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Introduction 
  

The processing of ultrasonic measurements of phase 

velocity anisotropy and polarization characteristics of 

elastic waves requires large amounts of numerical 

calculations. At the same time there is a need to store the 

large information sizes. To implement this task the 

programming language Delphi 7, formerly known as 

Object Pascal, was chosen. In Delphi visual programming 

the role of the integrated development environment (IDE) 

is more important than the programming language. The 

research of the elastic waves velocities V║, V┴ anisotropy 

presents the considerable interest in connection with the 

development of three-component 3D azimuth methods 

(Vyzhva et al., 2011). 
 

Results 
 

The expansion of ultrasonic (US) elastic waves is 

accompanied with dispersion and absorption, which 

depends from frequency f and causes the distortion of 

acoustic impulses as a result of finished width of their 

spectrum and complicates the measuring of elastic waves 

phase velocities V║, V┴ (Mazon et al., 1968). Influence of 

nonlinear processes on the real environment results in to 

the dissipated destruction which in same queue causes 

degradation of deformation characteristics – decrease of 

effective elastic characteristics Cijkl and change of structure 

of crack – pore space. The illustration of the upper part of 

the window of the completed third stage of data processing 

of ultrasonic measurements of velocities V║, V┴ anisotropy 

in rock is presented in figure 1. 
 

 

 

 

 

 

 

 

 

 

 

Figure 1 The illustration of the upper part of the window 

of the completed third stage of data processing of 

ultrasonic measurements of velocities V║, V┴ anisotropy in 

rock 
 

Materials and research methods 

Samples preparation 
 

The quartzite SiO2 surface after laser irradiation is shown 

in figure 2, figure 3. This process in a set of time phases 

mimics the "volcanic eruption". 

 

  

 

 

 

 

Figure 2 The quartzite SiO2 surface after the nanosecond 

laser irradiation by the ruby laser with the intensity of I ≈ 

300 Mw/cm2 with the dose D = 4xI the duration of the ruby 

laser pulse τ ≈ 20 nsec with the wavelength λ = 694 nm. 

The circle indicates the area of the laser irradiation (x56) 

 

 

 

 

 

 

Figure 3 The quartzite SiO2 surface after the nanosecond 

laser irradiation by the ruby laser with the intensity of I ≈ 

400 Mw/cm2 with the dose D = 5xI the duration of the ruby 

laser pulse τ ≈ 20 nsec with the wavelength λ = 694 nm 

(x56) 
 

Ultrasonic methods 
 

The experimental methods were used: metallography 

optical supervision of microstructure by means of the 

microscope ”LOMO MVT”, atomic-force microscopy 

(AFM) with high resolution. Ultrasonic (US) pulse-phase 

method for determining the velocities of elastic waves 

using USMV-LETI, modernized USMV-KNU and 

computerized “KERN-4” measurement equipments, US 

 

 

 

 

 

 

 

 

invariant-polarization method for determining effective 

acoustic μil and elastic constants Cijkl were used (Onanko et 

al., 2008). The acoustic emission (AE) technique at a 

frequency f║ = 0.200 ÷ 0.500 MHz α = 70 dB to measure 

the elastic waves velocities V║, V┴ is shown in figure 4. 

 

 

 

 

 

 

 

 

Figure 4 The installation of acoustic emission equipment 

at the frequency f║ = 0.2 ÷ 0.5 MHz α = 70 dB for 

measuring the elastic longitudinal wave velocity V║ 

The total amplification of the recording equipment based 

on a specialized acoustic emission device AF-15 was α = 

60÷70 dB. The pulse power of the ruby laser I ≈300 

MW/cm2. The duration of the ruby laser pulse τ ≈ 20 nsec 

with a wavelength λ = 694 nm. The area of the laser spot 

was So ≈ 1x1 mm2. The modernized equipment USMV-

KNU is shown in figure 5 (Onanko et al., 2011). 

 

 

 

 

 

 

 

Figure 5 Modernized UZVSh-KNU equipment operating at 

frequencies f1 ≈ 1.67 MHz and f2 ≈ 5 MHz: 1 – mineral, 2 - 

delays, 3 - generator, 4 - receiver, 5 - two-channel 

oscilloscope 
 

Experimental results and discussion 
 

 The zeolite minerals are able to re-absorb the water H2O 

depending on the humidity and temperature T. Another 

very important property of zeolites - the ability to ion 

exchange: they selectively absorb the various radioactive 

substances. The study of the effect of temperature gradients 

ΔT on the mineral zeolite Ca[Al2Si4O12]x2H2O was carried 

out with order to determine the destruction dynamics of its 

structure in figure 6. 

 

 

 

 

 

 

Figure 6 The microstructure of the surface irregularities h 

= 22 ± 11 μm of the original mineral zeolite 

Ca[Al2Si4O12]x2H2O 

The heating of the zeolite mineral in a microwave 

ultra-high frequency (UHF) furnace during τ ≈ 5 

seconds – the raising of the mineral temperature by 

ΔT ≈ +300 K, there is a visual effect on the zeolite, 

namely a few small particles "cracked" from the 

mineral. The heating - duration τ ≈ 15 sec – the 

change of mineral temperature by ΔT ≈ +400 K, there 

is a visual effect on the mineral, namely the increase 

of small particles, which "cracked" from the mineral. 

The heating - duration τ ≈ 20 sec – the change in 

zeolite temperature by ΔT ≈ +550 K, there is a visual 

effect on the mineral, namely a large increase in 

small particles, which "cracked" from the mineral. 

The heating - duration τ ≈ 25 sec – the change in 

zeolite temperature by ΔT ≈ +600 K, there is a visual 

effect on the mineral, namely a strong increase in 

small particles, which "cracked" from the zeolite. The 

heating - duration τ ≈ 30 sec – the change in mineral 

temperature by ΔT ≈ +700 K, there is a visual effect 

on the zeolite, namely - the mineral breaks into 

pieces. The heating - duration τ ≈ 50 sec – the change 

of zeolite temperature by ΔT ≈ +850 K, appearance of 

the black “spot” on the zeolite mineral. Thus, the 

influence of temperature gradients ΔT of the 

ultrahigh frequency field on the destruction dynamics 

of the zeolite Ca[Al2Si4O12]x2H2O structure during 

the heating of the mineral was investigated. 

The depth of laser removal (melting) as the result of 

the thermoelastic stresses Ϭi relaxation with 

temperature gradient over time ∂T/∂t = (55±100).109 

K/sec and the spatial temperature gradient ∂T/∂x = 

(1±2).104 K/cm on the SiO2 surface was 

approximately Δh ≈ 10000 nm in figure 7b. 

 
 

 

 

 

 

 

 

 

 

 

Figure 7a The irradiation in quartzite by the ruby laser; 1 

V/g, 10 μs/g. 

Figure 7b The quartzite surface after the nanosecond laser 

irradiation (x250) 

The peculiarity of the acoustic emission quartzite spectrum 

in figure 7a, figure 8, figure 9 is, in contrast to cemented 

sedimentary rocks with granular porosity, on the one hand, 

and igneous rocks with low primary porosity, on the other 

hand, the presence of many secondary maxima. Their 

presence indicates the variety of material composition and 

structure of the rock, a set of allotigenic and authigenic 

minerals, cement composition, texture, and conveys, to 

some extent, the nature of the dia- and catagenetic 

processes. 

 

 

 

 

 

 

 

Figure 8 The acoustic emission: a - after nanosecond 

irradiation in SiO2 by the neodymium laser with the 

duration of τ ≈ 18 nsec with the wavelength λ = 1060 nm 

with the intensity of I ≈ 110 Mw/cm2; 2 V/g, 25 μsec/g, b - 

after irradiation in SiO2; 5 V/g, 2.5 μsec/g    

 
 
 
 
 
 

 

 

Figure 9 The acoustic emission: a - after nanosecond 

irradiation in SiO2 by the ruby laser with the intensity of I 

≈ 330 Mw/cm2; 2 V/g, 250μsec / d, 

b – the ruby laser with the duration of τ ≈ 20 nsec with the 

wavelength λ = 694 nm 

The Poisson coefficient μ is equal to ratio of relative 

transversal ε┴ compression to relative longitudinal 

lengthening ε‖ and equal (Mazon et al., 1968):  

 

                                                          
 

                                                                   

 

Тherefore waves, that elementary oscillators excite, can’t 

carry the energy. There are stand waves. One oscillator 

produce 3 waves: 1 longitudinal and 2 transversal. Debye 

temperature θD was determined after the formula (Mazon et 

al., 1968): 

                           
 

 

Conclusions 
  

1.The elastic modulus Е, the shear modulus G, Poisson 

coefficient μ, internal friction Q-1 are dependent from the 

texture, microcrack formation, minerals anisotropy. 

2.The measuring of internal friction background Q-1
0 after 

temperature, mechanical treatments gives information 

about the changes of the elastic strains σi fields in rock. 

3.The analysis of the elastic anisotropy parameters alluvial 

SiO2 showed, that the rhombic approximation provided the 

maximum harmonization of the calculated and the 

experimental data. 
  

References 
  

[1] Vyzhva, S.A., Prodayvoda, G.T., Onanko, Y.A. [2011] 
Seismoacoustic diagnostics of destruction processes in 
environment. Geoinformatics, 1, 42-47. 
[2] Mazon, U.P. [1968] Physical acoustics. Lattice 

dynamics. III, P. 1. Peace, Moscow, 392. 

[3] Onanko, A.P., Lyashenko, O.V., Onanko, Y.A. [2008] 
Acoustic attenuation in silicon and silicon 
oxide. J. Acoust. Soc. Am., 123, № 5, Pt. 2, 3701. 
DOI: ttps://asa.scitation.org/doi/abs/10.1121/1.2935110 
[4] Onanko, Y.A., Prodayvoda, G.T., Vyzhva, S.A., 

Onanko, A.P., Kulish, N.P. [2011] Automated system of 

treatment of ultrasound longitudinal and transversal 

velocities measuring. Journal of Metalphysics and New 

technology, 33, № 13, 529–533.  

DOI: http://doi.org/10.5281/zenodo.4267892 

 
  
 

 

 

 

 

 

 

a a 

https://asa.scitation.org/doi/abs/10.1121/1.2935110
http://doi.org/10.5281/zenodo.4267892
http://doi.org/10.5281/zenodo.4267892
http://doi.org/10.5281/zenodo.4267892
http://doi.org/10.5281/zenodo.4267892
http://doi.org/10.5281/zenodo.4267892
http://doi.org/10.5281/zenodo.4267892
http://doi.org/10.5281/zenodo.4267892
http://doi.org/10.5281/zenodo.4267892
http://doi.org/10.5281/zenodo.4267892
http://doi.org/10.5281/zenodo.4267892
http://doi.org/10.5281/zenodo.4267892

