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Ïðîåêò�îòðàáîòêè�ìåñòîðîæäåíèÿ�ïðåäñòàâëÿåò�ñîáîé�ñîâîêóïíîñòü�ðàáîò,�êîòîðûå�â�ñèëó�óíèêàëüíî
ñòè� ãîðíîãåîëîãè÷åñêèõ� óñëîâèé,� òåððèòîðèàëüíîãî� ðàñïîëîæåíèÿ,� êëèìàòè÷åñêèõ� ôàêòîðîâ,� îòñóò
ñòâèÿ�íåîáõîäèìîé�èíôðàñòðóêòóðû�áóäóò�ïîäâåðæåíû�âûñîêîé�ñòåïåíè�ïðîåêòíîãî�ðèñêà. Îáúåêò èñ
ñëåäîâàíèÿ�–�ïðîåêòíûå�ïàðàìåòðû�òåõíèêîýêîíîìè÷åñêîãî�îáîñíîâàíèÿ�îòðàáîòêè�ìåñòîðîæäåíèÿ.�
Ïðåäìåò èññëåäîâàíèÿ�–�ðèñêè�íåäîñòèæåíèÿ�ïðîåêòíûõ�ïàðàìåòðîâ�îòðàáîòêè�ìåñòîðîæäåíèÿ.�Öåëü 
èññëåäîâàíèÿ�–�íàó÷íî�îáîñíîâàòü�âîçìîæíîñòü�ïîâûøåíèÿ�ýôôåêòèâíîñòè�ðåàëèçàöèè�ïðîåêòà�îòðà
áîòêè�ìåñòîðîæäåíèÿ�íà�îñíîâå�ñðàâíèòåëüíîñîïîñòàâèòåëüíîãî�àíàëèçà�îñíîâíûõ�òåõíèêîýêîíîìè
÷åñêèõ�ïîêàçàòåëåé�ñ�ìèðîâûìè�îòðàñëåâûìè�ëèäåðàìè.�Ìàòåðèàëû è ìåòîäû:�íà�îñíîâå�ìîäåëè�ìèíå
ðàëüíûõ�ðåñóðñîâ�ìåñòîðîæäåíèÿ�è�ñðàâíèòåëüíîñîïîñòàâèòåëüíîãî�àíàëèçà�ñ�ýòàëîííîé�áàçîé�áîëåå�
÷åì�ñ�ñîðîêà�âåäóùèìè�ìèðîâûìè�ìåñòîðîæäåíèÿìè�(áåí÷ìàðêåòèíã)�ïðîâåäåí�ñòðàòåãè÷åñêèé�àíàëèç�
îñíîâíûõ�òåõíèêîòåõíîëîãè÷åñêèõ,�îðãàíèçàöèîííûõ�è�ýêîíîìè÷åñêèõ�ïàðàìåòðîâ�îòðàáîòêè�êàðüåðà.�
Ïî�ðåçóëüòàòàì�àíàëèçà�ðèñêîâ�ñêîððåêòèðîâàíû�è�îáíîâëåíû�âõîäíûå�ïàðàìåòðû,�èñïîëüçîâàííûå�â�
ïðåäâàðèòåëüíîé�òåõíèêîýêîíîìè÷åñêîé�îöåíêå�ïðîåêòà.�Îñóùåñòâëåí�âûáîð�ïðåäåëüíîé�îáîëî÷êè�êà
ðüåðà,�ðåøåíà�çàäà÷à�âûáîðà�ìåòîäà�îòðàáîòêè�è�ïàðàìåòðîâ�èñïîëüçîâàííîãî�îáîðóäîâàíèÿ,�âûïîëíåí�
àíàëèç�îïòèìàëüíîé�âûñîòû�óñòóïà�êàðüåðà�è�ýòàïíîñòè�îòðàáîòêè�òåõíîëîãè÷åñêèõ�áëîêîâ�ìåñòîðîæäå
íèÿ.�Ðåçóëüòàòû èññëåäîâàíèÿ: ïîëó÷åííûå�çíà÷åíèÿ�îñíîâíûõ�òåõíèêîýêîíîìè÷åñêèõ�ïîêàçàòåëåé�ëåã
ëè�â�îñíîâó�ôîðìèðîâàíèÿ�ïëàíà�ãîðíûõ�ðàáîò,�à�òàêæå�îöåíêè�ýêñïëóàòàöèîííûõ�è�êàïèòàëüíûõ�çàòðàò�
ñ�ó÷åòîì�ôàêòîðîâ�ðèñêà.�Îïðåäåëåíû�ñëåäóþùèå�íàèáîëåå�çíà÷èìûå�ðèñêè:�íàëè÷èå�øòàòà�ñîòðóäíè
êîâ�ñ�ñîîòâåòñòâóþùèì�îïûòîì�è�êîìïåòåíöèÿìè,�íåîáõîäèìûìè�äëÿ�âûïîëíåíèÿ�ïëàíà�ãîðíûõ�ðàáîò;�
îêèñëåíèå�ðóäíûõ�ñêëàäîâ�äëèòåëüíîãî�õðàíåíèÿ,�êîòîðîå�âåäåò�ê�ïîíèæåíèþ�ïîêàçàòåëåé�èçâëå÷åíèÿ�
ïîëåçíîãî�èñêîïàåìîãî;�âûñîêèå�çàòðàòû�íà�äèçåëü�è�ýëåêòðè÷åñòâî.�Âûâîäû: íà�áàçå�âûÿâëåííûõ�ôàê
òîðîâ�ðèñêà�îïðåäåëåíû�êàïèòàëüíûå�è�ýêñïëóàòàöèîííûå�çàòðàòû,�ïðîâåäåíà�èõ�êîððåêòèðîâêà�ñ�ó÷å
òîì�óðîâíÿ�ýíåðãîçàòðàò,�ñòîèìîñòè�áóðîâçðûâíûõ�ðàáîò,�êîíòðîëÿ�ñîäåðæàíèé�ïîëåçíîãî�êîìïîíåíòà,�
ïîãðóçêè,�çàòðàò�íà�îáñëóæèâàíèå,�òðóäîçàòðàò�è�îáùèõ�èçäåðæåê

Êëþ÷åâûå ñëîâà: áåí÷ìàðêàíàëèç ðèñêîâ, ìîäåëü ìåñòîðîæäåíèÿ, ïðåäâàðèòåëüíàÿ òåõíèêîýêîíîìè÷åñêàÿ îöåí
êà, îïòèìèçàöèÿ ïàðàìåòðîâ îòðàáîòêè ìåñòîðîæäåíèÿ, ôîðìèðîâàíèå ïëàíà ãîðíûõ ðàáîò, âûáîð òåõíîëîãè÷åñêîãî 
îáîðóäîâàíèÿ, êàòåãîðèè ðåñóðñîâ, êàïèòàëîåìêîñòü ïðîåêòà, ñòàäèéíîñòü îòðàáîòêè, äâèæåíèå ãîðíîé ìàññû

The�mine�development�project�is�a�set�of�works,�which,�due�to�the�uniqueness�of�mining�and�geological�condi
tions,�territorial�location,�climatic�factors,�lack�of�the�necessary�infrastructure,�will�be�subject�to�a�high�degree�
of�project�risk.�The aim of the work is�to�increase�the�implementation�efficiency�of�the�field�development�project�
based�on�a�comparative�analysis�of�the�main�technical�and�economic�indicators�with�world�industry�leaders.�Ma
terials and methods. Based�on�the�model�of�the�mineral�resources�of�the�deposit�and�the�comparative�analysis�
carried�out�with�a�reference�base�with�more�than�forty�leading�world�deposits�(benchmarking),�a�strategic�anal
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ysis�of�the�main�technical,�technological,�organizational�and�economic�parameters�of�open�pit�development�has�
been�carried�out.�The�risk�analysis,�the�input�parameters�used�in�the�preliminary�feasibility�study�of�the�project�
are�adjusted�and�updated.�The�choice�of�the�limiting�open�pit�shell�has�been�carried�out,�the�problem�of�choos
ing�the�mining�method�and�parameters�of�the�equipment�used�has�been�solved,�and�the�analysis�of�the�optimal�
height�of�the�open�pit�bench�and�the�stages�of�development�of�technological�blocks�of�the�field�have�been�car
ried�out.��Results. The�obtained�values�of�the�main�technical�and�economic�indicators�have�formed�the�basis�for�
the�formation�of�a�mining�plan,�as�well�as�an�assessment�of�operating�and�capital�costs,�taking�into�account�risk�
factors.�The�following�most�significant�risks�are�identified:�availability�of�staff�with�relevant�experience�and�com
petencies�required�to�implement�the�mining�plan;�oxidation�of�longterm�storage�ore�warehouses,�which�leads�to�
a�decrease�in�mineral�extraction�rates;�high�diesel�and�electricity�costs.�Conclusions. Based�on�the�identified�risk�
factors,�capital�and�operating�costs�have�been�determined�and�adjusted�for�the�level�of�energy�consumption,�the�
cost�of�drilling�and�blasting�operations,�control�of�the�content�of�the�useful�component,�loading,�maintenance�
costs,�labor�costs�and�general�costs

Key words: benchmark risk analysis; field model; preliminary technical and economic assessment; optimization of field de
velopment parameters; formation of a mining plan; selection of technological equipment; resource categories; capital inten
sity of the project; stages of development; rock mass movement

Ââåäåíèå. Àíàëèç� ðèñêîâ,� ïðîâåäåííûé�
äëÿ� ãîðíîäîáû÷íûõ� îïåðàöèé� â� ðàìêàõ�

íà÷àëüíîãî� ýòàïà� òåõíèêîýêîíîìè÷åñêî
ãî� îáîñíîâàíèÿ� ïðîåêòà� îòðàáîòêè� ìåñòî
ðîæäåíèÿ,� ãëàâíûì� îáðàçîì� îðèåíòèðîâàí�
íà� âûÿâëåíèå� ðèñêà� íåäîñòèæåíèÿ� òðåõ� îñ
íîâíûõ� ðåçóëüòàòîâ� èññëåäîâàíèÿ:� ñòàäèé
íîñòü�îòðàáîòêè�ðóäû;�ãðàôèê�äâèæåíèÿ�ãîð
íîé�ìàññû;�ñìåòà�çàòðàò�íà�äîáû÷ó�[5].

Â� õîäå� èññëåäîâàíèé� óñòàíîâëåíî,� ÷òî�
ãåîëîãè÷åñêèå� ðèñêè� íèçêèå,� ïîñêîëüêó� ìå
ñòîðîæäåíèå�êðóïíîå�ñ�îòíîñèòåëüíî�ðàâíî
ìåðíûì�ðàñïðåäåëåíèåì�ñîäåðæàíèé�ïîëåç
íîãî�êîìïîíåíòà.�Âåðîÿòíîñòü�èçìåí÷èâîñòè�
ìèíåðàëèçàöèè�íà�ìèíèìàëüíûõ�ðàññòîÿíè
ÿõ�ïðèíÿòà�âî�âíèìàíèå�è�ó÷òåíà�ïðè�ïëàíè
ðîâàíèè� îòðàáîòêè� òåõíîëîãè÷åñêèõ� áëîêîâ�
ìåñòîðîæäåíèÿ�[4;�6].�

Âûïîëíåí�çíà÷èòåëüíûé�îáúåì�áóðîâûõ�
ðàáîò�â�ïåðèîä�ïîñëå�ðàçðàáîòêè�ïðåäâàðè
òåëüíîé�îöåíêè�ïðîåêòà�(Scoping�Study)�è�äî�
íàñòîÿùåãî�èññëåäîâàíèÿ,�ïðè�ýòîì�áóðåíèå�
áûëî�íàïðàâëåíî�â�îñíîâíîì�íà�ïîäòâåðæäå
íèå� ñîäåðæàíèé,� èñïîëüçîâàííûõ� ïðè� ïîä
ñ÷åòå� ìèíåðàëüíûõ� ðåñóðñîâ.� Ïëàí� ãîðíûõ�
ðàáîò� ïðåäïîëàãàåò� îòðàáîòêó� ìèíåðàëüíûõ�
ðåñóðñîâ� êàòåãîðèè� âûÿâëåííûå� (Indicated)�
ñî�ñðåäíåé�ñòåïåíüþ�äîñòîâåðíîñòè�äàííûõ�
75� %� â� òå÷åíèå� ïåðâûõ� ïÿòè� ëåò� è� ñ� äîñòî
âåðíîñòüþ�85�%�â�òå÷åíèå�ïåðâûõ�äåñÿòè�ëåò.�
Òàêîé� ðèñê� ñëåäóåò� óñòðàíèòü� ïóòåì� ïðîâå
äåíèÿ�äîïîëíèòåëüíîãî�îáúåìà�çàâåðî÷íîãî�
áóðåíèÿ� â� ïåðèîä� ðàçðàáîòêè� äàííîãî� íà
÷àëüíîãî�ýòàïà�òåõíèêîýêîíîìè÷åñêîãî�îáî
ñíîâàíèÿ,� à� äîïîëíèòåëüíûå� äàííûå� ïîçâî

ëÿò� ïåðåâåñòè� áîëüøóþ� ÷àñòü� ìèíåðàëüíûõ�
ðåñóðñîâ� êàòåãîðèè� âûÿâëåííûå� (Indicated)�
ïåðâûõ� ïÿòè� ëåò� îòðàáîòêè� â� êàòåãîðèþ� èç
ìåðåííûå�(Measured).�

Âñå�äîïóùåíèÿ�ïî�ãåîòåõíè÷åñêèì�ïàðà
ìåòðàì� õàðàêòåðèçóþòñÿ� âûñîêîé� ñòåïåíüþ�
ðèñêà.�Â�êîíòóðå�ïðåäåëüíûõ�áîðòîâ�êàðüåðà�
ãåîòåõíè÷åñêîãî� áóðåíèÿ� íå� ïðîâîäèëîñü.�
Ïàðàìåòðû,� ïðèíÿòûå� äëÿ� îòðàáîòêè� ìåñòî
ðîæäåíèÿ,�èìåþò�çíà÷èòåëüíûå�ðàñõîæäåíèÿ�
â�ñðàâíåíèè�ñ�Scoping�Study,� ïîýòîìó�ñóùå
ñòâóþò� ãîðíîãåîëîãè÷åñêèå� ðèñêè� ïðè� ðàç
ðàáîòêå� ïðîåêòà� êàðüåðà� ââèäó� ñëåäóþùèõ�
áàçîâûõ� ïðåäïîñûëîê:� êà÷åñòâî� ïîëåçíîãî�
èñêîïàåìîãî�çíà÷èòåëüíî�íèæå�òîãî,�êîòîðîå�
îïðåäåëåíî� â� õîäå� èñïûòàíèé;� ïîëîæåíèå� è�
õàðàêòåð�îñíîâíûõ�ðàçðûâíûõ�íàðóøåíèé�îò
ðèöàòåëüíî� âëèÿþò� íà� óñòîé÷èâîñòü� áîðòîâ�
êàðüåðà;�óðîâíè�ãðóíòîâûõ�âîä�è�ñîäåðæàíèå�
âëàãè�âûøå�òåõ,�êîòîðûå�îïðåäåëåíû�ïî�ðå
çóëüòàòàì�ãèäðîãåîëîãè÷åñêèõ�èññëåäîâàíèé�
[1].�Â�ýòîé�ñâÿçè,�àíàëèç�óêàçàííûõ�ïàðàìå
òðîâ� è� îöåíêà� ðèñêà� íåäîñòèæåíèÿ� ïðîåêò
íûõ� çíà÷åíèé� îñíîâíûõ� òåõíèêîýêîíîìè÷å
ñêèõ� ïîêàçàòåëåé� îòðàáîòêè� ìåñòîðîæäåíèÿ�
ÿâëÿþòñÿ�àêòóàëüíîé�íàó÷íîé�è�ïðàêòè÷åñêîé�
çàäà÷åé.

Îáúåêò èññëåäîâàíèÿ�–�ïðîåêòíûå�ïàðà
ìåòðû�òåõíèêîýêîíîìè÷åñêîãî�îáîñíîâàíèÿ�
îòðàáîòêè�ìåñòîðîæäåíèÿ.

Ïðåäìåò èññëåäîâàíèÿ� –� ðèñêè� íåäî
ñòèæåíèÿ� ïðîåêòíûõ� ïàðàìåòðîâ� îòðàáîòêè�
ìåñòîðîæäåíèÿ.

Öåëü èññëåäîâàíèÿ�–�íàó÷íî�îáîñíîâàòü�
âîçìîæíîñòü�ïîâûøåíèÿ�ýôôåêòèâíîñòè�ðå
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àëèçàöèè�ïðîåêòà�îòðàáîòêè�ìåñòîðîæäåíèÿ�
íà�îñíîâå�ñðàâíèòåëüíîñîïîñòàâèòåëüíîãî�
àíàëèçà� îñíîâíûõ� òåõíèêîýêîíîìè÷åñêèõ�
ïîêàçàòåëåé� ñ� ìèðîâûìè� îòðàñëåâûìè� ëè
äåðàìè.

Çàäà÷è èññëåäîâàíèÿ:
–�ñðàâíèòåëüíàÿ�îöåíêà�è�êîððåêòèðîâêà�

óðîâíÿ� ñîâîêóïíûõ� çàòðàò� íà� äâèæåíèå� ãîð
íîé�ìàññû�ñ�ýòàëîííîé�áàçîé�äàííûõ�êðóïíûõ�
ìèðîâûõ�ãîðíîäîáûâàþùèõ�êîìïàíèé;

–�îöåíêà�äîñòèæåíèÿ�ïðîèçâîäèòåëüíî
ñòè�è�îñíîâíûõ�òåõíèêîòåõíîëîãè÷åñêèõ�ïà
ðàìåòðîâ�áóðîâçðûâíûõ�ðàáîò;

–� îöåíêà� ïîêàçàòåëåé� ôóíêöèîíèðîâà
íèÿ�è�âûáîð�âàðèàíòîâ�ïîãðóçî÷íîäîñòàâî÷
íîãî�îáîðóäîâàíèÿ;

–� îïðåäåëåíèå� è� àíàëèç� íàèáîëåå� çíà
÷èìûõ�ðèñêîâ�ðåàëèçàöèè�ïðîåêòà�îòðàáîòêè�
ìåñòîðîæäåíèÿ.

Ìàòåðèàëû è ìåòîäû. Â� èññëåäîâàíèè�
èñïîëüçîâàíû�ïîêàçàòåëè�ïðîèçâîäèòåëüíî
ñòè�ðàçâèòûõ�ýêîíîìèê� è�äîñòàòî÷íî� íèçêèå�
ñòàâêè�îïëàòû�òðóäà,�õàðàêòåðíûå�äëÿ�ñîâðå
ìåííûõ�ðåàëèé.�Ïðè�òîì,�÷òî�ïîêàçàòåëè�ïðî
èçâîäèòåëüíîñòè�ðàáî÷èõ�è�ñïåöèàëèñòîâ�ïî�
òåõíè÷åñêîìó� îáñëóæèâàíèþ� âïîëíå� äîñòè
æèìû,�åñòü�âåðîÿòíîñòü�òîãî,�÷òî�äëÿ�ðåàëè
çàöèè�çàïëàíèðîâàííîé�ïðîèçâîäèòåëüíîñòè�
ïîòðåáóåòñÿ�ïðèâëå÷ü�äîðîãîñòîÿùèõ�ñïåöè
àëèñòîâ� íà� ðóêîâîäÿùèå� è� êîíòðîëèðóþùèå�
äîëæíîñòè�è,�íåñìîòðÿ�íà�òî,�÷òî�ýòî�çíà÷è
òåëüíî� óâåëè÷èò� ýêñïëóàòàöèîííûå� çàòðàòû,�
ñóùåñòâåííîãî� âëèÿíèÿ� íà� êîíå÷íûé� êîíòóð�
êàðüåðà�îêàçàíî�íå�áóäåò.�Òàêîé�ðèñê�áîëüøå�
ñâÿçàí� ñ� äîñòèæåíèåì� ïðîèçâîäèòåëüíîñòè�
è,� ñëåäîâàòåëüíî,� ãðàôèêîì� äâèæåíèÿ� ãîð
íîé�ìàññû�[8;�9].�

Â� õîäå� ïîäãîòîâêè� èññëåäîâàíèÿ� âû
ÿâëåíî,� ÷òî� íà� ìèðîâîì� ðûíêå� ñûðüÿ� èìå
ëèñü� çíà÷èòåëüíûå� îáúåìû� äîñòóïíîãî� ãîð
íîøàõòíîãî� îáîðóäîâàíèÿ.� Ïåðåãîâîðû� ñ�
ôèðìàìèèçãîòîâèòåëÿìè� îáîðóäîâàíèÿ�
óêàçàëè�íà�âîçìîæíîñòü�äîãîâîðèòüñÿ�î�ëó÷
øåé�öåíå�ïðè�ðàçìåùåíèè�çàêàçîâ�íà�îáîðó
äîâàíèå.� Ðèñê� òîãî,�÷òî� íàëè÷èå� îáîðóäîâà
íèÿ�è�êàïèòàëüíûå�çàòðàòû�ïîâëèÿþò�íà�ïëàí�
äâèæåíèÿ� ãîðíîé� ìàññû� èëè� ñìåòó� çàòðàò,�
î÷åíü�íèçêèé.

Îáåñïå÷åíèå� çàïëàíèðîâàííîãî� èñõîä
íîãî� ñîäåðæàíèÿ� ïîëåçíîãî� êîìïîíåíòà� â�
ïåðâûå� ãîäû� îòðàáîòêè� òðåáóåò� ñêëàäèðî
âàíèÿ�çíà÷èòåëüíîãî�îáúåìà�ðóäû�â�òå÷åíèå�
ðÿäà�ëåò.�Ïðè�õðàíåíèè�çàïàñîâ�ðóäû�íà�ñêëà
äå�âîçíèêàåò�òðè�îñíîâíûõ�âèäà�ðèñêîâ.�×å

ðåç�íåñêîëüêî�ëåò�õðàíåíèÿ�ãîðíîé�ìàññû�íà�
ðóäíîì�ñêëàäå�îíà�ïîäâåðãàåòñÿ�îêèñëåíèþ.�
Âåðîÿòíîñòü�òîãî,�÷òî�ðóäà�îêèñëèòñÿ,�çàâè
ñèò�îò�åå�ìèíåðàëîãè÷åñêîãî�ñîñòàâà.�Â�ïåð
âè÷íîé� ðóäå� ïðîöåññ� îêèñëåíèÿ� ïðèâîäèò� ê�
òîìó,�÷òî�ïîëåçíûé�êîìïîíåíò�ïîäâåðãàåòñÿ�
çíà÷èòåëüíîìó� êà÷åñòâåííîìó� èçìåíåíèþ,�
îäíàêî�â�ïðîöåññå�èçìåëü÷åíèÿ�ïîâåðõíîñòü�
ìèíåðàëà�î÷èùàåòñÿ�è�íå�îêàçûâàåò�âëèÿíèÿ�
íà� ïîñëåäóþùèé� ïðîöåññ� ôëîòàöèè.� Êðîìå�
òîãî,� â� õîëîäíîì� êëèìàòå� ñêîðîñòü� îêèñëå
íèÿ� ìåäëåííåå,� à� êîëè÷åñòâî� âîäû,� êîòîðîå�
ñïîñîáñòâóåò� îêèñëåíèþ,� îãðàíè÷åíî.� Ïî
ñêîëüêó� òàêèå� èçìåíåíèÿ� ìîãóò� îêàçàòü� ñó
ùåñòâåííîå� âëèÿíèå� íà� ñòàäèéíîñòü� îòðà
áîòêè�ðóäû,�ñëåäóåò�ïðîâåñòè�èññëåäîâàíèÿ�
åå� ìèíåðàëîãè÷åñêîãî� ñîñòàâà� äëÿ� ïîëíîãî�
ïîíèìàíèÿ� è� îöåíêè� ïîòåíöèàëà� îêèñëåíèÿ�
[10;�11].�

Â�õîëîäíîå�âðåìÿ�ãîäà�çàìåðçøóþ�ñêëà
äèðîâàííóþ�ðóäó�íåîáõîäèìî�âçðûâàòü.�Ðèñê�
çàìåðçàíèÿ� ñêëàäèðîâàííîé� ðóäû� ìèíè
ìàëüíûé,�òàê�êàê�äëÿ�åå�çàìåðçàíèÿ�òðåáóþò
ñÿ�âîäà�è�ãðÿçü.�Êàê�ïðàâèëî,�â�ýòîì�ðåãèîíå�
îñàäêîâ� âûïàäàåò� ìàëî,� à� ïðè� ïðàâèëüíîì�
óõîäå�çà�ðóäíûìè�ñêëàäàìè,�êîãäà�îáúåì�ïî
ïàäàþùåé� íà� ðóäíûé� ñêëàä� âëàãè� ìèíèìè
çèðóþò�ïîñðåäñòâîì�ðàñ÷èñòêè�ïîâåðõíîñòè�
ñêëàäà�îò�ñíåãà�ïî�îêîí÷àíèè�çèìû,�çàìîðà
æèâàíèå�ìàëîâåðîÿòíî.�Â�ñëó÷àå�çàìåðçàíèÿ�
êàêîãîëèáî� ó÷àñòêà� ìîãóò� ïîòðåáîâàòüñÿ�
äîïîëíèòåëüíûå� çàòðàòû� íà� åãî� ðûõëåíèå�
èëè� âçðûâàíèå.� Ñòàäèéíîñòü� îòðàáîòêè� çà
ïàñîâ�ïðåäïîëàãàåò�îêîíòóðèâàíèå�èõ�ïî�ñî
äåðæàíèþ,� êîãäà� íà� ïåðåðàáîòêó� â� ïåðâóþ�
î÷åðåäü� ïîäàåòñÿ� ðóäà� ñ� âûñîêèìè� ñîäåð
æàíèÿìè,�à�çàòåì�–�ñ�áîëåå�íèçêèìè.�Â�ñëó
÷àå�íåïðàâèëüíîãî�õðàíåíèÿ�ðóäû�íà�ñêëàäå�
ìîæåò� îêàçàòüñÿ,� ÷òî� ðóäû� ñ� íåîáõîäèìûìè�
ñîäåðæàíèÿìè� ìîæåò� íå� áûòü.� Çàòðàòû� íà�
ñèñòåìó�òðàíñïîðòèðîâêè�ðóäû�ñàìîñâàëàìè�
âêëþ÷åíû� â� îáùóþ� ñóììó� çàòðàò.� Ïðàâèëü
íî� ðàçðàáîòàííàÿ� è� ïðèìåíÿåìàÿ� ñèñòåìà�
òðàíñïîðòèðîâêè� ïîçâîëèò� ìèíèìèçèðîâàòü�
âåðîÿòíîñòü� òîãî,� ÷òî� ñàìîñâàë� îòïðàâèòñÿ�
çà�ðóäîé�íå�íà�íóæíûé�ó÷àñòîê�ðóäíîãî�ñêëà
äà.� Ðèñêè� â� îòíîøåíèè� ñêëàäèðîâàíèÿ� ðóäû�
îòíîñÿòñÿ�ê�ñòàäèéíîñòè�åå�îòðàáîòêè.

Ïî� ìåæäóíàðîäíûì� ñòàíäàðòàì,� îáùàÿ�
ñóììà� çàòðàò� íà� äîáû÷ó� ðóäû� îòíîñèòåëüíî�
íèçêàÿ.� Îäíàêî� ïîâûøåíèå� òàðèôîâ� íà� òî
ïëèâî� è� ýëåêòðîýíåðãèþ� ìîæåò� îêàçàòü� ñó
ùåñòâåííîå�âëèÿíèå�íà�îáùóþ�ñìåòó�çàòðàò�
íà�äîáû÷ó.�Íàèáîëåå�çíà÷èìûì�ïîñëåäñòâè
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åì� òàêîãî� ïîâûøåíèÿ� çàòðàò� ìîæåò� ñòàòü�
íåîáõîäèìîñòü� èñïîëüçîâàíèÿ� äèçåëüíîãî�
îáîðóäîâàíèÿ.� Óâåëè÷åíèå� çàòðàò� íà� ýëåê
òðîýíåðãèþ�è�òîïëèâî�ïðåäñòàâëÿåò�âûñîêèé�
óðîâåíü�ðèñêà.�

Óäàëåííîå� ðàñïîëîæåíèå� ïðîåêòà,� âîç
ìîæíîñòü�ïðîâåäåíèÿ�çàìåíû�îáîðóäîâàíèÿ�
è� îáåñïå÷åíèå� çàïàñíûìè� ÷àñòÿìè� ñîïðÿ
æåíî� ñ� ñëåäóþùèìè� ðèñêàìè.� Âíåçàïíûé� è�
ïîëíûé� îòêàç� îñíîâíîãî� îáîðóäîâàíèÿ� äëÿ�
çåìåëüíûõ� ðàáîò,� â� îñîáåííîñòè� â� çèìíèé�
ïåðèîä,�ìîæåò�ïðèâåñòè�ê�íåâîçìîæíîñòè�èñ
ïîëüçîâàòü� ýêñêàâàòîðû� íà� ïðîòÿæåíèè� äëè
òåëüíîãî� âðåìåíè� (äî� íåñêîëüêèõ� ìåñÿöåâ).�
Â� ýòîé� ñâÿçè,� êðèòåðèè� âûáîðà� ïàðêà� ãîð
íîãî� îáîðóäîâàíèÿ� âêëþ÷àëè� âîçìîæíîñòü�
ïðîâåäåíèÿ� òåõíè÷åñêîãî� îáñëóæèâàíèÿ,� ïî�
êðàéíåé� ìåðå,� ÷åòûðåõ� åäèíèö� îñíîâíîãî�
îáîðóäîâàíèÿ� äëÿ� çåìåëüíûõ� ðàáîò.� Ïðè� âå
ðîÿòíîì� ïðèïîâåðõíîñòíîì� çàëåãàíèè� ðóäû�
òðåõ� ýêñêàâàòîðîâ� äîëæíî� áûòü� äîñòàòî÷íî�
äëÿ�îáåñïå÷åíèÿ�ïèòàíèåì�ôàáðèêè�â�òå÷åíèå�
íåñêîëüêèõ� ìåñÿöåâ.� Åäèíñòâåííûé� ïåðèîä,�
êîãäà�ýòî�áóäåò�ñäåëàòü�íåâîçìîæíî,�–�ïåðâûå�
òðè� ãîäà� îòðàáîòêè� ïðîèçâîäñòâåííîãî� ïðî
öåññà�è�íàðàùèâàíèÿ�îáúåìîâ�ïðîèçâîäñòâà.�
Ââèäó�òîãî,�÷òî�íà�ýòèõ�ýòàïàõ�îáîðóäîâàíèå�

èñïîëüçóåòñÿ� íîâîå,� âåðîÿòíîñòü� îòêàçà� òåõ
íèêè� çíà÷èòåëüíî� íèæå.� Êðîìå� òîãî,� â� ïàðê�
âñïîìîãàòåëüíîãî� îáîðóäîâàíèÿ� âêëþ÷åíû�
áîëüøèå� ôðîíòàëüíûå� ïîãðóç÷èêè,� êîòîðûå�
ìîæíî� èñïîëüçîâàòü� äëÿ� çàãðóçêè� îñíîâíîãî�
ïàðêà�ñàìîñâàëîâ�è,�òàêèì�îáðàçîì,�âîñïîë
íÿòü� ïîòåíöèàëüíûå�ïîòåðè�íà� ïðîèçâîäñòâå�
âñëåäñòâèå� îòêàçà� äðóãîé� òåõíèêè.� Ðèñê� íà
ðóøåíèÿ�ãðàôèêà�äâèæåíèÿ�ãîðíîé�ìàññû�ïî�
ïðè÷èíå� äëèòåëüíîãî� ïðîñòîÿ� îáîðóäîâàíèÿ�
áóäåò�äîñòàòî÷íî�íèçêèé�[12].

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæäå
íèå. Ïî� ìåæäóíàðîäíûì� ñòàíäàðòàì,� ñîâî
êóïíûå�çàòðàòû�ïðîåêòà�íà�äîáû÷ó�ïîëåçíîãî�
èñêîïàåìîãî� îòíîñèòåëüíî� íåâûñîêèå.� Òàê,�
íàïðèìåð,� íà� êðóïíûõ� ãîðíîäîáûâàþùèõ�
ïðåäïðèÿòèÿõ� â� ×èëè� çàòðàòû� âàðüèðóþò� â�
èíòåðâàëå�2,00...3,00�$�çà�1�ò.�Íà�ðèñ.�1�ïðåä
ñòàâëåíî� ñðàâíåíèå� ïîêàçàòåëåé� ýòàëîííîé�
áàçû� êðóïíûõ� ãîðíîäîáûâàþùèõ� ïðåäïðè
ÿòèéàíàëîãîâ� (áåí÷ìàðêèíã)� ñ� ðàçëè÷íûìè�
îáúåìàìè�äâèæåíèÿ�ãîðíîé�ìàññû�ïî�ïëàíè
ðóåìûì�ïîêàçàòåëÿì�îòðàáîòêè�ìåñòîðîæäå
íèÿ.�Èç�ðèñ.�1�âèäíî,�÷òî�çàòðàòû�â�ýòàëîííîé�
áàçå�äàííûõ�çíà÷èòåëüíî�âûøå,�÷åì�òåêóùàÿ�
îöåíêà� ñîâîêóïíûõ� çàòðàò� íà� äâèæåíèå� ãîð
íîé�ìàññû.

Ðèñ. 1. Ñðàâíèòåëüíàÿ îöåíêà ñîâîêóïíûõ çàòðàò íà äâèæåíèå ãîðíîé ìàññû ñ ýòàëîííîé áàçîé äàííûõ 
êðóïíûõ ãîðíîäîáûâàþùèõ êîìïàíèé (ñèíèìè òî÷êàìè ïîêàçàíà îöåíêà çàòðàò íà ìåñòîðîæäåíèè, 
êðàñíûìè – äàííûå èç ýòàëîííîé áàçû (áåí÷ìàðêè) / Fig.1. Comparative assessment of the total cost of 

rock mass movement with the reference database of large mining companies (blue dots show cost estimates 
for the field, red dots show data from the reference base (benchmarks)
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Ãîðíîäîáûâàþùèå�ïðåäïðèÿòèÿ,�âêëþ
÷åííûå� â� ýòàëîííóþ� áàçó,� íàõîäÿòñÿ� ëèáî� â�
ýêîíîìè÷åñêè� ðàçâèòûõ� ðàéîíàõ� ñî� çíà÷è
òåëüíî�áîëåå�âûñîêèìè�òðóäîçàòðàòàìè,�ëè
áî�â�ýêîíîìè÷åñêè�íåðàçâèòûõ,�ãäå�ñòîèìîñòü�
òðóäà�î÷åíü�íèçêàÿ,�íî�è�ýôôåêòèâíîñòü�òðó
äà�òàêæå�íèçêàÿ,�÷òî�âåäåò�ê�óâåëè÷åíèþ�øòà

òà�è�òðåáóåò�íàëè÷èÿ�äîðîãîé�ðàáî÷åé�ñèëû.�
Íà� áîëüøèíñòâå� ðóäíèêîâ,� êðîìå� äâóõ,� íå�
èñïîëüçóåòñÿ� ýëåêòðè÷åñêîå� îáîðóäîâàíèå.�
Â� ýòîé� ñâÿçè� â� ïðîåêòå� ïîãðóçî÷íîå� îáîðó
äîâàíèå� çàìåíåíî� íà� äèçåëüíîå.� Ðåçóëüòàò�
ñðàâíåíèÿ� ñ� ó÷åòîì� âíåñåííûõ� êîððåêòèðî
âîê�ïîêàçàí�íà�ðèñ.�2.

Ðèñ. 2. Ñêîððåêòèðîâàííàÿ îöåíêà ñîâîêóïíûõ çàòðàò íà äâèæåíèå ãîðíîé ìàññû â ñðàâíåíèè 
ñ ýòàëîííîé áàçîé (ñèíèìè òî÷êàìè ïîêàçàíà îöåíêà çàòðàò íà ìåñòîðîæäåíèè, êðàñíûìè – äàííûå èç 

ýòàëîííîé áàçû (áåí÷ìàðêè) / Fig. 2. Adjusted estimate of the total cost of rock mass movement 
in comparison with the reference base (blue dots show cost estimates for the field,   red dots show data from 

the reference base (benchmarks)

Ñ� ó÷åòîì� âíåñåííûõ� êîððåêòèðîâîê�
îöåíêà� çàòðàò� òåêóùåãî� ïðîåêòà� âîçðîñëà� è�
ñðàâíÿëàñü�ñ�äàííûìè�èç�ýòàëîííîé�áàçû,�ñî�
çíà÷åíèåì� óäåëüíûõ� çàòðàò� îêîëî� 2,00� $/ò.�
Ýòî� âûÿâëÿåò� äâà� îñíîâíûõ� ðèñêà� â� îöåíêå�
ýêñïëóàòàöèîííûõ� çàòðàò� –� íàéì� íà� ðàáîòó�
ëþäåé�ñ�ñîîòâåòñòâóþùèì� îïûòîì,� êîòîðûé�
ãàðàíòèðóåò�ýêîíîìè÷åñêóþ�ýôôåêòèâíîñòü,�
àäåêâàòíóþ�äëÿ�äàííîé�ñòàâêè�îïëàòû�òðóäà,�
è� îáåñïå÷åíèå� ýíåðãèåé,� íåîáõîäèìîé� äëÿ�
äîñòèæåíèÿ�çíà÷åíèÿ�óäåëüíûõ�ýêñïëóàòàöè
îííûõ�çàòðàò.

Ìàëîâåðîÿòíî,� ÷òî� ïåðå÷èñëåííûå� ðè
ñêè�ïîâëèÿþò�íà�ãðàíèöó�ïðåäåëüíîãî�êàðüå
ðà�èëè�íå�ïîçâîëÿò�âåñòè�ýêñïëóàòàöèþ�ðóä
íèêà� â� ñîîòâåòñòâèè�ñ�ïëàíîì� ãîðíûõ� ðàáîò.�
Âîçíèêíîâåíèå� óêàçàííûõ� ðèñêîâ� ïîâëå÷åò�
óäîðîæàíèå�çàòðàò�ïî�ïðîåêòó,�íî,�ïîñêîëüêó�
êîýôôèöèåíò�âñêðûøè�îòíîñèòåëüíî�íèçêèé,�

òî� çàòðàòû� íà� äîáû÷ó� ïî� ìåæäóíàðîäíûì�
ñòàíäàðòàì� ñîñòàâÿò� íåçíà÷èòåëüíóþ� ÷àñòü�
îáùåé�ñòðóêòóðû�çàòðàò�[7].�

Ïðè� ðàçðàáîòêå� êàðüåðà� ïëàíèðóåòñÿ,�
÷òî� êîíòóðíîå� âçðûâàíèå� áóäóò� ïðîâîäèòü�
íå� íà� âñåõ� áîðòàõ,� ëîêàëüíûå� òåõíîëîãè÷å
ñêèå� ðåøåíèÿ� áóäóò� ïðèíèìàòüñÿ� ñ� ó÷åòîì�
êðàòêîñðî÷íûõ� ãåîìåõàíè÷åñêèõ� ïðîáëåì,�
êîòîðûå�åùå�íå�äî�êîíöà�ïîíÿòíû.�Ñóììà�çà
òðàò�íà�çàáîé�ñîñòàâèò�5,00�äîëë.�ÑØÀ/ì2�è�
8,85�äîëë.�ÑØÀ/ì�ñêâàæèíû.�Ââèäó�òîãî,�÷òî�
ïðîìåæóòî÷íûå�áîðòà�êàðüåðà�îòíîñèòåëüíî�
âûñîêèå� è� áóäóò� ïðåáûâàòü� â� òàêîì� ñîñòîÿ
íèè� åùå� â� òå÷åíèå� íåñêîëüêèõ� ëåò,� òî� ïðåä
ïîëàãàåòñÿ,�÷òî�íà�ðàííèõ�ýòàïàõ�ðàçðàáîòêè�
êàðüåðà� êîíòóðíîå� âçðûâàíèå� áóäóò� ïðîâî
äèòü�íà�50�%�áîðòà�êàðüåðà�ñ�óâåëè÷åíèåì�äî�
90�%�â�ôèíàëüíîì�êîíòóðå�êàðüåðà�ïðè�îòðà
áîòêå� îñíîâíîé� çàëåæè.� Ñòîèìîñòü� áóðåíèÿ�

Ãîäîâîå�äâèæåíèå�ãîðíîé�ìàññû,�ìëí�ò
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çàâèñèò� îò� ðàçìåðà� ñåòêè� áóðåíèÿ.� Ïðè� èñ
ïîëüçîâàíèè�ïàðàìåòðîâ,�çàäàííûõ�ïðè�ïðî
åêòèðîâàíèè� âçðûâà,� ïðîèçâîäèòåëüíîñòü�
áóðîâçðûâíîé� ñêâàæèíû� ñîñòàâèò� 107,9� ò/ì�

ñ�äîïóñêîì�íà�10�%íûé�îáúåì�ïåðåáóðà.�Òà
êîé�âûõîä�ñîïîñòàâèì�ñ�äèàìåòðîì�ñêâàæè
íû� ïî� ïîêàçàòåëÿì� ýòàëîííîé� áàçû� äàííûõ,�
êàê�ïîêàçàíî�íà�ðèñ.�3.

Ðèñ. 3. Çàâèñèìîñòü ïðîèçâîäèòåëüíîñòè áóðîâçðûâíîé ñêâàæèíû îò äèàìåòðà ïî ýòàëîííîé 
áàçå äàííûõ (ñèíåé òî÷êîé ïîêàçàíà îöåíêà ïàðàìåòðîâ ïðîèçâîäèòåëüíîñòè è äèàìåòðà íà 

ìåñòîðîæäåíèè, êðàñíûìè – äàííûå èç ýòàëîííîé áàçû (áåí÷ìàðêè) / Fig. 3. The dependence of the 
productivity of a drillblast hole on the diameter according to the reference database (the blue dot shows the 

evaluation of the productivity and diameter parameters in the field, the red dots show the data 
from the reference base (benchmarks)

Äàííàÿ� ïðîèçâîäèòåëüíîñòü� ñêâàæèíû�
áûëà� äîñòèãíóòà� íà� ó÷àñòêàõ,� ãäå� èñïîëüçî
âàëñÿ�ñîïîñòàâèìûé�äèàìåòð�ñêâàæèí.�Òàêóþ�
ñèòóàöèþ� ìîæíî� íàáëþäàòü� è� íà� ó÷àñòêàõ� ñ�
äîñòàòî÷íî�ñëîæíûìè�óñëîâèÿìè�âçðûâàíèÿ.�
Â� ýòîé� ñâÿçè� ñäåëàíî� ïðåäïîëîæåíèå,� ÷òî�
ïðè� èñïîëüçîâàíèè� âðàùàòåëüíîãî� ñïîñîáà�
áóðåíèÿ�ñ�÷àñòîòîé�âðàùåíèÿ�120�îáîðîòîâ�
â� ìèíóòó� áóäåò� äîñòèãíóòî� â� ñðåäíåì� 80� %�
îò� ìàêñèìàëüíîé� îñåâîé� íàãðóçêè,� ðàâíîé�
24000� êã.� Òàêèì� îáðàçîì,� ìãíîâåííàÿ� ñêî
ðîñòü� áóðåíèÿ� ñîñòàâèò� 47,8� ì/÷.� Ðàáî÷àÿ�
ñêîðîñòü� áóðåíèÿ� (32,3� ì/÷)� ñðàâíèâàåòñÿ�
ñî�çíà÷åíèÿìè�â�ýòàëîííîé�áàçå�äàííûõ�íà�
ðèñ.�4.

Áóðîâçðûâíûå� ðàáîòû� îáåñïå÷èâàþò�
ìàòåðèàë� äëÿ� ïîãðóçêè� è� òðàíñïîðòèðîâêè.�
Íà�ó÷àñòêàõ�ñ�âûñîêîé�ïðîèçâîäèòåëüíîñòüþ�
íàðàáàòûâàþò� äî� 5000� ÷� áóðåíèÿ� â� ãîä.� Ïðè�
ýòîì,� íà� ó÷àñòêàõ,� ãäå� ñòàðàþòñÿ� óâåëè÷èòü�
êîëè÷åñòâî� ÷àñîâ� áóðåíèÿ,� ïðîèñõîäÿò� çà
äåðæêè�ñ�ïîãðóçêîé�è�îòêàòêîé�ãîðíîé�ìàññû�

ââèäó� íåäîñòàòî÷íûõ� çàïàñîâ� îòáèòîãî� ìà
òåðèàëà.�Ðàñ÷åò�çàòðàò�íà�ïîãðóçêó�ïîçâîëèë�
ïðåäëîæèòü�âàðèàíò� êàðüåðíîãî�ãóñåíè÷íî
ãî� ýêñêàâàòîðà� P&H2800� ñ� åìêîñòüþ� êîâøà�
35�ì3�(ðèñ.�5).�Ïîêàçàòåëü�ïðîèçâîäèòåëüíî
ñòè� ýêñêàâàòîðà� â� êàðüåðå� ïðèíèìàåòñÿ� íà�
óðîâíå�4078�ò/÷,�à�äëÿ�ó÷åòà�ýêñêàâàöèè�ïðè�
ñîçäàíèè�ðóäíîãî�ñêëàäà�–�4278�ò/÷.

Ñòîèìîñòü� çàòðàò� íà� òðàíñïîðòèðîâêó�
ðàññ÷èòûâàåòñÿ� ïî� äàííûì� ïðîèçâîäèòåëü
íîñòè�êàðüåðíûõ�ñàìîñâàëîâ�CAT793.�Ðàñ÷åò�
ïîëíîé�çàãðóçêè�â�229�ò�âûïîëíåí�ïðè�óñëî
âèè�ïëîòíîñòè�ãîðíîé�ìàññû�2,65�ò/ì3,�òàêèì�
îáðàçîì,� ñàìîñâàë� çàãðóæàåòñÿ� äî� ïîëíîãî�
îáúåìà.�Àíàëèç�çàãðóçêè�ïîêàçàë,�÷òî�ñëåäó
åò� èñïîëüçîâàòü� ïîëíóþ� ãðóçîïîäúåìíîñòü�
ñàìîñâàëà.� Íåîáõîäèìîå� êîëè÷åñòâî� ÷àñîâ�
ðàáîòû� ðàññ÷èòàíî� èñõîäÿ� èç� äàííûõ� àíà
ëèçà� ïîãðóçî÷íîãî� îáîðóäîâàíèÿ,� à� âðåìÿ,�
íåîáõîäèìîå�äëÿ�îòêàòêè�êàæäîé�òîííû�è�êî
ëè÷åñòâî� ýêñïëóàòàöèîííûõ� ÷àñîâ� ñàìîñâà
ëà�îïðåäåëåíû�èñõîäÿ�èç�ãðóçîïîäúåìíîñòè�

Äèàìåòð�ýêñïëóàòàöèîííîé�ñêâàæèíû,�ìì
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Ðèñ. 4. Çàâèñèìîñòü ñêîðîñòè ïðîõîäêè îò äèàìåòðà ýêñïëóàòàöèîííîé ñêâàæèíû â ñðàâíåíèè 
ñ ýòàëîííîé áàçîé äàííûõ (ñèíåé òî÷êîé ïîêàçàíà îöåíêà ïàðàìåòðîâ ñêîðîñòè è äèàìåòðà íà 

ìåñòîðîæäåíèè, êðàñíûìè – äàííûå èç ýòàëîííîé áàçû (áåí÷ìàðêè) / Fig. 4. Rate of penetration versus 
production hole diameter vs. reference database (the blue dot shows the evaluation of the productivity and 

diameter parameters in the field, the red dots show the data from the reference base (benchmarks)

Ðèñ. 5. Çàâèñèìîñòü ñêîðîñòè ïîãðóçêè îò ðàçìåðà êîâøà ýêñêàâàòîðà ïî ýòàëîííîé áàçå äàííûõ 
(ñèíèìè òî÷êàìè ïîêàçàíà ïðîèçâîäèòåëüíîñòü ýêñêàâàòîðà íà ìåñòîðîæäåíèè, êðàñíûìè – äàííûå 

èç ýòàëîííîé áàçû (áåí÷ìàðêè) / Fig. 5. The dependence of the loading speed on the size of the excavator 
bucket according to the reference database (blue dots show the performance of the excavator in the field, red 

dots show data from the reference database (benchmarks)

ñàìîñâàëà.� Ïðè� ýòîì,� óäåëüíûå� çàòðàòû� áó
äóò�ñíèæàòüñÿ�â�òå÷åíèå�ïåðâûõ�ïÿòè�ëåò�ýêñ
ïëóàòàöèè� ðóäíèêà,� ïîñêîëüêó� îáùèé� îáúåì�
äâèæåíèÿ� ãîðíîé� ìàññû� áóäåò� óâåëè÷èâàòü
ñÿ,� òàêèì� îáðàçîì� ôèêñèðîâàííûå� çàòðàòû�
áóäóò� îòíåñåíû� íà� áîëüøèé� òîííàæ� ãîðíîé�

ìàññû.� Óäåëüíûå� çàòðàòû� áóäóò� îñòàâàòü
ñÿ� îòíîñèòåëüíî� ïîñòîÿííûìè� ïðèìåðíî� äî�
10�ëåò�ýêñïëóàòàöèè�ðóäíèêà,�à�çàòåì�íà÷íóò�
óâåëè÷èâàòüñÿ� â� ñâÿçè� ñ� óâåëè÷åíèåì� ñðåä
íåãî�ïëå÷à�îòêàòêè.

Äèàìåòð�ýêñïëóàòàöèîííîé�ñêâàæèíû,�ìì
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Äëÿ� ðåøåíèÿ� çàäà÷è� âûáîðà� ïàðêà� òåõ
íèêè� ðàññìàòðèâàëèñü� òðè� îñíîâíûõ� òèïà�
ìîáèëüíîãî� ãîðíîãî� îáîðóäîâàíèÿ:� ôðîí
òàëüíûé� ïîãðóç÷èê,� ýêñêàâàòîð,� îäíîêîâøî
âûé�ýêñêàâàòîð�ñ�ïðÿìîé�ëîïàòîé�[3].�

Ïðè� ýòîì,� îäíîêîâøîâûé� ýêñêàâàòîð� ñ�
ïðÿìîé� ëîïàòîé� îòëè÷àåòñÿ� ñàìîé� âûñîêîé�
ïðîèçâîäèòåëüíîñòüþ,� îí� ìîæåò� áåçîïàñíî�
è� ýôôåêòèâíî� ðàáîòàòü� ñ� áîëåå� âûñîêèìè�
óñòóïàìè.� Âðåìÿ� îòðàáîòêè� óñòóïà� ÿâëÿåò
ñÿ� îïðåäåëÿþùèì� ôàêòîðîì,� âëèÿþùèì� íà�
ñêîðîñòü� îòðàáîòêè� êàðüåðà.� Îòðàáîòêà� ñ�
èñïîëüçîâàíèåì�áîëåå�âûñîêîãî�óñòóïà�óâå
ëè÷èâàåò� îáîðîò� ãîðíîé� ìàññû� è� ïîâûøàåò�
ïðîèçâîäèòåëüíîñòü� îòðàáîòêè� ðóäû.� Îäíî
êîâøîâûé� ýêñêàâàòîð� ìîæåò� îòðàáàòûâàòü�
âûñîêèå�óñòóïû,�â�îòëè÷èå�îò�îïèñàííûõ�ðà
íåå�ìàøèí.�Íåñìîòðÿ�íà�òî,�÷òî�îäíîêîâøî
âûå� ýêñêàâàòîðû� ÿâëÿþòñÿ� ìåíåå� ìîáèëü
íûìè� èç� âñåõ� ðàññìàòðèâàåìûõ� âàðèàíòîâ,�
òîëüêî�îíè�ìîãóò�çàïèòûâàòüñÿ�îò�ýëåêòðè÷å
ñòâà.� Ïðè� ïðîâåäåíèè� îöåíêè� ïîòåðü� è� ðàç
óáîæèâàíèÿ� óñòàíîâëåíî,� ÷òî� óìåíüøåíèå�
âûñîòû� óñòóïà,� à� òàêæå� ïðèìåíåíèå� ìåíü
øåé� ìèíèìàëüíîé� âûåìî÷íîé� åäèíèöû� íå�
äîáàâèò� ýêîíîìè÷åñêîãî� ýôôåêòà,� ïîýòîìó�
èñïîëüçîâàíèå� ýêñêàâàòîðîâ� íå� ïîòðåáóåò

ñÿ.� Ó÷èòûâàÿ,� ÷òî� ìåñòîðîæäåíèå� ÿâëÿåòñÿ�
áîëüøèì�è�íà�íåì�áóäóò�èñïîëüçîâàòüñÿ�íå
ñêîëüêî� ïîãðóçî÷íûõ� åäèíèö,� ìîáèëüíîñòü�
ôðîíòàëüíîãî�ïîãðóç÷èêà�íå�ïîòðåáóåòñÿ�äëÿ�
ïîääåðæàíèÿ� íåîáõîäèìîãî� êà÷åñòâà� ïåðå
ìåøèâàíèÿ�ðóäû.�Ïîýòîìó�íà�îñíîâå�ïðîâå
äåííîãî� àíàëèçà� ðåêîìåíäóåòñÿ� ïðèìåíÿòü�
îäíîêîâøîâûå�ýêñêàâàòîðû�ñ�ýëåêòðè÷åñêèì�
ïðèâîäîì� ñ� ïðÿìîé� ëîïàòîé,� êàê� íàèáîëåå�
ïðèåìëåìûå�äëÿ�ìåñòîðîæäåíèÿ,�èáî�îíè�ïî
çâîëÿò� îïòèìèçèðîâàòü� ïîêàçàòåëè� äîáû÷è,�
ñíèçèòü�ñòîèìîñòü�äîáû÷è�è�íå�äàäóò�íåãàòèâ
íîãî�ýôôåêòà�íà�îáúåìàõ�ðàçóáîæèâàíèÿ.

Ïî� äàííûì� ýòàëîííîé� áàçû,� îïòèìàëü
íîé� öåëüþ� ìîæåò� áûòü� äîñòèæåíèå� 6000�
ýêñïëóàòàöèîííûõ� ÷àñîâ� â� ãîä� äëÿ� îäíîêîâ
øîâîãî� ýêñêàâàòîðà,� ÷òî� ñîîòâåòñòâóåò� ïðî
èçâîäèòåëüíîñòè� 3333� ò/÷.� Ðàçìåð/êëàññ�
îäíîêîâøîâîãî� ýêñêàâàòîðà� ÷àùå� âñåãî� çà
âèñèò�îò�îáúåìà�êîâøà�ìàøèíû.�Äëÿ�ýòèõ�öå
ëåé�ðàññ÷èòàíà�ïðîèçâîäèòåëüíîñòü�äëÿ�òðåõ�
òèïîâ� îäíîêîâøîâûõ� ýêñêàâàòîðîâ� ñ� îáú¸
ìîì�êîâøà�27;�35;�51�ì3.�Äëÿ�ïîãðóçêè�ïðåä
óñìîòðåíî�èñïîëüçîâàíèå�229�è�313òîííûõ�
ñàìîñâàëîâ.�Íà�ðèñ.�6�ïîêàçàíî�ñîïîñòàâëå
íèå� äàííûõ� ïàðàìåòðîâ� ñ� çíà÷åíèÿìè� ýòà
ëîííîé�áàçû�äàííûõ.�

Ðèñ. 6. Çàâèñèìîñòü ñêîðîñòè ïîãðóçêè îò ðàçìåðà êîâøà ýêñêàâàòîðà ïî ýòàëîííîé áåçå äàííûõ
(ñèíèìè òî÷êàìè ïîêàçàíû îöåíêè ïàðàìåòðîâ íà ìåñòîðîæäåíèè, êðàñíûìè – äàííûå èç ýòàëîííîé 

áàçû (áåí÷ìàðêè) / Fig. 6. The dependence of the loading speed on the size of the excavator bucket 
according to the reference data base (blue dots show estimates of parameters at the field, red dots show 

data from the reference database (benchmarks)
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Â� ðåçóëüòàòå� àíàëèçà� óñòàíîâëåíî,� ÷òî�
ïðîèçâîäèòåëüíîñòü�äëÿ�ýêñêàâàòîðà�ñ�åìêî
ñòüþ�êîâøà�27�ì3�äîâîëüíî�âûñîêàÿ�ïî�ñðàâ
íåíèþ�ñ�ýòàëîííîé�áàçîé�êàê�ñëåäñòâèå�áëèç
êèõ�âåëè÷èí�íîìèíàëüíîãî�ðàçìåðà�êîâøà� è�
îáúåìà� êóçîâà� àâòîñàìîñâàëà.� Ïðîèçâîäè
òåëüíîñòü�ïîãðóç÷èêà�ñ�åìêîñòüþ�êîâøà�35�ì3�
ñíèæàåòñÿ�ïðè�èñïîëüçîâàíèè�àâòîñàìîñâà
ëîâ� áîëüøåãî� ðàçìåðà,�òàê�êàê�âìåñòèìîñòü�
êîâøà� íå� ñîïîñòàâèìà� ñ� ìàêñèìàëüíîé� çà
ãðóçêîé� êóçîâà.� Ïîêàçàòåëè� ïðîèçâîäèòåëü
íîñòè�ýêñêàâàòîðîâ�ñ�åìêîñòüþ�êîâøà��35�ì3�è�
51�ì3�íåìíîãî�íèæå�îöåíîê�äëÿ�ýêñêàâàòîðîâ�
ïîäîáíîãî�êëàññà,�à�äëÿ�ýêñêàâàòîðà�ñ�åìêî
ñòüþ�êîâøà�27�ì3�íà�15�ò/÷�âûøå.�Ýòî�ãîâîðèò�
î� òîì,� ÷òî� ïðîèçâîäèòåëüíîñòü� 3300� ò/÷� äëÿ�
ýêñêàâàòîðà� ñ� åìêîñòüþ� êîâøà� 27� ì3� ìîæåò�
áûòü� ïðåäåëüíîé� â� ðàìêàõ� âîçìîæíîãî� äèà
ïàçîíà.

Åñëè� ïðîèçâîäèòåëüíîñòü� îáîðóäîâà
íèÿ�íå�áóäåò�ñíèæàòüñÿ,� òî�òåõíîëîãè÷åñêîå�
óâåëè÷åíèå�âûñîòû�óñòóïà�äîëæíî�ïðèâåñòè�ê�
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îòêàòêè�áûëî�ñêîððåêòèðîâàíî�ïî�ýêâèâàëåí
òó�îòðåçêà�ïðÿìîé�äîðîãè�(Effective�Flat�Haul�
(EFH)� è� ñîïîñòàâëåíî� ñ� ýòàëîííîé� áàçîé�
äàííûõ�ðèñ.�8.�Ïðè�ýòîì,�ïîëó÷åííûå�çíà÷å
íèÿ� ïðîäîëæèòåëüíîñòè� öèêëà� äîñòàòî÷íî�
áëèçêè� ñ� òðåíäîâîé�ëèíèåé� äàííûõ� ýòàëîí
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Ðèñ. 7. Äèíàìèêà îáùåãî îáúåìà äâèæåíèÿ ãîðíîé ìàññû ïî ýòàïàì îòðàáîòêè ìåñòîðîæäåíèÿ è 
îöåíêà íåîáõîäèìîãî êîëè÷åñòâà ñàìîñâàëîâ / Fig. 7. The dynamics of the total volume of rock mass 

movement by stages of mining the deposit and an assessment of the required number of dump trucks

Ðèñ. 8. Çàâèñèìîñòü ñðåäíåãî âðåìåíè öèêëà îò ïëå÷à îòêàòêè EFH (ñèíèìè òî÷êàìè ïîêàçàíû îöåíêè 
ïàðàìåòðîâ íà ìåñòîðîæäåíèè, êðàñíûìè – äàííûå èç ýòàëîííîé áàçû (áåí÷ìàðêè) / 

Fig. 8. The dependence of the average cycle time on the haulage arm EFH (blue dots show parameter 
estimates at the field, red dots show data from the reference base (benchmarks))
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Âûâîäû. Â� õîäå� ïðîâåäåííûõ� èññëå
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–� êàïèòàëîåìêîñòü� ïðîåêòà� äîâîëüíî�
íèçêàÿ,�êàê�ðåçóëüòàò�íèçêîãî�ïîêàçàòåëÿ�êî
ýôôèöèåíòà�âñêðûøè�è�ìèíèìàëüíûõ�òðåáî
âàíèé� âíåøíåé� èíôðàñòðóêòóðû.� Ïðè� ýòîì,�
ìåñòíûå� è� ðåãèîíàëüíûå� ãîñóäàðñòâåííûå�
ñòðóêòóðû�ñïîñîáíû�ðàçâèòü�ðåãèîí�è�ïðåäî
ñòàâèòü�âñå�êëþ÷åâûå�àñïåêòû�èíôðàñòðóêòó
ðû�(ýëåêòðè÷åñòâî�è�òðàíñïîðò);�

–� ýêñïëóàòàöèîííûå� ðàñõîäû� ïî� ïðîåê
òó�îòíîñèòåëüíî�âåëèêè�è�ýòî,�ïðåæäå�âñåãî,�
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Îïðåäåëåíèå� äåíåæíîãî� ïîòîêà� áàçè
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êîíöåíòðàòà�ìîæåò�áûòü�îòïðàâëåíà�ñ�òåððè
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ñëåäóþùåì� ãîäó,� ïî� ìåðå� äîñòóïíîñòè� çèì
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