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Purpose. The purpose is to improve, develop and generalize the criterion of a crack initiation taking into account
the simultaneous effect of the rock stress state and oscillatory processes. The influence of the oscillation amplitude-
frequency characteristics on the critical crack length has to be studied as well.

Methodology. The methodological basis of the problem solution is a comprehensive approach that includes the
mathematical analysis, numerical methods for solving transcendental equations, analysis of the results in the math-
ematical package Mathcad.

Findings. A crack initiation criterion has been developed considering both static stresses (tensile and compressive)
and dynamic stress in an elastic wave spreading in the rock mass. The critical length of the initiated crack is deter-
mined depending on oscillation amplitude and frequency, static stress and rock crack resistance. The abrupt change
in the critical crack length is defined as an indication of the dynamic rock failure. The values of oscillation frequency
provoking a decrease in the critical crack length and dynamic rock failure are determined for different rocks.

Originality. New approach is used to describe the rock destruction considering the elastic oscillations in the rock
mass. The criterion of a crack initiation has been generalized to consider the action of both tensile and compressive
stress near by the crack and harmonic stress in an elastic wave. So, based on a common time-space failure criterion,
we take into account the stress which is a sum of quasi-stationary and harmonic components. In this paper we focused
on the critical crack length that provokes the crack initiation. The influence of oscillation amplitude and frequency on
critical length altering has been estimated for different values of the crack resistance.

Practical value. The results obtained in the study of criterion crack initiation, can be used to improve the acoustic
forecast of gas-dynamic phenomena by the amplitude-frequency characteristics of oscillations. For this purpose, we
defined ranges of harmonic oscillation frequencies in some rocks (fine-grained sandstone, limestone, siltstone, coal)
in which the initiating of “short” cracks occurs. And we got the real conditions (for coal), in which a slight change in
the oscillation amplitude in the array of rocks leads to a jump in the length of the cracks.

Keywords: crack initiation, the amplitude, crack resistance, critical crack length

Introduction. Dynamic phenomena originating in
mines, such as outburst and rockburst have been known
for about 250 years. The problem of combating these
phenomena in coal mines has been relevant in Ukraine
for the past 85 years. The need to predict, prevent and
avoid the negative effects provides the development of
various methods focused on forecasting the outburst at
certain stage of mining. One of the ways to deal with the
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gas-dynamic phenomena is the diagnosis of the rock
stress-strain state and identification of the areas of po-
tentially hazardous emissions of coal, rock and gas. The
acoustic monitoring of a coal seam state as a source of a
gas-dynamic phenomena is an effective diagnosis meth-
od. It includes the following basic stages: the seam prob-
ing by artificial acoustic signal, receiving a part of signal
that passes through the stressed rock mass and subse-
quent analysis of the return signal. Based on this analy-
sis the conclusion concerning the rock mass state can be
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made regarding two types of rock inhomogeneity: struc-
tural faults and dramatic stress concentration (strength
inhomogeneity). Specific features of structural inhomo-
geneity prediction are given in [1]. Locating the strength
inhomogeneity can result in the outburst prediction.

The effectiveness and reliability of the forecast depends
on the validity of an evaluation criterion. There have been
developed acoustic control systems based on processing
the amplitude-frequency characteristics of the return sig-
nal. The outburst prediction involves a criterion developed
empirically based on statistical data processing. However,
theoretical substantiation of the criterion has not been suf-
ficiently developed. The lack of theoretical assumptions
hinders the improvement of forecasting technique and in-
creasing the prediction reliability. That is why the correla-
tion between the rock stress state components and har-
monic oscillations in rock mass should be considered. The
rock destruction is always associated with a crack propaga-
tion. N. Morozov and Yu. Petrov [2] developed a criterion
of a crack initiation under stress acting. The criterion is
based on a general space-time approach to studying a solid
failure. In this paper we consider the effect of elastic oscil-
lation in rock mass on a crack initiation.

Presentation of the main research. Generally, the
space-time changing in rock stress-strain state is caused
by the rock excavation and openings creation. But there
are not only quasi-static stresses induced in rock mass.
The alternating stresses occur in elastic waves inside the
rocks caused by mining mechanisms operating. The elas-
tic waves are generated by the rock brittle failure as well.

A stress tensor 75, acting in a crack vicinity is a sum
of a quasi-static stress tensor 7, and a wave stress ten-
sor T, occurring at a particular point of the rock mass

Tc(t) = qu(t) + TW(Y)’

The stress that is normal to the crack plane should be
taken in the form

Gl(t)=60+k’(t—t0)+a‘COS[2T[‘G'(t_t0)+(po]. (l)

Here the expression o, + k - (¢ — 1) is the stress com-

dt
the rate of quasi-static stress o, altering; the expression
a - cos[2n9 - (f — 1)) + @] determines the vibration load,
where a, 9, @, are the oscillation amplitude, frequency
and phase respectively.

The crack initiation (the start, readiness to propa-
gate) would be possible at the critical combination of
static and harmonic loads. The condition of crack initia-
tion is defined by the crack resistance of rocks.

The criterion of a crack initiation under joined im-
pact of harmonic oscillation and static tensile stress in
crack vicinity has been developed in [3]. In this paper,
the generalization of crack initiation condition is carried
out considering the existence in rock mass of both com-
pressive and tensile stresses. The generalized criterion of
a crack initiation looks like

d
ponent not related to oscillations in (1); & :( Gj is
1=t

a-sine(n-1)-cos(n- LI_J) > Kev + % —sign(c,). (2)

Jr
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The inequality (2) contains the following dimen-
- I3
sionless variables: / = is a relative crack length,

where [/ is a specific dimension (a radius) of a circular

. . _ a .
cracks, Cy is a rate of the Rayleigh wave; a =+ isa

o
. I . K 3
relative oscillation amplitude; K, =—/%-,|— is a
2o,| \ Cr
complex parameter determined by the ratio of a rock

. . k.
crack resistance K|, and acting stress ¢,; o= |—8 isa
ol
o

coefficient characterizing the rate of the quasi-station-

ary stress change; LI_J is an integer part of the value I3

(the floor of / ). The term sign (c,) = 1 means the exis-
tence of tensile stress and the term sign (o) = —1 points
at existence of compressive stresses.

Moreover, the inequality must be true

&.,.%—sign(co)zo. (3)

Jr

If the inequality (3) is not true the crack can be initi-
ated (started) under action of only static stress without
impact of oscillation load.

Let only static tensile stress and vibration load act in
the crack vicinity, that is, in equation (1) o, > 0 and
k= 0. Then sign (5y) = 1 and a = 0 therefore, the crack
initiation criterion (2) takes the form

E~sinc(n-l_)~cos(n-L1_J)25;:V ~1. 4)

Impact of amplitude increasing on the critical crack
length. Let the relative amplitude @ be expressed from (4)

L
- T -
a(l):s_m\/c_(mcos(m\_l j) (5)

where [ #1,2,... and 52—120 or 0</ < Kfv.
I

The function 5(1 ) means that if a crack has a length

ly, then it can initiate at amplitude value a(/,) under
given condition defined by the complex parameter K,..
The diagram of function a(/;) is shown in Fig. 1. The
graphics are built formally according to expression (4),
but they should be corrected to satisfy the physical sense
of the problem. This means the condition 0</ < K?
should be met.

Then cracks of length /, €(0; K2 ] can be initiated at
the amplitude value a(/), but cracks of length
I, € (K2 ;+) can be initiated under the action of only
static stress without impact of oscillation load. So, the
diagram part corresponding to negative value of ampli-
tude g should be replaced by a horizontal half-line

a =0 within the interval /, € (K2 ;+) (Fig. 2).
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At K, > 1the E(l_) diagram consists of two branches

(Fig. 1). This means that different values I correspond
to the same value of the amplitude @. In this case we

should put the smallest value of [ as a critical crack
length under given amplitude value.

Discontinuities of the function 5(1_) are of particu-
lar interest. The critical crack value changes abruptly (by
a jump) in this case. The situation matches to the hori-

zontal segment on the corrected function a(l) diagram
(Fig. 2). The horizontal segment connects two points,

located on two branches of function a (l_) (5). The co-
ordinates of the left end of the segment (l_,ef,,ﬁ*) can be
determined as a point at which a derivative of the left

function branch equals zero.
After differentiation one can derive the transcenden-

tal equation to determine Zef,
sin(n~l_,eﬁ)-(Kcv ~2-J1; )—

_ — - (6)
2Ty Koy =\fls )-c0s(m-Ty) =0.

We should take the smallest positive root of the equa-
tion (6) as the /,; value. Then let us substitute the found

a
I Kﬂ :0.8

EEEE K,_-.,:l-o
- K _=11

(21

essen K _—12

|

Fig. 1. Graph of the function a(l) according to equa-
tion (5)
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Fig. 2. Corrected diagram of the function a(l) at differ-
ent values of complex parameter K.,
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value l_,eﬁ into (5) and obtain the amplitude value a., at
which the jump of the crack critical length occurs. To

determine the right end of the horizontal segment l_,,»gh,

we should find the intersection of the line @ = a. with the
second branch of the function a(/) (5), i.e. to find the
greatest positive root of the transcendental equation (6).

Calculations carried out in this way make it possible

to find the desired function a(/)at any value of the
complex parameter K, (Fig. 2).

The corrected diagram in Fig. 2 shows that under
condition defined by parameter K, = 0.8 the cracks with

relative length /; =0.64 can be initiated without oscilla-
tion impact, i.e. only under acting of the static stress.
But if the amplitude increases, the cracks of smaller
length became ready to start.

For example, in case of fine-grained sandstone the

crack resistance is K, =1.47 MPa-\/n_1, the rate of the
Rayleigh wave is Cp = 2400% [4]. Then at tensile stress

oy = 0.9 MPa and frequency of oscillation % = 800 Hz
the cracks of real length /= 1.92 m can be initiated at a
very small value of amplitude (that is close to zero). If
the amplitude of oscillation increases the cracks of
smaller length (/ < 1.92 m) can be initiated as well. Pre-
cisely initiating the cracks of a small length can be inter-
preted as a risk of dynamic phenomena in the rock mass.

At parameter K., = 1 and relative amplitude altering
from @a=0 to a=0.5 the cracks of relative length
I ~ K2 =1 can be initiated.

At parameter K., = 1.1 the transcendental equation

(6) should be used to determine the point (Zeﬁ,c_l*),
mentioned above

sin(n-l_,eﬁ)-(l.l—2~ Zef)—

-2n-1,, .(1.1—\/@)'005@'1—@):0'

The root of this equation is Zef, =0.618.

Similar actions give result / =0.558 at K.,=12.So

the increase in parameter K., reduces the length [ of
initiated cracks. The amplitude values at the moment
of the crack initiating equal a(0.618)=0.832 and
a(0.558)=1.081.

The inverse function / (@) is more interesting practi-
cally. It can be derived from the equation (4) directly and

by inversion of @(/) function. Analysis carried out above
showed that diagram of /(a) function has horizontal

segments at K., > lsimilar to a (/) diagram. Critical
lengths of cracks are represented in Fig. 3 depending on
relative amplitude at different values of the parameter K_.,..

The function /(a) also demonstrates that the in-
crease in oscillation amplitude causes the instability in
rock mass structure that means initiating and propagat-
ing the “short” cracks. However, the degree of critical
crack length reduction (the crack ability to start and
propagate) alters significantly depending on the stress
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static and harmonic components and crack resistance of
. . .. da
rock mass. That is why a derivative i should be used

as a local characteristic of a(/) function (Fig. 4).

The derivative is not defined at the points corre-
sponding to the jumps of crack length. The greatest sen-
sitivity of critical crack length to the amplitude change
takes place at those points. It should be noted, however,
that in situ there are oscillations with more than one
amplitude and frequency. In most cases an oscillation
can be represented as a set of harmonic oscillations with
different frequencies and amplitudes. Besides, in most
cases the oscillation amplitude does not exceed a static
stress in the crack vicinity (@ does not exceed o). That
is why the additional characteristic should be introduced
to clarify how the critical crack length depends on the
oscillation amplitude. Let us consider the average value
of length derivative with respect to the amplitude within

an interval [O, EOJ

— Kcv =05

1 mmmm K =07
—_—— K_=09

"t,‘ TYYY -S|
LS . —_ = K. -13

Fig. 3. Critical crack length I depending on the relative
amplitude a at different values of the parameter K.,
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da
Fig. 4. Derivative i at different values of the parame-

ter K.,
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The function s(a,,K.,) characterizes the sensitivity of
the critical crack length to the amplitude variation. It de-

pends on the length of the averaging interval @,. The most
typical variation of the amplitude corresponds to the inter-

val [0;0.5]. Thenat @, =0.5 the sensitivity of critical crack

length with respect to the amplitude, variation s(a,,K,,)
depends on the parameter K., as it is shown in Fig. 5.

Diagrams in Fig. 5 show that abrupt change in the
critical crack length caused by an increase in oscillation
amplitude occurs in the interval K., € (0.8; 1.0). At lower
values of K., the amplitude impact on the critical crack
length is significantly less. At larger values of parameter
K., the abrupt length change becomes possible only in
the area of practically unrealizable amplitude values.

So, based on the results above, we should put the
value K, = 1 as a critical one. At such K., value the am-
plitude a increase by 20 % (from 0.5 to 0.6) reduces the
critical crack length by 2 times. Besides, such an oscilla-
tion amplitude value exists, that before reaching up this
value the critical crack length hardly changes under in-
creasing amplitude. But after reaching up this value the
critical crack length reduces very abruptly.

Comparing theoretical results and experimental data.
Mirer and Maslennikov (article “About the control of
the outburst of the slaughtering by the spectral charac-
teristics of acoustic signals”) studied in situ the ampli-
tude — frequency specters of acoustic signal generated in
rock mass by mining cutting mechanism. They proved
that during an outburst the amplitude of registered sig-
nal increased twice in the interval of frequency
800—1200 Hz. This fact is recognized normative [5].
That is why the theoretical study of the crack length al-
tering under the amplitude increase should be focused
just on this particular frequency interval.

All previous research has been carried out using rela-
tive dimensionless values. So, the real absolute magni-
tudes should be estimated to verify their identity to real
conditions of mining. The properties of rock mass are
characterized by a crack resistance K. and a rate of the
Rayleigh wave Cy. These parameters accumulated from
different sources are represented in Table.

The results of calculations for fine-grained sand-
stone are given in article [3]. Numerical estimation has

s(a.K.,)

Fig. 5. Sensitivity of the critical crack length with respect

to the amplitude variation s(ay,K.,) depending on
the parameter K_, at different values of averaging in-

terval a,
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shown that insignificant increasing in the relative ampli-
tude (from 0.4 to 0.8) at frequency of 1145 Hz, provokes
the abrupt reducing the length of initiated cracks (from
4 to 1.6 m). Taking into account new results represented
in Fig. 2 the frequency diapasons should be determine at
which the amplitude increase causes the initiation of
short cracks in different types of rock. The relative length

values ! are obtained from transcendent equation

a-gncoﬁb—(f%;—1j=0.

The oscillation frequency ¥ is calculated with re-
spect to the crack resistance K., and rate of the Rayleigh
wave Cp and static tensile stress o, that define the pa-

rameter K., by equality K,, =—"%- ity
2o,| \ Cr

In calculations the static tensile stress is assumed to
be 6, =0.9 MPa, the relative amplitude @ changes from
0.41t00.8.

In case of limestone the increase in the amplitude by
2 times causes reducing the initiated crack by 2—2.6
times. This fact takes place at frequency varied from 890
to 1400 Hz.

In case of aleurolite (argillite) the increase in the
amplitude by 2 times causes reducing the initiated crack
by 2.3 times at frequency varied from 2000 to 3000 Hz.
So, at tensile stress o, = 0.9 MPa the oscillations with
frequency in the diapason 900—1200 Hz are not danger-
ous from point of view jump the crack length in case of
aleurolite (argillite). In case of coal the increase in the
amplitude by 2 times causes reducing the initiated crack
by 1.67 times at frequency varied from 600 to 3600 Hz.
Therefore, the frequency diapason 600—3600 Hz should
not be considered dangerous from point of view jump of
the crack length for coal seam if tensile stress is o, =
=0.9 MPa. But situation changes dramatically if the ten-
sile stress is 6, = 0.25 MPa. At such value of the static
stress the increase in the amplitude by 2 times causes
reducing the initiated crack by 4 times.

The important fact should be noted in this case. At
oscillation frequency O = 1340 Hz the critical crack

length changes insignificantly (/' €[0.9;1.2]) before
reaching up the amplitude value a =0.8. But after ex-

Table

Crack resistance K. and a rate of the Rayleigh wave Cy
related to different type of rocks

Rock K., MPa-\/; Crp» m Source
s
Sandstone | 0.36—1.42 (1.4%) 1954 [4, 6]
Limestone | 0.36—1.24 (1.2%) 2073 [4, 6]
Aleurolite 0.53 1786 [4,7]
Coal 0.27 1012 [4,6,7]

* — values taken into calculation
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ceeding this amplitude value the critical crack length
reduces very abruptly by 4 times down to the value
1=0.29.

Hence, in coal case the frequency diapason 700—
1400 Hz at static tensile stress c, = 0.25 MPa should be
considered dangerous from point of view of jump of the
crack length.

Conclusions.

1. The criterion of a crack initiation in rocks under
joined impact of harmonic oscillation and static stress
has been developed. It has been generalized to consider
both types of normal stresses acting in crack vicinity:
tensile stress and compressive one.

2. The oscillation amplitude is derived as a function

of critical crack length a(l) and the inverse function

!/ (@) has been obtained. Increasing the oscillation am-
plitude causes reducing the length of cracks that are ca-
pable to initiate. The degree of the amplitude impact on
crack initiation is defined by a ratio of rock cracking re-
sistance and the level of stress acting in the rock mass
(by complex parameter K_.,).

3. Both /(@) and a(/) diagrams demonstrate that
the increase in oscillation amplitude causes the instabil-
ity in rock mass structure that means initiating and
propagating the “short” cracks.

4. Analysis of the crack critical length derivative with

dl _
respect to amplitude F(a) shows that there are points
a

of derivative discontinuity. The biggest sensitivity of
crack critical length occurs at these points. The increase

in oscillation amplitude causes altering the /(@) dia-
gram by jump at these points as well.

5. A crack initiating is most probable if a complex
parameter K., approaches approximately K., = 1. So, the
value K., = 1 is considered as a critical combination of
the static stress and oscillation amplitude and frequency
under given geological conditions defined by the rock
crack resistance and the rate of the Rayleigh wave.
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Meta. YI0CKOHAJIUTU, PO3BUHYTHU Ta y3araJIbHUTU
KPUTEPI CTapTy TPIIIMHM B TIOITEPETHBO HATIPYKEHO-
My IIOPOTHOMY MAaCHBi 3 YpaxXyBaHHSIM 3HAKO3MiHHUX
CTaTUYHMX HAIIPYy>KeHb. BCTAaHOBUTHU BIUIUB aMILTITYI-
HO-YaCTOTHHUX XapaKTepUCTHUK MPYKHUX KOJMBaHb Ha
KPUTUYHY TOBXUHY TPIilllAH.

Metoauka. MeTOm0JIOTiYHOI0 OCHOBOIO BUpIllIEH-
Hs IOCTaBJIEHOIo 3aBJAaHHSI € KOMIUICGKCHUI MiaXil,
110 BKJIIOYA€E MaTeMaTUYHUI aHasi3, BUKOPUCTAHHS
YUCeJbHUX METOMIB PO3B’SI3aHHSI TPaHCLEHISHTHUX
PiBHSIHb, aHAJTi3 PE3yJIbTATIB Y MPUKJIATHOMY MaTeMa-
TUYHOMY TAKeTi.

Pe3ymbTaTtu. Po3po0bieHo it mociimkeHo y3araabHe-
HY YMOBY CTparyBaHHs (CTapTy) TPIlLIMHU BHACIIIOK CY-
MicHOI il CTaTUYHUX HamNpyXeHb (pO3TATYBaHHS I
CTUCKAHHS) i TMHAMIYHUX HAITPY>KEeHb Y TIPYKHiil XBUJIi,
1110 PO3IOBCIOIKYETHCS Y BYTLJIbHOMY IUIACTI Ta TTOPOI.
OTtpuMaHa 3aIeXKHICTh KPUTUYHOI TOBXWHU TPIlLIUHU,
3a KOI BiIOYBa€TbCs ii CTparyBaHHS, Bill aMIUTITYou i
YacTOTH MPYKHUX KOJIMBaHb, CTATUYHOTO HAMPY>KEHHS
B OKOJIi TPILIMHU Ta TPILLIMHOCTINKOCTI nopin. Busineni
YMOBH CTPUOKOMOAIOHOT 3MiHM KPUTUYHOI JOBXWHMU,
1110 CBiTYUTH MPO MOYATOK AMHAMIYHOTO PyMHYBaHHS B
TMOPOIHOMY MacuBi. JIJis1 pi3HUX MOPIiN i BYTijUIs BU3HA-
YeHi Jiara30Hu YacTOT MPYXXHUX KOJIWBaHb, 11O O0Yy-
MOBJIIOIOTh CTPUOKOIOAIOHY 3MiHY KPUTUYHOI JTOBXKHU-
HU TPIiIlIMHA I TIPOBOKYIOTH AMHAMIYHE SIBUIIIC.

HaykoBa nosusna. BukopucraHo HOBUI miaxim 10
OITNCY PYITHYBaHHS MOPOIHOIO CEPEIOBUINA 3 ypaxy-
BaHHSIM TIPY>KHUX KOJMBaHb, 1110 PO3MOBCIOIKYIOTHCS
B TipcbKoMy MacuBi. Kpurepiit ctapTy (cTparyBaHHsI)
TPILLIMHU PO3BMHEHUI Ta y3arajibHEHUII Ha BUIAgOK
Nii B OKOJIi TPIiLLIMHU SIK HANIPY>KeHb PO3TSATYBaHHS, TaK
i CTUCKAHHSI, a TAKOX TapMOHITHO1 CKJIaJ0BOI HaMpy-
>K€Hb Y TIPYKHil XBWIi. BcTaHOBIEHO BILJIUB aMILIITy-
I 71 9aCTOTH KOJIMBaHb Ha KPUTUIHY JOBKIHY TPIlI-
HU 3a Pi3HUX 3HAYeHb CTATUYHUX HATIPYKEeHb i Koedi-
Li€HTA TPILLIMHOCTIMKOCTI MOpis.

IIpakTiyna 3HayumicTh. BusHaueHi aiarmazoHu yac-
TOT TAPMOHIMHUX KOJUBAHb Y AESKUX TipChKHUX ITOPO-
nax (IpiOHO3epHUCTUI MiCKOBUK, BAITHSIK, aJIeBPOJIIT,
KaM’siHe BYTiJLJIS), B SIKUX CTBOPIOIOTHCS YMOBHU IJISI
CTapry ,,KOPOTKMX" TpilinH. JIaHi yMOBU € HEOOXiTHM -
MU JIJIsI TOYaTKy AUHAMIYHOTO pyiiHYyBaHHS ropia. Bu-
3HAYEHHSI KPUTUYHUX YaCTOTHUX Aiala30HiB € OCHO-
BOIO IS BIOCKOHAJEHHSI METOAWKM aKyCTUYHOTO
MPOTHO3Y AWHAMIYHMX SIBUIIl 32 aHATi30M aMILTiTyI-
HO-YaCTOTHUX XapaKTePUCTUK CUTHAIIB Y OPOTHOMY
MacHBi.

Karouosi caosa: mpiwjuna, amnaimyoa, xoegiuicnm
MPIWUHOCMITIKOCMI, KpUMUYHA Q08ICUHA MPIUUHU
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Ilean. YcoBepIlleHCTBOBATh, Pa3BUTh U O0OOIINTH
KPUTEPHUIA CTapTa TPEIIWHEI B IIPEABAPUTEIILHO HAIIPSI-
JKEHHOM ITOPOTHOM MaCCHBE C y4eTOM 3HAKOIIepEeMEH-
HBIX CTaTUYECKUX HATIPSDKEHUM. Y CTaHOBUTD BIMSTHUC
AMIUTUTYIHO-YaCTOTHBIX XapaKTePUCTUK YIIPYTUX KO-
JiebaHUl Ha KPUTUYECKYIO JUIMHY TPEIIUH.

MeTtoauka. MeTono0ruyeckoii OCHOBOM pelleHus
ITOCTaBJICHHOW 3aJa4yd SIBJISICTCST KOMITJICKCHBINA TTOM-
XOJI, BKJTFOUAIOIINI MaTeMaTUIeCKUIA aHAIN3, UCITOJb-
30BaHUE YHCJICHHBIX METOIOB pEIIeHUS TpaHCICH-
IEHTHBIX YPaBHEHUI, aHAJIN3 PEe3yIbTATOB B IIPUKIIAL-
HOM MaTeMaTUIECKOM TIaKeTe.

Pe3syabraThl. PazpabotaHo u ucciemoBaHO 0000-
IIEHHOE YCJIOBUE CTparmBaHus (CTapTa) TPEIIUHBI B
pe3yJibTaTeé COBMECTHOIO AEVCTBUSA CTATUYECKUX Ha-
MPSKEHU (pacTsKeHUs U CKaTHsl) B TOPOJHOM Mac-
CUBE U IMHAMUYECKUX HAMPSXKEHUN B YIIPYTOU BOJIHE,
pacrpocTpaHsIolIelicsl B YTOJbHOM IUIacTe U MOPOJe.
[TomyyeHa 3aBUCMMOCTb KPUTUYECKOM JUTMHBI TPELI-
HbI, IIPY KOTOPOU TTPOMCXOIUT €€ CTparuBaHue, OT aM-
IUTATYIBI ¥ YaCTOTHI YIIPYTMX KOJIEOAHUIA, 3HAKOTIEpe-
MEHHOTO CTAaTUYECKOTO HAMPSZKCHHUSI B OKPECTHOCTHU
TPEIIMHBI W TPEIIMHOCTOMKOCTH TIOPOA. BBISIBICHBI
YCIIOBHSI CKAYKOOOPa3HOTO M3MEHEHUS] KPUTHYECKOM
ITUHBI TPEIITHBI, KOTOPBIE CBUACTEIBCTBYIOT O HaYaje
MTUHAMMYECKOTO pPa3pyIIeHUSI B TTOPOTHOM MACCHBE.
7151 pa3IMIHBIX TIOPOI, U YIJIST OTIPEASIICHBI TMaIla30HbI
JacTOT YIIPYIUX KoJieOaHUi1, 00yCIOBIMBAIOIINX CKaU-
KO0OOpa3HOe U3MEHEHUE KPUTUIECKOW IIMHBI TPEIM-
HbI U TPOBOLIMPYIOIIMX TUHAMUYECKOE SIBJICHUE.

Hayunas noBusHa. VMcrionb30BaH HOBBIN MOIXOM K
OIMMCAHMIO Pa3pyIICHUST TTOPOTHOM Cpelbl C Yy4eTOM
YIIPYTHUX KOJIEOaHWIA, pacIpPOCTPAHSIOIINXCS B TODHOM
MaccuBe. Kputepwnii ctapTa (CTparuBaHWs) TPEIIUHBI
pa3BUT U 00OOIIEH Ha CIIyyail IeHCTBUS B OKPECTHO-
CTU TPEIIMHBI KaK HaMpPSKEHWI PAaCcTSIKECHUSI, TaK U
CXKaTUsI, a TaKXKe TApMOHMWYICCKON COCTABIISIIONICH Ha-
MPSDKEHUST B YIIPYTOM BOJTHE. YCTAHOBJICHO BIIMSTHUC
AMIUTUTYIBI M 9aCTOTHI KOJEOAHWI HA KPUTUYECCKYIO
IUTAHY TPEIIWHBI TIPU Pa3INYHBIX 3HAYCHUSX CTaTUYC-
CKUX HaNpsDKEHUN M KoadhbUIlMeHTa TPEIIMHOCTOM-
KOCTH TIOPO/I.

IIpakTHyeckas 3HauuMMoCTb. OnpeaeseHbl quamnaso-
HbI 9aCTOT TapMOHWYECKUX KOJIEOAHWI TSI HEKOTO-
PBIX TOPHBIX TTOPOX (MEIKO3EPHUCTHIN MMeCUaHUK, W3-
BECTHSIK, aJ€BPOJINT, KAMEHHBIA YTOJIb), B KOTOPHIX
CO3[1aI0TCS YCJIOBUS JJIS CTapTa ,,KOPOTKUX“ TPEILMH.
JlaHHBIe YCIOBUS SBJISTIOTCSI HCOOXOAUMBIMU TSI Ha-
yaja IMHAMUICCKOTO pa3pymreHus mmopon. Ompenee-
HHE TaKNX KPUTHIECKUX TUATIa30HOB YaCTOT SIBJISICTCST
OCHOBOI1 JIJIT COBEPIIIEHCTBOBAHUSI METOIUKI aKyCTH-
YECKOTO MPOrHO3a AMHAMUYECKUX SIBICHUI 10 aHAIN-
3y aMIUIMTYIHO-YaCTOTHBIX XapaKTepPUCTUK CUTHAJIOB
B ITIOPOTHOM MacCHBE.

KmoueBblie cinoBa: mpewuna, amnaumyoa, Koaggu-
YueHm mpewjuHoCMoUKoCmU, Kpumu4eckas oiuHa mpe-
WUHDBI
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