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A calculation model of determination the thermoelastic state of electroconducting nonferromag-
netic layer in time-harmonic field is offered. In the model the oscillating components of heat rele-
ase and ponderomotive force are considered. And dynamic terms of thermoelasticity problem as 
well. The conditions under which one needs to use the refined calculation model are determined. 
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Introduction. As is well known, in electroconducting bodies wich are in electromag-
netic field (EMF) electric currents are induced that accompany the heat release and 
action of ponderomotive force, which in turn cause the body to warm up and initiation 
of mechanical stresses. In addition, they can exceed the permissible value (melting 
point or ultimate strength). To this end one has to develop the effective computational 
models in order to determine the EMF, heat release, temperature and stresses depen-
ding on external factors. 

The study of thermoelastic state of nonferromagnetic electroconductive bodies 
in an external time harmonic EMF one can find in the fundamental monograph [1]. 
This paper presents a simplified method of determination the magnetoelectro elastic 
state which is as follows. At the first stage from the equations of electrodynamics the EMF 
is determined in a steady approximation. Then the averaged for a period of oscillations 
of external EMF, corresponding expressions for the power of heat releases and density 
of ponderomotive force are written. In addition their oscillatory (harmonic) compo-
nents are neglected. At the second stage from the heat releases (where heat releases, 
determined at the first stage, are heat sources) the temperature field is determined. At 
the third stage from equations of quasi-static thermoelasticity [1, 2] (the dynamic terms, 
ponderomotive forces and connectedness of temperature and deformation fields are 
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neglected) the displacements and stresses 
are calculated. In the equations of thermo-
elasticity the expressions for the energy 
density are taken from the first stage and 
the expressions for the temperature are 
taken from the second stage. 

For practical purposes it is neces-
sary to develop a more refined computa-
tional model, which would take into 
account the oscillating components of the 
heat release and ponderomotive force and dynamic terms in quasi-static thermoelasti-
city problem as well. The criteria justification for the model is given in [3]. 

1. Statement of the problem 

We consider the electroconductive layer of thickness, related to a rectangular dimen-
sionless coordinate system ( , , )x y z  (Fig. 1). A tangent component of the external mag-
netic field yH  on the upper surface influences the layer 

 0(0; ) cosyH t H t  ,    (1; ) 0yH t  . (1) 

here 2   ,   is the frequency, t is time; 0H  is the amplitude of harmonic compo-
nent of the magnetic field intensity. Later on index «y» is omitted. 

The magnetic field intensity  ;H z t  in the layer region we find from Maxwell's 
equation, which in this case is 

 
2

2
02

 
  


H Hl tz

, (2) 

where 0  is permeability of free space,   is the electrical conductivity. 
Knowing the magnetic field in the layer region, the Joule heat power Q, the 

energy density W of EMF stored in the body and the density of ponderomotive force F 
we determine from 

 
2

2
1      

HQ zl
,    2

0
1
2 W H ,    1 

 

WF l z . (3) 

The last relation (3) allows us in this model instead of ponderomotive force F to 
use the energy density of EMF W, what will be used in future. 

Defining the thermoelastic state, assume that on the upper base of the layer a 
convective heat transfer takes place with the environment, the temperature of which 0T  is 
equal to the temperature of the layer and the bottom one is insulated. Assume also that 
the base z = 0 is power load-free, and z = 1 is fixed rigidly with a dielectric half-space. 

Then the temperature field is found from the equation 

Fig. 1. Scheme of the electroconductive layer 
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 T

T T Q
a t l z

 (4) 

for initial condition 

   0;0 T z T , (5) 

and boundary conditions 

     0
0;

0;


    
T t

Bi T t Tz ,     1;
0





T t

z . (6) 

Here   and Ta  are thermal conductivity and thermal diffusivity factors; Bi  is Bio criterion. 
In the system of thermoelasticity equations we will have a non-zero component 

of displacements  ;zu u z t  and three diagonal components of tensor of mechanical 
stresses xx ,  yy  and zz . The equation of motion is written as follows 

  
2

2
1 

   
 zz

u Wl zt
 (7) 

for initial conditions 

 ( ;0)( ;0) 0u zu z t


 


, (8) 

and boundary condition 

 (1; ) 0u t  ,    (0; ) 0zz t  . (9) 

In formulas (4) and (7) in the classical theory [1] the values Q and W are averaged for 
the period of oscillations of the external EMF. 

From Hooke's law we obtain the relations 

  0
1

1 2 1
 

           

p p
xx yy t

p p

E u T Tl z , (10) 

  0
1 1

1 2 1
  

         

p p
zz t

p p

E u T Tl z , (11) 

that allow you to express the components xx  and  yy  in terms of the normal component zz  

  0
1

1
          xx yy p zz t p

p
E T T , (12) 

where pE ,  p  is elasticity modulus and Poisson's ratio; T  is the coefficient of linear 
expansion. 
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Substituting formula (11) in relations (7) and (9), we obtain the equations for 
displacements 

 
2 2 2

2 2 2
1

1 1 2
1
      

         

p p
T

p p

u l u l T Wz Ez c t
 (13) 

and the boundary conditions 

  1; 0u t ,        0
10;1 0;1
 

       
p

T
p

u t
T t Tl z . (14) 

Here 
 

  1

1

1 1 2

 


    
p p

p p

E
c  is the velocity of longitudinal waves,   is the body density. 

We go to the solution of the problem stated (1)-(14). 

2. Methods of solving the electrodynamics problem 

Solution of the problem of electrodynamics (1), (2) is presented in the form 

   0; ( ) ( )2
i t i tHH z t h z e h z e     

 . (15) 

Here tilde « » over the value indicates its complex conjugate value; i is imaginary unit. 
Substituting the presentation (15) in relations (1), (2) for function ( )h z  we 

obtain the following ordinary differential equation and boundary conditions: 

 
2

2
2 2 

d h i h
dz

,    (0) 1h  ,    (1) 0h  , (16) 

where 0   l , 1    is the relative depth of penetration of the magnetic field 
in the environment. 

Solution of the problem (16) will be as follows: 

         1sh 1 1 sh 1h z i z i z 
        . (17) 

Based on the formula (3), for the heat release Q and energy density of EMF W 
stored in the body we will have 

   2 2
22; ( ) ( ) ( )i t i tz t z z e z e        , (18) 

where  ;  Q W , ( )z  are the averaged values for the oscillation period of EMF; 

2 ( )z  are their second harmonics. 
Write the specific expressions of these values 

 averaged values: 



Oleksandr Hachkevych, Mykhaylo Solodiak, Mykola Makhorkin 
On determination the thermoelastic state of electro-conducting nonferromagnetic layer... 

 56 

 
2 2 2
0 0

2 2
( ) ( ) ch 2 (1 ) cos2 (1 )( ) ch 2 cos 22

H Hdh z dh z z zQ z dz dzl l
     

 
   


, 

 
2 2

0 0 0 0 ch 2 (1 ) cos2 (1 )( ) ( ) ( )4 4 ch 2 cos2
H H z zW z h z h z      

 
  

 ; (19) 

 harmonic components: 

 
22 2 2

0 0
2 2 2

( ) ch 2(1 ) (1 ) 1( ) ch 2(1 ) 14 2
H i Hdh z i zQ z dz il l

            
, 

 
2 2

20 0 0 0
2

ch 2(1 ) (1 ) 1( ) ( )8 8 ch 2(1 ) 1
H H i zW z h z i

     
 

  
. (20) 

The obtained expressions (19), (20), considering presentations (18), are included 
in the heat conduction equation (4) and the equation for the displacements (13). 

3. Solution of the problem of thermoelasticity 
The temperature field we seek from the heat conduction problem (4)-(6) where the 
expression for the heat release Q is given by the formulas (18)-(20). Using the Laplace 
time transform t [4], for function  ;T z t  we will have: 

 2 2
0 2 2 *( ; ) ( ) ( ) ( ) ( ; )i t i tT z t T T z T z e T z e T z t       , (21) 

where ( )T z  is a component of the temperature caused by the averaged heat release 
( )Q z ; 2 ( )T z  is a harmonic component caused by oscillatory heat release 2 ( )Q z ; 

*( ; )T z t  is a component that describes the transition temperature regime. 
Write down the specific expressions for them 

    1
0( ) ch 2 cos2 ch 2 (1 ) cos 2 (1 )mT z T a z z          , (22) 

 1 1 1
2 2

1

( 2) ch 2(1 ) (1 ) ch 2 (1 ) (1 )( )
4 ( 2) sh (1 )m

d d i z Bi i zT z T
d i

           


    
, (23) 

 
2 2

*
1

( ; ) cos (1 ) T na t l
m n n

n
T z t T T z e


 


    . (24) 

In formulas (21)-(24) we introduce the notations:   12
0 4mT H    — characte-

ristic temperature;   1
0 Ta      — dimensionless parameter; 1 0( 2)Bi Bi d     ;  

  0
2ch 2 cos 2 sh 2 sin 2

       a Bi , 

 0 ch 2(1 ) 2(1 ) sh 2(1 )d Bi i i i        , 
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 1 ch 2 (1 ) 2 (1 ) sh 2 (1 )d Bi i i i           , 

        122 28 ch 2 cos 2 1 cosn n n n nT A z Bi Bi


            , 

        4 4 4 4 4 4ch 2 cos 2 64 16 16n n n n nA a                 

           2 2 2 4 4 4 4
1 22( 2) 32 64n n n n nBi b                     , 

      4 4 4 4 4 416 64 16          n n n nz , 

        2 2 2 24 ch 2 2 sh 2 4 cos 2 2 sin 2               n n na Bi Bi , 

    2 24 1 ch 2 cos 2 sh 2 sin 2        n nb , 

    1 ch 4 cos 4 2ch 2 cos 2Bi           

  2 sh 4 sin 4 2 ch 2 sin 2 sh 2 cos 2              , 

    2 sh 2 sin 2 sh 4 sin 4 2 sh 2 cos2 ch 2 sin 2                  Bi , 

and n  are the roots of the equation cos sin   n n nBi . 
Note that in the case of simplified methods [1] the expression (22) for ( )T z  

remains the same, 2 ( ) 0T z  , and for *( ; )T z t  we obtain 

  
 

   

2 22

* 4 4 21

cos (1 )8( ; )
ch 2 cos 2 16 1 cos

T na t l
n nm

kl
n n n n

a z eTT z t
Bi Bi

 



  
 

           
 . (25) 

We turn to finding the displacements. Considering the presentations (18) for 
energy density of EMF and (21) — for the temperature, in the same form can be 
written also the form for the displacements 

 2 2
2 2 *( ; ) ( ) ( ) ( ) ( ; )i t i tu z t u z u z e u z e u z t      . (26) 

Note that each term in the representation (26) has the same interpretation as for 
the temperature in the representation (21). 

Solving the problem (13), (14), with this in mind, we obtain the following 
expressions for the components of displacements (26): 

      1( ) 1 sh 2 (1 ) sin 2 (1 ) 2 (1 )
2 ch 2 cos2

muu z z z a z         
   

, (27) 

 
    

 

1 2 2
1 2

2 2 2 2 2
0

2 2 sin 4 (1 ) (1 ) ; cos 4
( )

8 1 2 1 4 cos4

T T T
m

T T T

c z i c z
u z u

i i z


          


             

, (28) 
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2 2

*
1

( ; ) ( ) T na t l
m n

n
u z t u u z e


 


  , (29) 

   12 2 1( ) cos ch sh (1 ) sin (1 )n n n n n n n n n nu z T z z
                . (30) 

In formulas (27)-(30), the following notations are introduced: 
1
1
 

 
 

p
m T m

p
u lT  

are characteristic displacements; 1
1T Tl a c  is characteristic thermal size; 2 2

T Tl l  , 
2   n T n  are characteristic thermal parameters;     1

01 2 p T pE


        is the 
parameter that characterizes the influence of power stresses compared to temperature 
stresses on the thermoelastic state of the body. 

  1 0 ch 2 cos 2     a a ,    2
0 12 2 2 sh 1     z d i ,  

      1 1 1 12 ch 2 1 ch 2 1          z d d i Bi i ,  2     , 

      2 2 2
1 0 11 2 1 4              T Tc c i i z , 

          22 2
0 1 11 1 4 ch 2 1 1 2 ch 2 1 ,T Tc i d i Bi i i                       

        2 2
2 1; 2 1 1 4 sh 2 1 1Tc z i d i z                

      2
12 1 2 sh 2 1 1TBi i i z          . (31) 

Note that in the case of simplified methods [1] the expression (27) remains 
unchanged, and 2 ( ) 0u z   and *( ; ) 0u z t  . 

Substituting the presentations (21) and (26) in formulas (10)-(12), for stresses we 
obtain the same representations as for the temperature and displacements with a similar 
interpretation of terms. Write down the appropriate expressions 

     1( ) ( ) ch 2 cos 2 1 2 ch 2 (1 )xx yy m pz z z
                  

      1ch 2 cos 2 (1 ) cos 2 1 2 2 sh sin 2pz Bi             , 

 
   
1

( ) ch 2 (1 ) ch 2 cos 2 (1 ) cos 2ch 2 cos 2
p m

zz z z z   
          

  
; 

  1
,2 2 ,2( ) ;xx m xxz z C z    ,       1

,2 2 ,2( ) 1 ;zz p m xxz z C z       , 

        2 2 2 2 2
2 11 2 1 4 4 2 cos 4 sh 1                  T Tz i i d i , 

          22
,2 1; cos 4 1 1 1 2xx p T p TC z c z i                 
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          22 2 2 2 2
11 4 2 cos4 1 4 1 1 2T T T p Ti d i i                     

        22
1cos 4 1 ch 2 1 1 1 2T p Td i z i                   

        2 2 2
1 ch 2 1 1 1 1 4 cos 4p p T TBi i z i              , 

        22
,2 1; cos 4 1 1 2zz T TC z c z i              

     2 2 2 2 2
11 4 2 cos 4 1 4T T Ti d i              

         2 2
11 2 cos4 1 ch 2 1 1T Ti d i z                 

         2 2 2 2
11 2 1 1 4 cos 4 ch 2 1 1T T Ti i Bi i z              

 
, 

      
2 2

1
; ; T na t l

xx yy m xxn
n

z t z t z e


 
 


      , 

      
2 2

1
; 1 T na t l

zz p m zzn
n

z t z e


 



      , 

    12 2 2 1( ) cos ch ch 1xxn n n n p n n n nz T z
               

      2 21 2 1 cos 1p n p n n z            , 

      
12 2 2 1cos ch ch 1 cos 1zzn n n n n n n n nT z z

                . (32) 

Here    1 1
1 1 2m p T m p pE T

 
       . Formulas (15)-(32) will be used for specific 

numerical studies in this problem. 

4. Analysis of the solutions obtained 

We estimate the effect of oscillating components of temperature, displacements and 
mechanical stresses on the thermoelastic state of nonferromagnetic layer in a time har-
monic magnetic field compared to the relevant time-averaged components. Below the 
calculations were performed for a copper layer, whose characteristics are such [5-7]: 

3 38,92 10 kg m   , 11 21,29 10 N mpE   , 0,35 p , 4 21,18 10 m sТ
   , 

 406 W m K   , 51,72 10 1 KТ
   ,  75,88 10 A V m    , 7 2

0 4 10 N A   , 
3

1 4,818 10 m sс   . 
Suppose also that 0 300Т  K and take 0,2Bi . Since the frequency   varies 

within the limits  1050 10 Hz , and the thickness l  —  610 1 m  , then the para-

meter   will vary within the limits 4 410 10  . 
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We estimate first the values that do not depend on the parameter γ. Since 
34,05 10    (is negligibly small compared with a unity), then we will always 

ignore it. This means that in the formulas (27) and (31) it will be rejected [1]. 
For this case 114,75  , 8245 10 mTl

  . Later on we well neglect the quanti-
ties less than  1% 0,01  compared with a unit. In this case the dimensionless parame-

ter  2 210  T Tl l  for the thicknesses is 62,45 10 ml   , that is it can be ignored 

always. In formulas (28) and (31) such dimensionless quantities as 2 2 T  і  2 T  

are included, their maximum values are, respectively, 99,59 10  and 61,10 10 . So 
they also can be neglected always.  

Further for convenience we will work with dimensionless temperature, displace-
ment and time, which we introduce so:  

 0(0; )(0; )
m

T T
T
 

   ,    (0; )v(0; )
m

u
u


  ,    2  Ta t
l

. (33) 

One goal of this paper is to study the influence of amplitude of oscillatory com-
ponent of temperature 2 2( ) ( ) ( )A z z z     and displacements v 2 2( ) v ( )v ( )A z z z   
on thermoelastic state of nonferromagnetic conductive bodies compared with their 
established values — ( )z , v( )z . This effect will be characterized by relations 

( ) ( ) ( )S z A z z    and v v( ) ( ) v( )S z A z z . The oscillatory components of these 
values will be considered under the condition:  

 210 S ,    2
v 10S . (34) 

The Table 1 shows the values ( )S z  and v ( )S z  for different values  , z.  
 

Table 1 
γ 0.001 0.01 0.1 1 10 100 
(0)S  0.990 0.97 4.09·10 – 2 5.58·10 – 4 7.69·10 – 5 7.69·10 – 6 

(0.25)S  0.990 0.97 4.09·10 – 2 4.55·10 – 4 5.91·10 – 7 1.71·10 – 27 

(0.50)S  0.990 0.97 4.08·10 – 2 3.78·10 – 4 3.99·10 – 9 3.29·10 – 49 

(0.75)S  0.990 0.97 4.07·10 – 2 3.58·10 – 4 2.69·10 – 11 6.36·10 – 71 

(1)S  0.990 0.97 4.06·10 – 2 3.55·10 – 4 7.18·10 – 13 4.86·10 – 92 

v (0)S  0.990 0.97 4.08·10 – 2 4.42·10 – 4 3.70·10 – 5 4.01·10 – 6 

v (0.25)S  0.990 0.97 4.07·10 – 2 5.35·10 – 4 4.00·10 – 5 4.04·10 – 6 

v (0.50)S  0.990 0.97 4.07·10 – 2 5.89·10 – 4 4.00·10 – 5 4.05·10 – 6 

v (0.75)S  0.990 0.97 4.06·10 – 2 6.17·10 – 4 4.01·10 – 5 4.05·10 – 6 

v (1)S  0.990 0.97 4.06·10 – 2 6.25·10 – 4 4.01·10 – 5 4.05·10 – 6 
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Note that v ( ) 0S z  , since the displacement is ( ) 0u z   through the whole layer 
thickness. 

Analysis of the data presented in the Table 1 and formulas (22), (23) and (27), 
(28) as well shows that for relatively small   (in the limiting case 0  ) these 
relations are equal to a unit (minus unit), regardless of z. When   increases, they 
decrease and at infinity vanish. From the definition (33) and conditions (34) it follows 
that 0,1   must be considered as a constant component of temperature and displace-
ment, and their oscillating components also. At 1   the values ( )S z  and v ( )S z  are 
so negligible, that there is no need to explore them. 

In the Table 2a the values of the frequencies   and thicknesses l are presented, which 
must take into account the oscillating components of temperature and displacements. 

 

Table 2а 

ν, Hz 50 10 2 10 3 10 4 10 5 10 6 
l, m 0.93·10 – 3 6.57·10 – 4 2.08·10 – 4 6.57·10 – 5 2.08·10 – 5 6.57·10 – 6 

 
Thus, for a very wide frequency range the condition (34) is suitable only for 

a very small thickness (thin films). 
Note that for frequencies 50Hz   (see Table 2b), which exist, for example, in 

biological systems [8, 9] the oscillating components of thermoelastic characteristics for 
thicknesses in the range 1mm 1ml    should be considered. 

 

Table 2b 

l, m 1 10 – 1 10 – 2 10 – 3 
ν, Hz 4.31·10 – 5 4.31·10 – 3 0.43 43.12 

 
In the Figs. 2 and 3 are the graphs of dimensionless temperature (0; )   and 

displacements v(0; )  versus dimensionless time   for the same values  , that are 
listed in the Table 1, on the upper surface z = 0. The solid lines correspond to the 
temperature (0; )   calculated according to formulas (21)-(24) (displacements v(0; )  
calculated according to formulas (26)-(30)), what corresponds to a refined calculation 
model and the dotted lines correspond to the temperature in the case of the simplified 
methods when (0)  is calculated by the formula (22), 2 (0; ) 0   , and * (0; )kl   — 
by the formula (25) (displacement v(0)  is calculated by the formula (27), and 

2v ( ) 0z   and *v ( ; ) 0z   ). 
For the parameter 210   (Figs. 2a and 3a) the temperature and displacements 

have a clearly oscillating nature. They oscillate relatively the equilibrium position, which 
is the steady temperature (0; )   (displacement v(0) ). For 110   it is seen that the 
amplitude of oscillation is clearly reduced. For larger  (Figs. 2b, c and 3b, c) oscillations 
are practically absent. In these cases you can talk only about microoscillations.  
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Fig. 2. Time dependence of temperature on the upper surface of the layer 
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Fig. 3. Time dependence of displacements on the upper surface of the layer 
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Table 3 

γ 0.001 0.01 0.1 1 10 100 

AΘ 10.0 9.6 0.40 0.050 0.008 0.0080 

Av 10.7 10.0 0.45 0.005 0.004 0.0004 
 
The Table 3 presents the values of the amplitudes of oscillations (microoscilla-

tions) of temperature A  and displacements vA  for the case shown in Figs. 2 and 3. 
Note that for low frequencies ( 1  ) the temperature and displacements in the 

steady state mode do not dependent on   and are equal to 10 , and for high 
frequencies ( 10  ) are proportional to  . 

For all the considered cases achieving the steady thermal mode and mode of displa-
cements occurs at the same time of order 20   and is independent of  . At the stable 
mode microoscillations occur with amplitude A  — temperature and vA  — displacement. 

Distribution of dimensionless temperature ( )z  (solid line) in the steady thermal 
mode and amplitude ( )A z  (dash line) of its oscillating component (Fig. 4) through the 
coordinate of thickness is quite uniform. There is too weak quadratic dependence which 
with increasing the parameter initially reduces and then disappears (is linear). For small 

Fig. 4. Distribution of temperature ( )z  (solid line) in the steady temperature mode and 
amplitude ( )A z  (dash line) of its oscillatory component through the thickness coordinate 
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  310   the amplitude of oscillatory component ( )A z  is practically similar to the 

constant component ( )z  distribution. At 210   it decreases by 2%, and at 0,1   
the amplitude ( )A z  is only 4% of ( )z . In the case of 1   it is almost negligible. 

Note that the difference between the dimensionless stable temperature and the 
amplitude of its oscillatory component on the upper z = 0 and the bottom z = 1 surfaces 
is equal to one and does not depend on the value  . 

In contrast to the temperature, the distribution of displacement in the steady 
mode v( )z  (solid line) and amplitude of its oscillatory component v ( )A z  (dash line) 
have completely uniform character through the thickness coordinate (Fig. 5). On the 
upper surface z = 0 the displacements v( )z  adopt minimum and are uniformly increase 
with increasing z and according to the first boundary condition (9) take zero value on 
the lower surface z = 0. 

Similar is the behavior of the amplitude v ( )A z  compared to v( )z . So for small 
values 310   and 210   they coincide up to the sign, at 0,1   the difference 
does not exceed 4% and with further increase of   the influence of the amplitude 

v ( )A z  is negligibly small.  
The graphics for mechanical stresses we will not give as they repeat the 

temperature distribution up to a factor. 

Fig. 5. Distribution of displacement v( )z (solid line) and amplitude of its oscillatory component v ( )A z  
(dash line) through the coordinate of the layer thickness in the steady thermal mode 
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Conclusions. Thermoelastic state of nonferromagnetic conductive layer under the action 
of time-harmonic magnetic field strongly depends on the parameter 0H  and the relative 
depth of penetration of the magnetic field  . This value in turn depends on the layer 
thickness l, the frequency of the external magnetic field   and electrophysical charac-
teristics of the material.  

It is shown that the contribution of ponderomotive force in thermoelastic state of 
nonferromagnetic electrically conducting bodies should always be neglected in 
comparison with heat releases.  

For small   (up to 1% for 0,1  ) it is necessary to consider both the constant 
part component of the temperature and its oscillating component. Then the temperature 
and displacement are clearly of oscillating nature. In oscillatory components of displa-
cements a typical thermal size is included, which can always be ignored. Those fre-
quency values   and layer thickness l for which it is necessary to consider both cons-
tant component of the temperature and its fluctuating component are determined. 

Temperature and displacement distribution are practically linear through the 
thickness coordinate. 
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Про знаходження термопружного стану  
електропровідного неферомагнітного шару  
в гармонічному за часом магнітному полі 

Олександр Гачкевич, Михайло Солодяк, Микола Махоркін 

Запропоновано розрахункову модель знаходження термопружного стану електропровідного 
неферомагнітного шару в гармонічному за часом магнітному полі. У цій моделі врахову-
ються коливні складники тепловиділень і пондеромоторної сили, а також динамічні члени 
задачі термопружності. Визначено умови, за яких необхідно користуватися уточненою 
розрахунковою моделлю. 
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О нахождение термоупругого состояния  
электропроводного неферромагнитного слоя  
в гармоническом во времени магнитном поле 

Александр Гачкевич, Михаил Солодяк, Николай Махоркин 

Предложено расчетную модель нахождения термоупругого состояния электропроводного 
неферромагнитного слоя в гармоническом во времени магнитном поле. В данной модели 
учитываются колебательные составляющие тепловыделений и пондеромоторной силы, а 
также динамические члены задачи термоупругости. Определены условия, при которых 
необходимо использовать уточненную расчетную модель. 

Отримано 25.03.15 


