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ABSTRACT 
Layer systems in different variants and subvariants are widely used in the seizure of ore veins, bodies and zones of 
different thicknesses. With strict surface protection requirements, variants with dry and hydraulic filling are mainly used. 
The report presents various possible variants of a layer system with dry filling for the development of ore veins and 
zones with a thickness ranging from 4-5 to 10-12 m. 
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FEASIBILITY STUDY FOR A MINE SHAFT HOIST OF THE “VURBA-2” SHAFT IN THE “VURBA-
BATANCI” FIELD 

Prof. Dr. Dimitar Anastasov, „EkoTok“ Ltd, E-mail: danastasov@hotmail.com 
Dr. Zhivko Iliev, University of Mining and Geology” St. Ivan Rilski”, Sofia, E-mail: jivko.iliev@mgu.bg 

ABSTRACT
This feasibility study deals with the creation and evaluation of an option for a mine shaft hoist of ore and rock mass at 
the “Vurba-2” shaft in quantities of 200,000 t of ore and 60,000 t of rock mass. In general, several variants have been 
created including a mine hoist with a single-deck cage and a wagon VNR – 1,7, a double-deck cage, a skip with volume 
of 2 m3, a skip cage with one wagon and a skip with a volume of 2 m3. The use of mobile mechanization for mining and 
combining the shaft lift is foreseen in the discussed variants. As a result of the study, an innovative option for a mine 
hoist of the "Vurba-2" shaft was constructed. 
Key words: mine shaft hoist; mining winders. 
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 940 ( )  175 ( ). .

 290 .

184 000 t ( , , )  120 000 000 $. 
 2000  200 000 t/ .,

 60 000 t/ .,  1,7,  2,0 m3;
 940  740,  3,5 t/m3;

 2,5 t/m3.
 – ,

 20 t. 
 1,7  740. 

: ; ; ; . [1] 

, , .

I-  – -1,7 ( . 1). 

,
 940 ( ). -

1,7  290  740. 
 100 m ( )  290,  390, 

 490,  590  690. 
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 20 t 
,  100 m. 

 400  400 mm 
.

 150 ÷ 250 m3/h -1,7.
 2,50 m3/min  4,17 m3/min.

 290, 390, 490, 590, 550 
, .

 2,0 m – 
 20 t. 

- .

 1.  

 1  „  - 2“ –  – 1,7. 
: 1 – ; 2 – ; 3 -  

; 4 - ; 5 – ; 6 – ; 7 –  20 t 
; 8 – ; 9 – ; 10 –  – 1,7; 11 – ; 12 – 

 13 – .

II-  –  2 m3 ( . 2). 
, ,

 940. 
 2 m3.

,  390, 490, 590 
 20 t. 

,
. .

 100 m .
.
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.
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.
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 4  „  - 2“ – .
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)  1  1 -1,7  2 
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      (1)
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         (3) 
 1 

-1,7 (No 1);  2 m3 (No 2); -1,7 (No 3) 
-1,7  2 m3 (No 4). [2] 

 1 

N
o

,
, -

, m3/ .

 1 

1. 1,7 1,7 104,3 104,3 3 min  27 sec 
2. 2,0 1,7 104,3 88,6 4 min  4 sec 
3. 3,4 1,7 104,3 52,1 6 min  55 sec 
4. 3,7 1,7 104,3 47,9 7 min  31 sec 

V-  – -1,7 ( . 5) 

 28 m3

.
 14 m2  9°, 

 20  TH-320  Sandvik. 
.

-1,7 ,
.

,
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 6,7 m2 (2,70  2,70), 
.

,
.
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- -1,7  2,0 m3;
-  (

). 
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;
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.
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“,
 „ ”,  “ . “, 2015. 

3. „ “ , . . No BG/P/2024/113874  22.03.2024 .
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TECHNICAL AND ECONOMIC OPTIMIZATION OF CEMENTED PASTE BACKFILL IN "CHELOPECH" 
MINE

Georgi Stoichkov1, Delcho Delchev2, Ivan Georgakiev3
1Dundee Precious Metals, Bulgaria, georgi.stoichkov@dundeeprecious.com

2Dundee Precious Metals, Bulgaria, delcho.delchev@dundeeprecious.com 
3Dundee Precious Metals, Bulgaria, ivan.georgakiev@dundeeprecious.com 

ABSTRACT 
Th  report presents the change of binder (cement type) in the paste backfill used to fill the mined out 
production stopes in Chelopech underground mine. 
The need for change is driven by the extraction of relatively small orebodies, which requires greater mining 
flexibility and the need for earlier backfill exposure by secondary open stopes, adjacent to backfilled ones. This 
leads to a necessity of reduction the time to reach the required pastefill strength. Reducing the amount of 
cement used as a binder in the backfill contributes to optimizing production costs and reducing the carbon 
footprint.
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R-SR ( ). , ,

 (  „ “

14



-
“ ”,  7 – 10  2024,  ,

)  90 , ,
- .

- ,
: ;

; ,
;

.
,

.

 {1}, 
:

,
, ,

;
 10 kg ;

;
, /

;
, ,

,
;

, , ,
,  (  1); 

100mm
200mm. ,

, ;
o ,

 (  3). 
o  (  2). 

,
,  (  4); 

                  
                                      1                                                                               2 

15



-
“ ”,  7 – 10  2024,  ,

                
                                            3                                                                                        4                                 

( ) - 67%,  ( ) – 
3,5%, 4,5%  5,5%. 

 ( ) ,
, .

 1  4  ( );
.

.1  ( ) CEM IV-A(P-V) 42.5N 

( )  (%) 
 (kPa) 

14 3.5 242 
28 3.5 292 
42 3.5 370 
56 3.5   
   

( )  (%) 
 (kPa) 

14 4.5 285 
28 4.5 364 
42 4.5 440 
56 4.5   
   

( )  (%) 
 (kPa) 

14 5.5 239 
28 5.5 313 
42 5.5 410 
56 5.5   
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.1

, ,
-  4,5%, 

.
 56- , .

.2  ( ) CEM IV/A(V) 42.5N 

 ( )
(%)

 (kPa) 

14 3.5 253 
28 3.5 298 
42 3.5 379 
56 3.5 413 
   

 ( )
(%)

 (kPa) 

14 4.5 300 
28 4.5 313 
42 4.5 442 
56 4.5 492 
   

 ( )
(%)

 (kPa) 

14 5.5 335 
28 5.5 388 
42 5.5 488 
56 5.5 504 
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.2

 3 .3 ,  2003 ,
.

.3  ( ) CEM I 42.5 R-SR 

 ( )  (%)  (kPa) 
28 3.5 212 
56 3.5 251 
90 3.5 252 
   

 ( )  (%)  (kPa) 
28 4.5 291 
56 4.5 322 
90 4.5 397 
   

 ( )  (%)  (kPa) 
28 5.5 375 
56 5.5 459 
90 5.5 542 
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.

.4

CEM IV/A(V) 42.5N
, ,

.
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, ,
 90- ,  ( ) CEM IV/A(V) 42.5N  42- .

 ( ) CEM IV-A(P-V) 42.5N - ,
, , -  CEM IV/A(V) 

42.5N.

 4 
 {2}. 

.4

-
, - ,

.

- .
- ,

,
CEM IV/A(V) 42.5N.

:
1. , .

 1%,  6000 - .
2.  –  90  35 ,

- , . . -
.

3.  –  1,5% (  5100 ) .
4.  ( )-  22%. 

1. ,  Dundee Precious Metals inc.   
2. -  „ “, 2023, 85 .
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SELECTION AND CALCULATION OF RIGID SUSPENSION DEVICES FOR MULTI-ROPE HOISTS 

Dr. Zhivko Iliev, University of Mining and Geology” St. Ivan Rilski”, Sofia, E-mail: jivko.iliev@mgu.bg 

ABSTRACT
The main types of rigid suspension devices for multi-rope hoists are reviewed. The areas of rational application of the 
various types of rigid suspension devices are given. Formulas for the calculation of rigid suspension devices for single-
vessel hoist equipment and counterweight and for double-vessel hoist equipment are summarized. Conclusions are 
made regarding the methodologies for the calculation of rigid suspension devices. 
Key words: mine shaft hoist; mining winders. 

.
( ) ,

.
,  ,  4 

( ) [1, 2, 3, 4, 5, 6, 7, 9]. 

 1. .1.a)
: 1 – ; 2 – ; 3 – 

; 4 – ( ) .
. 1 b) : 1 - 

; 2 – ; 3 – ; 4 –  5 – 
.

. 1 c) 
: 1 – ; 2 – ; 3 – 

 4 – ;
. 1 d) 

: 1 – ; 2 – ; 3 –  4 – 
.

1.
. 1 a)

,

[8].

1.1. :

1.1.1. [8]:
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 : 
;

 : 
[N];

 - H - [m];
 - h – [m]; 
 - L  – [m];
 - [MPa];
 - F  –  [m2];
-  - [N];
-  - [N];
-  –  1 m [N];

 1.  

1.1.2. :

. ,
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1.2.  ( )

1.2.1. :

1.2.2. :

:

;  – ;  – ;
.

 0,001 – 0,007 [8]

-k = 0,35 –
 [8]. 

.

-
;

2. .1 b)

.1 b)  : 
[8].

:

:

.

2.1.

2.1.1. :
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2.1.2. :

2.2.  ( ) :

;
;

2.3. :

2.4. :

.

3.
.1 c) 

3.1.

3.1.1. :

3.1.2 :

3.1.3
:

3. 2. 

3.2.1. :

3.2.2. :
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3.3.

3.3.1. :
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3.3.2. :

4. ,
 ( .1 d) [8].

4.1. ( )

4. 2.

4.2.1. :

4.2.2. :

4.3.

4.3.1. :

.

4.3.2. :
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A HIERARCHICAL CLUSTERING AND CORRESPONDENCE ANALYSIS FRAMEWORK FOR CONFLICTS 
DETECTION AND RESOLUTION AMONG ALTERNATIVE MINING METHODS 

Dimitar Kaykov 
Kremena Arsova-Borisova, University of Mining ang Geology “St. Ivan Rilski” 

ABSTRACT 
This paper explores the application of unsupervised learning techniques in mining method selection, addressing 
problems in traditional decision-making methodologies related to similar scores or ambiguous results. A novel framework 
combining hierarchical clustering (HC) and correspondence analysis (CA) is proposed to identify and resolve conflicts 
between mining method scores. The framework uses multiple distance measures and linkage methods to assess 
similarities between the assumed mining methods’ scores under varying geological and geotechnical parameters. The 
approach offers a more refined decision-making process, enhancing the reliability of first pass selection methodologies, 
including the decision of using of more than one mining method where appropriate. Two distinct ore bodies were 
analyzed to demonstrate the capability of the framework and its ability to provide a quantifiable measure of the ambiguity 
of the mining method selection process under complex conditions. 
KEY WORDS mining method selection, conflicting solutions, hierarchical clustering, correspondence analysis 

INTRODUCTION
The emerging application of data science and machine learning methods in the field of mining engineering has 
led to the re-evaluation of different well-established engineering approaches in the mining industry. In addition, 
this new paradigm has provided ways of more flexible use of traditional decision-making methodologies, as 
well as rules of thumb for equipment selection, mine planning and design, as well as for mining method 
selection.  
There are multiple examples that show that the implemented mine design can rely on more than one mining 
method during the life of mine. This can be due to certain alterations in the initially considered criteria and their 
weights or due to gaining an improved understanding of the geological and geotechnical conditions of the 
deposit. However, these cases of transitioning between mining methods are trivial and are driven out of 
necessity. Yet the question whether more than one mining method can be initially applied remains 
unanswered. Cluster analysis is a powerful tool for exploratory data analysis and pattern discovery, providing 
insights that can guide decision-making and further analysis. Hence, it is considered as a crucial step forward 
for providing quantifiable measures for the level of association between mining methods, represented in the 
assumed feature space. 

PROBLEMS RELATED TO THE FIRST PASS SELECTION OF MINING METHODS
In many cases the total scores of the considered mining methods can have tied or similar values which can 
make the decision process difficult and depreciate the value of the selection process methodology. This can 
be a result of two major reasons: 
1) the geological and geotechnical conditions of the deposit may facilitate the use of more than one mining 
method and the selection process is not trivial, 
2) the central tendency measures (mean, mode and median) of the geological and geotechnical conditions are 
not representative enough to be used as a single value input due to the substantial variation or multimodality 
of the geological and geotechnical parameters. 
Problems related to the first case mainly occur due to the use of scores based on expert knowledge, which 
define the score values in a discrete space, and hence, conflicts between two or more solutions can arise 
based on their similar or tied scores. Many authors point out that this is an inherent problem, related to expert-
based-knowledge methodologies, which indeed may be the case, given the lack of precision of the score scale 
for the assumed variables (i.e. Nicholas and UBC selection methodologies) or when using a Boolean approach 

27
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for evaluating the applicability of a certain method in different conditions (Boshkov and Wright, 1973; Hartman, 
1987).
The second major reason why the selection methodologies can yield ambiguous results, is in cases when they 
are used under inappropriate assumptions, most commonly due to the use of unrepresentative values for the 
considered input variables. In such cases the obtained solution would be unable to take into account the 
differences in the overall utility of each mining method for different geotechnical and geological domains or for 
the morphology of the ore bodies among the evaluated deposit. Therefore, from a statistical point of view, 
each overall score value for all considered mining methods would have its respective confidence interval. 
Hence the order of mining methods, based on their rank may differ, depending on the assumed input values. 
In turn, this would mean that a decision based on ranks may be imprecise. Moreover, the ranking of the 
methods from the Nicholas selection procedure (or others) may not correlate with the one obtained after a 
detailed assessment of the capability of each mining method.
Given that the problems related to score precision and representative input values are solved, the resultant 
solution can still lead to similar total score values of several mining methods, considering the features of the 
evaluated ore body and its corresponding rock mass. Therefore, it would prove to be more accurate if the 
mining methods with similar score values are analyzed as conflicting ones, despite some methods outranking 
others. The reason why this approach is expected to be more accurate is because raw score values closely 
resemble the original expert-based knowledge referring to the utility of each mining method under different 
conditions, while different assumptions regarding the use of mathematical or logical operators for features 
aggregation may not always be robust. Hence, a crucial drawback of all well-established selection 
methodologies is that there are no formal rules for resolving the conflict between solutions. In some cases, an 
optimal solution may result in a combined application of two or more mining methods for the deposit and 
therefore, this type of resolution should be facilitated. However, at a first pass stage it may not be evident 
whether the set of conflicting methods can be combined in a time domain via their transition during the life of 
mine, in spatial domain for the different geological and geotechnical domains of the deposit and separate ore 
bodies) or in a spatio-temporal domain. Some conflicts among the considered solutions can indeed be 
resolved during the first pass approach. However, other conflicts are expected to remain unresolved during the 
initial selection stage and hence, they need to be analyzed further during the pre-feasibility and feasibility 
studies. Therefore, instead of deeming the first pass approach for the selection of mining methods as 
inherently unreliable, a different perspective on the selection problem can provide a way of their improved use.

PROPOSED FRAMEWORK BASED ON HIERARCHICAL CLUSTERING (HC) AND CORRESPONDENCE 
ANALYSIS (CA)

To illustrate this perspective, this case study employs the mining method selection procedure proposed by 
Nicholas as a basis for introducing the new decision-making framework. The reason behind the choice of the 
Nicholas selection methodology is that it is widely recognized and easily adjustable by factor weights with 
adjusting the emphasis on geotechnical conditions. Moreover, data for each variable’s utility score are readily 
available for a “plug-and-play” approach, compared to other more advanced methodologies, based on multiple 
criteria and questionnaires aimed at mining experts. Although, the Nicholas selection procedure is primarily 
oriented towards the application of mass mining methods (Nicholas, 1981), this case study ignores the issue, 
as its primary aim is to demonstrate the capabilities of the proposed conflict detection and resolution 
framework, rather than relying entirely on the implications of the Nicholas selection process. Traditionally, the 
aim of D. Nicholas’s methodology and other selection methodologies (i.e. the UBC selection methodology) is 
to aggregate a number of features, related to the selection procedure to a single total score value. This, in 
turn, provides a quantitative measure for the utility of employing each mining method under a set of different 
geological and geotechnical conditions. Indeed, due to the assumed simplifications of the additive model 
based on the utility scores, this procedure leads to information loss, which to this moment has no quantifiable 
measure (to the authors’ knowledge). Regardless, a crucial aspect of the Nicholas selection methodology and 
more recently developed ones is the use of quantitative utility scores. This is a very important step forward 
from the binary approach, used in prior works (Boshkov and Wright, 1973; Hartman, 1987), as quantitative 
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scores allow for exploring different relations between the scores of the considered mining methods. For 
example, the Nicholas and UBC selection methodologies sum up all utility score values, while more advanced 
techniques explore more abstract relations among the assumed conditions and criteria such as fuzzy 
dominance, eigen values, Euclidean distances from positive and negative ideal solutions, etc. Therefore, 
exploring these emerging abstract properties of the utility scores would allow one to uncover additional 
patterns among the considered mining methods in the feature space of the assumed conditions and criteria. 
Hence, this approach is essential for gaining a better understanding of the complexity of the selection process, 
its inherent flaws and for distinguishing which relations between the mining methods under the assumed 
conditions are invariant to the choice of pre-processing method. 
As previously discussed, assuming all input and overall score values reflect the relevance of each mining 
method for the set of conditions and criteria with reasonable precision, more than one mining method can 
emerge as a potentially feasible one. Hence, each mining method from the obtained set of mining methods, 
regardless of its score value, is initially regarded to conflict with all the other ones with a different degree 
depending on an arbitrary distance measure. In the context of this paper the term conflict is regarded as the 
lack of sufficient difference between the utilities of a set of mining methods in the domain of the assumed 
geological and geotechnical conditions. Due to the inherent competition among the considered mining 
methods, it is assumed that a conflict among all methods is initially present. This conflict can be resolved via a 
threshold value. Solutions which cannot be resolved at the initial selection stage can be resolved at a later 
stage, during a pre-feasibility or a feasibility study. Therefore, Hierarchical clustering (HC) is a suitable method 
for establishing a hierarchical structure of how all considered mining methods are grouped based on an 
assumed distance measure. Moreover, different distance measures can be independently applied for the HC. 
Hence, the conflict detection process during the first pass approach is dependent on the process of identifying 
prominent and consistent conflicts, invariant to the choice of a distance measure and linkage method for a 
certain threshold level. Moreover, as this is performed during a first pass approach, the conflict resolution does 
not aim to provide a solid argument of which method would lead to a more feasible extraction of ore. Hence, 
conflicts which are less prominent at the first pass stage can be ignored. This aims to reduce the set of 
potentially feasible solutions which would require to be thoroughly explored during the pre-feasibility and 
feasibility study. During these more advanced stages, the actual resolution of all prominent conflicts among the 
considered mining methods can lead to the choice of either of the methods or a combination of two or more 
methods in a temporal, spatial or spatio-temporal domain.
In order to provide a quantitative argument how consistent are the representations of different mining methods 
regardless of the choice of distance measure or linkage method, Correspondence analysis (CA) was used for 
establishing the relationship between the choice of clustering framework and the conflicting mining methods 
using a contingency table. This case study put an emphasis on the results, obtained by employing different 
distance measures to facilitate a quantifiable measure for the level of conflict between the considered mining 
methods. In addition, with respect to the problem for initial selection of a mining method, the proposed conflict 
detection and resolution framework aims to provide a more generalized understanding of how certain mining 
methods can be ignored during the first pass approach, while others require more detailed evaluation.  

CONSIDERATION OF DISTANCE MEASURES 
A general question in many scientific areas is how to organize observed data into meaningful structures, that 
is, to develop certain taxonomies. The aim of cluster analysis is to partition a set of data points into distinct, 
non-overlapping sets called clusters such that data points within a cluster have high similarity, while at the 
same time they are quite dissimilar from points in other clusters. As a type of cluster analysis, a key aspect of 
HC is the assumption of a suitable distance measure for analyzing the level of similarity between the 
observations in the dataset at hand. As previously discussed, the distance measure is interpreted as the level 
of conflict between the considered set of mining methods, be they singletons, pairs, triplets, etc. The dataset 
used for analysis is comprised of the utility score values for each mining method under the assumed 
geological and geotechnical conditions, according to the Nicholas selection methodology and ore body 
classification system. This provides a way of extending the framework of the traditional decision-making
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methodologies (i.e. Nicholas and UBC selection procedures), based on the following notion: the closer two 
methods are in the considered feature space, the more evident their conflict.
As the choice of a distance measure can significantly influence the clustering outcome, the ones which are 
considered to have practical meaning for this study are: Euclidean distance, Manhattan distance, Cosine 
distance, Spearman correlation distance and Kendall correlation distance. 
The Euclidean distance is one the most used type of distance measures. Its primary advantage is that the 
distance between any two objects can be affected by the addition of new objects to the analysis, which can be 
considered as outliers. In terms of the selection of a mining method, the Euclidean distance has already been 
used in the estimation of distances between each mining method and the positive and negative ideal solutions 
in Euclidean space.
The Manhattan distance is a measure of the total sum of differences across all considered dimensions. In 
most cases, this distance measure yields results similar to the Euclidean distance. However, the effect of 
single large differences in terms of underlying outliers is less exaggerated for this metric.
The Cosine distance is a measure of dissimilarity between two non-zero vectors, based on the cosine of the 
angle between them. It is widely used in cluster analysis, particularly when the magnitude of the vectors is less 
important than their orientation. This makes it especially useful for text analysis and other high-dimensional 
data scenarios dealing with qualitative and abstract concepts. A common field of use of the Cosine distance is 
when words, sentences, texts are similar to one another. Hence, this property of the Cosine distance can be 
suitable for the purpose of establishing similarities between the utility of different mining methods under the 
assumed conditions. 
Correlation-based distance measures (Spearman and Kendall correlation distance) consider two sets to be 
similar if their pairwise compared features are highly correlated, even though the observed values may be far 
apart in terms of Euclidean distance. Similar to the Cosine distance, Correlation-based distances should be 
used when one wants to establish the similarity between two vectors in terms of the similarities between their 
pairwise similarities, instead of their magnitudes. Both the Spearman and Kendall correlation distances are 
measures derived from their respective rank correlation coefficients, commonly used in statistics to assess the 
ordinal association between two attributes. Unlike the Pearson correlation coefficient that rely on continuous 
numerical values, the Spearman and Kendall correlation coefficients specifically measure the correlation 
based on the order or ranking of the data. This makes it particularly useful for non-parametric data or ordinal 
data where the precise values are not as meaningful as their relative order. The Spearman correlation 
coefficient (  - rho) aims to provide a quantifiable measure for the presence of a monotonic relationship 
between the paired observations, while the Kendall rank correlation coefficient (  - tau) measures the similarity 
of the orderings of data when ranked by each of the features. It is calculated based on the number of 
concordant and discordant pairs among the data points. Both correlation-based distances range from 0 to 2, 
where 0 indicates perfect positive correlation (complete agreement in rank order), and 2 indicates perfect 
negative correlation (complete disagreement in rank order). 

CONSIDERATION OF LINKAGE METHODS
In clustering analysis, especially hierarchical clustering, a linkage or amalgamation rule is used to determine 
the distance between clusters. The choice of linkage method significantly affects the resulting clusters and 
their interpretation and hence it should be considered carefully. In many cases HC is complemented by a 
dendrogram for the purpose of visualizing the established similarities. It is important to emphasize that in HC 
each item is initially considered to be a cluster, which is evaluated against the other items. This approach is 
very suitable for the concept of representing the hierarchy of similarities (conflicts) between several 
alternatives of mining methods. Hence, the purpose of the HC for the considered set of methods is to use it as 
a comprehensive pre-processing tool for uncovering dependencies which are not initially evident. For this 
paper three typical linkage methods were used – Single linkage, Complete linkage and Unweighted pair-group 
average linkage. 
For the Single linkage (nearest neighbor) method the distance between two clusters is determined by the 
distance of the two closest objects (nearest neighbors) in the different clusters. This rule, in a sense, strings 
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the objects together to form clusters, and the resulting clusters tend to represent a long "chain" of items. As the 
elements of the clusters are the representations of the mining methods themselves, this strategy can serve as 
an easy way of identifying the methods which have greater similarity and hence greater level of conflict for the 
studied geological and geotechnical conditions.
For the Complete linkage (furthest neighbor) method, the distances between clusters are determined by the 
greatest distance between any two objects in the evaluated clusters (i.e., by the "furthest neighbors"). This 
method usually performs quite well in cases when the objects actually form naturally distinct "clumps". If the 
clusters tend to be somehow elongated or of a "chain" type nature, then this method is inappropriate. In 
contrast to the Single linkage method, the Complete linkage method is more conservative as it merges clusters 
based on the maximum distance between their points. 
For the Unweighted pair-group average linkage method, the distance between two clusters is calculated as 
the average distance between all pairs of objects in the two different clusters. This method is also very efficient 
when the objects form distinct clusters, however, it performs equally well with elongated, "chain" type clusters. 
In the context of this paper, the method essentially averages out the distances between all methods falling into 
the two groups of compared methods. This may not be apparently meaningful in the domain of Nicholas’ factor 
scores, however, it can be a potential way of balancing the results from the Single and Complete linkage 
methods for the purposes of avoiding a higher or lower sensitivity for the cluster evaluation process. 
Similar to the choice of distance measure, to a certain extent the choice of linkage method is arbitrary. In 
addition, the overall combination of distance measure and linkage method can have a significant impact on the 
evaluation of the level of conflict between different mining methods under the studied geological and 
geotechnical conditions. Moreover, from a combinatorial perspective, this approach can yield multiple results 
which need to be analyzed on their own. Hence, to facilitate simplification and enhance the interpretability of 
the results, an additional complementary tool is required to synthesize the collected evidence effectively. 

APPLICATION OF CORRESPONDENCE ANALYSIS (CA)
HC can be considered as a pre-processing tool for the implementation of Correspondence analysis (CA). CA, 
itself, serves as a tool for analyzing the emerging patterns for the consistency of occurrence of certain conflicts 
between the considered mining methods, which do not exceed a predefined threshold value for their 
dissimilarity. The approach of CA is often considered to be the categorical equivalent of Principal component 
analysis (PCA), as it provides a way of evaluating the level of association between two categorical variables, 
based on the joint occurrences of their respective states via a contingency table. For the purpose of obtaining 
a contingency table of the most prominent conflicts, the number of trials where the linkage score of conflicting 
solution does not exceed the value of assumed dissimilarity threshold were recorded and counted. The 
assumption behind this approach is that the more frequent the occurrence of each conflict, regardless of 
distance measure or linkage method, the more consistently recognizable it is and hence, it requires further 
attention for its resolution. Therefore, some emerging conflicts can be random, while others are not and are 
invariant to the choice of distance measure and linkage method. CA also can employ a supplementary graph 
for visualization, which can show the level of association between the analyzed categorical variables (i.e. the 
assumed distance measures and the conflicting mining methods). In the case of two or three components, one 
can represent them in a 2-D or 3-D feature space. Regardless of the choice of dimensionality, the closer two or 
more conflicting mining methods are to the origin of the component’s feature space, the more support they 
gain by each distance measure. In contrast, the farther the obtained cluster of mining method is from the 
origin, it has less overall support by the assumed distance measures. The same logic holds for the points 
representing all considered distance measures. The closer the points representing each distance measure are 
one to another, the more consistent or redundant information they provide. Therefore, they can be assumed to 
detect the same similarities between the score values of the compared mining methods. Alternatively, if they 
are set apart in different directions, this indicates that they bring different information and there is little to no 
conformity between their yielded results. Last but not least, each conflict between the considered mining 
methods and all assumed distance measures can be represented as points on the same graph for better 
interpretability of each item’s association level with each distance measure. One more important aspect of 
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applying CA is the ability to reduce the dimensionality of the problem with a quantifiable measure of the 
information loss when applying a 2-D or 3-D feature space for the established components when looking into 
the similarities between the yielded results.  

RESULTS FROM THE PROPOSED FRAMEWORK’S APPLICATION
For this case study, the threshold value for the maximum dissimilarity between two mining methods was set to 
0.2 of the maximum distance from the linkage matrix. Hence, if the difference between the distances among 
linked clusters exceeds 20% of the maximum distance from the respective dendrogram, their conflict is 
resolved by disregarding its importance. The proposed framework was applied for a thick platy-tabular ore 
body and a thick massive ore body with a steep plunge. All considered mining methods are based on the ones 
utilized in the Nicholas selection procedure. For the study, they are labelled as follows: Block Caving (BC), 
Sublevel Stoping (SlS), Sublevel Caving (SlC), Room and Pillar Mining (RPM), Shrinkage Stoping (ShS), Cut-
and-fill Stoping (CFS), Top Slicing (TS), Square-set Stoping (SqSS), Longwall Mining (LWM), Open-pit Mining 
(OPM). The key geological and geotechnical characteristics of the two ore bodies are shown in Table 1. 

Table 1. Characteristics of the two studied ore bodies  

Deposit parameters Ore body 1 
(Bakhtavar et al., 2009) 

Ore body 2 
(Stefanov and Garkov, 2016) 

General shape Platy-tabular Massive 

Ore thickness Thick Thick 

Plunge Intermediate Steep 

Depth below surface 285 m 500 m 

Grade distribution Gradational Gradational 

Ore – Rock substance strength Moderate Moderate 

Ore – Fracture spacing Very wide Wide 

Ore – Fracture shear strength Weak Moderate 

Hanging wall – Rock substance strength Weak Weak 

Hanging wall – Fracture spacing Close Wide 

Hanging wall – Fracture shear strength Weak Weak 

Foot wall – Rock substance strength Weak Weak 

Foot wall – Fracture spacing Close Wide 

Foot wall – Fracture shear strength Weak Weak 

The results from the Nicholas mining method selection procedure are reported in Fig. 1, where the mining 
methods which received a negative score are disregarded from the analysis, along with the open-pit mining 
method.
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Fig. 1. Considered mining methods Nicholas score values for the conditions of Ore body 1 and Ore body 2 

Interestingly, the Euclidean distance yielded nearly no conflicting solutions, but rather the non-trivial distance 
measures (such as Manhattan distance, Cosine distance, Spearman correlation distance and Kendall 
correlation distance) prove to be more informative for the assumed threshold value and case study. A 
graphical representation of the results yielded by HC and CA are represented on Fig. 2. 

                   
Fig. 2. Correspondence between conflicting solutions obtained by Nicholas’s total scores differences and 

assumed distance measures for the analyzed ore bodies 

Here it is evident that although the Kendall correlation coefficient yields similar values as the Spearman 
correlation coefficient, for the assumed cut-off dissimilarity value, they bring a different level of support for each 
of the conflicting mining method alternatives. It should also be noted that the 2-D graph representation of the 
components achieves 98.35% of the total inertia, hence the information loss is 1.65% for the case of Ore body 
1. Although these implications can be observed throughout the contingency table, the graphical representation 
can be used as a supplementary tool for an improved understanding of how different or similar two distance 
measures are or how supported each conflicting solution is. Hence, for Ore body 1 the conflicting solution 
which requires further attention are ShS-TS and CF-SqSS, as their representative points are close to the 
middle of the coordinate system and near the center of gravity for the formed triangle by the points of the 
assumed distance measures.
On the other hand, the results yielded for Ore body 2 remain ambiguous. Moreover, the propose modelling 
framework provides a visual proof for the inherent ambiguity regarding Ore body 2. Once more, it is evident 
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that all distance measures and the Nicholas score values yield different results in terms of their similarity. The 
two derived components from the CA for Ore body 2 reach 89,91% of the total inertia. Hence, the information 
loss is higher (10.09%), compared to the case for Ore body 1. An important note in this regard is that the 
points representing each distance measure are located further from the origin of the graph and the center of 
gravity of the formed triangle. Hence, this implies the lack of support from the derived three groups of distance 
measures. Another important observation is that the configuration how all distance measures are associated 
with each other is entirely dependent on the features of the deposit at hand. 

CONCLUSIONS
Based on the two examples, it can be concluded that the Nicholas scores may not yield the same results as 
the proposed distance measures in terms of how different mining methods are conflicted with one another. 
Hence, its sole use may not be a reliable way for ranking different mining methods by their total scores. 
Therefore, one can assume an approach where the importance of ranking methods is relaxed for the sake of 
interpreting the level of similarity, regarded as the level of conflict between mining methods. Hence, different 
distance measures can be utilized as a measure for analyzing potential mining methods solutions, including 
the application of combined methods. For this purpose, several distance measures (i.e. Euclidean distance, 
Manhattan distance, Cosine distance, Spearman correlation distance and Kendall correlation distance) were 
proposed for the purpose of detecting conflicts between the considered mining methods for the two ore bodies 
at hand. Moreover, the assumed distance measures provide an entirely different perspective on the similarities 
between the considered mining methods. 
The proposed hierarchical clustering framework of representing the similarity of scores between individual 
mining methods, based on a set of informative variables reflecting key geological and geotechnical conditions, 
proves to be a promising tool for a first pass evaluation of the potential mining methods for exploiting a mineral 
deposit. The framework was applied as an extension over the Nicholas mining method selection procedure, 
but it can be used over other selection methodologies, as well. Regardless of which distance measures and 
linkage methods are considered for pre-processing via hierarchical clustering and the sequential use of 
correspondence analysis, certain conflicts between some mining methods remain consistent. Hence, these 
invariant sets of methods are the ones which require further attention during the design stage of the project for 
assessing their potential for transitioning from one method to another during the life of mine, or the application 
of both methods for different zones of the deposit.
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ABSTRACT 
The Various technologies for tunnel construction in urban conditions are discussed. Tunnel boring machines suitable for 
working in weak soils and rocks are described, along with their working principles, advantages, and disadvantages. In 
conclusion, the main considerations in the selection and design of mechanized shields are listed. 
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ABSTRACT 
The various processes of concrete deterioration, reinforcement corrosion and environmental effects in underground 
conditions are briefly discussed. Methods of protection and prevention are mentioned. In conclusion, the philosophy of 
anti-corrosion management is outlined. 
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ABSTRACT 
„ELLATZITE MED“ D is a company whose main subject of activity is mining and primary processing of copper-porphyry 
gold-consisting ores. In terms of location,  „Ellatzite“ Mining Complex  is situated about 8o km east from Sofia, 9 km from 
Etropole and 6 km from Chelopech, in the lands of Etropole and Chelopech towns. The complex occupies the ridge 
areas of Stara Planina mountain, in the immediate vicinity of forest areas. To the east of the deposit rises the river Malak 
Iskar, and to the right forms its waters its left tributary river Negarshtitsa. 
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m m . m/ .

.

m²
m/ m/ m/

.

1 2 3 4 5 6 7 8 9 10 11 12 
     HERRENKNECHT    
1 -  9,69 . . . 5970 14,0 426 105,6 435 1600 73,7 
2 . 1,61 . . 1900 11,0 173 160,0 310 600 2,0 
3 . 4,49 . . . 9400 19,0 495 120,0 400 1000 15,8 
4 . 6,11 . . . 3400 13,5 252 135,0 300 750 29,3 
5 . 5,70 . . . 5000 12,0 417 135,0 300 1000 25,5 
6 . 9,43 . . . 2800 8,0 350 60,0 240 600 69,8 
7 -  15,43 . . . 2747 20,0 137 26,0 120 500 186,9 
8 . 1,00 . . 900 1,2 750 230,0 350 1700 0,79 
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ABSTRACT 
The aim of the present analysis is a probabilistic assessment of the induced seismicity on a neighboring industrial hall, 
located 120m from the project zone of fall of a reinforced concrete chimney with a height of 160m. 
To achieve this goal, a series of vibration recordings of eight experiments were carried out during the free fall of weights 
from different heights with different masses. 
From the results of the research, conclusions were made about the most important parameters and the impact of the 
falling chimney impulse on the security of the existing building was assessed. 
Keywords: chimney, momentum, magnitude, attenuation, seismicity, security 
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DEVELOPING AN INCLINED GALLERY BETWEEN THE "KRUSHEV DOL" SECTION AND THE 
"PETROVITSA" SECTION - A JUNCTION BETWEEN TWO MINES TO "GORUBSO-MADAN" JSC 

Desislava Atanasova-Venkova¹ 
¹University of Mining and Geology is “St. Ivan Rilski”, Sofia, Bulgaria, dessislava.atanassova@abv.bg 

ABSTRACT 
The "Krushev dol" section and the "Petrovitsa" section are part of the Madansko ore field, developed by "GORUBSO - 
MADAN" JSC. The export of the ore from the "Krushev dol" mine is by means of a train combination with wagons, 
through a vertical shaft, and in the "Petrovitsa" mine by mining trucks with an inclined construction with an exit to the 
surface. As mining progresses, working blocks become more distant, haulage costs become greater, and productivity 
declines. In order to optimize the processes and increase the productivity, a connection between the two sections is 
designed, by means of opposite mine workings. 
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APPLICATION OF 3D LASER SCANNERS IN THE MINING INDUSTRY

Mario Georgiev1, Rosen Dimitrov2, Hristo Dobrev3, Sergei Mihalev4
1 Dundee Precious Metals, Bulgaria, Mario.Georgiev@dundeeprecious.com 
2 Dundee Precious Metals, Bulgaria, Rosen.Dimitrov@dundeeprecious.com 

3 Dundee Precious Metals, Bulgaria, Hristo.Dobrev@dundeeprecious.com 
4 Dundee Precious Metals, Bulgaria, Sergei.Mihalev@dundeeprecious.com 

ABSTRACT
This report focuses on the application of the newest laser scanners in various aspects of current mine surveying and 
geodetic practices. It provides a comparison between cutting-edge technologies and those used at the beginning of this 
century, emphasizing differences in technology, accuracy, time, and the skills required for similar tasks. The main 
instruments used for data collection and testing in this paper are handheld and autonomous scanners from Exyn 
Technology, as well as Leica RTC360LT scanner. 
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ABSTRACT 
The rapid development of technology and engineering in all branches of industry requires the use of various highly 
accurate and efficient methods for the control and management of technological processes, environmental monitoring, 
surveying and mapping of ground and underground objects, inspection of buildings and facilities, exploration of mineral 
deposits, carrying out reconnaissance and rescue operations in emergency situations, etc. One of the ways to achieve 
these goals is the use of unmanned aerial vehicles - drones. The use of drones in the mining industry is increasing. By 
using them, mining companies aim to digitise processes and create a sustainable working environment, which is linked 
to achieving a zero carbon footprint on the environment. 
Keywords: mine, drone, monitoring, mapping, land reclamation 
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ABSTRACT 
Modern methods of geotechnical analysis and monitoring are critical for the safe and efficient execution of tunneling, 
underground construction, and the exploitation of mining works. This document explores the available techniques and 
technologies that can improve these processes. Through conducting scientific research and practical experiments, the 
study proposes new approaches and solutions for addressing emerging problems. The prospects of using robotic 
systems and automation to increase the precision and reliability of geotechnical operations are also examined. 
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ABSTRACT 
The article presents operational test results for the NEO lead-free detonators for charging development and production 
blastholes in the Chelopech underground mine. The article outlines the prerequisites, as well as some differences 
regarding these detonators compared to the current lead technology used in the mine. NEO products are based on a 
safer and more resilient new formula, without the use of any lead or lead components in the production process and the 
end product developed by Orica. The key prerequisite of this new product range is its undisputed benefit for safety at 
work and environmental protection during development and production drilling in the Chelopech mine. 
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ABSTRACT 
The performance of various activities in different branches of industry is carried out under specific conditions. The 
specificity of these conditions is determined by the peculiarities of the working environment, the working conditions, the 
nature of the activities performed, the technologies used, the mechanisation employed, the working methods, etc. In this 
sense, working in enclosed spaces is defined as a high risk in terms of health and safety. Inadequate or lack of 
ventilation, the presence of dangerous chemical agents that create conditions for the rapid development of dangerous 
atmospheres, high temperatures, fires, manual work with weights create conditions for the occurrence of incidents and 
accidents. For this reason, it is necessary to identify foreseeable hazards that could create a risk to safety and health 
and to eliminate the risk by applying a set of measures that prevent the creation of conditions for the occurrence of 
incidents and accidents. 
Keywords: enclosed space, fire, ventilation, working conditions, risk, chemical agents 
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ABSTRACT 
Underground facilities demand some of the riskiest activities. Characteristic occupational safety, equipment usage, and 
poor predictability of rock mass processes create conditions for incidents end accidents. The likelihood of such 
hazardous events is significantly higher than that in other industries. Remediation efforts, such as medical first aid to 
injured people, staff evacuation, emergency mitigation, etc. are necessary to be performed. Therefore, specially trained 
units for difficult conditions, with proper rescue equipment, must be present at the site. Regulatory document for rescue 
activities is also necessary, describing service purpose, composition, structure, tasks, personnel, equipment, and actions 
in different emergency events. 
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ABSTRACT 
In situ leaching (ISL) technology, also known as in situ mining (ISR), has become an important method of extracting 
minerals such as copper and uranium from ore bodies without the need to use traditional mining techniques. This article 
offers an overview of the current state of ISL copper and uranium technology, looking at the fundamentals, technological 
advancements, environmental considerations, economic aspects, and challenges. The review draws input from recent 
studies and current practices to present an up-to-date understanding of ISL's role in mineral extraction. 
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Gunnison Copper Project,  –  2010 . .
: , .  0,29%  

0,05%.  –  48% .
: ,  10 / ,

.
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,  60 .
120  180 .[18]

Florence Copper Project,  – .  2025 
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: ,  10 / ,
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:
,  60 .

120  180 
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: ,
, , .

: ,
.
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-  -  50%. 
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.
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.
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: .
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.
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, .
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.
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, .
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.
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- , .
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.
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.
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.
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: .

: .
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.

Kintyre Project, 
: .
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.
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ABSTRACT
An information on the achievements of the world and Bulgarian energy at the end of the 20th century, terms for 
construction, installation of power, electricity produced and value of the construction and installation works of the 
Kozloduy NPP, results of privatization of the seven electricity distribution companies in the Republic of Bulgaria and 
emerging future issues, elements of comparative assessment between renewable and non-renewable energy sources 
are presented in the report. In addition, are summarized some conclusions and tasks for the development of national 
energy in the 21st century. 
Key words: achievements and problems of world and Bulgarian energy, uneven distribution of energy raw materials on 
the Earth planet, relationship between energy, quality of life and industrial development of each country
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 207 .
:

;
 ( );

;
 ( ); 

 1  1 
.

. 1 
.

. 1. 

- , GW 982.9 812.8 938.1 129.0 80.4 47.9 2991.2 

, % +0.3 +5.5 +1.7 +3.5 +2.8 +3.4 +2.4 
-

, TWh 4014.6 3531.7 4036.6 540.8 352.4 204.7 12680.8

, % -1.6 +6.7 +4.2 +4.1 +2.9 +2.3 +2.9 

. 2. 
 ( ) .

. 2. 

,
,

, MW ( )

2 991 212 1 937 464 698 315 345 626 9 807 
 982 971 585 056 228 820 167 657 1 438 

 812 794 584 140 169 230 57 603 1 821 
 938 135 640 078 174 998 116 849 6 210 

 129 062 35 174 92 213 1 675 - 
 80 414 58 281 20 216 1 842 75 
 47 836 34 735 12 838 - 263 

 1  1 . 3. 
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. 3.  

,
,

, GWh , GWh 
- ,

 GWh ,
kWh

12 680 843 8 016 072 2 402 510 2 203 519 58 722 463 586 464 581 12 679 848 2 245 

 4 014 604 2 245 034 700 402 1 049 801 19 367 259 037 266 051 4 007 590 5 517 
 3 531 745 2 618 797 520 004 383 168 9 776 106 794 96 442 3 542 097 1 035 

4 036 632 2 604 232 651 693 752 605 28 102 60 406 60 389 4 036 649 8 990 

540 781 97 407 435 029 8 345 - 32 824 34 782 538 823 1 713 

 352 378 288 520 53 929 9 600 329 4 525 6 917 349 986 494 
 204 703 162 102 41 453 - 1 148 - - 204 703 7 278 

. 4. 
 1  1 .

. 4. 

,
GW , kWh 

1  770 8 990 
2  114 17 510 
3  220 7 726 
4  214 5 805 
5  107 7 137 
6  114 6 528 
7  35 16 372 
8  27 26 205 
9  1.5 242 
10  1.2 77 
11  2.4 52 
12  5.9 136 
13  91.6 420 
14  190 780 
15  12.1 4 316 

 1  1 , ,
 1000 , . – 26 205 kWh ,  14 kWh. 

 5 % ,  25 % .

.  27  1954, ,
,  (5 MW ,

 2000 ) [5].  „Calder Hall“ 
 (Sellafield), ,  1956  50 MW (  200 MW), 

 Shippingport (  – 1957) .
 1973 . .

,
.

128



-
“ ”,  7 – 10  2024,  ,

, - .
. ,

, .  1973 
-  17% , ,
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, .
 80%  30% .

, -  1 
(GW)  1960  100  70-  300 GW  80- .

 366 GW  2005, -
.  1970  1990, 50 GW  (  150 GW  70-

 80- ) –  2005, 25 GW .  2/3 
 70- .

 20 
, -

,
.  1979  „Three 

Mile Island“  1986 – 

.
 „Three Mile Island“, 

 1973 – - ,
.

,  1997 .
 437 

 –  5 -  1996 .  36 
. -

. 5. 

 17%. 

.
World Nuclear Association – WNA, 

 – , ,
, , , , ,

, ,
, ,

, , ,
.

 3 . . 1. 
[6]

 50 .
 WNA - .

,
 367 GW -  2030 .  602 GW -

 1350 GW.
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 [2].  1939 . ( )  2% 
.

 ( ).  1989 .
7%.  ( ) -

, .  1996 .  12.4%. 
 2000 .  (

, )
17.0% .  „ ”  2000 .  83 

.  (12.3%),  2005 .  73.8 . .

,  - -
; - ; - .

 XIX 
,

. .
 XIX ,

.
.  1895 .

.  50 KW.  1.01.1900 .
 –  „ ”  1720 KW. 

,
 (  1901 .).

,  1944 . .
.  XX 

.  ( )  1912 
. . .  1935 . ,

.  1944 .
.  1944 .  117 

 130.5 MW  310.8 . KWh 
.  (  1960 .)  „ ”,  „  - 3” 

,  „ ” ,  „ ” .
 „ . ”, „ ”, „ ” .  1960 .

 „ - ”.  1971 .
.

 ( ,
).  „ ”  6 ,  1  4  440 MW  5  6 

 1000 MW. 
 1989 . -

 42 . KWh. .
, , , .

, , .  1989 
.

.
 – „ ”  „ ”.  31.12 2002 .

 I  II  „ ”.
.

 „  2”.  III  IV  „ ”.
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„ -  2”. 
. 6. 

,  (MW)  2010 .
.

,  %, :  – 
53.6%,  – 33.0%,  – 11.9%  – 
1.5%.

,
 – , ,

 2010 . . 7. 

 ( ) .
, . 8. 

. 8. 

-
, kV 

E -
.

-
, km  UCTE 

400  230.6 
400  1  115.7 
400  2  115.7 
400  122.6 
400  3  136.6 
400  3  150.0 
400  174.7 
220  98.1 
110  21.0 
110  64.1 
110  12.7 , .
110  49.3 ,
400  161.6 
400   1 

. 6.

 2000 2000 
1 3979 3899 

1678 1568
 794 734

, . . 3108 3108
2 2204 2204

 761 761 
 143 143 

 488 488 
 25 25 

 12 072 11 822
: 1 – 

„  2“  „  3“ 

2 –  „
“, 5-  16 MW  6-  1.2 

MW 
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220 kV – 2805 km  110 kV – 995 km,  – 15 210 km.  32 .

 15 888 MWA,  – 256 .
15 143 MWA. 

 220  400 kV . 2. 

. 2  220  400 kV 

 „ “ – , ,

,  „ “ :
14.10.1969 . –  „ “,

 3 ;
1970 . – ;
1972 . –  „ “, .

. „  – ;
4.09.1974 . – -  „ “; 
22.08.1975 . – -  „ “; 
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, ,  94 .
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).  „ “ – ,
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„ “  7 
 -  -  – 
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. 9. ,

.

132



-
“ ”,  7 – 10  2024,  ,

. 9. 

.
 MWh 

1 -440 1974 31.12.2002 25 66675397.0 
2 -440 1975 31.12.2002 24 68905334.0 
3 -440 1981 31.12.2006 22  
4 -440 1982 31.12.2006 21 68711968.0 
5 -953 23.12.1988 - - - 
6 -953 30.12.1993 - - - 

. ,  „ “,
- , , , :  – 200 .,

 – 300 .,  – 650 ., V – 800 .,  V – 600 .,  V  – 600 ,
 – 3150 . .

 „ “ ,  - 
 70-  XX- .

,  1981 . .
 4 , .

 „ “  1986-1987 .
 -  –  4 -1000/ -

320,  5  6  " ".
1987 .

,  1987 .
 1991 .  1991 .

. -
-

 — , . ,
,

.

.

 9.06.2004 .,
,

 13 ,
, : CEZ – ; ENEL – ;

EVN – ; PPC –  EON – .
. 10. , ,

.
,

,
, .

,
:

CEZ –  - : , ;
EVN –  - : ;
EON –  - : .
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. 10. 

,

: : :

CEZ –  281 500 000 171 500 000 121 500 000 
ENEL –  241 200 000 201 000 000 120 600 000 
EVN –  302 000 000 271 000 000 - 
PPC –  270 000 000 - 140 700 000 
EON –  165 000 000 180 000 000 80 000 000 

. 11. 

. 11. 

.
-

/

/km /km

,
,

.
.

 (
 20

03
)

,
.

.

675424 599155 76369 6248 860.5 3175 2796 3744 3562.3 305.604 8.231 

599290 536178 63112 5119 6766.6 1377.8 10347.3 2366.1 2775.8 176.332 3.150 

616449 561852 54597 6678 9223.0 1292 10856 2059 2257.0 193.257 7.926 
           

595964 521112 74852 5454 6412.5 1441.4 6675.7 3809.4 2563.0 217.833 9.386 

541685 503950 37735 6891 8593.5 1682.7 10054.4 2673 2372.0 201.874 3.897 

           
866679   6835 10863 2652 14992 4749 3652.4 316.723 5.174 

628927   7031 8866 2326 7692 4535 2925.0 252.953 5.260 

            

, :
 –  4524418,  – 2724247  – 306692; 

/  – 44266; 
, km- .  – 51583  – 13945;

, km- .  – 63412  – 23935.
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.
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.  130 . ,

. :
 „ “ ;

, ,
;

2. ,
 – 

,
 ( ) .

3.  („ “, „ “  „ “)
,  ( )

 – .
4. ,

 ( ,
), .
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.
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, .
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9.

, :
;

;
.

, :

? ,
 46 000 .

 1 000 000 km ?
10.  („ “)

, .  8 . ,
2.5 . ,  2 .

.
11.  2050 .  10 .

.  10 TWh .
 2050 .

 10 TWh . :
 25-30 ?

 20 TWh  „ “
.

1. , ., . . 2011.  60 
. .

2. http://www.geoznanie.com/2014/02/blog-post_27.html
3. . . : : .

. — . : , 2002 .— 178 . : . - . . - 1000 . - ISBN 5-7417-0188-
4.

4. ., . ., . ., , 2010 ( )
5. https://bg.wikipedia.org/wiki/%D0%AF%D0%B4%D1%80%D0%B5%D0%BD%D0%B0_%D0%B5%D0%BD

%D0%B5%D1%
6. History: Energy Information Administration (EIA), International Energy Annual 2004 (May-July 2006), web 

site www.eia.doe.gov/iea. Projections: IA, System for the Analysis of Global Energy Markets (2007). 
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ABSTRACT 
This report presents the problem of the training of the employees, working in the underground mining and mining 
construction sector. One of the most important characteristics of the human resources is their educational and 
qualification level, because the competitiveness of the nowadays organization depends on them. The training need of 
the staff is defined as the difference between the required and the existing level of knowledge and skills, and the 
organization must have a plan to determine the required knowledge, skills and attitudes of the employees. 
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ABSTRACT 
The paper presents a contemporary educational platform called QUIZLET. It is used for interactive foreign language 
learning. The platform enables the lecturer to present a given topic in an interactive and interesting way. In this way the 
lecturer enhances the interest of learners. Using the platform QUIZLET, the lecturer can receive instant feedback on the 
level of success of the learners.
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