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Introduction

In the information society, the main
vector of development is not only mate-
rial production, but also the production
of knowledge and information based
on advanced technologies and intel-
ligent systems. Currently, the greatest
attention is paid to the rational use of
all space-time resources. The concept
of formation and development of effec-
tive spatial data infrastructure in our
country was determined by the Strategy
of information society development in
the Russian Federation in 2008, in the
current adopted version — for 2017 —
2030. Modern geographic information
system is a set of hardware and soft-
ware and algorithmic procedures cre-
ated for digital support, replenishment,
management, manipulation, analysis,
mathematical and cartographic mod-
eling and image display geographic
coordinate data for their effective use
in solving scientific and applied tasks
related to inventory, analysis, model-
ing, forecasting, and environmental
management and territorial organiza-
tion of objects [1–6]. The key vector
of innovation development here is the
creation and implementation of tech-
nological solutions using software and
hardware tools that represent a complex
system of expert analytical modeling,
which should be understood as a procedure for obtain-
ing an assessment of the problem based on the opinion
of specialists (experts) for subsequent decision-making.
Of great importance here are the programs of intelligent
production and digital design, where control is carried out
remotely or completely automatically. The effectiveness
of the use of geographic information systems in indus-
try is expressed in many ways: in updating and replen-
ishing the topographic base for the territorial objects of
enterprises; monitoring compliance with the boundaries
of allotments and environmental zones; quality forecast-
ing and environmental monitoring; integrated mapping
of geological formations in the system of mineral explo-
ration; in the planning of capital construction and the
creation of infrastructure communications. In addition,

digital technologies can significantly reduce production
time and reduce its costs, and digital modeling of pro-
cesses significantly reduces the number of field tests and
experiments [7–14]. It will be difficult for Russian industry
to remain competitive without the introduction of digital
design systems and their life cycle management. That is,
the effective modeling of processes, as well as the devel-
opment of new methods and standards of digital design,
are of great importance here. Based on the study of these
materials of expert analytical reports of the largest pro-
fessional consulting Agency PricewaterhouseCoopers in
the areas of digital technology development in the global
mining industry, we can identify three most promising
strategic groups of models for innovative improvement of
the functioning of organizations in the near medium term
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(5–10 years), taking into account the specifics of Russian 
enterprises and the situation in the industry:

1. Digital intelligent mining management based on 
knowledge bases, expert work with big data, generation 
of relevant management solutions by comparing rational 
options, implementation of change management tools and 
forecasting systems of technical and economic figures, 
creation of virtual management structures and develop-
ment of telecommunication systems and network struc-
tures for departments and within the framework of inter-
organizational interaction. Some elements of the active 
implementation of these models are now typical in our 
country for the divisions of the Mining and metallurgical 
company Norilsk Nickel. 

2. Implementation of effective process management 
structures for digital design and modeling based on mod-
ern quality management standards, complex systems of 
organizational stability and safety management, applica-
tion of balanced scorecard and performance indicators 
methodologies, in particular BSC (Balanced Scorecard), 
international development methodologies and project 
activity standards — application of Agile, Scrum, Kanban, 
Lean, Just-in-Time project management methods, etc. In 
addition, the transition from a rigid classical model of proj-
ect management to flexible iterative-incremental meth-
ods is particularly relevant for mining enterprises in digital 
development planning. Also important is the implementa-
tion of standards of comprehensive generic process cost 
measurement and analysis of the implementation stages of 
the projects by different teams of specialists, for example, 
the monitoring of progress based on the SEMAT initiative. 
The Siberian coal energy company is a bright example of 
successful current implementation here.

3. Implementation of digital project training for high-
quality continuous training and advanced training of spe-
cialists in accordance with international standards of 
quality of engineering education using mixed learning 
technologies and virtual training programs based on geo-
information data. 

It should be borne in mind that the harmonious effec-
tive development of the entire industry will be possible only 
in the case of an integrated implementation of a system of 
multiple methods, tools and process control models for a 
number of groups with approximately equal frequency and 
frequency of application, which will provide a synthesis 
of expert analytical approaches and a synergistic effect. 
On the basis of comparative analysis of risk assessment 
methods of business projects of mining enterprises, it was 
found that in the conditions of high uncertainty accom-
panying the modernization of production processes, 
the expert analytical approach to risk analysis takes the 
leading position. The basis for the construction of expert 
analytical models are complex risk management systems 
and systems of intellectual efficiency of production pro-
cesses at the mining enterprise. Here, among the key 
drivers of formation of systems of organizational stability 
and business process management, based on research 
data, reports and international ratings of ore and metal-
lurgical enterprises, made by Ernst & Young over the past 
3 years, it is necessary to highlight the TOP 10 factors: 1. 
Optimize the use of all types of resources. 2. Efficiency, 

investment attractiveness and capital intensity. 3. Growth 
of productivity and production capacity. 4. Social and 
corporate responsibility. 5. Transparency, availability and 
adaptability of functional data. 6. The growth of require-
ments for environmental safety and quality of produc-
tion. 7. Development of technologies for efficient use of 
energy resources and new energy sources. 8. Enterprise 
integration and clustering. 9. High requirements of com-
puter security. 10. Innovative potential. 

One of the directions of formation of intelligent auto-
mated systems of process control at mining enterprises is
the construction of dynamic matrix risk rating maps, where 
all elements of arrays in functional areas and the order of 
the matrix determine the probability of risk and the value of 
the degree of negative consequences on different scales 
(from small to maximum value). Intelligent processing 
allows integrated qualitative and quantitative assessment 
of different risk groups to compare the probabilities of 
favorable and unfavorable situations and generate effec-
tive solutions. When creating 3D matrix maps, the dynamic 
guide (vector) is the behavior of stock markets and politi-
cal factors. The development of information and analytical 
systems that support the development of the enterprise 
in these areas, as well as their implementation in practice, 
can significantly improve the quality of engineering and 
management decisions taken under the conditions of risk 
and information uncertainty.

The building of geospatial data modeling systems

 Modelling is one of the ancient and at the same time
the latest methods of scientific information and data 
management, which undergoes continuous dynamic 
development and modification. It finds application in a 
wide range of mining industries in solving specific scien-
tific and technical problems. As is known, the model was 
understood to be a material sample of other objects as a 
prototype, preserving a certain structure and properties 
of the original, but over time the model has increasingly 
become also a mentally created structure or analytical 
algorithm. The use of the process of modeling geospa-
tial objects is primarily due to the fact that models are 
usually more convenient to study, measure and record 
their characteristics for expert analysis and conclusions 
[15–19]. The organization of modeling as process, as 
a rule, includes a number of consecutive phases: initial 
inspection, creation and verification of initial hypothe-
ses of structure, properties and the nature of an object, 
identification of analogies and prototypes, definition of 
key characteristics of process, specification and defini-
tion of a method of modeling, the empirical or heuristic 
analysis of opportunities, formation of model, compari-
son of result to the set conditions and parameters, the 
analysis of compliance and improvement. In mining, 
subject and abstract oriented modeling has been devel-
oped, the first is the display on the required scale of key 
geometry, physical, dynamic and functional characteris-
tics and properties of the object is conditionally divided 
into physical, analog and natural models. The abstract 
mo-division of spatial data is represented by heuristic 
and iconic elements. When the physical nature of the 
model and the object corresponds, physical modeling 
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takes place. Studies of phenomena on models of differ-
ent physical nature, but through the same mathematical
equations, are analog model-generation. The method of
electrohydrodynamic analogs based on analogy between
current flow in a conductor and water filtration in a porous
medium, heat transfer due to heat conductivity in a solid
body can be given here. The electric analogy method
developed by Gutenmacher, the hydroplacial analogy
method proposed by Lukyanov (Lukyanov’s hydraulic
integrator), could also be considered. The development
of computer technologies made it possible to effectively
solve equations by numerical methods, the analog direc-
tion of modeling almost lost its importance.

A heuristic approach is defined by general percep-
tions and considerations of real phenomena without the
use of clearly fixed sign complex systems, for which it is
difficult to create mathematical models. In these cases,
intuition, accumulated professional experience, abil-
ity to formulate certain stages of the problem-solving
algorithm are used for research. In the computing plan
some difficult algorithms can be replaced simplified with-
out any proofs on the basis of expert solutions. Heuristic
models often are called scenarios of the phenomenon.
It demands on multistage approach and collecting miss-
ing information, repeated correcting of results. This form
are based on forming of expert and analytical models for
processing of geospatial data. At the same time differ-
ent forms of natural empirical modeling found wide cir-
culation in hydrogeological practice in production experi-
ments and observations on natural objects. For example,
for the forecast of change of the mode of subsoil waters
of the reclaimed territories, for forecasting of a drainage
of subsoil waters and for other tasks data of researches
in the same or other, similar territories are used. But to
development of technologies of visualization and digital
technologies there is forming of the integrated modeling
methods on the basis of systems analysis, appear effec-
tive expert and analytical models and solutions based on
integrated management of data. A special kind of mod-
els are the test stands, programs exercise machines and
simulators based on use of the special devices combining
physical and mathematical models with natural devices
and objects [20–25]. Besides, a variety of conditions of
bedding and mining, high cost of technology solutions
in mining represent reasonable monitoring of options
of conducting works with use of a computer hardware
and the software. Such simulation experiments allow to
answer before real investments into production ques-
tions: what solutions will be able to increase labor pro-
ductivity? how to coordinate work of sections of a tech-
nological chain? what equipment will be required upon
transition to other sections of production? what schedule
for work of sections is more effective? how to manage
technical risks? Simulation modeling found active appli-
cation in mining, since the second half of the last century,
it was used for planning of drilling, detonation, loading
and fastening in faces of the coal mine, on the basis of
simulation modeling on the Fortran the task of the analy-
sis of functioning of work of a mine transport network was
solved. P.V. Grechishkin used a problem-oriented Petri
net simulator to simulate the long-face cleaning process.

Now relevant simulation models of mountain processes
even more often develop on the basis of the systems of
modeling of general purpose – GPSS (General Purpose
Simulation System).

In Russia from the second half of the last century of
development in the field of simulation modeling of min-
ing operations were run on the basis of scientific cen-
ters of Research Institute for the Problems of the Kursk 
Magnetic Anomaly, Institute of Comprehensive Exploita-
tion of Mineral Resources Russian Academy of Sciences
(IPKON), Central Research Geological Prospecting Insti-
tute of Non-Ferrous and Noble Metals, Mining Institute
of Kola Science Center of Russian Academy of Sciences.
These developments were directed to creation of simu-
lation calculations and representation of the simulation
sequences of the equations. Since the end of the eighti-
eth years of work on simulation modeling of space data
in our country were practically not conducted, only in
the last decade in the conditions of digital revolution and
calls of information society for the Russian enterprises
there was relevant a creation of new methods and instru-
ments of expert and analytical modeling. At the same
time, it should be taken into account that development
of the integrated systems of geospatial modeling and
implementation of digital systems in design of processes
is irrational without creation of effective geo-information
solutions and forming of standards directly in forming of
these systems. Creation of effective solutions is impos-
sible without development of information products and
knowledge bases for high-quality management here. In
the field of space information the set of the organizations
is engaged in questions and creation of formal standards.
Need of improvement of standardization of processes is
defined by the problems connected with quality of formal
standards and also for their implementations. The speci-
fications created by Open GIS Consortium are divided
into two types - the abstract specification (Abstract
Specification) which regulates the basic principles of
creation of geographic information systems, and specific
specifications in software development (Implementa-
tion Specification) which number constantly grows. So
far, the Russian companies are not participants of Open
GIS Consortium. Thus, there is a need of increase in effi-
ciency and quality of geographic information systems for
improving competitiveness of technologies in the inter-
national market, including, by rational use of systems of
the integrated standards and rational models. Let’s con-
sider modern most perspective types of digital modeling
and geospatial data analysis and the direction of their
development and also methods of management of digital
design at the mountain enterprises.

Prospects for development of expert and

analytical modelling in mining industry

Modern development of digital design demonstrates
that the set functional purposes of the strategic program
of development of the enterprise are supported with the
defined well thought over unique techniques, tools and
tactical decisions created in each concrete organization
that plays an important role in success of the mining sec-
tor of the country. However, in the last decade in Russia,
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much attention was paid to complex development of the 
knowledge-intensive economy, development of expert 
and analytical systems and digital design at the moun-
tain enterprises concedes to some other the industries, in 
particular the Military-Industrial Complex (MIC). The tra-
ditional scheme of technical modernization of the equip-
ment in the current situation does not bring necessary 
competitive advantages any more. For cluster initiatives 
of the real sector special attention is paid to knowledge, 
the expert analysis of data and digital control by pro-
cesses. Relevant world trends in the field of modeling and 
processing, analytics and visualization of data in mining 
industry are presented in table.

Within the mountain enterprise great importance is 
presented by algorithms, models and the sequence of 
operational implementation of projects and project man-
agement to a stage of effective functioning that in turn 
requires a system solution of a number of tasks: forming 
of the complex digital integrated coordinate space on the 
basis of creation of databases with use of satellite naviga-
tion technologies and robotic systems; modeling of vir-
tual objects of an organization and production structure 
of the companies; creation of visual objects of space for 
preventive management of technical risks and reliability of 
functioning of processes; definition and modeling of key 
discrete objects of geospace and geosystems; program 
creation of visual cartographic images and iconic models 
of a part of spaces; forming of rational applied software 
solutions in the field of digital design; automation of expert 
techniques of management and standardization, creation 
of knowledge bases, digital 3D design within geoinforma-
tion environments.

On the basis of studying of the Russian and foreign 
experience in the mountain industry it is possible to for-
mulate a number of criteria for comparison purposes of 
quality of the implemented expert and analytical systems 
and geoinformation solutions: technical opportunities, 
properties and parameters of a system of modeling, width 
of coverage of functional use, uniqueness and adaptivity, 
efficiency of subsystems of management and acceptance 
/ generation of solutions, simplicity in operation, the user 
interface and opportunities, compliance to the Russian 
and international quality standards, reliability (non-failure 
operation) and possibilities of self-regulation and intel-
lectual assessment, network orientation, efficiency of 
help and expert knowledge bases, the module of training 

and settings of interaction in the person machine system, 
monitoring systems, assessment, risk management and 
environmental safety, interaction with navigation satellite 
systems and the systems of remote sensing of Earth, effi-
ciency and coverage of modules of control and monitoring 
of processes, possibilities of modification and integration, 
efficiency of work and the general dynamics on restruc-
turing and changes, qualitative data of polls of opinion of 
users and experts, cost efficiency, social result, overall 
effectiveness and synergy effect.

Digital design and standardization of process manage-
ment based on knowledge base construction as essential 
quality assurance tools at the start-up and operation stage 
are of great importance. But also planning of mining enter-
prise industrial processes, when there is a possibility of 
maximum reduction of time and cost of works, It is possible 
to take into account the largest number of negative factors, 
in particular in the system of technical risk management - 
new digital mechanisms and research tools are used here 
(Monitoring and modelling), fully replacing expensive 
direct empirical experimental works [26–32].

The international practice of organizing efficient tech-
nical processes in the mining industry demonstrated the 
widespread use of project management to develop innova-
tion in all functional areas. Domestic practice is no excep-
tion. At the moment, our country has implemented and is 
implementing quite a few projects of various sizes using 
systems of automated analysis of big data and artificial 
intelligence, for example, during the organization of the 
Olympic Games-2014 in Sochi, during the implementa-
tion of Federal programs for the construction of roads and 
nuclear power plants, during the development of the Arctic 
shelf and the Pacific region, in the development of global 
navigation systems for automation of object management 
in space.

A common class of multi-criterion choice manage-
ment solution tasks is the task of comparative evaluation 
of alternative innovative projects. A number of methods 
and tools were relevant to the development of intelligent 
systems for innovative projects, in particular the hierar-
chy analysis method and the analytical network method, 
which were used in cases where it was necessary to take 
into account the links between hierarchy elements, to 
integrate the many factors involved in solutions, which 
made it easier to find solutions by presenting a complex 
problem in the form of a consistent analysis of simpler 

Modern directions of development of expert analytical systems and model of work with geospatial information: 

key prerequisites and characteristics

Big Data
Methodologies for dealing with

non-standard information

Synthesis of

information

Complex Analytics

and structuring

information

Visual Outputs and Tool 

Selection

Exponential 
growth of data
and you-number 
capacities in
turn multiplies
the number of
opportunities for 
obtaining useful
information

Telematics, satellite technologies,
sensor readings, digital voice/
video text recordings and other
new technologies create analytical
solutions and expert data,
knowledge based on previously
impossible analytical, machine-
based quantitative processing of
information flows

The development of data
analysis and processing
technologies increases 
our ability to extract
results and solutions
from complex, erratic
and unstructured 
information flows

Advanced analytical 
techniques, such as 
digital modeling and 
optimization, enable 
you to adapt previously
inaccessible source 
information into real-
time structured data

Presenting complex 
amounts of data in a visually 
simple and meaningful 
format begins with the right 
choice of a certain tool, 
which ultimately greatly 
accelerates decision-
making and results
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tasks. The effective choice of an innovative project at an
early stage of its justification was difficult to make on the
basis of any rigorous mathematical models or statistical
analysis, and should be based on the competent opinions
and expertise of professional experts familiar with the
specifics of the innovative projects. The intelligent auto-
mated principle of expert interviewing and data process-
ing is of great importance.

A key problem in hierarchy analysis was the rigid sub-
ordination of elements, with upper-level elements domi-
nating lower-level elements. It was important to consider
the interaction of hierarchical levels for components, since
not only did the importance of the criteria affect the pri-
orities of alternatives, but the importance of the alterna-
tive also affects the priorities of the criteria, which justified
the need to move to the set models. The big advantage of
feedback networks was the possibility of obtaining solu-
tions that made it possible to anticipate the future, which
was particularly important in the case of investment proj-
ects for the development of mountain enterprises in the
context of sanctions in the current period of time.

Expert analytical information systems are imple-
mented in various applications, in particular, systems
based on Expert Solution and Expert Decide have been
used and are being developed at Russian enterprises.
The implementation of forward and reverse hierarchical
models, which were followed by the order of criteria and
alternatives, was particularly important. The direct model
first prioritized the criteria and then the priorities of the
alternatives, in reverse, the two levels changing places.
The second — the inverse model - is formed automati-
cally, but also in the direct hierarchy, experts then have
to perform paired comparisons of the model elements.
Then, also in automatic mode, a network model is formed,
which takes into account the mutual influence of the block 
of groups of criteria and the block of alternatives. At the
stage of the set model, experts no longer participate in
the survey, the formation of the block supermatrix and the
calculation of priorities are carried out by the system in
automatic mode.

The application of criteria not only in the limited field 
“Opportunities — Risks,” but also taking into account fac-
tors and dynamics of future development on the section
“Benefits - Costs,” that is, comparisons of benefits, costs,
opportunities and risks of various projects are applicable
for research and selection of options for organization of
transportation of energy resources, which has now found
active application in the USA and is especially relevant
for our country. Also for Russian mining enterprises, the
development of intelligent systems and expert and ana-
lytical modelling of technological, economic and environ-
mental risks was of great importance at the moment. The
key parametrical probabilistic factors here are: mining
and geological and climatic features of the terrain, types
of technological processes, peculiarities of mining trans-
port complex management, types of equipment, physical 
wear and tear and methods of di-station control, time and 
age of development and functioning by volume in space, 
intensity of operational processes, level and importance of
non-controlled factors, financial capabilities and intellec-
tual potential. The development of multifunctional systems 

of training and expert work, remote forms of control and
control based on satellite navigation systems, robotic con-
trol systems and intelligent software and decision-making
were important in that case. 

Conclusion

The review in the article showed the possibilities,
prospects and importance of the development of expert
and analytical modelling as a basis for modernization of
key processes of mining production management and an
effective tool for reducing technological and time costs.
The development of effective management systems was
inextricably linked to the improvement of information
technologies, while, at the same time, the development
and transfer of new knowledge were key factors in the
success of management and efficiency, which defined
fundamentally new tools and led to a fundamental
change in the ideology of information management and
information and analytical systems (IAS) for production
processes, where the creation of remote service of solu-
tions based on geographic information data and tools
becomes the most relevant. Of great importance here is
also the effective construction of training systems, and
it is necessary both technical-oriented — methods of
machine learning and neural networks, and personal-
oriented — digital methods and modules of project train-
ing and qualification of professionals on the basis of
standards of training of mountain engineers. A compre-
hensive, balanced, expert-based mix of developed tools
could bring maximum benefit to each mining enterprise
and industry as a whole.
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