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ÏÐÈ ÑÊÂÀÆÈÍÍÎÌ ÂÛÙÅËÀ×ÈÂÀÍÈÈ ÃÈÄÐÎÃÅÍÍÛÕ ÐÓÄ 
ÌÅÑÒÎÐÎÆÄÅÍÈÉ ÕÈÀÃÄÈÍÑÊÎÃÎ ÐÓÄÍÎÃÎ ÏÎËß 

SEMI­INDUSTRIAL TESTS OF THE USE OF OXIDANTS IN THE DOWNHOLE LEACHING OF 
HYDROGENIC ORES OF THE DEPOSITS OF THE KHIAGDINSKY ORE FIELD

Ïðè äîáû÷å ïðèðîäíîãî óðàíà èç ãèäðîãåííûõ ìåñòîðîæäåíèé îäíîé èç ïðîáëåì ýôôåêòèâíîñòè îò­
ðàáîòêè ÿâëÿåòñÿ íèçêàÿ èíòåíñèâíîñòü ïåðåâîäà ïîëåçíîãî êîìïîíåíòà â ïðîäóêòèâíûé ðàñòâîð ïðè 
ïîäçåìíîì ñêâàæèííîì âûùåëà÷èâàíèè, ÷òî çíà÷èòåëüíî óäëèíÿåò ñðîê ýêñïëóàòàöèè ìåñòîðîæäåíèÿ 
è ïîâûøàåò îáùèå çàòðàòû íà ïîëó÷åíèå ãîòîâîé ïðîäóêöèè [1; 2]. Îáúåêò èññëåäîâàíèÿ – òåõíîëîãè­
÷åñêèå óñòàíîâêè ïî ïîäçåìíîìó ñêâàæèííîìó âûùåëà÷èâàíèþ ãèäðîãåííûõ ðóä. Öåëü èññëåäîâàíèÿ– 
çàêðåïèòü ïîëó÷åííûå çíàíèÿ ïðè ïðîâåäåíèè ëàáîðàòîðíûõ èññëåäîâàíèé â óñëîâèÿõ ïðîìûøëåííîé 
ýêñïëóàòàöèè è ðàçðàáîòàòü ðåæèìû ïðèìåíåíèÿ äàííîé òåõíîëîãèè ïðè îòðàáîòêå çàïàñîâ ãèäðîãåííûõ 
ðóä õèàãäèíñêîãî òèïà. Çàäà÷è èññëåäîâàíèÿ – óñòàíîâèòü íàèáîëåå ýôôåêòèâíûå ðåæèìû ïðèìåíåíèÿ 
ïåðåêèñè âîäîðîäà â êà÷åñòâå îêèñëèòåëÿ. Ìåòîäèêà èññëåäîâàíèÿ – ñáîð íàêîïëåííîé èíôîðìàöèè, 
ìàòåìàòèêî­ñòàòèñòè÷åñêàÿ åå îáðàáîòêà, ðàçðàáîòêà ðåãëàìåíòà ïðîâåäåíèÿ ïðîöåññà âûùåëà÷èâàíèÿ 
ñ ïðèìåíåíèåì ïåðåêèñè âîäîðîäà; ïðîâåäåíèå èññëåäîâàòåëüñêèõ ðàáîò è óñòàíîâëåíèå ñâÿçè ìåæäó 
ãîðíî­ãåîëîãè÷åñêèìè, ãèäðîãåîëîãè÷åñêèìè è  òåõíîëîãè÷åñêèìè. Ìåòîäû èññëåäîâàíèé: ìàòåìàòè­
êî­ñòàòèñòè÷åñêèé àíàëèç, ïîëóïðîìûøëåííûå èñïûòàíèÿ. Ïðè÷èíàìè íèçêîé èíòåíñèâíîñòè âûùåëà­
÷èâàíèÿ ñëóæàò êàê ñëîæíûå ãîðíî­ãåîëîãè÷åñêèå è ãèäðîãåîëîãè÷åñêèå óñëîâèÿ ëîêàëèçàöèè ãèäðî­
ãåííûõ ðóä, òàê è íèçêàÿ òåìïåðàòóðà ïîäçåìíûõ âîä. Îäíèì èç ýôôåêòèâíûõ òåõíîëîãè÷åñêèõ ïðèåìîâ 
ïîâûøåíèÿ ýôôåêòèâíîñòè âûùåëà÷èâàíèÿ ÿâëÿåòñÿ ïðèìåíåíèå õèìè÷åñêèõ àêòèâàòîðîâ ïðîöåññà èç­
âëå÷åíèÿ óðàíà èç ðóäíûõ ìèíåðàëîâ [10–14]. Ëàáîðàòîðíûå èññëåäîâàíèÿ1 [7] ïðèìåíåíèÿ õèìè÷åñêèõ 
îêèñëèòåëåé íà ðóäàõ ìåñòîðîæäåíèé Õèàãäèíñêîãî ðóäíîãî ïîëÿ ïîêàçàëè, ÷òî íàèáîëåå ýôôåêòèâíûì 
àêòèâàòîðîì âûùåëà÷èâàíèÿ ÿâëÿåòñÿ ïåðåêèñü âîäîðîäà.  Äëÿ ïðîâåðêè ðåçóëüòàòîâ ëàáîðàòîðíûõ èñ­
ñëåäîâàíèé â íàòóðíûõ óñëîâèÿõ íà îäíîé èç ðóäíûõ çàëåæåé Õèàãäèíñêîãî ìåñòîðîæäåíèÿ ïðîâåäåíû 
îïûòíî­ïðîìûøëåííûå èñïûòàíèÿ ðåçóëüòàòîâ ýòèõ èññëåäîâàíèé. Â ðåçóëüòàòå âûïîëíåííûõ ðàáîò 
óäàëîñü óñòàíîâèòü îïòèìàëüíûå ðåæèìû ñåðíîêèñëîòíîãî âûùåëà÷èâàíèÿ õèàãäèíñêèõ ðóä ñ ïðèìåíå­
íèåì â êà÷åñòâå àêòèâàòîðà ïåðåêèñè âîäîðîäà

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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When extracting natural uranium from hydrogenic deposits, one of the problems of development efficiency 
is the low rate of conversion of a useful component into a productive solution during underground well leach­
ing, which significantly lengthens the life of the field and increases the total cost of obtaining finished prod­
ucts [1; 2]. The object of the research is technological installations for in­situ borehole leaching of hydrogenous 
ores. The purpose of the research is to consolidate the knowledge obtained in laboratory studies under industrial 
operating conditions and to develop modes of application of this technology in the development of reserves of 
hydrogenous ores of Khiagda type. Research objective is to establish the most effective modes of hydrogen 
peroxide application as an oxidizer. Research methodology is presented by the collection of accumulated infor­
mation, its mathematical and statistical processing, and development of regulations of the leaching process with 
hydrogen peroxide; conducting research work and establishing the relationship between the mining, geological, 
hydrogeological and technological Research methods: mathematical and statistical analysis, semi­industrial 
tests. The reasons for the low intensity of leaching are both complex mining, geological and hydrogeological 
conditions for the localization of hydrogenic ores and low groundwater temperature. One of the effective tech­
nological techniques for increasing leaching efficiency is the use of chemical activators of the uranium extraction 
process from ore minerals [10‒14]. Laboratory studies [7] of the use of chemical oxidizers in the ores of the 
Khiagdinsky ore field deposits have shown that hydrogen peroxide is the most effective activator of leaching. To 
verify the results of laboratory tests in situ at one of the ore deposits of the Khiagdinskoye deposit, pilot tests of 
the results of these studies were carried out. As a result of the work performed, it has become possible to estab­
lish the optimal modes of sulfuric acid leaching of chiagdin ores using hydrogen peroxide as an activator

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

Ââåäåíèå. Àêòóàëüíîñòü òåìû èññëåäîâàíèÿ 
îáóñëîâëåíà  íåîáõîäèìîñòüþ ïîâåðêè 

ðåçóëüòàòîâ ëàáîðàòîðíûõ èññëåäîâàíèé ïî 
èíòåíñèôèêàöèè ïðîöåññà ïîäçåìíîãî ñêâà­
æèííîãî âûùåëà÷èâàíèÿ ïðèìåíåíèåì õèìè­
÷åñêîãî àêòèâàòîðà â ïðîìûøëåííûõ óñëîâèÿõ.

Îáúåêò èññëåäîâàíèÿ – òåõíîëîãè÷å­
ñêèå óñòàíîâêè ïî ïîäçåìíîìó ñêâàæèííîìó 
âûùåëà÷èâàíèþ ãèäðîãåííûõ ðóä.

Öåëü èññëåäîâàíèÿ – çàêðåïèòü ïîëó­
÷åííûå çíàíèÿ ïðè ïðîâåäåíèè ëàáîðàòîð­
íûõ èññëåäîâàíèé â óñëîâèÿõ ïðîìûøëåííîé 
ýêñïëóàòàöèè è ðàçðàáîòàòü ðåæèìû ïðèìå­
íåíèÿ äàííîé òåõíîëîãèè ïðè îòðàáîòêå çàïà­
ñîâ ãèäðîãåííûõ ðóä õèàãäèíñêîãî òèïà.

Çàäà÷è èññëåäîâàíèÿ – óñòàíîâèòü íàè­
áîëåå ýôôåêòèâíûå ðåæèìû ïðèìåíåíèÿ ïå­
ðåêèñè âîäîðîäà â êà÷åñòâå îêèñëèòåëÿ. 

Ìåòîäèêà èññëåäîâàíèÿ – ñáîð èíôîð­
ìàöèè, ìàòåìàòèêî­ñòàòèñòè÷åñêàÿ åå îáðà­
áîòêà, ðàçðàáîòêà ðåãëàìåíòà ïðîâåäåíèÿ 
ïðîöåññà âûùåëà÷èâàíèÿ ñ ïðèìåíåíèåì 
ïåðåêèñè âîäîðîäà; ïðîâåäåíèå èññëåäîâà­
òåëüñêèõ ðàáîò è óñòàíîâëåíèå ñâÿçè ìåæäó 
ãîðíî­ãåîëîãè÷åñêèìè, ãèäðîãåîëîãè÷åñêè­
ìè è  òåõíîëîãè÷åñêèìè. 

Ìåòîäû èññëåäîâàíèé: ìàòåìàòèêî­ñòà­
òèñòè÷åñêèé àíàëèç, ïîëóïðîìûøëåííûå èñ­
ïûòàíèÿ.

Ðàçðàáîòàííîñòü òåìû. Ëàáîðàòîð­
íûå èñïûòàíèÿ ïî âûùåëà÷èâàíèþ ðóä­
íûõ ïðîá, õàðàêòåðèçóþùèõ óñðåäíåííûå 
ïîêàçàòåëè ãèäðîãåííûõ ìåñòîðîæäåíèé 
Õèàãäèíñêîãî ðóäíîãî ïîëÿ, ïîêàçàëè, ÷òî 
ïðèìåíåíèå õèìè÷åñêèõ àêòèâàòîðîâ ïðî­
öåññà ïåðåâîäà óðàíà â ïîäâèæíîå ñîñòîÿ­
íèå ïðè ÏÑÂ ïîçâîëÿåò çíà÷èòåëüíî èíòåí­
ñèôèöèðîâàòü ïðîöåññ âûùåëà÷èâàíèÿ. 
Ïðè ýòîì íàèáîëåå ýôôåêòèâíûì îêèñëè­
òåëåì õèàãäèíñêèõ ðóä ÿâëÿåòñÿ ïåðåêèñü 
âîäîðîäà [5]. 

Ðåêîìåíäóåìûå ê ïðîâåäåíèþ  îïûò­
íî­ïðîìûøëåííûõ ðàáîò òåõíîëîãè÷åñêèå 
ïîêàçàòåëè:

– íà ñòàäèè çàêèñëåíèÿ êèñëîòíîñòü âû­
ùåëà÷èâàþùèõ ðàñòâîðîâ  íå ìåíåå  25 ã/ë, 
êîíöåíòðàöèÿ ïåðåêèñè âîäîðîäà 0,5 ã/ë (íà 
100 % âåùåñòâà), ÎÂÏ äî 450 ìÂ è âûøå.

Ðåêîìåíäóåìûå òåõíîëîãè÷åñêèå ïà­
ðàìåòðû èñïûòàíû ïðè îòðàáîòêå  ðóäíîãî 
áëîêà çàëåæè Õ5­6­Ñ1 Õèàãäèíñêîãî ìåñòî­
ðîæäåíèÿ ãåêñàãîíàëüíîé ñõåìîé ðàäèóñîì 
30 ì è ïðèìåíåíèåì â êà÷åñòâå îêèñëèòåëÿ 
ïåðåêèñüþ âîäîðîäà [8]. 

Â òàáë. 1 ïðåäñòàâëåíû òåõíîëîãè÷å­
ñêèå ïàðàìåòðû âûùåëà÷èâàíèÿ îïûòíîãî 
áëîêà.
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Òåõíîëîãè÷åñêèå ïàðàìåòðû âûùåëà÷èâàíèÿ îïûòíîãî áëîêà çàëåæè Õ5­6­Ñ
1
 Õèàãäèíñêîãî ìåñòî­

ðîæäåíèÿ ñ ïðèìåíåíèåì â êà÷åñòâå îêèñëèòåëÿ ïåðåêèñè âîäîðîäà / Process parameters of the 
experimental block leaching at the deposit Kh5­6­S1 the Khiagdinskoye field using hydrogen 

peroxide as an oxidizing agent

Íàèìåíîâàíèå ïîêàçàòåëåé / 
Name of indicators

Åä. èçìåð./
U. measure

Âåëè÷èíû
ïîêàçàòåëåé /

Sizes Indicators

Ïðèìå÷àíèå / 
Note

Êîíöåíòðàöèÿ ñåðíîé êèñëîòû ïðè çàêèñëåíèè/ 
Concentration of sulfuric acid at acidification ìã/ë  / mg/l 25,5

Êîíöåíòðàöèÿ ñåðíîé êèñëîòû ïðè âûùåëà÷èâàíèè/ 
Concentration of sulfuric acid during leaching ìã/ë / mg/l 13,1

Ðàñõîä ñåðíîé êèñëîòû / Sulfuric acid consumption êã/ò / kg/t 13,3

Ðàñõîä ïåðåêèñè âîäîðîäà / Hydrogen peroxide 
consumption êã/ò / kg/t 0,88

Ñðåäíÿÿ êîíöåíòðàöèÿ óðàíà â ïðîäóêòèâíîì 
ðàñòâîðå / Average concentration of uranium in the 
productive solution

ìã/ë / mg/l 88

Ñðåäíÿÿ âåëè÷èíà ÎÏÂ  / Mean OPV ìÂ  / mV 576
Ñðåäíÿÿ êîíöåíòðàöèÿ èîíîâ Fe(II)/ Average ion 
concentration Fe (II) ìã/ë  / mg/L 55

Ñðåäíÿÿ êîíöåíòðàöèÿ èîíîâ Fe(III)/ Average Fe (III) 
ion concentration ìã/ë / mg/L 216

Ïðîäîëæèòåëüíîñòü çàêèñëåíèÿ / Duration of 
acidification ñóòêè / day 62

Ïðîäîëæèòåëüíîñòü âûùåëà÷èâàíèÿ äî èçâëå÷å­
íèÿ 80 % óðàíà â ïðîäóêòèâíûé ðàñòâîð/ Duration 
of leaching until extraction of 80 % uranium into the 
productive solution

ñóòêè / day 700

Ñðåäíÿÿ âåëè÷èíà Æ/Ò / Average F/T ä. åä. / unit 3,5

Íà ðèñ. 1 ïðåäñòàâëåíà  ñõåìà çàâèñèìîñòè èçìåíåíèÿ êîíöåíòðàöèè óðàíà â ïðîäóêòèâ­
íîì ðàñòâîðå îò âðåìåíè âûùåëà÷èâàíèÿ.

Ðèñ. 1. Çàâèñèìîñòü èçìåíåíèÿ êîíöåíòðàöèè óðàíà è èçâëå÷åíèÿ óðàíà â ïðîäóêòèâíûé ðàñòâîð 
îò âðåìåíè âûùåëà÷èâàíèÿ / Fig. 1. Dependence of uranium concentration change and uranium extraction 

into productive solution on leaching time
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Êîíöåíòðàöèÿ óðàíà â ïðîäóêòèâíîì 
ðàñòâîðå â ïðîöåññå âûùåëà÷èâàíèÿ ïîñòå­
ïåííî âîçðàñòàåò äî  200 ìã/ë, çàòåì íà÷èíà­
åòñÿ ñíèæåíèå êîíöåíòðàöèè  äî 30 ìã/ë íà 
480­å ñóòêè. Â ïîñëåäóþùèé ïåðèîä âûùåëà­
÷èâàíèÿ (äî 700 ñóòîê) êîíöåíòðàöèÿ ïàäàåò 
äî 10 ìã/ë, ïîñëå ÷åãî ïðîöåññ âûùåëà÷èâà­
íèÿ ïðåêðàùàåòñÿ. 

Çàâèñèìîñòü êîíöåíòðàöèè îò âðåìåíè 
âûùåëà÷èâàíèÿ óðàíà îïèñûâàåòñÿ ôîðìó­
ëîé

C
u
 = –1,8 +1,7 * Т – 0,006 * Т2, мг/л,                                        (1)

ãäå Т – ïåðèîä âûùåëà÷èâàíèÿ, ñóòêè.
Èçâëå÷åíèå óðàíà â ïðîäóêòèâíûé ðàñ­

òâîð ïîñòåïåííî âîçðàñòàåò â òå÷åíèå 
ïåðâûõ 220 ñóòîê âûùåëà÷èâàíèÿ äî óðîâ­
íÿ 25 %, çàòåì ïðîöåññ óñêîðÿåòñÿ è ê 390­ì 
ñóòêàì èçâëå÷åíèå äîñòèãàåò çíà÷åíèÿ â 70 %, 
ïîñëå ýòîãî èíòåíñèâíîñòü ïåðåõîäà óðàíà â 
ïðîäóêòèâíûé ðàñòâîð çàìåäëÿåòñÿ è ê 700 
ñóòêàì äîñòèãàåò óðîâíÿ 80 %.

Íà ðèñ. 2 ïðåäñòàâëåíà ñõåìà çàâèñè­
ìîñòè èçìåíåíèÿ  Æ/Ò, êîíöåíòðàöèè ñåðíîé 
êèñëîòû, êîíöåíòðàöèè ñåðíîé êèñëîòû è 
ðàñõîäà ñåðíîé êèñëîòû  è ïåðåêèñè âîäîðî­
äà îò  âðåìåíè âûùåëà÷èâàíèÿ.

Ðèñ. 2. Çàâèñèìîñòü èçìåíåíèÿ  Æ/Ò, êîíöåíòðàöèè ñåðíîé êèñëîòû, ðàñõîäà ñåðíîé êèñëîòû è 
ïåðåêèñè âîäîðîäà îò âðåìåíè âûùåëà÷èâàíèÿ / Fig. 2. Dependence of change in W/T, concentration 

of sulfuric acid, and consumption of sulfuric acid and hydrogen peroxide on leaching time

Êàê âèäíî èç ðèñ. 2, âåëè÷èíà   Æ/Ò â ïðî­
öåññå âûùåëà÷èâàíèÿ ïîñòåïåííî èçìåíÿ­
åòñÿ îò 1,5  äî 6,7 ì3/ò, ñîñòàâëÿÿ â ñðåäíåì 
3,5 ì3 ðàñòâîðà íà 1 ò ãîðíî­ðóäíîé ìàññû. 
Ïîâåäåíèå âåëè÷èíû Æ/Ò îòðàæàåòñÿ çàâè­
ñèìîñòüþ

ε
с.к.

 = 1,7 + 0,005 * Т, кг/т.                                                                          (2)

Êîíöåíòðàöèÿ ñåðíîé êèñëîòû â ðàñòâî­
ðå â òå÷åíèå ïåðâûõ 100 ñóòîê ïîñòåïåííî 
íàðàñòàåò  äî 33 ã/ë  ðàñòâîðà, à çàòåì ñíè­
æàåòñÿ äî óðîâíÿ 10 ã/ë íà 250­å ñóòêè è îñòà­
åòñÿ íà ýòîì óðîâíå â òå÷åíèå âñåãî ïîñëå­
äóþùåãî ïåðèîäà âûùåëà÷èâàíèÿ. Ñðåäíÿÿ 
êîíöåíòðàöèÿ ñåðíîé êèñëîòû ñîñòàâëÿåò 
14,2  ã/ë. Çàâèñèìîñòü èçìåíåíèÿ êîíöåíòðà­
öèè ñåðíîé êèñëîòû â ïðîäóêòèâíîì ðàñòâî­
ðå îò âðåìåíè âûùåëà÷èâàíèÿ îïèñûâàåòñÿ 

ôîðìóëîé 

ε
с.к.

 = 17,7 + 0,2 * Т – 0,001 * Т2, мг/л.                                   (3)

Ïîâåäåíèå ðàñõîäà ñåðíîé êèñëîòû ïîë­
íîñòüþ ïîâòîðÿåò èçìåíåíèÿ åå  êîíöåíòðà­
öèè â ïðîäóêòèâíîì ðàñòâîðå. Ðàñõîä ïåðå­
êèñè âîäîðîäà â ïðîöåññå âûùåëà÷èâàíèÿ  
èçìåíÿåòñÿ îò 1,6 äî 2,0 êã/ò â òå÷åíèå ïåð­
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âûõ 100 ñóòîê, à çàòåì ðàñõîä  ïîñòåïåííî 
óìåíüøàåòñÿ è íà 540­å ñóòêè äîñòèãàåò íó­
ëåâîãî çíà÷åíèÿ.

Íà ðèñ. 3 ïðåäñòàâëåíà ñõåìà çàâè­
ñèìîñòè ïåðåõîäà â ðàñòâîð â ïðîöåññå 
âûùåëà÷èâàíèÿ èîíîâ äâóõâàëåíòíîãî è 
òðåõâàëåíòíîãî æåëåçà è èçìåíåíèå îêèñëè­
òåëüíî­âîññòàíîâèòåëüíîãî ïîòåíöèàëà ñðå­
äû îò âðåìåíè âûùåëà÷èâàíèÿ [9].

Ðèñ. 3. Çàâèñèìîñòè ïåðåõîäà â ðàñòâîð â ïðîöåññå âûùåëà÷èâàíèÿ èîíîâ äâóõâàëåíòíîãî è 
òðåõâàëåíòíîãî æåëåçà è èçìåíåíèå îêèñëèòåëüíî­âîññòàíîâèòåëüíîãî ïîòåíöèàëà ñðåäû îò âðåìåíè 

âûùåëà÷èâàíèÿ / Fig. 3. Dependence of transition to solution during leaching of ferrous and ferric ions and 
change of redox potential of medium on leaching time

Â ïðîöåññå âûùåëà÷èâàíèÿ ïðîèñõî­
äèò ïîñòåïåííîå ïîâûøåíèå êîíöåíòðà­
öèè òðåõâàëåíòíîãî æåëåçà è â òå÷åíèå 
ïåðâûõ 340 ñóòîê åãî çíà÷åíèå äîñòèãàåò  
âåëè÷èíû 690 ìã/ë. Äàëåå êîíöåíòðàöèÿ 
ïîíèæàåòñÿ è ê 220­ì ñóòêàì ïàäàåò äî 
óðîâíÿ 210 ìã/ë. Â òå÷åíèå ïîñëåäóþùå­
ãî ïåðèîäà âûùåëà÷èâàíèÿ ïðîèñõîäèò 
ïîñòåïåííîå óìåíüøåíèå êîíöåíòðàöèè  
Fe(III)  äî óðîâíÿ 100…90 ìã/ë. Ïîâåäåíèå 
èîíîâ äâóõâàëåíòíîãî æåëåçà ïî õàðàêòåðó 
êðèâîé çàâèñèìîñòè  ñõîæå ñ ïîâåäåíèåì 
èîíîâ Fe(III). Â òå÷åíèå ïåðâûõ 130 ñóòîê 
êîíöåíòðàöèÿ Fe(II) ïîâûøàåòñÿ äî óðîâíÿ   
210 ìã/ë. Äàëåå êîíöåíòðàöèÿ èîíîâ íà÷è­
íàåò ïàäàòü è ê 350­ì ñóòêàì äîñòèãàåò íó­
ëåâîãî çíà÷åíèÿ. 

Îêèñëèòåëüíî­âîññòàíîâèòåëüíûé ïî­
òåíöèàë  çà ïåðèîä ïåðâûõ 60 ñóòîê ïîäíèìà­

åòñÿ äî óðîâíÿ 660 ìÂ, çàòåì â òå÷åíèå ïî­
ñëåäóþùèõ  20 ñóòîê åãî âåëè÷èíà ïàäàåò äî 
580 ìÂ, äàëåå ïðîèñõîäèò ïîñòåïåííîå ñíè­
æåíèå âåëè÷èíû ÎÏÂ äî 550 ìÂ ïî îêîí÷àíèè 
ïðîöåññà âûùåëà÷èâàíèÿ.

Âûâîäû. Â ðåçóëüòàòå ïðîâåäåííûõ ïî­
ëóïðîìûøëåííûõ èñïûòàíèé óñòàíîâëåíî: 

1. Íàèáîëåå ýôôåêòèâíûì àêòèâàòîðîì 
âûùåëà÷èâàíèÿ ðóä ìåñòîðîæäåíèé Õèàã­

äèíñêîãî ðóäíîãî ïîëÿ ÿâëÿåòñÿ ïåðåêèñü 
âîäîðîäà.

2. Ðåêîìåíäóåìûìè ïàðàìåòðàìè âû­
ùåëà÷èâàíèÿ ñ ïðèìåíåíèåì ïåðåêèñè âîäî­
ðîäà ÿâëÿþòñÿ:

– ðàñõîä ñåðíîé êèñëîòû íà ñòàäèè îêèñ­
ëåíèÿ – 25 êã/ò;

– ðàñõîä  ñåðíîé êèñëîòû íà ñòàäèè âû­
ùåëà÷èâàíèÿ – 7 êã/ò;

– ðàñõîä ïåðåêèñè âîäîðîäà íà ñòàäèè 
çàêèñëåíèÿ –  1,6 êã/ò;

– Æ/Ò – 3,5 ì3/ò;
– îòíîøåíèå Fe(III)/Fe(II) – áîëåå 1;
– ìèíèìàëüíàÿ  êîíöåíòðàöèÿ  óðàíà â 

ïðîäóêòèâíîì ðàñòâîðå – 10 ìã/ë;
– èçâëå÷åíèå óðàíà â ïðîäóêòèâíûé ðàñ­

òâîð íå ìåíåå 80 %.
3. Â ðåçóëüòàòå èñïûòàíèé ïîëó÷åíû 

ñëåäóþùèå ðåçóëüòàòû:
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– ñðîê îòðàáîòêè çàïàñîâ îïûòíîãî áëî­
êà ñîñòàâèë 700 ñóòîê, ÷òî  â ñðåäíåì íà 400 
ñóòîê ìåíüøå, ÷åì ïî ïðèíÿòîé òåõíîëîãèè;

– èçâëå÷åíèå óðàíà â ïðîäóêòèâíûé ðàñ­
òâîð ñîñòàâèëî 80 %, ÷òî íà 4 % âûøå, ÷åì 
ïðè áàçîâîé  òåõíîëîãèè âûùåëà÷èâàíèÿ.
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