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Ïðåäñòàâëåíî èññëåäîâàíèå ìèíåðàëîãè÷åñêîãî è ýëåìåíòíîãî ñîñòàâà áóðîâûõ øëàìîâ. Ïðîáû îòáè­
ðàëèñü èç øëàìîâûõ àìáàðîâ íåôòåãàçîêîíäåíñàòíûõ ìåñòîðîæäåíèé Èðêóòñêîé îáëàñòè – ßðàêòèí­
ñêîãî è Ìàðêîâñêîãî. Öåëüþ èññëåäîâàíèÿ ñòàëî îïðåäåëåíèå ìèíåðàëîãî­ãåîõèìè÷åñêîé ñïåöèôèêè è 
òîêñè÷íîñòè áóðîâûõ øëàìîâ. Èñïîëüçîâàëñÿ êîìïëåêñíûé ïîäõîä ñ ïðèìåíåíèåì òàêèõ ìåòîäîâ èññëå­
äîâàíèÿ, êàê ðåíòãåíîâñêàÿ ïîðîøêîâàÿ äèôðàêòîìåòðèÿ, ìàññ­ñïåêòðîìåòðèÿ ñ èíäóêòèâíî­ñâÿçàííîé 
ïëàçìîé, ñêàíèðóþùàÿ ýëåêòðîííàÿ ìèêðîñêîïèÿ, áèîòåñòèðîâàíèå ñ ïðèìåíåíèåì äâóõ òåñò­îáúåêòîâ. 

Ïî ðåçóëüòàòàì èññëåäîâàíèÿ â ìèíåðàëîãè÷åñêîì ñîñòàâå ïðîá áóðîâîãî øëàìà ïðåîáëàäàþò 
êâàðö, êàëüöèò, äîëîìèò. Îáíàðóæåíû ñóùåñòâåííûå ðàçëè÷èÿ â ìèíåðàëîãè÷åñêîì ñîñòàâå áóðîâîãî 
øëàìà, îòîáðàííîãî ñî ñêâàæèí ñ ðàçíûì òèïîì áóðåíèÿ. Ãåîõèìè÷åñêàÿ ñïåöèôèêà èññëåäóåìûõ áó­
ðîâûõ øëàìîâ îïðåäåëÿëàñü îòíîñèòåëüíî êëàðêà âåðõíåé ÷àñòè êîíòèíåíòàëüíîé êîðû. Ýëåìåíòíûé 
ñîñòàâ áóðîâûõ øëàìîâ ðàçëè÷åí, îäíàêî ýëåìåíòû, êîíöåíòðèðóåìûå â ïîâûøåííûõ çíà÷åíèÿõ, â îñ­
íîâíîì îòíîñÿòñÿ ê òÿæåëûì ìåòàëëàì. 

Ñóììàðíûé ïîêàçàòåëü çàãðÿçíåíèÿ, ðàññ÷èòàííûé ïî êëàðêó êîíöåíòðàöèè, ïîêàçàë ðàçíóþ ñòåïåíü 
çàãðÿçíåíèÿ èññëåäóåìûõ ïðîá. Âûñîêîé ñòåïåíüþ çàãðÿçíåíèÿ îáëàäàåò ïðîáà ñ ßðàêòèíñêîãî ìåñòî­
ðîæäåíèÿ, îòîáðàííàÿ íà êóñòîâîé ïëîùàäêå ñ ýêñïëóàòàöèîííûìè ñêâàæèíàìè. Ê íèçêîé ñòåïåíè çà­
ãðÿçíåíèÿ îòíîñèòñÿ ïðîáà ñ Ìàðêîâñêîãî ìåñòîðîæäåíèÿ. 

Ìåòîä ðåíòãåíîâñêîé ñïåêòðîñêîïèè âûÿâèë ìèíåðàëüíûå ôàçû Pb, Sn, Sr, Ba Fe, Ti ïðè èññëåäîâàíèè 
ïðîá áóðîâîãî øëàìà. Ïî ðåçóëüòàòàì òîêñèêîëîãè÷åñêîãî àíàëèçà ìåòîäîì áèîòåñòèðîâàíèÿ èññëåäó­
åìûé áóðîâîé øëàì îòíîñèòñÿ ê óìåðåííî îïàñíûì è ìàëîîïàñíûì îòõîäàì, áóðîâîé øëàì îêàçûâàåò 
òîêñè÷åñêîå äåéñòâèå íà ìèêðîâîäîðîñëè Scenedesmus quadricauda è ðà÷êîâ Daphia magna

Êëþ÷åâûå ñëîâà: áóðîâîé øëàì; øëàìîâûé àìáàð; êóñòîâàÿ ïëîùàäêà; íåôòåãàçîêîíäåíñàòíîå ìåñòîðîæäåíèå; 
ýëåìåíòíûé ñîñòàâ; ìèíåðàëüíûé ñîñòàâ; áèîòåñòèðîâàíèå; Scenedesmus quadricauda; Daphia magna; Èðêóòñêàÿ îá­
ëàñòü

The article presents a study of the mineralogical and elemental composition of drill cuttings. Samples were se­
lected from sludge pits of oil and gas condensate fields of the Irkutsk region – Yaraktinskoye and Markovskoye. 
The main aim of the research is to identify the geochemical and mineralogical particularity of drill cuttings, to 
determine the toxicity of this type of waste. The authors have used an integrated approach using such research 
methods as: X­ray powder diffraction, inductively coupled plasma mass spectrometry, scanning electron micro­
scope, bioassay. 

According to the results of the study, minerals such as quartz, calcite, dolomite prevail in the mineralogical 
composition of samples of drill cuttings. However, there are significant differences in the mineralogical compo­

© À. À. Êëèìîâà, Å. Ã. ßçèêîâ, 2020



Earth sciences                                                                        Bulletin of ZabGU. 2020. Vol. 26. No. 2

33

sition of drill cuttings from wells with different types of drilling. The geochemical specificity of the studied drill 
cuttings was determined relative to the clark of the upper part of the continental crust. In general, the elemental 
composition of drill cuttings is different, but elements concentrated in elevated values relate mainly to heavy 
metals. 

The value of the total pollution indicator calculated by the clark of concentration shows that the samples are 
of different degrees of pollution. A sample from the Yaraktinskoye field, taken at a well pad with production wells, 
has a high degree of contamination. A low degree of contamination includes a sample from the Markovskoye 
field.

The method of X­ray spectroscopy has revealed the mineral phases of elements such as Pb, Sn, Sr, Ba Fe, 
Ti. According to the results of toxicological analysis using the bioassay method, the studied drill cuttings are 
classified as moderately hazardous and low­hazardous wastes, as drill cuttings have a toxic effect on microalgae 
Scenedesmus quadricauda and crustaceans Daphia magna

Key words: drill cuttings; sludge pits; well pad; oil and gas condensate field; elemental composition; mineral composition; 
bioassay; Scenedesmus quadricauda; Daphia magna; Irkutsk region

Ââåäåíèå. Òåõíîãåííûå ïîòîêè íà íåôòÿ­
íîì ïðîìûñëå â îñíîâíîì ôîðìèðóþòñÿ 

èç âåùåñòâ, îáðàçóþùèõñÿ íà ýòàïå ïðîâåäå­
íèÿ áóðîâûõ ðàáîò è ñòðîèòåëüñòâà ñêâàæèí. 
Ê òàêèì âåùåñòâàì îòíîñÿò â ïåðâóþ î÷åðåäü 
áóðîâûå îòõîäû è õèìè÷åñêèå ðåàãåíòû. Ðÿ­
äîì èññëåäîâàòåëåé îòìå÷àåòñÿ, ÷òî ñòðîè­
òåëüñòâî íåôòÿíûõ è ãàçîâûõ ñêâàæèí îïàñíî 
äëÿ îáúåêòîâ ïðèðîäíîé ñðåäû [4; 10]. 

Âëèÿíèå øëàìîâûõ àìáàðîâ êàê èñòî÷­
íèêà ïîñòóïëåíèÿ ñòî÷íûõ âîä è îòõîäîâ áó­
ðåíèÿ â îêðóæàþùóþ ñðåäó ðàññìîòðåíî â 
òðóäàõ À. Â. Ñîðîìîòèíà è Î. Ã. Ñàâè÷åâà, 
È. À. Ìàòâååíêî, Ä. Â. Ñàâ÷åíêî [10; 17]. 
Øëàìîâûå àìáàðû ÿâëÿþòñÿ èñòî÷íèêîì çà­
ãðÿçíåíèÿ îêðóæàþùåé ñðåäû, âñëåäñòâèå 
÷åãî îñíîâíóþ íàãðóçêó ïðèíèìàþò íà ñåáÿ 
ïî÷âåííûé ïîêðîâ, ïîâåðõíîñòíûå è ïîä­
çåìíûå âîäû, ÷òî îòðàæåíî â ðÿäå èññëåäî­
âàíèé [1; 4; 17]. 

Îòõîäû áóðåíèÿ èìåþò ñâîè õèìè÷åñêèå 
õàðàêòåðèñòèêè, çàâèñÿùèå îò òåõíîëîãèè 
áóðåíèÿ (òèïà áóðîâûõ ðàñòâîðîâ, ìåòîäîâ 
áóðåíèÿ), ñîñòàâà èñõîäíûõ ïîðîä [15]. Áóðî­
âîé øëàì ïðåäñòàâëÿåò ñîáîé âûðóáëåííóþ 
ïîðîäó, ïðîïèòàííóþ áóðîâûì ðàñòâîðîì, 
ðàçëè÷íûìè ýìóëüãàòîðàìè, õèìè÷åñêèìè 
äîáàâêàìè [7; 16]. Òàêèì îáðàçîì, õèìè÷å­
ñêèé ñîñòàâ áóðîâûõ øëàìîâ îïðåäåëÿåòñÿ 
ïðåæäå âñåãî ëèòîëîãè÷åñêèì ñîñòàâîì ðàç­
áóðèâàåìûõ ïîðîä è ðåàãåíòàìè, âõîäÿùèìè 
â ñîñòàâ áóðîâûõ ðàñòâîðîâ [3; 13].

Â ñîñòàâ áóðîâûõ øëàìîâ âõîäÿò ìàêðî­ 
è ìèêðîýëåìåíòû. Îñîáîå áåñïîêîéñòâî âû­
çûâàþò òàêèå ýëåìåíòû, êàê Ba, Ni, Co, Cu è 
Zn, ÷òî ñâÿçàíî ñ èõ äîëãîâðåìåííîé ïîäâèæ­
íîñòüþ [15]. Òÿæåëûå ìåòàëëû íå ïîäâåðãàþò­
ñÿ áèîëîãè÷åñêèì ïðîöåññàì è ñîõðàíÿþòñÿ â 

îêðóæàþùåé ñðåäå, ïîýòîìó èõ ïðèñóòñòâèå â 
îòõîäàõ áóðåíèÿ ïðåäñòàâëÿåò ïðîáëåìó äëÿ 
ñîñòîÿíèÿ ïðèðîäíîé ñðåäû [14]. 

Êàê óòâåðæäàåò Â. È. Áàëàáà, â áóðîâûõ 
øëàìàõ áîëüøàÿ ÷àñòü ìåòàëëîâ íàõîäèòñÿ â 
íåðàñòâîðèìîé ôîðìå, êàê ïðàâèëî, â ñòðóê­
òóðå êðèñòàëëè÷åñêîé ðåøåòêè ìèíåðàëîâ 
âìåùàþùèõ ïîðîä [1]. Ïîýòîìó ïðè èññëå­
äîâàíèè áóðîâûõ øëàìîâ áîëüøîå âíèìàíèå 
íåîáõîäèìî óäåëÿòü âàëîâîìó ñîäåðæàíèþ 
òîêñè÷íûõ êîìïîíåíòîâ. Íå ìåíåå âàæíî ó÷è­
òûâàòü ïîäâèæíóþ ôîðìó òÿæåëûõ ìåòàëëîâ, 
òàê êàê èññëåäîâàíèÿìè äîêàçàíî, ÷òî ïðî­
èñõîäèò âûíîñ èç øëàìà ïîäâèæíûõ ôîðì 
ýëåìåíòîâ. Â ðåçóëüòàòå ÷åãî áóðîâîé øëàì 
ìîæåò ñòàòü èñòî÷íèêîì âòîðè÷íîãî çàãðÿç­
íåíèÿ [1; 6].

Öåëüþ èññëåäîâàíèÿ ÿâëÿëîñü èçó÷å­
íèå ìèíåðàëîãè÷åñêîé è ãåîõèìè÷åñêîé 
ñïåöèôèêè áóðîâûõ øëàìîâ è îïðåäåëåíèå 
íàëè÷èÿ òîêñè÷íîñòè äàííîãî âèäà îòõîäîâ 
ñ èñïîëüçîâàíèåì ñîâðåìåííûõ ìåòîäîâ èñ­
ñëåäîâàíèé. Îáúåêòîì èññëåäîâàíèé ñòàë 
áóðîâîé øëàì, îáðàçîâàííûé ïðè áóðåíèè 
ýêñïëóàòàöèîííûõ è ðàçâåäî÷íûõ ñêâàæèí 
íà òåððèòîðèè äâóõ íåôòåãàçîêîíäåíñàòíûõ 
ìåñòîðîæäåíèé, ðàñïîëîæåííûõ â Èðêóòñêîé 
îáëàñòè. 

ßðàêòèíñêîå è Ìàðêîâñêîå íåôòåãàçî­
êîíäåíñàòíûå ìåñòîðîæäåíèÿ íàõîäÿòñÿ íà 
ëåâîé ñòîðîíå ð. Ëåíà â Óñòü­Êóòñêîì ðàéî­
íå Èðêóòñêîé îáëàñòè. Îïåðàòîðîì ìåñòî­
ðîæäåíèé ÿâëÿåòñÿ ÎÎÎ «Èðêóòñêàÿ íåôòÿ­
íàÿ êîìïàíèÿ». 

Ãåîëîãèÿ. Èññëåäóåìàÿ òåððèòîðèÿ ðàñ­
ïîëàãàåòñÿ â ïðåäåëàõ Ñèáèðñêîé ïëàòôîð­
ìû, íà òåððèòîðèè Íåïñêî­Áîòóîáèíñêîé 
íåôòåãàçîíîñíîé îáëàñòè, âõîäÿùåé â ñî­
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ñòàâ Ëåíî­Òóíãóññêîé íåôòåãàçîíîñíîé ïðî­
âèíöèè. Þæíàÿ ÷àñòü ïëàòôîðìû âûäåëÿåòñÿ 
ïîäíÿòèåì – Íåïñêî­Áîòóîáèíñêîé àíòåêëè­
çîé, êîòîðàÿ ñîäåðæèò íåôòåãàçîíîñíûå êîì­
ïëåêñû ðàçíîãî ëèòîëîãè÷åñêîãî ñîñòàâà [8]. 

Íà þãî­çàïàäå Íåïñêî­Áîòóîáèíñêîé 
àíòåêëèçû îòêðûòû ßðàêòèíñêîå è Ìàðêîâ­
ñêîå íåôòåãàçîêîíäåíñàòíûå ìåñòîðîæäå­
íèÿ, îòíîñÿùèåñÿ ê òåððèãåííûì âåíäñêèì 
è êàðáîíàòíûì âåíä­êåìáðèéñêèì îòëîæå­
íèÿì [5]. Ìàðêîâñêîå ìåñòîðîæäåíèå â ãåî­
ëîãè÷åñêîì îòíîøåíèè õàðàêòåðèçóåòñÿ ðàç­
âèòèåì îñàäî÷íûõ îáðàçîâàíèé îðäîâèêñêîé 
ñèñòåìû íèæíåãî ïàëåîçîÿ, ïåðåêðûòûõ ïî­
ðîäàìè ÷åòâåðòè÷íîé ñèñòåìû. Ïðîäóêòèâ­
íûé îñèíñêèé ãîðèçîíò, çàëåãàþùèé â íèæ­
íåé ÷àñòè óñîëüñêîé ñâèòû, ÷åòêî âûäåëÿåòñÿ 
â ðàçðåçàõ âñåõ ñêâàæèí (Óñòü­Èëèìñê O­48: 
ãåîëîãè÷åñêàÿ êàðòà: ìàñøòàá 1:1 000 000 // 
Ãîñóäàðñòâåííàÿ ãåîëîãè÷åñêàÿ êàðòà Ðîñ­
ñèéñêîé Ôåäåðàöèè. Ñåðèÿ: Àíãàðî­Åíèñåé­
ñêàÿ / ðåä. Å. Ï. Ìèðîíþê. Èðêóòñê, 2010). 
ßðàêòèíñêîå ìåñòîðîæäåíèå îáíàðóæåíî 
â 1971 ã., ñåâåðíåå Ìàðêîâñêîãî. Íåôòåãà­
çîíîñíûìè ÿâëÿþòñÿ îòëîæåíèÿ íåïñêîé è 
òèðñêîé ñâèò ïîäñîëåâîé âåíä­êåìáðèéñêîé 
÷àñòè îñàäî÷íîãî ÷åõëà [12]. 

Ìåòîäèêà èññëåäîâàíèÿ. Ëåòîì 2018 ã. 
ïðîâåäåí îòáîð ïðîá áóðîâîãî øëàìà èç 
øëàìîâûõ àìáàðîâ ßðàêòèíñêîãî è Ìàðêîâ­
ñêîãî íåôòåãàçîêîíäåíñàòíûõ ìåñòîðîæäå­
íèé. Íà ßðàêòèíñêîì ìåñòîðîæäåíèè îòîáðà­
íû äâå îáúåäèíåííûå ïðîáû áóðîâîãî øëàìà 
èç øëàìîâûõ àìáàðîâ, ðàñïîëîæåííûõ íà 
äâóõ êóñòîâûõ ïëîùàäêàõ. Ïåðâàÿ êóñòîâàÿ 
ïëîùàäêà îáîðóäîâàíà ýêñïëóàòàöèîííûìè 
ñêâàæèíàìè, íà äðóãîé – ðàçâåäî÷íàÿ ñêâà­
æèíà. Íà Ìàðêîâñêîì ìåñòîðîæäåíèè îáú­
åäèíåííàÿ ïðîáà øëàìà îòáèðàëàñü èç ýêñ­
ïëóàòàöèîííîé ñêâàæèíû. 

Äëÿ êàæäîãî øëàìîâîãî àìáàðà ïóòåì 
ñìåøåíèÿ òî÷å÷íûõ ïðîá, îòîáðàííûõ ïî ïå­
ðèìåòðó àìáàðà, ñîñòàâëÿëèñü îáúåäèíåí­
íûå ïðîáû. Ìàññà îáúåäèíåííûõ ïðîá ñîñòà­
âèëà íå ìåíåå 1 êã. Âñå ðàáîòû ïî îòáîðó ïðîá 
áóðîâîãî øëàìà ïðîâîäèëèñü â ñîîòâåòñòâèè 
ñ ìåòîäè÷åñêèìè ðåêîìåíäàöèÿìè (ÏÍÄ Ô 
12.1:2:2.2:2.3:3.2­03. Îòáîð ïðîá ïî÷â, ãðóí­
òîâ, äîííûõ îòëîæåíèé, èëîâ, îñàäêîâ ñòî÷íûõ 
âîä, îòõîäîâ ïðîèçâîäñòâà è ïîòðåáëåíèÿ: 
ìåòîäè÷åñêèå ðåêîìåíäàöèè. Ìîñêâà, 2014).

Ïðîáîïîäãîòîâêà ê àíàëèòè÷åñêèì èñ­
ñëåäîâàíèÿì âêëþ÷àëà íåñêîëüêî ýòàïîâ: 
ïðîáû áóðîâîãî øëàìà ïðîñóøèâàëèñü, ïðî­

ñåèâàëèñü ÷åðåç ñèòî (ñ äèàìåòðîì îòâåð­
ñòèé 1 ìì). Ïåðåä èññëåäîâàíèåì ýëåìåíò­
íîãî è ìèíåðàëîãè÷åñêîãî ñîñòàâà âàëîâûå 
ïðîáû áóðîâîãî øëàìà èçìåëü÷àëèñü íà äðî­
áèëüíîé óñòàíîâêå è ðàñòèðàëèñü â àãàòîâîé 
ñòóïêå äî ïóäðîîáðàçíîãî ñîñòîÿíèÿ. Îò­
äåëüíî âûäåëÿëàñü ãëèíèñòàÿ ñîñòàâëÿþùàÿ 
ìåòîäîì îòìó÷èâàíèÿ èñõîäíîé ïðîáû, ñ ïî­
ñëåäóþùèì ðàñòèðàíèåì â àãàòîâîé ñòóïêå. 
Ïåðåä ðàáîòîé íà ñêàíèðóþùåì ýëåêòðîí­
íîì ìèêðîñêîïå ïðîáû áóðîâîãî øëàìà áûëè 
ðàçäåëåíû íà ìàãíèòíóþ, ýëåêòðîìàãíèòíóþ 
è íåìàãíèòíóþ ôðàêöèè. 

Ìèíåðàëîãè÷åñêèé ñîñòàâ èññëåäóåìûõ 
ïðîá îïðåäåëÿëñÿ ìåòîäîì ðåíòãåíîâñêîé 
ïîðîøêîâîé äèôðàêòîìåòðèè íà äèôðàêòî­
ìåòðå Bruker D2 PHASER â ÌÈÍÎÖ «Óðàíî­
âàÿ ãåîëîãèÿ» íà áàçå Èíæåíåðíîé øêîëû 
ïðèðîäíûõ ðåñóðñîâ ÍÈ ÒÏÓ (êîíñóëüòàíò 
Á. Ð. Ñîêòîåâ). Èçó÷åíèå ìèíåðàëüíûõ ôîðì 
ýëåìåíòîâ â èññëåäóåìûõ áóðîâûõ øëàìàõ 
ïðîâîäèëîñü íà ñêàíèðóþùåì ýëåêòðîííîì 
ìèêðîñêîïå Hitachi S­3400N ñ ÝÄÑ ïðèñòàâ­
êîé Bruker XFlash 4010/5010 â ÌÈÍÎÖ «Óðà­
íîâàÿ ãåîëîãèÿ» (êîíñóëüòàíò Ñ. Ñ. Èëüåíîê). 
Ýëåìåíòíûé ñîñòàâ îïðåäåëÿëñÿ ìåòîäîì 
ìàññ­ñïåêòðîìåòðèè ñ èíäóêòèâíî ñâÿçàí­
íîé ïëàçìîé (ÌÑ­ÈÑÏ) â Õèìèêî­àíàëèòè÷å­
ñêîì öåíòðå «Ïëàçìà» (ã. Òîìñê).

Ïîëó÷åííûå ðåçóëüòàòû îáðàáîòàíû ïðè 
ïîìîùè ïðîãðàììû Microsoft Excel. Êëàðê 
êîíöåíòðàöèè ðàññ÷èòûâàëñÿ ïî ôîðìó­
ëå Kk = C/Ck, ãäå Êk – êëàðê êîíöåíòðàöèè; 
Ñ – ñîäåðæàíèå ýëåìåíòà â ïðîáå, ìã/êã; 
Ñk – ãåîõèìè÷åñêèé êëàðê çåìíîé êîðû, 
ìã/êã [2]. Ðàññ÷èòàí ñóììàðíûé ïîêàçàòåëü 
çàãðÿçíåíèÿ, ñ èñïîëüçîâàíèåì êëàðêà êîí­
öåíòðàöèè (Kk), 

 (1)

ãäå Kk – êëàðê êîíöåíòðàöèè i­ãî õèìè÷åñêîãî 
ýëåìåíòà;

n – ÷èñëî ó÷èòûâàåìûõ àíîìàëüíûõ ýëå­
ìåíòîâ.

Ñóììàðíûé ïîêàçàòåëü çàãðÿçíåíèÿ 
ðàçäåëÿåòñÿ íà êàòåãîðèè: íèçêèé – ìåíåå 
16; ñðåäíèé – 16…32; âûñîêèé – 32…128; 
î÷åíü âûñîêèé – áîëåå 128 [9].

Â àêêðåäèòîâàííîé ëàáîðàòîðèè ÎÃÁÓ 
«Îáëêîìïðèðîäà» (ã. Òîìñê) (àíàëèòèê 
À. Ï. Ñîðî÷åíêî) ïî àòòåñòîâàííûì ìåòî­
äèêàì îïðåäåëåíà òîêñè÷íîñòü è óñòàíîâ­
ëåí êëàññ îïàñíîñòè èññëåäóåìûõ áóðîâûõ 
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øëàìîâ ñ ïîìîùüþ áèîòåñòèðîâàíèÿ íà 
äâóõ òåñò­îáúåêòàõ èç ðàçíûõ áèîëîãè÷å­
ñêèõ ãðóïï: Daphnia magna è Scenedesmus 
quadricauda (Turp.) Breb. 

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæäå­
íèå. Ïî äàííûì ðåíòãåíîôàçîâîãî àíàëèçà â 
ñîñòàâå èññëåäóåìûõ ïðîá áóðîâîãî øëàìà 
îïðåäåëåíû îáùèå ìèíåðàëû – êâàðö, êàëü­
öèò, äîëîìèò è ñëþäèñòûå ìèíåðàëû (ìóñêî­
âèò, áèîòèò). 

Ïðîáû áóðîâîãî øëàìà ñ ýêñïëóàòàöè­
îííûõ ñêâàæèí ßðàêòèíñêîãî è Ìàðêîâñêîãî 
ìåñòîðîæäåíèé èìåþò îáùèå ìèíåðàëû – 
êâàðö, êàëüöèò, äîëîìèò, ìóñêîâèò è àíãè­
äðèò, çàíèìàþùèå ìàêñèìàëüíóþ äîëþ â ñî­
ñòàâå ïðîá.

Ïðîáà áóðîâîãî øëàìà ñ ðàçâåäî÷íîé 
ñêâàæèíû ßðàêòèíñêîãî ìåñòîðîæäåíèÿ ñó­

ùåñòâåííî îòëè÷àåòñÿ ïî ìèíåðàëîãè÷å­
ñêîìó ñîñòàâó îò ïðîáû ñ ýêñïëóàòàöèîííûõ 
ñêâàæèí. Â ñîñòàâå ïîÿâëÿþòñÿ ñèëèêàòû è 
àëþìîñèëèêàòû (äèîïñèä è öåîëèò), ñîëè 
(ãàëèò), ñëþäèñòûé ìèíåðàë ïðåäñòàâëåí 
áèîòèòîì.

Äîïîëíèòåëüíî ïðåäïðèíÿòà ïîïûòêà 
âûäåëèòü ãëèíèñòóþ ñîñòàâëÿþùóþ ìåòîäîì 
îòìó÷èâàíèÿ ñ ïîñëåäóþùåé ôèëüòðàöèåé è 
àíàëèçîì ïîëó÷åííîé ôðàêöèè íà äèôðàêòî­
ìåòðå. Ïî äàííûì ðåíòãåíîôàçîâîãî àíàëè­
çà â ñîñòàâå îòäåëåííîé ôðàêöèè ãëèíèñòûå 
ìèíåðàëû íå îáíàðóæåíû. 

Ðåçóëüòàòû ðåíòãåíîôàçîâîãî àíàëèçà 
âàëîâûõ ïðîá è âûäåëåííîé ñîñòàâëÿþùåé 
ïîñëå îòìó÷èâàíèÿ ïðîá áóðîâîãî øëàìà 
ïðåäñòàâëåíû â òàáë. 1. 

Òàáëèöà 1 / Table 1

Ìèíåðàëîãè÷åñêèé ñîñòàâ áóðîâîãî øëàìà, % / Mineralogical composition of drill cuttings, %

Ìåñòîðîæäåíèå / 
Field

Ìàðêîâñêîå (ýêñïëóà­
òàöèîííàÿ ñêâàæèíà) / 

Markovskoye 
(production well)

ßðàêòèíñêîå
(ýêñïëóàòàöèîííàÿ 

ñêâàæèíà) / Yaraktinskoye 
(production well)

ßðàêòèíñêîå
(ðàçâåäî÷íàÿ

ñêâàæèíà)
/ Yaraktinskoye 

(exploratory well) 
Ïðîáà* / Sample 1 2 1 2 1 2
Êâàðö / Quartz 28,9 24,4 43,6 32,5 2,4 5,7
Äîëîìèò / Dolomite 3,5 2,5 20,3 18,1 6,8 21,7 
Êàëüöèò / Calcite 15,4 13,5 19,8 31,5 5,2 16
Ìóñêîâèò / Muscovite 18,6 23,3 12,4 14,7 ­ ­
Àíãèäðèò / Anhydrite 4,3 5,4 3,9 3,1 3,5 8,3 
Àëüáèò / Albite 18,5 16,1 ­ ­ 49,1 42,9 
Êëèíîõëîð / Clinochlore 10,7 14,8 ­ ­ ­ ­
Áèîòèò / Biotite ­ ­ ­ ­ 2,3 3,5 
Äèîïñèä / Diopside ­ ­ ­ ­ 24 ­
Ãàëèò / Halite ­ ­ ­ ­ 6,7 ­
Öåîëèò / Zeolite ­ ­ ­ ­ 1,9 

1 – âàëîâàÿ ïðîáà; 2 – âûäåëåííàÿ ôðàêöèÿ ìåòîäîì îòìó÷èâàíèÿ /
1 – gross sample; 2 – selected fraction by elutriation

Ãåîõèìè÷åñêàÿ ñïåöèôèêà èññëåäóå­
ìûõ áóðîâûõ øëàìîâ ðàññ÷èòàíà îòíîñèòåëüíî 
êëàðêà âåðõíåé ÷àñòè êîíòèíåíòàëüíîé êîðû íà 
îñíîâàíèè ðàáîòû Í. À. Ãðèãîðüåâà [2] (òàáë. 2). 

Áóðîâîé øëàì ñ ßðàêòèíñêîãî ìåñòî­
ðîæäåíèÿ ðàçëè÷àåòñÿ â çàâèñèìîñòè îò òè­
ïà ñêâàæèíû. Ïðîáà, îòîáðàííàÿ íà êóñòîâîé 
ïëîùàäêå ñ ýêñïëóàòàöèîííûìè ñêâàæèíà­
ìè, âûäåëÿåòñÿ ïîâûøåííûì ñîäåðæàíèåì 
Pb, As, Sb, Mo, Cu, Zn, W, Ag, Mg, Li. Â áóðî­
âîì øëàìå ñ ðàçâåäî÷íîé ñêâàæèíû îòìå­
÷àåòñÿ ðÿä ýëåìåíòîâ ñ ïîâûøåííûì ñîäåð­
æàíèåì – Cu, As, Sc, Co, Mg, Na, V, Ni, Mn, Ti, 

Fe, Zn, Ag, Ge, Cr. Ïðè ñðàâíåíèè äâóõ ïðîá 
ñ ßðàêòèíñêîãî ìåñòîðîæäåíèÿ îòìå÷àåòñÿ 
ñèëüíîå ðàçëè÷èå â ñîäåðæàíèè ðåäêîçå­
ìåëüíûõ ýëåìåíòîâ (â ïðîáå, îòîáðàííîé èç 
ðàçâåäî÷íîé ñêâàæèíû, êîíöåíòðàöèÿ ÐÇÝ 
áëèçêà ê åäèíèöå). Ïðîáà áóðîâîãî øëàìà 
ñ ýêñïëóàòàöèîííîé ñêâàæèíû Ìàðêîâñêîãî 
ìåñòîðîæäåíèÿ ñóùåñòâåííî îòëè÷àåòñÿ ïî 
êîíöåíòðàöèè ýëåìåíòîâ. Îòìå÷àåòñÿ ïîâû­
øåííîå ñîäåðæàíèå òàêèõ ýëåìåíòîâ, êàê As, 
Sc, Ag, Sr, Mg, Zn, Cr, Co, Li, Mn, Mo, Sb. 

Ýëåìåíòíûé ñîñòàâ èññëåäóåìûõ áó­
ðîâûõ øëàìîâ ðàçëè÷åí, îäíàêî â öåëîì 
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íàêàïëèâàþòñÿ ýëåìåíòû, îòíîñÿùèåñÿ ê 
òÿæåëûì ìåòàëëàì. Ðàññìàòðèâàåìàÿ òåð­
ðèòîðèÿ õàðàêòåðèçóåòñÿ ïðîÿâëåíèåì íà­

òðèåâûõ ñîëåé è ìåäèñòûõ ïåñ÷àíèêîâ, ïîý­
òîìó ïîâûøåííîå ñîäåðæàíèå ìåäè â ïðîáàõ 
îáúÿñíÿåòñÿ ïðèðîäíûì ôàêòîðîì [11]. 

Òàáëèöà 2 / Table 2

Êëàðêè êîíöåíòðàöèè (Êê) õèìè÷åñêèõ ýëåìåíòîâ îòíîñèòåëüíî ñðåäíåãî ñîñòàâà âåðõíåé ÷àñòè êîíòèíåíòàëüíîé 
çåìíîé êîðû ïî Í. À. Ãðèãîðüåâó [2] â áóðîâûõ øëàìàõ íåôòåãàçîêîíäåíñàòíûõ ìåñòîðîæäåíèé (ßðàêòèíñêîå è 

Ìàðêîâñêîå) / Clark of concentration of chemical elements relative to the average composition in the upper continental 
crust by N. A. Grigoriev [2] in drill cutting oil and gas condensate fields (Yaraktinskoye and Markovskoye fields)

Äèàïàçîí / 
Range

Õèìè÷åñêèå ýëåìåíòû / Ñhemical elements

Ìàðêîâñêîå ìåñòîðîæäåíèå / 
Markovskoye fields ßðàêòèíñêîå ìåñòîðîæäåíèå / Yaraktinskoye fields

ýêñïëóàòàöèîííàÿ ñêâàæèíà / 
production well 

ýêñïëóàòàöèîííàÿ ñêâàæèíà / 
production well

ðàçâåäî÷íàÿ ñêâàæèíà / 
exploratory well

> 3 As Pb, As, Sb, Mo, Cu, Zn, Cu, As, Sc

2…3 ­ W Co, Mg, Na, V, Ni, Mn

1…2 Sc, Ag, Sr, Mg, Zn, Cr, Co, Li, Mn, Mo, Sb Ag, Mg, Li Ti, Fe, Zn, Ag, Ge, Cr

0,5…1
Be, Fe, V, Ge, Ti, U, P, Cu, Pb, Ni, Ga, Ba, 
K, Si, Yb, Zr, Al, Rb, Eu, Nd, Na, Sm, Bi, 

Cs, Tb, Gd, Dy, Y, Ce, La, Nb, Tm, Er

Bi, Cr, Co, Sn, Sr, Fe, Ge, U, 
Cd, V, Mn

P, Sr, Ga, Yb, Tm, Dy, Er, Y, 
W, Eu, Tb, Zr, Al, Li, Mo, Ho, 

Lu, Gd, Si

< 0,5 Lu, Th, W, Pr, Sn, Hf, Cd, Ho, Tl, Ta

Ni, Si, P, Ti, K, Nb, Tl, Ta, Ga, 
Rb, Na, Cs, Be, Ba, Al, Zr, Hf, 
Tm, Sm, Sc, Tb, Gd, Eu, Th, 
Nd, La, Y, Pr, Ho, Ce, Lu, Yb, 

Er, Dy

Sm, Sn, Nb, Hf, Be,
Nd, Cd, Ce, Sb, Pr,

U, Ba, La, Ta, Pb, K, Rb, Th, 
Bi, Tl, Cs

Zc 8,78 34,53 20,56

Â òàáë. 2 íàãëÿäíî ïîêàçàíà ñïåöèôèêà 
íàêîïëåíèÿ õèìè÷åñêèõ ýëåìåíòîâ â áóðîâûõ 
øëàìàõ. Â áóðîâîì øëàìå ñ ýêñïëóàòàöèîí­
íûõ ñêâàæèí ßðàêòèíñêîãî ìåñòîðîæäåíèÿ 
ýëåìåíòû êîíöåíòðèðóþòñÿ âûñîêî, â áóðî­
âîì øëàìå ñ ðàçâåäî÷íîé ñêâàæèíû – â ìåíü­
øåé ñòåïåíè. Ñóììàðíûé ïîêàçàòåëü çàãðÿç­
íåíèÿ, ðàññ÷èòàííûé ïî êëàðêó êîíöåíòðàöèè, 
ïîêàçûâàåò, ÷òî ïðîáà ñ ßðàêòèíñêîãî ìåñòî­
ðîæäåíèÿ, îòîáðàííàÿ íà êóñòîâîé ïëîùàäêå 
ñ ýêñïëóàòàöèîííûìè ñêâàæèíàìè, îáëàäàåò 
âûñîêîé ñòåïåíüþ çàãðÿçíåíèÿ. Ê íèçêîé ñòå­
ïåíè çàãðÿçíåíèÿ îòíîñèòñÿ ïðîáà áóðîâîãî 
øëàìà ñ Ìàðêîâñêîãî ìåñòîðîæäåíèÿ. 

Òàêæå ïðîáû áóðîâîãî øëàìà ðàçäå­
ëÿëèñü íà ìàãíèòíóþ, ýëåêòðîìàãíèòíóþ è 
íåìàãíèòíóþ ôðàêöèè. Êàæäàÿ ôðàêöèÿ èñ­
ñëåäîâàëàñü ìåòîäîì ýíåðãîäèñïåðñèîííîé 
ðåíòãåíîâñêîé ñïåêòðîñêîïèè íà ñêàíèðó­
þùåì ýëåêòðîííîì ìèêðîñêîïå. Ìàãíèòíàÿ 
ôðàêöèÿ â îñíîâíîì ïðåäñòàâëåíà îêñèäàìè 
æåëåçà â âèäå îñêîëêîâ è ñôåðóë. Áóðîâîé 
øëàì ßðàêòèíñêîãî ìåñòîðîæäåíèÿ âûäåëÿ­

åòñÿ íàëè÷èåì Ti­Fe­ñîäåðæàùèìè ÷àñòèöà­
ìè, â îòëè÷èå îò ïðîá ñ Ìàðêîâñêîãî ìåñòî­
ðîæäåíèÿ, ãäå äàííûå ÷àñòèöû íå íàéäåíû. 

Ýëåêòðîìàãíèòíàÿ ôðàêöèÿ ïðîá áóðî­
âîãî øëàìà ïðåäñòàâëåíà Pb­, Sn­ è Sr­ñî­
äåðæàùèìè ÷àñòèöàìè, à òàêæå íàëè÷èåì 
âêëþ÷åíèé, ñïåêòð êîòîðûõ ñîîòâåòñòâóåò 
ãðóïïå ñóëüôèäîâ (ïèðèò, õàëüêîïèðèò).

Â ïðîáàõ áóðîâîãî øëàìà ñ ßðàêòèí­
ñêîãî ìåñòîðîæäåíèÿ, îòîáðàííûõ ñ ðàç­
âåäî÷íîé ñêâàæèíû, îòìå÷àåòñÿ íàëè÷èå 
Pb­ñîäåðæàùèõ è Sr­S­ñîäåðæàùèõ ÷àñòèö, 
òàêæå âûÿâëåí ñïåêòð ìèíåðàëà õàëüêîïèðèò 
è ìèíåðàëà ãàëèò (õëîðèä íàòðèÿ). Áóðîâîé 
øëàì ñ ýêñïëóàòàöèîííûõ ñêâàæèí ßðàêòèí­
ñêîãî ìåñòîðîæäåíèÿ îòëè÷àåòñÿ îò ïåðâîé 
ïðîáû íàëè÷èåì Sn­ñîäåðæàùåé ÷àñòèöû è 
ïàðàãåíåçèñîì òàêèõ ýëåìåíòîâ, êàê Sr­Ba­S 
â îäíîì ñïåêòðå. 

Ïðîáà ñ Ìàðêîâñêîãî ìåñòîðîæäåíèÿ 
âûäåëÿåòñÿ âêëþ÷åíèåì ÷àñòèö ñî ñïåêòðîì 
òàêèõ ýëåìåíòîâ, êàê Sr­Ba­S è íàëè÷èåì äè­
ñóëüôèäîâ æåëåçà (ìèíåðàë ïèðèò). 
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Íà èññëåäóåìûõ ïðîáàõ áóðîâîãî øëà­
ìà ïðîâîäèëîñü áèîòåñòèðîâàíèå ñ ïîñëå­
äóþùèì îïðåäåëåíèåì êëàññà îïàñíîñòè 
íà äâóõ òåñò­îáúåêòàõ ðàçíûõ ñèñòåìàòè÷å­
ñêèõ ãðóïï: ðàêîîáðàçíûå Daphnia magna 
Straus (ÔÐ.1.39.2007.03222) è âîäîðîñ­
ëè Scenedesmus quadricauda (Turp.) Breb 
(ÔÐ.1.39.2007.03223). 

Îïðåäåëåíèå êðàòíîñòè ðàçâåäåíèÿ 
âîäíîé âûòÿæêè èç îòõîäà, ïðè êîòîðîé âðåä­
íîå âîçäåéñòâèå íà ãèäðîáèîíòû îòñóòñòâó­
åò, îñíîâàíî íà áèîòåñòèðîâàíèè âîäíîé âû­
òÿæêè, âûäåëåííîé èç èññëåäóåìîãî îòõîäà. 
Çà îêîí÷àòåëüíûé ðåçóëüòàò ïðèíèìàåòñÿ 
êëàññ îïàñíîñòè, âûÿâëåííûé íà òåñò­îáúåê­
òå, ïðîÿâèâøåì áîëåå âûñîêóþ ÷óâñòâèòåëü­
íîñòü ê àíàëèçèðóåìîìó îòõîäó. 

Òàê, ïðîáà áóðîâîãî øëàìà ñ ßðàêòèí­
ñêîãî ìåñòîðîæäåíèÿ (ýêñïëóàòàöèîííàÿ 
ñêâàæèíà) îòíîñèòñÿ ê III êëàññó îïàñíîñòè 
(óìåðåííî îïàñíûé), âîäíàÿ âûòÿæêà èç îò­
õîäà îêàçûâàåò âðåäíîå âîçäåéñòâèå ïðè 
êðàòíîñòè 1…100 ðàç. Ïðîáàì ñ ßðàêòèíñêî­
ãî ìåñòîðîæäåíèÿ (ðàçâåäî÷íàÿ ñêâàæèíà) 
è Ìàðêîâñêîãî ìåñòîðîæäåíèÿ (ýêñïëóàòà­
öèîííàÿ ñêâàæèíà) ïðèñâîåí IV êëàññ îïàñ­
íîñòè (ìàëîîïàñíûå), ãäå âîäíàÿ âûòÿæêà èç 
îòõîäà îêàçûâàåò âðåäíîå âîçäåéñòâèå ïðè 
êðàòíîñòè â 1 ðàç.

Ðåçóëüòàòû áèîòåñòèðîâàíèÿ ñîâïàäàþò 
ñ ðàññ÷èòàííûì ïîêàçàòåëåì ñóììàðíîãî çà­
ãðÿçíåíèÿ. Ïðîáà áóðîâîãî øëàìà ñ ßðàêòèí­
ñêîãî ìåñòîðîæäåíèÿ, îòîáðàííàÿ ñ êóñòîâîé 
ïëîùàäêè ñ ýêñïëóàòàöèîííûìè ñêâàæèíà­
ìè, ÿâëÿåòñÿ óìåðåííî îïàñíûì âåùåñòâîì 
è îáëàäàåò âûñîêîé ñòåïåíüþ çàãðÿçíåíèÿ. 

Çàêëþ÷åíèå. Îáîáùàÿ ðåçóëüòàòû èñ­
ñëåäîâàíèÿ ïî óñòàíîâëåíèþ ãåîõèìè÷åñêîé 
è ìèíåðàëîãè÷åñêîé ñïåöèàëèçàöèè áóðîâûõ 

øëàìîâ íà ïðèìåðå ßðàêòèíñêîãî è Ìàðêîâ­
ñêîãî ìåñòîðîæäåíèé, ìîæíî îòìåòèòü ðÿä 
îñîáåííîñòåé: 

1) ìèíåðàëîãè÷åñêèé ñîñòàâ èññëåäóå­
ìûõ ïðîá áóðîâîãî øëàìà ñõîæ, ìàêñèìàëü­
íóþ äîëþ â ñîñòàâå çàíèìàþò êâàðö, êàëüöèò, 
äîëîìèò è ñëþäèñòûå ìèíåðàëû; 

2) â ïðîáàõ áóðîâîãî øëàìà, îòîáðàííûõ 
íà øëàìîâûõ àìáàðàõ ßðàêòèíñêîãî è Ìàð­
êîâñêîãî ìåñòîðîæäåíèé, îòìå÷àåòñÿ ïîâû­
øåííîå êîíöåíòðèðîâàíèå As, Zn, Mg, Ag îò­
íîñèòåëüíî ñðåäíåãî ñîñòàâà âåðõíåé ÷àñòè 
êîíòèíåíòàëüíîé çåìíîé êîðû (ïî Í.À. Ãðèãî­
ðüåâó);

3) ñóììàðíûé ïîêàçàòåëü çàãðÿçíåíèÿ, 
ðàññ÷èòàííûé ïî êëàðêó êîíöåíòðàöèè, ïî­
êàçûâàåò, ÷òî èññëåäóåìûå ïðîáû îòíîñÿòñÿ 
ê ðàçíîé ñòåïåíè çàãðÿçíåíèÿ. Âûñîêîé ñòå­
ïåíüþ çàãðÿçíåíèÿ îáëàäàåò ïðîáà áóðîâî­
ãî øëàìà ñ ßðàêòèíñêîãî ìåñòîðîæäåíèÿ, 
îòîáðàííàÿ ñ êóñòîâîé ïëîùàäêè ñ ýêñïëóà­
òàöèîííûìè ñêâàæèíàìè. Ïðîáà ñ ðàçâåäî÷­
íîé ñêâàæèíû îáëàäàåò ñðåäíåé ñòåïåíüþ 
çàãðÿçíåíèÿ. Ê íèçêîé ñòåïåíè çàãðÿçíåíèÿ 
îòíîñèòñÿ ïðîáà áóðîâîãî øëàìà ñ Ìàðêîâ­
ñêîãî ìåñòîðîæäåíèÿ;

4) ìåòîä ýíåðãîäèñïåðñèîííîé ðåíòãå­
íîâñêîé ñïåêòðîñêîïèè ïðè èññëåäîâàíèè 
ïðîá áóðîâîãî øëàìà íà ñêàíèðóþùåì ýëåê­
òðîííîì ìèêðîñêîïå âûÿâèë ìèíåðàëüíûå 
ôàçû Pb, Sn, Sr, Ba Fe, Ti. Òàêæå çàôèêñèðî­
âàíû îêñèäû æåëåçà ñôåðè÷åñêîé ôîðìû; 

5) ïî ðåçóëüòàòàì òîêñèêîëîãè÷åñêîãî 
àíàëèçà ìåòîäîì áèîòåñòèðîâàíèÿ èññëå­
äóåìûé áóðîâîé øëàì îòíîñèòñÿ ê óìåðåí­
íî îïàñíûì è ìàëîîïàñíûì îòõîäàì. Ïðî­
áû áóðîâîãî øëàìà îêàçûâàþò òîêñè÷åñêîå 
äåéñòâèå íà ìèêðîâîäîðîñëè Scenedesmus 
quadricauda è ðà÷êîâ Daphia magna.

Ñïèñîê ëèòåðàòóðû                                                                                              

1. Áàëàáà Â. È. Îáåñïå÷åíèå ýêîëîãè÷åñêîé áåçîïàñíîñòè ñòðîèòåëüñòâà ñêâàæèí íà ìîðå // Áóðå­
íèå è íåôòü. 2004. ¹ 1. Ñ. 18–21.

2. Ãðèãîðüåâ Í. À. Ðàñïðåäåëåíèå õèìè÷åñêèõ ýëåìåíòîâ â âåðõíåé ÷àñòè êîíòèíåíòàëüíîé êîðû. 
Åêàòåðèíáóðã: ÓðÎ ÐÀÍ, 2009. 382 ñ.

3. Ìàòâèåíêî Â. Â., Êóçíåöîâ Â. À., Öåõàíñêèé Ì. Â. Ê âîïðîñó î ñîâðåìåííûõ ìåòîäàõ ïåðåðàáîòêè 
è óòèëèçàöèè îòõîäîâ áóðåíèÿ // Íåôòü è ãàç Ñèáèðè. 2017. ¹ 3. Ñ. 94–99.

4. Ìîñêîâ÷åíêî Ä. Â., Äîðîæóêîâà Ñ. Ë. Ïîñëåäñòâèÿ áóðîâûõ ðàáîò íà ñåâåðå Òþìåíñêîé îáëàñòè // 
Ýêîëîãèÿ è ïðîìûøëåííîñòü Ðîññèè. 2002. ¹ 9. Ñ. 27–30.

5. Íåïñêî­Áîòóîáèíñêàÿ àíòåêëèçà – íîâàÿ ïåðñïåêòèâíàÿ îáëàñòü äîáû÷è íåôòè è ãàçà íà Âîñòîêå 
ÑÑÑÐ / ïîä ðåä. À. Ý. Êîíòîðîâè÷à, Â. Ñ. Ñóðêîâà, À. À. Òðîôèìóêà. Íîâîñèáèðñê: Íàóêà, 1986. 245 ñ.

6. Ïàòèí Ñ. À. Íåôòü è ýêîëîãèÿ êîíòèíåíòàëüíîãî øåëüôà = Oil and continental shelf ecology. Ì.: 
ÂÍÈÐÎ, 2001. 247 ñ.

7. Ïè÷óãèí Å. À. Øåíôåëüä Á. Å. Ê âîïðîñó ðàçëè÷èÿ áóðîâûõ è íåôòÿíûõ øëàìîâ // Ýêîëîãèÿ è ïðî­
ìûøëåííîñòü Ðîññèè. 2017. Ò. 21, ¹ 7. Ñ. 14–19.



Âåñòíèê ÇàáÃÓ. 2020. Ò. 26. ¹ 2                                                                              Íàóêè î Çåìëå

38

8. Ïîïîâ Ä. Ä. Îñîáåííîñòè ãåîëîãè÷åñêîãî ñòðîåíèÿ è ïåðñïåêòèâû íåôòåãàçîíîñíîñòè áàçàëü­
íûõ òåððèãåííûõ îòëîæåíèé âåíäà çàïàäíîé, þãî­çàïàäíîé ÷àñòåé Íåïñêî­Áîòóîáèíñêîé àíòåêëèçû // 
Èçâåñòèÿ Èðêóòñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà. Ñåðèÿ: Íàóêè î Çåìëå. 2011. Ò. 4, ¹ 1. Ñ. 173–189.

9. Ñàåò Þ. Å., Ðåâè÷ Á. À., ßíèí Å. Ï., Ñìèðíîâà Ð. Ñ., Áàøàðêåâè÷ È. Ë., Îíèùåíêî Ò. Ë., Ïàâëîâà Ë. Í., 
Òðåôèëîâà Í. ß., À÷êàñîâ À. È., Ñàðêèñÿí Ñ. Ø. Ãåîõèìèÿ îêðóæàþùåé ñðåäû. Ì.: Íåäðà, 1990. 335 ñ.

10. Ñîðîìîòèí À. Â. Âîçäåéñòâèå äîáû÷è íåôòè íà òàåæíûå ýêîñèñòåìû Çàïàäíîé Ñèáèðè. Òþìåíü: 
Èçä­âî Òþìåíñêîãî ãîñ. óí­òà, 2010. 320 ñ.

11. Ñîðîìîòèí À. Â., Ïèñëåãèí Ä. Â. Òÿæåëûå ìåòàëëû â äîííûõ îòëîæåíèÿõ øëàìîâûõ àìáàðîâ ãå­
îëîãîðàçâåäî÷íûõ ñêâàæèí Çàïàäíîé Ñèáèðè // Ãåîýêîëîãèÿ. Èíæåíåðíàÿ ãåîëîãèÿ. Ãèäðîãåîëîãèÿ. Ãåî­
êðèîëîãèÿ. 2015. ¹ 6. Ñ. 514–520.

12. Ñòðàòèãðàôèÿ íåôòåãàçîíîñíûõ áàññåéíîâ Ñèáèðè. Ðèôåé è âåíä Ñèáèðñêîé ïëàòôîðìû è 
åå ñêëàä÷àòîãî îáðàìëåíèÿ = Stratigraphy of oil and gas basins of Siberia. Riphean and vendian of Siberian 
platform and plaited border / ïîä ðåä. Í. Â. Ìåëüíèêîâà. Íîâîñèáèðñê: Ãåî, 2005. 428 ñ. 

13. Baloyan M. B., Chudnova T. A., Shapovalov D. A. Environmental justification of the use of drill cuttings 
in the soil // International agricultural journal. 2019. No. 1. P. 50–55. 

14. Kujawska J., Cel W. Mobility of metals from drill cuttings. URL: https://www.longdom.org/open­access/
mobility­of­metals­from­drill­cuttings­2252­5211­1000285.pdf (äàòà îáðàùåíèÿ: 12.10.2019). Òåêñò: ýëåê­
òðîííûé.

15. Mikos­Szymańska M., Rusek P., Borowik K., Rolewicz M., Bogusz P. Characterization of drilling waste 
from shale gas exploration in Centraland Eastern Poland // Environmental Science and Pollution Research. 2018. 
Vol. 25, No. 36. P. 35990–36001.

16. Nabhani N., Khaje E. Environmental aspects of oil and water­based offshore drilling muds and cuttings // 
International Journal of Mechanical And Production Engineering. 2015. Vol. 3, No. 4. P. 14–19.

17. Savichev O. G., Matveenko I. A., Savchenko D. V. Changes in chemical composition of drilling waste 
water in taiga zone of Western Siberia (the Russian Federation) on the basis of thermodynamic approach. URL: 
http://earchive.tpu.ru/bitstream/11683/35134/1/dx.doi.org­10.1088­1755­1315­43­1­012027.pdf (äàòà îá­
ðàùåíèÿ: 10.10.2019). Òåêñò: ýëåêòðîííûé.

References 

1. Balaba V. I. Burenie i neft (Drilling and oil), 2004, no. 1, pp. 18–21.
2. Grigoriev N. A. Raspredelenie himicheskih elementov v verhney chasti kontinentalnoy kory (Distribution 

of chemical elements in the upper part of the continental crust). Yekaterinburg: Uro RAS, 2009. 382 p. 
3. Matvienko V. V., Kuznetsov V. A., Tsekhansky M. V. Neft i gaz Sibiri (Oil and gas of Siberia), 2017, no. 3, 

pp. 94–99.
4. Moskovchenko D. V., Dorozhukova S. L. Ekologiya i promyshlennost Rossii (Ecology and industry of 

Russia), 2002, no. 9, pp. 27–30.
5. Nepsko­Botuobinskaya antekliza – novaya perspektivnaya oblast dobychi nefti i gaza na Vostoke SSSR 

(Nepsko­Botuobinskaya antekliza – a new promising area of oil and gas production in the East of the USSR) / ed. 
A. E. Kontorovich, V. S. Surkov, A. A. Trofimuk. Novosibirsk: Nauka, 1986. 245 p.

6. Patin S. A. Neft i ekologiya kontinentalnogo shelfa = Oil and continental shelf ecology (Oil and ecology of 
the continental shelf = Oil and continental shelf ecology). Moscow: VNIRO, 2001. 247 p.

7. Pichugin E. A., Schoenfeld B. E. Ekologiya i promyshlennost Rossii (Ecology and industry of Russia), 
2017, vol. 21, no. 7, pp. 14–19.

8. Popov D. D. Izvestiya Irkutskogo gosudarstvennogo universiteta. Seriya: Nauki o Zemle (News of the 
Irkutsk State University. Series: Earth Sciences), 2011, vol. 4, no. 1, pp. 173–189. 

9. Saet Yu. E., Revich B. A., Yanin E. P., Smirnova R. S., Basharkevich I. L., Onishchenko T. L., Pavlova L. N., 
Trefilova N. Ya., Achkasov A. I., Sarkisyan S. Sh. Geohimiya okruzhayushchey sredy (Geochemistry of the 
environment). Moscow: Nedra, 1990. 335 p.

10. Soromotin A. V. Vozdeystvie dobychi nefti na taezhnye ekosistemy Zapadnoy Sibiri (Impact of oil pro­
duction on taiga ecosystems in Western Siberia). Tyumen: Publishing house of the Tyumen State University, 
2010. 320 p. 

11. Soromotin A. V., Pislegin D. V. Geoekologiya. Inzhenernaya geologiya. Gidrogeologiya. Geokriologiya 
(Ecology. Engineering geology. Hydrogeology. Geocryology), 2015,  no. 6, pp. 514–520.

12. Stratigrafiya neftegazonosnyh basseynov Sibiri. Rifey i vend Sibirskoy platformy i ee skladchatogo 
obramleniya = Stratigraphy of oil and gas basins of Siberia. Riphean and vendian of Siberian platform and 
plaited border (Stratigraphy of oil and gas basins in Siberia. Riphean and Wend of the Siberian platform and its 
folded frame = Stratigraphy of oil and gas basins of Siberia. Riphean and vendian of Siberian platform and plaited 
border) / ed. N. V. Melnikov. Novosibirsk: Geo, 2005. 428 p.



Earth sciences                                                                        Bulletin of ZabGU. 2020. Vol. 26. No. 2

39

13. Baloyan M. B., Chudnova T. A., Shapovalov D. A. International agricultural journal (International 
agricultural journal), 2019, no. 1, pp. 50–55. 

14. Kujawska J., Cel W. Mobility of metals from drill cuttings (Mobility of metals from drill cuttings). URL: 
https://www.longdom.org/open­access/mobility­of­metals­from­drill­cuttings­2252­5211­1000285.pdf (Date 
of access: 12.10.2019). Text: electronic.

15. Mikos­Szymańska M., Rusek P., Borowik K., Rolewicz M., Bogusz P. Environmental Science and 
Pollution Research (Environmental Science and Pollution Research), 2018, vol. 25, no. 36, pp. 35990–36001.

16. Nabhani N., Khaje E. International Journal of Mechanical And Production Engineering (International 
Journal of Mechanical And Production Engineering), 2015, vol. 3, no. 4, pp. 14–19.

17. Savichev O. G., Matveenko I. A., Savchenko D. V. Changes in chemical composition of drilling waste 
water in taiga zone of Western Siberia (the Russian Federation) on the basis of thermodynamic approach 
(Changes in chemical composition of drilling waste water in taiga zone of Western Siberia (the Russian Federation) 
on the basis of thermodynamic approach). URL: http://earchive.tpu.ru/bitstream/11683/35134/1/dx.doi.org­
10.1088­1755­1315­43­1­012027.pdf (Date of access: 10.10.2019). Text: electronic.

Èññëåäîâàíèÿ âûïîëíåíû ñ èñïîëüçîâàíèåì íàó÷íîãî îáîðóäîâàíèÿ Öåíòðà êîëëåêòèâíîãî èñïîëüçîâàíèÿ ÒÏÓ.
Àâòîðû áëàãîäàðÿò èíæåíåðà­ñòàæåðà ïî îõðàíå îêðóæàþùåé ñðåäû ÎÎÎ «Èðêóòñêàÿ íåôòÿíàÿ êîìïàíèÿ» 

Â. Ì. ×åðåïàíîâó çà îòáîð ïðîá âî âðåìÿ ïðîõîæäåíèÿ ïðîèçâîäñòâåííîé ïðàêòèêè

The research was carried out using the scientific equipment of the TPU Collective Use Center.
The authors would like to thank V. M. Cherepanovà, an engineer­trainer in environmental protection at 

LLC “Irkutsk Oil Company”, for taking samples during production practice

Êîðîòêî îá àâòîðàõ 

Êëèìîâà Àëåíà Àíäðååâíà, àñïèðàíò, îòäåëåíèå ãåîëîãèè Èíæåíåðíîé øêîëû ïðèðîäíûõ ðåñóðñîâ, Íàöèîíàëüíûé 
èññëåäîâàòåëüñêèé Òîìñêèé ïîëèòåõíè÷åñêèé óíèâåðñèòåò, ã. Òîìñê, Ðîññèÿ. Îáëàñòü íàó÷íûõ èíòåðåñîâ: îòõîäû ïðî­
èçâîäñòâà, áèîòåñòèðîâàíèå
klimovalena777@mail.ru 

ßçèêîâ Åãîð Ãðèãîðüåâè÷, ä­ð ãåîë.­ìèíåð. íàóê, ïðîôåññîð, îòäåëåíèå ãåîëîãèè Èíæåíåðíîé øêîëû ïðèðîäíûõ ðå­
ñóðñîâ, Íàöèîíàëüíûé èññëåäîâàòåëüñêèé Òîìñêèé ïîëèòåõíè÷åñêèé óíèâåðñèòåò, ã. Òîìñê, Ðîññèÿ. Îáëàñòü íàó÷íûõ 
èíòåðåñîâ: ýêîãåîõèìèÿ, ãåîýêîëîãè÷åñêèé ìîíèòîðèíã 
yazikoveg@tpu.ru

Briefly about the authors 

Alena Klimova, postgraduate, Geology department, School of Natural Resources Engineering, National Research Tomsk 
Polytechnic University, Tomsk, Russia. Sphere of scientific interests: production waste, bioassay

Egor Yazikov, doctor of geological and mineralogical sciences, professor, Geology department, School of Natural Resources 
Engineering, National Research Tomsk Polytechnic University, Tomsk, Russia. Sphere of scientific interests: ecogeochemistry, 
geoecological monitoring

Îáðàçåö öèòèðîâàíèÿ 

Êëèìîâà À. À., ßçèêîâ Å. Ã. Ìèíåðàëîãî­ãåîõèìè÷åñêàÿ ñïåöèôèêà áóðîâûõ øëàìîâ íåôòåãàçîêîíäåíñàòíûõ ìåñòî­
ðîæäåíèé íà ïðèìåðå îáúåêòîâ èðêóòñêîé îáëàñòè // Âåñòíèê Çàáàéêàëüñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà. 2020. 
Ò. 26, ¹ 2. Ñ. 32–39. DOI: 10.21209/2227­9245­2020­26­2­32­39.

Klimova A. À., Yazikov Å. Mineralogical ànd geochemical particularity of drill cuttings from oil ànd gas condensate fields on 
the example of objects of the Irkutsk region // Transbaikal State University Journal, 2020, vol. 26, no. 2, pp. 32–39. DOI: 
10.21209/2227­9245­2020­26­2­32­39.

Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ: 06.11.2019 ã. 
 Ñòàòüÿ ïðèíÿòà ê ïóáëèêàöèè: 04.02.2020 ã. 


