
International scientific and practical conference 

126 

DOI https://doi.org/10.30525/978-9934-26-046-9-30 
 

HIGH-TEMPERATURE SUPERCONDUCTORS (HTSC) 

AS PROTECTIVE MATERIALS AGAINST THE EFFECTS 

OF ELECTROMAGNETIC RADIATION 

 

Iasechko M. M.  

Doctor of Technical Sciences, 

Associate professor at the Department of Air Defense Armaments  

of the Land Forces 

Ivan Kozhedub Kharkiv National Air Force University 

 

Mehelbei V. V. 

Candidate of Technical Sciences, 

Head of Research Laboratory 

Ivan Kozhedub Kharkiv National Air Force University 

 

Bologov A. 

Department of Air Defense Armaments of the Land Forces 

Ivan Kozhedub Kharkiv National Air Force University 

Kharkiv, Ukraine 

 

According to the results of [1-4], one of the ways to protect the REF 

(radio electronic facilities) from the effects of a powerful EMR through the 

antenna mechanism is protection based on strip-film structures, made out 

of high-temperature superconductors. Protection devices operate on the 

basis of the phase transitions use in the transmission lines of HTSCs, which 

use the transition from the superconducting state to the normally conduct-

ing state. 

The widespread practical use of HTSC in microwave technology is 

primarily limited by their nonlinear properties and the need to use liquid 

nitrogen. 

In [1], a device was considered to protect the receiver, which consists of 

a ferrite triple-shoulder wave guide Y-circulator, which switches to where 

the antenna is connected to the input of the first arm of the circulator, the 

absorbing load is connected to the output of the second arm, and the third 

arm is connected to the receiver. Inside the second arm, two parallel plates 

are installed, made out of a high-temperature superconductor, for example, 

of the YBa2Cu3O7 type with a thickness greater than the thickness of the 
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skin layer in this superconductor. The space between the plates, which are 

adjacent to the walls of the wave guide shoulder, is filled with liquid nitro-

gen, coming through the pipes from the cryogenic generator of a closed 

cycle. The second shoulder 4 in the area of the plates 8 is placed inside the 

solenoid. 

The device for protecting the receiver works as follows. First, the vol-

ume between the plates 8 is filled with liquid nitrogen, coming through the 

pipes from the cryogenic generator of a closed cycle. 

A closed loop reduces the weight of the cooling system. Under the ac-

tion of liquid nitrogen, the plates become superconducting. When low-

power signal carrying information arrives at the antenna, the signal, in 

accordance with the principle of the circulator, enters the other arm 4. 

Since the plates are made out of HTSCs and are in superconducting states, 

the information signal is reflected from them and enters the third arm 6 and 

through it to the receiver. When the antenna receives high-power pulsed 

EMRs that exceed the power level of the transition of the superconducting 

plates to the normal state, this radiation enters the arm and destroys the 

superconductivity of the plates, transferring them into a non-

superconducting (normal) state. 

Thus, the receiver is protected automatically when the superconductivi-

ty of the plates is destroyed due to the energy of the very powerful radia-

tion itself, and the transition time from the superconducting state to the 

normal state and vice versa is no more than 10-12 seconds. Adjustment of 

the protective power level is made by changing the magnitude of the mag-

netic field generated by the solenoid. 

However, despite the simplicity of the protective device, the physical 

nature of the transition of the high-temperature superconductor to the nor-

mal state, under the influence of the microwave signal, has not yet been 

fully clarified. 

The theoretical estimates show that already at power levels of the order 

of 10-3 W, a process of penetration into the HTSC film of Abrikosov’s 

vortexes formed by a microwave field may occur, and therefore nonlinear 

effects appear and lower conductivity zones are formed. 

This requires solving a number of problems related to the study of the 

basic properties of HTSC superconductors necessary for the creation of 

high-speed micro strip lines (MSL) and co planar lines (CPL) of transmis-

sion lines. 

To implement the practical design of the protective device, it is neces-

sary to conduct additional studies to optimize the design and topology, as 
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well as the analysis of thermal processes at different amplitudes and dura-

tion of a parasitic EMR. 

Nature-like technologies for creating materials and environmental pro-

tection environments. 

In works [1, 3], it was proposed to use nature-like technologies that 

most satisfy the set of requirements for protection. 

The use of nature-like (plasma) technologies introduces a number of 

new properties to the protection means compared to the conventional 

means. The most important of these are the instantaneous response of the 

state of the electronic subsystem, and accordingly, the change in the elec-

trical properties of a solid-state and ionized air that determines the reflect-

ing, absorbing and locking properties of a protective equipment under the 

influence of a powerful pulsed electromagnetic radiation EMR, perfor-

mance throughout the life cycle of a REF, and the ability to withstand pulse 

over voltages. 

A number of provisions of the general theory of radio absorbing materi-

als and coatings, the theory of electrodynamics of composite materials, the 

kinetic theory of plasma, the fundamentals of electrodynamics of radiation 

and its interaction with matter, the theory of gas and plasma breakdown can 

be used in the study of individual properties of the plasma protective 

equipment. However, the analysis of the known scientific results in the 

study of the electrodynamics plasma medium characteristics showed the 

presence of a powerful pulsed EMR, a heterogeneous conductivity struc-

ture of the screen material due to the radioisotope and hexaferrite elements, 

the effect of changes in air pressure on the development of breakdown, the 

occurrence of Langmuir oscillations in the protective screen. This necessi-

tates the development of a powerful pulsed ultra-wide band fields interac-

tion theory with solid-state plasma-like materials and weakly ionized air 

medium. This will provide an opportunity to evaluate their response to the 

rate of rise of current and voltage, shielding, reflecting, absorbing and 

closing characteristics in order to determine the possibility of using plasma 

technologies to protect the REF electronic device from high-power pulsed 

electromagnetic radiation EMR without affecting their operation. 
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