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Abstract. The article analyzes the literature sources on the methods of collecting and processing information and
creating mathematical models. Semantic descriptions of mathematical models based on research works of authors
from near and far abroad have been compiled. The tasks of mathematical modeling and creation of information
blocks for the effective functioning of mining enterprises are defined. A control scheme of the production process has
been compiled. The forecast of linear and nonlinear modeling is made. The main criteria indicators of mathematical
modeling are established, the regularities of the applicability of mathematical models to geomechanical processes at

mining enterprises are given.
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Introduction

Mining operations at the enterprises of the
Karaganda coal basin are associated with addressing
a large number of engineering and commercial issues
based on the search for optimal parameters to create
mathematical models aimed at the effective selection
of the mining practices. The goal determines the
model framework, specific features, the necessity
to determine the main and auxiliary elements of
the model, a compilation of an object semantic
description with the mathematical language, and the
presentation of the data being considered as a system
of equations and functional dependencies. Prediction
of geomechanical processes based on mathematical si-
mulation requires a detailed analysis of the literature
to identify the stages of model refinement:

- Choice of qualitative and quantitative features;

- Structural detailing, based on verification and
application of iteration cycles;

- Development of adaptive capabilities to use the
simulation results.

Review of literature materials including the
analysis of computer simulation for the stress-
strain behaviour of a marginal rock mass during
mine workings of in-mine coal seams.

Mining enterprises with a variety of mining,
geological, engineering and commercial conditions
operate using flexible, multi-option, structured

mathematical models. The entire set of factors
influencing the change of the development workings
throughout the operation cycle is studied in detail.
Models containing arrays of information with
a detailed description of the software product
characteristics and the mining efficiency are used.

Mathematical model application practice using
general software products and databases is described
in the publications of A.A. Baryakh, Mining Institute
of the Ural Branch of the Russian Academy of
Sciences, Perm, Russian Federation. The analysis of
A.A. Baryakh's literature sources covers the 1992-
2021 period presented at the Scopus [1].

The analysis of the A.A. Baryakh’s materials
showed that the mathematical model was based on
the homogeneity of the empirical material belonging
to the same general set of indicators. A high citation
index of the author's publications (Figure 1) is related
to the possibility of using the models at the produc-
tion sites of mining enterprises to improve the mining
process.

Mathematical model mode of operation for the
potash salt mines is similar to the coal mining process.
However, the temperature gradient in potash mines
fluctuates within the range of 10-15% that leads
to a change in the grouping of statistical aggregate
by intervals and frequency of each mathematical
model interval. For coalmines with high variability

in mining conditions, adjustment of the model para-
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meters will delay the outcome. Combinations of data
blocks, algorithms, constant and variable parameters,
restrictions, and dependencies shall be changed.

Considering the influence of mining conditions
when using the models with insufficient basic
elements mobility, an analysis of sources describing
mathematical models of the coalmine workings
process, given changes in current parameters, was
performed.

The papers of Mr. Syd S. Peng, West Virginia
University, Morgantown, United States [2] for the
period from 1993 to 2022, presented at the Scopus
with a citation ranking shown in Figure 2, consider
the status of the mining works preparation, and
management and design models for coalmines.

A high citation ranking of the Mr. Syd S. Peng’s
papers is due to the large amount of statistical data
and the small discrepancy between theoretical
and empirical frequencies. The data for material
processing is given for semi-stable soil of workings.

For studying the application practice of the
efficient mathematical models, N.A. Samodelkina’s
papers, Ural Branch, Russian Academy of Sciences,
Yekaterinburg, Russian Federation (Figure 3) for the
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period from 2003 to 2021 presented on the Scopus are
of considerable interest [3].

A comparative analysis of the author's papers
will allow using the mathematical models that
significantly facilitate addressing the time-consuming
issues related to considering the influence of mining
and geological factors on the mining and development
methods and determination of the scope of work for
the relevant period. The papers consider the data
at the end of the planned working period, which
lead to the availability of distinctive characteristics
for the operational work planning process; the data
processing time will be reduced.

The analysis of the methodology for the
development of mathematical simulation took into
account the paper of the SRK Consulting Company
with the participation of Alexander B. Makarov,
Moscow, Russian Federation [4]. A review of the
author's paper showed the alternative options to
introduce new technologies using geomechanical
models of mines. Statistical parameters of technolo-
gies are given, time-consumption, time of operations,
and mining rate are taken into account. The author's
mathematical models enable to use a methodology to
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study the mines zoning related to the danger of mine
workings, determination of the Q-Value, acceptable
parameters for stopes, and for numerical simulation
of geomechanical processes to select an effective
mining technology. A static data array considers
the process flow features of mining enterprises and
technologies to recover minerals, describes the basic
conditions, shows changes in the technological
situations, and the possibility of simulation with the
analysis of various process flows when parameters
are changing in real-time [5].

Conclusions

The analysis of the authors’ papers who use the
process condition changes in mathematical models is
grouped as per the distribution nature and influence
of the geological factors on the performance. This is
due to the need for minerals mining and processing
ramp up, performed through the commissioning of
new and expansion of existing mining enterprises.

JOB TITIE : .

Currently, the most promising form of economic
development is the technical re-equipment of pro-
duction facilities, which ensures an increase in the
technical and economic indicators of production
performance based on the mathematical simula-
tion. For the development and implementation
of efficient models, mining and geological infor-
mation is collected from stratigraphic columns of
coal seams [6], a database for seam thickness, rock
beds, immediate and upper roof, depth, and uniaxial
compression strength is prepared.

Data on the first bedrocks (plastic deformation
zone) is used; data is grouped as per the behaviour
of the lithological roof rock varieties located directly
above a coal seam. Information is processed with
statistical indicators: average value, mean square
deviation, and correlation coefficient. Histograms
and distribution curves are plotted, and an image of
the simulated object outline is obtained (Figure 4).

{110q)

FLAC (Version 7.00)

LEGEND
{9-Feb-21 10:40
Step 4341 .
-2.667E+01 <x< 2.667E+01 m=24.75m
-2.667B+01 <y< 2.667B+01 Gex= 45-55MIla 190
Minimum principal stress i
B 8.00E+07 m=110w
5.508+07 Ocx™ 15MITa
5.00E+07
|1 4.50E+07 m=1195x L 0o
Ocx= 35-45MITa

Contour interval=  (0.50E+07
Extrap. by averaging

m=32u

| 6.,= 25-35MITa

-1

-1.000

Figure 4 — An Example of the Simulated Object Outline
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MamemamukansiK modenbdeydi KondaHa ombipbin, Ka3b6anaposl Hypaizy mexHosA02UACbIH XHcacay KesiHoe
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AHOamna. AKnapammel eHOey MeH HUHay adicmemeciHe ¥aHe MamemMamuKassiK mooensdepdi Kypy 6olibiHwa ade-
b6u depekke3zoepze manday #acanosl. aKbIH HaHe a1b6IC Wemesa asmopaapbiHbIH 3epmmey Hymoicmapel 6olsiHWa
MamemMamuKasbikK Mooens0epOiH, MaFbIHAAbIK CUNAMMAMAnapsl #acanosl. Tay-KeH eHepKacibi KacinopbIHOAPbIHbIH,
muimoi #ymeic icmeyi ywiH MamemMamuKasnoelk modensiey #aHe aknapammeik 610Kkmap Kypy miHOemmepi alikbiH-
0aa10b1. BHOIpicmik npouyecmi 6ackapy cxemacsl #acanosl. Coi3bIKMbIK #IHE Cbi3bIKMbIK eMec Modesboey boaramel
cunammanodel. MamemamukasnslK mooenboeydiH Hezizei Kpumepuandel Kepcemkiwmepi benzineHdi, may-KeH eHep-
Kacibi KacimopblHOapbIHOA MAMeMAMUKAsbIK Mooenb0epliH 2e0MexaHUKAsbIK npoyecmepae KOoa0aHblAybIHbIH, 30H-
Oblneikmapel 6epindi.

Kinm ce30ep: mamemamukasbiK Mmoodess, napamemp, masaoay, 2e0MexaHUKAsbIK MPoyecc, Mooesb KypblsbiMbl, Oepek-
mepdi eHOey, CMamuKasblK aKNAapam maccusi, may-KeH ¥ymoicmapbl.

OuyeHKa memo0doe cbopa u 0b6pabomku uHghopmayuu npu paspabomke mexHosoz2uu nposedeHus 8bipabomok
C npumeHeHUeM Mamemamu4ecKko20 MoodeauposaHus
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AHHOmMayus. [TpogedéH aHanu3 AumepamypHsix UCMOYHUKOB 10 MemoouKe c6opa u 06pabomku UHGOPMayuU U co3-
daHus mamemamuyeckux mooeseli. CocmassneHsl CMbIC/08ble ONUCAHUS Mamemamu4eckux modenel no ucciedosa-
mesnbcKum pabomam aemopos buxcHe20 U 0anbHezo 3apybexcba. OnpedesneHbl 3a0a4U MaMeMamu4ecko2o Mooesu-
POBAHUSA U CO30aHUA UHPOPMAYUOHHbIX 6510K08 0415 3¢hgheKmUBHO20 hyHKUUOHUPOBAHUA npednpuamuli 20pHo-pyoHol
npomelwneHHocmu. CocmaeneHa cxema yrnpaesneHus npouzeodcmeeHHo20 npoyeccd. OnUcaH MpozHo3 AUHeldHo20 U
HesuHelH020 M0OenuUPOB8AHUSA. YCmaHO08s1eHbl OCHOBHbIE KpumepuasibHbie MOKa3amesau mamemamu4yecKo2o mooesnu-
POBAHUS, OQHbI 30KOHOMEPHOCMU MPUMEHUMOCMU Mamemamu4eckux mooenell K 2e0MexXaHU4ecKUM Mpoyeccam Ha
npednpuamuax 20pHO-pyOHol NPombIuIeHHOCMU.

Kntouesoble ca108a: Mamemamu4yeckas modess, napamemp, aHaAU3, 2e0MeXaHu4eckuli mpoyecc, cmpykmypa mooenu,
0bpabomka OaHHbIX, Maccu8 cmamu4eckoli UHhopmayuu, 20pHO-Mod2omosumernsHoie pabomeol.
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