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Abstract. In the article, based on the conducted research and analysis of the results of clustering, the 

most effective method of creating objective typification of zones of coal seam c6 of the Dniprovska Mine of 
different thickness according to germanium concentrations was established. The typification procedure is a 
systematization of objects according to a priori specified features. Cluster analysis, taxonomy, pattern recogni-
tion, and factor analysis are usually used for this purpose. The authors of the article carried out clustering us-
ing various methods implemented in the most different professional statistical software platforms, performed 
their analysis and justified the choice of the most optimal of them. The optimal method of clustering areas of 
different thicknesses of the coal seam was determined. The analysis of the dendrogram of the results of clus-
tering by the weighted centroid-median method of the sites of the c6 seam by germanium content, unlike oth-
ers, allows not only to achieve the most stable division of the entire set of sites under consideration, but also to 
maximize the visualization of their division by classes at different scale levels in the absence of a priori hy-
potheses regarding the number clusters and their forms. At the same time, the structure of clusters is clearly 
distinguished, regardless of the scale level of their formation, and the sequence of combining individual depos-
its and their groups into the resulting cluster is clearly traced. These advantages make it possible to make 
maximum use of already existing information for the development of natural typifications of с6 coal seam areas 
by germanium content and to interpret the obtained results in geological terms. It was established that the 
weighted centroid median method of cluster analysis is the most optimal for the subjectivity-free researcher to 
divide the sections of coal seam c6 of the Dniprovska Mine field according to germanium content into taxa. The 
constructed dendrograms of the clustering of deposits by germanium content can be used as a basis for the 
development of a natural typification of the coal seams of the Dniprovska Mine for their subsequent geological 
and economic assessment. This, in turn, will make it possible to make maximum use of already available in-
formation and interpret the obtained results in geological and genetic concepts, which will provide the oppor-
tunity to use it for the complex use of mineral raw materials and to solve strategic issues of sustainable devel-
opment of Ukraine. 

Keywords: cluster analysis, coal seam, germanium, clusters, taxa, dendrogram of clustering results, 
weighted centroid method. 

 
1. Introduction 

The research relevance of the content of germanium in coal seams is due to the 
possibility of its industrial extraction and use as a valuable accompanying component 
[1–3]. Currently, coal is the main estimated source of germanium in Ukraine, China, 
Uzbekistan, as well as in Russia, and germanium coal deposits are also being devel-
oped in England, Canada, the USA, and other countries [4–6]. 

The research carried out is particularly relevant to the decision of the National Se-
curity and Defense Council of Ukraine dated July 16, 2021 "About stimulation of the 
search, extraction and enrichment of minerals that are of strategic importance for the 
sustainable development and defense capability of the state" and Decree of the Presi-
dent of Ukraine No. 306/2021, which introduces this decision in effect. In these doc-
uments, germanium ores are included in the list of strategic importance for the sus-
tainable development and defense capability of the state. 
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For an objective geological and economic assessment of the possibility of simul-
taneous extraction of germanium from coal, waste and products of its processing and 
planning of the most effective organizational and technical measures in this regard, it 
is first of all necessary to have information about the nature of distribution and the 
level of concentration of this element in the coal. In order to obtain such information, 
the authors performed detailed studies of the distribution of germanium over the area 
and in the section of the coal seam c6 of the Dniprovska Mine field. 

Analysis of previous studies. Previously, the peculiarities of the distribution of 
"elements–impurities" in the coal seams of some mines and geological and industrial 
areas of Donbas were investigated [7–29]. The methods of natural typification of coal 
deposits by the content of accompanying elements and oil deposits of the Dnipro-
Donetsk basin by the content of metals were substantiated [30]. At the same time, the 
analysis of the results of the clustering of coal seam sections of different strength by 
germanium concentrations in coal seam c6 of the Dniprovska Mine field has not been 
performed before. 

The purpose of the research is to establish the most effective method of creating 
objective typification of sections of the coal seam c6 of the Dniprovska Mine of dif-
ferent capacity according to germanium concentrations based on the analysis of the 
clustering results. 

 
2. Methods 

The factual basis of the work was the results of 347 germanium analyzes [31] per-
formed after 1981 in the central certified laboratories of production geological explo-
ration organizations of Ukraine from the material of reservoir samples obtained by 
production and scientific research enterprises and organizations and measurements of 
reservoir thickness. In a number of cases, they were supplemented with analyzes of 
reservoir samples taken by the furrow method from duplicate cores and mine work-
ings [32] with the participation of the authors and employees of the geological service 
of the coal mining enterprise and production geological exploration organizations in 
the period from 1981 to 2013. 

Germanium content was determined by quantitative emission spectral analysis. 
Seven percent of duplicate samples were sent to internal laboratory control; 10% of 
duplicate samples were subjected to external laboratory control. The quality of the 
results of the analyzes (correctness and reproducibility) was evaluated as the signifi-
cance of the average systematic error, which is tested using the Student's criterion, 
and the significance of the average random error, which is tested using the Fisher cri-
terion. Since the above-mentioned errors at the significance level of 0.95 are not sig-
nificant, the quality of the analyzes is recognized as satisfactory. 

With the help of statistical software platforms, at the initial stage of processing 
primary geochemical information, the values of the main descriptive statistical indi-
cators were calculated, frequency histograms of the content were constructed and the 
distribution law of germanium was established. During the construction of graphs, all 
values of germanium concentrations and thickness of c6 seam were normalized to 
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bring the sample to the same scale, regardless of the units of measurement and the 
scale of the samples. 

Typification procedure is the systematization of objects according to a priori giv-
en features. Cluster analysis, taxonomy, pattern recognition, and factor analysis are 
usually used for this purpose. 

It is important that, unlike other methods used in solving typification problems, 
cluster analysis does not require a priori assumptions about the data set, which does 
not impose restrictions on the presentation of the studied objects, allows analyzing 
natural indicators of various types of data (interval data, frequencies, binary data, 
etc.). The use of cluster analysis for the purpose of typification has a number of ad-
vantages, as it allows the division of a large number of studied objects and features 
into groups or clusters that are homogeneous in the relevant sense, as well as to re-
veal the internal structure at different hierarchical levels of the sample population. At 
the same time, like any other method, cluster analysis has certain disadvantages. In 
particular, the composition and number of clusters depends on the selected grouping 
criteria ("classification strategies"), and the application of different methods corre-
sponding to different conceptual approaches to the selection of taxa to the same sam-
ples can lead to significantly different results. Thus, a characteristic feature of cluster 
analysis, unlike other methods of multivariate statistics, is the strong dependence of 
the obtained results on the a priori assumptions of the researcher at the substantive 
level. In our case, a priori assumptions include: lack of hypotheses regarding the 
number of clusters, their structure on forms; achieving maximum visualization of the 
breakdown of coal seam sections of different capacity by classes at different scale 
levels; establishment of a clustering method (algorithm) for the most stable division 
of the entire set of samples under consideration. 

In the cluster analysis, it is considered that: a) the selected characteristics allow, in 
principle, the desired division into clusters; b) the units of measurement (their scale) 
are chosen correctly. Thus, the choice of scale in classification procedures plays a 
significant role. To bring it to the same scale, the raw data were normalized according 
to the algorithm given in works [33–36]. 

To achieve the goal set in the work, in the process of the research, clustering was 
carried out using various methods in different professional statistical software plat-
forms. Their analysis was performed and the choice of the most optimal of them was 
substantiated. 

 
3. Results and discussion 

In order to develop a methodology for choosing the most effective method for 
creating objective (natural) typification of sections of the c6 coal seam of different 
strength according to germanium concentrations, the general sample, taking into ac-
count the number of samples, was divided into 10 private samples, the main charac-
teristics of which are shown in Table 1. To perform cluster analysis in the profession-
al software platforms, a family of hierarchical agglomerative methods, two-input 
pooling and iterative divisive methods of averages is proposed. 
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Method of two-input association is relatively rarely used for simultaneous cluster-
ing of both observations and variables. In this case, it is expected that both observa-
tions and variables simultaneously contribute to the detection of clusters, which are 
further interpreted in geological terms. The main drawback of the method is problems 
with the conceptual interpretation of the results, which are a consequence of the fact 
that the distance between different clusters can be determined by differences in varia-
bles. The ambiguity of the interpretation of the results of the analysis does not allow 
for its optimal use. 

 
Table 1 – Main characteristics of private samples of germanium concentrations 

Private samples 1 2 3 4 5 6 7 8 9 10 

Coal thickness in-
terval, m ≤ 

0.
45

 

0.
45

 –
 0

.5
0 

0.
50

 –
 0

.5
5 

0.
55

 –
 0

.6
0 

0.
60

 –
 0

.6
5 

0.
65

 –
 0

.7
0 

0.
70

 –
 0

.7
5 

0.
75

 –
 0

.8
0 

0.
80

 –
 0

.8
5 

≥ 
0.

85
 

Number of samples 36 42 22 21 28 43 57 46 29 23 
Normalized median 
values of Ge content 0.76 0.57 0.49 0.43 0.35 0.27 0.21 0.17 0.15 0.11 

 
The use of the iterative divisive method of K-means for the optimal typification of 

sites by germanium content also has significant drawbacks. It is characterized by the 
problem of suboptimal solutions inherent in all iterative divisive methods, which con-
sist in the initial breakdowns of sample populations. Its use implies the existence of a 
priori hypotheses regarding the number of clusters, and the result of clustering, pre-
sented in the form of a system of tables, does not allow visual visualization of the in-
ternal structure of the data. 

The family of hierarchical unifying methods implemented in the used programs 
refers to the cluster analysis procedures that are most often used. They all consist of a 
sequential combination of the most similar objects, which can be visualized in the 
form of a tree diagram - a dendrogram, which graphically displays the hierarchical 
structure of the object similarity matrix. This clarity of clustering results is a signifi-
cant advantage of these methods. As a rule, the objects that are clustered are indicated 
horizontally in the dendrogram, and the value of the interclass distances at which they 
are combined (merging coefficient or the merging distance) is indicated vertically. At 
the same time, as a result of the analysis, non-overlapping groups of clusters are 
formed, and each cluster is an element of a wider cluster at a higher level of similari-
ty. According to the method of grouping, all hierarchical agglomerative methods in 
the used programs are divided into the following: the method of single connection 
("nearest neighbor"); full connection method ("farthest neighbor"); varieties of the 
"average link" method - the unweighted "average link" method ("unweighted pair-
wise average") and the weighted "average link" method; weighted centroid method 
and Ward's method. In addition, interclass distances can be used in all of the above 
methods - Euclidean distance (or its square), Manhattan distance ("distance of city 
blocks"), Chebyshev and Minkovsky metrics, linear correlation coefficient. With re-
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gard to the features of the solved grouping problem, the most optimal is the use of the 
Euclidean distance as a measure of similarity. 

Let us consider the possibilities of applying hierarchical agglomerative clustering 
methods to the construction of typification of c6 reservoir sections by germanium 
content in more detail. 

The single connection method forms clusters based on the principle of having at 
least one connection between objects. As a result of the operation of this method, 
clusters appear as long "chains" "linked together" only by individual elements that 
happened to be closer than others to each other. Despite the fact that its results are 
invariant to monotonic transformations of the similarity matrix and the use of the 
method does not limit the presence of "coincidence" in the data, its practical applica-
tion for the purpose of typing causes certain difficulties. 

On the example of the results of the clustering of the c6 argilla sections by ger-
manium content (Fig. 1), it can be seen that the entire set of deposits as it approaches 
the end of the clustering process forms clusters 1 and 2, which in turn consist of the 
correspondingly nested subclusters 1.1, 1.2, 1.1.1 , 1.1.2, etc. Analysis of fig. 1 does 
not allow to determine the number and structure of clusters contained in the source 
data, and it also significantly complicates the establishment of the number and struc-
ture of clusters at other scale levels. 
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Linkage distance 

Legend: 1, 2, 1.1, 1.2, 1.1.1, 1.1.2, 1.1.1.1, 1.1.1.2, 1.1.1.1.1, 1.1.1.1.2 – clusters 

Figure 1 – Dendrogram of the results of clustering by the method of single connection of 
zones by germanium content 

The full connection method (Fig. 2), unlike the method discussed above, imposes 
stricter requirements for combining objects into one cluster. In this case, there is a 
tendency to detect relatively compact hyperspherical (in multidimensional space) 
clusters combining similar objects. Here, the distances between clusters are deter-



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Геотехнічна механіка. 2022. № 163 10 

mined by the largest distance between any two objects in different clusters (i.e. the 
most distant neighbors). 
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Legend: 1, 2, 1.1, 1.2, 1.1.1, 1.1.2, 1.1.2.1, 1.1.2.2, 1.2.1., 1.2.2, 2.1, 2.2, 2.1.1, 2.1.2, 2.1.1.2, 
2.1.1.1 – clusters 

Figure 2 – Dendrogram of the results of clustering by the method of complete connection of 
zones by germanium content 

Comparison of fig. 1 and fig. 2 allows us to reveal a number of advantages of 
clustering using the method of complete connections. At the same time, if the den-
drogram obtained during clustering by the method of single linkage quite convincing-
ly indicates the number and structure of clusters (Fig. 1), then when clustering by the 
method of complete linkages, there is some change in the areas between clusters and, 
in general, when the compared results of both methods of identifying the final struc-
ture and number of deposits in clusters (Fig. 1, Fig. 2) are not so obvious. In addition, 
in both cases, the use of only the dendrogram without the involvement of primary 
data makes it difficult to assign individual objects to one or another cluster, and the 
structure of the clusters itself is rather poorly revealed. 

The "average connection" method was developed by Sokel and Minchener in 
1958 as a compromise between the single and full connection methods. In version 
STATISTICA 13.3 and IBM SPSS Statistics 22, two varieties of the method are im-
plemented: the unweighted "linkage average" method ("unweighted pairwise aver-
age") and the weighted "linkage average" method. In the first variant of the method, 
the distance between two clusters is calculated as the average distance between all 
pairs of objects in them, and in the second, in addition, the size of the clusters (i.e. the 
number of objects contained in them) is used as a weighting factor. Using the number 
of objects contained in a cluster as a weighting factor assumes "good quality" of the 
analysis in the presence of clusters of unequal size in the sample. The results of the 
clustering of reservoir sections by germanium content by both methods in the form of 
dendrograms are shown in fig. 3 and fig. 4.  
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Linkage distance 
Legend: 1, 2, 1.1, 1.2, 1.1.1, 1.1.2, 1.1.1.1, 1.1.1.2, 1.2.1., 1.2.2, 2.1, 2.2, 2.1.1, 2.1.2, 2.1.1.2, 

2.1.1.1 – clusters 

Figure 3 – Dendrogram of the results of clustering by the method of unweighted average connec-
tion of zones by germanium content 
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Legend: 1, 2, 1.1, 1.2, 1.1.1, 1.1.2, 1.1.1.1, 1.1.1.2, 1.2.1, 1.2.2, 2.1, 2.2, 2.1.1, 2.1.2, 2.1.1.2, 
2.1.1.1 – clusters 

Figure 4 – Dendrogram of clustering results using the method of weighted average connection of 
zones by germanium content 

The analysis of the given dendrograms allows us to come to the conclusion that in 
the case of the division of reservoir sections by germanium content, the results of the 
cluster analysis, respectively, by the methods of unweighted average connection and 
weighted average connection, in our case, completely coincide. 
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The weighted centroid method uses the distance between the clusters centers of 
gravity as the distance between them (objects). In fig. 5, a dendrogram of the results 
of clustering by the weighted centroid median method of sections of the c6 seam by 
germanium content is shown. The analysis of this dendrogram, in contrast to the ones 
presented earlier (Fig. 1, Fig. 2, Fig. 3 and Fig. 4), allows not only to achieve the 
most stable division of the entire set of areas under consideration, but also to maxi-
mally visualize their division by classes on different scales levels in the absence of a 
priori hypotheses regarding the number of clusters and their shape. At the same time, 
the structure of clusters is clearly distinguished, regardless of the scale level of their 
formation, and the sequence of unification of individual deposits and their groups into 
the resulting cluster is clearly traced. These advantages make it possible to make 
maximum use of already existing information for the development of natural typifica-
tions of areas of the c6 coal seam by germanium content and to interpret the obtained 
results in geological terms. 
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Linkage distance 

Legend: 1, 2, 1.1, 1.2, 1.1.1, 1.1.2, 1.1.1.1, 1.1.1.2, 1.2.1, 1.2.2, 1.2.1.1, 1.1.2.1, 1.1.2.2, 
1.1.1.1.1, 1.1.1.1.2, 1.1.1.1.2.1, 1.1.1.1.2.2 – clusters 

Figure 5 – Dendrogram of the results of clustering by weighted centroid median method of 
zones by germanium content 

4. Conclusions
As a result of the conducted research, it was established that the use of the

weighted centroid median method of cluster analysis, which is implemented in the 
professional statistical software platforms, is the most optimal for a researcher with 
no subjectivity to divide the sections of the coal seam c6 of the "Dniprovska" Mine 
field by germanium content on taxa. The constructed dendrograms of clustering of c6 
coal seam sections by germanium content can be used as a basis for the development 
of natural typification of coal seams of the Dniprovska Mine for their subsequent 
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geological and economic assessment. This, in turn, will make it possible to make 
maximum use of already available information and to interpret the obtained results in 
geological and genetic concepts, which will provide the opportunity to use it for the 
comprehensive use of mineral raw materials and to solve strategic issues of sustaina-
ble development of Ukraine. 
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МЕТОДИКА КЛАСТЕРИЗАЦІЇ ЗОН ВУГІЛЬНОГО ПЛАСТА РІЗНОЇ ПОТУЖНОСТІ С6 ПОЛЯ ШАХТИ 
«ДНІПРОВСЬКА» ЗА КОНЦЕНТРАЦІЄЮ ГЕРМАНІЮ 
Ішков В.В., Козій Є.С. 

 
Анотація. У статті, на основі проведених досліджень і аналізу результатів кластеризації було 

встановлено найефективніший метод створення об'єктивної типізації зон вугільного пласта с6 шахти 
«Дніпровська» різної потужності за концентраціями германію. Процедура типізації представляє собою 
систематизацію об'єктів по апріорно заданим ознакам. Зазвичай для цього використовуються кластер-
ний аналіз, таксономія, розпізнавання образів, факторний аналіз. Автори статті здійснили кластеризацію 
різними методами, які реалізовані у найпопулярніших професійних статистичних програмних платфор-

http://doi.org/10.17721/1728-2713.88.03
https://doi.org/10.15421/112065
https://doi.org/10.30836/igs.0375-7773.2019.208881
https://tst.nmu.org.ua/en/Prepodavateli/Bartach.php
https://doi.org/10.31474/2073-9575-2021-1(25)-2(26)-83-93
https://doi.org/10.31474/2073-9575-2021-1(25)-2(26)-83-93
https://doi.org/10.15407/geotm2022.162.085
https://doi.org/10.15407/geotm2022.162.164
mailto:ishwishw37@gmail.com
mailto:koziy.es@gmail.com


ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Геотехнічна механіка. 2022. № 163 

 

15 15 

мах «STATISTICA» та «SPSS», виконали їх аналіз та обґрунтовали вибір найбільш оптимального з них. 
У процесі досліджень використовувалися версії програм Excel 2016, STATISTICA 13.3 та IBM SPSS 
Statistics 22. Був визначений оптимальний метод кластеризації ділянок різної потужності вугільного пла-
ста. Аналіз дендрограми результатів кластеризації зваженим центроїдним медіанним методом ділянок 
пласта с6 за вмістом германію на відміну від інших дозволяє не тільки досягти найбільш стійкого поділу 
всієї сукупності ділянок, що розглядаються, але й максимальної візуалізації їх розбиття по класам на 
різних масштабних рівнях при апріорній відсутності гіпотез щодо числа кластерів та їх форми. При цьо-
му чітко виділяється структура кластерів незалежно від масштабного рівня їх формування, чітко прос-
тежується послідовність об’єднання окремих родовищ та їх груп у результуючий кластер. Ці переваги 
дозволяють максимально використовувати вже існуючу інформацію для розробки природних типізацій 
ділянок вугільного пласта с6 за вмістом германію та інтерпретувати отримані результати у геологічних 
поняттях. Було встановлено, що зважений центроїдний медіанний метод кластерного аналізу є най-
більш оптимальним для вільного від суб'єктивізму дослідника поділу ділянок вугільного пласта с6 шахти 
«Дніпровська» за вмістом германію на таксони. Побудовані дендрограми кластеризації родовищ за вмі-
стом германію можуть бути використані як основа для розробки природної типізації вугільних пластів 
поля шахти Дніпровська для їх наступної геолого-економічної оцінки. Це в свою чергу дозволить макси-
мально використовувати вже наявну інформацію та інтерпретувати отримані результати у геолого-
генетичних поняттях, що надасть можливість її використання для комплексного використання мінераль-
ної сировини та вирішення стратегічних питань сталого розвитку України. 

Ключові слова: кластерний аналіз, вугільний пласт, германій, кластери, таксони, дендрограма 
результатів кластеризації, зважений центроїдний метод. 
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