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Äëÿ îïðåäåëåíèÿ íåîáõîäèìîãî îáúåìà ãîðíî-êàïèòàëüíûõ ðàáîò ëó÷øå 
âñåãî ïîëüçîâàòüñÿ ãðàôèêîì íàðàñòàþùèõ îáúåìîâ ïîëåçíîãî èñêîïàå-

ìîãî (Ð) îò íàðàñòàþùèõ îáúåìîâ ãîðíîé ìàññû (Q), îñîáåííî, åñëè îí ñîñòàâ-
ëåí ïî ïîãîðèçîíòíûì ïëàíàì. Äëÿ òî÷íûõ ðàñ÷åòîâ íóæíî ïîëüçîâàòüñÿ êðèâîé 
P = f(Q), ïîñòðîåííîé ïî äàííûì êàëåíäàðíîãî ïëàíà; äëÿ ìåíåå òî÷íûõ ðàñ-
÷åòîâ – êðèâîé äëÿ óãëîâ îòêîñà áîðòà êàðüåðà: íóëåâîì (ϕ0) è ìàêñèìàëüíî âîç-
ìîæíîì (ϕmax) [1, 2].

Ïóñòü íà îñíîâå àíàëèçà êðèâûõ äëÿ ϕ0 è ϕmax, èëè æå êàëåíäàðíîãî ïëà-
íà, ìû óñòàíîâèëè, ÷òî â ïåðâûé ïåðèîä íîðìàëüíîé ðàáîòû êàðüåð ìîæåò 
ðàáîòàòü ïî ïðÿìîé ÂÑ 
(ðèñóíîê) ñ ïîñòîÿííûì 
ýêñïëóàòàöèîííûõ êîýô-
ôèöèåíòîì äîáû÷è:
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Èç ãðàôèêà âèäíî, ÷òî, 
åñëè äî íà÷àëà äîáû÷íûõ 
ðàáîò âûíóòü îáúåì ãîð-
íîé ìàññû ðàâíûé Q0, òî 
ìîæíî íà÷èíàòü íîðìàëü-
íóþ ðàáîòó èç òî÷êè N 
ñðàçó ñ êîýôôèöèåíòîì 
äîáû÷è k1. Íî ïîäîáíàÿ 
âîçìîæíîñòü ðåäêî ïðåä-
ñòàâëÿåòñÿ â äåéñòâèòåëü-
íîñòè, ðàçâèòèå ãîðíûõ 
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Îäíîé èç îñíîâíûõ çàäà÷ ïðîåêòèðîâàíèÿ îòêðûòîé ðàçðàáîòêè ìåñòîðîæäåíèé 
ïîëåçíûõ èñêîïàåìûõ ÿâëÿåòñÿ îïðåäåëåíèå îáúåìîâ ãîðíî-êàïèòàëüíûõ ðàáîò, 
îïðåäåëÿþùèõ ðàçìåð èíâåñòèöèé íà ñòðîèòåëüñòâî êàðüåðà. Ïðåäñòàâëåííûé â 
ñòàòüå ìåòîä âïåðâûå îñíîâàí íà èñïîëüçîâàíèè ãðàôèêà çàâèñèìîñòè îáúåìîâ ïî-
ëåçíûõ èñêîïàåìûõ îò îáúåìîâ ãîðíîé ìàññû. Îïòîâàÿ öåíà äîáûâàåìîãî ïîëåçíî-
ãî èñêîïàåìîãî îòêðûòûì ñïîñîáîì âñåãäà âûøå åãî ñåáåñòîèìîñòè. Ýòî ïîçâîëÿåò 
ðåàëèçîâûâàòü îñíîâíîå è ïîïóòíûå ïîëåçíûå èñêîïàåìûå, äîáûòûå â ñòðîèòåëü-
íûé ïåðèîä, ÷òî ìîæíî èñïîëüçîâàòü äëÿ óìåíüøåíèÿ îáúåìà ãîðíî-êàïèòàëüíûõ 
ðàáîò è ðàçìåðà çàòðàò íà èõ ïðîèçâîäñòâî.
Êëþ÷åâûå ñëîâà: ãîðíî-êàïèòàëüíûå ðàáîòû, ñòðîèòåëüíûé ïåðèîä, èíâåñòèðîâà-
íèå, ñåáåñòîèìîñòü, ýêñïëóàòàöèîííûé êîýôôèöèåíò äîáû÷è.

Ãðàôèê P = f (Q) äëÿ îïðåäåëåíèÿ îáúåìà ãîðíî-
êàïèòàëüíûõ ðàáîò
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ðàáîò â ïåðèîä ñòðîèòåëüñòâà êàðüåðà òðåáóåò ñîçäàíèÿ íåîáõîäèìîãî ôðîíòà 
äîáû÷íûõ ðàáîò, ò.å. óãëóáêè êàðüåðà è âî ìíîãèõ ñëó÷àÿõ ïîïóòíîé äîáû÷è 
ïîëåçíîãî èñêîïàåìîãî.

Áëàãîäàðÿ ýòèì îñîáåííîñòÿì, ôàêòè÷åñêîå ðàçâèòèå ãîðíûõ ðàáîò íå ñðà-
çó âûõîäèò íà ïðÿìóþ ÂÑ, è ïóñê êàðüåðà â ýêñïëóàòàöèþ ïðèõîäèòñÿ îñóùåñò-
âëÿòü, èìåÿ íåáîëüøîé îáúåì ïîïóòíîé äîáû÷è ïîëåçíîãî èñêîïàåìîãî.

Äîïóñòèì, ÷òî ôàêòè÷åñêîå ðàçâèòèå ðàáîò ïåðâîãî ïåðèîäà èäåò ïî ëèíèè 
ÎÀÌÂ. Â òî÷êå Ì îñóùåñòâëÿåòñÿ ïóñê êàðüåðà â ýêñïëóàòàöèþ, à â òî÷êå Â 
äîñòèãàåòñÿ ïðîåêòíàÿ ïðîèçâîäèòåëüíîñòü.

Î÷åâèäíî, ÷òî äî ïóñêà êàðüåðà îáúåì ãîðíî-êàïèòàëüíûõ ðàáîò ñîñòàâèò

Q1 = V1 + P1  (2)

ãäå Q1 – îáúåì ãîðíîé ìàññû, âûíóòîé çà ïåðèîä ñòðîèòåëüñòâà êàðüåðà, ì3; 
V1 – îáúåì ãîðíûõ ïîðîä-îòõîäîâ êàðüåðà çà ýòîò æå ïåðèîä, ì3; P1 – îáúåì 
ïîëåçíîãî èñêîïàåìîãî, äîáûòîãî çà ïåðèîä ñòðîèòåëüñòâà êàðüåðà, ì3.

Ê ìîìåíòó äîñòèæåíèÿ ïðîåêòíîé ïðîèçâîäèòåëüíîñòè áóäåò âñåãî èçâëå-
÷åíî Q2 ãîðíîé ìàññû è Ð2 îñíîâíîãî ïîëåçíîãî èñêîïàåìîãî. Ïîëåçíîå èñêî-
ïàåìîå ñòàíîâèòñÿ òîâàðíîé ïðîäóêöèåé è êàðüåð ìîæåò åå ïîñòàâëÿòü ïîòðå-
áèòåëÿì. Òàê êàê â íîðìàëüíîì ïåðèîäå ðàáîòà âåäåòñÿ ñ ýêñïëóàòàöèîííûì 
êîýôôèöèåíòîì äîáû÷è k1, òî â ïåðâûå ãîäû ðàáîòû â òî÷êå Â ÷àñòü ãîðíîé 
ìàññû ìîæíî èçâëåêàòü çà ñ÷åò òåêóùèõ ñðåäñòâ, ïîëó÷åííûõ îò ðåàëèçàöèè 
òîâàðíîé ïðîäóêöèè. Îáúåì ýòîé ÷àñòè ñîñòàâëÿåò
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×àñòü ïîëåçíîãî èñêîïàåìîãî Ð1, äîáûòîãî â ïåðèîä ñòðîèòåëüñòâà, òàêæå 
ìîæåò áûòü ðåàëèçîâàíà ïîñëå ïóñêà êàðüåðà. Ïîýòîìó ìû åãî âêëþ÷àåì â ðàñ-
÷åò îáúåìîâ.

Èç ãðàôèêà íà ðèñóíêå âèäíî, ÷òî 
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Ñëåäîâàòåëüíî, ïðè íàëè÷èè ãðàôèêà P = f (Q) ñ íàíåñåííûìè íà íåì ïðî-
åêòíûì ðàçâèòèåì ãîðíûõ ðàáîò è òî÷êè ïóñêà êàðüåðà â ýêñïëóàòàöèþ îáúåì 
ãîðíî-êàïèòàëüíûõ ðàáîò îïðåäåëÿåòñÿ ïðîñòî: ïðÿìàÿ ëèíèÿ ðàçâèòèÿ ãîð-
íûõ ðàáîò â ïåðâûé ïåðèîä íîðìàëüíîé ýêñïëóàòàöèè êàðüåðà ïðîâîäèòñÿ äî 
ïåðåñå÷åíèÿ ñ îñüþ àáñöèññ â òî÷êå N. Îáúåì ãîðíî-êàïèòàëüíûõ ðàáîò áóäåò 
îïðåäåëÿòüñÿ âåëè÷èíîé ON [3].

Âñå ïðèâåäåííîå âûøå ñïðàâåäëèâî, åñëè â ïåðèîä îñâîåíèÿ ïðîåêòíîé 
ïðîèçâîäèòåëüíîñòè ðåàëèçîâûâàòü ïîëåçíîå èñêîïàåìîå èç ðàñ÷åòà ñåáåñòî-
èìîñòè åãî â íîðìàëüíûé ïåðèîä ðàáîò. Âî ìíîãèõ ñëó÷àÿõ ïðè îòêðûòîé ðàç-
ðàáîòêå ìåñòîðîæäåíèÿ íîðìàëüíàÿ ñåáåñòîèìîñòü ïîëåçíîãî èñêîïàåìîãî 
îêàçûâàåòñÿ íèæå îïòîâîé öåíû.

Ýòî îáñòîÿòåëüñòâî ìîæíî èñïîëüçîâàòü äëÿ óìåíüøåíèÿ îáúåìà ãîðíî-êà-
ïèòàëüíûõ ðàáîò, òî åñòü ñíèæåíèÿ ñóììû êàïèòàëüíûõ âëîæåíèé. Â ïåðèîä 
ïðîåêòíîé ïðîèçâîäèòåëüíîñòè êàðüåð ìîæåò ðåàëèçîâàòü ñâîþ ïðîäóêöèþ ïî 
îïòîâîé öåíå.

Åñëè ñ0 – îïòîâàÿ öåíà íà ïîëåçíîå èñêîïàåìîãî, òî 
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ãäå kÄ – äîïóñòèìûé ýêñïëóàòàöèîííûé êîýôôèöèåíò äîáû÷è, ì3/ì3; à – ñåáå-
ñòîèìîñòü òîëüêî ïîëåçíîãî èñêîïàåìîãî, ðóá./ì3; b0, b – ñåáåñòîèìîñòü âûåì-
êè ãîðíûõ ïîðîä-îòõîäîâ êàðüåðà â ïåðèîä ñòðîèòåëüñòâà è â ïåðèîä îñâîåíèÿ 
ïðîèçâîäèòåëüíîñòè, ðóá./ì3; P – îáúåì èçâëåêàåìîãî òîâàðíîãî ïîëåçíîãî èñ-
êîïàåìîãî, ì3.
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îáúåì ãîðíî-êàïèòàëüíûõ ðàáîò:
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Ïîñëå ñðàâíåíèÿ ïðåäñòàâëåííûõ ôîðìóë ïîëó÷èì ñóììàðíûé îáúåì ãîð-
íî-êàïèòàëüíûõ ðàáîò:
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Îáúåì Qk ìîæåò îêàçàòüñÿ ìåíüøå, ÷åì Q1. Ýòî çíà÷èò, ÷òî ÷àñòü çàòðàò íà 
âûåìêó îáúåìà Q1 ìîæåò áûòü âîçâðàùåíà èíâåñòîðó óæå â ïåðèîä îñâîåíèÿ 
êàðüåðà. Ýòó ÷àñòü äëÿ ñîêðàùåíèÿ îáúåìà êàïèòàëüíûõ çàòðàò ìîæíî â ïðî-
åêòàõ âïîëíå îòíîñèòü çà ñ÷åò çàòðàò áóäóùèõ ëåò.

Ôîðìóëó (8) ìîæíî ñ÷èòàòü îñíîâíîé äëÿ ðàñ÷åòà îáúåìà ãîðíî-êàïèòàëü-
íûõ ðàáîò ñ ïîìîùüþ ãðàôèêà. Åñëè íà ãðàôèêå P = f (Q) íàíåñòè äàííûå äëÿ 
ðàçëè÷íûõ ïîëåçíûõ èñêîïàåìûõ [2], òî ñ ó÷åòîì ïîãîðèçîíòíûõ ïëàíîâ ëåãêî 
íàéòè ðàñïðåäåëåíèå îáúåìîâ ðàçëè÷íûõ ïîëåçíûõ èñêîïàåìûõ â îáùåé ñóììå 
ãîðíî-êàïèòàëüíûõ ðàáîò, à òàêæå çàòðàòû íà ãîðíî-êàïèòàëüíûå ðàáîòû.
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 One of the main issues of open-pit mining construction is to determine the mining activity as well as to 
calculate the amount of investment needed to build a quarry. The method presented in this paper is based on a 
graph of the minerals volume dependence upon on the volume of the rock mass. Wholesale price of extracted 
minerals are always higher than production cost. It permits to consume main and by products of mineral wealth 
extracted in the construction period. This can be used to reduce the amount of main mining activity and the 
production costs.

Key words: mining activity, construction period, investment, production costs, service, factor of production.
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