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Êàê ïîêàçàíî â ðÿäå ðàáîò îáçîðíîãî è ýêñïåðèìåíòàëüíîãî õàðàêòåðà [1, 2], â òåîðå-
òè÷åñêîì è ýêñïåðèìåíòàëüíîì ïëàíå ïðîáëåìà îáíàðóæåíèÿ ïðåäâåñòíèêîâ çåìëåòðÿñå-
íèé â ðàçëè÷íûõ ãåîôèçè÷åñêèõ ïîëÿõ Çåìëè äàëåêà îò ðàçðåøåíèÿ, ïîýòîìó ïðèìåíåíèå
íîâûõ ýôôåêòèâíûõ ìåòîäèê îáíàðóæåíèÿ êðàòêîñðî÷íûõ ïðåäâåñòíèêîâ ñèëüíûõ çåì-
ëåòðÿñåíèé ÿâëÿåòñÿ çàäà÷åé ïåðâîñòåïåííîé âàæíîñòè.

Â îñíîâå èñïîëüçîâàííîãî ìåòîäà äèñêðèìèíàíòíûõ ôóíêöèîíàëîâ (êîëëåêòîðîâ) äëÿ
âûÿâëåíèÿ àíîìàëèé âî âðåìåííûõ ðÿäàõ ëåæèò ïîäõîä, îïèñàííûé â [3, 4]. Äèñêðèìè-
íàíòíûå êîëëåêòîðû (ÄÊ) èñïîëüçóþò ïðè ñâîåé ðàáîòå ñêîëüçÿùèå ïî îñÿì âðåìåí ìíî-
ãîìåðíîãî âðåìåííîãî ðÿäà äâà êàäðà æåñòêî ñâÿçàííûõ äðóã ñ äðóãîì. Äëÿ êàæäîãî
âðåìåííîãî ïîëîæåíèÿ êàäðîâ ôîðìèðóþòñÿ ìàòðèöû íàáëþäåíèé (äëÿ êàæäîãî êàäðà
� ñâîÿ ìàòðèöà) è ñòðîèòñÿ äèñêðèìèíàíòíàÿ ôóíêöèÿ [5, 6], ïîçâîëÿþùàÿ íàèëó÷øèì
îáðàçîì îòëè÷àòü äðóã îò äðóãà âðåìåííûå ñå÷åíèÿ ìíîãîìåðíîãî âðåìåííîãî ðÿäà, çàïè-
ñàííûå â ìàòðèöû. Êà÷åñòâî èõ ðàçëè÷åíèÿ õàðàêòåðèçóåòñÿ íåêîòîðûì êðèòåðèåì, âåëè-
÷èíà êîòîðîãî òåì áîëüøå, ÷åì ëó÷øå ïðîèñõîäèò ðàçëè÷åíèå ìàòðèö. Çíà÷åíèå ÄÊ äëÿ
êàæäîãî ìîìåíòà âðåìåíè åñòü çíà÷åíèå êðèòåðèÿ äèñêðèìèíàöèè ñîîòâåòñòâóþùèõ äàí-
íîìó ìîìåíòó âðåìåíè ìàòðèö ëåâîãî è ïðàâîãî êàäðà äèñêðèìèíàòîðà, êîòîðîå îòíîñèòñÿ
ê òî÷êå îòñ÷åòà (òî÷êå äèñêðèìèíàöèè). Ó äèñêðèìèíàíòíîãî êîëëåêòîðà ðàçëè÷àþò:

1. Тип � îïðåäåëÿåòñÿ êðèòåðèåì, êîòîðûé èñïîëüçóåòñÿ ïðè ïîñòðîåíèè äèñêðèìè-
íàíòíîé ôóíêöèè, è âèäîì òàê íàçûâàåìûõ äîïîëíèòåëüíûõ êîîðäèíàò (èñêóññòâåííî
ââîäèìûõ âðåìåííûõ ðÿäîâ, êîòîðûå ôóíêöèîíàëüíî îïðåäåëÿþòñÿ ïî èñõîäíûì âðåìåí-
íûì ðÿäàì).

2. Структура � õàðàêòåðèçóåòñÿ âçàèìíûì ðàñïîëîæåíèåì ëåâîãî è ïðàâîãî êàäðîâ,
à òàêæå ïîëîæåíèåì ïî îòíîøåíèþ ê êàäðàì îòñ÷åòíîé òî÷êè (òî÷êè äèñêðèìèíàöèè) -
òî÷êè, ê êîòîðîé îòíîñèòñÿ çíà÷åíèå ÄÊ.

3. Емкость � îïðåäåëÿåòñÿ êîëè÷åñòâîì îòñ÷åòîâ â êàäðàõ.
Â äàííîé ðàáîòå ïðèìåíÿëèñü ïðîñòåéøèå ÄÊ, êîòîðûå îáëàäàþò ñëåäóþùèìè ñâîé-

ñòâàìè: òèï � Ôèøåðà, áåç äîïîëíèòåëüíûõ êîîðäèíàò, è Ôèøåðà ñ äîïîëíèòåëüíûìè
ëîãàðèôìè÷åñêèìè êîîðäèíàòàìè è áåç èñõîäíûõ êîîðäèíàò; ñòðóêòóðà ñ äâóìÿ ïðèìû-
êàþùèìè äðóã ê äðóãó åìêîñòÿìè è îòñ÷åòíîé òî÷êîé, êîòîðàÿ ñîâïàäàåò ñ ïðàâîé ãðà-
íèöåé ïðàâîé åìêîñòè; åìêîñòè � îäèíàêîâûå è ðàâíûå NFrame (ðèñ. 1). ÄÊ ñòðîèëèñü
êàê íà ìíîãîìåðíûõ âðåìåííûõ ðÿäàõ, òàê è íà èõ ãëàâíûõ êîìïîíåíòàõ, ïîëó÷àåìûõ ñ
èñïîëüçîâàíèåì àíàëèçàòîðà ñîáñòâåííûõ âåêòîðîâ è êîìïîíåíò ñèãíàëà [13].
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Ïîèñêè ñâÿçè ìåæäó ñîäåðæàíèåì ðàäîíà (222Rn) â ïî÷âåííîì âîçäóõå è èçìåíåíè-
ÿìè íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ ãåîñðåäû íà ïîñëåäíåé ñòàäèè ïîäãîòîâêè
ñèëüíûõ çåìëåòðÿñåíèé óñèëåííî âåäóòñÿ â òå÷åíèå ïîñëåäíèõ íåñêîëüêèõ äåñÿòêîâ ëåò
âî âñåõ ñåéñìîàêòèâíûõ ðåãèîíàõ Çåìëè. Ïåðñïåêòèâíîñòü ñåéñìîýìàíàöèîííîãî ìåòîäà
ñ öåëüþ ìîíèòîðèíãà ãåîäèíàìè÷åñêèõ ïðîöåññîâ â ÷àñòíîñòè ïðîãíîçà çåìëåòðÿñåíèé è
ãîðíûõ óäàðîâ ïîêàçàíà âî ìíîãèõ ðàáîòàõ [7].

Ðèñ. 1. Âðåìåííûå ñîîòíîøåíèÿ ïðè àíàëèçå ìíîãîìåðíûõ âðåìåííûõ ðÿäîâ ïðè èñïîëü-
çîâàíèè ïðîñòåéøèõ ÄÊ

Íà Ïåòðîïàâëîâñê-Êàì÷àòñêîì ãåîäèíàìè÷åñêîì ïîëèãîíå íà÷èíàÿ ñ 1998 ã. ðàáîòàåò
ñåòü ïóíêòîâ ðåãèñòðàöèè îáúåìíîé êîíöåíòðàöèè ðàäîíà (ÎÀ Rn) â ïî÷âåííîì âîçäóõå
ðûõëûõ îòëîæåíèé[8, 9]. Ïóíêòû ñåòè ðàäîíîâîãî ìîíèòîðèíãà ðàñïîëîæåíû â ðàçíûõ
ñòðóêòóðíûõ ýëåìåíòàõ ïîáåðåæüÿ Àâà÷èíñêîãî çàëèâà, ÷òî äàåò îñíîâàíèå ïðåäïîëàãàòü
ðàçëè÷íûé îòêëèê â äèíàìèêå ðàäîíà â çàâèñèìîñòè îò ìåñòîïîëîæåíèÿ î÷àãà çåìëåòðÿñå-
íèé (ðèñ. 3). Äëÿ îáðàáîòêè Àíàëèçàòîð ñîáñòâåííûõ âåêòîðîâ è êîìïîíåíò ñèãíàëà äëÿ
äàííûõ ìîíèòîðèíãà ïî÷âåííîãî ðàäîíà íà ñåòè ñòàíöèé Ïåòðîïàâëîâñê - Êàì÷àòñêîãî
îòêëèêà ÎÀ Rn íà èçìåíåíèÿ íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ ëèòîñôåðû áûë
îïðîáîâàí íà ðÿäàõ äàííûõ ñåòè ðàäîíîâîãî ìîíèòîðèíãà çà 4 èþëÿ -23 àâãóñòà 2010 ã. Â
ýòîò ïåðèîä â Àâà÷èíñêîì çàëèâå Ñ 30 èþëÿ ïî 3 àâãóñòà â Àâà÷èíñêîì çàëèâå 30 èþëÿ
íà ãëóáèíàõ 20-60 êì ïðîèçîøëà ôîðøîê-àôòåðøîêîâàÿ ïîñëåäîâàòåëüíîñòü çåìëåòðÿñå-
íèé ñ Mmax = 6.3, ïðîèçîøåäøèì íà ðàññòîÿíèè 125 êì îò Ïåòðîïàâëîâñê- Êàì÷àòñêîãî.
Ñïóñòÿ äâå íåäåëè þæíåå ìûñà Øèïóíñêîãî ïðîèçîøåë ðîé çåìëåòðÿñåíèé íà ãëóáèíàõ
40-60 êì ñ Ìmax = 5.7 (ðèñ. 4).

Â äèíàìèêå ÎÀ Rn íà âñåõ ïóíêòàõ ðåãèñòðàöèè ÷åòêî âûäåëÿþòñÿ äâå àíîìàëèè â
ïåðèîä ñ 14 ïî 19 èþëÿ è ñ 8 ïî 13 àâãóñòà, ÷òî ìîæåò ñâèäåòåëüñòâîâàòü îá èçìåíåíèè ñêî-
ðîñòè êîíâåêòèâíîãî ïîòîêà ïîäïî÷âåííûõ ãàçîâ. Â àãðåãèðîâàííîì ñèãíàëå, ïîñòðîåííîì
ïî ìåòîäèêå [1], ýòè àíîìàëèè õîðîøî âûäåëÿþòñÿ (ðèñ.5).

Äëÿ øåñòè âðåìåííûõ ðÿäîâ ÎÀ Rn áûëà ìåòîäèêà ïîñòðîåíèÿ äèñêðèìèíàíòíîãî êîë-
ëåêòîðà ñ èñïîëüçîâàíèåì êðèòåðèÿ Ôèøåðà áåç äîïîëíèòåëüíûõ êîîðäèíàò è âåëè÷èíîé
åìêîñòåé ÄÊ NFrame=300 , ÷òî (ñ ó÷åòîì ÷àñòîòû äèñêðåòèçàöèè 2 ÷àñ−1) ñîîòâåòñòâóåò
150 ÷àñàì. Ìàêñèìóì êðèâîé ÄÊ ñîâïàäàåò ñ àíîìàëèåé, âûäåëåííîé íà àãðåãèðîâàííîì
ñèãíàëå, íî çíà÷èòåëüíî ÷åò÷å ñòàòèñòè÷åñêè áîëåå îïðàâäàíî. Îí ïðåâîñõîäèò êâàíòèëü ñ
óðîâíåì äîâåðèÿ 0.99. ñî çíà÷åíèåì êðèòåðèÿ h =27.1. Êàê ïîêàçàë ïðèâåäåííûé ïðèìåð,
ìåòîäèêà ïîñòðîåíèé ÄÊ ìîæåò áûòü ïðèìåíåíà ê âûÿâëåíèþ ðåïåðíûõ òî÷åê (àíîìàëèé)
â ìíîãîìåðíûõ âðåìåííûõ ðÿäàõ ãåîôèçè÷åñêèõ ïàðàìåòðîâ ïðè èñïîëüçîâàíèè äîñòàòî÷-
íî áîëüøîãî êîëè÷åñòâà ðåòðîñïåêòèâíûõ ïðèìåðîâ.

Âû÷èñëèòåëüíàÿ ÷àñòü ïðåäëàãàåìîé ìåòîäèêè ïðîãðàììíî ðåàëèçîâàíà è ìîæåò ýêñ-
ïëóàòèðîâàòüñÿ â ïîëóàâòîìàòè÷åñêîì ðåæèìå íà áàçå ñóùåñòâóþùåãî êîìïëåêñà [11] ñ
íåêîòîðîé ìîäåðíèçàöèåé è àäàïòàöèåé ê âðåìåííûì ðÿäàì ãåîôèçè÷åñêèõ ïàðàìåòðîâ.
Ðàáîòà îñóùåñòâëÿëàñü ïðè ïîääåðæêå ãðàíòà ÐÔÔÈ �11-05-97518; ÔÖÏ 14.Â37.21.0668.;
Ãîñóäàðñòâåííîãî Çàäàíèÿ 5.2971.2011; ÔÖÏ43, ÃÊ � 74-ÎÊ/11-7.
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Ðèñ. 2. Ñõåìà ðàáîòû ÄÊ. Øòðèõ ïóíêòèðíîé ëèíèåé ïîêàçàíû æåñòêî ñâÿçàííûå ýëå-
ìåíòû ÄÊ, îáðàçóþùèå åãî ñòðóêòóðó è ïåðåìåùàþùèåñÿ âäîëü ÷èñëîâîé îñè íå èçìåíÿÿ
âçàèìíîãî ïîëîæåíèÿ ýëåìåíòîâ ñòðóêòóðû
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Ðèñ. 3. Ñõåìà ðàñïîëîæåíèÿ ñåòè ïóíêòîâ ðàäîíîâîãî ìîíèòîðèíãà â 2010 ã.íà Êàì÷àòêå
è êàðòà ýïèöåíòðîâ íàèáîëåå ñèëüíûõ çåìëåòðÿñåíèé çà ïåðèîä 25 èþëÿ � 25 àâãóñòà 1-
ýïèöåíòð çåìëåòðÿñåíèÿ ñ Ì=6.3, 30 èþëÿ 2010 ã.; 2 � ýïèöåíòðû íàèáîëåå ñèëüíûõ çåì-
ëåòðÿñåíèé ðîåâîé ïîñëåäîâàòåëüíîñòè; 3 � ïóíêòû íàáëþäåíèé: 4 � àçèìóò íà èñòî÷íèê
�ãåîäåôîðìàöèîííîé âîëíû�

Ðèñ. 4. Äèíàìèêà îáúåìíîé àêòèâíîñòè ÎÀ Rn â ïóíêòàõ ìîíèòîðèíãà, çà ïåðèîä ñ 4 èþëÿ
ïî 23 àâãóñòà. Òðåóãîëüíèêàìè îòìå÷åíû ôàçîâàÿ êîððåëÿöèÿ ñèãíàëîâ. Òîíêèå ëèíèè �
èñõîäíûå äàííûå, òîëñòûå ëèíèè � îñðåäíåííûå
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Ðèñ. 5. Èñïîëüçîâàíèå ÄÊ äëÿ ïîñòðîåíèÿ ïðåäâåñòíèêà çåìëåòðÿñåíèé ïî íàáëþäåíèÿì
êîíöåíòðàöèè ðàäîíà ïî 6 âðåìåííûì ðÿäàì
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The adaptation of the analyzer of eigen vectors and a signal
component for the soil radon monitoring data at the net of the

stations of Petropavlovsk-Kamchatsky geodynamical ground with the
aim to expose herald anomalies of heavy earthquakes
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The statement of the problem in the theoretical and experimental way of detection of
earthquake heralds in di�erent Earth geophysical �elds is far from solution, therefore using
new e�ective methods of detection of short-term heralds of great earth-quakes is a problem
of paramount importance. The carried out investigations showed that to solve the problem of
forecasting it is advisable to use method of eigen vectors allows to analyze and to use e�ectively
non-dominating energetically uncorrelated components of the analyzed signals. It has been got
a patent of this method - an analyzer of eigen vectors and a signal component 116242 RU.

The analysis according to the proposed method of the radon monitoring data received at
the set of the stations of Kamchatka branch o�ce of RAS geophysical service on Petropavlovsk
geodynamical proving ground before the earthquake with M=6.3 which took place on 30, July
of 2010 in Avachinsk bay. Showed the e�ciency of the developed analyzer for exposing heralded
anomalies. The developed method is being planned to use for processing retrospective data at
the �rst stage, and at the next one in the real time conditions in order to raise the estimation
e�ciency of seismic danger in Petropavlovsk-Kamchatsky region. The work was being done
with support of RFFI grant 11-05-97518, FCP 14B37.21.0668, State Task 5.2971.2011, FCP 43,
SC 74-ÎÊ/11-7.
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