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Relevance 

The main distinction of the developed software product lies in the combined use of heuristic 

and algorithmic methods, which makes it possible to provide the most optimal results in response 

to user queries. 

The knowledge base of the expert system contains rules (or other forms of knowledge 

representation), which serve as the foundation for decision-making. The inference mechanism 

includes general knowledge of the decision-making process structure. This mechanism comprises 

two components: the interpreter and the dispatcher. The first determines how rules are applied to 

derive new knowledge, while the second establishes the sequence of applying these rules. The 

knowledge base editor is intended for modifying the rules of the expert system and for inputting 

new knowledge. 

 

Project Goal 

The project aims to create a domestic expert system designed to provide solutions related 

to the reinforcement and maintenance of mine workings, using both heuristic and algorithmic 

methods to deliver optimal results. The knowledge base and the core software of the expert system 

are intended to be deployed using cloud technologies. 

 

Expected and Achieved Results 

The main outcome of the project implementation is the creation of a domestic expert system 

designed to deliver solutions regarding reinforcement and maintenance of mine workings by 

combining heuristic and algorithmic methods. For hosting the knowledge base and core software, 

cloud technologies are planned to be used. 

As a result of using the expert system, optimal parameters for different types of support 

structures for any cross-sections of mine workings will be proposed, including parameters and 

methods for maintaining mine workings, identifying zones of damage in the surrounding rock 

mass while accounting for changes in mining and geological conditions, considering the time 

factor to determine expected displacements and loads. 

The modular architecture of the expert system will allow its further expansion to solve a 

wide range of geomechanical tasks. 

At the current stage, the expert system has been tested together with specialists from 

external scientific organizations to verify the adequacy of the solutions provided. 

In 2025, the following results were achieved: the software was adapted to solve applied 

engineering problems. Tools for data input, editing, and visualization were implemented, and the 

stability of the system was confirmed during practical problem-solving. Testing was conducted 

with the participation of experts from external scientific and design organizations, who confirmed 

the correctness of the expert conclusions generated by the system and its applicability in a 

production environment. 

Based on the 2025 trials, the expert system was recognized as ready for pilot-industrial 

testing. This implies its use at mining enterprises, comparison with traditional design methods, and 

preliminary assessment of the potential for integration into practice. A formal act confirming the 

successful completion of the testing stage and the agreement of its results with external experts 

has been obtained. 



 
 

 

 

 
 

 

 

In Figure 3, it was demonstrated that most workings were located at depths of 400–800 m, 

with the roof characterized by strength ranging from 25 to 50 MPa, and displacements ranging 

from 30 to 60 mm, reflecting the actual conditions of the Karaganda coal basin. 

Figure 1 – Mine Identification 

Figure 2 – Mine Workings Identification 



 

 
 

 

 

 

 

 

For additional analysis of parameter variability, boxplots were constructed to depict 

median values, interquartile ranges, and outliers. 

 

 
 

 

 

 

Besides the charts, this subsection included Table 1, which contained examples of typical 

parameters of actual workings used for model training. These data were obtained from field 

observations and integrated into the system’s knowledge base. 

 

Table 1. Example data from the knowledge base on the stability of mine workings 

Mine 
Depth 

(m) 

Width 

(m) 

Height 

(m) 

Cross-Section 

Shape 

Influence of 

Other 

Workings 

Roof 

Strength 

Rc 

(MPa) 

Moisture 

Coefficient 

Roof 

Displacement 

(mm) 

Kazakhstan 448 5.4 3.5 Arched Isolated 45 0.47 40.3 

Kazakhstan 466 5.5 3.8 Rectangular Adjacent 42 0.50 42.8 

Karagandinskaya 600 6.0 4.0 Arched Intersection 35 0.55 50.2 

Central 900 5.2 3.6 Arched Intersection 28 0.60 65.5 

 

Analysis of these data revealed patterns essential for predictive modeling: increasing depth 

and moisture content correlated with higher roof displacements, whereas higher rock strength 

values, on the contrary, were associated with reduced deformations. 

Figure 3 – Histograms of depth, roof strength, and roof displacement 

distribution 

Figure 4 – Boxplots of key rock mass parameter distributions 



Thus, visualization and systematization of the initial parameters made it possible to 

confirm the reliability of the original dataset and lay the groundwork for high-quality training of 

stability prediction algorithms. 

 

 
 

 

 

The figure shows the schematic of an artificial neural network algorithm, including the 

stages of forward and backward error propagation. 

 
 

 

 

 

 

The figure depicts the architecture of an artificial neural network (ANN), illustrating its 

key components and operational principles. 

Additionally, the figure presents a schematic of the ETL (Extract, Transform, Load) 

process, one of the main data processing methods for further analysis or storage. 
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Information for Potential Users 

The expert system for reinforcement and maintenance of mine workings can be useful to 

all those engaged in mining and underground construction, providing analytical data on rock 

properties, stability assessments of mine workings, and methods for their maintenance. 

Companies specializing in mine, tunnel, underground structure, and mining facility 

construction may use the system to develop and apply optimal reinforcement and maintenance 

methods. 

The system provides users not only with information and recommendations but also with 

tools for making informed and well-founded decisions, which helps enhance safety, efficiency, 

and reliability of mining and construction projects. 

 

Field of Application 

Field of application: Surveying and geotechnical services of mining enterprises, enabling 

prompt decision-making on reinforcement and maintenance of mine workings based on empirical 

and algorithmic methods. 

The knowledge base includes regulatory calculation methods for reinforcement 

parameters, ensuring compliance with all safety standards for mining operations adopted in the 

Republic of Kazakhstan. 
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