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ÓÄÊ 550.34
ÎÖÅÍÊÀ ÍÀÄÅÆÍÎÑÒÈ ÏÐÎÃÍÎÑÒÈ×ÅÑÊÎÃÎ ÏÀÐÀÌÅÒÐÀ RTL

Í. Ì. Êðàâ÷åíêî
Êàì÷àòñêàÿ îïûòíî-ìåòîäè÷åñêàÿ ñåéñìîëîãè÷åñêàÿ ïàðòèÿ Ãåîôèçè÷åñêîé ñëóæáû ÐÀÍã. Ïåòðîïàâëîâñê-Êàì÷àòñêèé

Àííîòàöèÿ. Ïî ìåòîäèêå ðàñ÷åòà ïðîãíîñòè÷åñêîãî ïàðàìåòðà RTL, ïðåäëîæåííîéÑîáîëåâûì Ã.À. è Òþïêèíûì Þ.Ñ. (1996), èññëåäîâàíû àíîìàëüíûå ñåéñìè÷åñêèåîáëàñòè, ïðåäâàðÿþùèå ñèëüíûå çåìëåòðÿñåíèÿ Êàì÷àòêè. Àíàëèç áûë ïðîäåëàíäëÿ äâóõ äèàïàçîíîâ ãëóáèí: 0-70 êì è 30-100 êì. Ïîêàçàíî, ÷òî 13 èç 22 çåìëåòðÿñå-íèÿì ñ ìàãíèòóäîé íå ìåíåå 6 ïðåäøåñòâîâàëè ñåéñìè÷åñêèå çàòèøüÿ. Çåìëåòðÿñåíèåïðîèñõîäèëî, êàê ïðàâèëî, íà êðàþ àíîìàëüíîé îáëàñòè ïðè âûõîäå RTL-ïàðà-ìåòðà èç ìèíèìóìà íà ôîíîâûé óðîâåíü. Ìèíèìàëüíîå çíà÷åíèå RTL âàðüèðóåòñÿîò -7s äî -50s, äëèòåëüíîñòü çàòèøüÿ - îò 5 äî 26 ìåñÿöåâ. Ñåéñìè÷åñêèå àíîìàëèèïðîÿâëÿþòñÿ áîëåå çíà÷èòåëüíî ïðè àíàëèçå ñåéñìè÷íîñòè, ïðèóðî÷åííîé êãëóáèíàì 30-100 êì.
ESTIMATION OF RELIABILITY OF PREDICTIVE PARAMETER RTL

N.M. Kravchenko
Kamchatkan Methodical Seismological Department, Geophysical Service, RASPetropavlovsk-Kamchatsky

Abstract. A technique for calculating a predictive parameter RTL proposed by  G.A. So-bolev and Yu.S. Tyupkin (1996) was used for investigating anomalous seismic areas beforestrong earthquakes (M³6) of Kamchatka. The analysis has been done for two depth ranges:0-70 km and 30-100 km. It was found that the seismic quiescence took place in 13 from22 cases within 2 years before the earthquake in its epicentral area. The main shock occuredas a rule at the edge of the anomalous area at an output of RTL-parameter from theminimum to the background level. The minimal RTL value varies from -7s to -50s,duration of seismic quiescence - from 5 to 26 months. Seismic anomalies are shown moreconsiderably when examining the seismicity in the depth range 30 to 100 km.
Ââåäåíèå

Èçâåñòíû íåñêîëüêî ñïîñîáîâ ñðåäíåñðî÷íîãî ïðîãíîçèðîâàíèÿ ñèëüíûõ çåìëåòðÿ-ñåíèé, îñíîâàííûõ íà âûäåëåíèè â ñåéñìîãåííûõ îáëàñòÿõ çîí âðåìåííîãî îñëàáëåíèÿñåéñìè÷åñêîé àêòèâíîñòè, òàê íàçûâàåìîãî ñåéñìè÷åñêîãî çàòèøüÿ. Ïîÿâëåíèå ñåé-ñìè÷åñêîãî çàòèøüÿ ñâèäåòåëüñòâóåò î íàêîïëåíèè ñåéñìè÷åñêîé ýíåðãèè è ðàññìàò-ðèâàåòñÿ íåêîòîðûìè èññëåäîâàòåëÿìè [3, 5 - 8] êàê ïðåäâåñòíèê ãîòîâÿùåãîñÿ çåìëå-òðÿñåíèÿ.Îäèí èç ìåòîäîâ ïîèñêà ñåéñìè÷åñêèõ çàòèøèé áûë ïðåäëîæåí Ñîáîëåâûì Ã.À. èÒþïêèíûì Þ.Ñ. â ðàáîòå [3]. Àâòîðû ìåòîäà ñîñòàâèëè ïðîãíîñòè÷åñêèé ïàðàìåòðRTL, îñíîâàííûé íà àíàëèçå òðåõ ôóíêöèé: ýïèöåíòðàëüíîé R, âðåìåííîé T è ó÷è-òûâàþùåé ðàçìåð î÷àãà çåìëåòðÿñåíèÿ L. Ïðåäëàãàåìàÿ ìåòîäèêà âûäåëåíèÿ àíîìàëü-íûõ ñåéñìè÷åñêèõ çîí áûëà ïðîâåðåíà íà ìàòåðèàëå çåìëåòðÿñåíèé Êàì÷àòêè ñ ìàãíè-òóäîé áîëåå 7. Áûëî ïîêàçàíî, ÷òî âî âñåõ ñëó÷àÿõ â èíòåðâàëå äî òðåõ ëåò ïåðåäçåìëåòðÿñåíèåì â ýïèöåíòðàëüíîé îáëàñòè ïðîÿâëÿëàñü ñòàäèÿ ñåéñìè÷åñêîãî çàòèøüÿ.

Êîìïëåêñíûå ñåéñìîëîãè÷åñêèå è ãåîôèçè÷åñêèå èññëåäîâàíèÿ Êàì÷àòêè
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Â äàííîé ðàáîòå ìû ïîïûòàëèñü îöåíèòü íàäåæíîñòü ñåéñìè÷åñêîãî çàòèøüÿ, âû-äåëÿåìîãî ïîñðåäñòâîì ïðîãíîñòè÷åñêîãî ïàðàìåòðà RTL, â êà÷åñòâå ïðåäâåñòíèêà çåìëå-òðÿñåíèÿ ñ ìàãíèòóäîé íå ìåíåå 6.Ìåòîäèêà ðàñ÷åòà ïàðàìåòðà RTL áûëà ïðîãðàììíî ðåàëèçîâàíà Â.Â. Èâàíîâûìâ ñèñòåìå àíàëèçà ñåéñìè÷åñêîé îáñòàíîâêè ñ íàçâàíèåì «RTL-àíàëèçàòîð». Àëãî-ðèòìû ìåòîäà RTL è ïîäðîáíîå îïèñàíèå «RTL-àíàëèçàòîðà» ïðèâåäåíû â ñòàòüå Èâà-íîâà Â.Â. è Ñàëòûêîâà Â.À. [1], ïðåäñòàâëåííîé â íàñòîÿùåì ñáîðíèêå.Ñ ïîìîùüþ «RTL-àíàëèçàòîðà» ïðîäåëàí ðåòðîñïåêòèâíûé àíàëèç âàðèàöèé ñåé-ñìè÷íîñòè ýïèöåíòðàëüíûõ çîí ñèëüíûõ çåìëåòðÿñåíèé Êàì÷àòêè, íà÷èíàÿ ñ 1980 ã.Â ðàáîòå èñïîëüçîâàëñÿ êàòàëîã çåìëåòðÿñåíèé, ïîëó÷åííûé Êàì÷àòñêîé ðåãèîíàëüíîéñåòüþ ñåéñìè÷åñêèõ ñòàíöèé çà ïåðèîä 1962-2003 ãã. Çà íèæíèé ýíåðãåòè÷åñêèé ïîðîãçåìëåòðÿñåíèé áûë âûáðàí Ê=8.5 ïî øêàëå Ôåäîòîâà Ñ.À. [4], ÷òî ñîîòâåòñòâóåòóðîâíþ íàäåæíîé ðåãèñòðàöèè äëÿ èññëåäóåìîãî ðàéîíà. Êàòàëîã ïðåäâàðèòåëüíîî÷èùåí îò àôòåðøîêîâ ïî ïðîãðàììå, ñîñòàâëåííîé Â.Á. Ñìèðíîâûì (ÌÃÓ) ñ èñïîëü-çîâàíèåì àëãîðèòìà ðàáîòû [2].
Ìåòîäèêà èññëåäîâàíèÿ

Ïðîãíîñòè÷åñêèé ïàðàìåòð RTL ïðåäñòàâëÿåò ñîáîé ïðîèçâåäåíèå ôóíêöèé R, T è L,âû÷èñëÿåìûõ â òî÷êå ñ çàäàííûìè êîîðäèíàòàìè â îïðåäåëåííûé ìîìåíò âðåìåíè t.Â ðàñ÷åòå ïàðàìåòðà RTL ó÷àñòâóþò ñåéñìè÷åñêèå ñîáûòèÿ, ïðîèçîøåäøèå â öèëèíä-ðè÷åñêîì îáúåìå, ïîñòðîåííîì âîêðóã äàííîé òî÷êè ñ ðàäèóñîì îñíîâàíèÿ Rmax èâûñîòîé, ñîîòâåòñòâóþùåé âûáðàííîìó äèàïàçîíó ãëóáèí, çà èíòåðâàë âðåìåíè Tmax.Ýïèöåíòðàëüíàÿ ôóíêöèÿ R è âðåìåííàÿ ôóíêöèÿ Ò îïðåäåëÿþòñÿ ñóììàðíûì ÷èñëîìñåéñìè÷åñêèõ ñîáûòèé ñ ó÷åòîì ñòåïåíè óáûâàíèÿ èõ âëèÿíèÿ ïî ìåðå óäàëåíèÿ,ñîîòâåòñòâåííî, â ïðîñòðàíñòâå è âî âðåìåíè îò ðàñ÷åòíîé òî÷êè. Ñòåïåíü âëèÿíèÿóäàëåííûõ ñåéñìè÷åñêèõ ñîáûòèé õàðàêòåðèçóþò êîýôôèöèåíòàìè r0 è t0. Çåìëåòðÿ-ñåíèÿ, ïðîèçîøåäøèå íà ðàññòîÿíèè áîëüøåì ÷åì r0 îò ðàñ÷åòíîé òî÷êè è óäàëåííûåâî âðåìåíè áîëåå ÷åì íà t0, îêàçûâàþò ïî÷òè íà ïîðÿäîê ìåíüøåå âëèÿíèå íà çíà÷åíèåRTL ïî ñðàâíåíèþ ñ çåìëåòðÿñåíèÿìè, ñëó÷èâøèìèñÿ âáëèçè òî÷êè ïðîãíîçà èíåïîñðåäñòâåííî ïåðåä ïðîãíîçîì. Ôóíêöèÿ ðàçìåðà î÷àãà L îïðåäåëÿåòñÿ ýíåðãèåéçåìëåòðÿñåíèé, ïîïàäàþùèõ â ðàñ÷åòíûé öèëèíäð, òàêæå ñ ó÷åòîì óáûâàíèÿ âëèÿíèÿóäàëåííûõ ñîáûòèé. Âêëàä êàæäîãî ïðîèçîøåäøåãî çåìëåòðÿñåíèÿ ïðîïîðöèîíàëåíðàçìåðó î÷àãà è îáðàòíî ïðîïîðöèîíàëåí ðàññòîÿíèþ äî ðàñ÷åòíîé òî÷êè.Ôóíêöèè R, T è L áåçðàçìåðíûå è ïðèâîäÿòñÿ ê åäèíè÷íîé äèñïåðñèè. Îòðèöà-òåëüíûå çíà÷åíèÿ ïàðàìåòðà RTL ñîîòâåòñòâóþò îñëàáëåíèþ ñåéñìè÷åñêîé àêòèâíîñòè.×òîáû îïðåäåëèòü ïðîñòðàíñòâåííîå ïîëîæåíèå çîíû çàòèøüÿ ïåðåä çåìëåòðÿñå-íèåì, ýïèöåíòðàëüíàÿ îáëàñòü ïîêðûâàåòñÿ ñåòêîé ñ øàãîì 7¢30¢¢ ïî øèðîòå è 15¢ ïîäîëãîòå. Êàæäîìó óçëó ñåòêè ïðèïèñûâàåòñÿ ìèíèìàëüíîå çíà÷åíèå RTL â åäèíèöàõñðåäíåêâàäðàòè÷íîãî îòêëîíåíèÿ â òå÷åíèå ãîäà, îòñ÷èòûâàåìîãî íàçàä îò âðåìåíèñîîòâåòñòâóþùåãî çåìëåòðÿñåíèÿ ñ øàãîì 15 äíåé. Óçëû ñåòêè, â êîòîðûõ çíà÷åíèÿRTL <-3s, îáúåäèíåííûå ïî ïðèíöèïó ñîñåäñòâà â ïðîñòðàíñòâå è âî âðåìåíè,îïðåäåëÿþò îáëàñòü ñåéñìè÷åñêîãî çàòèøüÿ. Êîëè÷åñòâåííî ñòåïåíü ïðîÿâëåíèÿ ñåé-ñìè÷åñêîãî çàòèøüÿ õàðàêòåðèçóåòñÿ ìèíèìàëüíûì äîñòèæèìûì çíà÷åíèåì RTL èïðîäîëæèòåëüíîñòüþ àíîìàëèè. Ïðîäîëæèòåëüíîñòü àíîìàëèè îïðåäåëÿåòñÿ êàêèíòåðâàë âðåìåíè, â òå÷åíèå êîòîðîãî ïàðàìåòð RTL<-3s. Ñïðàâà ýòîò èíòåðâàëîãðàíè÷åí ëèáî äàòîé çåìëåòðÿñåíèÿ, ëèáî âûõîäîì RTL íà ôîíîâûé óðîâåíü.Êàê ïîêàçàëà ïðàêòèêà, ïàðàìåòð RTL ÷óâñòâèòåëåí êî âðåìåíè îêîí÷àíèÿ êàòàëîãàè, ïîñêîëüêó íàñ èíòåðåñóåò ïðåæäå âñåãî îöåíêà ñåéñìè÷åñêîé îïàñíîñòè â ðåàëüíîìâðåìåíè, ïðè ðåòðîñïåêòèâíîì àíàëèçå áûëè èñïîëüçîâàíû êàòàëîãè, îãðàíè÷åííûåäàòàìè ðàññìàòðèâàåìûõ çåìëåòðÿñåíèé.Ïðè ðàñ÷åòàõ áûëè ïðèíÿòû çíà÷åíèÿ: r0 =50 êì, t0 =1 ãîä, Rmax =100 êì, Tmax =2ãîäà, ýíåðãåòè÷åñêèé êëàññ ñåéñìè÷åñêèõ ñîáûòèé 8.5-13.4.

Îöåíêà íàäåæíîñòè ïðîãíîñòè÷åñêîãî ïàðàìåòðà RTL
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Àíàëèç âàðèàöèé ñåéñìè÷íîñòè äëÿ êàæäîãî çåìëåòðÿñåíèÿ ïðîäåëàí äëÿ äâóõäèàïàçîíîâ ãëóáèí: 0-70 êì è 30-100 êì.
Ðåçóëüòàòû èññëåäîâàíèÿ

Â ïåðèîä âðåìåíè ñ 1980 ïî 2003 ãã. â ñåéñìîãåííîé çîíå Êàì÷àòêè íà ãëóáèíàõ äî100 êì ïðîèçîøëî 26 çåìëåòðÿñåíèé ñ ìàãíèòóäîé íå ìåíåå 6.0. Â ðàáîòå èñïîëüçîâàíûìàãíèòóäû Ms, îïðåäåëåííûå ïî ïîâåðõíîñòíûì âîëíàì Ðýëåÿ â Öåíòðàëüíîé Îïûòíî-Ìåòîäè÷åñêîé Ýêñïåäèöèè â Îáíèíñêå.Ïåðåä çåìëåòðÿñåíèåì 9 ÿíâàðÿ 1983 ã. (Ms=6.2) îáëàñòü ñåéñìè÷åñêîãî çàòèøüÿáîëåå ÿðêî âûäåëÿåòñÿ ïðè àíàëèçå ñåéñìè÷íîñòè  äëÿ ãëóáèí 0-70 êì (ðèñ. 1). Ýïèöåíòðçåìëåòðÿñåíèÿ ïðèõîäèòñÿ íà êðàé âûäåëåííîé àíîìàëèè, ìèíèìàëüíîå çíà÷åíèå RTLäîñòèãàåò -12s, ïðîäîëæèòåëüíîñòü àíîìàëèè 14 ìåñÿöåâ. Çåìëåòðÿñåíèå ïðîèçîøëîñïóñòÿ 2 ìåñÿöà ïîñëå âûõîäà ïàðàìåòðà RTL íà ôîíîâûé óðîâåíü. 17 àâãóñòà 1983 ã.÷åðåç 10 ìåñÿöåâ ïîñëå îêîí÷àíèÿ çàòèøüÿ íà ãðàíèöå àíîìàëüíîé îáëàñòè ïðîèçîøëîáîëåå ñèëüíîå çåìëåòðÿñåíèå (Ìs=6.9).Äëÿ äèàïàçîíà ãëóáèí 30-100 êì (ðèñ. 2) ïðîäîëæèòåëüíîñòü àíîìàëèè RTL îêîëî5 ìåñÿöåâ, è ìèíèìàëüíîå çíà÷åíèå RTL -10s. Çåìëåòðÿñåíèå ïðîèçîøëî íà êðàþàíîìàëüíîé îáëàñòè ñïóñòÿ ïîëãîäà ïîñëå îêîí÷àíèÿ çàòèøüÿ.Çåìëåòðÿñåíèå 19 ìàÿ 1985 ã. (Ms=6.2) ïðîèçîøëî â ïðåäåëàõ àíîìàëüíîé îáëàñòèâ ëîêàëüíîì ìèíèìóìå ïàðàìåòðà RTL (ðèñ. 3). Ê ìîìåíòó çåìëåòðÿñåíèÿ àíîìàëèÿïðîäîëæàëàñü óæå áîëåå ãîäà è äîñòèãëà ìèíèìàëüíîãî çíà÷åíèÿ -55s. Àíîìàëèÿâûäåëåíà äëÿ äèàïàçîíà ãëóáèí 30-100 êì.Ïåðåä çåìëåòðÿñåíèåì 10 èþëÿ 1987 ã. (Ms=6.1) àíîìàëèÿ RTL âûäåëÿåòñÿ äëÿäèàïàçîíà ãëóáèí 0-70 êì (ðèñ. 4). Äëèòåëüíîñòü àíîìàëèè � 12 ìåñÿöåâ, ìèíèìàëüíîåäîñòèæèìîå çíà÷åíèå RTL -30s. Çåìëåòðÿñåíèå ïðîèçîøëî íà êðàþ àíîìàëüíîé çîíûñïóñòÿ 14 ìåñÿöåâ ïîñëå âûõîäà ïàðàìåòðà RTL íà ôîíîâûé óðîâåíü.Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL, ïðåäøåñòâóþùàÿ çåìëåòðÿñåíèþ 6 îêòÿáðÿ1987 ã. (Ms=6.4) ïðîñëåæèâàåòñÿ äëÿ îáîèõ äèàïàçîíîâ ãëóáèí. Ýïèöåíòð çåìëåòðÿñåíèÿâ îáîèõ ñëó÷àÿõ ïðèõîäèòñÿ íà ãðàíèöó àíîìàëüíîé îáëàñòè, ïîâåäåíèå RTL ïàðàìåòðàòîæå ïðàêòè÷åñêè îäèíàêîâî (ðèñ. 5 è 6). Çåìëåòðÿñåíèå ïðîèñõîäèò ïðè âûõîäåïàðàìåòðà RTL èç ìèíèìóìà. Ê ìîìåíòó çåìëåòðÿñåíèÿ ñåéñìè÷åñêîå çàòèøüåñóùåñòâîâàëî 16-15 ìåñÿöåâ.Çåìëåòðÿñåíèå 19 äåêàáðÿ 1990 ã. (Ms=6.3) ïðîèçîøëî íà êðàþ àíîìàëüíîé îáëàñòèïðè ìèíèìàëüíîì çíà÷åíèè RTL, ðàâíûì -30s (ðèñ. 7). Ñåéñìè÷åñêîå çàòèøüåïðîäîëæàëî ðàçâèâàòüñÿ, â ñåíòÿáðå 1991 ãîäà ïàðàìåòð RTL áûë ìåíåå -40s. 2 ìàðòà1992 ãîäà íà ãðàíèöå àíîìàëüíîé îáëàñòè ïðîèçîøëî åùå îäíî, áîëåå ñèëüíîåçåìëåòðÿñåíèå (Ms=6.8). Çåìëåòðÿñåíèå ïðîèçîøëî íà âûõîäå ïàðàìåòðà RTL èçìèíèìóìà. Àíîìàëèÿ âûäåëåíà äëÿ äèàïàçîíà ãëóáèí 30-100 êì.Ïåðåä çåìëåòðÿñåíèåì 8 èþíÿ 1993 ã. (Ms=7.4) ñåéñìè÷åñêîå çàòèøüå âûäåëÿåòñÿíà îáîèõ äèàïàçîíàõ ãëóáèí. Äëÿ ãëóáèí 0-70 êì ìèíèìóì RTL äîñòèãàåò -7s,ïðîäîëæèòåëüíîñòü àíîìàëèè -10 ìåñÿöåâ (ðèñ. 8). Äëÿ ãëóáèí 30-100 êì ìèíèìàëüíîåçíà÷åíèå RTL -13s, ïðîäîëæèòåëüíîñòü àíîìàëèè � 13 ìåñÿöåâ (ðèñ. 9). Â îáîèõ ñëó÷àÿõýïèöåíòð çåìëåòðÿñåíèÿ è îáëàêî àôòåðøîêîâ ïðèõîäÿòñÿ íà îáëàñòü çàòèøüÿ. Òàêæåâ îáîèõ ñëó÷àÿõ íà ãðàíèöå âûäåëåííîé àíîìàëüíîé îáëàñòè 13 íîÿáðÿ 1993 ã.ïðîèñõîäèò çåìëåòðÿñåíèå ñ ìàãíèòóäîé 7.1.Ýïèöåíòð çåìëåòðÿñåíèÿ 21 èþíÿ 1996 ã. (Ms=7.3) ëåæèò íà ãðàíèöå àíîìàëüíîéîáëàñòè, âûäåëåííîé ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíàõ 30-100 êì. Ìèíèìàëüíîåçíà÷åíèå ïàðàìåòðà RTL -16s, ïðîäîëæèòåëüíîñòü çàòèøüÿ � 19 ìåñÿöåâ, çåìëå-òðÿñåíèå ïðîèçîøëî íà âûõîäå RTL íà ôîíîâûé óðîâåíü (ðèñ. 10).Ñåéñìè÷åñêîå çàòèøüå, ïðåäøåñòâîâàâøåå çåìëåòðÿñåíèþ 16 èþëÿ 1996 ã. (Ms=7.0)õàðàêòåðèçîâàëîñü ïàðàìåòðîì RTL -16s è äëèòåëüíîñòüþ àíîìàëèè ÷óòü áîëüøåãîäà (ðèñ. 11) íà ãëóáèíàõ 0-70 êì. Ïðè àíàëèçå ãëóáîêîé ñåéñìè÷íîñòè àíîìàëèÿ
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ïðîÿâèëàñü áîëåå ÿðêî. Ìèíèìàëüíîå çíà÷åíèå RTL äîñòèãëî -40s, äëèòåëüíîñòüàíîìàëèè � 12 ìåñÿöåâ (ðèñ. 12). Çåìëåòðÿñåíèå ïðîèçîøëî ïðè âûõîäå ïàðàìåòðàRTL èç ìèíèìóìà. ×åðåç 9 ìåñÿöåâ ïîñëå îêîí÷àíèÿ çàòèøüÿ íà þæíîé ãðàíèöåýòîé àíîìàëüíîé çîíû ïðîèçîøëî ñàìîå ñèëüíîå êàì÷àòñêîå çåìëåòðÿñåíèå çà ïîñ-ëåäíèå 25 ëåò.Íà ãëóáèíàõ 0-70 êì ïåðåä çåìëåòðÿñåíèåì 5 äåêàáðÿ 1997 ã. (Ms=7.9) òîæåâûäåëÿåòñÿ îáëàñòü ñåéñìè÷åñêîãî çàòèøüÿ (ðèñ. 13). Ìèíèìàëüíîå çíà÷åíèå RTL -14s , äëèòåëüíîñòü çàòèøüÿ 12 ìåñÿöåâ, çåìëåòðÿñåíèå ïðîèçîøëî ñïóñòÿ 19 ìåñÿöåâïîñëå âûõîäà RTL íà ôîíîâûé óðîâåíü. Ýïèöåíòð çåìëåòðÿñåíèÿ ëåæèò ïðàêòè÷åñêèâ öåíòðå àíîìàëèè.Ñåéñìè÷åñêîå çàòèøüå ïåðåä çåìëåòðÿñåíèåì 8 ìàðòà 1999 ã. (Ms=7.1) íåçíà÷è-òåëüíî è âûäåëÿåòñÿ òîëüêî íà äèàïàçîíå ãëóáèí 30-100 êì (ðèñ. 14). RTL äîñòèãàåò11s, ïðîäîëæèòåëüíîñòü àíîìàëèè îêîëî ïîëóãîäà.Ýïèöåíòð çåìëåòðÿñåíèÿ 8 îêòÿáðÿ 2001 ã. (Ms=6.6) ëåæèò íà íåêîòîðîì óäàëåíèèîò àíîìàëüíîé çîíû. Çåìëåòðÿñåíèå ïðîèçîøëî â ìîìåíò ìèíèìóìà ïàðàìåòðà RTL,ðàâíîãî -20s (ðèñ. 15).
Îáñóæäåíèå ðåçóëüòàòîâ

Çà ïîñëåäíèå 20 ëåò â ñåéñìîãåííîé çîíå Êàì÷àòêè íà ãëóáèíàõ äî 100 êì ïðîèçî-øëî 26 çåìëåòðÿñåíèé ñ ìàãíèòóäîé íå ìåíåå 6.0. Ðåòðîñïåêòèâíîå èññëåäîâàíèåýïèöåíòðàëüíûõ îáëàñòåé ýòèõ çåìëåòðÿñåíèé ñ ïîìîùüþ ìåòîäèêè RTL ïîêàçàëî,÷òî â 14-òè ñëó÷àÿõ çåìëåòðÿñåíèþ ïðåäøåñòâîâàëà ñòàäèÿ ñåéñìè÷åñêîãî çàòèøüÿ,îïðåäåëÿåìîãî îáëàñòüþ àíîìàëüíûõ çíà÷åíèé RTL-ïàðàìåòðà. 8 ñåéñìè÷åñêèõ àíî-ìàëèé âûäåëÿþòñÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíàõ 0-70 êì, 10 - íà ãëóáèíàõ30-100 êì. Çåìëåòðÿñåíèå ïðîèñõîäèò êàê ïðàâèëî (â 8-ìè ñëó÷àÿõ) íà êðàþ àíî-ìàëüíîé îáëàñòè ïðè âûõîäå RTL-ïàðàìåòðà èç ìèíèìóìà íà ôîíîâûé óðîâåíü. 2ñîáûòèÿ ïðîèçîøëè ïðè íàðàñòàíèè àíîìàëèè, åùå â 4-õ ñëó÷àÿõ çåìëåòðÿñåíèÿ ëèáîóäàëåíû îò àíîìàëüíîé çîíû, ëèáî ïðîèçîøëè ñïóñòÿ íåêîòîðîå âðåìÿ (îò 4 ìåñÿöåâäî ãîäà) ïîñëå âûõîäà ïàðàìåòðà íà íóëåâîé óðîâåíü. Ìèíèìàëüíîå äîñòèæèìîåçíà÷åíèå RTL âàðüèðóåòñÿ îò -7s äî -50s, äëèòåëüíîñòü çàòèøüÿ - îò 5 äî 26 ìåñÿöåâ.Ñåéñìè÷åñêèå àíîìàëèè ïðîÿâëÿþòñÿ áîëåå çíà÷èìî ïðè àíàëèçå ñåéñìè÷íîñòè,ïðèóðî÷åííîé ê ãëóáèíàì 30-100 êì.Âñå âûøåïåðå÷èñëåííûå çåìëåòðÿñåíèÿ è ñîîòâåòñòâóþùèå èì àíîìàëèè ñâåäåíûâ òàáëèöó. Ïîä âðåìåíåì îæèäàíèÿ â äàííîì ñëó÷àå ïîíèìàåòñÿ ïðîìåæóòîê âðåìåíèìåæäó äàòîé äîñòèæåíèÿ ìèíèìàëüíîãî çíà÷åíèÿ RTL è äàòîé çåìëåòðÿñåíèÿ. Âðåìÿîæèäàíèÿ âàðüèðóåòñÿ îò 2 ìåñÿöåâ äî 2 ëåò. Â äâóõ ñëó÷àÿõ â ýòîé ãðàôå ñòîÿò «0». Ýòîòå ñîáûòèÿ, êîòîðûå ïðîèçîøëè â ìèíèìóìå RTL. Â îáîèõ ñëó÷àÿõ ýòî ëîêàëüíûåìèíèìóìû ïàðàìåòðà.Â ñòîëáöå, îáîçíà÷åííîì «n», ïðèâåäåíî ñóììàðíîå ÷èñëî çåìëåòðÿñåíèé âöèëèíäðè÷åñêîì îáúåìå ðàäèóñîì 100 êì, ïîñòðîåííîì îòíîñèòåëüíî òî÷êè ñìèíèìàëüíûì çíà÷åíèåì RTL äëÿ ñîîòâåòñòâóþùåãî äèàïàçîíà ãëóáèí, çà àíàëè-çèðóåìûé ïðîìåæóòîê âðåìåíè. Àâòîðû ìåòîäèêè ïðåäïîëàãàþò, ÷òî â òàêîì«ýëåìåíòàðíîì» öèëèíäðè÷åñêîì îáúåìå äîëæíî íàõîäèòüñÿ íå ìåíåå 550 ñîáûòèé. Âïðîòèâíîì ñëó÷àå ïàðàìåòð RTL ñ÷èòàåòñÿ íåîïðåäåëåííûì. Ñîãëàñíî ýòîìó îãðà-íè÷åíèþ, àíîìàëèÿ, ïðåäøåñòâóþùàÿ çåìëåòðÿñåíèþ 10 èþëÿ 1987 ã., íå ÿâëÿåòñÿçíà÷èìîé. Çåìëåòðÿñåíèå 10 èþëÿ 1987 ã. (Ìs=6.1) ïðîèçîøëî â îáëàñòè îòíîñèòåëüíîíèçêîé ñåéñìè÷åñêîé àêòèâíîñòè (îñòðîâ Áåðèíãà). Ïðàêòè÷åñêè çäåñü æå ïðîèçîø-ëè çåìëåòðÿñåíèÿ 31 ìàÿ 1982 ã. (Ìs=6.5), 26 íîÿáðÿ 1999 ã. (Ìs=6.0) è íåñêîëüêîñåâåðíåå � ñîáûòèå 5 äåêàáðÿ 2003 ã. (Ìs=6.3). Ïî-âèäèìîìó, èñïîëüçîâàííûå â äàííîéðàáîòå çíà÷åíèÿ ïàðàìåòðîâ Rmax è Tmax íåäîñòàòî÷íû, ÷òîáû âûäåëèòü àíîìàëèþ RTLâ îáëàñòè íèçêîé ñåéñìè÷åñêîé àêòèâíîñòè. Ïîýòîìó ÷åòûðå âûøåóïîìÿíóòûåçåìëåòðÿñåíèÿ â îöåíêå íàäåæíîñòè ïðîãíîñòè÷åñêîãî ïàðàìåòðà ìû íå áóäåìó÷èòûâàòü.
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Òàêèì îáðàçîì, 13 èç 22 ñèëüíûõ çåìëåòðÿñåíèé ñ ìàãíèòóäîé íå ìåíåå 6, ïðî-èçîøåäøèõ â ñåéñìîãåííîé çîíå Êàì÷àòêè çà ïîñëåäíèå 20 ëåò, ìû ìîæåì ñîïîñòàâèòüïðåäøåñòâóþùèå ñåéñìè÷åñêèå çàòèøüÿ äëèòåëüíîñòüþ íå ìåíåå 6 ìåñÿöåâ ñ ìèíè-ìàëüíûì äîñòèæèìûì ïàðàìåòðîì RTL -8s, ïðîÿâèâøèåñÿ íå áîëåå ÷åì çà 2 ãîäà äîçåìëåòðÿñåíèÿ.Îïðåäåëèì íàäåæíîñòü ïðåäâåñòíèêà, êàê îòíîøåíèå ÷èñëà çåìëåòðÿñåíèé, äëÿêîòîðûõ áûëî âûäåëåíî ïðåäøåñòâóþùåå ñåéñìè÷åñêîå çàòèøüå, ê ÷èñëó âñåõ çåìëå-òðÿñåíèé ñ ìàãíèòóäîé íå ìåíåå çàäàííîé, ïðîèçîøåäøèõ çà èññëåäóåìûé ïåðèîäâðåìåíè. Ñîãëàñíî ýòîìó îïðåäåëåíèþ, íàäåæíîñòü ïðîãíîñòè÷åñêîãî ïàðàìåòðà RTLâ êà÷åñòâå ïðåäâåñòíèêà ñèëüíîãî çåìëåòðÿñåíèÿ (Ì³6) ðàâíà 0.6.
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Ðèñ.1. Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL ïåðåä çåìëåòðÿñåíèåì 9 ÿíâàðÿ 1983 ã.,âûäåëåííàÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíå 0-70 êì (à), è ãðàôèê èçìåíåíèÿïàðàìåòðà RTL â òî÷êå ñ êîîðäèíàòàìè 54.69 ñ.ø. è 163.38 â.ä.(b).Fig.1. The anomalous area of RTL parameter before the 9 January 1983 earthquake wasallocated at the analysis of seismicity in the depth range 0-70 km (a). Variations of RTLparameter within a cylindrical volume by radius 100 km around the point with coordinates54.69 N, 163.38 E (b).

Ðèñ.2. Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL ïåðåä çåìëåòðÿñåíèåì 9 ÿíâàðÿ 1983 ã.,âûäåëåííàÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíå 30-100 êì (à), è ãðàôèê èçìåíåíèÿïàðàìåòðà RTL â òî÷êå ñ êîîðäèíàòàìè 55.19 ñ.ø., 161.13 â.ä.(b).Fig.2. The anomalous area of RTL parameter before the 9 January 1983 earthquake wasallocated at the analysis of seismicity in the depth range 30-100 km (a). Variations of RTLparameter within a cylindrical volume by radius 100 km around the point with coordinates55.19 N, 161.13 E (b).
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Ðèñ.3. Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL ïåðåä çåìëåòðÿñåíèåì 19 ìàÿ 1985 ã.,âûäåëåííàÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíå 30-100 êì (à), è ãðàôèê èçìåíåíèÿïàðàìåòðà RTL â òî÷êàõ ñ êîîðäèíàòàìè 54.69 ñ.ø., 160.13 â.ä. (b).Fig.3. The anomalous area of RTL parameter before the 19 May 1985 earthquake was allocatedat the analysis of seismicity in the depth range 30-100 km (a). Variations of RTL parameterwithin a cylindrical volume by radius 100 km around the point with coordinates 54.69 N,163.38 E (b).

Ðèñ.4. Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL ïåðåä çåìëåòðÿñåíèåì 10 èþëÿ 1987 ã.,âûäåëåííàÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíå 0-70 êì (à), è ãðàôèê èçìåíåíèÿïàðàìåòðà RTL â òî÷êå ñ êîîðäèíàòàìè 53.81 ñ.ø., 164.63 â.ä. (b).Fig.4. The anomalous area of RTL parameter before the 10 July 1987 earthquake was allocatedat the analysis of seismicity in the depth range 0-70 km (a). Variations of RTL parameterwithin a cylindrical volume by radius 100 km around the point with coordinates 53.81 N,164.63 E (b).
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Ðèñ.5. Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL ïåðåä çåìëåòðÿñåíèåì 6 îêòÿáðÿ 1987 ã.,âûäåëåííàÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíå 0-70 êì (à), è ãðàôèê èçìåíåíèÿïàðàìåòðà RTL â òî÷êå ñ êîîðäèíàòàìè 52.81 ñ.ø., 158.63 â.ä. (b).Fig.5. The anomalous area of RTL parameter before the 6 October 1987 earthquake wasallocated at the analysis of seismicity in the depth range 0-70 km (a). Variations of RTLparameter within a cylindrical volume by radius 100 km around the point with coordinates52.81 N, 158.63 E (b).

Ðèñ.6. Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL ïåðåä çåìëåòðÿñåíèåì 6 îêòÿáðÿ 1987 ã.,âûäåëåííàÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíå 30-100 êì (à), è ãðàôèê èçìåíåíèÿïàðàìåòðà RTL â òî÷êå ñ êîîðäèíàòàìè 52.56 ñ.ø., 159.13 â.ä. (b).Fig.6. The anomalous area of RTL parameter before the 6 October 1987 earthquake wasallocated at the analysis of seismicity in the depth range 30-100 km (a). Variations of RTLparameter within a cylindrical volume by radius 100 km around the point with coordinates52.56 N, 159.13 E (b).
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Ðèñ.7. Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL ïåðåä çåìëåòðÿñåíèÿìè 19 äåêàáðÿ 1990 ã.è 2 ìàðòà 1992 ã., âûäåëåííàÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíå 30-100 êì (à), èãðàôèêè èçìåíåíèÿ ïàðàìåòðà RTL â òî÷êå ñ êîîðäèíàòàìè 51.81 ñ.ø., 160.13 â.ä.,ðàññ÷èòàííûå äëÿ êàòàëîãîâ, îãðàíè÷åííûõ äàòàìè ýòèõ çåìëåòðÿñåíèé (b) è (ñ),ñîîòâåòñòâåííî.Fig.7. The anomalous area of RTL parameter before the 6 October 1987 and the 2 March1992 earthquakes was allocated at the analysis of seismicity in the depth range 30-100 km (a).Variations of RTL parameter within a cylindrical volume by radius 100 km around the pointwith coordinates 51.81 N, 160.13 E are designed for the catalogues limited by dates of theseearthquakes (b) and (ñ) accordingly.
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Ðèñ.8. Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL ïåðåä çåìëåòðÿñåíèÿìè 8 èþíÿ è 13 íîÿáðÿ1993 ã., âûäåëåííàÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíå 0-70 êì (à), è ãðàôèê èç-ìåíåíèÿ ïàðàìåòðà RTL â òî÷êå ñ êîîðäèíàòàìè 51.19 ñ.ø., 158.13 â.ä. (b).Fig.8. The anomalous area of RTL parameter before the 8 June and the 13 November 1993earthquakes was allocated at the analysis of seismicity in the depth range 0-70 km (a). Variationsof RTL parameter within a cylindrical volume by radius 100 km around the point withcoordinates 51.19 N, 158.13 E (b).
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Ðèñ.9. Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL ïåðåä çåìëåòðÿñåíèÿìè 8 èþíÿ è 13 íîÿáðÿ1993 ã., âûäåëåííàÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíå 30-100 êì (à), è ãðàôèêèçìåíåíèÿ ïàðàìåòðà RTL â òî÷êå ñ êîîðäèíàòàìè 51.06 ñ.ø., 159.38 â.ä. (b).Fig.9. The anomalous area of RTL parameter before the 8 June and the 13 November 1993earthquakes was allocated at the analysis of seismicity in the depth range 30-100 km (a).Variations of RTL parameter within a cylindrical volume by radius 100 km around the pointwith coordinates 51.06 N, 159.38 E (b).
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Ðèñ.10. Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL ïåðåä çåìëåòðÿñåíèåì 21 èþíÿ 1996 ã.,âûäåëåííàÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíå 30-100 êì (à), è ãðàôèê èçìåíåíèÿïàðàìåòðà RTL â òî÷êå ñ êîîðäèíàòàìè 51.69 ñ.ø., 157.63 â.ä. (b).Fig.10. The anomalous area of RTL parameter before the 21 June 1996 earthquake was allocatedat the analysis of seismicity in the depth range 30-100 km (a). Variations of RTL parameterwithin a cylindrical volume by radius 100 km around the point with coordinates 51.69 N,157.63 E (b).

Ðèñ.11. Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL ïåðåä çåìëåòðÿñåíèåì 16 èþëÿ 1996 ã.,âûäåëåííàÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíå 0-70 êì (à), è ãðàôèê èçìåíåíèÿïàðàìåòðà RTL â òî÷êå ñ êîîðäèíàòàìè 56.31 ñ.ø., 164.13 â.ä. (b).Fig.11. The anomalous area of RTL parameter before the 16 July 1996 earthquake was allocatedat the analysis of seismicity in the depth range 0-70 km (a). Variations of RTL parameterwithin a cylindrical volume by radius 100 km around the point with coordinates 56.31 N,164.13 E (b).
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Ðèñ.12. Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL ïåðåä çåìëåòðÿñåíèÿìè 16 èþëÿ 1996 ã. è5 äåêàáðÿ 1997 ã., âûäåëåííàÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíå 30-100 êì (à),è ãðàôèê èçìåíåíèÿ ïàðàìåòðà RTL â òî÷êå ñ êîîðäèíàòàìè 56.06 ñ.ø., 162.38 â.ä. (b).Fig.12. The anomalous area of RTL parameter before the 16 July 1996 and the 5 December1997 earthquakes was allocated at the analysis of seismicity in the depth range 30-100 km(a). Variations of RTL parameter within a cylindrical volume by radius 100 km around thepoint with coordinates 56.06 N, 162.38 E are designed for the catalogues limited by datesof these earthquakes (b) and (ñ) accordingly.

Îöåíêà íàäåæíîñòè ïðîãíîñòè÷åñêîãî ïàðàìåòðà RTL



240

a b

158.2 159.2 160.2 161.2
51.2
51.6
52.0
52.4

RTL<-8RTL<-6RTL<-4RTL<-21999-03-08M=7.1K=11-10
01/01/1964

09/07/1967
14/01/1971

22/07/1974
27/01/1978

04/08/1981
09/02/1985

17/08/1988
23/02/1992

31/08/1995
08/03/1999

-20

-10

0

10
RTL(159.8750, 51.5625)

14/12/1995
10/04/1996

06/08/1996
02/12/1996

30/03/1997
26/07/1997

21/11/1997
19/03/1998

15/07/1998
10/11/1998

08/03/1999
-12-11-10-9

-8-7
-6-5
-4-3
-2-1
01 RTL(159.8750, 51.5625)

Ðèñ.13. Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL ïåðåä çåìëåòðÿñåíèåì 5 äåêàáðÿ 1997 ã.,âûäåëåííàÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíå 0-70 êì (à), è ãðàôèê èçìåíåíèÿ ïà-ðàìåòðà RTL â òî÷êå ñ êîîðäèíàòàìè 54.69 ñ.ø., 163.38 â.ä. (b).Fig.13. The anomalous area of RTL parameter before the 5 December 1997 earthquake wasallocated at the analysis of seismicity in the depth range 0-70 km (a). Variations of RTLparameter within a cylindrical volume by radius 100 km around the point with coordinates54.69 N, 164.38 E (b).

Ðèñ.14. Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL ïåðåä çåìëåòðÿñåíèåì 8 ìàðòà 1999 ã.,âûäåëåííàÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíå 30-100 êì (à), è ãðàôèê èçìåíåíèÿïàðàìåòðà RTL â òî÷êå ñ êîîðäèíàòàìè 51.56 ñ.ø., 159.88 â.ä. (b).Fig.14. The anomalous area of RTL parameter before the 8 March 1999 earthquake wasallocated at the analysis of seismicity in the depth range 30-100 km (a). Variations of RTLparameter within a cylindrical volume by radius 100 km around the point with coordinates51.56 N, 159.88 E (b).
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Ðèñ.15. Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL ïåðåä çåìëåòðÿñåíèåì 8 îêòÿáðÿ 2001 ã.,âûäåëåííàÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíå 30-100 êì (à), è ãðàôèê èçìåíåíèÿïàðàìåòðà RTL â òî÷êå ñ êîîðäèíàòàìè 51.19 ñ.ø., 158.88 â.ä. (b).Fig.15. The anomalous area of RTL parameter before the 8 October 2001 earthquakes wasallocated at the analysis of seismicity in the depth range 30-100 km (a). Variations of RTLparameter within a cylindrical volume by radius 100 km around the point with coordinates51.19 N, 158.88 E (b).

Ðèñ.16. Àíîìàëüíàÿ îáëàñòü ïàðàìåòðà RTL ïåðåä çåìëåòðÿñåíèåì 8 ìàÿ 2002 ã.,âûäåëåííàÿ ïðè àíàëèçå ñåéñìè÷íîñòè íà ãëóáèíå 0-70 êì (à), è ãðàôèê èçìåíåíèÿïàðàìåòðà RTL â òî÷êå ñ êîîðäèíàòàìè 54.31 ñ.ø., 162.38 â.ä. (b).Fig.16. The anomalous area of RTL parameter before the 8 May 2002 earthquake was allocatedat the analysis of seismicity in the depth range 0-70 km (a). Variations of RTL parameterwithin a cylindrical volume by radius 100 km around the point with coordinates 54.31 N,162.38 E (b).
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Òàáëèöà. Çåìëåòðÿñåíèÿ ñ ìàãíèòóäîé íå ìåíåå 6.0, ïðîèçîøåäøèå â ïåðèîä ñ 1980 ïî2003 ãã., è ïàðàìåòðû ñîîòâåòñòâóþùèõ èì ñåéñìè÷åñêèõ àíîìàëèé. tD - � äëèòåëüíîñòüàíîìàëèè, tD � âðåìÿ îæèäàíèÿ.Table. Strong earthquakes (M>6.0) occurred near Kamchatka for 1980 - 2003 years and parametersof the corresponding seismic anomalies. D H � depth range, n � number of events (Kmin=8.5) withina cylindrical volume by radius 100 km around the minimal parameter RTL point, tD -� duration ofseismic anomaly,  � time interval between the minimal parameter RTL date and the main shock.
N Date Coordinates, degrees Depth, km Ìs D H, km n RTL,s tD -,month tD ,month.1 23-Jan-1980 52.23 160.4 14 6.1 2 31-May-1982 55.07 165.48 40 6.5
3 9-Jan-1983 55.1 163.53 19 6.2 0-7030-100 21001000 <-12<-10 145 794 17-Aug-1983 55.65 161.53 102 6.9 0-70 2100 <-12 14 145 27-Jul-1984 52.97 161.33 58 6.26 28-Dec-1984 56.18 163.44 19 6.57 6-Mar-1985 55.09 162.46 46 6.08 19-May-1985 53.54 160.62 39 6.2 30-100 700 <-50 12 09 10-Jul-1987 55.06 165.44 49 6.1 0-70 250 <-30 12 1810 4-Oct-1987 55.53 162.08 72 6.2
11 6-Oct-1987 52.86 160.23 33 6.4 0-7030-100 21001700 <-20<-20 1615 2 5 12 24-May-1989 56.3 163.77 39 6.413 19-Dec-1990 52.77 160.65 24 6.3 30-100 700 <-30 12 014 2-Mar-1992 52.76 160.2 20 6.8 30-100 900 <-35 26 6
15 8-Jun-1993 51.2 157.8 40 7.4 0-7030-100 1700700 <-7<-13 10 13 7 10 16 13-Nov-1993 51.79 158.83 40 7.1 0-7030-100 1700700 <-7<-13 1013 121517 1-Jan-1996 53.9 159.43 0 6.518 21-Jun-1996 51.27 159.63 1 7.3 30-100 1100 <-16 19 13
19 16-Jul-1996 56.0 165.05 40 7.0 0-7030-100 800900 <-16<-40 13 12 6 7 20 5-Dec-1997 54.64 162.55 10 7.9 0-7030-100 36001000 <-14<-30 12 20 172321 1-Jun-1998 52.81 160.37 31 6.622 8-Mar-1999 51.93 159.72 7 7.1 30-100 900 <-11 6 623 26-Nov-1999 55.07 165.23 34 6.024 2-Aug-2001 56.05 163.9 31 6.225 8-Oct-2001 52.65 160.53 22 6.6 30-100 1300 <-20 8 126 5-Dec-2003 55.56 165.73 14 6.0
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