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In this paper, we present a detailed theoretical exploration of the ternary chalcopyrite semiconductors AgGaTe, and AgInTe, using
first-principles calculations grounded in Density Functional Theory (DFT). The simulations are carried out within the Full-Potential
Linearized Augmented Plane Wave (FPLAPW) formalism as implemented in the WIEN2k computational package. Structural
properties are optimized using the WC-GGA exchange—correlation functional, whereas the electronic and optical responses are refined
through the modified Becke—Johnson (mBJ) potential, known for its improved bandgap estimation accuracy. The study involves a
thorough evaluation of the electronic band structures and various optical parameters, including the complex dielectric function,
absorption coefficient, refractive index, energy-loss function, and reflectivity. The findings reveal that both materials possess direct
bandgaps that lie within the optimal range for solar cell absorption. Additionally, these compounds show strong light absorption in the
visible and near-infrared regions, high refractive indices, and marked interband transitions. Such features highlight their suitability for
photovoltaic technologies, especially in thin-film configurations where enhanced light capture and carrier generation are critical.
Moreover, the observed optical and electronic properties also suggest possible utilization in infrared detection and nonlinear
optoelectronic systems. Overall, the results contribute valuable theoretical insight into the optoelectronic characteristics of silver-based
telluride chalcopyrites, reinforcing their potential as environmentally friendly and efficient materials for future solar energy solutions.
Keywords: FPLAPW; Density Functional Theory, Modified Becke—Johnson,; Electronic structure; Optical analysis
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1. INTRODUCTION

Ternary [-IT1I-VI2 chalcogenide semiconductors, notably AgGaTe, and AgInTe,, have garnered substantial attention
from the scientific community owing to their remarkable structural and physicochemical characteristics.

These compounds are part of a wider family of tellurium-rich materials that adopt a crystal structure based on the
chalcopyrite prototype [2]. Their combination of adaptable crystal geometry, adjustable bandgap energy, and superior
optical activity across the visible and infrared spectra renders them highly suitable for innovative energy-related and
optoelectronic applications [3—8].

AgGaTe; and AglInTe; crystallize in a chalcopyrite-type tetragonal lattice (space group I-42d, No. 122) [9], derived
from the zincblende structure through an ordered arrangement of cations. This structural configuration exhibits a distinct
distribution of atoms at cationic and anionic positions, leading to anisotropic electronic properties and notable dielectric
responses.

Thanks to their relatively narrow and direct bandgaps, both materials are highly suited for use in thin-film solar
cells, infrared photodetectors, thermoelectric converters, and nonlinear optical applications [10—15]. Furthermore, their
optoelectronic characteristics can be engineered through compositional modifications or lattice strain, enhancing their
adaptability for tailored device integration.

Despite their promising functionalities, rigorous theoretical investigations, particularly those employing accurate
ab initio techniques, remain limited. Among such methods, the Full-Potential Linearized Augmented Plane Wave
(FPLAPW) approach [16] is widely regarded for its high precision in solving the Kohn—Sham equations within the
Density Functional Theory (DFT) framework [17], especially for systems exhibiting structural anisotropy or complex
bonding environments.

In this study, we utilize the WIEN2k computational platform [18], a well-established implementation of the
FPLAPW formalism, to explore the structural, electronic, and optical properties of AgGaTe, and AgInTe,. Geometry
optimization is conducted using the Wu—Cohen Generalized Gradient Approximation (WC-GGA), while the electronic
and optical responses are computed via the modified Becke—Johnson (mBJ) potential [19], which offers superior bandgap
accuracy compared to traditional GGA or LDA functionals.
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The objective is to provide a thorough characterization of these compounds, including their:

e clectronic band structures and bandgap nature (direct vs. indirect),

eand Optical parameters, such as the dielectric function, absorption coefficient, refractive index, and
reflectivity [15].

The findings provide valuable theoretical insights for optimizing Ag-based chalcopyrite semiconductors in energy
harvesting and optoelectronic applications, while supporting their development as efficient and sustainable materials for
next-generation technologies.

2. COMPUTATIONAL METHODOLOGY

All computational analyses in this study were conducted using the WIEN2k package [18], which implements the
Full-Potential Linearized Augmented Plane Wave (FPLAPW) method [16] recognized as one of the most precise first-
principles techniques for solving the Kohn—Sham equations of Density Functional Theory (DFT) [17]. This approach is
particularly effective for handling materials with strongly localized or correlated electrons, such as those containing
transition metals or heavy elements.

For structural relaxation and total energy determination, we employed the Generalized Gradient Approximation
(GGA) with the Perdew-Burke-Ernzerhof (PBE) exchange correlation functional [20]. To enhance the accuracy of the
computed electronic bandgaps and optical properties, we adopted the modified Becke Johnson (mBJ) potential, which is
known to yield bandgap estimates that align more closely with experimental results than those obtained using standard
GGA or LDA methods.

Given the presence of the heavy tellurium (Te) atom (Z = 52), spin—orbit coupling (SOC) effects were explicitly
considered, as they significantly influence the electronic states near the valence band maximum. Computational
parameters were carefully selected to ensure numerical accuracy and convergence: the plane-wave cutoff parameter RKmax
was set to 8.0, and the Brillouin zone was sampled with a 12x12x12 Monkhorst Pack k-point mesh.

Muffin-tin radii (Rmt) were assigned as follows: 2.5 atomic units (a.u.) for Ag, 2.3 a.u. for Ge or In, and 2.4 a.u. for Te,
ensuring there was no overlap between atomic spheres. Self-consistent field (SCF) cycles were considered converged when
the total energy difference between iterations was less than 10~° Ry, and the charge convergence threshold was setto 10* Ry.

3. RESULTS AND INTERPRETATION
3.1. Structural Optimization

The structural optimization of the ternary chalcopyrite compounds AgInTe, and AgGaTe, offers crucial insights
into their crystal stability, atomic-scale arrangement, and the structural parameters that influence their physical behavior.
Both compounds crystallize in the tetragonal chalcopyrite structure with space group 1-42d, [9] which can be regarded as
a derivative of the cubic zinc blende structure. This configuration arises through the ordered substitution of Group III
elements (In or Ga) and the resulting doubling of the unit cell along the c-axis. The ordered arrangement of cations (Ag
and In or Ga) in this tetragonal lattice breaks the cubic symmetry and introduces anisotropy into the physical properties
an essential feature for applications in directional optoelectronics and thermoelectrics [21].

The optimized lattice parameters obtained using the GGA-WC results illustrated in (Table 1), in good agreement
with reported experimental and theoretical data. The c/a ratio in both compounds is approximately 1.98, which is slightly
lower than the ideal value of 2.0. This subtle deviation signifies the presence of a minor tetragonal distortion, commonly
observed in real chalcopyrite structures. Such a small distortion indicates that the systems maintain a high degree of lattice
symmetry and structural integrity, essential for minimizing crystal imperfections, lattice strain, and potential defect states
that can trap carriers or act as non-radiative recombination centers.

Table 1. Lattice parameters (a, c) (A), internal parameter (u), bulk modulus B (GPa), and its pressure derivative B’ for the AgGaTe,
and AgInTe, compounds

Compound a(A) CA) ca n =ac/ 2 UQA) B(GPa) B
Our Calcul. 6.221 12.558 1.99 1.00 0.250 50.123 5.347
AgGaTe, Exp 6.288" 11.940° 1.898° 0.949° - - -
. 6.283" 11.918" 1.897" 0.948" 0.26" 48.6" -
AglnTe: Our calcul. 6.442 12.925 1992 0.997 0.231 45.540 5.6122
Exp. 6.467° 12.633° 1.85° 0.977° 0.262° - -

"Ref [32], "Ref [33]

The variation of Energy as function a volume (Fig. 1). The slight differences in lattice constants and unit cell
volumes between AgInTe, and AgGaTe, can be attributed primarily to the difference in covalent radii of the Group III
elements. Indium (In), with a covalent radius of 1.56 A, is significantly larger than gallium (Ga), which has a radius of
1.36 A. This difference leads to a lattice expansion in AgInTe, along both the a-axis and c-axis, resulting in a larger unit
cell volume compared to AgGaTe,. This observation is consistent with Vegard’s law, which states that the lattice
parameters of a solid solution or alloy vary linearly with the atomic radii of the substituting elements. From a materials
physics perspective, such atomic substitution not only alters the geometrical framework but also subtly affects bond
lengths and bond angles, especially the Ag-Te and In/Ga—Te bonds, which are critical for orbital hybridization and



429
Advanced First-Principle Study of AgGaTe, and AgInTe, Chalcopyrite Semiconductors... EEJP. 4 (2025)

bandgap formation. For example, a longer In-Te bond in AgInTe, leads to weaker orbital overlap compared to the shorter
Ga-Te bond in AgGaTe,, which can influence both the band dispersion and the effective mass of charge carriers.

Moreover, the bond alternation parameter (u) and internal displacement of atoms though not detailed here also play
a role in the spatial electron density distribution, anisotropic dielectric response, and polarization effects, which are
significant in nonlinear optical applications and in understanding carrier localization phenomena.
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Figure 1. The dependence of the total energy on volume was examined for the AgInTe, and AgGaTe, compounds, aiming to
analyze their thermodynamic and structural characteristics

The precision of the computed structural parameters highlights the strength and reliability of the employed
computational approach. Although the GGA-WC functional is recognized for its limited accuracy in bandgap predictions,
it proves effective in capturing equilibrium structures and volumetric behavior. This consistency in structural modeling
provides a dependable foundation for further exploration of the electronic band structure, density of states, and optical
characteristics, especially considering that even slight discrepancies in lattice parameters may lead to significant variations
in observable physical properties.

In conclusion, both AgInTe, and AgGaTe, exhibit stable, well-ordered chalcopyrite structures with minimal
tetragonal distortion and expected trends in lattice expansion due to atomic substitution. These structural characteristics
contribute directly to the favorable semiconducting and optical properties of these materials. Their mechanical stability,
structural uniformity, and adaptability to lattice engineering make them strong candidates for advanced applications in
photovoltaic energy conversion, infrared photodetection, and thermoelectric energy harvesting.

3.2. Electronic Structure Band

The electronic band structure calculations for AginTe, and AgGaTe; indicate that both compounds possess a direct
bandgap, with the valence band maximum (VBM) and conduction band minimum (CBM) located at the I'-point in the
Brillouin zone (see Figure 2). This direct transition is particularly beneficial for optoelectronic and photovoltaic
technologies, as it enables efficient photon absorption and emission without the necessity of phonon involvement. The
band structures were derived using the Generalized Gradient Approximation (GGA), based on either prior literature or
current computational results (refer to Table 2). These findings align with the well-documented limitation of GGA in
underestimating bandgap values due to its inadequate treatment of exchange—correlation interactions. To achieve more
reliable electronic gap predictions, the modified Becke—Johnson (mBJ) potential was employed. This semi-local exchange
potential significantly improves the description of the electronic structure, resulting in corrected bandgap values of around
0.98 eV for AgInTe: and approximately 1.15 eV for AgGaTe:. These values are in much closer agreement with available
experimental data, confirming that mBJ is more suitable for accurately capturing the quasi-particle bandgap of
semiconducting chalcopyrite materials.

Energy(Ev)

Figure 2. Electronic band structures of (a) AgGaTe, and (b) AgInTe, were computed using the modified Becke—Johnson (mBJ) potential
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Table 2. Band gap (Eg) values of the AgInTe, and AgGaTe, compounds.

Eg (eV)
Our Calcul.
WC-GGA mBj Exp. Other calcul.
AgGaTe: 0.5 1.18 1.1~1.36% 1.32¢ 1.10% 1.21°
AgInTe; 0.04 1.01 0.93-0.96°, 1.04" 1.09°

Ref [32], "Ref [33]

In terms of orbital character, the valence band region in both compounds is predominantly composed of Te-5p states,
which are strongly hybridized with Ag-4d orbitals. This p—d hybridization plays a vital role in shaping the upper valence
bands, leading to relatively flat band dispersion near the VBM and contributing to the high hole effective mass. The
conduction band edge, however, exhibits material-specific characteristics: in AgInTe,, the CBM is largely formed by
In-5p orbitals, while in AgGaTe,, it consists mainly of Ga-4p states. Due to the smaller and more localized nature of
Ga-4p orbitals compared to In-5p, the conduction band in AgGaTe, is slightly more dispersive, which can contribute to
a lower electron effective mass and potentially better n-type transport behavior.

The separation between the valence and conduction bands defines the electronic bandgap, and the precise alignment
and nature of these bands are crucial in determining the absorption edge, carrier recombination dynamics, and overall
efficiency of optoelectronic devices. The clear direct bandgap at the I'-point and the dominant p—d and p—p interactions
in both materials are consistent with what is expected in chalcopyrite semiconductors and support their use as light-
absorbing layers in thin-film solar cells, infrared sensors, and photoelectronic modulators.

In summary, the electronic structure analysis demonstrates that AgIinTe, and AgGaTe, are both direct gap
semiconductors with bandgaps suitable for infrared and near-infrared applications. The mBJ correction effectively
mitigates the bandgap underestimation typical of GGA, and the detailed orbital analysis highlights the significant role of
Te—Ag hybridization and Group III p-orbitals in shaping the band structure. These characteristics reinforce the potential
of these compounds for integration into next-generation optoelectronic and photovoltaic technologies.

3.3 Optical Properties

The optical response of AgInTe, and AgGaTe, was investigated through first-principles calculations of the complex
dielectric function, expressed as &(®) = €1(®) + iex(®), [31] where €1(m) represents the real part (describing dispersion)
and &;(w) the imaginary part (related to absorption). From these fundamental optical quantities, additional key parameters
such as the refractive index (n), absorption coefficient (a), and reflectivity (R) were derived, providing a comprehensive
view of the materials’ interaction with electromagnetic radiation.

The static dielectric constants €;(0) were found to be approximately 12.6 for AgGaTe, and 13.1 for AginTe,,
indicating strong polarization response at zero photon energy. These high values suggest significant electronic
polarizability, which is favorable for materials intended for nonlinear optical or capacitive applications. Similarly, the
static refractive index n(0) shows high values of ~3.55 for AgGaTe, and ~3.60 for AginTe,, (Figure 3) indicating that
both compounds are optically dense. Such high refractive indices imply efficient light confinement, which is crucial for
enhancing the optical path length in thin-film solar cell structures and improving light absorption efficiency. (Table 3).
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Figure 3. The energy-dependent behavior of both the real and imaginary components of the electronic dielectric function &(w)
was analyzed for AgGaTe, and AgInTe, compounds
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Table 3. Static Dielectric Function (¢1(0)) and Static Refractive Index (n(0)) Calculations for AgInTe2 and AgGaTe2 Compounds.

n(0) £1(0)
Our Calcul. Other calcul. Our Calcul. Other calcul.
WC-GGA Ref. Ref.
AgInTe, Xx: 3.591 Xx: 2.756 Xx:12.942 -
77:3.623 Zz:2.775 Zz:13.193 -
AgGaTe, Xx: 3.631 Xx: 2.891 Xx: 13.193 Xx: 12.72
Zz: 3.513 Zz: 2.466 Zz:13.103 Zz:12.90

Ref [32,33]

The analysis of the imaginary component of the dielectric function, &;(®), indicates that the principal absorption
peaks are located at approximately 4.1 eV for AgGaTe, and 3.9 eV for AgInTe,. These prominent features are attributed
to strong interband transitions, notably from Te-5p and Ag-4d states in the valence band to conduction band states largely
comprised of Ga-4p or In-5p orbitals. Moreover, the computed absorption coefficient a(w) (as shown in Figure 4)
surpasses 10° cm™ within the visible and near-infrared regions, highlighting the materials’ pronounced interaction with
light. This high absorption performance is particularly advantageous for photovoltaic applications, as it facilitates efficient
solar energy capture even in devices employing ultrathin active layers.
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Figure 4. The energy-dependent optical conductivity of AgInTe, and AgGaTe, compounds was examined to assess their
electromagnetic response characteristics

s}
R)O(
RZ
AgGaTe, —R
= _ —R, AginTe,
¥ 5 )
0zl il
. wal
“~
g_gll\ll\\ll\M; P I D S DI i ive e e S
- !
024 B B 10127416 1520 22 24 26 28 30 32 34 36 38 40 D 2 46 8 101214 16 18 20 22 24 26 25 30 32 34 36 36 40
Energy(eV) Energy(eV)

Figure 5. The photon energy dependence of the optical reflectivity R(w) was investigated for the AgInTe, and AgGaTe,
compounds to understand their reflective behavior across different spectral regions

The reflectivity spectra demonstrate that both AgInTe, and AgGaTe, compounds display moderate reflectance
approximately 45% in the ultraviolet (UV) region, followed by a gradual decline as the wavelength extends into the visible
and infrared ranges. This behavior, characterized by efficient absorption in the visible spectrum alongside partial UV
reflectivity (See Figure5), suggests these materials are well-suited for multifunctional optical coatings. In particular, their
UV-reflective properties can enhance device longevity and serve as effective radiation filters, making them valuable in
optoelectronic and protective applications.

The variation of the refractive index n(w) and the extinction coefficient k(w) as a function of energy is presented in
Figure 6. According to the refractive index spectrum, we observe anisotropic behavior, characterized by An(0) = 0.05 and
0.02 for AgInTe; and AgGaTe,, respectively. The refractive index increases with energy until it reaches a maximum value
in the visible region for both compounds. Beyond these energies 1.542 eV for AgInTe, and 1.589 eV for AgGaTe; it
decreases. It is also noted that the peaks shift towards lower energies when moving from Ga to In.

The extinction coefficient k(w) is related to the damping of the oscillation amplitude of the incident electric field.
The maximum peak in the extinction coefficient curve appears at the energy value (2.771 eV for AgGaTe; and 2.489 eV
for AginTe,) where the real part of the dielectric function crosses zero. This is clearly verified for both compounds.
Subsequently, the extinction coefficient k(w) decreases with increasing incident photon energy.

Optical conductivity plays a crucial role in evaluating photoelectric conversion efficiency, as it reflects the material’s
response under illumination. Figure (7) illustrates the energy-dependent optical conductivity profiles of AgGaTe, and
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AgInTe,. Notably, both compounds demonstrate substantial conductivity within the visible spectrum (1.64-3.12 eV),
highlighting their suitability for solar energy applications.

Overall, the optical analysis confirms that AgInTe, and AgGaTe, exhibit highly favorable properties — such as
elevated refractive indices, robust absorption across the visible to near-infrared range, and moderate reflectivity in the
ultraviolet. These characteristics render them excellent candidates for cutting-edge technologies, including thin-film
photovoltaic cells, IR photodetectors, and nonlinear optical components. Furthermore, their capacity to achieve efficient
light absorption while maintaining selective transparency enhances their potential integration into advanced multilayer
optoelectronic and photonic architectures.
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Figure 6. Optical Behavior of AgInTe, and AgGaTe,: Spectral Variation of n(®) and extinction k(w)
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Figure 7. The variation in optical conductivity with photon energy was explored for AgInTe, and AgGaTe, compounds to assess
their light-induced electronic response characteristics

5. CONCLUSIONS
In this study, we conducted a comprehensive theoretical investigation of the chalcopyrite-type semiconductors
AgGaTe; and AgInTe, using the Full-Potential Linearized Augmented Plane Wave (FPLAPW) method as implemented
in the WIEN2k code. Our first-principles calculations provided detailed insights into the structural, electronic, and optical
properties of these compounds.

e  The optimized lattice parameters are in excellent agreement with available experimental data, confirming the
reliability of the computational approach based on the GGA-PBE functional.

e Band structure calculations using the mBJ potential reveal that both materials possess direct bandgaps of
approximately 1 eV, which is ideal for optoelectronic and infrared applications.

e The optical analysis demonstrates strong absorption in the visible and near-infrared regions, high static refractive
indices, and robust dielectric responses, all of which are critical for efficient light harvesting and photonic
functionality.
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These findings highlight the potential of AgGaTe, and AgInTe, as promising candidates for next-generation
photovoltaic devices, infrared detectors, and nonlinear optical systems.

6. OUTLOOK AND FUTURE DIRECTIONS
To further advance the understanding and technological potential of these materials, future studies may focus on:
e  Defect engineering, including the investigation of vacancies, substitutional dopants, or antisite defects, to tailor
electronic and optical behavior.
e Alloying strategies, such as partial substitution of Ga, Sb, or Se, to tune the bandgap and optimize performance
for specific applications.
e Inclusion of many-body effects, through GW approximation and Bethe—Salpeter Equation (BSE) methods, to
more accurately describe excitonic interactions and optical spectra.
e  Evaluation of thermal conductivity and carrier mobility, which are crucial for thermoelectric applications and
overall device efficiency.
This work lays a strong theoretical foundation for the practical development of Ag-based ternary tellurides and opens
avenues for their integration into high-performance optoelectronic and energy conversion technologies.
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MNOKPAHNIEHE JOCJJIIIKEHHS HAINIBITPOBITHUKIB XAJIBKOITIIPUTY AgGaTe: TA AginTe: HA OCHOBI
MNEPIIONPUHIUIIIB 3A JOITIOMOI'OIO FPLAPW B PAMKAX WIEN2K: CTPYKTYPHI, EJJEKTPOHHI TA
OIITUYHI BJJACTUBOCTI
Aobneanrani Kyoin!, Moxamen Xerraa!, IOcpa Merayn', Mocoax Jlayamep?, Amina Benkpuma3,

Jlariga Taiipi‘, Penxa Menecep?

HInemumym nayx, Vuisepcumemcoiuti yenmp Tinasza, Anoicup
’[Tioposdin UDERZA, Texnonoziunuii gpaxynomem, Yuicepcumem Env-Yeo 3900, Anoicup
3Buwa nopmanvna wixona Yapana 3000 Anoicup
*Hocnionuyskuti yenmp npomuciosux mexnonoziti CRTI, P.O. Ckpunvra 64, Cheragal 6014 Ancup, Anicup
VY wmiif cTaTTi ME MPEACTaBIEMO JIeTaIbHE TEOPETHIHE JOCII/DKEHHS MOTPIIfHUX XaJbKOMipUTOBUX HamiBipoBinHuKiB AgGaTe: Ta
AglInTe: 3 BUKOPHUCTAHHSIM PO3paxyHKiB 3 MEPIINX IPHHIMIIB, 3aCHOBaHUX Ha Teopii pyHkuionany rycrunu (DFT). MoznentoBanus
IIPOBOJUTECS B paMKax (popMaii3My MOBHONOTEHLIANBHOT JiiHeapu30BaHoi JoroBHeHOI miockol xBuii (FPLAPW), peanizoBaHoro B
o6uucroBansHomy nakeri WIEN2k. CTpyKTypHi BIacTHBOCTI ONTHMIi30BaHi 3a gornoMoroio ¢yHkiioHary oominy-kopemsiii WC-
GGA, Toi sIK eIeKTPOHHI Ta ONTHYHI BIATYKH YTOYHIOIOTHCS 3a JI0MOMOror0 MoaudikoBanoro norexuiany bekke-/[xoncona (mBJ),
BiJOMOTO CBOEIO MOKPAIICHOIO TOYHICTIO OI[IHKH IUPUHH 3a00pOHEHO1 30HU. JlOCIiIKEHHS BKIIIOYA€ PETENBbHY OLIHKY EIEKTPOHHUX
30HHHAX CTPYKTYp Ta PI3HHX ONTHYHHUX MapaMeTpiB, BKIIOYAIOUYH KOMIUICKCHY Hi€JICKTPHYHY (DYHKIiI0, KOS(Ili€eHT MOTIHMHAHHS,
MOKa3HUK 3JIOMJICHHS, (DYHKIIIIO BTpAT €Heprii Ta BiJOMBHY 3[aTHICTh. Pe3ynbpraTi MokasyioTh, [0 00HMABA MaTepialy MaloTh PsMi
3a00pOHEHI 30HH, SKi 3HAXOIATHECS B ONTUMAIBFHOMY Jiala3oHi JUIS ITOTJIMHAHHS COHSYHHMHE elleMeHTaMu. KpiM Toro, Ii CIomyku
JEMOHCTPYIOTh CHIIbHE ITOTJIMHAHHS CBITJIa Y BUIMMOMY Ta OIM)KHBOMY iH()pauepBOHOMY Aialla30HaX, BUCOKI TOKA3HUKHU 3JIOMJICHHS
Ta TMOMITHI MIXK30HHI mepexoau. Taki 0cOOIMBOCTI MiAKPECTIOIOTh iXHIO MPUIAATHICTD I (POTOCIEKTPUIHUX TEXHOJIOTiH, OCOOIUBO
B TOHKOIUTIBKOBHX KOH(Irypaiisx, 1e MOKpallleHe 3aXOIUICHHS CBIiTJIa Ta reHepallisi HOCIiB 3apsiy € KPUTHYHO BaXJIMBUMH. Binbiie
TOTO, CIIOCTEPEKYBaHI ONTHYHI Ta EIEKTPOHHI BIACTHBOCTI TAKOXK BKa3ylOTh Ha MOXKJIMBE BHKOPHCTaHHS B iH(ppauepBOHOMY
JIETEKTYBaHHI Ta HENIHIMHUX ONTOEJCKTPOHHHX CHCTEMaX. 3arajioM, pe3yldbTaTH HaJaloTh I[iHHE TEOPETHYHE PO3YMIiHHS
ONTOETEKTPOHHUX XapaKTEPUCTUK TEMYPHIHHUX XAIBKOIIPHUTIB HA OCHOBI cpi0ia, MiIKPECTIOI0YN IXHIHM MOTEHIial SK €KOJIOTi9HO

YUCTHX Ta €(PEKTUBHUX MaTepiaiiB At MaOyTHIX pilIeHb y cdepi COHTIHOI CHePTeTUKH.
Kuntouosi ciioBa: FPLAPW, meopis ¢yuxyionany eycmunu, moougicosanuii ananiz bexxe-/oconcona; enexmponna cmpykmypa,
ONMUYHULL AHANI3



