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Ñóðüìÿíàÿ ïðîìûøëåííîñòü â Ðîññèéñêîé Ôåäåðàöèè ïåðåæèâàåò íå ëó÷øèå âðåìåíà. ÎÎÎ «ÃåîÏðî
ìàéíèíã», îñíîâíîå ïðåäïðèÿòèå, äîáûâàþùåå è îáîãàùàþùåå ñóðüìó, âëàäååò îáîãàòèòåëüíîé ôàáðè
êîé íà Ñûðàëàõñêîì ìåñòîðîæäåíèè (ßêóòèÿ), òàì æå ïåðåðàáàòûâàåòñÿ ðóäà Ñåíòàí÷àíñêîãî ìåñòî
ðîæäåíèÿ; äîáû÷à â ìåíüøèõ ìàñøòàáàõ âåä¸òñÿ â Êðàñíîÿðñêîì êðàå íà ìåñòîðîæäåíèè «Óäåðåéñêîå» 
(Íîâîàíãàðñêèé ÃÎÊ), ïîïóòíî å¸ äîáûâàþò íà Îëèìïèàäèíñêîì ÃÎÊå èç õâîñòîâ îáîãàùåíèÿ çîëîòî
ñóðüìÿíîé ðóäû. Ìíîãèå ðàçâåäàííûå êðóïíûå ìåñòîðîæäåíèÿ â Çàáàéêàëüñêîì êðàå, Ïåðìñêîé îáëà
ñòè, Êðàñíîÿðñêîì êðàå âîâñå íå ðàçðàáàòûâàþòñÿ. Ïðè÷èíà âñåìó ‒ íåðåíòàáåëüíîñòü ðàçðàáîòêè è 
ïåðåðàáîòêè ñóðüìÿíûõ ìåñòîðîæäåíèé ââèäó íèçêîé öåíû íà ìåòàëë è ñëîæíîñòè ïîëó÷åíèÿ êîíäèöè
îííûõ êîíöåíòðàòîâ èççà ïðèñóòñòâèÿ â ñóðüìîñîäåðæàùèõ ìåñòîðîæäåíèÿõ îêñèäíûõ ôîðì ìåòàëëà, 
âñòðå÷àþùèõñÿ â ìåñòîðîæäåíèÿõ â âèäå ëèíç è ïë¸íîê, ÷òî îñëîæíÿåò îáîãàùåíèå (èçâëå÷åíèå) òàêîãî 
ìåòàëëà âñëåäñòâèå îòñóòñòâèÿ ñïîñîáîâ è ìåòîäîâ èëè äîðîãîâèçíû ïåðåðàáîòêè.

Â ðàáîòå èçëàãàåòñÿ àêòóàëüíîñòü ïðîáëåìû äîáû÷è è ïåðåðàáîòêè ñóðüìÿíûõ ðóä. Ïðåäñòàâëåí ðå
àãåíòñîáèðàòåëü îêñèäíûõ ôîðì ñóðüìû ÊC

Sb
 è íà îñíîâàíèè åãî ïðèìåíåíèÿ ðàçðàáîòàíû ïàðàìåòðû 

ôëîòàöèîííîãî îáîãàùåíèÿ ðóäû ìåñòîðîæäåíèÿ «Æèïõîøà», ÷òî ñïîñîáñòâóåò ñóùåñòâåííîìó ïîâû
øåíèþ èçâëå÷åíèÿ ìåòàëëà. Îòìå÷åíî, ÷òî èñïîëüçîâàíèå ÊC

Sb
 ÿâëÿåòñÿ áîëåå ýôôåêòèâíûì â ñðàâ

íåíèè ñ äðóãèìè èçâåñòíûìè ðåàãåíòàìè, ïðèìåíÿåìûìè äëÿ îáîãàùåíèÿ îêñèäîâ ñóðüìû. Ïîëó÷åíû 
ðåçóëüòàòû èññëåäîâàíèé ðåàãåíòàñîáèðàòåëÿ ïðè ââåäåíèè åãî â òåõíîëîãè÷åñêóþ ñõåìó ôëîòàöèè îê
ñèäíûõ ôîðì ñóðüìû, êîòîðûå ñâèäåòåëüñòâóþò î öåëåñîîáðàçíîñòè è ýôôåêòèâíîñòè åãî ïðèìåíåíèÿ. 
Ýòîò ôàêò ïîäòâåðæä¸í òåõíèêîýêîíîìè÷åñêèì ðàñ÷¸òîì, ïî êîòîðîìó óñëîâíàÿ ïðèáûëü ñîñòàâëÿåò 
30…31 ìëí ð. íà 1 ìëí ò ïåðåðàáàòûâàåìîé ðóäû â ãîä. Ïðèðîñò ïîëó÷àåìîé ïðîäóêöèè (êîíöåíòðàò) 
ñîñòàâëÿåò ïîðÿäêà 700…800 ò, êà÷åñòâîì (ñîäåðæàíèå ñóðüìû) 32…36 %, ñîîòâåòñòâóþùåé ìàðêå 
ÊÑÓÔ3. Ñïîñîá ðåêîìåíäóåòñÿ ïðèìåíÿòü äëÿ ïåðåðàáîòêè ðóä ñóðüìÿíûõ ìåñòîðîæäåíèé, ñîäåðæà
ùèõ îêñèäíûå ìèíåðàëû ñóðüìû (îò 10 % è áîëåå) 

Êëþ÷åâûå ñëîâà: ôëîòàöèîííîå îáîãàùåíèå; ðåàãåíòñîáèðàòåëü; îêñèä ñóðüìû; èçâëå÷åíèå; ñóðüìà; ìåñòî
ðîæäåíèå «Æèïõîøà»; êîíäèöèîííûé êîíöåíòðàò; êèíåòèêà; ñõåìà ôëîòàöèè; ðàçðàáîòêà ñõåìû

The antimony industry in the Russian Federation is currently experiencing difficult times. The main enterprise 
that produces and enriches antimony today is GeoProMining LLC, which owns a processing plant at the Syr
alakhskoye field (Yakutia), where the ore of the Sentanchansky field is processed, production on a smaller scale 
is carried out in the Krasnoyarsk Territory at the Udereyskoye field of the Novoangarsky GOK, and associated 
production is carried out at the Olympiadinsky GOK from the tailings of the goldantimony ore enrichment. Many 
fields are not being developed at all. The reason for this is the profitability of the development and processing of 
antimony deposits, due to the low price of metal and the difficulty of obtaining conditioned concentrates due to 
the presence of metal oxide forms in antimonycontaining deposits. Oxide forms of metal in deposits occur in the 
form of lenses and films, which complicates the enrichment (extraction) of such metal due to the lack of methods 
and methods or the high cost of processing.
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The article presents the relevance of the problem of extraction and processing of antimony ores. The reagent
collector of antimony oxide forms KC

Sb
 is presented and, based on its application, the parameters of flotation ore 

dressing of the Zhipkhosha deposit are developed, which contributes to a significant increase in metal recovery. 
It is noted that the use of ÊC

Sb
 is more effective in comparison with other known reagents used for the enrichment 

of antimony oxides. The results of studies of this collector reagent, when it is introduced into the technological 
scheme of flotation of antimony oxide forms, are obtained, which indicate the feasibility and effectiveness of its 
use. This fact is confirmed by a technical and economic calculation, according to which the conditional profit is 
3031 million rubles per 1 million processed ore per year. The increase in the resulting products (concentrate) is 
about 700800 tons, with a quality (antimony content) of 3236 %, corresponding to the KSUF3 brand.

This method is recommended for use in various antimony and antimonycontaining deposits containing oxide 
minerals (from 10 % or more)

Key words: flotation enrichment; collecting reagent; antimony oxide; extraction; antimony; Zhipkhosha deposit; conditioned 
concentrate; kinetics; flotation scheme; development of the scheme

Ââåäåíèå. Ñóðüìÿíàÿ ïðîìûøëåííîñòü 
â Ðîññèéñêîé Ôåäåðàöèè ïåðåæèâàåò 

êðèçèñ, ïðè÷èíîé êîòîðîãî ÿâëÿåòñÿ íèçêîå 
êà÷åñòâî êîíöåíòðàòîâ ñóðüìû. Ñëîæíîñòü 
ïîëó÷åíèÿ êîíäèöèîííûõ êîíöåíòðàòîâ îáú
ÿñíÿåòñÿ ïðèñóòñòâèåì â ñóðüìîñîäåðæàùèõ 
ìåñòîðîæäåíèÿõ îêñèäíûõ ôîðì ìåòàëëà, 
âñòðå÷àþùèõñÿñÿ â ìåñòîðîæäåíèÿõ â âè
äå ëèíç è ïë¸íîê, ÷òî îñëîæíÿåò èçâëå÷åíèå 
òàêèõ ìèíåðàëîâ, êîòîðûå ïðè îáîãàùåíèè 
ïåðåõîäÿò â õâîñòû è îáóñëîâëèâàþò ïîòåðè 
öåííîãî êîìïîíåíòà. Â Çàáàéêàëüå, ãäå ñêîí
öåíòðèðîâàíî áîëüøîå êîëè÷åñòâî ñóðüìÿ
íûõ ðóä, íåò ýôôåêòèâíûõ è ðåíòàáåëüíûõ 
ñïîñîáîâ è ìåòîäîâ èçâëå÷åíèÿ îêèñëåííûõ 
ìèíåðàëîâ ñóðüìû. Ïîýòîìó ðàçðàáîòêà ýô
ôåêòèâíûõ è äåø¸âûõ òåõíîëîãèé ïåðåðà
áîòêè ñóðüìÿíûõ ðóä ñ öåëüþ óìåíüøåíèÿ 
ïîòåðü öåííîãî êîìïîíåíòà, ÿâëÿåòñÿ àêòó
àëüíîé íàó÷íîé çàäà÷åé.

Â ÀÎ «Èðãèðåäìåò» èçó÷àåòñÿ âîïðîñ î 
ñïîñîáå îáîãàùåíèÿ îêñèäíûõ ôîðì ñóðüìû 
èç ìåñòîðîæäåíèé ïðè èñïîëüçîâàíèè ìàëî
çàòðàòíûõ ñïîñîáîâ îáîãàùåíèÿ è äåø¸âûõ 
(íåäîðîãèõ) ðåàãåíòîâ [6; 10]. 

Îáúåêò èññëåäîâàíèÿ – îòâàëüíûå (êî
íå÷íûå) õâîñòû ôëîòàöèîííîãî îáîãàùåíèÿ 
ñóëüôèäíûõ ìèíåðàëîâ ñóðüìû (äàëåå «èñ
õîäíîå ïèòàíèå»), ñîäåðæàùèå îêèñëåííûå 
ìèíåðàëû ñóðüìû, ïîëó÷åííûå ïðè ïåðåðà
áîòêå ðóä ìåñòîðîæäåíèÿ «Æèïõîøà» (Çà
áàéêàëüñêèé êðàé). 

Ïðåäìåò èññëåäîâàíèÿ – ïðîöåññ ôëî
òàöèè ñ èñïîëüçîâàíèåì èçâåñòíûõ êëàññè
÷åñêèõ ðåàãåíòîâ ñîáèðàòåëåé ñóðüìû è íî
âîãî ðåàãåíòàñîáèðàòåëÿ KÑ

sb
.

Öåëü èññëåäîâàíèÿ – ðàçðàáîòêà òåõíî
ëîãèè èçâëå÷åíèÿ îêèñëåííûõ ôîðì ñóðüìû.

Çàäà÷è èññëåäîâàíèÿ – îïðåäåëåíèå 
âëèÿíèÿ êðóïíîñòè íà ïîêàçàòåëè èçâëå÷åíèÿ 

îêñèäíîé ôîðìû ñóðüìû; âûáîð îïòèìàëü
íîãî ðàñõîäà ñîáèðàòåëÿ; ïîäáîð îïòèìàëü
íîãî ñîîòíîøåíèÿ êîìïîíåíòîâ ðåàãåíòàñî
áèðàòåëÿ; âûáîð îïòèìàëüíîãî ðÍ; ïîäáîð 
îïòèìàëüíîé ïëîòíîñòè ïèòàíèÿ; îïðåäåëå
íèå êèíåòèêè ôëîòàöèîííîãî îáîãàùåíèÿ; 
ðàçðàáîòêà ñõåìû îêñèäíîé ôëîòàöèè; ïðî
âåäåíèå êîíòðîëüíûõ îïûòîâ â çàìêíóòîì 
öèêëå.

Ìåòîäîëîãèÿ è ìåòîäèêà èññëåäîâàíèé. 
Ïðè ïðîâåäåíèè îïûòîâ èñïîëüçîâàíî îáî
ðóäîâàíèå ÀÎ «Èðãèðåäìåò», óñòàíîâëåííîå 
íà ó÷àñòêå ïîëóïðîìûøëåííûõ èñïûòàíèé 
(ëàáîðàòîðíûå ìåëüíèöû, ôëîòîìàøèíû è 
âñïîìîãàòåëüíîå îáîðóäîâàíèå). Èññëåäî
âàíèÿ âûïîëíÿëèñü ñòðîãî â ñîîòâåòñòâèè ñ 
îáùåïðèíÿòûìè ìåòîäèêàìè ðóäîïîäãîòîâ
êè è ôëîòàöèè [2; 4; 14]. Â õîäå èññëåäîâàíèÿ 
èñïîëüçîâàëñÿ êîìïëåêñíûé ïîäõîä.

Ðåçóëüòàòû èññëåäîâàíèé. Íà ðèñ. 1 
ïðèâåäåíà çàâèñèìîñòü ïîòåðü ñóðüìû ñ 
õâîñòàìè ôëîòàöèîííîãî îáîãàùåíèÿ îò 
ðàñõîäà ðåàãåíòàñîáèðàòåëÿ. Ïîëó÷åííûå 
ðåçóëüòàòû ïîêàçàëè ýôôåêòèâíîñòü KÑ

sb
, è 

â äàëüíåéøåì ïðè åãî èñïîëüçîâàíèè ðàç
ðàáàòûâàëèñü ðåæèìíûå ïàðàìåòðû ôëîòà
öèîííîãî îáîãàùåíèÿ îêñèäíûõ ìèíåðàëîâ 
ñóðüìû [1; 2; 8; 9; 12]. 

Ñîãëàñíî îáùåïðèíÿòûì ìåòîäèêàì, â 
ïåðâóþ î÷åðåäü îïðåäåëÿëîñü âëèÿíèå êðóï
íîñòè íà ïîêàçàòåëè èçâëå÷åíèÿ îêñèäíîé 
ôîðìû ñóðüìû, çàòåì âåëèñü ñëåäóþùèå âè
äû ðàáîò: 

– âûáîð îïòèìàëüíîãî ðàñõîäà ñîáèðà
òåëÿ; 

– ïîäáîð îïòèìàëüíîãî ñîîòíîøåíèÿ 
êîìïîíåíòîâ ðåàãåíòàñîáèðàòåëÿ;

– âûáîð îïòèìàëüíîãî ðÍ; 
– âûáîð îïòèìàëüíîé ïëîòíîñòè ïè

òàíèÿ;
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– îïðåäåëåíèå êèíåòèêè ôëîòàöèîííîãî 
îáîãàùåíèÿ;

– ðàçðàáîòêà ñõåìû îêñèäíîé ôëîòàöèè;
– ïðîâåäåíèå êîíòðîëüíûõ îïûòîâ â 

çàìêíóòîì öèêëå.
Çàâèñèìîñòü èçâëå÷åíèÿ îêñèäîâ ñóðü

ìû îò êðóïíîñòè èñõîäíîãî ïèòàíèÿ ïîêàçàíà 
íà ðèñ. 2.

Ïî ïîëó÷åííûì äàííûì (ðèñ. 2), ñäåëàí 
âûâîä î òîì, ÷òî ïðè ïîíèæåíèè êðóïíîñòè 
èñõîäíîãî ïèòàíèÿ ôëîòàöèè îêñèäíûõ ôîðì 
ñóðüìû íå ïðîèñõîäèò ïîâûøåíèÿ èçâëå÷å

íèÿ, ïîýòîìó çà îïòèìàëüíóþ ïðèíÿòà êðóï
íîñòü 75…80 % ìèíóñ 71 ìêì.

Îïðåäåëåíèå îïòèìàëüíîãî ðàñõîäà ðå
àãåíòàñîáèðàòåëÿ ïðåäñòàâëåíî â âèäå çà
âèñèìîñòè, èçîáðàæ¸ííîé íà ðèñ. 3.

Ïî êðèâîé çàâèñèìîñòè èçâëå÷åíèÿ îê
ñèäíîé ñóðüìû îò ðàñõîäàñîáèðàòåëÿ (ñì. 
ðèñ. 3) âèäíî, ÷òî ðàñõîä 600 ã/ò ÿâëÿåòñÿ 
îïòèìàëüíûì è äàëüíåéøåå ïîâûøåíèå åãî 
íå ïðèâîäèò ê óëó÷øåíèþ ïîêàçàòåëÿ èçâëå
÷åíèÿ.

à) 

á) 

Ðèñ. 1. Çàâèñèìîñòü ïîòåðü Sb ñ õâîñòàìè ôëîòàöèè îò ïðèìåíåíèÿ èçâåñòíûõ ðåàãåíòîâñîáèðàòåëåé 
îêñèäíîé ñóðüìû è èññëåäóåìîãî ÊÑSb / Fig. 1. Dependence of Sb losses with flotation tails on the use of 

known reagentscollectors of antimony oxide and the studied ÊÑSb

Ðèñ. 2. Çàâèñèìîñòü èçâëå÷åíèÿ îêñèäíîé ñóðüìû îò êðóïíîñòè ïèòàíèÿ îêñèäíîé ôëîòàöèè / 
Fig. 2. Dependence of antimony oxide extraction on the size of the oxide flotation feed
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Ðèñ. 3. Çàâèñèìîñòü èçâëå÷åíèÿ îêñèäíîé ñóðüìû îò ðàñõîäà ðåàãåíòàñîáèðàòåëÿ ÊÑSb / 
Fig. 3. Dependence of antimony oxide extraction on the consumption of the collecting reagent ÊÑSb

Íà ðèñ. 4 èçîáðàæåíî îïòèìàëüíîå ñîîòíîøåíèå ðåàãåíòàñîáèðàòåëÿ êàê 1 ÷àñòü «Äàë
ëåñ» : 1 ÷àñòü «ÁÒ1Ñ» : 0,2 ÷àñòè «Àñïàðàë «Ô». 

Ðèñ. 4. Çàâèñèìîñòü èçâëå÷åíèÿ îêñèäíîé ñóðüìû îò ñîñòàâà ðåàãåíòàñîáèðàòåëÿ ÊÑSb / 
Fig. 4. Dependence of antimony oxide extraction on the composition of the CSSb collector reagent

Íà ðèñ. 5 ïðèâåäåíà çàâèñèìîñòü ïîêàçàòåëÿ ïîòåðü îêñèäíîé ñóðüìû ñ õâîñòàìè îò ðÍ 
ñðåäû.

Ðèñ. 5. Çàâèñèìîñòü ïîòåðü ìåòàëëà ñ õâîñòàìè ôëîòàöèè îò ðÍ ñðåäû ñ èñïîëüçîâàíèåì âûáðàííîãî 
ðåàãåíòàñîáèðàòåëÿ ÊÑ

Sb 
/ Fig. 5. Dependence of metal losses with flotation tails on the pH of the medium 

using the selected collector reagent ÊÑ

Îïòèìàëüíûé ïîêàçàòåëü ðÍ ïðè ôëîòàöèîííîì îáîãàùåíèè îêñèäíîé ñóðüìû ñ ó÷¸òîì 
äàííûõ ðèñ. 6 ñîñòàâëÿåò ≥ 9,5.
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Ðèñ. 6. Çàâèñèìîñòü èçâëå÷åíèÿ îêñèäíîé ñóðüìû îò ïëîòíîñòè ïèòàíèÿ îêñèäíîé ôëîòàöèè / 
Fig. 6. Dependence of antimony oxide extraction on the feed density of the oxide flotation

Íà ðèñ. 7 ïîêàçàíà çàâèñèìîñòü èçâëå
÷åíèÿ îêñèäíîé ñóðüìû îò âðåìåíè ôëîòà
öèè (êèíåòèêà) êàê ñâèäåòåëüñòâóåò êðèâàÿ. 
Îïòèìàëüíàÿ ïëîòíîñòü ïèòàíèÿ îêñèäíîé 
ôëîòàöèè ñîñòàâëÿåò 25 %.

Ïîñëå îïðåäåëåíèÿ îñíîâíûõ ðåæèìíûõ 
ïàðàìåòðîâ ôëîòàöèîííîãî îáîãàùåíèÿ îê
ñèäíûõ ôîðì ñóðüìû îïðåäåëÿåòñÿ ïðîäîë
æèòåëüíîñòü ôëîòàöèè. 

Ðèñ. 7. Êèíåòèêà ôëîòàöèîííîãî îáîãàùåíèÿ îêñèäíîé ñóðüìû ñ èñïîëüçîâàíèåì 
ðåàãåíòàñîáèðàòåëÿ ÊÑSb / Fig. 7. Kinetics of flotation enrichment of antimony oxide using 

the KSSb collector reagent

Èç ðåçóëüòàòîâ ýêñïåðèìåíòàëüíûõ 
èññëåäîâàíèé îïðåäåëåíà îïòèìàëüíàÿ ïðî
äîëæèòåëüíîñòü ôëîòàöèè ‒ 20 ìèí (10 ìèí ‒ 
îñíîâíàÿ îêñèäíàÿ ôëîòàöèÿ, 10 ìèí ‒ êîí
òðîëüíàÿ îêñèäíàÿ ôëîòàöèÿ); êà÷åñòâî 
êîíöåíòðàòà ïåðå÷èñòêè îïðåäåëÿëîñü âèçó
àëüíî è ñîñòàâèëî 3 ìèí. 

Íà îñíîâàíèè ïîëó÷åííûõ äàííûõ ðàç
ðàáîòàíà òåõíîëîãè÷åñêàÿ ñõåìà ôëîòàöèè 

îêñèäíûõ ôîðì ñóðüìû (ðèñ. 8) è îïðåäå
ëåíû ðåæèìíûå ïàðàìåòðû âåäåíèÿ ïðî
öåññà (òàáë. 1). Ïðîâåäåíû êîíòðîëüíûå 
îïûòû â çàìêíóòîì öèêëå íà íàâåñêå 10 êã 
â ëàáîðàòîðíîì ìàñøòàáå, ðåçóëüòàòû êî
òîðûõ çàâåðåíû íà 2…3 ò íà ïîëóïðîìûø
ëåííîé óñòàíîâêå ïðîèçâîäèòåëüíîñòüþ 
100 êã/÷.
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Ðèñ. 8. Ñõåìà ôëîòàöèè îêñèäíûõ ôîðì ñóðüìû / Figure 8. Scheme of flotation of antimony oxide forms

Òàáëèöà 1/ Table 1

 Ðåæèìíûå ïàðàìåòðû ôëîòàöèè îêñèäíûõ ôîðì ñóðüìû /
Regime parameters of flotation of antimony oxide forms

Ïàðàìåòðû / Parameters Ïîêàçàòåëü / Indicator

Êðóïíîñòü ïèòàíèÿ, ìì / Feed size, mm 75…80 % ìèíóñ 71 ìêì / 75…80 % minus 71 
micron

Ðàñõîä ñîáèðàòåëÿ ÊÑ
Sb

 10 %, ã/ò / ÊÑ
Sb

 collector consumption 10 %, g / t
Îñíîâíàÿ ôëîòàöèÿ/ Main flotation
Êîíòðîëüíàÿ ôëîòàöèÿ / Control flotatio

480
120

Ðàñõîä âñïåíèâàòåëÿ Ò92, ã/ò / Foaming agent consumption T92, g / t 60 ã/ò/60 g/t

ðÍ ïóëüïû/ Pulp pH ≥ 9,5

Ïëîòíîñòü ïèòàíèÿ, %/ Power density, % 25
Âðåìÿ, ìèí / Time, min
Îñíîâíîé îêñèäíîé ôëîòàöèè/ Basic oxide flotation
Êîíòðîëüíîé îêñèäíîé ôëîòàöèè / Control oxide flotation
Ïåðå÷èñòêà / Perechistka

10
10
3

Ðåçóëüòàòû èñïûòàíèé çàìêíóòîãî öèê
ëà (òàáë. 2) ïîêàçàëè, ÷òî ââåäåíèå â ñõåìó 
îïåðàöèè ôëîòàöèè îêñèäíûõ ôîðì ñóðüìû, 
ñ èñïîëüçîâàíèåì ðåàãåíòàñîáèðàòåëÿ ñó
ðüìû KÑ

sb
, ïîçâîëèëî ñíèçèòü ïîòåðè ñóðü

ìû â õâîñòàõ äî 1,07 % (ïðîòèâ 1,82 %), ÷òî â 
ñâîþ î÷åðåäü ïðèâåëî ê ïîâûøåíèþ îáùåãî 

èçâëå÷åíèÿ íà 9,1 %. Â ýêîíîìè÷åñêîì âûðà
æåíèè óñëîâíàÿ ïðèáûëü ïðè èñïîëüçîâàíèè 
îïåðàöèè ôëîòàöèè îêñèäíûõ ôîðì ñóðüìû ñ 
ó÷¸òîì âñåõ çàòðàò ñîñòàâèò îðèåíòèðîâî÷íî 
íà 30 ìëí ð. áîëüøå, ÷åì áåç èñïîëüçîâàíèÿ 
ýòîé îïåðàöèè. 

Òàáëèöà 2 / Table 2

 Ïîêàçàòåëè èçâëå÷åíèÿ ñóðüìû / Antimony recovery indicators

Íàèìåíîâàíèå ïðîäóêòà / Product Name Âûõîä, % /
Yield, %

Ñîäåðæàíèå, % /
Content, %

Èçâëå÷åíèå, % /
Extraction, %

Sb
Êîíöåíòðàò ñóùåñòâóþùåé òåõíîëîãèè / Concentrate of 
existing technology 15,04 47,53 79,60

Õâîñòû ñóùåñòâóþùåé òåõíîëîãèè / Tails of existing 
technology 84,96 1,82 20,40

Êîíöåíòðàò ôëîòàöèè îêñèäíûõ ôîðì ñóðüìû / Antimony 
Oxide Flotation Concentrate 4,59 15,10 9,10

Õâîñòû òåõíîëîãèè îáùèå / Technology tails general 80,37 1,07 11,30
Èñõîäíàÿ ðóäà / Source ore 100,00 7,61 100,00
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Ïðèðîñò ïîëó÷àåìîé ïðîäóêöèè (êîí
öåíòðàòà) ñîñòàâëÿåò 700…800 ò, ñîäåðæà
íèå ñóðüìû 32…36 %, ñîîòâåòñòâóåò ìàðêå 
êîíöåíòðàòà ÊÑÓÔ3.

Çàêëþ÷åíèå. Âïåðâûå ýêñïåðèìåí
òàëüíî óñòàíîâëåíû ðåæèìíûå ïàðàìå
òðû ôëîòàöèîííîãî îáîãàùåíèÿ îêñèä
íîé ñóðüìû ñ èñïîëüçîâàíèåì íîâîãî 
ðåàãåíòàñîáèðàòåëÿ ÊÑSb. Ðàçðàáîòàíà 
ñõåìà ôëîòàöèè, ïîçâîëÿþùàÿ èçâëå÷ü 
îêñèäíûå ìèíåðàëû, êîòîðûå ðàíåå ïî
ïàäàëè â õâîñòû è îáóñëîâëèâàëè ïîòåðè 
ñóðüìû. Ãîòîâûé êîíöåíòðàò îêñèäíîé 
ôëîòàöèè ñîîòâåòñòâóåò ìàðêå ÊÑÓÔ3. 
Âûïóñê êîíöåíòðàòà ñóðüìû óâåëè÷èòñÿ 
íà 700…800 ò.

Ðàçðàáîòàííàÿ òåõíîëîãèÿ èçâëå÷åíèÿ 
îêèñëåííûõ ôîðì ñóðüìû ñ ïðèìåíåíèåì 
êîìïëåêñíîãî ðåàãåíòàñîáèðàòåëÿ KÑ

sb
 ðå

êîìåíäóåòñÿ ê èñïîëüçîâàíèþ ïðè ïåðåðà
áîòêå ñìåøàííûõ è îêèñëåííûõ ñóðüìÿíûõ 
ðóä äðóãèõ ìåñòîðîæäåíèé. 

Ïîäòâåðæä¸í ýêîíîìè÷åñêèé ýôôåêò 
ïðè âíåäðåíèè òåõíîëîãèè, ðàçðàáîòàííîé 
àâòîðîì ñ ïðèìåíåíèåì íîâîãî ðåàãåíòàñî
áèðàòåëÿ ÊÑ

Sb
 â îïåðàöèè ôëîòàöèè îêñèäíûõ 

ôîðì ñóðüìû. Óñëîâíàÿ ïðèáûëü ñîñòàâëÿåò 
30…31 ìëí ð. íà 1 ìëí ò ïåðåðàáàòûâàåìîé 
ðóäû â ãîä [7]. Èññëåäîâàíèÿ, íàïðàâëåííûå 
íà ïîâûøåíèå ïîêàçàòåëåé îáîãàùåíèÿ è 
óäåøåâëåíèÿ ïðîöåññà ïåðåðàáîòêè  ñóðüìÿ
íûõ ðóä, ïðîäîëæàþòñÿ.
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