O. Fyk, A. Pasichnyk, O. Voronin. Using non-equilibrium states electrons in a semiconductor plasma
for superconducting protection of radio equipment of the armed forces of Ukraine

UDC 621.396.6

O. Fyk

A. Pasichnyk

O. Voronin

USING NON-EQUILIBRIUM STATES ELECTRONS IN A SEMICONDUCTOR PLASMA
FOR SUPERCONDUCTING PROTECTION OF RADIO EQUIPMENT OF THE ARMED
FORCES OF UKRAINE

The sequence and content of the stages of creating useful models for the creation and recombi-nation of
electron flows using non-equilibrium states of electrons in a semiconductor plasma are formulated, which
make it possible to implement superconducting protection of radio equipment of the Armed Forces of

Ukraine.

Keywords: Superconductivity, Radio Engineering Systems (RTS), RTS Sensitivity, RTS Suppression,
Isotropic Distribution Function, Landau Collision Integral, Particle Distribution Model, Nonequilibrium for
Quasiparticles, lonization Sources, Semiconductor Devices.

Formulation of the problem. The successful
solution of the tasks of the defense of objects is
increasingly dependent on the success in the use of
radio engineering means of monitoring the current
situation. Such means make it possible to detect
violations of the boundaries of defense objects in a
timely manner, in any weather conditions.

Analysis of the rest of the research and
publications. To increase the sensitivity of radio
equipment, the effect of superconductivity can be
used [1, 6]. However, a well-equipped probable
enemy can use electromagnetic means to suppress
radio equipment, including highly sensitive means.
In this regard, the task of creating fast-acting
devices for protecting RTS from electromagnetic
damage becomes urgent. Such protection can be
built on the basis of a superconducting
semiconductor plasma with a source of electron
nonequilibrium, which leads to the need to build
models for the creation and recombination of
electron flows in semiconductors. Such models can
be various equations describing these processes.

Purpose of the article. To obtain exact
solutions of the Boltzmann  equations,
transformations based on the symmetry of the
collision integral were used [4, 6]. On this path, the
first power-law nonequilibrium solutions of the
kinetic equations of both Boltzmann and Landau
were obtained [6].
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1. Kinetic equation for electrons in a
semiconductor

The kinetic equation for the isotropic particle
distribution function f(&, t) in energy ¢ of a non-
equilibrium and spatially homogeneous physical
system with sources and sinks ¥(g) can be
represented as a continuity equation in energy
space:
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where Vo = \/§ re*NLs L — Coulomb logarithm;
m

& — particle energy. Denote g(g) — density of
particle states. Then the function must satisfy the
condition: p :J'g(g)f(g)dg.

The most common forms of the collision
integral are the collision integrals in the Boltzmann
form and in the Landau form [5]. Approximate
expressions convenient for use for the charged
particle flux parameter P(f,£) were obtained for
power-law interaction potentials, in particular, for
the Coulomb interaction [6].
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2. Approximate expressions for particle flux in
the energy space

The Landau collision integral for isotropic
states has the form:
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where F(u) — is the particle velocity distribution
function.
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For large values of the speed u of charged
particles, the expression for the coefficients can
have a simpler form:
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where & — average energy of scattering electrons;
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Consider the case when; "4

>>exT,: Let us

pass to the dimensionless energy distribution
function f of particles. Then the approximate
expression for the particle energy takes the form:
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The above expressions for the energy of
particles in the flow describe systems of particles
with classical statistics. These relations can be
generalized for systems with quantum statistics,
and the expression for the energy of particles in the
flow can be represented [1-6] as:
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Function (2) vanishes with the parameters of
the Bose distribution. Fermi (at 6=0) and
Maxwell (at 6 =0).

3. Source and Sink Models

Let us construct a model for the distribution of
particles over energy levels in sources and sinks to
solve equation (1). Why denote by Q — power of
the source and represent the distribution of
particles in the form D (e)=0-6(s—¢;)- Then
the energy parameter of the sink will take the form:

I'(e) = _L f(e) which allows us to write the
(&)

expression for the energy parameter of the sink

sources in the form:

¥(e)=De)-—— (o) )
()
Of interest are two limiting cases of the
dependence of the characteristic time of absorption
of particles in the sink 7(&) from energy:

— distributed stock ( 7 — stock) _ R const ,
(e)

— and concentrated runoff _ S L5(8 -&),
7(e) 7
where &5 — is the energy value near which the sink
is localized;

T s — is the characteristic absorption time of
particles in this sink.

As a source of nonequilibrium for
quasiparticles in semiconductor systems, ionization
sources in the form of a radioisotope layer can be
used [2]. When the semiconductor layer is
irradiated  o-particles intense ionization of
semiconductor atoms occurs over the length of

their path:
4 A | mE>
R~1741-107" — | —&¢—>
P\ M,

where E — energy a-particles;
A — particle atomic weight;
p — density of semiconductor particles.
Due to ionization in volume 1 sm’ for 1 s is

E
formed K=3,71‘1010)(E electrons. Here X _

flow a-particles in Ku/em’, 1 — arousal energy.
Such sources have been successfully studied earlier
from the point of view of creating efficient current
sources [4, 5].

A non-equilibrium system is a plasma under the
influence of microwave fields. The field absorption
channel can be electron-ion  collisions,
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accompanied by the absorption of n quanta of the
external frequency field Q, those. type processes
e+E+nnQ> ¢ + E' (where ¢, ¢, E, E' —
respectively, the energies of electrons and ions,
n — integer) [6].

The contribution of high-frequency radiation to
the kinetic equation of motion of charges, taking
into account the notation y(+n0)= f(s +1Q) - f(¢)

can be written as:

Woe) =1y YrEY)- Ae—E) Ve —10ly - YHE)-Be) e +102 (4)
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where /o = Wo;
W, — incident radiation power.

In (4), the most significant contribution is made
by a source of a-particles with a given energy range,
which ensures the creation of a non-equilibrium state
of electrons in the conduction band.

The influence of the medium on the interaction
between electrons can be described by the

permittivity gl (o, E) medium and determine the

dispersion of oscillations and their damping
decrement. At g; > gp the dispersion of

longitudinal oscillations and the distribution
function have an equilibrium part, at low energies,
and a non-equilibrium part, at high energies.

The dispersion has an acoustic form @ = ¢ k
at k <<@p/u; . Here Cs = Vn/ngu;
phase velocity of electronic oscillations; n, ¢ ps
respectively, the density and plasma frequency of
the non-equilibrium component of lectrons;

u;— speed of non-equilibrium electrons.

— effective

Conclusions

Thus, a controlled change in the dielectric
constant of semiconductor devices makes it
possible, in case of exceeding the input signal
level, to abruptly change the conductivity value,

while maintaining the operability of the receiving
devices of the radio engineering defense systems
of objects and at the same time restoring their
properties at the moment the interfering effect
ceases.
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YK 621.396.6
O. I. ®uk, A. B. Ilaciuynuk, O. 1. Boponin

BUKOPUCTAHHSI HEPIBHOBAKHUX CTAHIB EJIEKTPOHIB Y HAIIIBIPOBITHUKOBI
TLJTA3MI JUISI HAJITPOBITHUKOBOI'O 3AXHACTY PAJIOTEXHIKA 35POMHUX CAJT YKPATHA

Ha yeii uac pospobneno eenepamopu nomyscHux eieKkmpoMasHimuux 6NIU6i6 mpusaiicmio 6i0 00UHUYb
00 0ecamKi8 HAHOCEeKYHO [MIHIHI IHOYKYIUHI NPUCKOPIOBAYl eleKmponis, persmusicmcoki HBY-ecenepamopu
3 GIPMYANbHUM KAMOOOM (8ipkamopu), persmugicmcwvki macnemponu, HBY-eenepamopu na ochosi
HAOPO3MIPHUX eIeKMPOOUHAMIYHUX CIMPYKMYP (YepeHKIBChKi cenepamopu ma eeHepamopu Oudpaxyitinoeo
sunpominiosanns)]. Lli eenepamopu maromes 2ieasammuy nikogy HOMYNHCHICMb, NPUYOMY € PeanbHi Wsixu il
30inbuents y decamku pasie. Taxi eenepamopu 8UKOPUCOBYIOMb Y CYUACHUX 3AC00AX eNeKMPOMASHIMHO20
VPAJHCEHH HANIBNPOBIOHUKOBUX PAOIOMEXHIYHUX CUCHEM DPI3HO20 NPUSHAYEHHs (cucmemu padioss ss3Ky,
BILICLKOBI  pAdiOMeXHiYyHI  cucmemu,  CYNYMHUKO8I — cucmemu  mowo).  3asHayeni  cucmemu
CNEKMPOMACHIMHO20 YPAXCEHHS 0alomb 3mo2y copmyeamu y npocmopi nomydxcui (0o 100 xkBm)
KOPOMKOIMNYbCHI (IMPpUBAnicmv MeHuie 00UHUYb MIKDOCEKYHO) eleKmpOoMAcHImMHI 6UNPOMIHIOBAHHSL.

Cyuacui 3acobu saxucmy paodiomexuiunux cucmem (PTC) 6i0 ypasicenns enexmpomacHimuumu naueamu
Manoi mpusanocmi, AKi npoHuKaome uepesz aumenHul mpaxkm y nputimay PTC, nobyodosani Ha 2a30po3psaoHux
ma HanienposiOHUKO8UX Npunadax. Y pasi 6UKOPUCMAHHA MAKUX 3AXUCHUX eLeKMPOMASHIMHUX NPUCMPOI8
3a0e3neuyemovcsi HAOTUHUL 3aXUCT Y BURAOKY, AKWO MPUBATICMb e1eKMPOMASHIMHO20 6NIUEY He MeHua 3d iX
uac cnpaybogyeanHa. AKwo uac enaugy MeHuie, HIdHC 4AC CHPAYbOBYBAHHS 3AXUCHO20 NPUCMPOIO, MO
nompibHo eupiutysamu 3a0aiy CMEOPEHHS 3aXUCHO20 NPUCMPOI0, AKUU TPYHMYEMbCA HA THUWUX DI3UYHUX
NPUHYUNAx, y pasi UKOPUCMAHHA SAKUX 4AC CNPAYbO8YBAHHA CMAE MEHWUM 3a MPUBATICIb NPOHUKAIOYO2O
eeKMPOMASHIMHO20 6NAUBY. V 38 A3KY i3 YyuM HAUObUW NEPCNEKMUBHOIO € 10esl BUKOPUCTNANHS (ha308020
nepexooy 3 HAONPOBIOHO20 YV HEHAONPOBIOHUll (AO0 pe3ucmueHull) cmam y 6UCOKOMeMNepamypHux
Haonposionuxax. s nioGuweHHs memMnepamypu HAonposioHo2o nepexody HeoOXIOHO SUKOPUCIO8YSamu
HAONPOBIOHY HANIEGNPOGIOHUKOBY HAA3MY.

Knrouosi cnoea: naonpogionicme, padiomexniuni cucmemu (PTC), uymausicms, npuoyuients, Qynxkyis
i30mponnoco pos3nodiny, inmeepan 3imkHenHs Jlanoay, mooenb po3nodiny HaACMUHOK, HepieHosaza
K8a3i4aCcmMUHOK, Oxcepea ionizayii, HanienpogioHUKOGI NPULaouU.
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