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Â èäåàëüíûõ óñëîâèÿõ �õîðîøåé ïîãîäû� çíà÷åíèå àòìîñôåðíîãî ýëåêòðè÷åñêîãî ïîëÿ
ó çåìíîé ïîâåðõíîñòè (∼100 Â/ì) îáóñëîâëåíî ðàçíîñòüþ ïîòåíöèàëîâ ìåæäó Çåìëåé è
èîíîñôåðîé è ýëåêòðè÷åñêîé ïðîâîäèìîñòüþ àòìîñôåðû. Ïðè ýòîì, êàê èçâåñòíî, ñóùå-
ñòâóåò ñóòî÷íàÿ âàðèàöèÿ ∼20%, ñâÿçàííàÿ ñ èçìåíåíèÿìè ìîùíîñòè òîêîâîãî ãåíåðàòîðà
(ïëàíåòàðíîãî ÷èñëà ãðîç) â òå÷åíèè ñóòîê. Ýòà âàðèàöèÿ èìååò ãëîáàëüíûé ìàñøòàá è
ïðîèñõîäèò âñþäó îäíîâðåìåííî, íåçàâèñèìî îò øèðîòû è äîëãîòû.

Â îòëè÷èå îò èäåàëüíûõ, â ðåàëüíûõ óñëîâèÿõ ýëåêòðè÷åñêîå ïîëå ó îñíîâàíèÿ àòìî-
ñôåðû âñåãäà ïîäâåðæåíî ðàçíîãî ðîäà ëîêàëüíûì âîçìóùåíèÿì, õàðàêòåðíûå ìàñøòàáû
êîòîðûõ, è ïðîñòðàíñòâåííûå è âðåìåííûå, ïåðåêðûâàþò î÷åíü øèðîêèé äèàïàçîí çíà-
÷åíèé. Â îòëè÷èå îò êîðîòêîïåðèîäíûõ ôëóêòóàöèé (t<103 c), èññëåäîâàííûõ â [1], èñ-
ñëåäîâàíèÿ â îáëàñòè äëèííûõ ïåðèîäîâ (t >104÷105 ñ) ïðàêòè÷åñêè îòñóòñòâóþò èç-çà
òðóäíîñòåé, ñâÿçàííûõ ñî ñòàáèëüíîñòüþ äàò÷èêîâ íà áîëüøèõ âðåìåííûõ èíòåðâàëàõ.

Îäíîé èç çàäà÷ àòìîñôåðíîãî ýëåêòðè÷åñòâà ÿâëÿåòñÿ ïîèñê âîçìîæíîãî ïðÿìîãî âëè-
ÿíèÿ ñîëíå÷íîé àêòèâíîñòè íà ñîñòîÿíèå ãëîáàëüíîé ýëåêòðè÷åñêîé öåïè (ÃÝÖ). Ñâèäå-
òåëüñòâîì òàêîãî âëèÿíèÿ äîëæíû áûòü êîððåëÿöèè õàðàêòåðèñòèê ÃÝÖ ñ êâàçèïåðèîäè-
÷åñêèìè èëè ñïîðàäè÷åñêèìè ôàêòîðàìè ñîëíå÷íî-çåìíîé ôèçèêè, òàêèìè êàê ñîëíå÷íûå
âñïûøêè (∼1 ÷àñ), ôîðáóø-ïîíèæåíèÿ ÃÊË (∼1 ñóò.), ñåêòîðíàÿ ñòðóêòóðà ìåæïëàíåòíî-
ãî ìàãíèòíîãî ïîëÿ (∼27 ñóò.) è ò.ä. Îòñóòñòâèå íà äàííûé ìîìåíò íàäåæíûõ ñâèäåòåëüñòâ
òàêîãî âëèÿíèÿ ãîâîðèò î òîì, ÷òî, åñëè ïðÿìîå âîçäåéñòâèå àêòèâíîñòè Ñîëíöà íà ÃÝÖ
è ñóùåñòâóåò, òî îíî ìàëî è ìàñêèðóåòñÿ ôëóêòóàöèÿìè èçìåðÿåìûõ õàðàêòåðèñòèê ÃÝÖ
çåìíîãî ïðîèñõîæäåíèÿ.

Â äàííîé ðàáîòå èçó÷àåòñÿ óðîâåíü ôëóêòóàöèé àòìîñôåðíîãî ýëåêòðè÷åñêîãî ïîëÿ
â îáëàñòè î÷åíü äëèííûõ ïåðèîäîâ (t >1 ñóò.), íà ôîíå êîòîðîãî, ïðåäïîëîæèòåëüíî, è
ìîæíî ïûòàòüñÿ îáíàðóæèòü öèêëè÷åñêèå ñâÿçè ñîëíå÷íîé àêòèâíîñòè è ÃÝÖ. Èñïîëü-
çîâàíû çàïèñè ýëåêòðîñòàòè÷åñêèõ ôëþêñìåòðîâ òèïà �Boltek-EFM-100�, ðàçíåñåííûõ íà
ðàññòîÿíèå ∼6 êì è óñòàíîâëåííûõ íà çäàíèÿõ Èíñòèòóòà ïðèêëàäíîé ôèçèêè è Èíñòèòó-
òà ôèçèêè ìèêðîñòðóêòóð â ÷åðòå ã. Íèæíåãî Íîâãîðîäà. Àíàëèçèðîâàëèñü íåïðåðûâíûå
ðÿäû ñðåäíèõ çà ñóòêè çíà÷åíèé ýëåêòðè÷åñêîãî ïîëÿ, à òàêæå ñðåäíåé çà ñóòêè òåìïåðà-
òóðû âîçäóõà ó ïîâåðõíîñòè çåìëè, ñ èþëÿ 2012 ã. ïî ìàðò 2013 ã.

Íà ðèñ.1 ïîêàçàíû îòíîñèòåëüíûå âàðèàöèè ýëåêòðè÷åñêîãî ïîëÿ è òåìïåðàòóðû δÅ=-
=E/Eñð è δÒ=(Ò-Òñð)/Òñð, ãäå Ò îïðåäåëÿëàñü ïî àáñîëþòíîé øêàëå â îÊ, à Åñð è Òñð
� ñðåäíèå çíà÷åíèÿ çà âñå âðåìÿ íàáëþäåíèé. Â öåëîì äàò÷èêè ýëåêòðè÷åñêîãî ïîëÿ â
òå÷åíèè âñåãî ïåðèîäà ïî îòíîøåíèþ ê èçìåíåíèÿì òåìïåðàòóðû âåëè ñåáÿ ñòàáèëüíî. Â
òî æå âðåìÿ íà Ðèñ.1 îò÷åòëèâî âèäíà ïîëîæèòåëüíàÿ êîððåëÿöèÿ Å è Ò â ëåòíèå ìåñÿöû
è îòðèöàòåëüíàÿ â çèìíèå. Ýòîìó åñòü ïðîñòîå îáúÿñíåíèå: âûñîêèå òåìïåðàòóðû ëåòîì
è íèçêèå çèìîé ñîîòâåòñòâóþò ÿñíîé ìàëîîáëà÷íîé ïîãîäå è â ýòè ïåðèîäû ýëåêòðè÷åñêîå
ïîëå èìååò áîëåå âûñîêèå çíà÷åíèÿ.

×òîáû ïîëó÷èòü îáùóþ êàðòèíó ïîâåäåíèÿ ñïåêòðàëüíîé ïëîòíîñòè ôëóêòóàöèé δÅ è
δÒ â îáëàñòè î÷åíü äëèííûõ ïåðèîäîâ èñïîëüçîâàíà ïðîöåäóðà ïðÿìîãî ÁÏÔ áåç êàêèõ-
ëèáî ñïåöèàëüíûõ îêîí [2,3], ò.å. ñ ïðÿìîóãîëüíûì âðåìåííûì îêíîì äëèíîé 2t=269 ñó-
òîê (âåñü ïåðèîä íàáëþäåíèÿ). Ýòî ïðèâîäèò ê ñãëàæèâàíèþ è óñðåäíåíèþ ñïåêòðàëüíîé
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Ðèñ. 1. Îòíîñèòåëüíûå âàðèàöèè ñðåäíèõ çà ñóòêè çíà÷åíèé ýëåêòðè÷åñêîãî ïîëÿ (Å) è
òåìïåðàòóðû (Ò) â ïåðèîä ñ 1.07.2012 ã. ïî 31.03.2013 ã.

ïëîòíîñòè ôóíêöèåé g(ω)=sin(ωt)/ωt. Ñïåêòðû âû÷èñëåíû äëÿ äâóõ äàò÷èêîâ ïîëÿ è çà-
òåì óñðåäíåíû. Ðåçóëüòàò ïîêàçàí íà ðèñ.2, èç êîòîðîãî âèäíî, ÷òî â öåëîì ñïåêòðàëüíûå
ïëîòíîñòè ìîãóò áûòü îïèñàíû ñòåïåííûì çàêîíîì ∼ ω−n. Ìåòîäîì íàèìåíüøèõ êâàäðà-
òîâ îïðåäåëåíî, ÷òî Å2

ω ∼ ω−0.511 è Ò2
ω ∼ ω−1.427.

Â îòëè÷èå îò ñïåêòðîâ êîðîòêîïåðèîäíûõ ôëóêòóàöèé Å, ãäå n ≈ 2.7 [1], äëÿ ïåðèîäîâ
t > 1 ñóò. çàâèñèìîñòü ñïåêòðàëüíîé ïëîòíîñòè îò ÷àñòîòû ñóùåñòâåííî áîëåå ñëàáàÿ,
÷òî î÷åâèäíî ñâÿçàíî ñ èçìåíåíèåì õàðàêòåðà àòìîñôåðíîé òóðáóëåíòíîñòè è çàêîíîâ
ïåðåðàñïðåäåëåíèÿ ýëåêòðè÷åñêèõ çàðÿäîâ â òðîïîñôåðå â ýòîé âðåìåííîé îáëàñòè. Íà
Ðèñ.2 ïîêàçàíà òàêæå ñïåêòðàëüíàÿ ïëîòíîñòü, âû÷èñëåííàÿ àíàëîãè÷íûì ñïîñîáîì äëÿ
ñðåäíå÷àñîâûõ çíà÷åíèé Å â ôåâðàëå 2013 ã. Èç ðèñóíêà âèäíî, ÷òî â îáëàñòè ïåðèîäîâ
∼24 ÷àñîâ ïðîèñõîäèò èçìåíåíèå íàêëîíà ñïåêòðà â ñòîðîíó óâåëè÷åíèÿ ñïåêòðàëüíîãî
èíäåêñà.

Èíôîðìàòèâíîé õàðàêòåðèñòèêîé äëÿ îïèñàíèÿ àòìîñôåðíîé òóðáóëåíòíîñòè ÿâëÿåò-
ñÿ ñòðóêòóðíàÿ ôóíêöèÿ (â äàííîì ñëó÷àå âðåìåííàÿ) [4]: DX(τ) =

〈
|X(t+ τ)−X(t)|2

〉
,

ãäå óãëîâûå ñêîáêè îçíà÷àþò óñðåäíåíèå, Õ � èññëåäóåìûé ïàðàìåòð. Íà Ðèñ.3 ïðèâåäåíû
âû÷èñëåííûå ñòðóêòóðíûå ôóíêöèè äëÿ Å è Ò (ïåðåä âû÷èñëåíèåì Å è Ò íîðìèðîâàëèñü
íà ñðåäíèå êâàäðàòè÷íûå çíà÷åíèÿ σÅ è σÒ). Èç ðèñóíêà âèäíî, ÷òî ñðåäíèé êâàäðàò
ðàçíîñòè çíà÷åíèé òåìïåðàòóðû â ðàçíåñåííûå ìîìåíòû âðåìåíè ðàñòåò âïëîòü äî èíòåð-
âàëîâ ∼0.5 ãîäà, ÷òî îáúÿñíèìî ñåçîííûì õîäîì Ò. Äëÿ ýëåêòðè÷åñêîãî ïîëÿ ñòðóêòóðíàÿ
ôóíêöèÿ ïðàêòè÷åñêè íàñûùàåòñÿ íà èíòåðâàëàõ < 1 ñóò. Çäåñü äëÿ ñðàâíåíèÿ ñëåäóåò
îòìåòèòü èçâåñòíûé ôàêò [5] àíàëîãè÷íîãî íàñûùåíèÿ ñòðóêòóðíîé ôóíêöèè äëÿ ýëåê-
òðè÷åñêîé äëèíû ïóòè â àòìîñôåðå ðàäèîâîëí ñì/äì � äèàïàçîíà òàêæå íà èíòåðâàëàõ ∼
104-105 ñ. Ïî-âèäèìîìó, ýòî ïîçâîëÿåò ãîâîðèòü î òîì, ÷òî ñòàòèñòè÷åñêèå õàðàêòåðèñòè-
êè ôëóêòóàöèé ýëåêòðè÷åñêîãî ïîëÿ îòðàæàþò ñâîéñòâà àòìîñôåðíîé òóðáóëåíòíîñòè íå
òîëüêî â îáëàñòè êîðîòêèõ ïåðèîäîâ (è ëîêàëüíûõ ïðîñòðàíñòâåííûõ ñòðóêòóð) [1], íî â
îáëàñòè ïåðèîäîâ áîëåå ñóòîê (è ïðîñòðàíñòâåííûõ ìàñøòàáîâ áîëåå 100 êì).

Â ñïåêòðàõ íà ðèñ.2 ìîæíî çàìåòèòü íåêîòîðûå ñëàáûå êîððåëèðîâàííûå êâàçèãàðìî-
íè÷åñêèå êîìïîíåíòû Å è Ò, â ÷àñòíîñòè îêîëî ïåðèîäà ∼10 ñóò. Ïðè ïîïûòêàõ âûÿâëå-
íèÿ ñ ïîìîùüþ ñïåêòðàëüíîãî àíàëèçà êâàçèãàðìîíè÷åêèõ êîìïîíåíò, ïðèñóòñòâóþùèõ
â äîâîëüíî ñèëüíîì øóìå, âìåñòå ñ âåðîÿòíîñòüþ �íåîáíàðóæåíèÿ� âñåãäà åñòü îïàñíîñòü
ïîÿâëåíèÿ ëîæíûõ ôàêòîâ �ïðèñóòñòâèÿ�. Ïîýòîìó, äëÿ áîëüøåé íàäåæíîñòè çäåñü áû-
ëè èñïîëüçîâàíû äâå íåçàâèñèìûõ ïðîöåäóðû âû÷èñëåíèÿ ñïåêòðàëüíîé ïëîòíîñòè: 1 �
ÁÏÔ ñ âðåìåííûì îêíîì Áëýêìàíà-Õýððèñà [3], êîòîðîå íåñêîëüêî óõóäøàåò ÷àñòîòíîå
ðàçðåøåíèå, íî çàòî ïðàêòè÷åñêè ïîëíîñòüþ óáèðàåò áîêîâûå ëåïåñòêè, ïðèñóùèå ïðÿ-
ìîóãîëüíîìó îêíó (ïðèìåíÿëîñü âûøå); 2 � àäàïòèâíûé ñïåêòðàëüíûé àíàëèç ìåòîäîì
íàèìåíüøèõ êâàäðàòîâ (ÌÍÊ) [2,6], êîòîðûé î÷åíü ÷óâñòâèòåëåí ê êâàçèãàðìîíè÷åñêèì
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Ðèñ. 2. Ñïåêòðàëüíûå ïëîòíîñòè ôëóêòóàöèé ñðåäíèõ çà ñóòêè çíà÷åíèé ýëåêòðè÷åñêîãî
ïîëÿ (Å) è òåìïåðàòóðû (Ò) â èíòåðâàëå 1.07.2012 ã. ÷ 31.03.2013 ã. (ñëåâà) è ñðåäíèõ
÷àñîâûõ çíà÷åíèé ýëåêòðè÷åñêîãî ïîëÿ â èíòåðâàëå 1.02.2013 ã. ÷ 29.02 2013 ã.
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Ðèñ. 3. Âðåìåííûå ñòðóêòóðíûå ôóíêöèè D(τ) íîðìèðîâàííûõ çíà÷åíèé ýëåêòðè÷åñêîãî
ïîëÿ (Å) è òåìïåðàòóðû (Ò) â ïåðèîä ñ 1.07.2012 ã. ïî 31.03.2013 ã.

ñîñòàâëÿþùèì â ñïåêòðå.

Ðèñ. 4. Ñïåêòðàëüíûå ïëîòíîñòè ôëóêòóàöèé ýëåêòðè÷åñêîãî ïîëÿ (Å) è òåìïåðàòóðû (Ò)
â ïåðèîä ñ 1.07.2012 ã. ïî 31.03.2013 ã., ïîñòðîåííûå ñ ïîìîùüþ äèñêðåòíîãî ÁÏÔ ñ âðå-
ìåííûì îêíîì Áëýêìàíà-Õýððèñà (À) è ñ ïîìîùüþ ïðîöåäóðû àäàïòèâíîãî ñïåêòðàëüíîãî
àíàëèçà ìåòîäîì íàèìåíüøèõ êâàäðàòîâ (Â).

Îáîèìè ìåòîäàìè áûëè âû÷èñëåíû äèíàìè÷åñêèå ñïåêòðû ñ ïðèìåíåíèåì ñêîëüçÿùå-
ãî âðåìåííîãî îêíà äëèíîé 48 ñóò. è øàãîì ñêîëüæåíèÿ 1 ñóò. (èç ýêîíîìèè ìåñòà çäåñü
íå ïðèâîäÿòñÿ). Çàòåì ýòè ñïåêòðû áûëè óñðåäíåíû çà âåñü èíòåðâàë îáðàáîòêè. Âèä
óñðåäíåííûõ òàêèì îáðàçîì ñïåêòðîâ ïîêàçàí íà Ðèñ.4. Èç ðèñóíêà âèäíî, ÷òî îáà ìåòîäà
äàþò ïðàêòè÷åñêè îäèíàêîâóþ êàðòèíó. Ìîæíî ãîâîðèòü îá îäíîâðåìåííîì ïðèñóòñòâèè
êâàçèãàðìîíè÷åñêèõ êîìïîíåíò â ôëóêòóàöèÿõ Å è Ò â îáëàñòè ïåðèîäîâ ∼2-3 ñóò., ∼10
ñóò. è ∼28 ñóò., êîòîðûå î÷åâèäíî ñâÿçàíû ñ ïîãîäíûìè è àòìîñôåðíûìè óñëîâèÿìè, ðàâ-
íî âëèÿþùèìè è íà Å, è íà Ò. Íåñìîòðÿ íà áëèçêèå çíà÷åíèÿ ïåðèîäà êîìïîíåíòû ∼28
ñóò. è ïåðèîäà îáîðîòà Ñîëíöà ∼27 ñóò., ñâÿçûâàòü èõ íåò íèêàêèõ îñíîâàíèé, è ýòî ñëå-
äóåò ðàññìàòðèâàòü êàê ñëó÷àéíîå ñîâïàäåíèå. Ìîæíî îòìåòèòü ïðèñóòñòâèå â ñïåêòðå
ýëåêòðè÷åñêîãî ïîëÿ êîìïîíåíòû ñ ïåðèîäîì ∼5 ñóò., êîòîðàÿ îòñóòñòâóåò (èëè ñëàáî
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âûðàæåíà) â ñïåêòðå òåìïåðàòóðû. Åñëè ñ÷èòàòü, ÷òî òåìïåðàòóðà îòðàæàåò ñîñòîÿíèå
àòìîñôåðû è õàðàêòåð ïîãîäû, òî èç ýòîãî ñëåäóåò, ÷òî ïðîèñõîæäåíèå ýòèõ ôëóêòóàöèé
ýëåêòðè÷åñêîãî ïîëÿ ñ ìåñòíîé ïîãîäîé íå ñâÿçàíî.

Îñíîâíûå ðåçóëüòàòû ðàáîòû ñîñòîÿò â ñëåäóþùåì:
1. Ñïåêòðàëüíàÿ ïëîòíîñòü ôëóêòóàöèé ýëåêòðè÷åñêîãî ïîëÿ â îáëàñòè ïåðèîäîâ 1

� 100 ñóò. ìîæåò áûòü îïèñàíà ñòåïåííûì çàêîíîì ñ ïîêàçàòåëåì �0.5; ñðåäíå êâàäðà-
òè÷íîå îòêëîíåíèå (â øèðîêîé ïîëîñå ÷àñòîò) ∼ 40% îò ñðåäíåãî óðîâíÿ ïîëÿ. Ñëàáàÿ
çàâèñèìîñòü ñïåêòðàëüíîé ïëîòíîñòè ôëóêòóàöèé ïîëÿ îò ÷àñòîòû àíàëîãè÷íà ÷àñòîòíîé
çàâèñèìîñòè ñïåêòðà àòìîñôåðíîé òóðáóëåíòíîñòè, äëÿ êîòîðîé ñòðóêòóðíàÿ ôóíêöèÿ â
ýòîé îáëàñòè ïåðèîäîâ èñïûòûâàåò íàñûùåíèå.

2. Ñðåäíèé êâàäðàòè÷íûé óðîâåíü ôëóêòóàöèé àòìîñôåðíîãî ýëåêòðè÷åñêîãî ïîëÿ
âáëèçè ãàðìîíèêè 1/(27 ñóò.) â ïîëîñå ∆f = (1/30 ñóò.)÷(1/24 ñóò.) ñîñòàâëÿåò ∼12% îò
ñïîêîéíîãî ïîëÿ èëè îêîëî 14 Â/ì ïðè Åñð=120 Â/ì.

3. ßâíîé ïðÿìîé êîððåëÿöèè ïîêàçàíèé ôëþêñìåòðîâ ñ òåìïåðàòóðîé íåò, à ñïåêòðàëü-
íàÿ ïëîòíîñòü äëÿ òåìïåðàòóðû ïàäàåò ïî ñòåïåííîìó çàêîíó áîëåå áûñòðî ñ ïîêàçàòåëåì
�1.427. Â òî æå âðåìÿ, â îòäåëüíûõ ïîëîñàõ âûÿâëÿþòñÿ êâàçèïåðèîäè÷åñêèå êîððåëèðî-
âàííûå âîçìóùåíèÿ Å è Ò, êîòîðûå î÷åâèäíî ñâÿçàíû ñ õàðàêòåðíûìè âðåìåíàìè ïåðåíîñà
âîçäóøíûõ ìàññ íåçàâèñèìî âëèÿþùèõ íà îáà àíàëèçèðóåìûõ ïàðàìåòðà.
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On the level of atmospheric electric field fluctuations at the long
periods: T=1-100 days

Klimenko V.V., Mareev E.A., Shatalina M.V.

Institute of Applied Physics RAS, Russia

One of many goals of atmospheric electricity investigations is the search of possible direct
influence of solar activity on the global electric circuit (GEC) state. The correlation of GEC
characteristics and quasi-periodic or sporadic solar-terrestrial physics factors cold be the evi-
dence of that influence. The current absence of such evidences means, that if direct influence of
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solar activity on GEC exists, it is very small and masked by self-fluctuations of GEC character-
istics of troposphere origin. This paper investigates the background level of atmospheric electric
field fluctuations at very large periods (T¿¿1 day), above which one can try to detect the cycled
relations of solar activity with GEC. The data of two electrostatic flux meters (field-mill type)
Boltek-EFM-100, separated by distance of 6 km and placed on the buildings of the Institute of
applied physics and the Institute of microstructures physics at Nizhniy Novgorod, were used
for the analysis. Continuous rows of electric field values and day average temperatures at the
ground surface from June 2012 to March 2013 were analyzed. Correlative and spectral anal-
ysis methods and also spectral adaptive analysis method were used for data processing. The
basic results were: 1. Spectral density of electric field fluctuations at periods 1-100 days may
be described by power law with index -0.5; root-mean-square deviation (in the large frequency
band) is 40% from average E-field value. Smooth frequency dependence of field fluctuations
spectral density is analogical to frequency dependence of atmospheric turbulence spectral den-
sity, for which structure function reaches saturation at this time intervals. 2. In particular,
around (1/27 days)-harmonic at the band (1/30 days)-(1/24 days) root-mean-square value of
atmospheric electric field fluctuations is 123. There is no strong direct correlation between flux
meters data and temperature. Spectral density of temperature fluctuations falls down by power
law with index -1.7 (5/3), i.e. more quickly, then for electric field fluctuations. At the same
time, in some narrow bands quasi-periodic correlated disturbances of E and T exist, which are
evidently related to characteristic times of air mass transportation and which independently
affect on the both parameters analyzed.
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