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• Physical modeling of the propagation of signals  

   from explosions in the atmosphere  

• Acoustic pulse propagation in the “shallow” 

wave guide. Lamb mode generated by nuclear 

explosions 

• Using stably stratified atmospheric boundary 

layer (ABL) to model the propagation of 

acoustic pulses in the stratospheric wave 

guides  

• Effect of scattering of acoustic pulses from a  

layered structure in the ABL. Similarity with the 

same effect in the upper atmosphere. 

 

 

 

 

 

 

 

 
 

C  O  N  T  E  N  T 



SIMILAR Ceff-profiles 





Modeling of acoustic pulse 
propagation in the “shallow” wave 

guide (Mm  <<1) 

Phase speed of Lamb mode vs frequency 

Korteweg–de Vries (KDV) equation 

0
If fm=0.8 Hz, h=150m, c=340m/s, =0.016 mMthen ~ 0.5 





Modeling of the  propagation of signals from explosions in 

the stratospheric and thermospheric wave guides (Mm>>1) 

by studying the propagation of acoustic pulses from 

detonation source in stably stratified ABL 



Kulichkov et al. InfraMatics, №19, Sept. 2007 





Recording of the scattered echo signal of SODAR from 22:00 MST on August 13 
 to 01:00 MST on August 14, 2002 (Zvenigorod). The blackening layers located  
in the height ranges of 100–150 m and 300–350 m are caused by the scattering of a 
SODAR echo-signal by layers of intense turbulence within a stably stratified ABL. 
The displacements of such layers are caused by atmospheric gravity wave-like structures. 
High gradients in Ceff exist at the boundaries between layers of turbulence and stably 
stratified layers. 

СONTROL OF THE ABL STRATIFICATION BY SODAR 



 Modeling of the effect of atmospheric gravity wave perturbations and  
coherent structures  in the atmosphere on infrasound propagation by 

using acoustic pulsed generator in Armenia  

 

Anti-hail acoustic cannon 

Chunchuzov I.P., Perepelkin V.G., Popov O.E., Kulichkov S.N.,Vardanyan A.A. , Ivazyan G.E., 
Khachikyan Kh.Z.. Study of the characteristics of the fine-scale layered structure of the lower 
troposphere by using acoustic pulse remote sensing . Izvestiya Atmospheric and Oceanic Physics, 
2016 , Vol. 53, No. 3, pp. 279–293. 

The evolution of the waveform of the signals from the 
detonation generator during formation of stable 
stratification from 18:52 to 19:47 LT., September 17, 2015 
The signal near the source (r = 20m, z= 0m) is shown on the 
top panel. 
  Waveforms at a distance r = 2.25 km from the source at 
different times (three lower panels). 



Top: One of the signals recorded at a distance of r = 2.25 km from the source. The top panel 
shows the waveguiding signal (waveguide) (a), and the arrivals 1,2 and 3, are detected at the 
“tail” of the signal using the correlation analysis of signals at the triangular antenna  receivers 



Upper panels: Vertical profiles of the effective sound speed fluctuations retrieved from the   
arrivals 1,2 and 3. Lower panel: Calculation of the signal and its spectrum as a function of time 
 (middle panel) by  pseudo-differential parabolic equation method (PPE) 
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Retrieved profiles DСeff(z) obtained from the arrivals 1 and 2 of the signal (middle  
and right panels) superimposed on the mean profile (left) obtained from sodar 
and temperature profiler data on Aug 13 2006 near Moscow (ZNS) 

Retrieved profiles 
DСeff(z) obtained 
from the arrivals 1 
and 2 of the signal 
(middle  and right 
panels) 
superimposed on 
the mean profile 
(left) obtained from 
sodar and 
temperature 
profiler data on 
Aug 13 2006 near 
Moscow (ZNS) 



MODELING FINE-SCALE LAYERED STRUCTURE 
IN THE STRATOSPHERE USING STABLE ABL  



 

 
MODELING THE EFFECT OF ATMOSPHERIC GRAVITY WAVE PERTURBATIONS  IN STABLY 

STRATIFIED  ABL ON  SOUND TRAVEL TIME AND AZIMUTH OF ARRIVAL (ERROR IN 
LOCALIZATION OF THE SOURCE) 



CONCLUSIONS 
1. We showed the possibility for physical modeling of the propagation of signals  

     from explosions  of different power in the atmosphere by studying the  

      propagation of acoustic pulses from artificial detonation sources in  

      stably stratified ABL. The stratification of the ABL was controlled by SODAR 

      and  temperature profiler. 

 

2. The similarity between the propagation of the infrasound signals from surface 

       explosions (20-70 t TNT) in the ‘’shallow” tropospheric wave guide and  

      propagation of Lamb mode from nuclear explosions was found. 

 

3. The propagation of acoustic pulses in the  “stratospheric’ wave guides in stable ABL  

      was studied as a function of the azimuth of propagation.  

 

4. The effect of scattering of acoustic pulses from a fine-scale layered structure in 

     stably  stratified ABL was  found. This effect was shown to be similar to the scattering  

      of infrasound signals from gravity wave  perturbations and coherent structures in 

      the upper atmosphere. 

 

5. The effect of temporal fluctuations of Ceff on the azimuth of propagation of  

     acoustic  pulses from detonation source was studied. This effect leads to the error in  

     localization  of acoustic sources similarly to the effect of gravity wave perturbations in  

     the upper  atmosphere on localization of  infrasound sources (explosions, volcanoes) 


