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Äëèòåëüíîå èíòåíñèâíîå ãîðíî-
ïðîìûøëåííîå îñâîåíèå ìåä-

íîêîë÷åäàííûå ìåñòîðîæäåíèé ïðèâî-
äèò ê òîìó, ÷òî åæåãîäíî â ïðèðîäíûå 
âîäíûå îáúåêòû ñáðàñûâàþòñÿ ìèëëèî-
íû êóáè÷åñêèõ ìåòðîâ «çàãðÿçíåííûõ, 
íåäîñòàòî÷íî î÷èùåííûõ ñòî÷íûõ âîä», 
ñ âûñîêèì ñîäåðæàíèåì òÿæåëûõ ìå-
òàëëîâ 2-ãî è 3-ãî êëàññà îïàñíîñòè, 
ïðåâûøàþùèõ ÏÄÊ â äåñÿòêè ðàç. Ïðè 
ðàçðàáîòêå ìåäíîêîë÷åäàííûõ ìåñòî-
ðîæäåíèé íà âñåõ ýòàïàõ òåõíîëîãè-
÷åñêîãî ïðîöåññà îáðàçóþòñÿ ñòî÷íûå 
âîäû ðàçëè÷íûå ïî ñâîåìó õèìè÷åñêîìó 
ñîñòàâó è êîíöåíòðàöèè çàãðÿçíÿþùèõ 
âåùåñòâ: ñòî÷íûå âîäû îáîãàòèòåëüíûõ 
ôàáðèê, êàðüåðíûå è øàõòíûå âîäû, 
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Ïðè ðàçðàáîòêå ìåäíîêîë÷åäàííûõ ìåñòîðîæäåíèé íà âñåõ ýòàïàõ òåõíîëîãè÷åñêî-
ãî ïðîöåññà îáðàçóþòñÿ ñòî÷íûå âîäû ðàçëè÷íûå ïî ñâîåìó õèìè÷åñêîìó ñîñòà-
âó è êîíöåíòðàöèè çàãðÿçíÿþùèõ âåùåñòâ . Òåõíîãåííûå âîäû ÿâëÿþòñÿ îäíèì èç 
íàèáîëåå àêòèâíûì îòõîäîì ãîðíî-ïåðåðàáàòûâàþùåãî ïðîèçâîäñòâà è ñîäåðæàò 
òÿæåëûå ìåòàëëû â âûñîêèõ êîíöåíòðàöèÿõ, ñîèçìåðèìûå ñ ñîäåðæàíèåì â ðóäàõ. 
Ïðîâîäèìûå ìåðîïðèÿòèÿ î÷èñòêè íå îáåñïå÷èâàþò ýêîëîãè÷åñêèõ íîðì äëÿ âî-
äíûõ îáúåêòîâ ðûáîõîçÿéñòâåííîãî íàçíà÷åíèÿ. Ñòî÷íûå âîäû ãîðíî-ïåðåðàáàòû-
âàþùèõ ïðåäïðèÿòèé íåäîñòàòî÷íî î÷èùåíû è çàãðÿçíÿþò ãèäðîñôåðó ðåãèîíà. 
Ïðîèñõîäèò íàêîïëåíèå òÿæåëûõ ìåòàëëîâ 2 -ãî è 3-ãî êëàññîâ îïàñíîñòè è óõóäøå-
íèå ñîñòîÿíèÿ âîäíûõ îáúåêòîâ êàê ñðåäû îáèòàíèÿ äëÿ æèâûõ îðãàíèçìîâ. Â ñâÿçè
ñ ýòèì íàó÷íàÿ ðàçðàáîòêà è ñîâåðøåíñòâîâàíèå ìåðîïðèÿòèé î÷èñòêè òåõíîãåííûõ 
âîä äî íîðìàòèâíîãî êà÷åñòâà ÿâëÿåòñÿ àêòóàëüíîé ïðîáëåìîé. Äëÿ ñíèæåíèÿ íà-
ãðóçêè íà ãèäðîñôåðó è ïîëó÷åíèÿ ýêîëîãè÷åñêîãî ýôôåêòà ïðåäëàãàåòñÿ èñïîëüçî-
âàòü àëãîðèòì èíòåðàêòèâíîãî ôîðìèðîâàíèÿ êîìïëåêñà ìåðîïðèÿòèé äëÿ î÷èñòêè 
òåõíîãåííûõ âîä. Ýòî ïîçâîëèò îïòèìàëüíî îðãàíèçîâàòü ïðîöåññ î÷èñòêè ñòî÷íûõ 
âîä ïî ñóùåñòâóþùèì òåõíîëîãèÿì áåç äîïîëíèòåëüíûõ êàïèòàëüíûõ çàòðàò äëÿ 
êîíêðåòíîãî ãîðíî-ïåðåðàáàòûâàþùåãî ïðåäïðèÿòèÿ ñ ó÷åòîì âñåé ñïåöèôèêè òåõ-
íîëîãè÷åñêèõ ïðîöåññîâ. Àëãîðèòì ÿâëÿåòñÿ óíèâåðñàëüíûì è ïîäõîäèò äëÿ âñåõ 
ãîðíî-ïåðåðàáàòûâàþùèõ ïðåäïðèÿòèé.
Êëþ÷åâûå ñëîâà: î÷èñòêà òåõíîãåííûõ âîä, èçâëå÷åíèå òÿæåëûõ ìåòàëëîâ, î÷èùåí-
íûå âîäû, èíòåðàêòèâíûé âûáîð, ñòî÷íûå âîäû, òåõíîëîãè÷åñêàÿ ñõåìà, êîìïîíåíò.

ïîäîîòâàëüíûå âîäû, òàëûå è ëèâíåâûå 
ñòî÷íûå âîäû ñ ïðîìïëîùàäîê. Íà äåé-
ñòâóþùèõ ãîðíîäîáûâàþùèõ ïðåäïðèÿ-
òèÿõ ïðîèçâîäÿò î÷èñòêó ñòî÷íûõ âîä 
îò öâåòíûõ ìåòàëëîâ è êîððåêòèðîâêó 
êèñëîòíîñòè. Òåì íå ìåíåå, ïðîâîäè-
ìûå ìåðîïðèÿòèé íå îáåñïå÷èâàþò 
ýêîëîãè÷åñêèõ íîðì äëÿ âîäíûõ îáú-
åêòîâ ðûáîõîçÿéñòâåííîãî íàçíà÷åíèÿ. 
Ñóùåñòâóþùèå òåõíîëîãè÷åñêèå ñõåìû 
ñòàòè÷íû è íå ïðåäóñìàòðèâàþò èçìå-
íÿþùèåñÿ óñëîâèÿ ïîñòóïëåíèÿ çàãðÿç-
íåííûõ âîä, â ÷àñòíîñòè êîëè÷åñòâåí-
íûé è êà÷åñòâåííûé ñîñòàâ ïðèìåñåé 
òåõíîãåííûõ ïîòîêîâ. 

Äëÿ îáåñïå÷åíèÿ ýêîëîãè÷åñêè ïðè-
åìëåìîãî êà÷åñòâà âîä, ñáðàñûâàåìûõ 
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â ïðèðîäíûå âîäíûå îáúåêòû, íåîáõî-
äèì êîìïëåêñíûé ïîäõîä, ó÷èòûâàþ-
ùèé ñïåöèôèêó ôîðìèðîâàíèÿ òåõíî-
ãåííûõ âîä. Ïðåæäå âñåãî, ðå÷ü èäåò î 
ìíîãîêîìïîíåíòíîñòè âîä è âàðèàòèâ-
íîñòüþ ñîîòíîøåíèÿ êîìïîíåíòîâ â 
âîäàõ, à òàêæå èçìåí÷èâîñòè êà÷åñòâà 
ýòèõ âîä âî âðåìåíè. Ïðîñëåæèâàåòñÿ 
÷åòêàÿ òåíäåíöèÿ èçìåíåíèÿ êîíöåí-
òðàöèè òÿæåëûõ ìåòàëëîâ â ñòî÷íûõ 
âîäàõ ïî ñåçîíàì, â ñâÿçè ñ êëèìàòè-
÷åñêèìè ôàêòîðàìè. Ó÷èòûâàÿ, ÷òî äëÿ 
êàæäîãî ìåòîäà èçâëå÷åíèÿ ìåòàëëîâ 
ñóùåñòâóåò îáëàñòü íàèáîëåå ýôôåêòèâ-
íîãî ïðèìåíåíèÿ, ìîæíî âûáðàòü íàè-
áîëåå ðàöèîíàëüíûé ñöåíàðèé ïðîâå-
äåíèÿ êîìïëåêñà ìåðîïðèÿòèé î÷èñòêè.

Äëÿ ðåàëèçàöèè ýòîé çàäà÷è ñîçäà-
íà è ïîäàíà çàÿâêà íà ïàòåíò, ïðîãðàì-
ìà äëÿ ÝÂÌ «Èíòåðàêòèâíûé âûáîð 
êîìïëåêñà ìåðîïðèÿòèé äëÿ î÷èñòêè 
ñòî÷íûõ âîä ãîðíî-ïåðåðàáàòûâàþùå-
ãî ïðåäïðèÿòèÿ». 

Ïðîãðàììà ïðåäíàçíà÷åíà äëÿ ôîð-
ìèðîâàíèÿ íàèáîëåå ýôôåêòèâíîãî 
êîìïëåêñà ìåðîïðèÿòèé äëÿ äîñòèæå-
íèÿ íîðìàòèâíûõ ïîêàçàòåëåé êà÷åñòâà 
âîäû íà áàçå ñóùåñòâóþùèõ ñïîñîáîâ 
î÷èñòêè ñòî÷íûõ âîä ãîðíî-ïåðåðàáà-
òûâàþùèõ ïðåäïðèÿòèé îò òÿæåëûõ 
ìåòàëëîâ. Ðàñ÷åò ïðîèçâîäèòñÿ íà îñ-
íîâå çàêîíîâ ñîõðàíåíèÿ ìàññ âîäû è 
ìàññ ïðèìåñåé.

Â îñíîâå ïðîãðàììû ëåæèò äâà òèïà
îïåðàöèé: ñìåøåíèå ïîòîêîâ è ðàçäå-
ëåíèå íà òâåðäóþ ôàçó – èçâëå÷åííûå 
êîìïîíåíòû è æèäêóþ ôàçó – î÷èùåí-
íóþ âîäó. Ãëàâíûì ïîëîæèòåëüíûì ìî-
ìåíòîì ÿâëÿåòñÿ ðàñ÷åò âîçìîæíîñòè 
ñìåøåíèÿ âîä íà ëþáûõ ýòàïàõ, ÷òî 
ïîçâîëÿåò ðåãóëèðîâàòü ñîîòíîøåíèå 
ìåòàëëîâ â ïîòîêå è ñïîñîáñòâóåò ðà-
öèîíàëüíîìó è ýôôåêòèâíîìó èçâëå-
÷åíèþ ìåòàëëîâ. Óñòàíîâëåíî âëèÿíèå 
ñìåøåíèÿ òåõíîãåííûõ âîä íà ïîêàçà-
òåëè èçâëå÷åíèÿ ìåòàëëîâ. Ñìåøåíèå 
òåõíîãåííûõ ïîòîêîâ ñ ðàçëè÷íîé êîí-
öåíòðàöèåé ýëåìåíòîâ ïðèâîäèò ê óñ-
ðåäíåíèþ, ÷òî ïîëîæèòåëüíî ñêàçûâà-
åòñÿ è íà êà÷åñòâå î÷èñòêè òåõíîãåííûõ 
âîä. Ïðè ýòîì ðàñ÷åò âåäåòñÿ ïî êàæäî-
ìó êîìïîíåíòó îòäåëüíî. Èñõîäíûìè è 
èòîãîâûìè äàííûìè ïðè îïåðàöèè ñìå-
øåíèÿ ÿâëÿþòñÿ: Îáúåì òåõíîãåííûõ 
âîä Q, ì3 è êîíöåíòðàöèÿ êîìïîíåíòîâ 
Ñi, ã/ì3 â òåõíîãåííûõ ïîòîêàõ (ðèñ. 1).

Âòîðîé òèï îïåðàöèé – ýòî èçâëå-
÷åíèå êîìïîíåíòà èç âîäû â îñàäîê 
(ðèñ. 2). Èñõîäíûìè äàííûìè òàêæå 
ÿâëÿþòñÿ ðàñõîä âîäû Q, ì3/÷ è êîí-
öåíòðàöèÿ êîìïîíåíòîâ Ñi, ìã/äì3

â òåõíîãåííûõ ïîòîêàõ. Îïåðàöèÿìè 
ðàçäåëåíèÿ ÿâëÿþòñÿ òðàäèöèîííûå íà 
ãîðíî-ïåðåðàáàòûâàþùèõ ïðåäïðèÿòè-
ÿõ òåõíîëîãè÷åñêèå ïðîöåññû î÷èñòêè: 
îòñòàèâàíèå 45 ìèí, íåéòðàëèçàöèÿ-

Ðèñ. 1. Îïåðàöèÿ ñìåøåíèÿ âîä
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îñàæäåíèå, ñîðáöèÿ íà ÊÔÃÌ (ôèëüò-
ðîâàíèå ÷åðåç êåðàìè÷åñêèé ãðàíóëè-
ðîâàííûé ìàòåðèàë), ãàëüâàíîêîàãóëÿ-
öèÿ 4–6 ìèí è 15–17 ìèí. Ïðîäóêòàìè 
ÿâëÿþòñÿ èçâëå÷åííûå êîìïîíåíòû è 
î÷èùåííûå âîäû. 

Àëãîðèòì ðàñ÷åòà îïåðàöèè 
ðàçäåëåíèÿ
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1000
Ñ

m
Q

2. Ðàññ÷èòûâàåì ìàññó êàæäîãî êîì-
ïîíåíòà â îñàäêå m2i, êã 

( ).
2

100

m èñõ
m i

ε ⋅
=

Ïîêàçàòåëü èçâëå÷åíèÿ ìåòàëëîâ 
äëÿ êàæäîé îïåðàöèè î÷èñòêè òåõíî-
ãåííûõ âîä âçÿòû íà îñíîâå ýìïèðè-
÷åñêèõ èññëåäîâàíèé.

3. Ðàñ÷èòûâàåì îáúåì âîäû â æèä-
êîé ôàçå

1
3

2 / 100

1000

Q m
Q

Ïîêàçàòåëü âëàæíîñòè îñàäêà , % 
çàäàåòñÿ òåõíîëîãèåé 

Ðàññ÷èòûâàåì êîíöåíòðàöèÿ êîì-
ïîíåíòîâ â æèäêîé ôàçå

1 1

3

1000 2 2 10)

1000

Q C m
C

Q
Ìàññîâàÿ äîëÿ èçâëåêàåìîãî êîìïî-
íåíòà, i2,%

2
2 .100%

m i
Ìïðîä

Ìïðîä. – îáùàÿ ìàññà îñàäêà
4. Îöåíèâàåì ýôôåêòèâíîñòü

î÷èñòêè Ý, % ïî êàæäîìó êîìïîíåíòó

.100%
1

Ñi Ñi
Ý

Ñi
Èëè âûõîä êàæäîãî ìåòàëëà , %

2
1

m i
m i

Ïîñëå ðàñ÷åòà êàæäîé îïåðàöèè 
ñðàâíèâàåì êîíöåíòðàöèþ êîìïîíåí-
òîâ â æèäêîé ôàçå ñ íîðìàìè ÏÄÊ, 
ïðè íåóäîâëåòâîðèòåëüíîì ðåçóëüòàòå 
äîáàâëÿåì ñëåäóþùèå îïåðàöèè.

Èäåÿ çàêëþ÷àåòñÿ â êîìáèíèðîâà-
íèè â ïðîèçâîëüíîì ïîðÿäêå òåõíîëî-

Ðèñ. 2. Îïåðàöèÿ èçâëå÷åíèÿ öåííîãî êîìïîíåíòà èç òåõíîãåííûõ âîä â îñàäîê
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ãè÷åñêèõ ïðîöåññîâ, áåç ïðîâåäåíèÿ 
ýêñïåðèìåíòîâ íà ïðàêòèêå äëÿ ïîä-
áîðà îïòèìàëüíîé ïîñëåäîâàòåëüíî-
ñòè ïðîöåññîâ î÷èñòêè è ñìåøåíèÿ 

âîä, êîòîðîå îáåñïå÷èò íàèëó÷øèå 
ïîêàçàòåëè ýôôåêòèâíîñòè î÷èñòêè 
âîä. Îïðåäåëÿþùèì êðèòåðèåì ÿâëÿ-
åòñÿ êîíöåíòðàöèÿ êîìïîíåíòîâ. 

Ðèñ. 3. Àëãîðèòì èíòåðàêòèâíîãî ôîðìèðîâàíèÿ êîìïëåêñà ìåðîïðèÿòèé äëÿ 
î÷èñòêè òåõíîãåííûõ âîä

Ðèñ. 4. Ñêðèíøîò 1. Ýêðàí âûáîðà ïîñëåäîâàòåëüíîñòè îïåðàöèé
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Ôîðìàëüíî çàäà÷à âûáîðà ñöåíà-
ðèÿ ñâîäèòñÿ ê âûáîðó ñîñòàâà ìåðî-
ïðèÿòèé, îáåñïå÷èâàþùèõ çàäàííîå 
êà÷åñòâî âîäû, òî åñòü ñ êîíöåíòðàöè-
åé òÿæåëûõ ìåòàëëîâ íèæå ÏÄÊ ðûáî-
õîçÿéñòâåííîãî íàçíà÷åíèÿ. Ïðèíöèï 
ïðîãðàììû îñíîâàí íà ðàçäåëåíèå 
òâåðäûõ è æèäêèõ ôàç, ÷òî äàåò âîç-
ìîæíîñòü ðàñ÷åòà íå òîëüêî òåõíîãåí-
íûõ ïîòîêîâ ìåæäó ñîáîé, íî è ñìå-
øåíèÿ òâåðäûõ è æèäêèõ îòõîäîâ, ÷òî 
ñïîñîáñòâóåò âçàèìíîìó îáîãàùåíèþ 
è óëó÷øåíèþ ïîêàçàòåëåé èçâëå÷åíèÿ. 
Ïðè ýòîì âîçìîæíî íà êàêîì-ëèáî 
ýòàïå ïîëó÷åíèå äîïîëíèòåëüíîãî òî-
âàðíîãî ïðîäóêòà, èñïîëüçóÿ ìåòîä 
ãàëüâàíîêîàãóëÿöèè ñ ãàëüâàíîïàðîé 
«æåëåçî-óãëåðîä» äëÿ ñåëåêòèâíîãî âû-
äåëåíèÿ ìåäè è öèíêà. Â ñâÿçè ñ ýòèì 
äàííàÿ ïðîãðàììà ìîæåò èñïîëüçî-
âàòüñÿ íå òîëüêî ñ öåëüþ ðàñ÷åòà ýô-
ôåêòèâíîñòè î÷èñòêè âîä, íî è ñ öå-
ëüþ ðàñ÷åòà äëÿ èçâëå÷åíèÿ öåííûõ 
êîìïîíåíòîâ (ðèñ. 3).

Îñíîâíûå ôóíêöèè ïðîãðàììû:
ðàñ÷åò òâåðäîé è æèäêîé ôàçû 

òåõíîãåííîãî ïîòîêà;
ðàñ÷åò òâåðäîé è æèäêîé ôàçû 

ïîñëå òåõíîëîãè÷åñêèõ ïðîöåññîâ î÷èñò-
êè èëè ñìåøåíèÿ;

ðàñ÷åò ñìåøåíèÿ òåõíîãåííûõ ïî-
òîêîâ íà ëþáûõ ýòàïàõ;

âîçìîæíîñòü äîáàâëåíèÿ íîâûõ 
òåõíîëîãè÷åñêèõ ïðîöåññîâ;

âîçìîæíîñòü ñìåíû î÷åðåäíîñòè 
òåõíîëîãè÷åñêèõ ïðîöåññîâ;

âîçìîæíîñòü äîáàâëåíèÿ êîìïî-
íåíòîâ â ðàñ÷åò;

âîçìîæíîñòü ðàñ÷åòà ñìåøåíèÿ 
òâåðäûõ îòõîäîâ ñ òåõíîãåííûìè âî-
äàìè;

âîçìîæíîñòü ñìåøåíèÿ 3 è áî-
ëåå ïîòîêîâ. 

Àëãîðèòì èíòåðàêòèâíîãî ôîðìè-
ðîâàíèÿ êîìïëåêñà ìåðîïðèÿòèé äëÿ 
î÷èñòêè òåõíîãåííûõ âîä ÿâëÿåòñÿ óíè-
âåðñàëüíûì è ïîäõîäèò äëÿ âñåõ ãîð-
íî-ïåðåðàáàòûâàþùèõ ïðåäïðèÿòèé.

Äëÿ ñíèæåíèÿ íàãðóçêè íà ãèäðî-
ñôåðó îò íåäîñòàòî÷íî î÷èùåííûõ ñòî÷-
íûõ âîä è ïîëó÷åíèÿ ýêîëîãè÷åñêîãî 
ýôôåêòà íåîáõîäèìî èñïîëüçîâàòü 
êîìïëåêñíûé ïîäõîä ôîðìèðîâàíèÿ 
ìåðîïðèÿòèé î÷èñòêè ñòî÷íûõ âîä. 

Ðàçðàáîòàííàÿ êîìïüþòåðíàÿ ïðîã-
ðàììà ïîçâîëÿåò ðàññ÷èòàòü ïóòåì ïî-
ñëåäîâàòåëüíîé ðåàëèçàöèè ýòàïîâ, 
ýôôåêòèâíîñòü î÷èñòêè ïðè êîìáèíè-
ðîâàíèè â ïðîèçâîëüíîì ïîðÿäêå òåõ-
íîëîãè÷åñêèõ ïðîöåññîâ è ñôîðìèðî-
âàòü ðàöèîíàëüíóþ òåõíîëîãè÷åñêóþ 
ñõåìó î÷èñòêè ñòî÷íûõ âîä äëÿ êîí-
êðåòíîãî ãîðíî-ïåðåðàáàòûâàþùåãî 
ïðåäïðèÿòèÿ.
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ALGORITHM OF INTERACTIVE FORMATION A COMPLEX OF MEASURES 
FOR CLEANING INDUSTRIAL WASTE WATERS
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Stefunko M.S.1, Leading Engineer, e-mail: maria-stefunko@yandex.ru,
1 Institute of Problems of Comprehensive Exploitation of Mineral Resources 
of Russian Academy of Sciences, 111020, Moscow, Russia.

In the development of chalcopyrite deposits at all stages of the process waste water produced different 
in their chemical composition and concentration of pollutants. Man-made water are one of the most active 
mining waste-processing plant and contain heavy metals in high concentrations commensurate with the con-
tent of the ores .Provodimye cleaning activities do not provide environmental standards for water bodies for 
fishery purposes. Wastewater mining and processing enterprises is not enough cleaned and contaminate the 
hydrosphere region. Heavy metals occurs 1 st and 2nd classes of danger and degradation of water bodies as 
a living environment for living organisms. In this regard, scientific development and improvement activities 
cleaning industrial waste waters to the standard of quality is an important issue. To reduce the load on the 
hydrosphere and obtaining environmental effects of the proposed algorithm to use interactive form a package 
of measures to clean up industrial waste waters. This will allow optimally organize the process of wastewater 
treatment on existing technologies without additional capital expenditure for a particular mining and process-
ing enterprise, taking into account all the specific processes. The algorithm is versatile and suitable for all 
mining and processing enterprises

Key words: cleaning industrial waste waters, the extraction of heavy metals, purified water, an interactive 
selection, wastewater, process flow diagram, the component.
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