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HayxoBy KoH(epeHII0 IPHCBSYSHO MOBLIEHHIH JaTi — 30-piadro BiD JHS CTBOPeHHSA €IHHOI Ha
3aKapnaTTl aKameMITHOI YCTAHOBH — [HCTHTYTY emekTpoHHOI i3mkn HarmoHameHOI akageMil HayK
VEKpaiHH, IHINIATOPOM cTBOPeHHA AKOTO OVB BLIOMHI! YKpaiHCBKHil BIeHHH Y TaTysl aToMHOI (I3HKH
npodecop Isan ITpoxoposrd 3amicoudn. 1ll1ax mef OyE TPHBATHM i po3ModaBcd me B 70-X poKax
MHHYIIOTO CTOMITTH, KOMH HAMOJErTHBl 3YCHIIE (PISHIHOI CIUTBHOTH M. Y3KTOpOoZa IpH3BEIH 10
3AMOYATKYBAHHA, a V 1979 pom cTBopeHHd, VIKTOpPOACEKOTO BLIAUIEHHA IHCTHTYTY SASPHHX
mocmmxeEb AH VPCP, Ha 0asi SKOro 1 OYIO BIIKPHTO IHCTHTYT. Bil IepmIHX POKIB ICHYBAHHA
YCTAHOBH, BueHl [HCTHTYTY aKTHBHO IPAITFONOTh HAT PO3E A34HHAM AKTVATBHEX IPOOIEM Yy Tamysi
(I3HKH eleKTPOHHHX 1 aTOMHHX 3ITKHeHb, HH3bKOSHepreTHIHOI gepHol (I3HKH, (ISHKH Ja3eplB Ha
napax MeTAllB, ONTHYHOIO Ta JIa3ePHOIO MPHIATO0VIYBAHHA, (PI3HKH HaHOCTPYKTYP, a IX HAYKOBI
IOCATHEHHAHA IMHPOKO BLIOMI ¥ CBITL. 30IpHHK MICTHTB PO3TOPHYTI CTaTTi Ta Te3H JOMOBiNeH, B SKHX
BHCBITJIHO HAVKOBl 3000VTKH IHCTHTYTY, a TAKOA pPe3VILTATH CYYACHHX eKCHepPHMEeHTATBHHX 1
TEOPeTHYHHX MOCALUKEeHb V Tamy3l (I3HKH eleKTPOHHHX 1 ATOMHHX 3ITKHeHb, OararodoToHHOT
loHI3ami, B3aeMoIll eNeKTPOHHHX, IOHHHX Ta IA3epHHX IVUKIB 3 IOBepXHEH TBepIHX TiI;
eleMeHTApHHX IIpoIeciB V Ja3epaXx 1 HH3bKOTeMIepaTypHIHE InTaiMi, (ISHKH HaHOCTPYKIVP,
HH3BKOeHepreTHIHOI ANepHOI (I3HKH Ta pagloeKomIorii.

The scientific conference 15 devoted to the 30th anniversary of establishment of the Institute of Electron
Physics of National Academy of Sciences of Ukraine, the only academic institution in Transcapathian
region. The establishment of the institute was 1mtiated by Prof. Ivan Zapisochny, a known Ukraiman
scientist in atomic physics. This took a long time smce the 1970s when due to the efforts of the physieist
community of Uzhhorod in 1979 the Uzhhorod Branch of the Institute for Nuclear Research of National
Academy of Sciences of Ukraine was established which finally led to the establishment of the mstitute.
Since the first years of the mstitute history its scienfists actively work on solving mmportant problems of
physics of electron and atonuc collisions, low-energy nuclear physics, physics of metal vapour lasers,
optical and laser devices, physics of nanostructures, the results of their research being widely recogmzed
m the world. The book contains extended articles and abstracts showing the scientific outcomes of the
institute as well as the results of modern experimental and theoretical studies in physics of electron and
atomic collisions, multiphoton ionization, interaction of electron, ion and laser beams with surfaces,
elementary processes in lasers and low-temperature plasma, physics of nanostructures, low-energy
nuclear physics and radioecology.
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NUMERICAL SIMULATION OF PLASMA PARAMETERS
OF A GAS-DISCHARGING REACTOR ON THE SYNTHESIS
OF SURFACE ZINC NANOSTRUCTURES

A.0. Malinina, O.K. Shuaibov. O.M. Malinin. Bilak Yu.Yu.

Uzhhorod National University, Uzhhorod
e-mail: antonina.malinina@uzhnu.edu.ua

The results of studying the characteristics of a plasma-chemical reactor for
the synthesis of surface micronanostructures of zinc oxide. which operated on
the basis of an overvoltage nanosecond discharge between zinc electrodes in
oxygen and air. are given in [1. 2]. The synthesis of similar micronanostructures
based on pure zinc may also be promising. However. there are no experimental
studies of the characteristics of this type of discharge between zinc electrodes
in inert gases and its plasma parameters. which hinders the development of such
reactors for the synthesis of surface zinc and the production of a fine zinc
fraction. Therefore. modeling of the parameters of a nanosecond discharge in a
He-Zn mixture is topical at the present time.

The plasma parameters were calculated by numerical simulation of the
Boltzmann kinetic equation for the electron energy distribution function
(EEDF) in a nanosecond discharge on a mixture of helium with zinc vapor. The
mobility. temperature. density of electrons in plasma. specific discharge power
losses for the main electronic processes and their rate constants are calculated
depending on the value of the parameter E/N. The range of variation of the
parameter E/N=1-1000 Td (1-10"7 - 1-10-em?®) included the values of the
parameter E/N. which were realized in the experiment in a discharge on a
mixture of helium with zinc vapor impurities at a component ratio 101000:100
Pa.

The mean energy of discharge electrons increased from 0.3833 to 135.4
eV with an increase in the reduced electric field strength from 1 to 1000 Td.
For times T = 130 ns and 170 ns from the start of discharge ignition. the mean
energy was 10.54 and 8.106 eV. respectively. which corresponded to their
plasma temperatures of 122264 K and 94029.6 K. The electron drift velocity
was 1.97-10 5 m/s and 9.24-10 4 m/s. respectively. for a plasma field strength
of 6 107 V/m. which was reached at a time of 130 ns from the beginning of the
breakdown of the interelectrode gap and in time point 170 ns from the
beginning of the breakdown of the interelectrode gap. respectively. The value
of the electron concentration was 2.75 10%° m™ and 8.6 10%° m™ at a current
density of (8.67 - 12.75) - 105 A/m” on the surface of the electrodes (S =0.196
- 10 m?) for the reduced electric field strength E/N=82 Td.

The total losses of the specific power of the discharge due to inelastic processes
of collisions of electrons with helium and zinc atoms were 0.9690x 107 and
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1.0x 107 for E/N = 82 and 41 Td. respectively. and they were two orders of

magnitude larger than for elastic losses.

The rate constants (Fig. 1.) varied in the range k 1072-10"* m?/s. For the zinc
atom. they varied in the range 0.6379-101 — 0.1055-10? m%/s for the reduced
electric field strength E/N=82 Td. which existed in the discharge gap at the time
of 130 ns and 0.8493-107°0.1290 -107"? m?/s for the reduced electric field strength
E/N=41Td that existed in the discharge gap at the time of 170 ns.
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Fig.1. Dependences of the rate constants of collisions of electrons with zinc and
helium atoms on the value of the parameter E/N in a discharge on a mixture of
Zn:He=100: 101000 Pa: 1 - elastic scattering on zinc¢ atoms. 2 - ionization of
zinc atoms (threshold energy 9.4). - elastic scattering by helium atoms. 4 -
ionization of helium atoms (threshold energy 24.58 eV). 5 - excitation of the
energy level of the zinc atom (threshold energy 5.02 V).
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