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Ðàññìàòðèâàåòñÿ ïðîáëåìà îáîãàùåíèÿ êàðáîíàòíîôëþîðèòîâûõ ðóä êàê íàèáîëåå ñëîæíûõ äëÿ ïåðå
ðàáîòêè. Ïðè èõ îáîãàùåíèè íå óäàåòñÿ ïîëó÷èòü áîãàòûå ôëþîðèòîâûå êîíöåíòðàòû ïðè âûñîêîì èç
âëå÷åíèè öåííîãî êîìïîíåíòà. Ïðîáëåìà îáîãàùåíèÿ ñîñòîèò â òîì, ÷òî ôëþîðèò è êàëüöèéñîäåðæàùèå 
ïîðîäîîáðàçóþùèå ìèíåðàëû îáëàäàþò ñèëüíûìè ãèäðîôîáíûìè ñâîéñòâàìè è ôëîòèðóþòñÿ ïðàêòè÷åñêè 
îäèíàêîâî, òî åñòü â óñëîâèÿõ ôëîòàöèè î÷åíü òðóäíî äîáèòüñÿ ñåëåêöèè ýòèõ ìèíåðàëîâ. Â ñòàòüå èçëîæåíû 
âîïðîñû ðåãóëèðîâàíèÿ ïðîöåññîâ ñòðóêòóðèðîâàíèÿ äèñïåðñèîííîé ñðåäû ôëîòàöèîííîé ïóëüïû ñ ïîìî
ùüþ ðàçëè÷íûõ ìåòîäîâ è ïðåäñòàâëåíû äâà âàðèàíòà òåõíîëîãè÷åñêèõ ñõåì äëÿ êàðáîíàòíîôëþîðèòîâûõ 
ðóä ìåñòîðîæäåíèé Çàáàéêàëüÿ è Ìîíãîëèè. Äëÿ îòå÷åñòâåííîé ïðîìûøëåííîñòè ðåêîìåíäîâàíà ñõåìà 
ôëîòàöèîííîãî îáîãàùåíèÿ ôëþîðèòîâûõ ðóä ñ êàðáîíàòíûì ìîäóëåì 0,95, ñîñòîÿùàÿ èç îñíîâíîé ôëîòà
öèè è 8 ïåðå÷èñòíûõ îïåðàöèé, ñ ïðèìåíåíèåì êèñëîãî æèäêîãî ñòåêëà â êà÷åñòâå äåïðåññîðà êàðáîíàòîâ. 
Â ýòîì ñëó÷àå âîçìîæíî ïîëó÷åíèå ôëþîðèòîâîãî êîíöåíòðàòà ìàðêè ÔÔ97À, ñîäåðæàùåãî 98,28 % CaF

2
 

è 0,13 % CaCO
3 

ïðè èçâëå÷åíèè CaF
2
 63,4 %. Äëÿ Ìîíãîëèè ðåêîìåíäîâàíà ñõåìà ôëîòàöèè êàðáîíàò

íîôëþîðèòîâûõ ðóä ñ ïðèìåíåíèåì íîâîãî ðåàãåíòà ñîáèðàòåëÿ ON60. Ñõåìà ïîçâîëÿåò ïîëó÷èòü êîí
öåíòðàò ìàðêè ÔÔ95Á, ñîäåðæàùèé CaF

2
 –

 
97,3 %, CaCO

3 
 –

 
1,82 % ïðè èçâëå÷åíèè CaF

2
 – 70,99 %. Îáå 

òåõíîëîãèè ðåêîìåíäóþòñÿ äëÿ ïðèìåíåíèÿ â ïðîìûøëåííûõ óñëîâèÿõ

Êëþ÷åâûå ñëîâà: ôëîòàöèîííîå îáîãàùåíèå; ôëþîðèòîâûå ðóäû; êàðáîíàòíûé ìîäóëü; æèäêîå ñòåêëî; êîí
öåíòðàò; èçâëå÷åíèå; ôëîòàöèÿ; êàðáîíàòíûé ìîäóëü; èíòåíñèôèêàöèÿ; ñòðóêòóðèðîâàíèå

The carbonatefluorite ores are the most difficult of all flotation ores to be processed.  Fields with such composi
tion are growing in number nowadays but it is not possible to get rich fluorite concentrate with high recovery 
of a valuable component while processing them. The problem with processing is that the fluorite and calcium
containing rockforming minerals have strong hydrophobic properties and are floated practically in the same way, 
which means that it is very difficult to achieve filtering of these minerals with flotation. The article deals with the 
issue of regulating processes of structuring of the flotation pulp dispersive medium by various methods. Two vari
ants of technological schemes for the carbonatefluorite ore deposits of the Transbaikal region and Mongolia are 
presented in the article as well as a scheme for flotation benefication of fluorite ores with the carbonate module of 
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0,95, consisting of the basic flotation and 8 recleaning operations, using acidic sodium silicate as a depressig agent, 
recommended for the domestic industry. In this case, it is possible to obtain FF97A grade fluorite concentrate, 
containing  –  98,28 % of CaF

2
 and 0,13 % of  CaCO

3
 recovering 63,4 % of CaF

2
. The scheme for flotating car

bonatefluorite ores by using ON60, a new collecting agent, is recommended for Mongolia. This scheme makes it 
possible to obtain FF95B grade concentrate, containing 97,3 % of CaF

2
, 1,82 % of CaCO

3
 recovering 70,99 % of 

CaF
2
. Both technologies are recommended for applying under productionline conditions

Key words: f lotation benefication; fluorite ores; carbonate module; sodium silicate; concentrate; recovery; flotation; car
bonate unit; intensifiñation; structuring 

Ââåäåíèå. Íà ãîðíîì ôàêóëüòåòå Çàáàé
êàëüñêîãî ãîñóäàðñòâåííîãî óíèâåðñè

òåòà ðàáîòàåò îðãàíèçîâàííàÿ â 2001 ã. íà 
îñíîâàíèè ðåøåíèÿ ó÷åíîãî ñîâåòà ×èòèí
ñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà íàó÷
íàÿ àíàëèòè÷åñêàÿ ëàáîðàòîðèÿ, çàíèìàþ
ùàÿñÿ ðàçâèòèåì òåîðèè è ïðàêòèêè íîâûõ 
òåõíîëîãèé â ãîðíîé ïðîìûøëåííîñòè Çà
áàéêàëüñêîãî êðàÿ è Ìîíãîëèè.

Îñíîâíîå íàó÷íîå íàïðàâëåíèå ëà
áîðàòîðèè – íåðàâíîâåñíûå ïðîöåññû â 
òåõíîëîãèè ïåðåðàáîòêè ìèíåðàëüíîãî 
ñûðüÿ. Åãî ãëàâíîé îñîáåííîñòüþ ÿâëÿþò
ñÿ ðàçâèâàåìûå ñïåöèàëèñòàìè ëàáîðàòî
ðèè ïðåäñòàâëåíèÿ î òîì, ÷òî óñòîé÷èâîñòü 
äèñïåðñíîé ôëîòàöèîííîé ñèñòåìû ìîæåò 
ðåãóëèðîâàòüñÿ â óñëîâèÿõ èçìåíåíèÿ êî
ëåáàòåëüíûõ ðåæèìîâ íåðàâíîâåñíûõ ïðî
öåññîâ. Äëÿ ýòîãî ïðåäëîæåíî èñïîëüçîâàòü 
ãàðìîíè÷åñêèå êîëåáàíèÿ èëè êîëåáàíèÿ 
áîëåå ñëîæíîãî õàðàêòåðà, íàçûâàåìûå 
ïóëüñèðóþùèìè. 

Öåëü èññëåäîâàíèé. Îñíîâíàÿ èäåÿ 
èññëåäîâàíèé ñâÿçàíà ñ èñïîëüçîâàíèåì 
ïðåäñòàâëåíèé î ðåçóëüòàòàõ êîîïåðàòèâ
íîãî âçàèìîäåéñòâèÿ â íåðàâíîâåñíûõ 
ñèñòåìàõ, îïðåäåëÿåìûõ ïîíÿòèåì îá èõ 
ñòðóêòóðèðîâàíèè, ò.å. ñàìîîðãàíèçàöèè 
ñ îáðàçîâàíèåì äèññèïàòèâíûõ ñòðóêòóð. 
Âîçìîæíîñòè èçìåíåíèÿ ñòðóêòóðû äèñïåð
ñèîííîé ñðåäû îáîñíîâàíû ñ ðàçðàáîòêîé è 
îáîñíîâàíèåì åå èçìåíÿåìûõ ñâîéñòâ ïîä 
äåéñòâèåì ôëîòèðóåìûõ ìèíåðàëîâ è ôëî
òîðåàãåíòîâ, à òàêæå ïðè èñïîëüçîâàíèè 
âîçäåéñòâèé ðàçëè÷íûõ ôèçè÷åñêèõ ïîëåé. 
Ñëåäóåò îòìåòèòü, ÷òî äàííîå ïðåäñòàâëå
íèå íàõîäèòñÿ â äóõå ñîâðåìåííûõ òåîðèé 
ñòðóêòóðîîáðàçîâàíèÿ: ñèíåðãåòèêè, òåî
ðèè êàòàñòðîô è òåðìîäèíàìèêè íåîáðàòè
ìûõ ïðîöåññîâ. Â íàñòîÿùåå âðåìÿ àíàëî
ãè÷íûå èäåè íàõîäÿò ðàçâèòèå â áèîëîãèè, 

õèìèè, ôèçèêå è äðóãèõ íàó÷íûõ íàïðàâ
ëåíèÿõ, ãäå èññëåäóþòñÿ ñëîæíûå ñèñòåìû 
âäàëè îò ñîñòîÿíèÿ ðàâíîâåñèÿ. Äîêàçàíî, 
÷òî íåðàâíîâåñíûå ñèñòåìû ïîä äåéñòâèåì 
ñëàáûõ ýíåðãåòè÷åñêèõ âîçäåéñòâèé ìîãóò 
ïðåòåðïåâàòü çíà÷èòåëüíûå ñòðóêòóðíûå 
èçìåíåíèÿ, íàïðàâëåííîå ðåãóëèðîâàíèå 
êîòîðûõ ìîæåò øèðîêî èñïîëüçîâàòüñÿ 
â ïðîìûøëåííîñòè äëÿ èíòåíñèôèêàöèè 
ïðîöåññîâ ôëîòàöèè òðóäíîîáîãàòèìûõ ïî
ëåçíûõ èñêîïàåìûõ [4].

Ìåòîäû èññëåäîâàíèÿ. Äëÿ ïðàêòè÷å
ñêîãî ïðèìåíåíèÿ â ëàáîðàòîðèè ïðåäëîæå
íû òåõíîëîãè÷åñêèå ìåòîäû ðåãóëèðîâàíèÿ 
ïðîöåññîâ ñòðóêòóðèðîâàíèÿ äèñïåðñèîí
íîé ñðåäû ôëîòàöèîííîé ïóëüïû: ñîëåâàÿ 
ôëîòàöèÿ â ïðèñóòñòâèè íåéòðàëüíûõ ñî
ëåé, èçáèðàòåëüíàÿ ñòàáèëèçàöèÿ ïóëüïû, 
ýëåêòðîõèìè÷åñêàÿ îáðàáîòêà ôëîòàöèîí
íîé ïóëüïû ïðè ïåðåðàáîòêå ðàçëè÷íûõ ïî 
ñîñòàâó òèïîâ ðóä Çàáàéêàëüÿ è Ìîíãîëèè. 
Ìíîãèå îñîáåííîñòè òåõíîëîãè÷åñêîãî õà
ðàêòåðà èçó÷åíû íà ðóäàõ Þãîäçûðñêîãî, 
Õóáñóãóëüñêîãî, Íà÷èðñêîãî, Îëèìïèéñêî
ãî, Ãàðñîíóéñêîãî, Àíòîíîâñêîãî, Øàõìàò
íîãî, Óäîêàíñêîãî è äðóãèõ ìåñòîðîæäåíèé. 
Èññëåäîâàíû è îáîñíîâàíû òåõíîëîãè÷å
ñêèå ðåøåíèÿ ñ ïðèìåíåíèåì íåñòàíäàðò
íûõ ïðèåìîâ â òàêèõ íàïðàâëåíèÿõ, êàê 
ðàçðàáîòêà íåòðàäèöèîííûõ òåõíîëîãèé 
îáîãàùåíèÿ ðÿäà ðóä ñòàðûõ è íîâûõ ìåñòî
ðîæäåíèé ïîëåçíûõ èñêîïàåìûõ Çàáàéêà
ëüÿ è Ìîíãîëèè ñ ïðèìåíåíèåì ðàçëè÷íûõ 
ôèçèêîõèìè÷åñêèõ âîçäåéñòâèé íà êîì
ïîíåíòû è ôàçû, èíòåíñèôèêàöèÿ ôëî
òàöèè òðóäíîîáîãàòèìûõ ðóä Çàáàéêàëüÿ 
è Ìîíãîëèè íà îñíîâå ñòðóêòóðèðîâàíèÿ 
äèñïåðñèîííîé ñðåäû, ðàçäåëåíèå ìèíåðà
ëîâ â íåñòàöèîíàðíîì öåíòðîáåæíîì ïîëå, 
ðàçðàáîòêà òåõíîëîãè÷åñêèõ ñõåì äëÿ ïðî
ìûøëåííîãî îñâîåíèÿ áîëåå ýôôåêòèâíûõ 
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òåõíîëîãèé ïåðåðàáîòêè ìíîãîêàðáîíàò
íûõ ôëþîðèòîâûõ è äðóãèõ ðóä.

Â ïîñëåäíèå ãîäû âûïîëíåíû èññëåäî
âàíèÿ ïî îáîãàùåíèþ íàèáîëåå ñëîæíûõ 
ïî ñîñòàâó êàðáîíàòíîôëþîðèòîâûõ ðóä 
îòå÷åñòâåííûõ è ìîíãîëüñêèõ ìåñòîðîæäå
íèé è ðåêîìåíäîâàíû äâà ïðèíöèïèàëüíî 
ðàçíûõ âàðèàíòà ñõåì.

Ðåçóëüòàòû èññëåäîâàíèé. Äëÿ îò
å÷åñòâåííîé ïðîìûøëåííîñòè ðåêîìåí
äîâàíà ñõåìà ôëîòàöèîííîãî îáîãàùåíèÿ 
ðóäû Íà÷èðñêîãî è Îëèìïèéñêîãî ìåñòî
ðîæäåíèé, ïðåäñòàâëåííîé ïðîìïðîäóê
òîì ïîñëå ãðàâèòàöèîííîãî îáîãàùåíèÿ 
ñ êàðáîíàòíûì ìîäóëåì 0,95 è ñîäåðæà
ùèì, %: CaF

2
 – 30,32; CaCO

3
 – 23,07; 

MgCO
3
 – 8,97; SiO

2
 – 32,7. Äëÿ ïðîâåäåíèÿ 

ïðîìûøëåííûõ èñïûòàíèé ðåêîìåíäîâàíà 
ñõåìà, ñîñòîÿùàÿ èç îñíîâíîé ôëîòàöèè è 
5...8 ïåðå÷èñòíûõ îïåðàöèé, â çàâèñèìî
ñòè îò òîãî, êîíöåíòðàò êàêîãî êà÷åñòâà 
íåîáõîäèìî ïîëó÷èòü. Ñõåìà ïðåäóñìàòðè
âàåò ñåëåêöèþ êàëüöèåâûõ ìèíåðàëîâ ñ 
ôëîòàöèåé ôëþîðèòà è ïîäàâëåíèåì ôëî
òèðóåìîñòè êàðáîíàòîâ. Ïðîäóêò ïåðâîé 
ïåðå÷èñòêè è õâîñòû îñíîâíîé ôëîòàöèè 
âûâîäÿòñÿ â îòâàë. Â êà÷åñòâå ñîáèðàòå
ëÿ ðåêîìåíäîâàíà îëåèíîâàÿ êèñëîòà, à 
â êà÷åñòâå äåïðåññîðà êàðáîíàòîâ – êèñ
ëîå æèäêîå ñòåêëî ñ ðÍ ðàñòâîðà ìåíåå 1, 
ïðèãîòîâëåííîå ïî ñïåöèàëüíîé ìåòîäèêå. 
Ïðåäóñìàòðèâàåòñÿ ââåäåíèå íåéòðàëüíûõ 
ñîëåé CaCl

2
 è NaCl â öèêë èçìåëü÷åíèÿ äëÿ 

ðåãóëèðîâàíèÿ ñòðóêòóðû âîäíîé ôàçû. Ðå
êîìåíäóåòñÿ ïðèìåíÿòü õëîðèñòûé íàòðèé 
â âèäå âîäíîãî ðàñòâîðà, à õëîðèñòûé êàëü
öèé – â âèäå êèñëîãî ðàñòâîðà, äëÿ ÷åãî â 
ñâåæåïðèãîòîâëåííûé ðàñòâîð äîáàâëÿåòñÿ 
êîíöåíòðèðîâàííàÿ ñîëÿíàÿ êèñëîòà ñ äîâå
äåíèåì ðÍ äî âåëè÷èíû ìåíåå 1. Ñïåöèàëü
íàÿ îïåðàöèÿ ïî ñòàáèëèçàöèè îêèñëèòåëü
íîâîññòàíîâèòåëüíîãî ñîñòîÿíèÿ ïóëüïû, 
êîíòðîëèðóåìàÿ ñ ïîìîùüþ ïëàòèíîâîãî è 
õëîðñåðåáðÿíîãî ýëåêòðîäîâ äëÿ äîñòèæå
íèÿ âåëè÷èíû Eh = 1300 ìÂ ââîäèòñÿ ïîñëå 
èçìåëü÷åíèÿ ðóäû. Â ïðîìûøëåííûõ óñëî
âèÿõ ýòîò ïðîöåññ îñóùåñòâëÿåòñÿ ïóòåì 
ïåðåìåøèâàíèÿ ïóëüïû ïîñëå èçìåëü÷åíèÿ 
ðóäû â òå÷åíèå 12...15 ìèí â êîíòàêòíîì 
÷àíå èëè êàìåðàõ ôëîòàöèè áåç ïîäà÷è âîç

äóõà. Ïðèìåíÿåìàÿ ñèñòåìà ðåãóëèðîâàíèÿ 
ñòðóêòóðû æèäêîé ôàçû è Eh äèñïåðñíîé 
ñèñòåìû ñîâìåñòíî ñ ðàçðàáîòàííûì ðåæè
ìîì îáåñïå÷èâàåò ñêîðîòå÷íîñòü ïðîöåññà 
ðàçäåëåíèÿ êàëüöèéñîäåðæàùèõ ìèíåðà
ëîâ íà îñíîâå àýðîôëîêóëÿðíîé ôëîòàöèè. 
Íàèáîëåå âûñîêîêà÷åñòâåííàÿ ïðîäóêöèÿ 
ïîëó÷åíà ïî ñõåìå ñ âîñåìüþ ïåðå÷èñòêà
ìè êîíöåíòðàòà, ôëþîðèòîâûé êîíöåíòðàò 
ìàðêè ÔÔ97À ñîäåðæèò 98,28 % CaF

2
 

è 0,13 % CaCO
3
 ïðè èçâëå÷åíèè CaF

2
 –

 
63,4 %. Âòîðîé êîíöåíòðàò – êàðáîíàò
íûé – ñìåñü ïðîìïðîäóêòîâ ñî âòîðîé ïî 
âîñüìóþ ïåðå÷èñòêè, ñîäåðæèò 43,56 % 
CaCO

3
; 35,54 % CaF

2
 ïðè èçâëå÷åíèè 

CaCO
3
 – 39,65 %; CaF

2
 – 17,18 %. Îáùåå 

èçâëå÷åíèå ôëþîðèòà â îáà êîíöåíòðàòà 
ñîñòàâëÿåò 80,52 %. Ïîëó÷åííûå ïîêàçàòå
ëè ïîäòâåðäèëèñü ïðè ïðîâåðêå íà ìåñòíîé 
âîäå îáîãàòèòåëüíîé ôàáðèêè. 

Äëÿ Ìîíãîëèè ðåêîìåíäîâàííàÿ ñõåìà 
ôëîòàöèîííîãî îáîãàùåíèÿ èñïûòûâàëàñü 
íà ðóäå ìåñòîðîæäåíèé: øàõòû ÁîðÓí
äóð, Óðãåí è ÕîõÄýëü, ïëàíèðóåìûõ â 
ïåðñïåêòèâå äëÿ ïåðåðàáîòêè íà îáîãàòè
òåëüíîé ôàáðèêå ÃÎÊà ÁîðÓíäóð. Â ñî
îòâåòñòâèè ñ õèìè÷åñêèì ñîñòàâîì ñîäåð
æàíèå ïðîáû ñîñòàâèëî, %: CaF

2
 –

 
 26,55; 

CaCO
3
 – 10,01; SiO

2
 – 47,05; Ð – 0,039; 

S – 0,042 ïðè êàðáîíàòíîì ìîäóëå 2,65.
Â ðåçóëüòàòå ïðîâåäåííîãî èññëåäîâà

íèÿ â ëàáîðàòîðíûõ óñëîâèÿõ äëÿ îáîãà
ùåíèÿ âûñîêîêàëüöèòíîé ðóäû ðåêîìåíäî
âàíà òåõíîëîãè÷åñêàÿ ñõåìà è ðåàãåíòíûé 
ðåæèì, ïîçâîëÿþùèå îòêàçàòüñÿ îò ïîäî
ãðåâà ïóëüïû è ñíèçèòü åå òåìïåðàòóðó äî 
+5 … 8 ºÑ. Ðåêîìåíäóåòñÿ ïðèìåíÿòü íîâûé 
ðåàãåíò – ñîáèðàòåëü èç êëàññà ïåðëàñòà
íîâ ON60 äëÿ ñîçäàíèÿ òàêèõ óñëîâèé. 
Ïðîáëåìû ðàçäåëåíèÿ êàëüöèéñîäåðæàùèõ 
ìèíåðàëîâ ôëþîðèòà è êàëüöèòà ðåøåíû ñ 
ïðèìåíåíèåì ìîäèôèöèðîâàííîãî æèäêîãî 
ñòåêëà, êîòîðîå èñïîëüçóåòñÿ â êà÷åñòâå äå
ïðåññîðà è ãîòîâèòñÿ íà îñíîâå ââåäåíèÿ â 
ðàñòâîð îáû÷íîãî ùåëî÷íîãî æèäêîãî ñòåê
ëà ðàñòâîðîâ ñóëüôàòîâ æåëåçà, àëþìèíèÿ, 
öèíêà è äð. Ñõåìà ôëîòàöèè ñîñòîèò èç 
îñíîâíîé ôëþîðèòîâîé è øåñòè ïåðå÷èñò
íûõ îïåðàöèé. Õâîñòû îñíîâíîé ôëþî
ðèòîâîé ôëîòàöèè è ïåðâîé ïåðå÷èñòêè 
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ÿâëÿþòñÿ îòâàëüíûìè ïðîäóêòàìè. Êîíå÷
íûìè ïðîäóêòàìè òåõíîëîãèè îáîãàùåíèÿ 
ÿâëÿþòñÿ ôëþîðèòîâûé è êàðáîíàòíûé êîí
öåíòðàòû. Ôëþîðèòîâûé êîíöåíòðàò ìàð
êè ÔÔ95Á, ñîäåðæàùèé CaF

2
 – 97,3 %; 

CaCO
3

– 1,82 % ïîëó÷åí â êà÷åñòâå ïåííîãî 
ïðîäóêòà øåñòîé ïåðå÷èñòêè ïðè èçâëå÷å
íèè CaF

2
 – 70,99 %. Êàðáîíàòíûé êîíöåí

òðàò ïðåäñòàâëÿåò ñìåñü ïðîìïðîäóêòîâ ñî 
âòîðîé ïî øåñòóþ ïåðå÷èñòêè è ñîäåðæèò 
43,53 % CaF

2
 è 12,02 % CaCO

3
 ïðè èçâëå

÷åíèè CaF
2
 –

  
20,66 % è CaCO

3
 – 45,71 %. 

Òàêîé êîíöåíòðàò ðåêîìåíäóåòñÿ ïîñëå 
îêîìêîâàíèÿ èñïîëüçîâàòü â öåìåíòíîé è 

ìåòàëëóðãè÷åñêîé ïðîìûøëåííîñòè. Îá
ùåå èçâëå÷åíèå CaF

2
 â îáà êîíöåíòðàòà ñî

ñòàâëÿåò 91,65 %. Â ñõåìå ðåêîìåíäóåòñÿ 
ñòàáèëèçàöèÿ Eh â òå÷åíèå 15 ìèí.

Âûâîäû. Ïîëó÷åííûå ðåçóëüòàòû èñ
ñëåäîâàíèÿ ÿâëÿþòñÿ ïåðñïåêòèâíûìè äëÿ 
èíòåíñèôèêàöèè ðàçðàáîòêè òåõíîëîãèè 
îáîãàùåíèÿ ñëîæíûõ ïî ñîñòàâó ìíîãîêàð
áîíàòíûõ ôëþîðèòîâûõ ðóä. Ðàçðàáîòàí
íûå ñõåìû ôëîòàöèè è ðåàãåíòíûé ðåæèì 
ìîãóò ïðèìåíÿòüñÿ êàê íà îòå÷åñòâåííûõ 
ôëþîðèòîâûõ ôàáðèêàõ, òàê è îáîãàòè
òåëüíûõ ôàáðèêàõ Ìîíãîëèè.

1. Àñòàõîâ Ð. ß., Íèêèôîðîâ Ê. À., Ìîõîñîåâ Ì. Â. Ñåëåêòèâíàÿ ôëîòàöèÿ ôëþîðèòêàðáîíàòíûõ 
ðóä. Íîâîñèáèðñê: Íàóêà. 1983. 138 ñ.

2. Áåðëèíñêèé À. È. Ñòðóêòóðîîáðàçîâàíèå è äåïðåññèðóþùèå ñâîéñòâà æèäêîãî ñòåêëà // Òðóäû 
Öåíòðàëüíîãî íàó÷íîèññëåäîâàòåëüñêîãî ãîðíîðàçâåäî÷íîãî èíñòèòóòà. 1967. Âûï. 70. Ñ. 23–27.

3. Ëåîíîâ Ñ. Á., Àñòàõîâ Ð. ß. Ôëîòàöèÿ êàðáîíàòíîôëþîðèòîâûõ ðóä ñ èñïîëüçîâàíèåì â êà÷åñòâå 
ðåãóëÿòîðà ñðåäû êèñëîãî ðàñòâîðà õëîðèñòîãî êàëüöèÿ // Ôèçèêîõèìè÷åñêèå è òåõíîëîãè÷åñêèå èññëåäî
âàíèÿ ïðîöåññîâ ïåðåðàáîòêè ïîëåçíûõ èñêîïàåìûõ. Èðêóòñê, 1973. Ñ. 84–87.

4. Íèêèôîðîâ Ê. À., Ðåâíèâöåâ Â. À. Íàïðàâëåííûå ïðåâðàùåíèÿ ìèíåðàëîâ. Íîâîñèáèðñê: Íàóêà, 
1992. 192 ñ.

5. Íèêèôîðîâ Ê. À. Íåîáðàòèìûå ïðîöåññû â èçìåëü÷åíèè ìèíåðàëüíîãî ñûðüÿ // ÔÒÏÐÏÈ. 1993. 
¹ 6. Ñ. 85–87.

6. Íèêèôîðîâ Ê. À. Ñàìîîðãàíèçàöèÿ êàê ïðèíöèï ñåëåêòèâíîé ôëîòàöèè òîíêîäèñïåðñíûõ ñèñòåì 
// Ðàöèîíàëüíîå èñïîëüçîâàíèå ìèíåðàëüíîãî ñûðüÿ Ñèáèðè. ÓëàíÓäý: ÁÍÖ ÑÎ ÀÍ ÑÑÑÐ, 1990. Ñ. 3–10.

7. Ñû÷êîâ Â. Â., Àñòàõîâ Ð. ß. Ëàáîðàòîðíûå èññëåäîâàíèÿ è ïîëóïðîìûøëåííûå èñïûòàíèÿ ïëàâè
êîøïàòîâîé ðóäû Íà÷èðñêîãî ó÷àñòêà Ãàðñîíóéñêîãî ìåñòîðîæäåíèÿ // Ìàòåðèàëû ñåìèíàðà ðàáîòíèêîâ 
òåõíîëîãè÷åñêèõ ëàáîðàòîðèé ãåîëîãè÷åñêèõ îðãàíèçàöèé. 1970. Âûï. 2. Ñ. 110–115.

8. ×àíòóðèÿ Â. À. Ïåðñïåêòèâà óñòîé÷èâîãî ðàçâèòèÿ ãîðíîïåðåðàáàòûâàþùåé èíäóñòðèè Ðîññèè // 
Ãîðíûé æóðíàë. 2007. ¹ 2. Ñ. 2–9.

9. ×àíòóðèÿ Â. À., ×àïëûãèí Ï. Í., Âèãäåðãàóç Â. Å. Ðåñóðñîñáåðåæåíèå òåõíîëîãèè ïåðåðàáîòêè 
ìèíåðàëüíîãî ñûðüÿ è îõðàíà îêðóæàþùåé ñðåäû // Ãîðíûé æóðíàë. 2007. ¹ 4. 

10. ×àíòóðèÿ Â. À. Ñîâðåìåííûå ïðîáëåìû îáîãàùåíèÿ ìèíåðàëüíîãî ñûðüÿ â Ðîññèè // Îáîãàùåíèå 
ðóä. 2000. ¹ 6. 

11. Pople J. A. A theory of the structure of water // Proc. Roy. Soc., 1951/ Ser. A, vol. 205, no. 1081, 
pp. 163–179.

12. Carbonatites. Genesis and Evolution / Ed. K. Bell. L.: Unwin Hyman, 1989. 618 p.

References 

Ñïèñîê ëèòåðàòóðû                                                                                              

1. Astakhov R. Ya., Nikiforov K. A., Mohosoev M. V. Selektivnaya flotatsiya flyuoritkarbonatnyh rud 
[Selective flotation of fluoritecarbonate ores]. Novosibirsk: Nauka. 1983. 138 p.

2. Berlinsky A. I. Trudy Tsentralnogo nauchnoissledovatelskogo gornorazvedochnogo instituta 
(Proceedings of the Central Research Institute of Mining and Exploration), 1967, issue 70, pp. 23–27.

3. Leonov S. B., Astakhov R. Ya. Fizikohimicheskie i tehnologicheskie issledovaniya protsessov pererabotki 
poleznyh iskopaemyh (Physicochemical and technological studies of processing of minerals). Irkutsk, 1973, 
pp. 84–87.

4. Nikiforov K. A., Revnivtsev V. A. Napravlennye prevrashheniya mineralov [Directed transformations of 
minerals]. Novosibirsk: Nauka, 1992. 192 p.

5. Nikiforov K. A. FTPRPI (Fiz.Tekh.), 1993, no. 6, pp. 85–87.



Íàóêè î Çåìëå

37

6. Nikiforov K. A. Ratsionalnoe ispolzovanie mineralnogo syriya Sibiri (Rational use of mineral raw 
materials in Siberia). UlanUde: BNC SO AN SSSR, 1990, pp. 3–10.

7. Sychkov V. V., Astakhov R. Ya. Materialy seminara rabotnikov tehnologicheskih laboratoriy 
geologicheskih organizatsiy (Materials of the seminar of workers of technological laboratories of geological 
organizations), 1970, issue 2, pp. 110–115.

8. Chanturia V. A. Gorny zhurnal (Mining Journal), 2007, no. 2, pp. 2–9.
9. Chanturia V. A., Chaplygin P. N., Wigderhaus V. E. Gorny zhurnal (Mining Journal), 2007, no. 4.
10. Chanturia V. A. Obogashhenie rud (Enrichment of ores), 2000, no. 6.
11. Pople J. A. Proc. Roy. Soc. (Proc. Roy. Soc.), 1951/ Ser. A, vol. 205, no. 1081, pp. 163–179.
12. Carbonatites. Genesis and Evolution (Carbonatites. Genesis and Evolution); Ed. K. Bell. L.: Unwin 

Hyman, 1989. 618 p.

Êîðîòêî îá àâòîðàõ 

Briefly about the authors 

Îáðàçåö öèòèðîâàíèÿ 

Ôàòüÿíîâ Àëüáåðò Âàñèëüåâè÷, äð òåõí. íàóê, ïðîôåññîð êàôåäðû «Îáîãàùåíèå ïîëåçíûõ èñêîïàåìûõ è âòîðè÷íîãî 
ñûðüÿ», Çàáàéêàëüñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, ã. ×èòà, Ðîññèÿ. Îáëàñòü íàó÷íûõ èíòåðåñîâ: íåðàâíîâåñíûå 
ïðîöåññû â òåõíîëîãèè ïåðåðàáîòêè ìèíåðàëüíîãî ñûðüÿ, ôëîòàöèÿ ìèíåðàëüíîãî ñûðüÿ
fatyanov.albert@yandex.ru

Íèêèòèíà Ëþäìèëà Ãåîðãèåâíà, êàíä. òåõí. íàóê, äîöåíò êàôåäðû «Îáîãàùåíèå ïîëåçíûõ èñêîïàåìûõ è âòîðè÷íîãî 
ñûðüÿ», Çàáàéêàëüñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, ã. ×èòà, Ðîññèÿ. Îáëàñòü íàó÷íûõ èíòåðåñîâ: îáîãàùåíèå ïîëåç
íûõ èñêîïàåìûõ, ôëîòàöèÿ ìèíåðàëüíîãî ñûðüÿ
nikitinalg@yandex.ru 

Ùåãëîâà Ñâåòëàíà Àëåêñàíäðîâíà, êàíä. òåõí. íàóê, äîöåíò êàôåäðû «Óïðàâëåíèå ïåðñîíàëîì», Çàáàéêàëüñêèé ãî
ñóäàðñòâåííûé óíèâåðñèòåò, ã.×èòà, Ðîññèÿ. Îáëàñòü íàó÷íûõ èíòåðåñîâ: îáîãàùåíèå ïîëåçíûõ èñêîïàåìûõ, ôëîòàöèÿ 
ìèíåðàëüíîãî ñûðüÿ, ýêîíîìèêà
ssheglova@mail.ru

Albert Fatyanov, doctor of engineering sciences, professor, Mineral Processing and Recoverable Materials department, 
Transbaikal State University, Chita, Russia. Sphere of scientific interests: unequal processes in the technology of mineral raw 
materials processing , floatation of mineral raw materials 

Ludmila Nikitina, candidate of engineering sciences, assistant professor, Mineral Processing and Recoverable Materials de
partment, Transbaikal State University, Chita, Russia. Sphere of scientific interests: minerals processing, floatation of mineral 
raw materials 

Svetlana Scheglova, candidate of engineering sciences, assistant professor, Personnel Management department, Transbai
kal State University, Chita, Russia. Sphere of scientific interests: minerals processing, floatation of mineral raw materials, 
economics

Ôàòüÿíîâ À. Â., Íèêèòèíà Ë. Ã., Ùåãëîâà Ñ. À. Ïåðåðàáîòêà êàðáîíàòíîôëþîðèòîâûõ ðóä ìåñòî
ðîæäåíèé Ìîíãîëèè è Çàáàéêàëüÿ // Âåñòí. Çàáàéêàë. ãîñ. óíòà. 2017. Ò. 23. ¹ 4. Ñ. 33–37. 
DOI: 10.21209/2227924520172343337.

Fatyanov A. V., Nikitina L. G., Shcheglova S. A. Processing of carbonatefluorite ore deposits of Mongolia 
and Transbaikal Region // Transbaikal State University Journal, 2017, vol. 23, no. 4, pp. 33–37. DOI: 
10.21209/2227924520172343337.

Äàòà ïîñòóïëåíèÿ ñòàòüè: 27.03.2017 ã.
Äàòà îïóáëèêîâàíèÿ ñòàòüè: 28.04.2017 ã.


