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A Study of Structural and Thermal Properties
of a Novel Doped Perovskite-Type Oxide SrFeq¢Cuy3M0g 103 5

In this study, a novel perovskite-type oxide SrFey¢Cugy3Mog:03 5 was synthesized via a conventional solid-
state reaction route and comprehensively characterized using neutron powder diffraction (NPD), scanning
electron microscopy (SEM), and thermal analysis. The application of NPD enabled precise determination of
the atomic structure and differentiation between cations with similar atomic numbers. Rietveld refinement of
the NPD data confirmed the formation of a single-phase cubic perovskite with the space group Pm-3m
(no. 221) and a lattice parameter of a =b = ¢ =3.8997(1) A. SEM images revealed a highly porous, intercon-
nected microstructure with uniform elemental distribution, while thermogravimetric analysis (TGA) demon-
strated a two-step oxygen loss up to 1000 °C, confirming excellent thermal stability. The oxide exhibited a
low thermal conductivity of 1.986 W-m K * at 900 °C, attributed to enhanced phonon scattering induced by
Cu and Mo co-doping and lattice disorder. These findings indicate that controlled B-site co-doping can effec-
tively tailor defect chemistry and phonon transport, resulting in materials with reduced thermal conductivity
and improved structural integrity. Therefore, SrFeysCug3M0g 103 5 Shows great potential for high-temperature
energy conversion applications, including thermoelectric devices and solid oxide fuel cells.
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Introduction

Perovskite-type oxides (ABX3) were first identified in the mineral CaTiOs, where A and B are cations
and X is an anion. The perovskite lattice exhibits remarkable compositional flexibility, nearly all transition
metals, lanthanides, and actinides can occupy the B-site, while larger alkali, alkaline-earth, or rare-earth ions
occupy the A-site with twelve-fold oxygen coordination [1]. Doped perovskites with general formulas
AZ*B* 0,3, AMB>'0,, or A*B*0; have been widely studied because of their tunable physical and chemical
properties [2]. Achieving single-phase perovskite oxides often requires high calcination temperatures and
long sintering durations, especially when refractory metal oxides are incorporated [3-5]. Consequently, these
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materials have found broad applications in energy conversion and storage, superconductivity, ferroelectrics,
piezoelectrics, and electrodes, owing to their excellent electrical, magnetic, and pyroelectric properties [6-18].

Neutron powder diffraction (NPD) provides a powerful tool for elucidating the atomic structures of
such materials. Unlike X-ray diffraction, neutron scattering lengths are largely independent of atomic num-
ber, allowing accurate localization of light atoms (e.g., H, Li, O) and differentiation between neighboring
elements or isotopes [19, 20]. As a result, NPD has become increasingly important for investigating ad-
vanced energy materials [21-23].

In thermoelectric and solid-oxide fuel cell (SOFC) applications, low thermal conductivity is desirable to
minimize heat loss and enhance efficiency. While pristine SrTiO3 exhibits relatively high thermal conductivi-
ty, targeted doping at the Sr- or Ti-site can effectively suppress phonon transport [24-29]. For example, La*,
Sm®, and Y** substitutions at the Sr-site, or Nb-doping at the Ti-site, have yielded significant reductions in
thermal conductivity.

Building upon this concept, we developed a co-doped perovskite SrFeqsCuy3M0, 103 5, introducing Cu
and Mo at the B-site to tailor the crystal structure and defect chemistry. Using high-resolution time-of-flight
neutron diffraction, we accurately determined the crystal symmetry and atomic arrangement, confirming a
cubic perovskite phase with space group Pm-3m. Additionally, we investigated its microstructural morphol-
ogy and thermal transport behavior to elucidate the structure—property relationship. The findings demonstrate
that controlled B-site co-doping can effectively lower thermal conductivity without compromising structural
stability, suggesting potential use in high-temperature electrochemical and thermoelectric systems [30].

Materials and methods

Grinding the powder particles mostly with mortar and pestle to homogenize the combination of reac-
tants is referred to in solid-state synthesis [31-35]. Repeated grinding and firing of the compound until it
achieves a single phase is used in this method. Polycrystalline sample of the SrFeqsCuy3M0, 1055 Was syn-
thesized through a solid-state route by using SrCO; (>99.90 %, Aldrich), Fe,O3 (=99.998 %, Aldrich), CuO,
and MoO; (>99.50 %, Aldrich) ceramic powders with the inclusion of ethanol as a dispersing agent, the
powders were manually ground in an agate mortar by a pestle. The hydraulic press was employed to pelletize
the mixed powders, placed in a-Al,Os crucibles, and annealed at elevated temperatures in a box furnace. The
mixture of the powder samples was first annealed at 650 °C for 10 hours. After pelletizing, annealed at
900 °C for 12 hours, then sintered at 1100 °C for 12 hours, with intermediate grinding and pelletizing. The
entire synthesis process was carried out in air.

Prior to neutron powder diffraction, XRD was used to determine the phase structure using a Bruker axs-
D8 Advance diffractometer. At the I1SIS Neutron & Muon Source in the UK, neutron powder diffraction data
were acquired using the Polaris diffractometer (medium-resolution powder diffractometer at a high intensity)
[36, 37]. Utilizing GSAS-II software [38], the time-of-flight (TOF) powder diffraction data were analyzed.
Standard parameters were used in the Rietveld analysis to refine the results, including a shifted Chebyshev
series as background that was initiated by the GSAS software, zero shift, scale factor, profile parameters
(type 3 in GSAS), cell parameters, atomic coordinates, site-occupancy factor (SOF), and atomic displace-
ment factors (ADP).

Scanning electron microscopy (SEM) was used to examine the morphological structure and to evaluate
its porosity. Since the sample was extremely conductive, a coating of carbon was applied to prevent over-
charging. The JSM-7610F (Japan Electron Optics Laboratory Co. Ltd., Japan) was used to capture the pic-
tures of the surface of the pellet, and it gave an outstanding, high-contrast view of the pellet. Netzsch-
Geridtebau GmbH-STA 409 PC Luxx Simultaneous Thermal Analyzer was employed to perform TGA in
order to observe the weight change with rising temperature under flowing N,. SrFeyCug3M0, 1035 powder
weighing 68.342 mg was put in an Al,O3 DSC/TG pan and heated at a rate of 5 °C/min while flowing N, at a
rate of 20 ml/min. Before cooling, an hour of isothermal holding eliminated the absorbed species. To confirm
that all pollutants had completely been desorbed, the procedure was then repeated. Once the desorption pro-
cess was finished, N, flow was used in place of airflow, and the mass change was monitored until equilibri-
um was attained. A Netzsch-DSC 4044F1 was employed to perform differential scanning calorimetry in or-
der to observe the heat flow with rising temperature under a flowing inert atmosphere (Ar). A Netzsch-LFA
467 HT/Hyper Flash was used to determine the thermal conductivity at a rate of 5 °C/min while flowing Ar
at a rate of 20 ml/min.
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Results and discussion

Crystal Structure Analysis

Perovskite oxides offer remarkable compositional flexibility due to the wide range of possible substitu-
tions at both the A and B sites, enabling precise control over oxygen vacancy concentration, redox-active
centers, and physicochemical properties [39, 40]. Fe-doped SrTiO; compositions such as SrTigsFeq ;03 5 and
SrTigeFeq403 5 have demonstrated excellent anode performance for solid oxide fuel cells (SOFCs) when
combined with Cey9Gdy 10,5, as reported by Sungmee et al. [41].

In this study, the X-ray diffraction pattern of SrFeqsCuy3M0g103-5 synthesized via the solid-state route
revealed a single-phase cubic perovskite structure with space group Pm-3m (no. 221). To achieve a deeper
understanding of its crystal structure, neutron powder diffraction (NPD) measurements were carried out at
room temperature (Fig. 1). Rietveld refinement of the NPD data confirmed the single-phase cubic symmetry,
with refined lattice parameters of a = b = ¢ = 3.8997(1) A, consistent with the simple perovskite framework
(allxallxall) where all is the primitive perovskite lattice parameter [42].

The diffraction data were refined using Bank 2 (up to 7 A) of the POLARIS diffractometer. The re-
finement statistics and structural parameters are summarized in Table 1. The obtained low R-factors
(R =2.94 %, Ry, = 4.36 %, and R; = 3.38 %) indicate excellent agreement between the observed and calcu-
lated profiles. The refined atomic positions, isotropic displacement parameters (Uis,), and Wyckoff sites con-
firm a well-ordered cubic structure without secondary phases or superstructure reflections associated with
oXxygen vacancy ordering.
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Figure 1. a) Rietveld refinement profile at room temperature for SrFeq gCug3sM0g 103_.
The original data is represented by a crossline (red), the measured profile data is depicted by a continuous line (green),
and the difference is shown by a bottom line (purple) with a 3D polyhedral representation of SrFeqsCug3M0g 103 5 in it
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Table 1

Rietveld refinement parameters for SriFeqsCug3M0,105 5 at room temperature (space group Pm-3m),

atomic coordinates and isotropic temperature factors (Uis,)

Parameters SrFeqsCugsM0g 105 5
Structure model Cubic
Space group Pm-3m
Volume (A®) 271.5090
R-factors
R; (%) 3.38
R, (%) 2.94
Rup (%) 4.36
Cell parameters
a(A) 3.8997 (1)
b (A) 3.8997 (1)
c(A) 3.8997 (1)
Atomic positions X, Y, Z
Sr (1b) 0.5000, 0.5000, 0.0000
Uieo (A% 0.0176 (1)
Fe (1a) 0.0000, 0.0000, 0.0000
Uieo (A% 0.0045 (2)
Cu (1a) 0.0000, 0.0000, 0. 0.0000
Uieo (A% 0.8000 (2)
Mo (1a) 0.0000, 0.0000, 0. 0.0000
Uieo (A% 0.0183 (1)
O (3d) 0.5000, 0.0000, 0.0000
Uieo (A% 0.0165 (1)

Bond Length Analysis

For an ideal cubic perovskite (ABOs) structure, the bond lengths are given by d, — O = a/ J2 and

d, — O = a/2, where a is the lattice constant. The experimentally refined bond lengths for SrFeqCugsM0y 1035
are listed in Table 2. The average B-O bond length was found to be 1.946 A, in close agreement with the
theoretical value calculated from the lattice constant and Shannon ionic radii [43].

Table 2

Bond distances for cubic SrFeqCug3M0y 105 in (A) (d < 6 A) extracted at room temperature (RT),
based on NPD data

Bond Multiplicity Bond length (A)
Sr—0, x12 2.75233 (3)
Fe O, <6 1.94619 (3)
Cu 0, <6 1.94619 (3)
Mo_O; <6 1.94619 (3)

The absence of additional reflections in the NPD pattern suggests no symmetry reduction or long-range
cation ordering, confirming that oxygen vacancies and cation substitutions do not induce structural distortion
detectable within the resolution of the diffraction data.

The bond lengths obtained from the refinement were very close to the calculated bond lengths. The ex-
perimental bond length (B—-O) for SrFe;sCuy3Moy 103 5 was obtained at 1.9462 A (Table 2). The NPD layout
measured at room temperature was appropriately refined in the space group Pm-3m and the polyhedral repre-
sentation of the crystal structure as shown in Figure 1, displaying no extra peaks that ought to activist a su-
perstructure bobbing up from oxygen vacancies or the long-range ordering of metals, or a reduction in sym-
metry.
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Microstructural Characterization

The microstructure of the sample was examined using scanning electron microscopy (SEM) coupled
with energy-dispersive X-ray spectroscopy (EDX). As shown in Figure 2, the SEM image reveals a porous
and interconnected grain network, consistent with the open morphology typically observed in perovskite ox-
ides synthesized via solid-state routes. The microstructure is composed of micrometer-sized agglomerates
formed by the sintering of irregular nanocrystalline particles.

The presence of Cu?* ions promotes enhanced grain growth and neck formation during sintering, lead-
ing to a partially fused morphology [44, 45]. The average grain size was approximately 1 um, and EDX
analysis confirmed a homogeneous elemental distribution of Sr, Fe, Cu, Mo, and O without detectable impu-
rity phases. This uniformity further supports the single-phase nature of the compound as observed in the
NPD and XRD analyses.

Figure 2. Scanning electron micrographs for SrFey¢Cugy3M0g 1045 pellet using a secondary electron image (SEI)
detector with a low voltage (5.0 kV) with carbon-coated specimen and the associated EDS spectrum
is shown in the inset

Thermal Analysis and Thermal Conductivity

Thermogravimetric analysis (TGA) of SrFeysCuosM0,103_5 revealed a distinct two-stage weight loss
pattern (Fig. 3). A sharp decrease in mass was observed up to 400 °C, similar to the thermal behavior report-
ed by Rattiphorn et al. [44]. This initial weight loss is attributed to the release of physically adsorbed species
and the partial oxidation of transition-metal cations. Between 400 °C and 650 °C, the weight loss proceeded
gradually, corresponding to further oxidation reactions within the lattice and the formation of higher metal
oxides. At elevated temperatures, CuO can partially decompose to Cu,O, contributing to the observed mass
change [45].

Copper-containing mixed oxides are widely recognized for their high oxygen exchange capacity and
enhanced redox reactivity, which improve the performance of composite oxygen carriers and other function-
al materials [46-48]. To maintain an inert environment during the TGA experiment, the analysis was con-
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ducted under a nitrogen-rich atmosphere within a vacuum-sealed chamber. The onset of oxidation near
400 °C confirmed the sample’s reactive oxygen mobility under thermal excitation.
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Figure 3. TGA diagram of SrFeqsCug3sM0g 103 5 on a scale of 20 °C to 950 °C

Differential scanning calorimetry (DSC) measurements (Fig. 4) further revealed a gradual increase in
heat flow between room temperature and 110 °C, associated with the release of surface-bound volatiles. Two
broad endothermic peaks appeared at 914 °C and 949 °C, followed by an endothermic transition near 104 °C,
indicating structural rearrangements and oxygen loss at high temperature.
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Figure 4. DSC diagram of SrFeqgCug3M0g103_5 on a scale of 25 °C to 950 °C

Thermal conduction in oxides primarily arises from phonon transport, governed by the mobility of lat-
tice vibrations. Unlike metals, where free electrons dominate heat transfer, ceramic oxides exhibit inherently
low thermal conductivity due to their predominantly ionic bonding and phonon scattering at grain bounda-
ries. Additional microstructural factors such as porosity and grain interfaces further impede heat transport.

Perovskite-type oxides have, therefore, attracted considerable attention as low-thermal-conductivity ma-
terials with high structural stability at elevated temperatures [49, 50]. The measured thermal conductivity (k)
of SrFeqsCug3M0g 103 5 from room temperature to 900 °C is presented in Figure 5. The oxide exhibited a
value of 1.986Wm'K™' at 900°C, comparable to other complex perovskites such as
Sroglag1(Zro.25SNg 25 Tig25HTo 25) O3 (1.89 WmK™? at 873 K) [51, 52] and significantly lower than undoped
SrTiO; (10 W m™ K™ at 300 K) [53].
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This reduction in k can be attributed to enhanced phonon scattering caused by B-site cation disorder
(Fe, Cu, Mo), oxygen vacancies, and the porous microstructure observed by SEM. These defects disrupt lat-
tice periodicity and inhibit coherent phonon propagation. As summarized in Table 3, SrFeqsCuy3sM0g 1035
demonstrates one of the lowest thermal conductivities among single-phase cubic perovskites, confirming that
Cu/Mo co-doping effectively tunes lattice dynamics without compromising phase stability.

Such a combination of structural stability, oxygen mobility, and low thermal conductivity suggests
strong potential for this material in high-temperature thermoelectric and SOFC applications, where maintain-
ing temperature gradients and minimizing heat loss are essential for improved performance and longevity.
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Figure 5. Thermal conductivity of SrFeqsCuy3M0g 1055 on a scale of 25 °C to 900 °C

Table 3
Comparison of thermal conductivities for SrFeysCu3M0,105_5 and other perovskite structures in the literature
Compositions Temperature Thermal conductivity (Wm 'K ™) Ref.
Sro.0L.20.1(Zr0.255N0.25 T 25Hf0.25) O3 873 K 1.89 [52]
(CaOAZSSr0,25Ba0,25La0,25)TiO3 1073 K 2.5 [54]
SrZrO; 1273 K 2.1 [55]
SrTiO; 300 K 10 [53]
SrFegsCuy3M0g 1055 1173 K 1.986 This work

Compared to other perovskites possessing single-phase cubic structures, SrFeCug3Mo0g104_5 exhibits a
notably low thermal conductivity, as summarized in Table 3. The structural and thermal analyses indicate
that the sample combines high porosity with good phase stability and a controlled degree of oxygen deficien-
cy, which collectively contribute to its favorable thermal behavior. In this composition, the B-site cations
(Fe, Cu, and Mo) occupy corner-shared octahedral sites within the cubic perovskite lattice, forming a well-
defined and symmetrical framework.

The incorporation of Cu into the perovskite matrix not only promotes electronic conductivity but also
modifies the lattice dynamics, enhancing phonon scattering and thereby reducing thermal transport. The re-
sulting microstructure, characterized by a highly porous and interconnected network, facilitates effective
charge mobility while impeding heat conduction. Thermogravimetric analysis revealed weight loss primarily
between 200 °C and 950 °C, corresponding to oxygen release and the formation of thermally stable oxide
phases.

Overall, the combination of single-phase cubic symmetry, controlled oxygen non-stoichiometry, and
low thermal conductivity suggests that SrFeqsCug3M0g103 5 is a promising candidate for high-temperature
thermoelectric and solid oxide fuel cell applications, where materials with low heat transport and stable
structural integrity are essential.

Conclusion
A single-phase cubic perovskite oxide SrFeqsCug3Mo0, 103 5 was successfully synthesized via the solid-
state reaction method and characterized using neutron powder diffraction, scanning electron microscopy, and
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thermal analyses. Rietveld refinement of the neutron diffraction data confirmed that the material crystallizes
in a simple cubic structure with space group Pm-3m and a lattice parameter of a = 3.8997(1) A. The micro-
structural analysis revealed a homogeneous, porous morphology with interconnected grains, while TGA and
DSC results demonstrated thermal stability up to 950 °C with oxygen release occurring in two main stages.

The measured thermal conductivity of 1.986 Wm K™ at 900 °C indicates that Cu and Mo co-doping at
the B-site effectively enhances phonon scattering and reduces heat transport without disrupting the structural
integrity of the perovskite lattice. The combined characteristics of structural stability, controlled oxygen non-
stoichiometry, and low thermal conductivity make SrFeq¢Cuo3M0,103 5 a promising candidate for high-
temperature energy applications such as solid oxide fuel cells and thermoelectric devices.

Future work will focus on correlating electrical conductivity and Seebeck coefficient data with the pre-
sent thermal results to evaluate the overall thermoelectric performance and optimize the dopant concentration
for enhanced functional efficiency.
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A Study of Structural and Thermal Properties ...

. Adposze, A.M. KaGrimieB, A.A. AliMaxaHoBa,
M.C. Pe3za, M.C. Ucnam, K.A. KyrepOekos, A.K. Azan

7Kana nerupienrer nepoBckuT Typinaeri SrFeysCug Moy 105 ;5 okcnaiHin
KYPbLUIBIM/IBIK “K9HE KbLIYJIBIK KACHETTEPIH 3epTTey

JKymbicta »kaHa MepoBCKHT TypiHzmeri SrFepgCuo3M0g 03 5 okcumi KarTbidazanblk peakuus: diciMeH
CHHTE3JICTII, HeHTPOHABIK yHTaK audpaxmuscel (H¥]I), ckanepneymi 31ekTpoHABIK Mukpockonus (COM)
JKOHE JKBUTYJIBIK TaJllay OMICTepi apKbUIBI JKaH-)KakKThl cumartaigsl. HY ][ KonmaHy aTOMOBIK KYPBUIBIMIBI
19T aHBIKTAyFa YKoHE aTOMIBIK HOMipiiepi yKcac KaTHOHAApAbl aKbIpaTyFa MyMKIHIIK Oepai. PutBensn oxici
GoiipiHIIa anbiHFaH HOTIOKEnep Pm-3m (Ne 221) keHicTik TOOBIHA KaTaThIH KYOTHIK Oipda3aibl IepoBCKUT
KYPBUIBIMBIHBIH KaNBIITACYBIH PacTabl, ajl Top mapameTpi a = b = ¢ = 3.8997(1) A 6omuer. COM keckinzepi
OIpTEeKTi >JIEMEHTTIK Tapallybl O0ap *KOFapbl KEyeKTi KoHe e3apa OaillaHbICKaH MUKPOKYPBUIBIMABI KOPCETTI.
TepmorpaBumerpusiblk Tanaay (TTA) 1000 °C peitiH exi caTbUIBl OTTETi JKOFANTYIbl KOpCETTi, Oy
MaTepUANIbIH JKOFaphl JKBUTYJIBIK TYPaKTBUIBIFBIH nonengerai. 900 °C  temmepaTypachlHAa 6JIIEHTeH
KpUTyeTKisrimrik 1.986 Br-m K™ mamacemna Gomsim, Cu xome Mo Gipiecinm Jermpiey HoTHKeciHae
(hoHOHAPABIH LIAIBIPAYBIHBIH apTYBIMEH KSHE TOPABIH OY3bUTyBIMEH TYCIHIIpiNeni. AJIBIHFAH HITHXKENep
B-nosunmsiceiHaarel  GakbUIAaHATBIH JIETHpiey JAe(EeKTTIK XUMHUSHBI JKOHE JKBUIy TachbIMajblH THIMII
perreitTinin kepceTTi. SrFey¢CugsM0g 105 5 xKOFapel TeMIepaTypaiibl SHEPTUs TYPACHIIPTIITEPiHAC, COHBIH
IMIiHAe TEPMOIJIEKTPIIIK KYPBUIFBUIAD MEH KATTHIOKCHUATI OTHIH 3JEMEHTTEepiHJe KOJIaHyFa HEepCHEeKTUBTI
Matepual OOJIBIN TaObUTabL.

Kinm ce30ep: mepOBCKUT THUNTI OKCHI, HEUTPOHIBIK YHTAK AU pakuuscel, PurBensa omici, KaTThI(a3aibk
CHHTE3, CKaHepJIeylll SJEeKTPOHABIK MHKPOCKOIHS, TEPMOIPABUMETPHSUIIBIK Talunay, MHKPOCTPYKTYpa,
OTTETiHIH KaTTBUIBIFBI, (YOHOHIAPABIH MAIIBIPAYHI, )KBUTYOTKI3TIIITIK

. Adpose, A.M. KaGrimieB, A.A. AliMaxaHOBa,
M.C. Pe3za, M.C. Ucnam, K.A. KytepOekos, A.K. Azan

HccnenoBanue CTPYKTYPHBIX H TEIUIOBBIX CBOWCTB HOBOT'O JIETHPOBAHHOTO
okcHaa mepoBcKUTHOro0 THNa SrkFeygCuy3sM0og 105 5

B nannoit pabote okcua SrFegsCuyzM0og 103 5 6bUT cuHTE3MpOBaH MEeTOIOM TBEPA0(DA3HON PEaKIUH U OXa-
paKTepH30BaH C MCHOJIB30BAaHHEM HEHTPOHHOW moporukoBoi audpaxuun (HII/), ckaHupyromei anekTpoH-
HO# Mukpockormmu (COM) u Tepmuyeckoro aHanusa. HeliTpoHHast audpaxuus No3BOJISET HPOBOIMTH Jie-
TaJIbHBIN aHAJIN3 CJIOXKHBIX OKCHJIOB, OCOOCHHO B CITy4asiX, KOTJIa aTOMBbI MMEIOT OJIM3KHE aTOMHBIE HOMepa.
VYTouHenue no Merony PurBenbaa nanaeix HIT/I moaTBepausio mpocTyro KyOU4ecKyro EpOBCKUTHYIO CTPYK-
Typy C TpOCTpaHCTBeHHOW Tpymmoit Pm-3m (Ne221) u mapameTrpamMu JJI€MEHTApHOW SYEHKH
a=b=c=3.8997(1) A. Pesympratel COM MOKa3amM BBEICOKOTIOPHCTYIO M B3aHMOCBA3aHHYIO MHKDPOCTPYK-
Typy, B TO BpeMsi Kak TepMorpaBuMmeTpuieckuii anamu3 (TI'A) BeIABHI IBYXCTYIIEHUATYIO TIOTEPIO KUCIOPO-
nma mo 1000 °C, 9Tto yka3pIBaeT Ha XOPOUIYIO TEPMHUYECKYIO CTaOMIBHOCTh Marepuana. Mi3MepeHHas Teruio-
npoBoHOCT cocraBma 1.986 Br-m * K mpu 900 °C. TTosydeHHBIe pe3ylIbTaThl JeMOHCTPHPYIOT, YTO CO-
JONHMPOBAaHNE MeJIbI0 M MOJIMOAEHOM 3 (HEKTUBHO peryaupyeT Ae(eKThl KPHUCTaUTMYECKON PEETKH U pac-
cesiHie (DOHOHOB, YTO OTKPHIBACT MEPCIIEKTHBHBIE BO3MOXKHOCTH I pa3pabOTKU NEPOBCKUTHBIX OKCHIOB C
MTOHIKEHHOM TEIJIONPOBOAHOCTBIO U1 MMPUMCHEHUSA B obnacTu aﬂbTepHaTI/lBHOl\;I OHEPIr€TUKHU, UX BBICOKOM
TEpPMOMEXaHUIECKOIl COBMECTUMOCTH, YITy4IIICHHOH MPOBOJIMOCTH H IOJITOBEYHOCTH.

Kniouesvie cnosa: oxcup MEpPOBCKUTHOTO THUITA, HEHTPOHHAS IOPOIIKOBast AUQpakmus, MeTox Pursenbia,
TBEPAO(DA3HBI CHHTE3, CKAHUPYIOMIAsl 3JIEKTPOHHAS MUKPOCKOIIHS, TEPMOTrPaBUMETPHUECCKUH aHAIIN3, MHK-
POCTPYKTYypa, HECTPOTOCTb 10 KUCTIOPOIY, paccesiHue (POHOHOB, TEIUIONIPOBOIHOCTh
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