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Abstract: The substantiation of the method of operational remote non-sampling gas
analysis of the atmosphere in emergency situations is carried out. It was found that
the most appropriate use of an infrared Fourier spectral radiometer of medium
spectral resolution.
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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.
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For operational monitoring of the atmosphere, the units of the Ministry of Defense
and the Ministry of Internal Affairs have various types of stationary and field
measuring instruments, and the availability of practical units with modern technical
measuring instruments is extremely low.

A common significant drawback of air pollution measuring instruments available in
Ukraine is the need for direct sampling and the relatively long time to obtain results.
Today in Ukraine there are no technical means (and technologies for their creation)
capable of conducting remote sample-free gas analysis, including under special
conditions of elevated temperatures and pressures and in rapidly changing
atmospheric conditions. For these reasons, it is necessary to develop a method and
equipment for remote control of the composition of the atmosphere, which allows
working in real time in combination with high mobility.

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 [1-4]:

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.

In [1], a brief overview of LIDAR systems, the principles of their operation, and
applications are given. In works [4, 5-7], a comparative analysis of the main methods
of laser spectroscopy (absorption, radiative, calorimetric) is carried out, and the
effects that arise in this case and applications are described. Lidar complexes allow

you to measure the range and angular coordinates of moving objects; measure surface
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parameters; investigate atmospheric aerosols [6]; determine the concentration,
coordinates and dynamics of gas components.

The disadvantages of LIDAR methods for remote monitoring of substances in an
open atmosphere are: The need to use powerful lasers, which leads to an increase in
the size and weight of the measuring complex, requires large energy consumption,
which in turn greatly increases the cost of LIDAR complexes; Lack of mobility and
complexity of organizing work in the field.

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). The principle
of operation of gas analyzers based on acousto-optical filters is based on measuring
the spectral absorption coefficient of sound specific to each pollutant wavelength,
which uses a powerful external illumination source (UV and visible spectrum),
installed coaxially with the gas analyzer. At the optimum distance (up to 100 m) and
the desired height, an optical retroreflector is located, from which the probe beam of
light is reflected and returns. For this type of gas analyzer, the wavelength range is
250-470 nm, the maximum number of spectral channels is 2500, the minimum
measurement time is 30 s, the power consumption is 500 W, the time to enter the
operating mode is 15 minutes.

Thanks to the development of new materials and high-precision technologies, the use
of acousto-optical filters in remote gas analysis devices has significant potential. The
world's leading space agencies (Roscosmos, NACA, ESA, JAXA) conduct ongoing
scientific and design work in this direction, creating devices for remote research on

the composition of planetary atmospheres.
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The disadvantages of acousto-optic gas analyzers is the need to use a remote optical
retroreflector, which is pre-installed on the ground, at an optimal distance and the
desired height relative to a mobile station or stationary post and from which a probe
beam is returned that returns to the gas analyzer, which is extremely difficult to
implement in emergency situations. At the same time, the use of acousto-optic filters
in the nadir mode to assess the state of the atmosphere in emergency situations is not
advisable due to the small number of detected components when operating in this
mode.

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 [7-9].

The disadvantages of using correlation spectrometers for remote monitoring of
substances in an open atmosphere are: constructive complexity of operational use: to
observe temporal correlations of scattered radiation, it is necessary to use laser
radiation, which is coherent and monochromatic, which leads to an increase in the
dimensions and weight of the measuring complex, which requires large energy
consumption, which in turn, greatly increases the cost. Moreover, the size of the
studied objects should be comparable with the wavelength of light, for smaller
particles the incident light is scattered evenly in all directions, which makes it
difficult to determine. In laboratory conditions, it is possible to use X-ray radiation
sources whose wavelength is very small, which allows the study of molecular-scale

structures.
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Currently, the method of photon correlation spectroscopy investigates the behavior of
various colloidal systems, as well as polymer solutions and gels. This method was
widely used for the analysis of physiological fluids in medical diagnostics.

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 [10]. On the basis of the
UIF, a sampling IR analyzer was built [11], designed for the operational control of
hazardous impurities of toxic gases of more than 100 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 [12], 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
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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.
Lidars, using a powerful source of illumination, make it possible to obtain more than
passive-type techniques, a signal-to-noise ratio and, accordingly, a longer range, the
ability to detect very low concentrations of substances, and also to investigate the
shape and geometric dimensions of a cloud of substances. However, the need for
continuous use of the radiation source imposes technical, economic and other
restrictions on the applicability of these systems. FSR complexes as systems for
monitoring passive substances detect their own thermal radiation and, as a result,
operate in the IR range of 7-14 um, which accounts for the maximum natural thermal
radiation. The vibrational-rotational spectrum is a “fingerprint” (fingerprint) or an
individual passport of a given compound, allowing it to be identified by spectroscopic
information. Currently, a number of atlases, file cabinets, and spectral databases of

individual substances have been created, among which there are banks of spectra of
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individual substances in the IR spectral range (more than 1000 compounds) [12, 13-
16].

FSR systems have found application both as active type methods [1] and as passive
type [7, 8]. However, FSR systems are most widely used as signal systems of the
passive type of fast remote detection of substances [6].

One of the constraints on the use of FSR systems for controlling atmospheric
composition is the uncertainty in formulating and solving the equation of radiation
transfer in the atmosphere. To solve the problem of atmospheric optics, it is necessary
to go from the measured spectral data to the desired physical quantities - the
concentrations of the desired substances.

Currently, for the problems of remote sensing of the atmosphere, foreign researchers
have developed mobile Fourier spectral radiometers. Most of them are equipped with
a single-element photodetector and a manual guidance system on the object of study.
Among such models, it should be noted the products of Midac (www.midac.com) and
EDO corporation (www.nycedo.com), the spectral resolution of which reaches 0.15
cm-1 in the working range of 7-40 um, the minimum detectable concentrations at the
presence of an external IR illumination source of 0.1-15 ppb. The second generation
of mobile Fourier spectroradiometers include the similar products MR100 and
MR200 from Bomem (www.bomem.com) and K300 from Kayser (www.kayser.it).
Models of the MR series provide a spectral resolution of 0.2 32 cm-1, a scanning
speed of 2-100 spectra / s in the spectral range of 2 to 15 microns. Recommended
measurement path lengths for active methods are 5-500 m. At present, more
technically advanced models of Fourier spectroradiometers, initially oriented to
passive operation, have also appeared. These are the developments of Bomem
(CATSI model), Bruker (OPAG22 model), Blocking Engineering (Model 100, Model
500 and Block I-Spec models). Models MCAD and PORTHQOS are fully automated
complexes and are designed to operate in the range of 7-14 microns in order to
identify toxic substances and industrial toxicants in the atmosphere with a range of
0.1-5 km.
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Efficient Fourier spectral radiometers have also been developed in the Russian
Federation [6]. In MSTU them. N.E. In collaboration with a number of institutes,
Bauman developed and created a series of mobile FSR with a spectral resolution of 4-
8 cm-1 in the working range of 8-12 um, an interferogram scan time of 0.3 s, a
detection range of up to 6 km and a detection probability of substances greater than 0
,9. IR Fourier spectral radiometers of type IKFS-2 [6] and similar types were
developed at the VSC “GOI im. S.I. Vavilov 7, FSUE*“ Research Center M.B.
Keldysh ”and the Space Research Institute of the Russian Academy of Sciences for
solving problems of monitoring the Earth’s atmosphere from orbiting satellites. These
spectrometers have a spectral resolution of 0.5 cm-1, an operating range of 6 to 20
um, an error in measuring radiation of 0.5 K, a vertical spatial resolution of 1-2 km, a
horizontal resolution of 110 km.

Findings:

1. A comparative analysis of the optical spectral methods of sampling analysis
showed that in emergency situations the most effective is the use of a mobile Fourier
spectral radiometer complex to monitor the composition of the atmosphere in real
time. The efficiency of the Fourier spectral radiometer complex is determined by the
ability to work in the passive mode, recording and processing its own thermal
radiation of the observation path. For this, the spectra are recorded in the
transparency range of the atmosphere of 7-14 microns, which also accounts for the
maximum intrinsic luminosity of bodies. At the same time, working in passive mode
allows you to not use a powerful highly stable source of illumination (for example, a
laser), which significantly reduces the power consumption, size, weight and cost of
such a complex.

2. When using this method of determining the composition of the atmosphere from
the Fourier spectral radiometer complex, in addition to hardware measurements, it
will be necessary to have the appropriate software and computing power to obtain

and decrypt the spectrum.
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