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The article describes the results of investigation of influence of mining and geological factors on coal separation in 
various apparatuses under conditions of underground enrichment. An estimation of this influence was carried out 
on the basis of the analysis of the dependence of the resulted costs on the quantitative and qualitative parameters 
of technological schemes for the development of mines with underground enrichment.

Introduction of enrichment processes into the technological scheme of underground mining allows excluding 
completely or partially processing of rock mass on the surface.

In the article it was suggested to use dry methods of separation of coals with use of a separator on friction and 
elasticity (SPRUT) in comparison with application of a steeply inclined SIS separator.

The scheme, using the SPRUT separator, has turned out to be the most economical one, as the separator al
lows to have minimal costs for the enrichment itself followed by a hydrostatic lifting technology with SIS separa
tor. The technological scheme is presented by underground coal enrichment with the use of the SIS separators as 
well as the scheme for installing of the SPRUT separator in the technological chain of coal mining.

The use of smallsize SPRUT units allows them to be integrated into the technological sequence of coal mass 
movement from the face to the loading points within the mining areas and in combination with the pneumatic 
backfilling complexes to place the waste rock into the excavated workings and lay the worked out spaces by using 
any methods of the rock pressure (roof) control. The calculation of operating costs is presented for all processes 
of mining, enrichment, and transportation of coal for the schemes with installation of SPRUT and SIS separators. 
The histograms illustrating the structure of operating costs are given. As a result of economic evaluation the ef
ficiency of technological schemes of separation has been determined

Key words: geological factors; separators; economic comparison; technological scheme; underground enrichment; coal 
separation; costs; histogram; calculation; pneumatic  backfilling
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Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ âëèÿíèÿ ãîðíîãåîëîãè÷åñêèõ ôàêòîðîâ íà ðàçäåëåíèå óãëÿ 
â ðàçëè÷íûõ àïïàðàòàõ ïðè ïîäçåìíîì îáîãàùåíèè. Îöåíêà ýòîãî âëèÿíèÿ ïðîâåäåíà íà îñíîâå àíàëèçà 
çàâèñèìîñòè ïðèâåäåííûõ çàòðàò îò êîëè÷åñòâåííûõ è êà÷åñòâåííûõ ïàðàìåòðîâ òåõíîëîãè÷åñêèõ ñõåì 
ðàçðàáîòêè øàõò ñ ïîäçåìíûì îáîãàùåíèåì.

Ïîêàçàíî, ÷òî âíåäðåíèå â òåõíîëîãè÷åñêóþ ñõåìó ïîäçåìíûõ ãîðíûõ ðàáîò ïðîöåññîâ îáîãàùåíèÿ ïî
çâîëÿåò èñêëþ÷èòü ïîëíîñòüþ èëè ÷àñòè÷íî ïåðåðàáîòêó ãîðíîé ìàññû íà ïîâåðõíîñòè.

Ïðåäëîæåíî èñïîëüçîâàòü ñóõèå ìåòîäû ðàçäåëåíèÿ óãëåé ñ èñïîëüçîâàíèåì ñåïàðàòîðà ïî òðåíèþ è 
óïðóãîñòè (ÑÏÐÓÒ) â ñðàâíåíèè ñ ïðèìåíåíèåì êðóòîíàêëîííîãî ñåïàðàòîðà ÊÍÑ. 

Âûÿâëåíî, ÷òî íàèáîëåå ýêîíîìè÷íîé ÿâëÿåòñÿ òåõíîëîãè÷åñêàÿ ñõåìà ñ èñïîëüçîâàíèåì ñåïàðàòîðà 
ÑÏÐÓÒ, ïðèìåíåíèå êîòîðîãî â ñõåìå ïîçâîëÿåò èìåòü ìèíèìàëüíûå çàòðàòû íà ñîáñòâåííîå îáîãàùåíèå, 
äàëåå ñëåäóåò òåõíîëîãèÿ ãèäðîñòàòè÷åñêîãî ïîäúåìîì ñ ñåïàðàòîðîì ÊÍÑ. Ïðèâåäåíà òåõíîëîãè÷åñêàÿ 
ñõåìà ïîäçåìíîãî îáîãàùåíèÿ óãëÿ ñ ïðèìåíåíèåì ñåïàðàòîðîâ ÊÍÑ, à òàêæå ñõåìà óñòàíîâêè ñåïàðàòîðà 
ÑÏÐÓÒ â òåõíîëîãè÷åñêîé öåïî÷êå äîáû÷è óãëÿ.

Ñäåëàí âûâîä, ÷òî èñïîëüçîâàíèå ìàëîãàáàðèòíûõ óñòàíîâîê ÑÏÐÓÒ ïîçâîëÿåò âñòðàèâàòü èõ â òåõ
íîëîãè÷åñêóþ ïîñëåäîâàòåëüíîñòü äâèæåíèÿ óãîëüíîé ìàññû îò çàáîÿ äî ïîãðóçî÷íûõ ïóíêòîâ â ïðåäåëàõ 
äîáû÷íûõ ó÷àñòêîâ, à â ñî÷åòàíèÿõ ñ ïíåâìîçàêëàäî÷íûìè êîìïëåêñàìè îñóùåñòâëÿòü ðàçìåùåíèå ïóñòîé 
ïîðîäû â ïîãàøàåìûõ âûðàáîòêàõ è çàêëàäêó âûðàáîòàííûõ ïðîñòðàíñòâ ïðè ëþáûõ ñïîñîáàõ óïðàâëåíèÿ 
ãîðíûì äàâëåíèåì (êðîâëåé). Ïðåäñòàâëåíà êàëüêóëÿöèÿ ýêñïëóàòàöèîííûõ çàòðàò ïî âñåì ïðîöåññàì äî
áû÷è, îáîãàùåíèÿ è òðàíñïîðòèðîâêè óãëÿ äëÿ ñõåì ñ óñòàíîâêîé ñåïàðàòîðîâ ÑÏÐÓÒ è ÊÍÑ. Ïðèâåäåíû 
ãèñòîãðàììû, èëëþñòðèðóþùèå ñòðóêòóðó ýêñïëóàòàöèîííûõ çàòðàò. Â ðåçóëüòàòå ýêîíîìè÷åñêîé îöåíêè 
îïðåäåëåíû ýôôåêòèâíûå òåõíîëîãè÷åñêèå ñõåìû ðàçäåëåíèÿ

Êëþ÷åâûå ñëîâà: ãåîëîãè÷åñêèå ôàêòîðû; ñåïàðàòîðû; ýêîíîìè÷åñêîå ñðàâíåíèå; òåõíîëîãè÷åñêàÿ ñõåìà; 
ïîäçåìíîå îáîãàùåíèå; ðàçäåëåíèå óãëÿ; çàòðàòû; ãèñòîãðàììà; êàëüêóëÿöèÿ; ïíåâìîçàêëàäêà

In a number of works [110] the results 
of studies of influence of mining and 

geological factors on coal segregations 
in various apparatuses for underground 
enrichment are presented. The estimation of 
this influence was carried out on the basis of 
analysis of dependence of the resulted costs 
on the quantitative and qualitative parameters 
of technological schemes for development of 
mines with underground enrichment [1; 3; 5].

Earlier it was established that 
efficiency of underground coal enrichment 
is expedient to be carried out at a mine, 
having the field size along a strike not less 
than 2 km with installation of separation 
devices in headway.

For underground enrichment it was 
suggested to use hydrostatic lift and a steeply 
inclined separator SIS [5] (Fig. 1).

The use of these methods has not passed 
industrial approbation, so they cannot be 
recommended for widespread implementation.

The article describes the use of a dry 
method of coal separation with the help of 
friction and elasticity separator (SPRUT) in 

comparison with the mentioned separator SIS 
[3; 6] (Fig. 2).

On the basis of the costs data presented 
in Table 1, it was established that the most 
economical technological scheme may be 
when using the SPRUT separator. The use 
of it in the scheme allows to have minimal 
costs for the enrichment itself, followed by the 
technology of hydrostatic lifting with the SIS 
separator.

Comparing the technological schemes 
with the installation of separators for 
underground enrichment, it should be noted 
that the SPRUT installation has lower 
operating costs and growth in capital costs. 
The increase in capital costs is associated with 
costs on transportation of waste rock and 
packing it in the workedout space.

Calculation is interesting in operating 
costs for all mining, enrichment, and coal 
transportation processes, for circuits with 
installation of SPRUT separators and steeply 
sloping SIS. The histograms illustrating the 
structure of operating costs for the considered 
processes are shown in Fig. 3–4.
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Fig. 1. Technological scheme of underground coal dressing with the use of SIS separators: 
1 – screen; 2 – bunker; 3 – circularinclined separator; 4 – bunker waste chute; 5 – paddle unloader; 

6 – chute; 7 – sieve waste; 8, 9 – screen dehydrating; 10 – sump; 11 – pump; 12 – tank head with an overflow 
pipe / Ðèñ. 1. Òåõíîëîãè÷åñêàÿ ñõåìà ïîäçåìíîãî îáîãàùåíèÿ óãëÿ ñ ïðèìåíåíèåì ñåïàðàòîðîâ ÊÍÑ: 

1 – ãðîõîò; 2 – áóíêåð; 3 – ñåïàðàòîð êðóãëîíàêëîííûé; 4 – áóíêåðæåëîá îòõîäîâ; 5 – âûãðóæàòåëü 
ëîïàñòíîé; 6 – æåëîá; 7 – ñèòî ñáðîñíîå; 8, 9 – ãðîõîò îáåçâîæèâàþùèé; 10 – çóìïô; 11 – íàñîñ; 

12 – áàê íàïîðíûé ñ ïåðåëèâíîé òðóáîé

Fig. 2. Installation of SPRUT separator in the process chain 
Ðèñ. 2. Óñòàíîâêà ñåïàðàòîðà ÑÏÐÓÒ â òåõíîëîãè÷åñêîé öåïî÷êå
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Comparison of the cost of technological solutions / Ñðàâíåíèå çàòðàò 
íà òåõíîëîãè÷åñêèå ðåøåíèÿ

Index / Ïîêàçàòåëü

Technological schemes of underground coal enrichment /
Òåõíîëîãè÷åñêèå ñõåìû ïîäçåìíîãî óãëåîáîãàùåíèÿ

1 (SPRUT) / 1 (ÑÏÐÓÒ) 2 (SIS) / 2 (ÊÍÑ)

at headway / 
â áðåìñ

áåðãå

in vicinity of 
integration (receiv

ing platform) / â 
ðàéîíå ñîïðÿæå
íèé (ïðèåìíàÿ 

ïëîùàäêà)

at shaft bot
tom / 

â îêîëî
ñòâîëüíîì 

äâîðå

at headway / 
â áðåìñ

áåðãå

at shaft bottom 
/ â îêîëî
ñòâîëüíîì 

äâîðå

Total capital expenditures, 
th. rbls. / Ñóììàðíûå êàïèòàëüíûå 
çàòðàòû, òûñ. ð.

878205,6 888393,6 916920 918958 957672

Operating costs, rbls. / t / Ýêñïëóàòà
öèîííûå ðàñõîäû, ð / ò 49,242 55,185 57,732 57,732 61,977

Operating costs for underground coal 
enrichment, rbls. / t / Ýêñïëóàòàöè
îííûå çàòðàòû íà ïîäçåìíîå óãëå
îáîãàùåíèå, ð./ò

7,2165 10,1031 14,6877 11,037 17,9988

Capital costs for underground coal 
enrichment, th. rbls / Êàïèòàëüíûå 
çàòðàòû íà ïîäçåìíîå óãëåîáîãà
ùåíèå, òûñ. ð.

43604,64 43604,64 49717,44 47679,8 57867,84

As can be seen from the histogram, 
the most significant of the accounted 
costs are the costs on enrichment (SIS), 
transport of rock mass and the placement 
of rock in the workedout space.

The costs on lifting of the mineral 
will depend on the yield of the lowash 
product.

As a result of economic evaluation 
of effective schemes for the coal quality 
improvement, it has been found out 
that in underground conditions the 
most promising technological schemes 
are those which use modern separators 
on friction and elasticity which  provide 
yielding of a significant part of highash 
products.

à)
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Fig. 3. Distribution bar graphs of costs for enrichment, using SIS in various technological processes: a), b), c) 
 Ðèñ. 3. Ãèñòîãðàììû ðàñïðåäåëåíèÿ çàòðàò íà îáîãàùåíèå ÊÍÑ ïðè ðàçëè÷íûõ 

òåõíîëîãè÷åñêèõ ïðîöåññàõ: à), á), ñ)

b) c)

Fig. 4. Distribution  bar graphs of costs for 
enrichment, using SPRUT in various technological 

processes: a), b), c) 

Ðèñ. 4. Ãèñòîãðàììû ðàñïðåäåëåíèÿ çàòðàò íà 
îáîãàùåíèå ÑÏÐÓÒ ïðè ðàçëè÷íûõ 

òåõíîëîãè÷åñêèõ ïðîöåññàõ: à), á), ñ)

b)

c)

à)
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Ñïèñîê ëèòåðàòóðû                                                                                              

The use of smallsized SPRUT units allows 
them to be integrated into the technological 
sequence of coal mass movement from the 
face to the loading points within the mining 
areas and in combination with pneumatic 

backfilling complexes to place waste rocks into 
excavated workings and fill the worked out 
spaces using any methods of the rock pressure 
(roof) control.
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