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The study investigates the properties of an overstressed nanosecond discharge between zinc electrodes
in argon at pressures of par=101.3 kPa. Under the influence of a strong electric field, microexplosions
occurring at inhomogeneities on the electrode surfaces result in the release of zinc vapor into the discharge
gap. This phenomenon creates favorable conditions for the formation of zinc-based nanostructures, which
can subsequently be deposited onto a rigid dielectric substrate placed near the discharge gap. The spectral
properties of the discharge were analyzed in the central area of the gap, where the electrode separation
was kept at 2 mm. The excitation of primary plasma components, consisting of an argon-zinc vapor
mixture, occurs at high values of the reduced electric field parameter (E/N), where (E) represents the
electric field strength and (IN) denotes particle concentration. These excited components, which are
deposited outside the plasma region, play a role in the formation of zinc nanostructures on the surface. The
study also explores the optimization of time-averaged ultraviolet (UV) radiation emitted from the point
discharge source by adjusting the voltage of the high-voltage modulator and the pulse repetition rate.
Numerical simulations of discharge plasma parameters in argon-zinc vapor mixtures at atmospheric
pressure were conducted by solving the Boltzmann kinetic equation for the electron energy distribution
function (EEDF). The simulations provided values for the mean electron energy, electron temperature,
electron density, and rate constants as functions of the reduced electric field parameter (E/N), which were
consistent with the experimental observations of the discharge.
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1. INTRODUCTION

When the distance between electrodes decreases
from 5 mm to 0.5 mm, the plasma spectra generated by
high-current nanosecond discharges at a pressure of
101 kPa are dominated by spectral lines corresponding
to atoms and ions of electrode materials such as copper,
iron, and zinc [1]. In the overvoltage regime of the
interelectrode gap, "runaway electrons" are observed in
the plasma, accelerating to energies corresponding to
the amplitude of the voltage pulse [2, 3]. Under the
influence of a '"runaway electron" beam, which
facilitates preionization, a uniform discharge with a
non-uniform electric field forms in the discharge gaps,
making it suitable for compact UV lamps with a
plasma volume of less than 10 mm?.The optical and
energy characteristics of "point" UV lamps based on
metal vapor from electrodes of unipolar and bipolar
overstressed nanosecond discharges are presented in
[4] and [5], respectively.Bipolar discharge reduces the
impulse voltage by half relative to grounded
components and ensures more uniform electrode
material consumption, promoting ecton formation and
the release of electrode material vapor into the plasma
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[6]. Island-like thin-film nanostructures made of copper
and zinc oxides are synthesized from the vapor of
electrode materials and air degradation products, and
these structures can be deposited onto solid dielectric
substrates [7, 8].

The study [9] found that continuous UV illumination
of the substrate with a mercury lamp during the synthesis
of nanopyramids from zinc oxide thin film nanostructures
leads to a reduction in their resistance.

The analysis of emission characteristics of the
bipolar overvoltage discharge in atmospheric air
between zinc electrodes revealed that it serves as a
selective source of radiation in the 200-230 nm range
[10]. This radiation serves as a means for automatically
illuminating zinc oxide nanostructure films with UV
light during their synthesis. A high-voltage nanosecond
discharge between copper or zinc electrodes produces
plasma, which not only emits bactericidal UV radiation
(200-280 nm) but also releases copper or zinc oxide
nanoparticles with potent antibacterial properties [11].
The work [12] highlights the practical value of pure
metal nanoparticles. Specifically, the study presents
results on composite films with copper nanoparticles,
synthesized via electrical explosion of conductors.
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These films exhibit high efficiency against
Staphylococcus aureus and show potential as radiation
shielding materials.In [13], the potential of using
transition metal oxide nanoparticles for biofuel
production is emphasized. Catalysts based on these
nanoparticles accelerate reactions, increasing biodiesel
yields. Optimizing the synthesis of zinc-based thin film
nanostructures requires enhancing the performance of
the gas discharge reactor with argon as a buffer gas,
enabling the deposition of island-like pure zinc films
onto dielectric substrates under controlled UV
illumination. The article discusses the investigation of
electrical and optical properties of the overvoltage
nanosecond discharge between zinc electrodes at argon
pressure (par = 101.3 kPa). The results demonstrate the
potential of using this process as a source of UV
bactericidal radiation for the synthesis of zinc oxide
nanostructures and the production of fine zinc powder.

2. METHODOLOGY AND TECHNIQUE OF THE
EXPERIMENT

The characteristics of the overvoltage nanosecond
discharge were studied using the experimental setup
described in [1, 10]. The discharge cell schematic can be
found in [1]. The nanosecond overvoltage discharge
between zinc electrodes was initiated in a sealed acrylic
chamber, with a distance between the electrodes of
d=2mm.

Bipolar high-voltage pulses with a duration of
50-150 ns and an amplitude of +(20-40) kV, applied at a
repetition frequency of 150 Hz, were used to initiate the
discharge in the electrodes of the discharge cell. The
voltage oscillograms across the discharge gap and current
pulse waveforms were recorded using a wideband
capacitive voltage divider, a Rogowski coil, and a
wideband oscilloscope (6JIOP-04). By graphically
multiplying the current and voltage pulse waveforms, the
time-dependent distribution of pulsed energy contribution
to the nanosecond discharge plasma was determined.
Integration of the pulsed power over time provided an
estimate of the electrical energy delivered to the discharge
plasma during each cycle of voltage and current pulses.

The plasma emission, recorded in the spectral range
A =196-663 nm, was directed through the entrance slit
of a spectrometer with a diffraction grating of
1200 lines/mm. A photomultiplier ®EII-106, connected
to a DC amplifier, was used to register the emission at
the spectrometer output. The signal from the amplifier
was transmitted to an analog-to-digital converter and
then to a computer for further processing.

The discharge chamber was first evacuated using a
forevacuum pump to a residual pressure of 10 Pa.
Afterward, argon was introduced into the chamber,
reaching pressures of 13.3 or 101.3 kPa. The metallic
cylindrical electrodes had a diameter of 5§ mm, with a
uniform radius of curvature of 3 mm at their working
end. The volume of the discharge was influenced by the
repetition frequency of the voltage pulses. The "spot

discharge" mode occurred exclusively at pulse
repetition  frequencies within the range of
f=40-150 Hz.

The power of the discharge plasma emission was
measured using a UV absolute radiation power meter
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TKA-IIKM, which allows measurements in the spectral
range of 200-400 nm.

3. SPATIAL, ELECTRICAL AND SPECTRAL
CHARACTERISTICS

The oscillograms for an overvoltage nanosecond
discharge between Zn electrodes in argon (par= 13.3-
101.3 kPa, d = 2 mm) closely resembled those observed
for a similar discharge with copper electrodes [10].
Figure 1 displays representative oscillograms of
current, voltage, pulsed power, and energy contribution
to the plasma for a single discharge pulse occurring
between zinc electrodes in argon.

The current and voltage oscillograms exhibited
damped oscillations with a duration of approximately 7-10
ns, caused by an impedance mismatch between the high-
voltage modulator’s output resistance and the load
resistance. The total duration of the voltage oscillations
across the gap, along with the discharge current, extended
up to 400 ns. Each individual voltage oscillation lasted
7-10 ns, while the current oscillations spanned about 70
ns. At the onset of the discharge, the voltage drop across
the electrodes reached a peak of approximately +4 kV,
corresponding to a current of + 30 A.

60
i
< o . ; . .
-204 100 200 300 400
-404 t, ns
-604
10
54
Z YA
w0 VA Ve T ' '
=S 5] 100 200 300 400
_10J t, ns
420 -
E 3601
=4 2401
~ {38:/\ E=27.6 mJ
603
0 T T T T T J
100 200 300 400 t,ns

Fig. 1 — Oscillograms of current, voltage, pulsed power, and
energy deposition into the plasma for a single pulse of an
overvoltage nanosecond discharge at an electrode gap of
d = 2mm and argon pressure of pa- = 13.3 kPa

The discharge pulse power was determined by
graphically multiplying the voltage and current
oscillograms, as shown in Figure 1. By integrating the
pulse power over the discharge duration, the energy
contribution to the plasma from a single pulse was
calculated. The peak discharge power reached 230 kW,
delivering an energy input of up to 28 mdJ per pulse to
the plasma.

At atmospheric pressure (p=101.3 kPa) with the
same interelectrode distance (d =2 mm), the shape of
the voltage and current oscillograms remained largely
unchanged, although the electrical parameters
increased in magnitude. The maximum voltage drop
across the electrodes rose to *+7-8 kV, the current
peaked at +100 A, and the pulsed power reached
1.2 MW, resulting in an energy contribution of
approximately 167 md per pulse to the plasma.

Figure 2 presents the emission spectra of an
overvoltage nanosecond discharge at various argon

01021-2



A.V. KOROTUN, S.I. SHYLO, V.I. REVA, .M. TiTov

pressures, while Table 1 summarizes the identification
of spectral lines (bands) and their relative intensities.
References [14, 15] were used to interpret the spectral
data.

The primary features in the UV spectrum of plasma
radiation were the spectral lines of neutral zinc atoms
and singly ionized zinc ions. These lines were observed
within the ranges of 206-280 nm and 330-335 nm (Zn I
lines). The most intense lines of ionic zinc included
206.20 and 209.99 nm (Zn II), while the strongest
atomic zinc lines were 213.85, 330.25, and 334.50 nm
(Zn 1), aligning closely with the spectral characteristics
of a zinc vapor lamp as detailed in [16].
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Fig. 2 — Emission spectrum of an overvoltage nanosecond
discharge between zinc electrodes at an argon pressure of
par=101.3 kPa

In the radiation spectra of plasma generated by a
bipolar overvoltage nanosecond discharge in air,

J. NANO- ELECTRON. PHYS. 17, 01021 (2025)

or in a mixture of air with a small fraction of water
vapor at a total pressure of 103.3 kPa (d = 1 mm), two
distinct groups of intense lines dominated the UV
range of 20-280 nm. The first group featured prominent
ion lines, including 202.6 and 206.2 nm (Zn II), while
the second group was characterized by strong atomic
lines at 250.2 and 255.8 nm (Zn I) [1]. These findings
differ from those obtained for a discharge in argon at a
pressure of 13.3 kPa, likely due to variations in the
buffer gas type, pressure, and ecton formation
conditions.

A comparison of the effective cross-sections of the
zinc atomic spectral lines at 275.64 and 258.24 nm, as
provided in [17], with experimental data revealed that
the ratio of direct electronic excitation cross-sections at
an electron energy of 30 eV was 0.5, while the
experimentally measured intensity ratio was 1.1.
Similarly, for the lines at 328.23 and 307.20 nm, the
calculated cross-section ratio was 1.0, which correlated
closely with the experimental intensity ratio. These
significant discrepancies suggest that direct electron
impact is not the primary mechanism for populating
the upper energy levels of these zinc atomic lines in
this experimental setup.

As the argon pressure increased to atmospheric levels,
improved impedance matching between the high-voltage
modulator and the discharge enhanced energy transfer to
the plasma. This resulted in a higher energy contribution
and increased emission intensity of the spectral lines.
However, the relative intensity distribution and other
spectral patterns remained similar to those observed at an
argon pressure of 13.3 kPa.

Table 1 — Identification results for the radiation spectrum of nanosecond discharge plasma; Zn electrodes, electrode distance

2 mm; argon pressure 1 atm (101.32 kPa); Ure, = 1060 V

No Atab, NIM Iexp, a.u. | Object Eow.,eV | Euw.eV | Lower term Upper term

1 206.20 8.74 Zn I1 0 6.01 3d104s 2Sy/2 3d194p 2P0y
2 209.99 4.85 Zn I1 6.11 12.02 3d104p 2P0 3d1%4d 2Ds/2
3 213.85 13.08 Zn 1 0 5.79 3d10452 15, 3d194s4p 2P%
4 250.19 2.35 Zn 1 6.01 10.96 3d104p 2P0y 3d105s 2812

5 255.79 3.97 Zn I1 6.11 10.96 3d104p 2P0z 3d105s 2S1/2

6 258.24 1.12 Zn 1 4.02 8.82 3d1%4s4p 3P% 3d194s6d 3D2
7 275.64 2.65 Zn 1 4.00 8.50 3d1%4s 4p 3P° 3d1%4s 5d 3D
8 277.08 3.16 Zn 1 4.02 8.50 3d194s 4p 3P°1 3d1%4s 5d 3Dq
9 280.08 4.11 Zn 1 4.07 8.50 3d104s 4p 3P° 3d!04s 5d 3Ds
10 307.206 2.49 Zn 1 4.07 8.11 3d104s4p 3P0% 3d104s6s 351
11 328.23 7.43 Zn 1 4.00 7.78 3d1%4s4p 3P% 3d194s4d 3D
12 330.25 15.57 Zn 1 4.02 7.78 3d%4s4p 3P°; 3d194s4d 3D2
13 334.50 17.89 Zn 1 4.07 7.78 3d1%4s4p 3P°2 3d194s4d 3Ds
14 357.69 5.08 N2 Second positive system C3I1.*-B3I1g* (0;1)

15 395.27 2.75 Ar I 19.97 24.28 4p’ 2F% 58’ 2Ds/2

16 404.56 3.73 Ar I 18.29 21.35 3d *Psi2 4p’ 2P0%;9

17 | 415.85 5.68 Ar I 11.55 24.53 4s [1 1/2]% 5p [1 1/2]:
18 420.19 7.01 Ar I1 16.81 19.76 4s ‘P 4p 2DO%;q

19 | 430.01 4.73 Ar 1 11.62 14.51 4s [11/2]% 5p [2 1/2]2
20 443.38 7.03 Ar I 21.37 24.16 3d’' 2Dsse (®P2) 4/13]%2
21 468.22 9.76 Ar Il 18.49 21.13 3d 2F7 4p’ 2F0%

22 472.21 22.97 Zn 1 4.02 6.65 3d1%4s4p 3P°; 3d194s5s 3S1
23 481.05 28.72 Zn 1 4.07 6.65 3d1%4s4p 3P°2 3d104s5s 381
24 492.40 4.5 Zn I1 12.02 14.53 3d1%4d 2Ds/2 3d104f 2F0 79
25 603.21 5.04 Arl] 13.08 15.13 4p [2 1/2]3 5d [3 1/2]%
26 | 638.47 14.84 Arl 12.91 14.85 4p [1/2] 6s [11/2]s
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The majority of the energy in an overvoltage
nanosecond discharge is initially transferred to the
plasma's electron component, which subsequently
distributes the energy to atoms in excited states and to
ions. Therefore, the mechanisms responsible for
generating excited zinc atoms and ions likely involve
processes such as excitation and ionization by electron
impact from metastable or ground states of the
corresponding ions, as well as dielectronic
recombination [18]. The effective cross-sections for
electron-impact excitation of transition metal ions,
including zinc ions, are substantial, reaching values of
approximately 10 -16cm? [19].

Figure 3 illustrates the dependence of UV radiation
intensity from an overvoltage nanosecond discharge
between zinc electrodes in medium-pressure argon on
the charging voltage of the high-voltage modulator’s
working capacitor. As the charging voltage increased
from 13 kV to 20 kV, the most significant rise in UV
radiation intensity was observed in the 315-400 nm
spectral range, where the maximum power density
reached approximately 2.1 mW/m2. In the bactericidal
spectral range (200-280 nm), the maximum power
density of UV radiation remained below 1 mW/m?2.
However, increasing the pulse repetition rate beyond

100-150 Hz caused considerable heating of the
discharge device, limiting its operation to short
durations.

—a— UV-C (200...280 nm)
2,5 - - - UV-B (280...315 nm)

4 UV-A (315...400 nm)
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Fig. 3 — Variation in average UV radiation intensity across
the UV-C, UV-B, and UV-A ranges as a function of the
charging voltage of the high-voltage modulator's capacitor in
an overvoltage nanosecond discharge at f= 80 Hz, par = 7kPa,
d=2mm

Raising the pulse repetition frequency from 350 Hz
to 1000 Hz led to a notable increase in UV radiation
intensity across all spectral ranges. The most
significant enhancement was in the 315-400 nm range,
where the intensity increased from 0.5 mW/m?2 to
4.5 mW/m?. In the bactericidal spectral range, the UV
radiation intensity rose from 1.0 mW/m? at 350 Hz to
1.5 mW/m?2 at 1000 Hz.

4. PLASMA PARAMETERS

The plasma parameters were determined using the
Bolsig+ software [20]. The model incorporated the
following electron collision processes with zinc and
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argon atoms: elastic scattering, excitation of zinc atom
energy levels (with threshold energies of 4.02, 5.79,
17.61, and 23.55 eV), zinc atom ionization (threshold
energy of 9.40 eV), excitation of argon atom energy
levels (threshold energy of 11.50 eV), argon atom
ionization (threshold energy of 15.80 eV), as well as
electron-electron and electron-ion collisions. Excitation
of the zinc atom energy levels contributed to the
emission of spectral lines in the 236-604 nm range.

The effective cross sections for exciting the
metastable levels 43Py and 43Pz of the zinc atom were
maximal in the range of (0.3-1.4) x 10-16cm?2 at an
incident electron energy of 4.5 eV. The excitation
functions showed a characteristic behavior: a sharp
increase from the threshold to the peak followed by a
gradual decline beyond the maximum.

The range of the reduced electric field strength
parameter E/N=1-2500Td (1 x10-17-2.5 x 10-15cm?)
included values relevant to the overvoltage nanosecond
discharge in an argon-zinc vapor mixture with a
component ratio of 101300:100 Pa. At a total pressure of
p =101400, the corresponding E/N values were 2459 and
1229 Td at 80 ns and 100 ns after discharge ignition,
respectively. During this period, the voltage and current
pulse amplitudes reached 60 kV and 150 A, and 30 kV
and 130 A, respectively.

Figure 4 illustrates the dependence of the average
electron energy in a plasma of an argon-zinc vapor
mixture (Ar:Zn =101300:100Pa ) at p =101400 Pa, as
a function of the reduced electric field strength.
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Fig. 4 — Dependence of the average electron energy in a
discharge on a Zn-Ar mixture (100-101000 Pa) on the reduced
electric field strength at a total pressure of p = 101400 Pa

The average energy of electrons in the gas-vapor
mixture (Ar:Zn=101300:100 Pa) increased from
1.625eV to 34.69 eV as the reduced electric field
strength (E/N) rose from 1 to 2500 Td (Fig. 4). A rapid
increase in the rate of energy growth was observed
within the range of E/N =1-50Td. At 80 ns and 100 ns
after the discharge initiation, the average electron
energy was 34.69 eV and 17.38 eV, respectively,
corresponding to plasma temperatures of 402.404 Td
and 201.608 Td.

The electron drift velocity reached 1.2 x 106m/s at
80 ns and 7 x 105m/s at 100 ns under a discharge
electric field strength of 6 x 107V/m. The electron
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concentration was 3.98x10¥m-2 at 80 ns and
3.45 x 1020 m -3 at 100 ns. These values correspond to
current densities of 7.65 x 106 A/m? and 6.63 x 106 A/m2,
respectively, on electrode surfaces with an area
S=0.196 x 10 -6 m?2.

At 80 ns, the reduced electric field strength in the
discharge gap was E/N =2459 Td, while at 100 ns, it
was E/N=1229 Td. These conditions significantly
influenced the discharge parameters and electron
dynamics.

The rate constants for electronic processes varied
between k£ =10"12 and 1023 m3/s, which are linked to
the absolute effective cross sections for the
corresponding processes (Fig. 5). For zinc atoms, the
rate constants ranged from 0.6379 x 107 to
0.1055 x 10~ 17 m3/s at a reduced electric field strength
of E/N=2500Td in the discharge gap at 80 ns, and
from 0.3808 x 10-7 to 0.1002 x 10-12 m3/s at
E/N =1229 Td in the discharge gap at 100 ns.The rate
constants for the excitation of the energy level of the
zinc atom (Eiwr=5.02 eV) were 0.7428 x 10~ m?3/s at
E/N = 2500 Td and 0.5072 x 10~ 12 m3/s at

E/N = 1229 Td.
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Fig. 5 — Dependencies between the rate constants for electron
collisions with zinc and argon atoms and the E/N parameter in
a Zn:Ar mixture discharge (100:101300 Pa) at a total pressure
of 101400 Pa: 1 — elastic scattering with argon atoms,
2 — elastic scattering with zinc atoms, 3 — ionization of zinc
atoms (threshold energy 9.4 eV), 4 — ionization of argon atoms
(threshold energy 15.80 eV), 5 — excitation of argon atom
energy levels (threshold energy 11.50 eV)

The discharge power losses in a zinc vapor-argon
mixture, due to inelastic electron collisions with
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XapakTepUCTHKU JIKePejia CHHXPOHHUX NOTOKIB YO-BUNIPOMiHIOBAHHA Ta HAHOYACTHUHOK
IUHKY, IE€PCIEeKTUBHOIO i 0ioMeauuHol iHKeHepil

0O.K. Illyai6os, 0.M1. Muns, P.B. Ipuitax, A.O. Mamimiga, O.M. Marigig

JIBH3 «Yaceopodcvruti nauionanvrull yrisepcumem», 88000 Yaceopoo, Yipaina

JlocmipreHHsT BUBYA€e BIACTUBOCT] IIEPEHATIPYIKEHOT0 HAHOCEKYH/THOTO PO3PSIY MIK ITHHKOBHMH €JIEK-
TpogaMu B aproui mpu TUCKY par = 101,3 klla. Ilix BmnBoM CHIIBHOTO €JIEKTPUIHOTO IT0JIsT MIKPOBUOYXH, 1110
BUHMKAKTh HA HEOJHOPLIHOCTAX IIOBEPXOHDb €JIEKTPOIIB, CIPUYNHAITL BU/IIJIEHHS IapiB IIUHKY B PO3PSI-
Huil npomixkok. lle sBuIe cTBOpOE CHPUATINBI yMOBH st (hOPMyBaHHS HAHOCTPYKTYP HA OCHOBI ITUHKY,
SIK1 3TOJIOM MOJKYTB OyTH OCaJ3KeHI1 Ha SKOPCTKY JIeJIEKTPUYHY MIIKJIAJKY, PO3TAIOBAHY 003y PO3PSIIHO-
ro npomiskry. CIekTpasbHI BIACTHBOCTI PO3PSAY aHAII3yBaU B [EHTPAJIBHIN 30HI IPOMIKKY, Je BiICTAaHb
MisK eJIEKTPOJaMU CTAHOBHUJIA 2 MM. 30yI3KeHHs OCHOBHUX KOMIIOHEHTIB IJIa3MU, 10 CKJIAJAEThCsA 31 CyMimTi
aproHy Ta mapiB IMHKY, BiAOyBaeTbCS 3a BHUCOKMX 3HAUYEHDb 3HUIKEHOTO IIapaMeTrpa eJIeKTPUYHOIO II0JIS
(EIN), ne (E) — 11e HaTIpy:KeHICTh €JIeKTPUIHOTO moJisd, a (IN) — KoHIeHTparis yacTuHok. 111 30ymxeHi koM-
OHEHTH, Kl 0CAKYIOTHCA 3a MEKaMH 00JIACTI ILIA3MHU, BIOIrPAIOTh BAYKJIUBY POJIb y OPMyBAaHHI HAHOC-
TPYKTYD IIUHKY Ha [IOBEPXHI. Y JOCIIIPKEHH] TAKOK PO3IJIAIAEThCS OIITUMI3allis CePeHBOT0 38 YaCcOM YJIb-
TpadioneroBoro (YD) BUIIPOMIHIOBAHHS, III0 BUILYCKAETHCA TOUKOBUM [IYKEPEJIOM PO3PAIY, IIJIIXOM PEryJIio-
BAHHS HAIPYTW BHCOKOBOJIBTHOIO MOJYJISITOPA TA YACTOTU IIOBTOPEHHS IMIIyJIbCiB. YHMCIIOBE MOJIEIIIOBAHHS
mapaMeTpiB PO3PSIAHOL IJIA3MHU B CyMiIlIaX aproHy Ta HapiB IIMHKY [IPU aTMOCHEPHOMY THUCKY IIPOBOIUJIOCS
IIJIAXOM PO3B’I3aHHA KIHETUYHOTO pPIBHAHHA BoablMana s QYHKINI PO3MOMIIY €Heprili eJIeKTPOHIB
(EEDF). MogesoBaHHA HaJI0 3HAYEHHS CePeIHbOl eHeprii eJIeKTPOHIB, TeMIIepATyPU e€JIeKTPOHIB, I'YCTHHN
€JIEKTPOHIB 1 KOHCTAHT IIBHIKOCTL K (PYHKIII 3HUKEHOTO IapaMerpa esiekrpudsoro mois (E/N), skl yaro-
IKYBAJIUCS 3 €KCIIePUMEHTAIBHIM JOCIIIKeHHIM PO3PSIY.

Kiouosi cinosa: Hanocexynauuit pospsan, Apros, Hunak, Crnexrp sunpominooBanus, [Tinasma, Yuciose mo-
nesoBaHHd, [lapamerpu nasmu.
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