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TRANSPORTATION
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Abstract. In the context of digital transformation of coal industry enterprises, approaches to the or-
ganization of mining, processing and transportation of coal are changing, and the requirements for
optimizing these processes are becoming relevant. The purpose of the study was to develop ap-
proaches to the formation of a mathematical model for determining the volumes of production, pro-
cessing and transportation of coal, as well as the development of such a model for the coal mining
company “Kolmar”. The method for constructing a mathematical model is based on a resource model,
which includes the main resource chains for the extraction, processing and production and logistics
operations of coal products. A global criterion of optimality for the choice of the best solution to a
management problem from the position of a top-level management system (supersystem) is pro-
posed, while the criterion for assessing the optimality of a management decision of a company’s top
manager is the level of customer satisfaction with coal products. The optimality of the functioning
of individual subsystems or coal mining enterprises belonging to a group of companies can be
checked by a global criterion. The mathematical model of coal mining, processing and transportation
for the coal mining company “Kolmar” is formed on the basis of constructing and solving a target
function that minimizes the costs of these processes, in the context of limited economic, technolog-
ical and technical factors, the volumes of coal mining, processing and transportation of coal to con-
sumers. Cost minimization is ensured by the choice of the most rational controllable parameters,
which are production technologies for each mining and processing plant and the volume of coal sent
for processing. The use of the proposed mathematical model when planning the activities of the coal
mining company “Kolmar” allows us to optimize resource flows, select effective technological
schemes, form an optimal plan for loading equipment and transporting coal to the domestic and
foreign markets.
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OPUTMHANIbHASA CTATbSA

MATEMATUYECKAA MOAE/lb OMNTUMU3ALMU  YMPABJIEHYECKUX PELIEHUA TMPU
OMNPEAENEHMA OBBEMOB U CNOCOBOB A0OBbIYN, MEPEPABOTKN U TPAHCINOPTUPOBKHU
yrnga

A.E. UuBuneBa, AO «Konmap Ipyn», MockBa, Poccma; BCcepoCcCUMiiCKUiA HAy4yHO-UCCNEA0BATENbCKUIA UHCTUTYT «LleHTp»,
MockBa, Poccus

AHHOTauuA. B ycnoBuax undposomn TpaHchopMaumm npeanpusaTuin yroibHOM NpOMbILLIEHHOCTU MEHS-
H0TCS NOAXOAbl K OpraHu3saummn Aobbiun, nepepaboTKu 1 TPaHCMNOPTUPOBKM YIS, aKTyaslbHbIMU CTaHO-
BATCHA TpeboBaHUA ONTUMMU3ALMKN STUX NpoLeccos. Llenbio nccnenoBaHmns asunach paspaboTtka nogxo-
[0B K (pOpMUpOBaHUIO MaTeMaTUYecKon Mopenu onpegeneHns ob6bemMoB A06bluKu, NepepaboTKku u
TPaHCNOPTUPOBKK YrNg, a Takke paspaboTka Takon moaenu ons yrnegobbiBatowert komnaHmum «Kon-
Map». MeToauMKa NOCTPOEHUS MaTeMaTUYeckon Moaenu 6asnpyeTcs Ha peCypCHOl MOAenu, BKIKYa-
e B cebs OCHOBHbIE pecypCHble LIenoyku no Aobbiye, nepepaboTke 1 Npon3BoACTBEHHO-N0rMcTHYe-
CKMM onepaumsiM yronbHoM npoaykumn. NMpennoxeH rnobanbHbln KpUTepUii ONTUMANbHOCTU K BbIGOpy
Hauny4llero peleHus ynpasieHYeckon 3a4avm € no3nuum CUCTEMbl BEPXHEro YPOBHSA ynpasBieHus
(HapcucTeMsl), Npy 3TOM KpUTEPUEM OLLEHKM ONTUMaNbHOCTU YNPaBAEHYECKOro peLleHns Ton-MeHe-
O>Xepa KOMMNaHUuM IBNSeTcs CTeneHb YA0BNETBOPEHNSA NOTPEOHOCTEN KNIUEHTOB B YrO/IbHOM NPOAYKLMN.
ONTUManbHOCTb GYHKUUOHMPOBAHUS OTAENbHbIX NOACUCTEM UAKN BXOAALWMX B rpynny KOMNaHum yrne-
[O6bIBAOWNX MPeanpusaTUin MOXKET MNpoBepsATbCs Mo rnobanbHOMY KpuTepuio. MaTemaTtuyeckas
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Moaenb 0o6blun, NepepaboTku U TPAHCMOPTUPOBKU Yrasa Ang yrnegobbiBatowen koMmnaHmmn «Konmap»
chopMMpOBaHa Ha OCHOBE NOCTPOEHUS U peLlleHns ueneson GyHKUMU, MUHUMUBUPYIOLWLEN 3aTpaTbl HA
3TW MpOLECChl, B YC/IOBUSX OrPaHUYEHHbIX 3KOHOMUYECKMMMU, TEXHOJIOTUYECKUMU U TEXHUYECKUMMU
dakTopaMmn 06LeMOB A06bIUK YIS, ero nepepaboTKu U TPAHCMOPTUPOBKM NoTpebutensam. MuHMMmn3a-
umsa pacxonos obecneynBaeTcs BbI6opoM Hanbonee paumoHasbHbIX YAPaBASeMbIX NapaMeTpoB, KOTO-
PbIMU ABASIKOTCSA TEXHONMOMMKU A0ObIYN MO KaXXO0MY rOPpHO-060raTUTeIbHOMY KOMBUHATY 1 06beM yrns,
HanpaBnseMblii Ha NnepepaboTky. MCcnonb3oBaHMe NpensioXKeHHOW MaTeMaTUYeCcKor Moaenu npu nna-
HUPOBaHUN AEeATEeNbHOCTU yrnenobbiBalowen KoMnaHum «Konmap» no3BonseTr onTMMM3UMPOBaTb pe-
CypCHbIe NOTOKM, BbIbpaTb 3D dEKTUBHbIE TEXHONOTMYECKME CXEMbI, COOPMUMPOBATb ONTUMAbHbIN MAaH
3arpy3ku 060pya0BaHUS M TPAHCNOPTUPOBKU YIS HA BHYTPEHHUN Y BHELUHWA PbIHKM.

Knrouesble cnoBa: yrnenobbisatowme npeanpuatus, onTumMmsaums pacxoaos, N0rMcTmka, Matematuye-
CKaa Moaenb oNTUMM3aUMKU pelleHuin, Aobblva 1 nepepaboTka yrns

Ana uutupoBaHusa: Tsivileva A.E. Mathematical Model of Optimizing the Management Decisions When Determining the
Volumes and Methods of Coal Mining, Processing and Transportation // BENEFICIUM. 2022. Vol. 1(42). Pp. 32-39. (Ha aHrn.).
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Introduction

In the context of digital transformation of coal
mining companies, methods of optimizing manage-
ment decision-making based on mathematical mod-
els describing the processes of coal exploration,
mining, processing and delivery to consumers have
gained momentum. It ensures the sustainable oper-
ation of coal mining companies and improves the
efficiency of their activities through new ap-
proaches to interaction between all participants of
the industrial process of coal mining and processing
and consumers of coal products. At the same time,
“the processes of interaction of value-added chain
participants are more integrative in nature due to
the specific features of interconnection in the eco-
system built in a digital environment as the most ef-
fective form of the industry operation. The concept
underlying the Industry 4.0 program directs collier-
ies towards Digital Fields (DF) as adaptive digital
systems selecting optimal coal mining, processing
and transportation regimes” [1].

The generated mathematical models of coal ex-
ploration, mining, processing and transportation
make it possible to evaluate cost-efficient mining
patterns, coal processing methods and ways as well
as logistics arrangements to transport or sell coal
products [2].

The tasks of objective function-based optimiza-
tion of transportation costs are well known and used
in the arrangement of logistics operations [3].

Intelligent optimization methods, including ge-
netic algorithm (GA), particle swarm optimization
(PSO) and modified particle swarm optimization
(MPSO), are known and used to optimize the coal
mine project scheduling in China. The optimization
result provides the information needed for manage-
ment and decision-making by managers and devel-
opers. The optimization process involves activity
chart-based optimization to the maximum NPV (Net
Present Value). The commencement dates for all
processes are variables for decision-making. The
process order and time represent limits. The optimi-
zation result shows that MPSO is better than GA and
PSO, and the optimized Net Present Value (NPV) is
RMB 14974000 more than the initial plan [4].

Mathematical models of industrial processes
make it possible to determine the optimal coal min-
ing regimes by generating optimal drum design pa-
rameters and coal extraction kinematics using, for
example, a genetic algorithm. The multi-objective
model of coal mining optimization coupled with the
real working conditions analysis and based on blade
wear and careful consideration of coal loading
speed, productivity, shearing area and specific en-
ergy consumption per shear has been developed [5].

At the same time, known mathematical models
of coal mining company optimization use local op-
timization criteria, which give consideration to spe-
cific features of a particular coal producer and opti-
mize by one parameter of an optimization criterion.
A systemic and integrated approach to the problem
solving requires that all major parameters of coal
producer activities and not only company-specific,
but also supersystem-wide interests, i.e., interests of
the entire group of companies, region or state, be
taken into account.

The effectiveness of multi-objective algorithms
has been proven in the development of a multi-ob-
jective system dispatching model that includes eco-
nomic cost, carbon emission costs to protect the en-
vironment and the degree of customer dissatisfac-
tion with a reduced and progressive load. An im-
proved evolutionary multi-objective algorithm that
gives consideration to the limits of flexible load
time series is further reviewed to efficiently obtain
a set of multi-objective dispatching solutions. The
said algorithm is applied to a coal mine with multi-
ple scenarios, and the results show that such model
is feasible and the algorithm-based evolutionary
multi-objective dispatching is effective [6].

The study was performed to develop methodo-
logical approaches to creating a mathematical
model for determining coal mining, processing and
transportation volumes and methods based on
global performance criteria and take into considera-
tion specific features of Kolmar Group JSC operation.
To do so, it is necessary to determine conceptual ap-
proaches to the formulation of global performance
criteria for making optimal decisions, analyze possi-
ble options and identify company optimization
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criteria in view of specific features of activities and
structure of Kolmar Group JSC. The study is focused
on the measures Kolmar Group JSC takes to effec-
tively arrange the work of its member enterprises
engaged in coal products mining, processing and
delivery to consumers.

The new approach to the use of production and
technological resources of coal mining companies
stems from the optimization of coal mining
schemes, coal processing volumes and logistics op-
erations arrangement, that allow to reduce the cost
of mining and distribution of the mineral.

Results and Discussion

A systematic and integrated approach to ad-
dressing the effective management challenges of
the coal mining company “Kolmar” has been chosen
as the basic principle of study in this paper. The task
of choosing the optimal way to manage a company
is solved by optimizing the objective function, which
helps to choose a management decision that pro-
duces an extreme (maximum or minimum) value of
one or more indicators.

In order to find an optimal decision, it is pro-
posed to use not a local, but a global optimality cri-
terion as a measure of quality of coal mining com-
pany management from the perspective of interests
of the supersystem, the upper-level system of Kol-
mar Group JSC. In this context, the optimality of op-
eration of all member enterprises of Kolmar Group
JSC can be assessed against local criteria and veri-
fied by a global criterion [7].

A local criterion describes the optimality of sys-
tem operation from the perspective of a single indi-
cator. The cost of coal mining, processing and deliv-
ery to consumers can be used as criteria to assess
the activities of member enterprises of Kolmar
Group JSC. The mathematical model in this case is
based on a resource model that includes major re-
source chains for coal products mining, processing
and production, and logistics operations [8].

In general, three major economic indicators are
used to select optimal management decisions: ef-
fect achieved (W), resource spend (C), and time (T);
and one or any combination of these parameters can
be chosen for each specific task. One of these indi-
cators is then chosen as a criterion to assess man-
agement decision optimality and the other two act
as Limits.

Therefore, there are three types of problems in
choosing optimal management decisions to man-
age coal products mining, processing and transpor-
tation to consumers (1-3):

1) W — max with C € Cout, T £ Tset 1)
2) C—> min with W 2 Wreq, T € Tset 2)
3) T — min with W 2 Wreq, C < Cout (3)

The criterion is usually as an objective function
describing the optimality of achieving the goal and
representing an economic and mathematical model.
In this model, all three indicators (W, C, and T) are

related to different factors effecting the criterion
value and other indicators in the mathematical
model. These factors are called control actions (con-
trol parameters). Selecting the right control actions
makes it possible to achieve extreme value of the
objective function and hence determine optimal
management decisions.
Let us consider the mathematical model for op-
timizing coal mining, processing and transportation
in the coal mining company “Kolmar” (Fig. 1).
The task determines the volume and methods of
coal mining, processing and transportation for two
mining and processing plants: Denisovsky MPP, JSC,
and Inaglinsky MPP, JSC. The specific yield of pro-
cessed products per run-of-mine coal unit of weight
is assumed to be known for each of Denisovskaya,
Inaglinskaya-1 and Inaglinskaya-2 coal-preparation
plants.
Let us formulate the task in general terms. It is
known that the coal mining company m (m = 2) of
mining and processing plants (MPP), the output of
which depends on each MPP’s production and pro-
cess capabilities (applicable mining technology,
equipment capacity, the amount of coal reserves in
the mine, etc.). The coal mined and not processed
will be referred to as steam coal. A part of such coal
is sent for processing to coal-preparation plants of
the mining and processing plant. Specific yields of
processed products from a steam coal unit volume
are known. The cost of coal mining, processing and
transportation from the mining and processing
plant to consumers is known. All coal products of
the coal mining company are distributed between
consumers on the national and foreign (export) mar-
kets.
We will introduce the following designations to
describe the mathematical model for coal mining,
processing and transportation.
Input parameters:
e i —numberofthe MPP,icI={1,2,.., m}
e t — number of extracted steam coal pro-
cessing product,wheret=1, 2, ..., T-1;

e T - steam coal;

e f— number of the steam coal processing tech-
nology, where fc F=1{1, 2, ..., F*};

e r — number of coal marketing regions (na-
tional and export),r c R ={1, 2, ..., R*};

e Kk — number of the selected coal production
technology, k c K ={1, 2, ..., K*}.

Quantitative indicators of MPP’s performance can
be presented as the following known values:

e Cirv« — cost of coal production at the it" MPP

that corresponds to production volume Bir;

e Pitr — cost of coal processing at a coal-prepa-

ration plant of the it MPP with technology f;

e Qir — cost of coal product transportation from

the i"" MPP to rt" consumption area;

e By — demand for the t™ steam coal processing

product for r consumers,r c R={1, 2, ..., R*};
e Bitk — volume of processing of coal with tech-
nology T mined by method K;
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e -aitr — yield of the t'" type of processed prod-
uct at the coal-preparation plant of the it MPP
with technology f.

Optimal parameters need to be chosen:

e Zitk — share of using the k* technology of coal
production at the it MPP;

e Xjir — volume of processing product T at the
coal-preparation plant with technology f at
the it MPP;

e Xir — volume of coal product t sent to rth re-
gion (national market or export) from the it
MPP.

Management Company "Kolmar”, LLC

Kolmar Sales and Logistics, LLC

KOLMAR Repair and Production Base, LLC, etc.

Denisovsky MPP, JSC

Inaglinsky MPP, JSC

Open-pit mining site: technology —
open-pit mining method

Denisovskaya Mine: technology —
room-and-pillar processing method
(RPP)

Vostochnaya Denisovskaya Mine:
technology — long-pillar method
(longwork)

Denisovskaya CPP — output: 6 mln
tons of coal per year, processing
technology: processing in KHC-138/1
steeply inclined separator, processing
in TrU-711 heavy medium cyclone

Open-pit mining site: technology —
open-pit mining method

Inaglinskaya Mine: technology —
longwork method, output wa up to 6
mln tons of coal per year

Inaglinskaya-1 CPP — output: 14 mln
tons of coal per year, processing
technology: processing in KHC-138/1
steeply inclined separator, processing
in TrU-711 heavy medium cyclone

Inaglinskaya-2 CPP — output: 14 mln
tons of coal per year, processing
technology: processing in KHC-138/1
steeply inclined separator, processing
in TrU-711 heavy medium cyclone

Fig. 1. The Structure of the Management Company “Kolmar”, LLC / Puc. 1. CTpyktypa 000 «YnpaBnsawLwaa KOMnaHus
«Konmap»

Source: constructed by the author based on data of the Management Company “Kolmar”, LLC / 4cTo4YHuK: NOCTPOEHO aBTOPOM MO AAHHbIM

000 «Ynpasngwuiasa komnaHusa «Konmap»

The mathematical model describing the pro-
cesses of coal mining, processing and transportation
in the form of an objective function (1), which is the
minimum of the sum of expenses, will be as follows

(4):

F(x,z) = Li[Xk Cirx Zirk + Xf Piry Xirp +

. “
X128 Qurk Xirr ] > min,
under the following conditions (5-7):
Yk BirkZirk = X Xirp + X Xirpy 1 C 1, (5)

(condition (5) means that the volume of the coal pro-
duced with each mining technology is equal to the
sum of the volume of the coal sent for processing
and the volume of the coal sent to consumers with-
out processing);

Sars =8 Xy iCLt=1,2,.,T-1,  (6)

(condition (6) means that the entire volume of the
coal after its preparation at the plants with all tech-
nologies F will be sent to r consumers);

Z{Xitr = By, (7)

(condition (7) means that the volume of run-of-mine
coal and its products after preparation at the coal-
preparation plants is equal to the total demand for
the t*" processing product of all r consumers, no
“work for storage” is expected);

YKz = 1,1 c I (the sum of proportions of coal pro-
duced with all technologies is equal to 1),
Xirt2 0, Xir20,icI,fCF, rcR,
Xiwz0,ic,rcR,t=1,2,...,T

(the value of the volume of coal of all types sent to
consumers is positive).
The results of solving this task will be as follows:
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e the volumes of coal production by technology
of production;

e the volumes of production of coal sent for
processing to coal-preparation plants;

e the logistic scheme of coal products delivery
to national and foreign markets according to
the areas of influence of each MPP on re-
gional markets.

Below is the calculation for the coal mining com-

pany “Kolmar”.

The coal mining company “Kolmar” has two min-
ing and processing plants: Denisovsky MPP, JSC
(MPP 1) and Inaglinsky MPP, JSC (MPP 2).

Each enterprise can use three technological
methods of coal production: open-pit mining,
room-and-pillar processing and long-pillar method
(k = 3).

When coalis prepared, the plants use a combined
method of preparation: preparation in KHC-type
counter-flow gravity separators and a heavy medium
cyclone (f = 1), which results in three types of prod-
ucts (t = 3):

1) Concentrate;

2) Steam coal (middling);

3) Waste (mud concentrate).

We know: for each of the two MPPs (Denisovsky
MPP — the first row, Inaglinsky MPP — the second
row):

e we will write the volume of run-of-mine coal
production (in thousand tons) by each of the
three technologies as follows (8): the first col-
umn is for open-pit mining, the second col-
umn for room-and-pillar processing and the
third column for long-pillar method (k = 1, 2,
3):

_ 12659 2600

B”K_lsso 0 11094J ®)

a;r» — the proportion of processed products yield
(concentrate and steam coal (middling) and mud
matrix row) at the coal-preparation plants of MPP 1
and MPP 2 from a unit weight of run-of-mine (mined,
not processed) coal by a combined method of coal
preparation as (9):

0.55 0.54
Qe = 10.28], 21 =10.29 9
0.19 0.18

We know the following with respect to the na-
tional (the first column) and export (the second col-
umn) consumers:

e the volume of the national market and export
demand for each product type: concentrate,
steam coal (middling), waste (matrix rows) of
coal processing (in thousand tons) as (10):

By = [116 305

100 2

(10)

8 646
-

e the volume of the national market and export
demand for run-of-mine (unprocessed) coal in
thousand tons as (11):

Brr= (1775 1721) (11)

Besides, for each MPP (matrix rows), we know the
cost of run-of-mine coal production for each mining
technology (columns) according to volume Bitk
(RUB/t) as (12):

2205 1155 347

CiTK=[1872 1155 607 (12)

e the cost of run-of-mine coal processing at the
coal-preparation plant of the i*" MPP (matrix
rows) with technology f (matrix column)
(RUB/t) as (13):

324
Par = 53, (13)

e as well as the cost of transportation of a unit
weight of run-of-mine coal and its derivative
from each it" MPP (matrix rows) to the national
market (the first column) and for export (the
second column) (RUB/t) as (14):

363 869

%r =[5 70 (14)

We will assume that logistics costs are the same
for all types of coal products.

With the data we know, the mathematical model
of the task can be represented as the sum of ex-
penses of MPP 1 and MPP 2 for coal mining, pro-
cessing and transportation to customers as follows
(15):

F (x,2) = 2205 Zypq + 1155 Zy 1y + 3472415 +
1872 Zypy + 0 Zyry + 607 Zyrs + 324 Xopy +
231 X7y + 100 X;15 + 1000 X115 + 100X51, +
1000X,15 + 100 Xy51 + 1000 Xy55 + 100X, +
1000 X555 + 100X5711 + 1000 X;75 + 100 Xp7y +
1000 X,15

(15)

under the conditions stated below (16):
2 2
2659 Zypy + 2600 Zypy = me + ZXW
1 1
2 2
820 Zyrq + 1194 Zyp3 = Z Xorr + Z Xorr
1 1
2
0.54’ X1T1 + 0.24’ XlTZ = ZXllr
1
2
028 XlTl + 015 Xsz = Z Xer
1

2
0.19 Xy11 + 0.9 Xy7, = me (16)
1

2
0.54 X2T1 + 0.24 XZTZ = ZXZIT
1

2
0.28 X2T1 + 0.15 XZTZ = ZXZZT
1

2
0.19 Xprq + 0.9 Xpmp = Z Xya

1
2

ZXiu =8

i=1
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2

ZXilZ = 646
i=1

2

me =116
i=1

2

ZX,:ZZ =305
i=1

2

ZXigl =100
i=1

2

ZXisz =2

i=1

2
me =1775
i=1

2
XiTZ =1721

L

with the following conditions met (17):
Xire2 0, Xitr 2 0, 17)
wherei=1,2,r=1,2,t=1,2,T.

Today, mathematical modeling and tasks solving
are increasingly based on digital platforms built in
large holdings [9] and intelligent production man-
agement systems [10, 11].

Having solved the task by the known means [12],
we can define the production technology for each
MPP as follows (18):

Zirk = {Zy12 = 0.5; Zy13 = 0.5; Z1, = 1} (18)

For the Denisovsky MPP, technology 2 (room-and-
pillar processing) and technology 3 (long-pillar
method) are most efficient. Technology 3 is prefera-
ble at Inaglinsky MPP.

The volume of steam coal sent for processing by
each MPP is presented as follows (19):

Xire = {X111 = 4390, X412 = 0, X511 = 0, X2 =

2223} (19)

The volume of processing (T =1 — concentrate,
T =2 — steam coal, T = 3 — waste) supplied by the it
MPPs to the national market (r = 1) and for export
(r=20) is presented as follows (20):

Xirr = {X111 = 409, X115 = 2361, X451 =
700, X122 = 150, X431 =0, X432, =0, X311 =
283, X512 =400, X551 =700, Xy, =
150, X331 = 0, X33, = 0}

(20)

The calculations showed that in the end the total
cost of coal products mining, processing and

delivery to consumers F (X, z) is equal to 19844 mln
unit cost.

The system-based mathematical model for the
processes of coal mining, processing and delivery to
consumers for the entire Kolmar Group JSC, and not
for each MPP, makes it possible to calculate optimal
cost-effective management decisions for the most
efficient methods of steam coal production taking
into account process capabilities of all enterprises
of the coal mining company and the coal production
technologies used. The calculations show that it
makes sense to use two methods of coal production
at Denisovsky MPP, JSC, and only the second (long-
work) method for Inaglinsky MPP, JSC.

The second management task is related to the
volumes of coal mining and processing. They de-
pend on production and process capabilities of each
MPP. According to the calculations, the minimum
cost of coal production is equal to 3300 thousand
conventional weight units for Denisovsky MPP, JSC,
and 3511 thousand conventional weight units for
Inaglinsky MPP, JSC. At the same time, Denisovsky
MPP, JSC, sends 4390 thousand conventional weight
units of steam coal for processing and Inaglinsky
MPP, JSC, sends 223 thousand conventional weight
units of extracted coal for processing.

The third management task is the determination
of a cost-effective logistic scheme of coal products
delivery to the national market and for export. In
line with the multi-criteria approach, this task
should be solved not only with an objective function
for the minimum price (the so-called “transportation
task”), but also for the maximum income received
from the sale of products on the national and inter-
national markets. The calculations show that export
of coal products is profitable for a coal mining com-
pany. The optimization of this task in view of the
proposed approaches is planned to be reviewed in a
separate study.

As can be seen from the above, the search for op-
timal management decisions of a coal mining com-
pany is based on digital models describing the pro-
cesses of planning, current management of coal
mining and processing in mathematical terms,
which makes it possible to apply new approaches to
the use of production and process resources availa-
ble to coal mining companies. In this case, all such
processes are interrelated and interdependent and
form part of a certain so-called “ecosystem” of an
enterprise, which represents the specific feature of
coal mining companies in digital transformation
settings [13].

The forming of a common information space and
the rapid development of digital platforms consti-
tute another major factor affecting the intensive de-
velopment of mathematical modeling and mathe-
matical optimization of management decision-mak-
ing [14]. Such digital technologies make it possible
to generate new economic benefits that improve re-
source efficiency of coal mining enterprises and
form value-adding chains of coal products.
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It is advisable to generate an effective coal min-
ing company development model based on a re-
source model, which should comprise major re-
source chains, including coal mining, coal pro-
cessing and the logistics system of transportation
(sales). In such case the optimal scheme of coal min-
ing enterprise operation can be defined in terms of
resource flow optimization, building new resource
allocation schemes and the optimization of produc-
tion and logistics operations. This allows adjusting
coal production volumes based on coal consump-
tion forecasts and managing the resource value for-
mation in a new way.

Conclusion

The experience of digital modeling and search
for optimal management decisions using mathe-
matical models of coal products mining, processing
and transportation to consumers has not been ex-
amined in sufficient detail and requires new me-
thodical and practical approaches to its implemen-
tation. At the same time, now there are no doubts as
to the efficiency of mathematical modeling in all
sectors of the national economy. Modern digital sys-
tems make it possible to reduce company resource
mismanagement, elaborate optimal plans for the
use of available equipment in mines and reduce
steam coal mining and preparation waste [15].

The purpose of the study has been achieved, be-
cause the article proposes a global optimality crite-
rion for the best solution of the task from the per-
spective of a super-system, which is Kolmar Group
JSC in its entirety, and produces a mathematical
model for coal processing and transportation for
this company, which helps to make optimal man-
agement decisions. The expenses of Kolmar Group
JSC are minimized due to optimal technologies of
coal mining for each mining and processing plant,
coal mining and processing volume and efficient de-
livery to consumers.

Mathematical models of management decisions
to optimize coal products mining, processing and
transportation built as “digital twins” helps to de-
velop a comprehensive “Digital Field” mathematical
model, which ensures the efficient arrangement of
production and use of production and process re-
sources.

Future studies of coal products mining, pro-
cessing and transportation optimization can be fo-
cused on the specification of global optimization
criteria in view of specific features of particular coal
mining companies and the use of digital platforms
and the common information space of digital mines
for making optimal management decisions.
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