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Abstract. We study the photoluminescence in polycrystalline ZnSe synthesized
using a chemical vapour-deposition technique, which arises from excitation by the
sources of different types and wavelengths. Two experimental geometries are used,
which are related to the normal incidence of exciting radiation upon either polished
or unpolished ZnSe surfaces. The excitation from the polished surface is carried out
by the lasers with the wavelengths A, =335 and 325 nm (i.e., the photon energies
higher than the bandgap, hv,, > E,), semiconductor lasers with A= 532, 642 and
785 nm (i.e., hv,, < Eg) and a xenon lamp. The sample is also excited from the
unpolished surface, using the lasers with A.,=325nm (hv,, > E,) and A.,= 532 nm
(hvey < Eg), as well as the semiconductor laser with A,=532nm (hv,, <E,).
Following from our experimental results, we analyze and compare the edge
(exciton) luminescence and the impurity-defect luminescence. Different behaviours
of the luminescence spectra are observed, which depend on the type of excitation.
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1. Introduction

Zinc selenide still remains the most promising wide-gap A,B¢ material for semiconductor
optoelectronics, including short-wavelength semiconductor electronic devices, display systems,
LED technologies, X-ray detectors and lasers for transparency windows in the infrared region.
Zinc selenide has a necessary set of physicochemical parameters which enable creating on its basis
blue LEDs and the other blue light sources based on both spontaneous [1, 2] and stimulated [3]
radiation. Studies of the luminescence in ZnSe provide information about the luminescence
mechanisms and the parameters of recombination centres. Moreover, they enable also identifying
technological conditions necessary for the synthesis of sufficiently high-quality crystalline samples
with low concentrations of uncontrolled impurities.

The luminescent properties of the surface structures of crystalline substances have been
extensively studied in the recent years [4—6]. They include most of the structures based on A;Bg
compounds (e.g., thin films or grains of powder phosphors). Such structures are small in size (of
the order of microns), whereas their electrical, photoelectric and optical properties are strongly
influenced by electronic and molecular processes occurring on a surface. Specific properties of the
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surface and, in particular, the existence of capture levels and surface barriers can affect strongly
the luminescence of the structures under consideration. Any attempts to analyze and grasp the
mechanisms of these processes need to solve a number of problems in both the physics and
technology of luminescent materials, including those arising for the polycrystalline ZnSe grown
with a common chemical vapour-deposition (CVD) method. Therefore, it would be interesting to
compare the luminescence spectra detected for the same sample, which is excited from both
polished and unpolished surfaces with different sources. The purpose of the present work is to
perform complex experimental studies of the luminescence in CVD ZnSe arising from the
excitation by the sources of different types and wavelengths in the two geometries. The latter are
associated with normal incidence of the exciting quanta on either polished or unpolished surfaces
of the same sample.

2. Methods and experiments

Polycrystalline CVD ZnSe sample with the thickness 3 mm was obtained by the CVD technique
[7, 8]. It is known that crystal growth from the vapour phase occurs at a lower temperature, if
compared with that typical for the melt technology. This reduces concentration of bulk defects and
contamination of a growing crystal with the material of ampoule.

The luminescence spectra were studied in both the sub-surface layer and the bulk part of our
sample. Different types of sources having different wavelengths were used to excite the
luminescence. These were different harmonics of a solid-state laser (4.,=335 and 532 nm), a
helium—cadmium laser (A.,= 325 nm), semiconductor lasers (1.,= 532, 642 and 785 nm) and a
xenon arc lamp. All the measurements were carried out at the room temperature. In fact, the use of
different excitation sources with hv,, > E, and hv., < E, allowed us to excite either sub-surface or
bulk parts of the sample.

The photoluminescence (PL) spectra (see Fig. 1) were measured using an M833 double
dispersive automated monochromator (the spectral resolution ~0.024 nm at the wavelength
600 nm). It had been controlled by a computer and equipped with a detector that recorded radiation
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Fig. 1. Luminescence spectrum of polycrystalline CVD ZnSe (polished surface; Aex = 335 nm).
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in the wavelength range 350+2000 nm. An excitation radiation source was a pulsed Nd:YAG laser
with built-in second and third harmonic generators designed to generate radiation with the
wavelengths 1064, 532 and 335 nm. The laser pulse duration was 12 ns, with a maximum peak
intensity ~ 10 MW/cm®. In this case, the measurements were performed from the third harmonic,
i.e. the wavelength 1., = 335 nm.

Luminescent properties of polycrystalline CVD ZnSe were also studied using a Varian Cary
Eclipse spectrofluorimeter. A xenon lamp with an extended lifetime in a pulsed mode (the pulse
width 2 pus and the power 75 kW) was used as a radiation source. The spectrofluorimeter
monochromators had diffraction gratings with the parameters 1200 lines/mm and the software that
enabled determining the wavelength with the accuracy up to 0.01 nm. The both monochromators
had high-speed scanning capabilities. The instrument software allowed us to select different
measurement modes and control the working elements. The emission spectra (see Fig. 2 and
Fig. 3) were taken at the spectral slit width 2.5 nm. They were recorded in the range from 400 to
900 nm with the spectral resolution ~0.024 nm. The sample was excited by the light at the
wavelengths A, = 325, 330 and 350 nm (hv., > Ej).
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Fig. 2. Luminescence spectra of polycrystaline CVD ZnSe excited with a xenon lamp (polished surface;
Aex =330 nm).
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Fig. 3. Luminescence spectra of polycrystaline CVD ZnSe excited with a xenon lamp (polished surface;
Aex= 325 nm and Aex = 350 nm).

Moreover, we studied the PL occurring after excitation by the continuous-wave He—Cd laser
with the wavelength 325 nm (see Fig. 4 and Fig. 10) and the semiconductor lasers (4., = 532 nm —
see Fig. 5 and Fig. 9, 4., = 642 nm — see Fig. 6, and /.,,= 785 nm — see Fig. 7). This luminescence
was recorded using an MS5204i monochromator-spectrograph (SOL Instruments) with a
diffraction grating 1800 lines/mm and ANDOR IDUS CCD detectors (DU420-OFE and DU491A
1.7 models respectively for the visible and infrared ranges). The PL spectra were plotted after
correcting them for the spectral sensitivity of our detecting system.
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Fig. 4. Luminescence spectra of polycrystalline CVD ZnSe (polished surface; laser excitation at Aex= 325 nm).
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Fig. 5. Luminescence spectra of polycrystalline CVD ZnSe (polished surface; excitation with semiconductor
laser at Aex = 532 nm).
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Fig. 6. Luminescence spectra of polycrystalline CVD ZnSe (polished surface; excitation with semiconductor
laser at Aex = 642 nm).
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Fig. 7. Luminescence spectra of polycrystalline CVD ZnSe (polished surface; excitation with semiconductor
laser at Aex = 785 nm).
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Fig. 8. Luminescence spectra of polycrystalline CVD ZnSe (unpolished surface; excitation with laser at

Aex=532 nm).
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Fig. 9. Luminescence spectra of polycrystalline CVD ZnSe (unpolished surface; excitation with semiconductor

laser at Aex = 532 nm).
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Fig. 10. Luminescence spectra of polycrystalline CVD ZnSe (unpolished surface; excitation with laser at Ae,= 325 nm).

Finally, the luminescence studies from the unpolished surface (see Fig. 8) were carried out on
a Nanofinder 30 Confocal micro-Raman spectrometer (Tokyo Instr., Japan). The second harmonic
of the Nd:YAG laser with the radiation wavelength /., = 532 nm and the maximal power 10 mW
was used as an excitation source. The spectral resolution was not worse than ~ 0.014 nm. A cooled

CCD camera with the resolution 1024x128 pixels operating in photon-counting mode served as a

radiation detector. Finally, the luminescence spectra were recorded in the region

A =440+1500 nm.
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3. Results and discussion

At first, the luminescence spectra have been measured from the polished surface of our sample
(see the plots displayed from Fig. 1 to Fig. 7). The spectrum represented in Fig. 1 is obtained when
the sample is excited by the third harmonic of the pulsed Nd:YAG laser (4.,=335nm, i.c.
hvee> Eg). Several narrow lines with the maximum at 483 nm (2.57 eV) are observed in the
spectrum. The difference of the bandgap and the maximum position is equal to 0.14 eV.

The luminescence spectra shown in Fig. 2 and Fig. 3 are recorded at the excitation with
monochromatized radiation from the xenon lamp at the wavelengths A, =330, 325 and 350 nm
(hvee > Eg). As Fig. 2 demonstrates, the luminescence intensity has maxima at several wavelengths:
a narrow band located at 4,,,, = 451 nm and a number of narrow peaks at 4,,,, = 486, 504, 568, 700
and 824 nm. Fig. 2 presents the spectrum detected upon excitation with the wavelength 325 nm
[Note that the same spectrum is obtained after excitation at 350 nm.] In these cases, narrow
luminescence bands are observed at 4,,,,=478 and 700 nm, and narrow peaks can be detected at
Amax= 503, 824, 568 and 458 nm. When compared with the spectra shown in Fig. 2, the only
changes in the luminescence observed in Fig. 3 occur with the first and second maxima. The
relative intensity and the energies of luminescence quanta decrease in the first maximum and
increase in the second one. Furthermore, the spectra shown in Fig. 2 and Fig. 3 reveal the
luminescence excitation spectra at the maxima corresponding to 451 and 700 nm. As seen from
Fig. 2, the peak at 451 nm is the most efficiently excited by the light with the wavelength
Aex=330 nm, while the peak at 700 nm (see Fig. 3) with A, =325, 350 and 368 nm. For the
luminescence which is not associated with the impurities or defects in the crystal structure, the
luminescence excitation spectra involve no bands in the transparency range. In this spectral range,
the luminescence is excited only in the region of long-wavelength fundamental absorption edge or
upon the excitation by the light of which photon energy is higher than E,.

In addition to the results presented above, we have also excited the luminescence with the
radiation of the continuous-wave He—Cd laser (A.,= 325 nm, i.e. hv,, > E, — see Fig. 4) and the
continuous-wave semiconductor lasers with the wavelengths A.,= 532 nm (Fig. 5), A= 642 nm
(Fig. 6) and Z.,= 785 nm (Fig. 7). In the two latter cases we deal with the situation Av., < E,.
Under above excitation, we observe the luminescence peaks at A,,.=431, 434 and 444 nm
(‘violet’ peaks), a wide band at A,,,,= 541 nm, peaks at A,,,,= 591, 637, 645 and 668 nm (Fig. 4),
wide bands at ,,,=582 and 625 nm, peaks at A,, =631 and 808 nm (Fig. 5), wide bands at
Amax= 902, 970, 1230 and 1423 nm (Fig. 6), narrow bands at A, = 806, 833 and 843 nm, and a
peak at 4,,,,= 889 nm (Fig. 7). Besides of these maxima, weak peaks are observed in Fig. 4 at 480,
505 and 512 nm.

All of the PL spectra presented above have been measured from the polished surface of our
sample. On the contrary, Fig. 8, Fig. 9 and Fig. 10 show the spectra excited through a side face of
the sample, i.e. its unpolished surface. The laser radiation with the wavelengths 1,.= 532 and
325 nm (Fig. 8 and Fig. 10) and the semiconductor laser radiation with 4., = 532 nm (Fig. 9) have
been used for excitation in these cases. After the excitation at A, = 532 nm, a wide spectrum is
detected with the half-width ~0.45eV and a smeared maximum located at the wavelength
650 nm. Additionally, weak peaks are observed at 630, 670 and 810 nm. As a result of excitation
with the continuous-wave semiconductor laser at A,=532nm, we observe again a wide
luminescence spectrum (see Fig. 9) with the half-width ~ 0.56 eV. It is 0.11 eV wider if compared
with the spectrum obtained due to the other laser excitation (see Fig. 8). Under this condition, a
self-activating luminescence band with the maximum located at 630 nm becomes dominant
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(see Fig. 9). The spectrum also reveals very weak peaks situated at 650 and 810 nm. Moreover, a
resonance excitation of the impurity state with the energy 2.22 ¢V (i.e., 560 nm) is observed in
Fig. 9. Under the laser excitation A, = 325 nm, we obtain the luminescence spectrum with the total
half-width 0.69 eV. Here we deal with a wide band, with the maximum located at 540 nm and
narrow peaks at 443, 590, 642, 645, 670, 710 and 730 nm (see Fig. 10). The main difference from
the spectrum shown in Fig. 4, which has been obtained due to excitation from the polished surface
of the sample by the same laser, consists in the absence of some peaks (430, 433, 480, 506 and
511 nm). Instead, new peaks appear at 710 and 730 nm.

According to the literature data, the edge luminescence associated with bound excitons
dominates in the luminescence of undoped zinc selenide crystals in the region 440+480 nm [4, 9—
13]. Therefore, one can state that the narrow lines located at 4,,,,= 483 nm (2.57 eV — see Fig. 1)
correspond to the luminescence of bound excitons. The edge luminescence is a result of radiative
recombination of free electrons with holes, as well as free holes with electrons localized at the
shallow donor centres in the singly positively charged selenium vacancies Vs, , of which depth is
equal to about 0.02 eV [14]. In other words, they are formed due to the transitions with parti-
cipation of interstitial selenium levels and its vacancies. Issuing from the ‘extraction’ method, the
authors of Ref. [15] have suggested that the defects associated with hyper-stoichiometric selenium
form the energy levels with the depth 0.13+0.3 eV with respect to the ceiling of valence band.

The luminescence maxima corresponding to 451 nm (2.76 e¢V) and 486 nm (2.56 ¢V) in
Fig. 2, as well as the peaks at 458 nm (2.71 ¢V) and 478 nm (2.6 ¢V) in Fig. 2 can also be
considered as the luminescence linked with recombination of bound excitons. At the same time,
the peak located at 444 nm (2.81 eV — see Fig. 4) is associated with stoichiometric Zn vacancies
[4]. The peaks centred at 504 nm and 568 nm (Fig. 2 and Fig. 3), 541 nm and 591 nm (Fig. 4), and
the band at 582 nm (Fig. 5) in the luminescence observed from both the polished and unpolished
surfaces of our sample are, most likely, attributed to the existence of uncontrolled oxygen
impurities (or Cu, Al). These maxima are associated with the complexes of intrinsic point defects
(zinc interstitials Zn; and zinc vacancies Vz,) with oxygen or the other background impurities [12,
16, 17]. The luminescence maxima observed at 625 and 630 nm (see Fig. 5 and Fig. 8) and at 638,
645 and 670 nm (see Fig. 4 and Fig. 10) are due to recombination with participation of donor—
acceptor pairs. Here doubly negatively charged vacancies V,,’ of zinc and singly positively
charged vacancies Vs of selenium can be responsible [9, 11, 18-20].

The presence of infrared bands in the luminescence of CVD ZnSe is testified by a peak located
at 824 nm (Fig. 2 and Fig. 3), narrow bands at 806, 833 and 843 nm, a peak at 889 nm (Fig. 7), wide
bands at 902, 970, 1230 and 1423 nm (Fig. 6), and a weak peak situated at 810 nm (Fig. 8). The
authors of Refs. [9, 17, 21] have argued that these emission bands are associated with the vacancies
Vs of selenium. They have demonstrated that the intense bands located at 1230 and 1423 nm
increase with increasing Se excess, i.e. with increasing concentration of zinc vacancies [Vz,].

The PL spectra shown in Fig. 8 and Fig. 9 reveal wide PL bands, which represent sums of
elementary bands with close wavelengths. These spectra are dominated by broad bands of self-
activating luminescence with the maxima at 630 nm (Fig. 9) or at 650 nm (Fig. 8). According to
the works [11, 18], a complex consisting of zinc vacancy and a shallow donor impurity can be
responsible for this luminescence. However, the authors of Refs. [22—-24] have recently suggested
another model for the recombination luminescence centres, in which the two opposite
recombination mechanisms associated with electrons and holes can simultaneously contribute to
the effect. A possibility for localization of a free charge carrier in the vicinity of dipole centre
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implies that either a free electron or a free hole can be localized in this centre whenever the crystal
is excited (i.e., when the pairs of free electrons and holes are generated). Subsequent localization
of carriers of the opposite signs at such recharged centres would lead to their recombination, which
is accompanied by emission of a quantum. This luminescence centre is probably observed in our
polycrystalline CVD ZnSe. It causes a wide band with the maximum located at 630 nm (1.98 eV).
The authors of Ref. [22—24] believe that the corresponding emission region can vary from 615 to
650 nm for different samples.

We have also studied the dependence of radiation intensity on the excitation power (Nd:YAG
laser at A, =532nm). The appropriate results are depicted in Fig. 11. They concern a fixed
wavelength corresponding to the maximum located at 650 nm (see Fig. 8). The radiation intensity
at the maximum (4,,,,= 650 nm) increases almost linearly over a wide region of changes in the
excitation power (from 1 to 10 mW). Then it becomes saturated due to decreasing recombination
output through so-called r-recombination centres. This is because of a high level of luminescence
excitation, when the r-centres are strongly filled with holes. It can be assumed that the linear
increase in the intensity occurring with increasing pumping is due to the fact that directly excited
carriers participate in the process of recombination radiation. Then the number of centres, which
are populated under equilibrium conditions and are responsible for the luminescence, does not
change.
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Fig. 11. Dependence of radiation intensity corresponding to Ana.x=650 nm (see Fig. 8) on the power of
excitation source (laser at Aex = 532 nm).

To describe the typical recombination luminescence processes occurring in polycrystalline
CVD-ZnSe, we have used a particular band-theory model suggested in Ref. [24]. Following from
the experimental luminescence spectra that correspond to excitations through the polished and
unpolished surfaces of our sample, we can claim the following statements:

(1) When observing the PL in polycrystalline CVD ZnSe at the wavelengths 430, 433 and
443 nm (‘purple’ peaks), 451 nm (‘blue’ band) and 458 nm (‘blue’ line), we deal with the ‘edge’
luminescence associated with Zn vacancies [4]. The first three peaks arise from the excitation of
our sample with the laser (/.= 325 nm) and the last two arise from the excitation with the xenon
lamp (Ae=325 and 330 nm). The ‘edge’ luminescence also prevails in the wavelength region
460+486 nm. It is caused by the excitons bound to various impurities and defects [9, 10, 12, 19,
20]. In the case of polished sample surface, the lines located at 478 and 483 nm (‘blue’ and ‘light
blue’ bands) and at 486 nm (‘blue’ peak) correspond to the excitons bound to different impurities.
In the case of unpolished surface, one observes a single line, a peak located at 443 nm.
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If compared with the case of polished surface, the intensity of certain lines in the latter case
decreases or the lines disappear at all. This is due to their strong absorption in the crystal.

(2) The ‘green’ band observed in the region 500+590 nm is, most likely, related to the
luminescence of impurity-defect complexes [9, 10, 12, 16]. The ‘green’ band observed from the
unpolished surface of our sample is shifted towards longer wavelengths with respect to the ‘green’
band observed from the polished surface. It is known that the complexes of intrinsic point defects
with oxygen and the other background impurities can have slightly different modifications, which
is related to the fact that the distances between the elements of the complexes are different, and
there can be different concentrations of complexes in different geometries of the sample under
study. This results in varying energy levels. As a consequence, one can explain in this manner
large widths of the luminescence bands and changes in their shapes under conditions when
different points at the sample surface are studied. It is also conceivable that the formation of a
damaged layer during mechanical polishing must lead to a sharp decrease in the lifetime of charge
carriers and a decrease in both the ‘edge’ luminescence and the other luminescence types.

(3) The ‘red’ luminescence band is observed in the region 625+730 nm. It is still due to the
impurity-defect complexes. However, it differs in its structure and character from the
luminescence linked with the complexes that determine the ‘green’ band [9-11, 16, 23-25]. In the
luminescence spectra observed upon the laser excitation at A= 325 nm in the two alternative
cases, the ‘red’ band is almost the same — there is no particular difference. On the contrary, when
the sample is excited by the semiconductor laser (4., = 532 nm) in the both cases and with the laser
of the same wavelength from the unpolished sample surface, the ‘red’ band in the luminescence
spectrum is significantly different, i.e. the spectral position of its maximum and the half-width of
the band change notably. It is evident that the wide emission bands typical for polycrystalline
CVD ZnSe in the wavelength region 615+650 nm are not elementary. They are associated with the
recombination luminescence centres. Then the two opposite recombination mechanisms can occur
simultaneously, which are linked with either electron or hole. In the present work, we have also
studied the dependence of the radiation intensity at a fixed wavelength, which corresponds to the
spectral maximum 650 nm, on the excitation power. This is a kind of lux—ampere characteristic at
the radiation wavelength 650 nm, which is almost linear.

(4) The ‘infrared’ luminescence bands with the maxima centred at 824, 970, 1230 and
1423 nm are observed from the polished sample surface upon the excitation by the semiconductor
lasers with the wavelengths 4., = 532, 642 and 785 nm. In the case of unpolished sample surface,
only a single peak at 810 nm is observed, when the sample is excited by the laser with the
wavelength ., = 532 nm. All of these luminescence bands are related to selenium vacancies Vs.. It
is worthwhile in this respect that the authors of Refs. [17, 21] have earlier demonstrated that the
band intensity increases with increasing Se excess, i.e. with increasing concentration of zinc
vacancies [Vz,].

4. Conclusions
As a result of our experimental data and its analysis, the following conclusions can be made.

1. The ‘edge’ luminescence dominates in the wavelength regions 430+451 nm and
460+486 nm. Here different lines observed in the case of polished sample surface are due to the
excitons bound at different impurities and defects. In the case of unpolished sample surface, only
one line is observed, the peak located at 443 nm. The decrease in the intensity of certain lines or
their disappearance in the latter case is due to their strong absorption in the crystal.
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2. The ‘green’ band in the region 500550 nm detected in case of the unpolished surface of
our sample is shifted towards longer wavelengths with respect to the ‘green’ band observed from
the polished surface. It can be assumed in this respect that the complexes of intrinsic point defects
with oxygen and the other background impurities can have slightly different modifications. This is
associated with the fact that the distances between the elements of these complexes are different
and, moreover, there can be different concentrations of these complexes in different geometries.
This yields in varying energy levels. On this basis one can explain a large width of the
luminescence band and the change in its shape which occur when different points at the sample
surface are tested.

3. The ‘red’ band in the luminescence spectra observed upon the laser excitation at
Aex=325 nm (hv,, > E,) remains almost the same in the both alternative cases. When the sample is
excited by the semiconductor laser at Aex= 532 nm (hv., < E,) in these cases or by the laser of the
same wavelength from the unpolished surface, the ‘red” bands in the luminescence spectra are
significantly different. Namely, the spectral positions of the maxima and the half-widths of these
bands change notably. One can also note that the wide emission bands detected for polycrystalline
CVD ZnSe in the wavelength region 615+650 nm are not elementary.

4. The ‘infrared’ luminescence bands with the maxima located at the wavelengths 970, 1225
and 1420 nm are observed from the polished surface of our sample upon the excitation by the
semiconductor lasers with the wavelengths A,.= 532, 642 and 785 nm (hv,, < E,). On the other
hand, a single peak at the wavelength 810 nm is observed in case of the unpolished surface, when
the sample is excited by the laser at A,,= 532 nm. Different maxima observed in this case are due
to the fact that the deviations from stoichiometry in different geometries of the test sample are not
the same.
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Anomayin. Bueueno Gomomominecyenyiio nonikpucmaniunozo ZnSe, CUHME308AHO20 3d
00NoOMO200 Memo0Oy XIMIUHO20 GUCAONCEHHS 3 NAPOBOL (hasu, KA BUHUKAE GHACTIOOK 30V0XHCEHHS.
ooicepenamu PIHUX MUunie 3 PisHUMU O0BICUHAMU X6Ulb. Bukopucmano 06i excnepumenmanvhi
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2eomempii, no8 s3aHi 3 HOPMAILHUM NAOIHHAM GUNPOMIHIOBAHHS 30Y0JiCeHHs. HA NOIPOBAHY abo
Henoaiposany nosepxui ZnSe. 30y0aicenns 3 60Ky noaipoeanoi nogepxHi 30iliCHIOBANU 1a3epamu 3
006AHCUHAMU  XBUTb Ao = 335 1 325 um (3 enepeismu pomona, sKi nepesuwyrome WUpuHy
3abopornenoi 30nu, moomo hv.. > E,), nanienpogionuxosumu nazepamu 3 Ao, = 532, 642 i 785 nm
(mobmo, hv,, < E,) i kcenonosoio namnorw. 3pazox makooic 36y0cyéanu 3 OOKY Henonipoeanoi
NOGEPXHi, BUKOPUCTNOBYIOUU N1A3ePU 3 Aoy = 325 M (hVey > Ey) i Aoy = 532 nm (hve, < Eg), a makooic
HaNienpoeiOHUKOGULL N1a3ep 3 Ao = 532 M (hvey < Eg). Ha ocHosi pe3ynvmamis excnepumenmio
NPOAHANI308AHO MA NOPIGHSAHO KpPAUogy (eKCUMOHHY) JIOMIHeCYeHyilo ma JIOMIHeCyeHyiio,
nog’s;zany 3 Oomiwkosumu Oegekmamu. Busieneno pismi munu  noeediHku  cnekmpis
JOMIHECYeHYil, SKI 3a1excams 610 Munie 30y0NCeHHs.
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