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SHORT-RANGE ORDER AND CORRELATION EFFECTS IN SOLID 

SOLUTIONS 

Z. A. Matysina,1 S. Yu. Zaginaichenko,2 M. T. Gabdullin,3  UDC 541.16:546.3 
D. V. Shchur,2 and D. A. Zaritskiy1 

The results of statistical theory in quasichemical approximation of long- and short-range atomic ordering in 
ternary substitutional solid solutions АВ3 + С with a face-centered cubic (FCC) lattice L12 of a Cu3Au type 
suggesting that atoms С are arranged in the sites of both types legal for atoms А and В are given. For 
particular cases, the formulas of the parameters characterizing short-range ordering depending on the 
temperature, the alloy composition, the degree of long-range order, and the energy constants are given. The 
character of their functional dependences is determined, the graphs are constructed. The calculation results 
correlate with the experimental data published. 

Keywords: statistical theory, quasichemical method, ternary substitutional solid solutions, correlation 
parameters, long- and short-range order, energy parameters of interatomic interaction. 

INTRODUCTION 

Physical properties of alloys are predetermined by the chemical nature and concentration of their components, 
structure, strains, presence of defects, such as heterogeneity of their composition, antiphase boundaries, vacancies, 
admixture atoms and atomic order, long-, short-range, or local, and such external factors as temperature and pressure 
[1–12]. At that, atomic orders are formed, altered, and transformed depending on temperature, its increase or decrease, 
and with the course of time. It is found that short-range atomic order influences electrical, magnetic, galvanomagnetic, 
thermal, mechanical, and other properties as well as the long-range one. However, the direction of the change in these 
physical properties may be either the same as at long-range ordering or different, i. e. the opposite one. This causes 
some peculiarities in functional dependences of various physical characteristics of alloys associated with establishment 
or decay of short-range ordering. 

The addition of various kinds of admixtures to an alloy may lead to some changes in the properties of the latter. 
Therefore, doping of ordering alloys can be successfully used in the preparation of alloys with predetermined 
properties. 

The aim of this work is to study short-range ordering and clarify the nature of the dependences of short-range 
order parameters on the temperature, the degree of long-range order, the composition and the energy constants in binary 
and ternary solid solutions with FCC lattice L12 of a Cu3Au type. 
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1. LONG-, SHORT-RANGE, AND LOCAL ATOMIC ORDER 

Long-range ordering in alloys is characterized by regular alternation of atomic arrangement in crystal lattice 
sites, when the lattice formed is periodic, and the atoms of each type take specific sites legal for them. Long-range order 
parameter of alloy АВ3 of the composition а, b is determined by formula 

  (1)4
η

3 A aP  , (1) 

where (1)
AP  is a priori probability of substitution of the first type site by an atom of type А. 

Short-range order can be determined by a parameter characterizing the surrounding of each atom by other 
atoms of different types. In case of the absence of long-range order for the nearest atomic pairs, it can be determined by 
formula 

 σ = 2PAB – 1 = 2PA(B)PB – 1 = 2PB(A)PA – 1,  (2) 

where РАВ is a posteriori probability of the nearest sites filling, which are equivalent at η = 0, by atoms А and В, Рα(β) is 
the probability of substitution of a site by atom α, if atom β is in the nearest site (α, β = А, В). σ may range 0 ≤ σ ≤ 1 
depending on the temperature.  

Short-range order can be characterized by a correlation parameter, which at η = 0 is equal to 

 ε = εAB = PAB – ab. (3) 

The values η, σ, and ε are interrelated. In a particular case of stoichiometric alloy with а = b = 0.5, in which the 
sites of each type are completely surrounded by the sites of the second type, this interrelation is determined by a simple 
formula 

 σ = 2 + 4εAB, (4) 

which shows that in case of zero long-range order, the degree of short-range order is determined by correlation, i.e. 
short-range ordering can be characterized by both parameters σ, and ε.  

In experimental studies in literature, for disordered alloys, they sometimes use short-range order parameter γ 
equal to 

 
( ) ( )

1AB A B
AB

P P B a P A b

ab a b ab

               
 

, (5) 

which in various sources is used under (+) or (–). 
Local order is considered for inhomogeneous alloys, when the system contains microdomains (domains or 

clusters) different in both the composition and the parameters of long- and short-range order. In a particular case, the 
presence of А–В clusters of two types in the alloy at η = 0, the parameter of local order is determined by formula [1] 

 α = γ1 +(1 – γ0), (6) 

where 

 1
N a b N a b

Nab

         
  , 0

N a b N a b

Nab

     
  , (7) 
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and values ,  , , N a b    , as well as those with two strokes, determine the number of atoms, the concentrations of 

components А, В, and the degree of short-range order in a set of clusters of each type; at that,  

 a a a   , b b b    and 1a b  . (8) 

Clusters may also possess long-range order, which will also vary in clusters of different types. It is also 
possible that clusters with different long-range orders float in a matrix with short-range order. 

With the course of time and changes in temperature and composition of alloys, atoms are rearranged and their 
ordering type and character are reformed. The degree of short-range order may decrease or increase, approaching the 
equilibrium value, the nature of clustering of the nearest atoms of different or similar types may change: i.e. a tendency 
to ordering or decay appears with a change in the sign of the short-range order parameter; intermediate state between 
short- and long-range orders is also possible. These processes may lead to the formation of local order: the appearance 
of microdomains (domains or clusters) different in the composition and the degree and type of short- and long-range 
ordering and the emergence of cross-domain boundaries. In the course of the domains’ growth, they can absorb, merge, 
and, as a result, the transition from local to short-range order may occur. These processes determine the appearance of 
“anomalies” in functional dependences of the alloys’ physical properties. 

2. EXPERIMENTAL CORRELATION OF SHORT-RANGE ATOMIC ORDERING WITH PHYSICAL 
PROPERTIES OF THE ALLOYS 

Figures 1 and 2 show literature experimental graphs of some physical properties depending on temperature, 
annealing time, and composition of various binary and ternary alloys manifesting short-range and local ordering [1–14]. 

The figures demonstrate the diversity of functional dependences of physical properties of the alloys: growth, 
decline, minimum or maximum extremes, retrograde graphs, the presence of bends, exo- and endo-peaks, which is 
caused by the development in the process of temperature change or with the course of time of short-range ordering. 

With increasing temperature, or in the process of kinetics, short-range order may appear, develop, and further 
decay; grains (clusters) of a new shape, clusters with different short-range orders, clusters with a superlattice structure, 
clusters in an intermediate state between long- and short-range order, or clusters with long-range order floating in 
a matrix with short-range order or disorder may appear. 

3. RESULTS OF THE THEORY 

In order to solve the problem mentioned, free energy of alloy АВ3 of FCC-structure L12 with an admixture of 
component С was calculated. The calculation was performed within the quasichemical approximation [15], which 

allows to determine free energy with an accuracy of order of terms  3/w kT  (w stands for the alloy atoms’ mixing 

energy), takes into account correlation, explains a significant number of experimental facts, and at the same time is 
simpler than other methods giving similar accuracy. We will take into account pair interaction of the nearest 
neighboring atoms, considering them independent “molecules”. The crystal lattice will be considered geometrically 
perfect, disregarding its possible distortions. We assume that the parameter of the lattice, and hence the energy of 
interatomic interaction, are not dependent on the alloy composition. We take into account possible location of atoms of 
admixture С in the sites of both types legal for atoms А and В. 

Free energy of the alloy F was calculated using the known formula [16, 17] 

 F = E – kTlnW, (9) 

where Е is the configuration part of the internal energy of the alloy, determined by the sum of the energies of interaction 
of the nearest atom pairs, W is the thermodynamic probability, i. e. the number of energetically distinct configurations 
of atoms in crystal lattice sites, k is the Boltzmann constant, and Т is the absolute temperature. 
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                      12 12 22 12 12 22 12 12 222 υ 2 υ 2 υAB AC BCAB BA AB AC CA AC BC CB BCP P PP P P P P P           

                        12 12 22 22 12 12 22 22 12 12 22 22
012 ln ln ln ln ln lnBB BB BB BBAA AA AA AA CC CC CC CCkTN P P P P P P P P P P P P     
   

                        12 12 12 12 22 22 12 12 12 12 22 22ln ln 2 ln ln ln 2 lnAB AB BA BA AB AB AC AC CA CA AC ACP P P P P P P P P P P P        (10) 

            12 12 12 12 22 22ln ln 2 lnBC BC CB CB BC BCP P P P P P   
   

 
                       1 1 2 2 1 1 2 2 1 1 2 2

011 ln 3 ln ln 3 ln ln 3 lnB B B BA A A A C C C CkTN P P P P P P PP P P P P      
  , 

is obtained, where  ij
P  represent conditional probabilities of substitution of the sites of type i, j = 1, 2 by atoms of type 

,  = А, В, С, 

  1 3

4A aP    ,       1 1 23 3

4 4B C CbP P P    ,  2 1

4A aP    ,       2 1 21 1

4 4B C CbP P P    ,   (11) 

k is the Boltzmann constant, Т is the absolute temperature, and υ(,  = А, В, С) is the energies of electrochemical 
interaction of the nearest atom pairs. 

As we see, free energy is a function of temperature, a priori and a posteriori probabilities, the alloy 
composition, and the degree of long-range order, as well as the energy parameters. Free energy is minimal in the state of 
thermodynamic equilibrium. On condition that free energy is minimal, we can determine the equilibrium values of 

probabilities  ij
P , which will make it possible to study the correlation parameters of an ordering alloy depending on its 

composition, temperature, the degree of long-range order, and the energy constants. In a general case, the solution to 
this problem encounters some mathematical difficulties. The problem was solved for particular cases. Let us write down 
some results. 

A posteriori probabilities ( ),   ( )A BP c P c  in case of  = 0, c << 1, and а = 0.25 are obtained as follows 

 

11
1 2

2

1
2

1 3exp 1 3exp
( ) 1 exp

2
1 3exp 1 exp

AB AB

BC AC
A

AB AB

w w
w wkT kT

P c
kTw w

kT kT


                      
                   

, 

(12) 
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where 

  w = 2υ – υ – υ(,  = А, В, С)  (13) 

are the energies of the atom pairs’ АВ, АС, ВС mixing.  
At а = 0.5, the formulas for ( ),   ( )A BP c P c  take a simpler form 

  
exp

2

exp exp
2 2

AC

A
AC BC

w

kTP c
w w

kT kT




, 
exp

2( )
exp exp

2 2

BC

B
AC BC

w

kTP c
w w

kT kT




.  (14) 

These conditional probabilities characterize the correlation in the filling of the nearest sites by atoms’ pairs АС 
and ВС depending on the temperature and the energy parameters, i. e. determine short-range ordering or the character of 
neighborhood (attraction or repulsion) of corresponding pairs of atoms АС, ВС. At that, realization of pairs АС, as 
compared to ВС ones, is more probable at 0AC BCw w  , and, vice versa, formation of pairs ВС is more probable at 

AC BCw w . 

Correlation parameters ε(12), ε(22) in case of b = 3a and c << 1 are found in the following form: 

 

 
       

                

 
   

        

1 1 2 2

12

1 2 1 2 1 2 2 1

2 2 2 2

22

2 2 2 2 2 2

2 exp 1
,   

exp

2 exp 1
,

exp 2

AB
B BA A

AB
B B B BA A A A

AB
BA

AB
B BA A

w
P P P P

kT
w

P P P P P P P P
kT

w
P P

kT
w

P P P P
kT

  
  

   

  
  

   

  (15) 

where 

  

     

 

1
22 2(2) (1) (1) (1) (2) (2) (1) (2)

1
22(2) (2) (2) (2)

2
exp 2 exp ,

2
exp 4 exp .

AB AB
B B BA A A A A

AB AB
B BA A

w w
P P P P P P P P

kT kT

w w
P P P P

kT kT

         

      

  (16) 

Taking into account equations (11), these formulas determine the dependence of correlation parameters for pairs of the 
nearest atoms АВ of ternary alloy А–В–С (с << 1) on the temperature, the concentration of component С, the degree of 
long-range order η, and the energy constants ,  AB BC ACw w w . Equations (15) at с = 0 coincide with the 

corresponding formulas for a binary alloy [18].  
In a disordered binary alloy, correlation parameters are equal to each other: 
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2 2

12 22
1

22 2 2

2 exp 1

2
exp 4 exp exp 2

AB

AB AB AB

w
a b

kT

w w w
a b ab a b

kT kT kT

  
      

       

.  (17) 

If the temperature is so high that wAB/kT << 1, then, expanding equation (17) in a series with respect to a small 

quantity wAB/kT, we obtain the formula for the correlation parameter ε of the disordered alloy 

 2 2 ABw
a b

kT
  , (18) 

which shows, that the dependence of ε on the inverse temperature is linear, while the dependence of ε on the alloy 
composition is parabolic with an extremum at a = b (maximum at wAB > 0 and minimum at wAB < 0). 

Due to the bulkiness of formulas (12), (16), and (17), they were analyzed by numerical methods. 
Formulas (12)–(17) obtained for a posteriori probabilities and correlation parameters make it possible to study 

changes in short-range order in a binary alloy upon adding an admixture of the third component. 
The character of concentration dependence of parameters γАС, γВС in the substitution of the nearest sites of the 

lattice by a pair of atoms АС, ВС in a ternary alloy, obtained by adding the third component С to binary alloy АВ of 
equiatomic composition а = b at kT >> w (,  = A, B, C), is determined by the following formula:  

 0 0,    
2 2AC BC
w ww w

a ac a ac
kT kT kT kT

       ,  (19) 

where 

  0 AC BCw w w  , 2 2AB AC BCw w w w    .   (20) 

In accordance with formulas (19), the concentration dependences γАС(с) and γВС(с) can be monotonous or 
extreme, depending on the ratio between energy parameters w0 and w (20). 

In a particular case of b = 3a at kT >> w (,  = A, B, C), the parameter γАВ takes the following form: 

  2
1 2 3

1
AB w w c w c

kT
    , (21) 

where 

 1 2 3
3 1 3 1 1 3 1

,   ,   3
16 2 4 2 2 4 2AB AB AC BC AB AC BCw w w w w w w w w w

            
   

.  (22) 

A parabolic dependence of the short-range order parameter γАВ on the concentration of admixture С was 
obtained, which also can be extreme depending on the numerical values of energies wi (i = 1, 2, 3) (22). 

Fig. 3 shows calculated graphs of short-range order parameters, constructed according to formulas (14)–(22) 
depending on the temperature, the parameter of long-range order, and the concentrations for the following data: 

a – с = 0,  = 0, wAB = 0.0125 eV, а = 0.2, 0.3 (curves 1 and 2); 
b – с = 0,  = 0, kT >> wAB;  
c – a = 0.5, c << 1,  = 0, wAC – wBC = 0.08 eV; 

d – b = 3a, c = 0.05, wAB/kT = 1.22, (wBC – wAC)/kT = 0.01; 
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e – b = 3a, c = 0, 0.05, 0.1 (curves 1, 2, 3), wAB/kT = 1.114, (wBC – wAC)/kT = –0.018; 
f – a = b, kT >> wAB, wBC, w0 = 0.4, w = 0.8 (solid curves), 






(23)
w0 = 0.4, w = 0.2 (dashed curves), 

, kT, 
g – a = b, kT >> wAB, wАC, wBC, w0 = 0.4, w = –0.8 (solid curves), 
w0 = 0.4, w = –0.2 (dashed curves), 
h – b = 3a, kT >> wAB, wАC, wBC, w1 = 0.015, w2 = –0.045, w3 = –0.145, 
kT = 0.08 and 0.16 (curves 1 and 2), eV. 

 

CONCLUSIONS 

Thus, the statistical theory developed with the use of quasichemical method made it possible to establish the 
dependence of short-range order parameters on the temperature, the alloy composition, the degree of long-range order, 
and the range of energy constants for ternary FCC-substitutional alloy 3AB C . 

The calculated values of conditional probabilities P or P(), correlation parameters  
αβε
ij

 or αβε , and short-

range order parameters γ, depending on the temperature, the alloy composition, and the energy constants, determine 
the character of mutual arrangement of the nearest atoms, which can be such that in some cases, there will be a tendency 
to approximation of atoms of different types, which facilitates the process of ordering, while in other cases, on the 
contrary, there will be a tendency to mutual approximation of atoms of similar types, which facilitates the beginning of 
the process of decay into phases of different compositions. In the process of temperature change, or with the course of 
time, or with changing concentrations of components in the entire alloy or in its phases, reorientation of the 
arrangements of different types of atoms and the character of their mutual approximation may occur. Such processes 
will affect physical properties of solid solutions. At that, one can regulate the process of short-range ordering of atoms 
by the appropriate heat treatment or selection of the concentration of admixture С and thereby achieve the formation of 
certain physical properties required from the alloy. 

The calculations conducted and the graphs constructed show the whole variety of the functional dependences of 

values P(),  
αβε
ij

, αβε , and γ determining short-range ordering. Here we deal with increase, decrease, minimum or 

maximum extremes, sign change, i.e. changing tendencies of ordering and decay. The same variety of the graphs’ forms 
is observed in the experiments. Retrograde character of functional dependences is usually caused by the presence and 
re-formation of local order, which has not been studied in the present investigation. 

The remarkable thing is that knowing the energies of pair interaction of atoms υ (for example, from 
independent experiments for binary alloys АВ, АС, ВС), one can predetermine functional dependences of short-range 
order parameters with the help of the obtained formulas or calculate the right amount of admixture С of a certain type to 
regulate the process of short-range ordering and thus achieve the formation of certain physical properties in the alloy. 

If the short-range order parameters are known from the experiments, then the obtained formulas make it 
possible to determine the energy parameters υ of interatomic interactions, which represents a separate academic 
interest. 

The obtained formulas of all the values characterizing short-range ordering can be used to study scattering of 
different types of waves by crystals, including the intensity of incoherent scattering of X-rays in the alloy and the 
influence of substitutional admixture on the changes in the intensity of X-ray scattering, as well as to study resistivity 
and heat capacity of ordering alloys, etc. [19–21]. 

It should be noted that the formation in crystals of local polyatomic systems with short- and long-range 
ordering and their influence on the properties of crystals continue to attract the attention of scientists. For example, in 
[22–28], super-localization of atoms in single-crystals Ni3Ge was studied, atomic ordering of solid solutions containing 
interstitial atoms was investigated; strengthening of heterogeneous FCC-alloys by particles with the superstructure L12 
was evaluated, the generation of interstitial atoms in FCC-crystals was studied, the peculiarities of the formation of 
microstructures in Al2O3 alloys were investigated; general approach to the modeling of polyatomic systems was 



t
m

 

developed; the
that, these pr
mechanical for

 

Fig.
degr
dep
corr
dep
dep
acco
the 
rang
dep
(21)

e parameters o
ocesses manif
rce (press mold

. 3. Calculated
ree of long-ran
endence of the
relation param
endence of a 
endences of t
ording to form
concentration 
ge order param
endence of the
), (22). 

f submicrocrys
fest themselve
ding), and temp

d graphs of s
nge order, and
e correlation p

meter ε on the
posteriori pro

the correlation
mulas (11), (15)
а according to

meters γАС and γ
e short-range o

stal structure o
es under the i
perature chang

short-range ord
d the concentra
parameter ε acc
e concentratio
obabilities PA(
n parameters ε
), and (16), e –
o formulas (11)
γВС on the conc
order paramete

of copper with 
influence of s

ge (roast). 

der parameters
ations for the d
cording to form

on а according
c) and PB(c) 
ε(12) and ε(22) o
– the dependenc
), (15), (16), f
centration с ac
er γАВ on the c

an admixture 
such external 

s depending o
data indicated i
mula (17), b –
g to formula 
according to 
on the degree 
ce of the corre

f and g – the de
ccording to form
concentration с

of aluminum w
factors as el

on the temper
in (23): a – tem
– the dependen

(18), c – tem
formulas (14)
of long-range

elation paramet
ependences of 
mulas (19), (20
с according to

were determin
ectromagnetic 

 

rature, the 
mperature 
nce of the 
mperature 
), d – the 
e order η 
ter ε(12) on 
the short-
0), h – the 

o formulas 

797

ned. At 
field, 



 798

REFERENCES 

1. V. I. Iveronova and A. A. Katznelson, Short-range order in solid solutions [in Russian], GIFML Publishing, 
Moscow (1977). 

2. F. E. Jaumot and A. Sawatzky, Acta Met., 4, No. 2, 118–126 (1956). 
3. F. E. Jaumot and A. Sawatzky, Acta Met., 4, No. 2, 127–144 (1956).  
4. B. M. Korevaar, Physica, 25, No. 7–12, 1021–1032 (1959). 
5. W. Köster and Z. Halpern, Z. Metallkunde, 25, No. 12, 821–825 (1961). 
6. Wei-Kong Chen and M. E. Nicholson, Acta Met., 12, 687–696 (1964). 
7. V. E. Panin, V. P. Fadin, and L. D. Kuznetsov, Phys. Metal. i Metalloved., 19, No. 2, 316–318 (1965). 
8. K. Yu. Shunyaev, M. P. Bogdanovich, and A. N. Men’, Russ. Phys. J., 21, No. 2, 147–152 (1978). DOI: 

10.1007/BF00898473 
9. J. Hillaibet, J. Physique, 46, No. 12, C10-15–C10-22 (1985). 

10. V. I. Lavrent’ev, Phys. Solid State, 40, Iss. 3, 354–357 (1998). DOI: 10.1134/1.1130325 
11. A. A. Katznelson, Soros Educ. J., No. 11, 110–116 (1999). 
12. S. M. Bokoch, N. P. Kulish, Phys. Solid State, 46, Iss. 6, 989–996 (2004). DOI: 10.1134/1.1767231 
13. P. V. Burkov and S. N. Kul’kov, Polzunovskiy Vestnik, No. 2, Part 2, 55–60 (2005). 
14. N. R. Dudova, R. O. Kaibyshev, and V. A. Valitov, Phys. Metals Metallogr., 108, No. 6, 625 (2009). DOI: 

10.1134/S0031918X0912014X 
15. J. M. Cowley, Phys. Rev., 138, No. 5, 1384–1389 (1965). 
16. A. A. Smirnov, Generalized theory of alloys ordering [in Russian], Naukova Dumka Publishing, Kiev (1986). 
17. Z. A. Matysina, S. Yu. Zaginaichenko, and D. V. Schur, The solubility of impurities in metals, alloys, 

intermetallic compounds, and fullerites [in Russian], Nauka I Obrazovaniye Publishing, Dnepropetrovsk 
(2006). 

18. Z. A. Matysina, Molecular-kinetic theory of ordering solid solutions [in Russian], DGU Publishing, 
Dnepropetrovsk (1978). 

19. A. A. Smirnov, The theory of alloys electrical resistance [in Russian], Proceedings of the Academy of Sciences 
of the USSR, Kiev (1960). 

20. M. A. Krivoglaz, The theory of scattering of X-rays and thermal neutrons by real crystals [in Russian], Nauka 
Publishing, Moscow (1967). 

21. F. Reynaud, Phys. Stat. Sol. (a), 72, No. 11, 11–59 (1982). 
22. N. A. Starenchenko, Yu. V. Solovyeva, Ya. D. Fakhrutdinova, and L. A. Valuyskaya, Russ. Phys. J., 55, No. 1, 

69–83 (2012). DOI: 10.1007/s11182-012-9778-5 
23. V. A. Volkov and S. I. Masharov, Russ. Phys. J., 55, No. 9, 1074–1079 (2013). DOI: 10.1007/s11182-013-

9924-8 
24. Т. А. Kovalevskaya, O. I. Daneyko, N. А. Kulaeva, and S. N. Kolupaeva, Russ. Phys. J., 58, No. 3, 343–348 

(2015). DOI: 10.1007/s11182-015-0504-y 
25. V. A. Starenchenko, D. N. Cherepanov, and O. V. Selivanikova, Russ. Phys. J., 58, No. 4, 446–453 (2015). 

DOI: 10.1007/s11182-015-0519-4 
26. A. P. Klishin, S. V. Rudnev, V. I. Vereshchagin, and O. S. Andrienko, Izv. Vyssh. Uchebn. Zaved. Fiz., 58, 

No. 6/2, 106–110 (2015). 
27. V. V. Melnikov, S. N. Yurchenko, P. Jensen, and A. I. Potekaev, Russ. Phys. J., 58, No. 11, 1040–1043 (2015). 

DOI: 10.1007/s11182-015-0608-4. 
28. E. F. Dudarev, A. N. Tabachenko, G. P. Bakach, et al., Russ. Phys. J., 58, No. 11, 1663–1666 (2016). DOI: 

10.1007/s11182-016-0698-7 
 


	INTRODUCTION
	1. LONG-, SHORT-RANGE, AND LOCAL ATOMIC ORDER
	2. EXPERIMENTAL CORRELATION OF SHORT-RANGE ATOMIC ORDERING WITH PHYSICAL PROPERTIES OF THE ALLOYS
	3. RESULTS OF THE THEORY
	CONCLUSIONS
	REFERENCES

