
Âåñòíèê ÇàáÃÓ. 2020. Ò. 26. ¹ 1                                                                              Íàóêè î Çåìëå

34

ÓÄÊ 550.553.571 
DOI: 10.21209/2227­9245­2020­26­1­34­43

ÃÅÎÝÊÎËÎÃÈ×ÅÑÊÀß ÎÁÑÒÀÍÎÂÊÀ Â ÐÀÉÎÍÅ ÊÀËÃÓÒÈÍÑÊÎÃÎ ÐÓÄÍÈÊÀ 
(ÐÅÑÏÓÁËÈÊÀ ÀËÒÀÉ)

GEOECOLOGICAL SITUATION IN THE AREA OF KALGUTY MINE (ALTAI REPUBLIC)

Þ. Â. Ðîáåðòóñ, 
Èíñòèòóò âîäíûõ è ýêîëîãè÷åñêèõ 
ïðîáëåì ÑÎ ÐÀÍ, ã. Áàðíàóë
ariecol@mail.gorny.ru

Yu. Robertus,  
Institute of Water and Environmental 
Problems SB RAS, Barnaul

Ë. Ï. Ðèõâàíîâ, 
Èíæåíåðíàÿ øêîëà ïðèðîäíûõ 
ðåñóðñîâ Íàöèîíàëüíîãî 
èññëåäîâàòåëüñêîãî Òîìñêîãî 
ïîëèòåõíè÷åñêîãî óíèâåðñèòåòà, 
ã. Òîìñê
rikhvanov@tpu.ru

L. Rikhvanov, 
Engineering School of Natural 
Resources, National Research Tomsk 
Polytechnic University, Tomsk

Ïðèâåäåíû ñâåäåíèÿ îá îòðàáîòêå Êàëãóòèíñêèì ðóäíèêîì îäíîèìåííîãî ðåäêîìåòàëëüíîãî ìåñòî­
ðîæäåíèÿ. Óòî÷íåíû îñíîâíûå èñòî÷íèêè âîçäåéñòâèÿ îáúåêòîâ ðóäíèêà íà êîìïîíåíòû ïðèðîäíîé 
ñðåäû. Âûÿâëåíî òåõíîãåííîå çàãðÿçíåíèå ïðèðîäíûõ ñðåä â âèäå íàëîæåííûõ îðåîëîâ è ïîòîêîâ ðàñ­
ñåÿíèÿ ýëåìåíòîâ ïåðåðàáàòûâàåìûõ ðóä. Óñòàíîâëåíû î÷åíü âûñîêèå óðîâíè èõ íàêîïëåíèÿ â ðå÷íûõ 
âîäàõ, âûñîêèå â ïî÷âàõ, ñðåäíèå è íèçêèå óðîâíè â äîííûõ îòëîæåíèÿõ ðåê. Âûÿñíåíà âåäóùàÿ ðîëü 
õâîñòîâ îáîãàùåíèÿ ðóä êàê èñòî÷íèêà ôîðìèðîâàíèÿ àýðîãåííûõ î÷àãîâ çàãðÿçíåíèÿ ñíåæíîãî è ïî÷­
âåííî­ðàñòèòåëüíîãî ïîêðîâà.

 Âûÿâëåíû òðè îñíîâíûõ àññîöèàöèè õèìè÷åñêèõ ýëåìåíòîâ â çàãðÿçíåííûõ ïî÷âàõ: ãåîõèìè÷åñêè 
èíåðòíûå ñèäåðîôèëüíûå (Fe, Ti, Cr, Mn, V, Co, Ni); ñëàáî íàêàïëèâàþùèåñÿ ëèòî­ è õàëüêîôèëüíûå âòî­
ðîñòåïåííûå ýëåìåíòû ðóä (Pb, Zn, Li, Be); èíòåíñèâíî íàêàïëèâàþùèåñÿ ðóäíûå ýëåìåíòû (Mo, W, Cu, 
Bi). Óñòàíîâëåíà òåíäåíöèÿ íàðàñòàíèÿ êîíöåíòðàöèé ðóäíûõ ýëåìåíòîâ â ðÿäó ïðèðîäíûõ ñðåä: ñíåæ­
íûé ïîêðîâ – ïî÷âû – äîííûå îñàäêè. 

Ðàññ÷èòàíû ñðåäíèå òåìïû åæåãîäíîãî íàêîïëåíèÿ ýëåìåíòîâ ðóä â ïî÷âàõ (45 %) è â äîííûõ îòëî­
æåíèÿõ ðåê (30 %). Âûÿâëåí î÷àã çàãðÿçíåíèÿ ïî÷â íà ó÷àñòêå îáîãàòèòåëüíîé ôàáðèêè è ãèäðî(ëèòî)õè­
ìè÷åñêèå ïîòîêè çàãðÿçíèòåëåé â ðåêàõ Ëåâàÿ Æóìàëû è Æóìàëû ïðîòÿæåííîñòüþ äî 5 êì. Îïðåäåëåíû 
êëàññû îïàñíîñòè äëÿ îêðóæàþùåé ñðåäû ïîðîä, îòõîäîâ îáîãàùåíèÿ, ñáðîñíûõ âîä. Ðàññ÷èòàí âêëàä 
ýëåìåíòîâ â èõ òîêñè÷íîñòü. Ñäåëàí âûâîä îá óñëîâíî áëàãîïðèÿòíîé ñîâðåìåííîé ãåîýêîëîãè÷åñêîé 
îáñòàíîâêå â ðàéîíå ðóäíèêà è åå ìàëîáëàãîïðèÿòíîì óðîâíå íà ó÷àñòêå õâîñòîõðàíèëèùà îáîãàòèòåëü­
íîé ôàáðèêè

Êëþ÷åâûå ñëîâà: Êàëãóòèíñêèé ðóäíèê; îáîãàòèòåëüíàÿ ôàáðèêà; ðóäû; õâîñòû; òåõíîëîãè÷åñêèå âîäû; çàãðÿçíåíèå; 
ïî÷âû; ðå÷íûå âîäû; äîííûå îòëîæåíèÿ; ýêîëîãè÷åñêîå ñîñòîÿíèå

Data on development by Kalguty mine of the same name rare­metal deposit is given. The main sources of mine 
facilities impact on the components of the natural environment have been clarified. Technogenic pollution of 
natural environments in the form of superimposed areas and scattering streams of elements of processed ores 
was revealed. Very high levels of their accumulation in river waters, high in soils, medium and low levels in bottom 
sediments of rivers have been established. The leading role of tailings of ore enrichment as a source of formation 
of aerogenic areas of pollution of snow and soil and vegetation cover has been clarified. 

Three main associations of chemical elements in contaminated soils were identified: geochemically inert sid­
erophilic (Fe, Ti, Cr, Mn, V, Co, Ni); weakly accumulating litho – and chalcophilic minor elements of ores (Pb, Zn, 
Li, Be); intensively accumulating ore elements (Mo, W, Cu, Bi). The tendency of increasing concentrations of ore 
elements in a number of natural environments: snow cover – soil – bottom sediments was established. The lead­
ing role of tailings of ore dressing in the formation of aerogenic pollution foci was revealed. 

Average rates of annual elements accumulation in soils (45 %) and in bottom sediments of rivers (30 %) were 
calculated. The area of soil pollution at the site of the concentrator and hydro(lito)chemical flows of pollutants in 
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the rivers Levaya Zhumaly and Zhumaly up to 5 km long have been identified. Environmental hazard classes of 
rocks, enrichment waste and waste water have been identified. The contribution of the elements to their toxicity 
was calculated. The conclusion about conditionally favorable modern geoecological situation in the area of the 
mine and its unfavorable level on the site of the tailings of the concentrator is made

Key words: Kalgutinsky mine; concentrator; ores; tailings; process waters; pollution; soils; river waters; bottom sediments; 
ecological condition

Ââåäåíèå. Ãîðíîäîáûâàþùèå ïðåäïðèÿòèÿ 
ÿâëÿþòñÿ îäíèì èç çíà÷èìûõ èñòî÷íèêîâ 

çàãðÿçíåíèÿ ïðèðîäíîé ñðåäû. Àêòóàëüíûì 
ôàêòîðîì èõ âîçäåéñòâèÿ íà ãåîýêîëîãè÷å­
ñêóþ îáñòàíîâêó ñëóæàò îòõîäû äîáû÷è è 
ïåðåðàáîòêè ñûðüÿ, êîòîðûå, êàê ïðàâèëî, 
ðàçìåùàþòñÿ â ïðåäåëàõ ïðîìçîí ïðåäïðè­
ÿòèé [5; 6].

Ýïèçîäè÷åñêè ðàçðàáàòûâàåìîå ñ 
1940­õ ãã. ñòàðàòåëüñêèì è ïðîìûøëåííûì 
ñïîñîáîì Êàëãóòèíñêîå ðåäêîìåòàëëüíîå 
ìåñòîðîæäåíèå ÿâëÿåòñÿ óíèêàëüíûì ãåîëî­
ãè÷åñêèì îáúåêòîì ñî ñëîæíûì ñîñòàâîì ðóä 
(W, Mo, Be, Cu, Bi) è èõ çíà÷èòåëüíûìè çàïàñà­
ìè [1; 4; 9; 10]. Ñïåöèôè÷íû è ïðèðîäíûå óñ­
ëîâèÿ ìåñòîðîæäåíèÿ – êðàåâàÿ ÷àñòü ïëàòî 
Óêîê (îáúåêò Âñåìèðíîãî íàñëåäèÿ ÞÍÅÑÊÎ) 
âáëèçè ãîñóäàðñòâåííîé ãðàíèöû ÐÔ, Ìîíãî­
ëèè è Êèòàÿ (ðèñ. 1).

Äëÿ ðàéîíà ìåñòîðîæäåíèÿ õàðàêòåðíû: 
ýêçàðàöèîííî­äåíóäàöèîííûé âûñîêîãîðíûé 
ðåëüåô (äî 3100 ì), ðàçâèòèå îñòðîâíîé 
ìåðçëîòû, êñåðîôèòíàÿ ñòåïíàÿ ðàñòèòåëü­
íîñòü, ìàëîìîùíûå ãîðíî­òóíäðîâûå ñóïåñ÷à­
íûå ïî÷âû íà ìîðåííûõ îòëîæåíèÿõ, ðàçâèòèå 
ïðîöåññîâ ýîëîâî­ìåòåëåâîãî ïåðåíîñà [7].

Îáúåêòû áûâøåãî ðóäíèêà ðàñïîëî­
æåíû íà äâóõ ïðîìïëîùàäêàõ – îêîëî óñòüÿ 
ýêñïëóàòàöèîííîé øòîëüíè 18 è íà ó÷àñòêå 
îáîãàòèòåëüíîé ôàáðèêè (ÓÏÎ), áëèçü óñòüÿ 
ðåê Ëåâàÿ è Ïðàâàÿ Æóìàëû (ñèñòåìà ð. Êà­
òóíü), â 0,8 êì ê ñåâåðî­âîñòîêó îò ðàäîíî­
âîãî èñòî÷íèêà «Òåïëûé Êëþ÷» (ñì. ðèñ. 1).

Âñåãî íà Êàëãóòèíñêîì ðóäíèêå äîáû­
òî ïðèáëèçèòåëüíî 112 òûñ. ò æèëüíûõ ðóä, 
ïðè îáîãàùåíèè êîòîðûõ ýëåêòðîìàãíèòíîé 
è ìàãíèòíîé ñåïàðàöèåé, ãðàâèòàöèîííûì è 
ôëîòàöèîííûì ñïîñîáàìè ïîëó÷àëàñü òîâàð­
íàÿ ïðîäóêöèÿ – âîëüôðàìèòîâûé, â ìåíü­
øåé ñòåïåíè ìîëèáäåíèòîâûé è ñóëüôèäíûé, 
ñóùåñòâåííî­ìåäíûé êîíöåíòðàòû. Íà ÓÏÎ 
åæåãîäíî èñïîëüçîâàëîñü äî 40 ò ðàçëè÷íûõ õè­
ìè÷åñêèõ âåùåñòâ 2...4 êëàññîâ îïàñíîñòè [7]. 

Õâîñòîâîå õîçÿéñòâî ÓÏÎ îáúåäèíÿ­
ëî ñèñòåìû ãèäðîòðàíñïîðòà, ñêëàäèðîâà­

íèÿ õâîñòîâ è îáîðîòíîãî âîäîñíàáæåíèÿ 
(îêîëî 1250 ì3/ñóò). Õâîñòû â âèäå ïåñ­
÷àíî­øëàìîâîé ïóëüïû ñêëàäèðîâàëèñü 
â õâîñòîõðàíèëèùå, îáúåäèíÿþùåå òðè 
ïðóäêà­îòñòîéíèêà è àâàðèéíóþ åìêîñòü 
îáùèì îáúåìîì 40 òûñ. ì3, è ãðóïïèðîâà­
ëèñü â øòàáåëü êàê âòîðè÷íîå ñûðüå äëÿ 
ïîñëåäóþùåé ïåðåðàáîòêè. Â íàñòîÿùåå 
âðåìÿ õâîñòû âûñòèëàþò ñóõîå äíî áûâøèõ 
ïðóäêîâ (ðèñ. 2).

Îñíîâíàÿ öåëü ñòàòüè ñîñòîèò â ðàñêðû­
òèè ãåîýêîëîãè÷åñêèõ àñïåêòîâ âîçäåéñòâèÿ 
íà ïðèðîäíóþ ñðåäó (ïðåäìåò èçó÷åíèÿ) ðàé­
îíà Êàëãóòèíñêîãî ðóäíèêà (îáúåêò èçó÷å­
íèÿ) â 2003–2015 ãã., ïîñêîëüêó íåãàòèâíûå 
ïîñëåäñòâèÿ ýòîãî âîçäåéñòâèÿ ïðåäïîëî­
æèòåëüíî ïîâòîðÿòñÿ è áóäóò óñèëåíû ïðè 
íàìå÷àåìîì î÷åðåäíîì ýòàïå îòðàáîòêè ìå­
ñòîðîæäåíèÿ. 

Ïðè èññëåäîâàíèè ïðèìåíÿëèñü ãåîõè­
ìè÷åñêèé, ñðàâíèòåëüíî­ãåîãðàôè÷åñêèé, 
êàðòîãðàôè÷åñêèé è ñòàòèñòè÷åñêèé ìåòîäû 
èññëåäîâàíèÿ.

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæäå­
íèå. Â ðåçóëüòàòå ïðîâåäåííûõ â 2003–2016 ãã. 
ðàáîò Àëòàéñêîãî ðåãèîíàëüíîãî èíñòèòóòà 
ýêîëîãèè óñòàíîâëåíî, ÷òî îñíîâíûìè èñòî÷­
íèêàìè âîçäåéñòâèÿ Êàëãóòèíñêîãî ðóä­
íèêà íà ïðèðîäíóþ ñðåäó ÿâëÿþòñÿ: ôèëü­
òðàöèÿ, èñïàðåíèå è ñáðîñû âîä ÓÏÎ (äî 
20…30 òûñ. ì3 çà ñåçîí), âîäíûé è âåòðîâîé 
ïåðåíîñ ìåëêîé ôðàêöèè õâîñòîâ îáîãàùå­
íèÿ ðóä è, â ìåíüøåé ñòåïåíè, âîäîîòëèâ ýêñ­
ïëóàòàöèîííîé øòîëüíè 18 (äî 5 òûñ. ì3) [8]. 

Òàê, ïûëåàýðîçîëüíûé è âîäíûé ïåðå­
íîñ ìàòåðèàëà õâîñòîâ ÓÏÎ ñ àíîìàëüíî 
ïîâûøåííûìè êîíöåíòðàöèÿìè ðóäíûõ ýëå­
ìåíòîâ è äðóãèõ ýêîòîêñèêàíòîâ ïðèâîäèë 
ê çàãðÿçíåíèþ ñíåæíîãî è ïî÷âåííî­ðàñòè­
òåëüíîãî ïîêðîâà, à ïðè èõ äàëüíåéøåé ìè­
ãðàöèè – ãðóíòîâûõ, ðå÷íûõ âîä è äîííûõ îò­
ëîæåíèé. Óñòàíîâëåíà òåíäåíöèÿ íàðàñòàíèÿ 
êîíöåíòðàöèé ðóäíûõ ýëåìåíòîâ â ðÿäó ïðè­
ðîäíûõ ñðåä: ñíåæíûé ïîêðîâ – ïî÷âû – äîí­
íûå îñàäêè [7]. 
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Ðèñ. 1. Ãåîýêîëîãè÷åñêàÿ îáñòàíîâêà â ðàéîíå Êàëãóòèíñêîãî ðóäíèêà /
Fig. 1. Geoecological situation in the Kalguty mine area

Ðèñ. 2. Ñõåìà âîäîñíàáæåíèÿ è âîäîòâåäåíèÿ ÓÏÎ (ñëåâà), îáùèé âèä õâîñòîõðàíèëèùà ïðè ðàáîòå ÓÏÎ (â öåíòðå) 
è â íàñòîÿùåå âðåìÿ (ñïðàâà) / Fig. 2. Scheme of water supply and drainage of the equipment of pre­treatment (EPT) 

(left), general view of the tailings at the EPT mine (center) and currently (right)
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Ðàçìåùåíèå òåõíîëîãè÷åñêèõ âîä è õâî­
ñòîâ ÓÏÎ ïðèâîäèëî ê ôîðìèðîâàíèþ òåõ­
íîãåííîãî çàãðÿçíåíèÿ â âèäå íàëîæåííûõ 
ëèòî(ñíîó­, ãèäðî­, áèî)ãåîõèìè÷åñêèõ âòî­
ðè÷íûõ îðåîëîâ è ïîòîêîâ ðàññåÿíèÿ, êîòî­
ðûå â ñî÷åòàíèè ñ ïðèðîäíûìè îðåîëàìè 
ðóäíûõ ýëåìåíòîâ ìåñòîðîæäåíèÿ ñîçäàëè 
ñëîæíóþ ýêîãåîõèìè÷åñêóþ îáñòàíîâêó â çî­
íàõ âëèÿíèÿ îáúåêòîâ ðóäíèêà (ñì. ðèñ. 1).

Âî âñåõ ïðèðîäíûõ ñðåäàõ è ìèíåðàëü­
íî­ñûðüåâûõ îáúåêòàõ àññîöèàöèÿ ðóäíûõ 

(Mo, W, Cu, Bi) è ñîïóòñòâóþùèõ èì ýëåìåí­
òîâ (Pb, Zn, Li, Be) äîâîëüíî óñòîé÷èâà. Äëÿ 
íèõ õàðàêòåðíû î÷åíü âûñîêèå óðîâíè íàêî­
ïëåíèÿ â ðå÷íûõ âîäàõ (Êñ > 10), âûñîêèå â 
ïî÷âàõ (Êñ = 5…10), ñðåäíèå è íèçêèå óðîâ­
íè â äîííûõ îòëîæåíèÿõ ðåê (Êñ = 1…5). Èõ 
ñîäåðæàíèå â ðóäàõ, ïðîäóêòàõ è îòõîäàõ 
îáîãàùåíèÿ òàêæå íàõîäèòñÿ íà î÷åíü âûñî­
êîì (Êê >1000) è ðåæå – íà âûñîêîì óðîâíå 
(Êê  = 100…1000) îòíîñèòåëüíî êëàðêà ëè­
òîñôåðû [8] (òàáë. 1).

Òàáëèöà 1 / Òàblå 1

Óðîâíè íàêîïëåíèÿ ðóäíûõ ýëåìåíòîâ â ìèíåðàëüíûõ îáúåêòàõ è ïðèðîäíûõ ñðåäàõ / 
 Accumulation levels of ore elements in the mineral objects and natural environments

Óðîâåíü
íàêîïëåíèÿ / 

Level of 
accumulation

Ìèíåðàëüíî­ñûðüåâûå îáúåêòû /
Mineral resources facilities

Ïðèðîäíûå ñðåäû /
Natural environment

Êê, åä.** / 
Kk, un.**

Ðóäû /
Ores

Êîíöåíòðàòû /
Concentrates

Õâîñòû /
Tailings

Êñ, 
åä* / 

Kc, un.*

Ïî÷âû /
Soils

Âîäà ðåê /
River water

Äîíêà /
Sedi­
ments

Î÷åíü âûñîêèé /
Very high >1000 W, Mo, 

Bi W, Mo, Bi Mo, Bi > 10 – Mo, W, Cu
Be, Li, Hg –

Âûñîêèé /
High 100…1000 Sb, Cu, 

Ag Sb, Cu, Ag W, Sb, Cu 5…10 Mo,Cu,W,Bi – –

Ñðåäíèé /
Average 10…100 Be, As, 

Pb Be, As, Pb, Zn Ag, Be 3…5 Be – W, Be

Ïîâûøåííûé /
Elevated 3…10 Li, Zn Mn Mn,Li,Pb,As 1,5…3 Li, Ag Zn, Pb Cu,Bi

Íèçêèé /
Low 1…3 Sn, Mn Fe, Co, Sn Zn, Sn 1…1,5 Zn Fe Mo,Li,Zn

Ïðèìå÷àíèå: * – îòíîñèòåëüíî ìåñòíîãî ôîíà, ** – îòíîñèòåëüíî êëàðêà ëèòîñôåðû / 
Note: * – relative to the local background, ** – regarding the clarke of the lithosphere

Ñíåæíûé ïîêðîâ. Ãåîõèìè÷åñêàÿ ôîð­
ìóëà íàêîïëåíèÿ õèìè÷åñêèõ ýëåìåíòîâ â 
ñíåãîâîé ïûëè – W

5000
 [Bi,Mo]

1000
 Li

800
 Ñu

300
 

Zn
170

 Zr
100

 Sb
50

 [Be,Ag,Sn]
20

 – â ïðåäåëàõ âû­
ÿâëåííûõ ñíîóõèìè÷åñêèõ îðåîëîâ ñõîäíà ñ 
âåùåñòâåííûì ñîñòàâîì ðóä ìåñòîðîæäåíèÿ 
è õâîñòîâ èõ îáîãàùåíèÿ, ÷òî óêàçûâàåò íà èõ 
âåäóùóþ ðîëü â ôîðìèðîâàíèè àýðîãåííûõ 
î÷àãîâ çàãðÿçíåíèÿ â çîíàõ âëèÿíèÿ ïðîì­
ïëîùàäîê ðóäíèêà. Âûÿñíåíî, ÷òî äàëüíîñòü 
âåòðîâîãî ïåðåíîñà ïûëåâàòîé ôðàêöèè 
âñêðûøíûõ ïîðîä è ðóä ñîñòàâëÿåò â îñíîâ­
íîì ïåðâûå ñîòíè ìåòðîâ, à ìàòåðèàëà ñóõèõ 
õâîñòîâ îáîãàùåíèÿ – äî 0,5…1 êì [3].

Ïî÷âåííûé ïîêðîâ. Ïî óðîâíþ ñîäåð­
æàíèÿ è äèíàìèêå ïîâåäåíèÿ â ïî÷âàõ õè­
ìè÷åñêèå ýëåìåíòû äåëÿòñÿ íà òðè ãðóïïû. 
Ïåðâàÿ ñîñòîèò â îñíîâíîì èç ãåîõèìè÷åñêè 

èíåðòíûõ ñèäåðîôèëüíûõ òÿæåëûõ ìåòàëëîâ 
(Fe, Ti, Cr, V, Co, Ni, Mn è äð.). Âòîðàÿ ãðóï­
ïà ïðåäñòàâëåíà ñëàáî íàêàïëèâàþùèìèñÿ 
ëèòî­ è õàëüêîôèëüíûìè ñîïóòñòâóþùèìè 
ýëåìåíòàìè ðóä (Pb, Zn, Li, Be), òðåòüÿ –èí­
òåíñèâíî äåïîíèðóåìûìè â ïî÷âàõ ðóäíûìè 
ýëåìåíòàìè (Mo, W, Cu, Bi) [7].

Âî âðåìÿ îòðàáîòêè ìåñòîðîæäåíèÿ 
è êîíñåðâàöèè ðóäíèêà (2003–2015) ñðåä­
íåå ñîäåðæàíèå ýëåìåíòîâ ïåðâîé è âòîðîé 
ãðóïï â ïî÷âàõ ó÷àñòêà ÓÏÎ óâåëè÷èëîñü â 
1,2…4,5 ðàçà, à îñíîâíûõ ýëåìåíòîâ ðóä (Mo, 
W, Cu, Bi) â 22,5…35 ðàç (òàáë. 2) è ïðîäîëæà­
ëî ðàñòè çà ñ÷åò âåòðîâîãî ïåðåíîñà ïûëåâà­
òîé ôðàêöèè õâîñòîâ ÓÏÎ. Ñðåäíèå òåìïû èõ 
íàêîïëåíèÿ ñîñòàâëÿëè 45 % â ãîä, ÷òî ïî÷òè 
íà ïîðÿäîê âûøå òåìïîâ íàêîïëåíèÿ ñîïóò­
ñòâóþùèõ ýëåìåíòîâ ðóä [7].
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Òàáëèöà 2 / Òàblå 2

Òðåíäû ñîäåðæàíèÿ ÒÌ â ïî÷âàõ ó÷àñòêà ÎÔ â 2004–2015 ãã., ìã/êã / 
Trends of HM content in soils of the site of the concentration plant (CP) in 2004–2015, mg/kg

Ãîäû / Years Cr Mn V Ni Co Li Pb Zn Be Cu W Mo Bi

Ìåñòíûé ôîí
Local background 10 400 30 10 4 20 15 40 2,5 16 15 2 < 1

2004 24 700 80 18 7 35 16 45 3,0 20 20 2,5 0,9

2006 31 800 76 26 8 46 19 66 5,2 30 77 14 3,6

2008 31 975 79 30 8 48 22 84 7,9 165 165 36 15,1

2010 54 680 84 38 17 54 20 60 7,6 330 352 52 23,5

2015 40 600 75 40 18 75 18 55 8,5 360 375 70 25,0
2015, åä. ôîíà
2015, unit 
background

4,0 1,5 2,5 4,0 4,5 3,8 1,2 1,4 3,4 22,5 25,0 35,0 > 25

Çà ïîñëåäíèé ýòàï îòðàáîòêè ìåñòî­
ðîæäåíèÿ çàìåòíî ðàñøèðèëñÿ î÷àã íàëîæåí­
íîãî ïîâåðõíîñòíîãî (â îñíîâíîì â èíòåðâàëå 
0…10 ñì) çàãðÿçíåíèÿ ðóäíûìè ýëåìåíòàìè 
ïî÷â «âåðõíåé» ïðîìïëîùàäêè âáëèçè ïîð­
òàëà ýêñïëóàòàöèîííîé øòîëüíè 18 è ñôîð­
ìèðîâàëñÿ íîâûé êðóïíûé î÷àã çàãðÿçíåíèÿ 
íà ó÷àñòêå õâîñòîõðàíèëèùà ÓÏÎ. Ýòîò î÷àã 
èìååò ôîðìó ñóáìåðèäèîíàëüíîãî ýëëèïñà ñ 
îñÿìè 500 × 800 ì è ïëîùàäüþ 30 ãà, â öåíòðå 
êîòîðîãî íàõîäèòñÿ õâîñòîõðàíèëèùå ÓÏÎ, 
÷òî ñâèäåòåëüñòâóåò îá îáðàçîâàíèè î÷àãà çà 
ñ÷åò âîçäóøíîãî ïåðåíîñà òîíêîãî ìàòåðèàëà 
õâîñòîâ îáîãàùåíèÿ ðóä (ñì. ðèñ. 1). 

Ðàñòåíèÿ. Ñ îòìå÷åííûìè î÷àãàìè çà­
ãðÿçíåíèÿ ïî÷â ïðîñòðàíñòâåííî ñîïðÿæåíû 
àíîìàëüíî ïîâûøåííûå êîíöåíòðàöèè ðóä­
íûõ ýëåìåíòîâ â òðàâîñòîå, èçó÷åííûå äëÿ 
ìåñòíîãî ýäèôèêàòîðà – îâñÿíèöû îâå÷üåé 
(Festuca ovina). Òàê, ñîäåðæàíèå ìîëèáäåíà 
â íåé äîñòèãàåò 61 åäèíèöó, à ìåäè – 12 åäè­
íèö ìåñòíîãî ôîíà, ÷òî çàìåòíî âûøå ÎÄÊ 
äëÿ êîðìîâûõ òðàâ. Ìàêñèìàëüíûå çíà÷åíèÿ 
êîýôôèöèåíòà áèîëîãè÷åñêîãî ïîãëîùåíèÿ 
(ÊÁÏ) ìîëèáäåíà è ìåäè íà ó÷àñòêå ÓÏÎ ñî­
ñòàâëÿþò 8,7 è 5 åäèíèö ôîíà ñîîòâåòñòâåí­
íî (òàáë. 3).

Òàáëèöà 3 / Òàblå 3
Ñîäåðæàíèå ÒÌ â îâñÿíèöå îâå÷üåé â ðàéîíå Êàëãóòèíñêîãî ðóäíèêà /

 Content of HM in sheep fescue in the area of Kalguty mine

Ìåñòî îòáîðà / 
Place of sampling

Ñîäåðæàíèå ìåòàëëîâ, ìã/êã (ÊÁÏ ðàñòåíèÿìè, %)
Metal content, mg/kg (coefficient of biological absorption 

by plants,%) 

Cu Mo Li

Ó÷àñòîê øòîëüíåâîãî õîçÿéñòâà / The site of tunnels 3,40 (3,4) 6,10 (30,5) 0,13 (0,26)

Ó÷àñòîê îáîãàòèòåëüíîé ôàáðèêè / The site of 
concentration plant

1,25 (4,5) 7,15 (35,8) 0,15 (0,30)

Çîíà âëèÿíèÿ õâîñòîõðàíèëèùà ÓÏÎ / The zone of 
the EPT tailings influence 0,42 (2,4) 0,85 (22,9) 0,04 (0,13)

Ôîíîâûé ó÷àñòîê /Background site 0,28 (0,9) 0,10 (3,5) 0,02 (0,03)

Ïðèìå÷àíèå: êóðñèâîì âûäåëåíû àíîìàëüíî ïîâûøåííîå ñîäåðæàíèå ýëåìåíòîâ è çíà÷åíèÿ ÊÁÏ
Note: abnormally high content of elements and values of CBA are highlighted in italics
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Ïîâåðõíîñòíûå âîäû. Îñíîâíîå âëèÿ­
íèå íà õèìè÷åñêèé ñîñòàâ ïîâåðõíîñòíûõ âîä 
ðàéîíà îêàçûâàþò ãåîõèìè÷åñêèå îñîáåííî­
ñòè Êàëãóòèíñêîãî ðóäíîãî ïîëÿ, ñ êîòîðîãî 
áåðóò íà÷àëî âîäîòîêè ðàéîíà. Èíôðàñòðóê­
òóðà ðóäíèêà âîçäåéñòâóåò íà ðå÷íûå âîäû è 
èõ äîííûå îòëîæåíèÿ ëîêàëüíî, ãëàâíûì îá­
ðàçîì, íà ó÷àñòêå øòîëüíåâîãî õîçÿéñòâà è â 
çîíå âëèÿíèÿ ÓÏÎ [7]. 

Â ð. Æóìàëû è ñîñòàâëÿþùèõ åå ðåêàõ 
Ëåâàÿ è Ïðàâàÿ Æóìàëû óñòàíîâëåíû òðè 
ãðóïïû çàãðÿçíèòåëåé, îñíîâíàÿ èç êîòî­
ðûõ ïðåäñòàâëåíà ýëåìåíòàìè ðóä, âòîðàÿ – 
íåôòåïðîäóêòàìè, òðåòüÿ – ôëîòîðåàãåíòàìè 
è èõ êîìïîíåíòàìè.

Â âîäå è â ñîïðÿæåííûõ äîííûõ îòëîæå­
íèÿõ ýòèõ ðåê âûÿâëåíû äâà ïðèðîäíî­òåõ­
íîãåííûõ ãèäðî(ëèòî)õèìè÷åñêèõ ïîòîêà 

çàãðÿçíÿþùèõ âåùåñòâ. Îñíîâíîé èç íèõ 
íà÷èíàëñÿ â ïðèóñòüåâîé ÷àñòè ð. Ëåâàÿ Æó­
ìàëû íà ó÷àñòêå ÓÏÎ è ïðîòÿãèâàëñÿ âíèç ïî 
ð. Æóìàëû íà ðàññòîÿíèå áîëåå 5 êì. Êîì­
ïëåêñ åãî ýêîòîêñèêàíòîâ âêëþ÷àë ðóäíûå 
ýëåìåíòû, ñóëüôàòû, ñîåäèíåíèÿ àçîòà, 
ôëîòîðåàãåíòû, íåôòåïðîäóêòû, ïîñòóïàâ­
øèå ïðè ôèëüòðàöèè è ñáðîñàõ òåõíîëîãè÷å­
ñêèõ âîä èç õâîñòîõðàíèëèùà ÓÏÎ. 

Äðóãîé âòîðîñòåïåííûé ïî ñïåêòðó è 
èíòåíñèâíîñòè çàãðÿçíåíèÿ ïîòîê íà÷èíàë­
ñÿ â ðàéîíå øòîëüíè 18 è ïðîòÿãèâàëñÿ âíèç 
ïî ð. Ïðàâàÿ Æóìàëû íà ðàññòîÿíèå 2…3 êì 
(ðèñ. 3). Îí èìåë ïðèðîäíî­òåõíîãåííîå ïðî­
èñõîæäåíèå, ïîñêîëüêó ñîçäàâàëñÿ îòâàëà­
ìè øòîëüíè 18 è äåÿòåëüíîñòüþ äîáû÷íîãî 
ó÷àñòêà.

Ðèñ. 3. Ñîäåðæàíèå Li è Mo â ãèäðîõèìè÷åñêèõ ïîòîêàõ ðàññåÿíèÿ, ìêã/äì3 / 
Fig. 3. Li and Mo content in hydrochemical scattering streams, mcg/dm3

Â ïåðèîä äåÿòåëüíîñòè ðóäíèêà â âî­
äå ýòèõ ðåê íàáëþäàëèñü àíîìàëüíî ïîâû­
øåííûå (äî 10 ÏÄÊ è áîëåå) êîíöåíòðàöèè 
ýëåìåíòîâ, ïðèñóòñòâóþùèõ â ïåðåðàáà­
òûâàåìûõ ðóäàõ: ìîëèáäåí äî 469 ìêã/äì3, 
âîëüôðàì – 70, ëèòèé – 128, ìåäü – 16,3, 
öèíê  – 59, ðòóòü – äî 0,42 ìêã/äì3. Ìàêñè­
ìàëüíîå ñîäåðæàíèå ðóäíûõ è ñîïóòñòâóþ­
ùèõ èì ýëåìåíòîâ îïðåäåëåíî ðÿäîì ñ óñòüåì 
ð. Ëåâàÿ Æóìàëû è èñòîêîì ð. Æóìàëû, êóäà 
ïîñòóïàëè ñáðîñíûå âîäû ÓÏÎ (ñì. ðèñ. 3). 

Â âîäå ð. Ëåâàÿ Æóìàëû âî âðåìÿ ðàáîòû 
ÓÏÎ îòìå÷àëñÿ óñòîé÷èâûé ðîñò êîíöåíòðà­

öèé àììîíèÿ, íèòðèòîâ, ñóëüôàòîâ, õëîðèäîâ 
è äð., ñîïðîâîæäàþùèéñÿ òðàíñôîðìàöèåé 
ïðèðîäíîãî ãèäðîõèìè÷åñêîãî òèïà ðå÷íîé 
âîäû. Ïîñëå ïðåêðàùåíèÿ òðàíçèòà ôèëüòðà­
öèîííûõ ïîòåðü è ñáðîñîâ ôàáðèêè ïðîèçî­
øëî áûñòðîå âîññòàíîâëåíèå ãèäðîõèìè÷å­
ñêèõ îñîáåííîñòåé âîäû (ðèñ. 4).

Äîííûå îòëîæåíèÿ ðåê ðàéîíà ÿâëÿþòñÿ 
÷óòêèì èíäèêàòîðîì ýêîëîãè÷åñêîãî ñîñòîÿ­
íèÿ ïîâåðõíîñòíûõ âîä è, â ìåíüøåé ñòåïå­
íè, ïî÷âåííîãî ïîêðîâà. 

Â íàñòîÿùåå âðåìÿ äîííûå îòëîæåíèÿ 
ðåê îòíîñÿòñÿ ê êàòåãîðèè óìåðåííî çàãðÿç­
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íåííûõ, íî èç­çà ïðîäîëæàþùåãîñÿ ïîñòó­
ïëåíèÿ â íèõ ìàòåðèàëà õâîñòîâ îæèäàåòñÿ 
èõ ïåðåõîä â ãðóïïó ñèëüíî çàãðÿçíåííûõ 
ñðåä. Ñîäåðæàíèÿ îñíîâíûõ ýëåìåíòîâ ïå­
ðåðàáàòûâàåìûõ ðóä â íèõ ïðåâûøàëè â 
2…5 ðàç ôîíîâûé óðîâåíü: ìåäü â 4,8 ðàçà, 
âîëüôðàì  – 4, ìîëèáäåí – 3,5, âèñìóò – â 
2,5 ðàçà. Îïðåäåëåíî, ÷òî åæåãîäíîå óâåëè­
÷åíèå ñîäåðæàíèÿ ýòèõ ìåòàëëîâ â äîííûõ 
îñàäêàõ ñîñòàâëÿåò â ñðåäíåì 30 % [8], ÷òî 
ñîïîñòàâèìî ñ òåìïàìè ïðèðîñòà çàãðÿç­
íåíèÿ ïî÷âåííîãî ïîêðîâà è óêàçûâàåò íà 

åäèíûé èñòî÷íèê ïîñòóïëåíèÿ è îáùèå òåí­
äåíöèè ïîâåäåíèÿ ðóäíûõ ýëåìåíòîâ â äåïî­
íèðóþùèõ çàãðÿçíåíèå ñðåäàõ. 

Ðóäû è îòõîäû èõ îáîãàùåíèÿ. Ðåä­
êîìåòàëëüíûå ðóäû Êàëãóòèíñêîãî ìåñòî­
ðîæäåíèÿ ïðåäñòàâëåíû äâóìÿ îñíîâíûìè 
òèïàìè – ãðåéçåíîâûìè è æèëüíûìè. Îòðà­
áîòàííûå ðóäíûå æèëû õàðàêòåðèçóþòñÿ áî­
ëåå âûñîêèì, ÷åì ãðåéçåíîâûå ðóäû, ñîäåð­
æàíèåì ìåòàëëîâ, äîëÿ ïåðåõîäà êîòîðûõ â 
îòõîäû îáîãàùåíèÿ ñîñòàâëÿåò: âîëüôðàì – 
10 %, ìåäü – 43, ìîëèáäåí – äî 75 %. 

Ðèñ. 4. Òðåíäû ñîñòàâà âîäû ð. Ëåâàÿ Æóìàëû (ïîäêðàøåíû çíà÷åíèÿ ìåñòíîãî ôîíà) /
Fig. 4. Trends in water composition of the river Levaya Zhumaly (tinted values of the local background)

Õàðàêòåðíî, ÷òî âòîðîñòåïåííûå ýëå­
ìåíòû ðóä – âèñìóò è áåðèëëèé íàêàïëèâà­
þòñÿ â îñíîâíîì â õâîñòàõ ÓÏÎ (òàáë. 4), êî­
òîðûå ÿâëÿþòñÿ öåííûì âòîðè÷íûì ñûðüåì, 

ïðåäñòàâëÿþùèì ñîáîé ìåõàíè÷åñêè äåçèí­
òåãðèðîâàííûå ðóäû ñî ñíèæåííûì óðîâíåì 
ñîäåðæàíèÿ ìåòàëëîâ, èçâëåêàåìûõ â òîâàð­
íûå ïðîäóêòû îáîãàòèòåëüíîé ôàáðèêè. 

Òàáëèöà 4 / Òàblå 4
Ñîäåðæàíèå ÒÌ â ðóäàõ, îòõîäàõ îáîãàùåíèÿ è äîííûõ îòëîæåíèÿõ, ã/ò / Content of heavy metals in ores, 

enrichment waste and bottom sediments, g/t

Îáúåêòû / Objects Cu Zn Pb Li Be W Mo Bi Hg

Ãðåéçåíîâûå ðóäû / Greisen ores 1711 142 20 335 41 1093 3000 71 4

Æèëüíûå ðóäû / Vein ores 5746 633 194 300 111 13000 7122 1570 10

Õâîñòû ÓÏÎ / Tailings EPT 2450 110 93 93 233 1267 5333 2333 6

Äîííûå îñàäêè / Bottom sediment 150 62 20 50 20 600 200 15 1­2

Òåõíîëîãè÷åñêèå âîäû ÓÏÎ. Çàãðÿçíè­
òåëè òåõíîëîãè÷åñêèõ îáîðîòíûõ âîä ÓÏÎ 
ïðåäñòàâëåíû òðåìÿ îñíîâíûìè ãðóïïàìè, 
èç êîòîðûõ íàèáîëüøóþ îïàñíîñòü äëÿ îêðó­
æàþùåé ñðåäû ïðåäñòàâëÿåò àññîöèàöèÿ 
ðóäíûõ ýëåìåíòîâ, â ìåíüøåé ñòåïåíè – ïðè­
ìåíÿåìûå íà ôàáðèêå õèìè÷åñêèå ðåàãåíòû. 
Çàãðÿçíåíèå òåõíîëîãè÷åñêèõ âîä êîìïîíåí­
òàìè ñîëåâîãî ñîñòàâà â öåëîì íåçíà÷èòåëü­

íîå, êðîìå ñîåäèíåíèé ìèíåðàëüíîãî àçîòà 
è ñóëüôàòîâ. 

Ðàñïðåäåëåíèå ìàêñèìàëüíûõ êîí­
öåíòðàöèé ýòèõ ýêîòîêñèêàíòîâ â ñáðîñíûõ 
âîäàõ ðóäíèêà è çàãðÿçíåííûõ èìè ðå÷íûõ 
âîäàõ ðàéîíà ñâèäåòåëüñòâóåò îá èõ çàêîíî­
ìåðíîì óâåëè÷åíèè â ðÿäó: ð. Ïðàâàÿ Æóìà­
ëû – ð. Ëåâàÿ Æóìàëû – âîäîîòëèâ øòîëüíè 
18 – õâîñòîõðàíèëèùå ÓÏÎ, òî åñòü â íà­

ãîäû
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ïðàâëåíèè îò ðåöèïèåíòîâ çàãðÿçíåíèÿ ê èõ 
èñòî÷íèêàì. Ïðè ýòîì â ñáðîñíûõ âîäàõ êîí­
öåíòðàöèè áîëüøèíñòâà çàãðÿçíèòåëåé (â 
ðå÷íûõ âîäàõ â îñíîâíîì ðóäíûõ ýëåìåíòîâ) 

íà 1…3 ïîðÿäêà ïðåâûøàþò ÏÄÊ äëÿ âîä âî­
äîåìîâ, èìåþùèõ ðûáîõîçÿéñòâåííîå çíà÷å­
íèå, ê êàêîâûì îòíîñèòñÿ ð. Æóìàëû (ðèñ. 5).

Ðèñ. 5. Ìàêñèìàëüíûå êîíöåíòðàöèè çàãðÿçíèòåëåé â ñòî÷íûõ è ðå÷íûõ âîäàõ (ïóàíñîíàìè ïîêàçàíû ÏÄÊ äëÿ âîä 
âîäîåìîâ ðûáîõîçÿéñòâåííîãî íàçíà÷åíèÿ), ìã/äì3 / Fig. 5. Maximum concentrations of pollutants in wastewater and 

river water (punches are shown MPC for waters of reservoirs of fishery appointment), mg/dm3

Ïîêàçàòåëè îïàñíîñòè ìèíåðàëüíûõ 
îáúåêòîâ è îòõîäîâ. Óñòàíîâëåíî, ÷òî ðó­
äîâìåùàþùèå ïîðîäû Êàëãóòèíñêîãî ìå­
ñòîðîæäåíèÿ ïðàêòè÷åñêè íå îïàñíû äëÿ 
îêðóæàþùåé ñðåäû (5 êëàññ), à õâîñòû îáîãà­
ùåíèÿ ðóä îòíîñÿòñÿ ê ìàëîîïàñíûì è ðåæå – 
ê óìåðåííî îïàñíûì îòõîäàì – 3 è 4 êëàññû 
îïàñíîñòè. Íàèáîëüøèé âêëàä â òîêñè÷íîñòü 
õâîñòîâ ÓÏÎ âíîñÿò ðóäíûå ýëåìåíòû: ìî­
ëèáäåí – 39 %, âèñìóò – 24, áåðèëëèé – 15, 
ìåäü – 10 % [9].

Òåõíîëîãè÷åñêèå âîäû ÓÏÎ îòíîñèëèñü 
ê ãèïåðòîêñè÷íûì (1 è 2 êëàññû) âîäàì (áåç­
âðåäíàÿ êðàòíîñòü ðàçáàâëåíèÿ äî 50120). Îñ­
íîâíîé âêëàä â èõ áèîòîêñè÷íîñòü òàêæå âíîñè­
ëè ýëåìåíòû ðóä è õèìè÷åñêèå ðåàãåíòû [8]. 

Êðîìå îõàðàêòåðèçîâàííîãî õèìè÷å­
ñêîãî çàãðÿçíåíèÿ êîìïîíåíòîâ ïðèðîäíîé 
ñðåäû, â ðàéîíå Êàëãóòèíñêîãî ðóäíèêà ïðè­
ñóòñòâóåò îïàñíûé ðàäèàöèîííûé ôàêòîð, 
ïðåäñòàâëåííûé ðÿäîì íåïðîìûøëåííûõ 
ïðîÿâëåíèé óðàíà, òîðèÿ è ïðîäóêòîâ èõ ðàñ­
ïàäà, à òàêæå çàìåòíûì íàêîïëåíèåì ðàäèî­
àêòèâíûõ ýëåìåíòîâ â ïðîäóêòàõ îáîãàùåíèÿ 
ðåäêîìåòàëëüíûõ ðóä [1]. 

Íàèáîëåå íåãàòèâíûìè â ðàäèîýêîëîãè­
÷åñêîì ïëàíå ÿâëÿþòñÿ ÷ðåçâû÷àéíî âûñîêèå 
êîíöåíòðàöèè ðàäîíà â ïîäçåìíûõ ãîðíûõ 
âûðàáîòêàõ, â òîì ÷èñëå â ýêñïëóàòàöèîííîé 

øòîëüíå 18 (äî 19740 Áê/ì3 â ïåðèîä êîíñåð­
âàöèè), íà äâà ïîðÿäêà ïðåâûøàþùèå óñòàíîâ­
ëåííûå ñàíèòàðíî­ãèãèåíè÷åñêèå íîðìû [2].

Çàêëþ÷åíèå. Õîçÿéñòâåííàÿ äåÿòåëü­
íîñòü Êàëãóòèíñêîãî ðóäíèêà îêàçàëà â öåëîì 
óìåðåííîå âîçäåéñòâèå íà ýêîëîãè÷åñêîå 
ñîñòîÿíèå êîìïîíåíòîâ îêðóæàþùåé ñðåäû 
ðàéîíà, íî ñôîðìèðîâàëà îïàñíî ïîâûøåí­
íîå çàãðÿçíåíèå êîìïëåêñîì ðóäíûõ è ñî­
ïóòñòâóþùèõ èì ýëåìåíòîâ 1...3­ãî êëàññîâ 
îïàñíîñòè äåïîíèðóþùèõ ïðèðîäíûõ ñðåä â 
çîíå âëèÿíèÿ õâîñòîõðàíèëèùà îáîãàòèòåëü­
íîé ôàáðèêè. 

Îñíîâíûì ôàêòîðîì íåãàòèâíîãî âîç­
äåéñòâèÿ îáúåêòîâ ðóäíèêà íà ïðèðîäíûå 
ñðåäû ÿâëÿëèñü òîêñè÷íûå òåõíîëîãè÷åñêèå 
è ñáðîñíûå âîäû îáîãàòèòåëüíîé ôàáðèêè è, 
â ìåíüøåé ñòåïåíè, õâîñòû îáîãàùåíèÿ ðóä. 

Íàëîæåííîå çàãðÿçíåíèå ïðèðîäíûõ 
ñðåä ïðîÿâèëîñü â âèäå âòîðè÷íûõ îðåîëîâ è 
ïîòîêîâ ðàññåÿíèÿ, ñîçäàâøèõ ñëîæíîî÷àãîâóþ 
ýêîãåîõèìè÷åñêóþ îáñòàíîâêó â çîíàõ âëèÿíèÿ 
îñíîâíûõ îáúåêòîâ èíôðàñòðóêòóðû ðóäíèêà.

Ñîâðåìåííàÿ ãåîýêîëîãè÷åñêàÿ îáñòà­
íîâêà â ðàéîíå ðóäíèêà íàõîäèòñÿ â öåëîì íà 
óñëîâíî áëàãîïðèÿòíîì óðîâíå, à íà ó÷àñòêå 
õâîñòîõðàíèëèùà ÓÏÎ – íà ìàëîáëàãîïðèÿò­
íîì óðîâíå äëÿ ïî÷â, ðå÷íûõ âîä è èõ äîííûõ 
îòëîæåíèé.
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