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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. 

Keywords: coal mining enterprises, cost optimization, logistics, mathematical model of optimization 

of decisions, mining and processing of coal 
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МАТЕМАТИЧЕСКАЯ МОДЕЛЬ ОПТИМИЗАЦИИ УПРАВЛЕНЧЕСКИХ РЕШЕНИЙ ПРИ 

ОПРЕДЕЛЕНИИ ОБЪЕМОВ И СПОСОБОВ ДОБЫЧИ, ПЕРЕРАБОТКИ И ТРАНСПОРТИРОВКИ 
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Аннотация. В условиях цифровой трансформации предприятий угольной промышленности меня-

ются подходы к организации добычи, переработки и транспортировки угля, актуальными стано-

вятся требования оптимизации этих процессов. Целью исследования явилась разработка подхо-

дов к формированию математической модели определения объемов добычи, переработки и 

транспортировки угля, а также разработка такой модели для угледобывающей компании «Кол-

мар». Методика построения математической модели базируется на ресурсной модели, включаю-

щей в себя основные ресурсные цепочки по добыче, переработке и производственно-логистиче-

ским операциям угольной продукции. Предложен глобальный критерий оптимальности к выбору 

наилучшего решения управленческой задачи с позиции системы верхнего уровня управления 

(надсистемы), при этом критерием оценки оптимальности управленческого решения топ-мене-

джера компании является степень удовлетворения потребностей клиентов в угольной продукции. 

Оптимальность функционирования отдельных подсистем или входящих в группу компаний угле-

добывающих предприятий может проверяться по глобальному критерию. Математическая 
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модель добычи, переработки и транспортировки угля для угледобывающей компании «Колмар» 

сформирована на основе построения и решения целевой функции, минимизирующей затраты на 

эти процессы, в условиях ограниченных экономическими, технологическими и техническими 

факторами объемов добычи угля, его переработки и транспортировки потребителям. Минимиза-

ция расходов обеспечивается выбором наиболее рациональных управляемых параметров, кото-

рыми являются технологии добычи по каждому горно-обогатительному комбинату и объем угля, 

направляемый на переработку. Использование предложенной математической модели при пла-

нировании деятельности угледобывающей компании «Колмар» позволяет оптимизировать ре-

сурсные потоки, выбрать эффективные технологические схемы, сформировать оптимальный план 

загрузки оборудования и транспортировки угля на внутренний и внешний рынки. 

Ключевые слова: угледобывающие предприятия, оптимизация расходов, логистика, математиче-

ская модель оптимизации решений, добыча и переработка угля 
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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 С ≤ Сout, Т ≤ Тset                  (1) 

2) С → min with W ≥ Wreq, Т ≤ Тset                  (2) 

3) Т → min with W ≥ Wreq, С ≤ Сout                  (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: 

• i — number of the MPP, i ⸦ I = {1, 2, …, m}; 

• t — number of extracted steam coal pro-

cessing product, where t = 1, 2, …, T-1;  

• Т – steam coal; 

• f — number of the steam coal processing tech-

nology, where f ⸦ F = {1, 2, …, F*}; 

• r — number of coal marketing regions (na-

tional and export), r ⸦ R = {1, 2, …, R*}; 

• k — number of the selected coal production 

technology, k ⸦ K = {1, 2, …, K*}. 

Quantitative indicators of MPP’s performance can 

be presented as the following known values: 

• СiTk — cost of coal production at the ith MPP 

that corresponds to production volume BiTK; 

• PiTf — cost of coal processing at a coal-prepa-

ration plant of the ith MPP with technology f; 

• Qitr — cost of coal product transportation from 

the ith MPP to rth consumption area; 

• Вtr — demand for the tth steam coal processing 

product for r consumers, r ⸦ R = {1, 2, …, R*}; 

• BiTK — volume of processing of coal with tech-

nology Т mined by method K; 
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• -itf — yield of the tth type of processed prod-

uct at the coal-preparation plant of the ith MPP 

with technology f. 

Optimal parameters need to be chosen: 

• ZiTK — share of using the kth technology of coal 

production at the ith MPP; 

• ХjTf — volume of processing product Т at the 

coal-preparation plant with technology f at 

the ith MPP; 

• Хitr — volume of coal product t sent to rth re-

gion (national market or export) from the ith 

MPP. 

 

Fig. 1. The Structure of the Management Company “Kolmar”, LLC / Рис. 1. Структура ООО «Управляющая компания 

«Колмар» 

Source: constructed by the author based on data of the Management Company “Kolmar”, LLC / Источник: построено автором по данным 

ООО «Управляющая компания «Колмар»

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) = ∑ [∑ 𝐶𝑖𝑇𝐾  𝑍𝑖𝑇𝐾 
𝐾
𝑘

𝐼
𝑖 + ∑ 𝑃𝑖𝑇𝑓 𝑋𝑖𝑇𝑓 

𝐹
𝑓 +

∑ ∑ 𝑄𝑖𝑇𝐾  Х𝑖𝑇𝑟 
𝑅
𝑟

𝑇
1 ]  ⤑ 𝑚𝑖𝑛 , 

(4) 

under the following conditions (5-7): 

∑ 𝐵𝑖𝑇𝐾𝑍𝑖𝑇𝐾 = ∑ 𝑋𝑖𝑇𝐹
𝐹
𝑓 +  ∑ 𝑋𝑖𝑇𝑟

𝑅
𝑟

𝐾
𝑘 , i ⸦ I,  (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); 

          ∑ 𝛼𝑡𝑇𝑓
𝐹
𝑓 = ∑ 𝑋𝑖𝑡𝑟

𝑅
𝑟 , i ⸦ I, t = 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); 

     ∑ 𝑋𝑖𝑡𝑟
𝐼
𝑖 = 𝐵𝑡𝑟                             (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 tth processing product of all r consumers, no 

“work for storage” is expected); 

∑ zitk = 1K
k , i ⸦ I (the sum of proportions of coal pro-

duced with all technologies is equal to 1), 

XiTf ≥ 0, XiTr ≥ 0, i ⸦ I, f ⸦ F, r ⸦ R, 

Xitr ≥ 0, i ⸦ I, r ⸦ R, 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: 

Management Company "Kolmar", LLC

Denisovsky 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 КНС-138Л 
steeply inclined separator,  processing 

in ТГЦ-711 heavy medium cyclone

Inaglinsky MPP, JSC

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

Inaglinskaya Mine: technology —
longwork method, output ща up to 6 

mln tons of coal per year

Inaglinskaya-1 CPP — output: 14 mln 
tons of coal per year, processing 

technology: processing in КНС-138Л
steeply inclined separator,  processing 

in ТГЦ-711 heavy medium cyclone

Inaglinskaya-2 CPP — output: 14 mln 
tons of coal per year, processing 

technology: processing in КНС-138Л
steeply inclined separator,  processing 

in ТГЦ-711 heavy medium cyclone

Kolmar Sales and Logistics, LLC KOLMAR Repair and Production Base, LLC, etc.
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• the volumes of coal production by technology 

of production; 

• the volumes of production of coal sent for 

processing to coal-preparation plants; 

• 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 coal is prepared, the plants use a combined 

method of preparation: preparation in КНС-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): 

• 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): 

BiTK = ⌊
2659 2600 0
880 0 1194

⌋                (8) 

𝛼𝑖𝑇𝑟   — 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): 

     𝛼1𝑡𝑟 = [
0.55
0.28
0.19

],    𝛼21𝑡𝑟 = [
0.54
0.29
0.18

]                 (9) 

We know the following with respect to the na-

tional (the first column) and export (the second col-

umn) consumers: 

• 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): 

                                   𝐵𝑡𝑟 = [
8 646

116 305
100 2

]→               (10) 

• the volume of the national market and export 

demand for run-of-mine (unprocessed) coal in 

thousand tons as (11): 

    ВTr = (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 ВiTK 

(RUB/t) as (12): 

                            𝐶𝑖𝑇𝐾 = [
2205 1155 347
1872 1155 607

]                        (12) 

• the cost of run-of-mine coal processing at the 

coal-preparation plant of the ith MPP (matrix 

rows) with technology f (matrix column) 

(RUB/t) as (13): 

                              𝑃𝑖𝑇𝑓 = [
324
231

]                 (13) 

• as well as the cost of transportation of a unit 

weight of run-of-mine coal and its derivative 

from each ith MPP (matrix rows) to the national 

market (the first column) and for export (the 

second column) (RUB/t) as (14): 

                          𝑄𝑖𝑡𝑟 = [
363 869
33 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, z) = 2205 Z1T1 + 1155 Z1T2 + 347Z1T3 +
1872 Z2T1 + 0 Z2T2 + 607 Z2T3 + 324 X1Т1 +

231 X2Т1 + 100 X111 + 1000 X112 + 100X211 +
1000X212 + 100 X121 + 1000 X122 + 100X221 +
1000 X222 + 100X1T1 + 1000 X1T2 + 100 X2T1 +

1000 X2T2  

(15) 

under the conditions stated below (16): 

2659 Z1T1 + 2600 Z1T2 ≥ ∑ 𝑋1𝑇𝐹

2

1

+ ∑ 𝑋1𝑇𝑟

2

1

 

820 Z2T1 + 1194 Z2T3 ≥ ∑ 𝑋2𝑇𝐹

2

1

+ ∑ 𝑋2𝑇𝑟

2

1

 

0.54 X1T1  +  0.24 X1T2 = ∑ 𝑋11𝑟

2

1

 

0.28 X1T1 + 0.15 X1T2 = ∑ 𝑋12𝑟

2

1

 

0.19 X1T1 + 0.9 X1T2 = ∑ 𝑋13𝑟

2

1

 

0.54 X2T1 + 0.24 X2T2 = ∑ 𝑋21𝑟

2

1

 

0.28 X2T1 + 0.15 X2T2 = ∑ 𝑋22𝑟

2

1

 

0.19 X2T1 + 0.9 X2T2 = ∑ 𝑋23𝑟

2

1

 

∑ 𝑋𝑖11

2

𝑖=1

= 8 

(16) 
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∑ 𝑋𝑖12

2

𝑖=1

= 646 

∑ 𝑋𝑖21

2

𝑖=1

= 116 

∑ 𝑋𝑖22

2

𝑖=1

= 305 

∑ 𝑋𝑖31

2

𝑖=1

= 100 

∑ 𝑋𝑖32

2

𝑖=1

= 2 

∑ 𝑋𝑖𝑇1

2

𝑖=1

= 1775 

∑ 𝑋𝑖𝑇2

2

𝑖=1

= 1721 

∑ 𝑧1𝑇𝑘

3

𝑘=1

= 1 

∑ 𝑧2𝑇𝑘

3

𝑘=1

= 1 

∑ 𝑧3𝑇𝑘

3

𝑘=1

= 1 

with the following conditions met (17): 

                            XiTf ≥ 0, XiTr ≥ 0,             (17) 

where i = 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): 

         ZiTK = {Z1T2 = 0.5; Z1T3 = 0.5; Z2T2 = 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): 

XiTf = {X1T1 = 4390,  X1T2 = 0,  X2T1 = 0,  X 2T2 =
2223}  

(19) 

The volume of processing (T = 1 — concentrate, 

T = 2 — steam coal, T = 3 — waste) supplied by the ith 

MPPs to the national market (r = 1) and for export 

(r = 20) is presented as follows (20): 

XiTr = {X111 = 409, X112 = 2361,  X121 =
700, X122 = 150,  X131 = 0,  X132 = 0,  X211 =

283,  X212 = 400,  X221 = 700,  X222 =
150,  X231 = 0,  X232 = 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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