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The motion of a critical segment of a dislocation in a field of stochastic shear
stresses within the glide plane in a multicomponent alloy can be considered as
one-dimensional motion of an effective point object to analyse thermal acti-
vation. However, such point objects should be regarded as under the influ-
ence of an effective one-dimensional distribution of shear stresses, the char-
acteristics of which differ from the characteristics of a real two-dimensional
distribution. A method for determining the characteristics of an effective
distribution is proposed. Such distribution can be found by averaging the
field of stochastic shear stresses over a characteristic region of the glide
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plane, which is a rectangle with dimensions equal to the length and height of
the average bulge of the critical segment. It is possible because moving criti-
cal segments can be considered as ‘smeared’ ones over this characteristic re-
gion. Thus, the standard deviation and correlation length of an effective dis-
tribution can be determined from the known two-dimensional distribution.
With the use of computer simulation, the dependence of the characteristics
of the one-dimensional distribution on the characteristic averaging length is
determined. As shown, the standard deviation of an effective distribution
decreases and its correlation length increases with increasing averaging
length, i.e., the height of the average bulge. Therefore, the effective distribu-
tion has a smaller standard deviation and a longer correlation length com-
pared to the corresponding characteristics of the field of stochastic shear
stresses. The estimation of characteristics of effective distribution of shear
stresses is important to analyse dislocation motion assisted with thermal ac-
tivation in a multicomponent alloy.

Key words: multicomponent alloy, dislocation, shear stress, standard devia-
tion, correlation length.

Hna amamisy TepMiuHOI aKTHBAIl PYyX KPUTUYHOTO CEI'MEHTA AUCIOKAIIil y
IIOJIi CTOXACTUYHMX 3CYBHUX HANIPYKEHBb y IJIOIIWHI KOB3aHHA y 0araToKoM-
TIOHEHTHOMY CTOIIi MOJKHA PO3TJIAAATH AK OSHOBUMIDHUN PyX MeAKOro edex-
THBHOT'O TOYKOBOTO 00 €KTa. OgHaK TaKi TOUKOBi 00 €KTH CJIiL PO3IVIALATA AK
Taki, 1[0 BHAXOAATHCA Wi BIJINBOM e(heKTUBHOTO OLHOBUMiPHOTO PO3IIOAiITY
3CYBHUX HAIPYKEeHb, XapaKTePUCTUKYU AKOT0 Bi[PiBHAIOTHCA Biff XapaKkTepu-
CTUK PeajbHOr0 JBOBUMIiPHOI'0 PO3IOLiNY. 3aIIPOIIOHOBAHO METOLY BU3HAUEH-
HA XapaKTEepPUCTUK TakKoro edekTmBHOro posnoginy. Taxmil posnmogin MoxkHA
3HANTH MIJIAXOM yCEePeIHEHHS MMOJIs CTOXACTUYHUX HAIPYIKEeHDb 3CYBY IO Xa-
PaKTepHi# 00J1aCTi IJIOIMHYU KOB3AaHHS, KA SBJIAE CODOI0 HPAMOKYTHUK 3
posMipamu, 1110 JOPiBHIOIOTH MOBKUHI Ta BUCOTi CepPeIHBOI OTMYKJIOCTY KPUTH-
yHOTro cermeHTa. 1le MOKINBO, OCKiTBKY PyXOMi KPUTHUYHI CEI'MEHTHU MOYKHA
BBaYKATU «PO3MAa3aHMMMU» II0 Iill XxapakTepHiit obsacri. Takum umHOM, CTaH-
TapTHUY BiIXWJI i JOBKUHY KOpeasIlil eheKTUBHOTO PO3IIOAIIY MOYKHA BU3HA-
YNTH 3 BiZJOMOTO ABOBMMIiPHOT'O PO3IIOALIY. 3a AOIOMOTOK KOMII IOTEPHOIO
MO/IeJIIOBAHHSA BU3HAUEHO 3AJIEIKHICTh XapaKTEePUCTUK e(DEeKTUBHOTO OJHOBH-
MipHOTO po3HOAiny Bif XapaKTepHOI IOBKUHU ycepenHeHHA. Ilokasano, 1110
CTaHJAPTHUM BifXuJ e(eKTUBHOTO POIIOAiIY 3SMEHIIIYEThCS, a 10T0 MOBKUHA
KopeJAllii 30iibITyeThcs 31 30iMbIIIEHHAM MOBKUHU yCepeaTHEeHHA, TOOTO BU-
COTH cepemHboi onmyKgocTu. OTiKe, eDeKTUBHUNU POSIOAiJ Ma€ MEHIITUIN CTaH-
TapTHUY BiAXWJ i OiIBITY HOBKUHY KOPEJIAIlil mOPiBHAHO 3 BiAMOBifHUMY Xa-
PaKTEePUCTUKAMU II0JISI CTOXACTUYHUX 3CYBHUX HanpyKeHb. OIiHKa XxapakTe-
pucTuK edeKTUBHOTO OJHOBUMIiDHOTO PO3IO/iy 3CYBHUX HANPY’KEHDb € BaiK-
JIMBOIO AJIA aHAJi3W TepMOAKTUBOBAHOTO PYyXY AMCJIOKAIiM y OaraToKOMIIOHe-
HTHOMY CTOIIi.

Karouogi ciioBa: 6araTOKOMIIOHEHTHUH CTOI, JUCJIOKAIlisd, 3CyBHE HAIPYKEH-
HS, CTAHZAPTHUH BiIXUJ, TOBMKUHA KOPEJIAITii.
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1. INTRODUCTION

In many cases, multicomponent alloys can be used at elevated tempera-
tures, and then the temperature dependence of their yield point will be
critical. This dependence is caused by the thermally activated motion of
dislocations in the stochastic shear stress field in the glide plane gener-
ated by solute atoms. Since these materials are promising from the
point of view of engineering applications[1, 2], a detailed study of such
dependence remains relevant. Many works are devoted to the study of
various aspects of solid solution strengthening, which is the basic
mechanism for the formation of the mechanical behaviour of multi-
component alloys [38—26]. Modelling of dislocation motion provides
great help in such studies. An important issue in this case remains the
correct description of the stochastic shear stress field in the glide plane.

The main characteristics of such a stress field in a multicomponent
alloy are four parameters: standard deviations and correlation lengths
of its short- and long-wave components [27—-29]. It should be noted
that the main role for thermally activated motion is played by the
short-wave component of the shear-stress field [30, 31]. The issues of
crystal-lattice distortion, the yield strength of multicomponent alloys
and its temperature dependence, together with the modelling of dislo-
cation motion within the glide plane by the method of discrete disloca-
tion dynamics, have been considered in many other works [32—38].

The classical approach to describing the thermally activated motion
of a dislocation through a potential barrier or a corresponding force
barrier is to consider the dislocation as a point object moving along one
direction, where there is a certain distribution of potential energy and,
accordingly, the force acting on this object [39, 40]. Since the motion
of a dislocation does not occur as a whole, but rather in parts as the
movement of individual critical segments by the formation and trans-
formation of bulges on them [30, 31], the real object of the dislocation
motion is its part, which occupies a certain area on the glide plane, i.e.,
in reality, it is not at all a point object, to which a single co-ordinate
corresponds. In addition, in the region of the glide plane, in which the
critical segment of the dislocation is located, in a multicomponent al-
loy, there is not a single force, but a whole distribution of shear stress-
es, which are generated by solute atoms [27—-29]. Thus, the motion of
the critical segment in the glide plane is more likely a subject of model-
ling, for example, by the method of discrete dislocation dynamics.
However, such modelling has its drawbacks, especially, in the case of
multicomponent alloys, where we have a complex field of stochastic
shear stresses in the glide plane. First, it is a very laborious and time-
consuming process. In addition, such modelling does not make it possi-
ble to distinguish clearly the key parameters of the process and, there-
fore, it is quite difficult to generalize its results. In comparison, the
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simplified consideration of the dislocation motion as a one-dimensional
motion of an effective point object has certain advantages. First, it is a
significant reduction in time costs, i.e., faster obtaining of results. Sec-
ond, it is a clearer interpretation of these results and a simpler compari-
son of them with the classical approach. However, the consideration of
such a point object also has its problems. Instead of a two-dimensional
distribution of shear stresses on the glide plane, it is necessary to find a
single effective force that will act on such an object or, more precisely,
an effective one-dimensional distribution of shear stresses.

The goal of this work is to consider the motion of a critical dislocation
segment in a multicomponent alloy as a one-dimensional motion of an
effective point object for a known two-dimensional distribution of sto-
chastic shear stresses in the glide plane to develop a method for deter-
mining the characteristics of the effective one-dimensional distribution
of shear stresses that will act on such a point object, and to determine
the dependence of the characteristics of the one-dimensional distribu-
tion on the characteristic averaging length using computer modelling.

2. CALCULATION ALGORITHMS

The critical segment of the dislocation, like the dislocation itself, can-
not move in the glide plane as a whole without changing its shape. On
the critical segments, bulges are formed, which, under the action of
external stresses, begin to change their shape, and only this causes the
segment to move in a certain direction. Each bulge is characterized by
its height (the size of the bulge perpendicular to the dislocation line)
and length (the size of the bulge along the dislocation line). It is clear
that a large number of such bulges with various heights and lengths
are formed on the dislocation line. Nevertheless, we can consider some
averaged bulge, which will represent all other bulges. The determina-
tion of the parameters of such a bulge is considered in Ref. [36]. If we
use the approximate bulge parameters found in this work for the Cr—
Co—Ni—Fe—Mn alloy for certainty, we can show schematically the ideal-
ized process of movement of the averaged critical dislocation segment
(Fig.1). The main characteristic shapes and positions of the segment
are depicted by solid black lines and are sequentially numbered. The
grey lines show the intermediate shapes, which exist between the main
shapes. The horizontal dashed lines show the average co-ordinates of
the corresponding bulges. We assume that the segment movement oc-
curs in the positive direction of the x axis, and the dislocation is locat-
ed along the z axis. We will assume that there is initially a bulge 1 di-
rected downwards against the direction of movement with a certain
length and height at zero external stress. We can assign it the average
co-ordinate x = 0. If we apply sufficient external stress, the bulge 1 will
straighten to state 2. The absolute height of the bulge under these con-
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2, nm

Fig. 1. Idealized process of movement of the averaged critical segment for the
Cr—Co—Ni-Fe—Mn alloy.

ditions will decrease to zero with a constant length of the bulge. The
average co-ordinate will increase. Further changes in the shape of the
bulge will make it directed upwards in the direction of the segment
movement. The absolute height will start to increase again, and the av-
erage co-ordinate will continue to increase. In the next step, the bulge
will take shape 3. Note that, in this part of the movement from shape 1
to shape 3, the ends of the segment remain stationary, while the rest of
its parts move. Next, the bulge goes from shape 3 (directed upwards) to
shape 4 (straightened). The absolute height will then decrease to zero
again; the average co-ordinate will increase. After shape 4, the bulge
will become again directed downwards, and the absolute height will
start to increase again. From shape 4, the bulge passes into shape 5,
which is a repetition of shape I. After that, the process is repeated.
Note that, when moving from shape 3 to shape 5, all parts of the seg-
ment move.

The change in the absolute height of the bulge with a change in the
average co-ordinate of the critical segment is shown in Fig. 2. The
numbers correspond to the numbers of the base shapes of the segment
in Fig. 1. Periodic changes in the height of the bulge during the move-
ment of the critical segment are visible. It is also possible to introduce
the concept of the average height of the bulge.

The idealized process of movement of the averaged critical segment
of a dislocation is a somewhat simplified representation of how the dis-
location actually moves, but it clearly shows that different parts of the
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Fig. 2. Change in the absolute height of the bulge with a change in the average
co-ordinate of the critical segment during the idealized movement process for
the Cr—Co—Ni—Fe—Mn alloy.

segment at the same time occupy different positions on the glide plane.
That is, a whole set of forces acts on the segment at each time point, not
a single force. In addition, we considered this idealized process here
also in order to demonstrate that the critical segment as a set of its in-
dividual parts with different co-ordinates at each time point can be
characterized by a single average co-ordinate x. Moreover, the critical
segment in the idealized process is averaged, that is, it represents ef-
fectively a whole set of real segments with different bulges. That is,
some part of the averaged segment does not correspond in the ideal-
ized, simplified process, but, in reality, to a whole set of parts of real
segments with different locations. Thus, the co-ordinates of such a
part are to some extent uncertain. This gives reason to believe that it is
possible to consider such an averaged segment as a ‘smeared’ one over a
certain characteristic region of the glide plane. Moreover, this, in
turn, suggests a way, in which such an object distributed over some
two-dimensional region can be represented as a point object.
Considering an effective point object located in the centre of a char-
acteristic region on the glide plane, where the critical segment is
‘smeared’, the effective force that will act on it is simply the force act-
ing from the side of the field of stochastic shear stresses averaged over
this characteristic region. We note that the linear tension forces of a
two-dimensional segment, when averaged, give zero because the direc-
tion of action of these forces depends on where the bulge is directed,
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and the probabilities of bulges, which can be located in the characteris-
tic region and directed ‘down’ or ‘up’, are the same. For every linear
tension force directed ‘downward’, there will be necessarily a linear
tension force of the same absolute magnitude directed ‘upward’.

It is obvious that the simplest and most reasonable shape of the
characteristic region is a rectangle (Fig. 3). The size of this rectangle
along the z axis should be equal to the length of the averaged bulge L
[36], and the question of its size A =& (the characteristic length of av-
eraging) along the x axis is not so well defined, since the height of the
bulge is variable in time, and the average length of the bulge is con-
stant. It is possible to equate this size to the average height of the bulge
within the first approximation, which is similar to that shown in Fig. 2
for the Cr—Co—Ni—Fe—Mn alloy, but it should be remembered that this
figure shows the dependence for an idealized (simplified) process, so, a
definition similar to that in Fig. 2 gives a rather inaccurate estimate of
the average height. For rational reasons, this size is rather in the range
from the average height as in Fig. 2 to the maximum height in this fig-
ure. The effective one-dimensional shear-stresses’ distribution along
the x axis (z =0) for a point object representing a critical segment can
be found by averaging the field of stochastic shear stresses over the
characteristic region shown in Fig. 3:

< 1,(x) >= i.[;l‘rs(x, 2)dA , (1)

where A =\L is the area of the characteristic region, 1s(x, 2) is the dis-
tribution of stochastic shear stresses around the point with co-
ordinates x and z=0 on the slip plane, which can be determined by the
method described in Refs. [27, 28]. The double integral (1) can be re-
written as a repeated integral, if we take into account the characteris-

L/2 L/2

Fig. 3. Characteristic region on the glide plane, where the critical segment is
‘smeared’. The black dot inside the rectangle represents the effective point
object. The grey line shows one of the probable bulges of the critical segment,
which fits into the characteristic region.
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tic region, which is depicted in Fig. 3:

1 x+A/2 L/2
<1, (x) >= — j { j rs(u,z)dszu, (2)
AL e

x-1/2
where u is the integration variable along the x axis.

Now, let us consider some features of the distribution of shear
stresses 1(x, 2), in order to determine the internal integral in the re-
peated integral (2). The calculation of stochastic shear stresses within
the glide plane requires a rather significant amount of time and, there-
fore, these stresses are usually determined only at a finite number of
points. Along the z axis, these points are spaced at a step Az, which is
usually not less than the correlation length of the shear-stress field.
Thus, the stresses at these points along the z axis as random variables
will be independent of each other. Along the x axis, these points are
spaced at a step, which is usually less than the correlation length [27,
28]. When modelling, for example, by the method of discrete disloca-
tion dynamics, it is also necessary to know the shear stresses at points
along the x axis, which lie between the points, where the stresses are
calculated using the method described in Refs. [27, 28]. In this case,
linear interpolation is used. The stresses determined in this way also
fit well to a normal distribution with the same parameters as the
stresses calculated using the method described in Refs. [27, 28]. Thus,
the distribution of shear stresses within the glide plane can be shown
schematically as in Fig. 4. Shear stresses are defined on the glide plane
in strips, which are parallel to the x axis and have a width Az. With this
definition, the inner integral in Eq. (2) can be replaced by a sum with
stresses, which are defined for a single co-ordinate u along the x axis
and with different co-ordinates z;:

n

1 x+h/2 .
< 1,(x) = j (;ts(u,zi)Aszu, (3)

x-1/2
where n,~L/Az. This is valid under the condition L >> Az, which is
usually fulfilled for critical dislocation segments in multicomponent
alloys [36].

Recall that, in our conditions, the shear stresses at points along the
z axis, which are located at a distance from each other not less than the
correlation length of the shear-stress field, are actually independent
normal random variables t«(u, z;)=s(A2)N(0, 1), where s(Az) is the
standard deviation of the distribution of shear stresses in the glide
plane, which is defined for the given Az [27, 28], N(0, 1) is the standard
normal variable with zero mathematical expectation and a variance
equal to one.

Then, the sum in Eq. (3) will be equal to
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er(u, 2)Az = ZS(AZ)N(O,I)AZ = s(Az)AzN(0,n,) = s(Az)vLAzN(0,1), (4)

i=1 i=1
that is, the sum will be a normal random variable with zero mathemati-
cal expectation and a standard deviation equal to s(Az)vLAz and inde-
pendent of the co-ordinate u along the x axis. Thus, the standard devi-
ation s(Az)vLAz can be taken out behind the integral sign. Note that
the distributions of shear stresses in each strip parallel to the x axis
(Fig. 4) have the same correlation length, and the distribution of the
sum (4) along the x axis will have the same correlation length.

What in this case will remain under the integral sign in Eq. (3)? On
the one hand, this is a standard normal variable N(0, 1), but this is not
enough for a complete definition and calculations. In practice, we will
have certain numbers, which are given at points with co-ordinates x;
and z=0 with a step Ax along the x axis. These numbers will have a
standard normal distribution with zero mathematical expectation and
a variance equal to one, i.e., confirm that these are realizations N(0, 1)
at different points of the glide plane. In addition, the correlation
length of the distribution of these numbers along the x axis will be
equal to the correlation length of the shear-stresses’ distribution in
each strip parallel to the x axis. The simplest way to obtain the distri-
bution of such numbers is to use the shear-stresses’ distribution
ts(x;, 0), which is calculated for the given Az by the method described in

T A
E

Direction of dislocation motion

Fig. 4. Distribution of stochastic shear stresses within the glide plane.



578 M.I.LUGOVY, D. G. VERBYLO, M. P. BRODNIKOVSKYY et al.

Refs. [27, 28]. Such a distribution will have zero expectation and
standard deviation s(Az) together with the necessary correlation
length. If we divide each ts(x;, 0) by s(Az) (N;=1s(x;, 0)/s(Az)), then, the
expectation and correlation length of the distribution will not change,
and the standard deviation will become equal to 1, which is required.
The value at a point with the co-ordinate u along the x axis and the co-
ordinate z=0 in the interval between the points with the co-ordinates
x;and x;1 (z=0) can be calculated using linear interpolation:

N, -N,
Nw =N+ —L@u-x), (5)

LT
where N; is the number given at the point with co-ordinate x;, N1 is the
number given at the point with co-ordinate xj.1; x.1—x;=Ax. Thus,
formula (3) becomes:

x+h/2
<t (x) >= 382) [Az [ N@wadu, (6)
7\' L x-A/2

If we calculate <t4(x)> along the x axis according to formula (6),
then, for this averaged (smoothed) with a characteristic averaging
length A of the distribution, we can determine the zero mean value, as
well as the standard deviation and the correlation length, which will
differ from the standard deviation and the correlation length of the
distribution ts(x;, 0) [27, 28]. The correlation length was defined as the
average length of segments along the corresponding distribution,
where the stresses had the same sign, that is, were positive or negative
within the boundaries of one segment [28, 35].

In the process of integration according to formula (6), the numbers
N(u) at points along the x axis, which lie between the points, where the
stresses are calculated using the method described in Refs. [27, 28], are
determined using linear interpolation. The numbers and their corre-
sponding stresses calculated in this way also fit well into the normal
distribution with the same parameters as the numbers and stresses cal-
culated using the method described in Refs. [27, 28]. However, the
stresses and the corresponding numbers N(u) at intermediate points
can also take other values, which are different from those calculated
using linear interpolation. This will certainly affect the accuracy of the
estimate of <t4(x)> using formula (6). The complexity of determining
the stresses at intermediate points is because such a stress is a correlat-
ed random variable, the value of which will be random, on the one hand,
and, on the other hand, will depend on the known values at neighbour-
ing points. This problem is shown schematically in Fig. 5. The point B
corresponds to the stress 1;=14(x;, 0) at the point A with co-ordinate x;.
The point D corresponds to the stress 11 =ts(xj1, 0) at the point E with
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Fig. 5. Diagram showing the problem of determining stresses at intermediate
points.

co-ordinate xj.1.

The dotted line 1, which connects B and D, shows the values, which
can be found using linear interpolation. The values 1; and 7.1 in our con-
sideration are not random, but given, that is, they can be conditionally
considered as random variables with mathematical expectations t; and
1141, and zero standard deviations. At a distance of the correlation length
w and a greater distance to the right of the point A and to the left of the
point E, the stresses become independent normal random variables with
zero mathematical expectation and standard deviation s, such that al-
most all of their possible values lie in the range from —3s to +3s. Closer to
the points A and E, we have random variables, which are correlated with
the values at the points A and E. We will consider them to be normally
distributed with mathematical expectations and standard deviations,
which depend on the distances to the points A and E, respectively.

Lines 2 show, within the first approximation, the mathematical ex-
pectations of such correlated random variables (Fig. 5). At points A
and E, these mathematical expectations are equal to t; and 7.1, respec-
tively, and, at a distance of the correlation length w and a greater dis-
tance to the right of the point A and to the left of the point E, these
mathematical expectations are equal to zero. Lines 3 in Fig. 5 show,
within the first approximation, the boundaries of the regions, in which
lie almost all possible values of random variables, which are correlated
with the values at points A and E, respectively. At the points A and E
themselves, these regions have zero size, i.e., zero standard deviations,
and, at a distance of the correlation length w and a greater distance to
the right of the point A and to the left of the point E, these regions ex-
tend from —3s to +3s.
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Between points A and E, the values are possible, which are correlated
simultaneously with the values at both of these points. That is, almost
all possible values of such correlated random variables must lie inside
the quadrangle BCDF (Fig. 5). The most probable values will be on lines
2, but it is clearly seen that line I lies relatively close to these lines of
most probable values. This explains that linear interpolation gives a
good approximation for intermediate points. Nevertheless, the stresses
and, accordingly, the numbers N(u) at intermediate points can take oth-
er values, with a small probability even outside the quadrangle BCDF. In
order to estimate the deviations of <ts(x)>, to which these other values
can cause, it is enough to analyse the results of integration according to
formula (6), when N(u) is determined not by linear interpolation along
line 1, but along broken lines BCD and BFD, respectively.

For line BCD,

N, -N;,
Nw)=N,+—@u-x;),x; <u<x,, (7a)
Xo — X,
Nj+1 - Nc
N(u):NC+—(u_xc),xCSquJJrl, (7b)
j+1 %
where
w+Bs—1,)(x, —x,
N, = B w2 %) (8a)
s(A2)w
. - (T —tw+Bs—1)x; + (s —1,,,)x,,, (8b)
¢ 6S_Ti ~Tia ’
For line BFD,
N, - N,
Nw)=N,+—(@u-x)), x; Su<x, (9a)
P
Nj+1 _NF
Nw)=N, +—(@u-x;), x, Su<x,,, (9b)
1 T Xp
where
Tw—-38s+1)x, —x;)
L= L L (10a)
s(A2)w
v - (t, -t )w+Bs+1)x;, +(Bs+1,,)x, 4 (10b)
F 6s+1, +1,, ’

Depending on the relative location of the points B and D, the re-
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gions, in which lie almost all possible values of the random variables,
which are correlated with the values at the points A and E, respective-
ly, may not intersect. Then, the region of possible values BCDF degen-
erates into a line 1, which connects the points B and D. Then, almost all
possible values between the points A and E, which are correlated simul-
taneously with the values at both of these points, will lie on this line.

3. RESULTS AND DISCUSSION

To verify the method of determining the characteristics of the effec-
tive one-dimensional distribution of shear stresses, which will act on a
point object representing a critical segment of a dislocation in a field of
stochastic shear stresses in the glide plane, a study of the influence of
the characteristic averaging length A on these characteristics was car-
ried out using computer simulation. First, several distributions
1s(x;, 0) of shear stresses generated by solute atoms were calculated for
a given Az=2nm using the method described in Refs. [27, 28] for a
multicomponent Cr—Co—Ni—Fe—Mn alloy. The initial parameters for
modelling the shear-stress field in this alloy are given in Table 1. The
shear stresses were calculated along the x axis at points with co-
ordinates x from 0 to 125 nm with a step of Ax=0.125nm and a fixed
co-ordinate z=0. The calculated distributions had zero mathematical
expectation, standard deviations s(Az)=197, 206, 210 MPa and corre-
lation lengths w=0.41, 0.4, 0.43 nm, respectively. The averaged bulge
lengths L were calculated for our distributions using the technique de-
scribed in Ref. [36]. These lengths were of 15, 14.6 and 14.4 nm, re-
spectively. Second, for each distribution separately, we determined
N;=14x;, 0)/s(Az) at points with x;. Third, each distribution t(x;, 0)
was averaged separately according to formula (6) with different char-
acteristic averaging lengths A ranging from 0 to 1.25 nm, and the val-
ue N(u) was determined using linear interpolation. The value A =0 cor-
responds to the absence of averaging along the x axis, i.e., only averag-
ing along the z axis is present. For each averaged distribution, its
standard deviation s, and correlation length w;, were found. In order to
estimate the deviations < 1s(x)>, which may be caused by possible val-
ues N(u), which do not correspond to linear interpolation, the integra-
tion was performed additionally according to formula (6), when N(u)
was determined not by linear interpolation, but along broken lines BCD

TABLE 1. Initial parameters for modelling the shear-stress field within the
Cr—Co—Ni—Fe—Mn alloy [28].

G, GPa ‘ K, GPa ‘ v b, nm Va, nm?
81 176 0.3 0.25 0.011
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and BFD, accordingly, as described in the previous section.

The dependences of the relative standard deviations and correlation
lengths of the averaged shear-stresses’ distributions in the case, when
the value N(u) was determined by linear interpolation on the relative
averaging length A/w,, are shown in Fig. 6. Each value s, and w; is di-
vided into the corresponding values so and wo, for which A =0, for each
averaged distribution. Therefore, for A/wo=0, we always have 1. In
addition, we note that so = s(Az)(Az/L)"? and wo = w, since

x+Lh/2
lim — N@w)du =t (x,0) /s(Az),
MM!M (w)du = 1,(x,0) / 5(A2)

and the standard deviation of this random variable is equal to 1. The
dashed vertical line on the left corresponds to 1 and, on the right, to 2.
These lines limit the range of the most probable values in the sense of
effective averaging. The effective average height of the convexity of
the critical segment is in this range. The standard deviation decreases,
when the averaging length increases. The value is always less than 1,
when the correlation length, on the other hand, increases, when the
averaging length increases. The value is always equal to or greater
than 1. The dashed vertical line on the left corresponds to A/wo=1 and,
on the right, to A/wo = 2. These lines limit the range of the most proba-
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Fig. 6. Dependences of relative standard deviations and correlation lengths of
averaged shear-stresses’ distributions on the relative averaging length.
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ble values of A/wo in the sense of effective averaging ts(x;, 0). The ef-
fective average height of the convexity of the critical segment isin this
range. The standard deviation s; decreases, when the averaging length
increases. The value s,/s¢ is always less than 1, when A/w, > 0. The cor-
relation length w;, on the other hand, increases, when the averaging
length increases. The value w;/wo is always equal to or greater than 1.

We also add that the average values of all averaged shear-stresses’
distributions obtained under the condition that the value N(u) was de-
termined by linear interpolation were close to zero that corresponds to
a zero mathematical expectation. Integration according to formula (6),
if N(u) determined along the broken lines BCD and BFD and not by lin-
ear interpolation, leads to distributions with standard deviations and
correlation lengths, which are close to the corresponding values in the
case of linear interpolation, but the average values of these distribu-
tions are not close to zero. These average values are close to each other
in absolute value, positive for the line BCD and negative for the line
BFD. That is, they show a distribution shift, if we consider the values
at intermediate points, which are greater than those ones calculated by
linear interpolation (line BCD) and smaller than those calculated by
linear interpolation (line BFD), and these shifts are close in absolute
value. These biases can be used to estimate the inaccuracy of the calcu-
lation of the standard deviation s, of the averaged distribution. The
upper bound s, for the possible values s, can be estimated, if, in the
corresponding averaged distribution calculated using linear interpola-
tion, the mean value of the corresponding distribution for the line BCD
is added to each positive value and the absolute value of the mean value
of the corresponding distribution for the line BCD is subtracted from
each negative value. The lower bound s, for the possible values s; can
be estimated by subtracting from each positive value in the corre-
sponding averaged distribution and adding to each negative value the
absolute value of the mean value of the corresponding distribution for
the line BFD. The results of the calculations, s /s, and s, /s,, are
shown in Fig. 6 as the upper and lower bounds of the grey band, in
which the possible values s,/so lie.

The inaccuracy of the standard deviation s, leads to the inaccuracy
of the correlation length w,. The correlation length can be estimated by
the formula w =ns/s,, where s and s, are the standard deviations of the
shear stress and its gradient, respectively [29]. In our case, it will be
w). =msy/Sg. The standard deviation of the shear-stress gradient s, is
usually unknown, but, in the case, when we know w,, s;, the upper
bound s, of the standard deviation and its lower bound s, , we can es-
timate the upper bound w, of the correlation length and its lower
bound w, , assuming that s, is the same for w;, w, and w, . Then, we
have sg=msy/wi, w, =w,s, /s,, and w, =w,s, /s, . The results of the
calculations, w, /w, and w, /w,, are shown in Fig. 6 as the upper and
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lower bounds of the grey band, in which the possible values of w;/wo
lie. This grey band expands quite strongly, i.e., the accuracy of the de-
termination decreases, when the averaging length increases.

In the range from A/wo =1 to A/wo =2, the relative average height of
the critical segment bulge, i.e., the effective relative averaging length
to calculate the effective one-dimensional distribution of shear stress-
es, which will act on the point object representing the critical segment,
lies. The relative standard deviation s;/so varies from 0.46 to 0.88, and
the relative correlation length w;/w, varies from 1.61 to 2.98 in this
range of A/wo. Thus, the effective averaging gives the standard devia-
tion s, ~0.67s(Az)(Az/L)? and w, = 2.3w. It is interesting to note that
the expression for s, is very close in structure to the expression de-
scribing solid-solution hardening in Ref. [41]. In Ref. [39], an effec-
tive one-dimensional sinusoidal distribution of internal stresses was
proposed for the analysis of thermally activated dislocation motion.
An interesting point is that, for a given characteristic length w, at
which the internal stresses have the same sign, the effective sinusoid
in this work has a half-period 8w/3, i.e., 2.67 times longer than the real
characteristic length. This is explained by the fact that a quarter of the
sinusoid period (from O to the maximum stress) is associated with the
transition of the critical segment from the convex shape 1 to the
straight shape 2 as in Fig. 1. In this case, the average co-ordinate of the
segment will change to 4w/3, if shape 1 is a parabolic bulge with height
2w. The half-period will then be 8w/3, respectively. That is, this dif-
ference between the real and effective periods is due to the fact that the
two-dimensional segment is averaged in a certain way. The result of
our averaging, w; = 2.3w, is close to 8w/3 from work [39].

4. CONCLUSION

The motion of a critical segment of dislocation in a field of stochastic
shear stresses in a glide plane in a multicomponent alloy can be consid-
ered for the purpose of thermal activation analysis as a one-
dimensional motion of an effective point object. However, such a point
object should be considered under the action of an effective one-
dimensional shear-stresses’ distribution, the characteristics of which
differ from the characteristics of the real two-dimensional distribu-
tion in the glide plane. The effective one-dimensional shear-stresses’
distribution can be found by averaging the field of stochastic shear
stresses over a characteristic area, which is a rectangle with dimen-
sions equal to the length and height of the averaged bulge, since the
critical segment of dislocation in the process of motion is as if
‘smeared’ one over this characteristic area of the glide plane. The
standard deviation of the effective distribution decreases, and its cor-
relation length increases with increasing averaging length, i.e., the
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height of the averaged bulge. Therefore, the effective distribution has
a smaller standard deviation and a longer correlation length compared
to the corresponding characteristics of the stochastic shear-stress field
in the glide plane. The evaluation of the characteristics of the effective
one-dimensional shear-stresses’ distribution is important for the anal-
ysis of thermally activated dislocation motion in a multicomponent al-
loy.
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