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 Magnetoplastic effect: 

  decreasing of activation barrier for 

dislocation motion due to specific spin-

depended reactions between kinks and 

paramagnetic obstacles 
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Residual stresses after current density pulse 
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Thermoelastic stresses 
Solution for elastic problem 
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Thermoelastic stresses 
Influence of pulse form during pulse 
F1

t =з 100
regular 

regime 

irregular 

regime 



Thermoelastic stresses 
Influence of pulse form after pulse 

F2
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Electron and phonon entrainment 

• W – transition 
probability in time unit 

• N, f  - nonequilibrium 
distribution function of 
phonons and electrons 

D 
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Physical picture of effect 



Electron and phonon entrainment 

• electric current (Kravchenko, Fiks, Natsik, 
Roschupkin) – «electron wind» 

 

• phonon heat flow (Fiks, Alshits, Roschupkin) 
– «phonon wind» 

 

• electron-phonon flow (due to Gurevich 
effect) 

Force action on defects 



Electron and phonon entrainment 

General expression for entrainment force 
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Electron and phonon entrainment 

General expression for entrainment force 
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Solution of kinetic equations in the frame of Bardin model 

- for phonon non-equilibrium additive 

0

24

en

j

q

q
C

kk

eZ
Tu

T DB
ph













 





Electron and phonon entrainment 

General expression for entrainment force 
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Solution of kinetic equations in the frame of Bardin model 

- for phonon nonequilibrium additive 
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Electron and phonon entrainment 

Force of electric current entrainmend 
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Electron and phonon entrainment 

Force of electric current entrainment 
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Electron and phonon entrainment 

Analyze of contributions to entrainment force 

-84
~ 0,1 at | |~10 SGSE
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Electron and phonon entrainment 

Analyze of contributions to entrainment force 

-84
~ 0,1 at | |~10 SGSE
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Factor of electron-phonon entrainment 

Electron entrainment coefficient 
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Electron and phonon entrainment 

Dislocations 
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At the Be~10-4 Ps  value of second term of 
entrainment force consists of 10-3 Ps, and at   

j=100 A/mm2 value of equivalent stresses  
consists of 104 Pa.  
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   and stresses action 
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Destruction of internal stresses 

Main concepts: 

 nonequivalence of current  

   and stresses action 

F 

Fj 

F 
Fj 

j 

 forming under plastic deformation 

   non-equilibrium groups of dislocation, 

   which may relax at the pulse action 

A

B

а)

б)

C



Destruction of internal stresses 
Unpinning of pilled-up dislocation array under the pulse 

C

x

y

x0x1x2x3xN-1

( )t
R( )t

Equation of array motion 

uNCbR  buCuBuM  



Destruction of internal stresses 
Consequences from solution of equation: 

 There is an N-fold increase of unpinning force in array 
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Destruction of internal stresses 
Consequences from solution of equation: 

 There is an N-fold increase of unpinning force in array 

 Delay time of array response consists of 

 

 
 

    that well corresponds to threshold effect in EPD 

  

2(2 ) ~10 100 mcsB C B    

 Vibration frequency of array 
 

     is more grater then characteristic frequencies ~105 s-1 in EPD 

     hence Granato effect is no essential at this conditions 

7 1

0 ( ) ~10DC M s     


