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Ïðè ðàñïàäå äîëãîæèâóùèõ ðàäèîàêòèâíûõ ýëåìåíòîâ óðàíà-238 è òîðèÿ-232, êîòîðûå
øèðîêî ðàñïðîñòðàíåíû â çåìíîé êîðå, ãåíåðèðóþòñÿ ðàäèîàêòèâíûå ýìàíàöèè ðàäîí è
òîðîí. Îáëàäàÿ ñâîéñòâàìè èíåðòíîãî ãàçà, îíè ìèãðèðóþò ê çåìíîé ïîâåðõíîñòè è ïîñòó-
ïàþò â àòìîñôåðó [1, 2]. Ñîäåðæàíèå ýìàíàöèé â ïîäïî÷âåííîì ãàçå çàâèñèò, â ÷àñòíîñòè,
îò íàïðÿæåííî-äåôîðìèðóåìîãî ñîñòîÿíèÿ ïîðîä. Ýòî ïîçâîëÿåò èñïîëüçîâàòü èõ (îñîáåí-
íî ðàäîí) êàê èíäèêàòîð ãåîäèíàìè÷åñêèõ ïðîöåññîâ [3, 4] è èíòåíñèâíîñòè ìåæãåîñôåð-
íûõ âçàèìîäåéñòâèé íà ãðàíèöå çåìíàÿ êîðà - àòìîñôåðà [5], à òàêæå äëÿ ñòðóêòóðíîãî
êàðòèðîâàíèÿ ãåîëîãè÷åñêîé ñðåäû [6, 7].

Ðèñ. 1. Òåìïåðàòóðà âîçäóõà T , åãî îòíîñèòåëüíàÿ âëàæíîñòü F , àòìîñôåðíîå äàâëåíèå P ,
îáúåìíàÿ àêòèâíîñòü òîðîíà ÎÀT è ðàäîíà ÎÀÐ â âîçäóõå ó ïîâåðõíîñòè çåìëè è â ñêâà-
æèíå. Âíèçó îòìå÷åíû çåìëåòðÿñåíèÿ ñ ýíåðãåòè÷åñêèì êëàññîìKs ≥ 10.0, ïðîèçîøåäøèå
íà ðàññòîÿíèè äî 200 êì îò ïóíêòà "Êàðûìøèíà"(äàííûå ÊÔ ÃÑ ÐÀÍ). Âåðòèêàëüíàÿ
ñòðåëêà � ìîìåíò çåìëåòðÿñåíèÿ â ßïîíèè

Â íàñòîÿùåå âðåìÿ øèðîêî ðàñïðîñòðàíåíû èññëåäîâàíèÿ âàðèàöèé ðàäîíà â ïîäïî÷-
âåííîì ãàçå ïåðåä çåìëåòðÿñåíèÿìè. Îáíàðóæåíî, â ÷àñòíîñòè, ÷òî èçìåíåíèÿ åãî îáúåì-
íîé àêòèâíîñòè íà÷èíàþòñÿ çà 90-100 ñóòîê äî çåìëåòðÿñåíèÿ è ñâÿçàíû ñ äåôîðìàöèÿìè
ïîðîä [4], à àíîìàëüíîå ïîâåäåíèå ðàäîíà çàðåãèñòðèðîâàíî äàæå íà ðàññòîÿíèè 3400 êì
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îò ýïèöåíòðà ãîòîâÿùåãîñÿ ñîáûòèÿ ñ ìàãíèòóäîé M = 7.3 [8]. Ïðè ïîñòóïëåíèè â àòìî-
ñôåðó ðàäîí è òîðîí ñìåøèâàþòñÿ ñ âîçäóõîì. Â ðåçóëüòàòå, óìåíüøàåòñÿ èõ êîíöåíòðà-
öèÿ, è çàòðóäíÿþòñÿ èçìåðåíèÿ. Âåðîÿòíî, ïîýòîìó îòñóòñòâóþò ðàáîòû ïî îáíàðóæåíèþ
ïðåäñåéñìè÷åñêèõ âîçìóùåíèé ðàäîíà è òîðîíà â àòìîñôåðå. Àâòîðàì èçâåñòåí òîëüêî
îäèí ñëó÷àé ðåãèñòðàöèè àíîìàëüíîãî ïîâåäåíèÿ ðàäîíà â âîçäóõå ïåðåä çåìëåòðÿñåíèåì
â ßïîíèè 17 ÿíâàðÿ 1995 ã. ñ M = 6.9 [9]. Îäíîâðåìåííûå èçìåðåíèÿ ðàäîíà è òîðîíà â
ïîäïî÷âåííîì ãàçå è â ïðèçåìíîì âîçäóõå ïåðåä çåìëåòðÿñåíèÿìè íå ïðîâîäèëèñü.

Ñ 27 äåêàáðÿ 2010 ã. ïî 20 ìàÿ 2011 ã. â ïóíêòå "Êàðûìøèíà"Êàì÷àòñêîãî ôèëèàëà ÃÑ
ÐÀÍ (52.8140N, 158.1050E), íàõîäÿùåìñÿ â ðàéîíå Âåðõíå-Ïàðàòóíñêîé ãèäðîòåðìàëüíîé
ñèñòåìû, èçìåðÿëàñü îáúåìíàÿ àêòèâíîñòü ðàäîíà ÎÀÐ è òîðîíà ÎÀÒ. Èñïîëüçîâàëàñü
ìåòîäèêà èçìåðåíèé ñ îòêà÷êîé ãàçà èç ñóõîé ãåðìåòèçèðîâàííîé ñêâàæèíû, ïîçâîëÿþ-
ùàÿ çíà÷èòåëüíî óìåíüøèòü âëèÿíèå ìåòåîðîëîãè÷åñêèõ âåëè÷èí íà ïîâåäåíèå ýìàíàöèé
[4]. Îáñàäíîé òðóáîé áûëà îòêðûòàÿ ñíèçó ïîëèâèíèëîâàÿ òðóáà äèàìåòðîì 0.1 è äëèíîé
4 ì, â êîòîðîé íà ðàññòîÿíèè 1-3.9 ì îò âåðõíåãî êîíöà ñäåëàí ùåëåâîé ôèëüòð. Ãàç îòáè-
ðàëñÿ èç òðóáû ñ ãëóáèíû 0.5 ì. Îáúåìíàÿ àêòèâíîñòü ðàäîíà è òîðîíà èçìåðÿëàñü òàêæå
íà âûñîòå 0.05 ì îò ïîâåðõíîñòè çåìëè â 1 ì îò îáñàäíîé òðóáû ñêâàæèíû â äåðåâÿí-
íîé áóäêå. Äëÿ ðåãèñòðàöèè ÎÀÐ è ÎÀÒ â ñêâàæèíå èñïîëüçîâàëñÿ àâòîìàòèçèðîâàííûé
ðàäèîìåòð ÐÐÀ-01Ì-03, à â âîçäóõå âîçëå òðóáû ñêâàæèíû � ÑÐÑ-1. Èíòåðâàë âðåìåíè
ìåæäó èçìåðåíèÿìè áûë 1 è 0.5 ÷àñà, ñîîòâåòñòâåííî. Ñ ïîìîùüþ êëèìàòè÷åñêîé êàìå-
ðû ðàäèîìåòðà ÑÐÑ-1 èçìåðÿëèñü àòìîñôåðíîå äàâëåíèå, òåìïåðàòóðà è îòíîñèòåëüíàÿ
âëàæíîñòü çàñàñûâàåìîãî ó çåìëè âîçäóõà.

Ðèñ. 2. Âçàèìíàÿ êîððåëÿöèîííàÿ ôóíêöèÿ äëÿ çíà÷åíèé ÎÀÐ è ÎÀÒ âî âðåìÿ àíîìàëèè
â ñêâàæèíå (à) è â âîçäóõå ó ïîâåðõíîñòè çåìëè (á). Ñäâèãàåìûì ðÿäîì ÿâëÿåòñÿ ÎÀÒ.
Øòðèõîâûå ëèíèè � äîâåðèòåëüíûå ãðàíèöû íà óðîâíå çíà÷èìîñòè 0.05.

Íà ðèñ. 1 ïðåäñòàâëåíû âðåìåííûå ðÿäû èçìåðåííûõ âåëè÷èí. Ñ 14h 25 ÿíâàðÿ UTC ïî
21h 11 ôåâðàëÿ íàáëþäàëèñü àíîìàëüíûå óâåëè÷åíèÿ ÎÀÐ è ÎÀÒ â ñêâàæèíå (àíîìàëèÿ
À), à ñ 15h 8 ôåâðàëÿ ïî 9h 19 ôåâðàëÿ � â âîçäóõå âîçëå òðóáû ñêâàæèíû (àíîìàëèÿ Á).

Ðàäîí-òîðîíîâàÿ àíîìàëèÿ â ñêâàæèíå (àíîìàëèÿ À) íà÷àëàñü çà 44.7 ñóòîê äî êà-
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òàñòðîôè÷åñêîãî çåìëåòðÿñåíèÿ â ßïîíèè 11 ìàðòà 2011 ã. ñ M = 9.0. Â ýòî æå âðåìÿ,
ïðèìåðíî çà 45 ñóòîê äî íåãî, íà ñòàíöèè "Ïåòðîïàâëîâñê íàõîäÿùåéñÿ â 43 êì ñåâåðî-
âîñòî÷íåå ïóíêòà "Êàðûìøèíà çíà÷èòåëüíî óâåëè÷èëàñü èíòåíñèâíîñòü íèçêî÷àñòîòíîãî
ñåéñìè÷åñêîãî øóìà â ìèíóòíîì äèàïàçîíå ïåðèîäîâ [10]. Ðàäèóñ çîíû ïðîÿâëåíèÿ ïðåä-
âåñòíèêîâ ïî äåôîðìàöèè çåìíîé ïîâåðõíîñòè, èçâåñòíûé êàê R = eM [11], ðàâåí äëÿ
äàííîãî çåìëåòðÿñåíèÿ 8100 êì. Ïóíêò "Êàðûìøèíà"íàõîäèòñÿ â 2000 êì îò åãî ýïèöåí-
òðà è âìåñòå ñî ñòàíöèåé "Ïåòðîïàâëîâñê"óâåðåííî ïîïàäàåò â ýòó çîíó. Ïåðåä àíîìàëèåé
è âî âðåìÿ àíîìàëèè íå áûëî óñèëåíèÿ ëîêàëüíîé ñåéñìè÷íîñòè, ïîñêîëüêó íà ðàññòîÿíèè
äî 200 êì îò ïóíêòà "Êàðûìøèíà"ïðîèçîøëî ëèøü òðè ñëàáûõ çåìëåòðÿñåíèÿ ñ Ks ≤
10.5. Â ýòî âðåìÿ íå áûëî òàêæå êðàòêîâðåìåííûõ ñèëüíûõ óìåíüøåíèé àòìîñôåðíîãî
äàâëåíèÿ (ñì. ðèñ. 1).

Íà ðèñ. 2à ïðåäñòàâëåíà âçàèìíàÿ êîððåëÿöèîííàÿ ôóíêöèÿ (ÂÊÔ) äëÿ çíà÷åíèé ÎÀÐ
è ÎÀÒ âî âðåìÿ àíîìàëèè â ñêâàæèíå. Ìàêñèìàëüíûå çíà÷åíèÿ ÂÊÔ íàáëþäàþòñÿ íà ïî-
ëîæèòåëüíûõ ëàãàõ â èíòåðâàëå 12-32 ÷àñà è ñòàòèñòè÷åñêè çíà÷èìû. Ðàçíûå óâåëè÷åíèÿ
ÎÀÒ îïåðåæàëè íà ðàçíîå âðåìÿ óâåëè÷åíèÿ ÎÀÐ (ñì. ðèñ. 1), ÷òî îáóñëîâèëî ïîÿâëåíèå
èíòåðâàëà íåáîëüøèõ ìàêñèìàëüíûõ çíà÷åíèé ÂÊÔ.

Òàáëèöà 1. Îáúåìíàÿ àêòèâíîñòü ðàäîíà è òîðîíà

Îáúåìíàÿ àê-
òèâíîñòü

P T F

rs p rs p rs p
ÎÀÐ �0.34 < 0.001 0.06 0.18 0.26 < 0.001
ÎÀÒ �0.41 < 0.001 0.22 < 0.001 0.25 < 0.001

Ðàäîí-òîðîíîâàÿ àíîìàëèÿ â âîçäóõå (àíîìàëèÿ Á) íà÷àëàñü âî âðåìÿ îêîí÷àíèÿ àíî-
ìàëèè â ñêâàæèíå, êîãäà ïîÿâèëèñü ñèëüíûå âàðèàöèè àòìîñôåðíîãî äàâëåíèÿ, ñâÿçàí-
íûå ñ ïðîõîæäåíèåì öèêëîíîâ (ñì. ðèñ. 1). Â òàáëèöå ïðåäñòàâëåíû îöåíêè êîýôôèöèåíòà
ðàíãîâîé êîððåëÿöèè Ñïèðìåíà rs è åãî óðîâíÿ çíà÷èìîñòè p ìåæäó îáúåìíîé àêòèâíî-
ñòüþ ýìàíàöèé è àòìîñôåðíûì äàâëåíèåì P , òåìïåðàòóðîé âîçäóõà T , åãî îòíîñèòåëüíîé
âëàæíîñòüþ F . Âî âñåõ ñëó÷àÿõ ÷èñëî ïàð çíà÷åíèé êîððåëèðóåìûõ âåëè÷èí ðàâíî 517.

Êàê âèäíî èç òàáëèöû, ñàìàÿ ñèëüíàÿ êîððåëÿöèÿ íàáëþäàåòñÿ ìåæäó ÎÀÐ, ÎÀÒ è
àòìîñôåðíûì äàâëåíèåì P . Îíà ñòàòèñòè÷åñêè âûñîêîçíà÷èìàÿ è îòðèöàòåëüíàÿ ïî çíà-
êó. Íàëè÷èå ýòîé êîððåëÿöèè îáúÿñíÿåòñÿ óâåëè÷åíèåì êîíöåíòðàöèè ðàäîíà è òîðîíà
â ïðèçåìíîì âîçäóõå â ðåçóëüòàòå îòñîñà ãàçà èç ïî÷âû ïðè óìåíüøåíèè àòìîñôåðíîãî
äàâëåíèÿ. Ïðè åãî óâåëè÷åíèè âîçäóõ ïîñòóïàåò â êàïèëëÿðû ïî÷âû è âûòåñíÿåò âãëóáü
áîãàòûé ýìàíàöèÿìè ãàç [12]. ÂÊÔ äëÿ çíà÷åíèé ÎÀÐ è ÎÀÒ âî âðåìÿ àíîìàëèè èìååò
õîðîøî âûðàæåííûé ñèëüíûé ìàêñèìóì (ðèñ. 2á). Îí íàáëþäàåòñÿ íà îòðèöàòåëüíîì ëàãå
1.0-1.5 ÷àñà. Ñëåäîâàòåëüíî, óâåëè÷åíèÿ ÎÀÒ íåìíîãî îòñòàâàëè îò óâåëè÷åíèé ÎÀÐ, íî
ýòî îòñòàâàíèå íåñóùåñòâåííî. Íàëè÷èå ñèëüíîãî ìàêñèìóìà ÂÊÔ âáëèçè íóëåâîãî ëàãà
ñâèäåòåëüñòâóåò îá îáùåé îñíîâíîé ïðè÷èíå èçìåíåíèé ÎÀÐ è ÎÀÒ. Òàêîé ïðè÷èíîé, â
íàøåì ñëó÷àå, ÿâëÿþòñÿ ñèëüíûå âàðèàöèè àòìîñôåðíîãî äàâëåíèÿ ñèíîïòè÷åñêîãî ìàñ-
øòàáà.

Çà ïåðèîä èçìåðåíèé, ðàâíûé ïî÷òè 5 ìåñÿöåâ, åñòü äðóãèå ñëó÷àè íèçêîãî àòìîñôåð-
íîãî äàâëåíèÿ, â òîì ÷èñëå åãî î÷åíü ñèëüíîå óìåíüøåíèå 18 ìàðòà (ñì. ðèñ. 1). Îäíàêî
óâåëè÷åíèé îáúåìíîé àêòèâíîñòè ðàäîíà è òîðîíà â âîçäóõå êðîìå àíîìàëèè Á íåò. Ýòî
ãîâîðèò î òîì, ÷òî ðàäîí-òîðîíîâàÿ àíîìàëèÿ â âîçäóõå ãåíåòè÷åñêè ñâÿçàíà ñ ðàäîí-
òîðîíîâîé àíîìàëèåé â ñêâàæèíå. Àíîìàëèÿ â ñêâàæèíå ïîÿâèëàñü â ðåçóëüòàòå óâåëè-
÷åíèÿ ñîäåðæàíèÿ ðàäîíà è òîðîíà â îêðóæàþùèõ îñàäî÷íûõ ïîðîäàõ. Î÷åâèäíî, ÷òî
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ñîäåðæàíèå ýìàíàöèé óâåëè÷èëîñü òàêæå â ïî÷âå âîçëå ñêâàæèíû, íî ïîñòóïëåíèå èõ â
âîçäóõ ñòàëî âîçìîæíûì òîëüêî ïðè ïîÿâëåíèè ñèëüíûõ óìåíüøåíèé àòìîñôåðíîãî äàâ-
ëåíèÿ. Îòìåòèì, ÷òî äëÿ ðàññìàòðèâàåìîãî çåìëåòðÿñåíèÿ â ßïîíèè êîñåéñìè÷åñêèé è
ïîñòñåéñìè÷åñêèé ýôôåêòû â ðàäîí-òîðîíîâîì ïîëå îòñóòñòâóþò (ñì. ðèñ. 1).

Òàêèì îáðàçîì, 25 ÿíâàðÿ-11 ôåâðàëÿ 2011 ã. â ïóíêòå "Êàðûìøèíà"çàðåãèñòðèðîâàíà
ðàäîí-òîðîíîâàÿ àíîìàëèÿ â ñêâàæèíå, à 8-19 ôåâðàëÿ � â âîçäóõå ó ïîâåðõíîñòè çåì-
ëè âîçëå ñêâàæèíû. Âòîðàÿ àíîìàëèÿ ãåíåòè÷åñêè ñâÿçàíà ñ ïåðâîé, íî ïîÿâèëàñü â ðå-
çóëüòàòå ñèëüíûõ âàðèàöèé àòìîñôåðíîãî äàâëåíèÿ ñèíîïòè÷åñêîãî ìàñøòàáà. Âìåñòå ñ
óâåëè÷åíèåì â ýòî âðåìÿ èíòåíñèâíîñòè íèçêî÷àñòîòíîãî ñåéñìè÷åñêîãî øóìà íà áëèç-
êî ðàñïîëîæåííîé ñòàíöèè "Ïåòðîïàâëîâñê"[10], îáå àíîìàëèè ìîæíî ðàññìàòðèâàòü êàê
êðàòêîñðî÷íûé ïðåäâåñòíèê êàòàñòðîôè÷åñêîãî çåìëåòðÿñåíèÿ â ßïîíèè 11 ìàðòà 2011 ã.
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before the catastrophic earthquake in Japan on March 11, 2011

Rulenko O.P.1, Kuzmin Yu.D.2

1 Institute of Volcanology and Seismology FEB RAS, Russia
2 Kamchatka Branch of Geophysical Survey RAS, Russia

The paper presents the results of measurements of radon Rn and thoron Tn volumetric
activity at Karymshina observation point (52.8140N, 158.1050E) that is located in the area of
Verkhnyaya-Paratunka hydrothermal system in Kamchatka. From December 27, 2010 to May
20, 2011 the measurements were carried out in the 4-meter deep dry perforated borehole and
at the height of 5 cm above the ground surface and 1 meter from the borehole pipe in a wooden
cabin. Atmospheric pressure, air temperature and relative humidity in the cabin were measured
by a climatic chamber of radiometer. From January 25 to February 11 large increases of Rn
and Tn values relative to the background in the borehole were registered and from February
8 to 19 the Rn and Tn values increased near the borehole pipe. The increases of Rn and Tn
values in the air occurred during the changes in atmospheric pressure of synoptic scale and
had highly signi�cant negative correlation with these changes. These variations of atmospheric
pressure were absent during Rn and Tn disturbances in the borehole. There were no other Rn
and Tn disturbances in the borehole and in the air near the borehole pipe within the period of
measurements. Analysis of Ks >= 10.0 earthquakes occurred at the distance of 200 km from
Karymshina observation point revealed that local seismicity did not increase during Rn and Tn
disturbances. Rn and Tn disturbances in the borehole appeared 44.7 days before the earthquake
on March 11, 2011 in Japan with magnitude of 9.0, the epicenter of which was 2000 km from
Karymshina observation point. According to the data of Sobolev G.A. [Earth Physics, 2011. N
12. P. 11-22], Petropavlovsk seismic observatory, that is 43 km from Karymshina observation
point, recorded repeatedly the increase of intensity of low frequency seismic noise in a minute
range of periods 1.5 month (45 days) before this earthquake.

So, we can assume that anomalous disturbances of radon and thoron volumetric activity in
the borehole could be associated with the preparation of the catastrophic earthquake in Japan
and the increases of their activity in the air near the borehole resulted from the decreases of
the atmospheric pressure during cyclones.
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