
 

 

DOI: 10.25515/PMI.2017.4.469
  

Viktor V. Nosov 
Control of Inhomogeneous Materials Strength … 

469
Journal of Mining Institute. 2017. Vol. 226. P. 469-479  ● Geo-nanomaterials 

UDC 620.199 
 

CONTROL OF INHOMOGENEOUS MATERIALS STRENGTH  
BY METHOD OF ACOUSTIC EMISSION  

 
Viktor V. NOSOV 
Saint-Petersburg Mining University, Saint-Petersburg, Russia 
 

 
The ambiguous connection between the results of acoustic emission control and the strength of materials 

makes acoustic-emission diagnosis ineffective and actualizes the problem of strength and metrological heterogene-
ity. Inhomogeneity is some deviation from a certain norm. The real object is always heterogeneous, homogeneity 
is an assumption that simplifies the image of the object and the solution of the tasks associated with it. The need to 
consider heterogeneity is due to the need to clarify a particular task and is a transition to a more complex level of 
research. Accounting for heterogeneity requires the definition of its type, criterion and method of evaluation. The 
type of heterogeneity depends on the problem being solved and should be related to the property that determines 
the function of the real object, the criterion should be informative, and the way of its evaluation is non-destructive. 
The complexity of predicting the behavior of heterogeneous materials necessitates the modeling of the destructive 
process that determines the operability, the formulation of the inhomogeneity criterion, the interpretation of the 
Kaiser effect, as showing inhomogeneity of the phenomenon of non-reproduction of acoustic emission (AE) activ-
ity upon repeated loading of the examined object. 

The article gives an example of modeling strength and metrological heterogeneity, analyzes and estimates 
the informative effect of the Kaiser effect on the danger degree of state of diagnosed object from the positions of 
the micromechanical model of time dependencies of AE parameters recorded during loading of structural materi-
als and technical objects. 

Key words: inhomogeneity of strength condition, strength, destruction, micromechanical model of acoustic 
emission 

 
How to cite this article: Nosov V.V. Control of Inhomogeneous Materials Strength by Method of Acoustic 

Emission. Zapiski Gornogo instituta. 2017. Vol.226, p. 469-479. DOI: 10.25515/PM1.2016.4.469 
 
Introduction. Non-destructive testing of strength of structural materials is based on the con-

nection between the results of control and strength characteristics. The heterogeneity of materials 
and control conditions forms an ambiguous connection, introducing uncertainty in the results of 
monitoring. The solution of the problem is related to the need to formulate the concepts of hetero-
geneity and to estimate its quantitative characteristics. 

A heterogeneous material is understood as a material with heterogeneous physical properties, a 
homogeneous material (a material consisting of a number of structural elements), «a certain mathe-
matical model described by means of material functions discontinuous with respect to coordinates 
(for example, the dependence of the elasticity moduli on coordinates), defining relations (for exam-
ple, stress-strain relations)» [2-4, 7]. 

All materials are more or less heterogeneous. Defects of the material and the complexity of 
the design lead to heterogeneity of their structural, stress-strain and tensile states, the uncer-
tainty of behavior and the need to increase the safety margin, which is not always possible. In-
dicators of the strength state can be shape, dimensions, coordinates of structural elements, the 
intensity and scale of the processes of their destruction, deformation or structure transformation, 
the values of acting or failure stresses, deformations, deformation energies, etc., and the range 
of these values forms structural, spatial, kinetic, scale, force, deformation or energy criteria of 
strength inhomogeneity (Fig.1). In particular, the structural criterion of the strength inhomoge-
neity of a material is related to the parameters of the distribution of the number of defects ac-
cording to sizes, the scale criterion is related to the hierarchical level of destruction (micro-, 
meso-, macro-, etc.), the power criterion is the range of values of design stresses, kinetic is con-
nected with a change in the intensity of the processes of material structure transformation. The 
spatial heterogeneity, manifested in dissipation of destruction, is a prerequisite for the localiza-
tion of fracture at the moment of reaching a critical concentration of microcracks, which limits 
the object from complete disintegration into trace elements. The energy heterogeneity of the 
fracture process is manifested in the spread of the values and the decrease in the average value 
of the energy of destruction of the structural elements, the kinetic inhomogeneity of the crack 
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formation is manifested in the comparative strengthening of the material and the decrease in the 
intensity of its destruction, the completion point of which is determined by the most durable of 
the structural elements being destroyed. In cases where heterogeneity is controlled and actively 
used to optimize the properties of directional control of the structure and composition of the 
material, the material is called composite. 

Various types and degrees of strength heterogeneity in different ways affect the properties of 
structural materials and the predictability of their behavior. The complexity of predicting the be-
havior of heterogeneous materials necessitates the modeling of performance-determining proc-
esses, the formulation of the criterion for strength inhomogeneity, which should not only be re-
lated to the property determining a performance, but also to be prognostic, and the method of its 
evaluation should not cause excessive damage to the control object, i.e. to be non-destructive. 
One of the most effective methods for observing the failure process and informative methods of 
non-destructive control of strength is the method of acoustic emission. 

Acoustic emission is the phenomenon of radiation of an object (diagnosis, control, testing) 
with acoustic waves under the influence of a load or effects of other factors. Acoustic emission 
(AE) of the material, caused by a change in the structure of the material of the object, is a re-
flection of the processes that determine the operability of products or structures. Based on the 
analysis of the AE waves parameters, the acoustic emission method of diagnosing allows find-
ing the coordinates of the defect, assessing the degree of its danger, strength indices, residual 
resource of the diagnosed object. The task of non-destructive AE-control is informational sup-
port of AE-diagnostics, which implies the need to provide correct mechanical effects, metro-
logical conditions for recording AE signals and algorithms for processing its results. The indus-
trial tests carried out under conditions of growing load emphasize the nature of the time de-
pendences of AE parameters during repeated loading or exposure of the load [1, 5, 6, 8, 9]. The 
absence of signals during a load less than the initial one, as well as the dying out or stabile na-
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Fig.1. Scheme of material strength inhomogeneity  
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ture of the AE, called the Kaiser effect (Fig. 2), are inter-
preted as a non-hazardous state (section AB, Fig. 2). 
When AE signals appear long before reaching the value of 
the initial sample load or accumulate with increasing ac-
tivity, it is interpreted as a sign of the presence of hazard-
ous defects (section FD, Fig. 2). However, in some cases 
the accuracy of such a qualitative diagnosis is not high 
enough, and the manifestation of the Kaiser effect during 
the acoustic-emission assessment of the state of welded 
constructions newly introduced into operation and not 
passed the heat treatment introduces a significant non-
definiteness in the diagnosis and requires additional re-
peated loading, increasing the complexity of control [5]. 

Table 1 examines the relationship between the state of material structure with certain types of 
strength inhomogeneity, the stages of destruction and their acoustic-emission diagnostic features 
[3-6, 7, 8]. At the moment, there was a need for a deeper understanding of the AE phenomenon, the 
justified linkage of its parameters with the indices of the strength non-homogeneity of the objects of 
control and the creation on the basis of this methodical support for the filtration of AE signals, the 
quantitative determination of informative indicators of the state, the justification of sufficiency of 
simplified diagnostic loading, which reduces the complexity of control. This article is devoted to the 
preparation of the methodological base of these optimization activities. 

 
Table 1  

Relation of material structure state with types of strength inhomogeneity, stages of destruction 
and diagnostic AE features of these stages  

Types of strength inhomogeneity 

State of structure  Stages of destruction  

Spatial  Kinetic Energy 

Diagnostic AE features  

Destructive  
(weakened) 

Delocalized finely divided 
inhomogeneous  

++ ++ ++ 
Fall in AE activity and amplitude before the 
final destruction, DAT variations, Kaiser 
effect  

The same + + + Fall in AE activity and amplitude, DAT 
variations, Kaiser effect  

Without concentrator  

Delocalized finely divided 
homogeneous 

+ – – DAT variations, ability to evaluate strength 
indicators  

Localized finely divided inho-
mogeneous  

– + + 
Fall in AE activity and amplitude, DAT 
variations, Kaiser effect  

With concentrator  Localized finely divided ho-
mogeneous  – – – 

DAT variations, ability to evaluate strength 
indicators  

Formation and development of 
cracks  

– + + Signals duration increase, reduction of 
pauses, increase of overlap factor  

Development of con-
centrator  

Plastic fracture  – – + DAT variations, ability to evaluate strength 
indicators, variation of amplitude and 
length of pauses, Elber effect  

  

Note. «++» – increased inhomogeneity; «+» – essential inhomogeneity; «–» – unessential inhomogeneity; DAT – difference 
in arrival times of AE to registration channels. 

 
Research methods. To optimize the AE-control and expand the areas of its use, the AE-

diagnosis method should be considered as a link in the chain of information collection and proc-
essing, which connects the processes occurring in the material with registered AE signals and re-
liability indicators [21]. In this connection, the description of the destructive process and the 
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analysis of experimental data, the formulation of the criterion and the indices of strength inho-
mogeneity, the development of a method for their quantitative evaluation will be described from 
the positions of micromechanical models of destruction and time dependences of AE parameters 
and the use of simulation computer modelling [13 -15]. According to them, the destruction is 
modeled by the process of accumulation of the concentration of microcracks in a heterogeneous 
material described by equation  
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where t – current time; С0 – initial concentration of structural elements in the material before de-
struction; θ (ω(t)) – durability of structural elements, described by Zhurkov’s formula [7]: 
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τ0 – value of atomic vibrations period order; U0 – fracture process activation energy; ω = γσ/KT – 
parameter of strength state; γ – structure-sensitive coefficient; σ – stress; t – current time; K – 
Boltzmann's constant; Т – absolute temperature; ψ(ω) – function of distribution density of ω value 
according to structural elements; μ – bottom boundary of ω increment; ∆ω – confidence range of ω 
values distribution according to structural elements. 

The introduction of the function ψ (ω) (Fig. 3) makes it possible to describe the failure in the 
conditions of strength non-homogeneity and introduce its quantitative parameters. Graphically, the 
distribution can be divided into two parts: a «bell» in which the values of ω are relatively low (they 
correspond to the most durable structural elements) and vary insignificantly, and the «tail» of the 
distribution with high values of ω (they correspond to the least durable structural elements), where 
the variation ω (ω2) is significant. 

The variation of the parameter ω is determined by the variation of two components – the pa-
rameter γ (the «technological» component of distribution), which determines the structural inho-
mogeneity of the material, and the variation of the parameter σ (the «power» component of distribu-
tion) is the inhomogeneity of the field of mechanical stresses. 

The micromechanical model of time dependences of AE parameters has the following form 
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or 

  )(tCkt AE ,                    (4) 

where ξ – primary AE information parame-
ter (number of impulses, total AE, total AE 
amplitude); kAE – acoustic-emission coeffi-
cient (AEC, «audible volume» of material); 
Ф(∆t, f, U) – density of probability of AE 
signals by intervals ∆t (pauses) between 
them, amplitude U and frequency f; V – con-
trolled volume. 

Computer simulation consists in model-
ling the concentration of microcracks or the 
rate microcracks accumulation process on 
the computer and comparing the simulation 
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Fig.3. Modelling of material strength inhomogeneity with 
the help of ψ(ω) function defining distribution according 

to structural elements of the material parameter ω of strength state 
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results with the recorded number of pulses or AE activity for different states of the material and the 
conditions of its diagnostic loading. The simulation was carried out using the original Destruction 
Modeling program, written in Delphi 7 environment, under conditions of uniform diagnostic load-
ing with a constant rate of voltage changes. The time dependence of the concentration of micro-
cracks in this case had the following form 
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During the research, we have examined different types of the functions ψ(ω): 
• logarithmic-normal distribution of density function  
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The construction of the time dependences of the calculated failure parameters C was carried 
out for various values of the parameters of functions ψ (ω) under different loading regimes. In this 
case, the C (t) models were considered on the interval from zero to the point where the critical con-
centration С* ≈ 0,01С0 was reached, at which the stage of delocalized microcracks formation is com-
pleted. When simulating C (t), the following constants were used: 0 = 10–14 с, U0 = 94-120 KJ/mol, 
K = 8.31 KJ/(Kmol·deg.), T = 275 K, С0 = 10000. 

The simulation results were compared with the AE signals recordings results. 
The registration was carried out using the automated diagnostic acoustic emission system 

SDAE-16 (2), described in [3, 4]. The main characteristics of the system: working frequency range 
20 ÷ 1000 kHz; The gain of the preamplifier is 34 ± 1 dB, the range of the programmable gain of 
the main amplifier is from -20 to 40 dB in 0.375 dB steps; programmatically-controlled discrimina-
tion threshold; converters with a frequency range of 20-200 kHz were used. Primary measured pa-
rameters: time of arrival of the AE signal from the beginning of the test, the rise time of the signal, 
the duration of the signal, the number of signal emissions, the amplitude of the pulses, and the en-
ergy of the pulse. The results of AE registration combined with the invariance of the sample volume 
and the discrimination thresholds of the AE equipment used talked about the stability of the values 
of the acoustic emission factor kAE, the correctness (4), and the acceptability of the assumption 

*00
*

* 10001,0   NCkCkCkN AEAEAE ,                                         (8) 

where *N  – the last element of the array, corresponding to total number of AE impulses, registered 

at the moment of failure of the examined material sample * .  
In the course of finding the parameters of the model (3), the optimization problem was solved: 
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which had the form of  

 







 



















*

2

00
*

0

0

0

min]}
)/exp(

)exp(1
exp[1){(100

tt
t d

KTU

t
NN ,                         (10) 

where Nt – elements of data array, corresponding to total number of AE signals, registered at the 
moment of time t. 

Discussion of the results. Figure 4 shows the time dependences of the number of pulses of 
AE-samples of welded joints that have not undergone thermal treatment (Fig. 4, a) and amplitude of 
AE signals of a re-loaded sample (Fig. 4, b). It can be seen that the signals appear before reaching 
the initial load of the samples by 300 s, and their number is very large, although less than at the first 
loading. It is obvious that the attenuation of AE activity and the irreproducibility of AE parameters 
with repeated loading of the material are evidence of the irreversibility of the destruction of struc-
tural elements and are explained by the inhomogeneity of their strength state, the decrease in the 
proportion of the most overburdened structural elements in it with low durability in the process of 
the first loading of the sample parameters ω from the «tail» region of the function ψ (ω). This is a 
sign of the kinetic inhomogeneity of the cracking process.  

The micromechanical model of material destruction breaks the first stage of fine divided fracture 
into stages of homogeneous and inhomogeneous destruction process. At the non-uniform stage, the least 
durable elements of the material are subjected to destruction, which are destroyed after the first loading 
and because of their small amount completely disappear from the process. Homogeneous destruction is 
less intense, but after the completion of the non-uniform stage begins to dominate. On the time depend-
ence lnN  of re-loadable samples, three sections are distinguished (Fig. 4, a): 

• kinetic inhomogeneous destruction a-b; 
• kinetic homogeneous destruction b-c; 
• destruction after exceeding the previous load c-d. 
In defective samples, a region of kinetically inhomogeneous destruction is short or absent. The am-

plitudes of the AE signals after exceeding the initial loading are increased (Fig. 4, b). This circumstance 
is interpreted as a manifestation of the scale effect: the large structural elements are less durable and are 
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destroyed at the first loading, and the 
destruction of the remaining smaller 
elements is accompanied by the re-
lease of a smaller amount of energy. 
Further increase in the amplitude is 
also associated with an increase in 
stresses, in which also smaller but 
stronger structural elements are de-
stroyed. The behavior of the AE pa-
rameters of re-loaded samples simu-
lated from these positions under ideal-
ized variants of the fracture process is 
shown in Fig. 5. 

 

The real material is destroyed under conditions of a time-varying strength heterogeneity that 
changes over time. The degree of heterogeneity bears information about the state of the object: the flow 
of the process of kinetically inhomogeneous failure indicates a non-hazardous state of the object, and 
the course of the process of homogeneous destruction, on the contrary, indicates the presence and de-
velopment of a dangerous defect. This degree can be estimated on the basis of simulation computer 
modelling, determining the ratio of the parameters of the function ψ (ω). For example, for ∆ω/ω0 < 1 
(see Fig. 3), the process of destruction has a homogeneous character, since the length of the «tail» of the 
function ψ (ω) will be small, and therefore the number of the least durable structural elements is ex-
tremely small, otherwise there will be inhomogeneous failure (Fig. 6). 

In samples with inhomogeneous structure (with rounded defects) ∆ω/ω0 > 1 1 (Fig. 7), in samples 
without distortion of the structure-stressed state (homogeneous failure), ∆ω/ω0 < 1. Samples with in-
creased inhomogeneity and inhomogeneous structure are characterized by the relations ω2/ω1 > 10; 
ω2/ω0 > 10; σз > 10μ (Fig. 8). 

The proposed micromechanical model of AE parameters, in addition to the model of processes as-
sociated with strength, includes factors associated with the propagation and recording of the signal, 
which are unstable (Fig. 9). 

Consider the effect of metrological heterogeneity, modeled by the instability of the AEC, on the 
form of the time dependences of the AE number of pulses (t). For this we use the physical meaning 
of AEC as a «audible» volume of material and the graphic meaning of the derivatives. 

With the time-dependent value of the AEC, the model of the time dependences of the AE number 
of impulses, its first and second derivatives takes the form 

(t) = kAE(t)C(t); 
d(t)/dt = (t) = kAE(t)C(t) + kAE(t)C(t);                                              (11) 

d2(t)/dt2 = (t) = kAE(t)C(t) + 2kAE(t)C(t) + kAE(t)C(t). 

The absolute values of parameters included into these equations kAE(t), C(t), kAE(t), C(t), 
kAE(t), C(t) cannot be defined, but from the point of view of physics, it is clear that kAE(t)  0, 
C(t)  0, C(t)  0 . 

When (t)  0 the curve (t) is bend down, which corresponds to AE activity growth. The 
growth of activity should be observed for kAE(t)  0, kAE(t)  0, C(t)  0. For stable thresholds of 
equipment discrimination, the situation kAE(t)  0 is possible if the average amplitude of the AE 
signal begins to increase and the form of the amplitude distribution changes in a certain way: the 
equiprobable distribution goes into exponential, power or distribution with a maximum, which indi-
cates the development of a defect or the growth of a crack. The state of the structure must be recog-
nized as dangerous. 

 

Fig.5. Behaviour of AE parameters during ideal variants of failure process: 
а – kinetic inhomogeneous failure process; 

b – kinetic homogeneous failure process 

Load Load 

а b
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а b 

Fig.6. Modelling of homogeneous (а) (small «tail» ψ(ω), w2/w1 = 1) and inhomogeneous (b) (big «tail» ψ(ω) 
 w2/w1 = 100) failures with uniform loading of material  

а b 

Fig.7. Results of modelling of microcracks formation and registration of AE samples of lap-welded joints: 
а – with two rounded side saw cuts at the stage of elastic deformation: two-rectangular distribution ψ(ω): ω2/ω1 > 1, 

 ω2/ω0 > 1; ω1/ω0 = 1, inhomogeneous failure; b – defect-free sample, two-rectangular distribution ψ(ω): ω1/ω0 < 1, ω2/ω0 < 1, 
 

ω2/ω1 = 1, homogeneous failure 

а b 

Fig.8. Comparison of registration results for AE sample of cement stone with not-formed highly-inhomogeneous structure 
(daily age), σ3/μ > 1 (а) and structured sample of cement stone  

(sample age –132 days) σ3/μ < 1 (b) 
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The situation kAE(t)  0 is observed experimentally with the growth of the average amplitude of 
the AE signals, which occurs when the stresses in the controlled volume of the material increase. 
Especially great is the value of kAE(t) for small amplitudes at the beginning of the recording. If the 
increase in stress occurs due to the growth of the external load and is not related to the growth of the 
crack, then the increase in the AEC is not a sign of the danger of the state. If kAE(t)  0 at constant 
load, this indicates a crack growth, the state of the structure must be recognized as dangerous. 

The analysis of the situation with C(t)  0 is also carried out separately for a constant load and for 
uniformly distributed loading with a constant velocity. At constant load, when the nominal stresses are 
constant, the growth of the microcracks concentration C in the material can be either attenuating 
(C(t)  0, kinetically inhomogeneous failure) or constant (C(t) = 0, kinetically homogeneous failure), 
which is observed, as a rule, in the presence of improgressing voltage concentrator. 

Thus, the situation C(t)  0 is possible only with the growth of voltages in the controlled vol-
ume, which, when loaded by a constant load, indicates an increase in the crack or progression of the 
defect, the state of the structure must be taken as emergency. When loaded at a constant speed, the 
situation C(t)  0, and hence  (t)  0, is interpreted not so unambiguously and may indicate: 

• progression of the defect with d2lnC(t)/dt2  0 ; 
• presence of improgressing voltage concentrator with d2lnC(t)/dt2  0 ;  
• kinetic inhomogeneous failure and absence of significant concentration of stress with 

d2lnC(t)/dt2  0 . 
With (t)  0 the curve (t) goes upwards. For this it suffices to satisfy the conditions kAE(t)  0, 

kAE(t)  0, C(t)  0. The situation kAE(t)  0 is possible when the average amplitude of the AE signal de-
creases and the presence of an amplitude distribution of signals that do not contain a maximum, and also 
with an increase in the mean signal amplitude and a maximum-amplitude distribution.  

 

Fig.9. Structure of micromechanical model of AE  
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The growth of the mean signal amplitude contradicts the condition kAE(t)  0, so we do not con-
sider it. The condition kAE(t)  0 means a decrease in the proportion of the detected signals due to the 
output of their amplitudes beyond the recorded range or the signals time overlap. This reduction can be 
accompanied by either a decrease in the average amplitude of the signal, which is observed with a de-
crease in the loading rate (controlled by the load indices), or an increase in the average amplitude and an 
increase in the overlap of signals with increasing loading rate. Since the upper discrimination threshold 
UВ, as a rule, is quite high, and the growth of the overlap factor contradicts the condition C(t)  0, the 
decrease in AEC will be attributed only to a decrease in the mean signal amplitude. The situation 
C(t)  0, both under constant load and under uniform loading, corresponds to the stage of kinetic inho-
mogeneous destruction and indicates the absence of a dangerous defect. The state of the structure is not 
dangerous. 

Thus, if the time dependence of the AE number of pulses recorded under exposure to a constant 
load is in the form of a curve with a convexity downwards ( (t)  0), then the state of the diagnosed 
structure should be considered dangerous only on this parameter. Amplitude analysis is not necessary to 
be conducted in this case. If the time dependence of the AE number of pulses recorded at a constant load 
or under a uniform loading of the object has the form of a curve with convexity upwards ( (t)  0), 
then the state of the diagnosed structure only of this feature should be recognized as not dangerous, the 
amplitude analysis is also not required. In all other cases of AE control, in which the mean amplitude of 
the signal and AEC values are varied, the number of pulses recorded and its time dependence are not 
sufficiently informative, additional analysis of the amplitude distribution is required to diagnose the 
state. This conclusion is consistent with the ideology of the leading AE-control technologies, and, in 
particular, with the system of classification of AE sources in the MONPAC technology [5]. Different 
stages of destruction of the object can be identified (Table 2). To estimate the resource at the stage of 
homogeneous fracture (following the non-homogeneous one), corresponding to the destruction of struc-
tural elements with values of ω from the «bell» region of the function ψ (ω) (see Fig. 3), it is necessary 
to determine the strength AE indices YAE, WAE, described in the works [1-4, 7, 10-21]. 

 

Table 2 

Identification of failure stage and resource evaluation 

Stage Failure stage  Diagnostic indicator of failure stage  
Resource evaluation formula  

(diagnostic T-moment) 

I 
Delocalized finely divided 
inhomogeneous  

d2ξ/dt2 < 0 with σ = 0; d2lnξ/dt2 < 0 with σ = 0; 
dkae/dt < 0 (dPU / dt < 0); ω2/ω1 > 1, ω2/ω0 > 1; 

σ3 > μ; DAT = var 
* = (1÷10)T 

I 
Delocalized finely divided 
homogeneous 

d2ξ/dt2 = 0 with σ = const; d2lnξ/dt2 = 0 with σ = const;
dkae/dt = 0; ω2/ω1 < 1, ω2/ω0 < 1;  

σ3 < μ; DAT = var 

Localization time 
* = f (YAE) or * = f (WAE) 

I 
Localized finely divided 
inhomogeneous 

d2ξ/dt2 < 0 with σ = 0; d2lnξ/dt2 < 0 with σ = 0; 
dkae/dt<0 (dPU/dt<0); ω2/ω1>1, ω2/ω0>1; 

σ3 > μ; DAT = invar 
* = (0.1÷0.5)T 

I 
Localized finely divided 
homogeneous 

d2ξ/dt2 = 0 with σ = const; d2lnξ/dt2 = 0 with 
σ = const; dkae/dt = 0; ω1/ω0 < 1, ω2/ω0 < 1; 

σ3 < μ; DAT = invar 

Time till beginning of concen-
tration growth  

* = f (YAE) or * = f (WAE) 

II 
Formation and development 
of cracks 

d2ξ/dt2 > 0 with σ = const; d2lnξ/dt2 > 0 with 
σ = const; dkae/dt > 0 (dPU/dt < 0); ω1/ω0 > 1, 

ω2/ω0 > 1; 
σ3 > μ; DAT ≈ invar 

* = (0.01÷0.1)T 

II Plastic failure  
d2ξ/dt2 < 0 with σ = const; d2lnξ/dt2 < 0 with σ = const;

dkae/dt < 0 (dP∆t/dt < 0); ω1/ω0 < 1, ω2/ω0<1; 
σ3 < μ; DAT ≈ invar 

* = (0.01÷0.1)T 

 
Conclusions. Thus, the application of the micromechanical model of failure process and time 

dependences of acoustic emission parameters reflecting it, makes it possible to propose an adequate, 
informative, physically grounded mathematical model of strength and metrological heterogeneity, 
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their quantitative criterion and their evaluation methods, to remove uncertainty in the recognition of 
the state of controlled heterogeneous objects, to reveal the informativeness of the Kaiser effect and 
other signs of heterogeneous destruction, making them forecastable. 
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