big lines is 100 µmDistance between two  big lines is 100 µm



-0,4 0,0 0,4 0,8 1,2 1,6
-2,5

-2,0

-1,5

-1,0

-0,5

0,0

0,5

1,0

lgN(D)/N(<D>)

lgD/<D>

 Cu d
f
 ~ 1,51

Results of mathematical treatment (df) of disperse particles from the 
pyramids (Al and Cu, corner angle  ~ 600) 



3131

Explosion welding results 



3232

Density distribution (а); in the axial section – (b). 
Calculation 3D using spall failure. Time 3 µs

Blue color – practically zero density, 
Green color – porous medium.
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New kinetic variables of metal dispersion processes are 

obtained at amplitudes of shock-wave loading Р ~ units-tens GPa, 

what is important for verification of existing calculation codes.   

The aforesaid is of much importance for verification of 

available dynamic state equations and developing of new 

(adequate) ones, allowing description of metals’ behavior under 

extreme conditions using existing calculation codes.

Results of performed studies are useful when developing new 

state equations to describe metal behaviors under extreme 

conditions. 

One should take into account presented study results when 

developing a high-intensity pulse technology.
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