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Îõàðàêòåðèçîâàíà ãåîëîãè÷åñêàÿ ñèòóàöèÿ áèòóìîïðîÿâëåíèé â äåâîíñêèõ àíäåçèáàçàëüòîâûõ ëàâàõ â Ìèíóñèí-

ñêîì ìåæãîðíîì ïðîãèáå. Îáñóæäàþòñÿ îñîáåííîñòè õèìè÷åñêîãî è ìîëåêóëÿðíîãî ñîñòàâîâ, ðåíòãåíîñòðóêòóðíûõ, ñïåê-

òðîñêîïè÷åñêèõ, òåðìè÷åñêèõ è èçîòîïíî-ãåîõèìè÷åñêèõ ñâîéñòâ ïðèðîäíûõ áèòóìîâ. Ñäåëàí âûâîä î âàæíîé ðîëè òâåð-

äûõ ìèãðàöèîííûõ áèòóìîâ äëÿ ïðîãíîçà ðåãèîíàëüíîé íåôòåãàçîíîñíîñòè.

Êëþ÷åâûå ñëîâà: Ìèíóñèíñêèé ïðîãèá, êåðèòû, ìèíåðàëîãî-ãåîõèìè÷åñêèå èññëåäîâàíèÿ, íåôòåãàçîíîñíîñòü

MINERAL-GEOCHEMICAL PROPERTIES OF SOLID BITUMEN IN THE CONTEXT OF FORECAST FOR OIL AND GAS
(ON THE EXAMPLE OF MINUSINSK INTERMOUNTAIN TROUGH)

V. I. Silaev1, M. A. T. M. Brockmans2, V. A. Petrovsky1, A. E. Sukharev1, A. F. Khazov1

1Institute of Geology, Komi Science Center Ural Branch of RAS, Syktyvkar, Russia
2Geological Survey of Norway, Trondheim, Norway

The geological situation of bitumen manifestations in the Devonian andesite basalts lavas in the Minusinsk intermountain

trough has been characterized. The features of chemical and molecular compositions, X-ray diffraction, spectroscopic, thermal

and isotope-geochemical properties of natural bitumen are discussed. A conclusion is made about the important role of solid

migratory bitumens for forecasting for regional oil and gas potential.

Keywords: Minusinsk trough, kerites, mineralogical-geochemical studies, oil and gas potential

Èññëåäîâàíèÿ ïðèðîäíûõ êîíäåíñèðîâàííûõ áèòóì-
íûõ âåùåñòâ ïðåäñòàâëÿþò ñîáîé îäíî èç âàæíåéøèõ íà-
ïðàâëåíèé ñîâðåìåííîé ìèíåðàëîãèè, âî ìíîãîì îïðå-
äåëèâøååñÿ àêàäåìèêîì Í. Ï. Þøêèíûì. Àêòóàëüíîñòü
ýòîãî íàïðàâëåíèÿ ìîæåò áûòü îáîñíîâàíà êîìïîçèöèåé
íåñêîëüêèõ ôóíäàìåíòàëüíûõ è ïðèêëàäíûõ íàó÷íûõ çà-
äà÷: 1) ðàçâèòèåì ñèñòåìàòè÷åñêîé ìèíåðàëîãèè â ÷àñòè
çíàíèé î ìèíåðàëîèäàõ è ìèíåðàëîèä-ìèíåðàëüíûõ âçà-
èìîäåéñòâèÿõ [35, 37]; 2) èçó÷åíèåì êîíñòèòóöèè ïðèðîä-
íûõ áèòóìîâ è ïîçíàíèåì çàêîíîìåðíîñòåé èõ òðàíñôîð-
ìàöèè â ãåîëîãè÷åñêèõ óñëîâèÿõ [21—23, 25, 31—34];
3) îöåíêîé ðîëè ìèãðàöèîííî-ïåðåîòëîæåííûõ áèòóìîâ
â ôîðìèðîâàíèè ðóäíûõ ìåñòîðîæäåíèé è ïåðñïåêòèâ-
íîñòüþ ñàìèõ áèòóìîâ êàê ìèíåðàëüíîãî ñûðüÿ [6, 10, 24,
28]; 4) èçó÷åíèåì òâåðäûõ áèòóìîâ â êà÷åñòâå äèñòàëüíûõ
èíäèêàòîðîâ ðåãèîíàëüíîé íåôòåãàçîíîñíîñòè è àíàëè-
çîì íåôòåãàçîíîñíîñòè êàê ôåíîìåíàëüíîãî ñëåäñòâèÿ
ãåîñôåðíîãî ðàçâèòèÿ [5, 17, 29].

Î÷åâèäíûì ïîäòâåðæäåíèåì ïðàêòè÷åñêîé ïîëåçíî-
ñòè ôóíäàìåíòàëüíûõ èññëåäîâàíèé ïðèðîäíûõ áèòóìîâ
ÿâëÿåòñÿ ðàñêðûâàþùàÿñÿ áóêâàëüíî íà íàøèõ ãëàçàõ èõ
öåííîñòü êàê ïîèñêîâîãî ïðèçíàêà, óêàçûâàþùåãî íà ñó-
ùåñòâîâàíèå åùå íå âñêðûòûõ  íåôòåãàçîâûõ àíîìàëèé,
êîòîðûå ìîãóò äîñòèãàòü ãèãàíòñêèõ ìàñøòàáîâ. Îäíèì èç
ïðèìåðîâ òàêîãî ðîäà ìîæåò ñëóæèòü èñòîðèÿ òîïîìèíå-
ðàëîãè÷åñêèõ èññëåäîâàíèé â ïðåäåëàõ Ïàéõîé-Âàéãà÷-
Þæíî-Íîâîçåìåëüñêîé ñêëàä÷àòîé îáëàñòè. Â ðåçóëüòàòå
ìíîãîëåòíèõ èññëåäîâàíèé â ýòîì ðåãèîíå áûëè âûÿâëå-
íû è èçó÷åíû ìíîãèå äåñÿòêè, åñëè íå ñîòíè ïðîÿâëåíèé
íàëîæåííîé àíòðàêñîëèòèçàöèè [2, 6, 10, 24, 34, 36], îáúå-
äèíÿþùèõñÿ â ãðîìàäíóþ äóãó ñ öåíòðîì êðèâèçíû â Êàð-
ñêîì ìîðå. À íåäàâíî âáëèçè ýòîãî öåíòðà áûëè îòêðûòû
íå òîëüêî êðóïíîå íåôòÿíîå ìåñòîðîæäåíèå, íî è âåñüìà
ïåðñïåêòèâíàÿ íåôòåãàçîâàÿ ïðîâèíöèÿ (ðèñ. 1).

Ïðåäìåòîì íàøèõ èññëåäîâàíèé ïîñëóæèëè ïðîÿâ-
ëåíèÿ ïðèðîäíûõ òâ¸ðäûõ áèòóìîâ, âûÿâëåííûõ íà òåð-
ðèòîðèè Ìèíóñèíñêîãî ìåæãîðíîãî ïðîãèáà [4, 15, 16] è
óæå íåîäíîêðàòíî ðàññìàòðèâàâøèõñÿ â êà÷åñòâå èíäè-
êàòîðîâ íåôòåãàçîíîñíîñòè [15, 17, 19].

Ãåîëîãè÷åñêàÿ îáñòàíîâêà

Ìèíóñèíñêèé ïðîãèá îáùåé ïëîùàäüþ îêîëî 50 òûñ.
êì2  ðàñïîëàãàåòñÿ ìåæäó ãîðíûìè ñîîðóæåíèÿìè Êóç-

Ðèñ. 1. Äóãà àíòðàêñîëèòîâûõ ìèíåðàëèçàöèé, îêàéìëÿþùàÿ
ãèãàíòñêóþ íåôòåãàçîâóþ àíîìàëèþ ïîä Êàðñêèì ìîðåì

Fig. 1. An arc of anthraxolite mineralization, bordering a giant oil
and gas anomaly Under the Kara Sea



Âåñòíèê ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ, èþíü, 2017 ã., ¹ 6

4

íåöêîãî Àëàòàó (ñ çàïàäà), Çàïàäíîãî (ñ þãà) è Âîñòî÷íî-
ãî Ñàÿíà (ñ âîñòîêà), ïðåäñòàâëÿÿ ñîáîé ñåðèþ äåâîíñêèõ
âïàäèí (ñ ñåâåðà íà þã) — Íàçàðîâñêîé, Àãóëüñêîé, Ñå-
âåðî-Ìèíóñèíñêîé, Ñðåäíå-Ìèíóñèíñêîé, Êóçíåöêîé,
Þæíî-Ìèíóñèíñêîé (ðèñ. 2). Êîòëîâèíû çàïîëíåíû
ôàöèàëüíî-èçìåí÷èâûìè âóëêàíîãåííî-îñàäî÷íûìè îò-
ëîæåíèÿìè äåâîíñêîãî âîçðàñòà, çàëåãàþùèìè ñ ðåãèî-
íàëüíûì íåñîãëàñèåì íà ïîðîäàõ ôóíäàìåíòà ìîëîäîé
ïëàòôîðìû — êàðáîíàòîëèòàõ ðàííåñðåäíåêåìáðèéñêî-
ãî âîçðàñòà è ýôôóçèâàõ äàöèò-òðàõèáàçàëüòîâîé è ðèî-
ëèò-áàçàëüòîâîé ñåðèé [14, 15]. Îñîáåííîñòüþ èçâåñòíÿ-
êîâ, ïðîðâàííûõ îðäîâèêñêèìè ãðàíèòîèäàìè òèãåð-
òûøñêîãî êîìïëåêñà, ÿâëÿåòñÿ èõ ñåðàÿ, â îòäåëüíûõ ñëîÿõ
äî ÷åðíîé îêðàñêà, êîñâåííî óêàçûâàþùàÿ íà íàëè÷èå
òîíêîäèñïåðñíîãî áèòóìíîãî âåùåñòâà.

Â ðàçðåçå äåâîíñêîãî ïëàòôîðìåííîãî ÷åõëà íàáëþ-
äàþòñÿ êðàñíîöâåòíûå òåððèãåííûå, ýôôóçèâíî-îñàäî÷-
íûå è ýôôóçèâíûå îòëîæåíèÿ, à òàêæå ï¸ñòðîöâåòíûå
ëàãóííî-ìîðñêèå òåððèãåííî-êàðáîíàòíûå îñàäêè. Ìàã-
ìàòèòû íà òåððèòîðèè Ìèíóñèíñêîãî ïðîãèáà ïðåäñòàâ-
ëåíû äîëåðèòîâûìè ñèëëàìè, òåëàìè íåôåëèíèò-ôîíî-
ëèòîâ è ëàâàìè áàçàëüòîèäîâ, òðàõèäàöèòîâ, òðàõèðèîëè-
òîâ. Êðîìå òîãî, â öåíòðàëüíûõ ÷àñòÿõ íåêîòîðûõ âïàäèí
âñòðå÷àþòñÿ êàðáîí-ïåðìñêèå è þðñêèå îòëîæåíèÿ, èíîã-
äà óãëåíîñíûå.

Â òåêòîíè÷åñêîì îòíîøåíèè Ìèíóñèíñêèé ïðîãèá
ðàññìàòðèâàåòñÿ êàê ÷àñòü îáøèðíîé ðèôòîãåííîé îáëà-
ñòè. Åãî ðàñ÷ëåíåíèå íà âïàäèíû áûëî îáóñëîâëåíî íå-
ñêîëüêèìè ïîïåðå÷íûìè âàëàìè ñóáøèðîòíîãî ïðîñòè-
ðàíèÿ [12]. Â ïðîöåññå ïðåäûäóùèõ èññëåäîâàíèé â ïðå-
äåëàõ ðàññìàòðèâàåìîãî ïðîãèáà áûëî âûÿâëåíî íåñêîëü-
êî ëîêàëüíûõ êóïîëîâèäíûõ ïîäíÿòèé ñ íåôòåãàçîâûìè
ïðîÿâëåíèÿìè, à íà þãî-çàïàäíîì ôëàíãå Ñåâåðî-Ìèíó-
ñèíñêîé âïàäèíû íà äâóõ ó÷àñòêàõ — Øèðèíñêî-Ìàð÷åí-
ãàøñêîì è Øóíåò-Ìàòàðàêñêîì — íàéäåíû ïðîÿâëåíèÿ
òâåðäûõ áèòóìîâ [13].

Íà Øèðèíñêî-Ìàð÷åíãàøñêîì ó÷àñòêå (Ñîõî÷óëü-
ñêîå è Ìåëüíè÷íîå áèòóìîïðîÿâëåíèÿ) ðàçðåç ðàííåäå-
âîíñêèõ îòëîæåíèé íà÷èíàåòñÿ ñîõî÷óëüñêîé ñâèòîé, çà-
ëåãàþùåé íà ãðàíèòîèäàõ óëåíü-òóèìñêîãî ïëóòîíà. Â ñî-
ñòàâå ñâèòû ïðåîáëàäàþò òðàõèàíäåçèòîâûå ëàâîáðåê÷èè
è òóôîêîíãëîìåðàòû, ïåðåêðûòûå ïà÷êîé ÷åðåäóþùèõñÿ
òóôîâ è òóôîëàâ ñðåäíåãî ñîñòàâà ñ ðåäêèìè ïðîñëîÿìè
òóôîãðàâåëèòîâ, òóôîïåñ÷àíèêîâ è àëåâðîëèòîâ. Â íèæ-
íåé ÷àñòè ñâèòû èìååòñÿ ïëàñòîâîå òåëî êðóïíîïîðôè-
ðîâûõ äîëåðèòîâ. Ñðåäè îòëîæåíèé âåðõíåé ÷àñòè ñâèòû
îòìå÷åíû òðàõèðèîäàöèòû è òðàõèàíäåçèáàçàëüòû, à òàê-
æå ñèëëû äîëåðèòîâ. Âûøå ðàñïîëàãàåòñÿ ïðèäîðîæíàÿ
ñâèòà, ñîñòîÿùàÿ èç òðåõ ïà÷åê (ñíèçó ââåðõ) — ãðàâåëè-
òî-èçâåñòíÿêîâîé, èçâåñòíÿêîâî-ïåñ÷àíèêîâîé è òóôî-
ïåñ÷àíèêîâîé ñ ïëàñòîâûìè òåëàìè áàçàëüòîèäîâ, â ìèí-
äàëèíàõ êîòîðûõ ñîäåðæàòñÿ òâåðäûå áèòóìû. Ýòà ñâèòà
ñ ïðåäïîëàãàåìûì íåñîãëàñèåì ïåðåêðûòà ïðîáëåìàòè÷-
íîé ìàð÷åíãàøñêîé ñâèòîé, ñëîæåííîé ëàâàìè áàçàëüòîâ,
àíäåçèáàçàëüòîâ, òðàõèáàçàëüòîâ ñ ïðîñëîÿìè è ëèíçàìè
êîíãëîìåðàòîâ, ãðàâåëèòîâ è êðàñíîöâåòíûõ ïåñ÷àíèêîâ
ñ ðàñòèòåëüíûìè îñòàòêàìè. Ïî âñåìó åå ðàçðåçó ðàñïðå-
äåëåíû ñèëëû è øòîêè äîëåðèòîâ.

Â ãåîëîãè÷åñêîì ñòðîåíèè Øóíåò-Ìàòàðàêñêîãî
ó÷àñòêà (Êðàñíîãîðñêîå è Øóíåòñêîå áèòóìîïðîÿâëåíèÿ)
ïðèíèìàþò ó÷àñòèå îòëîæåíèÿ (ñíèçó ââåðõ) èìèðñêîé,
ìàòàðàêñêîé, øóíåòñêîé è àðàì÷àêñêîé ñâèò, ñîñòàâëÿ-
þùèõ áûñêàðñêóþ ñåðèþ, íåñîãëàñíî çàëåãàþùóþ íà
ñëîæíîäèñëîöèðîâàííûõ êåìáðèéñêèõ èçâåñòíÿêàõ.
Ê èìèðñêîé ñâèòå îòíåñåíû ëèòîêëàñòè÷åñêèå òóôû êèñ-
ëî-ñðåäíåãî ñîñòàâà, ïåðåñëàèâàþùèåñÿ ñ ïîòîêàìè òðà-
õèðèîäàöèòîâ è òðàõèàíäåçèòîâ è èíòðóäèðîâàííûå ìà-
ëîìîùíûìè ñèëëàìè êðóïíîïîðôèðîâûõ äîëåðèòîâ.
Â øóíåòñêóþ ñâèòó âêëþ÷åíû çåëåíîâàòî-ñåðûå èçâåñò-
êîâûå àëåâðîëèòû. Â ðàçíûõ åå ÷àñòÿõ îáíàðóæåíû îò äâóõ
äî ÷åòûðåõ äîëåðèòîâûõ ñèëëîâ êóçüìåíñêîãî êîìïëåêñà,
õàðàêòåðíîé îñîáåííîñòüþ êîòîðûõ ÿâëÿþòñÿ ýíäîêîí-
òàêòîâûå çîíû èç ìèíäàëåêàìåííûõ áàçàëüòîâ. Ìîùíîñòü
òàêèõ çîí çàâèñèò îò ñîñòàâà âìåùàþùèõ ïîðîä, äîñòè-
ãàÿ ìàêñèìóìà íà êîíòàêòàõ ñ àëåâðîëèòàìè è òóôîáðåê-
÷èÿìè. Ìèíäàëèíû ñëîæåíû êàëüöèòîì, ïðåíèòîì è
òâåðäûì áèòóìîì. Àðàì÷àêñêàÿ ñâèòà ïðåäñòàâëåíà ïðå-
èìóùåñòâåííî êðàñíîöâåòíûìè òåððèãåííûìè ïñåôèòà-
ìè ñ íåçíà÷èòåëüíûì ó÷àñòèåì âóëêàíîãåííûõ ïîðîä.

Ðèñ. 2. Ãåîëîãè÷åñêîå ñòðîåíèå è ìåñòîíàõîæäåíèÿ òâåðäûõ áè-
òóìîâ (çâåçäî÷êè) è íåôòåãàçîïðîÿâëåíèé (òðåóãîëüíèêè) â
Ìèíóñèíñêîì ìåæãîðíîì ïðîãèáå (ñåâåðíàÿ ÷àñòü Àëòàå-Ñàÿí-
ñêîé ñêëàä÷àòîé îáëàñòè): 1 — êåìáðî-îðäîâèêñêèé ôóíäàìåíò;
2 — áûñêàðñêàÿ âóëêàíîãåííî-îñàäî÷íàÿ ñåðèÿ D1–2, èíòðóäè-
ðîâàííàÿ äîëåðèòîâûìè ñèëëàìè; 3 — òåððèãåííûå îòëîæåíèÿ
D2–3 ñ ëàâàìè ìèíäàëåêàìåííûõ àíäåçèáàçàëüòîâ; 4 — òåêòî-
íè÷åñêèå íàðóøåíèÿ. Äåâîíñêèå âïàäèíû: I — Íàçàðîâñêàÿ,
II — Ñåâåðî-Ìèíóñèíñêàÿ, III — Ñðåäíå-Ìèíóñèíñêàÿ, IV —
Þæíî-Ìèíóñèíñêàÿ, V — Êóçíåöêàÿ, VI — Àãóëüñêàÿ. Ìåñòî-
íàõîæäåíèÿ òâåðäûõ áèòóìîâ: 1 — Ñîõî÷óëüñêîå è Ìåëüíè÷íîå
(Øèðèíñêî-Ìàð÷åíãàøñêèé ó÷àñòîê), 2 — Êðàñíîãîðñêîå è
Øóíåòñêîå (Øóíåò-Ìàòàðàêñêèé ó÷àñòîê). Íåôòåãàçîïðîÿâ-

ëåíèÿ: 3 — Ñîëü-Çàâîäñêîå, 4 — Òàãàðñêîå, 5 — Àëòàéñêîå

Fig. 2. Geological structure and locations of solid bitumens (aster-
isks) and oil and gas occurrences (triangles) in the Minusinsk inter-
mountain trough (northern part of the Altai-Sayan folded region):
1 — Cambridge-Ordovician basement; 2 — the Byskarskaya-volca-
nogenic sedimentary series D1-2, intruded by dolerite sills; 3 — ter-
rigenous deposits D2-3 with lavas of amygdaloid andesite-basalts; 4 —
tectonic dislocations. Devonian depressions: I — Nazarovskaya, II —
North Minusinsk, III — Middle Minusinsk, IV — South Minusin-
sk, V — Kuznetsk, VI — Agul. Locations of solid bitumens: 1 — So-
chukulskoye and Melnichnoye (Shirinsko-Marchengashsky site), 2 —
Krasnogorskoye and Shunetskoe (Shunet-Mataraksky area). Oil and

Gas: 3 — Sol-Zavodskoye, 4 — Tagarskoye, 5 — Altai
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Îáúåêòû è ìåòîäû èññëåäîâàíèé

Òâåðäûå áèòóìû íà ðàññìàòðèâàåìîé òåððèòîðèè
îáíàðóæåíû ãëàâíûì îáðàçîì â ñâÿçè ñ ëàâàìè ìèíäà-
ëåêàìåííûõ áàçàëüòîèäîâ è â ãîðàçäî ìåíüøåé ñòåïå-
íè — â ñèëëàõ äîëåðèòîâ [4, 16, 30]. Êðîìå òîãî, â Ñîõî-
÷óëüñêîì ìåñòîíàõîæäåíèè â òðåùèíàõ áàçàëüòîèäîâ íà-
áëþäàëèñü âÿçêèå áèòóìû. Ñëåäóåò îòìåòèòü, ÷òî ëîêàëè-
çàöèÿ ïðèðîäíûõ áèòóìîâ â ýôôóçèâíûõ ìàãìàòèòàõ äà-
ëåêî íå ðåäêîñòü [1, 3]. Â ðàññìàòðèâàåìîì ñëó÷àå òàêèå
ëàâû ñëîæåíû ìàññèâíîé áóðîâàòîé ïîðîäîé ñ ïåðâè÷íî-
ïóçûðèñòîé òåêñòóðîé, ïðåîáðàçîâàííîé â ìèíäàëåêàìåí-
íóþ âñëåäñòâèå çàïîëíåíèÿ ïîëîñòåé òâåðäûìè áèòóìà-
ìè, êàðáîíàòàìè, ïðåíèòîì è ñëþäèñòî-õëîðèòîâûì ìà-
òåðèàëîì (ðèñ. 3, à, b). Ïî ôîðìå ìèíäàëèíû âàðüèðóþò-
ñÿ îò ñóáèçîìåòðè÷íûõ, èíîãäà óãëîâàòûõ, äî ëèíçîîá-
ðàçíûõ (êîýôôèöèåíò óäëèíåíèÿ — 1.55 ± 0.46). Ïîïå-
ðå÷íûé ðàçìåð ìèíäàëèí êîëåáëåòñÿ îò ïåðâûõ ìì äî
10 ñì (ðèñ. 3, c—f).

Â õîäå èññëåäîâàíèé áèòóìîíîñíûõ áàçàëüòîèäîâ
íàìè áûëè èñïîëüçîâàíû ñëåäóþùèå ìåòîäû: îïòè÷åñêàÿ
ìèêðîñêîïèÿ (êîìïüþòåðèçèðîâàííûé êîìïëåêñ
OLYMPUS BX51), àíàëèòè÷åñêàÿ ÑÝÌ (JSM-6400 Jeol),

ðåíòãåíîôëþîðåñöåíòíûé àíàëèç (XRF-1800 Shimadzu),
îïðåäåëåíèå ñîäåðæàíèÿ Ñîðã â ãîðíûõ ïîðîäàõ ìåòîäîì
êóëîíîìåòðè÷åñêîãî òèòðîâàíèÿ ïî âåëè÷èíå pH (Àí-
7529Ì), ïîëóêîëè÷åñòâåííûé ñïåêòðàëüíûé àíàëèç, òåð-
ìîãðàôèÿ (àâòîìàòè÷åñêèé äåðèâàòîãðàô Shimadzu DTG-
60A/60AH), ðåíòãåíîâñêàÿ äèôðàêòîìåòðèÿ (Shimadzu
XRD-6000), ðàìàíîâñêàÿ ñïåêòðîñêîïèÿ (LABRAM
HR800, ëàçåð Ar 488 íì), ýëåìåíòíûé àíàëèç áèòóìîâ (ãà-
çîâûé õðîìàòîãðàô EA 1110 (CHNO–O), èçîòîïíàÿ ìàññ-
ñïåêòðîìåòðèÿ (Delta V Advantage).

Ñîãëàñíî ïîëó÷åííûì äàííûì, áèòóìîíîñíûå áà-
çàëüòîèäû ïðåäñòàâëÿþò ñîáîé òèòàíèñòûå, ãëèíîçåìèñ-
òûå è óìåðåííî-ìàãíåçèàëüíûå òðàõèàíäåçèáàçàëüòû
(ìàñ. %): SiO2 (52.40—52.84); TiO2 (1.29—1.40); ZrO2 (0—
0.03); Al2O3 (18.98—19.34); Cr2O3 (0.04—0.05); Fe2O3 (9.53—
10.0); MnO (0.02—0.2); NiO (0—0.01); MgO (5.79—6.07);
CaO (4.20—4.52); SrO (0—0.02); Na2O (5.0—5.13); K2O
(0.28—0.42); P2O5 (0.94—1.21). Âàëîâîå ñîäåðæàíèå Ñîðã â
àíäåçèáàçàëüòàõ êîëåáëåòñÿ â ïðåäåëàõ 7.96—8.5 ìàñ. %.
Òâåðäûå áèòóìû, çàïîëíÿþùèå ìèíäàëèíû, õàðàêòåðè-
çóþòñÿ áóðîâàòî-÷åðíûì öâåòîì, ìàòîâîé ïîâåðõíîñòüþ,
íèçêîé òâåðäîñòüþ è ñóùåñòâåííîé ìèêðîêàâåðíîçíîñ-
òüþ (ðèñ. 4). Ñîäåðæàíèå çîëû, îöåíåííîå ïî ïîòåðå ìàñ-

Ðèñ. 3. Ëàâû ìèíäàëåêàìåííûõ áàçàëüòîèäîâ ñ çàïîëíåíèåì ïåðâè÷íûõ ïóñòîò òâåðäûìè áèòóìàìè (ïîêàçàíû ñòðåëêàìè)

Fig. 3. Lavas of amygdaloid basaltoids with filling of primary voids with solid bitumens (shown by arrows)

Ðèñ. 4. Âíåøíèé âèä (à) è ìèêðîêàâåðíîçíîñòü (b, ÑÝÌ-èçîáðàæåíèå â ðåæèìå âòîðè÷íûõ ýëåêòðîíîâ) òâåðäûõ áèòóìîâ
èç ìèíäàëåêàìåííûõ àíäåçèáàçàëüòîâ

Fig. 4. Appearance (a) and microporosity (b, SEM image in the secondary electron mode) of solid bitumen selected from amygdaloid
andesite basalts
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ñû ïðè íàãðåâàíèè äî 600 °Ñ, êîëåáëåòñÿ â ïðåäåëàõ 15—
20 %. Õèìè÷åñêèé ñîñòàâ íåîðãàíè÷åñêîé ïðèìåñè â áè-
òóìàõ ñóùåñòâåííî îòëè÷àåòñÿ îò âûøåïðèâåäåííîãî ñî-
ñòàâà âìåùàþùèõ àíäåçèáàçàëüòîâ (ìàñ. %): SiO2 (24.73—
41.33); TiO2 (1.65); Al2O3 (9.19—14.51); Fe2O3 (9.23—13.07);
MgO (5.00—6.26); CaO (10.07—18.57); Na2O (0—2.75); K2O
(1.22—1.82); P2Î5 (1.22—2.13); SO3 (7.01—30.35). Èç ìèê-
ðîýëåìåíòîâ óñòàíîâëåíû òèïè÷íûå äëÿ áèòóìîâ (ã/ò)
Ba (20—40); Sr (10—20); Ni (20—25); V (3—4); Cu (3—5).
Ïîä ñêàíèðóþùèì ýëåêòðîííûì ìèêðîñêîïîì â ìèíó-
ñèíñêèõ áèòóìàõ íå âûÿâëÿþòñÿ ïñåâäîìèíåðàëüíûå ìå-
òàëë-óãëåðîäíûå îáðàçîâàíèÿ, âåñüìà õàðàêòåðíûå äëÿ
àíòðàêñîëèòîâ [22], ÷òî ñâèäåòåëüñòâóåò î íèçêîé ñòåïå-
íè êàðáîíèçàöèè èññëåäóåìûõ îáúåêòîâ.

Õèìèçì áèòóìîâ

Ýëåìåíòíûé ñîñòàâ îðãàíè÷åñêîãî ìàòðèêñà â èñ-
ñëåäóåìûõ òâåðäûõ áèòóìàõ (ìàñ. %): Ñ = 86.08; H = 9.89;
N = 0.59; O = 3.44. Îòñþäà çíà÷åíèÿ âîäîðîäíîãî è êèñ-
ëîðîäíîãî àòîìíûõ èíäåêñîâ ñîñòàâÿò ñîîòâåòñòâåííî
1.38 è 0.03. Íà äèàãðàììå Êðåâåëåíà–Êîðíåëèóñà [38]
ïîëó÷åííûå äàííûå îòâå÷àþò àñôàëüòèòàì—íèçøèì êå-

ðèòàì, ò. å. ñëàáîêàðáîíèçèðîâàííûì òâåðäûì áèòóìàì,
à èìåííî ðàñòâîðèìîìó â CS2 ãèëñîíèòó è íåðàñòâîðè-
ìîìó â CS2 àëüáåðòèòó (ðèñ. 5, à). Íà äèàãðàììå òâåð-
äûõ áèòóìîâ Åâðîïåéñêîãî Ñåâåðî-Âîcòîêà Ðîññèè [24]
èññëåäóåìûå îáðàçöû åäâà äîñòèãàþò óðîâíÿ íèçøèõ êå-
ðèòîâ (ðèñ. 5, b). Íà äèàãðàììå ïåðâîèñòî÷íèêîâ [8] òî÷-
êà èññëåäóåìûõ òâåðäûõ áèòóìîâ ðàñïîëàãàåòñÿ â ïîëå
íåôòåé (ðèñ. 5, c), óêàçûâàÿ òåì ñàìûì íà íåôòÿíîå ïðî-
èñõîæäåíèå áèòóìíîãî îðãàíè÷åñêîãî âåùåñòâà. Òàêèì
îáðàçîì, ìîæíî ïðèéòè ê âûâîäó, ÷òî ëîêàëèçîâàííûå
â ìèíäàëèíàõ àíäåçèáàçàëüòîâûõ ëàâ â Ìèíóñèíñêîì
ïðîãèáå òâåðäûå áèòóìû ÿâëÿþòñÿ ïî ïåðâîèñòî÷íèêó
íåôòÿíûìè, ïî ñïîñîáó îáðàçîâàíèÿ — ìèãðàöèîííû-
ìè [39], íî ïîäâåðãëèñü êàðáîíèçàöèè âñëåäñòâèå ýêñò-
ðàêöèé è ïåðåîòëîæåíèé (ðèñ. 5, d) ëèøü â íåçíà÷èòåëü-
íîé ñòåïåíè.

Ìîëåêóëÿðíûé ñîñòàâ

Îðãàíè÷åñêàÿ õèìèÿ ðàññìàòðèâàåìûõ áèòóìîâ èñ-
ñëåäîâàëàñü Âó Âàí Õàåì è ïðîô. Î. Â. Ñåðåáðÿííèêîâîé
ìàññ-õðîìàòîãðàôè÷åñêèì ìåòîäîì [9, 19, 20]. Â ðåçóëü-
òàòå áûëè ïîëó÷åíû ñëåäóþùèå äàííûå (ðèñ. 6).

Ðèñ. 5. Ñòåïåíü êàðáîíèçàöèè (à, b), îïðåäåëåíèå ïåðâîèñòî÷íèêà (c) è ñõåìà îáðàçîâàíèÿ (d) òâåðäûõ áèòóìîâ, ëîêàëèçîâàííûõ
â ìèíäàëèíàõ àíäåçèáàçàëüòîâûõ ëàâ â Ìèíóñèíñêîì ïðîãèáå

Fig. 5. The degree of carbonization (a, b), the determination of the primary source (c), and the scheme of formation (d) of solid bitumens
localized in the amygdules of andesite basalt lavas in  Minusinsk trough
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Óãëåâîäîðîäíûé ñîñòàâ òâåðäûõ è âÿçêèõ áèòóìîâ èç
ìèíäàëåêàìåííûõ àíäåçèáàçàëüòîâ è äîëåðèòîâ Ìèíó-
ñèíñêîãî ïðîãèáà îïðåäåëÿåòñÿ êîìïîçèöèåé í-àëêàíîâ,
àëêèëçàìåùåííûõ öèêëîãåêñàíîâ, áè- è ïîëèöèêëè÷åñ-
êèõ òåðïàíîâ, ñòåðàíîâ è àðîìàòè÷åñêèõ ñîåäèíåíèé.
Ïðîïîðöèè ìåæäó óêàçàííûìè ãðóïïàìè óãëåâîäîðîäîâ
êàðäèíàëüíî è ïðè ýòîì óïîðÿäî÷åííî èçìåíÿþòñÿ â íà-
ïðàâëåíèè îò òâåðäûõ áèòóìîâ â ìèíäàëåêàìåííûõ àíäå-
çèáàçàëüòàõ ê òâåðäûì áèòóìàì â äîëåðèòàõ è âÿçêèì áè-
òóìàì â òðåùèíàõ â áàçàëüòîèäàõ. Ýòî èçìåíåíèå âûðà-
æàåòñÿ â ñîêðàùåíèè ïî÷òè íà äâà ïîðÿäêà ñîäåðæàíèÿ
í-àëêàíîâ è ïðîïîðöèîíàëüíîì âîçðàñòàíèè ñóììàðíî-
ãî ñîäåðæàíèÿ òåðïàíîâ è ñòåðàíîâ. Êðîìå òîãî, íàáëþ-
äàþòñÿ ìíîãîêðàòíîå óâåëè÷åíèå ñîäåðæàíèÿ öèêëîãåê-
ñàíîâ è àðîìàòè÷åñêèõ óãëåâîäîðîäîâ, à òàêæå ðîñò îò-
íîñèòåëüíîãî ñîäåðæàíèÿ èçîïðåíîèäíûõ àëêàíîâ (Ki)
è âåëè÷èíû ïðèñòàí-ôèòàíîâîãî îòíîøåíèÿ (Pr/Ph).

Òàêèì îáðàçîì, äàííûå îðãàíè÷åñêîé õèìèè ñâè-
äåòåëüñòâóþò î òîì, ÷òî òâåðäûå è âÿçêèå áèòóìû èç ìèí-
äàëåêàìåííûõ àíäåçèáàçàëüòîâ è äîëåðèòîâ âåñüìà ñó-
ùåñòâåííî ðàçëè÷àþòñÿ ïî ñòåïåíè áèîäåãðàäàöèè, ïî-
êàçàòåëåì êîòîðîé ÿâëÿåòñÿ ïðîïîðöèÿ ìåæäó ïîëèöèê-
ëè÷åñêèìè ñîåäèíåíèÿìè è àëêàíàìè (ÊÁÄ = (òåðïàíû +
+ ñòåðàíû)/àëêàíû). Òàê, íàèìåíåå èçìåíåííûìè â ðàñ-
ñìàòðèâàåìîì ðÿäó ÿâëÿþòñÿ òâåðäûå áèòóìû â ìèíäà-
ëåêàìåííûõ àíäåçèáàçàëüòàõ, ñëîæåííûå íà 87—88 % àë-
êàíàìè (ÊÁÄ = 0.01). Òâåðäûå áèòóìû â äîëåðèòàõ õà-
ðàêòåðèçóþòñÿ áîëåå ÷åì äâóêðàòíûì ïðåîáëàäàíèåì
ñóììû òåðïàíîâ è ñòåðàíîâ íàä ñîäåðæàíèåì àëêàíîâ
(ÊÁÄ = 2.24). Âÿçêèå áèòóìû èç òðåùèí â àíäåçèáàçàëü-
òàõ ïî÷òè íàöåëî ñîñòîÿò èç òåðïàíîâ è ñòåðàíîâ (ÊÁÄ =
= 38.96), ÷òî ñâèäåòåëüñòâóåò î íàèáîëüøåé ñòåïåíè èç-
ìåíåíèÿ. Ìîæíî ïðåäïîëàãàòü, ÷òî ñòîëü ñóùåñòâåííûå
êîëåáàíèÿ ñòåïåíè áèîäåãðàäàöèè îáóñëîâëåíû íå ðàç-
íûì âîçðàñòîì áèòóìîâ è íå ðàçëè÷èåì ãåîëîãè÷åñêèõ
óñëîâèé ëîêàëèçàöèè, à èõ êîíñèñòåíöèåé: ÷åì êîíäåí-
ñèðîâàííåé áèòóì, òåì ìåäëåííåé îí ïîäâåðãàåòñÿ áèî-
ïåðåðàáîòêå.

Ôàçîâàÿ äèàãíîñòèêà

Ôàçîâàÿ äèàãíîñòèêà òâåðäûõ áèòóìîâ îñóùåñòâëÿ-
ëàñü ðåíòãåíîñòðóêòóðíûì è ÊÐ-ñïåêòðîñêîïè÷åñêèì
ìåòîäàìè.

Íà ðåíòãåíîâñêîé äèôðàêòîãðàììå èññëåäóåìûõ îá-
ðàçöîâ (ðèñ. 7, à) íàáëþäàåòñÿ îäèí äîâîëüíî èíòåíñèâ-
íûé, íî äèôôóçíûé ïèê â îáëàñòè 15—30° óãëîâ 2θ ñ ìàê-
ñèìóìîì ïðè d/n = 0.42 íì è íåçíà÷èòåëüíûì ïåðåãèáîì
íà ïëå÷å ïèêà ïðè 25° óãëîâ 2θ. Êðîìå òîãî, â îáëàñòè 40—
45° óãëîâ 2θ íàáëþäàåòñÿ åùå îäèí î÷åíü ìàëîèíòåíñèâ-
íûé è âåñüìà äèôôóçíûé ïèê. Ýòè äàííûå ñâèäåòåëüñòâó-
þò î íåêîòîðîé ñòðóêòóðíîé òðàíñôîðìàöèè ìèíóñèíñ-
êèõ áèòóìîâ. Êàê èçâåñòíî, óãëåðîäèñòîå âåùåñòâî ïåð-
âè÷íûõ áèòóìîâ äàåò åùå áîëåå äèôôóçíûé ðåíòãåíî-
âñêèé ïèê ïðè 0.5 íì, îáóñëîâëåííûé ñèëüíûì ðàññåÿ-
íèåì íåïîñðåäñòâåííî íà ñòðóêòóðàõ àëèôàòè÷åñêèõ è
àëèöèêëè÷åñêèõ ãðóïï îðãàíè÷åñêèõ ñîåäèíåíèé [41].
Â ðàññìàòðèâàåìîì ñëó÷àå äîìèíàíòíûé ïèê â ìàëîóãëî-
âîé îáëàñòè ìîæåò áûòü ïðèïèñàí òàê íàçûâàåìîé ïîëè-
íàôòåíîâîé ôàçå (Íô), îáðàçóþùåéñÿ ïà÷êàìè ïàðàôè-
íîâûõ öåïåé ñ øàãîì 0.40—0.54 íì. Áîëåå ñëàáûå îòðà-
æåíèÿ ñ ìàêñèìóìîì îêîëî 25° è 43° óãëîâ 2θ îòâå÷àþò

Ðèñ. 6. Ñîñòàâ íàñûùåííûõ óãëåâîäîðîäîâ â òâåðäûõ áèòóìàõ èç
àíäåçèáàçàëüòîâûõ ëàâ (à), äîëåðèòîâûõ ñèëëîâ (b) è â âÿçêèõ

áèòóìàõ èç òðåùèí â àíäåçèáàçàëüòàõ (c)

Fig. 6. The composition of saturated hydrocarbons in solid bitumen
from andesitebasalt lavas (a), dolerite sills (b) and in viscous

bitumen from cracks in andesitebasalt (c)

Ðèñ. 7. Ðåíòãåíîâñêàÿ äèôðàêòîãðàììà òâåðäîãî áèòóìà èç ìèí-
äàëåêàìåííûõ àíäåçèáàçàëüòîâ (à) â ñðàâíåíèè ñ òèïè÷íîé

äèôðàêòîãðàììîé íîâîçåìåëüñêîãî àòðàêñîëèòà (b)

Fig. 7. X-ray diffraction pattern of solid bitumen of their amygdaloid
andesite-basalts (a) in comparison with a typical diffractogram

of the Novaya Zemlya ànthraxolite (b)



Âåñòíèê ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ, èþíü, 2017 ã., ¹ 6

8

òàê íàçûâàåìîé ãðàôèòîïîäîáíîé ôàçå (Ãô), â îñíîâå
ñòðîåíèÿ êîòîðîé ëåæàò ãåêñàãîíàëüíûå ñåòêè, êàê ó ãðà-
ôèòà, íî êîðîòêèå, äåôåêòíûå è ðàçóïîðÿäî÷åííûå. Èç-
âåñòíî [11, 18], ÷òî â ñèëüíî êàðáîíèçèðîâàííûõ òâåð-
äûõ áèòóìàõ — âûñøèõ êåðèòàõ è àíòðàêñîëèòàõ — ðåçêî
ïðåîáëàäàåò èìåííî ãðàôèòîïîäîáíàÿ ôàçà. Ýòî ïðèâî-
äèò ê äîìèíèðîâàíèþ â ðåíòãåíîâñêèõ äèôðàêòîãðàììàõ
èíòåíñèâíûõ óøèðåííûõ ïèêîâ, ïðèõîäÿùèõñÿ íà îá-
ëàñòü îòðàæåíèé îò ïëîñêîñòåé (002), (100) è (101) â ñòðóê-
òóðå ãðàôèòà (ðèñ. 7, b).

Òàêèì îáðàçîì, ïîëó÷åííûå ðåíòãåíîâñêèå ðåçóëü-
òàòû ïîêàçûâàþò, ÷òî èññëåäóåìûå íàìè ìèíóñèíñêèå
òâåðäûå áèòóìû íà 75—80 % ñëîæåíû ïîëèíàôòåíîâîé
ôàçîé, ÷òî õàðàêòåðèçóåò èõ êàê ñëàáîêàðáîíèçèðîâàí-
íûå àñôàëüòèòû–íèçøèå êåðèòû.

ÊÐ-ñïåêòðû èññëåäóåìûõ áèòóìîâ ñèëüíî àêêîìïàíè-
ðîâàíû ëþìèíåñöåíöèåé ñ ìàêñèìóìàìè â êðàñíîé îáëà-
ñòè (ðèñ. 8, à). Â ñïåêòðå îòôèëüòðîâàííîé ðàìàíîâñêîé
êîìïîíåíòû (ðèñ. 8, á) ïðèñóòñòâóþò òðè ñèëüíî óøèðåí-
íûå ëèíèè ïåðâîãî ïîðÿäêà — D1 (1340—1346 ñì–1),
G (1595—1605 ñì–1), D2 (1650—1700 ñì—1) è ñåðèÿ ïëîõî
äèôôåðåíöèðîâàííûõ ëèíèé âòîðîãî ïîðÿäêà â îáëàñòè
2500—4000 ñì—1. Îòíîøåíèå èíòåíñèâíîñòåé ëèíèé ïåð-
âîãî ïîðÿäêà D1/G âàðüèðóåòñÿ â ïðåäåëàõ 0.63—0.70, ÷òî
õàðàêòåðíî äëÿ òåðìè÷åñêè íåìîäèôèöèðîâàííûõ áèòó-
ìîâ [33]. Çíà÷åíèÿ FWHM, îòðàæàþùèå ñòåïåíü óøèðå-
íèÿ ýòèõ ëèíèé, ñîñòàâëÿþò äëÿ ëèíèè D1 125—150 cì–1,
à äëÿ ëèíèè G 80—85 ñì—1. Âñå ïîëó÷åííûå ñïåêòðîñêî-
ïè÷åñêèå äàííûå çíà÷èòåëüíî îòëè÷àþòñÿ îò àíàëîãè÷-
íûõ ïàðàìåòðîâ âûñøèõ êåðèòîâ-àíòðàêñîëèòîâ [7, 18,
25], ÷òî ïîäòâåðæäàåò ñäåëàííûå âûøå âûâîäû î íèçêîé
ñòåïåíè êàðáîíèçàöèè èññëåäóåìûõ òâåðäûõ áèòóìîâ.

Òåðìè÷åñêèå ñâîéñòâà

Íà êðèâûõ íàãðåâàíèÿ èññëåäóåìûõ áèòóìîâ íàáëþ-
äàþòñÿ äâà ñèëüíûõ è äîâîëüíî óñòîé÷èâûõ ïî ïîëîæå-
íèþ ýêçîòåðìè÷åñêèõ ýôôåêòà, îòâå÷àþùèõ âûãîðàíèþ
óãëåðîäèñòîãî âåùåñòâà (ðèñ. 9). Òåìïåðàòóðíûå ïàðà-
ìåòðû ýôôåêòîâ îöåíèâàþòñÿ ñëåäóþùèì îáðàçîì:
íèçêîòåìïåðàòóðíûé ïèê — íà÷àëî âûãîðàíèÿ 230—
250 °Ñ, ýêñòðåìóì 345—350 °Ñ; âûñîêîòåìïåðàòóðíûé
ïèê — íà÷àëî âûãîðàíèÿ 350—355 °Ñ, ýêñòðåìóì 375—
380 °Ñ. Íà êðèâîé âçâåøèâàíèÿ ýòèì òåðìè÷åñêèì ýô-

ôåêòàì îòâå÷àåò ïëîõîäèôôåðåíöèðîâàííûé ýòàï ïîòå-
ðè 78—86 % èñõîäíîé ìàññû îáðàçöîâ. Íà ãåíåðàëüíîé
äèàãðàììå òåðìè÷åñêèõ ñâîéñòâ óãëåðîäíûõ âåùåñòâ [23]
èññëåäóåìûå áèòóìû ïîïàäàþò íà ñòóïåíü íèçøèõ êå-
ðèòîâ, ÷òî âïîëíå êîìïëåìåíòèðóåòñÿ ñî âñåìè âûøå-
ïðèâåäåííûìè äàííûìè.

Èçîòîïíûé ñîñòàâ óãëåðîäà

Èçîòîïíûé ñîñòàâ óãëåðîäà, à ÷àñòî óãëåðîäà è àçîòà
ÿâëÿåòñÿ òðàäèöèîííûì è ýôôåêòèâíûì èñòî÷íèêîì ãå-
íåòè÷åñêîé èíôîðìàöèè îá îðãàíè÷åñêèõ âåùåñòâàõ [26].
Â íàñòîÿùåå âðåìÿ èçâåñòíî, ÷òî â áèîãåííûõ òâåðäûõ
áèòóìàõ èçîòîïíûé ñîñòàâ óãëåðîäà âàðüèðóåòñÿ â øèðî-
êîì äèàïàçîíå çíà÷åíèé êîýôôèöèåíòà δ13ÑPDB îò –25
äî — 42 ‰, â ðàìêàõ êîòîðîãî îáúåäèíÿþòñÿ èíòåðâàëû
êîëåáàíèé óãëåðîäíîãî èçîòîïíîãî êîýôôèöèåíòà âî
âñåõ îñíîâíûõ îðãàíè÷åñêèõ ðåçåðâóàðàõ — ìîðñêîì
ïëàíêòîíå, ãóìèíî-ñàïðîïåëåâîì îðãàíè÷åñêîì âåùåñòâå
ìîðñêèõ èëîâ, â óãëÿõ è íåôòÿõ [27]. Âàæíî ïîä÷åðêíóòü,
÷òî èìåííî íåôòè íàèáîëåå ïîëíî ïåðåêðûâàþò äèàïà-
çîí êîëåáàíèé δ13ÑPDB â òâåðäûõ áèòóìàõ (ðèñ. 10).

Óñòàíîâëåíî, ÷òî ïðèðîäíûå òâåðäûå áèòóìû õàðàê-
òåðèçóþòñÿ äâóìÿ ìîäàìè çíà÷åíèé óãëåðîäíîãî èçîòîï-

Ðèñ. 8. Èñõîäíûé (à) è îòôèëüòðîâàííûé îò ëþìèíåñöåíöèè (b) ÊÐ-ñïåêòðû, õàðàêòåðèçóþùèå òâåðäûå áèòóìû èç ìèíäàëå-
êàìåííûõ àíäåçèáàçàëüòîâ

Fig. 8. Initial (a) and filtered from luminescence (b) Raman spectrum, characterizing solid bitumen from amygdaloid andesite basalt

Ðèñ. 9. Òåðìè÷åñêèå ñâîéñòâà òâåðäûõ áèòóìîâ èç ìèíäàëåêà-
ìåííûõ àíäåçèáàçàëüòîâ. 1, 2 — êðèâûå ñîîòâåòñòâåííî íàãðå-

âàíèÿ è âçâåøèâàíèÿ

Fig. 9. Thermal properties of solid bitumens from amygdaloid àndesite
basalts. 1, 2 — curves for heating and weighing, respectively
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îá îòíîñèòåëüíî íèçêîé ñòåïåíè èõ êàðáîíèçàöèè. Ñëå-
äóåò òàêæå îòìåòèòü, ÷òî, ïðèíèìàÿ äëÿ èññëåäóåìûõ áè-
òóìîâ ñ àíîìàëüíî èçîòîïíî-ë¸ãêèì óãëåðîäîì íåôòÿíóþ
ìîäåëü ïåðâîèñòî÷íèêà, ìîæíî ïðåäïîëîæèòü è äîôàíå-
ðîçîéñêèé âîçðàñò ñîîòâåòñòâóþùåãî íåôòÿíîãî êîëëåê-
òîðà, ïîñêîëüêó èìåííî ñ òàêèìè êîëëåêòîðàìè ñòàòèñ-
òè÷åñêè êîððåëèðóþòñÿ íàèáîëåå èçîòîïíî-ë¸ãêèå ïî óã-
ëåðîäó íåôòè.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, òâåðäûå áèòóìû, âûÿâëåííûå â Ìèó-
ñèíñêîì ïðîãèáå â ñâÿçè ñ ìèíäàëåêàìåííûìè àíäåçèáà-
çàëüòàìè ÿâëÿþòñÿ ïàññèâíî íàëîæåííûìè ïî îòíîøåíèþ
ê âìåùàþùèì ïîðîäàì, íåôòÿíûìè ïî ïðèðîäå ïåðâîèñ-
òî÷íèêà óãëåðîäèñòîãî âåùåñòâà, ìèãðàöèîííûìè è íåçðå-
ëûìè — êàðáîíèçèðîâàííûìè ëèøü äî ñòåïåíè àñôàëüòè-
òîâ–íèçøèõ êåðèòîâ. Ñóäÿ ïî ýòèì äàííûì, ìèíóñèíñêèå
áèòóìû èìåëè îòíîñèòåëüíî êîðîòêóþ ìèãðàöèîííóþ èñ-
òîðèþ, ò. å. íåôòÿíîé ïåðâîèñòî÷íèê èõ óãëåðîäèñòîãî âå-
ùåñòâà áûë, âîçìîæíî, ìåñòíûì. Íà îñíîâàíèè àíîìàëü-
íîëåãêîãî èçîòîïíîãî ñîñòàâà óãëåðîäà â áèòóìàõ ìîæíî
ïðåäïîëàãàòü, ÷òî óïîìÿíóòûé íåôòÿíîé ïåðâîèñòî÷íèê
ëîêàëèçóåòñÿ íå â ÷åõëå, à â ôóíäàìåíòå ïðîãèáà. Â öåëîì,
ïîëó÷åííûå äàííûå óêàçûâàþò íà âåðîÿòíóþ íåôòåãàçî-
íîñíîñòü Ñåâåðî-Ìèíóñèíñêîé âïàäèíû.

Ñòàòüÿ ïîäãîòîâëåíà â ñîòðóäíè÷åñòâå ñ ä. ã.- ì. í.,
ïðîô. Ã. Ñ. Ôåäîñååâûì (÷àñòü îáðàçöîâ è ðàçäåë «Ãåîëîãè-
÷åñêàÿ îáñòàíîâêà»), ê. ã.- ì. í. Ì. Ë. Ìàõëàåâûì, ê. ã.- ì. í.
Þ. Ñ. Ñèìàêîâîé, èíæåíåðàìè-èññëåäîâàòåëÿìè È. Â. Ñìî-
ëåâîé, Ñ. Ò. Íåâåðîâûì è Å. À. Òðîïíèêîâûì, êîòîðûì àâ-
òîðû âûðàæàþò ãëóáîêóþ ïðèçíàòåëüíîñòü.

Èññëåäîâàíèÿ âûïîëíåíû ïðè ïîääåðæêå ãðàíòîì ïðî-
ãðàììû ôóíäàìåíòàëüíûõ èññëåäîâàíèé ÐÀÍ ¹ 15-11-5-33
«Ðàçâèòèå èííîâàöèîííûõ òåõíîëîãèé ýôôåêòèâíîãî è êîì-
ïëåêñíîãî èñïîëüçîâàíèÿ ìèíåðàëüíîãî ñûðüÿ è ïîëó÷åíèå íî-
âûõ ìàòåðèàëîâ íà ìèíåðàëüíîé îñíîâå».
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Fig. 10. Isotopic composition of carbon in natural bitumen. 1–6 —
anthraxolites from shungitonic rocks from manifestations in the Onega
structure of Karelia [31], respectively Maksakovo, Zazhogino, Kras-
naya Gorka, Chardonnay islands, Shunga, Nigerozero; 7 — anthrax-
olite from carbonaceous Ag-Pb-Zn ores of Pavlov deposit on Novaya
Zemlya [24]; 8 — investigated solid bitumens from amygdaloidal
andesite-basalts. I, II — solid bitumens with respectively isotope-heavy
and isotopically-light carbon. The variation curve is the distribution by
the isotope composition of organic carbon of Proterozoic carbonaceous
rocks from the Precambrian reference carbonaceous formations in
the Sudbury structure [40]. Below the axis of abscissas, the ranges of
variation of the isotope composition in the most important organic

substances of the earth’s crust are shown [27]

íîãî êîýôôèöèåíòà: ïðè –26…–28  è –35…–38 ‰. Ñ÷è-
òàåòñÿ [31, 32], ÷òî ïðè÷èíîé ýòîé áèìîäàëüíîñòè ïîñëó-
æèëè ðàçëè÷èÿ â ïðèðîäå ïåðâè÷íîãî ÎÂ è â ïðîòÿæåí-
íîñòè ìèãðàöèè áèòóìîîáðàçóþùåãî âåùåñòâà. Àíòðàê-
ñîëèòû ïåðâîãî òèïà (ñ îòíîñèòåëüíî èçîòîïíî-òÿæåëûì
óãëåðîäîì) èìåëè èñòî÷íèêîì àâòîòðîôíóþ áèîòó è áî-
ëåå äëèííóþ ìèãðàöèîííóþ èñòîðèþ. Àíòðàêñîëèòû âòî-
ðîãî òèïà (ñ áîëåå èçîòîïíî-ë¸ãêèì óãëåðîäîì) îáðàçî-
âàëèñü çà ñ÷åò ìåòàíîòðîôíîé áèîòû, è èõ âåùåñòâî ïðå-
òåðïåëî ìåíüøóþ ìèãðàöèþ.

Ïðîâåäåííûå èññëåäîâàíèÿ ïîêàçàëè, ÷òî òâåðäûå
áèòóìû èç Ìèíóñèíñêîãî ïðîãèáà õàðàêòåðèçóþòñÿ óñ-
òîé÷èâûì è ïðè ýòîì âåñüìà èçîòîïíî-ëåãêèì óãëåðîäîì,
ñáëèæàÿñü ïî ýòîìó ïðèçíàêó ñ àíòðàêñîëèòàìè âòîðîãî
òèïà. Âîçìîæíî, ýòî ñâèäåòåëüñòâóåò îá îòíîñèòåëüíî
êîðîòêîé ìèãðàöèîííîé èñòîðèè âåùåñòâà èññëåäóåìûõ
áèòóìîâ, íà ÷òî óêàçûâàþò è ïðèâåäåííûå âûøå äàííûå
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ÒÅÐÌÎÄÈÍÀÌÈ×ÅÑÊÈÅ ÓÑËÎÂÈß ÌÅÒÀÌÎÐÔÈÇÌÀ ÂÅÐÕÍÅÏÐÎÒÅÐÎÇÎÉÑÊÈÕ ÎÒËÎÆÅÍÈÉ ÏÎËßÐÍÎÃÎ ÓÐÀËÀ
Î. Â. Ãðàêîâà

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

Âïåðâûå íà îñíîâå ìèíåðàëîãè÷åñêèõ ãåîòåðìîìåòðîâ ïðîâåäåíà îöåíêà ÐÒ-ïàðàìåòðîâ ìåòàìîðôèçìà âåðõíå-

ïðîòåðîçîéñêèõ îòëîæåíèé Õàðáåéñêîãî àíòèêëèíîðèÿ Öåíòðàëüíî-Óðàëüñêîé ìåãàçîíû Ïîëÿðíîãî Óðàëà. Óñòàíîâëå-

íî, ÷òî çíà÷åíèÿ òåìïåðàòóðû è äàâëåíèÿ ðàñïîëîæåíû â ïðåäåëàõ 350—500 °Ñ è 3—5 Êáàð. Ìåòàìîðôèòû íÿðîâåéñêîé

ñåðèè îáðàçîâàëèñü â óñëîâèÿõ ýïèäîò-ìóñêîâèò-õëîðèòîâîé ñóáôàöèè çåëåíîñëàíöåâîé ôàöèè è íèæíåé ÷àñòè ýïè-

äîò-àìôèáîëèòîâîé ôàöèè, íà ôîíå ñðåäíèõ è ïîâûøåííûõ òåìïåðàòóð è óìåðåííûõ äàâëåíèé.

Êëþ÷åâûå ñëîâà: âåðõíåïðîòåðîçîéñêèå îòëîæåíèÿ, ìåòàìîðôèçì, ãåîòåðìîìåòðû.

THERMODYNAMIC CONDITIONS OF METAMORPHISM OF UPPER PROTEROZOIC DEPOSITS OF POLAR URALS
O. V. Grakova

Institute of Geology, Komi Science Center, Ural Branch of RAS, Syktyvkar

The PT parameters of metamorphism of Upper Proterozoic deposits of the Nyarovey series of the Polar Urals were estimated

for the first time on the basis of mineralogical geothermometers. Among the rocks of the Nyarovey series, two main groups of rocks

are distinguished: quartz-epidote-chlorite-actinolite rocks (metabasalts) and micaceous-quartz schists (metapelites). The miner-

alogical analysis showed that the metabasalts are composed of the following rock-forming minerals — quartz, chlorite, albite, mus-

covite, amphibole, fluorapatite, epidote and accessory — zircon, titanite, rutile, magnetite, pyrite, chalcopyrite, galena. In the

metapelites — quartz, chlorite, albite, muscovite, biotite, potassium feldspar, calcite, fluorapatite, epidote, allanite; accessory and

ore — zircon, apatite, garnet, titanite, rutile, tourmaline, ilmenite, magnetite, sphalerite, pyrite, chalcopyrite. When calculating geo-

thermometric parameters, a plagioclase-amphibole geothermometer for metabasites and a muscovite geothermometer for

metapelites were used. Our estimation of pressure and temperature values in the metabasites and metapelites did not reveal any

strong differences. It was established that the values of temperature and pressure were within 350—500 °C and 3—5 Kbar. At the

same time, the temperature range turned out to be higher than assumed in previous studies. The metamorphic rocks of the Nyarovey

series were formed under the conditions of the epidote-muscovite-chlorite subfacies of the greenschist facies and the lower part of

the epidote-amphibolite facies, under medium and elevated temperatures and low pressures.

Keywords: Upper Proterozoic deposits, metamorphism, geothermometers.

Îäíèì èç âàæíåéøèõ àñïåêòîâ èññëåäîâàíèÿ ìåòà-
ìîðôè÷åñêèõ îáðàçîâàíèé ÿâëÿåòñÿ óñòàíîâëåíèå òåìïå-
ðàòóð è äàâëåíèé, ïðè êîòîðûõ ôîðìèðîâàëèñü èõ ìèíå-
ðàëüíûå ïàðàãåíåçèñû.

Âåðõíåïðîòåðîçîéñêèå îòëîæåíèÿ íÿðîâåéñêîé ñå-
ðèè, ïðåäñòàâëåííûå íèæíåé — âåðõíåõàðáåéñêîé è âåð-
õíåé — ìèíèñåéøîðñêîé ñâèòàìè [3], íàõîäÿòñÿ â Öåíò-
ðàëüíî-Óðàëüñêîé ñòðóêòóðíî-ôîðìàöèîííîé ìåãàçîíå
Ïîëÿðíîãî Óðàëà, â îáðàìëåíèè ãëóáîêîìåòàìîðôèçî-
âàííûõ ïîðîä õàðáåéñêîãî è ìàðóíêåóñêîãî êîìïëåêñîâ
[6, 7]. Âîçðàñò ñåðèè ïðèíèìàåòñÿ óñëîâíî ñðåäíåðèôåé-
ñêèì ïî çàëåãàíèþ íèæå ìðàìîðèçîâàííûõ èçâåñòíÿêîâ
íåìóðúþãàíñêîé ñâèòû, ñîäåðæàùèõ ìèêðîôèòîëèòû IV
(óêñêîãî) êîìïëåêñà ðèôåÿ.

Âåðõíåõàðáåéñêàÿ ñâèòà ðàñïðîñòðàíåíà ïðåèìóùå-
ñòâåííî â çàïàäíîì îáðàìëåíèè Õàðáåéñêî-Ìàðóíêåóñ-
êîãî àíòèêëèíîðíîãî áëîêà-òåððåéíà â âèäå îòäåëüíûõ
ïîëîñ ñåâåðî-ñåâåðî-âîñòî÷íîãî ïðîñòèðàíèÿ øèðèíîé
2—6 êì, îáùåé ïðîòÿæåííîñòüþ áîëåå 50 êì (ðèñ. 1). Íàè-
áîëåå ïîëíî îíà ïðåäñòàâëåíà ïî ðó÷üþ Ñàëü-Òàëüáà, ðå-
êàì Ãåíà-Õàäàòà, Ïýñàâåé-ßõà, Ïàåòàðêà. Ñâèòà ñëîæåíà
ìåòàìîðôèçîâàííûìè òåððèãåííî-îñàäî÷íûìè îòëîæå-
íèÿìè [3]: ïåðåñëàèâàþùèìèñÿ ñëþäÿíî-êâàðö-ïîëåâîø-
ïàòîâûìè êâàðöèòîïåñ÷àíèêàìè è ãðàâåëèòàìè ñ ïîä÷è-
í¸ííûìè ïëàñòàìè è ïà÷êàìè õëîðèò-ñëþäÿíî-êâàðö-
àëüáèòîâûõ, õëîðèò-ñåðèöèò-àëüáèò-êâàðöåâûõ, ãðàôèòî-
èäíûõ ñëàíöåâ, ðåäêî ëèíçàìè êâàðöèòîâ è ìðàìîðîâ.
Ìîùíîñòü ñâèòû ñîñòàâëÿåò 400—500 ì.

Ìèíèñåéøîðñêàÿ ñâèòà ðàñïðîñòðàíåíà â ìåæäóðå-
÷üå ðð. Ùó÷üÿ—Áàéäàðàòà, Áîë. Õàäàòà—Ùó÷üÿ è áàññåé-
íå ð. Ëîíãîòúåãàí. Ñâèòà ïðåäñòàâëåíà ìåòàáàçàëüòàìè,
ôèëëèòîâèäíûìè, ýïèäîò-õëîðèò-àìôèáîëîâûìè, ýïè-
äîò-àëüáèò-õëîðèòîâûìè è ìàãíåòèòîâûìè ñëàíöàìè ñ
ïîä÷èí¸ííûì ðàçâèòèåì óãëåðîäèñòûõ è êàðáîíàòíûõ
ðàçíîñòåé [3]. Â ñëàíöàõ ñîäåðæàòñÿ ïðîñëîè, ïëàñòû è
ïà÷êè àëåâðîëèòîâ êâàðöèòîâèäíûõ, àëåâðîïåñ÷àíèêîâ
êâàðö-àëüáèòîâûõ, èíîãäà âñòðå÷àþòñÿ ïðîñëîè è ïëàñ-
òû ñâåòëûõ êâàðöèòîâ. Íàèáîëåå ïîëíûå ðàçðåçû îòìå-
÷àþòñÿ ïî ðð. Îðàíãúåãàí, Ïàåòàðêà. Ìîùíîñòü ñâèòû
1200—1400 ì.

Ôîðìèðîâàíèå âóëêàíîãåííî-îñàäî÷íîãî ìàòåðèàëà
â íÿðîâåéñêîå âðåìÿ, ñêîðåå âñåãî, ïðîèñõîäèëî â îêðà-
èííî-îêåàíè÷åñêîé èëè îêðàèííî-ìîðñêîé îáñòàíîâêå â
óìåðåííî-êëèìàòè÷åñêîé çîíå [3]. Ïîðîäû ìåòàìîðôè-
çîâàíû â óñëîâèÿõ ôàöèè çåëåíûõ ñëàíöåâ. Ïî ìíåíèþ
À. Ì. Ïûñòèíà, òåìïåðàòóðà ìåòàìîðôèçìà, îïðåäåëåí-
íàÿ íà îñíîâå àíàëèçà ìèíåðàëüíûõ ïàðàãåíåçèñîâ ïîðîä,
ñîñòàâëÿëà 400—450 °Ñ, äàâëåíèå 3—5 Êáàð [4].

Àêòóàëüíîñòü ïðîâåäåííûõ èññëåäîâàíèé îïðåäåëÿ-
åòñÿ òåì, ÷òî îòëîæåíèÿ íÿðîâåéñêîé ñåðèè îñòàþòñÿ
ìàëîèçó÷åííûì îáúåêòîì â îòíîøåíèè óðîâíÿ ìåòàìîð-
ôèçìà.

Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ óòî÷íåíèå ÐÒ-ïàðà-
ìåòðîâ ìåòàìîðôèçìà ïîðîä íÿðîâåéñêîé ñåðèè íà êî-
ëè÷åñòâåííîé îñíîâå ñ èñïîëüçîâàíèåì ìèíåðàëîãè÷åñ-
êèõ ãåîòåðìîìåòðîâ.
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Ìåòîäû èññëåäîâàíèÿ

Áûëè ïðîâåäåíû ïåòðîãðàôè÷åñêîå è ìèíåðàëîãè-
÷åñêîå èññëåäîâàíèÿ ïîðîä íÿðîâåéñêîé ñåðèè. Õèìè÷åñ-
êèå ñîñòàâû ìèíåðàëîâ áûëè ïîëó÷åíû ñ ïîìîùüþ ñêà-
íèðóþùåãî ýëåêòðîííîãî ìèêðîñêîïà Tescan Vega 3 LMH
ñ ýíåðãîäèñïåðñèîííîé ïðèñòàâêîé Instruments X-Max
(àíàëèòèê Ñ. Ñ. Øåâ÷óê) â ÖÊÏ «Ãåîíàóêà» ÈÃ Êîìè ÍÖ
ÓðÎ ÐÀÍ (9 àíøëèôîâ, 150 ìèêðîçîíäîâûõ àíàëèçîâ).
Äëÿ ðàñ÷åòà ãåîòåðìîìåòðè÷åñêèõ ïàðàìåòðîâ ìåòàìîð-
ôèçìà ïðèìåíÿëèñü àìôèáîë-ïëàãèîêëàçîâûå ãåîòåðìî-
ìåòðû ïðîãðàììû PetroExplorer v.3.2 (Blundy, Holland [8];
Holland, Blundy [9]; Jaques e.t.l. [10]; Spear [11]) è ìóñêî-
âèòîâûé ãåîòåðìîìåòð (Wu, Chen [12]).

Ìèíåðàëîãî-ïåòðîãðàôè÷åñêàÿ
õàðàêòåðèñòèêà ïîðîä

Íàìè èçó÷åíû ñëàíöåâûå òîëùè íÿðîâåéñêîé ñåðèè ïî
áåçûìÿííûì ïðèòîêàì ð. Èíãèëîðúåãàí è âäîëü ðó÷. Íÿð-
øîð è Ãðàôèòîâûé áàññåéíà ð. Íåìóðúåãàí (ðèñ. 1). Ïî õè-
ìè÷åñêîìó ñîñòàâó îáðàçîâàíèÿ íÿðîâåéñêîé ñåðèè ðàçäå-
ëÿþòñÿ íà îðòî- (ìåòàáàçàëüòû, ìåòàòóôû) è ïàðàïîðîäû
(ìåòàïåëèòû, ìåòàìîðôèçîâàííûå ãðàóâàêêîâûå ïåñ÷àíè-
êè è àëåâðîëèòû, àðêîçîâûå è êâàðöåâûå ïåñ÷àíèêè) [5].

Ïî ìèíåðàëüíîìó ñîñòàâó ñðåäè îáðàçîâàíèé íÿðî-
âåéñêîé ñåðèè íàìè áûëè âûäåëåíû äâå ðàçíîâèäíîñòè:
êâàðö-ýïèäîò-õëîðèò-àêòèíîëèòñîäåðæàùèå ïîðîäû è
ñëþäèñòî-êâàðöåâûå ñëàíöû.

Êâàðö-ýïèäîò-õëîðèò-àêòèíîëèòîâûå ïîðîäû (ìåòà-
áàçàëüòû) èìåþò ñëàíöåâàòóþ, èíîãäà ñëàáîñëàíöåâàòóþ
è ìàññèâíóþ òåêñòóðó, íåìàòîëåïèäîãðàíîáëàñòîâóþ,
ðåäêî ïîðôèðîáëàñòîâóþ ñòðóêòóðó. Îíè ïðåäñòàâëåíû
ýïèäîòîì (5—40 %), àìôèáîëîì (ïðåèìóùåñòâåííî àêòè-
íîëèòîì) (15—35 %), àëüáèòîì (3—30 %), õëîðèòîì (5—
25 %), êâàðöåì (1—10 %), êàëüöèòîì (0—10 %), ìóñêîâè-
òîì (1—3 %). Ìèíåðàëîãè÷åñêèé àíàëèç ïîêàçàë, ÷òî â
ñîñòàâå ìåòàáàçàëüòîâ âñòðå÷àþòñÿ ñëåäóþùèå àêöåññîð-
íûå è ðóäíûå ìèíåðàëû: öèðêîí, òèòàíèò, ðóòèë, ìàãíå-
òèò, ïèðèò, õàëüêîïèðèò, ãàëåíèò (ðèñ. 2).

Ñëþäèñòî-êâàðöåâûå ñëàíöû (ìåòàïåëèòû) ïî êîëè÷å-
ñòâó òåìíîöâåòíûõ ìèíåðàëîâ äåëÿòñÿ íà ìåëàíîêðàòî-
âûå (50 % è áîëåå), ìåçîêðàòîâûå (30—50 %) è ëåéêîêðà-
òîâûå (ìåíåå 30 %) ðàçíîâèäíîñòè. Ìåëàíîêðàòîâûå ïî-
ðîäû âêëþ÷àþò â ñåáÿ àëüáèò-ýïèäîò-ìóñêîâèò-êâàðöå-
âûå, àëüáèò-ìóñêîâèò-õëîðèò-êâàðöåâûå, àëüáèò-êâàðö-
àêòèíîëèòîâûå-ìóñêîâèòîâûå, áèîòèò-õëîðèò-ýïèäîò-
êâàðöåâûå, ìóñêîâèò-àëüáèò-áèîòèò-ýïèäîò-õëîðèò-
êâàðöåâûå, êâàðö-ìóñêîâèòîâûå, ýïèäîò-ìóñêîâèò-õëî-

Ðèñ. 1. Ñõåìàòè÷åñêàÿ ãåîëîãè÷åñêàÿ êàðòà íèæíåãî òå÷åíèÿ ð. Íåìóðúþãàí (Ïîëÿðíûé Óðàë) (ïî [3]). Óñëîâíûå îáîçíà÷åíèÿ: 1—2
ìàðóíêåóñêèé êîìïëåêñ: 1 — ìàðóíêåóñêàÿ ñâèòà, 2 — õàíìåéõîéñêàÿ ñâèòà; 3—4 — íÿðîâåéñêàÿ ñåðèÿ: 3 — âåðõíåõàðáåéñêàÿ ñâèòà,
4 — ìèíèñåéøîðñêàÿ ñâèòà; 5 — ñëþäÿíîãîðñêèé êîìïëåêñ ãàááðî-ãèïåðáàçèòîâûé ýêëîãèòèçèðîâàííûé ïëóòîíè÷åñêèé; 6 — åâú-
þãàíñêèé êîìïëåêñ ìèãìàòèò-ïëàãèîãðàíèòîâûé ïëóòîíè÷åñêèé; 7 — ìèíèñåéñêèé êîìïëåêñ èçìåíåííûõ ãèïåðáàçèòîâ ïëóòî-
íè÷åñêèé; 8 — õàðáåé-ñîáñêèé êîìïëåêñ ãàááðî-ãðàíîäèîðèòîâûé; 9 — ñÿäàòîÿõèíñêèé êîìïëåêñ ãðàíèòîâûé ïëóòîíè÷åñêèé; 10 —
ñûóìêåóñêèé êîìïëåêñ äóíèò-ãàðöáóðãèòîâûé ïëóòîíè÷åñêèé; 11 — âîéêàðî-êåìïèðñàéñêèé êîìïëåêñ òåêòîíèòîâ; 12 — ìàðóíñ-
êèé êîìïëåêñ ùåëî÷íî-áàçèòîâûé; 13 — ðàçðûâíûå íàðóøåíèÿ: à — ñäâèãè, b — íåóñòàíîâëåííîé êèíåìàòèêè, c — âçáðîñî-íàäâè-

ãè âòîðîñòåïåííûå, d — âçáðîñî-íàäâèãè ãëàâíûå. Òî÷êàìè ïîêàçàíû ìåñòà îòáîðà ïðîá ñ íîìåðàìè ïðîá

Fig. 1. A schematic geological map of the lower reaches of the river Nemuryugan (Polar Urals) (for Dushin, 1997). Legend: 1—2 Marunkey
complex: 1 — Marunkey series, 2 — Hanmeyhoy series; 3—4 — Nyarovey series: 3 — Verhneharbey series, 4 — Miniseyshor series; 5 —
Slyudyanogorsky complex gabbro-ultramafic plutonic eclogitized; 6 — Evyugansky complex migmatite plagiogranite plutonic; 7 — Mini-
seysky complex ultramafic plutonic; 8 — Harbeysobsky complex gabbro-granodiorite; 9 — Syadatoyahinsky complex granite plutonic; 10 —
Syumkeusky complex harzburgite-dunite plutonic; 11 — Voikar-Kempirsay complex tectonites; 12 — Marunsky complex alkaline basite;
13 — faults: a — shifts, b — unknown kinematics, c — reversed strike-thrusts minor, d — reversed strike-main thrusts. Points show the

sampling points with sample numbers
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Ðèñ. 2. Ìåòàáàçèòû (a) è ìåòàïåëèòû (b) íÿðîâåéñêîé ñåðèè (â ïðîõîäÿùåì ñâåòå): Qz — êâàðö, Chl — õëîðèò, Ab — àëüáèò, Ms —
ìóñêîâèò, Act — àêòèíîëèò, Ep — ýïèäîò, Ttn — òèòàíèò

Fig. 2. Metabasites (a) and metapelites (b) of the Nyarovey series (in the transmitted light): Qz — quartz, Chl — chlorite, Ab — albite, Ms —
muscovite, Act — actinolite, Ep — epidote, Ttn — titanite

a b

Òàáëèöà 1
Õèìè÷åñêèå ñîñòàâû è ýìïèðè÷åñêèå ôîðìóëüíûå åäèíèöû ïëàãèîêëàçîâ èç ìåòàáàçèòîâ íÿðîâåéñêîé ñåðèè

Table 1
Chemical compositions and empirical formula units of plagioclases from metabasites of nyaroveyskaya series

Ïðèìå÷àíèå: í.î. — íå îáíàðóæåí. Note. í.î. — not detected
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ðèò-êâàðöåâûå, óãëåðîäèñòûå õëîðèò-ìóñêîâèò-êâàðöå-
âûå, êàëüöèò-áèîòèò-õëîðèò-ìóñêîâèò-êâàðöåâûå, ãðà-
íàò-àëüáèò-ýïèäîò-õëîðèò-ìóñêîâèò-êâàðöåâûå, ãðàíàò-
õëîðèò-ìóñêîâèò-êâàðöåâûå ñëàíöû ñ ïîëîñ÷àòîé òåêñòó-
ðîé, ïîðôèðîáëàñòîâîé è ëåïèäîãðàíîáëàñòîâîé ñòðóê-
òóðîé. Â èõ ñîñòàâ âõîäÿò: êâàðö (20—60 %), ìóñêîâèò (5—
40 %), õëîðèò (0—30 %), àêòèíîëèò (0—20 %), ýïèäîò (0—
20 %), àëüáèò (1—10 %), áèîòèò (0—10 %) è ãðàíàò (0—
2 %). Ê ìåçîêðàòîâûì îáðàçîâàíèÿì îòíîñÿòñÿ êàëüöèò-
ãðàíàò-ìóñêîâèò-ýïèäîò-õëîðèò-êâàðöåâûå, ãðàíàò-ìóñ-
êîâèò-õëîðèò-àëüáèò-êâàðöåâûå, õëîðèò-ýïèäîò-ìóñêî-
âèò-êâàðöåâûå, ýïèäîò-àëüáèò-õëîðèò-ìóñêîâèò-êâàðöå-
âûå, õëîðèò-áèîòèò-ìóñêîâèò-àëüáèò-êâàðöåâûå è ìóñêî-
âèò-àëüáèò-êâàðöåâûå ñëàíöû. Ïîðîäîîáðàçóþùèå ìèíå-
ðàëû ïðåäñòàâëåíû êâàðöåì (50—70 %), ìóñêîâèòîì (10—

30 %), ýïèäîòîì (0—20 %), õëîðèòîì (0—15 %), àëüáèòîì
(0—10 %), áèîòèòîì (0—5 %), êàëüöèòîì (0—3 %), ãðàíà-
òîì (0—2 %). Ê ëåéêîêðàòîâûì îáðàçîâàíèÿì îòíåñåíû
ìóñêîâèòûå êâàðöèòû, ÷àñòî óãëåðîäèñòûå, ìóñêîâèò-
êëèíîöîèçèò-õëîðèò-êâàðöåâûå, õëîðèò-ìóñêîâèò-êâàð-
öåâûå ñëàíöû ñ ñîäåðæàíèÿìè êâàðöà (70 % è áîëåå), ìóñ-
êîâèòà (0—20 %), õëîðèòà (0—15 %), ýïèäîòà (0—10 %), ñ
ìîùíîñòüþ âûõîäîâ 2—7 ì. Ýòè ïîðîäû ïëîòíûå, ñ çà-
ìåòíîé ñëàíöåâàòîé òåêñòóðîé. Â íèõ ïðàêòè÷åñêè îòñóò-
ñòâóåò ïëàãèîêëàç. Â ñîñòàâå ìåòàïåëèòîâ ïðèñóòñòâóþò
ñëåäóþùèå àêåññîðíûå è ðóäíûå ìèíåðàëû: öèðêîí, àïà-
òèò, ãðàíàò, òèòàíèò, ðóòèë, òóðìàëèí, èëüìåíèò, ìàãíå-
òèò, ñôàëåðèò, ïèðèò, õàëüêîïèðèò (ðèñ. 2).

Ìèíåðàëîãî-ïåòðîãðàôè÷åñêàÿ õàðàêòåðèñòèêà âåð-
õíåïðîòåðîçîéñêèõ îòëîæåíèé íÿðîâåéñêîé ñåðèè ïîêà-

Òàáëèöà 2
Õèìè÷åñêèå ñîñòàâû è ýìïèðè÷åñêèå ôîðìóëüíûå åäèíèöû àìôèáîëîâ èç ìåòàáàçèòîâ íÿðîâåéñêîé ñåðèè

Table 2
Chemical compositions and empirical formula units of anphiboles from metabasites of nyaroveyskaya series

Ïðèìå÷àíèå: í.î. — íå îáíàðóæåí. Note. í.î. — not detected



Vestnik IG Komi SC UB RAS, June, 2017, No. 6

17

çàëà, ÷òî ïî ñîñòàâó ìèíåðàëüíûõ àññîöèàöèé, â òîì ÷èñ-
ëå ïî îòñóòñòâèþ íèçêîòåìïåðàòóðíûõ ìèíåðàëîâ (ïèðî-
ôèëëèò, ïàðàãîíèò è äð.), ìîæíî ãîâîðèòü î ìåòàìîðôèç-
ìå íå íèæå ýïèäîò-ìóñêîâèò-õëîðèòîâîé ñóáôàöèè çåëå-
íîñëàíöåâîé ôàöèè è íå âûøå íèæíåé ÷àñòè ýïèäîò-àì-
ôèáîëèòîâîé ôàöèè [2]. Äëÿ îïðåäåëåíèÿ ìàêñèìàëüíûõ
òåðìîáàðîìåòðè÷åñêèõ ïàðàìåòðîâ ôîðìèðîâàíèÿ âûäå-
ëåííûõ ïàðàãåíåçèñîâ ìèíåðàëîâ ðàçëè÷íûõ òèïîâ ïîðîä
(ìåòàïåëèòîâ è ìåòàáàçèòîâ) è óòî÷íåíèÿ ôàöèé ìåòàìîð-
ôèçìà èñïîëüçîâàíû ðàñ÷åòû ÐÒ-ïàðàìåòðîâ ìåòàìîð-
ôèçìà íà îñíîâå ìèíåðàëîãè÷åñêèõ ãåîòåðìîìåòðîâ.

Ðåçóëüòàòû ìèêðîçîíäîâûõ àíàëèçîâ ìèíåðàëîâ, èñ-
ïîëüçóåìûõ äëÿ îïðåäåëåíèÿ ÐÒ-óñëîâèé ìåòàìîðôèçìà
(ïëàãèîêëàçîâ, àìôèáîëîâ è ìóñêîâèòîâ), ïðèâåäåíû â
òàáëèöàõ 1—3.

Ðàñ÷åò òåðìîäèíàìè÷åñêèõ
óñëîâèé ìåòàìîðôèçìà

Ïðè ðàñ÷åòå ãåîòåðìîìåòðè÷åñêèõ ïàðàìåòðîâ, êàê
óæå áûëî îòìå÷åíî âûøå, ìû èñïîëüçîâàëè ïëàãèîêëàç-
àìôèáîëîâûé ãåîòåðìîìåòð ïðîãðàììû PetroExplorer
v.3.2 äëÿ ìåòàáàçàëüòîâ, à òàêæå ìóñêîâèòîâûé ãåîòåðìî-
ìåòð äëÿ ìåòàïåëèòîâ. Òåìïåðàòóðà ìåòàìîðôèçìà èëü-
ìåíèòñîäåðæàùèõ ìåòàïåëèòîâ, îïðåäåëÿåìàÿ ïî ñîäåð-
æàíèþ Ti â ìóñêîâèòå, áûëà ðàññ÷èòàíà ïî ôîðìóëå
ln[T(°C)] = 7.258 + 0.289 ln(Ti) + 0.158[Mg/(Fe + Mg)] +
+ 0.031 ln[P(kbar)] [12].

Äëÿ ðàñ÷åòà äàâëåíèÿ íàìè áûëè âçÿòû çíà÷åíèÿ 3—
5 Êáàð, ïîëó÷åííûå ðàíåå ïî ðåçóëüòàòàì àíàëèçà ìèíå-
ðàëüíûõ ïàðàãåíåçèñîâ [4].

Âû÷èñëåííûå çíà÷åíèÿ òåìïåðàòóð ïî ìèíåðàëüíîé
àññîöèàöèè «àëüáèò—àêòèíîëèò» â ìåòàáàçàëüòàõ âåðõíå-
õàðáåéñêîé ñâèòû âàðüèðóþò â ïðåäåëàõ 340—500 °Ñ, â îò-
ëîæåíèÿõ ìèíèñåéøîðñêîé ñâèòû — 340—480 °Ñ (òàáë. 4).

Òàáëèöà 3
Õèìè÷åñêèå ñîñòàâû è ýìïèðè÷åñêèå ôîðìóëüíûå

åäèíèöû ìóñêîâèòîâ èç ìåòàïåëèòîâ íÿðîâåéñêîé ñåðèè

Table 3
Chemical compositions and empirical formula units

of muscovites from metapelites of nyaroveyskaya series

Òàáëèöà 4
Îïðåäåëåíèå òåìïåðàòóðû â ïîðîäàõ íÿðîâåéñêîé ñåðèè ïî àìôèáîë-ïëàãèîêëàçîâîìó ãåîòåðìîìåòðó (Hbl-Pl)

Table 4
Temperature in the rocks of nyaroveyskaya series by amphibole-plagioclase geothermometer (Hbl-Pl)

Ïðèìå÷àíèå: à — ïî Blundy, Holland, 1990; á — ïî Holland, Blundy, 1994; â — ïî Jaques e.t.l., 1982; ã — Spear, 1981. Ïî àâòîðó

à ïîëó÷èëèñü âñå çíà÷åíèÿ, ïî àâòîðàì á—ã â àíàëèçàõ 1, 3, 6—12, 14—17 ïîëó÷èëèñü îòðèöàòåëüíûå çíà÷åíèÿ.

Note: à – according to Blundy, Holland, 1990; á — according to Holland, Blundy, 1994; â — according to Jaques e.t.l., 1982; ã —

Spear, 1981. All values for athor a, for authors á-ã negative results of analyses 1, 3, 6—12, 14—17
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Â êà÷åñòâå äîïîëíèòåëüíûõ èññëåäîâàíèé ìû èñïîëüçî-
âàëè òàêæå ìóñêîâèòîâûé òåðìîìåòð, õîòÿ îí è èñïîëü-
çóåòñÿ ïðè äàâëåíèè 1.5 Êáàð. Ïî ñîäåðæàíèþ òèòàíà â
ìóñêîâèòå, â ìåòàïåëèòàõ íÿðîâåéñêîé ñåðèè çíà÷åíèÿ
òåìïåðàòóð ñîñòàâëÿþò 490—510 °Ñ (òàáë. 5). Ðàíåå íàìè

áûëà ðàññ÷èòàíà òåìïåðàòóðà îáðàçîâàíèÿ óãëåðîäèñòî-
ãî âåùåñòâà â óãëåðîäñîäåðæàùèõ ñëàíöàõ ìèíèñåéøîð-
ñêîé ñâèòû, îíà ñîñòàâëÿåò 500 (±50)  °Ñ [1]. Ýòè äàííûå
õîðîøî ñîïîñòàâèìû ñî çíà÷åíèÿìè ÐÒ-ïàðàìåòðîâ ìå-
òàìîðôèçìà, ïîëó÷åííûõ íà îñíîâå ìèíåðàëîãè÷åñêèõ
ãåîòåðìîìåòðîâ.

Ïðîâåäåííûå îöåíêè PT-óñëîâèé äëÿ àëüáèò-àêòè-
íîëèòîâîé àññîöèàöèè ïîêàçàëè ñëåäóþùèå âåëè÷èíû: îò
350 äî 500 °Ñ äëÿ òåìïåðàòóðû è îò 3 äî 5 Êáàð äëÿ äàâëå-
íèÿ. Ìóñêîâèò îáðàçîâàëñÿ ïðè òåìïåðàòóðå 490—510 °Ñ.
Èçâåñòíî, ÷òî îáðàçîâàíèå ìóñêîâèòà ïðîèñõîäèò ïðè
òåìïåðàòóðå íå ìåíåå 250 °Ñ [2]. Êðîìå òîãî, â ïîðîäàõ
íÿðîâåéñêîé ñåðèè îòñóòñòâóþò íèçêîòåìïåðàòóðíûå
ìèíåðàëû. Ñëåäîâàòåëüíî, ìîæíî âûäåëèòü ñðåäíåòåì-
ïåðàòóðíóþ ýïèäîò-ìóñêîâèò-õëîðèòîâóþ ñóáôàöèþ çå-
ëåíûõ ñëàíöåâ.

Âûâîäû

Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé áûëè îöå-
íåíû çíà÷åíèÿ PT-ïàðàìåòðîâ ìåòàìîðôèçìà âåðõíå-
ïðîòåðîçîéñêèõ îòëîæåíèé Ïîëÿðíîãî Óðàëà. Ïðè ðàñ-
÷åòå ãåîòåðìîáàðîìåòðè÷åñêèõ ïàðàìåòðîâ áûë èñïîëü-
çîâàí ïëàãèîêëàç-àìôèáîëîâûé ãåîòåðìîìåòð äëÿ ìå-
òàáàçàëüòîâ è ìóñêîâèòîâûé ãåîòåðìîìåòð äëÿ ìåòàïå-
ëèòîâ íÿðîâåéñêîé ñåðèè. Óñòàíîâëåíî, ÷òî çíà÷åíèÿ
äàâëåíèÿ è òåìïåðàòóðû íå èìåþò ñèëüíîãî ðàçëè÷èÿ
è ðàñïîëîæåíû â ïðåäåëàõ 350—500 °Ñ è 3—5 Êáàð. Ýòè
ðàñ÷åòû ñîãëàñóþòñÿ ñ äàííûìè ïî òåìïåðàòóðå îáðà-
çîâàíèÿ óãëåðîäèñòîãî âåùåñòâà. Àíàëèç ñîñòàâà ìèíå-
ðàëüíûõ àññîöèàöèé òàêæå íå ïðîòèâîðå÷èò îöåíêå ÐÒ-
óñëîâèé ìåòàìîðôèçìà. Ïðè ýòîì äèàïàçîí òåìïåðàòóð
îêàçàëñÿ øèðå, ÷åì ýòî ïðåäïîëàãàëîñü â ïðåäûäóùèõ
ðàáîòàõ [4].

Òàêèì îáðàçîì, ìîæíî ñ äîñòàòî÷íîé ñòåïåíüþ
óâåðåííîñòè ãîâîðèòü, ÷òî ìåòàìîðôèòû íÿðîâåéñêîé
ñåðèè îáðàçîâàëèñü â óñëîâèÿõ ýïèäîò-ìóñêîâèò-õëî-
ðèòîâîé ñóáôàöèè çåëåíîñëàíöåâîé ôàöèè è íèæíåé
÷àñòè ýïèäîò-àìôèáîëèòîâîé ôàöèè â óñëîâèÿõ ñðåä-
íèõ è ïîâûøåííûõ òåìïåðàòóð è ïîíèæåííûõ äàâëå-
íèé.

Àâòîð âûðàæàåò áëàãîäàðíîñòü ïðîôåññîðó ä. ã.-ì. í.
À. Ì. Ïûñòèíó è ê. ã.-ì. í. Í. Ñ. Óëÿøåâîé çà öåííûå ðåêî-
ìåíäàöèè. Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå

ÐÔÔÈ â ðàìêàõ íàó÷íîãî ïðîåêòà ¹ 16-35-00146 ìîë_à, à
òàêæå ïðè ïîääåðæêå Ïðîãðàììû ôóíäàìåíòàëüíûõ èññëå-
äîâàíèé ÐÀÍ ¹ 15-18-5-17.
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Â óñëîâèÿõ èíòåíñèâíîãî ðîñòà óðîâíÿ óðáàíèçàöèè îêðóæàþùàÿ ñðåäà íå ñïîñîáíà âîñïðèíÿòü ïîëíîñòüþ ïîñòó-

ïàþùóþ â èçáûòêå ýíåðãèþ òåõíîãåííûõ ôèçè÷åñêèõ ïîëåé. Ïðîèñõîäèò íàðóøåíèå åñòåñòâåííûõ ãåîýêîëîãè÷åñêèõ óñ-

ëîâèé. Â êà÷åñòâå ðàéîíà èññëåäîâàíèé âûáðàí ã. Ñûêòûâêàð. Â ðåçóëüòàòå èññëåäîâàíèé ìåòîäîì âèáðîñåéñìè÷åñêîé

ñúåìêè ñ ïðèâëå÷åíèåì ãåîëîãè÷åñêèõ è ãèäðîãåîëîãè÷åñêèõ äàííûõ âûÿâëåíû ó÷àñòêè, íàèáîëåå ïîäâåðæåííûå âîç-

äåéñòâèþ ïîâûøåíèÿ çíà÷åíèé àìïëèòóä âèáðîñåéñìè÷åñêèõ êîëåáàíèé â ïîäñòèëàþùèõ ãðóíòàõ-îñíîâàíèÿõ çäàíèé

íåïîñðåäñòâåííî â óñëîâèÿõ ïëîòíîé ãîðîäñêîé çàñòðîéêè.

Êëþ÷åâûå ñëîâà: ãåîëîãè÷åñêàÿ ñðåäà, âèáðîñåéñìè÷åñêàÿ ñúåìêà, äåôîðìàöèîííûå ïðîöåññû.

DETECTION OF HAZARDOUS AREAS OF SETTLEMENT-SUBSIDENCE PROCESSES IN SOILS UNDER CONDITIONS
OF VIBROSEIS FIELD OF URBANIZED TERRITORIES (ON THE EXAMPLE OF SYKTYVKAR)

À. N. Vikhot, V. A. Lutoev
Institute of Geology Komi SC UB RAS, Syktyvkar

The environment cannot completely absorb the technogenic physical fields energy that is abundant in conditions of an

intensive urbanization level growth. Natural geoecological conditions are disrupted. Syktyvkar city was chosen as a research

area. Our researches by vibroseis survey method determined areas most proned to increasing vibroseis amplitudes in building

foundation soil in restrained urban conditions using geological and hydrogeological data.

Keywords: geological environment, vibroseis survey, deformation processes.

Ââåäåíèå

Â ïîñëåäíèå ãîäû â ñâÿçè ñ èíòåíñèâíûì ðîñòîì
óðîâíÿ óðáàíèçàöèè âñå áîëüøåå âíèìàíèå óäåëÿåòñÿ
èçó÷åíèþ òåõíîãåííîãî ôèçè÷åñêîãî çàãðÿçíåíèÿ ãîðîä-
ñêîé ñðåäû: âîçäóøíîé, âîäíîé, ãåîëîãè÷åñêîé. Â òàêèõ
óñëîâèÿõ îêðóæàþùàÿ ñðåäà íå ñïîñîáíà âîñïðèíÿòü
ïîëíîñòüþ ïîñòóïàþùóþ ýíåðãèþ òåõíîãåííûõ ôèçè-
÷åñêèõ ïîëåé, ïîýòîìó èçáûòî÷íóþ ýíåðãèþ îíà «ðàñ-
õîäóåò» íà èçìåíåíèå ñâîèõ ñâîéñòâ, àêòèâèçàöèþ è ïîä-
äåðæàíèå ýêçîãåííûõ ãåîëîãè÷åñêèõ ïðîöåññîâ, òàêèõ,
íàïðèìåð, êàê îïîëçíè è îñàäêè/ïðîñàäêè ãðóíòîâ ïîä
ôóíäàìåíòàìè çäàíèé è èíæåíåðíûõ ñîîðóæåíèé.
Îïîëçíåâûå ïðîöåññû â äîëèíàõ ðåê Âû÷åãäû è Ñûñî-
ëû â îêðåñòíîñòÿõ ãîðîäà è èõ ïðîòåêàíèå ïîä âîçäåé-
ñòâèåì òåõíîãåííîé íàãðóçêè â âèäå âèáðîñåéñìè÷åñêèõ
êîëåáàíèé áûëè èçó÷åíû ðàíåå [9, 12].

Ñðåäè ìèêðîñåéñìè÷åñêèõ âîëíîâûõ ïîëåé îñîáóþ
çíà÷èìîñòü äëÿ îöåíêè ñåéñìè÷åñêîé îïàñíîñòè ãðóíòîâ
è ñîîðóæåíèé èìåþò ïîëÿ òåõíî- è ýíäîãåííîãî ïðîèñ-
õîæäåíèÿ â äèàïàçîíå 1—100 Ãö. Ìèêðîñåéñìû ýíäîãåí-
íîãî ïðîèñõîæäåíèÿ â äèàïàçîíå 1—20 Ãö íàçûâàþò ðå-
ãèîíàëüíûìè âûñîêî÷àñòîòíûìè ñåéñìè÷åñêèìè øóìà-
ìè. Èñòî÷íèêè ýêçîãåííûõ ìèêðîñåéñì èñêóññòâåííîãî,
èëè òåõíîãåííîãî, ïðîèñõîæäåíèÿ — ýòî äâèæóùèéñÿ
òðàíñïîðò, ãîðíî-ðóäíûå ïðåäïðèÿòèÿ, ïðåäïðèÿòèÿ
ýíåðãîñèñòåìû è ò. ä. Cèëà òàêèõ âèáðàöèé àíàëîãè÷íà
çåìëåòðÿñåíèÿì 3—7 áàëëîâ íà ðàññòîÿíèè äî 25—40 ì îò
èñòî÷íèêà êîëåáàíèé [2]. Ïîýòîìó âûÿâèì ïîñëåäñòâèÿ
âîçäåéñòâèÿ ïîâûøåíèÿ çíà÷åíèé àìïëèòóä ìèêðîñåéñ-

ìè÷åñêèõ êîëåáàíèé â ïîäñòèëàþùèõ ãðóíòàõ-îñíîâàíè-
ÿõ èíæåíåðíûõ ñîîðóæåíèé è êîììóíèêàöèé íåïîñðåä-
ñòâåííî â óñëîâèÿõ ïëîòíîé ãîðîäñêîé çàñòðîéêè.

Ãåîëîãè÷åñêèå
è èíæåíåðíî-ãåîëîãè÷åñêèå äàííûå

Â ïðåäåëàõ òåððèòîðèè ïëîòíîé ãîðîäñêîé çàñòðîé-
êè ÷åòâåðòè÷íûå îòëîæåíèÿ çàëåãàþò íåïîñðåäñòâåííî íà
ïîðîäàõ íèæíåãî òðèàñà, ê âîñòîêó è þãî-âîñòîêó îò ãî-
ðîäà — íà ïîðîäàõ ñðåäíåé è âåðõíåé þðû.

Â ñîñòàâå ÷åòâåðòè÷íûõ îòëîæåíèé âûäåëåíû íåî-
ïëåéñòîöåíîâûå è ãîëîöåíîâûå îòëîæåíèÿ. Â îñíîâàíèè
ðàçðåçà çàëåãàþò îñàäêè ÷èðâèíñêîãî ìåæëåäíèêîâüÿ,
ðåæå — ïîìóñîâñêîãî ãîðèçîíòà. Â ðàçðåçå íåîïëåéñòî-
öåíà ïðîñëåæèâàþòñÿ äâà ëåäíèêîâûõ ãîðèçîíòà — âû-
÷åãîäñêèé è ïå÷îðñêèé, îòëè÷àþùèõñÿ ïî ïîëîæåíèþ â
ðàçðåçå, ëèòîëîãè÷åñêèì îñîáåííîñòÿì, òåêñòóðå, îêðàñ-
êå. Ýòè ãîðèçîíòû îòíîñÿòñÿ ê äâóì ëåäíèêîâûì ïåðèî-
äàì, à ðàçäåëÿþùèå èõ ïåñ÷àíî-ãëèíèñòûå îñàäêè — ê
ìåæëåäíèêîâîìó ðîäèîíîâñêîìó. Âåðõíÿÿ ÷àñòü íåîïëåé-
ñòîöåíà ñëîæåíà àëëþâèàëüíûìè (îçåðíî-àëëþâèàëüíû-
ìè) îòëîæåíèÿìè II è III íàäïîéìåííûõ òåððàñ ðåê Âû-
÷åãäû è Ñûñîëû. Ðàçðåç ãîëîöåíà ïðåäñòàâëåí àëëþâè-
àëüíûìè îòëîæåíèÿìè ïîéì è I íàäïîéìåííîé òåððàñû
ðåê, îòëîæåíèÿìè äîëèí ìåëêèõ âîäîòîêîâ è áîëîò. Ìîù-
íîñòü îòëîæåíèé äîñòèãàåò 60—87 ì*. Ñõåìà èíæåíåðíî-
ãåîëîãè÷åñêèõ óñëîâèé ðàéîíà èññëåäîâàíèé ïðåäñòàâëå-
íà íà ðèñ. 1.

* Îò÷åò î êîìïëåêñíîé ãåîëîãî-ãèäðîãåîëîãè÷åñêîé è èíæåíåðíî-ãåîëîãè÷åñêîé ñúåìêå ìàñøòàáà 1:50 000 äëÿ öåëåé ìå-

ëèîðàöèè íà Ñðåäíåâû÷åãîäñêîì ìàññèâå / Â. Ô. Ëàïèöêàÿ, Â. Á. Çàðóäíûé, À. Â. Êîðîëü. Ñûêòûâêàð, 1990.



Vestnik IG Komi SC UB RAS, June, 2017, No. 6

21

Ïîñòîÿííûå ãîðèçîíòû ãðóíòîâûõ âîä â îñíîâíîì
ïðèóðî÷åíû ê ðóñëîâîìó àëëþâèþ è ëåäíèêîâûì îòëî-
æåíèÿì. Ê àëëþâèàëüíûì îòëîæåíèÿì òåððàñ è ôëþâè-
îãëÿöèàëüíûì îòëîæåíèÿì âîäîðàçäåëîâ ïðèâÿçàíû ñå-
çîííî-âîäîíîñíûå ãîðèçîíòû, êîòîðûå ôîðìèðóþòñÿ ïîä
âëèÿíèåì àòìîñôåðíûõ îñàäêîâ.

Ìåòîäîëîãèÿ

Âîçìîæíîñòü èñïîëüçîâàíèÿ ñåéñìîìåòðè÷åñêèõ ìåòî-
äîâ äëÿ îöåíêè ñòåïåíè âèáðàöèîííûõ âîçäåéñòâèé íà ãðóí-
òû-îñíîâàíèÿ çäàíèé îáúÿñíÿåòñÿ ñóùåñòâîâàíèåì ñâÿçè
ìåæäó èõ ñåéñìè÷åñêèìè ïàðàìåòðàìè è îñíîâíûìè èíæå-
íåðíî-ãåîëîãè÷åñêèìè ñâîéñòâàìè [1, 5, 10, 11, 13].

Â ñèñòåìå íàáëþäåíèé «ãðóíò — ñîîðóæåíèå» ïðè ðå-
ãèñòðàöèè âèáðîäèíàìè÷åñêîé íàãðóçêè ÿâëÿåòñÿ äîñòà-
òî÷íûì ðåãèñòðàöèÿ àìïëèòóäû ñìåùåíèÿ ÷àñòèö è/èëè
åå ïðîèçâîäíûõ — àìïëèòóä âèáðîñêîðîñòè èëè âèáðîóñ-
êîðåíèÿ [4, 7]. Îäíàêî äëÿ ãðóíòîâ â íàñòîÿùåå âðåìÿ íå
ñóùåñòâóåò îäíîçíà÷íîãî êðèòåðèÿ ñîîòíîøåíèÿ ýòèõ ïî-
êàçàòåëåé, îïðåäåëÿþùåãî ïðåäåëüíûå çíà÷åíèÿ äàííûõ
ïàðàìåòðîâ è çàôèêñèðîâàííîãî â êàêèõ-ëèáî íîðìàòèâ-
íûõ äîêóìåíòàõ. Òàêæå íå ñòîèò çàáûâàòü, ÷òî ïðîÿâëåíèå
óñòàëîñòíûõ ýôôåêòîâ çäàíèé ìîæåò áûòü äîïîëíèòåëüíî
ñâÿçàíî ñ ñóôôîçèåé, âñïó÷èâàíèåì ãðóíòà è äð. ÿâëåíèÿ-
ìè. Â çàðóáåæíîé ëèòåðàòóðå è ñòðîèòåëüíûõ íîðìàõ è
ïðàâèëàõ ãîâîðèòñÿ î òîì, ÷òî îñíîâíûì ïàðàìåòðîì äî-
ïóñêàåìîé âåëè÷èíû âèáðàöèè ÿâëÿþòñÿ ïèêîâîå è ñðåä-
íåêâàäðàòè÷íîå çíà÷åíèÿ ñêîðîñòè. Åñëè çíà÷åíèå ñêîðî-
ñòè êîëåáàíèé 0.4×10-3 ì/ñ è âûøå è çíà÷åíèå àìïëèòóäû
ñìåùåíèÿ è êîýôôèöèåíò çàòóõàíèÿ êîëåáàíèé íà äàííîì
ó÷àñòêå íåçíà÷èòåëüíû, òî ââèäó âûñîêèõ çíà÷åíèé óïðó-
ãèõ ñèë âîññòàíîâëåíèÿ ïåðâîíà÷àëüíûõ ïðî÷íîñòíûõ ïà-
ðàìåòðîâ ãîðíîé ïîðîäû ó÷àñòîê ÿâëåíèþ îñàäêè/ïðîñàä-
êè íå ïîäâåðæåí. Áîëåå ïîäðîáíî àëãîðèòì âûäåëåíèÿ òà-
êèõ çîí êàê íàèáîëåå îïàñíûõ, âëèÿþùèõ íà ñêîðîñòü èç-
íîñà æèëûõ çäàíèé, ïðèâåäåí À. Í. Âèõîòü è Â. À. Ëþòîå-
âûì [3]. Â ISO 4866:1990 (îí æå ÃÎÑÒ Ð52892-2007) äëÿ çäà-
íèé âòîðîé êàòåãîðèè (æèëûå çäàíèÿ è çäàíèÿ, èìåþùèå
àíàëîãè÷íóþ êîíñòðóêöèþ èëè íàçíà÷åíèå) ïðåäåëüíîå
çíà÷åíèå âèáðîñêîðîñòè íà ôóíäàìåíòå ñîñòàâëÿåò 5 ìì/ñ.
Ïðè óñêîðåíèÿõ, ïðåâûøàþùèõ çíà÷åíèå 0.003g, ñòðîè-
òåëüíûå êîíñòðóêöèè çäàíèé è ñîîðóæåíèé ñ÷èòàþòñÿ ýê-
ñïëóàòèðóþùèìèñÿ â óñëîâèÿõ ïîâûøåííûõ âèáðàöèîí-
íûõ íàãðóçîê; ïðè âèáðàöèÿõ ñî ñêîðîñòüþ ïåðåìåùåíèÿ
÷àñòèö ãðóíòà (0.4—1.2)×10–3 ì/ñ óæå ïðîèñõîäÿò ñâåðõíîð-
ìàòèâíûå îñàäêè ôóíäàìåíòîâ, âîçíèêàþò ïîâðåæäåíèÿ
â ñòàðûõ çäàíèÿõ, à ïðè ñêîðîñòè (5—8)×10–3 ì/ñ âîçìîæ-
íû ñåðüåçíûå ïîâðåæäåíèÿ çäàíèé ñ áåòîííûìè ïåðåêðû-
òèÿìè. Èíûìè ñëîâàìè, ââèäó èçìåíåíèÿ ýïþðû íàïðÿ-
æåíèÿ â êîíñòðóêöèè çäàíèé èäåò ïåðåðàñïðåäåëåíèå ìî-
ìåíòîâ ñèë â óçëàõ êîíñòðóêöèè ñ âíåøíèìè ïðîÿâëåíèÿ-
ìè â âèäå òðåùèí íà ñòûêàõ ïàíåëüíûõ ïëèò è â êèðïè÷-
íîé êëàäêå. Â áîëåå ìåíåå ïîëíîé ñòåïåíè À. Ä. Æèãàëèí
è Ã. Ï. Ëîêøèí (ñì. òàáëèöó) ïðèâîäÿò ïîñëåäñòâèÿ âèá-
ðàöèîííîãî âîçäåéñòâèÿ íà ãðóíòîâóþ òîëùó è èíæåíåð-
íûå ñîîðóæåíèÿ ïî ñîîòíîøåíèþ ñðåäíåêâàäðàòè÷íûõ
çíà÷åíèé âèáðîñêîðîñòè è âèáðîóñêîðåíèÿ â öåëîì ïî Âî-
ñòî÷íî-Åâðîïåéñêîé ïëàòôîðìå. Íà ýòè ñîîòíîøåíèÿ áó-
äåì îïèðàòüñÿ ïðè èíòåðïðåòàöèè äàííûõ âèáðîñåéñìè-
÷åñêîé ñúåìêè.

Ðèñ. 1. Ñõåìà èíæåíåðíî-ãåîëîãè÷åñêèõ óñëîâèé ðàéîíà
ã.Ñûêòûâêàðà*:

1 – ÷èñëèòåëü – ãåîëîãè÷åñêèé èíäåêñ ïåðâîãî îò ïîâåðõíîñ-
òè ñòðàòèãðàôî-ãåíåòè÷åñêîãî êîìïëåêñà, çíàìåíàòåëü – èí-
äåêñ âòîðîãî êîìïëåêñà, åãî ìîùíîñòü (ì), çíàê äðîáè – ëèòî-

ëîãè÷åñêèé ñîñòàâ âòîðîãî êîìïëåêñà:
...... — ïåñêè, -  -  — ñóãëèíêè âàëóííûå,        — ãëèíû; ãëó-
áèíà çàëåãàíèÿ ãðóíòîâûõ âîä: ñîñòàâ è ìîùíîñòü (ì) îòëîæå-
íèé ïåðâûõ îò ïîâåðõíîñòè ñòðàòèãðàôî-ãåíåòè÷åñêèõ êîìïëåê-
ñîâ: 2 — ïåñêè (>10); 3 — ïåñêè (<10); 4 — ñóãëèíêè (>5); 5 —
ñóãëèíêè (<5); 6 — ñóãëèíêè âàëóííûå (>10); 7 — ñóãëèíêè âà-
ëóííûå (<10); 8 — ñóãëèíêè ñ ïðîñëîÿìè è ëèíçàìè ïåñêîâ è
ñóïåñåé (>10); 9 — ñóãëèíêè ñ ïðîñëîÿìè è ëèíçàìè ïåñêîâ è
ñóïåñåé, (5—10); 10 — òåððèòîðèÿ  âèáðîñåéñìè÷åñêîé  ñúåìêè

Fig. 1. Scheme of engineering-geological conditions of the Syktyvkar
area*:

1 – numerator – a geological index of the first genetic stratigraphic
sequence from a surface, denominatior – an index of the second se-
quence, its thickness (m), fraction bar – a lithological composition

of the second sequence:
...... — sands; -  - — boulder loams;         — clays; groundwater
depth: sediments composition and thickness of  (m) of first genetic
stratigraphic sequences from a surface: 2 — sands (>10); 3 — sands
(<10); 4 —  loams (>5); 5 — loams (<5); 6 — boulder loams (>10);
7 — boulder loams (<10); 8 — loams with bands and lans of sands
and sandy loams (>10); 9 — loams with bands and lans of sands and

sandy loams (5—10); 10 — vibroseis survey area

* Îò÷åò î êîìïëåêñíîé ãåîëîãî-ãèäðîãåîëîãè÷åñêîé è èíæåíåðíî-ãåîëîãè÷åñêîé ñúåìêå ìàñøòàáà 1:50 000 äëÿ öåëåé ìå-

ëèîðàöèè íà Ñðåäíåâû÷åãîäñêîì ìàññèâå / Â. Ô. Ëàïèöêàÿ, Â. Á. Çàðóäíûé, À. Â. Êîðîëü. – Ñûêòûâêàð, 1990.



Âåñòíèê ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ, èþíü, 2017 ã., ¹ 6

22

Àïïàðàòóðíîå îáåñïå÷åíèå

Ïî ÃÎÑÒ Ð52892-2007 èçìåðåíèÿ ïðîâîäèëèñü â ÷à-
ñòîòíîì äèàïàçîíå 0.3—200 Ãö ñ ïîìîùüþ 24-ðàçðÿäíîé
öèôðîâîé ñåéñìè÷åñêîé ñòàíöèè ZET 048-C. Îñíîâíûì
îöåíî÷íûì ïàðàìåòðîì ÿâëÿëîñü ïèêîâîå çíà÷åíèå ñêî-
ðîñòè, èçìåðÿåìîå â íàïðàâëåíèè òðåõ âçàèìíî ïåðïåí-
äèêóëÿðíûõ îñåé õ, ó (èìåëè ãîðèçîíòàëüíûå íàïðàâëå-
íèÿ N—S è E—W ñîîòâåòñòâåííî) è z (áûëà íàïðàâëåíà
âåðòèêàëüíî âíèç). Îáðàáîòêà âèáðîñåéñìè÷åñêèõ ñèã-
íàëîâ îñóùåñòâëÿëàñü ñ ïîìîùüþ ïðîãðàììû ZETLab
SEISMO. Áëîê ïðîãðàììû «Âèáðîìåòð» ïîçâîëÿë èçìå-
ðÿòü ñðåäíåêâàäðàòè÷íûå è ïèêîâûå çíà÷åíèÿ óñêîðå-
íèÿ, ñîçäàâàòü âèðòóàëüíûå êàíàëû ìãíîâåííûõ çíà÷å-
íèé âèáðîñêîðîñòè è âèáðîïåðåìåùåíèÿ. Âûõîäíûå
ñèãíàëû äëÿ ýòîé ïðîãðàììû ïîëó÷åíû ñ òðåõêîìïîíåí-
òíîãî àêñåëåðîìåòðà ÂÑ-1313 ñ ìàêñèìàëüíîé âîçìîæ-
íîñòüþ èçìåðåíèÿ óñêîðåíèÿ 10 ì/ñ2 ïðè ÷óâñòâèòåëü-
íîñòè 0.53 Â/(ì/ñ2). Â áëîêå «Ïàðàìåòðû ñïåêòðàëüíîãî
àíàëèçà» áûëè çàäàíû íàñòðîéêè ðåãèñòðàòîðà, ÷òî äà-
âàëî âîçìîæíîñòü ïðåäñòàâëÿòü ðåçóëüòàòû ðàñ÷åòîâ ïî
ñïåêòðàëüíîé ïëîòíîñòè, ñïåêòðàëüíîé ìîùíîñòè, ñðåä-

íå-êâàäðàòè÷íûì è ïèêîâûì çíà÷åíèÿì (â ëèíåéíîì
ìàñøòàáå — â âûáðàííîé åäèíèöå èçìåðåíèÿ, â ëîãàðèô-
ìè÷åñêîì — â äÁ).

Ðåçóëüòàòû

Ïî ïðèíÿòîé â ñåéñìîëîãèè êëàññèôèêàöèè ïî-
âðåæäåíèÿ çäàíèé íà òåððèòîðèè ã. Ñûêòûâêàðà è ïðè-
ëåãàþùèõ íàñåëåííûõ ïóíêòîâ îòíîñÿòñÿ êî âñåì òðåì
ãðóïïàì ïî ÃÎÑÒ Ð52892-2007: ëåãêèå, óìåðåííûå è òÿ-
æåëûå.

Äëÿ ðàéîíà èññëåäîâàíèé ôîíîâûå çíà÷åíèÿ àìïëè-
òóä ñìåùåíèÿ ãðóíòà, çàðåãèñòðèðîâàííûå â íî÷íîå âðå-
ìÿ äëÿ ãîðèçîíòàëüíûõ êîìïîíåíò, ñîñòàâëÿþò â ñðåäíåì
2·10–7 ì, äëÿ âåðòèêàëüíîé — 10–7 ì [8]. Ýòî îòíîñèòåëü-
íî íåáîëüøèå çíà÷åíèÿ ïî îòíîøåíèþ ê øóìàì â äíåâ-
íîå âðåìÿ, ïîýòîìó ðåãèñòðàöèþ ïðèðîäíî-òåõíîãåííûõ
ìèêðîñåéñì îñóùåñòâëÿëè èìåííî â äíåâíîå âðåìÿ. Ôî-
íîâûå çíà÷åíèÿ óðîâíÿ ìèêðîñåéì ñëóæèëè îòïðàâíîé
òî÷êîé ñðàâíåíèÿ êðàòíîñòè óâåëè÷åíèÿ øóìîâ â äíåâ-
íîå âðåìÿ. Ýòè çíà÷åíèÿ ìîãóò ìåíÿòüñÿ â ñòîðîíó óâå-

Ïîñëåäñòâèÿ âèáðàöèîííîãî âîçäåéñòâèÿ íà ãðóíòîâóþ òîëùó è èíæåíåðíûå ñîîðóæåíèÿ [6]

Consequences of a vibration impact on soils and engineering constructions

Ðèñ. 2. Äèàãðàììû óðîâíÿ àìïëèòóä óñêîðåíèÿ øóìîâ:
a — äëÿ ãîðèçîíòàëüíîé êîìïîíåíòû X; b — äëÿ âåðòèêàëüíîé êîìïîíåíòû Z

Fig. 2. Diagrams of a noise acceleration amplitudes level: a — for a radial component X; b — for a vertical component Z
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ëè÷åíèÿ â äåñÿòêè ðàç. Íà ðèñ. 2 ïðèâåäåíû óðîâíè àìï-
ëèòóä óñêîðåíèé øóìîâ âáëèçè êðóïíîãî ïðåäïðèÿòèÿ,
ðàñïîëîæåííîãî â çîíå ãîðîäñêîé çàñòðîéêè, â äíåâíîå
è íî÷íîå âðåìÿ.

Êðîìå ïîñòîÿííûõ íàâåäåííûõ ìèêðîñåéñìè÷åñêèõ
äíåâíûõ è íî÷íûõ øóìîâ áûëè çàôèêñèðîâàíû èìïóëü-
ñíûå ñèãíàëû, èçëó÷àåìûå îáúåêòàìè ñòðîèòåëüñòâà, íà
êîòîðûõ ïðîâîäèëèñü ðàáîòû ïî çàáèâêå ñâàé. Òàêèå âîç-
äåéñòâèÿ èìåþò êðàòêîâðåìåííûé ñèëüíûé õàðàêòåð,
ïðîÿâëÿþùèéñÿ â âèäå âûñîêèõ çíà÷åíèé àìïëèòóäû óñ-
êîðåíèÿ êîëåáàíèé â ãðóíòàõ, è ìîãóò íàíîñèòü ñóùå-
ñòâåííûé âðåä ñòîÿùèì âáëèçè çäàíèÿì. Â çàâèñèìîñòè
îò âåñà ìîëîòà îïðåäåëÿåòñÿ ïðåäåëüíîå ðàññòîÿíèå, íà
êîòîðîì ìîãóò ïðîèçîéòè íåãàòèâíûå ïîñëåäñòâèÿ äëÿ
îêðóæàþùèõ çäàíèé è èíæåíåðíûõ ñîîðóæåíèé. Îáû÷-
íî ýòà äèñòàíöèÿ âûäåðæèâàåòñÿ äî 17—21 ì. Íóæíî ó÷è-
òûâàòü òàêæå è äðóãèå ôàêòîðû: ïðîäîëæèòåëüíîñòü äåé-
ñòâèÿ êîëåáàíèé, ÷àñòîòíûé ñïåêòð, ãðóíòîâûå óñëîâèÿ,
òèï ñòðîåíèÿ, òèï íåñóùåãî ôóíäàìåíòà è äð. Íà ðèñ. 3,a
ïðèâåäåí èìïóëüñíûé ñèãíàë îò óäàðà â áëèæíåé çîíå
âîçäåéñòâèÿ — â ðàäèóñå 20 ì îò èñòî÷íèêà êîëåáàíèé,
êîãäà îñíîâíîé èìïóëüñ óäàðà, èìåþùèé îòíîñèòåëüíî
íèçêóþ ïðåîáëàäàþùóþ ÷àñòîòó, ðàñïðîñòðàíÿåòñÿ â óñ-
ëîâèÿõ íàëîæåíèÿ âûñîêî÷àñòîòíûõ ñèãíàëîâ, ïîðîæäà-
åìûõ îòâåòíîé ðåàêöèåé íåîäíîðîäíûõ ãðóíòîâ â çîíå
óäàðà.

Ðèñ. 3,b ïîêàçûâàåò õàðàêòåð èçìåíåíèÿ èìïóëüñíî-
ãî ñèãíàëà ñ óâåëè÷åíèåì ðàññòîÿíèÿ: àìïëèòóäû ñèãíà-

ëà â çàâèñèìîñòè îò êàòåãîðèè ãðóíòà èìåþò ðàçíûé õà-
ðàêòåð çàòóõàíèÿ è ïîãëîùåíèÿ ñðåäîé; ïðîäîëæèòåëü-
íîñòü äåéñòâèÿ â ãðóíòå ñàìèõ êîëåáàíèé çàâèñèò îò äîá-
ðîòíîñòè ñðåäû. Â ãëèíàõ è ñóãëèíêàõ ñ óâåëè÷åíèåì ðàñ-
ñòîÿíèÿ îò èñòî÷íèêà ôèêñèðóåòñÿ áîëåå ñèëüíûé è äëè-
òåëüíûé ñèãíàë, ÷åì â ïåñ÷àíûõ ãðóíòàõ. Òàêèì îáðàçîì,
ïðèõîäèì ê âûâîäó, ÷òî â íåñâÿçíûõ ãðóíòàõ âîçíèêàþò
ñâîè àìïëèòóäíî-÷àñòîòíûå êîëåáàíèÿ, çàâèñÿùèå îò
ãëèíèñòîñòè, âîäîíàñûùåííîñòè è äðóãèõ èíæåíåðíî-
ãåîëîãè÷åñêèõ ïîêàçàòåëåé.

Ñõåìà ðàñïîëîæåíèÿ ïóíêòîâ íàáëþäåíèÿ (ÏÍ) âèá-
ðîñåéñìè÷åñêîé ñúåìêè öåíòðàëüíîé ÷àñòè ãîðîäà ïðåä-
ñòàâëåíà íà ðèñ. 4. Ãðàôè÷åñêîå âûðàæåíèå õàðàêòåðèñ-
òèê âèáðàöèîííîãî ïîëÿ è àìïëèòóäû êîëåáàíèé ìåòî-
äîì èçîëèíèé ïðåäñòàâëåíî íà ðèñ. 5.

Ðàññìàòðèâàÿ äèàïàçîí ìàêñèìàëüíûõ ñðåäíåêâàä-
ðàòè÷íûõ çíà÷åíèé ïèêîâûõ óñêîðåíèé (ðèñ. 5,A), ìîæ-
íî óòâåðæäàòü, ÷òî òåððèòîðèÿ ãîðîäà ïîâñåìåñòíî, çà
èñêëþ÷åíèåì ïðèáðåæíîé çîíû ð. Ñûñîëû, íàõîäèòñÿ
â óñëîâèÿõ ïîâûøåííîé âèáðîíàãðóçêè. Òî÷å÷íî ñâåðõ-
íîðìàòèâíûå çíà÷åíèÿ àìïëèòóä óñêîðåíèÿ è ñêîðîñòè
êîëåáàíèé âèáðàöèîííîãî âîçäåéñòâèÿ çàðåãèñòðèðîâà-
íû â ÏÍ 1, 8, 11, 14, 18, 27, 29, 32, 42, 48, 58, 77, 82, 83,
97, 129, 133, 150, 155—157, 159, 160, 177, 204, 205, 207,
209, 210. Ýòè ó÷àñòêè ìû îòíîñèì ê óìåðåííî îïàñíûì.
Çäåñü â ñëó÷àå âûñîêèõ çíà÷åíèé àìïëèòóäû ñìåùåíèÿ
èìåþò ìåñòî âèáðàöèîííûå âîçäåéñòâèÿ ñòàöèîíàðíûõ
èñòî÷íèêîâ êîëåáàíèé, ðàñïîëîæåííûõ âíóòðè çäàíèé.

Ðèñ. 3. Àêñåëåðîãðàììû êîëåáàíèé â ãðóíòàõ îò óäàðà ñâàåáîéíîé ìàøèíû:
a — íà óäàëåíèè 20 ì îò èñòî÷íèêà; b — íà óäàëåíèè 50 ì îò èñòî÷íèêà (çàïèñü ïî âåðòèêàëüíîé êîìïîíåíòå)

Fig. 3. Accelerograms of oscillations from a piling machine impact in soils:
à — at a distance of 20 m from the source; b — at a distance of 50 m from the source (recording of a vertical component)
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Ðèñ. 4. Ñõåìà ïóíêòîâ íàáëþäåíèÿ âèáðîñåéñìè÷åñêîé ñúåìêè, ã. Ñûêòûâêàð

Fig. 4. Scheme of vibroseis survey observation points, Syktyvkar

Ðèñ. 5. Ñõåìà âèáðîñåéñìè÷åñêèõ ïàðàìåòðîâ ìàêñèìàëüíûõ ñðåäíåêâàäðàòè÷íûõ çíà÷åíèé óñêîðåíèÿ (A), ñêîðîñòè (V)
è ñìåùåíèÿ ãðóíòà (S) ìåòîäîì èçîëèíèé, ã. Ñûêòûâêàð

Fig. 5. Scheme of vibroseis parameters of the maximum root-mean-square acceleration (À), speed (V) and displacement (S) values
by isolines, Syktyvkar

Â ÏÍ 65 (ïåðåñå÷åíèå óëèö Êèðîâà è Ãîðüêîãî, ãîñòè-
íèöà «Þãîð») è ÏÍ 202 (ïåðåñå÷åíèå óë. Ê. Ìàðêñà è
Îêòÿáðüñêîãî ïð-òà) âûñîêèå çíà÷åíèÿ àìïëèòóäû ñìå-
ùåíèÿ çàðåãèñòðèðîâàíû â óñëîâèÿõ çíà÷åíèé âèáðîóñ-
êîðåíèÿ è âèáðîñêîðîñòè íèæå íîðìàòèâíûõ. Òàêèå
ïîêàçàòåëè ìîãóò õàðàêòåðèçîâàòü ïðèðîäíûå ïðîöåññû
â ãðóíòàõ — â íàøåì ñëó÷àå äâèæåíèå ãðóíòîâûõ âîä â
óñëîâèÿõ ñêëîíîâ.

Ìàêñèìàëüíûå ñðåäíåêâàäðàòè÷íûå çíà÷åíèÿ àìï-
ëèòóäû ñìåùåíèÿ çàôèêñèðîâàíû íà ñëåäóþùèõ ó÷àñò-
êàõ êàê íàèáîëåå ïîäâåðæåííûõ ÿâëåíèÿì îñàäêè/ïðî-
ñàäêè â ãðóíòàõ îñíîâàíèé ôóíäàìåíòîâ (ðèñ. 5,S):

1. Ó÷àñòîê ¹ 1, îãðàíè÷åííûé ÏÍ 131, 134, 135 ñ ñå-
âåðà óë. Îïëåñíèíà, ñ þãà — óë. Êîììóíèñòè÷åñêîé, ñ âîñ-
òîêà — óë. Ñòàðîâñêîãî, ñ çàïàäà — Îêòÿáðüñêèì ïðîñïåê-
òîì.
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2. Ó÷àñòîê ¹ 2: ðàéîí ÏÍ 171—173, ïåðåñå÷åíèå
óë. Ñòàðîâñêîãî è Äèìèòðîâà.

3. Ó÷àñòîê ¹ 3 — ÏÍ 13, 43, 44, ðàéîí óë. Êóðàòîâà
ìåæäó óë. Ëåíèíà è Ñîâåòñêîé.

4. Ó÷àñòîê ¹ 4, îãðàíè÷åííûé ÏÍ 1, 4, 58, 59—61 ñ
ñåâåðà óë. Ñâîáîäû, ñ þãà — óë. Îðäæîíèêèäçå, ñ âîñòî-
êà — óë. Ëåíèíà, ñ çàïàäà — óë. Êèðîâà.

Ñðåäíåêâàäðàòè÷íûå çíà÷åíèÿ àìïëèòóäû ñìåùåíèÿ
íà âûäåëåííûõ ó÷àñòêàõ â áëèæíåé çîíå çàôèêñèðîâàíû
â óñëîâèÿõ ðàçëè÷íûõ çíà÷åíèé âèáðîóñêîðåíèÿ è âèá-
ðîñêîðîñòè, ñâåðõíîðìàòèâíûõ è íèæå íîðìû. Îò ñîîò-
íîøåíèÿ ýòèõ âåëè÷èí çàâèñèò ñòåïåíü îïàñíîñòè ÿâëå-
íèÿ ïðîñàäêè.

Ñâîäíûå äàííûå ñâèäåòåëüñòâóþò î íåáëàãîïðèÿòíîé
ãåîëîãè÷åñêîé è/èëè ãèäðîãåîëîãè÷åñêîé îáñòàíîâêå:

1) íà ó÷àñòêàõ ¹ 1 è 2, íàõîäÿùèõñÿ â çîíå ãåîëîãî-
ãåíåòè÷åñêîãî êîìïëåêñà ëåäíèêîâûõ îòëîæåíèé, êîòî-
ðûå ÿâëÿþòñÿ íàäåæíûì îñíîâàíèåì äëÿ ñòðîèòåëüñòâà.
Îíè ïðåäñòàâëåíû ñóïåñÿìè è ñóãëèíêàìè. Ìîùíîñòü
äîñòèãàåò 20, â ðåäêèõ ñëó÷àÿõ 40 ì. Äåôîðìàöèè ïðè óìå-
ðåííûõ íàãðóçêàõ èìåþò óïðóãèé õàðàêòåð, ïðè ïîâûøåí-
íûõ — ïëàñòè÷åñêèé. Ìîäóëü äåôîðìàöèè ñóãëèíêîâ
óìåíüøàåòñÿ îò ëåãêèõ ðàçíîñòåé ê òÿæåëûì è ñîñòàâëÿ-

Ðèñ. 6. Ñõåìà çîí ãðóíòîâ, ïîäâåðæåííûõ îñàäî÷íûì/ïðîñà-
äî÷íûì ïðîöåññàì âñëåäñòâèå âîçäåéñòâèÿ âèáðîñåéñìè÷åñ-

êèõ êîëåáàíèé íà òåððèòîðèè ã. Ñûêòûâêàðà:
çîíû ãðóíòîâ: 1 — ïîäâåðæåííûå íåçíà÷èòåëüíûì ñâåðõíîðìà-
òèâíûì îñàäêàì ôóíäàìåíòîâ çäàíèé; 2 — ïîäâåðæåííûå íå-
çàòóõàþùèì çíà÷èòåëüíûì îñàäêàì ôóíäàìåíòîâ çäàíèé; 3 —
ãëàâíûå óëèöû; 4 — òåððèòîðèÿ âèáðîñåéñìè÷åñêîé ñúåìêè

Fig. 6. Soils zones scheme subject to settlement/subsidence processes
due to a vibroseis influence on the territory of Syktyvkar:

soils zones: 1 — subject to nonthreatening excess building bases settle-
ments; 2 — subject to persistent threatening building bases settlements;

3 — main streets; 4 — vibroseis survey area

åò îò 77 äî 237 ÌÏà. Â íàøåì ñëó÷àå îñëîæíÿþùèì ôàê-
òîðîì ñëóæàò øèðîêî ðàçâèòûå ïðîñëîè îçåðíî-ëåäíè-
êîâûõ ïåñ÷àíûõ îòëîæåíèé. Ñòåïåíü îáâîäíåííîñòè òà-
êèõ ó÷àñòêîâ ñðåäíÿÿ è âûñîêàÿ. Ãëóáèíà çàëåãàíèÿ ãðóí-
òîâûõ âîä ìåíåå 2 ì. Ìîäóëü äåôîðìàöèè íà ïîðÿäîê
íèæå — 51—65 ÌÏà;

2) íà ó÷àñòêàõ ¹ 3 è 4, íàõîäÿùèõñÿ â çîíå ãåîëîãî-
ãåíåòè÷åñêîãî êîìïëåêñà àëëþâèàëüíûõ îòëîæåíèé, à
èìåííî II è III íàäïîéìåííûõ òåððàñ ð. Ñûñîëû. Äàííûå
îñàäêè ñëóæàò óäîâëåòâîðèòåëüíûì îñíîâàíèåì äëÿ ìà-
ëîýòàæíîãî ñòðîèòåëüñòâà. Îíè ñîñòîÿò èç ïåñêîâ è ñó-
ïåñåé ñî ñðåäíåé è âûñîêîé ñòåïåíüþ óâëàæíåíèÿ. Ìîù-
íîñòü — äî 27 ì. Óãîë òðåíèÿ/îòêîñà â ñóõèõ ïåñêàõ ñî-
ñòàâëÿåò 44—49°, â âîäîíàñûùåíûõ — 27—31°. Ìîäóëü äå-
ôîðìàöèè — 45—63 ÌÏà.

Àíàëîãè÷íî ïðîâîäèëàñü èíòåðïðåòàöèÿ äàííûõ äëÿ
ðàéîíîâ Îðáèòà è Ýæâà.

Ïî îáúåäèíåííûì äàííûì îöåíêè ðèñêîâ ðàçâèòèÿ
äåôîðìàöèîííûõ ïðîöåññîâ â îñíîâàíèÿõ ôóíäàìåíòîâ
èíæåíåðíûõ ñîîðóæåíèé â óñëîâèÿõ âèáðîñåéñìè÷åñêî-
ãî ïîëÿ ñîñòàâëåíà ñõåìà çîí îñëàáëåííûõ ãðóíòîâ, ïîä-
âåðæåííûõ îñàäî÷íûì/ïðîñàäî÷íûì ïðîöåññàì âñëåä-
ñòâèå âîçäåéñòâèÿ âèáðîñåéñìè÷åñêèõ êîëåáàíèé íà
ãðóíòû ã. Ñûêòûâêàðà è ïðèëåãàþùèõ òåððèòîðèé
(ðèñ. 6).

Âûâîäû

Ïðîâåäåííûå èññëåäîâàíèÿ èëëþñòðèðóþò âîçìîæ-
íîñòü ïðèìåíåíèÿ ìåòîäà âèáðîñåéñìè÷åñêîé ñúåìêè â
âûäåëåíèè è êàðòèðîâàíèè çîí ãðóíòîâ â ãåîëîãè÷åñêîé
ñðåäå óðáàíèçèðîâàííûõ òåððèòîðèé íà ïðèìåðå ã. Ñûê-
òûâêàðà, â êîòîðûõ ìîãóò ïðîèñõîäèòü è/èëè ïðîèñõîäÿò
ïðîöåññû îñàäêè/ïðîñàäêè ôóíäàìåíòîâ çäàíèé è íàðó-
øåíèÿ öåëîñòíîñòè ñòðîèòåëüíûõ êîíñòðóêöèé âñëåä-
ñòâèå âîçäåéñòâèÿ âèáðàöèîííîé íàãðóçêè íà ýòè ãðóí-
òû. Ê ïðåèìóùåñòâàì ïðèìåíÿåìîé ñîâðåìåííîé ãåîôè-
çè÷åñêîé àïïàðàòóðû ìîæíî îòíåñòè îïåðàòèâíîñòü ñáî-
ðà äàííûõ è èõ îáðàáîòêè. Ïîýòîìó äàííûé ìåòîä ðåêî-
ìåíäóåòñÿ èñïîëüçîâàòü êàê ýêñïðåññ-ìåòîä äëÿ ïðåäâà-
ðèòåëüíîé îöåíêè óñòîé÷èâîñòè ãðóíòîâ. Àëãîðèòì ïî-
ëó÷åíèÿ ðåçóëüòàòîâ ìîæåò áûòü èñïîëüçîâàí:

— ïðè ãåîýêîëîãè÷åñêîì ìîíèòîðèíãå ðàéîíà èññëå-
äîâàíèé è òåððèòîðèé ñ àíàëîãè÷íûìè óñëîâèÿìè;
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— ïðè ïðîåêòèðîâàíèè è ïîñëåäóþùåì ãðàæäàíñêîì
è ïðîìûøëåííîì ñòðîèòåëüñòâå, â ÷àñòíîñòè íà òåððè-
òîðèè ã. Ñûêòûâêàðà è Ðåñïóáëèêè Êîìè, ÷òî ïîçâîëèò
íàó÷íî îáîñíîâàííî âûáèðàòü ó÷àñòêè ïîä ñòðîèòåëüíûå
ïëîùàäêè â óñëîâèÿõ ìèíèìàëüíûõ ðèñêîâ ïî îñàäêå/
ïðîñàäêå ãðóíòîâ, ïðîäëèòü ñðîêè ýêñïëóàòàöèè ñòðîè-
òåëüíûõ ñîîðóæåíèé, à òàêæå â èñêëþ÷èòåëüíûõ ñëó÷àÿõ
â ìîìåíòû çåìëåòðÿñåíèé ñíèçèòü áàëëüíîñòü ðàçðóøå-
íèé.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ïðîãðàììû ôóí-
äàìåíòàëüíûõ èññëåäîâàíèé ÐÀÍ ¹15-18-5-11.
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ÌÀÃÈÑÒÐÀËÜÍÎÃÎ ÃÀÇÎÏÐÎÂÎÄÀ Â ÇÎÍÅ ÃÅÎÄÈÍÀÌÈ×ÅÑÊÈ ÍÅÑÒÀÁÈËÜÍÛÕ ÑÒÐÓÊÒÓÐ
Ì. Ï. Òåíòþêîâ, Â. Ô. Ëûñîâà
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tentukov@yandex.ru, valentina271162@rambler.ru

Â ðàáîòå ïðèâîäÿòñÿ ðåçóëüòàòû ìîðôîìåòðè÷åñêîãî àíàëèçà ðåëüåôà Þãî-Çàïàäíîãî Ïðèòèìàíüÿ íà ïðèìåðå Âûì-

ñêî-Âèøåðñêîãî ìåæäóðå÷üÿ. Â ïðåäåëàõ Òðàêò-Ñèíäîðñêîãî ó÷àñòêà ìàãèñòðàëüíîãî ãàçîïðîâîäà âûäåëåíû Òðàêòîâñ-

êèé è Ñèíäîðñêèé ìîðôîñòðóêòóðíûå áëîêè, äëÿ êîòîðûõ äàíà ïðîãíîçíàÿ ýêîëîãî-ãåîëîãè÷åñêàÿ îöåíêà óñòîé÷èâîñòè

ãåîñðåäû. Ïîêàçàíî, ÷òî ñòåïåíü ñåéñìè÷åñêîé óÿçâèìîñòè ìàãèñòðàëüíîãî ãàçîïðîâîäà âûøå ïðè ïåðåñå÷åíèè èì Ñèí-

äîðñêîé ïëîùàäè, òîãäà êàê äëÿ Òðàêòîâñêîé ðèñê âîçíèêíîâåíèÿ àâàðèéíûõ ñèòóàöèé ñâÿçàí ñ àêòèâèçàöèåé ãåîìåõà-

íè÷åñêèõ ïðîöåññîâ, îáóñëîâëåííûõ ñóôôîçèîííûìè è ñîëèôëþêöèîííûìè ïðîöåññàìè. Ïîëó÷åííûå äàííûå ïîâûøà-

þò ýôôåêòèâíîñòü èñïîëüçîâàíèÿ ñèë è ñðåäñòâ ïðè îáåñïå÷åíèè áåçîïàñíîé ýêñïëóàòàöèè ìàãèñòðàëüíûõ ãàçîïðîâî-

äîâ â ðàéîíàõ ãåîäèíàìè÷åñêè íåñòàáèëüíûõ ñòðóêòóð.

Êëþ÷åâûå ñëîâà: ìîðôîìåòðèÿ ðåëüåôà, ãåîäèíàìè÷åñêàÿ íåñòàáèëüíîñòü, íåîòåêòîíèêà, ìàãèñòðàëüíûé ãàçî-

ïðîâîä, ãåîëîãè÷åñêàÿ ñðåäà, àâàðèè ãàçîïðîâîäîâ.

MORPHOMETRIC ANALYSIS OF THE SOUTHWESTERN TIMAN REGION RELIEF AND PREDICTIVE ECOLOGY-GEOLOGICAL
ASSESSMENT OF STABILITY OF THE TRACT-SINDORSKIY SECTION OF THE MAIN GAS PIPELINE

IN THE ZONE OF GEODYNAMICALLY UNSTABLE STRUCTURES
M. P. Tentyukov, V. F. Lisova

Syktyvkar State University named after Pitirim Sorokin, Syktyvkar

The results of a morphometric analysis of the southwestern Timan region relief on the example of the Vymsko-Visher inter-

fluves have been presented in the paper. Within the Tract-Sindor section of the main gas pipeline the Tract and Sindor morpho-

structural blocks have been identified, for which a predictive ecological-geological assessment of the geological environment

stability is given. It is shown that the degree of seismic vulnerability of the main gas pipeline is higher when it crosses Sindor area,

while for the Tract area the risk of emergencies is associated with the activation of geomechanical processes caused by suffosion

and solfluffic processes. The data obtained increase the efficiency of the forces and assets use in the safe ensuring of gas

trunkline operation in regions of geodynamically unstable structures.

Keywords: relief morphometry, geodynamic instability, neotectonics, main gas pipeline, geological environment, gas pipe-

line accidents.

Ââåäåíèå

Ñ÷èòàåòñÿ, ÷òî êðóïíûå òåõíîãåííûå è ïðèðîäíûå
êàòàñòðîôû, íåñóùèå ëþäÿì ãèáåëü, ðàçðóøåíèå âàæíåé-
øèõ îáúåêòîâ ýêîíîìèêè è íåäîïóñòèìûå âîçäåéñòâèÿ íà
îêðóæàþùóþ ñðåäó îêàçàëèñü íåóñòðàíèìûìè â ïðîøëîì
è íå ìîãóò áûòü ïîëíîñòüþ èñêëþ÷åíû â áóäóùåì. Ïðèí-
öèïèàëüíûì ÿâëÿåòñÿ ôàêò, ÷òî òåõíîãåííûå è ïðèðîä-
íûå êàòàñòðîôû íàõîäÿòñÿ â ïðÿìîì è êîñâåííîì âçàè-
ìîäåéñòâèè, ÷òî íå ïîçâîëÿåò ïðèíÿòü ïðèíöèï ðàçäåëü-
íîãî ïðåäîòâðàùåíèÿ îïàñíîñòåé. Ïîýòîìó àâàðèè è êà-
òàñòðîôû ñòàëè óæå ñïåöèàëüíûì ïðåäìåòîì ôóíäàìåí-
òàëüíûõ íàó÷íûõ è ïðèêëàäíûõ ðàçðàáîòîê âî âñåõ ñòðà-
íàõ ìèðà. Â òàêèõ óñëîâèÿõ êðàéíå âàæíî ñâîåâðåìåííî
ïîëó÷èòü íàäåæíóþ èíôîðìàöèþ î õàðàêòåðå âîçìîæíûõ
ïðèðîäíî-òåõíîãåííûõ îïàñíîñòåé â ðåãèîíå. Äëÿ ýòîãî
íóæíû ñïåöèàëüíûå èññëåäîâàíèÿ òåððèòîðèè, ïîçâîëÿ-
þùèå âûÿâèòü çîíû íàèáîëüøåé êîíöåíòðàöèè ïîòåíöè-
àëüíî îïàñíûõ îáúåêòîâ.

Ïîñòàíîâêà ïðîáëåìû. Ïëàòôîðìåííûé ÷åõîë ñåâå-
ðî-âîñòîêà Åâðîïåéñêîé ðàâíèíû íàñëåäóåò àêòèâíûå
òåêòîíè÷åñêèå çîíû, çàëîæåííûå â êðèñòàëëè÷åñêîì
ôóíäàìåíòå, êîòîðûå äåøèôðèðóþòñÿ íà ïîâåðõíîñòè,

îáðàçóÿ ñâîåîáðàçíûé ðèñóíîê (ðèñ. 1). Ïîäâèæêè áëî-
êîâ ëèòîñôåðû â ïðåäåëàõ äàííûõ ãåîäèíàìè÷åñêè àêòèâ-
íûõ çîí èññëåäîâàòåëÿìè ðàññìàòðèâàþòñÿ êàê ñëåäñòâèå
ïðîÿâëåíèÿ îáùèõ êîëåáàòåëüíûõ ïðîöåññîâ è ëîêàëüíûõ
äâèæåíèé, êîòîðûå â óñëîâèÿõ íîâåéøåé òåêòîíè÷åñêîé
àêòèâèçàöèè ñâÿçàíû ñ ñóùåñòâóþùåé ñåòüþ ðàçðûâíûõ
íàðóøåíèé [6, 8]. Â ðåçóëüòàòå âîçíèêàåò ìîçàè÷íàÿ
ñòðóêòóðà ãåîäèíàìè÷åñêèõ çîí. Ïðåäïîëàãàåòñÿ, ÷òî ýòè
ó÷àñòêè õàðàêòåðèçóþòñÿ êîëåáàòåëüíûìè äâèæåíèÿìè
ðàçíîãî ïîðÿäêà. Ïðè èõ ïåðåñå÷åíèè ìàãèñòðàëüíûì ãà-
çîïðîâîäîì îíè ìîãóò ðàññìàòðèâàòüñÿ êàê çîíû ïîâû-
øåííîãî ðèñêà âîçíèêíîâåíèÿ àâàðèé ãåîäèíàìè÷åñêîé
ïðèðîäû. Âûäåëåíèå òàêèõ çîí ÿâëÿåòñÿ àêòóàëüíîé ïðî-
áëåìîé, ïîñêîëüêó ýòè çîíû ðåäêî îáíàðóæèâàþò ñåáÿ
ïðè èññëåäîâàíèÿõ òðàññû ìàãèñòðàëüíîãî ãàçîïðîâîäà íà
ïðåäïðîåêòíîì ýòàïå. Ðèñê âîçíèêíîâåíèÿ àâàðèé ãåî-
äèíàìè÷åñêîé ïðèðîäû âîçðàñòàåò óæå ïðè ýêñïëóàòàöèè
ãàçîïðîâîäà. Âûÿâëåíèå åãî ïîòåíöèàëüíî îïàñíûõ ó÷à-
ñòêîâ ïðåäïîëàãàåò ïðîâåäåíèå ðàéîíèðîâàíèÿ ëèíåéíî-
ãî ó÷àñòêà ãàçîïðîâîäà â ãåîäèíàìè÷åñêè àêòèâíîé çîíå.
Îíî îñíîâûâàåòñÿ íà îáíàðóæåíèè ìîðôîñòðóêòóðíûõ,
ãåîôèçè÷åñêèõ, ãåîìåõàíè÷åñêèõ èíäèêàöèîííûõ ïðè-
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çíàêîâ ãåîäèíàìè÷åñêè íåñòàáèëüíûõ ñòðóêòóð ñ ïðèâëå-
÷åíèåì óòî÷íÿþùèõ è êîððåêòèðóþùèõ ïî÷âåííî-áèî-
ëîãè÷åñêèõ, ëàíäøàôòíî-ãåîõèìè÷åñêèõ ïîêàçàòåëåé ñî-
ñòîÿíèÿ ãåîëîãè÷åñêîé ñðåäû. Ïðè ýòîì íà÷àëüíûì çâå-
íîì èññëåäîâàíèé ÿâëÿåòñÿ ìîðôîìåòðè÷åñêèé àíàëèç
ðåëüåôà.

Ìåòîäè÷åñêèå àñïåêòû ðåøåíèÿ ïðîáëåìû. Â îñíîâå
ìîäåëè ïðîãíîçíîãî ãåîäèíàìè÷åñêîãî ðàéîíèðîâàíèÿ
òðàññû ìàãèñòðàëüíîãî ãàçîïðîâîäà ëåæàò ïðåäñòàâëåíèÿ
î áëî÷íîì ñòðîåíèè ëèòîñôåðû, íåîòåêòîíè÷åñêîé ïðè-
ðîäå ñîâðåìåííîé àêòèâíîñòè ëèòîñôåðíûõ áëîêîâ è èõ
èåðàðõè÷åñêîé ïîä÷èíåííîñòè [5]. Ñ÷èòàåòñÿ, ÷òî íàèáî-
ëåå àêòèâíûìè äâèæåíèÿìè îòëè÷àþòñÿ ñòðóêòóðû áîëåå
âûñîêîãî èåðàðõè÷åñêîãî óðîâíÿ, íî ìàêñèìàëüíûå êîí-
öåíòðàöèè ãåîäèíàìè÷åñêèõ íàïðÿæåíèé ÷àùå ïðèóðî-
÷åíû ê ñòðóêòóðàì ñàìîãî íèçøåãî ìàñøòàáíîãî óðîâíÿ,
÷òî äåëàåò àêòóàëüíûì èõ âûÿâëåíèå. Ïðè ïðîõîæäåíèè
ãàçîïðîâîäà ïî òàêèì ó÷àñòêàì âîçíèêàåò ðèñê àâàðèé
ãåîäèíàìè÷åñêîé ïðèðîäû, êîòîðûé ìíîãîêðàòíî âîçðà-
ñòàåò ïðè ïåðåñå÷åíèè ãàçîïðîâîäîì çîí ñîïðÿæåíèÿ ðàç-
íîçíàêîâûõ ãåîäèíàìè÷åñêè àêòèâíûõ ñòðóêòóð. Â èõ
ïðåäåëàõ íà ëèíåéíûõ ó÷àñòêàõ òðóáîïðîâîäà âîçìîæíû

àíîìàëüíûå ïðîÿâëåíèÿ ðàñòÿãèâàþùèõ íàïðÿæåíèé,
âîçíèêàþùèõ âñëåäñòâèå ìåäëåííûõ âåðòèêàëüíûõ è/èëè
ñóáãîðèçîíòàëüíûõ ïåðåìåùåíèé ïî÷âåííûõ ìàññ. Ïðåä-
ïîëàãàåòñÿ, ÷òî äëÿ äàííûõ ó÷àñòêîâ õàðàêòåðíà îòíîñè-
òåëüíî âûñîêàÿ ïîâòîðÿåìîñòü àâàðèéíûõ ñèòóàöèé.

Ìåòîäèêà ìîðôîìåòðè÷åñêîãî
àíàëèçà ðåëüåôà

Îïðåäåëåíèå ïîòåíöèàëüíî îïàñíûõ çîí âäîëü ãàçî-
ïðîâîäà îñóùåñòâëÿëîñü íà îñíîâå ìîðôîìåòðè÷åñêèõ
èññëåäîâàíèé ãåîäèíàìè÷åñêè àêòèâíûõ çîí â ïðåäåëàõ
ëèíåéíîé ÷àñòè ìàãèñòðàëüíîãî ãàçîïðîâîäà ïóòåì âû-
äåëåíèÿ ïðîáëåìíûõ ó÷àñòêîâ ïî ñòåïåíè ðàñ÷ëåíåííîñ-
òè ðåëüåôà. Â êà÷åñòâå êëþ÷åâîãî ó÷àñòêà âûáðàíà ëèíåé-
íàÿ ÷àñòü ìàãèñòðàëüíîãî ãàçîïðîâîäà â ïðåäåëàõ Âûì-
ñêî-Âèøåðñêîãî ìåæäóðå÷üÿ (Êíÿæïîãîñòñêèé ðàéîí,
Ðåñïóáëèêà Êîìè). Ìîðôîìåòðè÷åñêèå èññëåäîâàíèÿ
îñóùåñòâëÿëèñü ñ ïîìîùüþ êàðòîìåòðèè, ïðåäïîëàãàþ-
ùåé ïîëó÷åíèå ñâåäåíèé î êîëè÷åñòâåííûõ õàðàêòåðèñ-
òèêàõ ðàñ÷ëåíåíèÿ ðåëüåôà è ñîñòàâëåíèÿ êàðòû âåðòè-
êàëüíîé ðàñ÷ëåíåííîñòè ðåëüåôà, ïîçâîëÿþùåé îïðåäå-
ëèòü íàïðàâëåííîñòü è îòíîñèòåëüíóþ èíòåíñèâíîñòü
íîâåéøèõ òåêòîíè÷åñêèõ äâèæåíèé. Ìîðôîìåòðè÷åñêèé
àíàëèç ïðîâîäèëñÿ ñ èñïîëüçîâàíèåì òîïîãðàôè÷åñêîé
êàðòû ìàñøòàáà 1:100000 ñ ñå÷åíèåì ðåëüåôà 20 ì (îñíîâ-
íûå ãîðèçîíòàëè) è 10 ì (äîïîëíèòåëüíûå). Âñå ïîëå êàð-
òû áûëî ðàçäåëåíî íà êâàäðàòû ñ äëèíîé ñòîðîíû 4 ñì è
ïëîùàäüþ 16 ñì2. Â êàæäîì êâàäðàòå îïðåäåëÿëèñü çíà-
÷åíèÿ íàèáîëüøåé è íàèìåíüøåé àáñîëþòíûõ âûñîòíûõ
îòìåòîê. Àìïëèòóäà àáñîëþòíûõ âûñîò âû÷èñëÿëàñü êàê
ðàçíîñòü ìåæäó íàèáîëüøåé è íàèìåíüøåé àáñîëþòíû-
ìè îòìåòêàìè â ïðåäåëàõ êâàäðàòà. Çíà÷åíèÿ àìïëèòóä
îòíîñèëèñü ê öåíòðàì êâàäðàòîâ, ìåæäó êîòîðûìè ìåòî-
äîì èíòåðïîëÿöèè ïðîâîäèëèñü èçîëèíèè. Â ðåçóëüòàòå
ïðîâåäåííûõ èññëåäîâàíèé áûëà ñîñòàâëåíà êàðòà âåðòè-
êàëüíîé ðàñ÷ëåíåííîñòè ðåëüåôà. Òåîðåòè÷åñêè ñ÷èòàåò-
ñÿ, ÷òî ïîëó÷åííàÿ òàêèì îáðàçîì âåðøèííàÿ ïîâåðõ-
íîñòü àäåêâàòíî îòðàæàåò ïîâåðõíîñòü íåîòåêòîíè÷åñêîãî
ðåëüåôà [7, 10].

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ñðàâíèòåëüíàÿ îöåíêà ñòåïåíè ðàñ÷ëåíåííîñòè ðåëüå-
ôà Âûìñêî-Âèøåðñêîãî ìåæäóðå÷üÿ. Â ïðåäåëàõ èññëåäó-
åìîé òåððèòîðèè ìàêñèìàëüíàÿ âûñîòíàÿ îòìåòêà ïðåâû-
øàåò 172 ìåòðà è ïðèóðî÷åíà ê âîäîðàçäåëó â âåðõîâüå
ðåêè ×åðíàÿ (Ñåäüþ), ÿâëÿþùåéñÿ ëåâûì ïðèòîêîì ðåêè
Âåñëÿíû. Ìèíèìàëüíàÿ âûñîòíàÿ îòìåòêà íàõîäèòñÿ â äî-
ëèíå Âåñëÿíû, íà êðàéíåì çàïàäå ðàññìàòðèâàåìîé òåð-
ðèòîðèè, è ñîñòàâëÿåò îêîëî 80 ìåòðîâ. Çíà÷åíèÿ àìïëè-
òóä àáñîëþòíûõ âûñîò ðåëüåôà èçìåíÿþòñÿ îò 3 äî 51 ì.
Ìèíèìàëüíûå çíà÷åíèÿ âñòðå÷åíû â þãî-âîñòî÷íîé ÷à-
ñòè íà ïðàâîáåðåæüå ð. Êû÷àíüþ. Ìàêñèìàëüíûå çíà÷å-
íèÿ íàáëþäàþòñÿ â äîëèíå ðåêè Âåñëÿíû, â ðàéîíå å¸
ðåçêîãî ïîâîðîòà ïåðåä ñïðÿìëåííûì ó÷àñòêîì â öåíò-
ðàëüíîé ÷àñòè òåððèòîðèè. Çíà÷èòåëüíûìè àìïëèòóäàìè
âûñîò (áîëåå 30 ìåòðîâ) õàðàêòåðèçóåòñÿ ïðàêòè÷åñêè âñÿ
òåððèòîðèÿ âäîëü äîëèíû Âåñëÿíû, òåððèòîðèÿ ê âîñòî-
êó è ñåâåðî-âîñòîêó îò íàñåëåííîãî ïóíêòà Ñèíäîð (äî
39 ì), à òàêæå ó÷àñòîê, ïðèóðî÷åííûé ê ìåæäóðå÷üþ Ëóí-
âîæà è Øåðâîæà (áîëåå 40 ìåòðîâ). Íåáîëüøèå àìïëèòó-
äû àáñîëþòíûõ âûñîò (ìåíåå 20 ìåòðîâ) íàáëþäàþòñÿ íà
ìåæäóðå÷üå Âåñëÿíû è Êûëòîâêè, à òàêæå íà òåððèòîðèè,

Ðèñ. 1. Ñõåìà äåøèôðèðîâàíèÿ ëèíåàìåíòîâ ñåâåðî-âîñòîêà
Åâðîïåéñêîé ïëàòôîðìû ïî êîñìè÷åñêèì ñíèìêàì (Ïî [6]).
Ëèíåàìåíòû: 1 — íàäðåãèîíàëüíûå, 2 — ðåãèîíàëüíûå, 3 — ëî-
êàëüíûå, 4 — êîëüöåâûå ñòðóêòóðû; 5 — ðàéîí èññëåäîâàíèé

Fig. 1. Scheme of the lineaments deciphering of the northeast of the
European Platform from space images (By: [6]). Lineaments: 1 —
supra-regional, 2 — regional, 3 — local, 4 — ring structures;

5 —research area
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ðàñïîëîæåííîé ê þãî-çàïàäó îò Ñèíäîðñêîãî îçåðà (ìå-
íåå 10 ìåòðîâ). Ñëåäóåò îòìåòèòü, ÷òî äëÿ ó÷àñòêîâ ñî çíà-
÷èòåëüíîé âåðòèêàëüíîé ðàñ÷ëåíåííîñòüþ ðåëüåôà õàðàê-
òåðíà ïîâûøåííàÿ ãóñòîòà ðå÷íîé ñåòè.

Â ïîñòðîåííîé òàêèì îáðàçîì öèôðîâîé êàðòå ðå-
ëüåôà ãåîäèíàìè÷åñêè àêòèâíûå ñòðóêòóðû ïðåäñòàâëÿ-
þò ñîáîé ãðàíèöû ìîðôîñòðóêòóðíûõ áëîêîâ ñ êîíòðà-
ñòèðóþùèìè ïîêàçàòåëÿìè âåðøèííîé ïîâåðõíîñòè, ñ
ïðèñóùèìè òîëüêî èì ãåîýêîëîãè÷åñêèìè ðàçëè÷èÿìè
è ëîêàëüíûìè ïðîÿâëåíèÿìè àíîìàëüíûõ ñâîéñòâ è ñî-
ñòîÿíèåì ãåîëîãè÷åñêîé ñðåäû. Òàêèõ ìîðôîñòðóêòóð-
íûõ áëîêîâ ñ êîíòðàñòèðóþùèìè ïîêàçàòåëÿìè âåðøèí-
íîé ïîâåðõíîñòè â ïðåäåëàõ êëþ÷åâîãî ó÷àñòêà âûäåëå-
íî äâà — Òðàêòñêèé è Ñèíäîðñêèé (ðèñ. 2), äëÿ êàæäîãî
èç íèõ õàðàêòåðíà âûñîêàÿ ñòåïåíü ðàñ÷ëåíåííîñòè ðå-
ëüåôà. Íèæå äàíà èõ ýêîëîãî-ãåîëîãè÷åñêàÿ õàðàêòåðè-
ñòèêà.

Òðàêòñêèé ìîðôîñòðóêòóðíûé áëîê. Çîíàëüíûé òèï
ðàñòèòåëüíîñòè — ñðåäíåòàåæíûå åëîâûå ëåñà. Íà ìåæ-
äóðå÷üå ìíîãî âûðóáîê, ëåñîâîçîáíîâëåíèå ñëàáîå. Â ïî-
÷âåííîì ïîêðîâå äîìèíèðóþò òîðôÿíî-ïîäçîëèñòî-ãëå-
åâûå èëëþâèàëüíî-ãóìóñîâûå ïî÷âû ñ ëåãêèì ìåõàíè÷åñ-
êèì ñîñòàâîì (ïåñêè, ñóïåñè), ïîäñòèëàåìûå ìîðåííû-
ìè ñóãëèíêàìè [3]. Äëÿ ïî÷â õàðàêòåðåí àêòèâíûé ïðî-

ìûâíîé ðåæèì. Ïî êëèìàòè÷åñêèì õàðàêòåðèñòèêàì òåð-
ðèòîðèÿ îòíîñèòñÿ ê óìåðåííî-òåïëîìó ðàéîíó ñ ïîíè-
æåííîé ãîäîâîé ñóììîé àêòèâíûõ òåìïåðàòóð (1200 °Ñ)
è ðàâíîìåðíûì ðàñïðåäåëåíèåì ãîäîâîé ñóììû îñàäêîâ
[1], ñêîðîñòü ðàçëîæåíèÿ ðàñòèòåëüíûõ îñòàòêîâ (ìèíå-
ðàëèçàöèÿ è ãóìèôèêàöèÿ) íåâåëèêà. Â ïî÷âîãåíåçå âå-
äóùèìè ÿâëÿþòñÿ ïîäçîëîîáðàçîâàíèå è òîðôîíàêîïëå-
íèå. Ïîñëåäíåå àêòèâíî ñîïðîâîæäàåòñÿ íàêîïëåíèåì
ôóëüôîêèñëîò, íåéòðàëèçàöèÿ êîòîðûõ îñóùåñòâëÿåòñÿ
Fe è Al èç ñîñòàâà ïî÷âåííûõ ìèíåðàëîâ. Â èòîãå â ïî-
÷âàõ âîçíèêàþò ëåãêîðàñòâîðèìûå ôóëüâàòû ìåòàëëîâ è
ñîçäàþòñÿ óñëîâèÿ äëÿ êèñëîãî âûùåëà÷èâàíèÿ. Òèïî-
ìîðôíûìè ýëåìåíòàìè-èíäèêàòîðàìè ïðîöåññà ÿâëÿþò-
ñÿ H+ è Fe2+, à òàêæå ðàñòâîðåííîå îðãàíè÷åñêîå âåùå-
ñòâî ïî÷â.

Ñèíäîðñêèé ìîðôîñòðóêòóðíûé áëîê. Ðàñòèòåëüíûé
ïîêðîâ îáðàçîâàí åëîâî-ñîñíîâûìè ñðåäíåòàåæíûìè ëå-
ñàìè. Ìíîãî âûðóáîê, íà êîòîðûõ ïåðâè÷íûå ëåñà ñìå-
íÿþòñÿ ìåëêîëèñòâåííûì äðåâîñòîåì. Ïî÷âåííûé ïî-
êðîâ ïðåäñòàâëåí òîðôÿíèñòî-ïîäçîëèñòî-ãëååâàòûìè
ïî÷âàìè. Íà õîðîøî äðåíèðóåìûõ ó÷àñòêàõ ðàçâèâàþò-
ñÿ íåáîëüøèå àðåàëû ãëååâî-ñèëüíîïîäçîëèñòûõ ïî÷â.
Ýòè ïî÷âû, ïîäñòèëàåìûå ìîðåííûìè ñóãëèíêàìè, èìå-
þò ëåãêèé ìåõàíè÷åñêèé ñîñòàâ è ïðåäñòàâëåíû ïðåèìó-

Ðèñ. 2. Êàðòà-ñõåìà âåðòèêàëüíîé ðàñ÷ëåíåííîñòè ðåëüåôà Âûìñêî-Âèøåðñêîãî ìåæäóðå÷üÿ
I — ìîðôîñòðóêòóðíûå áëîêè: 1 — Òðàêòîâñêèé, 2 — Ñèíäîðñêèé; II — äîïîëíèòåëüíûå îáîçíà÷åíèÿ: 3 — òðàíñïîðòíûé

êîðèäîð ìàãèñòðàëüíîãî òðóáîïðîâîäà, 4 — ëèíåàìåíòû

Fig. 2. Map-scheme of the vertical dismemberment of the Vymsko-Visherskiy interfluve relief
I — morphostructural blocks: 1 — Traktovsky, 2 — Sindorskiy; II — additional symbols: 3 — transport corridor of main pipelines,

4 — lineaments
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ùåñòâåííî ñóïåñ÷àíî-ïåñ÷àíèñòûìè ðàçíîñòÿìè. Ïî-
÷âåííî-ãðóíòîâûå âîäû ñëàáîêèñëûå, ñ ðÍ 4.5—5.5, â
íèõ ìíîãî æåëåçà è ðàñòâîðåííîãî îðãàíè÷åñêîãî âåùå-
ñòâà.

Îòëè÷èåì äàííîãî ðàéîíà ÿâëÿåòñÿ íàëè÷èå äåðíî-
âî-êàðáîíàòíûõ ïî÷â, ðàçâèâàþùèõñÿ íà êàðáîíàòíûõ
ìîðåííûõ ñóãëèíêàõ. Õàðàêòåðíî êàðñòîîáðàçîâàíèå.
Â ïî÷âó ïîñòóïàåò ìíîãî îðãàíè÷åñêèõ âåùåñòâ, ïðè
ýòîì â ïîãëîùàþùåì êîìïëåêñå ÷àñòü âîäîðîäíûõ èîíîâ
íåéòðàëèçóåòñÿ ïî÷âåííûìè îñíîâàíèÿìè, ïîäíèìàÿ
ðÍ â âåðõíåé ÷àñòè ïðîôèëÿ äî 6,5 [3]. Â ïî÷âåííî-ãðóí-
òîâûõ âîäàõ èç êàòèîíîâ ïðåîáëàäàþò Ca2+, à èç àíèî-
íîâ — HCO–. Èîí êàëüöèÿ — ñèëüíûé êîàãóëÿòîð, ïî-
ýòîìó â ïðåäåëàõ ðàçâèòèÿ êàðáîíàòíûõ ïî÷âîîáðàçóþ-
ùèõ ïîðîä ïîâåðõíîñòíûå âîäû ÷èñòû è ïðîçðà÷íû, ïî-
ñêîëüêó ñîäåðæàò î÷åíü ìàëî ðàñòâîðåííîãî îðãàíè÷åñ-
êîãî âåùåñòâà.

Ãåîäèíàìè÷åñêèå óñëîâèÿ íà Òðàêò-Ñèíäîðñêîì ó÷à-
ñòêå ìàãèñòðàëüíîãî ãàçîïðîâîäà. Âûøå îòìå÷àëîñü, ÷òî
ëèòîñôåðà õàðàêòåðèçóåòñÿ áëîêîâûì ñòðîåíèåì. Îíî
îò÷åòëèâî îòðàæàåòñÿ ïî ðèñóíêó ðàçëîìíûõ çîí (÷àñòî
õîðîøî äåøèôðèðóåìûõ ïî ëèíåàìåíòàì), êîòîðûå ÿâ-
ëÿþòñÿ ãðàíèöàìè áëîêîâ, ðàçäåëÿþùèõ ãåîñòðóêòóðû
ðàçíîãî âîçðàñòà, ïîðÿäêà è ãåíåçèñà [9]. Ïðè ýòîì ðàç-
ëîìû, êîíòðîëèðóþùèå ãðàíèöû ìåæäó áëîêàìè, ìîãóò
ñ ãëóáèíîé èçìåíÿòü óãîë ïàäåíèÿ (âûïîëàæèâàòüñÿ).
Äðóãèìè ñëîâàìè, ãðàíèöû áëîêîâ â âåðõíåé ÷àñòè çåì-
íîé êîðû â ðåàëüíîñòè íå ÿâëÿþòñÿ âåðòèêàëüíûìè.
Ñóùåñòâóþùàÿ ñëîèñòî-áëîêîâàÿ ìîäåëü [4], ïðåäóñìàò-
ðèâàþùàÿ ãîðèçîíòàëüíóþ ðàññëîåííîñòü è âåðòèêàëü-
íóþ ðàçäðîáëåííîñòü ëèòîñôåðû íà òåêòîíè÷åñêè ñàìî-
ñòîÿòåëüíûå áëîêè, äîïóñêàåò ëàòåðàëüíîå ñìåùåíèå
ïîðîä ïðè ðàçãðóçêå íàïðÿæåíèé ãåîäèíàìè÷åñêè íåñòà-
áèëüíûõ ãåîëîãè÷åñêèõ ñòðóêòóð. Ñîïîñòàâëåíèå ñîâðå-
ìåííîãî ñòðóêòóðíîãî ïëàíà ïîêàçàëî, ÷òî â ðàçëè÷íûõ
ãåîáëîêàõ ïëàòôîðìåííîãî ÷åõëà Åâðîïåéñêîãî Ñåâåðà
Ðîññèè ñòåïåíü óíàñëåäîâàíèÿ íåîòåêòîíè÷åñêîé àêòèâ-
íîñòè ðàçíàÿ [9]. Ñëåäóåò çàìåòèòü, ÷òî îáà êëþ÷åâûõ
ó÷àñòêà ðàñïîëîæåíû â ïðåäåëàõ Âûìñêîãî ìåãàáëîêà,
êîòîðûé â íàñòîÿùåå âðåìÿ èñïûòûâàåò ñëàáîå îïóñêà-
íèå è êîòîðîìó â íåîòåêòîíè÷åñêîì ïëàíå îòâå÷àåò óìå-
ðåííîå ïîäíÿòèå Ñðåäíåòèìàíñêîãî ìåãàâàëà [6, 9]. Ïðè
ýòîì Ñèíäîðñêèé ìîðôîñòðóêòóðíûé áëîê ðàñïîëîæåí
âáëèçè ëèíèè, ðàçäåëÿþùåé ãåîáëîêè, èñïûòûâàþùèå
ðàçíîíàïðàâëåííîå äâèæåíèå, ÷òî äåëàåò ñåéñìîîïàñ-
íûì Ñèíäîðñêèé ó÷àñòîê ìàãèñòðàëüíîãî ãàçîïðîâîäà.
Ïîäòâåðæäåíèåì äàííîãî çàêëþ÷åíèÿ ñëóæèò àâàðèé-
íûé ðàçðûâ ãàçîïðîâîäà â ðåçóëüòàòå ëîêàëüíîãî çåìëå-
òðÿñåíèÿ ñèëîé 3.5 áàëëà, ïðîèçîøåäøåãî ëåòîì 2005 ã.
(óñòíîå ñîîáùåíèå ñîòðóäíèêà ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ
Â. Â. Óäîðàòèíà). Äðóãîé ïðè÷èíîé ñåéñìè÷åñêîãî ñî-
áûòèÿ ìîæåò áûòü èçìåíåíèå íàïðÿæåíèÿ ãîðíûõ ïî-
ðîä, îáóñëîâëåííûõ êàðñòîâûìè ïðîöåññàìè [2]. Ìåæ-
äó òåì Òðàêòîâñêèé ìîðôîñòðóêòóðíûé áëîê â ïëàíå âîç-
ìîæíûõ ñåéñìè÷åñêèõ ñîáûòèé — áîëåå ñïîêîéíûé ó÷à-
ñòîê. Îäíàêî, ó÷èòûâàÿ âûñîêóþ ñòåïåíü ðàñ÷ëåíåííî-
ñòè ðåëüåôà è øèðîêîå ðàñïðîñòðàíåíèå ïî÷â ñ àêòèâ-
íûì ïðîìûâíûì ðåæèìîì, ìîæíî ïðåäïîëàãàòü, ÷òî äëÿ
äàííîé òåððèòîðèè âåðîÿòíîñòü âîçíèêíîâåíèÿ àâàðèé
ãåîäèíàìè÷åñêîé ïðèðîäû âî ìíîãîì áóäåò îáóñëîâëå-
íà ñîëèôëþêöèîííûìè è ñóôôîçèîííûìè ïðîöåññàìè.
Â ðåçóëüòàòå âîçìîæíî ìåäëåííîå ñìåùåíèå òðóáîïðî-

âîäà îäíîâðåìåííî ñ ïî÷âåííî-ãðóíòîâîé ìàññîé ïî
óêëîíó ìåñòíîñòè. Òàêîå îñåâîå ñìåùåíèå òðóáîïðîâî-
äà óâåëè÷èâàåò íàïðÿæåíèå òðóáíîãî ìåòàëëà, ÷òî â èòî-
ãå âåäåò ê ïîâðåæäåíèþ òðóá. Òàê, âåñíîé 2010 ã. íà Òðàê-
òîâñêîé ïëîùàäè ïðîèçîøåë ðàçðûâ ãàçîïðîâîäà, êîòî-
ðîìó ñîïóòñòâîâàëî âîçãîðàíèå ëåñà*. Ãîäîì ðàíåå òàê-
æå áûëî çàôèêñèðîâàíî àíàëîãè÷íîå àâàðèéíîå ñîáû-
òèå (óñòíîå ñîîáùåíèå ìåñòíîãî æèòåëÿ), ñîïðîâîæäàâ-
øååñÿ òîëüêî âûáðîñîì ãàçà.

Çàêëþ÷åíèå

Âûïîëíåí ìîðôîìåòðè÷åñêèé àíàëèç ðåëüåôà þãî-
çàïàäíîãî Ïðèòèìàíüÿ íà ïðèìåðå Âûìñêî-Âèøåðñêîãî
ìåæäóðå÷üÿ è âûäåëåíû äâà ìîðôîñòðóêòóðíûõ áëîêà —
Òðàêòîâñêèé è Ñèíäîðñêèé, äëÿ êîòîðûõ äàíà ýêîëîãî-
ãåîëîãè÷åñêàÿ îöåíêà óñòîé÷èâîñòè ãåîëîãè÷åñêîé ñðå-
äû. Íà Òðàêò-Ñèíäîðñêîì ó÷àñòêå ìàãèñòðàëüíîãî ãàçî-
ïðîâîäà äàíà îöåíêà ðèñêà âîçíèêíîâåíèÿ àâàðèé ãåîäè-
íàìè÷åñêîé ïðèðîäû. Óñòàíîâëåíî, ÷òî äëÿ äàííîãî ó÷à-
ñòêà íàëè÷èå ãåîìåõàíè÷åñêèõ ïðèçíàêîâ ãåîäèíàìè÷åñ-
êîé íåñòàáèëüíîñòè ãåîëîãè÷åñêèõ ñòðóêòóð (ïðîÿâëåíèå
ïîëçó÷åñòè (êðèï), ñóôôîçèè, ñîëèôëþêöèè, ýðîçèè) âû-
ðàæåíî ñëàáî.

Ñ ó÷åòîì ïîëîæåíèÿ Òðàêò-Ñèíäîðñêîì ó÷àñòêà ìà-
ãèñòðàëüíîãî ãàçîïðîâîäà ïî îòíîøåíèþ ê áëèæàéøèì
êðóïíûì ãåîäèíàìè÷åñêè àêòèâíûì ñèñòåìàì óñòàíîâ-
ëåíî, ÷òî ñòåïåíü ñåéñìè÷åñêîé óÿçâèìîñòè ãàçîïðîâîäà
âûøå ïðè åãî ïåðåñå÷åíèè Ñèíäîðñêîé ïëîùàäè, ÷åì ïðè
Òðàêòîâñêîé. Äëÿ Òðàêòîâñêîãî ìîðôîñòðóêòóðíîãî áëî-
êà ðèñê âîçíèêíîâåíèÿ àâàðèéíûõ ñèòóàöèé â áîëüøåé
ñòåïåíè ñâÿçàí ñ ëàòåðàëüíûì ñäâèãîì ïî÷âî-ãðóíòîâ,
âûçâàííûì àêòèâèçàöèåé ãåîìåõàíè÷åñêèõ ïðîöåññîâ
(èçìåíåíèå ìåõàíè÷åñêîé ïðî÷íîñòè ïî÷âîãðóíòîâ ïðè
ðîñòå òèêñîòðîïíîñòè ïî÷â, èçìåíåíèè ñòåïåíè îáâîä-
íåííîñòè ðûõëûõ ïîäñòèëàþùèõ ïîðîä) ïðè âûðóáêå ëå-
ñîâ, ìåëèîðàòèâíûõ ðàáîòàõ, êàðüåðíîé ýêñïëóàòàöèè ìå-
ñòîðîæäåíèé îáùåðàñïðîñòðàí¸ííûõ ïîëåçíûõ èñêîïà-
åìûõ.
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ÂËÈßÍÈÅ ÌÈÍÅÐÀËÜÍÎÃÎ ÑÎÑÒÀÂÀ ÏÎÐÎÄ ÍÀ ÐÅÇÓËÜÒÀÒÛ ÊÀÐÁÎÍÀÒÍÎÃÎ ÀÍÀËÈÇÀ
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Íà ïðèìåðå äåâîíñêèõ òåððèãåííûõ ïîðîä ñ âûñîêèì ñîäåðæàíèåì øàìîçèòà ðàññìîòðåíà êîððåêòíîñòü ðåçóëüòà-

òîâ êàðáîíàòíîãî àíàëèçà. Ïðèâåäåíî ñðàâíåíèå ðåçóëüòàòîâ èññëåäîâàíèé ìèíåðàëüíîãî è õèìè÷åñêîãî ñîñòàâà ðàç-

ëè÷íûìè ìåòîäàìè, âûïîëíåíà ìàòåìàòè÷åñêàÿ (ñòàòèñòè÷åñêàÿ) îáðàáîòêà äàííûõ. Óñòàíîâëåíî, ÷òî ïî÷òè âåñü ìàã-

íèé è ñóùåñòâåííàÿ ÷àñòü æåëåçà ïðè îáðàáîòêå HCl ïîñòóïàåò èç ðàñòâîðèìûõ ñèëèêàòîâ.

Êëþ÷åâûå ñëîâà: Ñðåäíèé Òèìàí, äåâîíñêèå îòëîæåíèÿ, êàðáîíàòíûé àíàëèç, øàìîçèò.

INFLUENCE OF MINERAL COMPOSITION OF ROCKS ON CARBONATE ANALYSIS RESULTS
I. Kh. Shumilov

Institute of geology Komi SC UB RAS, Syktyvkar

By the example of Devonian terrigenous sediments with a high content of chamosite the correctness of the carbonate analysis

results is considered. Comparison of results of researches of mineral and chemical composition is given by various methods,

mathematical (statistical) data processing is executed. It is established that almost all magnesium and an essential part of iron

occur from soluble silicates while processing HCl.

Keywords: Middle Timan, Devonian sediments, analyses of carbonates, chamosite.

Ââåäåíèå

Êàðáîíàòíûå îáðàçîâàíèÿ â òåððèãåííîé òîëùå ñðåä-
íåãî-âåðõíåãî äåâîíà íà Öèëåìñêîé ïëîùàäè Ñðåäíåãî
Òèìàíà îòíîñèòåëüíî ðåäêè è ïðåäñòàâëåíû ÷åòûðüìÿ ðàç-
íîâèäíîñòÿìè: ðàííåäèàãåíåòè÷åñêèìè øàðîîáðàçíûìè
èëè ýëëèïñîèäàëüíûìè êîíêðåöèÿìè, ðàçâèòûìè â íåêî-
òîðûõ ïëàñòàõ ïåñ÷àíèêîâ (ðèñ. 1, à); ìèêðîêîíêðåöèîííû-

ìè ñëîÿìè ïåðåðûâîâ îñàäêîíàêîïëåíèÿ (ÌÊÏÎÍ), ïðè-
óðî÷åííûìè ê êðîâëÿì ýëåìåíòàðíûõ öèêëèòîâ (ðèñ. 1, b);
ñëàáîðàçâèòûìè êàëüêðåòàìè (êàðáîíàòíûìè ïàíöèðèÿìè),
òàêæå ëîêàëèçóþùèìèñÿ â êðîâëÿõ ðèòìîâ (ðèñ. 1, ñ); äî-
âîëüíî ðåäêî âñòðå÷àþùèìñÿ êàðáîíàòíûì öåìåíòîì â
àëåâðîëèòàõ è ïåñ÷àíèêàõ îò ðàçâèòîãî ðåäêèìè ïÿòíàìè äî
áàçàëüíîãî ïîéêèëèòîâîãî (ðèñ. 1, â).

Ðèñ. 1. Êàðáîíàòíûå îáðàçîâàíèÿ: a — øàðîîáðàçíûå ðàííåäèàãåíåòè÷åñêèå êîíêðåöèè â ïåñ÷àíèêå (îáí. 62); b — ñëîé ìèêðî-
êîíêðåöèé ïåðåðûâà îñàäêîíàêîïëåíèÿ (îáí. 68); c — ïîâåðõíîñòü êàðáîíàòíîãî ïàíöèðÿ ñ èíñèòíûìè êîðíÿìè (îáí. 86); d —

êàðáîíàòíûé áàçàëüíûé öåìåíò â ïåñ÷àíèêå (îáí. 110)

Fig. 1. Carbonaceous forms: a — early-diagenetic sphere concre-tions in sandstone (outcrop 62); b — microconcretions layer of sedimentary
pouse (outcrop 68); c — surface of calcrete with roots in situ (outcrop 86); d — basal carbonaceous cement in sandstone (outcrop 110)
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Ñîñòàâ êàðáîíàòîâ ñèëüíî çàâèñèò îò òèïà îáðàçîâà-
íèé. Òàê, ïàíöèðè ïðåäñòàâëåíû èñêëþ÷èòåëüíî êàëüöè-
òîì, ÌÊÏÎÍ â ïîäàâëÿþùåì áîëüøèíñòâå ñëó÷àåâ ñëî-
æåíû ñèäåðèòîì ñ ïðèìåñüþ ðîäîõðîçèòà, öåìåíò â ïî-
ðîäàõ â îñíîâíîì ñèäåðèòîâûé, ðåæå êàëüöèòîâûé, äèà-
ãåíåòè÷åñêèå êîíêðåöèè ïî÷òè â ðàâíîé ñòåïåíè ïðåä-
ñòàâëåíû êàëüöèòîì è ñèäåðèòîì, è òîëüêî â ïðåäåëàõ
íåáîëüøîãî ó÷àñòêà áûëè îáíàðóæåíû ìàëî÷èñëåííûå
äîëîìèòîâûå îáðàçîâàíèÿ.

Èññëåäîâàíèå õèìè÷åñêîãî ñîñòàâà êàðáîíàòíûõ îá-
ðàçîâàíèé ïîìîãàåò â ðåøåíèè âîïðîñîâ ðåêîíñòðóêöèè
óñëîâèé îñàäêîíàêîïëåíèÿ, íàïðèìåð, ïî êîëè÷åñòâó
ìàãíåçèàëüíîé ñîñòàâëÿþùåé ìîæíî ñóäèòü î ñîëåíîñòè
áàññåéíà ñåäèìåíòàöèè [1, 3—5]. Îäíàêî äàâíî èçâåñòíî,
÷òî åñëè CaO è MnO â ñîëÿíîêèñëîé âûòÿæêå ïðàêòè÷åñ-
êè âñåãäà îáðàçóåòñÿ çà ñ÷åò êàðáîíàòîâ, òî ÷àñòü MgO è
FeO ìîæåò èçâëåêàòüñÿ è èç Mg-õëîðèòîâ, ìîíòìîðèëëî-
íèòà (ñìåêòèòîâ) è äðóãèõ ñèëèêàòîâ [5].

Â ñëîæåíèè âìåùàþùåé êàðáîíàòíûå îáðàçîâàíèÿ
òåððèãåííîé äåâîíñêîé òîëùè çíà÷èòåëüíóþ ðîëü èãðà-
þò óïîìÿíóòûå ìèíåðàëû, ïîýòîìó ñîäåðæàíèå ìàãíèÿ è
æåëåçà â ðåçóëüòàòàõ êàðáîíàòíîãî àíàëèçà àíîìàëüíî
çàâûøåíî è èìååò âåñüìà îòäàëåííîå îòíîøåíèå ê ðåàëü-
íîìó èõ ñîäåðæàíèþ â èññëåäóåìûõ ïîðîäàõ.

Òàêèì îáðàçîì, öåëüþ ïðåäëàãàåìîé ñòàòüè ÿâëÿåò-
ñÿ îöåíêà âëèÿíèÿ ìèíåðàëüíîãî ñîñòàâà ïîðîä íà ðåçóëü-
òàòû êàðáîíàòíîãî àíàëèçà, ïîïûòêà èõ ïåðåñ÷åòà äî áî-
ëåå ðåàëüíûõ çíà÷åíèé íà ïðèìåðå êàðáîíàòíûõ îáðàçî-
âàíèé èç òîëùè ñ âûñîêèì ñîäåðæàíèåì ðàñòâîðèìûõ â
ñîëÿíîé êèñëîòå ñèëèêàòîâ, â ñîñòàâ êîòîðûõ âõîäÿò ìàã-
íèé è æåëåçî.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Â ñòàòüå èñïîëüçîâàíû ðåçóëüòàòû ëèòîëîãè÷åñêèõ,
ìèíåðàëîãè÷åñêèõ, õèìè÷åñêèõ èññëåäîâàíèé êàðáîíàò-
íûõ îáðàçîâàíèé (áîëåå 170 îáðàçöîâ) è âìåùàþùèõ ïî-
ðîä (áîëåå 270 îáðàçöîâ).

Ìèíåðàëîãè÷åñêèå è ëèòîëîãè÷åñêèå èññëåäîâàíèÿ
ïåòðîãðàôè÷åñêèõ øëèôîâ ïðîâîäèëèñü ñ ïîìîùüþ îï-
òè÷åñêèõ òðèíîêóëÿðíûõ ìèêðîñêîïîâ ÏÎËÀÌ-Ð312,
ËàáîÏîë-3, Olympus BX51 â ïîëÿðèçîâàííîì ïðîõîäÿùåì
ñâåòå; ýëåêòðîííûõ ìèêðîñêîïîâ JSM-6400 ñ ýíåðãîäèñ-
ïåðñèîííûì ñïåêòðîìåòðîì ISIS Link è âîëíîâûì ñïåê-
òðîìåòðîì Microspec (ÖÊÏ «Ãåîíàóêà» ÈÃ ÊÍÖ ÓðÎ
ÐÀÍ1, àíàëèòèê Â. Í. Ôèëèïïîâ), TESCAN VEGA3 ñ
ýíåðãîäèñïåðñèîííîé ïðèñòàâêîé Oxford instruments
X-Max (àíàëèòèê Ñ. Ñ. Øåâ÷óê).

Äèàãíîñòèêà ìèíåðàëîâ âûïîëíÿëàñü ñ ïîìîùüþ âû-
ñîêîðàçðåøàþùåãî ðàìàíîâñêîãî ñïåêòðîìåòðà HR800
(Horiba Jobin Yvon) ñ èñïîëüçîâàíèåì âñòðîåííîãî Ar-ëà-
çåðà (àíàëèòèê Ñ. Ñ. Èñàåíêî), ðåíòãåíîäèôðàêòîìåòðè-
÷åñêèé àíàëèç îðèåíòèðîâàííûõ îáðàçöîâ ãëèíèñòûõ
ôðàêöèé (àíàëèòèê Þ. Ñ. Ñèìàêîâà) è ñòðóêòóðíûé êîí-
òðîëü ìèíåðàëüíîé ïðèíàäëåæíîñòè (àíàëèòèê Á. À. Ìà-
êååâ) ïðîèçâîäèëèñü íà äèôðàêòîìåòðå Shimadzu XRD-
6000 (èçëó÷åíèå CuKα).

Õèìè÷åñêèé ñîñòàâ êàðáîíàòîâ è ïîðîä îïðåäåëÿë-
ñÿ ñ ïîìîùüþ ðåíòãåíî-ôëóîðåñöåíòíîãî ñèëèêàòíîãî
àíàëèçà (ÐÔÑÀ) íà ñïåêòðîìåòðå MESA-500W (àíàëèòèê
Ñ. Ò. Íåâåðîâ) è êàðáîíàòíîãî àíàëèçà.

Ëèòîëîãè÷åñêèå, ìèíåðàëîãè÷åñêèå
è ëèòîõèìè÷åñêèå õàðàêòåðèñòèêè
îòëîæåíèé

Òåððèãåííàÿ îñàäî÷íàÿ òîëùà ñðåäíåãî è âåðõíåãî
äåâîíà ïðåäñòàâëåíà ðèòìè÷íûìè îòëîæåíèÿìè ïåñòðîö-
âåòíîé ôîðìàöèè. Ïîðîäû îêðàøåíû â îñíîâíîì â ñå-
ðûå, ñåðî-çåëåíûå, çåëåíûå è ãîëóáûå öâåòà, â êðîâëÿõ
ñâèò ðàçâèòû êðàñíîöâåòíûå ðàçíîñòè. Â öåëîì îñàäêè
ñëîæåíû ïðîèçâîëüíûìè ñìåñÿìè ïåñ÷àíîé, àëåâðèòîâîé
è ãëèíèñòîé ôðàêöèé. Ïåñ÷àíèêè è àëåâðîëèòû ñîäåð-
æàò, êàê ïðàâèëî, ãëèíèñòûé öåìåíò (èíîãäà çàìåùàåìûé
êàðáîíàòàìè), à â ãëèíèñòûõ ïîðîäàõ âñåãäà ïðèñóòñòâó-
åò òî èëè èíîå êîëè÷åñòâî êëàñòîãåííûõ ôðàêöèé.

Â ìèíåðàëîãè÷åñêîì îòíîøåíèè ïîðîäû îäíîòèïíû
è ñëîæåíû îáëîìêàìè êâàðöà — äî 80 %, îñíîâíîãî âóë-
êàíè÷åñêîãî ñòåêëà — äî 90 % â òóôàõ, â ïåñ÷àíèêàõ è
àëåâðîëèòàõ â ñðåäíåì 20—30 % (ðèñ. 2), ìåòàìîðôè÷åñ-
êèõ ìèêðîêâàðöèòîâ è ñëþäèñòûõ ñëàíöåâ — äî 15 %. Â
ðàìêàõ çàäàííîé òåìû ñòàòüè îñîáî ñëåäóåò îòìåòèòü, ÷òî
îáëîìêè îñíîâíîãî âóëêàíè÷åñêîãî ñòåêëà ïî÷òè âñåãäà
íàöåëî õëîðèòèçèðîâàíû. Â ïîä÷èíåííîì êîëè÷åñòâå
ïðèñóòñòâóþò ëåéñòû õëîðèòà, ìóñêîâèòà, áèîòèòà, îá-
ëîìêè ïëàãèîêëàçîâ. Íàáîð àêöåññîðíûõ ìèíåðàëîâ òàê-
æå îäèíàêîâ äëÿ âñåõ âûäåëåííûõ òèïîâ ïîðîä: ìàãíå-
òèò, öèðêîí, ãðàíàòû, òóðìàëèí, àïàòèò, ðóòèë, áðóêèò,
àíàòàç, ìîíàöèò, ëåéêîêñåí. Ñîîòâåòñòâåííî, âñå ïåðå-
÷èñëåííûå ìèíåðàëû ÿâëÿþòñÿ ìèíåðàëüíûì íàïîëíè-
òåëåì âî âñåõ òèïàõ êàðáîíàòíûõ îáðàçîâàíèé, â íåêîòî-
ðîé ñòåïåíè çàìåùåíèþ ïîäâåðæåíû îáëîìêè âóëêàíè-
÷åñêîãî ñòåêëà è ïëàãèîêëàçà.

Ãëèíèñòàÿ ñîñòàâëÿþùàÿ ïîðîä ïðåäñòàâëåíà â îñ-
íîâíîì èëëèòîì è õëîðèòàìè, êîòîðûå ñîïðîâîæäàþòñÿ
ñìåøàíîñëîéíûìè ãëèíèñòûìè ìèíåðàëàìè èëëèò-ñìåê-
òèòîâîãî ñîñòàâà, ðåæå îòìå÷àåòñÿ ïðèñóòñòâèå õîðîøî
îêðèñòàëëèçîâàííîãî êàîëèíèòà. Âî ìíîãèõ ñëó÷àÿõ ãëè-
íèñòûå ìèíåðàëû ðàçâèâàëèñü ïî âóëêàíè÷åñêîìó ïåïëó
îñíîâíîãî ñîñòàâà. Â øëèôàõ õëîðèòîâàÿ ìàññà öåìåíòà
â ïåñ÷àíèêàõ è àëåâðîëèòàõ ÷àñòî èìååò êîëëîìîðôíûé
îáëèê (ðèñ. 3).

Êðîìå òîãî, íåêîòîðûå òèïû ïîðîä (îñîáåííî àëåâ-
ðîëèòû) ââèäó âûñîêîé ñòåïåíè èõ òðåùèíîâàòîñòè (ðàñ-
ñëàíöîâàííîñòè) ÷àñòî èíòåíñèâíî îêèñëåíû ñ îáðàçî-
âàíèåì ðàçëè÷íûõ ôîðì ãèäðîêñèäîâ æåëåçà, êîòîðûå â
òîé èëè èíîé ñòåïåíè ðàñòâîðÿþòñÿ ïðè êèïÿ÷åíèè â ñî-
ëÿíîé êèñëîòå.

Ñ ïîìîùüþ ÑÝÌ (+ìèêðîçîíä) áûëî óñòàíîâëåíî,
÷òî õëîðèòû öåìåíòà, êàê è õëîðèòû, çàìåùàþùèå îñíîâ-
íîå âóëêàíè÷åñêîå ñòåêëî â îáëîìêàõ, èìåþò õèìè÷åñêèé
ñîñòàâ, ñîîòâåòñòâóþùèé òþðèíãèòó2 [2]. Ïðè ýòîì ïî-
ëó÷åííûå íàìè äàííûå âåñüìà áëèçêè ê ðåçóëüòàòàì, ïðè-
âîäèìûì, íàïðèìåð, â ðàáîòå H. L. James [6] (óêàçàíû â

1 Çäåñü è äàëåå.
2 Â 1975 ã. êîìèññèåé ïî íîâûì ìèíåðàëàì è íàçâàíèÿì ìèíåðàëîâ Ìåæäóíàðîäíîé ìèíåðàëîãè÷åñêîé àññîöèàöèè áûëà

ïðèíÿòà óïðîù¸ííàÿ êëàññèôèêàöèÿ õëîðèòîâ, â ò. ÷. óïðàçäí¸í òåðìèí «òþðèíãèò»; âñå æåëåçèñòûå õëîðèòû îáúåäèíåíû â
îäèí ìèíåðàëüíûé âèä — øàìîçèò. Â òåêñòå òåðìèí îñòàâëåí, ò. ê. â ïóáëèêàöèè, ñ äàííûìè êîòîðîé ñëåäóåò äàëüíåéøåå
ñðàâíåíèå ðåçóëüòàòîâ, ãîâîðèòñÿ î òþðèíãèòå. Êðîìå òîãî, èìåííî ðàíåå âûäåëÿâøèéñÿ òþðèíãèò, à íå øàìîçèò îáëàäàåò
íåêîòîðûìè ñïåöèôè÷åñêèìè ñâîéñòâàìè, íàïðèìåð ïåðëàìóòðîâûì áëåñêîì.
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ñêîáêàõ, ìàñ. %): SiO2 — 17.60—26.59, ñðåäíåå — 20.82
(20.92); Al2O3 — 11.53—20.74, ñðåäíåå — 17.64 (15.60);
Fe2O3 — 38,37—46.78, ñðåäíåå — 42.14 (42.42); MgO —
1.26—6.42, ñðåäíåå — 4.15 (4.16); ÑàÎ äî 1.19 (-); MnO äî
0.5 (-); P2O5 äî 1.16 (-).

Ðàìàíîâñêàÿ ñïåêòðîìåòðèÿ ïîäòâåðäèëà, ÷òî õëîðè-
òû ïðåäñòàâëåíû â îñíîâíîì ìèíåðàëàìè ãðóïïû øàìî-
çèòà, èíîãäà îòìå÷àåòñÿ ïðèìåñü Mg-õëîðèòîâ.

Ðåíòãåíîâñêèìè ìåòîäàìè óñòàíîâëåíî, ÷òî ëåéñòû
êëàñòîãåííîãî õëîðèòà ÿâëÿþòñÿ êëèíîõëîðîì; õëîðèòû,
çàìåùàþùèå îñíîâíîå âóëêàíè÷åñêîå ñòåêëî, ïðåäñòàâ-
ëåíû ìèíåðàëàìè ãðóïïû øàìîçèòà; â öåìåíòå ïåñ÷àíè-
êîâ è àëåâðîëèòîâ ïîìèìî æåëåçèñòîãî õëîðèòà ïðèñóò-
ñòâóþò ñìåøàíîñëîéíûå ôàçû.

Ïðè èññëåäîâàíèè êàðáîíàòîâ ñ ïîìîùüþ ýëåêòðîí-
íûõ ìèêðîñêîïîâ íå óäàëîñü óñòàíîâèòü ñîáñòâåííûå
ôàçû MgCO3 (ðèñ. 4). Ëîêàëüíûå îïðåäåëåíèÿ õèìè÷åñ-
êîãî ñîñòàâà ðàçëè÷íûõ êàðáîíàòîâ ïîêàçàëî ïîñòîÿííîå

ïðèñóòñòâèå â íèõ ìàãíåçèàëüíîé ìîëåêóëû â êîëè÷åñòâå
äîëåé ïðîöåíòà.

Àíàëèç âàëîâîãî õèìè÷åñêîãî ñîñòàâà ïîðîä, àññî-
öèèðóþùèõ ñ êàðáîíàòíûìè îáðàçîâàíèÿìè, ïîêàçàë, ÷òî
ñîäåðæàíèå MgO â ïåñ÷àíèêàõ è àëåâðîëèòàõ â îñíîâíîì
äîâîëüíî âûäåðæàíî è íàõîäèòñÿ â óçêèõ ïðåäåëàõ ñî
ñðåäíèì çíà÷åíèåì 2—3 % (òàáë. 1, äåìîíñòðàöèîííàÿ
âûáîðêà). Ïðè ýòîì íå âèäíî çàâèñèìîñòè íè îò òèïà ïî-
ðîäû, íè îò ñîäåðæàíèÿ äðóãèõ êîìïîíåíòîâ, â ò. ÷. «êàð-
áîíàòíûõ». Ìàòåìàòè÷åñêàÿ îáðàáîòêà ðåçóëüòàòîâ ÐÔÑÀ
(òàáë. 2, âûáîðêà 270 îáðàçöîâ) ïîêàçûâàåò, ÷òî êîýôôè-
öèåíòû êîððåëÿöèè MgO ñ äðóãèìè êîìïîíåíòàìè ìà-
ëîçíà÷èìû è âàðüèðóþòñÿ îò —0.47 äî 0.45. Îñîáî ñëåäó-
åò çàìåòèòü, ÷òî ñ óãëåêèñëîòîé ìàãíèé íàõîäèòñÿ â îò-
ðèöàòåëüíîé êîððåëÿöèè (—0.08). Òàêæå îòðèöàòåëüíûå
êîýôôèöèåíòû êîððåëÿöèè îòìå÷àþòñÿ ó CO2 è æåëåçà
îêèñíîé è çàêèñíîé ôîðì (—0.28 è —0.09), à ó MgO, íà-
îáîðîò, ñ äâóõâàëåíòíûì æåëåçîì ìàêñèìàëüíàÿ ïîëîæè-

Ðèñ. 2. Îáëîìêè õëîðèòèçèðîâàííîãî îñíîâíîãî âóëêàíè÷åñêîãî ñòåêëà â øëèôàõ: a, b — â ïåñ÷àíèêå (îêîëî 30 %);
c, d — â òóôå (îêîëî 90 %) ñ àïîïåïëîâûì ãëèíèñòî-õëîðèòîâûì öåìåíòîì (à, b — áåç àíàëèçàòîðà; c, d — ñ àíàëèçàòîðîì)

Fig. 2. Grains of chloritizated basic volcanic glass: à, b — in sandstone (close to 30 %); c, d — in tuff (about 90 %) with apoashed clay-chlorite
 cement (à, b — with analyzer; c, d — without analyzer)

Ðèñ. 3. Õëîðèò öåìåíòà â ïåñ÷àíèêàõ ñ êîëëîìîðôíûì îáëèêîì (áåç àíàëèçàòîðà)

Fig. 3. Colloform habit of chlorite cement in sandstone; without analyzer



Vestnik IG Komi SC UB RAS, June, 2017, No. 6

35

Ðèñ. 4. Ðàñïðåäåëåíèå õèìè÷åñêèõ ýëåìåíòîâ ïî ïëîùàäè (ÑÝÌ, èçîáðàæåíèå â óïðóãî-îòðàæåííûõ ýëåêòðîíàõ)

Fig. 4. Square distribution of elements; SEM, scattered electrons image

Òàáëèöà 1
Ðåçóëüòàòû ÐÔÑÀ

Table 1
Results of RFSA

Ïðèìå÷àíèå: * — íîðìèðîâàíèå ðåçóëüòàòîâ ïðîèçâîäèòñÿ àâòîìàòè÷åñêè âñòðîåííîé ïðîãðàììîé ïðèáîðà.
Note: * — normalizing is automatical by equipment.
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òåëüíàÿ ñâÿçü (0.45). Â òî æå âðåìÿ íàáëþäàþòñÿ ñèëüíåé-
øàÿ çàâèñèìîñòü ñîäåðæàíèÿ MnO (0.83) è CaO (0.98) îò
êàðáîíàòíîé ñîñòàâëÿþùåé.

Îñîáåííîñòè ðåçóëüòàòîâ
êàðáîíàòíîãî àíàëèçà

Íàïîìíèì, ÷òî ïîäãîòîâêà ïðîáû ê êàðáîíàòíîìó
àíàëèçó çàêëþ÷àåòñÿ â äîâåäåíèè äî êèïåíèÿ â 5 % ñîëÿ-
íîé êèñëîòå ïðåäâàðèòåëüíî ðàçäðîáëåííîãî è èñòåðòî-
ãî äî ñîñòîÿíèÿ òîíêîé ïóäðû îáðàçöà.

Â òàáë. 3 ïðèâåäåíû âûáîðî÷íûå (äëÿ èëëþñòðàöèè)
ðåçóëüòàòû êàðáîíàòíîãî àíàëèçà, ïîêàçûâàþùèå, ÷òî
ñîñòàâ êàðáîíàòîâ èçìåíÿåòñÿ îò ïî÷òè ÷èñòî êàëüöèòî-
âîãî (àí. 1—3) äî ïî÷òè ìîíîñèäåðèòîâîãî (àí. 13—15)

÷åðåç ñìåøàííûå ðàçíîñòè (4—12). Îòäåëüíî âûäåëÿåòñÿ
ãðóïïà äîëîìèòîâûõ êîíêðåöèé3 (àí. 16—18), èìåþùèõ
âåñüìà ëîêàëüíîå ðàñïðîñòðàíåíèå.

Ñîäåðæàíèå MgO âíå çàâèñèìîñòè îò ñîñòàâà êàð-
áîíàòíûõ îáðàçîâàíèé ïî ðåçóëüòàòàì àíàëèçà äîâîëü-
íî ñòàáèëüíî è â áîëüøèíñòâå ñëó÷àåâ êîëåáëåòñÿ â ïðå-
äåëàõ 2—3 %. Áîëüøèíñòâî îòêëîíåíèé íàáëþäàåòñÿ â
ñòîðîíó óìåíüøåíèÿ äàííîãî çíà÷åíèÿ. Ïðè ýòîì îòêëî-
íåíèå òåì ñèëüíåå, ÷åì áîëüøå ñòåïåíü ðàçâèòèÿ êîíê-
ðåöèåîáðàçîâàòåëÿ ïðåèìóùåñòâåííî íà ìåñòå ãëèíèñ-
òî-õëîðèòîâîãî öåìåíòà è õëîðèòèçèðîâàííîãî âóëêàíè-
÷åñêîãî ñòåêëà. Òàê, â êîíêðåöèÿõ ñ ìàêñèìàëüíî ðàç-
âèòûì êàëüöèòîì, ãäå â ðîëè ìèíåðàëüíîãî íàïîëíèòå-
ëÿ âûñòóïàþò ëèáî óñòîé÷èâûå ê âûùåëà÷èâàíèþ ìè-
íåðàëû, ëèáî äîâîëüíî êðóïíûå îáëîìêè (â âèäå ðåëèê-

Òàáëèöà 2
Êîýôôèöèåíòû ìíîæåñòâåííîé êîððåëÿöèè ìåæäó êîìïîíåíòàìè ñèëèêàòíîãî àíàëèçà ïîðîä

Table 2
Correlation coefficients between members of silicate analyses

Òàáëèöà 3
Ðåçóëüòàòû êàðáîíàòíîãî àíàëèçà

Table 3
Results of carbonaceous analyses

3 Èç äàëüíåéøåãî ðàññìîòðåíèÿ èñêëþ÷åíû ââèäó áåçóñëîâíîãî ìàãíåçèàëüíîãî ñîñòàâà.
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òîâ) âóëêàíè÷åñêîãî ñòåêëà, ñîäåðæàíèÿ ìàãíèÿ è çàêèñ-
íîãî æåëåçà ìàëû.

Ñòàòèñòè÷åñêàÿ îáðàáîòêà ìàññèâà èç 170 àíàëèçîâ
(òàáë. 4) ïîêàçàëà, ÷òî ñîäåðæàíèå ìàãíèé èìååò ïîëî-
æèòåëüíóþ ñâÿçü ñ äâóõâàëåíòíûì æåëåçîì (0.25) è îòðè-
öàòåëüíóþ — ñ óãëåêèñëîòîé (–0.28), CaO è MnO íàèáî-
ëåå ñèëüíî êîððåëÿòèâíî ñâÿçàíû ñ CO2 (0.52 è 0.29), à
çàêèñíîå æåëåçî, íåñìîòðÿ íà òî, ÷òî îêîëî 2/3 îáðàçöîâ
ïðåäñòàâëåíî ñèäåðèòîâûìè êîíêðåöèÿìè, ïîëîæèòåëü-
íîé (è çíà÷èìîé) êîððåëÿöèè ñ êàðáîíàò-èîíîì íå ïðî-
ÿâëÿåò (–0.04).

Ïðè ïåðåñ÷åòå äàííûõ êàðáîíàòíîãî àíàëèçà íà ñîëè4

áûë îáíàðóæåí ñóùåñòâåííûé äåôèöèò óãëåêèñëîòû âî
ìíîãèõ ðåçóëüòàòàõ: íåðåäêî äîñòèãàÿ 100 è äàæå áîëåå
200 % (–21.02 % ïðè ÑÎ2 = 10.21 %); ïðè ñðåäíåì ñîäåð-
æàíèè CO2 = 16.30 % ñðåäíèé äåôèöèò ñîñòàâëÿåò —
8.29 %. Ñëåäóåò çàìåòèòü, ÷òî â âûñîêîêàëüöèåâûõ îáðà-
çîâàíèÿõ (c ÑàÎ >15 %) ïîñëå ïåðâîãî ïåðåñ÷åòà íà ñîëü
CaCO3 ïðàêòè÷åñêè íå îñòàåòñÿ óãëåêèñëîòû (îñòàòîê
ìåíåå 1 %) èëè ñðàçó èìååòñÿ íåáîëüøîé äåôèöèò.

Ñðàâíåíèå ðåçóëüòàòîâ ñèëèêàòíîãî (ÐÔÑÀ) è êàð-
áîíàòíîãî àíàëèçîâ îäíèõ è òåõ æå îáðàçöîâ (òàáë. 5, äå-
ìîíñòðàöèîííàÿ âûáîðêà) ïîêàçàëî, ÷òî ñîäåðæàíèå
áîëüøèíñòâà «êàðáîíàòíûõ» êîìïîíåíòîâ â îáîèõ ñëó÷à-
ÿõ âåñüìà áëèçêî è ðåäêî âûõîäèò çà ïðåäåëû ïîãðåøíîñ-
òè ìåòîäîâ.

Îáñóæäåíèå ðåçóëüòàòîâ

Äîâîëüíî ïðîñòîé ìèíåðàëüíûé ñîñòàâ àíàëèçèðóå-
ìûõ ïîðîä ïîçâîëÿåò ëåãêî ðàññ÷èòàòü áàëàíñ õèìè÷åñ-
êèõ ýëåìåíòîâ ïî ìèíåðàëàì. Êðîìå òîãî, ó÷èòûâàÿ ðà-
ñòâîðèìîñòü ìèíåðàëîâ â HCl, ìîæíî âïîëíå îäíîçíà÷-
íî âûÿâèòü ìèíåðàëû-íîñèòåëè ýëåìåíòîâ, îïðåäåëÿå-
ìûõ ïðè êàðáîíàòíîì àíàëèçå. Òàê, ìèíåðàëîãè÷åñêèé
àíàëèç ïîêàçûâàåò, ÷òî ìàðãàíåö ìîæåò áûòü òîëüêî â
êàðáîíàòíîé ôîðìå, êàëüöèé òàêæå ïðåèìóùåñòâåííî
èìååò ôîðìó êàðáîíàòà, íåñóùåñòâåííûå êîëè÷åñòâà ìî-
ãóò äàòü ïðè ðàñòâîðåíèè èëëèò-ñìåêòèòîâûå ôàçû è øà-
ìîçèò, â ñîñòàâ êîòîðûõ Ca âõîäèò â âèäå èçîìîðôíîé
ïðèìåñè. Èñòî÷íèêàìè çàêèñíîãî æåëåçà áóäóò ñëóæèòü
ñèäåðèò (ìàíãàíîñèäåðèò) è Fe-õëîðèòû.

Ñ èñòî÷íèêîì ìàãíèÿ âîïðîñ íåñêîëüêî ñëîæíåå.
Ïðè ìèíåðàëîãè÷åñêèõ èññëåäîâàíèÿõ ñîáñòâåííûé êàð-
áîíàò ìàãíèÿ íå áûë îáíàðóæåí. Êàê ïîêàçàíî â ðåçóëü-

òàòàõ ìèêðîçîíäîâûõ èññëåäîâàíèé (ÑÝÌ), ìàãíèé èíîã-
äà îòìå÷àåòñÿ â êàðáîíàòàõ â âèäå ïðèìåñè ñ íåçíà÷èòåëü-
íûì ñîäåðæàíèåì. Òàêèì îáðàçîì, åäèíñòâåííûì èñòî÷-
íèêîì ðàñòâîðèìîãî â HCl ìàãíèÿ ÿâëÿåòñÿ øàìîçèò.
Êîìïëåêñ èññëåäîâàíèé ïîêàçàë, ÷òî õëîðèò öåìåíòà â
ïîðîäàõ è õëîðèò, çàìåùàþùèé îñíîâíîå âóëêàíè÷åñêîå
ñòåêëî â îáëîìêàõ, ïðåäñòàâëåíû ïðåèìóùåñòâåííî øà-
ìîçèòîì (òþðèíãèòîì). Íåðàñòâîðèìûå õëîðèòû (êëè-
íîõëîð) ïðåäñòàâëåíû ëèøü â âèäå ïðèìåñè è íåìíîãî-
÷èñëåííûõ êëàñòîãåííûõ ëåéñò.

Ñòàòèñòè÷åñêàÿ îáðàáîòêà âàëîâûõ õèìè÷åñêèõ ñî-
ñòàâîâ ïîðîä âûÿâèëà íàèáîëåå ñèëüíûå êîððåëÿòèâíûå
ñâÿçè MnO (0.83) è CaO (0.98) ñ óãëåêèñëîòîé, ïîäòâåðæ-
äàÿ êàðáîíàòíóþ ôîðìó íàõîæäåíèÿ ýòèõ ýëåìåíòîâ. Îò-
ðèöàòåëüíûå êîýôôèöèåíòû êîððåëÿöèè ñ CO2 îòìå÷à-
þòñÿ ó ìàãíèÿ, îêèñíîãî è çàêèñíîãî æåëåçà. Â òî æå âðå-
ìÿ ó MgO ñ äâóõâàëåíòíûì æåëåçîì ìàêñèìàëüíàÿ ïîëî-
æèòåëüíàÿ ñâÿçü (0.45), óêàçûâàþùàÿ íà èõ ðîäñòâî â øà-
ìîçèòå.

Âåñüìà áëèçêèå ïîêàçàòåëè ñîäåðæàíèÿ «êàðáîíàò-
íûõ» ýëåìåíòîâ â ðåçóëüòàòàõ ÐÔÑÀ è êàðáîíàòíîãî àíà-
ëèçà, ìíîæåñòâåííàÿ êîððåëÿöèÿ äàííûõ ïîñëåäíåãî ïîä-
òâåðæäàåò, ÷òî êàëüöèé è ìàðãàíåö íàõîäÿòñÿ â êàðáîíàò-
íîé ôîðìå, à ìàãíèé è æåëåçî — â ôîðìå øàìîçèòà.

Ïðîñòîé ïåðåñ÷åò ðåçóëüòàòîâ êàðáîíàòíîãî àíàëè-
çà íà ñîëè ïîêàçûâàåò, ÷òî ìàãíèé è èíîãäà æåëåçî íå
èìåþò íåïîñðåäñòâåííîãî îòíîøåíèÿ ê êàðáîíàòàì. Äëÿ
æåëåçà èñêëþ÷åíèå ñîñòàâëÿþò ñóùåñòâåííî ñèäåðèòîâûå
êîíêðåöèè, ìèíåðàëüíûé ñîñòàâ êîòîðûõ ïîäòâåðæäàåò-
ñÿ èíûìè ìåòîäàìè èññëåäîâàíèé.

Çàêëþ÷åíèå

Îáû÷íî ñ÷èòàåòñÿ, ÷òî â ðåçóëüòàòàõ êàðáîíàòíîãî
àíàëèçà ñèëèêàòíóþ ÷àñòü îò êàðáîíàòíîé òî÷íî îòäåëèòü
íåâîçìîæíî. Ðàñ÷åò ïîëó÷åííûõ ñîëåé íà ìèíåðàëû ìîæ-
íî ñäåëàòü ëèøü ïðèáëèæåííî, ïîñêîëüêó îäíà ñîëü ìî-
æåò âõîäèòü â ðàçíûå ìèíåðàëû, à ñîîòíîøåíèå ïîñëå-
äíèõ ÷àñòî íåèçâåñòíî [5]. Îäíàêî â ðàññìàòðèâàåìîé â
ñòàòüå ñèòóàöèè: â ñèëó ïðîñòîãî ìèíåðàëüíîãî ñîñòàâà
áàëàíñ ðàñïðåäåëåíèÿ õèìè÷åñêèõ ýëåìåíòîâ ïî ìèíåðà-
ëàì ðàññ÷èòûâàåòñÿ äîâîëüíî ëåãêî.

Òàêèì îáðàçîì, óñòàíîâëåíî, ÷òî ìàãíèé è çíà÷èòåëü-
íàÿ ÷àñòü æåëåçà ïðè êàðáîíàòíîì àíàëèçå äàííûõ íå-
ñêîëüêî ñïåöèôè÷åñêèõ ïîðîä ïîñòóïàþò èç ðàñòâîðåííûõ

Òàáëèöà 4
Êîýôôèöèåíòû êîððåëÿöèè ìåæäó êîìïîíåíòàìè êàðáîíàòíîãî àíàëèçà

Table 4
Correlation coefficients between members of carbonaceous analyses

4 ×òîáû ïîëó÷èòü ñîäåðæàíèå ñîëåé, äîñòàòî÷íî óìíîæèòü ïðîöåíòíîå ñîäåðæàíèå îêèñëà íà êîýôôèöèåíò 1.785 (CaO),
1.916 (MgO), 1.611 (FeO) è 1.619 (MnO). Êîëè÷åñòâî ÑÎ2, èäóùåå íà ñâÿçûâàíèå îêèñëà, îïðåäåëÿþò êàê ðàçíîñòü ñîäåðæàíèÿ
ñîëè, ïîëó÷åííîãî ïðè ïåðåñ÷åòå, è ñîäåðæàíèÿ îêèñëà (íàïðèìåð, CaCO3 – CaO = CO2, %) [5].
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Fe-õëîðèòîâ è íå èìåþò íèêàêîãî îòíîøåíèÿ ê êàðáîíàò-
íûì ôîðìàì. Èñêëþ÷åíèå ñîñòàâëÿåò íåçíà÷èòåëüíàÿ äîëÿ
ýòèõ ýëåìåíòîâ, ïðèñóòñòâóþùèõ â êàðáîíàòàõ â âèäå ïðè-
ìåñè, óíàñëåäîâàííîé ïðè çàìåùåíèè êàðáîíàòàìè ñèëè-
êàòíîãî (â ò. ÷. õëîðèòîâîãî) öåìåíòà â ïîðîäàõ.

Â ðàññìîòðåííîé ñèòóàöèè, êàê ïîêàçàë ïðàêòè÷åñ-
êèé îïûò, ïðåäïîëàãàòü íàëè÷èå â ïîðîäå ñîáñòâåííîãî
êàðáîíàòà ìàãíèÿ ìîæíî ïðè ñëåäóþùèõ óñëîâèÿõ: åñëè
ïîñëå ïåðåñ÷åòà îêèñëîâ êàëüöèÿ è ìàðãàíöà íà ñîëè îñ-
òàåòñÿ ñóùåñòâåííîå êîëè÷åñòâî óãëåêèñëîòû è åñëè ñî-
äåðæàíèå MgO â ïðîáå ïðåâûøàåò 4—5 %.

Ïîñêîëüêó ìàãíåçèàëüíîñòü êàðáîíàòîâ èìååò äî-
âîëüíî âàæíîå çíà÷åíèå, òî äëÿ ïîñòðîåíèÿ áîëåå êîð-
ðåêòíûõ âûâîäîâ ïîìèìî êàðáîíàòíîãî àíàëèçà ñëåäóåò
èñïîëüçîâàòü êîìïëåêñ äèàãíîñòè÷åñêèõ ìåòîäîâ.
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NEW TRENDS IN THE MECHANISMS OF INCREASING PRODUCTIVITY OF MINERAL-BASED MATERIALS
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Sorbents, proposed by the world industry to solve environmental problems, are not efficient enough for many technological

parameters (selectivity, stability, etc.). It is necessary to search for mechanisms of increasing productivity of the sorption prod-

ucts. A new trend in the algorithm of modeling mineral-based materials is the isolation of strains and the development of new

compounds that can improve their physical and chemical parameters. The objects of the research were Ionsorb™ glauconite and

immobilized strains of Pseudomonas yamanorum VKM B-3033D bacteria. We constructed a biosorbent and evaluated its sorp-

tion and destructive properties. The efficiency of purification from oil products with the help of the developed biosorbent in water

reached 19 % within 7 days, in ground 30 % within 90 days.

Keywords: glauconite, biosorbent, adsorption, destruction, oil contaminated water, oil contaminated soil, railway bed,

bacterial strain.
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2Èíñòèòóò ãåîëîãèè Êîìè íàó÷íîãî öåíòðà ÓðÎ ÐÀÍ, Ñûêòûâêàð, Ðîññèÿ

3Òåõíè÷åñêèé óíèâåðñèòåò èì. Ã. Àñàêè, ßññû, Ðóìûíèÿ
4Óíèâåðñèòåò õèìè÷åñêîé òåõíîëîãèè è ìåòàëëóðãèè, Ñîôèÿ, Áîëãàðèÿ

Ñîðáåíòû, ïðåäëàãàåìûå ìèðîâîé èíäóñòðèåé äëÿ ðåøåíèÿ ýêîëîãè÷åñêèõ ïðîáëåì, íåäîñòàòî÷íî ýôôåêòèâíû ïî

ìíîãèì òåõíîëîãè÷åñêèì ïàðàìåòðàì (èçáèðàòåëüíîñòü, óñòîé÷èâîñòü è äð.). Íåîáõîäèì àêòèâíûé ïîèñê ìåõàíèçìîâ

ïîâûøåíèÿ ïðîèçâîäèòåëüíîñòè ñîðáöèîííûõ ïðîäóêòîâ. Íîâûì òðåíäîì â àëãîðèòìå ìîäåëèðîâàíèÿ ìàòåðèàëîâ íà

ìèíåðàëüíîé îñíîâå ÿâëÿåòñÿ  âûäåëåíèå øòàììîâ è ðàçðàáîòêà íîâûõ ïðåïàðàòîâ, ñïîñîáíûõ óëó÷øèòü èõ ôèçèêî-

õèìè÷åñêèå ïîêàçàòåëè. Îáúåêòàìè èññëåäîâàíèÿ ïîñëóæèëè ãëàóêîíèò Ionsorb™ è èììîáèëèçîâàííûå íà íåì øòàììû

áàêòåðèé Pseudomonas yamanorum VKM Â-3033D. Ñîäåðæàíèå îñòàòî÷íûõ íåôòåïðîäóêòîâ â ïðîáàõ îïðåäåëÿëè ìåòî-

äîì ôëóîðèìåòðèè íà àíàëèçàòîðå æèäêîñòè «Ôëþîðàò-02» â ñîîòâåòñòâèè ñ ÏÍÄ Ô 16.1.21-98. Â õîäå ðàáîòû áûë ñêîí-

ñòðóèðîâàí áèîñîðáåíò è äàíà îöåíêà åãî ñîðáöèîííûõ è äåñòðóêòèâíûõ ñâîéñòâ. Ýôôåêòèâíîñòü î÷èñòêè îò íåôòåïðî-

äóêòîâ  ñ ïîìîùüþ ðàçðàáîòàííîãî áèîñîðáåíòà â âîäå ñîñòàâèëà äî 19 % çà 7 ñóòîê, â ãðóíòå — äî 30 % çà 90 ñóòîê.

Êëþ÷åâûå ñëîâà: ãëàóêîíèò, áèîñîðáåíò, ñîðáöèÿ, äåñòðóêöèÿ, íåôòåçàãðÿçíåííàÿ âîäà, íåôòåçàãðÿçíåííûé ãðóíò,

øòàìì áàêòåðèé.

Introduction

The most common polluters of the territories of railway
enterprises of different countries, including Russia, are oil, pe-
troleum derivatives, masout, fuels, lubricants. The amount of
contamination varies from 5 to 20 g per 1 kg of soil. The pollu-
tion of territories affects adversely the environment [1]. A nat-
ural self-purification of soils from oil pollution is a very long
process that can last from one to several decades depending on
the natural conditions of the region. Currently mainly mechan-
ical and physical-chemical methods of oil removal are applied,
which do not allow restoring the biocenosis without disturbing
natural landscapes and additional harm to ecosystems. There-
fore the bioremediation of soils is the most promising and max-
imally close to natural processes [1, 3—6]. The remediation on
the railway is considerably hampered by the fact the embank-
ment is a sandy-gravel mixture and crushed stone. Therefore
the actual cleaning solution will combine possible mechanisms
of natural zeolites and microorganisms to increase the selec-
tivity and productivity of sorption characteristics.

The aim of the work is to develop and evaluate the effi-
ciency of the biosorbent for cleaning of contaminated soils on
sections of the railway bed.

Objects and methods of research

The objects of our research were Ionsorb™ glauconite from
the Bondarskoe deposit of Tambov region and Pseudomonas
yamanorum VKM B-3033D bacterial strain isolated from the
contaminated soil of the railroad bed near Syktyvkar City.

The total petroleum hydrocarbon (TPH) content in model
water samples, contaminated and cleaned soil was analyzed flu-
orometrically on Fluorat-02 liquid analyzer according to PND
F 16.1.21-98 [2].

Results and discussion

In the process of production of biological products the
application of glauconite avoids the costly procedure of lyo-
philization for preserving microorganisms. Ionsorb™ acts as
a sorbent of petroleum hydrocarbons, as well as a transport
base for hydrocarbon-oxidizing bacteria, which allows them
to be in suspended animation for up to 10 years. Glauconite
is an aluminosilicate mineral, the cations are easily replaced
by the excess elements in the surrounding medium. The lay-
ered structure of the mineral, its ion-exchange properties pre-
determine its high sorption properties to petroleum hydro-
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carbons, radionuclides and toxic elements. The ability of Ion-
sorb™ to deposit water and low desorption rate immobilize
the microorganisms and their metabolites on its surface. At
that the rate of chemical bound reaction is such that the glau-
conite is able to bind pollutants for a short time, and the mi-
crobial community can conveniently utilize them. Another
advantage of Ionsorb™ is that it increases the diffusion of ox-
ygen and moisture in the soil, which provides optimal water,
gas-air and thermal conditions for the growth of immobilized
microorganisms. The activity of metabolic enzymes and the
energy of all biochemical processes increase significantly.
Since Ionsorb™ is a mineral fertilizer itself, it is not neces-
sary to recycle biosorbent spent.

Constructing a biosorbent
The strain of P. yamanorum bacteria was grown in a biore-

actor for 3—5 days under conditions of liquid phase fermenta-
tion at a temperature of 15—25 °C until a cell titer of 109 CFU/
cm3 was achieved on a medium of the following composition:
per 1000 cm3 of water: peptone — 15 g; NaCl — 3.0 g; KCl —
1.0 g; MgSO4×7H2O — 0.5 g. The spray application of the strain
on the sorbent was then carried out and dried at a temperature
of 30—35 °C.

The composition of the biosorbent: glauconite — 85—
90 %, strain of P. yamanorum bacteria — 10—15 %.

To assess the efficiency of adsorption immobilization, the
samples were analyzed with a scanning electron microscope
VEGA3 TESCAN, ×5000 (see Figure 1).

Estimation of sorption and destructive properties of the bio-
sorbent in a model water.

To study the sorption and hydrocarbon oxidation proper-
ties of the biosorbent obtained we performed an experiment
with model water in the presence of crude oil and waste oil.
For 1000 cm3 water we added: NaNO3 — 5.0 g; KÍ2ÐÎ4 —
3.0 g; KCl — 0.5 g; MgSO4×5H2O — 0.5 g; 100 cm3 of the so-
lution was poured into 250 cm3 flasks, autoclaved for 20 min-
utes, cooled to the room temperature. 0.5 g of crude oil or waste
oil and 1 g of biosorbent were added to the flasks. In the refer-
ence variant the biosorbent was not added. The flasks were ex-
posed in a shaker (220 rpm) for 7 days under normal condi-
tions. After 7 days the content of residual oil products was de-
termined in the samples.

As can be seen from Table 1, when the biosorbent is add-
ed, the concentration of oil products is significantly decreased
(p < 0.05), in a contaminated medium by 13 %, in an oil-pol-
luted medium — by 19 %, and these results indicate that the
developed biosorbent possesses sorption and oil destructive
properties and is suitable for further researches and model ex-
periments on cleaning of contaminated soils.

Estimation of oil-oxidizing properties of the biosorbent in
an oil-contaminated soil from the railway bed.

To study the possibility of application of the biosorbent
developed to clean the contaminated soil of the railway bed,
the laboratory simulation of the process was carried out. Strong-
ly waste oil contaminated sand-gravel mixture (SGM) was tak-
en from the section of the railway bed. Biosorbent with miner-

Ionsorb ™ surface with immobilized cells of strain Pseudomonas yamanorum VKM B-3033D.
The sample was microscopyed with Scanning Electron Microscope Tescan Vega 3 LMH. (operator Tropnikov E.M.)

Èññëåäîâàíèå ñîñòîÿíèÿ ïîâåðõíîñòè ïðîâîäèëè ñ ïîìîùüþ ñêàíèðóþùåãî ýëåêòðîííîãî ìèêðîñêîïà Tescan Vega 3 LMH
(îïåðàòîð Å. Ì. Òðîïíèêîâ)

Note: *- difference is accurate at p < 0,05. The accuracy of difference was estimated by comparison to the reference groups.

Table 1
TPH content in water samples after the application of biosorbent, mg/g

Òàáëèöà 1
Èçìåíåíèå êîíöåíòðàöèè íåôòåïðîäóêòîâ â îáðàçöàõ âîäû â ïðèñóòñòâèè áèîñîðáåíòà, ìã/ã
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al fertilizers (NPK-15) in amount of 2.5 g was added to 300 g
SGM sample. The samples were moistened and thoroughly
mixed during the whole experiment.

The reference was oil contaminated SGM. Sampling for
analytical studies was carried out after 3, 30 and 90 days.

Since glauconite has a finely dispersed structure, it is well
distributed in the contaminated sand-gravel mixture.

The table shows that the TPH content decreased in SGM
of all variants of the experiment in comparison to the refer-
ence. Within 3 days the sorption of the oil products after the
application of the biosorbent occurs (p < 0.05) by 25 %. With-
in 30 and 90 days in the samples with the biosorbent without
mineral fertilizers, the concentration of oil products is not
changed (Table 2). Despite the fact that glauconite contains a
significant amount of biogenic elements — labile potassium,
phosphorus and microelements essential both to microbial and
plant growth, a high soil contamination suppresses the growth
of cells of immobilized bacteria. The adding of a mineral NPK
fertilizer leads to the effective sorption and destruction of TPH
with the biosorbent, and its efficiency reaches (p < 0.05) 30 %
within 90 days (Table 2).

Conclusions

1. We constructed a biosorbent based on Ionsorb™ glauc-
onite and strain of oil-oxidizing Pseudomonas yamanorum VKM
B-3033D bacteria.

2. We determined the sorption and destructive proper-
ties of the biosorbent developed in oil-contaminated water
and soil.

3. The efficiency of purification from TPH in water
reached 19 % within 7 days, in ground 30 % within 90 days.

It is recommended to use the biosorbent developed to
clean the soil of the railroad bed, as well as water ecosystems,
of petroleum hydrocarbons.

 The researches were carried out with the financial support of
the State task «Technology of living systems» on the basis of higher
plants, cultivated plant cells, microorganisms and enzymes for ob-
taining of biomedical products, biofuels and environmental pro-
tection» No. 115021210021 and BIOECOBALANS LLC.
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Èòàëüÿíñêàÿ àññîöèàöèÿ èçó÷åíèÿ ìèíåðàëîâ ãëèí
(AISA), Ìåæäóíàðîäíûé ñîâåò ïî ïðèêëàäíîé ìèíåðàëî-
ãèè (ICAM) è Èíñòèòóò àíàëèçà îêðóæàþùåé ñðåäû
(CNR-IMAA) îðãàíèçîâàëè è ïðîâåëè Ìåæäóíàðîäíóþ
êîíôåðåíöèþ ïî ïðèêëàäíîé ìèíåðàëîãèè è êðåàòèâíûì
ìàòåðèàëàì (AMAM-ICAM 2017) â Èòàëèè. Ñîâìåñòíàÿ
êîíôåðåíöèÿ AMAM-ICAM (2-ÿ Ìåæäóíàðîäíàÿ êîíôå-
ðåíöèÿ ïî ïðèêëàäíîé ìèíåðàëîãèè è êðåàòèâíûì ìàòå-
ðèàëàì è 13-ÿ Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ ïî ïðèêëàä-
íîé ìèíåðàëîãèè) ïðåäîñòàâèëà äåéñòâèòåëüíî ãëîáàëü-
íóþ ïëàòôîðìó äëÿ èññëåäîâàòåëåé è èíæåíåðîâ èç íà-
ó÷íûõ êðóãîâ è ïðîìûøëåííîñòè â îòåëå Êàëàíå, ÷òî  â
êóðîðòíîì ìåñòå÷êå Íîâà ßðäèíèÿ (Nova Yardinia), Òà-
ðàíòî íà áåðåãó Èîíè÷åñêîãî ìîðÿ (â 70 êì îò àýðîïîðòà
ã. Áàðè). Ñ 4 ïî 10 èþíÿ ó÷åíûå ñ 5  êîíòèíåíòîâ (ìèíå-
ðàëîãè, ìàòåðèàëîâåäû, ôèçèêè, áèîëîãè, õèìèêè, ýêî-
ëîãè) ñîáðàëèñü, ÷òîáû ïîäåëèòüñÿ èäåÿìè è çíàíèÿìè î
áåçãðàíè÷íîì ìèðå êðèñòàëëè÷åñêîãî è íåêðèñòàëëè÷åñ-
êîãî òâåðäîãî ñîñòîÿíèÿ.

Íàø èíñòèòóò óæå íå ïåðâûé ðàç ïðèíèìàåò ó÷àñòèå
â íàó÷íûõ ìåðîïðèÿòèÿõ ïîä ïðåäñåäàòåëüñòâîì èçâåñò-
íîãî ìèíåðàëîãà Ñàâåðèî Ôèîðå (Saverio Fiore). Â èþíå
2009 ãîäà äåëåãàöèÿ Èíñòèòóòà ãåîëîãèè ïðèíèìàëà ó÷à-
ñòèå â ìåæäóíàðîäíîé êîíôåðåíöèè  ïî ãëèíàì â òîì æå
îãðîìíîì ãîñòèíè÷íîì êîìïëåêñå â Íîâà ßðäèíèè (ñì.
Âåñòíèê, ¹ 7, 2009).

Ïîëèòè÷åñêàÿ è ýêîíîìè÷åñêàÿ íåñòàáèëüíîñòü, î÷å-
âèäíî, ïîâëèÿëè íà âîçìîæíîñòü ó÷àñòèÿ â ñòîëü îáû÷íî
ìàññîâîì íàó÷íîì ìåðîïðèÿòèè, êàê AMAM-ICAM-2017.
Ñàìàÿ áîëüøàÿ äåëåãàöèÿ áûëà èç Êèòàÿ (íå ñ÷èòàÿ,êî-

Áåëãîðîä / Belgorod

ÁÃÒÓ èì. Â. Ã. Øóõîâà — òåððèòîðèÿ ìîëîäîñòè, íàóêè,
êîìôîðòà è áåçîïàñíîñòè

BSTU named after V. G. Shukhov — the territory of youth, sciense,
comfort and safety

Õðîíèêà, ñîáûòèÿ, ôàêòû • Chronicle, events, facts

The Italian Association for the Study of Clays (AISA), the International Council for Applied Mineralogy (ICAM) and the Institute

of Methodologies for Environmental Analysis (CNR-IMAA) organized and conducted AMAM-ICAM 2017, the International

Conference on Applied Mineralogy & Advanced Materials in Italy. Scientists in mineralogy, materials science, physics, biology,

chemistry, cultural heritage were invited to share ideas and knowledge on the boundless world of the crystalline and no-crystalline

solid state.  AMAM-ICAM 2017 was provided a truly global platform for researchers and engineers coming from academia and

industry. Next 14th International Congress for Àpplied Mineralogy (ICAM 2019) would be in 2019 (September) on the platform of

Belgorod State Technological University, Russia.

ÏÐÈÊËÀÄÍÀß ÌÈÍÅÐÀËÎÃÈß:
ÈÇ ÁÀÐÈ Â ÁÅËÃÎÐÎÄ

APPLIED MINERALOGY:
FROM BARI TO BELGOROD
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íå÷íî, èòàëüÿíöåâ). Âñåãî æå ó÷àñòíèêîâ áûëî ÷óòü áîëü-
øå ñîòíè (â 2009 ãîäó áûëî 654 ÷åëîâåêà èç 49 ñòðàí). Çà-
ñåäàíèÿ ïðîõîäèëè ÷åòûðå äíÿ, ñðåäà áûëà âûáðàíà äëÿ
ñîâìåñòíûõ ýêñêóðñèé â «Òðóëëè äè Àëüáåðîáåëëî» è Ìà-
òåðó — äðåâíåå ïîñåëåíèå ðèìëÿí 3 âåêà äî í. ý. (ãîðîäà
âíåñåíû â ñïèñîê Âñåìèðíîãî íàñëåäèÿ ÞÍÅÑÊÎ). Çà-
ñåäàíèÿ íà÷èíàëèñü ñ 8:30 óòðà, ñ 11:00 äî 12:00 øëè ïëå-
íàðíûå ñåêöèè. Âñåãî ðàáîòàëî 10 ñåêöèé ïî ÷åòûðåì
íàó÷íûì íàïðàâëåíèÿì.

Biomaterials & Biominerals (session BM03. The Universe
of Biomaterials and Biominerals)

Íà ñåêöèè áûëè ïðåäñòàâëåíû äîêëàäû, â êîòîðûõ
áûëè îòðàæåíû ýêñïåðèìåíòàëüíûå è òåîðåòè÷åñêèå ïîä-
õîäû ê èçó÷åíèþ áèîìèíåðàëîâ.

Processing, Engineering & Applications  (session EP01
Ores, Minerals and Geomaterials in Indastrial Processes and
Human  Activities)

Îñíîâíîé öåëüþ ýòîé ñåññèè áûëî ñîäåéñòâèå äèàëî-
ãó ìåæäó ðàçëè÷íûìè äèñöèïëèíàìè â îòíîøåíèè íîâûõ
ìåòîäîâ îöåíêè, òåñòèðîâàíèÿ ïðîìïðîäóêòîâ, ðåøåíèÿ
ïðîáëåì, èííîâàöèîííûõ ïðèëîæåíèé è ïðîèçâîäñòâåí-
íûõ ïðîöåññîâ, ñâÿçàííûõ ñ ïðèðîäíûìè ìèíåðàëüíûìè
ðåñóðñàìè è ãåîìàòåðèàëàìè, êîòîðûå ñïîñîáñòâóþò óñòîé-
÷èâîìó ðàçâèòèþ. Ñåññèÿ âêëþ÷àëà óñòíûå è ñòåíäîâûå
äîêëàäû ïî òåìàòè÷åñêèì èññëåäîâàíèÿì, ìåòîäàì îöåí-
êè, èñïûòàíèÿì íîâûõ ìàòåðèàëîâ, èííîâàöèîííûì ïðè-
ëîæåíèÿì, ïðîèçâîäñòâåííûì ïðîöåññàì, ñâÿçàííûì ñ
ðóäàìè, ìèíåðàëàìè è ãåîìàòåðèàëàìè.

Mineralogy, Geochemistry and Valorization of Indastrial
and Mining Wastes (session EP02)

Prosessing, Engineering and Applications of Materials and
Minerals (session EP07)

Äîêëàä÷èêè ïîêàçàëè, ÷òî ýêñïëóàòàöèÿ ìèíåðàëü-
íûõ ðåñóðñîâ âìåñòå ñ èõ ïðîìûøëåííîé òðàíñôîðìàöè-
åé ñîçäàåò îãðîìíîå êîëè÷åñòâî îòõîäîâ, ïðåäñòàâëÿþùèõ
çíà÷èòåëüíûé ïîòåíöèàëüíûé ðèñê äëÿ îêðóæàþùåé ñðå-
äû. Öåëü ýòèõ îáúåäèíåííûõ ñåêöèé — ïîä÷åðêíóòü âàæ-

íóþ ðîëü ìèíåðàëîãèè è ãåîõèìèè â îáåñïå÷åíèè èíñò-
ðóìåíòîâ, êîòîðûå ìîãëè áû ïîìî÷ü â îöåíêàõ, ïðåäîòâ-
ðàùåíèè, âîññòàíîâëåíèè è ñîêðàùåíèè âîçäåéñòâèÿ íà
îêðóæàþùóþ ñðåäó ïðè äîáû÷å ïîëåçíûõ èñêîïàåìûõ è
ïðîìûøëåííîé äåÿòåëüíîñòè.

Environment & Technology  (session ET02 Clay, Zeolites
and Nanostructured Materials for Earth)

Ýòà ñåêöèÿ îáúåäèíÿëà äîêëàäû, îòðàæàþùèå ìèíå-
ðàëîãè÷åñêèå è õèìè÷åñêèå õàðàêòåðèñòèêè, ñâîéñòâà,
ñèíòåç è ïðîìûøëåííîå ïðèìåíåíèå ïîðèñòûõ è íàíîñ-
òðóêòóðèðîâàííûõ ìàòåðèàëîâ (òàêèõ êàê ãëèíèñòûå ìè-
íåðàëû, öåîëèòû, íàíî÷àñòèöû îêñèäîâ, íàíîðàçìåðíûå
÷àñòèöû ñ äâîéíûì ãèäðîêñèäîì), èõ ïðèëîæåíèÿ â ìå-
äèöèíå è îêðóæàþùåé ñðåäå.

Nano & Micro (session NM01 Nanocatalysts for
susnainable Processes)

Ñåêöèÿ îõâàòèëà ðàçëè÷íûå àñïåêòû íàíîêàòàëè-
çà. Äîêëàä÷èêè ïîêàçàëè, ÷òî èñïîëüçîâàíèå íàíîìà-
òåðèàëîâ â êà÷åñòâå ýôôåêòèâíûõ êàòàëèçàòîðîâ äëÿ
ðàçðàáîòêè óñòîé÷èâûõ êàòàëèòè÷åñêèõ ïðîöåññîâ ÿâ-
ëÿåòñÿ «ãîðÿ÷åé» òåìîé, àêòóàëüíîé äëÿ õèìè÷åñêîé
ïðîìûøëåííîñòè, à òàêæå äëÿ ðåøåíèÿ ýêîëîãè÷åñêèõ
ïðîáëåì.

Advanced Functional Materials (session NM04)
Ñîäåðæàíèå ýòîé ñåêöèè ïðåäñòàâëÿëî øèðîêèé

ñïåêòð ôóíêöèîíàëüíûõ ìàòåðèàëîâ ïî ôîòîýëåêòðè÷å-
ñòâó, îðãàíè÷åñêîé ýëåêòðîíèêå, óãëåðîäíûì ìàòåðèà-
ëàì, íàíîòåõíîëîãèÿì, æèäêèì êðèñòàëëàì, ìàãíèòíûì
ìàòåðèàëàì, ïîâåðõíîñòÿì è èíòåðôåéñàì è áèîìàòåðè-
àëàì. Äîêëàä÷èêè ïîêàçàëè, ÷òî áëàãîäàðÿ íîâåéøèì òåõ-
íîëîãèÿì â îáëàñòè ïîëèìåðíûõ, êåðàìè÷åñêèõ, ñåíñîð-
íûõ è òîïëèâíûõ ýëåìåíòîâ ðàçðàáîòàí è èçãîòîâëåí ðÿä
ìàòåðèàëîâ äëÿ ñîâðåìåííîé  ýëåêòðîííîé ïðîìûøëåí-
íîñòè.

Àêòèâíàÿ ðàáîòà êîíôåðåíöèè ïðîäîëæàëàñü íå òîëüêî
äíåì, âî âðåìÿ ïëåíàðíûõ è óñòíûõ äîêëàäîâ, íî è ïîçäíåå,
â ïîñòåðíîì ôîðìàòå, ïëàâíî ïåðåõîäÿ â «Âå÷åð æèâîé ìó-
çûêè» èëè «âèííî-ñûðíûé» c íàöèîíàëüíûìè òàíöàìè…

Ó ðîññèéñêîé äåëåãàöèè (ä. ã.-ì. í. Î. Á. Êîòîâà, Èí-
ñòèòóò ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ; ä. ò. í. Â. Â. Ñòðîêîâà,
ê. ò. í. Â. Â. Íåëþäîâà, Áåëãîðîäñêèé ãîñóäàðñòâåííûé òåõ-
íîëîãè÷åñêèé óíèâåðñèòåò, ê. ò. í. À. Ì. Ãåðàñèìîâ, ÍÏÊ
«Ìåõàíîáð-òåõíèêà» (ÇÀÎ), Ñàíêò-Ïåòåðáóðã) áûëà îñîáàÿ
ìèññèÿ — ïðèíÿòü «ýñòàôåòíóþ ïàëî÷êó» — ñëåäóþùèé,
14-é ICAM áóäåò ïðîõîäèòü â 2019 ãîäó (ñåíòÿáðü) â Áåëãî-

×ëåíû ðîññèéñêîé äåëåãàöèè ñ ïðåäñòàâèòåëåì Ñîâåòà ICAM
(ñëåâà íàïðàâî: ä. ò. í. Â. Â. Ñòðîêîâà, Áåëãîðîäñêèé ãîñóäàð-
ñòâåííûé òåõíîëîãè÷åñêèé óíèâåðñèòåò; ïðîô. Ì. À. Ò. Ì.
Áðîêìàíñ, NGU;  ä. ã.-ì. í. Î. Á. Êîòîâà, Èíñòèòóò ãåîëîãèè
Êîìè ÍÖ ÓðÎ ÐÀÍ; ê. ò. í. Â. Â. Íåëþäîâà; ê. ò. í. À. Ì. Ãå-
ðàñèìîâ, ÍÏÊ «Ìåõàíîáð-òåõíèêà» (ÇÀÎ), Ñàíêò-Ïåòåðáóðã

Members of the Russian delegation with deputy of ICAM (from left
to right: Dr. Tech. Sc. V. V. Strokova, Belgorod State Technology
University; Prof. M. A. T. M. Brokmans, NGU; Dr. Geol.-Min. Sc.
O. B. Kotova, Institute of Geology Komi SC UB RAS; Ph.D. Tech.
Sc. V. V. Nelyudova; Ph.D. Tech. Sc. A. M. Gerasimov, SPC

«Mekhanobr-tekhnika»)

×ëåíû Ñîâåòà ICAM (Ä. Ðàììëìàéð, Ãåðìàíèÿ; Ý. ×èô÷è,
Òóðöèÿ; Ì. À. Ò. Ì. Áðîêìàíñ, Íîðâåãèÿ)

Members of International Council for Applied Mineralogy (D. Ramml-
maier, Germany; E. Chefri, Turkey; M. A. T. M. Brokmans, Norway)



Vestnik IG Komi SC UB RAS, June, 2017, No. 6

45

ðîäå íà ïëàòôîðìå Áåëãîðîäñêîãî ãîñóäàðñòâåííîãî òåõíî-
ëîãè÷åñêîãî óíèâåðñèòåòà èì. Â. Ã. Øóõîâà. 8 èþíÿ íà Ñî-
âåòå ICAM â êîíôåðåíö-çàëå îòåëÿ Êàëàíå ïðèñóòñòâóþùèå
åäèíîãëàñíî ïîääåðæàëè ðåøåíèå Ñîâåòà ICAM î ïðîâåäå-
íèè î÷åðåäíîé âñòðå÷è ñïåöèàëèñòîâ â îáëàñòè ïðèêëàäíîé
ìèíåðàëîãèè è ñìåæíûõ îáëàñòåé â Ðîññèè. Ýòîìó cîáûòèþ
ïðåäøåñòâîâàëà îãðîìíàÿ ðàáîòà Ðîññèéñêîãî ìèíåðàëîãè-
÷åñêîãî îáùåñòâà â ëèöå ïðåçèäåíòà ÷ë.-êîðð. ÐÀÍ
Þ. Á. Ìàðèíà, ïî÷åòíîãî ïðåçèäåíòà ÐÌÎ àêàäåìèêà
Ä. Â. Ðóíäêâèñòà; Êîìèññèè ïî òåõíîëîãè÷åñêîé ìèíåðàëî-
ãèè ÐÌÎ, îñîáåííî àêàäåìèêà Ë. À. Âàéñáåðãà, à òàêæå ïðî-
ôåññîðîâ Â. Â. Ùèïöîâà, Þ. Ë. Âîéòåõîâñêîãî è äð., ðåêòî-
ðà Áåëãîðîäñêîãî ãîñóäàðñòâåííîãî òåõíîëîãè÷åñêîãî óíè-
âåðñèòåòà Ñ. Í. Ãëàãîëåâà è àêòèâà åãî êîìàíäû ä. ò. í.
Â. Â. Ñòðîêîâîé, ê. ò. í. Â. Â. Íåëþäîâîé è äð.), îãðîìíàÿ
êîíñóëüòàöèîííàÿ ïîìîùü Ñîâåòà ICAM Ìààðòèíà Áðîê-
ìàíñà, Ýìèíà ×èâ÷è, Ñàâåðèî Ôèîðå, íàøèõ ðîññèéñêèõ
êîëëåã, êîòîðûå äåëèëèñü îïûòîì ïîäãîòîâêè ïîäîáíûõ ìå-
ðîïðèÿòèé â Ðîññèè. Êîãäà ïðèøåë äîêóìåíò î ïîëîæèòåëü-
íîì ãîëîñîâàíèè ÷ëåíîâ Ñîâåòà ICAM, íàâåðíî, òîëüêî òîã-
äà ïðèøëî îñîçíàíèå îãðîìíîé îòâåòñòâåííîñòè ïåðåä ïðåä-
ñòîÿùèì cîáûòèåì.

Îñíîâíîå íàïðàâëåíèå êîíôåðåíöèè â Áåëãîðîäå —
òðàäèöèîííîå, íî  ñ ó÷åòîì ìèðîâîãî òðåíäà — ïîâûøå-

íèÿ ïðîèçâîäèòåëüíîñòè êðåàòèâíûõ ìàòåðèàëîâ íà îñ-
íîâå ìèíåðàëüíîãî ñûðüÿ. Íà Ñîâåòå ICAM ïîçèòèâíî
áûëî ðàññìîòðåíî ïðåäëîæåíèå Ôåðíàíäî  Ðî÷å — 15-é
ICAM â 2021 ãîäó îðãàíèçîâàòü â Ïîðòóãàëèè íà ïëàòôîð-
ìå Óíèâåðñèòåòà Àâåéðî.

Topics of ICAM-2019:
• Advanced materials including high-performance

technical ceramics and glasses
• Analytical techniques, instrumentation and automation
Bio-mimetic mineral materials and biomineralogy
• Construction materials including cement/SCMs,

concrete, bricks, tiles,
• Cultural heritage, stone artifacts and preservation
• Environment and energy mineralogy
• Geometallurgy and process mineralogy
• Industrial minerals including gems, ore minerals, and

mineral exploration
• Oil and gas reservoirs, including gas hydrates
• Construction materials for building
Ïëàíèðóåòñÿ èçäàòü ñáîðíèê òåçèñîâ è îòäåëüíî

ñáîðíèê ñòàòåé ïî ïðåäâàðèòåëüíîé äîãîâîðåííîñòè ñ
èçäàòåëüñòâîì Springer.

Welcome to Belgorod! Äîáðî ïîæàëîâàòü â Áåëãîðîä!
Ä. ã.-ì. í. Î. Êîòîâà

1 èþíÿ — 70-ëåòíèé þáèëåé Êóïðèÿíîâà Âàëåðèÿ Ô¸äîðîâè÷à, ðóêîâîäèòåëÿ ãðóïïû àâòîìàòèçàöèè íàó÷íûõ èñ-
ñëåäîâàíèé. Íàãðàæäåí çíàêîì îòëè÷èÿ «Çà áåçóïðå÷íóþ ñëóæáó Ðåñïóáëèêè Êîìè»

4 èþíÿ — 85 ëåò ñî äíÿ ðîæäåíèÿ Ëüâà Âàñèëüåâè÷à Ìàõëàåâà, ä. ã.-ì. í., ïðîôåññîðà, Çàñëóæåííîãî ðàáîòíèêà Ðåñ-
ïóáëèêè Êîìè.

7 èþíÿ — 80-ëåòíèé þáèëåé ê. ã.-ì. í. Òàìàðû Èâàíîâíû Èâàíîâîé, ñòàðøåãî íàó÷íîãî ñîòðóäíèêà.
8 èþíÿ — ðóêîâîäèòåëü ëàáîðàòîðèè òåõíîëîãèè ìèíåðàëüíîãî ñûðüÿ ä. ã.-ì. í. Îëüãà Áîðèñîâíà Êîòîâà èçáðàíà

âèöå-ïðåçèäåíòîì Ìåæäóíàðîäíîãî ñîâåòà ïî ïðèêëàäíîé ìèíåðàëîãèè Ìåæäóíàðîäíîé ìèíåðàëîãè÷åñêîé àññîöèà-
öèè (ICAM/IMA)

11 èþíÿ — 70-ëåòíèé þáèëåé ä. ã.-ì. í. Âàëåðèÿ Èâàíîâè÷à Ñèëàåâà, ãëàâíîãî íàó÷íîãî ñîòðóäíèêà.
18 èþíÿ — 60-ëåòíèé þáèëåé ê. ã.-ì. í. Íàòàëüè Âàëåðüåâíû Èëüèíîé, ñòàðøåãî íàó÷íîãî ñîòðóäíèêà.
20 èþíÿ â Èíñòèòóòå ñîñòîÿëîñü ðàáî÷åå ñîâåùàíèå ïî ïðîáëåìàì ãåîëîãè÷åñêîãî èçó÷åíèÿ Òèìàíî-Ñåâåðîóðàëüñ-

êîãî ðåãèîíà. Â íåì ïðèíÿëè ó÷àñòèå ïðåäñòàâèòåëè ìèíèñòåðñòâ Ðåñïóáëèêè Êîìè, ÀÎ «Ñåâåðî-Çàïàäíîå ÏÃÎ» (âõî-
äèò â ñîñòàâ ÀÎ «Ðîñãåîëîãèÿ»), Âñåðîññèéñêîãî íàó÷íî-èññëåäîâàòåëüñêîãî ãåîëîãè÷åñêîãî èíñòèòóòà èì. À. À. Êàð-
ïèíñêîãî (ÔÃÁÓ «ÂÑÅÃÅÈ»), Âñåðîññèéñêîãî íàó÷íî-èññëåäîâàòåëüñêîãî èíñòèòóòà èì. Í. Ì. Ôåäîðîâñêîãî (ÔÃÁÓ
«ÂÈÌÑ»), Äåïàðòàìåíòà ïî íåäðîïîëüçîâàíèþ ïî Ñåâåðî-Çàïàäíîìó ôåäåðàëüíîìó îêðóãó (Ñåâçàïíåäðà, Êîìèíåäðà),
ñîòðóäíèêè Èíñòèòóòà ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ è äðóãèõ ãåîëîãè÷åñêèõ îðãàíèçàöèé ðåñïóáëèêè.

23 èþíÿ — 40 ëåò òðóäîâîé äåÿòåëüíîñòè â èíñòèòóòå Íàäåæäû Íèêîëàåâíû Ïàíþêîâîé.

June 1 — the 70th  Anniversary of Valery Fedorovich Kupriyanov, Head of Scientific Research Automation Group. He was
awarded with the distinction «For the impeccable service for Komi Republic»

June 4 — 85 years since the birth of Lev Vasilyevich Makhlaev, Doctor of geological and mineralogical sciences, Professor,
Honored Worker of Komi Republic.

June 7 — the 80th Anniversary of Candidate of geological and mineralogical sciences, Tamara Ivanovna Ivanova, senior re-
searcher.

June 8 — Head of Laboratory of Mineral Raw Technology DSc Olga Borisovna Kotova was elected Vice-President of the
International Council for Applied Mineralogy of the International Mineralogical Association (ICAM/IMA)

June 11 — the 70th Anniversary of the Doctor of geological and mineralogical sciences Valery Ivanovich Silaev, chief researcher.
June 18 — the 60th Anniversary of Candidate of geological and mineralogical sciences Natalia Valeryevna Ilyina, senior re-

searcher.
June 20 at the Institute a working meeting on the problems of geological study of Timan-Northern Ural region was held. It was

attended by representatives of the ministries of Komi Republic, North-Western PGO (part of Rosgeologiya JSC), All-Russian
Geological Research Institute named after A. A. Karpinsky (VSEGEI), All-Russian Scientific Research Institute named after N. M.
Fedorovsky (VIMS), Department for Subsoil Use in the North-Western Federal District (Sevzapnedra, Kominedra) and staff of the
Institute of Geology of the Komi Science Center of the Ural Branch of the Russian Academy of Sciences and other geological
organizations of our Republic.

June 23—40 years of work of Nadezhda Nikolayevna Panyukova in Institute of Geology.

Chronicle

ÕÕÕÕÕÐÎÍÈÊÀÐÎÍÈÊÀÐÎÍÈÊÀÐÎÍÈÊÀÐÎÍÈÊÀ
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Ìàé — ñåíòÿáðü — ýêñïåäèöèîííûé ñåçîí â Èíñòèòó-
òå ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ. Â ýòîì ãîäó óäàëîñü ñôîð-
ìèðîâàòü 10 ãåîëîãè÷åñêèõ îòðÿäîâ. Ïëàíèðóåòñÿ ïðîâåäå-
íèå ïîëåâûõ ðàáîò â ïðåäåëàõ Ðåñïóáëèêè Êîìè (ÐÊ), Íå-
íåöêîãî àâòîíîìíîãî îêðóãà, ßìàëî-Íåíåöêîãî àâòîíîìíî-
ãî îêðóãà è Ïåðìñêîãî êðàÿ.

Îòðÿä ¹ 1 — íà÷àëüíèê Â. Â. Óäîðàòèí

Ðàéîí ðàáîò: Óñòü-Êóëîìñêèé, Êíÿæïîãîñòñêèé,
Êîéãîðîäñêèé ðàéîíû ÐÊ.

Ñðîêè ðàáîò: 22—28 ìàÿ, 5 èþíÿ — 14 èþëÿ
Öåëüþ ðàáîò ÿâëÿåòñÿ ïîëó÷åíèå íîâûõ äàííûõ î

ìåñòîïîëîæåíèè îòäåëüíûõ ðàçëîìíûõ çîí, îöåíêà èõ
ìèêðîñåéñìè÷åñêîé è ðàäîíîâîé àêòèâíîñòè. Ëîêàëèçà-
öèÿ ìàãíèòíûõ àíîìàëèé â ïðèðàçëîìíûõ îáëàñòÿõ.

Â ðåçóëüòàòå èññëåäîâàíèé ïëàíèðóåòñÿ ëîêàëèçàöèÿ
ðàçëîìíûõ çîí íà ìåñòíîñòè ïî äàííûì ìàãíèòîðàçâåäêè,
èõ êîððåëÿöèÿ è ïðèâÿçêà ê ñåéñìîðàçâåäî÷íûì äàííûì.
Ïî äàííûì ðàäîíîâîé ñúåìêè è ìèêðîñåéñìè÷åñêîãî ìî-
íèòîðèíãà ìîæíî ïîëó÷èòü ïðåäñòàâëåíèå îá àêòèâíîñòè
ðàçëîìà. Ýòî ïîçâîëèò ïîñòðîèòü ñõåìó ðàçëîìîâ ñ âûäå-
ëåíèåì àêòèâíûõ ó÷àñòêîâ â ïðåäåëàõ îòäåëüíûõ ðàçëîìîâ.
Ïðè ïîëîæèòåëüíîé êîððåëÿöèè ïîÿâèòñÿ âîçìîæíîñòü
íàèáîëåå òî÷íî ïðîñëåäèòü ðàçëîìû íà ìåñòíîñòè â ðàéî-
íàõ îòñóòñòâèÿ ñåéñìîðàçâåäî÷íûõ ðàáîò.

Îòðÿä ¹ 2 — íà÷àëüíèê Â. À. Ìàòâååâ

Ðàéîí ðàáîò: Íåíåöêèé ÀÎ (ð. Ïàäûìåéòûâèñ)
Ñðîêè ðàáîò: 22 èþíÿ — 8 àâãóñòà
Öåëüþ ïîëåâûõ èññëåäîâàíèé íà ïîäíÿòèè ×åðíîâà

ÿâëÿåòñÿ èçó÷åíèå êàðáîíàòíî-òåððèãåííîãî ðàçðåçà ñè-
ëóðà â ñðåäíåì òå÷åíèè ð. Ïàäûìåéòûâèñ. Îñîáîå âíè-
ìàíèå áóäåò óäåëåíî èíòåðâàëàì (âåíëîêà è ëóäëîâà, ëóä-
ëîâà è ïðæèäîëà), èìåþùèì âàæíîå çíà÷åíèå äëÿ îïðå-
äåëåíèÿ ñîáûòèéíûõ óðîâíåé è ðåøåíèÿ âîïðîñîâ ñòðà-
òèãðàôèè è êîððåëÿöèè ñèëóðèéñêèõ îòëîæåíèé íà òåð-
ðèòîðèè Òèìàíî-Ñåâåðîóðàëüñêîãî ðåãèîíà è ñîïðåäåëü-
íûõ òåððèòîðèé. Áóäåò ïðîâåäåíî ëèòîëîãè÷åñêîå îïè-
ñàíèå ðàçðåçà, îòîáðàíû ëèòîëîãè÷åñêèå îáðàçöû ñ îñòàò-
êàìè ôàóíû äëÿ ïîñëåäóþùåé êàìåðàëüíîé îáðàáîòêè.

Ïðîáû íà êîíîäîíòû, ñêîëåêîäîíòû è îñòàòêè ðûá áóäóò
èçó÷àòüñÿ ñîâìåñòíî ñ ïàëåîíòîëîãàìè Òàëëèííñêîãî òåõ-
íè÷åñêîãî óíèâåðñèòåòà. Ïðåäïîëàãàåòñÿ ñîáðàòü êîëëåê-
öèþ ñòðîìàòîëèòîâ èç ëóäëîâñêèõ îòëîæåíèé äëÿ ïîñëå-
äóþùåãî èçó÷åíèÿ èõ ìîðôîëîãè÷åñêîãî è ìèêðîñòðóê-
òóðíîãî ñòðîåíèÿ.

Èçó÷åíèå îñòàòêîâ îðãàíèçìîâ ïîçâîëèò óñòàíîâèòü
çàêîíîìåðíîñòè äèíàìèêè áèîòè÷åñêèõ êîìïëåêñîâ è èõ
ïàëåîáèîãåîãðàôèþ. Ìàòåðèàëû ìîíîãðàôè÷åñêîãî èçó-
÷åíèÿ êîëëåêöèé ôàóíû ïîçâîëÿò óòî÷íèòü ãðàíèöó ìåæ-
äó ÿðóñàìè ñèëóðà. Ëóäëîâñêî-ïðæèäîëüñêèé èíòåðâàë
ïðåäñòàâëÿåò îñîáûé èíòåðåñ äëÿ èññëåäîâàíèÿ è àíàëè-
çà êðèçèñîâ è ýâîëþöèè ôàóíèñòè÷åñêèõ àññîöèàöèé.

Îòðÿä ¹ 3 — íà÷àëüíèê À. Â. Ïàíôèëîâ

Ðàéîí ðàáîò: ßìàëî-Íåíåöêèé àâòîíîìíûé îêðóã
(áàññåéí ðåê Áîë. Õàðáåé, Ëîíãîòúåãàí, Õàäàòà).

Ñðîêè ðàáîò: 29 èþíÿ — 2 àâãóñòà
Öåëü ïîëåâûõ ðàáîò çàêëþ÷àåòñÿ â óòî÷íåíèè ñòðóê-

òóðû, âåùåñòâåííîãî ñîñòàâà, âîçðàñòà è óñòàíîâëåíèè
ãåîäèíàìè÷åñêîé ýâîëþöèè ìàãìàòè÷åñêèõ è ìåòàìîðôè-
÷åñêèõ îáðàçîâàíèé â ñåâåðíîé ÷àñòè çîíû Ãëàâíîãî
Óðàëüñêîãî ãëóáèííîãî ðàçëîìà (ìàðóíêåóñêèé ìåòàìîð-
ôè÷åñêèé êîìïëåêñ, íÿðîâåéñêàÿ è íåìóðúþãàíñêàÿ ñâè-
òû íÿðîâåéñêîãî êîìïëåêñà, õàíìåéõîéñêàÿ è ïàðèêâàñü-
øîðñêàÿ ñâèòû õàðáåéñêîãî ìåòàìîðôè÷åñêîãî êîìïëåê-
ñà). Èçó÷åíèå ïðîöåññîâ ìåòàìîðôè÷åñêîãî è ìåòàñîìà-
òè÷åñêîãî èçìåíåíèÿ ïîðîä. Òèïèçàöèÿ äîêåìáðèéñêèõ
ìàãìàòèòîâ îñíîâíîãî è óëüòðàîñíîâíîãî ñîñòàâà Õàðáåé-
ñêîãî âûñòóïà ïî ãåîõèìè÷åñêèì îñîáåííîñòÿì.

Îòðÿä ¹ 4 — íà÷àëüíèê Ì. Þ. Ñîêåðèí

Ðàéîí ðàáîò: Èíòèíñêèé ðàéîí ÐÊ
Ñðîêè ðàáîò: 10 èþëÿ — 31 èþëÿ.
Öåëü ðàáîò çàêëþ÷àåòñÿ â óòî÷íåíèè ìèíåðàëüíîãî

è õèìè÷åñêîãî ñîñòàâîâ, ñòàäèéíîñòè, âîçðàñòà è óñëî-
âèé îáðàçîâàíèÿ ðóä è ìåòàñîìàòèòîâ U-Ag (ßñíîå), Cu-
U (Íàðîäèíñêîå), çîëîòî-ñóëüôèäíî-êâàðöåâûõ (Ñè-
íèëüãà è Êàðàâàííîå) ðóäîïðîÿâëåíèé Òîðãîâñêî-Íàðî-
äèíñêîãî ðóäíîãî ðàéîíà.

ÝÊÑÏÅÄÈÖÈÎÍÍÛÉ ÑÅÇÎÍ — 2017 —
EXPEDITION’S SEASON

May — September — field season at the Institute of Geology of the Komi SC UB RAS. This year 10 geological parties were

formed. The field works are planned within Komi Republic, Nenets Autonomous District, Yamal-Nenets Autonomous District and

Perm region. The areas of work, the time of implementation, a brief description of objectives and expected results are presented.
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Â ðåçóëüòàòå ïîëåâûõ èññëåäîâàíèé ïðåäïîëàãàåòñÿ
ïîñòðîåíèå ãåîëîãè÷åñêèõ ìîäåëåé ïåðå÷èñëåííûõ òèïîâ
îðóäåíåíèÿ, âêëþ÷àÿ èõ ïîëîæåíèå â èñòîðèè ãåîëîãè-
÷åñêîãî ðàçâèòèÿ ðåãèîíà, è ðàçðàáîòêà ñîâðåìåííîãî
àêòóàëèçèðîâàííîãî êîìïëåêñà ïðîãíîçíûõ êðèòåðèåâ è
ïîèñêîâûõ ïðèçíàêîâ ïðîäóêòèâíîé ìèíåðàëèçàöèè
Öåíòðàëüíî-Óðàëüñêîé ìåãàçîíû ñåâåðà Óðàëà.

Îòðÿä ¹ 5 — íà÷àëüíèê À. Í. Ïëîòèöûí

Ðàéîí ðàáîò: øèðîòíîå òå÷åíèå ð. Êàðà íà öåíòðàëü-
íîì Ïàé-Õîå (Íåíåöêèé ÀÎ, ßìàëî-Íåíåöêèé ÀÎ).

Ñðîêè ðàáîò: 24 èþíÿ — 8 àâãóñòà
Öåëüþ ðàáîò ÿâëÿåòñÿ èçó÷åíèå ãåîëîãè÷åñêîãî ñòðîå-

íèÿ, ñîñòàâà è áèîòû âåðõíåäåâîíñêî-íèæíåêàìåííîóãîëü-
íûõ îòëîæåíèé â ðàéîíå ñóáøèðîòíîãî òå÷åíèÿ ð. Êàðà.

Ïî ðåçóëüòàòàì ðàáîò áóäóò ïîñòðîåíû ëèòîëîãè÷åñ-
êèå êîëîíêè è èíòåðïðåòèðîâàíû óñëîâèÿ ôîðìèðîâàíèÿ
ãëóáîêîâîäíûõ îòëîæåíèé âåðõíåäåâîíñêî-íèæíåêàìåí-
íîóãîëüíîãî ñòðàòèãðàôè÷åñêîãî èíòåðâàëà â íèæíåì
òå÷åíèè ð. Êàðà. Áóäåò îòîáðàí ìàòåðèàë äëÿ îáîñíîâà-
íèÿ ðÿäà ãðàíèö êðóïíûõ ñòðàòîíîâ â ðàññìàòðèâàåìîì
ðåãèîíå (ôàìåí-òóðíå, òóðíå-âèçå, âèçå-ñåðïóõîâ), à òàê-
æå óòî÷íåíèÿ îáúåìîâ è ñòðàòèãðàôè÷åñêîãî ïîëîæåíèÿ
êàðòèðóåìûõ ìåñòíûõ ïîäðàçäåëåíèé (ïóòüþñêàÿ, ãðîìà-
øîðñêàÿ, ñèëîâàÿõèíñêàÿ è êàðñêàÿ ñâèòû). Ïðèñòàëüíîå
âíèìàíèå áóäåò óäåëåíî ïðåäïîëàãàåìûì ñîáûòèéíûì
óðîâíÿì. Òàêæå áóäåò ïðîèçâåäåíî ïîïóòíîå îïðîáîâà-
íèå íèæíåêàìåííîóãîëüíûõ îòëîæåíèé Êàðñêîãî áàðè-
òîâîãî ìåñòîðîæäåíèÿ è ïîòåíöèàëüíî ìàðãàíöåíîñíûõ
ôàìåíñêèõ îòëîæåíèé.
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Îòðÿä ¹ 6 — íà÷àëüíèê È. Ñ. Êîòèê

Ðàéîí ðàáîò: Íåíåöêèé ÀÎ, áàññåéí ñðåäíåãî òå÷å-
íèÿ ð. Àäçüâà.

Ñðîêè ðàáîò: 31 èþëÿ — 11 ñåíòÿáðÿ
Öåëü ïîëåâûõ èññëåäîâàíèé çàêëþ÷àåòñÿ â óñòàíîâ-

ëåíèè ëèòîëîãî-ãåîõèìè÷åñêèõ îñîáåííîñòåé è óñëîâèé
îáðàçîâàíèÿ îòëîæåíèé, îñîáåííîñòåé òðåùèííîãî è
ïîðîâîãî ïðîñòðàíñòâà, ðàñïðåäåëåíèÿ â ðàçðåçå íåôòå-
ãàçîìàòåðèíñêèõ ïîðîä è ñîñòàâà ñîäåðæàùåãîñÿ â íèõ
îðãàíè÷åñêîãî âåùåñòâà.

Ïî ðåçóëüòàòàì ïîëåâûõ èññëåäîâàíèé áóäóò óñòàíîâ-
ëåíû ëèòîëîãî-ãåíåòè÷åñêèå îñîáåííîñòè ïàëåîçîéñêèõ
îòëîæåíèé, ïðîâåäåíà êà÷åñòâåííàÿ è êîëè÷åñòâåííàÿ
îöåíêà íåôòåãàçîìàòåðèíñêèõ ïîðîä, èçó÷åí ñîñòàâ è êà-
òàãåíåòè÷åñêàÿ çðåëîñòü îðãàíè÷åñêîãî âåùåñòâà.

Îòðÿä ¹ 7 — íà÷àëüíèê Ò. Ã. Øóìèëîâà

Ðàéîí ðàáîò: ðð. Ñàÿõà, Ïóòüþ, Ñèáèð÷àòà-ßõà, Ñî-
ï÷à-Þ, Êàðà (Íåíåöêèé ÀÎ, ßìàëî-Íåíåöêèé ÀÎ).

Ñðîêè ðàáîò: 31 èþëÿ — 31 àâãóñòà.
Öåëü ðàáîò ñîñòîèò â ïðîâåäåíèè ìèíåðàëîãî-ãåîõè-

ìè÷åñêîãî èññëåäîâàíèÿ è àíàëèçå ìîáèëèçàöèè ìèíå-
ðàëüíîãî âåùåñòâà óãëåðîäèñòûõ ïîðîä ïîäëîæêè ïðè
èíòåíñèâíîì èìïàêòíîì è ïîñòèìïàêòíûõ ïðîöåññàõ.

Ïî ðåçóëüòàòàì ïîëåâûõ èññëåäîâàíèé áóäåò ïðîâå-
äåí: 1) àíàëèç çàêîíîìåðíîñòåé ðàñïðîñòðàíåíèÿ âûäåëåí-
íûõ òèïîâ çþâèòîâ; 2) îòáîð êàìåííîãî ìàòåðèàëà äëÿ ìè-
íåðàëîãè÷åñêèõ èññëåäîâàíèé, ãåîõèìè÷åñêèõ è ïåòðîôè-
çè÷åñêèõ èññëåäîâàíèé èìïàêòèòîâ, âêëþ÷àÿ èçâëå÷åíèå
è èññëåäîâàíèå èìïàêòíûõ àëìàçîâ è ñîïóòñòâóþùèõ ìè-
íåðàëüíûõ ôàç; 3) âûÿâëåíèå îñîáåííîñòåé ðàñïðîñòðàíå-
íèÿ èìïàêòíûõ ñòåêîë æèëüíîãî òèïà; 4) îïðîáîâàíèå
èìïàêòíûõ ñòåêîë äëÿ äåòàëüíûõ èññëåäîâàíèé ôàçîâîãî
ñîñòîÿíèÿ è ñâîéñòâ; 5) àíàëèç ïîñòèìïàêòíûõ ãèäðîòåð-
ìàëüíûõ ïðåîáðàçîâàíèé è îòáîð êàìåííîãî ìàòåðèàëà
ïîðîä ìèøåíè äëÿ âûÿâëåíèÿ èíòåíñèâíîñòè ïîñòèìïàê-
òíûõ ïðåîáðàçîâàíèé è âîçìîæíîñòè êîíöåíòðèðîâàíèÿ
ïîëåçíûõ êîìïîíåíòîâ â ÷åðíûõ ñëàíöàõ.

Îòðÿä ¹ 8 — íà÷àëüíèê À. Ñ. Øóéñêèé

Ðàéîí ðàáîò: àäìèíèñòðàòèâíûé ðàéîí ã. Âîðêóòà;
ßìàëî-Íåíåöêèé ÀÎ Òþìåíñêîé îáëàñòè.

Ñðîêè ðàáîò: 24 èþíÿ — 1 àâãóñòà
I ýòàï: Âåðõîâüå ð. Åíãàíå-ÿõà (êðÿæ Åíãàíý-Ïý).
Öåëüþ ïîëåâûõ ðàáîò ÿâëÿåòñÿ èçó÷åíèå îñîáåííîñ-

òåé ñòðîåíèÿ íèæíåïàëåîçîéñêèõ òåððèãåííûõ òîëù â
çîíå ìåæôîðìàöèîííîãî êîíòàêòà óðàëèä/äîóðàëèä, âû-
ÿâëåíèå çàêîíîìåðíîñòåé îñàäêîíàêîïëåíèÿ ïîçäíåêåì-
áðèéñêî-ðàííåîðäîâèêñêîãî ýòàïà ðàçâèòèÿ, õàðàêòåðè-
çóþùåãî ñìåíó îáñòàíîâêè ýïèêîíòèíåíòàëüíîãî ðèôòî-
ãåíåçà íà îáñòàíîâêó ïàññèâíîé êîíòèíåíòàëüíîé îêðà-
èíû, óñòàíîâëåíèå âçàèìîîòíîøåíèÿ è ñòåïåíè âëèÿíèÿ
íà ñîñòàâ íèæíåïàëåîçîéñêèõ îòëîæåíèé, îñíîâíûõ è
êèñëûõ âóëêàíèòîâ, âûÿâëåíèå óñëîâèé, áëàãîïðèÿòíûõ
äëÿ ëîêàëèçàöèè ðåäêî- è áëàãîðîäíîìåòàëüíîé ìèíåðà-
ëèçàöèè. Èçó÷åíèå îòëîæåíèé ôóíäàìåíòà è íèæíåïà-
ëåîçîéñêèõ îòëîæåíèé ìàíèòàíûðäñêîé ñâèòû â çîíå
ìåæôîðìàöèîííîãî êîíòàêòà óðàëèä/äîóðàëèä, ñîñòàâà
âåðõíåðèôåé-âåíäñêèõ âóëêàíèòîâ áåäàìåëüñêîé ñâèòû
è âåðõíåêåìáðèéñêî-ðàííåîðäîâèêñêèõ îáðàçîâàíèé ëåê-
âîæñêîãî (?) êîìïëåêñà, âçàèìîîòíîøåíèÿ è ñîñòàâà âåð-

õíåêåìáðèéñêî-ðàííåîðäîâèêñêèõ âóëêàíèòîâ è íèæíå-
ïàëåîçîéñêèõ òåððèãåííûõ ïîðîä.

II ýòàï: õðåáåò Ìàðóíêåó.
Öåëüþ ðàáîò ÿâëÿåòñÿ âûÿâëåíèå ïîñëåäîâàòåëüíîñ-

òè ôîðìèðîâàíèÿ àêêðåöèîííî-êîëëèçèîííîé ñòðóêòó-
ðû ýêëîãèò-ãíåéñîâîãî ìàðóíêåóñêîãî êîìïëåêñà è åãî
îáðàìëåíèÿ.

III ýòàï: þæíàÿ ÷àñòü Ãåðäèçñêîãî ìàññèâà.
Öåëü ðàáîòû ñîñòîèò â èçó÷åíèè þæíîé ÷àñòè Ãåðä-

çèñêîãî ìàññèâà, îòáîð ïðîá è ôîòîäîêóìåíòàöèÿ. Â ðå-
çóëüòàòå ïðîâåä¸ííûõ èññëåäîâàíèé áóäåò óòî÷íåíà òè-
ïèçàöèÿ ãðàíèòíîãî ìàññèâà, â òîì ÷èñëå ãåîõèìè÷åñêàÿ
õàðàêòåðèñòèêà.

Îòðÿä ¹ 9 — íà÷àëüíèê Ä. Á. Ñîáîëåâ

Ðàéîí ðàáîò: Ïåðìñêèé êðàé, ð. Âèæàÿ (ïðèòîê ð. ×ó-
ñîâàÿ), ð. Êîñüâà.

Ñðîêè ðàáîò: 16 èþëÿ — 3 àâãóñòà
Öåëüþ ïîëåâûõ ðàáîò ÿâëÿåòñÿ èññëåäîâàíèå ñòðîå-

íèÿ ðàçðåçîâ è îðãàíè÷åñêèõ îñòàòêîâ âåðõíåãî äåâîíà è
íèæíåãî êàðáîíà â ñêëîíîâûõ è ãëóáîêîâîäíî-øåëüôî-
âûõ ôàöèÿõ.

Ñáîð è èçó÷åíèå ìèêðîôàóíèñòè÷åñêèõ îñòàòêîâ (êî-
íîäîíòû è îñòðàêîäû) ïîçâîëèò äîïîëíèòü èìåþùèåñÿ
ñõåìû ýâîëþöèîííûõ ïðåîáðàçîâàíèé â ðàçëè÷íûõ çîíàõ
ïàëåîáàññåéíà, ÷òî ïîâûñèò íàäåæíîñòü ìåæðåãèîíàëü-
íîé êîððåëÿöèè. Îòáîð è äåòàëüíîå îïèñàíèå ôàóíû ñòðî-
ìàòîïîðîèäåé èç îáíàæåíèé äåâîíà è íèæíåãî êàðáîíà
ïîçâîëèò ïðîñëåäèòü ýâîëþöèîííûå èçìåíåíèÿ êîìïëåê-
ñîâ ñòðîìàòîïîðîèäåé. Ôîðìû ðîñòà ñòðîìàòîïîðîèäåé,
õàðàêòåð èõ èçìåí÷èâîñòè, âçàèìîîòíîøåíèÿ ñ âìåùàþ-
ùèìè ïîðîäàìè ïîñëóæàò îäíèì èç ïðèçíàêîâ îïðåäåëå-
íèÿ óñëîâèé ñðåäû, â êîòîðûõ îíè ôîðìèðîâàëèñü. Áó-
äåò îòáèðàòüñÿ òàêæå êîðàëëîâàÿ ôàóíà (òàáóëÿòû, ãåëèî-
ëèòîèäåè è ò. ä.), è îïðåäåëåíà ðîëü ìàêðîôàóíû â ðàç-
âèòèè áèîöåíîçîâ äåâîíà è êàðáîíà íà Çàïàäíîì ñêëîíå
Ñðåäíåãî Óðàëà.

Îòðÿä ¹ 10 — íà÷àëüíèê È. Â. Êðÿæåâà

Ðàéîí ðàáîò: Ñåâåðíûé Óðàë, Âóêòûëüñêèé ð-í ÐÊ,
(ð. Ïîä÷åðåì), Íàöèîíàëüíûé ïàðê «Þãûä Âà».

Ñðîêè ðàáîò: 26 èþíÿ — 25 èþëÿ.
Öåëü ïîëåâûõ èññëåäîâàíèé çàêëþ÷àåòñÿ â èçó÷åíèè

ïàëåîçîéñêèõ êàðñòóþùèõñÿ îòëîæåíèé, ãäå âûñîêà âå-
ðîÿòíîñòü îáíàðóæåíèÿ ïîëîñòåé ñ îñòàòêàìè ïëåéñòî-
öåíîâîé ôàóíû. Ìàòåðèàë èç ýòîãî ðàéîíà (îò óñòüÿ ð. Îð-
ëîâêà äî óñòüÿ ðó÷. Áîëüøàÿ Äðåâÿòíèöà) ïîçâîëèò áîëåå
ïîëíî, äåòàëüíî ïðîñëåäèòü èñòîðèþ ôîðìèðîâàíèÿ ñî-
âðåìåííîé ôàóíû ïðåäãîðèé Óðàëà è âûÿâèòü îñîáåííî-
ñòè ïëåéñòîöåí-ãîëîöåíîâîé èñòîðèè òåðèîôàóíû ýòîãî
ðàéîíà â ñðàâíåíèè ñ ëó÷øå èçó÷åííîé ôàóíîé äðóãèõ
ðàéîíîâ è â èòîãå îïèñàòü èñòîðèþ ôîðìèðîâàíèÿ ìèê-
ðîòåðèîôàóíû Ðåñïóáëèêè Êîìè.

Â ðåçóëüòàòå âûïîëíåíèÿ ïîëåâûõ ðàáîò ïëàíèðóåòñÿ
âûÿâèòü çàêîíîìåðíîñòè èñòîðè÷åñêîãî ðàçâèòèÿ ñîîá-
ùåñòâ (ñîñòàâà è ýêîëîãè÷åñêîé ñòðóêòóðû) ìëåêîïèòàþ-
ùèõ Ñåâåðíîãî Óðàëà íà ôîíå äèíàìèêè êëèìàòà è ïðè-
ðîäíîé ñðåäû. Íà îñíîâå îñîáåííîñòåé ìîðôîëîãèè ïðåä-
ïîëàãàåòñÿ óñòàíîâèòü çàêîíîìåðíîñòè ôèëåòè÷åñêîé ýâî-
ëþöèè íàèáîëåå ìàññîâûõ âèäîâ ãðûçóíîâ è ðåêîíñòðóè-
ðîâàòü ïàëåîãåîãðàôè÷åñêóþ îáñòàíîâêó âðåìåíè íàêîï-
ëåíèÿ ðûõëûõ îòëîæåíèé è èñêîïàåìûõ îñòàòêîâ.
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Âàëåðèé Èâàíîâè÷ Ñèëàåâ ðîäèëñÿ 11 èþíÿ 1947 ã. â
êàçà÷üåé ñòàíèöå íà òåððèòîðèè ñîâðåìåííîé ×å÷íè â
ñåìüå âîåííîñëóæàùåãî. Ñðåäíþþ øêîëó îêîí÷èë â
1965 ã. â ã. Ëèïåöêå, Ðîñòîâñêèé ãîñóíèâåðñèòåò — â
1970 ã. Ïîñëå îêîí÷àíèÿ óíèâåðñèòåòà ðàáîòàë â Èíñòè-
òóòå ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ â äîëæíîñòè ñòàðøåãî
ëàáîðàíòà, ìëàäøåãî, ñòàðøåãî, âåäóùåãî, ãëàâíîãî íà-
ó÷íîãî ñîòðóäíèêà. Ñ 1970 ïî 1973 ãã. ó÷èëñÿ â î÷íîé àñ-
ïèðàíòóðå ïðè Êîìè ôèëèàëå ÀÍ ÑÑÑÐ. Â 1975 ã. çàùè-
òèë êàíäèäàòñêóþ äèññåðòàöèþ íà òåìó «Ìèíåðàëîãèÿ è
ëèòîãåíåç îðäîâèêñêèõ îòëîæåíèé Öåíòðàëüíîãî Ïàé-
Õîÿ», à â 2006 ã. — äîêòîðñêóþ íà òåìó «Ìåõàíèçìû è çà-
êîíîìåðíîñòè ýïèãåíåòè÷åñêîãî ìàðãàíöåâîãî ìèíåðà-
ëîîáðàçîâàíèÿ».

Âàëåðèé Èâàíîâè÷ — èçâåñòíûé ñïåöèàëèñò â îá-
ëàñòè ìèíåðàëîãèè, ãåîõèìèè è ïðîáëåì ðóäîîáðàçîâà-
íèÿ. Èì âíåñåí áîëüøîé âêëàä â èçó÷åíèå ìåäíî-ìîëèá-
äåíîâûõ, êîë÷åäàííî-ïîëèìåòàëëè÷åñêèõ, áàðèò-ïîëè-
ìåòàëëè÷åñêèõ, ìàðãàíöåâûõ ìåñòîðîæäåíèé Ñåâåðíî-
ãî è Ïðèïîëÿðíîãî Óðàëà è î. Âàéãà÷. Îí âûÿâèë çàêî-
íîìåðíîñòè îáðàçîâàíèÿ è ëîêàëèçàöèè ðóäíûõ ñêîï-
ëåíèé, ðàçðàáîòàë ìèíåðàëîãî-ãåîõèìè÷åñêèå èíäèêà-
òîðû ðóäîïðîÿâëåíèé, êðèòåðèè èõ ïîèñêîâ è îöåíêè.
Óäåëÿåò îñîáîå âíèìàíèå èçó÷åíèþ ìèíåðàëèçàöèè êîð
âûâåòðèâàíèÿ íà Ïîëÿðíîì è Ïðèïîëÿðíîì Óðàëå. Èì
èçó÷åíû ôîñôàòîíîñíûå êîðû âûâåòðèâàíèÿ, îõàðàêòå-
ðèçîâàíà èõ çîíàëüíîñòü, îòêðûò ðÿä íîâûõ äëÿ ðåãèîíà
ìèíåðàëîâ, îïèñàíû íîâûå ðàçíîâèäíîñòè ðåäêèõ êàð-
áîíàòîâ è ôîñôàòîâ, äàíû ïðàêòè÷åñêèå ðåêîìåíäàöèè
ïî òåõíîëîãèè îáîãàùåíèÿ è ïåðåðàáîòêè ìåñòíûõ ôîñ-
ôàòíûõ ðóä. Îí ðàçðàáîòàë óíèâåðñàëüíûé ìèíåðàëîãî-
ãåîõèìè÷åñêèé ìåòîä îöåíêè ðóäîíîñíîñòè. Ïîëó÷èë
ïðèíöèïèàëüíî íîâûå äàííûå î ìèíåðàëîãèè àëìàçîâ
è ìàíòèéíîì ìèíåðàëîîáðàçîâàíèè. Íà ñåâåðå Óðàëà
âûÿâèë îñîáûé òèï àëëþâèàëüíûõ çîëîòîïëàòèíîâûõ
ðîññûïåé, â ðåçóëüòàòå èçó÷åíèÿ çîëîòîíîñíûõ êîð âû-
âåòðèâàíèÿ îïðåäåëèë ãåíåòè÷åñêèå îñîáåííîñòè ãèïåð-
ãåííî-ìîäèôèöèðîâàííîãî çîëîòà, ÷òî äàåò âîçìîæ-
íîñòü áîëåå ýôôåêòèâíî îöåíèâàòü ïåðñïåêòèâû ãèïåð-

ãåííîé áëàãîðîäíîìåòàëëè÷åñêîé ðóäîíîñíîñòè íà Ïðè-
ïîëÿðíîì Óðàëå. Â íàñòîÿùåå âðåìÿ èì âåäóòñÿ èññëå-
äîâàíèÿ â îáëàñòè ìèíåðàëîîáðàçîâàíèÿ â óñëîâèÿõ ñî-
âðåìåííîãî âóëêàíèçìà ñ àêöåíòîì íà ìíîãîôàçíûé óã-
ëåðîäíûé âóëêàíîãåííûé ïàðàãåíåçèñ, à òàêæå ìèíåðà-
ëîãî-ãåîõèìè÷åñêèå èññëåäîâàíèÿ èñêîïàåìîãî êîñòíî-
ãî äåòðèòà â ñâÿçè ñ ðåøåíèåì ïàëåîíòîëîãè÷åñêèõ, àð-
õåîëîãè÷åñêèõ è àíòðîïîëîãè÷åñêèõ çàäà÷. Îí àâòîð áî-
ëåå 400 íàó÷íûõ ïóáëèêàöèé, â òîì ÷èñëå 12 ìîíîãðà-
ôèé è 13 áðîøþð, è îäíîãî èçîáðåòåíèÿ.

Âàëåðèé Èâàíîâè÷ ïðèíèìàåò ó÷àñòèå â ïîäãîòîâêå
íàó÷íûõ êàäðîâ. Ïîä åãî ðóêîâîäñòâîì çàùèùåíî íå-
ñêîëüêî êàíäèäàòñêèõ äèññåðòàöèé, äèïëîìíûå è êóðñî-
âûå ðàáîòû ñòóäåíòîâ êàôåäðû ãåîëîãèè Ñûêòûâêàðñêî-
ãî ãîñóíèâåðñèòåòà. Îí ÷èòàë ëåêöèè è âåë çàíÿòèÿ ïî
êóðñó «Îñíîâû ôèçèêî-õèìè÷åñêîé ãåîëîãèè» íà êàôåä-
ðå ãåîëîãèè. ßâëÿåòñÿ ÷ëåíîì Óðàëüñêîé àêàäåìèè ãåî-
ëîãè÷åñêèõ íàóê.

Âàëåðèé Èâàíîâè÷ Ñèëàåâ íàãðàæäåí ïî÷åòíûìè
ãðàìîòàìè ÊÍÖ ÓðÎ ÀÍ ÑÑÑÐ (1981, 1987), ÓðÎ ÀÍ
ÑÑÑÐ (1988), Ðåñïóáëèêè Êîìè (1997), ÐÀÍ è Ïðîôñîþ-
çà ÐÀÍ (2004), çíàêîì «Ãîðíÿöêàÿ ñëàâà» 3 ñòåïåíè (2008),
Ïðåìèåé ÐÊ â îáëàñòè íàóêè (2009), ïî÷åòíûì çíàêîì
«Çà áåçóïðå÷íóþ ñëóæáó ÐÊ» (2014).

Ïîçäðàâëÿåì Âàëåðèÿ Èâàíîâè÷à ñ þáèëååì, æåëà-
åì òâîð÷åñêîãî äîëãîëåòèÿ!

ÌÈÍÅÐÀËÎÃ Ñ ÁÎËÜØÎÉ ÁÓÊÂÛ
Ê 70-ëåòíåìó þáèëåþ äîêòîðà ãåîëîãî-ìèíåðàëîãè÷åñêèõ íàóê Âàëåðèÿ Èâàíîâè÷à Ñèëàåâà

MINERALOGIST WITH A CAPITAL M
70th anniversary of Doctor of Geological and
Mineralogical sciences Valery Ivanovich Silaev

Chief researcher of Laboratory of Petrography Doctor

of Geological and Mineralogical sciences Valery Ivanovich

Silaev is a prominent specialist in mineralogy, geochemistry

and ore formation problems. He has greatly contributed to

the study of copper-molybdenum, pyrite-polymetallic,

barite-poly-metallic, manganese deposits of Northern and

Polar Urals and Vaygach Island. At present he is studying the

mineral formation in conditions of modern volcanic activity

with a stress to multiphase carbon volcanic paragenesis; and

he is also conducting mineralogical and geochemical

researches of fossilized bone detritus to solve

paleontological, archeological and anthropological

challenges.
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Íàòàëüÿ Âàëåðüåâíà — êàíäèäàò ãåîëîãî-ìèíåðàëî-
ãè÷åñêèõ íàóê, ñòàðøèé íàó÷íûé ñîòðóäíèê ëàáîðàòî-
ðèè ñòðàòèãðàôèè Èíñòèòóòà ãåîëîãèè èì. àêàäåìèêà
Í. Ï. Þøêèíà Êîìè ÍÖ ÓðÎ ÐÀÍ. Ðîäèëàñü â ã. Âîð-
êóòå. Â Óõòå ïðîøëè åå øêîëüíûå ãîäû è ó÷åáà â Óõòèí-
ñêîì èíäóñòðèàëüíîì èíñòèòóòå íà ãåîëîãè÷åñêîì ôà-
êóëüòåòå.

Â 1979 ã. ïîñëå îêîí÷àíèÿ èíñòèòóòà Íàòàëüÿ Âàëå-
ðüåâíà ðàáîòàëà ãåîëîãîì â Óõòèíñêîé ñåéñìîðàçâåäî÷-
íîé ýêñïåäèöèè ÏÃÎ «Ïå÷îðàãåîôèçèêà», â Òèìàíî-Ïå-
÷îðñêîì îòäåëåíèè ÂÍÈÃÐÈ, ãäå ó÷àñòâîâàëà â ëèòî-
ëîãè÷åñêèõ è ñòðàòèãðàôè÷åñêèõ èññëåäîâàíèÿõ, à ñ
1985 ã. íà÷àëà èçó÷åíèå ïàëèíîëîãèè òðèàñîâûõ îòëîæå-
íèé Òèìàíî-Ïå÷îðñêîé íåôòåãàçîíîñíîé ïðîâèíöèè. Â
1989 ã. ïî ïðèãëàøåíèþ ä. ã.-ì. í. Â. À. Äåäååâà îíà ïðè-
øëà íà ðàáîòó â îòäåë ãåîëîãèè ãîðþ÷èõ èñêîïàåìûõ
Èíñòèòóòà ãåîëîãèè Êîìè íàó÷íîãî öåíòðà ÓðÎ ÀÍ
ÑÑÑÐ.

Â 1998 ã. â Ñàðàòîâñêîì ãîñóäàðñòâåííîì óíèâåð-
ñèòåòå Í. Â. Èëüèíà çàùèòèëà êàíäèäàòñêóþ äèññåðòà-
öèþ ïî òåìå «Ñðåäíåòðèàñîâûå êîìïëåêñû ìèîñïîð Òè-
ìàíî-Ñåâåðîóðàëüñêîãî ðåãèîíà è èõ ñòðàòèãðàôè÷åñ-
êîå çíà÷åíèå», â êîòîðîé áûëà ïðåäñòàâëåíà ðàçðàáî-
òàííàÿ åþ äåòàëüíàÿ áèîñòðàòèãðàôè÷åñêàÿ ñõåìà ðàñ-
÷ëåíåíèÿ ïî ìèîñïîðàì ñðåäíåòðèàñîâûõ îòëîæåíèé
Òèìàíî-Ñåâåðîóðàëüñêîãî ðåãèîíà. Åþ áûëè ñóùå-
ñòâåííî óòî÷íåíû ïàëèíîëîãè÷åñêàÿ õàðàêòåðèñòèêà
íèæíåòðèàñîâûõ îòëîæåíèé è ñòðàòèãðàôè÷åñêèé
îáúåì âåðõíåãî òðèàñà â ðåãèîíå. Â ñîàâòîðñòâå ñ ñî-
òðóäíèêàìè Ïàëåîíòîëîãè÷åñêîãî èíñòèòóòà ÐÀÍ áûëà
ðàçðàáîòàíà íîâàÿ êîððåëÿöèîííàÿ ñòðàòèãðàôè÷åñêàÿ
ñõåìà òðèàñîâûõ îòëîæåíèé Ñåâåðíîãî Ïðèóðàëüÿ,
ïðèíÿòàÿ íà IV Óðàëüñêîì ìåæâåäîìñòâåííîì ñòðàòèã-
ðàôè÷åñêîì ñîâåùàíèè. Â ñõåìå áûë óòî÷íåí, à â íå-
êîòîðûõ ñëó÷àÿõ èçìåíåí âîçðàñò ðÿäà ëèòîñòðàòèãðà-
ôè÷åñêèõ ïîäðàçäåëåíèé, ïðåäëîæåí íîâûé âàðèàíò èõ
êîððåëÿöèè ñ ïîäðàçäåëåíèÿìè òðèàñà Ïå÷îðñêîé ñè-
íåêëèçû. Â ïîñëåäóþùèå ãîäû òåððèòîðèÿ èññëåäîâà-
íèé Íàòàëüè Âàëåðüåâíû çíà÷èòåëüíî ðàñøèðèëàñü. Â
ñîòðóäíè÷åñòâå ñî ñïåöèàëèñòàìè ÔÃÓÍÏÏ «Àýðîãå-
îëîãèÿ» Í. Â. Èëüèíà ïî ðåçóëüòàòàì èçó÷åíèÿ îïîð-
íûõ ðàçðåçîâ äåòàëèçèðîâàëà è ñóùåñòâåííî äîïîëíè-

ëà ïàëèíîëîãè÷åñêóþ õàðàêòåðèñòèêó òðèàñîâûõ îòëî-
æåíèé ñåâåðà Ñðåäíåé Ñèáèðè.

Íàòàëüÿ  Âàëåðüåâíà ó÷àñòâîâàëà â Ìåæäóíàðîäíîé
àðêòè÷åñêîé êîððåëÿöèîííîé ïðîãðàììå è Êåìáðèäæ-
ñêîé ïðîãðàììå èññëåäîâàíèé Àðêòè÷åñêîãî øåëüôà.
Ðåçóëüòàòû åå èññëåäîâàíèé îïóáëèêîâàíû â íàó÷íûõ
îò÷åòàõ è ñòàòüÿõ. Îíà ÿâëÿåòñÿ ÷ëåíîì ðàáî÷åé ãðóïïû
ïî îëåíåêñêî-àíèçèéñêîé ãðàíèöå òðèàñîâîé ïîäêîìèñ-
ñèè Ìåæäóíàðîäíîé ñòðàòèãðàôè÷åñêîé êîìèññèè, àê-
òèâíî ó÷àñòâóåò â ðàáîòå ðîññèéñêèõ è ìåæäóíàðîäíûõ
ñîâåùàíèé. Â 2011 ã. óñïåøíî îðãàíèçîâàëà è ïðîâåëà
ÕIII Ðîññèéñêóþ ïàëèíîëîãè÷åñêóþ êîíôåðåíöèþ ñ
ìåæäóíàðîäíûì ó÷àñòèåì â Èíñòèòóòå ãåîëîãèè (ã. Ñûê-
òûâêàð).

Äîðîãàÿ Íàòàëüÿ Âàëåðüåâíà, æåëàåì óñïåøíîãî
ïðîäîëæåíèÿ íàó÷íîé äåÿòåëüíîñòè. Ñ÷àñòüÿ, çäîðîâüÿ
Âàì è Âàøèì áëèçêèì!

ÊÎÐÎËÅÂÀ ÏÀËÈÍÎËÎÃÈÈ
(ê 60-ëåòíåìó þáèëåþ)

THE QUEEN OF PALYNOLOGY
(To the 60th anniversary)

Natalya Ilyina is a senior researcher of the Institute of

Geology, a well known specialist on Triassic stratigraphy and

palynology. She is a corresponding member of Subcommis-

sion on Triassic Stratigraphy, Base Anisian Task Group, In-

ternational Commission on Stratigraphy. According to the

results of investigations among the scientific works pub-

lished by her the most important is the monograph «Pali-

nostratigraphy of the Middle Triassic in the Timan-North-

Uralian Region».

Ïûëüöà îäóâàí÷èêà. Ôîòî Î. Äçþáà
Dandelion pollen. Photo by O. Dzyuba
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4 èþíÿ èñïîëíèëîñü áû 85 ëåò Ëüâó Âàñèëüåâè÷ó
Ìàõëàåâó.

Æèçíü åãî ïðîøëà â âûñîêèõ øèðîòàõ Àðêòèêè, íà
âûñîêèõ ïåäàãîãè÷åñêèõ ïàðàëëåëÿõ, íà âûñîêîé ïåòðîã-
ðàôè÷åñêîé, ïðîôåññèîíàëüíîé è ïðîñòî ÷åëîâå÷åñêîé
âûñîòå.

Îòêóäà â ìàëü÷èêå ñî Ñìîëåíùèíû ìå÷òû î áåñêðàé-
íèõ ñåâåðíûõ ïðîñòîðàõ, î ñòðàííîì êàìíå ãðàíèòíîì,
îòêóäà ëþáîïûòñòâî è ëþáîâü ê íàóêå? Ïðåäâîåííûå
ãîäû, âîéíà è âñå ðàâíî — çîëîòàÿ øêîëüíàÿ ìåäàëü, ïîñ-
ëåâîåííûå òÿæåëûå ãîäû — è îòëè÷íî çàâåðøåííàÿ ó÷å-
áà â Ëåíèíãðàäñêîì ãîñóäàðñòâåííîì óíèâåðñèòåòå.

Ïåðâîå âñòóïëåíèå íà äîðîãè, ïî êîòîðûì íàäî èäòè,
â íåïðîñòûå ãåîëîãè÷åñêèå ìàðøðóòû è òàêèå æå íåïðî-
ñòûå æèçíåííûå ïóòè. Íàäî èñêàòü, íàõîäèòü è íå ñäà-
âàòüñÿ, íàäî âåðèòü â ñâîþ çâåçäó.

Ëåíèíãðàä, Êðàñíîÿðñê, Ñûêòûâêàð; Òàéìûð, Åíè-
ñåéñêèé êðÿæ, Ïðèàíàáàðüå, Ïîëÿðíûé è Ïðèïîëÿðíûé
Óðàë. Äèññåðòàöèè çàùèùåíû, êîíöåïöèè ëîæàòñÿ â ñëî-
âà, ñòðîêè, êîòîðûå óæå ïðîñòóïàþò íà ÷èñòûõ ëèñòàõ:

—óñòàíîâëåíî íàñëåäîâàíèå ãðàíèòîèäàìè îñîáåí-
íîñòåé ñîñòàâà ïåðâè÷íûõ ãðàíèòîîáðàçóþùèõ ñóáñòðà-
òîâ… èçîëèòîãåííûå ãðàíèòíûå ðÿäû… óëüòðàìåòàìîð-
ôè÷åñêîå ïðåîáðàçîâàíèå ëèòîëîãè÷åñêè îäíîòèïíûõ
èñõîäíûõ ïîðîä… ôîðìèðîâàíèå êîðîâûõ ïàëèíãåííî-
àíàòåêòè÷åñêèõ ãðàíèòíûõ ìàãì;

—ïîäòâåðæäåíû êàê îñîáûé òèï òèòàíîíîñíûõ ïî-
ðîä íà Ñåâåðíîì Òàéìûðå èëüìåíèòñîäåðæàùèå ìåòà-
ìîðôè÷åñêèå ñëàíöû;

—âûäåëåíû íîâûå ýíäîãåííûå îáðàçîâàíèÿ — èíò-
ðóçèâíûå ïèðîêëàñòèòû: òóôôèçèòû è âàëóííûå äàéêè;

—îáîñíîâàíà ïåòðîëîãèÿ ïñåâäîîæèæåííûõ ñèñ-
òåì — ôëþèäèçàòíàÿ ïåòðîëîãèÿ.

Çà ýòèìè ñòðî÷êàìè — öåëàÿ æèçíü…
Ó êàæäîãî ñâîè äîðîãè è ñâîè ó÷èòåëÿ, íî êîãäà-òî

íàñòóïàåò âðåìÿ è ïðèõîäèòñÿ ñàìîìó ñòàíîâèòüñÿ ó÷è-
òåëåì. Ëåâ Âàñèëüâè÷ Ìàõëàåâ — âåäóùèé ñïåöèàëèñò â
îáëàñòè ïåòðîãðàôèè ìàãìàòè÷åñêèõ è ìåòàìîðôè÷åñêèõ
ïîðîä. Ë. Â. Ìàõëàåâ — ïðîôåññîð — è íå íóæíî íè÷åãî
áîëåå äîáàâëÿòü. Âäîõíîâåííûå ëåêöèè êóðñîâ îáùåé ãåî-
ëîãèè, ïåòðîãðàôèè, ìåòàìîðôèçìà â ñòåíàõ Êðàñíîÿðñ-
êîãî èíñòèòóòà, Ñûêòûâêàðñêîãî óíèâåðñèòåòà. Ñîòíè

Remembering Lev Vasilyevich Makhlaev — a leading specialist in the petrography of magmatic and metamorphic rocks.

ÍÀ ÂÛÑÎÊÈÕ ØÈÐÎÒÀÕ… • IN HIGH LATITUDES…

ïîäãîòîâëåííûõ ñòóäåíòîâ, äåñÿòêè êàíäèäàòîâ. Ðóêîâîä-
ñòâî ñåêòîðàìè, ëàáîðàòîðèÿìè è êàôåäðàìè. Áîëåå 200
òðóäîâ, 15 ìîíîãðàôèé è ó÷åáíûõ ïîñîáèé, ðÿä èçäàííûõ
ãåîëîãè÷åñêèõ êàðò îòäåëüíûõ òåððèòîðèé è ðåãèîíîâ
Ñèáèðè, ðóêîâîäñòâî ïðîåêòàìè. Íàãðàäû, ãðàìîòû, áëà-
ãîäàðñòâåííûå ïèñüìà, ìåäàëè.

Ïðîæèòà ïîëíàÿ íàñûùåííàÿ æèçíü. Îñòàëèñü ñëå-
äû íà êðàåøêå Çåìëè áëèç Ëåäîâèòîâîãî îêåàíà, îñòàëèñü
êíèãè, îñòàëèñü ëþäè, êîòîðûå åãî çíàëè è òå, êîòîðûì
îí ïðèâèë ëþáîâü ê ãåîëîãèè. Òåïåðü îíè èäóò ýòèìè ìàð-
øðóòàìè, ïðåóìíîæàÿ òî, ÷òî áûëî äåëîì ïåðâûõ.

Î. Óäîðàòèíà

Íà Òàéìûðå / At Taymyr

Õàòàíãñêèé ðåéä / Khatanga road

Ñêàëà Ïîÿñîâàòàÿ, ð. Ïèæìà, Ñðåäíèé Òèìàí, ôîòî Ä. Õèïåëè
Poyasovataya rock, Pizhma river, Middle Timan. Photo by D. Khipeli
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7 èþíÿ èñïîëíÿåòñÿ 80 ëåò Òàìàðå Èâàíîâíå Èâà-
íîâîé. Äàæå òðóäíî ïðåäñòàâèòü, ÷òî 57 ëåò ñâîåé æèç-
íè Òàìàðà Èâàíîâíà ïîäàðèëà (ïî-äðóãîìó è íå ñêà-
æåøü!) Èíñòèòóòó ãåîëîãèè, êóäà îíà â àâãóñòå 1959 ã.
ïîñòóïèëà íà ðàáîòó ïîñëå îêîí÷àíèÿ ôèçèêî-ìàòåìà-
òè÷åñêîãî ôàêóëüòåòà Ïåòðîçàâîäñêîãî ãîñóäàðñòâåííî-
ãî óíèâåðñèòåòà.

Òàìàðà Èâàíîâíà ïðîøëà îñíîâíûå còóïåíüêè íà-
ñòîÿùåãî àêàäåìè÷åñêîãî íàó÷íîãî ðàáîòíèêà. Ïåðâàÿ èç
íèõ — ñòàðøèé ëàáîðàíò. Çàòåì ïîñëåäîâàë ïåðåâîä íà
äîëæíîñòü ìëàäøåãî íàó÷íîãî ñîòðóäíèêà ëàáîðàòîðèè
ìèíåðàëîãèè è øëèõîâîãî àíàëèçà, à ñ 1990 ã. è äî âûõî-
äà íà çàñëóæåííûé îòäûõ â 2017 ã. Òàìàðà Èâàíîâíà ðà-
áîòàëà â äîëæíîñòè ñòàðøåãî íàó÷íîãî ñîòðóäíèêà ëàáî-
ðàòîðèè õèìèè ìèíåðàëüíîãî ñûðüÿ.

Âñÿ íàó÷íàÿ äåÿ-
òåëüíîñòü è íàó÷íûå
èíòåðåñû Ò. È. Èâà-
íîâîé íåðàçðûâíî
ñâÿçàíû ñ äâóìÿ ïîíÿ-
òèÿìè — «ãåîõèìèÿ» è
«ñïåêòðàëüíûé àíà-
ëèç». Ðåçóëüòàòû ìíî-
ãîëåòíèõ èññëåäîâà-
íèé îáîáùåíû â êàí-
äèäàòñêîé äèññåðòà-
öèè íà òåìó «Ãåîõè-
ìèÿ ìàëûõ ýëåìåíòîâ
â êàìåííîóãîëüíûõ
êàðáîíàòíûõ ïîðîäàõ
âîñòî÷íîãî îáðàìëå-
íèÿ Âåðõíåïå÷îðñêîé
âïàäèíû», êîòîðóþ

Òàìàðà Èâàíîâíà çàùèòèëà â 1980 ã. Ðåçóëüòàòû íàó÷íûõ
èññëåäîâàíèé â îáëàñòè ãåîõèìèè è ñïåêòðàëüíîãî àíà-
ëèçà Òàìàðà Èâàíîâíà íåîäíîêðàòíî äîêëàäûâàëà íà êîí-
ôåðåíöèÿõ è ñîâåùàíèÿõ ðàçëè÷íîãî óðîâíÿ, âêëþ÷àÿ
ìåæäóíàðîäíûé. Îíà àâòîð è ñîàâòîð áîëåå 60 íàó÷íûõ
ðàáîò, â òîì ÷èñëå 6 ìîíîãðàôèé.

Òàìàðà Èâàíîâà îòíîñèòñÿ ê íàó÷íûì ñîòðóäíè-
êàì, êîòîðûå â ïðÿìîì ñìûñëå ñîçäàâàëè ñîâðåìåííûé
îáëèê Èíñòèòóòà ãåîëîãèè, çàêëàäûâàëè îñíîâû ìåòî-
äîâ è ïîäõîäîâ ê èññëåäîâàíèþ ãîðíûõ ïîðîä è ìèíå-
ðàëîâ. Ïîæàëóé, ãëàâíîå òî, ÷òî áûëè ñôîðìèðîâàíû
òðàäèöèè âûñîêîêà÷åñòâåííûõ èññëåäîâàíèé, òî÷íûõ
èçìåðåíèé, ïðîôåññèîíàëèçìà è îòâåòñòâåííîñòè, êî-
òîðûìè âñåãäà îòëè÷àëèñü ðàáîòû ñîòðóäíèêîâ Èíñòè-
òóòà ãåîëîãèè.

Òàìàðà Èâàíîâíà äëèòåëüíîå âðåìÿ ðóêîâîäèëà ãðóï-
ïîé ñïåêòðàëüíîãî àíàëèçà ëàáîðàòîðèè õèìèè ìèíåðàëü-
íîãî ñûðüÿ. Ñâîè çíàíèÿ â îáëàñòè ãåîõèìèè ìàëûõ ýëå-
ìåíòîâ, ýìèññèîííîãî ñïåêòðàëüíîãî àíàëèçà, àâòîìàòè-
çàöèè ñïåêòðàëüíûõ èçìåðåíèé è ðàñ÷åòîâ îíà ïåðåäàâà-
ëà ìîëîäûì ñîòðóäíèêàì.

Íåðàçðûâíî ñ íàóêîé â æèçíè Òàìàðû Èâàíîâíû
ïðèñóòñòâóþò ëþáîâü ê ìóçûêå è ëþáîâü ê æèâîòíûì.
Äîðîãàÿ Òàìàðà Èâàíîâíà! Æåëàåì Âàì êàê ìîæíî áîëü-
øå çäîðîâüÿ, ñ÷àñòüÿ è ìóçûêè ëþáâè!

MASTER OF SPECTRAL ANALYSIS
Celebrating Tamara Ivanovna Ivanova’s

80th anniversary
On the 7th of June Tamara Ivanovna Ivanova cel-

ebrated her 80th anniversary. She is a highly qualified
expert in the field of emission spectral analysis and
geochemistry of small elements. She is the author of
more than 60 scientific papers, a candidate of geo-
logical and mineralogical sciences. Within the walls
of the Institute of Geology T. I. Ivanova worked for
57 years.

ÌÀÑÒÅÐ ÑÏÅÊÒÐÀËÜÍÎÃÎ ÀÍÀËÈÇÀ
Ê 80-ëåòèþ Òàìàðû Èâàíîâíû Èâàíîâîé

Ïîäïèñàíî â ïå÷àòü 28.07.2017 Òåë.: (8212) 24-51-60
Ôàêñ: (8212) 44-82-68

E-mail: vestnik@geo.komisc.ruÐåäàêöèÿ:
167982, Ñûêòûâêàð, Ïåðâîìàéñêàÿ, 54

Òèðàæ 180 Çàêàç 1042

Îòâåòñòâåííûé çà âûïóñê:
Í. À. Ìàòâååâà

Ðåäàêòîðû èçäàòåëüñòâà:
Î. Â. Ãàáîâà,

Ê. Â. Îðäèí (àíãëèéñêèé)

Êîìïüþòåðíàÿ âåðñòêà
À. Þ. Ïåðåòÿãèí

Ïðè îôîðìëåíèè îáëîæêè èñïîëüçîâàíû ôîòî  È. Àñòàõîâîé, Þ. Ãëóõîâà,  È. Ãîëóáåâîé, Ð. Øóêòîìîâà
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