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Abstract. Discussed in this paper are the singularity and self-organizing effect of instability
and randomness under the influence of external white noise on formation of non-crystalline
materials. The random nature of the receiving medium together with the disorganizing
effect was found to be capable to initiate formation of qualitatively new self-organized
structures in non-crystalline solids. Also analyzed in the paper is the effect of a random
temperature field applied to the melt during the cooling process in non-crystalline As-S(Se)
semiconductor systems. The conditions for a non-crystalline system in a fluctuating
external environment to adjust its properties to the average properties of the environment
and to correspond to the deterministic case were identified. Furthermore, the conditions for
non-additive reaction of the system to a random environment and formation of a new mode
of energy conversion in the self-organized structure at the nanoscale level are determined.
The spectrum of the structures created in this way is more diverse as compared to the
spectrum corresponding to respective deterministic conditions.
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1.

Amorphous substances are widely used in modern
semiconductor devices along with crystalline materials.
A substantial advantage of amorphous materials over
crystalline ones is their processability (relative simplicity
and lower energy consumption of technological processes)
as well as capability to change the composition and
properties [1-3]. Non-crystalline materials enable
creation of devices that are easy to microminiaturize.
Moreover, they can be easily integrated with crystals in
the same device [3]. Development of intelligent nano-
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environments is also an important incentive for
advancing research on non-crystalline and smart
materials, in particular, for artificial intelligence

applications [4-6]. Non-crystalline chalcogenides of the
As-S(Se) system are actively studied due to their unique
properties. These properties, together with the developed
methods of obtaining thin films provide new
opportunities for practical application of such materials
[7]. In particular, mentioned applications include optical
memory disks, integrated circuits on thin flexible
substrates, high-speed photosensitive drums for photo-
copying, photoresist materials for lithography, optical

elements of laser technology, holograms and elements of
integrated optics, highly sensitive thermoelectric conver-
ters and photocells, switches, and photoelectric materials
[5, 7-10]. To ensure reproducibility of the results
obtained for amorphous film structures, the main parame-
ters of the film synthesis must be thoroughly controlled.
Therefore, the most significant characteristics of the
stochastic variability of the film formation conditions
must be accounted for in the technological processes.
Study of self-organization processes in non-
crystalline systems in fluctuating non-equilibrium
environments implies revision of the views on the
randomness effect [6]. Randomness plays an important
constructive role in the theory of self-organization. The
issue of the influence of external noise on open systems
is constantly addressed [8, 11] mainly due to the fact that
the parameters of a macroscopic system (including the
bifurcation parameters) are externally oriented and
subject to fluctuations. These fluctuations are perceived
by the system as external noise. In the studies of the
impact of external noise on e.g. cooling rate, irradiation
power and bioactive external fields, this impact on non-
crystalline solids is averaged. This averaging provides an
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integral effect, and the macroscopic system “adjusts” its
state to the averaged conditions of the medium. In fact,
stochastic variability of the fabrication conditions in
technological media leads to the fuzziness of the system
states, which approaches some average value [10, 11]. The
assumption of ultimately secondary role of fluctuations is
based on a linear-type relationship between the system
and the environment. However, theoretical and experi-
mental studies of melt cooling in fluctuating media with
noise indicate the opposite, namely that the random
nature of the medium together with the disorganizing
effect can initiate formation of qualitatively new self-
organized structures in non-crystalline solids [6]. The
class of structures obtained in this way is qualitatively
more diverse as compared to the possible spectrum
corresponding to respective deterministic conditions.
Hence, increase in stochastic variability of the receiving
medium can determine the possibility of controlled
structuring of non-crystalline materials depending on
noise levels as well as the formation of nanoscale
systems of self-organized structures. It can be highly
relevant, in particular, in the development of smart non-
crystalline materials [10, 11]. This aspect of the
synergetic  relationship  between instability and
randomness becomes evident considering functioning of
information systems in non-crystalline semiconductor
materials for artificial intelligence. It is reasonable since
randomness and instability correlate with chaos-entropy,
and system structuring and ordering are achieved through
the flow of information — syntropy. These processes can
be complementary during the formation of nanoscale
self-organized structures in non-crystalline and smart
materials under the influence of external noise.

This article is devoted to the topic outlined above.
In particular, it studies self-organization processes of
non-crystalline materials in the presence of external
white noise. Our approach uses object-oriented modeling,
which is de facto based on the principles of synergy. The
article also considers the results of the study of the
influence of cooling rate fluctuations in the white noise
approximation on the formation of the nanoscale levels
of  self-organized  structures in  non-crystalline
semiconductors of the As-S(Se) system.

2. External noise-induced transitions and their

modeling
2.1. Research concepts and methods

Influence of external noise on the behavior of open
systems has been widely discussed in the literature
[6, 10, 12-14]. New and unexpected results have been
obtained with the development and formation of synergy
in this field. In particular, external noise has been found
to cause not only a standard linear response in dynamic
systems associated with fluctuations of their properties
but also to determine a qualitative change in the system
behavior. It follows therefore that the behavior of a
highly non-equilibrium system can be defined not only
by a deterministic external action but also by random
fluctuations of environmental parameters interacting with
the open system [15].

The following main aspects can be distinguished
when modeling the problem of the influence of external
random field on the behavior of macro- and microscopic
characteristics of non-crystalline materials. Influence of
the environment on a non-equilibrium system is
described by the phenomenological equation containing
an external random parameter. (The regularity of the
changes in the medium during cooling or deposition can
be set by using automated systems for controlling the
external temperature field [10].) The quantities contained
in the mentioned equation as well as the random
stationary processes can be represented as follows:

o))

where q is the average cooling rate (corresponds to the
deterministic case), & is the random external fluctuating
field, and o is the external noise intensity

(c:” =(& &) . () means averaging over the random

field), respectively. As opposed to the fluctuations of the
internal parameter of a non-crystalline system, which
have microscopic origin, the stochasticity of the
environment as a source of noise has a different nature,
i.e., the intensity of fluctuations in the medium can be
controlled [16-18]. It is essential for the study of the
influence of external noise on system behavior: (dS);>0
is the entropy flux in the non-crystalline system and
(dS)e<0 is the syntropy flux from the external
environment [8], respectively. Moreover, it is possible to
reduce the noise level, yet it is impossible to completely
eliminate it, i.e. external noise never equals zero. While
modeling external noise, the environment can be
specified as a source of noise in accordance with the
central limit theorem of the probability theory [15]. The
stochastic differential equation (SDE) and the stochastic
differential considering the external noise acquire the
following forms [15]:

dno(rt) _
dt

0 =g+0e&;,

o Ns(r.t)), dng = fo (ng)-dt+Gg -dW, .
2

Here, n(r,t) is the ordering parameter of the non-

crystalline system, fqt( .(rt)=h(n,)+a,g(n,) is the
nonlinear function describing local evolution of the
component n(r,t) in space r and time t, h(n,) and
g(n, ) are the functions of n(r,t), W, is the medium
temperature field (thermostat), and G is the source of
random noise, respectively. The change of the relative
temperature of the dynamic instability of a non-
crystalline solid can be used as a system order lines
parameter:

Mo (T _ng%n ,

which is directly determined experimentally and is
related to the fraction of atoms in the soft atomic
configurations [8]. In crystals, Tgz=T, and m.=0.
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In non-crystalline solids, T, =T, (q)<T, . The latter
value decreases with the increase of q [8, 19]. Therefore,
0<n,=<1.

Taking into account Eg. (1),
presented as follows:

LD 1, ()t o g(n,)-aw, -

=h(n,)+a,-g(n,)+&aM,), 3)

where dw, =& g(n,) -
~c:9(n,) corresponds to the diffusion of the soft

atomic configuration regions due to the influence of
external noise.

Functional dependence between the random
variables that model fluctuations of the environment is
obtained as follows. We consider the approximation of
external white noise with the state of the medium
changing significantly faster than the macroscopic state
of the system. We denote t,, to be the characteristic time
of the macroscopic evolution of the system or,
identically, the time of the system relaxation to the
stationary state n,_:

Eqg. (2) may be

The second summand in (3),

Tm =|]/0)(nc)|%:nﬁs ) 03( c): afqt (ﬂc)/aﬂc

Mo =MNgg

Here, . is the correlation time of a random field, which
is a measure of the rate of random fluctuations of the
medium and is defined as the memory time of the
process:

T C(t)de
T =
cor '([ CO

For the correlation function, C(t)=C(0)exp {-~v.t},
we obtain t_ =y.', where y, is a constant. The

fluctuating medium is characterized by significantly
smaller correlation time 1., of a random process than the
characteristic macroscopic time of the system 1, [6]. In
view of the technological conditions [1, 2] of obtaining
glass-like semiconductors of the As-S(Se) system,
Teor << T (Teor ® 1072...1071 s, Ty~ 10% 5).

A distinctive feature of the white noise approach is
that it is an entirely random process capable of acquiring
an independent value at any time and having significant
dispersion [12]. The energy is uniformly distributed over
all frequencies of the white noise spectrum similar to the
white light spectrum, and the correlation function is
proportional to the Dirac d-function [14]. The time
evolution of the system transition probability density

%(Y,t+ S|T]G,S) during the periods s, t =s is described
by the Fokker—Planck equation (FPE) [12]. The Fokker—

Planck equation in Stratonovich’s interpretation looks as
follows [12]:

dR(Y,t+s|n,,s)
dt B

=—aY[fq(<v>+"§g<v>avg(v>}m<v,t+sm,s>+

2

+%6Wgzﬂ%(Y,t+s\nc,s). (4)

Here, oy and dyy are, respectively, the first and the second
derivatives with respect to Y, and Y and n, are the system
state parameters at the time points, respectively. The
approach by Stratonovich enables direct modeling of the
correlations between the random environment and the
system [13].

2.2. Effect of white noise on the formation of self-
organized structures

We examine a synergetic approach to the study of
transition processes to non-crystalline state during
cooling of non-crystalline system melts [8]. The
following self-consistent system of equations for the
fraction of atoms in the soft atomic configurations o, the

mean-square displacements of atoms vy, (D,““) and
yt(D;m), and the self-consistent interaction potentials

f, g was obtained in [16, 19]:

= = n n
Fl(c)z—aoqn+cn2+bn3, Fz(yl)zriyl’ Fs(yt)ztiyt- (%)

i Yt

Here, the functions F,(o) F,(y,) F.(y,) are
determined by the following equations [6, 19]:

Fl(c): c&p +(1—G)Z X

e P (rY G, /V,
X{Z[B(y')_ﬂ(l—c)z [aOJ } @+ 2yt)}_

92 _
_ z(1—c)c[1+32—é|n B(ZY' )) Aly,)-<ln j -0,
l-o

3e 1

e (rY
F(y,)= 8\5(1_0){5(34 )+ Ei(l—cs)z[aoJ

0.022(1+2y,)?

e {B(yl)+ 6(';:92)2 (arj} -y, =0,
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Here, t=0/V, is the temperature and & =¢/V, is the

anisotropy parameter of the soft and crystalline
interaction potentials, respectively. The ratio G;/V, ~0.1

is taken into account. The self-consistent system (5)
enables studying dynamic stability and temperature
behavior of systems with non-equilibrium phase
transformations (q=0) using the calculation results
obtained for equilibrium transformations (q=0) [19].

The values of the parameters oY, f,0
characterizing the system during the formation process
change due to heat and mass transfer. Therefore, the
latter characteristics also fluctuate and, most importantly,
can be controlled [16]. Fluctuations in the medium, such
as e.g. changes of the melt cooling rate g, influence the
formation of self-organized structures and, more
importantly, can generate qualitatively new non-
equilibrium transitions.

We consider the influence of external white noise
on the structure and dynamic stability of non-crystalline
materials. Formation of a non-crystalline structure may
be described by a bifurcation process characterized by
the solutions of a system of nonlinear equations [8],
where the external controlling parameter of the medium
may be specified by the equation:

%

Here, qc is the maximum cooling rate at which the
non-crystalline phase is formed in the system and

a= q_qc
Qe

consider the case A <0 or q > (.. SDE in Stratonovich’s
interpretation looks as follows:

dnc(t) = (7\‘1]0 + YT]GZ - Bncs)dt + Eincdwt :

Here, dW, =&dt is the increment of a random variable

a-q atq—q,,
a-arctar(In[1+G]) at g=q,.

is the reduced cooling rate, respectively. We

(6)

&, G, =0./q, is the intensity of external noise reduced

to the limit, and vy, B are the system parameters,
respectively. The evolution of the distribution density
function R(n,,t) of the variable n, is presented as
follows:

~2

3, 9
— +_
Bn. > Mo

o RM,.t)=-2, (Knc +yn2 J‘R(m,t)Jr

~2

+%5fm(niiﬁ(nc,t)) : 7)

An external random field causes fluctuations of the
parameters of the non-crystalline system. The internal
fluctuations of the system parameters are accompanied
by the fluctuations related to and caused by the
fluctuations of the external temperature field. The
indicated fluctuations of the system parameters are
described by the distribution function ‘R(nc,t). The

transition under the influence of external noise induces
qualitative change of the system state function *J%(nc,t) .
Only transitions caused by external noise are considered.
In this case, the parameters defining the transition
include the mean value of the external white noise
intensity, variance, and correlation time.

The continuity equation takes the following form:

oR(M,.t)+a, I(n,.t)=0, (8)

where

J(nc.t){

~2
_S:,
2
is the flux of the soft atomic configurations of the non-

crystalline system [19].
In the stationary case, 0, J(n,)=0 and

~2

(e}
an, +ym —pn’ +7Em

}R(na,t)—

. (n29i(n,. 1))

2,R(n,)=0. The stationary density of the probability
distribution function R (n_) corresponding to the

stationary behavior of the system is determined from the
following relation:

& 5

N 2L A h
ms(nc): norm exp{.ﬂ_ (U)+ (U)}:
g(n,) C; g(u) (9)
2 2
= Nnormncag 1exp {-—ch _Eni}
(e} (¢}

Here, Nnorm iS @ normalizing coefficient calculated
from the following relation:

0

[%.(n)dn, =1,

0

2

<

REEER

where T'(x) is the Gamma-function. It follows from (9)
and (10) that the function 9R_(n_) is integrated over the

interval (0, 1). That is, stationary solutions for the non-

1

|

A
=7
O¢

A

=
O¢

1

],

~2
O¢

p

~2
O¢

p

O¢

1/ N norm =

2 2

(10)

crystalline state exist only at >1orA>0 (g>q.

Gt -
At A <0 or, identically, g <0 and q < q., the probability
density (10) behaves as the 5-function, as follows from
the expression for Nyorm.

Extremums of the stationary density 9R_(n,)
correspond to the macroscopic stationary non-
equilibrium states of the system. Qualitative change of
the form of 9 (n_) with the change of the control

parameter and the intensity of noise indicates the
transition. In fact, we rewrite (2) in terms of the
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synergetic potential V, (n,) of soft atomic con-
No
figurations V, (n, )=~ [ (h(z) +,9(2))dz as follows:

0

m, __ 0 . 11
p qu,(ns) (11)

Eqg. (11) can be also derived from the Landau—
Halatnikov equation [12, 19]. Stationary states of the
system are defined by zero values of the right-hand side

of Eqg.(11) and the corresponding potential Vql(nc).
Steady modes (n_) of the system behavior in the

linear approximation of the stability theory [13]
are defined through the potential V,(n,) as

62
O)(T]G): _61’] 2 Vql (nc)'

We consider the way the external white noise
effects the behavior of the synergetic potential V, (n,)

in the deterministic and stochastic cases. In the
deterministic case, the stationary probability density
‘J{S(nc) consists of the &-speed peaks centered near

stationary states. External noise causes expansion of the
o-like peaks. External fluctuations induce minor
fluctuations of the soft atomic configurations in the
vicinity of the positions of the stationary states and cause
percolation of the distribution of the soft atomic
configurations. The percolation increases the diffusion
component ( ~:-g(n,), see Eq. (7)) and facilitates
rearrangement of the soft atomic configurations at the
middle order level. Therefore, a decrease in orderliness at
the level of short-range order and an increase in
orderliness at the nanolevel of medium order are
observed. Such phenomena are related to fractality
through the influence of external noise manifested as the
synchronicity and coherence of the transformation of
ordering at different spatial scales. Hence, rearrangement
does not occur separately at each spatial level, but rather
fractally. It is also one of the unique opportunities for the
development of intelligent semiconductor materials
based on non-crystalline systems [18, 19]). The equation
for determining the extremes of the stationary probability
density (9) at @ — q. looks as follows:

~2

s 2 g ~Zen =0
Nom + YNom — BNam 5 Mo =

and its solutions are

yi1/y2+4[3ik—c~5§/2i. 12

2p

No1 = 07 n02,3 =

~2
,Y2

. . (¢}
The solutions Mo 3 exist at x>7§—ﬁ and always

correspond to the maximum of R (n,). The solution

Moy Corresponds to the maximum only at 0<7L<8§/2
(see Fig. 1).

%;(1,)
057 -«
\ —m—1
044 N\ =
I/_.*'\

03{ / \:\
0.2 \'ﬁ

0.1 N

0.0

00 02 04 06 08 10

Fig. 1. The dependence of the stationary density on the
distribution of the relative change in the temperature in the loss

of dynamic stability Rs(n,). o:= 1.5-10°K/s, §=0.7 (red
circle), g =1.0 (black square).

Hence, qualitatively new transitions to the non-
crystalline state can be realized in the presence of a
random temperature field. The transition at o, =0 and

A = 0 corresponds to the deterministic case (q <q.). The

transition at & = 0 and G, > Gy, =(21)"? is accompanied

by a sharp change of the form of the probability density
with a blurring 6-like distribution ms(nc) in the

direction of non-zero values of n, (see Fig. 1).

3. White noise: Bifurcation diagram
3.1. Bifurcation diagram
Behavior of the stationary density of the distribution
function of the relative temperature change under the
condition of the loss of dynamic stability as a function of
external noise intensity is shown in Fig.2. The
probability density has the following features. If the
velocity g is less than the critical one (A <0), the
stationary point mn, =0 corresponding to the
equilibrium crystalline state is an asymptotic constant
(the distribution ERS( G) in this case behaves like the &-
function, see Fig. 2).

The stationary probability density goes to infinity at
N, — 0 in the presence of external noise and at the

values of the control parameter 0 <A < 85 /2. That is,

the reproducible part of the 5-function of the properties
and m_ =0 is the most probable value. However,

R,(n,)=0 at m, =0 (see Fig.2). In such a case,
transition to a partially disordered state is realized at
t—> o with possibility of relaxation to equilibrium.
Consequently, the transition to a partially disordered state
is realized at t —> oo in this case corresponding to the
relaxation to equilibrium. A non-equilibrium structure
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R(,)
1.24 «
1.04 «

—m— availability of external noise
—— absence of external noise

0.8

0.6
0.4
0.2

[
~—a a

0.0+

00 02 0.4 06 08 1.0 1.2
n

G

Fig. 2. Qualitative change in the dependence nature Ry(n,) for
g =0 in the absence (red circle) and presence (black square) of

the external noise. oz = 0.5-102 KIs.

R.,)

1.0 . —#—0,205-107 (KIs)
L —0—5=0

0.8 \

o AR
/ \

0.04 oo

| -
o000 U=2—n—»—2 2

00 02 04 06 08 10
n

G

Fig. 3. Changing the nature of the distribution function
dependence Ri(ne, z) in the absence (red circle) and the
presence of external noise (black square) for g >q. (g =1,
0:=0.5-107 K/s).

may also form since % (n,) has a local maximum at
1, # 0 but is not asymptotically stable (see Fig. 2). This

structure is a qualitatively new state of the crystalline
system, which is caused by external noise. In this case,
an accidental temperature field has a partially disruptive
effect during obtaining the system.

At %.=5%/2, the distribution pattern %.(n,)
radically changes again. Although the probability density
is different from zero at n,, the most probable value of
R, (n, ) is achieved at n, =0 (see Fig. 3). At 4= 0 and
G.>G, =(21)"%, the formation probability of an
equilibrium amorphous-crystalline structure tends to
zero. R (n,) has a distinct nonzero extreme value at

this. Therefore, the transition to the non-crystalline state
in the presence of an external random temperature field
shows qualitative changes in the behavior of the system

when the noise intensity changes as compared to the
deterministic case. This testifies presence of two types of
noise-induced transitions in the system under consi-
deration, which are absent under deterministic actions,
namely the shift of the deterministic bifurcation diagram
and the formation of new levels of system structuring.
Qualitative change in the behavior of the system, which
is described by the distribution function R(n,,t), is
observed at the intensities greater than the threshold
values c; > o, (in the deterministic case with 4=4_).

The effect of environmental fluctuations depends on
the state of the system (g(nc)il) (see Fig. 3). It means

that not only disordering at the short-range order level,
which is manifested as the change of atom fractions in
the soft atomic configurations near the mean value, is
present but also rearrangement at the medium order level
resulted from the change of the extremum position of
R(no,z) . With the increase in noise intensity at

c.20,, the summand ~g(n,) in Vq,(m) (see

Eqg. (11)) is no more small. It causes diffusional
redistribution of the soft atomic configuration areas and,
hence, a qualitative change in the system state. Therefore,
multiplicative white noise can induce formation of
qualitatively new self-organized structures. The system
no longer adapts its behavior to the average properties of
the environment and the effects of external noise at
d; =q+o:& and g, are not equivalent. This means that

the average value of the cooling rate alone is not
sufficient to predict the properties of the system. At the
external noise intensities c. <<o,; , the situation is

similar to the deterministic case. The system behavior is
characterized by the mean values of the environmental
parameters. In this case, the effects of external noise on
the system at g, =q+o.&; and q; =, are qualitatively
the same. The results of the study of the influence of the

diffusion component of external noise on the behavior of
the distribution function are shown in Fig. 4. It is obvious

R,(n,)
2.4 R —A—1
t -2
2.0- o3
1.6
12y 7
08{ /| S\
4 / | N aAAa

04f R ~
0.04 «— (a2 e 00 ol=v-a s & a—8

00 02 04 06 08 1.0

n

c

Fig. 4. Influence of the parameter y diffusion component on the
nature of the distribution function Rs(n,). g =1, a/p=0.1,

1-y/B=05,2-0.1,3-0.01 for 5. = 0.5-10 > KIs.
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0.2
0.0

%(,)
1.0

0.8
0.6
0.4
0.2

\

u
~a—a—a—8—=

e

00 02 04 06 08 10
n

©)

0.0+

R.(1,)

1.0
0.8+
0.6+
0.4+
0.2
0.0+

Rs(7,)
1.01

0.8+
0.6+
0.4-

AN

00 02 04 06 08 10
n

c

0.2
0.0

—~E—a—E—8

d)

Fig. 5. Dependence of the stationary density of the distribution function R4(n,,) at different cooling velocity G and noise intensity

0:=0.5-10°K/s.a) § =0,b) 0.2, c)1, d)5.

from this figure that increase of y/B at constant 4,c,

leads to shift of the extreme value of the distribution
function towards higher values of n, and spillage of R,

around the extreme value.
Figs 5 and 6 present the dependence R (n.) at

various reduced cooling rates g and external noise
intensities o:. Qualitative state of the system is
determined by the number and positions of the
extremums of the probability density $.(n,) in the

stochastic case and synergetic potential V, (n_) in the

deterministic case. The extremums of ‘RS( ,) correspond

to the system states (attractors). One maximum of the
stationary density (see Figs 5 and 6) indicates that the
system fluctuates relative to one macroscopic state
(attractor). If the stationary density has two or more
maxima at the same values of external noise, the system
fluctuates between two possible states.

We analyze the dependence of the stationary
density extremums on the external parameter values
at different noise intensities (see Figs 5 and 6).

The dependence of the extremums of 93 (n_) on

g can be regarded as a modification of the deterministic
bifurcation diagram with a shift of the curve n_(q)

caused by d and 85/2. At the bifurcation point, the

system defines a self-organized self-sufficient structure
and the corresponding type of self-organization, while
after the bifurcation, the system obeys macroscopic
kinetic laws. In the vicinity of the bifurcation, different
ways of system evolution are equally probable, leading to
coexistence of different types of ordering. The system
forms a certain non-crystalline structure upon making a
random synergetic choice (see Fig. 7). The stochastic
variability of the fabrication conditions in the medium
leads to percolation of the system states to a certain
average value. The notion that the role of fluctuations is
ultimately secondary is based on the linear relationship
between the system and the environment. However, the
theoretical studies of melt cooling in a fluctuating
medium with noise presented above indicate just the
opposite, namely that the random nature of the medium
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Fig. 6. Dependence of the stationary density of the distribution
function R(n,) at different cooling velocity d and noise

intensity o, = 1-10 K/s.

along with the disorganizing effect can initiate formation
of qualitatively new self-organized structures of non-
crystalline materials. The spectrum of structures obtained
in this way is significantly larger than the one possible to
obtain under corresponding deterministic conditions (see
Figs 5 and 6). Therefore, enhancement of the stochastic
variability of the medium enables controlling the fractal
structure of a non-crystalline system depending on the
noise intensity.

3.2. Comparison of model behavior with experimental
data

The presented distributions R (n_) (see Figs 5 and 6)

show that transition to the non-crystalline state can be
achieved by maintaining the cooling rate constant and
increasing the intensity of fluctuations in the external
temperature field. The distribution function has an
extremum at fixed values A = 0 and intensities of noise

above the threshold value G, >y, =(21)"%. We obtain

R.(0)=0. Hence, there is a clearly defined non-zero
value 1, =0 at which the distribution function reaches

an extremum. At A =5/2, the function %_(0) remains
finite and sharply increases (‘J{S(O)—>oo) at the noise

intensity 7»<82g/2 . Hence, no transition to a non-

crystalline state with the formation of self-organized
structures occurs. The peculiarity of noise-induced
transitions as compared to the deterministic case is the
possibility of realizing a set of values n, and,
consequently, obtaining non-crystalline structures with
different additional types of ordering [16].

The suggested approach allows calculating the
critical values of parameter fluctuations when the
structural characteristics of the non-crystalline materials
are not sensitive to the changes of the conditions of their
obtaining. Furthermore, this approach enables predicting
the formation of qualitatively new self-organized
structures at certain noise intensities. We consider the
dependence of the threshold noise intensity on the
cooling rate for non-crystalline As,S; (critical cooling
rate equals as q.=5-10°K/s [1, 4]). Therefore, the
threshold noise intensity is = 3- 107 K/s at the cooling

rate q = 1.5-102 KJs, q 970 _ 2. The system state
0.
changes during transition to the non-crystalline state in

MNs
0.10+

0.08+
0.06
0.04+

0.02+

0.00+

Fig. 7. Dependence of extremums of the distribution function
Rs (n,) on the cooling velocity .. o: = 6 1023 K.
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Table. Experimental and theoretical data on the influence of random temperature field on the stability of non-crystalline solid

~ T, -T,.
As;S3q=1.5107K/s, g, =510 °K/s, G = 2, Tg=447 K, and AT, = gT =
9
. ] Experiment Calculation
Intensity of noise 3 - - - .
Tq K p, g/cm ATy, relative units ATy, relative units
c:=0 447 3.192 0 0
o: =4-10° KIs 445 3.190 0.005 0.009
o:=8-10° KIs 442 3.185 0.011 0.015
AT % The research results described in this article enable
o improvement the understanding of a number of physical
1.6+ effects and processes in non-crystalline solids under the
influence of external factors. Practical application aspect
1.2- of our research is related to the study of the processes of
self-organization and functional ordering in glassy
0.8 materials aimed at predicting specified properties,
providing the elemental base for solid and functional
0.4 electronics, and developing smart materials for artificial
' intelligence based on semiconductor compounds [18, 20].
The fractality effect of external noise provides a unique
001 == practical insight [18, 21-24]. Moreover, synergy and
00 02 o 06 08 object-oriented modeling [10, 21] enable the most
' ' '42 : ‘ adequate reproduction of the features and characteristics
0.-107,Kss of the influence of external noise on the formation of
Fig. 8. Bifurcation diagram in plane {ATg, c:} for non- non-crystalline systems.
crystalline As,S; (red circle — theory, black square —

experiment).

the deterministic case (fluctuations of the controlling
medium parameter o: < o). This change is caused
exclusively by the external parameter, namely the
cooling rate g. For noise intensities o;> Gy, two
parameters, namely the noise intensity o and the cooling
rate g must be taken into account. According to the
theory of bifurcations [12, 19], this is manifested by the
change of the attractor type, to which the system tends in
the equilibrium (q < g¢) and non-equilibrium state (q > q,
o: > o), and is described by the bifurcation diagram.

We analyze the effect of a random temperature field
during cooling on structurally sensitive parameters of
As,S;, namely its softening temperature T, and density p.
The random temperature field was set by changing the
airflow intensity during cooling (see Table). As can be
seen from this table, non-crystalline As,S; materials
obtained in the presence of an external random
temperature field are characterized by the modified
structurally sensitive parameters. Moreover, the change
of the softening temperature of non-crystalline As,S;
under the influence of white noise has a bifurcation
character on the plane {AT,, o:} (see Fig. 8).

4. Conclusions

« Study of the impact of the fluctuations of cooling
rate on the formation of self-organized structures of non-
crystalline materials in the white noise approximation
enables determining the threshold values of noise
intensity o < o, at which the structural characteristics of
non-crystalline materials are not sensitive to the changes
in the conditions of their fabrication. It also enables
predicting the formation of self-organized structures at the
noise intensities o: > oy

« It has been found out from the analysis of the
distribution function of the relative temperature change
under the condition of the loss of dynamic stability that
transition to the non-crystalline state may be achieved by
maintaining a constant cooling rate but increasing the
intensity of fluctuations of the external temperature field
above the threshold value o¢ > o .

* We also found the presence of a noise-induced
transition associated with the shift of the deterministic
bifurcation diagram. The qualitative change in the system
behavior described by the distribution function R(n, ) is

observed at the intensities exceeding the threshold value.
The state of the system is determined by the number and
positions of extremums of the probability density R(n_, ).
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CamoopraHi3oBaHi CTPYKTYpPH Ta HAHOPO3MIpHi piBHI iX (popMyBaHHSI B HEKPHCTATIYHUX HANIBNPOBiTHMKAX
cucremu As-S(Se), innykoBani 6i1umM ymom

M.I. Map’sn, H.B. FOpkoBny, B. Ille6enn

AHoTanig. Po3risHyTO CHHTYISIPHICTE Ta CaMOOpPTaHi3yroumili eeKT HecTaOUIbHOCTI i BHMAAKOBOCTI IPH BIUIHBI
30BHIIIHBOTO OiJIOTO IIyMy Ha YTBOPEHHS HEKPUCTAIIYHUX MarepiaiiB. BcTaHOBIEHO, IO BHITQAKOBHN XapakTep
CepeNloBHINIA OJAEPXKAaHHSI pa3oM 3 Je30praHi3ylounM e(eKkTOM MOKe IHII[IIOBaTH YTBOPEHHS SIKICHO HOBHUX
CaMOOPraHi30BaHUX CTPYKTYP y HEKPUCTAIIYHUX TBEPAMX Tinax. JloCimiPKeHHS BIUIMBY BUIIAAKOBOTO TEMIIEPATYPHOTO
NOJIsA, TPHUKIJIAJEHOTO JI0 PO3IUIaBy B IPOLECI OXOJIOJPKEHHS, NPOBEICHO JUIl HEKPUCTAIYHUX HAIliBIPOBIIHUKIB
cucteMAS-S(Se). 3HaiineHo YMOBH, 32 SKHX HEKpUCTaliyHa cucTeMa y (IIyKTyauifHOMY 30BHIIIHBOMY CEpPEIOBHILI
IATOPSIIKOBYE CBOI BJIACTHBOCTI CEpPEeHIM BJIACTUBOCTSIM CEPEOBHUINA 1 BIAINOBIJAa€ JETEPMIHOBAHOMY BHIIAJIKY.
Takox BM3HAUYEHO YMOBH, KOJIM CHCTEMa pearye Ha BHIIQJIKOBE CEPEJOBHIIE OAEp>KaHHS HE aJUTHBHO, A, HABIIAKH,
(opMye HOBHUI PEXUM NEPETBOPEHHS €HEPrii caMOOPraHi30BaHOI CTPYKTYPH Ha HaHOPO3MipHOMY piBHI. OTpumaHUH
TaKUM YHHOM CIIEKTP CTPYKTYp SIKICHO OTBII Pi3HOMAaHITHHI HOPIBHSHO 3 MOXJIMBHM CIIEKTPOM 3a BiIIIOBITHHX
JIETePMiHOBAaHUX YMOB.

KurouoBi cjoBa: OidypkamiitHa miarpama, (GpakTadbHICTh, HAHOPO3MIpHI e(EeKTH, CHUHEepPreThka, OiIMi IIyM,
HEKPHCTAIIYHI HAiBIPOBIIHUKH, CAMOOPTaHi30BaHi CTPYKTYpH.
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