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Ðàññìîòðåíû�ìîäåëè�è�ìåòîäû�ãåîõèìè÷åñêîãî�òåñòèðîâàíèÿ�è�îöåíêè�âëèÿíèÿ�ïîðîäíûõ�îòâàëîâ�íà�
ôàêòîðû�âíåøíåé�ñðåäû.�Îáúåêòîì�òåñòèðîâàíèÿ�ÿâëÿëèñü�ïðîáû�ðóä�è�ïîðîä�â�õâîñòîõðàíèëèùå,�îáðà
çîâàííûå�ïðè�äîáû÷å�ïîðôèðîìåäíûõ�ðóä�îòêðûòûì�ñïîñîáîì.�Öåëüþ�òåñòèðîâàíèÿ�ÿâëÿåòñÿ�îöåíêà�
ðèñêà�âçàèìîäåéñòâèÿ�ïîðîäíûõ�îòâàëîâ�ñ�ôàêòîðàìè�âíåøíåé�ñðåäû,�îïðåäåëåíèå�ñîäåðæàíèÿ�âðåä
íûõ�âåùåñòâ�â�ïûëè,�à�òàêæå�ôîðìèðîâàíèå�äðåíàæà�êèñëûõ�ïîðîä�è�âûùåëà÷èâàåìûõ�ìåòàëëîâ.�Çàäà
÷åé�òåñòèðîâàíèÿ�ÿâëÿåòñÿ�àíàëèç�ñðåäíåãî�ñîäåðæàíèÿ�ñåðû�è�ñóëüôèäà�ñåðû�â�îòâàëîâûõ�ïîðîäàõ�è�
ðóäàõ,� àíàëèç� êèñëîòíîíåéòðàëèçóþùåãî� ïîòåíöèàëà� â� äàííûõ� ïîðîäàõ�è� ïîòåíöèàëà�íåéòðàëèçàöèè�
êèñëîòû,�à�òàêæå�îöåíêà�ðèñêà�âçàèìîäåéñòâèÿ�ïîðîäíûõ�îòâàëîâ�ñ�ôàêòîðàìè�âíåøíåé�ñðåäû.�Ïî�ðå
çóëüòàòàì��ïîêàçàòåëåé�ó÷åòà�êèñëîòíûõ�îñíîâàíèé,�õàðàêòåðèçóþùèõ�êîëè÷åñòâî�êèñëîòîïðîäóöèðóþ
ùèõ�(ñóëüôèäîâ)�è�êèñëîòîíåéòðàëèçóþùèõ�(êàðáîíàòîâ)�ìèíåðàëîâ,�à�òàêæå�èõ�ñîîòíîøåíèÿ,�âûïîë
íÿëàñü�óñêîðåííàÿ�ïðîãíîçíàÿ�îöåíêà�ðèñêà�îáðàçîâàíèÿ�êèñëûõ�äðåíàæíûõ�è�øàõòíûõ�âîä.�Ïðè�ïîìîùè�
ãåîõèìè÷åñêîãî� òåñòèðîâàíèÿ� ïðîá� ãîðíûõ� ïîðîä� è� îòâàëîâ� îïðåäåëåíû� ñîäåðæàíèÿ� ñåðû,� ñóëüôèäà�
ñåðû,�êèñëîòíîíåéòðàëèçóþùåãî�ïîòåíöèàëà�è�ïîòåíöèàëà�íåéòðàëèçàöèè�êèñëîòû.�Ïðè�ïîìîùè�ãåî
õèìè÷åñêîãî�òåñòèðîâàíèÿ�ïîðîä�è�ðóä�ïðîâåäåíà�îöåíêà�âëèÿíèÿ�ïîðîäíûõ�îòâàëîâ�íà�âíåøíþþ�ñðåäó,�
îïðåäåëåíî�ñîäåðæàíèå�âðåäíûõ�âåùåñòâ�â�ïûëè�è�âëèÿíèå�ïîðôèðîìåäíûõ�ðóä�íà�ôîðìèðîâàíèå�äðå
íàæíûõ�êèñëûõ�ïîðîä�è�âûùåëà÷èâàåìûõ�ìåòàëëîâ.�Ïîëó÷åííûå�äàííûå�ïîçâîëèëè�îïðåäåëèòü�óðîâåíü�
íàñûùåíèÿ�âîäîòîêîâ�êèñëîòíûìè�ïðîäóêòàìè,�íàíîñÿùèìè�âðåä�âíåøíåé�ñðåäå.�Íà�îñíîâàíèè�ðåçóëü
òàòîâ� ãåîõèìè÷åñêèõ� òåñòîâ� ïðåäëîæåíû� âàðèàíòû� ðàñïîëîæåíèÿ� ïîðîäíûõ� îòâàëîâ� è� ñòðîèòåëüñòâà�
ãîðíîäîáûâàþùèõ�è�ïåðåðàáàòûâàþùèõ�ïðîèçâîäñòâ�ïðè�ðàçðàáîòêå�ìåñòîðîæäåíèÿ

Êëþ÷åâûå ñëîâà: õâîñòîõðàíèëèùå, ãåîõèìè÷åñêîå òåñòèðîâàíèå, ïîðîäíûå îòâàëû, ôàêòîðû âíåøíåé ñðåäû, òîê
ñè÷íûå ìèêðîýëåìåíòû, âûùåëà÷èâàíèå, ïîðîäà, ðóäà, ñåðà, äðåíàæ êèñëûõ ïîðîä 

Models�and�methods�of�geochemical�testing�and�evaluation�of�the�influence�of�rock�dumps�on�environmental�
factors�are�considered.�The object of testing�are�samples�of�ores�and�rocks�in�the�tailings�dump�formed�during�
the�extraction�of�porphyrycopper�ores�by�an�open�method.�The purpose of testing�is�to�assess�the�risk�of�rock�
dumps’�interaction�with�environmental�factors,�to�determine�the�content�of�harmful�substances�in�dust,�as�well�as�
the�formation�of�drainage�of�acidic�rocks�and�leached�metals.�The task of testing�is�to�analyze�the�average�con
tent�of�sulfur�and�sulfur�sulfide�in�dump�rocks�and�ores,�to�analyze�the�acidneutralizing�potential�in�these�rocks�
and�the�potential�for�acid�neutralization,�as�well�as�to�assess�the�risk�of�rock�dumps’�interaction�with�environmen
tal�factors.�Based�on�the�acid�base�accounting�indicators,�characterizing�the�amount�of�acidproducing�(sulfides)�
and�acidneutralizing�(carbonates)�minerals,�as�well�as�their�ratios,�an�accelerated�predictive�assessment�of�the�
risk�of�acid�drainage�and�mine�water� formation�has�been�performed.�With� the�help�of�geochemical� testing�of�
rock�samples�and�dumps,�the�contents�of�sulfur,�sulfur�sulfide,�acidneutralizing�potential�and�acid�neutralization�
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potential�are�determined.�With�the�help�of�geochemical�testing�of�rocks�and�ores,�the�impact�of�rock�dumps�on�
the�external�environment�has�been�assessed,� the�content�of�harmful�substances� in�dust�and�the� influence�of�
porphyrycopper�ores�on�the�formation�of�acidic�drainage�rocks�and�leached�metals�are�determined.�The�data�
obtained�made�it�possible�to�determine�the�level�of�saturation�of�watercourses�with�acidic�products�harmful�to�
environmental�factors.�Based�on�the�results�of�geochemical�tests,�options�for�the�location�of�rock�dumps�and�the�
construction�of�mining�and�processing�industries�during�the�development�of�the�deposit�are�proposed

Key words: tailings storage, geochemical testing, rock dumps, environmental factors, toxic trace elements, leaching, rock, 
ore, sulfur, drainage of acidic rocks

Ââåäåíèå. Óõóäøåíèå� ýêîëîãè÷åñêîé� îá
ñòàíîâêè� ÷àñòî� ñâÿçàííî� ñ� ïîâûøåíèåì�

êîíöåíòðàöèè� ìåòàëëîâ� íà� òåððèòîðèè� äî
áû÷è�è�ïåðåðàáîòêè�ïîëåçíûõ�èñêîïàåìûõ�â�
ïî÷âå�è�âîäå�[14].�Ñàìûìè�ñóùåñòâåííûìè�â�
ýòîì�îòíîøåíèè�ÿâëÿþòñÿ�ïðîöåññû�îêèñëå
íèÿ�è�ðàñòâîðåíèÿ�ñóëüôèäîâ,�ïðèâîäÿùèå�ê�
âîçíèêíîâåíèþ� õîðîøî�ðàñòâîðèìûõ�â� âîäå�
ñóëüôàòîâ.�Âûñâîáîæäåíèå�ýëåìåíòîâ,�â�òîì�
÷èñëå�è�òîêñè÷íûõ,�ïðè�îêèñëåíèè�ñóëüôèäîâ�
è�èõ�ìèãðàöèè�â�ïîäçåìíûå�âîäû�ìîæåò�ïðè
âîäèòü� ê� øèðîêîìó� ðàññåèâàíèþ� êîìïîíåí
òîâ�ñ�ïîñëåäóþùåé�êîíöåíòðàöèåé�èõ�â�ðàç
ëè÷íûõ�îáúåêòàõ�îêðóæàþùåé� ñðåäû.� Êðîìå�
òîãî,� íàáëþäàåòñÿ� ðîñò� ñîäåðæàíèé� ðóäíûõ�
ýëåìåíòîâ� â� ïî÷âàõ� è� ðàñòåíèÿõ.� Ðàñòåíèÿ�
ìîæíî�ñðàâíèâàòü�ñ�ìîùíûìè�íàñîñàìè,�êî
òîðûå�ïåðåêà÷èâàþò�ìèíåðàëèçîâàííûå�ðàñ
òâîðû�íà�ïîâåðõíîñòü,�à�îòìèðàíèå�çåëåíîé�
ìàññû�ðàñòåíèé�ïðèâîäèò�ê�ïîâòîðíîìó�è�÷à
ñòî� áîëåå� ñèëüíîìó� çàãðÿçíåíèþ� òÿæ¸ëûìè�
ìåòàëëàìè�ïîâåðõíîñòíîãî�ñëîÿ�ïî÷âû,�à�åå�
ñæèãàíèå� –� ê� çàãðÿçíåíèþ� àòìîñôåðû.� Ïðè�
ðàçðàáîòêå� ìåñòîðîæäåíèé� êàðüåðàìè� ïðî
èñõîäèò� çíà÷èòåëüíîå� íàðóøåíèå� ïîâåðõíî
ñòè,� à� â� ìåñòàõ� îòðàáîòêè� ïîÿâëÿþòñÿ� áîëü
øèå� îòâàëû.� Èñïîëüçîâàíèå� òåõíè÷åñêèõ�
ðåñóðñîâ� äëÿ� ñòðîèòåëüíûõ� öåëåé� è� äîðîæ
íûõ� ïîêðûòèé�òàêæå� ìîæåò� ïðèâåñòè� ê� óõóä
øåíèþ� ýêîëîãè÷åñêîé� îáñòàíîâêè,� êîòîðàÿ�
ñïîîáíà�ïðîÿâèòüñÿ�÷åðåç�çíà÷èòåëüíîå�âðå
ìÿ.� Ýòèì� ïðîáëåìàì� óäåëÿåòñÿ� äîñòàòî÷íî�
áîëüøîå� âíèìàíèå.� Ðàíüøå� ïðè� îöåíêå� òåõ
íèêîýêîíîìè÷åñêèõ�ïîêàçàòåëåé�ýôôåêòèâ
íîñòè� îáðàáîòêè� ìåñòîðîæäåíèé� ó÷èòûâàëè�
ïðåæäå� âñåãî� êîëè÷åñòâî� è� êà÷åñòâî� ðóäû,�
à�â�íàñòîÿùåå�âðåìÿ�ïðåäóñìàòðèâàþò�åùå�
è� ýêîëîãè÷åñêèå� ïîñëåäñòâèÿ� ðàçðàáîòêè�
ìåñòîðîæäåíèÿ�è�ïëàíèðóþò�çàòðàòû�íà�îõ
ðàíó�îêðóæàþùåé�ñðåäû.�Ýòè�çàòðàòû�ìîãóò�
áûòü�íàñòîëüêî�áîëüøèìè,�÷òî�ýêñïëóàòàöèÿ�
ìåñòîðîæäåíèé,� äàæå� äîñòàòî÷íî� êðóïíûõ�
è�áîãàòûõ,�îêàçûâàåòñÿ�ïîðîé�íåðåíòàáåëü
íîé�[10].

Â� ñîâðåìåííûõ� óñëîâèÿõ� àêòóàëåí� âî
ïðîñ�çàùèòû�ôàêòîðîâ�âíåøíåé�ñðåäû.�Óäå
ëÿåòñÿ� íåäîñòàòî÷íîå� âíèìàíèå� ïðîáëåìå�
îòõîäîâ,� âëèÿþùèõ� íà� âíåøíþþ� ñðåäó� ïðè�
äîáû÷å� ïîëåçíûõ� èñêîïàåìûõ.� ×àùå� âñåãî�
ðåçóëüòàòàìè� òàêèõ� ìåðîïðèÿòèé� ÿâëÿåòñÿ�
áîëüøîå� êîëè÷åñòâî� ñêîïëåíèé� ðàçëè÷íîé�
ïîðîäû� è� øëàêîâ� íà� çåìíîé� ïîâåðõíîñòè,�
êîòîðûå�ïî�îáú¸ìàì�ìîãóò�ñóùåñòâåííî�ïðå
âûøàòü�êîëè÷åñòâî�äîáûòûõ�ïîëåçíûõ� èñêî
ïàåìûõ.� Ïûëü,� êîòîðàÿ� ñäóâàåòñÿ� âåòðîì� ñ�
ïîâåðõíîñòè� ïîðîäíûõ� îòâàëîâ,� íàñûùåíà�
õèìè÷åñêèìè� ñîåäèíåíèÿìè� è� âëå÷åò� çà� ñî
áîé� çàãðÿçíåíèå� ïðèëåãàþùèõ� òåððèòîðèé�
òîêñè÷íûìè�ìèêðîýëåìåíòàìè,�à�àòìîñôåð
íûå�îñàäêè�ïåðåíîñÿò�èõ�â�âîäíóþ�ñðåäó�[5;�
8;�15].�Äëÿ�ïðåäîòâðàùåíèÿ�âëèÿíèé�ïîäîá
íûõ�ÿâëåíèé�ïåðåä�íà÷àëîì�ðàáîò�ïî�äîáû÷å�
ïîëåçíûõ� èñêîïàåìûõ� íåîáõîäèìî� ïðîâî
äèòü� ãåîõèìè÷åñêèå� òåñòû� äëÿ� îïðåäåëåíèÿ�
ñîñòàâà�ðóä�è�ïîðîä�[11].�Â�ýòîé�ñâÿçè�âîïðî
ñû� ãåîõèìè÷åñêîãî� òåñòèðîâàíèÿ� ÿâëÿþòñÿ�
àêòóàëüíîé�íàó÷íîòåõíè÷åñêîé�çàäà÷åé.�

Ìàòåðèàëû è ìåòîäû. Äëÿ� ïðîãíîçíîé�
îöåíêè� âëèÿíèÿ� ïîðîäíûõ� îòâàëîâ� íà� âíåø
íþþ� ñðåäó� ïðîâîäèëîñü� ãåîõèìè÷åñêîå� òå
ñòèðîâàíèå� ïîðîä� è� ðóä� ñ� öåëüþ� îïðåäåëå
íèÿ� âðåäíîñîäåðæàùèõñÿ� âåùåñòâ� â� ïûëè,�
à�èìåííî�–�äëÿ�îöåíêè�ðèñêà�ôîðìèðîâàíèÿ�
äðåíàæíûõ�êèñëûõ�ïîðîä�è�âûùåëà÷èâàåìûõ�
ìåòàëëîâ.

Äëÿ� äîñòèæåíèÿ� ïîñòàâëåííîé� öåëè�
îïðåäåëåíû�ñëåäóþùèå�çàäà÷è:�

1)�âûïîëíèòü�àíàëèç�ñðåäíåãî�ñîäåðæà
íèÿ�ñåðû�è�ñóëüôèäà�ñåðû�â�îòâàëüíûõ�ïîðî
äàõ�è�ðóäàõ;�

2)�ïðîâåñòè� àíàëèç�êèñëîòíîíåéòðàëè
çóþùåãî�ïîòåíöèàëà�â�äàííûõ�ïîðîäàõ�è�ïî
òåíöèàëà�íåéòðàëèçàöèè�êèñëîòû;�

3)� îöåíèòü� ðèñê� âîçäåéñòâèÿ� ïîðîäíûõ�
îòâàëîâ�íà�âíåøíþþ�ñðåäó.�

Äëÿ� ïîëó÷åíèÿ�äîñòîâåðíûõ�äàííûõ�íå
îáõîäèìî� èññëåäîâàòü� ñîñòàâ� ïîðîä� è� ðóä�
ñ� öåëþ� îïðåäåëåíèÿ� âðåäíûõ� âåùåñòâ,� ñî
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äåðæàùèõñÿ� â� ïûëè.� Èññëåäóåìûå� îáðàçöû�
ðóä�îòíîñÿò�ê�ïîðôèðîâîìåäíîìó�òèïó.�Ñî
äåðæàíèå�ñóëüôèäîâ� íèçêîå�(ìåíåå�1�%� îá
ùåé�ñåðû).�Îñíîâíûìè�ïîðîäîîáðàçóþùèìè�
ìèíåðàëàìè� ÿâëÿþòñÿ� ïîëåâîé� øïàò,� êâàðö,�
ñëþäà� è� ñåðèöèò.� Çàïàñû� ñîñòîÿò� ïðèìåð
íî� èç� 80� %� ñóëüôèäíîé� ðóäû� è� 20� %� îêñèä
íîé� ðóäû.� Ñóëüôèäíàÿ� ðóäà� ïðåäñòàâëåíà� â�
îñíîâíîì� õàëüêîïèðèòîì� è� áîðíèòîì,� à� îê
ñèäíàÿ�–�â�îñíîâíîì�ìàëàõèòîì�è�àçóðèòîì.�
Ê� ÷èñëó� ñóëüôèäíûõ� ìèíåðàëîâ� îòíîñÿòñÿ�
ýíàðãèò,� áëåêëûå� ðóäû� è� àðñåíîïèðèò.� Âñå�
ýòè� ìèíåðàëû� ñîäåðæàò� ìûøüÿê� è� ñóðüìó,�
êîòîðûå� ìîãóò� çàãðÿçíÿòü� ïðîìûøëåííûå�
êîíöåíòðàòû�[6].�

Ôîðìèðîâàíèå�êèñëûõ�ñòîêîâ�è/èëè�âû
ùåëà÷èâàíèå� ìåòàëëîâ� ïðè� âçàèìîäåéñòâè
ÿõ�ïîðîäíûõ�îòâàëîâ,� õâîñòîâ� îáîãàùåíèÿ�è�
çàáàëàíñîâûõ� ðóä� ñ� àòìîñôåðíûìè� îñàäêà
ìè� õàðàêòåðíî� äëÿ� ðàçðàáîòêè� ñóëüôèäíûõ�
ìåñòîðîæäåíèé� âî� âñåõ� êëèìàòè÷åñêèõ� çî
íàõ.� Îêèñëåíèå� ñóëüôèäíûõ� ìèíåðàëîâ� ïðè�
âçàèìîäåéñòâèè�ñ�êèñëîðîäîì�âîçäóõà�è�àò
ìîñôåðíûìè� îñàäêàìè� ìîæåò� ïðèâîäèòü� ê�
îáðàçîâàíèþ�ñóëüôàòîâ,�ïîâûøåíèþ�êèñëîò
íîñòè�äðåíàæíûõ�âîä�è�èõ�âûùåëà÷èâàþùèõ�
ñïîñîáíîñòåé� ïî� îòíîøåíèþ� ê� ìåòàëëàì� [2;�
9;�12].�Îáÿçàòåëüíûì�òðåáîâàíèåì�ïî�îöåíêå�
âîçäåéñòâèÿ� ãîðíîäîáûâàþùåé� ïðîìûø
ëåííîñòè� íà� îêðóæàþùóþ� ñðåäó� ÿâëÿåòñÿ�
îöåíêà� ðèñêà� îáðàçîâàíèÿ� äðåíàæà� êèñëûõ�
ïîðîä�è�âûùåëà÷èâàíèÿ� ìåòàëëîâ,� ïîçâîëÿ
þùàÿ� îïòèìèçèðîâàòü� âîïðîñû� ïðîåêòèðî
âàíèÿ�è�ðàçìåùåíèÿ�ó÷àñòêîâ�ïîðîäíûõ�îòâà
ëîâ,�õâîñòîâ�îáîãàùåíèÿ,�ñáðîñîâ�êàðüåðíûõ�
âîä� è� ò.� ä.� [13].� Ïðè� íàëè÷èè� ñóùåñòâåííûõ�
ðèñêîâ� ôîðìèðîâàíèÿ� äðåíàæà� êèñëûõ� ïî
ðîä�è�âûùåëà÷èâàíèÿ�ìåòàëëîâ�ïðåäïðèÿòèå�
îáÿçàíî�ðàçðàáîòàòü�ïëàí�óïðàâëåíèÿ�êèñëî
òîïðîäóöèðóþùèìè� îòõîäàìè� è� êàðüåðíû
ìè�âîäàìè�ñ�öåëüþ�ìèíèìèçèðîâàòü�âîçäåé
ñòâèÿ� íà� îêðóæàþùóþ� ñðåäó� [7].� Îäíèì� èç�
îñíîâíûõ�ìåõàíèçìîâ�óïðàâëåíèÿ�äðåíàæåì�
êèñëûõ� ïîðîä� è� âûùåëà÷èâàíèÿ� ìåòàëëîâ�
ÿâëÿåòñÿ� ïðîåêòèðîâàíèå� ïîðîäíûõ� îòâàëîâ�
è�ðàçìåùåíèå�õâîñòîâ�îáîãàùåíèÿ�ñ�ó÷åòîì�
ïðîãíîçà� îáðàçîâàíèÿ� äðåíàæíûõ� êèñëûõ�
ïîðîä�è�âûùåëà÷èâàíèÿ�ìåòàëëîâ.�Îäíèì�èç�
ìåòîäîâ� ïðåäîòâðàùåíèÿ� ðèñêîâ� ÿâëÿåòñÿ�
ôîðìèðîâàíèå� ïîðîäíûõ� îòâàëîâ� ñ� èñïîëü
çîâàíèåì�êàðáîíàòíûõ�ïîðîä�(ïðîñëîéêà�èëè�
ñìåøèâàíèå),� íåéòðàëèçóþùèõ� îáðàçóþùè
åñÿ� êèñëîòíûå� âîäû� è� ñíèæàþùèå� ðèñê� âû
ùåëà÷èâàíèÿ�òîêñè÷íûõ�ýëåìåíòîâ.�

Âûùåëà÷èâàíèå�òîêñè÷íûõ�ýëåìåíòîâ�
ìîæåò� ïðîèñõîäèòü� è� â� íåéòðàëüíûõ� èëè�
ñëàáîùåëî÷íûõ�óñëîâèÿõ,�÷òî�òàêæå�äîëæ
íî� áûòü� ó÷òåíî� ïðè� ôîðìèðîâàíèè� äðåíà
æà� êèñëûõ� ïîðîä� è� âûùåëà÷èâàåìûõ� ìå
òàëëîâ.

Äëÿ�ôîðìèðîâàíèÿ�äðåíàæà�êèñëûõ�ïî
ðîä�è�âûùåëà÷èâàåìûõ�ìåòàëëîâ�íåîáõîäè
ìî� êàê� ìîæíî� ðàíüøå� âûïîëíÿòü� êîìïëåêñ�
óñêîðåííûõ� ñïåöèàëüíûõ� ãåîõèìè÷åñêèõ�
òåñòîâ� ðóä� è� ïîðîä� ïî� êèñëîòíîùåëî÷íîìó�
áàëàíñó,� à� òàêæå� ïðîèçâîäèòü� îöåíêó� ðèñêà�
ôîðìèðîâàíèÿ� äðåíàæíûõ� êèñëûõ� ïîðîä� è�
âûùåëà÷èâàåìûõ� ìåòàëëîâ� äëÿ� âñåõ� òèïîâ�
ãîðíîé� ìàññû,� êîòîðûå� áóäóò� èçâëå÷åíû,�
íàðóøåíû� èëè� ïåðåðàáîòàíû� íà� îáîãàòè
òåëüíûõ� ôàáðèêàõ� [1].� Â� äàëüíåéøåì� ïðè�
íåîáõîäèìîñòè� âûïîëíÿþòñÿ� äëèòåëüíûå�
(íåñêîëüêî� ìåñÿöåâ)� êèíåòè÷åñêèå� òåñòû� âî�
âëàæíûõ�êàìåðàõ,�ìîäåëèðóþùèå�ïîâåäåíèå�
ðóä�è�ïîðîä�â�ïðèðîäíûõ�óñëîâèÿõ.�

Äëÿ� ãîðíîäîáûâàþùèõ� ïðåäïðèÿòèé�
ðåêîìåíäóåòñÿ� ïðîâîäèòü� êàê� ñòàòè÷åñêîå,�
òàê� è� êèíåòè÷åñêîå� òåñòèðîâàíèå� íà� ïîñòî
ÿííîé� îñíîâå� ïî� ìåðå� ðàñøèðåíèÿ� ãåîëî
ãîðàçâåäî÷íûõ�ðàáîò�èëè�ââîäà�â�îòðàáîòêó�
íîâûõ�ó÷àñòêîâ�ìåñòîðîæäåíèé�[4].�

Ñïåöèàëüíûå�óñêîðåííûå�è�äëèòåëüíûå�
êèíåòè÷åñêèå�òåñòû� âûïîëíÿþòñÿ�ïî� ìåæäó
íàðîäíîïðèçíàííûì� ìåòîäèêàì� äëÿ� ñîïî
ñòàâèìîñòè�ïîëó÷àåìûõ�ðåçóëüòàòîâ�è�ñðàâ
íåíèÿ� èõ� ñ� ðåçóëüòàòàìè� äëÿ� àíàëîãè÷íûõ�
ìåñòîðîæäåíèé.

Óñêîðåííàÿ� ïðîãíîçíàÿ� îöåíêà� ðèñêà�
îáðàçîâàíèÿ� êèñëûõ� äðåíàæíûõ� è� øàõòíûõ�
âîä� âûïîëíÿåòñÿ� ïî� ïîêàçàòåëÿì� ó÷åòà� êèñ
ëîòíûõ�îñíîâàíèé,�õàðàêòåðèçóþùèõ�êîëè÷å
ñòâî�êèñëîòîïðîäóöèðóþùèõ� (ñóëüôèäîâ)�è�
êèñëîòîíåéòðàëèçóþùèõ� (êàðáîíàòîâ)� ìè
íåðàëîâ,�à�òàêæå�èõ�ñîîòíîøåíèåì�[3].

Äëÿ� îöåíêè� ïðîãíîçà� îáðàçîâàíèÿ� êèñ
ëûõ�äðåíàæíûõ�âîä�è�âûùåëà÷èâàíèÿ�òîêñè÷
íûõ�ýëåìåíòîâ�ïðîâåäåíî�ãåîõèìè÷åñêîå�òå
ñòèðîâàíèå�ðóä�è�ïîðîä.

Ïî�ñîñòàâó�ðóä�âûäåëåíî�òðè�òèïà:�îêèñ
ëåííûå,� ïåðåõîäíûå� (ñìåøàííûå)� è� ñóëü
ôèäíûå� ðóäû� ïðèìåðíî� â� ñîîòíîøåíèè� 30,�
10�è�60�%�ñîîòâåòñòâåííî,�ñ�ó÷åòîì�èõ�ãåîëî
ãè÷åñêîãî�ðàñïðîñòðàíåíèÿ.

Ñòàòèñòè÷åñêèå�ãåîõèìè÷åñêèå�òåñòû�ïî�
îöåíêå�äðåíàæà�ñîñòîÿò�èç�ñëåäóþùèõ�ïîêà
çàòåëåé:

1)�ñóëüôèäñåðû�(%S2)�(ðèñ.�à);
2)�îáùàÿ�ñåðà�(%S)�(ðèñ.�á);
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3)� êîýôôèöèåíò� ïîòåíöèàëà� íåéòðàëè
çàöèè�íàõîäèòñÿ�ïî�ñëåäóþùåé�ôîðìóëå�(1):

,����������������������������������������������������(1)

ãäå�NPR –�êîýôôèöèåíò�ïîòåíöèàëà�íåéòðà
ëèçàöèè;

ANP�–�ïîòåíöèàë�íåéòðàëèçàöèè�êèñëîòû;
AGP� –� ïîòåíöèàë� îáðàçîâàíèÿ� êèñëîòû�

(ðèñ.�â).
×åì� âûøå� ýòî� ñîîòíîøåíèå,� òåì� íèæå�

ðèñêè�îáðàçîâàíèÿ�äðåíàæà�êèñëûõ�ïîðîä;
4)�îáùèé�óãëåðîä�(%�C)�(ðèñ.�ã).

Ðàñïðåäåëåíèå çíà÷åíèé ïîêàçàòåëÿ ïîòåíöèàëà íåéòðàëèçàöèè êèñëîòû äëÿ îáðàçöîâ îòâàëüíûõ 
ïîðîä (λ – ïàðàìåòð ðàñïðåäåëåíèÿ, σ – ñðåäíåêâàäðàòè÷íîå îòêëîíåíèå, µ – ìàòåìàòè÷åñêîå 

îæèäàíèå è ïàðàìåòð ìàñøòàáà, f(õ) – ôóíêöèÿ âåðîÿòíîñòè/ðàñïðåäåëåíèÿ) / Distribution of values of 
the acid neutralization potential indicator for samples of dump rocks (λ is the distribution parameter, σ is the 

standard deviation, µ is the expectation and scale parameter, f(x) is the probability/distribution function)

Ðåçóëüòàòû�ðàñ÷åòîâ�äàííûõ,�ïðèâåäåí
íûå� íà� ðèñóíêå,� ïîêàçûâàþò,� ÷òî� èññëåäî
âàííûå� îáðàçöû� ïóñòîé� ïîðîäû� îòíîñÿòñÿ� â�
îñíîâíîì�ê�êàòåãîðèè�íå�ôîðìèðóþùèõ�êèñ
ëîòíûå� äðåíàæíûå� ñòîêè� è� âåðîÿòíîñòü� îá
ðàçîâàíèÿ�òàêèõ�ñòîêîâ�íèçêàÿ.�

Âñëåäñòâèå�íèçêîé�âåðîÿòíîñòè�ôîðìè
ðîâàíèÿ�êèñëûõ�äðåíàæíûõ�ñòîêîâ�âîçìîæåí�
ñëàáûé� âûíîñ� õèìè÷åñêèõ� ìèêðîýëåìåíòîâ�
èç� ïóñòîé� ïîðîäû.� Êîíöåíòðàöèÿ� òàêèõ� ýëå
ìåíòîâ�ñòàáèëüíà�è�ïîñòåïåííî�óìåíüøàåòñÿ�
ñ�òå÷åíèåì�âðåìåíè.

Òàêèì� îáðàçîì,� ïî� èòîãàì� ñòàòèñòè÷å
ñêèõ�òåñòîâ�ìîæíî�îïðåäåëèòü,�÷òî�ðèñê�âîç
äåéñòâèÿ�ïîðîäíûõ�îòâàëîâ�íà�îêðóæàþùóþ�
ñðåäó� î÷åíü� íèçîê,� îäíàêî� ñòàòè÷åñêîå� òå
ñòèðîâàíèå�íå�âñåãäà�ïîçâîëÿåò�ïîëó÷èòü�íà

äåæíóþ� îöåíêó� êèñëîòîîáðàçóþùèõ� ñâîéñòâ�
ïóñòîé�ïîðîäû.�

Íàõîæäåíèå� êèñëîòîîáðàçóþùèõ� ñâîéñòâ�
ïðè� ïîìîùè� ðàñ÷åòîâ� ïðèâîäèò� ê� çàâû
øåíèþ� ïîêàçàòåëåé� çà� ñ÷åò� ñóëüôèäíîé�
ñåðû� íåêèñëîòîîáðàçóþùèõ� ìèíåðàëîâ.�
Êðîìå� òîãî,� â� îêðóæàþùåé� ñðåäå� îòñóò
ñòâóþò� æåñòêèå� óñëîâèÿ� äëÿ� îêèñëåíèÿ�
ïóñòîé� ïîðîäû,� ñïîñîáíûå� çà� íåáîëüøîé�
ïðîìåæóòîê� âðåìåíè� âûçâàòü� ïîëíîöåí
íîå� îêèñëåíèå� ñóëüôèäíûõ� ìèíåðàëîâ.�
Â� ñâÿçè� ñ� ýòèì� èñïîëüçîâàíèå� ðàñ÷åòîâ�
ïðè� îöåíêå� ôîðìèðîâàíèÿ� äðåíàæà� ïðè
âîäèò� ê� çàâûøåíèþ� âîçìîæíîñòè� ôîðìè
ðîâàíèÿ� êèñëîòíûõ� äðåíàæíûõ� âîä� è� ñòî
êîâ� ïðè� ñêëàäèðîâàíèè� ïóñòîé� ïîðîäû� â�
õâîñòîõðàíèëèùå.�
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Êîððåêòíîñòü� ïðèìåíåíèÿ� ðàñ÷åòíûõ�
çíà÷åíèé� ïîäòâåðæäàåòñÿ� êèíåòè÷åñêèì� òå
ñòèðîâàíèåì� çà� çíà÷èòåëüíûé� ïðîìåæóòîê�
âðåìåíè,� â� ïðîöåññå� êîòîðîãî� íå� ïðîèçî
øëî� ôîðìèðîâàíèå� êèñëûõ� ñòîêîâ.� Äëÿ� òî÷
íîé� ïðîãíîçíîé� îöåíêè� ðàçâèòèÿ� ïîÿâëåíèÿ�
êèñëîòíûõ�äðåíàæíûõ�âîä�è�ñòîêîâ�íåîáõîäèìî�
ïðèìåíÿòü� íå� òîëüêî� ìåòîäû� ãåîõèìè÷åñêîãî�
òåñòèðîâàíèÿ,� íî� è� ìåòîäû� ïðÿìîãî� àíàëèçà,�
ïîçâîëÿþùèå� èçó÷èòü� ìèíåðàëüíûé� ñîñòàâ�
ñóëüôèäíûõ�ìèíåðàëîâ,�à�òàêæå�èõ�ñîîòíîøåíèÿ.

Çàêëþ÷åíèå. Äîáû÷à� ïîëåçíûõ� èñêî
ïàåìûõ� âûçûâàåò� ðÿä� íåãàòèâíûõ� ôàêòî
ðîâ,� âëèÿþùèõ� íà� âíåøíþþ� ñðåäó,� òàêèõ�
êàê� ïûëåîáðàçîâàíèå,� çàãðÿçíåíèå� ïî÷âû� è�
âîäíûõ� ìàññèâîâ.� Â� õîäå� âûïîëíåííûõ� èñ
ñëåäîâàíèé�îïðåäåëåíî�íàëè÷èå�â�îáðàçöàõ�
èç� ïîðîäíûõ� îòâàëîâ� êèñëîòíîîñíîâíîãî� è�
âûùåëà÷èâàþùåãî� ïîòåíöèàëà� ðóä� è� ïîðîä:�
íåéòðàëüíîîáðàçóþùèå� êèñëîòû,� íåîáðà
çóþùèå�êèñëîòû�è�îáðàçóþùèå�êèñëîòû.�Ýòè�
äàííûå�òðåáóþò�îáÿçàòåëüíîãî�ó÷åòà,�òàê�êàê�
ìîãóò� ïðèâåñòè� ê� íàñûùåíèþ� ñîïóòñòâóþ
ùèõ� âîäîòîêîâ� îêèñëåííûìè� ïðîäóêòàìè� è�
áóäóò� èìåòü� íàñûùåííûé� ãîëóáîé� öâåò.� Îá

ðàçîâàíèå� òàêèõ� âîäîòîêîâ� ñ� ãîëóáîé� âîäîé�
ÿâëÿåòñÿ� ïîäòâåðæäåíèåì� ðèñêà� îáðàçîâà
íèÿ� äðåíàæíûõ� âîä� ñ� ñîäåðæàíèåì� òîêñè÷
íûõ� ýëåìåíòîâ.� Îáðàçîâàíèå� ãîëóáîé� âîäû�
â� òåõíîãåííûõ� âîäîòîêàõ�ÿâëÿåòñÿ� ðåçóëüòà
òîì�âîçäåéñòâèÿ�âíåøíèõ�ôàêòîðîâ�îêðóæà
þùåé�ñðåäû�íà�ãîðíûå�ïîðîäû,�çàñîëåííûå�
ìåäíûì�êóïîðîñîì�â�çîíå�îêèñëåíèÿ�ðóäíûõ�
ñóëüôèäîâ.� Â�ïðîöåññå�îêèñëåíèÿ�ñóëüôèä
íûõ� ðóä� êèñëîðîäîì� âîçäóõà,� ïîñòóïàþùå
ãî� â� îñíîâíîì� ñ� àòìîñôåðíûìè� îñàäêàìè,�
ïðîèñõîäèò�îáîãàùåíèå�ïîäçåìíûõ�âîä�ïðî
äóêòàìè� îêèñëåíèÿ,� ãëàâíûì� îáðàçîì,� ñóëü
ôàòàìè� ðóäíûõ� ìåòàëëîâ.� Ïðîâåäåííîå�
ãåîõèìè÷åñêîå� òåñòèðîâàíèå� ïî� îïðåäåëå
íèþ� êèñëîòîîáðàçóþùåãî� è� âûùåëà÷èâàå
ìîãî�ïîòåíöèàëà�ïîðîä�è�ðóä,�ïîêàçàëî,�÷òî�
áîëüøèíñòâî� îáðàçöîâ� îòíîñÿòñÿ� ê� êàòåãî
ðèè� íåêèñëîòîîáðàçóþùèõ.� Îäíàêî� ÷àñòü�
ïðîá�âñå�æå�îòíîñèòñÿ�ê�êèñëîòîîáðàçóþùèì�
è� äëÿ� ñíèæåíèÿ� ðèñêîâ� îáðàçîâàíèÿ� è� âîç
äåéñòâèÿ�äðåíàæíûõ�âîä�íà�âíåøíþþ�è�îêðó
æàþùóþ� ñðåäó� ðåêîìåíäóåòñÿ� ó÷èòûâàòü�
óêàçàííûå� ôàêòîðû� ïðè� ïëàíèðîâàíèè� ïðî
åêòíûõ�ðàáîò�ïî�ðàçðàáîòêå�ìåñòîðîæäåíèé.
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