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The experiments were carried out to determine the vacuum-plasma characteristics (mainly erosion and
outgassing rate in a vacuum) of the stainless steel 12X18H10T before and after processing the walls of the vacuum
chamber with the glow discharge and combined, glow-microwave plasma discharges in argon atmosphere. The
current-voltage characteristics, the electron density and electron temperature were measured. It was observed that
the discharge voltage in the combined regime is significantly lower than in glow discharges. In some modes, this
voltage decrease can be up to 200 V. It was shown that erosion of stainless steel 12X18H10T in the combined
discharges is ~70 %, less than in the glow discharges. Measurements were made of the outgassing rate of
12X18H10T stainless steel with the thermal desorption probe in situ in the DSM-1 vacuum chamber. It was shown
that cleaning the chamber wall by the glow discharge during 5 h leads to a decrease in the outgassing rate from
5.5-10° to 1-10° Torrl)/(scm?) . When the chamber wall is treated with GM discharge starting from nearly the

same initial conditions the outgassing rate decreased to 3-10° (Torrl)/(scm?). Spectral measurements of the plasma
radiation of a glow and combined discharges show a decrease in the ratio of the peaks of argon ions and neutrals

during the transition from a glow discharge to a combined one.

PACS: 52.40.Hf

INTRODUCTION

Vacuum-plasma processes, for example, the
outgassing rate of materials in a vacuum, erosion
(sputtering), retaining and release of various gases
(recycling processes), largely determine the ultimate
vacuum in plasma devices and the flows of impurities
into the plasma during discharges. One of the main
materials of plasma installations is stainless steel
(12X18H10T or its analogues St316, St304,), and the
vacuum chamber of Uragan-2M stellarator type device
(U-2M) is made of it. According to the published data,
the specific outgassing rate of untreated, unheated
stainless steel after durable pumping is
q ~ 10 Torr-I)/(s-cm?) [1]. Assuming the total wall area
of the U-2M vacuum chamber of the Fx~25m?
(excluding the surfaces of the branch pipes and the
diagnostic tools), we obtain the ultimate pressure in the
chamber P = qF / S=5-10° Torr, where S is the pumping
speed which is 500 I/s in U-2M. Actually, after baking
for several days at ~100°C, “flushing” the chamber with
pure nitrogen and a lengthy wall conditioning procedure
(mainly cleaning by plasmas with RF or VHF
discharges in hydrogen) and pumping out, the ultimate
pressure of 1..2-107 Torr is reached in the U-2M
vacuum chamber which corresponds to a specific
outgassing rate q ~ 10™° Torr-1)/(s-cm?). Note that long-
term heating at 300°C results in stainless steel
outgassing rates at the level of 4-10°*2 Torr-1)/(s-cm?) [2].
However, in most cases it is difficult to implement such
a procedure for vacuum chambers of plasma systems.
Therefore, the development of technology for cleaning

the walls of vacuum chambers (wall conditioning) of
plasma systems by other methods, for example, plasma
discharges, in order to reduce the outgassing rate in a
vacuum, is an actual scientific and technical task. The
preceding studies [3, 4] show that the knowledge of
outgassing rate of stainless steel, measured in situ in a
vacuum chamber, allows not only to assess the degree
of contamination of the surface of the vacuum chamber
(the number of monolayers of impurities on the
surface), but also to evaluate effectiveness of various
wall conditioning methods. One of the commonly used
wall conditioning methods is glow discharge cleaning in
hydrogen or inert gases such as helium and argon [5].
Argon discharge surface cleaning is also widely used in
accelerator and spray technology. The disadvantages of
the method include a high degree of erosion (sputtering)
of materials. In Fig. 1 [6], the sputtering coefficients of
metals are shown for H® and Ar" ions taken from
various literature sources [7, 8]. It can be seen that the
sputtering coefficient of metals increases by two and for
some metals by three orders of magnitude when
changing the working gas from hydrogen to argon.
Moreover, the sputtering yield by ‘“heavy” ions of
erosion-resistant, refractory metals, such as tungsten,
rhenium, tantalum, molybdenum, is only several times
lower than that easily sputtered, aluminum, copper and
silver. To reduce the erosion rate, it is necessary to
reduce Ar ion energy. In glow discharge (GD) this can
be achieved by reducing the anode voltage, but the GD
I-V characteristic prevents this. The GD anode voltage
decreasing can be attempted by introducing additional
microwave radiation power of the UHF range into the

ISSN 1562-6016. BAHT. 2021. Nel(131)

50 PROBLEMS OF ATOMIC SCIENCE AND TECHNOLOGY. 2021, Nel. Series: Plasma Physics (27), p. 50-56.



GD plasma, in order to run the discharge at lower
voltages. At the same time, it is important to provide the
quality of wall conditioning not decreasing when
processing with a combined GD + UHF discharge, and
the erosion rate of stainless steel has to be lower than
when processing a wall with a GD.
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Fig. 1. 1 keV Ar* and H* ions induced sputtering yields
at normal incidence [7, 8] versus melting temperature
of various metals [6]

In this work, to solve this problem, experiments
were prepared and carried out to study wall conditioning
abilities and sputtering properties of GD and glow-
micro-wave (GM) discharges on the DSM-1 plasma
system.

1. DESCRIPTION OF THE INSTALLATION,
EXPERIMENTAL PROCEDURES

The DSM-1 plasma installation (diagnostic test
bench for materials), on which the experiments were
carried out, is described in [9, 10]. At first, it was
intended to measure the erosion rate of materials by
plasma discharges in crossed electric and magnetic
fields (Penning mirror discharge). The scheme and
photo of the installation are shown in Figs. 2, 3. The
vacuum chamber is made of stainless steel 12X18H10T
(hereinafter referred to as SS), unheated, assembled
with vacuum rubber seals. The volume of the chamber
is 0.35m®, the wall area facing the plasma is 0.5 m*
The chamber is pumped by a TMP-500 turbomolecular
pump (500 I/s pumping speed) and a NVR-5 (51/s
pumping speed) fore vacuum pump. The ratio of
pumping speed TMP to pumping speed of the fore
pump is ~100. This is not a very good option to work
with large gas flows. In our experiments it is
0.5...30 (Ncm®)/s, and the ratio of at least 20...40 is
necessary according to ref. [14]. Otherwise, it is
possible to slow down the rotational speed of the TMP
rotor, to stop it, the reverse flow of impurities from the
fore line to the TMP, etc. Leakage into the chamber
volume (leak plus outgassing from the walls) is
~107 (Torr-l/s-cm?).  After durable pumping the
chamber, the ultimate pressure of ~ 5.10°Torr is
reached. Then, argon working gas (99.998 vol.) % was
injected into the chamber through the leak to provide a
predetermined pressure (10™...10°Torr), and the
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chamber was cleaned with a GD or combined GM
discharge. Then the experiments on the SS outgassing
rate and erosion rate measurements were carried out.
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Fig. 2. Scheme of the DSM-1 device
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2. EXPERIMENTAL RESULTS

In order to ensure the experiments, the installation
was modernized: a Langmuir probe and a multi-grid
probe were manufactured and installed in a vacuum
chamber, two optical windows for spectroscopic
measurements and their protection against sputtering,
metal curtains, were installed, the magnetron
(2.45 GHz, 0.8 kW), and the water-cooled feed-through
— antenna system were installed into the chamber DSM-1.
The thermal desorption probe diagnostics was installed
in the vacuum chamber of the device, which allows
measuring the outgassing rate of stainless steel in situ in
the DSM-1 vacuum chamber. It includes the stainless
steel probe, electrodes, the power supply with a timer, a
system for recording pressure changes in a vacuum
chamber that includes an ionization lamp, a vacuum
gauge, an analog module connected to the computer. A
photo of the probe located in situ in the DSM-1 chamber
is shown in Figs. 4, 5. The methods for determining the
outgassing rate g of stainless steel and the number of
monolayers N of impurity gases on its surface is
described in detail in [3, 4]. The measured value was a
pressure change in the vacuum chamber during pulsed
heating of the SS probe to the temperature of
250...300°C (Fig. 6).

Then, such characteristics were estimated as the
specific outgassing rate g (Torr:I/s-cm?) and the number
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of impurity mono-layers N on the probe surface
according to the technique described in [3]. In this
technique the following equations were used: g=AP-S/F,
where AP is a change a pressure in the vacuum
chamber, S is a pumping speed and F is a working
surface of SS probe heated to the temperature of
250...300°C; N=V L/Ny,, where V (normal cm®)=gA¢ is
the amount of the gas desorbed from the unitary probe
surface, L — number of molecules in the gas volume
1cm® (Loshmidts’ number), N, — the number of
molecules (in terms of water molecules) in the
monolayer on the unitary surface.

Fig. 4. Thermal desorption SS probe in situ in the
DSM-1 vacuum chamber

Fig. 5. SS probe under pulse heating up to temperature
of 700 <C in situ in the DSM-1 vacuum chamber
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Fig. 6. Apparatus curve of pressure in the DSM-1
vacuum chamber during SS probe heating

After the preparatory work was completed, the
DSM-1 installation was transferred from the Penning
reflective discharge / magnetron type modes to the glow
discharge GD regime. A positive voltage was applied to
the two symmetrically placed electrodes and they served
as anodes, and the chamber wall served as a cathode and
was grounded. The electrodes supplying voltage to the
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cathodes were isolated from plasma by alumina
ceramics. The anodes were two symmetrically placed
discs made of the polished stainless steel 12X18H10T
(Fig. 7) with a diameter of 25 mm, a thickness of
1.5mm, or an SS plate 200x10 mm, a thickness of
0.5 mm, with an axial arrangement relative to the
chamber walls. A combined discharge was obtained by
launching the microwave power from the magnetron
generator into the GD plasma. The microwave antenna
is shown in the photo (Fig. 8).
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Fig. 7. Anodes for glow discharge
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Fig. 8. UHF feed-through with antenna

The operating experience of the UHF feed-through
revealed a need to protect its insulator from metal
deposition. Quartz cylinders were manufactured and
placed on the UHF input (Figs. 9, 10). Because of
continuous deposition, time of time they had to be
changed or cleaned to remove the deposited film.

Fig. 9. Anti-spatter UHF input after 20 hours of
operation in Ar GD

The sputtering yield of the samples was measured by
the weight loss method using a VLR-200 balance,
similar to that described in [12]. The samples SS1 and
SS2 were two disks made of polished stainless steel
12X18H10T with a diameter of 25 mm, a thickness of
1.5 mm, and the SS3 sample was the plate 300x50 mm,
a thickness of 0.5 mm, which were placed on the
chamber wall.

The emission spectra from the plasma were recorded
through the optical fiber mounted on the upper optical
window (see Fig. 3) with spectrometer SOLARTII SL-
40-2-3648 USB.
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a

Fig. 10. Quartz cylinders to protect the feed-through
insulator from metal deposition: a, b — before and after
exposure to plasma

Experiments were carried out to determine the
plasma parameters: the current-voltage characteristics
were measured (Figs. 11, 12), the electron density n,
was measured as ~ 5-108cm™ for glow and combined
GM discharges in argon, and the plasma temperature T,
was ~10 and ~50 eV for GD and for GM discharges,
respectively. In the work [14] the equation was
suggested for average ion energy in GD E (eV) ~0.3 eV,
where E is the average ion energy, U is the cathode
voltage. If to use this formula the average ion energy in
a GD in our case could be ~110eV (at a discharge
current of 100 mA), and in the GM one =~80¢eV.
Analysis of the current-voltage characteristics shows
that for the entire pressure range studied, the difference
in discharge voltages (at the same current 100 mA) is
80...100 V. To carry out the procedure of cleaning the
chamber wall with stationary GD and combined
discharges and measuring the erosion (sputtering) rate
of stainless steel, it was necessary to choose the optimal
working gas pressure range. The maximum erosion
effect will be possible if to clean with GD at relatively
low pressures of ~ 10 Torr, and optimal gas pressure
for combined discharge ~ 10 Torr. In this case, the
difference in ion energy can be more than double. But
when working with large gas flows, it is necessary to
work with strong throttling of the pumping of TMP or
even with pumping only by the fore vacuum pump.
Moreover, as will be seen from optical measurements,
the amount of impurities, mainly water, increases in the
chamber due to insufficient pumping. Therefore, to
study the cleaning process and erosion, a pressure range
of 10°...102Torr was chosen. In this case, the anode
voltage difference for the glow discharge and the
combined one was 70...100 V (see Fig. 12).

The cleaning procedure was as follows: after pumping
and reaching a residual gas pressure of ~ 5.10° Torr, a
stationary glow and combined discharges were ignited
in two separate experiments. The duration of the
treatment of the chamber walls with GD plasma was
6 h. The discharge current in all modes was maintained
at 100 mA. This corresponds to the ion current density
to the chamber wall j ~12 pA/cm? (it was assumed that
J ~ 0.6:1 [14], where J is the ion current to the wall, and
| is the measured discharge current). It can be seen in
Fig. 13 that cleaning the chamber wall with a GD leads
to a decrease of outgassing rate of stainless steel at
300°C by about five times - from 5.5-10® (Torr-1/s-cm®)
up to 1.10°° (Torr-/s-cm?). When treating the chamber
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wall with the combined discharge (the discharge current
is the same 100 mA), the outgassing decreases to
3-10° (Torr-1/s-cm?).
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Fig. 11. Current-voltage characteristics of GD and GM
discharges at different Ar pressures
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Fig. 12. Current-voltage characteristics of GD and
combined discharges at Ar pressures:
a—P=1.7-10" Torr and b — P=6.7-10" Torr

So, the cleaning efficiency in the combined
discharge is higher. Note also, that the ultimate vacuum
in the installation after several discharge cleaning cycles
improves from ~ 5.10° to 1.5..2.10°Torr, and the
outgassing from the chamber walls decreases from
10 t0 8-10™° (Torr-1)/(s-cm?).

As for the erosion rate of stainless steel, it can be
seen from Table, the average sputtering coefficient in
the case of plasma treatment with a GD is more than
one and a half times higher than when cleaning the
walls with a combined GD + SHF discharge. Note
thaterosion rate measurements in different modes were
carried out at a single pressure of 6.7-10° Torr. The
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absolute values of erosion coefficient rather good
corresponds to literature data on sputtering yield of Fe
under Ar® ion bombardment with ion energy ~100 eV
[16]. Despite the rather high erosion rates of stainless
steel, the analysis of the optical spectra (Fig. 15,a) does
not reveal presence of metallic impurities in the
discharge, for example, Fe, Ni, Cr, and also water.

Erosion coefficient of stainless steel 2KH18N10T in
various discharge cleaning modes

Plasma treatment mode | Sputtering yield,
atoms/ion
SS-1 | SS-2 | SS-3
GD, Ar* 12 nAlem?, 0.360 | 0.395 | -
2.4-10"ion/cm?
Combined discharge, 0.203 | 0.305 | 0.190
GD+SHF, Ar, 12 pAlcm?,
2.4-10" ion/cm?
1.E-02
E
g 1.E-03
:“:; 1E04 Glow discharge GD+SHF
g 1E0s L -
g Atmosphere puffing A
1.E-08 + t + + + t + t +
g 1 2 3 4 5 6 7 8 9 10 11 12 13

Time of discharge cleaning, hours

Fig. 13. Specific outgassing rate of 122KH18N10T
stainless steel (300 <C), measured in situ in DSM-1
vacuum chamber vs time of wall conditioning

After wall conditioning experiment the SS thermal
desorption probe was demounted and installed in the
special bench GAS [3] to measure Ar release under
heating. In Fig. 14 the Ar thermal release during SS
probe pulse heating to the temperatures of 300 and
500°C is shown measured with MX304 quadruple mass-
spectrometer. The nature of the curve in Fig. 14,b means
that argon, perhaps, is held in stainless steel in two
states with different activation energies of desorption.
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Fig. 14. Ar thermal release during SS probe pulse
heating to the temperatures of 300 € (a) and 500 < (b)

However, if a sufficiently large sample of easily
sputtered material is placed into the chamber, in our
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case it is a copper sheet with dimensions 5x20 cm, then
intense copper lines appear in the spectrum (Fig. 15,b).
As the working gas pressure increases (the pumping is
only with fore pump), intense lines characteristic of
water (OH) are detected in the spectra (Fig. 16), which
is apparently due to the insufficient speed of the fore
vacuum pumping of impurities. Note, the intensity of
OH signal in combined discharges is higher than that for
GD. It could say about more effective surfaces
treatment with combined discharges. Over time, during
discharge cleaning, the intensity of the water lines
decreases (see Fig. 16,b) which is indication of the wall
conditions improvement.
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Fig. 15. Emission plasma spectra of glow and combined
discharges during pumping of the chamber by a turbo
molecular pump, Py~ 7.8-10° Torr (a); emission
spectrum of a glow discharge plasma in the presence of
the copper sample, Pa 6.7-10 ® Torr (b)
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Fig. 16. Emission plasma spectra of glow and combined
discharges during evacuation of the chamber by a fore
pump (a); spectra of glow discharges vs a cleaning time
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CONCLUSIONS

Experiments were carried out to determine the
vacuum-plasma characteristics (erosion, outgassing
rate) of stainless steel before and after wall conditioning
of the vacuum chamber of the DSM-1 installation with
glow and combined (GD with launching of microwave
power) discharges in argon. The current-voltage
characteristics, electron density n, ~ 5-10%cm™ and the
electron temperatures T, =10 eV for glow discharges
and 50 eV for combined discharges were measured. It
was shown that the discharge voltage in the combined
mode is significantly lower (at the same discharge
currents) than in GD. In some modes, this reduction can
be more than 200 V. It is shown that the erosion of
stainless steel in a combined discharge is approximately
70 % less than in a glow discharge at the same
discharge current and working gas pressure. The
outgassing rate of stainless steel 12X18H10T was
measured in situ in DSM-1 vacuum chamber. It was
observed that cleaning the chamber wall with a GD for
5 h (discharge current 100 mA) results in decrease in the
outgassing rate of stainless steel at 300°C by about five
times from 5.5-10°to 1-10°(Torr-1/s:cm?). And when
treating the chamber wall with the combined discharge
with the same start-up conditions (discharge current was
the same 100 mA) during the same time, the gas release
rate drops to the lower value 3-10° (Torr-l/s-cm?), i.e.
the cleaning efficiency in the combined discharge is
higher. The ultimate vacuum in the installation after
several cleaning cycles improves from ~ 5.10° to 2:10°
Torr. Analysis of emission spectra of glow and
combined discharge plasma shows a decrease in the
ratio of the peaks of argon ions and neutrals during the
transition from a glow discharge to a combined one.

Thus, the presented studies show good prospect of
using a combined discharge (glow discharge with
microwave power launching) in the pressure range of
the working gas, argon, 10...10° Torr for carrying out
the wall conditioning procedure in plasma devices, e.g.,
this mode could be tried as one of the possible scenarios
for cleaning the vacuum chamber of the Uragan-2M
stellarator.
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BAKYYMHO-TIUIASMEHHBIE CBOMCTBA HEPKABEIOIIEN CTAJIM MTOCJE BO3JEHCTBUS
IIJIA3MBI KOMBUHUPOBAHHOTI'O TJIEIOIIETO-MUKPOBOJIHOBOT'O PA3PSAIA B
ATMOC®EPE APTOHA

I'.Il. I'nazynos, B.E. Mouceenko, C. M. Ma3nuuenko, M.H. bonoapenko, A.J1. Konomonckuii,
HU.K. Tapacos, A.H. Illanosean

[IpoBeneHsI 3KCIEPUMEHTHI IO OTPEJIENICHNI0 BaKyyMHO-TUIa3MEHHBIX XapaKTEPUCTHK (IpO3Usl, ra30BbIEIICHUE
B Bakyyme) HepkaBeromieid cranmu 12X18H10T nmo u mocme oOpaOOTKM CTEHOK BaKyyMHOH KaMephl IIa3MOM
TJICIOIIETO ¥ KOMOMHUPOBAHHOTO (TIICIOIui pa3psa ¢ BBeneHneM CBU-MomrHocTH) paspsioB B aproue. MamepeHst
BOJIbT-aMIIEPHBIC XapaKTEPUCTUKH, JJIEKTPOHHAs IUIOTHOCTBH, MOTEHNIMAN IUia3Mbl. [loka3zaHo, 4TO HampsyKeHUE
pa3psiza B KOMOMHHPOBAHHOM DEXKHME CYIIECTBEHHO HIDKE, YeM B TICIOIIEM. B HEKOTOPBIX pEeKUMax 3TO
cHkeHne MoxeT ObTh 10 200 B. Ilokazano, uro 3po3ust Hepxaseromeit cramn 12X18H10T B koMOMHUpOBaHHOM
paspsine Ha ~70 % MeHbine, yeM B TietoueM. [IpoBeaeHbl M3MEpeHHsT CKOPOCTH Ta30BBIICICHHUS HEpKaBeloIiei
cramm 12X18HI10T in situ B BakyymHoit kamepe JICM-1. TlokazaHo, 9TO YHCTKA CTEHKH KaMEPHI TIICIOIINAM Pa3psiioM
B TeueHMe 5 U TPHBOAMT K CHIDKEHHIO CKOPOCTH Ta30BBIICNCHHS MPUMEPHO B MSTh pas—c 5,5-10° xo
1-10° (Topp-m)/(c-cm?). A mpn 06pabOTKE CTEHKH Kamepsl KOMOMHHDOBAHHBIM pPaspsiioM 3a 5TO K€ BpeMs
CKOPOCTH ra3oBbieeHns cHikaercs 10 3+10° (Toppm)/(c.em?). TIpoBeeHbI CIeKTPaTbHbIC H3MEPEHHMS H3/TyUeHHS
IUIa3MBl TICIOIIEr0 U KOMOWHHPOBAHHOTO pa3psaoB. AHAIM3 CIIEKTPOB MOKa3bIBAET YMEHBIICHHE COOTHOIICHHS
MHTEHCHUBHOCTEH MMKOB MOHOB aproHa U HEHTPAJIOB TIPH Mepexo/ie OT TICIOLIEro pa3psiaa K KOMOWHUPOBAHHOMY.

BAKYYMHO-IVIABMOBI BJJACTUBOCTI HEPKABIIOYOI CTAJI IICJSA A1 IJIA3ZMHA
KOMBIHOBAHOTI'O TJIIIOYOT' O MIKPOXBHWJIBOBOI'O PO3PAY B ATMOC®EPI APTOHY

I'.Il. I'nazynoe, B.€. Moicecnxo, C.M. Masniuenxo, M.M. bonoapenko, O.J1. Konomoncuokuit,
I.K. Tapacoe, A.M. Illanogan

[IpoBeneHi eKCHEPHMEHTH 3 BH3HAUCHHS BaKyyMHO-IUIa3MOBHX XapaKTEPUCTHK (€po3is, ra30BHAIICHHS Y
BakyyMi) HepxkaBitouoi cram 12X18H10T mo i micis oOpoOKM CTiHOK BaKyyMHOI KaMepH IUIa3MOIO TIIIOYOTO i
KOMOiHOBaHOTO (TIiFOUMiA po3psia 3 BBedeHHsM HBU-TOTyXHOCTI) po3psaiB B aproHi. BumiproBanmch BOJBT-
aMIIepHI XapaKTePUCTUKH, eNEKTPOHHAa TYCTHHA, IOTCHIian Iuia3Mu. [loka3aHo, IO Hampyra po3psay B
KOMOIHOBaHOMY PE&KHMI ICTOTHO HWXKYa, HIK Y TIIOUOMY. Y JIESIKHX peXUMax Iie 3HKeHHs Moxe Oytu 1o 200 B.
[Mokazano, mo epo3ist Hepxkapiroyoi cram 12X18H10T y komOiHOBaHOMY po3psai npudnusHo Ha 70 % MeHIa, Hixk
y Tiitouomy. [lpoBemeHi BHMIiprOBaHHS MIBHAKOCTI Ta3oBHIUICHHS Hepxkasitouoi crami 12X18HI0T in situ y
BakyyMHiil kamepi JICM-1. [lokazaHo, IO 4YHWINEHHS CTIHKM KaMepu TIIIOYUM PO3PSJIOM IMPOTIrOM 5 TOAWH
MPU3BOJUTE JIO 3HWKEHHS [IBHIKOCTI a30BUIICHHS 3 5,5-10'5 no 1-10° (TOpp'J‘I)/(C'CMZ). A 1pu 00poOIIi CTIHKH
KaMepH KOMOTHOBAHMM PO3PSIIOM 34 IIeHf JKe 9ac MBH/KICTb ra30BHIiIeH s 3MenmyeThes 10 3-10° (Topp-m)/(c-em?).
IIpoBeneHi crekTpanbHI BEMIPIOBAaHHS BHUIIPOMIHIOBaHHS IUIA3MH TIIFOYOTO 1 KOMOIHOBAHOTO PO3psAiB. AHAII3
CIIEKTPIB IMOKa3ye 3MEHIICHHS CIiBBIIHOIICHHS IHTEHCUBHOCTEH IIKiB i0HIB aproHy 1 HEWTpaTiB MPH MEPEXOi Bij
TIIFOYOTO PO3PsAY 1O KOMOIHOBAHOTO.
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