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Çàäà÷à êðàòêîñðî÷íîãî ïðîãíîçà çåìëåòðÿñåíèé äî íàñòîÿùåãî âðåìÿ íå ðåøåíà, õîòÿ
çà ïîñëåäíèå äåñÿòèëåòèÿ áûë ñîçäàí ðÿä íîâûõ ìåòîäîâ èññëåäîâàíèÿ ïðåäâåñòíèêîâ ñåé-
ñìè÷åñêèõ ïðîöåññîâ. Îäíèì èç íàèáîëåå ïåðñïåêòèâíûõ ìåòîäîâ ìû ñ÷èòàåì íàáëþäåíèÿ
àýðîçîëüíûõ ïîòîêîâ, ïîñòóïàþùèõ â àòìîñôåðó èç ãëóáèí Çåìëè [1-3] ÷åðåç ïðèïîâåðõ-
íîñòíûå ìèêðîòðåùèíû. Íàáëþäàþòñÿ èçìåíåíèÿ êîíöåíòðàöèè, ñïåêòðà ðàçìåðîâ, à òàê-
æå õèìè÷åñêîãî ñîñòàâà àýðîçîëüíûõ ÷àñòèö [1-3]. Â òî æå âðåìÿ àýðîçîëüíàÿ êîìïîíåíòà
ìîæåò ïðèâîäèòü ê èçìåíåíèþ ýëåêòðè÷åñêîãî ïîëå Çåìëè, êîòîðîå òàêæå ñïîñîáíî àê-
òèâíî ðåàãèðîâàòü íà èçìåí÷èâîñòü òåíçîìåòðè÷åñêèõ õàðàêòåðèñòèê çåìíîé êîðû. Âûáîð
ýëåêòðîñòàòè÷åñêèõ õàðàêòåðèñòèê Çåìëè â êà÷åñòâå âîçìîæíîãî ïðèçíàêà çåìëåòðÿñåíèÿ
îáóñëîâëåí òàêæå òåì, ÷òî èçâåñòíà êîððåëÿöèÿ àíîìàëèé ãåîýëåêòðè÷åñêîãî ïîëÿ ñ ïîâû-
øåíèåì êîíöåíòðàöèè ãàçîâ â ïîäïî÷âåííûõ ñëîÿõ è â àòìîñôåðå ïðè äåôîðìàöèè çåìíîé
êîðû â ðàéîíàõ î÷àãîâ çåìëåòðÿñåíèé [4-5]. Èñõîäÿ èç ýòèõ ïðåäïîñûëîê, â íîÿáðå 1999 ãî-
äà áûëè ïðîâåäåíû ýêñïåäèöèîííûå ðàáîòû íà Òàìàíñêîì ïîëóîñòðîâå â çîíå Áóãàçñêîãî
ïîïåðå÷íîãî ðàçëîìà. Â õîäå ïðîâåäåíèÿ ýêñïåäèöèîííûõ ðàáîò èçìåðÿëèñü ñëåäóþùèå
ôèçè÷åñêèå õàðàêòåðèñòèêè:

• íàïðÿæåííîñòü ýëåêòðè÷åñêîãî ïîëÿ àòìîñôåðû ïðè ïîìîùè äàò÷èêà äèíàìè÷åñêîãî
òèïà, ïðåîáðàçóþùåãî ïîñòîÿííîå ïîëå Çåìëè â ïåðåìåííîå;

• ýëåêòðè÷åñêàÿ ïðîâîäèìîñòü àòìîñôåðíîãî âîçäóõà, èçìåðÿåìàÿ ïî âðåìåíè ðàçðÿäà
ñåò÷àòîãî îòêðûòîãî êîíäåíñàòîðà;

• êîýôôèöèåíòà àýðîçîëüíîãî îáúåìíîãî ðàññåÿíèÿ ñ ïîìîùüþ ìàëîãàáàðèòíîãî äàò-
÷èêà àýðîçîëÿ, èçìåðÿþùåãî ðàññåÿííîå ïîä óãëîì 450 èçëó÷åíèå. Èçìåðèòåëüíûå
ïðèáîðû ïîäêëþ÷àëèñü ê ïîðòàòèâíîé ÝÂÌ Notebook, êîòîðàÿ îáåñïå÷èâàëà ñáîð
ýêñïåðèìåíòàëüíûõ äàííûõ, à òàêæå èõ ïåðâè÷íóþ ñòàòèñòè÷åñêóþ îáðàáîòêó.

Íà ðèñ. 1 ïðåäñòàâëåí âðåìåííîé õîä êîýôôèöèåíòà àýðîçîëüíîãî ðàññåÿíèÿ (êðèâàÿ
ñâåðõó) è íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ çà ïåðèîä 19-22 îêòÿáðÿ 1999 ãîäà. Ñòðåëêà
óêàçûâàåò âðåìÿ, êîãäà ìåñòíàÿ ñåéñìè÷åñêàÿ ñòàíöèÿ çàôèêñèðîâàëà ïîäçåìíûé òîë÷îê ñ
ìàãíèòóäîé Ì=4.5 è ýïèöåíòðîì, ðàñïîëîæåííûì â 450 êì îò ñåéñìîñòàíöè �Àíàïà�. Çâåç-
äà ñîîòâåòñòâóåò íàáëþäåíèÿì â øòîëüíå, êîãäà â 300 ì îò ìåñòà èçìåðåíèé áûë ïðîâåäåí
âçðûâ 500 êã àììîíèòà. Èç ðèñóíêà âèäíî, ÷òî çà íåñêîëüêî ÷àñîâ ïåðåä çåìëåòðÿñåíè-
åì íàáëþäàåòñÿ ñóùåñòâåííîå óâåëè÷åíèå ïî ìîäóëþ íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ
Å äî âåëè÷èí ïîðÿäêà 170 Â/ì. Ïîñëå ýòîãî íåïîñðåäñòâåííî ïåðåä òîë÷êîì âåëè÷èíà Å
áûñòðî ïàäàåò äî ôîíîâûõ çíà÷åíèé. Çíà÷åíèå êîýôôèöèåíòà ðàññåÿíèÿ çà ýòîò ïåðèîä
âîçðîñëî ïðèìåðíî íà 50% è îñòàâàëîñü ïðàêòè÷åñêè íà ïîñòîÿííîì óðîâíå âïëîòü äî
òîë÷êà, ïîñëå ÷åãî ïðîèçîøåë ñáðîñ ê ïðåæíåìó óðîâíþ. Èç ðèñóíêà òàêæå âèäíî, ÷òî
ñîòðÿñåíèå ïî÷âû, âûçûâàåìîå òåõíîãåííîé ïðè÷èíîé (âçðûâîì â êàðüåðå), íå îêàçûâàåò
ñóùåñòâåííîãî âëèÿíèÿ íà âðåìåííîé õîä âåëè÷èíû Å. Â òî æå âðåìÿ ñîòðÿñåíèå ïî÷âû
âûçâàëî îñûïàíèå ïûëè ñî ñòåíîê è ïîòîëêà øòîëüíè, ÷òî ïðèâåëî ê óâåëè÷åíèþ êîýô-
ôèöèåíòà àýðîçîëüíîãî ðàññåÿíèÿ ïîñëå âçðûâà.
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Ðèñ. 1. Âðåìåííîé õîä íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ Å (íèæíèé ãðàôèê) è êîýô-
ôèöèåíòà ðàññåÿíèÿ σ. Ñòðåëêà ñîîòâåòñòâóþò ìîìåíòó çåìëåòðÿñåíèÿ, çâåçäà � ìîìåíòó
âçðûâà ïðè èçìåðåíèè â øòîëüíå. Ïåðâûé çàêðàøåííûé ïðÿìîóãîëüíèê ñîîòâåòñòâóåò
èçìåðåíèÿì ïðè îòñóòñòâèè òîë÷êîâ, âòîðîé � íåïîñðåäñòâåííî ïåðåä çåìëåòðÿñåíèåì

Ðèñ. 2. Àìïëèòóäíûå ñïåêòðû ôëóêòóàöèé êîýôôèöèåíòà ðàññåÿíèÿ â ñïîêîéíûé ïåðè-
îä (êðèâàÿ 1) è ïåðåä çåìëåòðÿñåíèåì (êðèâàÿ 2). Âåðòèêàëüíûå îòðåçêè óêàçûâàþò íà
äîâåðèòåëüíûé èíòåðâàë äëÿ âåðîÿòíîñòè 0,9
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Ðèñ. 3. Àìïëèòóäíûå ñïåêòðû ôëóêòóàöèé íàïðÿæåííîñòè E â ñïîêîéíûé ïåðèîä (êðèâàÿ
1) è ïåðåä çåìëåòðÿñåíèåì (êðèâàÿ 2). Âåðòèêàëüíûå îòðåçêè óêàçûâàþò íà äîâåðèòåëü-
íûé èíòåðâàë äëÿ âåðîÿòíîñòè 0,9

Èññëåäîâàíèå ñïåêòðàëüíûõ õàðàêòåðèñòèê ôëóêòóàöèé êîýôôèöèåíòà àýðîçîëüíîãî
ðàññåÿíèÿ σ ïîêàçàëî, ÷òî îíè ñóùåñòâåííî çàâèñÿò îò àêòèâíîñòè çåìíîé êîðû â ïåðèîä
èçìåðåíèé. Íà ðèñ.2 ïðèâåäåíû ñïåêòðû ïëîòíîñòè ìîùíîñòè ôëóêòóàöèé àìïëèòóäû σ,
ïîñòðîåííûå äëÿ �ñïîêîéíîãî� ïåðèîäà è â èíòåðâàë âðåìåíè, íåïîñðåäñòâåííî ïðåäøå-
ñòâóþùèé çåìëåòðÿñåíèþ. Àíàëèç äàííûõ ïîêàçûâàåò, ÷òî ìàêñèìàëüíûå çíà÷åíèÿ ñïåê-
òðîâ ôëóêòóàöèé àìïëèòóä ïðèõîäÿòñÿ íà ïåðèîä ïåðåä çåìëåòðÿñåíèåì, ïðè ýòîì ìàêñè-
ìóìû ñïåêòðîâ îòëè÷àþòñÿ áîëåå ÷åì â 2 ðàçà. Êðîìå òîãî, àìïëèòóäíûé ñïåêòð ôëóêòó-
àöèé σ äëÿ àêòèâíîãî ïåðèîäà îòëè÷àåòñÿ áîëüøèì äèàïàçîíîì èçìåí÷èâîñòè âåëè÷èíû
Sσ(f). Ñïåêòðû ôëóêòóàöèé íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ SE(f) òàêæå ñóùåñòâåí-
íî çàâèñÿò îò âðåìåíè ïðîâåäåíèÿ èçìåðåíèé. Íà ðèñ.3 ïðèâåäåíû ñïåêòðû ôëóêòóàöèé
àìïëèòóä âåëè÷èíû Å äëÿ ïåðèîäîâ �ñïîêîéíîé� çåìíîé êîðû è ïåðåä çåìëåòðÿñåíèåì.
Êàê âèäíî èç ãðàôèêîâ, ìàêñèìàëüíûå çíà÷åíèÿ ñïåêòðîâ àìïëèòóä äëÿ ðàçíûõ ñèòóàöèé
îòëè÷àþòñÿ áîëåå ÷åì íà ïîðÿäîê! Ñòîëü çíà÷èòåëüíîå îòëè÷èå ïîêàçûâàåò, ÷òî â ôîð-
ìèðîâàíèè ñòðóêòóðû ýëåêòðè÷åñêîãî ïîëÿ äàííîãî ðåãèîíà âåñüìà çíà÷èòåëüíóþ ðîëü
èãðàþò òåêòîíè÷åñêèå ïðîöåññû çåìíîé êîðû.

Íà ðèñ.4 ïîêàçàí âðåìåííîé õîä ýëåêòðè÷åñêîé ïðîâîäèìîñòè àòìîñôåðû. Èç ðèñóíêà
âèäíî, ÷òî ìîìåíòàì òîë÷êîâ ïðåäøåñòâóåò óâåëè÷åíèå ïðîâîäèìîñòè àòìîñôåðû, ÷òî
ìîæíî îáúÿñíèòü óâåëè÷åíèåì êîíöåíòðàöèè â âîçäóõå çàðÿæåííûõ ÷àñòèö. Èç ñðàâíåíèÿ
ðèñóíêîâ 1 è 4 âèäíî, ÷òî íåïîñðåäñòâåííî ïåðåä òîë÷êîì óâåëè÷èâàåòñÿ êàê êîýôôèöèåíò
ðàññåÿíèÿ, òàê è ýëåêòðè÷åñêàÿ ïðîâîäèìîñòü àòìîñôåðû, ïîýòîìó âîçíèêàåò âîïðîñ î
âçàèìîñâÿçè àýðîçîëüíûõ è ýëåêòðîïðîâîäÿùèõ ñâîéñòâàõ àòìîñôåðû. Îöåíèòü âëèÿíèå
àýðîçîëÿ íà êîíöåíòðàöèþ çàðÿæåííûõ ÷àñòèö n ìîæíî èç ñëåäóþùåãî óðàâíåíèÿ:

dn

dt
= ν − αn2 − βNn

ãäå ν � èíòåíñèâíîñòü èîíîîáðàçîâàíèÿ, α � êîýôôèöèåíò ðåêîìáèíàöèè , β � êîýô-
ôèöèåíò ïðèñîåäèíåíèÿ ëåãêèõ èîíîâ ê àýðîçîëüíûì ÷àñòèöàì, N � êîíöåíòðàöèÿ àýðî-
çîëüíûõ ÷àñòèö. Äëÿ ðàâíîâåñíîãî ñîñòîÿíèÿ ïðè dn/dt =0 äèôôåðåíöèàëüíîå óðàâíåíèå
ïðåâðàùàåòñÿ â óðàâíåíèå âòîðîãî ïîðÿäêà è ëåãêî ðåøàåòñÿ îòíîñèòåëüíî n. Èç ðåøå-
íèÿ âèäíî, ÷òî âëèÿíèå àýðîçîëüíûõ ÷àñòèö íà êîíöåíòðàöèþ èîíîâ ñóùåñòâåííî ïðè
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Ðèñ. 4. Âðåìåííîé õîä ïðîâîäèìîñòè àòìîñôåðíîãî âîçäóõà ñ 19 ïî 22 îêòÿáðÿ. Ñòðåëêà
ñîîòâåòñòâóþò ìîìåíòó òîë÷êà, çâåçäà � âçðûâó ïðè èçìåðåíèÿõ â øòîëüíå

Ðèñ. 5. Âðåìåííîé õîä êîýôôèöèåíòà ðàññåÿíèÿ 1-2 àâãóñòà 2008 ã. Òîíêèå âåðòèêàëüíûå
ëèíèè ñîîòâåòñòâóþò íà÷àëó è êîíöó çàòìåíèÿ. Òîëñòàÿ ëèíèÿ-ôàçà ïîëíîãî çàòìåíèÿ
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βN >> αν. Äàííîå óñëîâèå â ïðèçåìíîì ñëîå àòìîñôåðû âûïîëíÿåòñÿ âñåãäà, ïîýòî-
ìó ó÷åò àýðîçîëüíîé êîìïîíåíòû íåîáõîäèì ïðè ðàñ÷åòàõ ýëåêòðîñòàòè÷åñêèõ õàðàêòåðè-
ñòèê àòìîñôåðû. Êðîìå òîãî, èç àíàëèçà ñòàòèñòè÷åñêèõ äàííûõ ìíîãîëåòíèõ èçìåðåíèé
ýëåêòðè÷åñêèõ õàðàêòåðèñòèê àòìîñôåðû ñëåäóåò, ÷òî ñî âðåìåíåì ýëåêòðîïðîâîäíîñòü
àòìîñôåðû ìåäëåííî ïàäàåò, ÷òî ñâÿçûâàåòñÿ ñ óâåëè÷åíèåì êîíöåíòðàöèè àýðîçîëÿ àí-
òðîïîãåííîãî ïðîèñõîæäåíèÿ. Òàê êàê â íàøåì ñëó÷àå íàáëþäàåòñÿ îáðàòíûé ïðîöåññ,
ìîæíî ñäåëàòü âûâîä, ÷òî â àòìîñôåðó ïðè ýòîì âûäåëÿåòñÿ çíà÷èòåëüíîå êîëè÷åñòâî
èîíîâ. Âòîðîé ýòàï èçìåðåíèé àýðîçîëüíîãî ðàññåÿíèÿ ïðîâîäèëñÿ íà Àëòàå âáëèçè Êîø-
Àãà÷à â ãëóáîêîé øòîëüíå. Îí èíòåðåñåí òåì, ÷òî âî âðåìÿ èçìåðåíèé ïðîõîäèëî ïîëíîå
ñîëíå÷íîå çàòìåíèå 2008 ãîäà. Ïðåäñòàâëåííûé íà ðèñ.5 ãðàôèê ïîêàçûâàåò íàðàñòàíèå
àýðîçîëüíîãî ðàññåÿíèÿ ïîñëå ïðîõîæäåíèÿ ôàçû çàòìåíèÿ. Îáúÿñíåíèå ýòîãî ôàêòà òðå-
áóåò ïðèâëå÷åíèÿ íîâûõ äàííûõ äîïîëíèòåëüíûõ èññëåäîâàíèé.
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Aerosol precursors of earthquakes in the lower atmosphere in the
areas of tectonic activity

Alekseev V.A.1, Alekseeva N.G.1, Grishin A.I.2, Matvienko G.G.2
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The problem of short-term earthquake prediction has not been solved so far, although
during the last decades, new methods to study seismic process precursors have been developed.
These include monitoring of gas and aerosol �ows penetrating into the atmosphere from the
depths of the Earth. One of the indicators of tectonic activity increase is the increase of aerosol
background determined by the appearance of aerosol particles in the atmosphere entrained by
gas (Í2 , H2S, ÑÎ2, ÑÍ4 etc.) �ows into the atmosphere through near-surface cracks. Changes
in concentration, spectrum size and aerosol particle chemical composition may be observed. At
the same time, due to electri�cation of particles, aerosol component may cause electric �eld
con�guration change in a local area of the earth surface. The basis of the present paper are
experimental observations of atmosphere electric and aerosol characteristic changeability in
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the regions of tectonic activity. The �rst stage of work was carried out in a seismically active
zone on Taman peninsular in the area of Bugaz cross fault. Atmosphere electric �eld intensity,
atmospheric air electric conductivity and aerosol volume scattering coe�cient were measured
during the experiment. The second stage of measurements of aerosol scattering was carried out
in Altai near Kosh-Agach in a deep tunnel. It was interesting since total solar eclipse of 2008
occurred during this time. During the analysis of atmosphere temporal electric and optical
characteristics, signal �uctuations, which coincided in time with underground shocks, were
registered. Investigation of spectral characteristics of aerosol scattering coe�cient �uctuations
showed, that they signi�cantly depend on the Earth core activity during measurements. Data
analysis showed that the maximum values of amplitude �uctuation spectra are registered before
an earthquake, spectrum maxima di�er by more than 2 orders. Moreover, amplitude �uctuation
spectrum for an active period di�ers by a larger range of changeability. Electric �eld intensity
�uctuation spectra also signi�cantly depend on time of measurements, maximum values of
amplitude spectra for di�erent situations di�er by more than one order! The presented data
con�rm the prospectivity of such complex investigations of atmosphere electric and aerosol
characteristics.
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