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Â íàñòîÿùåå âðåìÿ äîêàçàíî, ÷òî â ïåðèîä ïîäãîòîâêè ñèëüíûõ çåìëåòðÿñåíèé ñ (ìàã-
íèòóäîé Ì ≥ 4,5) ðåçêî âîçðàñòàåò èçìåí÷èâîñòü â èîíîñôåðíûõ ïàðàìåòðàõ ñ ïåðèîäîì
1,5 � 3 ÷àñà â ñðåäíåøèðîòíîì ñïîðàäè÷åñêîì ñëîå Es èîíîñôåðû [4]. Èîíîñôåðíûå âîç-
ìóùåíèÿ ñåéñìè÷åñêîãî ïðîèñõîæäåíèÿ çà îïðåäåëåííîå âðåìÿ ñóòîê ïîêàçûâàþò óâåëè-
÷åíèå èëè óìåíüøåíèå êðèòè÷åñêèõ ÷àñòîò èîíîñôåðíûõ ñëîåâ îòíîñèòåëüíî ñïîêîéíîãî
ñîñòîÿíèÿ èîíîñôåðû. Ïðè èññëåäîâàíèè èîíîñôåðíûõ ýôôåêòîâ, âûçâàííûõ ïðîöåññàìè
ïîäãîòîâêè çåìëåòðÿñåíèé, âîçíèêàåò âîïðîñ î õàðàêòåðíûõ âðåìåíàõ èçìåíåíèÿ ïàðàìåò-
ðîâ èîíîñôåðû.

Â ðàáîòå [1] áûëî ïîêàçàíî, ÷òî 2-3 õ ÷àñîâûå âîçìóùåíèÿ â ïàðàìåòðàõ èîíîñôåðû
ïðîÿâëÿþòñÿ â îñíîâíîì çà 2-3 ñóòîê äî çåìëåòðÿñåíèÿ è ìîãóò ñëóæèòü ïðåäâåñòíèêàìè
ñåéñìè÷åñêîãî ñîáûòèÿ. Íåîáõîäèìî îòìåòèòü, ÷òî ýòè ðåçóëüòàòû ïîëó÷åíû äëÿ áîëüøîãî
÷èñëà çåìëåòðÿñåíèé ñ ìàãíèòóäîé Ì > 4,5 è ÿâëÿþòñÿ ñòàòèñòè÷åñêè äîñòîâåðíûìè.

Òàêèì îáðàçîì, äàííîå èññëåäîâàíèå ðàññìàòðèâàåò âëèÿíèå ñåéñìè÷åñêîé àêòèâíîñòè
íà èíòåíñèâíîñòü îáðàçîâàíèÿ íåîäíîðîäíîñòè ñïîðàäè÷åñêîãî ñëîÿ Es èîíîñôåðû

×àñòîòíûå ïàðàìåòðû ñïîðàäè÷åñêîãî ñëîÿ Es èíôîðìèðóþò î ñòðóêòóðå è ñîäåðæà-
íèè êîíöåíòðàöèè ýëåêòðîíîâ â Es. Ðàçíîñòü ïðåäåëüíîé ÷àñòîòû foEs è ÷àñòîòû ýêðàíè-
ðîâêè fbEs åñòü äèàïàçîí ïîëóïðîçðà÷íîñòè foEs - fbEs =∆fbEs, îïðåäåëÿåìûé ðàññåÿíèåì
îòðàæåíèé ðàäèîâîëí íà ìåëêîìàñøòàáíûõ íåîäíîðîäíîñòÿõ Es. Áîëüøèå çíà÷åíèÿ äèà-
ïàçîíà ïîëóïðîçðà÷íîñòè ãîâîðÿò îá èíòåíñèâíîñòè ðîñòà ñòåïåíè íåîäíîðîäíîñòè ñëîÿ
Es. Èçâåñòíî, ÷òî ÷àñòî íàáëþäàåòñÿ ëèíåéíàÿ çàâèñèìîñòü ÷àñòîòíûõ ïàðàìåòðîâ ñïîðà-
äè÷åñêîãî ñëîÿ Es, foEs ∼ fbEs.

Ýòî îáúÿñíÿåòñÿ òåì, ÷òî äèàïàçîí ïîëóïðîçðà÷íîñòè ñïîðàäè÷åñîãî ñëîÿ Es - foEs �
fbEs äîñòàòî÷íî áîëüøîé. Ïðåäåëüíàÿ ÷àñòîòà ñïîðàäè÷åñêîãî ñëîÿ Es � foEs îïðåäåëÿåòñÿ
èíòåíñèâíîñòüþ ðàññåÿíèÿ íà íåîäíîðîäíîñòÿõ. ×àñòîòà ýêðàíèðîâêè ñïîðàäè÷åñêîãî ñëîÿ
Es � fbEs îïðåäåëÿåòñÿ êîíöåíòðàöèåé Ne â ñïîðàäè÷åñêîì ñëîå Es:

Ne = 124.102(fbEs)2.

Ïîýòîìó åñòü îñíîâàíèÿ îïðåäåëèòü áåçðàçìåðíûé ïàðàìåòð δ.
δ = ∆ fbEs / fbEs.
Âåëè÷èíà δ õàðàêòåðèçóåòñÿ ñòåïåíüþ íåîäíîðîäíîñòè. Åñëè âåëè÷èíà δ ≥ 1,5 - 2,0

òî âîçìóùåíèå ýëåêòðîííîé êîíöåíòðàöèè ∆ Nå âûçâàíî âëèÿíèåì òóðáóëåíòíîãî âèõðÿ.
Äàííàÿ ðàáîòà ïîñâÿùåíà àíàëèçó ÷àñòîòíûõ ïàðàìåòðîâ ñïîðàäè÷åñêîãî ñëîÿ Es ò.å

äèàïàçîíó ïîëóïðîçðà÷íîñòè è êîýôôèöèåíòó ïîëóïðîçðà÷íîñòè â ïåðèîä ïîäãîòîâêè çåì-
ëåòðÿñåíèÿ.

Äëÿ îïðåäåëåíèÿ âêëàäà ñåéñìîãåííîãî âîçìóùåíèÿ â ñïîêîéíîå ñîñòîÿíèå èîíîñôåðû
è îöåíêè âëèÿíèÿ ðàçâèòèÿ òóðáóëåíòíîñòè â ñïîðàäè÷åñêîì ñëîå Es â ïåðèîä ïîäãîòîâêè
çåìëåòðÿñåíèé âû÷èñëÿëèñü âåëè÷èíû îòêëîíåíèÿ äèàïàçîíà ÷àñòîòû ïîëóïðîçðà÷íîñòè
∆fbEs = foEs � fbEs è êîýôôèöèåíòà ïîëóïðîçðà÷íîñòè, îïðåäåëÿåìîãî êàê foEs �fbEs /
fbEs =δ . Èòàê, èññëåäîâàíû îñîáåííîñòè âðåìåííîãî õîäà âåëè÷èíû ∆fbEs è δ äëÿ íî÷íûõ
óñëîâèé çà 6 ñóòîê äî çåìëåòðÿñåíèÿ è 2 äíÿ ïîñëå ýòîãî ñîáûòèÿ.

Èçó÷åíèå ïðîâîäèëîñü â ïåðâóþ î÷åðåäü íà îñíîâå èîíîãðàìì, ïîëó÷åííûõ ìåòîäîì
âåðòèêàëüíîãî çîíäèðîâàíèÿ èîíîñôåðû íà ñòàíöèè Äóøàíáå â íî÷íîå âðåìÿ ñ 15 ïî 29
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àâãóñòà 1986 ãîäà. Â ýòîì ïðîìåæóòêå âðåìåíè ïðîèçîøëè 4 ïîñëåäîâàòåëüíûõ çåìëå-
òðÿñåíèÿ, ÷òî óäîâëåòâîðÿåò öåëè äàííîé ðàáîòû î âëèÿíèè ñåéñìîãåííûõ ïðîöåññîâ íà
èíòåíñèâíîñòü íåïðåðûâíîãî âîçíèêíîâåíèÿ èîíîñôåðíîé òóðáóëåíòíîñòè. Èçâåñòíî, ÷òî
äëÿ âûÿâëåíèÿ ñåéñìîãåííûõ èîíîñôåðíûõ âîçìóùåííèé èñïîëüçóåòñÿ ìåòîä íàëîæåíèÿ
ýïîõè [2-4] , ïîñêîëüêó ýòî óñëîâèå óäîâëåòâîðÿåòñÿ â íàøåì ðàññìîòðåíèè, òî ìû ïðî-
àíàëèçèðîâàëè êàæäîå çåìëåòðÿñåíèå â îòäåëüíîñòè äëÿ ñðàâíåíèÿ. Ìåòîä íàëîæåíèÿ
ýïîõ ÿâëÿåòñÿ áîëåå èíôîðìàòèâíûì ïî âûÿâëåíèþ ñåéñìîèîíîñôåðíûõ ýôôåêòîâ îñî-
áåííî, êîãäà ðàññòîÿíèÿ ìåæäó ñòàíöèÿìè âåðòèêàëüíîãî çîíäèðîâàíèÿ è ýïèöåíòðàìè
çåìëåòðÿñåíèé áëèçêè. Â òàáëèöå ïðèâåäåíû õàðàêòåðèñòèêè ÷åòûð¼õ ïîñëåäîâàòåëüíûõ
çåìëåòðÿñåíèé. R � ðàññòîÿíèå îò ýïèöåíòðà äî ñòàíöèè âåðòèêàëüíîãî çîíäèðîâàíèÿ, h �
ãëóáèíà ýïèöåíòðà çåìëåòðÿñåíèé, Ì � ìàãíèòóäà çåìëåòðÿñåíèé.

Òàáëèöà 1. Õàðàêòåðèñòèêè çåìëåòðÿñåíèé çà àâãóñò 1986 ã.

N0
ï\ï

Äàòà Âðåìÿ âîçíèêíî-
âåíèÿ
çåìëåòðÿñåíèÿ,
LT

h , êì Ì R < , êì

1
2
3
4

17.08.1986
21.08.1986
23.08.1986
27.08.1986

00. 52
07. 34
05. 33
00. 11

3
229
249
231

4.5
5.3
4.8
5.1

250
250
250
250

Âåëè÷èíà foEs � fbEs ýòî ðàññåÿíèå ðàäèîâîëí íà ìåëêîìàñøòàáíûõ íåîäíîðîäíîñòÿõ
Es, òàê ÷òî âîçðàñòàíèå ∆ fbEs è êîýôôèöèåíò ïîëóïðîçðà÷- íîñòè δ ñâèäåòåëüñòâóþò
îá îáðàçîâàíèè è ðàçâèòèè íåîäíîðîäíîñòåé ñïîðàäè÷åñêèõ ñëîåâ. Óâåëè÷åíèå ñòåïåíè
íåîäíîðîäíîñòè ñâèäåòåëüñòâóåò î âîçíèêíîâåíèè òóðáóëåíòíîñòè â ñïîðàäè÷åñêîì ñëîå
Es èîíîñôåðû. Êàê ñëåäóåò èç ðèñóíêîâ 1-2 è àíàëèçà ïàðàìåòðîâ Es, õàðàêòåðíû îòêëî-
íåíèÿ ïàðàìåòðîâ Es è ÿðêî âûðàæåííûå âñïëåñêè äëèòåëüíîñòüþ τ =2-3 ÷àñà. Áîëüøèå
îòêëîíåíèÿ îò ôîíà âåëè÷èíû äèàïàçîíà ïîëóïðîçðà÷íîñòè - ∆fbEs íàáëþäàþòñÿ çà 2 �
3 ñóòîê äî çåìëåòðÿñåíèÿ, ÷òî îòìå÷àåòñÿ óâåëè÷åíèåì êîýôôèöèåíòà ïîëóïðîçðà÷íîñòè
δ ïðè ïîäãîòîâêå çåìëåòðÿñåíèÿ. Ñòðåëêà íà ðèñóíêàõ óêàçûâàåò ìîìåíò çåìëåòðÿñåíèé.

Äëÿ âûäåëåíèÿ íàèáîëåå õàðàêòåðíûõ îñîáåííîñòåé ñåéñìîèîíîñôåðíûõ ýôôåêòîâ â
ïåðèîä ïîäãîòîâêè çåìëåòðÿñåíèé ïðîâåäåíî óñðåäíåíèå âåëè÷èíû ÷àñòîòû ïîëóïðîçðà÷-
íîñòè è êîýôèöèåíòà ïîëóïðîçðà÷íîñòè â ïàðàìåòðàõ ñïîðàäè÷åñêîãî ñëîÿ Es â íî÷íîå
âðåìÿ äëÿ êàæäûõ ñóòîê.

Àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ ïî ñåéñìîèîíîñôåðíûì ýôôåêòàì äëÿ çåìëåòðÿñåíèé
1986 ãîäà, èîíîñôåðíîé ñòàíöèè Äóøàíáå ïîêàçàë, ÷òî âîçìóùåíèå èîíîñôåðíûõ ïàðàìåò-
ðîâ â ïîäãîòîâèòåëüíûé ïåðèîä ïðåäñòàâëÿåò ñîáîé ÿðêî âûðàæåííûì ìàêñèìóì äëèòåëü-
íîñòüþ τ = 2-3 ÷àñà. Îòêëîíåíèå äèàïàçîíà ÷àñòîòû ïîëóïðîçðà÷íîñòè è êîýôôèöèåíò ïî-
ëóïðîçðà÷íîñòè Es â ñåéñìîàêòèâíûé ïåðèîä ïîäãîòîâêè çåìëåòðÿñåíèé ñâèäåòåëüñòâóþò
îá èõ çàêîíîìåðíîñòè è èõ åäèíîì ìåõàíèçìå âîçäåéñòâèÿ. Èçìåíåíèÿ âåëè÷èíû ÷àñòîòû
ïîëóïðîçðà÷íîñòè è êîýôèöèåíò ïîëóïðîçðà÷íîñòè ñïîðàäè÷åñêîãî ñëîÿ Es îò ÷àñà ê ÷àñó
ïîêàçûâàþò äèíàìèêó ñåéñìîèîíîñôåðíîãî ïðîöåññà ïðè ïîäãîòîâêå çåìëåòðÿñåíèÿ.

Íà ðèñ 1-2 ïðèâåäåíû âðåìåííûå âàðèàöèè âåëè÷èíû äèàïàçîíà ïîëóïðîçðà÷íîñòè
fbEs è êîýôôèöèåíòà ïîëóïðîçðà÷íîñòè δ ñïîðàäè÷åñêîãî ñëîÿ Es íî÷üþ â ïåðèîä ïîäãî-
òîâêè çåìëåòðÿñåíèé 27.08.86 ã.

Ìåòîä óñðåäíåíèÿ ïàðàìåòðîâ Es ïîçâîëÿåò âûäåëèòü äèíàìèêó íàáëþäàåìûõ ñåé-
ñìîãåííûõ âîçìóùåíèé â èîíîñôåðå â ïåðèîä ïîäãîòîâêè ñèëüíûõ çåìëåòðÿñåíèé. Èîíî-
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Ðèñ. 1. Âðåìåííûå âàðèàöèè âåëè÷èíû äèàïàçîíà ïîëóïðîçðà÷íîñòè fbEs è êîýôôèöèåíòà
ïîëóïðîçðà÷íîñòè δ ñïîðàäè÷åñêîãî ñëîÿ Es íî÷üþ â ïåðèîä ïîäãîòîâêè çåìëåòðÿñåíèé
27.08.86 ã

Ðèñ. 2. Âðåìåííûå âàðèàöèè âåëè÷èíû äèàïàçîíà ïîëóïðîçðà÷íîñòè fbEs è êîýôôèöèåíòà
ïîëóïðîçðà÷íîñòè δ ñïîðàäè÷åñêîãî ñëîÿ Es íî÷üþ â ïåðèîä ïîäãîòîâêè çåìëåòðÿñåíèé
27.08.86 ã
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ñôåðíûå ýôôåêòû, ñâÿçàííûå ñ ïðîöåññàìè ïîäãîòîâêè çåìëåòðÿñåíèé, ïðîÿâëÿþòñÿ äî-
ñòàòî÷íî çàêîíîìåðíî, ÷òî âûäåëÿåò àíîìàëüíûå ñåéñìîãåííûå âîçìóùåíèÿ â èîíîñôåðå.
Âåëè÷èíà äèàïàçîíà ïîëóïðîçðà÷íîñòè ∆fbEs â ïåðèîä ïîäãîòîâêè çåìëåòðÿñåíèé óâåëè-
÷èâàåòñÿ, ò.å. íàáëþäàåòñÿ îäíîâðåìåííî óâåëè÷åíèå ñòåïåíè íåîäíîðîäíîñòè â ñðåäíå-
øèðîòíîì ñëîå Es èîíîñôåðû. Àíàëèç âåëè÷èíû δ - êîýôôèöèåíòà ïîëóïðîçðà÷íîñòè Es
äëÿ çåìëåòðÿñåíèé ñ ìàãíèòóäîé Ì>5,0 ïîêàçûâàåò, ÷òî çà 2-3 äíÿ äî çåìëåòðÿñåíèÿ îí
óâåëè÷èâàåòñÿ.

Âîïðîñ î òóðáóëèçàöèè èîíîñôåðíîé ïëàçìû â Å îáëàñòè èîíîñôåðû íàä ýïèöåíòðàìè
ãîòîâÿùèõñÿ çåìëåòÿñåíèé áûë âïåðâûå ïîäíÿò â ðàáîòàõ [3,4]. Íà èîíîãðàììàõ âåðòè-
êàëüíîãî çîíäèðîâàíèÿ èîíîñôåðû â Äóøàíáå áûëè îáíàðóæåíû ÿâëåíèÿ äèôôóçíîñòè
ñëåäîâ Es â ïåðèîä ïîäãîòîâêè ðÿäà êðóïíûõ çåìëåòðÿñåíèé.

Èçâåñòíî, ÷òî â ñðåäíåøèðîòíîé èîíîñôåðå ÿâëåíèå äèôôóçíîñòè ñïîðàäè÷åñêîãî ñëîÿ
Es âîçíèêàåò âåñüìà ðåäêî. Àíîìàëüíîñòü äèôôóçíûõ ñëåäîâ Es �spread [3] íà èîíîãðàì-
ìàõ äà¼ò îñíîâàíèå ïîëàãàòü, ÷òî íàä ýïèöåíòðàëüíûìè îáëàñòÿìè çåìëåòðÿñåíèé âîçíè-
êàþò ôèçè÷åñêèå ïðîöåññû.

Ðàíåå íàìè áûëà âûñêàçàíà ãèïîòåçà [4] î òîì, ÷òî íà âûñîòàõ Å-îáëàñòè ïðîèñõîäèò
èîíîñôåðíàÿ ïëàçìåííàÿ òóðáóëèçàöèÿ âñëåäñòâèå ãðàäèåíòíî-äðåéôîâîé íåóñòîé÷èâî-
ñòè, ñâÿçàííàÿ ñ âîáóæäåíèåì â èîíîñôåðå ýëåêòðè÷åñêèõ ïîëåé ñåéñìè÷åñêîãî ïðîèñ-
õîæäåíèÿ. Â ïåðèîä ïîäãîòîâêè ñèëüíûõ çåìëåòðÿñåíèé íà èîíîãðàììàõ âåðòèêàëüíîãî
çîíäèðîâàíèÿ ñòàíöèè Äóøàíáå, âáëèçè ýïèöåíòðàëüíîé çîíû, ÷àñòî âîçíèêàåò ÿâëåíèå
ðàñïëûâàíèÿ ñëåäîâ ñïîðàäè÷åñêîãî ñëîÿ Es.

Ïðåäïîëàãàåòñÿ, ÷òî äëèòåëüíîñòü ïðîÿâëåíèÿ ñåéñìîèîíîñôåðíûõ ïðåäâåñòíèêîâ â
Äóøàíáå ìîæåò áûòü ñâÿçàíà ñ äåôîðìàöèîííûìè ïðîöåññàìè â çåìíîé êîðå è ðàçíûõ
ðàçëîìàõ, à òàêæå íåîäèíàêîâûìè ñâîéñòâàìè ñðåäû ýïèöåíòðàëüíîé çîíû.

Ïîêàçàíî, ÷òî äëÿ çåìëåòðÿñåíèé ñ Ì > 4,5 � 6.0 çà 2-3 ñóòîê äî ñîáûòèÿ íàáëþäàþòñÿ
óâåëè÷åíèå âåëè÷èíû äèàïàçîíà ïîëóïðîçðà÷íîñòè Es � ∆fbEs è ðîñò ñòåïåíè íåîäíîðîä-
íîñòè Es- δ, ÷òî ïðèâîäèò ê âîçíèêíîâåíèþ èíòåíñèâíîñòè îáðàçîâàíèÿ íåîäíîðîäíîñòåé
Ne â ñïîðàäè÷åñêîì ñëîå Es èîíîñôåðû.

Óñòàíîâëåíî, ÷òî èçìåí÷èâîñòü äèàïàçîíà ïîëóïðîçðà÷íîñòè -∆fbEs è êîýôôèöèåíòà
ïîëóïðoçðà÷íîñòè Es- δ â ïåðèîäû ñåéñìè÷åñêîé àêòèâíîñòè ìîãóò áûòü ñâÿçàíî ñ ÿâ-
ëåíèÿìè òóðáóëåíòíîñòè â ñïîðàäè÷åñêîì ñëîå Es èîíîñôåðû. Äèíàìè÷åñêîå ðàçâèòèå
òóðáóëåíòíîñòè â ïåðèîäû ñåéñìè÷åñêîé àêòèâíîñòè ìîæåò áûòü âûçâàíî àêóñòè÷åñêèìè
è àêóñòèêî- ãðàâèòàòöèîííûìè âîëíàìè.
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Seismic activity effect on turbulence development in Es sporadic layer
of the ionosphere

Alimov O.A., Blokhin A.V.

Institute of Astrophysics Academiy of Seiences the Republic Tajikistan, Tajikistan

The paper presents the analysis of Es sporadic layer frequency parameters, i.e. translucency
range and coe�cient during earthquake preparation. The investigation was carried out on
the basis of ionograms, in the �rst place, obtained by ionosphere vertical sounding method
at Dushanbe station at nighttime on August 15-29, 1986. Within this period four successive
earthquakes occurred that corresponds to the aim of the present paper on seismic processe
e�ect on the intensity of continuous ionospheric turbulence. The duration of seismo-ionospheric
precursor manifestation in Dushanbe is supposed to be associated with deformation processes
in the Earth crust and di�erent faults as well as with di�erent properties of epicentral zone
media.

It has been shown that for the earthquakes with Ì > 4.5-6.0 the increase of Es translucency
range value and the growth of Es inhomogeneity degree are observed two or three days before
an event, that leads to the appearance of inhomogeneity intensity in Es sporadic layer of
the ionosphere. It has been established that the changeability of translucency range and Es
translucency coe�cient during seismic activity may be associated with turbulence phenomena
in Es sporadic layer of the ionosphere. Dynamic development of turbulence during seismic
activity is caused by acoustic and acoustic-gravitational waves.
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