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INTENSIFICATION OF DISPERSED AND FINEGRAINED SILVER EXTRACTION IN CYANIDE 
HEAP LEACHING OF GOLD

Ïîñêîëüêó ñòîèìîñòü çîëîòà çà ïîñëåäíèå 20 ëåò çíà÷èòåëüíî âîçðîñëà, åãî äîáû÷ó ñòàëè ïðîâîäèòü èç 
ðóä, ðàíåå íå ïðèåìëåìûõ äëÿ òåõíîëîãèè êó÷íîãî âûùåëà÷èâàíèÿ (ÊÂ) – ýòî óïîðíûå ðóäû ñ òîíêî è 
óëüòðàòîíêîâêðàïëåííûìè âêëþ÷åíèÿìè áëàãîðîäíûõ ìåòàëëîâ, ðóäû ñ ïîâûøåííûì ñîäåðæàíèåì ñå
ðåáðà. Â Ðîññèéñêîé Ôåäåðàöèè êëàññè÷åñêèå ïðåäñòàâëåíèÿ â îáëàñòè ÊÂ çîëîòà è ñåðåáðà ïðåâàëè
ðóþò â ïðîåêòíûõ ðåøåíèÿõ. Ïðè ýòîì ïðîáëåìà ñ âûùåëà÷èâàíèåì ñåðåáðà ðàññìàòðèâàåòñÿ â ïëàíå 
ïîïóòíîãî èçâëå÷åíèÿ îñíîâíîãî êîìïîíåíòà. Òàêîé ïîäõîä îïðåäåëÿåòñÿ îãðàíè÷åííûì íàáîðîì òåõ
íîëîãè÷åñêèõ ìåðîïðèÿòèé, ñòàâøèõ íåîòúåìëåìîé ÷àñòüþ êëàññè÷åñêîãî òåõíîëîãè÷åñêîãî ðåãëà
ìåíòà: äðîáëåíèå ðóäû äî êëàññà –200...40 ìì, ðàñõîä öèàíèäà íàòðèÿ íà óðîâíå 0,5 êã/ò; âåëè÷èíà 
ðÍ – 10,5; ïðîäîëæèòåëüíîñòü öèêëà 65 ñóòîê è áîëåå; êîíöåíòðàöèÿ çîëîòà â ïðîäóêöèîííûõ ðàñ
òâîðàõ – äîëè ìã/ë; èñïîëüçîâàíèå àêòèâèðîâàííîãî óãëÿ äëÿ ñîðáöèè áëàãîðîäíûõ ìåòàëëîâ. 
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Ïðè ïåðåðàáîòêå ðóä  ñ ñîäåðæàíèåì ñåðåáðà 30 ã/ò è áîëåå êëàññè÷åñêèé ïîäõîä ê ÊÂ çîëîòà íå ïî
çâîëÿåò ïîâûñèòü ñòåïåíü èçâëå÷åíèÿ. Âîçíèêàåò íåîáõîäèìîñòü ìîäåðíèçàöèè ñõåìû èëè èçìåíåíèÿ 
ïàðàìåòðîâ òåõíîëîãè÷åñêîãî ðåãëàìåíòà. Îáúåêòîì èññëåäîâàíèÿ ÿâëÿëàñü ïðîáà áåäíîé êâàðöåâîé 
ðóäû, ïðåäîñòàâëåííîé çàêàç÷èêîì, ðàçðàáàòûâàþùèì îäíî èç çîëîòîñåðåáðÿíûõ ìåñòîðîæäåíèé 
ÄÔÎ, ïðåäìåòîì – ïîâûøåíèå ñòåïåíè âûùåëà÷èâàíèÿ ñåðåáðà èç áåäíûõ çîëîòîñîäåðæàùèõ ðóä 
áåç èçìåíåíèÿ òåõíîëîãè÷åñêîé ñõåìû è áåç ïðèâëå÷åíèÿ äîïîëíèòåëüíîãî ãîðíîòåõíè÷åñêîãî îáî
ðóäîâàíèÿ. 

Ïðîâåäåí êðèòè÷åñêèé àíàëèç ëèòåðàòóðíûõ äàííûõ è âûÿâëåíû îñíîâíûå íàïðàâëåíèÿ ÊÂ çîëîòà 
èç áåäíûõ çîëîòîñîäåðæàùèõ ðóä. Èññëåäîâàíû õèìè÷åñêèé è ìèíåðàëîãè÷åñêèé ñîñòàâû ñåðåáðîñî
äåðæàùèõ ìèíåðàëîâ è ðóäíûõ ïîðîä. Óñòàíîâëåíû ôîðìû àññîöèàöèè ñåðåáðà ñ ðóäíûìè ìèíåðàëàìè 
è ãîðíûìè ïîðîäàìè. Âûáðàí âàðèàíò ôèçèêîõèìè÷åñêîé àêòèâàöèè ïîâûøåíèÿ ðåàêöèîííîé ñïîñîá
íîñòè öèàíèäíûõ ðàñòâîðîâ ïðè êó÷íîì âûùåëà÷èâàíèè ñåðåáðà èç áåäíûõ çîëîòîñîäåðæàùèõ ðóä. Â 
ëàáîðàòîðíûõ óñëîâèÿõ óñòàíîâëåíî, ÷òî ïîâûøåíèå êîíöåíòðàöèè öèàíèäà íàòðèÿ â 6 ðàç è áîëåå ñïî
ñîáñòâóåò óäîâëåòâîðèòåëüíîìó èçâëå÷åíèþ çîëîòà êàê ïðè àãèòàöèîííîì, òàê è ïðè ïåðêîëÿöèîííîì 
âûùåëà÷èâàíèè ñåðåáðà. Îäíàêî â ïîñëåäíåì ñëó÷àå ïîëîæèòåëüíûé ðåçóëüòàò ïîëó÷åí ëèøü ïðè èñ
ïîëüçîâàíèè ðàñòâîðîâ ñ ïîâûøåííîé ðåàêöèîííîé ñïîñîáíîñòüþ

Êëþ÷åâûå ñëîâà: áåäíûå çîëîòîñîäåðæàùèå ðóäû; ñåðåáðî; çîëîòî; çîëîòî âèäèìîå è äèñïåðñíîå; ìèíåðàëîãè÷å
ñêèé àíàëèç; òåñòû; êðóïíîñòü äðîáëåíèÿ; öèàíèäíîå âûùåëà÷èâàíèå ñåðåáðà; ýëåêòðîôîòîàêòèâàöèÿ; ðåàêöèîííî
ñïîñîáíîñòü

Since the cost of gold has increased by an order of magnitude over the past 20 years, gold mining began to be 
carried out from ores that are not previously acceptable for heap leaching (HL) technology – these are refractory 
ores with thin and ultrafine inclusions of precious metals, ore with an increased silver content. In the Russian Fed
eration, classical representations in the field of gold and silver HL prevail in design solutions. At the same time, 
the problem of silver leaching is considered in terms of the associated extraction of the main component. This 
approach is determined by a limited set of technological measures that have become an integral part of the clas
sic technological regulation: ore crushing to the class –200–40 mm, sodium cyanide consumption at the level of 
0,5 kg/t; pH value – 10,5; cycle duration 65 days or more; gold concentration in production solutions – fractions, 
mg/l; using activated carbon for sorption of noble metals.

Processing ores with silver contents of 30 g/t and a more classical approach to gold HL does not allow to 
increase the degree of extraction. There is a need to modernize the circuit or change the parameters of the 
technological regulations. The object of the study was a sample of poor quartz ore provided by the customer 
developing one of the gold and silver deposits of the Far Eastern Federal District, the object was to increase the 
degree of leaching of silver from poor goldbearing ores without changing the technological scheme and without 
attracting additional mining equipment.

Critical analysis of literary data was carried out and the main directions of gold production from poor 
goldbearing ores were identified. Chemical and mineralogical compositions of silvercontaining minerals and 
ore rocks were investigated. Forms of association of silver with ore minerals and rocks have been established. 
The option of physical and chemical activation of increase of reactivity of cyanide solutions during heap leaching 
of silver from poor goldbearing ores is chosen. In laboratory conditions, it was found that an increase in the con
centration of sodium cyanide by 6 times or more contributes to a satisfactory extraction of gold both in agitation 
and percolation leaching of silver. However, in the latter case, the positive result was obtained only with the use 
of solutions with increased reactivity

Key words: poor goldbearing ores; silver; gold; visible and dispersed gold; mineralogical analysis; tests; crushing size; cya
nide leaching of silver; electrophoto activation; reactivity

Ââåäåíèå. Â ïîñëåäíåå âðåìÿ ðàáîòîäà
òåëåé ìàëî áåñïîêîèò íèçêàÿ ñòåïåíü èç

âëå÷åíèÿ çîëîòà è òåì áîëåå – ñåðåáðà. Ïðè 
ýòîì ïîëîæèòåëüíî âîñïðèíèìàþòñÿ íîâûå 
ïðîåêòû ñ èñïîëüçîâàíèåì çàðóáåæíûõ âû
ñîêîýíåðãåòè÷åñêèõ ìåëüíèö óëüòðàòîíêîãî 
ïîìîëà, íåñìîòðÿ íà íèçêóþ ðåíòàáåëüíîñòü 
è óáûòî÷íîñòü òåõíîëîãèè. Â äàëüíåéøåì 
ó òàêèõ ïðåäïðèÿòèé îäíà ïåðñïåêòèâà – 

áàíêðîòñòâî è ïåðåïðîäàæà ïðåäïðèÿòèÿ ñ 
ïðàâîì ýêñïëóàòàöèè ìåñòîðîæäåíèÿ çàðó
áåæíîé ôèðìîé. Â äàííîé ðàáîòå ðàññìà
òðèâàåòñÿ ïåðñïåêòèâíûé âàðèàíò ïîâûøå
íèÿ èçâëå÷åíèÿ ñåðåáðà, êîòîðûé â ñâÿçè ñ 
íåâûñîêîé ýíåðãîçàòðàòíîñòüþ è ýôôåêòèâ
íîñòüþ ìîæåò áûòü èñïîëüçîâàí ïðè ÊÂ áëà
ãîðîäíûõ ìåòàëëîâ èç êîðåííûõ è óïîðíûõ 
çîëîòîñîäåðæàùèõ ðóä è ïîçâîëèò ïîâûñèòü 
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óñòîé÷èâîñòü, ðåíòàáåëüíîñòü è ïðèáûëü 
ïðåäïðèÿòèé ÊÂ çîëîòà.

Àêòóàëüíîñòü èññëåäîâàíèÿ. Îñíîâíûå 
ïîëîæåíèÿ Ðàñíåäðàïîëüçîâàíèÿ â îáëà
ñòè ïåðåðàáîòêè áåäíûõ çîëîòîñîäåðæàùèõ 
ðóä ìåòîäîì ÊÂ çàêëþ÷àþòñÿ â òîì, ÷òîáû 
ñòåïåíü èçâëå÷åíèÿ áëàãîðîäíûõ ìåòàëëîâ 
îñòàâàëàñü íå íèæå 70 %. Ýêîíîìè÷åñêèé 
ôàêòîð èìååò ðåøàþùåå çíà÷åíèå â ïðîöåñ
ñå ïðèíÿòèÿ ðåøåíèé î öåëåñîîáðàçíîñòè 
ïðîìûøëåííîãî èçâëå÷åíèÿ ñåðåáðà ïðè ÊÂ 
çîëîòà, âñå âûâîäû áàçèðóþòñÿ íà èñïîëü
çîâàíèè íàäåæíîé ãåîëîãîðàçâåäî÷íîé èí
ôîðìàöèè, âûáîðå òåõíîëîãè÷åñêîé ñõåìû è 
ñïðîñà íà ìåòàëë.

Îáúåêò èññëåäîâàíèÿ – áåäíàÿ çîëîòî
ñîäåðæàùàÿ ðóäà. Ñðåäíÿÿ ïëîòíîñòü êâàð
öåâîé ðóäû ñîñòàâèëà 2,552 ã/ñì3; ïîðè
ñòîñòü – 5,06 %. 

Öåëü èññëåäîâàíèÿ – íà îñíîâå àíàëè
çà ëèòåðàòóðíûõ äàííûõ, èññëåäîâàíèÿ ìè
íåðàëüíûõ ôîðì íàõîæäåíèÿ äèñïåðñíîãî 
ñåðåáðà, òåñòîâûõ ïîèñêîâûõ ëàáîðàòîðíûõ 

èññëåäîâàíèé ïðåäëîæèòü îòíîñèòåëüíî ïðî
ñòîé ìåòîä ïîâûøåíèÿ ñòåïåíè èçâëå÷åíèÿ 
ñåðåáðà ïðè öèàíèäíîì ÊÂ çîëîòà èç óïîðíûõ 
áåäíûõ êîðåííûõ êâàðöåâûõ ðóä. 

Çàäà÷è èññëåäîâàíèÿ: íà áàçå ëàáîðà
òîðíûõ ïîèñêîâûõ èññëåäîâàíèé ïîâûñèòü 
èçâëå÷åíèå ñåðåáðà â ïðîäóêöèîííûé ðàñ
òâîð â óñëîâèÿ ñîõðàíåíèÿ òåõíîëîãè÷åñêîãî 
ðåãëàìåíòà ÊÂ çîëîòà.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ. 
Êîìïëåêñíûå ìèíåðàëîãîïåòðîãðàôè÷åñêèå 
è õèìèêîàíàëèòè÷åñêèå èññëåäîâàíèÿ âûïîë
íåíû ñ èñïîëüçîâàíèåì ñðåäñòâ îïòè÷åñêîé 
è ýëåêòðîííîé ìèêðîñêîïèè, àíàëèòè÷åñêîé 
àïïàðàòóðû. Ìèíåðàëû ñåðåáðà â èññëåäóå
ìîé ïðîáå ðóäû ðàçíîîáðàçíû è âûÿâëåíû 
ïðè ìèíåðàëîãè÷åñêîì àíàëèçå, à òàêæå ïðè 
ýëåêòðîííîìèêðîñêîïè÷åñêèõ èññëåäîâà
íèÿõ: êþñòåëèò Ag

3
Au, àðãåíòèò Ag

2
S, ãåññèò 

Ag
2
Te, êåðàðãèðèò AgCl, àãâèëàðèò Ag

2
(Se, S) 

(ðèñ. 1) è ñàìîðîäíîå ñåðåáðî, íà íèõ ïðèõî
äèòñÿ íåçíà÷èòåëüíàÿ äîëÿ (>10 %). 

Ðèñ. 1. Çåðíî àãâèëàðèòà Ag
2
(Se, S) ðàçìåðíîñòüþ 220 ìêì ïðè ýëåêòðîííîìèêðîñêîïè÷åñêèõ 

èññëåäîâàíèÿõ. Ñîäåðæàíèå, %: àòîìíîå: Ag – 52,05; Se – 14,96; S – 32,99; âåñîâîå: Ag – 71,49; 
Se – 15,04; S – 13,47 / Fig. 1. Agvilarite grain Ag

2
 (Se, S) with a dimension of 220 microns in electron 

microscopic studies. Atomic content (%): Ag – 52,05; Se – 14,96; S–32,99; weight: Ag – 71,49; 
Se – 15,04; S – 13,47

Öèàíèðîâàíèå – ýòî íàèáîëåå ðàñïðî
ñòðàíåííûé ìåòîä ñåëåêòèâíîãî èçâëå÷åíèÿ 
ñåðåáðà èç áåäíûõ çîëîòîñîäåðæàùèõ êâàð
öåâûõ ðóä [1; 3–8; 11]. Ïðè ÊÂ çîëîòà èçâëå
÷åíèå ñåðåáðà íîñèò ïîïóòíûé õàðàêòåð, òàê 
êàê ñîäåðæàíèå ñåðåáðà â êâàðöåâûõ ðóäàõ 
îöåíèâàåòñÿ â òàêîì æå îáúåìå, êàê è çîëîòî. 

Ïîñêîëüêó öèàíèäíûå êîìïëåêñû çîëîòà áî
ëåå óñòîé÷èâû, ÷åì àíàëîãè÷íûå êîìïëåêñû 
ñåðåáðà, ñòàíîâèòñÿ ïîíÿòíûì ïðåèìóùå
ñòâåííûé ïåðåõîä â ïðîäóêöèîííûé ðàñòâîð 
ñíà÷àëà çîëîòà è ìåíüøàÿ ñòåïåíü èçâëå÷å
íèÿ ñåðåáðà, ÷òî ïîäòâåðæäàåòñÿ ýêñïåðè
ìåíòàëüíûìè äàííûìè (òàáë. 1) [2].
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Òàáëèöà 1 / Table 1 
Äàííûå ïî öèàíèäíîìó âûùåëà÷èâàíèþ çîëîòà è ñåðåáðà èç êâàðöåâûõ ðóä / 

Data on cyanide leaching of gold and silver from quartz ores

Õèðñõîíà 200 0,60 0,84 300 49,2 30,3 0,2 0,2

Ñåâ. Äæèëàó 200 1,05 0,71 700 61,8 20,6 0,3 0,3

Îëèìïèñêîå 200 0,63 0,75 300 59,9 28,9 0,3 0,2

Õèðñõîíà 50 0,72 0,88 300 60,9 17,0 0,5 0,3

Ñåâ. Äæèëàó 50 1,03 0,86 300 81,3 25,6 0,5 0,3

Îëèìïèñêîå 50 0,88 1,10 700 64,2 28,3 0,6 0,3

Ýëåêòðîííîìèêðîñêîïè÷åñêèìè èññëåäîâàíèÿìè èäåíòèôèöèðóþòñÿ çåðíà çîëîòà è 
ýëåêòðóìà â ñðåäíåì ðàçìåðîì äî 25 ìêì (ðèñ. 2). 

Ðèñ. 2. Çåðíî çîëîòà ñ ïðèìåñüþ ñåðåáðà (ýëåêòðóì) ðàçìåðíîñòüþ 25 ìêì ïðè ýëåêòðîííî
ìèêðîñêîïè÷åñêèõ èññëåäîâàíèÿõ. Ñîäåðæàíèå, %, àòîìíîå: Au – 63,54; Ag – 36,46; âåñîâîå: 
Au – 76,09; Ag – 23,91 / Fig. 2. Grain of gold with an admixture of silver (electrum) with a dimension 
of 25 microns in electron microscopic studies. Content, %, atomic: Au – 63,54; Ag – 36,46; weight: 

Au – 76,09; Ag – 23,91

Â ñâîþ î÷åðåäü çîëîòî ñ ñóùåñòâåííîé 
ïðèìåñüþ ñåðåáðà, âïëîòü äî èäåíòèôèêà
öèè åãî ìèêðîçåðåí êàê ýëåêòðóìà, ìîæíî 
ðàññìàòðèâàòü êàê ôàêòîð óïîðíîñòè äëÿ 
öèàíèäíîãî âûùåëà÷èâàíèÿ ñåðåáðà. Ïî ðå
çóëüòàòàì õèìè÷åñêîãî àíàëèçà ñîäåðæàíèå 
ñåðåáðà – 51…52,34 ã/ò. Âûÿâëåíà íåðàâíî
ìåðíîñòü ðàñïðåäåëåíèÿ ñåðåáðà ïî êëàñ
ñàì êðóïíîñòè ðóäû. Ïðè äðîáëåíèè äî êðóï

íîñòè –10 ìì îñíîâíàÿ ìàññà (83 %) ñåðåáðà 
ñîñðåäîòî÷åíà â êëàññå êðóïíîñòè –10+2 ìì 
(òàáë. 2). Ïî ýòîé ïðè÷èíå äèôôóçèîííîå 
òîðìîæåíèå ïðè âûùåëà÷èâàíèè ñåðåáðà 
îñëîæíÿåòñÿ âíóòðåííåé äèôôóçèåé âíóòðè 
äðîáëåíîé ðóäû è êèíåòè÷åñêèì ôàêòîðîì, 
ñâÿçàííûì ñ ïåðâè÷íîñòüþ öèàíèðîâàíèÿ 
çîëîòà.
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Òàáëèöà 2 / Table 2

 Ãðàíóëîìåòðè÷åñêèé ñîñòàâ è ðàñïðåäåëåíèå ñåðåáðà ïî êëàññàì êðóïíîñòè / 
Granulometric composition and distribution of silver grains into classes by size

Êëàññ 
êðóïíîñòè, ìì / 
Size class, mm

Âûõîä 
êëàññà, % / 

Class output, %

Ñîäåðæàíèå 
Ag, ã/ò / Content 

Ag, g/t

Êëàññ êðóïíîñòè, 
ìì / Size class, mm

Âûõîä êëàññà, % / 
Size class, %

Ñîäåðæàíèå 
Ag, ã/ò / Content 

Ag, g/t

–10+5 52,6 30,5 –0,5+0,2 2,3 66,2

–5+2 31,3 43,5 –0,2+0,1 1,2 82,7

–2+1 6,3 55,7 –0,1+0,071 0,4 117,2

–1+0,5 2,7 50,7 –0,071+0,04 0,7 137

–0,04+0 2,5 244

Ëàáîðàòîðíûå ýêñïåðèìåíòàëüíûå òå
ñòû ïî àãèòàöèîííîìó (íà íàâåñêàõ 0,5 êã) è 
ïåðêîëÿöèîííîìó (íà íàâåñêàõ 2,5 êã) âû
ùåëà÷èâàíèþ çîëîòà è ñåðåáðà ïðîâîäèëè 
íà ðóäå, ñîîòâåòñòâåííî èçìåëü÷åííîé äî 

âûõîäà 60 % êëàññà –71 ìêì è äðîáëåíîé 
äî êëàññà –5 ìì. Ñîäåðæàíèå îñíîâíûõ ìè
íåðàëüíûõ êîìïîíåíòîâ è ìèêðîýëåìåíòîâ 
ïðåäñòàâëåíî â òàáë. 3, 4. 

Òàáëèöà 3 / Table 3 

Ðåçóëüòàòû õèìè÷åñêîãî àíàëèçà êâàðöåâîé ðóäû / Results of chemical analysis of quartz ore

Íàçâàíèå ïðîáû / 
Sample’s name

Ñîäåðæàíèå îñíîâíûõ êîìïîíåíòîâ, % / 
Content of the main components, %

Ñîäåðæàíèå, ã/ò / 
Content, g/t

SiO
2

Al
2
O

3
Fe

2
O

3
TiO2 MgO CaO S

îáù
Au Ag

Êîðåííàÿ ðóäà / 
Fundamental ore 80,29 10,25 2,10 0,53 3,30 0,96 0,8 1,09 51,0

 Òàáëèöà 4 / Table 4 

Ñîäåðæàíèå ìèêðîýëåìåíòîâ (ñïåêòðàëüíûé àíàëèç) â êâàðöåâîé ðóäå / 
Trace element content (spectral analysis) in quartz ore

Ýëåìåíò / Element Au Ag As Cu Co Mn V P Zn Pb Âi

Ñîäåðæàíèå â ïðîáå, ã/ò / 
Content in the sample, g/t <1 30 100 25 180 180 100 250 30 <10 <1

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæ
äåíèå. Ñïåêòðàëüíûé àíàëèç íà ñîïóòñòâó
þùèå ìèêðîêîìïîíåíòû ðóä, ðåçóëüòàòû 
êîòîðîãî ïðèâåäåíû â òàáë. 4, ïîêàçûâàåò, 
÷òî êîíöåíòðàöèÿ ìèêðîýëåìåíòîâ, ñâÿçûâà
þùèõ èîíû öèàíèäà (ìåäü, êîáàëüò, íèêåëü) 
â ðóäå, íåçíà÷èòåëüíà è íå ìîæåò âûçûâàòü 
îñëîæíåíèé â òåõíîëîãè÷åñêèõ ïðîöåññàõ. 
Ñîäåðæàíèå âèäèìîãî çîëîòà â ðóäå íå ïðå
âûøàåò 0,1 ã/ò. Äîëÿ óñëîâíî «ñâîáîäíîãî» 
(âûñâîáîæäàåìîå ïðè ñîîòâåòñòâóþùåé ñòå
ïåíè èçìåëü÷åíèÿ) çîëîòà â ðóäå ñîñòàâëÿåò 
ïîðÿäêà 10 % è íå èìååò ñàìîñòîÿòåëüíîãî 
ïðîìûøëåííîãî çíà÷åíèÿ, òàê êàê ñîîòíî

øåíèå óñòàíîâëåííîãî àíàëèçîì îáùåãî çî
ëîòà íà ïîðÿäîê ïðåâûøàåò êîëè÷åñòâî çî
ëîòà, íàáëþäàåìîãî âèçóàëüíî. Îñíîâíàÿ 
ìàññà ñåðåáðà, âåðîÿòíî, àññîöèèðîâàíà ñ 
íåâèäèìûì èëè äèñïåðñíûì çîëîòîì èëè 
ñ ñóëüôèäàìè è ãèäðîêñèäàìè æåëåçà. Òðè 
÷åòâåðòè èññëåäóåìîé ïðîáû ñîäåðæàò èí
òåíñèâíî îáîõðåííûå ïîðîäû çåëåíîâà
òîæåëòîãî è áóðîâàòîãî öâåòà. Ñðåäè ýòîé 
÷àñòè ïîðîä ìîæíî âûäåëèòü ðèîëèòû îêâàð
öîâàííûå, êàòàêëàçèðîâàííûå, èíòåíñèâíî 
âûùåëî÷åííûå è îáîõðåííûå; êâàðö æèëü
íûé îáîõðåííûé, ñ çàíîðûøàìè, âûïîëíåí
íûìè äðóçîâèäíûì êâàðöåì; ìåòàñîìàòèòû 
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àëüáèòêâàðöåâûå, êàëèøïàòêâàðöåâûå. 
Äëÿ âñåõ îðóäåíåëûõ ïîðîä ïðîáû õàðàêòåðíà 
ðàññåÿííàÿ ïûëåâèäíàÿ âêðàïëåííîñòü ñóëü
ôèäîâ äî 2 % îò ìàññû ðóäû (ïèðèòà, ðåæå àð
ñåíîïèðèòà, õàëüêîïèðèòà, åäèíè÷íî – ñôà
ëåðèòà, ãàëåíèòà, ïèððîòèíà). Çíà÷èòåëüíî 
ïðåîáëàäàåò ïèðèò. 

Îäíà ÷åòâåðòü îáùåé ïðîáû ñîñòîèò èç 
ðèîëèòà êðåìîâîñåðîãî öâåòà ïîðôèðîâîé 
ñòðóêòóðû, ìàññèâíîé òåêñòóðû, ó÷àñòêàìè 
îáëîìî÷íîé; êâàðöèòà, ñîäåðæàùåãî, êðî
ìå æèëüíîãî ìîëî÷íîáåëîãî êâàðöà, àëü
áèòàäóëÿð, êàëèåâûé ïîëåâîé øïàò, êàð
áîíàòû, ìóñêîâèò, õëîðèò; ìåòàñîìàòîçîâ 
(àëüáèòêâàðöåâûõ, êàëèøïàòêâàðöåâûõ) 
ìàññèâíûõ, ñ ðåäêîé ðàññåÿííîé ïûëåâèä
íîé âêðàïëåííîñòüþ ñóëüôèäîâ (ïèðèò) è 
ðåäêî – àðñåíîïèðèòà. Îáëîìî÷íûé ìàòåðè
àë ïðîáû ïðåäñòàâëåí íà 50 % ãëèíèñòîïåñ
÷àíîé ôðàêöèåé. Ïðèìåðíî äî 1/3 ïî îáúåìó 
ïðîáà ðóäû îêèñëåíà: àêòèâíî ðàçâèâàþòñÿ 
ïëåíêè, êîðî÷êè è îõðû æåëòîáóðîãî, áóðî
ãî, âèøíåâîãî äî ÷åðíîãî öâåòà îêñèäîâ è 
ãèäðîêñèäîâ æåëåçà â âèäå ëèìîíèòà, ÿðî
çèòà, ã¸òèòà, ëåïèäîêðîêèòà, ãåìàòèòà. Òàêèì 
îáðàçîì, èññëåäóåìóþ ðóäó ñëåäóåò ñ÷èòàòü 
ðóäîé ïåðåõîäíîé èëè ïðîìåæóòî÷íîé, íàõî
äÿùåéñÿ ìåæäó îêèñëåííîé è íåîêèñëåííîé 
êîðåííîé çîíàìè. 

Èññëåäîâàíèÿ ïî èíòåíñèôèêàöèè âû
ùåëà÷èâàíèÿ ñåðåáðà ïðîâîäèëè â ñîîòâåò
ñòâèè ñ òðåáîâàíèÿìè ìåòîäîëîãèè ñîçäàíèÿ 
ñðåäû ñ ïîâûøåííîé ðåàêöèîííîé ñïîñîáíî
ñüþ. Â èñõîäíûé ðàñòâîð ââîäèëè ãèäðîêñèä 
êàëüöèÿ â êîëè÷åñòâå íåîáõîäèìîì äëÿ ñîç
äàíèÿ âåëè÷èíû ðÍ = 10,5, ãèäðîêàðáîíàò 

íàòðèÿ äî 2 % â êà÷åñòâå äîïîëíèòåëüíîãî 
ðåàãåíòà êîìïëåêñîîáðàçîâàòåëÿ ïðè âûùå
ëà÷èâàíèè æåëåçà è äîïîëíèòåëüíîãî ðåà
ãåíòà äëÿ àêòèâàöèè ñðåäû. Ïðåäïîëàãàëîñü, 
÷òî ïðè ðàçðóøåíèè ìèíåðàëüíûõ æåëåçíûõ 
ïëåíîê äîëæíî âûñâîáîæäàòüñÿ äèñïåðñíîå 
çîëîòî, ñîäåðæàùåå ñåðåáðî, êîòîðîå ñòàíî
âèòñÿ äîñòóïíûì äëÿ öèàíèäíûõ êîìïëåêñîâ. 
Òàêèå ðàñòâîðû óñïåøíî àïðîáèðîâàíû íà 
ðÿäå àíàëîãè÷íûõ îáúåêòîâ. Èñïîëüçîâàíèå 
ðàñòâîðèìûõ ãèäðîêàðáîíàòíûõ ñîåäèíåíèé 
ïîçâîëÿåò ïîâûñèòü èçâëå÷åíèå äèñïåðñíîãî 
çîëîòà èç îêâàðöîâàííûõ ìèíåðàëîâ çà ñ÷åò 
ïåðåâîäà îêñèäà êðåìíèÿ â ñèëàíîëû (SiOH) 
è äèñèëàíîëû Si

2
(OH)

2
, îòäåëÿþùèåñÿ îò 

êðåìíåêèñëîðîäíîé ãðóïïû ñ îáðàçîâàíèåì 
ïðîòîíîâ. Ëàáîðàòîðíûå òåñòû ïî àãèòàöè
îííîìó öèàíèäíîìó âûùåëà÷èâàíèþ çîëîòà 
è ñåðåáðà èç äðîáëåíîé äî êëàññà –5 ìì 
ðóäû ïðîâåäåíû â çàêðûòûõ òðóá÷àòûõ 
ïëàñòèêîâûõ êîíòåéíåðàõ, âðàùàþùèõñÿ ñ 
÷àñòîòîé 120 îá/ìèí íà ðîëüãàíãàõ, îòíîøå
íèå Æ:Ò âûäåðæèâàëîñü ðàâíûì 1:1. Ïðåä
âàðèòåëüíûìè ïîèñêîâûìè èññëåäîâàíèÿ
ìè óñòàíîâëåíî, ÷òî ñ öåëüþ áîëåå ïîëíîãî 
âûùåëà÷èâàíèÿ ñåðåáðà èç ðóäû èñõîäíóþ 
êîíöåíòðàöèþ öèàíèäà íàòðèÿ â ðàñòâîðå 
íåîáõîäèìî ïîääåðæèâàòü íà óðîâíå íå ìå
íåå 3 ã/ë. Ðàñòâîð ïîâûøåííîé ðåàöèîííî
ñïîñîáíîñòè ïîëó÷àëè ïóòåì äîáàâëåíèÿ 
êðèñòàëëè÷åñêîãî öèàíèäà íàòðèÿ ê çàðàíåå 
ýëåêòðîôîòîàêòèâèðîâàííîìó áèêàðáîíàò
íîìó ðàñòâîðó. Â òàáë. 5 ïðèâåäåíû ðåçóëü
òàòû ïî àãèòàöèîííîìó âûùåëà÷èâàíèþ áëà
ãîðîäíûõ ìåòàëëîâ. 

Òàáëèöà 5 / Table5 

Ðåçóëüòàòû àãèòàöèîííîãî âûùåëà÷èâàíèÿ çîëîòà è ñåðåáðà èç ðóäû ïåðåõîäíîé çîíû / 
Results of agitation leaching of gold and silver from ore transition zone

Ñõåìà 
âûùåëà÷èâàíèÿ /  
Scheme leaching

Au, ã/ò / Au, g/t
Âûõîä Au â 

ïðîäóêòèâíûé 
ðàñòâîð, % / 

Au Output
in the products 

solution, % 

Ag, ã/ò / Ag, g/t
Âûõîä Ag â 

ïðîäóêòèâíûé 
ðàñòâîð, % / 
Ag Output in 
the products 
solution, %

Êëàññè÷åñêàÿ / Classic 1,09 0,95 0,14 87,9 54,53 50,89 3,64 93,32

Ñ èñïîëüçîâàíèåì 
ðàñòâîðà ïîâûøåííîé 
ðåàöèîííîñïîñîá
íîñòè / Using a 
solution of increased 
reactivity

1,09 1,07 0,12 98,8 51,00 48,69 2,31 95,47
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Êàê âèäíî èç òàáë. 5, âûùåëà÷èâàíèå 
áëàãîðîäíûõ ìåòàëëîâ ñ ïîâûøåííîé êîí
öåíòðàöèåé öèàíèäà íàòðèÿ â óñëîâèÿõ èí
òåíñèâíîãî ïåðåìåøèâàíèÿ ïóëüïû ïðè
âîäèëî ê âûñîêîìó èçâëå÷åíèþ è çîëîòà, è 
ñåðåáðà êàê â ñëó÷àå èñïîëüçîâàíèÿ êëàññè
÷åñêîãî öèàíèðîâàíèÿ, òàê è â ñëó÷àå èñïîëü
çîâàíèÿ àêòèâèðîâàííîãî ðàñòâîðà ñ ïîâû
øåííîé ðåàêöèîííîé ñïîñîáíîñòüþ. 

Â ñâÿçè ñ òåì, ÷òî ÊÂ ïðîõîäèò â ëàìè
íàðíîì ðåæèìå èñòå÷åíèÿ ðàñòâîðà, èñêëþ
÷àþùèì îáðàçîâàíèå âçâåñåé, äëÿ òåñòè
ðîâàíèÿ ïåðêîëÿöèîííîãî âûùåëà÷èâàíèÿ 
áëàãîðîäíûõ ìåòàëëîâ çà îñíîâó ïðèíÿòà 
êàðáîíàòíîöèàíèäíàÿ ñõåìà, âêëþ÷àþùàÿ 
îáðàáîòêó äðîáëåíîé äî êëàññà –5 ìì ðóäû 
àêòèâèðîâàííûì ðàñòâîðîì ãèäðîêàðáîíà
òà íàòðèÿ ñ êîíöåíòðàöèåé 2 ã/ë. Àêòèâàöèþ 
ðàñòâîðà ïðîâîäèëè ïóòåì ýëåêòðîëèçà ðàñ
òâîðà â òå÷åíèå 1 ÷ è ïîñëåäóþùåãî óëüòðà
ôèîëåòîâîãî îáëó÷åíèÿ ëàìïîé ÄÐÒ 240 â 
òå÷åíèå 7 ìèí. Â àêòèâèðîâàííûé ðàñòâîð 
äîáàâëÿëè öèàíèä íàòðèÿ äî êîíöåíòðàöèè 
3 ã/ë ñ ïîñëåäóþùèì êîíäèöèîíèðîâàíèåì 
ùåëî÷üþ äî ðÍ = 10,5. Íàâåñêà ðóäû çàãðóæà
ëàñü â ïëàñòèêîâûå òðóá÷àòûå ïåðêîëÿòîðû è 
îðîøàëàñü àêòèâèðîâàííûì êàðáîíàòíîöè
àíèäíûì ðàñòâîðîì ñ ñóòî÷íûì ðàñõîäîì 
0,1 ë, ÷òî ñîîòâåòñòâóåò ïëîòíîñòè îðîøåíèÿ 
24,5 ë/ì2 â ñóòêè. Èñõîäíàÿ êîíöåíòðàöèÿ 
öèàíèäà íàòðèÿ â ïðîäóêöèîííûõ ðàñòâîðàõ 
âîññòàíàâëèâàëàñü ê 7ìó öèêëó âûùåëà
÷èâàíèÿ. Â ñâÿçè ñ ýòèì íà÷èíàÿ ñ 9ãî öèê
ëà âûùåëà÷èâàíèÿ öèàíèä íàòðèÿ â êàæäûé 
ïîñëåäóþùèé öèêë ââîäèëè â êîëè÷åñòâå, 
îáåñïå÷èâàþùåì ôèêñàöèþ CNaCN â ïðå
äûäóùåì ïðîäóêöèîííîì ðàñòâîðå. Îáùèé 
ðàñõîä öèàíèäà íàòðèÿ íà âûùåëà÷èâàíèå 
çîëîòà è ñåðåáðà ñîñòàâèë 2,25 êã/ò. Òàêîé 
ðàñõîä öèàíèäà íàòðèÿ ïðèåìëåì ïðè ñóùå
ñòâóþùèõ öåíàõ íà áëàãîðîäíûå ìåòàëëû. 
Âåëè÷èíà ðÍ â ýêñïåðèìåíòå ñ àêòèâàöèîí
íîé ïåðêîëÿöèåé îòíîñèòåëüíî àãèòàöèîííî
ãî âûùåëà÷èâàíèÿ èçìåíÿëàñü íåçíà÷èòåëü
íî. Âûùåëà÷èâàíèå çîëîòà íå ó÷èòûâàëîñü 
íà åãî âûõîä â ïðîäóêöèîííûé ðàñòâîð ïî 
äîñòèæåíèè åãî êîíöåíòðàöèè â ïðîäóêöè
îííîì ðàñòâîðå íà óðîâíå 0,1 ìã/ë èëè ïîñëå 
7 ñóòîê. Âûùåëà÷èâàíèå ñåðåáðà ïî ýòèì æå 
ïðè÷èíàì ïðåêðàùåíî ÷åðåç 12 ñóòîê. Õàðàê
òåð èçìåíåíèÿ ñòåïåíè èçâëå÷åíèÿ áëàãî
ðîäíûõ ìåòàëëîâ â ïðîäóêöèîííûé ðàñòâîð 
ïðåäñòàâëåí íà ðèñ. 3.

Ðèñ. 3. Ïåðêîëÿöèîííîå âûùåëà÷èâàíèÿ çîëîòà 
(1) è ñåðåáðà (2) àêòèâèðîâàííûì öèàíèäíûì 

ðàñòâîðîì ñ C
NaCN 

= 3 ã/ë / Fig. 3. Percolation 
leaching of gold (1) and silver (2) with 

activated cyanide solution with C
NaCN 

= 3 g/l

Èç äàííûõ ðèñ. 3 âèäíî, ÷òî íà 12å ñóòêè 
èçâëå÷åíèå ñåðåáðà â ïðîäóêöèîííûé ðàñ
òâîð ñîñòàâèëî 96,6 %. Äîïîëíèòåëüíàÿ ñòîè
ìîñòü çà ñ÷åò ïîïóòíîãî èçâëå÷åíèÿ ñåðåáðà 
ìîæåò ïðåâûøàòü 50 % îò ñòîèìîñòè îñíîâ
íîãî öåííîãî êîìïîíåíòà – çîëîòà. Â äàííîì 
ñëó÷àå óæå íà ïðåäïðîåêòíîì óðîâíå ïîëî
æèòåëüíî ðåøàåòñÿ âîïðîñ î ðàöèîíàëüíîì 
êîìïëåêñíîì èñïîëüçîâàíèè áåäíûõ çîëî
òîñîäåðæàùèõ ðóä. Ïðè äîñòèæåíèè âûñîêèõ 
êîíöåíòðàöèé áëàãîðîäíûõ ìåòàëëîâ â ïðî
äóêöèîííûõ ðàñòâîðàõ – à ýòà ïðîáëåìà óæå 
ðåøåíà â ñëó÷àå èñïîëüçîâàíèÿ ñêîðîñòíîãî 
ÊÂ çîëîòà, â ÷àñòíîñòè, ïðè èñïîëüçîâàíèè 
àêòèâèðîâàííûõ íàêèñëîðîæåííûõ ðàñòâî
ðîâ – âîçìîæíî óïðîùåíèå òåõíîëîãè÷åñêîé 
ñõåìû â ïëàíå çàìåíû îòíîñèòåëüíî ñëîæ
íîãî âàðèàíòà ñîðáöèèäåñîðáöèè êîìïëåê
ñîâ áëàãîðîäíûõ ìåòàëëîâ è ýëåêòðîëèçà, 
ôèëüòðàöèè, ñóøêè êåêà è ïëàâêè íà áîëåå 
ïðîñòîé – îñàæäåíèå áëàãîðîäíûõ öèíêîâîé 
ïûëüþ ñ ïîñëåäóþùåé ôèëüòðàöèåé, ñóøêîé 
êåêà è ïëàâêîé.

Çàêëþ÷åíèå. Áåäíûå çîëîòîñîäåðæà
ùèå êâàðöåâûå ðóäû ìîãóò ñîäåðæàòü çíà
÷èòåëüíûå êîëè÷åñòâà ñåðåáðà è äîëæíû 
ðàññìàòðèâàòüñÿ êàê êîìïëåêñíûå ðóäû áëà
ãîðîäíûõ ìåòàëëîâ. Êðèòè÷åñêèé àíàëèç ëè
òåðàòóðíûõ äàííûõ è ìèíåðàëîãè÷åñêèå èñ
ñëåäîâàíèÿ óêàçàëè íà óïîðíîñòü ñåðåáðà â 
áåäíûõ çîëîòîñîäåðæàùèõ ðóäàõ.

Äëÿ èíòåíñèôèêàöèè èçâëå÷åíèÿ ñåðå
áðà ïðè ïåðêîëÿöèîííîì âûùåëà÷èâàíèè èñ
ïîëüçîâàíû àêòèâèðîâàííûå öèàíèäíûå ðàñ
òâîðû ñ êîíöåíòðàöèåé öèàíèäà íàòðèÿ 3 ã/ë. 
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