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Abstract. The objective of this study is to examine the effect of non-local and hyperbol-

ic two-temperature parameters on the thermostressed state using the modified Green – Lind-
say generalized theory of thermoelasticity. At that, a ramp-type normal load/thermal source 
is used. The governing equations are transformed into a dimensionless form and simplified 
with the aid of Laplace and Fourier transforms. The transformed domain is used to obtain 
the physical field quantities such as stresses, displacement vector components, thermody-
namic temperature, and conductive temperature. The numerical inversion technique is em-
ployed to recover the equations in the physical domain. The impact of non-local, hyperbolic 
two-temperature, and various theories of thermoelasticity on the material behavior is pre-
sented in the form of graphs. The results emphasize on the importance of considering differ-
ent aspects and theories in the analysis of material behavior. The several unique cases are 
discussed and displayed. 
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1. Introduction. 
The main focus of thermoelasticity is the study of linear and nonlinear temperature-

dependent behavior of materials, and the development of mathematical models to predict 
how materials will respond to thermal loads. This field is important in a variety of engineer-
ing applications, including the design of heat exchangers, turbines, and other high-
temperature components. The first and second widely accepted generalised theories of ther-
moelasticity, respectively, were put forth by Lord and Shulman (L-S) [1] and Green and 
Lindsay (G-L) [2]. 

The two-temperature theory of thermoelasticity, as developed by Chen and Gurtin [3] 
and Chen et al. [4], aims to study the thermal behavior of materials under both temperature 
and stress. In this theory, it is assumed that the material has two separate temperatures: 
Thermodynamic temperature and conductive temperature. A generalised theory of two-
temperature thermoelasticity was first presented by Youssef [5]. The hyperbolic two-
temperature (HTT) generalized thermoelasticity theory is extensions of the basic two-
temperature theory that take into account additional factors such as heat transfer across ma-
terial interfaces and the influence of thermal waves on the material's response. The two tem-
perature generalised theory was modified by Youssef and El-Bary [6] and provided the HTT 
generalised thermoelasticity theory.  

Kumar et al. [7] investigated the thermal interactions between an infinite elastic medium 
and a cylindrical cavity using the HTT theory of thermoelasticity. The results of this study 
provide insights into the thermal behavior of materials under stress and temperature chang-
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es. Hobiny et al. [8] went further and introduced a photo-thermoelastic model within the 
framework of the HTT theory. This allowed them to analyze the thermal behavior of materi-
als under both temperature and stress changes, as well as the effects of external radiation on 
the material.  

The non-local theory of thermoelasticity is a modified form of the classical linear theory 
of thermoelasticity. This theory is particularly relevant in the analysis of materials with mi-
crostructures, such as composites and nano-materials, as well as materials with long-range 
interactions, such as biological tissues. In these materials, the non-local effects can play a 
significant role in determining the overall response of the material. The idea behind the non-
local theory of thermoelasticity was created by Eringen [9, 10]. Sarkar and Sarkar [11] stud-
ied wave propagation in a non-local thermoelastic medium for the Green and Naghdi theory-
II (without energy dissipation) of generalised thermoelasticity. The effect of a moving heat 
source on a magneto-thermoelastic rod was examined by Bayones et al. [12] within the 
framework of Eringen’s non-local theory with three-phase lag and a memory-dependent 
derivative. By using the eigen value method, Saeed and Abbas [13] investigated the effects 
of the non-local thermoelastic parameters in the Green and Naghdi model without energy 
dissipation for a nanoscale material.  

By adding strain rate terms to the Green – Lindsay model, Yu et al. [14] established a 
model of generalised thermoelasticity based on the extended thermodynamic principle. 
Quintanilla [15] described some qualitative results for the MG-L model of thermoelasticity. 
Farshad et. al. [16] presented a nonlinear numerical technique to solve the generalised ther-
moelasticity governing equations in a significant deformation zone of an elastic media sub-
jected to thermal shock in the context of the MG-L theory of generalised thermoelasticity. 
Nihar and Sarkar [17] discussed the problem of reflection and propagation of thermoelastic 
harmonic plane waves on the stress-free and isothermal surface by using MG-L model. 
Sarkar and Mondal [18] provides analytical formulas for the coupled longitudinal wave in-
cident on the free surface to obtain the amplitude ratios and their corresponding energy rati-
os for reflected thermoelastic waves. 

The present investigation is concerned with interaction between stress and strain in a 
thermoelastic solid due to ramp type normal force/ thermal source, as it is very important 
due to its many applications in the fields of geophysics, plasma physics and related topics. 
Such mechanical and thermal loading may produce severe deformations and temperature 
rise in the medium, which causes excessive wear and even cracking near the contact zone. 
The dynamic response of homogeneous, isotropic generalized thermoelastic medium with 
hyperbolic two temperatures in the context of MG-L model is studied.  

The variations of the normal stress, tangential stress, thermodynamic temperature and 
conductive temperature are illustrated graphically to compare the results for non-local and 
hyperbolic two temperature. The comparison of the results obtained from the MG-L model 
with those obtained from other theories of thermoelasticity, such as the L-S and G-L theo-
ries, highlights the importance of considering various aspects and theories in the analysis of 
material behavior and the potential impact they have on the results. This study can provide 
valuable information for the design and optimization of materials for various applications, 
particularly in high-temperature and dynamic environments. 

2. Basic Equations. 
Following Yu et. al. [14], Eringen [10], Youseff and El-Bary [6], the field equations and 

constitutive relations in the context of MG-L theory of thermoelasticity with non-local and 
hyperbolic two temperature in absence of body forces and heat sources can be written as: 
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 21T a    ;                                                      (4) 

* 2T     ,                                                       (5) 

where ,   – Lame’s constants; u


 – displacement vector;  1 3 2 t     , t  – coeffi-

cient of linear thermal expansion; 1  – non-local parameter; ijt  – components of stress ten-

sor; t  – time; , eC  – density and specific heat respectively; *K  – thermal conductivity; 
2  – Laplacian operator;   – conductive temperature; T  – thermodynamic temperature; 

a  – two temperature parameter; 0  – relaxation time, ij  – Kronecker’s delta,    – HTT 

parameter. 
The equations (1) – (5) reduces to the following cases 

   1 2 3 4 1       ,                Modified Green – Lindsay, (MG-L), (2018); 

           1 3 2 40, 1       ,           Green – Lindsay, (G-L), (1972); 

           1 2 3 40, 1,                   Lord – Shulman, (L-S), (1967); 

           1 2 3 4 0       ,                 Coupled thermoelasticity, (C-T), (1980). 

3. Formulation and solution of the problem. 
A thermoelastic half-space under MG-L thermoelastic model is taken into the account 

along with non-local and HTT parameter and the region 3 0x   is considered, which is ho-

mogenous and isotropic. The two dimensional problem is in the plane ( 1 3x x ), which is 

subjected to Ramp type normal force/ thermal source, therefore with these consideration, we 
have 

 1 3, 0,u u u


.                                                           (6) 

Dimensionless quantities are: 
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Equations (1) – (5) by taking into account (6) and (7) determines 
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Equations (8) – (11) are decoupled by using the dimensionless form of potential func-
tions q  and   as 
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Laplace and Fourier transforms are taken as 
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Applying (15) on (11) gives, 
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Equations (8) – (10) in the accompany of (14) – (16) yield the resulting expressions 
(suppressing the primes for convenience) after some algebraic calculation as 
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where 
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The bounded solution of equation (17) and (18) i.e. , , 0q     as 3x  can be ex-

pressed as 
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 1, 2l l   being the roots of the characteristic equation 
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4. Boundary conditions. 
Here, we explore the impact of ramp type normal force and Ramp type thermal source as  
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10F  is the magnitude of force, 20F  is the constant temperature applied on the boundary. 

Invoking (15) on (22) – (23), we have 

 33 1( ) ,i t F s  ;     31( ) 0ii t  ;     (iii)  2
3

,F s
x

 



   at 3 0,x                     (24) 

where 

      
 0

1 2 10 20 2
0

1
, , , , .

ste
F s F s F F

t s
 

    
  

 
                                   

(25) 

Invoking (14) – (16) (after suppressing the primes) in (12) – (13) along with (19) – (21), 
the expressions of displacements, stresses, conductive temperature and thermodynamic tem-
perature are obtained by considering the boundary conditions defined by (22) – (23) as 
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where 
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2 2 2
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5. Special Cases. 
5.1. Modified Green-Lindsay model with two temperature: 
Let 1 0   in equations (26) – (31), we obtain the resulting expression for MG-L theo-

ry of thermoelasticity along with two temperature effect. 
5.2. Non local Modified Green-Lindsay model: 
As two temperature parameter vanishes i.e. 0a   in equations (26) – (31), we obtain 

the results for MG-L model involving non-local impact. 
5.3. Non local G-L generalized thermoelastic model with two temperature: 
Taking 1 3 2 40, 1       , reduces the system of equation defined by (26) – (31) 

for G-L model having non-local and two temperature effect. 
5.4. Non local L-S generalized thermoelastic model with two temperature: 
Putting, 1 2 3 40, 1       in equations (26) – (31) will yield the expression for  

L-S model involving non-local and two temperature. 
5.5. Coupled thermoelastic model with non local and two temperature: 
Let 1 2 3 4 0       , i.e. in absence of relaxation time, equations (26) – (31) gives 

the corresponding expression for CT model along with non-local and two temperature. 

6. Inversion of the transforms. 
The components of displacement, stresses, temperature distribution and conductive 

temperature are the functions of 3,s x  and   which are parameters of Laplace transform 

and Fourier transform respectively. To invert these quantities into physical domain, we in-
vert the transforms by applying the method explained by Kumar et al. [19]. 

7. Numerical result and discussion. 
By performing numerical calculations for different cases, including the non-local, hy-

perbolic two-temperature, ramp type normal force, and ramp type thermal source parame-
ters, and comparing the results with different theories of thermoelasticity, such as the  
MG-L, L-S, and G-L theories, it is possible to gain a comprehensive understanding of the 
behavior of the material under various loading conditions.  

Following Dhaliwal and Singh [20], we take the case of magnesium crystal, the physical 
constants used are 
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10 22,17 10 Nm   ;   10 23,278 10 Nm   ;   * 2 1 11,7 10 Wm degK    ; 

11 1
1 3,58 10 S   ;   6 2 1

1 2,68 10 Nm deg    ;   3 31,74 10 Kgm   ; 

3 1 11,04 10 JKg degeC    ;   0 298T k ;   0 2t s  

and non-dimensional relaxation times are taken as 0 0,03s  . 

7.1. Non Local and Two Temperature. In this case, we consider non-local parameter 

1 0,50   and 1 0   and hyperbolic two temperature 0,75  and 0,0   for the range 

10 10x  . The solid line corresponds to ( 1 0,50; 0,75   ), solid line having centre 

symbol diamond ‘  ’ corresponds to the case of ( 1 0; 0,75   ), small dashed line rep-

resents the case of ( 1 0,50; 0   ), whereas small dashed line having centre symbol cir-

cle ‘o’ displays the case of ( 1 0; 0   ). 

7.1.1. Normal Force. Fig. 1 shows the behavior of 33t  with respect to 1x . It can be ob-

served that for all cases considered, the values of 33t  increase sharply in the range 

10 2x   and follow an oscillatory pattern in the remaining interval. The magnitude of the 

values of 33t  for 1 0,5   and 0   is larger than in the other cases. 
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Fig. 1. Variation of 33t  vs 1x   
(Normal Force) 

 
Fig. 2 is plot of 31t vs 1x , which demonstrate that the behavior of 31t  for 1 0,5  ; 

0  are opposite in nature as noticed for 1 0  ; 0,75   whereas in absence of hyper-

bolic two temperature i.e. 1 0,5  ; 0  , 1 0  , 0   shows similar behavior in the 

entire range. 
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Fig. 2. Variation of 33t  vs 1x  
(Normal Force) 

Fig. 3 predicts T vs 1x . It is found that behavior of T for 1 0,5; 0    are opposite in 

nature as observed for 1 0; 0,5    in the range 10 3x  and with increase in 1x , T  

shows similar behavior. While in case of 1 0; 0,75    the values of T  shows opposite 

behavior as noticed for 1 0; 0    throughout the range which reveals the impact of non-

local and hyperbolic two temperature parameters. 
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Fig. 3. Variation of T  vs 1x  
(Normal Force) 
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Fig. 4. Variation of   vs 1x  (Normal Force) 

The graphical representation of   with 1x  is represented by fig. 4. It can be observed 

that the values of   for 1 0; 0,75    is like mirror image of 1 0; 0    in the range 

10 8x   and shows similar behavior in the rest of the interval. It is also observed that the 

values of   for 1 0,5; 0    decreases in the range 10 3;x   15 8x   and vice versa 

in the remaining range. Whereas   follows an oscillatory behavior for 1 0,5; 0,75     

in the entire range, with increase in x1 the magnitude of oscillation also increases. 

7.1.2. Thermal Source. Fig. 5 represents the variations of 33t  vs 1x . It is examined that 

the trend of variation of 33t  for 1 0,5; 0,75   ;  1 0; 0,75    are similar in nature 

in the entire range except in 13 8x  , where opposite behavior is observed. It is also obser-

ved that the variation of t33 in case of 1 0,5; 0    and 1 0; 0    are opposite in na- 
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Fig. 5. Variation of 33t  vs 1x  (Normal Force) 
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ture. It is seen that 33t  has minimum value at 1 2,5x   when 1 0,5; 0.    

The plot of 31t vs 1x  is represented by fig. 6. It is seen that 31t  shows upward trend in 

10 2x   for all the considered cases except for 1 0; 0    and with increase in 1x  it 

shows oscillatory behavior for all the cases, magnitude of oscillation is greater in absence of 
non-local and HTT parameter. 
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Fig. 6. Variation of 31t  vs 1x  (Normal Force) 

0 2 4 6 8 10
Distance x1

-8

-4

0

4

8

12

16

T
h

e
rm

o
d

yn
a

m
ic

 T
e

m
p

e
ra

tu
re

 T 







 

Fig. 7. Variation of T  vs 1x  (Normal Force) 

Fig. 7 shows the variations of T vs 1x . It is realized that the values of T in absence of 

HTT parameter (i.e. 1 0,5; 0;     1 0; 0   ) shows downward trend in the range 

10 2x  whereas for the case of 1 0,5; 0,75    and 1 0; 0,75    increases. It is 

also observed that T  for 1 0,5; 0,75    shows opposite behavior as observed for the 

cases of absence of HTT parameter (i.e. 1 0,5; 0;      1 0; 0   ). 
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Fig. 8 exhibits the plot for   vs 1x . It is discovered that the values of   decreases in 
the range 10 2x   for all the cases and attains minimum at 1 2x  . With increase in 1x    
shows an oscillatory behavior for all the cases. It is also observed that the magnitude of val-
ues of   are smaller in case of 1 0; 0.     
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Fig. 8. Variation of   vs 1x  (Normal Force) 

7.2. Different theories of thermoelasticity. The solid line represents the MG-L model of 
thermoelasticity. The small dashed line shows the case of G-L model of thermoelasticity. 
The case of L-S theory of thermoelasticity is represented by big dashed line. 

7.2.1. Normal Force. Fig. 9 demonstrate the variations of 33t  vs 1x . It is checked that 

the values of 33t  for MG-L, G-L and L-S theories of thermoelasticity increases in the range 

10 2.x   With increase in 1x , 33t  follows an oscillatory behavior. It is also observed that 

the magnitude of values of 33t  remains higher for G-L theory of thermoelasticity. 
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Fig. 9. Variation of 33t  vs 1x  (Thermal Source) 
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The variation of 31t  vs 1x  is represented in fig. 10. It is inspected that the values of 31t  

for MG-L theory and L-S theory shows similar behavior in the entire range whereas oppo-
site behavior of 31t  is noticed for G-L theory. 
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Fig. 10. Variation of 31t  vs 1x  (Thermal Source) 
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Fig. 11. Variation of T  vs 1x  (Thermal Source) 

Fig. 11 is a depicts the trend of T vs 1x . It is observed that the values of T for MG-L are 

like mirror image of values observed for L-S and G-L theory of thermoelasticity. Magnitude 
of values for L-S theory remains higher in the entire range. 
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The graphical presentation of   vs 1x  is represented in fig. 12. It is scrutinized that the 

values of   for G-L theory are opposite in nature as noticed for L-S and MG-L theory of 

thermoelasticity. It is also observed that the values of   oscillates with greater magnitude 

for MG-L theory of thermoelasticity. 
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Fig. 12. Variation of   vs 1x  (Thermal Source) 

7.2.2. Thermal Source. Fig. 13 depicts the variations of 33t  vs 1x . It is found that the 

values of 33t  for L-S theory shows vice-versa behavior as observed for MG-L theory of 

thermoelasticity, magnitude of oscillation is greater for L-S model. 
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Fig. 13. Variation of 33t  vs 1x  (Thermal Source) 
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Fig. 14 is a plot of 31t  vs 1x . It is noticed that the behavior of 31t  for all the considered 

cases are opposite in nature as observed for 31t . 
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Fig. 14. Variation of 31t  vs 1x  (Thermal Source) 

Fig. 15 exhibits the plot for T vs 1x . It is acknowledged that the behavior of T  for 

MG-L is contrast in nature as observed for G-L and L-S theory of thermoelasticity i.e. when 
the values of T  for MG-L increases there is a decrease in the values of T  for G-L and L-S 
model. 
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Fig. 15. Variation of T  vs 1x  (Thermal Source) 
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Fig. 16. Variation of   vs 1x   (Thermal Source) 

Fig. 16 is plot of   vs 1x . It is noted that the values of   for all the considered cases 

decreases sharply in the range 10 2x   and attains minimum value at 1 2x  . As x1 in-

creases the values of   for MG-L, G-L and L-S model follows an oscillatory behavior with 

decreasing magnitude of oscillation.  

8. Conclusion. 
These results are important for understanding the behavior of materials under various 

loads and temperatures and can be used to design and optimize materials for specific appli-
cations. In this work, we considered a thermomechanical problem based on the MG-L model 
having non-local, and hyperbolic two temperature parameters. The problem is further 
examined with Ramp type normal force/heat source. The results are displayed graphically to 
illustrate the effect of non-local parameter and hyperbolic two temperature along with dif-
ferent theories of thermoelasticity. The following observations are obtained from numerical 
computed result: 

When normal distributed force is applied, it is observed that trend of 33t  and 31t  

for 1 0,75  ; 1 0,50   are opposite in nature as observed for 1 0,20   and 1 0  . It is 

also observed that T and   shows oscillatory behavior, the magnitude of oscillation is high-

er for 1 0,50  . 

In case of Ramp type thermal source, the value of 33t increases in most of the interval 

for all values of 1 , while 31t , T and   shows oscillatory behavior in the entire range, mag-

nitude of oscillation is higher in absence of non-local parameter. 
It is observed that higher value of moving heat source parameter enhances the value of 

33t , T and   for normal distributed force as well as for Ramp type thermal source. It is also 

observed that the behavior of variation for 33t , 31t , T and   for different value of v  are 

similar in nature with difference in their magnitude of oscillations. 
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The hyperbolic two temperature effect enhances the magnitude of T and   in contrast 

to 33t  and 31t . It is also noticed that in most of the range, the behavior of all entities for 

higher value of hyperbolic two temperature parameter i.e. 0,75   are opposite in nature as 

observed for two temperature parameter  0,104a   and for classical one temperature 

 0,0a   for normal distributed force as well as for Ramp type thermal source. 

The physical applications of the model can be found in the mechanical engineering, ge-
ophysics. The present investigation provides a valuable contribution to the field of thermoe-
lasticity and highlights the importance of considering non-local and hyperbolic two-
temperature parameters in the analysis of material behavior. The present investigation be 
used to determine the optimal combination of parameters that lead to the desired material 
behavior, such as high strength, high thermal stability, or high resistance to thermal stress. 
This information can be useful in the design and optimization of materials for various engi-
neering applications, particularly those subjected to rapidly changing temperature and load 
conditions. 

 
 
РЕЗЮМЕ.  Метою цього дослідження є вивчення впливу нелокальних і гіперболічних двотем-

пературних параметрів на термонапружений стан за допомогою модифікованої узагальненої теорії 
термопружності Гріна – Ліндсі. При цьому використовуються змінні нормальні навантаження / дже-
рела тепла. Основні рівняння перетворюються в безрозмірну форму і спрощуються за допомогою 
перетворень Лапласа і Фур’є. Перетворена область використовується для отримання величин фізич-
ного поля, таких як напруження, компоненти вектора зміщення, термодинамічна температура та тем-
пература провідності. Техніка чисельного оберненого перетворення використовується для віднов-
лення рівнянь у фізичній області. Вплив нелокальної, гіперболічної двотемпературної та різноманіт-
них теорій термопружності на поведінку матеріалу представлено у вигляді графіків. Результати під-
креслюють важливість розгляду різних аспектів і теорій в аналізі поведінки матеріалу. Обговорено та 
показано кілька окремих випадків. 

 
КЛЮЧОВІ СЛОВА: нелокальний параметр, гіперболічний двотемпературний параметр, мо-

дифікована теорія Гріна – Ліндсі, перетворення Лапласа та Фур’є. 
 
 

1. H.W. Lord and Y. Shulman, "A generalized dynamical theory of Solid", J. Mech. Phys., 15(5), 299 – 309, 
1967. 

2. A.E. Green and K.A. Lindsay, "Thermoelasticity", J. Elast., vol. 2, no. 1, pp. 1 – 7, 1972. 

3. P.J. Chen and M.E. Gurtin, "On a theory of heat conduction involving two-temperatures", Zeitschrift fur 
Angew. Math. und Phys. ZAMP, 1968, 19, 614 – 627. 

4. P.J. Chen, M.E. Gurtin and W.O. Williams, "On the thermodynamics of non-simple elastic materials with 
two temperatures", Zeitschrift fur Angew. Math. und Phys. ZAMP, 1969, 20,107 – 112. 

5. H.M. Youssef, "Theory of two-temperature-generalised thermoelasticity", IMA J. of Applied Mathematics, 
2006, 71(3), 383 – 390. 

6. H.M. Youssef, A.A. El-Bary, "Theory of hyperbolic two-temperature generalised thermoelasticity", Mat. 
Phy. Mech., 2018, 40, 158 – 171. 

7. R. Kumar, R. Prasad and R Kumar, "Thermoelastic interactions on hyperbolic two-temperature 
generalized thermoelasticity in an infinite medium with a cylindrical cavity", European J. of Mechanics 
/ A Solids, 2020, 82.   

8. A. Hobiny, I. Abbas and M. Marin, "The influences of the hyperbolic Two-Temperatures theory on waves 
propagation in a semiconductor material containing spherical cavity", Mathematics, 2022,10, 121. 

9. A.C. Eringen, "Non-local polar elastic continua", Int. J. Eng. Sci., 1972, 10, 1 – 16. 

10. A.C. Eringen, "Theory of non-local thermoelasticity", Int. J. Eng. Sci., 1974, 12 (12), 1063 – 1077. 

11. Nihar Sarkar, Soumen De, Nantu Sarkar, "Waves in non-local thermoelastic solids of type II", J. of 
Thermal Stresses, 2019, 42, 1153 – 1170. 



 139 

12. F.S. Bayones, S. Mondal, S.M. Abo-Dahab and A.A. Kilany, "Effect of moving heat source on a 
magneto-thermoelastic rod in the context of Eringen’s non-local theory under three-phase lag with a 
memory dependent derivative", Mechanics Based Design of Structures and Machines, 2021, 51(1), 1 – 17. 

13. T. Saeed and I. Abbas, "Effects of the non-local thermoelastic Model in a thermoelastic nanoscale 
material", Mathematics, 2022, 10(2): 284.   

14. Y.J. Yu, Z. Xue and X. Tian, “A modified Green–Lindsay thermoelasticity with strain rate to eliminate 
the discontinuity”, Meccanica, 2018, 53(1-2):1 – 12.  

15. R. Quintanilla, "Some qualitative results for a modification of the Green-Lindsay thermoelasticity", 
Meccanica, 2018, 53(14), 3607 – 3613. 

16. S. Farshad, G. Maryam, E. Juan and B. Masud, “Modified Green–Lindsay thermoelasticity wave propa-
gation in elastic materials under thermal shocks”, J. of Computational Design and Engineering, 2021, 
8(1), 36 – 54. 

17. Nihar Sarkar, Soumen De, Nantu Sarkar “Modified Green-Lindsay model on the reflection and propaga-
tion of thermoelastic plane waves at an isothermal stress-free surface”, Indian J. of Physics, 2020, 
94(8):1215 – 1225.  

18. Nantu Sarkar and Sudip Mondal, “Thermoelastic plane waves under the modified Green–Lindsay model 
with two-temperature formulation”, J. of Appl. Mathem. And Mech., 2020, 100(11). – e201900267.  

19. R. Kumar, S. Kaushal, L.S. Reen and S.K. Garg, "Deformation due to various sources in transversely 
isotropic thermoelastic material without energy dissipation and with two-temperature", Materials 
Physics and Mechanics, 2016, 27 (1), 22 – 31. 

20. R.S. Dhaliwal and A. Singh, Dynamical Coupled Thermoelasticity, New Delhi, Hindustan Publishers, 
1980, 747 p. 

 

From the Editorial Board: The article corresponds completely to submitted manuscript. 
 
 

Надійшла 20.02.2023                                                       Затверджена до друку 27.06.2023 
 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


