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The composite materials and elements based on them are of significant scientific and practical 
interest because they allow properties that are difficult or impossible to achieve in single-phase 
systems to be realized. For the preparation of composite materials and elements based on them for 
various electrical devices, oxide magnetic materials are often used in the form of weakly 
agglomerated nanoparticles 

The work shows the conditions for the preparation of weakly agglomerated nanoparticles of 
magnetic materials with different crystal structures. It has been established that by changing the 
synthesis conditions from solutions, it is possible to control the fractal structure of the precipitate 
and influence the shape of the nanoparticles. Using synthesized magnetic nanoparticles, various 
nonlinear elements have been developed, including: 

1. Nonlinear resonant microwave elements included a high-quality dielectric resonator with a 
composite magnetic film based on a photopolymer and weakly agglomerated magnetic 
nanoparticles deposited on it. It has been established that the experimentally determined 
nonlinear characteristics of the composite resonant element exceed the calculated data. This 
can be explained by the fact that the dielectric material concentrates the magnetic field in the 
film and provides high nonlinearity. Composite dielectric resonators can be used in the 
development of nonlinear microwave devices. It has also been shown that the use of high-
quality dielectric resonators due to the energy concentration can increase EPR sensitivity by 
5-10 times, which allows small amounts of test material to be used in experiments. This can 
be important in biomedical research. 

2. Left-handed media are characterized in the microwave range by simultaneously negative 
magnetic permeability and dielectric constant. Such media have been successfully 
implemented based on magnetic oxide systems with a perovskite structure, which exhibits a 
metallic character of conductivity. Similar systems can be used in the development of 
multifunctional microwave devices. 

3. Nonlinear magneto-electric systems with controlled phase transition temperature in a 
magnetic film by an electric field based on a semiconductor ferroelectric with electronic 
conductivity and a magnetic oxide film with a perovskite structure and hole conductivity. In 
these structures, ferroelectric and ferromagnetic properties of components in composite 
structures can be related through volume charge at boundaries between ferroelectric and 
magnetic phases and PTCR effect in the ferroelectric phase. 
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