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Introductions. The technogenic level of the modern world causes an increase 

in contingencies leading to industrial accidents and disasters, which in many cases are 

accompanied by emissions of harmful substances polluting the atmosphere. This 

poses a significant threat to the population, territories and the environment. Based on 

these positions, the development of methods for operational monitoring of the state of 

the atmosphere in emergency situations using remote gas analysis methods is an 

urgent problem in the field of civil protection. 

An analysis of methods for the remote determination of substances in the 

atmosphere established that the leading position is occupied by optical methods for 

monitoring the composition of the atmosphere, which include recording and 

subsequent analysis of electromagnetic radiation from the object of study [1]. To 

control the composition of the atmosphere in emergency situations, the most rational 

use of the Fourier transform spectrometric complex (FSF). However, one of the 

reasons preventing the widespread and full-fledged use of ΦCP systems for 

monitoring atmospheric composition is the insufficient development of numerical 

methods applicable to solving the problem of recognizing substances in an open 

atmosphere. 

Aim. Development of numerical methods applicable for solving the problem of 

recognition of substances in an open atmosphere by a single spectrum of the Fourier 

spectroradiometer. 

Materials and methods. The main objective of the spectral analysis is to 

obtain qualitative and quantitative information on the composition of the test gas 

mixture or aerosol according to the interferogram. There are techniques for 
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recognizing the composition of gas mixtures by direct analysis of interferograms [2]. 

This method has the advantage over the analysis of spectra in that it does not require 

the inverse Fourier transform. However, spectral analysis methods are used much 

more often in problems of spectral analysis, for which the Fourier transform 

transforms the recorded interferogram into the energy spectrum of radiation. 

Analysis of local regions of the spectrum implies spectral analysis based on 

sample vibrational-rotational lines. In this case, it is possible to conduct a selective 

analysis of specific substances according to their selective lines [3], as well as to 

restore the temperature of the gas component from its radiation data. This approach 

has greater accuracy with respect to broadband methods, but much less versatility. 

The analysis includes modeling the spectrum of the analytic on the basis of the 

spectral database, followed by fitting by the least squares method in this region of the 

spectrum. In [3,4], a specialized SFIT algorithm is described for reconstructing the 

concentration of trace gases from their absorption spectra. More accurate information 

can be obtained by highlighting the individual vibrational-rotational bands of the 

substance of interest, which requires the use of a high-resolution spectrometer. In [5], 

characteristic lines for combustion products were used for analysis: for CO, the 

rotational line P19 at 2064.30 cm
-1

; for CH4, the rotational line is P19 at 3148.78 

cm
-1

, for CO2 the rotational line is R72 at 2389.28 cm
-1

. Concentrations were restored 

directly from the intensity of the obtained lines. When considering only these lines, 

the effect of atmospheric absorption was leveled. Also in [5-7], a method for 

recovering a gas temperature from its spectrum is presented. The R branch in the 

spectrum of CO2 emission in the range of 2390 cm
–1

, etc., is considered. Since the 

integral concentration of carbon dioxide is high, the spectrum is in a saturation state 

in the range of about 2390 cm
–1

. By converting the spectrum to temperature, the gas 

temperature was obtained. 

To solve the problem of detecting, identifying and determining concentrations, 

it is necessary to go from the measured spectral data to the desired physical quantities 

- the concentrations of the desired substances, by solving the equation of radiation 

transfer in the atmosphere. Such problems are usually solved by the method of 
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successive approximations. When searching for a model spectrum and an 

approximation algorithm, it is necessary to choose a model of radiation transfer in the 

medium based on the requirements of accuracy and speed of solving the problem. 

Radiation transfer models can be divided into: 

1. Line-by-line codes models 

• LinePark (http://www.spectralcalc.com), a GATS development model for 

calculating absorption / emission spectra; 

• LBLRTM [3, 5-6], a fully functional model of a linear account of radiation 

transfer; 

• FASCODE (Fast Atmospheric Signature Code) [4], the most widespread 

model of linear counting, providing the greatest accuracy of calculation from all the 

models presented today, according to [5]. 

• FLISS - radiation transfer model developed at the Russian academy of 

sciences analogue of FASCODE [4-7]. 

2. Модели низкого разрешения: 

• MODTRAN is the most common model for calculating transmission and 

emission spectra. It was developed on the basis of LOWTRAN to provide greater 

spectral resolution and accuracy, but at the same time, high calculation speed. The 

model includes the ability to calculate radiation in the presence of clouds and aerosol 

scattering; 

• 6S - a model of radiation transfer developed for atmospheric correction, used 

when registering the ascending radiation from the Earth from planes and satellites. 

Has the ability to simulate radiation from a large class of underlying surfaces and in 

cloudy conditions.Существуют модели переноса излучения для условий, когда 

большое значение имеет аэрозольное рассеяние – это, так называемые, много 

рассеивающие модели (multiple scattering codes, среди которых SBDART, 

DISORT, SCIATRAN и т.д.) и трехмерные рассеивающие модели (SHDOM, 

I3RC). 

For the correct use of any of the above models of radiation transfer in the 

atmosphere, meteorological information is required (temperature, pressure gradient, 
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humidity profiles, etc.), which is a serious limitation on the use of such models. As a 

rule, such information comes from radiosondes or ground-based weather stations, 

from where data are collected into centers and provided in a consolidated form to 

research centers and groups. The second serious limitation of the use of such 

algorithms is the processing time, which is usually several minutes per profile, which 

significantly exceeds the time of one ΦCP scan. 

The basis of linear-counting models, as radiation transfer models, is the 

radiation transfer equation. So, the ascending radiation in the conditions of local 

thermodynamic equilibrium is written in the form: 
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where: I+ – is the intensity of the upward study recorded by the satellite in space;  

BV  – Planck function; τv
g 
–  is the temperature near the surface of the earth; τvg is the 

optical thickness of the atmosphere near the surface of the earth; μ = cos (θ), θ is the 

zenith angle,    
, – is the spectral transmission function of the z-channel of the 

spectrometer. 

For equation (1), the average optical thickness of the atmospheric layer is 

calculated for a given number of spectral intervals in the form of the sum of the 

optical thicknesses of individual intervals: 
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where: Nl – is the number of atmospheric layers; p – is the pressure;     
 

 
   

   ; v – is the wave number; k is the spectral extinction coefficient, N is the number 

of atmospheric components, ω (p) – is the mass ratio profile of the components. 

The calculation of the monochromatic spectral extinction coefficient is a key 

step in the linear linear counting model: 
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where   
   – is the number of vibrational lines; N

ij
  – is the total number of absorption 

lines belonging to the j-th band of the i-th molecule;   
   

 –  is the intensity of the k-th 

line;   
   
– is the normalized shape of the contour; C

i
 – is the continuum absorption, 

which determines the contribution of neighboring spectral ranges. 

The intensity of the spectral lines and the continuous absorption is contained in 

the spectral data banks and is recalculated for the desired temperatures and pressures 

using vibrational-rotational partial functions. 

A number of studies are devoted to the study of the shape of the contour, the 

main content of which is the rationale for choosing the shape of the contour for 

certain conditions (collision frequency, the effect of the Doppler effect, etc.), as well 

as adaptation of algorithms to increase the calculation speed. The basic forms of the 

contour are Doppler, Lorentz, and Voigt. 

Low resolution models (MODTRAN, LOWTRAN) are adaptations of linear 

counting models, which should significantly increase the speed of calculations with 

some loss of accuracy and flexibility of the model. In low-resolution models, the 

spectral functions (molecular absorption coefficient, continuum absorption, etc.) are 

tabulated for a given spectral resolution (for MODTRAN this value is 2 cm
-1

, for 

LOWTRAN - 5 cm
-1

) in the context of several temperatures (as as a rule, this is 200, 

225, 250, 275, 300 K) for a given set of molecules. For temperatures other than those 

indicated, the spectral functions are recalculated by linear interpolation. As in the 

case of a linear account, meteorological information from third-party sources is 

needed to calculate the transfer and radiation. 

Results and discussion. Currently, there is not a single implemented method 

and method in the world for non-sampling analysis of substances in an open 

atmosphere for the needs of fire and rescue units, while non-sampling methods for 

spectral analysis of substances in an open atmosphere are extremely popular and have 

significant potential for use by fire and rescue services as in Ukraine and in the 

world. 
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Subject to the development of appropriate mathematical methods for 

processing and interpreting experimental information obtained by Fourier 

spectrometers, the use of modern mini-computers will allow to obtain results in real 

time. Moreover, thanks to the growth of computing power and the miniaturization of 

modern computers, it became possible to conduct a non-sampling analysis of 

substances in an open atmosphere in the field. 

Conclusions: 

1. The efficiency of the Fourier spectroradiometric 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. 

2. To develop methods for express analysis that do not require preliminary 

measurement of the spectrum of the observation path, it is necessary to refine the 

existing software packages based on atmospheric radiation transfer models (line-by-

line models), which, despite the high accuracy of the calculations, require significant 

time and computing resources, a priori meteorological and physical data about the 

observation route, as well as highly qualified researcher. 
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