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Âûäåëåíû ñîâðåìåííûå ïðîáëåìû ïîäçåìíîé äîáû÷è, îñíîâíûìè èç êîòîðûõ ÿâëÿþòñÿ íèçêîå êà÷åñòâî 
äîáûâàåìûõ ðóä; ïåðåìåùåíèå ãîðíûõ ðàáîò íà áîëüøóþ ãëóáèíó, ñîïðîâîæäàåìîå ïîâûøåíèåì ãîðíî
ãî äàâëåíèÿ; èñòîùåíèå ìèíåðàëüíîñûðüåâîé áàçû, îáóñëîâëåííîå â ò.÷. çíà÷èòåëüíûìè ïîòåðÿìè ðóäû 
âñëåäñòâèå îñòàâëåíèÿ öåëèêîâ â ñèñòåìàõ ðàçðàáîòêè ñ îòêðûòûì âûðàáîòàííûì ïðîñòðàíñòâîì. Ðåøå
íèå ïðîáëåì äîñòèãàåòñÿ áîëåå ìàñøòàáíûì âíåäðåíèåì ïåðñïåêòèâíûõ òåõíîëîãèé, îñíîâàííûõ íà çà
êëàäêå âûðàáîòàííûõ ïðîñòðàíñòâ ïîäãîòîâëåííûìè äëÿ ýòîé öåëè õâîñòàìè îáîãàùåíèÿ, à òàêæå ðàç
ìåùåíèåì òåõíîëîãè÷åñêîé ÷àñòè îáîãàòèòåëüíîé ôàáðèêè â íåäðàõ. Çíà÷èòåëüíîå ñîäåðæàíèå â õâîñòàõ 
òîíêîèçìåëü÷åííûõ ÷àñòèö îïðåäåëÿåò öåëåñîîáðàçíîñòü ïðèìåíåíèÿ ïàñòîâûõ (ïàñòîîáðàçíûõ) è (èëè) 
ãðàíóëèðîâàííûõ çàêëàäî÷íûõ ñìåñåé. Ïàñòîâûå (ïàñòîîáðàçíûå) ñìåñè îñíîâàíû íà èñïîëüçîâàíèè òèê
ñîòðîïíûõ ñâîéñòâ òîíêîèçìåëü÷åííûõ ÷àñòèö. Äëÿ ïåðåâîäà ïåðâîíà÷àëüíîãî ñîñòîÿíèÿ ïàñòîâîé çàêëà
äî÷íîé ñìåñè – ãåëÿ â çîëü, ïðèìåíÿþò ñïåöèàëüíûå óñòðîéñòâà – ñìåñèòåëèâçâèõðèâàòåëè. Ïðèâåäåíà 
îäíà èç âîçìîæíûõ êîíñòðóêöèé âçâèõðèâàòåëÿ. Ãðàíóëèðîâàííûå çàêëàäî÷íûå ñìåñè îáëàäàþò âûñîêè
ìè ðåîëîãè÷åñêèìè ñâîéñòâàìè, ìîãóò ïðèìåíÿòüñÿ â áåñöåìåíòíîì âàðèàíòå (ãèäðàâëè÷åñêèå ñìåñè) è â 
òâåðäåþùåì, äîïóñêàþò ïîäçåìíîå âûùåëà÷èâàíèå äëÿ äîèçâëå÷åíèÿ ìåòàëëîâ. Ïðåäëîæåíà òåõíîëîãèÿ 
ðàçðàáîòêè ðóäíûõ ìåñòîðîæäåíèé íà îñíîâå çàïàòåíòîâàííîãî àâòîðîì ñïîñîáà ðàçðàáîòêè ïîäçåìíûìè 
ãîðíîîáîãàòèòåëüíûìè êîìïëåêñàìè, âíåäðåíèåì êîòîðîé äîñòèãàåòñÿ óëó÷øåíèå ñîñòîÿíèÿ îêðóæàþùåé 
ñðåäû è ïîâûøåíèå ýêîíîìè÷åñêîé ýôôåêòèâíîñòè ãîðíîãî ïðîèçâîäñòâà. Ðàññìîòðåíû îñíîâíûå ïðåè
ìóùåñòâà ïðåäëàãàåìîé òåõíîëîãèè: óäàëåíèå ñ çåìíîé ïîâåðõíîñòè âðåäíûõ è òîêñè÷íûõ âåùåñòâ, ïî
âûøåíèå ýêîíîìè÷åñêîé ýôôåêòèâíîñòè ãîðíîãî ïðîèçâîäñòâà, âêëþ÷åíèå òåêóùèõ õâîñòîâ îáîãàùåíèÿ 
íåïîñðåäñòâåííî â òåõíîëîãè÷åñêèé öèêë ïîäçåìíîé äîáû÷è

Êëþ÷åâûå ñëîâà: àêòóàëüíûå ïðîáëåìû; ðåøåíèå ïðîáëåì; òåõíîëîãèè ñ çàêëàäêîé; ïëàñòîâûå çàêëàäî÷íûå 
ñìåñè; ãðàíóëèðîâàííûå çàêëàäî÷íûå ñìåñè; òåõíîëîãèÿ ðàçðàáîòêè ñ ïðèìåíåíèåì ïîäçåìíûõ ãîðíîîáîãàòè
òåëüíûõ êîìïëåêñîâ; ïîäçåìíûå îáîãàòèòåëüíûå êîìïëåêñû; òèêñîòðîïíûå ñâîéñòâà, òîíêîèçìåëü÷åííûå 
õâîñòû îáîãàùåíèÿ; âçâèõðèâàòåëè; îêðóæàþùàÿ ñðåäà

Modern underground mining problems are defined; the main ones are the poor quality of ore mined; movement of 
mining at a greater depth, followed by a rise of rock pressure; depletion of the mineral resource base due to signifi
cant losses of ores as a result of ore pillars abandonment in the development of systems with open worked out area. 
A large scale introduction of advanced technologies is achieved, based on laying of worked out areas by means of 
prepared for this purpose tailings, as well as the placement of the technological part of the processing plant in the 
depths. Significant content in the tailings fines determines the application of paste (slurred) and (or) the granu
lar filling mixtures. Paste (slurred) mixtures are based on the use of fine particles with thixotropic properties. 
To convert the original state of paste filling mixture – a gel into a sol, a special device is used – mixersswirlers. 
One of the possible designs of a swirler is presented. The granular filling mixtures have high flow properties, can 
be used in cementless version (hydraulic mixtures) and hardening one. They allow additional recovery of under
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ground leaching of metals. The development technology of ore deposits based on the author’s patented method for 
the development of underground mining and processing complex is suggested, which is achieved by improving the 
state of environmental and economic efficiency implementation of mining. The main advantages of the proposed 
technology are: removal from the surface of hazardous and toxic substances, increase of economic efficiency of 
mining, inclusion of current tailings directly into the production cycle of the underground mining 

Key words: actual problems; problem solving; technology with laying; bed filling mixtures; granular filling mixtures; de
velopment technology using underground mining and processing complexes; underground enrichment facilities; thixo
tropic, finely ground tailings; swirlers; environment

Àêòóàëüíîñòü. Àêòóàëüíûìè ïðîáëåìà
ìè ïîäçåìíîé äîáû÷è ðóä ÷åðíûõ è öâåò

íûõ ìåòàëëîâ â íàñòîÿùåå âðåìÿ ÿâëÿþòñÿ 
èñòîùåíèå ìèíåðàëüíûõ ðåñóðñîâ, íèçêîå 
êà÷åñòâî äîáûâàåìûõ ðóä, ïåðåìåùåíèå 
ãîðíûõ ðàáîò íà áîëüøóþ ãëóáèíó, çàãðÿç
íåíèå îêðóæàþùåé ñðåäû â ðàéîíàõ ïðî
èçâîäñòâåííîõîçÿéñòâåííîé äåÿòåëüíîñòè 
ãîðíûõ ïðåäïðèÿòèé [3]. Ðåøåíèå ïðîáëåì 
ãîðíîãî ïðîèçâîäñòâà â óñëîæíÿþùèõñÿ 
ãîðíîãåîëîãè÷åñêèõ óñëîâèÿõ äîñòèãàåòñÿ 
âíåäðåíèåì ïåðñïåêòèâíûõ òåõíîëîãèé, ê 
êîòîðûì îòíîñèì òåõíîëîãèè ñ çàêëàäêîé 
è òåõíîëîãèè îñâîåíèÿ ìåñòîðîæäåíèé ïîä
çåìíûìè ãîðíîîáîãàòèòåëüíûìè êîìïëåê
ñàìè [1; 2; 4; 6; 7].

Îäíà èç ñóùåñòâåííûõ ïðè÷èí óìåíü
øåíèÿ ìèíåðàëüíîñûðüåâîé áàçû çàêëþ
÷àåòñÿ â ïîòåðÿõ ðóäû ïðè äîáû÷å, äîñòèãà
þùèõ, â ÷àñòíîñòè, â ñèñòåìàõ ðàçðàáîòêè 
ñ îòêðûòûì âûðàáîòàííûì ïðîñòðàíñòâîì 
ñ ó÷åòîì ïîãàøåíèÿ çàïàñîâ â öåëèêàõ 20 % 
è áîëåå. Ïåðåõîä ãîðíûõ ðàáîò íà ãëóáîêèå 
ãîðèçîíòû ñîïðîâîæäàåòñÿ ïîâûøåíèåì 
ãîðíîãî äàâëåíèÿ, ÷òî îáóñëàâëèâàåò óâåëè
÷åíèå ðàçìåðîâ öåëèêîâ è, êàê ñëåäñòâèå, 
ïîòåðü ðóäû.

Ïðèìåíåíèå òåõíîëîãèé ñ çàêëàäêîé 
âûðàáîòàííîãî ïðîñòðàíñòâà ïîçâîëÿåò 
îñóùåñòâëÿòü ñïëîøíóþ âûåìêó. Îäíàêî 
çàêëàäî÷íûå ðàáîòû çíà÷èòåëüíî óäîðîæà
þò äîáû÷ó ðóäû, ÷òî ÿâëÿåòñÿ êëþ÷åâûì 
ñäåðæèâàþùèì ôàêòîðîì ìàñøòàáíîãî 
âíåäðåíèÿ òåõíîëîãèé.

Ñòîèìîñòü çàêëàäêè îïðåäåëÿåòñÿ çà
òðàòàìè íà öåìåíò – îñíîâíîå âÿæóùåå âå
ùåñòâî – è íà çàêëàäî÷íûå ìàòåðèàëû – çà
ïîëíèòåëè. Â ñâÿçè ñ óâåëè÷åíèåì îáúåìîâ 
ïðîìûøëåííîãî è ãðàæäàíñêîãî ñòðîèòåëü
ñòâà öåíà öåìåíòà ïîâûøàåòñÿ, âîçðàñòàþò 

çàòðàòû íà çàêëàäêó. Âûõîä – ñíèæàòü ðàñ
õîä öåìåíòà, ïðèìåíÿòü äîïîëíèòåëüíûå 
âÿæóùèå. Äðóãàÿ âîçìîæíîñòü ñíèæåíèÿ 
ñòîèìîñòè çàêëàäêè çàêëþ÷àåòñÿ â ïðèìå
íåíèè äåøåâûõ çàïîëíèòåëåé, êîòîðûìè, 
êàê ïðàâèëî, ñëóæàò ïåñ÷àíîãðàâèéíûå 
ñìåñè, äîáûâàåìûå â êàðüåðàõ, ðàñïîëî
æåííûõ äîñòàòî÷íî äàëåêî îò ðóäíèêîâ. 

Ìåòîäû ðåøåíèÿ. Â ïîñëåäíèå äåñÿ
òèëåòèÿ ó÷åíûå îáðàòèëè âíèìàíèå íà èñ
ïîëüçîâàíèå â êà÷åñòâå çàïîëíèòåëåé ëå
æàëûõ èëè òåêóùèõ õâîñòîâ îáîãàùåíèÿ 
[11;  12].

Îñîáåííîñòü ñîâðåìåííûõ õâîñòîâ çà
êëþ÷àåòñÿ â íàëè÷èè â ãðàíóëîìåòðè÷å
ñêîì ñîñòàâå äî 90 % ÷àñòèö êðóïíîñòüþ 
43…74 ìêì, ÷òî îáóñëàâëèâàåò òðóäíîñòè 
èõ èñïîëüçîâàíèÿ áåç ñïåöèàëüíîé ïîäãî
òîâêè.

Èçâåñòíî, ÷òî ñîäåðæàíèå â çàïîëíè
òåëå ñâûøå 5 % ÷àñòèö, êëàññ êðóïíîñòè 
êîòîðûõ (–) 0,043 ìì, ñíèæàåò  ïðî÷íîñòü 
çàêëàäî÷íîãî ìàññèâà è ýôôåêòèâíîñòü 
ôèëüòðàöèè âîäû. Íàëè÷èå â ñîñòàâå õâî
ñòîâ áîëüøîãî êîëè÷åñòâà òîíêîèçìåëü÷åí
íûõ ÷àñòèö òðåáóåò ïîèñêà íåòðàäèöèîí
íûõ çàêëàäî÷íûõ ñìåñåé.        

Ñïåöèàëèñòàìè ïðåäëîæåíî ãðàíóëè
ðîâàòü ïðåäâàðèòåëüíî îáåçâîæåííûå 
õâîñòû è çàïîëíÿòü  èìè âûðàáîòàííûå 
ïðîñòðàíñòâà êàìåð. Òåêóùèå õâîñòû ïîñëå 
ïîëíîãî îáåçâîæèâàíèÿ  ïðîïóñêàþò ÷åðåç 
ìåõàíè÷åñêèå óñòðîéñòâà – ãðàíóëÿòîðû ñ 
ïîëó÷åíèåì ãðàíóë äèàìåòðîì 10…30 ìì. 

Ïðèìåíåíèå õâîñòîâ â ãðàíóëèðîâàí
íîì ñîñòîÿíèè äîïîëíèòåëüíî îáîñíîâûâà
åòñÿ âîçìîæíîñòüþ äîèçâëå÷åíèÿ ìåòàëëîâ 
èç çàêëàäî÷íîãî ìàññèâà ìåòîäîì ïîäçåì
íîãî âûùåëà÷èâàíèÿ. Ãðàíóëèðîâàííàÿ çà
êëàäêà ìîæåò ïîäàâàòüñÿ â âûðàáîòàííîå 



Âåñòíèê ÇàáÃÓ. 2017. Ò. 23. ¹ 2

30

ïðîñòðàíñòâî  â âèäå ãèäðàâëè÷åñêîé èëè 
òâåðäåþùåé ñìåñè â çàâèñèìîñòè îò íàïðÿ
æåííîäåôîðìèðîâàííîãî ñîñòîÿíèÿ ãîð
íîãî ìàññèâà.  

Ãðàíóëèðîâàíèå õâîñòîâ – ïðîöåññ îò
íîñèòåëüíî äîðîãîé, ÷òî ÿâëÿåòñÿ íåäîñòàò
êîì, îäíàêî èìååò ïðàêòè÷åñêèé èíòåðåñ. 
Ïîëîæèòåëüíûìè êà÷åñòâàìè ãðàíóëèðî
âàííûõ õâîñòîâ ÿâëÿþòñÿ âûñîêàÿ ýôôåê
òèâíîñòü ãèäðîòðàíñïîðòèðîâàíèÿ ê ìåñòó 
çàêëàäî÷íûõ ðàáîò  è ôèëüòðàöèîííàÿ ñïî
ñîáíîñòü îòäàâàòü âîäó.

Ðàçâèòèå â òåîðèè è ïðàêòèêå çà
êëàäî÷íûõ ðàáîò ïîëó÷àþò ïàñòîâûå è 
ïàñòîîáðàçíûå çàêëàäî÷íûå ñìåñè [8], 
îñíîâàííûå íà èñïîëüçîâàíèè òèêñîòðîï
íûõ ñâîéñòâ. Îíè íàõîäÿò øèðîêîå ïðè
ìåíåíèå íà ðóäíèêàõ Êàíàäû, ÞÀÐ, ÑØÀ 
[11].

Ïàñòîâûå ñìåñè îáðàçóþòñÿ íåïîñðåä
ñòâåííî èç òåêóùèõ õâîñòîâ ïðè íàëè÷èè â 
íèõ ÷àñòèö êëàññà êðóïíîñòè (–) 0,042 ìì 
íå ìåíåå 30 %. Â ïðîöåññå ñìåøèâàíèÿ 
îáåçâîæåííûõ õâîñòîâ â öåìåíòíîì ìîëîêå 
îáðàçóåòñÿ îäíîðîäíàÿ ïî ñòðóêòóðå ãóñòàÿ 
ñìåñü – ïàñòàãåëü, ñïîñîáíàÿ ê áûñòðîìó è 
êà÷åñòâåííîìó çàòâåðäåâàíèþ. Îäíàêî ãåëü 
îáëàäàåò ñëàáûìè ðåîëîãè÷åñêèìè ñâîé
ñòâàìè, çàòðóäíÿþùèìè å¸ ãèäðîòðàíñïîð
òèðîâàíèå. Ñ öåëüþ ïîâûøåíèÿ ýôôåêòèâ
íîñòè ãèäðîòðàíñïîðòà ãåëü ïðè ïîìîùè 
óñòðîéñòâ – âçâèõðèâàòåëåé ïåðåâîäÿò â 
ñîñòîÿíèå çîëÿ [9]. Â ðåçóëüòàòå ìåõàíè÷å
ñêîãî âîçäåéñòâèÿ ñâÿçè ìåæäó ÷àñòèöàìè â 
ñòðóêòóðå ñòàíîâÿòñÿ èñ÷åçàþùå ìàëûìè, 
ïðîèñõîäèò ðàçæèæåíèå ñìåñè. Íà ðèñ. 1 
ïðèâåäåíà îäíà èç âîçìîæíûõ êîíñòðóêöèé 
âçâèõðèâàòåëÿ. Îñîáåííîñòü ãèäðîòðàíñ
ïîðòèðîâàíèÿ ïàñòîâîé çàêëàäî÷íîé ñìåñè 
ñîñòîèò â òîì, ÷òî äëÿ ïîääåðæàíèÿ ñîñòîÿ
íèÿ çîëÿ íåîáõîäèìû ïîñòîÿííûå ìåõàíè
÷åñêèå âîçäåéñòâèÿ íà íåå. Ïîñëå âûõîäà 
ñìåñè èç òðóáîïðîâîäà îíà ñíîâà ïåðåõîäèò 
èç çîëÿ â ãåëü, ò.å. ïðîÿâëÿþòñÿ òèêñîòðîï
íûå ñâîéñòâà.

Ïðèãîòîâëåíèå ïàñòîâûõ ñìåñåé îñó
ùåñòâëÿþò â çàêëàäî÷íûõ êîìïëåêñàõ, 
êîòîðûå âêëþ÷àþò ãèäðîöèêëîíû äëÿ îáå
çâîæèâàíèÿ õâîñòîâ; åìêîñòè äëÿ öåìåí
òà è îáåçâîæåííûõ õâîñòîâ; öèêëîíû äëÿ 

ïîëó÷åíèÿ öåìåíòíîãî ìîëîêà; ñìåñèòåëè 
äëÿ ïåðåâîäà ñìåñè öåìåíòíîãî ìîëîêà ñ 
îáåçâîæåííûìè õâîñòàìè â ñîñòîÿíèå ãåëÿ; 
ñìåñèòåëü àêòèâàòîðâçâèõðèâàòåëü, ïåðå
âîäÿùèé ãåëü â ñîñòîÿíèå çîëÿ, ïðè ýòîì â 
ñìåñü äîáàâëÿþò ïîâåðõíîñòíîàêòèâíûå 
âåùåñòâà (ÏÀÂ) äëÿ óñèëåíèÿ ýôôåêòà 
ðàçæèæåíèÿ, ïîâûøåíèÿ ãèäðîôèëüíîñòè 
ñìåñè; òðóáîïðîâîäíóþ ñåòü äëÿ ïîäà÷è 
(îòâîäà èçáûòî÷íîé) âîäû. 

Ðèñ. 1. Âçâèõðèâàòåëü: 1 – êîðïóñ; 2 – âõîä 
çàêëàäî÷íîé ñìåñè; 3 – âûõîä ñìåñè; 4 – ðîòîð; 

5 – øòèôòû

Fig. 1. Swirler: 1 – body; 2 – input of filling mixture; 
3 – output of mixture; 4 – rotor; 5 – pins

Íîâàÿ òåõíîëîãèÿ. Ðàçâèòèåì òåõíî
ëîãèè ðàçðàáîòêè ìåñòîðîæäåíèé  ñ çàêëàä
êîé ÿâëÿåòñÿ òåõíîëîãèÿ ñ ïðèìåíåíèåì 
ïîäçåìíûõ ãîðíîîáîãàòèòåëüíûõ êîìïëåê
ñîâ [10], îñíîâàííàÿ íà çàïàòåíòîâàííîì 
àâòîðîì ñïîñîáå ðàçðàáîòêè ðóäíûõ ìåñòî
ðîæäåíèé. Â ðàññìàòðèâàåìîé òåõíîëîãèè 
òåõíîëîãè÷åñêóþ ÷àñòü îáîãàòèòåëüíîé 
ôàáðèêè (ïîäçåìíûé îáîãàòèòåëüíûé êîì
ïëåêñ) ðàçìåùàþò â ïîäçåìíîì ïðîñòðàí
ñòâå âáëèçè âåäåíèÿ ãîðíûõ ðàáîò  íà ãî
ðèçîíòå, ñîîòâåòñòâóþùåì îïòèìàëüíûì 
çàòðàòàì íà äîáû÷ó è ïåðåðàáîòêó ðóäû 
(ðèñ. 2). 

1
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2
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Ðèñ. 2. Ïðèíöèïèàëüíàÿ ñõåìà ïîäçåìíîãî ãîðíîîáîãàòèòåëüíîãî êîìïëåêñà: 
1, 2 – óñëîâíûå ãðàíèöû ðóäíèêà è îáîãàòèòåëüíîãî êîìïëåêñà

Fig. 2. Schematic diagram of the underground mining and processing complex:
1, 2 – conventional boundaries of the mine and processing complex

Òåõíîëîãèÿ õàðàêòåðèçóåòñÿ ñëåäóþ
ùèìè äîñòîèíñòâàìè, ïîçâîëÿþùèìè ñ÷è
òàòü å¸ ïåðñïåêòèâíîé:

1) ñâÿçàííûå ñ óäàëåíèåì ñ çåìíîé ïî
âåðõíîñòè õâîñòîõðàíèëèù:

– ñíèæåíèå çàãðÿçíåíèÿ îêðóæàþùåé 
ñðåäû;

– èñêëþ÷åíèå çàòðàò íà ñòðîèòåëüñòâî 
è ýêñïëóàòàöèþ õâîñòîõðàíèëèù;

– èñêëþ÷åíèå çàòðàò íà ìîíòàæ è ýêñ
ïëóàòàöèþ ïóëüïîïðîâîäîâ ïåðåêà÷êè õâî
ñòîâ;

– èñêëþ÷åíèå ïîòåíöèàëüíîé îïàñ
íîñòè äëÿ íàñåëåííûõ ïóíêòîâ â ãîðèñòîé 
ìåñòíîñòè â ýêñòðåìàëüíûõ óñëîâèÿõ (ëèâ
íåâûå äîæäè, ñåëåâûå ïîòîêè, çåìëåòðÿñå
íèÿ è ò.ä.);

– âîçâðàò çåìåëü â ñåëüõîçîáîðîò;
2) ñâÿçàííûå ñ ðàçìåùåíèåì îáîãàòè

òåëüíîãî êîìïëåêñà â ïîäçåìíîì ïðîñòðàí
ñòâå:

– èñêëþ÷åíèå ïîäúåìà ðóäû è åå 
òðàíñïîðòèðîâàíèÿ ïî ïîâåðõíîñòè. Ðóäà 

íà ïåðåðàáîòêó äîñòàâëÿåòñÿ äî ãîðèçîí
òà, íà êîòîðîì ðàçìåùåí îáîãàòèòåëüíûé 
êîìïëåêñ. Íà ïîâåðõíîñòü âûäàåòñÿ òîëüêî 
êîíöåíòðàò; 

– èñïîëüçîâàíèå õâîñòîâ äëÿ çàêëàäêè 
âûðàáîòàííûõ ïðîñòðàíñòâ;

– èñêëþ÷åíèå çàòðàò äëÿ ñòðîèòåëü
ñòâà àâòîäîðîã è òðàíñïîðòèðîâàíèå ðóäû 
äî îáîãàòèòåëüíîé ôàáðèêè;

– èñêëþ÷åíèå ñìåðçàíèÿ ðóäû â òðàíñ
ïîðòíûõ ñðåäñòâàõ â õîëîäíûé ïåðèîä;

– êîìïëåêñíîå îñâîåíèå ïîäçåìíîãî 
ïðîñòðàíñòâà;

– èñêëþ÷åíèå îáîãðåâà îáîãàòèòåëüíî
ãî êîìïëåêñà â õîëîäíîå âðåìÿ;

– èñïîëüçîâàíèå ãëóáèííîãî òåïëà 
íåäð äëÿ ôîðìèðîâàíèÿ ìèêðîêëèìàòà îáî
ãàòèòåëüíîãî êîìïëåêñà.   

Òåõíîëîãèÿ ðàçðàáîòêè ðóäíûõ ìå
ñòîðîæäåíèé ñ ïðèìåíåíèåì ïîäçåìíûõ 
ãîðíîîáîãàòèòåëüíûõ êîìïëåêñîâ èìååò 
ïðèìåðû ïðàêòè÷åñêîãî ïðèìåíåíèÿ â îòå
÷åñòâåííîé ãîðíîðóäíîé ïðàêòèêå. Ãðóïïîé 
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ñïåöèàëèñòîâ ðàçðàáîòàíà ñòðàòåãèÿ îñâîå
íèÿ ãëóáîêîçàëåãàþùèõ æåëåçîðóäíûõ ìå
ñòîðîæäåíèé íà ïðèìåðå îòðàáîòêè çàïà
ñîâ Åñòþíèíñêîãî ìåñòîðîæäåíèÿ íèæå ãîð 
240 ì ñ ïðèìåíåíèåì ïîäçåìíûõ ãîðíîî
áîãàòèòåëüíûõ êîìïëåêñîâ [10].  

Âûâîäû. 1. Ïðåäëàãàåìûå òåõíîëîãèè 
íàèáîëåå ýôôåêòèâíû ïðè ðàçðàáîòêå ðóä
íûõ çàïàñîâ ãîðèçîíòîâ, ðàñïîëîæåííûõ 
íà ãëóáèíå ñâûøå 1000…1500 ì.

2. Êîìïëåêñíîå îñâîåíèå íåäð, ðàöè
îíàëüíîå èñïîëüçîâàíèå ìèíåðàëüíûõ ðå
ñóðñîâ, ýêîíîìèÿ ñðåäñòâ íà ñòðîèòåëüñòâî 
è ýêñïëóàòàöèþ õâîñòîõðàíèëèù, ñíèæå
íèå òåõíîãåííîé íàãðóçêè íà îêðóæàþùóþ 
ñðåäó äîñòèãàåòñÿ ñ ïîìîùüþ ïðèìåíåíèÿ 
òåõíîëîãèé ñ çàêëàäêîé íà áàçå õâîñòîâ 
îáîãàùåíèÿ è ïîäçåìíûõ ãîðíîîáîãàòè
òåëüíûõ êîìïëåêñîâ. 
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