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INTRODUCTION

Relevance topics. With the transition to greater depth of development 
in the Karaganda coal basin, the mining and geological and mining con-
ditions have become more complicated, the sizes of the support pressure 
zones in the vicinity of stopes and the intensity of rock pressure mani-
festations in the workings inside the extraction fields have increased sig-
nificantly. More than 60% of the host rocks of the immediate roof of coal 
seams of underground mine workings in the mines of the Karaganda coal 
basin are in an unstable state, and the rocks of the immediate soil are sub-
ject to swelling. In view of this, the multiplicity of re-bolting of supported 
workings reaches a  two- to three-fold value during the service life and 
more than 25% of them are annually subject to repair and a set of works to 
increase their stability with significant material costs and labor intensity.

Anchor fastening technologies for mine workings have recently found 
increasing application all over the world. At the same time, in the mines of 
the Karaganda coal basin, the practice of its operation has revealed a num-
ber of serious shortcomings that lead to deformations of preparatory mine 
workings: displacement of the rock contour, collapses from the roof and 
sides of the workings.

The main influence on the choice and parameters of anchor fastening 
of mine workings is exerted by mining and geological and mining technical 
factors for specific operating conditions. In this regard, the task of calculat-
ing the parameters of anchor fastenings for specific operating conditions, 
taking into account the influencing factors for maintaining the stability of 
mine workings of various technological purposes, is relevant and in demand, 
both in the mines of the Karaganda coal basin and in the mining sector of 
the economy of the Republic of Kazakhstan.

The aim of the workis the substantiation of the parameters of the tech-
nology of anchor fastening of mine workings, taking into account the influ-
encing factors of operating conditions, ensuring an increase in the profit-
ability and safety of coal seam mining.

Idea of work consists in creating conditions for expanding the scope of 
application of single-, two-level, and combined anchor fastening of mine 
workings for various technological purposes, taking into account the influ-
encing factors of operating conditions.
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The object of the study are mine workings of various technological 
purposes, carried out and maintained under specific operating conditions 
of a mining-geological and mining-technical nature.

Scientific problem consists in substantiating the parameters of anchor 
fastening of mine workings, taking into account the influencing factors of 
operating conditions, to ensure the stability of the mine working contour.

Methodology for performing work includes:
–  research and determination of factors influencing the parameters of 

rock bolting of mine workings, assessment of the stability of mine 
workings of the Karaganda basin, analysis of the designs of rock 
bolting and the conditions of their use in coal mines;

–  conducting and analyzing in-kind observations of rock mass displace-
ments near mine workings in the Karaganda coal basin;

–  development of a methodology and structural diagram for selecting 
the type and calculating the parameters of single-level, combined, 
two-level anchor technology for supporting mine workings, adaptive 
to the influencing factors of coal mine operating conditions;

–  development of a methodology for the automated calculation of 
parameters of anchor technology for supporting mine workings of 
various technological purposes, relevant to the operating conditions 
of mines in the Karaganda coal basin and implemented in the format 
of a computer program;

–  development of technical solutions for the selection of the type and 
calculation of the parameters of the fastening of mine workings us-
ing anchor fastening technology for specific operating conditions of 
mines in the Karaganda coal basin;

–  justification of the choice of anchor fastening of underground mine 
workings based on the cost factor;

–  establishing patterns of change in anchor fastening parameters from 
influencing factors of operating conditions of coal mine workings.

The solution of the set tasks is carried out by the method of analysis of 
domestic and foreign experience in the field of calculation and application 
of parameters of anchor technology for fastening of mine workings, taking 
into account a set of influencing factors, natural observations, mathemati-
cal and computer substantiation of parameters of anchor fastening of mine 
workings, testing of results in industrial conditions of operation of mines 
of the Karaganda coal basin.

Scientific novelty consists of:
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–  a structural diagram of the justification and calculation of the pa-
rameters of anchor fastening of mine workings, carried out in the 
massif and supported outside the zone, in the zone of influence of 
cleaning works, protected behind the longwall entirely, extinguished 
behind the longwall, allowing to expand the scope of application of 
the technology of anchor fastening of mine workings in coal mines;

–  patterns of change in the parameters of anchor fastening of mine 
workings depending on the depth of the mine, the width of the work-
ings, the resistance of roof rocks to compression for the mines of the 
Karaganda basin, allowing the selection and creation of a justified 
version of the type of anchor fastening technology;

–  a program for calculating the parameters of anchor fastening of mine 
workings for various technological purposes, adaptive to specific 
operating conditions of coal basin mines, allowing for an increase in 
the productivity and efficiency of the work of technological services 
of mines when developing a scheme and passport for the conduct of 
mine workings.

Scientific significance. The work consists of substantiating the param-
eters and calculation methodology for the technology of anchor fastening 
of preparatory mine workings, taking into account the influencing factors 
of operating conditions.

Practical value. The work consists of:
–  in the selection of the scheme and methodology for calculating the 

parameters of anchor fastening of mine workings in the Karaganda 
coal basin;

–  in substantiating the choice of technology for anchor fastening of 
mine workings of various technological purposes for specific oper-
ating conditions of mines of the Karaganda coal basin;

–  in the patterns of change in the parameters of anchor fastening tech-
nology from the influencing factors of the operating conditions of 
mine workings. The patterns will allow the technological services of 
mines to model the parameters of fastening of mine workings and 
select justified options for types of anchor fastening;

–  in the development of a computer program for automated calcula-
tion of anchor fastening parameters.

The main scientific provisions submitted for defense:
–  methodology for calculating the parameters of single-, two-level, 

and combined anchor fastening of mine workings, based on the the-



INTRODUCTION� 11

ory of a load-bearing bridge and suspension to stable rocks, which 
will ensure the stability of the marginal rock mass;

–  patterns of change in the parameters of anchor fastening of mine 
workings depending on the depth of the mine workings, the width 
of the workings, the resistance of the roof rocks to compression, 
which will allow creating technological schemes and a passport for 
the implementation of mine workings.

The validity and reliability of scientific provisions, conclusions and 
recommendations are confirmed by: correct formulation of technologi-
cal problems and the legitimacy of using modern computational methods 
to solve them; satisfactory convergence of the results of theoretical studies 
with actual data from industrial observations.

Lauthors’ personal contribution consists in conducting both theoreti-
cal and field studies aimed at achieving the research objective, in preparing 
a monograph on the research topic. The authors have developed a methodol-
ogy for calculating the parameters of anchor fastening of development mine 
workings for the operating conditions of the Karaganda coal basin mines; 
a methodology for automated calculation of anchor fastening parameters. 
Also, technical solutions have been developed to justify the parameters of 
anchor fastening of mine workings of various technological purposes for 
the mines of the Karaganda coal basin, taking into account the influencing 
factors of the mining and geological and mining-technical nature of the 
basin’s mines, and patterns of change in anchor fastening parameters from 
the influencing factors of operating conditions have been identified.

Testing the work. The main provisions of the work were reported and 
approved: at scientific seminars of the RMPI department of KarSTU; at 
international scientific and scientific-practical conferences “Integration 
of science, education and production – the basis for implementing the 
Nation’s Plan”, Karaganda, KarSTU (Saginov Readings No. 9, June 22–23, 
2017), (Saginov Readings No. 10, June 14–15, 2018), (Saginov Readings 
No. 11, June 14–15, 2019); “Development of technical sciences in the mod-
ern world”, Voronezh (December 11, 2017); MATEC Web of Conferences 
“Information and Measuring Equipment and Technologies”, Tomsk, 2018; 
“Achieve the Best Scientific Achievements”, Sofia (March 12–13, 2018); 
“Sixth International Conference on Advances in Computing, Communica-
tion and Information Technology – CCIT 2018”, Switzerland, 2018.

Implementation of work in industry. Within the framework of eco-
nomic contractual studies, technical solutions have been developed for 
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selecting a scheme and calculating the parameters of anchor fastening of 
mine workings for the operating conditions of the Kostenko and Shakhtin-
skaya mines of the Karaganda coal basin. Technical solutions are currently 
undergoing pilot testing at the mines of the ArcelorMittal Temirtau Man-
agement Company. The structural scheme for calculating the parameters 
of single-, double-level, and combined anchor fastening is included in the 
revised instructions for calculating and using anchor supports in the mines 
of the Karaganda coal basin.

Main scientific results. The results of the conducted research were 
published in 19 printed works, including 1 monograph, 2 articles and 2 
conference reports indexed in the Scopus database, 3 articles published in 
publications recommended by the Committee for Control of Education 
and Science of the Ministry of Education and Science of the Republic of 
Kazakhstan. The novelty of the results is confirmed by one patent for an 
invention, two certificates of inclusion in the state register of rights to objects 
protected by copyright.

The authors thank the staff of the departments of RMPI, IVS, higher 
mathematics of the Karaganda Technical University named after Abylkas 
Saginov and the engineering and technical workers of the mine named 
after I. A. Kostenko, “Shakhtinskaya” UD JSC “ArcelorMittal Temirtau” for 
consultations and support during the research stages.

This study was conducted within the framework of grant funding for 
scientific and scientific-technical projects of the Republic of Kazakhstan for 
2023–2025 No. AP19680292 “Development of an expert decision-making 
system on issues of fastening and maintaining mine workings”.
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