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Àíàëèç äàííûõ ìíîãîëåòíåãî ìîíèòîðèíãà ïðè âîññòàíîâëåíèè íàðóøå-
íûõ çåìåëü òåõíîãåííûõ ëàíäøàôòîâ â ñîîòâåòñòâèè ñ êîíöåïöèåé åñòåñò-
âåííîãî ïî÷âîîáðàçîâàíèÿ, ñîçäàíèåì ñåÿíîãî ôèòîöåíîçà áåç íàíåñåíèÿ 
ïëîäîðîäíîãî ñëîÿ, ñâèäåòåëüñòâóåò î ñðåäîîáðàçóþùåé ðîëè ðàñòèòåëü-
íîãî ïîêðîâà è ãîðíîé ïîðîäû â ôîðìèðîâàíèè áèîãåííî-ãóìóñî-
àêêóìóëÿòèâíîãî ãîðèçîíòà — ïîêàçàòåëÿ áèîëîãè÷åñêîé îðãàíèçàöèè 
ãîðíîé ïîðîäû. Îñíîâíûì áàçîâûì ïîëîæåíèåì âîçâðàùåíèÿ íàðóøåí-
íûõ çåìåëü òåõíîãåííûõ ëàíäøàôòîâ áèîñôåðíîìó ôîíäó ÿâëÿåòñÿ âîñ-
ñòàíîâëåíèå íàðóøåííûõ çåìåëü â ñîîòâåòñòâèè ñ êîíöåïöèåé åñòåñòâåí-
íîãî ïî÷âîîáðàçîâàíèÿ ñîçäàíèåì ñåÿíîãî ôèòîöåíîçà áåç íàíåñåíèÿ 
ïëîäîðîäíîãî ñëîÿ äëÿ îáðàçîâàíèÿ áèîëîãè÷åñêè àêòèâíîé ñðåäû, îáåñ-
ïå÷èâàþùåé çíà÷èòåëüíî áîëåå áûñòðîå, ÷åì ïðè ñàìîâîññòàíîâëåíèè, 
ôîðìèðîâàíèå áèîãåííî-ãóìóñî-àêêóìóëÿòèâíîãî ãîðèçîíòà, âûïîëíÿþ-
ùåãî ãëàâíûå ýêîñèñòåìíûå ôóíêöèè: ñèíòåç è ðàçëîæåíèå îðãàíè÷åñêîãî 
âåùåñòâà, äåïîíèðîâàíèå ýëåìåíòîâ-áèîãåíîâ. 
Êëþ÷åâûå ñëîâà: òåõíîãåííûå ëàíäøàôòû, âîññòàíîâëåíèå, áèîòà, ãîðíàÿ ïî-
ðîäà, ñåÿíûé ôèòîöåíîç, ôîðìèðîâàíèå, áèîãåííî-ãóìóñî-àêêóìóëÿòèâíûé 
ãîðèçîíò, ýëåìåíòû-áèîãåíû, ïîäñåëåíèå, ìåñòíûå âèäû. 
 

 
 

ðåäè ïðîáëåì, ïîÿâèâøèõñÿ â ðåçóëüòàòå èíòåíñèâíîãî 
ðàçâèòèÿ ïðîìûøëåííîãî ïðîèçâîäñòâà, ñâîèì ìíîãîàñ-

ïåêòíûì õàðàêòåðîì âûäåëÿåòñÿ ïðîáëåìà âçàèìîäåéñòâèÿ ÷åëî-
âåêà è ïðèðîäíîé ñðåäû. 

Òåõíîãåííûå ëàíäøàôòû ãîðíîäîáûâàþùåé îòðàñëè ïðåä-
ñòàâëåíû êàðüåðíûìè âûåìêàìè è ïîðîäíûìè îòâàëàìè, ê êîòî-
ðûì îòíîñÿòñÿ îòâàëû âñêðûøíûõ è ïðîõîä÷åñêèõ ïîðîä, à òàêæå 
îòâàëû îòõîäîâ ðóäîîáîãàùåíèÿ. Çàíèìàÿ îãðîìíûå ïëîùàäè è 
âîçâûøàÿñü íàä ïîäñòèëàþùåé ïîâåðõíîñòüþ, îòâàëû ñóùåñòâåí-
íî èçìåíÿþò ïðèðîäíûé ëàíäøàôò, ïåðåâîäÿò çåìëè â êàòåãîðèþ 
íàðóøåííûõ. Îäíîâðåìåííî ïðîèñõîäèò ñîêðàùåíèå âèäîâîãî 
áèîðàçíîîáðàçèÿ òåððèòîðèè íà âñåõ óðîâíÿõ – îò ãåíåòè÷åñêîãî 
ðàçíîîáðàçèÿ âíóòðè îòäåëüíûõ ïîïóëÿöèé äî ðàçíîîáðàçèÿ âè-
äîâ è ýêîñèñòåì, ïðè÷åì òåìïû ýòîãî ðàçðóøèòåëüíîãî ïðîöåññà 
âîçðàñòàþò [1]. 

Ñ
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Â Ãîðíîì èíñòèòóòå ÊÍÖ ÐÀÍ ðàçðàáîòàíà òåõíîëîãèÿ âîñ-
ñòàíîâëåíèÿ íàðóøåííûõ çåìåëü òåõíîãåííûõ ëàíäøàôòîâ â ñîîò-
âåòñòâèè ñ êîíöåïöèåé åñòåñòâåííîãî ïî÷âîîáðàçîâàíèÿ, ôîðìè-
ðîâàíèåì áèîëîãè÷åñêè àêòèâíîé ñðåäû â ðåçóëüòàòå ñîçäàíèÿ 
ñåÿíîãî ôèòîöåíîçà áåç íàíåñåíèÿ ïëîäîðîäíîãî ñëîÿ [2,3]. 

Òåñòîâûì îáúåêòîì, ãäå áîëåå 30 ëåò âåäóòñÿ ñèñòåìàòè÷åñêèå 
íàáëþäåíèÿ çà ôîðìèðîâàíèåì ïîñòòåõíîãåííûõ ýêîñèñòåì â ñîîò-
âåòñòâèè ñ êîíöåïöèåé åñòåñòâåííîãî ïî÷âîîáðàçîâàíèÿ, ñîãëàñíî 
êîòîðîé ïî÷âà ÿâëÿåòñÿ ïðîäóêòîì âçàèìîäåéñòâèÿ ìàòåðèíñêîé 
(ãîðíîé) ïîðîäû, áèîòû, êëèìàòà, ðåëüåôà è âðåìåíè, ÿâëÿþòñÿ îò-
âàëû îòõîäîâ îáîãàùåíèÿ àïàòèòñîäåðæàùèõ ðóä. Ñêëàäèðîâàííûå 
îòõîäû, âûñòóïàþùèå â ðîëè ìàòåðèíñêîé (ãîðíîé) ïîðîäû, ïðåä-
ñòàâëÿþò ñîáîé ìåëêîäèñïåðñíûé ìàòåðèàë, ñàìîçàðàñòàíèå êîòîðî-
ãî íå ïðîèñõîäèò èç-çà ïîëíîãî îòñóòñòâèÿ îðãàíè÷åñêîãî âåùåñòâà, 
à òàêæå áåññòðóêòóðíîñòè è ìàëîé âîäîóäåðæèâàþùåé ñïîñîáíîñòè — 
îñíîâíûõ ïðè÷èí ïðîÿâëåíèÿ âåòðîâîé è âîäíîé ýðîçèè. 

Äàííûå ìíîãîëåòíåãî ìîíèòîðèíãà, ïðåäóñìàòðèâàþùåãî 
êîìïëåêñíîå è îäíîâðåìåííîå èçó÷åíèå ãåíåòè÷åñêèõ ïàðàìåòðîâ 
è ôóíêöèîíàëüíûõ ïîêàçàòåëåé âîññòàíàâëèâàåìûõ çåìåëü [4], 
ñâèäåòåëüñòâóåò îá îïðåäåëÿþùåé ðîëè ðàñòèòåëüíîãî ïîêðîâà 
ïðè áèîëîãè÷åñêîé îðãàíèçàöèè ãîðíîé ïîðîäû. 

Ðàñòåíèÿ ïðîèçâîäÿò òó ïåðâè÷íóþ ïðîäóêöèþ, êîòîðàÿ ñëó-
æèò íà÷àëîì òðîôè÷åñêèõ öåïåé, è îáóñëàâëèâàþò ìèãðàöèþ õè-
ìè÷åñêèõ ýëåìåíòîâ â áèîãåîõèìè÷åñêîì êðóãîâîðîòå, ÿâëÿþùåìñÿ 
ãëàâíûì ìåõàíèçìîì ñàìîîðãàíèçàöèè ïðèðîäíûõ ëàíäøàôòîâ. 

Ïîñêîëüêó ñåÿíûé ôèòîöåíîç ÿâëÿåòñÿ ñèñòåìîîáðàçóþùåé 
ñòðóêòóðîé, ñîçäàþùåé â ïðîöåññå ôîòîñèíòåçà ñëîæíûå îðãàíî-
ìèíåðàëüíûå êîìïëåêñû, åãî áèîïðîäóêòèâíîñòü èìååò ïðèíöè-
ïèàëüíîå çíà÷åíèå. Âêëþ÷åíèå â ñîñòàâ òðàâîñìåñåé îäíîëåòíåé 
ïîêðîâíîé êóëüòóðû îáåñïå÷èâàåò óæå â ïåðâûé ãîä ïîñòóïëåíèå 
áîëüøîãî êîëè÷åñòâà ðàñòèòåëüíûõ îñòàòêîâ. Íà ïðîòÿæåíèè ïåð-
âûõ 15 ëåò ñðåäíÿÿ ìíîãîëåòíÿÿ ïðîäóêòèâíîñòü ñîñòàâëÿëà ~12 
ò/ãà (ðèñ.1), ÷òî âïîëíå ñîïîñòàâèìî ñ óðîâíåì ïðîäóêòèâíîñòè 
êîðìîâûõ óãîäèé ðåãèîíà — 12,6 ò/ãà [5]. 

Ïðè èçó÷åíèè âîçðàñòíûõ èçìåíåíèé ñåÿíîãî ôèòîöåíîçà 
âàæíûì ïîêàçàòåëåì ÿâëÿåòñÿ êîýôôèöèåíò îòíîøåíèÿ îáùåé 
áèîìàññû (íàäçåìíàÿ Í + êîðíåâàÿ Ê) ê êîðíåâîé (Ê), êîòîðûé 
ñëóæèò äèàãíîñòè÷åñêèì ïðèçíàêîì. Àíàëèç äàííûõ ìîíèòîðèíãà 
ïîêàçûâàåò, ÷òî ïî ìåðå óâåëè÷åíèÿ âîçðàñòà ñåÿíîãî ôèòîöåíîçà 
íàáëþäàåòñÿ óâåëè÷åíèå âêëàäà ïîäçåìíîé áèîìàññû â îáùóþ 
(ðèñ. 1). 
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Ðèñ. 1. Ðåçóëüòàòû ìíî-
ãîëåòíåãî ìîíèòîðèíãà 
áèîëîãè÷åñêîé îðãàíè-
çàöèè ìàòåðèíñêîé (ãîð-
íîé) ïîðîäû â ðåçóëü-
òàòå ñîçäàíèÿ áèîëîãè-
÷åñêè àêòèâíîé ñðåäû 

 
Â ñåÿíîì ôèòîöå-

íîçå â ïåðâîå äåñÿòè-
ëåòèå âåëè÷èíà êîýô-
ôèöèåíòà k ñîñòàâëÿëà 
~2, ò.å. âêëàä íàäçåì-
íîé áèîìàññû â îáùóþ 
çíà÷èòåëüíî áîëüøå, ÷åì êîðíåâîé. Ñ òå÷åíèåì âðåìåíè íàáëþ-
äàåòñÿ óìåíüøåíèå êîýôôèöèåíòà k, ÷òî ñâèäåòåëüñòâóåò î âîç-
ðàñòàíèè äîëè êîðíåâîé áèîìàññû, çíà÷èòåëüíàÿ ÷àñòü êîòîðîé 
ïîñëå îòìèðàíèÿ êîðíåé ïîïàäàåò íåïîñðåäñòâåííî â ïî÷âó. 

Êàê ïîêàçàëè ðåçóëüòàòû ìíîãîëåòíåãî ìîíèòîðèíãà, âûñîêàÿ 
ïðîäóêòèâíîñòü ñåÿíîãî ôèòîöåíîçà è âûñîêàÿ áèîõèìè÷åñêàÿ àê-
òèâíîñòü êîðíåîáèòàåìûõ ãîðèçîíòîâ îáåñïå÷èâàþò áûñòðîå íà-
êîïëåíèå îðãàíè÷åñêîãî âåùåñòâà, óæå â ïåðâûå ãîäû ôîðìèðó-
åòñÿ áèîãåííî-àêêóìóëÿòèâíûé ñëîé [6]. 

Ðàñòèòåëüíûå îñòàòêè, áëàãîäàðÿ äåÿòåëüíîñòè ìèêðîôëîðû, 
ÿâëÿþùåéñÿ èíñòðóìåíòîì ïî÷âîîáðàçîâàíèÿ, ïîäâåðãàþòñÿ ðàç-
ëè÷íûì áèîõèìè÷åñêèì ïðåâðàùåíèÿì. Â ðåçóëüòàòå ÷àñòü îðãà-
íè÷åñêîãî âåùåñòâà îêèñëÿåòñÿ äî êîíå÷íûõ ïðîäóêòîâ, ïðåèìó-
ùåñòâåííî ÑÎ2, Í2Î è ïðîñòûõ ñîëåé (ìèíåðàëèçàöèÿ), à äðóãàÿ, 
ïðîéäÿ ñëîæíûå ïðåâðàùåíèÿ â óñëîâèÿõ áèîêàòàëèçà ïîä äåéñò-
âèåì ôåðìåíòîâ, âûäåëÿåìûõ ìèêðîîðãàíèçìàìè, âêëþ÷àåòñÿ â 
ñîñòàâ ñïåöèôè÷åñêèõ ãóìóñîâûõ âåùåñòâ ïî÷âû (ãóìèôèêàöèÿ), 
ïðèâîäÿ ê ôîðìèðîâàíèþ áèîãåííî-ãóìóñî-àêêóìóëÿòèâíîãî ãî-
ðèçîíòà. ×åì áîëüøå â ñèñòåìå ïðåäñòàâëåí áèîêîìïîíåíò, òåì 
ýíåðãè÷íåå ïðîèñõîäÿò ïðîöåññû ðàçëîæåíèÿ ðàñòèòåëüíûõ îñ-
òàòêîâ, ìíîãîîáðàçíåå ñâÿçè, îïðåäåëÿþùèå èíòåíñèâíîñòü ïðî-
öåññîâ áèîëîãè÷åñêîé îðãàíèçàöèè ìàòåðèíñêîé (ãîðíîé) ïîðîäû. 

Îáðàçîâàíèå áèîëîãè÷åñêè àêòèâíîé ñðåäû ñîçäàíèåì ñåÿíî-
ãî ôèòîöåíîçà îáåñïå÷èâàåò áîëåå áûñòðîå, ÷åì ïðè ñàìîçàðàñ-
òàíèè íàêîïëåíèå çàïàñîâ ãóìóñà ïðè åæåãîäíîì ïîñòóïëåíèè 
çíà÷èòåëüíîãî êîëè÷åñòâà ðàñòèòåëüíûõ îñòàòêîâ. Åñëè ïðè ñàìî-
çàðàñòàíèè íà ýòî òðåáóþòñÿ äåñÿòêè ëåò, òî óæå ÷åðåç 6 ëåò ïî-
ñëå ñîçäàíèÿ ñåÿíîãî ôèòîöåíîçà íà îòâàëàõ îòõîäîâ ðóäîîáîãà-
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ùåíèÿ ñîäåðæàíèå ãóìóñà â êîðíåîáèòàåìîì ñëîå ñîñòàâèëî ~ 23 
ò/ãà, à ê ñåðåäèíå âòîðîãî äåñÿòèëåòèÿ çàïàñû ãóìóñà ñîñòàâèëè ~ 
86 ò/ãà, ÷òî ñîîòâåòñòâóåò ëóãîâûì ôèòîöåíîçàì îêðóæàþùåãî 
ïðèðîäíîãî ëàíäøàôòà, ïðè ñðåäíåé ñêîðîñòè íàêîïëåíèÿ â ïåð-
âûå 15 ëåò – 0,13 % â ãîä (ñì. ðèñ. 1). 

Äîâîëüíî áûñòðîå ïîÿâëåíèå ìîðôîëîãè÷åñêè äèàãíîñòèðóå-
ìîãî áèîãåííî-ãóìóñî-àêêóìóëÿòèâíîãî ãîðèçîíòà è íàêîïëåíèå îð-
ãàíè÷åñêîãî âåùåñòâà ñâèäåòåëüñòâóåò î áèîëîãè÷åñêîé îðãàíèçà-
öèè ãîðíîé ïîðîäû. Ïîÿâëåíèå ïî÷âåííîãî ïðîôèëÿ – ÿâíîå òîìó 
äîêàçàòåëüñòâî [6]. 

Èçó÷åíèå ôðàêöèîííî-ãðóïïîâîãî ñîñòàâà ãóìóñà â ïî÷âåííûõ 
ðàçðåçàõ ïîêàçûâàåò ïðåîáëàäàíèå ôóëüâîêèñëîò íàä ãóìèíîâûìè 
êèñëîòàìè (ÑÃÊ:ÑÔÊ=0,4), ÷òî õàðàêòåðíî â öåëîì äëÿ ïî÷â Êîëü-
ñêîãî ïîëóîñòðîâà — ñóáàðêòè÷åñêèå êëèìàòè÷åñêèå óñëîâèÿ îáó-
ñëàâëèâàþò ôîðìèðîâàíèå ãóìóñà ôóëüâàòíîãî òèïà. Ñ òå÷åíèåì 
âðåìåíè â ãðóïïîâîì ñîñòàâå ãóìóñà ïðîèñõîäÿò èçìåíåíèÿ — óâå-
ëè÷èâàåòñÿ êîëè÷åñòâî ãóìèíîâûõ, â ñðåäíåì, â 6 ðàç è ôóëüâîêèñ-
ëîò — â 3 ðàçà. Ãóìèíîâûå êèñëîòû àêêóìóëèðóþòñÿ â áèîãåííî-
ãóìóñî-àêêóìóëÿòèâíîì ãîðèçîíòå è íå ïîêèäàþò åãî âñëåäñòâèå èõ 
êðàéíå íèçêîé ðàñòâîðèìîñòè. Áëàãîäàðÿ äîñòàòî÷íîìó êîëè÷åñòâó 
âëàãè è õîðîøåìó äðåíàæó ðàñòâîðèìûå ôóëüâîêèñëîòû ñïîñîáíû 
ìèãðèðîâàòü â íèæåëåæàùèå ñëîè ïðîôèëÿ [7]. 

Áèîãåííî-ãóìóñî-àêêóìóëÿòèâíûé ãîðèçîíò, õàðàêòåðèçóåòñÿ âû-
ñîêîé àêòèâíîñòüþ áèîõèìè÷åñêèõ è ìèêðîáèîëîãè÷åñêèõ ïðîöåñ-
ñîâ, è âûïîëíÿåò ãëàâíûå ýêîñèñòåìíûå ôóíêöèè – ñèíòåç è ðàçëî-
æåíèå îðãàíè÷åñêîãî âåùåñòâà (ãóìèôèêàöèÿ è ìèíåðàëèçàöèÿ), äå-
ïîíèðîâàíèå ýëåìåíòîâ-áèîãåíîâ â ôîðìå, äîñòóïíîé äëÿ ðàñòåíèé. 

Ìàòåðèàëüíóþ îñíîâó ôóíêöèîíèðîâàíèÿ ïðèðîäíûõ ýêîñèñòåì 
ñîñòàâëÿåò áèîãåîõèìè÷åñêèé êðóãîâîðîò ýëåìåíòîâ, ñâÿçûâàþùèé 
áèîòè÷åñêèé, áèîêîñíûé è êîñíûé êîìïîíåíòû ïîòîêàìè âåùåñòâà [8]. 

Ñ ó÷åòîì ýòîãî âîññòàíîâëåíèå íàðóøåííûõ çåìåëü ìîæåò 
áûòü ïðåäñòàâëåíî, êàê ôîðìèðîâàíèå (âîññòàíîâëåíèå) áèîãåî-
õèìè÷åñêîãî êðóãîâîðîòà ýëåìåíòîâ, ÿâëÿþùåãîñÿ îñíîâíûì ìå-
õàíèçìîì ñàìîîðãàíèçàöèè ïðèðîäíûõ ëàíäøàôòîâ. Ïðîãíîçè-
ðóåìîå óâåëè÷åíèå ñîäåðæàíèÿ îðãàíè÷åñêîãî âåùåñòâà â ôîð-
ìèðóþùåìñÿ áèîãåííî-ãóìóñî-àêêóìóëÿòèâíîì ãîðèçîíòå, ïîëó-
÷åííîå ìåòîäîì êîìïüþòåðíîãî ìîäåëèðîâàíèÿ áèîãåîõèìè÷å-
ñêîãî êðóãîâîðîòà ýëåìåíòîâ ïðè âîññòàíîâëåíèè íàðóøåííûõ 
çåìåëü, õîðîøî êîððåñïîíäèðóåòñÿ ñ äàííûìè ìîíèòîðèíãà ïðè 
âîññòàíîâëåíèè íàðóøåííûõ çåìåëü â ñîîòâåòñòâèè ñ êîíöåïöèåé 
åñòåñòâåííîãî ïî÷âîîáðàçîâàíèÿ [9]. 
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Ïåðâîñòåïåííîå çíà÷åíèå äëÿ ðîñòà è ðàçâèòèÿ ðàñòåíèé 
èìåþò ýëåìåíòû — áèîãåíû: N, Ð è Ê. Îñíîâíàÿ ìàññà àçîòà ïî-
ñòóïàåò â áèîãåîöåíîç èç àòìîñôåðû è îïðåäåëÿåòñÿ ìàñøòàáàìè 
ìèêðîáèîëîãè÷åñêîé àçîòôèêñàöèè. Èñòî÷íèêàìè ôîñôîðà è êà-
ëèÿ ÿâëÿåòñÿ ãîðíàÿ (ìàòåðèíñêàÿ) ïîðîäà. 

Ãóìóñ ÿâëÿåòñÿ åäèíñòâåííûì ïðèðîäíûì îáðàçîâàíèåì, ñïî-
ñîáíûì äåïîíèðîâàòü è ïîñòåïåííî îñâîáîæäàòü íàèáîëåå äåôè-
öèòíûé ýëåìåíò ïèòàíèÿ — àçîò — îñíîâíîé êîìïîíåíò ãóìèíîâûõ 
è ôóëüâîêèñëîò, ñîñòàâëÿþùèõ ãóìóñ. Ðåçóëüòàòû ïðîâåäåííûõ èñ-
ñëåäîâàíèé îòðàæàþò äèíàìèêó íàêîïëåíèÿ àçîòà. Òàê, íà âòîðîé 
ãîä ïîñëå ïîñåâà, êîëè÷åñòâî îáùåãî àçîòà ñîñòàâëÿëî 0,02 %, 
ñïóñòÿ 25 ëåò > 0,1 %. Èíòåíñèâíàÿ àêêóìóëÿöèÿ àçîòà ïðîèñõîäèò, 
â îñíîâíîì, áëàãîäàðÿ àçîòôèêñèðóþùåé äåÿòåëüíîñòè ìèêðîîðãà-
íèçìîâ. Âàëîâîé çàïàñ àçîòà â áèîãåííî-ãóìóñî-àêêóìóëÿòèâíîì 
ãîðèçîíòå óæå ñïóñòÿ 12 ëåò ñîñòàâëÿåò 2,8 ò/ãà, ÷òî ñîîòâåòñòâóåò 
ïîêàçàòåëþ â çîíàëüíûõ ïîäçîëèñòûõ ïî÷âàõ. Óâåëè÷åíèå ñîäåð-
æàíèÿ àçîòà íèòðàòíîé (ñ 0,01 ìã/100 ã â ìàòåðèíñêîé ãîðíîé ïî-
ðîäå äî 0,56 ìã/100 ã) è àììîíèéíîé (ñ 0,16 ìã/100 ã äî 0,95 
ìã/100) ã) ôîðì â ïðîöåññå áèîëîãè÷åñêîé îðãàíèçàöèè ãîðíîé 
ïîðîäû êîððåëèðóåò ñ óâåëè÷åíèåì ñîäåðæàíèÿ ãóìóñà [10]. 

Ñðåäè ýëåìåíòîâ-áèîãåíîâ, íåîáõîäèìûõ äëÿ ðàñòåíèé, óñ-
âàèâàåìûå ôîðìû àçîòà ÿâëÿþòñÿ íàèáîëåå âàæíûìè è îáû÷íî 
íàèáîëåå äåôèöèòíûìè, ïîñêîëüêó àçîò íàõîäèòñÿ â ñîñòàâå ñà-
ìûõ ëàáèëüíûõ è íàèáîëåå âàæíûõ äëÿ îñóùåñòâëåíèÿ áèîõèìè-
÷åñêèõ ïðîöåññîâ ñîåäèíåíèé. Àçîò âõîäèò â ñîñòàâ áåëêîâ, ïðåä-
ñòàâëÿþùèõ ãëàâíóþ ñîñòàâíóþ ÷àñòü öèòîïëàçìû è ÿäðà êëåòîê, â 
ñîñòàâ íóêëåèíîâûõ êèñëîò, õëîðîôèëëà, ôåðìåíòîâ, ôîñôàòè-
äîâ, áîëüøèíñòâà âèòàìèíîâ, ïîýòîìó íàëè÷èå àçîòà – îïðåäå-
ëÿþùèé ôàêòîð æèçíåäåÿòåëüíîñòè ðàñòåíèé. Ôîñôîð – ìàëî-
ïîäâèæíûé â çåìíîé êîðå ýëåìåíò – ó÷àñòâóåò â ñîçäàíèè ñïåöè-
ôè÷åñêèõ ñîåäèíåíèé, îáåñïå÷èâàþùèõ çàïàñ è ïåðåíîñ ýíåðãèè 
â êëåòêå. Ïðåâðàùåíèå òðóäíîäîñòóïíûõ ôîðì ôîñôîðà â ëåãêî-
äîñòóïíûå äëÿ óñâàèâàíèÿ ðàñòåíèÿìè ïðîèñõîäèò ïîä äåéñòâèåì 
ñâîáîäíûõ êèñëîò, îáðàçóþùèõñÿ ïðè áèîõèìè÷åñêîé òðàíñôîð-
ìàöèè ïî÷âåííûõ óãëåâîäîâ â îðãàíè÷åñêèå êèñëîòû. Êàëèé – àê-
òèâíûé ó÷àñòíèê âñåõ áèîëîãè÷åñêèõ ïðîöåññîâ. Â îòëè÷èå îò 
àçîòà è ôîñôîðà îí íå âõîäèò â ñîñòàâ îðãàíè÷åñêèõ ñîåäèíåíèé 
ãóìóñà, à íàõîäèòñÿ â ðàñòèòåëüíîé êëåòêå â èîííîé ôîðìå â âèäå 
ðàñòâîðèìûõ ñîëåé êëåòî÷íîãî ñîêà. Ôèçèîëîãè÷åñêàÿ ôóíêöèÿ 
êàëèÿ ñîñòîèò â ðåãóëÿöèè îñìîòè÷åñêîãî äàâëåíèÿ â êëåòêàõ, à 
òàêæå ó÷àñòèè â ïðîöåññå ôîòîñèíòåçà [11]. 
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Èçìåíåíèå ìèíåðàëîãè÷åñêîãî ñîñòàâà ãîðíîé ïîðîäû ÿâëÿ-
åòñÿ âàæíîé äèàãíîñòè÷åñêîé õàðàêòåðèñòèêîé ïðîöåññîâ åё áèî-
ëîãè÷åñêîé îðãàíèçàöèè. Ñîñòàâ ãîðíîé (ìàòåðèíñêîé) ïîðîäû íà 
òåñòîâîì îáúåêòå ïðåäñòàâëåí ñëåäóþùèìè ìèíåðàëàìè: íåôåëèí 
(51.5 %), ïèðîêñåíû (17 %), ïîëåâûå øïàòû (9.2 %), ñôåí (6.1 %), 
òèòàíîìàãíåòèò (3.2 %), àïàòèò (3 %), ñëþäû (2.1 %), àìôèáîëû 
(1.8 %) è äð. Íîñèòåëÿìè îñíîâíûõ ýëåìåíòîâ-áèîãåíîâ ÿâëÿþòñÿ: 
àïàòèò – íîñèòåëü ôîñôîðà; ãèäðîáèîòèò, áèîòèò, íåôåëèí, ïî-
ëåâûå øïàòû – íîñèòåëè êàëèÿ. Ôîñôîð â ñîñòàâå àïàòèòà ïðåä-
ñòàâëåí òðåõêàëüöèåâûì ôîñôàòîì, íåäîñòóïíûì äëÿ óñâàèâàíèÿ 
ðàñòåíèÿìè. Êàëèé áèîòèòà è ãèäðîáèîòèòà áîëåå äîñòóïåí ðàñ-
òåíèÿì, ÷åì êàëèé àëþìîñèëèêàòîâ. 

Èçó÷åíèå ñ èíòåðâàëîì â 10 ëåò ïî÷âåííûõ ïðîôèëåé, ôîðìè-
ðóþùèõñÿ íà îòâàëàõ â ðåçóëüòàòå áèîëîãè÷åñêîé îðãàíèçàöèè ãîð-
íîé ïîðîäû, âûÿâèëî, ÷òî èõ ìèíåðàëîãè÷åñêèé ñîñòàâ ïðåäñòàâëåí 
îäíîòèïíîé àññîöèàöèåé ìèíåðàëîâ. Èç ñëîèñòûõ ìèíåðàëîâ äîìè-
íèðóåò áèîòèò, â ðåçóëüòàòå òðàíñôîðìàöèè êîòîðîãî îáðàçîâàëñÿ 
ãèäðîáèîòèò. Ñðåäè äðóãèõ ìèíåðàëîâ çàôèêñèðîâàíû ïëàãèîêëàçû, 
êàëèåâûå ïîëåâûå øïàòû, àìôèáîëû, õëîðèò, àïàòèò è íåôåëèí. 

Íîñèòåëÿìè èíôîðìàöèè î áèîëîãè÷åñêîé îðãàíèçàöèè ãîð-
íîé ïîðîäû ÿâëÿþòñÿ ãðàíóëîìåòðè÷åñêèå ôðàêöèè ðàçìåðíî-
ñòüþ <1, 1—5 è 5-10 ìêì. Â èëèñòîì ìàòåðèàëå ñ òå÷åíèåì âðå-
ìåíè, íàêàïëèâàþòñÿ ðåíòãåíîàìîðôíûå êîìïîíåíòû (îðãàíè÷å-
ñêîå âåùåñòâî, îêñèäû è ãèäðîêñèäû Fe, Al è Si) [12]. 

Â òàáë. 1 ïðåäñòàâëåí âàëîâîé õèìè÷åñêèé àíàëèç êîðíåîáèòàå-
ìîãî ãîðèçîíòà è âûäåëåííûõ èç íåãî ãðàíóëîìåòðè÷åñêèõ ôðàêöèé. 
 

Òàáëèöà 1 

Âàëîâîé õèìè÷åñêèé ñîñòàâ êîðíåîáèòàåìîãî ñëîÿ ñåÿíîãî  
ôèòîöåíîçà 30-ëåòíåãî âîçðàñòà è âûäåëåííûõ èç íåãî  
ãðàíóëîìåòðè÷åñêèõ ôðàêöèé, % 

K2O P2O5 Feîáù. Na2O CaO MgO SiO2 TiO2 Al2O3 MnO 
Êîðíåîáèòàåìûé ãîðèçîíò áåç ðàçäåëåíèÿ íà ôðàêöèè 

5,64 3,31 5,51 8,80 6,16 1,37 40,14 3,08 20,06 0,49 
Èëèñòàÿ ôðàêöèÿ (<1 ìêì) 

0,91 4,75 3,18 0,65 2,88 3,55 14,32 0,77 15,30 0,40 
Ôðàêöèÿ òîíêîé ïûëè (1-5 ìêì) 

1,81 3,63 5,40 1,86 3,70 1,61 24,76 1,34 15,39 0,51 
Ôðàêöèÿ ñðåäíåé ïûëè (5-10 ìêì) 

2,31 2,96 5,82 3,01 3,93 1,76 31,00 2,01 15,07 0,48 
Êðóïíàÿ ôðàêöèÿ (>10 ìêì) 

4,22 2,67 7,64 5,79 6,58 1,62 42,87 4,30 16,30 0,77 
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Ñîäåðæàíèå ôîñôîðà â âàëîâîì õèìè÷åñêîì ñîñòàâå êîðíå-
îáèòàåìîãî ãîðèçîíòà ñîñòàâëÿåò 3,3 %, ïðè ýòîì â èëèñòîé 
ôðàêöèè, âûäåëåííîé èç íåãî, ñîñðåäîòî÷åíî 4,75 % (òàáë. 1). 
Ïîòåðè ïðè ïðîêàëèâàíèè èëèñòîé ôðàêöèè ñîñòàâëÿþò ~50 %, 
÷òî ïîçâîëÿåò óòâåðæäàòü, ÷òî ýòî ôîñôîð îðãàíè÷åñêèõ ñîåäè-
íåíèé, òàêèõ êàê ôèòèí, ãëèöåðîôîñôàò, îñòàòêè íóêëåèíîâûõ 
êèñëîò, íóêëåîïðîòåèäû, ôîñôîëèïèäû è äð., êîòîðûå â ðåçóëü-
òàòå ôèçèêî-õèìè÷åñêèõ ðåàêöèé ìèíåðàëèçóþòñÿ è ñòàíîâÿòñÿ 
äîñòóïíûìè ðàñòåíèÿì. Ïðîâåäåííûå èññëåäîâàíèÿ îòðàæàþò 
òåíäåíöèþ íàêîïëåíèÿ äîñòóïíîãî ðàñòåíèÿì ôîñôîðà – çà âåñü 
ñðîê íàáëþäåíèé êîëè÷åñòâî Ð2Î5, óâåëè÷èâàëîñü ñ 39,2 â ìàòå-
ðèíñêîé ïîðîäå äî 90,9 ìã/100 ã [10]. 

Êîëè÷åñòâî êàëèÿ óâåëè÷èâàåòñÿ â ðÿäó èë > òîíêàÿ ïûëü > 
ñðåäíÿÿ ïûëü > êðóïíàÿ ôðàêöèÿ (òàáë.1). Èñòî÷íèêîì îáìåííîãî 
êàëèÿ â ìàòåðèíñêîé ïîðîäå ñëóæèò ãèäðîáèîòèò, ñîäåðæàùèéñÿ 
âî ôðàêöèÿõ èëà è òîíêîé ïûëè. Îñòàëüíûå ìèíåðàëû-íîñèòåëè 
êàëèÿ ñîñòàâëÿþò îñíîâó êðóïíûõ ôðàêöèé è ïðåäñòàâëÿþò ñîáîé 
ïîòåíöèàëüíûé ðåçåðâ êàëèÿ â ñâÿçè ñ òåì, ÷òî òðàíñôîðìàöèÿ èõ 
îñóùåñòâëÿåòñÿ î÷åíü ìåäëåííî. 

Îäíèì èç òàêèõ ìèíåðàëîâ ÿâëÿåòñÿ íåôåëèí – (Ê,Na)AlSiO4. 
Òðàíñôîðìàöèÿ åãî â íåéòðàëüíîé ñðåäå ïðîèñõîäèò íåçíà÷è-
òåëüíî. Îäíàêî, ó÷èòûâàÿ ñîäåðæàíèå íåôåëèíà â ìàòåðèíñêîé 
ãîðíîé ïîðîäå, åãî ìîæíî ñ÷èòàòü çíà÷èìûì ïîòåíöèàëüíûì èñ-
òî÷íèêîì êàëèÿ äëÿ ïèòàíèÿ ðàñòåíèé. 

Çà 25 ëåò ñóùåñòâîâàíèÿ ñåÿíîãî ôèòîöåíîçà ñîäåðæàíèå 
äîñòóïíîãî äëÿ ðàñòåíèé K â êîðíåîáèòàåìîì ãîðèçîíòå óâåëè÷è-
âàåòñÿ: â êèñëîòíîé âûòÿæêå — ñ 2,1 äî 6,9 ìã K2Î/100ã, îáìåí-
íîãî — ñ 1,01 äî 1,88 ìã-ýêâ/100ã â ðåçóëüòàòå áèîãåííîé àêêó-
ìóëÿöèè â ãóìóñå [10]. 

Îöåíêà áèîïðîäóêòèâíîñòè ñåÿíîãî ôèòîöåíîçà â õîäå ìîíè-
òîðèíãà ñâèäåòåëüñòâóåò îá îáåñïå÷åííîñòè ðàñòåíèé ýëåìåíòàìè-
áèîãåíàìè (ñì. ðèñ. 1). 

Ñåÿíûé ôèòîöåíîç, êàê è ëþáàÿ ýêîñèñòåìà, ñ òå÷åíèåì âðåìå-
íè ïðåòåðïåâàåò èçìåíåíèÿ. Îáîãàùåíèå âèäîâîãî ñîñòàâà, îòìå-
÷åííîå âî âòîðîì äåñÿòèëåòèè ñóùåñòâîâàíèÿ ñåÿíîãî ôèòîöåíîçà, 
èäåò çà ñ÷åò òèïè÷íûõ ëóãîâûõ ðàñòåíèé, îäíàêî äîìèíèðóþùåå ïî-
ëîæåíèå â òðàâîñòîå, ïî-ïðåæíåìó, çàíèìàþò ñåÿíûå çëàêè, (ðèñ. 2, Á). 
îáðàçóþùèåñÿ ïðè ñîçäàíèè ñåÿíîãî ôèòîöåíîçà áèîãåîõèìè÷åñêèå 
ïîòîêè ïîñòåïåííî «ñðàñòàþòñÿ» ñ åñòåñòâåííûìè áèîãåîõèìè÷åñêè-
ìè ïîòîêàìè; ïðîèñõîäèò ïîäñåëåíèå âèäîâ ìåñòíîé ôëîðû è ôîð-
ìèðîâàíèå ÿðóñíîé ñòðóêòóðû. Ê êîíöó âòîðîãî äåñÿòèëåòèÿ ïî äàí-
íûì ìîðôîëîãè÷åñêîãî îïèñàíèÿ â ðàñòèòåëüíîì ïîêðîâå ïðèñóòñò-
âóþò 46 âèäîâ ñîñóäèñòûõ ðàñòåíèé ìåñòíîé ôëîðû. 
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Ðèñ. 2. Âíåøíèé âèä îòêîñîâ îòâà-
ëîâ îòõîäîâ ðóäîîáîãàùåíèÿ: À – äî 
ñîçäàíèÿ ñåÿíîãî ôèòîöåíîçà; Á – 10 
ëåò ñóùåñòâîâàíèÿ ñåÿíîãî ôèòîöåíîçà 
(ëóãîâîå ñîîáùåñòâî); Â – 30 ëåò ñóùåñ-
òâîâàíèÿ ñåÿíîãî ôèòîöåíîçà (ëåñíîå 
ñîîáùåñòâî) 

 

Íà îñíîâàíèè ãåîáîòàíè÷åñêèõ 
èññëåäîâàíèé ñåÿíîãî ôèòîöåíîçà 
íà òåñòîâîì îáúåêòå âûäåëåíû ñëå-
äóþùèå ñòàäèè ñóêöåññèè ñåÿíîãî 
ôèòîöåíîçà: ëóãîâîå è ëåñíîå ñî-
îáùåñòâî (ðèñ. 2 Á, Â). Â íà÷àëå 
÷åòâåðòîãî äåñÿòèëåòèÿ ðàñòèòåëü-
íîå ñîîáùåñòâî ïðåäñòàâëåíî 76 
âèäàìè èç 54 ðîäîâ è 35 ñåìåéñòâ. 

Óâåëè÷åíèå âèäîâîãî ðàçíîîá-
ðàçèÿ â õîäå ñóêöåññèè, óñëîæíåíèå 
ñâÿçåé âíóòðè ôèòîöåíîçà, ïîÿâëå-
íèå ÿðóñíîé ñòðóêòóðû çà ñ÷åò àê-
òèâíîãî âíåäðåíèÿ ìåñòíûõ âèäîâ, â 
òîì ÷èñëå äåðåâüåâ è êóñòàðíèêîâ 
ïðèâîäèò ê ôîðìèðîâàíèþ ôèòî-
öåíîçà ñî ñòðóêòóðîé îêðóæàþùåãî 
ïðèðîäíîãî ëàíäøàôòà [3]. 

Äðóãèìè ñëîâàìè, àíàëèç äàí-
íûõ ìíîãîëåòíåãî ìîíèòîðèíãà ïðè 

âîññòàíîâëåíèè íàðóøåííûõ çåìåëü òåõíîãåííûõ ëàíäøàôòîâ â ñî-
îòâåòñòâèè ñ êîíöåïöèåé åñòåñòâåííîãî ïî÷âîîáðàçîâàíèÿ ñîçäà-
íèåì ñåÿíîãî ôèòîöåíîçà áåç íàíåñåíèÿ ïëîäîðîäíîãî ñëîÿ ñâèäå-
òåëüñòâóåò îá ñðåäîîáðàçóþùåé ðîëè ðàñòèòåëüíîãî ïîêðîâà è 
ãîðíîé ïîðîäû â ôîðìèðîâàíèè áèîãåííî-ãóìóñî-àêêóìóëÿòèâíîãî 
ãîðèçîíòà, ïðè ýòîì â ðåçóëüòàòå îáðàçîâàíèÿ áèîëîãè÷åñêè àêòèâ-
íîé ñðåäû òåìïû ôîðìèðîâàíèÿ áèîãåííî-ãóìóñî-àêêóìóëÿòèâíîãî 
ãîðèçîíòà íà ïîðÿäîê âûøå, ÷åì ïðè ñàìîâîññòàíîâëåíèè. 

Ôîðìèðîâàíèå áèîãåííî-ãóìóñî-àêêóìóëÿòèâíîãî ãîðèçîíòà 
ÿâëÿåòñÿ ïîêàçàòåëåì áèîëîãè÷åñêîé îðãàíèçàöèè ãîðíîé ïîðîäû. 
Ãóìóñ, ñïåöèôè÷åñêîå îðãàíè÷åñêîå âåùåñòâî, äåïîíèðóåò ýëå-
ìåíòû-áèîãåíû â âèäå îðãàíîìèíåðàëüíûõ êîìïëåêñîâ, ïðè ìèíå-
ðàëèçàöèè ãóìóñà ýëåìåíòû ïèòàíèÿ èç òðóäíîäîñòóïíûõ ôîðì 
ïðåâðàùàþòñÿ â ëåãêîäîñòóïíûå äëÿ ðàñòåíèé. Ýâîëþöèîííî âû-
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ðàáîòàííàÿ öåëåñîîáðàçíîñòü áèîãåííî-ãóìóñî-àêêóìóëÿòèâíîãî 
ãîðèçîíòà – ñîõðàíåíèå óñòîé÷èâîãî ñàìîâîñïðîèçâîäñòâà áèîòû. 

Ñåÿíûé ôèòîöåíîç, âûñòóïàÿ êàê ñèñòåìîîáðàçóþùàÿ ñòðóêòó-
ðà, ñîçäàåò óñëîâèÿ äëÿ çíà÷èòåëüíî áîëåå áûñòðîãî, ÷åì ïðè ñàìî-
çàðàñòàíèè, ôîðìèðîâàíèÿ ôèòîöåíîçà ñî ñòðóêòóðîé îêðóæàþùå-
ãî ïðèðîäíîãî ëàíäøàôòà. Ôîðìèðîâàíèå ôèòîöåíîçà ñî ñòðóêòó-
ðîé îêðóæàþùåãî ïðèðîäíîãî ëàíäøàôòà ñâèäåòåëüñòâóåò î âîñ-
ñòàíîâëåíèè ýêîñèñòåìíûõ ôóíêöèé òåððèòîðèè è âîçâðàùåíèè 
íàðóøåííûõ çåìåëü òåõíîãåííûõ ëàíäøàôòîâ áèîñôåðíîìó ôîíäó. 

Òàêèì îáðàçîì, îñíîâíûì áàçîâûì ïîëîæåíèåì âîçâðàùåíèÿ 
íàðóøåííûõ çåìåëü òåõíîãåííûõ ëàíäøàôòîâ áèîñôåðíîìó ôîíäó 
ÿâëÿåòñÿ âîññòàíîâëåíèå íàðóøåííûõ çåìåëü â ñîîòâåòñòâèè ñ êîí-
öåïöèåé åñòåñòâåííîãî ïî÷âîîáðàçîâàíèÿ ñîçäàíèåì ñåÿíîãî ôè-
òîöåíîçà áåç íàíåñåíèÿ ïëîäîðîäíîãî ñëîÿ äëÿ îáðàçîâàíèÿ áèî-
ëîãè÷åñêè àêòèâíîé ñðåäû, îáåñïå÷èâàþùåé çíà÷èòåëüíî áîëåå áû-
ñòðîå, ÷åì ïðè ñàìîâîññòàíîâëåíèè, ôîðìèðîâàíèå áèîãåííî-
ãóìóñî-àêêóìóëÿòèâíîãî ãîðèçîíòà, âûïîëíÿþùåãî ãëàâíûå ýêîñè-
ñòåìíûå ôóíêöèè: ñèíòåç è ðàçëîæåíèå îðãàíè÷åñêîãî âåùåñòâà, 
äåïîíèðîâàíèå ýëåìåíòîâ-áèîãåíîâ è ñîçäàþùåãî óñëîâèÿ äëÿ ïå-
ðåõîäà â õîäå ñóêöåññèè ñåÿíîãî ôèòîöåíîçà ê ôèòîöåíîçó ñî 
ñòðóêòóðîé îêðóæàþùåãî ïðèðîäíîãî ëàíäøàôòà. Óâåëè÷åíèå 
áèîðàçíîîáðàçèÿ îáåñïå÷èâàåò óâåëè÷åíèå ýêîëîãè÷åñêîé åìêîñòè 
è âîññòàíîâëåíèå ýêîñèñòåìíûõ ôóíêöèé òåððèòîðèè. 
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MINING-INDUCED LANDSCAPES 
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Analysis of long-term monitoring data during rehabilitating damaged lands of mining-induced 

landscapes through forming seeded phytocenosis without applying a fertile layer (in accordance with a 
concept of natural soil-formation) indicates environment-creating role of vegetable cover and rocks in 
forming biogenic-humus-accumulative horizon as an indicator of biological organization of rocks. The 
basic thesis for returning damaged lands to biospheric fund is remediation of damaged lands in 
accordance with the concept of natural soil-formation through forming seeded phytocenosis without 
applying a fertile layer with the aim to create biologically active environment providing much more rapid 
formation of biogenic-humus-accumulative horizon compared to self-growing. The biogenic-humus-
accumulative horizon performs basic ecosystemic functions such as synthesis and decay of organic 
substances and deposition biogenic elements. Seeded phytocenosis serves as backbone structure and 
creates conditions for much more rapid formation of phytocenosis with a structure of surrounding 
landscape compared to self-growing. Increase in biological diversity during succession elevates ecological 
capacity of a territory and indicates remediation of its ecosystemic functions. 

Key words: mining-induced landscapes, remediation, biota, rock, seeded phytocenosis, formation, 
biogenic-humus-accumulative horizon, biogenic elements, settling, local kinds 

REFERENCES 
1. Global Biodiversity Outlook 2. Secretariat of the Convention on Biological Diversity. 

Montreal. 2006 (http://www.biodiv.org/gbo2/default.shtml) 
2. Mesyats S.P. Vosstanovlenie pochvenno-jekologicheskih funkcij territorii – 

konceptual'naja model' adaptivnyh tehnologij vosstanovlenija narushennyh zemel' 
(Restoration of soil ecological functions of the site – conceptual model of adaptive 
technologies to restore disturbed lands) // Jekologija antropogena i sovremennosti: priroda i 
chelovek: Sbornik nauchnyh dokladov, predstavlennyh na mezhdunarodnuju konferenciju, 
Volgograd-Astrahan', 24–27 sentjabrja 2004, SPb.: «Gumanistika», 2004. pp. 398–408. 

3. Mesyats S.P., Volkova E.Ju. Bazovye polozhenija strategii vozvrashhenija 
narushennyh zemel' tehnogennyh landshaftov biosfernomu fondu (Basic provisions of the 
strategy of returning disturbed land of technogenic landscapes of the biosphere Foundation) 
// Jekologija resursopol'zovanija: GIAB. Otdel'nye stat'i (spec.vyp.). Moscow: izd. «Gornaja 
kniga», 2014. No 12. pp. 3–11. 

4. Mesyats S.P., Mel'nikov N.N. Koncepcija i tehnologicheskie reshenija 
vosstanovlenija narushennyh zemel' gornopromyshlennogo kompleksa (The concept and 
technological solutions for restoration of disturbed land mining complex) // Formirovanie 
osnov sovremennoj strategii prirodopol'zovanija v Evro-Arkticheskom regione. Apatity: Izd-
vo Kol'skogo nauchnogo centra RAN. 2005. pp. 357–364. 

5. Vikhman M.I. Ekologicheskie osnovy formirovanija produktivnyh b ustojchivyh 
agrosistem na Kol'skom Severe (Ecological bases of formation of productive and sustainable 
agricultural systems in the Kola North): avtoreferat diss…d-ra boil.nauk: 03.02.08. 
Petrozavodsk, 2011. 51 p. 

6. Mesyats S.P., Rumjanceva N.S., Volkova E.Ju. Dinamika formirovanija biogenno-
gumuso-akkumuljativnogo sloja molodyh pochv pri sozdanii sejanogo fitocenoza na otvalah 



 490

othodov rudoobogashhenija (Dynamics of formation of the biogenic-Gumus-accumulative 
layer of young soil when creating a seeded plant dumps waste radiobulgaria) //Sb. dokladov 
VIII Vserossijskoj konferencii «Osvoenie Severa i problemy prirodovosstanovlenija», 24–26 
maja 2011. Syktyvkar, 2011, pp. 69–75. 

7. Ganza N.A., Mesyats S.P., Rumjanceva N.S., Volkova E.Ju., Bocharov A.N. 
Sozdanie biogeobar'era dlja sohranenija tehnogennyh mestorozhdenij i uluchshenija 
prirodnoj sredy na primere predprijatij Kol'skogo GPK (Create biogeographer for the 
preservation of technogenic deposits and improve the natural environment on the example 
of Kola GPK) // Gornyj zhurnal, 2010, No 9, pp. 98–101. 

8. Vernadskij V.I. Himicheskoe stroenie biosfery Zemli i ee okruzhenija (Chemical 
structure of Earth biosphere and its environment). Moscow: Nauka, 1965. 373 p. 

9. Mesyats S.P., Ostapenko S.P. Metodicheskij podhod k izucheniju 
biogeohimicheskogo krugovorota jelementov pri vosstanovlenii narushennyh zemel'. 
Jekologicheskaja strategija razvitija gornodobyvajushhej otrasli, formirovanie novogo 
mirovozzrenija v osvoenii prirodnyh resursov (Methodological approach to the study of the 
biogeochemical cycle of elements in the restoration of disturbed lands. Ecological strategy of 
mining industry, formation of the new worldview in natural resources development): sb. dokl. 
Vseross. nauch. — tehn. konf. s uchastiem inostrannyh specialistov, 13–15 okt. 2014.: V 2 
t./ Rossijskaja akademija nauk, Gornyj in-t Kol'skogo nauchnogo centra RAN. T.1. Apatity; 
SPb.: «Renome», 2014. pp. 340–344. 

10. Mel'nikov N.N., Mesyats S.P., Volkova E.Ju. Metodologicheskij podhod k 
resheniju problemy vosstanovlenija jekosistemnyh funkcij tehnogennyh landshaftov 
(Methodological approach to solving the problem of restoring the ecosystem functions of 
technogenic landscapes) //Fiziko-tehnicheskie problemy razrabotki poleznyh iskopaemyh. 
2014. No 6. pp.190–198. 

11. Lehninger A. Biochimija (Biochemistry) / Per. s angl. Ìoscow: Ìir, 1976. – 95 p. 
12. Mesyats S.P., Rumjanceva N.S., Volkova E.Ju., Chizhikova N.P. Issledovanie 

struktury i mineralogicheskoj sostavljajushhej molodyh pochv, formirujushhihsja na otvalah 
othodov rudoobogashhenija v rezul'tate sozdanija sejanogo fitocenoza (The study of the 
structure and mineralogical component of the young soil formed on the dumps of waste 
rudobashta in the establishment of seeded plant) //Sb. dokladov VIII Vserossijskoj 
konferencii «Osvoenie Severa i problemy prirodovosstanovlenija», 24–26 maja 2011, 
Syktyvkar, 2011, pp. 75–83. 

 


