
37

Äëÿ ìèíåðàëüíî-ñûðüåâîé áàçû 
îòå÷åñòâåííîãî ãîðíîäîáûâà-

þùåãî ïðîèçâîäñòâà ïîñëåäíèé äâàä-
öàòèëåòíèé ïåðèîä õàðàêòåðèçóåòñÿ 
èíòåíñèâíûì ñíèæåíèåì êà÷åñòâà 
ïðîìûøëåííûõ çàïàñîâ îñíîâíûõ âè-
äîâ ðóä. Ïðè ýòîì íà ìíîãèõ ìåñòî-
ðîæäåíèÿõ íàáëþäàåòñÿ íå òîëüêî 
îáùåå ñíèæåíèå êîíöåíòðàöèè ïî-
ëåçíûõ êîìïîíåíòîâ, íî è óâåëè÷å-
íèå ïîêàçàòåëåé èçìåí÷èâîñòè õèìè-
÷åñêîãî ñîñòàâà. Îäíîé èç ãëàâíûõ 
ïðè÷èí òàêîãî ïîëîæåíèÿ ÿâëÿåòñÿ 
ïðåêðàùåíèå ãîñóäàðñòâîì ñ 1996 ã. 
(â ïðîøëîì ìàñøòàáíûõ) ðàáîò ïî ïî-
èñêó è ðàçâåäêå íîâûõ ìåñòîðîæäå-
íèé ïîëåçíûõ èñêîïàåìûõ, â òî âðå-
ìÿ êàê êîìïàíèè-íåäðîïîëüçîâàòåëè, 
â îñíîâíîì, îãðàíè÷èâàþòñÿ âûïîë-
íåíèåì ëèøü ýêñïëóàòàöèîííî-ðàçâå-
äî÷íûõ ðàáîò. 

Â óñëîâèÿõ óõóäøåíèÿ çàïàñîâ 
ìèíåðàëüíûõ ðåñóðñîâ â íåäðàõ, 
åñòåñòâåííî, ïðîèñõîäèò ñíèæåíèå 
êà÷åñòâà äîáûòîãî ðóäíîãî ñûðüÿ, 
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Ïðîâåäåíû èññëåäîâàíèÿ êà÷åñòâà ðóäîïîòîêà íà ðóäíèêå «Çàïîëÿðíûé». Íà îñíî-
âàíèè ðàñ÷åòíûõ äàííûõ âûïîëíåíà îöåíêà ñîñòîÿíèÿ òåõíîëîãè÷åñêîé èçìåí÷èâî-
ñòè êà÷åñòâà áåäíûõ ìåäíî-íèêåëåâûõ ðóä è âûÿâëåíà íàëè÷èå ÿâëåíèÿ ñåãðåãàöèè 
ðóäíîé ìàññû â òåõíîëîãè÷åñêîé ñõåìû ðóäíèêà. Óñòàíîâëåíî, ÷òî ÿâëåíèå ñåãðåãà-
öèè èìååò ìåñòî âî ìíîãèõ òåõíîëîãè÷åñêèõ ïðîöåññàõ íà ãîðíîäîáûâàþùèõ ïðåä-
ïðèÿòèÿõ è èãðàåò áîëüøóþ ðîëü ïðè ôîðìèðîâàíèè è ñòàáèëèçàöèè êà÷åñòâà ïî-
ëåçíîãî èñêîïàåìîãî. Îñîáåííî îñòðî ýòà ïðîáëåìà âñòàåò ïðè îòðàáîòêå áåäíûõ 
ðóä, ïîñêîëüêó îáúåêòèâíî ìåæäó ñîäåðæàíèåì ïîëåçíûõ êîìïîíåíòîâ â ðóäàõ è 
èõ ñòàáèëüíûì ñîñòàâîì â íåäðàõ ñóùåñòâóåò êîððåëÿöèîííàÿ ñâÿçü. Îäíèì èç ïåð-
ñïåêòèâíûõ ìåòîäîâ ðåøåíèÿ ïðîáëåìû ÿâëÿåòñÿ ïîâûøåíèå ñòàáèëüíîñòè âåùå-
ñòâåííîãî ñîñòàâà îòíîñèòåëüíî áåäíûõ ìåäíî-íèêåëåâûõ ðóä ïóòåì ñîâåðøåíñòâî-
âàíèÿ ðóäíè÷íîé ñèñòåìû, ñòàáèëèçàöèè ðóäíîãî ñûðüÿ, îáåñïå÷èâàþùåé ïîâûøå-
íèå êà÷åñòâà âûäàâàåìîé ïðîäóêöèè ãîðíûõ ïðåäïðèÿòèé íà îñíîâå òåõíè÷åñêèõ 
ðåøåíèé, áàçèðóþùèõñÿ íà èñïîëüçîâàíèè ïîëîæèòåëüíîãî ýôôåêòà îò íàëè÷èÿ â 
òåõíîëîãè÷åñêîé ñõåìå ðóäíèêà ÿâëåíèÿ ñåãðåãàöèè.
Êëþ÷åâûå ñëîâà: ðóäà, êà÷åñòâî, ñåãðåãàöèÿ, ñîñòàâ, ðóäíèê, ñòàáèëèçàöèÿ.

÷òî âëå÷åò çà ñîáîé ñîîòâåòñòâóþ-
ùåå óâåëè÷åíèå îáúåìîâ åãî äîáû÷è, 
ñîïðîâîæäàåìîå âîçðàñòàíèåì ñî-
ïóòñòâóþùèõ ýêîëîãè÷åñêèõ è ìàòå-
ðèàëüíî-ôèíàíñîâûõ ïîñëåäñòâèé. 
Ñóùåñòâåííîå ïðîòèâîäåéñòâèå ýòèì 
íåãàòèâíûì ôàêòîðàì âîçìîæíî ïó-
òåì ïîâûøåíèÿ êà÷åñòâà äîáûòûõ ðóä 
çà ñ÷åò ñîâåðøåíñòâîâàíèÿ òåõíîëî-
ãèè ãîðíî-äîáû÷íûõ ðàáîò. Ïðè ýòîì 
íûíå èçâåñòíî äîñòàòî÷íî ìíîãî ñïî-
ñîáîâ óïðàâëåíèÿ êà÷åñòâî ïîëåçíûõ 
èñêîïàåìûõ â ïðîöåññå èõ äîáû÷è [1, 
2, 3 è äð.]. Âñå ýòè ìåòîäû äåëÿòñÿ íà 
òðè ãðóïïû: ðàçäåëèòåëüíûå (ñåïàðà-
öèîííûå), ñìåñèòåëüíûå (óñðåäíèòåëü-
íî-ñòàáèëèçàöèîííûå) è ïðî÷èå.

Îäíàêî, âî ìíîãèõ ñëó÷àÿõ íà ýô-
ôåêòèâíîñòü ñïîñîáîâ óïðàâëåíèÿ 
êà÷åñòâîì ïîëåçíûõ èñêîïàåìûõ îêà-
çûâàåò ñóùåñòâåííîå âëèÿíèå ÿâëåíèå 
ñåãðåãàöèè ðóäíîé ìàññû (ðèñ. 1), 
ñóùíîñòü êîòîðîãî ïðåäîïðåäåëÿåò-
ñÿ íàëè÷èåì îáðàòíîé êîððåëÿöèîí-
íîé ñâÿçè ìåæäó êðóïíîñòüþ êóñêîâ 
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ðóäíîé ìàññû è ñîäåðæàíèåì â íèõ 
ìåòàëëîâ. Ïðè ýòîì ïðîèñõîäèò ðàç-
äåëåíèå ðóäíîé ìàññû â íàâàëå ïî 
êðóïíîñòè êóñêîâ è êîíöåíòðàöèè 
ïîëåçíûõ êîìïîíåíòîâ. Â ðåçóëüòàòå 
äåéñòâèÿ ýòîãî ÿâëåíèÿ òðàäèöèîí-
íûå ïðîöåññû ñòàáèëèçàöèè ñîñòàâà 
ðóäíîé ìàññû ïðè åå øòàáåëåâàíèè 
è áóíêåðèçàöèè ñóùåñòâåííî óñëîæ-
íÿþòñÿ, ÷òî òðåáóåò ðàçðàáîòêè èíûõ 
òåõíîëîãè÷åñêèõ ðåøåíèé. Ñ äðóãîé 
ñòîðîíû, ãðàíóëîìåòðè÷åñêàÿ ñåãðå-
ãàöèÿ ðóäíîé ìàññû ñïîñîáñòâóåò ñå-
ïàðàöèîííûì òåõíîëîãèÿì.

Èññëåäîâàíèÿ ïîêàçàëè, ÷òî ÿâëå-
íèå ñåãðåãàöèè íàèáîëåå õàðàêòåðíî 
äëÿ ðóä ñ îòíîñèòåëüíî âûñîêîé ïëîò-
íîñòüþ è õðóïêîñòüþ ðóäíîãî ìàòåðè-
àëà ïî îòíîøåíèþ ê áîëåå âÿçêèì è 
ëåãêèì âìåùàþùèì ãîðíûì ïîðîäàì. 
Íàëè÷èå ýòîãî ÿâëåíèÿ âî âêðàïëåí-
íûõ ðóäàõ ñïîñîáñòâóåò ïîâûøåíèþ 
ðåçóëüòàòèâíîñòè óïðàâëåíèÿ êà÷å-
ñòâîì ðóä. 

Óñòîé÷èâàÿ ñòàòèñòè÷å-
ñêàÿ çàêîíîìåðíîñòü âûÿâ-
ëåíà íà ìíîãèõ ìåñòîðîæ-
äåíèÿõ, êîãäà êà÷åñòâåííûå 
ïîêàçàòåëè ìåëêèõ ôðàêöèé 
ìèíåðàëüíîãî ñûðüÿ çíà÷è-
òåëüíî îòëè÷àþòñÿ îò ñîîò-
âåòñòâóþùèõ õàðàêòåðèñòèê 
â êðóïíûõ êëàññàõ (ðèñ. 2). 
Òàêàÿ ñèòóàöèÿ òðåáóåò íî-
âûõ ïîäõîäîâ ê ôîðìèðî-
âàíèþ è ñòàáèëèçàöèè êà÷å-
ñòâà ïîëåçíîãî èñêîïàåìîãî 
ñ èñïîëüçîâàíèåì îñíîâíûõ 
óñðåäíåíèòåëüíîãî, ñìåñè-
òåëüíîãî è ñåïàðàöèîííîãî 
ïðèíöèïîâ óïðàâëåíèÿ êà-
÷åñòâîì ðóä.

Ïðè íàëè÷èå â òåõíî-
ëîãè÷åñêîé ñõåìû ðóäíèêà 
ïðîöåññà ñåãðåãàöèè óõóä-
øàþòñÿ ñìåñèòåëüíûå ñâîé-
ñòâà ðóäíîé ìàññû è âîçíè-
êàþò êîëåáàíèÿ êà÷åñòâà 
ðóäû, êîòîðûå ñîçäàþò 

çíà÷èòåëüíûå òðóäíîñòè â ïåðåðàáîò-
êå ðóäû, óõóäøàÿ òàêèå òåõíîëîãè÷å-
ñêèå ïîêàçàòåëè îáîãàùåíèÿ êàê èç-
âëå÷åíèå ìåòàëëîâ, âûõîä è êà÷åñòâî 
êîíöåíòðàòîâ, ïðèâîäèò ê íåïîëíîìó 
èñïîëüçîâàíèþ ìèíåðàëüíîãî ñûðüÿ è 
ñíèæåíèþ ýêîíîìè÷åñêîé ýôôåêòèâ-
íîñòè âñåãî ãîðíî-ìåòàëëóðãè÷åñêîãî 
êîìïëåêñà. Âëèÿíèå íàëè÷èÿ ãðàíóëî-
ìåòðè÷åñêîé ñåãðåãàöèè â òåõíîëîãè-
÷åñêîé ñõåìå ðóäíèêà íà êà÷åñòâà ðóä 
ïîäòâåðæäàþò ðåçóëüòàòû âûïîëíåí-
íîãî êîððåëÿöèîííîãî àíàëèçà âëèÿ-
íèÿ ñîäåðæàíèÿ íèêåëÿ è ìåäè íà îñ-
íîâíûå òåõíîëîãè÷åñêèå ðåçóëüòàòû 
îáîãàùåíèÿ (ðèñ. 3).

Ñîãëàñíî êðèâûì, ñ óìåíüøåíèåì 
ðàçìåðà êóñêà ðóäû ñ 600 äî 100 ìì 
ïðîèñõîäèò óâåëè÷åíèå ñîäåðæàíèÿ 
íèêåëÿ â äîáûòîé ðóäå ñ 0,29 äî 
0,6%, ÷òî âëå÷åò çà ñîáîé óâåëè÷å-
íèå èçâëå÷åíèÿ â êîíöåíòðàò ñ 50 äî 
80%, ò.å. íà 20% è óâåëè÷åíèå âûõî-
äà ïðîäóêòà ïðîèçâîäñòâà â ñðåäíåì ñ 

Ðèñ. 1. Ñõåìà ïðîöåññà ñåãðåãàöèè ðóäíîé ìàññû 
à – â øòàáåëå, á – â áóíêåðå; 1 –çîíà ðóäíîé ìåëî÷è ñ 
âûñîêèì ñîäåðæàíèåì ìåòàëëà; 2 – çîíà êðóïíîêóñêîâîé 
ìàññû, ñîñòîÿùàÿ èç áåäíîé ðóäû

Ðèñ. 2. Çàâèñèìîñòü ñîäåðæàíèÿ íèêåëÿ â ïîòîêå 
âêðàïëåííûõ ðóä îò êðóïíîñòè ðàçìåðà êóñêà ðóäû
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7 äî 11%, ò.å. óâåëè÷åíèå êîëè÷åñòâà 
ïðîäóêöèè â 1,5 ðàçà. 

Ïîëó÷åííûå çàâèñèìîñòè ïîçâî-
ëÿþò íàèáîëåå îáúåêòèâíî îöåíèòü 
óùåðá îò äåñòàáèëèçàöèè âåùåñòâåí-
íîãî ñîñòàâà ðóäû è, íàîáîðîò, – ýô-
ôåêòèâíîñòü ìåðîïðèÿòèé ïî ïîâû-
øåíèþ êà÷åñòâà è ñòàáèëèçàöèè ñî-
ñòàâà îòíîñèòåëüíî áåäíîãî ðóäíîãî 
ñûðüÿ ñ ó÷åòîì ÿâëåíèÿ ñåãðåãàöèè.

Îäíèì èç ñïîñîáîâ ñóùåñòâåííî-
ãî ïîâûøåíèÿ ñîäåðæàíèÿ ïîëåçíûõ 
êîìïîíåíòîâ â äîáûòîé ðóäå ïðè îò-
ðàáîòêè áåäíûõ ðóä ñ ó÷åòîì íàëè÷èÿ 
ãðàíóëîìåòðè÷åñêîé ñåãðåãàöèè â 
òåõíîëîãè÷åñêîé ñõåìå ðóäíèêà, êîòî-
ðàÿ áëàãîïðèÿòñòâóåò êóñêîâîé ñîðòè-
ðîâêà, ÿâëÿåòñÿ ñïîñîá ïðåäêîíöåíò-

ðàöèè ðóäíîé ìàññû, âûïîëíÿåìûé 
íà ñòàäèè âåäåíèÿ ãîðíî-äîáû÷íûõ 
ðàáîò. Ó ðóäíèêà èìåþòñÿ îáúåêòèâ-
íûå âîçìîæíîñòè äëÿ ñíèæåíèÿ â 
ïðîöåññå äîáû÷íûõ ðàáîò â ïåðâóþ 
î÷åðåäü íèçêî÷àñòîòíûõ êîëåáàíèé 
ñîäåðæàíèÿ ìåòàëëîâ â ðóäå. Ñîâåð-
øåíñòâîâàíèå ðóäíè÷íîé ñèñòåìû 
ñòàáèëèçàöèè êà÷åñòâà îòíîñèòåëüíî 
áåäíûõ ìåäíî-íèêåëåâûõ ðóä, ïîçâî-
ëèò â 2–3 ðàçà ïîäíÿòü íûíåøíèå ïî-
êàçàòåëè ñòàáèëüíîñòè ñîñòàâà ñ ó÷å-
òîì ÿâëåíèÿ ñåãðåãàöèè ðóäíîé ìàññû 
íà âûõîäå èç ðóäíèêà è ñóùåñòâåííî 
óëó÷øèòü ýôôåêòèâíîñòü ðàáîòû âñå-
ãî êîìïëåêñà ãîðíî-ìåòàëëóðãè÷åñêî-
ãî ïðîèçâîäñòâà, òåì ñàìûì ïîâûñèâ 
ïîëíîòó èçâëå÷åíèÿ çàïàñîâ íåäð.

Ðèñ. 3. Çàâèñèìîñòü èçâëå÷åíèÿ íèêåëÿ â êîíöåíòðàò è âûõîä êîíöåíòðàòà îò 
ðàçìåðà êóñêà äîáûòîé ðóäû
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For the raw mineral-material base of home mining production the last twenty-year period is characterized 
by the intensive decline of quality of industrial supplies of basic types of ores. Thus on many deposits there 
is not only a common decline of concentration of useful components but also increase of indexes of change-
ability of chemical composition. The article is written as a result of implementation of researches of quality 
of ðóäîïîòîêà in a mine "Polar". On the basis of calculation data the estimation of the state of technological 
changeability of quality of poor copper-nickeliferous ores is executed and educed presence of the phenom-
enon of segregation of ore mass in flowsheet of mine. It is set that the phenomenon of segregation takes 
place in many technological processes on mining enterprises and plays a large role at forming and stabilizing 
of quality of useful èñêîïàåìîãî. Especially the sharpness of problem of this problem increases at working 
off poor ores, as objectively between maintenance of useful components in ores and their stable composition 
there is cross-correlation connection in the bowels of the earth. One of perspective methods of decision of this 
problem is an increase of stability of material composition of relatively poor copper-nickeliferous ores, by per-
fection of the mine system of stabilizing of ore raw material, providing upgrading of given out to the products 
of mountain enterprises on the basis of technical decisions of being based on the use of positive effect from a 
presence in the flowsheet of mine of the phenomenon of segregation. The got dependences allow most objec-
tively to estimate a damage from destabilization of material composition of ore and, vice versa, is efficiency of 
measures on upgrading and stabilizing of composition of relatively poor ore raw material taking into account 
the phenomenon of segregation. One of methods of substantial increase of maintenance of useful compo-
nents in the obtained ore at working off poor ores taking into account the presence of grain-size segregation in 
the flowsheet of mine, that plays in favour of to cobbed sorting, there is a method of pre-concentration of ore 
mass, executable on the stage of conduct of ãîðíî-äîáû÷íûõ works. A mine have objective possibilities for a 
decline in the process of booty works first of all of low-frequency vibrations of maintenance of metals in ore. 
Perfection of the mine system of stabilizing of quality of relatively poor copper-nickeliferous ores, will allow in 
2.3 time to heave up the present indexes of stability of composition taking into account the phenomenon of 
segregation of ore mass on an exit from a mine and substantially to improve efficiency of work of all complex 
of production, promoting plenitude of extraction of supplies of bowels of the earth the same.

Key words: ore, quality, segregation, composition, mine, stabilizing.
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