
Ñîäåðæàíèå

Ãëàâíûé ðåäàêòîð À. Ì. Àñõàáîâ, çàì. ãëàâíîãî ðåäàêòîðà Î. Á. Êîòîâà,
îòâåòñòâåííûé ñåêðåòàðü Ò. Ì. Áåçíîñîâà, çàâ. ðåäàêöèåé Ò. À. Íåêó÷àåâà

Ðåäàêöèîííûé ñîâåò:

Íàó÷íûå ñòàòüè

geo.komisc.ru/vestnik

Âåñòíèê
Èíñòèòóòà ãåîëîãèè Êîìè íàó÷íîãî öåíòðà ÓðÎ ÐÀÍ

Íàó÷íî-èíôîðìàöèîííîå èçäàíèå, îñíîâàííîå àêàäåìèêîì Í. Ï. Þøêèíûì â 1995 ã.

Ìàé 2015 ã., ¹ 5 (245)

È. Â. Êîçûðåâà, Ñûêòûâêàð, Ðîññèÿ
Â. À. Êîðîòååâ, Åêàòåðèíáóðã, Ðîññèÿ
Ñ. Ê. Êóçíåöîâ, Ñûêòûâêàð, Ðîññèÿ
Ò. Ï. Ìàéîðîâà, Ñûêòûâêàð, Ðîññèÿ
Ï. Ìÿííèê, Òàëëèí, Ýñòîíèÿ
Æ. Ê. Ìåëãàðåõî, Áàðñåëîíà, Èñïàíèÿ
Ä. Â. Ïàðàíèí, Óõòà, Ðîññèÿ
À. Ì. Ïûñòèí, Ñûêòûâêàð, Ðîññèÿ
Î. Â. Óäîðàòèíà, Ñûêòûâêàð, Ðîññèÿ

À. È. Àíòîøêèíà, Ñûêòûâêàð, Ðîññèÿ
Ì. A. T. M. Áðîêìàíñ, Òðîíõåéì, Íîðâåãèÿ
È. Í. Áóðöåâ, Ñûêòûâêàð, Ðîññèÿ
Ä. À. Áóøíåâ, Ñûêòûâêàð, Ðîññèÿ
Ì. À. Ôåäîíêèí, Ìîñêâà, Ðîññèÿ
Í. Í. Ãåðàñèìîâ, Ìîñêâà, Ðîññèÿ
À. Ä. Ãâèøèàíè, Ìîñêâà, Ðîññèÿ
Ã. Í. Êàáëèñ, Ñûêòûâêàð, Ðîññèÿ
Ð. È. Êîíååâ, Òàøêåíò, Óçáåêèñòàí

Î áàðè÷åñêîé ôðàãìåíòàöèè æåëåçà
è ïðèðîäå òåêó÷åñòè âíåøíåãî ÿäðà Çåìëè
Ì. Í. Ìàãîìåäîâ ........................................................ 3

Òèïèçàöèÿ öèðêîíà ùåëî÷íî-ãðàíèòíîãî ìàññèâà
Õàëäçàí-Áóðýãòýã (Çàïàäíàÿ Ìîíãîëèÿ)
Ê. Ñ. Çåíèíà, Ñ. È. Êîíîâàëåíêî ................................. 8

Ñîñòàâ è ìèêðîñòðóêòóðà ïëàñòîâûõ
ñòðîìàòîëèòîâ êàðóÿðâèíñêîé ñâèòû
ïîëóîñòðîâà Ñðåäíèé (ñåâåðî-âîñòî÷íîå
îáðàìëåíèå Êîëüñêîãî ïîëóîñòðîâà)
Þ. Â. Ìèõàéëåíêî .................................................... 12

Â çåðêàëå ïðåññû ..................................................... 29

Õðîíèêà, ñîáûòèÿ, ôàêòû

Íîâûé òèï íàíîñòðóêòóð àòîìàðíîãî
ðàçðåøåíèÿ â àëìàçîïîäîáíûõ è äðóãèõ
óãëåðîäíûõ âåùåñòâàõ
Ò. Ã. Øóìèëîâà, Å. Ìàéåð, Ê. Ãåðâàðö...................... 19

Ðîëü ïðåçèäåíòà Àêàäåìèè íàóê ÑÑÑÐ
À. Ï. Êàðïèíñêîãî â ðàçâèòèè íàó÷íîãî
ïîòåíöèàëà ñòðàíû â ïåðâîé òðåòè XX âåêà
×àñòü 2. Ì. Ï. Ðîùåâñêèé,
Ë. Ï. Ðîùåâñêàÿ, À. À. Áðîâèíà ................................ 25

Ïàìÿòè àêàäåìèêà Í. Ï. Þøêèíà ......................... 31



Content

Scientific articles

Chief Editor A. M. Askhabov, Deputy Chief Editor O. B. Kotova,
Executive Director T. M. Beznosova,  Managing Editor T. A. Nekuchaeva

Editorial Board:

geo.komisc.ru/vestnik

V e s t n i kMay, No 5 (245), 2015

Institute of Geology of Komi Science Center of Ural Branch RAS
Scientific information edition founded by Academician N. P. Yushkin in 1995

Anna I. Antoshkina, Syktyvkar, Russia
Maarten A.T.M. Broekmans, Trondheim, Norway
Igor N. Burtsev, Syktyvkar, Russia
Dmitry A. Bushnev, Syktyvkar, Russia
Mikhail A. Fedonkin, Moscow, Russia
Nikolay N. Gerasimov, Moscow, Russia
Alexey D. Gvishiani, Moscow, Russia
Grigory N. Kablis, Syktyvkar, Russia
Rustam I. Koneev, Tashkent, Uzbekistan

Irina V. Kozyreva, Syktyvkar, Russia
Viktor A. Koroteev, Ekaterinburg, Russia
Sergey K. Kuznetsov, Syktyvkar, Russia
Tatyana P. Mayorova, Syktyvkar, Russia
Peep Männik, Tallinn, Estonia
Joan Carles Melgarejo, Barcelona, Spain
Dmitry V. Paranin, Ukhta, Russia
Alexander M. Pystin, Syktyvkar, Russia
Oksana V. Udoratina, Syktyvkar, Russia

Baric Fragmentation of Iron and Nature
of Fluidity of External Earth’s Core
M. N. Magomedov ....................................................... 3

Typification of zircon of alkaline granite
Khaldzan-Buregteg massif (Western Mongolia)
K. S. Zenina, S. I. Konovalenko .................................... 8

Composition and microstructure of stratiform
stromatolites of Karuyarvinskoy Suite in Sredny peninsula
(northeastern framing of the Kola peninsula)
J. V. Mikhailenko ...................................................... 12

May Chronicle ......................................................... 30

Chronicle, events, facts

New type of atomic scale nanostructures
in diamond-like and other carbon substances
T. G. Shumilova, J. Mayer, C. Herwartz ...................... 19

Role of the president of the USSR Academy
of Sciences A. P. Karpinsky in the country
scientific potential development in the first third
of the XX century. Part 2. M. P. Roshchevsky,
L. P. Roshchevskaya, A. A. Brovina ............................ 25



Vestnik IG Komi SC UB RAS, May, 2015, No. 5

3

Ââåäåíèå
Èçâåñòíî, ÷òî ñòðîåíèå Çåìëè

èìååò íåîäíîðîäíûé õàðàêòåð. Ñî-
ãëàñíî ìîäåëè Çåìëè Ð. Õàääîíà è
Ê. Áóëëåíà íà ãëóáèíå 2900 êì (ðàç-
äåë Ãóòåíáåðãà) íàáëþäàåòñÿ ðåçêîå
óâåëè÷åíèå ïëîòíîñòè, ðîñò ýëåêòðî-
ïðîâîäíîñòè ñ îäíîâðåìåííûì ïàäå-
íèåì ñêîðîñòè ñåéñìè÷åñêèõ âîëí è
âÿçêîñòè âåùåñòâà. Äàííûå ýôôåêòû
(â îñîáåííîñòè èñ÷åçíîâåíèå ïîïå-
ðå÷íîé ñîñòàâëÿþùåé ñêîðîñòè ñåé-
ñìè÷åñêèõ âîëí) ïðèâåëè ê çàêëþ÷å-
íèþ, ÷òî âíåøíåå ÿäðî Çåìëè (íàõî-
äÿùååñÿ íà ãëóáèíå îò 2900 äî
5000 êì) íàõîäèòñÿ â æèäêîì ñîñòî-
ÿíèè [3, 10]. Ïðè ýòîì âíóòðåííåå
ÿäðî Çåìëè, ñîñòîÿùåå èç òåõ æå âå-
ùåñòâ (â îñíîâíîì ýòî æåëåçî è íè-
êåëü), îêàçûâàåòñÿ â òâåðäîì ñîñòîÿ-
íèè. Âîçíèêàåò âîïðîñ: ïî÷åìó ÿäðî,
ïëàâàþùåå â ðàñïëàâå òåõ æå ìåòàë-
ëîâ, èç êîòîðûõ îíî ñîñòîèò, îñòàåò-
ñÿ â òâåðäîé ôàçå?

Èçâåñòíî òàêæå, ÷òî âîçíèêíîâå-
íèå ãåîòåðìàëüíîãî òåïëà íåëüçÿ â
ïîëíîé ìåðå îáúÿñíèòü òîëüêî ëèøü

ðàñïàäîì ðàäèîàêòèâíûõ èçîòîïîâ
êàëèÿ, óðàíà, òîðèÿ è äð. [12, 4]. Ïî-
ýòîìó âîïðîñ î âîçíèêíîâåíèè òåïëà
Çåìëè òàêæå îñòàåòñÿ îòêðûòûì. Èñ-
õîäÿ èç ðåçóëüòàòîâ, ïîëó÷åííûõ íàìè
â ðàáîòàõ [5—8], ìîæíî ïðåäïîëî-
æèòü, ÷òî îäíèì èç èñòî÷íèêîâ ãåî-
òåðìàëüíîãî òåïëà ÿâëÿåòñÿ ïðîöåññ
ýêçîòåðìè÷åñêîãî äèñïåðãèðîâàíèÿ
êðèñòàëëîâ ïîä äàâëåíèåì. Ýòèì æå
áàðè÷åñêèì äèñïåðãèðîâàíèåì âåùå-
ñòâà ìîæíî îáúÿñíèòü è íàáëþäàþ-
ùèåñÿ íà ðàçäåëå Ãóòåíáåðãà ýôôåê-
òû (ðåçêîå óâåëè÷åíèå ïëîòíîñòè ñ îä-
íîâðåìåííûì ïàäåíèåì ñêîðîñòè
ñåéñìè÷åñêèõ âîëí è âÿçêîñòè âåùå-
ñòâà). Îáîñíîâàíèþ ýòîé ãèïîòåçû è
ïîñâÿùåíà äàííàÿ ðàáîòà.

Î ìåòîäèêå è ðåçóëüòàòàõ
ðàñ÷åòîâ äëÿ æåëåçà

Èñïîëüçóåìûå íûíå ðàçëè÷íûå
êðèòåðèè ðàçðóøåíèÿ âåùåñòâà è
ôîðìèðîâàíèÿ ïîâåðõíîñòåé ðàçäåëà
ïðè ñæàòèè ëèáî ðàñòÿæåíèè êðèñòàë-
ëà ñîäåðæàò â ñâîåì ôîðìàëèçìå òà-
êèå ïàðàìåòðû, êàê óäåëüíàÿ (íà åäè-

íèöó ïëîùàäè) ïîâåðõíîñòíàÿ ýíåð-
ãèÿ (σ) è êîýôôèöèåíò ñàìîäèôôóçèè
(Df). Ïðè÷åì åñëè ôóíêöèþ s èñïîëü-
çóþò ïðè ïðîãíîçå óñëîâèé îáðàçîâà-
íèÿ òðåùèíû, òî ôóíêöèþ Df — äëÿ
èçó÷åíèÿ êèíåòèêè ðàçâèòèÿ òðåùè-
íû ïðè ðàçëè÷íûõ äàâëåíèÿõ (P) è
òåìïåðàòóðàõ (T). Î÷åâèäíî, ÷òî ôóí-
êöèè s è Df çàâèñÿò îò P-T-àðãóìåíòîâ,
îäíàêî â áîëüøèíñòâå ñëó÷àåâ èñ-
ïîëüçóþò çíà÷åíèÿ ôóíêöèé σ è Df ,
ïîëó÷åííûå ïðè íåâûñîêèõ òåìïåðà-
òóðàõ è ïðè P = 0. Ýòî ñâÿçàíî ñ òåì,
÷òî ýêñïåðèìåíòàëüíûõ äàííûõ äëÿ σ
è Df  ïðè âûñîêèõ P-T-óñëîâèÿõ íåò, à
òåîðåòè÷åñêèå ïðîãíîçû èñïîëüçóþò
â ñâîåì ôîðìàëèçìå ðàçëè÷íûå ïîä-
ãîíî÷íûå ïàðàìåòðû, ïîâåäåíèå êî-
òîðûõ â òàêèõ ñëó÷àÿõ òðóäíî ïðåäñêà-
çàòü. Ïîýòîìó íàìè ðàçðàáîòàíà àíà-
ëèòè÷åñêàÿ ìåòîäèêà, îïèñûâàþùàÿ ñ
åäèíûõ ïîçèöèé çàâèñèìîñòü ôóíê-
öèé σ è Df êàê îò òåìïåðàòóðû, òàê è
îò V/V0 — îòíîñèòåëüíîãî îáúåìà êðè-
ñòàëëà. Ïîä «åäèíûìè ïîçèöèÿìè»
çäåñü ïîäðàçóìåâàåòñÿ, ÷òî â ôîðìà-
ëèçì ìîäåëè íå âõîäÿò íèêàêèå ïîä-

Î ÁÀÐÈ×ÅÑÊÎÉ ÔÐÀÃÌÅÍÒÀÖÈÈ ÆÅËÅÇÀ
È ÏÐÈÐÎÄÅ ÒÅÊÓ×ÅÑÒÈ ÂÍÅØÍÅÃÎ ßÄÐÀ ÇÅÌËÈ
Ì. Í. Ìàãîìåäîâ
Èíñòèòóò ïðîáëåì ãåîòåðìèè Äàãåñòàíñêîãî íàó÷íîãî öåíòðà ÐÀÍ, Ìàõà÷êàëà
mahmag4@mail.ru

ÓÄÊ 550.36 + 551.16

Ðàññ÷èòàíû çàâèñèìîñòè óäåëüíîé ïîâåðõíîñòíîé ýíåðãèè (σ) è êîýôôèöèåíòà ñàìîäèôôóçèè â æåëåçå îò îòíî-
ñèòåëüíîãî îáúåìà (V/V0). Îöåíåíû çíà÷åíèÿ V/V0 è äàâëåíèÿ, ïðè êîòîðûõ ðåàëèçóåòñÿ óñëîâèå ôðàãìåíòàöèè: σ < 0.
Ïîêàçàíî, ÷òî íàáëþäàþùèåñÿ íà ðàçäåëå Ãóòåíáåðãà ýôôåêòû ìîæíî îáúÿñíèòü ïåðåõîäîì êðèñòàëëè÷åñêîãî âåùå-
ñòâà â «äèñïåðñíîå» òåêó÷åå ñîñòîÿíèå èç-çà áàðè÷åñêîé ýêçîòåðìè÷åñêîé ôðàãìåíòàöèè æåëåçà.

Êëþ÷åâûå ñëîâà: ÿäðî Çåìëè, ìàíòèÿ, æåëåçî, ïîâåðõíîñòíàÿ ýíåðãèÿ, äèôôóçèÿ, ôðàãìåíòàöèÿ.

BARIC FRAGMENTATION OF IRON AND NATURE
OF FLUIDITY OF EXTERNAL EARTH’S CORE

M. N. Magomedov
Institute for Geothermal Research of Daghestan Scientific Centre of RAS, Makhachkala

Nature of the liquid-like behavior of matter in the external Earth’s core is not fully clear until now. It is known that the Earth’s
core consists of 94 % iron. To study the nature of external Earth’s core the dependences of specific surface energy (σ) and the
self-diffusion coefficient (Df) versus the relative volume (V/V0) are calculated for the iron. For description of the pair interaction
of atoms of iron, the Mie-Lennard-Jones potential was used. For the calculations of dependences σ(V/V0) and Df(V/V0) the
author’s methods were used. We evaluated the values of V/V0 and pressures, under which the fragmentation condition for the
crystal of iron was realized: σ < 0. The results showed that the Gutenberg’s boundary effects can be explained by the transition
of crystal substance to the “dispersing” fluid state because of the exothermal fragmentation of the iron. It is pointed out that the
nature of geothermal heat can also be explained by the effect of baric exothermic fragmentation of iron.

Keywords: core of Earth, mantle, iron, surface energy, diffusion, fragmentation.
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ãîíî÷íûå êîíñòàíòû, êðîìå ïàðàìåò-
ðîâ ìåæàòîìíîãî ïîòåíöèàëà, ìàññû
àòîìà è ñòðóêòóðû êðèñòàëëà. Çäåñü
V/V0 — îòíîøåíèå îáúåìîâ ïðè P è T,
è ïðè P = 0 è T = 0 K.

Ðàçðàáîòàííàÿ íàìè ìåòîäèêà
ïîäðîáíî îïèñàíà â ðàáîòàõ [5, 7, 8].
Êàê ïîêàçàíî [5], äàííûé ìåòîä ïî-
çâîëÿåò õîðîøî îïèñàòü ôóíêöèè
σ(V/V0,T) è Df (V/V0,T) êàê ïðè èçîòåð-
ìè÷åñêîì ñæàòèè, òàê è ïðè ðàñòÿæå-
íèè êðèñòàëëà, êàê ïðè âûñîêèõ òåì-
ïåðàòóðàõ, òàê è ïðè T = 0 K. Ïîýòîìó
ìû èñïîëüçîâàëè ýòó ìåòîäèêó äëÿ
ðàñ÷åòîâ ñâîéñòâ æåëåçà ïðè P-T-ïà-
ðàìåòðàõ, ïðèñóùèõ ÿäðó Çåìëè.

Ïðåäñòàâèì ïàðíîå ìåæàòîìíîå
âçàèìîäåéñòâèå â âèäå ïîòåíöèàëà
Ìè-Ëåííàðä-Äæîíñà, èìåþùåãî âèä
[5, ãë. 3]:

 (1),

ãäå D è ro — ãëóáèíà è êîîðäèíàòà ìè-
íèìóìà ïîòåíöèàëà, b è a — ïàðàìåò-
ðû: b > a > 1.

Äëÿ ïðîâåäåíèÿ ðàñ÷åòîâ
âîçüìåì æåëåçî (m = 55.847 à. å. ì.) ñ
îáúåìíî-öåíòðèðîâàííîé êóáè÷å-
ñêîé (ÎÖÊ) ñòðóêòóðîé. ÎÖÊ-ñòðóê-
òóðà âûáðàíà ïîòîìó, ÷òî ïðè âûñî-
êèõ P-T-óñëîâèÿõ æåëåçî ïåðåõîäèò â
β-ôàçó, ñòðóêòóðà êîòîðîé ðûõëåå,
÷åì ãðàíåöåíòðèðîâàííàÿ êóáè÷åñêàÿ
(ÃÖÊ) ñòðóêòóðà γ-ôàçû èëè ãåêñàãî-
íàëüíàÿ ïëîòíî óïàêîâàííàÿ (ÃÏÓ)
ñòðóêòóðà ε-ôàçû. Ïàðàìåòðû òðîé-
íîé òî÷êè ìåæäó ýòèìè ôàçàìè (γ−ε−
β), ñîãëàñíî ðàáîòå [13], ðàâíû: P =
= 37 ÃÏà = 370 êáàð è T = 1550 K.

Ïàðàìåòðû ïàðíîãî ìåæàòîìíî-
ãî ïîòåíöèàëà Ìè-Ëåííàðä-Äæîíñà
(1) äëÿ æåëåçà, îïðåäåëåííûå ñàìî-
ñîãëàñîâàííûì ìåòîäîì â [5], ðàâíû:

ro = 2.4775·10–10 ì,
D / kB = 12576.7 K, (2)
a = 3.58, b = 8.26.

Òîãäà çíà÷åíèå íîðìàëüíîãî
îáúåìà äëÿ íàøåé ìîäåëè êðèñòàë-
ëà áóäåò ðàâíî: V0 = N (π/6 kp) ro

3 =
= 7.0494 ñì3/ìîëü, ãäå kp — êîýôôè-
öèåíò óïàêîâêè ñòðóêòóðû, êîòîðûé
äëÿ ÎÖÊ-ðåøåòêè ðàâåí: kp = 0.6802.

Â òàáëèöå 1 ïðåäñòàâëåíû ðåçóëü-
òàòû ðàñ÷åòîâ ïðè V/V0 = 1 (ò.å. ïðè
P ≅ 0) äëÿ φv — âåðîÿòíîñòè îáðàçîâà-
íèÿ âàêàíñèè â ðåøåòêå êðèñòàëëà,
Df — êîýôôèöèåíòà ñàìîäèôôóçèè (â
ñì2/ñ) è σ — óäåëüíîé ïîâåðõíîñòíîé
ýíåðãèè (â 10–3 Äæ/ì2) ãðàíè (100)
ÎÖÊ-Fe. Ðàñ÷åòû âûïîëíåíû äëÿ
òåìïåðàòóð 300 è 3000 K. Îöåíêè äðó-
ãèõ àâòîðîâ ïðè P=0 è òåìïåðàòóðàõ,

áëèçêèõ ê ïëàâëåíèþ æåëåçà (Tm =
1810 K), ðàâíû [5]:

 — lg(φv) = 2.43÷3,  
— lg(Df /[ñì2/ñ]) = 7.1÷8.7,

σ(100) = 1720÷2480 [10–3 Äæ/ì2].

Êàê âèäíî, ñîãëàñèå ðàññ÷èòàí-
íûõ çíà÷åíèé ñ ýêñïåðèìåíòàëüíûìè
âïîëíå õîðîøåå.

Íà ðèñ. 1 ïîêàçàíû èçîòåðìè÷å-
ñêèå çàâèñèìîñòè ôóíêöèè σ(100) îò
àðãóìåíòà V/V0 âäîëü èçîòåðì 300 è
3000 K. Âåðòèêàëü ïîêàçûâàåò îáëàñòü
ýêñïåðèìåíòàëüíûõ äàííûõ äëÿ
σ(100) ïðè P ≅ 0. Ôóíêöèÿ σ(V/V0) äî-
ñòèãàåò ìàêñèìóìà ïðè íåáîëüøèõ
ñæàòèÿõ (V/V0)max, ïîñëå ÷åãî ðåçêî
óìåíüøàåòñÿ, ïåðåõîäÿ ïðè (V/V0)fr â
îáëàñòü îòðèöàòåëüíûõ çíà÷åíèé. Íà
ðèñ. 1 âèäíî, ÷òî ñ ðîñòîì òåìïåðà-
òóðû óñëîâèå ôðàãìåíòàöèè (σ ≤ 0)
äîñòèãàåòñÿ ïðè ìåíüøèõ ñòåïåíÿõ
ñæàòèÿ.

Ïðè ñæàòèÿõ â îáëàñòè V/V0 <
(V/V0)fr êðèñòàëëó ýíåðãåòè÷åñêè âû-

ãîäíî ëþáûì ïóòåì óâåëè÷èòü ñâîþ
óäåëüíóþ (íà àòîì) ïîâåðõíîñòü,
ëèáî ñâîáîäíóþ, ëèáî ìåæêðèñòàë-
ëèòíóþ, èáî çäåñü σ ≤ 0. Ôëóêòóàöè-
îííî îòäåëèâøèéñÿ îò êðèñòàëëà è
îáðàçîâàâøèé ïîâåðõíîñòü (ñâîáîä-
íóþ èëè ìåæêðèñòàëëèòíóþ) äîìåí
â òàêèõ óñëîâèÿõ áóäåò èñïûòûâàòü
äîïîëíèòåëüíîå «ïîâåðõíîñòíîå»
äàâëåíèå [5, 7], êîòîðîå òåì áîëüøå,
÷åì ìåíüøå ðàçìåð äîìåíà. Ýòî «ïî-
âåðõíîñòíîå» äàâëåíèå åùå áîëåå ñî-
æìåò ôëóêòóàöèîííî îòäåëèâøèéñÿ
äîìåí, ÷òî ïðèâåä¸ò ê ñàìîñæàòèþ
îáðàçóþùèõñÿ ïðè ôðàãìåíòàöèè
äîìåíîâ è ê îñâîáîæäåíèþ íåêîòî-
ðîãî ïðîñòðàíñòâà ìåæäó íèìè. Îá-
ðàçóþùååñÿ ïðè ýòîì «äèñïåðñíîå»
ñîñòîÿíèå âåùåñòâà áóäåò òåêó÷èì,
ïîäîáíî æèäêîé ôàçå: îíî ïðèìåò
ôîðìó ñîñóäà, â êîòîðîì íàõîäèòñÿ.
Âÿçêîñòü «äèñïåðñíîãî» ñîñòîÿíèÿ
áóäåò òåì ìåíüøå, ÷åì áîëüøå ñæè-
ìàþùåå äàâëåíèå è ÷åì ìåíüøå ðàç-
ìåð äîìåíîâ.

Òàáëèöà 1
Ðåçóëüòàòû ðàñ÷åòîâ âåðîÿòíîñòè îáðàçîâàíèÿ âàêàíñèè â ðåøåòêå,

Df — êîýôôèöèåíòà ñàìîäèôôóçèè è óäåëüíîé ïîâåðõíîñòíîé ýíåðãèè
ãðàíè (100) ÎÖÊ-Fe ïðè V/V0 = 1 (ò.å. ïðè P ≅ 0)

Table 1
Results of calculations of probability of vacancy creation into lattice,

Df is the self-diffusion coefficient and the specific surface energy of (100) face
for BCC-Fe at V/V0 = 1 (i.e. at P ≅ 0)

Ðèñ. 1. Èçîòåðìè÷åñêèå çàâèñèìîñòè σ(V/V0) âäîëü äâóõ èçîòåðì: 300 K — ñïëîøíàÿ
ëèíèÿ, 3000 K — ïóíêòèð. Âåðòèêàëü ïîêàçûâàåò îáëàñòü ðàçáðîñà ýêñïåðèìåíòàëü-
íûõ äàííûõ äëÿ σ ïðè P ≅ 0. Ðàçìåðíîñòü σ — 10–3 Äæ/ì2

Fig. 1. Isothermal dependences σ(V/V0) along two isotherms: 300 K — continuous line,
3000 K — dotted line. A vertical line shows the area of variation of experimental data for σ at
P ≅ 0. A unit of measure for σ is 10–3 J/m2
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Òàêèì îáðàçîì, ïðè V/V0 <
(V/V0)fr ðåàëèçóåòñÿ ýêçîòåðìè÷åñêèé
ïðîöåññ ôðàãìåíòàöèè êðèñòàëëà,
êîòîðûé ïðèâîäèò ê ðîñòó ïëîòíîñòè
îáðàçóþùèõñÿ äîìåíîâ, ê óìåíüøå-
íèþ âÿçêîñòè îáðàçóþùåéñÿ «äèñïåð-
ñíîé» ñðåäû è ê ãåíåðàöèè òåïëà. Ðàç-
ìåðíàÿ çàâèñèìîñòü ôóíêöèè σ, ðàç-
ìåðíîå ñæàòèå è áàðè÷åñêàÿ òåïëîãå-
íåðàöèÿ äëÿ ÎÖÊ-Fe áûëè èçó÷åíû
íàìè â ðàáîòå [7].

Â òàáëèöå 2 ïðåäñòàâëåíû êîîð-
äèíàòû òî÷êè ìàêñèìóìà: (V/V0)max è
(V/V0)fr — òî÷êè ôðàãìåíòàöèè, ãäå
σ = 0 íà èçîòåðìàõ çàâèñèìîñòè
σ(V/V0) èç ðèñ. 1. Â òàáë. 2 óêàçàíû
òàêæå ñîîòâåòñòâóþùèå äàííûì òî÷-
êàì äàâëåíèÿ, ðàññ÷èòàííûå ïî ýêñ-
ïåðèìåíòàëüíîé çàâèñèìîñòè äëÿ
«õîëîäíîé» (óïðóãîé) ñîñòàâëÿþùåé
äàâëåíèÿ, âçÿòûå èç îáçîðà [13]: Px =
= ρ0 C0

2 [(V/V0)–n — 1] / n. Çäåñü äëÿ
ðàçëè÷íûõ ôàç æåëåçà èñïîëüçîâàíû
ñëåäóþùèå ïàðàìåòðû:
äëÿ ÃÏÓ-ε-Fe (ïîëó÷åííûå äî 2.5 Ìáàð):
ρ0 = 8.3 ã/ñì3, C0 = 4.444 êì/ñ, n = 4.88,
äëÿ ÃÖÊ-γ-Fe (ïîëó÷åííûå äî 0.4 Ìáàð):
ρ0 = 7.98 ã/ñì3, C0 = 4.57 êì/ñ, n = 4.0.

Äëÿ ÎÖÊ-Fe ìû èñïîëüçîâàëè
çàâèñèìîñòè P(V/V0, T), ïîëó÷åííûå
â ðàáîòå [13] ìåòîäîì ìîëåêóëÿðíîé
äèíàìèêè äëÿ T = 0 è 3000 K (òàáë. 2
èç [2]).

Íà ðèñ. 2 ïîêàçàíà çàâèñèìîñòü
lg(Df) îò V/V0 âäîëü èçîòåðì 300 è
3000 K. Êàê âèäíî, ïðè ñæàòèè êîýô-
ôèöèåíò ñàìîäèôôóçèè óìåíüøàåò-
ñÿ, ïðè÷åì ïðè V/V0 → 0.1 çàâèñèìîñòü
îò òåìïåðàòóðû èñ÷åçàåò. Ýòî îáúÿñ-
íÿåòñÿ êâàíòîâûìè ýôôåêòàìè: ïðè
V/V0 → 0.1 ìåæàòîìíîå ðàññòîÿíèå
ñòàíîâèòñÿ ñðàâíèìûì ñ àìïëèòóäîé
êîëåáàíèé àòîìîâ, ÷òî ïðèâîäèò ê
òóííåëüíîìó ïåðåíîñó àòîìîâ ïî
îáúåìó êðèñòàëëà.

Ïðè ôðàãìåíòàöèè âîçðàñòàåò
ðîëü ìåæêðèñòàëëèòíîé ñàìîäèôôó-
çèè. Ïîýòîìó ðåçóëüòàòû äëÿ èçîòåðì
Df(V/V0) èç ðèñ. 2 ñïðàâåäëèâû òîëü-
êî ïðè V/V0 > (V/V0)fr. Îòêëîíåíèå èç-

ìåðåííîé ïðè V/V0 < (V/V0)fr èçîòåð-
ìè÷åñêîé çàâèñèìîñòè Df(V/V0) îò
ïîëó÷åííîé çäåñü çàâèñèìîñòè äëÿ
æåëåçà ìîæíî èñïîëüçîâàòü äëÿ èí-
äèêàöèè áàðè÷åñêîé ôðàãìåíòàöèè è
äëÿ îöåíêè ðîëè ìåæêðèñòàëëèòíîé
ñàìîäèôôóçèè ïî «äèñïåðñíîé» òå-
êó÷åé ñðåäå.

Îáñóæäåíèå ðåçóëüòàòîâ

Èñõîäÿ èç ýôôåêòà áàðè÷åñêîé
ôðàãìåíòàöèè (ò.å. σ ≤ 0) íàìè áûëà
âûäâèíóòà ãèïîòåçà, ñîãëàñíî êîòî-
ðîé íàáëþäàþùèåñÿ íà ãðàíèöå íèæ-
íåé ìàíòèè è âåðõíåãî ÿäðà Çåìëè
(D″-ñëîé íà ãëóáèíå îò 2700 äî
2900 êì, ãäå P ≥ 1.4 Ìáàð è T ≥ 3500 K)
ýôôåêòû (ðåçêîå óâåëè÷åíèå ïëîòíî-
ñòè, ðîñò ýëåêòðîïðîâîäíîñòè ñ îäíî-
âðåìåííûì ïàäåíèåì ñêîðîñòè ñåéñ-
ìè÷åñêèõ âîëí è âÿçêîñòè âåùåñòâà)
ìîæíî îáúÿñíèòü ïåðåõîäîì âåùåñòâà
â «äèñïåðñíîå» òåêó÷åå ñîñòîÿíèå ïðè
âûñîêèõ P-T-óñëîâèÿõ [5, 7]. Èìåííî

áàðè÷åñêèì äèñïåðãèðîâàíèåì âåùå-
ñòâà ìîæíî îáúÿñíèòü êàê æèäêîïî-
äîáíîå ïîâåäåíèå âåùåñòâà âî âíåø-
íåì ÿäðå Çåìëè (íà ãëóáèíå îò 2890 äî
5150 êì, ãäå 1.33 < P < 3.3 Ìáàð è
3500 < T < 6300 K), òàê è ïðèðîäó ãåî-
òåðìàëüíîãî òåïëà (êîòîðîå íåëüçÿ
îáúÿñíèòü òîëüêî ëèøü ðàñïàäîì ðà-
äèîàêòèâíûõ èçîòîïîâ K, U, Th è äð.).
Êàê âèäíî èç òàáë. 2, çíà÷åíèÿ P-T-
ïàðàìåòðîâ äëÿ ðåàëèçàöèè áàðè÷å-
ñêîé ýêçîòåðìè÷åñêîé ôðàãìåíòàöèè
âïîëíå äîñòèæèìû âî âíåøíåì ÿäðå
Çåìëè, êîòîðîå ñîäåðæèò íå ìåíåå
94 % Fe.

Îòìåòèì, ÷òî íà «íåóñòîé÷è-
âîñòü» êðèñòàëëà æåëåçà ïðè âûñîêèõ
äàâëåíèÿõ áûëî óêàçàíî òàêæå â ðàáî-
òå [15]. Íî âìåñòî ìåæàòîìíîãî ïî-
òåíöèàëà Ìè-Ëåííàðä-Äæîíñà (1)
òàì èñïîëüçîâàëè ìåæàòîìíûé ïîòåí-
öèàë Ðèäáåðãà. Äëÿ äàâëåíèé, ïðèñó-
ùèõ ÿäðó Çåìëè, è ïðè T = 0 K â [15]
áûëà îöåíåíà âåëè÷èíà îòíîñèòåëü-

Òàáëèöà 2
Êîîðäèíàòû òî÷êè ìàêñèìóìà (V/V0)max è òî÷êè ôðàãìåíòàöèè (V/V0)fr íà èçîòåðìàõ çàâèñèìîñòè

σ(V/V0) èç ðèñ. 1 è ñîîòâåòñòâóþùèå èì äàâëåíèÿ
Table 2

Coordinates of the point of maximum (V/V0)max and the point of fragmentation (V/V0)fr on the isotherms of dependence
σ(V/V0) from fig. 1 and corresponding pressures

Ðèñ. 2. Èçîòåðìè÷åñêèå çàâèñèìîñòè ôóíêöèè lg(Df /[ñì2/ñ]) îò àðãóìåíòà V/V0 âäîëü
èçîòåðì 300 K (ñïëîøíàÿ ëèíèÿ) è 3000 K (ïóíêòèð)

Fig. 2. Isothermal dependences of function of lg(Df /[cm2/s]) on argument V/V0 along isotherms
300 K (continuous line) and 3000 K (dotted line)
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íîãî îáúåìà æåëåçà, íà÷èíàÿ ñ êîòî-
ðîé êðèñòàëë ñòàíîâèòñÿ «íåóñòîé÷è-
âûì»: (V/V0) £ 0.576. Ýòî äîñòàòî÷íî
áëèçêî ê âåëè÷èíàì, ïîëó÷åííûì
íàìè.

Ó÷èòûâàÿ, ÷òî âíóòðåííåå ÿäðî
Çåìëè âðàùàåòñÿ áûñòðåå, ÷åì ìàíòèÿ
[3, 10], ìîæíî ïîëàãàòü, ÷òî âåùåñòâî
âíåøíåãî ÿäðà èñïûòûâàåò çà ñ÷åò
ýòîãî äîïîëíèòåëüíîå äèíàìè÷åñêîå
äàâëåíèå, ïåðåìàëûâàþùåå âåùåñòâî
â ìåëêîäèñïåðñíîå ñîñòîÿíèå. Òàêîå
ïåðåìàëûâàíèå äîëæíî ñîïðîâîæ-
äàòüñÿ ýêçîòåðìè÷åñêèì ýôôåêòîì,
ò. å. âûäåëåíèåì ãåîòåðìàëüíîãî òåï-
ëà. Îöåíêè òåïëà, âûäåëÿþùåãîñÿ ïðè
áàðè÷åñêîé ôðàãìåíòàöèè æåëåçà ïðè
ðàçëè÷íûõ Ð-T-óñëîâèÿõ, ñäåëàíû
íàìè â ðàáîòå [7].

Íî ïî÷åìó æå â ðàìêàõ äàííîé ìî-
äåëè áàðè÷åñêîé ôðàãìåíòàöèè îñòàåò-
ñÿ òâåðäûì (ò. å. íåòåêó÷èì) âíóòðåí-
íåå ÿäðî Çåìëè? Îòâåò íà ýòîò âîïðîñ
êðîåòñÿ â äèíàìèêå äâèæåíèÿ âíóò-
ðåííåãî ÿäðà. È â ïåðâóþ î÷åðåäü ðå÷ü
çäåñü èäåò î ñìåùåíèè âíóòðåííåãî
ÿäðà êàê öåëîãî ïîä äåéñòâèåì ïðè-
ëèâíûõ ñèë Ëóíû. Ïî îöåíêàì ðàç-
ëè÷íûõ àâòîðîâ [1, 14], ýòî ñìåùåíèå
ìîæåò äîñòèãàòü íåñêîëüêèõ ñîòåí
ìåòðîâ. Ëåãêî ïîíÿòü, ÷òî äàííîå ñìå-
ùåíèå ñîïðîâîæäàåòñÿ ñæàòèåì âåùå-
ñòâà âäîëü âåêòîðà ñèëû ïðèòÿæåíèÿ
è ñîîòâåòñòâóþùèì ðàñòÿæåíèåì âå-
ùåñòâà â ïðîòèâîïîëîæíîì (îò öåíò-
ðà Çåìëè) íàïðàâëåíèè. Ýòî ñæàòèå,
êàê áûëî ïîêàçàíî âûøå, äîëæíî
ïðèâîäèòü ê ôðàãìåíòàöèè âåùåñòâà
è ïåðåõîäó åãî â òåêó÷åå íàíîäèñïåð-
ñíîå ñîñòîÿíèå. Íî ïðè ðàñòÿæåíèè
ñæàòîãî âåùåñòâà îíî îïÿòü ïåðåõîäèò
â òâåðäîå ìîíîëèòíîå ñîñòîÿíèå.
Èìåííî ýòà ñìåíà ñæàòèÿ âåùåñòâà íà
åãî ðàñòÿæåíèå (èç-çà äåéñòâèÿ íà âå-
ùåñòâî â öåíòðå ÿäðà ïðèëèâíûõ ñèë)
è ïðèâîäèò ê ñóùåñòâîâàíèþ â öåíò-
ðå Çåìëè òâåðäîãî âíóòðåííåãî ÿäðà.
Ýòî ïðîèñõîäèò èç-çà íàëè÷èÿ â
öåíòðå Çåìëè îáëàñòè äàâëåíèé, ãäå
P < Pfr è ñòàáèëüíî «ìîíîëèòíîå» ñî-
ñòîÿíèå, êîòîðîå «ïëàâàåò» â íàíîäèñ-
ïåðñíîé òåêó÷åé ôàçå. Ïðè ýòîì íà
ïîëþñàõ, ÷åðåç êîòîðûå ïðîõîäèò îñü
âðàùåíèÿ «ìîíîëèòíîãî», à ïîòîìó è
òâåðäîãî âíóòðåííåãî ÿäðà, òîëùèíà
âíåøíåãî æèäêîãî ÿäðà äîëæíà áûòü
ìåíüøå. Âäîëü îñè âðàùåíèÿ òâåðäî-
ãî âíóòðåííåãî ÿäðà äàâëåíèå äîëæ-
íî áûòü ìèíèìàëüíûì.

Ïåðåä âóëêàíîëîãàìè äàâíî ñòî-
èò âîïðîñ: ïî÷åìó «ïðîñíóâøèéñÿ»
âóëêàí, âûáðîñèâ ïðè îãðîìíîì äàâ-
ëåíèè è òåìïåðàòóðå îïðåäåëåííóþ
äîçó âåùåñòâà, ñíîâà «óñïîêàèâàåò-

ñÿ»? Âåäü ïî ôèçè÷åñêèì çàêîíàì,
åñëè ìàíòèÿ è êîðà ðàñêàëûâàþòñÿ äî
«ðàñïëàâà» âíåøíåãî ÿäðà, ãäå âåùå-
ñòâî íàõîäèòñÿ ïîä îãðîìíûì äàâëå-
íèåì, òî ÷åðåç ýòîò âóëêàí äîëæåí
âûëåòåòü âåñü «ðàñïëàâ» âíåøíåãî
ÿäðà, äî âûðàâíèâàíèÿ äàâëåíèÿ â
ÿäðå äî àòìîñôåðíîãî. Ïî÷åìó æå âóë-
êàí «çàêðûâàåòñÿ», âûáðîñèâ îïðåäå-
ëåííóþ äîçó âåùåñòâà? Ñ òî÷êè çðåíèÿ
ïðåäëîæåííîé íàíîäèñïåðñíîé ìîäå-
ëè òåêó÷åãî âíåøíåãî ÿäðà ìîæíî îò-
âåòèòü ñëåäóþùåå. Ïîëó÷åííîå áàðè-
÷åñêîé ôðàãìåíòàöèåé «äèñïåðñíîå»
ñîñòîÿíèå (ñòàáèëüíîå ïðè P > Pfr), âûð-
âàâøèñü íà ïîâåðõíîñòü (ãäå P < Pfr),
áóäåò ìåòàñòàáèëüíûì. Ïîýòîìó ïðè
P < Pfr «äèñïåðñíîå» ñîñòîÿíèå ïåðå-
õîäèò â «ìîíîëèòíîå» ñ âûäåëåíèåì
ýíåðãèè. Ïðè ýòîì «ìîíîëèòíîå» ñî-
ñòîÿíèå áóäåò «çàêóïîðèâàòü» âñå òðå-
ùèíû, êóäà ïðîíèêëà òåêó÷àÿ äèñïåð-
ñíàÿ ôàçà. Âûáðîñèâ îïðåäåëåííóþ
äîçó ðàñïëàâà è ñíèçèâ òàêèì îáðàçîì
äàâëåíèå äî P < Pfr, âóëêàí «çàêóïî-
ðèòñÿ» âåùåñòâîì â «ìîíîëèòíîì»
ñîñòîÿíèè. Òàê êàê âíóòðåííåå äàâëå-
íèå ìèíèìàëüíî âäîëü îñè âðàùåíèÿ
òâåðäîãî âíóòðåííåãî ÿäðà, òî âóëêà-
íè÷åñêàÿ àêòèâíîñòü è ãåíåðèðóåìûé
òåïëîâîé ïîòîê íà ïîëþñàõ áóäóò ìè-
íèìàëüíû.

Âîïðîñ î ñòðóêòóðå ÿäðà Çåìëè äî
ñèõ ïîð íå ðåøåí [9]. Áîëåå òîãî, âñå
ñóùåñòâóþùèå ìîäåëè ÿäðà íå ìîãóò
îòâåòèòü íà îñíîâîïîëàãàþùèå âîï-
ðîñû: ïî÷åìó âíóòðåííåå ÿäðî òâåð-
äîå, â òî âðåìÿ êàê ìåíåå íàãðåòîå
âíåøíåå ÿäðî «æèäêîå»? Ïî÷åìó
ïëîòíîñòü âíåøíåãî æèäêîãî ÿäðà íà
10 % íèæå ïî ñðàâíåíèþ ñ ïëîòíîñ-
òüþ ðàñïëàâà æåëåçà [11]? Ïðåäëîæåí-
íàÿ íàíîäèñïåðñíàÿ ìîäåëü âíåøíå-
ãî ÿäðà â ñîñòîÿíèè îòâåòèòü êàê íà
ïîñòàâëåííûå âîïðîñû î ñòðóêòóðå è
ñâîéñòâàõ ÿäðà, òàê è íà âîïðîñ î ãå-
íåðàöèè òåïëîâîãî ïîòîêà èç íåäð
Çåìëè.

Âûâîäû

1. Ïîêàçàíî, ÷òî ïðè âûñîêèõ
Ð-T-óñëîâèÿõ äîëæåí íàáëþäàòüñÿ ýê-
çîòåðìè÷åñêèé ïðîöåññ äèñïåðãèðî-
âàíèÿ êðèñòàëëà, êîòîðûé, ñ îäíîé
ñòîðîíû, ïðèâîäèò ê ðåçêîìó ðîñòó
ïëîòíîñòè îáðàçóþùèõñÿ íàíîêðèñ-
òàëëîâ, à ñ äðóãîé — ê ðåçêîìó óìåíü-
øåíèþ âÿçêîñòè îáðàçîâàâøåéñÿ äèñ-
ïåðãèðîâàííîé ñðåäû.

2. Îöåíåíû çíà÷åíèÿ îáúåìà æå-
ëåçà, íåîáõîäèìûå äëÿ ðåàëèçàöèè
ýêçîòåðìè÷åñêîé áàðè÷åñêîé ôðàã-
ìåíòàöèè: (V/V0)fr = 0.6 — 0.59. Ïîêà-
çàíî, ÷òî îíè âïîëíå ðåàëüíû äëÿ óñ-

ëîâèé íà ðàçäåëå Ãóòåíáåðãà: P = 135—
150 ÃÏà è Ò = 4000 K.

3. Íàáëþäàþùèåñÿ íà ðàçäåëå
Ãóòåíáåðãà ýôôåêòû (ðåçêîå óâåëè÷å-
íèå ïëîòíîñòè, ðîñò ýëåêòðîïðîâîä-
íîñòè ñ îäíîâðåìåííûì ïàäåíèåì
ñêîðîñòè ñåéñìè÷åñêèõ âîëí è âÿçêî-
ñòè âåùåñòâà) ìîæíî îáúÿñíèòü ïåðå-
õîäîì ìàêðîêðèñòàëëè÷åñêîãî âåùå-
ñòâà â äèñïåðñíîå íàíîêðèñòàëëè÷åñ-
êîå ñîñòîÿíèå ïîä âëèÿíèåì ñèëüíî-
ãî âñåñòîðîííåãî äàâëåíèÿ è âûñîêîé
òåìïåðàòóðû.

Àâòîð âûðàæàåò áëàãîäàðíîñòü
Ê. Í. Ìàãîìåäîâó, Ç. Ì. Ñóðõàåâîé è
Ì. Ì. Ãàäæèåâîé çà ïëîäîòâîðíûå äèñ-
êóññèè è âñåñòîðîííþþ ïîìîùü â ðàáîòå.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå
ïðîãðàììû Ïðåçèäèóìà ÐÀÍ (ïðîåêò
¹ 13Ï).
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ÌÀÑÑÈÂÀ ÕÀËÄÇÀÍ-ÁÓÐÝÃÒÝÃ (ÇÀÏÀÄÍÀß
ÌÎÍÃÎËÈß)
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Òîìñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, Òîìñê
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ÓÄÊ 549.02

Â ñòàòüå ðàññìîòðåíû òèïîìîðôíûå îñîáåííîñòè öèðêîíà ìàññèâà Õàëäçàí-Áóðýãòýã, ðàñïîëîæåííîãî â Îçåðíîé
çîíå Çàïàäíîé Ìîíãîëèè. Öèðêîí ïðåäñòàâëåí âî âñåõ ãåíåòè÷åñêèõ òèïàõ îðóäåíåíèÿ ìàññèâà — ïîçäíåìàãìàòè÷åñ-
êîì, ïåãìàòèòîâîì è ïíåâìàòîëèòî-ãèäðîòåðìàëüíîì. Ïðîâåäåíà òèïèçàöèÿ ìèíåðàëà íà îñíîâå åãî ìîðôîëîãè÷åñêèõ
è òèïîõèìè÷åñêèõ ïðèçíàêîâ. Âûäåëåíû äâà ãåíåòè÷åñêèõ òèïà öèðêîíà — ìàãìàòè÷åñêèé è ìåòàñîìàòè÷åñêèé. Óñòà-
íîâëåíî, ÷òî êðèñòàëëèçàöèÿ ìèíåðàëà ïðîèñõîäèëà â èíòåðâàëå òåìïåðàòóð îò 750° (ïîçäíåìàãìàòè÷åñêèé è ïåãìàòè-
òîâûé) äî 650—600 °Ñ (ïíåâìàòîëèòî-ãèäðîòåðìàëüíûé). Â ñìåíå òèïîâ è ïîäòèïîâ öèðêîíà ïðîñëåæèâàåòñÿ ýâîëþöèÿ
ñòàíîâëåíèÿ èññëåäóåìîãî ùåëî÷íî-ãðàíèòíîãî ìàññèâà.

Êëþ÷åâûå ñëîâà: öèðêîí, òèïîõèìèçì, ìîðôîëîãèÿ, ìàññèâ Õàëäçàí-Áóðýãòýã.

TYPIFICATION OF ZIRCON OF ALKALINE GRANITE
KHALDZAN-BUREGTEG MASSIF (WESTERN MONGOLIA)

K. S. Zenina, S. I. Konovalenko
National Research Tomsk State University, Tomsk

The article describes the typomorphic features of zircon massif Khaldzan-Buregteg. The typochemistry and morphological
features are typomorphic for mineral and evolve with the changing conditions of its formation. Therefore, the study of the
chemical composition and morphological features of zircon has important scientific and practical value. Zircons were classified
on the basis of its morphological signs and typochemism. The research was conducted on chemical composition, especially the
mineral structure and ontogenic analysis was made. Two genetic types of zircon were determined — magmatic and metasomatic.
For the first type — igneous, typical of rare-metal granites and pegmatites Thahirin and Khaldzan-Buregteg, the predominance
of morphotypes P3 and S14 was revealed. The second type of metasomatic — morphotypes characterized by Q2, G1 and P1.It is
established that the crystallization of zircon occurred in the temperature range from 750° (late-magmatic and pegmatitic) to
650—600 °C (pneumatolytic-hydrothermal). The change of  the types and subtypes of zircon reveals the evolution of the
formation of alkali-granite massif Khaldzan-Buregteg.

Keywords: zircon, typochemism, morphology, massif Khaldzan-Buregteg.

Ââåäåíèå

Ïðîôèëüíàÿ ñïåöèàëèçàöèÿ
ðåäêîìåòàëëüíîãî îðóäåíåíèÿ ñëîæ-
íîäèôôåðåíöèðîâàííîãî ùåëî÷íî-
ãðàíèòíîãî ìàññèâà Õàëäçàí-Áóðýã-
òýã, ðàñïîëîæåííîãî â Çàïàäíîé
Ìîíãîëèè, â çîíå ðåãèîíàëüíîãî
ðàçëîìà, ðàçäåëÿþùåãî êàëåäîíèäû
Ìîíãîëüñêîãî Àëòàÿ è ðàííèå êàëå-
äîíèäû Îçåðíîé çîíû, — Y-TR-Zr-
Nb. Îðóäåíåíèå ïðåäñòàâëåíî ðàç-
íûìè ãåíåòè÷åñêèìè òèïàìè — ïî-
çäíåìàãìàòè÷åñêèì, ïåãìàòèòîâûì
è ïíåâìàòîëèòî-ãèäðîòåðìàëüíûì.
Íàèáîëåå øèðîêî ïðîÿâëåíà âî âñåõ
ãåíåòè÷åñêèõ òèïàõ îðóäåíåíèÿ öèð-
êîíèåâàÿ ìèíåðàëèçàöèÿ, êîòîðàÿ
âêëþ÷àåò òàêèå ìèíåðàëüíûå âèäû,

êàê öèðêîí, ýëüïèäèò, Ñà-ýëüïèäèò,
êàëüöèîêàòàïëåèò, áàöèðèò è áàääåëå-
èò [1]. Õàðàêòåð ìèíåðàëèçàöèè çàìåò-
íî ìåíÿåòñÿ ïðè ïåðåõîäå îò îäíîãî
ãåíåòè÷åñêîãî òèïà ê äðóãîìó. Íàèáî-
ëåå øèðîêèé ñïåêòð ìèíåðàëîâ Zr
ñâîéñòâåí ðåäêîìåòàëëüíûì ùåëî÷-
íî-ãðàíèòíûì ïåãìàòèòàì ìàññèâà, â
êîòîðûõ óñòàíîâëåíû ïðàêòè÷åñêè âñå
ïåðå÷èñëåííûå ìèíåðàëüíûå âèäû, çà
èñêëþ÷åíèåì êàëüöèîêàòàïëåèòà. Â
ïîçäíèõ ðåäêîìåòàëëüíûõ ãðàíèòàõ
ìàññèâà ðàçâèòû öèðêîí, ýëüïèäèò è
ãèòòèíñèò. Äëÿ ìåòàñîìàòèòîâ õàðàê-
òåðåí òîëüêî öèðêîí è áàääåëåèò [1].
Êàê âèäíî, öèðêîí îáíàðóæåí âî âñåõ
ãåíåòè÷åñêèõ òèïàõ öèðêîíèåâîé ìè-
íåðàëèçàöèè ðàéîíà [1, 2].

Çàäà÷è è ìåòîäû
èññëåäîâàíèÿ

Èçâåñòíî, ÷òî òèïîõèìèçì è
ìîðôîëîãè÷åñêèå îñîáåííîñòè ìèíå-
ðàëà ÿâëÿþòñÿ òèïîìîðôíûìè è ìå-
íÿþòñÿ ïðè èçìåíåíèè óñëîâèé åãî
îáðàçîâàíèÿ [3]. Ïîýòîìó èçó÷åíèå
õèìè÷åñêîãî ñîñòàâà è ìîðôîëîãè-
÷åñêèõ îñîáåííîñòåé öèðêîíà èìååò
âàæíîå íàó÷íîå è ïðàêòè÷åñêîå çíà-
÷åíèå. Àâòîðàìè áûëè ïðîâåäåíû èñ-
ñëåäîâàíèÿ õèìè÷åñêîãî ñîñòàâà
(ðåíòãåíîâñêèé ýíåðãîäèñïåðñèîí-
íûé ìèêðîàíàëèç Oxford INCA
Energy-350, àíàëèòèê Ä. Â. Ëû÷àãèí,
ðåíòãåíîôëþîðåñöåíòíûé àíàëèç íà
ñïåêòðîìåòðå Oxford ED-2000, àíàëè-
òèê Å. Ä. Àãàïîâà, ÖÊÏ «ÀÖÃÏÑ»,
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ÍÈ ÒÃÓ), îñîáåííîñòåé ñòðóêòóðû
ìèíåðàëà (ðåíòãåíîñòðóêòóðíûé àíà-
ëèç, àíàëèòèê Ò. Ñ. Íåáåðà, ÖÊÏ
«ÀÖÃÏÑ», ÍÈ ÒÃÓ) è îíòîãåíè÷å-
ñêèé àíàëèç (ñòåðåîìèêðîñêîï Leica
ES2). Äëÿ èññëåäîâàíèÿ áûëè îòîáðà-
íû îáðàçöû öèðêîíà èç ðåäêîìåòàëëü-
íûõ ãðàíèòîâ è ïåãìàòèòîâ Õàëäçàí-
Áóðýãòýãñêîãî ìàññèâà, à òàêæå èç
ýïèäîò-êâàðöåâûõ ìåòàñîìàòèòîâ è
ùåëî÷íî-ãðàíèòíûõ ïåãìàòèòîâ Öà-
õèðèíñêîãî ðåäêîìåòàëëüíîãî ïðîÿâ-
ëåíèÿ, ðàñïîëîæåííîãî â ýêçîêîíòàê-
òîâîé ìåòàñîìàòè÷åñêîé çîíå ñåâåð-
íîãî âûõîäà ìàññèâà.

Ðåçóëüòàòû

Öèðêîí øèðîêî ðàñïðîñòðàíåí â
ãðàíèòàõ è ïåãìàòèòîâûõ æèëàõ ó÷àñ-
òêà Õàëäçàí-Áóðýãòýã. Äëÿ ãðàíèòîâ,
à òàêæå ïåãìàòîèäíûõ, ñóáãðàôè÷åñ-
êèõ è áëîêîâûõ çîí ïåãìàòèòîâûõ òåë
ñâîéñòâåííû ðàçíîçåðíèñòûå (ðàçìå-
ðîì äî ïåðâûõ ìèëëèìåòðîâ), õîðîøî
îáðàçîâàííûå êðèñòàëëû, ðàññåÿííûå
â ïîëåâîøïàòîâîì àãðåãàòå èëè ïðè-
ñóòñòâóþùèå íà ãðàíèöå ñ çåðíàìè
êâàðöà. Êðèñòàëëû öèðêîíà èç ãðàíè-
òîâ îòíîñÿòñÿ ê ìîðôîòèïó P3. Çäåñü
è äàëåå ìîðôîòèïû âûäåëÿþòñÿ ñî-
ãëàñíî ïðèíÿòîé êëàññèôèêàöèè öèð-
êîíà, îñíîâàííîé íà çàâèñèìîñòè ðî-
ñòà è âàðèàöèè ñèìâîëîâ ïèðàìèäàëü-
íûõ ãðàíåé êðèñòàëëîâ öèðêîíà îò
õèìèçìà è ñòåïåíè íåîäíîðîäíîñòè
ñðåäû êðèñòàëëèçàöèè (IA — èíäåêñ
àãïàèòíîñòè) è ïðèçìàòè÷åñêèõ ãðà-
íåé îò òåìïåðàòóðû è âîäîíàñûùåí-
íîñòè ìàòåðèíñêèõ è äèôôåðåíöèðî-
âàííûõ ðàñïëàâîâ (It — èíäåêñ òåìå-
ðàòóðû) [3, 4]. Äëÿ âñåõ çîí ïåðâè÷íîé
êðèñòàëëèçàöèè ïåãìàòèòîâûõ æèë
ó÷àñòêà Õàëäçàí-Áóðýãòýã âûÿâëåí
ìîðôîòèï S14. Áîëåå ïîçäíèå ãåíåðà-
öèè öèðêîíà â íèõ ñâÿçàíû ñ ôîðìè-
ðîâàíèåì êâàðö-àëüáèòîâîãî çàìåùà-
þùåãî êîìïëåêñà. Â ýòîì ñëó÷àå ìè-
íåðàë ïðåäñòàâëåí âêðàïëåííîñòüþ
èçîìåòðè÷íûõ è íåïðàâèëüíûõ ïî
ôîðìå ç¸ðåí, êðèñòàëëàìè è ãíåçäî-
îáðàçíûìè ñêîïëåíèÿìè. Îáû÷íî îí
àññîöèèðóåò ñ êâàðöåì. Ðàçìåðû ç¸ðåí
öèðêîíà âàðüèðóþò â ïðåäåëàõ 0.5—
2 ìì, ðåäêî äîñòèãàÿ áîëüøèõ âåëè-
÷èí. Äîìèíèðóþùèå, õîðîøî îáðàçî-
âàííûå îáåëèñêîâèäíûå êðèñòàëëû
ñîîòâåòñòâóþò ìîðôîòèïó Q2. Â ìåíü-
øèõ êîëè÷åñòâàõ â æèëàõ ïðèñóòñòâó-
þò êñåíîìîðôíûå ìåëêîçåðíèñòûå
(ìåíåå 1 ìì) âûäåëåíèÿ öèðêîíà
ïñåâäîìîðôîç ïî ýëüïèäèòó. Ïñåâäî-
ìîðôîçû ñëàãàåò âåñüìà òîíêîçåðíè-
ñòûé àãðåãàò, ñîñòîÿùèé èç ñìåñè
öèðêîíà, àëüáèòà, êâàðöà, ôëþîðèòà,

èíîãäà ýãèðèíà. Öèðêîíó ïñåâäîìîð-
ôîç ñâîéñòâåí ìîðôîòèï G1. Õàðàê-
òåðíîé îñîáåííîñòüþ âñåõ öèðêîíîâ
ó÷àñòêà Õàëäçàí-Áóðýãòýã ÿâëÿþòñÿ
ïðèñóòñòâóþùèå â íèõ ðàäèîàêòèâ-
íûå äâîðèêè.

Öèðêîí ïåãìàòèòîâ è ìåòàñîìà-
òèòîâ ó÷àñòêà Öàõèðèí ðàçëè÷àåòñÿ
âèçóàëüíî. Çåðíà è êðèñòàëëû öèðêî-
íà èç ìåòàñîìàòèòîâ èìåþò îáû÷íî
çîíàëüíîå ñòðîåíèå ñ íàëè÷èåì çîí
ðàçëè÷íîé îêðàñêè. Äëÿ öèðêîíà ìå-
òàñîìàòèòîâ òèïè÷íà ðîçîâàòî-êîðè÷-
íåâàÿ îêðàñêà ðàçëè÷íîé èíòåíñèâíî-
ñòè, êîòîðàÿ â ïðåäåëå ñòàíîâèòñÿ
òåìíî-áóðîé. Öèðêîí ïåãìàòèòîâ â
öåëîì çàìåòíî òåìíåå. Åãî îêðàñêà
âñåãäà îñòà¸òñÿ òåìíî-áóðîé, âàðüè-
ðóÿ ëèøü ïî èíòåíñèâíîñòè. Ãàáèòóñ
öèðêîíà èññëåäîâàííûõ ïîðîä òàêæå
îòëè÷àåòñÿ. Â ìåòàñîìàòèòàõ ìèíåðàë
ïðåäñòàâëåí ìîðôîòèïîì Ð1 è îáðà-
çóåò õîðîøî îãðàí¸ííûå êðèñòàëëû
ðàçìåðîì äî 3—4 ìì. Öèðêîí èç ùå-
ëî÷íî-ãðàíèòíûõ ïåãìàòèòîâ ó÷àñòêà
Öàõèðèí õàðàêòåðèçóåòñÿ ìîðôîòè-
ïîì Ð3, ðàçìåð åãî çåðåí è êðèñòàëëîâ
äîñòèãàåò 2 ìì. Ðàäèîàêòèâíûå èçìå-
íåíèÿ õàðàêòåðíû òîëüêî äëÿ öèðêî-
íà ïåãìàòèòîâ ó÷àñòêà, â ìåòàñîìàòè-
òàõ îíè íå îáíàðóæèâàþòñÿ.

Òèïîõèìè÷åñêîé îñîáåííîñòüþ
öèðêîíà ó÷àñòêà Õàëäçàí-Áóðýãòýã
ÿâëÿåòñÿ ïîâûøåííîå ñîäåðæàíèå òî-
ðèÿ, îò÷àñòè óðàíà è ïîíèæåííîå ãàô-
íèÿ. Â áîëüøèíñòâå ïðîàíàëèçèðî-
âàííûõ ïðîá ñîäåðæàíèå ThO2 âàðü-
èðóåò íà óðîâíå 0.10—0.87 ìàñ. %.
Íàèáîëåå èíôîðìàòèâíûì â îòíîøå-
íèè õèìè÷åñêîãî ñîñòàâà îêàçàëñÿ
öèðêîí ïåãìàòèòîâ è ìåòàñîìàòèòîâ
ó÷àñòêà Öàõèðèí. Ïî äàííûì ðåíòãå-
íî-ôëþîðåñöåíòíîãî àíàëèçà, â öèð-
êîíå ìåòàñîìàòèòîâ è ïåãìàòèòîâ îá-
íàðóæåí áîëüøîé íàáîð ïðèìåñíûõ
ýëåìåíòîâ. Ñóùåñòâåííàÿ ÷àñòü èõ
(Sn, TR, Hf, Nb, Fe, Ti), íåñîìíåííî,
èìååò èçîìîðôíîå ïðîèñõîæäåíèå,
îñòàëüíûå, ïî-âèäèìîìó, ñâÿçàíû ñ
ìåõàíè÷åñêèìè âêëþ÷åíèÿìè ïîñòî-
ðîííèõ ìèíåðàëüíûõ ôàç (Cr, Sr, Ba,
Ga è äð.). Â îòëè÷èå îò öèðêîíîâ èç
ïåãìàòèòîâ äëÿ áîëüøåé ÷àñòè âûäå-
ëåíèé ýòîãî ìèíåðàëà â ìåòàñîìàòè-
òàõ íå õàðàêòåðíû ìåòàìèêòíûå ïðå-
âðàùåíèÿ è ðàäèîàêòèâíûå äâîðèêè,
÷òî ñâèäåòåëüñòâóåò î áîëåå íèçêèõ
êîíöåíòðàöèÿõ ðàäèîàêòèâíûõ ýëå-
ìåíòîâ. Â òî æå âðåìÿ àíàëèç îäíîãî
èç îáðàçöîâ ïîêàçàë ñîäåðæàíèå
0.26 % óðàíà è 0.45 % òîðèÿ. Îòíîøå-
íèå óðàíà ê òîðèþ äëÿ öèðêîíà ó÷àñ-
òêà Öàõèðèí âàðüèðóåò îò 1.7 äî 2.7
äëÿ ìåòàñîìàòèòîâ è ïåãìàòèòîâ ñîîò-

âåòñòâåííî. Â ñîñòàâå âñåõ ïðîá öèð-
êîíà íàáëþäàåòñÿ óñòîé÷èâàÿ èçî-
ìîðôíàÿ ïðèìåñü æåëåçà (0.4—
0.76 ìàñ. %), ÷òî îòðàæàåò ñïåöèôèêó
ïðîöåññà ìèíåðàëîîáðàçîâàíèÿ íà
ó÷àñòêå, õàðàêòåðèçóþùóþñÿ ïîâû-
øåííûì ôîíîì ù¸ëî÷íîñòè. Ïðè
ýòîì öèðêîí ìåòàñîìàòèòîâ îòëè÷àåò-
ñÿ îò öèðêîíà ïåãìàòèòîâ àíîìàëüíî
âûñîêèìè êîíöåíòðàöèÿìè èòòðèÿ è
äðóãèõ ðåäêèõ çåìåëü, à òàêæå Nb è Fe.
Óðîâåíü íàêîïëåíèÿ Hf â öèðêîíå
ìàññèâà äîâîëüíî íèçîê è íå äîñòè-
ãàåò îáû÷íûõ ñðåäíèõ çíà÷åíèé (1 %
HfO2). Ïðè îáùåé îáåäí¸ííîñòè ïðè-
ìåñÿìè âûäåëÿåòñÿ öèðêîí ïåãìàòè-
òîâ ó÷àñòêà Öàõèðèí, õàðàêòåðèçóþ-
ùèéñÿ ïîâûøåííûì ñîäåðæàíèåì Hf
(äî 0.57 %) è, êàê ñëåäñòâèå, áîëåå
âûñîêèì Zr/Hf-îòíîøåíèåì (0.67
ïðîòèâ 0.34) â öèðêîíå ìåòàñîìàòè-
òîâ. Îòíîñèòåëüíàÿ îáîãàù¸ííîñòü Hf
öèðêîíà ïåãìàòèòîâ è ãðàíèòîâ ìàñ-
ñèâà óêàçûâàåò íà ñâÿçü ýëåìåíòà ñ
ïðîöåññîì êðèñòàëëèçàöèîííîé äèô-
ôåðåíöèàöèè, â òî âðåìÿ êàê îñòàëü-
íûå ýëåìåíòû-ïðèìåñè â ìèíåðàëå
ìåòàñîìàòèòîâ ïåðåðàñïðåäåëÿþòñÿ
íåïîñðåäñòâåííî â õîäå ïðîöåññîâ
ìåòàñîìàòè÷åñêîãî çàìåùåíèÿ, ÷àñ-
òè÷íî çàõâàòûâàÿñü äàæå â ôîðìå ìå-
õàíè÷åñêèõ âêëþ÷åíèé ïîñòîðîííèõ
ìèêðîôàç.

Äëÿ âñåõ îáðàçöîâ öèðêîíà áûëè
ïîëó÷åíû ðåíòãåíîãðàììû è ðàññ÷è-
òàíû ïàðàìåòðû ýëåìåíòàðíîé ÿ÷åé-
êè: öèðêîí ìåòàñîìàòèòîâ à0 = 6.58;

ñ0 = 5.93 ; öèðêîí ïåãìàòèòîâ ó÷àñò-

êà Öàõèðèí à0 = 6.58; ñ0 = 5.95 ; öèð-
êîí ïåãìàòèòîâ ó÷àñòêà Õàëäçàí-Áó-

ðýãòýã à0 = 6.59; ñ0 = 5.95 ; öèðêîí

ãðàíèòîâ à0 = 6.58; ñ0 = 5.94 ; öèð-
êîí èç ïñåâäîìîðôîç à0 = 6.59; ñ0 =

5.93 . Ñëåäñòâèåì ðåàëèçàöèè ãåòå-
ðîâàëåíòíûõ ñõåì çàìåùåíèÿ â õîäå
ôîðìèðîâàíèÿ ìèíåðàëà, ñîïðîâîæ-
äàâøåãîñÿ âõîæäåíèåì â ñòðóêòóðó
ìåíüøèõ ïî ðàçìåðó èîííîãî ðàäèó-
ñà êàòèîíîâ Fe3+è Nb5+, ÿâèëîñü
óìåíüøåíèå ïàðàìåòðà Ñ0 ýëåìåíòàð-
íîé ÿ÷åéêè öèðêîíà ìåòàñîìàòèòîâ è
ïñåâäîìîðôîç äî 5.93 âìåñòî îáû÷íûõ

5.95 , ñâîéñòâåííûõ öèðêîíó ïåãìà-
òèòîâ è ãðàíèòîâ.

Âñå òèïû öèðêîíà, âûäåëåííûå
àâòîðàìè, îòëè÷àþòñÿ ñâîåîáðàçèåì
õèìè÷åñêîãî ñîñòàâà è ìîðôîëîãèè,
÷òî îòðàæàåò îñîáåííîñòè ñðåäû èõ
ìèíåðàëîîáðàçîâàíèÿ è äàëüíåéøåãî
ïðåîáðàçîâàíèÿ. Îáîáùåííûé êîìï-
ëåêñ òèïîìîðôíûõ ïðèçíàêîâ âûäå-
ëåííûõ òèïîâ öèðêîíà Õàëäçàí-Áó-
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ðýãòýãñêîãî ìàññèâà ïðåäñòàâëåí â
òàáëèöå.

Âûâîäû

Ðåçóëüòàòû âñåñòîðîííåãî àíàëè-
çà òèïîìîðôèçìà öèðêîíà ðàçëè÷íûõ
ïîðîä ìàññèâà Õàëäçàí-Áóðýãòýã ïî-
çâîëèëè ïðîâåñòè åãî òèïèçàöèþ. Âû-
äåëåíû äâà ãåíåòè÷åñêèõ òèïà öèðêî-
íà — ìàãìàòè÷åñêèé è ìåòàñîìàòè÷åñ-
êèé. Äëÿ ïåðâîãî òèïà, ìàãìàòè÷åñêî-
ãî, ñâîéñòâåííîãî ðåäêîìåòàëëüíûì
ãðàíèòàì è ïåãìàòèòàì ó÷àñòêîâ Öà-
õèðèí è Õàëäçàí-Áóðýãòýã, âûÿâëåíî
ïðåîáëàäàíèå ìîðôîòèïîâ P3 è S14 [3].
Äàííûå ìîðôîòèïû ñîîòâåòñòâóþò
òåìïåðàòóðå îáðàçîâàíèÿ ìèíåðàëà
750 °Ñ. Èíäåêñ òåìïåðàòóðû (It), îò-
ðàæàþùèé çàâèñèìîñòü êðèñòàëëî-
ìîðôîëîãèè öèðêîíà îò òåìïåðàòóðû,
ñîñòàâëÿåò 500, à èíäåêñ ïîïóëÿöèè
(IA), îïðåäåëÿþùèé çàâèñèìîñòü
ìîðôîëîãèè îò ùåëî÷íîñòè, âàðüèðó-
åò îò 500 (â ïåãìàòèòàõ) äî 700 (â ãðà-
íèòàõ). Âòîðîé òèï, ìåòàñîìàòè÷åñ-
êèé, õàðàêòåðèçóåòñÿ ìîðôîòèïàìè
Q2, G1 è P1. Ýòèì ìîðôîòèïàì ñîîò-
âåòñòâóþò òåìïåðàòóðû êðèñòàëëèçà-
öèè îò 600 äî 700 °Ñ. Òàê, äëÿ öèðêî-
íà êâàðö-àëüáèòîâîãî çàìåùàþùåãî
êîìïëåêñà ïåãìàòèòîâ IA ñîñòàâëÿåò
100, It — 400; äëÿ öèðêîíà èç ïñåâäî-
ìîðôîç IA ðàâåí 700, It — 200; äëÿ
öèðêîíà ìåòàñîìàòèòîâ IA ñîñòàâëÿ-
åò 700, It — 300. Â öåëîì, ñîãëàñíî

ìîðôîëîãè÷åñêîìó àíàëèçó öèðêîíà,
åãî êðèñòàëëèçàöèÿ ïðîèñõîäèëà â
èíòåðâàëå òåìïåðàòóð îò 750 °Ñ (ïî-
çäíåìàãìàòè÷åñêèé è ïåãìàòèòîâûé)
äî 650—600 °Ñ (ïíåâìàòîëèòî-ãèäðî-
òåðìàëüíûé). Â ñìåíå òèïîâ è ïîäòè-
ïîâ öèðêîíà ïðîñëåæèâàåòñÿ ýâîëþ-
öèÿ ñòàíîâëåíèÿ ùåëî÷íî-ãðàíèòíî-
ãî ìàññèâà Õàëäçàí-Áóðýãòýã.

Ëèòåðàòóðà

1. Çåíèíà Ê. Ñ., Êîíîâàëåíêî Ñ. È.
Òèïîìîðôíûå îñîáåííîñòè öèðêîíà
ìåòàñîìàòèòîâ è ïåãìàòèòîâ Öàõè-
ðèíñêîãî ðåäêîìåòàëëüíîãî ïðîÿâëå-
íèÿ (Çàïàäíàÿ Ìîíãîëèÿ) // Ñîâðå-
ìåííûå ïðîáëåìû òåîðåòè÷åñêîé, ýê-
ñïåðèìåíòàëüíîé è ïðèêëàäíîé ìè-
íåðàëîãèè (Þøêèíñêèå ÷òåíèÿ —
2013): Ìàòåðèàëû ìèíåðàëîã. ñåìèíà-
ðà ñ ìåæäóíàð. ó÷. Ñûêòûâêàð, 2013.
Ñ. 201—202.

2. Kempe U. The genesis of Zr-Nb-
REE mineralisation at KhalzanBuregte
(Western Mongolia) reconsidered /
U. Kempe, R. M ckel, T. Graupner,
J. Kynicky, E. Dombon // Ore Geology
Reviews. 2014. V. 64. P. 1—766.

3. Pupin J. P. Une tupelogic originale
du zircon accessoire / J. P. Pupin,
G. Turno // Bull. Soc. Franq. Miner.
etcristallogr. 1972. V. 95. ¹ 3. P. 348—
359.

4. Watson E. B. Crystallization
thermometers for zircon and rutile / E. B.

Watson, D. A. Wark, J. B. Thomas //
Contrib. Mineral. Petrol. 2006. V. 151.
P. 413—433.

References

1. Zenina K. S., Konovalenko S. I.
Tipomorfnie osobennosti cirkona meta-
somatitov i pegmatitov Cahirinskogo redko-
metallnogo proyavleniya (Zapadnaya Mon-
goliya) (Typomorphic features of zircon
metasomatic rocks and pegmatites Za-
kharenkova rare occurrence (Western
Mongolia)). Sovremennie problemi teor-
eticheskoi, eksperimentalnoi i prikladnoi
mineralogii (Yushkinskie chteniya —
2013). Syktyvkar, 2013. pp. 201—202.

2. Kempe U. The genesis of Zr-Nb-
REE mineralisation at Khalzan Buregte
(Western Mongolia) reconsidered /
U. Kempe, R. M ckel, T. Graupner,
J. Kynicky, E. Dombon. Ore Geology
Reviews, 2014, V. 64, pp. 1—766.

3. Pupin J. P. Une tupelogic originale
du zircon accessoire / J. P. Pupin, G. Turno.
Bull. Soc. Franq. Miner. et cristallogr. 1972,
V. 95, No. 3, pp. 348—359.

4. Watson E. B. Crystallization ther-
mometers for zircon and rutile / E. B
Watson, D. A. Wark, J. B. Thomas. Con-
trib. Mineral. Petrol., 2006, V. 151,
pp. 413—433.

Ðåöåíçåíò
ä. ã.- ì. í. Ñ. Ê. Êóçíåöîâ



Âåñòíèê ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ, ìàé, 2015 ã., ¹ 5

12

ÑÎÑÒÀÂ È ÌÈÊÐÎÑÒÐÓÊÒÓÐÀ ÏËÀÑÒÎÂÛÕ
ÑÒÐÎÌÀÒÎËÈÒÎÂ ÊÀÐÓßÐÂÈÍÑÊÎÉ ÑÂÈÒÛ
ÏÎËÓÎÑÒÐÎÂÀ ÑÐÅÄÍÈÉ (ÑÅÂÅÐÎ-ÂÎÑÒÎ×ÍÎÅ
ÎÁÐÀÌËÅÍÈÅ ÊÎËÜÑÊÎÃÎ ÏÎËÓÎÑÒÐÎÂÀ)
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Âïåðâûå èññëåäîâàíû ñòðîåíèå, ñîñòàâ è ìèêðîñòðóêòóðà ïëàñòîâûõ ñòðîìàòîëèòîâ, îáíàðóæåííûõ íà ï-îâå Ñðåä-
íèé â êàðóÿðâèíñêîé ñâèòå êèëüäèíñêîé ñåðèè (ðèôåé). Ñëîèñòîñòü ñòðîìàòîëèòîâ îáóñëîâëåíà ÷åðåäîâàíèåì òåìíûõ
(îðãàíîãåííûõ) è ñâåòëûõ (òåððèãåííûõ) ñëîåâ. Ñãóñòêîâàÿ ìèêðîñòðóêòóðà è ÷åðíûå ïåðåïëåòàþùèåñÿ íèòè, êîòîðûå
áûëè îáíàðóæåíû â òåìíûõ äîëîìèòîâûõ ñëîÿõ, èíòåðïðåòèðóþòñÿ êàê ñëåäû ìèêðîáèàëüíîé æèçíè.

Êëþ÷åâûå ñëîâà: ðèôåé, ïîëóîñòðîâ Ñðåäíèé, ïëàñòîâûå ñòðîìàòîëèòû, ìèêðîñòðóêòóðû, êàðóÿðâèíñêàÿ ñâèòà.

COMPOSITION AND MICROSTRUCTURE OF STRATIFORM
STROMATOLITES OF KARUYARVINSKOY SUITE IN SREDNY PENINSULA

(NORTHEASTERN FRAMING OF THE KOLA PENINSULA)
J. V. Mikhailenko

Ukhta State Technical University, Ukhta

The structure, composition and microstructure of the stratiform stromatolites, detected on the Middle Peninsula in
Êaruyarvinskoy Suite of the Kildin series (Riphean) are investigated for the first time. The lamination of the stromatolites is
caused by alternation of dark (organic) and light (terrigenous) lamina. Clotted microfabric and black interwoven filaments,
which were found within dark dolomite laminae, are interpreted as signs of microbial life traces.

Keywords: Riphean, Middle Peninsula, stratiform stromatolites, microstructure, Êaruyarvinskaya Suite.

Ââåäåíèå
Ïî ðåçóëüòàòàì ïîëåâûõ ðàáîò

(2006 ã.) íà ï-îâå Ñðåäíèé âäîëü þãî-
âîñòî÷íîãî ïîáåðåæüÿ ãóáû Áîëüøàÿ
Âîëîêîâàÿ áûëà âïåðâûå äîêàçàíà
ñòðîìàòîëèòîâàÿ ïðèðîäà ïëàñòîâûõ
ñëîèñòûõ îáðàçîâàíèé â ñîñòàâå ïåñ-
òðîöâåòíîé òåððèãåííî-êàðáîíàòíîé
êàðóÿðâèíñêîé ñâèòû ñðåäíåãî(?) —
âåðõíåãî ðèôåÿ [4, 10]. Òàêèì îáðà-
çîì, ñòðîìàòîëèòû ï-îâà Ñðåäíèé
ÿâëÿþòñÿ ñâÿçóþùèì çâåíîì ìåæäó
ðèôåéñêèìè ñòðîìàòîëèòàìè ï-îâà
Âàðàíãåð è î. Êèëüäèí, êîòîðûå ðàñ-
ñìàòðèâàþòñÿ â ñîñòàâå èçâåñòíîé
ñòðîìàòîëèòîâîé ôîðìàöèè, îáðàì-
ëÿþùåé ñ ñåâåðî-âîñòîêà Âîñòî÷íî-
Åâðîïåéñêóþ ýïèêàðåëüñêóþ ïëàò-
ôîðìó. Ñòðîìàòîëèòîâàÿ (êàðáîñòðî-
ìîâàÿ) ôîðìàöèÿ óçêîé ïîëîñîé ïðî-
ñëåæèâàåòñÿ âäîëü Ãëàâíîãî Òèìàí-
ñêîãî ðàçëîìà, êîòîðûé îãðàíè÷èâà-
åò åå ñ þãî-çàïàäà, è åãî ñåâåðî-çàïàä-

íîãî ïðîäîëæåíèÿ — ðàçëîìà Òðîëü-
ôèîðä-Êîìàãåëüâ — íà 2500 êì îò Ïî-
ëþäîâà Êðÿæà äî Ñåâåðíîé Íîðâåãèè
[4, 14] è ÿâëÿåòñÿ âàæíûì áèîðåïåðîì
ïðè êîððåëÿöèè ðèôåéñêèõ êîìïëåê-
ñîâ.

Öåëü íàñòîÿùåé ðàáîòû çàêëþ÷à-
åòñÿ â õàðàêòåðèñòèêå ïëàñòîâûõ ñòðî-
ìàòîëèòîâ êàðóÿðâèíñêîé ñâèòû
ï-îâà Ñðåäíèé, îñíîâàííîé íà ïîëå-
âûõ íàáëþäåíèÿõ è ðåçóëüòàòàõ èçó÷å-
íèÿ îðèåíòèðîâàííûõ àíøëèôîâ,
øëèôîâ è ñâåæèõ ñêîëîâ îáðàçöîâ.

Îáúåêò èññëåäîâàíèé

Âåðõíåäîêåìáðèéñêèé êîìïëåêñ
äèñëîöèðîâàííûõ è ìåòàìîðôèçîâàí-
íûõ îñàäî÷íûõ ïîðîä øèðîêî ðàñïðî-
ñòðàíåí âäîëü ñåâåðíîé è ñåâåðî-âîñ-
òî÷íîé ïåðèôåðèè Êîëüñêîãî ï-îâà,
ãäå îí çàëåãàåò íà ãíåéñàõ è ãðàíèòàõ
àðõåÿ — íèæíåãî ïðîòåðîçîÿ. Íàèáî-
ëåå êðóïíûå âûõîäû è äîñòàòî÷íî

ïîëíûå ðàçðåçû åãî èçâåñòíû â ïðå-
äåëàõ áàðåíöåâîìîðñêîé àêâàòîðèè
Êîëüñêîãî ï-îâà, íà ï-îâàõ Ñðåäíèé,
Ðûáà÷èé è î. Êèëüäèí [7, 8, 11], à òàê-
æå íà ñåâåðî-âîñòîêå Íîðâåãèè, íà
ï-îâå Âàðàíãåð [18]. Åãî þãî-âîñòî÷-
íûì ïðîäîëæåíèåì ïðèíÿòî ñ÷èòàòü
ðèôåéñêèé êîìïëåêñ áàéêàëèä ï-îâà
Êàíèí è Òèìàíñêîãî êðÿæà [3, 4, 8,
12]. Äåòàëüíàÿ õàðàêòåðèñòèêà ãåîëî-
ãè÷åñêîãî ñòðîåíèÿ ï-îâ Ñðåäíèé,
Ðûáà÷èé è î. Êèëüäèí ðàññìîòðåíà â
ðÿäå îïóáëèêîâàííûõ ðàáîò [7—9, 11,
13, 15, 18 è äð.].

Ðèôåéñêèé ðàçðåç ï-îâà Ñðåäíèé
âêëþ÷àåò êèëüäèíñêóþ è âîëîêîâóþ
ñåðèè. Êèëüäèíñêàÿ ñåðèÿ âêëþ÷àåò
(ñíèçó ââåðõ): ïÿðÿÿðâèíñêóþ, ïàë-
âèíñêóþ, ïîðîïåëîíñêóþ, çåìëåïàõ-
òèíñêóþ è êàðóÿðâèíñêóþ ñâèòû
îáùåé âèäèìîé ìîùíîñòüþ îêîëî
1600 ì. Ðàçðåç âîëîêîâîé ñåðèè ïðåä-
ñòàâëåí (ñíèçó ââåðõ): êóÿêàíñêîé è
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ïóìàíñêîé ñâèòàìè (îêîëî 500 ì) [12].
Âûøåóêàçàííûå ñåðèè ðàçäåëåíû ïå-
ðåðûâîì ñ óãëîâûì íåñîãëàñèåì. Èçó-
÷åíèå ñòîëá÷àòûõ ñòðîìàòîëèòîâ
(î. Êèëüäèí) è ìèêðîôèòîëèòîâ â ïî-
ðîäàõ êèëüäèíñêîé ñåðèè, à òàêæå
K-Ar-âîçðàñò ïî ãëàóêîíèòó (äëÿ ï-îâà
Ñðåäíèé — 1059—619 ìëí ëåò, à äëÿ
î. Êèëüäèí — 1015—709 ìëí ëåò [1])
ïîçâîëèëè áîëüøèíñòâó èññëåäîâàòå-
ëåé îòíåñòè êèëüäèíñêóþ ñåðèþ ê
âåðõíåìó ðèôåþ, òîãäà êàê âûøåëå-
æàùóþ âîëîêîâóþ ñåðèþ — ê âåðõíå-
ìó ðèôåþ-âåíäó(?) [7, 9, 11, 13, 15, 18].

Êàðóÿðâèíñêàÿ ñâèòà êèëüäèíñ-
êîé ñåðèè èìååò ëîêàëüíîå ðàçâèòèå
íà ñåâåðî-çàïàäíîì ïîáåðåæüå è øè-
ðîêîå âäîëü ñåâåðî-âîñòî÷íîãî ïîáå-
ðåæüÿ ï-îâà Ñðåäíèé, îò óñòüÿ ðó÷üÿ
Âûêàò â íàïðàâëåíèè ìûñà Çåìëÿ-
íîé. Îíà ñîãëàñíî çàëåãàåò íà çåìëå-
ïàõòèíñêîé ñâèòå, ìåñòàìè ñ òåê-
òîíè÷åñêèì êîíòàêòîì. Ñâèòà ñëîæå-
íà ðèòìè÷íî ïåðåñëàèâàþùèìèñÿ,
âûâåòðåëûìè, ïåñòðîöâåòíûìè îò
êðàñíûõ äî çåëåíîâàòî-ñåðûõ ïðå-
èìóùåñòâåííî ìåòààëåâðîëèòàìè,
ãëèíèçèðîâàííûìè ìåòàñëàíöàìè, à
òàêæå òåìíî-ñåðûìè äîëîìèòàìè,
êîòîðûå ïðè âûâåòðèâàíèè ïðèîáðå-
òàþò ïàëåâóþ îêðàñêó. Îíè âêëþ÷à-
þò ïëàñòîâûå ñòðîìàòîëèòû, êîòîðûå
÷åòêî âûäåëÿþòñÿ íà îáùåì ôîíå
ñâîåé âîëíèñòî-ñëîèñòîé òåêñòóðîé.
Â ñòðîåíèè ñâèòû âûäåëÿþòñÿ òðåõ-
÷ëåííûå ðèòìû ìîùíîñòüþ îêîëî 3—
3.5 ì êàæäûé (ðèñ. 1, à). Îáùåå êîëè-
÷åñòâî ðèòìîâ â ñòðîåíèè ñâèòû
âäîëü ïîáåðåæüÿ ãóáû Áîëüøàÿ Âî-
ëîêîâàÿ íå ìåíåå 20, ò. å. âèäèìàÿ
ìîùíîñòü êàðóÿðâèíñêîé ñâèòû
îêîëî 70 ì. Çàëåãàíèå ïîðîä âäîëü
ïîáåðåæüÿ ãóáû Áîëüøàÿ Âîëîêîâàÿ
èçìåí÷èâîå, ñ ïðåîáëàäàþùèì ïàäå-
íèåì ñëîåâ íà ñåâåðî-âîñòîê ïîä
óãëàìè 4—20°.

Ìåòîäû èññëåäîâàíèÿ

Àíøëèôû è øëèôû ïëàñòîâûõ
ñòðîìàòîëèòîâ áûëè èçó÷åíû ïðè ïî-
ìîùè ñòåðåîñêîïè÷åñêîãî ìèêðîñêî-
ïà Motic MLC-150 è îïòè÷åñêîãî ìèê-
ðîñêîïà Olympus B×51.

Èçó÷åíèå ñîñòàâà è ìèêðîñòðóê-
òóð ñòðîìàòîëèòîâ ïðîâåäåíî íà ñêà-
íèðóþùåì ýëåêòðîííîì ìèêðîñêîïå
Tescan Vega 3 LMH ñ ýíåðãîäèñïåðñè-
îííûì ñïåêòðîìåòðîì X-MAX ôèðìû
OXFORD Instruments (íàïûëåíèå óã-
ëåðîäíîå) â ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ
(Ñûêòûâêàð). Èç ñòðîìàòîëèòîâ áûëè
âûðåçàíû ïëàñòèíêè ðàçìåðîì 1×1 ñì
(ïîïåðå÷íûå ñðåçû). Äëÿ ïîëó÷åíèÿ
áîëåå ÷åòêîé êàðòèíû ìèêðîñòðóêòó-

ðû ïëàñòîâûõ ñòðîìàòîëèòîâ íåêîòî-
ðûå îáðàçöû áûëè ïðîòðàâëåíû ñëà-
áûì ðàñòâîðîì ñîëÿíîé êèñëîòû
(10 %). Êðîìå îáðàáîòàííûõ ïîâåðõ-
íîñòåé ñòðîìàòîëèòîâ äëÿ èçó÷åíèÿ
áûëè ïîäãîòîâëåíû ñâåæèå ñêîëû îá-
ðàçöîâ (ïðîäîëüíûå è ïîïåðå÷íûå).

Ðåçóëüòàòû è èõ îáñóæäåíèå

Áèîñòðîìû èçó÷àåìûõ ïëàñòîâûõ
ñòðîìàòîëèòîâ â åñòåñòâåííûõ îáíà-
æåíèÿõ ÷åòêî âûäåëÿþòñÿ áëàãîäàðÿ
ñâîåé òîíêîé ñëîèñòîñòè è âîëíèñòî-
áóãîð÷àòîé ïîâåðõíîñòè íàïëàñòîâà-
íèÿ (ðèñ. 1, á—ã). Îíè îáðàçóþò ñëîè
ìîùíîñòüþ îò 0.5 äî 1.5 ì, ïðîñëåæè-
âàþòñÿ âî âðåìÿ îòëèâà âäîëü ïîáåðå-
æüÿ íà ðàññòîÿíèè îêîëî 4 êì.

Â âåðòèêàëüíîì ñå÷åíèè íàáëþ-
äàåòñÿ ñóáãîðèçîíòàëüíîå èëè ôëåê-
ñóðîîáðàçíîå óíàñëåäîâàííîå ïåðåãè-
áàíèå ñëîåâ. Èíîãäà â ïîñòðîéêå ñî-
çäàåòñÿ ðÿä áóãîðêîâ, ïðîèçâîäÿùèõ
âïå÷àòëåíèå ñáëèæåííûõ ìåæäó ñî-
áîé ñòîëáèêîâ (ðèñ. 1, â; ðèñ. 2, á, ä).
Îäíàêî êàæäûé ñòðîìàòîëèòîâûé
ñëîé ïðîõîäèò ÷åðåç âñå ýòè ëîæíûå
ñòîëáèêè, íå ïðåðûâàÿñü. Âîëíèñòî-
áóãîð÷àòûå ñòðîìàòîëèòîâûå ñëîè ñ
ïîâåðõíîñòè íàñëîåíèÿ îáðàçóþò ÷å-
ðåäóþùèåñÿ ïîëîãèå ìåëêèå áóãîðêè
äëèíîé 10 ñì, øèðèíîé 2 ñì, âûñîòîé
1—1.5 ñì è âïàäèíû øèðèíîé 5—7 ñì.

Ôîðìà ïðîäîëüíîãî ñå÷åíèÿ áóãîðêîâ
ñàìàÿ ðàçíîîáðàçíàÿ: îêðóãëàÿ, ýë-
ëèïñîâèäíàÿ, ñ-îáðàçíàÿ è ò. ï.

Ñðàâíèòåëüíûé àíàëèç ïëàñòî-
âûõ ñòðîìàòîëèòîâ êàðóÿðâèíñêîé
ñâèòû ñ ãîëîòèïîì ôîðìû Stratifera
flexurata Komar è ñ ôîðìîé èç óìáåëü-
ñêîé ñâèòû Ïðèáàéêàëüñêîé çîíû
þãà Âîñòî÷íîé Ñèáèðè [2] ïîçâîëèë
ê. ã.-ì. í. Ñ. À. Àíèñèìîâîé (Èíñòè-
òóò çåìíîé êîðû ÑÎ ÐÀÍ, ã. Èðêóòñê)
îòíåñòè èçó÷àåìóþ ôîðìó ê âèäó
Stratifera aff. flexurata Komar.

Ìèêðîñòðóêòóðà ïëàñòîâûõ ñòðî-
ìàòîëèòîâ îïðåäåëÿåòñÿ çàêîíîìåð-
íûì ÷åðåäîâàíèåì ñëîåâ äâóõ òèïîâ:
îðãàíîãåííûõ è òåððèãåííûõ (ðèñ. 2,
à—æ). Îðãàíîãåííûå ñëîè (îò òåìíî-ñå-
ðîé äî ÷åðíîé îêðàñêè) ñîñòîÿò èç
òîíêîçåðíèñòîãî äîëîìèòà ñ íåçíà÷è-
òåëüíîé ïðèìåñüþ îáëîìî÷íîãî àëåâ-
ðèòîâîãî ìàòåðèàëà. Âíóòðè îðãàíî-
ãåííûõ ñëîåâ îáíàðóæåíû ñëåäû áû-
ëîé ìèêðîáèàëüíîé æèçíè â âèäå ñãó-
ñòêîâîé (êîìêîâàòîé) ñòðóêòóðû ïå-
ëèòîìîðôíîãî äîëîìèòà (ðèñ. 2, ç) è
äèõîòîìèðóþùèõ íèòåé ÷åðíîé îê-
ðàñêè (ðèñ. 2, è). Òåððèãåííûå (ñâåò-
ëî-ñåðûå, ðîçîâàòî-ñåðûå) ñëîè ïðåä-
ñòàâëåíû àëåâðèòîâûì ïîëåâîøïàò-
êâàðöåâûì ìàòåðèàëîì ñ äîëîìèòî-
âûì òîíêîçåðíèñòûì áàçàëüíûì öå-
ìåíòîì.

Ðèñ. 1. Îñîáåííîñòè ñòðîåíèÿ êàðóÿðâèíñêîé ñâèòû ï-îâà Ñðåäíèé: à — ñòðîåíèå
îäíîãî èç ðèòìîâ êàðóÿðâèíñêîé ñâèòû âäîëü ïîáåðåæüÿ ãóáû Áîëüøàÿ Âîëîêîâàÿ:
1 — ïåñòðîöâåòíûå ìåòààëåâðîëèòû, 2 — òåìíî-ñåðûå äîëîìèòû ñ ïëàñòîâûìè ñòðî-

ìàòîëèòàìè; á, â, ã — áèîñòðîìû ïëàñòîâûõ ñòðîìàòîëèòîâ â ðàçðåçå.

Fig. 1. Composition features of Karuyarvinskaya formation in Sredny Peninsula: à —
composition of one of the rhythms of Karuyarvinskaya formation along the coast of Bolshaya
Volokovaya Bay. 1 — variegated metaaleurolities 2 — dark gray dolomites with stratiform

stromatolites; á, â, ã — biostromes of stratiform stromatolites in section.
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Ðèñ. 2. Ñòðóêòóðû ïëàñòîâûõ ñòðîìàòîëèòîâ (ïîïåðå÷íûé ðàçðåç): à — ÷åðåäîâàíèå îðãàíîãåííûõ (òåìíî-ñåðûõ) è òåððèãåííûõ
(ñâåòëî-ñåðûõ) ñëîåâ, øòóô 508-1; á — ðÿä áóãîðêîâ (ïîêàçàíû ñòðåëêàìè), ñîçäàþùèõ âïå÷àòëåíèå ñáëèæåííûõ ñòîëáèêîâ (ñëîéêè
îáâåäåíû ìàðêåðîì), àíøëèô 5-Â; â — ôëåêñóðîîáðàçíîå èçãèáàíèå ñëîåâ ñ ëèíçî÷êàìè áåëîãî êàëüöèòà, øëèô 77-5ê; ã — ÷åò-
êàÿ ñëîèñòîñòü, íåïðàâèëüíî-âîëíèñòàÿ, àíøëèô 5-Â; ä, å — ðÿä áóãîðêîâ, ñîçäàþùèõ âïå÷àòëåíèå ìèêðîñòîëáèêîâ, øëèô 166-3;
æ — ïîëîãî-âîëíèñòàÿ ñëîèñòîñòü, øëèô 77-5ê; ç — ñãóñòêîâàÿ ìèêðîñòðóêòóðà îðãàíîãåííûõ ñëîåâ, øëèô 77-4ê; è — ÷åðíûå
äèõîòîìèðóþùèå íèòè â ñòðîåíèè îðãàíîãåííîãî ñëîÿ, øëèô 508-1; ê — îáðûâêè ÷åðíûõ íèòåé â ñòðîåíèè îðãàíîãåííûõ ñëîåâ,
øëèô 77-5ê; ë — ëåéñòû ìåòàìîðôè÷åñêîãî áèîòèòà â ñîñòàâå îðãàíîãåííûõ ñëîåâ; ïðÿìîóãîëüíèêîì îáîçíà÷åí ó÷àñòîê, ãäå
áèîòèò ðàçâèâàåòñÿ ïî îáðûâêàì ÷åðíûõ íèòåé, øëèô 76-1. Ìàñøòàáíûé îòðåçîê äëÿ ðèñóíêîâ å—ç 500 ìêì, äëÿ

ðèñóíêà æ — 100 ìêì

Fig. 2. Structures of stratiform stromatolites (cross section): à — alternation of organogenic (dark gray) and terrigenous (light gray) strata, sample
508-1; á — line of plugs (arrows), creating impression of closely spaced columns (laminae circled), polished section 5-B; â — flexure-like bending
layers with small lenses of white calcite, polished section 77-5ê; ã — clear stratification, irregularly wavy, polished section 5-B; ä, å — series of plugs
that create impression of micropillars, section 166-3; æ — flat wavy stratification, section 77-5k; ç — lumpy microstructure of organogenic layers,
section 77-4k; è — black dichotomizing threads in the structure of organogenic layer, thin section 508-1; ê — scraps of black threads in the
structure of organogenic layers, section 77-5k; ë — metamorphic biotite composed of organogenic layers; rectangle designated area where biotite
develops on the scraps of black threads, section 76-1. The scale interval for the figures å—ç 500 microns, for figure æ — 100 microns.
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Óãëåðîäèñòîå âåùåñòâî (ÓÂ) â
ñîñòàâå ò¸ìíî-ñåðûõ îðãàíîãåííûõ
ñëîåâ èçó÷åíî ìåòîäîì ñïåêòðàëüíî-
ãî êîìáèíàöèîííîãî ðàññåèâàíèÿ (ðà-
ìàíîâñêàÿ ñïåêòðîñêîïèÿ) [9]. Ðàìà-
íîâñêèå ñïåêòðû ÓÂ âñåõ îáðàçöîâ
ñòðîìàòîëèòîâ àíàëîãè÷íû ñïåêòðàì
ðàçóïîðÿäî÷åííîãî (àìîðôíîãî) ÓÂ
[16, 17, 19]. Èñõîäíûì, î÷åâèäíî,
áûëî ÓÂ ñëîæíîãî ñîñòàâà, ÷òî ñëó-
æèò àðãóìåíòîì â ïîëüçó åãî áèîãåí-
íîãî ïðîèñõîæäåíèÿ [9].

Èçó÷åíèå ïëàñòîâûõ ñòðîìàòîëè-
òîâ ñ ïîìîùüþ ýëåêòðîííîãî ñêàíè-
ðóþùåãî ìèêðîñêîïà ïîçâîëèëî âû-

ÿâèòü â ñòðîåíèè îðãàíîãåííûõ è
ðåæå òåððèãåííûõ ñëîåâ ëåíòîâèäíûå
ìèêðîîáðàçîâàíèÿ ñëîæíîãî õèìè-
÷åñêîãî ñîñòàâà, îòëè÷èìûå îò âìåùà-
þùåãî äîëîìèòîâîãî ñóáñòðàòà
(ðèñ. 3, à, á; òàáë.). Èõ òîëùèíà èçìå-
íÿåòñÿ îò 1 äî 5 ìêì. Íåñòàáèëüíîñòü
ñîñòàâà ñâÿçàíà, ñêîðåå âñåãî, ñ ðàç-
íîé ñòåïåíüþ èõ ñîõðàííîñòè è âòî-
ðè÷íûìè ïðîöåññàìè ïðåîáðàçîâàíèÿ
(êàòàãåíåç, ìåòàìîðôèçì). Âíóòðè
îðãàíîãåííîãî ñëîÿ îíè â áîëüøèí-
ñòâå ñëó÷àåâ îðèåíòèðîâàíû ñîãëàñíî
îáùåé ñëîèñòîñòè. Êîíòóðû èõ â ïî-
ïåðå÷íîì ñðåçå ÷åòêèå, ñëàáîèçâèëè-

ñòûå. Âíóòðè ýòèõ ëåíòîâèäíûõ ìèê-
ðîîáðàçîâàíèé â áîëüøèíñòâå ñëó÷à-
åâ íàáëþäàþòñÿ ìíîãî÷èñëåííûå
âêðàïëåíèÿ êðèñòàëëîâ ïèðèòà
(ðèñ. 3, à, á). Òàêàÿ ïðèóðî÷åííîñòü
ïèðèòà, ïî íàøåìó ìíåíèþ, ñâèäå-
òåëüñòâóåò î ãåíåòè÷åñêîé ñâÿçè åãî ñ
ïåðâè÷íûì îðãàíè÷åñêèì âåùåñòâîì,
êîòîðîå ñîñòàâëÿëî îñíîâó ëåíòîâèä-
íûõ ìèêðîîáðàçîâàíèé.

Ïðè èçó÷åíèè ïðîäîëüíûõ ñâå-
æèõ ñêîëîâ ñòðîìàòîëèòîâ áûëè îáíà-
ðóæåíû òîíêèå ïëåíî÷íûå ìèêðîîá-
ðàçîâàíèÿ íåïðàâèëüíûõ î÷åðòàíèé
ñëîæíîãî ñîñòàâà (ðèñ. 3, â—ä; òàáë.).

Ðèñ. 3. Ìèêðîñòðóêòóðû ïëàñòîâûõ ñòðîìàòîëèòîâ êàðóÿðâèíñêîé ñâèòû ï-îâà Ñðåäíèé: à, á — ëåíòîâèäíûå ìèêðîîáðàçîâàíèÿ
ñëîæíîãî ñîñòàâà ñ êðèñòàëëàìè ïèðèòà â ñòðîåíèè îðãàíîãåííûõ äîëîìèòîâûõ ñëîåâ (ïîïåðå÷íûé ñðåç); â, ã, ä — ïëåíî÷íûå
ìèêðîîáðàçîâàíèÿ ñëîæíîãî ñîñòàâà ñ ìíîãî÷èñëåííûìè êðèñòàëëàìè ïèðèòà (ïðîäîëüíûé ñðåç); å — ëèíçîâèäíûå ìèêðîîáðà-
çîâàíèÿ, âûïîëíåííûå ïèðèòîì; æ, ç — ó÷àñòêè ïîñëå òðàâëåíèÿ ñîëÿíîé êèñëîòîé (ïîïåðå÷íûé ñðåç): 1) ÷åðíûå ó÷àñòêè —
ïóñòîòíîå ïðîñòðàíñòâî ïîñëå âûùåëà÷èâàíèÿ êàëüöèòà; 2) òîíêèå ëåíòîâèäíûå ìèêðîîáðàçîâàíèÿ (óêàçàíû ñòðåëêàìè); 3) õàë-
öåäîíîâûé êàðêàñ â âèäå òîíêèõ âûðîñòîâ è ïåðåãîðîäîê (óêàçàíû ñòðåëêàìè ñ ïóíêòèðîì). Íà ðèñóíêå íîìåðàìè ïîêàçàíû

òî÷êè îïðîáîâàíèÿ, ðåçóëüòàòû ñì. â òàáëèöå

Fig. 3. Microstructures of stratiform stromatolites of Karuyarvinskaya formation of Sredny Peninsula: à, á — ribbon-like microunits with complex
composition with crystals of pyrite in the structure of organogenic dolomite layers (cross section); â, ã, ä — film microunits with complex compo-
sition with numerous crystals of pyrite (longitudinal section); å — lenticular microunits filled by pyrite; æ, ç — areas after etching with hydro-
chloric acid (cross section) 1) black areas — voids after leaching of calcite; 2) thin ribbon-like microunits (indicated by arrows); 3) chalcedony
frame as fine protrusions and walls (indicated with dotted arrows). Numbers show points of sampling, see the results in table.
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Èõ ðàçìåðû èçìåíÿþòñÿ â ñðåäíåì îò
12×12 ìêì äî 60×40 ìêì. È âíîâü ê
ýòèì ïëåíî÷êàì ïðèóðî÷åíà îáèëüíàÿ
ïèðèòîâàÿ ìèíåðàëèçàöèÿ, êàê è â
ñëó÷àå ñ ëåíòîâèäíûìè ìèêðîîáðàçî-
âàíèÿìè. Èõ ñîñòàâû î÷åíü ñõîæè ïî
ñîäåðæàíèþ îñíîâíûõ îêñèäîâ (ñì.
òàáëèöó). Ëåíòîâèäíûå ìèêðîîáðàçî-
âàíèÿ, êîòîðûå áûëè óñòàíîâëåíû
ïðè èçó÷åíèè ïîïåðå÷íûõ ñðåçîâ îá-
ðàçöîâ, ñîîòâåòñòâóþò ñðåçàì ïëåíî÷-
íûõ ìèêðîîáðàçîâàíèé.

Â îáðàçöå 508-1 (ðèñ. 2, à) ïîñëå
òðàâëåíèÿ åãî ðàçáàâëåííîé ñîëÿíîé
êèñëîòîé â ïîïåðå÷íîì ñðåçå îðãàíî-
ãåííîãî ñëîÿ áûëè îáíàðóæåíû ó÷àñ-
òêè âûùåëà÷èâàíèÿ êàëüöèòà ñ îñòà-
òî÷íûì êðåìíèñòûì êàðêàñîì â âèäå
øåñòîâàòûõ âûðîñòîâ è ïåðåãîðîäîê
(ðèñ. 3, æ, ç), êîòîðûå íàõîäÿòñÿ â òåñ-
íîì ñðàñòàíèè ñ ëåíòîâèäíûìè îáðà-
çîâàíèÿìè ñëîæíîãî ñîñòàâà (ðèñ. 3, ç,
òî÷êà G 8.1). Îíè ïðàêòè÷åñêè ëèøå-
íû ïèðèòîâîé ìèíåðàëèçàöèè. Èíîã-
äà ìîæíî íàáëþäàòü ÿðóñíîå ñòðîåíèå
ýòèõ ìèêðîîáðàçîâàíèé: òîíêîå (4—
6 ìêì) ëåíòîâèäíîå îáðàçîâàíèå —
êðåìíèñòûé êàðêàñ — ëåíòîâèäíîå
îáðàçîâàíèå — êðåìíèñòûé êàðêàñ
(ðèñ. 3, æ). Ïðè èçó÷åíèè øëèôîâ òàê-
æå áûëè îáíàðóæåíû ÷åðâåîáðàçíûå
âûäåëåíèÿ äëèíîé 0.2—0.3 ìì, âûïîë-
íåííûå êàëüöèò-õàëöåäîíîâûì ìàòå-
ðèàëîì. Ñêîðåå âñåãî, îíè èìåþò ïåð-
âè÷íóþ áèîôèëüíóþ ñòðóêòóðó.

Íàáëþäàåìûå ëåíòîâèäíûå îá-
ðàçîâàíèÿ ïåðåìåííîãî ñîñòàâà ñîîò-
âåòñòâóþò ïîïåðå÷íûì ñðåçàì ëåéñò
áèîòèòà. Ýòîò âûâîä ïîäòâåðæäàåò èõ
õèìè÷åñêèé ñîñòàâ (ñì. òàáëèöó) è
ðåçóëüòàòû èçó÷åíèÿ àíøëèôîâ è
øëèôîâ. Ïðè èçó÷åíèè ïðîäîëüíûõ
ñêîëîâ ñòðîìàòîëèòîâ ïîä áèíîêóëÿ-

ðîì áûëè îáíàðóæåíû ìíîãî÷èñëåí-
íûå ëåéñòû áèîòèòà. Â áîëüøèíñòâå
ñëó÷àåâ îíè ñâÿçàíû ñ òåìíî-ñåðûìè
îðãàíîãåííûìè ñëîÿìè. Â ïîïåðå÷-
íîì ñðåçå îíè èìåþò âèä òîíêèõ ëåí-
òîâèäíûõ îáðàçîâàíèé. Ïðîñìîòð
îðèåíòèðîâàííûõ øëèôîâ ïîäòâåð-
äèë, ÷òî ëåéñòû ìåòàìîðôè÷åñêîãî
áèîòèòà äåéñòâèòåëüíî ïðèóðî÷åíû ê
îðãàíîãåííûì ñëîÿì. Îíè íàõîäÿòñÿ
â òåñíîì ñðàñòàíèè ñ ïåðåïëåòàþùè-
ìèñÿ ÷åðíûìè íèòÿìè. Â ïðîìåæóò-
êàõ ìåæäó íèòÿìè ñîñðåäîòî÷åíû
àëåâðèòîâûå çåðíà êâàðöà è ïîëåâûõ
øïàòîâ. Íèòè îáâîëàêèâàþò ýòè îá-
ëîìî÷íûå çåðíà, ðàçâåòâëÿþòñÿ è îá-
ðàçóþò ÿ÷åèñòóþ ñòðóêòóðó. Â øëè-
ôàõ ìîæíî íàáëþäàòü ó÷àñòêè, ãäå
ëåéñòû áèîòèòà ðàçâèâàþòñÿ íåïî-
ñðåäñòâåííî ïî îáðûâêàì ÷åðíûõ íè-
òåé (ðèñ. 2, ë). Êðîìå áèîòèòà â ñîñòà-
âå îðãàíîãåííûõ ñëîåâ óñòàíîâëåí
ìóñêîâèò, íî â çíà÷èòåëüíî ìåíüøåì
êîëè÷åñòâå.

Âñåñòîðîííåå èññëåäîâàíèå
êàðáîíàòíûõ ïîðîä êàðóÿðâèíñêîé
ñâèòû (ïîëåâûå íàáëþäåíèÿ; ìèêðî-
ñêîïè÷åñêèå èññëåäîâàíèÿ îáðàç-
öîâ; èçó÷åíèå ÓÂ â ñîñòàâå ò¸ìíûõ
îðãàíîãåííûõ ñëîåâ ìåòîäîì ñïåêò-
ðàëüíîãî êîìáèíàöèîííîãî ðàññåè-
âàíèÿ; çàêëþ÷åíèå ê. ã.-ì. í. Ñ. À.
Àíèñèìîâîé) ïîçâîëÿåò ñäåëàòü âû-
âîä, ÷òî îáíàðóæåííûå ñòðóêòóðû
îòðàæàþò îðãàíî-ìèíåðàëüíóþ ïðè-
ðîäó èñõîäíîãî âåùåñòâà. Îíî, î÷å-
âèäíî, áûëî ñëîæíîãî àëþìîñèëè-
êàòíîãî ñîñòàâà, ãëàâíûìè êîìïî-
íåíòàìè êîòîðîãî âûñòóïàëè Mg,
Ca, Al, Si, K, Ti, Fe è Ñ. Â äàëüíåé-
øåì ìåòàìîðôè÷åñêèå è ãèïåðãåí-
íûå ïðåîáðàçîâàíèÿ ñïîñîáñòâîâàëè
èçìåíåíèþ åãî ñîñòàâà, âîçíèêíîâå-

Ñîäåðæàíèå îêñèäîâ â ëåíòîâèäíûõ è ïëåíî÷íûõ ìèêðîîáðàçîâàíèÿõ (%)
Oxides content  in ribbon-like & foil-like microformations (%)

Ïðèìå÷àíèå. Íîìåðà òî÷åê ñîîòâåòñòâóþò íîìåðàì íà ðèñóíêå 3.
Note. Point numbers are according to figure 3.

íèþ íîâûõ ìèêðîñòðóêòóð, ïåðâè÷-
íûå ïðèçíàêè çàòóøåâûâàëèñü, ïðî-
èñõîäèëî ñëèÿíèå áèîãåííîãî è àáè-
îãåííîãî â åäèíîå öåëîå.

Çàêëþ÷åíèå

Èçó÷àÿ äîêåìáðèéñêèå ñòðîìàòî-
ëèòû, ìû èìååì äåëî ñ êàðáîíàòíû-
ìè èëè òåððèãåííî-êàðáîíàòíûìè
îáðàçîâàíèÿìè, ïðåòåðïåâøèìè äëè-
òåëüíóþ è ñëîæíóþ èñòîðèþ âòîðè÷-
íûõ èçìåíåíèé. Îáíàðóæåíèå â ïîðî-
äàõ ôîññèëèçèðîâàííûõ îðãàíèçìîâ
èëè ñëåäîâ èõ æèçíåäåÿòåëüíîñòè ÿâ-
ëÿåòñÿ âàæíûì êðèòåðèåì â ïîëüçó èõ
áèîãåííîé ïðèðîäû [9].

Òàêèì îáðàçîì, ìèêðîñêîïè÷åñ-
êîå èçó÷åíèå ìèêðîñòðóêòóðû ïëàñòî-
âûõ ñòðîìàòîëèòîâ ï-îâà Ñðåäíèé
ïîêàçàëî, ÷òî îíà îáóñëîâëåíà ÷åðå-
äîâàíèåì äîëîìèòîâûõ îðãàíîãåííûõ
è àëåâðèòîâûõ òåððèãåííûõ ñëîåâ. Â
îðãàíîãåííûõ ñëîÿõ îáíàðóæåíû ñëå-
äû ìèêðîáèàëüíîé æèçíè â âèäå ñãó-
ñòêîâîé ñòðóêòóðû òîíêîçåðíèñòîãî
äîëîìèòà è ÷åðíûõ ïåðåïëåòàþùèõñÿ
(ñ ÿ÷åèñòîé ñòðóêòóðîé) íèòåé. Î÷å-
âèäíî, êàæäûé èç îðãàíîãåííûõ ñëî-
åâ â ïðîøëîì ïðåäñòàâëÿë ñîáîé öèà-
íîáàêòåðèàëüíîå ñîîáùåñòâî, ñóùå-
ñòâîâàíèå êîòîðîãî êàæäûé ðàç ïðè-
îñòàíàâëèâàëîñü â ñâÿçè ñ ïîñòóïëå-
íèåì î÷åðåäíîé ïîðöèè òåððèãåííî-
ãî ìàòåðèàëà. Ïðè ýòîì íåêîòîðûå
öèàíîáàêòåðèè âíîâü ïðîíèêàëè
ìåæäó ÷àñòèöàìè îñàäêà è ïðîäâèãà-
ëèñü â ñòîðîíó ñâåòà, òî åñòü íà ïîâåð-
õíîñòü òåððèãåííîãî ñëîÿ [7]. Â èòîãå
÷åðåäîâàíèå îðãàíîãåííûõ è òåððè-
ãåííûõ ñëîåâ îïðåäåëèëî â öåëîì
ìèêðîñòðóêòóðó èçó÷åííûõ ïëàñòî-
âûõ ñòðîìàòîëèòîâ. Îñîáåííîñòè
ñòðîåíèÿ ïëàñòîâûõ ñòðîìàòîëèòîâ
(íàëè÷èå ôëåêñóðîîáðàçíûõ ïåðåãè-
áîâ ñëîåâ, êàæóùèõñÿ ñòîëáèêîâ â
âåðòèêàëüíîì ñðåçå) ïîçâîëÿþò ðàñ-
ñìàòðèâàòü èõ êàê Stratifera aff.
flexurata Komar.
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NEW TYPE OF ATOMIC SCALE NANOSTRUCTURES
IN DIAMOND-LIKE AND OTHER CARBON SUBSTANCES

T. G. Shumilova1, J. Mayer2, C. Herwartz2

1IG Komi SC UB RAS, Russia;
shumilova@geo.komisc.ru

2Central Facility for Electron Microscopy, RWTH Aachen University;
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To the date a lot of data on atomic scale nanostructures (ASNS) of natural carbon substances were published. The
development of a systematic description of nanostructured substances, both synthetic and natural, is of crucial importance for
fundamental and applied science. Here we present a systematic categorization of carbon nanostructures and a find of a new
type of mixed (intermediate) ASNS existing in addition to the known ordered and disordered nanostructures. The mixed ASNS in
natural diamond-like carbon is characterized by the simultaneous presence (spatial overlapping) of ordered and disordered
irregularly arranged regions with short-range structural order, but with long range alignment of their general crystallographic
orientation.  The experimentally verified new type of ASNS represents a new building principle not only for carbon substances,
but for solid matter as a whole. The find can open a new possibility for materials development and for theoretical and experimental
modeling of solid state matter evolution.

Keywords: carbon, diamond, diamond-like carbon, nanostructures, high resolution transmission electron microscopy.

ÍÎÂÛÉ ÒÈÏ ÍÀÍÎÑÒÐÓÊÒÓÐ ÀÒÎÌÀÐÍÎÃÎ ÐÀÇÐÅØÅÍÈß
Â ÀËÌÀÇÎÏÎÄÎÁÍÛÕ È ÄÐÓÃÈÕ ÓÃËÅÐÎÄÍÛÕ ÂÅÙÅÑÒÂÀÕ

Ò. Ã. Øóìèëîâà1, Å. Ìàéåð2, Ê. Ãåðâàðö2

1ÈÃ Êîìè ÍÖ ÓðÎ ÐÀÍ, Ðîññèÿ;
2 Öåíòð ýëåêòðîííîé ìèêðîñêîïèè Àõåíñêîãî óíèâåðñèòåòà

Ê íàñòîÿùåìó âðåìåíè óæå îïóáëèêîâàíû ìíîãî÷èñëåííûå äàííûå î íàíîñòðóêòóðàõ àòîìàðíîãî ðàçðåøåíèÿ (ÍÑÀÐ)
óãëåðîäíûõ âåùåñòâ. Ðàçâèòèå ñèñòåìíîãî îïèñàíèÿ íàíîñòðóêòóðèðîâàííûõ âåùåñòâ, âêëþ÷àÿ ñèíòåòè÷åñêèå è ïðè-
ðîäíûå, èìååò âàæíîå çíà÷åíèå äëÿ ôóíäàìåíòàëüíîé è ïðèêëàäíîé íàóêè. Â äàííîé ñòàòüå ìû ïðåäëàãàåì êëàññèôè-
êàöèþ óãëåðîäíûõ íàíîñòðóêòóð è îïèñàíèå íîâîãî ñìåøàííîãî (ïðîìåæóòî÷íîãî) òèïà íàíîñòðóêòóðû àòîìàðíîãî ðàç-
ðåøåíèÿ ïîìèìî èçâåñòíûõ óïîðÿäî÷åííûõ è ðàçóïîðÿäî÷åííûõ íàíîñòðóêòóð. Ñìåøàííûå ÍÑÀÐ â ïðèðîäíîì àëìàçî-
ïîäîáíîì óãëåðîäå õàðàêòåðèçóþòñÿ îäíîâðåìåííûì ïðèñóòñòâèåì (ñîâìåùåíèåì â ïðîñòðàíñòâå) óïîðÿäî÷åííîãî è
íåóïîðÿäî÷åííîãî ñòðîåíèÿ ñ ìàëîé äàëüíîñòüþ ñòðóêòóðíîãî ïîðÿäêà, íî ñ ñîõðàíÿþùèìñÿ äàëüíèì õàðàêòåðîì êðè-
ñòàëëîãðàôè÷åñêîãî íàïðàâëåíèÿ óïîðÿäî÷åííûõ îáëàñòåé. Ýêñïåðèìåíòàëüíî óñòàíîâëåííûé íîâûé òèï íàíîñòðóê-
òóð àòîìàðíîãî ðàçðåøåíèÿ ïðåäñòàâëÿåò íîâûé ïðèíöèï ñòðîåíèÿ âåùåñòâà íå òîëüêî äëÿ óãëåðîäíûõ âåùåñòâ, íî è
äëÿ òâåðäûõ ìàòåðèàëîâ â öåëîì. Îáíàðóæåíèå íîâîãî òèïà ÍÑÀÐ äàåò âîçìîæíîñòü äëÿ ðàçâèòèÿ ìàòåðèàëîâ, äëÿ
òåîðåòè÷åñêîãî è ýêñïåðèìåíòàëüíîãî ìîäåëèðîâàíèÿ ýâîëþöèè ñîñòîÿíèÿ òâåðäîãî âåùåñòâà.

Êëþ÷åâûå ñëîâà: óãëåðîä, àëìàç, àëìàçîïîäîáíûé óãëåðîä íàíîñòðóêòóðû, âûñîêîðàçðåøàþùàÿ ïðîñâå÷èâàþ-
ùàÿ ýëåêòðîííàÿ ìèêðîñêîïèÿ.
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Introduction
The study of materials and mineral

substances at the nano-level has become
one of the most relevant materials related
research areas and has drawn great atten-
tion both in the fields of fundamental and
applied science — possibly resulting in
new nanotechnologies and nanomate-
rials. The investigation of carbon-based
mineral substances at atomic resolution
has just started [1, 2], while in the field of
materials science, rather rich data have
already been accumulated on carbon-
based nanostructures [3—11 and many
others]. Analyzing an abundant number
of carbon-based nanostructures it is very
important to understand the main prin-
ciples of their formation. In this context,
the development of a systematic descrip-
tion of synthetic and natural nanostruc-
tured substances is of great importance.
Here we present: 1) a detailed study of
natural diamond-like carbon, 2) the re-
sults of a systematic categorization of
atomic scale nanostructures over a wide
range of natural carbon substances, and
3) describe the finding of mixed nano-
structure types that represent a new state
of carbon-based materials.

Material and methods

For the detailed study of ASNS by
high resolution transmission electron
microscopy, we used native carbon from
the Kudymkol microdiamond deposit
(Kazakhstan) with abundant diamond
and co-existing graphite mineralization.
The diamonds in the deposit occur in
metasomatically intensively altered crus-
tal-derived metamorphic rocks of Pre-
cambrian age in Kokchetav Massif
(Northern Kazakhstan), the geological
and petrological features were described
in detail by L. D. Lavrova with co-authors
[12, 13], diamond mineralization is esti-
mated to occur at 531±9 Ma [14]. The

Kudymkol deposit is interesting due to
anomalous typomorphic diamond pecu-
liarities [15-20], the presence of diamond
within all types of metasomatically altered
rocks of the massif, and huge diamond
concentrations (up to hundreds carats per
ton). Altered gneisses contitute 89.6 % of
diamond productivity with a total storage
capacity of about 3 billion carats, accor-
ding to industrial studies [12]. Contras-
ting hypothesizes of diamond formation
have been published and hotly discussed
up to present [12—14, 17, 18, 20—25 and
others]. Regardless of formation process,
the deposit belongs to a special type with
no direct relation to magmatic processes.

The investigations of carbon mine-
ralization of the Kudymkol diamond de-
posit have been carried out on a high-re-
solution transmission electron micro-
scope FEI TECNAI F20 equipped with
an energy-dispersive X-ray spectrometer
(EDX), an energy filter (GATAN imaging
filter), a scanning transmission electron
microscopy (STEM) unit, and a digital
CCD-Camera. The operating voltage of
the microscope was 200 kV. The samples
for the study have generally been prepared
by applying the powdered material onto
a copper grid with a holey carbon film.
For the following results, it is important
to note that the analysis of the carbon
particles was performed in regions which
were lying above holes of the supporting
carbon films. The experimental condi-
tions were carefully chosen in such a way
that radiation damage by the high energy
electrons could be avoided.

As a first step, carbon particles for
the analysis were chosen in the “bright
field” mode (BF), at intermediate mag-
nification, controlling chemical purity
and the absence of overlapping parts with
STEM and EDX. Subsequently, high
resolution transmission electron micro-
scopy (HRTEM) studies were performed

at mainly magnifications of 600,000—
900,000 times, which allowed the recor-
ding of images of the crystal lattice at near
atomic resolution. The analysis of carbon
particles within TEM-specimens was car-
ried out while monitoring their structu-
ral properties by means of electron dif-
fraction, Fourier transformation of high
resolution images, and also by monitoring
the chemical composition with EDX,
STEM, and in some cases electron energy
loss spectroscopy (EELS). The selected
areas for diffraction from a particle were
about 500 nm in diameter. The spectro-
scopic data were collected from areas with
diameters of about 100—200 nm.

Results

Among natural carbon phases, we
have analyzed particles that optically
looked like diamonds and graphite. How-
ever, according to preliminary X-ray data,
they exhibit different levels of ordering
from well crystallized up to almost X-ray
amorphous (Shumilova, 1996), which had
been even observed for particles possessing
clear crystalline morphological elements.
In order to gain more insight into struc-
tural details at the nano-level, we per-
formed HRTEM studies and have ob-
served numerous varieties of ASNS. In our
analysis, we found very special types of
structures that were completely different
from the carbon materials known to date.

For the definition and description of
ASNS we apply the morphological prin-
ciple of spatial arrangement of structural
elements — atoms and their agglomera-
tes — for constructing different morpho-
logical crystalline order and noncrystal-
line arrangements at the atomic scale. In
this way, we can compose the different
nanoscale morphological elements iden-
tified in our studies.

The real crystals are characterized by
a well developed atomic lattice (Fig. 1a),

Fig. 1. HRTEM images of ASNS and corresponding Fast Fourier Transformation (FFT) patterns in the inserts (right top corners) with d-spacings
of diamond in [110]: a — 3D-ordered crystal ASNS with diamond lattice; b — magnified diamond lattice from 1a image (selected square area);

c — amorphous ASNS.
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where atomic columns seen in projection
are arranged on parallel lattice planes with
translational symmetry. In contrast to
crystalline ASNS, fully amorphous sub-
stances do not possess structural or
chemical order even on the nanoscale
(Fig. 1b). In addition to these two extreme
structural types, amongst natural dia-
mond-like and graphite-like particles, we
found ASNS in which crystalline and
amorphous aggregates were fully mixed
on the atomic level (Fig. 2).

The depicted nanostructures exhibit
lattice fringes with locally crystallogra-
phically well-defined translational sym-
metries characteristic of graphite or dia-
mond, and with lattice plane spacings
close to the typical interplanar distances
of the corresponding crystalline phases.
This observation is further supported by

the distinct reflections in the FFT patterns
(Fig. 2 c, d) clearly demonstrating the
crystalline nature of the phases. The
chemical purity of the carbon patterns was
supported by EDX data (Fig. 2b). Align-
ment of nano-crystallites along crystallo-
graphic directions was proved by electron
diffraction patterns (Fig 2b, right corner
inset, ED region is pointed by cycle).

The observed structures are distinct-
ly different from just a multiphase mix-
ture of nanocrystals and amorphous ma-
terial. Although the typical dimensions of
the ordered regions with irregular mor-
phology are not larger than 1 nm, it can
be recognized, either visually in the
HRTEM images or by inspecting their
FFT, that there exists a definite tendency
of spatial alignment of the nanocrystals
extending over the whole image area. If
the volume fraction of the crystallites
within a chosen area of a new structure
(ASNS) becomes smaller, the extent of
spatial ordering of the nanocrystals
reduces and the FFT spots weaken. Un-
fortunately, we do not have information
about the 3D distribution of crystalline
and amorphous regions.

In Figure 3, three different variants
of the ordered ASNS from the same sam-
ple are shown, which display a decreasing
content of the crystalline phase and an
increasing content of the amorphous

phase. In particular in the first two cases,
the FFT clearly demonstrates a distinct
mutual alignment of nano-crystallites
along chosen crystallographic directions.

Similar observations have also been
made in more structurally ordered va-
riants, where the arrangement of the
graphitic planes is non-planar (Fig. 4).

Discussion

According to the results of our
present studies, we propose the existence
of a new type of atomic scale nanostruc-
tures that is represented by an interme-
diate state of solid carbon, between or-
dered and disordered, and is thus consti-
tuted by a metastable mixture of both.
Following these findings we present a new
categorization scheme of ASNS of car-
bon substances, which is defined by the
morphological principle of spatial com-
position of structural elements — atoms
and their ordered arrangements forming
nanoscale morphological elements
(Table 1).

According to the classification of-
fered by us, ASNS are subdivided into
3 groups which specify the general orde-
ring principles: ordered, disordered and
mixed ASNS. As specific characteristics
of these three groups, we use the level of
dimensionality of the inherent order, the
prevailing general structural ordering

Fig. 2. TEM data for carbon particle with mixed ASNS: a — bright field observation image
with the ED region (the faint circled area in a center); b — corresponding EDX spectrum,
presenting pure carbon content; c — HRTEM image with corresponding full square FFT and;
d — magnified image from the boxed area (left) in  image 2c. The beam direction is [110]

for diamond
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principle and the hybridization state of the
carbon atoms. It should be noted that car-
bon atoms can not only have sp-, sp2-, and
sp3-hybridization states, as widely accept-
ed, but also intermediate states — spx,
where 1<x<2 and 2<x<3 [26—28] (Ta-
ble 2). For example, it was calculated for
fullerenes that their hybridization state is
x=2.23, and glass-like carbon is charac-
terized by x=1.66—1.83 [28].

Ordered ASNS
The ordered ASNS type is charac-

terized by two variants — 3D-ordered
crystals and low-dimensional nanostruc-
tures. In HRTEM images, the ASNS are
represented by well recognizable atomic
fringes, forming a three-dimensional lat-

Fig. 3. HRTEM images at medium and high magnification and corresponding FFT of intermixed ASNS of the experimentally observed

pseudo-diamond with d-spacing 1.26  (220) down the [111] direction: a, b — with predominating ordered structural elements; c, d — with
equal ordered and amorphous elements; e, f — predominating amorphous structural elements

tice for the first variant and planar, linear
and curved structural arrangements for
the second variant, respectively. The or-
dered ASNS possess a mono-variant hy-
bridization state of the carbon atoms. The
carbon substances having the ASNS of the
described type are listed in Table 2.

Disordered ASNS
The substances with disordered

ASNS are comprised of irregular arrange-
ments of carbon atoms. These ASNS are
characterized by random positions of
atoms and small clusters and correspon-
dingly by the absence of sharp reflection
spots in the FFT patterns. The structural
composition principle of disordered
ASNS can be described by the random

Fig. 4. HRTEM image of mixed ASNS of
carbon with the non-planar arrangement

of the graphitic planes

Table 1
Classification of atomic scale nanostructures of carbon substances
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agglomeration of clusters without any
mutual crystallographic coordination be-
tween them. In terms of the hybridization
state, the substances with the disordered
ASNS type have to be represented by
poly-variant carbon atoms.

Mixed ASNS
The type of mixed (intermediate)

ASNS reported by us in the present stu-
dies, is characterized by the simultaneous
presence (overlapping) of both ordered
and disordered structural motives which
can be identified in the HRTEM images
and their Fourier transformations. Ac-
cording to the level of dimensional order
we divide the ASNS into two variants:
amorphous with either three-dimensional
or low-dimensional ordered elements
(Table 1). The mixed ASNS type is re-
presented by different systems of nano-
scale regions with crystalline order
which, at the same time, have long-range
order with respect to their crystallo-
graphic orientation, as is evidenced by
the presence of corresponding reflection
spots in the FFT images. The nanoscale
ordered regions are surrounded by di-
sordered (amorphous) matter as a dense
atomic-scale intercalation. The nano-
scale order in this case consists of pseudo-
lattice, -layer, -chain and -sphere ar-
rangements of atoms, which are the ge-
neral structural principles of the mixed
ASNS variant (Table 1). At present, we
use only a qualitative estimation of the
prevalence of ordered or amorphous
structural elements; however in future,
the development of quantitative descrip-
tion criteria is also possible. As the pseudo-
lattice connecting the crystallographic
orientation of individual nanoscale
regions with crystalline order is charac-

terized by distances corresponding well
to highly ordered macroscopic sub-
stances, we propose to use the terms
pseudo-diamond, pseudo-graphite and
pseudo-carbyne (Table 2) to name sub-
stances with the mixed ASNS.

As can be demonstrated by the
present experimental data, the definition
of the mixed ASNS can be only made on
the basis atomic scale characterization
results, since other methods with lower
spatial resolution, such as X-ray or elec-
tron diffraction, cannot identify the oc-
currence of structural ordering in a mix-
ture of amorphous and nanocrystalline
intercalated structural elements.

Conclusion

On the basis of a detailed study of
natural carbon substances by HRTEM, a
new type of atomic scale nanostruc-
tures — the mixed ASNS type has been
established. It can be considered as a new
structural ordering principle not only for
carbon substances but also for any other
similar type of solid matter. We suppose
that the new ASNS type can have a fun-
damental value for nanoscience, as well
as for theoretical and experimental
modeling of solid matter based on the
principles established in natural minerals.
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Ðåçóëüòàòû ðàáîòû Ïå÷îðñêîé
áðèãàäû Ïîëÿðíîé êîìèññèè
ÀÍ ÑÑÑÐ

Äëÿ âûðàáîòêè îáîáùåííûõ èòî-
ãîâ ïðèâëåêëè ñïåöèàëèñòîâ Èíñòè-
òóòà ãåîõèìèè, ìèíåðàëîãèè è êðèñ-
òàëëîãðàôèè èì. Ì. Â. Ëîìîíîñîâà,
Ãåîëîãè÷åñêîãî, Ãåîìîðôîëîãè÷åñêî-
ãî, Ïåòðîãðàôè÷åñêîãî, Ýíåðãåòè÷å-
ñêîãî, Ðàäèåâîãî, Ãèäðîëîãè÷åñêîãî
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ROLE OF THE PRESIDENT OF THE USSR ACADEMY OF SCIENCES
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Scientific and organizing activity of the president of the USSR Academy of Sciences Academician A. P. Karpinsky in
preparation, carrying out and results of work of the Pechora brigade of the USSR Academy of Sciences Polar Commission is
revealed on the basis of the archive documents. The brigade creative group with specialists of different types under the leadership
of the president A. P. Karpinsky for the first time elaborated projects of the Pre-Ural territory development and indissolubly
united scientific investigations with long-term planning of the whole country economy.

Key words: USSR Academy of Sciences, Pechora brigade, A. P. Karpinsky, Pre-Ural regions, Komi Autonomous region,
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èíñòèòóòîâ, Ñîëÿíîé ëàáîðàòîðèè,
Õèìè÷åñêîé àññîöèàöèè, Êîìèññèè
ïî èçó÷åíèþ âå÷íîé ìåðçëîòû ÀÍ
ÑÑÑÐ, Ãîñóäàðñòâåííîãî èññëåäîâà-
òåëüñêîãî íåôòÿíîãî èíñòèòóòà — âñå-
ãî áîëåå 20 íàó÷íî-èññëåäîâàòåëüñêèõ
ó÷ðåæäåíèé. Ðàáîòà ïî ñîñòàâëåíèþ
ðàáî÷åé ãèïîòåçû íàðîäíî-õîçÿé-
ñòâåííîãî îñâîåíèÿ Óõòî-Ïå÷îðñêîãî
êðàÿ  íà áëèæàéøèå 10—12 ëåò çàíÿëà

ïî÷òè ïîëòîðà ãîäà. Ãëàâíûì èòîãîì
ñòàëà êîëëåêòèâíàÿ ìîíîãðàôèÿ, èç-
äàííàÿ íà ïðàâàõ ðóêîïèñè â 100 ýêç.
ïîä ýãèäîé ÀÍ ÑÑÑÐ, Ñîâåòà ïî èçó-
÷åíèþ ïðèðîäíûõ ðåñóðñîâ (ÑÎÏÑ) è
Ïîëÿðíîé êîìèññèè, — «Ðàáî÷àÿ ãè-
ïîòåçà íàðîäíî-õîçÿéñòâåííîãî îñâî-
åíèÿ Óõòî-Ïå÷îðñêîãî êðàÿ. Ìàòåðè-
àëû ê ñîâåùàíèþ ïî Óõòî-Ïå÷îðñêîé
ïðîáëåìå» (Ì., 1935).

* Îêîí÷àíèå. Íà÷àëî ñòàòüè — ñì. Âåñòíèê. 2015. ¹ 4. Ñ. 26—29.
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Â êíèãå ñåìü ðàçäåëîâ, îõâàòûâà-
þùèõ ôèçèêî-ãåîãðàôè÷åñêèå óñëî-
âèÿ Óõòî-Ïå÷îðñêîãî êðàÿ, ñîâðåìåí-
íîå ñîñòîÿíèå Ïå÷îðñêîãî êðàÿ, ïðè-
ðîäíûå áîãàòñòâà (óãîëü, íåôòü, ëåñ)
è ïðîáëåìó èõ èñïîëüçîâàíèÿ, ïðî-
áëåìû òðàíñïîðòà, ñåëüñêîå õîçÿé-
ñòâî. Ãèïîòåçà ïðåäïîëàãàëà ðàçâèòèå
Ïå÷îðñêîãî êðàÿ äî 1950 ã.

Íàó÷íî-èññëåäîâàòåëüñêóþ ðà-
áîòó â Óõòî-Ïå÷îðñêîì êðàå ñâÿçûâà-
ëè ñ ïîòðåáíîñòÿìè èíäóñòðèàëüíîé
ìîäåðíèçàöèè ñòðàíû. Ïðèðîäíûå
áîãàòñòâà àíàëèçèðîâàëè â êîíòåêñòå
äîáû÷è, òðàíñïîðòèðîâêè è èñïîëüçî-
âàíèÿ. Àíàëèç óãîëüíûõ ìåñòîðîæäå-
íèé ïîçâîëèë àâòîðàì ïðîâåñòè ðàñ-
÷åòû ïî îáùèì ïîêàçàòåëÿì çàïàñîâ
è âûéòè íà öèôðó ñâûøå 1 ìëðä ò.
Áûëè ïðîèçâåäåíû ðàñ÷åòû ïî ïðî-
ìûøëåííîé ýêñïëóàòàöèè óãëåé è
ðàñøèðåíèþ èõ äîáû÷è â êðóïíûõ
ìàñøòàáàõ. Ïåðñïåêòèâíîå ïëàíèðî-
âàíèå òðåáîâàëî ñåðüåçíûõ ðàñ÷åòîâ
ïî òðàíñïîðòèðîâêå óãëåé äî ïîòðåáè-
òåëÿ. Îñíîâíîé äëÿ ýòîãî ÿâëÿëàñü
ïðîáëåìà ñíàáæåíèÿ òîïëèâîì ïðî-
ìûøëåííîñòè Ìîñêîâñêîé, Ëåíèí-
ãðàäñêîé, öåíòðàëüíûõ îáëàñòåé è
Êîëüñêîãî ïîëóîñòðîâà.

Âàæíûìè â ïðîìûøëåííîì çíà-
÷åíèè áûëè ïðèçíàíû ó÷åíûìè íå-
ôòÿíûå ìåñòîðîæäåíèÿ â ðàéîíå ðåê
×èáüþ è ßðåãà. Ðàñ÷åòû äîáû÷è óõ-
òèíñêîé íåôòè ïðèâåëè ó÷åíûõ ê âû-
âîäàì, ÷òî, íåñìîòðÿ íà âûñîêóþ ñå-
áåñòîèìîñòü, ñïðîñ íà íåôòåïðîäóê-
òû óñèëèâàåò ãèãàíòñêèé ðîñò àâòî-
òðàêòîðíîãî ïàðêà, ôëîòà è äèçåëü-
íûõ óñòàíîâîê â ïðîìûøëåííîñòè.

Ó÷åíûå ïðåäëîæèëè áîëåå äåñÿ-
òè âàðèàíòîâ ðåøåíèÿ òðàíñïîðòíîé
ïðîáëåìû. Ýòè âàðèàíòû îáúåäèíèëè
â ÷åòûðå ãðóïïû: âûõîä èç Âîðêóòû ê
ìîðþ ñ äàëüíåéøåé òðàíñïîðòèðîâ-
êîé íà çàïàä â Àðõàíãåëüñê, Ìóð-
ìàíñê è Ñîðîêó (ñ ïåðåãðóçêîé íà Ëå-
íèíãðàä ÷åðåç Áåëîìîðî-Áàëòèéñêèé
ïóòü); æåëåçíîäîðîæíûé âûõîä ñ Âîð-
êóòû íà ìàòåðèê; ñìåøàííûå âàðèàí-
òû ðå÷íîãî ïóòè ñ äàëüíåéøèì ïåðå-
ãðóçîì íà æåëåçíóþ äîðîãó; ñîîðóæå-
íèå Êàìî-Ïå÷îðñêîãî âîäíîãî ñîåäè-
íåíèÿ äëÿ âûõîäà ðåñóðñîâ Ïå÷îðû íà
þã, Óðàë, Êàìó è Âîëãó. Ñîñòàâèòåëè
ïîíèìàëè, ÷òî ðåøåíèå ñòîëü ñëîæ-
íîé äëÿ ðåãèîíà çàäà÷è çàéìåò äëè-
òåëüíîå âðåìÿ è áóäåò ìíîãîñòóïåí-
÷àòûì.

Ïî îäíîé òî÷êå çðåíèÿ, êîòîðóþ
îòñòàèâàë àêàäåìèê Î. Þ. Øìèäò,
ïðåäïîëàãàëîñü èñïîëüçîâàòü â êà÷å-
ñòâå âîäíûõ ïóòåé ìàëûå ðåêè, âïàäà-
þùèå â îêåàí, íî ýòî áûë òóïèêîâûé

âàðèàíò. Äðóãîé òðàíñïîðòíûé ïðî-
åêò áûë îðèåíòèðîâàí íà ïîâîðîò ñòî-
êà ñåâåðíûõ ðåê. Òðåòüÿ èäåÿ çàêëþ-
÷àëàñü â ñòðîèòåëüñòâå æåëåçíîé äî-
ðîãè îò Âîðêóòû äî Óõòû, çàòåì äî
Ñûêòûâêàðà.

Íàìå÷åííîå ðàçâåðòûâàíèå íî-
âîé ïðîìûøëåííîñòè òðåáîâàëî ïðî-
ñòðàííîé ïîäãîòîâêè è ðàñøèðåíèÿ
íàó÷íî-èññëåäîâàòåëüñêèõ è èçûñêà-
òåëüñêèõ ðàáîò. Ïðîåêò âêëþ÷àë øè-
ðîêèå ãåîëîãî-ðàçâåäî÷íûå ðàáîòû íà
óãîëü è íåôòü, ïðåäïîëàãàëèñü ðå-
êîíñòðóêöèÿ ðåê Óñû è Ïå÷îðû èëè
èçûñêàíèÿ âäîëü æåëåçíîäîðîæíîé
òðàññû Âîðêóòà — Þãîðñêèé Øàð.
Íåîáõîäèìî áûëî ðàññ÷èòàòü âîç-
ìîæíîñòè ïîëó÷åíèÿ äåøåâîé ýëåê-
òðîýíåðãèè íà ïðîåêòèðóåìîé Àäàê-
ñêîé ïëîòèíå. Øèðîêèé ðàçìàõ íà-
ó÷íî-èññëåäîâàòåëüñêèõ ðàáîò òðåáî-
âàë, ïî ìûñëè ñîñòàâèòåëåé, îðãàíè-
çàöèè ïîñòîÿííûõ ñòàíöèé ÀÍ ÑÑÑÐ
â Óõòî-Ïå÷îðñêîì êðàå.

Îáñóæäåíèå ãèïîòåçû
ðàçâèòèÿ Ñåâåðà â 1935 ã.

Îáñóæäåíèå ïðîáëåì ïåðñïåê-
òèâíîãî îñâîåíèÿ ïðèðîäíûõ ðåñóð-
ñîâ è ïðîèçâîäèòåëüíûõ ñèë Óõòî-
Ïå÷îðñêîãî êðàÿ, ðàéîíîâ Þãîðñêî-
ãî Øàðà è Ïîëÿðíîãî Óðàëà ñîñòîÿ-
ëîñü â ôåâðàëå 1935 ã. â Ìîñêâå ïîä
ïðåäñåäàòåëüñòâîì À. Ï. Êàðïèíñêî-

ãî. Âûñòóïàâøèå ïðèâåòñòâîâàëè
«èíèöèàòîðà, îðãàíèçàòîðà è ðóêîâî-
äèòåëÿ ðàáîòû». Äåéñòâèòåëüíî, îã-
ðîìíàÿ ðàáîòà ïîä ðóêîâîäñòâîì àêà-
äåìèêà À. Ï. Êàðïèíñêîãî â 1933 ã.
îïðåäåëèëà ýêîíîìè÷åñêîå ðàçâèòèå
Ïå÷îðñêîãî êðàÿ áîëåå ÷åì íà ïîëî-
âèíó âåêà [3].

Çà äâà äíÿ áûëî çàñëóøàíî áîëåå
30 ó÷åíûõ è õîçÿéñòâåííûõ ðóêîâîäè-
òåëåé. Âûäåëèëè îáøèðíûå âûñòóïëå-
íèÿ À. À. ×åðíîâà è ïðåäñåäàòåëÿ
Êîìè îáëèñïîëêîìà È. Ã. Êîþøåâà,
ýêîíîìèñòà Ãèïðîâîäòðàíñà Ë. Ï.
Ìèõåëüñîíà. Äâàæäû âûñòóïàëè õè-
ìèê È. È. Ãèíçáóðã è À. À. ×åðíîâ.
Íåêîòîðûå èç ó÷àñòíèêîâ ñîâåùàíèÿ
óæå ïîñëå Âåëèêîé Îòå÷åñòâåííîé
âîéíû ñòàëè ðóêîâîäèòåëÿìè êðóï-
íåéøèõ íàðîäíî-õîçÿéñòâåííûõ
ñòðîåê, â òîì ÷èñëå êàñêàäà ãèäðî-
ýëåêòðîñòàíöèé íà Âîëãå.

Íå âñå ïðîòèâîðå÷èÿ óäàëîñü
ëèêâèäèðîâàòü â 1935 ã. Îäíàêî ýòè
íàó÷íûå ñïîðû, áåçóñëîâíî, îêàçàëè
çíà÷èòåëüíîå âëèÿíèå íà ïîñëåäóþ-
ùåå ðàçâèòèå ðîññèéñêîé íàóêè è
ïðàêòèêè. Ìíîãèå ôîðìóëèðîâêè
óòî÷íÿëè, íî â öåëîì ãèïîòåçà íå âûç-
âàëà êàòåãîðè÷åñêîãî îòïîðà. Íàîáî-
ðîò, îñíîâíûå åå ïîëîæåíèÿ áûëè
ïîääåðæàíû, ÷òî äîêàçûâàåò âûñîêèé
íàó÷íûé óðîâåíü ïðåäñòàâëåííîãî ê
îáñóæäåíèþ äîêóìåíòà. Íåäàðîì

Ôîòî 2. Âîðêóòà. ×ëåíû áðèãàäû ïðè âõîäå â øàõòó ¹ 1 èìåíè ÀÍ ÑÑÑÐ. Äàòà ñúåì-
êè: 20 àâãóñòà 1933 ã. Àâòîð ñúåìêè: Ì. Á. Åäåìñêèé. ÍÀ Êîìè ÍÖ ÓðÎ ÐÀÍ. Ô.1.

Îï. 1. Ä. 19 «à». Ë. 1.
Photo 2. Vorkuta. Member of the brigade at the entrance to Mine No.1 named after the USSR
Academy of sciences. Date: 20th August, 1933. Author: M. B. Edemsky. Archives of Komi SC

UB RAS. F. 1. In. 1. F. 19 a. Sh. 1
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îäèí èç âûñòóïàâøèõ ïîä÷åðêíóë:
«Ðåäêî ïðèõîäèòñÿ âèäåòü òàêîå ñî÷å-
òàíèå íàó÷íîé ðàáîòû ñ íåìåäëåííîé
íàìåòêîé õîçÿéñòâåííûõ ïåðñïåê-
òèâ».

Ñðåäè âûñòóïàâøèõ áûëî íå-
ñêîëüêî ÷ëåíîâ Ïå÷îðñêîé áðèãàäû.
Îíè ñîñòàâëÿëè îäíó ãðóïïó. Âî âòî-
ðóþ ãðóïïó âõîäèëè ãåîëîãè è ãèäðî-
ëîãè. Íî ñàìóþ ñèëüíóþ ãðóïïó ñî-
ñòàâèëè òðàíñïîðòíèêè — ñòîðîííè-
êè ðàçâèòèÿ Ñåâåðíîãî ìîðñêîãî ïà-
ðîõîäñòâà, ñòðîèòåëüñòâà íîâûõ æå-
ëåçíûõ äîðîã íà Ñåâåðå. Â ñóùíîñòè,
îñíîâíîé ñïîð øåë î òîì, êàêèì
âèäîì òðàíñïîðòà ðåøàòü ïðîáëåìû
ýêñïîðòà ïîëåçíûõ èñêîïàåìûõ èç
ðåãèîíà — âîäíûì èëè ñóõîïóòíûì
(æåëåçíîäîðîæíûì). Ìîæíî óòâåð-
æäàòü, ÷òî íà ñîâåùàíèè âïåðâûå îò-
êðûòî îáñóæäàëè èäåþ ïåðåáðîñêè
ñåâåðíûõ ðåê. Ê 1930-ì ãã. ýêîíîìè-
ñòû óæå ïîíÿëè, ÷òî ìåæðàéîííûå
ñâÿçè ìåæäó ñåâåðíûìè ðåãèîíàìè
èìåëè òåíäåíöèþ íå â íàïðàâëåíèè
âîñòîê — çàïàä, à â íàïðàâëåíèè ñå-
âåð — þã. Ïîä÷åðêèâàëè, ÷òî â ðåãè-
îíå íàëàæåíî óíèêàëüíîå ïðîèçâîä-
ñòâî ðàäèÿ.

Ñîâåùàíèå ñôîðìèðîâàëî îáùåå
íàïðàâëåíèå ðàçâèòèÿ ðåãèîíà íà äëè-
òåëüíóþ ïåðñïåêòèâó, ïðåæäå âñåãî íà
ñûðüåâîå èñïîëüçîâàíèå íåâîçîáíîâ-
ëÿåìûõ ïðèðîäíûõ ðåñóðñîâ óãëÿ, íå-
ôòè è ðàäèÿ. Ïîâòîðèì: ôàêòè÷åñêè
íà ñîâåùàíèè âûøëè äàëåêî çà âðå-
ìåííûå ðàìêè 2-é ïÿòèëåòêè è ðàñ-
ñìàòðèâàëè ðåàëüíûå çàäà÷è äî ñåðå-
äèíû 1950-õ ãã.

Ñîâåùàíèå 1935 ã. ïîêàçûâàåò
âûäàþùååñÿ ïðåäâèäåíèå ó÷åíûõ è
õîçÿéñòâåííûõ ðóêîâîäèòåëåé ñòðà-
íû, êîòîðûå ñîñòàâëÿëè äîëãîñðî÷-
íóþ ïðîãðàììó ðàçâèòèÿ ñòðàíû. Îñî-
áåííî âåëèêà ðîëü ïðåçèäåíòà ÀÍ
ÑÑÑÐ À. Ï. Êàðïèíñêîãî â îïðåäåëå-
íèè ñåâåðíûõ ïðèîðèòåòîâ Ñîâåòñêî-
ãî Ñîþçà â ÕÕ â.

Ñîñòàâèòåëè ãèïîòåçû íàäåÿ-
ëèñü, ÷òî áóäóò ó÷òåíû ïðåäëîæåíèÿ
è âíåñåíû èçìåíåíèÿ âî âòîðîé ïÿòè-
ëåòíèé ïëàí. Îäíàêî ïðè âñåé ãëî-
áàëüíîñòè îáñóæäàåìûõ çàäà÷ ðåàëü-
íîãî âîïëîùåíèÿ â æèçíü â òî âðåìÿ
îíè íå ìîãëè ïîëó÷èòü.

Ñòðàíà óæå âïëîòíóþ ðàáîòàëà
íàä âûïîëíåíèåì âòîðîãî ïÿòèëåòíå-
ãî ïëàíà. Âíåñòè êîððåêòèâû è èñ-
ïðàâëåíèÿ â êîíòðîëüíûå öèôðû
ðàçâèòèÿ íàðîäíîãî õîçÿéñòâà îêàçà-
ëîñü íåâîçìîæíûì. Â ñòðàíå íå èìå-
ëîñü äîñòàòî÷íûõ ñðåäñòâ, ÷òîáû ðàñ-
øèðèòü îñâîåíèå Ïå÷îðñêîãî óãîëü-
íî-íåôòÿíîãî ðàéîíà. Ïðîåêòû

òðàíñïîðòíîãî ðàçâèòèÿ è ñòðîèòåëü-
ñòâà æåëåçíûõ äîðîã è âîäíîãî ñîîá-
ùåíèÿ áûëè åùå äîñòàòî÷íî «ñûðû-
ìè». Íà ìåñòàõ íå õâàòàëî ðàáî÷èõ
ðóê, à äîáðîâîëüíàÿ ìèãðàöèÿ ïî÷òè
ïîëíîñòüþ èñêëþ÷àëàñü. Îñòàâàëèñü
ðû÷àãè íàñèëüñòâåííîãî ïåðåñåëå-
íèÿ ÷åðåç ñèñòåìó ÃÓËÀÃà. Êîëè÷å-
ñòâî èñïðàâèòåëüíî-òðóäîâûõ ëàãå-
ðåé è ñïåöïîñåëåíèé â Êîìè îáëàñ-
òè â ýòî âðåìÿ âîçðàñòàåò â ðàçû. Íî
ïîäíåâîëüíûé òðóä äåñÿòêîâ òûñÿ÷
ðåïðåññèðîâàííûõ áûë êðàéíå íå-
ïðîèçâîäèòåëåí.

Íàó÷íî-îðãàíèçàöèîííàÿ äåÿ-
òåëüíîñòü À. Ï. Êàðïèíñêîãî â õîäå è
ïîñëå ïîåçäêè äîêàçûâàåò, ÷òî, íå-
ñìîòðÿ íà âåñüìà ïî÷òåííûé âîçðàñò,
îí ñ óäèâèòåëüíîé ýíåðãèåé è íàñòîé-
÷èâîñòüþ îñóùåñòâèë ïîïûòêó ñïîä-
âèãíóòü ÀÍ ÑÑÑÐ íà ðåøåíèå î÷åíü
êðóïíîé îáùåãîñóäàðñòâåííîé çàäà-
÷è. Îí ïðåêðàñíî ïîíèìàë, ÷òî îãðîì-
íûå âîçìîæíîñòè Ïå÷îðñêîãî êðàÿ
ðåàëüíî íå èñïîëüçóþòñÿ â ýêîíîìè-
êå ñòðàíû, ïîòîìó ÷òî íè óõòèíñêàÿ
íåôòü, íè âîðêóòèíñêèå è èíòèíñêèå
óãëè, íè ëåñíûå áîãàòñòâà, íè ðàçâè-
òèå õèìè÷åñêîé ïðîìûøëåííîñòè
ïðè äîáû÷å ðàäèÿ â Ïå÷îðñêîì áàñ-
ñåéíå íå ìîãóò áûòü èñïîëüçîâàíû,
åñëè íåò ïóòåé ñîîáùåíèÿ äëÿ èõ
òðàíñïîðòèðîâêè.

Äëÿ àêàäåìèêà À. Ï. Êàðïèíñêî-
ãî ðàáîòà âî áëàãî Ðîññèè áûëà, áåçóñ-

ëîâíî, ïðèîðèòåòíà äàæå â ýòèõ òÿæå-
ëåéøèõ óñëîâèÿõ. À. Ï. Êàðïèíñêèé
áûë èñòèííûì ñîçèäàòåëåì. Â î÷åíü
íåïðîñòîé îáñòàíîâêå òåõ ëåò îí èñ-
êàë ïóòè âîçðîæäåíèÿ è ðàçâèòèÿ íà-
óêè íà áëàãî ñòðàíû. Â ýòîì âåëè÷èå
ðàáîòû ó÷åíîãî.

Ïðè ñîâåòñêîé âëàñòè îí ñîõðà-
íèë ïîçèöèè ëèäåðà ãåîëîãè÷åñêîé
íàóêè, ðóêîâîäèòåëÿ Àêàäåìèè íàóê.
Àâòîðèòåòíåéøèé ó÷åíûé ñ ìèðîâûì
èìåíåì, óìóäðåííûé ïîæèëîé ÷åëî-
âåê, À. Ï. Êàðïèíñêèé àíàëèçèðîâàë
èçìåíåíèÿ, ïðîèñõîäÿùèå â ñòðàíå
ïîñëå 1917 ã., è ïîíèìàë óãðîçû, íà-
âèñøèå íàä Àêàäåìèåé. Ñðàçó ïîñëå
Îêòÿáðüñêîé ðåâîëþöèè À. Ï. Êàð-
ïèíñêèé âðàæäåáíî îòíåññÿ ê íîâîé
âëàñòè, íî î÷åíü ñêîðî âñòàë íà ïóòü
ñîòðóäíè÷åñòâà è ïðèäåðæèâàëñÿ ýòîé
ïîçèöèè äî ïîñëåäíèõ äíåé ñâîåé
æèçíè.

Â óñëîâèÿõ êîðåííîé ëîìêè ýêî-
íîìèêè ñòðàíû ñòàëè èñïîëüçîâàòü
ïðèíöèïû ïðèíóäèòåëüíîãî ñîöèà-
ëèçìà ñ ïðèìåíåíèåì ïîäíåâîëüíîãî
òðóäà. Òðàãè÷åñêèå ðåàëèè òîé æèçíè
â óñëîâèÿõ ÃÓËÀÃà âûíóæäàëè èäòè
íà ñîòðóäíè÷åñòâî ñ ýòèì ãèãàíòñêèì
óïðàâëåíèåì. È Êàðïèíñêèé ïîøåë
íà ýòîò øàã.

Ïîñëå ñîâåùàíèÿ ÑÎÏÑ è Ïî-
ëÿðíàÿ êîìèññèÿ Àêàäåìèè íàóê
âûáðàëè ñïåöèàëüíóþ äåëåãàöèþ ê
ïðåäñåäàòåëþ Ñîâåòà íàðîäíûõ êî-

Ôîòî 3. ×ëåíû Ïå÷îðñêîé áðèãàäû è æåíñêèé òðóäêîëëåêòèâ èìåíè ÀÍ ÑÑÑÐ ó áó-
ðîâîé âûøêè ¹ 16 â Åäæûä-Êûðòà. Äàòà ñúåìêè: 31 èþëÿ 1933 ã. Àâòîð ñúåìêè:
Ì. Á. Åäåìñêèé. Ñàíêò-Ïåòåðáóðãñêèé ôèëèàë Àðõèâà ÐÀÍ. Ô. 75. Îï. 5. Ä. 20. Ë. 70.

Photo 3. Members of the Pechora brigade and ladies’ staff named after the USSR Academy of
sciences at borehole No. 16 in Edzhyd-Kyrta. Date: 31st July, 1933. Author: M. B. Edemsky.

Saint-Petersburg branch of RAS Archives. F. 75. In. 5. F. 20. Sh. 70
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ìèññàðîâ ÑÑÑÐ Â. Ì. Ìîëîòîâó äëÿ
âûäâèæåíèÿ êîíêðåòíûõ âîïðîñîâ,
ñâÿçàííûõ ñ îñâîåíèåì «ïðèðîäíûõ
áîãàòñòâ êðàÿ è ñ äàëüíåéøèì ðàçâåð-
òûâàíèåì íàó÷íî-ýêñïåäèöèîííûõ
èññëåäîâàíèé Àêàäåìèè íàóê». Â ñî-
îòâåòñòâèè ñ ðåêîìåíäàöèÿìè ñîâå-
ùàíèÿ 11 ìàðòà 1935 ã. À. Ï. Êàðïèí-
ñêèé îáðàòèëñÿ ê Â. Ì. Ìîëîòîâó ñ
äîêëàäíîé çàïèñêîé, â êîòîðîé ïîä-
÷åðêíóë, ÷òî çàäà÷àìè Ïå÷îðñêîé
áðèãàäû áûëè «êîíñóëüòàöèÿ íà ìå-
ñòàõ ïî ðÿäó âîïðîñîâ, ñâÿçü ñ ìåñò-
íûìè îðãàíàìè âëàñòè è ðàçðàáîòêà
ïëàíà íàó÷íî-èññëåäîâàòåëüñêèõ ðà-
áîò, ñâÿçàííûõ ñ õîçÿéñòâåííûì îñ-
âîåíèåì êðàÿ» [2].

Ìàñøòàá ïîñòàâëåííûõ çàäà÷,
îáúåì âûïîëíåííûõ ðàáîò ïî îïðåäå-
ëåíèþ ðàçìåðîâ è ãðàíèö ìèíåðàëü-
íî-ñûðüåâîãî ïîòåíöèàëà ñòðàíû, àð-
ãóìåíòèðîâàííûå ïðîìûøëåííî-
ýêîíîìè÷åñêèå ïðîãíîçû — âñå ýòî
ïîçâîëÿåò îõàðàêòåðèçîâàòü Ïå÷îðñ-
êóþ áðèãàäó êàê íîâóþ ôîðìó îðãà-
íèçàöèè íàó÷íîãî ñîîáùåñòâà, êàê
óíèêàëüíîå âðåìåííîå, ìîáèëüíîå,
òâîð÷åñêîå íàó÷íîå ñîîáùåñòâî ñïåöè-
àëèñòîâ èç ðàçëè÷íûõ àêàäåìè÷åñêèõ
è îòðàñëåâûõ îðãàíèçàöèé ñòðàíû.
Îáñëåäîâàíèå Ïå÷îðñêîãî êðàÿ áûëî
ïðîâåäåíî êîëëåêòèâîì íàó÷íûõ ðà-
áîòíèêîâ âûñî÷àéøåé ýðóäèöèè è
ñìåëîñòè. Âûïîëíåííûå Ïå÷îðñêîé
áðèãàäîé ÀÍ ÑÑÑÐ ðàçðàáîòêè ñòàëè
îñíîâîé ïðîãíîçîâ, ðåàëèçàöèÿ êîòî-
ðûõ ñïîñîáñòâîâàëà îòêðûòèþ íîâûõ
íåôòÿíûõ è óãîëüíûõ ïðîâèíöèé è
ðàéîíîâ è âî ìíîãîì ñîäåéñòâîâàëà
ñîçäàíèþ ìîùíîãî ìèíåðàëüíî-ñûðü-
åâîãî ïîòåíöèàëà ñòðàíû. Ýòî áûë ãðî-
ìàäíûé âêëàä ó÷åíûõ â ðàçðàáîòêó
ïðîáëåì îáåñïå÷åíèÿ ñòðàíû ðåñóðñà-
ìè ïîëåçíûõ èñêîïàåìûõ.

Â îäíîì èç ðåøåíèé Ïå÷îðñêîé
áðèãàäû ÀÍ ÑÑÑÐ ñäåëàí òàêîé âû-
âîä: «… ýòè ðàáîòû ÿâëÿþòñÿ ïåðâû-
ìè ðàáîòàìè â ïîäîáíîé îáñòàíîâêå,

ïðîèçâîäèìûìè â ÑÑÑÐ, â ñèëó ÷åãî
îíè áóäóò èìåòü íåñîìíåííîå ìåòîäî-
ëîãè÷åñêîå çíà÷åíèå. Ðåçóëüòàòû æå
èõ ìîãóò áûòü ïîëåçíû íå òîëüêî äëÿ
äåëà îñâîåíèÿ äàííîãî ðàéîíà, íî è
äðóãèõ ãîðíî-ïðîìûøëåííûõ ðàéî-
íîâ Ñåâåðà, íàõîäÿùèõñÿ â ñõîäíîé
ôèçèêî-ãåîãðàôè÷åñêîé îáñòàíîâêå»
[1]. Ñëîâà ýòè ñìåëî ìîæíî è íóæíî
îòíåñòè ê ðåçóëüòàòàì äåÿòåëüíîñòè
ñàìîé Ïå÷îðñêîé áðèãàäû è ðîëè àêà-
äåìèêà À. Ï. Êàðïèíñêîãî.

Îïûò ðàáîòû Ïå÷îðñêîé áðèãàäû
áûë ñ óñïåõîì èñïîëüçîâàí âïîñëåä-
ñòâèè è ïðè ðåøåíèè ïðîáëåì Óðàëà,
Ñèáèðè è Äàëüíåãî Âîñòîêà. Òî, ÷òî
ñäåëàë À. Ï. Êàðïèíñêèé è îðãàíèçî-
âàííàÿ èì Ïå÷îðñêàÿ áðèãàäà, âûõî-
äèò äàëåêî çà ðàìêè ðåãèîíàëüíîãî
óðîâíÿ. Ýòî áûë îäíîâðåìåííî è ïî-
âîðîò Àêàäåìèè íàóê ê ðàçâèòèþ íà-
óêè íå â ñòîëèöàõ, à íà òåððèòîðèè
ñòðàíû; áåç ïîäîáíîãî ðåôîðìèðîâà-
íèÿ Àêàäåìèè íàóê âðÿä ëè â ïîñëå-
äóþùèå ãîäû óäàëîñü äîáèòüñÿ òàêî-
ãî âçëåòà íàóêè â íàøåé ñòðàíå. Â ýòîì
è åñòü ãëàâíàÿ çàñëóãà, ãëàâíîå äîñòè-
æåíèå ïðåçèäåíòà Àêàäåìèè íàóê
ÑÑÑÐ àêàäåìèêà À. Ï. Êàðïèíñêîãî.

Âàæíåéøèì ðåçóëüòàòîì äåÿ-
òåëüíîñòè À. Ï. Êàðïèíñêîãî è áðè-
ãàäû ñòàëî ôîðìèðîâàíèå äîëãîñðî÷-
íûõ ïåðñïåêòèâíûõ ïðîåêòîâ ðàçâè-
òèÿ ñåâåðíîãî ðåãèîíà ñòðàíû. Áûë
óòî÷íåí ïëàí íåïîñðåäñòâåííîãî ó÷à-
ñòèÿ ÀÍ ÑÑÑÐ â èçó÷åíèè Ïå÷îðñêî-
ãî êðàÿ. Íà îñíîâå óñòàíîâëåííîãî
êîíòàêòà ñ ìåñòíûìè îðãàíèçàöèÿìè
óäàëîñü ïîñòðîèòü ýòîò ïëàí òàêèì
îáðàçîì, ÷òî ðàáîòû Àêàäåìèè íàóê
âîøëè îðãàíè÷åñêîé ÷àñòüþ â êîìï-
ëåêñ èññëåäîâàíèé, îñóùåñòâëÿåìûõ
öåëûì ðÿäîì îðãàíèçàöèé. Àíàëèç
ýòèõ ïðîåêòîâ, íàïðÿìóþ ñâÿçàííûõ
íå ñòîëüêî ñ ïîèñêàìè è îñâîåíèåì
ýíåðãåòè÷åñêèõ ðåñóðñîâ ãðîìàäíîãî
ìàñøòàáà, ñêîëüêî ñ ïðîáëåìàìè ðàç-
âèòèÿ òðàíñïîðòíîé ñåòè íà åâðîïåé-

ñêîé ÷àñòè ñòðàíû, ïðèîáðåòàåò îáùå-
ãîñóäàðñòâåííîå çíà÷åíèå, ÿâëÿÿñü
îäíîé èç ñîñòàâëÿþùèõ èññëåäîâàíèÿ
Ïðèàðêòè÷åñêîé çîíû. Êðîìå òàêîé
íåîáû÷íîé ôîðìû ðàáîòû íàä ïðî-
áëåìîé, êàê Ïå÷îðñêàÿ áðèãàäà, À. Ï.
Êàðïèíñêèé ïðåäëîæèë ïðèíöèïè-
àëüíûé ïîâîðîò ê èññëåäîâàíèþ ýêî-
íîìè÷åñêîãî ðàçâèòèÿ Ñåâåðà, ÷òî
ïðåäîïðåäåëèëî âåêòîð ðàçâèòèÿ ñòðà-
íû íà ñòîëåòèå âïåðåä è ñîõðàíÿåòñÿ
äî íàñòîÿùåãî âðåìåíè.

Ïðîãíîçû ó÷åíûõ âî ãëàâå ñ À. Ï.
Êàðïèíñêèì ñòàëè ðåàëüíîñòüþ è
èìåþò òåíäåíöèþ ê áîëåå øèðîêîé è
âñåîáúåìëþùåé ðåàëèçàöèè.
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Õðîíèêà, ñîáûòèÿ, ôàêòû • Chronicle, events, facts

Õðîíèêà ìàÿ

11 ìàÿ — þáèëåé Âåðû Âàñèëüåâíû Âûòåãîðîâîé, èíæåíåðà ëàáîðàòîðèè ãåîëîãèè íåôòåãàçîíîñíûõ áàññåéíîâ

19 ìàÿ ñîñòîÿëàñü óñïåøíàÿ çàùèòà äèññåðòàöèè Èâàíà Ñåðãååâè÷à Êîòèêà «Íîâåéøàÿ òåêòîíèêà è ïðîãíîç ëî-
êàëüíûõ ñòðóêòóð þãà Òèìàíî-Ïå÷îðñêîé íåôòåãàçîíîñíîé ïðîâèíöèè», ïðåäñòàâëåííîé íà ñîèñêàíèå ó÷åíîé ñòåïåíè
êàíäèäàòà ãåîëîãî-ìèíåðàëîãè÷åñêèõ íàóê ïî ñïåöèàëüíîñòè 25.00.12 «Ãåîëîãèÿ, ïîèñêè è ðàçâåäêà íåôòÿíûõ è ãàçîâûõ
ìåñòîðîæäåíèé»

20 ìàÿ — îòêðûòèå íà çäàíèè èíñòèòóòà ìåìîðèàëüíîé äîñêè âûäàþùåìóñÿ ó÷åíîìó-ãåîëîãó, äèðåêòîðó Èíñòè-
òóòà ãåîëîãèè (1985—2008) àêàäåìèêó Íèêîëàþ Ïàâëîâè÷ó Þøêèíó

Ìày chronicle

May 11 — the anniversary of Vera Vasilyevna Vytegorova, engineer of Oil-Gas Basins Laboratory

May 19 — a successful defense of Ivan Sergeyevich Kotik’s thesis “The newest tectonics and forecast of local structures
of Southern Timan-Pechora oil and gas province”, presented for the degree of candidate of geological-mineralogical sciences,
specialty 25.00.12 “Geology, prospecting and exploration of oil and gas fields”

May 20 —  unveiling of the commemorative plaque to the outstanding scientist and geologist, director of the Institute of
Geology (1985—2008) Academician Yushkin Nikolay Pavlovich

Â ÇÅÐÊÀËÅ ÏÐÅÑÑÛ

MEDIA MIRROR

9 ìàÿ âñÿ íàøà ñòðàíà îòìåòèëà
âñåíàðîäíûé ïðàçäíèê — 70-ëåòèå ñî
äíÿ Âåëèêîé Ïîáåäû íàä ôàøèñòñêîé
Ãåðìàíèåé. Çíà÷èòåëüíûé âêëàä â
ïîáåäó âíåñëè ãåîëîãè ÐÊ, ñóìåâøèå
îáåñïå÷èòü ñòðàíó íåîáõîäèìûì ìè-
íåðàëüíûì ñûðüåì äëÿ îáîðîííîé
ïðîìûøëåííîñòè. Îïðåäåëÿþùóþ
ðîëü â ýòîì ñûãðàëè ãåîëîãè÷åñêèå
îðãàíèçàöèè Êîìè ÀÑÑÐ. Âåäóùèì

Â ïðàçäíè÷íûå äíè 70-ëåòèÿ ñî äíÿ Âåëèêîé Ïîáåäû íàä ôàøèñòñêîé Ãåðìàíèåé îïðåäåëåí âêëàä â ïîáåäó ãåîëî-
ãè÷åñêèõ îðãàíèçàöèé Êîìè ÀÑÑÐ, îáåñïå÷èâøèõ ñòðàíó ìèíåðàëüíûì ñûðüåì äëÿ îáîðîííîé ïðîìûøëåííîñòè. Â ìàé-
ñêèå äíè (20 è 22 ìàÿ) â Ñûêòûâêàðå îòêðûëè ìåìîðèàëüíûå äîñêè àêàäåìèêó Í. Ï. Þøêèíó è ïåðâîìó ðåêòîðó Ñûêòûâ-
êàðñêîãî óíèâåðñèòåòà Â. À. Âèòÿçåâîé. Ïî÷åòíûå ãðàæäàíå ãîðîäà, îíè ñòàëè ñèìâîëàìè ñâîåé ýïîõè è ïðîñëàâèëè
ðåñïóáëèêó. Îïðåäåëåí ñîâðåìåííûé âêëàä ìèíåðàëüíî-ñûðüåâîé áàçû ÐÊ â ïîòåíöèàë Ðîññèè (äîáû÷à óãëÿ äî 15 ìëí ò
â ãîä; äîáû÷à áîêñèòîâ — îêîëî 3 ìëí ò â ãîä; äîáû÷à íåôòè — 3 % îò îáùåé äîáû÷è â ñòðàíå; äîáû÷à æèëüíîãî êâàðöà).
Êîìè îòäåëåíèå ÐÃÎ íà÷àëî ðàçðàáîòêó ïðîåêòà «Êîìïëåêñíàÿ Ïå÷îðñêàÿ ýêñïåäèöèÿ — Ïå÷îðñêèé ìåðèäèàí». Ñåíñà-
öèîííàÿ íàõîäêà Ïàâëà Áåçíîñîâà — ôðàãìåíò ëàñòà ñàìîãî ñåâåðíîãî èõòèîçàâðà â ìèðå. Ïðåìèÿ èìåíè àêàäåìèêà
Ë. Ä. Øåâÿêîâà âðó÷åíà ä. ã.-ì. í. ß. Ý. Þäîâè÷ó è ê. ã.-ì. í. Ì. Ï. Êåòðèñ çà ìîíîãðàôèþ «Ãåîõèìèÿ ìàðãàíöà». Íà ëûæ-
íûõ ãîíêàõ íàó÷íûõ îðãàíèçàöèé — Àêàäåìèàäå-2015 — âòîðîå ìåñòî â ýñòàôåòå çàíÿëà ñáîðíàÿ êîìàíäà Êîìè ÍÖ
(Ñûêòûâêàð).

ãåîëîãè÷åñêèì íàó÷íûì öåíòðîì â
Òèìàíî-Ñåâåðîóðàëüñêîì ðåãèîíå
ÿâèëñÿ Èíñòèòóò ãåîëîãèè Êîìè ôè-
ëèàëà ÀÍ ÑÑÑÐ, â òîò ïåðèîä ÿâëÿâ-
øèéñÿ ñåêòîðîì ãåîëîãèè Áàçû ÀÍ
ÑÑÑÐ â Ñûêòûâêàðå.

Âî âðåìÿ Âåëèêîé Îòå÷åñòâåí-
íîé âîéíû ãåîëîãè Êîìè ÀÑÑÐ ïðî-
äîëæàëè âåñòè âàæíóþ äëÿ ñòðàíû
ðàáîòó. Èòîãàìè èõ äåÿòåëüíîñòè ñòà-

ëè çíà÷èòåëüíûé ïðèðîñò çàïàñîâ
óãëÿ (îñàæäåííûé Ëåíèíãðàä ñíàá-
æàëñÿ óãëåì Âîðêóòû), ðàçâåäêà ñèäå-
ðèòîâûõ ìåñòîðîæäåíèé, âûÿâëåíèå
ìàðãàíöåâûõ è õðîìèòîâûõ ðóä íà
Ïå÷îðå è Óðàëå, áîëüøàÿ ðàáîòà ïî
ðàçâåäêå íåôòÿíûõ ñòðóêòóð, íîâûå
âûõîäû ãëàóêîíèòîâûõ ïåñêîâ, êâàð-
öèòîâ, ñòåêîëüíûõ ïåñêîâ, òóãîïëàâ-
êèõ ãëèí, ñåðû, äîïîëíèòåëüíûå ñâå-

During holidays dedicated to the 70th anniversary of the Great Victory over Nazi Germany the contribution of geological
organizations of Komi ASSR to the victory, that provided the country with mineral raw for the defense industry, was emphasized.
In May days (May, 20th and 22nd) in Syktyvkar the commemorative plaques to Academician N. P. Yushkin and the first rector of
the Syktyvkar University V. A. Vityazeva were unveiled. They, being honorary citizens of the city, both have become symbols of
their era and glorified the Republic. The contribution to modern mineral resource base of Komi Republic to the potential of
Russia was presented (coal production up to 15 million tons per year; bauxite — about 3 million tons per year, oil production —
3 % of the total production in the country, production of vein quartz). Komi branch of the Russian Geographical Society started
the development of the project “Complex Pechora Expedition — Pechora meridian.” Pavel Beznosov’s sensational discovery —
a fragment of fin of the most northern ichthyosaur in the world. Prize named after Academician L.D. Shevyakov was awarded to
DSc Ya. E. Yudovich and PhD M.P. Ketris for the monograph “Geochemistry of Manganese”. At the ski race of scientific
organizations — Academiada 2015 — the picked team of Komi SC (Syktyvkar) took the second place.
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äåíèÿ î ïðîÿâëåíèÿõ öâåòíûõ ìåòàë-
ëîâ.

Èíñòèòóò ãåîëîãèè ñâÿòî õðàíèò
ïàìÿòü î ñâîèõ ñîòðóäíèêàõ, êîòîðûå
ïðèøëè â íàóêó ñ ôðîíòîâ Âåëèêîé
Îòå÷åñòâåííîé âîéíû è âíåñëè ñâîé
âêëàä â äàëüíåéøåå ðàçâèòèå ãåîëîãè-
÷åñêîé íàóêè íàøåãî ðåãèîíà. Ýòî:
Ãóñëèöåð Áîðèñ Èñààêîâè÷ (1922—
1989), Åñåâ Âàñèëèé Èâàíîâè÷ (1922—
1994), Êàëèíèí Ïàâåë Äìèòðèåâè÷
(1905—1983), Îõîòíèêîâ Âèòàëèé Íè-
êîëàåâè÷ (1921—1997), Ïàâëîâ Ëåâ
Ïåòðîâè÷ (1924—2001), Ôèøìàí
Ìàðê Âåíèàìèíîâè÷ (1919—2003),
ßíóëîâ Êèðèëë Ïàñêàëüåâè÷ (1920—
2004) (Ðåãèîí. 2015. ¹ 3).

20 ìàÿ â Ñûêòûâêàðå íà çäàíèè
Èíñòèòóòà ãåîëîãèè Êîìè ÍÖ îòêðû-
ëè ìåìîðèàëüíóþ äîñêó àêàäåìèêó
Í. Ï. Þøêèíó, à 22 ìàÿ íà çäàíèè
ãëàâíîãî êîðïóñà ÑÃÓ èì. Ï. Ñîðîêè-
íà — ïåðâîìó ðåêòîðó ÑûêòÃÓ Â. À.
Âèòÿçåâîé. Ïî÷åòíûå ãðàæäàíå Ñûê-
òûâêàðà, îíè ñòàëè ñèìâîëàìè ñâîåé
ýïîõè è ïðîñëàâèëè ðåñïóáëèêó (Ðåñ-
ïóáëèêà. 2015. 23 ìàÿ).

5 àïðåëÿ, â Äåíü ãåîëîãà, çàìåñ-
òèòåëü ðóêîâîäèòåëÿ Äåïàðòàìåíòà
ïî íåäðîïîëüçîâàíèþ ïî Ñåâåðî-
Çàïàäíîìó ôåäåðàëüíîìó îêðóãó
ê. ã.-ì. í. Á. Òàðáàåâ (ñîòðóäíèê ÈÃ
â íåäàâíåì ïðîøëîì) äàë ðàçâåðíó-
òîå èíòåðâüþ î çàìåòíîé ðîëè ìèíå-
ðàëüíî-ñûðüåâîé áàçû ÐÊ â ïîòåíöè-
àëå ÐÔ. Òèìàíî-Ïå÷îðñêàÿ ïðîâèí-
öèÿ çàíèìàåò ïî çàïàñàì íåôòè ÷åò-
âåðòîå ìåñòî â Ðîññèè. Ïî äîáû÷å
íåôòè ÐÊ çàíèìàåò 10 ìåñòî ñðåäè
ðåãèîíîâ Ðîññèè, ÷òî ñîñòàâëÿåò îêî-
ëî 3 % îò îáùåé äîáû÷è â ñòðàíå. Çà-
ïàñû êàìåííîãî óãëÿ â Ïå÷îðñêîì
áàññåéíå ñîñòàâëÿþò 7 ìëðä ò èëè
3.7 % îò îáùåðîññèéñêèõ. Ðàññ÷èòà-
íî óâåëè÷åíèå îáúåìà äîáû÷è äî 13—
15 ìëí ò â ãîä. Â Òèìàíñêîé áîêñè-
òîíîñíîé ïðîâèíöèè íà òåððèòîðèè
ÐÊ íàõîäèòñÿ 26 % îò îáùåðîññèéñ-
êèõ çàïàñîâ áîêñèòîâ è îêîëî 60 % îò
îáùèõ ðåñóðñîâ. Ñîâðåìåííàÿ äîáû-
÷à áîêñèòîâ ñîñòàâëÿåò îêîëî 3 ìëí ò
â ãîä. Ïåðñïåêòèâíà ðàçðàáîòêà òèòà-
íîâûõ ðóä íà áàçå ßðåãñêîãî ìåñòî-
ðîæäåíèÿ è Óìáèíñêî-Ïèæåìñêîé
ïëîùàäè Ñðåäíåãî Òèìàíà. Â ÐÊ ðà-
áîòàþò ïðåäïðèÿòèÿ ïî äîáû÷å æèëü-
íîãî êâàðöà, èìåþòñÿ ïðåäïîñûëêè
äëÿ îñâîåíèÿ ðóäíîãî è ðîññûïíîãî
çîëîòà, ìàðãàíöåâûõ è õðîìîâûõ ðóä,
áàðèòîâ è äðóãèõ âèäîâ ïîëåçíûõ
èñêîïàåìûõ (Ðåãèîí. 2015. ¹ 3).

Èçó÷èòü íûíåøíåå ñîñòîÿíèå
îäíîé èç âàæíåéøèõ ðå÷íûõ ìàãèñò-

ðàëåé ÐÊ, à òàêæå æèçíü ïðèïå÷îð-
ñêèõ íàñåëåííûõ ïóíêòîâ — òàêóþ
çàäà÷ó ïîñòàâèëè ïåðåä ñîáîé àâòî-
ðû ïðîåêòà «Êîìïëåêñíàÿ Ïå÷îðñêàÿ
ýêñïåäèöèÿ — Ïå÷îðñêèé ìåðèäè-
àí». Çàìåñòèòåëü ïðåäñåäàòåëÿ Êîìè
îòäåëåíèÿ ÐÃÎ Ïåòð Þõòàíîâ îòìå-
òèë, ÷òî â ýòîì ãîäó ïîëó÷åíû ãðàí-
òîâûå ñðåäñòâà îò Ðóññêîãî ãåîãðàôè-
÷åñêîãî îáùåñòâà â ðàçìåðå 1.5 ìëí
ðóáëåé äëÿ ðåàëèçàöèè ýòîãî ïðîåê-
òà. Ïëàíèðóåòñÿ çà 2.5 ëåòíèõ ìåñÿöà
íà ëîäêàõ ïðîéòè ïî Ïå÷îðå îò èñòî-
êà äî óñòüÿ 1810 êì. Êîíå÷íûé ðå-
çóëüòàò, íà êîòîðûé íàöåëåíû ó÷àñò-
íèêè ýêñïåäèöèè «Ïå÷îðñêèé ìåðè-
äèàí» — ýòî èçäàíèå ìîíîãðàôèè-
ñïðàâî÷íèêà ïî Ïðèïå÷îðüþ, êîòî-
ðûé áóäåò ñîäåðæàòü âñå àñïåêòû —
è ïðèðîäíûé, è ñîöèîëîãè÷åñêèé, è
ýêîíîìè÷åñêèé (Ðåñïóáëèêà. 2015.
11 àïðåëÿ).

Â êîíöå þðñêîãî ïåðèîäà ïðàê-
òè÷åñêè âñÿ òåððèòîðèÿ ÐÊ áûëà
îãðîìíûì òåïëûì ìåëêîâîäíûì áàñ-
ñåéíîì. Â åãî âîäàõ ïëàâàëè èõòèî-
çàâðû, ïëåçèîçàâðû è äð. âèäû ìîð-
ñêèõ æèâîòíûõ. Íàõîäêè èõ îêàìå-
íåâøèõ îñòàíêîâ ìîæíî íàçâàòü
íàó÷íûìè ñåíñàöèÿìè. Îäíà èç ïîñ-
ëåäíèõ — íàõîäêà ôðàãìåíòà ëàñòà
ñàìîãî ñåâåðíîãî èõòèîçàâðà â ìèðå.
Àâòîð íàõîäêè — íàó÷íûé ñîòðóäíèê
ëàáîðàòîðèè ïàëåîíòîëîãèè Èíñòè-
òóòà ãåîëîãèè Ïàâåë Áåçíîñîâ. Ëåòîì
2013 ã. íà áåðåãó ðåêè Âîëîíãè (Íå-
íåöêèé ÀÎ) ó÷åíûé îáíàðóæèë îêà-
ìåíåâøóþ êîñòü èõòèîçàâðà. Ñïåöè-
àëèñòû èç Ìîñêâû è Ñàðàòîâà îïîç-
íàëè â íàõîäêå ëàñò «ãëàçàñòîãî ÿùå-
ðà» — îôòàëüìîçàâðà. Ýòà ðàçíîâèä-
íîñòü èõòèîçàâðîâ áûëà øèðîêî ðàñ-
ïðîñòðàíåíà â þðñêèõ ìîðÿõ. Îäíà-
êî íà òåððèòîðèè íàøåé ñòðàíû ýòî
ïåðâàÿ äîñòîâåðíàÿ íàõîäêà. Ïîìè-
ìî ýòîãî, îôòàëüìîçàâð ñ Âîëîíãè
îêàçàëñÿ ñàìûì ñåâåðíûì â ìèðå.
Ñåé÷àñ åãî îñòàíêè çàíÿëè ïî÷åòíîå
ìåñòî â ýêñïîçèöèè ìóçåÿ Èíñòèòó-
òà ãåîëîãèè.

Â íàñòîÿùåå âðåìÿ íà òåððèòî-
ðèè ÐÊ îòìå÷åíû ÷åòûðå ìåñòà íà-
õîæäåíèÿ îñòàíêîâ ðûáîÿùåðîâ:
1) ð. Ïèæìà, 1912 ã., àâòîð íàõîäêè
ïðîôåññîð À. Ðÿáèíèí; 2) ð. Àéþâà,
1963 ã., àâòîð íàõîäêè Êèðèëë Ñå-
äûõ; 3) ð. Èæìà, 1943—1944 ãã., àâ-
òîð íàõîäêè àêàäåìèê Â. Ìåííåð;
4) ð. Ñûñîëà, 2013 ã., àâòîð íàõîäêè
Ïàâåë Áåçíîñîâ (Ðåñïóáëèêà. 2015.
16 àïðåëÿ).

Ðàäóåò âîçðîñøèé íàó÷íûé àâòî-
ðèòåò áûâøåãî ñîòðóäíèêà èíñòèòóòà

ä. ã.-ì. í. Íèêîëàÿ Àëåêñàíäðîâè÷à
Ìàëûøåâà, êîòîðûé âîøåë â ñîñòàâ
÷ëåíîâ ðåäàêöèîííîé êîëëåãèè æóð-
íàëà «Ìîñêîâñêîå îáùåñòâî èñïûòà-
òåëåé ïðèðîäû» (ó÷ðåäèòåëè: ÌÃÓ è
Ìîñêîâñêîå îáùåñòâî èñïûòàòåëåé
ïðèðîäû). Â íàñòîÿùåå âðåìÿ Í. À.
Ìàëûøåâ — ïðîôåññîð êàôåäðû ðå-
ãèîíàëüíîé ãåîëîãèè è èñòîðèè Çåì-
ëè ãåîëôàêà ÌÃÓ, ãëàâíûé ãåîëîã
Êîðïîðàòèâíîãî íàó÷íî-òåõíè÷åñêî-
ãî öåíòðà ÎÀÎ «Ðîñíåôòü» (Áþëëå-
òåíü ÌÎÈÏ, îòäåë ãåîëîãè÷åñêèé.
2013. Ò. 8. Âûï. 4).

Ïî èòîãàì êîíêóðñà 2014 ã. íà
ñîèñêàíèå ïðåìèè èìåíè âûäàþùèõ-
ñÿ ó÷åíûõ Óðàëà ïðåìèþ èìåíè àêà-
äåìèêà Ë. Ä. Øåâÿêîâà ïîëó÷èë àâ-
òîðñêèé êîëëåêòèâ: ä. ã.-ì. í. ßêîâ
Ýëüåâè÷ Þäîâè÷ è ê. ã.-ì. í. Ìàðèíà
Ïåòðîâíà Êåòðèñ (Èíñòèòóò ãåîëîãèè
Êîìè ÍÖ ÓðÎ ÐÀÍ) çà ìîíîãðàôèþ
«Ãåîõèìèÿ ìàðãàíöà» (Íàóêà Óðàëà.
2015. ¹ 5, ìàðò).

Â àïðåëå â Ñûêòûâêàðå ïðîõîäè-
ëà Âñåðîññèéñêàÿ àêöèÿ «Òîòàëüíûé
äèêòàíò» íà çíàíèå ðóññêîãî ÿçûêà.
Â ìåðîïðèÿòèè ïðèíÿë ó÷àñòèå
441 ÷åëîâåê. Ðåçóëüòàò òàêîâ: òîëüêî
äâå ó÷àñòíèöû ïîëó÷èëè îöåíêó «îò-
ëè÷íî», åùå ïîëñîòíè ÷åëîâåê ïîëó-
÷èëè «÷åòâåðêè», îñòàëüíûå — «òðîé-
êè» è «äâîéêè». Îäíà èç íàïèñàâøèõ
íà «îòëè÷íî» — ýòî Îêñàíà Ãàáîâà,
âûïóñêíèöà ôèëôàêà ÑûêòÃÓ, êîòî-
ðàÿ ñåé÷àñ ðàáîòàåò â èçäàòåëüñêî-
èíôîðìàöèîííîì îòäåëå Èíñòèòóòà
ãåîëîãèè Êîìè ÍÖ è ÿâëÿåòñÿ ðåäàê-
òîðîì “Âåñòíèêà” (Ðåñïóáëèêà, 2015.
28 àïðåëÿ). Ïîçäðàâëÿåì Îêñàíó ñ
ýòèì äîñòèæåíèåì, ïîääåðæàâøèì
÷åñòü Èíñòèòóòà â òàêîé ñâîåîáðàçíîé
ôîðìå!

Ïî õîðîøåé ñïîðòèâíîé òðàäè-
öèè ñ 22 ïî 26 ìàðòà â ã. Àïàòèòû ñî-
ñòîÿëèñü IX Âñåðîññèéñêèå ñîðåâíî-
âàíèÿ ïî ëûæíûì ãîíêàì ñðåäè ñî-
òðóäíèêîâ ó÷ðåæäåíèé Ôåäåðàëüíîãî
àãåíòñòâà íàó÷íûõ îðãàíèçàöèé —
Àêàäåìèàäà-2015, â êîòîðîé àêòèâíîå
ó÷àñòèå ïðèíÿëè ñîòðóäíèêè Èíñòè-
òóòà ãåîëîãèè. Åñëè ïîáåäà êîìàíäû
ãåîëîãîâ ÑÎ ÐÀÍ ñîìíåíèé íå âûçû-
âàëà íè ó êîãî, òî çà âòîðîå è òðåòüå
ìåñòà øëà îæåñòî÷åííàÿ áîðüáà ìåæ-
äó ÷åòûðüìÿ êîìàíäàìè. Â èòîãå âòî-
ðîå ìåñòî â ýñòàôåòå çàíÿëà ñáîðíàÿ
Êîìè ÍÖ (Ñûêòûâêàð), à òðåòüå —
êîìàíäà Èíñòèòóòà ÿäåðíîé ôèçèêè
ÑÎ ÐÀÍ (Íàóêà Óðàëà. 2015. ¹ 7—8,
àïðåëü).

Ê. ã.-ì. í. Å. Êàëèíèí
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Îòêðûâøèé ìåðîïðèÿòèå äèðåê-
òîð Èíñòèòóòà ãåîëîãèè, ïðåäñåäàòåëü
Êîìè ÍÖ ÓðÎ ÐÀÍ àêàäåìèê À. Ì.
Àñõàáîâ íàïîìíèë ñîáðàâøèìñÿ î
íåîáû÷àéíî ðàçíîîáðàçíûõ íàó÷íûõ
èíòåðåñàõ Íèêîëàÿ Ïàâëîâè÷à; ñîçäà-
íèè ñûêòûâêàðñêîé ìèíåðàëîãè÷å-
ñêîé øêîëû, ïîëó÷èâøåé ìèðîâîå
ïðèçíàíèå, è ôîðìèðîâàíèè áîëåå
10 íîâûõ íàïðàâëåíèé â íàóêå. Í. Ï.
Þøêèí âíåñ îãðîìíûé âêëàä â ïîçíà-
íèå ãåîëîãèè, â ðàçâèòèå è îñâîåíèå
ìèíåðàëüíî-ñûðüåâîé áàçû Åâðîïåé-
ñêîãî Ñåâåðà Ðîññèè è Óðàëà, â îòêðû-
òèå íîâûõ îòðàñëåé ãîðíîðóäíîé ïðî-
ìûøëåííîñòè è íîâûõ ïðîèçâîäñòâ.
Íàó÷íûå äîñòèæåíèÿ Í. Ï. Þøêèíà
áûëè ïî äîñòîèíñòâó îöåíåíû è îòìå-
÷åíû îðäåíàìè «Çà çàñëóãè ïåðåä Îòå-
÷åñòâîì» IV è III ñòåïåíåé, Òðóäîâîãî
Êðàñíîãî Çíàìåíè, ìåäàëÿìè è ïî÷åò-
íûìè çíàêàìè; îí ñòàë ëàóðåàòîì Äå-
ìèäîâñêîé ïðåìèè, çàñëóæåííûì äå-
ÿòåëåì íàóêè ÐÑÔÑÐ è Êîìè ÀÑÑÐ.

Ñðåäè ìíîãî÷èñëåííûõ ó÷åíè-
êîâ Íèêîëàÿ Ïàâëîâè÷à — îäèí àêà-
äåìèê, ìíîæåñòâî êàíäèäàòîâ è äîê-
òîðîâ íàóê. Äâîå ñòàëè äèðåêòîðàìè

ÏÀÌßÒÈ ÀÊÀÄÅÌÈÊÀ Í. Ï. ÞØÊÈÍÀ
IN THE MEMORY OF ACADEMICIAN N. P. YUSHKIN

êðóïíûõ ãåîëîãè÷åñêèõ èíñòèòóòîâ:
À. Ì. Àñõàáîâ, äèðåêòîð ÈÃ Êîìè ÍÖ
ÓðÎ ÐÀÍ è Þ. Ë. Âîéòåõîâñêèé, äè-
ðåêòîð Ãåîëîãè÷åñêîãî èíñòèòóòà

Êîëüñêîãî ÍÖ ÐÀÍ. Â ãåîëîãè÷åñêîì
ìèðå åñòü ìèíåðàë, îòêðûòûé íà Ïàé-
Õîå ó÷åíèêàìè Íèêîëàÿ Ïàâëîâè÷à,
íàçâàííûé þøêèíèòîì.

Ïðåäñåäàòåëü Ïðåçèäèóìà Êîìè ÍÖ ÓðÎ ÐÀÍ àêàäåìèê À. Ì. Àñõàáîâ
è ïåðâûé çàìïðåäñåäàòåëÿ Ãîññîâåòà Ðåñïóáëèêè Êîìè Â. Ï. Ìàðêîâ

Â ïàìÿòü îá àêàäåìèêå Íèêîëàå Ïàâëîâè÷å Þøêèíå 20 ìàÿ íà çäàíèè Èíñòèòóòà ãåîëîãèè áûëà îòêðûòà ìåìî-
ðèàëüíàÿ äîñêà. Â òîðæåñòâåííîì ìåðîïðèÿòèè ïðèíÿëè ó÷àñòèå èçâåñòíûå äåÿòåëè Ðåñïóáëèêè Êîìè, ðóêîâîäèòåëè
èíñòèòóòîâ è âóçîâ, êîëëåãè, äðóçüÿ, ðîäñòâåííèêè è ó÷åíèêè Íèêîëàÿ Ïàâëîâè÷à.

In the memory of Academician Nikolay Pavlovich Yushkin on the 20th of May the memorial plaque was unveiled on the
building of the Institute of Geology. The ceremony was attended by prominent figures of Komi Republic, leaders of institutes
and universities, colleagues, friends, relatives and disciples of Nikolay Pavlovich.
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