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Ââåäåíèå

Ïåðìñêèå òåððèãåííûå îòëîæåíèÿ êàçàíñêî-òàòàðñ-
êîãî âîçðàñòà íà òåððèòîðèè ñåâåðà Ïðåäóðàëüñêîãî êðàå-
âîãî ïðîãèáà ñîäåðæàò çíà÷èòåëüíîå êîëè÷åñòâî ìíîãî-
êîìïîíåíòíîãî îðãàíè÷åñêîãî âåùåñòâà (ÎÂ), îáëàäàþùå-
ãî ðàçëè÷íûìè ãåíåðàöèîííûìè âîçìîæíîñòÿìè. Ïðè
îöåíêå óãëåâîäîðîäíîãî ïîòåíöèàëà îïðåäåëÿþùèìè ÿâ-
ëÿþòñÿ ñîñòàâ ÎÂ è ñòåïåíü åãî êàòàãåíåòè÷åñêîé ïðåîá-
ðàçîâàííîñòè. Ñîñòàâ ÎÂ, â ñâîþ î÷åðåäü, çàâèñèò îò ëè-
òîëîãî-ôàöèàëüíûõ óñëîâèé îñàäêîíàêîïëåíèÿ ðàññìàò-
ðèâàåìîãî êîìïëåêñà, äëÿ ÷åãî ïðèâîäÿòñÿ ðåçóëüòàòû ñî-
ïîñòàâëåíèÿ ñîñòàâà ÎÂ óãëåé è ïîðîä ñ ëèòîëîãî-ôàöè-
àëüíûìè óñëîâèÿìè ôîðìèðîâàíèÿ. Äëÿ ïîëó÷åíèÿ ýòîé
íåîáõîäèìîé èíôîðìàöèè áûëè ïðîâåäåíû óãëåïåòðîãðà-
ôè÷åñêèå è ïèðîëèòè÷åñêèå èññëåäîâàíèÿ è îáîáùåíû

ÓÄÊ 552.578.2.061.32:551.736(470.1) DOI: 10.19110/2221-1381-2016-11-3-9

ÎÐÃÀÍÈ×ÅÑÊÎÅ ÂÅÙÅÑÒÂÎ, ÊÀÒÀÃÅÍÅÒÈ×ÅÑÊÀß ÏÐÅÎÁÐÀÇÎÂÀÍÍÎÑÒÜ È ÃÅÍÅÐÀÖÈÎÍÍÛÉ ÏÎÒÅÍÖÈÀË
ÊÀÇÀÍÑÊÎ-ÒÀÒÀÐÑÊÈÕ ÎÒËÎÆÅÍÈÉ ÑÅÂÅÐÀ ÏÐÅÄÓÐÀËÜÑÊÎÃÎ ÏÐÎÃÈÁÀ

Î. Ñ. Êîòèê

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

Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû óãëåïåòðîãðàôè÷åñêèõ è ïèðîëèòè÷åñêèõ èññëåäîâàíèé êàçàíñêî-òàòàðñêèõ îò-
ëîæåíèé ñåâåðà Ïðåäóðàëüñêîãî êðàåâîãî ïðîãèáà, ÷òî âåñüìà àêòóàëüíî äëÿ îöåíêè íåôòåãàçîíîñíîñòè ðåãèîíà. Îñ-
íîâíûìè êîìïîíåíòàìè â ñîñòàâå îðãàíè÷åñêîãî âåùåñòâà ÿâëÿþòñÿ ìèêðîêîìïîíåíòû ãðóïïû âèòðèíèòà. Óâåëè÷åíèå
(äî 30 %) ëèïòèíèòîâûõ êîìïîíåíòîâ ñâÿçàíî ñ îòëîæåíèÿìè ëàãóííûõ è îçåðíî-áîëîòíûõ îáñòàíîâîê îñàäêîíàêîïëå-
íèÿ è îòìå÷àåòñÿ ëîêàëüíî íà þãî-âîñòîêå Êîðîòàèõèíñêîé âïàäèíû è îáëàñòè ñî÷ëåíåíèÿ ãðÿäû ×åðíûøåâà ñ Êîñüþ-
Ðîãîâñêîé âïàäèíîé. Ïî äàííûì óãëåïåòðîãðàôèè, íà áîëüøåé ÷àñòè èññëåäóåìîé òåððèòîðèè êàòàãåíåç îðãàíè÷åñêî-
ãî âåùåñòâà êàçàíñêî-òàòàðñêèõ îòëîæåíèé äîñòèãàåò ãðàäàöèé ÏÊ3 — ÌÊ1 (Ro < 0.5). Íàðàñòàíèå óðîâíÿ çðåëîñòè îðãà-
íè÷åñêîãî âåùåñòâà ïðîèñõîäèò â ñåâåðî-âîñòî÷íîì íàïðàâëåíèè äî ñòàäèè ÌÊ3 (Ro > 0.85) â ïðåäåëàõ Êîðîòàèõèíñ-
êîé âïàäèíû. Ïèðîëèòè÷åñêèì ìåòîäîì óñòàíîâëåíî ïîâñåìåñòíîå ðàñïðîñòðàíåíèå ïîðîä, õàðàêòåðèçóþùèõñÿ íèç-
êèì óãëåâîäîðîäíûì ïîòåíöèàëîì (HI < 100 ìã ÓÂ/ã Ñîðã). Ïîâûøåíèå çíà÷åíèé ýòîãî ïîêàçàòåëÿ (HI > 150 ìã ÓÂ/ã Ñîðã)
çàôèêñèðîâàíî ëîêàëüíî â ïðåäåëàõ Êîðîòàèõèíñêîé âïàäèíû è çîíû ñî÷ëåíåíèÿ ãðÿäû ×åðíûøåâà ñ Êîñüþ-Ðîãîâñêîé
âïàäèíîé è ñâÿçàíî ñ áîëåå âûñîêèì ñîäåðæàíèåì â ñîñòàâå îðãàíè÷åñêîãî âåùåñòâà ëèïòèíèòîâûõ êîìïîíåíòîâ.

Êëþ÷åâûå ñëîâà: âåðõíåïåðìñêèå óãëåíîñíûå îòëîæåíèÿ, îðãàíè÷åñêîå âåùåñòâî, óãëåïåòðîãðàôèÿ, êàòàãåíåç,
âîäîðîäíûé èíäåêñ, ãåíåðàöèîííûé ïîòåíöèàë.

ORGANIC MATTER, CATAGENESIS TRANSFORMATION AND GENERATION POTENTIAL
OF KAZAN-TATARIAN DEPOSITS IN THE NORTH OF PRE-URAL FOREDEEP

O. S. Kotik

Institute of Geology Komi SC UB RAS, Syktyvkar

The article presents the results of coal petrological and pyrolytic (Rock-Eval) research of Kazan-Tatar deposits in north of the
Pre-Ural foredeep which is very important to evaluate the oil and gas potential of the region. The main components in the compo-
sition of organic matter are macerals component of vitrinite group. The high content (up to 30%) of liptinite components is in the
deposits of lagoon and lake-swamp depositional environments which are located in the southeast of Korotaikhinskaya depression
and connection area of Chernyshev ridge with Kosyu-Rogovskaya depression. According to coal petrography the catagenesis
transformation of organic matter in Kazan-Tatar deposits has gradation PC3 — MC1 (Ro < 0.5) in the largest part of the study area.
The maturity level of organic matter increases to gradations MC3 (Ro > 0.85) within Korotaikhinskaya depression. Pyrolytic method
established that deposits with low hydrocarbon potential (HI < 100 mg HC / g TOC) were prevalent in the territory. High values of
hydrogen index (HI > 150 mg HC / g TOC) are locally in the Korotaikhinskaya depression and connection zone of Chernyshev ridge
with Kosyu-Rogovskaya depression, which is associated with an increase of liptinite components in organic matter.

Keywords: Permian coal-bearing deposits, organic matter, coal petrography, catagenesis, hydrogen index, generation
potential.

îïóáëèêîâàííûå ðàíåå ðåçóëüòàòû [5, 6] ïî 20 ðàçðåçàì
ñêâàæèí è îáíàæåíèé ïî ðð. Ñûðüÿãà, Ñèëîâàÿõà è Àäçü-
âà ñåâåðà Ïðåäóðàëüñêîãî êðàåâîãî ïðîãèáà è ïðèëåãàþ-
ùèõ ñ çàïàäà ïëàòôîðìåííûõ îáëàñòåé.

Ñîñòàâ îðãàíè÷åñêîãî âåùåñòâà è óñëîâèÿ åãî
íàêîïëåíèÿ

Íà òåððèòîðèè Ïå÷îðñêîãî áàññåéíà óãëè êàçàíñêî-
òàòàðñêîãî âîçðàñòà ãóìóñîâûå, ïðåèìóùåñòâåííî âèòðè-
íèòîâûå (ðèñ. 1). Ðàçâèòû óãëè ðàçëè÷íûõ ìàðîê — îò áó-
ðûõ äî êàìåííûõ. Ïî êëàññèôèêàöèè ìèêðîêîìïîíåíòîâ
â áóðûõ óãëÿõ âèòðèíèò íîñèò íàçâàíèå ãóìèíèò [11]. Ãå-
ëèôèöèðîâàííûå êîìïîíåíòû óãëåé â ñðåäíåì ñîñòàâëÿ-
þò îò 35 äî 92 %. Â ðàññìàòðèâàåìûõ îòëîæåíèÿõ âñòðå÷à-
þòñÿ óãëè ñ ñîäåðæàíèåì èíåðòèíèòà îò 6 äî 44 %. Óâåëè-
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÷åíèå èíåðòèíèòîâûõ êîìïîíåíòîâ õàðàêòåðíî ïðåèìó-
ùåñòâåííî äëÿ çîëüíûõ ïðîñëîåâ ñ ïîâûøåííûì ñîäåðæà-
íèåì ãëèíèñòîãî âåùåñòâà. Ëèïòèíèòîâûå êîìïîíåíòû â
ñðåäíåì ïî ïëàñòó ñîñòàâëÿþò ìåíåå 8—10 %. Îäíàêî äëÿ
ìàëîìîùíûõ ïëàñòîâ îòäåëüíûõ ìåñòîðîæäåíèé (Òàëüáåé-
ñêîå, Øàðúþ-Çàîñòðåíñêîå, Íå÷åíñêîå, Ñåéäèíñêîå) õà-
ðàêòåðíû óãëè ëèñòîâàòîãî îáëèêà ñ áîëüøèì (äî 30 %) êî-
ëè÷åñòâîì ëèïòèíèòà [7], â êîòîðûõ ïðåîáëàäàþò ìèêðî-
êîìïîíåíòû ñïîðèíèòà, êóòèíèòà è ðåçèíèòà (ðèñ. 1).

Ñîñòàâ ÎÂ è ñîîòíîøåíèå åãî ìèêðîêîìïîíåíòîâ çà-
âèñÿò îò óñëîâèé ôîðìèðîâàíèÿ îòëîæåíèé. Â öåëîì íà
èçó÷àåìîé òåððèòîðèè âûäåëÿþòñÿ îòëîæåíèÿ, îáðàçîâàâ-
øèåñÿ â ðàçëè÷íûõ ôàöèàëüíûõ îáñòàíîâêàõ — îò êîíòè-
íåíòàëüíûõ äî ïðèáðåæíî-ìîðñêèõ, âêëþ÷àÿ ëàãóííûå.
Ðàñïðåäåëåíèå ýòèõ îáñòàíîâîê ïî ïëîùàäè íåðàâíîìåð-
íî. Îáñòàíîâêè ñî ñõîæèìè óñëîâèÿìè îáúåäèíÿþòñÿ â
ëèòîëîãî-ïàëåîãåîãðàôè÷åñêèå çîíû. À. Â. Ìàêåäîíîâûì
áûëè ïîñòðîåíû êàðòû ðàñïðîñòðàíåíèÿ ïàëåîãåîãðàôè-
÷åñêèõ çîí â ðàçëè÷íûå ýïîõè ïåðìñêîãî óãëåíàêîïëåíèÿ,
â òîì ÷èñëå è äëÿ ïå÷îðñêîãî âðåìåíè [4].

Â îòëîæåíèÿõ ïå÷îðñêîé ñåðèè íà òåððèòîðèè ñåâåðà
Ïðåäóðàëüñêîãî ïðîãèáà, îòíîñÿùèõñÿ ê ìåñòíûì ïîäðàç-
äåëåíèÿì êàçàíñêî-òàòàðñêîãî ÿðóñà [1], âûäåëÿåòñÿ íå-
ñêîëüêî çîí, ðàçëè÷àþùèõñÿ êîìïëåêñîì ëèòîëîãî-ôàöè-
àëüíûõ îáñòàíîâîê è ñîñòàâîì ÎÂ (ðèñ. 2). Ïåðâàÿ ëèòî-
ëîãî-ôàöèàëüíàÿ çîíà ñàìàÿ âîñòî÷íàÿ (ðèñ. 2, çîíà I), îíà

Ðèñ. 1. Ìèêðîêîìïîíåíòû óãëåé êàçàíñêî-òàòàðñêèõ îòëîæåíèé â ñêâ. Íå÷åíñêàÿ-408: a, c—f, h, i — ïðîõîäÿùèé ñâåò, óâ. 100—
800 ðàç; b, g — îòðàæåííûé ñâåò, k, l — îòðàæåííûé óëüòðàôèîëåòîâûé ñâåò, óâ. 200. à, b, e — îáð. 54; c, i — îáð. 40; d, f — îáð. 35;
g — îáð. 42; h — îáð. 36; k — îáð. 64; l — îáð. 53. Ìèêðîêîìïîíåíòû: Vt — ãðóïïà âèòðèíèòà (Vtt — òåëèíèò, Vtct — êîëëîòåëèíèò,
Vtg — ãåëèíèò), It — ãðóïïà èíåðòèíèòà (Itf — ôþçèíèò, Itid — èíåðòîäåòðèíèò), Lt — ãðóïïà ëèïòèíèòà (Ltsp — ñïîðèíèò,

Ltsb — ñóáåðèíèò, Ltr — ðåçèíèò)

Fig. 1. The macerals component of coals in Kazan-Tatar deposits in well Nechenskaya-408: a, c—f, h, i — transmitted light, mag. 100-800; b,
g — reflected light, k, l — reflected ultraviolet light, mag. 200. a, b, e — sample 54; c, i — sample 40; d, f — sample 35; g — sample 42;
h — sample 36; k — sample 64; l — sample 53. Macerals component: Vt — vitrinite group (Vtt — telinite, Vtct — kollotelinite, Vtg — gelinite),

 It — inertinite group (Itf — fusinite, Itid — inertodetrinite), Lt — liptinite group (Ltsp — sporinite, Ltsb — suberinite, Ltr — resinite)

ïðîòÿãèâàåòñÿ óçêîé ïîëîñîé âäîëü Óðàëà, íàèáîëåå ðàñ-
ïðîñòðàíåíà â þæíîé ÷àñòè Êîñüþ-Ðîãîâñêîé âïàäèíû è
èìååò îòâåòâëåíèå íà ñåâåðå âïàäèíû â ðàéîíå Âîðãàøîð-
ñêîãî è Íèæíåñûðüÿãèíñêîãî ìåñòîðîæäåíèé. Äëÿ ýòîé
çîíû õàðàêòåðíî ïðåîáëàäàíèå äåëüòîâûõ è áàðîâûõ ôà-
öèàëüíûõ êîìïëåêñîâ, ðèòìè÷íî ÷åðåäóþùèõñÿ ñ îçåðíî-
áîëîòíûõ ôàöèÿìè. Âòîðàÿ ëèòîëîãî-ôàöèàëüíàÿ çîíà
(ðèñ. 2, çîíà II) çàíèìàåò çíà÷èòåëüíóþ ÷àñòü ñåâåðà Ïðå-
äóðàëüñêîãî ïðîãèáà è îõâàòûâàåò ðàéîíû íåêîòîðûõ ìå-
ñòîðîæäåíèé — îò Êóøøîðñêîãî íà çàïàäå äî ßíãàðåéñ-
êîãî íà ñåâåðå. Îíà ïðåäñòàâëåíà ñõîäíûì êîìïëåêñîì
ôàöèé, íî ñ ïðåîáëàäàíèåì îòëîæåíèé ïðåñíîâîäíî-ëà-
ãóííîãî è îçåðíî-áîëîòíîãî ãåíåçèñà. Çäåñü íà îáøèðíûõ
ó÷àñòêàõ ðàçâèâàëèñü îçåðíî-áîëîòíûå ôàöèè, â óñëîâè-
ÿõ êîòîðûõ ïðîèñõîäèëî çíà÷èòåëüíîå íàêîïëåíèå îñàä-
êîâ, îáîãàùåííûõ ëèïòèíèòîì, ïðåîáðàçîâàííûõ äî ëèñ-
òîâàòûõ, ñëàíöåïîäîáíûõ óãëåé (Òàëüáåéñêîå ìåñòîðîæ-
äåíèå). Òðåòüÿ ëèòîëîãî-ôàöèàëüíàÿ çîíà (ðèñ. 2, çîíà III)
ðàñïîëàãàåòñÿ ê çàïàäó îò Ïàäèìåéñêîé ñòðóêòóðû è óç-
êîé ïîëîñîé ïðîòÿãèâàåòñÿ ê þãó âäîëü ãðÿäû ×åðíûøå-
âà. Çäåñü íàáëþäàåòñÿ ÷åðåäîâàíèå ïðåñíîâîäíûõ, îïðåñ-
íåííî-ëàãóííûõ è äåëüòîâûõ ôàöèé ñ áîëîòíûìè. Îñíîâ-
íûå ìàêñèìóìû óãëåíàêîïëåíèÿ õàðàêòåðíû äëÿ ñåâåðíîé
÷àñòè çîíû (Âàòüÿðñêîå è Âåðõíåðîãîâñêîå ìåñòîðîæäå-
íèÿ). Â þæíîé ÷àñòè çîíû (Ñàëþêèíñêèé, Ñðåäíåìàêà-
ðèõèíñêèé è Ñóáîðñêèé ðàéîíû) øèðîêî ðàñïðîñòðàíå-
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íû îòëîæåíèÿ îçåðíûõ è ñëàáîîïðåñíåííûõ ëàãóííûõ îá-
ñòàíîâîê ñ áîëåå ñïîêîéíûì ãåîäèíàìè÷åñêèì ðåæèìîì,
â îòëè÷èå îò ñåâåðíûõ ó÷àñòêîâ. Â ñîñòàâå ÎÂ îòìå÷àåòñÿ
ðåçêîå ïðåîáëàäàíèå êîìïîíåíòîâ âèòðèíèòà (áîëåå 85 %)
è íèçêîå (ìåíåå 20 %) ñîäåðæàíèå èíåðòèíèòà. ×åòâåðòàÿ
çîíà (ðèñ. 2, çîíà IV) óçêîé ïîëîñîé ïðîñëåæèâàåòñÿ íà
ñåâåðå Áîëüøåñûíèíñêîé âïàäèíû. Åå îòëîæåíèÿ ïî ðÿäó
õàðàêòåðèñòèê ïîäîáíû îòëîæåíèÿì ïðåäûäóùåé çîíû
(Ñóáîðñêàÿ ïëîùàäü). Â ïðåäåëàõ ýòîé çîíû â îñíîâíîì
ðàñïðîñòðàíåíû îòëîæåíèÿ ëàãóííî-áàðîâîãî êîìïëåêñà,
ðåäêî âñòðå÷àþòñÿ îçåðíûå ôàöèè ñ ïîëíûì îòñóòñòâèåì
óãëåïðîÿâëåíèé. Â ïîðîäàõ ýòîãî ó÷àñòêà âñòðå÷àåòñÿ íå-

Ðèñ. 2. Ðàçâèòèå ëèòîëîãî-ôàöèàëüíûõ çîí íà òåððèòîðèè ñåâåðà Ïðåäóðàëüñêîãî êðàåâîãî ïðîãèáà è ñîñòàâ îðãàíè÷åñêîãî âåùå-
ñòâà â ïîðîäàõ êàçàíñêî-òàòàðñêîãî âîçðàñòà (ñîñòàâëåíî ñ èñïîëüçîâàíèåì ìàòåðèàëîâ: [4, 8, 9, 10]): 1 — ëèòîëîãî-ôàöèàëüíûå
çîíû: I — ïðåîáëàäàíèÿ ëàãóííî-äåëüòîâûõ è áàðîâûõ êîìïëåêñîâ, ÷åðåäóþùèõñÿ ñ îçåðíî-áîëîòíûìè ôàöèÿìè; II — ÷åðåäîâà-
íèÿ ïðåñíîâîäíî-ëàãóííûõ, îçåðíî-áîëîòíûõ è îçåðíî-àëëþâèàëüíûõ ôàöèé ñ ïðåîáëàäàíèåì îçåðíûõ; III — ÷åðåäîâàíèÿ ïðå-
ñíîâîäíûõ, îïðåñíåííî-ëàãóííûõ è ëàãóííî-äåëüòîâûõ àëëþâèàëüíûõ ôàöèé ñ îçåðíî-áîëîòíûìè; IV — ÷åðåäîâàíèÿ ëàãóííî-
áàðîâûõ è îçåðíî-àëëþâèàëüíûõ ôàöèé; 2 — ðåêè; 3 — çîíû îòñóòñòâèÿ îòëîæåíèé êàçàíñêî-òàòàðñêîãî âîçðàñòà; 4 — ñîñòàâ ÎÂ,
ñîäåðæàíèå êîìïîíåíòîâ: à — ãðóïïû èíåðòèíèòà, b — ãðóïïû ëèïòèíèòà, ñ — ãðóïïû âèòðèíèòà; 5 — òî÷êè: à — ãîðîäà,
b — ñêâàæèíû, ñ — îáíàæåíèÿ ïî ðåêàì, d — ìåñòîðîæäåíèÿ óãëåé; 6 — ñîîòíîøåíèå ïàðàìåòðîâ óãëåé ìåñòîðîæäåíèé ïî âûäå-
ëåííûì çîíàì: Vt — âèòðèíèò, It — èíåðòèíèò, A — çîëüíîñòü; 7 — êîíòóð ìàêñèìàëüíîãî ñîäåðæàíèÿ êîìïîíåíòîâ ãðóïïû

ëèïòèíèòà

Fig. 2. The composition of organic matter in the Kazan-Tatar deposits and distribution of lithofacies zones in the north of Pre-Ural foredeep
(compiled from  [4, 8, 9, 10] with additions): 1 — litho-facies zones: I — the prevalence of lagoon-delta and bars complexes alternating with
lake-marsh facies; II — alternation freshwater-lagoon, lake-marsh and lacustrine-alluvial facies with a predominance of the lake; III — the
alternation of freshwater, lagoon-desalination and lagoon-deltaic alluvial facies with lake-marsh; IV — alternation lagoon-bars and lake-alluvial
facies; 2 — river; 3 — zone of absence Kazan-Tatar deposits; 4 — organic matter composition and components content: a — inertinite group,
b — liptinite group, c — vitrinite group; 5 — point: a — city, b — well, c — outcrops, d — coal deposits; 6 — parameters of coal deposits

on define zones: Vt — vitrinite, It — inertinite, A — ash content; 7 — area of the maximum content of liptinite groups

áîëüøîå êîëè÷åñòâî èíåðòèíèòîâîãî ÎÂ è çíà÷èòåëüíîå
(äî 20 %) êîëè÷åñòâî ëèïòèíèòîâûõ êîìïîíåíòîâ, îïðå-
äåëÿþùèõ óãëåâîäîðîäíûé ïîòåíöèàë êîìïëåêñà. Èç îá-
ñòàíîâîê, ãäå íàêàïëèâàëîñü áîëüøîå êîëè÷åñòâî ëèïòè-
íèòîâûõ êîìïîíåíòîâ, âûäåëÿþòñÿ ëàãóííûå, îçåðíûå îá-
ëàñòè è áîëîòà ñ âûñîêîé ñòåïåíüþ îáâîäíåííîñòè. Òà-
êèå óñëîâèÿ ëîêàëüíî ðàñïðîñòðàíåíû íà þãî-âîñòîêå Êî-
ðîòàèõèíñêîé âïàäèíû è â çîíå ñî÷ëåíåíèÿ ãðÿäû ×åð-
íûøåâà è Êîñüþ-Ðîãîâñêîé âïàäèíû (ðèñ. 2, êîíòóð 7).
Èçìåíåíèÿ ñîñòàâà êîìïîíåíòîâ ÎÂ ïîðîä è óãëåé â öå-
ëîì ïðåäîïðåäåëÿþòñÿ îáùèìè óñëîâèÿìè ñåäèìåíòàöèè
òåððèãåííîãî êîìïëåêñà.
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Êàòàãåíåç ÎÂ

Âîïðîñû êàòàãåíåòè÷åñêîé çîíàëüíîñòè êàçàíñêî-òà-
òàðñêèõ îòëîæåíèé, è îñîáåííî ñòåïåíè ïðåîáðàçîâàííî-
ñòè óãëåé (ìåñòîðîæäåíèé), èçó÷àëèñü ðàçëè÷íûìè íàó÷-
íûìè è íàó÷íî-èññëåäîâàòåëüñêèìè êîëëåêòèâàìè
(ÂÍÈÃÐÈ, ÂÍÈÃÍÈ, Âîðêóòàóãîëü, ÈÃèÐÃÈ, Èíñòèòóò
ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ). Íà òåððèòîðèè Ïå÷îðñêî-
ãî óãîëüíîãî áàññåéíà îñíîâíîå âíèìàíèå ïðè ïðîìûø-
ëåííîé ðàçðàáîòêå è, ñîîòâåòñòâåííî, äåòàëüíîé îöåíêå
ñâîéñòâ óãîëüíûõ ïëàñòîâ óäåëÿëîñü êîêñóþùèìñÿ óãëÿì
êóíãóðñêîãî âîçðàñòà. Ìåíåå ïðåîáðàçîâàííûå óãëè âåð-
õíåé ïåðìè ââèäó îñîáåííîñòåé ñâîèõ ñâîéñòâ ÿâëÿþòñÿ
íàèìåíåå èçó÷åííûìè îáúåêòàìè íà èññëåäóåìîé òåððè-
òîðèè. Ýòî îáóñëîâèëî îòñóòñòâèå äîñòàòî÷íîãî êîëè÷å-
ñòâà äàííûõ, à ñõåìû ìåòàìîðôèçìà óãëåé ñîñòàâëÿëèñü
äëÿ âñåãî èíòåðâàëà âåðõíåé ïåðìè (âêëþ÷àÿ óôèìñêèé
ÿðóñ). Ñîñòàâëåíèå ñõåìû êàòàãåíåçà ÎÂ ðàññìàòðèâàåìîãî
êàçàíñêî-òàòàðñêîãî èíòåðâàëà â îáúåìå ïå÷îðñêîé ñåðèè
ïîòðåáîâàëî ïîëó÷åíèÿ íîâûõ äàííûõ ïî îòðàæàòåëüíîé
ñïîñîáíîñòè âèòðèíèòà è îáîáùåíèÿ ëèòåðàòóðíûõ èñòî÷-
íèêîâ [1, 2, 5]. Äîïîëíèòåëüíûå èçìåðåíèÿ ïîêàçàòåëÿ
îòðàæåíèÿ âèòðèíèòà (Ro) ïðîâîäèëèñü íà êàôåäðå ãåî-
ëîãèè è ãåîõèìèè ãîðþ÷èõ èñêîïàåìûõ ÌÃÓ (Ìîñêâà) ïî
5 ðàçðåçàì: ñêâ. ¹ 408-Íå÷åíñêàÿ, 644-ÑÄÊ, 542-ÑÄÊ,
îáíàæåíèé ïî ð. Àäçüâà è ð. Áîë. Ñûðüÿãà.

Êàòàãåíåç ÎÂ êàçàíñêî-òàòàðñêèõ îòëîæåíèé íà òåð-
ðèòîðèè ñåâåðà Ïðåäóðàëüñêîãî êðàåâîãî ïðîãèáà èçìå-
íÿåòñÿ îò ïðîòîêàòàãåíåçà (ÏÊ3) äî ìåçîêàòàãåíåçà (ÌÊ2—
ÌÊ3). Íà áîëüøåé ÷àñòè òåððèòîðèè ïðåîáðàçîâàííîñòü
ÎÂ äîñòèãàåò ãðàäàöèé êàòàãåíåçà ÏÊ3 — ÌÊ1. Íàðàñòà-
íèå óðîâíÿ çðåëîñòè ïðîèñõîäèò â ñåâåðî-âîñòî÷íîì íà-
ïðàâëåíèè äî ñòàäèè ÌÊ3 â ïðåäåëàõ Êîðîòàèõèíñêîé
âïàäèíû (ðèñ. 3). Çíà÷åíèÿ ïîêàçàòåëÿ îòðàæåíèÿ âèòðè-
íèòà (R0) èçìåíÿþòñÿ â ïðåäåëàõ îò 0.4 % â Âàðàíäåé-Àäçü-
âèíñêîé çîíå äî 0.9 % â Êîðîòàèõèíñêîé âïàäèíå. Äëÿ
äîïîëíèòåëüíîé õàðàêòåðèñòèêè óðîâíÿ çðåëîñòè ÎÂ èñ-
ïîëüçîâàëèñü äàííûå ïèðîëèçà Rock-eval, ïðîâåäåííûå âî
ÂÍÈÃÍÈ (ã. Ìîñêâà). Çíà÷åíèÿ Tmax (

îÑ) îò öåíòðà Êî-
ñüþ-Ðîãîâñêîé äî âîñòî÷íîé îêîíå÷íîñòè Êîðîòàèõèíñ-
êîé âïàäèí èçìåíÿþòñÿ îò 430 äî 450î (ðèñ. 3). Íà îñíîâà-
íèè ïîëó÷åííîãî êîìïëåêñà äàííûõ R0 è ðåçóëüòàòîâ ïè-
ðîëèçà Tmax áûëà ïîñòðîåíà ñõåìà ëàòåðàëüíîãî èçìåíå-
íèÿ êàòàãåíåçà ÎÂ ïî ïîäîøâå êàçàíñêî-òàòàðñêèõ îòëî-
æåíèé ñåâåðà Ïðåäóðàëüñêîãî êðàåâîãî ïðîãèáà.

Â ðåçóëüòàòå ïðîâåäåííûõ óãëåïåòðîãðàôè÷åñêèõ èñ-
ñëåäîâàíèé óñòàíîâëåíî, ÷òî êàçàíñêî-òàòàðñêèå îòëîæå-
íèÿ äîñòèãëè çîíû íåôòåãåíåðàöèè ñ óðîâíåì ïðåîáðàçî-
âàííîñòè ÎÂ äî ãðàäàöèé êàòàãåíåçà ÌÊ2 — ÌÊ3 â ïðåäå-
ëàõ þæíîé îêîíå÷íîñòè Êîðîòàèõèíñêîé âïàäèíû (R0 >
> 0.85 %). Íà òåððèòîðèè Êîñüþ-Ðîãîâñêîé âïàäèíû ÎÂ
ïðåîáðàçîâàíî äî ãðàäàöèé ÌÊ1 — ÌÊ2 ñ óâåëè÷åíèåì ñòå-
ïåíè çðåëîñòè â ðàéîíå âîñòî÷íîãî áîðòà âïàäèíû
(R0 0.8—0.85 %). Íà ïðèëåãàþùèõ ñ çàïàäà ðàéîíàõ ãðÿäû
×åðíûøåâà è îáëàñòåé ïëàòôîðìû ðàñïðîñòðàíåíû êàçàí-
ñêî-òàòàðñêèå îòëîæåíèÿ, ñîäåðæàùèå íåçðåëîå ÎÂ, îò-
âå÷àþùåå ïîäñòàäèè ïðîòîêàòàãåíåçà (R0 < 0.5 %).

Óãëåâîäîðîäíûé ïîòåíöèàë ÎÂ

Ðàñïðåäåëåíèå çíà÷åíèé âîäîðîäíîãî èíäåêñà (HI,
ìã ÓÂ/ã Ñîðã) â ïîðîäàõ êàçàíñêî-òàòàðñêîãî âîçðàñòà îáóñ-
ëîâëåíî èçìåíåíèÿìè â ñîñòàâå ÎÂ è åãî êàòàãåíåòè÷åñ-
êîé çðåëîñòüþ. Áîëüøèíñòâó èçó÷åííûõ ðàçðåçîâ, ñîñðå-
äîòî÷åííûõ íà þãå (ð. Êîæûì) è âîñòî÷íîì áîðòó

(ñêâ. Ïàëüíèêøîð-1) Êîñüþ-Ðîãîâñêîé âïàäèíû, ñâîé-
ñòâåííû íèçêèå çíà÷åíèÿ ïîêàçàòåëÿ HI ≤ 100 êã ÓÂ / ã Ñîðã.
Íàèáîëåå íèçêèé óãëåâîäîðîäíûé ïîòåíöèàë ÎÂ-êîìïëåê-
ñà õàðàêòåðåí äëÿ Âàðàíäåé-Àäçüâèíñêîé çîíû, Õîðåéâåð-
ñêîé è Áîëüøåñûíèíñêîé âïàäèí. Ìàêñèìóìû çíà÷åíèé
HI îïðåäåëåíû â ïîðîäàõ ðàéîíà ñî÷ëåíåíèÿ ãðÿäû ×åð-
íûøåâà è Êîñüþ-Ðîãîâñêîé âïàäèíû, à òàêæå íà þãî-âîñ-
òî÷íîé îêîíå÷íîñòè Êîðîòàèõèíñêîé âïàäèíû. Åäèíè÷íûå
ïîâûøåííûå çíà÷åíèÿ HI çàôèêñèðîâàíû â ðàçðåçàõ ñêâ. 1-
Êîðîòàèõèíñêàÿ è 2515-ÓÊ. Â ðàñïðåäåëåíèè HI ïî îòäåëü-
íûì ðàéîíàì îò÷åòëèâî âèäíî, ÷òî íàèáîëüøèå çíà÷åíèÿ
ïîêàçàòåëÿ (300—400 ìã ÓÂ/ã Ñîðã) ôèêñèðóþòñÿ äëÿ Óñè-
íî-Ñåéäèíñêîãî (ñ Àäçüâèíñêèì) è Ñûðüÿãèíñêîãî ðàéî-
íîâ ñåâåðà Ïðåäóðàëüñêîãî ïðîãèáà. Áîëåå íèçêèå çíà÷å-
íèÿ äàííîãî ïîêàçàòåëÿ (< 100 ìã ÓÂ/ã Ñîðã) õàðàêòåðíû äëÿ
ñåâåðî-çàïàäíîãî ðàéîíà, âêëþ÷àþùåãî ðàçðåçû þãà Âàðàí-
äåé-Àäçüâèíñêîé çîíû è ñåâåð Áîëüøåñûíèíñêîé âïàäè-
íû. Ñðåäíèå çíà÷åíèÿ âîäîðîäíîãî èíäåêñà îòìå÷àþòñÿ â
Íå÷åíñêîì, Èíòèíñêîì è Êîðîòàèõèíñêîì ðàéîíàõ.

Ïëîùàäíîå ðàñïðåäåëåíèå çíà÷åíèé ïîêàçàòåëÿ HI
(ðèñ. 4) ñâèäåòåëüñòâóåò î íåâûñîêîì óãëåâîäîðîäíîì ïî-
òåíöèàëå ÎÂ (HI ≥ 150 êã ÓÂ/ò ÎÂ) ïîðîä íà áîëüøåé ÷à-
ñòè èññëåäóåìîé òåððèòîðèè. Íà þãî-âîñòîêå Êîðîòàèõèí-
ñêîé âïàäèíû â Ñûðüÿãèíñêîì ðàéîíå âûÿâëÿåòñÿ çîíà
ïîâûøåííûõ çíà÷åíèé HI (> 150 êã ÓÂ/ò ÎÂ). Çäåñü âå-
ëè÷èíà HI ìåíÿåòñÿ îò 200 äî 400 êã ÓÂ/ò ÎÂ çà ñ÷åò çíà-
÷èòåëüíîãî ñîäåðæàíèÿ ëèïòèíèòîâîãî ÎÂ íàçåìíîãî
ïðîèñõîæäåíèÿ (îñòàòêè ñïîð, ïûëüöû, êóòèêóëû, ñìî-
ëû). Â çîíå ñî÷ëåíåíèÿ ãðÿäû ×åðíûøåâà è Êîñüþ-Ðî-
ãîâñêîé âïàäèíû âûäåëÿåòñÿ çîíà ïîâûøåííûõ çíà÷åíèé
HI, ãäå, êàê îòìå÷àëîñü, òàêæå âûÿâëÿåòñÿ áîëüøîå ñîäåð-
æàíèå êîìïîíåíòîâ ãðóïïû ëèïòèíèòà. Çîíà ñðåäíèõ çíà-
÷åíèé HI 100—150 êã ÓÂ/ò ÎÂ îêîíòóðèâàåòñÿ âîêðóã ïðå-
äûäóùåé çîíû è âêëþ÷àåò ðàéîíû Íå÷åíñêîãî è Ñåéäèí-
ñêîãî ìåñòîðîæäåíèé, Ñðåäíåêî÷ìåññêóþ è Êîðîòàèõèí-
ñêóþ ïëîùàäè (ðèñ. 4). Â ðåçóëüòàòå ïðîâåäåííûõ èññëå-
äîâàíèé óòî÷íåíî ðàñïðåäåëåíèå ÍÃÌ ïîðîä óãëåíîñíîé
òîëùè êàçàíñêî-òàòàðñêîãî âîçðàñòà è âûÿâëåí èõ íèçêèé
è ïðåèìóùåñòâåííî ãàçîâûé ãåíåðàöèîííûé ïîòåíöèàë.
Çîíû ðàçâèòèÿ ïîðîä, îáëàäàþùèõ áîëåå âûñîêèì ÓÂ-
ïîòåíöèàëîì ÎÂ, èìåþò ëîêàëüíîå ðàñïðîñòðàíåíèå â
ðàéîíàõ ñî÷ëåíåíèÿ ãðÿäû ×åðíûøåâà è Êîñüþ-Ðîãîâñ-
êîé âïàäèíû è íà þãî-âîñòîêå Êîðîòàèõèíñêîé âïàäèíû.
Îäíàêî ïîðîäû óêàçàííûõ ðàéîíîâ çàïàäíîãî áîðòà Êî-
ñüþ-Ðîãîâñêîé âïàäèíû âêëþ÷àþò íåçðåëîå ÎÂ, ïîòåí-
öèàë êîòîðîãî åùå íå ðåàëèçîâàí â îòëè÷èå îò îñòàòî÷íî-
ãî ïîòåíöèàëà ÎÂ ïîðîä þæíîé îêîíå÷íîñòè Êîðîòàèõèí-
ñêîé âïàäèíû.

Çàêëþ÷åíèå

Îáîáùàÿ ðåçóëüòàòû èçó÷åíèÿ ñîñòàâà ÎÂ ïî ðàçðå-
çàì êàçàíñêî-òàòàðñêèõ îòëîæåíèé, ìîæíî îòìåòèòü ñëå-
äóþùèå îñîáåííîñòè. Â ñîñòàâå ÎÂ ïðåîáëàäàþò ãåëèôè-
öèðîâàííûå êîìïîíåíòû ãðóïïû âèòðèíèòà ñ ïîä÷èíåí-
íûì êîëè÷åñòâîì ãðóïï èíåðòèíèòà è ëèïòèíèòà. Ñðåäè
ëèïòèíèòîâûõ êîìïîíåíòîâ, êîòîðûå íåðåäêî ôîðìèðó-
þò öåëûå ïðîñëîè â óãëÿõ (äî 30 %), óñòàíîâëåíû ìèêðî-
êîìïîíåíòû ñïîðèíèòà, ñóáåðèíèòà, êóòèíèòà è ëèïòî-
äåòðèíèòà.

Äîëÿ ðàçëè÷íûõ êîìïîíåíòîâ â ñîñòàâå ÎÂ íåïîñðåä-
ñòâåííî çàâèñèò îò óñëîâèé íàêîïëåíèÿ îñàäêîâ. Èç ôà-
öèàëüíûõ îáñòàíîâîê, ãäå íàêàïëèâàëîñü áîëüøîå êîëè-
÷åñòâî ëèïòèíèòîâûõ êîìïîíåíòîâ, âûäåëÿþòñÿ: ëàãóí-
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Ðèñ. 3. Êàòàãåíåç ÎÂ ïî ïîäîøâå êàçàíñêî-òàòàðñêèõ îòëîæåíèé íà òåððèòîðèè ñåâåðà Ïðåäóðàëüñêîãî êðàåâîãî ïðîãèáà è ïðèëåãà-
þùèõ òåððèòîðèé (ñîñòàâëåíî ñ äîïîëíåíèåì ïî: [3, 5, 8]): 1 — òî÷êè (ñì. ðèñ. 2); 2 — çíà÷åíèÿ ïîêàçàòåëÿ îòðàæåíèÿ âèòðèíèòà
(Ro, %); 3 — ïàðàìåòð ïèðîëèçà — Tmax (

îÑ);  4 — ãðàäàöèè êàòàãåíåçà; 5 — çîíû îòñóòñòâèÿ îòëîæåíèé; 6 — èçîðåñïëåíäû; 7 — ðåêè;
8 — ãðàíèöû: a — òåêòîíè÷åñêèõ ñòðóêòóð, á — ðàçëîìîâ è ðåãèîíàëüíûõ íàäâèãîâ: ÈÕÍ — Èíòèíñêî-Õàíîâåéñêîãî,
ÃÇÓÍ — Ãëàâíîãî Çàïàäíî-Óðàëüñêîãî, ÔÍ — Ôðîíòàëüíîãî, ÂÒÍ — Âàøóòêèíñêî-Òàëîòèíñêîãî, Â×Í — Âîñòî÷íî-×åðíûøåâ-
ñêîãî; 9 — ñòðóêòóðû 1-ãî ïîðÿäêà: 1 — Êîñüþ-Ðîãîâñêàÿ âïàäèíà, 2 — ãðÿäà ×åðíûøåâà, 3 — ãðÿäà ×åðíîâà, 4 — Êîðîòàèõèíñêàÿ

 âïàäèíà, 5 — Õîðåéâåðñêàÿ âïàäèíà, 6 — Âàðàíäåé-Àäçüâèíñêàÿ ñòðóêòóðíàÿ çîíà, 7 — Áîëüøåñûíèíñêàÿ âïàäèíà

Fig. 3. Catagenesis of organic matter on the bottom of Kazan-Tatar deposits in the north of Pre-Ural foredeep and the neighboring area (compiled
from [3, 5, 8] with additions): 1 — point: a — city, á — well, â — outcrops, ã — coal deposits and mines; 2 — the value of vitrinite reflectance data
(Ro, %); 3 — the value of pyrolysis Tmax (°C); 4 — katagenesis graduation; 5 — zone of absence Kazan-Tatar deposits; 6 — izoresplendy; 7 — river;
8 — boundaries: a — tectonic structures, á — faults and regional thrusts: ÈÕÍ — Inta-Hanoveysky, ÃÇÓÍ — general Western Ural, ÔÍ — Front
thrust, ÂÒÍ — East Talotinsky; 9 — structure of the first order: 1 — Kosyu Rogovskaya depression, 2 — Chernyshev ridge, 3 — Chernov ridge,

4 — Korotaihinsky depression, 5 — Khoreyver depression, 6 — Varandey-Adzvinskaya structural zone, 7 — Bolshesyninskaya depression
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Ðèñ. 4. Îñòàòî÷íûé óãëåâîäîðîäíûé ïîòåíöèàë ÎÂ êàçàíñêî-òàòàðñêèõ îòëîæåíèé ñåâåðà Ïðåäóðàëüñêîãî êðàåâîãî ïðîãèáà
è ïðèëåãàþùèõ òåððèòîðèé (ñîñòàâëåíî ñ äîïîëíåíèÿìè ïî: [3, 5, 8]): 1 — èçîðåñïëåíäû; 2 — çíà÷åíèÿ âîäîðîäíîãî èíäåêñà
(HI, ìã ÓÂ/ã Ñîðã); 3 — çîíû ðàçëè÷íûõ ãðàäàöèé HI: a — < 100, b — 100—150, c — > 150; 4 — ïðåäïîëàãàåìûå çîíû HI: a — < 100,
b  — 100—150, c — > 150; 5 — ðåêè; 6 — êîíòóð ìàêñèìóìà HI; 7 — ãðàíèöû: à — ñòðóêòóð ïåðâîãî ïîðÿäêà, b — ðåãèîíàëüíûõ
ðàçëîìîâ; 8 — òî÷êè è èññëåäîâàííûå ðàçðåçû (ñì. ðèñ. 2); 9 — çîíû îòñóòñòâèÿ îòëîæåíèé; 10 — òåêòîíè÷åñêèå ñòðóêòóðû

(ñì. ðèñ. 3); 11 — ïðîôèëè èçìåíåíèÿ HI

Fig. 4. Hydrocarbon potential of the organic matter in Kazan-Tatar deposits in the north of Pre-Ural foredeep and the neighboring area (compiled
from [3, 5, 8] with additions): 1 — izoresplendy; 2 — the hydrogen index values (HI, mg HC / g TOC); 3 — zone of various gradations HI:
a — < 100, b — 100—150, c —> 150; 4 — suppostional zone of HI: a — < 100, b — 100—150, c — > 150; 5 — river; 6 — area of the HI maximum;
7 — boundaries: a — first-order structures, b — regional faults; 8 — point and examined sections: a — city, b — well, c — outcrops along the rivers;

d — coal deposits; 9 — lack of sediment zone; 10 — tectonic structures (see Fig. 3); 11 — HI change profiles
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íûå, îçåðíûå îáëàñòè è áîëîòà ñ âûñîêîé ñòåïåíüþ îá-
âîäíåííîñòè, êîòîðûå ëîêàëüíî îòìå÷àþòñÿ â Êîðîòàè-
õèíñêîé âïàäèíå, à òàêæå â çîíå ñî÷ëåíåíèÿ Êîñüþ-Ðî-
ãîâñêîé âïàäèíû ñ ãðÿäîé ×åðíûøåâà.

Êàòàãåíåç ÎÂ êàçàíñêî-òàòàðñêèõ îòëîæåíèé íà èçó-
÷àåìîé òåððèòîðèè èçìåíÿåòñÿ îò ïðîòîêàòàãåíåçà (ÏÊ3)
äî ìåçîêàòàãåíåçà (ÌÊ2 — ÌÊ3). Íà áîëüøåé ÷àñòè èçó-
÷åííîé òåððèòîðèè êàòàãåíåç ÎÂ ñîîòâåòñòâóåò ãðàäàöè-
ÿì ÏÊ3 — ÌÊ1. Íàðàñòàíèå óðîâíÿ êàòàãåíåçà ïðîèñõî-
äèò â ñåâåðî-âîñòî÷íîì íàïðàâëåíèè äî ãðàäàöèè ÌÊ3 â
ïðåäåëàõ Êîðîòàèõèíñêîé âïàäèíû.

Â ðåçóëüòàòå ïðîâåäåííûõ ïèðîëèòè÷åñêèõ èññëåäî-
âàíèé óñòàíîâëåíû ëîêàëüíûå çîíû ðàçâèòèÿ ïîðîä, îá-
ëàäàþùèõ ñðåäíèì ãåíåðàöèîííûì ïîòåíöèàëîì ÎÂ, êî-
òîðûå ðàñïðîñòðàíåíû â ðàéîíàõ ñî÷ëåíåíèÿ Êîñüþ-Ðî-
ãîâñêîé âïàäèíû è ãðÿäû ×åðíûøåâà, à òàêæå íà þãî-âî-
ñòîêå Êîðîòàèõèíñêîé âïàäèíû.

Àíàëèòè÷åñêèå èññëåäîâàíèÿ ïðîâîäèëèñü â Èíñòèòó-
òå ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ (ã. Ñûêòûâêàð), ÌÃÓ (Ro) è
ÂÍÈÃÍÈ (Rock-Eval, ã. Ìîñêâà). Èññëåäîâàíèÿ âûïîëíåíû
ïðè ÷àñòè÷íîé ïîääåðæêå ïðîãðàììû ÓðÎ ÐÀÍ (¹ 15-18-5-
21) è ãðàíòà ÐÔÔÈ (¹ 16-35-00278 ìîë_à).
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Ââåäåíèå

Íà çàïàäíîì ñêëîíå Ïðèïîëÿðíîãî Óðàëà ìàðøðóò-
íèíñêèé è óñòüäóðíàþñêèé ãîðèçîíòû âñêðûâàþòñÿ â íå-
ïðåðûâíîé ïîñëåäîâàòåëüíîñòè â áàññåéíå ð. Êîæûì, â
îáíàæåíèè 217, êîòîðîå ÿâëÿåòñÿ ñòðàòîòèïè÷åñêèì ðàç-
ðåçîì íàçâàííûõ ãîðèçîíòîâ è îäíîèìåííûõ ñâèò (ðèñ. 1).
Â ìîíîãðàôèè «Îïîðíûå ðàçðåçû âåðõíåãî îðäîâèêà è
íèæíåãî ñèëóðà Ïðèïîëÿðíîãî Óðàëà» îòìå÷åíî, ÷òî â
ñîñòàâå óñòüäóðíàþñêîé ñâèòû îáîñîáëÿþòñÿ äâå ëèòîëî-
ãè÷åñêèå ïà÷êè, èëè äâå ïîäñâèòû, îòðàæàþùèå äâà ýòà-
ïà ñåäèìåíòàöèè. Ñ÷èòàëîñü, ÷òî â ñòðàòîòèïè÷åñêîì ðàç-
ðåçå ìàðøðóòíèíñêèé è óñòüäóðíàþñêèé ãîðèçîíòû îá-
íàæåíû â ïîëíîì îáúåìå. Îäíàêî ïîçæå âûÿñíèëîñü, ÷òî
â ïîëíîì îáúåìå âñêðûâàåòñÿ òîëüêî ìàðøðóòíèíñêèé ãî-
ðèçîíò, à óñòüäóðíàþñêèé ãîðèçîíò ïðåäñòàâëåí ëèøü
íèæíåé åãî ÷àñòüþ. Îòëîæåíèÿ âåðõíåé ÷àñòè óñòüäóðíà-
þñêîãî ãîðèçîíòà è êîíòàêò ñ îòëîæåíèÿìè ëóäëîâà â ýòîì
ðàçðåçå íå îáíàæåíû [1].
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Ðåçóëüòàòû ïàëåîíòîëîãè÷åñêèõ, áèîõåìîñòðàòèãðàôè÷åñêèõ è ñåäèìåíòîëîãè÷åñêèõ èññëåäîâàíèé ñèëóðèéñêèõ
îòëîæåíèé íà çàïàäíîì ñêëîíå Ïðèïîëÿðíîãî Óðàëà è ïîäíÿòèè ×åðíûøåâà ïîêàçàëè îøèáî÷íîñòü îòíåñåíèÿ ìàðø-
ðóòíèíñêîãî ãîðèçîíòà è íèæíåé ÷àñòè óñòüäóðíàþñêîãî ãîðèçîíòà ê âåíëîêó, êàê ýòî ïðèíÿòî â ñóùåñòâóþùåé ñòðàòèã-
ðàôè÷åñêîé ñõåìå Óðàëà. Ãðàíèöà ëëàíäîâåðè è âåíëîêà óñòàíîâëåíà íàìè â ñðåäíåé ÷àñòè óñòüäóðíàþñêîãî ãîðèçîí-
òà ïî èñ÷åçíîâåíèþ êîíîäîíòîâ ðîäà Apsidognathus è ïîÿâëåíèþ áðàõèîïîä ðîäà Spirinella. Ñðàâíåíèå äàííûõ ïî ôàó-
íèñòè÷åñêîé è ëèòîëîãè÷åñêîé ïîñëåäîâàòåëüíîñòè â ïîãðàíè÷íûõ òîëùàõ ëëàíäîâåðè è âåíëîêà íà Ïðèïîëÿðíîì Óðà-
ëå, â Ýñòîíèè è Ñåâåðíîé Çåìëå ñâèäåòåëüñòâóþò î òîì, ÷òî íà èññëåäóåìîé òåððèòîðèè íèæíÿÿ ÷àñòü âåíëîêà îòñóò-
ñòâóåò è çíà÷èòåëüíûé ïåðåðûâ ðàçäåëÿåò óñòüäóðíàþñêèé ãîðèçîíò íà äâå òîëùè, íèæíÿÿ èç êîòîðûõ çàêëþ÷àåò ëëàí-
äîâåðèéñêèå, à âåðõíÿÿ — âåíëîêñêèå îñòàòêè ôàóíû. Â ñâÿçè ñ ýòèì ïðåäëàãàåòñÿ íèæíþþ ÷àñòü óñòüäóðíàþñêîãî
ãîðèçîíòà (íèæíþþ ïîäñâèòó óñòüäóðíàþñêîé ñâèòû) ñ êîíîäîíòàìè Apsidognathus âêëþ÷èòü â ñîñòàâ ìàðøðóòíèíñêî-
ãî ãîðèçîíòà ëëàíäîâåðèéñêîãî ÿðóñà, âåðõíþþ ÷àñòü óñòüäóðíàþñêîãî ãîðèçîíòà (âåðõíþþ ïîäñâèòó óñòüäóðíàþñêîé
ñâèòû) âûäåëèòü â íîâûé ãîðèçîíò ñ íàçâàíèåì «âîéâûâñêèé» â ñîñòàâå âåíëîêñêîãî ÿðóñà è íàçâàíèå «óñòüäóðíàþñêèé
ãîðèçîíò» â äàëüíåéøåì íå èñïîëüçîâàòü.

Êëþ÷åâûå ñëîâà: ñòðàòèãðàôè÷åñêàÿ ñõåìà, ëëàíäîâåðè, âåíëîê, âîéâûâñêèé ãîðèçîíò, áðàõèîïîäû, êîíîäîíòû.

THE AGE OF SILURIAN REGIONAL STAGES OF EUROPEAN NORTH-EASTERN RUSSIA
T. M. Beznosova1, V. Yu. Lukin1, P. Männik2
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Results of palaeontological, biogeochemical and sedimentological studies of Silurian strata in the western Subpolar Urals
and on the Chernyshev Swell revealed that assignment of the Marshrut Regional Stage and the lower part of the UstDurnayu
Regional Stage to Wenlock, as it is indicated in the latest stratigraphical scheme, is not correct. Disappearance of the conodont
Apsidognathus and appearance of brachiopod Spirinella nordensis indicate that the Llandovery—Wenlock boundary lies in the
middle part of the UstDurnayu Regional Stage. Comparative analysis of palaeontological and lithological data from the Subpolar
Urals, Estonia and Severnaya Zemlya suggest that the strata corresponding to the lowermost Wenlock are missing in the study
region. The gap recognized divides the UstDurnayu Region Stage in two, lower and upper parts. Here, we propose to include
the lower part of the stage into the Marshrut Regional Stage (as its upper part), to rename the upper part of it as Vojvyv Regional
Stage, and not to use the name UstDurnayu for a regional stage in future.

Keywords: stratigraphical scheme, Llandovery, Wenlock, Vojvyv Regional Stage, brachiopod, conodont.

Ìàðøðóòíèíñêèé è óñòüäóðíàþñêèé ãîðèçîíòû êàê
ñàìîñòîÿòåëüíûå ïîäðàçäåëåíèÿ âåíëîêà ñèëóðèéñêîé ðå-
ãèîíàëüíîé ñòðàòèãðàôè÷åñêîé øêàëû áûëè óñòàíîâëåíû
À. È. Àíòîøêèíîé, Ò. Ì. Áåçíîñîâîé è Ñ. Â. Ìåëüíèêî-
âûì [10]. Ýòè ãîðèçîíòû ñîîòâåòñòâóþò ñåäúåëüñêîìó «ãî-
ðèçîíòó» À. È. Ïåðøèíîé [11], óòâåðæäåííîìó â ñòðàòèã-
ðàôè÷åñêîé ñõåìå Óðàëà â ðàíãå íàäãîðèçîíòà. Êîíòàêò
ôèëèïïúåëüñêîãî è ìàðøðóòíèíñêîãî ãîðèçîíòîâ áûë
ñêîððåëèðîâàí ñ ãðàíèöåé ëëàíäîâåðè è âåíëîêà [9].

Ñëåäóåò îòìåòèòü, ÷òî åùå äî ïðèíÿòèÿ Óðàëüñêîé
ñòðàòèãðàôè÷åñêîé ñõåìû èìåëèñü äàííûå, óêàçûâàþùèå
íà ñóùåñòâîâàíèå ïðîáëåìû îïðåäåëåíèÿ âîçðàñòà íåêî-
òîðûõ ãîðèçîíòîâ ñèëóðà â Òèìàíî-Ñåâåðîóðàëüñêîì ðå-
ãèîíå. Òàê, ïðè èçó÷åíèè êîëëåêöèé óðàëüñêèõ êîíîäîí-
òîâ íèæíåãî ñèëóðà Ï. Ìÿííèê îòìå÷àë, ÷òî îòëîæåíèÿ
ìàðøðóòíèíñêîãî è íèæíåé ÷àñòè óñòüäóðíàþñêîãî ãîðè-
çîíòîâ çàêëþ÷àþò êîíîäîíòû, â òîì ÷èñëå ðîä
Apsidognathus, ðàñïðîñòðàíåíèå êîòîðûõ ñâÿçàíî òîëüêî ñ
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ïîçäíèì ëëàíäîâåðè. Èìåííî ïî èñ÷åçíîâåíèþ ýòîãî ðîäà
îïðåäåëÿåòñÿ ðóáåæ ëëàíäîâåðè è âåíëîêà â íàñòîÿùåå
âðåìÿ âî ìíîãèõ ðàçðåçàõ ìèðà [7, 17]. Ñóùåñòâóþùèå
òðóäíîñòè îïðåäåëåíèÿ ãðàíèö êðóïíûõ ñòðàòîíîâ â Òè-
ìàíî-Ñåâåðîóðàëüñêèõ ðàçðåçàõ íåðåäêî ñâÿçàíû ñ îòñóò-
ñòâèåì íåïðåðûâíîé ôàóíèñòè÷åñêîé îõàðàêòåðèçîâàííî-
ñòè ðàçíîâîçðàñòíûõ òîëù è ÷åòêèõ ëèòîëîãè÷åñêèõ ìàð-
êåðîâ, à òàêæå ÷àñòî íàáëþäàåìîé ïëîõîé ñîõðàííîñòüþ
èñêîïàåìûõ îñòàòêîâ ôàóíû â øèðîêî ðàçâèòûõ îòëîæå-
íèÿõ ìåëêîâîäíûõ ôàöèé.

Ìàðøðóòíèíñêèé ãîðèçîíò õàðàêòåðèçóåòñÿ êîìï-
ëåêñîì áðàõèîïîä ðåãèîíàëüíîãî ðàñïðîñòðàíåíèÿ -
Fardenia flabellatà Beznosova, Protatrypa inflata Beznosova,
Leptaena sp., Atrypa sp., êîòîðûé èìååò çíà÷åíèå äëÿ êîð-
ðåëÿöèè ýòèõ îòëîæåíèé â Òèìàíî-Ñåâåðîóðàëüñêîì ðå-
ãèîíå, íî íå ïîçâîëÿåò îïðåäåëèòü èõ âîçðàñò [2, 4].

Óñòüäóðíàþñêèé ãîðèçîíò, êàê óæå îòìå÷åíî, ïîäðàç-
äåëÿåòñÿ íà äâå ÷àñòè [10], èëè äâå ïîäñâèòû [6]. Íèæíÿÿ
÷àñòü ñîäåðæèò ìàëî îñòàòêîâ ôàóíû. Äëÿ ýòîé ÷àñòè ðàç-
ðåçà õàðàêòåðíî îáèëèå ñòðîìàòîëèòîâûõ îáðàçîâàíèé,
÷åðåäóþùèõñÿ ñ ïðîñëîÿìè ñòðîìàòîïîðîèäåé, ñðåäè êî-

òîðûõ âûäåëÿåòñÿ ìàëîìîùíûé ïðîñëîé ñî ñêîïëåíèÿìè
ôðàãìåíòîâ ãàñòðîïîä, ðóãîç, òàáóëÿò, îñòðàêîä è ÷ëåíè-
êîâ êðèíîèäåé, à òàêæå íåñêîëüêî ïðîñëîåâ ñ òðåùèíàìè
óñûõàíèÿ è ïîâåðõíîñòÿìè ïåðåðûâîâ. Áðàõèîïîäû
Fardenia flabellatà â ýòîé ÷àñòè ðàçðåçà âñòðå÷àþòñÿ ðåäêî.

Âåðõíÿÿ ÷àñòü óñòüäóðíàþñêîãî ãîðèçîíòà îõàðàêòå-
ðèçîâàíà áðàõèîïîäàìè Spirinella nordensis (Ljashenko),
Atrypoidea linguata (Bush), Atrypa sp., Hyattidina sp. Ïðèñóò-
ñòâèå áðàõèîïîä S. nordensis è A. linguata ïîçâîëÿåò îïðåäå-
ëèòü âåíëîêñêèé âîçðàñò ýòîé ÷àñòè ãîðèçîíòà [8, 14]. Ýòîò
âûâîä ñîãëàñóåòñÿ è ñ äàííûìè ðàñïðîñòðàíåíèÿ êîíîäîí-
òîâ: âèä S. nordensis ïîÿâëÿåòñÿ â ðàçðåçå âûøå óðîâíÿ èñ-
÷åçíîâåíèÿ ðîäà Apsidognathus (ðèñ. 2) [2].

Äëÿ ïðîâåðêè íîâûõ ðåçóëüòàòîâ áèîñòðàòèãðàôè÷åñ-
êîé äàòèðîâêè îòëîæåíèé è â öåëÿõ ïîëó÷åíèÿ äîïîëíè-
òåëüíûõ êðèòåðèåâ îïðåäåëåíèÿ ãðàíèöû ëëàíäîâåðè è
âåíëîêà â Òèìàíî-Ñåâåðîóðàëüñêîì ðåãèîíå áûëî ïðîâå-
äåíî èçó÷åíèå èçìåíåíèé ñîîòíîøåíèÿ èçîòîïîâ óãëåðî-
äà (δ13Ñ) â ðàçðåçå ñèëóðà çàïàäíîãî ñêëîíà Ïðèïîëÿðíî-
ãî Óðàëà (ðèñ. 3). Èçâåñòíî, ÷òî ðàííåâåíëîêñêîå ïîçè-
òèâíîå îòêëîíåíèå çíà÷åíèé δ13Ñ, ñîîòâåòñòâóþùåå ñî-
áûòèþ Èðåâèêåí è èíòåðâàëó íåïîñðåäñòâåííî âûøå åãî,
ÿâëÿåòñÿ ãëîáàëüíûì. Îïðåäåëåíèå ýòîãî èíòåðâàëà â èçó-
÷åííûõ ðàçðåçàõ äàëî áû äîïîëíèòåëüíûå êðèòåðèè äëÿ
óòî÷íåíèÿ óðîâíÿ ãðàíèöû ëëàíäîâåðè è âåíëîêà. Ïðî-
âåäåííîå èçó÷åíèå δ13Ñ èç çàïàäíîóðàëüñêèõ îïîðíûõ ðàç-
ðåçîâ è ñðàâíåíèå èõ ñ ðåçóëüòàòàìè ãåîõèìè÷åñêèõ èñ-
ñëåäîâàíèé ðàçðåçîâ Ýñòîíèè ïîêàçàëî, ÷òî â ðàçðåçå ñè-
ëóðà çàïàäíîãî ñêëîíà Ïðèïîëÿðíîãî Óðàëà ðàííåâåíëîê-
ñêîå ïîçèòèâíîå îòêëîíåíèå íå ïðîÿâëÿåòñÿ [5, 16].

Àíàëèç áèîñòðàòèãðàôè÷åñêèõ, ñîáûòèéíûõ è õåìî-
ñòðàòèãðàôè÷åñêèõ äàííûõ èç ðàçíûõ ðåãèîíîâ è ïðîâå-
äåííàÿ êîððåëÿöèÿ èçó÷åííûõ íèæíåñèëóðèéñêèõ ðàçðå-
çîâ óêàçûâàþò íà îòñóòñòâèå îòëîæåíèé íèæíåãî âåíëîêà
íà òåððèòîðèè çàïàäíîãî ñêëîíà Ïðèïîëÿðíîãî Óðàëà è
íà ñóùåñòâîâàíèå çíà÷èòåëüíîãî ïåðåðûâà â îñàäêîíàêîï-
ëåíèè, êîòîðûé ïðèõîäèòñÿ íà ñðåäíþþ ÷àñòü ðàçðåçà
óñòüäóðíàþñêîãî ãîðèçîíòà [2]. Ïîëó÷åííûå äàííûå î
íàëè÷èè ïåðåðûâà ìåæäó îòëîæåíèÿìè ëëàíäîâåðè è âåí-
ëîêà è óòî÷íåíèå âîçðàñòíûõ äàòèðîâîê äëÿ ðåãèîíàëü-
íûõ ñòðàòèãðàôè÷åñêèõ ïîäðàçäåëåíèé íèæíåãî ñèëóðà
ïîçâîëèëè ðåøèòü ïðîáëåìó, ñâÿçàííóþ ñ êîððåëÿöèåé
îñíîâíûõ ýòàïîâ ðàçâèòèÿ Òèìàíî-Ñåâåðîóðàëüñêîãî ïà-
ëåîáàññåéíà ñ äðóãèìè ïàëåîáàññåéíàìè. Ñåäèìåíòîëîãè-
÷åñêèå èññëåäîâàíèÿ ïîêàçàëè, ÷òî ýòàïû ðàçâèòèÿ Òèìà-
íî-Ñåâåðîóðàëüñêîãî ïàëåîáàññåéíà â ðàííåì ñèëóðå ñî-
âïàäàþò ñ ýòàïàìè ðàçâèòèÿ Áàëòèéñêîãî è Ñåâåðîçåìåëü-
ñêîãî áàññåéíîâ. Ïîíèæåíèå óðîâíÿ ìîðÿ íà ðóáåæå ëëàí-
äîâåðè è âåíëîêà â Ýñòîíèè ñîîòíîñèòñÿ ñ òàêèì æå ñîáû-
òèåì, çàôèêñèðîâàííûì â ñðåäíåé ÷àñòè ðàçðåçà óñòüäóð-
íàþñêîãî ãîðèçîíòà â Çàïàäíî-Óðàëüñêîì ðåãèîíå è â ñðåä-
íåé ÷àñòè ñàìîéëîâè÷ñêîé ñâèòû íà Ñåâåðíîé Çåìëå [5, 16].

Îáîáùåíèå âñåõ ðàíåå ñîáðàííûõ è âíîâü ïîëó÷åííûõ
ïàëåîíòîëîãè÷åñêèõ, ñåäèìåíòîëîãè÷åñêèõ, áèî- è õåìîñ-
òðàòèãðàôè÷åñêèõ äàííûõ èç ðàçðåçîâ â áàññåéíàõ ðåê Êî-
æûì è Ùóãîð íà çàïàäíîì ñêëîíå Ïðèïîëÿðíîãî Óðàëà è
ð. Øàðúþ íà ïîäíÿòèè ×åðíûøåâà äàåò óáåäèòåëüíûå ïà-
ëåîíòîëîãè÷åñêèå äîêàçàòåëüñòâà ïðèíàäëåæíîñòè îòëîæå-
íèé ìàðøðóòíèíñêîãî ãîðèçîíòà è íèæíåé ÷àñòè óñòüäóð-
íàþñêîãî ãîðèçîíòà (íèæíåé ïîäñâèòû) ê ëëàíäîâåðè, à
îòëîæåíèé âåðõíåé òîëùè óñòüäóðíàþñêîãî ãîðèçîíòà (âåð-
õíåé ïîäñâèòû) — ê âåíëîêó ( ðèñ. 3) [1, 2, 13, 16—18].

Íà îñíîâàíèè âûøåóêàçàííîãî áûëî ïðåäëîæåíî íèæ-
íþþ ÷àñòü óñòüäóðíàþñêîãî ãîðèçîíòà, çàêëþ÷àþùóþ êî-

Ðèñ. 1. Ìåñòîïîëîæåíèå ðàçðåçîâ ïîãðàíè÷íûõ îòëîæåíèé
ëëàíäîâåðè è âåíëîêà

Fig. 1. Location of Llandoverian/Wenlockian boundary deposits

Óñëîâíûå îáîçíà÷åíèÿ:
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íîäîíòû Apsidognathus, âêëþ÷èòü â ñîñòàâ ìàðøðóòíèíñêî-
ãî ãîðèçîíòà ëëàíäîâåðèéñêîãî ÿðóñà [2, 3].

Ëëàíäîâåðèéñêèé âîçðàñò ìàðøðóòíèíñêîãî ãîðèçîí-
òà â åãî íîâåéøåì ïîíèìàíèè îïðåäåëÿåòñÿ ïî èíòåðâàëó
ðàñïðîñòðàíåíèÿ êîíîäîíòîâ Apsidognathus è áðàõèîïîä
Fardenia flabellata. Òîëùó ñëàãàþò ïðåèìóùåñòâåííî îòêðû-
òîøåëüôîâûå èçâåñòíÿêè è äîëîìèòû ìàññèâíîãî ñëîæå-
íèÿ ñ êîëîíèÿìè ñòðîìàòîïîðîèäåé Ecclimadictyon tschernovi
(Riabinin.), E. robustus Nestor, òàáóëÿò Palaeofavosites cf.
alveolaris (Goldfussi), Favosites moyeroensis Sokolov et Tesakov,
Multisolenia nikiforovi Sokolov et Tesakov, ðóãîçàìè Miculiella
annae Ivnsk, áðàõèîïîäàìè Fardenia flabellata T.Beznosova,
Protatryha inflata T. Beznosova, Leptaena sp., Atrypa sp. è êîíî-
äîíòàìè Apsidognathus. Ýòà ÷àñòü ìàðøðóòíèíñêîãî ãîðèçîí-
òà ôîðìèðîâàëàñü âî âðåìÿ òðàíñãðåññèâíîé ñòàäèè ðàçâè-
òèÿ Òèìàíî-Ñåâåðîóðàëüñêîãî ìîðñêîãî áàññåéíà.

Â õàðàêòåðå îòëîæåíèé âåðõíåé ÷àñòè ìàðøðóíèíñêî-
ãî ãîðèçîíòà ïðîñëåæèâàåòñÿ ðåãðåññèâíàÿ íàïðàâëåííîñòü.
Íèæíþþ ÷àñòü ðàçðåçà ñëàãàþò êðàéíå ìåëêîâîäíûå îòëî-
æåíèÿ ñ îáèëèåì ïîâåðõíîñòåé ïåðåðûâîâ, ñ ïðîñëîÿìè è
ëèíçàìè èçâåñòíÿêîâ, ñîäåðæàùèõ ìåëêèå ãàëå÷êè è çíà-
êè âîëíîâîé ðÿáè. Âûøå íàáëþäàåòñÿ ÷åðåäîâàíèå òîíêî-

ñëîèñòûõ ñòðîìàòîëèòîâûõ è êîðàëëîâî-ñòðîìàòîïîðàòî-
âûõ èçâåñòíÿêîâ è äîëîìèòîâ ñ ìàëîìîùíûìè ïðîñëîÿìè
èçâåñòíÿêîâ áèîòóðáèðîâàííûõ, âîäîðîñëåâûõ, ñîäåðæà-
ùèìè ïðîñëîè ãðàâåëèòîâ, ñ îíêîëèòîâûìè îáðàçîâàíèÿ-
ìè, òðåùèíàìè óñûõàíèÿ è ñòðîìàòîïîðàòîâûìè áèîñòðî-
ìàìè, à òàêæå ïðîñëîè áèîêëàñòîâûõ èçâåñòíÿêîâ, çàêëþ-
÷àþùèõ ôðàãìåíòû ðàêîâèí ãàñòðîïîä è îñòðàêîä. Ìîù-
íîñòü ìàðøðóòíèíñêîãî ãîðèçîíòà â ñòðàòîòèïè÷åñêîì ðàç-
ðåçå íà ð. Êîæûì ñîñòàâëÿåò 130 ì, íà ð. Ùóãîð — 180 ì, íà
ãðÿäå ×åðíûøåâà (ð. Øàðúþ) — áîëåå 160 ì.

Âåðõíþþ òîëùó óñòüäóðíàþñêîãî ãîðèçîíòà ñ êîíî-
äîíòàìè Ctenognathodus kozhimicus (Melnikov), òàáóëÿòàìè
Parastriatopora commutabilis Klaaman, áðàõèîïîäàìè
Spirinella nordensis (Ljashenko), Hyàttidina sp., îñòðàêîäàìè
Herrmannina insignis Abushik., Gibberella praetiosa Abushik,
âåíëîêñêñêèé âîçðàñò êîòîðûõ íå âûçûâàåò ñîìíåíèé,
ïðåäëàãàåòñÿ âûäåëèòü â ñàìîñòîÿòåëüíîå ñòðàòèãðàôè÷åñ-
êîå ïîäðàçäåëåíèå — âîéâûâñêèé ãîðèçîíò. Íàçâàíèå
«óñòüäóðíàþñêèé» äëÿ ãîðèçîíòà â äàëüíåéøåì íå èñïîëü-
çîâàòü è, ñîãëàñíî ïîëîæåíèþ Ñòðàòèãðàôè÷åñêîãî êîäåê-
ñà Ðîññèè [12]*, èñêëþ÷èòü èç ðåãèîíàëüíîé ñòðàòèãðà-
ôè÷åñêîé ñõåìû ñèëóðà. Â ñîîòâåòñòâèè ñ êîäåêñîì ñâèòà

Ðèñ. 2. Ïîëîæåíèå ãðàíèöû ëëàíäîâåðè è âåíëîêà â ðàçðåçàõ çàïàäíîãî ñêëîíà Ïðèïîëÿðíîãî Óðàëà: îñíîâàííîå íà ðàñïðîñò-
ðàíåíèè êîíîäîíòîâ (ñïëîøíàÿ ëèíèÿ); ïðèíÿòîå â ñòðàòèãðàôè÷åñêîé ñõåìå Óðàëà (øòðèõîâàÿ ëèíèÿ) (Îáúÿñíèòåëüíàÿ

çàïèñêà…, 1994)

Fig. 2. Location of Llandoverian/Wenlockian boundary in western slopes of Subpolar Urals based on conodont distribution (solid line); location
of Llandoverian/Wenlockian boundary as accepted in Ural stratigraphic map (dashed line) (Explanatory note…, 1994)

*Èçìåíåíèå ñòðàòèãðàôè÷åñêîãî îáúåìà ïîäðàçäåëåíèÿ áîëåå ÷åì íà 1/3 âëå÷åò çà ñîáîé îòêàç îò ñîõðàíåíèÿ íàçâàíèÿ òàêî-
ãî ïîäðàçäåëåíèÿ, âûáîð íîâîãî ïîäðàçäåëåíèÿ è íîâîãî íàèìåíîâàíèÿ.
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ìîæåò ñîäåðæàòü ðàçíîâîçðàñòíûå îòëîæåíèÿ, ïîýòîìó
óñòüäóðíàþñêàÿ ñâèòà îñòàíåòñÿ â ïðåæíåì îáúåìå óñòü-
äóðíàþñêîé, ïîäðàçäåëåííîé íà äâå ïîäñâèòû — âåðõíþþ
è íèæíþþ.

Ñòðàòîòèïè÷åñêèé ðàçðåç âîéâûâñêîãî ãîðèçîíòà íà-
õîäèòñÿ íà Ïðèïîëÿðíîì Óðàëå, â áàññåéíå ð. Ùóãîð, â
1.2 êì îò óñòüÿ ð. Ãåðäúþ, íèæå ïî òå÷åíèþ. Íàçâàíèå «âîé-
âûâñêèé» («âîéâûâ» â ïåðåâîäå ñ êîìè — ñåâåð) äàíî ãîðè-
çîíòó ïî âîçâûøåííîñòè Âîéâûâ Ïàðìà íà çàïàäíîì ñêëî-
íå Ïðèïîëÿðíîãî Óðàëà [3]. Êîíòàêò ìàðøðóòíèíñêîãî è
âîéâûâñêîãî ãîðèçîíòîâ êîððåëèðóåòñÿ ñ ãðàíèöåé ìåæäó
ëëàíäîâåðèéñêèì è âåíëîêñêèì ÿðóñàìè (ðèñ. 2). Ìîù-
íîñòü âîéâûâñêîãî ãîðèçîíòà â ñòðàòîòèïå 62 ì. Ïàëåîíòî-
ëîãè÷åñêè äîêàçàííûå îòëîæåíèÿ âîéâûâñêîãî ãîðèçîíòà
âñêðûâàþòñÿ íà çàïàäíîì ñêëîíå Ïðèïîëÿðíîãî è Ñåâåð-
íîãî Óðàëà, ïîäíÿòèÿõ ×åðíûøåâà è ×åðíîâà.

Ñîîáùåñòâà áðàõèîïîä âîéâûâñêîãî ãîðèçîíòà ñóùå-
ñòâåííî îòëè÷àþòñÿ îò ñîîáùåñòâ ìàðøðóòíèíñêîãî ãîðè-
çîíòà òàêñîíîìè÷åñêèì ñîñòàâîì, ñïåöèôè÷åñêîé ìîðôî-
ëîãè÷åñêîé è ýêîëîãè÷åñêîé íàïðàâëåííîñòüþ [1]. Îïèñà-
íèå ñòðàòîòèïè÷åñêîãî ãîðèçîíòà ãîòîâèòñÿ ê ïå÷àòè.

Âûâîäû

Ðåçóëüòàòû èññëåäîâàíèé ïîêàçàëè îøèáî÷íîñòü îò-
íåñåíèÿ ìàðøðóòíèíñêîãî ãîðèçîíòà è íèæíåé ïîëîâè-
íû óñòüäóðíàþñêîãî ãîðèçîíòà ê âåíëîêñêîìó ÿðóñó ðå-
ãèîíàëüíîé ñòðàòèãðàôè÷åñêîé ñõåìû Óðàëà è íåîáõîäè-
ìîñòü âûáîðà íîâîãî ïîäðàçäåëåíèÿ â âåíëîêå.

Íèæíþþ ÷àñòü óñòüäóðíàþñêîãî ãîðèçîíòà, çàêëþ÷à-
þùóþ êîíîäîíòû Apsidognathus sp., ïðåäëîæåíî âêëþ÷èòü
â ñîñòàâ ìàðøðóòíèíñêîãî ãîðèçîíòà ëëàíäîâåðèéñêîãî
ÿðóñà. Âåðõíþþ ÷àñòü ãîðèçîíòà ðåêîìåíäîâàíî âûäåëèòü
êàê íîâîå ñòðàòèãðàôè÷åñêîå ïîäðàçäåëåíèå âåíëîêñêîãî
âîçðàñòà, â ðàíãå ãîðèçîíòà ñ íàçâàíèåì «âîéâûâñêèé» è
ñòðàòîòèïîì íà çàïàäíîì ñêëîíå Ïðèïîëÿðíîãî Óðàëà, â
áàññåéíå ð. Ùóãîð. Íàçâàíèå «óñòüäóðíàþñêèé ãîðèçîíò»
â äàëüíåéøåì ïðåäëàãàåòñÿ íå èñïîëüçîâàòü.

Õàðàêòåðíûìè ïðåäñòàâèòåëÿìè ôàóíèñòè÷åñêèõ àñ-
ñîöèàöèé âîéâûâñêîãî ãîðèçîíòà ÿâëÿþòñÿ òàáóëÿòû
Parastriatopora commutabilis Klaaman, áðàõèîïîäû Spirinella
nordensis (Ljashenko), îñòðàêîäû Herrmannina insignis
Abushik, Gibberella praetiosa Abushik è êîíîäîíòû
Ctenognathodus kozhimicus (Melnikov).

Àíàëèç áèîõåìîñòðàòèãðàôè÷åñêèõ è ñîáûòèéíûõ
äàííûõ, à òàêæå ïðîâåäåííàÿ êîððåëÿöèÿ íèæíåñèëóðèé-
ñêèõ îòëîæåíèé çàïàäíîãî ñêëîíà Óðàëà, Ýñòîíèè è Ñå-
âåðíîé Çåìëè ïîçâîëèëè îáîñíîâàòü îòñóòñòâèå îòëîæå-
íèé íèæíåãî âåíëîêà íà òåððèòîðèè çàïàäíîãî ñêëîíà
Ïðèïîëÿðíîãî Óðàëà è ñóùåñòâîâàíèå ïåðåðûâà â îñàä-
êîíàêîïëåíèè, êîòîðûé ðàçäåëÿåò ìàðøðóòíèíñêèé è
âîéâûâñêèé ãîðèçîíòû.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ïðîãðàììû ôóíäàìåí-
òàëüíûõ èññëåäîâàíèé ÐÀÍ ïðîåêò ¹ 15-18-5-37 «Òèìàíî-
Ñåâåðîóðàëüñêèé ïàëåîáàññåéí â ïàëåîçîå. Çàêîíîìåðíîñòè
äèíàìèêè áèîòè÷åñêèõ êîìïëåêñîâ, ïàëåîáèîãåãðàôèÿ è ïà-
ëåîêëèìàòîëîãèÿ».
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Ââåäåíèå

Ñèëóðèéñêèå îòëîæåíèÿ â ñîñòàâå ñðåäíåîðäîâèêñ-
êî-íèæíåäåâîíñêîãî íåôòåãàçîíîñíîãî êîìïëåêñà ÿâëÿ-
þòñÿ îäíèì èç îñíîâíûõ îáúåêòîâ äëÿ ïîèñêà çàëåæåé óã-
ëåâîäîðîäîâ (ÓÂ) â ïðåäåëàõ ãðÿäû ×åðíûøåâà. Ïðîâå-
äåííûå çäåñü ðàíåå ÎÎÎ «Ãàçïðîì ïåðåðàáîòêà» ãåîëîãî-
ðàçâåäî÷íûå ðàáîòû è àíàëèç íàêîïëåííîé ãåîëîãè÷åñêîé
èíôîðìàöèè ïîçâîëèëè äàòü ïîëîæèòåëüíóþ îöåíêó ïåð-
ñïåêòèâàì íåôòåãàçîíîñíîñòè öåíòðàëüíîé ÷àñòè ãðÿäû
[3, 4, 5]. Ïî ðåçóëüòàòàì áóðåíèÿ ïî âñåìó ðàçðåçó ñèëó-
ðèéñêèõ îòëîæåíèé îòìå÷àþòñÿ íåôòåíàñûùåííûå èí-
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Ïðåäñòàâëåíû ðåçóëüòàòû ëèòîëîãè÷åñêèõ è ãåîõèìè÷åñêèõ èññëåäîâàíèé ñèëóðèéñêèõ îòëîæåíèé Òàëüáåéñêîãî áëîêà
ãðÿäû ×åðíûøåâà, àêòóàëüíîñòü èçó÷åíèÿ êîòîðûõ ñâÿçàíà ñ âûñîêèìè ïåðñïåêòèâàìè íà ïîèñêè â íèõ çàëåæåé óãëåâîäî-
ðîäîâ. Ïî îñîáåííîñòÿì ñòðîåíèÿ è ëèòîëîãè÷åñêîãî ñîñòàâà â ðàçðåçàõ ñêâàæèí âûäåëåíû òðè òîëùè: ñóëüôàòíî-êàðáî-
íàòíàÿ, êàðáîíàòíàÿ è ãëèíèñòî-êàðáîíàòíàÿ. Â ñóëüôàòíî-êàðáîíàòíîé è êàðáîíàòíîé òîëùàõ íèæíåãî ñèëóðà ðàçâèòû
ïðåèìóùåñòâåííî áåäíûå íåôòåãàçîìàòåðèíñêèå ïîðîäû (Ñîðã < 0.3 %, HI — 4—173 ìã ÓÂ / ã Ñîðã). Ïîðîäû ñî ñðåäíèì è
áîãàòûì ãåíåðàöèîííûì ïîòåíöèàëîì (Ñîðã 0.5—6 %, HI — 224—580 ìã ÓÂ / ã Ñîðã) âûäåëåíû â ãëèíèñòî-êàðáîíàòíîé òîë-
ùå âåðõíåãî ñèëóðà. Ñîäåðæàíèå áèòóìîèäîâ óâåëè÷èâàåòñÿ îò êàðáîíàòíûõ ê ãëèíèñòî-êàðáîíàòíûì ðàçíîñòÿì ïîðîä,
ñîñòàâëÿÿ 0.01—0.02 % è 0.03—0.16 % ñîîòâåòñòâåííî. Ðàñïðåäåëåíèå í-àëêàíîâ è èçîïðåíîèäîâ â óãëåâîäîðîäíîé ôðàê-
öèè áèòóìîèäîâ îòðàæàåò ó÷àñòèå ìîðñêîãî ñàïðîïåëåâîãî îðãàíè÷åñêîãî âåùåñòâà â ñîñòàâå èñõîäíîé áèîìàññû. Ñòå-
ïåíü çðåëîñòè îðãàíè÷åñêîãî âåùåñòâà ñèëóðèéñêèõ îòëîæåíèé îòâå÷àåò ãëàâíîé çîíå íåôòåãåíåðàöèè è èçìåíÿåòñÿ ïî
ïëîùàäè, äîñòèãàÿ ãðàäàöèé ÌÊ1-2 â ñåâåðíîé è ÌÊ2-3 â þæíîé ÷àñòÿõ Òàëüáåéñêîãî áëîêà.

Êëþ÷åâûå ñëîâà: ñèëóðèéñêèå îòëîæåíèÿ, îðãàíè÷åñêîå âåùåñòâî, ãåíåðàöèîííûé ïîòåíöèàë, áèòóìîèäû, í-àëêàíû.

LITHOLOGICAL AND GEOCHEMICAL CHARACTERIZATION OF SILURIAN DEPOSITS
IN THE TALBEYSKY BLOCK OF CHERNYSHEV RIDGE

I. S. Kotik1, I. I. Danshikova1, O. S. Kotik1, O. V. Valyaeva1, 2, S. V. Mozhegova3, L. V. Sokolova1

1Institute of Geology Komi SC UB RAS, Syktykvar
2Syktyvkar Pitirim Sorokin State University, Syktyvkar

3All-Russia research geological petroleum institute (VNIGNI), Moscow

The article presents the results of lithological and geochemical research of Silurian deposits in the Talbeysky block of
Chernyshev ridge, which are one of the important objects to exploration for hydrocarbon deposits. Based on the structure and
lithological composition of the deposits three series were defined in wells section: sulphate-carbonate, carbonate and argillo-
carbonate. The Lower Silurian sulphate-carbonate and carbonate series contain mostly poor source rocks (TOC < 0.3 %, HI —
4—173 mg HC/g TOC). The Upper Silurian argillo-carbonate series contain the source rock with fair and good petroleum po-
tential (TOC — 0.5—6 %, HI — 224—580 mg HC / g TOC). The bitumen contents increases from carbonate to argillo-carbonate
rocks and varies 0.01—0.02 % and 0.03—0.16 %, respectively. The distributions of n-alkanes and isoprenoids in the hydrocar-
bon fraction of the studied bitumens show a marine sapropel organic matter in the initial biomass. The maturity of organic
matter in Silurian deposits is main oil generation zone and varies on the studied area, ranging from gradations MK1-2 in the north
to MK2-3 in the southern part of Talbeysky block.

Keywords: Silurian deposits, organic matter, generation potential, bitumens, n-alkanes.

òåðâàëû, â êåðíå ïî òðåùèíàì è êàâåðíàì íàáëþäàþòñÿ
âûïîòû íåôòè, à ïðè îïðîáîâàíèè â ñêâ. 2-Àäàêñêàÿ èç
âåðõíåñèëóðèéñêî-íèæíåäåâîíñêîãî èíòåðâàëà ïîëó÷åí
ïðèòîê ëåãêîé íåôòè.

Ïðè îöåíêå ïåðñïåêòèâ íåôòåãàçîíîñíîñòè ýòîãî êîì-
ïëåêñà íåìàëîâàæíîå çíà÷åíèå èìååò õàðàêòåðèñòèêà ëè-
òîëîãî-ãåîõèìè÷åñêèõ ôàêòîðîâ, îáóñëîâëèâàþùèõ óñëî-
âèÿ íàêîïëåíèÿ îðãàíè÷åñêîãî âåùåñòâà (ÎÂ), ðàñïðåäå-
ëåíèÿ â ðàçðåçå íåôòåãàçîìàòåðèíñêèõ ïîðîä è èõ ãåíåðà-
öèîííûõ ñâîéñòâ. Ïîëó÷åííûå íàìè íîâûå àíàëèòè÷åñêèå
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äàííûå ñ ó÷åòîì èññëåäîâàíèé ïðîøëûõ ëåò ïîçâîëÿò äî-
ïîëíèòü ñâåäåíèÿ î ëèòîëîãî-ïåòðîãðàôè÷åñêîì ñîñòàâå è
óãëåâîäîðîäíîì ïîòåíöèàëå ñèëóðèéñêèõ îòëîæåíèé.

Ðàéîí è îáúåêòû èññëåäîâàíèé

Èññëåäóåìàÿ òåððèòîðèÿ ðàñïîëîæåíà â ïðåäåëàõ
Òàëüáåéñêîãî áëîêà — ñòðóêòóðû âòîðîãî ïîðÿäêà â ñî-
ñòàâå ãðÿäû ×åðíûøåâà (ðèñ. 1). Òàëüáåéñêèé áëîê ïðåä-
ñòàâëÿåò ñîáîé òåêòîíè÷åñêóþ ïëàñòèíó, íàäâèíóòóþ â
âîñòî÷íîì íàïðàâëåíèè íà ïåðìñêèé îðîãåííûé êîìï-
ëåêñ Êîñüþ-Ðîãîâñêîé âïàäèíû [4]. Ïîâåðõíîñòüþ ñðûâà
ñëóæàò ñîëåíîñíûå îòëîæåíèÿ âåðõíåãî îðäîâèêà. Çàïàä-
íàÿ îïóùåííàÿ ÷àñòü áëîêà ñëîæåíà ïåðìñêî-òðèàñîâû-
ìè òåððèãåííûìè îòëîæåíèÿìè, à âîñòî÷íàÿ, íàèáîëåå
ïðèïîäíÿòàÿ, — èíòåíñèâíî äèñëîöèðîâàííûìè ïàëåî-
çîéñêèìè êàðáîíàòíûìè îòëîæåíèÿìè, ñîñòàâëÿþùèìè
Ïûìâàøîðñêî-Õàðóòñêóþ è Íåëûíÿâîæñêóþ ÷åøóè. Ïîä-
íàäâèãîâàÿ ÷àñòü Òàëüáåéñêîé ïëàñòèíû îáðàçîâàíà òåìè
æå êàðáîíàòíûìè îòëîæåíèÿìè.

Ëèòîëîãî-ãåîõèìè÷åñêèå èññëåäîâàíèÿ ïðîâîäèëèñü
íàìè ïî ñêâàæèíàì 1-Âîðãàìóñþðñêàÿ, 1-Õàðóòàìûëüêñ-
êàÿ, 1- è 2-Àäàêñêàÿ, â êîòîðûõ ñ ðàçëè÷íîé ïîëíîòîé
âñêðûâàþòñÿ ñèëóðèéñêèå îòëîæåíèÿ â àâòîõòîííîì è àë-

ëîõòîííîì çàëåãàíèè. Â îáùåé ñëîæíîñòè ïî âñåì ñêâà-
æèíàì áûëî ïðîàíàëèçèðîâàíî 72 îáðàçöà.

Ëèòîëîãî-ïåòðîãðàôè÷åñêàÿ õàðàêòåðèñòèêà

Ñèëóðèéñêèå îòëîæåíèÿ ïðåäñòàâëåíû ïðåèìóùå-
ñòâåííî êàðáîíàòíûìè è ãëèíèñòî-êàðáîíàòíûìè ðàçíî-
ñòÿìè, ñôîðìèðîâàííûìè â ïðèáðåæíî-ìîðñêèõ è ìåë-
êîâîäíî-ìîðñêèõ óñëîâèÿõ [7]. Ïîðîäû ñèëóðèéñêîãî âîç-
ðàñòà áåç âèäèìîãî ïåðåðûâà çàëåãàþò íà ñóëüôàòíî-êàð-
áîíàòíûõ îòëîæåíèÿõ ïîçäíåãî îðäîâèêà è ïåðåêðûâàþò-
ñÿ òîëùàìè íèæíåãî äåâîíà. Îáùàÿ ìîùíîñòü îòëîæåíèé
ïî èçó÷åííûì ñêâàæèíàì èçìåíÿåòñÿ îò 808 äî 1100 ì. Ïî
îñîáåííîñòÿì ñòðîåíèÿ è ëèòîëîãè÷åñêîãî ñîñòàâà â ðàç-
ðåçå ñíèçó ââåðõ âûäåëÿþòñÿ òðè òîëùè: ñóëüôàòíî-êàð-
áîíàòíàÿ, êàðáîíàòíàÿ è ãëèíèñòî-êàðáîíàòíàÿ (ðèñ. 2).

Ñóëüôàòíî-êàðáîíàòíàÿ òîëùà â íàèáîëåå ïîëíîì
îáúåìå âñêðûòà â ñêâàæèíàõ 1-Âîðãàìóñþðñêàÿ (480 ì) è
1-Àäàêñêàÿ (260 ì). Ïîðîäû ïðåäñòàâëåíû ðèòìè÷íûì
÷åðåäîâàíèåì äîëîìèòèçèðîâàííûõ èçâåñòíÿêîâ è àíãèä-
ðèòîäîëîìèòîâ (ðèñ. 2, À). Äîëîìèòû âòîðè÷íûå, ïåðå-
êðèñòàëëèçîâàííûå, ñ òåíåâîé îðãàíîãåííîé ñòðóêòóðîé
è  ñòðîìàòîëèòîâûìè ïðîñëîÿìè, íåðàâíîìåðíî ïîðèñ-
òî-êàâåðíîçíûå. Êàâåðíû ìåëêèå, ÷àùå âñåãî èçîëèðîâàí-

Ðèñ. 1. Òåêòîíè÷åñêàÿ êàðòà ðàéîíà èññëåäîâàíèé (ñîñòàâëåíî ïî [4, 11] ñ èçìåíåíèÿìè): 1—3 — ãðàíèöû òåêòîíè÷åñêèõ ýëåìåí-
òîâ: 1 — íàäïîðÿäêîâûõ, 2 — ïåðâîãî ïîðÿäêà, 3 — âòîðîãî ïîðÿäêà; 4 — ðàéîí èññëåäîâàíèé; 5 — ñêâàæèíû; 6 — íîìåðà òåêòî-
íè÷åñêèõ ýëåìåíòîâ, 7 — ïîëîæåíèå ãåîëîãè÷åñêîãî ðàçðåçà (ïî [4] ñ óïðîùåíèÿìè). I — ãðÿäà ×åðíûøåâà: I-1 — Òàëüáåéñêèé
áëîê, I-2 — Àäçüâàâîìñêàÿ äåïðåññèÿ, I-3 — Õîñåäàþñêèé âàë; II — Âàðàíäåé-Àäçüâèíñêàÿ ñòðóêòóðíàÿ çîíà; III — Õîðåéâåðñêàÿ

âïàäèíà;  IV — Êîñüþ-Ðîãîâñêàÿ âïàäèíà

Fig. 1. Tectonic map of study area (according to [4, 11], with additions): 1—3 — boundaries of tectonic elements: 1 — superorder, 2 — first
order, 3 — second order; 4 — research area; 5 — well; 6 — number of tectonic elements 7 — position of the geological section (according to [4],
with additions). I — Chernyshev ridge: I-1 — Talbeysky block, I-2 — Adzvavomskaya depression, I-3 — Hosedayusky swell; II — Varandey-

Adzvinskaya structural zone; III — Khoreyverskaya depression; IV — Kosyu-Rogovskaya depression
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íûå, çàïîëíåííûå íîâîîáðàçîâàííûì ãèïñîì, àíãèäðè-
òîì ëèáî êàëüöèòîì. Èçâåñòíÿêè ñåðûå, äîëîìèòèçèðî-
âàííûå, òîíêî-, ìåëêîçåðíèñòûå. Â ïîäîøâå òîëùè îò-
ìå÷àþòñÿ ïðîñëîè âòîðè÷íûõ äîëîìèòîâ ïÿòíèñòî-áðåê-
÷èåâèäíîãî îáëèêà. Â øëèôàõ òàêèõ ïîðîä ÷àñòî îòìå÷à-
þòñÿ ìèêðîñòðóêòóðû êàòàêëàçîâ è ìèêñòèòîâ.

Â êàðáîíàòíîé òîëùå ìîùíîñòüþ 243—515 ì âûäå-
ëÿþòñÿ äâå ïà÷êè (ñíèçó ââåðõ): äîëîìèòîâàÿ è ãëèíèñòî-
èçâåñòíÿêîâî-äîëîìèòîâàÿ. Íèæíÿÿ ïà÷êà ñëîæåíà äîëî-
ìèòàìè ñåðûìè, âòîðè÷íûìè, íåðàâíîìåðíî îêðåìíåí-
íûìè, ñóëüôàòèçèðîâàííûìè, ñ êàâåðíîâî-ïîðîâûìè ó÷à-
ñòêàìè (ðèñ. 2, Â). Ïóñòîòíîå ïðîñòðàíñòâî ÷àñòè÷íî èëè
ïîëíîñòüþ çàëå÷åíî àíãèäðèòîì ëèáî íîâîîáðàçîâàííûì
êàëüöèòîì. Âåðõíÿÿ ïà÷êà òîëùè ïðåäñòàâëåíà ïðåèìó-

ùåñòâåííî ïÿòíèñòî-êîìêîâàòûìè äîëîìèòèçèðîâàííû-
ìè èçâåñòíÿêàìè è âòîðè÷íûìè äîëîìèòàìè ïî èëîâî-
áèîìîðôíûì èçâåñòíÿêàì. Â êðîâëå ïà÷êè îòìå÷àþòñÿ
ïðîñëîè ãëèíèñòûõ èçâåñòíÿêîâ, îáîãàùåííûõ áîëüøèì
(20—30 %) ñîäåðæàíèåì òåððèãåííîé ïðèìåñè.

Ãëèíèñòî-êàðáîíàòíàÿ òîëùà, âûäåëÿåìàÿ â âåðõíåñè-
ëóðèéñêîé ÷àñòè ðàçðåçà, õîðîøî âûäåðæàíà ïî ìîùíîñòè
(302—322 ì). Ñíèçó ââåðõ çäåñü âûäåëÿþòñÿ òðè ïà÷êè: äî-
ëîìèòîâî-èçâåñòíÿêîâàÿ, äîëîìèòîâàÿ è ãëèíèñòî-êàðáî-
íàòíàÿ. Íèæíÿÿ ïà÷êà (110—150 ì) ïðåäñòàâëåíà äîëîìè-
òèçèðîâàííûìè èçâåñòíÿêàìè ñ îñòàòêàìè îñòðàêîä, ìøà-
íîê, ôðàãìåíòàìè ïîëíîñòüþ ïåðåêðèñòàëëèçîâàííûõ
ñòâîðîê áðàõèîïîä è ãàñòðîïîä. Â ïîä÷èíåííîì êîëè÷å-
ñòâå ïðèñóòñòâóþò èçâåñòêîâûå äîëîìèòû è ïðîñëîè, îáî-

Ðèñ. 2. Êîððåëÿöèÿ â ðàçðåçàõ ñêâàæèí è ëèòîëîãè÷åñêèé ñîñòàâ ñèëóðèéñêèõ îòëîæåíèé Òàëüáåéñêîãî áëîêà: À — êîððåëÿöèÿ
ñèëóðèéñêèõ îòëîæåíèé â ðàçðåçàõ ñêâàæèí (ñîñòàâëåíî ïî [4] ñ èçìåíåíèÿìè), Á — ñóëüôàòíî-êàðáîíàòíàÿ ïîðîäà (ñêâ. 1-Âîð-
ãàìóñþðñêàÿ, ãë. 2358, 2 ì, îáð. 23/2), Â — äîëîìèò èçâåñòêîâèñòûé (ñêâ. 1-Àäàêñêàÿ, ãë. 1292,  7 ì, îáð. 13), Ã — àðãèëëèò èçâåñò-

êîâèñòûé (ñêâ. 2-Àäàêñêàÿ, ãë. 4192 ì, îáð. 50-46)

Fig. 2. Correlation in wells sections and lithological composition of Silurian deposits in the Talbeysky block: A — wells correlation of Silurian deposits
(according to [4], with additions), Á — sulphate-carbonate rock (well 1-Vorgamusyurskaya, depth 2358, 2 m, sample 23/2), Â — calciferous

 dolomite (well 1-Adakskaya, depth 1292, 7 m, sampl 13), Ã — calciferous argillite (well 2-Adakskaya, depth 4192 m, sample 50-46)
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ãàùåííûå ãëèíèñòîé ïðèìåñüþ, â îñíîâíîì â êðîâëå ïà÷-
êè. Ñðåäíÿÿ ïà÷êà (20—30 ì) ïðåäñòàâëåíà áîëüøåé ÷àñ-
òüþ âòîðè÷íûìè äîëîìèòàìè, îáðàçîâàííûìè ïî èëîâî-
áèîìîðôíî-äåòðèòîâûì èçâåñòíÿêàì ñ ìàëîìîùíûìè
ïðîñëîÿìè èçâåñòíÿêà è ãëèíèñòî-àëåâðèòîâîãî ìàòåðè-
àëà. Îðãàíîãåííûé äåòðèò ñëîæåí îáëîìêàìè áðàõèîïîä,
÷ëåíèêîâ êðèíîèäåé, îáðûâêàìè âîäîðîñëåé, ñòâîðêàìè
îñòðàêîä, åäèíè÷íûìè êîëîíèÿìè ìøàíîê. Ïîðîäû â íå-
çíà÷èòåëüíîé ñòåïåíè ïèðèòèçèðîâàííûå, ñóëüôàòèçèðî-
âàííûå, ó÷àñòêàìè òðåùèíîâàòûå è êàâåðíîâûå, ñ íåçíà-
÷èòåëüíûìè âûïîòàìè êîðè÷íåâîé íåôòè. Âåðõíÿÿ ïà÷-
êà (250 ì) ñîñòîèò èç ãëèíèñòî-êàðáîíàòíûõ ïîðîä. Èçâå-
ñòíÿêè ñåðûå, áèîêëàñòîâî-ñãóñòêîâûå, ãëèíèñòûå. Îðãà-
íè÷åñêèå îñòàòêè ïðåäñòàâëåíû îñòðàêîäàìè, ìøàíêàìè,
áðàõèîïîäàìè, òàáóëÿòàìè, êðèíîèäåÿìè è äðóãèìè èñ-
êîïàåìûìè îðãàíèçìàìè, êîòîðûå ðàñïðåäåëåíû ðàâíî-
ìåðíî èëè îáðàçóþò ñêîïëåíèÿ. Èõ ñîäåðæàíèå â ïîðîäå
ñîñòàâëÿåò 65—80 %. Â ïîä÷èíåííîì êîëè÷åñòâå îòìå÷à-
þòñÿ âòîðè÷íûå äîëîìèòû. Ïî âñåé ïà÷êå íàáëþäàþòñÿ
ìàëîìîùíûå (1—4 ñì) ãëèíèñòî-àëåâðèòîâûå ïðîñëîè
(ðèñ. 2, Ã).

Íà ïðîòÿæåíèè âñåãî ðàçðåçà â ñèëóðèéñêèõ îòëîæå-
íèÿõ ðàçâèòû ñòèëîëèòû, çàïîëíåííûå ãëèíèñòî-áèòóìè-
íîçíûì ìàòåðèàëîì, òðåùèíîâàòûå è êàâåðíîçíûå ó÷àñ-
òêè, à òàêæå íåáîëüøèå òåêòîíè÷åñêèå äèñëîêàöèè (ñêëàä-
êè, ðàçðûâû, çåðêàëà ñêîëüæåíèÿ) [10].

Ãåîõèìè÷åñêàÿ õàðàêòåðèñòèêà

Ñîäåðæàíèå ÎÂ, åãî ãåíåòè÷åñêèé òèï è ñòåïåíü êà-
òàãåíåòè÷åñêîé ïðåîáðàçîâàííîñòè ÿâëÿþòñÿ âàæíûìè
ïîêàçàòåëÿìè íåôòåãàçîãåíåðàöèîííûõ ñâîéñòâ ïîðîä è
â öåëîì îïðåäåëÿþò èõ óãëåâîäîðîäíûé ïîòåíöèàë. Íà îñ-
íîâàíèè õèìèêî-áèòóìèíîëîãè÷åñêèõ è ïèðîëèòè÷åñêèõ
èññëåäîâàíèé â ðàçðåçå ñèëóðèéñêèõ îòëîæåíèé âûäåëÿ-
þòñÿ ðàçëè÷íûå êëàññû íåôòåãàçîìàòåðèíñêèõ ïîðîä
(ÍÃÌÏ) — áåäíûå, ñðåäíèå è áîãàòûå (òàáë. 1, ðèñ. 3).
Îñíîâíûìè ãåîõèìè÷åñêèìè õàðàêòåðèñòèêàìè, îïðåäå-
ëÿþùèìè êëàññ ÍÃÌÏ, ÿâëÿþòñÿ ñîäåðæàíèå â ïîðîäå
ÎÂ (Ñîðã, %) è õëîðîôîðìíîãî áèòóìîèäà (ÕÁÀ, %), âåëè-
÷èíà ãåíåðàöèîííîãî ïîòåíöèàëà (S1+S2, ìã ÓÂ / ã ïîðî-
äû) è âîäîðîäíîãî èíäåêñà (HI, ìã ÓÂ / ã Ñîðã).

Áåäíûå ÍÃÌÏ âûäåëåíû â îñíîâíîì â îòëîæåíèÿõ
íèæíåãî ñèëóðà. Íàèáîëåå íèçêèå êîíöåíòðàöèè
Ñîðã < 0.1—0.3 % óñòàíîâëåíû â èçâåñòíÿêàõ è äîëîìèòàõ.

Çíà÷åíèÿ âîäîðîäíîãî èíäåêñà â ýòèõ ïîðîäàõ ñîñòàâëÿåò
4—173 ìã ÓÂ/ã Ñîðã, ãåíåðàöèîííûé ïîòåíöèàë < 1 ìã ÓÂ/ã
ïîðîäû (òàáë. 1, ðèñ. 3). Ñðåäíèå è áîãàòûå ÍÃÌÏ ïðèóðî-
÷åíû ê ãëèíèñòî-êàðáîíàòíûì ðàçíîñòÿì ïîðîä, êîòîðûå
ñëàãàþò âåðõíåñèëóðèéñêóþ ÷àñòü ðàçðåçà. Â ìåðãåëÿõ, ãëè-
íèñòûõ èçâåñòíÿêàõ è äîëîìèòàõ ñîäåðæàíèå Ñîðã ñîñòàâ-
ëÿåò 0.5—6 %. Ãåíåðàöèîííûé ïîòåíöèàë ÎÂ ïîðîä ïîâû-
øàåòñÿ äî 2—6, äîñòèãàÿ 33 ìã ÓÂ/ã ïîðîäû, çíà÷åíèÿ HI
ñîñòàâëÿþò 224—580 ìã ÓÂ/ã Ñîðã (òàáë. 1, ðèñ. 3).

Âûõîä ÕÁÀ èç ñèëóðèéñêèõ ïîðîä òàêæå ðàçëè÷åí è
óâåëè÷èâàåòñÿ îò êàðáîíàòíûõ ê ãëèíèñòî-êàðáîíàòíûì
ðàçíîñòÿì ïîðîä. Â èçâåñòíÿêàõ è äîëîìèòàõ ñîäåðæàíèå
áèòóìîèäîâ ñîñòàâëÿåò 0.01—0.02 %. Â ãëèíèñòî-êàðáîíàò-
íûõ ïîðîäàõ èõ êîíöåíòðàöèÿ ïîâûøàåòñÿ äî 0.03—0.16 %.
Çíà÷åíèÿ áèòóìîèäíîãî êîýôôèöèåíòà (βÕÁ), âûðàæåí-
íîãî îòíîøåíèåì ÕÁÀ ê Ñîðã, óêàçûâàåò íà ïðèñóòñòâèå â
ïîðîäàõ êàê àâòîõòîííûõ, òàê è àëëîõòîííûõ áèòóìîèäîâ
(ðèñ. 4, à). Âî âñåõ èçó÷åííûõ ðàçðåçàõ ñêâàæèí çíà÷åíèÿ
βÕÁ äëÿ îñíîâíîé ÷àñòè îáðàçöîâ íàõîäÿòñÿ â äèàïàçîíå
5—20 %, ÷òî õàðàêòåðèçóåò èõ êàê àâòîõòîííûå [1]. Àëëîõ-
òîííûå áèòóìîèäû õàðàêòåðèçóþòñÿ ïîâûøåííûìè çíà-
÷åíèÿìè βÕÁ (24—38 %), êîòîðûå óñòàíîâëåíû äëÿ íåáîëü-
øîãî êîëè÷åñòâà îáðàçöîâ â ñêâàæèíàõ 1-Âîðãàìóñþðñ-
êàÿ è 1-, 2-Àäàêñêàÿ. Àëëîõòîííîå áèòóìîíàñûùåíèå ïî-
ðîä ïîäòâåðæäàåòñÿ òàêæå äàííûìè ëþìèíåñöåíòíî-áè-
òóìèíîëîãè÷åñêîãî àíàëèçà. Â óëüòðàôèîëåòîâîì ñâåòå
(ÓÔ) â ìåæçåðíîâîì ïðîñòðàíñòâå, ïóñòîòàõ è ñòèëîëèòî-
âûõ øâàõ äèàãíîñòèðóþòñÿ ëåãêèå, ìàñëÿíèñòûå è ñìîëèñ-
òî-àñôàëüòåíîâûå áèòóìèíîçíûå êîìïîíåíòû (ðèñ. 4, á) [6].
Èññëåäîâàíèÿ â ÓÔ òàêæå ïîêàçàëè, ÷òî â ïîðîäàõ ïðè-
ñóòñòâóåò íåñêîëüêî ãåíåðàöèé áèòóìîâ, èìåþùèõ ðàçëè÷-
íîå ïîëîæåíèå â ïóñòîòíîì ïðîñòðàíñòâå. Ýòî ìîæåò óêà-
çûâàòü íà íåîäíîêðàòíîå ïîñòóïëåíèå áèòóìèíîçíûõ âå-
ùåñòâ ñ áîëåå ïîçäíèì ïðèòîêîì ëåãêèõ ìàñëÿíèñòûõ êîì-
ïîíåíòîâ ïî ñòèëîëèòîâûì øâàì.

Èíäèâèäóàëüíûé ñîñòàâ í-àëêàíîâ è èçîïðåíîèäîâ â
ñîñòàâå àëèôàòè÷åñêîé ôðàêöèè áèòóìîèäà èçó÷àëñÿ ìå-
òîäîì ãàçîâîé õðîìàòîãðàôèè. Ñðåäè èçó÷åííûõ áèòóìîè-
äîâ âûäåëÿþòñÿ äâå ãðóïïû îáðàçöîâ, õàðàêòåðèçóþùèõñÿ
ðàçëè÷íûìè ìîëåêóëÿðíî-ìàññîâûìè ðàñïðåäåëåíèÿìè
àëêàíîâ íîðìàëüíîãî ñòðîåíèÿ. Ê ïåðâîé ãðóïïå îòíîñÿò-
ñÿ áèòóìîèäû, â êîòîðûõ çíà÷èòåëüíî ïðåîáëàäàåò äîëÿ
ñðåäíåìîëåêóëÿðíûõ í-àëêàíîâ Ñ13—Ñ18, ñîñòàâëÿÿ 46—
66 % (òàáë. 2). Ãèñòîãðàììû ðàñïðåäåëåíèÿ àëêàíîâûõ óã-

Òàáëèöà 1
Õàðàêòåðèñòèêà íåôòåãàçîìàòåðèíñêèõ ïîðîä ñèëóðèéñêèõ îòëîæåíèé

Table 1
Geochemical characterization of the source rocks in Silurian deposits

*  â ñêîáêàõ êîëè÷åñòâî îáðàçöîâ

*  Sample number in brackets
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ëåâîäîðîäîâ èìåþò îäíîìîäàëüíîå ðàñïðåäåëåíèå ñ ìàê-
ñèìóìîì â îáëàñòè í-Ñ15—í-Ñ17 (ðèñ. 5, à, á). Â ñðåäíåìî-
ëåêóëÿðíîé ÷àñòè îòìå÷àåòñÿ ïðåîáëàäàíèå íå÷åòíûõ ñî-
åäèíåíèé, êîýôôèöèåíò íå÷åòíîñòè Êí÷Ñ15—Ñ21 — 1.0—1.3,
Êí÷Ñ17 > 1. Çíà÷åíèÿ îòíîøåíèÿ íå÷åòíûõ ê ÷åòíûì â âû-
ñîêîìîëåêóëÿðíîé îáëàñòè (CPI) 1.0—1.5. Ïîëó÷åííûå êî-
ýôôèöèåíòû â öåëîì îòðàæàþò ó÷àñòèå â ñîñòàâå èñõîäíî-
ãî ÎÂ ïëàíêòîííîé ñîñòàâëÿþùåé [12, 14, 15]. Â ýòîé ãðóï-
ïå âûäåëÿåòñÿ ðÿä îáðàçöîâ ñ ïîâûøåííîé êîíöåíòðàöèåé
âûñîêîìîëåêóëÿðíûõ í-àëêàíîâ (ðèñ. 5, á), ÷òî ìîæåò îò-
ðàæàòü ó÷àñòèå âîäîðîñëåâîãî ÎÂ. Ïîäîáíûå îñîáåííîñòè
â ðàñïðåäåëåíèè í-àëêàíîâ îòìå÷àþòñÿ òàêæå â ñèëóðèéñ-
êèõ îòëîæåíèÿõ ïðèëåãàþùèõ îáëàñòåé Õîðåéâåðñêîé âïà-
äèíû è þãà ãðÿäû ×åðíûøåâà, ãäå â ñîñòàâå ÎÂ âñòðå÷åíû
îñòàòêè âîäîðîñëåé [8, 9].

Ðèñ. 3. Ãåíåðàöèîííûé ïîòåíöèàë ñèëóðèéñêèõ îòëîæåíèé: à — äèàãðàììà âåëè÷èíû ãåíåðàöèîííîãî ïîòåíöèàëà îò ñîäåð-
æàíèÿ Ñîðã, á — äèàãðàììà èçìåíåíèé âîäîðîäíîãî èíäåêñà (HI) îò ñîäåðæàíèÿ Ñîðã

Fig. 3. Generation potential of the Silurian deposits: à — plot of  TOC versus petroleum potential, á — plot of  TOC versus hydrogen index (HI)

Ðèñ. 4. Áèòóìèíîçíîñòü ñèëóðèéñêèõ îòëîæåíèé: à — çàâèñèìîñòü çíà÷åíèé βÕÁ îò ñîäåðæàíèÿ Ñîðã â ïîðîäå, á — ìèêðîôîòîãðà-
ôèè øëèôîâ â ÓÔ-ñâåòå. Áèòóìèíîçíûå êîìïîíåíòû: ñì — ñìîëèñòûå, àñ — àñôàëüòåíîâûå, ì — ìàñëÿíèñòûå, ëóâ — ëåãêèå

óãëåâîäîðîäû

Fig. 4. Bituminosity of the Silurian deposits: a — variation of the βÕÁ values with TOC in the rock, b — micrographs of thin sections
in ultraviolet light. Bituminous components: ñì — resinous, ac — asphaltic, ì — oleaginous, ëóâ — light hydrocarbons

Âî âòîðîé ãðóïïå áèòóìîèäîâ äîëÿ ñðåäíåìîëåêóëÿð-
íûõ ñîåäèíåíèé ñíèæåíà, à êîíöåíòðàöèÿ óãëåâîäîðîäîâ
ñîñòàâà > Ñ19 ðàâíà 51—74 % (òàáë. 2, ðèñ. 5, â, ã). Äîëÿ âû-
ñîêîìîëåêóëÿðíûõ í-àëêàíîâ â îáëàñòè Ñ25—Ñ33 ïîâûøà-
åòñÿ äî 45%, çíà÷åíèÿ ñîîòíîøåíèÿ í-Ñ17/í—Ñ25 è CPI äëÿ
ýòèõ áèòóìîèäîâ íàèáîëåå íèçêèå — 1.1—2.9 è 0.92—1.2 ñî-
îòâåòñòâåííî. Ïîëó÷åííûå çíà÷åíèÿ ãåîõèìè÷åñêèõ ïàðà-
ìåòðîâ â ýòîé ãðóïïå áèòóìîèäîâ ìîãóò óêàçûâàòü íà ñìå-
øàííûé ñîñòàâ ÎÂ, ñôîðìèðîâàííîãî çà ñ÷åò ïëàíêòîí-
íîé è âîäîðîñëåâîé ñîñòàâëÿþùåé, ñ óâåëè÷åíèåì âêëàäà
äîííûõ âîäîðîñëåé. Ñõîäíîå ðàñïðåäåëåíèå íàñûùåííûõ
ÓÂ îòìå÷àþòñÿ Ò. Ê. Áàæåíîâîé â íåôòåìàòåðèíñêèõ îò-
ëîæåíèÿõ Ñèáèðñêîé ïëàòôîðìû, â ÎÂ êîòîðûõ ïðèñóò-
ñòâóåò ìàêñèìàëüíîå êîëè÷åñòâî îñòàòêîâ äîííûõ áóðûõ âî-
äîðîñëåé (ïñåâäîâèòðèíèò) [2]. Çíà÷åíèÿ βÕÁ â ðàññìàòðè-
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Òàáëèöà 2
Ãåîõèìè÷åñêèå ïàðàìåòðû ÎÂ è íàñûùåííûõ ÓÂ (í-àëêàíîâ è èçîïðåíîèäîâ) ñèëóðèéñêèõ îòëîæåíèé Òàëüáåéñêîãî áëîêà

Table 2
Geochemical characteristic of organic matter and saturated hydrocarbon (n-alkanes and isoprenoids) in Silurian deposits

of the Talbeysky block

Ðèñ. 5. Õðîìàòîãðàììû ðàñïðåäåëåíèÿ í-àëêàíîâ è èçîïðåíîèäîâ â íàñûùåííîé ôðàêöèè áèòóìîèäîâ

Fig. 5. Chromatograms of n-alkanes and isoprenoids in saturated hydrocarbon fractions
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ñòâóþò îñòàòêè âûñøåé ðàñòèòåëüíîñòè, îöåíêà êàòàãåíåçà
áûëà îïðåäåëåíà â äîñòàòî÷íîé ìåðå óñëîâíî. Ïî ðåçóëü-
òàòàì íàøèõ èññëåäîâàíèé (ïèðîëèòè÷åñêèõ, ÈÎÊ), ìàê-
ñèìàëüíûé ïðîãðåâ ñèëóðèéñêèõ òîëù â ñåâåðíîé ÷àñòè
Òàëüáåéñêîãî áëîêà (ñêâ. 1-Âîðãàìóñþðñêàÿ) äîñòèãàë
ãðàäàöèé ÌÊ2. Âàðèàöèè óðîâíÿ çðåëîñòè ÎÂ â ïðåäåëàõ
áëîêà, âåðîÿòíî, îòðàæàþò ëàòåðàëüíîå èçìåíåíèå êàòà-
ãåíåçà ïî ïëîùàäè.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, â ðàííåñèëóðèéñêîå âðåìÿ â ìåëêî-
âîäíî-ìîðñêèõ óñëîâèÿõ ôîðìèðîâàëèñü â îñíîâíîì áåä-
íûå ÍÃÌÏ. Ñðåäíèå è áîãàòûå ãëèíèñòî-êàðáîíàòíûå
ÍÃÌÏ ñ ïîâûøåííûì ñîäåðæàíèåì ÎÂ íàêàïëèâàëèñü
ïðåèìóùåñòâåííî â ïîçäíåñèëóðèéñêîå âðåìÿ. Çíà÷åíèÿ HI
âàðüèðóþò â øèðîêèõ ïðåäåëàõ — îò 4 äî 580 ìã ÓÂ / ã Ñîðã,
÷òî, âåðîÿòíî, îáóñëîâëåíî îêèñëåíèåì ÎÂ íà ðåãðåññèâ-
íûõ ýòàïàõ ðàçâèòèÿ áàññåéíà è ÷àñòè÷íîé ðåàëèçàöèåé åãî
óãëåâîäîðîäíîãî ïîòåíöèàëà ïðè êàòàãåíåçå. Èñõîäíûì
îðãàíè÷åñêèì ìàòåðèàëîì ÿâëÿëîñü ìîðñêîå ïëàíêòîííî-
âîäîðîñëåâîå ÎÂ. Êàòàãåíåòè÷åñêàÿ ïðåîáðàçîâàííîñòü ÎÂ
ñèëóðèéñêèõ îòëîæåíèé èçìåíÿåòñÿ ïî ïëîùàäè, äîñòèãàÿ
ãðàäàöèé ÌÊ1-2 â ñåâåðíîé è ÌÊ2-3 â þæíîé ÷àñòÿõ Òàëü-
áåéñêîãî áëîêà.

Àâòîðû âûðàæàþò áëàãîäàðíîñòü ðóêîâîäñòâó ÎÎÎ
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äîñòàâëåííóþ âîçìîæíîñòü ðàáîòû ñ êåðíîâûì ìàòåðèà-
ëîì ñêâàæèí.
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Fig. 6. Maturity of organic matter according to Rock-Eval data and conodont color alteration index in well 1-Vorgamusyur
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Ââåäåíèå

Ïîëó÷åíèå áåççîëüíûõ óãëåé ÿâëÿåòñÿ âàæíåéøåé
òåõíîëîãè÷åñêîé ïðîáëåìîé. Ïîäõîäû ê ïîëó÷åíèþ îáåç-
çîëåííûõ óãëåé (ãèïåðóãëåé) ïóò¸ì ýêñòðàêöèè ïîëÿðíû-
ìè ðàñòâîðèòåëÿìè àêòèâíî ðàçâèâàþòñÿ â íàñòîÿùåå âðå-
ìÿ. Â ïðàêòè÷åñêîì îòíîøåíèè ðåçóëüòàòîì òàêîé îáðà-
áîòêè ÿâëÿåòñÿ ïîâûøåíèå óäåëüíîé òåïëîòû ñãîðàíèÿ è
òåðìîïëàñòè÷íîñòè ïîëó÷àåìîãî ïðîäóêòà, à èñïîëüçîâà-
íèå ãèïåðóãëÿ â êà÷åñòâå äîáàâêè ê êîêñó ñïîñîáñòâóåò
ïîâûøåíèþ ïðî÷íîñòè òàêîãî ìàòåðèàëà. Òàêæå ãèïåð-
óãîëü ïðåäñòàâëÿåò ñîáîé «èäåàëüíîå» ñûðüå äëÿ ãàçèôè-
êàöèè (Takanohashi et al., 1996, 2008, Koyano et al., 2011,
Cho et al., 2012, Shui et al., 2013). Äëÿ èçó÷åíèÿ ñòðóêòóðû
ïîëó÷àåìûõ ïðîäóêòîâ øèðîêî ïðèìåíÿþòñÿ ìåòîäû
ñïåêòðàëüíîãî àíàëèçà, â ÷àñòíîñòè ñïåêòðîñêîïèÿ ßÌÐ
â òâ¸ðäîì òåëå (Takanohashi et al., 2008).

Óãëè Èíòèíñêîãî ìåñòîðîæäåíèÿ ÿâëÿþòñÿ ïåðñïåê-
òèâíûì ñûðü¸ì äëÿ ïîëó÷åíèÿ îáåççîëåííîãî ïðîäóêòà,
òàê êàê â ñâî¸ì èñõîäíîì âèäå õàðàêòåðèçóþòñÿ âûñîêîé
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Èññëåäîâàíà è ïîäòâåðæäåíà âîçìîæíîñòü ïîëó÷åíèÿ îáåççîëåííûõ óãëåé (ãèïåðóãëåé) èç ñûðüÿ øàõòû Èíòèíñ-
êàÿ. Äëÿ èçó÷åíèÿ óñëîâèé îáðàçîâàíèÿ èñõîäíûõ óãëåé ìåòîäàìè ãàçîâîé õðîìàòîãðàôèè è õðîìàòî-ìàññ-ñïåêòðî-
ìåòðèè áûë èçó÷åí ñîñòàâ óãëåâîäîðîäîâ áèîìàðêåðîâ íàñûùåííîé ôðàêöèè áèòóìîèäà. Ïðèñóòñòâèå âûñîêèõ êîí-
öåíòðàöèé ñòåðàíîâ ñîñòàâà Ñ29, í-àëêàíîâ ñîñòàâà Ñ27—Ñ29 óêàçûâàåò íà çíà÷èòåëüíûé âêëàä òåððèãåííîé ðàñòèòåëü-
íîñòè â ñîñòàâ èñõîäíîé áèîìàññû. Äëÿ ðÿäà îáðàçöîâ íàëè÷èå âûñîêèõ êîíöåíòðàöèé í-àëêàíîâ ñîñòàâà Ñ23—Ñ25 ìî-
æåò ÿâëÿòüñÿ ïðèçíàêîì âêëàäà âîäíîé ðàñòèòåëüíîñòè â ñîñòàâ èñõîäíîé áèîìàññû. Äëÿ ïîëó÷åíèÿ ãèïåðóãëÿ êîíöåí-
òðàòû èñõîäíîãî óãëÿ áûëè ïðîýêñòðàãèðîâàíû N-ìåòèëïèððîëèäîíîì ïðè êèïÿ÷åíèè. Äëÿ õàðàêòåðèñòèêè ïîëó÷åííîãî
ïîñëå îòãîíêè ðàñòâîðèòåëÿ ïðîäóêòà áûëà èñïîëüçîâàíà ñïåêòðîñêîïèÿ ßÌÐ â òâ¸ðäîì òåëå. Àíàëèç ñïåêòðîâ CP/MAS,
à òàêæå ðåçóëüòàòû ðåäàêòèðîâàíèÿ ñïåêòðîâ ïîêàçàëè, ÷òî ïîëó÷åííûå ãèïåðóãëè ïî ñòðóêòóðå îðãàíè÷åñêîãî âåùåñòâà
ìàëî îòëè÷íû îò èñõîäíûõ óãëåé. Ïðè ýòîì äëÿ íèõ õàðàêòåðíî íåçíà÷èòåëüíîå óâåëè÷åíèå àëèôàòè÷åñêîé ñîñòàâëÿþùåé
è íàëè÷èå àìèäíûõ ãðóïï, îáóñëîâëåííîå âçàèìîäåéñòâèåì ñ ðàñòâîðèòåëåì.

Êëþ÷åâûå ñëîâà: êàìåííûé óãîëü, øàõòà Èíòèíñêàÿ, áèîìàðêåðû, ãèïåðóãîëü, 13C ßÌÐ â òâ¸ðäîì òåëå.

BIOMARKERS OF INTA COAL DEPOSIT, ISOLATION AND ANALYSIS OF CHEMICAL STRUCTURE OF HYPERCOALS
D. A. Bushnev1, N. S. Burdelnaya1, D. V. Kuzmin1, M. V. Mokeev2, I. N. Burtsev1

1Institute of Geology Komi SC UB RAS, Syktyvkar
2Institute of Macromolecular Compounds RAS, Sankt-Petersburg

We studied the possibility of production of ashless coals (hypercoals) from raw of Intinskaya mine. To study the formation
conditions of the initial coals by gas chromatography and gas chromatography-mass spectrometry we studied the composition
of biomarkers hydrocarbons of saturated fraction of bitumen. The presence of high concentrations of C29 steranes, C27—C29
n-alkanes indicates a significant contribution of terrigenous vegetation in the initial biomass composition; for a number of samples
the presence of high concentrations of C23—C25 n-alkanes can be an attribute of the contribution of aquatic vegetation in the
initial biomass composition. To produce hypercoals the initial coal concentrates were extracted with N-methylpyrrolidone at
boiling. To characterize the product, obtained after distillation of the solvent, we used solid state NMR spectroscopy. The analysis
of CP/MAS spectra, and also the results of the editing of the spectra showed that the obtained hypercoals are little different
from the initial coals by their organic matter structure. At that they are characterized by an insignificant increase of aliphatic
component and presence of amido groups conditioned by the interaction with the solvent.

Keywords: coal, Intinskaya mine, biomarkers, hypercoal, solid state 13C NMR.

çîëüíîñòüþ è âñëåäñòâèå ýòîãî íåâûñîêèìè ïîòðåáèòåëü-
ñêèìè ñâîéñòâàìè (Óãëåíîñíàÿ ôîðìàöèÿ…, 1990). Îñî-
áåííîñòè óãëåïåòðîãðàôèè èíòèíñêèõ óãëåé ðàññìàòðè-
âàëèñü â ðàáîòàõ ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ (Ïðîöüêî, Ìåä-
âåäåâà, 2014). Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâëÿåòñÿ
èçó÷åíèå âîçìîæíîñòè ïîëó÷åíèÿ îáåççîëåííûõ ýêñòðàê-
òîâ èç óãëåé Èíòèíñêîãî ìåñòîðîæäåíèÿ, âûÿñíåíèå ñâÿ-
çè ñòðóêòóðû ïîëó÷àåìûõ â ëàáîðàòîðíûõ óñëîâèÿõ ãèïå-
ðóãëåé ñî ñòðóêòóðîé èñõîäíîãî óãëÿ, à òàêæå âûÿñíåíèå
ìåòîäàìè îðãàíè÷åñêîé ãåîõèìèè ñîñòàâà èñõîäíîãî îðãà-
íè÷åñêîãî âåùåñòâà è óñëîâèé ôîðìèðîâàíèÿ îðãàíè÷åñ-
êîé ìàññû èñêîïàåìûõ óãëåé Èíòèíñêîãî ìåñòîðîæäåíèÿ.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Äëÿ êàæäîãî îáðàçöà ïî ñòàíäàðòíûì ìåòîäèêàì îï-
ðåäåëÿëîñü ñîäåðæàíèå îðãàíè÷åñêîãî óãëåðîäà (Ñîðã),
âûäåëÿëñÿ õëîðîôîðìåííûé áèòóìîèä À (ÕÁÀ), îñóùå-
ñòâëÿëîñü ôðàêöèîíèðîâàíèå ÕÁÀ ñ ïîëó÷åíèåì àñôàëü-
òåíîâ, ñìîë, íàñûùåííûõ è àðîìàòè÷åñêèõ óãëåâîäîðî-
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äîâ. Àíàëèç íàñûùåííîé óãëåâîäîðîäíîé ôðàêöèè îñó-
ùåñòâëÿëñÿ ìåòîäàìè ãàçîâîé õðîìàòîãðàôèè è õðîìàòî-
ìàññ-ñïåêòðîìåòðèè.

Âûäåëåíèå ãèïåðóãëÿ. Èñõîäíûå îáðàçöû óãëÿ îáîãàùà-
ëè â ðàñòâîðèòåëå ïëîòíîñòüþ 1.6 ã/cì3. Ïîëó÷åííóþ ë¸ã-
êóþ ôðàêöèþ âûñóøèâàëè è ïîäâåðãàëè îáðàáîòêå N-ìå-
òèëïèððîëèäîíîì (NMP). Äëÿ ïîëó÷åíèÿ ãèïåðóãëÿ áðàëè
íàâåñêó îáîãàùåííîãî óãëÿ ìàññîé 30 ã, çàòåì äîáàâëÿëè
300 ìë NMP è îñòàâëÿëè íà 24 ÷àñà. Ñïóñòÿ ñóòêè ñìåñü
êèïÿòèëè ñ îáðàòíûì õîëîäèëüíèêîì â òå÷åíèå äâóõ ÷àñîâ,
ôèëüòðîâàëè íà âîðîíêå Áþõíåðà ïîä âàêóóìîì ÷åðåç áó-
ìàæíûé ôèëüòð (áåëàÿ ëåíòà), ïðîìûâàëè 250 ìë ãîðÿ÷åãî
NMP è ïîëó÷åííûé ðàñòâîð óïàðèâàëè. Ïîñëå îòãîíêè ðàñ-
òâîðèòåëÿ ïîëó÷åííûé îñàäîê áåççîëüíîãî óãëÿ âûñóøè-
âàëè â ñóøèëüíîì øêàôó ïðè òåìïåðàòóðå 230 oÑ. Îñàäîê
ëåãêîé ôðàêöèè ïîñëå âûäåëåíèÿ ãèïåðóãëÿ ïðîìûâàëè
ãîðÿ÷åé âîäîé îò îñòàòêîâ ðàñòâîðèòåëÿ, âûñóøèâàëè â ñó-
øèëüíîì øêàôó ïðè òåìïåðàòóðå 140 oÑ è ñîõðàíÿëè äëÿ
äàëüíåéøèõ èññëåäîâàíèé.

Ñïåêòðîñêîïèÿ 13Ñ ßÌÐ. Ñïåêòðû ßÌÐ âûñîêîãî ðàç-
ðåøåíèÿ â òâåðäîì òåëå ïîëó÷àëè ïî ìåòîäèêå êðîññ-ïî-
ëÿðèçàöèè ñ âðàùåíèåì ïîä «ìàãè÷åñêèì óãëîì» íà ñïåê-
òðîìåòðå BRUKER AVANCE II-500 (ðàáî÷àÿ ÷àñòîòà íà 13Ñ
— 125.77 ÌÃö). Õèìè÷åñêèå ñäâèãè ïðèâîäÿòñÿ îòíîñè-
òåëüíî âíåøíåãî ñòàíäàðòà òåòðàìåòèëñèëàíà (ÒÌÑ). Îá-
ðàáîòêà ñïåêòðîâ îñóùåñòâëÿëàñü â ïðîãðàììå Dmfit
(Massiot et al., 2002).

Óãëè Èíòèíñêîãî ìåñòîðîæäåíèÿ. Èíòèíñêîå ìåñòî-
ðîæäåíèå êàìåííîãî óãëÿ ÿâëÿåòñÿ îäíèì èç êðóïíåéøèõ
ìåñòîðîæäåíèé íà òåððèòîðèè Ïå÷îðñêîãî óãîëüíîãî áàñ-
ñåéíà (Òèìîôååâ è äð., 2002). Óãëè ìàðêè Ä, îòíîñÿùèåñÿ
ê çîëüíûì è âûñîêîçîëüíûì, ÿâëÿþòñÿ òðóäíîîáîãàòèìû-
ìè. Óãîëüíûå ïëàñòû èíòèíñêîé ñâèòû õàðàêòåðèçóþòñÿ
îïðåäåëåííûì êîëè÷åñòâåííûì ñîîòíîøåíèåì ëèòîòè-
ïîâ. Ê çîëüíûì (äî 25 %) îòíîñÿòñÿ ïðåèìóùåñòâåííî
áëåñòÿùèé è ïîëóáëåñòÿùèé ëèòîòèïû, ê âûñîêîçîëüíûì
(25—32 % è âûøå) — ïîëóìàòîâûé è ìàòîâûé óãëè (Óãëå-
íîñíàÿ ôîðìàöèÿ…, 1990). Â íàñòîÿùåé ðàáîòå ïðåäñòàâ-
ëåíû ðåçóëüòàòû èññëåäîâàíèé ïî óãëåâîäîðîäíîìó ñîñòà-
âó áèòóìîèäà, âûäåëåííîãî èç ðÿäà óãëåé 10-ãî è 11-ãî
ïëàñòîâ èíòèíñêîé ñâèòû (øàõòà Èíòèíñêàÿ), 13Ñ ßÌÐ-
äàííûå ïî ãèïåðóãëÿì, à òàêæå óãëÿì äî è ïîñëå ýêñòðàê-
öèè (îñòàòî÷íûé óãîëü) N-ìåòèëïèððîëèäîíîì. Äåòàëü-
íûé àíàëèç ïåòðîãðàôè÷åñêîãî ñîñòàâà è òåõíîëîãè÷åñ-
êèõ õàðàêòåðèñòèê óãëåé èç 10-ãî è 11-ãî ïëàñòîâ èíòèíñ-
êîé øàõòû äàí â ðàáîòå Î. Ñ. Ïðîöüêî è Â. À. Ìåäâåäåâîé
(2014). Èìè ïîêàçàíî, ÷òî îñíîâíûìè ìèêðîêîìïîíåí-
òàìè èíòèíñêèõ óãëåé ÿâëÿþòñÿ âèòðèíèò è èíåðòèíèò,
ëåïòèíèò çàíèìàåò ïîä÷èí¸ííîå ïîëîæåíèå.

Ñîäåðæàíèå Ñîðã è ÕÁÀ â èñõîäíûõ ïðîáàõ, ãðóïïîâîé
ñîñòàâ áèòóìîèäà. Ñîäåðæàíèå îðãàíè÷åñêîãî óãëåðîäà
â îòîáðàííûõ ïðîáàõ ñîñòàâëÿåò 44—54 %, çîëüíîñòü óã-
ëåé âàðüèðóåò îò 14 äî 25 % (ñì. òàáëèöó). Òàêèì îáðà-
çîì, òùàòåëüíûé îòáîð ïðîá ïîçâîëèë âûäåëèòü èç èìå-
þùåéñÿ ìàññû óãëÿ ïðåèìóùåñòâåííî áëåñòÿùèé è ïî-
ëóáëåñòÿùèé ëèòîòèïû, îòëè÷àþùèåñÿ áîëåå íèçêèì ñî-
äåðæàíèåì çîëû â ïðîáå (Óãëåíîñíàÿ ôîðìàöèÿ…, 1990).
Íèçêèå çíà÷åíèÿ âûõîäà õëîðîôîðìåííîãî áèòóìîèäà è,
ñîîòâåòñòâåííî, áèòóìîèäíîãî êîýôôèöèåíòà ñâèäåòåëü-
ñòâóþò îá àâòîõòîííîñòè ðàñòâîðèìîãî îðãàíè÷åñêîãî âå-
ùåñòâà óãëåé. Êîìïîíåíòíûé ñîñòàâ áèòóìîèäà õàðàê-
òåðèçóåòñÿ ïîâûøåííûì ñîäåðæàíèåì ñìîëèñòûõ êîì-
ïîíåíòîâ è íèçêèì ñîäåðæàíèåì íàñûùåííûõ óãëåâî-
äîðîäîâ.

Ðàñïðåäåëåíèå àëêàíîâ è èçîïðåíîèäîâ óãëåâîäîðîäíîé
ôðàêöèè áèòóìîèäà èñõîäíîãî óãëÿ. Õðîìàòîãðàôè÷åñêàÿ
êàðòèíà àöèêëè÷åñêèõ óãëåâîäîðîäîâ, ê êîòîðûì îòíîñÿò-
ñÿ í-àëêàíû è èçîïðåíîèäû àëèôàòè÷åñêèõ ôðàêöèé áè-
òóìîèäîâ èññëåäóåìûõ óãëåé, ÿâëÿåòñÿ âïîëíå òèïè÷íîé
äëÿ èñêîïàåìûõ óãëåé íåâûñîêîé ñòåïåíè ìåòàìîðôèçìà
(Ãóëÿåâà è äð., 1976, 1978). Ñðåäè í-àëêàíîâ íàáëþäàþòñÿ
âûñîêèå êîíöåíòðàöèè íå÷¸òíûõ óãëåâîäîðîäîâ ñîñòàâà
Ñ23—Ñ29, ïðè÷¸ì ðàñïðåäåëåíèå ýòèõ óãëåâîäîðîäîâ â áè-
òóìîèäå íåîäíîðîäíî ïî ðàçðåçó èçó÷åííûõ íàìè ïëàñ-
òîâ 10 è 11 (ðèñ. 1). Íàèáîëüøèå êîíöåíòðàöèè óãëåâîäî-
ðîäà í-Ñ25 íàáëþäàþòñÿ â îáðàçöàõ 11-18 è 10-12, äëÿ äâóõ
äðóãèõ îáðàçöîâ êîíöåíòðàöèè í-Ñ27 — âûøå, à â îáðàçöå
11-10 åãî êîíöåíòðàöèÿ ïðåâûøàåò êîíöåíòðàöèþ í-Ñ25.
Ïîñêîëüêó ðàçëè÷íûå íå÷¸òíûå í-àëêàíû «ïðîèçâîäÿòñÿ»
ðàçëè÷íûìè ïðîäóöåíòàìè, ìîæíî ãîâîðèòü îá èçâåñòíîé
âàðèàòèâíîñòè ñîñòàâà èñõîäíîãî îðãàíè÷åñêîãî âåùåñòâà.
Àëêàíû í-Ñ27, 29, 31 îòíîñÿòñÿ ê ýïèêóòèêóëÿðíûì âîñêàì
âûñøåé ðàñòèòåëüíîñòè, à óãëåâîäîðîäû ñîñòàâà í-Ñ21, 23, 25
ìîãóò ïðèíàäëåæàòü êàê ñîñóäèñòûì ðàñòåíèÿì, òàê è
ìèêðîâîäîðîñëÿì, öèàíîáàêòåðèÿì, ñôàãíóìó, ïîãðóæåí-
íûì ìàêðîôèòàì (Ficken et al., 2000; Andersson et al., 2011).

Àöèêëè÷åñêèå èçîïðåíîèäû, ê êîòîðûì îòíîñÿòñÿ
ïðèñòàí (Pr) è ôèòàí (Ph), ïðèñóòñòâóþò â áèòóìîèäå óãëÿ
â âûñîêèõ êîíöåíòðàöèÿõ, à èõ îòíîøåíèå ëåæèò â èí-
òåðâàëå 4.3—5.1. Ïîâûøåííîå îòíîøåíèå êîíöåíòðàöèé
ýòèõ óãëåâîäîðîäîâ ÿâëÿåòñÿ òèïè÷íûì äëÿ îðãàíè÷åñêî-
ãî âåùåñòâà òåððèãåííîãî ïðîèñõîæäåíèÿ, íàêîïëåíèå êî-
òîðîãî ïðîèñõîäèëî â îêèñëèòåëüíûõ îáñòàíîâêàõ (Peters
et al., 2005), òî åñòü äëÿ èñêîïàåìûõ óãëåé, ñîäåðæàùèõ â
îñíîâíîì âèòðèíèò è èíåðòèíèò. Ïî ñðàâíåíèþ ñ íå÷åí-
ñêèìè óãëÿìè (Áóøíåâ è äð., 2012) â áèòóìîèäàõ óãëåé èç
øàõòû Èíòèíñêàÿ êîíöåíòðàöèè í-àëêàíîâ äèàïàçîíà
Ñ12—Ñ20 çàìåòíî âûøå, êàê âûøå è îòíîøåíèå Pr/Ph.

Ðàñïðåäåëåíèå ïîëèöèêëè÷åñêèõ áèîìàðêåðîâ. Ïîëèöèê-
ëè÷åñêèå áèîìàðêåðû, ê êîòîðûì îòíîñÿòñÿ óãëåâîäîðî-
äû ðÿäà ñòåðàíà è ãîïàíà, äðóãèõ òåðïàíîâûõ óãëåâîäîðî-
äîâ, íåñóò âàæíóþ èíôîðìàöèþ î ñîñòàâå èñõîäíîãî îðãà-
íè÷åñêîãî âåùåñòâà, óñëîâèÿõ åãî íàêîïëåíèÿ è òåðìè-
÷åñêîé ïðåîáðàçîâàííîñòè îòëîæåíèé (Peters et al., 2005).
Áèîìàðêåðû øèðîêî èñïîëüçóþòñÿ â èññëåäîâàíèè èñêî-
ïàåìûõ óãëåé (Êàøèðöåâ è äð., 2010). Èññëåäîâàíèå ñî-
ñòàâà áèîìàðêåðîâ áèòóìîèäà âîðêóòèíñêèõ óãëåé (Áóø-
íåâ è äð., 2016) äàëî âîçìîæíîñòü óñòàíîâèòü, ÷òî îñíîâ-
íûìè ïðîäóöåíòàìè èñõîäíîé áèîìàññû óãëåé ÿâëÿëèñü
îñòàòêè õâîéíûõ ðàñòåíèé, à èõ âèäîâîé ñîñòàâ íå áûë
îäíîðîäåí âî âðåìÿ íàêîïëåíèÿ óãëåíîñíîé òîëùè (Áóø-
íåâ è äð., 2016). Ðåçóëüòàòû èçó÷åíèÿ áèîìàðêåðîâ óãëåé
è âìåùàþùèõ ïîðîä Íå÷åíñêîãî ìåñòîðîæäåíèÿ ïîêàçà-
ëè, ÷òî îðãàíè÷åñêàÿ ìàññà óãëåé Èíòèíñêîãî ðàéîíà èìå-
åò íèçêóþ ñòåïåíü çðåëîñòè, ïðåèìóùåñòâåííî òåððèãåí-
íîå ïðîèñõîæäåíèå ïðè íåçíà÷èòåëüíîé ïðèìåñè àêâàãåí-
íîãî îðãàíè÷åñêîãî âåùåñòâà (Áóøíåâ è äð., 2012).

Ñòåðàíîâûå ÓÂ áèòóìîèäà óãëåé Èíòèíñêîé øàõòû
(äàííîå èññëåäîâàíèå) ïðåèìóùåñòâåííî ïðåäñòàâëåíû
ααα-20R-äèàñòåðåîìåðàìè, ñðåäè êîòîðûõ, áåçóñëîâíî,
äîìèíèðóåò ýòèëõîëåñòàí (Ñ29), åãî äîëÿ íà ñóììó âñåõ
ñòåðàíîâ ñîñòàâëÿåò îêîëî 90 % (ñì. òàáëèöó). Ïîêàçàòå-
ëè çðåëîñòè, íàïðèìåð îòíîøåíèå 20S/20S + R ñòåðàíîâ
ñîñòàâà Ñ29 âî âñåõ îáðàçöàõ ìåíåå 0.1, ñâèäåòåëüñòâóþò î
íèçêîé ñòåïåíè òåðìè÷åñêîé çðåëîñòè îðãàíè÷åñêîãî âå-
ùåñòâà óãëåé. Ýòîò âûâîä ïîäòâåðæäàåòñÿ è ðåçóëüòàòàìè
èññëåäîâàíèÿ ãîïàíîâûõ óãëåâîäîðîäîâ. Ñðåäè íèõ ïðè-
ñóòñòâóþò â âûñîêèõ êîíöåíòðàöèÿõ áèîëîãè÷åñêèå ββ-
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Õàðàêòåðèñòèêà ïðîá óãëÿ

Coal samples charateristics

Ðèñ. 1. Ðàñïðåäåëåíèå í- è èçîàëêàíîâ â óãëåâîäîðîäíîé ôðàêöèè áèòóìîèäà èñõîäíûõ óãëåé (ø. Èíòèíñêàÿ)

Fig. 1. Distribution of n- and iso-alkanes in the hydrocarbon fraction of initial coal bitumens (Intinskaya mine)
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äèàñòåðåîìåðû, à îòíîøåíèå 22S/22S + R ñîñòàâëÿåò âå-
ëè÷èíó ìåíåå 0.2. Ñðåäè ïåíòàöèêëè÷åñêèõ òåðïàíîâ áûëè
òàêæå îáíàðóæåíû èõ íåíàñûùåííûå àíàëîãè — íåîãîï-
13(18)-åíû ñîñòàâà Ñ29 è Ñ30 (ðèñ. 2). Îñîáåííîñòüþ ñòðî-
åíèÿ äàííûõ ñîåäèíåíèé ÿâëÿåòñÿ çàìåùåíèå ìåòèëüíî-
ãî ðàäèêàëà íå ïðè 18-ì àòîìå óãëåðîäà, à ïðè Ñ-17, à òàê-
æå íàëè÷èå êðàòíîé ñâÿçè ìåæäó Ñ-13—Ñ-18 àòîìàìè óã-
ëåðîäà (ñì. ñòðóêòóðó). Äàííûå ñîåäèíåíèÿ áûëè îáíàðó-
æåíû êàê â îðãàíè÷åñêîì âåùåñòâå ñîâðåìåííûõ îñàäêîâ,
òàê è íåçðåëîì ÎÂ ìîðñêèõ è îçåðíûõ îñàäî÷íûõ îòëîæå-
íèé þðñêîãî âîçðàñòà (Sinninghe Damsté et al., 2014). Â ðÿäå
ïóáëèêàöèé áûëî îïèñàíî, ÷òî íåîãîïåíû â íåáîëüøèõ
êîíöåíòðàöèÿõ âñòðå÷àþòñÿ êàê â áàêòåðèÿõ, òàê è â ïà-
ïîðîòíèêàõ. Òàêæå íå èñêëþ÷åíà âîçìîæíîñòü èõ îáðà-
çîâàíèÿ ÷åðåç ðåàêöèè äåãèäðàòàöèè è èçîìåðèçàöèè
«îáû÷íûõ» ãîïàíîëîâ èëè ãîïåíîâ (Moldowan et al., 1991).
Âñå ýòè äàííûå â ñîâîêóïíîñòè ñâèäåòåëüñòâóþò î òîì, ÷òî
îñíîâíûì èñòî÷íèêîì èñõîäíîãî îðãàíè÷åñêîãî âåùåñòâà
èçó÷àåìûõ óãëåé ÿâëÿëèñü îñòàòêè âûñøåé ðàñòèòåëüíîñ-
òè (äîìèíèðîâàíèå Ñ29-ñòåðàíîâ), à êàòàãåíåç îðãàíè÷åñ-
êîãî âåùåñòâà íèçîê. Èçâåñòíî (Ïðîöüêî, Ìåäâåäåâà,
2014), ÷òî îòðàæàòåëüíàÿ ñïîñîáíîñòü âèòðèíèòà ñîñòàâ-
ëÿåò â óãëÿõ Èíòèíñêîé øàõòû âåëè÷èíó Ro 0.6—0.67 %,
÷òî ñîîòâåòñòâóåò íà÷àëó ìåçîêàòàãåíåçà èëè êàìåííî-
óãîëüíîé ñòàäèè, à äàííûå ïî áèîìàðêåðàì óêàçûâàþò íà
áóðîóãîëüíóþ ñòàäèþ ïðåîáðàçîâàíèÿ ÎÂ èëè åãî ïðîòî-
êàòàãåíåç (Òèìîôååâ è äð., 2002). Ýòî ìîæåò ÿâëÿòüñÿ ïðåä-
ìåòîì äàëüíåéøèõ èññëåäîâàíèé.

Ðàíåå ïðè èçó÷åíèè óãëåé Âîðêóòñêîãî ðàéîíà â èõ
áèòóìîèäå áûë èäåíòèôèöèðîâàí 19-íîðèçîïèìàðàí
(Áóøíåâ è äð., 2016), ïðè÷¸ì îí ïðèñóòñòâîâàë íå âî âñåõ
èçó÷åííûõ ïðîáàõ, à åãî ìàêñèìàëüíàÿ êîíöåíòðàöèÿ íà-
áëþäàëàñü â îáðàçöå èç âåðõíåé ÷àñòè ðàçðåçà (SYR-6-1,
P2sl). Â èçó÷åííûõ ïðîáàõ óãëåé èç øàõòû Èíòèíñêàÿ ïèê
ýòîãî óãëåâîäîðîäà ôèêñèðóåòñÿ òîëüêî â ïðîáå 10-8.

Ñïåêòðîñêîïèÿ 13C ßÌÐ . Íàìè áûëè ïîëó÷åíû ñïåê-
òðû 13Ñ CP/MAS ßÌÐ äëÿ ãèïåðóãëÿ, à òàêæå äëÿ èñõîä-
íîãî óãëÿ è îñòàòêà ïîñëå ýêñòðàêöèè N-ìåòèëïèððîëè-

äîíîì. Áëèçêèé ïåòðîãðàôè÷åñêèé ñîñòàâ óãëåé èíòèí-
ñêîé ñâèòû äëÿ äàííûõ îáðàçöîâ èç ðàçíûõ ïëàñòîâ, îïè-
ñàííûé ðàíåå â ðàáîòå (Ïðîöüêî, Ìåäâåäåâà, 2014), íå
ñèëüíî ñêàçàëñÿ íà ñòðóêòóðíîì ðàñïðåäåëåíèè àòîìîâ
óãëåðîäà. Äëÿ èñõîäíûõ óãëåé (ÈÓ) ìû ïîëó÷èëè àáñîëþò-
íî îäèíàêîâûå ñïåêòðû 13Ñ ßÌÐ, ñâèäåòåëüñòâóþùèå î
ñõîäíîì ñòðîåíèè õèìè÷åñêîé ñòðóêòóðû ÎÂ óãëåé. Â
ñïåêòðàõ ôèêñèðóþòñÿ äâå øèðîêèå ïîëîñû, îòíîñÿùèå-
ñÿ ê àëèôàòè÷åñêîìó óãëåðîäó (îáëàñòü 10—50 ì.ä.) è ê àðî-
ìàòè÷åñêîìó óãëåðîäó (îáëàñòü 100—150 ì.ä.). Êàê âèäíî
èç ñïåêòðîâ, â ñòðîåíèè ÈÓ äîìèíèðóþò àðîìàòè÷åñêèå
ñòðóêòóðû (ðèñ. 3). Ðåçóëüòàòîì îáðàáîòêè èñõîäíûõ óã-
ëåé N-ìåòèëïèððîëèäîíîì ÿâëÿåòñÿ ïîëó÷åíèå ýêñòðàê-
òà, õèìè÷åñêîå ñòðîåíèå êîòîðîãî èìååò îïðåäåëåííîå
ñõîäñòâî ñî ñòðóêòóðîé ÈÓ. Ñïåêòðû îñòàòî÷íîé ïîñëå
ýêñòðàêöèè ÷àñòè óãëÿ òàêæå ñâèäåòåëüñòâóþò î äîìèíè-
ðîâàíèè àðîìàòè÷åñêîé ñîñòàâëÿþùåé îðãàíè÷åñêîé ìàñ-
ñû óãëÿ. Ñóùåñòâåííûå èçìåíåíèÿ íàáëþäàþòñÿ â ïåðå-
ðàñïðåäåëåíèè óãëåðîäà â àëèôàòè÷åñêîé îáëàñòè. Â
ñòðóêòóðå îñòàòêà îáðàçöà 10-8 ïðàêòè÷åñêè ïîëíîñòüþ
îòñóòñòâóþò àëèôàòè÷åñêèå ôðàãìåíòû, è èìåííî çäåñü
ôèêñèðóåòñÿ ñìåíà âèäîâîãî ñîñòàâà õâîéíûõ ïî íàëè÷èþ
19-íîðèçîïèìàðàíà â ñîñòàâå áèòóìîèäà. ßâëÿåòñÿ ëè ýòî
ïðè÷èííî-ñëåäñòâåííîé ïàðîé — âîïðîñ äëÿ äàëüíåéøèõ
èññëåäîâàíèé.

Äåòàëüíûé àíàëèç âñåõ ñïåêòðîâ ïîêàçàë íàëè÷èå ñèã-
íàëîâ, îòíîñÿùèõñÿ ê àëèôàòè÷åñêîìó óãëåðîäó: 15—
17 ì. ä. (—ÑÍ3), 22—25 ì. ä. (—ÑÍ2— â öèêëàõ), 29—31 ì. ä.
(–ÑÍ2— â àëèôàòè÷åñêîé öåïè), ê àðîìàòè÷åñêîìó óãëå-
ðîäó: 128—129 ì.ä. è 140—145 ì. ä. (ïðîòîíèðîâàííûé è
çàìåùåííûé óãëåðîä â àðîìàòè÷åñêîì ÿäðå), 154—155 ì. ä.
(àðîìàòè÷åñêèé óãëåðîä, ñâÿçàííûé ñ ãèäðîêñèëüíîé
ãðóïïîé — «ôåíîëüíûé» óãëåðîä), à òàêæå ïðèñóòñòâóåò
ñèãíàë ïðè 179 ì. ä., õàðàêòåðíûé äëÿ óãëåðîäà â êàðáî-
êñèëüíûõ ãðóïïàõ (ðèñ. 3). Ñèãíàë, õàðàêòåðíûé äëÿ ôå-
íîëüíîãî óãëåðîäà, åñòü â ñïåêòðàõ âñåãî ðÿäà ÈÓ — ÃÏÓ
— îñòàòîê, íî îñíîâíàÿ ÷àñòü ôåíîëüíûõ ñòðóêòóð êîí-
öåíòðèðóåòñÿ â îñòàòî÷íîì óãëå. Â ñïåêòðàõ ÈÓ ïðèñóò-

Ðèñ. 2. Ìàññ-ôðàãìåíòîãðàììà ïåíòàöèêëè÷åñêèõ òåðïàíîâ, ïîñòðîåííàÿ ïî 191 èîíó è õèìè÷åñêàÿ ñòðóêòóðà íåîãîï-13(18)-åíîâ
ñîñòàâà Ñ29 è Ñ30

Fig. 2. Mass-fragmentogram of pentacyclicterpanes built on 191 ion and the chemical structure of C29 and C30 neohop-13(18)-ens



Vestnik     IG     Komi SC UB RAS, November, 2016, No. 11

27

ñòâóåò ñèãíàë ïðè 78.6 ì. ä., ñâîéñòâåííûé óãëåðîäó, ñâÿ-
çàííîìó ñ êèñëîðîäîì (ãèäðîêñèëüíûå è/èëè ïðîñòûå
ýôèðíûå ãðóïïû), â ÃÏÓ è îñòàòêå äàííûé ñèãíàë îòñóò-
ñòâóåò. Â îáëàñòè 165—167 ì. ä. â ñïåêòðàõ ýêñòðàêòîâ ïðè-
ñóòñòâóåò ïèê, îòâå÷àþùèé óãëåðîäó â ñëîæíîýôèðíûõ
ãðóïïàõ èëè öèêëè÷åñêèõ àìèäàõ, ÷òî ìîæåò ÿâëÿòüñÿ ðå-

Ðèñ. 4. Ñïåêòðû 13Ñ ßÌÐ èñõîäíîãî óãëÿ, ýêñòðàêòà
è ñïåêòðà, ïîëó÷åííîãî ïðè âû÷èòàíèè îäíîãî

èç äðóãîãî

Fig. 4. 13C NMR spectra of the initial coal, extract and
the spectrum obtained by subtraction of one from another

Ðèñ. 3. Ñïåêòðû CP/MAS13Ñ ßÌÐ èñõîäíûõ óãëåé, ýêñòðàêòîâ
è îñòàòêà ïîñëå ýêñòðàêöèè

Fig. 3. CP/MAS 13C NMR spectra of the initial coals, extracts and
the residue after extraction

çóëüòàòîì îáðàáîòêè óãëåé N-ìåòèëïèððîëèäîíîì. Âîç-
ìîæíî, îðãàíè÷åñêàÿ ñòðóêòóðà èñõîäíîãî óãëÿ õèìè÷åñ-
êè âçàèìîäåéñòâóåò ñ N-ìåòèëïèððîëèäîíîì â õîäå ýêñò-
ðàêöèè (White et al., 1997) ëèáî îêèñëÿåòñÿ, ÷òî ïðèâîäèò
ê íîâîîáðàçîâàíèþ ñëîæíîýôèðíûõ ãðóïïèðîâîê. Â ðà-
áîòå (White et al., 1997) óêàçûâàåòñÿ íà âîçìîæíîå îêèñëå-
íèå ñàìîãî ðàñòâîðèòåëÿ â ïðîöåññå ýêñòðàêöèè. Ðÿä àâ-
òîðîâ óêàçûâàåò íà õèìè÷åñêóþ èíåðòíîñòü N-ìåòèëïèð-
ðîëèäîíà ïî îòíîøåíèþ ê óãëþ, íåçàâèñèìî îò ïðîâåäå-
íèÿ ýêñòðàêöèè â ñðåäå àçîòà ëèáî â àòìîñôåðå (Seehra et
al., 1988, Cagniant et al., 1990), äðóãèå ýêñïåðèìåíòàëüíûå
äàííûå ñâèäåòåëüñòâóþò î âîçìîæíîì âëèÿíèè N-ìåòèë-
ïèððîëèäîíà íà ðàçðûâ Ñ—Î-ñâÿçåé, ÷òî ïðèâîäèò ê ðàñ-
ïàäó ïîëèìåðíîé ñòðóêòóðû ìàòðèöû óãëÿ íà ìíîãî÷èñëåí-
íûå êëàñòåðû, ñîäåðæàùèå óãëåâîäîðîäíûå öåïè (Cai,
Smart, 1993). Åñëè ðàññìàòðèâàòü ðàçíèöó, ïîëó÷åííóþ ïðè
âû÷èòàíèè ñïåêòðîâ CP/MAS èñõîäíûõ óãëåé è ãèïåðóã-
ëåé, òî ìîæíî îò÷åòëèâî íàáëþäàòü íàëè÷èå òðåõ ñèãíàëîâ
â îáëàñòè: 27, 168 è 175 ì. ä., îòâå÷àþùèõ óãëåðîäó â ìåòè-
ëåíîâûõ çâåíüÿõ, â àìèäíûõ èëè ñëîæíîýôèðíûõ ãðóïïàõ
è â êàðáîêñèëüíûõ ãðóïïàõ ñîîòâåòñòâåííî (ðèñ. 4).

Äëÿ èäåíòèôèêàöèè ñèãíàëîâ, îòíîñÿùèõñÿ ê ïðîòî-
íèðîâàííûì àòîìàì óãëåðîäà, áûëè äîïîëíèòåëüíî ïîëó-
÷åíû ñïåêòðû ñ ìàëûì âðåìåíåì êîíòàêòà (äî 100 ìêñ). Â
äàííûõ ñïåêòðàõ ïðåèìóùåñòâåííî íàáëþäàþòñÿ ÿäðà óã-
ëåðîäà, æåñòêî ñâÿçàííûå ñ ïðîòîíàìè ïî äèïîëüíîìó êà-
íàëó. Òàêæå ïîëó÷åíû ñïåêòðû íåïðîòîíèðîâàííûõ àòî-
ìîâ óãëåðîäà (íà âðåìÿ ïîðÿäêà 50 ìêñ âûêëþ÷àåòñÿ äè-
ïîëüíàÿ ðàçâÿçêà, ÷òî ïðèâîäèò ê ðàçðóøåíèþ ïåðåíåñåí-
íîé íàìàãíè÷åííîñòè íà óãëåðîäàõ, ñâÿçàííûõ ñ ïðîòîíà-
ìè; ìîãóò íàáëþäàòüñÿ ñèãíàëû -ÑÍ3 è -ÑÍ2-ãðóïï èç-çà
îñëàáëåííîãî äèïîëüíîãî âçàèìîäåéñòâèÿ Ñ—Í âñëåäñòâèå
áûñòðîãî âðàùåíèÿ è ïîäâèæíîñòè ïîñëåäíèõ. Ñîîòâåò-
ñòâóþùèå ïîäñïåêòðû ïðåäñòàâëåíû íà ðèñ. 5. Èíòåíñèâ-
íûé ñèãíàë â îáëàñòè «àëèôàòè÷åñêîãî» óãëåðîäà óêàçûâà-
åò íà äîìèíèðîâàíèå ìåòèëåíîâûõ çâåíüåâ â ñòðóêòóðå îðãà-
íè÷åñêîãî âåùåñòâà óãëÿ, ãèïåðóãëÿ è îñòàòêà. Âûÿâëåííûå
èçìåíåíèÿ â àëèôàòè÷åñêîé îáëàñòè ñâÿçàíû ñ íàêîïëåíè-
åì öèêëè÷åñêèõ àëèôàòè÷åñêèõ ñòðóêòóð â îñòàòêå. Â «àðî-
ìàòè÷åñêîé» îáëàñòè ÷åòêî ðàçäåëÿþòñÿ äâà ñèãíàëà ïðè 126
è 137 ì.ä., îòíîñÿùèåñÿ ê ïðîòîíèðîâàííîìó è íåïðîòî-
íèðîâàííîìó (çàìåùåííîìó) àðîìàòè÷åñêîìó óãëåðîäó
ñîîòâåòñòâåííî. Ñîîòíîøåíèå èíòåíñèâíîñòåé äàííûõ
ñèãíàëîâ ïðàêòè÷åñêè ñîõðàíÿåòñÿ â ðÿäó óãîëü — ÃÏÓ —
îñòàòîê, ëèøü íåçíà÷èòåëüíî â îñòàòêå âîçðàñòàåò èíòåí-
ñèâíîñòü çàìåù¸ííîãî àðîìàòè÷åñêîãî óãëåðîäà.

Ðåçóëüòàòû ýëåìåíòíîãî àíàëèçà. Ñðàâíèòåëüíûé
àíàëèç àòîìíûõ îòíîøåíèé H/C, O/C, N/C â ïðåäñòàâ-
ëåííûõ ôðàêöèÿõ (ñì. òàáëèöó) ïîçâîëèë îïðåäåëèòü îñ-
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íîâíûå íàïðàâëåíèÿ èçìåíåíèé, ïðîòåêàþùèõ â ïðîöåñ-
ñå îáðàáîòêè èñõîäíîãî óãëÿ N-ìåòèëïèððîëèäîíîì. Çíà-
÷åíèÿ Í/Ñ è Î/Ñ ñóùåñòâåííî íå èçìåíÿþòñÿ â ñòðóêòóðå
ïðè ïåðåõîäå îò ëåãêîé ôðàêöèè ÈÓ ê ÃÏÓ, çà èñêëþ÷åíè-
åì îáðàçöà 18-11. Çäåñü àòîìíîå îòíîøåíèå Í/Ñ â ëåãêîé
ôðàêöèè è ãèïåðóãëå ñîñòàâëÿåò 0.90 è 1.18 ñîîòâåòñòâåí-
íî, òîãäà êàê â äðóãèõ îáðàçöàõ êîëåáàíèÿ äàííîãî çíà÷å-
íèÿ íàõîäÿòñÿ â îäíîì èíòåðâàëå, íå ïðåâûøàþùåì 1. Ïî-
âûøåííîå çíà÷åíèå Í/Ñ äëÿ ãèïåðóãëÿ îáðàçöà 18-11 âïîë-
íå ñîîòâåòñòâóåò ïîëó÷åííîìó äëÿ íåãî ñïåêòðó 13Ñ ßÌÐ, â
êîòîðîì ïîëîñà, îòâå÷àþùàÿ çà àëèôàòè÷åñêèé óãëåðîä,
íàèáîëåå èíòåíñèâíà îòíîñèòåëüíî äðóãèõ îáðàçöîâ.

Çíà÷åíèÿ àòîìíîãî îòíîøåíèÿ N/C ðåçêî âîçðàñòà-
þò îò ëåãêîé ôðàêöèè ê ãèïåðóãëþ, ïðè ýòîì íàèáîëüøåå
çíà÷åíèå äàííîãî ñîîòíîøåíèÿ â ãèïåðóãëå õàðàêòåðíî
äëÿ îáðàçöà ñ íàèáîëüøèì âûõîäîì ýêñòðàêòà (ñì. òàáëè-
öó). Óâåëè÷åíèå ñîäåðæàíèÿ àçîòà â ñòðóêòóðå ïîëó÷åí-
íûõ ýêñòðàêòîâ ìîæåò ñâèäåòåëüñòâîâàòü î âëèÿíèè èñ-
ïîëüçóåìîãî îðãàíè÷åñêîãî ðàñòâîðèòåëÿ (NMP) â ïðîöåñ-
ñå îáðàáîòêè èì èñõîäíîé ìàññû óãëÿ. Ïîÿâëåíèå íîâûõ
ñèãíàëîâ â ñïåêòðàõ ßÌÐ ãèïåðóãëåé ïîäòâåðæäàåò ôàêò
õèìè÷åñêîãî âçàèìîäåéñòâèÿ ðàñòâîðèòåëÿ ñ õèìè÷åñêîé
ñòðóêòóðîé óãëÿ. Âîçìîæíîå âçàèìîäåéñòâèå NMP ñ óã-
ëåì ïîäòâåðæäàåò ðàáîòà Ò. Òàêàíàõàøè è äð. (Takanohashi
et al., 1996), ðåçóëüòàòîì ýòîãî âçàèìîäåéñòâèÿ ÿâëÿåòñÿ
îáðàçîâàíèå ãåëåâîé ñòðóêòóðû ýêñòðàêòà.

Çàêëþ÷åíèå

Èçó÷åíà è ïîäòâåðæäåíà âîçìîæíîñòü ïîëó÷åíèÿ ãè-
ïåðóãëåé èç ñûðüÿ øàõòû Èíòèíñêàÿ. Ïî ðåçóëüòàòàì ïðå-
äûäóùèõ èññëåäîâàíèé óãëåïåòðîãðàôè÷åñêèõ îñîáåííîñ-
òåé óãëåé ýòîé øàõòû è ïîëó÷åííûõ íàìè äàííûõ î ñîñòàâå
àöèêëè÷åñêèõ è ïîëèöèêëè÷åñêèõ áèîìàðêåðîâ óñòàíîâëå-
íî, ÷òî îáðàçîâàíèå äàííûõ èñêîïàåìûõ óãëåé ñâÿçàíî ñ
ïðåîáðàçîâàíèåì îñòàòêîâ âûñøåé íàçåìíîé ðàñòèòåëüíî-
ñòè â ñî÷åòàíèè ñ çàõîðîíåíèåì îñòàòêîâ âîäíûõ ðàñòåíèé.
Ìåòàìîðôèçì óãëåé íåâûñîê, è ïî ðàçíûì ìåòîäàì îöåí-
êè ñòàäèÿ êàòàãåíåçà îðãàíè÷åñêîãî âåùåñòâà âàðüèðóåò îò
ÏÊ3 äî ÌÊ1-2, ïîëèöèêëè÷åñêèå áèîìàðêåðû óêàçûâàþò
ïðè ýòîì íà íåñêîëüêî áîëåå íèçêóþ ñòàäèþ êàòàãåíåçà, ÷åì
äàííûå ïî îòðàæàòåëüíîé ñïîñîáíîñòè âèòðèíèòà. Ýêñò-
ðàêöèÿ óãëåé N-ìåòèëïèððîëèäîíîì ïîçâîëÿåò ïîëó÷èòü
âûõîäû îáåççîëåííîãî ýêñòðàêòà äî 30 %.

Ðåçóëüòàòû ñïåêòðîñêîïèè 13Ñ ßÌÐ â òâ¸ðäîì òåëå
ñâèäåòåëüñòâóþò îá îïðåäåëåííîì ñõîäñòâå õèìè÷åñêîé
ñòðóêòóðû ïîëó÷åííûõ ýêñòðàêòîâ (ãèïåðóãëåé) ñî ñòðóê-
òóðîé èñõîäíîãî óãëÿ. Îòëè÷èòåëüíîé îñîáåííîñòüþ
ñòðîåíèÿ ãèïåðóãëÿ ÿâëÿåòñÿ ïîÿâëåíèå N-ñîäåðæàùèõ
(àìèäíûõ) ãðóïïèðîâîê, ïîäòâåðæäàþùååñÿ ïîâûøåí-
íûì ñîäåðæàíèåì àçîòà, âûÿâëåííîãî ïî äàííûì ýëå-
ìåíòíîãî àíàëèçà; îòñóòñòâèå ïðîñòûõ ýôèðíûõ ãðóïïè-
ðîâîê è âîçðàñòàíèå ðîëè ìåòèëåíîâûõ çâåíüåâ àöèêëè-
÷åñêèõ ñòðóêòóð.

Ðàáîòà ïî ïðîåêòó ¹ 16-45-110979 «Ïîëó÷åíèå è
ñòðóêòóðíûå îñîáåííîñòè ãèïåðóãëåé èç óãëåé Ïå÷îðñêî-
ãî óãîëüíîãî áàññåéíà» âûïîëíåíà ïðè ôèíàíñîâîé ïîä-
äåðæêå ÐÔÔÈ è Ïðàâèòåëüñòâà Ðåñïóáëèêè Êîìè.

Àâòîðû áëàãîäàðíû ä.ã.-ì.í. È.Â. Ãîí÷àðîâó çà âîç-
ìîæíîñòü âûïîëíåíèÿ ïèðîëèçà Rock-Eval â ÒîìñêÍÈ-
ÏÈíåôòü, ê.õ.í. Á.Ì. Êîíäðàò¸íêó çà âîçìîæíîñòü âûïîë-
íåíèÿ ýëåìåíòíîãî àíàëèçà â ÈÁ Êîìè ÍÖ ÓðÎ ÐÀÍ.
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Ê Àðêòè÷åñêîé çàïîëÿðíîé çîíå Òèìàíî-Ñåâåðî-
óðàëüñêîãî ðåãèîíà îòíîñèòñÿ Íåíåöêèé àâòîíîìíûé îê-
ðóã Àðõàíãåëüñêîé îáëàñòè, Âîðêóòèíñêèé è ÷àñòè÷íî
Óñèíñêèé, Èíòèíñêèé è Óñòü-Öèëåìñêèé ðàéîíû Ðåñïóá-
ëèêè Êîìè. Â ýòîé çîíå íàõîäÿòñÿ ìåñòîðîæäåíèÿ íåôòè
è ãàçà, óãëÿ, ðàçðàáàòûâàþùèåñÿ â òå÷åíèå óæå ìíîãèõ ëåò
è èãðàþùèå âàæíåéøóþ ðîëü â ñîöèàëüíî-ýêîíîìè÷åñ-
êîì ðàçâèòèè òåððèòîðèé. Êðîìå òîãî, íà Ñåâåðíîì Òè-
ìàíå, Ïîëÿðíîì Óðàëå, Ïàé-Õîå, î. Âàéãà÷, àðõèïåëàãå
Íîâàÿ Çåìëÿ èçâåñòíû ìåñòîðîæäåíèÿ è ïðîÿâëåíèÿ õðî-
ìîâûõ è ìàðãàíöåâûõ ðóä, ïîëèìåòàëëîâ, ìåäè, íèêåëÿ,
ìîëèáäåíà, çîëîòà, àëìàçîâ, áàðèòà, ôëþîðèòà, ñâåäåíèÿ
î êîòîðûõ èçëîæåíû âî ìíîãèõ ðàáîòàõ (Êîðîâêèí è äð.,
2003; Òâåðäûå ïîëåçíûå èñêîïàåìûå àðõèïåëàãîâ è îñò-
ðîâîâ…, 2010; Îñíîâíûå ÷åðòû ãåîëîãè÷åñêîãî ñòðîå-
íèÿ…, 2010; Ãåîëîãèÿ è ïîëåçíûå èñêîïàåìûå…, 2011;
Òàðáàåâ, Õàáàðîâ, 2013; Àñõàáîâ è äð., 2015 è äð.). Â ñâÿçè
ñ âîçðîñøèì â ïîñëåäíåå âðåìÿ âíèìàíèåì ê ïðîáëåìàì
îñâîåíèÿ àðêòè÷åñêèõ òåððèòîðèé íàìè ñèñòåìàòèçèðî-
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ÐÅÑÓÐÑÍÛÉ È ÑÒÎÈÌÎÑÒÍÎÉ ÏÎÒÅÍÖÈÀË ÏÎËÅÇÍÛÕ ÈÑÊÎÏÀÅÌÛÕ
ÀÐÊÒÈ×ÅÑÊÎÉ ÇÎÍÛ ÒÈÌÀÍÎ-ÑÅÂÅÐÎÓÐÀËÜÑÊÎÃÎ ÐÅÃÈÎÍÀ

Ñ. Ê. Êóçíåöîâ, Í. Í. Òèìîíèíà, Ä. Ñ. Êóçíåöîâ

Èíñòèòóò ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ, Ñûêòûâêàð

Ïðîâåäåí àíàëèç ñîñòîÿíèÿ ìèíåðàëüíî-ñûðüåâîé áàçû Àðêòè÷åñêîé çîíû Òèìàíî-Ñåâåðîóðàëüñêîãî ðåãèîíà,
âêëþ÷àÿ Âîðêóòèíñêèé ðàéîí Ðåñïóáëèêè Êîìè, Íåíåöêèé àâòîíîìíûé îêðóã, î. Âàéãà÷, àðõèïåëàã Íîâàÿ Çåìëÿ. Ïðåä-
ñòàâëåíû ñâåäåíèÿ î ðåñóðñàõ îñíîâíûõ ïîëåçíûõ èñêîïàåìûõ — íåôòè è ãàçà, ýíåðãåòè÷åñêèõ è êîêñóþùèõñÿ óãëåé,
ñâèíöîâî-öèíêîâûõ, ìàðãàíöåâûõ, ìåäíûõ õðîìîâûõ, áàðèòîâûõ ðóä, çîëîòà, ôëþîðèòà. Ïîêàçàíî, ÷òî íàðÿäó ñ íåôòå-
ãàçîâûìè è óãîëüíûìè ìåñòîðîæäåíèÿìè â ðàçðàáîòêó ìîãóò áûòü âîâëå÷åíû Õîéëèíñêîå áàðèòîâîå, Ïàâëîâñêîå ñâèí-
öîâî-öèíêîâîå, Àìäåðìèíñêîå ôëþîðèòîâîå ìåñòîðîæäåíèÿ. Âûäåëåíû ïåðñïåêòèâíûå, íî åùå ñëàáî èçó÷åííûå ïëî-
ùàäè, ïðåäñòàâëÿþùèå èíòåðåñ â îòíîøåíèè ðàçëè÷íûõ ïîëåçíûõ èñêîïàåìûõ. Âïåðâûå âûïîëíåíà ñòîèìîñòíàÿ îöåíêà
ïîëåçíûõ èñêîïàåìûõ. Ñîãëàñíî ïðîâåäåííûì ðàñ÷åòàì, íàèáîëüøóþ ñòîèìîñòü èìåþò ðåñóðñû è çàïàñû íåôòè è ãàçà,
óãëÿ, ñâèíöîâî-öèíêîâûõ, ìàðãàíöåâûõ è õðîìîâûõ ðóä. Àðêòè÷åñêàÿ çîíà Òèìàíî-Ñåâåðîóðàëüñêîãî ðåãèîíà õàðàêòå-
ðèçóåòñÿ çíà÷èòåëüíûì ðåñóðñíûì è ñòîèìîñòíûì ïîòåíöèàëîì è çàñëóæèâàåò áîëüøîãî âíèìàíèÿ ïðè îñâîåíèè Ðîñ-
ñèéñêîé Àðêòèêè è Ñóáàðêòèêè.

Êëþ÷åâûå ñëîâà: Àðêòèêà, Ñåâåðíûé Òèìàí, Ïîëÿðíûé Óðàë, Ïàé-Õîé, Íîâàÿ Çåìëÿ, î. Âàéãà÷, íåôòü, ãàç, óãîëü,
ðóäíûå ìåñòîðîæäåíèÿ, ñòîèìîñòíàÿ îöåíêà.

RESOURCE AND VALUE POTENTIAL OF MINERAL RESOURCES
OF ARCTIC ZONE OF TIMAN-NORTHERN URAL REGION

S. K. Kuznetsov, N. N. Timonina, D. S. Kuznetsov

Institute of Geology Komi SC UB RAS, Syktyvkar

We analyzed the mineral resource base of the Arctic zone of the Timan-Northern Ural region, including Vorkuta area, Komi
Republic, Nenets Autonomous District, Vaygach Island, Novaya Zemlya archipelago. We presented data on the main mineral
resources — oil and gas, energy and coking coals, lead-zinc, manganese, copper, chromium, barite ores, gold, fluorite. We
showed that together with oil, gas and coal deposits the Khoylinskoe barite, Pavlovskoe lead-zinc, Amderminskoe fluorite de-
posits could be involved into the development. We determined promising, but still poorly studied areas, which are interesting for
different minerals. For the first time we carried out the evaluation of minerals. The resources and reserves of oil and gas, coal,
lead, zinc, manganese and chrome ores were the most valuable. The arctic zone of the Timan-Northern Ural region is charac-
terized by considerable resource and value potential and deserves a great attention during the development of Russian Arctic
and Subarctic regions.

Keywords: Arctic, Northern Timan, Polar Urals, Pay-Khoy, Novaya Zemlya, Vaygach Island, oil, gas, coal, ore deposits,
evaluation.

âàíû èìåþùèåñÿ äàííûå î çàïàñàõ è ðåñóðñàõ ïîëåçíûõ
èñêîïàåìûõ è ïðîâåäåíà èõ ñòîèìîñòíàÿ îöåíêà.

Íåôòü è ãàç

Â Àðêòè÷åñêîé çîíå íàõîäèòñÿ çíà÷èòåëüíàÿ ÷àñòü òåð-
ðèòîðèè Òèìàíî-Ïå÷îðñêîé íåôòåãàçîíîñíîé ïðîâèíöèè.
Ìåñòîðîæäåíèÿ íåôòè è ãàçà ðàñïîëîæåíû â Íåíåöêîì
àâòîíîìíîì îêðóãå (ÍÀÎ), Óñèíñêîì è Âîðêóòèíñêîì ðàé-
îíàõ Ðåñïóáëèêè Êîìè (ñì. ðèñóíîê). Â ÍÀÎ âûÿâëåíî
91 ìåñòîðîæäåíèå. Ê íàèáîëåå êðóïíûì èç íèõ îòíîñÿòñÿ
Òîðàâåéñêîå, Õàðúÿãèíñêîå, Íàóëüñêîå, íåôòÿíûå ìåñòî-
ðîæäåíèÿ èì. Òðåáñà, èì. Òèòîâà, Þæíî-Õûëü÷óþñêîå ãà-
çîíåôòÿíîå ìåñòîðîæäåíèå, Âàñèëêîâñêîå è Êîðîâèíñêîå
ãàçîêîíäåíñàòíûå ìåñòîðîæäåíèÿ. Â Óñèíñêîì è Âîðêó-
òèíñêîì ðàéîíàõ Ðåñïóáëèêè Êîìè (ÐÊ) íàõîäèòñÿ áîëåå
40 ìåñòîðîæäåíèé íåôòè è ãàçà (Óñèíñêîå, Âîçåéñêîå, Âåð-
õíåâîçåéñêîå, Ñðåäíåìàêàðèõèíñêîå, Áàÿíäûñêîå è äð.).

Â òàáë. 1 ïðèâåäåíû ñâåäåíèÿ î çàïàñàõ è ðåñóðñàõ
íåôòè è ãàçà Àðêòè÷åñêîé çîíû Òèìàíî-Ïå÷îðñêîé ïðî-
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Ñõåìà ðàçìåùåíèÿ ïîëåçíûõ èñêîïàåìûõ â Àðêòè÷åñêîé çîíå Òèìàíî-Ñåâåðîóðàëüñêîãî ðåãèîíà: 1—6 — ìåñòîðîæäåíèÿ:
1 — íåôòè è ãàçà, 2 — óãîëüíûå, 3 — ìåòàëëè÷åñêèõ ïîëåçíûõ èñêîïàåìûõ, 4 — áàðèòà, 5 —  àëìàçîâ, 6 — ôëþîðèòà; 7 — ãðàíèöû
ìèíåðàãåíè÷åñêèõ çîí: I — Çàïàäíî-Óðàëüñêîé è Öåíòðàëüíî-Óðàëüñêîé (Öåíòðàëüíî-Óðàëüñêîå ïîäíÿòèå), II — Ïðåäóðàëü-
ñêîé, âêëþ÷àÿ Ïå÷îðñêèé óãîëüíûé áàññåéí, III — Ïàéõîéñêî-Íîâîçåìåëüñêîé, IV — Êàíèíî-Òèìàíñêîé, V — Òèìàíî-Ïå÷îð-
ñêîé íåôòåãàçîíîñíîé ïðîâèíöèè; 8 — çàïàñû ïîëåçíûõ èñêîïàåìûõ (ïîä ÷åðòîé — îáúåìû äîáû÷è 2015 ã.)

Map of mineral resources in the Arctic zone of Timan-Northern Ural region: 1—6 — deposits: 1 — oil and gas, 2 — coal, 3 — metals,
4 — barites, 5 — diamonds, 6 — fluorite; 7 — boundaries of mineragenic zones: I — Western Ural and Central Ural (Central Ural uplift),
II — Subural including Pechora coal basin, III — Paykhoy-Novaya Zemlya, IV — Kanin-Timan, V — Timan-Pechora petroliferous province;

8 — mineral reserves (under dash — production volumes in 2015)

âèíöèè (Êóðàíîâ è äð., 2013; Ïðèùåïà è äð., 2014 è äð.).
Çàïàñû íåôòè êàòåãîðèè À+Â+Ñ1 ñîñòàâëÿþò 980.8 ìëí ò,
ãàçà — 490.3 ìëðä ì3. Îñíîâíàÿ èõ ÷àñòü íàõîäèòñÿ â ðàñ-
ïðåäåëåííîì ôîíäå íåäð. Ïðè ýòîì çàïàñû è ðåñóðñû íå-
ôòè è ãàçà â ÍÀÎ çíà÷èòåëüíî âûøå, ÷åì â Àðêòè÷åñêîé
çîíå ÐÊ. Èìåþòñÿ ïåðñïåêòèâíûå ñëàáîèçó÷åííûå ïëî-
ùàäè, ãäå ìîãóò áûòü îòêðûòû íîâûå ìåñòîðîæäåíèÿ. Â
÷àñòíîñòè, â Óñèíñêîì ðàéîíå ÐÊ ýòî Äåíèñîâñêàÿ âïà-

äèíà, Õàðúÿãà-Óñèíñêèé è Êîëâàâèñîâñêèé íåôòåãàçîíîñ-
íûå ðàéîíû, â Âîðêóòèíñêîì ðàéîíå — Êîðîòàèõèíñêèé,
Âîðêóòèíñêèé, Êî÷ìåññêèé è äðóãèå ðàéîíû. Áîëüøîé
èíòåðåñ ïðåäñòàâëÿþò ðàéîíû øåëüôà Áàðåíöåâà ìîðÿ.

Â 2015 ã. îáúåìû äîáû÷è íåôòè â Òèìàíî-Ïå÷îðñêîé
ïðîâèíöèè (â îñíîâíîì â åå àðêòè÷åñêîé çîíå) äîñòèãëè
29.4 ìëí ò, èç íèõ â ÍÀÎ — 14.6 ìëí ò, â Ðåñïóáëèêå Êîìè
— 14.8 ìëí ò. Äîáû÷íûå ðàáîòû ïðîâîäÿòñÿ ìíîãèìè êîì-

Òàáëèöà 1. Çàïàñû è ðåñóðñû íåôòè è ãàçà àðêòè÷åñêîé çîíû Òèìàíî-Ïå÷îðñêîãî íåôòåãàçîíîñíîãî áàññåéíà

Table 1. Oil and gas reserves and resources of Arctic zone of Timan-Pechora oil and gas basin

Ïðèìå÷àíèå. Â Âîðêóòèíñêîì ðàéîíå ïðåäâàðèòåëüíî îöåíåííûå (ïðîãíîçèðóåìûå) ðåñóðñû íåôòè ñîñòàâëÿþò îêîëî 50 ìëí ò,
ãàçà  160 ìëðä ì3.
Note. In Vorkuta area predicted oil resources are 50 mln t, gas  160 bn m3.
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ïàíèÿìè, â ÷àñòíîñòè ÎÎÎ «Ëóêîéë-Êîìè», ÎÎÎ «ÐÍ —
Ñåâåðíàÿ íåôòü», ÇÀÎ «ÍÝÌ ÎÉË», ÎÎÎ «Ïîëÿðíîå ñè-
ÿíèå», ÎÎÎ «Ðóñâüåòïåòðî» è äðóãèìè.

Óãîëü

Â Âîðêóòèíñêîì ðàéîíå Ðåñïóáëèêè Êîìè è Íåíåö-
êîì àâòîíîìíîì îêðóãå ñîñðåäîòî÷åíû îñíîâíûå ìåñòî-
ðîæäåíèÿ óãëÿ Ïå÷îðñêîãî áàññåéíà. Óãîëüíûå ìåñòî-
ðîæäåíèÿ ñâÿçàíû ñ îòëîæåíèÿìè ïåðìñêîãî âîçðàñòà è
ïðèóðî÷åíû â îñíîâíîì ê Ïðåäóðàëüñêîìó êðàåâîìó ïðî-
ãèáó, Êàðàòàèõèíñêîé è Êàðñêîé âïàäèíàì. Â Àðêòè÷åñ-
êóþ çîíó âõîäÿò Âîðêóòñêèé, Õàëüìåðúþñêèé óãëåïðî-
ìûøëåííûå ðàéîíû, Êàðñêèé, Êîðîòàèõèíñêèé è ñåâåð-
íàÿ ïëîùàäü Øàðúþñêî-Àäçüâèíñêîãî óãëåíîñíûõ ðàé-
îíîâ, â ïðåäåëàõ êîòîðûõ íàõîäÿòñÿ ìíîãî÷èñëåííûå
óãîëüíûå ïðîÿâëåíèÿ è ðàçâåäàííûå ìåñòîðîæäåíèÿ
ýíåðãåòè÷åñêèõ è êîêñóþùèõñÿ óãëåé (Êóêëåâ è äð., 2000;
Áîðîâèíñêèõ è äð., 2008; è äð.).

Ðåñóðñû óãëåé êàòåãîðèè Ð1+Ð2+Ð3 ñîñòàâëÿþò
154.6 ìëðä ò, èç íèõ êîêñóþùèõñÿ — 20.8 ìëðä ò, çàïàñû
êàòåãîðèè À+Â+Ñ1 — 5.2 ìëðä ò, èç íèõ êîêñóþùèõñÿ —
2.9 ìëðä ò (òàáë. 2). Â ðàñïðåäåëåííîì ôîíäå íåäð íàõî-
äèòñÿ ïðèáëèçèòåëüíî 23 % (1.2 ìëðä ò) îò èõ îáùèõ ïðî-
ìûøëåííûõ çàïàñîâ. Äîëÿ çàïàñîâ êîêñóþùèõñÿ óãëåé
ñîñòàâëÿåò áîëåå 50 %. Îñíîâíàÿ ÷àñòü çàïàñîâ óãëåé, â òîì
÷èñëå êîêñóþùèõñÿ, íàõîäèòñÿ â Âîðêóòèíñêîì ðàéîíå
Ðåñïóáëèêè Êîìè. Ïëîùàäè ðàñïðîñòðàíåíèÿ êîêñóþ-

ùèõñÿ óãëåé îõâàòûâàþò Õàëüìåðúþñêèé óãîëüíûé ðàé-
îí è âîñòî÷íóþ ÷àñòü Âîðêóòèíñêîãî ðàéîíà. Âìåñòå ñ
ýòèì ðåñóðñû óãëåé (ïðåèìóùåñòâåííî ýíåðãåòè÷åñêèõ) â
ÍÀÎ âûøå, ÷åì â Âîðêóòèíñêîì ðàéîíå. Çíà÷èòåëüíàÿ èõ
÷àñòü ñîñðåäîòî÷åíà íà Âåðõíåðîãîâñêîì, ßíãàðåéñêîì,
Íÿìäèíñêîì ìåñòîðîæäåíèÿõ.

Â íàñòîÿùåå âðåìÿ ÎÀÎ «Âîðêóòàóãîëü» ðàçðàáàòû-
âàþòñÿ Âîðêóòñêîå, Âîðãàøîðñêîå ìåñòîðîæäåíèÿ, íà-
õîäÿùèåñÿ â Âîðêóòèíñêîì ðàéîíå Ðåñïóáëèêè Êîìè
(øàõòû Çàïîëÿðíàÿ, Âîðêóòèíñêàÿ, Âàðãàøîðñêàÿ, Êîì-
ñîìîëüñêàÿ). Ðàçðàáàòûâàåòñÿ òàêæå Þíüÿãèíñêîå ìåñ-
òîðîæäåíèå (ðàçðåç Þíüÿãèíñêèé). Åæåãîäíàÿ äîáû÷à
óãëÿ â ïîñëåäíåå âðåìÿ ñîñòàâëÿåò îêîëî îêîëî 9 ìëí ò.
Ðàçâåäàíû Óñèíñêîå, Íèæíåñûðüÿãèíñêîå è Âåðõíå-
ñûðüÿãèíñêîå ìåñòîðîæäåíèÿ. Óãëè èñïîëüçóþòñÿ â
ýíåðãåòè÷åñêîé è êîêñîõèìè÷åñêîé ïðîìûøëåííîñòè.
Îñíîâíûìè ïîòðåáèòåëÿìè ÿâëÿþòñÿ ×åðåïîâåöêèé, Íî-
âîëèïåöêèé, Íèæíåòàãèëüñêèé, Ìàãíèòîãîðñêèé ìåòàë-
ëóðãè÷åñêèå êîìáèíàòû, Ìîñêîâñêèé êîêñîãàçîâûé çà-
âîä, ïðåäïðèÿòèÿ ýíåðãåòèêè è êîììóíàëüíî-áûòîâîãî
õîçÿéñòâà.

Ðóäíûå ïîëåçíûå èñêîïàåìûå

Â Âîðêóòèíñêîì ðàéîíå ÐÊ íà Ïîëÿðíîì Óðàëå â ïðå-
äåëàõ Âîéêàð-Ñûíüèíñêîãî è Ðàéèçñêîãî óëüòðàáàçèòîâûõ
ìàññèâîâ èìåþòñÿ ïåðñïåêòèâíûå ïëîùàäè è ïðîÿâëåíèÿ
õðîìîâûõ ðóä (Îñíîâíûå ÷åðòû ãåîëîãè÷åñêîãî ñòðîåíèÿ…,

Òàáëèöà 2. Çàïàñû è ðåñóðñû óãëÿ àðêòè÷åñêîé çîíû Ïå÷îðñêîãî áàññåéíà, ìëðä ò

Table 2. Arctic Pechora coal reserves and resources, bn t

2010 è äð.). Âûäåëÿåòñÿ Õîéëèíñêî-Ëàãîðòèíñêèé ðóäíûé
óçåë, âêëþ÷àþùèé Õîéëèíñêîå, Êå÷üïåëüñêîå, Õàðîòñêîå,
Âåðõíåëàãîðòèíñêîå ðóäíûå ïîëÿ. Ðåñóðñû õðîìîâûõ ðóä
ñîñòàâëÿþò áîëåå 125 ìëí ò (òàáë. 3). Íà âîñòî÷íîì ñêëîíå
Ïîëÿðíîãî Óðàëà (Òþìåíñêàÿ îáëàñòü) ðàçðàáàòûâàåòñÿ
ìåñòîðîæäåíèå Öåíòðàëüíîå. Õðîìîâûå ðóäû ïîñòàâëÿþò-
ñÿ íà ×åëÿáèíñêèé ýëåêòðîìåòàëëóðãè÷åñêèé êîìáèíàò.

Â íåïîñðåäñòâåííîé áëèçîñòè îò õðîìîâûõ ïðîÿâëå-
íèé íà çàïàäíîì ñêëîíå Ïîëÿðíîãî Óðàëà âûäåëÿåòñÿ Ñîá-
ñêî-Ïàëüíèêñêèé áàðèòîíîñíûé ðàéîí. Çäåñü íàõîäÿòñÿ
Õîéëèíñêîå ðóäíîå ïîëå ñ Õîéëèíñêèì ìåñòîðîæäåíèåì
è Ìàëîõîéëèíñêèì ïðîÿâëåíèåì è Ïàëüíèêñêîå ðóäíîå
ïîëå ñ Ïàëüíèêñêèì ïðîÿâëåíèåì. Êà÷åñòâî ðóä äîñòàòî÷-
íî âûñîêîå, è çíà÷èòåëüíàÿ èõ ÷àñòü ïðàêòè÷åñêè áåç îáî-
ãàùåíèÿ ïðèãîäíà äëÿ ïðîèçâîäñòâà óòÿæåëèòåëåé áóðîâûõ
ðàñòâîðîâ. Âìåñòå ñ ýòèì áàðèò ìîæåò èñïîëüçîâàòüñÿ â
öåìåíòíîé, áóìàæíîé, ñòåêîëüíîé, õèìè÷åñêîé, ëàêîêðà-
ñî÷íîé ïðîìûøëåííîñòè, ïðè ïðîèçâîäñòâå ïëàñòìàññ,

êåðàìèêè. Çàïàñû ðóäû êàòåãîðèè Â+Ñ1+Ñ2 ñîñòàâëÿþò
îêîëî 16 ìëí ò (Êîðîâêèí è äð., 2003). Õîéëèíñêîå ìåñòî-
ðîæäåíèå ðàçðàáàòûâàëîñü ñ 1998 ã. â òå÷åíèå íåñêîëüêèõ
ëåò, âïîñëåäñòâèè ðàáîòû áûëè ïðåêðàùåíû â ñâÿçè ñ ïðî-
áëåìàìè ðåàëèçàöèè áàðèòîâûõ êîíöåíòðàòîâ.

Â ñåâåðíîé ÷àñòè Ïîëÿðíîãî Óðàëà âûÿâëåíî Ñàóðè-
ïåéñêîå ïðîÿâëåíèå ìåäè, îòíîñÿùååñÿ ê òèïó ìåäèñòûõ
ïåñ÷àíèêîâ. Â êà÷åñòâå ïîïóòíîãî êîìïîíåíòà â ìåäíûõ
ðóäàõ ïðèñóòñòâóåò ñåðåáðî. Â Åíãàíåïý-Ìàíèòàíûðäñêîì
ðàéîíå èçâåñòíû êîðåííûå ïðîÿâëåíèÿ çîëîòà. Â ìàíèòà-
íûðäñêîé ÷àñòè ðàéîíà âûäåëÿþòñÿ äâà ðóäíûõ ïîëÿ:
Íèÿõîéñêîå è Âåðõíåíèÿþñêîå. Â ïðåäåëàõ ïîñëåäíåãî
íàõîäèòñÿ Âåðõíåíèÿþñêîå ïðîÿâëåíèå. Ðóäû ñóùåñòâåí-
íî ïèðèò-àðñåíîïèðèòîâûå è îòíîñÿòñÿ ê êàòåãîðèè óïîð-
íûõ ñ òðóäíîèçâëåêàåìûì çîëîòîì. Çàïàñû çîëîòà êàòå-
ãîðèè Ñ2 ñîñòàâëÿþò 3.4 ò, çàïàñû ñåðåáðà — 10.9 ò, ìûøü-
ÿêà — 11.8 òûñ ò (Êîðîâêèí è äð., 2003). Íàðÿäó ñ êîðåí-
íûìè çîëîòîðóäíûìè ïðîÿâëåíèÿìè â Åíãàíåïý-Ìàíè-
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òàíûðäñêîì ðàéîíå èìåþòñÿ íåáîëüøèå ïî çàïàñàì çîëî-
òîíîñíûå ðîññûïè (Åñòî-Øîð, Èçüÿ-Âîæ è äð.).

Â Íåíåöêîì àâòîíîìíîì îêðóãå íà Ïàé-Õîå, â åãî þãî-
âîñòî÷íîé ÷àñòè, â Êàðà-Ñèëîâñêîì ðóäíîì óçëå âûÿâëåíû
ìíîãî÷èñëåííûå ïðîÿâëåíèÿ êàðáîíàòíûõ è îêñèäíûõ ìàð-
ãàíöåâûõ ðóä (Þáèëåéíîå, Íÿäåéñêîå è äð.). Ðåñóðñû ìàð-
ãàíöåâûõ ðóä ñîñòàâëÿþò îêîëî 120 ìëí ò (òàáë. 4). Íàðÿäó ñ
ïðîÿâëåíèÿìè ìàðãàíöà â ðàéîíå ð. Êàðà èçâåñòíû áàðèòî-
âûå ïðîÿâëåíèÿ (Êàðñêèé áàðèòîíîñíûé óçåë), íàèáîëåå
êðóïíûì èç êîòîðûõ ÿâëÿåòñÿ Êàðñêîå. Çäåñü æå âûäåëÿåòñÿ
Êàðñêèé áîêñèòîíîñíûé óçåë, âêëþ÷àþùèé Êàðñêóþ (ïðî-
ÿâëåíèÿ Êàðñêîå-1, Êàðñêîå-2, Ïðîôèëüíîå è äð.), Òåðèáåé-
ñêóþ (Òåðèáåéñêîå ïðîÿâëåíèå) è Ñèëîâàÿõèíñêóþ ïëîùà-
äè. Â öåíòðàëüíîé çîíå Ïàé-Õîÿ âûÿâëåí öåëûé ðÿä ìåäíî-
íèêåëåâûõ ïðîÿâëåíèé è ó÷àñòêîâ: Ïåðâûé, Äàëüíèé, Äëèí-
íûé, Êðóòîé, Ìàëûé, Ñåâåðíûé, Öåíòðàëüíûé è äð.

Êðîìå òîãî, íà Ïàé-Õîå øèðîêî ðàçâèòà ôëþîðè-
òîâàÿ ìèíåðàëèçàöèÿ. Âûäåëÿåòñÿ íåñêîëüêî ôëþîðèòî-
íîñíûõ ðàéîíîâ: Àìäåðìèíñêèé, Ñðåäíåïàéõîéñêèé,
Þæíîïàéõîéñêèé. Ôëþîðèòîâûå ïðîÿâëåíèÿ èçâåñòíû
òàêæå íà î. Âàéãà÷ è íà Íîâîé Çåìëå (Ñàõàíèíñêàÿ è
Êðåñòîâñêàÿ ôëþîðèòîíîñíûå çîíû). Ïðîãíîçíûå ðå-
ñóðñû ôëþîðèòà êàòåãîðèè Ð3 çíà÷èòåëüíûå. Ôëþîðèò
ìîæåò èñïîëüçîâàòüñÿ â ìåòàëëóðãè÷åñêîé, õèìè÷åñêîé
ïðîìûøëåííîñòè, â ñòåêîëüíîì è ýìàëåâîì, öåìåíòíîì
ïðîèçâîäñòâå. Íàèáîëåå êðóïíûì ÿâëÿåòñÿ Àìäåðìèíñ-
êîå ìåñòîðîæäåíèå, êîòîðîå ðàçðàáàòûâàëîñü äî 1951 ã.
è çàòåì áûëî çàêîíñåðâèðîâàíî. Ñîãëàñíî ïðîâåäåííîé
â òî âðåìÿ îöåíêå, çàïàñû ôëþîðèòà ñîñòàâëÿþò îêîëî
700 ìëí ò (Þøêèí è äð., 2007). Íàèáîëåå ÷èñòûå ðàçíî-
ñòè ôëþîðèòà ïðèãîäíû äëÿ ñèíòåçà îïòè÷åñêèõ ìîíî-
êðèñòàëëîâ.

Òàáëèöà 3. Çàïàñû è ðåñóðñû ðóäíûõ ïîëåçíûõ èñêîïàåìûõ Âîðêóòèíñêîãî ðàéîíà Ðåñïóáëèêè Êîìè (Ïîëÿðíûé Óðàë)

Table 3. Ore reserves and resources of Vorkuta area in Komi Republic (Polar Urals)

Òàáëèöà 4. Çàïàñû è ðåñóðñû ðóäíûõ ïîëåçíûõ èñêîïàåìûõ Íåíåöêîãî àâòîíîìíîãî îêðóãà

Table 4. Ore reserves and resources in Nenets autonomous district
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Â ñåâåðíîé ÷àñòè Ïàé-Õîÿ èìåþòñÿ ïðîÿâëåíèÿ àë-
ìàçîâ, ñâÿçàííûå ñ Êàðñêîé àñòðîáëåìîé. Àëìàçû ìåëêèå,
òåõíè÷åñêèå. Ïðîãíîçíûå ðåñóðñû àëìàçîâ çíà÷èòåëüíûå,
îäíàêî èõ âîñòðåáîâàííîñòü íà âíóòðåííåì è ìèðîâîì
ðûíêàõ ñîìíèòåëüíà.

Íà Ñåâåðíîì Òèìàíå â Íåíåöêîì àâòîíîìíîì îêðó-
ãå âûäåëÿåòñÿ Ñåâåðî-Òèìàíñêèé ðóäíûé ðàéîí. Çäåñü
èçâåñòíî áîëüøîå êîëè÷åñòâî ïðîÿâëåíèé è òî÷åê ìåäíîé
ìèíåðàëèçàöèè (Ðó÷üåâàÿ ïëîùàäü). Êðîìå òîãî, âûäåëÿ-
åòñÿ Ðóìÿíè÷íî-Âåëèêîðåöêîå ðóäíîå ïîëå, ãäå íàõîäèò-
ñÿ ìîëèáäåíîâîå ðóäîïðîÿâëåíèå Ìûñ Áîëüøîé Ðóìÿíè÷-
íûé, à òàêæå Áóãðîâñêàÿ ðóäíàÿ ïëîùàäü, â ïðåäåëàõ êî-
òîðîé âûÿâëåíû ìåäíî-íèêåëåâûå ïðîÿâëåíèÿ Áëèæíåå,
Äàëüíåå, Îëåíüå è Êàìåííîå. Â áàññåéíå ð. Ïåøà (þãî-
âîñòî÷íàÿ îêîíå÷íîñòü ×åøñêîé ãóáû, â âîñòî÷íîé ÷àñòè
Ïåøñêîé âïàäèíû, âáëèçè åå ñî÷ëåíåíèÿ ñ Òèìàíñêèì
êðÿæåì, âûÿâëåíà Ïåøñêàÿ ìàðãàíöåâîíîñíàÿ ïëîùàäü
ñ Áåçìîøèöêèì è Ïðèùàòèíèöêèì ïðîÿâëåíèÿìè. Ðóäû
êàðáîíàòíûå, êàðáîíàòíî-îêñèäíûå, îêñèäíûå. Ïðîãíîç-
íûå ðåñóðñû ðóä ñîñòàâëÿþò îêîëî 320 ìëí ò.

Âäîëü âñåãî Òèìàíà, âêëþ÷àÿ åãî ñåâåðíîå îêîí÷à-
íèå, ïðîòÿãèâàåòñÿ Òèìàíñêàÿ àëìàçîíîñíàÿ çîíà. Â ïðå-
äåëàõ ýòîé çîíû èçâåñòíû íàõîäêè àëìàçîâ â äðåâíèõ è
ñîâðåìåííûõ ðîññûïÿõ. Ïðîãíîçíûå ðåñóðñû àëìàçîâ
Ñåâåðî-Òèìàíñêîãî ðàéîíà ïî êàòåãîðèè Ð3 ñîñòàâëÿþò
îêîëî 30 ìëí êàðàò. Êîðåííûå èñòî÷íèêè àëìàçîâ Òèìà-
íà íå óñòàíîâëåíû.

Íà î. Âàéãà÷, â îñíîâíîì íà åãî þãî-çàïàäíîì ïîáå-
ðåæüå (Ëÿì÷èíñêèé ðóäíûé óçåë), èçâåñòíû íåáîëüøèå
ñâèíöîâî-öèíêîâûå ïðîÿâëåíèÿ (Ðàçäåëüíîå, Êðàñíîå,
Ïàéãîòî, Òàëàòà-Ñàëå, Öèíêîâûé Íîñ). Â ðóäàõ ïðèñóò-
ñòâóþò ïðèìåñè êàäìèÿ, ñåðåáðà, ãåðìàíèÿ, çîëîòà. Êàê
ïîêàçàíî â òàáë. 5, çàïàñû öèíêà è ñâèíöà íåâåëèêè, ðå-
ñóðñû ðàçíûõ êàòåãîðèé ñóììàðíî äîñòèãàþò 4 ìëí ò (Êî-
ðîâêèí è äð., 2003 è äð.). Ñ 1931 ïî 1934 ãã. íà ìåñòîðîæ-
äåíèÿõ Ðàçäåëüíîå è Êðàñíîå âåëàñü äîáû÷à ñâèíöîâî-
öèíêîâûõ ðóä, âïîñëåäñòâèè ðàáîòû áûëè ïðåêðàùåíû.
Â ñåâåðî-çàïàäíîé ÷àñòè î. Âàéãà÷ âûÿâëåí Ñîáîëåâñêèé
ìåäåíîñíûé óçåë, âêëþ÷àþùèé ðÿä ìåëêèõ ïðîÿâëåíèé
(Ñîáîëåâñêîå, Ñåäîâñêîå, Óòèíîå, ã. Ìåäíàÿ).

Íà àðõèïåëàãå Íîâàÿ Çåìëÿ, íà þãî-çàïàäíîé îêîíå÷-
íîñòè î. Þæíûé, âûäåëÿåòñÿ êðóïíûé Ðîãà÷åâñêî-Òàéíèí-
ñêèé ìàðãàíöåâî-ðóäíûé ðàéîí ñ ïðåèìóùåñòâåííî êàð-
áîíàòíûìè ðóäàìè (Òâåðäûå ïîëåçíûå èñêîïàåìûå…,
2010). Èìåþòñÿ ïðîÿâëåíèÿ âûñîêîêà÷åñòâåííûõ ñóùå-
ñòâåííî îêñèäíûõ ðóä (Ñåâåðî-Òàéíèíñêîå ðóäíîå ïîëå).
Ïðîãíîçíûå ðåñóðñû ìàðãàíöåâûõ ðóä Ðîãà÷åâñêî-Òàéíèí-
ñêîãî ðàéîíà êàòåãîðèè Ð2 (Ðîãà÷åâñêîå ïðîÿâëåíèå) ñî-
ñòàâëÿþò 535 ìëí ò, êàòåãîðèè Ð3 — îêîëî 18 ìëí ò (òàáë. 6).

Íà ñåâåðî-çàïàäå Þæíîãî îñòðîâà øèðîêî ðàçâèòà
ñâèíöîâî-öèíêîâàÿ ìèíåðàëèçàöèÿ. Íàèáîëåå êðóïíûì
ÿâëÿåòñÿ Áåçûìÿíèíñêèé ðóäíûé óçåë, âêëþ÷àþùèé Ïàâ-

ëîâñêîå ðóäíîå ïîëå (Ïàâëîâñêîå ìåñòîðîæäåíèå) è Ñå-
âåðíîå ðóäíîå ïîëå. Ñîïóòñòâóþùèìè êîìïîíåíòàìè â
ñâèíöîâî-öèíêîâûõ ðóäàõ ÿâëÿþòñÿ ñåðåáðî è êàäìèé, à
òàêæå ñóðüìà, òàëëèé, èíäèé, ãåðìàíèé. Ñóììàðíûå çà-
ïàñû ñâèíöà è öèíêà Ïàâëîâñêîãî ìåñòîðîæäåíèÿ ïî êà-
òåãîðèè Ñ1+Ñ2 ñîñòàâëÿþò 5.6 ìëí ò, ðåñóðñû êàòåãîðèè Ð1
— 7 ìëí ò, êàòåãîðèè Ð2 (Ïàâëîâñêîå ðóäíîå ïîëå â öåëîì)
— 12 ìëí ò (Òâåðäûå ïîëåçíûå èñêîïàåìûå…, 2010 è äð.).
Íàðÿäó ñ Áåçûìÿíèíñêèì ðóäíûì óçëîì íà Þæíîì îñò-
ðîâå âûäåëÿåòñÿ Øóìèëèõèíñêèé è Îìóëåâñêèé ðóäíûå
óçëû.

Âäîëü þãî-çàïàäíîãî ïîáåðåæüÿ Þæíîãî îñòðîâà
ïðîñëåæèâàåòñÿ Êîñòèíøàðñêàÿ ðóäíàÿ çîíà, âêëþ÷àþ-
ùàÿ ìåëêèå ìåäíûå ïðîÿâëåíèÿ. Íà Ñåâåðíîì îñòðîâå
Íîâîé Çåìëè âûäåëÿåòñÿ Àäìèðàëòåéñêàÿ ìàðãàíöåâîíîñ-
íàÿ çîíà êàðáîíàòíûõ è êðåìíèñòî-êàðáîíàòíûõ ðóä (×åð-
íîãîðñêèé ðóäíûé óçåë).

Êðîìå îòìå÷åííûõ âûøå ïîëåçíûõ èñêîïàåìûõ íà
Ñåâåðíîì Òèìàíå, Ïîëÿðíîì Óðàëå, Ïàé-Õîå è â äðóãèõ
ðàéîíàõ èìåþòñÿ ïðîÿâëåíèÿ êàìíåñàìîöâåòíîãî ñûðüÿ,
ãîðíîãî õðóñòàëÿ, ñòðîèòåëüíûõ ìàòåðèàëîâ (ãëèíû, ïåñ-
êè, ïåñ÷àíî-ãðàâèéíûå ñìåñè, ãðàâèé, ùåáåíü, ñûðüå äëÿ
ïðîèçâîäñòâà öåìåíòà è áåòîííûõ èçäåëèé è äð.).

Ñëåäóåò çàìåòèòü, ÷òî ìíîãèå àðêòè÷åñêèå òåððèòî-
ðèè Òèìàíî-Ñåâåðîóðàëüñêîãî ðåãèîíà èçó÷åíû îòíîñè-
òåëüíî ñëàáî, ïðîâåäåíà ëèøü îöåíêà ðåñóðñíîãî ïîòåí-
öèàëà ðàçëè÷íûõ ïîëåçíûõ èñêîïàåìûõ. Ê ÷èñëó ïåðñïåê-
òèâíûõ è çàñëóæèâàþùèõ äàëüíåéøåãî èçó÷åíèÿ íàðÿäó
ñ íåôòåãàçîíîñíûìè ïëîùàäÿìè ìîæíî îòíåñòè Êîðîòà-
èõèíñêèé óãëåíîñíûé ðàéîí (âûñîêîêà÷åñòâåííûå óãëè),
Ñåâåðî-Òèìàíñêèé ðàéîí (ìàðãàíåö, ìåäü, íèêåëü, ìîëèá-
äåí), Êàðà-Ñèëîâñêèé è äðóãèå ðàéîíû Ïàé-Õîÿ (ìàðãà-
íåö, íèêåëü, ìåäü), Áåçûìÿíèíñêèé è Ðîãà÷åâñêî-Òàé-
íèíñêèé ðàéîíû Íîâîé Çåìëè (ïîëèìåòàëëû, ìàðãàíåö),
Õîéëèíñêî-Ëàãîðòèíñêèé è Ìàíèòàíûðäñêèé ðàéîíû
Ïîëÿðíîãî Óðàëà (õðîì, çîëîòî).

Ñòîèìîñòíàÿ îöåíêà è âîñòðåáîâàííîñòü
ìèíåðàëüíî-ñûðüåâûõ ðåñóðñîâ

Íàìè ïðîâåäåíà ñòîèìîñòíàÿ îöåíêà çàïàñîâ è ðåñóð-
ñîâ ðàçëè÷íûõ ïîëåçíûõ èñêîïàåìûõ â íåäðàõ àðêòè÷åñêîé
çîíû Òèìàíî-Ñåâåðîóðàëüñêîãî ðåãèîíà áåç ó÷åòà çàòðàò íà
äîáû÷ó è ïåðåðàáîòêó. Ðàíåå ñ ðàçëè÷íîé ñòåïåíüþ ïîëíî-
òû òàêàÿ îöåíêà ïðîâîäèëèñü äëÿ îòäåëüíûõ ðàéîíîâ Ðåñ-
ïóáëèêè Êîìè íàìè è äðóãèìè àâòîðàìè (Áóðöåâà, Áóðöåâ,
2009; Êàëèíèí, 2010, Êóçíåöîâ, 2013). Â ñîîòâåòñòâèè ñ
ìåòîäèêîé, èçëîæåííîé â ðàáîòå (Áîãàòñòâî íåäð.., 2008),
îöåíèâàëèñü çàïàñû ïîëåçíûõ èñêîïàåìûõ êàòåãîðèè
ÀÂÑ1+Ñ2, ñóììàðíî — çàïàñû è ðåñóðñû ïîëåçíûõ èñêîïà-
åìûõ, à òàêæå âîñòðåáîâàííûå çàïàñû, íàõîäÿùèåñÿ â ðàñ-
ïðåäåëåííîì ôîíäå íåäð. Â îáùåì âèäå ñòîèìîñòü ïîëåç-
íûõ èñêîïàåìûõ â íåäðàõ (ÁÍ — áîãàòñòâî íåäð) îöåíèâà-

Òàáëèöà 5. Çàïàñû è ðåñóðñû ðóäíûõ ïîëåçíûõ èñêîïàåìûõ î. Âàéãà÷

Table 5. Ore reserves and resources in Vaygach Island
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åòñÿ ïî ñëåäóþùåé ôîðìóëå: ÁÍ = Ì × Êè × Êï × Êàêò.çàï. ×
× Ö, ãäå Ì — ìàññà (êîëè÷åñòâî) çàïàñîâ è ïðîãíîçíûõ ðå-
ñóðñîâ; Êè — êîýôôèöèåíò ñêâîçíîãî èçâëå÷åíèÿ ïîëåç-
íîãî èñêîïàåìîãî; Êï — êîýôôèöèåíò ïðèâåäåíèÿ ïðîãíîç-
íûõ ðåñóðñîâ è ïðåäâàðèòåëüíî îöåíåííûõ çàïàñîâ ê çàïà-
ñàì ïðîìûøëåííûõ êàòåãîðèé; Êàêò.çàï. — êîýôôèöèåíò àê-
òèâíûõ çàïàñîâ, Ö — öåíà òîâàðíîãî ïðîäóêòà (ðóäà, ìåòàëë,
îêñèäû ìåòàëëà è äð.). Ïîäîáíûå ðàñ÷åòû ÿâëÿþòñÿ âåñüìà
óïðîùåííûìè, íî òåì íå ìåíåå ïîçâîëÿþò âûðàçèòü çàïàñû
è ðåñóðñû ïîëåçíûõ èñêîïàåìûõ â ñòîèìîñòíîì âèäå è ïðå-
äîñòàâëÿþò âîçìîæíîñòü ñòîèìîñòíîé îöåíêè íåäð ðàçëè÷-
íûõ ðåãèîíîâ è èõ ñîïîñòàâëåíèÿ íà ýòîé îñíîâå.

Ñîãëàñíî ïîëó÷åííûì äàííûì, ñóììàðíàÿ ñòîèìîñòü
çàïàñîâ è ðåñóðñîâ ïîëåçíûõ èñêîïàåìûõ ðàññìàòðèâàå-
ìîé òåððèòîðèè âåñüìà çíà÷èòåëüíàÿ è ïðåâûøàåò
250 òðëí ðóá (òàáë. 7, 8, 9). Ñòîèìîñòü çàïàñîâ ïðîìûø-
ëåííûõ êàòåãîðèé ñîñòàâëÿåò îêîëî 50 òðëí ðóá. Íàèáî-
ëåå âûñîêóþ ñòîèìîñòü èìåþò çàïàñû íåôòè è ãàçà —
28.5 òðëí ðóá, äàëåå ñëåäóåò óãîëü — 21.2 òðëí ðóá. Ñòî-
èìîñòü çàïàñîâ äðóãèõ ïîëåçíûõ èñêîïàåìûõ íàìíîãî
íèæå. Òåì íå ìåíåå ìîæíî îòìåòèòü äîñòàòî÷íî âûñîêèé

ñòîèìîñòíîé ïîòåíöèàë ñâèíöîâî-öèíêîâûõ ðóä Íîâîé
Çåìëè, áàðèòîâûõ ðóä Âîðêóòèíñêîãî ðàéîíà ÐÊ.

Èíòåðåñíî, ÷òî ñóììàðíàÿ ñòîèìîñòü çàïàñîâ ïîëåç-
íûõ èñêîïàåìûõ â Âîðêóòèíñêîì ðàéîíå ÐÊ è ÍÀÎ ïî÷òè
îäèíàêîâà, õîòÿ â ÍÀÎ îñíîâíàÿ ÷àñòü ñòîèìîñòè ïðèõî-
äèòñÿ íà çàïàñû íåôòè è ãàçà, à â Âîðêóòèíñêîì ðàéîíå —
íà çàïàñû óãëÿ. Ñòîèìîñòíîé ïîòåíöèàë ðóäíûõ ïîëåçíûõ
èñêîïàåìûõ Âîðêóòèíñêîãî ðàéîíà ñîñòàâëÿåò 0.7, ÍÀÎ —
0.1, î. Âàéãà÷ — 0.01, Íîâîé Çåìëè — 1.2 òðëí ðóá.

Â íàñòîÿùåå âðåìÿ íàèáîëåå âîñòðåáîâàííûìè ÿâëÿ-
þòñÿ ìåñòîðîæäåíèÿ íåôòè è ãàçà, ïîäàâëÿþùàÿ ÷àñòü
êîòîðûõ, êàê îòìå÷àëîñü âûøå, íàõîäèòñÿ â ðàñïðåäåëåí-
íîì ôîíäå íåäð. Àêòóàëüíîé çàäà÷åé ÿâëÿåòñÿ îáåñïå÷å-
íèå ïðèðîñòà çàïàñîâ íåôòè è ãàçà. Âîñòðåáîâàíû òàêæå
óãîëüíûå ìåñòîðîæäåíèÿ Âîðêóòèíñêîãî ðàéîíà, ïðîâî-
äèòñÿ òåõíè÷åñêàÿ ìîäåðíèçàöèÿ øàõò, îñóùåñòâëÿþòñÿ
ìåðîïðèÿòèÿ, íàïðàâëåííûå íà ïîâûøåíèå ýôôåêòèâíî-
ñòè óãëåîáîãàùåíèÿ, ðîñò ïðîèçâîäèòåëüíîñòè òðóäà,
îáåñïå÷åíèå áåçîïàñíîñòè, îáñóæäàþòñÿ ïåðñïåêòèâû
îñâîåíèÿ ðåñóðñíîé áàçû (Ëîãèíîâ, Ñìèðíîâ, 2007; Áó-
ðûé è äð., 2013 è äð.).

Òàáëèöà 6. Çàïàñû è ðåñóðñû ðóäíûõ ïîëåçíûõ èñêîïàåìûõ àðõèïåëàãà Íîâàÿ Çåìëÿ

Table 6. Ore reserves and resources in the Novaya Zemlya Archipelago

Òàáëèöà 7. Ñòîèìîñòü çàïàñîâ è ðåñóðñîâ íåôòè è ãàçà â íåäðàõ àðêòè÷åñêîé çîíû
Òèìàíî-Ïå÷îðñêîãî íåôòåãàçîíîñíîãî áàññåéíà, òðëí ðóá.

Table 7. Value of oil and gas reserves and resources of the Arctic zone of Timan-Pechora oil and gas basin, trln rub.

Ïðèìå÷àíèå. Ïðåäâàðèòåëüíî îöåíåííûå (ïðîãíîçèðóåìûå) ðåñóðñû íåôòè è ãàçà íå ó÷èòûâàëèñü.

Note. Predicted resources of oil and gas were not considered.
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Â îòëè÷èå îò çàïàñîâ íåôòè è ãàçà çàïàñû óãëÿ âåñüìà
çíà÷èòåëüíûå è ïîçâîëÿþò óâåëè÷èòü îáúåìû äîáû÷è êàê
çà ñ÷åò ôëàíãîâ è ãëóáîêèõ ãîðèçîíòîâ äåéñòâóþùèõ øàõò,
òàê è çà ñ÷åò ââåäåíèÿ â ðàçðàáîòêó íîâûõ ìåñòîðîæäåíèé
(Óñèíñêîãî, Íèæíåñûðüÿãèíñêîãî, Âåðõíåñûðüÿãèíñêî-
ãî è äð.). Îäíàêî ñóùåñòâóåò ðÿä ïðîáëåì, ñâÿçàííûõ ñ
êà÷åñòâîì, ñåáåñòîèìîñòüþ è ðåàëèçàöèåé óãëÿ. Äîáû÷à
íàèáîëåå âîñòðåáîâàííîãî êîêñóþùåãîñÿ óãëÿ â îñíîâíîì
çàâèñèò îò ïîòðåáíîñòåé ãîðíî-ìåòàëëóðãè÷åñêèõ ïðåä-
ïðèÿòèé è, ñîîòâåòñòâåííî, ñîñòîÿíèÿ ðûíêà ìåòàëëîâ,
ðàçâèòèå êîòîðîãî â ïîñëåäíåå âðåìÿ çàìåäëèëîñü. ×òî
êàñàåòñÿ ýíåðãåòè÷åñêîãî óãëÿ, òî òàêîé óãîëü íå ÿâëÿåòñÿ
äåôèöèòíûì, õîòÿ åãî ïðîìûøëåííîå ïîòðåáëåíèå âåñü-
ìà çíà÷èòåëüíîå. Íàðÿäó ñ Ïå÷îðñêèì áàññåéíîì îãðîì-
íûå çàïàñû ýíåðãåòè÷åñêîãî óãëÿ íàõîäÿòñÿ â Êóçíåöêîì

Òàáëèöà 8. Ñòîèìîñòü çàïàñîâ è ðåñóðñîâ óãëÿ â íåäðàõ Âîðêóòèíñêîãî ðàéîíà ÐÊ è Íåíåöêîãî ÀÎ, òðëí ðóá.

Table 8. Value of coal reserves and resources in Vorkuta area of Komi Republic and Nenets AD, trln rub.

Òàáëèöà 9. Ñòîèìîñòü çàïàñîâ è ðåñóðñîâ ðóäíûõ ïîëåçíûõ èñêîïàåìûõ â íåäðàõ Âîðêóòèíñêîãî ðàéîíà ÐÊ, Íåíåöêîãî ÀÎ,
 î. Âàéãà÷ è Íîâîé Çåìëè, ìëðä ðóá.

Table 9. Value of ore reserves and resources in Vorkuta area of Komi Republic, Nenets AD, Vaygach island and Novaya Zemlya, bn rub.

è Êàíñêî-À÷èíñêîì áàññåéíàõ, ÷òî îãðàíè÷èâàåò âîçìîæ-
íîñòè ðîñòà óãëåäîáû÷è â Âîðêóòèíñêîì ðàéîíå, ÍÀÎ è
îñîáåííî â Èíòèíñêîì ðàéîíå. Êðîìå òîãî, âíóòðåííèé
ñïðîñ íà ýíåðãåòè÷åñêèé óãîëü ñäåðæèâàåòñÿ îòíîñèòåëü-
íîé äåøåâèçíîé ïðèðîäíîãî ãàçà, ÿâëÿþùåãîñÿ ýôôåê-
òèâíûì ýíåðãåòè÷åñêèì ñûðüåì. Íàðÿäó ñ âíóòðåííèì
ïîòðåáëåíèåì ñóùåñòâóþò âîçìîæíîñòè ýêñïîðòà óãëÿ.
Îäíàêî ìèðîâîé óãîëüíûé ðûíîê õàðàêòåðèçóåòñÿ âûñî-
êîé íàñûùåííîñòüþ è â çíà÷èòåëüíîé ñòåïåíè êîíòðîëè-
ðóåòñÿ ÑØÀ, Àâñòðàëèåé, Èíäîíåçèåé. Â ñëîæèâøèõñÿ
óñëîâèÿõ (ñ ó÷åòîì îñòàíîâêè äîáû÷íûõ ðàáîò íà øàõòå
Ñåâåðíàÿ) â áëèæàéøåå âðåìÿ âàæíî ïî êðàéíåé ìåðå ñî-
õðàíåíèå óðîâíÿ äîáû÷è óãëÿ â Ïå÷îðñêîì áàññåéíå. Òåì
íå ìåíåå ñëåäóåò îòìåòèòü, ÷òî êîíêóðåíòíûì ïðåèìóùå-
ñòâîì Ïå÷îðñêîãî áàññåéíà ÿâëÿþòñÿ çíà÷èòåëüíûå çàïà-
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Ðàáîòà âûïîëíåíà ïðè ÷àñòè÷íîé ïîääåðæêå ïðîãðàì-
ìû ôóíäàìåíòàëüíûõ èññëåäîâàíèé Ïðåçèäèóìà ÐÀÍ (ïðî-
åêò ¹ 45 «Íåôòåãàçîâûå è ìèíåðàëüíûå ðåñóðñû àðêòè÷åñ-
êèõ òåððèòîðèé Ðåñïóáëèêè Êîìè è Íåíåöêîãî àâòîíîìíîãî
îêðóãà, ïåðñïåêòèâû èõ îñâîåíèÿ»), ïðîåêòà ÓðÎ ÐÀÍ «Ãåî-
ðåñóðñû àðêòè÷åñêèõ òåððèòîðèé Òèìàíî-Óðàëüñêîãî ðåãè-
îíà è ïåðñïåêòèâû èõ îñâîåíèÿ» ¹ 15-15-5-73, ïðîåêòà ÓðÎ
ÐÀÍ ¹ 15-18-5-46.
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ñû è ðåñóðñû âûñîêîêà÷åñòâåííûõ óãëåé. Èíâåñòèöèîííî
ïðèâëåêàòåëüíûìè ìîãóò áûòü äàæå íåáîëüøèå ìåñòîðîæ-
äåíèÿ, ðàçðàáîòêà êîòîðûõ âîçìîæíà îòêðûòûì ñïîñîáîì.

Îñòàåòñÿ àêòóàëüíîé ïðîáëåìà ïîèñêà íîâûõ íàïðàâ-
ëåíèé èñïîëüçîâàíèÿ óãëÿ è ðàçâèòèå óãëåõèìèè, ÷òî îò-
ìå÷àåòñÿ ìíîãèìè àâòîðàìè (Ëåæåíöåâ, 2007 è äð.). Õî-
ðîøî èçâåñòíî, ÷òî íà îñíîâå óãëåé ìîãóò áûòü ïîëó÷åíû
ðàçíîîáðàçíûå ïðîäóêòû. Áîëüøîé èíòåðåñ, â ÷àñòíîñòè,
ïðåäñòàâëÿåò ïðîèçâîäñòâî áåççîëüíûõ ãèïåðóãëåé, âàæ-
íîé îñîáåííîñòüþ êîòîðûõ ÿâëÿåòñÿ âûñîêàÿ ýíåðãîýô-
ôåêòèâíîñòü (Áóðöåâ è äð., 2015).

Èç ìåñòîðîæäåíèé äðóãèõ òâåðäûõ ïîëåçíûõ èñêîïà-
åìûõ â ñòàäèè ïîäãîòîâêè ê ýêñïëóàòàöèè íàõîäèòñÿ Ïàâ-
ëîâñêîå ìåñòîðîæäåíèå ñâèíöîâî-öèíêîâûõ ðóä íà Íî-
âîé Çåìëå. Ïðè áëàãîïðèÿòíûõ óñëîâèÿõ, íàëè÷èè ñïðîñà
è ïðèåìëåìûõ öåí ìîæåò áûòü âîçîáíîâëåíà ýêñïëóàòà-
öèÿ Õîéëèíñêîãî áàðèòîâîãî ìåñòîðîæäåíèÿ íà Ïîëÿð-
íîì Óðàëå, Àìäåðìèíñêîãî ôëþîðèòîâîãî ìåñòîðîæäå-
íèÿ íà Ïàé-Õîå. Íà ïîñëåäíåì âîçìîæíà ñåëåêòèâíàÿ
äîáû÷à âûñîêîêà÷åñòâåííîãî ôëþîðèòà äëÿ ïðîèçâîäñòâà
îïòè÷åñêèõ èçäåëèé.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, Àðêòè÷åñêàÿ çîíà Òèìàíî-Ñåâåðîó-
ðàëüñêîãî ðåãèîíà õàðàêòåðèçóåòñÿ çíà÷èòåëüíûì ðåñóðñ-
íûì è ñòîèìîñòíûì ïîòåíöèàëîì. Âàæíåéøåå ìåñòî â
ñòðóêòóðå ñûðüåâîé áàçû çàíèìàþò íåôòåãàçîâûå è óãîëü-
íûå ìåñòîðîæäåíèÿ, ìíîãèå èç êîòîðûõ ðàçðàáàòûâàþòñÿ.
Îñíîâíàÿ ÷àñòü ðàçâåäàííûõ ê íàñòîÿùåìó âðåìåíè çàïà-
ñîâ íåôòè è ãàçà ñîñðåäîòî÷åíà â Íåíåöêîì àâòîíîìíîì
îêðóãå, óãëÿ — â Âîðêóòèíñêîì ðàéîíå Ðåñïóáëèêè Êîìè.
Èìåþòñÿ ðóäíûå ìåñòîðîæäåíèÿ ñ îöåíåííûìè çàïàñàìè
ïîëåçíûõ èñêîïàåìûõ: Õîéëèíñêîå áàðèòîâîå, Ïàâëîâñêîå
ñâèíöîâî-öèíêîâîå, Àìäåðìèíñêîå ôëþîðèòîâîå, íà êî-
òîðûõ ìîãóò áûòü îðãàíèçîâàíû äîáû÷íûå ðàáîòû. Âûÿâ-
ëåíû ðàéîíû, ïîëÿ, ïðîÿâëåíèÿ, ïðåäñòàâëÿþùèå èíòåðåñ
â îòíîøåíèè ðàçëè÷íûõ ïîëåçíûõ èñêîïàåìûõ. Íåîáõîäè-
ìî ïðîäîëæåíèå ãåîëîãè÷åñêèõ ðàáîò, îðèåíòèðîâàííûõ
êàê íà óòî÷íåíèå ãåîëîãè÷åñêîãî ñòðîåíèÿ àðêòè÷åñêîé
çîíû, òàê è íà îáíàðóæåíèå íîâûõ ìåñòîðîæäåíèé.

Îñâîåíèå ìåñòîðîæäåíèé ïîëåçíûõ èñêîïàåìûõ è
ïðîâåäåíèå ãåîëîãî-ðàçâåäî÷íûõ ðàáîò îñëîæíÿþòñÿ ñó-
ðîâûìè êëèìàòè÷åñêèìè óñëîâèÿìè, ñëàáî ðàçâèòîé
òðàíñïîðòíîé èíôðàñòðóêòóðîé, êîíêóðåíòíîñòüþ íà
âíóòðåííåì è âíåøíåì ñûðüåâûõ ðûíêàõ, íèçêèì âíóò-
ðåííèì ñïðîñîì íà ìíîãèå âèäû ñûðüÿ è âûñîêîòåõíîëî-
ãè÷íóþ ïðîäóêöèþ. Ïðåäñòàâëÿåòñÿ öåëåñîîáðàçíûì êîì-
ïëåêñíûé (êëàñòåðíûé) ïîäõîä ê îñâîåíèþ ìèíåðàëüíî-
ñûðüåâûõ óçëîâ. Ïðè òàêîì ïîäõîäå ýêîíîìè÷åñêàÿ ýô-
ôåêòèâíîñòü ðàçðàáîòêè ìåñòîðîæäåíèé ìîæåò áûòü äîñ-
òèãíóòà çà ñ÷åò èíòåãðàöèè ðàçëè÷íûõ ïðåäïðèÿòèé è
îáúåäèíåíèÿ ôèíàíñîâûõ çàòðàò íà ñòðîèòåëüñòâî äîðîã,
îáîãàòèòåëüíûõ ïðåäïðèÿòèé, ñêëàäñêèõ è ðåìîíòíûõ áàç
è äðóãèõ îáúåêòîâ îáùåãî ïîëüçîâàíèÿ. Áîëüøîå çíà÷å-
íèå èìåþò óæå ñóùåñòâóþùèå íàñåëåííûå ïóíêòû: Âîð-
êóòà, Íàðüÿí-Ìàð, Àìäåðìà, Èíäèãà. Âàæíûì ôàêòîðîì
ðîñòà ÿâëÿåòñÿ âåäóùàÿñÿ ðàçðàáîòêà íåôòåãàçîâûõ è
óãîëüíûõ ìåñòîðîæäåíèé, ñïîñîáñòâóþùàÿ îáæèâàíèþ
òåððèòîðèé è âîâëå÷åíèþ â ïðîìûøëåííûé îáîðîò ìåñ-
òîðîæäåíèé äðóãèõ ïîëåçíûõ èñêîïàåìûõ. Àðêòè÷åñêàÿ
çîíà Òèìàíî-Ñåâåðîóðàëüñêîãî ðåãèîíà ñ ó÷åòîì èìåþ-
ùèõñÿ çäåñü ðåñóðñîâ íåôòè è ãàçà, óãëÿ, ðóäíûõ ïîëåç-
íûõ èñêîïàåìûõ çàñëóæèâàåò áîëüøîãî âíèìàíèÿ ïðè
îñâîåíèè Ðîññèéñêîé Àðêòèêè è Ñóáàðêòèêè.
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Ïåðñïåêòèâíûìè íàïðàâëåíèÿìè â ðàçâèòèè ýêîíî-
ìèêè Ðîññèè ÿâëÿåòñÿ ââîä â ýêñïëóàòàöèþ ìåñòîðîæäå-
íèé òèòàíîâûõ ðóä, êðóïíåéøèå èç êîòîðûõ íàõîäÿòñÿ â
Ðåñïóáëèêå Êîìè, — ßðåãñêîãî íåôòåòèòàíîâîãî ìåñòî-
ðîæäåíèÿ è Ïèæåìñêîãî ìåñòîðîæäåíèÿ ëåéêîêñåíîâûõ
ðóä. Ïðè ðåøåíèè ïðàêòè÷åñêèõ âîïðîñîâ âîâëå÷åíèÿ â
ðàçðàáîòêó ßðåãñêîãî ìåñòîðîæäåíèÿ êàê êðóïíîãî èñòî÷-
íèêà ñûðüÿ äëÿ òèòàíîâîé ïðîìûøëåííîñòè óêîðåíèëîñü
ìíåíèå, ÷òî ñîñòàâ ýòîãî ñûðüÿ ñâîåîáðàçíûé, íåòðàäè-
öèîííûé, ñëîæíûé äëÿ èñïîëüçîâàíèÿ. Îáèëèå â ðóäíîì
ìàòåðèàëå êðåìíåçåìà, òðóäíî îòäåëèìîãî îò äèîêñèäà
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ÍÀÒÈÑÈÒÀ È ÏÀÐÀÍÀÒÈÑÈÒÀ
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Ñòàòüÿ ïîñâÿùåíà ïðîáëåìå ïîèñêà è ñîçäàíèÿ íîâûõ ôóíêöèîíàëüíûõ ìàòåðèàëîâ íà îñíîâå ïðèðîäíûõ êîìïî-
íåíòîâ. Ïðîâåäåí ñèíòåç òèòàíîñèëèêàòà ñî ñòðóêòóðîé íàòèñèòà Na2TiSiO5, êîòîðûé çàíèìàåò îñîáîå ìåñòî êàê ìàòå-
ðèàë ñ Na+-èîííîé ïðîâîäèìîñòüþ, ïðèãîäíûé äëÿ ïîëó÷åíèÿ âûñîêîòåõíîëîãè÷íîé êåðàìèêè. Â êà÷åñòâå îñíîâíîãî
ìåòîäà ñèíòåçà íàòèñèòà áûë âûáðàí ãèäðîòåðìàëüíûé àâòîêëàâíûé ñèíòåç ñ ïðèìåíåíèåì â êà÷åñòâå èñõîäíîãî êîì-
ïîíåíòà îòõîäîâ ôòîðèäíîãî îáîãàùåíèÿ ëåéêîêñåíîâîãî êîíöåíòðàòà ßðåãñêîãî ìåñòîðîæäåíèÿ, ÷òî ïîçâîëÿåò â áó-
äóùåì ðåøàòü ïðîáëåìû êîìïëåêñíîé ïåðåðàáîòêè âàæíîãî äëÿ ðåñïóáëèêè ìèíåðàëüíîãî ñûðüÿ.

Óñòàíîâëåíî, ÷òî óâåëè÷åíèå âðåìåíè ñèíòåçà ñ 6 äî 24 ÷àñîâ ïðèâîäèò ê ôîðìèðîâàíèþ ÷èñòîé ôàçû íàòèñèòà
÷åðåç ôàçó ïàðàíàòèñèòà. Ñ ïîìîùüþ ìåòîäà àòîìíî-ñèëîâîé ìèêðîñêîïèè (ÀÑÌ) âïåðâûå ïîëó÷åíû íàíîðàçìåðíûå
ìîðôîëîãè÷åñêèå õàðàêòåðèñòèêè âñåõ ñèíòåçèðîâàííûõ ïîðîøêîâ. Ïîêàçàíî, ÷òî îáðàçöû ñ 6-÷àñîâîé âûäåðæêîé ÿâ-
ëÿþòñÿ øåðîõîâàòûìè íå òîëüêî â ìèêðî-, íî è â íàíîðàçìåðíîì ìàñøòàáå. Âîçìîæíî, ýòè ïîðîøêè íàéäóò ñâîå ïðè-
ìåíåíèå â êà÷åñòâå ñîðáåíòîâ êàê èìåþùèå íàèáîëüøóþ ïëîùàäü ïîâåðõíîñòè ñëàãàþùèõ ÷àñòèö. Ïî äàííûì ÀÑÌ,
îáðàçöû ñ 24-÷àñîâîé âûäåðæêîé ïðåäñòàâëÿþò ñîáîé õîðîøî ñôîðìèðîâàííûå êðèñòàëëè÷åñêèå äâîéíèêè ïðîðàñòà-
íèÿ òèïà «êðåñò», ïîâåðõíîñòè ïèíàêîèäà êîòîðûõ ïðàêòè÷åñêè ãëàäêèå, íà íèõ ðåäêî âñòðå÷àþòñÿ ìèêðîðàçìåðíûå
âêëþ÷åíèÿ. Øåðîõîâàòîñòè â íàíîðàçìåðíîì ìàñøòàáå íà ïëîñêèõ ó÷àñòêàõ äëÿ îáðàçöîâ äàííîãî ïîðîøêà íå îáíàðó-
æåíî. Êåðàìèêà, ïîëó÷åííàÿ ñïåêàíèåì òàêèõ ÷àñòèö, äîëæíà îáëàäàòü íàèáîëåå âûñîêèìè èîíîïðîâîäÿùèìè ñâîé-
ñòâàìè.

Êëþ÷åâûå ñëîâà: ëåéêîêñåí, òèòàíîñèëèêàòû, íàíîìîðôîëîãèÿ ïîâåðõíîñòè.

NANOSCALE MORPHOLOGICAL CHARACTERISTICS OF PARTICLES OF THE SYNTHETIC
NATISITE AND PARANATISITE POWDERS

I. A. Perovskiy, N. N. Piskunova

Institute of Geology Komi SC UB RAS, Syktyvkar

The article is devoted to obtaining of the new information in the development nanomineralogy ideas for functional materials.
We performed the synthesis of the titanosilicate natisite Na2TiSiO5, which was special as material with Na+-ion conductivity
suitable for preparing hi-tec ceramics. As the main synthesis method was chosen natisite autoclave hydrothermal synthesis,
using as precursors the products of ammonium fluoride processing of the leucoxene Yarega deposit, allowing in the future to
solve the problem of complex processing of mineral raw materials is important for the Komi republic. We found out that increasing
synthesis time from six to twenty-four hours results in a pure natisite phase after a paranatisite phase. Nanoscale morphological
characteristics for all powders were defined by the method of atomic force microscopy (AFM). We showed that the samples
after six hours exposition are rough not only at micro-, but also at nanoscale. It is possible that these powders will be used as
sorbents with the maximal surface area of composing particles. According to AFM the samples after twenty-four hours exposition
represented well formed crystalline growth twins of cross type with practically smooth pinacoid surfaces and rare microscale
inclusions. Nanoscale roughness on the flat areas was not determined for the samples of this powder. The ceramics, produced
from such particles, should possess the highest ion-conductive characteristics.

Keywords: leucoxene, titanosilicates, surface nanomorphology.

òèòàíà, çàòðóäíÿåò ïåðåðàáîòêó ëåéêîêñåíîâûõ ðóä ìåòî-
äàìè, îñâîåííûìè ïðîìûøëåííîñòüþ [2, 4, 8].

Â Èíñòèòóòå ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ ðàçðàáà-
òûâàåòñÿ íîâàÿ òåõíîëîãèÿ îáåñêðåìíèâàíèÿ ëåéêîêñåíî-
âûõ ðóä ßðåãñêîãî ìåñòîðîæäåíèÿ ñ ïðèìåíåíèåì ôòî-
ðèäíûõ êîìïîíåíòîâ, â îñíîâå êîòîðîé ëåæèò ïðåäëîæåí-
íàÿ Â.À. Êàðåëèíûì òåõíîëîãè÷åñêàÿ ñõåìà ôòîðèðîâà-
íèÿ èëüìåíèòîâûõ êîíöåíòðàòîâ [3]. Â êà÷åñòâå ôòîðè-
ðóþùåãî ðåàãåíòà íàìè áûë èñïîëüçîâàí ãèäðîôòîðèä
àììîíèÿ (NH4HF2). Â ðåçóëüòàòå èç òîâàðíûõ ôëîòàöè-
îííûõ ëåéêîêñåíîâûõ êîíöåíòðàòîâ, ñîäåðæàùèõ 55—
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65 % TiO2 è 30—35 % SiO2, áûëè ïîëó÷åíû âûñîêîòèòàíî-
âûå ïðîäóêòû ñ ñîäåðæàíèåì 85—90 % TiO2 è 1.0—2.0 %
SiO2 [6, 7]. Ïîëó÷åííûé êîíöåíòðàò ïðèãîäåí äëÿ ïåðåðà-
áîòêè â ïèãìåíòíûé äèîêñèä òèòàíà ïî õëîðèäíîìó ñïî-
ñîáó, à òàêæå ìîæåò áûòü èñïîëüçîâàí êàê êîìïîíåíò â
êåðàìè÷åñêèõ ìàññàõ, íàïðèìåð äëÿ îáìàçêè ýëåêòðîäîâ.

Â ïðîöåññå òàêîãî îáîãàùåíèÿ îáðàçóþòñÿ êðåìíèñ-
òî-òèòàíîâûå îòõîäû. Âàæíîé çàäà÷åé ÿâëÿåòñÿ ðàçðàáîòêà
ýôôåêòèâíîé òåõíîëîãèè èõ èñïîëüçîâàíèÿ è ïåðåðàáîò-
êè. Îäíèì èç ïåðñïåêòèâíûõ íàïðàâëåíèé ÿâëÿåòñÿ ïîëó-
÷åíèå íà èõ îñíîâå òèòàíîñèëèêàòîâ. Óíèêàëüíàÿ ñòðóêòó-
ðà è ïîðîâàÿ ñèñòåìà, âûñîêàÿ óñòîé÷èâîñòü ê ðàäèàöèè,
èçìåíåíèþ êèñëîòíî-îñíîâíûõ ñâîéñòâ âîäíûõ ðàñòâîðîâ,
âîçìîæíîñòü ðåãóëèðîâàíèÿ ñîñòàâà è ðàçìåðà ïîð ïîçâî-
ëÿþò èñïîëüçîâàòü òèòàíîñèëèêàòû â ïðîöåññàõ àäñîðáöèè,
êàòèîííîãî îáìåíà, êàòàëèçà, ñåïàðàöèè ãàçîâ, àêêóìóëè-
ðîâàíèÿ ýíåðãèè (õðàíåíèå è òðàíñïîðòèðîâêà âîäîðîäà).

Öåëüþ íàñòîÿùåé ðàáîòû áûë ñèíòåç èç ïðèðîäíîãî
ñûðüÿ òèòàíîñèëèêàòà ñî ñòðóêòóðîé íàòèñèòà Na2Ti[SiO4]O
[5] è ïîëó÷åíèå åãî íàíîðàçìåðíûõ ìîðôîëîãè÷åñêèõ õà-
ðàêòåðèñòèê. Íàòèñèò çàíèìàåò îñîáîå ìåñòî êàê ìàòåðèàë
ñ Na+-èîííîé ïðîâîäèìîñòüþ, ïðèãîäíûé äëÿ ïîëó÷åíèÿ
ôóíêöèîíàëüíîé âûñîêîòåõíîëîãè÷íîé êåðàìèêè ñ ñóïå-
ðèîííîé ïðîâîäèìîñòüþ, èìåþùåé øèðîêèå ïåðñïåêòè-
âû [1]. Èçó÷åíèå ìîðôîëîãèè ïîâåðõíîñòè îòäåëüíûõ
ñòðóêòóðíûõ åäèíèö, ñïåêàíèåì êîòîðûõ ïîëó÷àåòñÿ òàêàÿ
êåðàìèêà, ÿâëÿåòñÿ âàæíîé çàäà÷åé.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Â êà÷åñòâå îñíîâíîãî ìåòîäà ñèíòåçà ðàññìàòðèâàåìî-
ãî òèòàíîñèëèêàòà áûë âûáðàí ãèäðîòåðìàëüíûé àâòîêëàâ-
íûé ñèíòåç, ñ ïðèìåíåíèåì â êà÷åñòâå èñõîäíîãî êîìïî-
íåíòà (òåìïëàòà) ãèäðàòèðîâàííîãî îñàäêà, ïîëó÷åííîãî ïî
ôòîðàììîíèéíîìó ñïîñîáó ïåðåðàáîòêè ëåéêîêñåíîâîãî
êîíöåíòðàòà ßðåãñêîãî ìåñòîðîæäåíèÿ. Äëÿ ïîëó÷åíèÿ ãèä-
ðàòèðîâàííîãî îñàäêà ïðîâîäèëîñü âîäíîå âûùåëà÷èâàíèå
ïðîôòîðèðîâàííîãî ëåéêîêñåíà, ïîçâîëÿþùåå ïåðåâåñòè
íåðàçëîæèâøèåñÿ ôòîðèäíûå êîìïëåêñû êðåìíèÿ è òèòà-
íà â ðàñòâîð. Ïîëó÷åííûé ðàñòâîð ôèëüòðîâàëñÿ. Ïîñòå-
ïåííûì äîáàâëåíèåì âîäíîãî ðàñòâîðà àììèàêà (~17 %) â
ôèëüòðàò ïîëó÷àëèñü êðåìíèñòî-òèòàíîâûå êîíöåíòðàòû.
Äëÿ îáåñïå÷åíèÿ ãîìîãåííîñòè ñèñòåìà èíòåíñèâíî ïåðå-
ìåøèâàëàñü (ñêîðîñòü âðàùåíèÿ ìàãíèòíîé ìåøàëêè 300
îáîðîòîâ â ìèíóòó) ïðè òåìïåðàòóðå (20 ± 2) °Ñ. Ïîñëå
îñàæäåíèÿ, ïðîìûâêè è êîíòðîëüíîé ôèëüòðàöèè ãèäðà-
òèðîâàííûé îñàäîê âûäåðæèâàëñÿ â ñóøèëüíîì øêàôó â
òå÷åíèå îäíîãî ÷àñà ïðè òåìïåðàòóðå 100 °Ñ.

Äëÿ ïîëó÷åíèÿ íàòèñèòà áûë èñïîëüçîâàí ãèäðàòè-
ðîâàííûé îñàäîê, ñîäåðæàùèé (ìàññ. %): 62 % SiO2, 28 %
TiO2 è 10 % ïðèìåñåé (Fe, Al, K, Ca, F). Âûñóøåííûé îñà-
äîê ìàññîé 1 ã ïåðåòèðàëñÿ â ñòóïêå è ñìåøèâàëñÿ ñ 80 ìë
ðàñòâîðà NaOH (1.5 M); ïîëó÷åííóþ ñóñïåíçèþ ãîìîãå-
íèçèðîâàëè â òå÷åíèå 20 ìèíóò. Ãèäðîòåðìàëüíûé ñèíòåç
ïðîâîäèëè â ñòàëüíîì àâòîêëàâå ñ òåôëîíîâûì âêëàäû-
øåì íà 100 ìë, ñòåïåíü çàïîëíåíèÿ ÿ÷åéêè ñîñòàâëÿëà
80 %. Ñîîòíîøåíèå îñíîâíûõ êîìïîíåíòîâ äëÿ íàïðàâëåí-
íîãî ñèíòåçà (ìîëü): 1 TiO2 : 3 SiO2 : 17.4 Na2O : 1270 H2O.
Òåìïåðàòóðà ñèíòåçà ñîñòàâëÿëà 250 °Ñ. Ãèäðîòåðìàëüíóþ
îáðàáîòêó îñóùåñòâëÿëè â òå÷åíèå 12 ÷àñîâ. Ïî îêîí÷à-
íèè ïðîöåññà àâòîêëàâ îõëàæäàëè íà âîçäóõå, âíå ïå÷è,
äî êîìíàòíîé òåìïåðàòóðû. Îáðàçöû ïðîäóêòà èçâëåêà-
ëè, 4—5 ðàç ïðîìûâàëè äèñòèëëèðîâàííîé âîäîé, çàòåì
âûñóøèâàëè ïðè 103 °Ñ. Äëÿ èññëåäîâàíèÿ ôàçîâîãî ñî-

ñòàâà ñèíòåçèðîâàííûõ ïðîäóêòîâ ïðèìåíÿëè ìåòîäû ðåí-
òãåíîôàçîâîãî àíàëèçà (ÐÔÀ) (äèôðàêòîìåòð XRD-6000
ôèðìû SHIMADZU, èçëó÷åíèå Cu Kα â èíòåðâàëå óãëîâ
îòðàæåíèÿ 2θ îò 2 äî 60) è ñêàíèðóþùåé ýëåêòðîííîé ìèê-
ðîñêîïèè (ÑÝÌ) ñ ýíåðãîäèñïåðñèîííîé ïðèñòàâêîé (ðà-
ñòðîâûé ìèêðîñêîï âûñîêîãî ðàçðåøåíèÿ Tescan Vega 3
LMH). Ìîðôîëîãèÿ ÷àñòèö â ìèêðîìàñøòàáå òàêæå èçó-
÷åíà ñ ïîìîùüþ ÑÝÌ. Îäíàêî, íåñìîòðÿ íà òî, ÷òî ýòîò
ìåòîä îòïðåäåëÿåò ôîðìó è âçàèìíîå ðàñïîëîæåíèå ÷àñ-
òèö, ñëàãàþùèõ ñìåñü, åãî ðàçðåøàþùåé ñïîñîáíîñòè íå-
äîñòàòî÷íî äëÿ òîãî, ÷òîáû â ïîëíîé ìåðå îõàðàêòåðèçî-
âàòü îòäåëüíûå îñîáåííîñòè ïîâåðõíîñòè ÷àñòèö. Ìåòîä
àòîìíî-ñèëîâîé ìèêðîñêîïèè (ÀÑÌ) â ýòîì îòíîøåíèè
îáëàäàåò ðÿäîì íåîñïîðèìûõ ïðåèìóùåñòâ, ÿâëÿÿ, êðîìå
òîãî, â êà÷åñòâå îñíîâíîãî ïðèíöèïà ðåàëüíî òðåõìåðíîå
ñêàíèðîâàíèå ïîâåðõíîñòè. ×òî î÷åíü âàæíî, îáðàçöû äëÿ
èññëåäîâàíèÿ â ÀÑÌ íå íóæäàþòñÿ â ñïåöèàëüíîì íàïû-
ëåíèè, ÷òî äåëàåò áîëåå äîñòîâåðíûì ðàçðåøåíèå ýëåìåí-
òàðíûõ îñîáåííîñòåé ðåëüåôà. Ïîýòîìó ìîðôîëîãè÷åñêèå
çàêîíîìåðíîñòè ðîñòà êðèñòàëëîâ ïðîâîäèëèñü íà àòîìíî-
ñèëîâîì ìèêðîñêîïå Ntegra Prima (NT-MDT) â ðåæèìå
ïðåðûâèñòîãî êîíòàêòà îñòðèÿ ñ ïîâåðõíîñòüþ. Àíàëèç ëè-
òåðàòóðíûõ äàííûõ ïîêàçûâàåò, ÷òî òàêîå èññëåäîâàíèå äëÿ
ïîðîøêîâ íàòèñèòà ïðîâåäåíî âïåðâûå. Õàðàêòåðíûå ðàç-
ìåðû îñîáåííîñòåé ðåëüåôà îïðåäåëåíû ñ ïîìîùüþ ñòàí-
äàðòíîé ïðîãðàììû îáðàáîòêè èçîáðàæåíèé, òî÷íîñòü —
ïåðâûå åäèíèöû íàíîìåòðîâ â ëàòåðàëüíîé ïëîñêîñòè è äå-
ñÿòûå äîëè íàíîìåòðà ïî íîðìàëè ê ïîâåðõíîñòè.

 Îáñóæäåíèå ðåçóëüòàòîâ

Ñîãëàñíî äàííûì ÐÔÀ, â ïðîöåññå äâåíàäöàòè÷àñî-
âîãî ãèäðîòåðìàëüíîãî ñèíòåçà ïîëó÷àåòñÿ êðèñòàëëè÷åñ-
êàÿ ôàçà, õàðàêòåðèçóþùàÿñÿ ïèêàìè íàòèñèòà è ïàðàíà-
òèñèòà (ðèñ. 1).

Ïàðàíàòèñèò Na8Ti3.5O2(OH)2[SiO4]4, ïî äàííûì [9,
10], ìîæåò ÿâëÿòüñÿ ðåçóëüòàòîì òðàíñôîðìàöèè èëè ïðåä-
øåñòâåííèêîì íàòèñèòà. Ïîýòîìó äëÿ ïîëó÷åíèÿ ÷èñòîé
ôàçû íàòèñèòà áûëè ïðîâåäåíû äîïîëíèòåëüíûå ýêñïå-
ðèìåíòû ñ îäèíàêîâîé ùåëî÷íîñòüþ, ñ óìåíüøåííûì äî
6 è óâåëè÷åííûì äî 24 ÷àñîâ âðåìåíåì ñèíòåçà.

Â ïðîâåäåííûõ ýêñïåðèìåíòàõ ïðè ïðî÷èõ ðàâíûõ
óñëîâèÿõ ïîêàçàíî, ÷òî ñ óâåëè÷åíèåì âðåìåíè ñèíòåçà îò
6 äî 9, 12 è äàëåå äî 24 ÷àñîâ, ïî äàííûì ÐÔÀ, îáðàçîâû-
âàëèñü ÷àñòèöû ïàðàíàòèñèòà è äàëåå íàòèñèòà ñ ðàçëè÷-
íîé ìîðôîëîãèåé. Îáðàçöû «6 ÷àñîâ», ïî äàííûì ýëåêò-
ðîííîé ìèêðîñêîïèè, íå èìåëè ÷åòêîé ôîðìû (ðèñ. 2, à);
îáðàçöû «9 ÷àñîâ» ñîäåðæàëè ÷óòü áîëüøå ôðàãìåíòîâ ñî
ñòðîãèìè ôîðìàìè; îáðàçöû «12 ÷àñîâ» ïðåäñòàâëÿëè ñî-
áîé êðèñòàëëû-äâîéíèêè è ÷åòâåðíèêè íå÷åòêîãî ãàáè-
òóñà; îáðàçöû «24 ÷àñà» ÿâëÿëèñü õîðîøî ñôîðìèðîâàí-
íûìè êðèñòàëëè÷åñêèìè äâîéíèêàìè ïðîðàñòàíèÿ òèïà
«êðåñò» (ðèñ. 6, à), ïîäîáíûõ êîòîðûì â ëèòåðàòóðå äëÿ
íàòèñèòà ìû íå âñòðå÷àëè.

«6 ÷àñîâ». Ïðè ñêàíèðîâàíèè ñ ïîìîùüþ ÀÑÌ îáðàç-
öà, êîòîðûé ìåíüøå âñåãî ïîäâåðãàëñÿ òåìïåðàòóðíîìó
âîçäåéñòâèþ, ó÷àñòêîâ ñ çàêîí÷åííûìè êðèñòàëëîãðàôè-
÷åñêè âåðíûìè î÷åðòàíèÿìè íå îáíàðóæèëîñü. Èíîãäà
âñòðå÷àëèñü ëèøü ôðàãìåíòû ïëîñêèõ ñëîåâ — ðåëèêòî-
âûõ ãðàíåé ïèíàêîèäà (ðèñ. 2, á). Íà ýòèõ æå ãðàíÿõ îáíà-
ðóæåíû ñòóïåíè ðîñòà, âûñîòà ñàìûõ òîíêèõ èç íèõ ñî-
ñòàâëÿëà 6 íì, à ñàìûõ êðóïíûõ — äî 125 íì. Äëÿ äàííîãî
âåùåñòâà ñ ïàðàìåòðàìè ýëåìåíòàðíîé ÿ÷åéêè a = 6.5 Å ,
c = 5.07 Å  îíè ÿâëÿþòñÿ ìàêðîñòóïåíÿìè. Òåíäåíöèÿ ê
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ìàêðîñòóïåí÷àòîìó ðîñòó ñâèäåòåëüñòâóåò î áûñòðîé êðè-
ñòàëëèçàöèè â óñëîâèÿõ âûñîêîãî ïåðåñûùåíèÿ.

Ïëîñêèå ó÷àñòêè ãðàíåé èìåëè íàíîðàçìåðíóþ øå-
ðîõîâàòîñòü, õàðàêòåðíûé ðàçìåð êîòîðîé 35—50 íì
(ðèñ. 2, á). Ìîæíî ïðåäïîëîæèòü, ÷òî ðîñò ïèíàêîèäà
ïðàêòè÷åñêè îñòàíîâèëñÿ â êàêîé-òî ìîìåíò èç-çà îòñóò-
ñòâèÿ äèñëîêàöèé. Îäíàêî ñóùåñòâåííîå ïåðåñûùåíèå â
ñðåäå ïðèâåëî ê òîìó, ÷òî âåùåñòâî îòêëàäûâàëîñü íà
ãðàíü ïîñðåäñòâîì íîðìàëüíîãî ìåõàíèçìà, îáðàçóÿ äâóõ-
è òðåõìåðíûå çàðîäûøè. Çíà÷èòåëüíàÿ ÷àñòü îáðàçöîâ ñî-
ñòîÿëà èç ãëîáóëîïîäîáíûõ àãðåãàòîâ, îòäåëüíûå ýëåìåí-
òû êîòîðûõ èìåþò ðàçìåð îò 70 äî 100 è âûøå íì. Íà ÀÑÌ-
èçîáðàæåíèÿõ âèäíî, ÷òî èõ îñàæäåíèå ïðîèçîøëî ïîç-
æå, ÷åì îáðàçîâàëèñü ñòóïåíè ðîñòà. Îáðàçîâàíèå êðèñ-
òàëëîâ ïðîèñõîäèëî â ïðîöåññå âûäåðæêè çàãîòîâêè ïðè

ïîñòîÿííîé òåìïåðàòóðå, îäíàêî, åñëè âðåìåíè áûëî íå-
äîñòàòî÷íî, âåùåñòâî íå óñïåâàëî ïîëíîñòüþ ïåðåéòè èç
ðàñòâîðà â êðèñòàëëè÷åñêóþ ôîðìó è ïðè ðåçêîì îõëàæ-
äåíèè åãî èçáûòîê âûïàäàë â âèäå ïîäîáíûõ àãðåãàòîâ.

«9 ÷àñîâ». Â äàííûõ îáðàçöàõ áåñïîðÿäî÷íûõ ãëîáó-
ëîïîäîáíûõ ñêîïëåíèé íå íàáëþäàåòñÿ, ÷àñòèöû èìåþò
áîëåå çàêîí÷åííóþ ôîðìó. Íàïðèìåð, êðèñòàëë íà ðèñóí-
êå 3 èìååò ïî÷òè èçîìåòðè÷íóþ ôîðìó, äèàìåòð åãî îêî-
ëî 1.5 ìêì, ïðèñóòñòâóþò íåêîòîðûå ïðèçíàêè ïîëèãî-
íàëüíîñòè. Åãî ãðàíü ïèíàêîèäà ïîêðûòà áóãîðêàìè ñ õà-
ðàêòåðíûì ðàçìåðîì îêîëî 50 íì.

Íà ÀÑÌ-ñíèìêàõ îáðàçöîâ äàííîãî ïîðîøêà ïðèñóò-
ñòâóåò ðàçíîíàïðàâëåííàÿ øòðèõîâêà, îáðàçîâàííàÿ õàî-
òè÷íî ñðîñøèìèñÿ êðèñòàëëàìè, âûñîòà ïîëîñ øòðèõîâ-
êè — äî 20 íì, øèðèíà òåððàñ — îò 50 äî 100 íì. Íå÷åòêàÿ

Ðèñ. 1. Äèôðàêòîãðàììà îáðàçöà: P — ïàðàíàòèñèò, N — íàòèñèò (âðåìÿ ñèíòåçà 12 ÷)

Fig. 1. X-ray diffraction pattern of obtained sample: P — paranatisite, N — natisite (reaction time 12 h)

Ðèñ. 2. ÑÝÌ-èçîáðàæåíèå ÷àñòèö ïîðîøêà, ñèíòåçèðîâàííîãî ïðè 6-÷àñîâîé âûäåðæêå (à), ÀÑÌ-èçîáðàæåíèå ïîâåðõíîñòè
ðåëèêòîâîé ãðàíè ïèíàêîèäà îäíîé èç ÷àñòèö (b). Íèæå — íàíîðåëüåô ðîâíûõ è íåðîâíûõ ó÷àñòêîâ ãðàíè

Fig. 2. SEM image of particles, reaction time 6 h (a), AFM image of surface of pinacoid relic face (b). In the bottom the nanorelief
of flat and rough face sections is given

à b
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ôîðìà êðèñòàëëîâ çàñòàâëÿåò ïðåäïîëîæèòü, ÷òî äàííàÿ
øòðèõîâêà íå èíäóêöèîííàÿ, êîãäà òåñíî ðàñòóùèå êðèñ-
òàëëû îñòàâëÿþò îòïå÷àòêè ñëîåâ ðîñòà äðóã íà äðóãå, à
êîìáèíàöèîííàÿ, òî åñòü ñâÿçàííàÿ ñ ïîïåðåìåííîé ñìå-
íîé îðèåíòàöèè ïðîñòûõ ôîðì ïðè èçìåíåíèè óñëîâèé
ðîñòà. Íàòèñèò ïðèíàäëåæèò ê òåòðàãîíàëüíîé ñèíãîíèè,
øòðèõîâêà íà åãî ãðàíÿõ ìîæåò îçíà÷àòü, íàïðèìåð, ñìå-
íó òåòðàãîíàëüíîé ïðèçìû íà òåòðàãîíàëüíóþ äèïèðàìè-
äó. Íà äàííîì îáðàçöå îáíàðóæåíû ðåäêèå ñâèäåòåëüñòâà
äâîéíèêîâàíèÿ íàòèñèòà.

«12 ÷àñîâ». Äàííûé îáðàçåö ïðåäñòàâëåí ÷àñòèöàìè,
êàæäàÿ èç êîòîðûõ ÿâëÿåòñÿ ïîëèêðèñòàëëè÷åñêèì àãðå-
ãàòîì, ñðîñòêîì êðèñòàëëîâ ðàçìåðîì îò äâóõ äî ñåìè è
áîëåå ìèêðîìåòðîâ (ðèñ. 4). Äëÿ òîðöîâ ãðàíåé íà äàííîì
îáðàçöå õàðàêòåðíà êðóïíàÿ (200 íì) ñëîèñòîñòü. Íà îá-
ðàçöàõ åñòü áëèçêîðàñïîëîæåííûå ó÷àñòêè ñ ðàçíîíàïðàâ-
ëåííîé êîìáèíàöèîííîé øòðèõîâêîé. Êðèñòàëëû ñðîñ-
ëèñü ãðóáî, ïî âñåé äëèíå îáðàçöîâ èìååòñÿ ïåðåïàä âû-
ñîò â íåñêîëüêî ìèêðîìåòðîâ.

Íà äàííûõ îáðàçöàõ îáíàðóæåíî ìíîæåñòâî ãëàäêèõ
ãðàíåé, êîòîðûå óñïåâàëè ôîðìèðîâàòüñÿ áëàãîäàðÿ äèñ-
ëîêàöèÿì è ñòóïåíÿì ïðè äîñòàòî÷íîì âðåìåíè. Âûñîòû
ñòóïåíåé ðîñòà íà íèõ ñîñòàâëÿþò îò 2 äî 70 íì. Îäíàêî
íåêîòîðûå ãðàíè ïèíàêîèäà âñå æå ïîêðûòû íàíîðàçìåð-
íûìè áóãîðêàìè. Îíè ìåíüøå, ÷åì â ïðåäûäóùèõ ýêñïå-
ðèìåíòàõ, è èìåþò ãîðàçäî áîëåå ñëîæíóþ ìîðôîëîãèþ,
ó íèõ âûäåëÿåòñÿ îñòðàÿ âåðøèíà.

Îáíàðóæåíû òâåðäûå, âîçìîæíî ãåòåðîôàçíûå,
âêëþ÷åíèÿ íà ïîâåðõíîñòè íàòèñèòà, ðàçìåðîì îò íå-
ñêîëüêèõ äåñÿòêîâ íàíîìåòðîâ è âûøå. Òàêèì îáðàçîì, â
óñëîâèÿõ äàííîãî ýêñïåðèìåíòà ïðîèñõîäèë îòãîí ïðè-

ìåñåé ïðè êðèñòàëëèçàöèè, îäíàêî íà ôèíàëüíîì ýòàïå
ïðîèçîøåë èõ çàõâàò, î ÷åì ãîâîðÿò õàðàêòåðíûå ñëåäû
«îáòåêàíèÿ» èõ òîíêèìè ñòóïåíÿìè.

«24 ÷àñà». Ýòîò îáðàçåö ÿâëÿåòñÿ ñàìûì èíòåðåñíûì
ñ òî÷êè çðåíèÿ ðîñòîâûõ ïðîöåññîâ. Îí ñëîæåí êðèñòàë-
ëàìè, ñðîñòêàìè è äâîéíèêàìè ÷åòêîé êðèñòàëëîãðàôè-
÷åñêîé ôîðìû, â íåì ïî÷òè îòñóòñòâóþò àãðåãàòû íåÿñ-
íûõ î÷åðòàíèé. Ïî÷òè âñå èñõîäíîå âåùåñòâî óñïåëî ïîë-
íîñòüþ ïåðåéòè â êðèñòàëëè÷åñêóþ ôîðìó, áëàãîäàðÿ
òîìó ÷òî äàííûé îáðàçåö ñàìîå äëèòåëüíîå âðåìÿ âûäåð-
æèâàëñÿ ïðè òåìïåðàòóðå, õàðàêòåðíîé äëÿ ãèäðîòåð-
ìàëüíûõ ïðîöåññîâ. Ïî äàííûì ÀÑÌ, ïîâåðõíîñòè ïè-
íàêîèäà (001) ïðàêòè÷åñêè ãëàäêèå, íà íèõ ðåäêî âñòðå-
÷àþòñÿ ìèêðîðàçìåðíûå âêëþ÷åíèÿ, íî èìååòñÿ ìíîæå-
ñòâî ñâèäåòåëüñòâ äâîéíèêîâàíèÿ äàæå â íàíîðàçìåðíîì
ìàñøòàáå (ðèñ. 5).

Øåðîõîâàòîñòè â íàíîðàçìåðíîì ìàñøòàáå íà ïëîñêèõ
ó÷àñòêàõ äëÿ îáðàçöîâ äàííîãî ïîðîøêà íå îáíàðóæåíî.

Êàæäûé êðèñòàëë-äâîéíèê îãðàíåí äâóìÿ òåòðàãî-
íàëüíûìè ïðèçìàìè, ïî äàííûì ÀÑÌ ðàññ÷èòàíî ñîîò-
íîøåíèå äëèí ðåáåð è óãëû ïëîñêèõ òîðöîâ, êîòîðûå ïðàê-
òè÷åñêè ðàâíû ñîñåäíèì óãëàì, ÷òî çíà÷èòåëüíî îòëè÷àåò
èõ îò ïðåäûäóùåãî ýêñïåðèìåíòà. Îáíàðóæåíû èíòåðåñ-
íûå ìîðôîëîãè÷åñêèå ñëåäñòâèÿ ðîñòà êðèñòàëëîâ â íà-
íîðàçìåðíîì ìàñøòàáå. Òàê, ñòðåëêàìè íà ðèñóíêå 6, á
ïîêàçàí èçãèá ðîñòîâîé ñòóïåíè íà ïðåïÿòñòâèè, êîòîðûì
ÿâëÿåòñÿ òâåðäîå âêëþ÷åíèå äèàìåòðîì îêîëî 50 íì, íà
ðèñóíêå 6, â — òî÷êà âûõîäà âèíòîâîé äèñëîêàöèè íà ãðàíü
ïèíàêîèäà, èç êîòîðîãî áåðåò íà÷àëî ðîñòîâàÿ ñòóïåíü
âûñîòîé â íåñêîëüêî íàíîìåòðîâ. Òàêèì îáðàçîì, âûäåð-
æêà äàííûõ ïîðîøêîâ â òå÷åíèå 24 ÷àñîâ ñäåëàëà âîçìîæ-

Ðèñ. 4. ÀÑÌ-èçîáðàæåíèå îáðàçöà, ñèíòåçèðîâàííîãî ïðè 12-÷àñîâîé âûäåðæêå

Fig. 4. AFM image of samples, reaction time 12 h

Ðèñ. 3. ÀÑÌ-èçîáðàæåíèå îáðàçöà, ñèíòåçèðîâàííîãî ïðè 9-÷àñîâîé âûäåðæêå

Fig. 3. AFM image of samples, reaction time 9 h
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Ðèñ. 5. ÀÑÌ-èçîáðàæåíèå îáðàçöîâ, ñèíòåçèðîâàííûõ ïðè 24-÷àñîâîé âûäåðæêå. Ñòðåëêîé îáîçíà÷åí øîâ ìåæäó êðèñòàëëàìè
â äâîéíèêå

Fig. 5. AFM image of samples, reaction time 24 h. Crystal contact is marked by arrow

íûì êà÷åñòâåííîå äîðàùèâàíèå êðèñòàëëîâ ïî ìåõàíèç-
ìó ñëîèñòîãî ðîñòà, èíèöèèðîâàííîìó âèíòîâûìè äèñëî-
êàöèÿìè. Êàíàëîâ ïðîâîäèìîñòè â òàêèõ îáðàçöàõ áîëü-
øå, ÷òî äåëàåò êåðàìèêó, ñîñòîÿùóþ èç ïîëíîñòüþ êðèñ-
òàëëè÷åñêèõ ÷àñòèö, ïåðñïåêòèâíîé ñ òî÷êè çðåíèÿ ñóïå-
ðèîííîé ïðîâîäèìîñòè.

Íàìè ïðîâåäåí òàêæå ñèíòåç ñ áîëåå äëèòåëüíîé âû-
äåðæêîé ïî âðåìåíè — 36 ÷àñîâ. Îäíàêî ýòî íå ïðèâåëî ê
îáðàçîâàíèþ åùå áîëåå ÷åòêèõ êðèñòàëëîâ, âîçìîæíî,
ïåðèîä â 24 ÷àñà ÿâëÿåòñÿ îïòèìàëüíûì.

Çàêëþ÷åíèå

Ðåçóëüòàòû ïðîâåäåííîãî èññëåäîâàíèÿ ïîêàçûâàþò
âîçìîæíîñòü ýôôåêòèâíîãî ïðèìåíåíèÿ ãèäðîòåðìàëüíî-
ãî ñèíòåçà äëÿ ïîëó÷åíèÿ òèòàíîñèëèêàòîâ ïðè èñïîëüçî-
âàíèè â êà÷åñòâå ïðåêóðñîðîâ êðåìíèñòî-òèòàíîâûõ ïðî-
ìåæóòî÷íûõ ïðîäóêòîâ, îáðàçóþùèõñÿ ïðè ïåðåðàáîòêå
ëåéêîêñåíîâûõ ðóä. Ýòî, âî-ïåðâûõ, ðàñøèðÿåò ïåðå÷åíü
ïîòåíöèàëüíî ïîëó÷àåìûõ èç ëåéêîêñåíîâûõ ðóä íîâûõ
ôóíêöèîíàëüíûõ ìàòåðèàëîâ. Âî-âòîðûõ, ïîÿâëÿåòñÿ âîç-
ìîæíîñòü óòèëèçàöèè çíà÷èòåëüíîãî êîëè÷åñòâà ïðîìå-
æóòî÷íûõ ïðîäóêòîâ, öèðêóëèðóþùèõ â ïðîöåññå, è ïðå-
îáðàçîâàíèÿ îòõîäîâ â âûñîêîöåííûå ìàòåðèàëû.

Ðàçðàáîòàííàÿ ìåòîäèêà ïîçâîëèëà ïîëó÷èòü îáðàç-
öû ïîðîøêîâ òèòàíîñèëèêàòîâ ïàðàíàòèñèòà è íàòèñèòà.

Ìåòîäîì ÐÔÀ óñòàíîâëåíî, ÷òî óâåëè÷åíèå âðåìåíè ñèí-
òåçà ñ 6 äî 24 ÷àñîâ ïðèâîäèò ê ôîðìèðîâàíèþ ÷èñòîé ôàçû
íàòèñèòà ÷åðåç ôàçó ïàðàíàòèñèòà.

Êðèñòàëëè÷åñêàÿ ñòðóêòóðà íàòèñèòà îáóñëîâëèâàåò
âûñîêóþ ñïàéíîñòü â îäíîì íàïðàâëåíèè è äàåò âîçìîæ-
íîñòü äëÿ îáðàçîâàíèÿ äâîéíèêîâ òèïà «êðåñò». ×àñòî íà-
÷àëî ñðàñòàíèÿ (ðàñùåïëåíèÿ) ïðèóðî÷åíî ê çîíå ñêîïëå-
íèÿ òâåðäûõ è ãàçîâî-æèäêèõ âêëþ÷åíèé, ñâèäåòåëüñòâó-
þùèõ î ðåçêîì óâåëè÷åíèè ïåðåñûùåíèÿ. Âî âñåõ îïèñàí-
íûõ âûøå ýêñïåðèìåíòàõ ýòî ïðîèñõîäèëî íà íà÷àëüíîì
ýòàïå. Ïðè âûäåðæêå 6 ÷àñîâ íå âñå âåùåñòâî âñòðîèëîñü â
êðèñòàëëû, åãî èçáûòîê âûïàë â âèäå ãëîáóëîïîäîáíûõ àã-
ðåãàòîâ, êîòîðûå, ïî äàííûì ÐÔÀ, ïðåäñòàâëÿþò ôàçó ïà-
ðàíàòèñèòà. Ñ ïîìîùüþ ÀÑÌ ïîêàçàíî, ÷òî äàííûå îáðàç-
öû ÿâëÿþòñÿ øåðîõîâàòûìè íå òîëüêî â ìèêðî-, íî è â íà-
íîðàçìåðíîì ìàñøòàáå. Âîçìîæíî, ýòè ïîðîøêè íàéäóò
ñâîå ïðèìåíåíèå â êà÷åñòâå ñîðáåíòîâ êàê èìåþùèå íàè-
áîëüøóþ ïëîùàäü ïîâåðõíîñòè ñëàãàþùèõ ÷àñòèö.

Â ýêñïåðèìåíòå ñ âûäåðæêîé 24 ÷àñà ïðàêòè÷åñêè âñå
èñõîäíîå âåùåñòâî óñïåëî ïîëíîñòüþ ïåðåéòè â êðèñòàë-
ëè÷åñêóþ ôîðìó (íàòèñèò), áëàãîäàðÿ òîìó ÷òî äàííûå
îáðàçöû èìåëè ñàìîå áîëüøîå âðåìÿ âûäåðæêè ïðè òåì-
ïåðàòóðå, õàðàêòåðíîé äëÿ ãèäðîòåðìàëüíûõ ïðîöåññîâ. Â
ðåçóëüòàòå ïîëó÷èëèñü ÷åòêèå êðåñòîîáðàçíûå äâîéíèêè
ïðîðàñòàíèÿ. Íà ãðàíÿõ êðèñòàëëîâ òàêîãî ïîðîøêà ìåíü-

Ðèñ. 6. ÑÝÌ (à)- è ÀÑÌ (b, c)-èçîáðàæåíèå ÷àñòèö ïîðîøêà, ñèíòåçèðîâàííîãî ïðè 24-÷àñîâîé âûäåðæêå (ñòðåëêàìè ïîêàçàíû:
1 — èçãèá ðîñòîâîé ñòóïåíè íà òâåðäîì âêëþ÷åíèè; 2 — ìåñòî âûõîäà âèíòîâîé äèñëîêàöèè è èñïóñêàåìàÿ äèñëîêàöèîííûì

èñòî÷íèêîì ðîñòîâàÿ ñòóïåíü)

Fig. 6. SEM (a)- and AFM (b, ñ)-image of sample, reaction time 24 h (marked by arrows: a — the growth stage bending at the solid inclusion;
2 — screw dislocation and emitted growth stage)

à b c
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øå âñåãî òâåðäûõ âêëþ÷åíèé è øåðîõîâàòîñòè â íàíîðàç-
ìåðíîì ìàñøòàáå. Êåðàìèêà, ïîëó÷åííàÿ ñïåêàíèåì òà-
êèõ ÷àñòèö, äîëæíà îáëàäàòü íàèáîëåå âûñîêèìè èîíî-
ïðîâîäÿùèìè ñâîéñòâàìè.

Èññëåäîâàíèÿ âûïîëíåíû íà îáîðóäîâàíèè ÖÊÏ «Ãåîíà-
óêà» (Èíñòèòóò ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ) ïðè ÷àñòè÷-
íîé ôèíàíñîâîé ïîääåðæêå ïðîãðàììû ÐÀÍ ¹ 15-18-5-45,
Ôîíäà ñîäåéñòâèÿ ðàçâèòèþ ìàëûõ ôîðì ïðåäïðèÿòèé â íà-
ó÷íî-òåõíè÷åñêîé ñôåðå (ïðîãðàììà «Óìíèê», äîãîâîð ¹ 6171
ÃÓ.2015); ãðàíòà ÐÔÔÈ ¹ 16-35-00017 ìîë_à. 
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Introduction

The method of discriminant analysis of protein amino acid
composition is widely used in biological, physiological, palae-
ontological and geochemical studies. For example, it allows to
determine the taxonomic membership of the classes of shells of
mollusk, brachiopods and bones of animals [11—13, 15], to
identify intergroup differences in biological fluids and patho-
genic minerals [1, 2], to determine affiliation to one of the mi-
crocommunities in hydrothermal systems [14].

Amino acids, found in sedimentary rocks, are not primary
components of protein. They are in the bound state and includ-
ed in the polymer components of organic matter or they form
stable organic mineral complexes [3]. Amino acids are one of
the most important indicators of the geochemical processes oc-
curring in sediments. They characterize the degree of polymer-
ization of fossil organic matter that is closely connected with
the processes of postsedimentary deposit transformation. Heat-
ing effects contribute to both decay of amino acids, especially
with a complex structure, and their formation due to the sec-
ondary synthesis.

ÓÄÊ  519.237:550.47

DISCRIMINANT ANALYSIS OF AMINO ACID COMPOSITION OF NATURAL CARBONACEOUS SUBSTANCES
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We conducted statistical estimation of difference in amino acid composition of natural carbonaceous materials, previously
divided on the basis of physical and chemical features into groups according to Uspensky classification, by discriminant analysis.
The samples of natural solid bitumens from a carbonization sequence (asphaltites — kerites — anthraxolites), natural graphites,
and carbon black samples were used as objects of the research. It was shown that the samples within each group had similar
amino acid composition and the correctness of an initial distribution of the samples into groups was confirmed. In addition, we
found individual samples, which had been incorrectly classified as a result of inaccurate physical-chemical diagnostics, and
also slightly different from the samples of their group by the geological and geochemical characteristics. This indicates possibility
of using discriminant analysis for the comparative grouping of natural carbonaceous substances by amino acid composition.

Keywords: discriminant analysis, discriminant variables, canonical discriminant functions, natural carbonaceous
substances, amino acids.

ÄÈÑÊÐÈÌÈÍÀÍÒÍÛÉ ÀÍÀËÈÇ ÀÌÈÍÎÊÈÑËÎÒÍÎÃÎ ÑÎÑÒÀÂÀ
ÏÐÈÐÎÄÍÛÕ ÓÃËÅÐÎÄÈÑÒÛÕ ÂÅÙÅÑÒÂ

Î. Å. Àìîñîâà, Å. À. Ãîëóáåâ, Ñ. Í. Øàíèíà

Èíñòèòóò ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ, Ñûêòûâêàð

Ìåòîäîì äèñêðèìèíàíòíîãî àíàëèçà (ÄÀ) ïðîâåäåíà ñòàòèñòè÷åñêàÿ îöåíêà ðàçëè÷èÿ àìèíîêèñëîòíîãî ñîñòàâà
ïðèðîäíûõ óãëåðîäèñòûõ âåùåñòâ (ÓÂ), ïðåäâàðèòåëüíî ðàçäåëåííûõ ïî ôèçèêî-õèìè÷åñêèì ïðèçíàêàì íà ãðóïïû â
ñîîòâåòñòâèè ñ êëàññèôèêàöèåé Óñïåíñêîãî. Îáúåêòàìè èññëåäîâàíèé ïîñëóæèëè îáðàçöû ïðèðîäíûõ òâåðäûõ áèòó-
ìîâ èç ðÿäà êàðáîíèçàöèè (àñôàëüòèòû — êåðèòû — àíòðàêñîëèòû), ïðèðîäíûå ãðàôèòû, à òàêæå îáðàçöû òåõíè÷åñêî-
ãî óãëåðîäà (ñàæè). ÄÀ â öåëîì ïîäòâåðäèë ïðàâèëüíîñòü ïåðâîíà÷àëüíîãî ðàñïðåäåëåíèÿ îáðàçöîâ ïî ãðóïïàì, óêà-
çàâ íà ñõîæåñòü àìèíîêèñëîòíîãî ñîñòàâà îáðàçöîâ â êàæäîé èç ãðóïï. Êðîìå òîãî, ñ ïîìîùüþ ÄÀ âûÿâëåíû åäèíè÷íûå
îáðàçöû, îøèáî÷íî îòíåñ¸ííûå íå ê ñâîåé ãðóïïå â ðåçóëüòàòå íåäîñòîâåðíîé ôèçèêî-õèìè÷åñêîé äèàãíîñòèêè, à òàê-
æå íåçíà÷èòåëüíî îòëè÷àþùèåñÿ îò îáðàçöîâ ñâîåé ãðóïïû ïî ãåîëîãî-ãåîõèìè÷åñêèì ïðèçíàêàì. Ýòî ñâèäåòåëüñòâó-
åò î âîçìîæíîñòè ïðèìåíåíèÿ òàêîãî àíàëèçà äëÿ ñðàâíèòåëüíîãî ãðóïïèðîâàíèÿ ïðèðîäíûõ ÓÂ.

Êëþ÷åâûå ñëîâà: äèñêðèìèíàíòíûé àíàëèç, äèñêðèìèíàíòíûå ïåðåìåííûå, êàíîíè÷åñêèå äèñêðèìèíàíòíûå ôóí-
êöèè, ïðèðîäíûå óãëåðîäèñòûå âåùåñòâà, àìèíîêèñëîòû.

Recently during our studies of amino acids in geological
objects we accumulated material on the amino acid composition
of different carbonaceous substances from asphaltites [8] to shun-
gites [9]. Previously we made statistical evaluation of the similar-
ity of the samples of shungites from various deposits by their amino
acid composition and identification of the impact of shungite
formation temperature on their amino acid composition [10].

The relevance of the studies of organic mineraloids is con-
ditioned by debatable questions of their origin, the main of which
is the problem of biogenesis or abiogenesis of initial substance,
as well as the need of evaluation of physical and chemical con-
ditions of formation.

The complex composition and structure hamper to study
of natural solid bitumen and majority of other natural organic
compounds. So we continued researches of the amino acid com-
position of solid bitumen by statistical analysis.

This work aims at the statistical estimation of differences in
the amino acid composition of natural carbonaceous substances
(CS) that a priori were separated into groups by physical and
chemical features according to Uspenskys classification [6].
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The objects of the researches were samples of natural solid
bitumens from the carbonization sequence (asphaltites (alber-
tite) — kerites (grahamite and impsonite) — anthraxolites), nat-
ural graphites, as well as samples of carbon black.

The tasks of the work were as follows:
(1) Establishing the most informative amino acids show-

ing the greatest (statistically significant) differences between the
groups of samples;

(2) Identification of statistically significant differences be-
tween groups of samples by several most informative amino ac-
ids simultaneously;

(3) Creation one or more of canonical discriminant func-
tions (hereinafter - discriminant functions) based on these amino
acids that best describe the differences in amino acid composi-
tion between CS groups and can be used for including new sam-
ples to one group or another.

Objects and methods

We selected 30 samples of natural carbonaceous substanc-
es, previously recognized and referred to certain types of organic
mineraloids and minerals, as well as two samples of carbon black.
The first and second groups included vein (samples 1—3) and
clastic (samples 4—12) asphaltites from Timan-Pechora prov-
ince and Eastern Siberia; the third (samples 13—15) — kerites
from Timan-Pechora province; the fourth (samples 16—20) —
the higher anthraxolites from Novaya Zemlya and Kazakhstan;
the fifth (samples 21—27) — shungites of type I from Karelia; the
sixth (samples 28—30) — coal graphite from Taimyr and Kare-
lia, and the seventh (samples 31—32) — carbon black from Sos-
nogorsk Gas Processing Plant.

The identification and determination of amino acids in the
samples were performed with the help of gas chromatograph
GC-17A (Shimadzu, capillary column Chirasil-L-Val). The
technique is described in [9].

The statistical analysis was carried out by the discriminant
analysis (DA) in STATISTICA 6.0 program. The discriminant
analysis of CS was conducted by the relative content of amino
acids used as discriminant variables. The statistical evaluation
was carried out for the level of significance p = 0.05.

Results and their discussion

At the first stage we checked the correctness of the initial
division of samples into seven groups by thirteen amino acids
(alanine (Ala), valine (Val), glycine (Gly), isoleucine (Ile), leu-
cine (Leu), aspartic acid (Asp), glutamic acid (Glu), threonine
(Tre), serine (Ser), phenylalanine (Phe), tyrosine (Tyr), pro-
line (Pro), lysine (Lys)). On the basis of classification functions*,
which are linear combinations of relative compositions of ami-
no acids, it was determined that all the samples were initially
classified correctly.

To identify informative amino acids, making the most sig-
nificant contribution to the distinction between samples from
different groups, we carried out DA by two methods: stepwise
with inclusion; stepwise with exclusion [4]. As criteria of in-
formative amino acid selection we used Wilks lambda statistics.
The highest percentage of correct classification of samples
(97 %) was obtained by stepwise with exclusion. Eight most in-
formative amino acids — Ala, Asp, Tyr, Gly, Leu, Phe, Val, Ile

was revealed by this method. The sets of samples from different
groups differ statistically significantly by content of these ami-
no acids. Six discriminant functions were calculated by these
amino acids.

The number of discriminant functions, that significantly
describe differences between the groups, was determined on the
basis of their eigenvalues; relative percentage content of discri-
minant functions (i.e. percentage of explained dispersion); ca-
nonical correlation coefficient; and with the help of the test of
significance of residual discriminantability of the system con-
ducted using the Wilks lambda statistics and chi-square test
(Table. 1, 2).

The value of eigenvalue and the relative percentage con-
tent are connected with discriminating abilities of the function:
the larger they are, the greater is the discrimination. All discri-
minant functions do not necessarily provide a clear discrimina-
tion, but their positions are determined in accordance with their
individual discriminant abilities. In our case, the first function
with eigenvalue 10.6 provides the best discrimination, the sec-
ond function (4.9) provides a maximal discrimination after the
first function, etc. Similarly, if we consider relative percentage
contents, it can be seen (Table 1) that the first function con-
tains 51.87 % of the total discriminant abilities, the second —
23.99%, etc. For each subsequent function, this percentage de-
creases. The last functions are as weak, compared to the first
ones, that they does not necessarily introduced a significant
contribute to the definition of the differences between the
groups.

The published results of DA showed that the feasibility of
using discriminant functions for distinguishing objects can be
best evaluated by the value of canonical correlation coefficient
[4], which is a measure of the bond (the degree of dependence)
between the groups and the discriminant function. If this coef-
ficient is small, the discriminant function can be omitted for
interpretation.

The coefficient of canonical correlation (Table 1) of the
first four discriminant functions has values close to one; it is
particularly high for the first two functions, which indicates to
a strong dependence between the groups and the first two dis-
criminant functions. The fifth and sixth functions possess rela-
tively weaker relation with the groups. Based on the values of
the canonical correlation coefficient, we can say that the groups
are clearly different by the studied variables (i.e. relative con-
tents Ala, Val, Gly, Ile, Leu, Asp, Phe, Tyr), otherwise all cor-
relations could have small values. Evaluating relative percent-
age content and canonical correlations it is possible to deter-
mine how many and what discriminant functions are signifi-
cant in determining differences between the groups.

Another criterion, to determine the number of discriminant
functions, needed to determine differences between the groups,
is to test the statistical significance of the residual discriminant
ability of the system (discriminant functions) before calculating
next discriminant function. Eight used discriminant variables are
very effectively involved in distinguishing between the groups
(Table 2). Wilks lambda close to zero (for k = 0) at significance
level p < 0.05 indicates that there are significant differences be-
tween the groups yet before calculating of any of the discrimi-
nant functions. Therefore, it can be noted that the results have

Footnote:
* classification function — a linear combination of discriminant variables that maximizes differences between groups, but minimizes

dispersion within the groups. For each group its classifying function is determined. Object is classified in the group in which it had the highest
value of classification function.
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Table 1
The values and significance measures of discriminant functions (DF)

Òàáëèöà 1

Ñîáñòâåííûå çíà÷åíèÿ è ìåðû çíà÷èìîñòè äèñêðèìèíàíòíûõ ôóíêöèé (ÄÔ)

Table 2
Values of Wilks lambda statistics and chi-square test with subsequent excluded discriminant functions

Òàáëèöà 2
Çíà÷åíèÿ ñòàòèñòèêè ëÿìáäà Óèëêñà è êðèòåðèÿ Õè-êâàäðàò ñ ïîñëåäóþùèìè èñêëþ÷¸ííûìè äèñêðèìèíàíòíûìè ôóíêöèÿìè

Note. k — number of subsequently excluded discriminant functions beginning with one.

Ïðèìå÷àíèå. k — êîëè÷åñòâî ïîñëåäîâàòåëüíî èñêëþ÷¸ííûõ äèñêðèìèíàíòíûõ ôóíêöèé, íà÷èíàÿ ñ ïåðâîé.

been obtained for the samples from the general set with differ-
ences between the groups. After excluding five discriminant func-
tions (Table 2) the level of residual discriminant capacity is low
(the value of Wilks lambda is close to one, the significance level
p = 0.075). Consequently, the first five discriminant functions are
statistically significant (as a whole as the system of functions).
The remaining sixth discriminant function is statistically insig-
nificant, so this function can be omitted.

Using the discriminant functions as a system, we can re-
duce the information, necessary for the discrimination of the
groups, to the smallest number of dimensions, at which the sig-
nificance of the discrimination is sufficient and the discrimina-
tion is correct. In the course of our analysis the dimension of
the information space, needed to separate the samples into

groups, decreased from original thirteen discriminant variables
to eight most informative variables and further to five discrimi-
nant functions.

Now let us determine the relative contribution of individual
discriminant variable in the value of each discriminant function.
To do this the coefficients should be presented in a standard for-
mat (Table 3). The standardized coefficients are used to identify
the variables that contribute to the value of the discriminant func-
tion. The larger the absolute value of the standardized coefficient
of the variable, the greater the contribution of this variable to the
value of the discriminant function.

The maximum contribution to the first discriminant func-
tion is made by the variables Ala and Gly, the following in signif-
icance contribution is introduced by Asp. All other variables are

Table 3
Standardized coefficients of discriminant functions

Òàáëèöà 3

Ñòàíäàðòèçîâàííûå êîýôôèöèåíòû äèñêðèìèíàíòíûõ ôóíêöèé
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much less significant. For the second discriminant function three
of the eight variables (Ile, Asp, Val) have relatively large stand-
ardized coefficients, so they introduce about the same contribu-
tion to its value. All other variables are compared to them are
secondary. Phe, and Leu are dominant variables for the third dis-
criminant function. But Ala and Ile, which contribute substan-
tially to the first and second discriminant function, on the con-
trary, do not provide a meaningful contribution to the third dis-
criminant function. Fourth discriminant function is marked by a
great contribution of Asp, Tyr, and the fifth — Phe, all other var-
iables are secondary importance.

To determine the closeness of the connection between the
individual discriminant variables and discriminant functions,
we will consider their correlation (its coefficients are termed
complete structural coefficients). At a large absolute value of
the coefficient all the information about the discriminant func-
tion is contained in the variable.

The first discriminant function (Table 4) is most closely
associated with Ala and Gly, the second — with Val, Leu, Asp,
the third — with Leu, Asp, Phe, Tyr, the fourth — with Asp,
Tyr, the fifth — with Phe, Leu, Ile. Note that the discriminant
functions 2, 3 and 4 do not have dominant (large) coefficients.
At that the variables that contribute most to the values of the
corresponding discriminant functions (Table 3) are generally
most closely associated with these functions (Table 4).

Table 5 shows average values of the discriminant functions
for each group of samples. Pairwise differences of these values
for each function allow determining groups that are the best
differentiated by this discriminant function. Figurative points
on Figure 1 show geometrical arrangement of the samples rela-

tively to each other at coordinate planes of some pairs of discri-
minant functions.

Table 5 shows that the discriminant function 1 discriminates
mainly kerites and soot (Groups 3 and 7), as its average values for
these groups are significantly different from each other and from
the average values of other groups. Figure 1a shows that the sam-
ples of the seventh group are well differentiated from the samples
of other six groups by the first discriminant function. The sam-
ples of the third group are different from the samples of other
groups, although not as much as the seventh group of samples.
The samples of other five groups do not differ so clearly by the
first discriminant function. By discriminant function 2 samples
of asphaltites (group 2) are significantly different from the sam-
ples of other groups, most strongly - from the samples of higher
anthraxolites (group 4). The discriminant function 3 most strongly
distinguishes kerites from higher anthraxolites (groups 3 and 4).
Unlike the discriminant functions 1 and 2, it discriminates as-
phaltites from shungites (groups 1 and 5) (Fig. 1, b). It can be
also used as auxiliary to the discriminant function 1 for separat-
ing kerites from shungites (groups 3 and 5). The discriminant func-
tion 4 well discriminates coal graphites (group 6) from other groups,
especially from asphaltites (group 1), a bit worse from higher an-
thraxolites (group 4), well from shungites (group 5) (Fig. 1, c). It
can be also used as auxiliary to the discriminant function 1 for dis-
crimination of kerites from coal graphite (groups 3 and 6). The
discriminant function 5 well discriminates asphaltites from kerites
(groups 1 and 3) and can be used as auxiliary to discriminant func-
tion 1 for this discrimination. It also discriminates shungites from
coal graphites (groups 5 and 6). Therefore, it can be used as auxil-
iary to discriminant function 4 for distinction of these groups.

Table 4
Complete structural coefficients

Òàáëèöà 4
Ïîëíûå ñòðóêòóðíûå êîýôôèöèåíòû

Table 5
Average values of discriminant functions for groups

Òàáëèöà 5
Ñðåäíèå çíà÷åíèÿ äèñêðèìèíàíòíûõ ôóíêöèé ïî ãðóïïàì
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Together five statistically significant discriminant functions
well discriminate the seven groups of samples. Using these five
discriminant functions allows unambiguously classifying new
(previously ungrouped) samples.

In general, the informativeness of discriminant variables
and efficiency of discriminant functions to interpret differenc-
es between groups are assessed by the percentage of correctly
recognized (classified) samples. The classification* can be used
with respect to the unknown objects to predict their affiliation
to certain groups, and to verify the accuracy of the classifica-
tion procedures in relation to the known objects [4]. The pro-
portion of correctly classified objects testifies to the accuracy of
classification* procedure.

The classification of the samples can be carried out by:
classification functions, Mahalanobis distances squares, a pos-
teriori probabilities of affiliation of samples to a group, which
are calculated with the help of Mahalanobis distances squares.

The classification procedure uses discriminant variables
themselves and/or discriminant functions. The classification
procedure resulted in that only one sample (from the first group)
was allocated to the other group (Table 6): a posteriori proba-
bility 0.49 for shungites (the fifth group), whereas for vein as-
phaltites (the first group) it is equal to 0.15. Although all other
samples were classified by the program in accordance with the
original partition into groups, low or not very high values of a a
posteriori probability of some samples raise doubt in the cor-
rectness of the original classification, or point to individual phys-
ical-chemical or geological features of these samples. Thus, for
sample 12 (clastic asphaltite, Eastern Siberia), a posteriori prob-
ability of affiliation to the given group 2 (clastic asphaltites) is
0.55, and to group 5 (shungites) — 0.42. A posteriori probabil-
ities of affiliation to the given group of samples 16 (higher an-
thraxolite, Novaya Zemlya) from group 4 and sample 23 (shun-
gite I, Nigozero) from group 5 are not high (0.65) compared to
those for other samples from these groups.

Then we carried out classification with the help of five sta-
tistically significant discriminant functions. The obtained results
were more accurate, because the impact of fluctuations was re-
duced [4]. It was established that all samples were correctly clas-
sified (Table 7). The results of the classification and the values of
a posteriori probabilities of affiliation to a group, obtained by the
discriminant functions and initial discriminant variables, were
almost identical: the same samples (1, 12, 16, 23) had low or not
very high values of a posteriori probabilities of affiliation to a pre-
determined group.  Although the first sample was referred to the
first group, but the probability of affiliation was low — 0.35.

Explanation of such results lies in the geological and geo-
chemical characteristics of these samples. Sample 12 (Eastern
Siberia), previously recognized as clastic asphaltite, was select-
ed from a piece of bitumen with a heterogeneous phase con-
tent, which was a mixture of asphaltites and lower kerite and
possibly higher kerite. This heterogeneity results in ambiguity
of physical and chemical diagnostics of the sample and, accord-
ingly, its affiliation to this or the other group of solid bitumen.
Sample 16 (anthraxolite from Pavlovskoe deposit, Novaya
Zemlya) is different from other anthraxolites samples (group 4)
by the lowest degree of metamorphism [5]. If other anthraxo-

Fig. 1. Location of samples in the planes defined by the discriminant
function 1 and 2 (a), 1 and 3 (b), 1 and 4 (c). Inset (b) shows the
location of the samples of groups 1 and 5. Figure (c) shows the
arrangement of samples only for groups 4, 5 and 6. The dashed line

separates groups for discriminant function 4

Ðèñ. 1. Ðàñïîëîæåíèå îáðàçöîâ íà ïëîñêîñòÿõ, çàäàâàåìûõ äèñ-
êðèìèíàíòíûìè ôóíêöèÿìè 1 è 2 (à), 1 è 3 (b), 1 è 4 (c). Íà
âðåçêå (b) ïîêàçàíî ðàñïîëîæåíèå îáðàçöîâ ãðóïï 1 è 5. Íà ðèñ.
(c) ïðèâåäåíî ðàñïîëîæåíèå îáðàçöîâ òîëüêî äëÿ ãðóïï 4, 5 è 6.
Ïóíêòèðíûå ëèíèè ðàçäåëÿþò ãðóïïû ïî äèñêðèìèíàíòíîé

ôóíêöèè 4

Footnote:
*Classification — a process that helps the researcher to make a

decision: the specified object «belongs to» or «very much like on» the
group (class). The decision is made on the basis of information
contained in the discriminant variables.
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lites from this group belong to the class of higher anthraxolites,
then this sample is closer to the average anthraxolites. Sample
23 (shungite I from Nigozero), in contrast to the primary mi-
gration shungites (samples 21, 22, 24—27), refers to redeposit-
ed shungites, which organic matter was buried as clots in coast-
al shallow water zone, and then during tectonic processes trans-
ferred as part of tuffaceous detrital materials [7]. This resulted
in significantly greater contamination by mineral impurities of
this shungite compared to others.

Conclusion

1. The dimension of the information space, needed to dis-
criminate samples into groups, by the multivariate statistical
analysis, decreased from original thirteen discriminant varia-
bles (amino acids) to eight (the most informative discriminant
variables) and then to five discriminant functions, the number

Table 6
Classification of samples by means of a posteriori probability

Òàáëèöà 6
Êëàññèôèêàöèÿ îáðàçöîâ ñ ïîìîùüþ àïîñòåðèîðíûõ âåðîÿòíîñòåé

Notes. *p — a posteriori probabilities of affiliation of samples to groups, proportional to size of groups, ** — incorrect classifications

Ïðèìå÷àíèÿ. *p — àïðèîðíûå âåðîÿòíîñòè ïðèíàäëåæíîñòè îáðàçöîâ ê ãðóïïàì, ïðîïîðöèîíàëüíûå ðàçìåðàì ãðóïï,
** — íåïðàâèëüíûå êëàññèôèêàöèè.

of which was established with the help of such characteristics as
canonical correlation coefficient, test of significance of residu-
al discriminant capacity of system.

2. Using standardized coefficients and complete structur-
al coefficients we determined the most significant discriminant
variables (no more than three amino acids) for each discrimi-
nant function. Herewith the set of discriminant variables is in-
dividual for each discriminant function. Each of them allows
significantly discriminating two or more groups of natural car-
bonaceous substances.

3. The results of the classification and values of a poste-
riori probabilities of group membership, obtained by canon-
ical discriminant functions and initial discriminant variables,
are similar. Further statistically significant discriminant func-
tions can be used for a more accurate (compared to discri-
minant variables) grouping of new (previously ungrouped)
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Table 7
Classification of samples by a posteriori probability in the space of two statistically significant discriminant functions

Òàáëèöà 7
Êëàññèôèêàöèÿ îáðàçöîâ ïî àïîñòåðèîðíûì âåðîÿòíîñòÿì â ïðîñòðàíñòâå ïÿòè ñòàòèñòè÷åñêè çíà÷èìûõ

äèñêðèìèíàíòíûõ ôóíêöèé

samples, because their use reduces influence of random fluc-
tuations.

4. The multivariate statistical analysis of amino acid com-
position of natural hydrocarbons can find samples, wrongly
related to other group as a result of unreliable physical and
chemical diagnostics, and also determines samples different
from the samples of their group by geological and geochemi-
cal characteristics. This indicates the possibility of applying
such an analysis for comparative grouping of natural hydro-
carbons.

The researches were carried out with the partial support of
the Program of Fundamental Researches, UB RAS No. 15-18-5-
5, the amino acid composition was determined by analytical equip-
ment of CCU Geoscience Institute of geology KomiSC UB RAS.
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2-ÿ Åâðîïåéñêàÿ ìèíåðàëîãè÷åñêàÿ êîíôåðåíöèÿ
(ÅÌÊ-2016) ïðîõîäèëà â ã. Ðèìèíè (Èòàëèÿ) ñ 11 ïî 15 ñåí-
òÿáðÿ 2016 ã. Â ðàáîòå êîíôåðåíöèè ïðèíÿëî ó÷àñòèå îêî-
ëî 1000 ó÷åíûõ ñî âñåãî ìèðà. Îò Èíñòèòóòà ãåîëîãèè â
êîíôåðåíöèè ó÷àñòâîâàëè äèðåêòîð Èíñòèòóòà àêàäåìèê
À. Ì. Àñõàáîâ è ä. ã.-ì. í. Å. À. Ãîëóáåâ. Îðãàíèçàòîðîì
ïðîâåäåíèÿ êîíôåðåíöèè âûñòóïèëî Èòàëüÿíñêîå îáùå-
ñòâî ìèíåðàëîãèè è ïåòðîëîãèè (SIMP). Äëÿ ïðîâåäåíèÿ
ñîâåùàíèÿ áûë âûáðàí ìåæäóíàðîäíûé êîíãðåññ-öåíòð
Palacongressi of Rimini, ñïîñîáíûé îáñëóæèâàòü ñîâåùà-
íèÿ ñ ó÷àñòèåì òûñÿ÷è è áîëåå ÷åëîâåê. Ïðèìåðíî ñòîëüêî
è ïðèíèìàëî ó÷àñòèå â êîíôåðåíöèè (áîëåå òî÷íûå öèô-
ðû, äîñòóïíûå òîëüêî îðãàíèçàòîðàì, íå áûëè îçâó÷åíû).
Ãåîãðàôèÿ ó÷àñòíèêîâ óæå òðàäèöèîííî íå îãðàíè÷èëàñü
Åâðîïîé, íà êîíôåðåíöèþ ñúåõàëèñü ó÷åíûå ñî âñåõ êîí-
òèíåíòîâ (êðîìå Àíòàðêòèäû). Äåâèç êîíôåðåíöèè:
«Minerals, rocks and fluids: alphabet and words of planet Earth»
(Ìèíåðàëû, ãîðíûå ïîðîäû è ôëþèäû: àëôàâèò è ñëîâà
ïëàíåòû Çåìëÿ) ïðèçâàë ó÷àñòíèêîâ, ñëåäóÿ îò ïðîñòîãî ê

The 2nd European mineralogical conference (EMK-2016) was held in Rimini, Italy, from the 11th to the 15th of September,
2016. About 1000 scientists from the whole world participated in the conference. The director of the Institute Academician
A. M. Askhabov and DSc E. A. Golubev took part in the conference on behalf of the Institute of geology.

ÊÎÍÔÅÐÅÍÖÈß ÌÈÍÅÐÀËÎÃÎÂ Â ÐÈÌÈÍÈ • CONFERENCE OF MINERALOGISTS IN RIMINI

Õðîíèêà, ñîáûòèÿ, ôàêòû • Chronicle, events, facts

Ìåæäóíàðîäíûå êîíãðåññû ïî îáîãàùåíèþ óãëÿ íà-
÷àëè ïðîâîäèòü â Åâðîïå. Îñíîâíàÿ öåëü êîíãðåññîâ —
îêàçàíèå ïîìîùè åâðîïåéñêîé óãîëüíîé ïðîìûøëåííî-
ñòè  ïîñëå Âòîðîé ìèðîâîé âîéíû. 1-é êîíãðåññ ïî îáîãà-
ùåíèþ óãëÿ ñîñòîÿëñÿ â Ïàðèæå ïî èíèöèàòèâå Cerchar.
Çàòåì êîíãðåññ ïðîâîäèëè íà âñåõ ïÿòè êîíòèíåíòàõ, â
ñòðàíàõ ñ ðàçâèòîé óãîëüíîé ïðîìûøëåííîñòüþ.

ÕVIII Ìåæäóíàðîäíûé êîíãðåññ ïî îáîãàùåíèþ óãëÿ
ïðîõîäèë â Ñàíêò-Ïåòåðáóðãå 28 èþíÿ — 1 èþëÿ 2016 ã. ñ
öåëüþ îöåíêè ïåðñïåêòèâ ïðîèçâîäñòâà èííîâàöèîííûõ
ïðîäóêòîâ çà ñ÷¸ò ïåðåðàáîòêè óãëÿ, à òàêæå âûðàáîòêè áèç-
íåñ-ñòðàòåãèé, íàïðàâëåííûõ íà ïîâûøåíèå ýôôåêòèâíî-
ñòè ðàáîòû îòðàñëè. Â êîíãðåññå ïðèíÿëè ó÷àñòèå 900 ðîñ-
ñèéñêèõ è 400 èíîñòðàííûõ äåëåãàòîâ — ó÷åíûå, ïðåäñòà-
âèòåëè ïðîôèëüíûõ ïðåäïðèÿòèé, ìèíèñòåðñòâ è âåäîìñòâ
èç 25 ñòðàí ìèðà (Êèòàÿ, Èíäèè, Âåëèêîáðèòàíèè,
Ïîëüøè, Ãåðìàíèè, ÑØÀ, Àâñòðàëèè, ÞÀÐ è äðóãèõ). 

Â ðàìêàõ êîíãðåññà ðàáîòàëè ñëåäóþùèå ñåêöèè: «Ñû-
ðüåâàÿ áàçà óãîëüíîé ïðîìûøëåííîñòè», «Ïðîåêòèðîâàíèå
óãëåîáîãàòèòåëüíûõ ôàáðèê», «Ìåòîäû ãðàâèòàöèîííîãî
îáîãàùåíèÿ», «Ôëîòàöèÿ», «Òåõíîëîãèè ãëóáîêîé ïåðåðà-
áîòêè óãëÿ», «Îáåçâîæèâàíèå, ñóøêà è áðèêåòèðîâàíèå
óãëÿ», «Êîíòðîëü êà÷åñòâà, àâòîìàòèçàöèÿ è èíôîðìàöè-
îííûå òåõíîëîãèè â óãëåîáîãàùåíèè», «Äðîáëåíèå, èçìåëü-

ÕVIII ÌÅÆÄÓÍÀÐÎÄÍÛÉ ÊÎÍÃÐÅÑÑ ÏÎ ÎÁÎÃÀÙÅÍÈÞ ÓÃËß • ÕVIII INTERNATIONAL COAL PREPARATION CONGRESS

International coal preparation congresses started in Europe. The 1st Coal Preparation Congress took place in Paris initiated
by Cerchar. The main objective of the congresses is to assist European coal industry after World War II. Then the congress was
held in all five continents, in coal industry developed countries. The 18thInternational Coal Preparation Congress took place in
St. Petersburg from 28th of June to 1st of July, 2016, to assess the prospects for the production of innovative products from
preparation of coal, as well as the development of business strategies aimed at increasing efficiency of the coal industry. The
19th Coal Preparation Congress will be held in New Delhi (India) in 2019.

÷åíèå, ïðîñåèâàíèå è êëàññèôèêàöèÿ», «Èññëåäîâàíèå, ïå-
ðåðàáîòêà è îáîãàùåíèå óãîëüíûõ øëàìîâ», «Ñóõàÿ ñåïà-
ðàöèÿ óãëÿ», «Çàùèòà îêðóæàþùåé ñðåäû». Áûëà îðãàíè-
çîâàíà ìîëîä¸æíàÿ ñåêöèÿ, ïðåäñòàâëåíî 34 äîêëàäà. Ìî-
ëîäûå ó÷¸íûå áûëè îñâîáîæäåíû îò ðåãèñòðàöèîííîãî
âçíîñà è îïëàòû ïðîæèâàíèÿ. Â ðàìêàõ ôîðóìà òàêæå ïðî-
ø¸ë êðóãëûé ñòîë, ïîñâÿù¸ííûé çàêîíîäàòåëüíîìó è íîð-
ìàòèâíîìó îáåñïå÷åíèþ ñèñòåìû ïðîôåññèîíàëüíî-îáùå-
ñòâåííîé àêêðåäèòàöèè ïðîãðàìì ïîâûøåíèÿ êâàëèôèêà-
öèè è ïðîôåññèîíàëüíîé ïîäãîòîâêè èíæåíåðíûõ êàäðîâ.
Âñåãî íà çàñåäàíèÿõ çàñëóøàíî 160 äîêëàäîâ, èõ îáùèé óðî-
âåíü ïðèçíàí âåñüìà âûñîêèì.Ðàáîòàëà âûñòàâêà óãëåîáî-
ãàòèòåëüíîãî îáîðóäîâàíèÿ. Ñâîè ðàçðàáîòêè íà íåé ïðåä-
ñòàâèëè êðóïíåéøèå ïðîôèëüíûå êîðïîðàöèè ìèðà.

Îñíîâíàÿ öåëü êîíãðåññà — îöåíêà ïåðñïåêòèâ ïðî-
èçâîäñòâà èííîâàöèîííûõ ïðîäóêòîâ çà ñ÷¸ò ïåðåðàáîò-
êè óãëÿ, à òàêæå âûðàáîòêà áèçíåñ-ñòðàòåãèé, íàïðàâëåí-
íûõ íà ïîâûøåíèå ýôôåêòèâíîñòè ðàáîòû îòðàñëè.

Íà öåðåìîíèè çàêðûòèÿ ôîðóìà â ÌÔÊ «Ãîðíûé»
ðåêòîð Âëàäèìèð Ëèòâèíåíêî ïåðåäàë ýñòàôåòó Ðàäæó Êó-
ìàðó Ñà÷äåâó, ïðåäñåäàòåëþ ÕIÕ Êîíãðåññà ïî îáîãàùå-
íèþ óãëÿ. Ñëåäóþùèé êîíãðåññ ïðîéäåò â 2019 ãîäó â Íüþ-
Äåëè (Èíäèÿ).

Ä. ã.-ì. í. Î. Êîòîâà

Ïðåäñòàâèòåëè îò Èíñòèòóòà ãåîëîãèè ä. ã.-ì. í. Å. A. Ãîëóáåâ
è àêàäåìèê À. M. Àñõàáîâ

Representatives from the Institute of Geology DSc E. A.  Golubev
and Academician A. M. Askhabov
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ñëîæíîìó, ðàñêðûâàòü ìèíåðàëîãè÷åñêèå òàéíû ïëàíåòû
Çåìëÿ.

Íàó÷íàÿ ïðîãðàììà êîíôåðåíöèè âêëþ÷àëà îêîëî
450 óñòíûõ ñîîáùåíèé, â òîì ÷èñëå ïëåíàðíûå äîêëàäû,
è ïðèìåðíî ñòîëüêî æå ñòåíäîâ. Äîêëàäû áûëè ðàñïðåäå-
ëåíû ïî 28 ñåêöèÿì, ñòðóêòóðèðîâàâøèì òåìàòèêó êîí-
ôåðåíöèè ïî ñëåäóþùèì íàïðàâëåíèÿì: S1 — Àëìàçû: îò-
êðûòûå îêíà â ìàíòèþ Çåìëè; S2 — Ýâîëþöèÿ ìàíòèè Çåì-
ëè è ïðèìèòèâíûé ìàãìàòèçì âî âðåìåíè; S3 — Ëåòó÷èå
ýëåìåíòû â ãëóáèíàõ Çåìëè: íàêîïëåíèå, ìîáèëüíîñòü è
ïîñëåäñòâèÿ; S4 — Ôëþèäû â çåìíîé êîðå; S5 — Ôëþèäû
è ðàñïëàâû â ñóáäóêöèîííîé ïëàâèëüíå: ãåíåçèñ è ïîñëåä-
ñòâèÿ; S6 — Ìåòàìîðôèçì, êîðîâûå ðàñïëàâû è ãðàíèò-
íûå ìàãìû: îò ñòàðòà äî îñòàíîâêè è îò âêëþ÷åíèÿ ê èíò-
ðóçèè; S7 — Îò ãëóáèííûõ ìàãìàòè÷åñêèõ ïðîöåññîâ äî
èçâåðæåíèÿ âóëêàíà; S8 — Äèôôóçèÿ è äåôîðìàöèè ïðè
âûñîêîé òåìïåðàòóðå â ìèíåðàëàõ; S9 — Âêëþ÷åíèÿ â ìè-
íåðàëàõ êàê ëåòîïèñü ãåîëîãè÷åñêèõ ïðîöåññîâ: íîâûå
ìåòîäû àíàëèçà è ïðèìåíåíèÿ; S10 — Êèíåòèêà ìèíåðàëü-
íûõ ðåàêöèé: ìèêðîñòðóêòóðû, òåêñòóðû, õèìè÷åñêèå è
èçîòîïíûå ïîäïèñè; S11 — Ïðî÷òåíèå è ïîíèìàíèå ìåòà-
ìîðôè÷åñêèõ ïîðîä; S12 — Ãëèíû, öåîëèòû è íàíîñòðóê-
òóðíûå ìèíåðàëû: îò ìèíåðàëîãèè ê ïðèëîæåíèÿì â ïðî-
ìûøëåííîñòè è îõðàíå îêðóæàþùåé ñðåäû; S13 — Ïðî-
øëîå è íàñòîÿùåå ãåîìàòåðèàëîâ, èñïîëüçóåìûõ â ïðî-

Ñôåðà èç ãîðíîé ïîðîäû. Ïðè âèçóàëüíîì èçó÷åíèè áûëè
äèàãíîñòèðîâàíû ðóáèíû, õðîìøïèíåëèäû è äð.

Rock sphere. Our visual studies diagnosed ruby, chromespinelides
and others

Ìîñò, ñòîÿ íà êîòîðîì Þëèé Öåçàðü ïðèíÿë ðåøåíèå
ïåðåéòè Ðóáèêîí (ñîñåäíþþ ðå÷êó)

The bridge, on which Julius Caesar decided to cross the Rubicon
(nearby river)

ðîâüÿ ÷åëîâåêà, ñâÿçàííàÿ ñ ïåðåðàáîòêîé ñûðüÿ è ïðè-
ñóòñòâèåì ìèíåðàëîâ â îðãàíèçìå ÷åëîâåêà; S27 — Ìèíå-
ðàëîãè÷åñêèå íàóêè äëÿ ïîíèìàíèÿ êóëüòóðíîãî íàñëåäèÿ;
S28 — Ìóçåè è ïðåïîäàâàíèå ìèíåðàëîãè÷åñêèõ íàóê äëÿ
íîâûõ ïîêîëåíèé.

Çäåñü âèäåí î÷åíü øèðîêèé îõâàò ïðîáëåì, ñâÿçàííûõ
íå òîëüêî íåïîñðåäñòâåííî ñ ìèíåðàëîãèåé, íî è ñ ïðîìûø-
ëåííîñòüþ è îêðóæàþùåé ñðåäîé, à òàêæå ñ ÷åëîâåêîì.

Áîëüøîé èíòåðåñ âñåãäà âûçûâàëè ãåîëîãè÷åñêèå ïðî-
öåññû, êîòîðûå âûíîñÿò íà ïîâåðõíîñòü Çåìëè ìàòåðèàëû
ñ ãëóáèí, íàïðèìåð ìåòàìîðôè÷åñêèå ïîðîäû â ãîðíûõ
õðåáòàõ, êîòîðûå ìîãëè áûòü ïîäíÿòû â õîäå ãîðîîáðàçîâà-
íèÿ ñ ãëóáèí îêîëî 100 êì, îáðàçöû èç ìàíòèè, êîòîðûå
ìîãëè áûòü ïåðåíåñåíû ìàãìîé. Âêëþ÷åíèÿ â ïðèðîäíûõ
àëìàçàõ, ñàìîì óñòîé÷èâîì ìàòåðèàëå, ìîãóò ñîõðàíèòüñÿ
ïðè ïîäúåìå ñ åùå áîëüøèõ ãëóáèí. Â ñîîòâåòñòâèè ñ ýòèì
ïåðâàÿ ñåêöèÿ áûëà íàçâàíà «Àëìàçû — îòêðûòîå îêíî â
ìàíòèþ Çåìëè». Ïðàêòè÷åñêè âñå äîêëàäû çäåñü áûëè ïî-
ñòðîåíû íà ðåçóëüòàòàõ èçó÷åíèÿ âêëþ÷åíèé â àëìàçàõ, è
òîëüêî äâà äîêëàäà â êà÷åñòâå ýòîãî îêíà ïðåäëîæèëè ðàñ-
ñìàòðèâàòü èõ ñòðóêòóðíûå òðàíñôîðìàöèè. Ýòî àíãëî-èòà-
ëüÿíñêèé äîêëàä À. Äæîíñà, Ì. Àëüâàðî è Ô. Íåñòîëû ñ
èíòðèãóþùèì íàçâàíèåì «Àëìàçû: ïîñëàííèêè èç ãëóáèí
êîñìîñà è èç ãëóáèí âðåìåíè è ñòàðøå, ÷åì Çåìëÿ?». Õîòÿ,
ñîáñòâåííî, äîêëàä áûë ïîñâÿùåí èçó÷åíèþ íàíîðàçìåð-
íûõ äåôîðìàöèé â ñòðóêòóðå àëìàçà (íàïðèìåð, ãåêñàãî-
íàëüíîìó îòêëîíåíèþ îò êóáè÷åñêîé ñèììåòðèè, êîòîðîå
îáû÷íî íàçûâàþò ëîíñäåéëèòîâîé ôàçîé), âûçâàííûõ
ìãíîâåííûìè íàïðÿæåíèÿìè êàê ñëåäàìè âîçäåéñòâèÿ ìå-
òåîðèòîâ è/èëè ïëàíåòàðíûõ òåë, íà ïðèìåðå àëìàçîâ èç
Ïîïèãàéñêîé àñòðîáëåìû è îáðàçöîâ, ïîëó÷åííûõ ïóòåì
ýêñïåðèìåíòàëüíîãî âîñïðîèçâåäåíèÿ óäàðíûõ óñëîâèé.
Èçâåñòíî, ÷òî ëîíñäåéëèòîâàÿ ôàçà îáðàçóåòñÿ óæå ïðè
óäàðíîì âîçäåéñòâèè ñ äàâëåíèåì 60 ÃÏà è ÷òî ñîñóùåñòâî-
âàíèå ãåêñàãîíàëüíîé è êóáè÷åñêîé àëìàçíûõ ôàç â èìïàê-
òíûõ àëìàçàõ îáúÿñíÿåòñÿ ðàçóïîðÿäî÷åíèåì ñëîåâ (ïàêå-
òîâ). Àâòîðàìè äîêëàäà ïðåäëîæåí ïóòü ôîðìèðîâàíèÿ ñìå-
øàííîé êóáè÷åñêî-ãåêñàãîíàëüíîé ôàçû óãëåðîäà, îáúÿñ-
íÿþùèé áûñòðîå îáðàçîâàíèå ïðè óäàðíîì âîçäåéñòâèè êàê
ëîíñäåéëèòà, òàê è èìïàêòíîãî àëìàçà. Ñîîáùàåòñÿ î ïî-
ëó÷åíèè ÷èñòîãî ëîíñäåéëèòà â õîäå óäàðíûõ ýêñïåðèìåí-
òîâ, êîòîðûå â òå÷åíèå íåñêîëüêèõ íàíîñåêóíä ïðèáëèæà-

ìûøëåííûõ ïðîöåññàõ è äåÿòåëüíîñòè ÷åëîâåêà; S14 —
Äîñòèæåíèÿ â îáëàñòè âû÷èñëèòåëüíîé è ýêñïåðèìåíòàëü-
íîé ìèíåðàëîãèè: ïóòåøåñòâèå îò ïîâåðõíîñòè äî ãëóáèí
Çåìëè è çà åå ïðåäåëû; S15 — Ñòðóêòóðíîå ïîâåäåíèå è
ýíåðãåòè÷åñêèå ñâîéñòâà ìèíåðàëîâ; S16 — Íîâûå ìèíå-
ðàëû, ñòðóêòóðíûå ìîäåëè è ìèíåðàëüíûå ãðóïïû; S17 —
Ìèíåðàëüíîå ðàçíîîáðàçèå, ñëîæíîñòü è ýâîëþöèÿ; S18
— Ïëàíåòàðíûå ìàòåðèàëû: îò ïûëè äî ïëàíåò è ðàííåé
Çåìëè; S19 — Äðàãîöåííûå ìàòåðèàëû; S20 — Âûñîêîòåõ-
íîëîãè÷íûå ìåòàëëè÷åñêèå ìèíåðàëû â Åâðîïå; S21 —
Ìèíåðàëîãèÿ, ãåîõèìèÿ è ïåðåîöåíêà ïðîìûøëåííûõ è
ãîðíîäîáûâàþùèõ îòõîäîâ; S22 — Ìèíåðàëû ïëàòèíîâîé
ãðóïïû è àêöåññîðíûå ìèíåðàëû: ïðîãðåññ â èõ õàðàêòå-
ðèñòèêå; S23 — Áóäóùåå âàæíåéøèõ ìåòàëëîâ: ìèíåðàëî-
ãèÿ, ìåòàëëîãåíåçèñ è ãåîìåòàëëóðãèÿ; S24 — Ïåòðîëîãè-
÷åñêè-ãåîõðîíîëîãè÷åñêàÿ êîîïåðàöèÿ; S25 — Áèîãåîõè-
ìè÷åñêèå èíòåðôåéñû è ýêîëîãè÷åñêàÿ ìèíåðàëîãèÿ; S26
— Îïàñíûå ìèíåðàëû. Îêðóæàþùàÿ ñðåäà è ïðîáëåìà çäî-



Âåñòíèê ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ, íîÿáðü, 2016 ã., ¹ 11

56

Ïëàêñèíñêèå ÷òåíèÿ ïðîâîäÿòñÿ êàæäóþ îñåíü ñ 1977
ãîäà â ïàìÿòü îá àêàäåìèêå Èãîðå Íèêîëàåâè÷å Ïëàêñè-
íå (1900—1967). Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ «Ðåñóðñî-
ñáåðåæåíèå è îõðàíà îêðóæàþùåé ñðåäû ïðè îáîãàùåíèè
è ïåðåðàáîòêå ìèíåðàëüíîãî ñûðüÿ» (Ïëàêñèíñêèå ÷òåíèÿ
— 2016) ñîñòîÿëàñü 26—30 ñåíòÿáðÿ 2016 ã. â Ñàíêò-Ïå-
òåðáóðãå íà áàçå Èíñòèòóòà «Ìåõàíîáð», ãäå îòìå÷àëè 100-
ëåòèå ïåðâîé â Ðîññèè èíæåíåðíîé, íàó÷íîé è ïðîåêò-
íîé îðãàíèçàöèè, ðàáîòàþùåé â îáëàñòè òåõíèêè è òåõ-
íîëîãèè ìèíåðàëüíîãî ñûðüÿ. Îðãàíèçàòîðàìè êîíôåðåí-
öèè ñòàëè íàó÷íûé ñîâåò ÐÀÍ ïî ïðîáëåìàì îáîãàùåíèÿ

ÊÎÍÔÅÐÅÍÖÈÈ ÏÎ ÏÐÎÁËÅÌÀÌ ÎÁÎÃÀÙÅÍÈß È ÏÅÐÅÐÀÁÎÒÊÈ ÌÈÍÅÐÀËÜÍÎÃÎ ÑÛÐÜß

CONFERENCES OF MINERAL PROCESSING

Plaksin Readings has been held every autumn since 1977 in memory of Academician Igor Nikolaevich Plaksin (1900—
1967). International Conference «Resource saving and environmental protection at mineral raw concentrating and processing»
(Plaksin Readings — 2016) was held in 26—30 September, 2016, in St. Petersburg on the basis of «Mekhanobr» Institute, where
the 100th Anniversary of the first engineering, scientific and project organization in Russia, working in the field of mineral
engineering and technology, was celebrated. At the same time the 11th Seminar on technological mineralogy was held, because
modern technological RMO Commission was originated within the walls of Institute «Mekhanobrtekhnika».

Next Plaksin Readings will be held in 2017 in Krasnoyarsk.

þòñÿ ê ýêñòðåìàëüíûì PT-óñëîâèÿì, ñîîòâåòñòâóþùèì
öåíòðó Çåìëè (~ 6000 Ê, ~ 230 ÃÏà). Òàê êàê ýòè î÷åíü êî-
ðîòêèå, íî ýíåðãîåìêèå ñîáûòèÿ ìîãóò áûòü «çàïèñàíû» â
àëìàçàõ, ìû ìîæåì íà÷àòü ðàññìàòðèâàòü íîâûå ñïîñîáû
ïîèñêà ýòèõ âàæíûõ «ñâèäåòåëåé» ýêñòðåìàëüíûõ óñëîâèé
â ïëàíåòàðíûõ ìàòåðèàëàõ. Îáðàçîâàííûå â ñâåðõíîâûõ
íàíîàëìàçû, êîòîðûå ìîãóò âêëþ÷àòü è ãåêñàãîíàëüíûé
àëìàç, ãèïîòåòè÷åñêè ìîãóò âûæèòü ïðè ïëàíåòàðíûõ ñòîë-
êíîâåíèÿõ îáúåêòîâ ðàçìåðîì ñ Çåìëþ è ìîãóò áûòü ñòàð-
øå íàøåé Ñîëíå÷íîé ñèñòåìû.

Åùå îäèí ñòðóêòóðíûé äîêëàä, íà ýòîò ðàç èòàëî-àíã-
ëèéñêèé, Ô. Íåñòîëû ñ ìíîãî÷èñëåííûìè ñîàâòîðàìè áûë
ïîñâÿùåí çíà÷èìîñòè êðèñòàëëîãðàôè÷åñêîé îðèåíòàöèè
ìåæäó àëìàçîì è åãî ìèíåðàëüíûìè âêëþ÷åíèÿìè äëÿ
îöåíêè îäíîâðåìåííîñòè ðîñòà àëìàçà è ìèíåðàëà â íåì
íà ïðèìåðå õðîìèòîâ ìàãíèÿ. Ïîêàçàíî, ÷òî âêëþ÷åíèÿ
ïðîÿâëÿþò ñêëîííîñòü ê ñóáïàðàëëåëüíîìó ðàñïîëîæåíèþ
èõ àòîìàðíûõ ïëîñêîñòåé (111) ñ àëìàçíîé (111), íî îðèåí-
òàöèÿ êðèñòàëëîãðàôè÷åñêèõ îñåé ïðè ýòîì ðàçëè÷àåòñÿ,
ò. å. ýïèòàêñèÿ îòñóòñòâóåò, ÷òî ìîæåò îòðàæàòü ìåõàíè÷åñ-
êèé êîíòðîëü â ïðîöåññå ðîñòà õðîìèòîâ è àëìàçîâ.

Èç ìíîãî÷èñëåííûõ äîêëàäîâ õèìè÷åñêîé íàïðàâëåí-
íîñòè äâà äîêëàäà áûëî ïîñâÿùåíî íîâûì ìèíåðàëàì-ãåî-
áàðîìåòðàì. Ýòî èòàëî-àíãëèéñêèé äîêëàä ñ ó÷àñòèåì òîãî
æå Ô. Íåñòîëû ïðî íîâîóòâåðæäåííûé ìèíåðàë — äæåôô-
áåíèò, êîòîðûé ìîæåò, ïî ìíåíèþ àâòîðîâ, ïðåäîñòàâèòü
êëþ÷åâóþ èíôîðìàöèþ î ãëóáèíå ôîðìèðîâàíèÿ ñâåðõãëó-
áîêèõ àëìàçîâ. Ðàíåå îïðåäåëåííûå ïîëÿ óñòîé÷èâîñòè
äæåôôáåíèòà îáåñïå÷èâàëè ìàêñèìàëüíîå äàâëåíèå
~ 13 ÃÏà (÷òî ñîîòâåòñòâóåò ~ 390 êì) ïðè 1700 Ê. Ýòî ïîä-
òâåðæäàåò, ÷òî äæåôôáåíèò ÿâëÿåòñÿ ñóáëèòîñôåðíûì ìè-
íåðàëîì, íî èñêëþ÷àåò ïðÿìîå âêëþ÷åíèå äæåôôáåíèòà â
àëìàçå íà ãðàíèöå íèæíåé ìàíòèè è ïåðåõîäíîé çîíû. Àâ-
òîðû îòìå÷àþò, ÷òî ýòè ïîëÿ áûëè ïîëó÷åíû íà Ti-ñîäåð-
æàùèõ äæåôôáåíèòàõ, ãäå Ti îáû÷íî íàõîäèòñÿ â ñîñòàâå
êîìïîçèòíûõ âêëþ÷åíèé, à íå íà Ti-îáåäíåííîì äæåôôáå-

íèòå, ãäå åãî ÷àùå íàõîäÿò êàê îäíîôàçíûå âêëþ÷åíèÿ â
àëìàçàõ. Íà êîíôåðåíöèè àâòîðû ñîîáùèëè î íîâûõ ýêñ-
ïåðèìåíòàõ íà Ti-îáåäíåííîì äæåôôáåíèòå ñ åãî ïîäîãðå-
âîì â àëìàçíûõ íàêîâàëüíÿõ ïðè äàâëåíèè îò 5 äî 30 ÃÏà,
ïîñòàâëåííûõ ñ öåëüþ îïðåäåëåíèÿ ðîëè, êîòîðóþ TiO2
èãðàåò â ïîëå óñòîé÷èâîñòè äæåôôáåíèòà, è âûÿñíåíèÿ,
ìîæåò ëè îí áûòü íåïîñðåäñòâåííî âêëþ÷åí â àëìàç â ïå-
ðåõîäíîé çîíå èëè â íèæíåé ìàíòèè. Ðåçóëüòàòû èññëåäî-
âàíèÿ ïîêàçàëè, ÷òî îòñóòñòâèå TiO2 ðàñøèðÿåò îáëàñòü óñ-
òîé÷èâîñòè äæåôôáåíèòà äî ñóùåñòâåííî áîëåå âûñîêèõ
äàâëåíèé, ÷åì áûëî îïðåäåëåíî ðàíåå.

Èñïîëüçîâàíèå íîâîãî ãåîáàðîìåòðà äëÿ óñëîâèé
íèæíåé ìàíòèè ïðåäëàãàåòñÿ è â äîêëàäå Ñ. ÌàêÊàììîí
è äð. (âñå àâòîðû èç Ãåðìàíèè). Ýòî ìàãíåçèîôåððèò, êî-
òîðûé ðàññìàòðèâàåòñÿ êàê ïðîäóêò, âûäåëÿþùèéñÿ èç
øèðîêî ðàñïðîñòðàíåííîãî ñðåäè âêëþ÷åíèé â àëìàçàõ
ìèíåðàëà ôåððîïåðèêëàçà. Ðåçóëüòàòû ïðîâåäåííîãî àâ-
òîðàìè èçó÷åíèÿ îáðàçîâàíèÿ ìàãíåçèîôåððèòà ïðè âîç-
äåéñòâèè íà ñèñòåìó ñ ôåððîïåðèêëàçîì ïîçâîëÿò óòî÷-
íèòü ÐÒ-óñëîâèÿ ôîðìèðîâàíèÿ àëìàçîâ.

Áîëüøîå êîëè÷åñòâî äîêëàäîâ áûëî ñâÿçàíî ñ èçîòî-
ïèåé âêëþ÷åíèé â àëìàçàõ. Îñíîâíûì ìåòîäîì èçó÷åíèÿ
âêëþ÷åíèé â àëìàçàõ îñòàåòñÿ ìèêðîðàìàíîâñêàÿ ñïåêòðî-
ìåòðèÿ, à òàêæå ÂÐÝÌ è ìåññáàóýðîâñêàÿ ñïåêòðîñêîïèÿ.

Â öåëîì, êàê è â õîäå óñïåøíî ïðîâåäåííîãî 1-ãî Åâ-
ðîïåéñêîãî ìèíåðàëîãè÷åñêîãî êîíãðåññà, ïðîõîäèâøå-
ãî âî Ôðàíêôóðòå â 2012 ãîäó, ÅÌÊ-2016 ïðåäîñòàâèë óíè-
êàëüíóþ âîçìîæíîñòü îöåíèòü óðîâåíü ðàçâèòèÿ ìèíåðà-
ëîãè÷åñêèõ íàóê, ñîäåéñòâîâàë îáìåíó íîâûìè ðåçóëüòà-
òàìè èññëåäîâàíèé ìåæäó ó÷åíûìè èç åâðîïåéñêèõ è íå
òîëüêî — ñòðàí. Ñî÷åòàíèå ïî÷òè òðèäöàòè íàó÷íûõ ñåñ-
ñèé è ìíîæåñòâà ïëåíàðíûõ ëåêöèé âñåìèðíî èçâåñòíûõ
ó÷åíûõ ïîçâîëèëè ñîïðèêîñíóòüñÿ ñî âñåìè àñïåêòàìè
ìèíåðàëîãè÷åñêèõ íàóê, ïîëó÷èòü ìíîãî íîâîé èíôîðìà-
öèè è ïðîâåñòè ïëîäîòâîðíûå äèñêóññèè ñ êîëëåãàìè.

Ä. ã.-ì. í. Å. Ãîëóáåâ

ïîëåçíûõ èñêîïàåìûõ, Èíñòèòóò ïðîáëåì êîìïëåêñíîãî
îñâîåíèÿ íåäð ÐÀÍ, Íàó÷íî-ïðîèçâîäñòâåííàÿ êîðïîðà-
öèÿ «Ìåõàíîáð-òåõíèêà», ÇÀÎ «Ìåõàíîáð èíæèíèðèíã»,
ÎÀÎ «Èíñòèòóò Ìåõàíîáð», Ñàíêò-Ïåòåðáóðãñêèé ãîð-
íûé óíèâåðñèòåò, Íàöèîíàëüíûé èññëåäîâàòåëüñêèé òåõ-
íîëîãè÷åñêèé óíèâåðñèòåò ÌÈÑèÑ.

Â êîíôåðåíöèè ó÷àñòâîâàëè 285 ÷åëîâåê (èç íèõ 120
ìîëîäûõ ó÷åíûõ) èç 45 îðãàíèçàöèé, â òîì ÷èñëå 11 àêàäå-
ìè÷åñêèõ è 9 îòðàñëåâûõ èíñòèòóòîâ, 10 âóçîâ, 5 ãîðíî-îáî-
ãàòèòåëüíûõ è ìåòàëëóðãè÷åñêèõ ïðåäïðèÿòèé. Â êà÷åñòâå
äîêëàä÷èêîâ â êîíôåðåíöèè ïðèíÿëè ó÷àñòèå 6 ÷ëåíîâ Ðîñ-
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ñèéñêîé àêàäåìèè íàóê è åå ðåãèîíàëüíûõ îòäåëåíèé, 49 äîê-
òîðîâ íàóê, â òîì ÷èñëå 32 äîêòîðà íàóê, 65 êàíäèäàòîâ íàóê.

Ñðåäè ó÷àñòíèêîâ ñîâåùàíèÿ áûëè ïðåäñòàâèòåëè
Êèòàÿ, ÑØÀ, Êàçàõñòàíà, Óêðàèíû, Áåëàðóñè, Ìîíãîëèè,
Ïîëüøè, Ñåðáèè, Óêðàèíû.

Íà êîíôåðåíöèè çàñëóøàíî 3 ïëåíàðíûõ è 7 çàêàç-
íûõ ñåêöèîííûõ äîêëàäîâ. Íà ÷åòûðåõ ñåêöèÿõ è ñåìèíà-
ðå áûëî ïðåäñòàâëåí 151 äîêëàä, à òàêæå îáñóæäåíû ñòåí-
äîâûå äîêëàäû.

Ïðåäñòàâëåííûå íà êîíôåðåíöèè äîêëàäû ñâèäåòåëü-
ñòâóþò, ÷òî òåîðèÿ è ïðàêòè÷åñêèå ðàáîòû ïî îáîãàùåíèþ
ðóä ðàçâèâàþòñÿ â íàïðàâëåíèè ìåæäèñöèïëèíàðíûõ èñ-
ñëåäîâàíèé â îáëàñòè ïðèìåíåíèÿ êîìáèíèðîâàííûõ ïðî-
öåññîâ ñ øèðîêèì ïðèâëå÷åíèåì ìåòîäîâ ñîâðåìåííîé
âèáðàöèîííîé ìåõàíèêè, ôèçèêî-õèìè÷åñêèõ ìåòîäîâ
ìîäèôèêàöèè ñâîéñòâ ìèíåðàëüíîãî ñûðüÿ è ãëóáîêîãî
èçó÷åíèÿ åãî âåùåñòâåííîãî ñîñòàâà ñ èñïîëüçîâàíèåì
ñîâðåìåííûõ ìåòîäîâ òåõíîëîãè÷åñêîé ìèíåðàëîãèè.

Ðàáîòàëè ñëåäóþùèå ñåêöèè: «Äåçèíòåãðàöèÿ è ðóäî-
ïîäãîòîâêà», «Ôëîòàöèÿ, ãðàâèòàöèÿ, ìàãíèòíàÿ è ýëåêò-
ðîìàãíèòíàÿ ñåïàðàöèÿ», «Êîìïëåêñíàÿ ïåðåðàáîòêà ìè-
íåðàëüíîãî ñûðüÿ. Ãèäðîìåòàëëóðãè÷åñêèå ïðîöåññû»,
«Ïåðåðàáîòêà òåõíîãåííîãî ñûðüÿ. Ýêîëîãè÷åñêèå è ýêî-
íîìè÷åñêèå àñïåêòû».

Ñîâðåìåííàÿ òåõíîëîãè÷åñêàÿ êîìèññèÿ ÐÌÎ çàðîäè-
ëàñü â èíñòèòóòå «Ìåõàíîáð-òåõíèêà». Èìåííî ïîýòîìó
îäíîâðåìåííî ïðîõîäèë 11-é ñåìèíàð ïî òåõíîëîãè÷åñêîé
ìèíåðàëîãèè. Òåìà ñåìèíàðà: «Ðåçóëüòàòû ìåæäèñöèïëè-
íàðíûõ èññëåäîâàíèé â òåõíîëîãè÷åñêîé ìèíåðàëîãèè».
Áûëè çàñëóøàíû ñëåäóþùèå ïëåíàðíûå äîêëàäû:

Ùèïöîâ Â. Â., Ïèðîãîâ Á. È., Îæîãèíà Å. Ã., Êîòîâà Î. Á.
(Èíñòèòóò ãåîëîãèè ÊàðÍÖ ÐÀÍ, Ïåòðîçàâîäñê, ÂÈÌÑ èì.
Í. Ì. Ôåäîðîâñêîãî, Ìîñêâà, Èíñòèòóò ãåîëîãèè Êîìè ÍÖ
ÐÀÍ, Ñûêòûâêàð, Ðîññèÿ). — Òåõíîëîãè÷åñêàÿ ìèíåðàëî-
ãèÿ â ðàçâèòèè ìèíåðàëüíî-ñûðüåâîé áàçû Ðîññèè.

Àñõàáîâ À. Ì. (Èíñòèòóò ãåîëîãèè Êîìè ÍÖ ÐÀÍ,
Ñûêòûâêàð, Ðîññèÿ). — Ìèíåðàëîãè÷åñêèå ñëåäñòâèÿ
âòîðæåíèÿ â «ìèð îáîéäåííûõ âåëè÷èí».

Þñóïîâ Ò. Ñ., Êîíäðàòüåâ Ñ. À. (Èíñòèòóò ãåîëîãèè è
ìèíåðàëîãèè èì. Â. Ñ. Ñîáîëåâà ÑÎ ÐÀÍ, Íîâîñèáèðñê,
Èíñòèòóò ãîðíîãî äåëà èì. Í. À. ×èíàêàëà ÑÎ ÐÀÍ, Íî-
âîñèáèðñê, Ðîññèÿ). — Çàäà÷è îáîãàòèòåëüíîé ìèíåðàëî-
ãèè â ñîâåðøåíñòâîâàíèè ðàñêðûòèÿ ñðîñòêîâ è ñåëåêòèâ-
íîãî ðàçðóøåíèÿ ìèíåðàëîâ.

Âàéñáåðã Ë. À., Êîíîíîâ Î. Â., Óñòèíîâ È. Ä. (ÍÏÊ «Ìå-
õàíîáð-òåõíèêà», Ñàíêò-Ïåòåðáóðã; ÌÃÓ èì. Ëîìîíîñîâà,
Ìîñêâà, Ðîññèÿ). — Ìèíåðàëîãèÿ ìîëèáäîøååëèòîâûõ ðóä;
ýâîëþöèÿ èõ ðàñêðûòèÿ è ïðåäâàðèòåëüíîé êîíöåíòðàöèè.

Â ðàìêàõ «Ïëàêñèíñêèõ ÷òåíèé — 2016» áûëà ïðîâå-
äåíà ìîëîäåæíàÿ íàó÷íàÿ øêîëà, íà êîòîðîé îòäåëüíî
áûëî ïðåäñòàâëåíî ñâûøå 35 ñîîáùåíèé ìîëîäûõ ñïåöè-
àëèñòîâ è àñïèðàíòîâ.

Â ñâîåì ðåøåíèè êîíôåðåíöèÿ îòìåòèëà öåëåñîîáðàç-
íîñòü ðàñøèðåíèÿ ôóíäàìåíòàëüíûõ è ïðèêëàäíûõ èññëå-
äîâàíèé ïî èííîâàöèîííûì òåõíîëîãèÿì è ôóíäàìåí-
òàëüíûì íàïðàâëåíèÿì â îáëàñòè ïåðåðàáîòêè ïîëåçíûõ
èñêîïàåìûõ, îáåñïå÷èâàþùèõ ïîëíîòó èñïîëüçîâàíèÿ
ïðèðîäíîãî è íåòðàäèöèîííîãî ìèíåðàëüíîãî ñûðüÿ ñ
ïîëó÷åíèåì âûñîêîêà÷åñòâåííûõ ãîòîâûõ ïðîäóêòîâ,
âêëþ÷àÿ ñëåäóþùèå ïðèîðèòåòû:

– íàó÷íîå îáîñíîâàíèå òèïîìîðôíûõ ïðèçíàêîâ ïðî-
äóêòèâíîé ìèíåðàëèçàöèè, îñíîâíûõ òåõíîëîãè÷åñêèõ
ñâîéñòâ è îáîãàòèìîñòè íåòðàäèöèîííîãî ìèíåðàëüíîãî
ñûðüÿ íà îñíîâå ïðèìåíåíèÿ êîìïëåêñà ñîâðåìåííûõ
ìåòîäîâ ìèíåðàëîãî-òåõíîëîãè÷åñêèõ èññëåäîâàíèé;

– ðàçâèòèå òåîðèè ñòðóêòóðíûõ, ôèçèêî-õèìè÷åñêèõ,
òåõíîëîãè÷åñêèõ ñâîéñòâ ìèíåðàëîâ â ïðîöåññå êîìáèíè-
ðîâàííûõ ôèçèêî-õèìè÷åñêèõ è ýíåðãåòè÷åñêèõ âîçäåé-
ñòâèé íà ãåîìàòåðèàëû, ìèíåðàëüíûå è âîäíûå ñóñïåí-
çèè äëÿ ïîâûøåíèÿ èçâëå÷åíèÿ òîíêîäèñïåðñíûõ ÷àñòèö
öåííûõ êîìïîíåíòîâ èç òðóäíîîáîãàòèìîãî è íåòðàäèöè-
îííîãî ìèíåðàëüíîãî ñûðüÿ;

– ðàçðàáîòêó íîâûõ êëàññîâ ôëîòàöèîííûõ ðåàãåí-
òîâ, îáåñïå÷èâàþùèõ óâåëè÷åíèå ïîëíîòû è êà÷åñòâà èç-
âëå÷åíèÿ öâåòíûõ è áëàãîðîäíûõ ìåòàëëîâ íà ìèêðî- è
íàíîóðîâíÿõ èç òðóäíîîáîãàòèìûõ ðóä è òåõíîãåííîãî ñû-
ðüÿ ñëîæíîãî âåùåñòâåííîãî ñîñòàâà;

– òåîðåòè÷åñêîå îáîñíîâàíèå ôèçèêî-õèìè÷åñêèõ çà-
êîíîìåðíîñòåé ïðîöåññîâ èçâëå÷åíèÿ öåííûõ êîìïîíåí-
òîâ èç ïðîäóêòîâ ñæèãàíèÿ óãëåé, îòõîäîâ ìåòàëëóðãè÷åñ-
êèõ è ãîðíî-îáîãàòèòåëüíûõ ïðåäïðèÿòèé, äðóãèõ âèäîâ
íåòðàäèöèîííîãî ìèíåðàëüíîãî ñûðüÿ;

– èññëåäîâàíèÿ â îáëàñòè ìîäåëèðîâàíèÿ è ïðîãíî-
çèðîâàíèÿ ïðîöåññîâ äðîáëåíèÿ, èçìåëü÷åíèÿ è êëàññè-

Àêàäåìèê À.Ì. Àñõàáîâ ïîçäðàâëÿåò àêàäåìèêà Ë. À. Âàéñáåðãà
ñ þáèëååì Èíñòèòóòà «Ìåõàíîáð»

Academician A. M. Askhabov congratulates Academician L. A.
 Viseberg with the jubilee of the «Mekhanobr» Institute

Îòêðûòèå êîíôåðåíöèè «Ïëàêñèíñêèå ÷òåíèÿ — 2016»

Opening of  Conference «Plaksin Readings — 2016»
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27 îêòÿáðÿ 2016 ãîäà ñîñòîÿëàñü 19-ÿ íàó÷íàÿ êîíôå-
ðåíöèÿ «Ãåîëîãî-àðõåîëîãè÷åñêèå èññëåäîâàíèÿ â Òèìà-
íî-Ñåâåðîóðàëüñêîì ðåãèîíå». Â ýòîì ãîäó îíà ïðîõîäè-
ëà â ðàìêàõ Âñåðîññèéñêîãî ôåñòèâàëÿ íàóêè â Ðåñïóáëè-
êå Êîìè, êîòîðûé ïðîâîäèòñÿ Ñûêòûâêàðñêèì ãîñóäàð-
ñòâåííûì óíèâåðñèòåòîì èìåíè Ïèòèðèìà Ñîðîêèíà.

Òðàäèöèîííî îðãàíèçàòîðàìè êîíôåðåíöèè ÿâëÿ-
ëèñü Èíñòèòóò ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ, Ñûêòûâêàð-
ñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò èì. Ïèòèðèìà Ñîðî-
êèíà, Èíñòèòóò ÿçûêà, ëèòåðàòóðû è èñòîðèè Êîìè ÍÖ
ÓðÎ ÐÀÍ. Êîíôåðåíöèÿ èìååò ìåæäèñöèïëèíàðíûé õà-
ðàêòåð, îáúåäèíÿÿ íåñêîëüêî íàó÷íûõ íàïðàâëåíèé — ãåî-
ëîãèþ, ãåîãðàôèþ, àðõåîëîãèþ, àðõåîìèíåðàëîãèþ, ýòíîã-
ðàôèþ, èñòîðèþ ãåîãðàôè÷åñêèõ îòêðûòèé, ÷òî ïîçâîëÿ-
åò ñòóäåíòàì ðàçíûõ ñïåöèàëüíîñòåé îçíàêîìèòüñÿ è ïðè-
íÿòü ó÷àñòèå â îáñóæäåíèè ðåçóëüòàòîâ ðàáîò â ñìåæíûõ
îáëàñòÿõ çíàíèé, ðàñøèðèòü ñâîé êðóãîçîð.

Ñ ïðèâåòñòâåííûì ñëîâîì ê ó÷àñòíèêàì êîíôåðåí-
öèè îáðàòèëèñü äîêòîð èñòîðè÷åñêèõ íàóê, ãëàâíûé íà-
ó÷íûé ñîòðóäíèê ÈßËÈ Êîìè ÍÖ ÓðÎ ÐÀÍ Ïàâåë Þðü-
åâè÷ Ïàâëîâ è äèðåêòîð Èíñòèòóòà åñòåñòâåííûõ íàóê ÑÃÓ
èì. Ïèòèðèìà Ñîðîêèíà Èðèíà Íèêîëàåâíà Þðàí¸âà.
Îíè îòìåòèëè áîëüøîå çíà÷åíèå åæåãîäíîé êîíôåðåíöèè
«Ãåîëîãî-àðõåîëîãè÷åñêèå èññëåäîâàíèÿ â Òèìàíî-Ñåâå-
ðîóðàëüñêîì ðåãèîíå» äëÿ íà÷èíàþùèõ èññëåäîâàòåëåé,
äåëàþùèõ ñâîé ïåðâûé øàã â íàóêó, è ïîæåëàëè åå ó÷àñò-
íèêàì óñïåøíîé è ïëîäîòâîðíîé ðàáîòû.

Â ðàáîòå êîíôåðåíöèè ïðèíÿëè ó÷àñòèå ïðåèìóùå-
ñòâåííî ñòóäåíòû, àñïèðàíòû è ìîëîäûå èññëåäîâàòåëè
Ñûêòûâêàðñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà (Èíñòè-
òóò åñòåñòâåííûõ íàóê, Èíñòèòóò èñòîðèè è ïðàâà), Èí-
ñòèòóòà ãåîëîãèè è Èíñòèòóòà ÿçûêà, ëèòåðàòóðû è èñòî-
ðèè Êîìè ÍÖ ÓðÎ ÐÀÍ. Ïðèñóòñòâîâàëè íàøè ãîñòè èç
×åðåïîâåöêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà (Ñ. Â. 

ôèêàöèè ñ èñïîëüçîâàíèåì ñîâðåìåííûõ ïðîãðàììíûõ
ïðîäóêòîâ;

– ðàñøèðåíèå ìåæäèñöèïëèíàðíûõ èññëåäîâàíèé â
îáëàñòè ïåðåðàáîòêè òåõíîãåííîãî ìèíåðàëüíîãî ñûðüÿ.

Íà ñîâåùàíèè áûëè âðó÷åíû 10 ãðàìîò è ïîäàðêè ìî-
ëîäûì ó÷åíûì, ïðåäñòàâèâøèì íàèáîëåå èíòåðåñíûå òå-
îðåòè÷åñêèå è ýêñïåðèìåíòàëüíûå ðåçóëüòàòû èññëåäîâà-
íèé â îáëàñòè îõðàíû îêðóæàþùåé ñðåäû, îáîãàùåíèÿ è
ãëóáîêîé êîìïëåêñíîé ïåðåðàáîòêè ìèíåðàëüíîãî ñûðüÿ.

Ìàòåðèàëû êîíôåðåíöèè îïóáëèêîâàíû â ñáîðíèêå
«Ðåñóðñîñáåðåæåíèå è îõðàíà îêðóæàþùåé ñðåäû ïðè îáî-
ãàùåíèè è ïåðåðàáîòêå ìèíåðàëüíîãî ñûðüÿ» ((Ïëàêñèí-
ñêèå ÷òåíèÿ — 2016). Ìîñêâà: Ðóäà è ìåòàëëû, 2016.  659 ñ.
ISBN 978-5-98191-081-4) è ðàçìåùåíû íà ñàéòå íàó÷íîé
ýëåêòðîííîé áèáëèîòåêè e-Library.

Î÷åðåäíûå «Ïëàêñèíñêèå ÷òåíèÿ» áóäóò ïðîâåäåíû
â 2017 ãîäó â Êðàñíîÿðñêå.

Ä. ã.-ì. í. Î. Êîòîâà

ÑÀÌÌÈÒ ÌÎËÎÄÛÕ ÈÑÑËÅÄÎÂÀÒÅËÅÉ • SUMMIT OF YOUNG RESEARCHERS

The regular 19th Scientific Conference Geological and archeological researches in Timan-Northern Ural
region was held on 27th of October, 2016. This year the conference was conducted within the All-Russian
Festival of science in Komi Republic held by Syktyvkar State University named after Pitirim Sorokin.



Vestnik     IG     Komi SC UB RAS, November, 2016, No. 11

59

Ìàðêîâ) è Óõòèíñêîãî ãîñóäàðñòâåííîãî òåõíè÷åñêîãî
óíèâåðñèòåòà (Î. Í. Ïîäèëî, Ç. Ì. Àõìåäæàíîâà, Å. Ñ.
Êóçüìèíà). Ñàìûé ìîëîäîé ó÷àñòíèê êîíôåðåíöèè —
Ä. Ñ. Ñåìÿííèêîâ, ó÷åíèê Ëèöåÿ íàðîäíîé äèïëîìàòèè
(Ñûêòûâêàð). Çàî÷íûå ó÷àñòíèêè, ñòàòüè êîòîðûõ îïóá-
ëèêîâàíû â ñáîðíèêå êîíôåðåíöèè, ïðåäñòàâëÿëè Ðîññèé-
ñêèé óíèâåðñèòåò äðóæáû íàðîäîâ, Êàçàíñêèé (Ïðèâîë-
æñêèé) ôåäåðàëüíûé óíèâåðñèòåò, Ðîññèéñêèé ãîñóäàð-
ñòâåííûé ïðîôåññèîíàëüíî-ïåäàãîãè÷åñêèé óíèâåðñèòåò
(ôèëèàë â Íèæíåì Òàãèëå), Ïåðìñêèé ãîñóäàðñòâåííûé
ãóìàíèòàðíî-ïåäàãîãè÷åñêèé óíèâåðñèòåò.

Â çàñåäàíèÿõ ïðèíÿëè ó÷àñòèå áîëåå 50 ÷åëîâåê. Íà-
ðÿäó ñî ñòóäåíòàìè â çàëå ïðèñóòñòâîâàëè ïðåïîäàâàòåëè
ÑÃÓ, íàó÷íûå ñîòðóäíèêè Èíñòèòóòà ãåîëîãèè è Èíñòè-
òóòà ÿçûêà, ëèòåðàòóðû è èñòîðèè Êîìè ÍÖ ÓðÎ ÐÀÍ —
ðóêîâîäèòåëè ñòóäåí÷åñêèõ ðàáîò. Áûëî çàñëóøàíî 20 óñ-
òíûõ äîêëàäîâ. Áîëüøàÿ ÷àñòü äîêëàäîâ áûëà ïîñâÿùåíà
ðåçóëüòàòàì ýêñïåäèöèîííûõ èññëåäîâàíèé ïðîøåäøåãî
ïîëåâîãî ñåçîíà, âî âðåìÿ êîòîðîãî áûëè ïîëó÷åíû íî-
âûå äàííûå, ñäåëàíû íàõîäêè, ïîêà ïðîøåäøèå òîëüêî
ïåðâè÷íóþ îáðàáîòêó.

Ðåçóëüòàòû ïîëåâûõ ðàáîò âóçîâñêî-àêàäåìè÷åñêîé
ýêñïåäèöèè, â ðàìêàõ êîòîðîé ëåòîì 2016 ãîäà ïðîâîäè-
ëàñü ó÷åáíàÿ ãåîëîãî-ñúåìî÷íàÿ ïðàêòèêà ñòóäåíòîâ-ãåî-
ëîãîâ 2-ãî êóðñà, îòðàæåíû â ñëåäóþùèõ äîêëàäàõ: «Ïåò-
ðîãðàôè÷åñêèé ñîñòàâ ãðóáîâàëóííîãî ìàòåðèàëà ôëþâèî-
ãëÿöèàëüíûõ îòëîæåíèé áàññåéíà ð. Àñûââîæ (ïîäíÿòèå
Äæåäæèìïàðìà)» (Ñ. Í. Õîìóòèííèêîâ); «Ãåîëîãè÷åñêîå
ñòðîåíèå ó÷àñòêà Øåðà¸ëü (ïîäíÿòèå Äæåäæèìïàðìà)»
(Ñ. Î. Êóëèêîâ, Ï.Ã. Âèòÿçåâ); «Ãåîëîãè÷åñêîå ñòðîåíèå,
ñîñòàâ è óñëîâèÿ ôîðìèðîâàíèÿ ïîðîä ûáñêîé ñâèòû (âîç-
âûøåííîñòü Äæåäæèìïàðìà)» (À. È. Ìîðîõèí, Â. Ô.  Êàð-
ìàíîâ); «Óñëîâèÿ îñàäêîíàêîïëåíèÿ â ïîçäíåì ðèôåå (ïîä-
íÿòèå Äæåäæèìïàðìà)» (À. Î.  Äóðêèíà, Ì. Ý. Ëîãèíîâ,  Ä. À.
Áàðàíîâ). Íåñìîòðÿ íà òî, ÷òî ðàáîòû âóçîâñêî-àêàäåìè-
÷åñêîé ýêñïåäèöèè íà âîçâûøåííîñòè Äæåäæèìïàðìà
(Óñòü-Êóëîìñêèé ðàéîí ÐÊ) ïðîâîäÿòñÿ óæå íà ïðîòÿæå-
íèè 15 ëåò, êàæäûé ãîä îòêðûâàþòñÿ íîâûå îáúåêòû èñ-
ñëåäîâàíèÿ, ðàñøèðÿþòñÿ è óãëóáëÿþòñÿ ïðåäñòàâëåíèÿ
î ãåîëîãè÷åñêîì ñòðîåíèè ýòîé òåððèòîðèè.

Ðåçóëüòàòû ïîëåâûõ èññëåäîâàíèé ÷åòâåðòè÷íûõ îòëî-
æåíèé ïðîäåìîíñòðèðîâàíû â äîêëàäàõ Í. Í. Âîðîáüåâà «Âà-
ëóííûå ñóãëèíêè èç áåðåãîâûõ îòëîæåíèé â äîëèíå ð. Êóè
(íèçîâüå ð. Ïå÷îðû)» è Â. À. Èñàêîâà «Ôëþâèàëüíûå îòëî-
æåíèÿ â äîëèíå ð. Êóè (ñåâåðî-çàïàä Áîëüøåçåìåëüñêîé
òóíäðû)»; ìèíåðàëüíûõ âîä Ðåñïóáëèêè Êîìè — â äîêëà-
äàõ À. À. ßêîâëåâà «Õàðàêòåðèñòèêà çàñîëåíèÿ ïîâåðõíîñ-
òíûõ âîä â ðàéîíå Ñåðåãîâñêîãî ñîëüçàâîäà» è À. Þ. Ëî-
áàíîâà «Ñðàâíèòåëüíàÿ õàðàêòåðèñòèêà Ñåð¸ãîâñêîãî è
Ñîëüâû÷åãîäñêîãî ìåñòîðîæäåíèé ìèíåðàëüíûõ âîä».

Áîëüøîé èíòåðåñ âûçâàëè äîêëàäû íàøèõ ãîñòåé èç
ÓÃÒÓ Î. Í. Ïîäèëî «Ìîðôîëîãè÷åñêèå îñîáåííîñòè çîëîòà
â äîëèíå ðó÷üÿ Ñþðàñðóçüâîæ, Ïðèïîëÿðíûé Óðàë», Ç. Ì. 
Àõìåòæàíîâîé «Ðîëü îðãàíè÷åñêèõ îñòàòêîâ äëÿ õàðàêòåðè-
ñòèêè óñëîâèé îáðàçîâàíèÿ ôðàíñêîãî ÿðóñà Þæíîãî Òè-
ìàíà», à òàêæå Ä. Ñ. Ñåìÿííèêîâà «Ýêçîãåííûå ôîðìû ðåëüå-
ôà Ïîëÿðíîãî Óðàëà (íà ïðèìåðå Êîíñòàíòèíîâà Êàìíÿ)».

Â àðõåîëîãè÷åñêîì áëîêå äîêëàäîâ ïðåäñòàâëåíû ðå-
çóëüòàòû ïîëåâûõ ðàáîò — íîâûõ ðàñêîïîê è íîâûõ îòêðû-
òèé êàê â Òèìàíî-Ñåâåðîóðàëüñêîì, òàê è â ñîïðåäåëüíûõ
ðåãèîíàõ. Íàø ãîñòü èç ×åðåïîâåöêîãî ãîñóíèâåðñèòåòà
Ñ. Â. Ìàðêîâ ñîâìåñòíî ñî ñâîèì ðóêîâîäèòåëåì Í. Â. Êî-

ñîðóêîâîé ïðåäñòàâèë äîêëàä «Èññëåäîâàíèå òîðôÿíèêîâîãî
ïàìÿòíèêà Ïîãîñòèùå-15 â áàññåéíå îçåðà Âîæå â 2016 ã.».
Èçó÷åíèå ýòîãî ïàìÿòíèêà ïðîäîëæàåòñÿ óæå íåñêîëüêî ëåò
[1, 2], íî, íåñìîòðÿ íà ýòî, ðàñêîïêè êàæäîãî ïîëåâîãî ñå-
çîíà ïðèíîñÿò íîâûå îòêðûòèÿ. Íå ìåíüøèé èíòåðåñ âûç-
âàëè è ñîîáùåíèÿ, ïîñâÿùåííûå èññëåäîâàíèþ àðõåîëî-
ãè÷åñêèõ ïàìÿòíèêîâ Ðåñïóáëèêè Êîìè — Ì. Ñ. Øàõîâà
«Ãðóïïîâîå ïîãðåáåíèå Ýæîëüñêîãî ìîãèëüíèêà (ïåðâûå
ðåçóëüòàòû èññëåäîâàíèé)», È. À. Áóäçàíèâñêîãî «Çàìåòêè î
ðóáÿùèõ îðóäèÿõ ýïîõè ìåçîëèòà àðõåîëîãè÷åñêîãî ïàìÿò-
íèêà Âûëûñ Òîì — 2». Íîâîñòÿìè î ðàñêîïêàõ óíèêàëü-
íîé ïåùåðû Èìàíàé, êîòîðàÿ íàõîäèòñÿ â íàöèîíàëüíîì
ïàðêå «Áàøêèðèÿ», ïîäåëèëàñü Ì. Í. Ïàðøóêîâà â ñâîåì
äîêëàäå «Ëüâèíî-ìåäâåæüÿ ïåùåðà Èìàíàé: ðàñêîïêè êî-
ñòíîãî äåòðèòà ïëåéñòîöåíîâûõ ìëåêîïèòàþùèõ».

È íàêîíåö, ðåçóëüòàòû ðàáîò ïî ýòíîãðàôèè ïðåäñòà-
âèëè â ñâîèõ äîêëàäàõ Ä. Í. Ðîãàë¸â («Õàðàêòåðèñòèêà õî-
çÿéñòâåííî-áûòîâûõ ïîñòðîåê ñûñîëüñêèõ êîìè â XX
âåêå»), È. À. Êîâàëü («Ñòàâðîëîãè÷åñêèå ïàìÿòíèêè ï. Êà-
æûì Êîéãîðîäñêîãî ðàéîíà Ðåñïóáëèêè Êîìè») è Å. À. Õó-
äèí («Êàðòà çàñåëåíèÿ áàññåéíà ð. Âû÷åãäû»).

Õîòåëîñü áû îáðàòèòü âíèìàíèå, ÷òî â ñáîðíèêå äîê-
ëàäîâ êîíôåðåíöèè ÷èòàòåëü íàéäåò ìíîãî äîïîëíèòåëü-
íîé èíòåðåñíîé èíôîðìàöèè ïî èíæåíåðíî-ãåîëîãè÷åñ-
êèì, ýêîëîãî-ãåîëîãè÷åñêèì, àðõåîìèíåðàëîãè÷åñêèì,
èñòîðèêî-ãåîãðàôè÷åñêèì è äðóãèì íàïðàâëåíèÿì èññëå-
äîâàíèé. Ñ ýëåêòðîííûì âàðèàíòîì ñáîðíèêà äîêëàäîâ
«Ãåîëîãî-àðõåîëîãè÷åñêèå èññëåäîâàíèÿ â Òèìàíî-Ñåâå-
ðîóðàëüñêîì ðåãèîíå» (òîì XIX), ñîäåðæàùåì 36 ïóáëè-
êàöèé, ìîæíî îçíàêîìèòüñÿ ïî àäðåñó: http://geo.komisc.ru.

Ó÷àñòíèêè êîíôåðåíöèè àêòèâíî îáñóæäàëè ðåçóëüòà-
òû èññëåäîâàíèé, âîçíèêàëè äèñêóññèè. Ïî èòîãàì êîíôå-
ðåíöèè âñåì ó÷àñòíèêàì êîíôåðåíöèè âðó÷åíû ñåðòèôèêà-
òû, ëó÷øèå äîêëàäû îòìå÷åíû äèïëîìàìè I è II ñòåïåíè.

Îðãàíèçàòîðû êîíôåðåíöèè âûðàæàþò áëàãîäàðíîñòü
ðóêîâîäèòåëÿì ñòóäåí÷åñêèõ ðàáîò — Â. È. Ñèëèíó, À. Í.
Ñàíäóëå, À. Â. Âîëîêèòèíó, Ò. È. ×óäîâîé, Â. À. Ñåìåíîâó,
Ò. Þ. Òóðêèíîé, Ò. Ï. Ìèòþøåâîé, Þ. Á. Ñåðèêîâó, Í. Í.
Êîñîðóêîâîé è äðóãèì çà àêòèâíîå ó÷àñòèå â ïîäãîòîâêå
êîíôåðåíöèè, à òàêæå ñîòðóäíèêàì Èíñòèòóòà ãåîëîãèè
Êîìè ÍÖ ÓðÎ ÐÀÍ — Â. À. Êàïèòàíîâîé, Î. À. Ìîëîäöî-
âîé, Ã. À. Êàáëèñó, À. Þ. Ïåðåòÿãèíó, îáåñïå÷èâøèì ñâî-
åâðåìåííóþ ïîäãîòîâêó è èçäàíèå ñáîðíèêà äîêëàäîâ êîí-
ôåðåíöèè. Îñîáóþ ïðèçíàòåëüíîñòü âûðàæàåì ðóêîâîäñòâó
Èíñòèòóòà ãåîëîãèè è Ñûêòûâêàðñêîãî ãîñóíèâåðñèòåòà çà
âñåìåðíóþ ïîääåðæêó êîíôåðåíöèè.

Þáèëåéíàÿ, 20-ÿ, êîíôåðåíöèÿ «Ãåîëîãî-àðõåîëîãè-
÷åñêèå èññëåäîâàíèÿ â Òèìàíî-Ñåâåðîóðàëüñêîì ðåãèî-
íå» ñîñòîèòñÿ 26 îêòÿáðÿ 2017 ãîäà.

Ëèòåðàòóðà

1. Âîðîíêîâ Ñ. À., Êîñîðóêîâà Í. Â. Èññëåäîâàíèå òîðôÿ-
íèêîâîãî ïàìÿòíèêà Ïîãîñòèùå-15 â áàññåéíå îçåðà Âîæå â
2014 ã. // Ãåîëîãî-àðõåîëîãè÷åñêèå èññëåäîâàíèÿ â Òèìàíî-
Ñåâåðîóðàëüñêîì ðåãèîíå. Ñûêòûâêàð, 2014. Ò. XVII. Ñ. 119—
127.

2. Ëóêèíöåâà Â. À., Êîñîðóêîâà Í. Â. Êîñòÿíûå íàêîíå÷-
íèêè ñòðåë ìåçîëèòè÷åñêîé ñòîÿíêè Ïîãîñòèùå-15
(ïî ìàòåðèàëàì èññëåäîâàíèé 2011—2015 ãã.) // Ãåîëîãî-
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Ê. ã.-ì. í. Ò. Ìàéîðîâà
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Chronicle

November 3 — The 25th Anniversary of Department of Geology of Syktyvkar State University.

November 5 — The 70th anniversary of senior engineer-chemist T. D. Kosareva.

November 9 — The representatives of chambers of commerce and trade unions of the North-West visited the Geological Museum
named after A. A. Chernov.

November 10 — The 80th Anniversary of a senior researcher I. V. Shvetsova.

November 17 — DSc A. I. Antoshkina took part in the conference «Microbial communities in the biosphere evolution from
ancient times to the present», dedicated to the memory of G. A. Zavarzin (Moscow).

November 20 — The 50th Anniversary of A. K. Potapov (technical staff).

November 21—24 — PhD I. S. Astakhova took part in the International scientific conference devoted to the 300th Anniversary of
the Mineralogical Museum named after A. E. Fersman (Moscow).

November 21—25 — Director of the Institute of Geology, Academician A. M. Askhabov participated in the First Russian
Crystallographic Congress (Moscow).

November 23—25 — DSc L. N. Andreicheva participated in the All-Russian Scientific Conference «Ways of evolutionary
geography» dedicated to the memory of Professor A. A. Velichko (Moscow).

November 24 — The delegation of Belarus Republic, headed by Chairman of Grodno regional Executive Committee V. A.
Liskovich, visited the Geological Museum named after A. A. Chernov.

November 26 — 30 years of work of senior researcher N. V. Konanova.

November 29 — The Jubilee 25th Youth Conference «Structure, substance, history of lithosphere of Timan-Northern Ural segment»
was held in the Institute of Geology of Komi SC UB RAS.

Master’s student at SSU base department at Institute of Geology Komi SC UB RAS Bronislav Kanev was awarded with the
stipendium of Federal Government (12.09.2016) (science supervisor Dr. T. M. Beznosova).

3 íîÿáðÿ — 25-ëåòíèé þáèëåé êàôåäðû ãåîëîãèè Ñûêòûâêàðñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà.

5 íîÿáðÿ — 70-ëåòíèé þáèëåé ñòàðøåãî èíæåíåðà-õèìèêà Ò. Ä. Êîñàðåâîé.

9 íîÿáðÿ — ïðîâåäåíà ýêñêóðñèÿ â Ãåîëîãè÷åñêîì ìóçåå èì. À. À. ×åðíîâà äëÿ ïðåäñòàâèòåëåé òîðãîâî-ïðîìûøëåí-
íûõ ïàëàò è îòðàñëåâûõ ñîþçîâ Ñåâåðî-Çàïàäà.

10 íîÿáðÿ — 80-ëåòíèé þáèëåé ñòàðøåãî íàó÷íîãî ñîòðóäíèêà È. Â. Øâåöîâîé.

17 íîÿáðÿ — ä. ã.-ì. í. À. È. Àíòîøêèíà ïðèíÿëà ó÷àñòèå â êîíôåðåíöèè «Ìèêðîáíûå ñîîáùåñòâà â ýâîëþöèè áèî-
ñôåðû ñ äðåâíåéøèõ âðåìåí äî íàøèõ äíåé», ïîñâÿùåííîé ïàìÿòè Ã. À. Çàâàðçèíà (Ìîñêâà).

20 íîÿáðÿ — 50-ëåòíèé þáèëåé À. Ê. Ïîòàïîâà (òåõíè÷åñêèé ïåðñîíàë).

21—24 íîÿáðÿ — ê. ã.-ì. í. È. Ñ. Àñòàõîâà ïðèíÿëà ó÷àñòèå â Ìåæäóíàðîäíîé íàó÷íîé êîíôåðåíöèè, ïîñâÿùåííîé
300-ëåòèþ Ìèíåðàëîãè÷åñêîãî ìóçåÿ èìåíè À. Å. Ôåðñìàíà  (Ìîñêâà).

21—25 íîÿáðÿ — äèðåêòîð Èíñòèòóòà ãåîëîãèè àêàäåìèê À. Ì. Àñõàáîâ ïðèíÿë ó÷àñòèå â Ïåðâîì Ðîññèéñêîì êðèñ-
òàëëîãðàôè÷åñêîì êîíãðåññå (Ìîñêâà).

23—25 íîÿáðÿ — ä. ã.-ì. í. Ë. Í. Àíäðåè÷åâà ïðèíÿëà ó÷àñòèå âî Âñåðîññèéñêîé íàó÷íîé êîíôåðåíöèè «Ïóòè ýâîëþ-
öèîííîé ãåîãðàôèè», ïîñâÿùåííîé ïàìÿòè ïðîôåññîðà À. À. Âåëè÷êî (Ìîñêâà).

24 íîÿáðÿ — äåëåãàöèÿ Ðåñïóáëèêè Áåëàðóñü ïîä ðóêîâîäñòâîì ïðåäñåäàòåëÿ Ãðîäíåíñêîãî îáëàñòíîãî èñïîëíèòåëü-
íîãî êîìèòåòà Â. À. Ëèñêîâè÷à ïîñåòèëà Ãåîëîãè÷åñêèé ìóçåé èì. À. À. ×åðíîâà.

26 íîÿáðÿ — 30 ëåò òðóäîâîé äåÿòåëüíîñòè ñòàðøåãî íàó÷íîãî ñîòðóäíèêà Í. Â. Êîíàíîâîé.

29 íîÿáðÿ — â Èíñòèòóòå ãåîëîãèè Êîìè ÓðÎ ÐÀÍ ñîñòîÿëàñü þáèëåéíàÿ, 25-ÿ, ìîëîäåæíàÿ êîíôåðåíöèÿ «Ñòðóêòó-
ðà, âåùåñòâî, èñòîðèÿ ëèòîñôåðû Òèìàíî-Ñåâåðîóðàëüñêîãî ñåãìåíòà».

Ìàãèñòðàíò áàçîâîé êàôåäðû ÑÃÓ ïðè Èíñòèòóòå ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ Áðîíèñëàâ Êàíåâ ñòàë ñòèïåíäèàòîì
Ôåäåðàëüíîãî ïðàâèòåëüñòâà (12.09.2016) (íàó÷. ðóê. ä. ã.-ì. í. Ò. Ì. Áåçíîñîâà).
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