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The changes in chemical composition of the intermetallic alloy LaNis surface monolayers were studied using secondary ion mass
spectrometry (SIMS) in the process of the alloy interaction with oxygen. The investigated samples were pellets made by pressing the
fine-grained LaNis alloy. Ar" ions having energies of 10-18 keV were used as primary ions. The primary beam current density was
9-17 pA-cm2, which corresponds to the dynamic SIMS mode. The emission intensities of secondary ions were measured within the
dynamic range of at least 6 orders of magnitude. Before the measurements, the samples were annealed in residual vacuum at a
temperature of ~ 1000 K. After the annealing, the sample surface was cleaned using the primary ion beam until the mass-spectrum
composition and secondary ion emission intensity stabilized completely. The gas phase composition was monitored using a gas mass
spectrometer. The conducted studies showed that a complex chemical structure including oxygen, lanthanum and nickel is formed on
the surface and in the near-surface region of LaNis as a result of its exposure to oxygen. Oxygen forms strong chemical bonds in such
a structure with both components of the alloy. This is evidenced by the presence of a large set of oxygen containing emissions of
positive and negative secondary ions with lanthanum, with nickel, and oxygen containing lanthanum-nickel cluster secondary ions in
mass spectra. The resulting oxide compounds have a bulk structure and occupy dozens of monolayers. In such a bulk oxide structure,
the outer monolayers are characterized by the highest ratio of oxygen atom number to the number of matrix atoms. This ratio
decreases along the transition from surface to the underlying monolayers. This process occurs uniformly, without any phase
transformation. The observed secondary ions are not a product of association between sputtered surface fragments and oxygen in the
gas phase at the fly-off stage after sputter-ejection, but they are products of the oxide compounds being sputtered, hence they
characterize the composition of surface and near-surface region.
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LaNis intermetallic alloy is of great importance among other hydrogen storage materials for a number of technical
applications. It is used in systems for stationary accumulation and transport of hydrogen, for thermosorption
compression, catalysis, hydrogen purification, separation of its isotopes, as well as in fuel cells. The alloy has a high
hydrogen capacity, high cyclic stability and can be activated or reactivated easily. LaNis alloy is able to absorb and
release a large amount of hydrogen at near room temperatures and relatively low pressures [1-3]. The hydride phase
LaNisHe; contains 1.4-wt. % hydrogen. The enthalpy of hydride formation is 15.7 kJ/mol-H, the enthalpy of
decomposition is 15.1 kJ/mol-H [4].

It is well known that one of the main problems of most hydride-forming alloys limiting their practical application
is their susceptibility to surface contamination by reactive gases like oxygen. Oxygen on the surface of the alloys
produces a reactive effect, i.e., it initiates a chemical reaction that results in volumetric corrosion of the alloy and, as a
result, irreversible reduction of the hydrogen capacity. The high activation energy between the physisorption and
chemisorption states of hydrogen on the oxidized surface prevents dissociative chemisorption and associative
desorption. Molecular hydrogen cannot penetrate the oxide surface layer to dissociate on the metal surface below the
oxide. On the other hand, dissolved hydrogen cannot leave the surface because associative desorption is prevented [5].
Even low oxygen concentrations in hydrogen gas can cause problems with repeated cycling of an alloy [6].

These problems, in principle, are also relevant for the intermetallic LaNis alloy, but unlike most hydride-forming
alloys, LaNis is relatively resistant to oxygen impurities in hydrogen. Traces of oxygen, which are always present in
varying amounts in hydrogen, do not catastrophically poison the active surface of LaNis when multiple cycles of
hydrogen absorption-desorption are performed. During the first few cycles, oxygen absorption-desorption does have a
poisoning effect on LaNis, but as cycling continues in hydrogen with oxygen admixture, the kinetics and hydrogen
capacity are substantially restored. After this initial transition period, oxygen becomes a classical reactant, i.e., it
produces a reactive effect and slowly converts lanthanum atoms into LaO; or various lanthanum hydrates or
hydroxides [7-11].

The specific effect of oxygen on LaNis is explained by a number of authors as follows. Lanthanum diffuses to the
surface in the surface layer of a freshly prepared LaNis sample since the surface energy of lanthanum is lower than that
of nickel; the surface is enriched with lanthanum, achieving thermodynamic equilibrium state [12, 13]. Given that there
is some preferential oxidation of lanthanum over nickel, the interaction with oxygen produces La,O3; or La(OH);. Some
surface nickel is also thought to be oxidized. The resulting complex oxides are disproportionated by surface diffusion,
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resulting in the formation of composite films of nickel clusters within the stable lanthanum oxide or hydroxide [11].
Such clusters are catalytically active. Metallic nickel catalyzes hydrogen dissociation being the first stage of the
hydrogen absorption process. Segregation and reduction of Ni occurs in each hydrogenation cycle. This process
represents the mechanism of LaNis active surface self-regeneration. Thus, according to the above, oxygen causes the
separation of the alloy components into lanthanum oxidation products (oxides or hydroxides) and nickel clusters.

A somewhat different picture is given in papers [14-16]. According to these authors, exposure of LaNis to oxygen
leads to complete oxidation of surface lanthanum to La,0O;. All the nickel present on the surface is also oxidized. Its
oxides consist of NiO, Ni(OH),, and Ni,Os, but the latter two components exist only in a few upper monolayers. The
LayOs layer extends to a greater depth than the NiO layer. The latter is present only as thin oxide layers. Thus, it is
believed that the NiO oxide is distributed over the La,O3 surface and essentially behaves as a system on a metal carrier,
which has a higher catalytic activity towards hydrogen.

It was also shown in [17, 18] that although lanthanum oxidizes quite rapidly when exposed to oxygen, nickel oxide
is present in the first few surface monolayers along with lanthanum oxide. The authors believe that the lanthanum-rich
oxide layer is important not because it provides large nickel clusters on the surface, but rather because it protects the
underlying material, i.e., the LaNis itself. In [19] it was shown that when LaNis is exposed to oxygen, only the
lanthanum atoms are oxidized, not the nickel atoms. Nickel segregation occurs in each hydrogen sorption-desorption
cycle. The lanthanum in this model actually serves as a gas absorber that provides the formation of pure nickel clusters.

Thus, the above hypotheses indicate that at present there is no consensus on the processes and results of interaction
between oxygen with the LaNis intermetallic alloy surface. There is no consensus on how the alloy components react to
the presence of oxygen and which chemical compounds are in fact formed on the surface. This fact gives grounds for
further research.

The purpose of this work is to study the chemical composition of surface monolayers of LaNis intermetallic alloy
during interaction with oxygen as well as to study the change in this composition depending on oxygen pressure and on
the depth of oxygen location by using the secondary ion mass spectrometry method.

RESEARCH METHODS

The chemical composition of the alloy surface, as well as the change in this composition depending on the
experimental conditions, was studied using the secondary ion mass spectrometry method. This method makes it possible
to directly detect hydrogen and its compounds, as well as to study the changes in the composition of such compounds
depending on the experimental conditions.

The samples under study were pellets pressed from moderately fine-grained (less than 1 mm) LaNis alloy. Ar* ions
with energies of 10 keV in the analysis of positive ions and 18 keV in the analysis of negative secondary ions were used
as primary ions. The primary beam current density and vacuum conditions corresponded to the SIMS dynamic mode.
The experimental setup was equipped with an energy filter for secondary ions, which allowed measuring the emission
intensities of only low-energy secondary ions that mostly characterized the presence and composition of chemical
compounds on the surface under study. The emission intensities of secondary ions were measured within the dynamic
range of at least 6 orders of magnitude. The samples were annealed before the measurements in a residual vacuum at a
temperature of ~ 1000 K in order to partially clean the surface from chemical compounds that are either desorbed or
dissolved into the volume of the material during annealing. After the annealing, the sample surface was cleaned using
the primary ion beam until the mass-spectrum composition and secondary ion emission intensity stabilized completely.
The composition of the gas phase was monitored using a gas mass spectrometer, which also was used for measuring
small partial pressures of gases in the vacuum chamber after the necessary calibrations had been performed. In the cases
when the multi-atomic secondary ion emissions are complexly overlapped by their mass numbers, their specific
contributions were separated according to the usual procedure, taking into account the natural distribution of isotopes.
The temperature of the alloy sample during the measurements, including studies of oxygen interaction with the alloy,
was ~ 325 K.

EXPERIMENTAL RESULTS

After the annealing and cleaning of the sample with the primary beam, the mass spectra of both positive and negative
secondary ions were measured. The analysis of the spectra showed that they contain numerous emissions of atomic and
cluster ions of the alloy components. There are also emissions of ions that indicate the interaction between the alloy atoms
on the surface with the gas phase and bulk impurities, i.e., emissions corresponding to compounds of lanthanum and nickel
with hydrogen, oxygen, and carbon. This indicates that even after annealing and primary beam cleaning there are some
chemical compounds which include hydrides, oxides, hydroxides and carbides on the surface of the samples studied.
Similar results regarding the mass spectra composition of secondary ions sputtered from the LaNis surface are given
in [20-22].

In the further experiments, the mass spectra of positive and negative secondary ions at elevated oxygen partial
pressures of 6.6:107 to 8.8:10 Pa and residual hydrogen partial pressure were measured. Such mass spectra contain a
large set of oxygen-containing emissions of positive and negative secondary ions. Emissions of oxygen-containing ions,
which include lanthanum atoms, were the most intensive in the positive ion spectra. In the spectra of negative ions, there
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was a large set of oxygen-containing ion emissions, which included nickel atoms. There were also a large number of
oxygen-containing emissions of complex secondary ions that include lanthanum, nickel, and oxygen atoms with various
atomic ratios. In spite of the fact that the residual partial pressure of hydrogen in the sample chamber during the
experiments is 4-5-10 Pa, there was emission of hydroxide ions in the spectra, along with the emission of corresponding
oxide ions.

We also measured the dependences of the emissions intensities for a number of oxygen-containing secondary ions
on the oxygen partial pressure in the sample chamber at the residual hydrogen partial pressure. The positive secondary
ion spectra were measured at the primary beam current density of 9 pA-cm™ and the negative secondary ion spectra
were measured at the primary beam current density of 17 uA-cm?. Figures la, 2a, 3a, 4a show examples of the most
characteristic intensity dependences on oxygen partial pressure measured for some positive and negative oxygen-
containing secondary ions with lanthanum and nickel, as well as for some intermetallic lanthanum-nickel ions.
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Figure 1. a: Dependences of the emission intensities of positive secondary ions with two lanthanum atoms on the oxygen partial
pressure; b: Dependences of the emission intensities of positive secondary ions with lanthanum on sputtering time after the exposure in
oxygen.
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Figure 2. a: Dependences of emission intensities of positive secondary ions with three lanthanum atoms on oxygen partial pressure;
b: Dependences of emission intensities of positive secondary ions with lanthanum on sputtering time after the exposure in oxygen.
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As a continuation of studying the interaction between LaNis and oxygen, the experiments were conducted to
obtain the dependences of the emission intensities for previously studied secondary ions on the sputtering time after the
sample exposure to oxygen. An oxide structure, which, as noted above, is characterized by a set of oxygen-containing
secondary ions and by the ratio of their emission intensities, was formed on the sample surface at the increased oxygen
partial pressure. This structure was then sputtered by the primary beam. As the sputtering proceeded, changes in the
emission intensities of the selected secondary ions were recorded.

These experiments were carried out as follows. After the surface of the sample was cleaned by the primary beam
in a residual vacuum with continuous recording of the selected ion emission intensity, oxygen was injected into the
chamber up to a pressure of ~3.3-10* Pa. After 46-48 seconds, the oxygen inlet was shut off and then the time
dependences of the secondary ion emission intensity and oxygen pressure in the sample chamber were measured. The
oxygen pressure was recorded using a gas mass spectrometer. Fig. 1b, 2b, 3b show the measurement results at the
sputtering stage after shutting off the oxygen inlet for oxygen-containing positive ions with lanthanum and for negative
ions with nickel. For comparison convenience, the real emission intensities in these figures are divided by the intensity
at the time point corresponding to the oxygen shutting off. Thus, the curves in Figs. 1b, 2b, 3b show how many times
the emission intensity changes during the sputtering time with respect to the starting point. The same figures show the
dependences of the oxygen partial pressure in the chamber also normalized to their initial value.

1, rel. un. If]ﬂ
. a 100 5 b
1 E ]
00000 : ] Ni.
r 104 -
10000 E ]
b ]
1000 E ]
100 E 0.14 Ni,O
10 E 0.014
LE
F 1E-34
0.1E 1 70,
3 5 : " 1E-4 —
1E-6 1E-5 1E-4 1E-3 100 200 300 400
p(0,), Pa 4s

Figure 3. a: Dependences of emission intensities of negative secondary ions with nickel on oxygen partial pressure; b: Dependences
of emission intensities of negative secondary ions with nickel on sputtering time after the exposure in oxygen.
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Figure 4. a: Dependences of emission intensities of complex secondary ions with lanthanum and nickel on oxygen partial pressure;
b: Dependences of emission intensities of complex secondary ions with lanthanum and nickel on sputtering time after the exposure in
oxygen.
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Fig. 4b shows the results of measurements at the sputtering stage for complex secondary ions with lanthanum
and nickel. In this case, the oxide sputtering experiment was slightly modified. After the sample surface was cleaned
with the primary beam in the residual vacuum, the primary beam was shut off. Oxygen was injected into the chamber
up to the partial pressure of 3.3:10* Pa. After holding for ~ 50 seconds, the oxygen inlet was shut off, the primary
beam was switched on and the sputtering began at this moment. As in the previous case, the actual emission
intensities in this figure are normalized to the intensity at the point corresponding to the primary beam turning on.
This sequence of actions, compared to the previous, makes it possible to estimate the influence of the primary beam
on the oxidation processes.

The curve labeled in Fig. 4b as La,*®NiO4"+La,Ni," represents the sum of La,*®NiO4" and La,Ni," secondary ion
emissions (400 amu); separation of their specific contributions was not performed, since the signal recording was
performed in continuous mode (in contrast to the curve for La,>*NiO4" in Fig. 4a). It is thus taken into account, that at
the indicated experimental conditions the contribution of La;Ni," ions to the total signal is insignificant.

RESULTS DISCUSSION

The basis for the secondary ion mass spectrometry method, which makes it possible to infer a conclusion about the
surface composition based on the analysis of measurement results, is the following model. An impact of a primary ion on a
solid body initiates a cascade of binary collisions of target atoms. Sputtering of secondary ions from the surface occurs
when a sufficiently energetic cascade approaches the surface. [23]. In the sputtering process, multi-atomic complexes as
part of the surface and near-surface regions are sputtered along with single-atomic or two-atomic particles. Since the
sputtered secondary ions are part of the surface and near-surface region, the composition diversity of positive and negative
secondary ions observed in secondary ion spectra is determined exclusively by the surface and near-surface monolayer
composition of the solid from which the sputtering takes place. A change in the surface composition also determines the
trends of the secondary ion emission intensity dependences on the experimental parameters.

Obviously, the comparison of the secondary ion mass spectra composition with specific chemical compounds on
the surface should be done with caution. It should be kept in mind that chemical compounds on the surface correspond
to a much greater extent to the composition of the neutral rather than ionic component of the sputtering products. The
composition of sputtered multi-atomic ions can be influenced by the processes of charge acquisition and retention.

The analysis of the results obtained in the present work allows us to conclude that oxygen forms strong chemical
bonds with both alloy components when it enters the surface of the LaNis alloy. This is also evidenced by the presence
of a large set of secondary ions of La,On" and Ni,On" type, as well as by the presence of multi-atomic secondary ions
comprising both alloy components like the La,NinOx* type (where n, m and k may take different values in the case of
positive and negative ions). The presence of such emissions in the mass spectrum suggests that when oxygen adsorbs on
the LaNis surface, it not only forms strong chemical bonds with both alloy components, but also forms a common
structure consisting of lanthanum, nickel and oxygen.

As can be seen from Figs. 1a-4a, the emission intensities of most oxygen-containing secondary ions pass through a
maximum as oxygen pressure increases. Moreover, the more oxygen atoms in the composition of a secondary ion are
per metal atom, the higher the oxygen pressure at the point where the maximum is observed for such ions. There are
also secondary ions which emission intensities only tend to plateau with increasing oxygen partial pressure. The
observed dependences of the emission intensity on the oxygen partial pressure reflect the process of oxygen
concentration increasing in the formed oxide structure. In other words, the observed dependences indicate that as the
partial pressure of oxygen increases, an oxide structure in which the ratio of oxygen atoms to the number of matrix
atoms increases is realized on the surface and in the near-surface region of the LaNis sample. From the point of view of
the analysis method used, for each specific value of oxygen partial pressure the formed oxide structure is characterized
by a certain ratio of emission intensities of oxygen-containing secondary ions.

It should be emphasized that the oxygen concentration on the surface, and so the equilibrium surface coverage
with oxygen-containing chemical compounds in our experimental conditions is determined by the dynamic equilibrium
between the processes of oxygen adsorption from the gas phase and sputtering by the primary beam. There are also the
effects of ion beam mixing. Analysis of the results obtained at oxide sputtering shows the following. The oxygen partial
pressure p(0,) in the sample chamber, after the shut off drops by two orders of magnitude during ~10 seconds. At the
same time, the emission intensity of secondary ions changes much more slowly. For some secondary ions, the emission
intensity grows with the sputtering time; for others it decreases, and for some ions, it passes through a maximum. This
applies to lanthanum ions, nickel ions, and complex lanthanum-nickel ions in Fig. 1b-4b. This behavior of the emission
intensity dependences on sputtering time for the selected ions correlates well with the oxygen dependences for these
ions in Figs. l1a-4a. Qualitatively, the course of the dependences of the ion emission intensity on sputtering time repeats
in reverse order the course of the corresponding dependences obtained when the partial pressure of oxygen is increased.

This correlation allows us to state that in sputtering experiments, after pumping oxygen out of the chamber, and as
the formed oxides are being sputtered, the situation on the surface is the opposite of the one that occurs when the partial
pressure of oxygen increases, and when the number of oxygen atoms per matrix atom in the surface structure increases.
Namely, as the oxygen-containing structure formed at the maximum partial pressures of oxygen in our experiments is
sputtered, the number of oxygen atoms per matrix atom decreases.
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The data shown in Fig. 1b-4b evidence that the sputtering of the formed oxides continues for hundreds of seconds.
This indicates that the formed oxide compounds have a bulk structure and occupy dozens of monolayers. In such a bulk
oxide structure, the outer monolayers are characterized by the highest oxygen concentration. The oxygen concentration
decreases along the transition to the underlying monolayers.

The sputtering results obtained after the exposure in oxygen under the primary beam (Figs. 1b-3b) and after the
exposure with the primary beam turned off (Fig. 4b) allow a qualitatively similar interpretation. This suggests that the
primary beam does not significantly affect the LaNis oxidation processes, while introducing the sputtering and ion beam
mixing factors.

Among other things, the results of the conducted sputtering experiments show that there is no direct correlation
between the change in the oxygen partial pressure with time and the change in the intensity of oxygen-containing
secondary ion emission with time. This is direct evidence that the observed secondary ions are not a product of
association of sputtered surface fragment with oxygen in the gas phase at the fly-off stage, but are the products of oxide

compounds being sputtered and do characterize the surface and near-surface region composition.

CONCLUSION

SIMS studies of the chemical composition of LaNis alloy surface monolayers during interaction of the alloy with
oxygen showed the following. As a result of the interaction between oxygen and the alloy sample, a complex chemical
structure including oxygen, lanthanum and nickel is formed on the LaNis surface and in the near-surface region. Oxygen
in such a structure forms strong chemical bonds with both alloy components. This is evidenced by the presence of a
large set of oxygen-containing emissions of positive and negative secondary ions with lanthanum, with nickel, and
oxygen-containing lanthanum-nickel cluster secondary ions in the mass spectra. The resulting oxide compounds have a
bulk structure and occupy dozens of monolayers. In such a bulk oxide structure, the outer monolayers are characterized
by the highest ratio of the oxygen atoms number to the matrix atoms number. This ratio decreases along with the
transition from the superficial to the underlying monolayers of the alloy. The quantitative and qualitative ratio of
elements in the formed oxide structure depends mainly on the oxygen partial pressure and to a much lesser extent on the
sputtering action of the primary beam.

The observed secondary ions are not a product of association between sputtered surface fragments and oxygen in
the gas phase at the fly-off stage after sputter-ejection, but they are products of the oxide compounds being sputtered,
hence they characterize the composition of surface and near-surface region.
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PO3IUJIEHHSA OKCHUAIB 3 IOBEPXHI LaNis
B.O. JliTBiHOB, L.I. Okceniok, /I.1. llleBuenko, B.B. bo6koB
Xapxiecvkuil nayionanvruil ynisepcumem im. B.H. Kapasuna
61022, Vkpaina, m. Xapxie, ni. Ceoboou, 4

Meronom BropuHHOI ioHHOI Mac-crmekTpometpii (BIMC) mpoBemeHO HOCTIDKEHHS 3MIH XIMIYHOTO CKJIQZY ITOBEPXHEBHX
MOHOMIApIB iHTepMeTaneBoro ciulaBy LaNis B mporeci B3aemomii 3 kucHeM. JlocimipKyBaHI 3pa3Ku HpeNCTaBISUI COOOIO
TabJIeTKH, cripecoBaHi 3 ApibHo3epHHCTOrO cruiaBy LaNis. B skoCTi HepBHHHUX i0HIB BUKOPHCTOBYBAIIHCS 10HH Ar™ 3 eHeprier
10 — 18 keB. IlibHicTs CTPYMy NEPBUHHOIO Myuka craHoBmia 9-17 MkA-cM2, mo Bianosinae nunamiunomy pesxumy BIMC.
[HTEeHCHBHOCTI eMiCiii BTOPHHHHX iOHIB BHUMIpIOBAJIMCS y IMHAMIYHOMY [iama3oHi He MeHiie 6 mopsakiB. Ilepex BuMipamu
3pa3Ky BiINadiOBaM y 3aJIMIIKOBOMY BakyyMmi mpu Temmeparypi ~ 1000 K. ITicis Biamamy mpoBomuiack OYMCTKa MOBEPXHi
IMyYKOM NIEPBUHHUX 10HIB J0 MIOBHOI cTadiii3amii CK1aay Mac-CrieKTpa Ta iHTEHCHUBHOCTI eMiciii BTOpHHHUX 10HIB. CKitaz ra3oBoi
(ha3u KOHTPOIIOBABCA 33 JOIIOMOTOI0 Ta30BOT0 Mac-crieKTpoMeTpa. [IpoBeaeHi JoCIiKeH s TOKa3alH, IO B PE3yJIbTaTi BILTUBY
KHCHIO, Ha TIOBEPXHI 1 B npunoBepxHeBoi obyacti LaNis yTBOPIO€ThCS KOMIIEKCHA XIMIUHA CTPYKTypa, IO BKIIIOYA€ KHCCHB,
JaHTaH i Hikelb. Kucens, B Takiit CTpyKTypi yTBOPIOE MiIHI XiMiUHI 3B'SI3KH 3 000Ma KOMIIOHEHTaMH cIuiaBy. IIpo 1e cBiguuTh
HasIBHICTh B Mac-CIIEKTpax BEJIMKOro HabOpy KUCHEBMICHHX €MICiH MO3UTHBHUX i HEraTMBHUX BTOPUHHHX iOHIB 3 JIAHTQHOM, 3
HIKeJIeM, a TAKO)K KHCHEBMICHUX KJIACTEPHUX JIaHTAH-HIKEJIEBUX BTOPHHHUX 10HIB. OKCHIHI CIIOIYKH, 1[0 YTBOPIOIOTHCS, MalOTh
00'eMHY CTPYKTypy 1 3aiiMalOTh JAECATKHM MOHomapiB. Y Takoi 00'eMHOi OKCHAHOI CTPYKTypi 30BHIIIHI MOHOLIApi
XapaKTepH3yIOThCs HaNOUIBIINM BiIHOIICHHSIM KiJIbKOCTI aTOMIB KHCHIO 0 KijbKOCTi aToMiB Matpuui. [lpu mepexoni mo
HIDKYOTO MOHOIIAPY L€ BiIHOMIEHHS 3MeHIIyeThcs. Llel mpomec BimOyBaeTbcs piBHOMIpHO, 0e3 Oyap-skuX (ha3oBHX
TpaHcopmaniil. CriocTepexyBaHi BTOPHHHI 10HH € TPOAYKTAMU PO3MMICHHS OKCHIHHX CHONYK 1 HE € MPOAYKTOM acoriamii
pO3NMIEHHX (parMeHTiB IMOBEpXHI 3 KHUCHEM ra3oBOi (a3Wm Ha erTami BiIIbOTy. BOHM XapakTepu3yloThb XIMIYHHH CKiIaz
MIOBEPXHEBO] 1 IPUIIOBEPXHEBOI 00JIACTI CIIaBy IPH HOTO B3a€MOIi 3 KHCHEM.
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