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Abstract-- It is established that taking into account the 

development of geodynamic and technogenic processes in 

the development of the Kuzbass subsoil is an actual and 

multifaceted problem. Its solution is impossible without the 

creation of new models of deformations of blocks of the 

earth's crust. These processes are related to the kinematics 

of these processes. Flat models of the earth's crust are used 

to collect information about them, which do not provide 

adequate blocks of the earth's crust. A comprehensive 

approach based on the integration of Earth Sciences has 

been applied to implement new models of deformation of the 

earth's crust blocks. The theory of movements of blocks of 

the earth's crust of different ranks is developed, taking into 

account the hierarchy of the strained-deformed state of the 

earth's crust of Kuzbass for conducting its control. The 

practical use of the developed theory ensures the 

development of new methods of geomechanics and the 

expansion of information on the development of geodynamic 

and technogenic processes in the development of the 

Kuzbass subsoil. 

Keywords-- block of the Earth's crust, rank, stressed state, 

hierarchy, kinematics, geodynamic polygon, dynamic models of 

deformations, geodynamic process 

I. INTRODUCTION 

Currently, at mining enterprises of Kuzbass an urgent 

task is to study the spatial and temporal redistribution of 

stresses of the earth's crust, caused by the combined effect of 

natural and technogenic geodynamic processes [1, 2, 3]. 
Control of the stressed state of a block rock massif for 

geomechanical support of open, underground and 

construction geotechnology for subsoil development is 

proposed to be carried out by the authors on the basis of the 

applied geodynamic analysis method (AGAM), which is 

based on the solution of fundamental and applied problems 

of geodynamics. The control of the stressed state of the 

block rock massif of the AGAM is based on a unified theory 

of a block rock massif that integrates the concept of "block" 

used in geology, mining, tectonics, and "morphostructure" in 

structural geomorphology. The basis of the unified theory of 

block rock mass is the block ierarchic structure of the earth's 

crust, which characterizes the severity in relief and the 

concentration of stress fields in fault zones, as well as the 

relationship of stress fields with the formation and 

interaction of these structures. The unified theory of a block 

rock massif is the result of analysis and generalization of the 

results of studies of related Earth sciences. The basis for its 

development was the scientific works of the following 

scientists: S. G. Artyushkova, I. M. Batugina, V. V. 

Belousov, K. V. Bogolepov,                       M. V. Gzovskogii, 

A. N. Dinnik, P. V. Egorova, M. A. Iofis, E.F. Kasparian, V. 

A. Magnitskii, Yu. A. Meshcheryakova, N. I. Nikolaeva, P. 

N. Nikolaeva, A. V. Orlova, I. M. Petukhov,          T. Y.  

Piotrovskaya, M. Protodyakonov, M. A. Sadowski, D. 

Terkata, I. A. Turchaninov,           E. M. Tsirikhova, D. L. 

Shevyakova, E. I. Shemyakina, A. E. Scheidegger, S. I. 

Sherman, John Schubert and many others [1, 4, 5, 6, 7, 8, 9]. 
One of the main parts of this theory is the theory of motion 

of blocks of the earth's crust of different ranks, which is 

poorly highlighted in the open press and the deformation 

model, taking into account the hierarchy, is not developed.  

Therefore, the development of the theory and methods of 

control of the earth's crust blocks of different ranks in the 

areas of coal deposits development and their dynamic 

deformation models is not only relevant, but it also has 

scientific and practical interest. 

II. THE OBJECT OF STUDY 

Kinematics of blocks of the earth's crust of different 

ranks, caused by changes in the time of their stress-strain 

state. 

Main goals: 

• to generalize the theoretical bases of control of the 

stressed state of a block rock massif; 

• to develop a theory of movements of blocks of the 

earth's crust, taking into account the hierarchy of its structure 

to ensure control of the stress-strain state. 

The purpose of the work is to develop control over the 

stress state of the earth's crust during the development of 

coal deposits in Kuzbass, taking into account its hierarchy to 
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provide an information basis for their safety. The scientific 

novelty of the presented work is: 

• taking into account the latest and modern movements 

on the basis of structural modeling of block structures; 

• in the transition from flat deformation models to their 

values and corresponding stress values related to certain 

block structures; 

• the integral nature of the use of modern advances in 

Earth sciences; 

• in determining the quantitative characteristics of 

deformations and stresses in a block rock massif; 

• in the ranking of stress and strain fields; 

• in the joint definition of the dynamic parameters 

necessary to evaluate the interaction of block structures; 

• modern technologies for conducting repeated high-

precision observations on the GSA; 

• the consistency and gradual transition from geometric 

models to physical ones; 

• in the iterative approach to update the results. 

Since this theory is an integral part of the information 

base for geomechanical support of geotechnology for the 

development of subsurface resources, the information 

obtained during its implementation must meet its basic 

properties: 

• validity; 

• reliability; 

• accuracy; 

• completeness; 

• keeping the data up-to-date. 

The theoretical significance of the research is to optimize 

the registration of the kinematics of the blocks of the earth's 

crust to determine the dynamic parameters and their 

interpretation, which ensures the expansion of information 

interaction between related Earth sciences. 

The practical significance of the research is to use the 

results of research to solve a number of problems of geodesy, 

geodynamics, geomechanics and geotechnology of subsoil 

development that reduce the risk and reduce the 

consequences of manifestations of geodynamic processes in 

the areas of construction and operation of more than 130 

coal-mining enterprises of Kuzbass. 

 

III. MATERIALS AND METHODS 

In our opinion, the account of the hierarchy of the earth's 

crust structure and the action of geodynamic processes 

should be reflected in this theory [9, 11, 12, 13, 14, 15]. 

Geodynamic processes cause stresses in blocks of the earth's 

crust. The hierarchy of these stresses characterizes the 

change in the stress-strain state of the earth's crust blocks of 

different ranks, which is determined by the rank 2 tensor. 

Such changes cause the movement of earth's crust blocks. 

These movements give rise to displacement of points, the 

direction and magnitude of which has a complex picture, the 

authors propose to identify the impact of the movement of 

the earth's crust blocks of different ranks. Examples of 

changes in their deformation components in time (1˖10
6

) 

are obtained by the authors and shown in figures 1, 2 and 3 

at the same speed of their movement up to 7 mm/year. 

 

Fig.1. - Changes in the components of deformation in time of 

the crustal blocks of the V-VI ranks:  1- ][ 011 tte  ; 2 - 

][ 012 tte  ; 3 - ][ 013 tte   

The investigated blocks of the earth's crust of the V-VI 

ranks, given in the examples (Figures 1, 2 and 3), are located 

south-west of the town Belovo. The movements of the 

blocks of the earth's crust are registered by faults according 

to a special technique developed by the authors [16, 17]. 

Displacements of the point, the coordinates of which are 

][ 0tX , ][ 0tY  and  ][ 0tH  for the era 0t , are treated 

further, as their 

 

 

Fig. 2. - Changes in the components of deformation in time 

of the crust blocks V-VI ranks: 1- ][ 031 tte  ; 2 - 

][ 032 tte  ; 3 - ][ 033 tte   

-5

0

5

10

15

20

1 2 3

C
h
an

g
es

 o
f 

th
e 

co
m

p
o

n
en

ts
 o

f 

d
ef

o
rm

at
io

n
 i

n
 t

im
e 

(1
·1

0
-6

)

Deformation components

Block of the
Earth's crust V
rank

Block of the
Earth's crust
VI rank

-4

-2

0

2

4

6

8

10

1 2 3

C
h
an

g
es

 o
f 

th
e 

co
m

p
o
n
en

ts
 o

f …

Deformation components

Block of the
Earth's crust V
rank

Block of the
Earth's crust
VI rank

Advances in Engineering Research, volume 176

160



 

 
Fig. 3. - Changes in the components of deformation in time 

of the crust blocks of the V-VI ranks: 1- ][ 021 tte  ; 2 - 

][ 022 tte  ; 3 - ][ 023 tte   

changes in time ])[( 0ttrX ii  , ])[( 0ttrY ii   and  

])[( 0ttrН ii  , , in the form of two terms: variable and 

constant. The variable components are due to the 

corresponding change in the stress-strain state of the earth's 

crust block grade )(ir  

]0)[(0

]0)[(]0)[(

]0)[(0

]0)[(]0)[(

]0)[(0

]0)[(]0)[(

ttirH

ttirndsHttiriH

ttirY

ttirndsYttiriY

ttirX

ttirndsXttiriX
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









            .  (1)                                   

Changes in the time of coordinates ])[( 0ttrX ii  , 

])[( 0ttrY ii   and  ])[( 0ttrН ii  , due to the 

corresponding change in the stress-strain state of the block of 

the earth's crust rank )(ir , is equal to 

]0)[(333]0[]0)[(32]0[

]0)[(31]0[]0)[(

]0)[(23]0[]0)[(22]0[

]0)[(21]0[]0)[(

]0)[(13]0[]0)[(12]0[

]0)[(11]0[]0)[(

ttiretHttiretY

ttiretXttiriH

ttiretHttiretY

ttiretXttiriY

ttiretHttiretY

ttiretXttiriX













    , (2)                        

where ])[( 013 ttire  , ])[( 012 ttire  , ])[( 013 ttire  , 

])[( 021 ttire  , ])[( 022 ttire  , ])[( 023 ttire  ,  

])[( 031 ttire  , ])[( 032 ttire   and  ])[( 033 ttire    - 

changes in the components of the deformation in time of the 

crust block of rank )(ir  during the period ][ 0tt  . 

The authors assessed the influence of changes in the 

stress-strain state of the earth's crust blocks of III-VI ranks 

on the change in time of the coordinates of the point 

according to the program "BM" developed by them [16] on 

the example of the data given above and illustrated in figures 

4 and 5. 

 

Fig. 4. The share of the influence of changes in the stress-

strain state of blocks of the earth's crust of different ranks on 

the change in the time of the abscissa of point 

 
 

Fig. 5. The share of the effect of changes in the stress-strain 

state of the blocks of the earth's crust of different ranks on 

the change in time  the variation of the height of the point 

IV. RESULTS AND DISCUSSION 

  To implement the control of the stressed state of blocks 

of the earth's crust of different ranks, the authors propose 
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multi-level geodesic constructions and the of a complex 

geodynamic polygon (Fig. 6). At the points of such 

constructions, the authors developed a technology for 

recording the kinematics of blocks of the earth's crust. These 

items (Fig. 6) are divided into mobile and stable. Mobile 

points are fixed in each block of the earth's crust, and stable 

ones are in a conditionally stable block. 

 

 
 

Fig. 6. Scheme of the elementary cell of geodetic 

constructions on the FDP 

 

when carrying out geodynamic studies at geodynamic 

polygons, the time variations in the increments of the points 

are usually determined to be relatively stable. In this case, 

equations (1) and (2) have the form: 

]0)[(
0
13]0[]0)[(13]0[

]0)[(
0
12]0[]0)[(12]0[

]0)[(
0
11]0[

]0)[(11]0[]0)[(

tiretcHttiretH

tiretcYttiretY

tiretcX

ttiretXttirciX







   ,(3)                                                              

]0)[(
0
23]0[]0)[(23]0[

]0)[(
0
22]0[]0)[(22]0[

]0)[(
0
21]0[

]0)[(21]0[]0)[(

tiretcHttiretH

tiretcYttiretY

tiretcX

ttiretXttrciY







, (4)                                                               

]0)[(
0
33]0[]0)[(33]0[

]0)[(
0
32]0[]0)[(32]0[

]0)[(
0
31]0[

]0)[(31]0[]0)[(

tiretcHttiretH

tiretcYttiretY

tiretcX

ttiretXttirciH







,  (5)                                                              

where ])[( 0

0

11 ttire  , ])[( 0

0

12 ttire  , ])[( 0

0

13 ttire  ,

])[( 0

0

21 ttire  , ])[( 0

0

22 ttire  , ])[( 0

0

23 ttire  ,

])[( 0

0

31 ttire  , ])[( 0

0

32 ttire   and  ])[( 0

0

33 ttire  - 

changes of deformation components in time of a stable block 

of the earth's crust of rank )(ir  during the period ][ 0tt  ;

][ 0tXc ,  ][ 0tYc , ][ 0tHc  - coordinates of the stable 

reference point for the era 0t . 

The authors offer a generalized idea of the measured 

increments of coordinates ])[changes( 0ttX ci 
 

and ])[changes( 0ttYci   during geodynamic 

studies in the Kuzbass in the following form: 

 

]0)[(

]0)[(

)0)[(]0)[changes(

]0)[(

]0)[(

)0)[(]0)[changes(

]0)[(

]0)[(

)0)[(]0)[changes(

ttexciH

ttcgfсiH

ttirciHttсiH

ttexciY

ttcgfсiY

ttirciYttсiY

ttexciX

ttcgfсiX

ttirciXttсiX



















,(6)

           

Where ]0)[( ttcgfciX  , ]0)[( ttcgfciY   and  

]0)[( ttcgfciH     - changes in exceedances and 

increments of coordinates in time, due to the influence of 

changes in the gravitational field; ]0)[( ttexciX  , 

]0)[( ttexciY   and ]0)[( ttexciH  - changes in 

exceedances and increments of coordinates in time, due to 

the influence of exogenous processes.  

The technology for determining the changes in 

increments of coordinates and time excesses due to the 

influence of changes in the gravitational field during the 

development of subsoil in the Kuznetsk Basin has been 

developed and outlined in [16, 17]. The study of changes in 

coordinate increments in time, caused by the influence of 

exogenous processes, is a problem requiring separate 

consideration. 
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V. CONCLUSION 

On the basis of the carried-out researches the following 

conclusions are made: 

1. It is established that the study of the development and 

spatial-temporal redistribution of earth's crust stresses caused 

by the joint influence of natural and technogenic 

geodynamic processes in the mining enterprises of Kuzbass 

is an actual and multidimensional problem. 

2. The reliability of geodynamic studies at Kuzbass 

mining enterprises is determined both by the choice of a 

stable point and by taking into account the regularities of 

displacement of points belonging to the earth's crust blocks 

of different ranks. 

3. The theory of motions is developed during 

geodynamic studies taking into account the hierarchy of the 

strained-deformed state of the earth's crust of Kuzbass for 

carrying out its control, which not only increases the use of 

geodetic information about them in geomechanics, but also 

its use in the creation of new research methods, as 

geodynamic polygons, which are radically different from 

traditional technologies by recording and interpreting 

repeated observations.  
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