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ABSTRACT The paper discusses the features of polymer-nitrate synthesis of fine MgFeInO4 particles and
presents experimental study results of the physico-mechanical properties of ceramics produced on their basis.
According to powder XRD data, a single-phase ferrite-spinel powder can be obtained only as a result of high-
temperature treatment of an X-ray amorphous precursor prepared by thermal decomposition of a mixture of
polyvinyl alcohol and metal nitrates. Ceramics produced using submicron MgFeInO4 particles have a density
close to the theoretical one. The results of microhardness measurements using the Vickers method showed
that the resulting material has high hardness. The band gap energy of MgFeInO4 was determined from the
DRS data. Based on the crystallographic and electrophysical characteristics of the synthesized material, its
resistance to radiation-induced structural changes was predicted.
KEYWORDS mixed ferrites, cubic crystal structure, fine powders, ceramics, Vickers microhardness, band gap
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1. Introduction

The creation of new types of radiation-resistant functional materials suitable for long-term and trouble-free operation
under the influence of various sources of ionizing radiation is an important scientific and practical problem. Its solution
will create new opportunities for research and development in the field of nuclear energy and medicine, radiation control,
and storage of radioactive waste [1–3]. Many years of intensive research [4–6] have shown refractory oxides with a cubic
crystal lattice of the spinel type to be one of the most resistant materials to various types of radiation. Materials based on
aluminum-magnesium spinel MgAl2O4 have shown high potential for use in nuclear fission reactors [7,8], as well as inert
matrices for transmutation of actinides [7, 9, 10] and optically transparent windows for reactor components [11]. In addi-
tion, it was noted in [12–14] that ferrite-spinels are highly promising for practical application in irradiation environments.
Meillon et al. [14] established that magnetite (Fe3O4) is extremely resistant to fast neutron irradiation with an energy of
0.1 MeV and a fluence of 2×1020 neutrons/cm2, which is equivalent to the radiation conditions near a nuclear reactor.

According to Sickafus et al. [15], the excellent radiation tolerance of spinels compared to other materials is due
to the complexity of their chemical composition and the ability to cationic disorder. Therefore, the enhancement of their
radiation damage resistance is possible due to the complication of the chemical composition (e.g., by polycationic doping)
and/or varying the degree of inversion. The cation distribution over tetrahedral and octahedral sublattices of materials
with the spinel structure largely depends on the method of their preparation [16, 17]. Moreover, the degree of inversion
in microcrystalline samples may differ from their nanoscale counterparts [17]. On the other hand, the size of the powder
particles affects the mechanical properties of the materials obtained from them. As it was noted in [18], the strength of
ceramics made from ultrafine powders is higher than that of those produced using standard ceramic technology. Moreover,
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the large fraction of the grain boundaries can serve as an effective sink of point defects formed during irradiation [19,20].
This additionally enables creating both new and improved materials for radiation shields and screens, which are today
widely in demand in medicine and the nuclear industry [21]. Satalkar et al. [22] reported on the high potential of using
nanoscale ferrite-spinels Mn1−xZnxFe2O4 (x = 0; 0.5; 1) as part of inexpensive lightweight shields designed to protect
against radiation near nuclear facilities. Moreover, the mixed ferrite-spinel composition Mn0.5Zn0.5Fe2O4 was least
susceptible to radiation swelling.

According to the literature review, the interest in studying the effect of various irradiation conditions on the structure
and structure-sensitive properties of nanoscale ferrite-spinels has been shown to grow [23–28]. Nevertheless, data on the
study of the radiation damage resistance of mixed magnesium-indium ferrites has not been found. In this regard, as a
starting point for the research work, it is of interest to synthesize and characterize highly dispersed materials based on
MgFe2−xInxO4, in which half of the iron cations are replaced by indium cations. To date, the main approach to produce
mixed MgFe2−xInxO4 ferrite-spinels is the solid-phase method [29–31]. Naik et al. [32] attempted low-temperature
synthesis of MgFe2−xInxO4 (x = 0 – 0.16) nanoparticles, however, samples with a substitution degree of x = 0.16
contained an admixture of α-Fe2O3. In this paper, the features of polymer-nitrate synthesis of fine MgFe2−xInxO4

particles with a high indium content (x = 0.5) are described for the first time, as well as the results of measuring
microhardness and assessing radiation tolerance of ceramic materials made on their basis are presented.

2. Experimental part

2.1. Synthesis of powder and ceramics of MgFeInO4

Single-phase MgFeInO4 powder was obtained by the polymer-nitrate method. Powders of metallic magnesium
(ω(Mg) = 99.95 wt. %, National State Standard GOST 804-93) and carbonyl iron (ultra-high purity 13-2, TS 6-09-
05808009-262-92), indium (grade In0, ω(In) = 99.998 wt. %, National State Standard GOST 10297-94), polyvinyl alco-
hol (PVA, grade 20/1, National State Standard GOST 10779-78) and nitric acid (ultra-high purity 18-4, National State
Standard GOST 11125-84) were used as starting materials. The magnesium, indium, and carbonyl iron samples were
dissolved in nitric acid previously diluted with distilled water (V (H2O) : V (HNO3) = 1 : 3). Freshly prepared solutions of
Mg(NO3)2, Fe(NO3)3, and In(NO3)3 were mixed in an evaporating bowl in a ratio of 1 :1 : 1, and then heated on a heating
plate and kept at 90 ◦C. A stoichiometric amount of polymer was added to the heated solution mixture and continued to
evaporate with constant stirring. Heating was stopped after obtaining a fine red-brown powder. The solid-phase synthesis
products formed (hereinafter referred to as the precursor powder) were cooled, ground in a mortar, and then annealed in
a muffle furnace. To study the effect of the annealing temperature on the phase composition, the precursor powder was
heated to 600, 800, and 1100 ◦C and kept at these temperatures for at least 4 hours in air. After the heat treatment was
completed, the samples were cooled to ambient temperature together with the furnace. The ceramic material required for
the study of the mechanical properties of MgFeInO4 was made from a powder that does not contain impurity phases. Be-
fore pressing, it was ground in a mortar, moistened with a few drops of acetone (ω(CH3COCH3) = 99.75 wt. %, National
State Standard GOST 2768-84). The resulting mass was transferred to a steel mold, and tablets with a diameter of 14 mm
were formed from it, using a manual hydraulic press. The compacted samples were sintered at 1300 ◦C for 6 hours in
air. After its completion, the sintered ceramics were left in the furnace until it cooled completely. The actual density
(dobs, kg/m3) of the samples obtained was determined geometrically. Their relative porosity (prel, %) was estimated by
the formula:

prel = 100

(
1− dobs

dXRD

)
, (1)

where dXRD (in kg/m3) is the theoretical density of ceramics determined from powder X-ray diffraction data.

2.2. Characterization of the obtained materials

The phase composition of the materials obtained was determined using the powder X-ray diffraction (XRD) method
on a Bruker D8 Advance diffractometer equipped with the LynxEye linear detector. An X-ray tube with a copper anode
(λ(CuKα) = 1.5418 Å) was used as the radiation source. A nickel filter was used to eliminate the CuKβ-radiation. The
XRD patterns for all samples studied were recorded at room temperature in the range of angles 2θ = 10 – 60◦ with a
step of 0.0133◦ and a signal accumulation time of 0.5 s/step. X-ray phase analysis was performed using the ICDD PDF-
2 database and Bruker DIFFRAC. EVA software. The calculation of crystallographic parameters and sizes of coherent
scattering regions (CSR) was performed using Bruker TOPAS 4.2 software.

The microstructure of the synthesized materials was studied using scanning electron microscopy (SEM). SEM images
in the secondary electron detection mode were obtained using an ultra-high-resolution scanning electron microscope
TESCAN AMBER. The freely distributed Gwyddion software [33] was used to analyse the obtained SEM data and to
plot the particle size distribution curve.

Data on the elemental composition of the synthesized magnesium-indium ferrite was obtained by energy dispersive
X-ray spectroscopy (EDS) using an Oxford Instruments Ultim MAX SDD detector.
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The study of ceramic microhardness (H) by the Vickers method was carried out on a LOMO PMT-3M microhardness
tester. Before measurements, the surface of the samples was washed and polished in an aqueous alcohol solution under
ultrasonic treatment. The measurements were conducted with a static load on the indenter equal to 0.49 N (50 g). The
duration of the load application was 10 seconds.

The diffuse reflectance spectra R(λ) of the samples in the range of 200 – 950 nm were recorded using the Ocean
Optics modular optical system, which includes a QE65000 spectrometer, an integrating sphere ISP-80-8-R with a diameter
of 80 mm, and a set of optical fibers. The source of the radiation was an HPX-2000 xenon lamp. The Labsphere WS-1-SL
standard made of spectralon was used as a reference standard material. The spectrometer was controlled using the Spectra
Suite software.

3. Results and discussion

3.1. X-ray phase analysis, composition, and structural and morphological characteristics of synthesized
materials

The XRD data for the synthesized precursor powder is shown in Fig. 1. The absence of crystal phase peaks on the
diffractogram obtained (curve 1) indicates its X-ray amorphous structure. This result is accounted for the fact that the
decomposition of products formed by heating a mixture of solutions of metal nitrates and PVA is not accompanied by
combustion (smolder) and is likely to occur at relatively low temperatures [34]. According to [35, 36], this mode of the
process contributes to the formation of thermally stable polymer-metal complexes, and their short-term annealing enables
one to obtain nanocrystalline powders of complex metal oxides at 500 – 800 ◦C.

FIG. 1. XRD data for the samples obtained after annealing of precursor powder at different tempera-
tures in air

XRD data for the precursor powder after its heat treatment in air at 600, 800, and 1100 ◦C are shown in Fig. 1
(curves 2–4). The results obtained show that very wide and low-intensity maxima appear on the diffractogram of the
powder annealed at 600 ◦C (curve 2). According to the X-ray phase analysis, it is a mixture consisting mainly of In2O3

(sp. gr. Ia3, PDF card No. 06-0416) and a small amount of MgFe2−xInxO4 phase with a spinel structure. According
to the calculation results, the average crystallite size in this powder is about 10 nm. An attempt to anneal the X-ray
amorphous precursor at a higher temperature also failed to produce a single-phase ferrite-spinel sample of the composition
required. As can be seen from Fig. 1 (curve 3), the diffractogram of the powder annealed at 800 ◦C (4 h) shows more
intense, wide maxima related to the MgFe2−xInxO4 phase, but it still contains an admixture of In2O3. The amount of
ferrite-spinel in this powder reaches about 80 %, and the average size of its crystallites increases to 30 nm. Moreover, as
the results of our experiments showed, even a threefold increase in the annealing duration at this temperature does not lead
to the production of a single-phase sample of MgFeInO4. It can be obtained only by increasing the annealing temperature
to 1100 ◦C. As can be seen from the diffraction pattern of the annealed powder (Fig. 1, curve 4), all diffraction maxima
correspond to MgFeInO4 ferrite-spinel (sp. gr. Fd3m, PDF card No. 38-1108). The disappearance of the (111) diffraction
line indicates a very high degree of its inversion, which tends to 1. This result differs from the data obtained by Matvejeff
et al. [31] and is explained by the differences in the chemical and thermal prehistory of the MgFeInO4 samples being
compared. The parameter a and the unit cell volume Vcell of synthesized MgFeInO4 are 8.6391(6) Åand 644.8(1) Å3,
respectively, and its X-ray density dXRD is 5336 kg/m3. Literature data comparison showed that the calculated values are
close to those obtained for samples synthesized by the solid-phase method [30, 31].
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The data on the chemical composition of the MgFeInO4 sample obtained by the EDS are shown in Fig. 2. It is
obvious that the actual content of magnesium, iron, and indium in it (inset in Fig. 2) almost coincides with the theoretical
one: ωtheor(Mg) = 9.39 wt. %, ωtheor(Fe) = 21.56 wt. %, and ωtheor(Fe) = 44.34 wt. %. Thus, the chemical composition of
the synthesized ferrite-spinel can be represented as Mg1.01±0.08Fe0.99±0.07In0.99±0.06O4.

FIG. 2. EDS spectrum of MgFeInO4 synthesized by annealing of precursor powder at 1100 ◦C for
4 hours. Inset: diagram illustrating the elemental composition of the sample (in wt. %), determined
from the EDS data

It is noteworthy that the annealing temperature required to obtain a single-phase MgFeInO4 powder turned out to be
significantly higher than that used for the synthesis of MgFe2O4. A single-phase powder of this spinel was reported to be
formed after annealing the precursor at 700 ◦C [37]. Similar results were obtained in [38], in which it was successfully
synthesized by calcination of starch-nitrate gel at 550 ◦C. At the same time, the sol-gel method used in [32] did not
result in obtaining single-phase MgFe2−xInxO4 nanopowders with x = 0.16 at 600 ◦C. Previously, we showed [39]
that single-phase MgIn2O4 is formed only after annealing of solid-phase combustion products of a glycine-nitrate gel at
1400 ◦C. Similar observations were made in [40], where this spinel was obtained by long-term high-temperature annealing
(1300 ◦C, 60 h) of a precursor synthesized by the oxalate method. It is remarkable that the difference in annealing
temperatures used for the synthesis of MgFe2−xInxO4 solid solution boundary compositions is more than 700 ◦C, and
the minimum annealing temperature required to obtain a single-phase composition with 50 % substitution of indium
cations is about 400 ◦C higher than for MgFe2O4. The obtained result can be explained as follows. According to [41],
the stable form of magnesium indate occurs only above 1200 ◦C, and the process of its formation from simple oxides is
endothermic in nature. Therefore, the energy spent on breaking bonds in compounds used for spinel synthesis will exceed
the energy released during the formation of bonds in it. Thus, the formation of MgIn2O4 requires additional energy
input from the surroundings. Magnesium ferrite, on the contrary, has a negative enthalpy of formation (∆H0

f,ox(970 K) =
−18.5 ± 1.0 kJ/mol [42]). The enthalpy of formation for MgFeInO4 is unknown, but according to our results it can be
assumed to be lower than that of MgIn2O4. Consequently, mixed ferrite can be synthesized at lower temperatures than
MgIn2O4. However, annealing of the precursor powder at high temperatures, as in the case of MgIn2O4 [39, 40], does
not imply the production of single-phase MgFeInO4 nanocrystalline powder. Nevertheless, the width and intensity of the
maxima observed on the diffractogram of the powder annealed at 1100 ◦C (Fig. 1, curve 4) indicate relatively low values
of CSRs.

The results of the microscopic study of the changes occurring in the structure and morphology of the particles of
the X-ray amorphous precursor as a result of annealing at temperatures ranging from 600 to 1100 ◦C are presented in
Fig. 3(a–c). The microstructure of the nanopowders formed after annealing at 600 and 800 ◦C (Fig. 3(a) and (b)) exhibits
a sponge-like structure, which makes it difficult to distinguish the contours of individual crystallites. As seen in Fig. 3(c),
increasing the annealing temperature of the precursor powder to 1100 ◦C led to the formation of MgFeInO4 particles that
are fairly uniform in size, though lacking well-defined faceting. The histogram illustrating their size distribution is shown
in Fig. 3(f). The results of fitting these data using a Gaussian distribution function revealed that the average particle size
of the ferrite-spinel synthesized is 0.90 µm.

The ceramics obtained by sintering the compacts of MgFeInO4 powder at 1300 ◦C for 6 hours in air had a bulk
density dobs equal to about 4800 kg/m3. The porosity Pobs of the sample produced, calculated using Eq. (1), was about
10 %, which indicates its high density.
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FIG. 3. (a–c) SEM images of powders obtained after annealing the precursor powder at 600 ◦C (4 h),
800 ◦C (4 h), and 1100 ◦C (4 h) in air. (d) Particle size distribution curve for the MgFeInO4 sample
obtained after annealing at 1100 ◦C (4 h)

3.2. Vickers microhardness

No data on the microhardness of MgFeInO4 measured by the Vickers method was found in the literature. Based on
the experimental results, the average microhardness value of the produced ceramics was determined to be 676 HV. It may
be noted that the obtained value of H is close to those measured for magnetite Fe3O4 (610 HV) and manganese ferrite
MnFe2O4 (734 HV) [43]. The hardness class of MgFeInO4 was determined according to the relation proposed in [44]:

H0 = 0.675 · 3
√
H, (2)

where H0 is the hardness class of the material on a 15-point scale, in which graphite corresponds to 1 and diamond to 15,
and H is the measured Vickers microhardness of the material. According to the recalculation using Eq. (2), the hardness
class of the synthesized material on the Khrushchov scale is close to 6. From the viewpoint of the rational classification
of materials by hardness proposed in [44], MgFeInO4 belongs to high-hardness materials.

3.3. Band gap energy

Consider the results of diffuse reflectance spectroscopy for the synthesized ferrite-spinel MgFeInO4. A typical de-
pendence of the diffuse reflectance coefficient R on the wavelength of incident light λ is shown in Fig. 4. To calculate
the band gap energy Eg , the Tauc method was employed. The R(λ) data was presented in the form of the dependence
(F (R) ·hν)n on hν, where F (R) is the Kubelka–Munk function, defined as (1−R)2/2R; h is Planck’s constant; ν is the
frequency of the incident radiation; and n is an exponent characterizing the nature of electron transition in the material.
The type of transitions occurring in MgFeInO4 is not precisely known; however, as shown in [38, 45–47], direct allowed
transitions dominate in the unsubstituted MgFe2O4 and MgIn2O4. Therefore, to determine Eg , coordinates corresponding
to the case of direct allowed transitions (n = 2) were used. The result of this analysis is shown in the inset of Fig. 4.

Extrapolation of the linear portion of the resulting curve to the abscissa axis at (F (R) ·hν)2 = 0 yields a band gap en-
ergy Eg = 2.46±0.02 eV. The band gap value obtained (2.46 eV) lies between those reported for MgFe2O4 (2.1 eV [45])
and MgIn2O4 (3.2 eV) [46], confirming the formation of a solid solution based on these spinels and indicating that the
material obtained is a wide-band gap semiconductor.

3.4. Assessment of the radiation tolerance of MgFeInO4

Consider several criteria commonly used to predict the response of solids to high doses of ion impact. Pearton
et al. [48] reported that the materials with smaller unit cell volumes and wider band gaps tend to be more resistant to
ionizing radiation than those with larger cell volumes and narrower band gaps. The values of Eg and Vcell for MgFeInO4

and several other spinel-structured materials are summarized in Table 1.
As noted above, Fe3O4 is considered one of the most radiation-resistant materials [14]; therefore, its parameters

were used as a reference in the analysis of the Eg and Vcell data. It is evident that within the series MgFe2O4 – Fe3O4

– MgFeInO4 – MgIn2O4, both of these parameters increase. Although MgIn2O4 exhibits the widest band gap among
the materials listed, its unit cell volume is 17.7 % larger than that of Fe3O4. The Eg and Vcell values for MgFe2O4 and
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FIG. 4. Diffuse reflectance spectrum of MgFeInO4 measured in the range 200 – 950 nm. Inset: repre-
sentation of the data as a dependence of (F (R) · hν)2 on photon energy hν

TABLE 1. Physical properties of some spinel-structured materials

Material
Unit cell volume

Vcell, Å3
Band gap

energy Eg , eV Ionicity f
Predicted structure

following irradiation

MgFe2O4 589.32 [38] 2.1 [45] 0.57* –

Fe3O4 591.86 [49] 2.29 [50] 0.49* Crystal [51]

MgFeInO4 644.8* 2.46* 0.58 Crystal**

MgIn2O4 696.59 [39] 3.2 [46] 0.59* –

* – determined in this work;

** – predicted structural stability based on the calculated values of ionicity

MgFeInO4 are the closest to those of Fe3O4; however, for the mixed ferrite-spinel, the deviation in both parameters does
not exceed 9 %. Therefore, materials based on MgFeInO4 are most likely to exhibit radiation resistance comparable to
that of Fe3O4 under similar irradiation conditions.

Naguib and Kelly [51] showed that the ability of materials to resist radiation damage correlates with the degree of
bond ionicity, finding that materials with a more ionic bond character are less susceptible to damage under high doses of
ionizing radiation. To put it simply, such materials tend to resist amorphization of the crystal lattice under irradiation. It
was also established in [51] that structural changes are likely to occur if the ionicity value f is less than or equal to 0.47.
The f values for MgFe2O4, MgFeInO4, and MgIn2O4, calculated from the data in [52], are presented in Table 1. For
comparison, the f value for Fe3O4, determined in [51], is also included. The calculations show that the ionicity in the
series MgFe2O4 – MgFeInO4 – MgIn2O4 exhibits close values, all significantly exceeding 0.47. Moreover, the ionicity
of MgFeInO4 is approximately 18.4 % higher than that of Fe3O4, which retains its crystalline structure even under
irradiation [14]. Therefore, it can be inferred that magnesium-indium ferrite possesses radiation stability comparable
to that of magnetite. Thus, the results of this preliminary assessment indicate the promising potential of MgFeInO4 for
further experimental studies on the effects of various ionizing radiation conditions on its structural and physico-mechanical
properties.

4. Conclusions

A single-phase powder of the mixed ferrite-spinel MgFeInO4 with submicron particle size was successfully synthe-
sized using the polymer-nitrate method. XRD data obtained for the X-ray amorphous precursor annealed at different
temperatures showed that a single-phase ferrite-spinel powder of the desired composition can be synthesized only at
1100 ◦C. According to SEM data, the average particle size was approximately 0.90 µm. The results obtained indicate that
the synthesis of single-phase MgFeInO4 in the nanocrystalline form by the polymer-nitrate method is impossible. How-
ever, this approach can be used to produce a compositionally homogeneous submicron ferrite-spinel powder. Moreover,
unlike the solid-state method, it requires significantly less time and energy.
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The MgFeInO4 powder was used to produce ceramics of the same composition by high-temperature sintering in air.
The density measurements showed that the approach applied enables one to obtain a ceramic material with a relative
density of at least 90 %. Vickers microhardness testing revealed that the average microhardness value was 676 HV.
This corresponds approximately to class 6 on the Khrushchov hardness scale, allowing the material to be classified as
hard. The band gap energy value for MgFeInO4 was determined from DRS data. According to the calculation results,
the mixed magnesium ferrite can be attributed to wide bandgap materials (Eg = 2.46 eV). The electrophysical and
structural parameters of MgFeInO4 determined in this work made it possible to predict its ability to resist radiation-
induced structural changes. Theoretical analysis showed that this ferrite-spinel is highly likely to retain its crystalline
structure under ionizing radiation exposure. This result confirms the potential of further experimental studies on the
influence of various irradiation conditions on the structure and functional properties of mixed magnesium-indium ferrites.
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[50] da Silva M.P., do Souza A.C.A., Ferreira Á.R.D., do Nascimento P.L.A., Fraga T.J.M., Cavalcanti J.V.F.L., Ghislandi M.G., da Motta Sobrinho M.

A. Synthesis of superparamagnetic Fe3O4–graphene oxide-based material for the photodegradation of clonazepam, Scientific Reports, 2024, 14,
18916.

[51] Naguib H.M., Kelly R. Criteria for bombardment-induced structural changes in non-metallic solids. Radiation Effects, 1975, 25 (1), P. 1–12.
[52] Batsanov S.S. The concept of electronegativity. Conclusions and prospects. Russian Chemical Reviews, 1968, 37 (5), P. 332–351.

Submitted 14 November 2025; revised 30 November 2025; accepted 2 December 2025

Information about the authors:

Olga N. Kondrat’eva – Kurnakov Institute of General and Inorganic Chemistry of the Russian Academy of Sciences,
Leninskii prosp., 31, Moscow, 119991, Russia; ORCID 0000-0003-2508-9868; ol.kondratieva@gmail.com

Maria N. Smirnova – Kurnakov Institute of General and Inorganic Chemistry of the Russian Academy of Sciences,
Leninskii prosp., 31, Moscow, 119991, Russia; ORCID 0000-0003-2707-7975; smirnovamn@igic.ras.ru

Galina E. Nikiforova – Kurnakov Institute of General and Inorganic Chemistry of the Russian Academy of Sciences,
Leninskii prosp., 31, Moscow, 119991, Russia; ORCID 0000-0002-2892-6054; gen@igic.ras.ru

Alexey D. Yapryntsev – Kurnakov Institute of General and Inorganic Chemistry of the Russian Academy of Sciences,
Leninskii prosp., 31, Moscow, 119991, Russia; ORCID 0000-0001-8166-2476; yaprynsev@yandex.ru

Maria S. Dranik – Frumkin Institute of Physical Chemistry and Electrochemistry of the Russian Academy of Sciences,
Leninskii prosp., 31.4, Moscow, 119071, Russia; ORCID 0009-0006-1953-2359; m.dranik@yandex.ru

Valery A. Ketsko – Kurnakov Institute of General and Inorganic Chemistry of the Russian Academy of Sciences, Leninskii
prosp., 31, Moscow, 119991, Russia; ORCID 0000-0002-2075-1755; ketsko@igic.ras.ru

Conflict of interest: the authors declare no conflict of interest.


