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The work is devoted to the study of the photoelectric properties of Au — Zn,Cd,_,S — Mo structured films, which are photosensitive in
the ultraviolet and visible regions of the electromagnetic spectrum, with maximum sensitivity in the ultraviolet region. It has been
established that the spectral response of the Au — Zn, Cd;_,S — Mo structured films depend on the temperatures of the ZnS and CdS
evaporators, which influence the composition of the photoactive Zn,Cd,_,S layer (x = Zn/(Zn + Cd)). By varying the temperature of
the ZnS evaporator during the growth of the Zn, Cd,_,S layer, a graded Zn,Cd;_,S film was synthesized on a molybdenum substrate,
forming the photoactive layer of the structure. The resulting photosensitive structure exhibited sensitivity in both the ultraviolet and visible
regions, with a maximum in the ultraviolet. Analysis of the spectral response indicates that the photoactive layer has a graded band gap,
decreasing from E; = 3.05 + 0.05eV to E; = 2.45 + 0.05 eV. A study of light current-voltage characteristics for monochromatic
radiation showed that they are characterized by different values of the diode ideality factor (n) and reverse saturation current (J,). The
synthesized Zn,Cd,_,S layer can be used as a buffer layer in thin-film solar cells, such as CdTe, CIGS and others, instead of the CdS
layer, which will enable increasing both the short-circuit current and the open-circuit voltage of thin-film solar cells.

Keywords: Polycrystalline films; Zn,Cd,_,S; Spectral sensitivity;, Photoelectric characteristics; Solar cells; Short circuit current;
Open circuit voltage
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INTRODUCTION

Currently, the rapid development of automation in the manufacturing process and the production of environmentally
friendly electric energy, achieved by directly converting solar energy into electricity, necessitates the use of
semiconductor materials that are spectrally sensitive in various regions of the electromagnetic spectrum and possess
essential contact properties. These requirements are met by multicomponent binary semiconductor compounds of the
A, B¢ type, formed through the chemical bonding of elements from Group II A, (Zn,Cd,Hg) and Group VI Bg
(0,S,Se, Te) of the periodic table of elements. Additionally, multicomponent compounds may consist of a mixture of
binary semiconductors, such as (A3Bg) + (A3Bg) [1], as well as (4,B%) + (A,BZ), where A} and A3 represent different
Group II elements, and B and BZ belong to Group VI of Mendeleev’s periodic table.

Cadmium sulfide (€dS) and zinc sulfide (ZnS) belong to the A,Bg semiconductor family, are direct bandgap
materials, and are used in various optoelectronic devices, including solar cells [2—6], transistors [7—11], light-emitting
diodes (LEDs) [12—14], photocatalysis [15-16], and water-splitting devices [17].

The ternary semiconductor chemical alloy Zn,Cd,_,.S [18], also characteristic of A,B¢ semiconductors, exhibits
variable optical and photoelectric properties in its photoactive layer due to the modification of Zn and Cd content in the
alloy Zn,Cd,_,S (where x = Zn/(Zn + Cd)), leading to variations in the photoelectric characteristics of actual
photosensitive structures [19-20]. The bandgap width (E;) increases with the growth of x, ranging from 2.44 eV (x =
0,€dS) to 3.56 eV (x = 1,ZnS) [21]. As E; changes, the spectral sensitivity of Zn,Cd,_,S layers and the structures
based on them can vary within the wavelength range of electromagnetic radiation from 500 nm to 330 nm [22,23].
Cd,_,Zn,S layers can be grown using methods such as chemical bath deposition [19-21, 24], sublimation in a quasi-
closed volume [25], spray pyrolysis [18,26], hydrothermal synthesis [27], and chemical transport reactions [28-29]. The
synthesized layers have been utilized in solar cells [19-20, 24-25, 31] and photodetectors [27, 30, 32].

In contrast to the methods previously mentioned, the chemical vapor transport (CVT) method [33-34] with hydrogen
as the carrier gas enables the synthesis of polycrystalline layers with relatively large crystallite sizes, thereby significantly
extending the lifetimes of nonequilibrium photogenerated charge carriers [28]. In this method, the synthesis of the
semiconductor material occurs as a result of chemical reactions between elements in the vapor phase within a gas flow on
the substrate surface. The advantage of synthesizing A, B compounds from the vapor phase via chemical transport reactions
lies in the ability to obtain semiconductor materials with varied properties by controlling the temperatures of both the
evaporators and the substrate during the growth of the photoactive layer. This allows for the production of high-quality
crystals, very close to stoichiometry, and enables the synthesis of crystals in various modifications at low temperatures.
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Currently, a critical issue is the alignment of the wide-bandgap front buffer layer of solar cells with their photoactive
layer, not only in terms of the energy band diagram but also structurally, by matching the crystal lattice constants. This
alignment would increase the conversion efficiency of the solar cell. In thin-film solar cells and photovoltaic modules
such as CdTe and CIGS, CdS layers are used as the buffer layer due to their compatibility with electron affinity (y) and
lattice constant (a,). However, in CdS-based structures, the spectral sensitivity (S) deteriorates in the spectral region
hv > Egcqs. To improve S, it is necessary to use a buffer layer with a wider bandgap, such as ZnS. However, replacing
CdS with ZnS reduces efficiency due to significant differences in y and a,. Thus, developing and studying Zn,Cd;_,S
layers with bandgaps adjustable between ZnS and CdS is highly desirable. Furthermore, for registration and measurement
equipment, photosensitive semiconductor structures are required with maximum spectral sensitivity in the near-ultraviolet
range. The main aim of this research, therefore, was to create and investigate the spectral sensitivity and photocurrent
characteristics of a photosensitive semiconductor structures based on Zn,Cd;_,S layers, where the bandgap could be
varied (graded layer).

In this work, the synthesis of the Zn,Cd,_,S semiconductor compound was carried out using the chemical vapor
transport method, with two separate evaporators for ZnS and CdS precursors in a gas flow [33-34]. To prevent the
contamination of the growing Zn,Cd,_,S layer with uncontrolled impurities, the evaporators underwent thermal
annealing, as did the molybdenum (Mo) substrates [35-36].

METHODS AND MATERIALS
To achieve the research objective, we synthesized the Zn,Cd;_,S semiconductor solid alloy, designed to have
maximum photosensitivity in the short-wavelength range of the electromagnetic spectrum, using the chemical vapor
transport method in a hydrogen carrier gas flow.
Figure 1 shows the setup for growing Zn,Cd,_,S solid solutions by the chemical vapor transport method in a
hydrogen carrier gas flow: (a) from separate evaporation sources (ZnS and CdS), (b) the temperature gradient of the setup,
and (c) the photodetector design with an Au — Zn,.Cd;_,S — Mo structure.
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Figure 1. (a) Installation for growing the Zn,Cd;_,S chemical compound using the method of chemical transport reactions in a
flow of hydrogen carrier gas from individual evaporation sources (ZnS and CdS), (b) temperature calibration of the installation, and
(c) design of a photosensitive semiconductor structure with the Au — Zn,Cd,_,S — Mo configuration

At the top of the reactor, inside an inner quartz sleeve (11), are holders with substrates (12). The outer reactor casing
(3) is mounted on a water-cooled flange (1), with a sealing gland (2) ensuring the reactor’s airtightness. The carrier gas
is supplied and vented through ports located in the lower section of the cooled flange. The quartz cup (11) is connected
to a quartz stand (4) and a graphite adapter (8). The substrate temperature is measured by a thermocouple (6), which is
situated within a movable quartz tube (7) affixed to the flange by a gland. Simultaneously, the quartz tube (7) serves as a
fixture for the substrates. A furnace (5) is used to heat the reactor. Figure 1c illustrates the design of the fabricated
photodetector with the Au — Zn,.Cd,_,S — Mo structure. The synthesis process of the semiconductor solid solution layers
was carried out on a molybdenum (Mo) substrate, approximately 150 um thick, where Mo simultaneously served as the
bottom electrical contact.

The creation of the photodetector included the preparation of substrates and initial ZnS and CdS powders. This
process removed organic and inorganic contaminants as well as surface oxide layers. During the layer growth process,
hydrogen purified of oxygen was used, employing the catalroytic hydrogenation method with a chromium-nickel catalyst.

In Figure lc, the design of the created photodetector is shown, on which investigations of photoelectric
characteristics, such as spectral sensitivity [37] (Fig. 2) and photocurrent characteristics, specifically the short-circuit
current versus open-circuit voltage dependency [38] (Fig. 3), were subsequently conducted.

As shown in Figure lc, the fabricated photodetector had an Au — Zn,Cd,_, S — Mo structure. The photoactive
Zn,Cd,_,S layer was approximately 10 um thick. A semitransparent gold (Au) layer, 50 A thick, served to create a
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Schottky barrier and established an internal built-in potential generated by the difference in electron work functions
between the contacting materials Au and Zn,Cd,_,.S. The gold layer also acted as the front electrical collecting contact
for the photosensitive structure. The semitransparent Au contact layer was created by thermal vacuum evaporation of Au
at a vacuum level of 1075 Torr. The effective area of the Au — Zn,Cd,_,S — Mo structural photodetector was
0.785 cm?.

For investigating the spectral dependence of sensitivity, we utilized a research system consisting of a ZMR-3 mirror
monochromator and a combined digital device (Sh-300), enabling the study of the spectral response of the photosensitive
structure in the wavelength range of monochromatic radiation from 300 nm to 2500 nm, with an accuracy of +10 nm
for A, 0.01% for current, and 0.1% for voltage. Monochromatic radiation penetrated the photoactive Zn,Cd,_,S layer
through the semitransparent front Au contact, generating nonequilibrium photogenerated electron-hole pairs. These pairs
were separated by the built-in electric field of the Schottky barrier (Au/n — Zn,Cd,_,S) and were registered by the Sh-
300 digital device, whose input contacts were connected to the structure's current-collecting contacts.

It is known that the photovoltaic characteristics of thin-film polycrystalline photodiodes are similar to those of p —
n junction photodiodes made from monocrystalline semiconductors. Specifically, the short-circuit current (Js.) and open-
circuit voltage (V,.) increase with the rising power (P) of the incident light. J,. increases linearly with P, while V.
increases sublinearly in a logarithmic fashion with P [41]. The light current-voltage characteristic (I — V curve), the J,,
(V,¢) dependence for p — n junction photodiodes, can be expressed by formula (1) [42]:

Voo = 25 (In=2 4 1), (M)
q Jo
where, n is the diode ideality factor, J, is the diode saturation reverse current, k is the Boltzmann constant, and q is the
electron charge. The similarity in the photovoltaic properties of various photovoltaic structures (such as p — n junctions,
Schottky barriers, and heterostructures) mentioned above suggests that the electricity generation process under
electromagnetic radiation is due to the internal electric potential of the p — n junction.
The dependence of the photogenerated short-circuit current (J;.) on the open-circuit voltage (V,.) was studied
under monochromatic illumination at different wavelengths: 4, = 390 nm (UV), 1, = 460 nm (blue), and 1; =
500 nm (green). The Sh-300 combined digital device was used to register the values of the photogenerated J,. and V.
Its input contacts were connected to the structure’s current-collecting contacts, with measurement precision at 0.01% for
current and 0.1% for voltage. Since the Zn,.Cd;_,S semiconductor layer will have different absorption coefficients (a)
at various wavelengths (4), investigating the photocurrent characteristics will provide valuable information about the
photoactive layer’s performance in the Au — Zn,.Cd,_,S — Mo photodetector structure.

RESULTS AND DISCUSSION
Figure 2 presents the experimental results of the spectral photoresponse (S, in relative units) of the Au —
Zn,Cd,_,S — Mo structure, measured at T = 300 K. It is evident that the photoresponse of the fabricated Au —
Zn,Cd,_,S — Mo structure spans the spectral range from 300 nm to 500 nm, covering the ultraviolet region to the green
part of the visible spectrum. The maximum sensitivity region is located near the wavelength of 360 nm.
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Figure 2. Spectral sensitivity of the Au — Zn,Cd,_,.S — Mo structure, at T = 300K

To obtain the Zn,Cd,_,S layer with the spectral sensitivity shown in Figure 2, the following technological process
parameters were applied: substrate temperature Ty, = 923 K. The temperature of the evaporator for CdS powder during
the entire process was maintained at Tppqp,cas = 1023 K, and the hydrogen flow rate was set between 1.5 — 2 L/hour.
The ZnS evaporator temperature (Tepqp zns) Was varied throughout the process. The complete growth process for the
Zn,Cd,_,S layer took approximately 30 minutes.
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In the initial 5 minutes, Tyyqp, zns Was kept at around 1173 K for the next 5 minutes, it was raised to 1223 K and in
the final 20 minutes, it was held at 1348 K During the first 5 minutes, due to the significantly lower evaporation
temperature of CdS compared to ZnS, the growth of the Zn,.Cd;_,.S layer on the molybdenum substrate surface primarily
occurred with a higher CdS content. In the subsequent 5 minutes, the temperature of the ZnS evaporator was increased
by 323 K leading to the growth of a Zn,Cd,_,S layer with a relatively higher ZnS content. For the final 20 minutes, the
ZnS evaporator temperature remained relatively high, and, as evident from Figure 2, the highest spectral sensitivity was
achieved in a layer with a larger bandgap.

The experimental results of the spectral photoresponse dependence (Fig. 2) were analyzed using the photoresponse
method [39,40]. Gaussian spectral sensitivity profiles of the layers contributing to the overall spectral sensitivity of the
photosensitive structure were examined, considering the long-wavelength sections, and the bandgap widths of the layers
formed during changes in T,yqp, zns Were estimated. It was concluded that three photoactive Zn,Cd;_,S semiconductor
layers with bandgaps of Eg; ~ 3.05+0.05¢eV, Ej; = 2.75+ 0.05 eV and Eg; =~ 2.45 + 0.05 eV contribute to the
formation of the spectral sensitivity dependence of the Au — Zn,Cd,_,S — Mo photodetector structure. The photoactive
Zn,Cd,;_,S layer in the Au — Zn,Cd,_,S — Mo photodetector consisted of three Zn,Cd,_,S layers with three distinct x
values: x; = 0.6, x, = 0.38, x5 = 0 [1].

The experimental light I — V' characteristics, that is, the dependence of J. on V., are presented in Figure 3. As
mentioned earlier, the light I — V characteristics of the Au — Zn,.Cd,_,.S — Mo photodetector structure were investigated
under monochromatic illumination at wavelengths A; = 390 nm (1), A, = 460 nm (2), A3 = 500 nm (3). Due to the
differences in photon energies, these monochromatic radiations are absorbed in different regions of the photoactive layer
in the Au — Zn,.Cd,_,.S — Mo structure.
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Figure 3. Light current-voltage characteristics of a photodetector with the Au — Zn,,Cd,_,.S — Mo structure,
illuminated with monochromatic light with wavelengths A = 390 nm (1), 460 nm (2) and 500 nm (3)

From the experimental results presented in Figure 3, it is evident that the light I — V characteristics, specifically the
dependence of In(Js.) on V,, for the Au — Zn,.Cd,_,S — Mo photodiode under illumination with different wavelengths,
occupy different regions of the I — V curve and display two slopes, n; and n,. This contrasts with the dependence under
condition 3, where the structure was illuminated with A; = 500 nm, and sufficient illumination conditions were not
achieved to produce a second region with slope n,.

The calculated results for ny , and Jo, o, for different sections of the I — V curve under illumination with various
wavelengths are shown in the table. These results indicate that, in the first region, n, is close to unity for all wavelengths,
suggesting a diffusion-based photogeneration mechanism and low values for Jy;. This implies that at low illumination
levels, the Au — Zn,Cd,_,S — Mo photodetector structure exhibits good diode characteristics [43]. As the illumination
level increases, regions with n, and J, values appear. The values of n, and J, are higher compared to n, and J;, indicating
a degradation in the photo-detection characteristics of the Au — Zn,Cd,_,S — Mo photodetector due to enhanced
recombination effects of nonequilibrium photogenerated charge carriers in both the quasi-neutral regions of the structure
and the space-charge regions [44]. This degradation in photovoltaic characteristics suggests photo-induced formation of
recombination centers within the photoactive part of the Au — Zn,Cd,_,.S — Mo structure [45].

In the fabricated Au —Zn,Cd,_,S — Mo structural photodiode, the photoactive layer consists of multiple
Zn,Cd,_,S sub-layers. During the growth of the Zn,Cd,_,S photoactive layer, as the evaporator temperature for ZnS
changed, photoactive sub-layers were synthesized with different compositions (x), thicknesses (d), bandgaps (Ej), and
concentrations of majority charge carriers (n). Radiation with 4, = 390 nm (hv = 3.2 eV) is effectively absorbed by
the layer near the front Au contact, with Ej; = 3.05 + 0.05eV and x = 0.6. In this case, n; = 1, indicating a diffusion
mechanism of photogeneration, and J,; has the lowest value, reflecting the wide bandgap of this layer. As the radiation
intensity at a wavelength of 390 nm increases, the concentration of photogenerated charge carriers also increases. This
leads to the formation of photo-stimulated defect states [45-46], which enhance the recombination of nonequilibrium
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photogenerated carriers, increasing the diode ideality factor to n, = 3. This indicates that defect states form on the surface
of the Zn, Cd,_,.S photoactive layer, with J,, also increasing and J,, > Jy; [40, 41].

Table 1. Parameters of the current-voltage characteristic of the Au — Zn, Cd,_,S — Mo photodetector: n, , - ideality coefficient of
the diode and Jy, o, - the value of the reverse saturation current of the diode, when illuminated with light of different wavelengths

no. A =390 nm 460 nm 500 nm
ny 1.04 1.24 1.2
n, 3 1.4 —
Jo, Afcm? 1x10°8 2.1x1077 4.5 x 1077
Joz, Afcm? 1.87 X 107° 1.1x10°° —

When illuminated at 4, = 460 nm (hv = 2.7 eV), the layers participating in photogeneration are those with
Zn,Cdy_S values of x = 0.38; Eg, = 2.75 1 0.05eV, and x = 0; Eg3 = 2.5 + 0.05 eV. At low radiation intensities,
photogeneration occurs by a generation-recombination mechanism with n; = 1.24. The value J,;(4 = 460 nm) >
Jo1(4 =390 nm) because Eg;(3.05eV) > E ,(2.75 eV). As the power of the radiation increases, photo-stimulated
recombination intensifies [45-46], leading to an increase in n,, where n, > n, and Jy, > Jo;-

Under illumination with A; = 500 nm (hv ~ 2.48 eV), photons are absorbed by the thin x = 0 layer with Eg3 =
2.45 1+ 0.05eV. As a result, the concentration of photogenerated charge carriers is relatively low. Here, nl = 1.2,
indicating that photogeneration occurs by a generation-recombination mechanism. Jy;(A =500nm) > J5;(4 =
460 nm) because Eg,(2.75 eV) > E43(2.5 eV). A second region with n, does not arise due to the low concentration of
photogenerated charge carriers. The parameters of the light [ — V characteristics are similar to those under A = 460 nm
illumination, but the values of J;. and V. are lower than for higher-energy photons.

Currently, the high conversion efficiency of commercially available polycrystalline thin-film photovoltaic modules,
such as CdTe and CIGS, is achieved using cadmium sulfide (CdS) as the buffer layer [47,48], with E;, ~ 2.45 eV [2].
Consequently, the spectral sensitivity of solar cells is very low in the region where hv > 2.5 eV. An analysis of the
energy band diagram [49] has shown that using a wider bandgap ZnS as a buffer layer does not produce the desired
increase in conversion efficiency due to the difference in electron affinity between the contact materials (Ay). To reduce
Ay and further improve conversion efficiency, employing a Zn,Cd;_,S layer with an E that varies from approximately
3.1 eV to E;(CdS) = 2.5 eV may yield the desired results. This replacement could lead to increased short-circuit current
and open-circuit voltage in thin-film solar cells based on CdTe and CIGS.

CONCLUSIONS

Using the chemical vapor transport method with two evaporators for ZnS and CdS precursors in a hydrogen flow,
Zn,Cd,_,S layers were synthesized. By adjusting the ZnS evaporator temperature during the growth of the photoactive
layer, an Au — Zn,Cd,_,S — Mo photosensitive structure was fabricated, which is sensitive in the ultraviolet and green
regions of the visible spectrum and exhibits peak sensitivity at a wavelength of 360 nm. It was determined that the
photoactive layer in the fabricated photodetector is a graded bandgap structure, consisting of Zn,Cd;_,S layers with
Eg4y =3.051 0.05eV, Eg, = 2.75 + 0.05eV, and Ey3 = 2.45 & 0.05eV. Investigations of the light I — V characteristics
under monochromatic illumination revealed that they are characterized by varying values of the diode ideality factor (n)
and saturation reverse current (J,). The synthesized Zn,.Cd,_,S layer could serve as a buffer layer in thin-film solar cells,
such as those based on CdTe and CIGS, as a replacement for CdS, potentially enhancing both short-circuit current and
open-circuit voltage in thin-film solar cells.
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OCOBJHUBOCTI ®OTOEJEKTPUYHUX XAPAKTEPUCTUK ®OTOJETEKTOPA HA OCHOBI IIAPIB ZnsCd1xS
3 MAKCUMAJIBHOIO ®OTOYYTJIUBICTIO B YJIBTPA®IOJIETOBOMY AIAITA3OHI
P.P. Ka6yaos!, [I.B. Ictamos!, K.T. Cysipos?, ®.A. Ak6apos’
L Dizuxo-mexnivnuii incmumym Axademii nayk Vsbexucmany, Tawxenm 100084, Yzbexucman
2Yupuuxcokuti deporcasnuii nedazoziunuii yuisepcumem, 111700 Qupuuk, Yzbexucman
3Tawxenmcoxuti depocasnuii mexnivnuii ynisepcumem, 100095 Tawxenm, Yzbexucman

Po6ota npucBsaeHa A0CIiHKEHHIO (POTOETEKTPHIHNIX BIACTUBOCTEH CTPYKTypoBaHHX MIiBOK Au—Zn,Cdi~S—Mo, siki € poTOTy TIIHBUMU
B yIbTpadioneToBiid Ta BUANMINA 00NACTSIX €JIEKTPOMArHITHOTO CIHEKTpa 3 MaKCHMAIBHOIO YYTIHBICTIO B yABTpagioNeToBill 00macTi.
BcranoBieHo, 1o CIIeKTpaIbHUN BIITYK CTPYKTYpOBaHUX IIBOK Au—Zn,Cdi—S—Mo 3anexuTs BijJ Temneparyp sunapHukis ZnS i CdS,
sIKi BIUTMBAIOTH Ha CKiIa/ (poToakTuBHOrO mapy ZnCdi~S (x = Zn/(Zn + Cd)). 3miHOI0 TeMIiepaTypy BUIIapHHKa ZnS Iif 9ac poCTy HIapy
ZnCdi~S Ha MomnibeHOBIN miaKIaai OyJI0 CHHTE30BaHO rpamienTHui map Zn,Cdi~S, sikuii hopMye HOTOAKTUBHU 1IAp CTPYKTYPH.
Otpumana (oTodyTiIMBa HAMIBIPOBITHUKOBA CTPYKTYpa IPOSIBISE YyTJIUBICTh B yIbTpadioneToBiil Ta BUIUMINA 00JacTsaX CHEKTpa 3
MaKkCHMyMOM B yibTpadioneroBoMy mianma3oHi. AHaii3 CIEKTPaJbHOTO BIATYKY IOKa3ye, 10 (OTOAKTHUBHHUI LIap Mae€ IPaji€HTHY
3a00pOHEHY 30HY, sika 3MeHIyeTbes Big Ec = 3,05 £ 0,05 eB no Ec = 2,45 + 0,05 eB. [JlociiukeHHs CBITJIOBUX BOJIBT-aMIICPHHUX
XapaKTEePUCTHK 32 MOHOXPOMATHYHOIO OIPOMIHEHHS MOKa3alo, II0 BOHM XapaKTEpU3YIOThCS PI3HUMH 3HAuCHHSAMH KoedilieHTa
HeifeanbHOCTI Aiofa (1) Ta 3BOPOTHOT0 cTpyMy HacwaeHHS (Jo). CunTe3oBanmii map Zn,Cdi«S Moxke OyTH BUKOPHUCTaHUH K OyhepHuit
[I1ap y TOHKOIUTIBKOBUX COHAYHHUX eneMeHTax, Takux sk CdTe, CIGS Tta inmmx, 3amicts mapy CdS, oo 103BoJIsi€ MiABUIINTH SIK CTPYM
KOPOTKOTO 3aMHKaHHSI, TaK i HAIIPyTy XOJIOCTOr0O X0y TOHKOILTIBKOBHX COHSYHUX €JIEMEHTIB.

Kuarouosi caoBa: nonixpucmaniyni naieku; Zn.Cdi~S; cnexmpaneha uwymaugicms, gomoenekmpuuni XapaKmepucmuKu, COMAUHI
efleMeHm; CImpymM KOPOMKO20 3AMUKAHHSA, HANPY2a XON0CMO20 X00y





