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ÑÒÐÎÅÍÈÅ ÐÀÇÐÅÇÀ È ÊÎÍÎÄÎÍÒÛ ÊÀÐÑÊÎÉ ÑÂÈÒÛ (ÍÈÆÍÈÉ ÊÀÐÁÎÍ) 
ÀÌÄÅÐÌÈÍÑÊÎÃÎ ÐÀÉÎÍÀ ÑÅÂÅÐÍÎÃÎ ÏÀÉ-ÕÎß

                             À. Â. Æóðàâëåâ1, À. È. Ãåðàñèìîâà2

1Èíñòèòóò ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ, Ñûêòûâêàð
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Â ñòàòüå äàþòñÿ ñòðîåíèå ðàçðåçà è êîíîäîíòîâàÿ õàðàêòåðèñòèêà êàðñêîé ñâèòû ñåâåðà Êàðñêîãî ñëàíöåâîãî àëëîõòîíà. 
Êàðñêàÿ ñâèòà çàëåãàåò íà âåðõíåòóðíåéñêîé ñèëîâàÿõèíñêîé ñâèòå è ïåðåêðûâàåòñÿ íèæíåáàøêèðñêîé êàðàñèëîâñêîé ñâèòîé. 
Âåðõíÿÿ ÷àñòü ñèëîâàÿõèíñêîé ñâèòû îõàðàêòåðèçîâàíà ïîçäíåòóðíåéñêèìè êîíîäîíòàìè. Íèæíèå ïà÷êè êàðñêîé ñâèòû ïðåäñòàâ-
ëåíû êàðáîíàòíûìè ãðàäàöèîííûìè öèêëèòàìè è ñîäåðæàò ðàííåâèçåéñêèå êîìïëåêñû êîíîäîíòîâ, à áîëüøàÿ ÷àñòü ñâèòû ñëîæå-
íà ïåëèòîìîðôíûìè è òîíêîäåòðèòîâûìè èçâåñòíÿêàìè ñ ïðîñëîÿìè ìðàìîðèçîâàíûõ êàðáîíàòîâ è îòâå÷àåò êîíîäîíòîâûì çî-
íàì bilineatus — bollandensis âåðõíåãî âèçå – ñåðïóõîâà. Âèçåéñêî-ñåðïóõîâñêàÿ ãðàíèöà ïðîâåäåíà ïî èñ÷åçíîâåíèþ òèïè÷íî âè-
çåéñêèõ ôîðì. Ðàçðåç êàðñêîé ñâèòû íà ñåâåðå Ïàé-Õîÿ ïî ëèòîëîãè÷åñêîé õàðàêòåðèñòèêå è ìîùíîñòè ìàëî îòëè÷àåòñÿ îò ñòðàòî-
òèïà. Áèîñòðàòèãðàôè÷åñêèå äàííûå ïî êîíîäîíòàì îáîñíîâûâàþò ïîçäíåâèçåéñêî-ñåðïóõîâñêèé âîçðàñò ñâèòû è îáåñïå÷èâàþò 
åå êîððåëÿöèþ ñ íèæíåé ÷àñòüþ áîëâàíñêîé ñâèòû êàðáîíàòíîãî ïàðàâòîõòîíà.

Êëþ÷åâûå ñëîâà: Ïàé-Õîé, ñòðàòèãðàôèÿ, êàðñêàÿ ñâèòà, êîíîäîíòû.

SEQUENCE COMPOSITION AND CONODONTS OF THE KARA FORMATION 
(LOWER CARBONIFEROUS) OF THE AMDERMA DISTRICT OF THE NORTHERN 

PAY-KHOY
A. V. Zhuravlev1, A. I. Gerasimova2

1Institute of Geology Komi SC UrB RAS, Syktyvkar
2Polargeo Inc., St-Petersburg

The Kara Shale allochthone of the Pay-Khoy comprises the Middle Paleozoic bathyal deposits. The siliceous and clayey rocks are 
characteristic for the deposits. The specific feature of the Kara Formation is its carbonate composition. The formation overlays the Late 
Tournaisian Silovayakha Formation and overlaid by the Karasolova Formation of the Early Bashkirian age. The Kara Formation comprises 
stratigraphical interval from the Visean through Serpukhovian. The lower part of the formation is composed of carbonate turbidites and 
contains allochthonous conodont associations including Early Visean Idioprioniodus healdi (Roundy). The middle part of the formation, 
mainly composed of micritic carbonates, is characterized by the Late Visean conodont association dominated by Gnathodus praebilineatus 
Belka, Gnathodus bilineatus (Roundy), Lochriea commutata (Branson et Mehl), Pseudognathodus homopunctatus (Ziegler). Absence of 
the advanced species of Lochriea makes it impossible to detect the Visean/Serpukhovian boundary precisely. The Serpukhovian part of 
the formation is composed of micritic and hydrothermal carbonates. The Lower Serpukhovian conodont associations are poor. The upper 
part of the Kara Formation contains the Late Serpukhovian conodonts, including Gnathodus bollandensis (Higgins et Bouckaert). In general 
Lochriea commutata, Pseudognathodus, and Gnathodus bilineatus group dominate the taxonomically poor conodont associations of the 
Kara Formation. The sequence, thickness (about 180 m) and age of the Kara Formation of the Amderma District are similar to those of the 
type section of the formation. The lower part of the Kara Formation is correlated with the gap in the bottom of the Bolvansky Formation of the 
carbonate parautochton, and the upper part – with the lower part of the Bolvansky Formation.

 Keywords: Pay-Khoy, stratigraphy, Kara Formation, conodonts.

Ââåäåíèå 

Êàðñêèé ñëàíöåâûé àëëîõòîí Ïàé-Õîÿ õàðàêòå-
ðèçóåòñÿ â ñðåäíåïàëåîçîéñêîé ÷àñòè ðàçðåçà ðàçâè-
òèåì áàòèàëüíûõ êîìïëåêñîâ, ñëîæåííûõ ïðåèìóùå-
ñòâåííî êðåìíèñòî-ãëèíèñòûìè ïîðîäàìè. Íà ýòîì 
ôîíå âûäåëÿåòñÿ ñóùåñòâåííî êàðáîíàòíûé èíòåð-
âàë ðàçðåçà, ñîïîñòàâëÿåìûé ñ âèçåéñêèì è ñåðïóõîâ-
ñêèì ÿðóñàìè. Ýòîò èíòåðâàë áûë âûäåëåí â êà÷åñò-
âå êàðñêîé ñâèòû [7]. Åå ðàçðåç õîðîøî èçó÷åí â òè-
ïîâîì ðàéîíå, â øèðîòíîì òå÷åíèè ðåêè Êàðà [9, 1, 
2, 7]. Çäåñü ñ êàðñêîé ñâèòîé ñâÿçàíû ãèäðîòåðìàëü-

íûå è ãèäðîòåðìàëüíî-îñàäî÷íûå ïðîÿâëåíèÿ è ìå-
ñòîðîæäåíèå áàðèòà [9, 10]. Â ñåâåðíûõ ðàéîíàõ Ïàé-
Õîÿ (Àìäåðìèíñêèé ðàéîí) ðàçðåçû êàðñêîé ñâè-
òû èçó÷åíû õóæå. Â ýòîì ðàéîíå äàííûå îòëîæåíèÿ â 
ðàçíûå ãîäû èññëåäîâàëèñü Þ. Í. Ðîìàøêèíûì [8],
Í. Â. Êàëàøíèêîâûì è äð. [6], À. À. Áåëÿåâûì ïðå-
èìóùåñòâåííî â ñâÿçè ñ íàëîæåííîé ôëþîðèòî-
âîé ìèíåðàëèçàöèåé [8]. Íàèáîëåå ïîëíàÿ ëèòîëî-
ãè÷åñêàÿ è áèîñòðàòèãðàôè÷åñêàÿ õàðàêòåðèñòèêà 
ïðèâåäåíà â ðàáîòå Í. Â. Êàëàøíèêîâà ñ ñîàâòîðà-
ìè [6], ãäå ðàññìîòðåíû ðåçóëüòàòû èçó÷åíèÿ ðàçðåçà
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Ðèñ. 1. Ñõåìà ðàñïîëîæåíèÿ ðàçðåçîâ 
êàðñêîé ñâèòû â Àìäåðìèíñêîì ðàéîíå

Fig. 1. Schematic map of the Kara 
Formation localities in the Amderma 

District

âåðõíåé ÷àñòè êàðñêîé ñâèòû íà ðó÷. Ôëþîðèòîâûé 
(äðóãèå íàçâàíèÿ — ðó÷. Ðîìàøêèíà, ð. Ïýòàðêà), äà-
íà îáîáùåííàÿ âåùåñòâåííàÿ õàðàêòåðèñòèêà è îáîñíî-
âàíèå âîçðàñòà ïî îòäåëüíûì íàõîäêàì ôîðàìèíèôåð è 
êîíîäîíòîâ. Ñëåäóåò îòìåòèòü, ÷òî ñ ñîâðåìåííûõ ïîçè-
öèé ïðèâåäåííûå â ýòîé ðàáîòå ñïèñêè ìèêðîôàóíû (ôî-
ðàìèíèôåðû è êîíîäîíòû) è èçâåñòêîâûõ âîäîðîñëåé íå 
îáîñíîâûâàþò âûäåëåíèå ÿðóñîâ è ãîðèçîíòîâ, à ëèøü õà-
ðàêòåðèçóþò ïîçäíåâèçåéñêî-ñåðïóõîâñêèé âîçðàñò ðàñ-
ñìàòðèâàåìîé ÷àñòè ðàçðåçà [4].

Öåëü äàííîé ðàáîòû ñîñòîèò â õàðàêòåðèñòè-
êå ðàçðåçà êàðñêîé ñâèòû è óòî÷íåíèè åå âîçðàñòà â 
Àìäåðìèíñêîì ðàéîíå ïî ðåçóëüòàòàì ðàáîò, ïðîâåäåí-
íûõ àâòîðàìè â ðàìêàõ ÃÄÏ-200 òåððèòîðèè ëèñòîâ R-41-
XX, XXI (Àìäåðìèíñêàÿ ïëîùàäü) â 2013—2014 ãã.

Ìåòîäû èññëåäîâàíèÿ

Ðàçðåçû êàðñêîé ñâèòû áûëè èçó÷åíû â áàññåéíå ðåêè 
Ïåñ÷àíîé, à òàêæå â îêðåñòíîñòÿõ îçåð Õàðäòî è Ïåñ÷àíîå 
(ðèñ. 1). Òàê êàê ðàéîí õàðàêòåðèçóåòñÿ ñëîæíûì ñêëàä-
÷àòî-íàäâèãîâûì ñòðîåíèåì è ïîñðåäñòâåííîé îáíàæåí-
íîñòüþ, ñîñòàâëåíèå ïîëíîãî ñâîäíîãî ðàçðåçà è òî÷íàÿ 
îöåíêà ìîùíîñòåé ïðåäñòàâëÿëà ñîáîé ñëîæíóþ çàäà÷ó, 
êîòîðàÿ ðåøàëàñü êàê ñ ïîìîùüþ ñòðóêòóðíûõ è ëèòîñòðà-
òèãðàôè÷åñêèõ ïîñòðîåíèé, òàê è ñ èñïîëüçîâàíèåì áèîñ-
òðàòèãðàôè÷åñêîãî ìåòîäà.

Êàðñêàÿ ñâèòà ïîäñòèëàåòñÿ ñèëîâàÿõèíñêîé, ñàìàÿ 
âåðõíÿÿ ÷àñòü êîòîðîé çàôèêñèðîâàíà âî ôðàãìåíòàðíûõ 
âûõîäàõ íà ëåâîì ïðèòîêå ð. Ïåñ÷àíîé (ò.í. 2054, ðèñ. 1) 
è ïðåäñòàâëåíà èçâåñòíÿêàìè êðåìíèñòûìè, òîíêîäå-
òðèòîâî-ïåëèòîìîðôíûìè, ñåðûìè, ñóáãîðèçîíòàëüíî-



5

Vestnik IG Komi SC UB RAS, January, 2016, ¹ 1

ñëîé÷àòûìè, ñ ðàññåÿííûì ìåëêèì äåòðèòîì è ïëîõî 
îôîðìëåííûìè êðåìíèñòî-êàðáîíàòíûìè ñòÿæåíèÿ-
ìè òåìíî-ñåðîãî öâåòà. Îòëîæåíèÿ äàòèðîâàíû ïîçäíèì 
òóðíå (êîíîäîíòîâàÿ çîíà Scaliognathus anchoralis) ïî íà-
õîäêàì êîíîäîíòîâ Scaliognathus anchoralis europensis Lane 
et Ziegler, Doliognathus latus Branson et Mehl è Polygnathus 
communis communis Branson et Mehl.

Íèæíÿÿ ÷àñòü êàðñêîé ñâèòû â ðàññìàòðèâàåìîì 
ðàéîíå îáíàæåíà ïëîõî. Åå ôðàãìåíòàðíûå âûõîäû ìîù-
íîñòüþ ïåðâûå ìåòðû (ò. í. 2046, âèäèìàÿ ìîùíîñòü 4.5 
ì) îòìå÷åíû â ðàéîíå îç. Õàðäòî (ðèñ. 1), ãäå âñêðûâàþò-
ñÿ èçâåñòíÿêîâûå ãðàäàöèîííûå öèêëèòû îò èçâåñòíÿêà 
ñðåäíåìåëêîäåòðèòîâîãî, ñåðîãî, âîëíèñòîãî êîñîñëîé-
÷àòîãî, ñ ãèåðîãëèôàìè â ïîäîøâå (ãèåðîãëèôû îðèåíòè-
ðîâàíû ïî àçèìóòó 170°) äî èçâåñòíÿêà ãëèíèñòîãî èëè äî 
àðãèëëèòà èçâåñòêîâîãî, òåìíî-ñåðîãî, òîíêîäåòðèòîâî-
ïåëèòîìîðôíîãî ñ ðàññåÿíûì ìåëêèì äåòðèòîì, ïîëîãî-
âîëíèñòîñëîé÷àòîãî. Ìîùíîñòè öèêëèòîâ ñîêðàùàþòñÿ 
ââåðõ ïî ðàçðåçó îò 0.9 ì äî 0.2—0.5 ì. Â âåðõíèõ öèêëèòàõ 
– ðåäêèå êðåìíèñòûå ñòÿæåíèÿ îâàëüíîé ôîðìû äî 3—5 
ñì. Îòëîæåíèÿ, èíòåðïðåòèðóåìûå êàê äèñòàëüíûå òóð-
áèäèòû, îõàðàêòåðèçîâàíû ïåðåîòëîæåííûìè êîìïëåê-
ñàìè êîíîäîíòîâ ñ Gnathodus cf. delicatus Branson et Mehl, 
Lochriea commutata (Branson et Mehl), Hindeodus scitulus 
(Hinde), Gnathodus semiglaber Bischoff, Gnathodus remus 
Meischner et Nemirovska, Gnathodus praebilineatus Belka. 

Áîëåå ïîëíûé ðàçðåç íèæíåé ÷àñòè êàðñêîé ñâèòû 
âñêðûâàåòñÿ â íèæíåì òå÷åíèè ð. Ñàëåìïýÿõà (ëåâûé ïðè-
òîê ð. Ïåñ÷àíîé, ò. í. 2087, N 69.67638889° E 61.96880556°). 
Çäåñü ìîùíîñòü ïîñëåäîâàòåëüíîñòè, ñëîæåííîé ãëèíè-
ñòî-êàðáîíàòíûìè ãðàäàöèîííûìè öèêëèòàìè, ñîñòàâ-
ëÿåò îêîëî 60 ì. Ãèåðîãëèôû â ïîäîøâàõ ãðàäàöèîííûõ 
öèêëèòîâ îðèåíòèðîâàíû ïî àçèìóòó 135°. 

Âûøå ðàçðåç êàðñêîé ñâèòû õîðîøî îáíàæåí íà ð. 
Ïýòàðêå è íà ëåâîáåðåæüå ð. Ïåñ÷àíîé (ò. í. 2040, 2036, 
2037, 2042; ðèñ. 1). Íà ð. Ïýòàðêå è âîñòî÷íåå îç. Ïåñ÷àíîå 
âñêðûâàþòñÿ ñàìûå âåðõíèå ãîðèçîíòû êàðñêîé ñâèòû è 
íèçû ïåðåêðûâàþùåé êàðàñèëîâñêîé ñâèòû (ò. í. 2037, 
2057; ðèñ. 1).

Ñ ó÷åòîì äàííûõ ïî ðàçðåçàì íà ðåêàõ Ñàëåìïýÿõà, 
Ïýòàðêà è â ðàéîíå îçåð Õàðäòî è Ïåñ÷àíîå ñâîäíûé ðàç-
ðåç êàðñêîé ñâèòû â Àìäåðìèíñêîì ðàéîíå ïðåäñòàâëåí 
ñëåäóþùèìè ïà÷êàìè (ðèñ. 2):

1. Ïà÷êà êàðáîíàòíûõ ãðàäàöèîííûõ öèêëèòîâ, ñî-
ñòîÿùèõ èç èçâåñòíÿêà ñåðîãî äî òåìíî-ñåðîãî, êðåìíè-
ñòîãî, òîíêî- èëè ìåëêîäåòðèòîâîãî, âîëíèñòîñëîé÷àòî-
ãî è èçâåñòíÿêà òåìíî-ñåðîãî, ñëàáîãëèíèñòîãî, ïåëèòî-
ìîðôíîãî, ãîðèçîíòàëüíî-ñëîé÷àòîãî. Ìîùíîñòü öèêëè-
òîâ âàðüèðóåò îò 0.2 ì äî 1.8 ì, ñíèæàÿñü ââåðõ ïî ðàçðåçó. 
Ìîùíîñòü ïà÷êè îêîëî 60 ì. Ïî õàðàêòåðíûì òåêñòóðíî-
ñòðóêòóðíûì ïîñëåäîâàòåëüíîñòÿì öèêëà Áîóìà îòëîæå-
íèÿ èíòåðïðåòèðóþòñÿ êàê äèñòàëüíûå òóðáèäèòû. Â íè-
æíåé ÷àñòè ïà÷êè îáíàðóæåíû êîíîäîíòû Idioprioniodus 
healdi (Roundy) è Mestognathus beckmanni Bischoff, õàðàê-
òåðíûå äëÿ ðàííåâèçåéñêî-ñåðïóõîâñêîãî èíòåðâàëà, à 
âåðõíÿÿ ÷àñòü ïà÷êè îõàðàêòåðèçîâàíà êîìïëåêñîì êî-
íîäîíòîâ Pseudognathodus symmutatus (Rhodes, Austin et 
Druce), Pseudognathodus homopunctatus (Ziegler), Gnathodus 
remus Meischner et Nemirovska, Gnathodus praebilineatus 
Belka è Kladognathus sp.

2. Èçâåñòíÿêè êðåìíèñòûå, ïåëèòîìîðôíî-òîíêî-
äåòðèòîâûå, ñî ñëàáî ïðîÿâëåííîé ãðàäàöèîííîé ñîðòè-
ðîâêîé (ìîùíîñòü ãðàäàöèîííûõ öèêëèòîâ 0.1—0.3 ì), 
ñóáïàðàëëåëüíî-ñëîé÷àòûå, â íèæíåé ÷àñòè — ñ ãëèíè-

ñòûìè ïðîñëîÿìè è ïðèìàçêàìè. Â âåðõíåé ÷àñòè îáû÷-
íû êðåìíèñòûå ñòÿæåíèÿ è ïîÿñêè òåìíî-ñåðîãî öâå-
òà. Ìîùíîñòü ïà÷êè îêîëî 40 ì. Òåêñòóðíî-ñòðóêòóðíûå 
õàðàêòåðèñòèêè ïîçâîëÿþò îòíåñòè îòëîæåíèÿ ê êðàéíå 
äèñòàëüíûì òóðáèäèòàì èëè êîíòóðèòàì. Ïî êîìïëåê-
ñàì êîíîäîíòîâ, âêëþ÷àþùèì Gnathodus praebilineatus 
Belka, Gnathodus bilineatus (Roundy), Gnathodus girtyi Hass, 
Hindeodus cristulus (Youngquist et Miller), Lochriea commutata 
(Branson et Mehl), Pseudognathodus homopunctatus (Ziegler), 
Pseudognathodus symmutatus (Rhodes, Austin et Druce), 
Idioprioniodus sp., Kladognathus sp., îòëîæåíèÿ ñîïîñòàâëÿ-
þòñÿ ñ âåðõíåâèçåéñêèì ïîäúÿðóñîì.

3. Èçâåñòíÿêè ñòðîìàòîëèòîìîðôíûå è ñôåðîâûå 
(«ãëàçêîâûå»), ÷åðåäóþùèåñÿ ñ ïåëèò-òîíêîäåòðèòîâûìè 
êðåìíèñòûìè èçâåñòíÿêàìè, èíîãäà ñî ñëàáî ïðîÿâëåí-
íîé ãðàäàöèîííîé ñîðòèðîâêîé. Ìîùíîñòü ïà÷êè îêî-
ëî 20—25 ì. Ñòðîìàòîëèòîìîðôíûå è ñôåðîâûå èçâåñò-
íÿêè èíòåðïðåòèðóþòñÿ êàê ãëóáîêîâîäíûå ìèêðîáè-
àëüíûå ïîñòðîéêè [1], à êðåìíèñòûå èçâåñòíÿêè, âåðîÿò-
íî, ïðåäñòàâëÿþò ñîáîé ôîíîâûå ïåëàãè÷åñêèå îñàäêè. 
Ïî êîíîäîíòàì Gnathodus praebilineatus Belka, Gnathodus 
bilineatus (Roundy), Gnathodus girtyi Hass, Lochriea commutata 
(Branson et Mehl), Pseudognathodus symmutatus (Rhodes, 
Austin et Druce) îòëîæåíèÿ ñîîòâåòñòâóþò âåðõíåâèçåé-
ñêîìó ïîäúÿðóñó.

4. Êðåìíèñòûå èçâåñòíÿêè è ñèëèöèòû òåìíî-ñåðûå 
è ñåðûå ñ ãëèíèñòûìè ïðèìàçêàìè, ñóáïàðàëëåëüíî-ñëîé-
÷àòûå. Ðåäêèå ïðîñëîè ñôåðîâûõ («ãëàçêîâûõ») è ñòðîìà-
òîëèòîìîðôíûõ èçâåñòíÿêîâ. Ìîùíîñòü ïà÷êè 8—9 ì.
Îòëîæåíèÿ, âåðîÿòíî, ñôîðìèðîâàëèñü çà ñ÷åò ôîíîâîé 
ïåëàãè÷åñêîé ñåäèìåíòàöèè. Ñôåðîâûå è ñòðîìàòîëèòî-
ìîðôíûå èçâåñòíÿêè, ñêîðåå âñåãî, îòâå÷àþò ìèêðîáè-
àëüíûì ìàòàì. Ïî êîíîäîíòàì áîëüøàÿ ÷àñòü ïà÷êè ñî-
îòâåòñòâóåò âåðõíåâèçåéñêîìó ïîäúÿðóñó (êîìïëåêñû ñ 
Gnathodus praebilineatus Belka, Gnathodus meischneri Austin et 
Husri, Idioprioniodus sp.), âåðõè ïà÷êè, âåðîÿòíî — íèæíå-
ñåðïóõîâñêîìó ïîäúÿðóñó (îáåäíåííûå êîìïëåêñû êîíî-
äîíòîâ ñ Gnathodus bilineatus (Roundy) è Pseudognathodus 
homopunctatus (Ziegler)).

5. Èçâåñòíÿêîâûå êîíãëîáðåê÷èè è áðåê÷èåâèäíûå 
êàðáîíàòû ñ «ëèíçîâèäíûìè» ïðîñëîÿìè ñòðîìàòîëè-
òîìîðôíûõ èçâåñòíÿêîâ, èíòåðïðåòèðóåìûå êàê ïàëåî-
ãèäðîòåðìàëüíûé êîìïëåêñ òèïà «áåëûõ êóðèëüùèêîâ» 
[3]. Ìîùíîñòü ïà÷êè 3—4 ì. Åäèíè÷íûå íàõîäêè ïîçä-
íåâèçåéñêî-ñåðïóõîâñêèõ êîíîäîíòîâ Gnathodus girtyi 
intermedius Globensky.

6. Ñòðîìàòîëèòîìîðôíûå èçâåñòíÿêè, ïåðåõîäÿ-
ùèå ââåðõ ïî ðàçðåçó â ïåëèòîìîðôíî-òîíêîäåòðèòî-
âûå, êðåìíèñòûå, ñ êðåìíèñòûìè ñòÿæåíèÿìè è ïîÿ-
ñêàìè. Ìîùíîñòü ïà÷êè 10—12 ì. Îòëîæåíèÿ èíòåðïðå-
òèðóþòñÿ êàê ìèêðîáèàëüíûå îáðàçîâàíèÿ, ñìåíèâøè-
åñÿ ðåçóëüòàòîì ôîíîâîé ïåëàãè÷åñêîé ñåäèìåíòàöèè. 
Ïî êîíîäîíòàì íèæíÿÿ ÷àñòü ïà÷êè ñîîòâåòñòâóåò íè-
æíåñåðïóõîâñêîìó ïîäúÿðóñó (êîìïëåêñû êîíîäîíòîâ 
ñ Lochriea commutata (Branson et Mehl), Pseudognathodus 
homopunctatus (Ziegler), Gnathodus cf. bilineatus (Roundy) è 
ïåðåîòëîæåííûìè Cavusgnathus convexus (Rexroad), âåðõè 
ïà÷êè — âåðõíåñåðïóõîâñêîìó ïîäúÿðóñó ñ êîíîäîíòàìè 
Gnathodus girtyi collinsoni Rhodes, Austin et Druce, Gnathodus 
bollandensis (Higgins et Bouckaert), Lochriea commutata 
(Branson et Mehl).

7. Ñòðîìàòîëèòîìîðôíûå èçâåñòíÿêè, ÷àñòî îêâàðöî-
âàííûå, ìðàìîðèçîâàííûå, ïåðåõîäÿùèå ââåðõ ïî ðàçðåçó â  
èçâåñòíÿêè òîíêîäåòðèòîâûå ñ ãíåçäàìè ìåëêîãî äåòðèòà,
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Ðèñ. 2. Õàðàêòåðíûå êîíîäîíòû ñèëîâàÿõèí-
ñêîé, êàðñêîé è êàðàñèëîâñêîé ñâèò ñåâåðà Ïàé-
Õîÿ: 1–3 – Scaliognathus anchoralis europensis Lane 
et Ziegler, îáð. 2054/1, âåðõíÿÿ ÷àñòü ñèëîâàÿõèí-
ñêîé ñâèòû; 4, 5, 20–22 – Lochriea commutata (Br. et 
M.), 4, 5 – îáð. 2040/5; 20–22 – îáð. 2042/1, âåðõíÿÿ 
÷àñòü êàðñêîé ñâèòû; 6, 7 – Gnathodus praebilineatus 
Belka, îáð. 2040/5; 8–10, 18, 19 – Gnathodus bilineatus 
(Roundy), 8–10 – îáð. 2037/36, âåðõíÿÿ ÷àñòü êàð-
ñêîé ñâèòû; 18, 19 – îáð. 2037/28, ñðåäíÿÿ ÷àñòü 
êàðñêîé ñâèòû; 11, 12 – Declinognathodus noduliferus 
(Ellison et Graves), îáð. 2037/41, íèæíÿÿ ÷àñòü êàðà-
ñèëîâñêîé ñâèòû; 13–15 – Gnathodus meischneri 
Austin et Husri, îáð. 2037/26, ñðåäíÿÿ ÷àñòü êàð-
ñêîé ñâèòû; 16, 17 – Gnathodus bollandensis (Higgins 
et Bouckaert), îáð. 2037/37, âåðõíÿÿ ÷àñòü êàðñêîé 
ñâèòû; 23–25 — Gnathodus Romulus Meischner et 
Nemirovska, îáð. 2037/35, âåðõíÿÿ ÷àñòü êàðñêîé 
ñâèòû; 26, 27 — Mestognathus beckmanni Bischoff, 

îáð. 4425/1, íèæíÿÿ ÷àñòü êàðñêîé ñâèòû 

Fig. 3. Characteristic conodonts of the Silovayakha, 
Kara, and Karasilova formations of the North of the 
Pay-Khoy: 1–3 – Scaliognathus anchoralis europensis 
Lane et Ziegler, sample 2054/1, upper part of the 
Silovayakha Fm.; 4, 5, 20–22 – Lochriea commutata 
(Br. et M.), 4, 5 – sample 2040/5; 20–22 – sample 
2042/1, upper part of the Kara Fm.; 6, 7 – Gnathodus 
praebilineatus Belka, sample 2040/5; 8–10, 18, 19 – 
Gnathodus bilineatus (Roundy), 8–10– sample 2037/36, 
upper part of the Kara Fm.; 18, 19 – sample 2037/28, 
middle part of the Kara Fm.; 11, 12 – Declinognathodus 
noduliferus (Ellison et Graves), sample 2037/41, 
lower part of the Karasilova Fm.; 13–15 – Gnathodus 
meischneri Austin et Husri, sample 2037/26, middle 
part of the Kara Fm.; 16, 17 – Gnathodus bollandensis 
(Higgins et Bouckaert), sample 2037/37, upper part of 
the Kara Fm.; 23–25 – Gnathodus Romulus Meischner 
et Nemirovska, sample 2037/35, upper part of the Kara 
Fm.; 26, 27 – Mestognathus beckmanni Bischoff, sample 

4425/1, lower part of the Kara Fm

ñåðûå äî òåìíî-ñåðûõ, âîëíèñòîñëîé÷àòûå äî êîìêîâà-
òûõ ñ óãëåðîäèñòî-ãëèíèñòûìè ïðèìàçêàìè. Ìîùíîñòü 
ïà÷êè äî 14—16 ì.

8. Ñòðîìàòîëèòîìîðôíûå èçâåñòíÿêè, ÷àñòî îêâàð-
öîâàííûå, ìðàìîðèçîâàííûå. Ñòðîìàòîëèòîìîðôíûå 
êîðêè ôîðìèðóþò îáùóþ ëèíçîâèäíî-êðóïíîáóãðèñòóþ 
òåêñòóðó ñëîÿ, êîòîðàÿ ñòàíîâèòñÿ áîëåå ïîëîãîé è ïðå-
ðûâèñòîé ó êðîâëè. Òåêñòóðà ïîä÷åðêíóòà îêâàðöåâàíè-
åì. Â ñðåäíåé ÷àñòè ïà÷êè  îòäåëüíûå îêðóãëûå è ëèí-
çîâèäíûå âûäåëåíèÿ áåëîãî êðèñòàëëè÷åñêîãî êàëüöè-
òà ðàçìåðîì äî 5 ñì. Ìîùíîñòü ïà÷êè 2—3 ì. Îòëîæåíèÿ 
7-é è 8-é ïà÷åê ìîãóò ðàññìàòðèâàòüñÿ êàê ïåðåðàáîòàí-
íûå âòîðè÷íûìè ïðîöåññàìè ãëóáîêîâîäíûå ìèêðîáè-
àëüíûå ïîñòðîéêè [1]. 

9. Èçâåñòíÿêè ãëèíèñòûå òîíêîäåòðèòîâûå ñ ãðàäà-
öèîííûìè (îò ìåëêîäåòðèòîâîãî â íèæíåé ÷àñòè äî òîí-
êîìåëêîäåðèòîâîãî â âåðõíåé ÷àñòè öèêëèòà) èçâåñòíÿêî-
âûìè öèêëèòàìè, èíòåðïðåòèðóåìûå êàê äèñòàëüíûå òóð-
áèäèòû. Ìîùíîñòü ïà÷êè îêîëî 7—8 ì. Åäèíè÷íàÿ íà-
õîäêà êîíîäîíòîâ ïëîõîé ñîõðàííîñòè — Gnathodus sp.

Îáùàÿ ìîùíîñòü êàðñêîé ñâèòû â Àìäåðìèíñêîì 
ðàéîíå îêîëî 180 ì, ÷òî íåñêîëüêî ìåíüøå ìîùíîñòè 
ñâèòû â ñòðàòîòèïå (190—200 ì).

Êàðñêàÿ ñâèòà ñîãëàñíî ïåðåêðûâàåòñÿ ÷åðíîöâåò-
íîé êðåìíèñòî-ãëèíèñòîé ïà÷êîé êàðàñèëîâñêîé ñâè-
òû (C2–P1 ks), äàòèðîâàííîé ïî êîìïëåêñàì êîíî-

äîíòîâ (Declinognathodus noduliferus (Ellison et Graves), 
Rhachistognathus minutus (Higgins et Bouckart)) ðàííèì 
áàøêèðîì (ò. í. 2057 è 2037, ðèñ. 1) [4].

Îáñóæäåíèå ðåçóëüòàòîâ

Íàõîäêè êîíîäîíòîâ â êàðñêîé ñâèòå ðàññìàòðèâàå-
ìîãî ðàéîíà ðåäêè, èç 85 îòîáðàííûõ îáðàçöîâ òîëüêî â 
23 îáíàðóæåíû îïðåäåëèìûå êîíîäîíòîâûå ýëåìåíòû. 
Õàðàêòåðíûå ôîðìû èçîáðàæåíû íà ðèñ. 3, à ðàñïðåäåëå-
íèå êîíîäîíòîâ ïî ðàçðåçó – â òàáëèöå. Òàêñîíîìè÷åñêè 
áåäíûå êîìïëåêñû õàðàêòåðèçóþòñÿ ïðåîáëàäàíèåì 
Lochriea commutata, ïðåäñòàâèòåëåé ðîäà Pseudognathodus 
è ãðóïïû Gnathodus bilineatus, ÷òî îáû÷íî äëÿ ãëóáîêîâîä-
íûõ îòëîæåíèé ýòîãî âîçðàñòà. Ïðàêòè÷åñêîå îòñóòñòâèå 
ñêóëüïòèðîâàííûõ ïðåäñòàâèòåëåé ðîäà Lochriea äåëà-
åò íåâîçìîæíûì çîíàëüíîå ðàñ÷ëåíåíèå âåðõíåãî âèçå è 
òî÷íîå ïðîâåäåíèå íèæíåé ãðàíèöû ñåðïóõîâñêîãî ÿðó-
ñà ïî êîíîäîíòàì.

Áèîñòðàòèãðàôè÷åñêàÿ èíòåðïðåòàöèÿ êîíîäîíòîâûõ 
êîìïëåêñîâ óñëîæíÿåòñÿ øèðîêî ðàçâèòûì â íèæíåé ÷à-
ñòè ñâèòû ïåðåîòëîæåíèåì îðãàíè÷åñêèõ îñòàòêîâ. Ñîñòàâ 
àëëîõòîííûõ îðãàíè÷åñêèõ îñòàòêîâ, ñðåäè êîòîðûõ ïðè-
ñóòñòâóþò èçâåñòêîâûå âîäîðîñëè, ðàêîâèíû áåíòîñíûõ 
ôîðàìèíèôåð, îáëîìêè ðàêîâèí áðàõèîïîä, ìåëêèå ðó-
ãîçû è ìøàíêè, ïîçâîëÿåò ïðåäïîëàãàòü, ÷òî èñòî÷íèêîì 
êàðáîíàòíîãî ìàòåðèàëà ñëóæèë îòìåëüíûé êîìïëåêñ



8

Âåñòíèê ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ,  ßíâàðü, 2016 ã., ¹ 1

êðàÿ øåëüôà, íàáëþäàåìûé â ðàçðåçàõ Ïàé-Õîéñêîãî 
êàðáîíàòíîãî ïàðàâòîõòîíà [5]. Ïðè ýòîì íèæíÿÿ ïà÷êà 
êàðñêîé ñâèòû, ñêîðåå âñåãî, ÿâëÿåòñÿ êîððåëÿíòîì ðàç-
ìûâà íà ãðàíèöå ëûìáàäúÿõèíñêîé è áîëâàíñêîé ñâèò 
ïàðàâòîõòîíà. Ýòà ïà÷êà ïî ñòðàòèãðàôè÷åñêîìó ïîëî-
æåíèþ è êîìïëåêñàì êîíîäîíòîâ ñ Idioprioniodus healdi 
(Roundy) â íèæíåé ÷àñòè è Gnathodus remus Meischner et 
Nemirovska, Gnathodus praebilineatus Belka, Pseudognathodus 
homopunctatus (Ziegler) â âåðõíåé ÷àñòè äàòèðóåòñÿ â èí-
òåðâàëå îò ðàííåãî äî íà÷àëà ïîçäíåãî âèçå (êîíîäîíòî-
âûå çîíû texanus è bilineatus).

Êîíîäîíòîâûå àññîöèàöèè âûøåëåæàùèõ ïà÷åê 
íå äåìîíñòðèðóþò ÿâíûõ ïðèçíàêîâ ïåðåîòëîæåíèÿ, è 
ìîãóò ðàññìàòðèâàòüñÿ êàê ñóáàâòîõòîííûå. Ïî íàõîä-
êàì Gnathodus praebilineatus Belka, Gnathodus bilineatus 
(Roundy), Pseudognathodus homopunctatus (Ziegler), 
Gnathodus meischneri Austin et Husri, Gnathodus girtyi Hass 
áîëüøàÿ ÷àñòü êàðñêîé ñâèòû (âòîðàÿ, òðåòüÿ è çíà÷èòåëü-
íàÿ ÷àñòü ÷åòâåðòîé ïà÷êè), âêëþ÷àþùàÿ áàðèòîâóþ è 
ôëþîðèòîâóþ ìèíåðàëèçàöèþ, ñîïîñòàâëÿåòñÿ ñ âåðõíå-
âèçåéñêèì ïîäúÿðóñîì (êîíîäîíòîâûå çîíû bilineatus è 
nodosa). Âåðõíÿÿ ÷àñòü ñâèòû, äëÿ êîòîðîé, êàê è â ñòðàòî-
òèïå, õàðàêòåðíû òðè ãîðèçîíòà ìðàìîðèçîâàíûõ èçâåñò-
íÿêîâ, ñîïîñòàâëÿåòñÿ ïî êîíîäîíòàì ñ ñåðïóõîâñêèì 
ÿðóñîì. Äëÿ íèæíåãî ïîäúÿðóñà (ïÿòàÿ è íèæíÿÿ ÷àñòü 
øåñòîé ïà÷êè) õàðàêòåðíû îáåäíåííûå êîìïëåêñû êî-
íîäîíòîâ ñ Gnathodus bilineatus (Roundy), Pseudognathodus 

homopunctatus (Ziegler), Gnathodus intermedius Globensky, à 
äëÿ âåðõíåãî ñåðïóõîâà — êîíîäîíòû çîíû bollandensis 
(êîìïëåêñû ñ Gnathodus collinsoni Rhodes, Austin et Druce è 
Gnathodus bollandensis (Higgins et Bouckaert)).

Â öåëîì êàðñêàÿ ñâèòà â Àìäåðìèíñêîì ðàéîíå îõ-
âàòûâàåò ñòðàòèãðàôè÷åñêèé èíòåðâàë îò íèæíåâèçåé-
ñêîãî äî âåðõíåñåðïóõîâñêîãî ïîäúÿðóñà âêëþ÷èòåëüíî. 
Ïîäîøâà âåðõíåâèçåéñêîãî ïîäúÿðóñà, ñêîðåå âñåãî, ïðî-
õîäèò â âåðõíåé ÷àñòè ïåðâîé ïà÷êè è ìàðêèðóåòñÿ èñ-
÷åçíîâåíèåì ãëèíèñòûõ ïðîñëîåâ íà ãðàíèöàõ ãðàäàöè-
îííûõ êàðáîíàòíûõ öèêëèòîâ (ñîêðàùåíèå ãëèíèñòîãî 
ñòîêà âñëåäñòâèå íà÷àëà ñðåäíåâèçåéñêîé òðàíñãðåññèè). 
Ãðàíèöà âèçåéñêîãî è ñåðïóõîâñêîãî ÿðóñîâ ïðîõîäèò 
âíóòðè ÷åòâåðòîé ïà÷êè. Êðîâëÿ ñâèòû îòâå÷àåò ãðàíèöå 
íèæíåãî è ñðåäíåãî êàðáîíà.

Èñòîðèÿ ôîðìèðîâàíèÿ êàðñêèõ îòëîæåíèé ïðåä-
ñòàâëÿåòñÿ ñëåäóþùèì îáðàçîì. Â ðàííåâèçåéñêîå âðå-
ìÿ ïðîèñõîäèëî èíòåíñèâíîå íàêîïëåíèå ãëèíèñòî-êàð-
áîíàòíûõ ãðàäàöèîííûõ öèêëèòîâ, ôîðìèðîâàâøèõñÿ 
çà ñ÷åò ìîáèëèçàöèè îáëîìî÷íîãî êàðáîíàòíîãî ìàòå-
ðèàëà â îáëàñòè îòìåëåé êðàÿ øåëüôà è åãî òðàíñïîðòè-
ðîâêè íà êîíòèíåíòàëüíûé ñêëîí ìóòüåâûìè ïîòîêàìè. 
Îðèåíòèðîâêà ãèåðîãëèôîâ â ïîäîøâàõ ãðàäàöèîííûõ 
öèêëèòîâ ïîçâîëÿåò ïðåäïîëàãàòü ñåâåðî-ñåâåðî-çàïàä-
íûé èñòî÷íèê ìàòåðèàëà (â ñîâðåìåííûõ êîîðäèíàòàõ). 
Èíòåíñèâíûé ðàçìûâ â îòìåëüíîé çîíå (ñîâðåìåííûé 
Ïàé-Õîéñêèé êàðáîíàòíûé ïàðàâòîõòîí), âåðîÿòíî, áûë 

Ò à á ë è ö à 1
Ðàñïðåäåëåíèå êîíîäîíòîâ â êàðñêîé ñâèòå

T a b l e 1
Distribution of conodonts in Kara suite
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Êîðåííûå çîëîòîñóëüôèäíûå, çîëîòîñóëüôèäíî-êâàðöåâûå è çîëîòîêâàðöåâûå ðóäû ïðåäñòàâëÿþò ñåãîäíÿ ïðîìûøëåííûé 
èíòåðåñ, ïîýòîìó èíôîðìàöèÿ îá èõ ñîñòàâå è ñòðîåíèè âàæíà è àêòóàëüíà.

 Îáúåêòîì èññëåäîâàíèÿ ÿâëÿëèñü ïîëèìèíåðàëüíûå çîëîòîñóëüôèäíûå ðóäû ìåñòîðîæäåíèÿ Ìàëîìûð (Äàëüíèé 
Âîñòîê), èññëåäîâàííûå êîìïëåêñîì ìèíåðàëîãè÷åñêèõ ìåòîäîâ (îïòè÷åñêàÿ è ýëåêòðîííàÿ ìèêðîñêîïèÿ, ðåíòãåíîãðàôèÿ). 
Çîëîòîñîäåðæàùèå ìèíåðàëû ïèðèò è àðñåíîïèðèò ïðåäñòàâëåíû íåñêîëüêèìè ãåíåðàöèÿìè, îòëè÷àþùèìèñÿ êðèñòàëëîìîðôî-
ëîãè÷åñêèìè îñîáåííîñòÿìè, ìèêðîñòðîåíèåì, ñîñòàâîì, ìèêðîïàðàãåíåçèñàìè, êîíöåíòðàöèåé çîëîòà. Óñòàíîâëåíà ôîðìà íà-
õîæäåíèÿ òîíêîäèñïåðñíîãî çîëîòà, õàðàêòåð âçàèìîîòíîøåíèÿ ñ äðóãèìè ìèíåðàëàìè, ïðèóðî÷åííîñòü åãî êî âòîðîé ìèíåðàëü-
íîé àññîöèàöèè.

Êëþ÷åâûå ñëîâà: çîëîòîñóëüôèäíûå ðóäû, ïèðèò, àðñåíîïèðèò, ñàìîðîäíîå çîëîòî, ìèíåðàëüíàÿ àññîöèàöèÿ, ãåíåðàöèÿ, 
ìèêðîïàðàãåíåçèñ, ðóäíàÿ ñòàäèÿ.

MINERALOGY OF MALOMYR GOLD-SULPHIDE DEPOSIT (FAR EAST)
D. O. Ozhogin

Moscow branch of RGRI, Moscow

Today native gold-sulfide, gold-sulfide-quartz and gold-quartz ores represent definite industrial interest, therefore (information) about 
their composition and structure is important and relevant.

Polymineral  gold-sulfide ores of Malomyr deposit (Far East) have been studied  by the modern mineralogical techniques complex, 
i.e. optical and electron microscopy, radiography. Gold-bearing minerals pyrite and arsenopyrite are represented by several generations 
differing in crystalmorphology features, microstructure, composition, microparagenesis and gold content . We identified disperse gold 
forms, fixed in the second mineral association and their relationship with other minerals of the deposit.

Keywords: Gold-sulfide ores, pyrite, arsenopyrite, native gold, mineral association, generation, microparagenesis, ore stage.

Ââåäåíèå 

Ïåðñïåêòèâû îñâîåíèÿ îòå÷åñòâåííûõ êîðåííûõ ìå-
ñòîðîæäåíèé çîëîòà   ñâÿçûâàþò ñ çîëîòîñóëüôèäíûìè, 
çîëîòîñóëüôèäíî-êâàðöåâûìè è çîëîòîêâàðöåâûìè ðóäà-
ìè. Ëèäèðóþùåå ïîëîæåíèå ñðåäè íèõ çàíèìàþò çîëîòî-
ñóëüôèäíûå ðóäû, â êîòîðûõ ìåòàëë ïðèñóòñòâóåò ïðåè-
ìóùåñòâåííî â òîíêîäèñïåðñíîé ôîðìå â ñóëüôèäàõ (ïè-
ðèòå, õàëüêîïèðèòå, ïèððîòèíå, àðñåíîïèðèòå è ò. ä.). 
Ñëîæíîñòü ìèíåðàëüíîãî ñîñòàâà çîëîòîñóëüôèäíûõ ðóä   
îïðåäåëÿåò íåîáõîäèìîñòü ãëóáîêîãî ìèíåðàëîãè÷åñêîãî 
èçó÷åíèÿ  íå òîëüêî  çîëîòà (ôîðì åãî íàõîæäåíèÿ, îñî-
áåííîñòåé ñîñòàâà è ñòðîåíèÿ, õàðàêòåðà ðàñïðåäåëåíèÿ), 
íî è çîëîòîñîäåðæàùèõ ìèíåðàëîâ è àññîöèàöèé, à òàêæå 
âìåùàþùèõ ïîðîä. Âñåñòîðîííÿÿ èíôîðìàöèÿ îá îñî-
áåííîñòÿõ ðóä ïîçâîëÿåò ðàçðàáàòûâàòü ïîèñêîâî-îöå-
íî÷íûå ìèíåðàëîãè÷åñêèå êðèòåðèè è îïðåäåëÿòü òåõíî-
ëîãèè èõ îáîãàùåíèÿ è ïåðåðàáîòêè.

Îáúåêò è ìåòîäû èññëåäîâàíèÿ 

Çîëîòîðóäíîå ìåñòîðîæäåíèå Ìàëîìûð ðàñïîëîæå-
íî â Ñåëåìäæèíñêîì ðàéîíå Àìóðñêîé îáëàñòè â 80 êì ê 
çàïàäó îò ðàéîííîãî öåíòðà ï. Ýêèì÷àí è â 100 êì çàïàä-
íåå Òîêóðñêîãî ìåñòîðîæäåíèÿ.

Ìåñòîðîæäåíèå Ìàëîìûð âõîäèò â ñîñòàâ 
Âåðõíåñåëåìäæèíñêîãî çîëîòîíîñíîãî ðàéîíà, çàíè-
ìàþùåãî çàïàäíóþ ÷àñòü Ïðèîõîòñêîãî çâåíà Àìóðî-
Îõîòñêîé ãåîñèíêëèíàëüíî-ñêëàä÷àòîé ñèñòåìû. 
Â ïëàíå ðåãèîíàëüíûõ ñòðóêòóð Ìàëîìûðñêîå ðóä-

íîå ïîëå íàõîäèòñÿ â çàïàäíîé ÷àñòè Ñåëåìäæèíî-
Êåðáèíñêîé ñòðóêòóðíî-ôîðìàöèîííîé çîíû, îáúå-
äèíÿþùåé ìåòàìîðôèçîâàííûå â ôèëëèòîâîé è  çå-
ëåíîñëàíöåâîé ôàöèÿõ âóëêàíîãåííûå è òåððèãåííûå 
îáðàçîâàíèÿ ïàëåîçîÿ, äèñëîöèðîâàííûå â ñèñòåìó ëè-
íåéíûõ, êóïîëüíûõ è ìåæêóïîëüíûõ ñêëàä÷àòûõ ñòðóêòóð.
Ðóäíûå òåëà ïðåäñòàâëÿþò ñîáîé çîíû ïðîæèëêîâîé, ïðî-
æèëêîâî-âêðàïëåííîé è âêðàïëåííîé çîëîòîñóëüôèäíîé,
òîíêîïðîæèëêîâîé è ïðîæèëêîâî-ñåò÷àòîé çîëîòîê-
âàðöåâîé ìèíåðàëèçàöèè, ïðèóðî÷åííîé ê íåðàâíîìåð-
íî ìåòàñîìàòè÷åñêè ïðåîáðàçîâàííûì ïîðîäàì ñ íåçíà-
÷èòåëüíîé ïðèìåñüþ îðãàíè÷åñêîãî âåùåñòâà (äî 1 %). 
Ñîäåðæàíèå ñóëüôèäîâ âàðüèðóåò îò 2 äî 12 % (íà íàèáîëåå 
ãëóáîêèõ ãîðèçîíòàõ ïåðâè÷íûõ ðóä). Çîëîòîñóëüôèäíîå 
îðóäåíåíèå ëîêàëèçîâàíî âî âíóòðåííèõ ÷àñòÿõ îðåîëîâ 
ðàçâèòèÿ êâàðöñåðèöèòîâûõ ìåòàñîìàòèòîâ, ðàñïðîñòðà-
íåíèå êîòîðûõ êîíòðîëèðóåòñÿ ìíîãî÷èñëåííûìè òåêòî-
íè÷åñêèìè íàðóøåíèÿìè è ïðèóðî÷åíî ãëàâíûì îáðàçîì 
ê èíòåíñèâíî ðàçäðîáëåííûì, ÷àñòî áðåê÷èðîâàííûì 
îáðàçîâàíèÿì [4]. 

Îòëè÷èòåëüíîé ÷åðòîé ñîâðåìåííîé ìèíåðàëîãèè 
ðóä çîëîòà ìîæíî ñ÷èòàòü ïåðåõîä ê èññëåäîâàíèÿì ìè-
íåðàëîâ íà óðîâíå ìèêðîíàíîðàçìåðíîñòè [7, 9], ïîçâî-
ëÿþùèì óñòàíîâèòü ôîðìó íàõîæäåíèÿ çîëîòà, îïðå-
äåëèòü àíàòîìèþ ìèíåðàëüíûõ èíäèâèäîâ, êîëè÷åñò-
âåííî îöåíèòü òèïîìîðôíûå ïðèçíàêè çîëîòîñîäåð-
æàùèõ ìèíåðàëîâ. Ïîýòîìó îñíîâíîé óïîð áûë  ñäåëàí 
íà èçó÷åíèå ñîñòàâà è ñòðîåíèÿ ðóäíûõ ìèíåðàëîâ è ðóä
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â öåëîì ìåòîäàìè àíàëèòè÷åñêîé ýëåêòðîííîé ìèêðî-
ñêîïèè, êîòîðûå ñåãîäíÿ ÿâëÿþòñÿ íå òîëüêî îñíîâíûìè 
ìåòîäàìè ôóíäàìåíòàëüíûõ èññëåäîâàíèé, íî è àíàëè-
òè÷åñêèìè è êîíòðîëüíî-èçìåðèòåëüíûìè ìåòîäàìè ïðè 
èçó÷åíèè òîíêîäèñïåðñíûõ îáúåêòîâ [8]. Èññëåäîâàíèÿ 
ïðîâîäèëèñü íà ðàñòðîâîì ýëåêòðîííîì ìèêðîñêî-
ïå Tesla-301B (Ñëîâàêèÿ) ñ ìèêðîðåíòãåíîñïåêòðàëüíîé 
ïðèñòàâêîé è íà ïðîñâå÷èâàþùèõ ýëåêòðîííûõ ìèêðî-
ñêîïàõ Tesla-540Â  (Ñëîâàêèÿ) è Tecnai-12Â  (Ãîëëàíäèÿ). 
Èäåíòèôèêàöèÿ ìèíåðàëüíûõ ôàç îñóùåñòâëÿëàñü ìè-
êðîäèôðàêöèîííûì ìåòîäîì.

Ýëåêòðîííî-ìèêðîñêîïè÷åñêîìó èçó÷åíèþ ìèíå-
ðàëîâ è ðóä ïðåäøåñòâîâàëî èõ èññëåäîâàíèå ìåòîäàìè 
îïòè÷åñêîé ìèêðîñêîïèè (ñâåòîâîé èññëåäîâàòåëüñêèé 
ìèêðîñêîï Leica RD DM, Ãåðìàíèÿ) è ðåíòãåíîãðàôèè 
(ðåíòãåíîâñêèé äèôðàêòîìåòð X Pert PRO, Ãîëëàíäèÿ).

Ðåçóëüòàòû è èõ îáñóæäåíèå

Çîëîòîñóëüôèäíûå ðóäû ìåñòîðîæäåíèÿ Ìàëîìûð 
ïî ñâîåìó îáðàçîâàíèþ ïîëèãåííû. Ñîâðåìåííûé îáëèê 
ðóä ñôîðìèðîâàëñÿ â ðåçóëüòàòå ãèäðîòåðìàëüíî-ìåòàñî-
ìàòè÷åñêîãî ïðîöåññà è ïîñëåäóþùèõ ïðåîáðàçîâàíèé 
[3, 4, 6]. Ãèäðîòåðìàëüíî-ìåòàñîìàòè÷åñêàÿ ìèíåðàëèçà-
öèÿ, ÿâëÿþùàÿñÿ ðóäíîé, ïðåäñòàâëåíà ðàññåÿííîé è ãíå-
çäîâèäíîé âêðàïëåííîñòüþ, ïðîæèëêàìè ðàçíîãî âèäà è 
ìîùíîñòè, ëèíçàìè ñóëüôèäîâ è æèëüíûìè îáðàçîâàíè-
ÿìè ðàçíîãî ñîñòàâà. Â ñâÿçè ñ ýòèì ðóäû õàðàêòåðèçóþòñÿ 
ñëîæíûìè âçàèìîîòíîøåíèÿìè ñëàãàþùèõ èõ ìèíåðàëü-
íûõ àãðåãàòîâ, ðàçíîâðåìåííûìè ìèíåðàëüíûìè àññîöè-
àöèÿìè è ãåíåðàöèÿìè ðóäíûõ ìèíåðàëîâ, òèïîì ðàñïðå-
äåëåíèÿ â íèõ ñàìîðîäíîãî çîëîòà. Ïðè ýòîì ðóäû ÿâëÿ-
þòñÿ ïîëèìèíåðàëüíûìè, ñîñòîÿùèìè èç 80 ìèíåðàëîâ.

Èçó÷åíèå òåêñòóðíî-ñòðóêòóðíîãî ðèñóíêà ðóä, èç-
ìåíÿþùåãîñÿ ïîä âîçäåéñòâèåì ãèäðîòåðìàëüíî-ìåòàñî-
ìàòè÷åñêîãî ïðîöåññà, ïîçâîëèëî âûäåëèòü òðè ðóäíûå 
ìèíåðàëüíûå àññîöèàöèè ðóäíîé ñòàäèè: ìàðêàçèò-ïè-
ðèòîâóþ, ñôàëåðèò-ïèðèò-àðñåíîïèðèòîâóþ è ïèðèò-àð-
ñåíîïèðèòîâóþ. 

Ìàðêàçèò-ïèðèòîâàÿ ìèíåðàëüíàÿ àññîöèàöèÿ íàáëþ-
äàëàñü â íèæíèõ ãîðèçîíòàõ âñåõ èçó÷åííûõ ñêâàæèí. 
Âìåùàþùèå ïîðîäû ïðåäñòàâëåíû êâàðöåâûìè è ñåðè-
öèò-êâàðöåâûìè  ìåòàñîìàòèòàìè. 

Ðóäû èìåþò ìåëêî- è òîíêîâêðàïëåííóþ òåêñòóðó, 
èíîãäà îòìå÷àþòñÿ ïî÷êîâèäíûå âûäåëåíèÿ ïèðèòà, ðàç-
ìåð êîòîðûõ  íå ïðåâûøàåò 0,01 ìì.  Ñòðóêòóðà ðóä ôðàì-
áîèäíàÿ, êîëëîìîðôíàÿ (ðåëèêòîâàÿ) è ãðàíîáëàñòîâàÿ. 
Ðóäû â ðàçíîé ñòåïåíè êàòàêëàçèðîâàíû è  áðåê÷èðîâà-
íû, ïîýòîìó äëÿ íèõ â öåëîì õàðàêòåðíû ñòðóêòóðû ñìÿ-
òèÿ, äðîáëåíèÿ, êàòàêëàçà, ðàçâàëüöåâàíèÿ.

Ãëàâíûì ðóäíûì ìèíåðàëîì àññîöèàöèè ÿâëÿåòñÿ 
ïèðèò 1-é ãåíåðàöèè. Â ïîä÷èíåííîì êîëè÷åñòâå ïðèñóò-
ñòâóþò ïèððîòèí, ìàðêàçèò, ñôàëåðèò (ìàðìàòèò), õàëü-
êîïèðèò, ìàãíåòèò, òèòàíî-ìàãíåòèò. Îáíàðóæåíû åäè-
íè÷íûå àãðåãàòû ðóòèë-àíàòàç-èëüìåíèòîâîãî ñîñòàâà ñ 
÷åòêî âûðàæåííîé èëüìåíèòîâîé ðåøåòêîé. Ìåòîäàìè 
ýëåêòðîííîé ìèêðîñêîïèè è ðåíòãåíîãðàôèè îáíàðóæå-
íû è äèàãíîñòèðîâàíû ñóëüôèäû – ìàêèíàâèò FeNi9S8, 
ìèëëåðèò NiS, áðàâîèò FeNiS2, õèçëåâóäèò Ni3S2, êàòèå-
ðèò CoFeNiS2; àðñåíèäû - íèêåëèí NiAs, ëåëëèíãèò FeAs2, 
ðàììåëüñáåðãèò NiAs2; ñóëüôîàðñåíèäû – ãåðñäîðôèò 
NiAsS, êîáàëüòèí CoAsS, îáðàçóþùèå ìèêðî- è íàíîâ-
êëþ÷åíèÿ â ïèðèòå.

Ïèðèò 1-é ãåíåðàöèè ïðåäñòàâëåí òîíêîé ñûïüå-
âèäíîé è ïûëåâèäíîé âêðàïëåííîñòüþ ñ ÿâíî âûðàæåí-

íîé òåíäåíöèåé ê ñåãðåãàöèè, ðåæå ïðèñóòñòâóþò ïî÷êî-
âèäíûå îáðàçîâàíèÿ. Â àññîöèàöèè ñ ïèðèòîì âñåãäà îò-
ìå÷àåòñÿ ìàðêàçèò. Ñîïîñòàâëÿÿ îòäåëüíûå ôðàãìåíòû è 
äåòàëè ñòðóêòóðíîé ïåðåãðóïïèðîâêè ïèðèòà, ìîæíî ãî-
âîðèòü î åãî ïîñëåäîâàòåëüíîé ïåðåêðèñòàëëèçàöèè - îò 
áåñïîðÿäî÷íî òîíêîðàññåÿííûõ çåðåí («ïûëè») äî èíäè-
âèäîâ ñ ÷åòêèìè êðèñòàëëîãðàôè÷åñêèìè î÷åðòàíèÿìè, 
÷òî ïðèâîäèò ê îáðàçîâàíèþ ãðàíîáëàñòîâûõ àãðåãàòîâ. 

Óñòàíîâëåíî, ÷òî ïèðèò 1-é ãåíåðàöèè èìååò íåñòåõè-
îìåòðè÷åñêèé ñîñòàâ. Ñîäåðæàíèå æåëåçà  (46.46–46.98 %)
è ñåðû (52.17–52.90 %) â ïèðèòå âàðüèðóåò â íåçíà÷è-
òåëüíûõ ïðåäåëàõ. Îòíîøåíèå ñåðû è æåëåçà èçìåíÿåòñÿ 
îò 1.95 äî 1.99, ò.å. îòìå÷àåòñÿ ÿâíûé äåôèöèò ñåðû, îá-
óñëîâëåííûé, î÷åâèäíî, íèçêîé àêòèâíîñòüþ ñåðû â ìè-
íåðàëèçóþùåì ðàñòâîðå è èçáûòêîì  êàòèîíîíîñèòå-
ëåé. Íåðåäêî ïèðèò-1 ñîäåðæèò ìûøüÿê (0.01–0.02 %),
â îñíîâíîì ñâÿçàííûé ñ âêëþ÷åíèÿìè àðñåíèäîâ è ñóëü-
ôîàðñåíèäîâ íàíîìåòðè÷åñêîé ðàçìåðíîñòè. Îí îòëè÷à-
åòñÿ  íàèáîëåå âûñîêèì ñîäåðæàíèåì êîáàëüòà (0.4–0.2 %)
ïî îòíîøåíèþ ê ïèðèòó äðóãèõ ãåíåðàöèé è ïîñòîÿííûì 
ïðèñóòñòâèåì íèêåëÿ (0.01 %). Óñòàíîâëåíî, ÷òî êîáàëüò è 
íèêåëü íå òîëüêî èçîìîðôíî âõîäÿò â ñòðóêòóðó ìèíåðà-
ëà, íî è ïðèñóòñòâóþò â âèäå ìèêðîíàíîâêëþ÷åíèé  ñàô-
ôëîðèòà,  ðàììåëüñáåðãèòà, ãåðñäîðôèòà. Îòíîøåíèå êî-
áàëüòà ê íèêåëþ â ïèðèòå  1-é ãåíåðàöèè âñåãäà áîëüøå 1. 
Ñîäåðæàíèå ìåäè (0.03–0.08 %) è öèíêà (0.03  %) ñâÿçà-
íî ñ ìèêðîâêëþ÷åíèÿìè õàëüêîïèðèòà è ñôàëåðèòà ñîîò-
âåòñòâåííî.

Ñôàëåðèò-àðñåíîïèðèò-ïèðèòîâàÿ ìèíåðàëüíàÿ àññî-
öèàöèÿ íàèáîëåå ðàñïðîñòðàíåíà â ðóäàõ, ñ íåé ñâÿçàíà 
îñíîâíàÿ ÷àñòü çîëîòà. Îíà ïðèñóòñòâóåò âî âñåõ èçó÷åí-
íûõ ñêâàæèíàõ. Âìåùàþùèå ïîðîäû - ìåòàñîìàòèòû òè-
ïà áåðåçèòîâ. Âêðàïëåííûå ðóäû õàðàêòåðèçóþòñÿ ãíå-
çäî- è ïÿòíîâèäíûìè îáîñîáëåíèÿìè ïèðèòà 2-é è àðñå-
íîïèðèòà 1-é  ãåíåðàöèé. Ñòðóêòóðà ðóä ãðàíîáëàñòîâàÿ, 
ïîðôèðîáëàñòîâàÿ. 

Ãëàâíûìè ðóäíûìè ìèíåðàëàìè 2-é ìèíåðàëüíîé 
àññîöèàöèè ÿâëÿþòñÿ ïèðèò 2-é ãåíåðàöèè è àðñåíîïèðèò 
1-é ãåíåðàöèè. Â ðåçêî ïîä÷èíåííîì êîëè÷åñòâå, îáû÷íî 
â âèäå âêëþ÷åíèé â ãëàâíûõ ðóäíûõ ìèíåðàëàõ ïðèñóòñò-
âóþò ñôàëåðèò 2-é ãåíåðàöèè (êëåéîôàí) è õàëüêîïèðèò 
2-é ãåíåðàöèè. Ìåòîäàìè ýëåêòðîííîé ìèêðîñêîïèè è 
ðåíòãåíîãðàôèè îáíàðóæåíû àðñåíèäû è ñóëüôîàðñåíèäû 
Ni, Co, ñðåäè êîòîðûõ ïðåîáëàäàþò Co-êîáàëüòèí (CoAsS)
è êîðèíèò (NiCo(AsSb)S), à òàêæå As-ðàçíîâèäíîñòü áëå-
êëûõ ðóä - òåííàíòèò (Cu12As4S13), îáðàçóþùèå òîíêèå 
âêëþ÷åíèÿ â ðóäíûõ ìèíåðàëàõ. 

Ïèðèò 2-é ãåíåðàöèè è àðñåíîïèðèò 1-é ãåíåðàöèè 
ïðåäñòàâëåíû â îñíîâíîì ïîðôèðîáëàñòè÷åñêèìè âûäå-
ëåíèÿìè (ðèñ.1). Ïîðôèðîáëàñòè÷åñêèå âûäåëåíèÿ ïè-
ðèòà-2, èìåþùèå èäèîìîðôíóþ ôîðìó è äîñòèãàþùèå
1 ìì â äèàìåòðå, íàñûùåíû âêëþ÷åíèÿìè ìèíåðàëîâ, ÷òî 
ïðèâîäèò ê îáðàçîâàíèþ ñèòîâèäíûõ çåðåí.

Ìåòàñîìàòè÷åñêèé ãåíåçèñ ïîðôèðîáëàñòè÷åñêèõ 
âûäåëåíèé ïèðèòà -2 ïîäòâåðæäàþò êàåìêè îáðàñòàíèÿ   - 
ñòåáåëü÷àòûå, ëåíòî÷íûå, ÷åøóé÷àòûå, âîëîêíèñòûå àã-
ðåãàòû, ñîñòîÿùèå èç êâàðöà, ñëþäû ñ ïåðåìåííûì ñî-
äåðæàíèåì àíêåðèòà è àëüáèòà.  Ðîñò àãðåãàòîâ ñâÿçàí ñ 
ïåðåêðèñòàëëèçàöèåé âìåùàþùåé ïîðîäû âîêðóã ïèðè-
òà ïðè îäíîñòîðîííåì äàâëåíèè, ò.å. íîâîîáðàçîâàíèåì â 
«òåíÿõ äàâëåíèÿ». 

Âûÿâëåíî, ÷òî ïèðèò 2-é ãåíåðàöèè òàê-
æå èìååò íåñòåõèîìåòðè÷åñêèé ñîñòàâ: ñîäåðæà-
íèå æåëåçà ðàâíî 44.05–45.10 %, ñåðû - 53.10–53.85 %.
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Îí îòëè÷àåòñÿ èçáûòêîì ñåðû è ïîñòîÿííûì ïðèñóòñò-
âèåì èçîìîðôíîé ïðèìåñè ìûøüÿêà, â îòëè÷èå îò ïè-
ðèòà 1-é ãåíåðàöèè. Îòíîøåíèå ñåðû ê æåëåçó ñîñòàâ-
ëÿåò 2.07–2.10. Âåðîÿòíî, èçáûòîê ñåðû ñâÿçàí ñ åå ïðè-
âíîñîì ãèäðîòåðìàëüíûìè ðàñòâîðàìè. Ïðèñóòñòâèå ìû-
øüÿêà (0.04–0.08 %) îáóñëîâëåíî íå òîëüêî èçîìîðôíûì 
âõîæäåíèåì â ñòðóêòóðó ïèðèòà, íî è çàìåùåíèåì ïèðèòà 
àðñåíîïèðèòîì 1-é ãåíåðàöèè. Ìèíåðàë õàðàêòåðèçóåò-
ñÿ íàèáîëåå âûñîêèì ñîäåðæàíèåì íèêåëÿ (0.03–0.09 %):
ñîäåðæàíèå êîáàëüòà â íåì ñîñòàâëÿåò 0.03–0.06 %. 
Óñòàíîâëåíî, ÷òî Ni è Co â íåçíà÷èòåëüíîì êîëè÷åñòâå 
âõîäÿò â ñòðóêòóðó ïèðèòà, à â îñíîâíîì îáðàçóþò ñîáñò-
âåííûå  ôàçû – êîáàëüòèí è êîðèíèò. Â ïèðèòå 2-é ãå-
íåðàöèè ïðèñóòñòâóþò öèíê (0.07–0.1 %), âõîäÿùèé â ñî-
ñòàâ ñôàëåðèòà, ìåäü, ñâÿçàííàÿ ñ ìèêðîâêëþ÷åíèÿìè 
õàëüêîïèðèòà è òåííàíòèòà, èäåíòèôèöèðîâàííîãî ìè-
êðîäèôðàêöèîííûì àíàëèçîì.

Àðñåíîïèðèò 1-é ãåíåðàöèè ïðèñóòñòâóåò â âèäå  
ìåòàêðèñòàëëîâ ðàçìåðîì îò 0.01 äî 0.2 ìì â àññîöèàöèè ñ 
ïèðèòîì 2-é ãåíåðàöèè. Îòëè÷èòåëüíûì ïðèçíàêîì àðñå-
íîïèðèòà 1-é ãåíåðàöèè ÿâëÿåòñÿ ïðàâèëüíàÿ ôîðìà êðè-
ñòàëëîâ – ïñåâäîðîìáîýäðàëüíàÿ, ðåæå áèïèðàìèäàëüíî-
òàáëèò÷àòàÿ è êîðîòêîïðèçìàòè÷åñêàÿ (ðèñ. 2). Íåðåäêî 
ôèêñèðóåòñÿ íàëè÷èå êðåñòîîáðàçíûõ è çâåçä÷àòûõ äâîé-
íèêîâ è òðîéíèêîâ.  Àðñåíîïèðèò 1-é ãåíåðàöèè ñîäåð-
æèò çíà÷èòåëüíîå êîëè÷åñòâî ìèêðîâêëþ÷åíèé  ðóäíûõ è  
ïîðîäîîáðàçóþùèõ ìèíåðàëîâ. Äëÿ ìåòàêðèñòàëëîâ àðñå-
íîïèðèòà-1 òàêæå òèïè÷íû êàåì÷àòûå îáîäêè, ñôîðìè-
ðîâàííûå ñëþäîé è êâàðöåì â «òåíÿõ äàâëåíèÿ».

Õàðàêòåðíîé îñîáåííîñòüþ ÿâëÿåòñÿ íåðàâíîìåðíîå 
çàìåùåíèå àðñåíîïèðèòîì-1 ïèðèòà. Ïðè ýòîì îáðàçóþò-
ñÿ êðèñòàëëû ïàíèäèîìîðôíîé ôîðìû è ìåòàêðèñòàëëû 
àðñåíîïèðèòà-1. Ýëåêòðîííî-ìèêðîñêîïè÷åñêèì àíàëè-
çîì ïîäòâåðæäåíî, ÷òî êðèñòàëëû àðñåíîïèðèòà 1-é ãåíå-
ðàöèè  çàðîæäàþòñÿ â ïèðèòå 2-é ãåíåðàöèè.                                                    

Óñòàíîâëåíî, ÷òî àðñåíîïèðèò-1 èìååò íåñòåõèîìå-
òðè÷åñêèé ñîñòàâ ïðè íåèçìåíÿþùèõñÿ ñîäåðæàíèÿõ æå-
ëåçà (37.9 %), ìûøüÿêà (45.1 %) è ñåðû (18.02 %). Äëÿ  íåãî 
õàðàêòåðåí äåôèöèò ñåðû+ìûøüÿêà (S + As/Fe = 1.734), 

îáóñëîâëåííûé, î÷åâèäíî, íèçêîé àêòèâíîñòüþ ñåðû è 
ìûøüÿêà â ìèíåðàëèçóþùåì ðàñòâîðå, è èçáûòîê æåëåçà. 
Ïðèñóòñòâèå íèêåëÿ (0.01–0.08 %), êîáàëüòà (0.01–0.04 %),
ìåäè (0.01 %,) è öèíêà (0.07 %) îáóñëîâëåíî âêëþ÷åíè-
ÿìè êîðèíèòà è êîáàëüòèíà, ñôàëåðèòà è òåííàíòèòà. 
Íåâûñîêèå ñîäåðæàíèÿ êðåìíåçåìà è ãëèíîçåìà (ïîðÿä-
êà 3–5 %), îêñèäîâ êàëüöèÿ è êàëèÿ (îêîëî 1 %) ñâÿçàíû 
ñ òîíêèìè âêëþ÷åíèÿìè ïîðîäîîáðàçóþùèõ ìèíåðàëîâ, 
êîòîðûå íåðåäêî óäàåòñÿ äèàãíîñòèðîâàòü òîëüêî ìåòîäà-
ìè ýëåêòðîííîé ìèêðîñêîïèè. 

Àðñåíîïèðèò-ïèðèòîâàÿ ìèíåðàëüíàÿ àññîöèàöèÿ ïðè-
ñóòñòâóåò òîëüêî â âåðõíåì ãîðèçîíòå îòäåëüíûõ ñêâà-
æèí. Âìåùàþùèìè ÿâëÿþòñÿ ìåòàñîìàòè÷åñêèå ïîðî-
äû êâàðöåâîãî, ïîëåâîøïàò-êâàðöåâîãî è ðåæå êàðáîíàò-
íîãî ñîñòàâà. Ðóäû èìåþò ïðîæèëêîâî-âêðàïëåííóþ òåê-
ñòóðó. Ïðîæèëêîâûå è ãíåçäîâèäíûå ðóäíûå îáîñîáëåíèÿ 
äîñòèãàþò 20 ìì. Ðóäíûå ìèíåðàëû ïðåäñòàâëåíû ïàíè-
äèîìîðôíûìè è ãèïèäèîìîðôíûìè çåðíàìè ðàçëè÷íî-
ãî ðàçìåðà, ÷òî îïðåäåëÿåò ñòðóêòóðíûé ðèñóíîê ðóäû.
Èíòåíñèâíàÿ òåêòîíè÷åñêàÿ ïåðåðàáîòêà ïîðîä è ìîùíîå 
áðåê÷èðîâàíèå îáóñëîâèëî øèðîêîå ðàçâèòèå áðåê÷èåâûõ 
è áðåê÷èåâèäíûõ òåêñòóð è êàòàêëàñòè÷åñêèõ ñòðóêòóð. 

Ãëàâíûìè ðóäíûìè ìèíåðàëàìè ÿâëÿþòñÿ àðñåíî-
ïèðèò-2, ïèðèò-3, â ðåçêî ïîä÷èíåííîì êîëè÷åñòâå ïðè-
ñóòñòâóåò ãàëåíèò. Ìåòîäàìè ýëåêòðîííîé ìèêðîñêîïèè 
è ðåíòãåíîãðàôèè äèàãíîñòèðîâàíû ñóëüôèäû - àêàí-
òèò AgS,  àðãåíòèò Ag2S, àíòèìîíèäû - àíòèìîíèò Sb2S3, 
ñóëüôîàðñåíèäû - ñàðòîðèò PbAsS4, èîðäàíèò Pb14As7S24. 
Ñïåöèôè÷åñêîé îñîáåííîñòüþ 3-é ìèíåðàëüíîé àññî-
öèàöèè ÿâëÿåòñÿ ïðèñóòñòâèå ñóëüôîñîëåé. Ñóëüôîñîëè 
Cu, Pb, Ag ïðåäñòàâëåíû áëåêëûìè ðóäàìè ìûøüÿêîâè-
ñòîãî è  ñóðüìÿíèñòîãî ðÿäà - òåííàíòèòîì Cu12As4S13, òå-
òðàýäðèòîì Cu12Sb4S13, ïðóñòèòîì Ag3AsS, êñàíòîêîíè-
òîì AgAsS3, ïèðàðãèðèòîì Ag3SbS3, ñòåôàíèòîì AgSbS4, 
ãåîêðîíèòîì Pb14(AsSb)6S29, âèòòèòîì (PbAg)5Bi6S14. 
Îòìå÷àþòñÿ ÿâíî âòîðè÷íûå ðóäíûå ìèíåðàëû – ñêîðî-
äèò, àíãëåçèò, òðèãîíèò,  îáðàçîâàíèå êîòîðûõ ñâÿçàíî ñ 
ïðîöåññàìè îêèñëåíèÿ.

А Б

Ðèñ. 1. А. Ñðîñòîê ïèðèòà 2-é ãåíåðàöèè è àðñåíîïèðèòà 1-é ãåíåðàöèè. Б. Êðèñòàëë àðñåíîïèðèòà 1-é  ãåíåðàöèè. ÐÝÌ

Fig. 1. А. Aggregate of 2nd generation pyrite and 1st generation arsenopyrite. Б. Crystal of 1st generation arsenopyrite. SEM
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Ïèðèò 3-é ãåíåðàöèè ïî ìîðôîëîãèè âûäåëå-
íèé  è ñîñòàâó ìàëî îòëè÷àåòñÿ îò ïèðèòà 2-é ãåíåðàöèè. 
Â îñíîâíîì ïðèñóòñòâóåò â âèäå ïîðôèðîáëàñòîâ êóáè÷å-
ñêîé èëè áëèçêîé ê íåé ôîðìû. Ãðàíóëÿðíûé ñîñòàâ ïè-
ðèòà-3 áîëåå âûäåðæàííûé, ïðàêòè÷åñêè íå âñòðå÷àþò-
ñÿ ìåëêèå ìåòàêðèñòàëëû. Êàê ïðàâèëî, ïèðèò 3-é íå ñî-
äåðæèò âêëþ÷åíèé äðóãèõ ìèíåðàëîâ. Â îòëè÷èå îò ïèðè-
òà 2-é ãåíåðàöèè ïèðèò -3 â ðàçëè÷íîé ñòåïåíè ïîäâåðæåí 
èçìåíåíèþ. Íàáëþäàåòñÿ «ðàñùåïëåíèå» êðèñòàëëîâ íà 
áëîêè, âûùåëà÷èâàíèå ïîâåðõíîñòè ñ îáðàçîâàíèåì ïî-
ëîñòåé ðàçíîé ôîðìû è ðàçìåðà, êîððîçèÿ íåðóäíûìè ìè-
íåðàëàìè.

Äëÿ ïèðèòà-3 òèïè÷åí èçáûòîê ñåðû è èçîìîðôíîå 
âõîæäåíèå ìûøüÿêà â ñòðóêòóðó ìèíåðàëà. Ïðè ýòîì  îò-
íîøåíèå ñåðû (53.58–53.70 %) ê æåëåçó (45.90–46.40 %)
íåñêîëüêî íèæå (2.02–2.04), ÷òî, âåðîÿòíî, ñâÿçàíî ëèáî 
ñ ãèäðîòåðìàëüíûìè ðàñòâîðàìè, ìåíåå íàñûùåííûìè 
ñåðîé, ëèáî ñ ïðîöåññàìè âûùåëà÷èâàíèÿ, ñëåäû êîòî-
ðûõ ÿâíî ïðîñëåæèâàþòñÿ. Â ïèðèòå 3-é ãåíåðàöèè îòìå-
÷àåòñÿ  íàèáîëåå âûñîêîå ñîäåðæàíèå ìûøüÿêà, ÷òî îáú-
ÿñíÿåòñÿ ìíîãî÷èñëåííûìè âêëþ÷åíèÿìè àðñåíîïèðèòà 
è   áëåêëûõ ðóä. Ïðèñóòñòâèå íèêåëÿ è êîáàëüòà ñâÿçàíî 
èñêëþ÷èòåëüíî ñ èõ èçîìîðôíûì âõîæäåíèåì â ñòðóêòó-
ðó ìèíåðàëà. Ñîáñòâåííûõ ôàç íèêåëÿ è êîáàëüòà íå îá-
íàðóæåíî. Ñâèíåö (0.092–0.145 %) âõîäèò â ñîñòàâ ãàëå-
íèòà. Ìåäü (0.215–0.401 %), âåðîÿòíî, ñîîòíîñèòñÿ ñ òåí-
íàíòèòîì. 

Àðñåíîïèðèò 2-é ãåíåðàöèè ïðåäñòàâëåí èãîëü÷àòû-
ìè, ìåëêîøåñòîâàòûìè àãðåãàòàìè, íåðàâíîìåðíî ðàñ-
ïðåäåëåííûìè â ïîðîäå. Îòìå÷àåòñÿ òåíäåíöèÿ ê êîí-
öåíòðàöèè àðñåíîïèðèòà-2 â ïðîñòðàíñòâàõ îêîëî òðå-
ùèí â êâàðöåâûõ àãðåãàòàõ â âèäå âûäåëåíèé ëó÷èñòîé, 
çâåçä÷àòîé ôîðìû, ñîñòîÿùèõ èç çåðåí äëèííîïðèçìàòè-
÷åñêîé è èãîëü÷àòîé ôîðìû. Èíîãäà àðñåíîïèðèò 2-é ãå-
íåðàöèè â íåçíà÷èòåëüíîé ñòåïåíè çàìåùàåò ïèðèò-2 è 
àðñåíîïèðèò-1. Âñå çåðíà àðñåíîïèðèòà-2, â îòëè÷èå îò 

ðàííåãî àðñåíîïèðèòà, «÷èñòûå» è íå ñîäåðæàò âêëþ÷å-
íèé äðóãèõ ìèíåðàëîâ.  

Ïî ñîäåðæàíèþ æåëåçà (37.2 %), ìûøüÿêà (44.03 %) è 
ñåðû (18.86 %) àðñåíîïèðèò 2-é ãåíåðàöèè  áëèçîê ê àðñå-
íîïèðèòó 1-é ãåíåðàöèè. Îí òàêæå èìååò íåñòåõèîìåòðè-
÷åñêèé ñîñòàâ (S + As/Fe = 1.769). Îäèíàêîâîå îòíîøåíèå 
ñåðû ê ìûøüÿêó (S/As = 0.428) â àðñåíîïèðèòå îáåèõ ãå-
íåðàöèé óêàçûâàåò íà ìûøüÿêîâèñòûé ñîñòàâ ðóäîîáðà-
çóþùèõ ðàñòâîðîâ, îòëè÷àþùèõñÿ íèçêîé àêòèâíîñòüþ 
ñåðû è ìûøüÿêà è èçáûòêîì æåëåçà. 

Â àðñåíîïèðèòå-2 íå îáíàðóæåíû íèêåëü è êîáàëüò, 
íî ïðàêòè÷åñêè ïîñòîÿííî ïðèñóòñòâóþò ñâèíåö (0.064–
0.12 %), ìåäü (0.05–0.91 %), ñåðåáðî (äî 1.81 %),  ñóðüìà 
(0.022–0.051 %), èíîãäà îòìå÷àþòñÿ öèíê (0.02%) è âèñ-
ìóò (0.028–0.051 %), âõîäÿùèå â ñîñòàâ  ïðåèìóùåñòâåí-
íî ñóëüôîñîëåé ìûøüÿêîâèñòîãî è ñóðüìÿíèñòîãî ðÿäà 
(áëåêëûå ðóäû). Ñâèíåö è ñóðüìà ÷àñòè÷íî âõîäÿò â ãà-
ëåíèò è àíòèìîíèò ñîîòâåòñòâåííî. Ìèíåðàëüíîé ôà-
çîé ñåðåáðà ÿâëÿåòñÿ àêàíòèò. Âûñîêèå ñîäåðæàíèÿ SiO2 
(3.43–15.03 %), Al2O3 (5.04–8.32 %), ÑàÎ (äî 1.11 %),
Ê2Î (äî 0.93 %) ñâÿçàíû èñêëþ÷èòåëüíî ñ âêëþ÷åíèÿìè 
êâàðöà, ïîëåâîãî øïàòà, ãëèíèñòûõ è êàðáîíàòíûõ ìè-
íåðàëîâ.   

Ãåíåðàöèè ïèðèòà è àðñåíîïèðèòà, âõîäÿùèå â 
ñîñòàâ ðàçëè÷íûõ ìèíåðàëüíûõ àññîöèàöèé, îòëè÷à-
þòñÿ äðóã îò äðóãà ìîðôîëîãè÷åñêèìè îñîáåííîñòÿ-
ìè è ñîñòàâîì. Âûÿâëåííûå ìèêðîíàíîïàðàãåíåçè-
ñû ðóäíûõ ìèíåðàëîâ â ñîâîêóïíîñòè ñ äðóãèìè îñî-
áåííîñòÿìè ïèðèòà è àðñåíîïèðèòà è ðóä â öåëîì 
ïîçâîëèëè óñòàíîâèòü ýëåìåíòû âåðòèêàëüíîé ìè-
íåðàëîãè÷åñêîé çîíàëüíîñòè, âûðàæàþùåéñÿ â ñìå-
íå ðóäíîé ìèíåðàëèçàöèè ñ ãëóáèíîé îðóäåíåíèÿ [5]. 
Â íèæíèõ ãîðèçîíòàõ ïðèñóòñòâóåò ïåðâàÿ ìèíåðàëü-
íàÿ àññîöèàöèÿ ñ òèïè÷íûì ãèäðîòåðìàëüíûì ìè-
êðîïàðàãåíåçèñîì ñóëüôîàðñåíèäîâ êîáàëüòà, íèêå-
ëÿ. Â ñðåäíèõ ãîðèçîíòàõ îòìå÷àåòñÿ âòîðàÿ ìèíåðàëü-

Ðèñ. 2. Ìåòàêðèñòàëëû àðñåíîïèðèòà  1-é ãåíåðàöèè  (êðèñòàëëû ïñåâäîðîìáîýäðàëüíîé, áèïèðàìèäàëüíî-òàáëèò÷àòîé, ïðè-
çìàòè÷åñêîé ôîðìû). ÐÝÌ

Fig. 2. Metacrystals of 1st generation arsenopyrite (pseudorhombohedral, biriramidal-tabular, prismatic crystals). SEM.
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íàÿ àññîöèàöèÿ, îòëè÷àþùàÿñÿ ïîëíûì îòñóòñòâèåì 
ñóëüôèäîâ Ni, Co, îãðàíè÷åííûì êîëè÷åñòâîì àðñå-
íèäîâ è ñóëüôîàðñåíèäîâ, ïîÿâëåíèåì áëåêëîé ðóäû.
Â âåðõíèõ ãîðèçîíòàõ òîëüêî äâóõ ñêâàæèí âñòðå÷àåòñÿ 
òðåòüÿ ìèíåðàëüíàÿ àññîöèàöèÿ ñ àíòèìîíèäàìè, âèñ-
ìóòèäàìè, ñóëüôîñîëÿìè ñëîæíîãî ñîñòàâà Cu, Pb, Ag, 
ïîÿâëåíèå êîòîðûõ  ñâèäåòåëüñòâóåò î ñíèæåíèè òåìïå-
ðàòóð ìèíåðàëîîáðàçîâàíèÿ ê êîíöó ïðîöåññà è çàêîíî-
ìåðíîé ñìåíå àññîöèàöèé ñ èçìåíåíèåì òèïîìîðôíûõ 
îñîáåííîñòåé ðóäíûõ ìèíåðàëîâ. 

Â ðóäàõ ìåñòîðîæäåíèÿ Ìàëîìûð óñòàíîâëåíî  ñàìî-
ðîäíîå çîëîòî ðàçìåðîì 0.003–0.07 ìì [4]. Çíà÷èòåëüíî 
ðåæå âñòðå÷àåòñÿ çîëîòî ðàçìåðîì 0.1–1.5 ìì,
ïðèóðî÷åííîå ê ìåæçåðíîâîìó ïðîñòðàíñòâó è ìåëêèì 
òðåùèíàì â êâàðöå è ñóëüôèäàõ, îáû÷íî èìåþùåå ïëà-
ñòèí÷àòóþ ôîðìó. Âíåøíå îäíîðîäíûå ïëàñòèíêè çîëîòà 
èìåþò áëî÷íîå ìèêðîñòðîåíèå. Ñâîáîäíûõ çåðåí çîëîòà 
íå íàáëþäàåòñÿ, ïðàêòè÷åñêè âñåãäà îòìå÷àþòñÿ ñðîñòêè. 
Ïðîáíîñòü çîëîòà 800.

Ïðîâåäåííûå èññëåäîâàíèÿ ïîçâîëèëè âûÿâèòü è 
îïðåäåëèòü ôîðìó íàõîæäåíèÿ òîíêîäèñïåðñíîãî çî-
ëîòà è õàðàêòåðà åãî âçàèìîîòíîøåíèé ñ ìèíåðàëàìè.    
Óñòàíîâëåíî, ÷òî ãëàâíûì îáðàçîì îíî ñâÿçàíî ñ ìèíåðàëà-
ìè âòîðîé ïðîäóêòèâíîé àññîöèàöèè. Çîëîòî ïðèñóòñòâóåò
â ñëîèñòûõ àëþìîñèëèêàòàõ, êâàðöå, óãëåðîäèñòîì âåùå-
ñòâå è ðóäíûõ ìèíåðàëàõ – ïèðèòå è àðñåíîïèðèòå.

Â  ñôàëåðèò-àðñåíîïèðèò-ïèðèòîâîé àññîöèàöèè çî-
ëîòî îòíîñèòñÿ ê ïèðèòó 2-é ãåíåðàöèè, â êîòîðîì îáðà-
çóåò èíäèâèäóàëèçèðîâàííûå çåðíà ìèêðîíàíîìåòðîâîé 
ðàçìåðíîñòè, îêðóãëîé èçîìåòðè÷íîé è íåïðàâèëüíîé 
ôîðìû. Îòìå÷àåòñÿ ÿâíàÿ ïðèóðî÷åííîñòü çîëîòà ê ãðà-
íèöàì çåðåí, ìèêðîòðåùèíàì è ìèêðîäèñëîêàöèîííûì 
íàðóøåíèÿì. Ñàìîðîäíîå çîëîòî íåïîñðåäñòâåííî â  àð-
ñåíîïèðèòå 2-é ãåíåðàöèè âñòðå÷àåòñÿ âåñüìà ðåäêî, èìå-
åò íåïðàâèëüíóþ îêðóãëóþ ôîðìó è ïðèóðî÷åíî â îñíîâ-
íîì ê ãðàíèöàì çåðåí.

Îñîáî ñëåäóåò îñòàíîâèòüñÿ íà ëîêàëèçàöèè ñà-
ìîðîäíîãî çîëîòà íà ïîâåðõíîñòè çåðåí ïèðèòà-2.

Íà ñêîëå çåðåí ïèðèòà ôèêñèðóþòñÿ òîí÷àéøèå îêðóãëûå 
îáðàçîâàíèÿ, íåðåäêî ïðèîáðåòàþùèå ïîäîáèå îãðàíêè
(ðèñ. 4, à). Èíîãäà îòìå÷àþòñÿ íåðàâíîìåðíî ðàñïðå-
äåëåííûå àãðåãàòû ñàìîðîäíîãî çîëîòà, òÿãîòåþùèå ê 
êðàåâûì çîíàì êðèñòàëëîâ, ñôîðìèðîâàííûå çåðíàìè
êóáè÷åñêîé, ðåæå îêðóãëîé è ñëàáîóäëèíåííîé ôîð-
ìû, ðàçìåð êîòîðûõ îáû÷íî âàðüèðóåò â ïðåäåëàõ 10–
100 íì. Ñàìîðîäíîå çîëîòî, íàáëþäàåìîå íà ïîâåð-
õíîñòè çåðåí ïèðèòà, õàðàêòåðèçóåòñÿ îòíîñèòåëü-
íî õîðîøåé ñòåïåíüþ ðàñêðèñòàëëèçàöèè. Çíà÷èòåëüíî 
ðåæå ôèêñèðóþòñÿ òîí÷àéøèå îñòðîâêîâûå ïëå-
íî÷íûå îáðàçîâàíèÿ, ðàçìåðû êîòîðûõ, êàê ïðàâè-
ëî, ñîñòàâëÿþò ïåðâûå äåñÿòêè íàíîìåòðà (ðèñ. 4, á).
Ëîêàëèçàöèþ çîëîòà íà ãðàíÿõ è ñêîëàõ ïèðèòà ðàíåå îò-
ìå÷àë   Ð. À. Àìîñîâ ñ ñîàâòîðàìè [1]. Ìîæíî ïðåäïîëî-
æèòü, ÷òî êîíöåíòðàöèÿ çîëîòà ïðîèñõîäèëà â îñëàáëåí-
íûõ çîíàõ çà ñ÷åò íàëîæåíèÿ íà óæå ñôîðìèðîâàííûé ïè-
ðèò áîëåå ïîçäíèõ ïîðöèé ãèäðîòåðìàëüíûõ ðàñòâîðîâ, 
îáîãàùåííûõ çîëîòîì.

Âèäèìî, ñëåäóåò ñîãëàñèòüñÿ ñ ìíåíèåì Á. Ñ. Àíäðååâà
[2], ÷òî ïðè ôîðìèðîâàíèè ðóäíîé ìèíåðàëèçàöèè ïå-
ðåðàñïðåäåëåíèå çîëîòà ïîñòåïåííî íàðàñòàåò è äîñòè-
ãàåò ìàêñèìóìà â ïðîäóêòèâíîé âòîðîé àññîöèàöèè. 
Ïåðåãðóïïèðîâêà, â äàííîì ñëó÷àå ïèðèòà è çîëîòà, ïðî-
èñõîäèò ñèíõðîííî, òîíêîäèñïåðñíûå âêëþ÷åíèÿ ñà-
ìîðîäíîãî çîëîòà íå âûõîäÿò çà ïðåäåëû çåðåí ïèðè-
òà. Äàëüíåéøåå ðàçâèòèå ðóäíîé ìèíåðàëèçàöèè â ñòî-
ðîíó çîëîòîñóëüôèäíî-êâàðöåâîãî êîìïëåêñà ïðèâîäèò
ê ñìåíå õàðàêòåðà ñâÿçè çîëîòà è ïèðèòà. Â ðåçóëüòàòå ïå-
ðåðàñïðåäåëåíèÿ çîëîòî âûõîäèò çà ïðåäåëû çåðåí ïèðè-
òà. Ïîýòîìó â ïèðèòå 3-é ãåíåðàöèè ñîäåðæàíèå çîëîòà 
íåçíà÷èòåëüíî, ïðèñóòñòâóåò îíî òàêæå â âèäå îêðóãëûõ 
èçîìåòðè÷íûõ è íåïðàâèëüíûõ çåðåí. Íåðåäêî ïèðèò âî-
îáùå íå ñîäåðæèò çîëîòà. Óñòàíîâëåíî, ÷òî ó÷àñòêè ïèðè-
òà, â êîòîðûõ êîíöåíòðèðóåòñÿ çîëîòî, ïðàêòè÷åñêè âñåã-
äà îáîãàùåíû ìåäüþ è ñâèíöîì, èíîãäà öèíêîì, íåðåäêî 
ñåðåáðîì. 

Ðèñ. 3. Ìåòàêðèñòàëëû è ïîðôèðîáëàñòû ïèðèòà 3-é ãåíåðàöèè. ÐÝÌ

Fig. 3. Metacrystals and porphyroblasts of 3d generation pyrite. SEM
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Çàêëþ÷åíèå

 Çîëîòîñóëüôèäíûå ðóäû ìåñòîðîæäåíèÿ Ìàëîìûð 
îòëè÷àþòñÿ ñëîæíûì ìîðôîñòðóêòóðíûì ñîñòàâîì. 
Ðóäíûå ìèíåðàëüíûå àññîöèàöèè õàðàêòåðèçóþòñÿ ñâî-
åîáðàçíûìè òåêñòóðíî-ñòðóêòóðíûìè ðèñóíêàìè, ïîñòî-
ÿííûì íàáîðîì ðóäíûõ ìèíåðàëîâ, ñòðîãî ôèêñèðóåìûì
â êàæäîé àññîöèàöèè, ðàñïðåäåëåíèåì â íèõ òîíêîäè-
ñïåðñíîãî çîëîòà è ñîîòâåòñòâóþò ïîäñòàäèÿì   ðóäíîé 
ñòàäèè ãèäðîòåðìàëüíî-ìåòàñîìàòè÷åñêîãî ïðîöåññà.

Òîíêîäèñïåðñíîå ñàìîðîäíîå çîëîòî  ïðèñóòñòâó-
åò â ïèðèòå, àðñåíîïèðèòå, êâàðöå, ñëîèñòûõ ñèëèêàòàõ è 
óãëåðîäèñòîì âåùåñòâå â âèäå âûäåëåíèé ìèêðî- è íàíî-
ìåòðè÷åñêîé ðàçìåðíîñòè. Îñíîâíàÿ ÷àñòü çîëîòà ñâÿçàíà 
ñ ìèíåðàëàìè âòîðîé ïðîäóêòèâíîé ñôàëåðèò-àðñåíîïè-
ðèò-ïèðèòîâîé àññîöèàöèè. 

Ãðàíóëÿðíûé ñîñòàâ ñàìîðîäíîãî çîëîòà è õàðàêòåð 
åãî ëîêàëèçàöèè â ðóäíûõ ìèíåðàëàõ ïîçâîëÿþò îòíåñòè 
çîëîòîñóëüôèäíûå ðóäû ê óïîðíûì, èçâëå÷åíèå çîëîòà èç 
êîòîðûõ ìîæåò áûòü ñâÿçàíî òîëüêî ñ áèîõèìè÷åñêèì âû-
ùåëà÷èâàíèåì.

Ðèñ. 4. А. Çåðíî ïèðèòà 2-é ãåíåðàöèè ñ òîíêîäèñïåðñíûì çîëîòîì. Êîëüöåâàÿ ìèêðîäèôðàêöèîííàÿ êàðòèíà ñàìîðîäíîãî 
çîëîòà ñ îòäåëüíûìè îòðàæåíèÿìè ïèðèòà. Б. Îñòðîâêîâîå ïëåíî÷íîå îáðàçîâàíèå ñëàáîðàñêðèñòàëëèçîâàííîãî ñàìîðîäíîãî 

çîëîòà íà ïîâåðõíîñòè ñêîëà ïèðèòà. Êîëüöåâàÿ äèôôóçíàÿ ìèêðîäèôðàêöèîííàÿ êàðòèíà ñàìîðîäíîãî çîëîòà. ÏÝÌ

Fig. 4. A. Grain of 2nd generation pyrite with fine gold. Circular microdiffraction pattern of native gold with individual reflections of pyrite. 
Б. Island film of poorly crystallized native gold on pyrite cleavage surface. Circular diffuse microdiffraction pattern of native gold. TEM
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ÊÅÐ×ÅÍÑÊÈÅ ÎÎËÈÒÎÂÛÅ ÆÅËÅÇÍÛÅ ÐÓÄÛ È ÂÎÇÌÎÆÍÎÑÒÈ ÈÕ 
ÒÅÕÍÎËÎÃÈ×ÅÑÊÎÉ ÌÎÄÈÔÈÊÀÖÈÈ

Â. Ï. Ëþòîåâ, Â. È. Ñèëàåâ, À. Þ. Ëûñþê, Ñ. Ñ. Øåâ÷óê
Èíñòèòóò ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ, Ñûêòûâêàð, vlutoev@geo.komisc.ru

Ìåòîäàìè ì¸ññáàóýðîâñêîé è ÈÊ-ñïåêòðîñêîïèè ñ ïðèâëå÷åíèåì äàííûõ ïî õèìè÷åñêîìó è òåðìè÷åñêîìó àíàëèçàì è ðåçóëüòà-
òîâ ìèêðîçîíäîâûõ èññëåäîâàíèé èçó÷åíû îîëèòîâûå ðàçíîñòè «êîðè÷íåâûõ» ðóä ìåñòîðîæäåíèÿ, îòîáðàííûå èç êåðíà ñêâàæèí íà 
èíòåðâàëàõ 66–66.5 è 23.5–24 ì, è ïðîäóêòû èõ îìàãíè÷èâàíèÿ ìåòîäîì ñðåäíåòåìïåðàòóðíîãî âîññòàíîâèòåëüíîãî îáæèãà âî âðàùà-
þùåéñÿ ïå÷è. Ðóäà ñëîæåíà â çíà÷èòåëüíîé ñòåïåíè àìîðôíûì, òîíêîäèñïåðñíûì ìàòåðèàëîì ãèäðîã¸òèò-ñìåêòèòîâîãî òèïà ñ íå-
áîëüøîé ïðèìåñüþ ôîñôàòîâ. Ïî äàííûì ì¸ññáàóýðîâñêîé ñïåêòðîñêîïèè, â îîëèòàõ íà 85 %, à â öåìåíòå íà 60 % æåëåçî îòíîñèòñÿ 
ê ã¸òèòó ðàçëè÷íîé ñòåïåíè äèñïåðñíîñòè. Â ãëèíèñòîé ôàçå æåëåçî ëîêàëèçîâàíî â îêòàýäðè÷åñêèõ ïîçèöèÿõ äè- è òðèîêòàýäðè÷å-
ñêèõ ñìåêòèòîâ òèïà íîíòðîíèò-ôåððèñàïîíèò, â îñíîâíîì â òðåõâàëåíòíîì ñîñòîÿíèè. Îáðàáîòêà ðóäû âî âðàùàþùåéñÿ ïå÷è â âîñ-
ñòàíîâèòåëüíûõ óñëîâèÿõ íå ïðèâåëà ê èçìåíåíèþ åå õèìè÷åñêîãî ñîñòàâà. Ìàãíèòíàÿ âîñïðèèì÷èâîñòü è íàìàãíè÷åííîñòü íàñûùå-
íèÿ âîçðîñëè íà äâà ïîðÿäêà çà ñ÷åò ïîÿâëåíèÿ â ðóäå 30–40 âåñ. % ìàãíåòèòà, îáóñëàâëèâàþùåãî â ì¸ññáàóðîâñêèõ ñïåêòðàõ õàðàê-
òåðíûå ñåêñòåòû. Ïî äàííûì ì¸ññáàóýðîâñêîé ñïåêòðîñêîïèè, âîññòàíîâëåíèå æåëåçà äî äâóõâàëåíòíîãî ñîñòîÿíèÿ ïðîèçîøëî òàê-
æå â ñèëèêàòàõ ñ èñõîäíî òðåõâàëåíòíûì æåëåçîì. Ìàãíèòíàÿ ñåïàðàöèÿ êàê èñõîäíûõ, òàê è îìàãíè÷åííûõ ïðîá ñ èñïîëüçîâàíèåì 
èçîäèíàìè÷åñêîãî ìàãíèòíîãî ñåïàðàòîðà ìàëîýôôåêòèâíà. Äëÿ ïîëó÷åíèÿ èñêîìîãî ýôôåêòà, âåðîÿòíî, òðåáóåòñÿ îòðåãóëèðîâàòü 
ñòåïåíü ïðåâðàùåíèÿ ñëàáîìàãíèòíûõ îêñèäîâ è ãèäðîêñèäîâ æåëåçà â ìàãíåòèò.

Êëþ÷åâûå ñëîâà: Êåð÷åíñêèé æåëåçîðóäíûé áàññåéí, îîëèòîâûå ðóäû, âîññòàíîâèòåëüíûé îáæèã, ìàãíèòíûå ñâîéñòâà, ì¸ññáà-
óýðîâñêàÿ è ÈÊ-ñïåêòðîñêîïèÿ, òåðìè÷åñêèé è ðåíòãåíîâñêèé àíàëèçû, ìèêðîçîíä.

KERCH OOLITIC IRON ORES AND POSSIBILITIES OF THEIR TECHNOLOGICAL 
MODIFICATION

V. P. Lutoev, V. I. Silaev, A. Yu. Lysiuk, S. S. Shevchuk
Institute of Geology, Komi SC, UB RAS, Syktyvkar, Russia, vlutoev@geo.komisc.ru

The main technological development problem of Kerch brown iron ore is its poor modification by a traditional magnetic-gravitation method. 
We studied the oolitic varieties of «brown» ore by Mössbauer and IR spectroscopy methods using the data of chemical and thermal analysis and  
microprobe study from core at intervals 66-66.5 and 23.5-24 m, and products of their magnetization by medium-thermal reductive roasting 
in the rotary furnace. The ore was filled by predominantly amorphous, fine hydrogoethite-smectite material with small phosphate admixture.
The oolites were predominantly oxyhydroxide-ferriferous and three times richer in phosphates compared with the cement predominantly filled 
with clay material (mol.%; 1 - cement, 2 - peas): clay substance - 1) 67 ± 10, 2) 20 ± 10; phosphate substance - 1) 3 ± 2, 2) 8 ± 3; iron 
oxyhydroxides - 1) 30 ± 8, 2) 72 ± 9.

According to the Mössbauer spectroscopy 85% of iron in oolite and 60% of iron in cement were related to goethite of various fineness.
The chemical composition of the hydrogoethite in peas and cement was almost identical, its general empirical formula - (Fe0.96–1Mn0–0.04)Î(ÎÍ). 
In the clay phase the iron was localized in the octahedral positions of di- and trioctahedral smectite of nantronite-ferrisaponite type mainly in the 
trivalent state. The smectites in the cement and oolites were not identical, in the latter the octahedral positions of Fe3+ were characterized by 
significantly larger quadrupole splitting: in oolites IS  03, 0.44, QS  0.65, 1.4 mm/s; in cement IS  03, 0.4,  QS  0.56, 1.0 mm/s.

The modification of ore in the rotary furnace in reducing conditions did not result in the change of its chemical composition, the magnetic 
susceptibility, and saturation magnetization were increased by two orders due to the appearance of 30-40 wt.% of magnetite. In the Mössbauer 
spectra of magnetized ore 40 % of magnetic superfine structure were related to the partially oxidized magnetite Fe3+[Fe2+

1–0.86Fe3+
1–1.09□0–0.04]O4.

According to Mössbauer spectroscopy the reduction of iron to the divalent state occurred also in silicates with initially trivalent iron. The values 
of isomer shift (1.12 and 0.96 mm/s) and quadrupole splitting (2.6-2.7 and 2.0-2.1 mm/s) correlated with octahedral positions in the structure 
of the dehydration products of  initial smectite. The magnetic separation of both initial and magnetized samples, using an isodynamic magnetic 
separator, was ineffective. To obtain the desired effect, we would probably need to adjust the conversion degree of low-magnetic iron oxides 
and hydroxides to magnetite.

Keywords: Kerch iron ore basin, oolitic ore, reduction roasting, magnetic properties, Mössbauer and IR spectroscopy, thermal and X-ray 
analysis, microprobe.

Ââåäåíèå 

Â Êåð÷åíñêîì æåëåçîðóäíîì áàññåéíå îáùåé ïëî-
ùàäüþ áîëåå 250 êì2 ìåñòîðîæäåíèÿ îîëèòîâûõ (áîáî-
âûõ) áóðûõ æåëåçíÿêîâ ïðèóðî÷åíû ê êàéíîçîéñêèì 
ìóëüäàì è ïðîãèáàì øèðîòíîãî ïðîñòèðàíèÿ äëèíîé 
6–40 è øèðèíîé 1.5—13 êì [7]. Ðóäíûé ãîðèçîíò ñëî-
æåí ïðèáðåæíî-ìîðñêèìè îñàäêàìè ðàííåãî ïëèîöåíà
(N2, êèììåðèéñêèé ÿðóñ). Îí îáúåäèíÿåò ñåðèþ ïîëîãî-
çàëåãàþùèõ ïëàñòîâ ïåñ÷àíî-ãëèíèñòûõ ïîðîä ñ êðóïíû-
ìè ëèíçàìè æåëåçíûõ ðóä. Ìîùíîñòü ïðîäóêòèâíûõ îò-

ëîæåíèé âàðüèðóåò îò 0.5–2 äî 25—40 ì, äîñòèãàÿ ìàêñè-
ìóìà â öåíòðàëüíûõ ÷àñòÿõ ìóëüä íà ãëóáèíå 140—180 ì.
Îáùèå çàïàñû ðóä ñîñòàâëÿþò çäåñü 1.8 ìëðä ò, èç êîòîðûõ 
560 ìëí ò ïðèõîäèòñÿ íà íàèáîëåå öåííûå êîðè÷íåâûå 
ðóäû ñî ñðåäíèì âàëîâûì ñîäåðæàíèåì æåëåçà 37.5 %.

Îñíîâíîé õàðàêòåðíîé îñîáåííîñòüþ êèììåðèé-
ñêèõ æåëåçíûõ ðóä ðåãèîíà ÿâëÿåòñÿ èõ îîëèòîâàÿ ñòðóê-
òóðà (ðèñ. 1). Ïðåäïîëàãàåòñÿ, ÷òî îíà ñôîðìèðîâà-
ëàñü íà ñòàäèè ñåäèìåíòîãåíåçà â ïðèáðåæíî-ìîðñêîé
îáñòàíîâêå â óñëîâèÿõ çíà÷èòåëüíîé ãèäðîäèíàìè÷åñêîé
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àêòèâíîñòè ñ ó÷àñòèåì áèîãåííîãî ôàêòîðà [5, 10].
Îñíîâíàÿ ìàññà êåð÷åíñêèõ ðóä ñëîæåíà àìîð-

ôíûì âîäíûì ñèëèêàòîì – Fe-àëëîôàíîèäîì
(kFe2O3∙lSiO2∙mAl2O3∙nH2O), ñìåêòèòàìè (ôåððîñàïîíèò 
è äð.), ñìåøàíîñëîéíûìè îáðàçîâàíèÿìè, ãèäðîã¸òè-
òîì, êàðáîíàòàìè æåëåçà è ìàðãàíöà ïðè ïîä÷èíåííîì 
çíà÷åíèè ãèäðîõëîðèòîâ, ãèäðîñëþä, êàîëèíèòà, ãàëëóà-
çèòà, ôîñôàòîâ è äð. ìèíåðàëîâ [10]. Ïî ðàçðåçó ðóäíîé 
òîëùè ïåðâè÷íûå «òàáà÷íûå» ðóäû ïåðåõîäÿò â îêèñëåí-
íûå â ïðèïîâåðõíîñòíûõ óñëîâèÿõ «êîðè÷íåâûå» ðóäû. 
Ïðè ýòîì èñõîäíàÿ êàðáîíàò-àëëîôàíîèä-ãèäðîã¸òèòî-
âàÿ àññîöèàöèÿ ñìåíÿåòñÿ êàðáîíàò-ñìåêòèò-ãèäðîã¸òè-
òîâîé è çàòåì ñìåêòèò-ãèäðîã¸òèòîâîé [1]. Îñíîâíûì 
ðóäíûì ìèíåðàëîì â îîëèòîâûõ áóðûõ æåëåçíÿêàõ ÿâ-
ëÿåòñÿ ãèäðîã¸òèò, îáðàçîâàâøèéñÿ, êàê ïðåäïîëàãàåòñÿ,
â ðåçóëüòàòå ãèäðîëèòè÷åñêîãî ðàçëîæåíèÿ ïåðâè÷íî-
ãî æåëåçèñòîãî õëîðèòà íà ñóøå â ãèïåðãåííûõ óñëîâè-
ÿõ. Èìåííî ïîñëåäíåå ÿâëÿåòñÿ ïðè÷èíîé âåñüìà íèçêîé 
ñòåïåíè êðèñòàëëè÷íîñòè áîëüøåé ÷àñòè âåùåñòâà êåð-
÷åíñêèõ ðóä.

Îñíîâíîé òåõíîëîãè÷åñêîé ïðîáëåìîé îñâîåíèÿ 
êåð÷åíñêèõ ìåñòîðîæäåíèé ÿâëÿåòñÿ ïëîõàÿ îáîãàòè-
ìîñòü áóðûõ æåëåçíÿêîâ òðàäèöèîííûì ìàãíèòíî-ãðà-
âèòàöèîííûì ìåòîäîì. Î÷åâèäíî, ÷òî îäíèì èç ñïîñîáîâ 
óñîâåðøåíñòâîâàíèÿ ýòîé ïðîöåäóðû ìîæåò ñòàòü çíà÷è-
òåëüíîå óñèëåíèå ìàãíèòíûõ ñâîéñòâ áóðîæåëåçíÿêîâûõ 
ðóä âñëåäñòâèå ÷àñòè÷íîãî âîññòàíîâëåíèÿ èîíîâ æåëåçà 
â ñëàáîìàãíèòíûõ îêñèäàõ è îêñèãèäðîêñèäàõ ñ ïîñëåäó-
þùèì èõ ïðåâðàùåíèåì â ñèëüíîìàãíèòíûå ìàããåìèò è 
ìàãíåòèò. Êàê ïîêàçàëè íàøè ýêñïåðèìåíòû, ýòî ìîæíî 
îñóùåñòâèòü íàãðåâàíèåì â ïðèñóòñòâèè íåäîðîãèõ êàòà-
ëèçàòîðîâ [2–4, 8, 9]. Îäíàêî ñóùåñòâåííîé ïîìåõîé íà 
ýòîì ïóòè ñëóæèò âñå åùå êðàéíå íåäîñòàòî÷íàÿ ìèíåðà-
ëîãî-ãåîõèìè÷åñêàÿ èçó÷åííîñòü êåð÷åíñêèõ ðóä.

Îáúåêòû è ìåòîäû èññëåäîâàíèé

Â êà÷åñòâå îáúåêòîâ èññëåäîâàíèé âûñòóïèëè ïå-
ðåäàííûå íàì â 2014 ã. â ðàìêàõ ïëàíèðóåìûõ ñîâìåñò-
íûõ ðàáîò ïî òåìå ãðàíòîâ ÐÔÔÈ ¹ 14-05-90403 Óêð_à 
è ¹ 15-05-14(Ó) ÍÀÍ Óêðàèíû ÈÃÌÐ ÍÀÍÓ (Êèåâ, 
Óêðàèíà) òðè òèïè÷íûõ îáðàçöà ðóäû, îòîáðàííûõ èç 

êåðíà ñêâàæèí íà ðàçíûõ æåëåçîðóäíûõ ìåñòîðîæäåíèÿõ 
– Ô-48 (èíòåðâàë 65.5–66 ì), Ô-49 (èíòåðâàë 66–66.5 ì), 
Ô-126 (èíòåðâàë 23.5–24 ì) – è ïîðîøêîâûå ïðîäóêòû 
èõ òåõíîëîãè÷åñêîé ìîäèôèêàöèè ìåòîäîì ñðåäíåòåì-
ïåðàòóðíîãî òåðìè÷åñêîãî îìàãíè÷èâàíèÿ ñ êðàõìàëîì 
âî âðàùàþùåéñÿ ïå÷è (ïðåïàðàòû Ô-48-ÂÏ, Ô-49-ÂÏ, 
Ô-126-ÂÏ). Èç øòóôîâ èñõîäíîé ðóäû íàìè áûëè òàêæå 
ïðèãîòîâëåíû øëèôû, àíøëèôû è ïîðîøêè (ïðåïàðàòû 
Ô-48-ÈÏ, Ô-49-ÈÏ, Ô-126-ÈÏ) ñ ðàçìåðîì ÷àñòèö –0.5 
ìì, à òàêæå îòäåëüíûå ïðåïàðàòû öåìåíòà è îîëèòîâ.

Â ïðîöåññå íàøèõ èññëåäîâàíèé èñïîëüçîâàí êîì-
ïëåêñ ìåòîäîâ ÖÊÏ «Ãåîíàóêà» ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ, 
âêëþ÷àþùèé îïòè÷åñêóþ ìèêðîñêîïèþ â ðåæèìå ïðî-
õîäÿùåãî è îòðàæåííîãî ñâåòà (Ïîëàì Ð-312 ñ ïåðè-
ôåðèåé OLYMPUS BX 51), ñêàíèðóþùóþ ýëåêòðîí-
íóþ ìèêðîñêîïèþ (VEGA TESCAN); ðåíòãåíîôëóî-
ðåñöåíòíûé àíàëèç (XRD-1800 Shimadzy), ðåíòãåíîâ-
ñêóþ äèôðàêòîìåòðèþ (Shimadzu XRD-6000, CuK), 
ÈÊ-ñïåêòðîñêîïèþ (ÈíôðàËÞÌ ÔÒ-02) è òåðìè÷å-
ñêèé àíàëèç (DTG-60A/60AH Shimadzy). Äëÿ õàðàêòå-
ðèñòèêè ìàãíèòíûõ ñâîéñòâ ïðîá èñïîëüçîâàíû ìàãíèò-
íàÿ âîñïðèèì÷èâîñòü è íàìàãíè÷åííîñòü íàñûùåíèÿ. 
Ìàãíèòíàÿ âîñïðèèì÷èâîñòü ïîëó÷åíà ñ ïîìîùüþ ïðè-
áîðà Kappabridge KLY-2, à íàìàãíè÷åííîñòü íàñûùåíèÿ 
èçìåðåíà â ÈÃÌÐ ÍÀÍÓ íà îðèãèíàëüíîì ìàãíèòîìå-
òðå ñ äàò÷èêîì Õîëëà. Îïðåäåëåíèå âàëåíòíîãî ñîñòîÿ-
íèÿ, ôàçîâîé è êðèñòàëëîõèìè÷åñêîé ïðèðîäû æåëåçà â 
ðóäàõ è ïðîäóêòàõ èõ ìàãíèòíîãî ìîäèôèöèðîâàíèÿ âû-
ïîëíåíî ñ ïîìîùüþ ì¸ññáàóýðîâñêîé ñïåêòðîñêîïèè 
57Fe (ñïåêòðîìåòð MS-1104Em). Ñïåêòðû ðåãèñòðèðîâà-
ëèñü â äèàïàçîíå ñêîðîñòåé –11 … +11 ìì/c ïðè êîìíàò-
íîé òåìïåðàòóðå. Èçîìåðíûé ñäâèã îïðåäåëÿëñÿ îòíî-
ñèòåëüíî -Fe. Ïðè îáðàáîòêå ñïåêòðîâ èñïîëüçîâàëàñü 
ñòàíäàðòíàÿ ïðîãðàììà Univem.

Ðåçóëüòàòû è îáñóæäåíèå

Èññëåäóåìûå îáðàçöû ïðåäñòàâëÿþò ñîáîé ìàññèâ-
íûå ðóäû æåëòîâàòî-áóðîãî öâåòà ñ ÿâíî âûðàæåííîé îî-
ëèòîâîé (áîáîâîé) ñòðóêòóðîé (ðèñ. 1). Áîáîâèíû âûïîë-
íÿþò îò 30 äî 50 % îáúåìà ïîðîäû. Êðîìå îîëèòîâ â êåð-
÷åíñêèõ ðóäàõ â íåçíà÷èòåëüíîì îáúåìå (2–3.5 %) íàáëþ-
äàþòñÿ êàâåðíû. Îîëèòû â îñíîâíîì îâàëüíîé ôîðìû
ñî ñðåäíèì äèàìåòðîì îò 0.06 äî 3 ìì. Íàáîëüøåé ñòå-
ïåíüþ èõ ñîðòèðîâêè ïî ðàçìåðó õàðàêòåðèçóåòñÿ îáðà-
çåö Ô-126, â êîòîðîì 70 % áîáîâèí èìåþò ðàçìåðû 0.4–
0.7 ìì ïðè ñðåäíåì çíà÷åíèè 0.6 ìì. Â äâóõ äðóãèõ îáðàç-
öàõ îîëèòû ñòàòèñòè÷åñêè íåñêîëüêî êðóïíåå – 70 % 
áîáîâèí óêëàäûâàþòñÿ â èíòåðâàë 0.4–1.0 ìì. Ïîä ñêà-
íèðóþùèì ýëåêòðîííûì ìèêðîñêîïîì âûÿâëÿåòñÿ áà-
çàëüíûé òèï öåìåíòàöèè è òèïè÷íîå äëÿ îîëèòîâ ñëîè-
ñòî-çîíàëüíîå ñòðîåíèå (ðèñ. 2). Ìíîãèå áîáîâèíû èìå-
þò òàê íàçûâàåìûå òðåùèíû ñèíåðåçèñà, îáóñëîâëåííûå 
óñàäêîé îîëèòîâ â ðåçóëüòàòå óïëîòíåíèÿ èõ ïåðâè÷íî-
êîëëîèäíîãî âåùåñòâà. Äîâîëüíî ÷àñòî â öåìåíòå è íå-
ïîñðåäñòâåííî â îîëèòàõ íàáëþäàþòñÿ ÿâíî ýïèãåíåòè-
÷åñêèå âûäåëåíèÿ ðåäêîçåìåëüíîãî ôîñôàòà ðàçìåðîì äî 
100 ìêì.

Ïî âàëîâîìó õèìè÷åñêîìó ñîñòàâó êåð÷åíñêèå ðóäû 
âàðüèðóþòñÿ â îòíîñèòåëüíî óçêèõ ïðåäåëàõ, íî ïðè ýòîì 
äîâîëüíî ñóùåñòâåííî ðàñõîäÿòñÿ ïî ñîñòàâó öåìåíòà è 
îîëèòîâ (òàáë. 1). Ïîñëåäíèå îòëè÷àþòñÿ ãîðàçäî ìåíü-
øèì ñîäåðæàíèåì êðåìíåçåìà è ãëèíîçåìà, íî â 2–3 ðàçà
áîëüøåé æåëåçèñòîñòüþ. Ñîãëàñíî ðåçóëüòàòàì êîððå-
ëÿöèîííîãî àíàëèçà, êîìïîíåíòû ñîñòàâà èññëåäóåìûõ 

Ðèñ. 1. Ìàêðîñòðóêòóðà îáðàçöîâ îîëèòîâûõ ðóä

Fig. 1. Macrostructure of oolitic ores
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Ðèñ. 2. ÑÝÌ-èçîáðàæåíèÿ øëèôà êåð÷åíñêîé ðóäû (À) è òèïè÷íûõ îîëèòîâ (Á, Â) â ðåæèìå óïðóãîîòðàæåííûõ ýëåêòðîíîâ. 
Âíèçó – ðåçóëüòàò ïðîôèëèðîâàíèÿ ñ îïðåäåëåíèåì ñîäåðæàíèÿ îñíîâíûõ õèìè÷åñêèõ ýëåìåíòîâ (Ã)

Fig. 2. SEM images of thin section of Kerch ore (A) and typical oolites (Á, Â) in the mode of elastically scattered electrons. At the bottom 
- result of profiling with definition of the content of basic chemical elements (Ã)

ðóä ÷åòêî ïîäðàçäåëÿþòñÿ íà òðè êîíêóðèðóþùèå ìåæ-
äó ñîáîé ãðóïïû êîìïîíåíòîâ: 1) SiO2, TiO2, Al2O3, MgO, 
CaO, Na2O, K2O; 2) Fe2O3, MnO, V2O3; 3) Fe2O3, P2O5. 
Î÷åâèäíî, ÷òî ïåðâàÿ èç ýòèõ ãðóïï ïðåäñòàâëÿåò ãëèíè-
ñòîå àëþìîñèëèêàòíîå âåùåñòâî, âòîðàÿ îòâå÷àåò îêñè-
ãèäðîêñèäàì æåëåçà, à òðåòüÿ îòðàæàåò ôîñôàòíóþ ïðè-
ìåñü. Íà îñíîâàíèè òàêîé ïðåäïîñûëêè ìû ïðîâåëè ðàñ-
÷åò ìîëåêóëÿðíûõ ïðîïîðöèé ìåæäó ýòèìè ôðàêöèÿìè
(ìîë. %; 1 – öåìåíò, 2 – áîáîâèíû): ãëèíèñòîå âåùåñò-
âî – 1) 67 ± 10, 2) 20 ±10; ôîñôàòíîå âåùåñòâî – 1) 3 ± 
2, 2) 8 ± 3; îêñèãèäðîêñèäû æåëåçà – 1) 30 ±8, 2) 72 ± 9.
Èç ïðèâåäåííûõ äàííûõ ñëåäóåò, ÷òî êåð÷åíñêèå îîëè-
òîâûå ðóäû õàðàêòåðèçóþòñÿ äîâîëüíî êîíòðàñòíîé äèô-
ôåðåíöèàöèåé âåùåñòâà ìåæäó îîëèòàìè è ñâÿçóþùåé 
ìàññîé, â ðåçóëüòàòå ÷åãî áîáîâèíû îêàçàëèñü ïðåèìóùå-
ñòâåííî îêñèãèäðîêñèäíî-æåëåçèñòûìè, à öåìåíò, íà-
ïðîòèâ, – ïðåèìóùåñòâåííî ãëèíèñòûì. Ðàñïðåäåëåíèå 
ôîñôàòíîãî âåùåñòâà òîæå îêàçàëîñü íåðàâíîìåðíûì – 
ñòàòèñòè÷åñêè îîëèòû ïî ñðàâíåíèþ ñ öåìåíòîì â òðè 
ðàçà áîëåå áîãàòû èì. Äàííûé ñòàòèñòè÷åñêèé âûâîä
õîðîøî ïîäòâåðæäàåòñÿ è ìèêðîçîíäîâûì ïðîôèëèðî-

âàíèåì îáðàçöîâ (ðèñ. 2, Ã). 
Ôàçîâàÿ äèàãíîñòèêà êåð÷åíñêèõ ðóä îñóùåñòâ-

ëÿëàñü òåðìè÷åñêèì, ðåíòãåíîñòðóêòóðíûì, ÈÊ-
ñïåêòðîñêîïè÷åñêèì è ðåíòãåíîôëþîðåñöåíòíûì ìè-
êðîçîíäîâûì ìåòîäàìè.

Íà ïîëó÷åííûõ êðèâûõ íàãðåâàíèÿ ïðèñóòñò-
âóþò äâà èíòåíñèâíûõ ýíäîòåðìè÷åñêèõ ýôôåê-
òà ñ ìèíèìóìàìè ïðè 90–95 è 290–305 °Ñ, êîòî-
ðûì ñîîòâåòñòâóþò äâà ýòàïà ïîòåðè ìàññû, äîñòè-
ãàþùåé â ñîâîêóïíîñòè îêîëî 12 % (ðèñ. 3). Ïðè 
äàëüíåéøåì ïîâûøåíèè òåìïåðàòóðû ïðîÿâëÿåòñÿ 
ïðîòÿæåííûé ýíäîýôôåêò ñ ìèíèìóìîì 440–480 °Ñ,
ñîïðîâîæäàþùèéñÿ íåáîëüøîé ïîòåðåé ìàññû â 2.5 %, è 
ñëàáîâûðàæåííûé ýíäîýôôåêò îêîëî 790 °Ñ áåç ïîòåðè 
ìàññû. Î÷åâèäíî, ïåðâûé íèçêîòåìïåðàòóðíûé ýôôåêò 
ñâÿçàí ñ âûäåëåíèåì ñëàáîñâÿçàííîé è àäñîðáèðîâàííîé 
ìèíåðàëüíûì âåùåñòâîì âîäû, à âòîðîé – ñ äåãèäðàòà-
öèåé ã¸òèòà è ôîðìèðîâàíèåì ôàç Fe2O3. Ïîÿâëåíèå ýô-
ôåêòà îêîëî 100 °Ñ è îòíîñèòåëüíî íèçêàÿ òåìïåðàòóðà 
äåãèäðàòàöèè ã¸òèòà óêàçûâàþò íà òî, ÷òî îêñèãèäðîêñèä
â êåð÷åíñêèõ ðóäàõ ïðåäñòàâëåí òîíêîäèñïåðñíûì ãè-
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-
 

-48 -49 -126 
            

SiO2 10.88 37.69 23.33 26.79 14.11 47.97 25.85 28.8 14.88 46.8 32.99 30.63 
TiO2 0.135 0.32 0.2 0.23 0.19 0.41 0.25 0.25 0.04 0.36 0.27 0.25 
ZrO2 /o /o 0.02 0.03 0.05 /o 0.01 0.02 /o /o 0.02 0.02 
Al2O3 6.435 10.44 7.61 8.15 7.2 12.11 8.49 8.47 5.27 14.85 10.8 10.1 
Fe2O3 71.015 41.25 58.53 54.68 64.62 29.97 55.37 52.91 71.24 26.13 47.4 49.79 
Cr2O3 . /o 0.03 0.03 /o . 0.03 0.03 0.02  0.04 0.04 
Y2O3 /o –«– 0.02 0.02 –«– /o 0.02 0.02 /o –«– 0.01 0.02 
NiO .  0.05 0.04 . 0.06 0.05 0.05 –«– –«– 0.02 0.02 
ZnO –«– –«– 0.05 0.05 /o /o 0.05 0.05 –«– –«– 0.04 0.04 
MnO 1.35 0.73 2.4 1.82 1.42 0.51 2.02 1.57 0.33 0.15 0.34 0.52 
MgO 1.36 2 1.46 1.54 2.12 2.11 1.55 1.64 1.27 2.77 2.01 1.9 
CaO 2.6 2.82 1.61 1.82 3.38 2.79 1.77 1.62 1.98 4.77 2.01 2.09 
SrO /o /o 0.02 0.02 /o /o 0.02 0.02 /o /o 0.02 0.03 
Na2O –«– /o /o –«– –«– 0.19 0.21 –«– 0.67 0.41 0.39 
K2O 0.485 1.07 0.66 0.76 0.53 1.57 0.79 0.78 0.32 1.52 0.72 0.74 
V2O5 0.155 0.09 0.1 0.11 0.17 0.06 0.1 0.06 0.19 /o 0.09 0.12 
P2O5 5.235 3.35 3.5 3.5 5.5 2 3.06 3.11 4.45 1.33 2.34 2.76 
As2O3 . . 0.21 0.16 . . 0.16 0.13 /o /o 0.18 0.16 
SO3 0.355 0.23 0.2 0.25 0.75 0.44 0.2 0.26 0.44 0.65 0.31 0.39 

, % /  /  -14.7 +1.2 /  /  -15.0 +0.8 /  /  -15.0 +0.8 
 -

, MS, A· 2/  <1 19.5 /  /  <1 16.8 /  /  <1 19.7 

  -
, m, 10-6 3/  1.7 540 –«– –«– 2.3 530 –«– –«– 1.7 530 

Ïðèìå÷àíèå. ÈÏ – èñõîäíàÿ ïîðîøêîâàÿ ïðîáà, ÁÏ – «îìàãíè÷åííàÿ» ïîðîøêîâàÿ ïðîáà, í/o – íå îáíàðóæåíî, í/ä – íå 
îïðåäåëÿëîñü, ñë. – ñëåäû, ÏÏÏ – ïîòåðè ïðè ïðîêàëèâàíèè â èíòåðâàëå 20–800 °Ñ.

Ò à á ë è ö à 1
Õèìè÷åñêèé ñîñòàâ îîëèòîâûõ áóðûõ æåëåçíÿêîâ èç ìåñòîðîæäåíèé Êåð÷åíñêîãî ðóäíîãî ðàéîíà ïî äàííûì

ðåíòãåíîôëþîðåñöåíòíîãî àíàëèçà, ìàñ. %
T a b l e 1

Ñhemical composition of oolitic brown iron ores from deposits of Kerch region according to X-ray fluorescent analysis, wt. %

äðîã¸òèòîì. Âåëè÷èíà ïîòåðü ìàññû ïðè íàãðåâàíèè, âà-
ðüèðóþùàÿñÿ îò 5.7 % (Ô-126) äî 6.7 % (Ô-48), ñîîòâåòñò-
âóåò èçìåíåíèþ ñîäåðæàíèÿ ãèäðîã¸òèòà îò 57 äî 66 âåñ. %.
Ýòî âïîëíå ñîãëàñóåòñÿ ñ ðåçóëüòàòàìè ïåðåñ÷åòà õèìè÷å-
ñêîãî ñîñòàâà îáðàçöîâ íà íîðìàòèâíî-ôàçîâûé ñîñòàâ. 
Ðàñòÿíóòûé ýíäîòåðìè÷åñêèé ýôôåêò â äèàïàçîíå 440–
480 °Ñ ìîæíî îáúÿñíèòü ïîòåðåé ñìåêòèòîâîé ôàçîé êîí-
ñòèòóöèîííîé âîäû. Âûñîêîòåìïåðàòóðíûé ýôôåêò ïðè 
775–790 °Ñ ïðèìåðíî ñîîòâåòñòâóåò ïîëèìîðôíîìó ïåðå-
õîäó ìàããåìèò — ãåìàòèò.

Ðåôëåêñû íà ðåíòãåíîãðàììàõ – óøèðåííûå è ìàëî-
èíòåíñèâíûå, ÷òî îòðàæàåò íèçêóþ ñòåïåíü îêðèñòàëëè-
çîâàííîñòè ìèíåðàëîâ. Îáùàÿ äëÿ îáðàçöîâ ñåðèÿ óøè-
ðåííûõ ðåíòãåíîâñêèõ ðåôëåêñîâ ãèäðîã¸òèòà âêëþ-
÷àåò îòðàæåíèÿ (íì, â ñêîáêàõ ñîîòâåòñòâóþùèå àòîì-
íûå ïëîñêîñòè): 0.419–0.420 (110), 0.269–0.270 (130), 0.258 
(021), 0.244–0.245 (111), 0.224 (121), 0.1719–0.1722 (221), 
0.1690–0.1694 (210). Ïî õèìè÷åñêîìó ñîñòàâó ãèäðîã¸òè-
òû â áîáîâèíàõ è â öåìåíòå ïðàêòè÷åñêè òîæäåñòâåííû, 
îáùàÿ ýìïèðè÷åñêàÿ ôîðìóëà – (Fe0.96–1Mn0–0.04)Î(ÎÍ). 
Íà ðåíòãåíîãðàììå îáð. Ô-126 çàðåãèñòðèðîâàí øèðî-
êèé ìàëîóãëîâîé ðåôëåêñ ñ ìåæïëîñêîñòíûì ðàññòîÿ-

íèåì 1.34–1.37 íì è îòíîñèòåëüíî óçêèé ðåôëåêñ ñ d = 
0.49 íì, êîòîðûå ìîæíî îòíåñòè ê òðèîêòàýäðè÷åñêîìó
ñìåêòèòó (Fe-ñàïîíèòó).

Êîíòðàñòíàÿ äèôôåðåíöèàöèÿ âåùåñòâà ìåæäó
îîëèòàìè è ñâÿçóþùåé ìàññîé õîðîøî çàìåò-
íà ïî ñïåêòðàì ÈÊ-ïîãëîùåíèÿ (ðèñ. 4, à, á). Â îáëà-
ñòè õàðàêòåðèñòè÷åñêèõ ÷àñòîò ÈÊ-ïîãëîùåíèÿ áî-
áîâèí äîìèíèðóþò ïîëîñû äåôîðìàöèîííûõ êîëåáà-
íèé Fe-O-H â ðåøåòêå ã¸òèòà (895 è 800 ñì-1). Ê ïîëî-
ñàì ÈÊ-ïîãëîùåíèÿ ã¸òèòà îòíîñèòñÿ òàêæå ïåðåãèá ïðè
670 ñì-1 (Fe-O-êîëåáàíèÿ) è øèðîêàÿ èíòåíñèâíàÿ ïîëîñà 
âàëåíòíûõ êîëåáàíèé ãèäðîêñèëà (3200 ñì-1). Ïîâûøåííàÿ 
èíòåíñèâíîñòü îáùåãî ôîíà ïîãëîùåíèÿ îîëèòîâ â îáëàñòè 
íèçêèõ ÷àñòîò (< 600 ñì-1) ñâÿçàíà, âîçìîæíî, ñ íåðàçðåøåí-
íûìè èíòåíñèâíûìè ïîëîñàìè Fe-O-êîëåáàíèé â îêñèãè-
äðîêñèäå æåëåçà. Â ÈÊ-ñïåêòðå öåìåíòà ÈÊ-ïîãëîùåíèå 
ã¸òèòà âûðàæåíî ñëàáî, ãëàâíûìè ÿâëÿþòñÿ ïîëîñû âàëåí-
òíûõ (~1030 ñì-1) è äåôîðìàöèîííûõ êîëåáàíèé (~470 ñì-1)
SiO4-ãðóïï â ñòðóêòóðå ñìåêòèòà. Íà âûñîêî÷àñòîò-
íîì êðûëå óïîìÿíóòîé ïîëîñû âàëåíòíûõ êîëåáàíèé
ïðîÿâëÿþòñÿ äîïîëíèòåëüíûå ïîëîñû OH-ãðóïï ñèëèêàòà.

Â ñîñòàâå öåìåíòà âûäåëåíû îòäåëüíûå çåðíà, ïðà-
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Ðèñ. 4. Ñïåêòðû ÈÊ-ïîãëîùåíèÿ îîëèòîâ (à), öåìåíòà (á) è îòäåëüíûõ çåðåí êåð÷åíñêèõ ðóä ñ êàðáîíàòàìè è ôîñôàòîì (â), 
áàðèòîì (ã)

Fig. 4. IR-absorption spectra of oolites (a), cement (á) and individual grains of Kerch ores with carbonates and phosphates (â)
and barite (ã)

Ðèñ. 3. Êðèâûå íàãðåâàíèÿ èñõîäíûõ è îìàãíè÷åííûõ òåõíîëîãè÷åñêèõ ïðîá êåð÷åíñêèõ ðóä

Fig. 3. Curves of heating of initial and magnetized samples of Kerch ores

êòè÷åñêè íàöåëî ñëîæåííûå áàðèòîì ñ ñîîòâåòñòâóþ-
ùèì ìèíåðàëó ÈÊ-ñïåêòðîì (ðèñ. 4, ã). Ïî ìèêðîçîíäî-
âûì îïðåäåëåíèÿì – ýòî Sr-ñîäåðæàùàÿ ðàçíîñòü ñîñòà-
âà (Ba0.63–0.98Sr0.02–0.25Ca0–0.07)1–1.02[SO4]. Â ÈÊ-ñïåêòðàõ 
íåêîòîðûõ ôðàãìåíòîâ îîëèòîâ îáíàðóæåíû ëèíèè ïðè 

565, 600 ñì-1, à òàêæå õîðîøî ïðîÿâëåííîå ïëå÷î ïðè
1080  ñì-1 (ðèñ. 4, â). Âñå ýòî ìîæíî îòíåñòè íà ñ÷åò äå-
ôîðìà-öèîííûõ è âàëåíòíûõ PO4-êîëåáàíèé â Fe-
ôîñôàòå òèïà âèâèàíèòà [16]. Â ñïåêòðå ïðèñóòñòâóþò 
òàêæå ëèíèè äåôîðìàöèîííûõ (867, äóáëåò 725 è 720 ñì-1)
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è ïîëîñà âàëåíòíûõ (~1430 ñì-1) êîëåáàíèé êàðáîíàòíîé 
ãðóïïèðîâêè, ñïåêòðàëüíîå ïîëîæåíèå êîòîðûõ õàðàê-
òåðíî äëÿ ìàíãàíîêàëüöèòà-ðîäîõðîçèòà.

Ïî äàííûì ìèêðîçîíäîâûõ èññëåäîâàíèé, îñíîâ-
íîé ôîñôàòíîé ôàçîé â èññëåäóåìûõ ðóäàõ ÿâëÿåòñÿ ìè-
íåðàë ñ ïåðåìåííûì êàòèîííûì ñîñòàâîì, îòíîñÿùèé-
ñÿ, âåðîÿòíî, ê òàê íàçûâàåìîìó îêñèêåð÷åíèòó (Fe2+,
Mn,Mg)0.46Fe3+

2.67(PO4)2(OH)2.93∙5.5H2O, èëè ñàíòàáàðáà-
ðèòó ïî Í. Â. ×óêàíîâó [10], êîòîðûé ñ÷èòàåòñÿ îêèñëåí-
íîé ôîðìîé âèâèàíèòà. Îäíàêî â èññëåäîâàííûõ íàìè 
îáðàçöàõ â ñîñòàâå ðàññìàòðèâàåìîãî ôîñôàòà çàôèê-
ñèðîâàíî çíà÷èòåëüíîå ñîäåðæàíèå Ca, íà îñíîâàíèè
÷åãî ýòîò ìèíåðàë ìîæíî îïðåäåëèòü è êàê ïðîìåæóòî÷-
íûé ÷ëåí ðÿäà âèâèàíèò — àíàïàèò. Âòîðîé ôîñôàòíîé 
ôàçîé â èññëåäóåìûõ ðóäàõ ÿâëÿåòñÿ ãèäðàòèðîâàííàÿ
êàëüöèåâî-öåðèåâàÿ ðàçíîâèäíîñòü ìîíàöèòà, èçâåñòíàÿ 
â íàñòîÿùåå âðåìÿ êàê êóëàðèò. Èçâåñòíî, ÷òî ýòîò ìèíå-
ðàë ÿâëÿåòñÿ âåñüìà õàðàêòåðíîé ïðèìåñüþ â îîëèòîâûõ
áóðûõ æåëåçíÿêàõ [6]. Êóëàðèò íàìè âûÿâëåí êàê â áîáî-
âèíàõ, òàê è â öåìåíòå â âèäå îáîñîáëåííûõ çåðåí ðàçìå-
ðîì äî 200 ìêì.

Ïðåäâàðèòåëüíûå ì¸ññáàóýðîâñêèå èññëåäîâàíèÿ 
ïîêàçàëè, ÷òî ïî ñîîòíîøåíèþ ïëîùàäåé ïîä ì¸ññáàóý-
ðîâñêèìè êîìïîíåíòàìè â ßÃÐ-ñïåêòðàõ èñõîäíîé ðóäû 
96–98 % æåëåçà îòíîñèòñÿ ê ã¸òèòó ðàçíîé ñòåïåíè äè-

ñïåðñíîñòè. Â ïðîäóêòàõ îìàãíè÷èâàíèÿ ïðèìåðíî 14 %
Fe ïðèõîäèòñÿ íà ãåìàòèò, 42 % îòâå÷àåò ìàãíåòèòó, 
îñòàëüíîå æåëåçî ïðåäïîëîæèòåëüíî ëîêàëèçîâàíî â ñè-
ëèêàòå [9]. Èíòåðïðåòàöèÿ ñïåêòðîâ ïðîèçâåäåíà íà îñ-
íîâå ìîäåëè èç òðåõ ñâåðõòîíêèõ ñåêñòåòîâ è äâóõ äóáëå-
òîâ, ÷òî ÿâíî íåäîñòàòî÷íî, ñóäÿ ïî ïîëó÷åííîìó äèñáà-
ëàíñó ìåæäó îêñèäíûì è ñèëèêàòíûì æåëåçîì â èñõîä-
íûõ è ìîäèôèöèðîâàííûõ ïðîáàõ.

Â íàñòîÿùåå âðåìÿ íàìè ïîëó÷åíû è ïðîàíàëèçè-
ðîâàíû ßÃÐ-ñïåêòðû îòäåëüíî ïî îîëèòàì è ñâÿçóþùåé
ãëèíèñòîé ìàññå â èñõîäíûõ ðóäàõ. Êðîìå òîãî, çàðåãè-
ñòðèðîâàíû ñïåêòðû îò ïîðîøêîâûõ ïðîá èñõîäíîé è 
îìàãíè÷åííîé ðóäû. Ì¸ññáàóýðîâñêèå ñïåêòðû îò îî-
ëèòîâ è öåìåíòà îêàçàëèñü ïîäîáíûìè, èõ ñâåðõòîíêèé
êîìïîíåíò íîñèò ðåëàêñàöèîííûé õàðàêòåð, íî ïî ñî-
îòíîøåíèþ ñåêñòåòíîé è äóáëåòíîé ÷àñòåé ýòè ñïåê-
òðû ñèëüíî ðàçîøëèñü (ðèñ. 5). Ñåêñòåòíàÿ ñòðóêòóðà ñî-
îòâåòñòâóåò ã¸òèòó, ñâåðõòîíêèå ìàãíèòíûå ïîëÿ èìåþò 
ðàñïðåäåëåííûé õàðàêòåð. Êàê ïîêàçàëî ìîäåëèðîâà-
íèå, äëÿ îïèñàíèÿ êîíòóðà äîñòàòî÷íî ÷åòûðåõ êîìïî-
íåíò ñ ðàçëè÷íîé øèðèíîé ëèíèè è çíà÷åíèåì ñâåðõòîí-
êèõ ìàãíèòíûõ ïîëåé (H) è áëèçêèìè çíà÷åíèÿìè èçî-
ìåðíîãî ñäâèãà (IS) è êâàäðóïîëüíîãî ðàñùåïëåíèÿ (QS).
Ñðåäíåâçâåøåííûå çíà÷åíèÿ H, IS, QS ìàãíèòíî-óïî-
ðÿäî÷åííîé ÷àñòè ã¸òèòà (m) ïðèâåäåíû â òàáë. 2.

-
 

-49    Fe- -
   -48-  -49-  -126-  

*H,  25030 23030 25030 24030 24535 

 (m)
*IS, /  0.365 0.315 0.384 0.386 0.349 
*QS, /  -0.299 -0.1311 -0.278 -0.136 -0.119 
* , /  1.22 1.23 1.42 1.63 1.72 
A, % 72.57 37.14 61.93 58.46 72.88 
IS, /  0.4294 0.4135 0.4186 0.401 0.422 

 (s) QS, /  0.481 0.521 0.5088 0.50414 0.522 
, /  0.432 0.401 0.432 0.412 0.543 

A, % 12.29 20.86 17.46 15.53 15.23 
IS, /  0.281 0.261 0.281 0.232 0.323 

Fe3+(I), 
 

QS, /  0.652 0.562 0.642 0.683 0.532 
, /  0.361 0.352 0.372 0.333 0.41 

A, % 4.56 9.85 8.18 4.18 4.09 
IS, /  0.4405 0.381 0.4227 0.4147 0.4666 

Fe3+(II), 
 

QS, /  1.392 1.043 1.352 1.122 1.473 
, /  0.542 0.652 0.562 0.753 0.483 

A, % 10.57 31.05 12.43 21.83 7.81 
IS, /  

 . 

1.039 

 .  .  . Fe2+, -
 

QS, /  2.52 
, /  0.41 

A, % 1.1 

*Ñðåäíåâçâåøåííûå çíà÷åíèÿ 4-õ ñåêñòåòîâ. Èíäåêñ ïîä çíà÷åíèÿìè – ïîãðåøíîñòü îïðåäåëåíèÿ.
*Weighted averages of 4 sextets. Index under values - error.

Ò à á ë è ö à 2
Ì¸ññáàóýðîâñêèå ïàðàìåòðû êåð÷åíñêèõ æåëåçíûõ ðóä

T a b l e 2
Mössbauer parameters of Kerch iron ores
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Ðèñ. 5. Ì¸ññáàóýðîâñêèå ñïåêòðû öåìåíòà (А) è îîëèòîâ (Б), âûäåëåííûõ èç îáð. Ô-49. Çàëèâêîé ïîêàçàí ñóììàðíûé êîíòóð 
êîìïîíåíò ìàãíèòíîé è ñóïåðïàðàìàãíèòíîé ôàç ã¸òèòà, ÷åðíîé ëèíèåé – äóáëåò Fe2+

Fig. 5. Mössbauer spectra of cement (A) and oolites (Б) isolated from sample Ô-49. Filling shows shows total circuit of components of 
magnetic and superparamagnetic goethite phases, black line - Fe2+ doublet

Ïîëó÷åííûå ñðåäíèå çíà÷åíèÿ ñâåðõòîíêèõ ìàãíèò-
íûõ ïîëåé îêàçàëèñü ãîðàçäî íèæå, ÷åì â ñïåêòðàõ õîðî-
øî îêðèñòàëëèçîâàííîãî ã¸òèòà (H = 380 êÝ, IS = 0.37,
QS = –0.26 ìì/ñ [12–14]). Ýòî óêàçûâàåò íà âûñî-
êóþ ñòåïåíü äèñïåðñíîñòè ã¸òèòà â ãëèíèñòîì öåìåíòå.
Â îîëèòàõ ñîäåðæàíèå ìàãíèòíî-óïîðÿäî÷åííîãî ã¸òè-
òà â äâà ðàçà âûøå, ÷åì â öåìåíòå, à ñóäÿ ïî áîëåå âû-
ñîêîìó çíà÷åíèþ H, êðèñòàëëèòû ã¸òèòà â îîëèòàõ áîëåå 
êðóïíûå. Â äóáëåòíîé ÷àñòè ñïåêòðîâ âûäåëÿåòñÿ õàðàê-
òåðíûé äóáëåò ñ IS ~ 0.4, QS ~ 0.5 ìì/c, óêàçûâàþùèé 
íà ïðèñóòñòâèå ñóïåðïàðàìàãíèòíîé ôàçû ã¸òèòà (s).
Äóáëåò èìååò ïðèìåðíî ðàâíóþ àáñîëþòíóþ ïëîùàäü â 
ñïåêòðàõ îîëèòîâ è öåìåíòà, íî îòíîñèòåëüíûé åãî âêëàä 
â ßÃÐ-ñïåêòð, ïîëó÷åííûé îò öåìåíòà, âäâîå âûøå. 

Â ñïåêòðå öåìåíòà ñ âûñîêèì ñîäåðæàíèåì ãëèíè-
ñòûõ ìèíåðàëîâ îáíàðóæèâàåòñÿ ìàëîèíòåíñèâíûé äó-
áëåò Fe2+ ñ QS = 2.5 ìì/c è ïî êðàéíåé ìåðå äâà äóáëå-
òà Fe3+ (IS ~ 0.3, 0.4, QS ~ 0.6, 1 ìì/c). Â ñïåêòðå îîëèòîâ 
äóáëåò Fe2+ íå îáíàðóæåí. Ïî èìåþùèìñÿ ëèòåðàòóð-
íûì äàííûì, âñå ýòè êîìïîíåíòû ñïåêòðà ìîæíî îòíå-
ñòè ê îêòàýäðè÷åñêèì ïîçèöèÿì äè- è òðèîêòàýäðè÷å-
ñêèõ ñìåêòèòîâ òèïà íîíòðîíèò — ôåððèñàïîíèò [15, 17, 
18]. Ñëåäóåò îòìåòèòü, ÷òî îáå îêòàýäðè÷åñêèå ïîçèöèè 
Fe3+ â ñìåêòèòàõ èç îîëèòîâ õàðàêòåðèçóþòñÿ ñóùåñò-
âåííî áîëüøèì êâàäðóïîëüíûì ðàñùåïëåíèåì (QS ~1.4 
ìì/c) è, ñëåäîâàòåëüíî, áîëüøèì ñòðóêòóðíûì èñêàæå-

íèåì â ñðàâíåíèè ñ òàêîâûìè â ìèíåðàëàõ ãëèíèñòîãî 
öåìåíòà. Òàêèì îáðàçîì, ñìåêòèòû â öåìåíòå è îîëèòàõ 
íå ÿâëÿþòñÿ òîæäåñòâåííûìè.

Ìåññáàóýðîâñêèå ñïåêòðû, ïîëó÷åííûå îò ïîðîø-
êîâûõ ïðîá (ðèñ. 6, À), ÿâëÿþòñÿ óñðåäíåíèåì ñïåêòðîâ 
îîëèòîâ è öåìåíòà. Ïàðàìåòðû ìåññáàóýðîâñêèõ êîìïî-
íåíòîâ äàííûõ ïðîá ïðèâåäåíû â òàáë. 2. Âñëåäñòâèå ðàç-
áàâëåíèÿ ãëèíèñòîãî ìàòåðèàëà öåìåíòà ìàòåðèàëîì áî-
áîâèí ñèëèêàòíûé äóáëåò Fe2+ íå âûÿâëÿåòñÿ. Îñòàëüíûå 
êîìïîíåíòû ñïåêòðîâ àíàëîãè÷íû óñòàíîâëåííûì â 
ñïåêòðàõ öåìåíòà è îîëèòîâ. Ïðè ïðèìåðíî îäèíàêîâîì 
îòíîñèòåëüíîì êîëè÷åñòâå ã¸òèòà â ñóïåðïàðàìàãíèòíîé 
ôîðìå (15–18 %) îáùàÿ äîëÿ Fe â ôîðìå îêñèãèäðîêñèäà 
êîëåáëåòñÿ îò 74 % (îáð. Ô-149) äî 88 % (Ô-126).

Â ïðåäøåñòâóþùåé ðàáîòå [9] îìàãíè÷èâàíèå êåð-
÷åíñêèõ áóðûõ æåëåçíÿêîâ îñóùåñòâëÿëîñü ïðè áû-
ñòðîì íàãðåâàíèè äî 650 °Ñ è ïîñëåäóþùåì îõëàæäåíèè 
ñî ñêîðîñòüþ 70 ãðàä/ìèí ñìåñåé ðóäû ñ 3 % êðàõìàëà.
Íàìè èçó÷åí ïðîäóêò ïîëóïðîìûøëåííîãî îìàãíè÷èâà-
íèÿ âî âðàùàþùåéñÿ ïå÷è. Èñõîäíûå ïðîáû áûëè æåë-
òîâàòî-áóðûìè è èìåëè óäåëüíóþ ìàãíèòíóþ âîñïðèèì-
÷èâîñòü â äèàïàçîíå (1.7–2.3)∙10-6 ì3/êã. Ïîñëå îìàãíè-
÷èâàíèÿ ïðîáû ñòàëè ÷åðíûìè, à ìàãíèòíàÿ âîñïðèèì-
÷èâîñòü âîçðîñëà ïî÷òè â 300 ðàç, äîñòèãíóâ çíà÷åíèé â 
(530–540) × 10-6 ì3/êã (òàáë. 1). Íàìàãíè÷åííîñòü íàñû-
ùåíèÿ èñõîäíûõ ïðîá áûëà ìåíüøå ïîðîãà îáíàðóæåíèÿ, 



25

Vestnik IG Komi SC UB RAS, January, 2016, ¹ 1

à ïîñëå îìàãíè÷èâàíèÿ îíà ñîñòàâèëà 17–20 A∙ì2/êã. Åñëè 
ïðèíÿòü, ÷òî íàìàãíè÷åííîñòü íàñûùåíèÿ ÷èñòîãî ìàã-
íåòèòà ñîñòàâëÿåò 92 A∙ì2/êã, à åãî ìàãíèòíàÿ âîñïðèèì-
÷èâîñòü m = 0.0007–0.005 ì3/êã (â ñðåäíåì 0.003 ì3/êã),
òî çíà÷åíèÿ ìàãíèòíûõ õàðàêòåðèñòèê ìîäèôèöèðîâàí-
íûõ ïðîá ñîîòâåòñòâóþò ïîÿâëåíèþ â íèõ îêîëî 20 âåñ. %
ìàãíåòèòà. Êðèâûå íàãðåâàíèÿ ïîêàçûâàþò, ÷òî îìàã-
íè-÷åííàÿ ðóäà ïîëíîñòüþ äåãèäðàòèðîâàíà (ðèñ. 3). 
Ýêçîýôôåêò ñ ìàêñèìóìàìè 270–285 è 420–435 °Ñ ñâÿçàí 
ñ ïîâåðõíîñòíîé è îáúåìíîé ñòàäèÿìè îêèñëåíèÿ 2FeO 
â ìàãíåòèòå äî Fe2O3 c ïðèðîñòîì ìàññû â 1.0–1.5 %,
ñîñòàâëÿþùèì â ïðîáå 30–40 âåñ. % ìàãíåòèòà.
Ïðè ýòîì (òàáë. 1), õèìè÷åñêèé ñîñòàâ îìàãíè÷åííûõ 
ïðîá íå èçìåíèëñÿ. 

Ïðè íàãðåâàíèè ðóäû â ñìåñè ñ êðàõìàëîì ìåõàíèçì 
ïðåîáðàçîâàíèÿ ã¸òèòà â ìàãíåòèò íà÷èíàåòñÿ ïðè 290 °Ñ 
ñ äåãèäðàòàöèè ã¸òèòà è îáóãëèâàíèÿ êðàõìàëà. Óãëåðîä 
ïðè äàëüíåéøåì ïîâûøåíèè òåìïåðàòóðû âîññòàíàâëè-
âàåò ÷àñòü èîíîâ Fe3+ â äâóõâàëåíòíîå ñîñòîÿíèå, ñòàáè-
ëèçèðóþùåå ôåððèìàãíèòíóþ ôàçó ìàããåòèò-ìàãíåòèòà. 
Îäèí àòîì óãëåðîäà ìîæåò îòäàòü ÷åòûðå ýëåêòðîíà è òà-
êèì îáðàçîì âîññòàíîâèòü ÷åòûðå èîíà Fe3+ äî çàðÿäîâî-
ãî ñîñòîÿíèÿ Fe2+. Áûñòðîå îõëàæäåíèå ìàòåðèàëà â âîñ-
ñòàíîâèòåëüíîé àòìîñôåðå òîðìîçèò îáðàòíûé ïåðåõîä 
íîâîîáðàçîâàííûõ ôàç îêñèäîâ â ãåìàòèò [2, 3, 8]:

C6(H2O)5 –290 °Ñ  6C + 5 H2O;
2FeO(OH) –290 °Ñ  Fe2O3 + H2O;
6Fe2O3 + C –400–600 °Ñ   4[FeO∙Fe2O3] + CO2.
Â ì¸ññáàóýðîâñêèõ ñïåêòðàõ îìàãíè÷åííûõ ïðîá 

ðåëàêñèðîâàííàÿ ìàãíèòíàÿ ñâåðõòîíêàÿ ñòðóêòóðà çà-
ìåùåíà õîðîøî ðàçðåøåííîé ñåêñòåòíîé ñòðóêòóðîé,
ãëàâíûå êîìïîíåíòû êîòîðîé ïðèíàäëåæàò ìàãíåòèòó 
(ðèñ. 6, Á). Ñïåêòð ìàãíåòèòà ÿâëÿåòñÿ ñóïåðïîçèöèåé 
òðåõ ïàðöèàëüíûõ ñïåêòðîâ – äâóõ áëèçêèõ ïî ïàðàìå-
òðàì ñåêñòåòàì îò Fe3+ â ïîçèöèÿõ À (T, òåòðàýäðè÷åñêèå 
ïîçèöèè) è Â (O, îêòàýäðè÷åñêèå ïîçèöèè) è îäíîãî ñî-
îòâåòñòâóþùåãî Fe2+ â ïîçèöèÿõ Â. Ïðè êîìíàòíîé òåì-
ïåðàòóðå âñëåäñòâèå áûñòðîãî ýëåêòðîííîãî îáìåíà â îê-
òàýäðè÷åñêèõ ïîçèöèÿõ ïî ñõåìå Fe3+  Fe2+ â ì¸ññáàóý-
ðîâñêîì ñïåêòðå ðåàëèçóåòñÿ òîëüêî îäèí ñåêñòåò îò èî-
íîâ æåëåçà ñ ýôôåêòèâíûì çàðÿäîì +2.5, çíà÷åíèåì H  
460 êÝ, âåëè÷èíîé QS îêîëî íóëÿ, èçîìåðíûì ñäâèãîì 
0.5–0.7 ìì/ñ (â òàáë. 3 îí îáîçíà÷åí êàê Fe2.5+(O). Â ì¸ññ-
áàóýðîâñêîì ñïåêòðå îò íåñòåõèîìåòðè÷íîãî ìàãíåòèòà
èçáûòî÷íûå îêòàýäðè÷åñêèå è òåòðàýäðè÷åñêèå èîíû Fe3+

ôîðìèðóþò îáùèé ñïåêòðàëüíî íåðàçðåøåííûé ñåêñòåò 
(Fe3+(T,O) â òàáë. 3) ñ H  490 êÝ, IS ~ 0.2–0.3, QS ~ 0 ìì/ñ.
Ñòåïåíü íåñòåõèîìåòðè÷íîñòè èññëåäóåìîãî ìèíåðà-
ëà ìîæåò áûòü îïðåäåëåíà ïî ñîîòíîøåíèþ ïëîùàäåé 
ïîä ñåêñòåòàìè Fe2.5+(O) è Fe3+(T,O) [12]. Â íàøåì ñëó-
÷àå óøèðåííûå êîìïîíåíòû ñåêñòåòîâ ìàãíåòèòà õîðî-

Ðèñ. 6. Ì¸ññáàóýðîâñêèå ñïåêòðû òåõíîëîãè÷åñêèõ ïðîá äî (À) è ïîñëå (Á) ïðîöåäóðû îìàãíè÷èâàíèÿ

Fig. 6. Mössbauer spectra of samples before (A) and after (Á) the procedure of magnetization
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*Ñðåäíåâçâåøåííûå çíà÷åíèÿ ïàð ñåêñòåòîâ. Èíäåêñ ïîä çíà-
÷åíèÿìè – ïîãðåøíîñòü îïðåäåëåíèÿ.

øî àïïðîêñèìèðóþòñÿ äâóìÿ ïàðàìè ñåêñòåòîâ À è Â 
(òàáë. 3), â êîòîðûõ ñðåäíåâçâåøåííûå çíà÷åíèÿ IS è QS 
áëèçêè ê ñòàíäàðòíûì, à âåëè÷èíû H ïîíèæåíû íà 15–
20 êÝ. Â èòîãå ìû ïîëó÷èëè, ÷òî â îáð. Ô-49-ÂÏ ïðè-
ñóòñòâóåò íàèáîëåå ñòåõèîìåòðè÷íûé ìàãíåòèò, â îáð. 
Ô-49-ÂÏ è Ô-126-ÂÏ îí íåñêîëüêî îêèñëåí è îïèñû-
âàåòñÿ ñîîòâåòñòâåííî êðèñòàëëîõèìè÷åñêèìè ôîðìó-
ëàìè ìàãíåòèò-ìàããåìèòà Fe3+[Fe2+

0.94Fe3+
1.04□0.02]O4 è 

Fe3+[Fe2+
0.86Fe3+

1.09□0.04]O4. Ñóäÿ ïî ñóììàðíîé ïëîùà-
äè ïîä ñåêñòåòàìè, â ñèëüíîìàãíèòíîì ìàãíåòèòå ëî-
êàëèçîâàíî îò 39 (Ô-49-ÂÏ) äî 47 (Ô-48-ÂÏ) %  æåëå-
çà. Îòìåòèì, ÷òî òàêîé æå ìàñøòàá ïåðåõîäà îêñèäîâ è 
îêñèãèäðîêñèäîâ â ìàãíåòèò ïîëó÷åí ïðè ëàáîðàòîð-
íîì òåðìè÷åñêîì îáæèãå êåð÷åíñêîé ðóäû ñ êðàõìàëîì 
[9] è â îïûòàõ ñ íåêîíäèöèîííûìè ãåìàòèò-ã¸òèòîâûìè
ðóäàìè èç Êðèâîðîæñêîãî ãîðíî-ðóäíîãî ðàéîíà [4].

Ðåôëåêñû ìàãíåòèòà íà ðåíòãåíîãðàììàõ îìàãíè-
÷åííûõ îáðàçöîâ óøèðåíû, èõ ïîëîæåíèå âàðüèðóåòñÿ, 
÷òî îáúÿñíÿåòñÿ íàðóøåíèåì åãî ñòåõèîìåòðèè (íì, â 
ñêîáêàõ ñîîòâåòñòâóþùèå àòîìíûå ïëîñêîñòè): 0.296 
(220), 0.251–0.253 (311), 0.209–0.210 (400), 0.1610–0.1614 

(330), 0.148 (440). Â ïîëó÷åííîì ìàòåðèàëå ïðèñóòñòâóþò 
ñëåäû êâàðöà (ðåôëåêñû 0.334 (101) è 0.228 (102), íà ðåí-
òãåíîãðàììå îáð. Ô-49-ÂÏ ïðèñóòñòâóþò ðåôëåêñû 
0.400–0.402 è 0.32, îòíîñÿùèåñÿ, âåðîÿòíî, ê îòðàæåíè-
ÿì îò ( 01) è (002) â ðåøåòêå ïîëåâîãî øïàòà. Â ñïåêòðàõ 
ÈÊ-ïîãëîùåíèÿ ìîäèôèöèðîâàííûõ ïðîá (ðèñ. 7)
èñ÷åçëè ïîëîñû ïîãëîùåíèÿ ã¸òèòà è ñèëüíî óâåëè÷è-
ëàñü èíòåíñèâíîñòü ïîëîñû 575 íì, îáÿçàííàÿ êîëåáàíè-
ÿì Fe-O-ñâÿçåé â ñòðóêòóðå ìàãíåòèòà 11]. Êðîìå òîãî, â 
ñïåêòðàõ ïðèñóòñòâóþò ïðèçíàêè ÈÊ-ïîãëîùåíèÿ êàð-
áîíàòà è êâàðöà. Èíòåíñèâíîñòü è ïîëîæåíèå ïîëîñ, îò-
âå÷àþùèõ ãëèíèñòûì ìèíåðàëàì (~1030, ~470 ñì-1),
ñîõðàíèëèñü ïðàêòè÷åñêè íåèçìåííûìè. Íåáîëüøîå èç-
ìåíåíèå ôîðìû ïîëîñû âàëåíòíûõ êîëåáàíèé SiO4-
ãðóïï îáóñëîâëåíî ïîÿâëåíèåì êâàðöà è äåãèäðàòàöèåé 
ñìåêòèòà.

Â îòëè÷èå îò äàííûõ, ïðèâåäåííûõ â [9], ïðèìåñü 
ãåìàòèòà â ñïåêòðàõ îò èññëåäóåìûõ îáðàçöîâ (òàáë. 3) 
ôîðìèðóåò âñåãî 0.5–3 % îáùåé ïëîùàäè ìåññáàóýðîâ-
ñêèõ ñïåêòðîâ. Îáðàçîâàíèå ýòîé ïðèìåñè îáóñëîâëå-
íî, âåðîÿòíî, îêèñëåíèåì ÷àñòè íîâîîáðàçîâàííîãî ìàã-
íåòèòà íà ñòàäèè îõëàæäåíèÿ ïðîáû. Â ìåññáàóðîâñêèõ 
ñïåêòðàõ âñåõ òðåõ ïðîá ÁÏ ïðèñóòñòâóåò ðåëàêñèðî-
âàííûé ñåêñòåòíûé êîìïîíåíò è ñóïåðïàðàìàãíèòíûé 
äóáëåò îò óëüòðàäèñïåðñíûõ ÷àñòè÷åê îêñèäà æåëåçà.
Íà ýòè ñëàáîìàãíèòíûå ðàçíîñòè ïðèõîäèòñÿ îò 33 
(Ô-48-ÂÏ) äî 37 (Ô-49-ÂÏ) % ïëîùàäè ñïåêòðàëüíîãî 
êîíòóðà. Ñèëèêàòíàÿ äóáëåòíàÿ ÷àñòü ìåññáàóýðîâñêèõ 
ñïåêòðîâ ïîñëå îìàãíè÷èâàíèÿ îáðàçöîâ òàêæå ñèëü-
íî èçìåíèëàñü: èñõîäíûå äóáëåòû Fe3+ çàìåñòèëèñü ïà-
ðîé äóáëåòîâ Fe2+ ñ ïðèìåðíûì ñîõðàíåíèåì îòíîñè-
òåëüíîãî âêëàäà â îáùóþ ïëîùàäü ñïåêòðàëüíîãî êîíòó-
ðà (îêîëî 20 %). Âåëè÷èíû èçîìåðíîãî ñäâèãà (1.12 è 0.96 
ìì/ñ) è êâàäðóïîëüíîãî ðàñùåïëåíèÿ (2.6–2.7 è 2.0–2.1 
ìì/ñ) îòâå÷àþò îêòàýäðè÷åñêèì cis- è trans- ïîçèöèÿì â 
ñòðóêòóðå ïðîäóêòîâ äåãèäðàòàöèè èñõîäíîãî ñìåêòèòà. 
Âûäåëåííûé ñóïåðïàðàìàãíèòíûé äóáëåò Fe-îêñèäà (s) â 
ñïåêòðàõ îáðàçöîâ ñåðèè «ÂÏ» èìååò çíà÷èòåëüíî áîëü-
øåå êâàäðóïîëüíîãî ðàñùåïëåíèå, ÷åì àíàëîãè÷íûé äó-
áëåò â ñïåêòðàõ èñõîäíîé ðóäû (òàáë. 2, 3). Âîçìîæíî, 
îí ïðèìåðíî íàïîëîâèíó ñîñòîèò èç ñèëèêàòíîãî äóáëå-
òà Fe3+ ñ QS ~ 0.8–0.9 ìì/ñ. Îäíàêî äàæå ñ ó÷åòîì ýòî-
ãî ïðåäïîëîæåíèÿ ïîëó÷àåòñÿ, ÷òî ïðîöåññ òåðìè÷åñêîãî 
âîññòàíîâëåíèÿ æåëåçà ïðîèñõîäèò íå òîëüêî â îêñèäàõ, 
íî è â æåëåçîñîäåðæàùèõ ñèëèêàòàõ.

Ïîñëå ýêñïåðèìåíòîâ ïî îìàãíè÷èâàíèþ áûëè ïðî-
âåäåíû ñðàâíèòåëüíûå èññëåäîâàíèÿ ñòåïåíè îáîãàùå-
íèÿ èñõîäíûõ è ìîäèôèöèðîâàííûõ ôðàêöèé +0.5 ìì è 
+0.25–0.5 ìì ñ èñïîëüçîâàíèåì äèíàìè÷åñêîãî ìàãíèò-
íîãî ñåïàðàòîðà ÑÈÌ-1. Ïðè íåáîëüøèõ ïîòåðÿõ âûõîä 
«ìàãíèòíîé» ÷àñòè èñõîäíûõ ïðîá ðóäû â ïðîöåññå ñåïà-
ðèðîâàíèÿ ìàêñèìàëüíûìè ìàãíèòíûìè ïîëÿìè ñîñòà-
âèë îêîëî 50 %. Ïîñëå óäàëåíèÿ èç ïðîáû òîíêîäèñïåð-
ñíîé ñîñòàâëÿþùåé (–0.25 ìì) âûõîä «ìàãíèòíîé» ôðàê-
öèè íåçíà÷èòåëüíî ïîâûøàåòñÿ. Ïî õèìè÷åñêîìó ñîñòà-
âó ìàãíèòíûé êîíöåíòðàò ìàëî îòëè÷àåòñÿ îò èñõîäíîé 
ðóäû (ðèñ. 8). Îòìå÷àåòñÿ ëèøü íåáîëüøîå (2–3 %) ïîâû-
øåíèå ñîäåðæàíèÿ æåëåçà â êîíöåíòðàòå. Ãîðàçäî áîëåå 
êîíòðàñòíîå îáîãàùåíèå ìàãíèòíîãî êîíöåíòðàòà áûëî 
ïîëó÷åíî äëÿ ìàðãàíöà, ñîäåðæàùåãîñÿ â ôîðìå íåçíà-
÷èòåëüíîé ñòðóêòóðíîé ïðèìåñè â ã¸òèòå. Ñîäåðæàíèå 
ýòîãî ýëåìåíòà â ìàãíèòíîé ôðàêöèè â äâà ðàçà ïðåâû-
øàåò òàêîâîå â íåìàãíèòíîé ôðàêöèè. Â öåëîì ïðîöåññ 
ìàãíèòíîãî îáîãàùåíèÿ èñõîäíûõ îáðàçöîâ êåð÷åíñêèõ 

Ò à á ë è ö à 3
Ì¸ññáàóýðîâñêèå ïàðàìåòðû îìàãíè÷åííûõ êåð÷åíñêèõ 

æåëåçíûõ ðóä
T a b l e 3

Mössbauer parameters of magnetized Kerch iron ores
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Ðèñ. 7. Èçìåíåíèå ñïåêòðîâ ÈÊ-ïîãëîùåíèÿ ïîðîøêîâûõ ïðîá â ðåçóëüòàòå îìàãíè÷èâàíèÿ

Fig. 7. Change of IR-absorption spectra of powder samples as a result of magnetization

Ðèñ. 8. Ñîäåðæàíèÿ â ðóäå è ïðîäóêòàõ åå ñåïàðàöèè îñíîâíûõ õèìè÷åñêèõ êîìïîíåíòîâ. Ïðèâåäåíû óñðåäíåííûå çíà÷åíèÿ ïî 
òðåì ïðîáàì: Ô-48, Ô-49, Ô-126

Fig. 8. Contents of main chemical components in ore and products of its separation. Average values of three samples: Ô-48, Ô-49, Ô-126
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9. Ôàçîâûé ñîñòàâ òàáà÷íûõ ðóä êåð÷åíñêîãî æå-
ëåçîðóäíîãî áàññåéíà è âîçìîæíîñòü èõ îìàãíè÷è-
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Ñ. 248–249.

áóðûõ æåëåçíÿêîâ ñ ïîìîùüþ èçîäèíàìè÷åñêîãî ìàã-
íèòíîãî ñåïàðàòîðà ÑÈÌ-1 îêàçàëñÿ ìàëîýôôåêòèâ-
íûì. Â îïûòàõ ñ îìàãíè÷åííûìè îáðàçöàìè, äàæå ïðè 
ìèíèìàëüíûõ çíà÷åíèÿõ ìàãíèòíîãî ïîëÿ, èõ âåùåñò-
âî ïîëíîñòüþ ïåðåõîäèò â ìàãíèòíóþ ôðàêöèþ. Òî åñòü 
â ýòîì ñëó÷àå ðàçäåëåíèÿ ñèëüíî îìàãíè÷åííîãî ðóäíîãî 
è íåðóäíîãî êîìïîíåíòîâ íå äîñòèãàåòñÿ. Äëÿ ïîëó÷åíèÿ 
èñêîìîãî ýôôåêòà, âåðîÿòíî, ïîòðåáóåòñÿ åùå îòðåãóëè-
ðîâàòü ñòåïåíü ïðåâðàùåíèÿ ñëàáîìàãíèòíûõ îêñèäîâ è 
ãèäðîêñèäîâ æåëåçà â ìàããåìèò-ìàãíåòèò.

Âûâîäû

Ìèíåðàëîãè÷åñêîå èññëåäîâàíèå îáðàçöîâ êåð-
÷åíñêèõ îîëèòîâûõ ðóä ïîêàçàëî, ÷òî îíè âûïîëíåíû
â çíà÷èòåëüíîé ñòåïåíè àìîðôíûì òîíêîäèñïåðñíûì 
ìàòåðèàëîì ãèäðîã¸òèò-ñìåêòèòîâîãî òèïà ñ íåáîëüøîé 
ïðèìåñüþ ôîñôàòîâ (îêñèêåð÷åíèò, êóëàðèò), ñëåäîâûõ 
êîëè÷åñòâ êàðáîíàòîâ, áàðèòà è äð. àêöåññîðèåâ. Ïî âà-
ëîâîìó õèìè÷åñêîìó ñîñòàâó êåð÷åíñêèå ðóäû âàðüèðó-
þò  â îòíîñèòåëüíî óçêèõ ïðåäåëàõ (Fe2O3 50–60 %, SiO2 
20–30 %, Al2O3 7–10 %). Ðóäíûå êîìïîíåíòû – ã¸òèò, ãè-
äðîã¸òèò — ïî äàííûì òåðìè÷åñêîãî àíàëèçà ïðåäñòàâ-
ëÿþò îêîëî 60 âåñ. % ïîðîäû. Îîëèòû ÿâëÿþòñÿ ïðåèìó-
ùåñòâåííî îêñèãèäðîêñèäíî-æåëåçèñòûìè è â òðè ðà-
çà áîëåå áîãàòû ôîñôàòàìè ïî ñðàâíåíèþ ñ öåìåíòîì, 
âûïîëíåííûì ïðåèìóùåñòâåííî ãëèíèñòûì ìàòåðèà-
ëîì. Ïî õèìè÷åñêîìó ñîñòàâó ãèäðîã¸òèòû â áîáîâèíàõ è
öåìåíòå ïðàêòè÷åñêè òîæäåñòâåííû, èõ îáùàÿ ýìïèðè-
÷åñêàÿ ôîðìóëà – (Fe0.96–1Mn0–0.04)Î(ÎÍ).

Ì¸ññáàóýðîâñêèå ñïåêòðû îò îîëèòîâ è öåìåíòà ïî-
äîáíû, íî èìåþò ðàçëè÷íûé âêëàä îò îêñèãèäðîêñèä-
íî-æåëåçèñòîé è ãëèíèñòîé ñîñòàâëÿþùèõ. Ïåðâûé ÿâ-
ëÿåòñÿ ñóïåðïîçèöèåé ìàãíèòíîãî è ñóïåðïàðàìàãíèò-
íîãî êîìïîíåíòîâ îò òîíêî- è íàíîäèñïåðñíîãî ã¸òèòà, 
ñóììàðíî ïðåäñòàâëÿþùèõ îêîëî 85 è 60 % Fe â îîëè-
òàõ è öåìåíòå ñîîòâåòñòâåííî. Â ãëèíèñòîé ôàçå æåëå-
çî, â îñíîâíîì â òðåõâàëåíòíîì ñîñòîÿíèè, ëîêàëèçîâà-
íî â îêòàýäðè÷åñêèõ ïîçèöèÿõ äè- è òðèîêòàýäðè÷åñêèõ 
ñìåêòèòîâ òèïà íîíòðîíèò – ôåððèñàïîíèò. Ñìåêòèòû â 

öåìåíòå è îîëèòàõ íå ÿâëÿþòñÿ òîæäåñòâåííûìè, â ïî-
ñëåäíèõ îêòàýäðè÷åñêèå ïîçèöèè Fe3+ õàðàêòåðèçóþòñÿ 
ñóùåñòâåííî áîëüøèì êâàäðóïîëüíûì ðàñùåïëåíèåì.

Îìàãíè÷èâàíèå ïðîá âî âðàùàþùåéñÿ ïå÷è íå ïðè-
âåëî ê èçìåíåíèþ õèìè÷åñêîãî ñîñòàâà, íî ïðè ýòîì ìàã-
íèòíàÿ âîñïðèèì÷èâîñòü âîçðîñëà ïî÷òè â 300 ðàç, íà-
ìàãíè÷åííîñòü íàñûùåíèÿ äîñòèãëà 17–20 A∙ì2/êã.
Ñ ó÷åòîì äàííûõ òåðìè÷åñêîãî àíàëèçà è ÈÊ-ñïåêòðî-
ñêîïèè îìàãíè÷åííàÿ ðóäà ïîëíîñòüþ äåãèäðàòèðîâàíà è 
ñîäåðæèò 30—40 âåñ. % ìàãíåòèòà. Ôîðìèðîâàíèå ìàãíå-
òèòà ïðîèñõîäèò çà ñ÷åò âîññòàíîâëåíèÿ ïðè 400–600 °Ñ 
Fe3+ äî äâóõâàëåíòíîãî ñîñòîÿíèÿ óãëåðîäîì, âûñâîáî-
äèâøèìñÿ ïðè ðàçëîæåíèè êðàõìàëà. 

Â ì¸ññáàóýðîâñêèõ ñïåêòðàõ îìàãíè÷åííûõ ïðîá ãëàâ-
íûé ìàãíèòíûé êîìïîíåíò ïðèíàäëåæèò ìàãíåòèòó, íà êî-
òîðûé ïðèõîäèòñÿ îêîëî 40 % æåëåçà. Ñèëèêàòíàÿ äóáëåòíàÿ 
÷àñòü ñîñòîèò èç ïàðû äóáëåòîâ Fe3+ (îêîëî 20 % êîíòóðà).
Âåëè÷èíû èçîìåðíîãî ñäâèãà (1.12 è 0.96 ìì/ñ) è êâàäðó-
ïîëüíîãî ðàñùåïëåíèÿ (2.6–2.7 è 2.0–2.1 ìì/ñ) îòâå÷à-
þò îêòàýäðè÷åñêèì ïîçèöèÿì â ñòðóêòóðå ïðîäóêòîâ äåãè-
äðàòàöèè èñõîäíîãî ñìåêòèòà. Ïðîöåññ òåðìè÷åñêîãî âîñ-
ñòàíîâëåíèÿ æåëåçà ïðîèñõîäèò íå òîëüêî â îêñèäàõ æåëå-
çà, íî è â æåëåçîñîäåðæàùèõ ñèëèêàòàõ. 

Ìàãíèòíàÿ ñåïàðàöèÿ êàê èñõîäíûõ, òàê è îìàã-
íè÷åííûõ ïðîá ñ èñïîëüçîâàíèåì èçîäèíàìè÷åñêî-
ãî ìàãíèòíîãî ñåïàðàòîðà ìàëîýôôåêòèâíà. Ìàãíèòíîå 
îáîãàùåíèå èñõîäíîé ðóäû íåçíà÷èòåëüíî, à ïîñëå åå
îìàãíè÷èâàíèÿ äàæå åäèíè÷íûå ÷àñòè÷êè ìàãíåòèòà â íå-
ðóäíîì êîìïîíåíòå äåëàþò åãî ìàãíèòíûì, è ðàçäåëåíèÿ 
ñèëüíî îìàãíè÷åííîãî ðóäíîãî è íåðóäíîãî êîìïîíåíòà 
íå äîñòèãàåòñÿ. Äëÿ ïîëó÷åíèÿ èñêîìîãî ýôôåêòà, âåðîÿò-
íî, òðåáóåòñÿ îòðåãóëèðîâàòü ñòåïåíü ïðåâðàùåíèÿ ñëàáî-
ìàãíèòíûõ îêñèäîâ è ãèäðîêñèäîâ æåëåçà â ìàãíåòèò.

Àâòîðû âåñüìà ïðèçíàòåëüíû ñîòðóäíèêàì ÈÃ Êîìè 
ÍÖ ÓðÎ ÐÀÍ Ì. Ô. Ñàìîòîëêîâîé è Á. À. Ìàêååâó çà àíà-
ëèòè÷åñêóþ ðàáîòó ìåòîäàìè ÈÊ-ñïåêòðîñêîïèè è ðåíò-
ãåíîâñêîé äèôðàêöèè. Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé 
ïîääåðæêå ãðàíòàì ÐÔÔÈ ¹ 14-05-90403 Óêð_à.
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Óòèëèçàöèÿ îòðàáîòàííûõ â êà÷åñòâå ñîðáåíòîâ ïðèðîäíûõ öåîëèòîâ Âîñòî÷íîãî Çàáàéêàëüÿ ÿâëÿåòñÿ àêòóàëüíîé ïðîáëåìîé. 
Îäíèì èç ìåòîäîâ èõ ïåðåðàáîòêè ÿâëÿåòñÿ êèñëîòíîå ðàçëîæåíèå ñ öåëüþ ïîëó÷åíèÿ òîâàðíûõ àëþìîñîäåðæàùèõ ïðîäóêòîâ. Â ðà-
áîòå èçó÷åíà ýôôåêòèâíîñòü êèñëîòíîé îáðàáîòêè öåîëèòñîäåðæàùèõ ïîðîä Áàäèíñêîãî, Õîëèíñêîãî è Øèâûðòóéñêîãî ìåñòîðîæäå-
íèé, íå ïîäëåæàùèõ ðåãåíåðàöèè ïîñëå èñïîëüçîâàíèÿ èõ â êà÷åñòâå ñîðáåíòîâ äëÿ óëàâëèâàíèÿ äèîêñèäà ñåðû. Ñ ïîìîùüþ ñîâ-
ðåìåííûõ ìåòîäîâ âûÿâëåíû ìèíåðàëîãè÷åñêèå îñîáåííîñòè öåîëèòñîäåðæàùèõ ïîðîä è òåõíîëîãè÷åñêèå ïàðàìåòðû ïðîöåññà êè-
ñëîòíîé ïåðåðàáîòêè. Â ðåçóëüòàòå ñåðèè ýêñïåðèìåíòîâ ïîëó÷åíû äàííûå èçâëå÷åíèÿ îêñèäà àëþìèíèÿ èç öåîëèòñîäåðæàùèõ ïî-
ðîä â çàâèñèìîñòè îò óñëîâèé ýêñïåðèìåíòà: òåìïåðàòóðû, ïðîäîëæèòåëüíîñòè âîçäåéñòâèÿ è êîíöåíòðàöèè êèñëîòû. Ïðåäëîæåíà 
òåõíîëîãè÷åñêàÿ ñõåìà ïåðåðàáîòêè.
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NEW TECHNOLOGIES OF PROCESSING
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Recycling of Eastern Transbaikalia natural zeolites, used as sorbents, an important task. One of the most effective methods of their deep 
processing is acid decomposition for production of commodity aluminum-containing products. In this article we studied the effectiveness of ac-
id treatment of zeolite rocks from Badinskoe, Kholinskoe and Shivyrtuyskoe deposits, which were not subject to recovery after their use as fil-
ters to capture sulfur dioxide. The technological parameters of the acid treatment process were studied. The technological scheme for process-
ing was developed. The dependences of efficiency of extraction of alumina from the zeolite rocks on temperature, acid concentration and dura-
tion of the acid processing were obtained.

Keywords: sulfur dioxide, zeolite-containing rocks, Eastern Transbaikalia, acid processing, alumina, processing scheme.

Ââåäåíèå 

Â ðåçóëüòàòå ìíîãî÷èñëåííûõ èññëåäîâàíèé, ïîñâÿ-
ùåííûõ ïðîáëåìå î÷èñòêè îòõîäÿùèõ ãàçîâ òåïëîýëåê-
òðîñòàíöèé îò äèîêñèäà ñåðû, êîòîðûé îêàçûâàåò îòðè-
öàòåëüíîå âîçäåéñòâèå íà ÷åëîâåêà è îêðóæàþùóþ ñðåäó, 
áûëî óñòàíîâëåíî, ÷òî îäíèì èç íàèáîëåå ýôôåêòèâíûõ 
ñïîñîáîâ óëàâëèâàíèÿ SO2 ÿâëÿåòñÿ ñîðáöèÿ öåîëèòñî-
äåðæàùèìè ïîðîäàìè [3]. Â ïðîöåññå èõ ìíîãîêðàòíî-
ãî èñïîëüçîâàíèÿ â êà÷åñòâå ñîðáåíòîâ íàñòóïàåò ìî-
ìåíò íåðåãåíåðóåìîñòè, òî åñòü öåîëèòñîäåðæàùèå ïîðî-
äû ñòàíîâÿòñÿ îòõîäàìè. Äëÿ ñîçäàíèÿ áåçîòõîäíîé òåõ-
íîëîãèè ñåðîî÷èñòêè íà ïðåäïðèÿòèÿõ ýíåðãåòè÷åñêîãî 
êîìïëåêñà íåîáõîäèìà ïîëíàÿ ïåðåðàáîòêà îòðàáîòàííî-
ãî öåîëèòîâîãî ñûðüÿ.

Îäíèì èç ïåðñïåêòèâíûõ íàïðàâëåíèé ïåðåðàáîòêè 
äàííûõ îòõîäîâ ÿâëÿåòñÿ èçâëå÷åíèå ãëèíîçåìà è êðåì-
íåçåìà â ðåçóëüòàòå êèñëîòíîãî âîçäåéñòâèÿ. Öåëüþ äàí-
íîé ðàáîòû áûëî èçó÷åíèå âëèÿíèÿ ðàçëè÷íûõ ïàðàìå-
òðîâ (òåìïåðàòóðà, ïðîäîëæèòåëüíîñòü ïðîöåññà, êîí-
öåíòðàöèÿ êèñëîòû) íà ýôôåêòèâíîñòü èçâëå÷åíèÿ àëþ-
ìèíèÿ èç îòðàáîòàííûõ öåîëèòñîäåðæàùèõ ïîðîä. Â 
ýêñïåðèìåíòàõ èñïîëüçîâàëèñü öåîëèòñîäåðæàùèå ïîðî-
äû Âîñòî÷íîãî Çàáàéêàëüÿ (Øèâûðòóéñêîå, Õîëèíñêîå, 
Áàäèíñêîå ìåñòîðîæäåíèÿ), ðàíåå ïðèìåíÿâøèåñÿ â 
ôèëüòðàõ ÒÝÖ-2 ×èòû è ÒÝÖ Êðàñíîêàìåíñêà äëÿ ñîðá-
öèè äèîêñèäà ñåðû.

Ìåòîäû èññëåäîâàíèÿ

Õèìè÷åñêèé è ìèíåðàëüíûé ñîñòàâû öåîëèòñîäåð-
æàùèõ òóôîâ îïðåäåëÿëèñü ñîâðåìåííûìè àíàëèòè-
÷åñêèìè ìåòîäàìè, âêëþ÷àÿ ðåíòãåíîôàçîâûé àíàëèç. 
Ýêñïåðèìåíòû ïðîâîäèëèñü íà îñíîâå ìåòîäèêè, âêëþ-
÷àþùåé äðîáëåíèå ïîðîäû, êèñëîòíóþ îáðàáîòêó, îòäå-
ëåíèå ðàñòâîðà, î÷èñòêó òâåðäîãî îñòàòêà îò ïðèìåñåé [2]. 
Ðàçëîæåíèå ïîðîä ïðîèçâîäèëîñü â âåðòèêàëüíîì âûùå-
ëà÷èâàòåëå ñ ìåøàëêîé â ñåðíîé êèñëîòå. Äëÿ îïðåäå-
ëåíèÿ ñîäåðæàíèÿ àëþìèíèÿ â ðàñòâîðå èñïîëüçîâàëñÿ  
êîìïëåêñîíîìåòðè÷åñêèé ìåòîä.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Õèìè÷åñêèé è ìèíåðàëüíûé ñîñòàâû öåîëèòñîäåð-
æàùèõ òóôîâ Âîñòî÷íîãî Çàáàéêàëüÿ ïðåäñòàâëåíû â 
òàáë. 1 è 2. Ñðåäíåå ñîäåðæàíèå Al2O3 ñîñòàâëÿåò â ïîðîäå 
Øèâûðòóéñêîãî ìåñòîðîæäåíèÿ – 13.61, Áàäèíñêîãî ìå-
ñòîðîæäåíèÿ – 10.57, Õîëèíñêîãî ìåñòîðîæäåíèÿ – 12.21 
%. 

Áûëà èçó÷åíà ýôôåêòèâíîñòü èçâëå÷åíèÿ ãëèíîçåìà 
â ðåçóëüòàòå ñëåäóþùèõ óñëîâèé êèñëîòíîãî âîçäåéñòâèÿ: 
òåìïåðàòóðû, ïðîäîëæèòåëüíîñòè îáðàáîòêè è êîíöåíòðà-
öèè êèñëîòû.

Íà ðèñ. 1 ïðåäñòàâëåíû êðèâûå èçâëå÷åíèÿ ãëè-
íîçåìà â çàâèñèìîñòè îò òåìïåðàòóðû â äèàïàçîíå îò 
20 äî 98 °Ñ ïðè êîíöåíòðàöèè ñåðíîé êèñëîòû 50–70 %.
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Ïðè í.ó. èçâëå÷åíèå Al2O3 âàðüèðóåò îò 23 äî 33 %.
Ïðàêòè÷åñêè ïîëíîå èçâëå÷åíèå (96 %) ãëèíîçåìà èç áà-
äèíñêèõ òóôîâ ïðîèñõîäèò ïðè 60 °Ñ, äëÿ øèâûðòóéñêèõ 
òóôîâ òðåáóåòñÿ 80 °Ñ. Äàëüíåéøåå óâåëè÷åíèå òåìïåðàòó-
ðû ïðàêòè÷åñêè íå îêàçûâàåò âëèÿíèå íà ýôôåêòèâíîñòü 
èçâëå÷åíèÿ îêñèäà àëþìèíèÿ. Ñàìûì òðóäíîèçâëåêàåìûì 
îêàçàëñÿ ãëèíîçåì èç õîëèíñêèõ òóôîâ – 82 % ïðè 98 °Ñ. 

Ïîëó÷åíû äàííûå èçâëå÷åíèÿ Al2O3 â çàâè-
ñèìîñòè îò ïðîäîëæèòåëüíîñòè êèñëîòíîé îá-
ðàáîòêè öåîëèòñîäåðæàùèõ ïîðîä â èíòåðâà-
ëå âðåìåíè îò 20 äî 120 ìèíóò ïðè 70 °Ñ (ðèñ. 2).
Ïî÷òè 97 % ãëèíîçåìà èç ïîðîä Õîëèíñêîãî è 
Øèâûðòóéñêîãî ìåñòîðîæäåíèÿ ïåðåõîäèò â ðàñòâîð
â òå÷åíèå 60 è 80 ìèíóò ñîîòâåòñòâåííî.

Ïðè óâåëè÷åíèè ïðîäîëæèòåëüíîñòè âîçäåéñòâèÿ èç-
âëå÷åíèå âîçðàñòàåò íà 1 %. Äëÿ ïîðîä Áàäèíñêîãî ìå-
ñòîðîæäåíèé òðåáóåòñÿ áîëåå äëèòåëüíàÿ îáðàáîòêà: ïðè 
120-ìèíóòíîì âîçäåéñòâèè èçâëå÷åíèå ñîñòàâëÿåò 91 %. 

Íà ðèñ. 3 ïðåäñòàâëåíû êðèâûå èçâëå÷åíèÿ ãëè-
íîçåìà â çàâèñèìîñòè îò êîíöåíòðàöèè ñåðíîé êèñëî-
òû â èíòåðâàëå îò 20 äî 90 % ïðè 70 °Ñ è ïðîäîëæèòåëü-
íîñòè âîçäåéñòâèÿ 100 ìèí. Îêîëî 98 % ãëèíîçåìà èç 
ïîðîä Øèâûðòóéñêîãî è Áàäèíñêîãî ìåñòîðîæäåíèé
èçâëåêàåòñÿ ïðè îáðàáîòêå 60 è 80 % H2SO4 ñîîòâåòñòâåí-
íî. Îáðàáîòêà 90 %-é ñåðíîé êèñëîòîé íå îêàçûâàåò âëèÿ-
íèÿ íà èçâëå÷åíèå. Èç ïîðîä Õîëèíñêîãî ìåñòîðîæäåíèÿ â 
ðàñòâîð ïåðåõîäèò áîëåå 90 % Al2O3 ïðè âîçäåéñòâèè 80 %-é
ñåðíîé êèñëîòû.

Ò à á ë è ö à 1
Õèìè÷åñêèé  ñîñòàâ öåîëèòñîäåðæàùèõ ïîðîä Âîñòî÷íîãî Çàáàéêàëüÿ

T a b l e 1
Chemical composition of zeolite-bearing rocks of Eastern Transbaikalia

Ò à á ë è ö à 2
Ìèíåðàëüíûé ñîñòàâ öåîëèòñîäåðæàùèõ ïîðîä Âîñòî÷íîãî Çàáàéêàëüÿ

T a b l e 2
Mineral composition of zeolite-bearing rocks of Eastern Transbaikalia

 ,    , % 

   
SiO2 62.90 65.62 68.50 
P2O5 0.08 0.004 0.08 
Al2O3 13.61 12.21 10.57 
TiO2 0.34 0.07 0.18 
Fe2O3 3.00 1.25 0.68 
FeO 0.14 0.06 0.07 
CaO 0.61 2.07 2.52 
MgO 1.51 0.64 0.88 
Na2O 1.36 1.90 0.24 
K2O 4.04 4.14 3.12 
S . 0.007 0.016 <0.05 
MnO 0.11 0.14 0.03 
H2O 3.88 3.82 5.10 

. . . 9.16 8.22 7.70 
 100.75 100.16 99.67 

       ,   , % 
          

 45–65 60–66 63–74 
 – – 7 

 15–20 3–5 3–5 
 3–5 – – 

 3–10 3–5 1–3 
 2–5 – – 

 3–5 3–5 – 
 2–3 10–12 15–18 

  <5 10–12 <10 
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Ñõåìàòè÷íî ðåàêöèÿ êèñëîòíîãî ðàçëîæåíèÿ öåîëè-
òîâ ìîæåò áûòü ïðåäñòàâëåíà ñëåäóþùèì îáðàçîì [5]:

Ì+
õ[(À1Î2)õ

-(SiO2)n-x]
x-+õ(Í2Î+Í+)õÌ++õÀl3++(n-x)

(SiO2)•2õÍ2Î   (1)
Ðåàêöèÿ (1) ïðîòåêàåò ïðåèìóùåñòâåííî ïðè âûñî-

êèõ òåìïåðàòóðàõ è êîíöåíòðàöèÿõ êèñëîòû.
Âàæíûì ìîìåíòîì ïðè êèñëîòíîé ïåðåðàáîòêå öå-

îëèòîâûõ ïîðîä ÿâëÿþòñÿ ðàçëè÷íûå ïóòè ìèãðàöèè îñ-
íîâíûõ êîìïîíåíòîâ: áîëüøàÿ ÷àñòü ãëèíîçåìà ïåðåõî-
äèò â ðàñòâîð, à êðåìíåçåì ïðè ýòîì îñòàåòñÿ â îñàäêå. 
Ýêñïåðèìåíòàëüíî óñòàíîâëåíî, ÷òî ïðè âîçäåéñòâèè êè-
ñëîò ïðîèñõîäèò ðàçëîæåíèå öåîëèòñîäåðæàùèõ ïîðîä 
ñ îáðàçîâàíèåì ñîëåé àëþìèíèÿ â âèäå Al2(SO4)3, AlCl3, 
Al(NO3)3 [4, 1, 5]. 

Ïðè ïåðåðàáîòêå öåîëèòñîäåðæàùèõ ïîðîä êèñëî-
òàìè âìåñòå ñ ãëèíîçåìîì â ðàñòâîð ïåðåõîäèò 40–95 % 
Fe2Î3 è íåêîòîðîå êîëè÷åñòâî SiO2. Ïîýòîìó íåîáõîäè-
ìî ïðîâîäèòü î÷èñòêó ðàñòâîðà îò ïðèìåñåé. Îäíèì èç 
ñïîñîáîâ ðàçäåëåíèÿ àëþìèíèÿ è æåëåçà ÿâëÿåòñÿ óâå-
ëè÷åíèå êîíöåíòðàöèè ñåðíîé êèñëîòû â ðàñòâîðå, êî-
òîðîå ïðèâîäèò ê îáðàçîâàíèþ îñàäêà ñóëüôàòà àëþìè-
íèÿ (Al2(SÎ4)3). Îñàäîê ìîæíî îòäåëèòü ôèëüòðîâàíèåì, 
à ìàòî÷íûé ðàñòâîð, ñîäåðæàùèé ñîåäèíåíèÿ æåëåçà, èñ-
ïîëüçîâàòü äëÿ ðàçëîæåíèÿ íîâîé ïîðöèè öåîëèòñîäåð-
æàùèõ ïîðîä.

Äðóãèì ñïîñîáîì î÷èñòêè ÿâëÿåòñÿ êðèñòàëëèçàöèÿ 
ñåðíîêèñëîãî àëþìèíèÿ èç ðàñòâîðà â ðåçóëüòàòå åãî âû-
ïàðèâàíèÿ. Â ñèñòåìå A12(SÎ4)3–Fe2(SÎ4)3–Í2Î íå îáðà-
çóåòñÿ äâîéíûõ ñîëåé ìåæäó ñóëüôàòîì æåëåçà è ñóëü-
ôàòîì àëþìèíèÿ, ÷òî ïîçâîëÿåò âûäåëèòü ñóëüôàò àëþ-
ìèíèÿ áåç ñóëüôàòà æåëåçà, êîòîðûé áóäåò êîíöåíòðè-
ðîâàòüñÿ â ðàñòâîðå. Ñóëüôàò àëþìèíèÿ ïîñëå ïåðâîé 
êðèñòàëëèçàöèè íå îòâå÷àåò òðåáîâàíèÿì ïî ïðèìåñÿì 
æåëåçà èç-çà çàõâàòà ìàòî÷íîãî ðàñòâîðà. Ïîýòîìó ïîñëå 
îòäåëåíèÿ ìàòî÷íîãî ðàñòâîðà ñóëüôàò àëþìèíèÿ ìîæíî 
ðàñòâîðèòü â ãîðÿ÷åé âîäå è ïîëó÷åííûé ðàñòâîð îõëàäèòü 
ñíîâà äëÿ âûäåëåíèÿ ÷èñòûõ êðèñòàëëîâ.

Êðîìå òîãî, äëÿ ðàçäåëåíèÿ ñåðíîêèñëûõ ñîåäèíå-
íèé àëþìèíèÿ è æåëåçà ìîæåò áûòü èñïîëüçîâàí ñîðá-

öèîííûé ñïîñîá, äëÿ ÷åãî ïðèìåíÿþòñÿ èîíîîáìåííè-
êè ðàçëè÷íûõ òèïîâ, êàòèîíèòû, àíèîíèòû ðàçëè÷íîé 
îñíîâíîñòè, àìèíîêàðáîêñèäíûå àìîôîëèòû è îêèñëåí-
íûå óãëè.

Ãëóáèíà î÷èñòêè êèñëûõ ðàñòâîðîâ çàâèñèò îò èñõîä-
íîãî êîëè÷åñòâà îêèñè æåëåçà â ðàñòâîðå, à âûáîð ñïîñî-
áà î÷èñòêè ñîåäèíåíèé àëþìèíèÿ îò æåëåçà îïðåäåëÿåò-
ñÿ ïåðåðàáîòêîé êîíêðåòíûõ öåîëèòñîäåðæàùèõ ïîðîä. 

Î÷èñòêà ñåðíîêèñëûõ ðàñòâîðîâ îò êðåìíåçåìà ìî-
æåò áûòü îñóùåñòâëåíà ïåðåìåøèâàíèåì â ïðèñóòñòâèè 
êðåìíåçåìèñòîãî îñòàòêà [2].

Â ðåçóëüòàòå ñåðèè ýêñïåðèìåíòîâ ïðåäëîæåíà ñõå-
ìà ïåðåðàáîòêè öåîëèòñîäåðæàùèõ ïîðîä Âîñòî÷íîãî 
Çàáàéêàëüÿ ñ ïðèìåíåíèåì êèñëîòíîãî ìåòîäà (ðèñ. 4). 
Ñõåìà âêëþ÷àåò ñëåäóþùèå îïåðàöèè: èçìåëü÷åíèå äî 
êðóïíîñòè –0.5...+0.1 ìì, êèñëîòíóþ îáðàáîòêó â âûùå-
ëà÷èâàòåëå ñ ìåøàëêîé, ôèëüòðîâàíèå ñ ó÷åòîì ýêñïåðè-
ìåíòàëüíûõ ïàðàìåòðîâ (òåìïåðàòóðà, âðåìÿ, êîíöåíòðà-
öèÿ êèñëîòû è âåùåñòâåííûé ñîñòàâ ïîðîä).

Âûâîäû

Â ðåçóëüòàòå îáðàáîòêè ñåðíîé êèñëîòîé öåîëèòñî-
äåðæàùèõ ïîðîä, îòðàáîòàííûõ â êà÷åñòâå ôèëüòðîâ òî-
ïëèâíî-ýíåðãåòè÷åñêèõ ïðåäïðèÿòèé, áûëî óñòàíîâëåíî, 
÷òî ýôôåêòèâíîñòü èçâëå÷åíèÿ Al2O3 çàâèñèò îò óñëîâèé 
âîçäåéñòâèÿ (òåìïåðàòóðà, ïðîäîëæèòåëüíîñòü îáðàáîò-
êè, êîíöåíòðàöèÿ êèñëîòû) è ñîñòàâà ïîðîä Âîñòî÷íîãî 
Çàáàéêàëüÿ (Øèâûðòóéñêîå, Õîëèíñêîå, Áàäèíñêîå ìå-
ñòîðîæäåíèÿ). 

Îïòèìàëüíûìè óñëîâèÿìè êèñëîòíîé ïåðåðàáîò-
êè äëÿ öåîëèòñîäåðæàùèõ ïîðîä Øèâûðòóéñêîãî ìåñòî-
ðîæäåíèÿ ÿâëÿþòñÿ: ïðîäîëæèòåëüíîñòü îáðàáîòêè – 80 
ìèí, êîíöåíòðàöèÿ ñåðíîé êèñëîòû – 60 %, òåìïåðàòó-
ðà – 80 °Ñ; Õîëèíñêîãî ìåñòîðîæäåíèÿ: ïðîäîëæèòåëü-
íîñòü – 60 ìèí, êîíöåíòðàöèÿ êèñëîòû – 80 %, òåìïåðà-
òóðà – 98 °Ñ; Áàäèíñêîãî ìåñòîðîæäåíèÿ: ïðîäîëæèòåëü-
íîñòü – 120 ìèí, êîíöåíòðàöèÿ êèñëîòû – 80 %, òåìïåðà-
òóðà – 60 °Ñ. 

Ðèñ. 1. Çàâèñèìîñòü èçâëå÷åíèÿ Al2O3 ñåðíîé êèñëîòîé îò òåì-
ïåðàòóðû (öåîëèòñîäåðæàùèå ïîðîäû: Ø – Øèâûðòóéñêîãî 
ìåñòîðîæäåíèÿ; Õ – Õîëèíñêîãî ìåñòîðîæäåíèÿ; Á – 

Áàäèíñêîãî ìåñòîðîæäåíèÿ)

Fig. 1. Dependence of sulfuric acid extraction of Al2O3 on the 
temperature (Zeolite-bearing rocks: Ø – Shivyrtuyskoe deposit; Õ 

- Holinskoe deposit; Á - Badinskoe deposit)

Ðèñ. 2. Çàâèñèìîñòü èçâëå÷åíèÿ Al2O3 ñåðíîé êèñëîòîé îò ïðî-
äîëæèòåëüíîñòè ïåðåðàáîòêè (öåîëèòñîäåðæàùèå ïîðîäû:
Ø – Øèâûðòóéñêîãî ìåñòîðîæäåíèÿ; Õ –  Õîëèíñêîãî ìåñòî-

ðîæäåíèÿ; Á – Áàäèíñêîãî ìåñòîðîæäåíèÿ)

Fig. 2. Dependence of sulfuric acid extraction of Al2O3 on the 
duration of processing (Zeolite-bearing rocks: Ø – Shivyrtuyskoe 

deposit; Õ – Holinskoe deposit; Á – Badinskoe deposit)
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Ðèñ. 3. Çàâèñèìîñòü èçâëå÷åíèÿ Al2O3 îò êîíöåíòðàöèè H2SO4 
(öåîëèòñîäåðæàùèå ïîðîäû: Ø – Øèâûðòóéñêîãî ìåñòî-
ðîæäåíèÿ; Õ – Õîëèíñêîãî ìåñòîðîæäåíèÿ; Á – Áàäèíñêîãî 

ìåñòîðîæäåíèÿ)

Fig. 3. Dependence of sulfuric acid extraction of Al2O3 on the H2SO4 
concentration (Zeolite-bearing rocks: Ø – Shivyrtuyskoe deposit;

Õ – Holinskoe deposit; Á – Badinskoe deposit)

Ðèñ. 4. Ñõåìà êîìïëåêñíîé ïåðåðàáîòêè öåîëèòñîäåðæàùèõ 
ïîðîä Øèâûðòóéñêîãî, Áàäèíñêîãî è Õîëèíñêîãî ìåñòîðî-

æäåíèé ñ ïðèìåíåíèåì êèñëîòíîãî ìåòîäà

Fig. 4. Scheme of complex processing of zeolite-bearing rocks of 
Shivyrtuyskoe, Badinskoe and Holinskoe deposits using an acid 

method
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HYDROTHERMAL SYNTHESIS OF TiO2 NANOTUBES FROM CONCENTRATE
OF TITANIUM ORE OF PIZHEMSKOE DEPOSIT (RUSSIA)

O. B. Kotova1, A. V. Ponaryadov1, L. A. Gömze2

1 Institute of Geology of Komi SC UB RAS, Russia, kotova@geo.komisc.ru
2 University of Miskolc, Hungary, femgomze@uni-miskolc.hu

A high cost of TiO2 nanoparticles and their demand in industry determine the timeliness of the hydrothermal method of synthesis 
of titanium dioxide nanotubes from the low-cost natural mineral raw materials. The starting material (non-magnetic fraction of gravity 
concentrate of titanium ore of Pizhemskoe deposit) and synthesized samples were characterized by scanning electron microscopy, X-ray 
diffraction and X-ray fluorescence methods.

Keywords: TiO2 nanotubes, hydrothermal method, titanium ore, Pizhemskoe deposit.

ÃÈÄÐÎÒÅÐÌÈ×ÅÑÊÈÉ ÑÈÍÒÅÇ ÍÀÍÎÒÐÓÁÎÊ ÄÈÎÊÑÈÄÀ ÒÈÒÀÍÀ
ÈÇ ÊÎÍÖÅÍÒÐÀÒÀ ÒÈÒÀÍÎÂÎÉ ÐÓÄÛ ÏÈÆÅÌÑÊÎÃÎ ÌÅÑÒÎÐÎÆÄÅÍÈß 

(ÐÎÑÑÈß)
Î. Á. Êîòîâà1, À. Â. Ïîíàðÿäîâ1, Ë. À. Ã¸ìçå2

1 Èíñòèòóò ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ, Ñûêòûâêàð 
2 Óíèâåðñèòåò Ìèøêîëüöà, Âåíãðèÿ

Âûñîêàÿ ñòîèìîñòü íàíî÷àñòèö TiO2 è èõ âîñòðåáîâàííîñòü â ïðîìûøëåííîñòè îïðåäåëÿþò àêòóàëüíîñòü ñèíòåçà íàíîòðóáîê 
äèîêñèäà òèòàíà ãèäðîòåðìè÷åñêèì ìåòîäîì èç íåäîðîãîãî ìèíåðàëüíîãî ñûðüÿ. Èñõîäíûé ìàòåðèàë (íåìàãíèòíàÿ ôðàêöèÿ ãðà-
âèòàöèîííîãî êîíöåíòðàòà òèòàíîâîé ðóäû Ïèæåìñêîãî ìåñòîðîæäåíèÿ) è ñèíòåçèðîâàííûå îáðàçöû áûëè èññëåäîâàíû ñ ïîìî-
ùüþ ñêàíèðóþùåé ýëåêòðîííîé ìèêðîñêîïèè, ðåíòãåíîäèôðàêöèè, ñîñòàâ îïðåäåëåí ðåíòãåíîôëóîðåñöåíòíûì ìåòîäîì. 

Êëþ÷åâûå ñëîâà: íàíîòðóáêè TiO2, ãèäðîòåðìè÷åñêèé ñèíòåç, òèòàíîâàÿ ðóäà, Ïèæåìñêîå ìåñòîðîæäåíèå.

Introduction 

Titanium is one of the strategic metals of modern 
industry. The demand for titanium has been steadily 
increasing, and this trend will obviously continue. In Russia 
there are mainly undeveloped deposits, titanium concentrate 
is not produced. On the territory of Komi Republic the 
prospects of mining industry are associated with the 
largest deposits of titanium (Yaregckoe and Pizhemskoe).
New applications of titanium ore based on its mineralogical 
and processing characteristics have a real commercial 
interest: the list of commodity products is expanding (and 
consequently the prospects for production), energy costs are 
reducing, environmental risks are decreasing, efficiency of 
sustainable development of region is increasing. One of the 
promising directions of solution of this problem can be the 
synthesis of titanium dioxide nanotubes from mineral raw 
materials (for example from titanium ore of Pizhemskoe 
deposit).

In recent decades one-dimensional nanostructure 
materials, derived from titanium dioxide, have been widely 
used in photocatalysis, as a base for catalysts, implants, 
reagents enhancing blood coagulability, batteries etc.
[1–5].

Due to a high cost of commercially available TiO2 
nanoparticles their synthesis from cheap natural raw 
materials by hydrothermal method becomes very important.

The aim of this article: the development of scientific 
basics of synthesis of titanium dioxide nanotubes based 
on the mineral raw materials using a simple hydrothermal 
method.

Experimental Procedure

Titanium nanotubes can be obtained by several 
methods, such as sol-gel, electrospinning, template 
synthesis, chemical vapor deposition (CVD), etc. Each 
method has its advantages and disadvantages depending 
on the implementation. After the pioneer works by
T. Kasuga et al. [6] the hydrothermal method became 
one of the most applied methods for the production of 
one-dimensional (1D) nanostructured TiO2 products.
The authors previously published a number of works on 
the synthesis of TiO2 nanotubes from synthetic analogs of 
titanium minerals and their application [7–9].

TiO2 nanotubes were produced by a simple 
hydrothermal method. The procedure for the preparation of 
nanostructures from synthetic TiO2 is described elsewhere
[7, 9]. In this work this procedure is adapted for the non-
magnetic fraction of gravity concentrate of titanium ore of 
Pizhemskoe deposit.

In a typical preparation 0.8 g of starting ore (reduced 
size) was placed in 100 ml autoclave, where 80 ml of 10 M 
NaOH solution were added. The autoclave was kept at 110 °C 
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during 24 h (temperature sensor was mounted on the stove, 
not inside the autoclave). After the hydrothermal reaction
the autoclave was cooled to room temperature, and the resulting 
flaky precipitate was washed successively by distilled water 
and solution of hydrochloric acid (0.1 M) until neutral pH
(6.5-7). The washed samples were dried in the oven at 90 °C 
for 12 hours.

The shape and size of the starting ore and synthesized 
samples were obtained by scanning electron microscopy 
(TESCAN Vega 3). The crystalline structures of the initial 
ore and synthesized samples were analyzed by diffractometer 
(Shimadzu XRD-6000), the material composition was 
studied by X-ray fluorescence (XRF Shimadzu-1800).

Results and Discussion

Until recently the starting material for TiO2 nanotubes 
synthesis was only high-purity synthetic analogs [1–5, 7].
In 2011 a group of scientists published a paper [10], 
which provided data on the production of titanium 
dioxide nanotubes by the hydrothermal method from Thai 
leucoxene. According to those data, Thai leucoxene was 

enriched. The starting material for nanotubes was a rutile 
concentrate with a TiO2 content more than 93 %.

Mineral and chemical composition of bulk concentrates 
of titanium ore of Pizhemskoe deposit is given in [11]. 
Beside leucoxene pseudorutile, Fe-ilmenite, ilmenite and 
siderite were found. Chemical composition (wt. %): TiO2 – 
50.07, SiO2 – 30.52, Fe2O3 – 13.37, MnO – 0.26, CaO – 
0.04, MgO – 0.17, Al2O3 – 2.16, K2O – 0.77, Na2O – 0.02, 
P2O5 – 0.16, ZrO2 – 0.10, S – 0.09, CO2 – 1.90, H2O+ – 
0.39.

In comparison with bulk concentrates of titanium ore of 
Pizhemskoe deposit characterized in [11] the used starting 
material – non-magnetic fraction of gravity concentrate 
of titanium ore of Pizhemskoe deposit – the content of 
Fe2O3 and TiO2 is lower, while content of SiO2 and Al2O3 – 
higher. Chemical composition (wt. %): TiO2 – 42.12, SiO2 
– 46.57, Fe2O3 – 1.04, Al2O3 – 7.57, K2O – 1.61, MnO – 
0.06, CaO – 0.13, MgO – 0.37, SO3 – 0.06, P2O5 – 0.17, 
ZrO2 – 0.05, NbO – 0.11. The average particle size after 
grinding – 20–40 m.

The X-ray diffraction pattern (Fig. 1) indicates that 
the starting ore is mainly a mixture of two phases: rutile 
and quartz. The peaks are clear, that testifies to a high 
crystallinity of these phases. The weak reflections of clay 
minerals, ilmenite and anatase are present.

The  synthesized sample (Fig. 2) is a mixture of two 
phases: quartz and hydrogen titanate (NaxH2–xTi3O7), which 
is consistent with the results of [1–3]. Chemical composition
(wt. %): TiO2 – 74.68, SiO2 – 12.64, Fe2O3 – 5.44, Al2O3 – 
4.71, Na2O – 0.14, K2O – 0.93, MnO – 0.64, CaO – 0.12,
MgO – 0.25, P2O5 – 0.09, ZrO2 – 0.08, NbO – 0.14.

The formation of titanium dioxide nanotubes takes 
place in several stages: the slow dissolution of raw is 
accompanied by the epitaxial growth of layered sodium 
titanate nanosheets  exfoliation of nanosheets  folding 
of nanosheets into tubes growth of nanotubes along X axis 
 exchange of sodium ions by protons during washing and 
separating of nanotubes from each other. The crystalline 
lattice of initial rutile is converted into amorphous product Fig. 2. Diffraction pattern of synthesized sample

(Q – quartz, T – sodium titanate)
Ðèñ. 2. Äèôðàêòîãðàììà ñèíòåçèðîâàííîãî îáðàçöà

(Q – êâàðö, T – òèòàíàò íàòðèÿ) 

Fig. 3. Titanium dioxide nanotubes
Ðèñ. 3. Íàíîòðóáêè äèîêñèäà òèòàíà 

Fig. 1. Diffraction pattern of the starting material
(Q – quartz, R – rutile)

Ðèñ. 1. Äèôðàêòîãðàììà èñõîäíîãî ñûðüÿ
(Q – êâàðö, R – ðóòèë) 
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at alkali processing, after treatment with distilled water 
and solution of hydrochloric acid the titanium dioxide 
nanotubes are formed. According to [7], the nanotubes 
consist of layers of titanate, which composition depends on 
such synthesis conditions as temperature and duration of 
treatment, ratio of solid and liquid phases.

Fig. 3 shows SEM image of synthesized TiO2 
nanotubes. The channels inside the produced nanotubes 
are clearly visible. The resolution of scanning electron 
microscope allows evaluating their outside diameter (70–
100 nm) and length (up to 4500 nm). The synthesized TiO2 
nanotubes have a large surface area, which is, according to 
[7], by orders higher than the specific surface of the starting 
raw, which provides high sorption properties.

Conclusion

The TiO2 nanotubes were obtained using simple 
hydrothermal method in Laboratory of mineral raw 
technology in Institute of Geology Komi SC UB RAS. An 
inexpensive natural raw material – non-magnetic fraction 
of gravity concentrate of titanium ore of Pizhemskoe deposit 
– was used as a starting material. The synthesized titanium 
dioxide nanotubes have outer diameter 70–100 nm and 
length up to 4500 nm. The synthesized TiO2 nanotubes have 
a large surface area that results in a good sorbent material.
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Ëàóðåàòû ïðåìèè Êîìè êîìñîìîëà (Å. Ï. Êàëèíèí,
Â. À. Ïåòðîâñêèé, À. Ì. Àñõàáîâ) îáñóæäàþò ïðîáëåìû 
ãåíåçèñà ïðèðîäíûõ êðèñòàëëîâ â ðàéîíàõ Ïðèïîëÿðíîãî 
Óðàëà. Äàííûå ýêñïîíàòû áûëè äîñòîéíî îöåíåíû âûñòà-

âî÷íûì êîìèòåòîì ÂÄÍÕ ÑÑÑÐ â 1976 ã.

Winners of the Komi Komsomol Award (E. P. Kalinin,
V. A. Petrovsky, A. M. Askhabov) are discussing problems of 
genesis of natural crystals near Polar Urals. These exhibits were 
worthily evaluated by Exhibition Committee of the USSR 

Exhibition of Economic Achievements in 1976.

Ê ñâîåìó 70-ëåòèþ 
Âèòàëèé Àëåêñàíäðîâè÷ 
ïîäîø¸ë èçâåñòíûì ñïå-
öèàëèñòîì â îáëàñòè ýê-
ñïåðèìåíòàëüíîãî ìî-
äåëèðîâàíèÿ ïðèðîäíûõ 
ïðîöåññîâ. Îòëè÷èòåëüíîé 
îñîáåííîñòüþ åãî èññëå-
äîâàòåëüñêîãî ïîäõîäà ÿâ-
ëÿåòñÿ óìåëîå ïðèìåíåíèå 
ýêñïåðèìåíòà äëÿ ðåøåíèÿ 
ìèíåðàëîãåíåòè÷åñêèõ çà-
äà÷, ñîçäàíèå è èñïîëüçî-
âàíèå îðèãèíàëüíûõ ýê-
ñïåðèìåíòàëüíûõ ìåòîäèê. 
Îäíèì èç ïåðâûõ â ÑÑÑÐ 
îí âíåäðèë â ïðàêòèêó 
êðèñòàëëîãåíåòè÷åñêèõ 
èññëåäîâàíèé ãîëîãðàôè-
÷åñêèå ìåòîäû, à òàêæå 
ðÿä äðóãèõ îðèãèíàëüíûõ 
ìåòîäè÷åñêèõ ðåøåíèé. 
Ýêñïåðèìåíòàëüíî, ñ èñ-
ïîëüçîâàíèåì ìåòîäîâ ãî-
ëîãðàôè÷åñêîé èíòåðôå-
ðîìåòðèè, èññëåäîâàë âîç-

íèêíîâåíèå â øèðîêîì 
èíòåðâàëå òåðìîäèíàìè-
÷åñêèõ ïàðàìåòðîâ (Ò = 
20–400 °Ñ, Ð = 1–1100 àòì) 
ïðîñòðàíñòâåííî-âðåìåí-
íûõ èçìåíåíèé â ïîäñè-
ñòåìàõ îáúåìà ðàñòâîðà, 
ïîãðàíè÷íîãî ñëîÿ, êðè-
ñòàëëà. Óñòàíîâèë ðîëü ýí-
äîãåííûõ è ýêçîãåííûõ 
ôàêòîðîâ â ïðîöåññå ýâî-
ëþöèè ñèñòåìû êðèñòàëë—
ñðåäà.

Îäíèì èç ðåïåðíûõ 
íàïðàâëåíèé åãî íàó÷íîé 
äåÿòåëüíîñòè ñòàëà ñàìî-
îðãàíèçàöèÿ íåðàâíîâåñíûõ 
ïðîöåññîâ. Èçìåðåíèÿ òåì-
ïåðàòóðíûõ, êîíöåíòðàöè-
îííûõ è ãèäðîäèíàìè÷å-
ñêèõ ïîëåé ïîãðàíè÷íîãî 
ñëîÿ êðèñòàëëà è îêðóæàþ-
ùåãî åãî ðàñòâîðà ïîêàçà-
ëè, ÷òî â ñèñòåìå âîçíèêà-
þò äèññèïàòèâíûå ñòðóê-
òóðû, âëèÿþùèå íà õàðàê-

1 ÿíâàðÿ — 70-ëåòíèé þáèëåé ä. ã.-ì. í. Âèòàëèÿ Àëåêñàíäðîâè÷à Ïåòðîâñêîãî, ãëàâíîãî íàó÷íîãî ñîòðóäíèêà ëàáîðàòî-
ðèè ýêñïåðèìåíòàëüíîé ìèíåðàëîãèè

2 ÿíâàðÿ — 50-ëåòíèé þáèëåé ê. ã.-ì. í. Àííû Àëåêñååâíû Ñîáîëåâîé, ñòàðøåãî íàó÷íîãî ñîòðóäíèêà ëàáîðàòîðèè 
ïåòðîãðàôèè

9 ÿíâàðÿ — 60-ëåòíèé þáèëåé Ãàëèíû Àôðèêàíîâíû Àíèñèìîâîé, ãåîëîãà ëàáîðàòîðèè ìèíåðàëüíî-ñûðüåâûõ ðåñóðñîâ

26 ÿíâàðÿ — 60-ëåòíèé þáèëåé Àëåêñàíäðà Âàñèëüåâè÷à Êîëåãîâà, ñëåñàðÿ ïî ðåìîíòó àâòîìîáèëåé

January, 1, The 70th anniversary of DSc. geol.-min. Petrovskiy Vitaliy Aleksandrovich, chief researcher of Experimental 
Mineralogy laboratory

January, 2, The 50th anniversary of PhD geol.-min. Soboleva Anna Alekseevna, senior researcher of Petrography laboratory

January, 9, The 60th anniversary of Anisimova Galina Africanovna, geologist of Mineral Raw Resources laboratory

January, 26, The 60th anniversary of Kolegov Aleksandr Vasil’evich, car mechanician

Õðîíèêà

Ñhronicle

Õðîíèêà, ñîáûòèÿ, ôàêòû • Chronicle, events, facts

ÌÎÄÅËÈÐÎÂÀÍÈÅ ÏÐÈÐÎÄÍÛÕ ÏÐÎÖÅÑÑÎÂ
ÏÎ Â. À. ÏÅÒÐÎÂÑÊÎÌÓ

(ê 70-ëåòèþ ñî äíÿ ðîæäåíèÿ)

On  the 1st of January, 2016, Chief Scientist 
of the experimental laboratory of mineralogy of the 
Institute of Geology of Komi SC, UB RAS, Vitaly 
Aleksandrovich Petrovsky, a well-known expert in the 
field of experimental modeling of natural processes, 

celebrated his 70th Anniversary.

MODELING OF NATURAL PROCESSES ACCORDING TO V. A. PETROVSKY
(to 70th Anniversary)

òåð çàõâàòà ïðèìåñåé ðàñòóùèì êðèñòàëëîì. Íà îñíîâå 
òåîðèè ñàìîîðãàíèçàöèè íåðàâíîâåñíûõ ïðîöåññîâ ïðî-
àíàëèçèðîâàíû íåëèíåéíûå ïðîöåññû ìàññîïåðåíîñà 
â ïîäîáíûõ ñèñòåìàõ. Â ðàìêàõ òåîðèè ïîâåðõíîñòè ïî-
òåíöèàëüíîé ýíåðãèè (ÏÏÝ) îïèñàíû ñ ó÷åòîì ñîõðàíå-
íèÿ è èçìåíåíèÿ äèíàìè÷åñêîé ñèììåòðèè â ìîëåêóëÿð-
íûõ ñèñòåìàõ ïðîöåññû â àäñîðáöèîííîì ïîãðàíè÷íîì 
ñëîå êðèñòàëëà, ñòðóêòóðà è ìåõàíèçìû îáðàçîâàíèÿ àë-
ìàçíûõ ìèêðîïîëèêðèñòàëëè÷åñêèõ àãðåãàòîâ òèïà êàð-
áîíàäî. 

Â. À. Ïåòðîâñêèì óñòàíîâëåíî, ÷òî â ïðîöåññå ðîñòà 
èëè ðàñòâîðåíèÿ êðèñòàëëîâ ïðîèñõîäÿò òåìïåðàòóðíî-êîí-
öåíòðàöèîííûå èçìåíåíèÿ â îêðóæàþùåé ñðåäå. Õàðàêòåð 
ïðîèñõîäÿùèõ èçìåíåíèé îêàçûâàåò îïðåäåëåííîå âëè-
ÿíèå íà õîä òðàíñïîðòíûõ ïðîöåññîâ òåïëî- è ìàññîïåðå-
íîñà, âûçûâàåò â ðåàêöèîííîé êàìåðå ìàêðî- è ìèêðîêîí-
âåêòèâíûå ÿâëåíèÿ, îòðàæàþùèåñÿ çàòåì íà êèíåòèêå è 
ìîðôîëîãèè ðàñòóùèõ êðèñòàëëîâ. Â. À. Ïåòðîâñêèì ïðåä-
ëîæåíà ãèïîòåçà ïîÿâëåíèÿ êîíöåíòðè÷åñêîé çîíàëüíîñòè 
è ïîêàçàíî åå ðåàëüíîå ïðîÿâëåíèå íà êâàðöåâûõ æèëàõ: 
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ðîñò êðèñòàëëîâ â íåîäíîðîäíîì ïî âåðòèêàëè ðàñòâîðå, 
ãäå èçìåíåíèÿ âåëè÷èíû, çîíàëüíîñòè è ôîðìû êðèñòàë-
ëîâ êâàðöà îïðåäåëÿþòñÿ ÿâëåíèåì êîíöåíòðàöèîííîãî 
ðàññëîåíèÿ ðàñòâîðà (ôëþèäà), ò.å. îáóñëîâëåíû âçàèìî-
ñâÿçüþ ìåæäó ïëîòíîñòüþ ðàñòâîðà è åãî ïåðåñûùåíèåì â 
îáúåìå êîíêðåòíîé ïîëîñòè. 

Â 1981 ã. â Ìîñêîâñêîì ãåîëîãî-ðàçâåäî÷íîì èíñòè-
òóòå Â. À. Ïåòðîâñêèé çàùèòèë êàíäèäàòñêóþ äèññåðòà-
öèþ íà òåìó «Ýêñïåðèìåíòàëüíîå ìîäåëèðîâàíèå ïðîöåñ-
ñîâ ìèíåðàëîîáðàçîâàíèÿ â íåîäíîðîäíûõ ñðåäàõ». Íà çà-
ùèòå äèññåðòàöèè ïðèñóòñòâîâàëè àêàäåìèê ÐÀÍ ÑÑÑÐ
Í. Â. Áåëîâ, ïðîôåññîð Èíñòèòóòà êðèñòàëëîãðàôèè ÐÀÍ 
Í. Í. Øåôòàëü, âåäóùèé êðèñòàëëîãðàô ÌÃÓ Î. Ã. Êîçëîâà
è äðóãèå çâ¸çäû êðèñòàëëîãåíåçèñà ìèðîâîãî êëàññà. 
Ó÷àñòâóÿ â îáñóæäåíèè ðàáîòû, îíè ïðåäëîæèëè ïåðåçà-
ùèòó äèññåðòàöèè â êà÷åñòâå äîêòîðñêîé, èõ ïîääåðæàëè 
äðóãèå ÷ëåíû ñîâåòà. Îäíàêî â ñèëó íåëó÷øèõ æèçíåííûõ 
îáñòîÿòåëüñòâ ýòî ïðåäëîæåíèå òîãäà íå áûëî ðåàëèçîâàíî.

Â 1992 ã. â Ñàíêò-Ïåòåðáóðãñêîì ãîðíîì èíñòèòó-
òå Â. À. Ïåòðîâñêèé çàùèòèë äîêòîðñêóþ äèññåðòàöèþ 
«Êðèñòàëëîãåíåçèñ â íåîäíîðîäíûõ ñðåäàõ».

Âàæíîé âåõîé â æèçíè þáèëÿðà áûëà îðãàíèçàöèÿ â 
1992 ã. â Ñûêòûâêàðå íàóêî¸ìêîãî ïðåäïðèÿòèÿ «Îðáèòà-
Àëìàçèíñòðóìåíò» ïî ïðîèçâîäñòâó òåõíè÷åñêèõ àëìàçîâ. Â 
1994 ã. â ðóêàõ îðãàíèçàòîðà óæå ñâåðêàëè ïåðâûå ñï¸êè, 
êîòîðûå ïðîøëè óñïåøíûå èñïûòàíèÿ â ðàçëè÷íûõ àëìàç-
ñîäåðæàùèõ èíñòðóìåíòàõ. Ïðåäñòàâèòåëüíàÿ êîìèññèÿ 
â ëèöå ìèíèñòåðñêèõ ÷èíîâíèêîâ è íàó÷íîé ýëèòû ïîñå-
òèëà ýòî ïðåäïðèÿòèå,  îáåùàâøåå ñâåòëîå áóäóùåå ãîðî-
äó è âñåìó ðåãèîíó. Îäíàêî áàíêðîòñòâî ñïîíñîðà – çàâî-
äà «Îðáèòà» — ïðèâåëî ê êàòàñòðîôå. ×àñòü îáîðóäîâàíèÿ, 
êîòîðîå íàõîäèëîñü íà çàâîäå «Îðáèòà» è âõîäèëî â óñòàâ-
íîé êàïèòàë «Îðáèòà-Àëìàçèíñòðóìåíò», áûëî íåîæèäàí-
íî ïóùåíî ñ ìîëîòêà, ÷òî çàêîí÷èëîñü ãèáåëüþ âñåãî ïðåä-
ïðèÿòèÿ.

Ôàçîâûå ïðèìåñè â àëìàçíîé ôàçå êàðáîíàäî. 
Ìèêðîêðèñòàëëè÷åñêèå ÷åðíûå àëìàçû «êàðáîíàäî» äî ñèõ 
ïîð ïðåäñòàâëÿþò ñîáîé ìèíåðàëîãè÷åñêóþ çàãàäêó. Èõ èçó-
÷åíèþ þáèëÿð îòäàë ìíîãî ëåò – êàê îäèí, òàê è â ñîäðó-
æåñòâå ñ áðàçèëüöàìè, íà ðîäèíå êîòîðûõ êàðáîíàäî îñî-
áåííî îáèëüíû. Áûëè âûÿâëåíû òðè òèïà ôàçîâûõ ïðèìå-
ñåé: 1) ìèíåðàëû â èíòåðñòèöèÿõ è ïîðàõ àãðåãàòà àëìàçíûõ 
èíäèâèäîâ; 2) ìèíåðàëû-óçíèêè âíóòðè àëìàçíûõ èíäèâè-
äîâ; 3) ôëþèäíûå âêëþ÷åíèÿ â àëìàçå. Îñîáûé èíòåðåñ 
ïðåäñòàâëÿþò íàõîäêè âíóòðè àëìàçíîé ôàçû êàðáîíàäî 
ìàãíåçèàëüíûõ õðîìøïèíåëèäîâ è ìàãíåçèàëüíî-æåëåçè-
ñòûõ ãðàíàòîâ – âàæíîå  ñâèäåòåëüñòâî ìàíòèéíîé ïðèðî-
äû êàðáîíàäî. 

Ôëþèäíûå âêëþ÷åíèÿ â áðàçèëüñêèõ êàðáîíàäî. 
Þáèëÿð ïîäòâåðäèë, ÷òî êàðáîíàäî õàðàêòåðèçóþòñÿ 
áîëüøåé íà îäèí-òðè ïîðÿäêà íàñûùåííîñòüþ ôëþèä-
íûìè âêëþ÷åíèÿìè ïî ñðàâíåíèþ ñ ìîíîêðèñòàëüíû-
ìè àëìàçàìè. Ãàçîâàÿ ôàçà, ñîäåðæàùàÿñÿ â êàðáîíàäî, 
ÿâëÿåòñÿ ìíîãîêîìïîíåíòíîé è øèðîêî âàðüèðóþùåé-
ñÿ ïî ñîñòàâó. Åå âàæíåéøàÿ îñîáåííîñòü çàêëþ÷àåòñÿ â 
àíîìàëüíîì îáîãàùåíèè óãàðíûì ãàçîì. Ïî ýòîìó êðè-
òåðèþ èññëåäóåìûå êàðáîíàäî è, âåðîÿòíî, áîëüøèíñòâî 
àëìàçîâ âîîáùå íå èìåþò àíàëîãîâ íå òîëüêî ñðåäè ïðî-
äóêòîâ êîðîâîãî ïîðîäî-, ðóäî- è ìèíåðàëîîáðàçîâàíèÿ, 
íî è ñðåäè ïðîäóêòîâ êîðîâî-ìàíòèéíûõ âçàèìîäåéñò-
âèé. 

Ôàçîâûå ïðèìåñè â Òîëáà÷èíñêèõ âóëêàíèòàõ. 
Ñîâìåñòíî ñ êîëëåãàìè èç Èíñòèòóòà âóëêàíîëîãèè è 
ñåéñìîëîãèè ÄÂÎ ÐÀÍ (Ïåòðîïàâëîâñê-Êàì÷àòñêèé), 
Èíñòèòóòà ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ (Ñûêòûâêàð) 
è Ãîðíîãî óíèâåðñèòåòà (Ñàíêò-Ïåòåðáóðã) ïðîâåäåíû 
ïåòðîëîãî-ìèíåðàëîãè÷åñêèå èññëåäîâàíèÿ âóëêàíèòîâ 
Òîëáà÷èíñêîãî òðåùèííîãî èçâåðæåíèÿ 2012–2013 ãã., â 
ñâÿçè ñ êîòîðûìè îáíàðóæåíû ìíîãî÷èñëåííûå àëìàçû. 
Óñòàíîâëåíî, ÷òî ïî êîìïëåêñó ñâîéñòâ âóëêàíèòû ñîîò-
âåòñòâóþò íå îñòðîâîäóæíûì, à ðèôòîãåííûì ìàãìàòèòàì,

Ì. Ìàðòèíñ (Áðàçèëèÿ), Þ. Ãëóõîâ, Ë. Ìàõëàåâ, Å. Êîòîâà, 
Â. Ïåòðîâñêèé âî âðåìÿ ïîñåùåíèÿ Àðõàíãåëüñêîé àëìàçî-

íîñíîé ïðîâèíöèè, 2004 ã.

M. Martins (Brazil), Yu. Glukhov, L. Makhlaev, E. Kotova,
V. Petrovsky are visiting Arkhangelsk diamond province, 2004.

Ëàáîðàòîðíûå èññëåäîâàíèÿ íà êàôåäðå êðèñòàë-
ëîãðàôèè àëìàçîâ â ÌÃÓ (Â. À. Ïåòðîâñêèé è

Â. Ë. Ñêâîðöîâà), 2009 ã.

Laboratory studies at the Department of Crystallography of 
diamonds in Moscow State University (V. A. Petrovsky and

V. L.  Skvortsova), 2009.
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Gold - diamond mine in Ichetyu (Komi Republic), 2012.

Çîëîòîàëìàçíîå ìåñòîðîæäåíèå íà È÷åòüþ (Ðåñïóáëèêà Êîìè), 2012 ã.

îáðàçîâàâøèìñÿ çà ñ÷åò ãëóáèííî-ìàíòèéíîãî î÷à-
ãà ìàãìû ïèêðèòîâîãî ñîñòàâà. Â íèõ ïðåîáëàäàåò ñèëè-
êàòíîå ñòåêëî, øèðîêî âàðüèðóþùååñÿ ïî æåëåçèñòîñòè. 
Êðîìå òîãî, îáíàðóæåíû íåîáû÷íûå øïèíåëèäíûå òâåð-
äûå ðàñòâîðû íà îñíîâå ìàãíåòèòà, ìàãíîôåððèòà, óëüâè-
òà è êóïðîøïèíåëè. Àëìàçû ïðåäñòàâëÿþò ñîáîé õîðîøî 
îáðàçîâàííûå  èçîìåòðè÷íûå êðèñòàëëû êóáîêòàýäðè÷å-
ñêîãî ãàáèòóñà ðàçìåðîì äî 700 ìêì. Èçîòîïíûé ñîñòàâ 
àëìàçíîãî óãëåðîäà êîëåáëåòñÿ â ïðåäåëàõ –27…–22 ‰. 

Âûÿâëåí òàêæå ìåòàëëè÷åñêèé ñïëàâ íà îñíîâå àëþìèíèÿ, 
ÿâëÿþùèéñÿ àíàëîãîì òåõíè÷åñêîãî ñïëàâà äþðàëþìè-
íèÿ. 

Ýêñïåðèìåíòàëüíîå ìîäåëèðîâàíèå ìèêðîïîëèêðè-
ñòàëëè÷åñêèõ àëìàçîâ. Íà îñíîâå ýêñïåðèìåíòàëüíîãî 
ìîäåëèðîâàíèÿ Â. À. Ïåòðîâñêèì è åãî êîëëåãàìè ïîëó-
÷åíû ìèêðîïîëèêðèñòàëëè÷åñêèå àëìàçû, ìîðôîëîãè-
÷åñêè è ñòðóêòóðíî àíàëîãè÷íûå èçó÷åííûì ïðèðîäíûì 
êàðáîíàäî. 

Ïðîâåäåííûå ýêñïåðèìåíòû, íàïðàâëåííûå íà ìîäå-
ëèðîâàíèå ïðîöåññîâ êàðáîíàäîîáðàçîâàíèÿ, ïîêàçàëè, 
÷òî óñëîâèÿì èõ êðèñòàëëèçàöèè îòâå÷àþò çíà÷åíèÿ äàâëå-
íèÿ ïîðÿäêà 8.0–10.0 ÃÏà, à òåìïåðàòóðû ~ 1000–1500 °C.
Ïîñëåäíåå ñîãëàñóåòñÿ ñ äàííûìè ðàñ÷åòíîé îöåíêè òåì-
ïåðàòóð êðèñòàëëèçàöèè êàðáîíàäî. Ôîðìèðîâàíèå ìè-
êðîïîëèçåðíèñòûõ àëìàçíûõ àãðåãàòîâ ïðîèñõîäèëî â 
äåêîìïðåññèîííîé îáñòàíîâêå âäàëè îò ëèíèè ðàâíîâå-
ñèÿ ãðàôèò – àëìàç ïóòåì îáðàçîâàíèÿ çàðîäûøåé è ïî-
ñëåäóþùåé èõ êëàñòåðèçàöèè. Ïðè äàâëåíèÿõ 8–12 ÃÏà 
áûëî çàôèêñèðîâàíî ìàññîâîå ïîÿâëåíèå çàðîäûøåé ñ 
ðàäèóñàìè 1–1.5 íì, îáðàçóþùèõ ïðè äàëüíåéøåì ðî-
ñòå è àãðåãàöèè êàðáîíàäîïîäîáíóþ ïîðèñòóþ ñòðóêòó-
ðó. Óñòàíîâëåíû ðàçíûå ñïîñîáû îáðàçîâàíèÿ êëàñòåðîâ:
1) èç àòîìîâ; 2) èç çàðîäûøåé; 3) â ðåçóëüòàòå àãðåãàöèè 
ýëåìåíòàðíûõ êëàñòåðîâ; 4) ïóòåì çàïîëíåíèÿ ïóñòîò 
(ïîð).

Â. À. Ïåòðîâñêèé ÿâëÿåòñÿ àâòîðîì áîëåå 450 ðà-
áîò, â òîì ÷èñëå êðóïíûõ ìîíîãðàôè÷åñêèõ îáîáùå-
íèé, ïîëó÷èâøèõ øèðîêîå ïðèçíàíèå ñïåöèàëèñòîâ. 
Ïîëîæèòåëüíûé ðåçîíàíñ â ìèðîâîé êðèñòàëëîãðàôè-
÷åñêîé îáùåñòâåííîñòè âûçâàëà âûøåäøàÿ â 1981 ã.
â æóðíàëå «Crystal Growth» ôóíäàìåíòàëüíàÿ ðàáîòà
Â. À. Ïåòðîâñêîãî ñ ñîàâòîðàìè ïî ïðîáëåìå ïðè-
ìåíåíèÿ ãîëîãðàôèè ê èçó÷åíèþ ñèñòåì êðè-
ñòàëë — ñðåäà, à òàêæå ñåðèè ìîíîãðàôèé è îòäåëü-
íûõ èçäàíèé: «Ïðÿìîå íàáëþäåíèå ãèäðîòåðìàëü-
íûõ ïðîöåññîâ â àâòîêëàâíûõ ñèñòåìàõ» (1984), 
«Ðîñò êðèñòàëëîâ â ãåòåðîãåííûõ ðàñòâîðàõ» (1989),

Çíàêîìñòâî ñ ìóçååì êèìáåðëèòîâ â ã. Ìèðíîì (Äæ. Ñàâðà-
ñîâ, Â. Ïåòðîâñêèé, Ñ. Îâ÷èííèêîâ, À. Ñóõàðåâ), 2007 ã.

Visiting Kimberlite Museum in Mirny City (J. Savrasov,
V. Petrovsky, S. Ovchinnikov, A. Sukharev), 2007.
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«Äèíàìèêà ïîãðàíè÷íîãî ñëîÿ ðàñòóùåãî è ðàñòâîðÿ-
þùåãîñÿ êðèñòàëëà» (1990), «Âçàèìîäåéñòâèå êðèñòàë-
ëà è ñðåäû» (1992), «Ðîëü êîëåáàòåëüíîé ñèììåòðèè â 
ïðîöåññàõ ñàìîîðãàíèçàöèè ñèñòåìû «êðèñòàëë – ñðå-
äà» (1996), «Ìèêðî- è íàíîäèñïåðñíûå ñòðóêòóðû ìèíå-
ðàëüíîãî âåùåñòâà» (1999), «Íàíîìèíåðàëîãèÿ, óëüòðà- 
è ìèêðîäèñïåðñíîå ñîñòîÿíèå ìèíåðàëüíîãî âåùåñò-
âà» (2005), «Ìèíåðàëîãèÿ êàðáîíàäî è ýêñïåðèìåíòàëü-
íûå ìîäåëè èõ îáðàçîâàíèÿ» (2007), «Êðèñòàëëîãåíåçèñ 
â íåîäíîðîäíûõ ñðåäàõ» (2011) è äð. Â ýòèõ ðàáîòàõ
Â. À. Ïåòðîâñêèì ïðèâåäåíû ìàòåðèàëû êàê ñàìîñòîÿ-
òåëüíîãî, òàê è ñîâìåñòíîãî ñ äðóãèìè èññëåäîâàòåëÿìè 
èçó÷åíèÿ ôóíäàìåíòàëüíûõ ïðîáëåì ìèíåðàëîãèè è êðè-
ñòàëëîãðàôèè. Âûñîêóþ íàó÷íóþ çíà÷èìîñòü èìåþò ðå-
çóëüòàòû ïî ñàìîñòîÿòåëüíî ðàçðàáàòûâàåìîé Âèòàëèåì 
Àëåêñàíäðîâè÷åì íà ïðîòÿæåíèè 45 ëåò âåñüìà àêòóàëü-
íîé òåìå «Êðèñòàëëîãåíåçèñ â íåîäíîðîäíûõ ñðåäàõ».

Íà ïðîòÿæåíèè ìíîãèõ ëåò Â. À. Ïåòðîâñêèé âåäåò 
àêòèâíóþ îáùåñòâåííóþ ðàáîòó. Íåñêîëüêî ëåò îí âîç-
ãëàâëÿë ðåñïóáëèêàíñêèé ñîâåò ìîëîäûõ ó÷åíûõ è ñïåöè-
àëèñòîâ, áûë ÷ëåíîì áþðî Ñûêòûâêàðñêîãî ÃÊ ÂËÊÑÌ 
è Êîìè îáêîìà ÂËÊÑÌ, âîçãëàâëÿë ïðîôñîþçíóþ îðãà-
íèçàöèþ Êîìè íàó÷íîãî öåíòðà, èçáèðàëñÿ ÷ëåíîì áþðî 
ðåñïóáëèêàíñêîãî îáùåñòâà «Çíàíèå», Ñûêòûâêàðñêîãî 
îòäåëåíèÿ ÂÌÎ, à òàêæå Ïðåçèäèóìà Êîìè ôèëèà-
ëà ÀÍ ÑÑÑÐ. Îí ÿâëÿåòñÿ ÷ëåíîì ó÷åíîãî è äèññåðòà-
öèîííîãî ñîâåòîâ Èíñòèòóòà ãåîëîãèè Êîìè ÍÖ ÓðÎ 
ÐÀÍ, ýêñïåðòîì-àíàëèòèêîì íàó÷íî-òåõíè÷åñêîé ñôå-
ðû Ìèíèñòåðñòâà îáðàçîâàíèÿ è íàóêè Ðîññèè è ïðåäñå-
äàòåëåì ÃÝÊ íà êàôåäðå ãåîëîãèè Ñûêòûâêàðñêîãî ãî-
ñóäàðñòâåííîãî óíèâåðñèòåòà. Îí ïðîø¸ë ãåîëîãè÷åñêè-
ìè ìàðøðóòàìè ïî Óðàëó, Ïàé-Õîþ, Òèìàíó, Âàéãà÷ó, 
Ïàìèðó, Äàëüíåìó Âîñòîêó, Áîëãàðèè, ïî ñîïêàì è øàõ-
òíûì ïîäçåìíûì âûðàáîòêàì Äîíáàññà, àëìàçîíîñíûì 
ìåñòîðîæäåíèÿì Áðàçèëèè, âóëêàíàì Êàì÷àòêè.

Âèòàëèé Àëåêñàíäðîâè÷ ïðîâîäèò ïëîäîòâîð-
íûå èññëåäîâàíèÿ â êîîïåðàöèè ñ ñîòðóäíèêàìè, 
Ñûêòûâêàðñêîãî óíèâåðñèòåòà, ÂÍÈÈÑÈÌÑà, ÎÀÎ 
«Òåõíîìàø», ÈÔÂÄ ÐÀÍ, Èíñòèòóòà âóëêàíîëîãèè è 
ñåéñìîëîãèè ÄÂÎ ÐÀÍ, Ãîðíîãî èíñòèòóòà (ã. Ñàíêò-
Ïåòåðáóðã), à òàêæå Ôåäåðàëüíîãî óíèâåðñèòåòà øòàòà 
Ìèíàñ Æåðàéñ (Áðàçèëèÿ).

Íàñòîÿùèé ó÷¸íûé èçâåñòåí ñâîåé øêîëîé.
Â. À. Ïåòðîâñêèé ÿâëÿåòñÿ íàó÷íûì ðóêîâîäèòåëåì àñ-
ïèðàíòîâ, ñîèñêàòåëåé è ñòóäåíòîâ, áûë ïðîôåññîðîì 
êàôåäðû ôèçèêè Êîìè ãîñóäàðñòâåííîãî ïåäàãîãè÷åñêî-
ãî èíñòèòóòà, ïîä åãî íàó÷íûì ðóêîâîäñòâîì ïîäãîòîâëå-
íû 4 êàíäèäàòñêèå è 2 äîêòîðñêèå äèññåðòàöèè.

Ðóêîâîäñòâî Ðîññèéñêîé àêàäåìèè íàóê è 
Èíñòèòóò ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ âûñîêî îöåíè-
âàåò íàó÷íî-îðãàíèçàöèîííóþ äåÿòåëüíîñòü Âèòàëèÿ 
Àëåêñàíäðîâè÷à Ïåòðîâñêîãî. Þáèëÿð íàãðàæäàëñÿ ïðå-
ìèÿìè Êîìè êîìñîìîëà â îáëàñòè íàóêè (1977 ã.), ïðàâè-
òåëüñòâà Ðåñïóáëèêè Êîìè (2007 ã.), ïðåìèåé èì. àêàäå-
ìèêà Ë. Ä. Øåâÿêîâà çà ìîíîãðàôèþ (2012 ã.), ìåäàëüþ 
èì. À. Å. Ôåðñìàíà «Çà çàñëóãè â ãåîëîãèè» (2014 ã.) ìíî-
ãî÷èñëåííûìè äèïëîìàìè è ãðàìîòàìè. Çà âíåäðåííûå 
â ïðîèçâîäñòâî ðåçóëüòàòû íàó÷íûõ äîñòèæåíèé, îí íà-
ãðàæäåí çíàêîì «Èçîáðåòàòåëü ÑÑÑÐ» è ïÿòüþ ìåäàëÿ-
ìè ÂÄÍÕ ÑÑÑÐ.

À. Ñóõàðåâ

Â. À. Ïåòðîâñêèé (ñëåâà) çíàêîìèò ñ ïðîäóêöèåé 
íà îñíîâå òåõíè÷åñêèõ àëìàçîâ çàâîäà «Îðáèòà» 
(ã. Ñûêòûâêàð). Ñïðàâà íàëåâî: ïåðâûé çàìåñòèòåëü 
Ãëàâû Ðåñïóáëèêè Êîìè À. Ì. Îêàòîâ, Ãëàâà àäìèíè-
ñòðàöèè ã. Ñûêòûâêàð À. À. Êàðàê÷èåâ, ïðåäïðèíèìàòåëü

Â. Ï. Ãðèãîðüåâ è äðóãèå. 1994 ã.

V. A. Petrovsky (left) introduces products based on industrial 
diamonds of Orbita factory (Syktyvkar). Right - left: First 
Deputy Head of Komi Republic A. M. Okatov, Head of 
Syktyvkar City Administration A. A. Karakchiev, entrepreneur

V. P. Grigorev and others, 1994.
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ÑÂÅÄÅÍÈß Î ÐÀÁÎÒÅ ÄÈÑÑÅÐÒÀÖÈÎÍÍÛÕ ÑÎÂÅÒÎÂ
Ïðè Èíñòèòóòå äåéñòâóþò äâà äèññåðòàöèîííûõ ñîâåòà, èìåþùèå ïðàâî ïðèíèìàòü ê çàùèòå äèññåðòàöèè ïî øåñòè ñïåöè-

àëüíîñòÿì ãåîëîãî-ìèíåðàëîãè÷åñêèõ íàóê. Â 2015 ãîäó ïðîâåäåíû óñïåøíûå çàùèòû äâóõ êàíäèäàòñêèõ äèññåðòàöèé.

INFORMATION ABOUT DISSERTATION COMMITTEES
Two dissertation committees are active in the Institute that can accept dissertations on six specialties of geological and mineralogical 

sciences.

Äèññåðòàöèîííûé ñîâåò Ä004.008.01 ñîçäàí ïðè 
Èíñòèòóòå ãåîëîãèè Êîìè íàó÷íîãî öåíòðà ÓðÎ ÐÀÍ
ã. Ñûêòûâêàðà ïðèêàçîì Ðîñîáðíàäçîðà îò 18.01.2008 ã.
¹ 1—57.

Äèññåðòàöèîííîìó ñîâåòó ðàçðåøåíî ïðèíèìàòü ê 
çàùèòå äèññåðòàöèè ïî ñïåöèàëüíîñòÿì: 25.00.04 – ïå-
òðîëîãèÿ, âóëêàíîëîãèÿ, 25.00.05 – ìèíåðàëîãèÿ, êðè-
ñòàëëîãðàôèÿ, 25.00.11 – ãåîëîãèÿ, ïîèñêè è ðàçâåäêà 
òâåðäûõ ïîëåçíûõ èñêîïàåìûõ, ìèíåðàãåíèÿ ïî ãåîëîãî-
ìèíåðàëîãè÷åñêèì íàóêàì.

Â òåêóùåì ãîäó ñîñòîÿëîñü îäíî çàñåäàíèå äèññåð-
òàöèîííîãî ñîâåòà, íà êîòîðîì îáñóæäàëèñü ïëàíû ðåîð-
ãàíèçàöèè äèññåðòàöèîííûõ ñîâåòîâ â Èíñòèòóòå ãåîëî-
ãèè Êîìè íàó÷íîãî öåíòðà ÓðÎ ÐÀÍ â ñâÿçè ïîâûøåíè-
åì òðåáîâàíèé ê äèññåðòàöèîííûì ñîâåòàì ñî ñòîðîíû 
Ìèíèñòåðñòâà îáðàçîâàíèÿ è íàóêè ÐÔ è ðåôîðìîé èí-
ñòèòóòîâ ÔÀÍÎ. Ðàáîòà ÷ëåíîâ äèññåðòàöèîííîãî ñîâå-
òà áûëà ñâÿçàíà ñ ïîäãîòîâêîé ïàêåòà äîêóìåíòîâ ïî îð-
ãàíèçàöèè íîâîãî äèññåðòàöèîííîãî ñîâåòà.

Ïîëó÷åíû ðåøåíèÿ ÂÀÊ î ïðèñóæäåíèè ñòåïåíè äî-
êòîðà ãåîëîãî-ìèíåðàëîãè÷åñêèõ íàóê Î. Â. Ìàðòèðîñÿí 
ïî ðåçóëüòàòàì çàùèòû äèññåðòàöèè «Ôàêòîðû è ìåõà-
íèçìû ñòðóêòóðíîé ýâîëþöèè îðãàíè÷åñêèõ ìèíåðàëî-
èäîâ» ïî ñïåöèàëüíîñòè 25.00.05 – «ìèíåðàëîãèÿ, êðè-
ñòàëëîãðàôèÿ» è ñòåïåíè êàíäèäàòà ãåîëîãî-ìèíåðà-
ëîãè÷åñêèõ íàóê È. Ñ. Àñòàõîâîé ïî ðåçóëüòàòàì çàùè-
òû äèññåðòàöèè «Ìåëêîìàñøòàáíàÿ òîïîìèíåðàëîãèÿ 
Òèìàíî-Ñåâåðîóðàëüñêîãî ðåãèîíà (àíàëèç ìèíåðàëüíî-
ãî êàäàñòðà)» ïî ñïåöèàëüíîñòè 25.00.05 – «ìèíåðàëîãèÿ, 
êðèñòàëëîãðàôèÿ».

Â 2015 ã. äèññåðòàöèîííûé ñîâåò Ä 004.008.02 ïðî-
âåë 6 çàñåäàíèé, íà êîòîðûõ áûëè ðàññìîòðåíû îðãàíè-
çàöèîííûå âîïðîñû è ïëàí çàùèòû äèññåðòàöèé íà 2015 
ãîä: ìàòåðèàëû äèññåðòàöèè Êîòèêà Èâàíà Ñåðãååâè÷à 
«Íîâåéøàÿ òåêòîíèêà è ïðîãíîç ëîêàëüíûõ ñòðóêòóð þãà 
Òèìàíî-Ïå÷îðñêîé íåôòåãàçîíîñíîé ïðîâèíöèè», ïðåä-
ñòàâëåííîé íà ñîèñêàíèå ó÷åíîé ñòåïåíè êàíäèäàòà ãåî-
ëîãî-ìèíåðàëîãè÷åñêèõ íàóê ïî ñïåöèàëüíîñòè 25.00.12 
– «ãåîëîãèÿ, ïîèñêè è ðàçâåäêà íåôòÿíûõ è ãàçîâûõ ìå-
ñòîðîæäåíèé» (ïðîòîêîë ¹ 2 îò 10.03.2015 ã.) è ìàòåðèàëû 
äèññåðòàöèè Áàãàåâà Àëåêñàíäðà Íèêîëàåâè÷à «Ìîäåëü 
ñèäåìåíòàöèè ýìñêî-íèæíåôðàíñêèõ îòëîæåíèé â çî-
íå ñî÷ëåíåíèÿ âîñòî÷íîé îêðàèíû Ðóññêîé ïëèòû, 
Ïðåäóðàëüñêîãî êðàåâîãî ïðîãèáà è Çàïàäíîóðàëüñêîé 
çîíû ñêëàä÷àòîñòè (Ïåðìñêèé êðàé)», ïðåäñòàâëåííîé 
íà ñîèñêàíèå ó÷åíîé ñòåïåíè êàíäèäàòà ãåîëîãî-ìèíå-
ðàëîãè÷åñêèõ íàóê ïî ñïåöèàëüíîñòè 25. 00. 01 – «îáùàÿ 
è ðåãèîíàëüíàÿ ãåîëîãèÿ» (ïðîòîêîë ¹ 5 îò 20.05.2015).

Óñïåøíàÿ çàùèòà äèññåðòàöèè È. Ñ. Êîòèêà ñîñòî-
ÿëàñü 19 ìàÿ 2015 ãîäà (ïðîòîêîë ¹4 îò 19. 05. 2015 ã.).

 

Âåäóùàÿ îðãàíèçàöèÿ — ÔÃÓÏ «ÂÍÈÃÐÈ»(Ñàíêò-
Ïåòåðáóðã) — â ñâîåì ïîëîæèòåëüíîì çàêëþ÷åíèè î äèñ-
ñåðòàöèè, êîòîðîå óòâåðäèë Î. Ì. Ïðèùåïà (ä.ã.-ì.í, ãå-
íåðàëüíûé äèðåêòîð ÔÃÓÏ «ÂÍÈÃÐÈ»), îòìåòèëà, ÷òî 
«çàùèùàåìûå àâòîðîì ïîëîæåíèÿ ðàáîòû ñîîòâåòñòâó-
þò ïðîâåäåííûì èññëåäîâàíèÿì, à ñàìà ðàáîòà ïðåäñòà-
âèëà ïîâîä âûñêàçàòüñÿ î âûñîêèõ ïåðñïåêòèâàõ íîâûõ 
îòêðûòèé íà Òèìàíå». Äèññåðòàöèîííûé ñîâåò îòìåòèë, 
÷òî íà îñíîâàíèè âûïîëíåííûõ ñîèñêàòåëåì èññëåäîâà-
íèé âûÿâëåíû îñîáåííîñòè íåîòåêòîíè÷åñêîãî ñòðóê-
òóðíîãî ïëàíà êàê íà ðåãèîíàëüíîì, òàê è íà ëîêàëüíîì 
óðîâíå, óñòàíîâëåíû åãî ñâÿçè ñ ãåîëîãè÷åñêèì ñòðîåíè-
åì þæíîé ÷àñòè Òèìàíî-Ïå÷îðñêîé íåôòåãàçîíîñíîé 
ïðîâèíöèè. 

Çàùèòà äèññåðòàöèè À. Í. Áàãàåâà «Ìîäåëü ñå-
äèìåíòàöèè ýìññêî-íèæíåôðàíñêèõ îòëîæåíèé â çî-
íå ñî÷ëåíåíèÿ âîñòî÷íîé îêðàèíû Ðóññêîé ïëèòû, 
Ïðåäóðàëüñêîãî êðàåâîãî ïðîãèáà è Çàïàäíî-Óðàëüñêîé 
çîíû ñêëàä÷àòîñòè (Ïåðìñêèé êðàé)» íà ñîèñêàíèå ó÷å-
íîé ñòåïåíè êàíäèäàòà ãåîëîãî-ìèíåðàëîãè÷åñêèõ íàóê 
óñïåøíî ñîñòîÿëàñü 27 íîÿáðÿ 2015 ãîäà (ïðîòîêîë ¹ 6).
Äèññåðòàöèÿ, ïî îòçûâó âåäóùåé îðãàíèçàöèè ÔÃÓÏ 
«ÂÍÈÃÐÈ, «ÿâëÿåòñÿ çàâåðøåííîé íàó÷íî-êâàëèôèêà-
öèîííîé ðàáîòîé, â êîòîðîé ñèñòåìàòèçèðîâàíû è ïðî-
àíàëèçèðîâàíû ðåçóëüòàòû ñàìîñòîÿòåëüíûõ èññëåäîâà-
íèé àâòîðà».

Äèññåðòàöèîííûé ñîâåò ïðèøåë ê âûâîäó î òîì, ÷òî 
äèññåðòàöèè è È. Ñ. Êîòèêà è À. Í. Áàãàåâà ïðåäñòàâëÿ-
þò ñîáîé íàó÷íî-êâàëèôèêàöèîííûå ðàáîòû, êîòîðûå 
ñîîòâåòñòâóþò êðèòåðèÿì, óñòàíîâëåííûì Ïîëîæåíèåì 
î ïîðÿäêå ïðèñóæäåíèÿ ó÷åíûõ ñòåïåíåé, óòâåðæäåííûì 
ïîñòàíîâëåíèåì Ïðàâèòåëüñòâà Ðîññèéñêîé Ôåäåðàöèè 
îò 30 ÿíâàðÿ 2002 ã. ¹ 74 (â ðåäàêöèè ïîñòàíîâëåíèÿ 
Ïðàâèòåëüñòâà Ðîññèéñêîé Ôåäåðàöèè îò 20 èþíÿ 2011 
ã. ¹ 475), è ïðèíÿë ðåøåíèå ïðèñóäèòü È. Ñ. Êîòèêó è
À. Í. Áàãàåâó ó÷åíûå ñòåïåíè êàíäèäàòîâ ãåîëîãî-ìèíå-
ðàëîãè÷åñêèõ íàóê.

Òåìû ðàññìîòðåííûõ äèññåðòàöèîííûõ ðàáîò ñîâ-
ïàäàþò ñ òåìàòè÷åñêèì ïëàíîì íàó÷íî-èññëåäîâàòåëü-
ñêèõ ðàáîò Èíñòèòóòà ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ. 
Ðåçóëüòàòû èññëåäîâàíèé È. Ñ. Êîòèêà è À. Í. Áàãàåâà 
äîêëàäûâàëèñü íà ìíîãî÷èñëåííûõ ãåîëîãè÷åñêèõ êîí-
ôåðåíöèÿõ è ñîâåùàíèÿõ è îïóáëèêîâàíû â ñáîðíèêàõ 
è æóðíàëàõ, â òîì ÷èñëå è ðåêîìåíäóåìûõ ÂÀÊ, äîâåäå-
íû äî ñâåäåíèÿ ãåîëîãè÷åñêèõ îðãàíèçàöèé, ïðîâîäÿùèõ 
ãåîëîãî-ñúåìî÷íûå è ïîèñêîâûõ ðàáîòû íà òåððèòîðèè 
Ðåñïóáëèêè Êîìè è Ïåðìñêîãî êðàÿ. Ìàòåðèàëû îáåèõ 
äèññåðòàöèé áóäóò èñïîëüçîâàòüñÿ â êóðñàõ ëåêöèé äëÿ 
ñòóäåíòîâ-ãåîëîãîâ  Ñûêòûâêàðñêîãî ãîñóíèâåðñèòåòà. 

Â.  Ðàêèí
Ò. Áåçíîñîâà
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ÑÎÂÐÅÌÅÍÍÛÅ ÏÐÎÁËÅÌÛ ÒÅÎÐÅÒÈ×ÅÑÊÎÉ, 
ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÎÉ È ÏÐÈÊËÀÄÍÎÉ 

ÌÈÍÅÐÀËÎÃÈÈ 
(Þøêèíñêèå ÷òåíèÿ – 2016)

Ôåäåðàëüíîå àãåíòñòâî íàó÷íûõ îðãàíèçàöèé
Ðîññèéñêàÿ àêàäåìèÿ íàóê

Èíñòèòóò ãåîëîãèè Êîìè íàó÷íîãî öåíòðà ÓðÎ ÐÀÍ
Ðîññèéñêîå ìèíåðàëîãè÷åñêîå îáùåñòâî

Ðîññèéñêèé ôîíä ôóíäàìåíòàëüíûõ èññëåäîâàíèé

Óâàæàåìûå êîëëåãè!

Èíñòèòóò ãåîëîãèè Êîìè íàó÷íîãî öåíòðà Ðîññèéñêîé 
àêàäåìèè íàóê, Ðîññèéñêîå ìèíåðàëîãè÷åñêîå îá-
ùåñòâî ïðîâîäÿò 17–20 ìàÿ 2016 ã. â ã. Ñûêòûâêàðå 
Ìèíåðàëîãè÷åñêèé ñåìèíàð ñ ìåæäóíàðîäíûì ó÷àñòè-
åì «Ñîâðåìåííûå ïðîáëåìû òåîðåòè÷åñêîé, ýêñïåðè-
ìåíòàëüíîé è ïðèêëàäíîé ìèíåðàëîãèè (Þøêèíñêèå 
÷òåíèÿ – 2016)», ïîñâÿùåííûé ïàìÿòè àêàäåìèêà
Í. Ï. Þøêèíà, è ïðèãëàøàþò ïðèíÿòü ó÷àñòèå â åãî ðà-
áîòå. Èíôîðìàöèÿ î êîíôåðåíöèè ðàçìåùåíà íà ñàé-
òå ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ http://geo.komisc.ru â ðàçäåëå 
«Íîâîñòè».

Ïðåäñòàâëåíèå ìàòåðèàëîâ

1. Ìàòåðèàëû äîêëàäîâ äîëæíû áûòü íàïèñàíû íà 
ðóññêîì èëè àíãëèéñêîì ÿçûêå â ñîîòâåòñòâèè ñ òðåáî-
âàíèÿìè, óêàçàííûìè íà îáîðîòå. 

2. Ìàòåðèàëû äîêëàäîâ äîëæíû áûòü ãîòîâû ê íå-
ïîñðåäñòâåííîìó âîñïðîèçâåäåíèþ è ïðåäñòàâëÿþò-
ñÿ â îðãêîìèòåò â ïå÷àòíîì è ýëåêòðîííîì âàðèàíòàõ 
(ýëåêòðîííûé âàðèàíò îáÿçàòåëåí). 

3. Online-ðåãèñòðàöèÿ è îòïðàâêà òåçèñîâ îñóùåñòâ-
ëÿåòñÿ ñ ïîìîùüþ ñîîòâåòñòâóþùåãî èíòåðàêòèâíîãî 
ñåðâèñà íà ñàéòå: http://geo.komisc.ru/min2016reg 

4. Âñå ïðèñûëàåìûå ìàòåðèàëû äîëæíû ñîïðîâî-
æäàòüñÿ ðàçðåøåíèåì íà ïóáëèêàöèþ ìàòåðèàëà â îòêðû-
òîé ïå÷àòè (â ïå÷àòíîì è ýëåêòðîííîì âèäå).

5. Êàæäûé ó÷àñòíèê ìîæåò ïîäàòü íå áîëåå äâóõ äî-
êëàäîâ â êà÷åñòâå ïåðâîãî àâòîðà.

6. Ôîðìà ïðåäñòàâëåíèÿ äîêëàäîâ: ïëåíàðíûå
(25 ìèí), óñòíûå (15 ìèí) è ñòåíäîâûå.

7. Äîêëàä÷èê ìîæåò ïðåäëîæèòü íîâûé ðàçäåë â 
ðàìêàõ çàÿâëåííîé ïðîãðàììû. Âîïðîñ î âêëþ÷åíèè 
äàííîãî ðàçäåëà â ïðîãðàììó áóäåò ðåøàòüñÿ îðãêîìè-
òåòîì.

8. Îðãêîìèòåò îñòàâëÿåò çà ñîáîé ïðàâî èñêëþ÷èòü 
ìàòåðèàëû, íå ñîîòâåòñòâóþùèå òåìàòèêå ñîâåùàíèÿ è 
òðåáîâàíèÿì ïî îôîðìëåíèþ.

Êîíòðîëüíûå ñðîêè

Ïðåäñòàâëåíèå çàÿâîê è òåêñòîâ äîêëàäîâ – äî 28 ìàðòà
Ðàññûëêà ïðîãðàììû – äî 25 àïðåëÿ
Çàåçä è ðåãèñòðàöèÿ ó÷àñòíèêîâ – 16 ìàÿ
Îòêðûòèå ñåìèíàðà – 17 ìàÿ

ÀÄÐÅÑ:
Èíñòèòóò ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ

óë. Ïåðâîìàéñêàÿ, ä. 54, Ñûêòûâêàð,
Ðåñïóáëèêà Êîìè, 167982

ÊÎÍÒÀÊÒÛ:
(8212) 24-51-67, +79091289418 – Ïèñêóíîâà 
Íàòàëüÿ Íèêîëàåâíà (îðãêîìèòåò ñåìèíàðà)

 (8212) 24-53-53 – ïðèåìíàÿ äèðåêòîðà
(8212) 24-56-98 – Êîçûðåâà Èðèíà Âëàäèìèðîâíà

(ó÷åíûé ñåêðåòàðü Èíñòèòóòà ãåîëîãèè)
Ôàêñ: (8212) 24-09-70; 24-53-46
Å-mail: min2016@geo.komisc.ru 

Íàó÷íàÿ ïðîãðàììà

1. Èñòîðèÿ, ôèëîñîôèÿ è ìåòîäîëîãèÿ ìèíåðàëîãèè.
2. Ãåíåòè÷åñêàÿ ìèíåðàëîãèÿ. Òèïîìîðôèçì ìèíåðàëîâ       
è ìèíåðàëüíûõ àññîöèàöèé. Ãåíåòèêî-èíôîðìàöèîííàÿ 
ìèíåðàëîãèÿ.
3. Ìèíåðàëîãè÷åñêàÿ êðèñòàëëîãðàôèÿ è êðèñòàëëîãåíå-
çèñ. 
4. Êîíñòèòóöèÿ è ñâîéñòâà ìèíåðàëîâ. Ôèçèêà ìèíåðà-
ëîâ.
5. Ìèêðîíàíîäèñïåðñíîå ñîñòîÿíèå ìèíåðàëüíîãî 
âåùåñòâà. Íàíîìèíåðàëîãèÿ.
6. Áèîìèíåðàëîãèÿ è áèîìèíåðàëüíûå âçàèìîäåéñòâèÿ. 
Îðãàíè÷åñêèå ìèíåðàëû è ìèíåðàëîèäû.
7. Ýêñïåðèìåíòàëüíîå ìîäåëèðîâàíèå ïðîöåññîâ ìèíåðà-
ëîîáðàçîâàíèÿ.
8. Ìèíåðàëîãèÿ ìåñòîðîæäåíèé ïîëåçíûõ èñêîïàåìûõ. 
Òîïîìèíåðàëîãèÿ. 
9. Ãåîìàòåðèàëîâåäåíèå. Ðàöèîíàëüíîå èñïîëüçîâàíèå 
ìèíåðàëüíîãî ñûðüÿ.

Ñûêòûâêàð,
Ðåñïóáëèêà Êîìè, Ðîññèÿ

17—20 ìàÿ 2016 ã.

ÌÈÍÅÐÀËÎÃÈ×ÅÑÊÈÉ ÑÅÌÈÍÀÐ Ñ ÌÅÆÄÓÍÀÐÎÄÍÛÌ Ó×ÀÑÒÈÅÌ
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MODERN PROBLEMS OF THEORETICAL, EXPERIMENTAL AND APPLIED MINERALOGY 
(Yushkin Readings – 2016)

Federal Agency for scientific organizations Russian Academy of Sciences
Institute of geology Komi Science Center, Ural Branch of Russian Academy of Sciences

Russian Mineralogical Society

Dear colleagues!

Institute of Geology, Komi Science Center, Russian Academy of Sciences, Russian Mineralogical Society conduct Mineralogical 
seminar with international participation "Modern problems of theoretical, experimental and applied mineralogy (Yushkin Readings 
-2016)", on May 17-20, 2016 in Syktyvkar, dedicated to the memory of Academician N. P. Yushkin, and invite you to take part 
in the work. Information about the conference is available on the website of Institute of geology, Komi Science Centre, UB RAS, 
http://geo.komisc.ru in the "News" section.

Submissions

1. The reports must be written in Russian or in English 
in accordance with the requirements specified on the back.

2. The reports must be ready for immediate playback 
and submitted to the Organizing Committee in printed and 
digital versions (digital version is mandatory).

3. Online registration and abstract submission is via 
interactive service on website http://geo.komisc.ru/
min2016reg 

4. All materials sent for publication must be accompanied 
by a permission to publish the material in open press (in 
printed and digital form).

5. Each participant may submit no more than two papers 
as the first author.

6. Form of presentation of reports: plenary (25 min), 
oral (15 min) and poster.

7. The speaker may offer a new section within the stated 
program. The inclusion of this section in the program will 
be decided by the organizing committee.

8. The organizing committee reserves the right to exclude 
materials that do not match the subject and requirements 
for registration.

Deadlines

Submission of applications and reports 28 March
Program mailing April 25
Arrival and registration of participants May 16
Opening of the seminar May 17

ADDRESS:
Institute of Geology of Komi SC, UB RAS

54, Pervomayskaya st., Syktyvkar,
Komi Republic, 167982

CONTACTS:
+7 (8212) 24-51-67, +79091289418 - Piskunova

Natalia Nikolaevna (seminar organizing committee)
+7 (8212) 24-53-53 - Reception

+7 (8212) 24-56-98 - Kozyrev Irina Vladimirovna
(Science Secretary of the Institute of Geology)

Fax: +7 (8212) 24-09-70; 24-53-46
E-mail: min2016@geo.komisc.ru

Scientific program

1. History, philosophy and methodology of mineralogy.
2. Genetic mineralogy. Typomorphism of minerals and 
mineral associations. Genetic informational mineralogy.
3. Mineralogical crystallography and crystal genesis.
4. Constitution and properties of minerals. Physics of minerals.
5. Micro-nano disperse state of mineral substance. 
Nanomineralogy.
6. Biomineralogy and biomineral interactions. Organic 
minerals and mineraloids.
7. Experimental modeling of mineral formation processes.
8. Mineralogy of mineral deposits. Topomineralogy.
9. Geomaterial science. Rational use of mineral raw.

Syktyvkar, Komi Republic, Russia
May 17-20, 2016

MINERALOGICAL SEMINAR WITH INTERNATIONAL PARTICIPATION
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Îòâåòñòâåííûå çà âûïóñê:
Ì. Í. Áóðàâñêàÿ

Ðåäàêòîðû èçäàòåëüñòâà:
Î. Â. Ãàáîâà, 

Ê. Â. Îðäèí (àíãëèéñêèé)

Êîìïüþòåðíàÿ âåðñòêà
À. Í. Îòëîãîâà

Ñâèä. î ðåã. ñðåäñòâà ìàññîâîé èíôîðìàöèè 
ÏÈ ¹ ÔÑ77-56817 îò 29.01.2014

Ïîäïèñàíî â ïå÷àòü 14.03.2016

Òåë.: (8212) 24-51-60
Ôàêñ: (8212) 44-82-68

E-mail: vestnik@geo.komisc.ru
Ðåäàêöèÿ:

167982, Ñûêòûâêàð, Ïåðâîìàéñêàÿ, 54

Òèðàæ 200 Çàêàç 990

Она закончила геологический факультет Московского государ-
ственного университета по специальности «геохимия» в 1988 го-
ду и сразу поступила на работу в наш институт. В 2000 г. защи-
тила кандидатскую диссертацию по теме «Кислые вулканиты се-
вера Урала». В 2011 г. ей присвоено звание доцента по специально-
сти «петрология, вулканология». Область научных интересов Анны 
Алексеевны — петрология, геохимия и геохронология магматических 
горных пород, геология и тектоника Урала и Тимано-Печорского 
региона. Районы экспедиционных исследований — Полярный, 
Приполярный и Северный Урал. За время работы было опубликовано 
более 60 статей в научных журналах и одна монография.

2 января исполнилось 50 лет стар-
шему научному сотруднику лаборатории
петрографии Института геологии Коми НЦ
АННЕ АЛЕКСЕЕВНЕ СОБОЛЕВОЙ.
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