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The thermal motion of atoms and, in other words, thermal fluctuations or 

distortions of crystal lattice caused by this motion lead to a wavy shape of the 

dislocation line both in alloys, where there are dissolved atoms, and in pure 

metals, where there are no such atoms. The wavy shape of the dislocation 

line, in turn, indicates that there are obstacles to the movement of the dislo-
cation in the material. This means the threshold stress to initiate the disloca-
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tion movement could be very probable. In such a way, the dislocation line 

shape can affect the yield strength of the metal or alloy. The interaction of 

thermal fluctuation with a dislocation is considered as kind of ‘push’ into the 

dislocation of an atom in thermal motion. The dislocation-line shape under 

thermal-fluctuations’ action is determined by the discrete dislocation dy-
namics method and in the form of an analytical solution of the differential 
equation for an elastic string with fixed ends. The standard deviation of dis-
location-line points from the straight line and the averaged bulge length un-
der thermal fluctuations action, determined by discrete dislocation dynamics 

and the analytical method, correlate well with each other, confirming the re-
liability of the modelling results. The standard deviation increases in propor-
tion to the square root of the dislocation-line length at constant temperature 

and is also proportional to the square root of the temperature at constant dis-
location-line length. The averaged bulge length, which determines the criti-
cal dislocation-segment length, is directly proportional to the dislocation-line 

length at constant temperature and does not depend on temperature at con-
stant dislocation-line length. 

Key words: dislocation, shear stress, standard deviation, length of the criti-
cal dislocation segment, thermal fluctuations. 

Розглянуто вплив термічних флюктуацій на форму лінії дислокації. Вза-
ємодія термічної флюктуації з дислокацією розглядається як своєрідний 

«поштовх» у неї атому, який перебуває в тепловому русі. Форму лінії дис-
локації під дією термічних флюктуацій визначено, з одного боку, за до-
помогою дискретної дислокаційної динаміки та, з іншого боку, у вигляді 
аналітичного рішення загального диференційного рівняння для пружньої 
струни з закріпленими кінцями. Запропоновано спосіб розрахунку хара-
ктеристик «хвилястости» лінії дислокації, яку викликано термічними 

флюктуаціями. Цей спосіб уможливлює розраховувати стандартний від-
хил точок лінії дислокації від прямої та довжину усередненої випуклости 

на ній. Довжина усередненої випуклости визначає довжину критичного 

сеґмента дислокації. Показано, що характеристики, розраховані аналі-
тичною методою та за допомогою комп’ютерного моделювання методою 

дискретної дислокаційної динаміки, добре корелюють між собою. Визна-
чено також температурні залежності цих характеристик. Стандартний 

відхил пропорційний кореню квадратному з температури, а довжина кри-
тичного сеґмента від температури не залежить. 

Ключові слова: дислокація, зсувне напруження, стандартний відхил, до-
вжина критичного сеґмента, термічні флюктуації. 
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1. INTRODUCTION 

Thermal fluctuations, thermal motions of atoms are present in all ma-
terials. They affect the shape of the dislocation line. This line cannot 

maintain a straight shape under such conditions and becomes wavy [1]. 
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The shape of the dislocation line, in turn, can affect the formation of 

the yield point of a metal or alloy. The yield point is an important me-
chanical characteristic of metal alloys from the point of view of their 

engineering applications. Among various alloys, multicomponent al-
loys can be distinguished as particularly promising [2, 3]. The study of 

solid solution strengthening—the basic mechanism for increasing the 

yield point of such alloys—has been the subject of many works in the 

past [4–12]. In addition, attention has been paid to the temperature 

dependence of the yield point of alloys both theoretically [13–23] and 

experimentally [24–26]. Various aspects of the thermal activation mo-
tion of dislocations and the temperature dependence of the yield point 

were also studied in [27–30]. The calculation of solid solution 

strengthening of multicomponent heat-resistant alloys [31, 32] and 

the determination of crystal lattice distortion [33] are also important. 

Modelling the shear stress field in the glide plane in a substitutional 
solid solution and the movement of dislocations in this field provides 

new opportunities in such studies [34–37]. The temperature depend-
ence of the yield point in an alloy can also be determined in terms of 

two components of the shear stress field in the glide plane [38]. Im-
portant issues in this regard remain the method of determining the pa-
rameters of the shear stress field and the correct description of the de-
pendence of lattice distortion on temperature in a multicomponent al-
loy [39, 40]. 
 The shape of an elastic line, which is fixed at both ends, under the 

action of thermal fluctuations at thermal equilibrium was modelled by 

the method of discrete dislocation dynamics in [1]. In order to investi-
gate the dynamics of the shape change, an initially straight elastic line 

was considered, which then moved under the action of random thermal 
forces in the overdamped regime. The coefficient of resistance to the 

movement of the dislocation was considered directly proportional to 

the temperature, and the time step was equal to 50 fs. The shapes of the 

dislocation line were modelled for temperatures of 300, 600, 900 and 

1200 K. After a sufficient modelling time, the system reached thermal 
equilibrium and the average kinetic energy per each degree of freedom 

became equal to the standard thermodynamic quantity for a given 

temperature, and the velocities of the discrete elements of the disloca-
tion line had a Maxwell distribution. 
 In Ref. [1], the transient dynamics of the dislocation line shape be-
fore reaching thermal equilibrium was also studied. The initial shape 

was a straight line, which gradually transformed under the action of 

thermal fluctuations into a self-similar ‘wavy’ shape. This process was 

characterized by a structure factor, which was defined as the average 

absolute value of the difference in coordinates in the direction perpen-
dicular to the initial line of two discrete dislocation elements located at 

a given distance from each other along this initial line. It is obvious 
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that, for the initial line, this parameter is zero for all distances be-
tween discrete elements along this line. Further, as thermal equilibri-
um approaches, the dependence of this factor on the distance along the 

initial line has two characteristic regions. For small distances, this de-
pendence is approximately a straight line on a double logarithmic 

graph, which corresponds to a self-similar shape. For large distances, 
this parameter reaches a certain value that does not depend on the dis-
tance and essentially determines the width of the ‘wavy’ line in the di-
rection perpendicular to the initial line. This width gradually increases 

with time in the transition period until complete thermal equilibrium 

is achieved. The distance along the initial line along which the transi-
tion between the two characteristic regions occurs also increases under 

these conditions. However, the characteristics of the ‘wavy’ disloca-
tion line under the action of thermal fluctuations in the state of ther-
mal equilibrium, when these characteristics become independent of 

time, were not considered in Ref. [1]. 
 The movement of a dislocation occurs by gradually moving its indi-
vidual critical segments due to the formation and transformation of 

bulges on them [38]. Therefore, the average length and height of the 

bulge on the dislocation as parameters of the critical segment are very 

important for describing the dislocation motion and, mostly, the yield 

strength of the alloy. In an alloy, in a solid solution, these parameters 

determine the effective dimensions of the obstacle created by dissolved 

atoms for such motion [38]. Thermal fluctuations and the distortions 

associated with them also lead to the ‘waviness’ of the dislocation line 

even in the absence of dissolved atoms. Bulges on the dislocation line, 

which are formed due to the thermal motion of atoms, in contrast to 

bulges formed under the action of dissolved atoms, are dynamic, not 

stationary and change with time, but their average length will also de-
termine the length of certain critical segments. It is important that 

this length be determined in a state of thermal equilibrium, when these 

characteristics become independent of time. 
 The goal of this work is to calculate, by analytical method and using 

computer modelling by the method of discrete dislocation dynamics, 
the standard deviation of the points of the dislocation line from the 

straight line and the length of the averaged bulge on it, i.e., the length 

of the critical dislocation segment, in the case of thermal fluctuations, 

and to determine the temperature dependences of these characteris-
tics. 

2. CALCULATION ALGORITHMS 

Consider a dislocation with length l, which is fixed at the ends. We will 
assume that in the glide plane a coordinate system is given, where the 

axis x is directed in the direction of dislocation movement, perpendicu-
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lar to the dislocation line, and the axis z is in the direction of the dislo-
cation line, i.e., parallel to it. We can discretize the dislocation line, i.e., 
represent it as a chain of separate segments with the length of each z 

(z  l), which are parallel to the axis z. We will also assume that each 

segment interacts with neighbouring segments due to the linear ten-
sion force. The equation of motion of such a separate dislocation seg-
ment along the axis x under the action of thermal fluctuations can be 

proposed in a certain approximation in a form similar to the works [1, 

34, 37]: 

 
2

1 1

0 2 2

2
( , )i i i i i

T i

u u u u u
m B f z t

tt z

 
   

   
 

, (1) 

where ui  ui(zi, t) is the displacement from the zero position along the 

coordinate x of the dislocation segment, which has the coordinate of its 

centre zi  zi at the time instant t (ui(zi, t) essentially determines the 

shape of the dislocation line at the time instant t, i  1, 2, , l/z), x is 

the coordinate in the direction of dislocation movement, z is the coor-
dinate in the direction of the dislocation line, xOz is the dislocation 

glide plane, m0 is the effective mass of the dislocation per unit length 

(m0  b
2/2) [1], m0z is the mass of the dislocation segment,  is the 

density of the material, b is the length of the Burgers vector, B is the 

coefficient of resistance to movement (it can be assumed that this coef-
ficient is directly proportional to the temperature T [1], i.e., B  qT, 
where q is the proportionality coefficient, such an assumption simpli-
fies further consideration and gives a good approximation for temper-
atures that are not too close to zero),  is the linear tension of the dislo-
cation line (  Gb2, where  is the coefficient (0    0.5), G is the 

shear modulus), fT(zi, t) is the force per unit length acting on the dislo-
cation segment from the side of atoms that are in thermal motion, in 

the direction of the axis x. This force for each segment at each time 

step t in numerical simulation can be given as [1]: 

 ( , )
T i T i
f z t s Z , (2) 

where 2 /( )
T B

s Bk T z t    is the standard deviation of the force that 

ensures the existence of thermal equilibrium in the system, when the 

energy transferred from the atoms to the dislocation segment is re-
turned back to the atoms due to the viscous resistance of the disloca-
tion motion, Zi is a random variable with a normal probability distribu-
tion and a mean value equal to 0 and a variance equal to 1 (a standard 

normal random variable for each i), kB is the Boltzmann constant. It 

should be noted that (ui1  2ui  ui1)/z2
 is the numerical representa-

tion of the second partial derivative 
2u(z, t)/z

2, which determines the 

curvature of the dislocation line, the shape of which at a certain time is 
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given by the function u(z, t). We also note that we can set t  0.5b/c, 

where /c G   is the velocity of transverse sound vibrations in the 

material. It can be found ui(zi, t) for all segments at a given time if we 

numerically, step by step in time, solve the system of equations (1) for 

the initial conditions ui(zi, 0)  0 and ( ,0) 0i iu z   (i.e., at the beginning 

the dislocation is straight and stationary) and the boundary conditions 

u(0, t)  u(l, t)  0 (i.e., the ends of the dislocation are fixed). This meth-
od of determining the shape of a dislocation line is called the method of 

discrete dislocation dynamics. 
 It is also possible to solve analytically the general differential equa-
tion for the same initial and boundary conditions. The general equation 

will be similar to Eq. (1) for a separate segment, 

 
2 2

0 2 2

( , ) ( , ) ( , )
( , )T

u z t u z t u z t
m B f z t

tt z

  
   

 
, (3) 

and it is very easy to reduce to a standard form: 

 
2

2

2

0

( , ) ( , )
( , ) 2 ( , ) Tu z t f z t

u z t u z t с
z m


   


, (4) 

where   B/2m0, and 0
/c m   is the second definition of the veloci-

ty of transverse sound vibrations in the material. The solution of equa-
tion (4) is sought in the form of 

 
1 1

( , ) ( , ) ( ) sin( / )
n n

n n

u z t u z t u t nz l
 

 

    , (5) 

where un(z, t) is called the n-th fundamental mode of oscillations of the 

elastic line (in our case, the dislocation), n  1, 2,  and un(t) is a solu-
tion of the equation: 

 2
( ) 2 ( ) ( ) ( )n n n n nu t u t u t f t     , (6) 

where n  nc/l and 

 
0 00

( , )2 2
( ) sin

l

T B
n j

f z t qkn T
f t z dz Z

l m l m l t

 
  

 
 , (7) 

where Zj is the standard normal random variable at each time step. 
Further, 

 
0

( ) ( ) ( )

t

n n
u t U t f d     , (8) 

where U(t) the function satisfies the equation 
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 2
( ) 2 ( ) ( ) 0nU t U t U t      (9) 

with initial conditions U(0)  0 and (0) 1U  . Thus, 

 

2 2 2 2

2 2

exp( ) exp( )
( ) exp( )

2

n n

n

t t
U t t

       
 

  
. (10) 

 If we substitute Eqs. (7) and (10) into Eq. (8), we obtain 

 

2 2 2 2

2 2 2 2 2  2

2 2 2 2 1/2

1 2

2 exp( )
( ) 1

4( )

[ [exp( ) exp( )]

[ exp( ) exp( )] ,

B
n n

n

n n n

n n

lk T t
u t Z

n

t t

t t

 
  

    

         

          

 (11) 

where 

2 2

1 n
        and 

2 2

2 n
       , Zn are standard normal 

random variables for each n. It can be seen that for a sufficiently large 

time t due to exp(t) formula (11) simplifies to 

 
2 2

2
( ) B

n n

lk T
u t Z

n


 
. (12) 

 The quantity un(t) is the amplitude of the n-th fundamental mode 

un(z, t), which is a sinusoid with wavelength 2l/n. In fact, for a suffi-
ciently large time t, there is no explicit dependence un(t) on t. In this 

case, the amplitude of the sinusoid will simply be a random variable 

with a normal distribution. Negative amplitude means a change in the 

phase of the sinusoid by  radian. It is easy to prove the correctness of 

formula (12), if we take into account the fact that, under thermal equi-
librium conditions, the average energy of the fundamental mode of the 

elastic line must be equal to kBT/2. The energy of the fundamental 
mode in our case [1] is 

 

2 2

2

0 0

( , ) 2 / sin(2 / )

2 4 / 2

ll

n B B n
n n

u z t k T k TZnz l nz l
E dz Z

z l n l

    
   

  
 . (13) 

 The average energy will accordingly be 

 2 2
1

2 2 2 2

B B B B
n n n

k T k T k T k T
E Z Z       . (14) 

 Thus, the function u(z, t) that determines the shape of the disloca-
tion line under the action of random forces from the atoms in thermal 
motion will be a superposition of fundamental modes—sinusoids with 
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corresponding wavelengths and random amplitudes. If we take into 

account Eqs. (5) and (12), we obtain 

 
2

1

2
( , ) sin( / )B n

n

lk T Z
u z t nz l

n





 
 

 . (15) 

 It is important to add that, if the shape of the dislocation line is de-
termined by the method of discrete dislocation dynamics, when the dis-
location is considered as a chain N  l/z of segments, then, we have 

ui(zi, t) for N  1 points, because the left end of the dislocation corre-
sponds to i  0. We also note that, under the boundary conditions, 
u0(0, t)  uN(l, t)  0. In this case, we can expand ui(zi, t) in a series in 

sines: 

 
1

( , ) sin
1

N

i i n

n

ni
u z t A

N





 , (16) 

where 

 
1

2
( , ) sin

1 1

N

n i i

i

ni
A u z t

N N




 
 . (17) 

 If we compare Eqs. (15) and (16), then, from their similarity, it ob-
viously follows that 

 
2

2
B n

n

lk T Z
A

n


 
, (18) 

and variable 

 
2

2
n n

B

nA Z
lk T

 
  (19) 

has a normal distribution with a mean value of 0 and a variance of 1. In 

this way, it is possible to check the correspondence of the results ob-
tained by the method of discrete dislocation dynamics to the analytical 
solution of the general differential equation. 
 If ui(zi, t) are calculated, then, it is possible to find the characteris-
tics of the thermal fluctuation ‘waviness’ of the dislocation line, name-
ly the standard deviation of the magnitude su and the average length of 

the section L along the axis Oz, on which ui(zi, t) has the same sign. 
That is, to find the parameters, which characterize the height and 

length of the average convexity on the dislocation line and, thus, its 

critical segment. It is enough to determine simply the intersection 

points of the dislocation line and the axis Oz. Then, it is easy to deter-
mine the length L, which will be equal to the length of the dislocation 
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line l divided by the number of intersection points [34]. A feature of 

the definition of su and L are the averaging of these characteristics also 

over different moments of time t, i.e., ui(zi, t) should take part in the 

consideration not for one moment t, but for many moments. 
 Taking into account Eqs. (15) and (16), we can represent has a nor-
mal distribution with a mean value of 0 and a variance of 1. In this 

way, it is possible to check the correspondence of the results obtained 

by the method of discrete dislocation dynamics to the analytical solu-
tion of the general differential equation. 
 Taking into account Eqs. (15) and (16), we can represent 

 
2 2

1

2 2
sin

1

N
B n B

u u

n

lk T Z lk Tni
s D s

n N

  
   

     
 , (20) 

where (2lkBT/2)1/2
 contains physical quantities, D[] means the var-

iance of the random variable, which is in brackets, and in our case this 

quantity does not depend on any physical parameter and takes differ-
ent values for different i. Numerical calculations show that 

0.47 0.08
u

s    for N  1000. For analytical evaluation of L, a model 
similar to the model given in Ref. [39] can be applied. To do this, con-
sider the distribution of positive values inside the corresponding aver-
aged section u(z, t) along the axis Oz. The length of such a section will 
be equal to L, by definition. If ui(zi, t) have a normal distribution with 

zero mathematical expectation and standard deviation su, then, the 

sample of only positive values from them has a mean value su(2/)1/2. 

At the endpoints of such a section, u(z, t) will be equal to zero, and fur-
ther from each endpoint of u(z, t) should increase towards the middle 

of the section, since the mean value of u(z, t) is greater than zero. This 

increase will be symmetrical about the midpoint of the plot because the 

parts of the averaged plot on both sides of the midpoint are absolutely 

equal and have no advantages over each other due to the uniformity of 

the statistical distribution u(z, t). Thus, the averaged distribution of 

u(z, t) will be a smooth curve symmetric about the maximum at the 

midpoint of the plot. If we average only the positive values of the gra-
dient u(z, t)/z from the end point of the averaged plot to its middle, 

then, similarly to u(z, t), we will have the average value of the gradient 

sgu(2/)1/2, where sgu is the standard deviation of the gradient. The av-
eraged distribution u(z, t) can be approximated by a suitable function, 
for example Aucos(z/L), where Au  su(/2)1/2. Then, the average value 

of the gradient u(z, t)/z on the plot, where it is positive, is 2Au/L, 

from which it is easy to obtain 

 
g

/u uL s s  . (21) 

 On the other hand, taking into account Eq. (15), the gradient is 
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equal to 

 
1

2( , )
cos

1

N
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n
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k Tu z t ni
Z

z l N

 


  
 , (22) 

and 

 
g g
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2 2
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1

N
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u n u

n

k T k Tni
s D Z s

l N l

  
   

    
 , (23) 

where numerical calculations show that g
22.36

u
s   for N  1000, that 

is, according to Eq. (21) for N  1000, 

 
g

/ /55u uL ls s l  . (24) 

 Thus, the length L turns out to be proportional to the length of the 

dislocation line fixed at the ends l. 

3. RESULTS AND DISCUSSION 

The initial parameters for modelling the effect of thermal fluctuations 

on the characteristics of the average bulge on the dislocation line by 

the discrete dislocation dynamics method and calculating these charac-
teristics by the analytical method are given in Table 1 [37]. The time 

step t was defined as 3.9310
14

 s. The modelling by the discrete dislo-

TABLE 1. Initial parameters for modelling the influence of thermal fluctua-
tions on the characteristics of the average convexity on the dislocation line 

[37]. 

G, GPa 81 m0, kg/m 2.510
16 

 0.3 , kg/m3 8000 

 0.123 c, m/s 3182 

b, nm 0.25 , N 6.2310
10 

TABLE 2. Temperature dependence of the drag coefficient [1]. 

Temperature T, K Coefficient of motion resistance B, MPаs 

300 310
11 

600 610
11 

900 910
11 

1200 1.210
10 
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cation dynamics method was carried out separately for z  2b, 5b, 10b, 

20b and 40b at a temperature of 300 K, as well as separately for tem-
peratures of 300, 600, 900 and 1200 K at z  10b. The dislocation was 

represented as a chain of N  1000 segments. It should be noted that, 

under these conditions, z  2b, 5b, 10b, 20b and 40b corresponded to 

the lengths of the fixed dislocation line l  500 nm, 1250 nm, 2500 nm, 
5000 nm and 10000 nm. The temperature dependence of the drag coef-
ficient B is given in Table 2 [1]. During each simulation, 125000 time 

steps were taken, corresponding to 4.91 ns of model time. Thermal 
equilibrium was considered to be reliably reached after 50000 time 

steps, i.e., after 1.96 ns of model time. The characteristics of the aver-
age bulge on the dislocation line, which were determined from the sim-
ulation results using the discrete dislocation dynamics method, were 

averaged for all time steps from the 50000th step to the 125000th step, 

i.e., from 1.96 ns to 4.91 ns of model time. 
 An example of the dislocation line shape under the influence of 

thermal fluctuations, simulated by the method of discrete dislocation 

dynamics, at the 125000th time step (z  10b, T  300 K, t  4.91 ns) is 

shown in Fig. 1. The dashed line shows the initial line shape for t  0. It 

is seen that the dislocation line becomes randomly ‘wavy’ under the in-
fluence of thermal fluctuations. 
 The average energy of the fundamental mode (average kinetic ener-
gy of dislocation segments) from the 50000th step to the 125000th step 

in time, i.e., in the thermal equilibrium region, is shown in Fig. 2. The 

discrete dislocation dynamics simulation was performed for z  10b 

and T  300 K. The dashed line shows for comparison the standard 

thermodynamic value of the average kinetic energy per degree of free-
dom for a given temperature of 300 K <En>  kBT/2  0.0129 eV. 
 The dependence of the standard deviation of the dislocation line 

points from the initial straight-line su on the length of this line l under 

the action of thermal fluctuations is shown in Fig. 3. Note that, for the 

simulation, z  2b, 5b, 10b, 20b and 40b were used, i.e., the lengths of 

the fixed dislocation line were l  500 nm, 1250 nm, 2500 nm, 5000 nm 

and 10000 nm, respectively. The simulation was performed for a tem-
perature of T  300 K. The circles show the results of the simulation 

using the discrete dislocation dynamics method. The line is a calcula-
tion using formula (20), i.e., an analytical method. We note a good cor-
relation between the results of calculations using both methods. The 

standard deviation increases in proportion to the square root of the 

length of the dislocation line. 
 The dependence of the length L of the average bulge (critical seg-
ment) on the length of this line l under the action of thermal fluctua-
tions is shown in Fig. 4. The simulation conditions are indicated above. 
The circles also show the results of the simulation using the discrete 

dislocation dynamics method, and the line shows the results of the cal-
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culation using formula (24). The results of the calculations using both 

methods also correlate well with each other. The length of the critical 
segment is directly proportional to the length of the dislocation line 

under these conditions. 
 The dependence of the standard deviation of the dislocation line 

points from the initial straight-line su on temperature at a constant 

dislocation line length of 2500 nm under the action of thermal fluctua-
tions is shown in Fig. 5. Note that the simulation was performed for 

z  10b and temperature 300, 600, 900 and 1200 K. The circles again 

show the z results of the simulation using the discrete dislocation dy-
namics method, and the line is the calculation using the analytical 
method according to formula (20). The correlation between the results 

of the calculations using both methods in this case is excellent. The 

standard deviation turns out to be proportional to the square root of 

 

Fig. 1. Dislocation line under the influence of thermal fluctuations, simulated 

by the method of discrete dislocation dynamics, at the 125000th time step 

(z  10b, T  300 K, t  4.91 ns); the dashed line shows the initial dislocation 

line for t  0. 

 

Fig. 2. The average energy of the fundamental mode (average kinetic energy 

of dislocation segments) from the 50000th step to the 125000th step in time 

(z  10b, T  300 K); the dashed line shows the standard thermodynamic val-
ue of the average kinetic energy per degree of freedom for a given tempera-
ture of 300 K (kBT/2  0.0129 eV). 
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the temperature. 
 The dependence of the length of the average bulge (critical segment) 

L on temperature at a constant dislocation line length of 2500 nm un-
der the action of thermal fluctuations is shown in Fig. 6. 
 The simulation was performed using z  10b for temperature of 

300, 600, 900 and 1200 K. The results of the simulation using the dis-

 

Fig. 3. Dependence of the standard deviation of the points of the dislocation 

line from the initial straight line on the length of this line (z  2b, 5b, 10b, 
20b, 40b, T  300 K). Circles are calculations using the method of discrete dis-
location dynamics. Lines are calculations using formula (20). 

 

Fig. 4. Dependence of the length of the average convexity (critical segment) 

on the length of the dislocation line (z  2b, 5b, 10b, 20b, 40b, T  300 K). 
Circles are calculations using the method of discrete dislocation dynamics. 
Lines are calculations using formula (24). 
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crete dislocation dynamics method are shown by circles, and the results 

of the calculations using the analytical method (formula (24)) are 

shown by a solid line. The results of the calculations using both meth-
ods also confirm each other well. The length of the critical segment 

turns out to be independent of temperature under these conditions. 

 

Fig. 5. Dependence of the standard deviation of the dislocation line points 

from the initial straight line on temperature at a constant dislocation line 

length of 2500 nm (z  10b, T  300, 600, 900, 1200 K). Circles are calcula-
tions using the method of discrete dislocation dynamics. Lines are calcula-
tions using formula (20). 

 

Fig. 6. Dependence of the length of the average convexity (critical segment) 

on temperature for a constant dislocation line length of 2500 nm (z  10b, 
T  300, 600, 900, 1200 K). Circles are calculations using the method of dis-
crete dislocation dynamics. Line is calculations using formula (24). 
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4. CONCLUSION 

Thermal motion of atoms, or, in other words, thermal fluctuations or 

distortions of crystal lattices caused by this motion, lead to a wavy 

shape of the dislocation line both in alloys where there are dissolved 

atoms and in pure metals where there are no dissolved atoms. 
 The wavy shape of the dislocation line, in turn, indicates that there 

are obstacles to the movement of the dislocation in the material, that 

is, we can expect the existence of a limiting value of external mechani-
cal stress that can initiate the movement of the dislocation, that is, the 

shape of the dislocation line can affect the yield point of the metal or 

alloy. 
 Thus, the characteristics of the ‘waviness’ of the dislocation line, 

namely the standard deviation of the points of the dislocation line from 

the straight line and the length of the averaged bulge on it under the 

action of thermal fluctuations, are important parameters for under-
standing the formation of the yield point of the material. 
 These characteristics, which are determined on the one hand by 

means of discrete dislocation dynamics and on the other hand by ana-
lytical methods, correlate well with each other, which confirms the re-
liability of the modelling results. 
 The standard deviation increases proportionally to the square root 

of the dislocation line length at constant temperature, and is also pro-
portional to the square root of the temperature at constant dislocation 

line length. 
 The length of the averaged bulge, which determines the length of 

the critical dislocation segment, is directly proportional to the disloca-
tion line length at constant temperature, and does not depend on the 

temperature at constant dislocation line length. 
 The determined temperature dependencies of the standard deviation 

of the dislocation line points from the straight line and the length of 

the critical dislocation segment help to understand better the effect of 

thermal fluctuations on the dislocation line shape. 
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