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Ïðåäñòàâëåíû ðàçðàáîòàííûå êðèòåðèè òåõíîëîãè÷åñêîé òèïèçàöèè ðàçëè÷íûõ çîëîòîíîñíûõ ðóä äëÿ 
ýêñïðåññíîãî ìåòîäà ïðîãíîçèðîâàíèÿ òåõíîëîãè÷åñêèõ ñâîéñòâ ðóä ìåñòîðîæäåíèé çîëîòà íà ðàííèõ 
ñòàäèÿõ ãåîëîãîðàçâåäî÷íûõ ðàáîò. Ïîëó÷åííûå êðèòåðèè íåîáõîäèìû äëÿ îïåðåæàþùåé è ìàëîçàòðàò­
íîé ìèíåðàëîãî­òåõíîëîãè÷åñêîé îöåíêè, êîòîðàÿ ïîçâîëèò êîìïàíèÿì ñîêðàòèòü ôèíàíñîâûå ðàñõîäû 
è ïðèíÿòü ðåøåíèå î öåëåñîîáðàçíîñòè ïðîäîëæåíèÿ ãåîëîãîðàçâåäî÷íûõ ðàáîò. Ðÿäîì íàó÷íûõ ðàáîò 
óñòàíîâëåíû çàêîíîìåðíîñòè òåõíîëîãè÷åñêîé òèïèçàöèè çîëîòîíîñíûõ ðóä äëÿ îòäåëüíûõ ãåíåòè÷å­
ñêèõ òèïîâ ìåñòîðîæäåíèé, îäíàêî îáîáùàþùèå ïóáëèêàöèè ïðàêòè÷åñêè îòñóòñòâóþò. 

Ïðîâåäåíû êîìïëåêñíûå ìèíåðàëîãî­òåõíîëîãè÷åñêèå èññëåäîâàíèÿ ïðîá íà ñåìè ðàçëè÷íûõ çîëî­
òîðóäíûõ ìåñòîðîæäåíèÿõ. Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëèëè âûÿâèòü çàâèñèìîñòü òåõíîëîãè÷åñêèõ 
ñâîéñòâ îò âåùåñòâåííîãî ñîñòàâà ðóä. Óñòàíîâëåíî, ÷òî âçàèìîñâÿçü ìåæäó ãåíåòè÷åñêèì òèïîì ðóä è 
âûáîðîì ñõåìû îáîãàùåíèÿ îòñóòñòâóåò. Äëÿ ïðîâåðêè ðàçðàáîòàííûõ êðèòåðèåâ èçó÷åíî ðóäîïðîÿâëåíèå 
Ñèêàêàíãàñ, ðàñïîëîæåííîå â çàïàäíîé ÷àñòè Ôèíëÿíäèè. Íà îñíîâàíèè ñîïîñòàâëåíèÿ ðåçóëüòàòîâ àíà­
ëèçîâ è ðàçðàáîòàííûõ íà äðóãèõ ìåñòîðîæäåíèÿõ êðèòåðèåâ ñïðîãíîçèðîâàí îïòèìàëüíûé ñïîñîá îáîãà­
ùåíèÿ ðóä ìåñòîðîæäåíèÿ Ñèêàêàíãàñ, êîòîðûé â äàëüíåéøåì ïîäòâåðäèëñÿ òåõíîëîãè÷åñêèìè îïûòàìè. 

Ñäåëàí âûâîä, ÷òî ðàçðàáîòàííûå â èññëåäîâàíèè êðèòåðèè òåõíîëîãè÷åñêîé òèïèçàöèè çîëîòîíîñ­
íûõ ðóä îêàçàëèñü ðåëåâàíòíûìè äëÿ èõ äàëüíåéøåãî ïðèìåíåíèÿ â ïðîãíîçèðîâàíèè ñïîñîáà îáîãà­
ùåíèÿ ðóä ñ ìåñòîðîæäåíèé ðàçíûõ ãåíåòè÷åñêèõ òèïîâ. Ìåòîä ïðîãíîçèðîâàíèÿ, îñíîâàííûé íà âû­
ÿâëåííûõ êðèòåðèÿõ, õàðàêòåðèçóåòñÿ ïðîñòîòîé, îòíîñèòåëüíîé óíèâåðñàëüíîñòüþ, à òàêæå ìàëûìè 
âðåìåííûìè çàòðàòàìè íà åãî âûïîëíåíèå. Îäíàêî ðàçðàáîòàííûå êðèòåðèè ìîãóò ñîâåðøåíñòâîâàòüñÿ 
ïðè èõ äàëüíåéøåì ïðèìåíåíèè 

©  Â. Å. Ãóçåâ, À. Ï. Áîðîçäèí, 
Ñ. Â. Ïåòðîâ, À. Â. Òåðåõîâ, 2020
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The article presents the developed criteria for the technological typification of gold ores to optimize a method for 
predicting the ores technological features of ores of gold deposits at the early stages of exploration. These cri­
teria are necessary for mineralogical and technological express­evaluation which allows geological companies 
to reduce financial cost and decide whether to continue exploration work. So far, previous research of different 
authors focused on patterns of technological typification of gold ores for specific genetic types of deposits. How­
ever, there are no generalizing papers on this subject. 

The authors have studied 7 gold deposits. The research included comprehensive mineralogical and techno­
logical analysis. The results revealed the dependence of technological properties on the material composition. 
Furthermore, it was found that there is no correlation between a genetic type of ores and choice of beneficiation 
scheme. The recently discovered Sikakangas ore occurrence located in western Finland was studied to verify 
the results. A prediction about the most optimal method of ore beneficiation for Sikakangas deposit based on a 
comparison of the analysis results and the criteria previously developed for other deposits has been made. The 
technological experiments confirmed the authors’ hypothesis. 

Finally, it should be noted that the developed criteria have turned out relevant for their further application in 
predicting the method of ore benefication for gold deposits with different genetic types

Key words: gold­bearing ores; technological samples; the methods of ore beneficiation; ore occurrence Sikakangas; gold 
mineralization; granulometric analysis; gold deportment; leaching; geological exploration; oxidation

Ââåäåíèå. Íà ðàííèõ ñòàäèÿõ ãåîëîãî­
ðàçâåäî÷íûõ ðàáîò îäíèì èõ âàæíåéøèõ 

ôàêòîðîâ ïðîãíîçèðîâàíèÿ ñïîñîáà îáîãà­
ùåíèÿ ÿâëÿåòñÿ îïðåäåëåíèå âåùåñòâåííîãî 
ñîñòàâà çîëîòîíîñíûõ ðóä [7]. Çîëîòîñîäåð­
æàùèå ðóäû îáëàäàþò êàê îáùèìè ïðèçíàêà­
ìè, òàê è èíäèâèäóàëüíûìè îñîáåííîñòÿìè, 
îêàçûâàþùèìè ñóùåñòâåííîå âëèÿíèå íà 
âûáîð òåõíîëîãèè èõ ïåðåðàáîòêè. Ðÿä èñ­
ñëåäîâàòåëåé è îðãàíèçàöèé íà ïðîòÿæåíèè 
áîëåå 70 ëåò ïðåäïðèíèìàþò ïîïûòêè ñî­
çäàòü óíèâåðñàëüíóþ òåõíîëîãè÷åñêóþ êëàñ­
ñèôèêàöèþ çîëîòîñîäåðæàùèõ ðóä è âûÿâèòü 
çàâèñèìîñòè òåõíîëîãè÷åñêèõ ñâîéñòâ ðóäû 
îò âåùåñòâåííîãî ñîñòàâà [2; 8]. Ðàíåå óñòà­
íîâëåíû âàæíåéøèå ôàêòîðû âåùåñòâåííîãî 
ñîñòàâà çîëîòîíîñíûõ ðóä, âëèÿþùèå íà ñïî­
ñîá îáîãàùåíèÿ: ãðàíóëîìåòðè÷åñêàÿ õàðàê­
òåðèñòèêà çîëîòà, ôîðìû íàõîæäåíèÿ çîëîòà 
è ñòåïåíü îêèñëåííîñòè ðóä [1; 4; 7]. Äàííûå 
ôàêòîðû ïîçâîëÿþò îöåíèòü òåõíîëîãè÷å­
ñêèå ñâîéñòâà çîëîòîíîñíûõ ðóä íà ðàííèõ 
ñòàäèÿõ ãåîëîãîðàçâåäî÷íûõ ðàáîò. Ïðè ýòîì 
çàêîíîìåðíîñòè òåõíîëîãè÷åñêîé òèïèçàöèè 
çîëîòîíîñíûõ ðóä äëÿ îòäåëüíûõ ãåíåòè÷å­
ñêèõ òèïîâ ìåñòîðîæäåíèé óñòàíîâëåíû [7], 
îäíàêî îáîáùàþùèõ ðàáîò ïî äàííîé òåìå 
íåñóùåñòâåííîå êîëè÷åñòâî.

Öåëü èññëåäîâàíèÿ – âûÿâëåíèå êðèòå­
ðèåâ òåõíîëîãè÷åñêîé òèïèçàöèè ðàçëè÷íûõ 
çîëîòîíîñíûõ ðóä äëÿ ðàçðàáîòêè ýêñïðåññ­

íîãî ìåòîäà ïðîãíîçèðîâàíèÿ òåõíîëîãè÷å­
ñêèõ ñâîéñòâ ðóä íà ðàííèõ ñòàäèÿõ ãåîëî­
ãîðàçâåäî÷íûõ ðàáîò. Ïîëó÷åííûå êðèòåðèè 
íåîáõîäèìû äëÿ îïåðåæàþùåé è ìàëîçà­
òðàòíîé ìèíåðàëîãî­òåõíîëîãè÷åñêîé îöåí­
êè, êîòîðàÿ ïîçâîëèò êîìïàíèÿì ñîêðàòèòü 
ôèíàíñîâûå ðàñõîäû è ïðèíÿòü ðåøåíèå î 
öåëåñîîáðàçíîñòè ïðîäîëæåíèÿ ãåîëîãîðàç­
âåäî÷íûõ ðàáîò. 

Äëÿ âûïîëíåíèÿ ïîñòàâëåííîé öåëè 
àâòîðàìè â ëàáîðàòîðèè ÎÎÎ «ËÈÌÑ» êîì­
ïëåêñíî èññëåäîâàíî 7 ðàçëè÷íûõ çîëîòî­
ðóäíûõ ìåñòîðîæäåíèé (Àëáàçèíî, Åëî÷êà, 
Êàïàí, Íåâåíðåêàí, Íåæäàíèíñêîå, Òàìó­
íüåð, Ïåùåðíûé), íà êîòîðûõ îòîáðàíî 19 
òåõíîëîãè÷åñêèõ ïðîá (ðèñóíîê). Äàííûå 
ìåñòîðîæäåíèÿ âûáðàíû äëÿ äîñòèæåíèÿ 
ìàêñèìàëüíîãî ðàçíîîáðàçèÿ ãåíåòè÷åñêèõ 
òèïîâ ðóä (îò çîëîòî­ñóëüôèäíîé äî çîëî­
òî­ïîëèìåòàëëè÷åñêîé ìèíåðàëèçàöèè).

Ìåòîäîëîãèÿ è ìåòîäû èññëåäîâàíèÿ. 
Òåõíîëîãè÷åñêèå èññëåäîâàíèÿ íà ñòàäèè 
ïðåäâàðèòåëüíîé ðàçâåäêè çàêëþ÷àþòñÿ â 
ïðîâåäåíèè àíàëèçîâ è ýêñïåðèìåíòîâ, íå­
îáõîäèìûõ äëÿ îïðåäåëåíèÿ âåùåñòâåííî­
ãî ñîñòàâà ðóä è òåõíîëîãèè èçâëå÷åíèÿ èç 
íèõ áëàãîðîäíûõ ìåòàëëîâ è äðóãèõ öåííûõ 
êîìïîíåíòîâ. Àâòîðû îïèðàëèñü íà ðÿä ñòàí­
äàðòíûõ ìåòîäîëîãè÷åñêèõ ïîäõîäîâ è ìåòî­
äîâ èçó÷åíèÿ çîëîòîñîäåðæàùèõ ðóä [6; 8], 
êîòîðûå ïðåäíàçíà÷åíû äëÿ òåõíîëîãè÷åñêîé 
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îöåíêè ñûðüÿ. Êîìïëåêñíîå èçó÷åíèå ïðîá 
âêëþ÷àëî õèìè÷åñêèå, ïåòðîãðàôè÷åñêèå, 
ìèíåðàëîãè÷åñêèå è ýëåêòðîííî­ìèêðîñêî­
ïè÷åñêèå èññëåäîâàíèÿ, à òàêæå òåõíîëîãè­
÷åñêèå (ãðàâèòàöèîííûå, ôëîòàöèîííûå è 
ãèäðîìåòàëëóðãè÷åñêèå) îïûòû äëÿ âûáîðà 
îïòèìàëüíîé ñõåìû ïåðåðàáîòêè ðóä. 

Àíàëèç ñîäåðæàíèé ïåòðîãåííûõ îêñè­
äîâ èññëåäîâàëñÿ ðåíòãåíîñïåêòðàëüíûì 
ôëóîðåñöåíòíûì ìåòîäîì (XRF) íà âîëíîâî­

Ìåñòîïîëîæåíèå èçó÷àåìûõ ìåñòîðîæäåíèé: Àëáàçèíî, Åëî÷êà, Êàïàí, Íåâåíðåêàí, Íåæäàíèíñêîå, 
Òàìóíüåð, Ïåùåðíûé / Location of the studied deposits: Albazino, Elochka, Kapan, Nevenrekan, Nezhdaninskoe, 

Tamunier, Peshherny

äèñïåðñèîííîì ñïåêòðîìåòðå «ARL Advant`X» 
ôèðìû «ThermoFisher Scientific» â ðåñóðñíîì 
öåíòðå ÑÏáÃÓ. Îïðåäåëåíèÿ ìèêðîýëåìåí­
òîâ ïðîâîäèëîñü ìàññ­ñïåêòðîìåòðèåé ñ èí­
äóêòèâíîñâÿçàííîé ïëàçìîé (ICP­MS) â ëàáî­
ðàòîðèè ÇÀÎ «Öåíòð èññëåäîâàíèÿ è êîíòðîëÿ 
âîäû» íà ìàññ­ñïåêòðîìåòðå Agilent 7500c 
ôèðìû Agilent. Àíàëèç íà áëàãîðîäíûå ìåòàë­
ëû âûïîëíåí ïðîáèðíûì ìåòîäîì â ëàáîðàòî­
ðèè ÇÀÎ «Ìåõàíîáð èíæèíèðèíã àíàëèò».

Ïåòðîãðàôè÷åñêèå èññëåäîâàíèÿ è ìè­
êðîôîòîäîêóìåíòàöèÿ ïðîâîäèëèñü ñ ïðèìå­
íåíèåì ïîëÿðèçàöèîííîãî ìèêðîñêîïà Àëü­
òàìè ÏÎËÀÐ­3, îñíàùåííîãî âèäåîêàìåðîé 
è ñèñòåìîé çàõâàòà è îáðàáîòêè èçîáðàæåíèé 
Altami Studio 3.4. Ìèíåðàãðàôè÷åñêèå èññëå­
äîâàíèÿ âûïîëíåíû ñ ïîìîùüþ ïîëÿðèçàöèîí­
íîãî ìèêðîñêîïà Olympus BX53, îñíàùåííîãî 
ñèñòåìîé çàõâàòà èçîáðàæåíèÿ. Ýëåêòðîí­
íî­ìèêðîñêîïè÷åñêèå èçó÷åíèå àíøëèôîâ 
ïðîâåäåíî íà ñêàíèðóþùåì ýëåêòðîííîì 
ìèêðîñêîïå Hitachi S­3400N, îñíàùåííîì 
ýíåðãî­äèñïåðñèîííûì ñïåêòðîìåòðîì 
Oxford X­Max â ðåñóðñíîì öåíòðå ÑÏáÃÓ.

Ãðàâèòàöèîííàÿ îáîãàòèìîñòü ðóäû èñ­
ñëåäîâàëàñü â ëàáîðàòîðèè ÎÎÎ «ËÈÌÑ» íà 
êîíöåíòðàöèîííîì ñòîëå ÑÊË­2 ñ ïîñëåäî­
âàòåëüíûì äîèçìåëü÷åíèåì õâîñòîâ (­1+0; 
­0,5+0; ­0,25+0; ­0,125+0 ìì) â øàðîâîé 
ìåëüíèöå ÌØË­7. Íà çàêëþ÷èòåëüíîì ýòàïå 
õâîñòû ãðàâèòàöèîííîãî îïûòà (­0,125+0 ìì) 
îáîãàùàëèñü íà öåíòðîáåæíî­âèáðàöèîííîì 
êîíöåíòðàòîðå ÖÂÊÏ.

Ïðè èçó÷åíèè ôëîòàöèîííîé îáîãàòèìî­
ñòè ðóäû ïðèìåíÿëèñü ðàçëè÷íûå ðåàãåíò­
íûå ðåæèìû èñõîäÿ èç ðåçóëüòàòîâ ìèíåðà­
ëîãè÷åñêèõ èññëåäîâàíèé [9]. Èññëåäîâàíèå 
ãèäðîìåòàëëóðãè÷åñêîé îáîãàòèìîñòè ðóäû 
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ïðîâîäèëîñü ïóòåì öèàíèäíîãî âûùåëà÷è­
âàíèÿ ïî ìåòîäèêå ROL­21 («îáúåìíûé áóòû­
ëî÷íûé òåñò» Au­AA15 è Au­AA15 mod) â ëàáî­
ðàòîðèè ALS. 

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæäå­
íèå. Âûïîëíåííîå àâòîðàìè êîìïëåêñíîå èñ­
ñëåäîâàíèå òåõíîëîãè÷åñêèõ ïðîá ïîçâîëèëî 
ñðàâíèòü âàæíåéøèå ôàêòîðû âåùåñòâåí­
íîãî ñîñòàâà ðóä, êîòîðûå âëèÿþò íà âûáîð 
ñõåìû îáîãàùåíèÿ. Íà îñíîâå äåòàëüíîãî 
àíàëèçà ïîëó÷åííûõ äàííûõ ðàçðàáîòàíû 
êðèòåðèè òèïèçàöèè ðàçëè÷íûõ ãåíåòè÷åñêèõ 
òèïîâ çîëîòîíîñíûõ ðóä äëÿ ýêñïðåññíîãî 
ìåòîäà ïðîãíîçèðîâàíèÿ èõ òåõíîëîãè÷åñêèõ 
ñâîéñòâ íà ñòàäèè ïðåäâàðèòåëüíîé ðàçâåäêè 
(òàá. 1). Êðîìå òîãî, ðåçóëüòàòû ïîêàçàëè, ÷òî 
âçàèìîñâÿçü ìåæäó ãåíåòè÷åñêèì òèïîì ðóä 
è âûáîðîì ñõåìû èõ îáîãàùåíèÿ îòñóòñòâóåò.

Ãðàâèòàöèîííûé ìåòîä. Ïðèìåíåíèå 
èñêëþ÷èòåëüíî ãðàâèòàöèîííîé ñõåìû îáî­
ãàùåíèÿ çîëîòîíîñíûõ ðóä ìîæåò áûòü ýô­
ôåêòèâíî, åñëè áîëåå 80 % çîëîòà áóäåò íà­
õîäèòüñÿ â ñâîáîäíîé ôîðìå, à áîëåå 75 % 
÷àñòèö çîëîòà – èìåòü ðàçìåðíîñòü >50 ìêì. 
Â ñâÿçè ñ òåì, ÷òî ïîðîäû êîðåííûõ ìåñòî­

ðîæäåíèé çîëîòà êðàéíå ðåäêî óäîâëåòâîðÿ­
þò äàííûå óñëîâèÿ, ïðèìåíÿþò êîìáèíèðî­
âàííûå ñõåìû îáîãàùåíèÿ.

Ãðàâèòàöèîííî­ôëîòàöèîííûé ìåòîä. 
Ïðèìåíåíèå ãðàâèòàöèîííî­ôëîòàöèîííî­
ãî ìåòîäà îáîãàùåíèÿ áóäåò ýôôåêòèâíî 
ïðè ñëåäóþùèõ óñëîâèÿõ: êîëè÷åñòâî çîëîòà 
â ñâîáîäíîé ôîðìå ñîñòàâèò áîëåå 50 % îò 
îáùåãî îáúåìà çîëîòà, ãðàíóëîìåòðè÷åñêèå 
õàðàêòåðèñòèêè áóäóò ñîîòâåòñòâîâàòü îïðå­
äåëåííûì ïàðàìåòðàì: êîëè÷åñòâî ÷àñòèö 
ðàçìåðîì >50 ìêì ñîñòàâëÿåò áîëåå 20 % 
îáùåãî îáúåìà çîëîòà. Öåëüþ äàííîãî ìå­
òîäà ÿâëÿåòñÿ âûâåäåíèå èç ðóäû êðóïíîãî 
è ñðåäíåãî (÷àñòèö ðàçìåðîì áîëåå 40 ìêì) 
ñâîáîäíîãî çîëîòà â êîíöåíòðàòû. Îáîãàùå­
íèå çîëîòîíîñíûõ ðóä, íå ñîîòâåòñòâóþùèõ 
äàííûì êðèòåðèÿì, òàêæå âîçìîæíî, îäíàêî 
â ðåçóëüòàòå èõ ãðàâèòàöèîííîãî îáîãàùåíèÿ 
â êîíöåíòðàòå áóäóò íàêàïëèâàòüñÿ ìèíå­
ðàëû­íîñèòåëè (ñóëüôèäû). Â òàêîì ñëó÷àå 
ïîëó÷àòü ãðàâèòàöèîííûé êîíöåíòðàò ñ âû­
ñîêèìè ñîäåðæàíèÿìè çîëîòà è ïðèåìëåìûì 
ïîêàçàòåëåì èçâëå÷åíèÿ áóäåò çàòðóäíè­
òåëüíî. 

Òàáëèöà 1 / Table 1
Êðèòåðèè òèïèçàöèè çîëîòîíîñíûõ ðóä, % / Typification criteria for gold­bearing ores, %

Ñõåìà îáîãàùåíèÿ 
ðóä / Ore beneficiation 

scheme 

Ôîðìà íàõîæäåíèÿ çîëîòà / 
Gold deportment

Ãðàíóëîìåòðè÷åñêàÿ 
õàðàêòåðèñòèêà çîëîòà 

ìêì / Granulometric 
characteristic of gold, 

µm

Ñòåïåíü 
îêèñëåííîñòè 
ðóä / Oxidation 

level of ore

Ñâî­
áîäíîå 
çîëîòî / 
free gold

Îêñèäû 
è ãèäðî­
îêñèäû / 

Îxides and 
hydroxides

Ñóëü­
ôèäû / 
Sulfide

<10 10…50 >50
Ïåðâè÷­

íàÿ / 
Primary

Îêèñ­
ëåí­
íàÿ / 
Oxidat

Ãðàâèòàöèîííàÿ / Gravity >80 ­ ­ ­ ­ >75 ✓ ­
Ãðàâèòàöèîííî­ôëîòàöè­
îííàÿ / Gravity­flotation >50 ­ ­ ­ ­ >20 ✓ ­

Ôëîòàöèîííàÿ / Flotation >30 ­ ­ ­ >60 ­ ✓ ­
Ôëîòàöèîííî­ãèäðîìå­
òàëëóðãè÷åñêàÿ / Flotation­ 
hydrometallurgical

­ ­ >70 >85 ­ ✓ ­

Ãèäðîìåòàëëóðãè÷åñêàÿ / 
Hydrometallurgical >60 >70* ­ >80 ­ ✓ ✓

*Ïðèìåíÿåòñÿ äëÿ îêèñëåííîé ðóäû / Suitable for oxidized ore

Ôëîòàöèîííûé ìåòîä. Äëÿ áëàãîïðèÿò­
íîãî èñõîäà ôëîòàöèîííîãî ìåòîäà åãî íåîá­
õîäèìî ïðèìåíÿòü äëÿ îáîãàùåíèÿ ïåðâè÷­
íûõ ðóä, â êîòîðûõ áîëåå 60 % ÷àñòèö çîëîòà 
èìååò ðàçìåðíîñòü 10…50 ìêì, ïðè ýòîì áî­

ëåå 30 % îò îáùåãî îáúåìà çîëîòà íàõîäèò­
ñÿ â ñâîáîäíîé ôîðìå. Ïðèñóòñòâèå çîëîòà 
â îêèñëåííûõ ðóäàõ â áîëåå ìåëêîé ðàçìåð­
íîñòè, à òàêæå èìåþùåãî áîëåå òåñíóþ ñâÿçü 
ñ ñóëüôèäàìè (êàê íîñèòåëü äèñïåðñíîãî 



Earth sciences                                                                        Bulletin of ZabGU. 2020. Vol. 26. No. 4

17

íåâèäèìîãî çîëîòà) ìåøàåò ìàêñèìàëüíî 
ýôôåêòèâíîìó èçâëå÷åíèþ áëàãîðîäíîãî 
ìåòàëëà ìåòîäîì ôëîòàöèè. Êà÷åñòâî òàêèõ 
êîíöåíòðàòîâ áóäåò íåâûñîêèì, îäíàêî äîïó­
ñòèìûì äëÿ äàëüíåéøåãî îáîãàùåíèÿ ñóëü­
ôèäíûõ êîíöåíòðàòîâ. 

Ôëîòàöèîííî­ãèäðîìåòàëëóðãè÷åñêèé 
ìåòîä. Äàííûé ìåòîä ÿâëÿåòñÿ îïòèìàëü­
íûì äëÿ ðóä, â êîòîðûõ áîëåå 70 % çîëîòà 
îò îáùåãî îáúåìà ñîäåðæèòñÿ â ñóëüôèäàõ, 
ïðè ýòîì íå ìåíåå 85 % åãî ÷àñòèö èìååò 
ðàçìåðíîñòü 10…50 ìêì. Òàêèå ðóäû îáû÷­
íî ÿâëÿþòñÿ óïîðíûìè, ïîýòîìó èõ ïðåäâà­
ðèòåëüíî îáîãàùàþò ìåòîäîì ôëîòàöèè äëÿ 
äàëüíåéøåé ïåðåðàáîòêè êîíöåíòðàòîâ è âû­
ùåëà÷èâàíèÿ õâîñòîâ. 

Ãèäðîìåòàëëóðãè÷åñêèé ìåòîä. Äàííûé 
ìåòîä ïîêàçûâàåò âûñîêóþ ýôôåêòèâíîñòü 
ïðè îáîãàùåíèè ïåðâè÷íûõ ðóä ñ çîëîòîì 
â ñâîáîäíîé ôîðìå (áîëåå 60 % îò îáùåãî 
îáúåìà) èëè îêèñëåííûõ ðóä ñ çîëîòîì, íà­
õîäÿùèìñÿ (áîëåå 70 % îò îáùåãî îáúåìà) 
â îêñèäàõ è ãèäðîîêñèäàõ. Ïðè ýòîì â îáîèõ 
ñëó÷àÿõ âàæíî, ÷òîáû áîëåå 80 % ÷àñòèö çî­
ëîòà èìåëî ðàçìåðíîñòü ìåíåå 50 ìêì. Åùå 
îäíèì ïîëîæèòåëüíûì ôàêòîðîì îáîãàùå­
íèÿ ÿâëÿåòñÿ ïðèñóòñòâèå çîëîòà â òðåùèíàõ 
ñóëüôèäîâ.

Äëÿ ïðîâåðêè ðåëåâàíòíîñòè ðàçðàáî­
òàííûõ êðèòåðèåâ èçó÷åí âåùåñòâåííûé ñî­
ñòàâ ðóä íåäàâíî îòêðûòîãî ðóäîïðîÿâëåíèÿ 
Ñèêàêàíãàñ (çàïàäíàÿ ÷àñòü Ôèíëÿíèè) [10] è 
äàòü ïðîãíîç ñïîñîáà îáîãàùåíèÿ, îñíîâû­
âàÿñü íà ðàçðàáîòàííûõ êðèòåðèÿõ. Èññëåäî­
âàíèå òåõíîëîãè÷åñêîé ïðîáû ïðîâîäèëîñü 
àíàëîãè÷íî ñïîñîáó èçó÷åíèÿ ðóä ïðåäûäó­
ùèõ ìåñòîðîæäåíèé [5].

Ïîëó÷åííûå ðåçóëüòàòû ïîêàçàëè, ÷òî 
ðóäà ÿâëÿåòñÿ ïåðâè÷íîé. Ñàìîðîäíîå çîëî­
òî îáëàäàåò ñëåäóþùèìè õàðàêòåðèñòèêàìè: 

íåïðàâèëüíàÿ ôîðìà, î÷åðòàíèÿ ãðàíèö èç­
âèëèñòûå, âñòðå÷àåòñÿ â òðåùèíàõ àðñåíî­
ïèðèòà ñîâìåñòíî ñ äðóãèìè ìèíåðàëàìè ïà­
ðàãåíåçèñà (ëåëëèíãèò, ãàëåíèò, ñàìîðîäíûé 
âèñìóò), ðàçìåð ÷àñòèö âàðüèðóåò îò ïåðâûõ 
ìèêðîí äî 45 ìêì, ïî õèìè÷åñêîìó ñîñòà­
âó ïðåäñòàâëÿåò ñîáîé çîëîòî­ñåðåáðÿíûé 
ñïëàâ, ïðîáíîñòü êîòîðîãî â ñðåäíåì ñîñòàâ­
ëÿåò 826,2 ‰. Íà îñíîâå ñêàçàííîãî ïîñòðî­
åíà òàáëèöà âàæíåéøèõ ôàêòîðîâ, âëèÿþùèõ 
íà âûáîð ñïîñîáà îáîãàùåíèÿ (òàáë. 2). 

Ñîïîñòàâëÿÿ ðåçóëüòàòû èññëåäîâàíèé 
ïîðîä ðóäîïðîÿâëåíèÿ Ñèêàêàíãàñ è ðàíåå 
ðàçðàáîòàííûõ íà äðóãèõ ìåñòîðîæäåíèÿõ 
êðèòåðèåâ, ìîæíî ïðåäïîëîæèòü, ÷òî ôëî­
òàöèîííî­ãèäðîìåòàëëóðãè÷åñêèé ìåòîä 
îáîãàùåíèÿ ñòîèò ðàññìàòðèâàòü êàê íàèáî­
ëåå îïòèìàëüíûé äëÿ èçó÷àåìûõ ðóä. Òàê êàê 
êðóïíîñòü ñàìîðîäíîãî çîëîòà (áîëåå 90 % 
÷àñòèö èìååò ðàçìåðíîñòü ìåíåå 10 ìêì) è 
åãî ïðåèìóùåñòâåííîå ðàñïîëîæåíèå â òðå­
ùèíàõ áîëåå ðàííèõ ìèíåðàëîâ (àðñåíîïè­
ðèò) îáåñïå÷èâàþò äîñòàòî÷íóþ ïðîíèöàå­
ìîñòü ðóä äëÿ âûùåëà÷èâàþùèõ ðàñòâîðîâ, 
à îòñóòñòâèå êðóïíîãî ñàìîðîäíîãî çîëîòà 
(áîëåå 50 ìêì) ñïîñîáñòâóåò ïîëíîìó åãî 
ðàñòâîðåíèþ. Îäíàêî, ó÷èòûâàÿ, ÷òî âñå çî­
ëîòî ñîñðåäîòî÷åíî â ñóëüôèäàõ äëÿ ñíè­
æåíèÿ âëèÿíèÿ âûñîêîé äîëè «íåâèäèìîãî» 
çîëîòà íà ïðîöåññ âûùåëà÷èâàíèÿ, íåîáõî­
äèìî ðåêîìåíäîâàòü ê èññëåäîâàíèÿì êîì­
áèíèðîâàííóþ ôëîòàöèîííóþ ñ öèàíèðî­
âàíèåì õâîñòîâ ñõåìó. Äëÿ ïîäòâåðæäåíèÿ 
ïðîãíîçà òåõíîëîãè÷åñêèõ ñâîéñòâ ðóä ðó­
äîïðîÿâëåíèÿ Ñèêàêàíãàñ ïðîâåäåíû òåõíî­
ëîãè÷åñêèå îïûòû, àíàëîãè÷íî ïðåäûäóùèì 
ìåñòîðîæäåíèÿì, êîòîðûå ïîäòâåðäèëè ðå­
êîìåíäàöèè ïî ïðèìåíåíèþ êîìáèíèðîâàí­
íîãî ôëîòàöèîííî­ãèäðîìåòàëëóðãè÷åñêîãî 
ìåòîäà.

Òàáëèöà 2 / Table 2
Êðèòåðèè òèïèçàöèè çîëîòîíîñíûõ ðóä ðóäîïðîÿâëåíèÿ Ñèêàêàíãàñ, % / 

Typification criteria for gold­bearing ores of Sikakangas ore occurrence, %

Ôîðìà íàõîæäåíèÿ çîëîòà / Gold 
deportment

Ãðàíóëîìåòðè÷åñêàÿ 
õàðàêòåðèñòèêà çîëîòà ìêì 

/ Granulometric characteristic 
of gold, µm

Ñòåïåíü îêèñëåííîñòè ðóä / 
Oxidation level of ore

Ñâîáîäíîå 
çîëîòî /

 Free gold

Îêñèäû è ãèäðî­
îêñèäû / Îxides 
and hydroxides

Ñóëüôèäû / 
Sulfide <10 10…50 >50

Ïåðâè÷­
íàÿ / 

Primary
Îêèñëåííàÿ / Oxidat

­ ­ >95 91 9 ­ ✓ ­
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Ïî ìíåíèþ àâòîðîâ, ðàçðàáîòàííûå 
êðèòåðèè òåõíîëîãè÷åñêîé òèïèçàöèè çîëî­
òîíîñíûõ ðóä íà ðàííèõ ñòàäèÿõ ãåîëîãîðàç­
âåäî÷íûõ ðàáîò îêàçàëèñü ðåëåâàíòíûìè äëÿ 
èõ äàëüíåéøåãî ïðèìåíåíèÿ â ïðîãíîçèðî­
âàíèè ñïîñîáà îáîãàùåíèÿ.

Çàêëþ÷åíèå. Ðàçðàáîòàííûå êðèòåðèè 
îñíîâûâàþòñÿ íà ëè÷íîì îïûòå àâòîðîâ, çà­
êëþ÷àâøåìñÿ â ãëóáîêîì îñìûñëåíèè ñóùå­
ñòâóþùèõ òåîðèé, ôîðìóëèðîâêå ñîáñòâåí­

íûõ ãèïîòåç è äàëüíåéøåì èõ ïîäòâåðæäåíèè 
ýìïèðè÷åñêèìè äàííûìè. Ìåòîä ïðîãíî­
çèðîâàíèÿ, îñíîâàííûé íà ðàçðàáîòàííûõ 
êðèòåðèÿõ, õàðàêòåðèçóåòñÿ ïðîñòîòîé è 
îòíîñèòåëüíîé óíèâåðñàëüíîñòüþ. Îäíàêî 
íåîáõîäèìî ó÷èòûâàòü, ÷òî ñîçäàííûå êðèòå­
ðèè èìåþò ðåêîìåíäàòåëüíûé õàðàêòåð è ìî­
ãóò ñîâåðøåíñòâîâàòüñÿ ïðè èõ äàëüíåéøåì 
ïðèìåíåíèè. 
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