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Ïðîòåêàþùèå â ãåîñðåäå òîêè èìåþò íèçêóþ ïëîòíîñòü, òàê ÷òî ãèïîòåçà î �ïîäçåì-
íûõ ãðîçàõ� [1], âîçáóæäàþùèõ óïðóãèå âîëíû, îêàçàëàñü íåñîñòîÿòåëüíîé. Ïî ñóòè, ýòî
áûëà ðàçíîâèäíîñòü ìîäåëè âçðûâíîãî î÷àãà çåìëåòðÿñåíèÿ, ÇËÒ. Òåì íå ìåíåå, îíà ñòà-
ëà ïåðâûì óïîìèíàíèåì �ãðîçû�, ÷òî àññîöèèðóåòñÿ íå òîëüêî ñ ìîëíèåé è ãðîìîì, íî è
ñ ìíîãîñòàäèéíûìè ïðîöåññàìè ïîëÿðèçàöèè ñðåäû, â êîòîðûõ ïðèíèìàþò ó÷àñòèå âîñ-
õîäÿùèå è íèñõîäÿùèå ïîòîêè ãàçîâ è âîäÿíîãî ïàðà. Àíàëîãè÷íûé ïðîöåññ: äåãàçàöèÿ
Çåìëè ìîæåò èãðàòü âåñüìà âàæíóþ ðîëü âî âñåõ ýôôåêòàõ ãåîìåõàíèêè è ãåîýëåêòðèêè
[2], íî èíôîðìàöèè î íåì ïîêà íåäîñòàòî÷íî äëÿ ïîñòðîåíèÿ êîëè÷åñòâåííûõ ìîäåëåé. Ê
íàñòîÿùåìó âðåìåíè ðàçðàáîòàíî íåñêîëüêî ïîëóêà÷åñòâåííûõ ìîäåëåé ìåõàíèçìà âëèÿ-
íèÿ ýëåêòðîìàãíèòíûõ (ÝÌ) èìïóëüñîâ íà íåóïðóãîå äåôîðìèðîâàíèå ãåîñðåäû (âêëþ÷àÿ
ñåéñìè÷íîñòü). Ýòè ìîäåëè óêàçàëè, ÷òî äëÿ âîäîíàñûùåííîé ñðåäû óïðàâëÿþùèì ïàðà-
ìåòðîì ìîæåò ñ÷èòàòüñÿ ïëîòíîñòü òîêà, j, âîçáóæäàåìîãî ïðè ÝÌ âîçäåéñòâèÿõ [3,4].
Áîëüøîå ÷èñëî ðàáîò ïîñâÿùåíî âîïðîñàì âîçáóæäåíèÿ ÝÌ ñèãíàëîâ íà ðàçíûõ ñòàäè-
ÿõ ñåéñìè÷åñêîãî ïðîöåññà, è âûäåëåíèå óïðàâëÿþùåãî ïàðàìåòðà äëÿ ïðÿìîãî ìåõàíî-
ýëåêòðè÷åñêîãî ïðåîáðàçîâàíèÿ ýíåðãèè ìåíåå îäíîçíà÷íî. Òåì íå ìåíåå, â ðÿäå ñëó÷àåâ
(âêëþ÷àÿ ñåéñìîèîíîñôåðíûå âàðèàöèè ïåðåä è ïîñëå çåìëåòðÿñåíèÿ) ðîëü òàêîãî ïàðà-
ìåòðà èãðàåò ìàññîâàÿ ñêîðîñòü v.

Ñ ó÷åòîì èçëîæåííîãî, ïðåäñòàâëÿåò èíòåðåñ ðàññìîòðåòü ýëåêòðîìåõàíè÷åñêèå âçàè-
ìîñâÿçè â ãåîñðåäå ñ îáùåôèçè÷åñêèõ ïîçèöèé, à èìåííî êàê ïåðåäà÷ó èìïóëüñà îò âåùå-
ñòâà ê ÝÌ ïîëþ (ïðÿìîå ïðåîáðàçîâàíèå) è îò ïîëÿ ê âåùåñòâó (îáðàòíîå ïðåîáðàçîâàíèå).
Ïðåäïîñûëêîé äëÿ òàêîãî ïîäõîäà ÿâëÿåòñÿ íåñóùåñòâåííîñòü òåïëîâûõ ýôôåêòîâ (òåï-
ëîâûäåëåíèÿ ïðè òðåíèè íà êîíòàêòàõ áëîêîâ, äæîóëåâà íàãðåâà è äð) â óñëîâèÿõ ýëåê-
òðîìàãíèòíûõ çîíäèðîâàíèé èëè ôîðìèðîâàíèÿ ÝÌ ïðåäâåñòíèêîâ â ïðèïîâåðõíîñòíûõ
ñëîÿõ êîðû. Èçâåñòíî, ÷òî ïåðåäà÷à èìïóëüñà ïðè ëþáûõ âçàèìîäåéñòâèÿõ (â òîì ÷èñ-
ëå âåùåñòâî - ÝÌ ïîëå) îêàçûâàåòñÿ ýôôåêòèâíîé, êîãäà èìïóëüñû âçàèìîäåéñòâóþùèõ
îáúåêòîâ ñîïîñòàâèìû äðóã ñ äðóãîì, ïîäîáíî ñëó÷àþ ñòîëêíîâåíèÿ øàðîâ. Ïîïðîáóåì
ïðîàíàëèçèðîâàòü, îò êàêèõ ïàðàìåòðîâ çàâèñèò îòíîøåíèå ïîëåâîé è ìåõàíè÷åñêîé ñî-
ñòàâëÿþùåé îáîáùåííîãî èìïóëüñà, êîòîðûé îïèñûâàåòñÿ ôîðìóëîé:

P = (ρv− ρe A ) δV (1)

ãäå ρ- ìàññîâàÿ ïëîòíîñòü, ρe – ïëîòíîñòü çàðÿäà, A – âåêòîð ïîòåíöèàë ÝÌ ïîëÿ,
δV � ýëåìåíò îáúåìà. Äëÿ ñðàâíåíèÿ ïðèâîäèòñÿ èçâåñòíàÿ ôîðìóëà äëÿ èìïóëüñà ÷àñòè-
öû ìàññû m ñ çàðÿäîì e P = m v – e A. Äëÿ êðàéíå ìàëûõ ñêîðîñòåé âåùåñòâåííîå
ñëàãàåìîå çàìåíÿåòñÿ îïåðàòîðîì èìïóëüñà P∧1 = - i h ∇. Â âûðàæåíèè (1) ïîäðàçóìå-
âàåòñÿ, ÷òî äåéñòâóþùåå íà çàðÿäû ρe, e ñàìî ñîçäàåòñÿ äðóãèìè çàðÿäàìè èëè òîêàìè,
âî èçáåæàíèå ïðîáëåì ñ ñàìîäåéñòâèåì. Óæå èç ñàìîé ôîðìû çàïèñè (1) ñëåäóåò, ïðè
êàêèõ óñëîâèÿõ ìîæíî îæèäàòü ýôôåêòèâíîñòè ýëåêòðîìåõàíè÷åñêîé âçàèìîñâÿçè- ïðè
î÷åíü íèçêèõ ñêîðîñòÿõ äâèæåíèÿ (â äàííîì ñëó÷àå äåôîðìèðîâàíèÿ) è ïðè äîñòàòî÷íîé
ïëîòíîñòè èçáûòî÷íûõ çàðÿäîâ. Îäíîâðåìåííîå âûïîëíåíèå ýòèõ óñëîâèé ñîîòâåòñòâóåò
çàìåäëåíèþ ñêîðîñòè äåôîðìàöèè çîíû ñ íàèáîëüøåé ýëåêòðè÷åñêîé ïîëÿðèçàöèåé. Äëÿ
îöåíêè áåçðàçìåðíîãî îòíîøåíèÿ ρe A / ρ v âûðàçèì âåêòîð ïîòåíöèàëà A ÷åðåç ïàðà-
ìåòðû èñòî÷íèêîâ ïî ôîðìóëàì ýëåêòðîäèíàìèêè, [5].
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1) Ñëó÷àé ïðåèìóùåñòâåííî ýëåêòðè÷åñêîãî âîçäåéñòâèÿ (÷åðåç ýëåêòðîäû, êàê ïðàê-
òè÷åñêè âî âñåõ ýêñïåðèìåíòàõ [6]). Â ñèëó E = ∂A/∂t ñ ïîðÿäêîâîé òî÷íîñòüþ ìîæíî
çàïèñàòü A∼ E δt, è îòíîøåíèå ðàâíî

RE = ρeEδt/ρv (2)

Äëÿ îöåíêè âåëè÷èíû RE , êîòîðîå äåéñòâèòåëüíî ìîæåò áûòü ðåàëèçîâàíî, â ïðà-
âóþ ÷àñòü (2) áóäåì ïîäñòàâëÿòü çàâûøåííîå çíà÷åíèå ñêîðîñòè v è çàíèæåííîå çíà÷åíèå
ïëîòíîñòè çàðÿäà ρe. Èçâåñòíî, ÷òî äëÿ îáðàçöîâ ãðàíèòîèäîâ òèïîâîå çíà÷åíèå ñêîðîñòè
äåôîðìàöèè â èñïûòàíèÿõ íà ïîëçó÷åñòü ïðè ñæàòèè ìåíåå 0,95 îò ìàêñèìàëüíîãî ñî-
ñòàâëÿåò ïîðÿäêà∼10−6 1/ñ. Ñ ó÷åòîì ðàçìåðà îáðàçöîâ ∼ 0,05 ì äëÿ ñêîðîñòè v ìîæíî
ïðèíÿòü îöåíêó ∼ v ∼ 5 10−8 м/с. Ïëîòíîñòü ρ - íàèáîëåå èçâåñòíûé ïàðàìåòð, ρ ∼
2,2-2,7 103 êã/ì3 Ïàðàìåòðû ýëåêòðè÷åñêèõ èìïóëüñîâ â ýêñïåðèìåíòàõ [6] áûëè E ∼ 1000
Â/ì (àìïëèòóäà ïðè èñïîëüçîâàíèè ãåíåðàòîðà Ã5-54), δt ∼ 20 ìêñ (äëèòåëüíîñòü èì-
ïóëüñà). Íàèáîëåå íåîïðåäåëåííûé ïàðàìåòð - îáúåìíàÿ ïëîòíîñòü çàðÿäà. Ñîãëàñíî [7],
ïîâåðõíîñòíàÿ ïëîòíîñòü çàðÿäà â ùåëî÷íî-ãàëîãåííûõ êðèñòàëëàõ ñ òðåùèíàìè ìîæåò
äîñòèãàòü (1-3) 10−4 Êë/ì2. Åñëè âçÿòü äëÿ îáðàçöîâ ãðàíèòà íà ïîðÿäîê ìåíüøåå çíà÷åíèå
∼10−5 Êë/ì2, òî ïîñëå ïåðåñ÷åòà íà îáúåì ïîëó÷èòñÿ ρe ∼ 3 10−4 Êë/ì3. Ïîäñòàíîâêà
çíà÷åíèé âñåõ ýòèõ ïàðàìåòðîâ â (2) ïðèâîäèò ê ñëåäóþùåìó ðåçóëüòàòó: RE ∼ 0,005.
Ëþáîïûòíî, ÷òî îòíîøåíèå RE îêàçàëîñü áëèçêèì ê èçâåñòíîìó â êâàíòîâîé ýëåêòðîäè-
íàìèêå ôàêòîðó e2/hc ≈ 1/137 � ïîïðàâêå ê àòîìíûì óðîâíÿì èç-çà ýíåðãèè- èìïóëüñà
ýëåêòðîìàãíèòíîãî ïîëÿ (îáîçíà÷åíèÿ çàðÿäà ýëåêòðîíà, e, ïîñòîÿííîé Ïëàíêà, h, è ñêî-
ðîñòè ñâåòà, ñ ñòàíäàðòíûå). Îáñóäèì, à ìîæåò ëè îòíîøåíèå RE , ñ êîòîðûì ñâÿçûâàåòñÿ
ýôôåêòèâíîñòü ÝÌ âîçäåéñòâèé, áûòü åùå âûøå. Ôîðìàëüíî, RE âîçðàñòàåò, ñ óìåíüøå-
íèåì ñêîðîñòè. Íî ïðåäåë v → 0 íåâîçìîæåí ñèëó ïðèíöèïà íåîïðåëåííîñòè Ãàéçåíáåðãà.
Äëÿ êðàéíå ìåäëåííûõ äâèæåíèé êëàññè÷åñêîå âûðàæåíèå äëÿ èìïóëüñà (1) çàìåíÿåòñÿ
îïåðàòîðíûì. Óäîáíî ðàññìîòðåòü ñëó÷àé, êîãäà äëèíà âîëíû Äå - Áðîéëÿ ñðàâíèìà ñ
ðàçìåðîì îáúåêòà, íî íàìíîãî ìåíüøå äëèíû âîëíû ÝÌ ïîëÿ. Òîãäà ïîëå îïèñûâàåòñÿ
êëàññè÷åñêè. Äëÿ îöåíêè îòíîøåíèÿ ñîñòàâëÿþùèõ èìïóëüñà ìîæíî ãðàäèåíò ∇ çàìå-
íèòü íà 1/L (L - äëèíà), à äëÿ ïîòåíöèàëà A èñïîëüçîâàòü àïïðîêñèìàöèè A∼ E δt∼
(ϕ/L) δt ∼(Z e/L2) δt. Çäåñü Z- çàðÿäîâîå ÷èñëî èñòî÷íèêà ïîëÿ, çàìåíÿþùåå àìïëèòó-
äó. Òîãäà îòíîøåíèå RE ïðèìåò ôîðìó

RE,qw ∼ eϕδt/~ ∼ (e2/~c)Z(cδt/L) (3)

êîòîðàÿ äåìîíñòðèðóåò, ÷òî äëÿ îáû÷íûõ ýëåêòðîìàãíèòíûõ ñèñòåì ñ õàðàêòåðíûì
âðåìåíåì âçàèìîäåéñòâèÿ δt ∼ L/c âêëàä ïîëåâîãî ñëàãàåìîãî ïðèíöèïèàëüíî îãðàíè÷åí.
Îí äîëæåí áûòü ïîðÿäêà 1/137 îòíîñèòåëüíîãî âêëàäà ìåõàíè÷åñêîãî ñëàãàåìîãî. Ìîæíî
ïðåäïîëîæèòü, ïåðåõîäÿ îò óñëîâíîé ïðîñòîé çàäà÷è ê ãåîìàòåðèàëàì, ÷òî âëèÿíèå ýëåê-
òðîìàãíèòíîãî ïîëÿ íà õîä äåôîðìèðîâàíèÿ ñòàíîâèòñÿ íàèáîëåå ýôôåêòèâíûì, êîãäà
ñêîðîñòü ÝÌ âîëíû â âåùåñòâå ñèëüíî çàìåäëÿåòñÿ.

2) Ñëó÷àé çàäàííîãî òîêà. Äëÿ âîçäåéñòâèé ïðè ðàçðÿäàõ ÌÃÄ-ãåíåðàòîðîâ è îáû÷-
íûõ ýëåêòðîèìïóëüñíûõ èñòî÷íèêîâ èìåííî òîê ÿâëÿëñÿ çàäàâàåìûì ïàðàìåòðîì [4,6].
Èñïîëüçóÿ èçâåñòíûå âûðàæåíèÿ

µ0H = rot A, rot H = µ0j+ ∂(εε0E)/∂t (4)

ãäå H � íàïðÿæåííîñòü ìàãíèòíîãî ïîëÿ, j- ïëîòíîñòü òîêà, µ0 , ε0 � àáñîëþòíûå ìàã-
íèòíàÿ è äèýëåêòðè÷åñêèå ïðîíèöàåìîñòè, ε îòíîñèòåëüíàÿ ïðîíèöàåìîñòü, ìîæíî îöå-
íèòü âåëè÷èíó A â ïðåíåáðåæåíèè òîêàìè ñìåùåíèÿ êàê A ∼ µ0 j L

2 (ôàêòè÷åñêè ýòî
ñîîòíîøåíèå ðàçìåðíîñòè). Ïîñëå ïîäñòàíîâêè ýòîé îöåíêè â (1) ñëåäóþùåå âûðàæåíèå
äëÿ îòíîøåíèÿ èìïóëüñîâ ïîëÿ è âåùåñòâà
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Rj = ρeµ0jL
2/ρv ∼ ρeµ0I/ρv, (5)

ãäå ïî ðàçìåðíîñòè ââåäåíî îáîçíà÷åíèå ïîëíîãî òîêà, ëîêàëèçîâàííîãî â îáëàñòè ñ
ðàçìåðîì L. Ñëåäóåò îòìåòèòü, ÷òî òîê ïåðåíîñèòñÿ íå òîëüêî èçáûòî÷íûìè çàðÿäàìè,
òàê ÷òî ρe è j âõîäÿò â (5) íåçàâèñèìî. Ðàññìîòðèì ïðèìåðû. Â ýêñïåðèìåíòàõ ñ âîäî-
íàñûùåííûìè îáðàçöàìè [6] ñîïðîòèâëåíèå ìåæäó ýëåêòðîäàìè áûëî íå ìåíåå 10 êÎì,
òàê ÷òî äàæå ïðè ðàçðÿäàõ èíäóêöèîííîãî ãåíåðàòîðà (íàïðÿæåíèå ïîðÿäêà 5 êÂ) òîê
íå ïðåâûøàë 0,5 À. Åñëè ïðèíÿòü çíà÷åíèÿ ñêîðîñòè v è ïëîòíîñòè çàðÿäà ρe òàêèìè æå,
êàê è äëÿ ñóõèõ îáðàçöîâ (ïîñëåäíåå ìàëîâåðîÿòíî, ðåàëüíîå ρe äîëæíî áûòü íèæå), òî èç
(5) ïîëó÷èòñÿ Rj ∼ 10−8. Ñòîëü íèçêîå çíà÷åíèå ýòîãî îòíîøåíèÿ óêàçûâàå íà òî, ÷òî â
ëàáîðàòîðíûõ óñëîâèÿõ ýôôåêò îòêëèêà îáðàçöîâ íà ÝÌ âîçäåéñòâèÿ îáóñëîâëåí òîëüêî
ýëåêòðè÷åñêîé êîìïîíåíòîé, òîê ÷åðåç îáðàçåö íå ìîæåò èãðàòü ðîëè.

Â ñëó÷àå âîçäåéñòâèé ïðè ýëåêòðîìàãíèòíûõ çîíäèðîâàíèÿõ çåìíîé êîðû ñ ïðèìåíå-
íèåì ìîùíûõ èñòî÷íèêîâ, ïîëíûé òîê 600-2000 À [4,6], à äëÿ òîêà, ëîêàëèçîâàííîãî â
íåêîòîðîé îáëàñòè, ãäå ôîðìèðóåòñÿ ïåðâè÷íûé îòêëèê åñòåñòâåííî äîïóñòèòü, ÷òî I ≤
100 A. Õàðàêòåðíàÿ ñêîðîñòü òåêòîíè÷åñêèõ ïîäâèæåê ∼ 3 ñì/ãîä, èëè 10−10 ì/ñ. Åñëè è
â ýòîì ñëó÷àå äîïóñòèòü íàëè÷èå â íåêîòîðûõ çîíàõ èçáûòî÷íûõ çàðÿäîâ ñ ïëîòíîñòüþ
ρe ∼ 3 10−4 Êë/ì3 (êàê äëÿ âûøåðàññìîòðåííûõ ñëó÷àåâ), òî ðàñ÷åò ïî ôîðìóëå (5)
ïðèâîäèò ê îöåíî÷íîìó ðåçóëüòàòó Rj ∼ 10−3. Åñëè æå èñïîëüçîâàòü äëÿ ïîäñòàíîâêè â
(5) çíà÷åíèå òîêà (I=600 À), òî Rj ñòàíåò áëèçêèì ê ôàêòîðó RE (2) äëÿ ýêñïåðèìåíòîâ
íà îáðàçöàõ. Ýòî îáñòîÿòåëüñòâî ìîæåò îòðàæàòü, ñ íîâûõ ïîçèöèé, àíàëîãèþ îòêëèêîâ
íà ÝÌ âîçäåéñòâèÿ â íàòóðíûõ è ïîëåâûõ óñëîâèÿõ.

Îäèí èç êîíêðåòíûõ ìåõàíèçìîâ, îïèñûâàþùèé ïðÿìîå è îáðàòíîå ïðåîáðàçîâàíèå -
ñåéñìîýëåêòðè÷åñêèé (ýëåêòðîñåéñìè÷åñêèé) ýôôåêò ïðè ñìåùåíèè ïðîâîäÿùåãî ôëþè-
äà â êîëëåêòîðàõ îòíîñèòåëüíî ñêåëåòíîãî âåùåñòâà. Íî íå èñêëþ÷åíî, ÷òî ðîëü ÿâëåíèé
ýëåêòðîêèíåòèêè â ìåõàíèçìå ÝÌ âîçäåéñòâèé íà ñðåäó ïðåóâåëè÷èâàëàñü. Îá ýòîì ìî-
æåò ñâèäåòåëüñòâîâàòü ïðèìåð �çàìêíóòîé� ñèñòåìû [5], â êîòîðîì ýëåêòðîêèíåòèêà íå
ïðèâîäèò ê âîçíèêíîâåíèþ ãðàäèåíòà äàâëåíèÿ (âîïðåêè ðàñïðîñòðàíåííûì ïðåäñòàâëå-
íèÿì). Ðàññìîòðèì, ñëåäóÿ [8], îñîáåííîñòè ýëåêòðîîñìîñà. Ïðè÷èíà äâèæåíèÿ � íàëè÷èå
èçáûòêà îäíîèìåííûõ èîíîâ âáëèçè òâåðäîé ïîâåðõíîñòè è â ñòåíêè â íàðóæíîé ÷àñòè
ïðèñòåíî÷íîãî ñëîÿ. Ýëåêòðè÷åñêîãî ïîëå âûíóæäàåò èçáûòî÷íûå èîíû ñìåùàòüñÿ. Åñëè
èîíû, íàõîäÿùèåñÿ íåïîñðåäñòâåííî ó ñòåíêè è îáðàçóþùèå îáêëàäêó äâîéíîãî ñëîÿ íå
ïåðåìåùàþòñÿ, âîçíèêàåò ïåðåïàä äàâëåíèÿ (ðèñ.1 à). Ýòî ñëó÷àé î÷åíü âûñîêîé âÿçêîñòè
ëèáî òðåíèÿ î ñòåíêè. Â ãåîýëåêòðèêå, êàê ïðàâèëî, ïðèíèìàåòñÿ ìîäåëü ðèñ. 1 à. Äðó-
ãîé ñëó÷àé ðåàëèçóåòñÿ, êîãäà ó ñòåíêè âîçíèêàåò âñòðå÷íûé ïîòîê (èç-çà èçáûòêà èîíîâ
äðóãîãî çíàêà, ÷åì ñ âíóòðåííåé ñòîðîíû äâîéíîãî ñëîÿ, ðèñ.1 b ïðè îäíîì è òîì æå íà-
ïðàâëåíèè ïîëÿ Е). Ïîêàçàííàÿ íà ðèñ. 1 b ñòðóêòóðà òå÷åíèÿ ïîÿñíÿåò, ïî÷åìó â ýòîì
ñëó÷àå ìîæåò íå âîçíèêàòü ïåðåïàäà äàâëåíèÿ ïî äëèíå êàïèëëÿðà (èçìåíÿþòñÿ òîëüêî
óäåëüíûå êîíöåíòðàöèè èîíîâ, êàê îãîâîðåíî â [5]).

Àëüòåðíàòèâîé òðàäèöèîííûì ìîäåëÿì ýëåêòðîêèíåòèêè ìîæåò áûòü íîâàÿ ìîäåëü,
ôîðìóëèðóåìàÿ ïî àíàëîãèè ñ äðóãèìè ñðåäàìè, ñîäåðæàùèìè çàðÿæåííûå ÷àñòèöû. È â
ôèçèêå ïëàçìû (ñëó÷àé èîíèçèðîâàííûõ ãàçîâ) è â ìèêðîýëåêòðîíèêå (ñëó÷àé ïîëóïðî-
âîäíèêîâ ñ ýëåêòðîííî-äûðî÷íûìè íîñèòåëÿìè çàðÿäîâ) èçâåñòåí ýôôåêò âîçáóæäåíèÿ
êîëåáàíèé ýëåêòðè÷åñêèì òîêîì. Äëÿ ïëàçìû ïîëóïðîâîäíèêîâ èçâåñòåí ýôôåêò âîçáóæ-
äåíèÿ êîëåáàíèé ýëåêòðè÷åñêèì òîêîì, ò.å. àêóñòîýëåêòðîííîå óñèëåíèå çâóêîâûõ âîëí
[9]. Ýòî ïðîèñõîäèò, åñëè ñðåäíÿÿ íàïðàâëåííàÿ ñêîðîñòü ïó÷êà ýëåêòðîíîâ (ïðîïîðöè-
îíàëüíàÿ j) áîëüøå òåïëîâîé ñêîðîñòè èîíîâ. Àíàëîãè÷íûé ýôôåêò âîçáóæäåíèÿ èîííî
- çâóêîâûõ âîëí ïó÷êîì ýëåêòðîíîâ èìååò ìåñòî è â ãàçîðàçðÿäíîé ïëàçìå. Íó à âëèÿ-
íèå êîëåáàíèé íà âûñâîáîæäåíèå íàêîïëåííîé ýíåðãèè è òðåùèíîîáðàçîâàíèå â ãåîñðåäå
õîðîøî èçâåñòíî.
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Ðèñ. 1. Ñõåìà ñòàöèîíàðíîãî òå÷åíèÿ, âûçâàííîãî ïîòîêîì èîíîâ â ñëó÷àå øèðîêèõ êà-
ïèëëÿðîâ, ñ âîçíèêíîâåíèåì îáðàòíîãî ïîòîêà ó ñòåíêè (a), è ïîòîêà â óçêèõ êàïèëëÿðàõ
(b), êîãäà èç-çà àäñîðáöèè (òðåíèè î ñòåíêè) äâèæåíèå ó ñòåíîê èñêëþ÷åíî

Ðàññìîòðèì âîçìîæíîñòü ðåàëèçàöèè òàêîãî ýôôåêòà ïðè çîíäèðîâàíèÿõ çåìíîé êîðû
ìîùíûìè èìïóëüñàìè òîêà îò ÌÃÄ-ãåíåðàòîðîâ èëè ãåíåðàòîðíîé óñòàíîâêè ÝÐÃÓ-600-
2. Ïëîòíîñòü òîêîâ â ýëåêòðîëèòå â ïîðî-òðåùèííîì ïðîñòðàíñòâå ïðè çîíäèðîâàíèÿõ,
çàâåäîìî ìåíüøå èîííîãî òîêà íàñûùåíèÿ, äàæå âáëèçè ïåðâè÷íîãî äèïîëÿ. Ïðè ýòîì
ñðåäíÿÿ òîêîâàÿ ñêîðîñòü âñåãäà ìåíüøå çâóêîâîé, è, êàçàëîñü áû, ýôôåêò âîçáóæäåíèÿ
âîëí íåâîçìîæåí. Îäíàêî â ñèñòåìàõ ñ óçêèìè âîäîçàïîëíåííûìè êàíàëàìè ìîãóò ðàñïðî-
ñòðàíÿòüñÿ èíòåðôåéñíûå âîëíû, ñêîðîñòü êîòîðûõ çíà÷èòåëüíî ìåíüøå îáû÷íîãî çâóêà
[10,11]. Ïðîñòåéøèì ïðèìåðîì èíòåðôåéñíûõ âîëí ÿâëÿåòñÿ âîëíà Ðýëåÿ íà ïîâåðõíîñòè
æèäêîñòè, ñêîðîñòü ðàñïðîñòðàíåíèÿ êîòîðîé, vR = (gh)1/2 ìîæåò áûòü âåñüìà ìàëîé
ïðè òîíêîì ñëîå æèäêîñòè, h (vR ñîñòàâëÿåò îêîëî 0,1 ì/ñ äëÿ ñëîåâ ñ h∼ 1 ìì). Ñîãëàñ-
íî ðàñ÷åòàì [10,11], ñêîðîñòü èíòåðôåéñíûõ âîëí â ñðåäå ñ óçêèì êàíàëîì ìîæåò áûòü
òîãî æå ïîðÿäêà èëè ìåíüøå, ò.å. íåñêîëüêî ñì/ñ. Äëÿ òàêèõ ñêîðîñòåé âïîëíå âîçìîæåí
ýôôåêò �íàêà÷êè�: äâèãàÿñü ñî ñðåäíåé òîêîâîé ñêîðîñòüþ èîíû äîãîíÿþò �ìåäëåííóþ�
èíòåðôåéñíóþ âîëíó è ïåðåäàþò åé ÷àñòü ñâîåé ýíåðãèè. Ïðîâåäåì ÷èñëåííóþ îöåíêó ïî-
ðîãîâîé ïëîòíîñòè òîêà, j0, ñîîòâåòñòâóþùåé ñêîðîñòè âîëíû ∼ 10−2 ì/c. Äëÿ îäíîçàðÿä-
íûõ èîíîâ ïðè èõ êîíöåíòðàöèè ni â ðàñòâîðå ïîðÿäêà 1018 1/ì3 ýòî çíà÷åíèå ñîñòàâëÿåò

j0 = e nivR ∼ 2 · 10−3A/ì2 (6)

Òàêàÿ ïëîòíîñòü òîêà ìîæåò äîñòèãàòüñÿ ïðè ïðîâåäåíèè çîíäèðîâàíèé íà Áèøêåê-
ñêîì ãåîäèíàìè÷åñêîì ïîëèãîíå âáëèçè èñòî÷íèêà - ïåðâè÷íîãî äèïîëÿ. Ýôôåêòó ñïîñîá-
ñòâóåò åñòåñòâåííàÿ êîíöåíòðàöèè èíæåêòèðóåìûõ â çåìëþ òîêîâ â êàíàëàõ ñ æèäêîñòüþ,
îáðàçîâàííûõ ïîëîñòÿìè òðåùèí.

Резюме. Ïðîäåìîíñòðèðîâàíî, ÷òî äëÿ àíàëèçà çàêîíîìåðíîñòåé ðåàêöèè ñðåäû íà
ýëåêòðîìàãíèòíîå âîçäåéñòâèå íàðÿäó ñ èìåþùèìèñÿ �íàèáîëåå ïðàâäîïîäîáíûìè� ìîäå-
ëÿìè ìîãóò òàêæå áûòü ïîëåçíûìè è äðóãèå ïîäõîäû. Ýòè ïîäõîäû ïîçâîëèëè ïîëó÷èòü
íåêîòîðûå íîâûå ðåçóëüòàòû (ñêåéëèíãè äëÿ ýôôåêòèâíîñòè âîçäåéñòâèÿ ÝÌ ïîëÿ). Ïðè
îáùåôèçè÷åñêîì ïîäõîäå îáîñíîâàíà öåëåñîîáðàçíîñòü ïðîâåäåíèÿ èçìåðåíèé ñåéñìîàêó-
ñòè÷åñêîé ýìèññèè íà ðàçíûõ ðàññòîÿíèÿõ îò èñòî÷íèêà ÝÌ èìïóëüñîâ.
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From hypothesis of undeground discharges towards models of
relationship of seismicity and electromagnetic effects

Bogomolov L.M.

Institute of Marine Geology and Geophysics, Russia

Up till now the analysis of mechanisms of occurrence of electromagnetic (EM) anomalies
before earthquakes (ionospherical perturbations being involved), and the mechanisms of elect-
romagnetic action (EMA) on the seismicity have been carried out independently from each
other. Several models describing energy conversion from mechanical form to electromagnetic
one (the physics of precursors), and vise versa were discussed during the 5-th Conference on
Solar-Terrestrial Relations and Physics of Earthquake Precursors. The uni�ed approach to
the problem of seismic electromagnetic relationship is of interest. This implies the integration
of models, describing unilateral nondissipative energy conversions. The fundamental for such
approach is the expression for generalized pulse of EM �eld and substance, the interaction
being considered as partial pulse transfer from the substance with charged particles to EM
�eld, or vise versa. On can derive by dimensions method (immediately from the structure of
Electrodynamics equation) the frame estimates of limiting value of telluric current density, for
which the excitation of acoustic and seismo-acoustic waves is expected. These waves are able to
play triggering role for seismic shifts. The values of mass velocities have been also estimated, for
which the occurrence of EM anomalies in solid Earth becomes possible. The comparison with
the results on ionospherical perturbations, caused by internal gravitational waves or acoustic
gravitational waves propagating from the Earth surface though atmosphere, has revealed the
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following. The order of above evaluation of mass velocity is in agreement with the typical level
of amplitude (∼ 10 ñì) at cyclic frequency ∼ 0.01 1/s. Beside the approach of general Physics,
some scenarios of seismoelectric or electromagnetic - seismic e�ects have been analyzed in the
paper as well.
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