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Óñòàíîâëåíî, ÷òî îñíîâíîé ïîñòàâùèê ïðèðîäíîãî óðàíà â Ðîññèè ÏÀÎ «Ïðèàðãóíñêîå ïðîèçâîäñòâåííîå 
ãîðíî­õèìè÷åñêîå îáúåäèíåíèå» (äàëåå – «ÏÏÃÕÎ») èñïûòûâàåò ôèíàíñîâûå òðóäíîñòè, ñâÿçàííûå ñ ïðå­
âûøåíèåì îòïóñêíîé öåíû íàä ñåáåñòîèìîñòüþ ïðîèçâîäñòâà ïðîäóêöèè, êðîìå òîãî, ïðîèñõîäèò èñòîùåíèå 
áàëàíñîâûõ çàïàñîâ. Ïîêàçàíî, ÷òî âíåäðåíèå íà ïðåäïðèÿòèè òåõíîëîãèè áëî÷íîãî ïîäçåìíîãî âûùåëà­
÷èâàíèÿ ïîçâîëèò äîïîëíèòåëüíî ïðèâëå÷ü ê îòðàáîòêå áåäíîáàëàíñîâûå è çàáàëàíñîâûå ó÷àñòêè ìåñòî­
ðîæäåíèé, ÷òî äàñò ðåàëüíóþ âîçìîæíîñòü ïîâûñèòü àêòèâíóþ ñûðüåâóþ áàçó ïðåäïðèÿòèÿ íà 10…30  % 
ñî ñíèæåíèåì ñåáåñòîèìîñòè äî 10 % â îáùåì áàëàíñå. Îòìå÷åíî, ÷òî îïûò âíåäðåíèÿ ãåîòåõíîëîãè÷åñêèõ 
ñïîñîáîâ äîáû÷è â îáúåäèíåíèè ïîêàçàë ïðèíöèïèàëüíóþ âîçìîæíîñòü âûùåëà÷èâàíèÿ óðàíà èç ñêàëüíûõ 
ðóä. Îïðåäåëåíî, ÷òî ïðè ïîäãîòîâêå áëîêîâ, êîòîðàÿ ïðîâîäèëàñü êàê íà ìåñòå çàëåãàíèÿ, òàê è ñ çàïîë­
íåíèåì ðóäíîé ìàññîé, ïðîøåäøåé ïðåäâàðèòåëüíóþ ïîäãîòîâêó ïî êðóïíîñòè è ñîäåðæàíèþ, èçâëå÷åíèå 
óðàíà â ðàñòâîðû ñîñòàâèëî 70…80 %. Âûÿâëåíî, ÷òî ïîäãîòîâêà êàìåð áëîêà 4Ä­701 íåïîñðåäñòâåííî íà 
ìåñòå çàëåãàíèÿ îòëè÷àëàñü âûñîêèìè ïîòåðÿìè ìåòàëëà. Ñëåäîâàòåëüíî, äëÿ ó÷àñòêîâ, íàèáîëåå ïðèãîä­
íûõ ê ãåîòåõíîëîãè÷åñêîìó îñâîåíèþ, ïîäãîòîâêà êîòîðûõ èñêëþ÷àåò âîçìîæíîñòü íàïîëíåíèÿ ðóäíûì 
ìàòåðèàëîì èçâíå, íåîáõîäèìî ñîçäàòü óñëîâèÿ, ïîâûøàþùèå ñòåïåíü èçâëå÷åíèÿ ïîëåçíîãî êîìïîíåíòà,  
÷òî è ÿâëÿåòñÿ öåëüþ ïðîâîäèìûõ èññëåäîâàíèé. Ïðèâåäåíà òåõíîëîãè÷åñêàÿ ñõåìà ïîäçåìíîãî âûùåëà­
÷èâàíèÿ ïîëîãèõ ðóäíûõ òåë ìàëîé ìîùíîñòè íà îñíîâå àíàëèçà ïåòðîãðàôè÷åñêîãî ñîñòàâà, ôèçèêî­ìå­
õàíè÷åñêèõ è ãåîëîãè÷åñêèõ ñâîéñòâ ìàññèâà. Ïðåäëîæåíû âàðèàíòû ïàíåëüíîé ïîäãîòîâêè ïîëîãèõ ðóä­
íûõ òåë â çàâèñèìîñòè îò ýëåìåíòîâ çàëåãàíèÿ. Îñóùåñòâëåíî òåõíèêî­ýêîíîìè÷åñêîå ñðàâíåíèå ìåòîäèê 
áóðîâçðûâíûõ ðàáîò, íàèáîëåå ïîëíî îòâå÷àþùèõ òðåáîâàíèþ âûõîäà îïòèìàëüíîãî äëÿ âûùåëà÷èâàíèÿ 
êëàññîâ êðóïíîñòè ðóäíîé ìàññû. Ïîëîæåíèÿ íàñòîÿùåé ñòàòüè áàçèðóþòñÿ íà íàó÷íî­èññëåäîâàòåëüñêîé è 
îïûòíî­êîíñòðóêòîðñêîé ðàáîòå «Ñîçäàíèå òåõíîëîãèè îòðàáîòêè áåäíîáàëàíñîâûõ óðàíîâûõ ðóä ãåîòåõíî­
ëîãè÷åñêèìè ìåòîäàìè» (Ïîñòàíîâëåíèå Ïðàâèòåëüñòâà ÐÔ îò 09.04.2010 ã. ¹ 218), êîòîðàÿ ïðîâîäèëàñü 
â 2013–2015 ãã. ñîâìåñòíûìè óñèëèÿìè ñîòðóäíèêîâ ãîðíîãî ôàêóëüòåòà Çàáàéêàëüñêîãî ãîñóäàðñòâåííîãî 
óíèâåðñèòåòà è Öåíòðàëüíîé íàó÷íî­èññëåäîâàòåëüñêîé ëàáîðàòîðèè ÏÀÎ «ÏÏÃÕÎ». Ðàññìîòðåíû  ïðèí­
öèïèàëüíûå âîïðîñû, êàñàþùèåñÿ âîçìîæíîñòè ôèçèêî­õèìè÷åñêîé îòðàáîòêè íèæíåé ÷àñòè Òóëóêóåâ­
ñêîãî ìåñòîðîæäåíèÿ, âõîäÿùåãî â ñîñòàâ ÏÀÎ «ÏÏÃÕÎ», ïðîâåäåíû èññëåäîâàíèÿ ãåîëîãè÷åñêèõ è ôèçè­
êî­ìåõàíè÷åñêèõ ñâîéñòâ Ñòðåëüöîâñêîé ãðóïïû ìåñòîðîæäåíèé
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êà áëîêà; áóðîâçðûâíûå ðàáîòû; ïàíåëüíàÿ ïîäãîòîâêà; êîíäèöèîííûé êóñîê; ôèçèêî­ìåõàíè÷åñêèå ñâîéñòâà; 
çàêèñü­îêèñü óðàíà; ãðàíóëîìåòðè÷åñêèé ñîñòàâ

The basic supplier of natural uranium PJSC “Priargunskoye Production Mining and Chemical Association” expe­
riences financial difficulties connected with the excess of a cost price over the cost price of production in Russia, 
besides there is an exhaustion of balance reserves. The intrusion of the technology of a unitized underground 
leaching at the enterprise will allow to involve in addition in working balanced and off­balance sections of depos­
its, which will give a real opportunity to increase the active raw material base of the enterprise by 10–30% with 
a cost reduction of up to 10% in total ballance. The experience of geotechnological mining methods introduction 
in the association has shown the principle possibility of uranium leaching from rocky ores. In the preparation of 
blocks which was carried out both at the site of occurrence and with filling of an ore mass, which had undergone 
preliminary preparation in size and content, the extraction of uranium into solutions amounted to 70–80 %. 
Preparation of the chambers of the 4D­701 unit directly on the site was characterized by high losses of metal. 
Therefore, for sites that are most suitable for geotechnological development, the preparation of which excludes 
the possibility of filling with ore material from outside, it is necessary to create conditions that increase the degree 
of extraction of a useful component, which is the goal of ongoing research. In the present work, a technological 
scheme of underground leaching of gently sloping ore bodies with low power is given on the basis of the petro­
graphic composition analysis, physico­mechanical and geological properties of the massif. The variants of panel 
preparation of gently sloping ore bodies are suggested depending on the elements of occurrence. In addition, a 
technical and economic comparison of drilling and blasting methods is given, most fully meeting the requirements 
for the yield of the ore grade optimal for leaching. The statements of this article are based on the research and 
development work “Creation of technology for mining poor­balance uranium ores by geotechnological methods” 
(Resolution of the Government of the Russian Federation dated 09.04.2010 No. 218), which was held from 
2013 to 2015. Joint efforts of employees of the Mining Faculty of ZabGU and the Central Research Laboratory 
of JSC “PIMCU”. This article discusses the principal issues concerning the feasibility of physico­chemical testing 
of the lower part of the Tulukuyevskoye field, which is a part of the PJSC “PGGHO”; geological and physical­
mechanical properties of the Strellets group of deposits were studied

Key words: block underground leaching; technological scheme; gently sloping ore bodies; block preparation; drilling and 
blasting operations; panel preparation; conditioning piece; physical and mechanical properties; uranium oxide­uranium; 
granulometric composition

Âîçðàñòàþùèå â ïîñëåäíåå âðåìÿ ïî­
òðåáíîñòè ðîññèéñêîé àòîìíîé îòðàñëè 

â òîïëèâíîì ñûðüå òðåáóþò íàðàùèâàíèÿ 
ïðîèçâîäñòâåííîé ìîùíîñòè óðàíîäîáûâà­
þùèõ ïðåäïðèÿòèé. Íà ñåãîäíÿøíèé äåíü 
îòå÷åñòâåííîé ýíåðãåòèêå íåîáõîäèìî îêîëî 
10 òûñ. ò ïðèðîäíîãî óðàíà â ãîä. Îñíîâíîé 
ïîñòàâùèê – ÏÀÎ «Ïðèàðãóíñêîå ïðîèçâîä­
ñòâåííîå ãîðíî­õèìè÷åñêîå îáúåäèíåíèå» 
(äàëåå – «ÏÏÃÕÎ») – ñïîñîáåí îáåñïå­
÷èòü ëèøü 1/3 ïîòðåáíîñòåé. Ýòî ñâÿçàíî 
â ïåðâóþ î÷åðåäü ñ èñ÷åðïàíèåì çàïàñîâ 
äåéñòâóþùèõ ðóäíèêîâ è, êàê ñëåäñòâèå, ñ 
ïðîèñõîäÿùèì ïðè ýòîì ñíèæåíèåì ïðî­
èçâîäñòâåííîé ìîùíîñòè ïðåäïðèÿòèÿ. Íà 
ïðèðîñò çàïàñîâ íà ðàçðàáàòûâàåìûõ ìåñòî­
ðîæäåíèÿõ ïî ðåçóëüòàòàì ãåîëîãîðàçâåäî÷­
íûõ ðàáîò ðàññ÷èòûâàòü íå ïðèõîäèòñÿ.

Òåõíîëîãèÿ äîáû÷è ñêàëüíûõ óðàíî­
âûõ ðóä Ñòðåëüöîâñêîãî ðóäíîãî ïîëÿ (äà­

ëåå – ÑÐÏ), îòëè÷àþùèõñÿ ñëîæíûìè 
ãîðíî­ãåîëîãè÷åñêèìè óñëîâèÿìè, òðåáóåò 
ïðèìåíåíèÿ äîðîãîñòîÿùåé ñèñòåìû ðàçðà­
áîòêè ñ íèñõîäÿùèìè ñëîÿìè è òâåðäåþùåé 
çàêëàäêîé. Ýòà ñèñòåìà õàðàêòåðèçóåòñÿ 
áîëüøèì îáúåìîì ãîðíî­ïîäãîòîâèòåëüíûõ 
âûðàáîòîê, ïðîâîäèìûõ ïî ïóñòîé ïîðîäå, 
íèçêîé ïðîèçâîäèòåëüíîñòüþ òðóäà çàáîé­
íîãî ðàáî÷åãî, íåîáõîäèìîñòüþ èñïîëüçî­
âàíèÿ áåòîíà â êà÷åñòâå çàêëàäî÷íîãî ìà­
òåðèàëà, äîëÿ êîòîðîãî â óäåëüíûõ çàòðàòàõ 
äîñòèãàåò 20…26 %. Ïðè ýòîì ñåáåñòîè­
ìîñòü äîáûâàåìîé ðóäû ïðåâàëèðóåò íàä 
îòïóñêíîé öåíîé, ÷òî îñîáåííî îñòðî îùó­
ùàåòñÿ íà ôîíå ñíèæåíèÿ ìèðîâûõ öåí íà 
ïðèðîäíûé óðàí [2; 4; 5]. 

Ñ äðóãîé ñòîðîíû, ïî äàííûì ãåîëîãî­
ðàçâåäî÷íûõ ðàáîò êàòåãîðèè çàïàñîâ, îò­
íîñÿùèåñÿ ê áåäíîáàëàíñîâûì è çàáàëàí­
ñîâûì, ìîãóò áûòü âîâëå÷åíû â îòðàáîòêó 
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òîëüêî ãåîòåõíîëîãè÷åñêèìè ñïîñîáàìè, 
÷àñòíûì âàðèàíòîì êîòîðûõ ÿâëÿåòñÿ 
áëî÷íîå ïîäçåìíîå âûùåëà÷èâàíèå (äà­
ëåå – ÁÏÂ) [8; 9].

Îäíèì èç ãëàâíûõ äîñòîèíñòâ òåõíî­
ëîãèè ÁÏÂ ñëåäóåò ñ÷èòàòü åå äåøåâèçíó 
[3]. Â îòëè÷èå îò òðàäèöèîííîãî ãîðíîãî 
ñïîñîáà, ðóäîïîäãîòîâêà áëîêîâ ïîä âû­
ùåëà÷èâàíèå íå òðåáóåò áîëüøîãî îáúå­
ìà ïîäãîòîâèòåëüíî­íàðåçíûõ âûðàáîòîê, 
ïðîâîäèìûõ ïî ïóñòîé ïîðîäå. Âûïóñêó èç 
êàìåðû è òðàíñïîðòèðîâàíèþ íà ïîâåðõ­
íîñòü ïîäëåæèò ëèøü îêîëî 1/3 îáúåìà ìà­
ãàçèíèðóåìîé ðóäíîé ìàññû. Êðîìå òîãî, 
ïåðâè÷íàÿ ñîðòèðîâêà ðóäû ïðîèçâîäèòñÿ â 
ïîäçåìíûõ óñëîâèÿõ íà ìåñòå âåäåíèÿ ãîð­
íûõ ðàáîò [13; 14]. 

Íà ñòàäèè àêòèâíîãî âûùåëà÷èâàíèÿ 
íåò íåîáõîäèìîñòè íàëè÷èÿ ïåðñîíàëà â 

î÷èñòíûõ âûðàáîòêàõ, ÷òî ïîâûøàåò áåç­
îïàñíîñòü òåõíîëîãèè [8]. Êîíòðîëü íàä 
ïðîèçâîäñòâåííûì ïðîöåññîì íå òðåáóåò 
áîëüøîãî ÷èñëà îïåðàòîðîâ, ÷òî ãîâîðèò î 
âûñîêîé ïðîèçâîäèòåëüíîñòè òåõíîëîãèè. 
Ñóùåñòâóåò ïîòåíöèàë øèðîêîé àâòîìàòè­
çàöèè ïðîèçâîäñòâåííîãî ïðîöåññà. Ñåáå­
ñòîèìîñòü äîáû÷è ïðè ïîëíîì ïåðåõîäå íà 
ñïîñîá ÁÏÂ â 3,5…4,0 ðàçà [1; 3] íèæå äî­
áû÷è ïðè ñèñòåìå ðàçðàáîòêè ñ òâåðäåþùåé 
çàêëàäêîé.

Ñïåöèàëèñòàìè îáúåäèíåíèÿ ïðî­
âåäåíà îöåíêà îáåñïå÷åííîñòè çàïàñàìè 
ðàçëè÷íûõ òåõíîëîãèé äîáû÷è óðàíîâîãî 
ñûðüÿ [1]. Êàê âèäíî èç ðèñ. 1, îòðàáîòêà 
ñïîñîáîì ïîäçåìíîãî âûùåëà÷èâàíèÿ âîç­
ìîæíà äàæå íà ôîíå ïàäåíèÿ ìèðîâûõ öåí 
íà çàêèñü­îêèñü óðàíà (U

3
O

8
). 

Ðèñ. 1. Ðàñïðåäåëåíèå çàïàñîâ óðàíà â óñëîâèÿõ ÑÐÏ äëÿ ðàçëè÷íûõ ñèñòåì ðàçðàáîòêè â çàâèñèìîñòè 
îò ðûíî÷íîé öåíû íà óðàí: ÍÇ – íåàêòèâíûå çàïàñû; ÏÂ – ïîäçåìíîå âûùåëà÷èâàíèå; ÊÂ – êó÷íîå 
âûùåëà÷èâàíèå; ÃÑ – ãîðíûé ñïîñîá / Fig. 1. Distribution of uranium reserves in terms of the SRP for 

different systems depending on the market prices for uranium

Îäíàêî íàðÿäó ñ äîñòîèíñòâàìè âû­
ÿâëåí ñóùåñòâåííûé íåäîñòàòîê òåõíîëî­
ãèè ÁÏÂ: íåâîçìîæíî äîñòè÷ü èçâëå÷åíèÿ 
âûøå 55…65 % [11; 12]. Ñòîëü âûñîêèå 
ïîòåðè ñòðàòåãè÷åñêîãî ñûðüÿ íåïðèåìëå­
ìû. Òðàäèöèîííûé ãîðíûé ñïîñîá, íåñìî­
òðÿ íà âûñîêóþ ñåáåñòîèìîñòü, îòëè÷àåòñÿ 
ãèáêîñòüþ âåäåíèÿ î÷èñòíûõ ðàáîò, âîç­
ìîæíîñòüþ îòðàáîòêè ðóäíûõ òåë ñëîæíîé 

ìîðôîëîãèè; òâåðäåþùàÿ çàêëàäêà ïðåïÿò­
ñòâóåò ýìàíàöèè ðàäîíà â øàõòíóþ àòìîñ­
ôåðó. Èçâëå÷åíèå óðàíà ïðè ýòîì äîñòèãàåò  
93…97 % [10]. 

Òàêèì îáðàçîì, ìîæíî ñäåëàòü âûâîä, 
÷òî ãåîòåõíîëîãè÷åñêèå ñïîñîáû äîáû÷è 
ñëåäóåò ðàññìàòðèâàòü êàê äîïîëíèòåëüíûå 
èñòî÷íèêè óðàíà ïðè ïðèìåíåíèè â êà÷å­
ñòâå îñíîâíîé ñëîåâîé ñèñòåìû ðàçðàáîòêè 

Öåíà 1 êã óðàíà â çàêèñü­îêèñè, äîëë.
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ñ íèñõîäÿùèìè ñëîÿìè è òâåðäåþùåé çà­
êëàäêîé. Îáëàñòü èõ ïðèìåíåíèÿ – áåäíî­
áàëàíñîâûå è çàáàëàíñîâûå ó÷àñòêè ÑÐÏ. 
Äàæå â òàêîì ñëó÷àå ñóùåñòâóåò âîçìîæ­
íîñòü óâåëè÷èòü àêòèâíóþ ñûðüåâóþ áàçó 
ÏÏÃÕÎ íà 10…30 % ñî ñíèæåíèåì ñåáå­
ñòîèìîñòè äî 10 % â îáùåì áàëàíñå [1].

Îïûòíî­ïðîìûøëåííûå èñïûòàíèÿ 
ñïîñîáà ïîäçåìíîãî âûùåëà÷èâàíèÿ áåäíî­
áàëàíñîâûõ ó÷àñòêîâ ìåñòîðîæäåíèé Ëó­
÷èñòîå, Þáèëåéíîå, Âåñåííåå, Ñòðåëüöîâ­
ñêîå  «ÏÏÃÕÎ» áåðóò ñâîå íà÷àëî ñ 80­õ ãã. 

XX â. Ðåçóëüòàòû èññëåäîâàíèé ïîêàçàëè 
ïðèíöèïèàëüíóþ âîçìîæíîñòü âíåäðåíèÿ 
ñïîñîáà ÁÏÂ â ïðîìûøëåííûõ ìàñøòàáàõ 
íà óðîâíå èçâëå÷åíèÿ 70…80 %, îäíàêî 
ðóäíàÿ ìàññà ïðè ýòîì ïîäâåðãàëàñü ïðåä­
âàðèòåëüíîé ñîðòèðîâêå.

Ðóäîïîäãîòîâêà íåïîñðåäñòâåííî íà ìå­
ñòå çàëåãàíèÿ ïðîâîäèëàñü íà áëîêå 4Ä­701 
ìåñòîðîæäåíèÿ Ñòðåëüöîâñêîå [1; 3; 12] 
è ïîêàçàëà äîñòàòî÷íî íèçêóþ ýôôåêòèâ­
íîñòü èçâëå÷åíèÿ, ÷òî è ïðåäñòàâëåíî â òà­
áëèöå. 

Ïîêàçàòåëè òåõíîëîãèè ÁÏÂ áëîêà 4Ä­701 / Indicators of technology block 
underground leaching unit 4D­701

Ïîêàçàòåëü / Indicator Êàìåðà ¹ 1/3 / 
Chamber ¹ 1/3

Êàìåðà ¹ 2 / 
Chamber ¹ 2

Êàìåðà ¹ 5 /
Chamber ¹ 5

Çàïàñû áëîêà/ Block reserves:

ðóäà, òûñ. ò / ore, thousand tons 81 40 16

ñîäåðæàíèå,% / content, % 0,039 0,080 0,050

Ìåòàëë, ò / Metal, tons 31,4 32,2 7,72

Ïîëó÷åíî óðàíà, ò  / Received uranium, tons 15,6 10,8 3,5

Èçâëå÷åíèå, % / Extraction, %:

ïëàí / plan 75 75 75

ôàêò / fact 49,8 33,5 40,9

Ïåðèîä ýêñïëóàòàöèè, ìåñ. / Period of operation, months 18,5 26 6

Ðàñõîä H2SO4, êã/êã  / Consumption H2SO4, kg/kg 72,4 70,6 46,7

Êîýôôèöèåíò ðàçðûõëåíèÿ / Coefficient of loosening 1,32 1,2 1,4

Àíàëèç ðåçóëüòàòîâ èññëåäîâàíèé ïîçâî­
ëèë âûÿâèòü ïðè÷èíû íèçêîãî èçâëå÷åíèÿ:

1) ïåðåóïëîòíåíèå ðóäíîé ìàññû öåí­
òðàëüíûõ ÷àñòåé êàìåð ¹ 1/3, 2 ïðè ìàñ­
ñîâîé îòáîéêå, âûçâàííîå ñòîëêíîâåíèåì 
íàáåãàþùåé äåòîíàöèîííîé âîëíû ñ óæå 
îòðàæåííûìè îò ìàññèâà ïîðîä âîëíàìè; 

2) îáðàçîâàíèå ïðîòî÷íûõ êàíàëîâ 
ïðè ìèãðàöèè ðàáî÷èõ ðàñòâîðîâ â ïðèáîð­
òîâûõ çîíàõ êàìåðû: öåíòðàëüíàÿ ÷àñòü 
îêàçàëàñü ñëàáî ïðîðàáîòàíà ðåàãåíòàìè;

3) çíà÷èòåëüíûé âûõîä ìåëêîãî êëàññà 
êðóïíîñòè êàìåðû ¹ 2, ïðèâåäøèé ê ìåõà­
íè÷åñêèì êîëüìàòàöèÿì;

4) ñëàáàÿ ïðîíèöàåìîñòü êàìåðû­ìà­
ãàçèíà äëÿ êèñëîðîäà âîçäóõà; â ðåçóëüòàòå 
âîçäåéñòâèå àòìîñôåðíûõ îêèñëèòåëåé íå 
îêàçàëî îùóòèìîãî âëèÿíèÿ íà ïîâûøåíèå 
ñêîðîñòè ðåàêöèé.

Îäíàêî îòìå÷àëèñü è ïîëîæèòåëüíûå 
ìîìåíòû (ðèñ. 2). Ðàâíîìåðíîñòü âûõîäà 
ãðàíóëîìåòðè÷åñêîãî ñîñòàâà ðóäíîé ìàñ­
ñû â êàìåðå ¹ 5 ïðè ìåëêîøïóðîâîé îò­
áîéêå, à òàêæå óâåëè÷åíèå êîýôôèöèåíòà 
ðàçðûõëåíèÿ ñ 1,2 â êàìåðå ¹ 2 äî 1,32 â 
êàìåðå ¹ 1/3 äàëè ñâîè ðåçóëüòàòû. Ïðî­
èçîøëî ïîâûøåíèå èçâëå÷åíèÿ óðàíà â 
ïðîäóêòèâíûå ðàñòâîðû ïðè ñíèæåíèè ñî­
äåðæàíèÿ ïîëåçíîãî êîìïîíåíòà (0,039 % 
â êàìåðå ¹ 1/3 è 0,050 % â êàìåðå ¹ 5 
ïðîòèâ 0,080 % â êàìåðå ¹ 2). Ïðèðîñò 
èçâëå÷åíèÿ êàìåðû ¹ 5 îòíîñèòåëüíî êà­
ìåðû ¹ 2 çà 6 ìåñ. ñîñòàâèë 19,9 %, îòíî­
ñèòåëüíî êàìåðû ¹ 1/3 – 11,9 %, ÷òî îáú­
ÿñíÿåòñÿ áîëåå ýôôåêòèâíîé ïðîðàáîòêîé 
ðóäíîé ìàññû ðåàãåíòîì çà ñ÷åò ñîâåðøåí­
ñòâîâàíèÿ òåõíîëîãèè  ðóäîïîäãîòîâêè.
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Ðèñ. 2. Çàâèñèìîñòü ñòåïåíè èçâëå÷åíèÿ ìåòàëëà ïî ðàçëè÷íûì êàìåðàì áëîêà 4Ä­701 îò âðåìåíè /
Fig. 2. Dependence of metal extraction degree at various chambers of the block 4D­701 from time to time

Â öåëÿõ ñîçäàíèÿ áëàãîïðèÿòíûõ óñëî­
âèé äëÿ ïîâûøåíèÿ ðàâíîìåðíîñòè âûõîäà 
ãðàíóëîìåòðè÷åñêîãî ñîñòàâà íàìè ïðåä­
ëàãàþòñÿ òðè íàïðàâëåíèÿ îïòèìèçàöèè 
ïàðàìåòðîâ ÁÂÐ: ïîñåêöèîííîå ìàãàçèíè­
ðîâàíèå ñ âûïóñêîì äî 30…32 % ðóäíîé 
ìàññû çà 1…3 öèêëà îòáîéêè, ïîäáîð òèïà 
âçðûâ÷àòîãî âåùåñòâà (äàëåå – ÂÂ) íà îñ­
íîâå ñîâìåñòèìîñòè åãî äðîáÿùèõ õàðàêòå­
ðèñòèê è ôèçèêî­ìåõàíè÷åñêèõ ñâîéñòâ îò­
áèâàåìîãî ìàññèâà, ñîñòàâëåíèå ïàñïîðòà 
ÁÂÐ íà îñíîâå êîððåêòèðîâêè âåëè÷èí ëè­
íèè íàèìåíüøåãî ñîïðîòèâëåíèÿ è ðàññòî­
ÿíèé ìåæäó êîíöàìè çàðÿäîâ â ñêâàæèíàõ 
ïî çîíå ðåãóëèðóåìîãî äðîáëåíèÿ ìàññèâà 
îäèíî÷íûìè è ãðóïïîâûìè çàðÿäàìè.

Íàèáîëåå òåõíîëîãè÷åñêè ðåàëüíîé 
ÿâëÿåòñÿ âîçìîæíîñòü âíåäðåíèÿ ñïîñîáà 
ÁÏÂ äëÿ ðóäíèêà ¹ 8 (ìåñòîðîæäåíèÿ Âå­
ñåííåå, Òóëóêóåâñêîå è Íîâîãîäíåå, áëîêè 
3­338, 3­335, 3­555, 2­405, 2­507, 2­506), 
ãäå ê áëîêàì ïðîâåäåíû ïîäõîäíûå âûðà­
áîòêè, íà ïîâåðõíîñòè èìååòñÿ êîìïëåêñ 
ïî ïåðåðàáîòêå ïðîäóêòèâíûõ ðàñòâîðîâ, 
èìåþòñÿ ïîäçåìíûå ðàñòâîðîñáîðíèêè [1]. 
Îáúåì ìåòàëëà ñîñòàâëÿåò 8396,5 ò [3].

Àíàëèç ïåòðîãðàôè÷åñêîãî ñîñòàâà ïî­
êàçàë, ÷òî óðàíîâàÿ ìèíåðàëèçàöèÿ ïîðîä 
äàííûõ ìåñòîðîæäåíèé ïðèóðî÷åíà ê íà­
ñòóðàíó, êîôôèíèòó, ãèäðîíàñòóðàíó, óðà­
íîôàíó, áðàííåðèòó [7], ÷òî äîêàçûâàåò 
ïðèíöèïèàëüíóþ âîçìîæíîñòü ñåðíîêèñ­
ëîòíîãî âûùåëà÷èâàíèÿ. Ðóäû – ñëàáîêàð­

áîíàòíûå, òåêñòóðû ðóä – âêðàïëåííûå, 
ïðîæèëêîâûå, â ïîä÷èíåííîì êîëè÷åñòâå 
ãíåçäîâûå, áðåê÷èåâûå, ìàññèâíûå, ïîëî­
ñ÷àòûå. Ðóäû õàðàêòåðèçóþòñÿ âûñîêîé 
ïðîíèöàåìîñòüþ, ÷òî áëàãîïðèÿòíî ñêàçû­
âàåòñÿ íà ñêîðîñòè ðàñïðîñòðàíåíèÿ ïîëåç­
íîãî êîìïîíåíòà è âûíîñå åãî â ïðîäóêòèâ­
íûå ðàñòâîðû. Ðóäíûå òåëà ïðåäñòàâëåíû 
ïîëîãèìè èëè ñëàáîíàêëîííûìè æèëàìè, 
èìåþùèìè ìîùíîñòü 1,0…3,5 ì [1; 3].

Ñïîñîá ïîäãîòîâêè ïîëîãèõ è ñëàáî­
íàêëîííûõ ðóäíûõ òåë − ïàíåëüíûé. Ïðè 
ýòîì òåõíîëîãè÷åñêàÿ ñõåìà ÁÏÂ íà ýòàïå 
ôîðìèðîâàíèÿ ýêñïëóàòàöèîííûõ áëîêîâ 
äëÿ ðóäíûõ òåë, êàê ìàëîé, òàê è ñðåäíåé  
ìîùíîñòè, âêëþ÷àåò ïðîõîäêó ïîäãîòîâè­
òåëüíûõ è íàðåçíûõ âûðàáîòîê, áóðåíèå 
îðîñèòåëüíûõ, äðåíàæíûõ è êîíòðîëüíûõ 
ñêâàæèí, îáðàçîâàíèå êîìïåíñàöèîííîãî 
ïðîñòðàíñòâà – îòðåçíîé ùåëè, îòáîéêó 
ðóäû, åå ìàãàçèíèðîâàíèå ñ ÷àñòè÷íûì âû­
ïóñêîì (ïðîïîðöèîíàëüíî äîëè êîìïåíñà­
öèîííîãî ïðîñòðàíñòâà â êàìåðå), çàêà÷­
êó â áëîê ðàáî÷åãî ðàñòâîðà è îòêà÷êó èç 
áëîêà ïðîäóêòèâíîãî ðàñòâîðà. Îðîøåíèå 
è äðåíàæ âîçìîæíû çà ñ÷åò ñïåöèàëèçèðî­
âàííûõ ñêâàæèí, êîòîðûå òðåáóþò ïðîâå­
äåíèÿ äîïîëíèòåëüíûõ ãîðèçîíòîâ âûøå è 
íèæå êàìåðû­ìàãàçèíà. Â çàâèñèìîñòè îò 
ìîùíîñòè ðóäíîãî òåëà îòáîéêà ìîæåò ïðî­
èçâîäèòüñÿ ïî äâóì ñõåìàì ðàñïîëîæåíèÿ 
çàðÿäîâ: äî 3,0 ì – ïî ïàðàëëåëüíîé, îò 3,0 
äî 15,0 ì − ïî âååðíîé (ðèñ. 3).

Âðåìÿ âûùåëà÷èâàíèÿ, ñóò.
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Ðèñ. 3. Òåõíîëîãè÷åñêàÿ ñõåìà ïîäãîòîâêè áëîêà ê ïîäçåìíîìó âûùåëà÷èâàíèþ íà ïîëîãèõ  ðóäíûõ 
òåëàõ ìîùíîñòüþ 3,0…15,0 ì: 1 – îðîñèòåëüíûé øòðåê; 2 – îðîñèòåëüíûå ñêâàæèíû; 3 – êîíòðîëüíàÿ 
ñêâàæèíà; 4 – äîñòàâî÷íûé øòðåê; 5 – ïîãðóçî÷íûé çàåçä; 6 – äðåíàæíûé øòðåê; 7 – ðàñòâîðîñáîðíèê; 

8 – íàñîñíàÿ ÏÂ; 9 – âçðûâíûå ñêâàæèíû; 10 – áóðîâîé âîññòàþùèé; 11 – ïîòîëî÷èíà; 
12 – âåíòèëÿöèîííûé âîññòàþùèé; 13 – êàìåðà; 14 – ïîòîëî÷èíà; 15 – ìåæäóêàìåðíûå öåëèêè; 

16 – âåíòèëÿöèîííûå ñáîéêè; 17 – âåíòèëÿöèîííî­áóðîâîé âîññòàþùèé; 18 – äîñòàâî÷íûé âîññòàþùèé 
/ Fig. 3. Technological scheme of block underground leaching preparation on shallow ore bodies with a 
capacity of 3.0…15.0 m: 1 – spray drift; 2 – irrigation wells; 3 – test object; 4 – carrier drift; 5 – loading­in; 

6 – drainage of roadway; 7 – sump; 8 – pump ; 9 – explosive wells; 10 – drilling­rising; 11 – ceilings; 
12 – vent rising; 13 – chamber; 14 – ceilings; 15 – pillars; 16 – vent generation; 17 – ventilation­rising drilling; 

18 – carrier­rising

Îòáîéêó ðóäû ïðîèçâîäÿò ïî 2…3 ñëîÿ 
çà ïðèåì. Íåîáõîäèìûé îáúåì êîìïåíñà­
öèîííîãî ïðîñòðàíñòâà (30…32 %) äîñòè­
ãàåòñÿ ïóòåì ÷àñòè÷íîãî âûïóñêà ðóäû èç 
êàìåðû ÷åðåç òðàíñïîðòíûå è áóðîâûå âû­
ðàáîòêè áëîêà. 

Â ðàáîòå [6] ðàññìàòðèâàëèñü âîïðî­
ñû ñîâåðøåíñòâîâàíèÿ ïàðàìåòðîâ ÁÂÐ çà 
ñ÷åò èõ êîððåêòèðîâêè ñ âåëè÷èíîé çîíû 
ðåãóëèðóåìîãî äðîáëåíèÿ îäèíî÷íûì çà­
ðÿäîì è îïòèìàëüíîãî ïîäáîðà ìàðêè ÂÂ 
â ñîîòâåòñòâèè ñ ôèçèêî­ìåõàíè÷åñêèìè 
ñâîéñòâàìè îòáèâàåìîé ïîðîäû. Íà ïðè­
ìåðå áëîêà 4­302, ïðåäñòàâëåííîãî êîíãëî­
ìåðàòàìè ñ ìîùíîñòüþ ðóäíîãî òåëà 4,6 ì, 
óãëîì ïàäåíèÿ 12 ̊, ïðîâåäåíî òåõíèêî­ýêî­
íîìè÷åñêîå ñðàâíåíèå òðàäèöèîííîé äëÿ 
ïðåäëàãàåìîé ñèñòåìû ðàçðàáîòêè ìåòîäè­
êè îòáîéêè íà çàæàòóþ ñðåäó (âàðèàíò 1) 
è îòáîéêà ñ ðåãóëèðóåìûìè ïàðàìåòðàìè 
äðîáëåíèÿ (âàðèàíò 2). Ïðåèìóùåñòâîì 

âòîðîãî âàðèàíòà ÿâëÿåòñÿ åãî êîððåëÿöèÿ 
ñ ôèçè÷åñêèìè è ãåîëîãè÷åñêèìè õàðàê­
òåðèñòèêàìè îòáèâàåìîãî ìàññèâà ïîðîä, 
íàïðàâëåííîñòü íà âûõîä ãðàíóëîìåòðè÷å­
ñêîãî ñîñòàâà òðåáóåìîé êðóïíîñòè, ó÷åò 
âçàèìîäåéñòâèÿ çàðÿäîâ ïðè èíèöèàöèè. 

Èç ñõåìû ðàñïîëîæåíèÿ çàðÿäîâ âèäíî 
(ðèñ. 4), ÷òî äëÿ ìàãàçèíèðîâàíèÿ áëîêà 
âòîðîé âàðèàíò ïîòðåáóåò áîëüøèõ çàòðàò 
âðåìåíè è ðåñóðñîâ. Âìåñòå ñ  òåì îæèäà­
åìîå èçâëå÷åíèå óðàíà â ïðîäóêòèâíûå 
ðàñòâîðû ïî âàðèàíòó 1 ñîñòàâèò îêîëî 
55…60 %, ïî âàðèàíòó 2–70 %. Ïðîâå­
äåííîå òåõíèêî­ýêîíîìè÷åñêîå ñðàâíåíèå 
ïîêàçûâàåò, ÷òî ïðè áîëüøèõ ýêñïëóàòà­
öèîííûõ çàòðàòàõ ïðåäëàãàåìàÿ ìåòîäè­
êà îòáîéêè ñ ðåãóëèðóåìûìè ïàðàìåòðàìè 
äðîáëåíèÿ èìååò ïðåâûøåíèå ïðèáûëè íàä 
ïåðâûì âàðèàíòîì íà 5761471 ð. (ïðè öå­
íàõ íà U

3
O

8
 íà ÿíâàðü 2017 ã.). 
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Âûâîäû:
1) ïàðàìåòðû ÁÂÐ çàâèñÿò îò ôèçè­

êî­ìåõàíè÷åñêèõ è ãåîëîãè÷åñêèõ ñâîéñòâ 
ãîðíûõ ïîðîä; 

2) íàèáîëåå ïåðñïåêòèâíûìè ó÷àñòêà­
ìè äëÿ îòðàáîòêè ìåòîäîì ÁÏÂ ÿâëÿþòñÿ 
ïîëîãèå ðóäíûå òåëà ìåñòîðîæäåíèé Âåñåí­
íåå è Íîâîãîäíåå; 

3) ïîäãîòîâêà êàìåð ïîä ÁÏÂ – ïà­
íåëüíàÿ ñ ïîñåêöèîííîé îòáîéêîé è îäíî­

âðåìåííûì âûïóñêîì 30…32 % îòáèâàå­
ìîé ðóäíîé ìàññû;

4) ìåòîäèêà ðàñ÷åòà ïàðàìåòðîâ ÁÂÐ 
äîëæíà îïèðàòüñÿ íà çíà÷åíèå çîíû ðåãó­
ëèðóåìîãî äðîáëåíèÿ;

5) âûõîä îïòèìàëüíîãî êëàññà êðóï­
íîñòè 60 – 150 ìì ñïîñîáåí îáåñïå÷èòü 
ôàêòè÷åñêîå èçâëå÷åíèå íà óðîâíå íå ìå­
íåå 70 %. 

Ðèñ. 4. Ñõåìû ðàñïîëîæåíèÿ âçðûâíûõ ñêâàæèí: 1 – âåíòèëÿöèîííî­äîñòàâî÷íûé øòðåê ¹ 1; 
2 – âçðûâíûå ñêâàæèíû; 3 − âåíòèëÿöèîííî­áóðîâîé øòðåê; 4 – âåíòèëÿöèîííî­äîñòàâî÷íûé øòðåê 

¹ 4 / Fig. 7. Layout of blast holes: 1 – ventilation and hauling drift ¹ 1; 2 – explosive well;
3 − ventilation­drilling drift; 4 – ventilation and hauling drift ¹ 4
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