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CuissS is of significant current interest due to its complex crystal chemistry, wide homogeneity range, and unique physicochemical
properties. These materials belong to the class of digenites and exhibit various structural transformations and reversible phase transitions
that are highly sensitive to copper content. The synthesis, growth, and investigation of the structural behavior of Cui.ssS single crystals
provide essential insights into phase stability and transformation mechanisms in the Cu2«S system. Such knowledge is crucial for potential
applications in semiconductor devices, catalysts, and energy conversion systems, where the crystal structure and phase composition directly
influence material performance. This paper presents the results of the synthesis, growth of single crystals, and X-ray phase analysis of the
nonstoichiometric compound Cui.ssS, which belongs to the class of digenites. The single crystals were obtained by combining the
Bridgman directional crystallization method with slow cooling. A comprehensive microstructural and X-ray analysis was carried out,
including the use of Weissenberg photographs and temperature-dependent diffraction studies in the range from room temperature to 420°C.
It was established that at room temperature, the Cui85S sample is biphasic and consists of orthorhombic (Pnma) and monoclinic (P24 ,)
phases. Upon heating, two structural transitions were observed: first to a tetragonal phase at approximately 93°C, and then to a high-
temperature face-centered cubic (FCC) lattice at around 120°C. All transitions are reversible and occur via a single-crystal-to-single-crystal
mechanism with well-defined orientational relationships between the lattices. The biphasic nature at room temperature is attributed to the
accumulation of copper atoms in twin regions. This work contributes to understanding structural transformations in the Cui.s5S system and
confirms the existence of stable interphase transitions that depend on copper content.
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1. INTRODUCTION

Compounds of the Cu — S system are among the most complex materials in crystal chemistry due to their
nonstoichiometric nature, broad homogeneity range, and diverse phase states. Particular attention is given to copper
sulfides of the Cu,_,S composition, which belongs to the class of digenites. These compounds are characterized by a
high level of lattice defects, a variety of structural transformations, and unique physicochemical properties. They offer
potential applications in semiconductor devices, catalysis, and energy conversion systems.

An analysis of the literature reveals that no universal method exists for synthesizing nonstoichiometric compounds
of the Cu — S system. While some studies utilized natural crystals, others involved powdered mixtures of the starting
components, subjected to prolonged heat treatment or the slow-cooling method [3, 13]. However, variations in sample
preparation conditions lead to discrepancies in structural study results. Thus, developing synthesis methods that ensure
the production of homogeneous, single-phase, and well-crystallized samples is crucial.

It is known that at room temperature, Cu,_,S compounds often exist as two-phase systems. The most characteristic
phases include the orthorhombic modification of the anilite type (Cui.7sS, space group Pnma) and the monoclinic
modification of the yarrowite type (Cu1.96S, space group P2;,). These phases are close in both composition and unit cell
parameters, making their identification by microstructural methods particularly challenging. Additionally, many
compositions exhibit a metastable high-temperature cubic (FCC) modification.

Previous studies have shown that phase transformations in Cus.75S, Cu1.g0S, and Cui.90S compounds exhibit
different characteristics. Even small variations in copper content led to changes in both transition temperatures and
transformation sequences [1,3]. This highlights the high sensitivity of the crystal structure to defect concentration and
confirms the complexity of the phase behavior in digenite.

In this context, systematically investigating structural transformations in Cu;.g5S, a composition lying between the
previously studied phases, is of particular interest. This study will help refine the understanding of phase stability within
the Cu,_,S system, trace regularities in structural variations with respect to copper content, and elucidate the mechanisms
of reversible phase transitions.

The objective of this work is to synthesize and grow Cu,.gsS single crystals, perform comprehensive microstructural
and X-ray phase analyses, and investigate temperature-dependent structural transformations from room temperature to
420°C.

MATERIALS AND METHODS
Synthesis of nonstoichiometric Cu,_,S compounds. Synthesis of nonstoichiometric Cu,_,S compounds. There
is no single method reported in the literature for the synthesis of nonstoichiometric compounds of the Cu — S system.
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Some authors used natural crystals, whereas in [4,5,6] samples of the desired phases with various compositions were
obtained by mixing the individual components in powder form and then heat-treating. In one case, ampoules containing
the corresponding components were held at 593-743 K for 7 days [4]; in another, Cu and S components in the desired
stoichiometric ratios were heated to 773—873 K for 24 hours [5]; and in a third case, powdered Cu and S were maintained
in an evacuated Pyrex ampoule for 7 days at 723 K [6].

In [3], pressed powders of Cu,S and CuS were placed in an open glass ampoule and annealed for 12 hours at 383 K.
In [10,11,12], samples of some nonstoichiometric Cu — S compositions were obtained using the slow-cooling method.

An analysis of these studies shows that the existing discrepancies in structural investigations are primarily
determined by the different conditions used to prepare various nonstoichiometric Cu — S samples.

To obtain homogeneous samples of composition Cu,.g5S, we employed the direct synthesis method, i.e., the
chemical reaction of the starting components. Double-walled ampoules made of high-quality quartz, possessing high
thermal stability, were used as reactors. The main ampoules, with an inner diameter of 1.5 cm and a length of 10 cm, were
filled with the starting materials — Cu (electrolytic) and S (grade “Ultra-pure”) in the required amounts for each
composition — and evacuated to a pressure of 10~> mmHg.

All ampoules containing the respective compositions were placed in the stable zone of the furnace. The furnace
temperature was raised to the melting point of sulfur (393 K) and maintained at this temperature for 3 hours to ensure
thorough interaction of molten sulfur with copper and to prevent ampoule rupture. The temperature was then increased at
a rate of 50 K per hour up to the melting point of Cu,S (1403 K) with cyclic vibration. After a two-hour dwell at this
temperature, the ampoules containing the samples were slowly cooled to 373 K and annealed at this temperature for 300
hours to achieve homogenization, while the phase composition was monitored using microstructural and X-ray phase
analyses.

Growth of Cuu.ssS Single crystals. Given that nonstoichiometric Cu~S compounds are defect-containing crystals,
the optimal method for obtaining single crystals of the desired Cui.ssS composition was determined experimentally to be
a combination of the Bridgman method and slow cooling.

The synthesized Cui.ssS compositions were placed in specially designed high-quality quartz ampoules tailored for
the Bridgman technique (length: 10 cm, inner diameter: 1 cm). The ampoules were evacuated to a pressure of 10~ mmHg
and subsequently placed in a two-zone furnace, where a temperature controller maintained the desired temperature. The
furnace temperature was gradually increased above the melting point of Cu.S. Following a three-hour dwell at this
temperature, an electric motor was activated to lower the ampoule at a rate of 6 mm/h. Once the ampoule reached the
lower zone of the furnace, it was transferred to an electric furnace and annealed at 573 K for 3 weeks. This annealing
process corresponds to the lower zone of the two-zone furnace.

The samples obtained via this method were high-quality single crystals, exhibiting well-defined structural properties
suitable for subsequent analysis.

Microstructural analysis. To reveal the microstructures, samples were prepared from each of the synthesized
Cu4.g5S composition. The surfaces of all samples were washed, degreased with ethanol, and dried after grinding and
polishing. Experimentally, an etchant consisting of 50% HNO3z; + 50% H,0, with the addition of 5% acetic acid to
prevent oxidation was selected.

Microstructural analysis. To reveal the microstructures of the synthesized Cui.ssS compositions, samples were carefully
prepared by grinding and polishing the surfaces of each specimen. Once polished, the samples were washed, then degraded
with ethanol to remove surface contaminants, and finally dried. To reveal the structural details, an etching solution was
applied to the samples. The etching solution consisted of 50% nitric acid (HNOs) and 50% distilled water (H-0), with 5%
acetic acid added to prevent oxidation of the sample surface during etching.

This microstructural preparation method ensured the samples were adequately prepared for further analysis. The etchant
enabled the identification of key microstructural features, including grain boundaries, phase distribution, and lattice defects,
providing important insights into the overall quality and homogeneity of the synthesized Cui.ssS single crystals.

Debye-Scherrer patterns for all synthesized compositions were obtained using Cu Ka radiation under identical
conditions. The calculations and indexing of interplanar spacings (see Tables 1-3) indicated that in Cuu.ssS crystals, a second
phase appears at room temperature. The amount in this second phase decreases as copper deficiency increases. Furthermore,
in all Cui.ssS crystals, a metastable high-temperature face-centered cubic (FCC) phase also exists at room temperature.

The first phase in these compositions corresponds to anilite (Cui.7sS), which crystallizes in an orthorhombic structure
with unit cell parameters: a = 7.89 A, b = 7.84 A, and ¢ = 11.01 A, belonging to the space group Pnma, with Z = 4
formula units per unit cell. The second phase corresponds to yarrowite (Cui.s6S), which crystallizes in a monoclinic
structure with unit cell parameters: a = 26.897 A, b = 15.745 A, ¢ = 13.565 A, f = 90.13°, and space group Pa/n.
The unit cell contains 8 Cus1Si6 formula units.

Due to the close composition and similar unit cell parameters of these two phases, distinguishing them in
micrographs is practically impossible. However, their identification is essential as the two-phase nature of Cu..ssS at room
temperature significantly influences the material's structural properties.

For the study of structural transformations, flat-parallel crystals were cleaved from the two-phase sample along the
(111) cleavage plane, which corresponds to the high-temperature FCC phase. Diffraction measurements were taken from
crystals mounted on a temperature-controlled stage of the diffractometer. At room temperature, nine diffraction peaks
were recorded (see Table 3). These diffraction peaks are consistent with the existence of both phases.
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Upon heating the crystal without changing its orientation, subsequent diffraction recordings were made at various
temperatures. At higher temperatures, four of the nine diffraction peaks transitioned to tetragonal symmetry, indicating
the formation of an intermediate phase. The equilibrium temperature between these phases, determined according to the
method described in, corresponds to the transformation temperature from the low-temperature yarrowite phase to the
intermediate tetragonal phase.

RESULTS AND DISCUSSION

Structural transitions in Cu,_.S crystals (x = 0.10,0.20, and 0.25) were studied in detail in [1]. It was shown that
at room temperature, these samples consist of two phases. One of them crystallizes in an orthorhombic lattice with unit
cell parameters a = 7.89A,b = 7.844&,c = 11.01 A; space group Pum, Z = 4 [2]. The second phase has a
monoclinic lattice with parameters a = 26.897 A,b = 15.745A,¢c = 13.5654,8 = 90°08,Z = 8 CusiS:6;
space group P24, corresponding to the yarrowite (Cu1.96S) lattice described in the literature [3].

For the samples of the specified compositions, the structural data and transformation temperatures are presented in
Table 1. As in Table 1, the sequence of structural transformations in Cui.7sS and Cui.soS samples is identical, whereas the
transitions in Cui.9S occur according to a different sequence. In the Cui.7sS and Cui.z0S samples, the first phase (a;)
corresponds to the tetragonal phase, followed by a transformation to a second phase (@) at a higher temperature. The
sequence of transformations for these samples is consistent, with a; transforming to a, at 116°C and 104°C, respectively.
In contrast, the Cui.9S sample exhibits a distinct transformation pattern, with its first phase (a;) remaining stable until a
much higher transition temperature is reached.

Table 1. Structural and temperature transformations in Cu,_,S [1-3].

Composition | Phase Transformation Intermediate phases Temperature of the | Lattice parameters of the
P temperature, °C P intermediate transformation, °C high-temperature phase
Cuy 758 L 35 Tetragonal 116 (FCC) (a = 5.5)
Ay 80
a; 38 » 118 _ o
Cuy oS > 3 (FCC) (a = 5.58 A)
ay - Orthorhombic + Hexagonal
Cuq.90S a 104 Close-Packed (HCP) (apex = 157 (FCC) (a = 5.62 A)
2 397 &; cpex = 6.694)

It was of interest to investigate how the structure and the sequence of structural transformations vary with the
composition, specifically from Cui.soS to Cui.9S, as demonstrated by the X-ray study of structural transformations in
these compounds.

The main X-ray measurements were carried out using an “Enraf-Nonius” goniometer and a D8 ADVANCE
diffractometer (Cu Ka radiation; 5° < 26 < 100°), operating in the temperature range from room temperature to 420 °C,
with the use of the EVA and Topas 4.2 software packages supplied with the diffractometer.

To determine the unit cell parameters and the crystal system of the Cu4.g5S single crystal at room temperature, a
Weissenberg photograph of the zero-layer line along the (110) direction [1] and a powder pattern were recorded, the
calculation of which is presented in Table 2 (diffraction lines of the a.-phase were indexed based on a pseudo-monoclinic
crystal system).

Table 2. Recording of the Cu4.g5S debaegram (sample radius — 0.8 mm; Cu Ko radiation, Ni filter)

No. lines s A ! phase %2 phase

171 dthearetical’ A hkl dtheoretical, A hkl
1 3.334 2 3.3239 013 3.3183 233
2 3.209 8 3.2066 202 3.2172 214
3 2.960 1 2.9600 122 2.9505 143
4 2.770 1 2.7807 220 2.7855 234
5 2.681 4 2.6870 203 2.6736 015
6 2.540 3 2.5368 123 2.5371 253(704)
7 2417 1 2.4201 131 2.4202 505
8 2.365 6 2.3731 302 23714 235
9 2.260 4 2.2617 132 2.2608 006
10 2.172 1 2.1692 214 2.1701 316(026)
11 2.132 5 2.1372 231 2.1349 072(470)
12 2.023 10 2.0258 232 2.0219 336(255)
13 1.866 8 1.8654 215 1.8675 407(265)
14 1.821 1 1.8280 331 1.8193 482(256)
15 1.743 2 1.7426 116 1.7425 483
16 1.690 1 1.6963 413 1.6956 008
17 1.670 9 1.6723 242 1.6720 384(218)
18 1.652 1 1.6505 315 1.6512 547(057)
19 1.600 1 1.6033 404 1.6016 457(238)
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No. lines s A ! phase %2 phase
171 dthearetical’ A hkl dtheoretical, A hkl
20 1.551 2 1.5506 325 1.5510 476(3.10.0)
21 1.442 2 1.4419 0.53 14400 239(748)
22 1.385 4 - - 1.3836 3.11.2(096)
23 1.305 3 1.3067 0.60 1.3045 3.11.4(0.12.1)
24 1.287 1 1.2878 254 1.2878 4.12.0
25 1.265 2 1.2644 353 1.2651 4.12.2
26 1.204 1 1.2049 318 1.2037 4.124
27 1.140 6 1.1411 256 1.1406 0.13.4(5.13.3)
28 1.119 3 1.1188 633 1.1188 4.12.6
29 1.087 2 1.0867 641 1.0873 6.14.1(5.14.2)
30 1.072 3 1.0721 455 1.0723 4.12.7
31 0.989 5 0.9893 636(300) 0.9896 5.14.6(0.12.9)
32 0.947 7 0.9462 654 0.9465 5.16.3(3.15.6)

Analysis of the Debye and Weissenberg patterns reveals that, as in the case of Cui.7sS, Cui.sS, and Cui.e0S, two
systems of reflections are observed. One of these corresponds to the Cui.ssS sample, which possesses an orthorhombic
lattice with unit cell parameters: a.=7.94 A, b=7.86 A, c=11.12 A, and space group Pbnm, while the other corresponds
to variscite.

For the study of structural transformations, flat-parallel Cu.gsS crystals were cleaved from the two-phase sample
along the cleavage plane (111), which belongs to the high-temperature FCC phase. From a crystal mounted on the
diffractometer’s temperature stage, nine diffraction peaks were recorded at room temperature (see Table 3).

Table 3. Calculations of the Cui.ssS Diffractogram; Cu Ko Radiation

No. lines 0,° d A hkl (aq) hkl (a3) Unit Cell Parameters t,°C
1 13°22' 3.334 013 233
2 13°53' 3.209 202 214 a, - Phase (a = 7.84; b =
3 16°43' 2.680 203 015 7.89; ¢ = 11.014)
4 26°15' 1.743 116 483
5 27°20' 1.679 242 384 22
6 28°40' 1.607 404 457 - Phase (a = 26.864 4; b =
7 43°33' 1.119 633 4.12.6 15.759 4; ¢ = 13.5654; g =
8 45°10' 1.087 641 6.14.1 90.13°)
9 45°58' 1.072 455 4.12.7
1 13°50' 3.224 102
2 26°16' 1.742 203 Tetragonal . 100
3 28°34' 1.612 204 (007) (a =4.00; c =11.18 A)
4 45°46' 1.076 323
1 13°48' 3.232 111
2 28°27' 1.618 222 FCC (a = 5.603 A) 150
3 45°37 1.079 333

Then, without changing the crystal orientation, control recordings were performed every 10 °C to observe changes
in the diffraction pattern. Only at 100 °C were four out of nine diffraction peaks recorded (see Table 3), which can be
indexed on the basis of a tetragonal symmetry. The equilibrium temperature between the phases, t = (93 + 1) °C
(determined according to the method described in [4]), corresponds to the transformation temperature of the low-
temperature yarrowite phase into the intermediate phase.

The intermediate tetragonal phase in Cu;.gsS transforms into a phase with a face-centered cubic (FCC) lattice at
(120 % 1) °C (see Table 3). A series of temperature-dependent diffractometric recordings and Laue photographs taken
before and after each transformation showed that all structural transitions in the Cu;.gsS single crystal are reversible, with
rigid orientational relationships between the lattices of the modifications, and that the transitions occur via a single-crystal-
to-single-crystal mechanism.

Once the temperatures and the number of structural phase transitions were determined, Weissenberg photographs of
each phase were taken att; > 93°Candt, > 120 °C.

Zero-layer line projections were obtained by rotating the crystal around the direction that, at temperatures
above 120 °C, corresponds to the (110) direction of the FCC lattice.

The Weissenberg photograph recorded at room temperature contains two systems of reflections, corresponding to the
a; (orthorhombic) and a, (monoclinic) lattices, which merge into a single tetragonal lattice in the Weissenberg photograph
obtained at t; > 90 °C. The Weissenberg photograph was recorded at t, > 120 °C corresponds to the FCC lattice.

It should be noted that, unlike the first @; phase, the a2 phase is characterized by twins, where each main reflection
from the crystal on the radiograph corresponds to a weaker spot arising from rotation of the sample by precisely fixed
angles of 70°12" and 109°48’ (angles between the body diagonals of the cube). As in the Cuy.75S and Cuq.50S samples,
for the high-temperature form of Cu;.g5S, the twin lattice nodes can be obtained by mirror reflection in four noncoplanar
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(111) planes of the primary cubic lattice or by rotation around the (110) axes. The elements of twinning are the (111)
plane and the (112 ) direction — typical for FCC metals [5].

Upon cooling the sample to room temperature, the diffraction pattern is completely restored in reverse sequence;
that is, the single FCC phase passes through the intermediate tetragonal phase and transforms into a mixture of monoclinic
and orthorhombic phases. The formation of two phases at room temperature is explained as follows. The anion lattice is
fully occupied by sulfur atoms, while the copper atom positions are nonequivalent. Therefore, during the transition from
the intermediate phase to the low-temperature phase, some copper atoms can accumulate in the twin regions, where a
structure closer to the stoichiometric composition, i.e., Ci1.96S, is formed. The amount of the Cu1.96S phase is minimal
for Cu;.75S and increases as the alloy's copper deficiency decreases.

From this, it follows that digenite and yarrowite occupy different concentration ranges.

CONCLUSIONS

1. The Cui.ssS single crystal at room temperature consists of two coexisting phases: an orthorhombic (Pnma) phase
and a monoclinic (P21/n) phase. This biphasic nature is attributed to the non-uniform distribution of copper atoms, which
accumulate in twin regions, thereby contributing to the material's structural complexity.

2. X-ray phase analysis demonstrated the occurrence of two consecutive, reversible phase transitions in Cui.ssS. The
first transition occurs from the orthorhombic phase to an intermediate tetragonal phase at approximately 93°C, followed
by a transformation to a high-temperature face-centered cubic (FCC) lattice at around 120°C. These transitions are well-
defined and occur via a single-crystal-to-single-crystal mechanism.

3. The phase transitions in Cui.ssS are characterized by preserved orientational relationships between the lattices,
indicating high structural order. The transitions are reversible and exhibit stable interphase transitions, with their behavior
strongly influenced by the copper content, confirming the sensitivity of the material’s structural properties to composition
variations.
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CTPYKTYPHI HIEPEXOJI B MOHOKPHUCTAJIAX CuissS
T 1. Iemaiinos!, X.X. Tamimos!, O.A. Anies'?
! Azepbatioocanceruii Oeporcagruil yrisepcumem nagmu ma npomuciosocmi, npocnekm Azaonix, 34, Baxy AZ1010, Asepbatiodcan
’Minicmepcmeo nayxku ma oceimu, Asepbaiioxcancoka Pecnybnixa, Incmumym gizuxu,
npocnexm X. [[ocasioa, 131, AZ-1143 Baxy, Azepbatioxcan
Cui,85S mpeAcTaBiIsie 3HAYHMK Cy4acHUH 1HTEpecC 3aBISIKM CBOIH CKJIaJHIH KPUCTAIOXiMil, IIMPOKOMY Jialla30Hy OJHOPIIHOCTI Ta
yHIKQJIBHAM (i3UKO-XiMiuHMM BiacTuBoCTsM. L{i Marepiany HamexaTb 1O KJIacy JUICHITIB 1 JEMOHCTPYIOTh Pi3HI CTPYKTYpHi
MePeTBOPEHHsI Ta 000pOTHI (ha30Bi Mmepexonu, sKi € IyXke YyTIUBUMH A0 BMicTy Mifgi. CHHTE3, BHPOILLYBaHHS Ta IOCIiHKCHHS
CTPYKTYpPHOI IoBemiHKH MOHOKpucTaniB CulgsS HaioTh BaKIMBE PO3yMiHHS (a30BOi cTaOLIFHOCTI Ta MEXaHi3MiB MEPETBOPEHHS B
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cucteMi Cuz«S. Taki 3HaHHS € BUPILIATBHUMU [T OTEHLIHHOTO 3aCTOCYBAHHS B HAIIBIPOBI JHUKOBUX IIPUCTPOSIX, KaTalizaTopax Ta
cHCTEeMax IMEepeTBOPEHHS SHEepril, Jie KpUCTalliuHa CTPYKTypa Ta (a3oBMil ckian Ge3nocepeHbO BIUIMBAIOTH HA XapaKTEPHCTUKH
Mmarepiany. Y miff cratTi MpeACTaBieHi pe3yJbTaTH CHUHTE3Y, BHUPOLIYBaHHS MOHOKPHCTANiB Ta PEHTreHO(a30BOro aHaiizy
HecTexioMeTpHIHOi crioayKH Cui.ssS, sIka HAJISKHUTH A0 KJIacy AUTeHiTiB. MOHOKpHCTany OyIi OTpHMaHi MIISIXOM OE€THAHHS METOTY
CIpsSIMOBaHOI KpucTamizalii bpimkmeHa 3 MOBUTBHHM OXOJOMKEHHSAM. ByJo MpOBENeHO KOMIUIEKCHHH MiKpOCTPYKTYpHHH Ta
PEHTTEHOCTPYKTYPHHH aHaNi3, BKIIOYA0UN BHKOpUCTaHHS (oTorpadii Baiicenbepra ta TemmepaTypHO-3aleXHUX IUPPaKIifHIX
JIOCIIIUKEHb B Jiara3oHi Bix KiMHaTHOI TemnepaTypu 10 420°C. Byno BcraHoBiIeHO, 1o 3a KIMHATHOI TeMiepaTypu 3pa3ok Cui ssS €
IBO(A3HUM 1 CKIAamaeThest 3 opropomOiuHoi (Pnma) Ta MoHOKmiHHOT P21/m ¢a3. Ilpu HarpiBaHHi crnoctepiraiucs Ba CTPYKTYpHi
MIEPEXO/N: CIIOYATKY /10 TeTparoHaubHOi (a3u npubiussHo mpu 93°C, a MoTiM A0 BUCOKOTEMIIEPAaTYPHOI IpaHelleHTpOBaHOol KyOiuHOT
(TUK) peuritku nmpubnusso npu 120°C. Vei nepexoau € oOOPOTHHMH Ta BigOyBarOThCsS 3a MEXaHi3MOM Bil MOHOKpHCTaNa J0
MOHOKpHUCTAJIa 3 4iTKO BH3HAUYCHUMHU OPIEHTALIHUMH 3B'I3KaMH MiXK rpaTkamu. J[Bodas3Huii xapakTep 3a KIMHATHOI TeMIepaTypu
MOSICHIOETHCSI HAKOIIMYCHHSAM aTOMIB Mifli B IBIHHMKOBHX oOyactax. L{s pobota crpusie po3yMiHHIO CTPYKTYPHHX MEPETBOPEHb Y
cucteMi Cui.ssS Ta miATBEpKY€ iICHYBaHHS CTAOLTBHUX MIK(A3HUX MEPEXOMiB, 3aJI€KHHUX BiJl BMICTY Mifi.
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