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Ââåäåíèå
Ðàçðåç äîêåìáðèéñêèé îáðàçîâàíèé íà Ïðèïîëÿ-

ðíîì Óðàëå ÿâëÿåòñÿ ñòðàòîòèïè÷åñêèì äëÿ âñåãî 
Òèìàíî-Ñåâåðîóðàëüñêîãî ðåãèîíà. Â ñðàâíåíèè ñ äðó-
ãèìè ðàéîíàìè ðàçâèòèÿ äîêåìáðèÿ íà ñåâåðå Óðàëà è 
Òèìàíå, Ïðèïîëÿðíûé Óðàë ñ÷èòàåòñÿ îòíîñèòåëü íî 
õîðîøî èçó÷åííûì. Çäåñü íà÷èíàÿ ñ ñåðåäèíû ïðîø-
ëîãî âåêà ïðîâîäÿòñÿ ñèñòåìàòè÷åñêèå ãåîëîãî-ñúå-
ìî÷íûå, ïîèñêîâûå è ãåîëîãî-ðàçâåäî÷íûå ðàáîòû. 
Èìåþòñÿ ãåîëîãè÷åñêèå êàðòû ìàñøòàáà 1:1000000 è 
1:200000 è íåñêîëüêî ïîêîëåíèé êðóïíîìàñøòàáíûõ 
êàðò. Â ðåçóëüòàòå ìíîãîëåòíèõ èññëåäîâàíèé óñòàíîâ-
ëåíû ñòðóêòóðíûå îñîáåííîñòè òåððèòîðèè, äîâîëüíî 
äåòàëüíî ðàçðàáîòàíû âîïðîñû ìàãìàòèçìà è ìåòàìîð-
ôèçìà, âûÿâëåíû ñòðàòèãðàôè÷åñêèå ïîñëåäîâàòåëüíî-
ñòè. Òåì íå ìåíåå â ãåîëîãèè äîêåìáðèÿ ýòîé òåððèòî-
ðèè îñòàåòñÿ öåëûé ðÿä íåðåøåííûõ ïðîáëåì è ñïîðíûõ 
âîïðîñîâ. Ïîæàëóé, íàèáîëåå îáñóæäàåìûìè ÿâëÿþòñÿ 
âîïðîñû î ãåîëîãè÷åñêîì ñòðîåíèè íèæíåé ÷àñòè âåð-
õíåäîêåìáðèéñêîãî ðàçðåçà Ïðèïîëÿðíîãî Óðàëà è íè-
æíåì âîçðàñòíîì ðóáåæå áàçàëüíûõ îòëîæåíèé ðèôåÿ. 

Â ñîâðåìåííûõ ñòðàòèãðàôè÷åñêèõ ñõåìàõ ïðèïî-
ëÿðíîóðàëüñêîãî äîêåìáðèÿ â îñíîâàíèè âåðõíåäîêåì-
áðèéñêîãî ðàçðåçà âûäåëÿåòñÿ ñóùåñòâåííî ìåòàòåð-
ðèãåííàÿ ìàíüõîáåèíñêàÿ ñâèòà. Íåñìîòðÿ íà òî, ÷òî 
ýòîò ñòðàòîí â ñòðàòèãðàôè÷åñêîé ñõåìå Ïðèïîëÿðíîãî 
Óðàëà áûë çàêðåïëåí åùå â 1977 ã. ðåøåíèåì Òðåòüåãî 

Óðàëüñêîãî ìåæâåäîìñòâåííîãî ñîâåùàíèÿ, ðÿä óðàëü-
ñêèõ ãåîëîãîâ äî ñèõ ïîð ïðèäåðæèâàåòñÿ áîëåå ðàí-
íèõ ñòðàòèãðàôè÷åñêèõ ïîñòðîåíèé Ì. Â. Ôèøìàíà è 
Á. À. Ãîëäèíà [19], à òàêæå Â. Í. Ïó÷êîâà [10], â êîòîðûõ 
ìàíü õîáåèíñêàÿ ñâèòà îòñóòñòâóåò, à âåðõíåäîêåìáðèé-
ñêèé ðàçðåç íà÷èíàåòñÿ ñ îøèçñêîé ñâèòû (òîëùè), êî-
òîðàÿ â ñîâðåìåííûõ ñõåìàõ îòíîñèòñÿ ê ñðåäíåìó èëè 
âåðõíåìó ðèôåþ. Ñëåäóåò òàêæå îòìåòèòü, ÷òî ó èññëåäî-
âàòåëåé, ïðèçíàþùèõ ïðàâîìåðíîñòü âûäåëåíèÿ ìàíü-
õîáåèíñêîé ñâèòû, íåò åäèíîé ïîçèöèè â îöåíêå âîç-
ðàñòà ýòîãî ñòðàòèãðàôè÷åñêîãî ïîäðàçäåëåíèÿ: ðàííèé 
èëè ñðåäíèé ðèôåé. 

Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ êðèòè÷åñêàÿ 
îöåíêà èìåþùèõñÿ äàííûõ î ñòðàòèãðàôè÷åñêîé ïîçè-
öèè ìàíüõîáåèíñêîé ñâèòû è àíàëèç ðåçóëüòàòîâ íîâûõ 
èçîòîïíî-ãåîõðîíîëîãè÷åñêèõ èññëåäîâàíèé äëÿ óòî÷-
íåíèÿ âîçðàñòà ýòîãî ãåîëîãè÷åñêîãî îáúåêòà.

Èñòîðèÿ âûäåëåíèÿ ñâèòû,
ñòðàòèãðàôè÷åñêàÿ ïîçèöèÿ
è ãåîëîãè÷åñêàÿ õàðàêòåðèñòèêà
Ìàíüõîáåèíñêàÿ ñâèòà (RF1) áûëà âûäåëåíà

Ë. Ò. Áåëÿ   êîâîé [1] èç ñîñòàâà íèêîëàéøîðñêîé ñâè-
òû (PR1), ïî Ì. Â. Ôèøìàíó è Á. À. Ãîëäèíó [19]. 
×àñòè÷íî â ðàçðåç ñâèòû áûëè âêëþ÷åíû òåððèãåííûå 
îòëîæåíèÿ, ðàíåå îòíîñèâøèåñÿ ê õîáåèíñêîé (RF3) è 
ñàðàíõàïíåðñêîé (ª3–O1) ñâèòàì. 

ÓÄÊ 551.71/.72(234.851)

ÃÅÎËÎÃÈ×ÅÑÊÀß ÏÎÇÈÖÈß È ÂÎÇÐÀÑÒ 

ÌÀÍÜÕÎÁÅÈÍÑÊÎÉ ÑÂÈÒÛ (RF1?) ÍÀ ÏÐÈÏÎËßÐÍÎÌ ÓÐÀËÅ
À. Ì. Ïûñòèí, Þ. È. Ïûñòèíà

Èíñòèòóò ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ, Ñûêòûâêàð
pystin@geo.komisc.ru

Ðàññìîòðåíû ãåîëîãè÷åñêàÿ ïîçèöèÿ è âîçðàñò ìàíüõîáåèíñêîé ñâèòû íà Ïðèïîëÿðíîì Óðàëå, êîòîðàÿ â ñîâðåìåííûõ ñòðà-
òèãðàôè÷åñêèõ ñõåìàõ îòíîñèòñÿ ê íèæíå- èëè ñðåäíåðèôåéñêèì îáðàçîâàíèÿì è ðàññìàòðèâàåòñÿ â êà÷åñòâå áàçàëüíûõ îòëîæå-
íèé âåðõíåãî äîêåìáðèÿ ýòîãî ðàéîíà, ÿâëÿþùåãîñÿ ñòðàòîòèïè÷åñêèì äëÿ äîêåìáðèÿ âñåãî Òèìàíî-Ñåâåðîóðàëüñêîãî ðåãèîíà. 
Íà îñíîâå ðåçóëüòàòîâ íîâûõ èçîòîïíî-ãåîõðîíîëîãè÷åñêèõ èññëåäîâàíèé ñ ó÷åòîì èìåþùèõñÿ ãåîëîãè÷åñêèõ äàííûõ (ñòðóêòóð-
íûõ, ïåòðîëîãè÷åñêèõ, ìèíåðàëîãè÷åñêèõ) äàåòñÿ îáîñíîâàíèå ïðåäñòàâëåíèÿ î òîì, ÷òî ìàíüõîáåèíñêàÿ ñâèòà íå ìîæåò ðàññìà-
òðèâàòüñÿ êàê ñàìîñòîÿòåëüíîå ñòðàòèãðàôè÷åñêîå ïîäðàçäåëåíèå. Îíà ïðåäñòàâëÿåò ñîáîé ïîðîäíóþ àññîöèàöèþ ïðåèìóùå-
ñòâåííî íèçêîòåìïåðàòóðíûõ äèàôòîðèòîâ è êàòàêëàçèòîâ ïî âûñîêîòåìïåðàòóðíûì ìåòàìîðôèòàì, àíàëîãè÷íûõ òåì, êîòîðûìè 
ñëîæåí íèæíåäîêåìáðèéñêèé íÿðòèíñêèé êîìïëåêñ. 

Êëþ÷åâûå ñëîâà: Ïðèïîëÿðíûé Óðàë, âåðõíèé äîêåìáðèé, áàçàëüíûå îòëîæåíèÿ, öèðêîí, èçîòîïíûé âîçðàñò.

GEOLOGICAL POSITION AND AGE

OF THE MAN’HOBEYU SUITE (RF1?) IN THE SUBPOLAR URALS
A. M. Pystin, Yu. I. Pystina

Institute of Geology of the Komi SC UB RAS, Syktyvkar

The geological position and age of the Man’hobeyu suite in the Subpolar Urals are considered, which in modern stratigraphic schemes 
refers to the Lower or Middle Riphean formations and is considered as the basal deposits of the Upper Precambrian of this region, which is 
stratotype for the Precambrian of the entire Timan-Northern Ural region. Based on the results of new isotope-geochronological studies, tak-
ing into account the available geological data (structural, petrological, mineralogical), the rationale for the idea, that the Man’hobeyu suite 
cannot be regarded as an independent stratigraphic subdivision is given. It is a rock association of predominantly low-temperature diaph-
thorites and cataclasites in high-temperature metamorphites, analogous to those of which the Lower Precambrian Nyartin complex consists.

Isotopic-geochronological data make it possible to unambiguously classify the metamorphosed rocks, which is allocated as the 
Man’khobeyu suite, to the Lower Precambrian formations. At the same time, the most preferable assumption is the Early Proterozoic age of 
the protoliths of the metamorphic rocks of both the Man’khobeyu suite and the Nyartin complex.

Keywords: Subpolar Ural, Upper Precambrian, basal sediments, zircon, isotope age.

DOI: 10.19110/2221-1381-2018-9-3-9
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Ìàíüõîáåèíñêàÿ ñâèòà ñëîæåíà äâóñëþäÿíûìè è 
ìóñêîâèòîâûìè êðèñòàëëè÷åñêèìè ñëàíöàìè, ïåðå-
ñëàèâàþùèìèñÿ ñ õëîðèò-àìôèáîëîâûìè ñëàíöàìè è 
ñëþäèñòûìè ïîëåâîøïàòîâûìè êâàðöèòàìè. Ïî äàí-
íûì Ë. Ò. Áåëÿêîâîé [1] è íåêîòîðûõ äðóãèõ èññëåäî-
âàòåëåé, â îñíîâàíèè ñâèòû ôðàãìåíòàðíî îòìå÷àþò-
ñÿ ãðóáîîáëîìî÷íûå ïîðîäû. Òàê, àâòîðû ãåîëîãè÷å-
ñêîé êàðòû ìàñøòàáà 1:200000 [5] âûäåëÿþò â ðàçðåçå 
ìàíüõîáåèíñêîé ñâèòû â âåðõîâüÿõ ð. Õàëüìåðúþ áà-
çàëüíûé ãðóáîòåððèãåííûé ãîðèçîíò ìîùíîñòüþ 200–
220 ì ðèòìè÷íî ïåðåñëàèâàþùèõñÿ ìåòàêîíãëîìåðà-
òîâ, àðêîçîâûõ ìåòàãðàâåëèòîâ, ãðàâåëèòèñòûõ ìåòà-
ïåñ÷àíèêîâ, ìåòààëåâðîïåñ÷àíèêîâ ñ ïîñòåïåííûìè 
ïåðåõîäàìè ïñàììèòîâûõ ðàçíîñòåé â ïîðîäû ãíåéñî-
âèäíîãî îáëèêà. Ìîùíîñòü ñâèòû, ïî îöåíêàì ðàçíûõ 
àâòîðîâ, ìîæåò èçìåíÿòüñÿ îò 250 äî 2100 ì. 

Âûäåëåíèå â ðàçðåçå ïðèïîëÿðíîóðàëüñêîãî äî-
êåìáðèÿ ìàíüõîáåèíñêîé ñâèòû è óòî÷íåíèå ñòðàòè-
ãðàôè÷åñêîé ïîçèöèè êàðáîíàòíî-òåððèãåííîé ùîêó-
ðüèíñêîé ñâèòû, à èìåííî åå çàëåãàíèå ïîä îøèçñêîé 
òîëùåé ïóéâèíñêîé ñâèòû, à íå íàä ïóéâèíñêîé ñâè-
òîé, êàê ýòî ïðåäïîëàãàëè ïðåäûäóùèå èññëåäîâàòå-
ëè [7, 19], ïîçâîëèëî Ë. Ò. Áåëÿêîâîé ïðåäëîæèòü íî-
âóþ ñõåìó ñòðàòèãðàôèè äîïàëåîçîéñêèõ îòëîæåíèé 
Ïðèïîëÿðíîãî Óðàëà, ñîïîñòàâèìóþ ñî ñõåìîé ñòðàòè-
ãðàôèè îäíîâîçðàñòíûõ îòëîæåíèé â ñòðàòîòèïè÷åñêîì 

ðàçðåçå Áàøêèðñêîãî àíòèêëèíîðèÿ. Ïî-âèäèìîìó, 
ïîÿâèâøàÿñÿ âîçìîæíîñòü êîððåëÿöèè îòíîñèòåëü-
íî ñëàáîèçó÷åííûõ äðåâíèõ òîëù ñåâåðà Óðàëà ñ ìè-
ðîâûì ñòðàòîòèïîì ðèôåÿ ñïîñîáñòâîâàëà çàèíòåðå-
ñîâàííîìó îòíîøåíèþ óðàëüñêîãî ãåîëîãè÷åñêîãî ñî-
îáùåñòâà ê ñõåìå, ïðåäëîæåííîé Ë. Ò. Áåëÿêîâîé. Îíà 
áûëà ðàññìîòðåíà è ïðèíÿòà íà Òðåòüåì (â 1977 ã.), à 
çàòåì è íà ×åòâåðòîì (1990 ã.) Óðàëüñêîì ìåæâåäîìñò-
âåííîì ñòðàòèãðàôè÷åñêîì ñîâåùàíèè [18]. Â ñîîòâåò-
ñòâèè ñ ýòîé ñõåìîé â ðàçðåçå ðàññìàòðèâàåìîãî ðàéîíà 
âûäåëÿþòñÿ (ñíèçó ââåðõ): íÿðòèíñêèé ìåòàìîðôè÷å-
ñêèé êîìïëåêñ (PR1), ìàíüõîáåèíñêàÿ è ùîêóðüèíñêàÿ 
ñâèòû (RF1), ïóéâèíñêàÿ ñâèòà, âêëþ÷àþùàÿ áàçàëü-
íóþ îøèçñêóþ òîëùó (FR2), õîáåèíñêàÿ è ìîðîèíñêàÿ 
(ñàíàèçñêàÿ, ìàíàðàãñêàÿ) ñâèòû (FR3), ñàáëåãîðñêàÿ 
(FR3–V1) è ëàïòîïàéñêàÿ (V2) ñâèòû (ðèñ. 1, 2). Òî åñòü 
â ðàçðåçå ïîëÿðíîóðàëüñêîãî äîêåìáðèÿ, êàê è â ñòðà-
òîòèïè÷åñêîé ìåñòíîñòè, âûäåëåíû ñòðàòîíû, ïðåä-
ñòàâëÿþùèå âñå ïîäðàçäåëåíèÿ âåðõíåãî ïðîòåðîçîÿ: 
áóðçÿíèé, þðìàòèíèé, êàðàòàâèé è âåíä.

Îñíîâàíèåì äëÿ îòíåñåíèÿ ìàíüõîáåèíñêîé ñâèòû 
ê íèæíåìó ðèôåþ ïîñëóæèëî çàëåãàíèå åå ïîä ùîêó-
ðüèíñêîé ñâèòîé, â êîòîðîé ïî ñáîðàì Â. Ñ. Øàëüíûõ 
áûëè óñòàíîâëåíû îñòàòêè òðóá÷àòûõ âîäîðîñëåé 
Nelcanella sp. è íîâûé âèä Murandavia Magna Vol., ñõîä-
íûå ïî âíåøíåìó âèäó è ñòðîåíèþ ñ âîäîðîñëÿìè ìó-

Ðèñ. 1. Ñõåìà ãåîëîãè÷åñêîãî ñòðîåíèÿ ñåâåðíîé ÷àñòè Ïðèïîëÿðíîãî Óðàëà: 1 — íÿðòèíñêèé ãíåéñîìèãìàòèòîâûé êîìïëåêñ 
(PR1); 2 — ìàíüõîáåèíñêàÿ ñâèòà (PR1); 3 — ùîêóðüèíñêàÿ ñâèòà (PR1); 4 — ïóéâèíñêàÿ ñâèòà (RF2?); 5 — âåðõíåðèôåéñêèå 
îòëîæåíèÿ (RF3) íåðàñ÷ëåíåííûå; 6 — ïàëåîçîéñêèå îòëîæåíèÿ (ª3–O) íåðàñ÷ëåíåííûå; 7 — ãðàíèòû; 8 — ðàçëîìû; 9 — ãðà-
íèöû ñòðàòèãðàôè÷åñêèõ, èíòðóçèâíûõ è ìåòàìîðôè÷åñêèõ ïîäðàçäåëåíèé; 10 — ãðàíèöû ñòðàòèãðàôè÷åñêèõ íåñîãëàñèé; 
÷åðíûé êðóæîê — ìåñòî îòáîðà ïðîáû 15

Fig. 1. Scheme of the geological structure of the northern part of the Subpolar Urals
1 — Nyartin gneiss-migmatite complex (PR1); 2 — Man’hobeyu suite (RF1?); 3 — Schokurya suite (RF1?); 4 — Puyva suite (RF2); 5 — 
Upper Riphean deposits (RF3), undivided; 6 — Paleozoic deposits (ª3—O), undivided; 7 — granites; 8 — faults; 9 — boundaries of strati-
graphic, intrusive and metamorphic divisions; 10 — boundaries of stratigraphic disagreements; Black circle — sampling site 15 
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ðàíäàâñêîé ñâèòû Ìàë. Õèíãàíà è ãîíàìñêîé ñâèòû 
Ñàÿíî-Ìóéñêîãî ðàéîíà Ñèáèðè. Íà îñíîâàíèè ýòèõ 
íàõîäîê À. Ã. Âîëîãäèí [2] äàòèðîâàë îòëîæåíèÿ ùîêó-
ðüèíñêîé ñâèòû íèæíèì ïðîòåðîçîåì èëè íèçàìè âåðõ-
íåãî ïðîòåðîçîÿ.

Ïîçäíåå ïðè ãåîëîãè÷åñêîì äîèçó÷åíèè è ïîäãî-
òîâêå ê èçäàíèþ êàðò ìàñøòàáà 1:200000 [5] è 1:1000000 
[6] àâòîðû öèòèðóåìûõ ðàáîò ñî÷ëè íåîáõîäèìûì ïå-
ðåìåñòèòü ìàíüõîáåèíñêóþ ñâèòó íà ñðåäíåðèôåéñêèé 
óðîâåíü, íå èçìåíèâ ïðè ýòîì íàçâàíèÿ è âîçðàñòíóþ 
ïîñëåäîâàòåëüíîñòü ñòðàòîíîâ ïî Ë. Ò. Áåëÿêîâîé.

Îñíîâàíèåì äëÿ íîâîãî ïðåäñòàâëåíèÿ î âîçðà-
ñòå ñâèòû äëÿ Â. Í. Èâàíîâà è åãî êîëëåã [5] ïîñëóæèëè 
ïîëó÷åííûå èìè èçîòîïíûå U-Pb-äàòèðîâêè öèðêî-
íîâ èç íèæåëåæàùåãî íÿðòèíñêîãî êîìïëåêñà — 1498 
è 1509 ìëí ëåò, à òàêæå èç ãðàíèòèçèðîâàííûõ êâàð-
öåâûõ ìåòàêîíãëîìåðàòîâ ìàíüõîáåèíñêîé ñâèòû —
1263 ìëí ëåò. 

Äëÿ àâòîðîâ êàðòû ìàñøòàáà 1:1000000, ïîäãîòîâ-
ëåííîé ïîä ðåäàêöèåé Î. À. Êîíäèàéíà [6], îñíîâàíè-
åì äëÿ èçìåíåíèÿ âîçðàñòà ìàíüõîáåèíñêîé ñâèòû ÿâè-
ëîñü åå çàëåãàíèå ïîä ñðåäíåðèôåéñêîé ùîêóðüèíñêîé 
ñâèòîé. Â ñâîþ î÷åðåäü, ñðåäíåðèôåéñêèé âîçðàñò ùî-
êóðüèíñêîé ñâèòû îáîñíîâûâàëñÿ òåì, ÷òî îíà ïî ëèòî-
ëîãè÷åñêèì îñîáåííîñòÿì è ïîëîæåíèþ â ðàçðåçå àíà-
ëîãè÷íà ìîéâèíñêîé ñâèòå Ñåâåðíîãî Óðàëà, èìåþùåé 
ïàëåîíòîëîãè÷åñêè îáîñíîâàííûé ñðåäíåðèôåéñêèé 
âîçðàñò. Êðîìå òîãî, íà ñðåäíåðèôåéñêèé âîçðàñò, ïî 
ìíåíèþ Î. À. Êîíäèàéíà è åãî ñîàâòîðîâ, ìîæåò óêà-
çûâàòü îáîãàùåííîñòü ïîðîä ùîêóðüèíñêîé ñâèòû áà-
ðèåì, ÷òî ïîçâîëÿåò ñîïîñòàâëÿòü åå ñ àâçÿíñêîé ñâè-
òîé ñðåäíåãî ðèôåÿ ñòðàòîòèïè÷åñêîé ìåñòíîñòè â 
Áàøêèð ñêîì àíòèêëèíîðèè íà Þæíîì Óðàëå [3]. 

Äðóãàÿ òðàêòîâêà ñòðàòèãðàôè÷åñêîé ïîçèöèè è 
ïåðâè÷íîé ïðèðîäû ïîðîäíîé àññîöèàöèè, âûäåëÿå-
ìîé êàê ìàíüõîáåèíñêàÿ ñâèòà, áûëà ïðåäëîæåíà àâ-
òîðàìè íàñòîÿùåé ñòàòüè íà îñíîâå ðåçóëüòàòîâ, ïî-
ëó÷åííûõ ïðè ãåîëîãè÷åñêîì äîèçó÷åíèè ñåâåðíîé ÷à-
ñòè Ïðèïîëÿðíîãî Óðàëà (áàññåéí ð. Êîæèì) â ìàñøòà-
áå 1:50000 â 80–90-å ãîäû ïðîøëîãî ñòîëåòèÿ [11, 12], à 
òàêæå ïîñëåäóþùèõ ìíîãîëåòíèõ ñòðóêòóðíî-ïåòðîëî-
ãè÷åñêèõ èññëåäîâàíèé ðàññìàòðèâàåìîé òåððèòîðèè 
[4, 14, 16 è äð.]. Ðåâèçèÿ îáíàæåíèé ìàíüõîáåèíñêîé 
ñâèòû ïîêàçàëà, ÷òî ãðóáîîáëîìî÷íûå îáðàçîâàíèÿ â åå 
ñîñòàâå èìåþò ÿâíî êàòàêëàñòè÷åñêóþ è äèàôòîðè÷å-
ñêóþ ïðèðîäó è ñôîðìèðîâàëèñü çà ñ÷åò êðèñòàëëè÷å-
ñêèõ ñëàíöåâ è äðóãèõ ìåòàìîðôè÷åñêèõ ïîðîä, àíàëî-
ãè÷íûõ òåì, êîòîðûìè ñëîæåí íÿðòèíñêèé êîìïëåêñ. 
Áûëî óñòàíîâëåíî, ÷òî â íåêîòîðûõ ñëó÷àÿõ ê ìàíü-
õîáåèíñêîé ñâèòå îòíåñåíû î÷êîâûå ãðàíèòîãíåéñû, 
èìåþùèå ïîñòåïåííûå ïåðåõîäû ê ãíåéñîâèäíûì ãðà-
íèòàì, ñëàãàþùèì íåáîëüøèå àâòîõòîííûå ìàññèâû 
ñðåäè ìåòàìîðôè÷åñêèõ ïîðîä íÿðòèíñêîãî êîìïëåê-
ñà, íàïðèìåð â áàññåéíå ðó÷. Êîæèìâîæ (ëåâûé ïðèòîê 
ð. Êîæèì). Áûëî òàêæå ïîêàçàíî, ÷òî ñðåäè íèçêîòåì-
ïåðàòóðíûõ ìåòàìîðôè÷åñêèõ ïîðîä ìàíüõîáåèíñêîé 
ñâèòû ïðèñóòñòâóþò ðåëèêòû âûñîêîòåìïåðàòóðíûõ 
ìåòàìîðôèòîâ (ãðàíàòîâûõ àìôèáîëèòîâ è ãðàíàò-
ñëþäÿíûõ êðèñòàëëè÷åñêèõ ñëàíöåâ). Áûëî óñòàíîâ-
ëåíî, ÷òî ïî ñòðóêòóðíûì ïðèçíàêàì ìàíüõîáåèíñêàÿ 
ñâèòà àíàëîãè÷íà íÿðòèíñêîìó êîìïëåêñó è ðåçêî îò-
ëè÷àåòñÿ îò çàâåäîìî âåðõíåäîêåìáðèéñêèõ îòëîæå-
íèé (ïóéâèíñêîé, õîáåèíñêîé, ìîðîèíñêîé è âûøåçà-
ëåãàþùèõ ñâèò). Ïîçäíåå íà îñíîâå ñïåöèàëèçèðîâàí-
íûõ ñòðóêòóðíûõ è ìèêðîñòðóêòóðíûõ èññëåäîâàíèé 
áûëî îáîñíîâàíî ïðåäñòàâëåíèå î òîì, ÷òî íÿðòèíñêèé 
êîìïëåêñ è ìàíüõîáåèíñêàÿ ñâèòà (à òàêæå, âîçìîæ-
íî, è ùîêóðüèíñêàÿ ñâèòà) îòíîñÿòñÿ ê îäíîìó ñòðóê-
òóðíîìó ýòàæó [8, 9 è äð.]. Òî åñòü ñòðóêòóðíî-âåùåñò-

Ðèñ. 2. Ñõåìà ñòðàòèãðàôèè äîêåìáðèéñêèõ îáðàçîâàíèé 
Ïðèïîëÿðíîãî Óðàëà (ïî [18])

Fig. 2. Scheme of stratigraphy of Precambrian formations of the 
Subpolar Urals (according to [18])
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âåííûå îñîáåííîñòè ìàíüõîáåèíñêîé ñâèòû, îòëè÷à-
þùèå åå îò íÿðòèíñêîãî êîìïëåêñà, ñâÿçàíû íå ñ ïåð-
âè÷íûì ñîñòàâîì ïîðîä, à â îñíîâíîì ñ íàëîæåííûìè 
ïðîöåññàìè íèçêîòåìïåðàòóðíîãî ìåòàìîðôèçìà è êà-
òàêëàçà. Ñóùåñòâåííûì àðãóìåíòîì â ïîëüçó äèàôòî-
ðè÷åñêîé ïðèðîäû íèçêîòåìïåðàòóðíûõ ìåòàìîðôè-
òîâ, êîòîðûìè ñëîæåíà ìàíüõîáåèíñêàÿ ñâèòà, ÿâëÿ-
åòñÿ òî, ÷òî â ýòèõ ïîðîäàõ îòìå÷àåòñÿ òàêîé æå íàáîð 
ìîðôîòèïîâ ìåòàìîðôîãåííûõ öèðêîíîâ, êàê è â ìåòà-
ìîðôè÷åñêèõ îáðàçîâàíèÿõ íÿðòèíñêîãî êîìïëåêñà. Â 
òîì ÷èñëå â ïîðîäàõ ìàíüõîáåèíñêîé ñâèòû ïðèñóòñò-
âóþò òèïè÷íûå äëÿ íèæíåäîêåìáðèéñêèõ êîìïëåêñîâ 
Óðàëà öèðêîíû «ãðàíóëèòîâîãî» (îêðóãëûå ìíîãîãðàí-
íèêè) è «ìèãìàòèòîâîãî» (ïðèçìàòè÷åñêèå êðèñòàëëû, 
÷àñòî îò÷åòëèâî çîíàëüíûå) òèïîâ [16]. Ïî ýòîìó ïðè-
çíàêó ìàíüõîáåèíñêàÿ ñâèòà ñîïîñòàâèìà ñ íÿðòèí-
ñêèì êîìïëåêñîì, íî ðåçêî îòëè÷àåòñÿ îò ïåðåêðûâàþ-
ùèõ òîëù ñ îáîñíîâàííûì ïàëåîíòîëîãè÷åñêèìè äàí-
íûìè ïîçäíåäîêåìáðèéñêèì âîçðàñòîì, â êîòîðûõ ìå-
òàìîðôîãåííûå öèðêîíû îòñóòñòâóþò. 

Íà îñíîâàíèè ïðèâåäåííûõ âûøå àðãóìåíòîâ ìû 
ïðèøëè ê âûâîäó, ÷òî ìàíüõîáåèíñêàÿ ñâèòà êàê ñàìî-
ñòîÿòåëüíîå ñòðàòèãðàôè÷åñêîå ïîäðàçäåëåíèå âûäåëå-
íà îøèáî÷íî è ÿâëÿåòñÿ ñîñòàâíîé ÷àñòüþ ìåòàìîðôè-
÷åñêèõ îáðàçîâàíèé, ñëàãàþùèõ äîðèôåéñêèé ñòðóê-
òóðíûé ýòàæ. Ýòà òî÷êà çðåíèÿ îòðàæåíà â ðÿäå íàøèõ 
ïóáëèêàöèé [4, 14, 16 è äð.].

Ãåîõðîíîëîãè÷åñêîå îáîñíîâàíèå
âîçðàñòà ìàíüõîáåèíñêîé ñâèòû 
Ïåðâîå âîçðàñòíîå îïðåäåëåíèå öèðêîíà èç äâóñëþ-

äÿíûõ êðèñòàëëè÷åñêèõ ñëàíöåâ, îòíîñèâøèõñÿ ê ìàíü-
õîáåèíñêîé ñâèòå (665 ± 25 ìëí ëåò), áûëî îïóáëèêîâàíî 
â 1997 ã. [15]. Îíî ïîëó÷åíî ïî êîðîòêîïðèçìàòè÷åñêîìó 
öèðêîíó æåëòîâàòî-êîðè÷íåâîãî öâåòà ñâèíöîâûì òåð-
ìîèçîõðîííûì ìåòîäîì â Èíñòèòóòå ãåîëîãèè Êîìè ÍÖ 
ÓðÎ ÐÀÍ è èíòåðïðåòèðîâàëîñü êàê âðåìÿ ïðîÿâëåíèÿ 
îäíîãî èç ýòàïîâ ìåòàìîðôèçìà ïîðîä.

Ïîçäíåå ïðè ãåîëîãè÷åñêîì äîèçó÷åíèè ðàññìà-
òðèâàåìîé òåððèòîðèè â ìàñøòàáå 1:200000 [5] áûëè 
ïîëó÷åíû U-Pb-äàòèðîâêè öèðêîíîâ èç ãðàíèòèçèðî-
âàííûõ ìåòàêîíãëîìåðàòîâ ìàíüõîáåèíñêîé ñâèòû. 
Èçîòîïíî-ãåîõèìè÷åñêèå èññëåäîâàíèÿ áûëè âûïîë-
íåíû â Èíñòèòóòå ãåîëîãèè è ãåîõðîíîëîãèè äîêåì-
áðèÿ ÐÀÍ íà ìàññ-ñïåêòðîìåòðå Finnigam MAT 261. Â 
öèòèðóåìîì èñòî÷íèêå äàåòñÿ âîçðàñò 1263 ìëí ëåò, êî-
òîðûé óæå óïîìèíàëñÿ âûøå. Â îò÷åòå î ãåîõðîíîëî-
ãè÷åñêèõ èçîòîïíî-ãåîõèìè÷åñêèõ èññëåäîâàíèÿõ, êî-
òîðûå âûïîëíÿëèñü â ðàìêàõ ðàáîò ïî ãåîëîãè÷åñêîìó 
äîèçó÷åíèþ, îòìå÷àåòñÿ, ÷òî äàòèðîâêè, ðàññ÷èòàííûå 
ïî îòäåëüíûì èçîòîïíûì îòíîøåíèÿì, íå ñîâïàäàþò 
(äèñêîðäàíòíû), à ïîëó÷åííîå ìàêñèìàëüíîå çíà÷åíèå 
(1263 ± 3.0) ìëí ëåò (207Pb/206Pb) ìîæåò îöåíèâàòüñÿ â 
êà÷åñòâå ìèíèìàëüíî âîçìîæíîãî âîçðàñòíîãî ðóáåæà 
êðèñòàëëèçàöèè öèðêîíîâ. Ïðè ãðàôè÷åñêîé îáðàáîò-
êå ðåçóëüòàòîâ äàòèðîâàíèÿ îñíîâíàÿ ÷àñòü ôèãóðàòèâ-
íûõ òî÷åê âîçðàñòîâ, ïîëó÷åííûõ ïî öèðêîíàì èç ïî-
ðîä ìàíüõîáåèíñêîé ñâèòû è íÿðòèíñêîãî êîìïëåêñà 
(íÿðòèíñêîé ñâèòû — ñîãëàñíî àâòîðàì ãåîëîãè÷åñêîé 
êàðòû), àïïðîêñèìèðóåòñÿ ëèíèåé, êîòîðàÿ ïåðåñåêà-
åò êîíêîðäèþ ñ îòìåòêàìè (1554 ± 31) è (451 ± 13) ìëí 
ëåò. Âåðõíèé âîçðàñò èíòåðïðåòèðóåòñÿ êàê âðåìÿ êðè-
ñòàëëèçàöèè öèðêîíîâ, íèæíèé — êàê âðåìÿ íàðóøå-

íèÿ èçîòîïíûõ ñèñòåì ïðè ìåòàìîðôè÷åñêîì âîçäåé-
ñòâèè íà ìèíåðàëû. 

Ïî ìíåíèþ àâòîðîâ îò÷åòà è ãåîëîãè÷åñêîé êàð-
òû, ïðîàíàëèçèðîâàííûå öèðêîíû ÿâëÿþòñÿ ìàãìà-
òè÷åñêèìè. Ñóäÿ ïî ïðèâåäåííûì â ðàáîòå ìèêðîôî-
òîãðàôèÿì, îíè ïîõîæè íà ìåòàìîðôîãåííûå öèðêî-
íû «ìèãìàòèòîâîãî» òèïà. Êðèñòàëëèçàöèÿ ïðèçìà-
òè÷åñêèõ çîíàëüíûõ öèðêîíîâ â ìèãìàòèçèðîâàííûõ 
ïîðîäàõ îáúÿñíÿåòñÿ ïðèñóòñòâèåì æèäêîé ñèëèêàò-
íîé ôàçû, è ïîýòîìó ôàêòè÷åñêè òàêèå öèðêîíû, äåé-
ñòâèòåëüíî, ÿâëÿþòñÿ ìàãìàòè÷åñêèìè îáðàçîâàíèÿ-
ìè. Ïîëó÷åííûå è ðàññ÷èòàííûå âîçðàñòíûå çíà÷åíèÿ 
â èíòåðâàëå 1554–1263 ìëí ëåò õîðîøî ñîïîñòàâëÿþòñÿ 
ñ äàííûìè U-Pb (SHRIMP-II)-äàòèðîâàíèÿ öèðêîíîâ 
«ìèãìàòèòîâîãî» òèïà èç ãíåéñîâ íÿðòèíñêîãî êîì-
ïëåêñà [13]. Îíè ñâÿçûâàþòñÿ íàìè ñ ïðîöåññàìè ïî-
ëèìåòàìîðôèçìà ïîðîä.

Â ïîñëåäíåå âðåìÿ íàìè áûëà ïðåäïðèíÿòà ïîïûò-
êà ìàññîâîãî U-Pb (LA-SF-ICP-MS)-äàòèðîâàíèÿ äå-
òðèòîâûõ, ìàãìàòîãåííûõ è ìåòàìîðôîãåííûõ öèð-
êîíîâ èç ðàçëè÷íûõ ñòðóêòóðíî-âåùåñòâåííûõ êîì-
ïëåêñîâ Ïðèïîëÿðíîãî Óðàëà, â òîì ÷èñëå è èç ìà-
íüõîáåèíñêîé ñâèòû. U-Pb (LA-SF-ICP-MS)-ìåòîä 
ðåàëèçîâàí íà áàçå îäíîêîëëåêòîðíîãî ìàãíèòíî-ñåê-
òîðíîãî ìàññ-ñïåêòðîìåòðà ñ èíäóêòèâíî ñâÿçàííîé 
ïëàçìîé Element XR è óñòàíîâêè äëÿ ëàçåðíîé àáëÿöèè 
UP-213 â ÃÈÍ ÑÎ ÐÀÍ. Îáðàáîòêà äàííûõ ìàññ-ñïåê-
òðîìåòðè÷åñêîãî àíàëèçà ïðîâîäèëàñü ñ ïîìîùüþ ïðî-
ãðàììû Glitter, ðàçðàáîòàííîé Àâñòðàëèéñêèì íàó÷-
íûì öåíòðîì GEMOC ïðè Óíèâåðñèòåòå Ìàêêóîðè (ã. 
Ñèäíåé). Ïðîöåäóðà àíàëèçà è ðàñ÷åòà âîçðàñòà ïðèâå-
äåíà â ñòàòüå Â. Á. Õóáàíîâà ñ ñîàâòîðàìè [20]. 

Äëÿ U-Pb-äàòèðîâàíèÿ öèðêîíîâ áûëà îòîáðà-
íà ïðîáà (ïðîáà 15) áèîòèò-ìóñêîâèòîâîãî êâàðöè-
òà â èñòîêàõ ð. Õàñàâàðêè (ïðàâûé ïðèòîê ð. Êîæèì) 
(ðèñ. 1). Â ïîðîäå ðåçêî ïðåîáëàäàþò öèðêîíû «ìèã-
ìàòèòîâîãî» òèïà. Îíè ïðåäñòàâëåíû áåñöâåòíûìè è 
áëåäíî îêðàøåííûìè ðîçîâûìè êðèñòàëëàìè ïðèçìà-
òè÷åñêîãî ãàáèòóñà ðàçìåðîì 100–250 ìêì. Â åäèíè÷-
íûõ çåðíàõ îòìå÷àþòñÿ äåòðèòîâûå öèðêîíû. Öèðêîíû 
«ãðàíóëèòîâîãî» òèïà â ýòîé ïðîáå, ê ñîæàëåíèþ, íå 
áûëè îáíàðóæåíû.

Èçîòîïíûå äàòèðîâêè ïîëó÷åíû ïî ïÿòèäåñÿòè 
çåðíàì öèðêîíîâ. Äåñÿòü âîçðàñòíûõ îïðåäåëåíèé ñ 
âûñîêîé ñòåïåíüþ äèñêîðäàíòíîñòè (D  10 %) áûëè 
èñêëþ÷åíû èç ðàññìîòðåíèÿ. Èçîòîïíî-ãåîõèìè÷åñêèå 
è ãåîõðîíîëîãè÷åñêèå äàííûå ïî ñîðîêà çåðíàì ïðèâå-
äåíû â òàáëèöå, à ðàñïðåäåëåíèå äàòèðîâîê — íà ðèñ. 3. 

Ïî äåòðèòîâûì öèðêîíàì ïîëó÷åíî äâà çíà÷åíèÿ 
âîçðàñòà: (2631 ± 12) è (2520 ± 11) ìëí ëåò. Öèðêîíû 
«ìèãìàòèòîâîãî» òèïà ïîêàçûâàþò áîëüøîé ðàçáðîñ äà-
òèðîâîê îò (1797 ± 26) äî (421 ± 70) ìëí ëåò, ãðóïïèðó-
þùèõñÿ â òðè âîçðàñòíûõ èíòåðâàëà: 1797–1529, 1395–
1046 è 768–421 ìëí ëåò, êîòîðûå â öåëîì âïîëíå ñîîòíî-
ñÿòñÿ ñ èíòåðâàëàìè äàòèðîâîê àíàëîãè÷íûõ öèðêîíîâ â 
ïîðîäàõ íÿðòèíñêîãî êîìïëåêñà: 1748–1574, 1284–1204 
è 782–634 ìëí ëåò. Ïåðâûé âîçðàñòíîé èíòåðâàë ñâÿçàí 
ñ ðåãðåññèâíûìè ñòàäèÿìè ïðîÿâëåíèÿ âûñîêîòåìïåðà-
òóðíîãî ìåòàìîðôèçìà è ãðàíèòèçàöèè, îñòàëüíûå — ñ 
íàëîæåííûìè ïðîöåññàìè ìåòàìîðôè÷åñêîãî è ìåòàñî-
ìàòè÷åñêîãî ïðåîáðàçîâàíèÿ ïîðîä.

Ìèíèìàëüíîå âîçðàñòíîå çíà÷åíèå, ïîëó÷åííîå 
äëÿ äåòðèòîâîãî öèðêîíà (2520 ± 11 ìëí ëåò) îïðåäåëÿåò 
ìàêñèìàëüíî âîçìîæíûé âîçðàñò ïåðâè÷íî-îñàäî÷íûõ 
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ïîðîä, ïî êîòîðûì îáðàçîâàëèñü áèîòèò-ìóñêîâèòîâûå 
êâàðöèòû. Íî îí ìîæåò áûòü è ìåíüøå. Îòìåòèì, ÷òî â 
ãíåéñàõ íÿðòèíñêîãî êîìïëåêñà äàòèðîâàí äåòðèòîâûé 
öèðêîí ñ èçîòîïíûì Pb-Pb-âîçðàñòîì (2210 ± 25) ìëí 
ëåò [15]. Ñóäÿ ïî ïîëó÷åííûì äàòèðîâêàì öèðêîíîâ 
«ìèãìàòèòîâîãî» òèïà, âåðõíèé âîçðàñòíîé ðóáåæ ôîð-
ìèðîâàíèÿ ìàíüõîáåèíñêîé ñâèòû íå ìîæåò áûòü âû-
øå (1797 ± 26) ìëí ëåò, à ó÷èòûâàÿ, ÷òî â ïîðîäàõ ìàíü-
õîáåèíñêîé ñâèòû âñòðå÷àþòñÿ öèðêîíû «ãðàíóëèòîâî-
ãî» òèïà, õîòÿ îíè è íå îáíàðóæåíû â êîíêðåòíîé ïðî-
áå áèîòèò-ìóñêîâèòîâîãî êâàðöèòà, â íèõ ïðîÿâèëñÿ 
è ãðàíóëèòîâûé ìåòàìîðôèçì, êîòîðûé â íÿðòèíñêîì 
êîìïëåêñå äàòèðóåòñÿ U-Pb-âîçðàñòîì ïî öèðêîíàì 
«ãðàíóëèòîâîãî» òèïà — (2127 ± 31) ìëí ëåò [17]. Ïî ñî-
âîêóïíîñòè ïðèâåäåííûõ äàííûõ ïîðîäíàÿ àññîöèà-

öèÿ, êîòîðàÿ âûäåëÿåòñÿ â ñîâðåìåííûõ ñòðàòèãðàôè-
÷åñêèõ ñõåìàõ êàê ìàíüõîáåèíñêàÿ ñâèòà, îäíîçíà÷íî 
îòíîñèòñÿ ê äîðèôåéñêèì îáðàçîâàíèÿì. Ïî âñåì ïðè-
çíàêàì, êðîìå ñòåïåíè ìåòàìîðôèçìà ïîðîä, îíà íå îò-
ëè÷àåòñÿ îò íÿðòèíñêîãî êîìïëåêñà. Ïðè ýòîì íèçêàÿ 
ñòåïåíü ìåòàìîðôèçìà îáóñëîâëåíà ïðîÿâëåíèåì ïðî-
öåññîâ íèçêîòåìïåðàòóðíîãî äèàôòîðåçà. Ýòî ïîäòâåð-
æäàåò âûñêàçàííîå ïðåäïîëîæåíèå, ÷òî ìàíüõîáåèí-
ñêàÿ ñâèòà êàê ñàìîñòîÿòåëüíîå ñòðàòèãðàôè÷åñêîå ïî-
äðàçäåëåíèå âûäåëåíà îøèáî÷íî è ÿâëÿåòñÿ ñîñòàâíîé 
÷àñòüþ ìåòàìîðôè÷åñêèõ îáðàçîâàíèé, ñëàãàþùèõ äî-
ðèôåéñêèé ñòðóêòóðíûé ýòàæ. Èìåþùèåñÿ äàòèðîâêè 
ïî äåòðèòîâûì öèðêîíàì äàþò îñíîâàíèå ñ÷èòàòü íàè-
áîëåå ïðåäïî÷òèòåëüíûì ïðåäïîëîæåíèå î ðàííåïðî-
òåðîçîéñêîì âîçðàñòå ïðîòîëèòîâ ìåòàìîðôè÷åñêèõ 

Ðåçóëüòàòû U-Pb (LA-ICP-MS)-äàòèðîâàíèÿ öèðêîíîâ
èç áèîòèò-ìóñêîâèòîâîãî êâàðöèòà ìàíüõîáåèíñêîé ñâèòû (ïðîáà 15)

Results of U-Pb (LA-ICP-MS)-dating of zircons
from biotite-muscovite quartzite of the Man’khobeyu suite (sample 15)

Ïðèìå÷àíèå. çâåçäî÷êîé îòìå÷åíû íîìåðà äåòðèòîâûõ öèðêîíîâ
Note. the asterisk denotes numbers of detrital zircons

Íîìåð 
çåðíà

Èçîòîïíûå îòíîøåíèÿ ± % (1)
Rho

Âîçðàñò ± 1, ìëí ëåò
D, % Th/U206Pb/238U 207Pb/235U 206Pb/238U 207Pb/206Pb

1 0.2988±0.9 4.5308±1.2 0.72 1685.30±13 1797.40±26 6.65 0.43
2 0.0805±1.0 0.6627±2.1 0.50 499.10±5 591.40±48 3.45 0.84
3 0.0819±1.0 0.6632±1.7 0.53 507.60±5 554.60±44 1.77 0.22
4 0.0802±1.2 0.6886±2.6 0.46 497.10±6 682.70±59 7.00 1.17
5 0.0810±1.1 0.6276±2.2 0.49 501.90±5 458.50±52 –1.45 1.12
6 0.1056±1.0 0.9305±1.8 0.55 647.40±6 736.20±41 3.17 0.20
7 0.0817±0.9 0.6607±1.6 0.57 506.10±5 553.10±40 1.76 0.75
8 0.0779±1.3 0.5939±3.1 0.43 483.90±6 421.00±71 –2.17 1.04
9 0.0780±1.1 0.6804±2.3 0.49 484.30±5 715.10±51 8.82 0.73

10 0.0792±1.4 0.6461±3.4 0.43 491.40±7 571.30±76 2.99 0.82
11 0.1505±0.9 1.6296±1.3 0.67 903.60±8 1159.30±30 8.64 0.13
12 0.0791±0.9 0.6425±1.2 0.69 490.70±4 562.20±31 2.67 0.49
13 0.2476±0.9 3.2476±1.2 0.71 1426.10±11 1529.30±27 7.24 0.40
14 0.0802±1.2 0.6483±2.7 0.46 497.20±6 552.30±62 2.05 0.66
15 0.0759±0.9 0.6046±1.3 0.66 471.50±4 519.80±33 1.82 0.84
16 0.0859±0.9 0.7500±1.2 0.71 531.10±4 718.30±30 6.99 0.04
17* 0.4766±0.9 10.9626±1.2 0.73 2512.40±19 2525.10±23 0.51 0.59
18 0.1766±0.9 1.8066±1.4 0.65 1048.30±9 1045.80±32 –0.24 0.60
19 0.0811±1.1 0.6640±2.2 0.50 502.70±5 579.70±52 2.84 1.20
20 0.0829±1.1 0.7064±2.2 0.50 513.20±6 667.00±51 5.73 1.15
21* 0.5028±0.9 12.3466±1.2 0.72 2625.80±19 2634.50±23 0.33 1.04
22 0.2851±1.2 4.1370±1.9 0.63 1616.80±17 1718.10±37 6.27 0.39
23 0.2925±1.0 4.0378±1.5 0.66 1654.10±15 1625.40±31 –1.74 0.60
24 0.0785±1.2 0.6528±2.4 0.49 487.20±5 613.70±55 4.72 1.73
25 0.0818±1.1 0.6719±2.2 0.51 507.00±5 587.10±50 2.94 0.67
26 0.0773±1.3 0.6152±2.8 0.46 479.80±6 519.40±65 1.48 0.86
27 0.0845±1.2 0.6639±2.7 0.46 522.90±6 490.10±62 –1.13 0.98
28 0.1986±1.1 2.2545±1.8 0.60 1167.60±11 1253.70±37 7.37 0.37
29 0.0869±1.1 0.7026±2.3 0.50 537.00±6 554.30±52 0.61 1.49
30 0.0758±1.1 0.6188±2.0 0.54 471.20±5 573.80±46 3.80 0.60
31 0.0782±1.2 0.5958±2.4 0.49 485.60±5 421.60±56 –2.27 0.57
32 0.0878±1.1 0.7037±2.2 0.51 542.60±6 534.00±52 –0.29 0.66
33 0.1805±1.0 1.9011±1.7 0.60 1069.80±10 1105.20±37 3.31 0.36
34 0.2547±1.1 3.1098±1.7 0.62 1462.90±14 1394.50±35 –4.68 0.43
35 0.3076±1.1 4.5446±1.7 0.63 1728.70±16 1752.10±33 1.35 0.38
36 0.3140±1.1 4.4563±1.7 0.63 1760.50±17 1677.80±34 –4.70 0.27
37 0.0844±1.1 0.6635±2.1 0.53 522.40±6 492.20±49 –1.09 0.97
38 0.2251±1.1 2.6047±1.9 0.59 1308.80±13 1291.40±39 –1.33 0.25
39 0.2722±1.1 3.7292±1.8 0.62 1552.00±15 1613.00±35 3.93 0.66
40 0.1865±1.0 1.9304±1.6 0.62 1102.40±10 1071.20±35 –2.83 0.42
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ïîðîä êàê ìàíüõîáåèíñêîé ñâèòû, òàê è íÿðòèíñêîãî 
êîìïëåêñà.

Çàêëþ÷åíèå 
Íèæíÿÿ ãðàíèöà âîçðàñòíîãî äèàïàçîíà ïåðâè÷íî-

îñàäî÷íûõ îòëîæåíèé, ïî êîòîðûì îáðàçîâàëèñü ìåòà-
ìîðôè÷åñêèå ïîðîäû ìàíüõîáåèíñêîé ñâèòû, îïðåäå-
ëÿåòñÿ ìèíèìàëüíîé äàòèðîâêîé äåòðèòîâûõ öèðêî-
íîâ — (2520 ± 11) ìëí ëåò, à âåðõíÿÿ ãðàíèöà — ìàê-
ñèìàëüíûì âîçðàñòíûì çíà÷åíèåì ìåòàìîðôîãåííîãî 
öèðêîíà — (1797 ± 26) ìëí ëåò. Ñ ó÷åòîì èìåþùèõñÿ 
èçîòîïíî-ãåîõðîíîëîãè÷åñêèõ äàííûõ ïî íÿðòèíñêî-
ìó êîìïëåêñó, ñ êîòîðûì ìàíüõîáåèíñêàÿ ñâèòà îáíà-
ðóæèâàåò ñõîæåñòü ãåîõðîíîëîãè÷åñêîé èñòîðèè ìåòà-
ìîðôèçìà ïîðîä, âîçðàñòíîé äèàïàçîí ôîðìèðîâàíèÿ 
ìàíüõîáåèíñêèõ îòëîæåíèé ìîæåò áûòü ïðåäâàðèòåëü-
íî îãðàíè÷åí èíòåðâàëîì (2210 ± 25)–(2127 ± 31) ìëí 
ëåò. Â ýòîì âîçðàñòíîì èíòåðâàëå ïðåäâàðèòåëüíûì íà-
ìè ïðèíèìàåòñÿ çíà÷åíèå íèæíåé ãðàíèöû, òàê êàê 
îíà ïîäòâåðæäàåòñÿ òîëüêî îäíîé äàòèðîâêîé öèðêî-
íà, ïîëó÷åííîé Pb-Pb-èçîõðîííûì ìåòîäîì è ïîýòîìó 
òðåáóåò äîïîëíèòåëüíîãî îáîñíîâàíèÿ. Â ëþáîì ñëó÷àå 
íàèáîëåå ïðåäïî÷òèòåëüíûì ÿâëÿåòñÿ ïðåäïîëîæåíèå 
î ðàííåïðîòåðîçîéñêîì âîçðàñòå ïðîòîëèòîâ ìåòàìîð-
ôè÷åñêèõ ïîðîä êàê ìàíüõîáåèíñêîé ñâèòû, òàê è íÿð-
òèíñêîãî êîìïëåêñà.

Ïðèâåäåííûå â ñòàòüå ðåçóëüòàòû èçîòîïíî-ãåî-
õðîíîëîãè÷åñêèõ èññëåäîâàíèé ñ ó÷åòîì ðàíåå ïîëó-
÷åííûõ ñòðóêòóðíûõ, ïåòðîëîãè÷åñêèõ è ìèíåðàëîãè-
÷åñêèõ äàííûõ ïîäòâåðæäàþò ïðåäïîëîæåíèå, ÷òî ìà-
íüõîáåèíñêàÿ ñâèòà áûëà âûäåëåíà îøèáî÷íî. Îíà íå 
ÿâëÿåòñÿ ñàìîñòîÿòåëüíûì ñòðàòîíîì, à ïðåäñòàâëåíà 
äèàôòîðèðîâàííûìè è êàòàêëàçèðîâàííûìè ðàçíîñòÿ-
ìè ïîðîä, àíàëîãè÷íûõ òåì, êîòîðûìè ñëîæåí íÿðòèí-
ñêèé êîìïëåêñ. Ó÷èòûâàÿ, ÷òî íÿðòèíñêèé êîìïëåêñ è 
ìàíüõîáåèíñêàÿ ñâèòà áûëè âûäåëåíû Ë. Ò. Áåëÿêîâîé 
[1] íà ìåñòå íèêîëàéøîðñêîé ñâèòû, ïî Ì. Â. Ôèøìàíó 

è Á. À. Ãîëäèíó [19], çà ìåòàìîðôè÷åñêèì êîìïëåêñîì, 
îáúåäèíÿþùèì ýòè äâà ñòðóêòóðíî-âåùåñòâåííûõ ïî-
äðàçäåëåíèÿ, ñëåäóåò îñòàâèòü ïðåæíåå íàçâàíèå — 
«íèêîëàéøîðñêèé». 

Èññëåäîâàíèÿ ïðîâåäåíû â ÍÈÖ «Ãåîíàóêà»  â ðàìêàõ 
ÍÈÐ ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ ÃÐ ¹ AAAA-A17-117121270035-0.
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Ââåäåíèå
Óëüòðàìàôèòîâûå ìàññèâû çàíèìàþò êëþ÷å-

âîå ïîëîæåíèå â ãåîäèíàìè÷åñêîé èñòîðèè Óðàëà. 
Îäíèì èç îñíîâíûõ âîïðîñîâ èõ îáðàçîâàíèÿ/ïðåî-
áðàçîâàíèÿ ÿâëÿåòñÿ âîññòàíîâëåíèå òåðìîäèíàìè÷å-
ñêèõ è âîçðàñòíûõ ïàðàìåòðîâ ôîðìèðîâàíèÿ èõ íè-
æíåé ãèïåðáàçèòîâîé ÷àñòè. Ìàññèâû óëüòðàìàôè-
òîâ çîíû ñî÷ëåíåíèÿ Þæíîãî è Ñðåäíåãî Óðàëà, ê 
êîòîðûì îòíîñÿòñÿ è óëüòðàìàôèòû èëüìåíî-âèø-
íåâîãîðñêîãî êîìïëåêñà, ðàññìàòðèâàþòñÿ êàê àëü-
ïèíîòèïíûå, ïðåäñòàâëÿþùèå ñîáîé áëîêè âåðõíåé 
ìàíòèè [14]. Óëüòðàìàôèòû èëüìåíî-âèøíåâîãîð-
ñêîãî êîìïëåêñà (ÈÂÊ) ðàçâèòû â îñåâîé ÷àñòè êîì-
ïëåêñà, â åãî âîñòî÷íîì è çàïàäíîì îáðàìëåíèÿõ. 
Îíè ñëàãàþò îòíîñèòåëüíî êðóïíûå ñåðïåíòèíèòîâûå 
ìàññèâû (Áóëäûìñêèé, Èøêóëüñêèé, Íÿøåâñêèé, 
Ñàâåëüêóëüñêèé è Óðàçáàåâñêèé), îáëàäàþùèå èíäè-
âèäóàëüíûìè îñîáåííîñòÿìè ñòðîåíèÿ è ìèíåðàëü-
íîãî ñîñòàâà, à òàêæå ïðåäñòàâëåíû ìíîãî÷èñëåííû-
ìè ìåëêèìè áóäèíîîáðàçíûìè è ëèíçîâèäíûìè òåëà-
ìè òàëüê-àíòîôèëëèòîâûõ, òàëüê-êàðáîíàòíûõ, òðå-
ìîëèò-àíòîôèëëèòîâûõ è äðóãèõ ïîðîä.

Óëüòðàìàôèòû è àññîöèèðóþùèå ñ íèìè ìàôèòû 
â ñòðóêòóðå ÈÂÊ íåçàêîíîìåðíî ðàññðåäîòî÷åíû â âè-
äå öåïî÷åê â çîíàõ ñî÷ëåíåíèÿ òåêòîíè÷åñêèõ ïëàñòèí 
(ðèñ. 1). Îñíîâíûì òèïîì ïîðîä ìàññèâîâ ÿâëÿþò-
ñÿ ñåðïåíòèíèòû, êîòîðûå ñîäåðæàò ðåäêèå ðåëèêòî-
âûå çåðíà îëèâèíà, ïèðîêñåíà, àìôèáîëà è õðîìøïè-
íåëèäà, ò. å. ìîãóò èìåòü ýíñòàòèò-îëèâèíîâûé, ýí-
ñòàòèòîâûé è òðåìîëèò-ýíñòàòèò-îëèâèíîâûé ñîñòàâ. 
Ãåîëîãè÷åñêîå ïîëîæåíèå óëüòðàìàôèò-ìàôèòîâûõ 
ìàññèâîâ â êîìïëåêñå, èõ ìèíåðàëîãèÿ, ïåòðîãðàôè÷å-
ñêàÿ õàðàêòåðèñòèêà è ïðåäñòàâëåíèå îá îáðàçîâàíèè 
èçëîæåíî â ðÿäå ðàáîò [4–8, 10–12, 15].

Öåëüþ èññëåäîâàíèÿ áûëî îïðåäåëåíèå ðåäêèõ 
ìèíåðàëîâ è õàðàêòåðèñòèêà îñîáåííîñòåé èõ õèìè÷å-
ñêîãî ñîñòàâà, ïîçâîëÿþùèõ îïðåäåëèòü óñëîâèÿ îáðà-
çîâàíèÿ/ïðåîáðàçîâàíèÿ óëüòðàìàôèòîâ ÈÂÊ.

Îáúåêò è ìåòîäèêà èññëåäîâàíèé
Îáúåêòîì èññëåäîâàíèÿ ÿâëÿþòñÿ ðåäêèå ìèíå-

ðàëû èç óëüòðàìàôèòîâ ÈÂÊ-ìàññèâîâ: 1) Áóëäûì-
ñêîãî — ñåðïåíòèíèçèðîâàííûé äóíèò (%): 70–86 Atg+ 
+Lz, 5 Ol, 2–5 En+Al-En, 3–5 Di+Fas+Omp, 2–3 Ts+ 

ÓÄÊ: 549.6

ÐÅÄÊÈÅ ÌÈÍÅÐÀËÛ Â ÌÅÒÀÓËÜÒÐÀÌÀÔÈÒÀÕ ÈËÜÌÅÍÎ-ÂÈØÍÅÂÎÃÎÐÑÊÎÃÎ ÊÎÌÏËÅÊÑÀ (ÞÆÍÛÉ ÓÐÀË)
Ï. Ì. Âàëèçåð1, À. À. Êðàñíîáàåâ2

1Èëüìåíñêèé ãîñóäàðñòâåííûé çàïîâåäíèê, Ìèàññ
valizer@ilmeny.ac.ru
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Â ñòàòüå ïðèâîäÿòñÿ ðåçóëüòàòû èçó÷åíèÿ õèìè÷åñêèõ îñîáåííîñòåé ñîñòàâîâ ãðàíàòîâ, ïèðîêñåíîâ, àìôèáîëîâ, õðîìøïèíå-
ëèäîâ è ñëþä èç ìåòàóëüòðàìàôèòîâ Áóëäûìñêîãî, Èøêóëüñêîãî, Íÿøåâñêîãî, Ñàâåëüêóëüñêîãî è Óðàçáàåâñêîãî ìàññèâîâ èëüìå-
íî-âèøíåâîãîðñêîãî êîìïëåêñà. Ìèíåðàëû äëÿ èññëåäîâàíèé îòáèðàëèñü èç îáúåìíûõ (150–200 êã) ïðîá, êîòîðûå äðîáèëèñü äî 
ôðàêöèè 0.25 ìì. Êëàññè÷åñêèìè ïðèåìàìè îíè äîâîäèëèñü äî øëèõà ñ ïîñëåäóþùèì îòáîðîì ïîä áèíîêóëÿðîì. Ìèêðîçîíäîâûé 
àíàëèç ñîñòàâà ìèíåðàëîâ âûïîëíåí íà ðàñòðîâîì ìèêðîñêîïå ÐÝÌÌÀ-202Ì ñ ìèêðîàíàëèçàòîðîì â ÞÓ ÖÊÏ ÈÌèí — ÈÃÇ. Ãðàíàò 
(Py2–27Alm1–68Sps1–23 Ca-comp3–96) ïðåäñòàâëåí ïèðîï-àëüìàíäèíîì, àëüìàíäèíîì, ãðîññóëÿð-àëüìàíäèíîì, ñïåññàðòèí-àëüìàí-
äèíîì è ãðîññóëÿð-àíäðàäèòîì. Îðòîïèðîêñåí îòâå÷àåò ýíñòàòèòó-àëþìîýíñòàòèòó (Si4+ = 2.0–1.48, Alîáù = 0.10–0.66 ê. ô.), à êëè-
íîïèðîêñåí — äèîïñèäó-ôàññàèòó (Si4+ = 1.85–1.61, Alîáù = 0.17–0.50 ê. ô.) è îìôàöèòó (Alîáù = 0.16–0.66, Na = 0.27–0.70 ê. ô.). 
Õðîìøïèíåëèäû ñîîòâåòñòâóþò øïèíåëè (#Cr = 0.20–0.22 – 0.03–0.08, Alîáù = 1.59–1.61 – 1.83–1.86 ê.ô. è #Mg = 0.67–0.70 – 0.70–
0.75) è áîëåå ïîçäíåé âûñîêîãëèíîçåìèñòîé øïèíåëè. Îñîáåííîñòè ñîñòàâà ìèíåðàëîâ îòðàæàþò ïîëèìåòàìîðôè÷åñêèå ïðåî-
áðàçîâàíèÿ ìåòàóëüòðàìàôèòîâ.

Êëþ÷åâûå ñëîâà: èëüìåíî-âèøíåâîãîðñêèé êîìïëåêñ, ìåòàóëüòðàìàôèòû, ãðàíàò, àëþìîýíñòàòèò, îìôàöèò, ãëàóêîôàí, 
ôåíãèò, õðîìøïèíåëèäû.

RARE MINERALS FROM METAULTRAMAFIC OF THE ILMENY-VISHNEVOGORSKY COMPLEX (SOUTH URALS)
P. Ì. Valizer1, A. A. Krasnobaev2

1Ilmensky State Reserve, Miass
2Institute of Geology and Geochemistry UB RAS, Yekaterinburg 

The article presents the results of studying peculiarities of chemical compositions of garnets, alumoenstatites, fassaites, omphacites, 
calcium and sodium amphiboles, chromespinelides, micas and zircons from metaultramafic rocks of Buldym, Ishcul, Nyashevo, Savelkul 
and Urazbaevo massifs of the Ilmeny-Vishnevogorsky complex. Minerals for research were selected from large (150–200 kg) samples were 
crushed to a fraction of 0.25 mm. The next stage they were brought to the concentrate followed by selection under the binocular microscope. 
Microprobe analysis of the mineral composition was performed on a raster microscope REMM-202Ì with microanalyzer by «SUCCU (IMin-
ISR)». Garnet (Py2–27Alm1–68Sps1–23Ca-comp3–96) was represented by pyrope-almandine, almandine, grossular-almandine, spessartine-al-
mandine and grossular-andradite. Orthopyroxene was characterized by a composition (Si4+ = 2.0–1.48, Altotal = 0.10–0.66 f. e.) the enstatite-
alimentatie, and clinopyroxene – (Si4+ = 1.85–1.61, Altotal = 0.17–0.50 f. e.) the diopside-fassaite and (Altotal = 0.16–0.66, Na = 0.27–0.70 f.e.) 
omphacite. Chromespinelids corresponded to the composition (#Cr = 0.20–0.22 – 0.03–0.08, Altotal = 1.59–1.61 – 1.83–1.86 f. e. è #Mg = 
0.67–0.70 – 0.70–0.75) spinel and later high-alumina spinel. The composition of minerals reflected polymetamorphical conversion metaul-
tramafic rocks.

Keywords: Ilmeny-Vishnevogorsky complex, metaultramafic rocks, garnet, alumoenstatite, fassaite, omphacite, glaucophane, phen-
gite, chromespinelides.
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+Ed+Hbl+Tr+Gln è Chl, Cal, Mgs, Ttn, Rt, Zrn, Spl, 
Grt, Ph, Phl, Czo, Pl (ïðîáà Ê–2049, Ê–2052, Ê–2116); 
2) Èøêóëüñêîãî — a) ñåðïåíòèíèò (%): 80–95 Lz+Atg, 3 
Ol, 3–5 En, 5–7 Di+Omp, 2 Hbl+Tr è Ilm, Ap, Zrn, Grt, 
Cal, Mgs, Mag (Ê–2117); — b) âåáñòåðèò (%): 5 Ol, 40–45 
En, 25–30 Di, 10–15 Hbl+Prg+Tr è Spl, Ilm, Zrn, Grt, Mag, 
Srp (Ê–1872); 3) Íÿøåâñêîãî — ñåðïåíòèíèò (%): 70–
85 Srp, 5–7 Ol, 8 En+Al-En, 1 Di, 5 Ts+Ed+Hbl+Tr+Cum 
è Chl, Cal-Dol, Spl, Mag, Tlc, Grt, Phl, Ms, Ky, Scp, Fsp, 
Ttn, Zrn. (Ê–1885); 4) Ñàâåëüêóëüñêîãî — ñåðïåíòèíèò 
(%): 80–85 Srp, 3 Ol, 7 Di, 5 Ts+Hbl+Tr è Spl, Ilm, Zrn, 
Ttn (Ê–2136); 5) Óðàçáàåâñêîãî — ñåðïåíòèíèò (%): 70–
85 Srp, 5–7 Ol, 8 En+Al-En, 1 Di, 5 Ts+Ed+Hbl+Tr+Cum 
è Chl, Cal-Dol, Spl, Mag, Tlc, Grt, Phl, Ms, Ky, Scp, Fsp, 
Ttn, Zrn. (Ê–2077).

Èñõîäíûå ïðîáû (150–200 êã) äðîáèëèñü äî ôðàê-
öèè 0.25 ìê, îòìó÷èâàëèñü, çàòåì îòìûâàëèñü â îò-
êðûòîé âîäå îò ëåãêîé ôðàêöèè. Îñòàòî÷íûå è «òÿæå-
ëûå» ÷àñòè ïðîá, îáúåì êîòîðûõ îáû÷íî íå ïðåâûøàë 
0.2–0.5 ñì3, ðàçáèðàëèñü âðó÷íóþ ïîä áèíîêóëÿðîì. 
Ìèêðîçîíäîâûé àíàëèç ñîñòàâà ìèíåðàëîâ âûïîëíåí 
íà ðàñòðîâîì ìèêðîñêîïå ÐÝÌÌÀ-202Ì ñ ìèêðîà-
íàëèçàòîðîì (ÞÓ ÖÊÏ). Óñêîðÿþùåå íàïðÿæåíèå 
20 ÊÂò, òîê íà îáðàçöå H* 10–10A. Ñòàíäàðòû: AstJMEX 
scientifie Limited MJNM 25–53 Mineral Mount serial 
¹ 01-044. 

Îñîáåííîñòè ñîñòàâà ìèíåðàëîâ
Ãðàíàòû óëüòðàìàôèòîâ ÈÂÊ îáðàçóþò ãåòåðî-

ãåííîå ñîîáùåñòâî, ïðåäñòàâëåíû øèðîêèì ñïåêòðîì 
ðàçíîâèäíîñòåé ïèðîï-àëüìàíäèíîâûõ, àëüìàíäèíî-
âûõ, ãðîññóëÿð-àëüìàíäèíîâûõ è ñïåññàðòèí-àëüìàí-
äèíîâûõ âèäîâ ïðè âàðèàöèè èõ ñîñòàâà Py2–27Alm1–

68Sps1–23, Ca–comp3–96, #Mg = 0.06–0.28 (òàáë., ðèñ. 2).

Ðèñ. 1. Ñõåìàòè÷åñêàÿ ãåîëîãè÷åñêàÿ êàðòà èëüìåíî-âèø-
íåâîãîðñêîãî êîìïëåêñà [8]: 1 — ñåëÿíêèíñêàÿ ñåðèÿ àìôè-
áîëèò-ãíåéñîâî-ïëàãèîìèãìàòèòîâàÿ (AR-PR1); 2 — ìàñ-
ñèâû ìèàñêèòîâ (O3); 3 — ìèëîíèòû ãðàíèòîèäíîãî è ñèå-
íèòîâîãî ñîñòàâà (P2–T1(?); 4 — ìèëîíèòû Êûøòûìñêîãî 
ñäâèãà-íàäâèãà; 5 — åëàí÷èêîâñêàÿ òîëùà, òåêòîíèòû ãðàíè-
òîèäíîãî ñîñòàâà; 6 — ñàèòîâñêàÿ ñåðèÿ, ìåòàòåððèãåííàÿ (S); 
7 — çåëåíîñëàíöåâûå îñàäî÷íî-âóëêàíîãåííûå êîìïëåêñû 
Çàïàäíî-Ìàãíèòîãîðñêîé è Àðàìèëüñêî-Ñóõòåëèíñêîé çîí; 
8 — óâèëüäèíñêèé ìîíöîíèò-ãðàíèòíûé êîìïëåêñ (Pz3); 9 — 
ãíåéñîâèäíûå ãðàíèòû Êèñåãà÷ñêîãî ìàññèâà; 10 — óëüòðà-
ìàôèòû.
Öèôðû â êðóæêàõ — óëüòðàìàôèòîâûå ìàññèâû: 1 — Áóëäû ì-
ñêèé, 2 — Èøêóëüñêèé, 3 — Íÿøåâñêèé, 4 — Ñàâåëü êóëüñêèé, 
5 — Óðàçáàåâñêèé

Fig. 1. Schematic geological maps of the Ilmeny-Vishnevogorsky 
complex by [8].
1 — Selyankino Group: Archean to Early Proterozoic amphibolite-
gneiss-plagiomigmatite rocks; 2 — Middle Ordovician miaskite 
massifs; 3 — Middle Permian-Lower Triassic (?) granitic and 
syenitic blastomylonites; 4 — mylonites of Kyshtym shear-thrust; 
5 — Elanchik Sequence: plagioshales and injection migmatites; 
6 — Saitovo Sequence: metaterrigenous roks; 7 — greenschist vol-
canosedimentary complexes of West Magnitogorsk and Aramil-
Sukhteli zones; 8 — Upper Precambrian Uvildy monzogranitic 
complex; 9 — gneissic granites Kisegach complex; 10 — ultramafic 
rocks.
Notes. In the diagram the numbers in circles — ultramafic mas-
sifs: 1 — Buldym, 2 — Ishcul, 3 — Nyashevo, 4 — Savelkul, 5 — 
Urazba evo
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Ïî ñîäåðæàíèþ ïèðîïîâîãî è êàëüöèåâîãî ìèíà-
ëà ãðàíàòû ìîæíî îáúåäèíèòü óñëîâíî â ïÿòü ãðóïï. 
Ïèðîï-àëüìàíäèí (Py18–27, Alm60–68, #Mg = 0.22–0.28) 
ïðåäñòàâëåí äâóìÿ ðàçíîâèäíîñòÿìè: ìàëîêàëüöèåâîé 
(Grs3–4) ñ ïîâûøåííûì ñîäåðæàíèåì ìàðãàíöà (Sps8–12) 
è êàëüöèåâîé (Grs8–11) ïðè íèçêîì ñîäåðæàíèè ìàð-
ãàíöà (Sps  3). Îò ãðàíàòîâ óëüòðàîñíîâíûõ ïîðîä è 
ñåðïåíòèíèòîâ îíè îòëè÷àþòñÿ íèçêèì ñîäåðæàíèåì 
Py è ïîâûøåííûì ñîäåðæàíèåì Sps-ìèíàëîâ, íàèáî-
ëåå ñîîòâåòñòâóþò ãðàíàòàì èç ïîðîä ãðàíóëèòîâîé ôà-
öèè, áëèçêè ïî ñîñòàâó ãðàíàòàì èç ãíåéñîâ ñåëÿíêèí-
ñêîãî áëîêà ÈÂÊ [9]. Ïèðîï-àëüìàíäèíû àíàëîãè÷-
íîãî ñîñòàâà îïèñàíû â óëüòðàìàôèòàõ Êàðàáàøñêîãî 
ìàññèâà è â ôîðñòåðèò-ýíñòàòèòîâûõ ïîðîäàõ ìàêñþ-
òîâñêîãî êîìïëåêñà [1, 3, 11]. Â íåçíà÷èòåëüíîì êîëè-
÷åñòâå â óëüòðàìàôèòàõ Óðàçáàåâñêîãî ìàññèâà ðàçâè-
òû ìàëîêàëüöèåâûå àëüìàíäèíû è ñïåññàðòèí-àëüìàí-
äèíû (Py6–11Alm42–67 Sps3–44Grs2–5, #Mg = 0.06–0.11). 
Àíàëîãè÷íûå ãðàíàòû õàðàêòåðíû äëÿ ðàçíîîáðàçíûõ 
êâàðöèòîñëàíöåâ ñàèòîâñêîé ñåðèè ÈÂÊ è óñòàíîâëå-
íû â óëüòðàìàôèòàõ Êàðàáàøñêîãî ìàññèâà è ôîðñòå-
ðèò-ýíñòàòèòîâûõ ïîðîäàõ ìàêñþòîâñêîãî êîìïëåê-
ñà. Áîëüøàÿ ÷àñòü ãðàíàòîâ ñîîòâåòñòâóåò êàëüöèåâî-
ìàðãàíöåâûì àëüìàíäèíàì — ìàðãàíöåâûì ãðîññóëÿð-

àëüìàíäèíàì è êàëüöèåâûì ñïåññàðòèí-àëüìàíäèíàì 
(Py4–17 Alm45–68 Sps5–19Grs15-31, #Mg = 0.07–0.17), îíè 
ñîïîñòàâèìû ñ íàèáîëåå ðàñïðîñòðàíåííûìè ãðàíàòàìè 
ìåòàìîðôè÷åñêèõ ïîðîä ÈÂÊ. Àëüìàíäèí-ãðîññóëÿðû 
(Py2–8Alm28–44Sps1–4Grs50–65, #Mg = 0.04–0.18) è ãðîñ-
ñóëÿð-àíäðàäèòû (Py2Alm12Sps1, Ca-comp85–96, #Mg = 
0.1–0.14) ïðåäñòàâëåíû åäèíè÷íûìè çåðíàìè, îòðàæà-
þò ïîçäíèå ïðîöåññû ïðåîáðàçîâàíèÿ óëüòðàìàôèòîâ.

Ïèðîêñåíû â îñíîâíîì ïðåäñòàâëåíû òèïè÷íû-
ìè äëÿ ìåòàóëüòðàìàôèòîâ ýíñòàòèòàìè (#Mg = 0.96–
0.97, Si4+ = 1.94–1.97, AlVI äî 0.05 è Ca äî 0.01 ê. ô.) è 
äèîïñèäàìè (#Mg = 0.96–0.98, Si4+ = 1.92–1.98, AlVI 
äî 0.03 è Na äî 0.05, Cr äî 0.001 ê. ô.). Îòìå÷àþòñÿ 
ýíñòàòèòû è äèîïñèäû ñ ïîâûøåííûì ñîäåðæàíè-
åì îêñèäà àëþìèíèÿ (AlVI äî 0.09 ê. ô.). Â ãåíåòè÷å-
ñêîì àñïåêòå íàèáîëüøèé èíòåðåñ ïðåäñòàâëÿþò íà-
õîäêè àëþìîýíñòàòèòà, ôàññàèòà è îìôàöèòà (òàáë., 
ðèñ. 2). Àëþìîýíñòàòèòû ïî ìàãíåçèàëüíîñòè ðàçäå-
ëåíû íà òðè ãðóïïû. Íèçêîìàãíåçèàëüíûå àëþìîýí-
ñòàòèòû (#Mg = 0.66–0.68) íàéäåíû â ñëàáîñåðïåí-
òèíèçèðîâàííûõ óëüòðàìàôèòàõ. Äëÿ èõ ñîñòàâà (Si4+ 
= 1.59–1.75, AlVI = 0.41–0.47, Ca = 0.03 è Na = 0.10–
0.13 ê. ô.) õàðàêòåðíî âûñîêîå ñîäåðæàíèå Alîáù, AlVI 
è Na. Âûñîêîìàãíåçèàëüíûå àëþìîýíñòàòèòû (#Mg = 

Ðèñ. 2. Âàðèàöèè ñîñòàâà ãðàíàòîâ (a), îðòîïèðîêñåíîâ (bI), êëèíîïèðîêñåíîâ (bII), àìôèáîëîâ (c), è õðîìøïèíåëèäîâ (d)
â óëüòðàìàôèòàõ ìàññèâîâ: 1 — Áóëäûìñêîãî, 2 — Èøêóëüñêîãî, 3 — Íÿøåâñêîãî, 4 — Ñàâåëüêóëüñêîãî, 5 — Óðàçáàåâñêîãî, 
6 — Êàðàáàøñêîãî

Fig. 2. Compasition variation of garnets (a), orthopyroxene (bI), clinopyroxene (bII), amphiboles (c) and chromespinelides (d) from 
ultramafic massifs: 1 — Buldym, 2 — Ishcul, 3 — Nyashevo, 4 — Savelkul, 5 — Urazbaevo, 6 — Karabash
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0.75–0.90) âñòðå÷àþòñÿ â àññîöèàöèè ñ ôàññàèòîì, èìå-
þò íàèáîëåå íèçêèå ñîäåðæàíèÿ Si4+ = 1.35–1.60, Alîáù 
=0.57–0.34, Ca = 0.02–0.04 ê.ô. Âûñîêîìàãíåçèàëüíûå 
(#Mg  0.92) ðàçíîñòè ïî ñîñòàâó çàíèìàþò ïðîìåæó-
òî÷íîå ïîëîæåíèå. Ôàññàèòû (#Mg = 0.68–0.81 è 0.92–
0.98) ïðè ðàçíîé ìàãíåçèàëüíîñòè íå èìåþò çíà÷èìûõ 
ðàçëè÷èé ïî ãëàâíûì ýëåìåíòàì (Si4+ = 1.60–1.80, Alîáù 
= 0.38–0.58, Na äî 0.02 ê.ô.) è ïðåäñòàâëÿþò ïî ñîäåð-
æàíèþ àëþìèíèÿ íåïðåðûâíûé ðÿä «äèîïñèä—âûñî-
êîàëþìèíèåâûé ôàññàèò». Îíè ñîïîñòàâèìû ïî ñîñòà-
âó ñ ôàññàèòàìè èç ãðàíàò-ïèðîêñåí-àìôèáîëîâûõ ïî-
ðîä, àññîöèèðóþùèõ ñ óëüòðàìàôèòàìè [13]. Îìôàöèò 
(#Mg = 0.60–0.61, Jd14Añm14–17Aug69–72) ñ íèçêèì ñî-
äåðæàíèåì æàäåèòîâîãî ìèíàëà îïðåäåëåí â àññîöèà-
öèè ñ ýíñòàòèòîì (#Mg = 0.92, Ca = 0.01 è Na = 0.01 
ê.ô.) â ñåðïåíòèíèòå Èøêóëüñêîãî ìàññèâà, à îìôà-
öèò (#Mg = 0.51–0.56, Jd69–71Añm5–7Aug24) ñ âûñîêèì 
êîëè÷åñòâîì æàäåèòîâîãî ìèíàëà óñòàíîâëåí â âèäå 
âêëþ÷åíèÿ â ðóòèëå èç ñåðïåíòèíèçèðîâàííîãî äóíè-
òà Áóëäûìñêîãî ìàññèâà [2].

Àìôèáîë â óëüòðàìàôèòàõ ïðåäñòàâëåí êàëüöèå-
âûìè àìôèáîëàìè â íåçíà÷èòåëüíîì êîëè÷åñòâå (ñå-
ðèè ÷åðìàêèòà, ïàðãàñèòà è ýäåíèòà), à â îñíîâíîì ìàã-
íåçèàëüíîé ðîãîâîé îáìàíêîé è òðåìîëèòîì, â åäè-
íè÷íûõ ñëó÷àÿõ íàòðèåâûì àìôèáîëîì (òàáë., ðèñ. 2). 
×åðìàêèò (Si4+ = 6.33–6.42, Alîáù = 1.90–2.33, Na = 
0.33–0.48 ê.ô., #Mg = 0.76–0.88) óñòàíîâëåí â âèäå 
âêëþ÷åíèé â ðóòèëå è ýíñòàòèòå. Ýäåíèò è ïàðãàñèò ÷à-
ùå âñåãî ðàçâèòû ïî ÷åðìàêèòó è îòëè÷àþòñÿ òîëüêî 
áîëåå âûñîêèì ñîäåðæàíèåì — äî 0.69 ê.ô. Na è äî 6.55 
ê.ô. Si4+. Ìàãíåçèàëüíàÿ ðîãîâàÿ îáìàíêà (#Mg = 0.82–
0.95) îáðàçóåò òðåíä èçìåíåíèÿ ñîñòàâà, âûðàæåííûé â 
óâåëè÷åíèè Si4+ îò 6.54 äî 7.38 ïðè óìåíüøåíèè AlVI îò 
0.68 äî 0.01 ê.ô., Na — îò 0.60 äî 0.05. Ñîäåðæàíèå Ca 
(1.45–1.78 ê.ô.) íåâûñîêîå, ïðèìåñü Cr — äî 0.03 ê.ô. 
Òðåìîëèò âûñîêîìàãíåçèàëåí (Mg = 0.94–0.96), ñîäåð-
æèò ïðèìåñü Cr — äî 0.01–0.03, Na — äî 0.14 è K — äî 
0.07 ê.ô. Ãëàóêîôàí (Glcomp = 0.75–0.83, Cacomp = 0.05–
0.06, AlVI = 1.50–1.66, #Mg = 0.59–0.60) æåëåçèñòûé ñ 
âûñîêèì ñîäåðæàíèåì AlVI è íèçêèì Ca.

Ôåíãèò (Si4+ = 3.27–3.29, Na = 0.07–0.11 ê.ô., 
#Mg = 0.64–0.67) ìàãíåçèàëüíûé, ñ íèçêèì ñîäåðæà-
íèåì Si4+ è ïîâûøåííûì Na.

Õðîìøïèíåëèäû ïî îñîáåííîñòÿì õèìè÷åñêîãî ñî-
ñòàâà, ãåîõèìè÷åñêîé çîíàëüíîñòè çåðåí è ïî âçàèìî-
îòíîøåíèþ ñ ïîðîäîîáðàçóþùèìè ìèíåðàëàìè âûäå-
ëÿþòñÿ â ÷åòûðå òèïà (òàáë., ðèñ. 2). Õðîìøïèíåëü ãëè-
íîçåìèñòàÿ (Alîáù = 1.0–1.5 ê.ô.) ñ âûñîêèì ñîäåðæàíè-
åì õðîìà (#Cr = 0.24–0.46) è íèçêîé ìàãíåçèàëüíîñòè 
(0.67–0.73) âñòðå÷åíà â ìåíåå èçìåíåííûõ óëüòðàìàôè-
òàõ è, âåðîÿòíî, ÿâëÿåòñÿ ðàííåé ãåíåðàöèåé, íàõîäèò-
ñÿ â àññîöèàöèè ñ ìàãíåçèàëüíûì (#Mg = 0.96) êëèíî-
ïèðîêñåíîì. Ñîõðàíÿþòñÿ çåðíà çîíàëüíîãî ñòðîåíèÿ, 
â êîòîðûõ ÿäðî ñëîæåíî õðîìøïèíåëüþ (Alîáù = 1.59–
1.61 ê. ô., #Cr = 0.20–0.22, #Mg = 0.68–0.70), êàéìà – 
øïèíåëüþ (Alîáù = 1.94 ê. ô., #Cr = 0.04–0.06, #Mg = 
0.80). Øïèíåëü ìàãíåçèàëüíàÿ âûñîêîãëèíîçåìèñòàÿ 
(Alîáù = 1.83–1.96 ê. ô.), ñ íåçíà÷èòåëüíûìè âàðèàöè-
ÿìè #Cr = 0.04–0.05 è 0.03–0.08 ïðè #Mg = 0.70–0.75 
è 0.80–0.82 ñîîòâåòñòâåííî. Ïî îñîáåííîñòÿì ñîñòàâà 
îíà ñîïîñòàâèìà ñî øïèíåëüþ øïèíåëåâûõ ïåðèäîòè-
òîâ [16–18]. Áîëüøàÿ ÷àñòü õðîìøïèíåëèäîâ ïðåäñòàâ-
ëåíà õðîìèòîì (Alîáù = 0.29–0.32 ê. ô., #Cr = 0.84–0.96, 
#Mg = 0.30–0.50); õðîììàãíåòèòîì (Alîáù = 0.04–0.12 

ê.ô., #Cr = 0.87–0.96, #Mg = 0.14–0.20) è ìàãíåòèòîì 
(Alîáù = äî 0.02 ê. ô., #Cr = 0.01–0.09, #Mg = 0.03–
0.11) è îòðàæàåò ïîçäíèå ïðîöåññû èçìåíåíèÿ óëüòðà-
ìàôèòîâ. Â ìåòàñîìàòè÷åñêèõ ïîðîäàõ â óëüòðàìàôè-
òàõ øèðîêî ðàñïðîñòðàíåíà øïèíåëü (öèíêèñòàÿ øïè-
íåëü  22 ìàñ. % Zn) âûñîêîé ãëèíîçåìèñòîñòè (Alîáù = 
2.0 ê. ô., #Mg = 0.60–0.77), áåç õðîìà, ñ ñîäåðæàíèåì 
íèêåëÿ äî 0.38 ìàñ. %. Â çåðíàõ øïèíåëè âûÿâëåíà çî-
íàëüíîñòü îò öåíòðà ê êðàþ – óâåëè÷åíèå #Mg ïðè ïî-
íèæåíèè ñîäåðæàíèÿ ZnO (0.01–0.46 ê. ô.).

Çàêëþ÷åíèå
Â óëüòðàìàôèòàõ èëüìåíî-âèøíåâîãîðñêîãî êîì-

ïëåêñà óñòàíîâëåíû ðåäêèå ìèíåðàëû: âûñîêîãëèíîçå-
ìèñòàÿ øïèíåëü, àëþìîýíñòàòèò è ôàññàèò ñ âûñîêèì 
ñîäåðæàíèåì (11–16 ìàñ. %) àëþìèíèÿ, îìôàöèò ñ êî-
ëåáàíèÿìè îò 14 äî 70 % æàäåèòîâîãî ìèíàëà, ãðàíàò 
øèðîêîãî ñïåêòðà ñîñòàâà (Py-Alm, Alm, Grs-Alm, Sps-
Alm è And-Grs), ÷åðìàêèò, ýäåíèò è ãëàóêîôàí, ìóñêî-
âèò-ôåíãèò è ôëîãîïèò, à òàêæå ïàðàãåíåòè÷åñêèå ìè-
íåðàëüíûå àññîöèàöèè En + Omp, Omp + Gln + Ph, Ky 
+ Ms, ïîçâîëÿþùèå ïðåäïîëàãàòü, ÷òî óëüòðàìàôèòû 
áûëè íåîäíîêðàòíî ïðåîáðàçîâàíû â òå÷åíèå äëèòåëü-
íîãî âðåìåíè (PR1–P1), ïðè ýòîì ïðîöåññû ïðåîáðà-
çîâàíèÿ ïðîèñõîäèëè äèñêðåòíî. Ìíîãîýòàïíûå ïðå-
îáðàçîâàíèÿ óëüòðàìàôèòîâ õàðàêòåðèçîâàëèñü P-T-
òðåíäîì îò ìàíòèéíûõ óëüòðàâûñîêîïàðàìåòðè÷åñêèõ 
äî êîðîâûõ LT-HP-óñëîâèé.

Ðàáîòà âûïîëíåíà ïðè ÷àñòè÷íîé ôèíàíñîâîé ïîä-
äåðæêå êîìïëåêñíîé ïðîãðàììû ôóíäàìåíòàëüíûõ èññëå-
äîâàíèé ÓðÎ ÐÀÍ (ïðîåêò 18-5-5-48).
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Ââåäåíèå
Íåôòåãàçîâûé ñåêòîð â Ðåñïóáëèêå Êîìè çàíèìà-

åò ëèäèðóþùèå ïîçèöèè â âîïðîñàõ ñîöèàëüíî-ýêîíî-
ìè÷åñêîãî ðàçâèòèÿ íà ïðîòÿæåíèè ìíîãèõ äåñÿòèëå-
òèé, è â áëèæàéøåå âðåìÿ âðÿä ëè ñèòóàöèÿ èçìåíèòñÿ 
êàðäèíàëüíûì îáðàçîì. Äëÿ ïîääåðæàíèÿ äîñòèãíóòî-
ãî óðîâíÿ äîáû÷è óãëåâîäîðîäîâ íåîáõîäèìî ïîñòîÿí-
íî ðàçâèâàòü ñûðüåâóþ áàçó äîáûâàþùåé îòðàñëè, ò. å. 
ïðîâîäèòü ïîèñêîâî-ðàçâåäî÷íûå ðàáîòû.

Â íàñòîÿùåå âðåìÿ â ðàçðàáîòêó âîâëåêàþòñÿ ïðà-
êòè÷åñêè âñå ìåñòîðîæäåíèÿ ñ ðåíòàáåëüíûìè äëÿ îñ-
âîåíèÿ çàïàñàìè.

Â ðåñïóáëèêå îòêðûòî 168 ìåñòîðîæäåíèé óãëåâî-
äîðîäíîãî ñûðüÿ, èç íåäð äîáûòî ïîðÿäêà 46 % âñåõ ðàç-
âåäàííûõ çàïàñîâ íåôòè, âûðàáîòàííîñòü íà÷àëüíûõ 
ñóììàðíûõ ðåñóðñîâ (ÍÑÐ) íåôòè ñîñòàâèëà 19.8 %. 
Â ñîîòâåòñòâèè ñ ïåðåîöåíêîé íà÷àëüíûõ ñóììàðíûõ 
ðåñóðñîâ (ÍÑÐ) óãëåâîäîðîäíîãî ñûðüÿ Ðåñïóáëèêè 
Êîìè, ïðîâåäåííîé ÎÀÎ «ÒÏ ÍÈÖ», íà÷àëüíûå ñóì-
ìàðíûå ðåñóðñû óãëåâîäîðîäîâ ïî Ðåñïóáëèêå Êîìè 
ïðåâûñèëè 4. 79 ìëðä ò. ó. ò., â òîì ÷èñëå áîëåå 55 % íå-
ôòè, 37 % ñâîáîäíîãî ãàçà [3].

Îñíîâíàÿ äîëÿ ðàçâåäàííûõ çàïàñîâ íåôòè ñîñðå-
äîòî÷åíà â äåâîíñêèõ è ïåðìñêî-êàìåííîóãîëüíûõ îò-
ëîæåíèÿõ, ïðè÷åì òðåòüÿ ÷àñòü èç íèõ îòíîñèòñÿ ê ïåðì-
ñêî-êàìåííîóãîëüíûì îòëîæåíèÿì Óñèíñêîãî ìåñòî-
ðîæäåíèÿ. 

Íà òåððèòîðèè Ðåñïóáëèêè Êîìè çàðåãèñòðèðîâà-
íî 59 îðãàíèçàöèé-íåäðîïîëüçîâàòåëåé, êîòîðûå âëà-
äåþò 183 ëèöåíçèÿìè íà ãåîëîãè÷åñêîå èçó÷åíèå, ïîè-
ñêè, ðàçâåäêó è äîáû÷ó óãëåâîäîðîäíîãî ñûðüÿ (ëèöåí-
çèè ÍÏ — 32, ÍÐ — 57, ÍÝ — 94).

Çà ïîñëåäíèå ãîäû ïðîèçîøëè ñåðüåçíûå èçìåíå-
íèÿ â ñòðóêòóðå ãåîëîãî-ðàçâåäî÷íîé îòðàñëè, êîòîðûå, 
âåðîÿòíåå âñåãî, íîñÿò íåîáðàòèìûé õàðàêòåð. 

Îáúåìû ïîèñêîâîãî è ðàçâåäî÷íîãî áóðåíèÿ â 
Ðåñïóáëèêå Êîìè â íàñòîÿùåå âðåìÿ îñóùåñòâëÿþòñÿ 
ãëàâíûì îáðàçîì äîáûâàþùèìè ïðåäïðèÿòèÿìè, ñðå-
äè êîòîðûõ âåäóùóþ ðîëü èãðàåò ÎÎÎ «Ëóêîéë-Êîìè», 
ÒÏÃÊ. Ñåéñìè÷åñêèå èññëåäîâàíèÿ 2D è äåòàëüíûå ðà-
áîòû 3D îñóùåñòâëÿëè ÎÀÎ «Ñåâåðãåîôèçèêà», «Ïåðìü -
íåôòåãåîôèçèêà», «Òàòíåôòåãåîôèçèêà» è äð. çà ñ÷åò 
ñîáñòâåííûõ ñðåäñòâ íåäðîïîëüçîâàòåëåé.

Òèìàíî-Ïå÷îðñêèé íàó÷íî-èññëåäîâàòåëüñêèé 
öåíòð (ÎÎÎ «ÒÏ ÍÈÖ») âûïîëíÿåò ãåîëîãè÷åñêîå è 
íàó÷íîå ñîïðîâîæäåíèå ïîèñêîâî-ðàçâåäî÷íûõ ðàáîò 
íà íåôòü è ãàç. Íàó÷íîå ñîïðîâîæäåíèå ðàçðàáîòêè ìå-
ñòîðîæäåíèé ÓÂÑ è ãåîëîãî-ðàçâåäî÷íûõ ðàáîò ïðî-
èçâîäÿò òàêæå íåãîñóäàðñòâåííûå íàó÷íûå îðãàíèçà-
öèè: ôèëèàë ÎÀÎ «ÂÍÈÈÃÀÇ» — «ÑåâåðÍÈÏÈãàç», 
äî 2018 — èíñòèòóò ôèëèàëà «Ëóêîéë-Èíæèíèðèíã» â 
ã. Óõòå («Ïå÷îðÍÈÏÈíåôòü»).

Êîíòðîëü çà âûïîëíåíèåì ëèöåíçèîííûõ ñîãëàøå-
íèé íåäðîïîëüçîâàòåëÿìè îñóùåñòâëÿåò Äåïàðòàìåíò 
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Â ñòàòüå ðàññìîòðåíû òåíäåíöèè ïðîöåññà âîñïðîèçâîäñòâà ìèíåðàëüíî-ñûðüåâîé áàçû (ÂÌÑÁ), ïðèâîäÿòñÿ ðåçóëüòà-
òû ìîíèòîðèíãà ãåîëîãî-ðàçâåäî÷íûõ ðàáîò â Ðåñïóáëèêå Êîìè çà ïîñëåäíèå ãîäû. Íà îñíîâå ãîñóäàðñòâåííûõ îòðàñëåâûõ 
ïðîãðàìì è ñòðàòåãèè ñîöèàëüíî-ýêîíîìè÷åñêîãî ðàçâèòèÿ ðåãèîíà âûäåëåíû ýòàïû èçó÷åíèÿ ïåðñïåêòèâ íåôòåãàçîíîñíî-
ñòè. Ïðîàíàëèçèðîâàíà ñîâðåìåííàÿ ñèòóàöèÿ è äàíû ðåêîìåíäàöèè ïî ýôôåêòèâíîìó ðàçâèòèþ ñûðüåâîé áàçû ðåñïóáëèêè. 
Îòìå÷àåòñÿ âñå âîçðàñòàþùàÿ ðîëü îòäåëüíûõ ïðåäïðèÿòèé-íåäðîïîëüçîâàòåëåé â âîñïîëíåíèè ñûðüåâîé áàçû îòðàñëè. Ñäåëàí 
âûâîä î òîì, ÷òî äëÿ ïîääåðæàíèÿ äîñòèãíóòîãî óðîâíÿ äîáû÷è íåôòè â Ðåñïóáëèêå Êîìè íåîáõîäèìî ïðîâåäåíèå ïîèñêîâî-ðàç-
âåäî÷íûõ ðàáîò íå òîëüêî ñèëàìè íåäðîïîëüçîâàòåëåé, íî è çà ñ÷åò ãîñóäàðñòâåííûõ ñóáñèäèé.

Êëþ÷åâûå ñëîâà: ðåñóðñû, çàïàñû, ìåñòîðîæäåíèÿ óãëåâîäîðîäîâ, íåäðîïîëüçîâàíèå, ãåîëîãî-ðàçâåäî÷íûå ðàáîòû, ñåé-
ñìîðàçâåäî÷íûå ðàáîòû.
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The article describes the trends in the process of reproduction of the mineral resource base, the results of monitoring of geological 
exploration in the region in recent years. On the basis of the state branch programs and strategy of social and economic development of the 
region stages of research of prospects of oil and gas potential are allocated. The current situation is analyzed and recommendations are 
given on the effective development of the resource base of the republic. There is an increasing role of individual enterprises-subsoil users in 
filling the raw material base of the industry. It is concluded that in order to maintain the achieved level of oil production in the Komi Republic 
it is necessary to conduct exploration not only by subsoil users, but also at the expense of state subsidies.
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ïî íåäðîïîëüçîâàíèþ ïî Ñåâåðî-Çàïàäíîìó ôåäåðàëü-
íîìó îêðóãó è Ìèíïðèðîäû Ðåñïóáëèêè Êîìè.

Ìèíåðàëüíî-ñûðüåâàÿ áàçà
óãëåâîäîðîäîâ Ðåñïóáëèêè Êîìè
Íàèáîëåå êðóïíûå ìåñòîðîæäåíèÿ Ðåñïóáëèêè 

Êîìè íàõîäÿòñÿ íà ïîçäíåé ñòàäèè îñâîåíèÿ ðåñóð-
ñîâ, õàðàêòåðèçóþùåéñÿ âûñîêîé ñòåïåíüþ âûðàáîò-
êè îñíîâíûõ íàèáîëåå ïðîäóêòèâíûõ îáúåêòîâ ðàçðà-
áîòêè, âûñîêîé îáâîäíåííîñòüþ äîáûâàåìîé ïðîäóê-
öèè, ðîñòîì çàòðàò íà äîáû÷ó íåôòè. Åæåãîäíî ïðî-
èñõîäèò óõóäøåíèå ñòðóêòóðû çàïàñîâ ñ óâåëè÷åíèåì 
äîëè òðóäíîèçâëåêàåìûõ êàòåãîðèé: â çàâîäíåííûõ èëè 
ñëàáîïðîíèöàåìûõ êîëëåêòîðàõ, âûñîêîâÿçêèõ è òÿæå-
ëûõ íåôòåé. Óðîâåíü ðàçâåäàííîñòè íà÷àëüíûõ ñóì-
ìàðíûõ ðåñóðñîâ (ÍÑÐ) ñîñòàâëÿåò 46.8 %, âûðàáîòàí-
íîñòü ÍÑÐ — 22.7 %, âûðàáîòàííîñòü íà÷àëüíûõ èçâëå-
êàåìûõ çàïàñîâ — 55.7 %, ïðè÷åì ïî ñâîáîäíîìó ãàçó 
ýòîò ïîêàçàòåëü çíà÷èòåëüíî âûøå — 74 %, ïî íåôòè — 
45.6 % [6]. Â òî æå âðåìÿ ðàçâåäàííîñòü ÍÑÐ ïî ãàçó íè-
æå, ÷åì ïî íåôòè — 35.5 % (ïî íåôòè — 54.4 %).

Òåððèòîðèÿ Ðåñïóáëèêè Êîìè îõâàòûâàåò þæíûå 
ðàéîíû ÒÏÏ. Äîáû÷à íà åå òåððèòîðèè íà÷àëàñü â 30-å 
ãîäû ïðîøëîãî âåêà, â òî âðåìÿ êàê â ñåâåðíûõ ðàéî-
íàõ, îòíîñÿùèõñÿ ê ÍÀÎ, ïðîìûøëåííàÿ ðàçðàáîòêà 
ìåñòîðîæäåíèé íà÷àëàñü â 70-å ãîäû.

Ðåñóðñíàÿ áàçà óãëåâîäîðîäíîãî ñûðüÿ Òèìàíî-
Ïå÷îðñêîé ïðîâèíöèè èìååò ñëîæíóþ ñòðóêòóðó êàê 
ïî êàòåãîðèéíîñòè, òàê è ïî ñîîòíîøåíèþ àêòèâíûõ è 
òðóäíîèçâëåêàåìûõ çàïàñîâ. Ê ïîñëåäíèì îòíîñÿòñÿ:

— çàïàñû, èçâëåêàåìûå ñ ïðèìåíåíèåì òåðìè÷å-
ñêèõ ìåòîäîâ èëè çàêà÷êè ðåàãåíòîâ, îáåñïå÷èâàþùèõ 
âûòåñíåíèå íåôòè;

— çàïàñû ïîäãàçîâûõ ÷àñòåé çàëåæåé;
— çàïàñû ïåðèôåðèéíûõ ÷àñòåé çàëåæåé, èìåþ-

ùèå íåôòåíàñûùåííûå òîëùèíû ìåíåå ïðåäåëüíûõ 
äëÿ ýêîíîìè÷åñêè ðåíòàáåëüíîãî ðàçáóðèâàíèÿ ñåòüþ 
ýêñïëóàòàöèîííûõ ñêâàæèí;

— çàïàñû â êîëëåêòîðàõ ñ ïðîíèöàåìîñòüþ ìåíåå 
50 ìÄ;

— çàïàñû íåôòè âÿçêîñòüþ áîëåå 30 ìÏà*ñ;
— çàïàñû íåôòè ñ ñîäåðæàíèåì ñåðû áîëåå 2 %;
— çàïàñû íåôòè ïëîòíîñòüþ áîëåå 0.9 ã/ñì3.
Òðóäíîèçâëåêàåìûå çàïàñû íåôòè ÷èñëÿòñÿ íà áà-

ëàíñå Íèæíå÷óòèíñêîãî, Óñèíñêîãî è Âîçåéñêîãî ìå-
ñòîðîæäåíèé. 

Ê òðóäíîèçâëåêàåìûì çàïàñàì ñâîáîäíîãî ãàçà îò-
íîñÿòñÿ çàïàñû â êîëëåêòîðàõ ñ ïðîíèöàåìîñòüþ ìåíåå 
1 ìÄ, à òàêæå õàðàêòåðèçóþùèåñÿ íàëè÷èåì ñåðîâîäî-
ðîäà â ãàçå. 

Ê ýòîé êàòåãîðèè çàïàñîâ îòíîñÿòñÿ çàïàñû âåðõ-
íåôàìåíñêèõ çàëåæåé Âóêòûëüñêîãî ìåñòîðîæäåíèÿ, 
ïåðìñêèõ è êàìåííîóãîëüíûõ çàëåæåé Èíòèíñêîãî, 
Êîæèìñêîãî, Ðàññîõèíñêîãî è ðÿäà äðóãèõ ìåñòîðî-
æäåíèé ñâîáîäíîãî ãàçà.

Åñëè àíàëèçèðîâàòü ñèòóàöèþ â öåëîì ïî Òèìàíî-
Ïå÷îðñêîé ïðîâèíöèè, òî ëèøü 22.5 % îò îáùåé âå-
ëè÷èíû äîáûòîé íåôòè ñîñòàâëÿþò òðóäíîèçâëåêàå-
ìûå çàïàñû. Ýòî çàêîíîìåðíî, ò. ê. â ïåðâóþ î÷åðåäü 
â ðàçðàáîòêó ââîäÿòñÿ òå ìåñòîðîæäåíèÿ, êîòîðûå ìî-
ãóò ïðèíåñòè ìàêñèìàëüíóþ ïðèáûëü ïðè ìèíèìàëü-
íûõ çàòðàòàõ.

Â Ðåñïóáëèêå Êîìè ëèøü 25.8 % (228.4 ìëí ò) îñòà-
òî÷íûõ çàïàñîâ íåôòè îòíîñèòñÿ ê àêòèâíûì, â ÍÀÎ 

ýòîò ïîêàçàòåëü ñîñòàâëÿåò 33.7 % (355.9 ìëí ò). Ïî ñâî-
áîäíîìó ãàçó â Ðåñïóáëèêå Êîìè âåëè÷èíà àêòèâíûõ 
çàïàñîâ ñîñòàâëÿåò 68.6 % (134.9 ìëðä ì3), ïî ÍÀÎ — 
44.9 % (244 ìëðä ì3) [3].

Íàèáîëüøèå àêòèâíûå çàïàñû íåôòè ïðîìûøëåí-
íûõ êàòåãîðèé ñîñðåäîòî÷åíû â Ïå÷îðî-Êîëâèíñêîé 
ÍÃÎ, Õîðåéâåðñêîé ÍÃÐ, Âàðàíäåé-Àäçüâèíñêîé ÍÃÎ.

Â íàñòîÿùåå âðåìÿ â àêòèâíîå îñâîåíèå âîâëå÷åíû 
çàïàñû ïÿòè íåôòåãàçîíîñíûõ êîìïëåêñîâ îñàäî÷íî-
ãî ÷åõëà Òèìàíî-Ïå÷îðñêîé ïðîâèíöèè, ïðè ýòîì âû-
ðàáîòàííîñòü íà÷àëüíûõ èçâëåêàåìûõ çàïàñîâ (ÍÈÇ) 
êàê íåôòè, òàê è ñâîáîäíîãî ãàçà ïî êàæäîìó èç ýòèõ 
êîìïëåêñîâ ðàçëè÷íàÿ. Ïî íåôòè â íàèáîëüøåé ñòå-
ïåíè âîâëå÷åí â îñâîåíèå D2-D3f-òåððèãåííûé ÍÃÊ, 
èç êîòîðîãî äîáûòî áîëåå 43 %. Äàëåå ñëåäóåò P2-P3-
òåððèãåííûé, èç êîòîðîãî äîáûòî 35 % îò ÍÈÇ, C1v2-
P1-êàðáîíàòíûé êîìïëåêñ — âûðàáîòàíî 24.2 % ÍÈÇ, 
D2dm-C1t-êàðáîíàòíûé — âûðàáîòàíî 19.5 % îò ÍÈÇ, 
O2-D1-êàðáîíàòíûé ÍÃÊ — âûðàáîòàíî 14.4 % îò ÍÈÇ.

Ïî ñâîáîäíîìó ãàçó â àêòèâíîå îñâîåíèå âîâëå÷å-
íû äâà íåôòåãàçîíîñíûõ êîìïëåêñà — òåððèãåííûé D2-
D3f, äîáû÷à èç êîòîðîãî ñîñòàâèëà 48.3 % ÍÈÇ, è C1v2-
P1-êàðáîíàòíûé, ÿâëÿþùèéñÿ áàçîâûì äëÿ ãàçîâîé îò-
ðàñëè, èç êîòîðîãî äîáûòî 40.7 % ÍÈÇ (385.9 ìëðä ì3).

Ê íàñòîÿùåìó âðåìåíè íà òåððèòîðèè ðåñïóáëè-
êè ïðîâåäåí øèðîêèé êîìïëåêñ êàê ðåãèîíàëüíûõ, òàê 
è äåòàëüíûõ ãåîëîãî-ãåîôèçè÷åñêèõ èññëåäîâàíèé, íî, 
íåñìîòðÿ íà ýòî, èçó÷åííîñòü íîñèò íåðàâíîìåðíûé 
õàðàêòåð. Íàèáîëåå èçó÷åííûìè ÿâëÿþòñÿ òåððèòîðèè 
â ãðàíèöàõ íåôòåãàçîäîáûâàþùèõ ðàéîíîâ. Â ÷àñòíî-
ñòè, íà òåððèòîðèè Âû÷åãîäñêîãî ïðîãèáà ïîêà äàæå íå 
çàâåðøåíà ïåðâàÿ ñòàäèÿ ðåãèîíàëüíûõ ðàáîò. 

Âîñïðîèçâîäñòâî ìèíåðàëüíî-ñûðüåâîé 
áàçû óãëåâîäîðîäîâ
Â ýíåðãåòè÷åñêîé ñòðàòåãèè Ðîññèè óêàçûâàåòñÿ íà 

íåñîâåðøåíñòâî ñóùåñòâóþùåé ñèñòåìû óïðàâëåíèÿ 
ôîíäîì íåäð, à òàêæå íà íåîáõîäèìîñòü âíåñåíèÿ èç-
ìåíåíèé â ìåõàíèçìû âîñïðîèçâîäñòâà ñûðüåâîé áàçû 
óãëåâîäîðîäîâ. Íåäîñòàòêè ñèñòåìû óïðàâëåíèÿ â ýòîé 
îáëàñòè ïðèâîäÿò ê ôîðñèðîâàííîé îòðàáîòêå ëó÷øèõ 
ïî êà÷åñòâó çàïàñîâ, íèçêèì òåìïàì ââîäà íîâûõ ìå-
ñòîðîæäåíèé, íåäîñòàòî÷íûì òåìïàì ïîäãîòîâêè çàïà-
ñîâ è äðóãèì íåãàòèâíûì ïîñëåäñòâèÿì.

Â Ðîññèè âïëîòü äî 2008 ã. ïðîèñõîäèëî ñîêðàùå-
íèå îñòàòî÷íûõ çàïàñîâ íåôòè è ãàçà, ÷òî ÿâèëîñü ñëåä-
ñòâèåì íèçêîé èíòåíñèâíîñòè ïðîâåäåíèÿ ãåîëîãî-
ðàçâåäî÷íûõ ðàáîò; ïðåâûøåíèå îáúåìîâ äîáû÷è íàä 
ïðèðîñòîì çàïàñîâ ñîñòàâëÿëî äî 140 ìëí ò íåôòè â ãîä 
[2]. Íåñìîòðÿ íà óëó÷øåíèå ñèòóàöèè ñ âîñïîëíåíèåì 
çàïàñîâ â ïîñëåäíåå âðåìÿ (ðèñ. 1), îáúåì ôèíàíñèðî-
âàíèÿ ÃÐÐ îñòàåòñÿ íà íåäîñòàòî÷íîì óðîâíå: îñíîâíàÿ 
÷àñòü ïðèðîñòà çàïàñîâ äîñòèãàåòñÿ çà ñ÷åò äîðàçâåä-
êè è ïåðåîöåíêè ðàíåå îòêðûòûõ ìåñòîðîæäåíèé, â òî 
âðåìÿ êàê îòêðûòèå íîâûõ ìåñòîðîæäåíèé îáåñïå÷èâà-
åò ëèøü 30–50 % ïðèðîñòà.

Ñèòóàöèþ óñóãóáèë ââîä â äåéñòâèå ñ 2014 ã. òàê íà-
çûâàåìîãî íàëîãîâîãî ìàíåâðà â ðàìêàõ äåéñòâóþùåé 
íàëîãîâîé ñèñòåìû. Â óñëîâèÿõ èìåâøåãî ìåñòî ðîñòà 
ìèðîâûõ öåí íà íåôòü (îíè ðîñëè äî 2014 ã.) ñ öåëüþ 
îãðàíè÷åíèÿ ñâåðõäîõîäîâ íåäðîïîëüçîâàòåëåé ïðåä-
ïîëàãàëîñü ñêîððåêòèðîâàòü áàçîâûå íàëîãè — ýêñïîð-
òíóþ ïîøëèíó è íàëîã íà äîáû÷ó ïîëåçíûõ èñêîïàå-
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ìûõ. Â òî æå âðåìÿ «íåéòðàëèçîâàòü» óõóäøåíèå ñòðóê-
òóðû îòå÷åñòâåííîé ðåñóðñíîé áàçû óãëåâîäîðîäîâ è 
ñòèìóëèðîâàòü ðîñò åå èíâåñòèöèîííîé ïðèâëåêàòåëü-
íîñòè ïðåäïîëàãàëîñü ïîñðåäñòâîì ââîäà ðÿäà äîïîë-
íèòåëüíûõ ëüãîò. Îäíàêî íåäîñòàòî÷íî êîìïëåêñíûé 
ïîäõîä ê ôîðìèðîâàíèþ ïðèíÿòûõ èçìåíåíèé, íåîï-
òèìàëüíûé ôîðìàò è íå â ïîëíîé ìåðå ïðîñ÷èòàííûå 
ôèíàíñîâûå ïîñëåäñòâèÿ èõ ââîäà ñ òî÷êè çðåíèÿ âîç-
ìîæíûõ èçìåíåíèé ìàêðîýêîíîìè÷åñêîé ñðåäû ïðè-
âåëè ê íåýôôåêòèâíîñòè íîâîââåäåíèé â óñëîâèÿõ ðåç-
êîé ñìåíû êîíúþíêòóðû ðûíêà è óõóäøåíèÿ åãî âàæ-
íåéøèõ ïàðàìåòðîâ [1]. 

Â 2014–2015 ãã. ðåçêî óïàëè öåíû íà íåôòü, îá-
âàëèëñÿ êóðñ ðóáëÿ, â äàëüíåéøåì íàìåòèëîñü èõ ïî-
ñòåïåííîå âîññòàíîâëåíèå. Ðåçêîå ïàäåíèå öåí âûçâà-
ëî îáâàëüíîå ñíèæåíèå ïðîãðàìì ãåîëîãî-ðàçâåäî÷íûõ 
ðàáîò, çíà÷èòåëüíîå ñîêðàùåíèå ýêñïëóàòàöèîííîãî 
áóðåíèÿ, èíâåñòèöèîííîé àêòèâíîñòè íåäðîïîëüçîâà-
òåëåé è îáóñëîâëåííóþ ýòèì ñòàãíàöèþ îòðàñëè íà ñëî-
æèâøåìñÿ ê 2014 ã. óðîâíå. 

Êàê âèäíî èç òàáëèöû 1, îñíîâíîé îáúåì ãåîëîãî-
ðàçâåäî÷íûõ ðàáîò â Ðîññèè ïðîâîäèòñÿ çà ñ÷åò ñðåäñòâ 
ïðåäïðèÿòèé-íåäðîïîëüçîâàòåëåé, ïðè ýòîì îáúåì 
áþäæåòíûõ ñðåäñòâ, íàïðàâëÿåìûõ íà ïðîâåäåíèå ãåî-
ëîãî-ðàçâåäî÷íûõ ðàáîò, íåóêëîííî ñíèæàåòñÿ.

Íåñìîòðÿ íà òî, ÷òî â Ðåñïóáëèêå Êîìè íà÷è-
íàÿ ñ 2009 ã. ïîëîæåíèå ñ âîñïðîèçâîäñòâîì çàïà-
ñîâ óëó÷øèëîñü, ïðèðîñò çàïàñîâ íå âîñïîëíÿåò îáú-
åìû äîáûâàåìîé íåôòè (ðèñ. 2). Ñèòóàöèÿ â ðåãèî-
íå íà÷àëà âûïðàâëÿòüñÿ áëàãîäàðÿ îòêðûòèþ êîìïà-
íèåé ÎÎÎ «ËÓÊÎÉË-Êîìè» íîâûõ ìåñòîðîæäåíèé â 

Äåíèñîâñêîé âïàäèíå. Áëàãîäàðÿ àêòèâíîìó ïðîâåäå-
íèþ ÃÐÐ-êîìïàíèè óäàëîñü â ÷åòûðå ðàçà óâåëè÷èòü 
ðåñóðñû íåôòè Äåíèñîâñêîãî ëèöåíçèîííîãî ó÷àñòêà. 
Ðåçóëüòàòîì ýòîé ðàáîòû ñòàë çíà÷èòåëüíûé ðîñò êî-
ýôôèöèåíòà âîñïîëíåíèÿ çà ïîñëåäíèå ïÿòü ëåò.

Â íàñòîÿùåå âðåìÿ ãåîëîãî-ðàçâåäî÷íûå ðàáî-
òû ïðîâîäÿòñÿ â ñîîòâåòñòâèè ñ «Ïðîãðàììîé ðàç-
âèòèÿ è èñïîëüçîâàíèÿ ìèíåðàëüíî-ñûðüåâîé áàçû 
Ðåñïóáëèêè Êîìè íà 2014–2020 ãîäû è íà ïåðèîä äî 
2030 ãîäà (íåôòü è ãàç)», ðàçðàáîòàííîé â ñîîòâåòñòâèè 
ñî «Ñòðàòåãèåé ðàçâèòèÿ ãåîëîãè÷åñêîé îòðàñëè äî 2030 
ãîäà», óòâåðæäåííîé Ðàñïîðÿæåíèåì Ïðàâèòåëüñòâà 
ÐÔ îò 21 èþíÿ 2010 ã. ¹ 1039-ð. Ïðåäïðèÿòèÿ ïðîâîäÿò 
ïîèñêîâî-ðàçâåäî÷íûå ðàáîòû â ñîîòâåòñòâèè ñ âíó-
òðåííèìè ïëàíàìè, ÷àñòî íå ñîãëàñîâûâàÿ èõ ñ ðåãèî-
íàëüíûìè âëàñòÿìè.

Â ïðåäûäóùèå ãîäû ðàáîòû îñóùåñòâëÿëèñü ñòðî-
ãî â ñîîòâåòñòâèè ñ ðàçðàáîòàííûìè è óòâåðæäåí-
íûìè ïðîãðàììàìè. Òàê, â 1996 ã. áûëà ðàçðàáîòà-
íà «Ïðîãðàììà ãåîëîãî-ðàçâåäî÷íûõ ðàáîò íà íåôòü, 
ãàç è òâåðäûå ïîëåçíûå èñêîïàåìûå ïî òåððèòîðèè 
Ðåñïóáëèêè Êîìè íà ïåðèîä äî 2005 ã.», â 2001 ã. îíà 
áûëà îòêîððåêòèðîâàíà. Ñ 2001 ã. ïðîâåäåíèå ÃÐÐ 
îïðåäåëÿëîñü òàêæå «Ýêîíîìè÷åñêîé ïðîãðàììîé 
Ïðà    âèòåëüñòâà Ðåñïóáëèêè Êîìè íà 2001–2005 ãîäû», 
óòâåðæäåííîé Óêàçîì Ãëàâû ÐÊ çà ¹ 120 îò 19 ìàð-
òà 2001 ã. Â ðàçâèòèå óêàçàííîé «Ïðîãðàììû...» ðåãè-
îíàëüíûì îðãàíîì óïðàâëåíèÿ íåäð (Ìèíïðîìòðàíñ 
è Ìèíïðèðîäû ÐÊ) åæåãîäíî ðàçðàáàòûâàëàñü 
«Ïðîãðàììà ãåîëîãè÷åñêîãî èçó÷åíèÿ íåäð è âîñïðî-
èçâîäñòâà ìèíåðàëüíî-ñûðüåâîé áàçû Ðåñïóáëèêè 

Ðèñ. 1. Äèíàìèêà äîáû÷è íåôòè è ïðèðîñò çàïàñîâ â Ðîññèéñêîé Ôåäåðàöèè

Fig. 1. Oil production and growth of reserves in the Russian Federation

Ãîäû
Years

Ñðåäñòâà íåäðîïîëüçîâàòåëåé
Finances of subsoil users

Áþäæåòû ñóáúåêòîâ ÐÔ
Budgets of RF subjects 

Ôåäåðàëüíûé áþäæåò
Federal budget

Âñåãî
Total

2009 145.7 1.3 18.9 165.9
2010 169.8 0.6 20.6 191
2011 204.6 0.1 20 224.7
2012 224.1 0.1 27 251.2
2013 242.4 0.1 32.1 274.6
2014 343.5 0.2 35.7 379.4
2015 299  33.4 332.4
2016 295  33.4 328.4

Òàáëèöà 1. Çàòðàòû íà ãåîëîãè÷åñêîå èçó÷åíèå íåäð è âîñïðîèçâîäñòâî ìèíåðàëüíî-ñûðüåâîé áàçû ÐÔ
èç âñåõ èñòî÷íèêîâ ôèíàíñèðîâàíèÿ, ìëðä ðóá.

Table1. Expenses for geological researches and reproduction of mineral raw base of the Russian Federation
from all source of financing, bln rub
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Êîìè», à ñ 2002 ã. — «Ìåðîïðèÿòèÿ ïî ãåîëîãè÷åñêîìó 
èçó÷åíèþ íåäð è âîñïðîèçâîäñòâó ìèíåðàëüíî-ñûðüå-
âîé áàçû Ðåñïóáëèêè Êîìè». 

ÃÓÏ ÐÊ «ÒÏ ÍÈÖ» ïî çàêàçó ñ Ìèíïðèðîäû 
Ðåñïóáëèêè Êîìè â 2005 ã. áûëà ðàçðàáîòàíà «Ïðî-
ãðàììà ðàçâèòèÿ è èñïîëüçîâàíèÿ ìèíåðàëüíî-ñû-
ðüåâîé áàçû Ðåñïóáëèêè Êîìè íà 2006–2010 ãîäû 
è íà ïåðèîä äî 2015 ãîäà» (íåôòü è ãàç) è â 2014 ãîäó 
«Ïðîãðàììà ðàçâèòèÿ è èñïîëüçîâàíèÿ ìèíåðàëüíî-
ñûðüåâîé áàçû Ðåñïóáëèêè Êîìè íà 2015–2030 ãîäû» 
(íåôòü è ãàç). Îñíîâíîé çàäà÷åé ïëàíèðóåìûõ ãåîëîãî-
ðàçâåäî÷íûõ ðàáîò áûëî âîñïîëíåíèå ìèíåðàëüíî-ñû-
ðüåâîé áàçû ðåñóðñîâ óãëåâîäîðîäîâ ñ öåëüþ ñòàáèëè-

çàöèè äîáû÷è íåôòè è çíà÷èòåëüíîãî óâåëè÷åíèÿ äî-
áû÷è ãàçà.

Ïðîãðàììîé ÃÐÐ íà 2006–2015 ãã. â Ðåñïóáëèêå 
Êîìè áûëè ïðåäóñìîòðåíû òðè èñòî÷íèêà ôèíàíñèðî-
âàíèÿ: çà ñ÷åò ôåäåðàëüíîãî áþäæåòà, çà ñ÷åò áþäæåòà 
Ðåñïóáëèêè Êîìè, çà ñ÷åò ñîáñòâåííûõ ñðåäñòâ ïðåä-
ïðèÿòèé-íåäðîïîëüçîâàòåëåé. 

Â òàáëèöå 2 ïðèâåäåíà ñðàâíèòåëüíàÿ õàðàêòåðè-
ñòèêà ôèçè÷åñêèõ îáúåìîâ áóðîâûõ ðàáîò, ñåéñìè÷å-
ñêèõ èññëåäîâàíèé è ïðèðîñòà çàïàñîâ, çàïëàíèðî-
âàííûõ «Ïðîãðàììîé…», à òàêæå ôàêòè÷åñêè âûïîë-
íåííûõ â ïåðèîä ñ 2006 ïî 2015 ãã. Èç òàáëèöû âèä-
íî, ÷òî íè îäèí èç ïîêàçàòåëåé, çàïëàíèðîâàííûõ çà 

«Ïðîãðàììà»
«Program»

Ôàêò
Fact 

«Ïðîãðàììà»
«Program»

Ôàêò
Fact

Áþäæåò
Budget

Áþäæåò
Budget

Ñðåäñòâà ïðåäïðèÿòèé
Finance of companies

Ñðåäñòâà ïðåäïðèÿòèé
Finance of companies

2006–2010 ãîäû
Áóðåíèå, òûñ. Ì / Drilling, thous. m

Ïàðàìåòðè÷åñêîå / Stratigraphic 15.5 0 0 0
Ïîèñêîâîå / Prospective 0 0 260.6 123.6
Ðàçâåäî÷íîå / Exploration 0 0 167.8 50.9

Ñåéñìîðàçâåäêà / Seismic survey
2D, ïîã. êì / km 3280 1056 9400 9357
3D êâ. êì / sq. km 0 0 2053 4966.3
ÍÈÐ, ìëí ðóá. / Research, mln, rub 128 65.3 785 1445.16

Ïðèðîñò çàïàñîâ / Reserves growth
Íåôòü, ìëí ò. ó. ò. / Oil, mln t 83 97.4
Ñâîáîäíûé ãàç / Free gas 21 3.2

2010–2015 ãîäû
Áóðåíèå, òûñ. Ì / Drilling, thous. m 

Ïàðàìåòðè÷åñêîå / Stratigraphic 9 0 0 0
Ïîèñêîâîå / Prospective 0 0 348.4 82.773
Ðàçâåäî÷íîå / exploration 0 0 232.6 116.252

Ñåéñìîðàçâåäêà / Seismic survey
2D, ïîã. êì / km 170 1155.3 13700 4390.5
3D êâ. êì / sq. km 0 0 2045 6234.2
ÍÈÐ, ìëí ðóá. / Research, mln, rub 116 146.2 780 2304.76

Ïðèðîñò çàïàñîâ / Reserves growth
Íåôòü, ìëí ò. ó. ò. / Oil, mln t 71 81.5
Ñâîáîäíûé ãàç / Free gas 46 5.5

Òàáëèöà 2. Ñðàâíåíèå ïîêàçàòåëåé «Ïðîãðàììû…» ñ ôàêòè÷åñêè âûïîëíåííûìè
ãåîëîãî-ðàçâåäî÷íûìè ðàáîòàìè ñ 2006 ïî 2015 ãã.

Table 2. Comparison of values of «Program…» with factual completed
geological prospects from 2006 to 2015

Ðèñ. 2. Äèíàìèêà îáúåìîâ äîáû÷è íåôòè, ðàçâåäî÷íîãî áóðåíèÿ è ïðèðîñòà çàïàñîâ â Ðåñïóáëèêå Êîìè

Fig. 2. Dynamics of the volumes of oil production, exploratory drilling and growth of reserves in the Komi Republic
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ñ÷åò ñðåäñòâ áþäæåòîâ ÐÔ è ÐÊ, íå áûë âûïîëíåí. 
Ïîèñêîâîå è ðàçâåäî÷íîå áóðåíèå îñóùåñòâëÿëèñü 
ëèøü çà ñ÷åò íåäðîïîëüçîâàòåëåé, èõ îáúåìû çíà÷è-
òåëüíî óñòóïàþò òåì ïîêàçàòåëÿì, êîòîðûå áûëè çàïè-
ñàíû â «Ïðîãðàììå…». Â òî æå âðåìÿ îáúåìû ñåéñìè-
÷åñêèõ èññëåäîâàíèé ïðåâûñèëè ïîêàçàòåëè, íàøåä-
øèå îòðàæåíèå â «Ïðîãðàììå…». Ñëåäóåò îòìåòèòü, ÷òî 
ïðèðîñò çàïàñîâ ïî íåôòè òàêæå ïðåâûñèë ïðîãíîçíûå 
öèôðû, ïðèðîñò çàïàñîâ çà ñ÷åò ÃÐÐ äîñòèã 178.9 ìëí ò 
âìåñòî çàïëàíèðîâàííûõ 152 ìëí ò. Ìîæíî ñêàçàòü, ÷òî 
ýôôåêòèâíîñòü áóðîâûõ ðàáîò ïî ïîäãîòîâêå çàïàñîâ â 
ðåàëüíîñòè îêàçàëàñü âûøå, ÷åì áûëî çàïëàíèðîâàíî 
«Ïðîãðàììîé»: 0.5 òûñ. ò íà 1 ì ïðîõîäêè, âìåñòî çà-
ïëàíèðîâàííûõ 0.2 òûñ. ò íà 1 ì. Ê ñîæàëåíèþ, ïðèðîñò 
çàïàñîâ ïî ãàçó îêàçàëñÿ áîëåå ÷åì â øåñòü ðàç ìåíü-
øå, ÷åì áûëî çàïëàíèðîâàíî. Ýòî ÿâèëîñü ñëåäñòâèåì 
ñòðóêòóðíûõ ïðåîáðàçîâàíèé ãàçîâîé îòðàñëè, ïðèâåä-
øèì ê ïåðåäà÷å ôóíêöèé ïî äîáû÷å ãàçà è âîñïðîèç-
âîäñòâó ñûðüåâîé áàçû ãàçîâîé îòðàñëè çà ïðåäåëû ðå-
ãèîíà – ÎÎÎ «Ãàçïðîì äîáû÷à Êðàñíîäàð».

Èç òàáëèöû 3, â êîòîðîé ïðèâåäåíû ñâåäåíèÿ î 
ñðåäñòâàõ, çàòðà÷åííûõ íà ïðîâåäåíèå ãåîëîãî-ðàçâå-
äî÷íûõ ðàáîò çà ñ÷åò âñåõ èñòî÷íèêîâ ôèíàíñèðîâàíèÿ 
â Ðåñïóáëèêå Êîìè, âèäíî, ÷òî íà ïðîòÿæåíèè ïîñëåä-
íèõ äåñÿòè ëåò ãîñóäàðñòâî «âûøëî» èç âîñïðîèçâîäñòâà 
ìèíåðàëüíî-ñûðüåâîé áàçû íåôòåãàçîâîãî êîìïëåêñà.

Îñíîâíûå ðåçóëüòàòû ãåîëîãî-ðàçâåäî÷íûõ ðàáîò â 
Ðåñïóáëèêå Êîìè â 2017 ãã. Ïðîâåäåíèå è ïëàíèðîâàíèå 

ãåîëîãî-ðàçâåäî÷íûõ ðàáîò ïî ãåîëîãè÷åñêîìó èçó÷å-
íèþ íåäð Ðåñïóáëèêè Êîìè â 2016–2017 ãã. îñóùåñòâ-
ëÿëîñü â óñëîâèÿõ ïðîäîëæàþùåãîñÿ ýêîíîìè÷åñêîãî 
êðèçèñà, ÷òî îòðàçèëîñü íà îáúåìàõ è òåìïàõ ðàáîò. 

Íàäî îòäàòü äîëæíîå: â 2017 ãîäó îáùèé îáú¸ì ôè-
íàíñèðîâàíèÿ ÃÐÐ íà 20 % ïðåâûñèë çàòðàòû àíàëîãè÷-
íîãî ïåðèîäà ïðîøëîãî ãîäà è ñîñòàâèë 8079.792 ìëí 
ðóá., (â 2016 ã. — 6938.931 ìëí ðóá.) (òàáë. 3).

Ôèíàíñèðîâàíèå íàó÷íî-èññëåäîâàòåëüñêèõ ðà-
áîò èç ñðåäñòâ ôåäåðàëüíîãî áþäæåòà â 2017 ã. ñîñòàâè-
ëî 7.0 ìëí ðóá. Îáùèé îáú¸ì ôèíàíñèðîâàíèÿ ÍÈÐ çà 
ñ÷åò ñðåäñòâ ðåñïóáëèêàíñêîãî áþäæåòà ñîñòàâèë 3.558 
ìëí ðóá. Çà ñ÷åò ñîáñòâåííûõ ñðåäñòâ íåäðîïîëüçîâàòå-
ëåé íàó÷íî-èññëåäîâàòåëüñêèõ ðàáîò áûëî âûïîëíåíî 
íà ñóììó 438.239 ìëí ðóá. (ðèñ. 3).

Íåäðîïîëüçîâàòåëè ïðîâîäèëè íàó÷íî-èññëåäîâà-
òåëüñêèå ðàáîòû ïî ìîíèòîðèíãó òåêóùåãî ñîñòîÿíèÿ 
îêðóæàþùåé ñðåäû, ýêñïåðòèçû ê ïðîåêòàì ïîèñêîâî-
îöåíî÷íûõ ðàáîò è áóðåíèÿ íà ëèöåíçèîííûõ ó÷àñòêàõ, 
îáîáùåíèå, ñèñòåìàòèçàöèþ è ïåðåèíòåðïðåòàöèþ ãå-
îëîãî-ãåîôèçè÷åñêèõ ìàòåðèàëîâ ïðîøëûõ ëåò è ïðî-
÷èå âèäû ðàáîò.

Îäíîé èç ãëàâíûõ ïðîáëåì ðàçâèòèÿ íàó÷íî-òåõ-
íè÷åñêîãî ïîòåíöèàëà îñòàåòñÿ âîçìîæíîñòü èíâåñòè-
ðîâàíèÿ ñðåäñòâ â íàó÷íûå ðàçðàáîòêè. Ïðè ôèíàíñè-
ðîâàíèè èííîâàöèîííîé äåÿòåëüíîñòè íåôòåãàçîâîãî 
êîìïëåêñà ïðèõîäèòñÿ ó÷èòûâàòü, ÷òî èííîâàöèîííûå 
ïðîåêòû íîñÿò ñðåäíåñðî÷íûé è äîëãîñðî÷íûé õàðàê-

Áþäæåò ÐÔ
RF budget

Áþäæåò ÐÊ
KR budget

Ñðåäñòâà ïðåäïðèÿòèé
Finance of companies

Âñåãî
Total

2006 88.9 5.5 4351 4445.4
2007 46 5.86 4913.8 4965.66
2008 42.7 14.96 6833.3 6890.96
2009 36.8 0.8 4843.5 4881.1
2010 17.9 4.3 4276.6 4298.8
2011 98.65 4.3 4462.8 4565.75
2012 125.15 4.3 6776.9 6906.35
2013 114 4.3 7985.2 8103.5
2014 62 5.1 8240.3 8307.4
2015 40.4 1.9 7200.5 7242.8
2016 7.91 4.68 6959.6 6972.19
2017 7 3.5 8069.2 8079.7

Òàáëèöà 3. Ðàñïðåäåëåíèå ðàñõîäîâ íà ïðîâåäåíèå ãåîëîãî-ðàçâåäî÷íûõ ðàáîò â Ðåñïóáëèêå Êîìè
ïî èñòî÷íèêàì ôèíàíñèðîâàíèÿ â òåêóùèõ öåíàõ (ìëí ðóá.)

Table 3. Distribution of expenses for geological prospects in Komi Republic
by sources of financing in current prices (mln rub)

Ðèñ. 3. Äîëÿ ðàñõîäîâ íà ÍÈÐ â ñòðóêòóðå çàòðàò íà ãåîëîãî-ðàçâåäî÷íûå ðàáîòû

Fig. 3. The share of scientific investigation in the structure of costs for geological exploration
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òåð. Èç ýòîãî ñëåäóåò, ÷òî ïîëó÷åíèå ñðåäñòâ äëÿ ýòèõ 
öåëåé ÿâëÿåòñÿ ñåðüåçíîé ïðîáëåìîé. Èëëþñòðàöèåé 
ìîæåò ïîñëóæèòü äèíàìèêà èíâåñòèöèé â ÍÈÐ äàæå â 
òàêîé ñôåðå ïðèìåíåíèÿ, êàê ãåîëîãî-ðàçâåäî÷íûå ðà-
áîòû: c 2011 ã. äîëÿ çàòðàò íà íàó÷íî-èññëåäîâàòåëü-
ñêèå ðàáîòû íåóêëîííî ñíèæàëàñü ñ 9.5 äî 5.4 % â îá-
ùåì îáúåìå èíâåñòèöèé íà ãåîëîãî-ðàçâåäî÷íûå ðàáî-
òû (ðèñ. 3).

Â 2017 ãîäó áûëè âûïîëíåíû ñåéñìîðàçâåäî÷íûå 
ðàáîòû ÌÎÃÒ-3D íà ïëîùàäè 1018.98 êì2, îòðàáîòà-
íî 762.9 ïîã. êì ñåéñìè÷åñêèõ ïðîôèëåé 2D. Çàòðàòû 
íà ïðîâåäåíèå âñåõ ñåéñìîðàçâåäî÷íûõ ðàáîò ñîñòà-
âèëè 2477.838 ìëí ðóá. Ïîëåâûå ðàáîòû ïî 2D ïðîâî-
äèëè ÎÎÎ «Òèìàíî-Ïå÷îðñêàÿ ãàçîâàÿ êîìïàíèÿ» íà 
Àíêóäèíñêîé, Ïàðìàþñêîé è Ãðóáåþñêîé ïëîùàäÿõ è 
ÎÎÎ «Íåôòåãàçïðîìòåõ» íà Íèæíå÷óòèíñêîé ïëîùà-
äè; ïî 3D – ÎÎÎ «ËÓÊÎÉË-Êîìè» íà Ìèøâàíüñêîé, 
Ñåâåðî-Ëûæñêîé è Çàïàäíî-Âîçåéñêîé ïëîùàäÿõ.

Îáúåìû ãëóáîêîãî áóðåíèÿ äîñòèãëè 26986.4 ì. 
Áûëè ïðîáóðåíû âîñåìü íîâûõ ñêâàæèí, èç íèõ 5 ïî-
èñêîâî-îöåíî÷íûõ (1-Ëåñíàÿ, 1-Êýðëàéñêàÿ, 1-Þæíî-
Èïàòñêàÿ, 1-Âåðõíåèïàòñêàÿ è 1-Ñåâåðî-Îðäûìñêàÿ) è 
3 ðàçâåäî÷íûå ñêâàæèíû (9-Âîñòî÷íî-Ëàìáåéøîðñêàÿ, 
3 — èì. Àëàáóøèíà è 2-Êàáàíòûâèñîâñêàÿ). Ïðîäîëæåíà 
è çàâåðøåíà áóðåíèåì ïîèñêîâî-îöåíî÷íàÿ ñêâàæèíà 
41-Þæíî-Ñàëþêèíñêàÿ. 

Çàêëþ÷åíèå
Ñîâðåìåííûå óðîâíè äîáû÷è íåôòè â ðåñïóáëè-

êå âîçìîæíû áëàãîäàðÿ ñûðüåâîé áàçå, ñîçäàííîé â 
70-å ãîäû, êîãäà áûëè îòêðûòû ìåñòîðîæäåíèÿ, îáåñ-
ïå÷èâàþùèå òåêóùèå óðîâíè äîáû÷è, — Óñèíñêîå, 
Âîçåéñêîå è äð. Çà ïîñëåäíèå äåñÿòèëåòèÿ çíà÷èòåëü-
íî ñîêðàòèëèñü îáúåìû è ôèíàíñèðîâàíèå ÃÐÐ çà ñ÷åò 
ñðåäñòâ áþäæåòà, ÷òî ñêàçàëîñü íà êà÷åñòâå ïðèðîñòà 
çàïàñîâ. Ãëàâíàÿ ïðîáëåìà — íåóäîâëåòâîðèòåëüíûå 
îáúåìû ïîèñêîâûõ è ðàçâåäî÷íûõ ðàáîò.

Íåñìîòðÿ íà óâåëè÷åíèå ôèíàíñèðîâàíèÿ ÃÐÐ çà 
ñ÷åò ñðåäñòâ íåäðîïîëüçîâàòåëåé, îñíîâíîé ïðèðîñò 
çàïàñîâ îñóùåñòâëÿåòñÿ íà ëèöåíçèîííûõ ó÷àñòêàõ, ÷òî 
ñíèæàåò íàäåæíîñòü ñûðüåâîé áàçû. Ïîýòîìó ïåðâî-
î÷åðåäíûìè äåéñòâèÿìè ãîñóäàðñòâà â îáëàñòè âîñïðî-
èçâîäñòâà ÌÑÁ äîëæíû ñòàòü óâåëè÷åíèå îáúåìîâ ÃÐÐ 
íå òîëüêî íà ðåãèîíàëüíîì ýòàïå, íî è íà ëèöåíçèîí-
íûõ ó÷àñòêàõ ïóòåì ñòèìóëèðîâàíèÿ íåäðîïîëüçîâàòå-
ëåé ÷åðåç íàëîãîâûå ëüãîòû, óñèëåíèå êîíòðîëÿ çà âû-
ïîëíåíèåì ëèöåíçèîííûõ ñîãëàøåíèé.

Â ïîñëåäíèå ãîäû ïðîñëåæèâàåòñÿ òåíäåíöèÿ ñíè-
æåíèÿ îáúåìîâ ãëóáîêîãî áóðåíèÿ íà íåôòü è ãàç â ðå-
ñïóáëèêå. Äëÿ îáåñïå÷åíèÿ óñòîé÷èâîãî âîñïðîèçâîä-
ñòâà ìèíåðàëüíî-ñûðüåâîé áàçû íåîáõîäèìî êðàòíîå 
óâåëè÷åíèå ïîèñêîâîãî áóðåíèÿ â ðàìêàõ ðåãèîíàëü-
íûõ ïðîãðàìì óêðåïëåíèÿ ìèíåðàëüíî-ñûðüåâîé áàçû 
è óâåëè÷åíèÿ îáúåìîâ ðàçâåäî÷íîãî áóðåíèÿ â ðàìêàõ 
âûïîëíåíèÿ ëèöåíçèîííûõ ñîãëàøåíèé íåäðîïîëüçî-
âàòåëåé [7].

Óêðåïëåíèå ñûðüåâîé áàçû ãàçîäîáû÷è â ðåñïó-
áëèêå âîçìîæíî ïðè çíà÷èòåëüíîì óâåëè÷åíèè îáúå-
ìîâ ïîèñêîâûõ ðàáîò, ðàñøèðåíèè îáëàñòè èññëåäîâà-
íèÿ.

Â óñëîâèÿõ ââåäåíèÿ ñàíêöèé è ïðè ïàäåíèè ìè-
ðîâûõ öåí íà íåôòü èíâåñòèöèîííûå ïðîåêòû êîìïà-
íèé áóäóò êîððåêòèðîâàòüñÿ â ñòîðîíó ñîêðàùåíèÿ ãå-
îëîãî-ðàçâåäî÷íûõ ðàáîò. Ñ ó÷åòîì òîãî, ÷òî äîáû÷à íà 

ðàíåå îòêðûòûõ ìåñòîðîæäåíèÿõ íà÷íåò ñíèæàòüñÿ ïî-
ñëå 2020 ã., ïîääåðæàíèå äîñòèãíóòîãî óðîâíÿ âîçìîæ-
íî òîëüêî çà ñ÷åò íîâûõ îáúåêòîâ, çàïàñû êîòîðûõ áó-
äóò ïðèðàùèâàòüñÿ ñåé÷àñ.

Ñèòóàöèÿ ñ ïàäåíèåì äîáû÷è ïðèðîäíîãî ãà-
çà è íåâîñïîëíåíèåì ðåñóðñíîé áàçû ãàçîâîé îòðà-
ñëè, ñëîæèâøàÿñÿ â Ðåñïóáëèêå Êîìè, åùå ðàç äîêà-
çûâàåò íåîáõîäèìîñòü ïåðåäà÷è ÷àñòè ïîëíîìî÷èé îò 
ôåäåðàëüíûõ îðãàíîâ èñïîëíèòåëüíîé âëàñòè ñóáú-
åêòàì Ðîññèéñêîé Ôåäåðàöèè. Ïðè ýòîì äîëæíà íàé-
òè îòðàæåíèå îäíà èç ñàìûõ âàæíûõ è ïðèíöèïèàëü-
íûõ ïîçèöèé — äåëåãèðîâàíèå ïîëíîìî÷èé ñóáúåêòàì 
Ôåäåðàöèè â ÷àñòè óïðàâëåíèÿ ïîëüçîâàíèåì íåäðàìè. 

Ðàçðàáîòêà ðåãèîíàëüíûõ (òåððèòîðèàëüíûõ) ïðî-
ãðàìì ãåîëîãè÷åñêîãî èçó÷åíèÿ íåäð è âîñïðîèçâîä-
ñòâà ìèíåðàëüíî-ñûðüåâîé áàçû äîëæíà ïðîèçâîäèòü-
ñÿ ñ ó÷åòîì çàäà÷ ñîöèàëüíî-ýêîíîìè÷åñêîãî ðàçâè-
òèÿ ñóáúåêòîâ Ðîññèéñêîé Ôåäåðàöèè, ïîòðåáíîñòåé 
ñóáúåêòà Ðîññèéñêîé Ôåäåðàöèè â ìèíåðàëüíîì ñûðüå. 
Ïðîãðàììû äîëæíû îïðåäåëÿòüñÿ ïðîãíîçíûìè ïëà-
íàìè ñîöèàëüíî-ýêîíîìè÷åñêîãî ðàçâèòèÿ ñóáúåêòîâ 
Ðîññèéñêîé Ôåäåðàöèè. Ñîîòâåòñòâåííî, ðàçðàáîòêà 
è ðåàëèçàöèÿ äàííûõ ïðîãðàìì äîëæíà áûòü îòíåñåíà 
ê êîìïåòåíöèè ñóáúåêòîâ ÐÔ, à âêëþ÷åííûå â äàííóþ 
ïðîãðàììó ó÷àñòêè íåäð ñëåäîâàëî áû ïåðåäàòü â óïðàâ-
ëåíèå ñóáúåêòîâ Ðîññèéñêîé Ôåäåðàöèè (ëèöåíçèðîâà-
íèå, îïðåäåëåíèå óñëîâèé íåäðîïîëüçîâàíèÿ, ó÷åò, ýê-
ñïåðòèçà ãåîëîãè÷åñêîé èíôîðìàöèè, ðàçìåðû ïëàòå-
æåé çà ïîëüçîâàíèå íåäðàìè, âîçíàãðàæäåíèå çà âûÿâ-
ëåíèå ìåñòîðîæäåíèé è ò. ä.).

Ïðîâåäåíèå ÃÐÐ äîëæíî îáåñïå÷èòü âûÿâëåíèå 
è îöåíêó íîâûõ çîí íåôòåãàçîíàêîïëåíèÿ â ñëàáî-
èçó÷åííûõ ðàéîíàõ, óäàëåííûõ îò öåíòðîâ íåôòåãà-
çîäîáû÷è, ñ öåëüþ îïåðåæàþùåé ïîäãîòîâêè íîâûõ 
âîçìîæíûõ ðàéîíîâ íåôòåãàçîäîáû÷è íà ïåðñïåêòè-
âó. Êîíêóðñíûé ôîíä ÐÊ ïîïîëíèòñÿ íîâûìè ìåñòî-
ðîæäåíèÿìè è ïåðñïåêòèâíûìè ïëîùàäÿìè. Òàêèì 
îáðàçîì, â íîâûõ ðàéîíàõ ïîÿâèòñÿ âîçìîæíîñòü çíà-
÷èòåëüíîãî ðàñøèðåíèÿ ãåîëîãî-ðàçâåäî÷íûõ ðà-
áîò è ñîçäàíèÿ íîâûõ öåíòðîâ íåôòåãàçîäîáû÷è ñëà-
áî îñâîåííûõ ðàéîíîâ, â òîì ÷èñëå Âîðêóòèíñêîãî, 
Èíòèíñêîãî, Òðîèöêî-Ïå÷îðñêîãî, ÷òî ïîçâîëèò óëó÷-
øèòü èõ èíôðàñòðóêòóðó, ïîâûñèòü çàíÿòîñòü íàñåëå-
íèÿ, ñîçäàòü óñëîâèÿ äëÿ óñòîé÷èâîãî ðàçâèòèÿ ýêîíî-
ìèêè ðàéîíîâ.

Ðàáîòà âûïîëíåíà ïðè ÷àñòè÷íîé ïîääåðæêå ïðî-
åêòà Êîìïëåêñíîé ïðîãðàììû ôóíäàìåíòàëüíûõ èñ-
ñëåäîâàíèé ÓðÎ ÐÀÍ ¹ 18-5-5-13 «Ìîäåëè ãåîëîãè÷å-
ñêîãî ñòðîåíèÿ, óñëîâèÿ ôîðìèðîâàíèÿ è ïðîãíîç íå-
ôòåãàçîíîñíîñòè ôàíåðîçîéñêèõ îòëîæåíèé àðêòè-
÷åñêèõ ðàéîíîâ Òèìàíî-Ïå÷îðñêîé íåôòåãàçîíîñíîé 
ïðîâèíöèè».
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Ââåäåíèå
Íåñìîòðÿ íà ìíîãî÷èñëåííûå èññëåäîâàíèÿ ïîðîä 

Íèêîëàéøîðñêîãî ãðàíèòíîãî ìàññèâà, íà ñåãîäíÿø-
íèé äåíü êðàéíå ìàëî èíôîðìàöèè ïî àïàòèòó, êîòî-
ðûé ÿâëÿåòñÿ îäíèì èç øèðîêî ðàñïðîñòðàíåííûõ àê-
öåññîðíûõ ìèíåðàëîâ â ãðàíèòàõ Ïðèïîëÿðíîãî Óðàëà. 
Òàêæå ýòîò ìèíåðàë íèêîãäà ðàíåå íå èñïîëüçîâàëñÿ â 
êà÷åñòâå ãåîòåðìîìåòðà. Íà äàííûé ìîìåíò îïðåäåëå-
íèå òåìïåðàòóðû ïî àïàòèòó ñòàëî âîçìîæíî áëàãîäà-
ðÿ òåðìîìåòðèè íàñûùåíèÿ Âàòñîíà, â îñíîâå êîòîðîé 
ëåæèò èññëåäîâàíèå õèìè÷åñêîãî ñîñòàâà ïîðîäû, ñî-
äåðæàùåé àïàòèò. 

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ âûÿâëåíèå îñî-
áåííîñòåé àêöåññîðíîãî àïàòèòà èç ïîðîä Íèêîëàé-
øîðñêîãî ìàññèâà, à òàêæå îïðåäåëåíèå òåìïåðàòóðû 
ôîðìèðîâàíèÿ èçó÷åííûõ ãðàíèòîâ. 

Îáúåêò èññëåäîâàíèÿ
Íèêîëàéøîðñêèé ãðàíèòíûé ìàññèâ ðàñïîëîæåí â 

þãî-âîñòî÷íîé ÷àñòè Ïðèïîëÿðíîãî Óðàëà, â áàññåéíàõ 
ðåê Íèêîëàé-Øîð è Èã-Øîð, è ïðîñòðàíñòâåííî àññî-
öèèðóåòñÿ ñ ãíåéñàìè íÿðòèíñêîãî ìåòàìîðôè÷åñêî-
ãî êîìïëåêñà ðàííåïðîòåðîçîéñêîãî âîçðàñòà. Ìàññèâ 
îáðàçóåò âûòÿíóòîå â ñåâåðî-ñåâåðî-çàïàäíîì íàïðàâ-
ëåíèè óçêîå ñîãëàñíîå ïëàñòîâîå òåëî äëèíîé 4 êì ïðè 
ñðåäíåé øèðèíå 1.5 êì (ðèñ. 1). Â ïðåäåëàõ èçó÷åííîãî 
ìàññèâà îòìå÷àþòñÿ ïëàãèîãðàíèòû è íîðìàëüíûå êà-
ëèøïàòîâûå ãðàíèòû. Íèêîëàéøîðñêèå ãðàíèòû èìå-
þò ïðåèìóùåñòâåííî ãíåéñîâèäíûé îáëèê, òàêæå ìîæ-
íî íàáëþäàòü âçàèìíûå ïåðåõîäû ê ãíåéñàì è êðèñòàë-
ëè÷åñêèì ñëàíöàì. Ñîãëàñíî À. Ì. Ïûñòèíó (1994), 
áîëåå ïîäõîäÿùåå íàçâàíèå äëÿ ýòèõ ïîðîä — ïëàãèî-
ãðàíèòîãíåéñû è ãðàíèòîãíåéñû. Ãðàíèòîãíåéñû ðàç-
âèâàþòñÿ ïðåèìóùåñòâåííî çà ñ÷åò ïëàãèîãðàíèòî-
ãíåéñîâ è ïðîñòðàíñòâåííî òåñíî ñâÿçàíû ñ íèìè [4]. 

Êðîìå ïîðîä ãðàíèòíîãî ðÿäà, ñîñòàâëÿþùèõ îñíîâ-
íîé îáúåì Íèêîëàéøîðñêîãî ãðàíèòíîãî ìàññèâà, 
çäåñü âñòðå÷àþòñÿ â ðàçëè÷íîé ñòåïåíè ãðàíèòèçèðî-
âàííûå ìåòàìîðôèòû íÿðòèíñêîãî êîìïëåêñà. Ïîðîäû 
ñèëüíî êàòàêëàçèðîâàíû. Íèêîëàéøîðñêèé àâòîõòîí-
íûé ìàññèâ, ñîãëàñíî êëàññèôèêàöèè Á. ×àïïåëà, îò-
íîñèòñÿ ê S-òèïó [1].

Îïðîáîâàíèå ãðàíèòíîãî ìàññèâà ïðîâîäèëîñü òî-
÷å÷íûì ìåòîäîì ñ îòáîðîì ÷àñòíûõ ïðîá â êîëè÷åñò-
âå 10 åäèíèö. Äëÿ êàæäîé ïðîáû îòáèðàëèñü êóñêè íå-
èçìåíåííîé ïîðîäû îáùèì âåñîì â ñðåäíåì 10–15 êã, 
ñîäåðæàíèå àïàòèòà â êîòîðûõ äëÿ Íèêîëàéøîðñêîãî 
ìàññèâà ñîñòàâèëî â ñðåäíåì 30 ã/ò. 

Òèïîìîðôíûå îñîáåííîñòè àïàòèòà 
Íèêîëàéøîðñêîãî ìàññèâà
Â ãðàíèòàõ Íèêîëàéøîðñêîãî ìàññèâà ñîäåðæèòñÿ 

äîñòàòî÷íîå êîëè÷åñòâî àêöåññîðíîãî àïàòèòà. Îäíàêî 
õðóïêîñòü ýòîãî ìèíåðàëà íå ïîçâîëÿåò â ïîëíîé ìå-
ðå èñïîëüçîâàòü åãî ìîðôîëîãè÷åñêèå îñîáåííîñòè äëÿ 
ðàçëè÷íûõ êîððåëÿöèé. Íåñìîòðÿ íà ïëîõóþ ñîõðàí-
íîñòü àïàòèòà, â ïðîöåññå ïîëó÷åíèÿ èñêóññòâåííûõ 
øëèõîâ, ïðè áîëüøèõ ñîäåðæàíèÿõ ìèíåðàëà â ïðîáå, 
ïî îòäåëüíûì îáëîìêàì êðèñòàëëîâ ìîæíî âûÿâèòü èõ 
îñíîâíûå òèïîìîðôè÷åñêèå ïðèçíàêè.

Â ãðàíèòàõ Íèêîëàéøîðñêîãî ìàññèâà àêöåññîð-
íûé àïàòèò ïðåäñòàâëåí äâóìÿ ìîðôîëîãè÷åñêèìè òè-
ïàìè (ðèñ. 2, 3).

Ïåðâûé ìîðôîëîãè÷åñêèé òèï íàèáîëåå ðàñïðî-
ñòðàíåí â ïîðîäàõ èçó÷åííîãî ìàññèâà è ïðåäñòàâëåí 
ïðåèìóùåñòâåííî ãåêñàãîíàëüíûì ïðèçìàòè÷åñêèì 
ìîëî÷íî-áåëûì (èíîãäà ñ æåëòûì îòòåíêîì) ïîëóïðîç-
ðà÷íûì àïàòèòîì (ðèñ. 2, a, b, e–h; 3, a–e). Îòìå÷àþò-
ñÿ (1010)- è (0001)-ãðàíè. Ó îòäåëüíûõ çåðåí àïàòè-
òà ñëàáî ðàçâèòà ãðàíü (1011). Ãðàíè êðèñòàëëîâ ñ æèð-
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Êëþ÷åâûå ñëîâà: àêöåññîðíûé àïàòèò, ãðàíèò, Íèêîëàéøîðñêèé ìàññèâ, Ïðèïîëÿðíûé Óðàë, Âàòñîí, Áåà.
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The paper presents the results of the typomorphism and chemical studies of accessory apatite from the Nikolaishor granite massif. Two 
types of the fluor-apatites were revealed in the rocks of the considered massif. According to the morphological features a hexagonal dipy-
ramidal prismatic apatite was formed at the early stage of formation of the Nikolayshor massif under higher temperature conditions than the 
hexagonal prismatic apatite. The application of the saturation thermometer of Watson with the specification Bea allowed determining tem-
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íûì áëåñêîì ñëàáîêîððîäèðîâàííû (îòìå÷àþòñÿ çåðíà 
è ñî ñðåäíåêîððîäèðîâàííûìè ãðàíÿìè). Ðàçìåð êðè-
ñòàëëîâ 0.15–0.45 ìì. Êîýôôèöèåíò óäëèíåíèÿ 1.0–
3.5. Îòìå÷àþòñÿ âêëþ÷åíèÿ êâàðöà, öèðêîíà, áèîòèòà, 
ýïèäîòà, ïèðèòà, ðàñïðåäåëåííûå â òåëå êðèñòàëëà áåç 

âèäèìîé çàêîíîìåðíîñòè. Ñîäåðæàíèå àïàòèòà ïåðâî-
ãî òèïà îñòàâëÿåò â ñðåäíåì 60 % îò îáùåãî îáúåìà ýòî-
ãî ìèíåðàëà â ïîðîäå.

Âòîðîé ìîðôîëîãè÷åñêèé òèï ñîñòàâëÿåò ãåêñàãî-
íàëüíûé äèïèðàìèäàëüíî-ïðèçìàòè÷åñêèé æåëòîâà-
òûé (äî êîðè÷íåâàòîãî) ïîëóïðîçðà÷íûé (ðåäêî ìàòî-
âûé) àïàòèò (ðèñ. 2, c, d, i–l, 3, f–j). Ðàçâèòû (1010)- è 
(1011)-ãðàíè. Ó îòäåëüíûõ êðèñòàëëîâ ìèíåðàëà íàáëþ-
äàåòñÿ ñëàáî ðàçâèòàÿ (0001)-ãðàíü. Ãðàíè êðèñòàëëîâ 
øåðøàâûå, ñðåäíåêîððîäèðîâàííûå (îòìå÷àþòñÿ çåð-
íà è ñî ñëàáîêîððîäèðîâàííûìè ãðàíÿìè). Ðàçìåð êðè-
ñòàëëîâ 0.15–0.35 ìì. Êîýôôèöèåíò óäëèíåíèÿ 1.5–
3.0. Ñðåäè âêëþ÷åíèé âñòðå÷àþòñÿ îáðàçîâàíèÿ êâàð-
öà, ïëàãèîêëàçà, öèðêîíà, áèîòèòà, ðàñïðåäåëåííûå â 
òåëå êðèñòàëëà õàîòè÷íî. Ñîäåðæàíèå àïàòèòà âòîðîãî 
òèïà â ïðîòîëî÷êàõ ãðàíèòîâ Íèêîëàéøîðñêîãî ìàññè-
âà â ñðåäíåì 40 % îò îáùåãî îáúåìà ìèíåðàëà â ïîðîäå. 

Ñîãëàñíî èññëåäîâàíèÿì Ì. Â. Ôèøìàíà è åãî 
êîëëåã [6], ìåæäó ðàçâèòèåì ãðàíåé ïèíàêîèäà (0001) 
è òåìïåðàòóðîé èìååòñÿ òåñíàÿ âçàèìîñâÿçü, à èìåííî: 
ïðè ïîíèæåíèè òåìïåðàòóðû ñðåäû ìèíåðàëîîáðàçî-
âàíèÿ àïàòèòà ïðîèñõîäèò ïîäàâëåíèå äèïèðàìèäàëü-
íûõ ãðàíåé, ÷òî ïðèâîäèò ê óâåëè÷åíèþ îòíîñèòåëüíî-
ãî ðàçìåðà ãðàíåé òðåòüåãî ïèíàêîèäà [1]. Â íàøåì ñëó-
÷àå ó àïàòèòà I òèïà îáëèê êðèñòàëëà îáóñëîâëåí ðàç-
âèòèåì èìåííî ãðàíåé (0001). Ýòî óêàçûâàåò íà òî, ÷òî 
êðèñòàëëû ïåðâîãî òèïà îáðàçîâàëèñü â áîëåå íèçêî-
òåìïåðàòóðíûõ óñëîâèÿõ, ÷åì àïàòèò II ìîðôîëîãè÷å-
ñêîãî òèïà. 

Èçó÷åíèå âêëþ÷åíèé â àïàòèòå ïîçâîëÿåò ïîëó-
÷èòü èíôîðìàöèþ î ôèçèêî-õèìè÷åñêèõ ñâîéñòâàõ 
ìèíåðàëîîáðàçóþùåé ñðåäû, à òàêæå î âðåìåíè âû-
äåëåíèÿ â îáùåì ïðîöåññå îáðàçîâàíèÿ ïîðîäû. Äëÿ 
êàæäîãî ìîðôîëîãè÷åñêîãî òèïà õàðàêòåðåí ñâîé íà-
áîð ñèíïåòðîãåííûõ âêëþ÷åíèé. Ó÷èòûâàÿ ïîñëåäî-
âàòåëüíîñòü êðèñòàëëèçàöèè òîãî èëè èíîãî ìèíåðà-
ëà ïðè ôîðìèðîâàíèè Íèêîëàéøîðñêîãî ãðàíèòíî-
ãî ìàññèâà, ïî âêëþ÷åíèÿì ìîæíî îïðåäåëèòü îòíîñè-
òåëüíîå âðåìÿ êðèñòàëëèçàöèè êàæäîãî âûäåëåííîãî 
ìîðôîòèïà. Äëÿ àïàòèòà I òèïà îòìå÷àþòñÿ âêëþ÷åíèÿ 

Ðèñ. 1. Íèêîëàéøîðñêèé ãðàíèòíûé ìàññèâ (öèôðà 1 â êðóãå) (ïî À. Ì. Ïûñòèíó [4]): 1 — áèîòèòîâûå è äâóñëþäÿíûå ãíåéñû ñ 
ïðîñòîÿìè àìôèáîëèòîâ; 2 — èçâåñòêîâèñòûå êðèñòàëëè÷åñêèå ñëàíöû, ìðàìîðû, êâàðöèòû, àìôèáîëîâûå ñëàíöû; 3 — ñëþ-
äÿíî-êâàðöåâûå ñëàíöû, çåëåíûå îðòîñëàíöû, ìåòàïîðôèðû, êâàðöèòû; 4 — ãðàíèòîãíåéñû; 5 — ãðàíèòû; 6 — ãåîëîãè÷åñêèå 
ãðàíèöû: à — ñòðàòèãðàôè÷åñêèå è ìàãìàòè÷åñêèå, b — òåêòîíè÷åñêèå; 7 — ýëåìåíòû çàëåãàíèÿ ïëîñêîñòíûõ ñòðóêòóð

Fig. 1. The Nikolaishor granite massif (numeral 1 in circle) ( by A. M. Pystin [4]): 1 — biotite and two-mica gneisses with amphibolites 
layers; 2 — calcareous shales, marbles, quartzites, amphibole shales; 3 — mica-quartz shales, green orthoshales, metaporphyries, 
quartzites; 4 — granitoid gneisses; 5 — granites; 6 — geological boundaries: a — stratigraphic and magmatic, b — tectonic; 7 — elements 
of occurrence of planar structures

Ðèñ. 2. Òèïû êðèñòàëëîâ àïàòèòîâ Íèêîëàéøîðñêîãî ãðàíèò-
íîãî ìàññèâà: a, b, e–h — àêöåññîðíûé àïàòèò I òèïà; c, d, i–l 
— àêöåññîðíûé àïàòèò II òèïà 

Fig. 2. Types of the apatite crystals of the Nikolaishor granite mas-
sif: a, b, e–h — the accessory type I apatite; c, d, i–l — the acces-
sory type II apatite
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êâàðöà, öèðêîíà, áèîòèòà, ýïèäîòà, ïèðèòà. Ñîãëàñíî 
Ì. Â. Ôèøìàíó è åãî êîëëåãàì (1968), ýòè ìèíåðà-
ëû õàðàêòåðíû äëÿ ïîçäíåé ñòàäèè ôîðìèðîâàíèÿ ïî-
ðîä Íèêîëàéøîðñêîãî ìàññèâà. Â ñëó÷àå àïàòèòà II òè-
ïà îòìå÷àþòñÿ âêëþ÷åíèÿ êâàðöà, ïëàãèîêëàçà, öèðêî-
íà, áèîòèòà, õàðàêòåðíûå äëÿ ðàííåãî ýòàïà îáðàçîâà-
íèÿ íèêîëàéøîðñêèõ ãðàíèòîâ. 

Àïàòèò ìîæåò ñîäåðæàòü ðàçëè÷íûå ýëåìåíòû-
ïðèìåñè â ñâîåì ñîñòàâå, ïðåèìóùåñòâåííîå ñîäåðæà-
íèå êîòîðûõ ìîæíî îïðåäåëèòü ïî îêðàñêå ìèíåðàëà. 
Àïàòèò, íå èìåþùèé íèêàêèõ ïðèìåñåé, ïðàêòè÷åñêè 
áåñöâåòåí. Òàê, áèðþçîâûé èëè ãîëóáîé (ñèíèé) öâåò 
êðèñòàëëàì ïðèäàåò Mn5+. Ðîçîâàÿ îêðàñêà ìèíåðàëà 
îáóñëîâëåíà íàëè÷èåì èîíîâ Sm2+. Ó çåëåíûõ è ëèìîí-
íûõ àïàòèòîâ îòìå÷àåòñÿ Pr3+. Áëàãîäàðÿ ïðèñóòñòâèþ 
Fe3+ ìèíåðàë èìååò æåëòîâàòûé è êîðè÷íåâàòûé òîí. 
Ñðåäè àïàòèòîâ Íèêîëàéøîðñêîãî ãðàíèòíîãî ìàññè-
âà îòìå÷àþòñÿ ìèíåðàëû æåëòîâàòîé è êîðè÷íåâàòîé 
îêðàñêè. Íà îñíîâàíèè ýòîãî ìîæíî ïðåäïîëîæèòü, 
÷òî â ñîñòàâå èçó÷åííûõ àïàòèòîâ â çàìåòíûõ êîëè÷å-
ñòâàõ ñîäåðæèòñÿ ïðèìåñü æåëåçà. Ïðè÷åì, ñóäÿ ïî èí-
òåíñèâíîñòè îêðàñêè ìèíåðàëîâ, ñðåäíåå ñîäåðæàíèå 
æåëåçà â àïàòèòå âòîðîãî òèïà áîëüøå, ÷åì â àïàòèòå 
ïåðâîãî òèïà [3].

Òàêèì îáðàçîì, íà îñíîâå âûÿâëåííûõ ìîðôîëîãè-
÷åñêèõ îñîáåííîñòåé àïàòèòà ìîæíî ñäåëàòü âûâîä, ÷òî 
íà ðàííåì ýòàïå îáðàçîâàíèÿ íèêîëàéøîðñêèõ ãðàíè-
òîâ ïðîèñõîäèëî âûäåëåíèå àïàòèòà âòîðîãî òèïà, à 
ïîçäíåå, ïðè áîëåå íèçêèõ òåìïåðàòóðàõ, êðèñòàëëèçî-
âàëñÿ àïàòèò ïåðâîãî òèïà. 

Òèïîõèìè÷åñêèå îñîáåííîñòè àïàòèòà 
Íèêîëàéøîðñêîãî ìàññèâà
Ðàññìîòðåííûå õèìè÷åñêèå ñîñòàâû àïàòèòà ïåð-

âîãî è âòîðîãî òèïîâ ñõîæè (òàáë. 1), çà èñêëþ÷åíèåì 
ñîäåðæàíèÿ îêñèäà æåëåçà. Ñîäåðæàíèå FeO â àïàòèòå 
II òèïà â ñðåäíåì âûøå íà 47.62 %, ÷åì â àïàòèòå I òè-

ïà, ÷òî ïîäòâåðæäàåò çíà÷èìîñòü ñäåëàííûõ ðàíåå âû-
âîäîâ íà îñíîâàíèè îêðàñêè ìèíåðàëà. Ïðîàíàëèçè-
ðîâàííûå ìèíåðàëû îòíîñÿòñÿ èñêëþ÷èòåëüíî ê ôòî-
ðèñòîé ðàçíîâèäíîñòè: F I òèï = 1.58–2.88 %, â ñðåäíåì 
2.10 %; F II òèï = 1.78–2.42 %, â ñðåäíåì 2.25 %. Äëÿ àïà-
òèòà îñíîâíûì ïîêàçàòåëåì ãåíåçèñà ÿâëÿåòñÿ èíäèêà-
òîðíîå îòíîøåíèå F/Cl [3]. Òàê, äëÿ îñàäî÷íûõ ïîðîä 
îíî ñîñòàâëÿåò 150–200, äëÿ ìåòàìîðôè÷åñêèõ àïàòè-
òîâ — 10–30, äëÿ èçâåðæåííûõ ïîðîä õàðàêòåðåí áî-
ëåå óçêèé äèàïàçîí — 15–19. Â ðàííèõ ðàáîòàõ íà îñ-
íîâàíèè èçó÷åíèÿ öèðêîíîâ àâòîðîì áûëî ïîêàçàíî, 
÷òî ãðàíèòû Íèêîëàéøîðñêîãî ìàññèâà îáðàçîâàíû ïî 
ñóáñòðàòó ïåðâè÷íî-îñàäî÷íûõ ïîðîä [1, 2]. Îäíàêî îò-
íîøåíèå F/Cl óêàçûâàåò íà ìàãìàòè÷åñêîå ïðîèñõî-
æäåíèå èññëåäîâàííûõ ìèíåðàëîâ, ÷òî ïîäòâåðæäàþò 
è òèïè÷íî âûñîêèå ñòåïåíè êîððåëÿöèè ìåæäó îñíîâ-
íûìè êîìïîíåíòàìè õèìè÷åñêîãî ñîñòàâà [9] àïàòèòà 
Íèêîëàéøîðñêîãî ìàññèâà, êàê äëÿ ïåðâîãî, òàê è äëÿ 
âòîðîãî ìîðôîëîãè÷åñêîãî òèïîâ (ðèñ. 4). 

Òåðìîìåòðèÿ àïàòèòà
Íèêîëàéøîðñêîãî ìàññèâà
Íåñìîòðÿ íà òî, ÷òî àïàòèò íå îáëàäàåò òàêîé æå 

âûñîêîé ôèçèêî-õèìè÷åñêîé óñòîé÷èâîñòüþ ê âîç-
äåéñòâèþ íàëîæåííûõ ïðîöåññîâ, êàê öèðêîí, ìè-
íåðàë ìîæåò áûòü èñïîëüçîâàí â êà÷åñòâå ãåîòåðìî-
ìåòðà. Â íàñòîÿùèé ìîìåíò íà îñíîâå èññëåäîâàíèé 
àïàòèòà íåñêîëüêèìè àâòîðàìè îïðåäåëåíû ðàñ÷åòíûå 
ôîðìóëû äëÿ îïðåäåëåíèÿ òåìïåðàòóðû êðèñòàëëèçà-
öèè àïàòèòà [7, 8]. Ïðè èçó÷åíèè ìèíåðàëà ïðèìåíÿ-
ëàñü òåðìîìåòðèÿ íàñûùåíèÿ, îïðåäåëÿþùàÿ òåìïå-
ðàòóðó êðèñòàëëèçàöèè ïî ðàñïðåäåëåíèþ ñîäåðæàíèÿ 
P2O5 ìåæäó àïàòèòîì è ïîðîäîé, ñîäåðæàùåé ìèíåðàë.

Å. Âàòñîí è Ò. Õàððèñîí óñòàíîâèëè, ÷òî óðîâåíü 
íàñûùåíèÿ ôîñôîðà â ïîðîäå, íåîáõîäèìûé äëÿ îáðà-
çîâàíèÿ àïàòèòà, íàõîäèòñÿ â ïðÿìîé çàâèñèìîñòè îò 
ñîäåðæàíèé SiO2 è â îáðàòíîé — îò òåìïåðàòóðû [7]:

Ðèñ. 3. Àêöåññîðíûé àïàòèò èç ãðà-
íèòà Íèêîëàéøîðñêîãî ìàññèâà: a–e — 
àêöåññîðíûé àïàòèò I òèïà; f–j — àêñåñ-
ñîðíûé àïàòèò II òèïà.
Ðàñòðîâûå èçîáðàæåíèÿ ïîëó÷åíû â 
ÖÊÏ «Ãåîíàóêà» Èíñòèòóòà ãåîëîãèè 
Êîìè ÍÖ ÓðÎ ÐÀÍ (êîìïëåêñ Vega3 
Tescan, àíàëèòèê Ñ. Ñ. Øåâ÷óê)

Fig. 3. An accessory apatite of the 
Nikolaishor granite massif: a–e — the ac ce-
ssory type I apatite; f–j — the accessory type 
II apatite.
The bitmap images were received in the 
research center Geosciences, Institute 
of Geology, Komi science centre, Ural 
Branch of RAS (complex Vega 3 Tuscan, 
analyst S. S. Shevchuk)
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Ðèñ. 4. Ñâÿçü ìåæäó ñîäåðæàíèÿìè îòäåëüíûõ êîìïîíåíòîâ â ñîñòàâå àïàòèòîâ èç ãðàíèòîâ Íèêîëàéøîðñêîãî ìàññèâà: a, b — 
àïàòèòû I òèïà; c, d — àïàòèòû II òèïà

Fig. 4. A relationship between the contents of the specific components of the apatite composition of the Nikolaishor massif granites. a, b — 
type I apatites; c, d — type II apatites

 ¹ Òèï àïàòèòà
Apatite type

Îêèñåë, ìàñ. %
Oxide, wt % 

Ýëåìåíò, %
Element, %

F/Cl
P2O5 SiO2 FeO MnO CaO MgO Na2O F Cl

1

I

43.12 0.26 0.56 0.08 54.89 0.18 0.07 99.16 2.61 0.14 18.64
2 43.49 0.27 0.45 0.06 54.57 0.17 0.05 99.06 2.33 0.15 15.53
3 42.93 0.26 0.64 0.06 54.56 0.11 0.08 98.64 1.58 0.09 17.56
4 44.56 0.27 0.52 0.04 54.89 0.09 0.07 100.44 1.88 0.12 15.67
5 44.25 0.28 0.66 0.02 53.66 0.13 0.06 99.06 2.48 0.14 17.71
6 43.56 0.29 0.65 0.03 54.78 0.09 0.09 99.49 1.96 0.13 15.08
7 44.03 0.29 0.77 0.05 54.33 0.12 0.04 99.63 2.88 0.16 18.00
8 45.06 0.32 0.48 0.07 53.43 0.11 0.07 99.54 1.92 0.11 17.45
9 42.82 0.28 0.71 0.06 55.22 0.11 0.09 99.29 2.35 0.13 18.08

10 42.99 0.25 0.85 0.03 55.31 0.09 0.07 99.59 2.49 0.14 17.79
11

II

44.03 0.24 0.83 0.12 54.88 0.22 0.11 100.43 2.23 0.13 17.15
12 43.98 0.26 0.94 0.08 54.51 0.18 0.08 100.03 2.25 0.13 17.31
13 44.03 0.25 0.77 0.06 55.12 0.2 0.09 100.52 2.08 0.12 17.33
14 43.48 0.26 0.85 0.03 54.22 0.15 0.08 99.07 2.11 0.12 17.58
15 43.88 0.26 0.98 0.08 54.82 0.16 0.09 100.27 1.95 0.11 17.73
16 43.71 0.29 1.02 0.05 54.12 0.11 0.11 99.41 1.88 0.11 17.09
17 43.63 0.27 1.01 0.06 54.66 0.08 0.13 99.84 1.92 0.11 17.45
18 43.71 0.27 0.89 0.09 54.51 0.1 0.08 99.65 1.78 0.1 17.80
19 43.32 0.31 0.99 0.04 54.21 0.12 0.05 99.04 2.42 0.14 17.29
20 43.87 0.24 1.02 0.03 54.62 0.07 0.03 99.88 2.33 0.13 17.92

Òàáëèöà 1. Õèìè÷åñêèé ñîñòàâ àïàòèòîâ Íèêîëàéøîðñêîãî ãðàíèòíîãî ìàññèâà
Table 1. Chemical composition of apatite of the Nikolaishor granite massif

Ïðèìå÷àíèå. Ìèêðîçîíäîâûé àíàëèç âûïîëíåí â ÖÊÏ «Ãåîíàóêà» Èíñòèòóòà ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ (êîìïëåêñ Vega3 
Tescan, àíàëèòèê Ñ. Ñ. Øåâ÷óê).
Note. Microprobe analysis was performed in the research center Geosciences, of Institute of Geology, Komi science centre, UB RAS 
(complex Vega 3 Tuscan, analyst S. S. Shevchuk).
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InDð
 = (8400+26400 (SiO2 — 0.5))/Ò – 3.1 – 12.4 

(SiO2 — 0.5), P2O5 (HW) = 42 / Dð,
ãäå Dð — ñîîòíîøåíèå êîíöåíòðàöèè Ð â àïàòèòå è ðàñ-
ïëàâå P2O5; SiO2 — âåñîâàÿ äîëÿ îêñèäà ôîñôîðà, êðåì-
íåçåìà â ðàñïëàâå, ìàñ. âåñ; Ò — òåìïåðàòóðà, Êåëüâèí.

Îäíàêî ýòà ôîðìóëà ïðèìåíèìà òîëüêî äëÿ ìåòà-
àëþìèíèåâûõ ïîðîä (A/CNK < 1). Ô. Áåà ñ êîëëåãàìè 
ðàçðàáîòàëè ó òî÷íÿþùèå ôîðìóëû äëÿ ïåðàëþìèíèå-
âûõ ïîðîä (A/CNK > 1) [7]:

P2O5 (Bea) = P2O5 (HW)  e  ,

ãäå A/CNK = Al2O3/(CaO + Na2O + K2O).
Ñ èñïîëüçîâàíèåì äàííûõ ïî õèìè÷åñêîìó ñîñòà-

âó ãðàíèòîâ Íèêîëàéøîðñêîãî ìàññèâà è ïðîãðàììû 
GCDkit 2.3 [10] àâòîðîì áûëè ïîëó÷åíû òåìïåðàòóðû 
íàñûùåíèÿ äëÿ àïàòèòà (òàáë. 2) íà îñíîâå ôîðìóë äëÿ 
ïåðàëþìèíèåâûõ ïîðîä. 

Ðàññìàòðèâàÿ ãèñòîãðàììó, ñîñòàâëåííóþ íà îñíî-
âàíèè ïîëó÷åííûõ òåìïåðàòóð (ðèñ. 5), ìû âèäèì, ÷òî 
â ïðîöåññå ñòàíîâëåíèÿ Íèêîëàéøîðñêîãî ìàññèâà ïî-
ðîäû ïîäâåðãàëèñü âëèÿíèþ äâóõ òåìïåðàòóðíûõ ðåæè-
ìîâ. Íà âûñîêîòåìïåðàòóðíîé ñòàäèè (îò 750 äî 900 °Ñ) 
ïðîèñõîäèëî ôîðìèðîâàíèå ïîðîäû, ïîçäíåå ãðàíèòû 
ïîäâåðãëèñü âîçäåéñòâèþ íàëîæåííûõ ïðîöåññîâ ïðè 
òåìïåðàòóðàõ îò 600 äî 700 °Ñ.

Ïðèìåíåíèå òåðìîìåòðèè íàñûùåíèÿ Áåà (íà îñ-
íîâå ôîðìóëû Âàòñîíà) äëÿ àïàòèòà ïîçâîëÿåò ñäåëàòü 
âûâîä, ÷òî ôîðìèðîâàíèå ïîðîä Íèêîëàéøîðñêîãî 
ìàññèâà ïðîèñõîäèëî â äîñòàòî÷íî øèðîêîì òåìïåðà-
òóðíîì äèàïàçîíå, âêëþ÷àþùåì äâà òåìïåðàòóðíûõ ðå-
æèìà (634–699 è 751–877 °Ñ).

Çàêëþ÷åíèå
Ïðîâåäåííîå èññëåäîâàíèå àêöåññîðíîãî àïàòèòà 

Íèêîëàéøîðñêîãî ìàññèâà ïîçâîëèëî âûÿâèòü äâà ìîð-
ôîëîãè÷åñêèõ òèïà ìèíåðàëà: I òèï — ãåêñàãîíàëüíûé 

ïðèçìàòè÷åñêèé àïàòèò, II òèï — ãåêñàãîíàëüíûé äè-
ïèðàìèäàëüíî-ïðèçìàòè÷åñêèé àïàòèò. Ïðåîáëàäàíèå 
îäíîé èç ãëàâíûõ ãðàíåé (ïèíàêîèä/äèïèðàìèäà) â ãà-
áèòóñå êðèñòàëëà, íàëè÷èå ñâîåãî íàáîðà ñèíïåòðîãåí-
íûõ âêëþ÷åíèé, èíäèêàòîðíîå çíà÷åíèå F/Cl — âñå 
ýòè ïðèçíàêè ïîçâîëèëè ñäåëàòü âûâîä, ÷òî êðèñòàëëè-
çàöèÿ àïàòèòà íà÷àëàñü ïîñëå ïîëíîãî ïåðåïëàâëåíèÿ 
ïåðâè÷íî-îñàäî÷íûõ ïîðîä Íèêîëàéøîðñêîãî ìàñ-
ñèâà, ïðè÷åì ôòîðàïàòèò II òèïà êðèñòàëëèçîâàëñÿ íà 
ðàííåì ýòàïå ôîðìèðîâàíèÿ èññëåäîâàííîãî ìàññèâà 
ïðè áîëåå âûñîêîòåìïåðàòóðíûõ óñëîâèÿõ, ÷åì ôòîðà-
ïàòèò I òèïà. Òåìïåðàòóðó êàæäîãî ýòàïà óäàëîñü óòî÷-
íèòü ñ òåðìîìåòðèåé íàñûùåíèÿ Âàòñîíà ñ äîïîëíåíè-
åì Áåà: ðàííèé — 751–877 °Ñ, ïîçäíèé — 634–699 °Ñ.

Ñîãëàñíî ïðèâåäåííûì âûøå äàííûì, ãðàíèòîãå-
íåçèñ Íèêîëàéøîðñêîãî ìàññèâà õàðàêòåðèçóåòñÿ äâó-
ìÿ òåìïåðàòóðíûìè ðåæèìàìè. Ýòè äàííûå ïîäòâåð-
æäàþò ïîëó÷åííûå ðàíåå àâòîðîì òåìïåðàòóðû ñ ïîìî-
ùüþ òåðìîìåòðèè íàñûùåíèÿ Âàòñîíà (606–648 °Ñ) è 

Ðèñ. 5. Ãèñòîãðàììà ðàñïðåäåëåíèÿ òåìïåðàòóð îáðàçîâàíèÿ 
äëÿ ãðàíèòîâ Íèêîëàéøîðñêîãî ìàññèâà 

Fig. 5. A formation temperature histogram of the Nikolaishor mas-
sif granites

Êîìïîíåíò, ìàñ. %
Component, mas. %

Íîìåð ïðîáû \ Sample No.

Í-1 Í-2 Í-3 Í-4 Í-5 Í-6 Í-7 Í-8 Í-9 Í-10
SiO2 74.20 75.50 75.04 76.11 76.14 75.40 75.76 76.20 75.66 76.12
TiO2 0.13 0.16 0.23 0.05 0.10 0.13 0.10 0.11 0.17 0.22
Al2O3 13.53 13.72 13.48 13.67 12.57 13.01 13.14 12.58 12.86 13.88
FeO 0.61 0.72 0.54 1.01 0.89 1.16 0.97 1.23 1.08 0.89

Fe2O3 1.65 1.21 1.43 0.48 0.42 1.05 0.75 0.61 0.81 0.94
MnO 0.03 0.01 0.03 0.02 0.04 0.03 0.02 0.04 0.03 0.03
MgO 0.05 0.30 0.24 0.35 0.18 0.17 0.42 0.29 0.39 0.41
CaO 2.01 1.55 0.86 0.46 1.22 0.67 0.59 0.52 0.38 0.29
Na2O 4.28 3.84 3.75 3.11 3.28 3.48 3.33 4.29 3.02 3.11
K2O 2.53 3.53 3.83 4.89 4.31 4.78 5.14 3.79 5.29 5.18
P2O5 0.04 0.01 0.12 0.01 0.02 0.03 0.02 0.02 0.01 0.03
ïïï 0.74 0.32 0.68 0.23 1.08 0.49 0.62 0.59 0.49 0.58
 99.80 100.87 100.23 100.39 100.25 100.4 100.86 100.27 100.19 101.68

A/CNK 1.01 1.06 1.14 1.22 1.02 1.07 1.09 1.04 1.13 1.23 
Òåìïåðàòóðà ïî Áåà, °Ñ 1 751 877 634 806 799 764 797 685 699

Òàáëèöà 2. Õèìè÷åñêèé ñîñòàâ ãðàíèòîâ  è òåìïåðàòóðû íàñûùåíèÿ äëÿ àïàòèòà  Íèêîëàéøîðñêîãî ìàññèâà
Table 2. A chemical composition of granite and saturation temperatures for apatite of the Nikolaishor massif

Ïðèìå÷àíèå. Õèìè÷åñêèé ñîñòàâ ïîëó÷åí ñ ïîìîùüþ ñèëèêàòíîãî ìåòîäà â ÖÊÏ «Ãåîíàóêà» Èíñòèòóòà ãåîëîãèè Êîìè ÍÖ 
ÓðÎ ÐÀÍ (àíàëèòèê Î. Â. Êîêøàðîâà).
Note. The chemical composition was obtained by silicate method in the research Geosciences Institute of Geology, Komi science centre, 
Urals branch of RAS (analyst O. V. Koksharova).
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êëàññè÷åñêîãî ýâîëþöèîííî-ìîðôîëîãè÷åñêîãî àíà-
ëèçà Ïþïåíà (650–700 è 800–900 °Ñ) äëÿ öèðêîíà ýòîãî 
æå ìàññèâà. Îäíàêî ïðè èñïîëüçîâàíèè òåðìîìåòðèè 
íàñûùåíèÿ äëÿ öèðêîíà ìû ñìîãëè ïîëó÷èòü ëèøü òåì-
ïåðàòóðó çàêëþ÷èòåëüíîãî ýòàïà. Â ñëó÷àå æå òåðìîìå-
òðèè íàñûùåíèÿ äëÿ àïàòèòà áûë ïîëó÷åí áîëåå ïîëíûé 
äèàïàçîí òåìïåðàòóð, à òàêæå âûÿâëåíû äâà òåìïåðàòóð-
íûõ ýòàïà. Íà îñíîâàíèè ýòîãî ìîæíî ñäåëàòü âûâîä, 
÷òî òåðìîìåòðèÿ íàñûùåíèÿ Âàòñîíà ñ äîïîëíåíèåì 
Áåà äëÿ àïàòèòà äàåò òàêóþ æå òî÷íóþ èíôîðìàöèþ îá 
ýâîëþöèè òåìïåðàòóðíîãî ðåæèìà â õîäå îáðàçîâàíèÿ 
ãðàíèòîâ, êàê è ýâîëþöèîííî-êðèñòàëëîìîðôîëîãè÷å-
ñêèé àíàëèç Ïþïèíà è Òþðêî äëÿ öèðêîíîâ.

Èññëåäîâàíèÿ ïðîâåäåíû â ðàìêàõ ÍÈÐ ÈÃ Êîìè ÍÖ 
ÓðÎ ÐÀÍ ÃÐ ¹ AAAA-A17-117121270035-0 è ïðè ôèíàí-
ñîâîé ïîääåðæêå Ïðîãðàììû ôóíäàìåíòàëüíûõ èññëåäî-
âàíèé ÐÀÍ ¹ 18-5-5-19.
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Ââåäåíèå
Ðàçðàáîòêà ñöåíàðèÿ ðàçâèòèÿ ïðîöåññà êàðáî-

íàòíîãî îñàäêîíàêîïëåíèÿ, îòîáðàæåííîãî â ñòðóêòó-
ðå èåðàðõè÷åñêè ñîïîä÷èíåííûõ ñåêâåíöèé è ïàðàñåê-
âåíöèé, ÿâëÿåòñÿ âàæíûì ýëåìåíòîì ïðîãíîçà ñâîéñòâ 
êàðáîíàòíûõ ðåçåðâóàðîâ íà âñåõ ýòàïàõ èõ èçó÷åíèÿ. 
Äëÿ ýòîãî îñîáåííî àêòóàëüíûì ñòàíîâèòñÿ îáîñíîâà-
íèå ãðàíèö ñåêâåíöèé, ñîîòíîñèìûõ ñ ïîâåðõíîñòÿìè 
íåñîãëàñèé. 

Îñîáóþ ñëîæíîñòü âûçûâàåò îáîñíîâàíèå ïðèðîäû 
íåñîãëàñèé â êàðáîíàòíûõ îòëîæåíèÿõ. Ïîäîáíàÿ ñèòó-
àöèÿ íàèáîëåå õàðàêòåðíà äëÿ íèæíåäåâîíñêèõ îòëîæå-
íèé ñåâåðî-âîñòî÷íîãî áîðòà Õîðåéâåðñêîé âïàäèíû, 
ãäå ïîâåðõíîñòü ñðåäíåäåâîíñêî-ïðåäôðàíñêîãî íåñî-
ãëàñèÿ èç-çà äëèòåëüíîñòè åãî ðàçâèòèÿ è òåêòîíè÷åñêîé 
ïåðåñòðîéêè òåððèòîðèè äàëåêî íå âñåãäà îïðåäåëÿåòñÿ 
îäíîçíà÷íî, ñîçäàâàÿ òðóäíîñòè ñ óñòàíîâëåíèåì ìîð-
ôîëîãèè çàëåæåé. Ýòî ñâÿçàíî è ñ òåì, ÷òî îíî îáúåäè-

íÿåò îáû÷íî äâà îòäåëüíûõ íåñîãëàñèÿ, òàê æå êàê è â 
ðàçðåçàõ çíà÷èòåëüíîé ÷àñòè Òèìàíî-Ïå÷îðñêîãî áàñ-
ñåéíà, ãäå îíè ñîâìåùåíû èç-çà îòñóòñòâèÿ ñðåäíåäå-
âîíñêèõ îòëîæåíèé (ðèñ. 1). Äëÿ íèæíåäåâîíñêèõ îòëî-
æåíèé áîëåå çíà÷èìà áûëà ðîëü ñðåäíåäåâîíñêîãî íå-
ñîãëàñèÿ, ïîñêîëüêó èìåííî ñ íèì ñâÿçàíî âûïàäåíèå 
èç ðàçðåçîâ çíà÷èòåëüíûõ ïî âðåìåíè èíòåðâàëîâ, â òî 
âðåìÿ êàê ïðåäôðàíñêîå íåñîãëàñèå ôèêñèðóåòñÿ âû-
ïàäåíèåì ëèøü ñàìûõ íèçîâ íèæíåôðàíñêèõ òîëù [7]. 
Â êîíêðåòíûõ ðàçðåçàõ íåñîãëàñèÿ îáû÷íî ïðîÿâëåíû 
îäíîé-äâóìÿ (èëè áîëåå) ýðîçèîííûìè ïîâåðõíîñòÿìè. 
Îáíàðóæåíèå è âûäåëåíèå òàêîãî ðîäà ïîâåðõíîñòåé äî-
ñòàòî÷íî ñëîæíî è íå âñåãäà âîçìîæíî èç-çà ôðàãìåí-
òàðíîñòè îïðîáîâàíèÿ òîëùè êåðíîì. Êðîìå òîãî, â ñëó-
÷àÿõ ñîâìåùåíèÿ îáîèõ íåñîãëàñèé íàðÿäó ñ âîçìîæíûì 
óñëîæíåíèåì õàðàêòåðà ýðîçèîííîé ïîâåðõíîñòè ïðî-
èñõîäèò ñóùåñòâåííîå ñíèæåíèå ôàöèàëüíîé êîíòðàñò-
íîñòè ãðàíè÷àùèõ îòëîæåíèé [7].
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Íà îñíîâàíèè ðåçóëüòàòîâ èññëåäîâàíèé êåðíà ïîãðàíè÷íîãî íèæíåäåâîíñêî-âåðõíåäåâîíñêîãî (D1l–D3tm) èíòåðâàëà ðàçðå-
çà ìåòîäàìè ðåíòãåíîôëþîðåñöåíòíîãî àíàëèçà, äîïîëíåííîãî îïðåäåëåíèåì ÑÎ2 è ïîòåðü ïðè ïðîêàëèâàíèè, ðåíòãåíîäèôðàê-
òîìåòðè÷åñêîãî àíàëèçà ãëèíèñòîé ôðàêöèè ïîðîä è ãëèí, ýëåêòðîííîé ìèêðîñêîïèè è ýíåðãîäèñïåðñèîííîé ñïåêòðîñêîïèè, àíà-
ëèçà ñòàáèëüíûõ èçîòîïîâ êàðáîíàòíîãî óãëåðîäà è êèñëîðîäà è äð. âûÿâëåíû ëèòîëîãè÷åñêèå è ìèíåðàëîãî-ãåîõèìè÷åñêèå ïðè-
çíàêè, ñâèäåòåëüñòâóþùèå î áûëîì íàõîæäåíèè ïîðîä ïîä âîçäåéñòâèåì èíôèëüòðàöèîííûõ âîäîíîñíûõ ñèñòåì ïðè ïîäúåìå ðà-
íåå ïîãðóæåííûõ òîëù â çîíó àýðàöèè.

Â èçó÷åííûõ ðàçðåçàõ óñòàíîâëåíà îïðåäåëåííàÿ âåðòèêàëüíàÿ ãåîõèìè÷åñêàÿ çîíàëüíîñòü, ïðîÿâëåííàÿ â ñìåíå ñâåðõó 
âíèç: à) çîíû ìîðñêèõ ñëàáîèçìåíåííûõ èçâåñòíÿêîâ; b) çîíû ïðîöåññîâ ãèäðîëèçà è èíôèëüòðàöèè â ãëèíèçèðîâàííûõ äîëîìè-
òàõ ñ ïðèçíàêàìè ïàëåîêàðñòà; c) çîíû âòîðè÷íûõ äîëîìèòîâ; d) çîíû ìàëîèçìåíåííûõ èçâåñòíÿêîâ. Óñòàíîâëåííàÿ ïîñëåäîâà-
òåëüíîñòü õàðàêòåðíà äëÿ ïðîöåññîâ ðåãðåññèâíîãî èíôèëüòðàöèîííîãî ýïèãåíåçà è ïðåäïîëàãàåò íàëè÷èå ñóáàýðàëüíîãî íåñî-
ãëàñèÿ ìåæäó çîíàìè à è b.

Êëþ÷åâûå ñëîâà: ñóáàýðàëüíûå íåñîãëàñèÿ, äèàãíîñòè÷åñêèå ïðèçíàêè, èíôèëüòðàöèîííûé ýïèãåíåç, íèæíåäåâîíñêèå îò-
ëîæåíèÿ, âîñòî÷íûé áîðò Õîðåéâåðñêîé âïàäèíû.
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Based on the results of the core analysis of boundary Lower to Upper Devonian (D1l-D3tm) interval by X-ray fluorescence analysis 
supplemented with CO2 determination and loss on ignition, X-ray diffraction analysis of clay fraction of the rocks and clays, electron microscopy 
and EDS, analysis of stable isotopes of carbonate carbon and oxygen, etc., we revealed lithological and mineralogical-geochemical features, 
which testified to the ancient influence of  infiltration water systems to the rocks during the ascent of previously submerged strata into the 
aeration zone.

In the sections studied, we showed a definite vertical geochemical zonation, expressed in changing zones from top to bottom: a) 
zone of marine slightly altered limestones; b) zone of hydrolysis and infiltration in argillaceous dolomites with signs of paleokarst; c) zone 
of secondary dolomites; d) zone of low-altered limestones. The established sequence is characteristic for the processes of regressive 
infiltration epigenesis and assumes the existence of a subaerial unconformity between a andb zones.
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Â ýòîé ñâÿçè îñîáîå çíà÷åíèå ïðèîáðåòàþò ëèòîëî-
ãè÷åñêèå è ìèíåðàëîãî-ãåîõèìè÷åñêèå ïðèçíàêè, ñâè-
äåòåëüñòâóþùèå î áûëîì íàõîæäåíèè ïîðîä ïîä âîç-
äåéñòâèåì èíôèëüòðàöèîííûõ âîäîíîñíûõ ñèñòåì ïðè 
ïîäúåìå ðàíåå ïîãðóæåííûõ òîëù â çîíó àýðàöèè. 

Îñíîâíûìè ôàêòîðàìè èíôèëüòðàöèîííîãî ýïè-
ãåíåçà ÿâëÿþòñÿ îêèñëèòåëüíî-âîññòàíîâèòåëüíûå áà-
ðüåðû íà ãðàíèöå ðåçêî îòëè÷íûõ ãàçîãèäðîãåîõèìè-
÷åñêèõ ñðåä è íåðàâíîâåñíîñòü  êàðáîíàòíûõ è àëþ-
ìîñèëèêàòíûõ ìèíåðàëîâ ïîðîä, èçìåíèâøèìñÿ ãè-
äðîõèìè÷åñêèì óñëîâèÿì [10]. Ñ èíôèëüòðàöèîííûì 
ðåæèìîì ñâÿçàíû ïðîöåññû ðàñòâîðåíèÿ è âûùåëà-
÷èâàíèÿ êàðáîíàòîâ, äîëîìèòèçàöèè èçâåñòíÿêîâ, âû-
ïîëíåíèå ïóñòîò è òðåùèí ïðîäóêòàìè ãèïåðãåíåçà, 
îêðåìíåíèå è ðåñèëèôèêàöèÿ, ãëèíèçàöèÿ ñèëèêàòîâ 
è êàðáîíàòîâ, ñóëüôèäèçàöèÿ è ñóëüôàòèçàöèÿ è ïð. 
Â ÷èñëå îñíîâíûõ ãåîõèìè÷åñêèõ ïðîöåññîâ âûäåëÿ-
þò òàêæå ìèãðàöèþ ïîðîäîîáðàçóþùèõ êîìïîíåíòîâ, 
à òàêæå ýëåìåíòîâ-ïðèìåñåé: òèòàíà, áàðèÿ, ñòðîíöèÿ 
[4, 6, 10].

Ïîêàçàòåëÿìè èíôèëüòðàöèè òàêæå ìîãóò áûòü îò-
íîøåíèÿ ñòàáèëüíûõ èçîòîïîâ óãëåðîäà è êèñëîðîäà 
êàðáîíàòíûõ ïîðîä, ñîäåðæàíèÿ ñòðîíöèÿ â êàðáîíà-
òàõ, çíà÷åíèÿ ðÿäà ëèòîõèìè÷åñêèõ ìîäóëåé [10].

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ
Îáúåêòîì èññëåäîâàíèÿ ïîñëóæèëè îáðàçöû êåð-

íà òðåõ ñêâàæèí, âñêðûâøèõ îòëîæåíèÿ íèæíåãî äå-
âîíà, è èíòåðåñóþùèé íàñ ïîãðàíè÷íûé íèæíåäåâîí-
ñêèé (D1l) è âåðõíåäåâîíñêèé (D3tm) èíòåðâàë ðàçðåçà 
(ðèñ. 2). Íàðÿäó ñ ìàêðîñêîïè÷åñêèì èçó÷åíèåì êåðíà 
ïðîâîäèëèñü òàêæå ðàçëè÷íûå èññëåäîâàíèÿ õèìè÷å-
ñêîãî, ìèíåðàëüíîãî è èçîòîïíîãî ñîñòàâà ïîðîä. 

Àíàëèç ïðîá íà ïîðîäîîáðàçóþùèå êîìïîíåí-
òû è ñîäåðæàíèå ñòðîíöèÿ ïðîâîäèëñÿ â ëàáîðàòîðèè 
õèìèè ìèíåðàëüíîãî ñûðüÿ Èíñòèòóòà ãåîëîãèè Êîìè 
ÍÖ ÓðÎ ÐÀÍ ïîëóêîëè÷åñòâåííûì ðåíòãåíîôëþîðåñ-
öåíòíûì ìåòîäîì, äîïîëíåííûì îïðåäåëåíèåì ÑÎ2 è 
ïîòåðü ïðè ïðîêàëèâàíèè (ï.ï.ï.) ìåòîäîì ìîêðîé õè-
ìèè. 

Äîïîëíèòåëüíî áûë ïðèìåíåí ðåíòãåíîäèôðàê-
òîìåòðè÷åñêèé àíàëèç ãëèíèñòîé ôðàêöèè ïîðîä. 
Ôàçîâûé ñîñòàâ îáðàçöîâ îïðåäåëÿëñÿ ïðè ïîìîùè 
ðåíòãåíîäèôðàêòîìåòðè÷åñêîãî àíàëèçà íåîðèåíòè-
ðîâàííûõ è îðèåíòèðîâàííûõ îáðàçöîâ äëÿ ãëèíèñòîé 
ôðàêöèè (äèôðàêòîìåòð Shimadzu XRD-6000, èçëó÷å-
íèå CuC), ïîäâåðãíóòûõ ñòàíäàðòíûì äèàãíîñòè÷å-
ñêèì îáðàáîòêàì. Èçó÷àëèñü äèôðàêòîãðàììû: âîç-
äóøíî-ñóõîãî îáðàçöà, îáðàáîòàííîãî ãëèöåðèíîì, îä-

Ðèñ. 1. Ïàëåîãåîëîãè÷åñêàÿ êàðòà ïîâåðõíî-
ñòè ïðåäôðàíñêîé ïîâåðõíîñòè (ïî Í. À. 
Ìàëû øåâó [5]): 1 — ðàçëîìû; 2 — ãåîëîãè÷å-
ñêèå ãðàíèöû. Ãðàíèöû ñòðóêòóð: 3 — êðóï-
íåéøèõ ðåãèîíàëüíûõ íàäïîðÿäêîâûõ, 4 — 
êðóïíûõ (ïåðâîãî ïîðÿäêà), 5 — ñðåäíèõ (âòî-
ðîãî ïîðÿäêà). Íåôòåãàçîíîñíûå ðàéîíû è 
îáëàñòè: ×ÍÃÐ — ×åðíîðå÷åíñêèé; ÕÍÃÎ — 
Õîðåéâåðñêàÿ; ÊîðÍÃÐ — Êîðîòàèõèíñêèé; 
ÂÀÍÃÐ — Âàðàíäåé-Àäçüâèíñêàÿ; ÂðÍÃÐ — 
Âåðõíåàäçüâèíñêèé; ÊÂÍÃÐ — Êîëâàâè-
ñîâñêèé; ÑÏÍÃÐ — Ñåâåðî-Ïðåäóðàëüñêèé; 
ÕÍÃÐ — Õîñåäàþñêèé; Êî÷ÍÃÐ — Êî÷ìå ñ-
ñêèé. Íà âðåçêå: îêðóæíîñòü — ïîëîæåíèå 
ðàéîíà èññëåäîâàíèé

Fig. 1. Paleogeological map of the pre-Frasnian 
surface (according to N. A. Malyshev [5]): 1 — 
faults; 2 — geological borders, on inset — struc-
tal borders: 3 — the largest regional supraorder, 
4 — large (the first order), 5 — medium (the 
second order). Oil and gas bearing regions and 
areas: ×ÍÃÐ — Chernorechensky; ÕÍÃÎ — 
Khoreyverskaya; ÊîðÍÃÐ — Korotaikhinsky; 
ÂÀÍÃÐ — Varandey-Adzvinskaya;ÂðÍÃÐ–
Verkhneadzvinsky;ÊÂÍÃÐ — Kolvavisovsky; 
ÑÏÍÃÐ–Severo-Preduralsky; ÕÍÃÐ — Khose-
da yusky; Êî÷ÍÃÐ — Kochmessky. Circle on 
inset — location of the study area
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íî-íîðìàëüíûì ðàñòâîðîì ñîëÿíîé êèñëîòû íà âîäÿ-
íîé áàíå è ïðîêàëåííîãî ïðè òåìïåðàòóðå 500 °Ñ.

Ìîðôîëîãè÷åñêèå îñîáåííîñòè ãëèíèñòîé ôðàê-
öèè ïîðîä èçó÷àëèñü ìåòîäàìè ýëåêòðîííîé ìèêðî-
ñêîïèè, à îïðåäåëåíèå ýëåìåíòíîãî ñîñòàâà — ìåòîäîì 
ýíåðãîäèñïåðñèîííîé ñïåêòðîñêîïèè íà ìèêðîñêîïå 
JSM 6400, îñíàùåííîì ñïåêòðîìåòðîì «Link» (îïåðà-
òîð Â. Í. Ôèëèïïîâ).

Îòîáðàííûå ïðîáû àíàëèçèðîâàëèñü òàêæå íà ñîîò-
íîøåíèÿ ñòàáèëüíûõ èçîòîïîâ êàðáîíàòíîãî óãëåðîäà 
è êèñëîðîäà íà ìàññ-ñïåêòðîìåòðå «Delta V Advantage» 
(àíàëèòèê È. Â. Ñìîëåâà). Çíà÷åíèÿ 13Ñêàðá äàíû â 
ïðîìèëëå îòíîñèòåëüíî ñòàíäàðòà ÐDB è 18Îêàðá — 
îòíîñèòåëüíî ñòàíäàðòà SMOW. Îøèáêà îïðåäåëåíèÿ 
13Ñêàðá è 18Îêàðá íå ïðåâûøàåò 0.04 è 0.06 ‰ ñîîòâåò-
ñòâåííî. Èññëåäîâàíèÿ ïðîâåäåíû ñ èñïîëüçîâàíèåì 
ëàáîðàòîðíîé áàçû ÖÊÏ ÓðÎ ÐÀÍ «Ãåîíàóêà».

Ðåçóëüòàòû è èõ îáñóæäåíèå
Ëèòîëîãè÷åñêèå ïðèçíàêè ñóáàýðàëüíîé ïåðåðà-

áîòêè â òîé èëè èíîé ñòåïåíè ÿâíî ïðîÿâëåíû â äâóõ 
èç òðåõ ðàññìàòðèâàåìûõ ðàçðåçîâ. Îíè ôèêñèðóþò-
ñÿ ïðèñóòñòâèåì ñåäèìåíòàöèîííûõ è êàðñòîâûõ áðåê-
÷èé, ïåñòðîé îêðàñêîé, òðåùèíàìè è êàðñòîâûìè ïó-
ñòîòàìè, âûïîëíåííûìè â ðàçíîé ñòåïåíè ïåðåðàáî-
òàííûìè ýëþâèàëüíûìè îáðàçîâàíèÿìè è ïåðåêðû-

âàþùèìè èõ îñàäêàìè (ðèñ. 3). Ðàñïðåäåëåíèå äàííûõ 
ïðèçíàêîâ â ïîðîäàõ ñîñðåäîòî÷åíî â ïðåäåëàõ òîëùè 
ïåðåìåííîé ìîùíîñòè, îäíàêî õàîòè÷íî è  íåðàâíî-
ìåðíî.

Ëèòîëîãè÷åñêàÿ íåîäíîðîäíîñòü èçó÷åííîãî ðàç-
ðåçà ïðîÿâëÿåòñÿ òàêæå â âåùåñòâåííîì ñîñòàâå ïîðîä. 
Ïðåäñòàâëåíèå î åãî èçìåíåíèè äåìîíñòðèðóþò äàí-
íûå õèìè÷åñêîãî àíàëèçà, ïåðåñ÷èòàííûå íà ñîäåðæà-
íèÿ íîðìàòèâíûõ ìèíåðàëîâ: êàëüöèòà, äîëîìèòà è íå-
ðàñòâîðèìîãî îñòàòêà (òàáë. 1).

Òàê, íàïðèìåð, ñîñòàâ ïîðîä â ðàçðåçàõ èññëåäóå-
ìûõ èíòåðâàëîâ ñêâàæèí èçìåíÿåòñÿ ñëåäóþùèì îáðà-
çîì (ðèñ. 2; òàáë. 1). Â ñêâàæèíå 2 ñâåðõó âíèç ïî ðàç-
ðåçó îòíîñèòåëüíî ÷èñòûå èçâåñòíÿêè ñìåíÿþòñÿ êàð-
áîíàòíûìè ãëèíàìè è äàëåå äîëîìèòàìè ãëèíèñòûìè. 
Â ñêâàæèíå 3 èçó÷åííûé ðàçðåç ïðåäñòàâëåí èñêëþ-
÷èòåëüíî äîëîìèòàìè è ãëèíèñòûìè äîëîìèòàìè. 
Ñîäåðæàíèå äîëîìèòà îò ñóììû êàðáîíàòîâ ñîñòàâëÿåò 
îò 95 äî 100 %. Â ðàçðåçå ñêâàæèíû 1 ïðîèñõîäèò ñìå-
íà ãëèíèñòûõ äîëîìèòèñòûõ èçâåñòíÿêîâ äîëîìèòîâî-
èçâåñòíÿêîâûìè ãëèíàìè è äàëåå îòíîñèòåëüíî ÷èñòû-
ìè èçâåñòíÿêàìè.

Ïðè àíàëèçå ôàçîâîãî ñîñòàâà àññîöèàöèé êàðáîíàò-
íûõ ïîðîä (ðèñ. 4) îòìå÷àåòñÿ  îáîñîáëåíèå äâóõ ïîëåé-
àññîöèàöèé: â ðàçíîé ñòåïåíè äîëîìèòèñòûõ èçâåñòíÿ-
êîâ, ãëèíèñòûõ èçâåñòíÿêîâ è èçâåñòêîâûõ ãëèí (ëåâîå 

Ðèñ. 2. Ñõåìà îòáîðà îáðàçöîâ: 1–6 — ôàöèè: 1 — ìåæïðèëèâíîé çîíû ñ ãëèíèñòî-êàðáîíàòíîé ñåäèìåíòàöèåé; 2–4 — ïîä-
ïðèëèâíîé çîíû ñ ïðåîáëàäàíèåì: 2 –ìèêðèò-áèîêëàñòîâîé ñåäèìåíòàöèè, 3 — ìèêðèò-ãëèíèñòîé ñåäèìåíòàöèè, 4 — áèîê-
ëàñòîâî-áàêòåðèàëüíî-âîäîðîñëåâîé ñåäèìåíòàöèè (à — èçâåñòíÿêè, b — âòîðè÷íûå äîëîìèòû); 5 — êàðáîíàòíîé îòìåëè ñ 
ïðåîáëàäàíèåì êàðêàñíî-áèîêëàñòîâîé ñåäèìåíòàöèè, 6 — ýëþâèàëüíîãî êîìïëåêñà;  ãëóáèíà îòáîðà îáðàçöà: 7 — áåç ïðè-
âÿçêè, 8 — ïî ïðèâÿçêå ê êàðîòàæíûì êðèâûì; 9 — èíäåêñ ñåäèìåíòàöèîííûõ öèêëèòîâ îâèíïàðìñêîãî ãîðèçîíòà

Fig. 2. Sampling scheme: 1–6 — facies of: 1 — intertidal zone with clayey-carbonate sedimentation; 2–4 — subtidal zone with  predom-
inance of: 2-micrite-bioclastic sedimentation, 3 — micrite-clay sedimentation, 4 — bioclastic-bacterial-algal sedimentation (a — lime-
stones, b — secondary dolomites); 5 — carbonate shoal with the predominance of frame-bioclastic sedimentation, 6 — eluvial complex; 
depth of sampling: 7 — without tie, 8 — with tie to log curves; 9 — index of sedimentation cyclites of the Ovinparma Horizon
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ïîëå äèàãðàìì íà ðèñ. 4) è â ðàçëè÷íîé ñòåïåíè ãëèíè-
ñòûõ äîëîìèòîâ (ïðàâîå ïîëå äèàãðàìì íà ðèñ. 4). 

Âûäåëåííûå àññîöèàöèè ïîëÿðèçîâàíû ãëàâíûì 
îáðàçîì ïî ñîäåðæàíèÿì êàëüöèòà è äîëîìèòà, ïåðå-
õîäíûé  èçâåñòíÿêîâî-äîëîìèòîâûé  ðÿä îòñóòñòâóåò. 
Íàáëþäàåìàÿ êàðòèíà ïîçâîëÿåò îòíåñòè äîëîìèòîâóþ 
àññîöèàöèþ ê âòîðè÷íûì äîëîìèòàì, ãåíåçèñ êîòîðûõ 
íå ñâÿçàí ñî ñòàäèàëüíîé äîëîìèòèçàöèåé ïîãðóæåíèÿ, 
õàðàêòåðíîé äëÿ äîëîìèòîâûõ èçâåñòíÿêîâ èçâåñòêîâî-
ãëèíèñòîé àññîöèàöèè. 

Ðàñïîëîæåíèå ïðîá íà äèàãðàììàõ êîíêðåòíûõ 
ñêâàæèí ïîçâîëÿåò îòìåòèòü òàêæå íåêîòîðûå îñîáåí-
íîñòè ðàçðåçîâ. Òàê, ïðîàíàëèçèðîâàííûé ðàçðåç ñêâà-
æèíû 2 ïðåäñòàâëåí  àññîöèàöèÿìè: à) èçâåñòíÿêîâ äî-
ëîìèòîâûõ (äèàãåíåòè÷åñêèõ), îòîáðàííûõ âûøå ãëó-
áèíû 3719.2 ì è á) äîëîìèòîâ âòîðè÷íûõ, îòîáðàííûõ 
íèæå ýòîé îòìåòêè. Ê àññîöèàöèè âòîðè÷íûõ äîëîìè-
òîâ îòíîñÿòñÿ òàêæå âñå ïðîáû ðàçðåçà ñêâàæèíû 3, à  ê 
àññîöèàöèè ìàëîèçìåíåííûõ èçâåñòíÿêîâ — âñå ïðî-
àíàëèçèðîâàííûå ïðîáû ñêâàæèíû 1.

Ðèñ. 3. Ëèòîëîãè÷åñêèå ïðèçíàêè ïðîÿâëåíèÿ íåñîãëàñèÿ â 
êåðíå: a — äîëîìèò ñ äðåâíèì êàðñòîì; òðåùèíû è êàâåðíû 
ñ äîëîìèòîâîé ìóêîé ñîäåðæàò òàêæå îêèñëåííóþ íåôòü è 
ñâåòëî-çåëåíóþ ãëèíó; b — äîëîìèò èíòåíñèâíî ãëèíèçèðî-
âàííûé ïî òðåùèíàì; c — áðåê÷èÿ ðàñòâîðåíèÿ-îáðóøåíèÿ; 
d — ãëèíèñòîå âûïîëíåíèå òðåùèíû ñ êðàñíîöâåòíûì ýëþ-
âèåì â äîëîìèòå; e — îêèñëåííûé ïèðèò  â áðåê÷èè.  Äèàìåòð 
êåðíà — 8 ñì. Êðàñíûå ïðÿìîóãîëüíèêè — ìåñòà îòáîðà ïðîá

Fig. 3. Lithological features of unconformity in core: a — dolomite 
with ancient karst; cracks and caverns with dolomite flour also 
contain oxidized oil and light green clay; b — dolomite intensely 
clayed along cracks; c — breccia of dissolution-caving; d — clay 
filling of the crack with red eluvium in dolomite; e — oxidized 
pyrite in breccia. The core diameter is 8 cm. Red rectangles — 
sampling sites

Ðèñ. 4. Äèàãðàììû ôàçîâîãî ñîñòàâà êàðáîíàòíûõ ïîðîä

Fig. 4. Diagrams of phase composition of carbonate rocks
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Ñîãëàñíî ïðèâåäåííîé õàðàêòåðèñòèêå, â ðàçðåçàõ 
ïîãðàíè÷íîãî èíòåðâàëà ñêâàæèí 2 è 3 îò÷åòëèâî âûäå-
ëÿåòñÿ çîíà èíòåíñèâíîé äîëîìèòèçàöèè, âêëþ÷àþùàÿ 
â êðîâåëüíîé ÷àñòè ïà÷êó ïîðîä ñ íåðàâíîìåðíî, õàî-
òè÷íî ïðîÿâëåííûìè ïðèçíàêàìè èíôèëüòðàöèîííûõ 
ïðîöåññîâ — ïàëåîêàðñòà è ãëèíèçàöèè.

Êàê èçâåñòíî, äîëîìèòèçàöèÿ ÿâëÿåòñÿ õàðàêòåð-
íûì ïðîöåññîì çîí ñìåøåíèÿ òàëàññîãåííûõ è ïðå-
ñíûõ àòìîãåííûõ âîä. Â ïðåñíîâîäíûõ æå èíôèëüòðà-
öèîííûõ ñèñòåìàõ ïðåîáëàäàþò ïðîöåññû àêòèâíîãî 
îáðàçîâàíèÿ êàðñòà, äîëîìèòîâîé ìóêè, «ïàññèâíîé» 
äîëîìèòèçàöèè, óâåëè÷èâàþùèõ äîëþ äîëîìèòà â ðå-
çóëüòàòå ðàñòâîðåíèÿ êàëüöèòà. Ýòàï äîëîìèòèçàöèè â 
àòìîãåííûõ ñèñòåìàõ ìîæåò ñìåíÿòüñÿ ñëåäóþùèì ýòà-
ïîì — êàëüöèòèçàöèè, äåäîëîìèòèçàöèè è îêèñëåíèåì 
ñóëüôèäíûõ ìèíåðàëîâ [6].

Â èññëåäóåìûõ íàìè ðàçðåçàõ îêèñëåíèå ïèðèòà îò-
ìå÷åíî ëèøü â äîëîìèòîâûõ îáëîìêàõ êàðñòîâûõ áðåê-
÷èé (ðèñ. 3, e); çîíà êàëüöèòèçàöèè, âåðîÿòíî, ýðîäè-
ðîâàíà. Òàêèì îáðàçîì, ïðàêòè÷åñêè äîëîìèòîâûé ñî-
ñòàâ êàðáîíàòíîé ÷àñòè ïîðîä ìîæåò ñâèäåòåëüñòâîâàòü 
î äëèòåëüíîì ðàçâèòèè èíôèëüòðàöèîííûõ ïðîöåññîâ 
â ðåæèìàõ òàëëàñîãåííî-àòìîãåííûõ è àòìîãåííûõ âîä.

Äðóãèì ðàñïðîñòðàíåííûì  ïðîöåññîì, íàáëþäà-
åìûì â èçó÷åííûõ ðàçðåçàõ, ÿâëÿåòñÿ ãëèíèçàöèÿ. Îíà 
î÷åíü øèðîêî ðàñïðîñòðàíåíà êàê â ñóáàýðàëüíûõ, òàê 

è â ñóáàêâàëüíûõ óñëîâèÿõ. Ãëèíèçàöèÿ ÿâëÿåòñÿ, ïî 
ñóòè, ðåçóëüòàòîì ãèäðîëèçà àëþìîñèëèêàòîâ  (ãëàâ-
íûì îáðàçîì ïîëåâûõ øïàòîâ) è îïèñûâàåòñÿ ðåàê-
öèåé:

àëþìîñèëèêàò + Í2Î + ÑÎ2 =>
=> ãëèíèñòûé ìèíåðàë + ÍÑÎ3

- +
+ êàòèîíû ùåëî÷åé è äðóãèå êîìïîíåíòû [4]. 
Îäíàêî â îòëè÷èå îò òèïè÷íûõ êîð âûâåòðèâàíèÿ 

äëÿ èíôèëüòðàöèîííîãî ýïèãåíåçà èíòåíñèâíûé âû-
íîñ ïðîäóêòîâ ãèäðîëèçà íå õàðàêòåðåí, íàïðîòèâ, ÷à-
ñòî îòìå÷àåòñÿ ïåðåðàñïðåäåëåíèå âåùåñòâà â ïðåäåëàõ 
ïëàñòà èëè ñîñåäíèõ òåë [4]. 

Äëÿ ïîëó÷åíèÿ  èíôîðìàöèè î âêëàäå èíôèëüòðà-
öèîííûõ ïðîöåññîâ è ïðîäóêòîâ ãèäðîëèçà â îáðàçî-
âàíèå ïîðîä ïî ðåçóëüòàòàì õèìè÷åñêîãî àíàëèçà áû-
ëè ðàññ÷èòàíû ëèòîõèìè÷åñêèå ìîäóëè. Èñïîëüçîâàíû 
ìîäóëè, ïðåäëîæåííûå ß. Ý. Þäîâè÷åì è Ì. Ï. Êåòðèñ 
[9] äëÿ âûÿâëåíèÿ ãåíåòè÷åñêîé ñâÿçè îñàäî÷íûõ ïîðîä 
ñ êîðàìè âûâåòðèâàíèÿ (òàáë. 1).

Íàèáîëåå èíôîðìàòèâíûì äëÿ ðåøåíèÿ ïîñòàâ-
ëåííîé çàäà÷è ÿâëÿåòñÿ  ãèäðîëèçàòíûé ìîäóëü (ÃÌ) = 
= (TiO2 + Al2O3 + Fe2O3 + FeO + Mn)/SiO2, òàê êàê îí 
ñëóæèò «óíèâåðñàëüíûì ïîêàçàòåëåì ñòåïåíè âûâåòðè-
âàíèÿ ãîðíûõ ïîðîä íà èñòî÷íèêå ñíîñà. Ïîâûøåííûå 
çíà÷åíèÿ ÃÌ (áîëüøå íîðìû äëÿ ïëàòôîðìåííûõ 
ãëèí — ñèàëèòîâ — â èíòåðâàëå 0.30–0.55) óêàçûâàþò 

Ïðîáà
Sample

Äîëîìèò, %
Dolomite, %

Êàëüöèò, %
Calcite, %

Í. Î., %
I. R., %

ÃM
HM

ÆM
IM Sr, ã/ò 13C, ‰ 18O, ‰

Ñêâàæèíà 1 / Borehole 1
3942-1 9.15 65.97 24.87 0.42 0.37 367 1.05 25.82
3942-2 6.62 78.19 15.19 0.37 0.36 305 1.09 25.86
3943-1 14.86 28.94 56.20 0.46 0.34 279 0.74 25.44
3945-1 11.87 41.48 46.65 0.47 0.34 538 1.26 24.33
3945-2 6.81 82.46 10.73 0.51 0.48 618 1.95 25.55
3947-1 4.51 91.59 3.91 0.48 0.25 466 1.59 25.19
3952-1 3.91 96.82 0.00 í. î. í. î. 280 0.94 25.09
3952-2 3.91 96.96 0.00 –//– –//– 275 0.93 24.65
3956-1 2.85 97.54 0.00 –//– –//– 196 0.39 24.39
3956-2 2.62 98.13 0.00 –//– –//– 174 0.66 24.71

Ñêâàæèíà 2 / Borehole 2
3711-1 4.00 95.41 0.58 0.43 0.53 335 3.67 25.77
3711-2 4.69 91.41 3.89 0.23 0.40 353 2.5 24.54

3713.5-1 16.56 29.09 54.35 0.58 0.36 334 1.18 25.02
3715.5-2 90.34 0.00 9.66 0.66 0.79 114 –2.81 27.85
3721-2 80.13 1.65 18.22 0.36 0.42 80 –5 27.7
3721-3 80.55 1.06 18.39 0.30 0.32 82 –6 27.98

Ñêâàæèíà 3 / Borehole 3
3893-2 99.60 0.00 0.40 0.69 0.48 í.î. –1.94 26.61
3900-1 97.15 0.00 2.85 0.26 0.94 94 –4.61 27.97
3900-2 95.45 0.09 4.46 0.33 0.61 107 –4.84 27.26
3900-3 70.79 1.90 27.31 0.42 0.19 í. î. –4.58 27.64
3904-1 90.62 0.00 9.38 0.45 0.37 103 –4.93 27.72
3904-2 68.49 2.04 29.46 0.44 0.28 86 –4.92 27.29
3904-3 96.05 0.00 3.95 0.52 0.43 88 –4.8 27.61

Òàáëèöà 1. Ñîäåðæàíèÿ íîðìàòèâíûõ ìèíåðàëîâ, ñòðîíöèÿ, çíà÷åíèÿ ìîäóëåé
è îòíîøåíèé ñòàáèëüíûõ èçîòîïîâ óãëåðîäà è êèñëîðîäà

Table 1. Contents of standard minerals, strontium, values of modules
and ratios of stable isotopes of carbon and oxygen

Ïðèìå÷àíèå. í. î. — íå îïðåäåëÿëîñü.
Note. í. î. — not determined.
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íà ïðèìåñü ïðîäóêòîâ ãóìèäíîãî âûâåòðèâàíèÿ ñóá-
ñòðàòà ëþáîãî ñîñòàâà» [10, ñ. 59]. Êàðáîíàòíûå ïîðî-
äû, ñîäåðæàíèå îêñèäîâ  æåëåçà â êîòîðûõ íå áîëåå 
3 %, ñî çíà÷åíèÿìè ÃÌ, áëèçêèìè èëè ïðåâûøàþùè-
ìè 1, õàðàêòåðíû äëÿ êîðîâûõ è ïî÷âåííûõ îáðàçîâà-
íèé. Ñðåäè ïðîàíàëèçèðîâàííûõ íàìè ïðîá ïîâûøåí-
íûå (áîëå 0.55) çíà÷åíèÿ ÃÌ îòìå÷åíû â ðàçðåçàõ äâóõ 
èç òðåõ ñêâàæèí. Â îáîèõ ñëó÷àÿõ îíè õàðàêòåðèçóþò 
èíòåðâàëû ðàçâèòèÿ ãëèíèçèðîâàííûõ äîëîìèòîâ è 
ïåñòðîöâåòíûõ èçâåñòêîâî-äîëîìèòîâûõ ãëèí (ðèñ. 3, 
òàáë. 1). Î÷åâèäíî, ÷òî ïîðîäû ýòèõ èíòåðâàëîâ ñîäåð-
æàò ïðèìåñü ïðîäóêòîâ âûâåòðèâàíèÿ è ìîãóò  êîñâåí-
íî ôèêñèðîâàòü óðîâåíü  ñóáàýðàëüíîãî ýêñïîíèðîâà-
íèÿ îòëîæåíèé. 

Æåëåçèñòûé ìîäóëü ÆÌ =  (Fe2O3 + FeO + Mn)/
(TiO2 + Al2O3), îòðàæàþùèé ñîîòíîøåíèå ìåæäó æå-
ëåçèñòûìè è ãëèíîçåìèñòûìè ïðîäóêòàìè ãèäðîëèçà, 
äëÿ äèàãíîñòèêè äðåâíèõ çîí âûâåòðèâàíèÿ èìååò ñêî-
ðåå âñïîìîãàòåëüíîå çíà÷åíèå. Òåì íå ìåíåå ïîâûøåí-
íûå çíà÷åíèÿ ýòîãî ìîäóëÿ (áîëåå 0.6–0.75) ìîãóò ñâè-
äåòåëüñòâîâàòü î ðàçìûâå êàê îñíîâíûõ ïîðîä, òàê è 
îáîãàùåííûõ æåëåçîì êîð âûâåòðèâàíèÿ.

Â èçó÷åííûõ  ðàçðåçàõ ïîðîäû ñî çíà÷åíèÿìè ÆÌ 
áîëåå 0.6 âñòðå÷àþòñÿ â òåõ æå èíòåðâàëàõ ðàçðåçîâ, ÷òî 
è ïîðîäû ñ âûñîêèìè çíà÷åíèÿìè ÃÌ, îáíàðóæèâàÿñü 
ñîâìåñòíî â îäíîé ïðîáå ëèáî â ñîñåäíèõ ïðîáàõ èí-
òåðâàëà. 

Íà ìîäóëüíîé äèàãðàììå ÃÌ — ÆÌ (ðèñ. 5) ýòè 
«àíîìàëüíûå» ïðîáû âûïàäàþò èç åäèíîãî ïîëÿ âûáîð-
êè íåèçìåíåííûõ ïîðîä è âòîðè÷íûõ äîëîìèòîâ, ôîð-
ìèðóÿ îòäåëüíûå êëàñòåðû.

Ïðèóðî÷åííîñòü ïðîá ñ àíîìàëüíûìè çíà÷åíèÿìè 
ìîäóëåé ê îïðåäåëåííûì èíòåðâàëàì ñêâàæèí (òàáë. 1) 
ñâèäåòåëüñòâóåò, âåðîÿòíî, îá îáîãàùåíèè âûäåëåííûõ 
ãîðèçîíòîâ ïðîäóêòàìè âûâåòðèâàíèÿ æåëåçèñòûõ ñóá-
ñòðàòîâ. Ïîâûøåííûå çíà÷åíèÿ ÆÌ õàðàêòåðíû òàêæå 
è äëÿ ãëèíèçèðîâàííûõ äîëîìèòîâ.

Ðåíòãåí-äèôðàêòîìåòðè÷åñêèé àíàëèç ôàçîâîãî 
ñîñòàâà ãëèíèñòîé ôðàêöèè îáðàçöà ãëèíèçèðîâàííî-
ãî äîëîìèòà è ôîíîâîãî äëÿ ðàçðåçà ñêâ. 1 îáðàçöà èç-

âåñòêîâîé ãëèíû ïîêàçàë íàëè÷èå â íèõ èëëèòà, õëî-
ðèòà, êàîëèíèòà è ñìåøàíîñëîéíîé ôàçû èëëèò-ñìåê-
òèòîâîãî ñîñòàâà. Â ãëèíèñòîé ôðàêöèè êàðáîíàòíîé 
ãëèíû äîìèíèðóþò íåñêîëüêî ñëàáîóïîðÿäî÷åííûõ 
ñìåøàíîñëîéíûõ ôàç, â êîòîðûõ ïðåîáëàäàåò èëëèòî-
âûé êîìïîíåíò.

Â ãëèíàõ âûïîëíåíèÿ êàðñòà îñíîâó ñîñòàâëÿþò 
èëëèò è êàîëèíèò. Â íåáîëüøèõ êîëè÷åñòâàõ ïðèñóò-
ñòâóåò ñìåêòèòîâàÿ ôàçà, îòìå÷àþòñÿ êâàðö, ìèíåðàëû 
æåëåçà, öåîëèòû. 

Èññëåäîâàíèå áåëåñî-çåëåíûõ ãëèí êàðñòîâûõ è 
òðåùèííûõ ïóñòîò ìåòîäàìè ýëåêòðîííîé ìèêðîñêî-
ïèè (ðèñ. 6) ïîçâîëèëî òàêæå óòî÷íèòü èõ òåêñòóðíî-
ñòðóêòóðíûå îñîáåííîñòè è ñîñòàâ îòäåëüíûõ ìèíå-
ðàëüíûõ ôàç. Ìèêðîñêîïè÷åñêè ãëèíû ïðåäñòàâëåíû 
ýëþâèàëüíîé ìàññîé ñ ïûëåâàòîé îáëîìî÷íîé ñòðóêòó-
ðîé, ñ õàîòè÷íîé è ñëîèñòîé òåêñòóðîé. Â îáùåé ìàññå 
ïåëèòîìîðôíîãî ìàòåðèàëà âûäåëÿþòñÿ ÷àñòèöû àëåâ-
ðèòîâîé ðàçìåðíîñòè, ñðåäè êîòîðûõ ïðåîáëàäàþò êîð-
ðîäèðîâàííûå îáëîìêè ïîëåâûõ øïàòîâ (îðòîêëàçà), 
ðóòèëà, àïàòèòà (ðèñ. 6, b–e); ïðèñóòñòâóåò ðàñòèòåëü-
íûé øëàì (ðèñ. 6, d ).

Ïðåèìóùåñòâåííî àëëîòèãåííûå ãëèíèñòûå ìè-
íåðàëû ïðåäñòàâëåíû ïëîõî îêðèñòàëëèçîâàííûìè àã-
ðåãàòàìè (ðèñ. 6, b, c) ñìåøàíîñëîéíûõ ñìåêòèò-èëëè-
òîâ Ñà-Mg-Ê-ðàçíîâèäíîñòè è áîëåå îêðèñòàëëèçîâàí-
íûìè ÷åøóé÷àòî-ïëàñòèí÷àòûìè àãðåãàòàìè êàëèåâîé 
ñëþäû (ðèñ. 6, e; òàáë. 2). Àóòèãåííûå ìèíåðàëû ïðåä-
ñòàâëåíû òàêæå äîëîìèòîì, êâàðöåì, ïèðèòîì, ðóòè-

Ðèñ. 5. Ìîäóëüíàÿ äèàãðàììà äëÿ ïîðîä èíòåðâàëà äåâîí-
ñêîãî íåñîãëàñèÿ: 1 —íåèçìåíåííûå ïîðîäû; 2 — ïîðîäû ñ 
ïðèçíàêàìè èíôèëüòðàöèîííûõ ïðîöåññîâ; 3 — «èíôèëüòðà-
öèîííûå» äîëîìèòû; ÃÌ — ãèäðîëèçàòíûé ìîäóëü; ÆÌ — 
æåëåçèñòûé ìîäóëü

Fig. 5. Modular diagram of Devonian unconformity interval: 1 — 
unaltered rocks; 2 — rocks with signs of infiltration processes; 3 — 
«infiltration» dolomites; ÃÌ — hydrolysate module; ÆÌ — iron 
module

Ðèñ. 6. Ìîðôîëîãèÿ ãëèíèñòîãî âûïîëíåíèÿ ïîëîñòåé äåâîí-
ñêîãî êàðñòà. Ôîòî êåðíà: a — êàðñòîâàÿ ïîëîñòü â òðåùèíî-
âàòîì äîëîìèòå ñ êàðáîíàòíûì ýëþâèåì è áåëåñî-çåëåíîé 
ãëèíîé. ÑÝÌ-èçîáðàæåíèÿ â ðåæèìàõ âòîðè÷íûõ (e) è óïðó-
ãîîòðàæåííûõ ýëåêòðîíîâ  (b, c, d, f).  Ïîÿñíåíèÿ â òåêñòå

Fig. 6. Morphology of clay filling of Devonian karst cavities. Image 
of the core (a) — a karst cavity in a fractured dolomite with car-
bonate eluvium and whitish-green clay. SEM images in the modes 
of secondary (e) and elastically-reflected electrons (b, c, d, f). 
Explanations are in the text
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ëîì ñ ïðèìåñüþ âàíàäèÿ. Îòäåëüíûå êðèñòàëëû  êâàð-
öà è äîëîìèòà íåñóò ñëåäû êîððîçèè, à âûäåëåíèÿ ïè-
ðèòà — ñëåäû îêèñëåíèÿ (ðèñ. 6, f). 

Àíàëèç ñîñòàâîâ ãëèíû è ñëþäû äåìîíñòðèðóåò íà-
ïðàâëåííîñòü ïðîöåññà ãëèíèçàöèè â ñòîðîíó èëëèòèçà-
öèè èëëèò-ñìåêòèòîâ è óâåëè÷åíèÿ ñîáñòâåííîé èëëèòî-
âîé ôàçû. Âåðîÿòíî, ýòîò ïðîöåññ ñîïðîâîæäàåòñÿ òàêæå 
ïîòåðåé êàëüöèÿ è ìàãíèÿ è îáðàçîâàíèåì äîëîìèòà. 

Õîðîøî èçâåñòíî, ÷òî êàîëèíèò ÿâëÿåòñÿ òèïè÷-
íûì ïîêàçàòåëåì ãóìèäíîãî êëèìàòà è îäíèì èç îñíîâ-
íûõ ãëèíèñòûõ ìèíåðàëîâ, ñèíòåçèðóþùèìñÿ â êîðàõ 
âûâåòðèâàíèÿ. Ïîïàäàÿ â ùåëî÷íóþ ñðåäó ìîðñêîãî 
áàññåéíà, êàîëèíèò ïðàêòè÷åñêè ïîëíîñòüþ ðàçðóøà-
åòñÿ, îäíàêî â ïðèáðåæíûõ, îòíîñèòåëüíî îïðåñíåí-
íûõ çîíàõ ìîðñêèõ áàññåéíîâ îí äåìîíñòðèðóåò èíîãäà 
çíà÷èòåëüíóþ óñòîé÷èâîñòü [2]. Òàêèì îáðàçîì, ìîæíî 
ïîëàãàòü, ÷òî îáîãàùåíèå êàîëèíèòîì ãëèí êàðñòîâûõ 
ïîëîñòåé — ðåçóëüòàò èõ âûïîëíåíèÿ ïðîäóêòàìè äå-
âîíñêèõ êîð âûâåòðèâàíèÿ, ëèáî îïðåñíåííûõ ïîçäíå-
äåâîíñêèõ ìîðñêèõ âîäîåìîâ.

Ïðèíÿòî ñ÷èòàòü, ÷òî çíà÷èòåëüíîå êîëè÷åñòâî èë-
ëèòà,  òàêæå ïðåîáëàäàþùåãî â ïðîáå êàðñòîâîãî âû-
ïîëíåíèÿ, ñâèäåòåëüñòâóåò îá îòíîñèòåëüíî õîëîä-
íîì è ñóõîì êëèìàòå â îáëàñòÿõ ðàçìûâà. Îäíàêî ëåã-
êîñòü  ñòðóêòóðíûõ òðàíñôîðìàöèé ãëèíèñòûõ ìèíåðà-
ëîâ èñêëþ÷àåò îäíîçíà÷íîñòü ãåíåòè÷åñêèõ òðàêòîâîê. 
Äåéñòâèòåëüíî, èññëåäîâàíèÿìè àëþìîñèëèêàòîâ ñîâ-
ðåìåííûõ øåëüôîâûõ îñàäêîâ óñòàíîâëåíà äèàãíîñòè-
÷åñêàÿ ðîëü äîëè ñìåêòèòîâûõ ñëî¸â â èëëèò-ñìåêòè-
òàõ, êîòîðàÿ îáû÷íî óâåëè÷èâàåòñÿ ñ ãóìèäèçàöèåé è 
ïîòåïëåíèåì êëèìàòà. Âìåñòå ñ òåì àíàëîãè÷íóþ äèàã-
íîñòè÷åñêóþ ðîëü ìîæåò èãðàòü è òåíäåíöèÿ óâåëè÷å-
íèÿ ñîäåðæàíèÿ èëëèòà ïðè ñèíõðîííîì óìåíüøåíèè 
èëëèò-ñìåêòèòîâ [1]. Ïîñëåäíåå, ïî ìíåíèþ àâòîðîâ, 
ñâèäåòåëüñòâóåò î ÷àñòè÷íîì ïðåîáðàçîâàíèè èëëèò-
ñìåêòèòîâ â èëëèò ïðè èíòåíñèâíîì õèìè÷åñêîì âûâå-
òðèâàíèè ïóòåì ôèêñèðîâàíèÿ êàòèîíîâ êàëèÿ â ñìåê-
òèòîâûõ ìåæñëîÿõ. Èçâåñòíî, ÷òî ýòîò ïðîöåññ îñîáåí-
íî ýôôåêòèâíî ïðîõîäèò â ïîâåðõíîñòíûõ óñëîâèÿõ 
ïðè ñìà÷èâàíèè-âûñûõàíèè îñàäêà [12]. Ìîæíî òàê-
æå îòìåòèòü, ÷òî ïðîöåññû èëëèòèçàöèè îáû÷íû äëÿ 
ïî÷âåííûõ îáðàçîâàíèé ïðè îòíîñèòåëüíî (ñåçîííî) 
âëàæíîì êëèìàòå [3].

Òàêèì îáðàçîì, ïî âåùåñòâåííîìó ñîñòàâó, ïîðîä-
íûì è ìèíåðàëüíûì àññîöèàöèÿì, íàëè÷èþ èëè îòñóò-

ñòâèþ ïðèçíàêîâ ïðîÿâëåíèé ãèïåðãåííûõ è èíôèëü-
òðàöèîííûõ ïðîöåññîâ â ðàçðåçàõ ñêâàæèí óñòàíàâëè-
âàåòñÿ òåíäåíöèÿ, ïðîÿâëÿþùàÿñÿ â ñìåíå íåèçìåíåí-
íûõ è ìàëîèçìåíåííûõ ïîðîä; âòîðè÷íûõ äîëîìèòîâ, 
äîëîìèòîâ ñ ïðèçíàêàìè êàðñòà è ãëèíèçàöèè è íåèç-
ìåíåííûõ ïðåèìóùåñòâåííî èçâåñòíÿêîâûõ ïîðîä.

Âëèÿíèå èíôèëüòðàöèîííûõ ïðîöåññîâ ïîäòâåð-
æäàåòñÿ òàêæå ðàñïðåäåëåíèåì â ïîðîäàõ ñòàáèëü-
íûõ èçîòîïîâ óãëåðîäà è êèñëîðîäà, äàííûå î êîòîðûõ 
ïðåäñòàâëåíû â òàáë. 1.

Â ðàçðåçàõ êîíêðåòíûõ ñêâàæèí (òàáë. 1) âåëè÷è-
íà èçîòîïíîãî óïëîòíåíèÿ 13ÑPDB äåìîíñòðèðóåò ðåç-
êîå ñìåùåíèå îò ïîëîæèòåëüíûõ çíà÷åíèé, êîëåáëþ-
ùèõñÿ îò 3.67 äî 1.18 ‰ â èçâåñòíÿêàõ, îòîáðàííûõ âû-
øå âåðõíåé ãðàíèöû çîíû áðåê÷èðîâàííûõ è ãëèíèçè-
ðîâàííûõ äîëîìèòîâ (çîíû âëèÿíèÿ ðàçìûâà), äî –2.32 
… –6 ‰ âî âòîðè÷íûõ äîëîìèòàõ íèæå ýòîé ãðàíèöû. 
Ïîëîæèòåëüíîå ñìåùåíèå âåëè÷èíû 18O ôèêñèðóåòñÿ 
íà ýòîé æå ãðàíèöå. Âåëè÷èíà 18OSMOW, ñîñòàâëÿþùàÿ 
â èçâåñòíÿêàõ 24.54–25.77 ‰, âîçðàñòàåò äî çíà÷åíèé 
27.59–27.98 ‰ âî âòîðè÷íûõ äîëîìèòàõ íèæå íåñî-
ãëàñèÿ. Ìîæíî îòìåòèòü, ÷òî ïîäîáíîå ðàñïðåäåëåíèå 
çíà÷åíèé 13Ñ õàðàêòåðíî äëÿ ðàçðåçîâ ñ ñóáàýðàëüíû-
ìè íåñîãëàñèÿìè ïåðâîãî òèïà [13].

Íàèáîëåå íàãëÿäíî îòëè÷èå ïîðîä âûäåëåííûõ çîí 
ìîæíî íàáëþäàòü íà ñòàíäàðòíîé äèàãðàììå èçîòîïíî-
ãî ñîñòàâà (ðèñ. 6). Ïîðîäû ðàçëè÷íûõ çîí äîñòàòî÷íî 
÷åòêî îáîñîáëÿþòñÿ ïî èçîòîïíûì õàðàêòåðèñòèêàì, 
ãðóïïèðóÿ òðè êëàñòåðà: 1 — íåèçìåíåííûõ ïîðîä; 2 — 
ïîðîä çîíû ãèïåðãåííûõ è èíôèëüòðàöèîííûõ ïðåî-
áðàçîâàíèé è 3 — çàëåãàþùèõ íèæå ýòîé çîíû âòîðè÷-
íûõ äîëîìèòîâ.

Èçîòîïíûé ñîñòàâ íåèçìåíåííûõ ïîðîä èçâåñòíÿ-
êîâûõ ïà÷åê ðàçðåçîâ, êóäà âîøëè ïðîáû èçâåñòíÿêîâ, 
çàëåãàþùèõ âûøå çîíû èçìåíåííûõ ïîðîä èç ðàçðåçà 
ñêâàæèíû 3, â êîòîðîì èíòåðâàëû èçìåíåíèé îòñóò-
ñòâóþò, â öåëîì ñîîòâåòñòâóåò èçîòîïíîìó ñîñòàâó äëÿ 
ïàëåîçîéñêèõ ìîðñêèõ êàðáîíàòíûõ ïîðîä (13ÑPDB — 
0.39–3.67 ‰; 18OSMOW — 24.33–25.82 ‰). Õîòÿ îòíî-
ñèòåëüíî ëåãêèé èçîòîïíûé ñîñòàâ êèñëîðîäà ìîæåò 
ñâèäåòåëüñòâîâàòü î íåñêîëüêî îïðåñíåííîì ñîñòàâå 
âîä áàññåéíà è òåïëîì âëàæíîì êëèìàòå âî âðåìÿ ñåäè-
ìåíòàöèè îñàäêà.

Îáëåã÷åííûé ñîñòàâ èçîòîïîâ óãëåðîäà äîëîìèòî-
âîé ïà÷êè (13ÑPDB –4.6 … –6.3 ‰) ïîäòâåðæäàåò ó÷àñ-

Òàáëèöà 2. Ðåçóëüòàòû ìèêðîçîíäîâîãî àíàëèçà ãëèí èç êàðñòîâûõ ïîëîñòåé
Table 2. Results of microprobe analysis of clays from karst cavities

Ýëåìåíò
Element

Ñëþäà
Mica

Ãëèíà — ò. 1
Clay

Ãëèíà — ò. 2
Clay

Ãëèíà — ò. 3
Clay

ìàñ. %
wt.%

àò. %
at.%

ìàñ. %
wt.%

àò. %
at.%

ìàñ. %
wt.%

àò. %
at.%

ìàñ. %
wt.%

àò. %
at.%

Mg 3.31 4.38 2.52 2.43 2.11 2.26 1.5 2.09
Al 6.57 7.82 12.63 11 11.1 10.7 8.9 11.17
Si 16.34 18.69 23.47 19.63 21.93 20.3 16.61 20.03
K 4.56 3.75 6.66 4 6.03 4.01 4.74 4.1
Ca 5.65 4.53 0.52 0.3 0.61 0.4 0.2 0.16
Ti – – 0.21 0.1 – – – –
Fe 0.8 0.46 1.4 0.59 0.83 0.39 0.8 0.48
O 30.12 60.48 42.15 61.87 38.1 61.92 29.24 61.9

Ñóììà / Total 67.18 100 89.65 100 80.78 100 62.07 100
Ïðèìå÷àíèå. «–» ýëåìåíò íå îáíàðóæåí
Note. «–» element not determined
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òèå â äîëîìèòèçàöèè ïðåñíûõ âîä, îäíàêî âåëè÷èíû 
18OSMOW äåìîíñòðèðóþò äîâîëüíî âûñîêèå çíà÷åíèÿ: 
27.26–28.12 ‰. Îáúÿñíåíèåì ýòîìó, âåðîÿòíî, ÿâëÿ-
åòñÿ ìåõàíèçì ïðåñíîâîäíîé èíôèëüòðàöèîííîé äî-
ëîìèòèçàöèè ïîðîä. Êàê áûëî îòìå÷åíî âûøå, â ïðå-
ñíîâîäíûõ èíôèëüòðàöèîííûõ ñèñòåìàõ ïðåîáëàäàþò 
ïðîöåññû àêòèâíîãî îáðàçîâàíèÿ êàðñòà, äîëîìèòîâîé 
ìóêè è «ïàññèâíîé» äîëîìèòèçàöèè, óâåëè÷èâàþùèõ 
äîëþ äîëîìèòà â ðåçóëüòàòå ðàñòâîðåíèÿ è âûíîñà 
êàëüöèòà [6].

Èçâåñòíî òàêæå, ÷òî ýêçîãåííîå âûùåëà÷èâàíèå, 
ðàññìàòðèâàåìîå êàê ìíîãîêðàòíîå ïîâòîðåíèå àêòîâ 
ðàñòâîðåíèÿ-îñàæäåíèÿ êàðáîíàòíîãî âåùåñòâà, ïðèâî-
äèò ê ñóùåñòâåííîìó îáëåã÷åíèþ óãëåðîäà íîâîîáðàçî-
âàííûõ êàðáîíàòîâ ïî ñðàâíåíèþ ñ ñóáñòðàòîì [8].

Ó÷àñòèå èíôèëüòðàöèîííûõ âîä â ïðîöåññå âòî-
ðè÷íîé äîëîìèòèçàöèè ïîäòâåðæäàåòñÿ òàêæå êðàéíå 
íèçêèìè ñîäåðæàíèÿìè ñòðîíöèÿ âî âòîðè÷íûõ äîëî-
ìèòàõ (80–100 ã/ò) ïî ñðàâíåíèþ ñ íåèçìåíåííûìè èëè 
ìåíåå èçìåíåííûìè èçâåñòíÿêàìè (300–600 ã/ò) [11]. 

Áîëåå òÿæåëûé èçîòîïíûé ñîñòàâ êèñëîðîäà âòî-
ðè÷íûõ äîëîìèòîâ ïî ñðàâíåíèþ ñ ïîðîäàìè èçâåñòíÿ-
êîâûõ ïà÷åê îáóñëîâëåí, âåðîÿòíî, èõ ïåðâè÷íûì èç-
âåñòêîâî-äîëîìèòîâûì ñîñòàâîì è ïîâûøåííîé ñîëå-
íîñòüþ áàññåéíà. 

Ïîðîäû ñ ïðèçíàêàìè ãèïåðãåííûõ è èíôèëüòðà-
öèîííûõ ïðåîáðàçîâàíèé òàêæå îáðàçóþò íà äèàãðàì-
ìå îñîáûé êëàñòåð, ãðóïïèðóþùèéñÿ ìåæäó êëàñòå-
ðàìè èçâåñòíÿêîâ, íå çàòðîíóòûõ èíôèëüòðàöèîííû-
ìè ïðîöåññàìè, è èñïûòàâøèìè èõ âëèÿíèå âòîðè÷-
íûìè äîëîìèòàìè. Çíà÷åíèÿ 13Ñêàðá. â ýòîé ãðóïïå 
ìåíåå èçìåí÷èâû  è êîëåáëþòñÿ â ïðåäåëàõ –1.95 … 
–2.81 ‰, âåëè÷èíà 18O ìåíÿåòñÿ îò 25.41 äî 27.85 ‰. 
Ðàñïîëîæåíèå êëàñòåðîâ íà äèàãðàììå äåìîíñòðèðóåò 
îïðåäåëåííûé òðåíä  èçîòîïíîãî ôðàêöèîíèðîâàíèÿ, 
íàïðàâëåííîãî íà îáëåã÷åíèå èçîòîïíîãî ñîñòàâà óãëå-
ðîäà â ïðîöåññå èíôèëüòðàöèîííîãî ýïèãåíåçà.

Âûâîäû
Òàêèì îáðàçîì, ïðîâåäåííûå ãåîõèìè÷åñêèå èñ-

ñëåäîâàíèÿ ïîðîä ïðåäïîëàãàåìûõ ïîãðàíè÷íûõ íè-
æíåäåâîíñêèõ–âåðõíåäåâîíñêèõ èíòåðâàëîâ ðàçðåçîâ  

ñêâàæèí 2 è 3, à òàêæå èíòåðâàëà âåðõíåíåäåâîíñêî-
ãî ðàçðåçà ñêàæèíû 1 ïîçâîëÿþò ãîâîðèòü î íàëè÷èè 
îïðåäåëåííîé ãåîõèìè÷åñêîé çîíàëüíîñòè. Ñâåðõó 
âíèç âûäåëÿþòñÿ: à) çîíà ìîðñêèõ ñëàáîèçìåíåííûõ 
èçâåñòíÿêîâ (îòìå÷åíà â ñêâ. 2); b) çîíà ïðîÿâëåíèÿ 
ïðîöåññîâ ãèäðîëèçà è èíôèëüòðàöèè â ãëèíèçèðî-
âàííûõ äîëîìèòàõ ñ ïðèçíàêàìè ïàëåîêàðñòà, â òîé 
èëè èíîé ìåðå ñîâïàäàþùàÿ ñ c) — çîíîé âòîðè÷íûõ 
äîëîìèòîâ.

Óñòàíîâëåííàÿ çîíàëüíîñòü ÿâëÿåòñÿ õàðàêòåðíûì 
ïðîÿâëåíèåì ïðîöåññîâ ðåãðåññèâíîãî èíôèëüòðàöè-
îííîãî ýïèãåíåçà, ñâÿçàííûõ ñ âûâîäîì òîëù íà ïîâåð-
õíîñòü ñ ïîñëåäóþùèì ïîãðóæåíèåì. Îíà ïðåäïîëàãàåò 
íàëè÷èå ñóáàýðàëüíîãî íåñîãëàñèÿ ìåæäó çîíàìè à è b, 
çà ïîâåðõíîñòü íåñîãëàñèÿ ìîæåò áûòü ïðèíÿòà êðîâëÿ 
ãëèíèçèðîâàííûõ âòîðè÷íûõ äîëîìèòîâ.

Ëèòåðàòóðà
1. Àíàëèç âçàèìîñâÿçè ìèíåðàëüíîãî ñîñòàâà è ïàëåî-

êëèìàòè÷åñêèõ ñèãíàëîâ â îñàäêàõ Îõîòñêîãî ìîðÿ / Í. À. 
Ïàëü÷èê, Ý. Ï. Ñîëîò÷èíà, Å. Ë. Ãîëüäáåðã, Ñ. À. Ãîðáàðåíêî 
// Òåîðèÿ, èñòîðèÿ, ôèëîñîôèÿ è ïðàêòèêà ìèíåðàëîãèè. 
Ñûêòûâêàð, 2006. Ñ. 265–267.

2. Áîãàòûðåâ Á À., Æóêîâ Â. Â. Ãåîëîãè÷åñêèå è ôèçè-
êî-õèìè÷åñêèå óñëîâèÿ îáðàçîâàíèÿ è  çàêîíîìåðíîñòè ðàñ-
ïðîñòðàíåíèÿ ìèíåðàëîâ ñåìåéñòâà êàîëèíèòà // Ãëèíû, 
ãëèíèñòûå ìèíåðàëû è ñëîèñòûå ìàòåðèàëû: Ìàòåðèàëû 
I Ðîññèéñêîãî ðàáî÷åãî ñîâåùàíèÿ, ïîñâÿùåííîãî 90-ëå-
òèþ ñî äíÿ ðîæäåíèÿ Á. Á. Çâÿãèíà. Ì.: ÈÃÅÌÐÀÍ, 2011.
Ñ. 73–74.

3. Èíîçåìöåâ Ñ. À., Òàðãóëüÿí Â. Î. Âåðõíåïåðìñêèå ïà-
ëåîïî÷âû: ñâîéñòâà, ïðîöåññû, óñëîâèÿ ôîðìèðîâàíèÿ. Ì.: 
ÃÅÎÑ , 2009. 188 ñ. 

4. Ëåáåäåâ Á. À. Ãåîõèìèÿ ýïèãåíåòè÷åñêèõ ïðîöåññîâ â 
îñàäî÷íûõ áàññåéíàõ. Ë.: Íåäðà, 1992. 239 ñ.

5. Ìàëûøåâ Í. À. Òåêòîíèêà, ýâîëþöèÿ è íåôòåãàçîíî-
ñíîñòü îñàäî÷íûõ áàññåéíîâ Åâðîïåéñêîãî Ñåâåðà Ðîññèè. 
Åêàòåðèíáóðã, 2002. 269 ñ.

6. Ìàõíà÷ À. À. Ñòàäèàëüíûé àíàëèç ëèòîãåíåçà. Ìèíñê: 
ÁÃÓ, 2000, 255 ñ.

7. Ðåãèîíàëüíûå íåñîãëàñèÿ è õðîíîñòðàòèãðàôèÿ ïàëåî-
çîéñêèõ îòëîæåíèé Ïå÷îðñêîãî áàññåéíà / Å. Î. Ìàëûøåâà 
è äð. // Ãåîëîãèÿ ãîðþ÷èõ èñêîïàåìûõ Åâðîïåéñêîãî Ñåâåðà 
Ðîññèè: Òð. Èí-òà ãåîëîãèè ÊÍÖ ÓðÎ ÐÀÍ. Âûï. 92. Ñûê-
òûâêàð, 1998. Ñ. 16–34.

8. Ñèëàåâ Â. À., Õàçîâ À. Ô. Èçîòîïíîå äèñïðîïîðöèîíè-
ðîâàíèå êàðáîíàòíîãî óãëåðîäà â ïðîöåññàõ ãèïåðãåííî-ýêçî-
ãåííîé ïåðåãðóïïèðîâêè âåùåñòâà çåìíîé êîðû. Ñûêòûâêàð: 
Ãåîïðèíò, 2003. 41 ñ.

9. Þäîâè÷ ß. Ý., Êåòðèñ Ì. Ï. Îñíîâû ëèòîõèìèè. ÑÏá.: 
Íàóêà, 2000. 479 ñ.

10. Þäîâè÷ ß. Ý., Êåòðèñ Ì. Ï. Ãåîõèìè÷åñêèå èíäè-
êàòîðû ëèòîãåíåçà. Ëèòîëîãè÷åñêàÿ ãåîõèìèÿ. Ñûêòûâêàð: 
Ãåîïðèíò, 2011. 742 ñ.

11. Þäîâè÷ ß. Ý., Ìàéäëü Ò. Â., Èâàíîâà Ò. È. Ãåîõèìèÿ 
ñòðîíöèÿ â êàðáîíàòíûõ îòëîæåíèÿõ: (Â ñâÿçè ñ ïðîáëåìîé 
ãåîõèìè÷åñêîé äèàãíîñòèêè ðèôîâ). Ë.: Íàóêà, 1980. 152 ñ.

12. Bethke C. M., Altaner S. P. Layer-by-layer mechanism of 
smectite illitisation and application to a new rare law // Clays and 
Clay Minerals, 1986, v. 34, p. 136–145.

13. Wagner P. D., Tasker D. R., Wahlman G. P. Reservoir 
Degradation and Compartmentation below Subaerial Unconfor-
mities / Unconformities and Porosity in Carbonate Strata. AAPG 
Memoir 63, 1995. P. 177–195.

Ðèñ. 7. Äèàãðàììà èçîòîïíîãî ñîñòàâà óãëåðîäà è êèñëîðîäà  
â ïîðîäàõ çîíû íåñîãëàñèÿ: 1 — íåèçìåíåííûå ïîðîäû; 2 — 
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êàðñòà è ãëèíèçàöèè; 3 — èíôèëüòðàöèîííûå âòîðè÷íûå 
äîëîìèòû

Fig. 7. Diagram of isotope composition of carbon and oxygen in the 
rocks of the unconformable zone: 1 — unaltered rocks; 2 — rocks 
with signs of infiltration transformation, karst and argillization; 3 — 
infiltration secondary dolomites
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Ââåäåíèå
Ðåêîíñòðóêöèè, îñíîâàííûå íà âàðèàöèÿõ èçîòî-

ïîâ êèñëîðîäà è óãëåðîäà â áèîãåííîì êàðáîíàòå, ïðè-
âëåêàþò óñòîé÷èâîå âíèìàíèå èññëåäîâàòåëåé ñ ñåðå-
äèíû ïðîøëîãî ñòîëåòèÿ [11]. Ýòè ïîêàçàòåëè êðàéíå 
âàæíû äëÿ õàðàêòåðèñòèêè ïàëåîêëèìàòà, ïàëåîãåîãðà-
ôèè Çåìëè. Èçìåðåíèå ñîîòíîøåíèÿ ñòàáèëüíûõ èçî-
òîïîâ êèñëîðîäà â áèîãåííîì êàðáîíàòå, íàïðèìåð, 
ïîçâîëÿåò ãîâîðèòü î êîëè÷åñòâåííûõ ïîêàçàòåëÿõ òå-
ïëà. Íî áîëüøèíñòâî ýòèõ ðàáîò äëÿ þðñêîãî è ìåëîâî-
ãî ïåðèîäîâ ïðîâåäåíû ïî ðîñòðàì áåëåìíèòîâ [7, 13]. 
Ïðè èíòåðïðåòàöèè ðåçóëüòàòîâ èçîòîïíûõ èññëåäîâà-
íèé êàðáîíàòíûõ ïàëåîíòîëîãè÷åñêèõ îáúåêòîâ íåîá-
õîäèìî ó÷èòûâàòü îáðàç æèçíè è óñëîâèÿ îáèòàíèÿ îð-
ãàíèçìîâ, ìèíåðàëüíûé ñîñòàâ ñêåëåòà, à òàêæå îñî-
áåííîñòè ïðîöåññîâ èõ çàõîðîíåíèÿ è êîíñåðâàöèè â 
îñàäêå. Ôîññèëèçàöèÿ ïî-ðàçíîìó âëèÿëà íà èñêîïàå-
ìûé ìàòåðèàë. Ðàêîâèíû àììîíèòîâ, â îòëè÷èå îò áå-
ëåìíèòîâ, îñòàâàëèñü áîëåå îòêðûòûìè äëÿ ïîñòñåäè-
ìåíòàöèîííûõ ïðîöåññîâ, íåðåäêî ïðèâîäèâøèõ ê èç-
ìåíåíèþ èõ õèìè÷åñêîãî, ìèíåðàëüíîãî è èçîòîïíîãî 
ñîñòàâîâ.

Öåëü ðàáîòû — ðàññìîòðåòü ïðè÷èíû, îêàçûâà-
þùèå âëèÿíèå íà ðåçóëüòàòû îïðåäåëåíèÿ èçîòîï-
íîãî ñîñòàâà êèñëîðîäà è óãëåðîäà êàðáîíàòíûõ ðà-
êîâèí àììîíèòîâ è âîçìîæíîñòü èõ èñïîëüçîâàíèÿ 
â èçîòîïíûõ èññëåäîâàíèÿõ, êîòîðûå îêàçûâàþòñÿ 
ïîëåçíûìè â ñòðàòèãðàôèè è ñòàëè âàæíûì èíñòðó-

ìåíòîì äëÿ ïàëåîýêîëîãè÷åñêèõ, ïàëåîêëèìàòè÷å-
ñêèõ (ãåîòåðìîìåòðèÿ) è ïàëåîãåîãðàôè÷åñêèõ ðåêîí-
ñòðóêöèé.

Ìåòîäû è ïîäõîäû
Îáúåêòîì èçó÷åíèÿ ñòàëè ðàêîâèíû àììîíèòîâ ðî-

äîâ Ringsteadia, Eurasenia, Perisphinctes, Dichotomoceras, 
Cardioceras èç îòëîæåíèé, âñêðûâàþùèõñÿ íà ïðàâîì 
áåðåãó ð. Óíæè, ó ã. Ìàêàðüåâà (Êîñòðîìñêàÿ îáë.). 
Çäåñü íà äíåâíóþ ïîâåðõíîñòü âûõîäÿò îòëîæåíèÿ 
ñðåäíåé è âåðõíåé þðû, îò íèæíåãî êåëëîâåÿ äî íèæ-
íåãî êèìåðèäæà âêëþ÷èòåëüíî [12]. Òîëùà, ïðåäñòàâ-
ëåííàÿ ñåðûìè èçâåñòêîâûìè ãëèíàìè è áèòóìèíîç-
íûìè ñëàíöàìè, âêëþ÷àþùàÿ ãîðèçîíò, âûñîêîîáîãà-
ùåííûé ÎÂ, äåòàëüíî îõàðàêòåðèçîâàíà íàìè â ðàíåå 
îïóáëèêîâàííîé ðàáîòå [1]. 

Îäèí ôðàãìåíò ñòåíêè ðàêîâèíû àììîíèòîâ ïåðå-
òèðàëñÿ äëÿ ïðîâåäåíèÿ ðåíòãåíîñòðóêòóðíîãî è õèìè-
÷åñêîãî àíàëèçîâ. Äðóãîé ôðàãìåíò èñïîëüçîâàëñÿ äëÿ 
èçó÷åíèÿ âíóòðåííåãî ñòðîåíèÿ íà ñêàíèðóþùåì ýëåê-
òðîííîì ìèêðîñêîïå Tescan Vega 3 LMH. Îáðàçöû, 
ïðåäíàçíà÷åííûå äëÿ íàáëþäåíèÿ â ÑÝÌ, ïðåäâàðè-
òåëüíî ãîòîâèëèñü. Îòîáðàííûå ôðàãìåíòû ñòåíîê ðà-
êîâèí ïîãðóæàëèñü â ýïîêñèäíóþ ñìîëó, çàòåì ïðè-
øëèôîâûâàëèñü è îòïîëèðîâûâàëèñü. Äàëåå ïðèøëè-
ôîâêà íàïûëÿëàñü â âàêóóìíîì íàïûëèòåëå óãëåðîäíîé 
ïëåíêîé. Îáðàçöû ïîìåùàëèñü â ÑÝÌ è ðàññìàòðèâà-
ëèñü ðàçíûå ó÷àñòêè ñòåíêè ðàêîâèí. 
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ÞÐÑÊÈÕ ÀÌÌÎÍÈÒÎÂ (ÊÎÑÒÐÎÌÑÊÎÅ ÏÎÂÎËÆÜÅ) 
Î. Ñ. Âåòîøêèíà

Èíñòèòóò ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ, Ñûêòûâêàð
vetoshkina@geo.komisc.ru

Ðàññìàòðèâàþòñÿ ïðè÷èíû, îêàçûâàþùèå âëèÿíèå íà ðåçóëüòàòû îïðåäåëåíèÿ èçîòîïíîãî ñîñòàâà êèñëîðîäà è óãëåðîäà êàð-
áîíàòíûõ ðàêîâèí àììîíèòîâ, ñ ó÷åòîì òîãî, ÷òî îíè îñòàâàëèñü îòêðûòûìè äëÿ ïîñòñåäèìåíòàöèîííûõ ïðîöåññîâ. Îáúåêòîì èç-
ó÷åíèÿ ñòàëè ðàêîâèíû ðîäîâ Ringsteadia, Eurasenia, Perisphinctes, Dichotomoceras, Cardioceras èç îòëîæåíèé, âñêðûâàþùèõñÿ íà 
ïðàâîì áåðåãó ð. Óíæè, ó ã. Ìàêàðüåâà (Êîñòðîìñêàÿ îáë.). Íàèáîëåå âåðîÿòíàÿ ïðè÷èíà îòëè÷èÿ çíà÷åíèé 13Ñêàðá è 18Oêàðá ðàêî-
âèí àììîíèòîâ îò îäíîâîçðàñòíûõ ðîñòðîâ áåëåìíèòîâ, êðîìå ìèíåðàëüíîé ïðèíàäëåæíîñòè (êàëüöèò, àðàãîíèò), ñâÿçàíà ñ ïðè-
ñóòñòâèåì â ñîñòàâå äàæå «÷èñòûõ» ðàêîâèí êàëüöèòà àóòèãåííîãî ïðîèñõîæäåíèÿ. Ïîêàçàòåëü èçîòîïíîãî ñîñòàâà êàðáîíàòîâ, êàê 
ïðàâèëî, îïðåäåëÿåòñÿ íå òîëüêî õàðàêòåðîì è ïðîèñõîæäåíèåì âåùåñòâ, ïîñëóæèâøèõ èõ èñòî÷íèêîì, íî òàêæå ôðàêöèîíèðîâà-
íèåì èçîòîïîâ â ðàçëè÷íûõ ïðîöåññàõ ïðè èõ ôîðìèðîâàíèè. Íå èñêëþ÷åíî, ÷òî ìíîãîñòóïåí÷àòàÿ ñóëüôàòðåäóêöèÿ ïðåäñòàâëÿåò 
ñîáîé ïðîöåññ, êîòîðûé ìîæåò ïðîèçâîäèòü èçìåíåíèå èçîòîïíûõ ïîêàçàòåëåé êàðáîíàòà ðàêîâèí.

Êëþ÷åâûå ñëîâà: àììîíèòû, êàëüöèò, èçîòîïíûé ñîñòàâ, ñóëüôàòðåäóêöèÿ.

NEW DATA ON ISOTOPE COMPOSITION OF CARBON AND OXYGEN

OF JURASSIC AMMONITE SHELLS (KOSTROMA VOLGA REGION)
O. S. Vetoshkina

Institute of Geology, Komi SC UB RAS, Syktyvkar

We have studied conditions influencing the results of the isotopic composition analysis of oxygen and carbon of carbonate skeletons 
of fossil ammonites, taking into account that they had been open for post-sedimentation processes. The object of study was shells of 
Ringsteadia, Eurasenia, Perisphinctes, Dichotomoceras, Cardioceras ammonites from outcrops on the right bank of the Unzhi River, near 
the city of Makaryev of Kostroma Region. The most probable reason for the difference in 13Ñcarb and 18Ocarb values of ammonite shells from 
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Èçìåðåíèå ñîäåðæàíèÿ õèìè÷åñêèõ ýëåìåí-
òîâ âûïîë íåíî ýëåêòðîííûì ìèêðîçîíäîâûì àíàëè-
çîì è ÐÔÀ. Ìèíåðàëüíàÿ ïðèíàäëåæíîñòü èñêîïàåìûõ 
îñòàòêîâ îïðåäåëÿëàñü ðåíòãåíîâñêèì äèôðàêöèîí-
íûì àíàëèçîì (äèôðàêòîìåòð Shimadzu XRD-6000 
Cu-àíîä, òîê — 30 mA, íàïðÿæåíèå — 30 kV, ôèëüòð 
Ni, øàã ñêàíèðîâàíèÿ 2 — 0.05, ñêîðîñòü ñúåìêè —
1 ãð./ìèí). Îïðåäåëåíèå îòíîøåíèÿ èçîòîïîâ êèñëîðî-
äà è óãëåðîäà îðãàíîãåííûõ êàðáîíàòîâ îñíîâàíî íà âû-
äåëåíèè ÑÎ2 èç îáðàçöà ïðè âçàèìîäåéñòâèè ñ 100%-é 
ôîñôîðíîé êèñëîòîé ñ èñïîëüçîâàíèåì ìàññ-ñïåêòðî-
ìåòðà DELTA V Advantage (ThermoFinnigan, Bremen, 
Germany) è óñòðîéñòâà ïðîáîïîäãîòîâêè GasBench II â 
íåïðåðûâíîì ïîòîêå ãåëèÿ (continuous-flow isotope ra-
tio mass spectrometry (CF-IRMS). Âåëè÷èíû 18O è 13Ñ 
ïðåäñòàâëåíû îòíîñèòåëüíî ìåæäóíàðîäíîãî ñòàíäàðòà 
V-PDB. Âîñïðîèçâîäèìîñòü âåëè÷èí 18O è 13Ñ íå õó-
æå ± 0.2 ‰. Âñå èññëåäîâàíèÿ âûïîëíåíû íà áàçå ÖÊÏ 
«Ãåîíàóêà» ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ. Ïîëó÷åííûå ðåçóëü-
òàòû èññëåäîâàíèé ïðèâåäåíû â òàáëèöå.

Ðåçóëüòàòû è îáñóæäåíèÿ
Ïî äàííûì ðåíòãåíîñòðóêòóðíîãî àíàëèçà, âñå îñòàò-

êè ðàêîâèí àììîíèòîâ èìåþò ïðåèìóùåñòâåííî àðàãî-
íèòîâûé ñîñòàâ. Ðåçóëüòàòû õèìè÷åñêèõ àíàëèçîâ âûÿ-
âèëè, ÷òî ðàêîâèíû ðîäîâ Perisphinctes è Dichotomoceras èç 
ñëîÿ áèòóìèíîçíûõ ãëèí (îêñôîðä ñêèé ÿðóñ) ïðàêòè÷å-
ñêè íå ñîäåðæàò ïðèìåñè Fe è Mn (òàáëèöà), à çíà÷èò, õà-
ðàêòåðèçóþòñÿ õîðîøåé ñîõðàííîñòüþ.

Ìèêðîñêîïè÷åñêèå èññëåäîâàíèÿ òàêæå ïîêàçàëè, 
÷òî îñòàòêè àììîíèòîâ ñîõðàíèëè ïåðâè÷íîå ñòðîåíèå 
è íå ïðåòåðïåëè çíà÷èòåëüíûõ ïîñòñåäèìåíòàöèîííûõ 
èçìåíåíèé. Íà ÑÝÌ-èçîáðàæåíèè ïîïåðå÷íîãî ñðåçà 
ñòåíîê ðàêîâèí íàáëþäàåòñÿ ñëîèñòàÿ ñòðóêòóðà (ðèñ. 1).

Âèäíû òîíêèå ïëàñòèíêè ïåðëàìóòðîâîãî âåùåñòâà. 
Ñóùåñòâåííàÿ ïîðèñòîñòü ñòåíîê òàêæå îòðàæàåò õîðî-
øî ñîõðàíèâøèéñÿ èñêîïàåìûé ìàòåðèàë. Òåì íå ìåíåå 
îáðàùàåò íà ñåáÿ âíèìàíèå, ÷òî äàæå ýòè «÷èñòûå» ðàêî-
âèíû âêëþ÷àþò âòîðè÷íûé êàëüöèò, êîòîðûé çàïîëíÿåò 
ïóñòîòû èëè çàëå÷èâàåò òðåùèíû (ðèñ. 2). 

Äàííûå õèìè÷åñêîãî àíàëèçà (òàáëèöà) äðóãèõ ðà-
êîâèí ðîäîâ Cardioceras, Ringsteadia, Eurasenia, îòîáðàí-
íûõ èç ñëîåâ, çàëåãàþùèõ íèæå áèòóìèíîçíûõ ãëèí, 
ñâèäåòåëüñòâóþò î ïðèñóòñòâèè îòíîñèòåëüíî âûñîêî-
ãî ñîäåðæàíèÿ Fe â ñîñòàâå îñíîâíîãî âåùåñòâà. Íà èõ 
ÑÝÌ-èçîáðàæåíèè íàáëþäàþòñÿ âïàäèíû, ñôîðìè-
ðîâàííûå â ðåçóëüòàòå ðàñòâîðåíèÿ êàðáîíàòà. Â ýòèõ 
îáðàçöàõ ïðèñóòñòâóþò ïèðèò, áàðèò, àóòèãåííûå ñèëè-
êàòíûå (ðèñ. 3, à) è ôîñôàòíûå îáðàçîâàíèÿ (ðèñ. 3, á).

Âûñîêîå ñîäåðæàíèå Fe â ðàêîâèíàõ àììîíèòîâ 
ñâÿçàíî ñ ïðèñóòñòâèåì ïèðèòà, êàê íåîäíîêðàòíî óêà-

çûâàëè ðàíåå [3, 4]. Ïèðèò ÷àùå âñåãî çàïîëíÿåò ïóñòî-
òû (ðèñ. 4). 

Îí ïðåäñòàâëåí åäèíè÷íûìè çåðíàìè ðàçìåðîì äî 
8 ìêì è àãðåãàòàìè, ñðåäè êîòîðûõ ñóùåñòâåííóþ ðîëü 
èãðàþò ôðàìáîèäû (ðèñ. 5, a). Ôðàìáîèäíûå ôîðìû 
ïðåäñòàâëÿþò ñîáîé íåïëîòíûå øàðîâèäíûå ñêîïëå-
íèÿ ìåëü÷àéøèõ êðèñòàëëîâ ïèðèòà ðàçìåðîì íå áî-
ëåå 2 ìêì (ðèñ. 5, b), ïðèáëèçèòåëüíî ðàâíûå ïî ôîðìå 
è ðàçìåðó â ïðåäåëàõ îäíîãî ôðàìáîèäà. Äèàìåòð îò-
äåëüíûõ ôðàìáîèäîâ êîëåáëåòñÿ îò ìåíåå 6 äî 10 ìêì. 
Èíîãäà îòìå÷àþòñÿ îêèñëåííûå ôîðìû ïèðèòà, ñëî-
æåííûå ãèäðîîêñèäàìè æåëåçà.

Äèàïàçîí âåëè÷èí 18O êàðáîíàòíîãî âåùåñòâà 
(àðàãîíèòà) îñòàòêîâ ðàêîâèí ñîñòàâëÿåò –2.2  1.8 ‰ 
(ñì. òàáëèöó). Çíà÷åíèÿ 13Ñ â íèõ âàðüèðóþò îò 2.6 äî 
4.4 ‰. Äàííûå èçîòîïíîãî àíàëèçà ïî÷òè âñåõ îñòàò-
êîâ ðàêîâèí àììîíèòîâ ïîêàçàëè îòíîñèòåëüíî âû-
ñîêèå âåëè÷èíû 13Ñ è íèçêèå 18O (÷òî ñîîòâåòñòâóåò 

¹ ï/ï
Îáîçíà÷åíèå 

îáðàçöà
Sample

Íàçâàíèå ðàêîâèíû
Shell name Fe2O3, % MnO, % 13Ñ 18O

Îñíîâíàÿ
ìèíåðàëüíàÿ ôàçà
Main mineral phase

1 Ì-1-1-09 Perisphinctes 0.0 0.0 4.4 –2.2 àðàãîíèò / aragonite
2 Ì-2-4-09 Perisphinctes 0.0 0.0 3.6 –0.65 àðàãîíèò / aragonite
3 Ì-2-5-09 Dichotomoceras 0,0 0.0 3.8 –1.05 àðàãîíèò / aragonite
4 Ì-1á-12-1-09 Cardioceras 0.34 0.0 3.6 1.8 àðàãîíèò / aragonite
5 Ì-1á-3-1-09 Ringsteadia 0.30 0.0 3.3 –2.1 àðàãîíèò / aragonite
6 Ì-1á-20-2-09 Eurasenia 0.29 0.0 2.6 –1,5 àðàãîíèò / aragonite

Èçîòîïíûé  è õèìè÷åñêèé  ñîñòàâ ðàêîâèí àììîíèòîâ
Isotope and chemical composition of ammonite shells

Ðèñ. 1. Ôðàãìåíò ñòåíêè ðàêîâèíû àììîíèòà Perisphinctes 
õîðîøåé ñîõðàííîñòè. Ñëîèñòîå ñòðîåíèå. ÑÝÌ

Pic. 1. The fragment of the shell wall of the Ammonite Perisphinctes 
good state of preservation. Layered structure. SEM

Ðèñ. 2. Íîâîîáðàçîâàííûé êàëüöèò, çàïîëíÿþùèé òðåùèíû 
â ñòåíêå ðàêîâèíû àììîíèòà. ÑÝÌ. Ðåæèì óïðóãîîòðàæåí-
íûõ ýëåêòðîíîâ

Pic. 2. Newly formed calcite that fills cracks in the wall of the 
Ammonite shell. SEM. Mode of elastically reflected electrons
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äîâîëüíî âûñîêèì ðàñ÷åòíûì òåìïåðàòóðàì) ïî ñðàâ-
íåíèþ ñ îäíîâîçðàñòíûìè áåëåìíèòàìè [1]. ßâíûì 
èñêëþ÷åíèåì ÿâëÿåòñÿ åäèíñòâåííàÿ ðàêîâèíà, èìåþ-
ùàÿ ñðàâíèòåëüíî âûñîêóþ âåëè÷èíó 18O (1.8 ‰).

Íàèáîëåå âåðîÿòíîé ïðè÷èíîé îòëè÷èÿ çíà÷åíèé 
13Ñ è 18O ðàêîâèí àììîíèòîâ îò áåëåìíèòîâ, êðîìå 
ìèíåðàëüíîé ïðèíàäëåæíîñòè (êàëüöèò, àðàãîíèò), ÿâ-
ëÿåòñÿ ïðèñóòñòâèå â ñîñòàâå ðàêîâèí êàëüöèòà àóòè-
ãåííîãî (ïîñòñåäèìåíòàöèîííîãî) ïðîèñõîæäåíèÿ.

Ðàçëîæåíèå îðãàíè÷åñêîãî âåùåñòâà â îáñòàíîâêàõ 
âîññòàíîâëåíèÿ, êàê ïðàâèëî, ÿâëÿåòñÿ ïðè÷èíîé ïî-
íèæåíèÿ âåëè÷èí íå òîëüêî 13Ñ, íî è 18O [2]. Êàê áû-
ëî ïîêàçàíî ðàíåå [1], áèîãåííûå êàðáîíàòû èç îòëî-
æåíèé, îáîãàùåííûõ Ñîðã, ìîãóò â èòîãå õàðàêòåðèçî-
âàòüñÿ íèçêèìè âåëè÷èíàìè è 13Ñ, è 18O áëàãîäàðÿ 
ðàçëîæåíèþ ÎÂ ïðè âîññòàíîâèòåëüíûõ óñëîâèÿõ. Òàê, 
êàðáîíàòû èç áèòóìèíîçíûõ ñëàíöåâ â ýòîì æå ðàçðåçå 
õàðàêòåðèçóþòñÿ íàèáîëåå íèçêîé âåëè÷èíîé 18O êàðá 
–5.1 ‰. Òàêèì îáðàçîì, ïðîñëåæèâàåòñÿ ñâÿçü ìåæäó 
îòðèöàòåëüíûìè ýêñêóðñàìè èçîòîïíîãî ñîñòàâà óãëå-
ðîäà è êèñëîðîäà è íàêîïëåíèåì áèòóìèíîçíûõ ñëàí-
öåâ, îáîãàùåííûõ îðãàíè÷åñêèì âåùåñòâîì. Ðàíåå ïðè 
èíòåðïðåòàöèè ïîäîáíûõ ðåçóëüòàòîâ èçîòîïíûõ îïðå-
äåëåíèé óãëåðîäà è êèñëîðîäà â êàðáîíàòàõ äàæå ïðåä-
ïîëàãàëè ìåòåîðíóþ ïðèðîäó ðàñòâîðà, èç êîòîðîãî îíè 
ñôîðìèðîâàëèñü, ïîñêîëüêó â ìîðñêèõ îñàäêàõ ìîæåò 
ïðîèñõîäèòü ñìåøèâàíèå ìîðñêèõ è ìåòåîðíûõ âîä [9]. 
Êðîìå òîãî, èñòî÷íèêîì îòíîñèòåëüíî ëåãêîãî êèñëî-
ðîäà ìîãëè áûòü èîíû ñóëüôàòà. Âåëè÷èíà 18O â ìîð-
ñêèõ ñóëüôàòíûõ èîíàõ ïîñòîÿííà è ñîñòàâëÿåò ïðè-
ìåðíî +9.7 ‰ [8].

Â ïðèðîäíûõ óñëîâèÿõ, êàê ïðàâèëî, ïîêàçàòåëü 
èçîòîïíîãî ñîñòàâà àóòèãåííîãî êàðáîíàòà åñòü ñóì-
ìàðíûé ðåçóëüòàò ðàçíûõ ïðîöåññîâ. Èçîòîïíûé ñî-
ñòàâ êàðáîíàòîâ îïðåäåëÿåòñÿ íå òîëüêî õàðàêòåðîì è 
ïðîèñõîæäåíèåì âåùåñòâ, ïîñëóæèâøèõ èõ èñòî÷íè-

a

b
Ðèñ. 3. Àóòèãåííûå ìèíåðàëüíûå îáðàçîâàíèÿ â ðàêîâèíå 
àììîíèòà: a — ñèëèêàòíûå, b — ôîñôàòíûå. ÑÝÌ

Pic. 3. Autigenic mineral formations in the Ammonite shell: a — 
silicate, b — phosphate. SEM

Ðèñ. 4. Ïèðèò â ðàêîâèíå àììîíèòà. Ñêîïëåíèÿ ïèðèòà, 
çàïîëíÿþùåãî ïóñòîòû. ÑÝÌ

Pic. 4. Pyrite in the ammonite shell. Clusters of pyrite filling the 
void. SEM

Ðèñ. 5. Ôðàìáîèäû ïèðèòà â ñòåíêå ðàêîâèíû àììîíèòà: à — 
îáùèé âèä ñêîïëåíèé ôðàìáîèäîâ, b — íåïëîòíî óïàêîâàí-
íûå ìèêðîêðèñòàëëû â ôðàìáîèäàõ. ÑÝÌ

Pic. 5. Framboidal pyrite in the wall of the shell of the Ammonite. 
a — general view of the clusters of framboids, b — not tightly packed 
microcrystals in framboids. SEM

a

b

êîì, íî è ôðàêöèîíèðîâàíèåì èçîòîïîâ â ðàçëè÷íûõ 
ïðîöåññàõ ïðè èõ ôîðìèðîâàíèè [6].

Ïîõîæå, ÷òî àóòèãåííîå îáðàçîâàíèå ïèðèòà, â òîì 
÷èñëå è ôðàìáîèäíîãî, â íàøèõ îáðàçöàõ ïðîèñõîäè-
ëî â ìåñòàõ ðàçëîæåíèÿ îðãàíèêè. Èçâåñòíî, ÷òî ïè-
ðèò ÿâëÿåòñÿ ïðîäóêòîì ðàçëè÷íûõ ðåàêöèé, âêëþ-
÷àÿ áàêòåðèàëüíîå âîññòàíîâëåíèå ñóëüôàòà [5, 10, 14]. 
Ïðîöåññ âîññòàíîâëåíèÿ ñóëüôàòíûõ èîíîâ äî ñåðîâî-
äîðîäà ïîä âîçäåéñòâèåì ñóëüôàòðåäóöèðóþùèõ áàêòå-
ðèé (ñóëüôàòðåäóêöèÿ) â îòñóòñòâèå êèñëîðîäà è â ïðè-
ñóòñòâèè îðãàíè÷åñêèõ âåùåñòâ èäåò ïî ñõåìå: 2SO4

2– + 
+ 4C + 3H2O  H2S + HS– + CO2 + 3HCO3

– è ñîïðî-
âîæäàåòñÿ ïîäùåëà÷èâàíèåì ïîðîâûõ ðàñòâîðîâ [10]. 
Îðãàíè÷åñêîå âåùåñòâî, ðàñõîäóþùååñÿ ïðè ýòîì, 
ïðåâðàùàåòñÿ â îêèñëåííûå îðãàíè÷åñêèå ñîåäèíåíèÿ, 
ñâîáîäíóþ ÑÎ2 è êàðáîíàòû. Ïðè ðàçâèòîì ïðîöåñ-
ñå ñóëüôàòðåäóêöèè â ïîðîâûõ âîäàõ, ïðîïèòûâàþùèõ 
îñàäîê, ìîãóò ïðèñóòñòâîâàòü òàêæå ïîñëåäîâàòåëüíî 
ñôîðìèðîâàííûå ñóëüôèòû, ïîëèòèîíàòû, òèîñóëü-
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ôàòû, ñâîáîäíûé ñåðîâîäîðîä. Ëëîéä [8] ïîêàçàë, ÷òî 
â ïðîöåññå ñóëüôàòðåäóêöèè ïðîèñõîäèò ïðåèìóùå-
ñòâåííîå (íà 4.5 ‰ áîëüøå) ïîãëîùåíèå 16O ñóëüôàò-
ðåäóöèðóþùèìè áàêòåðèÿìè.

Íåîáõîäèìî áîëåå äåòàëüíîå ýêñïåðèìåíòàëüíîå 
èññëåäîâàíèå, íî ïðåäïîëîæèòåëüíîå îáúÿñíåíèå äî-
ïîëíèòåëüíîãî èçìåíåíèÿ èçîòîïíîãî ñîñòàâà êèñëî-
ðîäà è óãëåðîäà êàðáîíàòà â ðàêîâèíàõ — ôîðìèðîâà-
íèå íîâîîáðàçîâàííîãî êàðáîíàòà ïðè ìíîãîñòóïåí÷à-
òîé ñóëüôàòðåäóêöèè. Íå èñêëþ÷åíî, ÷òî äàííîå ÿâëå-
íèå ïðåäñòàâëÿåò ñîáîé ïðîöåññ, êîòîðûé òàêæå ìîæåò 
ïðîèçâîäèòü èçìåíåíèå èçîòîïíûõ ïîêàçàòåëåé êàð-
áîíàòîâ, íàïðèìåð ïîâûøàòü èçîòîïíûå ïîêàçàòåëè 
óãëåðîäà (çà ñ÷åò óäàëåíèÿ ëåãêîãî èçîòîïà ñ CO2) è ïî-
íèæàòü èçîòîïíûå ïîêàçàòåëè êèñëîðîäà (çà ñ÷åò ìíî-
ãîýòàïíîñòè ïðîöåññà ñóëüôàòðåäóêöèè).

Âûâîäû
Ïðîöåññ ôîññèëèçàöèè ïðîèñõîäèò ïîä âëèÿíèåì 

ìíîãî÷èñëåííûõ ôàêòîðîâ, îòâåòñòâåííûõ çà èçìåíå-
íèÿ 18Oêàðá è 13Ñêàðá ðàêîâèí. Íåîáõîäèìî ó÷èòûâàòü, 
÷òî ðàêîâèíû àììîíèòîâ ïî çàõîðîíåíèè â äîííîì 
îñàäêå îñòàâàëèñü îòêðûòûìè äëÿ ïîñòñåäèìåíòàöèîí-
íûõ ïðîöåññîâ. Äàæå ïðè îòñóòñòâèè Fe è Mn (êðèòå-
ðèé ñîõðàííîñòè) íàáëþäàåòñÿ ïðèñóòñòâèå íîâîîáðà-
çîâàííîãî êàðáîíàòà. Èçó÷åííûå ðàêîâèíû àììîíèòîâ 
õàðàêòåðèçóþòñÿ îòíîñèòåëüíî íèçêèìè çíà÷åíèÿìè 
18O, ÷òî èíîãäà îòðàæàåò, â ÷èñëå ïðî÷èõ, âëèÿíèå ýô-
ôåêòà ôðàêöèîíèðîâàíèÿ ïðè ôîðìèðîâàíèè âòîðè÷-
íûõ êàðáîíàòîâ â ïðîöåññå ìíîãîñòóïåí÷àòîé áàêòåðè-
àëüíîé ñóëüôàòðåäóêöèè. 

Àâòîð âûðàæàåò áëàãîäàðíîñòü Â. Â. Ìèòòå çà îïðå-
äåëåíèå èñêîïàåìûõ, à Ñ. Â. Ëûþðîâó è Ë. À. Ñåëüêîâîé — 
çà ïîìîùü â ýêñïåäèöèîííûõ ðàáîòàõ.
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Ââåäåíèå
Íåñêîëüêî ïîâîäîâ ïîáóæäàþò âåðíóòüñÿ ê îáî-

çíà÷åííîé òåìå [2] õîòÿ áû â òåçèñíîé ôîðìå. Òðè êîí-
ôåðåíöèè ýòîãî ãîäà — «Ôåðñìàíîâñêàÿ íàó÷íàÿ ñåñ-
ñèÿ» (Àïàòèòû, ÃÈ ÊÍÖ ÐÀÍ, 2–3.04.2018) [6], «Ðîëü 
òåõíîëîãè÷åñêîé ìèíåðàëîãèè â ðàöèîíàëüíîì íåäðî-
ïîëüçîâàíèè» (Ìîñêâà, ÂÈÌÑ, 15–16.05.2018) [10] è 
«Þøêèíñêèå ÷òåíèÿ: ñîâðåìåííûå ïðîáëåìû òåîðå-
òè÷åñêîé, ýêñïåðèìåíòàëüíîé è ïðèêëàäíîé ìèíå-
ðàëîãèè» (Ñûêòûâêàð, ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ, 22–
24.05.2018) [12] — íàñûùåííûå èíòåðåñíûìè äîêëàäà-
ìè ïî ñïåöèàëüíûì òåìàì, â õîäå äèñêóññèé ïîêàçàëè 
ïàäåíèå èíòåðåñà ê ãëàâíûì ìåòîäîëîãè÷åñêèì âîïðî-
ñàì íàøåé íàóêè: ÷òî åñòü ìèíåðàëüíûé èíäèâèä, ìèíå-
ðàëüíûé âèä, ñèñòåìà ìèíåðàëîãèè â öåëîì. Ðàçðûâ òðà-
äèöèè òåì áîëåå ñòðàíåí, ÷òî ñëó÷èëñÿ íà ôîíå ýêñïàí-
ñèè ìèíåðàëîãèè âî âñå ïîãðàíè÷üÿ è íàíîðàçìåðíûå 
îáëàñòè. Ìèíåðàëîãè÷åñêèå èññëåäîâàíèÿ ñòàíîâÿòñÿ 
âñ¸ áîëåå ôèçè÷åñêèìè. Ïðè ýòîì îïðåäåëåíèÿ ìèíå-
ðàëüíîãî èíäèâèäà è ìèíåðàëüíîãî âèäà ðàçìûâàþòñÿ, 
ñòàíîâÿòñÿ âñ¸ áîëåå íåîïðåäåë¸ííûìè. Âîïðîñ î ìè-
íåðàëüíûõ èíäèâèäàõ íåäàâíî áûë ïîäíÿò â ñòàòüÿõ [3, 
9]. Ê íåìó ñëåäóåò äîáàâèòü âîïðîñ î ñèñòåìå ìèíåðàëî-
ãèè â öåëîì. Âûõîä â ñâåò ìîíîãðàôèè [5] êðàñíîðå÷èâî 
ñâèäåòåëüñòâóåò î ïðîäîëæàþùèõñÿ ñòèõèéíûõ ïîèñêàõ 
èíûõ ëîãè÷åñêèõ êîíñòðóêöèé, íåæåëè êëàññèôèêàöèè, 
äëÿ ïðåäñòàâëåíèÿ ñèñòåìû ìèíåðàëîãèè. Ñêîðåå âñåãî, 
â áóäóùåì îíè ïîòðåáóþò ïåðåñìîòðà îïðåäåëåíèÿ ìè-
íåðàëüíûõ âèäîâ â ñòîðîíó èõ îáúåäèíåíèÿ â íåïðåðûâ-
íûå ìèíåðàëüíûå ñåðèè, ãðàíèöû êîòîðûõ â çàäàííûõ 
Ð-Ò-Õ-óñëîâèÿõ îïðåäåëåíû ëèøü ïðèðîäîé âåùåñòâà.

Î ìèíåðàëüíîì èíäèâèäå
Ïðîáëåìà îïðåäåëåíèÿ ìèíåðàëüíîãî èíäèâèäà, 

äîñåëå èçâåñòíîãî êàê êðèñòàëë èëè çåðíî, â îáîèõ ñëó-
÷àÿõ îáëàäàþùåãî äèàãíîñòèðóåìîé êðèñòàëëè÷åñêîé 

ñòðóêòóðîé è ñòàáèëüíîé ôîðìîé, ñâÿçàíà ñ ðàçìûâà-
íèåì îáåèõ õàðàêòåðèñòèê: è ñòðóêòóðû (êâàçèêðèñòàë-
ëû — áåñêîíå÷íûå íåòðàíñëèðóåìûå ñòðóêòóðû, ñòà-
áèëüíûå ôóëëåðåíû — êîíå÷íûå ïîëèýäðè÷åñêèå ìî-
ëåêóëÿðíûå ñòðóêòóðû ñ âûñîêèìè, â òîì ÷èñëå èêî-
ñàýäðè÷åñêèìè è äðóãèìè íåêðèñòàëëîãðàôè÷åñêèìè 
ñèììåòðèÿìè), è ôîðìû (êâàòàðîíû — äèíàìè÷åñêèå 
àòîìíûå êëàñòåðû, êâàçèñòàáèëüíûå ôóëëåðåíû — ïî-
ëèýäðè÷åñêèå ìîëåêóëÿðíûå ñòðóêòóðû ñ íèçêèìè ñèì-
ìåòðèÿìè, ñòàáèëèçèðóåìûå äîïèðóþùèìè àòîìàìè). 
Â òàêîé ñèòóàöèè ïîëåçíî ïîìíèòü, ÷òî äàæå ñîâåð-
øåííûé ïðèðîäíûé ìèíåðàë åñòü íåèçáåæíî äåôåêò-
íàÿ ðåàëèçàöèÿ (ïëàòîíîâîé, ìàòåìàòè÷åñêîé) èäåè 
êðèñòàëëà — òðàíñëÿöèîííî óïîðÿäî÷åííîé ñèñòåìû 
àòîìîâ, êëàñòåðîâ, ìîëåêóë. ×òîáû ñîõðàíèòü ìåòîäî-
ëîãè÷åñêîå åäèíñòâî ìèíåðàëîãèè, ñåãîäíÿ ñëåäóåò îò-
íîñèòü ê ìèíåðàëüíûì èíäèâèäàì — ex necessitate, non 
ex voluntate — ïðèðîäíûå îáúåêòû, â êîòîðûõ îïðåäåë¸í 
êàêîé-ëèáî ïîðÿäîê: òðàíñëÿöèîííûé, ëîêàëüíûé, 
ñòðîãèé, íåñòðîãèé, ôðàêòàëüíûé (ìàñøòàáíî-èíâà-
ðèàíòíûé), êâàçèïîðÿäîê è ò. ä.

Î ìèíåðàëüíîì âèäå
Ìèíåðàëüíûå âèäû êàê ïðèðîäíûå êðèñòàëëè÷å-

ñêèå õèìè÷åñêèå ñîåäèíåíèÿ ñåãîäíÿ — íå êèðïè÷èêè 
â èåðàðõèè ïðèðîäû, êîëü ñêîðî èõ ñîñòàâû îïðåäåëåíû 
âåñüìà èñêóññòâåííûìè ïðàâèëàìè «50 %» è «ïðåîáëàäà-
íèÿ îäíîãî èç õèìè÷åñêèõ ýëåìåíòîâ â äàííîé ñòðóêòóð-
íîé ïîçèöèè». Ôîðìàëüíî óäîáíûå â ïðèìåíåíèè, îíè 
îïóñòèëè êàòåãîðèþ ìèíåðàëüíîãî âèäà ñ ôóíäàìåí-
òàëüíîãî óðîâíÿ íà îïåðàöèîíàëüíûé. Ìèíåðàëüíûå âè-
äû ñåãîäíÿ íå òîãî ñòàòóñà, ÷òî ýëåìåíòàðíûå ÷àñòèöû, 
àòîìû è áèîëîãè÷åñêèå âèäû (âïðî÷åì, çäåñü ñèòóàöèÿ 
íå èäåàëüíà). Â çàäàííûõ Ð-Ò-Õ-óñëîâèÿõ ãðàíèöû ìåæ-
äó ìèíåðàëüíûìè âèäàìè äîëæíû îòâå÷àòü ðàçðûâàì 
ñìåñèìîñòè òâ¸ðäûõ ðàñòâîðîâ, îïðåäåë¸ííûì òîëüêî 
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ÒÐÈ ÒÅÇÈÑÀ Â ÏÐÎÄÎËÆÅÍÈÅ ÄÈÑÊÓÑÑÈÈ: ÊÀÊÓÞ ÑÈÑÒÅÌÓ ÌÈÍÅÐÀËÎÃÈÈ ÌÛ ÑÒÐÎÈÌ?
Þ. Ë. Âîéòåõîâñêèé

Ãåîëîãè÷åñêèé èíñòèòóò ÔÈÖ ÊÍÖ ÐÀÍ, Àïàòèòû
woyt@geoksc.apatity.ru

Â ñòàòüå ïðîäîëæåíî îáñóæäåíèå ôóíäàìåíòàëüíûõ êîíöåïöèé ìèíåðàëîãèè: ìèíåðàëüíîãî èíäèâèäà, ìèíåðàëüíîãî âèäà, ñè-
ñòåìû ìèíåðàëîãèè. ×òîáû ñîõðàíèòü ìåòîäîëîãè÷åñêîå åäèíñòâî ýòîé íàóêè, ñëåäóåò ïðèíÿòü, ÷òî ìèíåðàëüíûé èíäèâèä äîëæåí 
áûòü óïîðÿäî÷åí. Íî ïîðÿäîê ìîæåò áûòü ðàçíûì: òðàíñëèðóåìûì, ëîêàëüíûì, ñòðîãèì, íåñòðîãèì, êâàçèïîðÿäêîì, ôðàêòàëüíûì 
è ïð. Îïðåäåëåíèå ìèíåðàëüíûõ âèäîâ öåëåñîîáðàçíî ïåðåñìîòðåòü â ñòîðîíó èõ ñèíòåçà â íåïðåðûâíûå ìèíåðàëüíûå ñåðèè, ãðà-
íèöû êîòîðûõ â çàäàííûõ Ð-Ò-Õ-óñëîâèÿõ îïðåäåëåíû ëèøü ïðèðîäîé âåùåñòâà. Äëÿ ïðåäñòàâëåíèÿ ñèñòåìû ìèíåðàëîãèè ñëåäóåò 
îñîçíàííî èñïîëüçîâàòü îòëè÷íûå îò êëàññèôèêàöèé ëîãè÷åñêèå êîíñòðóêöèè: ïðîñòðàíñòâà òîëåðàíòíîñòè, ñòðóêòóðû è äð.

Êëþ÷åâûå ñëîâà: ìèíåðàëüíûé èíäèâèä, ìèíåðàëüíûé âèä, ñèñòåìà ìèíåðàëîãèè.

THREE POINTS TO CONTINUE THE DISCUSSION: WHAT SYSTEM OF MINERALOGY DO WE BUILD?
Yu. L. Voytekhovsky

Geological Institute KSC RAS, Apatity

Summary. The article continues the discussion on the fundamental concepts of mineralogy: mineral individual, mineral species, 
system of mineralogy. To maintain the methodological unity of this science, it should be accepted that the mineral individual must be ordered. 
The order may be different: translated, local, strict, weak, quasiorder, fractal... The definition of mineral species should be reviewed towards 
their synthesis in continuous mineral series, the boundaries of which in the given P-T-X conditions are determined only by the nature of 
the substance. To represent the system of mineralogy, it is necessary to consciously use logical constructions other than classifications: 
tolerance spaces, structures, etc.

Keywords: mineral individual, mineral species, system of mineralogy.
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ïðèðîäîé âåùåñòâà. «Ìèíåðàëüíàÿ ñåðèÿ» Äæ. Ä. Äýíà è 
äð. è «ãåíåðàëüíûé ìèíåðàëüíûé âèä» Ä. Ï. Ãðèãîðüåâà 
áîëåå åñòåñòâåííû. Íàðÿäó ñ ïðèíÿòûì ñåãîäíÿ (àíà-
ëèòè÷åñêèì, «õèðóðãè÷åñêèì») ïîäõîäîì, êîãäà íà ìè-
íåðàëüíûå âèäû ðàçðåçàþòñÿ äàæå ñîâåðøåííûå ìèíå-
ðàëüíûå ñåðèè, ïî ìåíüøåé ìåðå íóæåí ïàðàëëåëüíûé 
(ñèíòåòè÷åñêèé) ïîäõîä, îáúåäèíÿþùèé ìèíåðàëüíûå 
âèäû â ìàêñèìàëüíûå ñâÿçíûå ñåðèè, êîòîðûå è ñëåäî-
âàëî áû ïîíèìàòü êàê ìèíåðàëüíûå âèäû.

Ñòðîãî ãîâîðÿ, ñåãîäíÿøíèé ìèíåðàëüíûé âèä 
íå ìîæåò èìåòü ôèëîãåíèè, õîòÿ òàêàÿ àíàëîãèÿ ñ áè-
îëîãè÷åñêèì òåðìèíîì Ä. Ï. Ãðèãîðüåâûì ïðîâåäå-
íà. Çàêîíîìåðíî, ÷òî íåò íè îäíîé ìîíîãðàôèè ñ ýòèì 
êëþ÷åâûì ñëîâîì â çàãîëîâêå â îòëè÷èå îò íåñêîëüêèõ 
«îíòîãåíèé». Â èñòîðèè ïëàíåòû ìèíåðàëüíûé âèä — 
êàê îí îïðåäåë¸í ñåãîäíÿ — íå ýâîëþöèîíèðóåò â äðó-
ãîé ìèíåðàëüíûé âèä, ïðèñïîñàáëèâàÿñü ê ìåíÿþ-
ùèìñÿ óñëîâèÿì. Îí ëèáî åñòü (â ïîëå ñòàáèëüíîñòè), 
ëèáî åãî íåò (ñ ó÷¸òîì ôàçû êâàçèñòàáèëüíîãî ñîñòîÿ-
íèÿ). ×òî êàñàåòñÿ èçìåí÷èâîñòè ñîñòàâîâ ìèíåðàëîâ 
ïðè èõ îáðàçîâàíèè â ðàçíûõ ôèçèêî-õèìè÷åñêèõ óñëî-
âèÿõ åäèíîãî ïîëÿ ñòàáèëüíîñòè, òî îíà ñîîòâåòñòâóåò 
íå ôèëîãåíèè, à âíóòðèâèäîâîé ýêîëîãè÷åñêîé èçìåí-
÷èâîñòè áèîëîãè÷åñêèõ âèäîâ. Íî âîçíèêàåò âîïðîñ: 
íåëüçÿ ëè òàê îïðåäåëèòü êàòåãîðèþ ìèíåðàëüíîãî âè-
äà, ÷òîáû îí îáëàäàë ôèëîãåíèåé, ïîíèìàåìîé êàê êà-
÷åñòâåííîå èçìåíåíèå ñòðóêòóðû (êîíôèãóðàöèè) â ìå-
íÿþùèõñÿ ôèçèêî-õèìè÷åñêèõ óñëîâèÿõ?

Î ñèñòåìå ìèíåðàëîãèè
Êàæåòñÿ ïàðàäîêñàëüíûì, íî ïî ðàçìûøëåíèè îêà-

çûâàåòñÿ çàêîíîìåðíûì, ÷òî ñèñòåìà òåõ èëè èíûõ ïðè-
ðîäíûõ îáúåêòîâ îáû÷íî ñâîäèòñÿ àâòîðàìè ê êëàññèôè-
êàöèè. Òàêîâû ñèñòåìà ïðèðîäû Ê. Ëèííåÿ [13], ñèñòåìà 
ìèíåðàëîãèè Äæ. Ä. Äýíà è äð. [4], ïåðèîäè÷åñêàÿ ñèñòå-
ìà õèìè÷åñêèõ ýëåìåíòîâ Ä. È. Ìåíäåëååâà [7], ñèñòå-
ìà ðûáîîáðàçíûõ è ðûá Ë. Ñ. Áåðãà [1]. Åñòü ðÿä ìèíåðà-
ëîãè÷åñêèõ êëàññèôèêàöèé, ðàçëè÷àþùèõñÿ àêöåíòàìè 
íà õèìè÷åñêîé (îò Áåðöåëèóñà) èëè ñòðóêòóðíîé (ïîñëå 
Ô¸äîðîâà è Ø¸íôëèñà) ñîñòàâëÿþùèõ êîíñòèòóöèîí-
íîé ïàðàäèãìû. Íî êëàññèôèêàöèÿ íå ñèñòåìà. Êàê ëî-
ãè÷åñêàÿ ïðîöåäóðà îíà äåëèò ìíîãîîáðàçèå îáúåêòîâ íà 
êëàññû ñ íåïðîõîäèìûìè ãðàíèöàìè. Îíà ëèøü ôóíäà-
ìåíò ñèñòåìû, íî íå ñàìà ñèñòåìà, êîòîðàÿ äîëæíà ñâÿ-
çàòü ìíîãîîáðàçèå ñòðîãî îïðåäåë¸ííûõ è ðàçäåë¸ííûõ â 
êëàññèôèêàöèè ñóùíîñòåé â íîâîå öåëîå íåêèìè îòíî-
øåíèÿìè. Òîïòàíèå íà ôóíäàìåíòå óæå íå óäîâëåòâîðÿ-
åò èññëåäîâàòåëåé. Ïåðâûå ñòèõèéíûå äîãàäêè îá èíûõ 
ëîãè÷åñêèõ âîçìîæíîñòÿõ — ïðîñòðàíñòâàõ òîëåðàíòíî-
ñòè [11] è ñòðóêòóðàõ ñ ðàçíûìè îòíîøåíèÿìè ïîðÿäêà [5, 
8] — îïîâåùàþò î áóäóùèõ òåêòîíè÷åñêèõ ïîäâèæêàõ â 
ïðåäñòàâëåíèÿõ î ñèñòåìå ìèíåðàëîãèè.

Çàêëþ÷åíèå
Ëåãêî âèäåòü, ÷òî îäíîâðåìåííî äîïóñòè-

ìû ðàçëè÷íûå ïðåäñòàâëåíèÿ î ñèñòåìå ìèíåðàëî-
ãèè — â ôîðìå êëàññèôèêàöèé (èõ óæå ìíîãî), ïðî-
ñòðàíñòâ òîëåðàíòíîñòè è ñòðóêòóð (èõ ïîêà ìàëî). 
Âíèìàòåëüíûé àíàëèç ïåðèîäè÷åñêîé ñèñòåìû õèìè-
÷åñêèõ ýëåìåíòîâ ïîêàçûâàåò, ÷òî â íåé êëàññèôèêà-
öèÿ ñî÷åòàåòñÿ ñî ñòðóêòóðîé — ñòðîãèì óïîðÿäî÷å-
íèåì õèìè÷åñêèõ ýëåìåíòîâ ïî âîçðàñòàíèþ çàðÿäà 
ÿäðà. Êëàññèôèêàöèè îðãàíèçìîâ ÷àùå âñåãî ïîäðà-
çóìåâàþò äðóãóþ ñòðóêòóðó — ýâîëþöèîííîå äðåâî, â 

êîòîðîé îðãàíèçìû òåì áîëåå ðîäñòâåííû, ÷åì áëè-
æå íàõîäÿòñÿ ê îáùåìó ïðåäêó. Ïî-âèäèìîìó, áóäó-
ùåå ìèíåðàëîãèè òîæå ñîñòîèò â òâîð÷åñêîì ñîãëàñî-
âàíèè ðàçëè÷íûõ ëîãè÷åñêèõ (ìàòåìàòè÷åñêèõ) êîí-
ñòðóêöèé, îáúåêòèâíî âûÿâëÿþùèõ ðàçëè÷íûå ñòîðî-
íû ìèíåðàëüíîãî ìèðà.
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Îòçûâ î ñòàòüå Þ. Ë. Âîéòåõîâñêîãî «Òðè òåçè-
ñà â ïðîäîëæåíèå äèñêóññèè: êàêóþ ñèñòåìó ìèíåðà-
ëîãèè ìû ñòðîèì?», ïðåäñòàâëåííîé äëÿ ïóáëèêàöèè â 
«Âåñòíèê èíñòèòóòà ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ»

Â ñòàòüå ïðîäîëæàåòñÿ îáñóæäåíèå ôóíäàìåíòàëü-
íûõ âîïðîñîâ ìèíåðàëîãèè, íà÷àòîå àâòîðîì â ïðåäû-
äóùèõ ïóáëèêàöèÿõ.

Ðåöåíçèðóåìàÿ ñòàòüÿ äîñòàòî÷íî ëàêîíè÷íà è îä-
íîâðåìåííî àêàäåìè÷íà. 

Îäíàêî, óòâåðæäàÿ íåîñïîðèìîå, ÷òî ìèíåðàëîãè-
÷åñêèå èññëåäîâàíèÿ ñòàíîâÿòñÿ «áîëåå ôèçè÷åñêèìè», 
àâòîð ñòàòüè ïîëàãàåò, ÷òî èìåííî ýòèì îáúÿñíÿåòñÿ ðàç-
ìûâàíèå ãðàíèö íåêîòîðûõ òåðìèíîâ è ïîíÿòèé. Ñ òà-
êèì âçãëÿäîì ìîæíî áûëî áû ñîãëàñèòüñÿ, åñëè óòî÷-
íèòü, ÷òî ñ «ýêñïàíñèåé» ôèçè÷åñêèõ ìåòîäîâ àíàëèçà 

óâåëè÷èâàåòñÿ ÷óâñòâèòåëüíîñòü ôèçèêî-ìèíåðàëüíûõ 
àíàëèòè÷åñêèõ ìåòîäîâ ñ óìåíüøåíèåì èõ ëîêàëüíî-
ñòè. Ýòî íåèçìåííî ïðèâîäèò ê íåêîòîðîé ïîòåðå «ïðåä-
ñòàâèòåëüíîñòè» àíàëèçèðóåìûõ îáúåìîâ èëè ïëîùàäè. 
Ïðåæíèå ïðèâû÷íûå îïðåäåëåíèÿ ñêëàäûâàëèñü äëÿ íà-
áëþäåíèé â äèàïàçîíå âèäèìîé (ìèêðîñêîïè÷åñêîé, íî 
íå íàíî) îáëàñòè. Íå âûçûâàåò âîçðàæåíèé àâòîðñêèé 
ïîäõîä ê îïðåäåëåíèþ ìèíåðàëüíîãî èíäèâèäà êàê ëþ-
áîìó âèäó òðàíñëÿöèè, íî ïðåäñòàâëÿåòñÿ íåîáõîäèìûì 
äîïîëíèòü åãî íàëè÷èåì ãðàíèöû èíäèâèäà èëè çåðíà 
êàê ñàìîñòîÿòåëüíîé ñòðóêòóðíîé ôàçû.

Îñòàëüíûå òåçèñû ðåöåíçèðóåìîé ñòàòüè íå âûçû-
âàþò íè ðåäàêöèîííûõ, íè äèñêóññèîííûõ çàìå÷àíèé. 
Ïðèâåäåííîå âûøå èìååò öåëüþ òîëüêî ïðèçâàòü ê ðàç-
ìûøëåíèÿì. 

Âåä. í. ñ. ÂÑÅÃÅÈ ä. ã.-ì. í. Ð. Ë. Áðîäñêàÿ

ÍÀÓ×ÍÀß ÄÈÑÊÓÑÑÈß
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Introduction
The problems of the structural organization of substance 

attract attention of physicists, chemists and material scien-
tists. These problems are particularly relevant because of re-
cent intervention of science into the world of nanostructures 
and need to develop new ideas to describe the nanoscale sub-
stance. In recent years, original models of the organization 
of substance at the nanoscale have been developed to solve 
a wide range of problems in crystallography, mineralogy and 
related sciences. Such an approach proved to be especial-
ly effective to analyze a wide range of problems associated 
with phase transitions, nucleation and growth of crystals [1].

In this paper we suggested a model of intermolecular 
oscillating bonds to study the bond structure of crystalline 
and liquid phases of substance, the first order phase transi-
tions. This model significantly expands our ability to analyze 
phase transitions, to understand the nature and structure of 
the condensed state of substance.

Oscillating bond model
We shall consider a homogeneous section of a solid or 

liquid phase in a hypothetical state, when all bonds between 
molecules (atoms) are stable. Let this area of   the substance 
receives a certain small amount of heat Q. Then the inter-
nal energy of the molecules increases by the same amount 
Ei=Q. It is quite natural to assume that the increase of the 
internal energy of molecules can lead to breaking certain in-
termolecular bonds.

Generally the breaking of a bond can be represented as 
a temporary redistribution of the electron density of the at-
oms, forming molecules and participating in the bond, to 
the state of lack of bond. For example, for hydrogen and van 
der Waltz bonds, the breaking of bonds between molecules 
means a temporary change of the electron density, at which 
one of the molecules, participating in the bond, loses dipole 
properties for some time [2].

A situation may occur, when a part of the bonds be-
tween molecules in the structure of substance is in a stable 
state, and a part — in a broken state. If the substance is in a 
state with constant temperature and pressure, i. e. with the 
same total internal energy of the molecules, the part of the 
intermolecular is always in a broken state. Broken bonds are 
restored and transit into a stable state, and other stable bonds 
are broken at the same time. There is, as it were, a «flicker-
ing» of breaking bonds or oscillation of bonds within the sub-
stance. Earlier, we considered the oscillating character of in-
teratomic bonds as a property inherent only to nanoscale clus-
ters and impossible for the macrostate of substance [1, 2].

From the homogeneity of space it follows that the dis-
tribution of broken bonds in space and time should be ho-
mogeneous. Each intermolecular bond in the volume of sub-
stance breaks from time to time and then occurs again, i. e. 
oscillates.

With further increasing internal energy of the mole-
cules, the number of broken bonds of H molecule increases 
and, accordingly, the number of stable bonds of F molecule 
decreases (F + H = Km, where Km is the coordination num-
ber of the molecule).

A specific intermolecular bond is in two states. Part of 
the time f the bond is stable, while part of the time g it is 
unstable or broken, while the bond flickering time m=f+g. 
In this model, all intermolecular bonds oscillate. The inter-
nal energy of substance at a specific moment of time is deter-
mined solely by the number of stable or the number of bro-
ken bonds, and the state of substance itself or its internal en-
ergy is determined by the instantaneous «snapshot» of all lat-
tice bonds (Fig. 1). At each subsequent moment of time, the 
structure of the bonds of substance changes.

This model presents objects of substance, which en-
tire volume is in the same thermodynamic state, excluding 
heterogeneities of both the substance and its state. In oth-
er words, if the entire object is heated (or cooled), then all 
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parts of the object are heated (or cooled) equally. If the ob-
ject moves from one phase of substance to another, then 
each part of it simultaneously moves from the same phase to 
another. This limits the objects of consideration to areas of 
one phase during phase transitions or to the value of thick-
ness of the phase transition boundary (crystallization front), 
i. e. to nanoscale.

On the surface of a solid and liquid phase of substance, 
the number of broken bonds of molecules is much greater 
than in the volume of substance. Accordingly, the number 
of stable bonds of molecules in the surface layer of a sub-
stance is less than that of volume molecules. This results 
in the difference in the thermodynamic properties of sub-
stance on surface and in volume. In particular, the melting 
point of thin films is lower than in the volume of substance. 
Accordingly, the solid body begins to melt on its surface.

In the solid aggregate state of substance, each molecule 
(atom) has at least 3 stable intermolecular bonds at a given 
time. Three unbroken intermolecular bonds for one mole-
cule is quite sufficient for its stable position in the structure 
of a solid and for the structure to maintain a stable lattice. If 
there are molecules with a number of stable intermolecular 
bonds of less than 3, a phase transition from the solid state to 
the liquid state can occur and vice versa. Generally the con-
verse is not true.

In the liquid aggregate state of substance, each mol-
ecule (atom) has at least 2 stable intermolecular bonds. If 
there are molecules with the number of stable intermolecu-
lar bonds of less than 2, a phase transition of the liquid ag-
gregative state of substance into the gaseous one occurs and 
vice versa.

Depending on how many bonds of the molecule at a 
given time are in the stable and how many are in the bro-
ken state, the molecule occupies a more or less excited equi-
librium state (position in the structure), characterized, re-
spectively, by a greater or smaller value of the internal ener-
gy of the molecule. At that under the influence of remain-

ing bonds of the neighboring molecules, the molecule itself 
slightly shifts in space. When restoring the bond, i. e. when 
acquiring a stable bond, the molecule again occupies its orig-
inal spatial position and transits into a less excited state with 
less energy.

The same happens when all the other bonds of the giv-
en molecule oscillate. It should be considered that the mol-
ecules, which the selected molecules have bonds with, also 
oscillate around the equilibrium position during oscillation 
of their bonds. This gives the vibrations of a molecule a cha-
otic character with degrees of freedom corresponding to the 
degrees of freedom of thermal vibrations.

The temperature of substance affects the oscillation of 
bonds of molecules of the liquid and solid phases. Hence 
we assume that the number of oscillating bonds in the bro-
ken state in the total number of bonds is constant and deter-
mined, first of all, by temperature T and, accordingly, by in-
ternal energy of molecule Åi. The more T, the more H and 
the less F.

For molecules of substance at Ò = 0 K, to be released 
from intermolecular bonds, it is necessary to impart energy, 
referred to as sublimation energy Es and equal to:

 , (1)

where i — number of degrees of freedom of the sublimat-
ed molecule, kB — Boltzmann constant, Tb — boiling point, 
Qm — heat of fusion per one molecule, Qb — heat of va-
porization per one molecule, Km — coordination number of 
the molecule in the solid phase, Em — energy of breaking of 
one bond at T = 0 K.

Formula 1 shows what energy the substance in the solid 
phase should gain at the absolute zero temperature, so that 
all molecules become free and the molecule from the solid 
phase transits into gaseous, that is, it becomes free from in-
termolecular bonds. The sublimation energy is equal to the 
bond energy of the molecule at zero temperature. The divi-
sion by 2 on the right side of Formula 1 arises due to breaking 
of one bond refers directly to two molecules. According to 
Formula 1 we can calculate energy of breaking of one bond 
of a molecule.

The binding energy of molecule Eb= FEm= (Km– H) Em 
will be determined by the formula:

 . (2)

For the solid phase the internal energy of molecules is 
determined by the energy of their thermal vibrations (ener-
gy of formation and dynamics of defects in the crystal lattice 
[4] are neglected, since it is much less than the latter). To de-
termine the energy of thermal vibrations of molecules we use 
the Debye model [5].

Then, the bond energy of molecules of the solid phase is 
determined by the following formulas:

 , (3)

where F sp — amount of stable molecular bonds in the solid 
phase at temperature Ò, D — Debye temperature.

At the melting temperature T = Tm Formula 3 allows 
calculating the number of stable bonds of the molecule in the 
solid phase at the melting temperature  from the expres-
sion for the bond energy:

Fig. 1. Instantaneous structure of ice with a hexagonal lattice with 
oscillating bonds. Intramolecular, intermolecular and broken 
intermolecular bonds are shown by a straight line, dotted and bro-
ken by a dashed line, respectively. This figure has been taken from 
minor work [3]

Ðèñ. 1. Ìãíîâåííàÿ ñòðóêòóðà ëüäà ñ ãåêñàãîíàëüíîé ðåøåò-
êîé ñ îñöèëëèðóþùèìè ñâÿçÿìè. Âíóòðèìîëåêóëÿðíûå, 
ìåæ ìîëåêóëÿðíûå è ðàçîðâàííûå ìåæìîëåêóëÿðíûå ñâÿçè 
ïîêàçàíû ïðÿìîé, ïóíêòèðíîé è ðàçîðâàííîé ïóíêòèð-
íîé ëèíèåé ñîîòâåòñòâåííî. Äàííûé ðèñóíîê ñ íåáîëüøèìè 
èçìåíåíèÿìè âçÿò èç ðàáîòû [3]
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 , (4)

where  — number of stable bonds of the molecule in the 
solid phase at the melting temperature T = Tm.

Substituting the constants and known data into Formula 
4 we obtain the number of stable bonds of the molecule in
the solid phase at the melting point  At the melting point 
in the solid phase the molecule has  stable bonds, and 
therefore  bonds are broken.

In the liquid phase at the melting point (crystallization), 
the heat of melting (reduced to one molecule) should be sub-
tracted from the expression of the bond energy in Formula 
4. Accordingly we obtain the number of stable bonds of the 
molecule in the liquid phase at the melting point :

    , (5)

where  — number of stable bonds of the molecule in the 
liquid phase of water at the melting point Tm.

For the gaseous phase it is necessary to take into ac-
count the heat of vaporization, reduced to one molecule. To 
do this we substitute Formula 1 into Formula 2. We obtain 
the formula for the bond energy of the gaseous phase mole-
cule at the boiling point Ò = Tb:
    

, (6)

where  — number of stable bonds of the molecule in the 
gaseous phase at the boiling point Ò = Tb (  = 0).

In the liquid phase at boiling point:

 , (7)

where  — number of stable bonds of the molecule in the 
liquid phase at the boiling point Ò = Tb.

In the liquid phase, for Tm < T < Tb the number of sta-
ble bonds of the molecule varies in the following range 

, at that with increasing temperature the 
number of bonds decreases. Since thermodynamics lacks a 
complete model of the internal energy of liquid molecules, 
therefore we approximate the function of the internal energy 
of the liquid phase with temperature by a linear dependence, 
especially since in real liquids, for example, water, it is close 
to linear. Then for the number of stable bonds of the mole-
cule we obtain the following formula: 

 , (8)

where  — number of stable bonds of the molecule in the 
liquid phase at temperature Tm<T<Tb,  — character-
istic temperature difference of the liquid phase of substance 
equal to .

Formula 8 introduces the value of characteristic tem-
perature difference of the liquid phase of substance, which is 
determined by the following relationship:

 . (9)

The characteristic temperature difference of the liq-
uid phase of substance  is the temperature difference, 
with the increase by which the temperature of liquid from 

the temperature of melting, exactly one intermolecular bond 
of the molecule should break. This characteristic tempera-
ture difference is also introduced in the present work and is a 
unique parameter for each substance.

For convenience and clarity we introduce two indica-
tors: fraction of stable bonds of molecules f = F/Km and frac-
tion of broken bonds of molecules h = H/Km. The coordi-
nation number corresponds to the coordination number of 
molecules in the corresponding phase, i. e. for molecules of the 
solid phase Km, in the liquid phase  (may be more and 
less than Km), in the gaseous phase  = 0. The range of 
change of the indices f and h is defined from 0 to 1. AT that 
always f + h = 1.

The results for water are presented in the graph (Fig. 2).

The necessary quantitative data on water are taken from 
[6–8]. Calculations on formulas 4, 5, 7 give for water the fol-
lowing values of number of stable bonds for ice at the melt-
ing temperature  = 3.64. At the melting temperature in 
ice, the molecule has 3.64 stable bonds, and therefore 0.36 
bonds are broken. In the liquid phase at the melting temper-
ature (crystallization) for water, we get  = 3.22. In the 
liquid phase, at boiling point for water, value  = 2.84 is 
obtained.

Conclusion
For the first time we present a model of oscillating 

bonds, within which a model of the structure of a crystal and 
liquid is constructed as a continuous oscillating network of 
bonds, which is homogeneous by the number of stable inter-
molecular bonds.

We revealed the temperature dependence of number of 
stable molecular bonds for the solid and liquid phases, chang-
es during the first order phase transitions «solid-liquid» and 
«liquid-gas». By example of water we showed the dependence 
of number of stable intermolecular bonds on the temperature 
and phase of substance, its change during phase transitions.

Fig. 2. Phase transitions and temperature dependence of the num-
ber of stable bonds of F molecules for Í2Î molecules: à — crystals 
of hexagonal ice, á — water, â — pairs, where Kp is the percolation 
threshold of water molecules,  — the number of stable molec-
ular bonds in liquid phase of water at the melting temperature Tm

Ðèñ. 2. Ôàçîâûå ïåðåõîäû è òåìïåðàòóðíàÿ çàâèñèìîñòü êîëè-
÷åñòâà óñòîé÷èâûõ ñâÿçåé ìîëåêóë F äëÿ ìîëåêóë Í2Î: a — â 
òâåðäîé ôàçå, b — â æèäêîé ôàçå, c — â ãàçîîáðàçíîé ôàçå, 
ãäå Kp — ïîðîã ïåðêîëÿöèè ìîëåêóë âîäû,  — êîëè÷åñòâî 
óñòîé÷èâûõ ñâÿçåé ìîëåêóëû â æèäêîé ôàçå âîäû ïðè òåìïå-
ðàòóðå ïëàâëåíèÿ Tm
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Ââåäåíèå
Òåõíîëîãèè î÷èñòêè ïî÷âåííûõ è âîäíûõ îáúåê-

òîâ ñ ïðèìåíåíèåì ñîðáåíòîâ øèðîêî ïðàêòèêóþòñÿ 
âî âñåì ìèðå, ÷òî äîêàçûâàåò èõ ýêîíîìè÷åñêóþ è ýêî-
ëîãè÷åñêóþ öåëåñîîáðàçíîñòü è ýôôåêòèâíîñòü íàðàâ-
íå ñ äðóãèìè ñïîñîáàìè î÷èñòêè. Íà ñåãîäíÿøíèé äåíü 
èçâåñòíî ìíîæåñòâî ðàçëè÷íûõ ñîðáåíòîâ [3], êîòîðûå 
ïîäðàçäåëÿþò íà íåîðãàíè÷åñêèå, ïðèðîäíûå îðãàíè-
÷åñêèå è îðãàíîìèíåðàëüíûå, à òàêæå ñèíòåòè÷åñêèå. 
Êà÷åñòâî ñîðáåíòîâ îïðåäåëÿåòñÿ ãëàâíûì îáðàçîì èõ 
åìêîñòüþ ïî îòíîøåíèþ ê çàãðÿçíèòåëþ, ñòåïåíüþ ãè-
äðîôîáíîñòè, ïëàâó÷åñòüþ ïîñëå ñîðáöèè (â ñëó÷àå 
óäàëåíèÿ çàãðÿçíåíèÿ íà âîäíîé ïîâåðõíîñòè), âîç-
ìîæíîñòüþ äåñîðáöèè, ðåãåíåðàöèè èëè óòèëèçàöèè 
ñîðáåíòà. Ê íåîðãàíè÷åñêèì ñîðáöèîííî-ôèëüòðóþ-
ùèì ìàòåðèàëàì îòíîñÿò ðàçëè÷íûå âèäû ãëèí, äèà-
òîìèòîâûå ïîðîäû, ïåñîê, öåîëèòû, òóôû, ïåìçó è äð. 
Èìåííî ãëèíà è äèàòîìèòû ñîñòàâëÿþò áîëüøóþ ÷àñòü 
òîâàðà íà ðûíêå ñîðáåíòîâ â ñèëó èõ íèçêîé ñòîèìî-
ñòè è âîçìîæíîñòè êðóïíîòîííàæíîãî ïðîèçâîäñòâà. 
Ñ÷èòàåòñÿ, ÷òî íåîðãàíè÷åñêèå ñîðáåíòû èìåþò î÷åíü 
íèçêóþ åìêîñòü è ñîâåðøåííî íå óäåðæèâàþò ëåãêèå 
ôðàêöèè òèïà áåíçèíà, êåðîñèíà, äèçåëüíîãî òîïëè-
âà. Ïðè ëèêâèäàöèè ðàçëèâîâ íåôòè, íåôòåïîäîáíûõ 
è æèðîïîäîáíûõ âåùåñòâ íà âîäå íåîðãàíè÷åñêèå ñî-
ðáåíòû òîíóò âìåñòå ñ àäñîðáèðîâàííûì çàãðÿçíèòå-
ëåì, íå ðåøàÿ ïðîáëåìû î÷èñòêè âîäû îò çàãðÿçíåíèé. 
Ìåòîäàìè óòèëèçàöèè ýòèõ ñîðáåíòîâ ÿâëÿåòñÿ èõ ïðî-

ìûâêà ýêñòðîàãåíòàìè èëè âîäîé ñ ïîâåðõíîñòíî-àê-
òèâíûìè âåùåñòâàìè è âûæèãàíèå, ÷òî â èçìåíåííîì 
âèäå âîçâðàùàåò çàãðÿçíåíèå â ïðèðîäó [1].

Áèîïðåïàðàòû ïðåäñòàâëÿþò ñîáîé ìàññó æèçíåñïî-
ñîáíûõ êëåòîê ìèêðîîðãàíèçìîâ-áèîäåñòðóêòîðîâ è ðàç-
ëè÷àþòñÿ èñïîëüçóåìûìè äëÿ èõ ïîëó÷åíèÿ øòàììàìè. 
Îíè õàðàêòåðèçóþòñÿ ðàçëè÷íûìè ôèçèîëîãî-áèîõèìè-
÷åñêèìè ñâîéñòâàìè, òàêèìè êàê òåðìîòîëåðàíòíîñòü, 
îñìîôèëüíîñòü, îïòèìàëüíûå äëÿ ðîñòà çíà÷åíèÿ ðÍ, 
ñïîñîáíîñòü âêëþ÷àòü â ìåòàáîëè÷åñêèå ïðîöåññû ðàç-
íûå êëàññû óãëåâîäîðîäîâ è ñïåêòðû í-àëêàíîâ.

Ñâîéñòâà øòàììîâ-áèîäåñòðóêòîðîâ îïðåäåëÿþò 
ýôôåêòèâíîñòü ïðèìåíåíèÿ áèîïðåïàðàòîâ â ðàçíûõ 
ïî÷âåííî-êëèìàòè÷åñêèõ çîíàõ äëÿ óäàëåíèÿ ðàçëè÷íûõ 
ïî õèìè÷åñêîìó ñîñòàâó çàãðÿçíåíèé [2]. Èçãîòîâëåíèå 
áèîïðåïàðàòîâ ïðåäïîëàãàåò èñïîëüçîâàíèå ëèîôèëü-
íîé ñóøêè, êîòîðàÿ èìååò ðÿä íåäîñòàòêîâ. Âî-ïåðâûõ, 
óäàëÿåòñÿ íàäîñàäî÷íàÿ æèäêîñòü, ñîäåðæàùàÿ ïóë âíå-
êëåòî÷íûõ ôåðìåíòîâ; âî-âòîðûõ, â ïðîöåññå ëèîôèëü-
íîé ñóøêè ìîæåò ïðîèñõîäèòü ãèáåëü áîëüøåé ÷àñòè 
ìèêðîîðãàíèçìîâ. Êðîìå òîãî, íå âñå àññîöèàöèè ìè-
êðîîðãàíèçìîâ îáëàäàþò ñïîñîáíîñòüþ âîññòàíîâëå-
íèÿ äåñòðóêòèâíîé àêòèâíîñòè ïîñëå âîçäåéñòâèÿ îòðè-
öàòåëüíûõ òåìïåðàòóð, ÷òî èñêëþ÷àåò öåëåñîîáðàçíîñòü 
ïðèìåíåíèÿ ìíîãèõ áèîïðåïàðàòîâ â çèìíåå âðåìÿ [7]. 

Â íàñòîÿùåå âðåìÿ áèîñîðáåíòû íå ïîëó÷èëè øè-
ðîêîãî ðàñïðîñòðàíåíèÿ. Íåäîñòàòî÷íàÿ ýôôåêòèâ-
íîñòü èõ ñâÿçàíà ñ òåõíîëîãèåé èçãîòîâëåíèÿ è çàêëþ-
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Ñîðáåíòû, ïðåäëàãàåìûå ìèðîâîé èíäóñòðèåé äëÿ ðåøåíèÿ ýêîëîãè÷åñêèõ ïðîáëåì, íåäîñòàòî÷íî ýôôåêòèâíû ïî ìíîãèì 
ïàðàìåòðàì (èçáèðàòåëüíîñòü, óñòîé÷èâîñòü è äð.). Íåîáõîäèì àêòèâíûé ïîèñê ïðèðîäíûõ ìàòåðèàëîâ — äîñòóïíûõ, äåøåâûõ, ñ 
âûñîêîé ñîðáöèîííîé åìêîñòüþ ê çàãðÿçíÿþùèì âåùåñòâàì. Èíôîðìàöèÿ î âåùåñòâåííîì ñîñòàâå, ñòðóêòóðíûõ ïàðàìåòðàõ è ñî-
ðáöèîííûõ ñâîéñòâàõ èñõîäíîãî ìèíåðàëüíîãî ñûðüÿ è ðàçðàáîòàííûõ áèîãåîñîðáåíòîâ ïîëó÷åíà ñ èñïîëüçîâàíèåì àíàëèòè÷å-
ñêèõ öåíòðîâ Èíñòèòóòà ãåîëîãèè è Èíñòèòóòà áèîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ. Íà îñíîâå âûÿâëåííûõ îñîáåííîñòåé ôèçèêî-õèìè÷å-
ñêèõ ñâîéñòâ ãëèíèñòûõ è öåîëèòîâûõ ïîðîä è èììîáèëèçèðîâàííûõ íà íèõ ìèêðîîðãàíèçìîâ-íåôòåäåñòðóêòîðîâ, âõîäÿùèõ â ñî-
ñòàâ áèîïðåïàðàòà «Áèîòðèí», è ýêñïåðèìåíòàëüíîãî ìîäåëèðîâàíèÿ ìèêðîêîñìîâ (ìèíåðàëüíûé ñîðáåíò — øòàììû ìèêðîîð-
ãàíèçìîâ) ðàçðàáîòàíû íîâûå ìàòåðèàëû ñ óëó÷øåííûìè ïàðàìåòðàìè, äàíà îöåíêà èõ ñîðáöèîííûõ è äåñòðóêòèâíûõ ñâîéñòâ. 
Îòìå÷åíà âûñîêàÿ áèîäåñòðóêöèÿ íåôòåïðîäóêòîâ êëåòêàìè ìèêðîîðãàíèçìîâ.

Êëþ÷åâûå ñëîâà: áèîãåîñîðáåíòû, öåîëèòû, ãëèíû, «Áèîòðèí», íåôòåïðîäóêòû, ñîðáöèÿ.
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÷àåòñÿ â ìåõàíè÷åñêîì ñìåøåíèè ñîðáåíòà-íîñèòåëÿ ñ 
ñóõîé èëè æèäêîé ôîðìîé áèîïðåïàðàòà. Âïîñëåäñòâèè 
ïðè êîíòàêòå ñ âîäîé èëè ïî÷âîé áîëüøàÿ ÷àñòü ìèêðî-
îðãàíèçìîâ-äåñòðóêòîðîâ óõîäèò â âîäíóþ ÷àñòü, ïî-
ïðîñòó ñìûâàåòñÿ ñ ñîðáåíòà. Â äàííîì ñëó÷àå ñîðáåíò 
âûñòóïàåò òîëüêî â êà÷åñòâå ïåðåíîñ÷èêà ìèêðîîðãà-
íèçìîâ äî çàãðÿçíåííûõ îáúåêòîâ, à ñîðáèðîâàííûé 
çàãðÿçíèòåëü íå ïîäâåðãàåòñÿ äåñòðóêöèè [1].

Ïðè ïîëó÷åíèè áèîãåîñîðáåíòîâ íà îñíîâå ìèíå-
ðàëüíîãî ñûðüÿ ðåøàþòñÿ ïðîáëåìû êàê ïîâûøåíèÿ 
ýôôåêòèâíîñòè çàêðåïëåíèÿ (óäåðæàíèÿ) êëåòîê ìè-
êðîîðãàíèçìîâ, ñîõðàíåíèÿ èõ æèçíåñïîñîáíîñòè è 
æèçíåñïîñîáíîñòè âíåêëåòî÷íûõ ôåðìåíòîâ ïóòåì çà-
ìåíû ëèîôèëüíîé ñóøêè íà èììîáèëèçàöèþ ìèêðîîð-
ãàíèçìîâ íà ñîðáåíò, òàê è óòèëèçàöèè ñîðáèðóþùèõ 
ìàòåðèàëîâ. Â ýêîëîãè÷åñêè íåáëàãîïðèÿòíûõ óñëîâè-
ÿõ ñîðáåíòû âûñòóïàþò â êà÷åñòâå áàçû-òðàíñïîðòà äëÿ 
áàêòåðèé, ïîçâîëÿþùåé æèòü â àíàáèîçå äî 10 ëåò. Åùå 
îäíèì ïðåèìóùåñòâîì ïî ñðàâíåíèþ ñ áèîïðåïàðàòà-
ìè ÿâëÿåòñÿ ýêîíîìè÷åñêàÿ ýôôåêòèâíîñòü, ñâÿçàííàÿ 
ñî ñíèæåíèåì êîëè÷åñòâà èñïîëüçóåìîãî áèîãåîñîð-
áåíòà â ïðîöåññå áèîðåêóëüòèâàöèè [16].

Â êà÷åñòâå ñîðáåíòà-íîñèòåëÿ âîçìîæíî èñïîëüçî-
âàíèå öåîëèòîâîãî è ãëèíèñòîãî ñûðüÿ. Áëàãîäàðÿ âû-
ñîêèì èîíîîáìåííûì è ñîðáöèîííûì ñâîéñòâàì ãëèíû 
è öåîëèòû øèðîêî ïðèìåíÿþò â îáëàñòè îõðàíû îêðó-
æàþùåé ñðåäû: äëÿ î÷èñòêè ïèòüåâûõ è ïðîìûøëåí-
íûõ ñòî÷íûõ âîä, ðåãåíåðàöèè ïî÷âû, óäàëåíèÿ âðåä-
íûõ ãàçîâ èç ïðîìûøëåííûõ âûáðîñîâ [14, 15, 17]. 

Ñïîñîáíîñòü ãëèí è öåîëèòîâ ïîãëîùàòü è óäåðæèâàòü 
âîäó ïîçâîëÿåò ýôôåêòèâíî èììîáèëèçîâàòü íà ïîâåð-
õíîñòè ìèêðîîðãàíèçìû è èõ ìåòàáîëèòû. Ïðè ýòîì ñî-
ðáöèîííîå ñâÿçûâàíèå óãëåâîäîðîäîâ ñïîñîáñòâóåò ñíè-
æåíèþ òîêñè÷íîñòè ñðåäû äëÿ ìèêðîîðãàíèçìîâ è ôèê-
ñèðóåò ñóáñòðàò â íåïîñðåäñòâåííîé áëèçîñòè ê ìèêðîá-
íîìó ñîîáùåñòâó. Åùå îäíî ïðåèìóùåñòâî çàêëþ÷àåòñÿ 
â òîì, ÷òî ãëèíû è öåîëèòû óâåëè÷èâàþò äèôôóçèþ êè-
ñëîðîäà è âëàãè â ïî÷âå, îáåñïå÷èâàÿ îïòèìàëüíûé âîä-
íûé, ãàçîâîçäóøíûé è òåïëîâîé ðåæèì äëÿ ðîñòà èììî-
áèëèçîâàííûõ ìèêðîîðãàíèçìîâ. Ïðè ýòîì óñèëèâàåò-
ñÿ àêòèâíîñòü ìåòàáîëè÷åñêèõ ôåðìåíòîâ è çíà÷èòåëüíî 
óâåëè÷èâàåòñÿ ýíåðãèÿ âñåõ áèîõèìè÷åñêèõ ïðîöåññîâ. 
Â èòîãå äàííîå ñûðüå ïðåäñòàâëÿåò ñîáîé ìèíåðàëüíîå 
óäîáðåíèå, è â ðåçóëüòàòå ïðèìåíåíèÿ áèîãåîñîðáåíòà 
îòïàäàåò íåîáõîäèìîñòü åãî óòèëèçàöèè [5].

Öåëü ðàáîòû — ìîäåëèðîâàíèå áèîãåîñîðáåíòîâ 
íà îñíîâå ãëèíèñòûõ è öåîëèòîâûõ ïîðîä êàê ìàòåðè-
àëà-íîñèòåëÿ áèîïðåïàðàòà «Áèîòðèí» è èññëåäîâàíèå 
ñîðáöèîííûõ è äåñòðóêòèâíûõ ñâîéñòâ áèîãåîñîðáåí-
òîâ â îòíîøåíèè íåôòåïðîäóêòîâ.

Îáúåêòû è ìåòîäû èññëåäîâàíèÿ
Â êà÷åñòâå îáúåêòîâ èññëåäîâàíèÿ âûñòóïàëè:
1. Ìèíåðàëüíûå íîñèòåëè íà îñíîâå öåîëèòîâûõ 

è ãëèíèñòûõ ïîðîä Ðåñïóáëèêè Êîìè (òàáë. 1). Äëÿ 
ñðàâíåíèÿ â êà÷åñòâå êîíòðîëüíîãî îáðàçöà áûë âçÿò 
êâàðö-ãëàóêîíèòîâûé ïåñîê Áîíäàðñêîãî ìåñòîðîæäå-
íèÿ Òàìáîâñêîé îáëàñòè ñ òîðãîâîé ìàðêîé «Ionsorb».

Íîìåð îáðàçöà
Sample No.

Îïèñàíèå
Description

Ìåñòîðîæäåíèå/ïðîÿâëåíèå
Deposit/occurrence

Àíàëüöèìñîäåðæàùèå ïîðîäû / Analcime-bearing rocks

551 Àðãèëëèò êîðè÷íåâàòî-ñåðûé 
Brownish-gray argillite

Ïðîÿâëåíèå «Âåñëÿíà»,
Êîèíñêàÿ öåîëèòîíîñíàÿ ïëîùàäü 

Occurence «Veslyana», Koinskaya zeolite area

56403 Àðãèëëèò ñåðûé 
Gray argillite

Ïðîÿâëåíèå «Âåñëÿíñêîå-1»,
Êîèíñêàÿ öåîëèòîíîñíàÿ ïëîùàäü 

Occurrence «Veslyanskoe-1», Koinskaya zeolite area

1/83
Àðãèëëèò ñåðîâàòî-êîðè÷íåâûé 

èçâåñòêîâèñòûé 
Grayish-brown calcareous argillite

Ïðîÿâëåíèå «Ýøìåññêîå»,
Êîèíñêàÿ öåîëèòîíîñíàÿ ïëîùàäü

Occurrence «Eschmeskoe», Koinskaya zeolite-bearing area

58603
Àðãèëëèò êîðè÷íåâûé ñ ñåðûìè 

ïÿòíàìè
Brown argillite with gray spots 

Ïðîÿâëåíèå «×åðíîðå÷åíñêîå»,
Êîèíñêàÿ öåîëèòîíîñíàÿ ïëîùàäü 

Occurrence «Chernorechenskoe», Koinskaya zeolite area
Êëèíîïòèëîëèòñîäåðæàùèå ãëèíû / Clinoptilolite-bearing clays

538-35
Ãëèíà òåìíî-ñåðàÿ ñî ñâåòëûìè 

âêðàïëåíèÿìè 
Dark gray clay with light limpregnation

×èì-Ëîïòþãñêîå ìåñòîðîæäåíèå ãîðþ÷èõ ñëàíöåâ, 
ßðåíãñêèé ñëàíöåíîñíûé ðàéîí

Chim-Loptyugskoe oil shale deposit, Yarengsky shale area
541-31

Ãëèíà òåìíî-ñåðàÿ 
Dark gray clay

Ãëàóêîíèòñîäåðæàùèå ïîðîäû / Glauconite-bearing rocks

539-40 Ãëèíà çåëåíàÿ èçâåñòêîâèñòàÿ
Green calcareous clay

×èì-Ëîïòþãñêîå ìåñòîðîæäåíèå ãîðþ÷èõ ñëàíöåâ, 
ßðåíãñêèé ñëàíöåíîñíûé ðàéîí

Chim-Loptyugskoe oil shale deposit, Yarengsky shale area
531-56 Ãëèíà çåëåíàÿ 

Green clay

315-10 Ïåñ÷àíèê çåëåíûé èçâåñòêîâèñòûé
Green calcareous sandstone

ÒÃ Ïåñîê êâàðö-ãëàóêîíèòîâûé
Quarz-glauconite sand

Áîíäàðñêîå ìåñòîðîæäåíèå, Òàìáîâñêàÿ îáëàñòü
Bondarskoe deposit, Tambov region

Òàáëèöà 1. Êîëëåêöèÿ ìèíåðàëüíûõ íîñèòåëåé íà îñíîâå öåîëèòîâûõ è ãëèíèñòûõ ïîðîä
Table 1. Description of mineral carriers samples
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2. Øòàììû ìèêðîîðãàíèçìîâ, âõîäÿùèå â ñîñòàâ 
áèîïðåïàðàòà «Áèîòðèí» [4]:

— áàêòåðèè Pseudomonas yamanorum VKM Â-3033D, 
âûäåëåííûå èç ñèëüíî çàãðÿçíåííîãî ãðóíòà æåëåçíî-
äîðîæíîãî ïîëîòíà â ðàéîíå ã. Ñûêòûâêàðà [9];

— äðîææè Rhodotorula glutinis, VKM Y-2998D [10];
— ìèêðîâîäîðîñëè Chlorella vulgaris Beijer. f. globo-

sa V. Andr. A1123.

Õàðàêòåðèñòèêà ìèíåðàëüíûõ íîñèòåëåé
Õèìè÷åñêèé ñîñòàâ ïîðîä îïðåäåëÿëè ìåòîäîì ñè-

ëèêàòíîãî àíàëèçà íà 12/14 êîìïîíåíòîâ. Ôàçîâûé ñî-
ñòàâ äèàãíîñòèðîâàëè ìåòîäîì ðåíòãåíîâñêîé äèôðàê-
öèè (Shimadzu XRD 6000, èçëó÷åíèå CuK, Ni ôèëüòð, 
30kV/30mA) â äèàïàçîíå 2–65° 2 ñî ñêîðîñòüþ 2°
2/ìèí. Ôàçîâûé ñîñòàâ ãëèíèñòîé ôðàêöèè îïðå-
äåëÿëè ìåòîäîì ðåíòãåíîâñêîé äèôðàêöèè îðèåíòè-
ðîâàííûõ è íåîðèåíòèðîâàííûõ îáðàçöîâ, ïîäâåð-
ãíóòûõ ñòàíäàðòíûì äèàãíîñòè÷åñêèì îáðàáîòêàì. 
Èññëåäîâàíèå ïîâåðõíîñòè ìèíåðàëüíûõ íîñèòåëåé 
ïîñëå èììîáèëèçàöèè ìèêðîîðãàíèçìîâ îñóùåñòâ-
ëÿëè ñ ïîìîùüþ ñêàíèðóþùåãî ýëåêòðîííîãî ìèêðî-
ñêîïà Tescan Vega 3 LMH ñ ýíåðãîäèñïåðñèîííîé ïðè-
ñòàâêîé Oxford Instruments X-Max ïðè óñêîðÿþùåì 
íàïðÿæåíèè 5 êÂ. Óäåëüíóþ ïëîùàäü ïîâåðõíîñòè, 
îáúåì ìèêðî- è ìåçîïîð, îáùèé îáúåì ïîð íåîáðàáî-
òàííûõ ñîðáåíòîâ îïðåäåëÿëè ìåòîäîì íèçêîòåìïåðà-
òóðíîé ôèçè÷åñêîé ñîðáöèè àçîòà ñ ïîìîùüþ àíàëèçà-
òîðà ïëîùàäè ïîâåðõíîñòè è ðàçìåðà ïîð NOVA 1200e, 
Quantachrome ïðè òåìïåðàòóðå 196 °Ñ ñ ïðåäâàðèòåëü-
íîé äåãàçàöèåé ïðè 350 °Ñ â âàêóóìå â òå÷åíèå 2 ÷.
Óäåëüíóþ ïëîùàäü ïîâåðõíîñòè ðàññ÷èòûâàëè ìåòîäîì 
BET (êðèâàÿ àäñîðáöèè àçîòà), îáúåì ìåçîïîð — ìåòî-
äîì BJH (êðèâàÿ äåñîðáöèè àçîòà), îáúåì ìèêðîïîð — 
ìåòîäîì Äóáèíèíà — Àñòà õîâà.

Ìîäåëèðîâàíèå áèîãåîñîðáåíòîâ
Áèîìàññó áàêòåðèé íàðàáàòûâàëè íà ñðåäå ÌÏÀ: íà 

1000 ìë âîäû: ïåïòîíà — 20 ã, NaCl — 3.0 ã; KCl — 1.0 ã; 
MgSO47H2O — 0.5 ã — ïðè òåìïåðàòóðå 15–25 °Ñ â òå-
÷åíèå 3–5 ñóòîê â óñëîâèÿõ æèäêîôàçíîé ôåðìåíòàöèè.

Áèîìàññó äðîææåé — íà ñðåäå ×àïåêà: íà 1000 ìë 
âîäû: ñàõàðîçû — 20 ã, NaNO3 — 3.0 ã; KH2PO4 — 1.0 ã; 
KCl — 0.5 ã; MgSO45H2O — 0.5 ã — ïðè òåìïåðàòóðå 
15–25 °Ñ â òå÷åíèå 3–5 ñóòîê â óñëîâèÿõ æèäêîôàçíîé 
ôåðìåíòàöèè.

Áèîìàññó ìèêðîâîäîðîñëåé — íà ñðåäå Òàìèÿ: 
íà 1000 ìë âîäû: KNO3 — 5.0; FeSO47H2O — 0.003 ã; 
MgSO45H2O — 2.5 ã; KH2PO4 — 1.25 ã — ïðè òåìïå-
ðàòóðå 15–25 °Ñ â òå÷åíèå 3–5 ñóòîê â óñëîâèÿõ æèäêî-
ôàçíîé ôåðìåíòàöèè.

Ïîëó÷åííûå ñóñïåíçèè îáúåäèíÿëè â áèîïðåïàðàò 
«Áèîòðèí».

Áèîñîðáåíòû ïîëó÷àëè îáðàáîòêîé ìèíåðàëüíûõ 
íîñèòåëåé êðóïíîñòüþ 0.1–0.25 ìì áèîïðåïàðàòîì 
«Áèîòðèí» (òèòð êëåòîê 109) â ñîîòíîøåíèè 1 ÷àñòü áè-
îïðåïàðàòà ê 6 ÷àñòÿì ñîðáåíòà.

Ïîäãîòîâêà çàãðÿçíåííîé
íåôòüþ âîäû (êîíòðîëü)
0.5 ã íåôòè äîáàâëÿëè â 100 ìë ñðåäû ×àïåêà áåç ñà-

õàðîçû. Àýðèðîâàëè íà øåéêåðå ïðè 180 îá/ ìèí â òå÷å-
íèå 4 ñóòîê ïðè êîìíàòíîé òåìïåðàòóðå è åñòåñòâåííîì 
îñâåùåíèè. Âîäó îòôèëüòðîâûâàëè. 

Óñëîâèÿ ýêñïåðèìåíòà
Â êîëáû îáúåìîì 250 ìë ðàçëèâàëè ïîäãîòîâëåí-

íóþ çàãðÿçíåííóþ íåôòüþ âîäó è äîáàâëÿëè 1 ã èñõîä-
íûõ ñîðáåíòîâ (áåç «Áèîòðèíà») è áèîãåîñîðáåíòîâ ïî 
ñõåìå (òàáë. 2). Ýêñïåðèìåíò ïðîâîäèëè â òå÷åíèå 4 ñó-
òîê ïðè êîìíàòíîé òåìïåðàòóðå, åñòåñòâåííîì îñâåùå-
íèè, àýðàöèè íà øåéêåðå (180 îá/ìèí).

Ñîäåðæàíèå íåôòåïðîäóêòîâ â îáðàçöàõ ìîäåëü-
íîé âîäû, îòôèëüòðîâàííûõ èñõîäíûõ ñîðáåíòàõ è áèî-
ãåîñîðáåíòàõ àíàëèçèðîâàëè ìåòîäîì ôëóîðèìåòðèè 
íà àíàëèçàòîðå æèäêîñòè «Ôëþîðàò-02» â ñîîòâåòñòâèè 
ñ ÏÍÄ Ô 16.1.21-98 [6].

Ðåçóëüòàòû è îáñóæäåíèå
Ìèíåðàëüíûé è õèìè÷åñêèé ñîñòàâ èñõîäíûõ 

îáðàç öîâ ïðèäñòàâëåíû â òàáë. 3 è 4. 
Àíàëüöèìñîäåðæàùèå ïîðîäû Âåñëÿíñêîé ãðóïïû 

ïðîÿâëåíèé (Êîèíñêàÿ öåîëèòîíîñíàÿ ïëîùàäü) ïðåä-
ñòàâëåíû âåðõíåïåðìñêèìè àëåâðîëèòàìè è àðãèëëèòà-
ìè, çíà÷èòåëüíî ðåæå ìåðãåëÿìè. Ïîðîäû õàðàêòåðèçó-
þòñÿ âûñîêèì ñîäåðæàíèåì ãëèíèñòîé ñîñòàâëÿþùåé 
(50–70 %), ïðîïèòàíû îêñèäàìè è îêñèãèäðîêñèäàìè 
æåëåçà, òàêæå ïðèñóòñòâóþò êâàðö, àíàëüöèì, ïîëå-
âûå øïàòû, êàðáîíàòû (òàáë. 3). Ãëèíèñòûå ìèíåðàëû 
ïðåäñòàâëåíû íåóïîðÿäî÷åííîé, â îñíîâíîì ðàçáóõà-

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ 551

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ 551-Á

Ýêñïåðèìåíòàëüíàÿ âîäà  
Experimental water

+ 54603

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ 54603-Á

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ 1/83

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ 1/83-Á 

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ 58603

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ 58603-Á

Ýêñïåðèìåíòàëüíàÿ âîäà
Experimental water

+ 538-35

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ 538-35-Á

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ 541-31

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ 541-31-Á

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ 539-40

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ 539-40-Á

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ 531-56

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ 531-56-Á

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ 315-10

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ 315-10-Á

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ ÒÃ

Ýêñïåðèìåíòàëüíàÿ âîäà 
Experimental water

+ ÒÃ-Á

Êîíòðîëü (çàãðÿçíåííàÿ íåôòüþ âîäà)
Control (oil polluted water)

Òàáëèöà 2. Ñõåìà ýêñïåðèìåíòà
Table 2. Scheme of the experiment

Ïðèìå÷àíèå. Îáîçíà÷åíèå îáðàçöîâ: ïðèìåð, èñõîäíûé ñîð-
áåíò – 551; ñîðáåíò, îáðàáîòàííûé «Áèîòðèíîì» – 551-Á.

Note. Sorbents labels: example, initial sorbent – 551; Biotrin proce-
ssed sorbent – 551Á.
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þùåé, ñìåøàíîñëîéíîé ôàçîé (èëëèò-ñìåêòèò, èëëèò-
õëîðèò), â íåçíà÷èòåëüíîì êîëè÷åñòâå ïðèñóòñòâóþò 
êàîëèíèò è õëîðèò. Àãðåãàòû àíàëüöèìà èíêðóñòèðóþò 
îêðóãëûå è îâàëüíûå ïîëîñòè, à òàêæå âûïîëíÿþò ìè-
êðîòðåùèíû â ïîðîäàõ. Ñîäåðæàíèå àíàëüöèìà â ïîðî-
äå âàðüèðóåò îò 1 äî 30 % [14]. 

Êëèíîïòèëîëèòñîäåðæàùèå ãëèíû ñëàãàþò ïå-
ñòðóþ ïà÷êó (ìîùíîñòü 0.3–4.5 ì), ñëóæàùóþ ìàð-
êèðóþùèì ãîðèçîíòîì âåðõíåþðñêèõ îòëîæåíèé 
ßðåíãñêîãî ñëàíöåíîñíîãî ðàéîíà (×èì-Ëîïòþãñêîå 
ìåñòîðîæäåíèå ãîðþ÷èõ ñëàíöåâ, Ìåçåíñêàÿ ñèíå-
êëèçà). Ãëèíû õàðàêòåðèçóþòñÿ àññîöèàöèÿìè ãëè-
íèñòûõ ìèíåðàëîâ èñêëþ÷èòåëüíî ñìåêòèòîâîé ãðóï-
ïû: õëîðèò-èëëèò-ñìåêòèòîâîé è èëëèò-ñìåêòèòîâîé 
(òàáë. 3). Öåîëèòû çàìåùàþò îñòàòêè ðàäèîëÿðèé ðîäà 
Parvicingula, èõ ñîäåðæàíèå äîñòèãàåò 25–30 %. Ïî îò-
íîøåíèþ Si/Al, ðàâíîìó 4.01–4.33, öåîëèò îòíîñèòñÿ 
ê êëèíîïòèëîëèòó. Îñíîâíûìè îáìåííûìè êàòèîíà-
ìè ÿâëÿþòñÿ Ca, K è Mg; â íåçíà÷èòåëüíîì êîëè÷åñòâå 
ïðèñóòñòâóþò Na, Sr è Ba [11].

Ãëàóêîíèòîâûå ïîðîäû ñëàãàþò çåëåíîöâåò-
íóþ ïà÷êó ìîùíîñòüþ äî 7.5 ì, êîòîðàÿ òàêæå ÿâ-
ëÿåòñÿ ìàðêèðóþùèì ãîðèçîíòîì äëÿ âåðõíåé þðû 
ßðåíãñêîãî ñëàíöåíîñíîãî ðàéîíà. Ïà÷êà ñëîæåíà 
ïðåèìóùåñòâåííî ãëèíàìè ñ ïðîñëîÿìè êâàðö-ãëàó-
êîíèòîâûõ ïåñ÷àíèêîâ, ïåðåõîäÿùèõ èíîãäà â ïåñ÷à-
íèñòûå èçâåñòíÿêè, ñîäåðæàùèå îñòàòêè ìèêðî- è ìà-
êðîôàóíû [12]. Ãëîáóëÿðíûå ñëîèñòûå ñèëèêàòû ïðåä-
ñòàâëåíû ðàçíîîêðàøåííûìè çåðíàìè: îò òåìíî- äî 
ñâåòëî-çåëåíûõ. Çåëåíûå çåðíà ñëîæåíû äåôåêòíûì 
ñëþäèñòûì ìèíåðàëîì, áëèçêèì ïî ñîñòàâó ê ãëàóêî-
íèòó ñ íèçêèì ìåæñëîåâûì çàðÿäîì. Ñâåòëî-çåëåíûå 
çåðíà ïîìèìî ãëàóêîíèòà ñîäåðæàò çíà÷èòåëüíóþ 
ñìåêòèòîâóþ ñîñòàâëÿþùóþ. Âûÿâëåíî íèçêîå ñîäåð-
æàíèå êàëèÿ, ÷òî ãîâîðèò î ñëàáîé ñòåïåíè äèàãåíå-
òè÷åñêîãî ñîçðåâàíèÿ ãëàóêîíèòà. Ãëèíèñòàÿ ôðàêöèÿ 
ãëàóêîíèòñîäåðæàùèõ ïîðîä ïðåäñòàâëåíà â îñíîâ-

íîì ñìåøàíîñëîéíûìè ìèíåðàëàìè èëëèò-ñìåêòèòî-
âîãî è õëîðèò-ñìåêòèòîâîãî ñîñòàâà. Ïðåîáëàäàåò èë-
ëèò-ñìåêòèòîâàÿ ôàçà ñ ñîäåðæàíèåì ñëþäèñòîé êîì-
ïîíåíòû 5–20 % [13].

Èçîòåðìû ñîðáöèè-äåñîðáöèè àçîòà ñîðáåí-
òîâ (ðèñ. 1) îòíîñÿòñÿ ê IV(à) òèïó ïî êëàññèôèêàöèè 
IUPAC [18], õàðàêòåðíîìó äëÿ ìåçîïîðèñòûõ ñîðáåí-
òîâ. Èçîòåðìû èìåþò ïåòëþ ãèñòåðåçèñà áëèçêóþ ê òè-
ïó H3, ÷òî ñâèäåòåëüñòâóåò î ñóùåñòâîâàíèè ùåëåâèä-
íûõ êàïèëëÿðîâ ñ ïàðàëëåëüíûìè ïëàñòèíàìè. Ïîäúåì 
â îáëàñòè íèçêèõ äàâëåíèé õàðàêòåðèçóåò ïðèñóòñòâèå 
â îáðàçöàõ ìèêðîïîð. Íà èçîòåðìàõ îáðàçöîâ àíàëü-
öèìñîäåðæàùèõ ïîðîä (551, 1/83) ïðè îòíîñèòåëüíîì 
äàâëåíèè, áëèçêîì ê 1, íàáëþäàåòñÿ ðåçêèé ïîäúåì 
êðèâîé ñîðáöèè, óêàçûâàþùèé íà íàëè÷èå êðóïíûõ 
ïîð. Îòìåòèì, ÷òî ñîðáöèîííî-ñòðóêòóðíûå ïàðàìå-

Ðèñ 1. Èçîòåðìû ñîðáöèè-äåñîðáöèè àçîòà íåêîòîðûõ îáðàç-
öîâ ìèíåðàëüíûõ íîñèòåëåé 

Fig.1. Isotherms of sorption-desorption of nitrogen of some 
samples of mineral carriers

Òàáëèöà 3. Ìèíåðàëüíûé ñîñòàâ ïîðîä ïî äàííûì ðåíòãåíîôàçîâîãî àíàëèçà
Table 3. Mineral composition of the rocks by X-ray phase analysis

¹ îáðàçöà
Sample No. Qtz Ilt Chl Mlm Glt An Clp Clc Fsp Goe Äðóãèå ôàçû / Other phases

551 + + + + + + +
56403 + +* + + + + +

1/83 + + + + + + + äîëîìèò, êàîëèíèò
dolomite, kaolinite

58603 + +* +? + + +? + +
538-35 + + + + +
541-31 + + + + + + +?
539-40 + + + + + àïàòèò / apatite
531-56 + + + + + + + ñèäåðèò / siderite
315-10 + + + + + +?

ÒÃ + + + + ìóñêîâèò / muscovite

Ïðèìå÷àíèå. Qtz – êâàðö, Ilt – èëëèò, Chl – õëîðèò, Mlm – ñìåøàíîñëîéíàÿ ôàçà, Glt – ãëàóêîíèò, An – àíàëüöèì, Clp – êëè-
íîïòèëîëèò, Clc – êàëüöèò, Fsp – ïîëåâîé øïàò, Goe – ãåòèò; * – èçìåíåííûé, ãèäðàòèðîâàííûé ìèíåðàë; ? – ìèíåðàë îïðå-
äåëåí íåäîñòîâåðíî èëè ïðèñóòñòâóåò â íåçíà÷èòåëüíîì êîëè÷åñòâå.

Note. Qtz – quartz, Ilt – illite, Chl – chlorite, Mlm – mixed-layer minerals, Glt – glauconite, An – analcime, Clp – clinoptilolite, Clc – 
calcite, Fsp – feldspar, Goe – goethite; * — modified, hydrated mineral; (?) — mineral is not determined correctly or present in small 
quantities.
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òðû ìèíåðàëüíûõ íîñèòåëåé îòëè÷àþòñÿ äðóã îò äðó-
ãà (òàáë. 5). Òàê, óäåëüíàÿ ïëîùàäü ïîâåðõíîñòè èñ-
õîäíûõ ñîðáåíòîâ âàðüèðóåò îò 10.38 äî 51.69 ì2/ã, îá-
ùèé îáúåì ïîð îò 0.0147 äî 0.0459 ñì3/ã, îáúåì ìåçî-
ïîð îò 0.0068 äî 0.0406 ñì3/ã, îáúåì ìèêðîïîð îò 0.010 
äî 0.028 ñì3/ã.

Ïðîâåäåíû ýêñïåðèìåíòû ïî çàêðåïëåíèþ öåëå-
âûõ ìèêðîîðãàíèçìîâ-íåôòåäåñòðóêòîðîâ íà ìèíå-
ðàëüíûõ íîñèòåëÿõ ñ ïîñëåäóþùèì ñðàâíåíèåì ñîðá-
öèîííûõ è äåñòðóêòèâíûõ ñâîéñòâ èñõîäíûõ ñîðáåíòîâ 
è áèîãåîñîðáåíòîâ. Êóëüòèâèðîâàííûå øòàììû ìè-
êðîîðãàíèçìîâ èììîáèëèçîâûâàëè íà ñîðáåíòû è èç-

ó÷àëè èõ ïîâåðõíîñòü ñ ïîìîùüþ ñêàíèðóþùåãî ýëåê-
òðîííîãî ìèêðîñêîïà. Êàê âèäíî íà ðèñ. 2, íàáëþäà-
þòñÿ ñêîïëåíèÿ ìèêðîîðãàíèçìîâ «Áèîòðèíà», çàêðå-
ïëåííûå íà ïîâåðõíîñòè ìèíåðàëüíûõ íîñèòåëåé.

Ñîðáöèÿ è äåñòðóêöèÿ
íåôòåïðîäóêòîâ
Íîðìàòèâû ïðåäåëüíî äîïóñòèìûõ êîíöåíòðàöèé 

(ÏÄÊ) íåôòåïðîäóêòîâ â âîäàõ âîäíûõ îáúåêòîâ ðû-
áîõîçÿéñòâåííîãî çíà÷åíèÿ ñîñòàâëÿþò 0.05 ìã/äì3 [8]. 
Ñîäåðæàíèå íåôòåïðîäóêòîâ â êîíòðîëüíîì îáðàçöå 
âîäû â 2.4 ðàçà ïðåâûøàåò ÏÄÊ (òàáë. 6). 

Ðèñ. 2. ÑÝÌ-èçîáðàæåíèÿ ïîâåðõíîñòè ñîðáåíòîâ ñ «Áèîòðèíîì» (ñâåòëîå — ïîðîäà, òåìíîå — «Áèîòðèí»), e — ðåæèì âòî-
ðè÷íûõ ýëåêòðîíîâ, îñòàëüíîå — ðåæèì óïðóãî-îòðàæåííûõ ýëåêòðîíîâ

Fig. 2. SEM images of sorbent surfaces with Biotrin (light — rocks, dark — Biotrin), e — secondary electron image, the rest — backscattered 
electron images

Òàáëèöà 4. Õèìè÷åñêèé ñîñòàâ ïîðîä, ìàñ. %
Table 4. Chemical composition of the rocks, wt.%

Êîìïîíåíò
Component

551 56403 1/83 58603 538-35 541-31 539-40 531-56 315-10 ÒÃ

SiO2 54.46 60.90 35.48 63.40 52.84 37.74 25.78 60.90 48.66 78.78

TiO2 0.92 1.13 0.56 0.91 0.67 0.53 0.13 0.76 0.39 0.34

Al2O3 17.68 15.73 11.13 14.47 14.77 11.66 6.21 14.44 10.92 6.74

Fe2O3 îáù 8.42 6.52 7.48 5.81 5.30 3.91 14.64 5.56 5.96 5.17

MnO 0.049 0.024 0.53 0.025 0.059 0.027 0.47 0.03 0.15 <0.01

CaO 0.79 0.79 14.39 2.14 4.93 13.90 20.26 1.22 10.22 0.7

MgO 1.59 1.69 4.79 1.04 2.35 1.75 2.23 2.32 1.67 1.17
K2O 2.16 2.20 1.69 1.43 2.63 2.13 0.79 2.85 1.43 2.58

Na2O 4.34 3.49 1.83 3.28 0.72 0.49 0.29 0.67 0.49 0.53

P2O5 0.13 0.079 0.073 1.09 0.12 0.31 2.55 0.072 0.075 0.13

ï.ï.ï. / loi 8.92 7.13 21.94 6.01 14.15 25.75 22.77 10.86 18.85 4.61

SO3 0.36 0.32 0.93

Ñóììà / Total 99.46 99.68 99.89 99.61 98.90 98.52 97.05 99.68 99.82 100.75
FeO 0.31 0.62 1.23 <0.25 1.28 2.59 0.69 0.98 0.64 0.39

H2O- 2.42 1.67 2.52 1.34 4.68 3.76 4.46 5.58 7.28 2.42

CO2 0.13 <0.1 15.34 0.42 2.40 9.67 12.58 0.58 7.22 <0.1
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Ýêñïåðèìåíòû ïîêàçàëè (òàáë. 6), ÷òî îáðàçöû èñ-
õîäíîé àíàëüöèìñîäåðæàùåé ïîðîäû (551, 56403, 1/83) 
ïðîÿâëÿþò àäñîðáöèîííóþ àêòèâíîñòü â îòíîøåíèè 
íåôòåïðîäóêòîâ. Â ðåçóëüòàòå ââåäåíèÿ ýòèõ îáðàç-
öîâ â íåôòåçàãðÿçíåííóþ âîäó ñîäåðæàíèå ïîëëþòàí-
òà â âîäå ïàäàåò çà 4 ñóòîê â 2.5–3 ðàçà, äî ïðåäåëüíî äî-
ïóñòèìûõ êîíöåíòðàöèé.  Ïðè âíåñåíèè â çàãðÿçíåí-
íóþ âîäó áèîãåîñîðáåíòîâ (551-Á, 56403-Á, 1/83-Á) ýô-
ôåêòèâíîñòü î÷èñòêè âîäû óìåíüøàåòñÿ è íå äîñòèãàåò 
íîðì ÏÄÊ. Ñíèæåíèå ñîðáöèîííûõ ñâîéñòâ áèîãåî-

ñîðáåíòîâ âûçâàíî óìåíüøåíèåì óäåëüíîé ïîâåðõíî-
ñòè çà ñ÷åò àäãåçèîííîçàêðåïëåííîé áèîìàññû ìèêðî-
îðãàíèçìîâ. Ïðè ñðàâíåíèè äåñòðóêöèîííûõ ñâîéñòâ 
èñõîäíîãî è îáðàáîòàííîãî áèîïðåïàðàòîì «Áèîòðèí» 
îáðàçöîâ óñòàíîâëåíî, ÷òî ýôôåêòèâíîñòü îêèñëåíèÿ 
íåôòåïðîäóêòîâ â îáðàçöàõ 551-Á, 56403-Á, 1/83-Á ïî-
âûøàåòñÿ â 4.4, 3.5 è 1.14 ðàçà, ñîîòâåòñòâåííî.

 Ñîðáöèîííûå ñâîéñòâà êëèíîïòèëîëèòñîäåðæà-
ùèõ ïîðîä íàèáîëåå ïðèâëåêàòåëüíû â îáðàçöå 541-31 
(òàáë. 6), îäíàêî ñ ó÷åòîì âûñîêîé äåñòðóêòèâíîé àê-

Òàáëèöà 5. Óäåëüíàÿ ïëîùàäü ïîâåðõíîñòè è ïîðèñòîñòü ìèíåðàëüíûõ íîñèòåëåé (áåç íàíåñåíèÿ «Áèîòðèíà»),
êðóïíîñòü 0.1–0.25 ìì

Table 5. Specific surface area and porosity of mineral carriers (without application of Biotrin)
particle size 0.1–0.25 mm

¹ îáðàçöà
Sample No.

Óäåëüíàÿ ïëîùàäü 
ïîâåðõíîñòè

Specific surface area, m2/g

Îáùèé îáúåì ïîð
Total pore volume

10–2 ñm3/g

Îáúåì ìåçîïîð
Mesopore volume

10–2 ñm3/g

Îáúåì ìèêðîïîð
Micropore volume

10–2 ñm3/g
551 37.82 4.59 4.06 2.1

56403 18.54 2.27 1.85 1.0
1/83 22.35 2.55 2.19 1.3

58603 32.04 3.99 2.95 1.8
538-35 48.77 4.36 2.49 2.7
541-31 10.38 1.18 0.71 0.5
539-40 43.26 3.88 2.21 2.4
531-56 51.69 4.31 2.36 2.8
315-10 34.45 2.89 1.54 1.9

ÒÃ 18.66 1.47 0.68 1.0

¹ îáðàçöà
Sample No.

Ñîäåðæàíèå íåôòåïðîäóêòîâ*
Oil product content*

¹ îáðàçöà
Sample No.

Ñîäåðæàíèå íåôòåïðîäóêòîâ*
Oil product content*

551 0.04±0.014
250±60 551-Á 0.11±0.04

57±23

56403 0.046±0.016
130±50 56403-Á 0.061±0.021

37±15

1/83 0.048±0.017
250±60 1/83-Á 0.071±0.025

220±90

58603 0.071±0.025
250±60 58603-Á 0.064±0.022

90±40

538-35 0.085±0.030
50±20 538-35-Á 0.037±0.013

40±16

541-31 0.035±0.012
250±60 541-31-Á 0.058±0.021

100±40

539-40 0.024±0.009
58±23 539-40-Á 0.072±0.025

20±8

531-56 0.027±0.009
63±25 531-56-Á ä. î. 

15±6

315-10 0.09±0.03
11±4 315-10-Á 0.021±0.007

17±7

ÒÃ 0.035±0.012
90±40 ÒÃ-Á 0.045±0.016

34±14

Çàãðÿçíåííàÿ íåôòüþ 
âîäà (êîíòðîëü)

Oil polluted
water (control)

0.12±0.041

Òàáëèöà 6. Èçìåíåíèå êîíöåíòðàöèè íåôòåïðîäóêòîâ â âîäå â ïðèñóòñòâèè èñõîäíûõ
ìèíåðàëüíûõ íîñèòåëåé è áèîãåîñîðáåíòîâ

Table 6. Change in oil product concentration in water in presence of initial mineral carriers and biogeosorbents

Ïðèìå÷àíèå. * â ÷èñëèòåëå — ñîäåðæàíèå íåôòåïðîäóêòîâ â ýêñïåðèìåíòàëüíîé âîäå, ìã/äì3, â çíàìåíàòåëå – ñîäåðæàíèå 
íåôòåïðîäóêòîâ â èñõîäíûõ ñîðáåíòàõ è áèîãåîñîðáåíòàõ ïîñëå ýêñïåðèìåíòà, ìã/ã; ä. î. – äàííûå îòñóòñòâóþò.

Note. * in the numerator — content of oil products in the experimental water, mg/dm3, in the denominator - content of oil products in ini-
tial sorbents and biogeosorbents after the experiment, mg/g; ä. o. — no data.
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òèâíîñòè ìèêðîîðãàíèçìîâ â áèîãåîñîðáåíòå 538-35-Á 
îäíîçíà÷íî åãî ïðåäïî÷òåíèå ïðè èñïîëüçîâàíèè â êà-
÷åñòâå ðåìåäèàíòà çàãðÿçíåííîé íåôòüþ âîäû.

Îáðàçöû èñõîäíûõ ãëàóêîíèòñîäåðæàùèõ ïîðîä 
îáëàäàþò âûñîêèìè ñîðáöèîííûìè ñâîéñòâàìè (539-40, 
531-56, 315-10, ÒÃ). Ñîäåðæàíèå íåôòåïðîäóêòîâ â ýê-
ñïåðèìåíòàëüíîé âîäå ñíèæàåòñÿ îòíîñèòåëüíî êîíòð-
îëüíîãî îáðàçöà â 3.4–5 ðàç çà 4 ñóòîê. Áèîäåñòðóêöèÿ íå-
ôòåïðîäóêòîâ â îáðàçöàõ ãëàóêîíèòñîäåðæàùèõ ïîðîä, 
èììîáèëèçîâàííûõ êëåòêàìè áèîïðåïàðàòà «Áèîòðèí» 
(539-40-Á, 531-56-Á, 315-10-Á, ÒÃ-Á), ñîñòàâëÿåò îò 62 
äî 76 % (òàáë. 6).

Âûâîäû
Èçó÷åí âåùåñòâåííûé ñîñòàâ ãëèíèñòîãî è öåîëèòî-

âîãî ñûðüÿ êàê ìèíåðàëüíîãî íîñèòåëÿ áèîãåîñîðáåíòîâ 
è åãî ñîðáöèîííûå õàðàêòåðèñòèêè. Óäåëüíàÿ ïëîùàäü 
ïîâåðõíîñòè  âàðüèðóåò îò 10.38 äî 51.69 ì2/ã. Èçîòåðìû 
ñîðáöèè-äåñîðáöèè àçîòà ñîðáåíòîâ îòíîñÿòñÿ ê IV(à) òè-
ïó, õàðàêòåðíîìó äëÿ ìåçîïîðèñòûõ ñîðáåíòîâ.

Â ðåçóëüòàòå ýêñïåðèìåíòîâ áûëè ñìîäåëèðîâàíû 
áèîãåîñîðáåíòû íà îñíîâå ãëèíèñòûõ è öåîëèòîâûõ ïîðîä 
è èììîáèëèçîâàííûõ íà íèõ ìèêðîîðãàíèçìîâ-íåôòåäå-
ñòðóêòîðîâ, âõîäÿùèõ â ñîñòàâ áèîïðåïàðàòà «Áèîòðèí».

Îáðàçöû èñõîäíûõ ñîðáåíòîâ ïðîÿâëÿþò âûñîêóþ 
àäñîðáöèîííóþ àêòèâíîñòü â îòíîøåíèè íåôòåïðî-
äóêòîâ. Ñîäåðæàíèå íåôòåïðîäóêòîâ â âîäå óìåíüøà-
åòñÿ â 2.5–5 ðàç, äî íîðì èëè ñóùåñòâåííî íèæå íîðì 
ÏÄÊ. Âûÿâëåíî, ÷òî êëåòêè ìèêðîîðãàíèçìîâ ïðè èì-
ìîáèëèçàöèè íà ìèíåðàëüíûå íîñèòåëè ìîãóò ñíè-
æàòü èõ ñîðáöèîííóþ åìêîñòü, â òî æå âðåìÿ îáåñïå÷è-
âàÿ íåôòå äåñòðóêöèþ. Áèîäåñòðóêöèÿ íåôòåïðîäóêòîâ 
ñìîäåëèðîâàííûìè áèîãåîñîðáåíòàìè çà 4 ñóòîê ñî-
ñòàâëÿåò 12–77 %.

Àâòîðû âûðàæàþò áëàãîäàðíîñòü ÖÊÏ «Ãåîíàóêà» 
è ýêîàíàëèòè÷åñêîé ëàáîðàòîðèè Èíñòèòóòà áèîëîãèè 
Êîìè ÍÖ ÓðÎ ÐÀÍ çà ïîìîùü ïðè ïðîâåäåíèè àíàëèòè-
÷åñêèõ ðàáîò, à òàêæå È. Í. Áóðöåâó çà ïðåäîñòàâëåí-
íûå îáðàçöû êëèíîïòèëîëèòîâûõ è ãëàóêîíèòîâûõ ïîðîä.

Ðàáîòà âûïîëíåíà ïðè ÷àñòè÷íîé ôèíàíñîâîé ïîä-
äåðæêå ïðîãðàìì ÓðÎ ÐÀÍ (ïðîåêò 18-5-5-44), ïðîåê-
òà Ó.Ì.Í.È.Ê (12412ÃÓ/2017), ãîñóäàðñòâåííûõ çàäà-
íèé ¹ ÀÀÀÀ-À17-117121270025-1 «Ðàçðàáîòêà áèîêà-
òàëèòè÷åñêèõ ñèñòåì íà îñíîâå ôåðìåíòîâ, ìèêðîîðãà-
íèçìîâ è ðàñòèòåëüíûõ êëåòîê, èõ èììîáèëèçîâàííûõ 
ôîðì è àññîöèàöèé äëÿ ïåðåðàáîòêè ðàñòèòåëüíîãî ñû-
ðüÿ, ïîëó÷åíèÿ áèîëîãè÷åñêè àêòèâíûõ âåùåñòâ, áèîòî-
ïëèâà, ðåìåäèàöèè çàãðÿçíåííûõ ïî÷â è î÷èñòêè ñòî÷-
íûõ âîä» è ¹ ÀÀÀÀ-À17-117121270037-4 «Íàó÷íûå îñíî-
âû ýôôåêòèâíîãî íåäðîïîëüçîâàíèÿ, ðàçâèòèÿ è îñâîåíèÿ 
ìèíåðàëüíî-ñûðüåâîé áàçû, ðàçðàáîòêà è âíåäðåíèå èííî-
âàöèîííûõ òåõíîëîãèé, ãåîëîãî-ýêîíîìè÷åñêîå ðàéîíèðî-
âàíèå Òèìàíî-Ñåâåðîóðàëüñêîãî ðåãèîíà».
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Ñ. 69–73.

16. Ùåìåëèíèíà Ò. Í., Êîòîâà Î. Á., Õàðæà Ì., Àí÷óãîâà 
Å. Ì., Ïåëîâñêèé È., Êðåòåñêó È. Íîâûå òðåíäû â ìåõàíèçìàõ 
ïîâûøåíèÿ ïðîèçâîäèòåëüíîñòè ìàòåðèàëîâ íà ìèíåðàëüíîé 
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2017. ¹ 6. Ñ. 40–42.

17. Kotova O. B., Harja M., Cretescu I., Noli F., Pelovski Y., 
Shushkov D. A. Zeolites in technologies of pollution prevention and 
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18. Thommes M., Kaneko K., Neimark A.V., Olivier J.P., 
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4 ñåíòÿáðÿ — 60-ëåòíèé þáèëåé ñïåöèàëèñòà ïî ãðàæäàíñêîé îáîðîíå Â. À. Ëèòîøêî 
Ñ 4 ïî 5 ñåíòÿáðÿ ê. ã.-ì. í. Í. Í. Òèìîíèíà ïðèíÿëà ó÷àñòèå â Ìåæäóíàðîäíîé íàó÷íî-ïðàêòè÷åñêîé êîíôå-

ðåíöèè «Ìîäåëèðîâàíèå ãåîëîãè÷åñêîãî ñòðîåíèÿ è ïðîöåññîâ ðàçðàáîòêè — îñíîâà óñïåøíîãî îñâîåíèÿ íåôòå-
ãàçîâûõ ìåñòîðîæäåíèé», ã. Êàçàíü.

6 ñåíòÿáðÿ — äåëåãàöèÿ âî ãëàâå ñ ìèíèñòðîì àðõèòåêòóðû è ñòðîèòåëüñòâà Ðåñïóáëèêè Áåëàðóñü Àíàòîëèåì 
×¸ðíûì ïîñåòèëà Ãåîëîãè÷åñêèé ìóçåé èì. À. À. ×åðíîâà.

Ñ 11 ïî 17 ñåíòÿáðÿ ê. ã.-ì. í. Ä. Â. Ïîíîìàðåâ ïðèíÿë ó÷àñòèå â ðàáîòå ñîâåùàíèÿ «Êàðñò è ñòðàòèãðàôèÿ ÷åò-
âåðòè÷íûõ ïåùåðíûõ îòëîæåíèé» («Quaternary Stratigraphy in Karst and Cave Sediments») ã. Ïîñòîéíà, Ñëîâåíèÿ.

Ñ 13 ïî 26 ñåíòÿáðÿ ê. ã.-ì. í. Î. Â. Óäîðàòèíà ïðîâîäèëà ñîâìåñòíûå íàó÷íûå èññëåäîâàíèÿ öèðêîíîâ èç ãðà-
íèòíûõ ìàññèâîâ Ñåâåðíîãî Óðàëà â Ñòýíôîðäñêîì óíèâåðñèòåòå, ÑØÀ.

15 ñåíòÿáðÿ — 80-ëåòíèé þáèëåé À. Ç. Ïàíåâîé. Ñ 1976 ïî 1993 ãã. ðàáîòàëà â Èíñòèòóòå ãåîëîãèè ìëàäøèì 
íàó÷íûì ñîòðóäíèêîì, ïîçäíåå — èñïîëíÿþùåé îáÿçàííîñòè íàó÷íîãî ñîòðóäíèêà.

Ñ 17 ïî 21 ñåíòÿáðÿ ä. ã.-ì. í. Î. Á. Êîòîâà ïðèíÿëà ó÷àñòèå â ðàáîòå XXIX Ìåæäóíàðîäíîãî êîíãðåññà ïî îáî-
ãàùåíèþ ïîëåçíûõ èñêîïàåìûõ (XXIX International Mineral Processing Congress), ã. Ìîñêâà.

Ñ 17 ïî 21 ñåíòÿáðÿ ä. õ. í. Ë. Ñ. Êî÷åâà ïðèíÿëà ó÷àñòèå â ðàáîòå VI Ìåæäóíàðîäíîé íàó÷íî-ïðàêòè÷åñêîé 
êîíôåðåíöèè «Áèîòåõíîëîãèÿ: íàóêà è ïðàêòèêà», ã. ßëòà.

21 ñåíòÿáðÿ — 90 ëåò ñî äíÿ ðîæäåíèÿ ä. ã.-ì. í., ïðîôåññîðà, çàñëóæåííîãî äåÿòåëÿ íàóêè ÐÑÔÑÐ Â. Ï. ßêó-
öåíè. Ñ 1978 ïî 1985 ãã. ðàáîòàëà â Èíñòèòóòå ãåîëîãèè çàâåäóþùåé ëàáîðàòîðèåé ïðèðîäíûõ ãàçîâ.

25 ñåíòÿáðÿ — ãëàâíûé íàó÷íûé ñîòðóäíèê ëàáîðàòîðèè ëèòîëîãèè è ãåîõèìèè îñàäî÷íûõ ôîðìàöèé
ä. ã.-ì. í. ß. Ý. Þäîâè÷ íàãðàæäåí îðäåíîì Äðóæáû (Óêàç Ïðåçèäåíòà ÐÔ ¹ 542) çà çàñëóãè â ðàçâèòèè íàóêè è 
ìíîãîëåòíþþ äîáðîñîâåñòíóþ ðàáîòó.

Õðîíèêà 

Chronicle
September 4 — Civil Defense specialist V. À. Litoshko’s 60th Anniversary.
September 4 — 5, PhD N. N. Timonina took part in the International Scientific and Practical Conference «Modeling 

of the geological structure and development processes — basis for the successful development of oil and gas fields», Kazan.
September 6 — Delegation, headed by Minister of Architecture and Construction of the Republic of Belarus, Anatoly 

Cherny, visited the Geological Museum named after A. A. Chernov.
September 11 — 17, PhD D. V. Ponomarev took part in the conference «Quaternary Stratigraphy in Karst and Cave 

Sediments», Postojna, Slovenia.
September 13 — 26, PhD O. V. Udoratina conducted joint scientific studies of zircons from granite massifs of the 

Northern Urals at Stanford University, USA.
September 15 — A. Z. Paneva’s 80th Anniversary. From 1976 to 1993 she worked at the Institute of Geology as a junior 

researcher, and later as an acting researcher.
September 17 — 21, DSc O. B. Kotova took part in XXIX International Mineral Processing Congress, Moscow.
September 17 — 21, DSc L. S. Kocheva took part in VI International Scientific Practical Conference «Biotechnology: 

science and practice», Yalta.
September 21 — the 90th Anniversary of DSc, Professor, Honored Worker of Science of the RSFSR V.P. Yakutseni. 

From 1978 to 1985 she worked at the Institute of Geology as the head of the Laboratory of natural gases.
September 25 — Chief Researcher of the Laboratory of Lithology and Geochemistry of Sedimentary Formations, DSc 

Ya. E. Yudovich was awarded the Order of Friendship (Decree of the President of the Russian Federation No. 542) for his 
merits in th e development of science and many years of diligent work.
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14-é Ìåæäóíàðîäíûé êîíãðåññ ïî ïðèêëàäíîé ìèíåðàëîãèè
Áåëãîðîä | 23–27 ñåíòÿáðÿ 2019

www.geo.komisc.ru/icam2019

Íàó÷íàÿ ïðîãðàììà ICAM-2019
ïî íàïðàâëåíèÿì

1. Ãåîìåòàëëóðãèÿ, òåõíîëîãè÷åñêàÿ ìèíåðàëîãèÿ è 
ïðîöåññû ïåðåðàáîòêè ìèíåðàëüíîãî ñûðüÿ. 

2. Èíäóñòðèàëüíûå ìèíåðàëû, äðàãîöåííûå êàìíè, 
ðóäû è äîáû÷à ïîëåçíûõ èñêîïàåìûõ.

3. Íåôòÿíûå è ãàçîâûå êîëëåêòîðû, â òîì ÷èñëå 
ãàçî âûå ãèäðàòû.

4. Àíàëèòè÷åñêèå ìåòîäû, ïðèáîðû è àâòîìàòèçàöèÿ.
5. Ïåðñïåêòèâíûå ìàòåðèàëû ñ óëó÷øåííûìè õàðà-

êòåðèñòèêàìè, â òîì ÷èñëå òåõíè÷åñêàÿ êåðàìèêà è 
ñòåêëî. 

6. Ñòðîèòåëüíîå ìàòåðèàëîâåäåíèå.
7. Áèîìèìåòè÷åñêèå ìàòåðèàëû íà ìèíåðàëüíîé îñíî -

âå, áèîìèíåðàëîãèÿ.
8. Îêðóæàþùàÿ ñðåäà è ýíåðãåòè÷åñêèå ðåñóðñû.
9. Êóëüòóðíîå íàñëåäèå, àðòåôàêòû è èõ ñîõðàííîñòü.

Êîíòðîëüíûå ñðîêè ïîäà÷è äîêëàäîâ: 1 äåêàáðÿ 2018 ã.

Материалы конгресса 
Ìàòåðèàëû Êîíãðåññà áóäóò îïóáëèêîâàíû èçäà-

òåëüñòâîì Springer îòäåëüíûì ñáîðíèêîì (ìåæäóíà-
ðîäíàÿ áèáëèîãðàôè÷åñêàÿ áàçà äàííûõ Scopus). 

Ó÷àñòíèêè ïðåäñòàâëÿþò ìàòåðèàëû äîêëàäà ñ 
îðèãèíàëüíûìè íàó÷íûìè ðåçóëüòàòàìè íà àíãëèé-
ñêîì ÿçûêå â ðàìêàõ òåì íàó÷íîé ïðîãðàììû. Ññûë-
êà äëÿ ïîäà÷è ìàòåðèàëîâ äîêëàäà äîñòóïíà â ëè÷íîì 
êàáèíåòå ó÷àñòíèêà ïîñëå îïëàòû ðåãèñòðàöèîííîãî 
âçíîñà. Ìàòåðèàëû äîêëàäà îôîðìëÿþòñÿ ïî øàáëîíó, 
ðàçìåù¸ííîìó íà ñàéòå Êîíãðåññà. 

Ðåãèñòðàöèîííûé âçíîñ Êîíãðåññà, êîòîðûé ïðåä-
óñìàòðèâàåò èçäàíèå òðóäîâ, ó÷àñòèå âî âñåõ ìåðîïðè-
ÿòèÿõ Êîíãðåññà (çàñåäàíèÿ, âûñòàâêà), êîôå-áðåéêè, 
îáåäû, ýêñêóðñèþ íà Ëåáåäèíñêèé ÃÎÊ, äî 1 äåêàáðÿ 
2018 ãîäà ñîñòàâëÿåò ëüãîòíóþ ñóììó â ðàçìåðå 300 åâðî 
(äëÿ ðîññèéñêèõ ó÷àñòíèêîâ â ðóáë¸âîì ýêâèâàëåíòå 
íà äåíü îïëàòû). Ñòóäåíòû, àñïèðàíòû è äîêòîðàíòû, à 
òàêæå íåðàáîòàþùèå ïåíñèîíåðû ìîãóò ïðèíÿòü ó÷àñ-
òèå â Êîíãðåññå, çàïëàòèâ ñïåöèàëüíûé ðåãèñòðàöèîí-
íûé âçíîñ â ðàçìåðå 150 åâðî ïðè ïðåäñòàâëåíèè äîêó-
ìåíòà, ïîäòâåðæäàþùåãî óêàçàííûé ñòàòóñ.

Ïëàíèðóåòñÿ ïðîâåäåíèå íàó÷íûõ øêîë âåäóùèõ 
ó÷åíûõ â îáëàñòè ïðèêëàäíîé ìèíåðàëîãèè íà ïëàò-
ôîðìå êîíãðåññà.

Äëÿ ïîëó÷åíèÿ äîïîëíèòåëüíîé èíôîðìàöèè
î ñïîíñîðñòâå, ïîæàëóéñòà, ñâÿæèòåñü ñ íàìè.

Ïîäðîáíàÿ èíôîðìàöèÿ íà geo.komisc.ru/icam2019
Ïî âñåì âîïðîñàì ìîæíî îáðàùàòüñÿ: 

kotova@geo.komisc.ru

Êîíãðåññ ñîñòîèòñÿ íà áàçå Áåëãîðîäñêîãî
ãîñóäàðñòâåííîãî òåõíîëîãè÷åñêîãî

óíèâåðñèòåòà èì. Â. Ã. Øóõîâà. 
Äîáðàòüñÿ äî Áåëãîðîäà èç Ìîñêâû è Ñàíêò-

Ïåòåðáóðãà ìîæíî ñàìîë¸òîì (ïîêàçàíî íà êàðòå) è ïî 
æåëåçíîé äîðîãå: èç Ìîñêâû äâà åæåäíåâíûõ âûñîêî-
ñêîðîñòíûõ ïîåçäà îòïðàâëÿþòñÿ ñ Êóðñêîãî âîêçàëà, 
âðåìÿ â ïóòè îêîëî 7 ÷àñîâ.

Â ðàìêàõ Êîíãðåññà áóäåò ðàáîòàòü âûñòàâêà àíà-
ëèòè÷åñêîãî îáîðóäîâàíèÿ èçâåñòíûõ â ìèðå ôèðì, íà-
öåëåííûõ íà ïîòðåáíîñòè ãîðíîäîáûâàþùèõ, íàó÷íî-
èññëåäîâàòåëüñêèõ è äðóãèõ îðãàíèçàöèé, äåÿòåëüíîñòü 
êîòîðûõ ñâÿçàíà ñ ïðèêëàäíîé ìèíåðàëîãèåé.

Íà êíèæíîé âûñòàâêå ó÷àñòíèêè ñìîãóò ïðèîáðå-
ñòè ïðîäóêöèþ âåäóùèõ èçäàòåëüñòâ.

Òðàíñïîðò

Îðãàíèçàòîðû
МИНИСТЕРСТВО НАУКИ
И ВЫСШЕГО ОБРАЗОВАНИЯ
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14th International Congress for Applied Mineralogy
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ICAM 2019 themes
T1: Geometallurgy, technological mineralogy and process-
ing of mineral raw.

T2: Industrial minerals, precious stones, ores and mining.

T3: Oil and gas reservoirs, including gas hydrates. 

T4: Analytical methods, instrumentation and automation. 

T5: Advanced materials with improved characteristics, in-
cluding technical ceramics and glass.

T6: Building materials. 

T7: Biomimetic materials on a mineral basis, biomineralogy. 

T8: Environment and energy resources. 

T9: Cultural heritage, artifacts and their preservation.

Deadline for paper submission: December 1, 2018

Call for papers 
ICAM-2019 Proceedings will be published by Springer 

Science in a fully indexed volume (Scopus). 
Delegates are invited to submit original manuscripts not 

published elsewhere before, within the themes of the ICAM 
2019. Manuscripts MUST be submitted through the online 
editorial system; submissions via postal mail or email will 
NOT be considered. Manuscripts are strictly limited to four 
(4) typeset pages, including title, authors and affiliations, 
keywords, main text, literature references, figures, and ta-
bles. For students, postgraduates and retired, paying a fee of 
150 euros, manuscripts are strictly limited to two (2) typeset 
pages. A template for manuscript preparation is available at 
the Congress web-page. 

The Congress registration fee includes Congress Proceedings 
(to be published by Springer Science), access to all Congress events 
(technical sessions, meetings, exhibition), coffee and tea breaks, 
lunches, technical visit to the Lebedinsky Processing Plant. Until 
December, 1, 2018, the early registration fee is 300 EUR. A re-
duced registration fee of 150 EUR applies for students, post -
graduates and doctoral students, as well as non-working retirees 
(proof of status required with registration).

Delegates are invited to submit workshop proposals.

For additional information regarding sponsorship 
please contact us.

Detailed information on geo.komisc.ru/icam2019
If you have any questions, please contact: 

kotova@geo.komisc.ru

14th International Congress for Applied Mineralogy 
(ICAM2019) will be held at Belgorod State Technological 
University named after V. G. Shukhov, Russia, Belgorod.

You can reach Belgorod from Moscow and St. Peters-
burg by plane (shown on the map), from Moscow by rail: 
two daily high-speed trains depart from Kursk railway sta-
tion. Travel time is around 7 hours.

Analytical equipment from world renowned companies 
aimed at the needs of mining, research and other organiza-
tions whose activities are related to applied mineralogy will 
be presented at ICAM-2019 exhibition.

At the book exhibition, participants will be able to pur-
chase products from leading publishers. 
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