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Ðàññìîòðåíà âûñîêîãðàäèåíòíàÿ ñåïàðàöèÿ â ñëàáûõ ïåðåìåííûõ ìàãíèòíûõ ïî-
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áîãàòèìîñòü ìàãíåòèòîâûõ 
êâàðöèòîâ óõóäøàåòñÿ ñ èñ-

òîùåíèåì ëåãêîîáîãàòèìûõ òèïîâ è ñ 
óâåëè÷åíèåì ãëóáèíû êàðüåðîâ, ïî-
ýòîìó è êà÷åñòâî æåëåçîðóäíîãî ñû-
ðüÿ äëÿ ìåòàëëóðãèè ïîñòîÿííî 
ñíèæàåòñÿ. Ïîíÿòèÿ «êà÷åñòâî» è 
«öåíà» ñûðüÿ äëÿ ÷åðíîé ìåòàëëóð-
ãèè ïðàêòè÷åñêè ÿâëÿþòñÿ ñèíîíè-
ìàìè, êàê è ïîíÿòèÿ «óðîâåíü òåõíî-
ëîãèè» è «ñåáåñòîèìîñòü ïðîäóêöèè». 
Èìåííî íèçêîå êà÷åñòâî æåëåçîðóä-
íûõ êîíöåíòðàòîâ è ïîääåðæèâàåò â 
ñòðàíàõ ÑÍÃ òåõíîëîãèþ  XIX âåêà 
– äîìåííîå ïðîèçâîäñòâî. Óäàëåíèå 
òîëüêî îäíîé òîííû êâàðöà â øëàê 
òðåáóåò äâå òîííû êîêñà è ïîëîâèíó 
òîííû ôëþñîâ. Â ñåáåñòîèìîñòè ýòî 
ñîñòàâëÿåò äî 50 USD íà òîííó 
êâàðöà, â òîæå âðåìÿ íà îáîãàòè-
òåëüíûõ ôàáðèêàõ çàòðàòû íà óäà-
ëåíèå òîííû êâàðöà íå ïðåâûøàþò 5 
USD, à óäàëåíèå SiO2 äî óðîâíÿ ìå-
íåå 0,3 % îòêðûâàåò äîðîãó ñàìûì 
ñîâðåìåííûì – áåçäîìåííûì ïðî-
öåññàì ÷åðíîé ìåòàëëóðãèè. Â ìè-
ðîâîé ïðàêòèêå òàêèõ ïðèìåðîâ 
ìíîãî, à â Ðîññèè ïîêà òîëüêî Ëå-
áåäèíñêèé ÃÎÊ, âñÿ ïðîäóêöèÿ êî-
òîðîãî ñîîòâåòñòâóåò òðåáîâàíèÿì 
áåçäîìåííîé ìåòàëëóðãèè. Îòêàç îò 
äîìåííîãî ïåðåäåëà – ýòî áîëüøîé 
ïîäàðîê îêðóæàþùåé ñðåäå è ðåøå-

íèå êðóïíîé ýêîëîãè÷åñêîé ïðîáëå-
ìû. 

Ñîäåðæàíèå Feîáù è öåíà êîíöåí-
òðàòà ïðàêòè÷åñêè îáðàòíî ïðîïîð-
öèîíàëüíû, ïðè÷åì ïðè ñîäåðæàíèè  
Feîáù ìåíåå 64 % åãî ïðîäàòü ìîæíî 
òîëüêî êàê àãëîðóäó. Òàêèì îáðàçîì, 
âîçíèêàåò íåîáõîäèìîñòü ïîâûøåíèÿ 
êà÷åñòâà ìàãíåòèòîâûõ êîíöåíòðàòîâ 
ïðè èõ ìàãíèòíîì îáîãàùåíèè [1]. 

Îñíîâíûì òðåáîâàíèåì, ïðåäúÿâ-
ëÿåìûì ê æåëåçîðóäíîìó ñûðüþ ïðè 
áåçäîìåííûõ ïðîöåññàõ ïåðåðàáîòêè, 
ÿâëÿåòñÿ îáùåå ñîäåðæàíèå Feîáù íå 
ìåíåå 67%, ïðè ñîäåðæàíèè êèñëûõ 
îêñèäîâ ìåíåå 2 % (SiO2, Al2O3, TiO2) 
è îñíîâíûõ îêñèäîâ ìåíåå 3% (ÑàÎ, 
MgO) äëÿ ïîääåðæàíèÿ îïòèìàëüíîãî 
êðåìíèåâîãî ìîäóëÿ. 

Ìîêðàÿ ìàãíèòíàÿ ñåïàðàöèÿ 
(ÌÌÑ) èçìåëü÷åííûõ ìàãíåòèòîâûõ 
êâàðöèòîâ íà ñåðèéíûõ ñåïàðàòîðàõ 
òèïà ÏÁÌ âûäåëÿåò, êàê èçâåñòíî, â 
êîíå÷íûé ïðîäóêò (îòâàëüíûå õâîñòû) 
òîëüêî íåìàãíèòíûå çåðíà  ïóñòîé 
ïîðîäû è áåäíûå ñðîñòêè. Ðóäíàÿ 
ñìåñü (ìàãíåòèò, áîãàòûå è ñðåäíèå 
ñðîñòêè) ïåðåõîäèò â ìàãíèòíûé ïðî-
äóêò, çàõâàòûâàÿ íåìàãíèòíûå çåðíà 
êâàðöà è ïóñòîé ïîðîäû çà ñ÷åò ìàã-
íèòíîé ôëîêóëÿöèè ñèëüíîìàãíèòíûõ 
çåðåí è ôèçèêî-ìåõàíè÷åñêîé àäãå-
çèè, è ïåðåäàåòñÿ íà äîèçìåëü÷åíèå 

Î 
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èç ñòàäèè â ñòàäèþ. Îäíàêî, åñëè ïî-
ñëå ïåðâîé ñòàäèè èçìåëü÷åíèÿ ÌÌÑ 
ñïîñîáíà óäàëÿòü ïî âûõîäó îò èñ-
õîäíîãî 35-40 % õâîñòîâ, òî ïîñëå 
âòîðîé – äî 15 %, à ïîñëå òðåòüåé – è 
ìåíåå 10 %. Èç ýòîãî ñëåäóåò, ÷òî ïî-
ñòàäèéíàÿ ñêîðîñòü ðîñòà ñîäåðæàíèÿ 
ìàãíåòèòà â ìàãíèòíûõ êîíöåíòðàòàõ 
íåâåëèêà è ðàñòåò òîëüêî çà ñ÷åò ðàñ-
êðûòèÿ ñðîñòêîâ ìàãíåòèòà ïðè èçìåëü-
÷åíèè, à ìàãíåòèò ïåðåèçìåëü÷àåòñÿ è 
ìåõàíè÷åñêè òðàíñïîðòèðóåòñÿ èç ñòà-
äèè â ñòàäèþ. Ïðè èçìåëü÷åíèè â 3-4 
ñòàäèè äî 40 ìêì è áîëåå ìàãíåòèò òå-
ðÿåò 15-20 % ñâîèõ ìàãíèòíûõ ñâîéñòâ. 
Ñîäåðæàíèå Feîáù â êîíöåíòðàòå ïî-
ëó÷åííîì â  5 - 7 ïðèåìîâ ñåïàðàöèè , 
÷àñòî íå ïðåâûøàåò 65,1 % Feîáù.   

Îäíèì èç ïóòåé ïîâûøåíèÿ êà÷åñòâà 
êîíöåíòðàòîâ ÿâëÿåòñÿ ñîçäàíèå íîâûõ 
ñåïàðàòîðîâ, ïîçâîëÿþùèõ ñåëåêòèâíî 
ðàçäåëÿòü ÷èñòûå çåðíà ìèíåðàëîâ îò 
ñðîñòêîâ è çåðåí ïóñòîé ïîðîäû. Âà-
ðèàíòîì ðåøåíèÿ ïîñòàâëåííîé çàäà÷è  
ÿâëÿåòñÿ ïðèìåíåíèå äëÿ ýòîé öåëè âû-
ñîêîãðàäèåíòíîé ìàãíèòíîé ñåïàðàöèè 
â ñëàáîì ïîëå, ÷òî óñïåøíî èñïûòàíî 
À.Ì. Òóðêåíè÷åì íà ðóäàõ Èíãóëåöêî-
ãî è Ïîëòàâñêîãî ÃÎÊîâ. [2].  

Òåîðåòè÷åñêè è ýêñïåðèìåíòàëüíî 
óñòàíîâëåíî, ÷òî â ïðîöåññàõ ñåïàðà-
öèè èñïîëüçóþòñÿ â îñíîâíîì äâå èç 
èçâåñòíûõ ìàãíèòíûõ ñèë: àäãåçèîííàÿ 
(áëèæíåãî äåéñòâèÿ – ïîòîêîñöåïëåíèÿ) 
è ãðàäèåíòíàÿ  (ïîíäåðîìîòîðíàÿ ñèëà 
äàëüíåãî äåéñòâèÿ). Ïåðâàÿ âûçûâàåò 
ôëîêóëÿöèþ ìàãíèòíûõ ÷àñòèö (îáðà-
çîâàíèå àãðåãàòîâ – ôëîêóë çà ñ÷åò 
ýíåðãèè ñâîáîäíûõ ïîëþñîâ), à âòîðàÿ 
èõ ñåïàðàöèþ îò íåìàãíèòíûõ [3]. 

Ïåðâàÿ ñèëà – Fï.ñ.= B2S/2μo íå 
ñåëåêòèâíà, ñóùåñòâóåò äàæå â ñëàáûõ 
ïîëÿõ, íî òîëüêî ïðè êîíòàêòå ìåæäó 
ìàãíèòíûìè ÷àñòèöàìè, ïðè÷åì ïðî÷íî 
óäåðæèâàåò ìåõàíè÷åñêè çàõâà÷åííûå 
íåìàãíèòíûå ÷àñòèöû.  

Âòîðàÿ ñèëà – Fãð.= GχHgradH ñå-
ëåêòèâíà, äåéñòâóåò íà äîñòàòî÷íî 

áîëüøîì ðàññòîÿíèè îò îñàäèòåëüíîé 
ïîâåðõíîñòè (∼ äî 100 ìì), íî òðåáóåò 
áîëåå âûñîêèõ çíà÷åíèé íàïðÿæåííî-
ñòè ìàãíèòíîãî ïîëÿ – Í è åå ãðàäèåí-
òà, à òàêæå óäåëüíîé ìàãíèòíîé âîñ-
ïðèèì÷èâîñòè – χ. Çäåñü: Â – ìàãíèòíàÿ 
èíäóêöèÿ, S – ïëîùàäü êîíòàêòà ÷àñòèö, 
G – ìàññà ÷àñòèöû, μî – ìàãíèòíàÿ ïî-
ñòîÿííàÿ.  

Â ñåðèéíûõ ñåïàðàòîðàõ òèïà ÏÁÌ 
ñèëà ïîòîêîñöåïëåíèÿ è ïðî÷íîñòü 
ôëîêóë î÷åíü âåëèêè, à ïîíäåðîìîòîð-
íàÿ ñèëà ïðèòÿãèâàåò ê áàðàáàíó òîëü-
êî óæå ãîòîâûå ôëîêóëû íà ðàññòîÿíèè 
íå áîëåå 80 ìì. Ñâîáîäíûå êâàðöåâûå 
çåðíà ïðè ýòîì îñòàþòñÿ â ïóëüïå. 

Ïîíäåðîìîòîðíàÿ ñèëà ïîëÿ âòîðî-
ãî òèïà èñïîëüçóåòñÿ âî âñåõ ïðîöåññàõ 
ñåïàðàöèè è çàâèñèò îò âåëè÷èíû 
HgradH, êîòîðûé âîçðàñòàåò îò îäíî – 
[Í = f(x)] - 300 ý2/ñì, äâóõ – [ Í = f(x,y)] 
- 5·106 ý2/ñì  äî òðåõìåðíîé íåîäíî-
ðîäíîñòè Í = f(x,y,z), ãäå HgradH äîñ-
òèãàåò 2·1011 ý2/ñì.  Ïîñëåäíÿÿ õà-
ðàêòåðíà äëÿ âûñîêîãðàäèåíòíûõ ïî-
ëåé, ïðèìåíÿåìûõ â ýëåêòðî-ìàãíèòíûõ 
âûñîêîãðàäèåíòíûõ ñåïàðàòîðàõ ñ 
ñèëüíûì ïîëåì äëÿ îáîãàùåíèÿ ñëàáî-
ìàãíèòíûõ òîíêîèçìåëü÷åííûõ ìàòå-
ðèàëîâ è øëàìîâ [4]. 

Ïðè ïðèìåíåíèè ñëàáîãî ìàãíèòíî-
ãî ïîëÿ è âûñîêîãðàäèåíòíîé îñàäè-
òåëüíîé ñèñòåìû íå âîçíèêàåò ïîëíîé 
ôëîêóëÿöèè ïóëüïû, ò.ê. äëÿ ýòîãî íå 
õâàòàåò íàïðÿæåííîñòè ìàãíèòíîãî ïî-
ëÿ è ìàòåðèàë îñòàåòñÿ â îòíîñèòåëüíî 
ñâîáîäíîì âçâåøåííîì ñîñòîÿíèè. Îä-
íàêî â óçëàõ âûñîêîãðàäèåíòíîé ñèñòå-
ìû ñîçäàåòñÿ äîñòàòî÷íàÿ ìàãíèòíàÿ 
ñèëà äëÿ óäåðæàíèÿ ÷àñòèö ìàãíåòèòà.  

Ëàáîðàòîðíûå èññëåäîâàíèÿ âû-
ïîëíÿëèñü íà óñòàíîâêå, ïîêàçàííîé 
íà ðèñóíêå. Îíà ñîñòîèò èç êàññåòû ñ 
ìåòàëëè÷åñêîé ïðîâîëîêîé, ïîìå-
ùåííîé âíóòðè ñîëåíîèäà, ïîäêëþ-
÷åííîãî ê èñòî÷íèêó ïåðåìåííîãî òî-
êà. 
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Íàïðÿæåííîñòü ìàãíèòíîãî ïîëÿ â 
ðàáî÷åì ïðîñòðàíñòâå ðåãóëèðóåòñÿ 
íàïðÿæåíèåì, ïîäàâàåìûì îò âíåø-

íåãî èñòî÷íèêà â ïðåäåëàõ îò 0 äî 
40 êÀ/ì. Èñõîäíûé ìàòåðèàë ïîäà-
åòñÿ ñâåðõó â ðàáî÷óþ ìàòðèöó, 
ïðîìïðîäóêò ñëèâàåòñÿ ñàìîòåêîì, 
à êîíöåíòðàò íàêàïëèâàåòñÿ â ðà-
áî÷åé ìàòðèöå è ïåðèîäè÷åñêè ðàç-
ãðóæàåòñÿ ïîñëå îòêëþ÷åíèÿ ýëåê-
òðîïèòàíèÿ 

Â êà÷åñòâå èñõîäíîãî ïðîäóêòà 
áûë âçÿò òîâàðíûé êîíöåíòðàò Ìè-
õàéëîâñêîãî ÃÎÊà ñ ñîäåðæàíèåì Fe 
65,1 %. Â ðåçóëüòàòå îáîãàùåíèÿ 
ïðèâåäåíû â òàáëèöå. 

Ïðèìåíåíèå äàííîãî ìåòîäà ïî-
çâîëÿåò ïîëó÷àòü êîíöåíòðàòû òîâàð-
íîãî êà÷åñòâà, ïðèãîäíîãî äëÿ èñ-
ïîëüçîâàíèÿ â áåçäîìåííîé ìåòàëëóð-
ãèè  íå èñïîëüçóÿ ôëîòàöèþ, ÷òî ïî-
âûøàåò ýêîëîãè÷åñêóþ áåçîïàñíîñòü, 
çíà÷èòåëüíî ñîêðàùàåò çàòðàòû è ñî-
îòâåòñòâåííî ïîâûøàåò ýôôåêòèâ-
íîñòü ïðîèçâîäñòâà. 
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Ñõåìà ëàáîðàòîðíîé óñòàíîâêè 
 

Ðåçóëüòàòû âûñîêîãðàäèåíòíîé ñåïàðàöèè â ñëàáîì ïåðåìåííîì 
ìàãíèòíîì ïîëå êîíöåíòðàò Ìèõàéëîâñêîãî ÃÎÊÀ 
 

Ïðîäóêòû ñåïàðàöèè: Âûõîä, % Ñîäåðæàíèå, % Èçâëå÷åíèå, % 
Èñõîäíûé (êîíöåíòðàò ÌÃÎÊà) 100 65.1 100 
Êîíöåíòðàò äîâîäêè 28,4 68,3 29,4 
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Quality iron ore depletion worsens with rich types and with increasing depth of pits, and therefore the quality 
of iron ore for the steel industry is constantly decreasing. Basic equipment concentrators are drum separators, 
which have a limit on the iron content in the concentrate. The main drawback of these separators - low 
selectivity, which resulted in the final concentrate fall poor splices, its quality deteriorates. Nonmagnetic 
concentrates on fine-tuning methods either expensive or ineffective. The proposed method involves the use of 
high-gradient enrichment separation of strongly magnetic grains to extract pulp. Òíå feature of this method is 
the low intensity of the magnetic field of the magnetic system and use it for AC power. When applying a weak 
magnetic field and high-gradient spin system is not complete flocculation of the pulp occurs because this 
lacking of magnetic field and the material remains in a relatively freely suspended. Laboratory examination of 
the process was conducted in a pilot plant. It consists of a cassette of thin metallic wires placed inside the 
solenoid connected to an AC source. The study was able to improve the quality of the concentrate. 
Application of this method allows to obtain concentrates commercial quality suitable for use in the reduction 
metallurgy without using flotation, which increases environmental safety, significantly reduces costs and 
improves production efficiency, respectively. 
Key words: high-gradient separation, low field strength, magnetite concentrate is. 
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