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Äëÿ îáåñïå÷åíèÿ ýíåðãåòè÷åñêîé áåçîïàñíîñòè Ðîññèè íåîáõîäèìî îñâîèòü ïðîèçâîäñòâî äåøåâîé 
ýëåêòðîýíåðãèè. Îäíèì èç íàïðàâëåíèé ðàçâèòèÿ îòå÷åñòâåííîé ýíåðãåòèêè ÿâëÿåòñÿ èñïîëüçîâàíèå 
àòîìíûõ ýëåêòðîñòàíöèé [2]. Èñòî÷íèêîì ñûðüÿ äëÿ çàïèòêè àòîìíûõ ðåàêòîðîâ ÿâëÿåòñÿ ïðèðîäíûé 
óðàí, äîáûâàåìûé èç ñêàëüíûõ è ãèäðîãåííûõ (ëîêàëèçîâàííûõ â ðûõëûõ îòëîæåíèÿõ) ìåñòîðîæäåíèé. Â 
Çàáàéêàëüå ðàçâåäàíû  ãèäðîãåííûå ìåñòîðîæäåíèÿ, îáúåäèíåííûå â åäèíîå Õèàãäèíñêîå ðóäíîå ïîëå 
è õàðàêòåðèçóþùèåñÿ èäåíòè÷íûìè ãîðíî­ãåîëîãè÷åñêèìè, ãèäðîãåîëîãè÷åñêèìè è òåõíîëîãè÷åñêèìè 
ïàðàìåòðàìè1 [2]. Äîáû÷à ïðèðîäíîãî óðàíà ñâÿçàíà ñ îïðåäåëåííûìè òðóäíîñòÿìè: ãåîëîãè÷åñêîå 
ñòðîåíèå ìåñòîðîæäåíèé, òåìïåðàòóðíûé ðåæèì ïîäçåìíûõ âîä, ýêîíîìè÷åñêèå ïîêàçàòåëè ðàáîòû 
ïðåäïðèÿòèÿ è äð. Â ðåçóëüòàòå ñòå÷åíèÿ ýòèõ îáñòîÿòåëüñòâ ïðîáëåìíûì ÿâëÿåòñÿ âîïðîñ ïåðåâîäà 
óðàíà â ïîäâèæíîå ñîñòîÿíèå ïðè ïîäçåìíîì ñêâàæèííîì âûùåëà÷èâàíèè  ñ íåîáõîäèìîé äèíàìè­
êîé, îáåñïå÷èâàþùåé êîíöåíòðàöèè óðàíà â ïðîäóêòèâíîì ðàñòâîðå, ïðè ïåðåðàáîòêå êîòîðîãî áóäåò 
ïîëó÷åíà ðåíòàáåëüíàÿ ïðîäóêöèÿ ãîðíîãî ïðåäïðèÿòèÿ. Äàííàÿ ñòàòüÿ ïîñâÿùåíà èíòåíñèôèêàöèè 
ïðîöåññà âûùåëà÷èâàíèÿ ïðèìåíåíèåì õèìè÷åñêèõ àêòèâàòîðîâ, óñêîðÿþùèõ ïåðåâîä óðàíà â ïðî­
äóêòèâíûé ðàñòâîð [3]. Àêòóàëüíîñòü ðàáîòû îáîñíîâûâàåòñÿ íåîáõîäèìîñòüþ àêòèâèçàöèè ïðîöåññà 
âûùåëà÷èâàíèÿ óðàíà ïðè ÏÑÂ äëÿ îáåñïå÷åíèÿ áîëåå ïîëíîãî èçâëå÷åíèÿ óðàíà è ñîêðàùåíèÿ ñðîêà 
îòðàáîòêè ìåñòîðîæäåíèÿ ñ ïðèìåíåíèåì õèìè÷åñêèõ îêèñëèòåëåé. Îáúåêò èññëåäîâàíèÿ – òåõíîëî­
ãè÷åñêèå ïðîöåññû ïîäçåìíîãî ñêâàæèííîãî âûùåëà÷èâàíèÿ ñ ïðèìåíåíèåì õèìè÷åñêèõ àêòèâàòîðîâ. 
Öåëü èññëåäîâàíèÿ – ïîâûøåíèå ýôôåêòèâíîñòè ðàçðàáîòêè ãèäðîãåííûõ ìåñòîðîæäåíèé óðàíà, ñíè­
æåíèå ýêñïëóàòàöèîííûõ çàòðàò. Çàäà÷è èññëåäîâàíèÿ – âûÿâèòü íàèáîëåå ýôôåêòèâíûå îêèñëèòåëè è 
ðåæèìû èõ èñïîëüçîâàíèÿ, ïîâûøàþùèå îáúåì èçâëå÷åíèÿ óðàíà â ïðîäóêòèâíûé ðàñòâîð. Ìåòîäèêà 
èññëåäîâàíèé – ñáîð èíôîðìàöèè, ìàòåìàòèêî­ñòàòèñòè÷åñêàÿ åå îáðàáîòêà, ïðîâåäåíèå èññëåäî­
âàòåëüñêèõ ðàáîò è óñòàíîâëåíèå ñâÿçè ìåæäó ãîðíî­ãåîëîãè÷åñêèìè, ãèäðîãåîëîãè÷åñêèìè è òåõíî­
ëîãè÷åñêèìè ïàðàìåòðàìè âûùåëà÷èâàíèÿ ðóä. Ìåòîäû èññëåäîâàíèé: ìàòåìàòèêî­ñòàòèñòè÷åñêèé 
àíàëèç, ëàáîðàòîðíûå èññëåäîâàíèÿ è èñïîëüçîâàíèå  ïîëó÷åííûõ ðåçóëüòàòîâ äëÿ ïðîâåäåíèÿ îïûò­
íî­ïðîìûøëåííûõ ðàáîò

Êëþ÷åâûå ñëîâà: ïîäçåìíîå ñêâàæèííîå âûùåëà÷èâàíèå, òåõíîëîãè÷åñêàÿ ñêâàæèíà, êîýôôèöèåíò ôèëüòðàöèè, 
îêèñëèòåëü, âûùåëà÷èâàþùèé ðàñòâîð, ïðîäóêòèâíûé ðàñòâîð, êîíöåíòðàöèÿ ñåðíîé êèñëîòû, êîíöåíòðàöèÿ óðàíà, 
îòíîøåíèå Æ/Ò, îêèñëèòåëüíî­âîññòàíîâèòåëüíûé ïîòåíöèàë, ïåðåêèñü âîäîðîäà, íèòðèò íàòðèÿ
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To ensure Russia’s energy security, it is necessary to produce cheap electricity. One of the directions of do­
mestic energy development is its production at nuclear power plants. The source of raw materials for powering 
nuclear reactors is natural uranium extracted from rocky and hydrogenic (localized in loose sediments) deposits. 
Hydrogenic deposits have been explored in Transbaikalia, united into a single Khiagdin ore field and character­
ized by identical mining­geological, hydrogeological and technological parameters. During the operation, cer­
tain difficulties have been identified in the extraction of natural uranium, related both to the geological structure 
of the deposits and the temperature regime of groundwater, and to the economic performance of the enterprise. 
As a result of the confluence of these circumstances, the issue of transferring uranium to a mobile state during 
underground borehole leaching with the necessary dynamics that ensures the concentration of uranium in a pro­
ductive solution, the processing of which will produce profitable mining enterprise products, is problematic. This 
article is devoted to the intensification of the leaching process using chemical activators that accelerate the con­
version of uranium into a productive solution. The relevance of the work is due to the need to activate the process 
of uranium leaching with the help of underground borehole leaching to ensure a more complete recovery of ura­
nium and to reduce the period of field development with the use of chemical oxidants. The object of the study is 
technological processes of underground in­situ leaching with the use of chemical activators. The purpose of the 
study is improving the development efficiency of hydrogenous uranium deposits, reducing operating costs. The 
research objectives are to identify the most effective oxidants and regimes of their use, increasing the volume 
of uranium recovery in the productive solution. The research methodology included collecting information, its 
mathematical and statistical processing, carrying out research work and establishing a connection between min­
ing­geological, hydrogeological and technological parameters of ore leaching. Research methods: mathemat­
ical and statistical analysis, laboratory research and the use of the results for experimental and industrial works

Key words: underground borehole leaching, technological well, filtration coefficient, oxidizer, leaching solution, productive 
solution, sulfuric acid concentration, uranium concentration, W/T ratio, redox potential, hydrogen peroxide, sodium nitrite

Ââåäåíèå. Îáåñïå÷åíèå ýíåðãåòè÷åñêîé 
áåçîïàñíîñòè Ðîññèè ñâÿçàíî ñ îñâîåíè­

åì àòîìíîé ýíåðãåòèêè, èñòî÷íèêîì çàïèòêè 
àòîìíûõ ðåàêòîðîâ ÿâëÿåòñÿ ïðèðîäíûé óðàí.

Àêòóàëüíîñòü ðàáîòû îáîñíîâûâàåòñÿ  
íåîáõîäèìîñòüþ àêòèâèçàöèè ïðîöåññà âû­
ùåëà÷èâíèÿ óðàíà ïðè ÏÑÂ äëÿ îáåñïå÷åíèÿ 
áîëåå ïîëíîãî èçâëå÷åíèÿ óðàíà è ñîêðàùå­
íèÿ ñðîêà îòðàáîòêè ìåñòîðîæäåíèÿ ñ ïðè­
ìåíåíèåì õèìè÷åñêèõ îêèñëèòåëåé.

Îáúåêò èññëåäîâàíèÿ – òåõíîëîãè÷å­
ñêèå ïðîöåññû ïîäçåìíîãî ñêâàæèííîãî âû­
ùåëà÷èâàíèÿ ñ ïðèìåíåíèåì õèìè÷åñêèõ àê­
òèâàòîðîâ.

Öåëü èññëåäîâàíèÿ – ïîâûøåíèå ýô­
ôåêòèâíîñòè ðàçðàáîòêè ãèäðîãåííûõ ìå­
ñòîðîæäåíèé óðàíà, ñíèæåíèå ýêñïëóàòàöè­
îííûõ çàòðàò.

Çàäà÷è èññëåäîâàíèÿ – âûÿâèòü íàèáî­
ëåå ýôôåêòèâíûå îêèñëèòåëè è ðåæèìû èõ 
èñïîëüçîâàíèÿ, ïîâûøàþùèå îáúåì èçâëå­
÷åíèÿ óðàíà â ïðîäóêòèâíûé ðàñòâîð.  

Ìåòîäèêà èññëåäîâàíèé – ñáîð èíôîð­
ìàöèè, ìàòåìàòèêî­ñòàòèñòè÷åñêàÿ åå îáðà­
áîòêà, ïðîâåäåíèå èññëåäîâàòåëüñêèõ ðàáîò 
è óñòàíîâëåíèå ñâÿçè ìåæäó ãîðíî­ãåîëîãè­
÷åñêèìè, ãèäðîãåîëîãè÷åñêèìè è  òåõíîëîãè­
÷åñêèìè ïàðàìåòðàìè âûùåëà÷èâàíèÿ ðóä.

Ìåòîäû èññëåäîâàíèé: ìàòåìàòè­
êî­ñòàòèñòè÷åñêèé àíàëèç, ëàáîðàòîðíûå 

èññëåäîâàíèÿ è èñïîëüçîâàíèå  ïîëó÷åííûõ 
ðåçóëüòàòîâ äëÿ ïðîâåäåíèÿ îïûòíî­ïðî­
ìûøëåííûõ ðàáîò.

Ðàçðàáîòêà òåìû. Â íàñòîÿùåå âðåìÿ â 
êà÷åñòâå ðàáî÷èõ àãåíòîâ (ðàáî÷èõ ðàñòâî­
ðîâ) ïðè ïîäçåìíîì âûùåëà÷èâàíèè óðàíà 
ïðèìåíÿþòñÿ ñëàáûå âîäíûå ðàñòâîðû ñåð­
íîé êèñëîòû, à òàêæå êàðáîíàòû (áèêàðáîíà­
òû) àììîíèÿ, íàòðèÿ, êàëèÿ, êàëüöèÿ, ìàãíèÿ.  
Íàèáîëüøåå ðàñïðîñòðàíåíèå ïîëó÷èëî êèñ­
ëîòíîå âûùåëà÷èâàíèå, ãäå â êà÷åñòâå âûùå­
ëà÷èâàþùåãî ðåàãåíòà èñïîëüçóåòñÿ ñåðíàÿ 
êèñëîòà [1].

Ýôôåêòèâíîñòü ïðîöåññà ïîäçåìíî­
ãî âûùåëà÷èâàíèÿ çàâèñèò îò òèïà óðàíî­
âîé ìèíåðàëèçàöèè. Îñíîâíûìè óðàíîâûìè 
ìèíåðàëàìè ìåñòîðîæäåíèé Õèàãäèíñêîãî 
òèïà, îòðàáàòûâàåìûõ ñïîñîáîì ñêâàæèí­
íîãî ïîäçåìíîãî âûùåëà÷èâàíèÿ, ÿâëÿþòñÿ 
îêèñëû óðàíà (íàñòóðàí, óðàííèíèò, â ìåíü­
øåé ìåðå óðàíîâûå ÷åðíè) è ñèëèêàòû óðàíà 
(êîôôèíèò) è íèíãèîèò, ò. å. ìèíåðàëû, âûùå­
ëà÷èâàíèå óðàíà èç êîòîðûõ áåç ïðèìåíåíèÿ 
îêèñëèòåëåé çàòðóäíåíî [5].

Â ïðîöåññå àíàëèçà ìàòåðèàëà ïî ïðè­
ìåíåíèþ îêèñëèòåëåé â êà÷åñòâå àêòèâàòîðà  
ïåðåõîäà óðàíà â ïðîäóêòèâíûé ðàñòâîð ïðè 
âûùåëà÷èâàíèè óñòàíîâëåíî, ÷òî ñóùåñòâó­
åò ìíîæåñòâî õèìè÷åñêèõ ñîåäèíåíèé, ñïî­
ñîáñòâóþùèõ ýòîìó ïðîöåññó. Ïðîâåäåííûå 
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èññëåäîâàíèÿ âûùåëà÷èâàíèÿ Õèàãäèíñêèõ 
ðóä ñîòðóäíèêàìè ÎÀÎ «ÂÍÈÈÕÒ» ñîâìåñòíî 
ñ ðàáîòíèêàìè ÎÀÎ «Õèàãäà» ïîêàçàëè, ÷òî 
íàèáîëåå ýôôåêòèâíû òàêèå îêèñëèòåëè, êàê 
ïåðåêèñü âîäîðîäà è íèòðèò íàòðèÿ2 [6].

Îòîáðàííûå ïðîáû óðàíîâî­ðóäíîãî 
ìàòåðèàëà, ïðåäñòàâëåííîãî ïðîäóêòèâíû­
ìè ïåñêàìè, îòëè÷àþùèåñÿ óñðåäíåííûìè 
õàðàêòåðèñòèêàìè äëÿ ìåñòîðîæäåíèé Õèà­
ãäèíñêîãî òèïà, ïîäâåðãëèñü ëàáîðàòîðíûì 
èññëåäîâàíèÿì ïî âûùåëà÷èâàíèþ. Êàæäàÿ 
ïðîáà âûùåëà÷èâàëàñü áåç ïðèìåíåíèÿ 
îêèñëèòåëÿ, ñ ïðèìåíåíèåì ïåðåêèñè âîäî­
ðîäà è ñ ïðèìåíåíèåì íèòðèòà íàòðèÿ.

Íà ðèñ. 1 è 2 ïðèâåäåíû ðåçóëüòàòû èññëå­
äîâàíèÿ ïðîöåññà âûùåëà÷èâàíèÿ íåîêèñ­

ëåííûõ ðóä Õèàãäèíêîãî ìåñòîðîæäåíèÿ áåç 
ïðèìåíåíèÿ îêèñëèòåëÿ.

Èç ðèñóíêîâ âèäíî, ÷òî ïîêàçàòåëè âû­
ùåëà÷èâàíèÿ íåîêèñëåííîé ðóäû çàêîíî­
ìåðíî ìåíÿþòñÿ â òå÷åíèå âñåãî ïåðèîäà 
ïåðåðàáîòêè ðóä ïîä âîçäåéñòâèåì  ðàñòâî­
ðà ñåðíîé êèñëîòû. Ãðàíè÷íûì êðèòåðèåì 
ïðîöåññà âûùåëà÷èâàíèÿ ÿâëÿåòñÿ óðîâåíü 
èçâëå÷åíèÿ óðàíà â ïðîäóêòèâíûé ðàñòâîð  
â 80 %. Èñõîäíàÿ êîíöåíòðàöèÿ ñåðíîé êèñ­
ëîòû â ðàáî÷åì ðàñòâîðå ñîñòàâèëà 10 ã/ë. 
Äàëåå äëÿ ïîääåðæàíèÿ ïðîöåññà âûùåëà÷è­
âàíèÿ êîíöåíòðàöèÿ íàðàùèâàëàñü â òå÷åíèå 
72 ñóòîê äî óðîâíÿ 25 ã/ë, ñîñòàâèâ â ñðåäíåì 
18 ã/ë. Ðàñõîä ñåðíîé êèñëîòû â ïðîöåññå âû­
ùåëà÷èâàíèÿ ÷åòêî êîððåëèðóåòñÿ ñ åå êîí­

  2        5      8     10    13     16   19    22     25   28    35  44   53   52   72   80

 2        5      8    10     13     16   19    22     25    28    35    44    53   52    72  80

Ðèñ. 1. Çàâèñèìîñòü ïîêàçàòåëåé âûùåëà÷èâàíèÿ íåîêèñëåííîé ðóäû îò âðåìåíè âûùåëà÷èâàíèÿ áåç 
îêèñëèòåëÿ: 1 ðÿä – ÎÏÂ, ìÂ; 2 ðÿä ­ Fe (III), ìã/ë; 3 ðÿä – Fe (II), ìã/ë; 4  ðÿä – êîíöåíòðàöèÿ óðàíà, ìã/ë / 
Fig. 1. Dependence of the leaching indicators of non–oxidized ore on the time of leaching without an oxidizer: 

1 row – OPV, mV; 2 row ­ Fe (III), mg/l; 3 row – Fe (II), mg/l; 4 row – uranium concentration, mg/l

Ðèñ. 2. Çàâèñèìîñòü ïîêàçàòåëåé âûùåëà÷èâàíèÿ íåîêèñëåííîé ðóäû îò âðåìåíè âûùåëà÷èâàíèÿ áåç 
îêèñëèòåëÿ: 5 ðÿä – èçâëå÷åíèå óðàíà, %; 6 ðÿä – ðàñõîä ñåðíîé êèñëîòû, êã/ò; 7 ðÿä – êîíöåíòðàöèÿ 
ñåðíîé êèñëîòû, ìã/ë; 8  ðÿä – Æ/Ò / Fig. 2. Dependence of the leaching indicators of non–oxidized ore on 
the time of leaching without an oxidizer: Row 5 – uranium extraction, %; Row 6 – sulfuric acid consumption, 

kg/t; Row 7 – sulfuric acid concentration, mg/l; Row 8 – W/T

2 Îâñåé÷óê Â. À. Çàâèñèìîñòü èçâëå÷åíèÿ óðàíà â ðàñòâîð ïðè êó÷íîì âûùåëà÷èâàíèè îò ïåòðîãðàôè÷åñêîãî ñîñòàâà 
ðóä // Âåñòíèê Çàáàéêàëüñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà. 2021.Ò. 27, ¹ 7. Ñ. 27–31.



Earth sciences                                                                        Bulletin of ZabGU. 2022. Vol. 28. No. 4

19

öåíòðàöèåé â ðàáî÷åì ðàñòâîðå è ñîñòàâèë â 
ñðåäíåì 18 êã/ò ðóäû. Îêèñëèòåëüíî­âîññòà­
íîâèòåëüíûé ïîòåíöèàë ðàñòâîðîâ â òå÷åíèå 
âñåãî ïåðèîäà âûùåëà÷èâàíèÿ ìåíÿåòñÿ íå­
çíà÷èòåëüíî: îò 350 äî 410 ìÂ. Êîíöåíòðàöèÿ 
Fe (III) â ðàñòâîðå çàêîíîìåðíî ñíèæàåòñÿ îò 
120 äî 70 ìã/ë, êîíöåíòðàöèÿ Fe (II) â òå÷åíèå 
26 ñóòîê ïàäàåò îò 205 ìã/ë äî íóëÿ.  Êîíöåí­
òðàöèÿ óðàíà â ïðîäóêòèâíîì ðàñòâîðå ÷åòêî 
êîððåëèðóåòñÿ ñ êîíöåíòðàöèåé Fe (III) è â 
ïðîöåññå âûùåëà÷èâàíèÿ ïîñòåïåííî ïàäàåò 
îò 80 äî 30 ìã/ë. Îòíîøåíèå Æ/Ò ìåíÿåòñÿ îò 

Ðèñ. 3. Çàâèñèìîñòü ïîêàçàòåëåé âûùåëà÷èâàíèÿ íåîêèñëåííîé ðóäû îò âðåìåíè âûùåëà÷èâàíèÿ 
ñ ïåðåêèñüþ âîäîðîäà: 1 ðÿä – ÎÏÂ, ìÂ; 2 ðÿä ­ Fe (III), ìã/ë; 3 ðÿä – Fe (II), ìã/ë; 4  ðÿä – êîíöåíòðàöèÿ 
óðàíà, ìã/ë / Fig. 3. Dependence of the leaching indicators of non–oxidized ore on the time of leaching with 

hydrogen peroxide: 1 row ­ OPV, mV; 2 row ­ Fe (III), mg/l; 3 row – Fe (II), mg/l; 
4 row – uranium concentration, mg/l

0,3 äî 9,0. Â òå÷åíèå 80 äíåé íàáëþäåíèÿ â 
ðàñòâîð ïåðåâåäåíî 88 % óðàíà. Ïðîöåññ èç­
âëå÷åíèÿ óðàíà â ïðîäóêòèâíûé ðàñòâîð îïè­
ñûâàåòñÿ çàâèñèìîñòüþ

ε = –0,4 + 1,4 Т * Т2, %,                                                            (1)

ãäå Ò – âðåìÿ âûùåëà÷èâàíèÿ. 
Íà ðèñ. 3...5 ïðèâåäåíû ðåçóëüòàòû èññëå­

äîâàíèÿ ïðîöåññà âûùåëà÷èâàíèÿ íåîêèñ­
ëåííûõ ðóä Õèàãäèíêîãî ìåñòîðîæäåíèÿ ñ 
ïðèìåíåíèåì â êà÷åñòâå ñòèìóëÿòîðà ïåðå­
êèñè âîäîðîäà.

Ðèñ. 4. Çàâèñèìîñòü ïîêàçàòåëåé âûùåëà÷èâàíèÿ íåîêèñëåííîé ðóäû îò âðåìåíè âûùåëà÷èâàíèÿ
ñ ïåðåêèñüþ âîäîðîäà: 5 ðÿä – èçâëå÷åíèå óðàíà, %; 6 ðÿä – ðàñõîä ñåðíîé êèñëîòû, êã/ò; 
7 ðÿä – êîíöåíòðàöèÿ ñåðíîé êèñëîòû, ìã/ë  / Fig. 4. Dependence of the leaching indicators 

of non­oxidized ore on the time of leaching with hydrogen peroxide: Row 5 – uranium extraction, %; 
row 6 – sulfuric acid consumption, kg/t; row 7 – sulfuric acid concentration, mg/l 
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 Ðèñ. 5.  Çàâèñèìîñòü ïîêàçàòåëåé âûùåëà÷èâàíèÿ íåîêèñëåííîé ðóäû îò âðåìåíè âûùåëà÷èâàíèÿ 
ñ ïåðåêèñüþ âîäîðîäà: 8 ðÿä – Æ/Ò; 9 ðÿä – ðàñõîä ïåðåêèñè âîäîðîäà, êã/ò / Fig. 5. Dependence of the 

leaching indicators of non­oxidized ore on the time of leaching with hydrogen peroxide: Row 8 – W / T; 
Row 9 – consumption of hydrogen peroxide, kg / t

Êàê âèäíî èç ðèñóíêîâ, ïîêàçàòåëè âû­
ùåëà÷èâàíèÿ íåîêèñëåííîé ðóäû ñ ïðèìåíå­
íèåì îêèñëèòåëÿ (ïåðåêèñè âîäîðîäà) ïîä­
÷èíÿþòñÿ îïðåäåëåííûì çàêîíîìåðíîñòÿì. 
Èñïûòàíèÿ äëèëèñü 23 äíÿ ñ ïîñòåïåííûì 
óâåëè÷åíèåì ðàñõîäà  ñåðíîé êèñëîòû îò 
3,5 äî 19 êã/ò, à ïåðåêèñè âîäîðîäà îò 0,085 
äî 1,61 êã/ò. Îêèñëèòåëüíî­âîññòàíîâèòåëü­
íûé ïîòåíöèàë èçìåíÿëñÿ îò 400 äî 620 ìÂ. 
Êîíöåíòðàöèÿ èîíîâ Fe(III) èçìåíÿëàñü îò 
130 ìã/ë äî 690 ìã/ë íà âîñüìûå ñóòêè è çà­
òåì ïîñòåïåííî óìåíüøàëàñü äî 100 ìã/ë. 
Êîíöåíòðàöèÿ Fe(II) íà ÷åòâåðòûå ñóòêè ïîä­
íÿëàñü äî 220 ìã/ë, à çàòåì íà âîñüìûå ñóò­
êè ðåçêî óïàëà äî íóëÿ. Êîíöåíòðàöèÿ óðàíà 
â ïðîäóêòèâíîì ðàñòâîðå íàðàñòàëà â ïåð­
âûå 6 äíåé è äîñòèãëà âåëè÷èíû 300 ìã/ë íà 
÷åòâåðòûå ñóòêè âûùåëà÷èâàíèÿ. Äàëåå êîí­
öåíòðàöèÿ íà÷àëà ïàäàòü è íà 23­è ñóòêè ñî­
ñòàâèëà 12 ìã/ë. Äëÿ ïîääåðæàíèÿ ïðîöåññà 
âûùåëà÷èâàíèÿ êîíöåíòðàöèÿ ñåðíîé êèñëî­
òû íàðàùèâàëàñü îò 5 äî 21 ã/ë. Âûùåëà÷èâà­
íèå â òàêîì ðåæèìå äàëî âîçìîæíîñòü â òå­
÷åíèå 23 ñóòîê èçâëå÷ü 85 % óðàíà.  Çíà÷åíèå 
Æ/Ò â ïðîöåññå âûùåëà÷èâàíèÿ èçìåíÿåòñÿ 
îò 0,17 äî 3,26. Çàâèñèìîñòü èçâëå÷åíèÿ óðà­
íà îò âðåìåíè âûùåëà÷èâàíèÿ îïèñûâàåòñÿ 
âûðàæåíèåì

ε
n
 = – 1,6 + 9,0 * Т – 0,2 * Т2, %.                                 (2)

Íà ðèñ. 6...8 ïðèâåäåíû ðåçóëüòàòû èññëå­
äîâàíèÿ ïðîöåññà âûùåëà÷èâàíèÿ íåîêèñ­
ëåííûõ ðóä Õèàãäèíêîãî ìåñòîðîæäåíèÿ ñ 

ïðèìåíåíèåì â êà÷åñòâå ñòèìóëÿòîðà íèòðè­
òà íàòðèÿ.

Êàê âèäíî èç ðèñóíêîâ, ïîêàçàòåëè âû­
ùåëà÷èâàíèÿ íåîêèñëåííîé ðóäû ñ ïðèìå­
íåíèåì îêèñëèòåëÿ íèòðèòà íàòðèÿ òàêæå êàê 
ïåðåêèñè âîäîðîäà ïîä÷èíÿþòñÿ îïðåäåëåí­
íûì çàêîíîìåðíîñòÿì. Èñïûòàíèÿ äëèëèñü 
26 äíåé ñ ïîñòåïåííûì óâåëè÷åíèåì ðàñõîäà  
ñåðíîé êèñëîòû îò 4,8 äî 22,3 êã/ò, à ïåðåêè­
ñè âîäîðîäà îò 0,12 äî 1,57 êã/ò. Îêèñëèòåëü­
íî­âîññòàíîâèòåëüíûé ïîòåíöèàë èçìåíÿëñÿ 
îò 500 äî 400 ìÂ. Êîíöåíòðàöèÿ èîíîâ Fe(III) 
èçìåíÿëàñü îò 180 äî 80 ìã/ë. Êîíöåíòðàöèÿ 
Fe(II) íà 10­å ñóòêè ïîäíÿëàñü äî 210 ìã/ë, à 
çàòåì ðåçêî óïàëà íà 16­å ñóòêè äî íóëÿ. Êîí­
öåíòðàöèÿ óðàíà â ïðîäóêòèâíîì ðàñòâîðå 
íàðàñòàëà â ïåðâûå 10 äíåé è äîñòèãëà âå­
ëè÷èíû 250 ìã/ë íà ÷åòâåðòûå ñóòêè âûùåëà­
÷èâàíèÿ. Äàëåå êîíöåíòðàöèÿ íà÷àëà ïàäàòü 
è íà 26­å ñóòêè ñîñòàâèëà 14 ìã/ë. Äëÿ ïîä­
äåðæàíèÿ ïðîöåññà âûùåëà÷èâàíèÿ êîíöåí­
òðàöèÿ ñåðíîé êèñëîòû íàðàùèâàëàñü îò 5 äî 
22 ã/ë. Âûùåëà÷èâàíèå â òàêîì ðåæèìå äàëî 
âîçìîæíîñòü â òå÷åíèå 26 ñóòîê èçâëå÷ü 87 % 
óðàíà. Çíà÷åíèå Æ/Ò â ïðîöåññå âûùåëà÷è­
âàíèÿ èçìåíÿåòñÿ îò 0,24 äî 3,14. Çàâèñè­
ìîñòü èçâëå÷åíèÿ óðàíà îò âðåìåíè âûùåëà­
÷èâàíèÿ îïèñûâàåòñÿ âûðàæåíèåì

ε
н
 = – 6,7 + 7,1 * Т – 0,1 * Т2, %.                                 (3)

Íà ðèñ. 9 ïðåäñòàâëåíî ñîïîñòàâëåíèå 
èçìåíåíèé âåëè÷èíû Æ/Ò ïî òðåì âàðèàíòàì 
âûùåëà÷èâàíèÿ.
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Ðèñ. 6. Çàâèñèìîñòü ïîêàçàòåëåé âûùåëà÷èâàíèÿ íåîêèñëåííîé ðóäû îò âðåìåíè âûùåëà÷èâàíèÿ 
ñ íèòðèòîì íàòðèÿ: 1 ðÿä – ÎÏÂ, ìÂ; 2 ðÿä ­ Fe (III), ìã/ë; 3 ðÿä ­ Fe (II), ìã/ë; 4  ðÿä – êîíöåíòðàöèÿ 

óðàíà, ìã/ë / Fig. 6. Dependence of the leaching indicators of non­oxidized ore on the time of leaching with 
sodium nitrite: 1 row – OPV, mV; 2 row – Fe (III), mg/l; 3 row – Fe (II), mg/l; 

4 row – uranium concentration, mg/l

1          2          7        10        12      14       16        19       23       24      25       26

Время выщелачивания, сутки

1          2        7        10       12      14      16      19      23       24     25      26

Время выщелачивания, сутки

Ðèñ. 7. Çàâèñèìîñòü ïîêàçàòåëåé âûùåëà÷èâàíèÿ íåîêèñëåííîé ðóäû îò âðåìåíè âûùåëà÷èâàíèÿ 
ñ ïåðåêèñüþ âîäîðîäà: 5 ðÿä – èçâëå÷åíèå óðàíà, %; 6 ðÿä – ðàñõîä ñåðíîé êèñëîòû, êã/ò; 

7 ðÿä – êîíöåíòðàöèÿ ñåðíîé êèñëîòû, ìã/ë / Fig. 7. Dependence of the leaching indicators of non­oxidized 
ore on the time of leaching with hydrogen peroxide: Row 5 – uranium extraction, %; Row 6 – sulfuric acid 

consumption, kg/t; Row 7 – sulfuric acid concentration, mg/l

1          2          7       10       12      14       16      19       23       24      25       26

Время выщелачивания, сутки

Ðèñ. 8. Çàâèñèìîñòü ïîêàçàòåëåé âûùåëà÷èâàíèÿ íåîêèñëåííîé ðóäû îò âðåìåíè âûùåëà÷èâàíèÿ 
ñ íèòðèòîì íàòðèÿ: 8 ðÿä – Æ/Ò; 9 ðÿä – ðàñõîä íèòðèòà íàòðèÿ, êã/ò / Fig. 8. Dependence of the leaching 

indicators of non­oxidized ore on the time of leaching with sodium nitrite: Row 8 – W / T; Row 9 – consumption 
of sodium nitrite, kg / t
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Ðèñ. 9. Çàâèñèìîñòü âåëè÷èíû Æ/Ò îò âðåìåíè âûùåëà÷èâàíèÿ íåîêèñëåííûõ ðóä: 1 ðÿä – áåç 
îêèñëèòåëÿ; 2 ðÿä – ñ íèòðèò íàòðèåì; 3 ðÿä – ñ ïåðåêèñüþ âîäîðîäà / Fig. 9. Dependence of the W/T 

value on the leaching time of non–oxidized ores: 1 row – without oxidizer; 2 row – with sodium nitrite; 
3 row – with hydrogen peroxide

Èç ðèñóíêà âèäíî, ÷òî ïî âñåì òðåì âà­
ðèàíòàì íàáëþäàåòñÿ ðîñò âåëè÷èíû Æ/Ò â 
ïðîöåññå âûùåëà÷èâàíèÿ. Ïîêàçàòåëè ñîîò­
íîøåíèÿ æèäêîå – òâåðäîå ïðè ïðèìåíåíèè 
îêèñëèòåëåé ïðàêòè÷åñêè èäåíòè÷íû è çàêî­
íîìåðíî èçìåíÿþòñÿ îò äåñÿòûõ äîëåé äî 
2,4…2,6, ñîñòàâëÿÿ â ñðåäíåì 2,0. Íåìíîãî 
èíà÷å âåäåò ñåáÿ ýòîò ïîêàçàòåëü ïðè âûùå­
ëà÷èâàíèè áåç îêèñëèòåëÿ: â òå÷åíèå 72 ñóòîê 
íàáëþäàåòñÿ ïîñòåïåííûé ðîñò Æ/Ò îò íóëÿ 
äî 9, ñîñòàâëÿÿ â ñðåäíåì 4,5.

Íà ðèñ. 10 ïîêàçàíà äèíàìèêà èçìåíåíèÿ 
êîíöåíòðàöèè ñåðíîé êèñëîòû â ðàñòâîðå.

Êàê âèäíî èç ðèñóíêà, ïîâåäåíèå çà­
âèñèìîñòåé êîíöåíòðàöèè ñåðíîé êèñëîòû 
îò âðåìåíè âûùåëà÷èâàíèÿ äëÿ ïðîöåññîâ 

Ðèñ. 10. Çàâèñèìîñòü êîíöåíòðàöèè ñåðíîé êèñëîòû â ðàñòâîðå îò âðåìåíè âûùåëà÷èâàíèÿ 
íåîêèñëåííûõ ðóä: 1 ðÿä – áåç îêèñëèòåëÿ;; 2 ðÿä – ñ ïåðåêèñüþ âîäîðîäà; 3 ðÿä – ñ íèòðèò íàòðèåì / 
Fig. 10. Dependence of the sulfuric acid concentration in solution on the leaching time of non–oxidized ores: 

1 row – without an oxidizer;; 2 row ­ with hydrogen peroxide; 3 row – with sodium nitrite

ñ ïðèìåíåíèåì îêèñëèòåëåé èäåíòè÷åí è 
èõ âåëè÷èíà èçìåíÿåòñÿ ïîñòåïåííî îò 2 äî 
20 ã/ë, ñîñòàâëÿÿ â ñðåäíåì 17 ã/ë. Êîíöåí­
òðàöèÿ ðàñòâîðèòåëÿ  ïðè âûùåëà÷èâàíèè 
áåç îêèñëèòåëÿ èìååò áîëåå âûñîêèå ïîêàçà­
òåëè è èçìåíÿåòñÿ â òå÷åíèå 72 ñóòîê îò 7 äî 
35 ã/ë, ñîñòàâëÿÿ â ñðåäíåì 21 ã/ë.

Íà ðèñ. 11 ïðåäñòàâëåíà äèíàìèêà èç­
ìåíåíèÿ êîíöåíòðàöèè óðàíà â ïðîäóêòèâ­
íîì ðàñòâîðå â ïðîöåññå âûùåëà÷èâàíèÿ äëÿ 
âñåõ òðåõ âàðèàíòîâ.

Èç ðèñóíêà âèäíî, ÷òî êîíöåíòðàöèÿ 
ñåðíîé êèñëîòû â ðàñòâîðå ïðè âûùåëà÷èâà­
íèè áåç ïðèìåíåíèÿ îêèñëèòåëÿ èìååò òåí­
äåíöèþ ïîñòåïåííîãî óìåíüøåíèÿ â òå÷åíèå 
80 ñóòîê îò 50 äî 20 ìã/ë è ñîñòàâëÿåò â ñðåä­
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íåì 35 ìã/ë. Íàèáîëåå âûñîêàÿ êîíöåíòðàöèÿ 
óðàíà (äî 320 ìã/ë) äîñòèãíóòà íà 4…5­å ñóò­
êè âûùåëà÷èâàíèÿ ïðè ïðèìåíåíèè ïåðåêè­
ñè  âîäîðîäà. Äàëåå ïðîèñõîäèëî ñíèæåíèå 
êîíöåíòðàöèè óðàíà äî 50 ìã/ë íà 16­å ñóòêè 
è äàëåå äî óðîâíÿ 12 ìã/ë, ñîñòàâëÿÿ â ñðåä­
íåì 120  ìã/ë. Ìàêñèìàëüíàÿ êîíöåíòðàöèÿ 
óðàíà â 250 ìã/ë äîñòèãíóòà íà 10…11­å ñóò­
êè âûùåëà÷èâàíèÿ â ïðèñóòñòâèè íèòðèòà íà­
òðèÿ. Äàëåå êîíöåíòðàöèÿ ïîñòåïåííî ïàäà­
ëà äî 14 ìã/ë, ñîñòàâëÿÿ â ñðåäíåì 110 ìã/ë.

Ðèñ. 12. Çàâèñèìîñòü èçâëå÷åíèÿ  óðàíà â ïðîäóêòèâíûé ðàñòâîð îò âðåìåíè âûùåëà÷èâàíèÿ 
íåîêèñëåííûõ ðóä: 1 ðÿä – áåç îêèñëèòåëÿ; 2 ðÿä – ñ ïåðåêèñüþ âîäîðîäà; 3 ðÿä – ñ íèòðèò íàòðèåì / 
Fig. 12. Dependence of uranium extraction into a productive solution on the leaching time of non–oxidized 

ores: 1 row – without an oxidizer; 2 row – with hydrogen peroxide; 3 row – with sodium nitrite

Íà ðèñ. 12  ïðåäñòàâëåíà äèíàìèêà âû­
ùåëà÷èâàíèÿ óðàíà.

Õàðàêòåð êðèâûõ çàâèñèìîñòè èçâëå÷å­
íèÿ óðàíà â ïðîäóêòèâíûé ðàñòâîð îò âðåìåíè 
âûùåëà÷èâàíèÿ ñ ïðèìåíåíèåì îêèñëèòåëåé 
ïðàêòè÷åñêè èäåíòè÷åí: èçâëå÷åíèå â 85 % ñ 
ïðèìåíåíèåì ïåðåêèñè âîäîðîäà äîñòèãíóòî 
íà 23­è ñóòêè, à ñ ïðèìåíåíèåì íèòðèòà íà­
òðèÿ ( 87 %) – íà 26­å ñóòêè.  Èçâëå÷åíèå óðàíà 
â 88 % áåç ïðèìåíåíèÿ îêèñëèòåëÿ ïîòðåáî­
âàëî çíà÷èòåëüíî áîëüøå âðåìåíè – 80 ñóòîê.

Ðèñ. 11. Çàâèñèìîñòü êîíöåíòðàöèè óðàíà â ïðîäóêòèâíîì ðàñòâîðå îò âðåìåíè âûùåëà÷èâàíèÿ 
íåîêèñëåííûõ ðóä: 1 ðÿä – áåç îêèñëèòåëÿ; 2 ðÿä – ñ ïåðåêèñüþ âîäîðîäà; 3 ðÿä – ñ íèòðèò íàòðèåì / 

Fig. 11. Dependence of the uranium concentration in the productive solution on the leaching time 
of non–oxidized ores: 1 row – without an oxidizer; 2 row – with hydrogen peroxide; 3 row – with sodium nitrite
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Íà ðèñ. 13 ïðåäñòàâëåíà äèíàìèêà èç­
ìåíåíèÿ êîíöåíòðàöèè Fe(II) â ïðîäóêòèâíîì 
ðàñòâîðå â ïðîöåññå âûùåëà÷èâàíèÿ.

Ïðè âûùåëà÷èâàíèè áåç ïðèìåíåíèÿ 
îêèñëèòåëÿ ïåðâîíà÷àëüíàÿ êîíöåíòðàöèÿ 
Fe(II) â ðàñòâîðå ñîñòàâëÿëà 250 ìã/ë. Â òå­
÷åíèå ïåðâûõ 10 ñóòîê êîíöåíòðàöèÿ óìåíü­
øèëàñü äî 50 ìã/ë. Äàëåå ñíèæåíèå êîíöåí­
òðàöèè ïðîäîëæèëîñü è íà 44­å ñóòêè óïàëà 
ïðàêòè÷åñêè äî íóëÿ. Ïðè ïðèìåíåíèè ïåðå­
êèñè âîäîðîäà êîíöåíòðàöèÿ Fe(II) â òå÷åíèå 
ïÿòè ñóòîê ïîäíÿëàñü äî 200 ìã/ë è íà ïðîòÿ­
æåíèè ñëåäóþùèõ ÷åòûðåõ ñóòîê óïàëà ïðàê­

Ðèñ. 13. Çàâèñèìîñòü êîíöåíòðàöèè  Fe(II) â ïðîäóêòèâíîì ðàñòâîðå îò âðåìåíè âûùåëà÷èâàíèÿ 
íåîêèñëåííûõ ðóä: 1 ðÿä – áåç îêèñëèòåëÿ; 2 ðÿä – ñ ïåðåêèñüþ âîäîðîäà; 3 ðÿä – ñ íèòðèò íàòðèåì / 

Fig. 13. Dependence of the Fe(II) concentration in the productive solution on the leaching time 
of non–oxidized ores: 1 row – without an oxidizer; 2 row – with hydrogen peroxide; 3 row – with sodium nitrite

Ðèñ. 14. Çàâèñèìîñòü êîíöåíòðàöèè  Fe(III) â ïðîäóêòèâíîì ðàñòâîðå îò âðåìåíè âûùåëà÷èâàíèÿ 
íåîêèñëåííûõ ðóä: 1 ðÿä – áåç îêèñëèòåëÿ; 2 ðÿä – ñ ïåðåêèñüþ âîäîðîäà; 3 ðÿä – ñ íèòðèò íàòðèåì / 
Fig. 14 Dependence of Fe(III) concentration in the productive solution on the leaching time of non–oxidized 

ores: 1 row – without oxidizer; 2 row – with hydrogen peroxide; 3 row – with sodium nitrite

òè÷åñêè äî íóëÿ. Êîíöåíòðàöèÿ èîíîâ äâóõâà­
ëåíòíîãî æåëåçà ïðè ïðèìåíåíèè â êà÷åñòâå 
îêèñëèòåëÿ íèòðèòà íàòðèÿ íàðàñòàëà äî 
óðîâíÿ 200 ìã/ë â òå÷åíèå ïåðâûõ 10 ñóòîê, à 
â òå÷åíèå ñëåäóþùèõ 10 ñóòîê óïàëà äî íóëÿ. 

Íà ðèñ. 14 ïîêàçàíà äèíàìèêà èçìåíå­
íèÿ êîíöåíòðàöèè â ðàñòâîðå Fe(III)  â ïðî­
öåññå âûùåëà÷èâàíèÿ.

Êîíöåíòðàöèÿ èîíîâ òðåõâàëåíòíîãî 
æåëåçà  ïðè  âûùåëà÷èâàíèè áåç îêèñëèòåëÿ 
çàêîíîìåðíî ìåíÿåòñÿ îò 180 äî 40 ìã/ë. Ïðè 
ïðèìåíåíèè ïåðåêèñè âîäîðîäà êîíöåíòðà­
öèÿ Fe(III) çà ïåðâûå 10 ñóòîê ïîäíèìàåòñÿ äî 
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690 ìã/ë, à çàòåì ê îêîí÷àíèþ îïûòà ïàäàåò 
äî 100 ìã/ë. Ïðè èñïîëüçîâàíèè â êà÷åñòâå 
îêèñëèòåëÿ íèòðèòà íàòðèÿ, êîíöåíòðàöèÿ 
òðåõâàëåíòíîãî æåëåçà  ðàâíîìåðíî ñíèæà­
åòñÿ îò 180 äî 100 ìã/ë. 

Ïîäâîäÿ èòîãè ïðîâåäåííûì èññëåäîâà­
íèÿì, ìîæíî ñäåëàòü ñëåäóþùèå âûâîäû:

– íàèìåíüøåå îòíîøåíèå Æ/Ò íàáëþ­
äàåòñÿ ïðè âûùåëà÷èâàíèè ñ ïðèìåíåíèåì 
ïåðåêèñè âîäîðîäà, ÷òî îçíà÷àåò ìåíüøèé 
îáúåì ïîäàâàåìûõ ðàáî÷èõ ðàñòâîðîâ;

– êîíöåíòðàöèÿ ñåðíîé êèñëîòû â ðàáî­
÷åì ðàñòâîðå ïðè âûùåëà÷èâàíèè ñ ïðèìå­
íåíèåì îêèñëèòåëåé ïðàêòè÷åñêè îäèíàêîâà 
è íà 40 %  íèæå, ÷åì ïðè âûùåëà÷èâàíèè áåç 
îêèñëèòåëÿ;

– íàèáîëüøàÿ êîíöåíòðàöèÿ óðàíà â 
ïðîäóêòèâíîì ðàñòâîðå íàáëþäàåòñÿ ïðè âû­
ùåëà÷èâàíèè ñ ïðèìåíåíèåì ïåðåêèñè âîäî­
ðîäà è ñîñòàâëÿåò â ñðåäíåì 130 ìã/ë;

– èçâëå÷åíèå óðàíà â ïðîäóêòèâíûé ðàñ­
òâîð ñ ïðèìåíåíèåì îêèñëèòåëåé ïðàêòè÷å­
ñêè äàåò èäåíòè÷íûé ðåçóëüòàò è ñîñòàâëÿåò 
85…87 % ñ òîé ëèøü ðàçíèöåé, ÷òî  ñ ïðèìå­
íåíèåì ïåðåêèñè âîäîðîäà ñðîê âûùåëà÷è­
âàíèÿ ñîêðàùàåòñÿ íà òðè äíÿ; äëÿ äîñòèæå­
íèÿ òåõ æå ðåçóëüòàòîâ ïðè âûùåëà÷èâàíèè 
áåç îêèñëèòåëÿ òðåáóåòñÿ âðåìåíè â òðè ðàçà 
áîëüøå;

– íàèìåíüøåå êîëè÷åñòâî äâóõâàëåíò­
íîãî æåëåçà îáðàçóåòñÿ ïðè âûùåëà÷èâàíèè 
ñ ïðèìåíåíèåì ïåðåêèñè âîäîðîäà (60 ìã/ë), 
ñ ïðèìåíåíèåì íèòðèòà íàòðèÿ íåñêîëüêî 
áîëüøå (80 ìã/ë), à áåç îêèñëèòåëÿ –110 ìã/ë;

– íàáîëüøàÿ êîíöåíòðàöèÿ òðåõâà­
ëåíòíîãî æåëåçà â ðàñòâîðå íàáëþäàåò­
ñÿ ïðè ïðèìåíåíèè ïåðåêèñè âîäîðîäà 
(300  ìã/ë), ÷òî â òðè ðàçà áîëüøå äâóõ äðó­
ãèõ âàðèàíòîâ. 

Òàêèì îáðàçîì, àíàëèç ðåçóëüòàòîâ ëà­
áîðàòîðíûõ èññëåäîâàíèé âûùåëà÷èâàåìî­
ñòè íåîêèñëåííûõ óðàíîâûõ ðóä Õèàãäèíñêîãî 
ìåñòîðîæäåíèÿ ïîêàçàë, ÷òî ïî áîëüøèíñòâó 
òåõíîëîãè÷åñêèõ ïîêàçàòåëåé ïðèìåíåíèå 
â êà÷åñòâå îêèñëèòåëÿ ïåðåêèñè âîäîðîäà 
ïðåâîñõîäèò ïîêàçàòåëè âûùåëà÷èâàåìîñòè 
ðóä ñ ïðèìåíåíèåì íèòðèòà íàòðèÿ:

– èìååò ìèíèìàëüíûé îáúåì âûùåëà÷è­
âàåìûõ ðàñòâîðîâ;

– ìèíèìàëüíûé ðàñõîä ñåðíîé êèñëîòû;
– íàèáîëåå âûñîêóþ êîíöåíòðàöèþ óðà­

íà â ïðîäóêòèâíûõ ðàñòâîðàõ; 
– ìèíèìàëüíûé ñðîê èçâëå÷åíèÿ óðàíà 

äî óðîâíÿ 80 %;

– ìèíèìàëüíóþ êîíöåíòðàöèþ èîíîâ 
äâóõâàëåíòíîãî æåëåçà, ÷òî ìèíèìèçèðó­
åò  ïåðåîñàæäåíèå óðàíà â âèäå ãèäðîêñèäà 
óðàíèëà;

– ìàêñèìàëüíîå êîëè÷åñòâî èîíîâ òðåõ­
âàëåíòíîãî æåëåçà, ÷òî àêòèâèðóåò ïðîöåññ 
ðàçðóøåíèÿ óðàíîâûõ ìèíåðàëîâ è ñïîñîá­
ñòâóåò áîëåå áûñòðîìó ïåðåõîäó óðàíà â ïðî­
äóêòèâíûé ðàñòâîð.

Äëÿ áîëåå ïîëíîãî ïîäòâåðæäåíèÿ ýô­
ôåêòèâíîñòè ïðèìåíåíèÿ ïåðåêèñè âîäîðî­
äà â êà÷åñòâå îêèñëèòåëÿ ïðîâåäåí ñðàâíè­
òåëüíûé ðàñ÷åò çàòðàò íà âûïîëíåíèÿ ýòèõ 
ðàáîò ïî âàðèàíòàì.

Ýêîíîìè÷åñêèé ðàñ÷åò ïîäòâåðäèë ýô­
ôåêòèâíîñòü ïðèìåíåíèÿ â êà÷åñòâå îêèñëè­
òåëÿ ïåðåêèñè âîäîðîäà, ïðè êîòîðîì ýòîò 
âàðèàíò â òðè ðàçà äåøåâëå âàðèàíòà âûùå­
ëà÷èâàíèÿ áåç îêèñëèòåëÿ è íà 15 % äåøåâëå 
âàðèàíòà ñ ïðèìåíåíèåì íèòðèòà íàòðèÿ.

Íåîáõîäèìî îòìåòèòü, ÷òî ïðîöåññ ëà­
áîðàòîðíîãî âûùåëà÷èâàíèÿ ïðîâîäèòñÿ â 
èäåàëèçèðîâàííûõ óñëîâèÿõ, ïîýòîìó â íà­
òóðíûõ óñëîâèÿõ äîñòè÷ü èçâëå÷åíèÿ áîëåå 
÷åì  80 % â ñòîëü êîðîòêèé ïåðèîä âðåìåíè  
ïðàêòè÷åñêè íåâîçìîæíî èç–çà ìíîæåñòâà 
ñäåðæèâàþùèõ ôàêòîðîâ: íåîäíîðîäíîñòü 
ãîðíî–ãåîëîãè÷åñêèõ óñëîâèé, íèçêàÿ  òåì­
ïåðàòóðà ñðåäû, ðàçëè÷íûé êîýôôèöèåíò 
ôèëüòðàöèè íà ðàçíûõ ó÷àñòêàõ çàëåæè, ïå­
ðåìåí÷èâàÿ  ìîùíîñòü ðóäíîãî ïëàñòà è ò. ä. 
Òåì íå ìåíåå, ïðîâåäåíèå ëàáîðàòîðíûõ èñ­
ïûòàíèé ñ ïðèìåíåíèåì ðàçëè÷íûõ ñòèìóëÿ­
òîðîâ ñêâàæèííîãî âûùåëà÷èâàíèÿ óðàíà â 
ðàâíûõ óñëîâèÿõ ïîçâîëÿåò âûÿâèòü îñíîâ­
íûå îñîáåííîñòè ïðèìåíåíèÿ ýòèõ ñòèìó­
ëÿòîðîâ è óñòàíîâèòü ýôôåêòèâíîñòü èõ èñ­
ïîëüçîâàíèÿ [7; 8; 9].

Îïûòû ñ ïîíèæåíèåì êîíöåíòðàöèè 
ñåðíîé êèñëîòû äî 5 ã/ë ñ òåìè æå êîíöåíòðà­
öèÿìè îêèñëèòåëåé ïîêàçàëè, ÷òî ïðîöåññ 
âûùåëà÷èâàíèÿ çàìåòíî ñíèæàåò ñâîþ èí­
òåíñèâíîñòü. Ýòî ãîâîðèò î òîì, ÷òî êîíöåí­
òðàöèÿ âûùåëà÷èâàþùåãî ðåàãåíòà äîëæíà 
áûòü íå ìåíåå 25  ã/ë. 

Ðåçóëüòàòû ïðîâåäåííûõ èñïûòàíèé 
ïîêàçûâàþò, ÷òî è â ñëó÷àå ïðèìåíåíèÿ 
íèòðèòà ñëàáàÿ êèñëîòíîñòü óâåëè÷èâà­
åò ðàñõîä îêèñëèòåëÿ. Íî åãî ïðèñóòñòâèå 
íåîáõîäèìî è íà ñòàäèè îòðàáîòêè, òàê êàê 
âåëè÷èíà ÎÂÏ â îïûòå ñ 5 ã/ë êèñëîòû ñî­
ñòàâëÿåò íà ýòîé ñòàäèè ëèøü 430…440 ìÂ 
ïðîòèâ àíàëîãè÷íîãî îïûòà ñ ïåðåêèñüþ â 
450…490 ìÂ.
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Ñðàâíèòåëüíàÿ õàðàêòåðèñòèêà ïîêàçà­
òåëåé âûùåëà÷èâàíèÿ â ïðèñóòñòâèè ïåðå­
êèñè âîäîðîäà è íèòðàòà íàòðèÿ ïîêàçûâàåò, 
÷òî ïðèìåíåíèå â êà÷åñòâå îêèñëèòåëÿ ïåðå­
êèñè âîäîðîäà áîëåå ýôôåêòèâíî ïî ñðàâíå­
íèþ ñ íèòðàòîì íàòðèÿ. 

Òàêèì îáðàçîì, ðåêîìåíäóåòñÿ  ê ïðèìå­
íåíèþ îêèñëèòåëü – ïåðåêèñü âîäîðîäà  ïðè 
ñëåäóþùåì  ðåæèìå âûùåëà÷èâàíèÿ:  íà ñòà­
äèè çàêèñëåíèÿ êèñëîòíîñòü ÂÐ  – íå ìåíåå  
25 ã/ë, êîíöåíòðàöèÿ ïåðåêèñè âîäîðîäà 0,5 ã/ë 
(íà 100 % âåùåñòâà), ÎÂÏ äî 450 ìÂ è âûøå.
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