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Research (What is 
it about?) 

Microbubble layer on the sea surface 

UNN authors Bubukin I.T. 
We find (The 
result) 

It has been found that the microbubble air layer located under the surface 
tension film of the sea surface is a universal formation in the structure of the 
cold boundary layer 

Abstract The cold boundary layer of the sea surface is formed when the water temperature is 
higher than the air temperature and the heat flux is directed from the sea to the 
atmosphere. Due to evaporation and diffusion heat transfer, water at the interface of 
the sea surface and the atmosphere cools down. Convection limits the thickness of 
the cold boundary layer to several millimeters. At light winds, the thickness of this 
layer does not exceed 5–7 mm. No noticeable temperature gradients were observed 
beyond the boundary layer. The total difference between water temperatures on the 
surface and below the cold boundary layer does not exceed –1.5°C. It is known that 
the dielectric properties of the upper part of the film layer adjacent to the 
atmosphere differ significantly from the results obtained in laboratory 
measurements. It has been found that the cause of this is existence of microbubble 
air layer of tens micron thickness located under the surface tension film of the sea 
surface. The volume concentration of air microbubbles depends on temperature 
difference and water salinity. 
It is shown that the appearance of microbubble layer is the essential result of heat 
and gas exchange processes on the sea surface. 
As the concentration of air microbubbles depends on amount of heat flux on sea-air 
surface and it has been measured by IR-radiometry methods, one can create the 
remote monitoring system of sea surface ecology and underwater heat existence. 
 

 

Representative 
articles  
2016-2017, 
quartiles 

1. Bubukin I.T., Stankevich K.S. Gas Exchange Between the Sea 
and the Atmosphere and the Mechanism of Formation of a 
Microbubble Layer under the Surface-Tension Film of the Sea 
Surface Derived from in situ Measurements of Self_Radiations 
of These Media in the Infrared Band. Journal of 
Communications Technology and Electronics. 61(5), 478–485 
(2016). 
 

Q4 

Q-index (Qi) of the result 5-‹‹Q›i›n 

 

In collaboration – 
 

 

 

 

 

 

 

 

1 

 

2. Physical Sciences 

Research (What is 
it about?) 

Plasmons in QED vacuum 

UNN authors Kudrin A.V., Petrov E.Yu. 
We find (The 
result) 

The possibility of longitudinal charge and field oscillation in physical 
(quantum-electrodynamic) vacuum is theoretically predicted  

Abstract It is well known, from Maxwell equations, that electromagnetic field in classic 
vacuum is strictly transverse one. But in quantum-electrodynamic description 
(physical or QED vacuum) there is the possibility of electron-positron burning by 
electrodynamic quanta (photons). The question is: can these electron-positron pairs 
longitudinally oscillate (together with field) like classic charges (in metals surface, 
for example)? These charge-zero bound states oscillations called plasmons. So are 
there QED plasmons? 
The answer is YES. Within the framework of semiclassical analysis, we calculate 
time-periodic solutions of bosonized (1+1)-dimensional QED (massive Schwinger 
model). We estimate characteristic frequencies of longitudinal oscillations of the 
electric field in QED as the frequencies comparable with the electron Compton 
frequency. Applying the Bohr-Sommerfeld quantization condition, we determine 
the mass spectrum of charge-zero bound states (plasmons) which correspond in 
quantum theory to the found classical solutions. We show that the existence of such 
plasmons does not contradict any fundamental physical laws and study qualitatively 
their excitation in a (3+1)-dimensional real world. 
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