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MODERN METHODS OF ATMOSPHERIC COMPOSITION CONTROL 

 

Kovalev Alexander, Ph.D., assistant professor, NUCDU 

Yuri Baranovsky, NUCDU 

 
The elimination of the consequences of natural and man-made emergencies is an 

important state function, and its relevance is due to both natural and man-made factors. The 
risk of a catastrophe with the emission of pollutants is associated with the functioning of any 
enterprises whose technological process is associated with high temperatures, pressures, 
various types of explosive chemicals, production, storage, transportation and use of fuels and 
lubricants, heat power engineering and a lot more different factors. 

The scale, nature and composition of air pollutant emissions can be different, both 
insignificant, local in nature, and global, with disastrous consequences. The ability of various 
layers of atmospheric air to move at high speeds in different directions leads to the risk of 
contamination of vast areas with harmful and toxic substances, requires operational 
tropospheric control to determine the conditions for emergency response and the need to 
evacuate the population from the infected area. 

The analysis of the methods of sample-free determination of substances in an open 
atmosphere has established that today, among all remote control systems, the following systems 
based on optical techniques for monitoring the composition of the atmosphere occupy a leading 
position [1-7]: 

1. LIDAR’s (LIDAR - Light Detection and Ranging) are optical systems of location and 
spectral analysis and are based on the effects of inelastic scattering and absorption [4]. From a 
constructive point of view, LIDAR’s, depending on the specifics of the task, are divided by the 
type of laser used. So, in [1, 3] the main types of lasers used are given, their technical 
characteristics, and the source [2] describes the main types of LIDAR systems, among which it 
should be noted: topographic LIDAR’s; backscatter LIDAR’s; fluorescent LIDAR’s; 
differential absorption LIDAR’s. 

2. Spectral acousto-optic gas analyzers (acousto-optic filters) are based on the principle 
of diffraction of light by ultrasonic waves, which makes it possible to isolate a narrow 
wavelength range from the wide spectrum of optical radiation that satisfies the Wulf-Bragg 
condition. By changing the frequency of sound waves, it is possible to move the allocated 
portion of wavelengths over the spectrum in a fairly wide range. Today, acousto-optic collinear 
interaction filters can compete with classical spectrometers and have already found application 
in devices for remote monitoring of the atmospheric composition of the active type [4, 6] (for 
example, SAGA, manufactured by the Russian Federation www.sigma-optic.ru).  

3. Correlation spectrometers — they work according to a differential scheme, that is, 
using two filters (or two spectral lines of laser or LED radiation), two spectral lines are 
recorded, one of which is tuned to the maximum absorption band and the other to the maximum 
bandwidth of the substance. By changing the difference and the ratio of signals, one judges the 
presence of a substance and its concentration. This filtration method has the least selectivity for 
interfering components, and it is most reasonable to apply it in the analysis of gases having 
spectra with wide absorption bands. Currently, instead of single optical filters, optical masks 
are used to significantly increase the difference signal due to the formation of the transmission 
spectrum of the device, which correlates with the structure of vibrational-rotational or 
electronic absorption bands of the studied component of the gas mixture [5]. 

4. Tunable interference light filters (UIF) are used as a monochromatic element, which 
allows to increase the aperture ratio, simplify the design and increase the scanning speed in 
comparison with classical monochromators. When using a UIF, it is possible to control the 
aperture and spectral resolution. On the basis of the UIF, a sampling IR analyzer was built [6], 
designed for the operational control of hazardous impurities of toxic gases of more than 100 
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species, such as ammonia, benzene, phosgene, etc. 
5. The Fabry-Perot Interferometer (IFP) is a multi-beam spectral device with two-

dimensional dispersion and high resolution. Aperture IFP 10-100 times higher than that of 
classical spectrographs. In the works [7], the design scheme of the IFP, the principles of 
operation, physical and technical indicators, and applications are considered. Currently, the IFP 
is considered one of the promising areas for creating imaging spectrometer, which allows to 
identify a cloud of pollutants and restore the distribution of integral concentrations in space. A 
significant drawback of both the Fabry-Perot interferometer and tunable interference light 
filters for remote monitoring of substances in an open atmosphere is the need for external 
illumination, which is extremely difficult to implement in emergency situations. 

6. Fourier spectral radiometers — modulation spectral instruments in which, in order to 
obtain a spectrum, it is necessary to perform the inverse Fourier transform of an experimentally 
recorded signal. The widespread use of this method was determined by the development of 
computer technology. Fourier spectral radiometers provided a sharp increase in spectral 
resolution, information content and the speed of obtaining information in comparison with 
other optical spectrometers. Fourier transform spectroscopic complexes are especially popular 
as passive signal systems of fast remote detection of substances, in which case such complexes 
are called Fourier spectral radiometer (FSR). FSR is most effective in the IR spectral region, 
which accounts for the maximum spectral brightness of the energy luminosity of the observed 
objects. FSR complexes are capable of measuring only the integral concentration, and as a 
result, the coordinates of the cloud of pollutants are limited only by elevation and elevation 
angles. The maximum range of modern FSR is 5-6 km with a minimum detectable integral 
concentration of up to ppm units (Particle Per Million is the concentration of molecules 
expressed in the number of molecules of a given substance per million molecules of a mixture) 
per square meter. Characteristic features of FSR complexes are: simplicity of design, a high 
degree of automation of measurements, low weight, low power consumption (tens of watts), as 
well as low cost. A significant drawback of FSR systems is the need to have a clean 
observation path spectrum in advance (without the presence of pollutants), for subsequent on-
line comparison and detection of polluting and / or toxic substances in the atmosphere, which is 
not always possible, especially in emergency situations. 

A study of optical spectral methods of sampling analysis showed that the most effective 
methods for monitoring the composition of the atmosphere in real time are lidar complexes and 
FSR systems, which are especially popular as passive systems.  
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