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1. Introduction

Nanostructured materials are of considerable interest 
to researchers due to their unusual properties compared 

with volumetric or thin-film analogs [1, 2]. Many of these 
properties offer prospects for the application of nanostruc-
tures of materials for electronics, photonics, power indus-
try, etc. [3, 4].
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Проведено удосконалення спосо-
бу формування поруватого арсені-
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умов травлення. Досліджено вплив 
щільності струму, часу травлення 
та складу електроліту на поверх-
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Semiconductors, fabricated at the nanoscale, demon-
strate a drastic change in optical and electron properties [5]. 
These changes are due, above all, to quantum-dimensional 
effects, associated with the quantization of charge carriers’ 
energy, the motion of which is restricted, in one, two or three 
directions [6, 7]. Properties of the obtained nanostructures 
depend in turn on the parameters of the starting crystal and 
the methods of synthesis [8].

Semiconductors of group III–V have advantage over oth-
er semiconductors for microelectronic devices due to [9, 10]:

– a wide and straight band interval; 
– high mobility of electrons; 
– low thermal noise; 
– low energy consumption.
These properties of semiconductors from groups III–V 

allow the use of them for manufacturing optoelectronic de-
vices operating over wide spectral ranges [11]. 

However, the properties and the application of nano-
structures depend on a method of synthesis [12, 13]. There 
are several chemical [14, 15] and physical methods that have 
been successfully employed for fabricating the nanostruc-
tures of various materials [16]. Plasma-based processing, 
such as [17, 18], remain popular:

– arc discharge;
– radiofrequency and magnetronic spraying; 
– pulse laser deposition; 
– modified devices of dense plasma focusing (DPF), etc.
Most of these plasma methods have certain shortcom-

ings. Some of them require heating or shifting the substrate, 
or ultra-high vacuum [19]. It is often impossible to achieve 
high density of nanocrystals on the surface with the help of 
these methods, however, significant etching pits are formed 
with defects coming out onto the surface observed [20, 21]. 
Most of these methods have limitations, specifically:

– low deposition rates; 
– contaminants; 
– large energy consumption; 
– the need for super-high vacuum, etc.
The search for the optimal method to synthesize 

nanostructures on the surface of semiconductors is an 
important task.

2. Literature review and problem statement

Due to the diversity of existing methods for the synthesis 
of nanostructures, the formation of a wide variety of forms of 
nanosurfaces becomes feasible:

– quantum spots [22, 23]; 
– nanocrystals [24]; 
– nanotubes [25]; 
– nanothreads [26, 27]; 
– porous semiconductors [28, 29]; 
– textured surfaces [30]; 
– whiskers [31], etc.
Formation of porous layers on the surface of semicon-

ductors of group A3V5 typically occurs when using chem-
ical [32, 33] and electrochemical methods [34, 35]. These 
methods have the advantage over other methods due to their 
simplicity and possibility to control conditions of the process 
during experiment [36].

In paper [37], regular 3D nanoporous arrays were ob-
tained by electrochemical etching of n-nP (100) in a solution 
of hydrochloric acid. The results showed that the ranges 

of current density and rate of etching affect morphology 
of pores. It was shown that etching rate can be changed 
through the amplitude potential oscillation. The charge over 
a period and the amplitude can be adjusted by choosing ap-
propriate electrochemical parameters. Porous layers on the 
surface of GaAs of the p-type were formed in a solution of 
hydrofluoric acid [38]. It was found that after electrochem-
ical etching the porous layer demonstrated a significant 
decrease in the cathodoluminescence intensity, a change in 
the chemical composition and crystalline phase. It was noted 
that the formed layer is composed mainly of porous As2O3. 
However, the authors of these papers confined themselves 
to using only one electrolyte: for InP – HCl, for GaAs – a 
solution of HF. Such an approach does not make it possible 
to assess the contribution of composition and concentration 
of the electrolyte to the process of formation of porous layers.

Nanoporous InP (111) was formed by the method of 
wet-electrochemical etching using doping [39]. Morphology 
of the membrane’s surface was studied using a scanning elec-
tron microscope. A quasi-homogeneous and self-organizing 
nanoporous network that consists of semiconductor isles was 
detected. The preservation of basic macro dielectric proper-
ties was observed. Determining a refraction index showed 
optical anisotropy for the membrane, which strongly de-
pends on the wavelength of incident light, and demonstrates 
an interesting inversion (positive anisotropy to negative 
one). The inversion of optical anisotropy was explained by a 
strongly decreased “metal” behavior in the membrane. How-
ever, the paper does not clarify the mechanisms of a porous 
layer formation on the surface of indium phosphide.

It was shown in papers [40, 41] that there is always a 
minimum value for anodization voltage, at which the for-
mation of a porous layer on the surface of semiconductors of 
group A3B5 becomes possible. To determine this magnitude, 
the authors of study [41] proposed a method, which is char-
acterized by a gradual increase in voltage during etching. It 
was established that this magnitude is specific for each par-
ticular case and depends on other etching conditions. How-
ever, the unresolved problem is the influence of each factor 
(etching reagent’s composition, ion concentration in the 
electrolyte solution, temperature and duration of etching) 
on the process of initial nucleation of pores on the surface of 
a semiconductor crystal.

Thus, it is possible to point to the electrochemical etch-
ing as the optimal method for pore formation on the surface 
of semiconductors from group A3V5. Moreover, porous 
spaces of silicon [42, 43], germanium [44], zinc oxide, etc. 
are obtained using a given method [45]. However, all these 
papers fail to provide a general idea about the mechanisms 
of formation of a porous layer during electrochemical treat-
ment. Such a situation is explained by the fact that most re-
search has been focused on studying the impact of a certain 
factor on the process of pore formation. On the contrary, it 
is necessary to take into account a complex of factors and to 
explore their correlation with morphological properties of 
nanostructures. Each of the parameters of a porous structure 
(dimensions of a pore, thickness of a porous layer, etc.) can 
be a result of not just a single factor but their totality. Vice 
versa, one factor can correlate with several parameters of 
a nanostructure at once. Another unresolved problem is to 
establish which conditions of etching affect morphological 
properties of the obtained porous structures. Regularities 
that determine dimensions of pores and surface porosity 
of nanostructures have not been sufficiently studied up to 
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now. The identified contradictions and unresolved issues are 
caused by:

– a large number of modifications of the method of elec-
trochemical etching; 

– a variety of semiconductors and their starting parame-
ters that are used for the formation of a porous layer; 

– a wide range of conditions that enable pore formation 
on the surface of a crystal; 

– a lack of comprehensive approach to the evaluation of 
correlations between etching conditions and morphological 
properties of nanostructures.

Gallium arsenide has significant technological impor-
tance because it is used for manufacturing sensors [46], 
solar panels [47], photodetectors [48], etc. In turn, the 
porous gallium arsenide (por-GaAs) is also widely applied. 
Specifically, a porous phase can be used as a buffer layer for 
the fabrication of nitrides on the surface of semiconductors 
[49, 50]. Therefore, the optimization of the process of etching 
that would enable control over morphological properties of 
por-GaAs is an important scientific and applied task.

3. The aim and objectives of the study

The aim of present research is to establish the correlation 
between conditions of electrochemical etching of crystals of 
gallium arsenide and morphology of the obtained low-di-
mensional structures.

To accomplish the goal, the following tasks have been set:
– to improve the method for the formation of nanostruc-

tures on the surface of GaAs using the method of electro-
chemical etching; 

– to examine morphological and chemical properties of 
the obtained nanostructures; 

– to establish basic regularities in the formation of 
porous space on the surface of monocrystalline gallium ar-
senide.

4. Materials and methods applied for the formation of 
por-GaAs

Monocrystalline plates of gallium arsenide of the n-type 
with surface orientation (100) were used in the experiment. 
The samples were grown by the Czochralski method and 
alloyed with sulfur. Diameter of the samples was 5 cm, their 
thickness was 1 mm. The plates were polished on both sides. 
The basic properties of GaAs are given in Table 1. 

Таble 1

Physical properties of gallium arsenide

Property Value

Length of forbidden zone at 300 K 1.424 еВ

Effective mass of electrons 0.067 me

Effective mass of light holes 0.082 me

Mobility of electrons at 300 K 8,500 сm²/(В·s)

Effective mass of heavy holes 45 me

Mobility of holes at 300 K 400 сm²/(В·s)

Type of crystalline lattice Cubic of sphalerite type

Melting temperature 1,240 оС

Molar mass 144.64 g/mol

State Dark grey cubic crystals 

Before the experiment, the samples were cleaned at three 
stages:

– stage I: immersion of the samples in a solution of sulfu-
ric acid for 20 s and washing them in acetone for 10 min (to 
remove fatty pollutants from the surface);

– stage II: immersion of the samples in a 2% solution of 
hydrochloric acid for 2 min. and washing them with deion-
ized water for 5 min. (to remove surface oxides);

– stage III: drying the samples in a flow of atomic nitro-
gen for 2 min. (to stabilize the properties).

Porous layers of gallium arsenide were formed by the 
method of electrolytic etching in a solution of hydrochloric 
acid. Device for the electrochemical treatment of crystals is 
shown in Fig. 1.

Fig. 1. Schematic of electrochemical etching of 
semiconductors

The experimental sample is attached by a two-sided 
carbon tape to the bottom of an electrolytic fluoroplastic 
cell. The bottom of the cell was made of aluminum plate. 
Platinum plate is used as the cathode. The mode of etching 
reagent agitation was used during etching. This procedure 
ensures a more uniform arrival of electrolyte ions to the 
surface of the samples and helps avoid bubble formation on 
the semiconductor plate. A mixer was used for agitation, its 
working part is made of Teflon.

To determine correlations between morphological prop-
erties of porous gallium arsenide and the conditions of 
etching, the experiment was conducted with three groups 
of plates. 

The first group was exposed to electrochemical treat-
ment over a fixed time of etching (t=15 min) and value of 
current density ( j=200 mA/cm2). Different electrolyte solu-
tions were used for this group:

12H2O+1HCl; 	 (1)

12H2O+1HCl+1HBr; 	 (2)

12H2O+2HCl+1HBr; 	 (3)

12H2O+3HCl+1HBr; 	 (4)

12H2O+2HCl+1CH3COOH; 	 (5)

12H2O+5HCl+1HBr. 	 (6)

For the second group, the time of etching (t=20 min) and 
the concentration of electrolyte (12H2O+2HCl+1HBr) were 
constant. Current density was selected in the range from 25 
to 300 mA/cm2. 
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To determine a dependence of morphology of por-GaAs 
on the duration of etching, the third group was treated in a 
solution of electrolyte 12H2O+2HCl+1HBr with the fixed 
value of current density ( j=250 мА/сm2). The range of 
treatment duration was 2…30 min. 

After the experiment, the samples were exposed to an-
nealing in a stream of nitrogen. Morphology of the resulting 
samples was studied by using a raster electron microscope; 
chemical composition was determined by the EDAX method.

5. Results of research into formation of nanostructures on 
the surface of gallium arsenide 

5. 1. Correlation between the morphology of nano-
structures and the concentration and composition of 
electrolyte

Rate of etching a crystal is determined by a number of 
factors:

– first, properties of the semiconductor material; 
– second, properties of the etching reagent: its composi-

tion, concentration of the components, the presence of im-
purities in the solution, as well as temperature and agitation 
rate of solution.

The etching reagents that are used should [51]:
– possess selectivity, that is, the ability to actively enter 

reaction with the basic technological layer; 
– not form reaction products (strong gas release, forma-

tion of an oxide film and clusters of complex compounds); 
– allow a possibility for selecting the rate of etching, op-

timal for given conditions, which ensures minimum density 
of defects in the resulting porous layer.

The rate of etching process can be managed by intro-
ducing different additives to the electrolyte. An inhibitor of 
the reaction is acetic acid. Acetic acid, when introduced to 
the etching reagent, decreases a dielectric constant of the 
solution, and thus inhibits the dissociation of acid into ions. 
In addition, it itself dissociates with a release of a large quan-
tity of H+ ions. As a result, cathode reactions slow down. 
Passivation of the surface by hydrogen takes place during 
etching process. The adsorbed atoms in this case may break 
loose from the surface of the crystal and enter the solution, 
however, this process occurs quite slowly and requires a lon-
ger mode. Figure 2 shows morphology of the sample, which 
was exposed to electrochemical treatment in a solution of 
hydrochloric acid with added acetic acid.

Fig. 2. Surface of gallium arsenide after treatment in the 
electrolyte 12H2O+2HCl+1CH3COOH, etching time t=15 min, 

current density j=200 mA/cm2

Fig. 2 shows separate etching pits. A porous layer was 
not formed, part of the sample was covered by an insoluble 
oxide film. 

Bromine is a catalyst of the reaction of electrochemical 
dissolution of crystals. While introducing bromine to a 
solution of the etching reagent, it is possible to see that the 
reaction of etching slows down at the first moment. Then it 
captures an electron from the crystal and becomes a nega-
tively charged ion of Br–. By giving an electron to the acid 
(in the case of HCl) and passing into solution in the form of a 
neutral ion, bromine accelerates dissociation of hydrochloric 
acid and contributes to the cathode reactions. In this case, 
the number of holes in gallium arsenide increases, and the 
rate of etching grows.

Fig. 3 shows a lattice of pores with different diameters – 
from 50 to 200 nm. There can be big pits of etching with a 
diameter of up to 500 nm. The emergence of such pits sug-
gests the etching of surface defects. The shape of the pores 
is almost round. Formation of pores along the segregation 
line is observed. Compositional non-homogeneity, which 
manifests itself in the form of substantial fluctuations in the 
concentration of an impurity in the bands of segregation, 
results in the emergence of lattice dislocations. A decrease 
in the level of thermoelastic stresses weakens the activity 
of dislocation sources and decreases uniformity of impurity 
distribution in the volume of the crystal.

Fig. 3. Morphology of por-GaAs. Obtaining conditions: 
electrolyte 12H2O+2HCl+1HBr; etching time t =15min, 

current density j =200 mА/сm2 

Concentration of acid in the electrolyte determines the 
degree of porosity of the resulting structures (Table 2). Sur-
face porosity is understood as ratio of the area of all pores on 
the surface to the area of the sample.

Table 2 

Dependence of surface porosity of por-GaAs on the 
concentration of acid in electrolyte 

(t =15 min, j =200 mA/cm2)

Electrolyte Surface porosity, %

12H2O+1HCl 12

12H2O+1HCl+1HBr 25

12H2O+2HCl+1HBr 40

12H2O+3HCl+1HBr 80

12H2O+5HCl+1HBr 30

Table 2 shows that pores begin to form at minimal con-
centration of acid in the etching reagent (12H2O+1HCl), 
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but there are not enough anions in the electrolyte to move 
the etching front to the depth of the sample. The formed 
pores indicate only the etching of surface defects. The most 
uniform porous layer was formed in the solution 12H2O+ 
+2HCl+1HBr. In this case, the formation of pores that are 
almost identical in size is observed (Fig. 4).

Fig. 4. Morphology of por-GaAs: 12H2O+3HCl+1HBr, 
electrolyte 12H2O+2HCl+1HBr; etching time t =15 min, 

current density j =200 mА/сm2 

When the threshold of hydrochloric acid concentration 
in the solution is exceeded, the etching process slows down 
and the number of inlet holes of pores decreases. This may 
relate to the fact that the higher concentration of the elec-
trolyte leads to an increase in the N-passivation, which grad-
ually decreases conductivity and dielectric constant of the 
electrolyte. As a result, the process of etching slows down.

5. 2. Study of the effect of anodization current density 
on the morphology of a porous layer of gallium arsenide

The microstructure of a por-GaAs layer correlates with the 
magnitude of formation current, which follows from the results 
of research into a cross-sectional chipping of gallium arsenide 
with a layer of porous GaAs on the surface. The thickness of 
the por-GaAs layer increases from 15 μm at formation current 
density 50 mA/cm2 to 50 μm at 250 mA/cm2 (formation time 
is 20 min). In this case, the morphology of por-GaAs changes 
from weakly-ordered to distinctly elongated (Fig. 5). Fig. 5 
shows mutually parallel long channels of pores.

Fig. 5. RЕМ-image of cross-section of por-GaAs:  
j =250 mА/сm2; t =20 min; electrolyte 12H2O+3HCl+1HBr 

At low values of current density ( j<25 mA/сm2), forma-
tion of a porous layer was not observed. At current density 
in the range from 30 mA/cm2 to 200 mA/cm2, the process of 
electrochemical etching takes place with active formation of 
pores. Pores, depending on the applied anodization current, 
have different diameter and depth of intergrowth. Howev-
er, at a certain critical value of current density (exceeding  
250 mA/cm2), a porous layer is separated from the base. In 
this case, the surface of the GaAs plate has an uneven struc-
ture with multiple bumps and pits. Thus, we can conclude 
that there are minimum and maximum values of current 
density, at which nanostructures form on the surface of 
gallium arsenide. This range is determined separately for dif-
ferent electrolytes. Layers of porous GaAs should be formed 
at the maximum possible current density (the upper limit 
of the range). In this case, both maximum rate of growth of 
porous space and optimal area of the por-GaAs/ mono-GaAs 
are achieved.

5. 3. Effect of etching time on the morphology of po-
rous gallium arsenide

Undisputed is the fact that morphology of porous struc-
tures depends mainly on the etching time. Proper selection 
of duration of electrolytic reaction plays a crucial role in ob-
taining nanostructures. Duration of etching reveals a clear 
correlation with the depth of germination of a porous layer 
and porosity of the resulting structures. 

Fig. 6 shows a dependence chart of surface porosity of 
por-GaAs on etching time.

Fig. 6. Dependence of surface porosity of por-GaAs on 
etching duration at current density 250 mА/cm2, electrolyte 

12H2O+2HCl+1HBr 

Fig. 6 clearly shows that porosity of por-GaAs directly 
correlates with etching conditions: the longer the duration of 
sample anodization, the greater the given magnitude. 

This effect can be explained by the fact that at the be-
ginning of etching pores are formed on favorable places of a 
semiconductor’s surface, which include dislocation defects, 
microcracks, and uneven relief. At the next stage of etching, 
seed pore formation begins – etching pits start to emerge 
over the entire treated surface. Such pores are arranged ran-
domly and branch under the surface of a sample. Next comes 
an increase in the diameters of the already-formed pores 
while nucleation of the new ones continues (Fig. 7).

When using solutions of halogens, active beginning 
of the process of pore formation on the surface of n-GaAs 
is observed after approximately five minutes following 
the beginning of etching. When a crystal is treated for  
10...20 minutes, formation of a uniform porous layer is 
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observed in a wide range of current density and at various 
compositions of the electrolyte. When etching duration is 
prolonged to 30 minutes and longer, a few scenarios are like-
ly in the course of the subsequent electrolytic process:

– termination of growth of a porous layer as a result of a 
passivation effect; 

– formation of continuous insoluble solid films on the 
surface of the sample; 

– depletion of etching reagent to the critical value, at 
which there no more anions in the electrolyte sufficient for 
the further nucleation of pores; 

– significant etching of the surface, at which the sam-
ples obtained are characterized by severely impaired mor-
phology; 

– complete or partial dissolution of reaction products; a 
porous layer “crumbles” in the electrolysis process.

Fig. 7. RЕМ-image of morphology of por-GaAs:  
j =250 mА/сm2, electrolyte 12H2O+2HCl+1HBr; t =10 min 

These scenarios can be implemented simultaneously; 
alternatively, one of them will dominate. 

The dependence of thickness of a porous layer on etching 
time is given in Table 3 (according to data from the micro-
photographic images, obtained using a scanning electron 
microscopy). Fig. 8 shows schematic of the process of etching 
a crystal over time.

Тable 3 

Dependence of thickness of porous layer of gallium 
arsenide on etching duration (j=250 mA/cm2, electrolyte 

12H2O+2HCl+1HBr)

Etching duration, min
Thickness of porous layer, 

micron

2 0

5 0.8

10 3.5

15 22.6

20 44

25 45

30 38

Table 3 shows that during first 10 minutes the pores 
barely advance into the depth of the crystal – at this stage, a 
lattice of surface etching pits is formed and etching of a thin 
non-uniform layer occurs. The next stage (10...20 minutes) is 
characterized by the advancement of etching front into the 

depth of the crystal. Next, we can observe a sharp slowdown 
in the growth of pores into the thickness of the sample due to 
the fact that it becomes difficult for the electrolyte to reach 
the bottom of a pore. In addition, the upper layer begins to 
etch intensively with the sample getting thinner. At this 
stage, the electrolyte is also being depleted of ions while 
the medium is alkalized. This factor also contributes to the 
inhibition of a pore formation process.

а                                           b 

c 

Fig. 8. Schematic of the process of pore formation during 
electrochemical etching of gallium arsenide: a – first stage 

(0...10 min), formation of seed pores and etching pits;  
b – second stage (10...20 min), advancing of etching front 

into the depth of crystal; c – third stage (over 20 minutes) – 
slowing down of etching rate

6. Discussion of results of the study of electrochemical 
etching of gallium arsenide

The study of the chemical composition of resulting 
porous samples revealed that, in the process of etching, the 
surface of gallium arsenide was not covered with a contin-
uous oxide film (Fig. 9). Oxygen is present only in small 
concentration (up to 18 %). This indicates the formation 
of rare clusters of gallium oxide. Disruption in the stoichi-
ometry of samples is observed: gallium is present in a larger 
concentration. This happens through a faster etching of the 
sublattice of arsenic atoms (Table 4). In general, for semi-
conductors from group A3V5, faster etching of elements 
of the third group is a common phenomenon. It was shown 
in paper [52] that a disruption in the stoichiometry during 
etching of indium phosphate is observed towards the excess 
of indium atoms.

The research conducted demonstrates the influence of 
etching conditions of gallium arsenide on the formation of a 
porous layer on the surface of a crystal. However, it should be 
noted that morphology of the resulting porous layers is also 
affected by parameters of the starting crystal:

– orientation of the surface; 
– number and nature of defects; 
– level of doping and elemental composition of impu-

rities;
– conductivity type, etc.
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Fig. 9. Chemical composition of the surface of porous GaAs, 
obtained using the EDAX method

Тable 4

Component composition of the surface of porous gallium 
arsenide (spectra taken at 3 points), obtained by  

the EDAX method

Spectra
Components

О As Ga

Spectrum 1 14.28 25.31 60.41

Spectrum 2 5.66 23.46 70.88

Spectrum 3 13.80 31.05 55.15

Thus, it was shown in paper [53] that orientation of the 
surface of a crystal determines the shape of a pore. A level 
of doping plays a decisive role for the configuration of nano-
structures [54]. The number of etching pits on the surface 
of a crystal depends on the existence of point defects [55]. 
In addition, it is necessary to take into consideration that 
the self-organization processes occur during electrochemical 
treatment of any semiconductors. The emergence of coher-
ence in the original chaotic medium is considered the main 
attribute of self-organization [56]. As a result of self-organi-
zation, the system “semiconductor/electrolyte” acquires new 
collective properties, not possessed by elements. These prop-
erties manifest themselves in the form of correlations, that 
is, relations between distant parts of the system are created 
and maintained. Thus, self-organization processes, on the 
one hand, predetermine the variety of nanostructures, on the 
other hand, they complicate control over processes of pore 
formation on the surface of semiconductors. It is due to this 
fact that no optimized conditions for obtaining porous semi-
conductors with assigned properties have been developed as 
yet. This results in a large number of studies and publications 

on this subject and leads to the further search for ways to 
control the processes of pore formation. There is a need to 
construct a unified mathematical model that would take into 
consideration parameters of starting crystals, conditions for 
pore formation and the processes of self-organization, which 
take place at the interface “semiconductor–electrolyte”.

7. Conclusions

1. The improved method for obtaining nanostructures on 
the surface of gallium arsenide is reported. Por-GaAs layers 
were formed by electrochemical etching in a solution of hy-
drochloric and bromine acids. Stirring the electrolyte during 
etching makes it possible to avoid the emergence of bubbles 
on the surface of the crystal and contributes to the formation 
of a uniform porous layer.

2. Morphology of porous layers of gallium arsenide is 
an ensemble of round-shaped pores. The pores grow in long 
mutually parallel channels. The thickness of the porous layer 
can reach 50 µm, surface porosity – up to 80 %. Morpholog-
ical properties of por-GaAs are in correlation with etching 
conditions. Chemical analysis of the resulting nanostruc-
tures indicates that the sublattice of arsenide is etched more 
efficiently than the sublattice of gallium.

3. Basic patterns in the formation of porous space 
on the surface of monocrystalline gallium arsenide were 
established. Thus, the number of pores depends on etch-
ing duration and composition of the electrolyte. Rate of 
etching a crystal also depends on the etching reagent. 
Thickness of the porous layer correlates with the duration 
of anodization and the current applied. Diameter of pores 
is a function of current density. A combination of different 
etching conditions determines morphology of porous sam-
ples. Understanding these processes makes it possible to 
control etching process and to create nanostructures with 
preset properties.
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1. Introduction

The inertiality of change in the thermophysical param-
eters during operation process of heat power equipment is 
one of the reasons for the instability of its functioning and 
its deviations from the optimal state. The magnitude of 

delay in changing controlled magnitudes following external 
disturbances and controlling impacts depends on the ac-
cumulating properties of equipment under operation. This 
effect manifests itself in various parts of the equipment by 
changing the flow of energy compared with the flow that 
arrives with fuel. Energy flows are predetermined by the 

52.	 Suchikova, Y. O. Sulfide Passivation of Indium Phosphide Porous Surfaces [Text] / Y. O. Suchikova // Journal of Nano- and Elec-

tronic Physics. – 2017. – Vol. 9, Issue 1. – P. 01006-1–01006-4. doi: 10.21272/jnep.9(1).01006 

53.	 Yana, S. Porous Indium Phosphide: Preparation and Properties [Text] / S. Yana // Handbook of Nanoelectrochemistry. – 2015. –  

P. 283–305. doi: 10.1007/978-3-319-15266-0_28 

54.	 Bechambi, O. Photocatalytic activity of ZnO doped with Ag on the degradation of endocrine disrupting under UV irradiation and 

the investigation of its antibacterial activity [Text] / O. Bechambi, M. Chalbi, W. Najjar, S. Sayadi // Applied Surface Science. – 

2015. – Vol. 347. – P. 414–420. doi: 10.1016/j.apsusc.2015.03.049 

55.	 Wu, X. S. Surface Spot Defects Inspection of Multi-Crystalline Silicon Wafers Based on HALCON [Text] / X. S. Wu, R. Miao, 

Y. D. Si, C. M. Lou, D. X. Xu, X. N. Chu // Advanced Materials Research. – 2014. – Vol. 1081. – P. 241–245. doi: 10.4028/ 

www.scientific.net/amr.1081.241 

56.	 Vikhrov, S. P. Growth processes of noncrystalline semiconductors from positions of the self–organizing theory [Text] / S. P. Vikhrov, 

N. V. Bodyagin, T. G. Larina, S. M. Mursalov // Semiconductors. – 2005. – Vol. 39, Issue 8. – Р. 953–959.

DEVELOPMENT OF 
THE METHOD OF 

APPROXIMATE SOLUTION 
TO THE NONSTATIONARY 

PROBLEM ON HEAT 
TRANSFER THROUGH A 

FLAT WALL
O .  B r u n e t k i n

PhD, Associate Professor*
E-mail: a.i.brunetkin@gmail.com

M .  M a k s y m o v
Doctor of Technical Sciences,  

Professor, Head of Department*
E-mail: prof.maksimov@gmail.com

O .  M a k s y m o v a
PhD

Department of Computer Systems and  
Business Process Management 

Odessa National Academy of Food Technologies
Kanatna str., 112, Odessa, Ukraine, 65039

E-mail:  m.oxana.b @gmail.com
A .  Z o s y m c h u k *

E-mail: azosymchuk@gmail.com
*Department of thermal power automation processes

Odessa National Polytechnic University
Shevchenka ave., 1, Odessa, Ukraine, 65044

Для дослідження процесу нестаціо-
нарної теплопередачі через плоску стінку 
був розроблений наближений аналітич-
ний метод рішення задачі в зосередже-
ній постановці. Працездатність методу 
продемонстрована на прикладі рішен-
ня задач, що послідовно ускладнюють-
ся, для плоскої пластини: симетричного, 
несиметричного нагріву і нестаціонарної 
теплопередачі. Показана адекватність 
отриманих рішень в рамках точності 
інженерних розрахунків
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ка, аналітичний розрахунок, наближене 
рішення

Для исследования процесса неста-
ционарной теплопередачи через пло-
скую стенку разработан приближен-
ный аналитический метод решения 
задачи в сосредоточенной постановке. 
Работоспособность метода продемон-
стрирована на примере решения после-
довательно усложняющихся задач для 
плоской пластины: симметричного, 
несимметричного нагрева и нестацио-
нарной теплопередачи. Показана адек-
ватность полученных решений в рамках 
точности инженерных расчетов
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