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Introduction 
  

The new functionality has appeared in the latest versions of 

Delphi. When working in a visual design environment the 

work is divided into two separate tasks: to work with visual 

designers and to work with program code. The designers 

allow you to operate at the visual level or at the hidden 

level when placing the DataSet component in the data 

module. The designers allow you to select the desired 

component and set the properties initial values of this 

component. 

Influence of deformation  on a phonon spectrum is 

described by means of Gryunayzen constant γ. The 

changing of Gryunayzen constant γ shows up in the 

anharmonicity phenomena. The anharmonic effects are 

studied on measuring of elastic characteristics descriptions 

of crystals, because elastic constants Cik = ∂2F/∂ε2 is 

determined through the second derived quantity from 

energy of co-operation between the atoms of crystalline 

grate on deformation. As the variation of these effects is 

small, it is necessary to choose the high-fidelity measuring 

methods, which would allow to find out these changes 

(Vyzhva, 2004). 

The criterion of the structural relaxation is formed: the 

inelastic structural relaxation can be caused only by the 

structural defect, whose symmetry system is lower than the 

crystal symmetry. This rule does not determine the 

magnitude of the relaxation effect (Anderson et al., 1970). 
 

Results 
 

The illustration of the lower 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 lower part of the window of 

the completed third stage of data processing of ultrasonic 

measurements of velocities V║, V┴ anisotropy in rock 
 

Samples preparation 
 

The quartzite SiO2 surface after laser irradiation is shown 

in figure 2, figure 3, figure 4. 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 = I the duration of the ruby 

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

(x98) 

 

 

 

 

 

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 

(x28) 

 

 

 

 

 

 

Figure 4 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. 

The circle indicates the area of the laser irradiation (x98) 

 

 

 

 

 

  

 

Ultrasound methods 

 

The modernized installation "ALA-TOO" (IMASH-20-75) 

was used to determine the mechanical characteristics: the 

static elastic modulus E, the elasticity limit σE, the fluidity 

limit σ0.2, strength limit σS of the mineral by constructing 

the tension - deformation diagram σ - ε =  with short-term 

axial reversible compression - extension. The front panel of 

the control panel of the modernized device "ALA-TOO" 

(IMASH-20-75) is presented in figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5 The front view of the control panel of the 

modernized installation “ALA-TOO” (IMASH-20-75). 1 – 

vacuum gauge, 2 – control organs and control of the power 

supply of the mercury-quartz lamp DRSH-250 of the 

microscope illuminator, 3 – thermocouple switch, 4 – clock, 

5 - alarm panel, 6 - microscope, 7 - socket for connecting 

the thermocouple welding electrode, 8 - display device, 9 - 

handle for moving the protective glass 

The petrophysical research methods were used: US pulse-

phase method for determining the velocities of elastic 

waves using computerized “KERN-4” in figure 6 

measurement equipments (Onanko et al., 2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6 The window illustration of data treatment of 

elastic waves velocities measuring by impulse phase 

ultrasound method at frequency f║ ≈ 1 MGz, f┴ ≈ 0,7 MGz 

and appearance of measurement equipment KERN-4 

 

Experimental results and discussion 

 

 The area of the curve in figure 7 at the frequency f = 200 ÷ 

500 kHz at attenuation α = 70 dB is proportional to the 

power of the neodymium laser I(S) and proportional to the 

acoustic oscillations W(S) energy (Onanko et al., 2020). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 The acoustic emission signal after the neodymium 

laser irradiation with different intensity I = 10, 40, 70, 100, 

140, 180, 230, 250, 290, 340, 400, 450 Mw/cm2 

The acoustic emission (AE) is the threshold phenomenon, 

so the certain threshold of the equipment operation is set. 

This is done in order to limit the intrinsic noise of devices 

and interference, which interfere the effective registration 

of the actual AE signals. It is important to correctly 

determine the possible AE mechanisms. The sequence in 

time is as follows: 1) AE at the melt of the quartz surface – 

the phase transition solid-liquid phase, 2) AE at the 

solidification of the melt – the phase transition liquid-solid 

phase, 3) AE at the crack formation. The processes at the 

 

 

 

 

 

 

 

 

 

phase transitions solid phase-gas and gas-solid phase due to 

the relatively "long" - nanosecond laser pulse can be 

neglected. Under the conditions of the experiment, the 

phase transitions occur rather quickly - for a time, that can 

be compared with the laser exposure time τ ≈ 20 ns, the 

formation of the "acousto-emission part" of the acoustic 

response is associated with the crack formation in figure 2, 

figure 3, figure 4. The approach to AE in figure 8 as the 

emission of two types: discrete (high-energy) and 

continuous (low-energy) is leveled for cases when the time 

lengths of AE individual acts τ exceed the time of the 

mineral wave τ › t, and the linear wavelengths λ - linear 

rock dimensions λ › L.    emission of two types: discrete 

(high-energy) and continuous (low-energy) is leveled for 

cases when the time lengths of AE individual acts τ exceed 

the time of the mineral wave τ › t, and the linear 

wavelengths λ - linear rock dimensions λ › L. 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 The typical curves (1,2) of the efficiency change 

of the acoustic emission VAE in comparison with strain - 

deformation σ – ε rock diagram 

 

The comparison of the acoustic response in quartzite SiO2, 

shown in figure 6, with the ruby laser exposure time τ ≈ 20 

ns pulse intensity I ≈ 300 Mw/cm2 and the mineral size 

indicate the probable formation of the 2nd and 3rd 

"maxima" (superimposed in time pulses) through AE 

mechanism, because the time delays of their appearance 

and the length the final generated pulse cannot be 

explained within the photothermoelastic mechanism. At the 

intensity of laser irradiation I ≈ 1500 Mw/cm2 there is the 

intensive crack formation of the band direction, at the 

intensity of laser irradiation I ≈ 300 Mw/cm2 only the weak 

system of cracks is formed, localized within the single 

mineral grain. The longitudinal waves velocity in quartzite 

SiO2 was V║ = 0.028 m/5.2 μs ≈ 5380 m/sec. The elastic 

modulus quartzite SiO2 E = 79.46 GPa, the elastic modulus 

quartzite absolute value E is greatest in the directions along 

which the concentration of oriented cracks is the lowest. 

 

Conclusions 

 

1.The elastic waves pulses were discovered from 

microfractures that connected with elastic balance in 

minerals. Annealing of structure defects in the rock bends 

out of shape the type of internal friction Q-1(Т) temperature 

spectrum. 

2.The data are obtained from elastic constants Cmnkl 

sandstones SiO2, limestones CaCO3. 

3.The elastic anisotropy integral coefficient  and the 

polarization angle – the deflection of elastic displacements 

vector  from wave normal direction   and are the most 

universal characteristics of anisotropy and testify about 

anisotropic deformation ε at the rock hydrostatic 

compression P. 
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