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Óñòàíîâëåíà çàâèñèìîñòü ïîêàçàòåëåé îáîãàùåíèÿ óðàíîâûõ ðóä ðåíòãåíîðàäèîìåòðè÷åñêèì ìåòîäîì îò 
èõ ãðàíóëîìåòðè÷åñêîãî ñîñòàâà. Ïîêàçàòåëè, õàðàêòåðèçóþùèå ñîðòèðóåìîñòü áåäíîáàëàíñîâûõ óðàíî­
âûõ ðóä â çàâèñèìîñòè îò êðóïíîñòè êóñêîâ ñîðòèðóåìîé ðóäû (–200... +25 ìì), èçìåíÿþòñÿ ñëåäóþùèì 
îáðàçîì: âûõîä áåäíîé ðóäû â êîíöåíòðàò êîëåáëåòñÿ â ïðåäåëàõ 11…25 %; âûõîä õâîñòîâ ñîðòèðîâêè äëÿ 
áåäíûõ ðóä èçìåíÿåòñÿ â ïðåäåëàõ 89…74 %; èçâëå÷åíèå óðàíà èç áåäíûõ ðóä â êîíöåíòðàò ñîñòàâëÿåò 
61…92 %. Íàèáîëåå ýôôåêòèâíî ñîðòèðîâêå ïîäâåðãàþòñÿ áåäíûå ðóäû ïðè óìåíüøåíèè êðóïíîñòè êóñêîâ 
îò –200 äî +25 ìì. Ó÷èòûâàÿ, ÷òî ïðè ãðîõî÷åíèè óäàëÿåòñÿ íàäðåøåòíûé ïðîäóêò ñ íåêîíäèöèîííûì 
ñîäåðæàíèåì óðàíà è îáîãàùåííàÿ ðóäíàÿ ìåëî÷ü, â ïðîöåññå ïîêóñêîâîé ñåïàðàöèè ìàøèííîãî êëàññà 
âñÿ ãîðíîðóäíàÿ ìàññà ìîæåò áûòü ðàçäåëåíà íà ñûðüå äëÿ ñóõîé çàêëàäêè, êîòîðîå ñîñòàâëÿåò 55 %, ñûðüå 
äëÿ áëî÷íîãî ïîäçåìíîãî âûùåëà÷èâàíèÿ (ÁÏÂ) – 14 %, ñûðüå äëÿ ïåðåðàáîòêè ãèäðîìåòàëëóðãè÷åñêîé 
òåõíîëîãèåé (ÃÌÒ) – 31 %

Êëþ÷åâûå ñëîâà: óðàíîâûå ðóäû; ãðàíóëîìåòðè÷åñêèé ñîñòàâ ðóä; ðåíòãåíîðàäèîìåòðè÷åñêàÿ ñåïàðàöèÿ; ãè­
äðîìåòàëëóðãè÷åñêàÿ òåõíîëîãèÿ; âûõîä õâîñòîâ ñîðòèðîâêè; âûõîä êîíöåíòðàòà; êîýôôèöèåíò îáîãàùå­
íèÿ; ãðîõî÷åíèå; êàìåðíûå ñèñòåìû; ãîðíîðóäíàÿ ìàññà

The relation of parameters of uranium ores dressing by the X­ray radiometric method from their distribution 
into sizes is established. The parameters, describing on washability of poor uranium ores, depending on fineness 
of aggregate of chunks of sorted ore (from –200 mm up to +25 mm) vary as follows: the output of lean ore in a 
concentrate oscillates varies from 11…25 %; the output of tailings of sorting for lean ores varies from 89…74 %; 
extraction of uranium compounds of lean ores in a concentrate amounts 61 up to 92 %. Most effectively lean ores 
are exposed to sorting at an abatement of fineness of aggregate of chunks from –200 up to +25 mm. Taking into 
account that during the trammeling the top size product is removed with the off­grade contents of uranium and 
enriched fine ore, in process of lumpy separation of a machine class, all ore mining mass can be separated into: 
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raw material for dry backfill compounds, makes up 55 %, raw material for in­situ leaching (ISL) – 14 %, raw 
material for processing by hydrometallurgical technology (HMT) – 31 %

Key words: uranium ores; X­ray radiometric separation; hydrometallurgical technology; distribution of sizes of ores; out­
put of sorting tailings; concentrate yield; enrichment factor; screening; chamber systems; mining mass

Ïî ìåðå ïîâûøåíèÿ ñòåïåíè èçìåëü÷å­
íèÿ ñûðüÿ â îáùåì ñëó÷àå óìåíüøàåòñÿ 

êîëè÷åñòâî ñðîñòêîâ, ñòåïåíü äåçèíòåãðà­
öèè ðàçëè÷íûõ ìèíåðàëîâ è êîíòðàñòíîñòü 
ñûðüÿ âîçðàñòàþò, îäíàêî ñåëåêòèâíîñòü è 
ýôôåêòèâíîñòü îáîãàòèòåëüíûõ ïðîöåññîâ 
ïðè ïåðåèçìåëü÷åíèè ñâåðõ îïðåäåëåííîãî 
óðîâíÿ ðåçêî ñíèæàåòñÿ âïëîòü äî ýêîíî­
ìè÷åñêè íåïðèåìëåìîé. Íà ñîâðåìåííîì 
óðîâíå ðàçâèòèÿ òåõíèêè è òåõíîëîãèè äëÿ 
ïðîöåññîâ ïðåäêîíöåíòðàöèè èñïîëüçóåòñÿ 
îòíîñèòåëüíî êðóïíûé «ìàêðîðàçìåð» ìè­
íåðàëüíîãî ñûðüÿ [2; 8; 4; 10]. Â ðàìêàõ 
ýòîãî ïîñòóëàòà âàæíî îïðåäåëèòü îïòè­
ìàëüíûé ðàçìåð ñîðòèðóåìîãî êóñêà ðóäû. 
Äëÿ ýòèõ öåëåé ïðîâåäåíû èññëåäîâàíèÿ 
ñîðòèðóåìîñòè ãîðíîðóäíîé ìàññû íà ðåíò­
ãåíîðàäèîìåòðè÷åñêèõ ñåïàðàòîðàõ â çàâè­
ñèìîñòè îò êðóïíîñòè ðàçìåðà êóñêà [6].

Îáúåêòîì èññëåäîâàíèé ÿâëÿåòñÿ áåä­
íîáàëàíñîâàÿ ïî ñîäåðæàíèþ óðàíà ðóäà 
(0,030…0,120 %), äîáûâàåìàÿ êàìåðíû­
ìè ñèñòåìàìè [5]. Òåõíîëîãè÷åñêàÿ ïðîáà 
ìàññîé 8903 êã ïîäâåðãíóòà êëàññèôèêà­
öèè (ðàññèòîâêå). Â ïðîöåññå ãðîõî÷åíèÿ 
ãîðíîðóäíàÿ ìàññà ðàçäåëåíà íà êëàññû 
êðóïíîñòè: –200+100 ìì, –100+60 ìì, 
–60+25 ìì, –25+0 ìì. Âûõîä êëàññà 
êðóïíîñòè +150 ìì ñîñòàâèë 17 % ñ ñîäåð­
æàíèåì óðàíà ìåíåå 0,03 %, ïîýòîìó îí 
ìîæåò áûòü âûâåäåí èç äàëüíåéøåãî ïðî­
öåññà ðóäîïîäãîòîâêè. Ìàøèííûé êëàññ 
(–25+150 ìì) ñîñòàâëÿåò 46…50 % îò îá­
ùåãî îáúåìà ãîðíîðóäíîé ìàññû è ñîäåðæèò 
îêîëî 41 % óðàíà, îí è ÿâëÿåòñÿ ïðîäóêòîì 
äëÿ äàëüíåéøåé ðåíòãåíîðàäèîìåòðè÷å­
ñêîé ñîðòèðîâêè. Êëàññ êðóïíîñòè –25 ìì 
ÿâëÿåòñÿ ðóäíîé ìåëî÷üþ è, êàê ïîêàçàëè 
ïðåäûäóùèå èññëåäîâàíèÿ, ïðàêòè÷åñêè íå 
ïîäâåðãàåòñÿ ñåïàðàöèè, ïîýòîìó ñîâìåñò­

íî ñ øëàìîì ýòîò êëàññ (ñîäåðæàíèå óðà­
íà îêîëî 0,170 %) ìîæåò áûòü íàïðàâëåí 
íà ãèäðîìåòàëëóðãè÷åñêóþ ïåðåðàáîòêó 
[1; 3; 7; 11].

Äàëüíåéøèå èññëåäîâàíèÿ íàïðàâëå­
íû íà óòî÷íåíèå ïîëó÷åííûõ ïðåäâàðè­
òåëüíûõ äàííûõ ïî îáîãàùåíèþ ãîðíîðóä­
íîé ìàññû, äîáûòîé ñèñòåìîé «Ïîäýòàæíûå 
øòðåêè» ìåòîäîì ïðîñòîé ðàññèòîâêè è 
ïðîâåäåíèþ èññëåäîâàòåëüñêèõ ðàáîò ïî 
îáîãàùåíèþ ìàøèííîãî êëàññà êðóïíîñòè 
ìåòîäîì ïîêóñêîâîé ðåíòãåíîðàäèîìåòðè­
÷åñêîé ñåïàðàöèè (ÐÐÑ) â ïîäçåìíûõ óñ­
ëîâèÿõ ðóäíèêà [9].

Â ïðîöåññå ÐÐÑ ïîëó÷åíû çàâèñèìîñòè 
âûõîäà êîíöåíòðàòà, õâîñòîâ ñåïàðàöèè è 
óðàíà â íèõ îò êðóïíîñòè êóñêà ñîðòèðóå­
ìîé ðóäû (ðèñ. 1...3).

Ïîêàçàòåëè èçâëå÷åíèÿ â çàâèñèìîñòè 
îò ðàçìåðà êóñêà ìîãóò áûòü îïèñàíû ôîð­
ìóëàìè:

– èçâëå÷åíèå ðóäû â êîíöåíòðàò

(1)

ãäå K
êð

 – êëàññ êðóïíîñòè, ìì;
– èçâëå÷åíèå óðàíà â êîíöåíòðàò

(2)

Íà îñíîâå èññëåäîâàòåëüñêèõ è îïûò­
íî­ïðîìûøëåííûõ ðàáîò ïðîâåäåí àíàëèç 
áàëàíñà ãîðíîðóäíîé ìàññû è óðàíà â ñî­
ðòàõ, âûäåëåííûõ ïðè ðóäîïîäãîòîâêå èç 
äîáûòîé ñèñòåìîé ðàçðàáîòêè «Ïîäýòàæ­
íûå øòðåêè» ðóäû [9].

Ðåçóëüòàòû àíàëèçà ïðèâåäåíû â 
òàáë. 1...3 è íà ðèñ. 4, 5.
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Ðèñ. 1. Çàâèñèìîñòü âûõîäà êîíöåíòðàòà ïðè ñîðòèðîâêå áåäíûõ óðàíîâûõ ðóä (0,030…0,120 %) 
îò êëàññà êðóïíîñòè êóñêîâ ðóäû/

Fig. 1. Dependence of concentrate yield during sorting of poor uranium ores (0,030…0,120 %) from 
the grade size of ore lumps

Ðèñ. 2. Çàâèñèìîñòü âûõîäà õâîñòîâ ïðè ñîðòèðîâêå áåäíûõ óðàíîâûõ ðóä (0,030…0,120 %) îò êëàññà 
êðóïíîñòè êóñêîâ ðóäû/

Fig. 2. Dependence of tailings yield during sorting of poor uranium ores (0,030…0,120 %) from the grade size 
of ore lumps
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Ðèñ. 3. Çàâèñèìîñòü èçâëå÷åíèÿ óðàíà â êîíöåíòðàò ïðè ñîðòèðîâêå áåäíûõ óðàíîâûõ ðóä
 (0,030…0,120 %) îò êëàññà êðóïíîñòè êóñêîâ ðóäû/

Fig. 3. Dependence of extraction of uranium in concentrate during sorting of poor uranium ores
 (0,030…0,120 %) from the grade size of ore lumps

Êàê âèäíî èç ðèñ. 1...3, ïîêàçàòåëè, 
õàðàêòåðèçóþùèå ñîðòèðóåìîñòü óðàíîâûõ 
ðóä ðåíòãåíîðàäèîìåòðè÷åñêèì ìåòîäîì â 
çàâèñèìîñòè îò êðóïíîñòè êóñêîâ ñîðòèðó­
åìîé ðóäû (–200... +10 ìì), èçìåíÿþòñÿ 
ñëåäóþùèì îáðàçîì [5; 6; 7]:

– âûõîä áåäíîé ðóäû â êîíöåíòðàò êî­
ëåáëåòñÿ 11...25 %;

– âûõîä õâîñòîâ ñîðòèðîâêè äëÿ áåä­
íûõ ðóä èçìåíÿåòñÿ îò 89 äî 74 %;

– èçâëå÷åíèå óðàíà èç áåäíûõ ðóä â 
êîíöåíòðàò ñîñòàâëÿåò 61…92 %.

Òàáëèöà 1/Table 1

Ðàñïðåäåëåíèå ãîðíîðóäíîé ìàññû ïî ñîðòàì ïðè ðàññèòîâêå èñõîäíîé ïðîáû/
Distribution of the ore mass in grades during screen analysis of the original sample

Ñîðò ãîðíîðóäíîé 
ìàññû/

Grade of ore

Êîëè÷åñòâî 
ðóäû, ò/

Amount of 
ore, t

Äîëÿ 
ïðîäóêòà, %/

Share of 
product, %

Ñîäåðæàíèå 
óðàíà, %/
Uranium 

content, %

Óðàí â ïðîäóêòå, 
êã/

Uranium in 
product, kg

Äîëÿ óðàíà â 
ïðîäóêòå, %/

Share of uranium 
in the product, %

Õâîñòû/Tailings 801,3 9,0 0,020 160,2 2,5

Ïðîìïðîäóêò äëÿ 
ÐÐÑ/Middlings for XRS 5430,8 61,0 0,054 2947,7 46,0

Ïðîäóêò äëÿ ÃÌÒ 
(ðóäíàÿ ìåëî÷ü è 
øëàì)/Product for 
HMT

2670,9 30,0 0,124 3300,1 51,5

Èòîãî/Òotal 8903,0 100,0 0,072 6408,0 100,0

Ïðèìå÷àíèå (note): ÐÐÑ (XRS) – ðåíòãåíîðàäèîìåòðè÷åñêàÿ ñåïàðàöèÿ (X­ray radiometric separation); ÃÌÒ (HMT) 
– ãèäðîìåòàëëóðãè÷åñêàÿ òåõíîëîãèÿ (hydrometallurgical technology)
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Òàáëèöà 2/Table 2

Ðàñïðåäåëåíèå ãîðíîðóäíîé ìàññû ïî ñîðòàì ïîñëå ÐÐÑ
Distribution of ore mass in grades after XRS

Ñîðò ãîðíîðóäíîé 
ìàññû/ Grade of ore

Êîëè÷åñòâî 
ðóäû, ò/

Amount of 
ore, t

Äîëÿ 
ïðîäóêòà, %/

Share of 
product, %

Ñîäåðæàíèå 
óðàíà, %/
Uranium 

content, %

Óðàí â 
ïðîäóêòå, êã/

Uranium in 
product, kg

Äîëÿ óðàíà â 
ïðîäóêòå, %/

Share of uranium 
in the product, %

Ïðîìïðîäóêò äëÿ ÐÐÑ/
Middlings for XRS 5430,8 100,0 0,054 2947,7 100,0

Õâîñòû/Tailings 4116,5 75,8 0,006 265,3 9,0

Ïðîäóêò äëÿ ÁÏÂ/
Product for ISL 1261,7 20,2 0,197 2482,1 83,5

Ïðîäóêò äëÿ ÃÌÒ/
Product for HMT 52,5720 4,0 0,381 200,3 7,5

Ïðèìå÷àíèå (note): ÁÏÂ (ISL) – áëî÷íîå ïîäçåìíîå âûùåëà÷èâàíèå (in­situ leaching)

Òàáëèöà 3/Table 3

Ðàñïðåäåëåíèå ãîðíîðóäíîé ìàññû ïî ñîðòàì ïîñëå ïîëíîé ðóäîïîäãîòîâêè/
Distribution of ore mass in grades after complete ore dressing

Ñîðò ãîðíîðóäíîé 
ìàññû/

Grade of ore

Êîëè÷åñòâî 
ðóäû, ò/ 

Amount of ore, t

Äîëÿ ïðîäóêòà, 
%/ Share of 
product, %

Ñîäåðæàíèå 
óðàíà, %/
Uranium 

content, %

Óðàí 
â ïðîäóêòå, 
êã/ Uranium 
in product, 

kg

Äîëÿ óðàíà â 
ïðîäóêòå, %/

Share of 
uranium in the 

product, %

Èñõîäíàÿ ïðîáà/
Initial sample 8903,0 100,0 0,071976 6408,0 100,0

Õâîñòû/Tailings 4917,8 55,2 0,009 425,4912 6,64

Ïðîäóêò äëÿ ÁÏÂ/
Product for ISL 1261,7 14,2 0,197 2482,09 38,73423

Ïðîäóêò äëÿ ÃÌÒ/
Product for HMT 2723,5 30,6 0,129 3500,419 54,62577

Ðèñ. 4. Ðàñïðåäåëåíèå ãîðíîðóäíîé ìàññû ïî ñîðòàì â ïðîöåññå ïîäçåìíîé ðóäîïîäãîòîâêè: 
1 – âñåãî äîáûòîé ãîðíîðóäíîé ìàññû; 2 – õâîñòû ðóäîïîäãîòîâêè; 3 – êîíöåíòðàò äëÿ ÁÏÂ; 

4 – êîíöåíòðàò äëÿ ÃÌÒ/

Fig. 4. Distribution of ore mass in grades in the process of underground ore dressing: 
1 – total mined ore mass; 2 – tailings of ore dressing; 3 – concentrate for ISL; 4 – concentrate for HMT
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Ðèñ. 5. Ðàñïðåäåëåíèå óðàíà â ãîðíîðóäíîé ìàññå ïî ñîðòàì â ïðîöåññå ïîäçåìíîé ðóäîïîäãîòîâêè: 
1 – âñåãî óðàíà â äîáûòîé ãîðíîðóäíîé ìàññå; 2 – óðàí â õâîñòàõ ðóäîïîäãîòîâêè; 

3 – óðàí â êîíöåíòðàòå äëÿ ÁÏÂ; 4 – óðàí â êîíöåíòðàòå äëÿ ÃÌÒ/

Fig. 5. Distribution of uranium in the ore mass according to grades in the process of underground ore dressing: 
1 – total uranium in mined ore mass; 2 – uranium in tailings of ore dressing; 3 – uranium in concentrate for ISL; 

4 – uranium in concentrate for HMT

Áàëàíñ ãîðíîé ìàññû ïî èñïîëüçîâàíèþ â ðàçëè÷íûõ òåõíîëîãèÿõ ïðèâåäåí â òàáë. 4.

Òàáëèöà 4/Table 4

Áàëàíñ ãîðíîðóäíîé ìàññû ïî èñïîëüçîâàíèþ â ðàçëè÷íûõ òåõíîëîãèÿõ
Balance of ore mass for use in various technologies

Òèï ãîðíîðóäíîé ìàññû/ Type of ore mass Ìàññà, ò/ Weight, t Äîëÿ òèïà, %/ Share 
of type, %

Ñûðüå äëÿ ñóõîé çàêëàäêè/Materials for dry backfill 4917,8 55,2

Ñûðüå äëÿ ÁÏÂ/ Materials for ISL 1261,7 14,2

Ñûðüå äëÿ ÃÌÒ/ Materials for HMT 2723,5 30,6

Èòîãî/Total 8903,0 100,0

Òàêèì îáðàçîì, ñûðüå äëÿ ñóõîé çàêëàäêè ñîñòàâëÿåò 55 %, ñûðüå äëÿ ÁÏÂ – 14 %, 
ñûðüå äëÿ ÃÌÒ – 31 %.
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