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Èññëåäîâàíèÿ èñõîäíîé ïðîáû èëèñòîãëèíèñòîãî ìèíåðàëüíîãî ñûðüÿ, îòîáðàííîãî â àâãóñòå 2019 ã. ñ 
ó÷àñòêà Êîðæèõà Êàððàêàíñêîãî ïðèèñêà, ïðîâîäèëîñü â ëàáîðàòîðíûõ óñëîâèÿõ, ìàêñèìàëüíî ïðèáëè
æåííûõ ê ïîëóïðîìûøëåííûì ãðàâèòàöèîííûì èñïûòàíèÿì. 

Àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ ïîçâîëèë îïðåäåëèòü ñîäåðæàíèÿ áëàãîðîäíûõ ìåòàëëîâ â èëè
ñòîãëèíèñòîì ìèíåðàëüíîì ñûðüå, îòîáðàííîì èç ýôåëüíîãî îòâàëà ðîññûïíîãî òåõíîãåííîãî ìåñòî
ðîæäåíèÿ Çàáàéêàëüñêîãî êðàÿ. Õèìè÷åñêèé àíàëèç èñõîäíîé ïðîáû ïîêàçàë, ÷òî ñîäåðæàíèå çîëîòà 
ñîñòàâëÿåò 3,5 ã/ò, ñåðåáðà – 1,21 ã/ò.  

Ïðîâåäåíà îöåíêà èçâëå÷åíèÿ çîëîòà â ãðàâèòàöèîííûé êîíöåíòðàò ïðè êðóïíîñòè ïîìîëà 80 % êëàñ
ñà 0,212, 0,150, 0,106, 0,075 ìì ïî îäíîñòàäèàëüíîìó ãðàâèòàöèîííîìó îáîãàùåíèþ íà êîíöåíòðàòîðå 
Íåëüñîí (ìàðêè ÊÑMD3G4) ñ ïåðå÷èñòêîé êîíöåíòðàòà íà ñåïàðàòîðå Ìîçëè (Ñ800). Âûñîêèå ïîêàçà
òåëè ïî èçâëå÷åíèþ çîëîòà îòìå÷åíû íà êðóïíîñòè Ð

80
 0,075 ìì – 40,72 %.

Èññëåäîâàíà ñòåïåíü èçâëå÷åíèÿ öåííîãî êîìïîíåíòà ïðè òðåõñòàäèàëüíîì ãðàâèòàöèîííîì îáî
ãàùåíèè. Âûÿâëåíî ðàñïðåäåëåíèå ñâîáîäíîãî çîëîòà â êëàññàõ êðóïíîñòè. Óñòàíîâëåíû çàâèñèìîñòè 
ñòåïåíè èçâëå÷åíèÿ áëàãîðîäíîãî ìåòàëëà (Au) îò ñòàäèè èçìåëü÷åíèÿ èñõîäíîãî ìàòåðèàëà, êîòîðûå 
ñîñòàâëÿþò: ñòàäèÿ 1 – Ð

100
 – 850 ìêì, èçâëå÷åíèå â êîíöåíòðàò 18,27 %; ñòàäèÿ 2 – Ð

80
 – 212 ìêì, èçâëå

÷åíèå â êîíöåíòðàò 51,2 %; ñòàäèÿ 3 – Ð80 – 75 ìêì, èçâëå÷åíèå â êîíöåíòðàò 66,07 %.
Ïðîàíàëèçèðîâàíû ðàáîòû ïî îöåíêå ýôôåêòèâíîñòè îáîãàùåíèÿ    ãëèíèñòûõ çîëîòîñîäåðæàùèõ ïå

ñêîâ ãðàâèòàöèîííûì ìåòîäîì. Ëàáîðàòîðíî ïîäòâåðæäåíî ïîëó÷åíèå êîíäèöèîííûõ ãðàâèòàöèîííûõ 
êîíöåíòðàòîâ èç îòâàëà òåõíîãåííîãî ðîññûïíîãî ìåñòîðîæäåíèÿ Çàáàéêàëüñêîãî êðàÿ 

Êëþ÷åâûå ñëîâà: èëèñòîãëèíèñòûå îòëîæåíèÿ; ðîññûïü; çîëîòî; ãëèíà; ãàëÿ; ñîäåðæàíèå öåííîãî êîìïîíåíòà; òåõ
íîëîãè÷åñêèå ïîòåðè; ïðîìûâêà; ãðàâèòàöèÿ; êîíöåíòðàò; õâîñòû

The research of a siltclay mineral raw materials sample, selected in August 2019 at inby unit Korzhykha of the 
Karakumsky mine, has been carried out in laboratory conditions as close to semigravity testing.

The analysis of the obtained results has made it possible to determine the content of precious metals in silt
clay mineral raw materials selected from the ash dump of an alluvial technogenic deposit at the Transbaikal 
region. From the chemical analysis of the initial sample, it follows that the content of gold is 3,5 g/t, and silver 
is 1,21 g/t.

The estimation of gold extraction into gravity concentrate at different grinding sizes of 80 % of the class 
0,212, 0,150, 0,106, 0,075 mm has been made by singlestage gravity enrichment at the Nelson concentrator 
(grade KCMD3G4) with recleaning of the concentrate, at the Moseley separator (C800). High rates of gold 
recovery have been recorded at a P

80
 size of 0,075 mm 40,72 %.

The studies have been conducted on the degree of a valuable component recovery in threestage gravita
tional washability. The distribution of free gold in the size classes is determined. The dependences of recovery 
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degree of precious metal (Au) from the stage of crushing the raw material are stated, and which is: stage 
1 – Ð

100
 – 850 µm, extracting into concentrate 18,27 %; stage 2 – P

80
 of 212 µm, the recoveries to concentrate of 

51,2 %; stage 3 – P
80

 of 75 µm, extracting into concentrate 66,07 %.
The analysis of works on estimation the efficiency of clay goldcontaining sands’ washability by the 

gravitational method is performed. The production of conditioned gravity concentrates from the dump of a 
technogenic alluvial deposit of Transbaikal region has been confirmed by laboratory tests

Key words: siltclay deposits; placer; gold; clay; pebble; content of a valuable component; technological losses; tossing; 
gravity; concentrate; tails

Ââåäåíèå. Çàáàéêàëüñêèé êðàé èñòîðè÷å
ñêè ÿâëÿåòñÿ îäèí èç âåäóùèõ ðåãèîíîâ 

ïî äîáû÷å ðîññûïíîãî çîëîòà, îäíàêî ìíî
ãîëåòíÿÿ ðàçðàáîòêà è ïåðåðàáîòêà ðîññûï
íûõ ìåñòîðîæäåíèé ïðèâîäèò ê èñòîùåíèþ 
ïðèðîäíûõ ðåñóðñîâ.  Â ïîñëåäíèå äåñÿ
òèëåòèÿ â ýêñïëóàòàöèþ ââîäÿòñÿ ñëîæíûå 
ãîðíîãåîëîãè÷åñêèå îáúåêòû. Ê îñíîâíûì 
õàðàêòåðèñòèêàì òðóäíîïðîìûâèñòûõ çî
ëîòîñîäåðæàùèõ ïåñêîâ îòíîñÿò âûñîêîå 
ñîäåðæàíèå èëèñòîãëèíèñòûõ îòëîæåíèé è 
ðàçëè÷íûõ òèïîâ îðãàíèêè [8; 9]. 

Ñòàòèñòèêà äåéñòâóþùèõ ïðåäïðèÿòèé 
ïî ïåðåðàáîòêå ðîññûïíûõ ìåñòîðîæäåíèé 
Çàáàéêàëüñêîãî êðàÿ çà ïîñëåäíèå ãîäû ïî
êàçûâàåò, ÷òî àêòóàëüíàÿ ïðîáëåìà âûñîêî
ãî ñîäåðæàíèÿ èëèñòîãëèíèñòûõ âêëþ÷åíèé 
íàáëþäàåòñÿ ïîâñåìåñòíî. Ñèòóàöèÿ ñ äî
áû÷åé è ïåðåðàáîòêîé ðîññûïíîãî çîëîòà 
íà òåððèòîðèè Çàáàéêàëüñêîãî êðàÿ ðåçêî 
èçìåíèëàñü. Áîãàòûå ëåãêîîáîãàòèìûå ìå
ñòîðîæäåíèÿ ðîññûïíîãî çîëîòà îòðàáîòà
íû, â ýêñïëóàòàöèþ ââîäÿòñÿ òðóäíîîáîãàòè
ìûå è òåõíîãåííûå îòâàëû [8]. Ðåçóëüòàòîì 
äåÿòåëüíîñòè âåäóùèõ çîëîòîäîáûâàþùèõ 
êîìïàíèé ñòàëè çàáðîøåííûå îòâàëû è ïðó
äûíàêîïèòåëè, êîòîðûå èçìåíèëè íå òîëüêî 
ðåëüåô, íî è âåùåñòâåííûé ñîñòàâ çîëîòà, 
õàðàêòåðèçóþùèéñÿ âûñîêèì ñîäåðæàíèåì 
èëèñòîãëèíèñòûõ ÷àñòèö [1–3]. 

Ðîññûïíûå ìåñòîðîæäåíèÿ Çàáàéêàëü
ñêîãî êðàÿ îòíîñÿòñÿ ê òðóäíîïðîìûâèñòûì 
çîëîòîñîäåðæàùèì ïåñêàì. Îñíîâíàÿ ïðè
÷èíà âûñîêèõ ïîòåðü çîëîòà è ïîïóòíûõ öåí
íûõ êîìïîíåíòîâ – íèçêàÿ ýôôåêòèâíîñòü 
òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ [8]. 

Ó÷èòûâàÿ íàçâàííûå àñïåêòû, âñå ðîñ
ñûïíûå ìåñòîðîæäåíèÿ Çàáàéêàëüñêîãî êðàÿ 
ñ ïðèñóòñòâèåì ìåëêîãî, òîíêîãî, ïëàâó÷åãî 
çîëîòà ñëåäóåò ñ÷èòàòü íîâûì âèäîì ñûðüÿ, 
äëÿ êîòîðîãî íå ñóùåñòâóåò ýôôåêòèâíîé 
òåõíîëîãèè îáîãàùåíèÿ ñ âûñîêèì èçâëå÷å
íèåì öåííîãî êîìïîíåíòà. Â ýòîé ñâÿçè íå

îáõîäèì ïåðåõîä îò óñòàðåâøåé ìàëîýôôåê
òèâíîé òåõíîëîãèè îáîãàùåíèÿ ðîññûïíûõ 
ìåñòîðîæäåíèé ê íîâîé ðåñóðñîñáåðåãàþ
ùåé ìàëîîòõîäíîé òåõíîëîãèè îáîãàùåíèÿ 
èëèñòîãëèíèñòûõ çîëîòîñîäåðæàùèõ ïå
ñêîâ [10]. 

Ñòàòèñòè÷åñêèå äàííûå è èññëåäîâàíèÿ 
âåäóùèõ ó÷åíûõ ïîäòâåðæäàþò, ÷òî ÷àñòèöû 
çîëîòà êðóïíîñòüþ ìåíåå 0,15 ìì íå óëàâëè
âàþòñÿ øëþçàìè, ïðè ýòîì ïîâûøåíèå îáúå
ìîâ ïðîìûâêè ïðèâîäèò ê óâåëè÷åíèþ ïîòåðü 
öåííîãî ìåòàëëà çà ñ÷åò ìåëêèõ êëàññîâ [5]. 
Â ðåçóëüòàòå îáðàçóþòñÿ íîâûå ýôåëüíûå 
îòâàëû ñ ïîâûøåííûì ñîäåðæàíèåì ãëèíû 
è èëîâ è ïðîìûøëåííûìè ñîäåðæàíèÿìè 
çîëîòà, êîòîðîå ïðåäñòàâëåíî â ìåëêîì òîí
êîì âèäå â òðóäíîèçâëåêàåìûõ êëàññàõ. Ïî
âòîðíàÿ îòðàáîòêà âåäåòñÿ ñ ïðèìåíåíèåì 
îäíîé òåõíîëîãè÷åñêîé ñõåìû, â äîâîäî÷
íûõ îïåðàöèÿõ èñïîëüçóþòñÿ ñîâðåìåííûå 
ãðàâèòàöèîííûå àïïàðàòû. Äîâîäî÷íîå îáî
ðóäîâàíèå, êàê ïðàâèëî, èìååò íåáîëüøóþ 
ïðîèçâîäèòåëüíîñòü è òåîðåòè÷åñêè ñïî
ñîáíî èçâëåêàòü ÷àñòèöû êðóïíîñòüþ áîëåå 
0,03 ìì, îäíàêî íà ïðàêòèêå êðóïíîñòü ñâî
áîäíîãî çîëîòà çíà÷èòåëüíî ìåíüøå [8].  

Îáúåêòîì èññëåäîâàíèÿ ÿâëÿåòñÿ èëè
ñòîãëèíèñòîå ìèíåðàëüíîå ñûðüå, îòîáðàí
íîå èç òåõíîãåííîãî îáðàçîâàíèÿ ðîññûï
íîãî ìåñòîðîæäåíèÿ íà ó÷àñòêå Êîðæèõà 
Êàððàêîíñêîãî ïðèèñêà, êîòîðîå ðàíåå íå
îäíîêðàòíî îòðàáàòûâàëîñü. Â 2011–2018 ãã. 
ìåñòîðîæäåíèå ÷àñòè÷íî îòðàáîòàííî, îäíà
êî èëèñòîãëèíèñòûå ïðîÿâëåíèÿ è ñëîæíîå 
ãåîëîãè÷åñêîå ðàñïîëîæåíèå çîëîòîíîñíûõ 
ïåñêîâ îáóñëîâèëè íèçêèå òåõíîëîãè÷åñêèå 
ïîêàçàòåëè ïî öåííîìó êîìïîíåíòó. 

Â ýôåëüíûõ îòâàëàõ âûÿâëåíû îñòà
òî÷íûå ñîäåðæàíèÿ áëàãîðîäíîãî ìåòàëëà, 
ïðåäñòàâëåííûå â ìåëêèõ êëàññàõ â âèäå ñâî
áîäíîãî «ïëàâó÷åãî çîëîòà», êîòîðîå íåâîç
ìîæíî êà÷åñòâåííî èçâëå÷ü èç òåõíîãåííîãî 
îáðàçîâàíèÿ. 
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Ïðåäìåòîì èññëåäîâàíèÿ ÿâëÿåòñÿ òåõ
íîëîãè÷åñêàÿ îöåíêà îáîãàòèìîñòè òåõíî
ãåííîãî ñûðüÿ ñ èñïîëüçîâàíèåì àïïàðàòîâ 
öåíòðîáåæíîé ñåïàðàöèè . 

Öåëü èññëåäîâàíèÿ – îïðåäåëåíèå 
ñòåïåíè èçâëå÷åíèÿ ñâîáîäíîãî çîëîòà èç 
ýôåëüíîé ôðàêöèè ïðè èñïîëüçîâàíèè ïðî
öåññà öåíòðîáåæíîé ñåïàðàöèè â ãðàâèòà
öèîííûõ ñõåìàõ ïåðåðàáîòêè ìèíåðàëüíîãî 
ñûðüÿ.

Îñíîâíûå çàäà÷è èññëåäîâàíèÿ: 
– óñòàíîâèòü ñîäåðæàíèå ñâîáîäíîãî 

çîëîòà  è çàêîíîìåðíîñòü åãî ðàñïðåäåëåíèÿ 
ïî êëàññàì êðóïíîñòè; 

– îöåíèòü ýôôåêòèâíîñòü ìíîãîñòàäèàëü
íîãî èçâëå÷åíèÿ çîëîòà ñ èñïîëüçîâàíèåì 
àïïàðàòîâ öåíòðîáåæíîé ñåïàðàöèè â òåõíî
ëîãè÷åñêèõ ñõåìàõ äëÿ âûðàáîòêè íàïðàâëå
íèÿ ïî äàëüíåéøåìó èñïîëüçîâàíèþ ðàçðà
áîòêè â ïðîìûøëåííûõ óñëîâèÿõ.

Ìàòåðèàë è ìåòîäû èññëåäîâàíèÿ. Äëÿ 
èññëåäîâàíèÿ íà îáîãàòèìîñòü èñïîëüçî
âàíà ìàëîîáúåìíàÿ òåõíîëîãè÷åñêàÿ ïðîáà 
òåõíîãåííûõ ýôåëüíûõ ïðîäóêòîâ, ïîëó÷åí
íûõ ïîñëå ïåðâîíà÷àëüíîé ïðîìûâêè ãëèíè
ñòûõ ïåñêîâ.

Â ðàáîòå ïðèìåíÿëèñü ñëåäóþùèå ìå
òîäû: òåîðåòè÷åñêèé àíàëèç àïðèîðíîé èí
ôîðìàöèè, îáîáùåíèå, òåðìîäèíàìè÷åñêèé 
àíàëèç, ôèçèêîõèìè÷åñêèé àíàëèç, ýêñïå
ðèìåíòàëüíûå ìåòîäû, âêëþ÷àþùèå õèìè÷å
ñêèé, ðåíòãåíîôàçîâûé, ìèêðîñêîïè÷åñêèé, 
ýëåêòðîííîìèêðîñêîïè÷åñêèé àíàëèçû, 
ðÍìåòðèþ, ëàáîðàòîðíûå ýêñïåðèìåíòû íà 
ãðàâèòàöèîííûõ óñòàíîâêàõ. Îáðàáîòêà ðå
çóëüòàòîâ âûïîëíåíà ìåòîäàìè ïðèêëàäíîé 
ìàòåìàòèêè, ìàòåìàòè÷åñêîé ñòàòèñòèêè ñ 
èñïîëüçîâàíèåì ïðîãðàìì Microsoft Excel, 
STATISTICA.

Ñòåïåíü íàó÷íîé ðàçðàáîòàííîñòè ïðî
áëåìû. Ïðîáëåìàìè îñâîåíèÿ òåõíîãåí
íûõ ðîññûïåé çîëîòà çàíèìàþòñÿ íàó÷íûå 
êîëëåêòèâû ãîðîäîâ Ìîñêâà, Åêàòåðèíáóðã, 
ßêóòñê, ×èòà, Ìàãàäàí, Õàáàðîâñê è äð. Âå
äóùèå ñïåöèàëèñòû è èññëåäîâàòåëè ñôîð
ìèðîâàëè óçêîíàïðàâëåííûå íàó÷íûå øêî
ëû. Ó èñòîêîâ èçó÷åíèÿ ïðîáëåìû îñâîåíèÿ 
òåõíîãåííûõ ìåñòîðîæäåíèé ïîëåçíûõ èñ
êîïàåìûõ ñòîÿëè âûäàþùèåñÿ ó÷åíûå àêà
äåìèêè Í. Â. Ìåëüíèêîâ, Ì. È. Àãîøêîâ, 
Â. Â. Ðæåâñêèé, Ê. Í. Òðóáåöêîé, Â. Í. Ëàñêî
ðèí, Â. À. ×àíòóðèÿ, Å. È. Áîãäàíîâ, Ñ. Ì. Øî
ðîõîâ, Ê. Â. Ñîëîìèí, Â. Í. Øîõèí, À. Ã.  Ëî
ïàòèí, Â. Â. Êàðìàçèí è äð., çàëîæèâøèå 
íàó÷íûå îñíîâû ðåøåíèÿ ðàññìàòðèâàåìîãî 
âîïðîñà. Áîëüøèíñòâî îòå÷åñòâåííûõ è çà
ðóáåæíûõ èññëåäîâàòåëåé ñõîäÿòñÿ âî ìíå
íèè, ÷òî îñíîâíàÿ ïîòåðÿ ñâîáîäíîãî çîëîòà 
ïðîèñõîäèò ñ ÷àñòíûì âûõîäîì ìåëêèõ êëàñ
ñîâ. Ýêñïåðèìåíòàëüíî äîêàçàíî, ÷òî ìåëêîå 
ïëàñòèí÷àòîå, ÷åøóé÷àòîå, ìîðôîëîãè÷åñêè 
èçìåíåííîå è òàê íàçûâàåìîå «ïëàâó÷åå çî
ëîòî» ïîëíîñòüþ íå èçâëåêàåòñÿ ïðèìèòèâíû
ìè ãðàâèòàöèîííûìè àïïàðàòàìè [5; 8; 11].    

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæäå
íèå. Ïðè îïðåäåëåíèè õèìè÷åñêîãî ñîñòàâà 
èñõîäíîé ïðîáû ïðèìåíåíû ñëåäóþùèå ìå
òîäû àíàëèçà: îïðåäåëåíèå ñîäåðæàíèÿ çî
ëîòà ïðîáèðíîàòîìíîàáñîðáöèîííûì ìå
òîäîì (FAA303M); îïðåäåëåíèå ñîäåðæàíèÿ 
ñåðåáðà àòîìíîàáñîðáöèîííûì ìåòîäîì 
ñ ðàçëîæåíèåì â öàðñêîé âîäêå (AAS12ÅM); 
îïðåäåëåíèå ñîäåðæàíèÿ îáùåé è ñóëüôèä
íîé ñåðû, îáùåãî è îðãàíè÷åñêîãî óãëåðîäà 
ÈÊñïåêòðîìåòðèåé (CSA10VM, CSA08VM, 
CSA03VM). Ðåçóëüòàòû õèìè÷åñêèõ àíàëèçîâ 
ïðèâåäåíû â òàáë. 1.

Òàáëèöà 1 / Table 1

Õèìè÷åñêèé ñîñòàâ èñõîäíîãî ìàòåðèàëà / The chemical composition of the source material

Ýëåìåíò / Element Ìåòîä / Method Åäèíèöà èçìåðåíèÿ / 
Unit of measurement Ýôåëü / Dredging waste

Au FAA303M ã/ò / g/t 3,54
Ag AAS12EM ã/ò / g/t 1,20
C CSA10VM % 1,76
S CSA10VM % 3,18

S(ñóëüô) CSA08VM % 2,85
C(îðã) CSA03VM % 0,26
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Â ïðîáå èñõîäíîãî ìàòåðèàëà ñîäåðæàíèå 
çîëîòà ñîñòàâëÿåò 3,54 ã/ò, ñåðåáðà – 1,20 ã/ò, 
óãëåðîäà – 1,76 %, â òîì ÷èñëå îðãàíè÷åñêî
ãî – 0,26 %, 3,18 % ñåðû, â òîì ÷èñëå ñóëü
ôèäíîé – 2,85 %.

Èññëåäîâàíèå èëèñòîãëèíèñòûõ îòëî
æåíèé ýôåëüíûõ îòâàëîâ íà îáîãàòèìîñòü 
îñóùåñòâëÿëîñü ïî ñòàíäàðòíîìó ãðàâèòà
öèîííîìó ìåòîäó. Èçó÷åíèå ïðîöåññà ãðà
âèòàöèè îñóùåñòâëÿëîñü íà ëàáîðàòîðíîì 
îáîðóäîâàíèè â óñëîâèÿõ, ìàêñèìàëüíî ïðè
áëèæåííûõ ê óñëîâèÿì ïðîìûøëåííîé ïåðå
ðàáîòêè ìèíåðàëüíîãî ñûðüÿ.  

Ïîäãîòîâêà èñõîäíîé ïðîáû âêëþ÷àëà 
ñëåäóþùèå îïåðàöèè: äðîáëåíèå, ãðîõî÷å
íèå, ïåðåìåøèâàíèå, ôîðìèðîâàíèå ïðåä

ñòàâèòåëüíîé íàâåñêè äëÿ ïðîâåäåíèÿ ãðàâè
òàöèîííîãî îáîãàùåíèÿ.

Äëÿ ïîòåíöèàëüíîé îöåíêè èçâëå÷åíèÿ 
çîëîòà â ãðàâèòàöèîííûé êîíöåíòðàò ïðè 
ðàçëè÷íîé êðóïíîñòè ïîìîëà èññëåäîâàëè 
ïðîáó ýôåëüíûõ îòëîæåíèé ïî îäíîñòàäè
àëüíîìó ãðàâèòàöèîííîìó îáîãàùåíèþ íà 
êîíöåíòðàòîðå Íåëüñîí (ìàðêè ÊÑMD3G4) 
ñ ïåðå÷èñòêîé êîíöåíòðàòà íà ñåïàðàòîðå 
Ìîçëè (Ñ800). Îïûòû âûïîëíÿëèñü íà èç
ìåëü÷åííûõ íàâåñêàõ ñ êðóïíîñòüþ ïîìîëà 
80 % êëàññà 0,212, 0,150, 0,106, 0,075 ìì è 
ìàññîé 10 êã. Ñõåìà îáîãàùåíèÿ ïðèâåäåíà 
íà ðèñ. 1. Îñíîâíûå ïàðàìåòðû îïûòîâ ïðè
âåäåíû â òàáë. 2. 

Ðèñ. 1. Ñõåìà ãðàâèòàöèîííîãî îáîãàùåíèÿ / Fig. 2. The scheme of gravitational washability

Òàáëèöà 2 / Table 2
Ïàðàìåòðû èñïûòàíèé / Test parameters

Ïàðàìåòðû / Parameters Çíà÷åíèÿ / Values

Êîíöåíòðàòîð Íåëüñîí ÊÑMD3G4 / Nelson Concentrator CSMD3G4

Êðóïíîñòü ïèòàíèÿ 80 %, ìì / Feed size 80 %, mm 0,075; 0,212; 0,150; 0,106 

Ïðîèçâîäèòåëüíîñòü, êã/÷ / Capacity, kg/h 2023

Ðàñõîä âîäû, ë/ìèí / Water consumption, l/min 3,5

Öåíòðîáåæíîå óñêîðåíèå, G / Centrifugal acceleration, G 60

Ñåïàðàòîð Ìîçëè Ñ800 / Separator Moseley S800

Ïðîèçâîäèòåëüíîñòü, êã/÷ / Capacity, kg/h 0,2

Óãîë íàêëîíà äåêè / Deck tilt angle 3…4°

×àñòîòà êîëåáàíèé äåêè, öèêë/ìèí / Deck oscillation frequency, cycle/min 72

Äåêà / Deck Vîáðàçíàÿ

Àìïëèòóäà êîëåáàíèé äåêè, ìì / Oscillation amplitude of the deck, mm 13,0
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Ðåçóëüòàòû âûïîëíåííûõ èñïûòàíèé ïðåäñòàâëåíû â òàáë. 3.

Òàáëèöà 3 / Table 3

Ðåçóëüòàòû ãðàâèòàöèîííîãî îáîãàùåíèÿ / Gravity Washability Results

Ïðîäóêò / Product
Âûõîä / Exit Ñîäåðæàíèå, ã/ò / 

Content, g/t
Èçâëå÷åíèå, % / 

Recovery, %

ã/g % Au Au

Ïðîáà1 (Ð
80

 212 ìêì) / Sample1 (P
80

 212 µm)

Êîíöåíòðàò / Concentrate 9,79 0,10 1070,00 29,06

Õâîñòû / Tails 9990,21 99,90 2,56 70,94
Èñõîäíûé ìàòåðèàë (ðàñ÷åò) / Source material 
(calculation) 10 000,00 100,00 3,61 100,00

Èñõîäíûé ìàòåðèàë (àíàëèç) / Source material (analysis)    3,54  

Ïðîáà2 (Ð
80

 150 ìêì) / Sample2 (P
80

 150 µm)

Êîíöåíòðàò / Concentrate 10,11 0,10 1010,00 29,03

Õâîñòû / Tails 9986,89 99,90 2,50 70,97
Èñõîäíûé ìàòåðèàë (ðàñ÷åò) / Source material 
(calculation) 9997,00 100,00 3,52 100,00

Èñõîäíûé ìàòåðèàë (àíàëèç) / Source material (analysis)     3,54  

Ïðîáà3 (Ð
80 

106 ìêì) / Sample3 (P
80

 106 µm)

Êîíöåíòðàò / Concentrate 8,50 0,09 1610,00 38,59

Õâîñòû / Tails 9989,55 99,91 2,18 61,41
Èñõîäíûé ìàòåðèàë (ðàñ÷åò) / Source material 
(calculation) 9998,05 100,00 3,55 100,00

Èñõîäíûé ìàòåðèàë (àíàëèç) / Source material (analysis)    3,54  

Ïðîáà4 (Ð80 75 ìêì) / Sample4 (P80 75 µm)

Êîíöåíòðàò / Concentrate 12,53 0,13 1150,00 40,72

Õâîñòû / Tails 9987,47 99,87 2,10 59,28
Èñõîäíûé ìàòåðèàë (ðàñ÷åò) / Source material 
(calculation) 10 000,00 100,00 3,54 100,00

Èñõîäíûé ìàòåðèàë (àíàëèç) / Source material (analysis)    3,54  

Â ðåçóëüòàòå ãðàâèòàöèîííîãî îáîãàùå
íèÿ ïðîáû ýôåëüíûõ îòëîæåíèé èçâëå÷åíèå 
çîëîòà â ãðàâèòàöèîííûé êîíöåíòðàò ñîñòà
âèëî 29,03…40,72 %. Ñàìûå âûñîêèå ïîêà
çàòåëè ïî èçâëå÷åíèþ çîëîòà îòìå÷åíû íà 
êðóïíîñòè Ð

80
 0,075 ìì – 40,72 %.

Äëÿ ïîëíîãî ïðåäñòàâëåíèÿ âîçìîæíî
ñòè ãðàâèòàöèîííîãî îáîãàùåíèÿ ýôåëüíûõ 
îòëîæåíèé ïðîâåäåíû äîïîëíèòåëüíûå èñ
ñëåäîâàíèÿ ïî ñòàíäàðòíûì òåñòàì ñ îïðå
äåëåíèåì êîëè÷åñòâà ãðàâèòàöèîííîèçâëå
êàåìîãî çîëîòà (òåñòû GRG). 

Òåñò GRG ïðîâîäèòñÿ ñ öåëüþ îïðåäå
ëåíèÿ ìàêñèìàëüíî âîçìîæíîãî èçâëå÷åíèÿ 
çîëîòà ãðàâèòàöèîííûì ìåòîäîì íà öåíòðî
áåæíîì ñåïàðàòîðå. Ïðîöåäóðà ïðåäóñìà
òðèâàåò òðåõñòàäèàëüíîå îáîãàùåíèÿ ðóäû 
ñ äîèçìåëü÷åíèåì õâîñòîâ ïðåäûäóùåé ñòà
äèè, êàê ïîêàçàíî íà ðèñ. 2. 

Ïîëó÷åííûå äàííûå â ðåçóëüòàòå àíà
ëèçà ïðîäóêòîâ îáîãàùåíèÿ òåñòà GRG è 
ðàñ÷åò èçâëå÷åíèÿ ïðåäñòàâëåíû â òàáë. 4 è 
íà ðèñ. 3.
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Ðèñ. 2. Ñõåìà òåñòà GRG / Scheme of GRG test

Òàáëèöà 4 / Table 4

Ðåçóëüòàòû òåñòà GRG / GRG test results

Ïðîäóêò / Product
Âûõîä / Exit Ñîäåðæàíèå, ã/ò / 

Content, g/t
Èçâëå÷åíèå, % / 

Recovery, %

ã / g % Au Au

Êîíöåíòðàò 1 còàäèè / Stage 1 Concentrate 12,02 0,04 1396,10 15,53

Ïðîìïðîäóêò 1 còàäèè / Industrial product 1 stage 70,74 0,24 41,90 2,74

Õâîñòû 1 còàäèè / Stage 1 tails 349,62 1,17 2,87 0,93

Êîíöåíòðàò 2 còàäèè / Stage 2 Concentrate 12,41 0,04 2120,10 24,35

Ïðîìïðîäóêò 2 còàäèè / Industrial product 2 stage 89,30 0,30 103,80 8,58

Õâîñòû 2 còàäèè / Stage 2 tails 345,20 1,15 1,70 0,54

Êîíöåíòðàò 3 còàäèè / Stage 3 Concentrate 12,74 0,04 559,60 6,60

Ïðîìïðîäóêò 3 còàäèè / Industrial product 3 stage 91,80 0,31 97,30 8,27

Õâîñòû 3 còàäèè / Stage 3 tails 220,26 0,74 1,21 0,25
Êîíöåíòðàò + ïðîìïðîäóêò / 
Concentrate + middlings 289,01 0,96 247,00 66,07

 Õâîñòû / Tails 28 754,00 95,98 1,21 33,92
Èñõîäíûé ìàòåðèàë (ðàñ÷åò) / Source material 
(calculation) 29 958,09 100,00 3,61 100,00

Èñõîäíûé ìàòåðèàë (àíàëèç) / Source material 
(analysis) 29 958,09 100,00 3,54 100,00
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Ðèñ. 3. Ñòàäèàëüíîå èçâëå÷åíèå çîëîòà / Fig. 3. Stadium recovery of gold

Ñóììàðíîå èçâëå÷åíèå çîëîòà ïî òåñòó 
GRG ñîñòàâèëî 66,08 %, ñîäåðæàíèå Au â 
õâîñòàõ ãðàâèòàöèè – 1,21 ã/ò.

Çàêëþ÷åíèå. Ðåçóëüòàòû ãðàíóëîìåòðè
÷åñêîãî àíàëèçà ïîêàçûâàþò, ÷òî çîëîòî íà
êàïëèâàåòñÿ â ýôåëüíûõ îòâàëàõ â ìàñøòà
áàõ, ïîçâîëÿþùèõ ïëàíèðîâàòü èõ îñâîåíèå 
íà îñíîâå ïðèìåíåíèÿ ñîâðåìåííûõ ìåòîäîâ 
îáîãàùåíèÿ.

Íàáëþäàåòñÿ òåíäåíöèÿ ïîâûøåííîãî 
ñîäåðæàíèÿ ñâîáîäíîãî çîëîòà â èíòåðâàëå 
106…75 ìêì ñ äèíàìèêîé óìåíüøåíèÿ â áî
ëåå êðóïíûõ êëàññàõ. Íàêîïëåííûå ñîäåð

æàíèÿ öåííîãî êîìïîíåíòà â òåõíîãåííûõ 
èëèñòîãëèíèñòûõ îòëîæåíèÿõ ñîîòâåòñòâóþò 
ïðîìûøëåííûì êîíäèöèÿì.

Ïîëó÷åííûå ðåçóëüòàòû ïî ãðàâèòàöèîí
íîìó îáîãàùåíèþ èëèñòîãëèíèñòûõ îòëîæå
íèé ìîæíî ñ÷èòàòü ïîëîæèòåëüíûìè, îäíàêî 
äëÿ ïîëíîé è îáúåêòèâíîé îöåíêè îòðàáîòêè 
òåõíîãåííûõ îòëîæåíèé ñ ïðèìåíåíèåì êîì
ïëåêñíîé òåõíîëîãèè òðåáóþòñÿ äîïîëíè
òåëüíûå ìàñøòàáíûå èññëåäîâàíèÿ, êîòîðûå 
ïîçâîëÿò ðàñøèðèòü ï ðèâû÷íûå ãðàíèöû ïå
ðåðàáîòêè ðîññûïíûõ ìåñòîðîæäåíèé.

Ñïèñîê ëèòåðàòóðû                                                                                              

1. Áàøëûêîâà Ò. Â., Àìîñîâ Ð. À., Ïàõîìîâà Ã. À., Ìàêàâåöêàñ À. Ð. Íîâûå ïåðñïåêòèâíûå âîçìîæíî
ñòè ãðàâèòàöèîííîãî èçâëå÷åíèÿ ìåëêîãî è òîíêîãî çîëîòà  // Ïåðñïåêòèâû ðàçâèòèÿ çîëîòîäîáû÷è â 
Çàáàéêàëüå: ñá. ñò. Èðêóòñê 2003. Ñ. 109–110.

2. Áîðäóíîâ Ñ. Â., Áîðäóíîâ Â. Â., Äàíèëîâ À. Ï. Èçâëå÷åíèå òîíêîãî çîëîòà èç òåõíîãåííîãî ñûðüÿ 
ñ âûñîêèì ñîäåðæàíèåì ãëèí // 10é êîíãðåññ îáîãàòèòåëåé ñòðàí ÑÍÃ: ñá. ñò. Ì., 2015. Ò. 1. Ñ. 365–368.

3. Áîðäóíîâ Ñ. Â., Áîðäóíîâ Â. Â., Äàíèëîâ À. Ï. Èçâëå÷åíèå òîíêîãî çîëîòà èç òåõíîãåííîãî 
ñûðüÿ ñ âûñîêèì ñîäåðæàíèåì êàðáîíàòîâ // 10é êîíãðåññ îáîãàòèòåëåé ñòðàí ÑÍÃ: ñá. ñò. Ì., 2015. 
Ò. 1. Ñ. 362–365.

4. Áóêèí Â. È., Èãóìíîâ Ì. Ñ., Ñàôîíîâ Â. Â., Ñàôîíîâ Âë. Â. Ïåðåðàáîòêà ïðîèçâîäñòâåííûõ îòõî
äîâ è âòîðè÷íûõ ñûðüåâûõ ðåñóðñîâ, ñîäåðæàùèõ ðåäêèå, áëàãîðîäíûå è öâåòíûå ìåòàëëû. Ì.: Äåëîâàÿ 
ñòîëèöà, 2002. 224 ñ.

5. Âîëîùþê Â. Â. Ìîðôîëîãè÷åñêèå èçìåíåíèÿ ñàìîðîäíîãî çîëîòà â ðîññûïÿõ // Ïåðñïåêòèâû 
ðàçâèòèÿ çîëîòîäîáû÷è â Çàáàéêàëüå: ñá. ñò. Èðêóòñê, 2003. Ñ. 85–87.

6. Ãàëè÷ Â. Ì., Ñû÷åâ Â. Â., Ñû÷åâ Âàä. Â. Ïîâûøåíèå ñêâîçíîãî èçâëå÷åíèÿ ìåëêîãî è òîíêîãî çîëî
òà èç ãàëå÷íîýôåëüíûõ îòâàëîâ // Îáîãàùåíèå ðóä. 2000. ¹ 6. Ñ. 30–33.

7. Èííîâàöèîííûå ðàçðàáîòêè, ïðåäëàãàåìûå ê ðåàëèçàöèè: ðåêëàìíîèíôîðìàöèîííûé âûïóñê / 
ïîä ðåä. Ñ. Ô. Ìèðîøíèêîâà. ×èòà: ÇàáÃÓ, 2015. 119 ñ.

8. Ëèòâèíöåâ Â. Ñ., Ïîíîìàð÷óê Ã. Ï., Áàíùèêîâà Ò. Ñ. Çîëîòîíîñíîñòü èëîâîãëèíèñòûõ îòëîæåíèé 
òåõíîãåííûõ ðîññûïåé Äàëüíåâîñòî÷íîãî ðåãèîíà Ðîññèè // Ôèçèêîòåõíè÷åñêèå ïðîáëåìû ðàçðàáîòêè 
ïîëåçíûõ èñêîïàåìûõ. 2010. ¹ 5. Ñ. 91–98.   



Âåñòíèê ÇàáÃÓ. 2020. Ò. 26. ¹ 4                                                                              Íàóêè î Çåìëå

32

References 

9. Ñïèðèí Â. È., Áàøëûêîâà Ò. Â.  Ñîçäàíèå ãåîòåõíîëîãè÷åñêîãî öåíòðà äëÿ ðàçðàáîòêè íàèëó÷øèõ 
äîñòóïíûõ òåõíîëîãèé îáîãàùåíèÿ ðóä ïðèðîäíûõ è òåõíîãåííûõ ìåñòîðîæäåíèé // 10é êîíãðåññ îáî
ãàòèòåëåé ñòðàí ÑÍÃ: ñá. ñò. Ì., 2015. Ò. 1. Ñ. 269–272.

10. ×àíòóðèÿ Â. À. Ñîâðåìåííûå ïðîáëåìû îáîãàùåíèÿ ìèíåðàëüíîãî ñûðüÿ â Ðîññèè // Ãîðíûé 
æóðíàë. 2005. ¹ 12. Ñ. 56–64.

11. Qu W., Bogena H. R., Huisman J. A., Schmidt M., Kunkel R., Weuthen A., Schiedung H., Schilling B., Sorg J., 
Vereecken H. The integrated water balance and soil data set of the Rollesbroich hydrological observatory // Earth 
System Science. 2016. Vol. 8. P. 517–529.

1. Bashlykova T. V., Amosov R. A., Pakhomova G. A., Makavetskas A. R. Perspektivy razvitiya zolotodobychi 
v Zabaykaliye: sb. st. (Prospects for the development of gold mining in Transbaikalia: collected articles). Irkutsk 
2003, pp. 109–110.

2. Bordunov S. V., Bordunov V. V., Danilov A. P. 10y kongress obogatiteley stran SNG: sb. st. (10th Con
gress of Concentrators of the CIS Countries: collected articles). Moscow, 2015, vol. 1, pp. 365–368.

3. Bordunov S. V., Bordunov V. V., Danilov A. P. 10y kongress obogatiteley stran SNG: sb. st. (10th Con
gress of Concentrators of the CIS countries: collected articles). Moscow, 2015, vol. 1, pp. 362–365.

4. Bukin V. I., Igumnov M. S., Safonov V. V., Safonov Vl. V. Pererabotka proizvodstvennykh otkhodov i 
vtorichnykh syryevykh resursov, soderzhashchikh redkiye, blagorodnyye i tsvetnyye metally (Processing of in
dustrial wastes and secondary raw materials containing rare, precious and nonferrous metals). Moscow: Busi
ness capital, 2002. 224 p.

5. Voloshchuk V. V. Perspektivy razvitiya zolotodobychi v Zabaykaliye: sb. st. (Prospects for the develop
ment of gold mining in Transbaikalia: collected articles). Irkutsk, 2003, pp. 85–87.

6. Galich V. M., Sychev V. V., Sychev Vad. V. Obogashcheniye rud (Ore beneficiation), 2000, no. 6, 
pp. 30–33.

7. Innovatsionnyye razrabotki, predlagayemyye k realizatsii: reklamnoinformatsionnyy vypusk (Innovative 
developments proposed for implementation: advertising and information release) / ed. S. F. Miroshnikov. Chita: 
ZabSU, 2015. 119 p.

8. Litvintsev V. S., Ponomarchuk G. P., Banshchikova T. S. Fizikotekhnicheskiye problemy razrabotki 
poleznyh iskopayemyh (Physicotechnical problems of mining), 2010, no. 5, pp. 91–98.

9. Spirin V. I., Bashlykova T. V. 10y kongress obogatiteley stran SNG: sb. st. (10th Congress of Concentrators 
of the CIS Countries: collected articles). Moscow, 2015, vol. 1, pp. 269–272.

10. Chanturia V. A. Gornyy zhurnal (Mining Journal), 2005, no. 12, pp. 56–64.
11. Qu W., Bogena H. R., Huisman J. A., Schmidt M., Kunkel R., Weuthen A., Schiedung H., Schilling B., 

Sorg J., Vereecken H. Earth System Science (Earth System Science), 2016, vol. 8, pp. 517–529.

Êîðîòêî îá àâòîðàõ 

Briefly about the authors 

Ìÿçèí Âèêòîð Ïåòðîâè÷, äð òåõí. íàóê, ïðîôåññîð êàôåäðû îáîãàùåíèÿ ïîëåçíûõ èñêîïàåìûõ è âòîðè÷íîãî ñûðüÿ, 
Çàáàéêàëüñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, ã. ×èòà, Ðîññèÿ. Îáëàñòü íàó÷íûõ èíòåðåñîâ: îáîãàùåíèå ïîëåçíûõ èñ
êîïàåìûõ
myazinvpchita@mail.ru

Íèêîíåíêî Òàòüÿíà Âëàäèìèðîâíà, àñïèðàíò, Çàáàéêàëüñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, ã. ×èòà, Ðîññèÿ. Îáëàñòü 
íàó÷íûõ èíòåðåñîâ: ïðîìûøëåííîå ïðîåêòèðîâàíèå
nikontan@yandex.ru

Victor Myazin, doctor of technical sciences, professor, head of Mineral and Secondary Raw Materials department, Transbaikal 
State University, Chita, Russia. Sphere of scientific interests: mineral processing

Tatyana Nikonenko, postgraduate, Transbaikal State University, Chita, Russia. Sphere of scientific interests: industrial design



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

33

Îáðàçåö öèòèðîâàíèÿ 

Ìÿçèí Â. Ï., Íèêîíåíêî Ò. Â., Èññëåäîâàíèÿ èëèñòîãëèíèñòîãî ìèíåðàëüíîãî ñûðüÿ íà îáîãàòèìîñòü ãðàâèòàöèîííûì 
ìåòîäîì // Âåñòíèê  Çàáàéêàëüñêîãî ãîñóäàðñòâåííîãî  óíèâåðñèòåòà. 2020. Ò. 26, ¹ 4. Ñ. 25–33. DOI: 10.21209/2227
924520202642533.

Myazin V., Nikonenko T., Researches of siltclay mineral raw materials for the washability by the gravitational method // Trans
baikal  State University Journal, 2020, vol. 26, no. 4, pp. 25–33. DOI: 10.21209/2227924520202642533.

Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ: 04.03.2020 ã. 
  Ñòàòüÿ ïðèíÿòà ê ïóáëèêàöèè:  28.03.2020 ã.


