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Ïðåäñòàâëåíû èññëåäîâàíèÿ ïî îöåíêå âîçìîæíîñòè îòêðûòîé ðàçðàáîòêè  íàêëîííûõ è êðóòîïàäàþùèõ 
óãîëüíûõ ïëàñòîâ ïî ñïëîøíîé ïîïåðå÷íîé ñèñòåìå ñ áåñòðàíñïîðòíûì ñïîñîáîì ïåðåìåùåíèÿ ïîðîäû èç 
çàáîéíîé çîíû âî âíóòðåííèé îòâàë ñ ïîìîùüþ äðàãëàéíîâ. Ïðèìåíåíèå äàííîãî ñïîñîáà êàê â ïðîèçâîä
ñòâåííîé, òàê è ïðîåêòíîé ïðàêòèêå ñäåðæèâàåòñÿ îòñóòñòâèåì ìåòîäè÷åñêîé áàçû. Â ïåðñïåêòèâå ïðè îñ
âîåíèè íîâûõ óãîëüíûõ ìåñòîðîæäåíèé Êóçáàññà ïðåäïîëàãàåòñÿ èñïîëüçîâàòü ñïëîøíûå ïîïåðå÷íûå ñè
ñòåìû ðàçðàáîòêè, êîòîðûå èìåþò ðÿä ïðåèìóùåñòâ ïî ñðàâíåíèþ ñ ïðîäîëüíûìè, êîòîðûå ïðèìåíÿþòñÿ 
â íàñòîÿùåå âðåìÿ. Ýòî, ïðåæäå âñåãî, ñîêðàùåíèå äàëüíîñòè òðàíñïîðòèðîâàíèÿ âñêðûøíûõ ïîðîä íà 
îòâàëû è ñíèæåíèå ïëîùàäåé, çàíèìàåìûõ âíåøíèìè îòâàëàìè. Ïðè ïîïåðå÷íûõ ñèñòåìàõ ðàçðàáîòêè 
âîçìîæíî ïðèìåíåíèå áåñòðàíñïîðòíîé òåõíîëîãèè äëÿ ïåðåâàëêè ïîðîäû ìåæäóïëàñòèé íåïîñðåäñòâåííî 
â îòâàëüíûé ñëîé. Îäíàêî øèðîêîå ïðîåêòèðîâàíèå ïîïåðå÷íûõ ñèñòåì ðàçðàáîòêè è â òîì ÷èñëå áåñòðàíñ
ïîðòíîé òåõíîëîãèè äëÿ óãîëüíûõ ìåñòîðîæäåíèé Êåìåðîâñêîé îáëàñòè ñäåðæèâàåòñÿ íåäîñòàòî÷íîé òåî
ðåòè÷åñêîé áàçîé. Îòñóòñòâóþò íàó÷íûå ïðîðàáîòêè âîïðîñîâ, ñâÿçàííûå ñ îáîñíîâàíèåì ïàðàìåòðîâ áå
ñòðàíñïîðòíûõ ñõåì ýêñêàâàöèè è âûáîðîì âûåìî÷íîãî è îòâàëüíîãî îáîðóäîâàíèÿ. Ðàññìîòðåíû âîïðîñû, 
ñâÿçàííûå ñ âûáîðîì îáîðóäîâàíèÿ è óñòàíîâëåíèåì âûñîòû êàðüåðíîãî ïîëÿ, êîòîðóþ ìîæíî îòðàáîòàòü 
ïî áåñòðàíñïîðòíîé òåõíîëîãèè. Â ïðåäïîëàãàåìîé ìåòîäèêå ó÷òåíû îñíîâíûå âëèÿþùèå ôàêòîðû: òåõ
íîëîãè÷åñêèå ïàðàìåòðû äðàãëàéíîâ, êîíñòðóêöèÿ îòâàëüíîé çîíû è óãëåíîñíîñòü ñâèòû. Ñ èñïîëüçîâàíè
åì ïðåäëîæåííîãî ìåòîäà è ïîñòðîåííûõ ãðàôè÷åñêèõ çàâèñèìîñòåé ìîæíî ðåøàòü çàäà÷ó êàê ïî âûáîðó 
ìîäåëè äðàãëàéíà ïðè èçâåñòíîé âûñîòå çàáîéíîé çîíû, òàê è îáðàòíóþ çàäà÷ó. Ïîëó÷åííûå çàâèñèìîñòè 
ìîãóò áûòü èñïîëüçîâàíû â ïðîåêòíîé ïðàêòèêå è  íà ïðîèçâîäñòâå

Êëþ÷åâûå ñëîâà: áåñòðàíñïîðòíàÿ òåõíîëîãèÿ; âûñîòà ðàáî÷åé çîíû; ñïëîøíàÿ ñèñòåìà ðàçðàáîòêè, ïðî
åêòèðîâàíèå êàðüåðîâ; äðàãëàéíû; òåõíè÷åñêàÿ ãðàíèöà; ìåñòîðîæäåíèå óãëÿ; óãëåíîñíîñòü ñâèòû; Êåìåðîâ
ñêàÿ îáëàñòü; îòâàëüíàÿ çîíà

The article presents a study on the feasibility of open development of inclined and steeply dipping coal seams at 
solid cross system of none transport technology way to move rocks from bottomhole area in the inner dump using 
draglines. The use of this method both in production and design practice is constrained by lack of methodological 
base. In the future, with the development of new coal mines in Kuzbass solid cross development systems, which 
have several advantages in comparison with use of currently longitudinal are supposed to be used. It is primarily 
the distance reduction of transportation of overburden to the dumps and reduction of space, occupied by external 
dumps. With cross development systems it is possible to use none transport technology for handling rocks directly 
into the depleted layer. However, the wide projecting of crossdevelopment systems including none transport tech
nology for coal deposits in Kemerovo region is hampered by inadequate theoretical base. There are a few academic 
studies of issues related to the substantiation of parameters of none transport schemes of excavation and choice of 
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excavation and dump equipment. In the proposed article the author considers the issues connected with choosing 
the equipment and setting the height of the career fields that can work according to none transport technology. In 
the proposed methodology the author takes into account the basic influencing factors: technological parameters of 
dragline, construction dump area and coalbearing suite. Using the proposed method and constructed graphic de
pendences it is possible to solve the problem of how to choice a model of dragline at a known height of the bottom
hole zone, and the inverse problem. The obtained dependences can be used in the design practice and production

Key words: none transport technology; height of working area; continuous development system, designing of open pits; 
draglines; technical limits; coal mine; coalbearing formation; Kemerovo region; dump zone

Ââåäåíèå. Ïåðåõîä íà ðûíî÷íûå îò
íîøåíèÿ âûÿâèë ñóùåñòâåííûå íå

äîñòàòêè ïðîäîëüíûõ óãëóáî÷íûõ ñèñòåì 
ðàçðàáîòêè, ïðèìåíÿåìûõ äëÿ ðàçðàáîòêè 
óãîëüíûõ ìåñòîðîæäåíèé ñ íàêëîííûì è 
êðóòîïàäàþùèì çàëåãàíèåì óãîëüíûõ ïëà
ñòîâ. Ê ñóùåñòâåííûì èç íèõ îòíîñÿòñÿ: 
îòñûïêà âíåøíèõ îòâàëîâ, âëåêóùàÿ îò
÷óæäåíèå ñåëüñêîõîçÿéñòâåííûõ çåìåëü, 
è áîëüøàÿ äàëüíîñòü òðàíñïîðòèðîâàíèÿ 
ïîðîä âñêðûøè. Âñå ýòî ïîâûøàåò çàòðàòû 
íà äîáû÷ó óãëÿ è ñíèæàåò åãî êîíêóðåíòî
ñïîñîáíîñòü íà ðûíêå. Ïîýòîìó íà ðàçðåçàõ 
Êóçíåöêîãî óãîëüíîãî áàññåéíà íàìåòèëàñü 
òåíäåíöèÿ ê ïðèìåíåíèþ ðåñóðñîñáåðåãàþ
ùåé ïîïåðå÷íîé ñèñòåìû ðàçðàáîòêè. Îä
íàêî ïðè âûïîëíåíèè ïðîåêòîâ äëÿ íåêî
òîðûõ ðàçðåçîâ ïî àíàëîãèè ñ èñòî÷íèêàìè 
íàó÷íîòåõíè÷åñêîé ëèòåðàòóðû èñêëþ÷è
òåëüíî ðåêîìåíäóåòñÿ  ïðèìåíåíèå òðàíñ
ïîðòíûõ ñïîñîáîâ ðàçðàáîòêè çàáîéíîé 
ñòîðîíû êàðüåðíîãî ïîëÿ, ïðè êîòîðûõ âñÿ 
âñêðûøà èç çàáîåâ ïåðåâîçèòñÿ âî âíóòðåí
íèé îòâàë àâòîñàìîñâàëàìè, ÷òî ñíèæàåò 
ýôôåêòèâíîñòü ãîðíûõ ðàáîò. Â äàííîé ðà
áîòå ðàññìàòðèâàåòñÿ ìåíåå çàòðàòíûé áå
ñòðàíñïîðòíûé ñïîñîá ïåðåìåùåíèÿ ïîðî
äû èç çàáîéíîé çîíû âî âíóòðåííèé îòâàë 
ñ ïîìîùüþ äðàãëàéíîâ. Íà îñíîâå îáîáùå
íèÿ îïûòà áåñòðàíñïîðòíîé òåõíîëîãèè ïðè 
óãëóáî÷íî ñïëîøíîé ïðîäîëüíîé ñèñòåìå 
ðàçðàáîòêè ïðîèçâåäåíû îáîáùåíèÿ, âû
âîäû êîòîðûõ èñïîëüçóþòñÿ äëÿ ðàçâèòèÿ 
ìåòîäè÷åñêîé áàçû ñïëîøíîé ïîïåðå÷íîé 
ñèñòåìû ðàçðàáîòêè. Ðåøåíèþ íàçâàííûõ 
áàçîâûõ âîïðîñîâ ïîñâÿùåíî äàííîå èññëå
äîâàíèå.

Ìåòîäîëîãèÿ è ìåòîäèêà èññëåäî
âàíèÿ. Íà ìåñòîðîæäåíèÿõ ñ íàêëîííûì 
è êðóòûì çàëåãàíèåì ñëîæíîñòðóêòóðíûõ 

ñâèò óãîëüíûõ ïëàñòîâ Êóçáàññà ïðåäïî÷
òèòåëüíî ïðèìåíåíèå ïîïåðå÷íûõ ñèñòåì 
ðàçðàáîòêè. Â ýòîì ñëó÷àå ñóùåñòâåííî 
ñíèæàþòñÿ òðàíñïîðòíûå ðàñõîäû è ñîêðà
ùàåòñÿ îò÷óæäåíèå çåìåëüíûõ ïëîùàäåé 
ïîä âíåøíèå îòâàëû [6; 10].

Âîçìîæíî òàêæå ïðèìåíåíèå ýô
ôåêòèâíîé áåñòðàíñïîðòíîé òåõíîëîãèè 
âåäåíèÿ âñêðûøíûõ ðàáîò. Îòñóòñòâèå 
äîðîãîñòîÿùåãî è ýêîëîãè÷åñêè îïàñíîãî 
êàðüåðíîãî àâòîòðàíñïîðòà ïîçâîëÿåò äî
áûâàòü óãîëü ñ ìåíüøèìè çàòðàòàìè è äåëà
åò åãî áîëåå êîíêóðåíòîñïîñîáíûì íà âíó
òðåííåì è âíåøíåì óãîëüíîì ðûíêå.

Îäíàêî äëÿ ïðîåêòèðîâàíèÿ òàêîé òåõ
íîëîãèè â óñëîâèÿõ ïîïåðå÷íîãî ðàçâèòèÿ 
ôðîíòà ãîðíûõ ðàáîò â íàñòîÿùåå âðåìÿ 
íåäîñòàòî÷íî òåîðåòè÷åñêèõ ïðîðàáîòîê 
âîïðîñîâ, ñâÿçàííûõ ñ îáîñíîâàíèåì åå ïà
ðàìåòðîâ è âûáîðîì âûåìî÷íîãî îáîðóäî
âàíèÿ [1–4; 7–9].

Áîëüøîé äèàïàçîí óñëîâèé çàëåãàíèÿ 
ñâèò óãîëüíûõ ïëàñòîâ, øèðîêèé ðÿä òèïî
ðàçìåðîâ øàãàþùèõ äðàãëàéíîâ, ïðèìå
íÿåìûõ ïðè áåñòðàíñïîðòíîé òåõíîëîãèè, 
à òàêæå ðàçëè÷íûå çíà÷åíèÿ ãëóáèíû îò
ðàáîòêè ìåñòîðîæäåíèé ïðåäîïðåäåëÿþò 
ìíîãîâàðèàíòíîñòü ðåøåíèÿ óêàçàííûõ 
çàäà÷ [6]. Â ýòîì ñëó÷àå ôîðìèðîâàíèå 
âîçìîæíûõ âàðèàíòîâ ïðîèçâîäñòâà ãîð
íûõ ðàáîò ñ èñïîëüçîâàíèåì òåõ èëè èíûõ 
ìîäåëåé ýêñêàâàòîðîâ äëÿ ïîñëåäóþùåé 
èõ îöåíêè ïî êàêîìóëèáî êðèòåðèþ ñàìî 
ïî ñåáå ÿâëÿåòñÿ äîñòàòî÷íî ñëîæíîé çàäà
÷åé.

Äëÿ öåëåíàïðàâëåííîãî âûáîðà âàðè
àíòîâ âåäåíèÿ ãîðíûõ ðàáîò è âñêðûøíî
ãî îáîðóäîâàíèÿ ïðåäëàãàåòñÿ èñïîëüçî
âàòü æåñòêóþ âçàèìîñâÿçü ìåæäó îáúåìîì 
âñêðûøíîé ïîðîäû çàáîéíîé çîíû è âìå
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ñòèìîñòüþ âíóòðåííåãî îòâàëà, ò.å âìåñòè
ìîñòü âíóòðåííåãî áåñòðàíñïîðòíîãî îòâà
ëà ðàâíà ïðîèçâåäåíèþ îáúåìà âñêðûøíûõ 
ïîðîä  çàáîéíîé ñòîðîíû êàðüåðíîãî ïîëÿ è  
êîýôôèöèåíòà ðàçðûõëåíèÿ. 

Ðàñ÷åò îáúåìîâ âñêðûøíûõ ïîðîä â çà
áîéíîé çîíå è âìåñòèìîñòè âíóòðåííåãî îò
âàëà äëÿ áåñòðàíñïîðòíîé òåõíîëîãèè ïðè 

ïîïåðå÷íîì ðàçâèòèè ôðîíòà ðàáîò èìååò 
ñâîè îñîáåííîñòè.

Òàê êàê çàáîéíàÿ çîíà ïðåäñòàâëÿåò 
ïîðîäîóãîëüíóþ ãîðíóþ ìàññó (ðèñ. 1), òî 
ïðè ðàñ÷åòå îáúåìà ãîðíîé ìàññû, ïåðåâà
ëèâàåìîé âî âíóòðåííèé îòâàë, íåîáõîäèìî 
èç îáùåãî îáúåìà ãîðíîé ìàññû çàáîéíîé 
çîíû âû÷åñòü îáúåì óãëÿ. 

Ðèñ. 1. Ïîïåðå÷íîå ñå÷åíèå çàáîéíîé ñòîðîíû óãîëüíîãî ðàçðåçà: 
m1…m7 – íîðìàëüíàÿ ìîùíîñòü óãîëüíûõ ïëàñòîâ; Ì – íîðìàëüíàÿ ìîùíîñòü ñâèòû; 

Ìã –ãîðèçîíòàëüíàÿ ìîùíîñòü ñâèòû; a – ñðåäíèé óãîë ïàäåíèÿ çàëåæè; γв,γл – ñîîòâåòñòâåííî óãëû 
îòêîñà áîðòîâ ñî ñòîðîíû âèñÿ÷åãî è ëåæà÷èõ áîêîâ çàëåæè

Fig. 1. Crosssection of bottom side of coal mine:
m1…m7 – normal capacity of coal seams; M – normal capacity of formation; Mg – horizontally formation 

power; a – average angle of incidence deposits; γv, γl –angles of repose sides from hanging and lying laterally 
deposits respectively

Îáúåì ïîòåðü óãëÿ ïðè âåäåíèè äî
áû÷íûõ ðàáîò ñëåäóåò îòíåñòè ê îáúåìàì 
âñêðûøè, ïåðåâàëèâàåìûì âî âíóòðåííèé 
îòâàë. Íà ðèñ. 1 ïîêàçàíà ïðåäïîëàãàåìàÿ 
ðàçðàáîòêà ïî áåñòðàíñïîðòíîé òåõíîëî
ãèè ñâèòû èç ñåìè óãîëüíûõ ïëàñòîâ. Ñâèòà 
õàðàêòåðèçóåòñÿ ïàðàìåòðàìè: íîðìàëü
íàÿ ìîùíîñòü ñâèòû Ì, ãîðèçîíòàëüíàÿ 
ìîùíîñòü ñâèòû Ìã; ñðåäíèé óãîë ïàäå
íèÿ çàëåæè α, íîðìàëüíàÿ ìîùíîñòü ïëà
ñòîâ m1…m7. Ïðè ýòîì óãëåíîñíîñòü ñâèòû 
îïðåäåëÿåòñÿ îòíîøåíèåì ñóììàðíûõ íîð
ìàëüíûõ ìîùíîñòåé ñâèòû ê íîðìàëüíîé 
ìîùíîñòè ñâèòû.

Ïðè ïîïåðå÷íîì ðàçâèòèè ôðîíòà ðà
áîò øèðèíà äíà êàðüåðíîãî ïîëÿ è äëèíà 
âíóòðåííåãî îòâàëà ïî äíó êàðüåðà ðàâíû 
ãîðèçîíòàëüíîé ìîùíîñòè ñâèòû [6]. Ïðè 
èññëåäîâàíèè è ïðîåêòèðîâàíèè áåñòðàíñ
ïîðòíîé òåõíîëîãèè, çàäà÷è îïðåäåëåíèÿ 
îáúåìîâ âñêðûøíûõ ïîðîä âî âñêðûøíîé 
èëè îòâàëüíîé çîíàõ ñ äîñòàòî÷íîé ñòåïå
íüþ òî÷íîñòè ðåøàþòñÿ êàê ïëîñêèå – íà 
1 ì ôðîíòà ðàáîò èëè íà øèðèíó âûåìî÷

íîé çàõîäêè. Â äàííîé ðàáîòå îïðåäåëåíèå 
îáúåìîâ ãîðíîé ìàññû ïðèíèìàåòñÿ íà 1 ì 
çàëåæè ïî åå ïðîñòèðàíèþ.

Â ýòîì ñëó÷àå îáúåì âñêðûøíûõ ïîðîä 
è óãëÿ â çàáîéíîé çîíå (V) ðàâåí, ì3

(1)

ãäå Нк – âûñîòà çàáîéíîé çîíû (êàðüåðíî
ãî ïîëÿ), ì; 
     g

в
 è g

л
 – ñîîòâåòñòâåííî óãëû íàêëîíà 

áîðòîâ êàðüåðà ñî ñòîðîíû âèñÿ÷åãî è ëå
æà÷åãî áîêîâ çàëåæè, ãðàäóñîâ.

Îáúåì óãëÿ (Vу) â çàáîéíîé çîíå, ì3, 
ðàâåí

                                                 
(2)

Îáúåì ãîðíîé ìàññû, ñ ó÷åòîì ïîòå
ðÿííîãî óãëÿ, ïåðåâàëèâàåìûé âî âíóòðåí
íèé îòâàë Vâ, ì3, ðàâåí

                       
                                                               (3)

ãäå Кп – êîýôôèöèåíò ïîòåðü óãëÿ.
Â ðàçâåðíóòîì âèäå îáúåì ãîðíîé ìàñ

ñû, ðàçìåùàåìîé â îòâàëå, ðàâåí, ì3   

.
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.                                                (4)

Îòñûïêà âíóòðåííåãî áåñòðàíñïîðò
íîãî îòâàëà ïðè ïîïåðå÷íîé ñèñòåìå ðàç
ðàáîòêè òàêæå èìååò ñâîè îñîáåííîñòè. 
Îñíîâàíèå îòâàëà ïðåäñòàâëÿåò ñîáîé ãî
ðèçîíòàëüíóþ ïëîñêîñòü, ÷òî îáåñïå÷è
âàåò åìó õîðîøóþ óñòîé÷èâîñòü. Àíàëèç 

ãîðíîãåîëîãè÷åñêèõ óñëîâèé çàëåæåé íà
êëîííîãî è êðóòîãî ïàäåíèÿ ïîêàçàë îò
íîñèòåëüíî íåáîëüøóþ ïðîòÿæåííîñòü 
âíóòðåííåãî îòâàëà ïî äíó êàðüåðà – â ïðå
äåëàõ 100…900 ì [6]. Îòâàë ôîðìèðóåòñÿ 
â âûðàáîòàííîì ïðîñòðàíñòâå, îãðàíè÷åí
íîì íà ôëàíãàõ áîðòàìè êàðüåðà, ÷òî ïðè 
êîðîòêîì îòâàëüíîì ôðîíòå ñïîñîáñòâóåò 
ïîâûøåíèþ åãî óñòîé÷èâîñòè (ðèñ. 2, à).

Ðèñ. 2. Ðàñ÷åòíûå ñõåìû âíóòðåííåãî  áåñòðàíñïîðòíîãî îòâàëà: 
а – ôðîíòàëüíûé âèä; б – ïîïåðå÷íîå ñå÷åíèå (Нo – âûñîòà áåñòðàíñïîðòíîãî îòâàëà;  

Ня1, Ня2, Ня3 – âûñîòû áåñòðàíñïîðòíûõ îòâàëüíûõ ÿðóñîâ; А –  øèðèíà îòâàëüíîé çàõîäêè; 
Нр – âûñîòà ðàçãðóçêè äðàãëàéíà; γг – ãåíåðàëüíûé óãîë îòêîñà áåñòðàíñïîðòíîãî îòâàëà)

Fig. 2. Calculation schemes of domestic none transport dump:
a – front view; b – crosssection (Ho – height of nonetransport dump; Ня1, Ня2, Ня3 – heights 

of none transport dump tiers; A – dump width of set; Hp – height of the dragline unloading; 
γg – general angle of repose of none transport dump

Âìåñòèìîñòü âíóòðåííåãî îòâàëà íà 
1 ì ïðîòÿæåííîñòè çàëåæè ïðè åãî âûñîòå 
(Íî) ðàâíà, ì3

.  (5)

Èñïîëüçóÿ âåëè÷èíó óãëåíîñíîñòè ñâè
òû è ôîðìóë (4), (5), ìîæíî ïîëó÷èòü 
óðàâíåíèÿ äëÿ ðåøåíèÿ äâóõ çàäà÷. Ïðÿìàÿ 
çàäà÷à – îïðåäåëèòü âûñîòó âíóòðåííåãî 
îòâàëà Íî ïðè èçâåñòíîé âûñîòå çàáîéíîé 
çîíû Íê è îáðàòíàÿ – îïðåäåëèòü ïî âûñî
òå âíóòðåííåãî îòâàëà Íî âûñîòó çàáîéíîé 
çîíû Íê.

Äëÿ ñîêðàùåíèÿ îáúåìà ôîðìóë ïðè
ìåì

                                                                       .

Òîãäà 

                    

         
                   (6)

                    

.
              (7)

Ñ èñïîëüçîâàíèåì óðàâíåíèÿ (6) 
èññëåäîâàíû çàâèñèìîñòè âûñîòû âíó
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òðåííåãî îòâàëà îò âëèÿþùèõ ôàêòîðîâ: 
ãîðèçîíòàëüíîé ìîùíîñòè ñâèòû, åå óãëå

íîñíîñòè è âûñîòû çàáîéíîé çîíû (ðèñ. 3, 
à, á, â).

Ðèñ. 3. Çàâèñèìîñòè âûñîòû âíóòðåííåãî áåñòðàíñïîðòíîãî îòâàëà (Íî) îò: à – ãîðèçîíòàëüíîé 
ìîùíîñòè óãëåíîñíîé ñâèòû (Ìã); á – êîýôôèöèåíòà óãëåíîñíîñòè ñâèòû (Êó); â – âûñîòû çàáîéíîé 

çîíû êàðüåðà, îòðàáàòûâàåìîé ïî áåñòðàíñïîðòíîé òåõíîëîãèè (Íê)

Fig. 3. Dependences on the height of the internal none transport dump (Íî) from a – horizontal 
thickness of coalbearing formation (Mg); b – coefficient of coal content of formation (Ku); c – height of the 

bottomhole zone of the quarry, worked out according to none transport technology (Íê)

Óãëåíîñíîñòü ñâèò ïðèíÿòà ïî äàííûì 
ðàáîòû [6], ãäå ïðåäñòàâëåíû ðåçóëüòàòû 
àíàëèçà ñòðîåíèÿ è óãëåíîñíîñòè ñâèò ìå
ñòîðîæäåíèé Êóçáàññà.

Óñòàíîâëåíî, ÷òî íå ñóùåñòâåííî 
âëèÿíèå ãîðèçîíòàëüíîé ìîùíîñòè ñâèòû 
(øèðèíà äíà êàðüåðà) Ìã íà âûñîòó âíó
òðåííåãî îòâàëà Íî (ðèñ. 3, à). Òàê, ïðè 
óâåëè÷åíèè ãîðèçîíòàëüíîé ìîùíîñòè 
ñâèòû íà 100 ì âûñîòà îòâàëà âîçðàñòà
åò íà 0,8 %, ïðè÷åì ïðè ëþáûõ çíà÷åíè
ÿõ âûñîòû çàáîéíîé çîíû è óãëåíîñíîñòè 
ñâèòû.

Ñóùåñòâåííî âëèÿåò íà âûñîòó âíó
òðåííåãî îòâàëà óãëåíîñíîñòü ñâèòû, õà
ðàêòåðèçóåìàÿ êîýôôèöèåíòîì óãëåíîñò
íîñòè. Óâåëè÷åíèå óãëåíîñíîñòè ñâèòû íà 
10 % ïðèâîäèò ê ñíèæåíèþ âûñîòû îòâàëà 
íà 8 % (ðèñ. 3, á).

Äëÿ ïðàêòè÷åñêèõ ðàñ÷åòîâ ïðè ïðîåê
òèðîâàíèè ïðåäëàãàåòñÿ èñïîëüçîâàòü çàâè
ñèìîñòè âûñîòû îòâàëà îò ãëóáèíû êàðüåð
íîãî ïîëÿ è êîýôôèöèåíòà óãëåíîñíîñòè 
ïðåäñòàâëåííûå íà ðèñ. 3, â.

Íàïðèìåð, äëÿ ïåðñïåêòèâíîãî ìåñòî
ðîæäåíèÿ «Óðîïñêîå – Ñåâåðíîå» íàéäåí
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íàÿ ïî ãðàíè÷íîìó êîýôôèöèåíòó âñêðû
øè ñðåäíÿÿ ãëóáèíà îòðàáîòêè ñîñòàâëÿåò 
80 ì [6].

Óãëåíîñíîñòü ñâèòû Êó = 0,16, òîã
äà ïî ãðàôèêó (ðèñ. 3, â) âûñîòà îòâàëà 
ðàâíà 90 ì. Âûáîð âàðèàíòîâ îáîðóäî
âàíèÿ äëÿ îòñûïêè îòâàëà òàêîé âûñîòû 
çàâèñèò îò ìîäåëè îòâàëüíîãî äðàãëàéíà 
è êîíñòðóêöèè îòâàëà. Êîíñòðóêöèÿ âíó
òðåííèõ îòâàëîâ îòëè÷àåòñÿ ÿðóñíîñòüþ: 
îäíèì, äâóìÿ, òðåìÿ ÿðóñàìè è ò.ä. Â 
ïðàêòèêå ðàçðåçîâ Êóçáàññà ïðè óãëóáî÷
íûõ ïðîäîëüíûõ ñèñòåìàõ ðàçðàáîòêè âíó
òðåííèå áåñòðàíñïîðòíûå îòâàëû ÷àùå 
äâóõ è òðåõÿðóñíûå, îäíàêî èìååòñÿ îïûò 
îòñûïêè ÷åòûðåõ è ïÿòèÿðóñíûõ (ðàçðå
çû «Êðàñíîãîðñêèé», «Ìîõîâñêèé», «Åðó
íàêîâñêèé» è äð.).

Âûäåëåíèå ÿðóñîâ âûçâàíî íåîáõîäè
ìîñòüþ ó÷åòà êîýôôèöèåíòà çàïàñà óñòîé
÷èâîñòè, ÷òî îáóñëàâëèâàåò ôîðìèðîâàíèå 
îáùåãî (ãåíåðàëüíîãî) óãëà îòêîñà îòâàëà 
γã ïî âåëè÷èíå ìåíüøå, ÷åì óãîë åñòåñòâåí
íîãî îòêîñà aî (ðèñ. 2, á). Âûïîëàæèâàíèå 

óãëà îñóùåñòâëÿåòñÿ çà ñ÷åò ïðåäîõðàíè
òåëüíûõ áåðì, à âûñîòà ÿðóñîâ ñîîòâåòñòâó
åò âûñîòå ðàçãðóçêè îòâàëüíîãî äðàãëàéíà. 
Ïî ðåêîìåíäàöèÿì Ïðîêîïüåâñêîãî ôèëè
àëà ÂÍÈÌÈ [5], äëÿ îáåñïå÷åíèÿ óñòîé÷è
âîñòè îòâàëà íàêëàäûâàþòñÿ îãðàíè÷åíèÿ 
íà âûñîòó ïåðâîãî ÿðóñà (Íÿ1): äëÿ ãðóí
òîñìåñåé ïîðîä III–IV êàòåãîðèé ïî òðóäíî
ñòè  ýêñêàâàöèè – 25 ì, äëÿ ïîðîä IV êàòå
ãîðèè – 30…35 ì.

Ñ ó÷åòîì îñîáåííîñòåé îòñûïêè âíó
òðåííèõ îòâàëîâ èõ âûñîòà (Íî) îïðåäåëÿ
åòñÿ ïî ôîðìóëå, ì,

        
                                                  (8)

ãäå Ня1 – âûñîòà ïåðâîãî ÿðóñà; 
       i – êîëè÷åñòâî ÿðóñîâ îòâàëà;
     Нр – âûñîòà ðàçãðóçêè îòâàëüíîãî äðà
ãëàéíà.

Ïðåäåëüíî âîçìîæíûå çíà÷åíèÿ âûñîò 
âíóòðåííèõ îòâàëîâ ïðè ìàêñèìàëüíîì èñ
ïîëüçîâàíèè âûñîòû ðàçãðóçêè ñåðèéíûõ è 
ïåðñïåêòèâíûõ ìîäåëåé äðàãëàéíîâ ïðèâå
äåíû íà ðèñ. 4. 

2-ярусный отвал

3-ярусный отвалм

м



Âåñòíèê ÇàáÃÓ. 2017. Ò. 23. ¹ 2

50

Ðèñ. 4. Âûñîòû âíóòðåííåãî îòâàëà Íî ïðè èñïîëüçîâàíèè 
íà îòâàëîîáðàçîâàíèè  ðàçëè÷íûõ  ìîäåëåé äðàãëàéíîâ

Fig. 4. The heights of the internal dump Íî when used 
on the dumping of various models of draglines

Äëÿ ìåñòîðîæäåíèÿ «ÓðîïñêîåÑåâåð
íîå» ïðåäïî÷òèòåëüíûìè ê ðàññìîòðåíèþ 
ÿâëÿþòñÿ âàðèàíòû ñ èñïîëüçîâàíèåì äðà
ãëàéíîâ ÝØ – 15.80, ÝØ – 20.90 ñ îòñûï
êîé òðåõÿðóñíîãî îòâàëà è ÝØ – 11.70 ñ 
îòñûïêîé ÷åòûðåõÿðóñíîãî îòâàëà. Ñëåäó
åò èìåòü ââèäó, ÷òî óâåëè÷åíèå êîëè÷åñòâà 
ÿðóñîâ ïðèâîäèò ê óñëîæíåíèþ îðãàíèçà
öèè ðàáîòû îòâàëüíîãî äðàãëàéíà. Â ýòîì 
ñëó÷àå óâåëè÷èâàåòñÿ êàê êîëè÷åñòâî ïåðå
âàëîê, òàê è ÷èñëî ñîçäàâàåìûõ ïî ôðîíòó 
ðàáîò òðàññ ïåðåõîäîâ ñ ÿðóñà íà ÿðóñ. Âñå 
ýòî ïðèâîäèò ê óâåëè÷åíèþ ïåðåýêñêàâèðó
åìûõ îáúåìîâ è, ñëåäîâàòåëüíî, ê ñíèæå
íèþ ýôôåêòèâíîñòè òåõíîëîãèè.

Ðåçóëüòàòû èññëåäîâàíèÿ. Âûáîð 
âûñîòû áåñòðàíñïîðòíîé ðàáî÷åé çîíû ïðè 

ïîïåðå÷íîé ñïëîøíîé ñèñòåìå ðàçðàáîòêè 
â îêîí÷àòåëüíîì âàðèàíòå ïîìèìî ðàññ÷è
òàííûõ ïîêàçàòåëåé è ïàðàìåòðîâ  äîëæåí 
â êàæäîì êîíêðåòíîì ñëó÷àå îïðåäåëÿòüñÿ: 
ïîðÿäêîì ïåðåâàëêè ïîðîäû îò çàáîéíîé 
çîíû äî îòâàëüíûõ ÿðóñîâ;  êîýôôèöèåí
òîì ïåðåýêñêàâàöèè; âðåìåíåì îòðàáîòêè 
ïîðîäîóãîëüíîé çàõîäêè; ñêîðîñòüþ ïîä
âèãàíèÿ ôðîíòà ðàáîò; îáúåìîì äîáûòîãî 
óãëÿ; ñðåäíåâçâåøåííîé ãîäîâîé ïðîèçâî
äèòåëüíîñòüþ ýêñêàâàòîðà. Âûáîð íàèáî
ëåå ýôôåêòèâíîãî èç íåñêîëüêèõ âîçìîæ
íûõ  âàðèàíòîâ ìîæåò áûòü îñóùåñòâëåí  
ïî óäåëüíûì ïðèâåäåííûì çàòðàòàì íà åäè
íèöó îáúåìà âñêðûøè; ñåáåñòîèìîñòè 1 ì3 
âñêðûøè èëè óäåëüíûì ðåñóðñîçàòðàòàì íà 
1 ì3 âñêðûøè èëè 1 ò óãëÿ. 

4-ярусный отвал

5-ярусный отвал

м

м
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Ñïèñîê ëèòåðàòóðû                                                                                              

Âûâîäû
1. Ðàçðàáîòàíû îñíîâíûå ïîëîæåíèÿ 

ïî ïðîåêòèðîâàíèþ áåñòðàíñïîðòíîé òåõ
íîëîãèè ïðè ïîïåðå÷íîì ðàçâèòèè ôðîíòà 
ãîðíûõ ðàáîò ñ âíóòðåííèì îòâàëîîáðàçî
âàíèåì.

2. Ñôîðìèðîâàíû òðåáîâàíèÿ ê òåõ
íîëîãèè, îáåñïå÷èâàþùåé ýôôåêòèâíóþ 

îòêðûòóþ ðàçðàáîòêó óãîëüíûõ çàëåæåé ïî 
ïîïåðå÷íîé ñïëîøíîé ñèñòåìå. 

3. Ðåçóëüòàòû íàñòîÿùåé ðàáîòû ïîçâî
ëÿþò ïðîäîëæèòü íàó÷íûå èññëåäîâàíèÿ ïî 
ðàçðàáîòêå è îáîñíîâàíèþ ïàðàìåòðîâ áåñ 
òðàíñïîðòíîé òåõíîëîãèè ïðè ïîïåðå÷íîì 
ïîäâèãàíèè ôðîíòà ðàáîò äëÿ íàêëîííûõ è 
êðóòîïàäàþùèõ ìåñòîðîæäåíèé Êóçáàññà.
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