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The objective of this research is to provide a detailed examination of ways to improve the efficiency of perovskite CasPCl; in
optoelectronic and solar cell applications. The substance known as CasPCls is classified in the same category as perovskites that are
composed of inorganic metal halides. In the scope of this study, the density functional theory (DFT), that are the base principle, was
used to examine the optical, electrical, and structural characteristics. The generalized gradient approximation (GGA), the Perdew
Burke—Ernzerhof functionals, and the linear combination of atomic orbital calculator are the tools that are utilized to gain an
understanding of the characteristics of the Ca3;PCls perovskite. The key point includes the material’s direct band gap, which is measured
to be 20.35¢V at the ['-point. It has also been found that the dielectric function and absorption spectra change depending on the photon's
energy. It has been reported that the extinction coefficient is 3.6963x10* and the refractive index is 1.4410. Therefore, studying
Ca3PCls's optical properties is crucial for considering this material for future use in photovoltaic and optoelectronic devices.
Keywords: Structural properties; Optical properties; Electrical properties; Layer separation
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1. INTRODUCTION

The significance of solar energy as a green, sustainable as well as enduring primary energy source is unquestionable.
In comparison to conventional energy sources, solar photovoltaic technology clearly emerges as the superior choice.
Photovoltaic cells efficiently convert light energy into electrical energy with minimal losses. Because of its widespread
availability of irradiance absorption and allowable band gap for semiconductor devices, industrial photovoltaic systems
are of major type. Additionally, their manufacturing process is very cost-effective. Perovskite compounds have garnered
a lot of attention throughout the past few years as potential substitutions for traditional photovoltaic solar materials from
a variety of fields. Silicon (Si), cerium titanate (CdTe), gallium arsenide (GaAs), and copper indium gallate selenide
(CIGS) are all examples of such materials [1-4]. Having the capacity to absorb light across a wide range of wavelengths
is absolutely necessary in order to create semiconductor devices that have the appropriate energy gap [5-7]. The
operational characteristics of inorganic metal halide perovskites, Considerable attention has been created by their
semiconducting solid-state nature, high absorption coefficients, and low reflection rates. [8-10].

During the last thirteen years, there has been a significant increase in the power conversion efficiency (PCE), which
has risen from 3.8% to 26.1% [11-13]. Nevertheless, the extensive utilization of these potential attributes is made difficult
by a lack of consistency. The perovskites' stability is extremely susceptible to moisture, air, light and temperature, making
them particularly sensitive in real-world situations [14]. In the year 1839, Gustav Rose made the discovery of perovskite
substance, which was subsequently called after the notable Russian mineralogist Lev Perovski. The term "perovskites" does
not refer to the complex oxides of calcium and titanium (CaTiOs3) in particular rather, it refers to a group of chemicals that
have the chemical formula ABX3, where X represents an anion whereas A and B represent cations of varying sizes, typically,
A is cation of a bigger metal as compared to B [15-21]. Ions of transition metals usually occupy the B-site, while ions of rare
earth or alkaline earth elements usually occupy the A-site. Particularly perovskite oxides are referred to by the symbol
ABX;[22-24]. Furthermore, the development of solar cell technology has been greatly aided by ABX; cubic perovskites,
which are characterized by high symmetry space group Pm-3m. The reason for this is that parity facilitates transitions in
close proximity to the band edge, hence enhancing their light absorption capabilities and increasing their charge mobility.
By adjusting the bandgaps of these materials, it becomes possible to have more versatility in capturing solar energy across a
wider range of wavelengths, hence enhancing the structural advantages. Whereas Ca3PCls, which is a perovskite compound,
is advantageous in a number of ways, this material is well-suited for many technical uses, especially in the fields of
photovoltaics and optoelectronics. Because it is suitable for large-scale manufacturing utilizing scalable fabrication
techniques, Ca3;PCls;, demonstrates a tremendous potential for the creation of solar cells and optoelectronic devices that are
both high-performance and cost-effective. Optoelectronic devices facilitate the development of connections between the
structure, mechanism, characteristics, and performance of materials. These electrical devices are available in a wide variety
of combinations. Efforts are currently underway to develop computational techniques that can improve the discovery of
materials suitable for high-performance optoelectronic devices [25-30]. Furthermore, apart from the ongoing investigation
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into innovative perovskite halide materials for possible application in solar cells and other optoelectronic devices, these
materials can also be modified to possess flexibility and lightness, which provides a major benefit [31-35].

The selection of materials that are used in the production of flexible electronic devices has a significant impact on
the performance, durability and flexibility of these devices within the industry. Combining a number of different materials
makes it possible to create a technical gadget that may be used in a variety of contexts. As a result of its unique nature,
which demonstrates great performance and technological priority, the halide perovskite is defined by its high level of
cost-effectiveness and efficiency [36-42].

The aim is to address the discovered significant research gaps by concentrating on the different qualities. Possible
results of this study include expanding our knowledge of perovskite material behaviour and encouraging the creation of
new compositions that provide an environmentally friendly and practical substitute for current solar power systems, both
of which aim to overcome the current limitations of perovskite solar cells.

Our methodological approach included calculating the density of states and band structure (DOS), and we have
computed the elastic constants as well. The compound's stability was determined by using the Born-Huang inequality
equations. Additionally, the mechanical constants, such as Young's modulus, shear modulus, and bulk modulus, were
computed by employing the equations that relate to each of these constants. These equations offer extremely helpful
information regarding the elasticity of the material as well as its capacity to withstand deformations.

Throughout the entirety of the work, there are four separate sections that have been incorporated. Within the
introduction part, there is a description of the objectives and scope of our research. Presented in the second section is an
explanation that is both clear and simple to understand of the computational methods that were applied. In the third
section, our findings are reported and analyzed in detail. Each of the significant results and the consequences of those
findings are detailed out in great detail in the fourth section. Based on the findings of the investigation, it offers a complete
analysis and draws conclusions.

2. COMPUTATIONAL DETAILS

The primary objective of this research is to enhance the quality of Ca;PCl; material that is used in the production of
new perovskites. During the process of improving the bandgap, we explored its possible applications in the conversion
of solar energy and in optoelectronic devices. In order to carry out the analysis, we use Quantum ATK software program
to do computations based on the Density Functional Theory (DFT). Using the Materials Project database, we first gathered
information about the A3;BX3 type crystal, which contains 7 atoms per unit cell.

For the purpose of determining the structural properties of the novel perovskite CasPCls, calculations were carried
out with the assistance of the exchange—correlation generalized gradient approximation (GGA) and the Perdew—Burke—
Ernzerhof (PBE) functionals for linear combination of atomic orbitals (LCAO) calculator [43-45]. Quantum ATK Tool,
version- 2023.12 was utilized in order to carry out these calculations.

The band structure and partial density of states of CazPCl; both are analysed in Brillouin zone using computational
methods. In order to get accurate computations, the Brillouin zone was partitioned into a grid of points using a K mesh
of order (5x5x5), with a density mesh cutoff of 60 Hartree. A convergence tolerance of 0.0001 was consistently
maintained throughout the whole procedure. The process of optimization was modified by employing the Fermi—Dirac
occupation approach over 9 self-consistent field phases. Both the Fast Fourier Transform (FFT) method and the Poisson
solver have been applied. For the identification of eigen values, a medium pseudopotential was used. For calcium,
PseudoDozo [z=10], PseudoDozo [z=5] for phosphorous and for chlorine it is PseudoDozo [z=7]. By this technique,
researchers are able to get a deeper understanding of the material's potential that uses in a variety of fields, including
semiconductor devices and catalysis, among others.

3 RESULTS AND DISCUSSION

3.1 Structural Properties:

Perovskites are a group of materials characterised by their distinctive crystal structure, which can be expressed by
the formula ABX3. CasPCl; belongs to the same chemical family with a Pm-3m cubic face and is formed of 7 atoms as
its basic building block. Figure 1(a) displays the crystallographic structure of Ca3;PCls, which forms in the Pm-3m space
group, is indicated schematically.
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Figure 1. (a) The ideal framework of Ca3PCl3 perovskite and (b) k-path of Brillouin zone
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Within the unit cell, the Cl atom is positioned at the edge of the face, The phosphorus atom is precisely located at
the centre of the crystal, and the Ca atom is located at the vertex of the crystal. The k-path that is represented within the
Brillouin zone (BZ) of the atomic structure is shown in Figure 1(b). Due to the high symmetry points (I'-X-M-I"-R-X-R-
M), the Brillouin Zone occupies a position of great significance. The bond length of Ca-P and Ca-Cl in CazPCl; perovskite
material is 3.0005 A. The behaviour of electrons at high-symmetry k-points is an important bit of information that is
needed in order to have a thorough understanding of the conductivity, energy bandgap and electrical properties of the
material.

To determine the minimum energy of the ground state and maintain the stability of the lattice, the lattice constant
that leads to the lowest energy in the actual environment is of most significance. Lattice constant of Ca3;PCl; perovskite
is 6.001A as shown in Table 1. The rise in ion radius has been found to have a direct association with the modification of
lattice constant, unit cell volume and density that has been discovered. Our optimization of the geometry turned out to be
reliable with the comparison that had previously studied. The findings of our investigation indicated that the conclusions
were in agreement with the findings of further theoretical studies that had been conducted. According to Apurba et.al [46]
and Rasidul et.al [47], in their research they find the value of approximate to 6.00 A as the lattice constant of Ca;PCls.
With the help of the comparison, we were able to show that the approaches that we use to optimize geometry are accurate.

Table 1. Positioning of Ca3PCls lattice parameters

Material Lattice constant (A) Lattice type Unit cell volume Space Group Density
Present study 6.001 Simple cubic 216.1A3 Pm-3m (221) 1.979 g/cm?

CasPCl3 5.69 [46] Simple cubic - Pm-3m (221) -
Others study 5.725 [47] Simple cubic - Pm-3m (221) -

In addition, by analysing their mechanical characteristics by examining the elastic properties of system. Fundamental
elastic constants that are C;;, C» and Ca4, can be used to evaluate the mechanical properties of perovskite [48-49].
According to the findings of our research, the values of Ci1, Ci2, and Ca4 are 44.78, 11.25 and 15.82 respectively as shown
in Table 2. The Born-Huang stability criteria have become known as the necessary conditions for a cubic structure to be
stable, C44 >0, C1;-Cj2 > 0 and C;; + 2Cj, >0. Furthermore, the elastic constants were used to establish the material
properties, such as the Bulk modulus, shear modulus and Young's modulus, in order to determining the ductility and
brittleness of a material [50-53]. On the other hand, poisons ratio that is calculated is 0.2008 which measures the number
of dimensional changes that occur when a material is subjected to a load. Mechanical properties make this material perfect
for flexible electronics. Solar cells and data storage systems that need regular performance satisfying the needs of modern
applications that require strength and flexibility.

Table 2. The calculated values of elastic constants of the CasPCl; compound

Material Cu Ci2 Caa Bulk modulus (B) Shear modulus (G) Young's modulus (Y)

CasPCls 44.78 11.25 15.82 22.4245 16.2002 40.2578

2.2 Electronics Properties
3.2.1 Band Structure
A substance's electronic properties are those that pertain to creation and flow of electrons inside its molecular
structure [54]. Understanding the electronic band structure allows one to predict the electron behaviour in materials, light
absorption and electrical conductivity. The band structure and the electron density of states are the two types of properties
that are associated with electrical devices [55].

s

Figure 2. The electronic band structures of Ca3;PCl; perovskite

A representation of the energy band structure of Ca;PCl; with BZ points (I'-X-M-T'-R-X-R-M) is presented in Fig. 2,
encompassing a range of -5 to 5 electron volts. In Table 3, Ca;PCl; has been shown to have a direct band gap of 2.035 eV,
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while the CBE is 1.0189 eV and the VBE is -1.0163 eV from measurements that were taken. It is at the I'-point, which is
the central point within the Brillouin zone, that the conduction band and the valence band exhibit their lowest and highest
energy points, respectively. This characteristic is preferable for optoelectronic devices, as it indicates the potential for
effective charge carrier mobility.

Materials with a bandgap lower than 3.1 electron volts hold great potential for the development of devices that utilize
visible light. Across the energy range of 1.2-12.3 eV, the perovskite exhibits considerable differences in its optical
features, which makes it suitable for use, such as light-emitting diodes (LEDs) or photodetectors that are designed to
detect ultraviolet light, as well as solar cells that are purpose-built to detect visible light [56]. Based on the calculations,
Ca3PCl; has a direct band gap, making it a perfect material for use in optoelectronic devices.

Table 3. Electrical Properties of CasPCl3 Perovskite

Material Direct Bandgap (eV) CBE (eV) VBE (eV) Layer separation (A)
Present study 2.035 1.0189 -1.0163 6.00
CasPCls . 2.208[46] - - -
Pervious study 2.109[47] - . :

3.2.2 Complex Band Structure
A material's transport characteristics can be derived from its complex band structure, which also allows in identifying
the charge carriers that contribute to tunnelling currents within the band gap. There are two different sorts of modes that
are included in the complex band structure (CB), these modes are a propagating mode and a decaying mode, as shown in
Fig. 3. It is possible to make use of the value of the wave vector (k) that has been provided for any of the two different
sorts of modes. Within the same directional spectrum, decaying modes are described by a complex Bloch phase factor,
whereas propagating modes are characterized by a real Bloch phase factor in the direction opposite to the C axis.
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Figure 3. Complex band structure of novel perovskite CasPCl3

In the field of optoelectronics, our investigation of the CBS aims to throw provide light on the potential applications
of these materials. The real values of k. represent the conventional Bloch states, which are observed on the right side of
the diagram. Conversely, complex k. values are associated with states that are in proximity to the material's surface. With
a layer separation of 6.00 A, the presence of CasPCl; is shown by the CBS. Therefore, this study's findings show that the
novel Cas;PCl; perovskite halide is a great material to employ in the production of optoelectronic devices.

3.2.3 Density of State

When it comes to the perovskite halide Cas;PCls, the density of states (DOS) is all about how the electronic states
are ordered throughout the material's different energy levels. This is related to the composition of the substance. By
utilising density of states, one can find out considerable amount of information about the electrical structure and
characteristics of the materials. Crystal structure, bandgap and electron density between atoms are three important
variables that define the DOS.

Fig. 4 shows the distribution of density of states for Ca3;PCls. It covers an energy range from -5 to 5 eV. The energy
spectrum is fully occupied by the hybrid states of phosphorous (P) and calcium (Ca) in conjunction with chlorine (C1).
Density of states identifies peaks at -4.7 eV, -3.8 ¢V and -1.9 eV within the valence band (left side) and 4.4 eV, 3.4 eV
and 3.3eV in the conduction band (right side). In optoelectronic applications, direct bandgap semiconductors are
frequently chosen because of their exceptional efficiency in optoelectronic conversions and solar cells, this paper details
the electrical properties of Ca;PCls, offering insight into its potential usage.
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Figure 4. Total density of states of novel perovskite CazPCls

3.2.4 Projected Density of States
Projected density of states (PDOS) of CasPCl; provides information about the distribution of electronic states among
the calcium, phosphorus and chlorine atoms. It gives information regarding the electrical configuration of the compound
as well as the bonding characteristics that are important when knowing its properties in various applications. This

illustrates the way in which orbitals from each individual atom contribute to the overall density of states of the complex
[57-58].
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Figure 5. Projected density of states of Ca;PCls perovskite

The calculation of a PDOS takes place using an energy range from (-5 to 5 eV). Figure 5 (a-c) shows the PDOS of
particular atoms of Ca;PCl;. According to the results of our research, the p-orbital densities of phosphorus (P) and chlorine
(Cl) have a significant impact on the behaviour of the valence band (VB) also the calcium d-orbital has an effect on the
conduction band (CB). The presence of these energy levels allows for a diverse variety of electron states to make
contributions to the valence band.

3.2.5 Electron Density

The electron density distribution forms a cloud around the atoms during the bonding process. As the density of this
cloud increases, it represents the probability of an electron being found in a certain location. For stronger bonding
interactions, a higher density is preferred. When attempting to identify the electronic properties of a material, it is
necessary to investigate the electronic charge density of the material [59-61]. Presented in Figure 6(a) is a two-
dimensional representation of the crystallographic plane. Each colour on the bottom-right scale bar represents a different
strength of the electron density.

An illustration of a viewpoint that appears to be comparable to that of a bird's eye view may be obtained from
Figure 6(b). It is much simpler to understand the manner in which the charges are dispersed surrounding the atoms in
different amounts within the structure. The three dimension image of charge distribution can be seen in Fig. 6(c), from
this one can acquire a comprehensive understanding of the distributing of charges around atoms with different levels of
Intensity.
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Figure 6. The charge density distribution of CasPCls can be visually represented in three different ways: (a) a two-dimensional
depiction, (b) a top-down perspective resembling a bird's eye view, and (c) a three-dimensional view

3.3 Optical Properties

These properties of CasPCl; make it highly suitable for extensive application in the field of optoelectronics.
Thorough testing is necessary to ascertain the suitability of materials for application in solar cell and optoelectronic
devices [62]. Several optical properties, including as the absorption coefficient, conductivity, dielectric functions,
reflectivity, extension coefficient and refractive index, are included in the of this study and shown in Table 4. A material's
optical qualities are affected by its light-reactivity and light-adjustment capabilities, which are in turn affected by its
interaction with light. In the following equation of the dielectric function, the real and imaginary parts are denoted by the
symbols (Re(g)) as well as (Im(g)), respectively.

e=Re (¢) + Im (¢) )

Where absorption coefficient indicates that it has improved capacity to absorb light of varying wavelengths as
compared to other compounds. The real and imaginary dielectric functions can be used to calculate absorption coefficient.
The absorption coefficient of a perovskite made of Ca3;PCl; has been shown in Figure 7(a).
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Figure 7. The real coefficients of optical constants CasPCls: (a) absorption coefficient (o), (b) extinction coefficient (k), (c)
refractive index (n) and (d) reflectivity (r)

From the observed value, the highest absorption peak is observed at 3.2 eV, corresponding to 404615 cm™. This, in
turn, would raise the competitiveness of these materials in the market for solar components. Whereas, the extinction
coefficient is a measure of the reduction in electromagnetic radiation within a substance, determined by measuring the
imaginary part of the refractive index. On the other hand, the real component denotes the velocity at which EM waves
travel through the substance. The material Ca;PCl; exhibits a low « value of 0 eV, suggesting its minimum absorption at
low energies (3.6963x107) as shown in Fig. 7(b). The refractive index (1) is a quantitative measure used to determine the
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stability of a material in different device applications by measuring the changes in the speed of light within the material.
This specific parameter is an aspect of the complex interaction that occurs between light and a material. In Fig 7(c), the
material's refractive index, indicating a substantial level of light interaction within this energy range during its
propagation. When developing antireflective layers for solar cells, it is feasible to utilize materials with a high refractive
index [63]. The calculated value of refractive index is 1.4410. Furthermore, when subjected to electromagnetic radiation,
including visible light, Ca;PCl; perovskite exhibits a certain quantity of light that it reflects. Depending on a variety of
parameters, including surface shape, crystal orientation and composition, perovskite materials can display significant
changes in their overall reflectance [64]. However, the reflectivity of the CasPCl; perovskite can be affected by both the
wavelength of light and the angle of contact with the substance. The reflectivity of CasPCl; is 0.0326, as depicted in
Fig 7(d).

Ca3PCl; complex coefficient reflects the compound's geometric image's imaginary unit coefficient. The chemical
composition Ca3;PCl; contains calcium, phosphorus, and chlorine. Under certain conditions, a molecule with an imaginary
coefficient may undergo complex bonding or phase transition.

Table 4. Real and optical properties of Ca3;PCls perovskite

Material Properties Units Values
Absorption coefficient cm’! 404615 (3.2¢eV)
Real Extinction coefficient - 3.6963% 1073
Refractive Index - 1.4410
Reflectivity - 0.0326
CasPCls Optical Conductivity AV-lcm! 1760.05 (3.12 eV)
Complex Dielectr'ic cqqstant - 2.0766
Polarizability cm?v'! 2.0602x10-%
Susceptibility - 1.0766

Optical conductivity is a property of a material that quantifies the correlation between the magnitude of the electric
current generated in the material and its current density, leading to the generation of an electric field at a particular
frequency [65]. As shown in Fig. 8(a) the value of real optical conductivity is 1760.05 AV-'cm™! at 3.12 eV. Whereas the
real part of the dielectric constants predicts the value of 2.0766, as shown in Fig 8(b), indicating reduced internal power
dissipation.
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This is beneficial for enhancing solar cell efficiency. Furthermore, the actual Re[a;] component of dielectric constant
represents influence of polarization and dispersion on material. Figure 8 (c) depicts the polarizability of recently
discovered halide perovskite. This graphic includes both the real Re[a] polarizability and an imaginary Im[a]
polarizability. The real polarizability value of Ca;PCls is 2.0602x10*°cm? V-!. We have also calculated the value of
susceptibility of Ca;PCls as shown in Fig 8(d), the calculated real value Re[y] is 1.0766 reported in our work. According
to the findings, CasPCl; possesses excellent features for converting solar energy, especially in terms of its optical
conductivity, which makes it best use in solar cells.

CONCLUSIONS
In a nutshell, our investigation consisted of utilizing DFT calculation in order to investigate the material Ca;PCl;,
with a particular emphasis on the structures, optical properties, electrical properties, and mechanical properties of the
material. The value of 2.035 eV was discovered to represent the direct bandgap of Ca;PCl;.The material CazPCls exhibits
exceptional potential for application in the fields of solar cells and optoelectronics. Additionally, the computed elastic
constants for this structure were as follows: Ci; = 744.78, Ci; = 11.25 and C4 = 15.82. Whereas the calculated value of
refractive index is 1.4410. This is because it offers crucial information regarding the propagation of light through a
substance. As it explains the phenomenon of light propagation through a material. However, the value of dielectric
constant is 2.0766 also the calculated value of extinction coefficient is 3.69638 x10°, which can be used to calculate the
ability of a molecule to absorb light at a particular frequency. The findings of this work are expected to provide guidance
for the development of flexible electronic devices, such as solar cells, optoelectronic devices, and other devices that could
potentially make use of this material due to its potential applications.
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AHAJII3 CTPYKTYPHHUX, EJJEKTPOHHUX TA ONITUYHUX BJAACTHUBOCTEM IIEPOBCKHUTY CasPCls JJISI
3ACTOCYBAHHA B 3EJIEHIT EHEPTETHIII TA ONITOEJEKTPOHIIII
Yakmy Manan', Kpimna Kymap Mimpa!, Pagxuim [llapma®
Inemumym inoicenepii ma mexnonoziii Yuieepcumemy Yimkapa, Yuisepcumem Yimxapa, Padocnypa, Ilenooca6-140401, Inois
’IlIxona inoicenepii ma mexuonoziti Ynisepcumemy Yimrxapa, Conan, Ximauan-Ilpadew-174103, Inois

MeToro IIbOT0 AOCIIDKCHHS € JleTaJbHe BUBUCHHS CIIOCO01B IoKpareHHs edektuBHOCTI nepoBckity CazPCls B onroenekTpoHHii ramysi
Ta raimy3i COHIYHHX eneMeHTiB. PeqoBuna, Bitoma sk CasPCls, kimacudikyeTses B Tii camiit KaTeropii, mo i mepoBCKiTH, 10 CKIAaI0ThCS
3 HEOPraHIYHHMX TaJOTeHiiB MeTamiB. Y paMKax [bOTO JOCTIPKCHHS Ui BHBYCHHS ONTHYHMX, CJCKTPUYHHX Ta CTPYKTYpPHUX
XapaKTepUCTHK OyJ0 BHKOPHCTaHO Teopito ¢yHkuioHanmy ryctuHu (DFT), ska € 6a30BHMH NMpUHLOUNAMH. Y3arajJbHEHE TPajIi€HTHE
HabmmwxenHs (GGA), ¢ynkuionamu [lepapio bepka-EpHueproda Ta kanmpkynsarop miHIMHOI KOMOiHamii aToMHHUX opOiTaneil — 1e
IHCTPYMEHTH, SIKi BAKOPHCTOBYIOTECS [UTS pO3YMiHHS XapakTepucTuk neposckity CazPCls. KimtouoBum MOMEHTOM € mmpuHa 3a00poHEHOT
30HU Matepiany, sika, 38 BUMIpIOBaHHAMH, CTaHOBUTH 20,35 eB y Toumi I'. Takox Oy0 BUsBICHO, IIO AielNeKTpHYHA (PYHKIISI Ta CIEKTPU
TIOTJIMHAHHS 3MIHIOIOTHCS 3AJISKHO BiJl eHeprii ¢poTona. [ToBimomisiocs, mo 3Ha4eHHs Koe(ilieHTa eKCTUHKIIT CTaHOBUTH 3,6963x10%,
a 3HaueHHs Noka3Huka Binoutrs — 1,4410. Tomy BuB4eHHs onTuuHKX BractuBoctelt CasPCl; Mae BupilagbHe 3HaYSHHS IS PO3TISILY
LIOr0 MaTepiaiy Ul Maii0yTHbOIO BUKOPHCTaHHS y (POTOCNEKTPUYHUX Ta ONTOSIEKTPOHHHUX IIPUCTPOSX.
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