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Àêòóàëüíîñòü èññëåäîâàíèÿ îáúÿñíÿåòñÿ íåîáõîäèìîñòüþ ðàñøèðåíèÿ ôóíêöèîíàëüíûõ âîçìîæíîñòåé 
ãîðíî­ýêîëîãè÷åñêîé êîíöåïöèè áåçîòõîäíîãî ïðîèçâîäñòâà. Öåëü èññëåäîâàíèÿ – ðàçðàáîòêà íîâîé 
Ñòðàòåãèè ðàöèîíàëüíîãî è êîìïëåêñíîãî èñïîëüçîâàíèÿ ìèíåðàëüíîãî ñûðüÿ íà îñíîâå íàèëó÷øèõ äî­
ñòóïíûõ òåõíîëîãèé (ÍÄÒ) è îöåíêè æèçíåííîãî öèêëà îòõîäîâ ãîðíîãî ïðîèçâîäñòâà. Îáúåêò èññëåäîâà­
íèÿ – Íàèëó÷øèå äîñòóïíûå òåõíîëîãèè (ÍÄÒ) (Best Available Technologies) ãîðíûõ ïðåäïðèÿòèé. Ïðåäìåò 
èññëåäîâàíèÿ – âçàèìîñâÿçü îñíîâíûõ ïðèíöèïîâ âûáîðà ÍÄÒ èç àëüòåðíàòèâíûõ âàðèàíòîâ òåõíîëî­
ãèé ñ îöåíêîé æèçíåííîãî öèêëà îòõîäîâ ãîðíîãî ïðîèçâîäñòâà. Ìåòîäû è ìåòîäîëîãèÿ èññëåäîâàíèé 
– òåîðåòè÷åñêèé àíàëèç, ñèñòåìíûé àíàëèç, ðàçðàáîòêà áëîê­ñõåì è íîâîé Ñòðàòåãèè ðàöèîíàëüíîãî è 
êîìïëåêñíîãî èñïîëüçîâàíèÿ ìèíåðàëüíîãî ñûðüÿ. Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæäåíèå: ïðîâå­
ä¸í ìíîãîñòóïåí÷àòûé ñðàâíèòåëüíûé àíàëèç ñèñòåì óïðàâëåíèÿ îòõîäàìè â ÅÑ è â ÐÔ, êîòîðûé ïîêà­
çàë, ÷òî â Ðîññèè äëÿ ýôôåêòèâíîãî ôóíêöèîíèðîâàíèÿ äàííîé ñèñòåìû òðåáóåòñÿ ïîèñê è ðåàëèçàöèÿ 
òàêèõ ìåòîäîâ óïðàâëåíèÿ, êîòîðûå ïîçâîëÿò ãîðíûì ïðåäïðèÿòèÿì âçàèìîäåéñòâîâàòü ñ áèîñôåðîé ñ 
íàèìåíüøèì âîçäåéñòâèåì íà ÎÑ; óñòàíîâëåíî, ÷òî ñðàâíåíèå àëüòåðíàòèâíûõ âàðèàíòîâ ÍÄÒ ÿâëÿåòñÿ 
íàèáîëåå ýôôåêòèâíûì ðåøåíèåì äëÿ îáåñïå÷åíèÿ îáùåãî âûñîêîãî óðîâíÿ îõðàíû îêðóæàþùåé ñðå­
äû, ñáåðåæåíèÿ ìàòåðèàëüíûõ è ýíåðãåòè÷åñêèõ ðåñóðñîâ ñ ó÷¸òîì ýêîíîìè÷åñêîé öåëåñîîáðàçíîñòè 
âíåäðåíèÿ. Ïðè ÎÂÎÑ ñ öåëüþ âûáîðà ýêîíîìè÷åñêè îïòèìàëüíûõ ÍÄÒ èç àëüòåðíàòèâíûõ âàðèàíòîâ 
òåõíîëîãèé, ïðåäïðèÿòèÿì ñëåäóåò âûïîëíèòü ðÿä ðàñ÷¸òîâ ïî ðåêîìåíäóåìûì ìåòîäèêàì ñ ó÷¸òîì äå­
âÿòè ïðèíöèïîâ ÍÄÒ.  Ñôîðìèðîâàíà îöåíêà æèçíåííîãî öèêëà ãîðíîïðîìûøëåííûõ îòõîäîâ, êîòîðóþ  
ñëåäóåò èíòåãðèðîâàòü â åäèíóþ ñèñòåìó óïðàâëåíèÿ; ðàçðàáîòàíà íîâàÿ Ñòðàòåãèÿ ðàöèîíàëüíîãî è 
êîìïëåêñíîãî èñïîëüçîâàíèÿ ìèíåðàëüíîãî ñûðüÿ íà îñíîâå íàèëó÷øèõ äîñòóïíûõ òåõíîëîãèé è îöåíêè 
æèçíåííîãî öèêëà îòõîäîâ ãîðíîãî ïðîèçâîäñòâà, êîòîðàÿ ïîçâîëÿåò îáåñïå÷èòü áåçîòõîäíîå èëè ìàëî­
îòõîäíîå ïðîèçâîäñòâî â ðàìêàõ ãîðíî­ýêîëîãè÷åñêîé êîíöåïöèè 

Êëþ÷åâûå ñëîâà: ãîðíî­ýêîëîãè÷åñêàÿ êîíöåïöèÿ; áåçîòõîäíîå ïðîèçâîäñòâî; ìàëîîòõîäíîå ïðîèçâîäñòâî; íàè­
ëó÷øèå äîñòóïíûå òåõíîëîãèè; æèçíåííûé öèêë; ñèñòåìà; óïðàâëåíèå îòõîäàìè; ñòðàòåãèÿ; ïðèíöèïû ÍÄÒ; áèîñôåðà
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The relevance is explained by the need to expand the functionality of the mining and environmental concept of 
waste­free production. The purpose of the study is to develop a new one Strategy for the rational and integrated 
use of mineral raw materials based on the best available technologies (BAT) and an assessment of the life cycle 
of mining waste. The object of research is the Best Available Technologies, BAT (Best Available Technologies) of 
mining enterprises. The subject of the study is the relationship of the basic principles of the selection of BAT from 
alternative technology options with the assessment of the life cycle of mining waste. Method and methodology 
of research – theoretical analysis, system analysis, development of flowcharts and the new one Strategies for 
rational and integrated use of mineral raw materials. Results and discussion: a multi­stage comparative analy­
sis of waste management systems in the EU and in the Russian Federation was carried out, which showed that 
in Russia, for the effective functioning of this system, it is necessary to find and implement such management 
methods that will allow mining enterprises to interact with the biosphere with the least impact on the environment; 
it is established that the comparison of alternative versions of BAT is the most effective solution for ensuring an 
overall high level of environmental protection, saving material and energy resources, taking into account the 
economic feasibility of implementation. During the EIA, in order to select economically optimal BAT from alter­
native technology options, enterprises should perform a number of calculations according to the recommended 
methods and taking into account the nine principles of BAT. Conclusions: the life cycle assessment of mining 
waste should be integrated into a single management system; a new Strategy for the rational and integrated use 
of mineral raw materials has been developed based on the best available technologies and the life cycle assess­
ment of mining waste, which allows for waste­free or low­waste production within the framework of the mining 
and environmental concept

Key words: mining and environmental concept; waste­free production; low­waste production; best available technologies; 
life cycle; system; waste management; strategy; BAT principles; biosphere

Ââåäåíèå. Â ñôåðå îáðàùåíèÿ ñ îòõîäà­
ìè ãîðíîé ïðîìûøëåííîñòè âàæíóþ ðîëü 

èãðàåò àíàëèç ìàòåðèàëüíûõ ïîòîêîâ (ÀÌÏ), 
ÿâëÿþùèéñÿ áàçîé ïðè îöåíêå æèçíåííîãî 
öèêëà ìèíåðàëüíîãî ñûðüÿ è ïðîäóêòîâ åãî 
ïåðåðàáîòêè1. 

Òàêîé àíàëèç ïîçâîëÿåò äîñòàòî÷íî 
ýôôåêòèâíî ïðèíèìàòü ðåøåíèÿ, â ïåðâóþ 
î÷åðåäü, ïðè ðåàëèçàöèè ýêîëîãè÷åñêîé ïî­
ëèòèêè ïðåäïðèÿòèÿ, à òàêæå ïðåäîñòàâëÿåò 
âîçìîæíîñòü èññëåäîâàíèÿ ïðè÷èí è ñòå­
ïåíè âîçäåéñòâèÿ ïðîèçâîäñòâåííûõ ôàê­
òîðîâ íà îêðóæàþùóþ ïðèðîäíóþ ñðåäó. Ñ 
ïîìîùüþ ÀÌÏ ìîæíî îöåíèâàòü óðîâåíü 
ýêîëîãè÷åñêîé íàãðóçêè, îêàçûâàåìîé êàê 
ïðèìåíÿåìûìè ïðè äîáû÷å è ïåðåðàáîò­
êå ìèíåðàëüíîãî ñûðüÿ òåõíîëîãèÿìè, òàê 
è ïîëó÷àåìûìè ñ èõ ïîìîùüþ ïðîäóêòàìè2. 
Ïðè ýòîì ñëåäóåò îòìåòèòü, ÷òî îäíîé èç 
îñíîâíûõ ñòàäèé îöåíêè æèçíåííîãî öèêëà 
ìèíåðàëüíîãî ñûðüÿ è îòõîäîâ ãîðíîãî ïðî­
èçâîäñòâà ÿâëÿåòñÿ èõ èíâåíòàðèçàöèÿ, ïðè 
êîòîðîé ïðîèñõîäèò ðåãèñòðàöèÿ ìàòåðèàëü­
íûõ ïîòîêîâ. 

Àêòóàëüíîñòü èññëåäîâàíèé. Îäíèì 
èç îñíîâíûõ íàïðàâëåíèé ðàçâèòèÿ íàóêè 

è òåõíèêè â îáëàñòè óïðàâëåíèÿ ãîðíîïðî­
ìûøëåííûìè îòõîäàìè ÿâëÿåòñÿ ñîâåðøåí­
ñòâîâàíèå òåõíîëîãèé ïî ñîêðàùåíèþ îáðà­
çóþùèõñÿ îòõîäîâ çà ñ÷¸ò èõ ïåðåðàáîòêè è 
óòèëèçàöèè. Â ýòîé ñâÿçè ðàñøèðåíèå íà­
ïðàâëåíèé ïðèìåíåíèÿ ãîðíîïðîìûøëåííûõ 
îòõîäîâ îáóñëîâëèâàåòñÿ, â ïåðâóþ î÷åðåäü, 
èõ ñîîòâåòñòâèåì ýêîëîãè÷åñêèì íîðìàì, 
îïðåäåëÿþùèì ñîäåðæàíèå ðàäèîàêòèâíûõ 
è òîêñè÷íûõ ýëåìåíòîâ, ðòóòè, ìûøüÿêà, ïðè­
ìåñåé òÿæ¸ëûõ ìåòàëëîâ è ò. ä. 

Ñîêðàùåíèå îáú¸ìîâ íàêîïëåííûõ è 
âíîâü îáðàçóåìûõ îòõîäîâ ìîæåò áûòü îðãà­
íèçîâàíî, â òîì ÷èñëå, çà ñ÷¸ò ïîâûøåíèÿ èõ 
ïîòðåáèòåëüñêèõ êà÷åñòâ ïóò¸ì ïåðåðàáîòêè 
ñ ìàêñèìàëüíûì âûäåëåíèåì öåííûõ êîìïî­
íåíòîâ è óòèëèçàöèåé íåâîñòðåáîâàííîé ÷à­
ñòè. Íåâîñòðåáîâàííûå îòâàëû è õâîñòîõðà­
íèëèùà ìîãóò áûòü çàêîíñåðâèðîâàíû ñ 
ïåðñïåêòèâîé ïîñëåäóþùåé ïåðåðàáîòêè 
ïðè äîñòèæåíèè îïðåäåë¸ííîãî óðîâíÿ ðàç­
âèòèÿ íàóêè, òåõíèêè è òåõíîëîãèè. 

Ñóùåñòâåííîå ñíèæåíèå òåõíîãåííîé 
íàãðóçêè íà îêðóæàþùóþ ïðèðîäíóþ ñðåäó 
ìîæåò áûòü äîñòèãíóòî çà ñ÷¸ò ïåðåðàáîòêè 
îòõîäîâ ñ èñïîëüçîâàíèåì íàèëó÷øèõ äî­

1 Åâðîïåéñêàÿ Êîìèññèÿ. Îêðóæàþùàÿ ñðåäà: [ñàéò]. URL:  http://europa.eu.int/comm/environment/impel. (äàòà îáðà­
ùåíèÿ: 17.04.2021). – Òåêñò: ýëåêòðîííûé.
2Åâðîïåéñêîå ïðèðîäîîõðàííîå àãåíòñòâî: [ñàéò]. URL:  http://themes.eea.eu.int. (äàòà îáðàùåíèÿ: 17.04.2021). – 
Òåêñò: ýëåêòðîííûé.
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ñòóïíûõ òåõíîëîãèé (ÍÄÒ), íàïðàâëåííûõ 
íà êîìïëåêñíîå ïðåäîòâðàùåíèå è (èëè) 
ìèíèìèçàöèþ íåãàòèâíîãî âîçäåéñòâèÿ íà 
îêðóæàþùóþ ñðåäó. Ïîýòîìó ðàçðàáîòêà 
Ñòðàòåãèè ðàöèîíàëüíîãî è êîìïëåêñíîãî 
èñïîëüçîâàíèÿ ìèíåðàëüíîãî ñûðüÿ ñ ó÷¸òîì 
ýêîëîãè÷åñêîé ñîñòàâëÿþùåé ÿâëÿåòñÿ àêòó­
àëüíîé íàó÷íîé çàäà÷åé.

Öåëü èññëåäîâàíèÿ – ðàçðàáîòêà Ñòðà­
òåãèè ðàöèîíàëüíîãî è êîìïëåêñíîãî èñ­
ïîëüçîâàíèÿ ìèíåðàëüíîãî ñûðüÿ íà îñíîâå 
íàèëó÷øèõ äîñòóïíûõ òåõíîëîãèé è îöåíêè 
æèçíåííîãî öèêëà îòõîäîâ ãîðíîãî ïðîèç­
âîäñòâà äëÿ ðàñøèðåíèÿ ôóíêöèîíàëüíûõ 
âîçìîæíîñòåé ãîðíî­ýêîëîãè÷åñêîé êîíöåï­
öèè áåçîòõîäíîãî ïðîèçâîäñòâà.

Çàäà÷è èññëåäîâàíèÿ: 
1) ïðîâåñòè ìíîãîñòóïåí÷àòûé ñðàâíè­

òåëüíûé àíàëèç ñèñòåì óïðàâëåíèÿ îòõîäàìè 
â ÅÑ è â ÐÔ; 

2) ïðîàíàëèçèðîâàòü ñóùíîñòü êîíöåï­
öèé áåçîòõîäíîãî ïðîèçâîäñòâà â ãîðíîé 
ïðîìûøëåííîñòè â ÐÔ è ÅÑ; 

3) ðàçðàáîòàòü Ñòðàòåãèþ ðàöèîíàëüíî­
ãî è êîìïëåêñíîãî èñïîëüçîâàíèÿ ìèíåðàëü­
íîãî ñûðüÿ íà îñíîâå íàèëó÷øèõ äîñòóïíûõ 
òåõíîëîãèé è îöåíêè æèçíåííîãî öèêëà îòõî­
äîâ ãîðíîãî ïðîèçâîäñòâà.

Îáúåêò èññëåäîâàíèÿ – Íàèëó÷øèå äî­
ñòóïíûå òåõíîëîãèè (ÍÄÒ) (Best Available 
Technologies) ãîðíûõ ïðåäïðèÿòèé.

Ïðåäìåò èññëåäîâàíèÿ – âçàèìîñâÿçü 
îñíîâíûõ ïðèíöèïîâ âûáîðà ÍÄÒ èç àëüòåð­
íàòèâíûõ âàðèàíòîâ òåõíîëîãèé ñ îöåíêîé 
æèçíåííîãî öèêëà îòõîäîâ ãîðíîãî ïðîèç­
âîäñòâà.

Ìåòîäû è ìåòîäîëîãèÿ èññëåäîâàíèé – 
òåîðåòè÷åñêèé àíàëèç, îáîáùåíèå íàó÷íîé 
ëèòåðàòóðû è íîðìàòèâíî­ïðàâîâîé äî­
êóìåíòàöèè ïî áåçîòõîäíûì òåõíîëîãèÿì 
çà ðóáåæîì è â Ðîññèè; ñèñòåìíûé àíàëèç 
òðåáîâàíèé ê áåçîòõîäíîìó ïðîèçâîäñòâó; 
ñèñòåìíûé àíàëèç êîíöåïöèé áåçîòõîäíîãî 
ïðîèçâîäñòâà; ðàçðàáîòêà áëîê­ñõåì àëãî­
ðèòìîâ ðåøåíèÿ ïðîèçâîäñòâåííûõ çàäà÷ 
ïðè âíåäðåíèè ÍÄÒ è Ñòðàòåãèè ðàöèîíàëü­
íîãî è êîìïëåêñíîãî èñïîëüçîâàíèÿ ìèíå­
ðàëüíîãî ñûðüÿ.

Ðàçðàáîòàííîñòü òåìû. Àíàëèç ïðèìå­
íÿåìûõ ñèñòåì óïðàâëåíèÿ îòõîäàìè â ïåðå­
äîâûõ ñòðàíàõ, òàêèõ êàê Âåëèêîáðèòàíèÿ è 
ÅÑ (Ôèíëÿíäèÿ, Ãåðìàíèÿ, Øâåöèÿ, Àâñòðèÿ, 
Áåëüãèÿ, Õîðâàòèÿ, Ýñòîíèÿ è äð.), ïîêàçàë, 
÷òî ýòè ñèñòåìû èìåþò èåðàðõèè ìåòîäîâ è 
ó÷èòûâàþò â êîìïëåêñå ðÿä àñïåêòîâ (óïðàâ­
ëåí÷åñêèå, òåõíè÷åñêèå, ýêîíîìè÷åñêèå, 
íîðìàòèâíî­ïðàâîâûå, ñîöèàëüíûå).

Êîíöåïöèÿ óïðàâëåíèÿ îòõîäàìè â ñòðà­
íàõ ÅÑ îñíîâàíà íà öåëåâûõ ïîêàçàòåëÿõ 
ðàçâèòèÿ, õàðàêòåðèçóþùèõ êà÷åñòâåííîå 
èçìåíåíèå äèíàìèêè ïðîöåññà – ïîêàçàòåëü 
ñòåïåíè èñïîëüçîâàíèÿ âòîðè÷íîãî ñûðüÿ 
(«...âîññòàíîâëåíèå è âòîðè÷íàÿ ïåðåðàáîòêà 
îòõîäîâ â ðàçóìíûõ ìàñøòàáàõ, ò. å. äî òîãî 
óðîâíÿ, ïîêà ýòî ïðîèçâîäèò ïîëîæèòåëüíûé 
ýêîëîãè÷åñêèé ýôôåêò, ÿâëÿåòñÿ ýêîíîìè÷å­
ñêè âûãîäíûì è òåõíè÷åñêè âîçìîæíûì...»3. 
Ýòîò èíòåãðàëüíûé ïîêàçàòåëü âêëþ÷àåò êî­
ëè÷åñòâåííîå ñîêðàùåíèå îáú¸ìà îòõîäîâ; 
êà÷åñòâåííîå ïîâûøåíèå îòõîäîâ (ñíèæåíèå 
òîêñè÷íîñòè); êîëè÷åñòâåííîå çàõîðîíåíèå 
ÿäîâèòûõ ôðàêöèé ñ âûñîêèì êëàññîì îïàñ­
íîñòè, â ñëó÷àå íåâîçìîæíîñòè èõ ïåðåðà­
áîòêè). 

Åâðîïåéñêàÿ êîìèññèÿ ðåãóëÿðíî âûïó­
ñêàåò äèðåêòèâû, íàïðèìåð: «Ê òåìàòè÷åñêîé 
ñòðàòåãèè ïî ïðåäîòâðàùåíèþ è ïåðåðàáîòêå 
îòõîäîâ» îò 27 ìàÿ 2003 ã.; «Îáçîð ñòðàòåãèè 
óïðàâëåíèÿ îòõîäàìè â Åâðîïåéñêîì ñîîáùå­
ñòâå» îò 30 èþëÿ 1997 ã.; «Îòõîäû 21» è äð.4.

Óðîâåíü ïåðåðàáîòêè âòîðè÷íîãî ñûðüÿ 
â ÅÑ: ìàêñèìàëüíûé (30…50 % è áîëåå)  – 
Øâåöèÿ, Äàíèÿ, Øâåéöàðèÿ, Ãåðìàíèÿ, Áåëü­
ãèÿ, Íîðâåãèÿ, Àâñòðèÿ è Ãîëëàíäèÿ; ìèíè­
ìàëüíûé (äî 15 %) ‒ Èñëàíäèÿ, Ïîðòóãàëèÿ è 
Ãðåöèÿ; 15…30 % ‒ îñòàëüíûå ñòðàíû5.

Â Ðîññèè ïîêà íå ýôôåêòèâíî ðåøàåò­
ñÿ ïðîáëåìà ïåðåðàáîòêè íàêîïëåííûõ ïðî­
ìûøëåííûõ îòõîäîâ ãîðíîé îòðàñëè (â ñðåä­
íåì 0...10 %). Ïðîâåä¸í ìíîãîñòóïåí÷àòûé 
ñðàâíèòåëüíûé àíàëèç ñèñòåì óïðàâëåíèÿ 
îòõîäàìè â ÅÑ è â ÐÔ, ðåçóëüòàòû êîòîðîãî 
ïðåäñòàâëåíû íà ðèñ. 1.

Ðåçóëüòàòû è èõ îáñóæäåíèå. Ýêîëîãè÷å­
ñêàÿ ñîñòàâëÿþùàÿ ïðè îáðàùåíèè ñ îòõîäà­
ìè ãîðíîãî ïðîèçâîäñòâà ðàññìàòðèâàåòñÿ, 

3Ýêîëîãè÷åñêàÿ ïðîãðàììà ÎÎÍ: [ñàéò]. – URL:  www.unep.or.jp. (äàòà îáðàùåíèÿ: 07.05.2021). – Òåêñò: ýëåêòðîííûé.
4Åâðîïåéñêîå ïðèðîäîîõðàííîå àãåíòñòâî: [ñàéò]. – URL: http://themes.eea.eu.int (äàòà îáðàùåíèÿ: 07.05.2021). – 
Òåêñò: ýëåêòðîííûé; ×àðòåðíûé Èíñòèòóò Óïðàâëåíèÿ Îòõîäàìè: [ñàéò]. – URL:  www.ciwm.co.uk (äàòà îáðàùåíèÿ: 
07.05.2021). – Òåêñò: ýëåêòðîííûé.
5OECD Environmental Data. Compendium 2002. Waste. – Environmental Performance and Information Division, OECD 
Environment Directorate, Working Group on Environmental Information and Outlooks // OECD, 2002.
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Ðèñ. 1. Ìíîãîñòóïåí÷àòûé ñðàâíèòåëüíûé àíàëèç óïðàâëåíèÿ îòõîäàìè â ÅÑ è â ÐÔ / 
Fig. 1. Multi­stage comparative analysis of waste management in the EU and in the Russian Federation

Â ñîîòâåòñòâèè ñ íîðìàòèâíûìè äîêó­
ìåíòàìè ISO, îöåíêà æèçíåííîãî öèêëà îòõî­
äîâ ãîðíîãî ïðîèçâîäñòâà (ÎÆÖÎÃÏ) âêëþ­
÷àåò ñëåäóþùèå ýòàïû: 1) îïðåäåëåíèå öåëè 
è îáëàñòè ïðèìåíåíèÿ; 2) èíâåíòàðèçàöèîí­
íûé àíàëèç; 3) îöåíêà âîçäåéñòâèÿ è èíòåð­
ïðåòàöèÿ. Îöåíêà æèçíåííîãî öèêëà îòõîäîâ, 
îáðàçóþùèõñÿ íà ðàçíûõ ñòàäèÿõ ïðîèçâîä­
ñòâà, îïðåäåëÿåòñÿ êàê âûõîäÿùèé ïîòîê òåõ­
íîëîãè÷åñêîé ñèñòåìû. 

Îöåíêà ñòåïåíè âîçäåéñòâèÿ íà âñåõ 
ñòàäèÿõ æèçíåííîãî öèêëà ìèíåðàëüíîãî ñû­
ðüÿ ïîçâîëÿåò âûðàáîòàòü îñíîâíûå ïîäõîäû 

6 Íåì÷èíîâà Í. Â., Øóìèëîâà Ë. Â., Ñàëõîôåð Ñ. Ï., Ðàçìàõíèí Ê. Ê., ×åðíîâà Î. À. Êîìïëåêñíîå óñòîé÷èâîå óïðàâëåíèå 
îòõîäàìè. Ìåòàëëóðãè÷åñêàÿ ïðîìûøëåííîñòü. ‒ Ì.: ÈÄ Àêàä. åñòåñòâîçíàíèÿ, 2016. ‒ 494 ñ.

ïðè îðãàíèçàöèè îáðàùåíèÿ ñ îòõîäàìè ãîð­
íîãî ïðîèçâîäñòâà, à òàêæå îïðåäåëèòü âîç­
ìîæíîñòè ñíèæåíèÿ ýêîëîãè÷åñêèõ ðèñêîâ.

Ïîñëå ëèêâèäàöèè ïðåäïðèÿòèÿ, êàê 
ïðàâèëî, îãðàíè÷èâàþòñÿ ïðîâåäåíèåì ðå­
êóëüòèâàöèîííûõ ðàáîò, êîòîðûå â äåéñòâè­
òåëüíîñòè îñóùåñòâëÿþòñÿ íå âñåìè íåäðî­
ïîëüçîâàòåëÿìè. Îòõîäû, íå ïîäâåðãøèåñÿ 
ðåêóëüòèâàöèè, ïðåäñòàâëÿþò ñîáîé îäíó èç 
íàèáîëåå ñóùåñòâåííûõ ýêîëîãè÷åñêèõ ïðî­
áëåì äëÿ ðàéîíà èõ ðàñïîëîæåíèÿ.

Äèâèäåíäû, êîòîðûå ìîæåò ïîëó÷èòü 
ãîðíîå ïðåäïðèÿòèå ïðè âíåäðåíèè ñèñòåìû 

â òîì ÷èñëå, è â àñïåêòå æèçíåííîãî öèêëà, 
îñíîâàííîãî íà èíôîðìàöèè îá èõ âåùå­
ñòâåííîì ñîñòàâå è ôèçè÷åñêîì æèçíåííîì 
öèêëå îò ìèíåðàëüíîãî ñûðüÿ äî ìîìåíòà åãî 
ïåðåðàáîòêè è óòèëèçàöèè.

Îöåíêà æèçíåííîãî öèêëà ãîðíîïðî­
ìûøëåííûõ îòõîäîâ ðåãëàìåíòèðóåòñÿ ìåæ­

äóíàðîäíûìè ñòàíäàðòàìè ISO 14040, ISO 
14044, ðóêîâîäñòâàìè, à òàêæå ñîîòâåòñòâó­
þùèìè ìåòîäèêàìè, ôîðìóëèðóþùèìè å¸ 
êàê «…ìåòîä îïðåäåëåíèÿ ýêîëîãè÷åñêîãî 
âîçäåéñòâèÿ ïðîäóêòà, ïðîöåññà èëè óñëóãè â 
òå÷åíèå æèçíåííîãî öèêëà»6.
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ýêîëîãè÷åñêîãî ìîíèòîðèíãà (ýêîíîìè÷å­
ñêèå, ýêîëîãè÷åñêèå, ñîöèàëüíûå), ïðåäñòàâ­
ëåíû íà ðèñ. 2.

Ðàçðàáîòêó ýêîëîãè÷åñêè áåçîïàñíûõ òåõ­
íîëîãè÷åñêèõ ðåøåíèé ÍÄÒ â îáëàñòè îáîãà­
ùåíèÿ ïîëåçíûõ èñêîïàåìûõ íåîáõîäèìî îñó­
ùåñòâëÿòü ñ ó÷¸òîì ôèçèêî­ãåîãðàôè÷åñêèõ, 
ãåîëîãè÷åñêèõ, èíæåíåðíî­ãåîëîãè÷åñêèõ, ãè­
äðîãåîëîãè÷åñêèõ è ãîðíîòåõíè÷åñêèõ ôàê­
òîðîâ, êîòîðûå îêàçûâàþò ñóùåñòâåííîå 
âëèÿíèå íà òåõíèêî­ýêîíîìèêî­ñîöèàëü­

íûå ïîêàçàòåëè ôóíêöèîíèðîâàíèÿ ãîðíîãî 
ïðåäïðèÿòèÿ.

Ðåçóëüòàòû èññëåäîâàíèÿ íàèáîëåå èç­
âåñòíûõ êîíöåïöèé áåçîòõîäíîãî ãîðíîãî 
ïðîèçâîäñòâà â ñòðàíàõ ÅÑ (ýêîëîãè÷åñêàÿ 
êîíöåïöèÿ Zero Waste ‒ ZW) è Ðîññèè (èíòåí­
ñèôèêàöèè, ãîðíî­ýêîëîãè÷åñêàÿ) ïðåäñòàâ­
ëåíû â òàáëèöå «Ðåçóëüòàòû àíàëèçà êîí­
öåïöèé áåçîòõîäíîãî ïðîèçâîäñòâà â ãîðíîé 
ïðîìûøëåííîñòè». 

Ðèñ. 2. Ðåçóëüòàòû âíåäðåíèÿ ñèñòåìû ýêîëîãè÷åñêîãî ìîíèòîðèíãà íà ãîðíîì ïðåäïðèÿòèè / 
Fig. 2. Results of the environmental monitoring system implementation at the mining enterprise

Â ñîîòâåòñòâèè ñ Ðàñïîðÿæåíèåì Ïðà­
âèòåëüñòâà ÐÔ îò 19 ìàðòà 2014 ã. ¹ 398­ð 
(ðåä. îò 29 àâãóñòà 2015 ã.) «Îá óòâåðæäåíèè 
êîìïëåêñà ìåð, íàïðàâëåííûõ íà îòêàç îò 
èñïîëüçîâàíèÿ óñòàðåâøèõ è íåýôôåêòèâ­
íûõ òåõíîëîãèé», îñóùåñòâëåíà ðàçðàáîòêà 
Ñòðàòåãèè ðàöèîíàëüíîãî è êîìïëåêñíîãî 
èñïîëüçîâàíèÿ ìèíåðàëüíîãî ñûðüÿ íà îñíî­
âå íàèëó÷øèõ äîñòóïíûõ òåõíîëîãèé è îöåíêè 
æèçíåííîãî öèêëà îòõîäîâ ãîðíîãî ïðîèç­
âîäñòâà, ñîîòâåòñòâóþùàÿ ãîðíî­ýêîëîãè÷å­
ñêîé êîíöåïöèè áåçîòõîäíîãî ïðîèçâîäñòâà 
(ðèñ. 3).

Ïðè âûáîðå ýêîíîìè÷åñêè îïòèìàëüíûõ 
ÍÄÒ, îòíîñÿùèõñÿ ê ÎÂÎÑ, èç àëüòåðíàòèâíûõ 
âàðèàíòîâ òåõíîëîãèé ïðåäïðèÿòèÿì ñëåäóåò 
âûïîëíèòü ðÿä ðàñ÷¸òîâ ïî ðåêîìåíäóåìûì 
ìåòîäèêàì, óêàçàííûì â ýêîíîìèêî­àíàëè­
òè÷åñêîì áëîêå (ðèñ. 5), è ðóêîâîäñòâîâàòüñÿ 
äåâÿòüþ ïðèíöèïàìè ÍÄÒ (ðèñ. 4).

Ïî çàâåðøåíèè âûáîðà ÍÄÒ, ïðåäïðè­
ÿòèå îôîðìëÿåò çàÿâêó íà ïîëó÷åíèå êîì­
ïëåêñíîãî ýêîëîãè÷åñêîãî ðàçðåøåíèÿ 
(ÊÝÐ), êîòîðîå â ñîîòâåòñòâèè ñ íîðìàòèâ­
íî­ïðàâîâûìè àêòàìè, ïðèíÿòûìè â ïîñëåä­
íèå äâà ãîäà, òàêæå ÿâëÿåòñÿ îáÿçàòåëüíûì.
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Âûâîäû
1. Îöåíêó æèçíåííîãî öèêëà ãîðíîïðî­

ìûøëåííûõ îòõîäîâ ñëåäóåò èíòåãðèðîâàòü â 
åäèíóþ ñèñòåìó óïðàâëåíèÿ, îïðåäåëÿþùóþ 
íåîáõîäèìîñòü èõ êîìïëåêñíîãî èñïîëüçîâà­
íèÿ è ïåðåðàáîòêè, ýôôåêòèâíîñòü êîòîðûõ, 
â ñâîþ î÷åðåäü, çàâèñèò îò óðîâíÿ ðàçâèòèÿ 
òåõíèêè è òåõíîëîãèè â îáëàñòè îáîãàùåíèÿ 
ïîëåçíûõ èñêîïàåìûõ è îáðàùåíèÿ ñ îòõî­
äàìè è âòîðè÷íûì ñûðü¸ì ñ ó÷¸òîì äåâÿòè 
ïðèíöèïîâ ÍÄÒ. 

Ðèñ. 5. Ýêîíîìèêî­àíàëèòè÷åñêèé áëîê ïî îïðåäåëåíèþ çàòðàò, îòíîñÿùèõñÿ ê ÎÂÎÑ ïðè âûáîðå ÍÄÒ 
èç àëüòåðíàòèâíûõ âàðèàíòîâ òåõíîëîãè / Fig. 5. Economic and analytical block for determining the costs 

related to the EIA when selecting BAT from alternative technological options

2. Ðàçðàáîòàíà Ñòðàòåãèÿ ðàöèîíàëü­
íîãî è êîìïëåêñíîãî èñïîëüçîâàíèÿ ìèíå­
ðàëüíîãî ñûðüÿ íà îñíîâå íàèëó÷øèõ äî­
ñòóïíûõ òåõíîëîãèé è îöåíêè æèçíåííîãî 
öèêëà îòõîäîâ ãîðíîãî ïðîèçâîäñòâà (äîáû­
÷à, ïåðåðàáîòêà, óòèëèçàöèÿ), ïîçâîëÿþùàÿ 
îáåñïå÷èòü áåçîòõîäíîå èëè ìàëîîòõîäíîå 
ïðîèçâîäñòâî è ðàñøèðåíèå ôóíêöèîíàëü­
íûõ âîçìîæíîñòåé ãîðíî­ýêîëîãè÷åñêîé êîí­
öåïöèè áåçîòõîäíîãî ïðîèçâîäñòâà. 
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