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ABSTRACT 
 
The results of the development of a model of combined solid 
plasma material for the protection of radio-electronic means of 
optical and radio-frequency radiation intended to protect 
radioelectronic means (REM). The basic structure of the 
physical model of solid-state plasma material is presented. It 
has been found out that the generation of the Langmuir noise 
in the protective layer of solid-state plasma of the screen of 
radio-electronic means provides shielding from laser radiation 
at a sufficiently small value of the field strength of the 
Langmuir wave. In this case, there is a re-emission of optical 
energy in the opposite direction. The effect of pulsed ultrashort 
duration (USD) electromagnetic radiation (EMR) on a 
nonequilibrium solid-state plasma arising in a semiconductor 
matrix depending on the activity of the ionization source and 
the concentration of hexaferrite inclusions in reflecting and 
absorbing properties of the material is taken into account.  
 
 
Key words: radio electronic means, electromagnetic 
radiation, ultrashort pulse duration, plasma protection 
technologies, gaseous plasma media.  
 
1. INTRODUCTION 
 
Nowadays, powerful optical and radio radiation generators are 
rapidly developing, which can lead to unintentional 
destructive effects and the destruction of the radio-electronic 
means.  
 

 

The most well-known and effective methods of laser radiation 
protection are ablative protection and structural insulation. 
 
Yet, the use of known methods for protecting radio-electronic 
means from destructive effects of laser radiation is not always 
appropriate due to the impossibility of reusable user, 
weight-dimensional characteristics (the inadmissibility of its 
usage on light aircraft objects), the lack of the ability to protect 
the mounting holes, cable entries of the body of the electronic 
means.   
 
It is possible to make a qualitative leap in improving the 
effectiveness of remedies on the basis of the usage of 
environmentally-friendly technologies, the use of physical 
mechanisms of which will ensure effective absorption, 
reflection and removal of laser radiation.   
 
Such technologies can be used by environmentally-friendly 
plasma technologies, which satisfy a complex of requirements 
for the means of protection to the greatest extent [1, 2, 5, 16 
17]. 
 

1.1 Problem analysis 
 
Analysis of the available literature indicates the great interest 
of scientists to study the processes of generating powerful 
EMR [1 - 5], the use of generators of powerful EMR including 
for influencing the element base of a radio electronic system. 
The results characterizing the state of the latest achievements 
in the field of protection of REM from EMR are presented in 
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[1, 3, 5, 13 - 16]. There are also many works devoted to 
traditional methods and means of protecting radio electronic 
devices against the effects of microwave radiation (MVR) [1, 
2, 7]. Recently, there have been publications devoted to the use 
of radioisotope technologies for the protection of 
radio-electronic devices from exposure to electromagnetic 
radiation, which are nature-like [5, 10]. 
 
The nature of these technologies is associated with the use of 
reflecting and absorbing properties of plasma, which is the 
most common state of matter. Also associated with the use of 
properties of lightning, as a discharge in air, which in the first 
approximation can be used to create a highly conductive state 
of air in the holes in the slots of the housing-screens to protect 
against powerful electromagnetic radiation by breakdown and 
further energy removal of electromagnetic radiation. 
 
At the same time, there are no mathematical models for 
describing the modified electrophysical properties of a 
solid-state plasma medium with hexaferrite elements. 
 
The aim of research is development of a model of combined 
solid plasma material for the protection of radio-electronic 
means of optical and radio radiation 
 
 
2. MAIN MATERIAL 
 
The impact of high-power optical radiation on materials leads 
to the appearance of a plasma layer, the parameters of which 
are determined by laser radiation and the characteristics of the 
material itself. The flux of the electromagnetic energy falling 
on the surface of the REM screen is partially reflected, while 
the remaining part of the flux, penetrating deep into the 
substance, is absorbed.  
 
Under the influence of the laser energy, there is an increase in 
the temperature of the protective material made on the 
magnitude [1, 4, 12, 13]:  
 

( ) ( )( ), , , , ,T r z t f W r z t itD = , 

 
where   -

0 0( , , ) ( ) - ( - ) ( )z
zW r z t W W r r e f t     is the 

vector of energy of optical radiation. 
 
In order to protect from optical radiation, the plasma layer can 
be supplemented with an artificially created solid-state plasma 
by introducing, for example, the radioisotope elements into a 
semiconductor layer of the protective screen [1, 4, 8]. 
Determining the possibility of using solid-state plasma to 
protect REM from high-power laser radiation calls for an 
analysis of the interaction of this radiation with the plasma of 
the shielding material.  
 
To protect REM from optical radiation, the best screen is a 
mirror, which, regardless of the magnitude of the energy in the 

EMR, is able to reflect it. Therefore, we will estimate the 
reflective capabilities of the plasma material. To screen the 
optical radiation when creating a plasma “mirror”, a plasma of 
sufficiently high density np is needed. Electromagnetic waves 
penetrate into the plasma only to the depths of the skin layer on 

the condition that p  , where 
24 р

P
e

e n
m


   is the 

plasma frequency;  is the optical radiation frequency; me, e – 
the electron mass and charge, respectively. The creation of the 
plasma mirror is possible on the condition that:  

       
2

2
,

4
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р сr
m
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e




                                 (1) 

 
where ncr is the critical electron density in plasma.  
 
For radiation frequencies corresponding to the optical ones, 
ncr  1018sm -3. The plasma of such density occurs when optical 
radiation reacts on metal. Therefore, of particular interest is 
the problem of determining of point of reflection of laser 
radiation of energy from the surface of a plasma protective 
REM screen, that is, the determination of the screening 
conditions of the optical radiation with plasma of lower density 
than nCr. It is possible for optical radiation of sufficiently high 
power due to a number of nonlinear processes.  
 
A significant decrease in the density of the plasma screen 
reflecting the laser radiation can be achieved by stimulating 
the parametric decay instabilities that look like this: 

t t l   , 
 
where t  is the incident electromagnetic wave; l  – is the 
Langmuir wave; s  – the ion-acoustic wave; t  – the reflected 
electromagnetic wave; vтe – the electron thermal velocity; 

, ,t l t    – the frequency of the incident, Langmuir and 
reflected waves, respectively; s  – the ion-acoustic wave; k0 – 
the wave vector; Е0 – the electric field strength.    
 
In terms of our studies, of particular interest are the parametric 
instabilities with the re-emission of electromagnetic waves, i.e. 
the decay of a transverse electromagnetic wave t  into a 
Langmuir l  or ion-acoustic s  and another electromagnetic 
wave t  , spreading in the reflected direction 
 ,t l t t t s        . 
 
The conditions of this type of decay have the following 
form [3]:  

Te
p

v
c

   
  

 
 or  

2
Te

p cr
v

n n
c

 
  

 
. 

 
It means that the plasma density, which reflects the optical 
radiation due to decay processed, can be lowered, as compared 
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with ncr, by the value of 
2

,Tev
c

 
 
 

which under normal plasma 

parameters is about 410 .   
Let us consider the example of decay t t l   , that if the 
plasma density is 410p crn n   , it is possible to achieve the 

complete reflection of laser radiation. To do this, we assume 
that the Langmuir noises (waves) with the wave vector kl, 
directed to the plasma boundary are created in the plasma 
layer. The resonance conditions of the merging of the incident 
electromagnetic wave with the wave vector tk    and frequency 

t  and Langmuir waves (kl, ) look like:  
 

t l tk k k   ; ''l t t    . 
 
Since 'l tk k , the electromagnetic wave spreads in the 
reflected direction, i.e. in the reverse one compared to the 
incident electromagnetic wave. Let us present the estimations 
for the amplitude of the provoked Langmuir noises, which is 
necessary for the reflection of optical radiation. The equation 
describing the scattering of a electromagnetic wave by a 
Langmuir wave looks like: 
 

 2 2

2 2
( )

t
t
x

d H H F z
dz c


  ,                        (2) 

 

where ( ) ;
2

t
y z

e

e d dF z E E
m c dz dz

   
 

 

 
 tH   – is the magnetic field of the reflected electromagnetic 

wave;  
   1,t
y zE E  – the electric fields of the incident and Langmuir 

waves, respectively.    
 
The flux of energy into the re-emitted electromagnetic wave 
can be found from (2) and looks like:  
 

  22
2 2

'' 28 (2 )

t
x l

t L ш
te

cH keS A A
km c 





 
   

 
,       (3) 

 
where АL– is the optical field amplitude;  Aш – the Langmuir 
waves amplitude.  
 

2
20

8t L
cH

S сА
   – the incident energy flux;  

 
2

2
8l g Te ш
ES V v A


  – the flux density of the provoked 

Langmuir noises.   
 

The conversion factor for the electromagnetic energy flow of 
the incident wave into the reflected one equals  
 

 

22
2''

2
' 2

t l
ш

t tе

S keT A
S km c 

 
   

 
.                    (4) 

 
Since lk k ,  ~lk k , and ~ 10 p  , then by 

substituting the known numerical values in (2), we will get the 
following:  

 
2 2 2 20 6 2

10 2
2 2 2 2 2 56 20 20

(4.8) 10 10
2.4 10 .
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ш ш

ш
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m c 
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
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  
 

 
Thus, for the total reflection of the electromagnetic wave (T=1) 
we need 10 22.4 10 1шA  , that is, if the decay instability is 
not taken into account, then it is necessary to create the 
Langmuir noises with a large amplitude equaling 

51 103ш   (sgs) in the plasma.   

 
In accordance with the expression (2), the reflection 
coefficient does not depend on the power of the incident optical 
radiation, but is completely determined by the parameters of 
the plasma and provoked Langmuir noise. It means that the 
reflection coefficient has a certain universality with respect to 
the optical radiation power, that is, the parameters of the 
plasma and Langmuir noise are identical for different optical 
powers.   Let us estimate the amplitude of the Langmuir noise 
with the total reflection of laser radiation (T=1) with 
increasing decay instability.  
 
From the expression (2) with T=1 we will get:   
 

 2 2
2 ''

2

2 еt
ш

l

m ck
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k e

 
  
 

. 

 
Hence, since 2 14, 10t l шk k A 

   , 2 (sgs). It should be 
mentioned that with the development of parametric (delay) 
instability, the Langmuir noise is amplified:   
 

0
t

ш нA a e ,                             (5) 
 
where 0 – is the amplitude of plasma noise provoked by an 
external source;  
 

pL
н

е t

eA
m с




 
 – the instability increment t t l   . 

 
Given that t = L/с, we will present the expression (2) in the 
following form:  
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 ,                   (6) 
where L is the thickness of the plasma layer.  
 
If the optical energy flux equals  

2 2
10 2 10 7'

' 10 / 10 10
8 8

t L
t

cE cAS W sm sgs
 

     , 

 
then АL  104.  
If L = 30 sm,  1410   we will get: 

 
A2

ш>1014×10-10;   Aш   102. 
 
If 0 10  Aш  ;  Aш=103V/sm. 
 
If L=20 sm, 1510 ,   3

1 10E  V/sm. 
 
Thus, with the directed generation of the Langmuir noises in 
the protective layer of solid-state plasma of the REM screen, 
the possibility arises of shielding from optical radiation at a 
sufficiently small value of the field strength of the Langmuir 
wave. In this case, there is a re-emission of the optical energy 
in the opposite direction.  
 
In order for the above described mechanism to work in the 
appearing plasma, it is necessary that during the development 
of nonlinear interaction 1 ,н н  the density of the 
expanding plasma of a solid body is reduced to values not less 
than 1010 sm-3, i.e. 

1 н н b    , 
 
where b  is the time scale of plasma density drop during the 
evaporation into vacuum:  
 

/f sL C  , 

 
where Lf  is the characteristic torch size of the scattering 
plasma; 
Cs – the velocity of the solid-state plasma dispersion in 
vacuum.  
 
To completely shield the optical radiation, it is necessary to 
conduct the closure process with the help of the appearing 
plasma, i.e. Lf = L – it is the size of the evaporation depth of a 
semiconductor at the same time. That is, during the time н  
the laser must melt a depth of L. Hence,  

н plL v , 

 
where vpl – is the melting point of the protective material.  
 

The melting point of the protective material can be found from 
the following ratio:  
 

 
'

1 0 01 2.2 /
t

пл
S

V
y 




,                        (7) 

 
where 0  is the electron density in the semiconductor in the 
solid phase; 1  – the connection energy of the crystal lattice;  

1
0

0
y

kT


 , Т0 – the temperature of the surface of the protective 

screen; k – the Boltzmann constant. 
 
For 23 3

0 10 ,n sm 10 2
' 10 / ,tS W sm 1l ~ 5eV и Т0 ~ 0,1 eV 

we will get L ~ 0,1sm. 
 
Thus, the aforementioned estimations show that the reflection 
of the optical radiation can be carried out with the usage of 
materials having a small thickness and weight. 
 
The structure of the model of combined solid plasma material 
for the protection of radio-electronic means of optical and 
radio radiation is shown in Figure 1.  
  

 
 
Figure 1: The structure of the model of combined solid plasma 
material for the protection of radio-electronic means of optical 

and radio radiation 
 
 
The temperature distribution satisfied the inhomogeneous heat 
conduction equation with the corresponding initial and 
boundary conditions 
 

( ) - ( , , ) - ( , , )T
ddiv k gradT c T r z t divW r z t
dt

r y+ = =    (8) 

 
The solution of the equation in question (8) will determine the 
growth of the temperature of the protective material over time 
along the axis of the optical beam.  The ratio (1) - (4), (8) is a 
formalized mathematical model for describing the interaction 
of the optical radiation with a plasma material designed to 
protect REM by reflecting this radiation. 
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3.THE PROTECTION OF RADIO-ELECTRONIC 
MEANS OF RADIO RADIATION 
 
It is known that the synthesis of effective shielding materials 
necessitates the selection of appropriate types of matter and the 
determination of the electrophysical characteristics of the 
synthesized material, first of all, the dielectric and magnetic 
permeability. To create a solid-state plasma medium, 
according to the results of the well-known works [1, 5, 7, 9], 
let’s use a semiconductor matrix in which elements of a 
radioactive substance will be placed to create a complex 
dielectric constant. The use of a radioactive substance is 
necessary for ionization and the occurrence of a 
nonequilibrium state of the electronic subsystem. The 
radioactive substance in the form of a film can be placed 
between the metal case and the semiconductor matrix. In 
addition, a radioactive substance can be randomly placed in a 
semiconductor matrix in the form of elements of the 
corresponding form (round, horseshoe). Taking into account 
the above, the dielectric constant of plasma material with 
hexaferrite inclusions is included in the representation by the 
following expression: 
 

     

   

   

N M
п м in ρ noneq

i=1 ξ=1
U J

in noneq
ψ=1 ν=1

2
eff eff e

ξ

i ν

ε ω,k =ε + δε ω ,k + δε ω,k,Q +

+ δε ω,k + δε T(E,H) +

4π+i σ ω,k +σ T(E,H) +α E ,
ω

g 

 

     

  

  

  

  (9) 

 
 
where εм – dielectric constant of the semiconductor material; 
 

 
N

in ρ
i=1

δε ω ,kg


 – contribution of hexaferrite inclusions to 

dielectric constant; 
 

 
U

in
ψ=1

iδε ω,k


 – contribution of radioisotope inclusions to 

dielectric constant; 
 

 
M

noneq
1

, k,Q


 


 – contribution of the nonequilibrium 

state of the electron subsystem arises due to radioisotope 
inclusions Q to the dielectric constant; 
 

 
J

noneq
1

T(E,H)


 
 

 – contribution of the nonequilibrium 

state of the electronic subsystem arises due to heating under the 
influence of a pulsed high-power USD EMR to the dielectric 
constant; 
 

    1 2
eff eff e4 , k T(E, H) E     

  
 – linear and 

nonlinear components of the imaginary part of the dielectric 
constant of the semiconductor layer; 
 

e , E –effective nonlinear conductivity and average electric 
field, respectively; 
 

, k


– frequency and wave vector, respectively. 
 
Contribution of hexaferrite and radioisotope inclusions is 
determined by their electrophysical properties, and the 
contribution to the dielectric constant of the nonequilibrium 
state of the electronic subsystem arises due to radioisotope 
inclusions Q and is influenced by the powerful USD EMR 
expressions and is determined according to the 10 and 11: 
 

 , k 1     


, 
2

2
4 e 1 fdv k

vkvk
 

 



  ;      (10) 

 t t, k 1    


,  
2

t
2

k k4 e fdv
vkvk

      
 

 


  .       (11) 

 
where v - electron velocity; 
 
f - velocity distribution function of particles. 
 
By integrating in (10) the angles and, using the fact that 

0

1 1lim i (x)
x i x

   
 

 (the symbol means that when 

integrating, the singularity at x = 0 should be understood in the 
sense of the main value), let’s obtain: 
 

2 2 2

2 2
2

2

16 e v f (v)Re dv
k v

k


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


  , 

33 2 2

2
8 m eIm f

k k
           

   
.             (12) 

 
It is possible to see (12) that the non-equilibrium states of a 
weakly ionized air medium are characterized when the phase 
velocity of the wave falls into the inertial range (v , v )  by a 
high level of EMR absorption. In this case, the real and 
imaginary parts of the dielectric constant of a weakly ionized 
air medium are of the same order, which leads to the complete 
attenuation of electromagnetic waves. The distribution 
function of particles is determined by the basic physical 
processes occurring in the air environment of the orifice, 
which include collisions of fast ions resulting from the decay of 
a radioactive substance with electrons, neutral molecules and 
ions of weakly ionized air. On this basis, the determination of 
the corresponding macroscopic parameters through the 
distribution function of charged particles in the hole requires 
an analysis of the kinetic processes occurring in the medium of 
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the hole. The results of this analysis will ensure the correct 
choice of a kinetic equation model. It is known that the 
electron distribution function 1- f ( , , t)g  v v r v  determines 

the average number of electrons  edn , t f ( , , t) d dr r v r v  in 
an element of the phase space ( r , v ) and without taking into 
account the force term can be found from the Boltzmann 
kinetic equation: 

 

 r з
df

+ (Vf) = I , , ,
dt

t  r v                      (13) 

 
where r gradient operator in the coordinate space r; 

 з
з

df
I , ,

dt
t    

 
r v  collision integral. 

 
With additional ionization of -air particles, stationary 
nonequilibrium states of electronic subsystems appear in the 
hole, which turns out to be close to power ones: 
 

  Sf E A Е ,                          (14) 

 
In power solutions to the Boltzmann kinetic equation, the 
exponent depends on the interaction potential of the particles 
on the mutual distance. To create a complex magnetic 
permeability of the protective material, let’s use hexaferrite 
inclusions that are randomly arranged. The effect of the 
dielectric constant of hexaferrite inclusions in ( )i   in the 

dielectric constant of the material will be taken into account in 
accordance with the Maxwell-Garnet approximation. Then, 
taking into account (9), the dielectric constant of the protective 
material will be determined in accordance with the relation: 
 

   

 
 
 
 

in п

in п
еff п

in п

in п

( ( ) , k )i1 2p
(2 ( ) , k )i, k , k ,
( ( ) , k )i1 р

(2 ( ) , k )i
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

    
    

    


    




 





    (15) 

 
where p  concentration of hexaferrite inclusions. 
 
To ensure the effective shielding of the pulsed USD EMR of 
hexaferrite inclusions, it is necessary to choose taking into 
account the dependence of their absorbing properties in the 
frequency range. In this case, the material can be considered as 
multi-layered. The magnetic permeability of the solid-state 
plasma medium with regard to hexaferrite inclusions will be 
determined according to the expression: 

 
N

i 1
( ) 1 ing 


      ,               (16) 

 

where  
N

i 1
ing 


    contribution of hexaferrite inclusions 

to the magnetic permeability, depending on the frequency 
range. 
 
The components of the dielectric and magnetic permeability 
are frequency-dependent, which can provide, under certain 
conditions, the necessary absorbing and scattering properties 
of the shielding material to protect against the USD EMR 
effects.  
 
4.CONCLUSION 
 
1.  The generation of the Langmuir noise in the protective 
layer of the solid-state plasma of the REM screen provides the 
possibility of shielding from the laser radiation at a sufficiently 
small magnitude of the field strength of the Langmuir wave. In 
this case, there is a re-emission of the laser energy in the 
opposite direction.  
 
2.  The reflection coefficient of the incident laser radiation 
on a solid-state plasma REM screen does not depend on the 
power, but is completely determined by the parameters of the 
plasma and the provoked Langmuir noise. 
 
3.  The peculiarity of the model that determines its novelty 
lies in the use of the mechanism of the delay parametric 
instability in order to provide the necessary magnitude of the 
concentration of electrons of a non-equilibrium plasma, in 
which the reflection of impulse laser radiation and its spatial 
and temporal evolution are carried out, as well as taking into 
account the dynamics of heating the plasma material 
depending on the magnitude of the energy of optical radiation 
and the width of the impulse; account the effect of a pulsed 
USD EMR on a nonequilibrium solid-state plasma arising in a 
semiconductor matrix depending on the activity of the 
ionization source and the concentration of hexaferrite 
inclusions in reflective and absorbing properties of the 
material.  
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