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Èñïîëüçóÿ òåîðåòèêî-âåðîÿòíîñòíûé ïîäõîä, êàòàëîã çåìëåòðÿñåíèé ìîæíî ïðåäñòà-
âèòü â âèäå âåðîÿòíîñòíîãî ïðîñòðàíñòâà òð¼õ ìàòåìàòè÷åñêèõ îáúåêòîâ: Ω � ïðîñòðàí-
ñòâî ýëåìåíòàðíûõ ñîáûòèé, F̃ � ìíîæåñòâî ïîäìíîæåñòâ ñëó÷àéíûõ ñîáûòèé èç Ω, P �
âåðîÿòíîñòè ýòèõ ñëó÷àéíûõ ñîáûòèé [1]. Ñîîòâåòñòâåííî êàæäîå çåìëåòðÿñåíèå êàòàëî-
ãà ðàññìàòðèâàåòñÿ êàê åäèíè÷íûé èñõîä ωi â ïðîñòðàíñòâå Ω, ìîùíîñòü êîòîðîãî çàäà-
¼òñÿ ÷èñëîì ñîáûòèé êàòàëîãà. Åäèíè÷íûé èñõîä ωi ñîïðîâîæäàåòñÿ ðåãèñòðàöèåé ïÿòè
ñëó÷àéíûõ âåëè÷èí: ýíåðãåòè÷åñêîãî êëàññà K, òðåõ êîîðäèíàò (øèðîòû φ, äîëãîòû λ è
ãëóáèíû h) è âðåìåíè t. Òàê êàê â äàëüíåéøåì áóäóò ðàññìàòðèâàòüñÿ òîëüêî ïðîñòðàí-
ñòâåííûå ðàñïðåäåëåíèÿ ïðè ôèêñèðîâàííîì âðåìåííîì èíòåðâàëå, òî âðåìÿ åäèíè÷íîãî
ñîáûòèÿ êàê ñëó÷àéíàÿ âåëè÷èíà èç äàëüíåéøåãî àíàëèçà áóäåò èñêëþ÷åíî. Â ýòîì ñëó-
÷àå ýëåìåíòàðíîå ñîáûòèå ωi îïðåäåëÿåò âåêòîð ξi(ωi), çàäàâàåìûé ÷åòûðüìÿ ñëó÷àéíûìè
íåïðåðûâíûìè âåëè÷èíàìè ξi=(φi,λi,hi,Ki). Ðàñïðåäåëåíèå ñîáûòèé çà íåêîòîðûé ïåðèîä
∆Ti â îáúåìå, çàäàâàåìîãî èíòåðâàëîì êîîðäèíàò ∆φ, ∆λ è ∆h, áóäåò ïðåäñòàâëÿòüñÿ êàê
ðàñïðåäåëåíèå â ÷åòûðåõìåðíîì ïðîñòðàíñòâå n òî÷åê, ñîîòâåòñòâóþùèõ êîíöó âåêòîðà
ξi. Ñëó÷àéíûå ñîáûòèÿ ìîãóò ñîñòàâëÿòü ïðîèçâîëüíóþ êîìáèíàöèþ èç ïåðåìåííîãî ÷èñëà
ñëó÷àéíûõ âåëè÷èí (ïðè ôèêñèðîâàíèè äðóãèõ) è îáðàçîâûâàòü â F̃ íåêîòîðûå ïîäìíî-
æåñòâà [2].

Ðèñ. 1. Ðàñïîëîæåíèå èññëåäóåìûõ ñåéñìîàêòèâíûõ îáëàñòåé Si. Ðàñïîëîæåíèå ýïèöåíòðîâ
ñåéñìè÷åñêèõ ñîáûòèé ñ ýíåðãåòè÷åñêèì êëàññîì K ≥14, ïðîèçîøåäøèõ çà âðåìåííîé
ïåðèîä T â ðàññìàòðèâàåìûõ îáëàñòÿõ

Â äàííîé ðàáîòå áóäåò èññëåäîâàòüñÿ ñëó÷àéíîå ñîáûòèå: �Ïîïàäàíèå ýïèöåíòðîâ ñåé-
ñìè÷åñêèõ ñîáûòèé, ïðîèçîøåäøèõ â âûáðàííîì â îáú¼ìå V , â çàäàííûå èíòåðâàëû øè-
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ðîòû ∆φi è äîëãîòû ∆λi�. Çåìëåòðÿñåíèÿ, ïîïàäàþùèå â îáú¼ì V îáðàçóþò ïîëíóþ ãðóï-
ïó åäèíè÷íûõ ñëó÷àéíûõ ñîáûòèé. Ðàçäåëåíèå ïîâåðõíîñòè ñåéñìîàêòèâíîãî îáú¼ìà íà
ñåãìåíòû ïðîèçâîäèòñÿ òàê, ÷òîáû îáëàñòè íå ïåðåêðûâàëèñü. Ñîîòâåòñòâåííî, åñëè â çà-
äàííîì îáú¼ìå V çà ðàññìàòðèâàåìûé ïåðèîä ∆T çàôèêñèðîâàíî N çåìëåòðÿñåíèé, à â
íåêîòîðîì ýëåìåíòàðíîì îáú¼ìå ∆Vi, ÿâëÿþùåãîñÿ ÷àñòü îáú¼ìà V ïðîèçîøëî ni ñîáûòèé,
òî âåðîÿòíîñòü ðàññìàòðèâàåìîãî ñëó÷àéíîãî ñîáûòèÿ ìîæíî âû÷èñëèòü êàê P = ni/N .
Âûáðàâ íåêîòîðûé ïåðèîä Tè ïðîõîäÿ åãî çàäàííûì âðåìåííûì îêíîì ∆T ñî ñêîëüçÿùèì
øàãîì ∆t, ìîæíî âû÷èñëèòü âðåìåííîé ðÿä âåðîÿòíîñòåé ñëó÷àéíîãî ñîáûòèÿ.

Äëÿ èññëåäîâàíèÿ ñåéñìè÷åñêîãî ðåæèìà îáëàñòè S, ðàñïîëîæåííîé âäîëü âîñòî÷íî-
ãî ïîáåðåæüÿ Êàì÷àòêè â äèàïàçîíå øèðîò 46�-60�, áûëî ïðîèçâåäåíî å¼ ðàçäåëåíèå íà
3 íåïåðåêðûâàþùèõñÿ îáëàñòè S1, S2,S3 (ðèñ.1). Ñîãëàñíî äåëåíèþ Êàì÷àòñêîãî ðåãèîíà
íà çîíû ñåéñìè÷íîñòè [3], îáëàñòü S1 çàõâàòûâàåò ÷àñòü ñåéñìîôîêàëüíîé çîíû Êóðèë è
Þæíîé Êàì÷àòêè, S2 � ñåâåðíóþ ÷àñòü Êàì÷àòñêîé ñåéñìîôîêàëüíîé çîíû, à îáëàñòü
S3 çàõâàòûâàåò ÷àñòü Êîìàíäîðñêîãî ñåãìåíòà Àëåóòñêîé äóãè è ÷àñòü Êîðÿêñêîãî ñåé-
ñìè÷åñêîãî ïîÿñà. Çà ðàññìàòðèâàåìûé ïåðèîä T=1990.01.01�2013.05.01 ãã. â îáëàñòè S
ïðîèçîøëî 25 ñåéñìè÷åñêèõ ñîáûòèé ñ ýíåðãåòè÷åñêèì êëàññîì K ≥14 è ñ ãëóáèíîé ãè-
ïîöåíòðîâ äî 100 êì, ïðè÷¼ì 14 ïðîèçîøëî â îáëàñòè S1, 9 â S2 è 2 â S3. Íà âðåìåí-
íîì èíòåðâàëå T ìîæíî îòìåòèòü íåñêîëüêî ïåðèîäîâ ïîâûøåííîé ñåéñìè÷åñêîé àêòèâ-
íîñòè. Ýòî ïåðèîä 1992�1998ãã., êîãäà ïðîèçîøëî 6 ñîáûòèé ñ K ≥14, èç êîòîðûõ ñîáûòèå
1993.06.08 (M=7,4) è Êðîíîöêîå ñîáûòèå 1997.12.05 (M=7,9) èìåëè K ≥15. À òàêæå ïåðè-
îä 2010.01.01�2013.05.01 ãã., êîãäà ïðîèçîøëî 13 ñîáûòèé ñ K ≥14, èç êîòîðûõ 2 ñîáûòèÿ
ñ ýíåðãåòè÷åñêèì êëàññîì K ≥15.

Ðèñ. 2. Âðåìåííîé ðÿä âåðîÿòíîñòåé ïîïàäàíèÿ ñåéñìè÷åñêèõ ñîáûòèé â îáëàñòü S1

Äëÿ òð¼õ ñåéñìîàêòèâíûõ îáëàñòåé (ðèñ.1) áûëè âû÷èñëåíû âðåìåííûå ðÿäû âåðîÿò-
íîñòåé èññëåäóåìîãî ñëó÷àéíîãî ñîáûòèÿ, ïðîõîäÿ âðåìåííîé èíòåðâàë T ñ îêíîì ∆T=1
ãîä è ñêîëüçÿùèì øàãîì ∆t=10 ñóòîê. Íà ðèñ.2�4 ïðåäñòàâëåíû âðåìåííûå ðÿäû âåðîÿò-
íîñòåé P äëÿ êàæäîé èç ðàññìàòðèâàåìûõ îáëàñòåé S1, S2,S3. Íà âðåìåííîé øêàëå êàæ-
äîãî ãðàôèêà îòìå÷åíî âðåìÿ ñåéñìè÷åñêèõ ñîáûòèé ñ ýíåðãåòè÷åñêèì êëàññîì K ≥ 13,
ïðîèçîøåäøèõ â ñîîòâåòñòâóþùåé îáëàñòè.

Àíàëèç ðÿäîâ âåðîÿòíîñòåé ïîêàçàë, ÷òî íàèáîëüøàÿ ñåéñìè÷åñêàÿ àêòèâíîñòü çà ðàñ-
ñìàòðèâàåìûé ïåðèîä T íàáëþäàëàñü â îáëàñòè S2, äëÿ êîòîðîé ñðåäíÿÿ âåðîÿòíîñòü ñî-
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Ðèñ. 3. Âðåìåííîé ðÿä âåðîÿòíîñòåé ïîïàäàíèÿ ñåéñìè÷åñêèõ ñîáûòèé â îáëàñòü S2

Ðèñ. 4. Âðåìåííîé ðÿä âåðîÿòíîñòåé ïîïàäàíèÿ ñåéñìè÷åñêèõ ñîáûòèé â îáëàñòü S3
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ñòàâèëà 0,57. Íàèìåíüøàÿ âåðîÿòíîñòü ïðèõîäèòñÿ íà îáëàñòü S3 ñî ñðåäíèì çíà÷åíèåì
0,13. Äëÿ îáëàñòè S1 ñðåäíÿÿ âåðîÿòíîñòü ñîñòàâèëà 0,3. Â îáëàñòè S3 çàìåòíîå ïîâûøå-
íèå âåðîÿòíîñòè ïðîèñõîäèëî òîëüêî â 1999 è 2006 ãã. Äëÿ îáëàñòè S2 â ïåðèîä 1990�2000
ãã. õàðàêòåðíà âûñîêàÿ ñåéñìè÷åñêàÿ àêòèâíîñòü, îñîáåííî â 1990�1993 ãã., è ïîñëå Êðî-
íîöêîãî ñîáûòèÿ â 1997 � 1999 ãã., êîãäà âåðîÿòíîñòü ïîïàäàíèÿ ñåéñìè÷åñêèõ ñîáûòèé â
ýòó îáëàñòü áûëà ≈ 0,9. Â ïîñëåäóþùèå ãîäû ñåéñìè÷åñêàÿ àêòèâíîñòü â îáëàñòè S2 ñòàëà
ñíèæàòüñÿ è íà÷èíàÿ ñ 2006 ã. âåðîÿòíîñòü ñòàëà ìåíüøå ñðåäíåãî ìíîãîëåòíåãî óðîâíÿ. Â
îáëàñòè S1 ïîâûøåíèå ñåéñìîàêòèâíîñòè áûëî â 1993�1994 ãã., êîãäà âåðîÿòíîñòü ïîïàäà-
íèÿ ñåéñìè÷åñêèõ ñîáûòèé â ýòó îáëàñòü äîñòèãëà 0,5. Íà÷èíàÿ ñ 2007 ã. â S1 ïðîèñõîäèë
ðîñò âåðîÿòíîñòåé, ïðåâûñèâøèé â 2 ðàçà ñðåäíèé ìíîãîëåòíèé óðîâåíü â 2010 � 2013 ãã. Â
ïåðèîä ñ 2011 ïî àïðåëü 2013 ã. â ýòîé îáëàñòè ïðîèçîøëî 11 ñåéñìè÷åñêèõ ñîáûòèé ñ ýíåð-
ãåòè÷åñêèì êëàññîì K ≥14. Òàêèì îáðàçîì ñ ïîìîùüþ ïðåäñòàâëåííîãî â äàííîé ðàáîòå
ìåòîäà, îñíîâàííîãî íà ïðèìåíåíèè òåîðåòèêî-âåðîÿòíîñòíîãî ïîäõîäà ê êàòàëîãó Êàì-
÷àòñêèõ çåìëåòðÿñåíèé, ïîçâîëèâøåãî âû÷èñëèòü âåðîÿòíîñòè ïîïàäàíèÿ ñåéñìè÷åñêèõ
ñîáûòèé â çàäàííûé ñåéñìîàêòèâíûå îáëàñòè, óäàëîñü îáíàðóæèòü ðîñò ñåéñìè÷åñêîé àê-
òèâíîñòè, ïðîèñõîäèâøèé íà ïðîòÿæåíèè 2007�2010 ãã. â ñåéñìîôîêàëüíîé çîíå Êóðèë
è Þæíîé Êàì÷àòêè (îáëàñòü S1) è ïðåäøåñòâîâàâøèé ñåðèè êðóïíûõ çåìëåòðÿñåíèé ñ
K ≥14, ïðîèçîøåäøèõ â ýòîé çîíå â 2011 � 2013 ãã.
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Analysis of peculiarities of seismic event spatio-temporal distributions
in Kamchatka region during 1990 - 2013 based on probabilistic model

Bogdanov V.V., Pavlov A.V.
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Investigation of the seismic regime of Kamchatka region is based on the probabilistic
approach to the catalog of seismic events for 1990-2013. In the research, the seismically active
area along the eastern coast of Kamchatka has been divided into segments, for which the
probability of occurrence of seismic events was calculated. Analysis of the obtained probability
distributions in time has shown, that since 2007-2008 there was an increase in the probability
value, which exceed the average long-term level, in the southern part of the area under the
study. The growth of probability, showing the increase of seismic activity, preceded seismic
events with the energy of class K>14, which occurred in the southern area in 2011 - 2013.
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