
ISSN 0130–9420. Мат. методи та фіз.-мех. поля. 2018. – 61, № 1. – С. 71-85. 71 

UDK 539.3 
 
Y. Z. Povstenko* 
 
FROM CHEMICAL POTENTIAL TENSOR AND CONCENTRATION 
TENSOR TO NONLOCAL CONTINUUM THEORIES  
 

The nontraditional thermodynamic pair (the chemical potential tensor and the 
concentration tensor) were introduced in the pioneering studies by Pidstryhach 
(spelled also Podstrigach). Eliminating the chemical potential tensor and the 
concentration tensor from the constitutive equations for the stress tensor, 
Pidstryhach obtained the space-time-nonlocal equation for the stress tensor. In this 
survey, we discuss the development of Pidstryhach’ scientific ideas. 

Key words: chemical potential tensor, concentration tensor, nonlocal theory of 
elasticity, integrals and derivatives of fractional order. 

 
Introduction. The outstanding Ukrainian scientist Academician Yaroslav 

Stepanovych Pidstryhach (spelled also Podstrigach) had wide range of re-
search interests. He was the author of fundamental works on nonequilibrium 
thermodynamics, thermomechanics, thermodiffusion in elastic solids, surface 
effects, mechanics of bodies with coatings, nonlocal theory of elasticity and so 
forth. His ideas on interaction of fields of different physical natures were used 
in solving many practical problems of modern engineering.  

The classical theory of heat conduction dates back to 1822 when Fourier 
[67] postulated the famous Fourier law. A few years later, Fourier’s disciple 
Duhamel coupled the temperature field and the solid deformation [54] and 
pioneered studies on thermoelasticity. The Duhamel–Neumann equation [54, 
88] states that stresses in a solid depend not only on strains but also on the 
temperature field. Coupling of temperature and strains in the heat conduction 
equation was set up by Biot [47] using irreversible thermodynamics. The 
Fourier law is a phenomenological law which states the proportionality of the 
flux to the gradient of the transported quantity. Similarly, the Fick law [66] in 
the theory of diffusion states the linear dependence between the matter flux 
and the concentration gradient. The idea of matter redistribution during 
deformation was proposed by Gorsky [70]. This idea was used as the basis for 
the diffusion theory of elastic aftereffect and was developed by Konobeevsky 
[11] and Fastov [44]. The modern theory of thermodiffusion in a deformable 
solid based on the methods of continuum mechanics and irreversible 
thermodynamics was formulated by Pidstryhach [18–21, 36] and was 
developed by Nowacki [91, 92].  

1. The chemical potential tensor and the concentration tensor. New 
nontraditional thermodynamic pair (the chemical potential tensor   and 
the concentration tensor c ) was introduced in the pioneering studies of 
Pidstryhach [18, 20, 33, 34] (see also [37, 39, 121]). The corresponding Gibbs 
equation was written as 

 1 : :df sdT d d= − + +
ρ

e c  . (1) 

Here f  is the free energy density, s  is the entropy density, T  denotes 
temperature, ρ  stands for the mass density,   is the stress tensor, e  is the 
strain tensor, the colon symbol denotes the double inner product.  

The chemical potential tensor appears naturally in the theory of elastic 
mixtures proposed by Bowen [48–50] and developed in many subsequent 
studies (see, for example, [45, 51, 133]): 
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where the index in parentheses refers to the k th component of a mixture, 

( )k  is the partial stress tensor, I  stands for the unit tensor.  

When ( ) ( )k kp= − I , where ( )kp  is the pressure, the expression (2) re-

duces to the usual scalar chemical potential 

 ( )
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k k
k

p
fϕ = +

ρ
 (3) 

The tensorial character of the chemical potential means that for solids 
the work of bringing the substance into volume depends on the direction. 
Similarly, the tensorial nature of the chemical potential can be associated with 
the crystal growth direction [129].  

The concentration tensor c  was connected with the anisotropic mass 
distribution [34] and with microscopic deformation [23, 28], was interpreted as 
the mass displacement tensor [116, 117, 119, 120]. A point defect in elastic 
continuum is described by the volume force 

 ( ) ( )= − ⋅ δF r a r , (4) 

where a  is a force dipole tensor [65, 81], ( )δ r  is the Dirac delta function,   
denotes the gradient operator. Such elastic dipoles give rise to dia- and 
paraelasticity and after averaging can be treated as the concentration tensor 
c  [41]). For isotropic point defects a=a I  the averaging procedure resulting 
in the scalar concentration c  was described by Kosevich and Kovalev [12]. 
The averaged tensor of elastic dipoles [81], in the mechanics of continuum 
medium can be viewed as a tensor state parameter – the analogue of the 
usual scalar concentration of dissolved substance.  

Now we recall the main result of the paper [28]. Suppose that the 
principle of local equilibrium is fulfilled for each component of many-
component deformable solid 

 ( ) ( ) ( ) ( ) ( )
( )

1 : ,       1,2, ,k k k k k
k

df s dT d k N= − + =
ρ

e … , (5) 

According to Eringen [62], in the linear approximation the partial strain 
tensor ( )ke  can be splitted into two parts 

 ( ) ( )k k= +e e  , (6) 

where e  is the strain of the mass center, ( )k  is the strain connected with 

microstructure. Hence, 

 ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ): :k k k k k k k kdf s dT d dρ = − ρ + +e   . (7) 

By summing over k  from 1 to N  and assuming that 

 (1) (2) ( )NT T T T= = = =… , (8) 

 ( ) ( ) ( ) ( ) ( )
1 1 1

,      ,      
N N N

k k k k k
k k k

f f s s
= = =

ρ = ρ ρ = ρ =∑ ∑ ∑  , (9) 

we get 

 ( )
( ) ( ) ( )

( )1

1 1: :
N

k
k k k

kk

df sdT d f d
=

 
= − + + ρ − ρ ρ ρ 

∑e I


  . (10) 

If we introduce the chemical potential tensor ( )k  according to the expression 
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(2) and define the concentration tensor ( )kc  as 

 ( )
( ) ( )

k
k kd d

ρ
= −

ρ
c  , (11) 

we arrive at the Gibbs equation 

 ( ) ( )
1

1 : :
N

k k
k

df sdT d d
=

= − + +
ρ ∑e c   (12) 

postulated by Pidstryhach. 
In the nonlinear case, the chemical potential tensors connected with 

various stress tensors (Piola – Kirchhoff, Cauchy) were used by Grinfeld [3–5, 
72, 73] as a foundation for investigation of phase equilibria in elastic media. 
Samohýl and Pabst [124] also employed the chemical potential tensor to study 
phase equilibrium of materials with arbitrary symmetry. The theory of 
chemoplasticity, based on invariants of the stress and chemical potential 
tensors, was proposed in [14–17]. The tensorial character of the chemical 
potential in the mechanochemistry was discussed by Rusanov [116, 117]. The 
interested reader is also referred to the review papers [118, 119], where 
historical background and additional references can be found. The role of the 
chemical potential can also be played by the Eshelby tensor, see [85, 93, 122–
125, 139]. The chemical potential tensor was usefully employed in many 
subsequent studies (see [6–10, 27, 42, 43, 135], among others). The tensor 
character of the considered thermodynamic quantities is usually much more 
pronounced in surface thermodynamics [25, 37, 38, 116–120].  

It should be noted that together with the chemical potential tensor   
and the concentration tensor c  other tensorial termodynamic parameters can 
be considered, for example, the enthalpy tensor [28, 52, 139]. Povstenko [28] 
introduced the enthalpy tensor 

 ( )
( ) ( )

( )

k
k k

k
u= −

ρ
h I


, (13) 

where ( )ku  is the inner energy density. The enthalpy tensor is connected with 

the chemical potential tensor by the Legendre transformation 

 ( ) ( ) ( ) ( )k k k ks T= +h I . (14) 

In a Cosserat continuum, along with the chemical potential tensor defined 
by Eq. (2), the couple chemical potential tensor ( )kξ  can be introduced [23, 

29]:  

 ( )
( )

( )

k
k

k
= −

ρ


ξ , (15) 

where ( )k  is the partial couple stress tensor. The partial bend-twist tensor 

( )kæ  can also be splitted into the bend-twist tensor of the mass center æ  and 

the bend-twist tensor ( )k  connected with microstructure 

 ( ) ( )k k= + æ æ . (16) 

The couple concentration tensor ( )k , similarly to (11), can be defined as 

[23, 29]  

 ( )
( ) ( )

k
k kd d

ρ
= −

ρ
  . (17) 
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The adopted terminology is induced by the analogy with the stress tensor 
and the couple stress tensor.  

In parallel with Eq. (4), in a Cosserat continuum with defects modeled by 
volume couples  

 ( ) ( )= − ⋅ δM r b r , (18) 

where b  is a couple dipole tensor, the averaging procedure leads to the 
couple concentration tensor. 

Investigation of heat conduction in media with complex internal structure 
can also lead to further generalizations of the theory. For Cosserat surfaces, 
Green and Naghdi [71] and Rubin [115] introduced the conventional 
temperature and the quantities representing the effects of temperature 
variations along the thickness of a shell-like body. Woźniak [137, 138] 
considered the microtemperature vector; for this quantity Grot [74] obtained 
the corresponding heat conduction equation. The theory of thermoelasticity 
with microtemperatures was intensively studied (see, e.g., [53, 77–79, 126–128, 
132], where additional references can be found). Stuke [130, 131] emphasized 
that under extreme non-equilibrium conditions, for example, in shock waves, 
the temperature and entropy can be described by the second rank tensors. 

2. The nonlocal theory of elasticity. The local dependence of one physical 
quantity (an effect E ) at a point x  at time t  on another physical quantity (a 
cause C ) at the same point and at the same time can be written as  

 ( )[ ]( , , , ) , , ,E x y z t F C x y z t= . (19) 

For materials with time-nonlocality the effect E  at a point x  at time t  
depends on the history of causes at a point x  at all past and present times: 

 
0

( , , , ) ( ) ( , , , )
t

TE x y z t t F C x y z d= γ − τ τ τ∫ [ ] , (20) 

where ( )T tγ − τ  is the time-nonlocality kernel. 

In the case of space-nonlocality the effect E  at a point x  at time t  
depends on causes at all the points x  at time t : 

 ( , , , ) ( ) ( , , , )S
V

E x y z t F C x y z t dx dy dz′ ′ ′ ′ ′ ′ ′= γ −∫ x x [ ]  (21) 

where ( )S
′γ −x x  is the space-nonlocality kernel. 

Space-time-nonlocality means that the effect E  at a point x  at time t  
depends on causes at all the points ′x  and at all the times prior to and at 
time :t  

 
0

( , , , ) ( , ) ( , , , )
t

ST
V

E x y z t t F C x y z dx dy dz d′ ′ ′ ′ ′ ′= γ − − τ τ τ∫ ∫ x x [ ] . (22) 

Here ( , )ST t′γ − − τx x  denotes the space-time-nonlocality kernel. 

Time nonlocality describes memory (history) effects, space nonlocality 
deals with the long-range interaction, represents attempts to extend the 
continuum approach to smaller length scales and to link some aspects of 
lattice mechanics to continuum theories. In the second half of the twentieth 
century, considerable research efforts has been expended to develop the 
nonlocal theory of elasticity and to solve various problems of continuum 
mechanics using this theory. In the case of the theory of elasticity, the strain 
tensor e  is a cause and the stress tensor   is an effect. Assuming the linear 
Hooke law with λ  and µ  being the Lamé constants, the equations above are 
rewritten as 

 ( , , , ) 2 ( , , , ) tr ( , , , )x y z t x y z t x y z t= µ + λe e I , (23) 
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( , , , ) ( ) 2 ( , , , ) tr ( , , , )
t

Tx y z t t x y z t x y z t d= γ − τ µ + λ τ∫ e e I [ ] , (24) 

 ( , , , ) ( ) 2 ( , , , )S
V

x y z t x y z t′ ′ ′ ′= γ − µ +∫ x x e [  

 tr ( , , , )x y z t dx dy dz′ ′ ′ ′ ′ ′+ λ e I] , (25) 

 
0

( , , , ) ( , ) 2 ( , , , )
t

ST
V

x y z t t x y z′ ′ ′ ′= γ − − τ µ τ +∫ ∫ x x e [  

 tr ( , , , )x y z dx dy dz d′ ′ ′ ′ ′ ′+λ τ τe I] . (26) 

The nonlocal moduli ( )T tγ − τ , ( )S
′γ −x x , and ( , )ST t′γ − − τx x  appea-

ring in (24)–(26) depend on parameters proportional to a characteristic time 
ratio and a characteristic length ratio [64]: 

 
Internal characteristic time
External characteristic time

t
T

δ = = , (27) 

 
Internal characteristic length
External characteristic lengthL

ε = =l . (28) 

In Eq. (27) the internal characteristic time t  may be the relaxation time 
or signal travel time between molecules and the external characteristic time T  
may be the duration of applied loads or period of oscillations. In Eq. (28) the 
internal characteristic length l  could be the lattice parameter, granular size or 
molecular diameter and the external characteristic length L  could be the 
wave-length, crack length, body thickness, etc. When 0δ → , the memory 
disappears. When 0ε → , the space-nonlocality effects are eliminated [64]. 

Eringen ascertained the properties of space-nonlocal kernels ( )S
′γ −x x  and 

found several different forms giving a perfect match with the Born – Kármán 
model of the atomic lattice dynamics and the atomic dispersion curves. In 
particular, Eringen [60] proposed the following nonlocal modulus: 

 
2

3/2
1( ) exp

48( )
S

′− ′γ − = − ζ πζ

x x
x x , (29) 

where ζ  is an appropriate constant connected with a characteristic length 
ratio. 

The essentials of the nonlocal theory were established by Podstrigach 
[35], Kröner [82], Eringen [58, 59, 64], Edelen [55] and Kunin [13, 83, 84]. The 
space-nonlocal theory reduces to the classical theory of elasticity in the long-
wavelength limit and to the atomic lattice theory in the short-wavelength 
limit. The nonlocal theory is effective in removing nonphysical singularities 
occurring at point defects [30], dislocations [22, 26, 31, 32, 56, 61, 96], 
disclinations [26, 101, 107], points of applications of singular forces [26, 95, 
106], cracks [46, 57], etc. [24, 99, 100, 103].  

3. The nonlocal theories of heat conduction and diffusion. The classical 
theory of heat conduction is based on the local Fourier law [67], which relates 
the heat flux vector q  to the temperature gradient 

 Tk T= −q  , (30) 

where Tk  is the thermal conductivity of a solid. From a mathematical 
viewpoint, the Fourier law [67] in the theory of heat conduction and the Fick 
law [66] in the theory of diffusion, 
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 k c= −J  , (31) 

where J  is the matter flux, c  is concentration, and k  denotes the diffusion 
conductivity, are identical. 

The classical heat conduction and diffusion equations based on the 
Fourier and Fick laws, respectively, are quite acceptable for different physical 
situations. However, many theoretical and experimental studies testify that in 
media with complex internal structure (porous, random and granular 
materials, semiconductors, polymers, glasses, etc.) the standard parabolic 
equations are no longer sufficiently accurate. Nonclassical theories, in which 
the Fourier law and the Fick law as well as the standard heat conduction and 
diffusion equations are replaced by more general equations, constantly attract 
the attention of researchers. Some of these generalizations were formulated in 
terms of heat conduction, others in terms of diffusion. In this paper, we will 
discuss diffusion, but it is obvious that the discussion also concerns heat 
conduction.  

The general time-nonlocal generalization of the Fick law (the Fourier 
law) was considered in [75, 89, 90]. This constitutive equation can be written 
as 

 
0

( , , , ) ( ) ( , , , )
t

Tx y z t k t c x y z d= − γ − τ τ τ∫J  . (32) 

Similarly, 

 ( , , , ) ( ) ( , , , )S
V

x y z t k c x y z t dx dy dz′ ′ ′ ′ ′ ′ ′ ′= − γ −∫J x x  , (33) 

 
0

( , , , ) ( , ) ( , , , )
t

ST
V

x y z t k t c x y z dx dy dz d′ ′ ′ ′ ′ ′ ′ ′= − γ − − τ τ τ∫ ∫J x x  . (34) 

Eringen [63] considered the space-nonlocal constitutive equation (33) with 
the exponential kernel ( )S

′γ −x x . The particular case of the time-nonlocal 

constitutive equation (32) with the “long-tail” power kernel [97, 98, 111, 113] 

 1

0

( , , , ) ( ) ( , , , ) ,        0 1
( )

t
kx y z t t c x y z dα −= − − τ τ τ < α ≤

Γ α ∫J  , (35) 

 2

0

( , , , ) ( ) ( , , , ) ,    1 2
( 1)

t
kx y z t t c x y z dα −= − − τ τ τ < α ≤

Γ α − ∫J  , (36) 

where ( )Γ α  is the gamma function, can be interpreted in terms of fractional 
integrals and derivatives 

 1
RL( , , , ) ( , , , ),        0 1x y z t kD c x y z t−α= − < α ≤J  , (37) 

 1( , , , ) ( , , , ),         1 2x y z t kI c x y z tα −= − < α ≤J  , (38) 

and results in the diffusion equation with Caputo fractional derivative 

 ,         0 2c a c
t

α

α
∂ = ∆ < α ≤
∂

. (39) 

Recall the basic notions of the fractional calculus [2, 40, 69, 80, 94]. The 
Riemann – Liouville fractional integral is introduced as a natural gene-
ralization of the repeated integral written in a convolution type form: 

 1

0

1( ) ( ) ( ) ,         0
( )

t

I f t t f dα α −= − τ τ τ α >
Γ α ∫ , (40) 

The Riemann – Liouville derivative of the fractional order α  is defined 
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as left-inverse to the fractional integral ( )I f tα : 

 1
RL

0

1( ) ( ) ( ) ,         1
( )

tn
n

n
dD f t t f d n n

ndt
α −α − = − τ τ τ − < α < Γ − α ∫ . (41) 

The Caputo fractional derivative is introdused as 

 1
C 0

( ) ( )1( ) ( ) ,    1
( )

nt n
n

d f t d f
D f t t d n n

ndt d

α
α −α −

α
τ≡ = − τ τ − < α <

Γ − α τ∫ . (42) 

Fractional calculus has many applications in physics, geophysics, geology, 
chemistry, rheology, engineering, bioengineering, medicine and finance (see, 
for example, [76, 86, 87, 94, 134, 136], among others). Theories of thermo-
elasticity based on time-, spase- and space-time-fractional heat conduction 
equations were proposed in [97, 98, 112–114]; theory of diffusive stresses 
based on fractional diffusion equation was suggested in [102]. Many problems 
in the framework of these theories were solved by the author (see [104, 105] 
and the references therein). The author research in the field of fractional heat 
conduction (diffusion) and fractional thermoelasticity was summed up in 
monographs [108] and [110]. 

4. From the chemical potential and concentration tensors to nonlocal 
theory of elasticity. In the pioneering paper [35], Pidstryhach started from 
the diffusion equation arising in his theory 

 1 22 (tr )a a
t

∂ρ = ∆ + ∆
∂
c I   (43) 

with the corresponding diffusion coefficients 1a  and 2a  and splits it into the 
mean and deviatoric parts 

 1 2
(tr ) 23 (tr ),      

3
a a a a

t
∂

ρ = ∆ = +
∂

c  , (44) 

 1
(dev )

2 (dev )a
t

∂
ρ = ∆

∂
c  . (45) 

Using the new nontraditional thermodynamic pare (the chemical potential 
tensor   and the concentration tensor c), Pidstryhach obtained the state 
equations for the stress tensor (written in terms of the mean stress and the 
deviatoric stress): 

 1 tr tr tr
3

Kϕ ϕ= −e æ , (46) 

 dev 2 dev 2 devϕ ϕ= µ − γe   (47) 

and 

 1 tr tr tr
3 c cK= −e c æ , (48) 

 dev 2 dev 2 devc c= µ − γe c  (49) 

with corresponding material constants ,Kϕ  ϕµ , ,cK cµ , ϕκ , ϕγ , cκ , and cγ . 

If we apply the Laplace operator to the both sides of (46) and (47), 
differentiate (48) and (49) with respect to time and insert the obtained results 
into the diffusion equations (44) and (45), we get 

 
(tr ) (tr )

(tr ) 3 (tr ) cp K pK
t tϕ

∂ ∂ ∆ − = ∆ − ∂ ∂ 
e

e
 , (50) 

 
(dev ) (dev )

(dev ) 2 (dev ) cq q
t tϕ

∂ ∂ ∆ − = µ ∆ − µ ∂ ∂ 
e

e
 , (51) 
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where 

 
1

,        
3 2c c

p q
a a

ϕ ϕρ ργ
= =

γ
æ
æ

. (52) 

Pidstryhach solved the diffusion equations (50) and (51) in infinite solid under 
appropriate initial conditions using the Laplace transform with respect to time 
and the triple Fourier transform with respect to the spatial coordinates and 
obtained the space-time-nonlocal dependence between the stress tensor and 
the strain tensor 

 ( )
0

3( )
tr 3 tr ( , , , )

t
c

c p

K K
K K x x y y z z t

p

∞ ∞ ∞
ϕ

−∞ −∞ −∞

−
′ ′ ′= + − − − − τ ×∫ ∫ ∫ ∫e  

 tr ( , , , )x y z dx dy dz d′ ′ ′ ′ ′ ′× τ τe , (53) 

 ( )
0

2( )
dev 2 dev ( , , , )

t
c

c qK x x y y z z t
q

∞ ∞ ∞
ϕ

−∞ −∞ −∞

µ − µ
′ ′ ′= µ + − − − − τ ×∫ ∫ ∫ ∫e  

 dev ( , , , )x y z dx dy dz d′ ′ ′ ′ ′ ′× τ τe , (54) 

where the space-time-nonlocality kernel ( ) ( , , , )pK x y z t  had the following form: 

 
2 2 2 2 2 25/2

( ) ( , , , ) 3 exp
2 2 4p

x y z x y zp
K x y z t p p

t t t
+ + + +     = − − −     

     
. (55) 

The kernel ( ) ( , , , )qK x y z t  is obtained from ( ) ( , , , )pK x y z t  by substituting p  by 

q . It should be emphasized that Eringen [60] postulated the exponential 
space-nonlocal kernel (29), whereas Pidstryhach [35] derived the exponential 
space-time-nonlocal kernel (55) from his theory of diffusive stresses. 

In the case of time-fractional counterpart of the diffusion equations (44) 
and (45) for the mean and deviatoric parts,  

 
(tr )

3 (tr )a
t

α

α

∂
ρ = ∆

∂
c  , (56) 

 1
(dev )

2 (dev )a
t

α

α

∂
ρ = ∆

∂
c  , (57) 

the Pidstryhach result was generalized in [109]. For details the interested 
reader is referred to this paper. Here, we present only the final expression for 
the kernel ( ) ( , , , )pK x y z t : 

 
2

( ) 1 2 2 2
( , , , )

2
p

p
K x y z t

t x y zα +

π
= − ×

+ +
 

 
2 2 2

/2
, ;

2
x y z

W p
tα
+ + α× − − α − 

 
. (58)  

The Wright function ( , ; )W zα β , which plays the important role in fractional 
calculus, is defined by the series representation [1, 68, 80, 94] 

 
0

( , ; ) ,        1,      
! ( )

k

k

zW z
k k

∞

=

α β = α > −
Γ α + β∑ z ∈ C , (59) 

and is a generalization of the exponential function and the Bessel functions. In 
particular, we have [94]: 
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 (0,1; ) zW z e= , (60) 

 
21 1 1, ; exp

2 2 4
zW z   − − = −   

   π
, (61) 

 
2

01,1; ( )
4
zW J z − = 

 
, (62) 

 
2

01,1; ( )
4
zW I z  = 

 
. (63) 

Using (61) and the formula for derivative of the Wright function [1] 

 
( , ; )

( , ; )
dW z

W z
dz
α β = α α + β , (64) 

we obtain that for the parabolic diffusion equation ( 1α = ) the kernel (58) 
coincides with the Pidstryhach kernel (55). 
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ВІД ТЕНЗОРА ХІМІЧНОГО ПОТЕНЦІАЛУ І ТЕНЗОРА КОНЦЕНТРАЦІЇ ДО 
НЕЛОКАЛЬНИХ ТЕОРІЙ СУЦІЛЬНОГО СЕРЕДОВИЩА  
 
Нетрадиційна термодинамічна пара (тензор хімічного потенціалу і тензор 
концентрації) була введена у піонерських дослідженнях Підстригача. Виключивши 
тензор хімічного потенціалу і тензор концентрації з конститутивних рівнянь 
для тензора напружень, Підстригач отримав для тензора напружень нелокальні 
рівняння за часом і простором. У статті розглядається розвиток наукових ідей 
Підстригача.  

Ключові слова: тензор хімічного потенціалу, тензор концентрації, нелокальна 
теорія пружності, інтеграли і похідні дробового порядку. 

 
ОТ ТЕНЗОРА ХИМИЧЕСКОГО ПОТЕНЦИАЛА И ТЕНЗОРА КОНЦЕНТРАЦИИ 
К НЕЛОКАЛЬНЫМ ТЕОРИЯМ СПЛОШНОЙ СРЕДЫ  
 
Нетрадиционная термодинамическая пара (тензор химического потенциала и 
тензор концентрации) была введена в пионерских исследованиях Подстригача. 
Исключив тензор химического потенциала и тензор концентрации из конститу-
тивних уравнений для тензора напряжений, Подстригач получил для тензора 
напряжений нелокальные уравнения по времени и пространству. В обзоре рас-
сматривается развитие научных идей Подстригача.  

Ключевые слова: тензор химического потенциала, тензор концентрации, нело-
кальная теория упругости, интегралы и производные дробного порядка. 
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