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Â ñâÿçè ñ ÷¸òêî âûðàæåííîé òåíäåíöèåé âîâëå÷åíèÿ â ýêñïëóàòàöèþ áåäíûõ ðóä ñ íèçêèì ñîäåðæàíèåì 
öåííîãî êîìïîíåíòà âñ¸ áîëüøåå ïðèìåíåíèå ïîëó÷àåò òåõíîëîãèÿ êó÷íîãî âûùåëà÷èâàíèÿ. Êàê ïðàâè
ëî, îíà ðåàëèçóåòñÿ íà íåáîëüøèõ ïî çàïàñàì è ðàçìåðàì ðóäíûõ ìåñòîðîæäåíèÿõ. Ê ïðèìåðó, â Çà
áàéêàëüñêîì êðàå ÷èñëî çîëîòîñîäåðæàùèõ ìåñòîðîæäåíèé – îñâîåííûõ, îñâàèâàåìûõ è ïîòåíöèàëüíî 
ïðèãîäíûõ ê îñâîåíèþ òåõíîëîãèåé êó÷íîãî âûùåëà÷èâàíèÿ öåííîãî êîìïîíåíòà ñîñòàâëÿåò ïîðÿäêà 31.

Ìåñòîðîæäåíèÿ, êàê ïðàâèëî, íàõîäÿòñÿ íà òåððèòîðèè, ïðåäñòàâëåííîé ì¸ðçëûìè è âå÷íîì¸ðçëû
ìè ãðóíòàìè. Õàðàêòåðèçóþòñÿ ñóðîâûìè êëèìàòè÷åñêèìè óñëîâèÿìè è ìàëîñíåæíûìè çèìàìè. Îäíèì 
èç ïåðñïåêòèâíûõ íàïðàâëåíèé èññëåäîâàíèÿ ÿâëÿåòñÿ ìåòîä áëî÷íîãî ìîäåëèðîâàíèÿ, êîòîðûé ñ ðàç
âèòèåì èíôîðìàöèîííûõ òåõíîëîãèé ïðèîáðåòàåò îñîáóþ çíà÷èìîñòü è íàïðàâëåí äëÿ ðåøåíèÿ àêòóàëü
íîé çàäà÷è òð¸õìåðíîãî ìîäåëèðîâàíèÿ. Åãî ãëàâíîå ïðåèìóùåñòâî çàêëþ÷àåòñÿ â òîì, ÷òî îí ïîçâîëÿåò 
êîëè÷åñòâåííî îöåíèòü ïðîñòðàíñòâåííîå ðàñïðåäåëåíèå ôàêòîðîâ, à òàêæå äèíàìèêó èõ èçìåíåíèÿ âî 
âðåìåíè. Îáúåêò èññëåäîâàíèÿ – ðóäíûé øòàáåëü òåõíîãåííîãî ìåñòîðîæäåíèÿ. Ïðåäìåò èññëåäîâà
íèÿ – ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå êó÷íîãî âûùåëà÷èâàíèÿ çîëîòà. Öåëü èññëåäîâàíèÿ – ðàçðàáî
òàòü ìåòîä áëî÷íîãî ìîäåëèðîâàíèÿ êó÷íîãî âûùåëà÷èâàíèÿ çîëîòà â ðóäíîì øòàáåëå è ìåòîäèêó äëÿ 
åãî ðåàëèçàöèè.  Ìåòîäîëîãèÿ èññëåäîâàíèÿ – èñïîëüçîâàíèå çàêîíîìåðíîñòåé ôèëüòðàöèîííîãî è ôè
çèêîõèìè÷åñêîãî ïðîñà÷èâàíèÿ âûùåëà÷èâàþùèõ ðàñòâîðîâ ÷åðåç ïîðèñòóþ ñðåäó ðóäíîãî øòàáåëÿ. 
Ìåòîäû èññëåäîâàíèÿ: ôèçèêîìàòåìàòè÷åñêèå ìåòîäû ìîäåëèðîâàíèÿ ïðîöåññîâ êó÷íîãî âûùåëà
÷èâàíèÿ; èñïîëüçîâàíèå ñòàòèñòè÷åñêèõ ìåòîäîâ äëÿ âûÿâëåíèÿ çàêîíîìåðíîñòåé ïðîñòðàíñòâåííîãî 
ðàñïðåäåëåíèÿ ôàêòîðîâ, âëèÿþùèõ íà ïðîöåññ êó÷íîãî âûùåëà÷èâàíèÿ; èñïîëüçîâàíèå ïðîãðàììíûõ 
ïðîäóêòîâ (ãåîèíôîðìàöèîííûõ ñèñòåì) äëÿ âèçóàëèçàöèè äàííûõ

Êëþ÷åâûå ñëîâà: êó÷íîå âûùåëà÷èâàíèå; ðóäíûé øòàáåëü; çîëîòî; öåííûé êîìïîíåíò; ðóäà; áëî÷íîå ìîäåëèðîâà
íèå; ìîäåëü; ìåòîä; ìåòîäèêà; ìåñòîðîæäåíèå

Recently, due to the clearly expressed tendency to involve poor ores with a low content of a valuable component 
in the exploitation, heap leaching technology has been increasingly used. As a rule, it is sold on small reserves 
and sizes of ore deposits. For example, in the Transbaikal Territory, the number of developed gold–bearing de
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posits and potentially suitable for the development by heap leaching technology of a valuable component today 
is about 31. Moreover, deposits, as a rule, are located on the territory represented by frozen and permafrost soils. 
They are characterized by harsh climatic conditions and lowsnow winters. One of the promising areas of the 
research is the method of block modeling, which, with the development of information technology, acquires spe
cial significance and is aimed at solving the urgent problem of threedimensional modeling. Its main advantage 
is that it allows you to quantify the spatial distribution of factors, as well as the dynamics of their changes over 
time. The object of research is an ore stack of a technogenic deposit. The subject of the study is mathematical 
modeling of gold heap leaching. The purpose of the study is to develop a method for block modeling of gold heap 
leaching in an ore stack and a methodology for its implementation. The research methodology is the use of the 
regularities of filtration and physicochemical seepage of leaching solutions through the porous medium of the 
ore stack. Research methods are the following: physical and mathematical methods modeling of heap leach
ing processes; use of statistical methods to identify patterns of spatial distribution of factors affecting the heap 
leaching process; use of software products (geoinformation systems) for data visualization

Key words: heap leaching; ore pile; gold; valuable component; ore; block modeling; model; method; technique; deposit

Ââåäåíèå. Äëÿ îñâîåíèÿ òåõíîãåííûõ ìå
ñòîðîæäåíèé è íàêîïëåííûõ îáðàçî

âàíèé âñå áîëüøåå ïðèìåíåíèå ïîëó÷àåò 
ìåòîä êó÷íîãî âûùåëà÷èâàíèÿ (ÊÂ) öåííûõ 
ìåòàëëîâ. 

Ê ÷èñëó îñíîâíûõ ïðåèìóùåñòâ ìåòîäà 
ÊÂ, ïî ñðàâíåíèþ ñ ôàáðè÷íîé òåõíîëîãèåé 
ïåðåðàáîòêè ïîëåçíûõ èñêîïàåìûõ, îòíî
ñÿòñÿ íàèáîëåå íèçêèå êàïèòàëüíûå çàòðàòû 
è âîçìîæíîñòü âîâëå÷åíèÿ â ýêñïëóàòàöèþ 
êàê ìåëêèõ, òàê è êðóïíûõ ìåñòîðîæäåíèé 
ñ ìèíèìàëüíûì ýêîëîãè÷åñêèì óùåðáîì, 
íàíîñèìûì îêðóæàþùåé ñðåäå [8]. Îäíàêî 
ýôôåêòèâíîñòü ÊÂ öåííûõ ìåòàëëîâ ñóùå
ñòâåííî çàâèñèò îò ìíîæåñòâà ôèçèêîõè
ìè÷åñêèõ, òåõíîëîãè÷åñêèõ è ïðèðîäíûõ 
ôàêòîðîâ, ÷àñòü êîòîðûõ íå âñåãäà ïðåäñòàâ
ëÿåòñÿ âîçìîæíûì îöåíèòü ïðè ïðîåêòèðî
âàíèè óñòàíîâîê êó÷íîãî âûùåëà÷èâàíèÿ 
ìåòàëëîâ. Îñîáåííî ñèëüíîå âëèÿíèå íà 
ýôôåêòèâíîñòü âûùåëà÷èâàíèÿ öåííûõ 
êîìïîíåíòîâ îêàçûâàþò óñëîâèÿ êðèîëè
òîçîíû(íèçêèå òåìïåðàòóðû îêðóæàþùåé 
ñðåäû, ñèëüíûå âåòðû, ìàëîñíåæíûå çè
ìû, à òàêæå íàëè÷èå íà òåððèòîðèè ðàçìå
ùåíèÿ îáúåêòà ìåðçëûõ è âå÷íîìåðçëûõ 
ãðóíòîâ) [5]. Ïîýòîìó äëÿ ó÷åòà îñîáåííî
ñòåé ãåîëîãîòåõíîëîãè÷åñêèõ ïðîÿâëåíèé 
íåîáõîäèìî îöåíèòü ñâîéñòâà è ñîñòîÿíèå 
ãîðíûõ ïîðîä, êîíñòðóêòèâíûå îñîáåííî
ñòè ïàðàìåòðîâ ðóäíîãî øòàáåëÿ è ýôôåê
òèâíîñòü ïðîòåêàíèÿ â íåì ãèäðîìåòàë
ëóðãè÷åñêèõ ïðîöåññîâ. Â ýòîé ñâÿçè äëÿ 
ïîíèìàíèÿ ïðåäìåòà èññëåäîâàíèÿ ñëåäó

åò ïðèáåãàòü ê ìàòåìàòè÷åñêèì ìåòîäàì 
ìîäåëèðîâàíèÿ [1; 2].

Èññëåäîâàíèå ãèäðîìåòàëëóðãè÷åñêîãî 
ìåòîäà âûùåëà÷èâàíèÿ öåííûõ ìåòàëëîâ â 
ñïåöèàëüíî ôîðìèðóåìîì ðóäíîì øòàáåëå 
áàçèðóåòñÿ íà ñîçäàíèè ìîäåëåé èçó÷àå
ìîãî îáúåêòà, ê ÷èñëó êîòîðûõ îòíîñÿòñÿ 
ñâîéñòâà è òåõíîëîãè÷åñêèå îñîáåííîñòè 
ðóäû, ïðîöåññû ðóäîïîäãîòîâêè, ñèñòå
ìû îðîøåíèÿ âûùåëà÷èâàþùèì àãåíòîì è 
ñáîðà ïðîäóêòèâíûõ ðàñòâîðîâ äëÿ âûäåëå
íèÿ èõ íèõ öåííîãî êîìïîíåíòà. Áåç ìîäåëè 
ïðåäìåòà íåò åãî ïîíèìàíèÿ. Ìàòåìàòè÷å
ñêèå ìîäåëè è êîìïüþòåðíàÿ ðåàëèçàöèÿ 
îòíîñÿòñÿ ê ÷èñëó íàèáîëåå âîñòðåáîâàí
íûõ ïðè îïèñàíèè îáúåêòà íà ôèçèêîìàòå
ìàòè÷åñêîì ÿçûêå.

Ñëîâî «ìîäåëü» ïðîèñõîäèò îò ôðàíö. 
«modele», èòàë. «modelo», ëàò. «modulus» – ìå
ðà, îáðàçåö, íîðìà1.Ïðåäñòàâëÿåò óïðîùåí
íîå îïèñàíèå îáúåêòà íà ôèçèêîìàòåìàòè
÷åñêîì ÿçûêå, íàïðèìåð, ïðîèçâîäñòâåííûõ 
ïðîöåññîâ äëÿ ñîçäàíèÿ ìîäåëåé, îòðàæà
þùèõ ñòðóêòóðó ïðîöåññîâ, õàðàêòåðèñòèêè 
îáúåêòîâ è ïîòîêè èíôîðìàöèè. 

Ìåòîä áëî÷íîãî ìîäåëèðîâàíèÿ øèðîêî 
èñïîëüçóåòñÿ â ïîñëåäíåå âðåìÿ.Ïðè áëî÷
íîì ìîäåëèðîâàíèè ðóäíûé øòàáåëü ïðåä
ñòàâëÿþò â âèäå íàáîðà ïðîñòðàíñòâåííûõ 
ÿ÷ååê ñ çàäàííûìè ðàçìåðàìè è ôàêòîðàìè, 
îïèñûâàþùèìè ñâîéñòâà îáúåêòîâ èëè ïðî
öåññîâ â îïðåäåë¸ííîé òî÷êå. Ñóòü ïîäõîäà 
ê ñîçäàíèþ ìîäåëè ñîñòîèò â èñïîëüçîâàíèè 
ðàçëè÷íûõ ôàêòîðîâ, âëèÿþùèõ íà èíòåí

1 Ñîâåòñêèé ýíöèêëîïåäè÷åñêèé ñëîâàðü. Ì.: Ñîâ. ýíöèêëîïåäèÿ. 653 ñ.
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ñèâíîñòü ïðîöåññîâ âûùåëà÷èâàíèÿ öåííîãî 
êîìïîíåíòà. Èñïîëüçîâàíèå ìàòåìàòè÷åñêèõ 
çàêîíîìåðíîñòåé ïîçâîëÿåò âû÷èñëèòü èç
âëå÷åíèå çîëîòà â êàæäîì îòäåëüíîì áëîêå 
ðóäíîãî øòàáåëÿ.

Íåñîìíåííûì ïðåèìóùåñòâîì áëî÷íîãî 
ìîäåëèðîâàíèÿ ÿâëÿåòñÿ íàãëÿäíàÿ âèçóà
ëèçàöèÿ ïðîöåññà âûùåëà÷èâàíèÿ, ïðîñòàÿ 
èíòåãðàöèÿ ìîäåëè â ñóùåñòâóþùèå ãîð
íîãåîëîãè÷åñêèå ñèñòåìû. Ðàçðàáîòàííàÿ 
áëî÷íàÿ ìîäåëü ðóäíîãî øòàáåëÿ òàêæå äàåò 
âîçìîæíîñòü ïðîãíîçèðîâàòü èçâëå÷åíèå çî
ëîòà â ëþáîé ïðîìåæóòîê âðåìåíè, âûÿâëÿòü 
îïòèìàëüíûå çíà÷åíèÿ ïàðàìåòðîâ âûùåëà
÷èâàíèÿ è ðåàëèçîâûâàòü ðàçëè÷íûå ñöåíà
ðèè ïðîòåêàíèÿ ôèçè÷åñêèõ ïðîöåññîâ [4]. 
Â êîíå÷íîì èòîãå, ìåòîä áëî÷íîãî ìîäåëè
ðîâàíèÿ ïîçâîëèò ïðèíèìàòü îáîñíîâàííûå 
òåõíè÷åñêèå ðåøåíèÿ ïî âûáîðó ïàðàìåòðîâ 
âûùåëà÷èâàíèÿ íà ñòàäèè ïðîåêòèðîâàíèÿ, à 
òàêæå ïîâûñèòü ýôôåêòèâíîñòü êðàòêîñðî÷
íîãî èëè äîëãîñðî÷íîãî ïëàíèðîâàíèÿ ãîð
íûõ ðàáîò.

Îáúåêò èññëåäîâàíèÿ – ðóäíûé øòàáåëü 
òåõíîãåííîãî ìåñòîðîæäåíèÿ.

Ïðåäìåò èññëåäîâàíèÿ – ìàòåìàòè÷å
ñêîå ìîäåëèðîâàíèå êó÷íîãî âûùåëà÷èâàíèÿ 
çîëîòà.

Öåëü èññëåäîâàíèÿ – ðàçðàáîòàòü ìåòîä 
áëî÷íîãî ìîäåëèðîâàíèÿ êó÷íîãî âûùåëà÷è
âàíèÿ çîëîòà â ðóäíîì øòàáåëå è ìåòîäèêó 
äëÿ åãî ðåàëèçàöèè.

Çàäà÷è èññëåäîâàíèÿ: 
– ðàçðàáîòàòü îñíîâíûå ýòàïû è àëãî

ðèòì áëî÷íîãî ìîäåëèðîâàíèÿ;
– îöåíèòü ãîðíîãåîëîãè÷åñêèå è òåõíî

ëîãè÷åñêèå ôàêòîðû íà ñòåïåíü èçâëå÷åíèÿ 
çîëîòà â øòàáåëå;

– âûÿâèòü îñíîâíûå çàêîíîìåðíîñòè 
äëÿ ïîñòðîåíèÿ ìàòåìàòè÷åñêîé ìîäåëè è 
àïðîáèðîâàòü å¸ ïðèìåíåíèå ê òåõíîãåííîìó 
ìåñòîðîæäåíèþ «Äåëüìà÷èê».

Èäåÿ èññëåäîâàíèÿ áàçèðóåòñÿ íà èñ
ïîëüçîâàíèè çàêîíîìåðíîñòåé ôèëüòðàöè
îííîãî è ôèçèêîõèìè÷åñêîãî ïðîñà÷èâàíèÿ 
âûùåëà÷èâàþùèõ ðàñòâîðîâ ÷åðåç ïîðèñòóþ 
ñðåäó ðóäíîãî øòàáåëÿ. 

Ìåòîäû èññëåäîâàíèÿ: ôèçèêîìàòåìà
òè÷åñêèå ìåòîäû ìîäåëèðîâàíèÿ ïðîöåññîâ 
êó÷íîãî âûùåëà÷èâàíèÿ; èñïîëüçîâàíèå ñòà
òèñòè÷åñêèõ ìåòîäîâ äëÿ âûÿâëåíèÿ çàêîíî
ìåðíîñòåé ïðîñòðàíñòâåííîãî ðàñïðåäåëå
íèÿ ôàêòîðîâ, âëèÿþùèõ íà ïðîöåññ êó÷íîãî 
âûùåëà÷èâàíèÿ; èñïîëüçîâàíèå ïðîãðàìì
íûõ ïðîäóêòîâ (ãåîèíôîðìàöèîííûõ ñèñòåì) 
äëÿ âèçóàëèçàöèè äàííûõ.

Ìåòîäèêà èññëåäîâàíèÿ. Â îñíîâó ðà
áîòû ïîëîæåíà ìåòîäèêà áëî÷íîãî ìîäåëè
ðîâàíèÿ. Ìåòîäèêà áëî÷íîãî ìîäåëèðîâàíèÿ 
êó÷íîãî âûùåëà÷èâàíèÿ â øòàáåëå ïðåäñòàâ
ëÿåò ñîáîé èòåðàöèîííûé ïðîöåññ (ðèñ. 1): 
íà îñíîâå èñõîäíûõ äàííûõ ïðîâîäèòñÿ ñå
ðèÿ ðàñ÷åòîâ ñ ðàçëè÷íûìè çíà÷åíèÿìè ðàñ
ñìàòðèâàåìûõ ôàêòîðîâ. Ïîñëå ðàñ÷åòîâ 
âûïîëíÿåòñÿ àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ 
íà îñíîâå ñòàòèñòè÷åñêèõ äàííûõ ïî èçâëå
÷åíèþ çîëîòà, îáùåìó êîëè÷åñòâó áëîêîâ, 
âîâëå÷åííûõ â ïðîöåññ âûùåëà÷èâàíèÿ è äð. 
Ïðè íåîáõîäèìîñòè èñõîäíûå äàííûå êîð
ðåêòèðóþòñÿ, è ïðîöåññ ðàñ÷åòà çàïóñêàåòñÿ 
ïîâòîðíî. Ïî èòîãó âûáèðàåòñÿ ìîäåëü ñ îï
òèìàëüíûìè ïàðàìåòðàìè âûùåëà÷èâàíèÿ.

Äëÿ ðàñ÷åòà íà ÝÂÌ ðàçðàáîòàí ïðî
ãðàììíûé ïðîäóêò «Áëî÷íîå ìîäåëèðîâàíèå 
ïðîöåññà êó÷íîãî âûùåëà÷èâàíèÿ öåííîãî 
êîìïîíåíòà â øòàáåëå», ðàáîòàþùèé ïîä 
óïðàâëåíèåì ãîðíîãåîëîãè÷åñêîé ñèñòåìû 
Surpac è ðåàëèçóþùèé îñíîâíûå ýòàïû ðàñ
ñìîòðåííîé ìåòîäèêè 2. 

Áëî÷íîå ìîäåëèðîâàíèå êó÷íîãî âûùå
ëà÷èâàíèÿ çîëîòà â ðóäíîì øòàáåëå ïðîâî
äèëîñü ïðèìåíèòåëüíî ê òåõíîãåííîìó ìå
ñòîðîæäåíèþ «Äåëüìà÷èê».

Ïîäãîòîâèòåëüíûé ýòàï ñîçäàíèÿ áëî÷
íîé ìîäåëè òðåáóåò ãåîìåòðèçàöèè ðóäíîãî 
øòàáåëÿ è ïîñòðîåíèå òðåõìåðíîãî îáúåì
íîãî òåëà, íàçûâàåìîãî êàðêàñîì (ñîëèäîì) 
(ðèñ. 2). Â äàëüíåéøåì òàêîé êàðêàñ áóäåò 
ÿâëÿòüñÿ ïðîñòðàíñòâåííûì îãðàíè÷èòå
ëåì äëÿ áëî÷íîé ìîäåëè. Ïðèíÿòû ñëåäóþ
ùèå çíà÷åíèÿ îñíîâíûõ ïàðàìåòðîâ: äëèíà 
îñíîâàíèÿ (a) – 100 ì;øèðèíà îñíîâàíèÿ 
(b)  – 90 ì; âûñîòà øòàáåëÿ (h) – 10 ì;âåëè÷è
íà óãëà îòêîñà – 45°.

2 Ñâèäåòåëüñòâî î ãîñóäàðñòâåííîé ðåãèñòðàöèè ïðîãðàììû äëÿ ÝÂÌ 2021662885 Ðîññèéñêàÿ Ôåäåðàöèÿ. 
Áëî÷íîå ìîäåëèðîâàíèå ïðîöåññà êó÷íîãî âûùåëà÷èâàíèÿ öåííîãî êîìïîíåíòà â øòàáåëå / Ä. Ñ. Ãîí÷àðîâ, 
Â. Ï. Ìÿçèí, Å. Ñ. Ñîêîëîâà; ïðàâîîáëàäàòåëü Ôåäåðàëüíîå ãîñóäàðñòâåííîå áþäæåòíîå îáðàçîâàòåëüíîå 
ó÷ðåæäåíèå âûñøåãî îáðàçîâàíèÿ Çàáàéêàëüñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò. – ¹ 2021662032; çàÿâë. 
29.07.2021; îïóáë. 06.08.2021.   ñ.
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Ðèñ. 1. Îñíîâíûå ýòàïû áëî÷íîãî ìîäåëèðîâàíèÿ êó÷íîãî âûùåëà÷èâàíèÿ / 
Fig. 1. The main stages of heap leaching block modeling

Ðèñ. 2. Êàðêàñíûå ìîäåëè ðóäíîãî øòàáåëÿ. 
Îñíîâíûå ïàðàìåòðû äëÿ ïîñòðîåíèÿ êàðêàñà / 

Fig. 2. Frame models of the ore stack. Basic 
parameters for building a framework

Ñëåäóþùèì ýòàïîì ÿâëÿåòñÿ ñîçäàíèå 
ïðîòîòèïà áëî÷íîé ìîäåëè, â êîòîðîì êàðêàñ 
çàïîëíÿåòñÿ ìíîæåñòâîì îáúåìíûõ ÿ÷ååê 
(áëîêîâ) ñ çàäàííûìè ðàçìåðàìè. Ïðîòîòèï 
áëî÷íîé ìîäåëè ðóäíîãî øòàáåëÿ ìåñòî
ðîæäåíèÿ «Äåëüìà÷èê»îïðåäåëÿåòñÿ ñëåäó
þùèìè ïàðàìåòðàìè: ÷èñëî áëîêîâ ïî îñÿì: 
x = 100; y = 90; z = 10;äëèíà áëîêà – 2 ì;øèðè
íà áëîêà – 2 ì;âûñîòà áëîêà – 0,5; èñïîëüçî
âàí ìåòîä ñóááëîêèðîâêè.

Îäíèì èç îñíîâíûõ ôàêòîðîâ, âëèÿþùèõ 
íà ýôôåêòèâíîñòü êó÷íîãî âûùåëà÷èâàíèÿ 
çîëîòà â ðóäíîì øòàáåëå, ÿâëÿåòñÿ ñîäåðæà
íèå öåííîãî êîìïîíåíòà [7]. Î îáùåì ñëó÷àå 
ñîäåðæàíèÿ ýëåìåíòîâ âíóòðè ðóäíîãî øòà
áåëÿ õàðàêòåðèçóåòñÿ íåðàâíîìåðíûì ðàñ

ïðåäåëåíèåì. Ñëåäîâàòåëüíî, äëÿ ïîëó÷åíèÿ 
ïîëíîé ïðîñòðàíñòâåííîé êàðòèíû íåîáõî
äèìî âûïîëíèòü îòáîð ïðîá èç ðàçíûõ òî÷åê 
ðóäíîãî øòàáåëÿ, à çàòåì ïðîèíòåðïîëèðî
âàòü èçâåñòíûå ñîäåðæàíèÿ íà âñå áëîêè, 
âõîäÿùèå â îáúåì ðóäíîãî øòàáåëÿ. Äëÿ èí
òåðïîëÿöèè ñîäåðæàíèé çîëîòà èñïîëüçóåò
ñÿ ìåòîä îáðàòíûõ ðàññòîÿíèé, ñóòü êîòîðîãî 
çàêëþ÷àòñÿ â òîì, ÷òî çíà÷åíèÿ ñîäåðæàíèé, 
èçìåðåííûå áëèçêî îò èíòåðïîëèðóåìîãî 
ìåñòîïîëîæåíèÿ, îêàçûâàþò áîëüøåå âëè
ÿíèå íà ðåçóëüòàò, ÷åì óäàëåííûå îò íåãî íà 
çíà÷èòåëüíîå ðàññòîÿíèå [3]. Çíà÷åíèå ñî
äåðæàíèÿ çîëîòà â îòäåëüíûõ áëîêàõ îïðåäå
ëÿåòñÿ ïî èçâåñòíûì ôîðìóëàì. 

Â ðóäíîì øòàáåëå ìåñòîðîæäåíèÿ 
«Äåëüìà÷èê» îòîáðàíî 48 ïðîá ñ ñîäåðæàíè
ÿìè çîëîòà 1,5...2,3 ã/ò. Ðåçóëüòàò èíòåðïîëÿ
öèè â áëî÷íóþ ìîäåëü ïðåäñòàâëåí íà ðèñ. 3.

Ìîäåëèðîâàíèå ïðîöåññà ôèëüòðàöèè 
ðàñòâîðà â øòàáåëå îñíîâàíî íà îïðåäåëå
íèè ôîðìû äèñïåðñèîííûõ êðèâûõ. Èñïîëü
çîâàíà èçâåñòíàÿ ôîðìóëà Ðîòý, îïðåäåëÿ
þùàÿ ôîðìó äåïðåññèîííîé êðèâîé çîíû 
ôèëüòðàöèè [4]. Ïðèíöèï ïîëó÷åíèÿ äèñïåð
ñèîííûõ êðèâûõ ïðåäñòàâëåí íà ðèñ. 4.

Äëÿ êàæäîé òî÷êè ïîäà÷è ðàñòâîðà ðàñ
ñòîÿíèå ïðîñà÷èâàíèÿ ðàñòâîðà ïî ïîäîøâå 
øòàáåëÿ îïðåäåëÿåòñÿ ïî èçâåñòíûì ôîð
ìóëàì.
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Ðèñ. 3. Áëî÷íàÿ ìîäåëü ñ òî÷êàìè îòáîðà ïðîá è 
ðàñïðåäåëåíèå ñîäåðæàíèé â íèõ / Fig. 3. Block 

model with sampling points and distribution 
of contents in them

Ðèñ. 4. Ñõåìà ïîñòðîåíèÿ äèñïåðñèîííûõ 
êðèâûõ äëÿ îïðåäåëåíèÿ ãðàíèö âûùåëà÷èâàíèÿ: 

À – òî÷êè ïîäà÷è ðàáî÷åãî ðàñòâîðà; D – òî÷êà 
ñáîðà âûùåëî÷åííîãî ðàñòâîðà / Fig. 4. Scheme 
of dispersion curves construction for determining 

the boundaries of leaching; A – supply points of the 
working solution; D – collection point of the leached 

solution

Ðèñ. 5. Ìîäåëü ôèëüòðàöèè ðàñòâîðà â ðóäíîì øòàáåëå: ïîïåðå÷íûé ðàçðåç ðóäíîãî øòàáåëÿ 
ñ ìíîæåñòâîì äèñïåðñèîííûõ êðèâûõ / Fig. 5. The model of the solution filtration in the ore stack:

a forward section of an ore stack with a set of dispersion curves

Ïðè ìîäåëèðîâàíèè ôèëüòðàöèè ïðî
äóêòèâíîãî ðàñòâîðà â ðóäíîì øòàáåëå 
âûáðàíà ïðÿìîóãîëüíàÿ ñåòü 10x10 òî÷åê 
ïîäà÷è ðàñòâîðà, ðàññòîÿíèå ìåæäó òî÷êà
ìè 7 ì ïî îñè x è 6 ì ïî îñè y. Òî÷êà ñáîðà 
âûùåëî÷åííîãî ðàñòâîðà ðàçìåùåíà ó îñ
íîâàíèÿ øòàáåëÿ. Ïàðàìåòðû äëÿ ðàñ÷åòà 
äèñïåðñèîííûõ êðèâûõ: âûñîòà øòàáåëÿ – 
10 ì; êîýôôèöèåíò ôèëüòðàöèè – 3 ì / ñóò; 

, (1)

íåäîñòàòîê íàñûùåíèÿ ãðóíòà – 0,5; ïîðè
ñòîñòü – 33 %.

Â ðåçóëüòàòû ðàñ÷åòîâ ïîëó÷åíî ìíî
æåñòâî òðèàíãóëÿöèîííûõ ïîâåðõíîñòåé, 
ñîîòâåòñòâóþùèõ êàæäîé òî÷êå ïîäà÷è ïðî
äóêòèâíîãî ðàñòâîðà ñ ó÷åòîì åå óäàëåíèÿ 
îò äðåíàæíîãî óñòðîéñòâà. Îáùèé âèä äèñ
ïåðñèîííûõ êðèâûõ íà ïîïåðå÷íîì ðàçðåçå 
ïðåäñòàâëåíà íà ðèñ. 5.

Â ñîîòâåòñòâèè ñ îáùåé òåîðèåé ìàññî
ïåðåíîñà [6] ïðè ðàñ÷åòå èçâëå÷åíèÿ çîëîòà 
â îòäåëüíîì áëîêå èñïîëüçîâàíà îáîáùåí
íàÿ ìîäåëü êó÷íîãî âûùåëà÷èâàíèÿ â ðóäíîì 
øòàáåëå. Ìîäåëü âêëþ÷àåò ôóíêöèîíàëüíûå 
çàâèñèìîñòè, ðåàëèçóþùèå îñíîâíûå ôèçè
êîõèìè÷åñêèå è òåõíîëîãè÷åñêèå ôàêòîðû, 
âëèÿþùèå íà ïðîöåññ êó÷íîãî âûùåëà÷èâà
íèÿ: ñîäåðæàíèå çîëîòà â èñõîäíîé ðóäå, ã/ò; 
ñîäåðæàíèå öèàíèäà â ðàáî÷åì ðàñòâîðå; 
ìàêñèìàëüíûé äèàìåòð ðóäíîãî êóñêà â øòà
áåëå, ìì; êîýôôèöèåíò ôèëüòðàöèè âûùåëà
÷èâàþùåãî ðàñòâîðà, ì/ñóò; èíòåíñèâíîñòü 

îðîøåíèÿ ðóäíîãî øòàáåëÿ; òåìïåðàòóðà, 
ïðè êîòîðîé âûïîëíÿåòñÿ âûùåëà÷èâàíèå 
öåííîãî êîìïîíåíòà, Ê.

Îáîáù¸ííàÿ ôîðìóëà (1) ìàòåìàòè÷å
ñêîé ìîäåëè êó÷íîãî âûùåëà÷èâàíèÿ çîëîòà 
èìååò âèä

ãäå E(t) – èçâëå÷åíèå çîëîòà â ðàñòâîð, %;
K – ïðåäåëüíûé êîýôôèöèåíò èçâëå÷å

íèÿ;
w

0
 – êîýôôèöèåíò êîíâåêòèâíîé äèôôó

çèè, ìì/ñóò;
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fp,fau, fNaNC,fD, fK, fÒ  – ôóíêöèîíàëüíûå çàâè
ñèìîñòè èçâëå÷åíèÿ öåííîãî êîìïîíåíòà îò 
èíòåíñèâíîñòè îðîøåíèÿ øòàáåëÿ, ñîäåð
æàíèÿ çîëîòà â ðóäå, ñîäåðæàíèÿ öèàíèäà â 
ïðîäóêòèâíîì ðàñòâîðå, ìàêñèìàëüíîãî äè
àìåòðà ðóäíîãî êóñêà â øòàáåëå, êîýôôèöè
åíòà ôèëüòðàöèè âûùåëà÷èâàþùåãî ðàñòâî
ðà, òåìïåðàòóðû ñîîòâåòñòâåííî.

Ìîäåëèðîâàíèå ïðîöåññà âûùåëà÷èâà
íèÿ çîëîòà íà ìåñòîðîæäåíèè «Äåëüìà÷èê» 
ïðîâîäèëîñü ñ ó÷åòîì ëåòíåãî è çèìíåãî 
ñåçîíîâ ðàáîòû. Çíà÷åíèÿ ôàêòîðîâ, ïðèíÿ
òûõ äëÿ ìîäåëèðîâàíèÿ ïðîöåññà: êðóïíîñòü 
ðóäû – 20 ìì, ñîäåðæàíèå çîëîòà – 1,5...2,3 ã/ò; 
ðàñõîä öèàíèäà – 1,45 êã/ò; òåìïåðàòóðà ðàñ
òâîðà – 20 °Ñ (ëåòíåå âðåìÿ), 3 °Ñ (çèìíåå 

âðåìÿ), êîýôôèöèåíò ôèëüòðàöèè – 3 ì/ñóò, 
èíòåíñèâíîñòü îðîøåíèÿ – 250 ë/ì2 ñóò.

Ðåçóëüòàòû èññëåäîâàíèÿ. Çàâèñèìîñòè 
èçâëå÷åíèÿ öåííîãî êîìïîíåíòà îò âðåìåíè 
âûùåëà÷èâàíèÿ ïðè ðàçëè÷íûõ çíà÷åíèÿõ 
ñîäåðæàíèé çîëîòà è òåìïåðàòóðû ïðåäñòàâ
ëåíû íà ðèñ. 6. Êàê âèäíî èç ðèñóíêà, êðèâûå 
èçâëå÷åíèÿ èìåþò ÷åòêóþ ýêñïîíåíöèàëüíóþ 
çàâèñèìîñòü, à òåìïåðàòóðà âûùåëà÷èâàíèÿ 
îêàçûâàåò ñóùåñòâåííîå âëèÿíèå íà ìàêñè
ìàëüíîå çíà÷åíèå èçâëå÷åíèÿ. Òàêæå âèäíî, 
÷òî ñêîðîñòü âûõîäà íà àñèìïòîòó çàâèñèò îò 
ñîäåðæàíèÿ çîëîòà â ðóäå ïðè ïðî÷èõ ðàâíûõ 
çíà÷åíèÿõ ôàêòîðîâ: â áëîêàõ ñ áîëåå âûñî
êèì ñîäåðæàíèåì ñêîðîñòü ïðîöåññà áóäåò 
âûøå.

Ðèñ. 6. Çàâèñèìîñòè èçâëå÷åíèÿ öåííîãî êîìïîíåíòà îò âðåìåíè âûùåëà÷èâàíèÿ.×èñëåííûå çíà÷åíèÿ 
ñîäåðæàíèå çîëîòà (ã/ò) è  òåìïåðàòóðû (°Ñ) ñîñòàâëÿþò:1–2.3;  20; 2 – 1,5; 20; 3 – 2,3; 3; 4 – 1.5, 3 / 

Fig. 6. Dependences of the recovery of a valuable component on the leaching time. The numerical values 
of gold content (g/t) and temperature (°C) are:1 – 2,3; 20; 2 – 1,5; 20; 3 – 2,3; 3; 4 – 1,5; 3.

Ðåçóëüòàòû ïîãîðèçîíòíîãî àíàëèçà 
áëî÷íîé ìîäåëè ïðè ðàçëè÷íûõ òåìïåðàòó
ðàõ è äëèòåëüíîñòè âûùåëà÷èâàíèÿ 5, 20 è 
60 ñóòîê ïðåäñòàâëåíû â òàáëèöå. Ïî äàííûì 
òàáëèöû, êîëè÷åñòâî áëîêîâ, ó÷àñòâóþùèõ â 
ïðîöåññå âûùåëà÷èâàíèÿ, óâåëè÷èâàåòñÿ ñ 
ïðîäîëæèòåëüíîñòü ïðîöåññà, ÷òî ñâÿçàíî ñ 
ïîñòåïåííûì íàñûùåíèåì øòàáåëÿ ïðîäóê
òèâíûìè ðàñòâîðîì. Óñòàíîâëåíî, ÷òî ìè
íèìàëüíîå, ìàêñèìàëüíîå è ñðåäíåå èçâëå
÷åíèå â áëîêå ïðè ïðî÷èõ ðàâíûõ çíà÷åíèÿõ 
ôàêòîðîâ ñóùåñòâåííî çàâèñÿò îò òåìïåðà
òóðû âûùåëà÷èâàþùåãî ðàñòâîðà è âûñîòû 
áëîêà íàä óðîâíåì çåìëè. Â îòäåëüíûõ ñëó÷à
ÿõ ýòî óñëîâèå ìîæåò íàðóøàòüñÿ, ÷òî ìîæåò 
áûòü ñâÿçàíî ñ íåðàâíîìåðíûì ðàñïðåäåëå
íèåì ñîäåðæàíèé çîëîòà â ðóäíîì øòàáåëå.

Íà ðèñ. 7 ïðåäñòàâëåíà âèçóàëüíàÿ 
îöåíêà ðåçóëüòàòîâ êó÷íîãî âûùåëà÷èâàíèÿ 

çîëîòà â ðóäíîì øòàáåëå. Â áëî÷íûõ ìîäå
ëÿõ, ïîñòðîåííûõ ïðè òåìïåðàòóðàõ 20 è 3 °Ñ, 
âûáðàíû áëîêè, èçâëå÷åíèå â êîòîðûõ ïðè 
âðåìåíè âûùåëà÷èâàíèÿ 60 ñóòîê ïðåâûøà
åò 40 %. Êàê âèäíî èç ðèñ. 7, áëî÷íàÿ ìîäåëü 
êó÷íîãî âûùåëà÷èâàíèÿ ïðè òåìïåðàòóðå 3 °Ñ 
õàðàêòåðèçóåòñÿ íèçêèì ÷èñëîì áëîêîâ, äî
ñòèãøèì èçâëå÷åíèÿ 40 %. Ðàçíèöà óäåëü
íûõ îáúåìîâ ðóäû ïî ñðàâíåíèþ ñî âòîðîé 
áëî÷íîé ìîäåëüþ ñîñòàâëÿåò îêîëî 60 %. 
Íà ðèñóíêå ïîêàçàíà öâåòîâàÿ äèôôåðåí
öèàöèÿ áëîêîâ â çàâèñèìîñòè îò èçâëå÷å
íèÿ öåííîãî êîìïîíåíòà: áëîêè è íèçêèì 
çíà÷åíèåì îêðàøåíû â ñèíèå öâåòà. Òàêèì 
îáðàçîì, íà îñíîâå äàííîãî ïðåäñòàâëåíèÿ 
ïîÿâëÿåòñÿ âîçìîæíîñòü èçáèðàòåëüíî 
âëèÿòü íà èíòåíñèâíîñòü ïðîöåññà âûùå
ëà÷èâàíèÿ â îòäåëüíûõ ó÷àñòêàõ ðóäíîãî 
øòàáåëÿ.
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Ïîêàçàòåëè èçâëå÷åíèÿ çîëîòà â ðóäíîì øòàáåëå ïðè ðàçëè÷íûõ ôàêòîðàõ âûùåëà÷èâàíèÿ / 
Indicators of gold recovery in an ore stack with different leaching factors

Ôàêòîðû âûùåëà÷èâà
íèÿ (òåìïåðàòóðà T, °Ñ, 
âðåìÿ âûùåëà÷èâàíèÿ 
t, ñóò) / Leaching factors 

(temperature T, oÑ, 
leaching time t, days)

Îáúåì ðóäû ó÷àñòâóþùèé 
â ïðîöåññå âûùåëà÷èâàíèÿ, ì3 / 
The volume of ore involved in the 

leaching process, m3

Ìèíèìàëüíîå 
èçâëå÷åíèÿ â áëîêå / 
Minimum recovery in 

the block

Ìàêñèìàëüíîå 
èçâëå÷åíèÿ â áëîêå / 
Maximum recovery  in 

the block

03 ì /
03 m

36 ì /
36m

610 ì / 
610 m

03 ì /
03 m

36 ì /
36m

610 ì / 
610 m

03 ì /
03 m

36 ì /
36m

610 ì / 
610 m

T = 20, t = 5 7467 18388 7309 3,8 5,6 10,9 6,9 14,2 21,4
T = 20, t = 20 24350 18388 7309 40,0 43,6 46,3 51,7 55,6 57,6
T = 20, t = 60 24350 18388 7309 73,4 74,6 74,4 77,8 78,3 78,3
T = 3, t = 5 7467 18388 7309 0,8 1,1 2,3 1,4 3,0 4,8
T = 3, t = 20 24350 18388 7309 10,4 11,7 12,7 10,4 11,7 12,7
T = 3, t = 60 24350 18388 7309 31,5 33,3 33,0 40,9 42,8 42,8

Ðèñ. 7. Áëî÷íûå ìîäåëè ïðîöåññà êó÷íîãî âûùåëà÷èâàíèÿ ñ âûáîðêîé áëîêîâ èçâëå÷åíèåì:
 áîëåå 40 % ïðè òåìïåðàòóðå 20 °Ñ, áîëåå 40 % ïðè òåìïåðàòóðå 3°Ñ/ Fig. 7. Block models of the heap 

leaching process, with a sample of blocks with recovery: of more than 40% at a temperature of 20 °Ñ, 
of more than 40% at a temperature of 3 °Ñ

Âûâîäû. 
1. Ðàçðàáîòàíû ìåòîä è ìåòîäèêà áëî÷

íîãî ìîäåëèðîâàíèÿ, ïîçâîëÿþùèå îáåñïå
÷èòü òðåõìåðíóþ èíòåðïðåòàöèþ ïðîöåññîâ 
öèàíèäíîãî âûùåëà÷èâàíèÿ çîëîòà â ðóäíîì 
øòàáåëå ñ ó÷åòîì íåðàâíîìåðíîãî ðàñïðå
äåëåíèÿ öåííîãî êîìïîíåíòà çîëîòà è ôàêòî
ðîâ, âëèÿþùèõ íà ýôôåêòèâíîñòü âûùåëà÷è
âàíèÿ.

2. Òðåõìåðíàÿ âèçóàëèçàöèÿ ðóäíî
ãî øòàáåëÿ ïîçâîëÿåò âûÿâèòü ïðîñòðàí
ñòâåííûå ó÷àñòêè íèçêîãî èçâëå÷åíèÿ çî
ëîòà ñ ó÷åòîì îñîáåííîñòåé âåùåñòâåííîãî 
ñîñòàâà ìèíåðàëüíîãî ñûðüÿ â ñôîðìèðî
âàííîì øòàáåëå è ïðèíèìàòü ðåøåíèÿ ê 
óñòðàíåíèþ.

3. Ïîëó÷åííûå îáîáùåííûå äàííûå 
ìåòîäîì áëî÷íîãî ìîäåëèðîâàíèÿ òðåáó
þò ïðîâåäåíèÿ äàëüíåéøåé âåðèôèêàöèè è 
êîððåêòèðîâêè ñ ó÷åòîì ïîäòâåðæäåíèÿ ýòèõ 
äàííûõ íà ïðàêòèêå, â ÷àñòíîñòè íà ìåñòîðî
æäåíèè «Äåëüìà÷èê».

4. Ïî ýêñïåðèìåíòàëüíûì äàííûì, ïî
ëó÷åííûì íà ïðîáå òåõíîãåííîãî ðóäíîãî 
ìåñòîðîæäåíèÿ «Äåëüìà÷èê», ïðîàíàëèçè
ðîâàíà ðàçðàáîòàííàÿ ìàòåìàòè÷åñêàÿ ìî
äåëü áëî÷íîãî ìîäåëèðîâàíèÿ, êîòîðàÿ ïîä
òâåðæäàåò ýêñïîíåíöèàëüíóþ çàâèñèìîñòü 
èçâëå÷åíèÿ çîëîòà îò âðåìåíè âûùåëà÷èâà
íèÿ ñ ó÷¸òîì ñîäåðæàíèÿ çîëîòà è òåìïåðà
òóðû îêðóæàþùåé ñðåäû.



Earth sciences                                                                      Bulletin of ZabGU. 2021. Vol. 27. No. 10

13

Ñïèñîê ëèòåðàòóðû                                                                                              

1. Êîðáóíîâ À. È. Ìàòåìàòè÷åñêèå ìåòîäû ìîäåëèðîâàíèÿ â ïðèêëàäíîé ãåîôèçèêå (èçáðàííûå 
ãëàâû) // Ôóíêöèîíàëüíîàíàëèòè÷åñêèå îñíîâû. Óõòà: ÓÃÒÓ, 2014. 224 ñ.

2. Ìàíèêîâñêèé Ï. Ì., Îâ÷àðåíêî Í. Â., Íàóìîâ À. Í. Ãåîëîãîìàòåìàòè÷åñêîå ìîäåëèðîâàíèå ìå
ñòîðîæäåíèé êàê ôàêòîð ôîðìèðîâàíèÿ ïðîôåññèîíàëüíûõ êîìïåòåíöèé ïðè ïîäãîòîâêå ñîâðåìåí
íûõ ãîðíûõ èíæåíåðîâ // Êóëàãèíñêèå ÷òåíèÿ: òåõíèêà è òåõíîëîãèè ïðîèçâîäñòâåííûõ ïðîöåññîâ. ×èòà: 
ÇàáÃÓ, 2019. Ñ. 24‒29.

3. Ïîòàïîâ Â. Ä., ßðèçîâ À. Ä. Èìèòàöèîííîå ìîäåëèðîâàíèå ïðîèçâîäñòâåííûõ ïðîöåññîâ â ãîð
íîé ïðîìûøëåííîñòè. Ì.: Âûñøàÿ øêîëà, 1981. 191 ñ.

4. Còåòþõà Â. À. Ñîâåðøåíñòâîâàíèå ìîäåëåé ïåðåíîñà òåïëà è âëàãè ïðè îöåíêå âîçäåéñòâèé ãîð
íîãî ïðîèçâîäñòâà íà ïîðîäû â óñëîâèÿõ Þæíîãî Çàáàéêàëüÿ // Ãîðíûé èíôîðìàöèîííîàíàëèòè÷åñêèé 
áþëëåòåíü. 2004. ¹ 10. Ñ. 71‒74.

5. Øåñòåðíåâ Ä. Ì., Ìÿçèí Â. Ï. Ïåðñïåêòèâû êðóãëîãîäè÷íîãî êó÷íîãî âûùåëà÷èâàíèÿ çîëîòà èç 
áåäíûõ ðóä ïðè îñâîåíèè ìåëêèõ ìåñòîðîæäåíèé êðèîëèòîçîíû Çàáàéêàëüÿ // Ôóíäàìåíòàëüíûå ïðî
áëåìû ôîðìèðîâàíèÿ òåõíîãåííîé ãåîñðåäû. Íîâîñèáèðñê: ÈÃÄ ÑÎ ÐÀÍ, 2010. Ò. 1. Ñ. 236–241.

6. Øóïîâ Ë. Ï. Ìîäåëèðîâàíèå è ðàñ÷åò íà ÝÂÌ ñõåì îáîãàùåíèÿ. Ì.: Íåäðà, 1980. 288 ñ.
7. Anderson C. G. Alkaline sulfide gold leaching kinetics // Minerals Engineering. 2016. Vol. 92, 

pp. 248–256. DOI: 10.1016/j.mineng.2016.01.009.
8. Kianinia Y., Khalesi M. R., Abdollahy M., Hefter G., Senanayake G., Hnedkovsky L., Darban A. K., Shabdazi 

M. Predicting cyanide consumption in gold leaching: a kinetic and thermodynamic modeling approach // Miner
als. 2018. Vol. 8 P. 110. DOI: 10.339 90/min8030110. 

References 

1. Korbunov A.I. Funktsionalnoanaliticheskiye osnovy (Functional and analytical foundations), 2014, 
224 p.

2. Manikovsky P.M., Ovcharenko N.V., Naumov A.N. Kulaginskiye chteniya: tehnika i tehnologii proizvod
stvennyh protsessov (Kulagin Readings: Technique and Technology of Production Processes). Chita: ZabGU, 
2019, ðð. 24‒29.

3. Potapov V. D., Yarizov A. D. Imitatsionnoe modelirovanie proizvodstvennyh protsessov v gornoy pro
myshlennosti (Simulation modeling of production processes in the mining industry). Moscow: Higher School, 
1981. 191 p.

4. Stetyukha V.A. Imitatsionnoye modelirovaniye proizvodstvennyh protsessov v gornoy promyshlennosti 
(Simulation of production processes in the mining industry), 2004, Nî 10, pp. 71‒74.

5. Shesternev D. M., Myazin V. P. Fundamentalnye problemy formirovaniya tehnogennoy geosredy (Fun
damental problems of the formation of technogenic geoenvironment). Novosibirsk: IGD SO RAN, 2010. T. 1. 
P. 236–241.

6. Shupov L. P. Modelirovaniye i raschet na EVM shem obogashcheniya (Modeling and computer calcula
tion of enrichment schemes). Moscow: Nedra, 1980,288 p.

7. Anderson C. G. Minerals Engineering (Minerals Engineering), 2016, Vol. 92, pp. 248—256. DOI: 10.1016/j.
mineng.2016.01.009.

8. Kianinia Y., Khalesi M. R., Abdollahy M., Hefter G., Senanayake G., Hnedkovsky L., Darban A. K., Shabdazi 
M. Minerals (Minerals). 2018. Vol. 8 P. 110. DOI: 10.339 90/min8030110.

Èíôîðìàöèÿ îá àâòîðå 

Ìÿçèí Âèêòîð Ïåòðîâè÷, äð òåõí. íàóê, ïðîôåññîð êàôåäðû îáîãàùåíèÿ ïîëåçíûõ èñêîïàåìûõ è âòîðè÷íîãî ñûðüÿ, 
Çàáàéêàëüñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, ã. ×èòà, Ðîññèÿ. Îáëàñòü íàó÷íûõ èíòåðåñîâ: îáîãàùåíèå ïîëåçíûõ èñ
êîïàåìûõ
myazinvpchita@mail.ru

Ãîí÷àðîâ Äåíèñ Ñåðãååâè÷, êàíä. òåõí. íàóê, âåäóùèé ãåîëîã ÎÎÎ «Âîñòîê ãåîñåðâèñ», ã. ×èòà, Ðîññèÿ. Îáëàñòü íà
ó÷íûõ èíòåðåñîâ: ãåîýêîëîãèÿ, ìîäåëèðîâàíèå ïðîöåññîâ îáîãàùåíèÿ ïîëåçíûõ èñêîïàåìûõ, ãåîèíôîðìàöèîííûå 
ñèñòåìû
myazinvpchita@mail.ru

Ñîêîëîâà Åêàòåðèíà Ñåðãååâíà, àñïèðàíò, Çàáàéêàëüñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, ã. ×èòà, Ðîññèÿ. Îáëàñòü íà
ó÷íûõ èíòåðåñîâ: êó÷íîå âûùåëà÷èâàíèå.
myazinvpchita@mail.ru



Âåñòíèê ÇàáÃÓ. 2021. Ò. 27. ¹ 10                                                                            Íàóêè î Çåìëå

14

Information about the author 

Viktor Myazin, doctor of technical sciences, professor, head of Mineral and Secondary Raw Materials department, Transbaikal 
State University, Chita, Russia. Sphere of scientific interests: mineral processing

Denis Goncharov, candidate of technical sciences, leading geologist, «Vostok Geoservice» LLC, Chita, Russia. Research inter
ests: geoecology, modeling of mineral processing processes, geoinformation systems

Ekaterina Sokolova, postgraduate, Transbaikal State University, Chita, Russia. Sphere of scientific interests: heap leaching

Äëÿ öèòèðîâàíèÿ 

Ìÿçèí Â. Ï., Ãîí÷àðîâ Ä. Ñ., Ñîêîëîâà Å. Ñ. Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå êó÷íîãî âûùåëà÷èâàíèÿ çîëîòà â ðóäíîì 
øòàáåëå (íà ìåñòîðîæäåíèè «Äåëüìà÷èê») // Âåñòíèê Çàáàéêàëüñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà. 2021. Ò. 27, 
¹ 10. Ñ. 6–14. DOI: 10.21209/2227924520212710614.

Myazin V., Goncharov D., Sokolova E. Mathematical modeling of gold heap leaching in an ore stack (at the «Delmachik» 
deposit) // Transbaikal State University Journal, 2021, vol. 27, no. 10, pp. 6–14. DOI: 10.21209/2227924520212710614.

Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ:  13.12.2021 ã.
Ñòàòüÿ ïðèíÿòà ê ïóáëèêàöèè:  23.12.2021 ã.


