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Øèðîêîå âíåäðåíèå â ïðîèçâîäñòâî ôèçèêî­õèìè÷åñêèõ ãåîòåõíîëîãèé  ïðè äîáû÷å ìèíåðàëüíîãî 
ñûðüÿ ïîçâîëÿåò âîâëå÷ü â ýêñïëóàòàöèþ áåäíûå ïî ñîäåðæàíèþ ïîëåçíîãî êîìïîíåíòà ðóäû, êîòîðûå 
òðàäèöèîííûìè ôèçèêî­òåõíè÷åñêèìè ìåòîäàìè îòðàáàòûâàòü íåðåíòàáåëüíî. Îäíîé èç òàêèõ 
íîâûõ ãåîòåõíîëîãèé ÿâëÿåòñÿ êó÷íîå âûùåëà÷èâàíèå ñêàëüíûõ óðàíîâûõ ðóä. Ïðè ïëàíèðîâàíèè 
îáúåìîâ âûïóñêà ãîòîâîé ïðîäóêöèè íåîáõîäèìî èìåòü àíàëèòè÷åñêèé àïïàðàò, êîòîðûé äàë áû 
âîçìîæíîñòü, èñïîëüçóÿ ïîëó÷åííûå çíàíèÿ, ðàññ÷èòàòü íåîáõîäèìûé îáúåì äîáû÷è ìèíåðàëüíîãî 
ñûðüÿ è åãî ñîðòîâîé ñîñòàâ. Èñõîäÿ èõ ïîñòàâëåííîé çàäà÷è, ïðîâåäåíû èññëåäîâàíèÿ êà÷åñòâåííûõ è 
êîëè÷åñòâåííûõ õàðàêòåðèñòèê ðóä, âëèÿþùèõ íà ïîêàçàòåëè èçâëå÷åíèÿ èç íèõ ïîëåçíûõ êîìïîíåíòîâ.  
Â ðåçóëüòàòå èññëåäîâàíèé óñòàíîâëåíà çàâèñèìîñòü ïîêàçàòåëÿ èçâëå÷åíèÿ óðàíà â ïðîäóêòèâíûé 
ðàñòâîð ïðè èíôèëüòðàöèîííîì ñåðíîêèñëîòíîì âûùåëà÷èâàíèè îò âåùåñòâåííîãî ñîñòàâà ðóä. 
Èñïûòàíèÿì ïîäâåðãàëèñü ðóäû ëîêàëèçîâàííûå â ðàçëè÷íûõ ëèòîëîãè÷åñêèõ ðàçíîñòÿõ ïîðîä êèñëîãî, 
ñðåäíåãî è îñíîâíîãî ñîñòàâà: ãðàíèòû, ôåëüçèòû, òðàõèäàöèòû, àíäåçèòû è êîíãëîìåðàòû. Ðóäû 
ïîäâåðãàëèñü êëàññèôèêàöèè ïî ðàçìåðó êóñêà ñ âûäåëåíèåì êëàññîâ êðóïíîñòè +200; ­200 +150;  ­150 
+ 100; ­100+70; ­70+ 30; ­30 ìì. Èñïûòàíèÿ ïðîâîäèëèñü â ëàáîðàòîðíûõ è ïîëóïðîìûøëåííûõ óñëîâèÿõ. 
Ìàêñèìàëüíîå èçâëå÷åíèå ïîëó÷åíî äëÿ êëàññà – 30 ìì â êîëîíêàõ. Ïðè âûùåëà÷èâàíèè â øòàáåëÿõ 
ìàêñèìàëüíîå èçâëå÷åíèå óðàíà â ðàñòâîð ïîëó÷åíî äëÿ êëàññà êðóïíîñòè ­70+30 ìì. Ïðè÷èíîé áîëåå 
íèçêîãî èçâëå÷åíèÿ èç êëàññà ­30 ìì ïðè âûùåëà÷èâàíèè â ïîëóïðîìûøëåííûõ óñëîâèÿõ ÿâèëèñü 
ïðîöåññû ìåõàíè÷åñêîé êîëüìàòàöèè, èç­çà áîëüøîãî êîëè÷åñòâà òîíêèõ ôðàêöèé. Êðèòåðèåì, 
õàðàêòåðèçóþùèì âåùåñòâåííûé ñîñòàâ ðóä, ÿâëÿåòñÿ ñîäåðæàíèå êðåìíåçåìà (SiO

2
). Â ïðîöåññå 

èñïûòàíèé óñòàíîâëåíà çàâèñèìîñòü êîýôôèöèåíòà èçâëå÷åíèÿ óðàíà â ïðîäóêòèâíûé ðàñòâîð îò 
ñîäåðæàíèÿ â ðóäàõ êðåìíåçåìà. ×åì âûøå  êîíöåíòðàöèÿ êðåìíåçåìà, òåì áîëüøå óðàíà ïåðåõîäèò â 
ïðîäóêòèâíûé ðàñòâîð â ðåçóëüòàòå âûùåëà÷èâàíèÿ ïðè ñòàáèëüíîì ñîñòàâå óðàíîâîé ìèíåðàëèçàöèè. 
Çàâèñèìîñòü îïèñûâàåòñÿ ìàòåìàòè÷åñêîé ôîðìóëîé, ÷òî ïîçâîëÿåò èñïîëüçîâàòü åå äëÿ ðàñ÷åòà 
èçâëå÷åíèÿ óðàíà â ïðîäóêòèâíûé ðàñòâîð, çíàÿ âåùåñòâåííûé ñîñòàâ ðóä

Êëþ÷åâûå ñëîâà: óðàíîâàÿ ðóäà, êó÷íîå âûùåëà÷èâàíèå, ïîêàçàòåëü èçâëå÷åíèÿ óðàíà, ïðîäóêòèâíûé ðàñòâîð, âå­
ùåñòâåííûé ñîñòàâ ðóä, ìèíåðàëüíûé ñîñòàâ ðóä, ëèòîëîãè÷åñêàÿ ðàçíîñòü ïîðîä, êîëüìàòàöèÿ, ñîäåðæàíèå êðåì­
íåçåìà, ãðàíóëîìåòðè÷åñêèé ñîñòàâ ðóä

The widespread introduction of physical and chemical geotechnologies in the production of mineral raw materi­
als makes it possible to involve ores that are poor in the content of the useful component, which are unprofitable 
to work out using traditional physical and technical methods. One of these new geotechnologies is the heap 
leaching of rocky uranium ores. When planning the volume of output of finished products, it is necessary to have 
an analytical apparatus that would make it possible, using the acquired knowledge, to calculate the required 
volume of mineral raw material production and its varietal composition. Based on their task, studies were con­
ducted on the qualitative and quantitative characteristics of ores that affect the indicators of extraction of useful 
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components from them. As a result of the research, the dependence of the index of uranium extraction into a pro­
ductive solution during infiltration of sulfuric acid leaching on the material composition of ores was established. 
Ores localized in various lithological differences of acidic, medium and basic rocks were tested: granites, felsites, 
trachydacites, andesites and conglomerates. The ores were classified according to the size of the piece with the 
allocation of fineness classes +200 mm, ­200 +150 mm, ­150 + 100 mm, ­100+70 mm, ­70+ 30 mm, ­30 mm. 
The tests were carried out in laboratory and semi­industrial conditions. The maximum extraction was obtained 
for the class – 30 mm in columns. When leaching in stacks, the maximum extraction of uranium into the solution 
was obtained for the size class ­70+30 mm. The reason for the lower extraction from the ­30 mm class during 
leaching in semi­industrial conditions was the processes of mechanical colmatation, due to the large number of 
fine fractions. The criterion characterizing the material composition of ores is the content of silica (SiO2). During 
the tests, the dependence of the uranium extraction coefficient in the productive solution on the content of silica 
in the ores was established. The higher the concentration of silica, the more uranium passes into the productive 
solution during leaching with a stable composition of uranium mineralization. The dependence is described by a 
mathematical formula, which allows us to use it to calculate the extraction of uranium into a productive solution, 
knowing the material composition of ores

Key words: uranium ore, heap leaching, uranium extraction index, productive solution, material composition of ores, mineral 
composition of ores, lithological difference of rocks, colmatation, silica content, granulometric composition of ores

Ââåäåíèå. Ïî ìåðå îòðàáîòêè áîãàòûõ óðà­
íîâûõ ðóä íà ìåñòîðîæäåíèÿõ Ñòðåëü­

öîâñêîãî ðóäíîãî ïîëÿ âñå áîëåå âàæíûì 
èñòî÷íèêîì ïîëó÷åíèÿ çàêèñü­îêèñè óðàíà 
ñòàíîâèòñÿ òåõíîëîãèÿ êó÷íîãî âûùåëà÷èâà­
íèÿ.  Äëÿ óñòîé÷èâîãî ïëàíèðîâàíèÿ âûïóñêà 
ãîòîâîé ïðîäóêöèè íóæåí ìåõàíèçì ïðîñòî­
ãî è ýôôåêòèâíîãî ðàñ÷åòà îáúåìîâ äîáû÷è 
áåäíî­áàëàíñîâûõ ðóä äëÿ çàïèòêè óñòàíîâîê 
êó÷íîãî âûùåëà÷èâàíèÿ.  Ñ ýòîé öåëüþ ïðî­
âåäåíû èññëåäîâàíèÿ êîëè÷åñòâåííûõ è êà­
÷åñòâåííûõ õàðàêòåðèñòèê äîáûâàåìûõ ðóä, 
âëèÿþùèõ íà ïîêàçàòåëü èçâëå÷åíèÿ óðàíà â 
ïðîäóêòèâíûé ðàñòâîð.

Ìåòîäèêà èññëåäîâàíèé. Èññëåäîâà­
íèþ ïîäâåðãàëèñü ðóäû, ëîêàëèçîâàííûå â 
ðàçëè÷íûõ ëèòîëîãè÷åñêèõ ðàçíîñòÿõ âìå­
ùàþùèõ ïîðîä íà ïðåäìåò âëèÿíèÿ ïåòðî­
ãðàôè÷åñêîãî ñîñòàâà íà èçâëå÷åíèå óðàíà 
â ïðîäóêòèâíûé ðàñòâîð ïðè êó÷íîì âûùåëà­
÷èâàíèè

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæ­
äåíèå. Ïðèìåíåíèå  ôèçèêî­õèìè÷åñêèõ ìå­
òîäîâ äîáû÷è óðàíà äàåò âîçìîæíîñòü âîâ­
ëå÷ü â ýêñïëóàòàöèþ áåäíûå è ðÿäîâûå ïî 
ñîäåðæàíèþ ðóäû, ÷òî â çíà÷èòåëüíîé ìåðå 
ïîâûøàåò ýôôåêòèâíîñòü ïðîèçâîäñòâà êîí­
öåíòðàòà ïðèðîäíîãî óðàíà è ðàñøèðÿåò ñû­
ðüåâóþ áàçó ïðåäïðèÿòèÿ. 

Ïðîâåäåííûå èññëåäîâàíèÿ íà ðóäàõ 
ìåñòîðîæäåíèé Ñòðåëüöîâñêîãî ðóäíîãî 
ïîëÿ ïîçâîëèëè óñòàíîâèòü çàâèñèìîñòü  èç­
âëå÷åíèÿ óðàíà ïðè êó÷íîì âûùåëà÷èâàíèè 
îò ðàçëè÷íûõ ôàêòîðîâ: ñîäåðæàíèÿ óðàíà â 

äîáûâàåìûõ ðóäàõ, ãðàíóëîìåòðè÷åñêîãî ñî­
ñòàâà ðóä, èõ âåùåñòâåííîãî è ìèíåðàëüíîãî 
ñîñòàâà  [2].  

Â ïðîöåññå ïðîâåäåíèÿ ëàáîðàòîð­
íûõ è ïîëóïðîìûøëåííûõ èñïûòàíèé  íà 
ðÿäîâûõ è áåäíûõ ðóäàõ òåêóùåé äîáû÷è 
(0,030...0,100 %) ïîëó÷åíà çàâèñèìîñòü ïå­
ðåâîäà óðàíà â ïðîäóêòèâíûé ðàñòâîð ïðè 
êó÷íîì âûùåëà÷èâàíèè  îò âåùåñòâåííîãî 
ñîñòàâà ðóä. Â ïðîöåññå èññëåäîâàíèé óñòà­
íîâëåíî, ÷òî êðèòåðèåì âåùåñòâåííîãî ñî­
ñòàâà ðóä ÿâëÿåòñÿ ñîäåðæàíèå êðåìíåçåìà 
(SiO

2
). Èñïûòàíèÿì ïîäâåðãàëèñü ðóäû, ëî­

êàëèçîâàííûå â èíòðóçèâíûõ ïîðîäàõ – ãðà­
íèòàõ, ýôôóçèâíûõ ïîðîäàõ: ôåëüçèòàõ, òðà­
õèäàöèòàõ, àíäåçèòàõ è îñàäî÷íûõ ïîðîäàõ: 
êîíãëîìåðàòàõ è ãðàâåëèòàõ. Ñîäåðæàíèå 
êðåìíåçåìà â ýòèõ ïîðîäàõ êîëåáëåòñÿ îò 48 
äî 79 %. Ìèíåðàëüíûé ñîñòàâ óðàíîâûõ ðóä 
ïðåäñòàâëåí íàñòóðàíîì, óðàíèíèòîì è â 
ìåíüøåé ìåðå êîôôèíèòîì è áðàííåðèòîì. 
Ñîîòíîøåíèå  ðóäíûõ óðàíîâûõ ìèíåðàëîâ â 
ðàçëè÷íûõ ëèòîëîãè÷åñêèõ ðàçíîñòÿõ ïîðîä 
ïðàêòè÷åñêè îäèíàêîâî [6; 7].

Ðóäû òåêóùåé äîáû÷è ïîäâåðãàëèñü ãðî­
õî÷åíèþ ñ âûäåëåíèåì êëàññîâ: +200; ­200 
+150;  ­150 + 100; ­100+70; ­70+ 30; ­30 ìì [1]. 

Ïîëó÷åííûå êëàññû êðóïíîñòè îòìûâà­
ëèñü îò øëàìîâ, è êàæäûé êëàññ âûùåëà÷è­
âàëñÿ â èíôèëüòðàöèîííîì ðåæèìå ñíà÷àëà 
â ëàáîðàòîðíûõ óñëîâèÿõ, à çàòåì – â îïûò­
íî­ïðîìûøëåííûõ øòàáåëÿõ [4; 5]. 

Ðåçóëüòàòû âûùåëà÷èâàíèÿ ïðèâåäåíû 
â òàáëèöå è íà ðèñ. 1, 2.



Earth sciences                                                                        Bulletin of ZabGU. 2021. Vol. 27. No. 7

29

Ðåçóëüòàòû âûùåëà÷èâàíèÿ ðóä, ëîêàëèçîâàííûõ â ðàçíûõ òèïàõ ïîðîä / 
Results of leaching of ores localized in different types of rocks

Íàèìåíîâàíèå 
âìåùàþùèõ ïîðîä / 

Name of the host rocks

Êëàññ 
êðóïíîñòè, ìì / 
Class size, mm

Ñîäåðæàíèå 
êðåìíåçåìà, %/ 
Silica content, %

Èçâëå÷åíèå, % / 
Extract, % 

Êîíãëîìåðàòû ðàçíîãàëå÷íûå, 
ãðàâåëèòû / Conglomerates of different 

sizes, gravelites 

+200

48,73

35
­200 +150 41

­150 +100 48,5

­100 +70 61,5
­70 +30 77

­30 89

Ôåëüçèòû / Felsites

+200

75,13

43
­200 +150 46

­150 +100 55

­100 +70 69
­70 +30 83

­30 97

Ãðàíèòû (ñðåäíåçåðíèñòûé) / 
Medium­grained granites

+200

79,25 

44
­200 +150 47

­150 +100 57

­100 +70 70
­70 +30 85

­30 95

Àíäåçèòû / Andesites 

+200

52,85 

38
­200 +150 42

­150 +100 49

­100 +70 63
­70 +30 79

­30 90

Òðàõèäàöèòû / Trachydacites 

+200

65,14

41

­200 +150 44

­150 +100 52
­100 +70 66
­70 +30 84

­30 94

Êàê âèäíî èç ðèñ. 1, äëÿ âñåõ òèïîâ 
âìåùàþùèõ ïîðîä îòìå÷àåòñÿ ÷åòêàÿ çà­
âèñèìîñòü âîçðàñòàíèÿ èçâëå÷åíèÿ óðàíà â 
ðàñòâîð ïî ìåðå óìåíüøåíèÿ ðàçìåðà âû­
ùåëà÷èâàåìîãî êóñêà [9]. Ìàêñèìàëüíîå èç­
âëå÷åíèå èìååò êëàññ êðóïíîñòè ­30 ìì. Òà­
êèå ðåçóëüòàòû äîñòèãíóòû â ëàáîðàòîðíûõ 
óñëîâèÿõ. Ïðè îïûòíî­ïðîìûøëåííûõ èñïû­
òàíèÿõ êëàññû êðóïíîñòè +200 +30 ìì âûùå­
ëà÷èâàþòñÿ ñ àíàëîãè÷íûìè ëàáîðàòîðíû­
ìè ïàðàìåòðàìè. Êëàññ êðóïíîñòè – 30  ìì 
èìååò çíà÷èòåëüíî ìåíüøèé êîýôôèöèåíò 

èçâëå÷åíèÿ. Àíàëèç ïðè÷èí áîëåå íèçêîãî 
èçâëå÷åíèÿ óðàíà â ðàñòâîð äëÿ êëàññà êðóï­
íîñòè ­30 ìì ïî ñðàâíåíèþ ñ ëàáîðàòîðíû­
ìè óñëîâèÿìè ïîêàçàë, ÷òî ïðè÷èíîé ýòîãî 
ÿâëÿåòñÿ ìåõàíè÷åñêàÿ êîëüìàòàöèÿ, âîçíè­
êàþùàÿ ïðè íàëè÷èè áîëüøîãî êîëè÷åñòâà 
òîíêèõ ðóäíûõ ÷àñòèö [3; 8]. Èñõîäÿ èç ïîëó­
÷åííûõ ðåçóëüòàòîâ èññëåäîâàíèé, óñòàíîâ­
ëåíî, ÷òî îïòèìàëüíûì ðàçìåðîì âûùåëà­
÷èâàåìîãî êóñêà ÿâëÿåòñÿ êëàññ êðóïíîñòè 
­70+30 ìì [10]. 
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Ðèñ. 1. Çàâèñèìîñòü èçâëå÷åíèÿ óðàíà â ïðîäóêòèâíûé ðàñòâîð ïðè ÊÂ îò êëàññà êðóïíîñòè êóñêà:
1 ðÿä – êîíãëîìåðàòû; 2 ðÿä – ôåëüçèòû; 3 ðÿä – ãðàíèòû; 4 ðÿä – àíäåçèòû; 5 ðÿä – òðàõèäàöèòû / 

Fig. 1. Dependence of the extraction of uranium into a productive solution at KV on the size class of the piece:
1 row – conglomerates; 2 row – felsites; 3 row – granites; 4 row – andesites; 5 row – trachydacites

Ðèñ. 2. Çàâèñèìîñòü èçâëå÷åíèÿ óðàíà â ïðîäóêòèâíûé ðàñòâîð îò ñîäåðæàíèÿ êðåìíåçåìà 
âî âìåùàþùèõ îðóäåíåíèå ïîðîäàõ / Fig. 2. Dependence of the extraction of uranium into a productive 

solution on the content of silica in the rocks containing mineralization

Íà ðèñ. 2 ïðåäñòàâëåíà çàâèñèìîñòü 
èçâëå÷åíèÿ óðàíà èç ðóä, ëîêàëèçîâàííûõ 
â ðàçëè÷íûõ ïîðîäàõ äëÿ êëàññà êðóïíîñòè 
­70+30 ìì, îò ñîäåðæàíèÿ â íèõ êðåìíåçåìà.

Â ðåçóëüòàòå àïïðîêñèìàöèè êðèâîé ïî­
ëó÷åíà çàâèñèìîñòü, îïèñûâàåìàÿ ôîðìóëîé

ãäå e
ÊÂ

 – èçâëå÷åíèå óðàíà â ðàñòâîð ïðè ÊÂ, %; 
Ñ

SiO2
 – ñîäåðæàíèå êðåìíåçåìà âî âìåùà­

þùèõ ïîðîäàõ, %.

,
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Çàêëþ÷åíèå. Ïðîâåäåííûå èññëåäîâà­
íèÿ ðåçóëüòàòîâ  êó÷íîãî âûùåëà÷èâàíèÿ 
â ëàáîðàòîðíûõ è ïîëóïðîìûøëåííûõ óñ­
ëîâèÿõ ïîçâîëèëè óñòàíîâèòü çàâèñèìîñòü 
èçâëå÷åíèÿ óðàíà â ðàñòâîð  îò ïåòðîãðà­
ôè÷åñêîãî ñîñòàâà âìåùàþùèõ îðóäåíåíèå 

ïîðîä ÷åðåç ñîäåðæàíèå â íèõ êðåìíåçåìà, 
âûðàæåííîãî ìàòåìàòè÷åñêîé çàâèñèìî­
ñòüþ. Ïîëó÷åííàÿ çàâèñèìîñòü äàåò âîç­
ìîæíîñòü  ïëàíèðîâàòü èçâëå÷åíèå óðàíà 
ïðè ÊÂ íà îñíîâå àíàëèçà ïåòðîãðàôè÷åñêî­
ãî ñîñòàâà äîáûâàåìûõ ðóä.
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