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It is shown that modern achievements in the field of experimental and theoretical researches and developments of
innovative measuring systems for monitoring of non-linear dynamic and kinematic characteristics allow to
formulate basics of new academic discipline, designated as “geomechanical thermodynamics”. The following
circumstances can be considered as the most important prerequisites for development of this new discipline.

(1) Practical completeness of the classical thermodynamics, based on kinetic gas theory and molecular
movements in solid bodies; (2) Creation of “formular construction tool” for the description of dynamic and ki-
nematic characteristics of pendulum waves and energy conditions of their occurrence and propagation from
dynamic sources, located in multi-phased stressed rock mass and geomaterials with block-hierarchical structure;
(3) Principal opportunity to establish formal relations between substantial energy carriers of “packages” of non-
linear pendulum waves (geoblocks of certain hierarchical levels according to their diameters) and “molecules™
their movement, velocity and acceleration of the “molecules” « “geoblock”; “force interactions between mole-
cules” & “non-linear elastic interaction between geoblocks”, etc.

The term of “geomechanical temperature” is introduced and its analytical expression, which is proportional to
kinetic energy of movement of geoblocks with defined volume for their hierarchical subsequence at “confined”
conditions of the stressed rock mass, is shown. The similar aspects are discussed, when emission acoustic-
electromagnetic fields are fixed using corresponding coefficients of mechanical-electrical and mechanical-
acoustic transformations. In order to quantitively describe the evolution of energy state of local zones of stress-
strain concentration and surroundings of their non-linear influence from catastrophic events at the natural and
mine-engineering systems (earthquakes, rock bursts, etc.), the terms of their geomechanical and thermodynamic
stages are introduced and specified: T;(i€ 0, + , £, — ,*)— with background states (i € 0, *) and three major stages
(i€ +,+,—) outlined, where (+) is the concentration, (4, —) are the failure and relaxation and (*) is the quasi-
recovering up to “background” level after the occurred catastrophic event. Using certain examples, the exis-
tence of critical elastic energy content of local zones with “meta-stable state”, which is transforming to quasi-
resonance process of failure and relaxation of “excessive” energy, is shown (T ).

1. Inroduction

The role of mining industry in Russia, China, the USA and other
leading nations in terms of development strategy of essential energy,
mining and metallurgical, chemical and technological directions in the
industry is well-known and is difficult to overestimate as the necessity of
provision of their stable operation in long-term period [1-5]. Hence,
mining activity, related to large-scale development of mineral deposits of
Siberia, has significant influence, which is often ecologically harmful. For
example, when the economic effect estimation is carried out, the
exploitation of coal deposits using open-pit (up to 60%) and underground
(up to 40%) technologies is related to the consideration of not only the
requirements of energy resource saving, especially under the increasing
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mining depth and complex geological, mining and climate conditions,
but also the requirements of mitigation of ecological impact to wild and
vegetable life on vast territories [2].

The significant hazard comes from natural and industrial disasters,
including landsliding phenomena, occurring due to the lack of basic
knowledge on interaction mechanisms between productive seams and
host rock mass under artificial impact to them. This problem is especially
important at the regions with high seismic activity and “moveable”
geodynamic structure. The Kuznetsk Coal Basin containing essential re-
sources of high-quality coal extracted with open-pit technologies is
known to belong to such regions [1,3,5]. Large deposits of mineral re-
sources located in near-polar territories of Russia (e.g, Norilsk deposit)
are developed under extreme conditions.
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In terms of deposit exploitation in such condition and providing safe
mining, multi-scaled and multi-factor influence under interaction be-
tween natural (geological, natural-climate, geodynamic) and artificial
factors (parameters of applied today technologies) allows to consider the
investigation of features of forming and occurrence of large-scale un-
derground and surface failure processes, including open-pit mining, as
basic problems for construction of the theory for prediction and pre-
vention of natural-artificial disasters. It is relevant in order to provide
safe large-scale mining, considering geoecological aspect [2].

Today, the solution of such problems without application of modern
satellite-based methods of remote Earth scanning (RES) and geo-
information technologies BigDATA is becoming almost impossible.
Obtaining significant flow of information, its processing and visual rep-
resentation assume the application of corresponding methodology and
new specified methods for comprehensive processing and interpretation
of this information for solution of practical tasks. First of all, it refers to
the methods of geomechanical interpretation of results of multi-
parameter analysis, considering evolution of local stress-strain concen-
tration zones at the large-scale mining facilities, where open-pit and
underground technologies are applied.

In this paper, the author proposes a quite multi-purpose energy
approach and new methods, which are suitable for construction of
distributed geoportals providing integration of various information re-
sources under consideration of the features of problems related to eval-
uation of geomechanical and geodynamic processes and environment
changes at mining industrial regions. Models of metadata, geodatabases,
models of cloud computations and basic layers of digital maps for typical
geoportal of mining industrial regions of Siberia with great variety of
natural-climate, geotectonic, geological, structural and geotechnological
mining conditions are shown in the monograph [4].

2. Pendulum waves and geomechanical and thermodynamic
stages of occurrence and evolution of local failure zones in rock
mass

According to the papers [3,4], it is highlighted that 1980s and 1990s
were the years of construction of experimental and theoretical basics of
non-linear geomechanics and geophysics, when researchers of the Insti-
tute of Mining SB RAS (AS USSR) and Schmidt Institute of Physics of the
Earth AS USSR (RAS) revealed the phenomenon of sign alternation
response of rocks to blast (dynamic) impacts (Figs. 1-4). Afterwards, it
was allowed to predict theoretically and prove experimentally the exis-
tence of highly wide velocity range of non-linear elastic waves, i.e.
pendulum waves. The distinguishing feature of this kind of waves is that
their substantial carriers are certain-sized structural elements of rock
mass and geomaterials due to their fluctuation movements like “abso-
lute” solid bodies (Fig. 5). The obtained corresponding kinematic
expression for pendulum waves allows to consider seismic process not
only as probable but also as determined one [4].

Due to the topical orientation of this paper, let's consider in detail the
established formal connections of dynamic and kinematic characteristics
of pendulum waves with stress-strain state of actual geomedia with their
multi-phasing and block-hierarchical structure in accordance with the
concept M.A. Sadovsky, Member of Academy of Sciences of USSR.

Scientific basics of determination of dynamic and kinematic charac-
teristics of non-linear elastic pendulum wave are expressed comprehen-
sively in papers [1-10]. In terms of this researching direction, the
significant results were obtained. The results are related to analytical
description of pendulum waves in dependence on structure, physical and
mechanical parameters, and type of stress-strain state of rock mass, en-
ergy conditions of their occurrence and propagation, interaction between
geomechanical and physic-chemical processes in coal and oil-gas seams
under “cooccuring” processes of deformation; and, also, on role of
pendulum waves in formation of local zones of natural (earthquakes) and
artificial (rock bursts, well drilling and blasting) rock failure.
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Fig. 1. Alternating sign response of sulfide-rich ore body to blasting (Mayak
Mine) by the data of gamma-gamma density logging: 2, 3, ..., 6 — successive
blasts; M — measurements of relative density along the length L of drill holes
around stopes (according to Ref. [3]).

Results in the above-mentioned papers on theory development and
practical applications make a significant contribution to methodological
basics and determination methods of kinematic characteristics and ve-
locity range of pendulum waves from earthquakes, blasting and impulse
sources, inducing gas-dynamics activity at coal mines [7-9].

In the recent publications [4,5], methodology and methods of
experimental determination of dynamic and kinematic characteristics of
non-linear elastic pendulum waves in terms of ore, oil-gas and coal de-
posits of mineral resources are developed systematically in the geo-
tomograthical aspect. In Ref. [5], the essential moments, required for
processing and interpretation of experimental data related to the de-
posits, is highlighted. It is relevant, when the local zones of
natural-artificial earthquakes (rock-tectonic bursts or powerful blasting)
become as a source of pendulum waves; and seismic-deformation, gas--
dynamic or other physical events at ore mines, open-pit mines or coal
mines, “modulated” with non-linear strain-wave processes, related to
propagation of “packages” of slow pendulum waves (less then several
m/s), becomes as consequences.

The major achievements on the pendulum wave theory, required for
the development of theoretical basics of “geomechanical thermody-
namics” and practical applications of non-linear geotomography in its
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Fig. 2a. The technological scheme of exploitation of chamber 811 of “solid” sulfide ores and the scheme of geophysical observations (“Oktyabrky” ore mine).

“active” (classical) and “passive” (emitting) variants, are shown below
consistently and systematically [5].

e V.N. Oparin's kinematic expression for pendulum waves [3-5]:

(1 +v[0])3.9,

9, =
9, +v[0]9,

(€Y

where 9y, is a propagation velocity of pendulum waves in geoblocks, i.e.
carriers of a pendulum wave; 9, is a propagation velocity of longitudinal
wave in the geoblocks; 9. is an average velocity (in absolute value)
translating movement of “collising” geoblocks with diameter A; v[c] isa
geostructural parameter of block-hierarchical geomedia depending on
stressed state o. It is approximated with a parabolic relation at a pre-
limiting stage of deformation. It can be expressed as follows:

vio] =vo {2 <:Oﬂ

where op is a strength of structural elements with diameter A; vy is a
minimum value of the parameter v4(5) under actual kind of stress-strain
state for the certain rock volume:

(2)

va(8) € (107 +107")u, (8), 3)
51’ 2\
yA(ﬁ):Ee [0.5=2]-1072vi. 4

According to (3) and (4), the parameter p,(8) describes the statisti-
cally invariant range of relations between average value of the crack
“opening” to the diameters A; of the separated structural elements of i-
hierarchical level. According to (3), the parameter v4(5) can be practi-
cally estimated as [2]:

va(8) 22 107" u, (6). (5)
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o Energy condition of occurrence and propagation of pendulum waves
in the stressed geomedia of block-hierarchical structure [3, 7]:

n= W2:9~10’97061+4,M:pv; 6)
M9’
W=a(V) [Uy+ Wi, @)

where M is the mass of the local zone; V is the volume of the local zone;
Uy is the potential energy and W is the kinetic energy of structural
geoblock of the local zone with the volume V; a(V) is the coefficient of
seismic impact of underground explosions according to M.A. Sadovsky
[13]; p is the rock density; 9;, are known analytical expressions for the
velocity of elastic longitudinal waves depended on wave-propagation
structure (one dimensional, two dimensional and three dimensional),
Young's modulus, Poison's ratio and density. Theoretical connections
between elastic rock moduli and propagation velocities of P-waves and
S-waves are described with well-known equations [11]:

A+2
8=/ 5, = \/E
p P

where 1 and p are Lame's coefficients, p is the rock density. For isotropic
geomedia and for the practical purposes, other expressions are used
instead of (8), where Poison's ratio (o), Young's modulus (E) and geo-
material density (p) are applied:

(8)

2 _
9, =

E__1-¢ ©
p

(1+5)(1-25)
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Fig. 2b. The alternating sign response of ore rock in front of the face to blasting impacts (1-7), based on electrical metric data.
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Therefore, quite “rigid” connection through the Poison's ratio should
exist between velocities of P- and S-waves (!).

Hence, according to experimental data on values 8, and 9, “rock
dynamic moduli” £ and Poison's ratio ¢ can be estimated as follows under
the condition of determined values of p:
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However, it is well-known that there is significant difference between
mechanical moduli measured with experimental “quasi-static” geo-
mechanical methods and their calculated values (12), (13) according to
seismic data. It is reflected in the introduced terms “static and dynamic”
elastic moduli of rock.

Despite the fact that there were many attempts for theoretical
explanation of the such difference for the discussed mechanical moduli of
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geomedia, it is difficult to consider them convincing. As we supposed, the
major reason is related to the understanding of the physical core of
evolution of actual strain-wave and corresponding seismic emission wave
processes related to their “substantial carriers” in geomedia [3,4].
Considering this circumstance, new experimental and theoretical di-
rections in the field of non-linear geomechanics and geophysics have
been occurred. They are dedicated to revealing and developing the the-
ory of non-linear elastic pendulum waves [4,5,10,12].

Let's consider the value of the “substantial carriers” of elastic energy
in the stressed geomedia in detail. In such media, the role of its block-
hierarchical structure, and consequently, the role of actually existing
flaws such as tectonic faults or various cracks, which are connected sta-
tistically (3)—(5), is significant.

As shown in Refs. [3,5,12,13], energy relations (6) and (7) are correct
at almost any non-linear dynamic processes, which describe movement of
structural elements in the stressed rock mass in the form of “physical
pendulums”, primarily in the local zones of earthquakes, rock bursts,
blasts, well-drilling and in the cases when geomechanical quasi-resonant
state is occurred.

On the “external surface” of local zone in the rock mass of such dy-
namic events, velocity characteristic 9, in (1) depends on energy char-
acteristic W from (7) directly:

2
WkN%poA3o8§:@. (14
1.0
£
g
[o
S.»
£
4 0.5F
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According to Ref. [12], when taking a(V) =1,5-102, Wy =0 —
condition of “sequence” predominance of lithostatic pressure level
(Up»Wi) and 3.10°< 9 < 6-10° M/c, we obtain estimated value of 9.€ 2,
52 — 10 m/s on this surface.

e Operator of connection between I. Langmuir's and V.N. Oparin's
equations

For the deposits of organic natural resources (coal, oil-gas, etc.), as
shown in Ref. [9], there is an operating continuation Q{ ... }, connecting
I. Langmuir's equation (adsorption isotherm) and V.N. Oparin's equation
for kinematic expression of pendulum waves (1):

A— 9,

P9
Q{..}= . , (15)

v[o]9,
A« = 9,(V[o] + 1)
kp

=A. X 16
1+kp’ 16

where A is the absorption analog of isotherm of monomolecular ab-
sorption (gas/liquid); A* is the ultimate value of A (maximum absorption
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Fig. 3. Residual tilts of side walls in underground excavations versus the distance to powerful blasts with an intensity of: (a) 500 t; (b) 10 kT; (v) 20 kT; (g) 50 kT [3].
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when all pores and cracks are filled with an absorbent); k is the ratio of
rate of absorption to the gas/liquid removing rate from given volume of
pores and/or cracks (the analog of corresponding coefficient at the initial
ideal Langmuir's equation).

Calibrating coefficients @ and $ for operator Q (...) substituting
symbols (=) to equal signs in (15) are established in Ref. [5] for Kuzbass
coal deposits.

Equations (1), (15) and (16) — (4) define the direct connection be-
tween nonlinear strain-wave, gas and mass exchange and physico-
chemical processes in multi-phased stressed geomedia with block-
hierarchical structure. Above-mentioned processes occur due to “piston
mechanism” of alternating movement of substantial carriers of pendulum
wave packages [9]. In this case, “modulation” of gas and mass exchange
and physico-chemical processes in rock mass takes place by oscillating
movement of geoblocks between joint cracks [1,2,6].

As shown in Fig. 5, the mechanical model allowed to obtain kinematic
expression (1) for calculation of pendulum wave velocity 9,, significantly
changing in dependence on parameters 9, and v[c]. It is shown in Fig. 6.
It can be seen from the figure that the anomaly of high changing gradient
of 9, for pendulum waves related to the velocity of longitudinal waves
(8p) is observed under 9, < 10 m/s (14) on the “external surface” of the
local zone. The diagrams from Fig. 6 for structural parameter v (2),
depending on ¢, show the significant influence of crack opening. The less
the crack opening is, the less is the observed difference of pendulum
wave velocity range in comparison with P-wave velocity range. When v
= 0 (the absence of boundaries between structural elements), 9, = 9,.
Therefore, as shown in Fig. 6, the relations (1)—(7) demonstrate direct
kinematic connection of pendulum waves with sizes of their substantial
carriers (4;), presence flaws in rock mass (5;), stress level of geomedia (c)
and energy (W) from the source of their emission.

The corresponding expressions for lateral waves (S-waves) and
shearing pendulum waves are not difficult to obtain. However, “the pure
shear” almost cannot be achieved in actual geomaterials (!).

Geohazard Mechanics 1 (2023) 38-52

As energy condition of occurrence and propagation of pendulum
waves for their substantial carriers with the size A is shown at dimen-
sionless form according to (6) and (7), it is correct for any size of such
carriers. However, the outlined energy range of occurrence and propa-
gation of pendulum waves is relevant for tolerated size range of geo-
blocks, which can oscillate in pendulum form in confined conditions of
stressed rock mass under certain energy parameters (Wy ~ F) of the
source of a dynamic event (earthquakes, blast or burst).

e The piston mechanism of occurrence of non-linear gas and mass
exchange processes in coal-bearing and other type of geomaterials
due to strain-wave processes and the theoretical explanation are
described in Refs. [9,14,15] in detail, Fig. 7.

e Classical types of temperature and “geomechanical temperature”

Similar to the known types of temperature measured in Celsius and
Kelvin scales and quantitively described by the kinetic gas theory and the
theory of molecular motion in solid bodies, the new term - “geo-
mechanical temperature” for some volume of rock mass with block-
hierarchical structure was indroduced in Ref. [10]. The “geo-
mechanical temperature” is based on a quantity, which is proportional to
average kinetic energy of “working” [3] structural elements for the cor-
responding rock volume (geoblocks) close to absolutely solid bodies.

Above-mentioned geomechanical revealings [3] can be considered as
the major prerequisites for introducing the new term — “geomechanical
temperature”. It is worthy to note the phenomenon of alternation
response of the rock blocks under explosion impact in stressed rock mass
with block-hierarchical structure. Corresponding illustrations are shown
in Figs. 1-4.

The essence of this phenomenon lies in the alternating movements of
geoblocks and their oscillating movement relative to each other under
occurrence of cavities inside rock mass due to powerful explosion
(including nuclear explosions). They are explained as the confined

2) Y 3)

D, > D,
1
el

p c A4,
‘ [

B,

D, D,

3
=3

(4) T

F

Fig. 4. Mechanical model of «self-stressed » rock mass: A;, B; — alive blocks; D; — interfaces of blocks; 2, 3, 4, 5 — succession of states of adjacent blocks relative to

the initial state (1 — not shown) in response to the force F [3]).
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Fig. 5. Mechanical model for calculating velocity characteristic v of pendulum waves; in contrst to Ref. [3], cubic elements are replaced by ball elements of the

structure; F(t)—acting force proportional to Wy (14).
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Fig. 6. Variation in relative (to longitudinal) velocity of pendulum waves with . and pendulum wave velocity at (a) 9, = 3000 m/s and (b) 9, = 6000 m/s: 1 —v =
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rotation and translation movements of rock block of different hierar-
chical level depending on the cavity sizes and the explosion energies.
This formulation of the basic result led to the setting of principally new
tasks for following theoretical, experimental and applied investigations
[1-5].

In particular, the hypothesis on the existence of the unknown before
non-linear elastic pendulum waves in stressed rock mass was proposed.
Consequently, it was proven theoretically and verified experimentally.
Their substantial carriers are not abstract mathematical “elemental vol-
umes” but actual structural elements (geoblocks) of geological substance
close to absolutely solid bodies. In order to register and theoretically
analyze them, in various institutes of SB of RAS the successful in-
vestigations and developments were carried out under the supervision of
V.N. Oparin [1 - et al.].

Therefore, the above-mentioned results are based on following sig-
nificant facts [3,5,10].

(1) There is the opportunity of translation and rotation oscillation
movements for geoblocks in confined condition of stressed rock
mass, consequently, there is the opportunity of having kinetic
energy in them;

(2) Pendulum wave theory allows to simulate their substantial car-
riers, i.e. geoblocks of corresponding hierarchical level, as
“collising” concentrated non-linearly and elastically interacting
masses;

(3) The existence of experimentally established energy criteria I (6)
of occurrence of pendulum waves is the necessary condition for
the transformation of stored elastic energy in rock mass due to
rock pressure into kinetic energy of geoblocks, i.e., the carriers of
pendulum waves, and vice versa.

The term of temperature is known to be energetic in its basis and
integral in its essential. It is widely used for general state evaluation of

44

104 6-v=2102%7-v=410"2

“living” and “non-living” systems (for simplification it is substituted to
geomechanical System). Consequently, if we rely on dynamic behavior of
this parameter and on “criterial” condition of complex System stability
according to (6) and (7), we can track its evolution from occurrence to
decay (including catastrophic form).

The total energy balance of this System Wj consists of two compo-
nents of its energy. The positive component (“feeding™) corresponds to
clustering of constitutive structural elements of occurring and “growing’
System (W). The negative component corresponds to dissipative energy
part for the geomechanical System for the certain period; it provides
energy exchange with outer environment of the System. It can be
designated as W_.

It is evident that the System under consideration is situated in the
stage of “occurring and growing up to maximum size”, when the condi-
tion W, + W_ < W" (critical volume of energy content) under time in-
terval T, is satisfied.

During time interval 7., when condition W +W- W* is met, it
means that the System has achieved the stage of “full maturity” (it has
maximum size).

When the condition W, + W_ > W" is satisfied, the System transits
into a destructive stage T_, where its degradation and decay take place.
Consequently, the full (main) period of the System existenceis Ts =T, +
T, +T-_.

Therefore, if we understand this System as the area of high stress
concentration in rock mass, in terms of existence of outlined three main
life-stages of any System(T,,T.,T_), we can describe the process of
occurrence and evolution of local zones of catastrophic events within the
framework of geomechanics and geophysics. However, such energetic
(balance) approach can be used not only for description of catastrophic
events, but also for development of suitable monitoring systems based on
registration of velocity characteristics of structural element in the local
zones of forming catastrophic events. It should be noted that all required
prerequisites have been satisfied [1-4] in terms of rapid development of

o
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Fig. 7. «Piston mechanism» of nonlinear mass- and gas-exchange processes in highly-stressed coal-and-rock geomaterials (explanation in the text) by [4,9].

the pendulum wave theory. This methodological approach is demon-
strated in the monograph [4].

Let's consider only two most important aspects of modern evolution
stage of non-linear geomechanics, which can be accounted as boundary
stage for the development of “geomechanical thermodynamics™ allowing
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to analyze and describe catastrophic events in “living” and “non-living”
Nature more naturally.

The first is the presence and practical completeness of classical
thermodynamics based on kinetic gas theory and molecular movement in
solid bodies [16,17]. Actually, we have already obtained well-developed
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Fig. 8. The evolution of harmonic acoustic signals from their emitting facility (Generator of impulses) in the models of block media during their loading until failure:
1,2, ...,9 are block numbers; f is a frequency; P is a uniaxial pressure (with weak lateral repulse of the model); I — V are outlined loading stages; 4 is the signal
amplitude, relative to the emitting facility and observed in the controlled geoblocks on their resonance frequencies: « — the block model with stress concentrator in
the form of cylindrical cavity with resonant frequency distribution in the controlled blocks; b — the changing of resonant frequencies along the block system with their
convergence on the stage of the model pre-failure (V); ¢ — the changing of relative amplitude of the acoustic signals on the resonant frequencies of the model blocks
with the increase of loading level up to failure.
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basics for the science of future — “geomechanical thermodynamics”, but
with evident specific features. The features are as follows: necessity to
establish pertinent (formal and categorized) relations between following
basic units in the structural hierarchy: “geoblock (structural element) —
“molecule”; “velocity of molecule movement” — “velocity of geoblock
movement; “force interactions between molecules” — “non-linear elastic
interaction between geoblocks and above-molecular structures”.

The second is the special attention to highly important stage of evo-
lution of any Systems, designated as 7. In Refs. [3,4], it is specified as
geomechanically quasi-resonant stage for rock bursts and earthquakes, as
shown in Figs. 8-9. In terms of classical thermodynamics, such states of
physical bodies are usually related to their phase transitions. Hence,
when we introduce index i of hierarchical level of considered geo-
mechanical system, we have quite obvious similarity to classical ther-
modynamics. It characterizes the clustering level of geoblocks in the
geomechanical System.

The above-mentioned major energetical stages of full strain-wave
cycle of occurrence and evolution of geomechanical System in the form
of local zones of catastrophic events, i.e. earthquakes and rock bursts, can
be reliably specified according to laboratory and field data about large
dynamic (to catastrophic) event in terms of geology, geophysics and
geomechanics. However, the stages are weaky related with each other in
conceptual way, like Ts = (T, T+,T_), as shown in Figs. 10-13.

Many researchers in the field of geosciences pay detailed attention to
investigation of geomechanical conditions of occurrence, evolution,
release and consequences of the local zones of stress-strain concentration
for earthquakes and rock bursts [1,5]. The gathered for long time large
volume of heterogeneous information about phenomenological displays
and their quantitative estimations (instrumental measurements with
various methods) has led to understanding the fact in terms of physics
and geomechanics of local zones or catastrophic events in natural and
geotechnical systems, the basic representations are necessary no only to
define strategy of safe development of industrial branches, but also to
provide a preservation of the environment for many generations of hu-
manity with ability to predict negative consequences for a far long-term
period.

Due to the strong non-linear changing of physico-chemical features of
geomaterials under full-cycle loading and the changing of heterogeneous
geomechanical, geophysical, geochemical, hydrodynamic, gas-dynamic
and other parameters, the researchers usually use the term “staging” to
describe main energy stages (T, T, T_) of local zones of rock failure.
There are many scientific works dedicated to their description from the
point of various theories of solid body strength [18-21]. Member of
Academy of Sciences E.I. Shemyakin paid his attention to the necessity of
detailed investigations of “post critical” stage of geomaterial strain in
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condition of heterogeneous loading [21], discussing the phenomenon of
rock zonal disintegration.

In this case, the two “background” stages should be added to the main
stags of occurrence, evolution and release of dynamic events: 7, — the
stage before the occurrence of stress-strain concentrators in the future
local zone, T+ —the stage after the “returning” of the considered zone into
the state, close to initial “background” state 7, after occurring dynamic
event. These cases are mainly devoted to energy levels of “background”
geomechanical and geodynamic states of considered local zones of rock
mass, because it is necessary to take into account the “confined” condi-
tions of rock failure local zones formation. The essential question is
dedicated to the approach of determination of these “background” en-
ergy states of considered objects of natural and geotechnical systems.
Therefore, the future investigations should pay to this question high
attention from the view-point of non-linear “geomechanical thermody-
namics”, considering pendulum waves [5].

@ The necessity of using three-dimensional models of local zones of
stress-strain concentration in terms of the natural-artificial disaster
theory (not only over-idealized separated cracks) is explained with
the set of actual physical limitations for the stressed rock mass, which
shouldn't be neglected by geosciences in order not to obtain incorrect
prediction (even in “scenario” form). The examples of such limita-
tions are: the hierarchical structure of geosubstance, i.e. “over-exis-
tence” of various flaws from nano to macro (almost planetary sizes)
levels in any geomedia [1,3]; high heterogeneous and
poorly-investigated boundary shape and mechanical characteristics
of multi-phased substance, filling the crack space between geoblocks.
These characteristics determine non-linear dynamic and kinematic
parameters of structural joints movements and their clusters in outer
changing geophysical fields (especially gravity) in dependence on the
sources inside the Earth or on its surface with various sizes and en-
ergies. This task is related to the class of reverse tasks of non-linear
geotomography [4,5], i.e. determination of “working” structural
joints shape and effective mechanical characteristics of their inter-
block interaction.

It leads to the fact that the selection of the above-mentioned “back-
ground” stages (7o u T+) of occurrence, evolution and release of cata-
strophic event local zones requires the consideration of following aspects.
During the “life cycle” (T, T4, T_) of concentrations and relaxations of
accumulated elastic energy, changes (including alternating oscillating
form [3]) of forming local zone radius r, o < r (t) < ryp; where rp is a
maximum value, defining the emitted energy W, can happen in time and
space, as shown in Fig. 13. The changing of r(t) is associated with the
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Fig. 9. The quasi-resonances in the structure of electromagnetic emission signals during the stage of pre-failure of rock specimens (a) and 15 min before the rock burst

02.11.2005 in the rock mass at Tashtagol ore mine (b) (according to Refs. [32,34]).
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Fig. 10. Stage-by-stage (1, 2, 3, 4) diagram of stress versus loading time in samples [14].
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Fig. 11. Diagram of average microstrain of sample surface element (fragment) in the line of x along the axis of loading by [14].
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Fig. 13. Characteristic time variation with the distance from center of blasted block to foci of induced seismic events (a) and distribution bar chart for ordinates of
experimental points of scanning functions rE(t, 7) for the set of blasted blocks (b) at 7 = 5 h.

changing of radius of non-linear local zone influence R(t), as was shown
in Refs. [3,4]. Let's consider limiting condition in main thermodynamic
period T’y for relation of this radiuses to be correct [3]:

R(t)/r(r)<8+10fort € [Ty, Ts, T-], 17

0<R(t) < Ry; (Ro corresponds to rp). (18)

The certain form of functional expression of (17) in dependence on
time t is directly connected with the velocity of the clustering process of
structural elements of the forming local zone. It is determined with
geomechanical invariant y4(5) according to (4). This aspect is considered
in the monograph [4].

The relation (17) demonstrates that the area of elastic energy con-
centration in the process of its relaxation at the critical stage 7. of local
zone with failure strain (rpg) has much volume and includes “close” and
“transit” zones of non-linear elastic deformation of rock mass [3], as
shown in Fig. 13.
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It is necessary to consider global geodynamic conditions of the
occurrence of stress concentration local zones, including the deposits of
mineral resources under exploitation, for “background” stages (7', u 7'+)
of geomechanical System (Ts). For certain World regions, such “geo-
mechanical and geodynamic background” can be summarily determined
with energy parameter W (7), as shown in Refs. [3,4]. The energy
parameter W includes elastic “potential” energy of the local zone Uy and
kinetic energy of structural elements (geoblocks) movement Wy, which
can be calculated based on data of strain-wave monitoring using special
measuring systems [5]. The paper shows that under slowly (in compar-
ison with artificial activity) flowing geotectonic processes, the values of
Uy on certain depths (H) from the Earth surface are mainly determined by
the gravitational field of tectonic stresses (according to y H), and values
of Wy are determined by the intensity of artificial activity or influence of
remoted quite large earthquakes and blasts.

Therefore, the natural consequence of conceptual representations by
M.A. Sadovsky on block-hierarchical structure of rock mass and celestial
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bodies [22,23] is the conclusion with principal significance [24,25] that
“in the block geomedia, the stresses are redistributed not on plane surfaces
(cracks), but in the volume of energy-saturated geomedia, i.e. in the system of
geoblocks, interacting with each other”. The pendulum wave theory is based
on this conclusion [3,4]. This theory establishes analytical relations be-
tween dynamic and kinematic characteristics of mechanical oscillating
movements of their substantial carriers (geoblocks) in confined condi-
tions of stressed rock mass and space-time structure of structural joints of
seismic and electromagnetic emission fields associated with such move-
ments according to (1)-(7), (14)-(16).

Due to the presence of the components of translation and rotation
movements (in the form of “relay transit” under interaction of the
“working” geoblocks) it is expected that they should be correspondingly
shown as a result of space-time analysis of energy structure changing of
emission fields according to measured geomechanical, geophysical,
geochemical and other information. They are usually located in fuzzy-
expressed contact zones §; of structural joints A; with formal character-
istic (4) in the form of geomechanical invariant y4(5), as shown in Refs.
[3,4]. Their circuiting “power” § is usually up to 10% from diameters A of
interacting blocks with certain hierarchical level, depending on size,
energy characteristics and remoteness of dynamic event source (local
zone).

Geomechanical and geodynamic investigations of such scale level,
related to moveability of geoblocks in forming local zones of destructive
activity of rock pressure, can be carried out with application of satellite
geodesy methods and lineament analysis [4,5]. In this case, the analytical
expression for the term of “geomechanical temperature” is required to be
introduced.

3. «Geomechanical temperature » and specification of evolution
stages of local catastrophic events and surrounding zones of their
NON-LINEAR influence

The monograph [4] shows the application perspective of thermody-
namic approach, based on the theory of non-linear elastic pendulum
waves for geomechanical interpretation of lineament analysis results of
satellite data, obtained with remote Earth scanning of Earth surface
deformation, when the preparation and realization of landslide cata-
strophic events take place at the objects of large-scale deposit exploita-
tion in Siberia. The five basic consequence geomechanical and
thermodynamic stages Ti(i € 0, +, £+, —, *) of general strain-wave “life
cycle” for the local zone of any catastrophic outcome of rock pressure are
outlined at the “qualitative” level as follows: two “background” stages (i
€ 0, *), taking place before and after of a catastrophic event respectively;
three “major” stages (i€+, +, —), showing the continuation of the “life
cycle” from the concentration of the elastic energy to its relaxation in the
local zone, when it exceeds the level of the “background” stages Ti(i € O,

Let's designate the continuation of the “life cycle” Ty as the sum of
continuations of constituent stages T;(ic+, £+, —):

Ts= Y T
ie(+,£,—)

According to Refs. [1,18], these stages corresponds to the stages of
“linear, non-linear pre-critical and post-critical” deformation of rock
specimen under volumetric loading up to their failure. In terms of seis-
mology, the period of earthquake is a sum of “foreshock” period, and
“aftershock” period [26].

Due to the active “implementation” of satellite methods of RES into
experimental geomechanical, geodynamic and geoecological in-
vestigations, there are actual opportunities to determine not only the size
hierarchy and the topology of rock mass structural joints, but also their
dynamic and kinematic parameters in significantly wide range (including
“slow” groups of pendulum waves) [5,25,27]. This can be considered as
the principally important circumstance. There are instrumental
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prerequisites for unifying various-level geoblock systems with their
heterogeneous information carriers of physical, substantial and other
parameters into comprehensive geomechanical system, which can be
analytically described in terms of the general methodology (for its
components) [5,28]. Firstly, it refers to the search of quantitative indi-
cator for geomechanical state of the monitored objects of large-scale
deposit exploitation in terms of its safe operation even for the environ-
ment of vegetable and wild life.

At the modern state of natural science, it is obvious that all observed
physical phenomena can be describe and evaluated with all-purpose in-
dicator, which is called the “energy”. It can take different forms with
corresponding quantity: from “beam” form to “solid” one. It is necessary
to quantitatively evaluate major component of energy, which determines
the evolution of investigated process, using experimental data with suf-
ficient accuracy level.

In order to obtain the physically understandable comprehensive
interpretation of heterogeneous geomechanical and geodynamic exper-
imental information from the view-point of monitoring, control and
prediction of catastrophic events using their “energy capacity” and time
of future occurrence at the observed territory of active deposit exploi-
tation, it is necessary to have certain quantity of “energy saturation” of
the problem territory with the required resolution of space-time param-
eters, approximating its information cover (object maps of isolines, sur-
faces, volumes, etc.). The author justifies the introduction of the term of
“geomechanical temperature” [4,10] as the generalization of its classical
representation to the stressed geomedia with block-hierarchical structure
according to Ref. [10]. The “geomechanical temperature” can be the
quantity for energy evaluation of catastrophic event levels using moni-
tored strain-wave, electromagnetic and seismic processes in terms of the
theory of non-linear elastic pendulum waves and the presence of the
determined connections between the pendulum waves and geophysical
emission processes (considering the coefficient of seismic and blasting
impact by M.A. Sadovsky).

For convenient explanation of following theoretical material, let's
designate the local zone of forming catastrophic event with surrounding
zones of its non-linear influence as generalized term “geomechanical
system”. The specification of its geomechanical and thermodynamic
stages, corresponding to time period of occurrence and evolution of this
system, is considered below.

@ On initial “background” state of the geomechanical system during
the period T).

Using geoblock structure, substantial composition and dominating
(geotectonic) stress-strain field, let's consider the local zone of forming
catastrophic event with surrounding of its non-linear influence within the
certain area D(x,y,z) of rock mass under certain geotechnical and/or
geological and geodynamic conditions for some quite long previous
period (19). Such conditions are known to vary significantly for platform
and orogen Earth areas, especially for geodynamically active areas [1].

The size and space location of the area D(x,y, z) for the deposit under
exploitation is usually referred to as mines and mine fields or their
components with certain sizes, corresponding to geotechnical cycle from
the beginning to the completeness of the deposit exploitation. In case of
earthquake, the size of this area is determined by magnitudes of the
expected seismic event, by patterns of their repeatability and attraction
to the boundaries of geodynamically active geoblock structures [26]
(seismic-emission attractors) or by lineament structures, located on the
Earth surface [1,4].

Time periods 7 for outlining the local zones of rock bursts under the
deposit exploitation and natural earthquakes are different. They depend
on magnitudes and energy classes of corresponding seismic events to be
consider as catastrophic, hazardous or by other classification factors.
Mining engineers use this experience for geodynamic structural and
geological regional division of mining areas [1]. However, the principally
important circumstance, following from Ref. [4], is necessary to be
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considered for the specification of the period 7.

Oscillating movements of “working” geoblocks in structural hier-
archy of rock mass in the area D(x,y,z) for their mass center should
be similar to molecular Brownian movement in the thermodynami-
cally equilibrium system, but under the confined condition (!) with
the prohibition to “wander” beyond location area of this structural
joints during certain period T .

In the classical thermodynamics, the pattern of such molecular
movement is accepted to be called as “chaotic” according to dynamic and
kinematic characteristics and energetically “equal” spacial directions
(freedom degrees) of the moving molecules [16,17]. In the theory of
probability and mathematical statistics, using correlation ratios and
confidence intervals, the term of “chaosity” is formalized and used for
level definition of “determination” of connection between evaluated
physical processes or their parameters, including geophysics [29].

However, it is well-known that kinetic energy of molecular and then
above-molecular connections of geosubstance (from mineral crystals up
to geoblocks and their clusters of different levels, corresponding to hi-
erarchical sequence) increases during the temperature increase. In the
paper, the specific features of water in liquid phase and other chemical
substances are neglected. From the view-point of non-linear geo-
mechanical thermodynamics based on pendulum waves [10], it means
that the kinetic energy of “working” geoblock movement can be used as
objective quantity of “initial background state”, during the period Ty,
significantly exceeding Ts (19) with its continuation, for the geo-
mechanical system within the area D(x,y,z) [3]. The quantities of in-
ternal “chaosity” and “ordering” are determined by using the analytical
expressions for entropy and enthalpy respectively. In the considered
case, their analogies can be accounted for as “determination” levels of
the controlled processes.

The modern level of developments in the field of scientific instru-
mentation, including satellite systems of remote Earth scanning [1-5]
allows to determine quantitively not only linear dimensions of “working”
geoblocks in confined rock mass with hierarchical structure and their
geomaterials, but also velocity characteristics of the components of
structural joints within wide range of geometric shapes as “absolutely”
solid bodies. The significant results for such dynamic and kinematic
evaluations for structural joints at the Ural Region have been achieved in
the Institute of Mining, Ural Branch of RAS [30]. The corresponding
results were obtained for the Norilsk mining and metallurgical plant and
for Kuzbass coal deposits [1,30,31]. They consider correlation “link” of
dynamic and kinematic characteristics of low-velocity groups of
pendulum waves with evolution kinetics of energy seismic-emission
processes and underworked rock formations during the exploitation of
mine fields with productive levels of seam deposits of cupper-nickel ore
and coal.

Therefore, during the period Ty, corresponding data of monitoring
measurements of controlled geophysical fields can be used as “indirect”
energy indicators for initial background state of the geomechanical
System under the presence of determined connections between oscil-
lating movements of structural geoblocks as emitters of acoustic and
electromagnetic packages with the amount of energy, which is calculated
with corresponding coefficients of mechanical-acoustic and mechanical-
electromagnetic transformations [1,3,32].

In order to describe complex geomechanical and geophysical pro-
cesses, the methods of scanning and averaging of registered (calculated)
information, which are used at the classic thermodynamics, on emission
or strain-wave energy release within the area D(x,y, z) during the periods
Ty can be applied. However, it is necessary to apply the following spec-
ified conditions for the state of the geomechanical System during the
period Ty: (a) Brownian form of mass center movement of “working”
geoblocks for the confined conditions of their location in controlled
geomechanical space; (b) the absence of significant correlation connec-
tion between the dynamic and kinematic characteristics, which associate
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the movements of the “working” geoblocks, and the emission of physical
signals within the controlled area D(x,y,z). The specification of the stage
T+« is shown below. In order to evaluate the outlined stages
Ti(i€ 0,4+, +, —, *) quantitively, the corresponding analytical expression
for “geomechanical temperature” is necessary to be introduced.

@ “Geomechanical temperature”. Let's designate “geomechanical tem-
perature” for oscillating geoblock A; of i-th hierarchic level as quan-
tity Gt(4A;), which is proportional to the “solid body” kinetic energy
Wi (A;) of possible oscillating movements of “working” geoblocks
under confined conditions of stressed rock mass according to Refs.

[3-5]. Introduction of the calibrating coefficient 7 as analog of clas-

sical temperature types of molecular movements on Celsius or Kelvin

scales allows to determine its values for A; € D, as follows:
Gt(A;|D) =1 o Wi (4y), (20)
where i is a integer number; 1 is a constant value.

Consequently, for the controlled area of the rock mass D(x,y,z), the
average value of (20), which reflects the consisting “working” structural
joints of i-th hierarchical level, can be used as “temperature” indicator of
the geomechanical System of the initial background period Ty:

~ 1
Gi(D)=1 oNZ/:Gt_,»(A,-\D), 21

where N is a number of consisting geoblocks of i-th hierarchical level A;
without intersection of the volume of the area D(x,y,z);j€ 1,...,Nisa
consequence of A;, covering D.

The selection of the calibrating coefficient 7in (20) depends on the
quality and technical opportunities of the applied monitoring systems, in
accordance with the parameters, required for the calculation of Wi (A;):
the measurement of dynamic and kinematic characteristics, size and
shape of “working” structural elements, and the rock density p(x, y, ) of
the controlled rock mass. The current opportunities of this issues are
shown in Refs. [1,5,33,34] in detail. The presence of the necessary
scientific-methodological and instrumentation potential for realization of
the above-mentioned ideas is demonstrated. Also, the features of this
achievement application should be noted.

Therefore, providing that “absolute methods™ of strain-wave control
[3-5] can be used for direct estimation of Wy (A;)-value for calculations in
certain range of hierarchical sizes of structural joints according to (20),
the “indirect” emission seismic and acoustic or electromagnetic processes
require the consideration of the corresponding coefficients of
mechanical-acoustic and mechanical-electromagnetic transformations
[3,32].

It is important to note their perspective potential of all-purpose
application opportunities for general cases.

\/ on quantitative estimation of the “hidden” processes of rock mass
structural element clustering, related to the occurrence of “core”
localization zones within D(x,y,z) under varying stress-strain field
and its surroundings [locational growth of Gt(A;)] during the period
Tx (19);

\/ on quantitative estimation of the “energy-saturation levels” and their
changes in the outlined zones (local zone and surrounding zone) of
stress-strain localization up to their ultimate levels.

In paper [32], it was firstly experimentally proved that there is an
analog to dimensionless energy criteria (6),(7) of seismic and acoustic
emission of pendulum waves during critical failure stage within the local
zones of elastic energy concentration for the coefficient of mechanical
and electromagnetic transformations during the specimen failure of
various mineral composition.

Taking ore mines of Norilsk and coal mines of Kuzbass as examples for



V.N. Oparin

demonstrating their seismic activity from energy point of view, the il-
lustrations, showing the presence of outlined “background” periods
Tp and T* in the state of geomechanical System according to above-
mentioned features and for other periods (7, T4, 7_), are considered
in detail in the monograph [4]. Here, the qualitative “link” to tempera-
ture factor (20) is highlighted.

Summing up all above-mentioned statements, we can conclude the
following. The introduced “geomechanical temperature” (20) according
to Ref. [10], and the application of expressions (20)-(21) and “formular
construction tool” for pendulum waves (1)-(16), allow to perform the
quantitative specification of controlled rock mass in the area D (x, y, 2)
during certain time stages and energy conditions of the geomechanical
System existence - T;(i€0, +, +, —, *). This performance can be carried
out based on the corresponding experimental dataflows of monitoring of
“absolute” values (dynamic and kinematic characteristics) of strain-wave
processes and/or “indirect” geophysical emission processes (seismic,
acoustic and electromagnetic) with consideration of corresponding
transformation coefficients, [see the Appendix].

e It should be noted that the designated “background” periods (T and
T+) are characterized by the main feature of ‘“chaosity” at the
geomechanical state of this System in thermodynamic representa-
tion, i.e. in accordance with spatial-temporal coordinates of oscil-
lating movements in the area D (x, y, 2) within “working” geoblocks
with diameters A; in their hierarchical sequence (value of the index i).

In contrast to the above-mentioned characteristic of the initial back-
ground period Ty, the background period T- stabilizes after catastrophic
or large dynamic destructive event in the area D (x, y, 2). It follows after
the stage T_, i.e. the relaxation of the excessive energy in the local zone
and “quasi-elastic recovering” in the surrounding area of its non-linear
influence. During the background stage (T+), the energy state of the
geomechanical System within the area D (x, y, 2) can be significantly
different than initial background period 7¢ by values of Gt (D) according
to (21). In this case, the previous stage 7_ depends on not only relaxation
degree of previously accumulated “excessive” elastic energy in the local
zone of rock failure, but also on surrounding zone of non-linear influence.
It can lead to significant structural changes to “virgin” rock mass within
the area D (x, y, z) during the stage 7. Consequently, the values of Gt(D)
by (21) can be seriously different for the compared “background” stages
at the energy state of the System for 7s (20). It requires the formal
specification of their designations: Gt(D|T) and Gt(D|T+) respectively.
These specifications in the outlined energy states will be used for other
highlighted energy stages T; i€+, +, —): Gt(D|T;)) in the area D for Tz by
(20).

e During the stages T., T. and T- the considered geomechanical
System obtains new quality (!): it leaves the state of thermodynamic
“chaosity”. The occurrence of the local zone of stress-strain con-
centrations in the area D (x, y, 2) during the period T, means the
beginning of “the life cycle” T of the System. It can be considered as
analog to the process of heat source interconnection to the certain
place in the rock mass within the forming zone of future catastrophic
event. Consequently, there is a necessity in qualitative description of
“trend” component from such “heat source”.

From the view-point of non-linear “geomechanical thermodynamics”
[4,10], in order to describe such “trend component of heat function”, the
solutions of non-stationary thermal conductivity equations, which
correspond to initial and boundary conditions, with consideration of
phase transits in the space Q = {(x,y,2,t)|(x.y,2)eD; teTs}, can be used.
The analogs of such tasks and their solutions are examples of simulation
of zonal rock destruction in collar areas of underground facilities, con-
structed in cryolithic zone of Yakutia under significant alternating tem-
perature impacts and typical (according to V.N. Oparin [35]) relations of
rock strength parameter changing. The large amount of basic research in
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this field is performed in the Institute of Mining of the North SB, RAS,
under supervision of A.S.Kurilko [1, Vol.IT; 67-85 pp.].

In terms of the tasks of non-linear geomechanical thermodynamics
[10] under consideration, the term of “phase transition” is related to the
necessity to consider the conditions of geomechanical quasi-resonances
in the local zone of rock destruction, described by (6) — (7). Essen-
tially, from the energy points of view, they reflect the role of
block-hierarchical structure of “self-stressed” rock mass, related to the
breach of classical conditions of strain compatibility according to
Saint-Venant [3,19]. So, in the recent works of Russian and Chinese re-
searchers [36,37] the set of experimental and theoretical investigations
was carried out, which is devoted to the study of the influence of the
breach of classical conditions of strain compatibility according to
Saint-Venant in block-hierarchical stressed geomedia on dynamic and
kinematic characteristics of strain evolution processes from the sources of
impulse force impact, simulating earthquakes, rock bursts and blasts.

It has been established that the induced non-linear elastic pendulum
waves for their substantial carriers (“working” geoblocks) are associated
with sequent transition of accumulated potential energy of rock mass
structural elements into kinetic energy and vice versa at spatial-temporal
coordinates. In this case, the period of this energy transformation is
determined by the interblock interaction stiffness and the block mass,
increasing when interlayer stiffness is reduced and the block mass is
grown. Energy dissipation in block geomedia depends on viscosity and
stiffness of interblock interaction, it shows zonal behavior with the dis-
tance increase from the source of the pendulum wave emission.

In terms of non-linear geomechanical thermodynamics [10], the
prediction evaluations follow from the above-mentioned similarities and
experimental facts relatively “qualitative” behavior (evolution) of the
considered geomechanical system during the major energy states of its
existence 7Ti(ie+, =, —). They are described and illustrated in Refs. [4,5]
in accordance with the correlation “link” with physical simulation data of
geomaterial behavior in conditions of volumetric loading up to failure,
when three major strain stages (linear, non-linear and post-critical) were
outlined. In this case, the testing rock specimens can be considered as
“local zone” (see in Figs. 7-12).

In terms of seismology, the stages quite closely correlate with sequent
time intervals, designated as “foreshock stage — seismic quiescence —
earthquake — aftershock stage”. The stages of seismic quiescence —
earthquake are united as sub-stage in the stage (T.) : [T. = AT (1) +
AT, (2)], during which the considered geomechanical system achieves
the state of “quasi-conservativeness” corresponding to the energy con-
dition of geomechanincal quasi-resonances f) occurrence (6), (7). It re-
quires special attention of researches because it depends significantly not
only on volumetric rock mass strength in the local zone, but also on the
velocity of elastic energy accumulation in it [4].

It is clear that the outlined in (19) time grades T; in the forming of
catastrophic events depend on full “life period” of the geomechanical
System T's. Considering stress behavior, structural mineral heterogeneity
of any geosystems, multi-scaling of rock mass failure zones, the kinetic
concept of solid body strength by S.N.Zhurkov [38,39] can be used for
the evaluation of 7’5 of the complex geomechanical system (local zone) in
the current conditions. In the work [3] this concept was used for estab-
lishing quantitative connections with theories of pendulum waves,
including the evaluation of the relation between the radiuses of rock
failure local zones ry and the zones of their non-linear influence Ry in
dependence on the energy of occurred seismic event (W).

The important illustrations of the major scientific establishments,
outlined here, are shown in Appendix of the current report.

4. Conclusion

In order to all-purposely process multi-parametric information of
geomechanical, geodynamic, natural-climate and geoecological moni-
toring of safety state of the objects of large-scale deposit exploitation in
Siberia, including modern satellite methods of remote earth scanning and
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geoinformation geotechnology BigData, the new methodological approach,
designated as “basics of geomechanical thermodynamics” and founded for
description of non-linear elastic pendulum waves and induced by them elec-
tromagnetic, acoustic, emanational emission and other mass and gas exchange
processes in the multi-phased stressed rock mass with block-hierarchical
structure (according to M.A. Sadovsky) is proposed. In the paper, “formu-
lar construction tool” is presented, the geomechanical and thermody-
namic stages of occurrence and evolution of rock failure local zones in
stressed rock mass T;(i€0, +, £+, —, *), including earthquakes and rock-
tectonic bursts, are outlined and specified, supported by the current re-
sults in the field of non-linear geomechanics and geophysics. Quantita-
tive representation of these stages is caried out using analytical
expression Gt(A;|D) for the term of “geomechanical temperature”, pro-
posed by V.N. Oparin, for the controlled areas of rock mass D(x, Yy, z),
covered by the system of “working” geoblocks with diameter A; (i-th
hierarchical level).

This characteristic is proportional to kinetic energies of geoblocks A;
in “confined” conditions of their oscillating movements for stressed rock
mass of block-hierarchical structure. It can be considered as general term
of “temperature” in terms of classical thermodynamics.
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