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In the second half of the last century, geophysicists and seismologists has started to study
the experimentally observed seismogravitational processes and accompanying induced anomalous
(gravitomagnetic) perturbations in variations of the Earth's magnetic �eld. It gas been suggested
that mentioned �eld structures contain useful information on the location and possibly the time of the
forthcoming catastrophic earthquake.

The results of the �rst full-scale instrumental observations of a separate class of geophysical
processes that re�ect the conditions for the development of speci�c variations in the structure of
geophysical �elds of the Earth are considered. Initial work on this problem is directly related to the
series of dedicated experiments at the SB RAS Bystrovsky geophysical test site, under the supervision of
academician Anatoly Semenovich Alekseev. At that time A. S. Alekseev has worked on the theory of the

”
integral precursor“ of earthquakes and has contributed into solving a separate class of fundamental
problems related to the development of methods of active seismology, including the Earth's global
tomography using controlled vibroseismic sources.

In the course of the experiments carried out at the Bystrovsky test site on the one-hundred-ton
vibroseismic source, various geophysical �elds induced in geospheres were studied. It has been shown
for the �rst time in the practice of �eld observations the possibility to separate the speci�c class of
gravitomagnetic disturbances induced in the lithosphere by powerful seismic sources.

Four years later, our scienti�c results were con�rmed in the set of experiments carried out at the
same test site by scientists of the SB RAS.

Further investigations of the class of seismogravitational processes and accompanying
gravitomagnetic disturbances, which may be considered as short-term forerunners of powerful seismic
events, were continued at the Geophysical observatory in Northern Caucasus.

Observations of variations in the Earth's magnetic �eld have con�rmed that powerful seismic events
are likely to be preceded by speci�c yet anomalous ULF gravitomagnetic disturbances that resemble
signals generated by means of vibroseismic sources. It has been established that the seismogravitational
processes identi�ed in the Observatory and associated gravitomagnetic disturbances are an integral part
of the induced geophysical �elds that originate in the focal zones of the

”
forthcoming“ seismic extents

and are being studied today by geophysicists using the data of the
”
Intermagnet“ global network. The

observed variations may have been recommended as a potential medium-term to short-term precursors
of disasters of endogenous nature.

Nowadays, geophysics has de�ned the fundamental physical �elds that are used to describe the
universe. Historically, among the fundamental physical �elds responsible for the electromagnetic and the
gravitational interaction were initially discovered. They are well studied in the framework of theoretical
and experimental physics, opening up new horizons for knowledge of the world. An example of this
is gravity waves, which have been successfully registered by LIGO detectors. The scienti�c discovery
of a group of physicists from the United States, Russia and other countries, awarded the Nobel Prize,
makes it necessary to take a fresh look at seismic and gravitational processes in the geospheres of the
Earth related to the preparation and development of large endogenous catastrophes.
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Instruments at the Geophysical Observatory in placeNorthern Caucasus constantly may allow us
to determine the presence of seismogravitational interactions. These scienti�c data can become the
fundamental basis that in the future will allow us to understand the deep nature of the seismogravity
and associated induced gravitomagnetic disturbances in the lithosphere and other geospheres of the
Earth. While analyzing the obtained scienti�c results, we always remember the good advice of the
Academician A. S. Alekseev, who taught us to approach the analysis of complex wave structures
generated by active dilatational restructuring in a real geophysical environment. It becomes clear that
the experimental study of a speci�c class of fundamental problems we have identi�ed in recent years
related to the formation of long-period seismogravity processes and ULF gravitomagnetic disturbances
in geospheres is becoming one of the de�ning problems of geophysics today.

Seismogravity processes and gravitomagnetic perturbations recorded at large distances from the
focal region contain valuable scienti�c information about geophysical processes developing in focal
structures before the main shock. To use such information in order to attempt a `forecast' of the
expected place and time of the forthcoming seismic event, a network of observatories should be
developed re�ecting separate stages of focal structure formation, geophysical equipment should be
improved, other well-known technologies should be used to make predictions of the development of
large earthquakes.

Finishing a brief presentation of a number of new ideas and scienti�c results obtained, many of
which were discussed at the initial stage with Anatoly Semenovich Alekseev, and we would like to note
that the actual problems of active seismology and the tasks associated with the earthquake prediction
were always in the scope of his scienti�c interests.

So at the end of January 2007, when he was already in sick, Anatoly Semenovich wrote to us:

”
Studying the �ne structure of the structure of geometrical and material in homogeneities of the
mantle and the core of the Earth becomes, apparently, not only a task of geotectonics. The drainage
system of heat and mass transfer from the core to the surface layers may be of practical interest for
the prediction of hydrocarbon provinces and local structures. The evolution of these inhomogeneities
can be of fundamental importance for assessing the conditions for the emergence and evolution of the
biosphere. For these reasons, the creation of the

”
Vibro-sounding of the mantle and core of the Earth“

method, which is equivalent to the well-developed seismic method, becomes topical. A fundamentally
new scienti�c and technical problem here is the creation of a precision-controlled, powerful (5�10
thousand tons) cheap and easily mounted, environmentally safe seismic vibrational source. The project
of such a source is already being considered. In scienti�c and technical terms, it can be based on the
principles developed in the successfully created method of vibration sounding of the earth's crust
which has been used in country-regionRussia for more than two decades, and in recent years in
placecountry-regionJapan. In this situation, I consider it is necessary to create the instruments and
method for a detailed study of the mantle and core of the Earth, for which purpose it is feasible to
fully utilize the experience of the Siberian Branch of RAS on the topics

”
Earth Vibrational Surveying“

and
”
Active Seismology“. Please let us know your comments and suggestions on the feasibility and

reality of the organization of the project under discussion at the SB RAS. The Appendix (below)
provides an overview of the scienti�c and practical aspects of Earth degassing. The study of gas-
�uid dynamics drainage systems can be carried out within the framework of the mentioned

”
Earth

Vibrational Sounding Project-2. � Yours A. S. Alekseev“.
The time will come, and the scienti�c background of Academician Anatoly Semenovich Alekseev

will be even more in demand. The young generation of scientists will build powerful seismic vibrators
and conduct controlled experiments that will allow a glimpse into the deep structures of the Earth's
core, which is actively a�ecting other geospheres.

Key words: endogenous hazards and catastrophes, seismogravitational processes, active
seismology, global vibroseismic sounding of the Earth.
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ÏÐÅÄÂÅÑÒÍÈÊÈ ÏÐÈÐÎÄÍÛÕ ÊÀÒÀÑÒÐÎÔ

À.Ë. Ñîáèñåâè÷, Ë.Å. Ñîáèñåâè÷

Èíñòèòóò ôèçèêè Çåìëè èì. Î.Þ. Øìèäòà ÐÀÍ
123242, Ìîñêâà, Ðîññèÿ

ÓÄÊ 550.385.3, 550.343

Âî âòîðîé ïîëîâèíå ïðîøëîãî ñòîëåòèÿ ãåîôèçèêè è ñåéñìîëîãè âïëîòíóþ ïðèñòóïèëè ê èçó-
÷åíèþ îòêðûòûõ ýêñïåðèìåíòàëüíî ñåéñìîãðàâèòàöèîííûõ ïðîöåññîâ è ñîïóòñòâóþùèõ íàâå-
äåííûõ àíîìàëüíûõ (ãðàâèòîìàãíèòíûõ) âîçìóùåíèé â âàðèàöèÿõ ìàãíèòíîãî ïîëÿ Çåìëè.
Áûëî óñòàíîâëåíî, ÷òî ýòè ïîëåâûå ñòðóêòóðû ñîäåðæàò ïîëåçíóþ èíôîðìàöèþ î ìåñòå è
âðåìåíè

”
ñîçðåâàþùåãî“ êàòàñòðîôè÷åñêîãî çåìëåòðÿñåíèÿ.

Â ñòàòüå ðàññìîòðåíû ðåçóëüòàòû ïåðâûõ ïîëíîìàñøòàáíûõ èíñòðóìåíòàëüíûõ íàáëþäåíèé
îòäåëüíîãî êëàññà ãåîëîãî-ãåîôèçè÷åñêèõ ïðîöåññîâ, îòðàæàþùèõ óñëîâèÿ ðàçâèòèÿ õàðàê-
òåðíûõ âîçìóùåíèé â ñòðóêòóðå ãåîôèçè÷åñêèõ ïîëåé Çåìëè. Íà÷àëî ðàáîò ïî îáîçíà÷åííîé
ïðîáëåìå íåðàçðûâíî ñâÿçàíî ñ ïîñòàíîâêîé è ïðîâåäåíèåì â êîíöå ïðîøëîãî ñòîëåòèÿ ïîä ðó-
êîâîäñòâîì àêàäåìèêà Àíàòîëèÿ Ñåìåíîâè÷à Àëåêñååâà ñïåöèàëèçèðîâàííûõ ýêñïåðèìåíòîâ
íà Áûñòðîâñêîì ïîëèãîíå ÑÎ ÐÀÍ. Â ýòîò ïåðèîä Àíàòîëèé Ñåìåíîâè÷ àêòèâíî ïðîäâèãàë
òåîðèþ

”
èíòåãðàëüíîãî ïðåäâåñòíèêà“ çåìëåòðÿñåíèé è ïðîäîëæàë ðàáîòàòü íàä ðåøåíèåì îò-

äåëüíîãî êëàññà ôóíäàìåíòàëüíûõ çàäà÷, ñâÿçàííûõ ñ ðàçâèòèåì íàçðåâøèõ ïðîáëåì àêòèâ-
íîé ñåéñìîëîãèè, âêëþ÷àÿ è âîïðîñû ãëîáàëüíîé òîìîãðàôèè Çåìëè ïðè ïîìîùè óïðàâëÿåìûõ
ñåéñìè÷åñêèõ âèáðàòîðîâ [1�6].
Â ïðîöåññå ïðîâåäåíèÿ ýêñïåðèìåíòàëüíûõ ðàáîò íà Áûñòðîâñêîì ïîëèãîíå ÑÎ ÐÀÍ èçó÷à-
ëèñü ãåîôèçè÷åñêèå ïîëÿ, íàâåäåííûå â ãåîñôåðàõ ïðè ðàáîòå ñòîòîííûõ ñåéñìè÷åñêèõ âèáðà-
òîðîâ. Ýòè èññëåäîâàíèÿ ïîçâîëèëè âïåðâûå â ïðàêòèêå èíñòðóìåíòàëüíûõ ïîëåâûõ íàáëþ-
äåíèé âûäåëèòü îòäåëüíûé êëàññ ãðàâèòîìàãíèòíûõ âîçìóùåíèé, íàâåäåííûõ â ëèòîñôåðå
ìîùíûìè ñåéñìè÷åñêèìè èñòî÷íèêàìè [7].
×åòûðå ãîäà ñïóñòÿ íàøè íàó÷íûå ðåçóëüòàòû áûëè ïîäòâåðæäåíû ðàáîòàìè ó÷åíûõ ÑÎ ÐÀÍ,
êîòîðûå ïðîâåëè ñåðèþ ôóíäàìåíòàëüíûõ ïî ïîñòàíîâêå ýêñïåðèìåíòîâ íà Áûñòðîâñêîì ïî-
ëèãîíå ÑÎ ÐÀÍ [8].
Äàëüíåéøèå èññëåäîâàíèÿ îòäåëüíîãî êëàññà ñåéñìîãðàâèòàöèîííûõ ïðîöåññîâ è âûäåëåííûõ
ñîïóòñòâóþùèõ ãðàâèòîìàãíèòíûõ âîçìóùåíèé, êîòîðûå ìîãóò âûñòóïàòü â êà÷åñòâå êðàò-
êîñðî÷íûõ ïðåäâåñòíèêîâ ïðèðîäíûõ êàòàñòðîô, áûëè ïðîäîëæåíû íà áàçå ñîçäàííîé íàìè
Ñåâåðîêàâêàçñêîé ãåîôèçè÷åñêîé îáñåðâàòîðèè ÈÔÇ ÐÀÍ [9�13].
Îáñåðâàòîðñêèå íàáëþäåíèÿ âàðèàöèé ìàãíèòíîãî ïîëÿ Çåìëè ïîäòâåðäèëè, ÷òî êðóïíûå ñåé-
ñìè÷åñêèå ñîáûòèÿ âñåãäà ïðåäâàðÿþòñÿ õàðàêòåðíûìè àíîìàëüíûìè ÓÍ× ãðàâèòîìàãíèò-
íûìè âîçìóùåíèÿìè, êîòîðûå íàïîìèíàþò ñèãíàëû, ãåíåðèðóåìûå ïðè ðàáîòå ìîùíûõ ñåé-
ñìè÷åñêèõ âèáðàòîðîâ [14]. Óñòàíîâëåíî, ÷òî âûäåëåííûå â óñëîâèÿõ Îáñåðâàòîðèè ñåéñìîãðà-
âèòàöèîííûå ïðîöåññû è ñîïóòñòâóþùèå ãðàâèòîìàãíèòíûå âîçìóùåíèÿ ÿâëÿþòñÿ ñîñòàâíîé
÷àñòüþ íàâåäåííûõ ãåîôèçè÷åñêèõ ïîëåé, êîòîðûå çàðîæäàþòñÿ â î÷àãîâûõ çîíàõ

”
ñîçðåâà-

þùèõ“ ñåéñìè÷åñêèõ êàòàñòðîô è èçó÷àþòñÿ ñåãîäíÿ ãåîôèçèêàìè ñ èñïîëüçîâàíèåì äàííûõ
ìåæäóíàðîäíîé ñåòè ìàãíèòîâàðèàöèîííûõ ñòàíöèé

”
Èíòåðìàãíåò“. Ýòè ïîëÿ äîñòàòî÷íî èí-

ôîðìàòèâíû, è èõ â ïîñëåäíèå ãîäû ðåêîìåíäóþò ðàññìàòðèâàòü â êà÷åñòâå ñðåäíåñðî÷íûõ
èëè êðàòêîñðî÷íûõ ïðåäâåñòíèêîâ ïðèðîäíûõ êàòàñòðîô.
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Êëþ÷åâûå ñëîâà: ýíäîãåííûå îïàñíîñòè è êàòàñòðîôû, ñåéñìîãðàâèòàöèîííûå ïðîöåññû,
àêòèâíàÿ ñåéñìîëîãèÿ, âèáðîñåéñìè÷åñêîå ïðîñâå÷èâàíèå Çåìëè.

Â êîíöå ïðîøëîãî è â íà÷àëå íûíåøíåãî ñòîëåòèÿ ãåîôèçèêè è ñåéñìîëîãè âïëîòíóþ
ïðèñòóïèëè ê àíàëèçó ñëîæíûõ ñåéñìîãðàâèòàöèîííûõ ïðîöåññîâ è àíîìàëüíûõ ãðàâè-
òîìàãíèòíûõ âîçìóùåíèé, ïðåäøåñòâóþùèõ ðàçâèòèþ êðóïíûõ ïðèðîäíûõ êàòàñòðîô â
ãåîñôåðàõ Çåìëè.

Òàê, àíîìàëüíûå ôëóêòóàöèè â âàðèàöèÿõ ñåéñìîãðàâèòàöèîííîãî è ìàãíèòíîãî ïîëÿ
Çåìëè, ïðåäâàðÿþùèå ñåéñìè÷åñêèå ñîáûòèÿ, íà÷àëè àíàëèçèðîâàòüñÿ ìíîãèìè ó÷åíûìè,
íà÷èíàÿ ñ 60-õ ãîäîâ ïðîøëîãî ñòîëåòèÿ [12, 15�23].

Ñîãëàñíî îïóáëèêîâàííûì äàííûì, íàáëþäàåòñÿ áîëüøîå ðàçíîîáðàçèå àíîìàëüíûõ
âîëíîâûõ ôîðì â øèðîêîì äèàïàçîíå ÷àñòîò (îò 10−2 äî 106 Ãö è âûøå), ðåãèñòðèðóå-
ìûõ â ñèñòåìå

”
ëèòîñôåðà�àòìîñôåðà�èîíîñôåðà�ìàãíèòîñôåðà“ â ïåðèîäû ïîäãîòîâêè

çåìëåòðÿñåíèé. Îäíè èç íèõ âîçáóæäàþòñÿ èñòî÷íèêàìè â àòìîñôåðå (ãðîçîâûå ðàçðÿäû,
ïðåäãðîçîâîå èçëó÷åíèå, ðàäèîèçëó÷åíèå îáëàêîâ è öèêëîíîâ), äðóãèå âîçíèêàþò â ìàã-
íèòîñôåðå è èîíîñôåðå, â ðåçóëüòàòå âçàèìîäåéñòâèÿ ñîëíå÷íîãî âåòðà ñ ãåîìàãíèòíûì
ïîëåì, èëè ïðîíèêàþò â ìàãíèòîñôåðó è àòìîñôåðó èç ìåæïëàíåòíîé ñðåäû, òðåòüè �
ãåíåðèðóþòñÿ èñòî÷íèêàìè â ëèòîñôåðå. Îòêðûòû òàêæå ñèãíàëû, ñâÿçàííûå ñ èíäóñòðè-
àëüíîé äåÿòåëüíîñòüþ [15, 24�27].

Ïðè èçó÷åíèè ãåîôèçè÷åñêèõ ÿâëåíèé â çîíàõ ïîäãîòîâêè ñèëüíûõ çåìëåòðÿñåíèé, à
òàêæå ïðè àêòèâíîì âîçäåéñòâèè íà ãåîëîãè÷åñêóþ ñðåäó âîçíèêàþò ñëîæíûå ãåîëîãî-
ãåîôèçè÷åñêèå ïðîöåññû, êîòîðûå íå óêëàäûâàþòñÿ â ïðèâû÷íûå ñåéñìîëîãè÷åñêèå ðàì-
êè [7, 13, 28, 29]. Ñ ñîâðåìåííûõ ïîçèöèé èõ âîçíèêíîâåíèå è ðàçâèòèå áàçèðóåòñÿ íà
ïðåäïîëîæåíèè î òîì, ÷òî ïîä âëèÿíèåì óïðóãèõ âîëí ïðîèñõîäèò óñêîðåííàÿ ðåëàêñà-
öèÿ íàïðÿæåíèé, íàêîïèâøèõñÿ â ïðèïîâåðõíîñòíûõ ãîðèçîíòàõ çåìíîé êîðû. Ïðè ýòîì,
â ñîîòâåòñòâèè ñ âåëè÷èíàìè è çíàêàìè êîìïîíåíòîâ òåíçîðà íàïðÿæåíèé, îñóùåñòâëÿåò-
ñÿ áûñòðàÿ ïåðåñòðîéêà ñòðóêòóðû ïîðîâî-òðåùèíîâàòîé ãîðíîé ïîðîäû. Ñîãëàñíî òåî-
ðåòè÷åñêèì ðàáîòàì àêàäåìèêà Àíàòîëèÿ Ñåìåíîâè÷à Àëåêñååâà, ýòî ïðåèìóùåñòâåííî
ëîêàëüíûå äèëàòàíñíûå ñòðóêòóðû è ïîãðàíè÷íûå ñëîè äèëàòàíñèè.

×òîáû ãëóáæå ïîíÿòü ñóòü ãåîôèçè÷åñêèõ ïðîöåññîâ â ñëó÷àå, êîãäà ñåéñìè÷åñêèå
âèáðàòîðû èñïîëüçóþòñÿ â ðàéîíàõ, ãäå èìåþò ìåñòî ãåîëîãè÷åñêèå îáðàçîâàíèÿ äè-
ëàòàíñíîãî òèïà, ïî èíèöèàòèâå àêàäåìèêà Àíàòîëèÿ Ñåìåíîâè÷à Àëåêñååâà è ÷ëåíà�
êîððåñïîíäåíòà ÐÀÍ Àëåêñåÿ Âñåâîëîäîâè÷à Íèêîëàåâà â äåâÿíîñòûå ãîäû ïðîøëîãî ñòî-
ëåòèÿ áûëè ïðîâåäåíû ïîëåâûå ýêñïåðèìåíòû. Ðàáîòû ïðîâîäèëèñü íà ãåîôèçè÷åñêèõ ïî-
ëèãîíàõ, ñîçäàííûõ ó÷åíûìè ÀÍ ÑÑÑÐ â ðåñïóáëèêå Áåëàðóñü è â Ñèáèðñêîì îòäåëåíèè
ÐÀÍ.

Ïðè ïðîâåäåíèè ïîëåâûõ ðàáîò â ðàéîíå Óçíîæ (ðåñïóáëèêà Áåëàðóñü) îñîáîå âíèìà-
íèå îòâîäèëîñü èçó÷åíèþ ãèäðîñåéñìè÷åñêèõ ýôôåêòîâ, âîçíèêàþùèõ ïðè âèáðàöèîííîì
âîçäåéñòâèè íà âîäîíîñíûå ãîðèçîíòû, íåãëóáîêî çàëåãàþùèå ïîä çåìíîé ïîâåðõíîñòüþ.
Àíàëèç ãèäðîãåîäèíàìè÷åñêèõ ïîñëåäñòâèé àêòèâíîãî âîçäåéñòâèÿ íà ïîâåðõíîñòü çåì-
ëè ïîêàçàë, ÷òî îíè ñõîäíû ñ ãèäðîãåîäèíàìè÷åñêèìè àíîìàëèÿìè, âîçíèêàþùèìè ïðè
ñèëüíûõ çåìëåòðÿñåíèÿõ.

Ïðèìåð õàðàêòåðíîé ãèäðîãåîäèíàìè÷åñêîé àíîìàëèè, ñâÿçàííîé ñ âèáðàöèîííûì âîç-
äåéñòâèåì, ïðåäñòàâëåí íà ðèñ. 1.

Àíàëèç ýêñïåðèìåíòàëüíûõ äàííûõ ïîçâîëèë óñòàíîâèòü âîçìîæíûå ïðè÷èíû àíî-
ìàëüíîãî ïîâåäåíèÿ óðîâíÿ ïîäçåìíûõ âîä â ðåçóëüòàòå ñèëüíîãî âèáðàöèîííîãî âîçäåé-
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Ðèñ. 1. Èçìåíåíèå óðîâíÿ âîäû â ñêâàæèíå, ñâÿçàííîå ñ âèáðîâîçäåéñòâèåì

ñòâèÿ. Ïîêàçàíî, ÷òî ôîðìèðîâàíèå ãèäðîãåîäèíàìè÷åñêèõ àíîìàëèé ñâÿçàíî íå òîëüêî
ñ èçìåíåíèåì åìêîñòíûõ ñâîéñòâ âîäîíîñíûõ ãîðèçîíòîâ, íî è â áîëüøîé ñòåïåíè îïðåäå-
ëÿåòñÿ ôèëüòðàöèîííûìè ïàðàìåòðàìè ðàçíîìàñøòàáíûõ äèëàòàíñíûõ ñòðóêòóð.

Â òî æå âðåìÿ îñòàëîñü íåâûÿñíåííûì ïðîèñõîæäåíèå âûäåëåííûõ â ïðîöåññå ïîëå-
âûõ ýêñïåðèìåíòîâ

”
îñîáûõ“ ÷àñòîò, êîòîðîå ÿâíî íå ñâÿçàíî ñî ñòðàòèôèêàöèîííûì ðå-

çîíàíñîì íàñûùåííûõ êîëëåêòîðîâ. Âîçìîæíî, ÷òî íàáëþäàåìûå
”
àíîìàëüíûå“ ÷àñòîòû

â ñòðóêòóðå íàâåäåííûõ ãåîôèçè÷åñêèõ ïîëåé
”
ãåíåòè÷åñêè“ ñâÿçàíû ñ ðåçîíàíñíûìè ÷à-

ñòîòàìè îïðåäåëÿþùèõ äèëàòàíñíûõ îáðàçîâàíèé, ôîðìèðóþùèõ âíóòðåííþþ ñòðóêòóðó
ðåàëüíîé ãåîëîãè÷åñêîé ñðåäû â ðàéîíå ïîëèãîíà.

Âûâîä áûë ïîäòâåðæäåí äåôîðìàöèîííûìè èçìåðåíèÿìè ñåéñìîðàäèàöèîííûõ ñèë,
íàâåäåííûõ ïðè ðàáîòå ìîùíîãî âèáðàöèîííîãî èñòî÷íèêà. Â êà÷åñòâå äàò÷èêà äåôîðìà-
öèé èñïîëüçîâàëñÿ ïîëåâîé äåôîðìîìåòð ñ îïòîýëåêòðîííûì ïðåîáðàçîâàòåëåì ñìåùåíèé
è äëèíîé èçìåðèòåëüíîé áàçû 2 ì. Áûëî óñòàíîâëåíî, ÷òî ïîëå äåôîðìàöèé, âîçíèêàþùèõ
â ïðèïîâåðõíîñòíûõ ñëîÿõ âáëèçè âèáðàòîðà, ñîäåðæèò ïîñòîÿííóþ ñîñòàâëÿþùóþ, îáó-
ñëîâëåííóþ äåéñòâèåì ñåéñìîðàäèàöèîííûõ ñèë, êîòîðàÿ äîñòèãàåò äåñÿòêîâ ïðîöåíòîâ
îò àìïëèòóäû êîëåáàíèé ÷àñòèö ñðåäû âáëèçè øòàìïà è óáûâàåò ñ óäàëåíèåì îò íåãî êàê
êâàäðàò àìïëèòóäû êîëåáàòåëüíîé ñêîðîñòè ÷àñòèö â âîëíå.

Äëÿ èçó÷åíèÿ ïðîöåññîâ, âîçíèêàþùèõ ïðè äëèòåëüíîì âèáðîâîçäåéñòâèè, è äèíà-
ìèêè èõ ðåëàêñàöèè ïîñëå ïðåêðàùåíèÿ âèáðîâîçäåéñòâèÿ íà ãåîëîãè÷åñêèå ñòðóêòóðû,
áûë ïðîâåäåí ñåàíñ äâóõ÷àñîâîé íåïðåðûâíîé ðàáîòû âèáðàòîðà ÑÂ-10/100 (10:00�12:00 ÷
14.09.92). Âèáðàòîð èçëó÷àë ñåéñìè÷åñêèå ñèãíàëû â äèàïàçîíå 15�25 Ãö ïðè ìàêñèìàëü-
íîì óñèëèè. Äåôîðìîãðàô áûë óñòàíîâëåí íà óäàëåíèè îêîëî 40 ì. Ïîñëå âûêëþ÷åíèÿ
âèáðàòîðà çàïèñü äåôîðìàöèé áûëà ïðîâåäåíà â íåñêîëüêèõ âðåìåííûõ èíòåðâàëàõ.

Íà ðèñ. 2 ïðåäñòàâëåí âðåìåííîé õîä êâàçèñòàòè÷åñêîé ñîñòàâëÿþùåé äåôîðìàöèè
ïîñëå äâóõ÷àñîâîé íåïðåðûâíîé ðàáîòû âèáðàòîðà. Âîçðàñòàíèå ñîîòâåòñòâóåò ñæàòèþ
ñðåäû, óìåíüøåíèå � ðàñòÿæåíèþ.

Îáíàðóæåííîå â ïðîöåññå ýêñïåðèìåíòà ãåîôèçè÷åñêîå ÿâëåíèå, ñâÿçàííîå ñ ÷àñòîò-
íîé òðàíñôîðìàöèåé è ïåðåèçëó÷åíèåì âîëíîâûõ ïîëåé, àññîöèèðóåòñÿ ñ òàêèì ïîíÿòèåì
êàê

”
ïàìÿòü Çåìëè“. Óñòàíîâëåíî, ÷òî

”
ïàìÿòü Çåìëè“ ìîæåò îáóñëîâëèâàòüñÿ ëþáûìè

ðàñïðåäåëåííûìè â íèæíåì ïîëóïðîñòðàíñòâå ðåçîíàíñíûìè îáðàçîâàíèÿìè äèëàòàíñíî-
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Ðèñ. 2. Âðåìåííîé õîä ñòàòè÷åñêîé ñîñòàâëÿþùåé äåôîðìàöèè ïîñëå äâóõ÷àñîâîé íåïðåðûâíîé ðàáîòû

âèáðàòîðà

ãî òèïà, êîòîðûå ñïîñîáíû íàêàïëèâàòü ýíåðãèþ è çàòåì ïåðåèçëó÷àòü åå â îêðóæàþùåå
ïðîñòðàíñòâî [12, 28].

Ýêñïåðèìåíòû ïî èçó÷åíèþ ýìèññèè, îáóñëîâëåííîé
”
ïàìÿòüþ Çåìëè“, ÿâëÿþòñÿ ñî-

ñòàâíîé ÷àñòüþ îáùåé ôóíäàìåíòàëüíîé ïðîáëåìû, ñâÿçàííîé ñ îöåíêîé ðîëè ôëþèäî-
íàñûùåííûõ ãåîëîãè÷åñêèõ ñòðóêòóð äèëàòàíñíîãî òèïà, ââåäåííûõ â ñåéñìîëîãè÷åñêóþ
ïðàêòèêó àêàäåìèêîì À. Ñ. Àëåêñååâûì ñ öåëüþ îáúÿñíåíèÿ óñëîâèé ðàçâèòèÿ àíîìàëü-
íûõ ãåîëîãî-ãåîôèçè÷åñêèõ ÿâëåíèé â çîíàõ ïîäãîòîâêè çåìëåòðÿñåíèé è ïîñòðîåíèÿ òåî-
ðèè

”
èíòåãðàëüíîãî ïðåäâåñòíèêà“ êðóïíûõ ñåéñìè÷åñêèõ êàòàñòðîô.

Â 1992 ãîäó àêàäåìèê À. Ñ. Àëåêñååâ ïðåäëîæèë íàì ïðîäîëæèòü ñîâìåñòíûå ýêñïåðè-
ìåíòû ïî èçó÷åíèþ àíîìàëüíûõ ãåîëîãî-ãåîôèçè÷åñêèõ ÿâëåíèé, âûçûâàåìûõ âèáðîâîç-
äåéñòâèåì íà ãåîëîãè÷åñêóþ ñðåäó, íà Áûñòðîâñêîì ïîëèãîíå ÑÎ ÐÀÍ (ðèñ. 3 è ðèñ. 4),
ãäå â òîò ïåðèîä åùå ôóíêöèîíèðîâàëè ìîùíûå ñåéñìè÷åñêèå âèáðàòîðû.

Â ïðîâåäåíèè ïîëèãîííûõ èçìåðåíèé àêòèâíîå ó÷àñòèå ïðèíÿëè ó÷åíûå èíñòèòóòà âû-
÷èñëèòåëüíîé ìàòåìàòèêè è ìàòåìàòè÷åñêîé ãåîôèçèêè ÑÎ ÐÀÍ, êîòîðûé â òî âðåìÿ
âîçãëàâëÿë àêàäåìèê À. Ñ. Àëåêñååâ. Ýêñïåðèìåíòû áûëè ñîãëàñîâàíû ñ Ïðåäñåäàòåëåì
Ñèáèðñêîãî îòäåëåíèÿ ÐÀÍ àêàäåìèêîì Äîáðåöîâûì Íèêîëàåì Ëåîíòüåâè÷åì, êîòîðûé
ïðèíÿë íàñ è âíèìàòåëüíî îçíàêîìèëñÿ ñ ïðîãðàììîé ýêñïåðèìåíòàëüíûõ ðàáîò.

Ðóêîâîäñòâî êîìïëåêñíîé ýêñïåäèöèåé îñóùåñòâëÿëè: äîêòîð òåõíè÷åñêèõ íàóê, ïðî-
ôåññîð Ãëèíñêèé Á. Ì. è äîêòîð òåõíè÷åñêèõ íàóê, ïðîôåññîð Ñîáèñåâè÷ Ë. Å.

Â ýòîò ïåðèîä ïîä ðóêîâîäñòâîì àêàäåìèêà À. Ñ. Àëåêñååâà ó÷åíûå èç èíñòèòóòà âû-
÷èñëèòåëüíîé ìàòåìàòèêè è ìàòåìàòè÷åñêîé ãåîôèçèêè ÑÎ ÐÀÍ àêòèâíî ðàçâèâàëè èí-
íîâàöèîííûå âèáðàöèîííûå òåõíîëîãèè ãëóáèííîãî çîíäèðîâàíèÿ ñëîæíî ïîñòðîåííûõ
ãåîëîãè÷åñêèõ îáðàçîâàíèé, ìíîãèå èç êîòîðûõ âîñòðåáîâàíû ñåãîäíÿ ïðè èçó÷åíèè ëèòî-
ñôåðû [2, 6].

Ãåîëîãè÷åñêîå ñòðîåíèå Áûñòðîâñêîãî ïîëèãîíà õàðàêòåðèçóåòñÿ íàëè÷èåì (äî ãëóáè-
íû 15 ì) ðûõëîé ïåñ÷àíî-ãëèíèñòîé òîëùè, ñìåíÿþùåéñÿ çàòåì (íà ãëóáèíàõ ïîðÿäêà 50
ì) ãëèíèñòûìè òðåùèíîâàòûìè ñëàíöàìè. Ãëóáæå çàëåãàþò êîðåííûå ïîðîäû ôóíäàìåí-
òà, ïðåäñòàâëåííûå ãëèíèñòûìè ìåòàìîðôèçîâàííûìè ñëàíöàìè (ðèñ. 5).

Õàðàêòåðèçóÿ óñëîâèÿ ðàáîò íà ïîëèãîíå, îòìåòèì íàëè÷èå ïîñòîÿííîãî ñåéñìîàêóñòè-
÷åñêîãî øóìîâîãî ôîíà â ðàéîíå ðàñïîëîæåíèÿ âèáðàòîðîâ. Ýòî

”
áåëûé“ øóì, â ñïåêòðå

êîòîðîãî íàáëþäàþòñÿ íåçíà÷èòåëüíûå ïî àìïëèòóäå ðåçîíàíñíûå âñïëåñêè, ñâÿçàííûå ñ
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Ðèñ. 3. Ìîùíûå ñåéñìè÷åñêèå âèáðîèñòî÷íèêè ÖÂ-100 è ÖÂ-40 íà Áûñòðîâñêîì ãåîôèçè÷åñêîì ïîëèãîíå

ÑÎ ÐÀÍ (ôîòî À. Ë. Ñîáèñåâè÷à)

äèíàìè÷åñêèìè ÿâëåíèÿìè â áàññåéíå Íîâîñèáèðñêîãî ìîðÿ, íà áåðåãó êîòîðîãî è ðàñïî-
ëîæåí Áûñòðîâñêèé ïîëèãîí.

Êîëåáàòåëüíûå ïðîöåññû íà àêâàòîðèè Íîâîñèáèðñêîãî ìîðÿ ïðîÿâëÿþòñÿ íà ñåéñìî-
ãðàììàõ â èíôðàçâóêîâîé îáëàñòè (0.5�1.0 Ãö) è â äèàïàçîíå 7.5�8.7 Ãö, ÷òî ñîîòâåòñòâóåò
ïåðâîìó è âòîðîìó ëîêàëüíîìó ðåçîíàíñó ïîëèãîíà. Âòîðîé ðåçîíàíñ áûë îòêðûò ýêñïåðè-
ìåíòàëüíî ó÷åíûìè ÑÎ ÐÀÍ â ïðîöåññå ðàçðàáîòêè è èññëåäîâàíèÿ ìîùíûõ âèáðàòîðîâ
è â ïîñëåäóþùåì èñïîëüçîâàí äëÿ ñîãëàñîâàíèÿ èõ ñî ñðåäîé.

Â äåâÿíîñòûå ãîäû ïðîøëîãî ñòîëåòèÿ âèáðàòîðû Áûñòðîâñêîãî ïîëèãîíà ôóíêöèî-
íèðîâàëè èìåííî â ýòîì äèàïàçîíå ÷àñòîò è îêàçàëèñü ñïîñîáíû ãåíåðèðîâàòü ìîùíûå
ñåéñìè÷åñêèå ïîëÿ, êîòîðûå ðåãèñòðèðîâàëèñü çà òûñÿ÷è êèëîìåòðîâ.

Ïîëó÷åííûå â ïðîöåññå àêòèâíûõ ýêñïåðèìåíòîâ íîâûå íàó÷íûå ðåçóëüòàòû, ñâÿçàí-
íûå ñ èçó÷åíèåì

”
ïàìÿòè Çåìëè“, ïîçâîëèëè ñäåëàòü âàæíûé âûâîä î òîì, ÷òî êàæäûé

èçó÷àåìûé ó÷àñòîê ãåîôèçè÷åñêîé ñðåäû îòëè÷àåòñÿ íàáîðîì õàðàêòåðíûõ ðåçîíàíñíûõ
÷àñòîò [7].

Èçìåðåíèÿ ãðàâèòîìàãíèòíûõ âîçìóùåíèé, íàâåäåííûõ â ãåîñôåðàõ â ðåçóëüòàòå âèá-
ðàöèîííîãî âîçäåéñòâèÿ íà äíåâíóþ ïîâåðõíîñòü çåìëè, áûëè âûïîëíåíû ñ èñïîëüçîâàíè-
åì öèôðîâîãî èíäóêöèîííîãî ìàãíèòîìåòðà êîíñòðóêöèè Ï. Áåëÿåâà. Â ïðîöåññå ïðîâå-
äåíèÿ ýêñïåðèìåíòîâ îáåñïå÷èâàëàñü ïðèåìëåìàÿ ñåéñìè÷åñêàÿ ðàçâÿçêà ìàãíèòîìåòðà,
à çàïèñü îñóùåñòâëÿëàñü êàê íåïîñðåäñòâåííî ó èñòî÷íèêà, òàê è â îòäåëüíûõ âûíîñíûõ
ïóíêòàõ íàáëþäåíèé, êîòîðûå ðàñïîëàãàëèñü íà óäàëåíèè 1�7 êì îò ðàáîòàþùåãî âèáðà-
òîðà. Çäåñü âïåðâûå â ïðàêòèêå èíñòðóìåíòàëüíûõ íàáëþäåíèéèáûëè çàðåãèñòðèðîâàíû
íàâåäåííûå ãðàâèòîìàãíèòíûå âîçìóùåíèÿ � àíîìàëüíûå âîëíîâûå ñòðóêòóðû, âûäåëÿå-
ìûå â âàðèàöèÿõ ìàãíèòíîãî ïîëÿ Çåìëè. Ïðè ýòîì àìïëèòóäà òàêîãî ñèãíàëà íà óäàëåíèè
7 êì îò èñòî÷íèêà ñîñòàâèëà (ïî íàøèì îöåíêàì) âåëè÷èíó ïîðÿäêà 14 ïÒë [7].

×åòûðå ãîäà ñïóñòÿ ó÷åíûå ÑÎ ÐÀÍ, èñïîëüçóÿ áîëåå ñîâåðøåííóþ àïïàðàòóðó, ïî-
âòîðèëè íàøè ýêñïåðèìåíòû íà áîëåå âûñîêîì óðîâíå ñ èñïîëüçîâàíèåì óñîâåðøåíñòâî-
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Ðèñ. 4. Ãèäðîðåçîíàíñíûé ñåéñìè÷åñêèé âèáðîèñòî÷íèê ÃÐÂ-50 íà Áûñòðîâñêîì ãåîôèçè÷åñêîì

ïîëèãîíå ÑÎ ÐÀÍ (ôîòî Ë. Å. Ñîáèñåâè÷à)

âàííûõ èíôîðìàöèîííî-èçìåðèòåëüíûõ ñèñòåì è âïåðâûå óñïåøíî ðàçäåëèëè íàâåäåííûå
ìàãíèòíûé è ñåéñìè÷åñêèé ñèãíàëû [8].

Îòêðûòèå íàâåäåííûõ ãðàâèòîìàãíèòíûõ âîçìóùåíèé ïðè âèáðîñåéñìè÷åñêîì âîçäåé-
ñòâèè íà ãåîëîãè÷åñêóþ ñðåäó ïðèâåëî ê íåîáõîäèìîñòè äàëüíåéøåãî èçó÷åíèÿ ýòîé ôóí-
äàìåíòàëüíîé ïðîáëåìû. Ñ ýòîé öåëüþ â ðàéîíå Öåíòðàëüíîãî Êàâêàçà íà áàçå Áàêñàíñêîé
íåéòðèííîé îáñåðâàòîðèè Èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé ÐÀÍ íàìè áûëè ðàçâåðíóòû
äâå ïîëíîìàñøòàáíûå ãåîôèçè÷åñêèå ëàáîðàòîðèè (ðèñ. 6). Ïî ìåðå ðàçâèòèÿ èçìåðèòåëü-
íîé áàçû ñîçäàâàëèñü íîâûå ëàáîðàòîðèè, êîòîðûå çàòåì îáúåäèíèëèñü â Ñåâåðîêàâêàç-
ñêóþ ãåîôèçè÷åñêóþ îáñåðâàòîðèþ ÈÔÇ ÐÀÍ [30]. Ïîìèìî ñòàíäàðòíîé ñåéñìîëîãè÷åñêîé
àïïàðàòóðû, áûëè óñòàíîâëåíû ìàãíèòíûå âàðèîìåòðû ñèñòåìû Â. Í. Áîáðîâà è óíèêàëü-
íûå êâàðöåâûå íàêëîíîìåðû ñèñòåìû Ä. Ã. Ãðèäíåâà. Íà ïðîòÿæåíèè ïîñëåäíèõ 10 ëåò
âåäåòñÿ ïîñòîÿííûé ãåîôèçè÷åñêèé ìîíèòîðèíã êàòàñòðîôè÷åñêèõ ýíäîãåííûõ ïðîöåññîâ
â ìàñøòàáàõ Çåìëè [30, 31].

Ðàçâèâàÿ çàòðîíóòóþ ïðîáëåìó, âïåðâûå äåòàëüíî îáîñíîâàííóþ â ðàáîòàõ àêàäåìè-
êà ÐÀÍ À. Ñ. Àëåêñååâà, îáðàòèìñÿ ê ðåçóëüòàòàì íàøèõ îáñåðâàòîðñêèõ íàáëþäåíèé
ïîñëåäíèõ ëåò è ïðèâåäåì äàííûå îá óñïåøíî çàôèêñèðîâàííûõ ñåéñìîãðàâèòàöèîííûõ
ïðîöåññàõ è ãðàâèòîìàãíèòíûõ âîçìóùåíèÿõ, ïðåäâàðÿâøèõ êðóïíûå ñåéñìè÷åñêèå ìåë-
êîôîêóñíûå è ãëóáîêîôîêóñíûå çåìëåòðÿñåíèÿ.
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Ðèñ. 5. Ãåîëîãè÷åñêîå ñòðîåíèå ïîëèãîíà

Ðèñ. 6. Èíñòðóìåíòàëüíûå ïîñòàìåíòû ëàáîðàòîðèè Ñåâåðîêàâêàçñêîé ãåîôèçè÷åñêîé îáñåðâàòîðèè,

ðàñïîëîæåííîé íà îòìåòêå 4,1 êì â áîêîâîé âûðóáêå øòîëüíè
”
Âñïîìîãàòåëüíàÿ“ ÁÍÎ ÈßÈ ÐÀÍ [13]

Óæå ïåðâûå îáñåðâàòîðñêèå íàáëþäåíèÿ âàðèàöèé ìàãíèòíîãî ïîëÿ Çåìëè ïîäòâåðäè-
ëè, ÷òî êðóïíûå ñåéñìè÷åñêèå ñîáûòèÿ âñåãäà ïðåäâàðÿþòñÿ õàðàêòåðíûìè àíîìàëüíûìè
ãðàâèòîìàãíèòíûìè âîçìóùåíèÿìè â ÓÍ× äèàïàçîíå, êîòîðûå íàïîìèíàþò ñèãíàëû, ãå-
íåðèðóåìûå ïðè ðàáîòå ìîùíûõ ñåéñìè÷åñêèõ âèáðîèñòî÷íèêîâ [11].

Â êà÷åñòâå õàðàêòåðíîãî ïðèìåðà, ïîäòâåðæäàþùåãî ñêàçàííîå, ïðîàíàëèçèðóåì ðàç-
ðóøèòåëüíîå ìåëêîôîêóñíîå çåìëåòðÿñåíèå ñ M = 7.4 íà ãðàíèöå Èðàíà è Èðàêà, êîòîðîå
ïðîèçîøëî 12.11.2017 ã. Ýòî ñåéñìè÷åñêîå ñîáûòèå ñòàëî ñèëüíåéøèì çà âñþ èñòîðèþ ñåé-
ñìîëîãè÷åñêèõ íàáëþäåíèé â äàííîì ðåãèîíå [32].

Óñòàíîâëåííîå ïîëîæåíèå ýïèöåíòðà ãëàâíîãî óäàðà è ïðîâåäåííûé ìîíèòîðèíã àôòåð-
øîêîâîãî ïðîöåññà, íàðÿäó ñ èìåþùèìèñÿ äàííûìè î ìàêðîñåéñìè÷åñêèõ ïðîÿâëåíèÿõ è
ðåøåíèåì ôîêàëüíîãî ìåõàíèçìà, ïîçâîëèëè ñîñòàâèòü äîñòàòî÷íî ïîëíîå ïðåäñòàâëåíèå
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Ðèñ. 7. Ëàáîðàòîðèÿ Ñåâåðîêàâêàçñêîé ãåîôèçè÷åñêîé îáñåðâàòîðèè, ðàñïîëîæåííàÿ â áîêîâîé âûðóáêå

øòîëüíè
”
Ãëàâíàÿ“ ÁÍÎ ÈßÈ ÐÀÍ íà îòìåòêå 1,5 êì [13]

î ñòðîåíèè è ñåéñìîòåêòîíè÷åñêîé ïîçèöèè î÷àãà, à çàôèêñèðîâàííàÿ ñòðóêòóðà ãðàâèòî-
ìàãíèòíûõ âîçìóùåíèé, íàâåäåííûõ íà ýòàïå ôîðìèðîâàíèÿ î÷àãîâîé îáëàñòè, îêàçàëàñü
äîñòàòî÷íî âûðàçèòåëüíîé [32]. Íåïðåêðàùàþùèéñÿ ïåðåñòðîå÷íûé ïðîöåññ â ãîðíîé ïî-
ðîäå, âêëþ÷àþùåé îáðàçîâàíèÿ äèëàòàíñíîãî òèïà, ïîçâîëèë áîëåå îöåíèòü óñëîâèÿ âçà-
èìîäåéñòâèÿ îòäåëüíîñòåé íà ýòàïå ñîçðåâàíèÿ î÷àãà.

Àêàäåìèê À. Ñ. Àëåêñååâ â áåñåäàõ ñ íàìè íåîäíîêðàòíî ïîä÷åðêèâàë, ÷òî â ïåðèîäû
ïîäãîòîâêè ñåéñìè÷åñêèõ êàòàñòðîô âàæíóþ ðîëü ñëåäóåò îòâîäèòü ôëþèäíîé (â ïåðâóþ
î÷åðåäü âîäîðîäíîé èëè âîäîðîäíî-ãåëèåâîé) àêòèâíîñòè ÿäðà Çåìëè, êîãäà âîñõîäÿùèå
ñòðóè âîäîðîäà âçàèìîäåéñòâóþò ñ ãîðíîé ïîðîäîé â îêðåñòíîñòè

”
ñîçðåâàþùåé“ î÷àãî-

âîé çîíû [1, 4]. Ýòî ïðåäïîëîæåíèå ïîäòâåðäèëîñü íà ïðàêòèêå. Ïåðåä çåìëåòðÿñåíèåì
12.11.2017 ã. íà ãðàíèöå Èðàêà è Èðàíà èíôîðìàöèîííî-èçìåðèòåëüíûå ñèñòåìû Ñåâåðî-
êàâêàçñêîé ãåîôèçè÷åñêîé îáñåðâàòîðèè ÈÔÇ ÐÀÍ çàôèêñèðîâàëè çà íåñêîëüêî ÷àñîâ äî
ãëàâíîãî óäàðà ãðàâèòîìàãíèòíûå ÓÍ× âîçìóùåíèÿ, êîòîðûå áûëè ïîäãîòîâëåíû â òîì
÷èñëå è ôëþèäíîé àêòèâíîñòüþ Çåìëè.

Îòìåòèì â ýòîé ñâÿçè, ÷òî ñåéñìîãðàâèòàöèîííûå è ãðàâèòîìàãíèòíûå âîçìóùåíèÿ
ðåãèñòðèðóþòñÿ ïðàêòè÷åñêè âñåãäà ïåðåä êðóïíûìè çåìëåòðÿñåíèÿìè. Ýòè ïðîãíîñòè÷å-
ñêèå ýôôåêòû ðàññìàòðèâàëèñü è ðàíåå [13, 16, 17, 19, 20, 32�48].

Îñíîâíûå ðåçóëüòàòû îáñåðâàòîðñêèõ íàáëþäåíèé àíàëèçèðóåìîãî ñåéñìè÷åñêîãî ñî-
áûòèÿ, êîòîðûå áûëè çàôèêñèðîâàíû êàê â ïîêàçàíèÿõ íàêëîíîìåðíûõ ñòàíöèé, òàê è â
ïîêàçàíèÿõ ìàãíèòíûõ âàðèîìåòðîâ Ñåâåðîêàâêàçñêîé ãåîôèçè÷åñêîé îáñåðâàòîðèè ÈÔÇ
ÐÀÍ, ïðèâåäåíû íà ðèñ. 8.

Äëÿ àíàëèçà íàìè áûë âûáðàí âðåìåííîé èíòåðâàë 12:00�19:00 12.11.2017 ã., â êîòîðîì
áûëè âûäåëåíû äâà çåìëåòðÿñåíèÿ ñ ìàãíèòóäîé áîëåå 5. Â ïðîöåññå àíàëèçà ïîëó÷åííûõ
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Ðèñ. 8. Ïîêàçàíèÿ èíôîðìàöèîííî-èçìåðèòåëüíûõ ñèñòåì Ñåâåðîêàâêàçñêîé ãåîôèçè÷åñêîé
îáñåðâàòîðèè ÈÔÇ ÐÀÍ, çàôèêñèðîâàâøèõ 12.11.2017 ã. çåìëåòðÿñåíèÿ íà ãðàíèöå Èðàíà è Èðàêà.

Çäåñü: EW � ïîêàçàíèÿ íàêëîíîìåðà (Âîñòîê�Çàïàä); H, E, Z � âàðèàöèè ìàãíèòíîãî ïîëÿ Çåìëè; Hf ,
Ef , Zf � âûäåëåííûå èíñòðóìåíòàëüíî ãðàâèòîìàãíèòíûå âîçìóùåíèÿ, ïðîÿâèâøèåñÿ â âàðèàöèÿõ

ìàãíèòíîãî ïîëÿ Çåìëè. Âåðòèêàëüíûå ëèíèè îòìå÷àþò âðåìÿ â î÷àãå çàôèêñèðîâàííûõ çåìëåòðÿñåíèé:
1) 18:18:17 UT; 34,905◦ ñ. ø., 45,956◦ â. ä.; ms = 7.3; ãëóáèíà � 19 êì;

2) 18:29:52 UT; 34,914◦ ñ. ø., 45,599◦ â. ä.; ms = 5.3; ãëóáèíà � 10 êì
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íàó÷íûõ ðåçóëüòàòîâ óäàåòñÿ ïðîñëåäèòü çà ïîñëåäîâàòåëüíîñòüþ èìïóëüñíûõ ñèãíàëîâ
(ñì., ðèñ. 8, À1, 2, 3 è ðèñ. 9, À1, 2, 3), îòðàæàþùèõ ñòðóêòóðó ãðàâèòîìàãíèòíîãî âîç-
ìóùåíèÿ, êîòîðîå çàêîí÷èëîñü çà 4 ÷àñà äî ãëàâíîãî óäàðà. Îòìå÷åííàÿ çàêîíîìåðíîñòü
ïðàêòè÷åñêè âñåãäà ïðîÿâëÿåòñÿ ïåðåä êðóïíûìè çåìëåòðÿñåíèÿìè [31, 32].

Ñëåäóþùåå õàðàêòåðíûé âñïëåñê ãðàâèòîìàãíèòíîãî âîçìóùåíèÿ çàôèêñèðîâàí â ïå-
ðèîä 15:30�17:00 (ó÷àñòêè B íà ðèñ. 8 è ðèñ. 9). Çäåñü âî âðåìåííîì èíòåðâàëå 16:30�17:00
íà÷àëà ðàçâèâàòüñÿ ñóááóðÿ.

Àíàëèçèðóÿ ïðîòåêàíèå ãåîôèçè÷åñêèõ ïðîöåññîâ â ãåîñôåðàõ â ýòîò ïåðèîä, îòìåòèì,
÷òî íà íà÷àëüíîì ýòàïå ðàçâèòèÿ ñóááóðè (ðèñ. 8) ïðîèçîøëî áîëåå ÷åì òðåõêðàòíîå óñè-
ëåíèå íàáëþäàåìîãî ãðàâèòîìàãíèòíîãî âîçìóùåíèÿ. Òîíêàÿ ñòðóêòóðà çàôèêñèðîâàííî-
ãî ãðàâèòîìàãíèòíîãî âîçìóùåíèÿ, óñèëåííîãî ðàçâèâàþùåéñÿ ñóááóðåé, ïðåäñòàâëåíà íà
ðèñ. 9, Ñ.

Ïîëó÷åííûé ðåçóëüòàò çàñòàâëÿåò ïîäóìàòü î òîì, ÷òî ÿâëÿåòñÿ ïåðâè÷íûì: íàâåäåí-
íûå ãðàâèòîìàãíèòíûå âîçìóùåíèÿ, ñâÿçàííûå ñ ñåéñìîãðàâèòàöèîííûìè ïðîöåññàìè â
íèæíèõ ãåîñôåðàõ, ôîðìèðóþùèìè î÷àã ñåéñìè÷åñêîãî ñîáûòèÿ, èëè ðàçâèâàþùàÿñÿ ñóá-
áóðÿ, êîòîðàÿ â íåóñòîé÷èâîé ýíåðãîíàñûùåííîé èîíîñôåðå ìîæåò âîçíèêíóòü äàæå òîãäà,
êîãäà íåò íèêàêèõ î÷åâèäíûõ ïðè÷èí è ïðèçíàêîâ ìàãíèòíîé áóðè.

Â íàóêàõ î Çåìëå ñóùåñòâóåò îòäåëüíîå íàó÷íîå íàïðàâëåíèå, â ðàìêàõ êîòîðîãî ñåé-
ñìè÷åñêèå êàòàñòðîôû ñâÿçûâàþò ñ ìàãíèòíûìè áóðÿìè, ñîñòîÿùèìè èç ñåðèè ñóááóðü,
ïðîèñõîäÿùèõ íàñòîëüêî ÷àñòî, ÷òî ìàãíèòîñôåðà íå óñïåâàåò ïîëíîñòüþ âîññòàíàâëè-
âàòüñÿ. Èìåííî ïîýòîìó ñóááóðè îòíîñÿò ê ôóíäàìåíòàëüíûì äèíàìè÷åñêèì ïðîöåññàì,
êîòîðûå ñëåäóåò ó÷èòûâàòü ïðè àíàëèçå âçàèìîäåéñòâèé ïîëåé â ãåîñôåðàõ Çåìëè [15, 34,
49].

Â ðàññìàòðèâàåìîì ñëó÷àå ìû èìååì äåëî ñ ïîêà íå èçó÷åííûì äî êîíöà ÿâëåíèåì,
êîãäà ðàçâèâàþùàÿñÿ ñóááóðÿ âûçâàíà ñåéñìîãðàâèòàöèîííûìè ïðîöåññàìè â îòäåëüíî
âçÿòîì ñåéñìîàêòèâíîì ðàéîíå Çåìëè. Ïðè ýòîì íåîáõîäèìî ïðèíèìàòü âî âíèìàíèå è
òîò î÷åâèäíûé ôàêò, ÷òî ãðàâèòîìàãíèòíûå âîçìóùåíèÿ, çàðîæäàþùèåñÿ â íèæíèõ ãåî-
ñôåðàõ,

”
ìãíîâåííî“ âîçäåéñòâóþò íà íåóñòîé÷èâûå ýíåðãîíàñûùåííûå ñòðóêòóðû èîíî-

ñôåðû, ÷òî è ñòàíîâèòñÿ ïðè÷èíîé ñóááóðè íà ôîíå ðàçâèâàþùåãîñÿ ãëîáàëüíîãî ñåéñìî-
ãðàâèòàöèîííîãî ïðîöåññà â íèæíèõ ãåîñôåðàõ Çåìëè.

Îòìå÷åííîå ãåîôèçè÷åñêîå ÿâëåíèå íå ïîëó÷èëî ïîêà óäîâëåòâîðèòåëüíîãî îáúÿñíåíèÿ
â íàó÷íîé ëèòåðàòóðå. Âïåðâûå îíî áûëî îòìå÷åíî â ðàáîòå [31].

Ïîïðîáóåì íà ïðèìåðå ðàññìàòðèâàåìîãî çåìëåòðÿñåíèÿ óòî÷íèòü, êàê â î÷àãîâîé îá-
ëàñòè ðàçíîìàñøòàáíûå ãðàâèòèðóþùèå îòäåëüíîñòè ãîðíîé ïîðîäû ôîðìèðóþò ñåéñìî-
ãðàâèòàöèîííûå ïðîöåññû, êîòîðûå ñòàíîâÿòñÿ èñòî÷íèêàìè ãðàâèòîìàãíèòíûõ âîçìóùå-
íèé, ïðåäâàðÿþùèõ çåìëåòðÿñåíèå.

Ïðåæäå âñåãî îòìåòèì, ÷òî ñåéñìîãðàâèòàöèîííûé ïðîöåññ â ðàçâèâàþùåéñÿ î÷àãîâîé
îáëàñòè àíàëèçèðóåìîãî çåìëåòðÿñåíèÿ áûë ñâÿçàí ñ ïîäâèæêîé ìàñøòàáíûõ îáúåìîâ
ãîðíîé ïîðîäû.

Ïîäâèæêè ïðèâåëè ê âîçíèêíîâåíèþ ìíîãî÷èñëåííûõ ëîêàëüíûõ ðåçîíàíñíûõ îáðà-
çîâàíèé ãîðíîé ïîðîäû, â ñîñòàâå êîòîðûõ âûäåëÿþòñÿ ïðåèìóùåñòâåííî ñåéñìè÷åñêèå
èçëó÷àþùèå îáëàñòè, êîòîðûå ìîãóò áûòü ñìîäåëèðîâàíû èçëó÷àòåëÿìè ìîíîïîëüíîãî,
äèïîëüíîãî è êâàäðóïîëüíîãî òèïà, ôîðìèðóþùèìè ðåçóëüòèðóþùåå ñåéñìîãðàâèòàöè-
îííîå ïîëå íà ýòàïå ôîðìèðîâàíèÿ î÷àãîâîé îáëàñòè [32]. Ïðè ýòîì èìåííî èçëó÷àòåëè
êâàäðóïîëüíîãî òèïà îòâåòñòâåííû çà ãåíåðàöèþ äëèííîïåðèîäíîãî ñåéñìîãðàâèòàöèîí-
íîãî ïðîöåññà.
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Ðèñ. 9. Ðàçâåðíóòàÿ ñòðóêòóðà ÓÍ× ãðàâèòîìàãíèòíûõ âîçìóùåíèé, çàôèêñèðîâàííûõ â èññëåäóåìîì

ðåãèîíå â âûäåëåííûõ âðåìåííûõ èíòåðâàëàõ
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Ðèñ. 10. Çåìëåòðÿñåíèå â Èðàêå 12.11.2017. Çäåñü: NS � ïîêàçàíèÿ íàêëîíîìåðà íà Ñåâåðîêàâêàçñêîé

ãåîôèçè÷åñêîé îáñåðâàòîðèè, îðèåíòèðîâàííîãî â àçèìóò
”
ñåâåð�þã“; NSf � ðåçóëüòàòû ôèëüòðàöèè

äàííûõ íàêëîíîìåðà â äèàïàçîíå 0.04�10 ìÃö

Íà ðèñ. 10 ïðèâåäåíû äàííûå, êîòîðûå ïîäòâåðæäàþò, ÷òî ñåéñìîãðàâèòàöèîííûé ïðî-
öåññ ñôîðìèðîâàëñÿ çäåñü áîëåå ÷åì çà 7 ÷àñîâ äî ãëàâíîãî óäàðà. Â òî âðåìÿ êàê ãðàâèòî-
ìàãíèòíûå âîçìóùåíèÿ áûëè çàôèêñèðîâàíû àïïàðàòóðíûìè êîìïëåêñàìè Ñåâåðîêàâêàç-
ñêîé ãåîôèçè÷åñêîé îáñåðâàòîðèè ÈÔÇ ÐÀÍ òîëüêî çà äâà ñ ïîëîâèíîé ÷àñà äî ãëàâíîãî
óäàðà.

Ê àíàëèçó ñåéñìîãðàâèòàöèîííûõ ïðîöåññîâ ìû åùå âåðíåìñÿ, à ñåé÷àñ îòìåòèì, ÷òî
â ãåîëîãè÷åñêèõ ñòðóêòóðàõ ëèòîñôåðû íà ãðàíèöå Èðàíà è Èðàêà ìåäëåííûå äâèæå-
íèÿ ìàñøòàáíûõ îáúåìîâ ãîðíîé ïîðîäû, ôîðìèðóþùèå ëîêàëüíûå ñåéñìîãðàâèòàöèîí-
íûå ïðîöåññû, ìîãóò áûòü ïðåäñòàâëåíû íåêîòîðîé äèíàìè÷åñêîé ôèçè÷åñêîé âåëè÷è-
íîé ñ ïðèñóùèìè òîëüêî åé ðåçîíàíñíûìè îñîáåííîñòÿìè. Îòëè÷èòåëüíàÿ ÷åðòà òàêîãî
äëèííîïåðèîäíîãî ñåéñìîãðàâèòàöèîííîãî

”
ðåçîíàòîðà“ � ãåíåðàöèÿ ñåéñìîãðàâèòàöèîí-

íûõ ïðîöåññîâ è ñîïóòñòâóþùèõ ãðàâèòîìàãíèòíûõ âîçìóùåíèé, ïðîÿâëÿþùèõñÿ â âèäå
àíîìàëèé â ñòðóêòóðå ãåîôèçè÷åñêèõ ïîëåé Çåìëè. Ýòè àíîìàëèè óäàåòñÿ íàáëþäàòü â
îáñåðâàòîðñêèõ ýêñïåðèìåíòàõ íà âñåõ ýòàïàõ ðàçâèòèÿ ìàñøòàáíûõ ïåðåñòðîåê â ëîêàëü-
íûõ ãåîëîãè÷åñêèõ îáðàçîâàíèÿõ, êîòîðûå â ïðîöåññå âçàèìîäåéñòâèÿ ôîðìèðóþò î÷àãè
êðóïíûõ çåìëåòðÿñåíèé. Îíè õàðàêòåðíû äëÿ îãðîìíîãî îáúåìà ãåîëîãè÷åñêîé ñðåäû, âî-
âëå÷åííîãî â çîíó î÷àãîâûõ äåôîðìàöèé, â òîì ÷èñëå è ïðè ðàçâèòèè çåìëåòðÿñåíèÿ íà
ãðàíèöå Èðàíà è Èðàêà 12.11.2017 ã.

Ñôîðìóëèðîâàííóþ ïðè òàêîé ïîñòàíîâêå ïàðàäèãìó, îòðàæàþùóþ íà ôóíäàìåíòàëü-
íîì óðîâíå âñþ ôèçè÷åñêóþ ðåàëüíîñòü íàâåäåííûõ âîëíîâûõ ïðîöåññîâ â ãåîñôåðàõ Çåì-
ëè è ñâîäÿùóþñÿ ê íåáîëüøîìó êîëè÷åñòâó âçàèìîäåéñòâóþùèõ ïîëåé, ñëåäóåò îòíåñòè ê
îäíîé èç âàæíåéøèõ â íàóêàõ î Çåìëå.
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Ãîâîðÿ î ñåéñìîãðàâèòàöèîííûõ ïðîöåññàõ, îòìåòèì, ÷òî îòêðûòèå ýòîãî ÿâëåíèÿ ñäå-
ëàëè ó÷åíûå ÑÑÑÐ â ñåìèäåñÿòûå ãîäû ïðîøëîãî ñòîëåòèÿ. Ïðîôåññîð Ëåíèíãðàäñêîãî
ãîñóäàðñòâåííîãî óíèâåðñèòåòà Åâãåíèé Ìèõàéëîâè÷ Ëèíüêîâ âìåñòå ñî ñâîèìè êîëëåãà-
ìè [16, 17, 35�39] çàôèêñèðîâàëè ýêñïåðèìåíòàëüíî è ïðîàíàëèçèðîâàëè íîâîå ÿâëåíèå �
ñåéñìîãðàâèòàöèîííûå êîëåáàíèÿ ëîêàëüíûõ íåîäíîðîäíîñòåé ëèòîñôåðû, ïðåäâàðÿþùèå
ðàçâèòèå ñåéñìè÷åñêîãî ïðîöåññà åùå äî íà÷àëà àêòèâíîé ñòàäèè. Ðåçóëüòàòû ðàáîò ëå-
íèíãðàäñêèõ ó÷åíûõ ñòàëè ïðåäìåòîì îòêðûòèÿ � 217 (1974 ã.)

”
ßâëåíèå ñåéñìîãðàâèòà-

öèîííûõ êîëåáàíèé Çåìëè“ [16, 17, 35�39].
Ñåãîäíÿ çàðóáåæíûå ôèçèêè ïîëó÷èëè íîâûå íàó÷íûå ðåçóëüòàòû, êîòîðûå íå òîëüêî

ïîäòâåðæäàþò, íî è ðàñøèðÿþò îòêðûòèå íàøèõ ó÷åíûõ, ñäåëàííîå 40 ëåò íàçàä. Òàê,
áûëî ïîêàçàíî, ÷òî ñåéñìîãðàâèòàöèîííûå èëè, ïî îïðåäåëåíèþ àâòîðîâ öèòèðóåìîé ðà-
áîòû, îïóáëèêîâàâøèõ ïîëó÷åííûå èìè íîâûå íàó÷íûå ðåçóëüòàòû â æóðíàëå

”
Science“

[48], óïðóãî-ãðàâèòàöèîííûå êîëåáàíèÿ ðàçíîìàñøòàáíûõ îòäåëüíîñòåé ãîðíîé ïîðîäû â
îáúåìå ñôîðìèðîâàâøåãîñÿ î÷àãà àêòèâèçèðîâàëèñü â ìîìåíò ãëàâíîãî óäàðà íà ýòàïå
ðàçâèòèÿ çåìëåòðÿñåíèÿ Òîõîêó 2011 ã.

Ýôôåêò àêòèâèçàöèè äåôîðìàöèîííûõ ïðîöåññîâ âûðàçèëñÿ â ãåíåðàöèè ñëàáîãî ñåé-
ñìîãðàâèòàöèîííîãî âîçìóùåíèÿ. Àâòîðû öèòèðóåìîé âûøå íàó÷íîé ïóáëèêàöèè ïîëà-
ãàþò, ÷òî âûäåëåííûå èìè óïðóãî-ãðàâèòàöèîííûå êîëåáàíèÿ, ðàñïðîñòðàíÿþùèåñÿ ñî
ñêîðîñòüþ ñâåòà, ïîçâîëÿò â áóäóùåì âûõîäèòü íà ýíåðãåòè÷åñêóþ îöåíêó ïàðàìåòðîâ
êðóïíûõ ñåéñìè÷åñêèõ ñîáûòèé.

Â ýòîé ñâÿçè îáðàòèìñÿ ê íàøèì èíñòðóìåíòàëüíûì äàííûì, îòðàæàþùèì ïðîöåññ
ðàçâèòèÿ Âåëèêîãî ÿïîíñêîãî âîñòî÷íîãî çåìëåòðÿñåíèÿ (Òîõîêó).

Çåìëåòðÿñåíèå ïðîèçîøëî 11 ìàðòà 2011 ã. â 05:46 ïî Ãðèíâè÷ó âîñòî÷íåå î. Õîíñþ â
äîííûõ ñòðóêòóðàõ Òèõîãî îêåàíà. Õàðàêòåðèçóÿ óñëîâèÿ ðàçâèòèÿ î÷àãîâûõ îáðàçîâàíèé
è ãëàâíûé óäàð çåìëåòðÿñåíèÿ Òîõîêó, îòìåòèì, ÷òî îí ñâÿçàí îáùèì ñåéñìîãðàâèòàöè-
îííûì ïðîöåññîì ñ ïîäâîäíûì çåìëåòðÿñåíèåì (êîòîðîå òðàêòóþò êàê ôîðøîê Òîõîêó),
êîòîðîå ïðîèçîøëî 9 ìàðòà 2011 ã., Ì = 7.7 (http://www.ceme.gsras.ru/cgi-bin/info_
quake.pl?mode=1&id=167). Ýïèöåíòð ýòîãî ïðåäâàðèòåëüíîãî óäàðà áûë ïðîñòðàíñòâåííî
áëèçîê ïî ïîëîæåíèþ ê ýïèöåíòðó ãëàâíîãî óäàðà Òîõîêó.

Èññëåäóåìûé ñåéñìîãðàâèòàöèîííûé ïðîöåññ áûë çàôèêñèðîâàí íàêëîíîìåðíîé ñòàí-
öèåé, óñòàíîâëåííîé íà èçìåðèòåëüíîì ïîñòàìåíòå Ñåâåðîêàâêàçñêîé ãåîôèçè÷åñêîé îá-
ñåðâàòîðèè ÈÔÇ ÐÀÍ è âûñòàâëåííîé â àçèìóò

”
âîñòîê-çàïàä“. Çàôèêñèðîâàííûå ñèã-

íàëû áûëè ïðîôèëüòðîâàíû â ïîëîñå 0.04�10 ìÃö. Âðåìÿ â î÷àãàõ ñèëüíîãî ôîðøîêà è
çåìëåòðÿñåíèÿ Òîõîêó îòìå÷åíî íà ãðàôèêå âåðòèêàëüíûìè ëèíèÿìè è ñòðåëêàìè (ðèñ.
10 à, b).

Ïðèâåäåííûå íàó÷íûå ðåçóëüòàòû î äëèííîïåðèîäíûõ ñåéñìîãðàâèòàöèîííûõ ïðîöåñ-
ñàõ â ðàéîíå ðàçâèâàþùèõñÿ î÷àãîâ àíàëèçèðóåìûõ çåìëåòðÿñåíèé ïîëó÷åíû âïåðâûå.
Îíè ïîçâîëÿþò ñ íîâûõ ïîçèöèé ïðîàíàëèçèðîâàòü ðàçâèòèå ìàñøòàáíûõ ãðàâèòèðóþùèõ
îòäåëüíîñòåé ãîðíîé ïîðîäû â ðàçëîìíî-áëîêîâûõ ñòðóêòóðàõ ôîðìèðóþùåãîñÿ î÷àãà Âå-
ëèêîãî ÿïîíñêîãî çåìëåòðÿñåíèÿ 2011 ã., âêëþ÷àÿ è ýòàï ãëàâíîãî óäàðà.

Ïðåæäå âñåãî, îáðàòèì âíèìàíèå íà òîò î÷åâèäíûé ôàêò, ÷òî óæå çà äåâÿòü ñóòîê
äî ôîðøîêà (ïåðâîå çàôèêñèðîâàííîå çåìëåòðÿñåíèå ñ Ì=7.7) â îêåàíè÷åñêîì äíå íà-
÷àëè ôîðìèðîâàòüñÿ î÷àãîâûå ñòðóêòóðû, êîòîðûå çàòåì îáðàçîâàëè åäèíûé î÷àã öóíà-
ìèãåííîãî çåìëåòðÿñåíèÿ Òîõîêó. Îá ýòîì ñâèäåòåëüñòâóþò çàôèêñèðîâàííûå è âûäåëåí-
íûå ôèëüòðîâàíèåì ïåðâûé (à) è âòîðîé (b) äëèííîïåðèîäíûå ñåéñìîãðàâèòàöèîííûå
ïðîöåññû EWf. Íàáëþäåííûå ïîäâèæêè ìàñøòàáíûõ îòäåëüíîñòåé ãîðíîé ïîðîäû ñòà-
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Ðèñ. 11. Ñåâåðîêàâêàçñêàÿ ãåîôèçè÷åñêàÿ îáñåðâàòîðèÿ ÈÔÇ ÐÀÍ. Çàïèñè ôîðøîêà è çåìëåòðÿñåíèÿ

Òîõîêó. Âðåìÿ â î÷àãå ñîáûòèé îòìå÷åíî ñòðåëêàìè è âåðòèêàëüíûìè ëèíèÿìè. EWf � ïîêàçàíèÿ

íàêëîíîìåðà, óñòàíîâëåííîãî â àçèìóò
”
âîñòîê-çàïàä“. Ïðèâåäåíû äàííûå ðàçâèâàþùèõñÿ ëîêàëüíûõ

ñåéñìîãðàâèòàöèîííûõ ïðîöåññîâ (ôðàãìåíòû âûäåëåíû öâåòîì), îòðàæàþùèõ ôîðìèðîâàíèå î÷àãîâûõ

ñòðóêòóð â ïåðèîä 1�12 ìàðòà 2011 ã. äëÿ äâóõ çàôèêñèðîâàííûõ ÿïîíñêèõ çåìëåòðÿñåíèé: ôîðøîêà

Ì=7.7, (à) è Òîõîêó Ì=9.1 (b). Çäåñü: a, b � äëèííîïåðèîäíûå ñåéñìîãðàâèòàöèîííûå ïðîöåññ,

âûäåëåííûé ôèëüòðîâàíèåì â äèàïàçîíå ÷àñòîò 0.04�6.0 ìÃö

ëè îïðåäåëÿþùèìè â ïîäãîòîâêå îáøèðíîé âîçìóùåííîé îáëàñòè â ñòðóêòóðàõ ìîðñêîãî
äíà, ãäå è ñôîðìèðîâàëñÿ î÷àã ôîðøîêà, êîòîðûé ïîñëå ðàçðóøåíèÿ ñòàë îñíîâîé î÷àãà
êàòàñòðîôè÷åñêîãî öóíàìèãåííîãî çåìëåòðÿñåíèÿ Òîõîêó.

Îáúåì ñòàòüè íå ïîçâîëÿåò äåòàëüíî èçëîæèòü ïîëó÷åííûå íîâûå íàó÷íûå ðåçóëüòàòû,
îòðàæàþùèå îòêðûòîå ñåéñìè÷åñêîå ÿâëåíèå. Îíè áóäóò îòðàæåíû â ïîñëåäóþùèõ ïóáëè-
êàöèÿõ. Çäåñü, ïîäâîäÿ èòîãè êðàòêîãî àíàëèçà, ñêàæåì òîëüêî íåñêîëüêî ñëîâ î ãðàâèòî-
ìàãíèòíûõ âîçìóùåíèÿõ, ïðåäâàðÿþùèõ ðàçâèòèå êðóïíûõ ñåéñìè÷åñêèõ êàòàñòðîô. Îíè
îò÷åòëèâî ïðîÿâëÿþòñÿ íà ôîíå ðàçâèâàþùåãîñÿ ñåéñìîãðàâèòàöèîííîãî ïðîöåññà ïðè
óìåðåííîé ìàãíèòíîé îáñòàíîâêå íà Çåìëå è ìîãóò âûñòóïàòü â êà÷åñòâå êðàòêîñðî÷íûõ
ïðåäâåñòíèêîâ. Âàæíîé îñîáåííîñòüþ ýòèõ ñòðóêòóð ÿâëÿåòñÿ òîò ôàêò, ÷òî âîçìóùåíèÿ
ôèêñèðóþòñÿ ñóùåñòâóþùèìè àïïàðàòóðíûìè êîìïëåêñàìè â ìàñøòàáàõ âñåé Çåìëè.

Ïðèìåðîì ñêàçàííîìó ìîãóò ñëóæèòü, íàïðèìåð, çåìëåòðÿñåíèÿ, êîòîðûå ÷àñòî ïðî-
èñõîäÿò â îêðåñòíîñòè î. Òîíãà.
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Ðèñ. 12. Ñåâåðîêàâêàçñêàÿ ãåîôèçè÷åñêàÿ îáñåðâàòîðèÿ ÈÔÇ ÐÀÍ. Çàôèêñèðîâàííîå çåìëåòðÿñåíèå â

ðàéîíå î. Òîíãà, êîòîðîå ïðåäâàðÿëîñü ñåéñìîãðàâèòàöèîííûì ïðîöåññîì è ïðîÿâèâøèìèñÿ íà åãî ôîíå

ãðàâèòîìàãíèòíûìè âîçìóùåíèÿìè. Çäåñü: NS � ïîêàçàíèÿ íàêëîíîìåðà, âûñòàâëåííîãî â àçèìóò

”
ñåâåð�þã“. Ëàáîðàòîðèÿ � 3 Ñåâåðîêàâêàçñêîé ãåîôèçè÷åñêîé îáñåðâàòîðèè â ã. Íàëü÷èê.

NSf �ñåéñìîãðàâèòàöèîííûé ïðîöåññ, çàôèêñèðîâàííûé íàêëîíîìåðîì, âûñòàâëåííûì â àçèìóò

”
ñåâåð�þã“. Ñèãíàëû ïðîôèëüòðîâàíû â ïîëîñå 0.04�10 ìÃö. Hf, � ïîêàçàíèÿ ñåâåðíîé êîìïîíåíòû

íàïðÿæåííîñòè ìàãíèòíîãî ïîëÿ, ïðîôèëüòðîâàííûå â äèàïàçîíå 3�100 ìÃö

Íà ïðåäñòàâëåííîì íèæå ãðàôèêå ïîêàçàíû ðåçóëüòàòû àïïàðàòóðíîãî ìîíèòîðèíãà
âûáðàííûõ õàðàêòåðíûõ ñåéñìè÷åñêèõ ñîáûòèé â ýòîì ðåãèîíå (ðèñ. 12).

Âûäåëåííûå çäåñü ñåéñìîãðàâèòàöèîííûå ïðîöåññû è ñîïóòñòâóþùèå ãðàâèòîìàãíèò-
íûå âîçìóùåíèÿ ÿâëÿþòñÿ ñîñòàâíîé ÷àñòüþ íàâåäåííûõ ïîëåé, êîòîðûå çàðîæäàþòñÿ â
î÷àãîâûõ çîíàõ ñîçðåâàþùèõ ñåéñìè÷åñêèõ êàòàñòðîô è èçó÷àþòñÿ ñåãîäíÿ äîñòàòî÷íî
àêòèâíî. Ýòè ïîëÿ äîñòàòî÷íî èíôîðìàòèâíû, è èõ ÷àñòî ðåêîìåíäóþò ðàññìàòðèâàòü â
êà÷åñòâå ñðåäíåñðî÷íûõ èëè êðàòêîñðî÷íûõ ïðåäâåñòíèêîâ.

Ñåãîäíÿ â ãåîôèçèêå îïðåäåëåíû ôóíäàìåíòàëüíûå ïîëÿ, êîòîðûå èñïîëüçóþòñÿ äëÿ
îïèñàíèÿ êàðòèíû ìèðîçäàíèÿ. Èñòîðè÷åñêè ñðåäè ôóíäàìåíòàëüíûõ ïîëåé ñíà÷àëà áûëè
îáíàðóæåíû ïîëÿ, îòâåòñòâåííûå çà ýëåêòðîìàãíèòíîå (ýëåêòðè÷åñêîå è ìàãíèòíîå ïîëÿ,
çàòåì îáúåäèíåííûå â ýëåêòðîìàãíèòíîå ïîëå) è ãðàâèòàöèîííîå âçàèìîäåéñòâèå. Îíè àê-
òèâíî èçó÷àþòñÿ â ðàìêàõ òåîðåòè÷åñêîé è ýêñïåðèìåíòàëüíîé ôèçèêè, îòêðûâàÿ íîâûå
ãîðèçîíòû ïîçíàíèÿ ìèðà. Ïðèìåðîì òîìó ãðàâèòàöèîííûå âîëíû, êîòîðûå áûëè óñïåø-
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íî çàðåãèñòðèðîâàíû 14.09.2015 ã. â 9:51 UTC äâóìÿ äåòåêòîðàìè LIGO â Õýíôîðäå è
Ëèâèíãñòîíå [50].

Íàó÷íîå îòêðûòèå ãðóïïû ôèçèêîâ èç ÑØÀ, Ðîññèè è äðóãèõ ñòðàí, îòìå÷åííîå Íî-
áåëåâñêîé ïðåìèåé, çàñòàâëÿåò ïî-íîâîìó âçãëÿíóòü è íà ñåéñìîãðàâèòàöèîííûå ïðîöåññû
â ãåîñôåðàõ Çåìëè, ñâÿçàííûå ñ ïîäãîòîâêîé è ðàçâèòèåì êðóïíûõ ãåîôèçè÷åñêèõ êàòà-
ñòðîô. Ãåîôèçèêè äîëæíû áîëåå ãëóáîêî èçó÷èòü ïðèðîäó ñåéñìîãðàâèòàöèîííûõ ïðîöåñ-
ñîâ è îöåíèòü èõ ðîëü â ôîðìèðîâàíèè ïðèðîäíûõ êàòàñòðîô.

Îáñåðâàòîðñêèå ãåîôèçè÷åñêèå êîìïëåêñû Ñåâåðîêàâêàçñêîé ãåîôèçè÷åñêîé îáñåðâà-
òîðèè ÈÔÇ ÐÀÍ ïîñòîÿííî ôèêñèðóþò íàëè÷èå ñåéñìîãðàâèòàöèîííûõ âçàèìîäåéñòâèé
íà óðîâíå

”
áëèæíèõ“ ïîëåé. Ýòè íàó÷íûå äàííûå ìîãóò ñòàòü òîé ôóíäàìåíòàëüíîé îñ-

íîâîé, êîòîðàÿ â áóäóùåì ïîçâîëèò ïîíÿòü ãëóáèííóþ ïðèðîäó ñåéñìîãðàâèòàöèîííûõ è
ñîïóòñòâóþùèõ íàâåäåííûõ ãðàâèòîìàãíèòíûõ âîçìóùåíèé â ëèòîñôåðå è äðóãèõ ãåîñôå-
ðàõ Çåìëè.

Çàêëþ÷åíèå. Àíàëèçèðóÿ ïîëó÷àåìûå íîâûå íàó÷íûå ðåçóëüòàòû, ìû âñåãäà ïîì-
íèì äîáðûå ñîâåòû àêàäåìèêà ÐÀÍ Àíàòîëèÿ Ñåìåíîâè÷à Àëåêñååâà, êîòîðûé íàó÷èë
íàñ ñ íîâûõ ïîçèöèé ïîäõîäèòü ê àíàëèçó ñëîæíûõ âîëíîâûõ ñòðóêòóð, ãåíåðèðóåìûõ
ïðè àêòèâíîé ïåðåñòðîéêå îáðàçîâàíèé äèëàòàíñíîãî òèïà è äðóãèõ ñòðóêòóð â ðåàëüíîé
ãåîôèçè÷åñêîé ñðåäå [51, 52].

Â ñâåòå èçëîæåííîãî ñòàíîâèòñÿ ïîíÿòíûì, ÷òî ýêñïåðèìåíòàëüíîå èçó÷åíèå âûäå-
ëåííîãî íàìè â ïîñëåäíèå ãîäû îòäåëüíîãî êëàññà ôóíäàìåíòàëüíûõ çàäà÷, ñâÿçàííûõ
ñ ôîðìèðîâàíèåì äëèííîïåðèîäíûõ ñåéñìîãðàâèòàöèîííûõ ïðîöåññîâ è ÓÍ× ãðàâèòî-
ìàãíèòíûõ âîçìóùåíèé â ãåîñôåðàõ, ñòàíîâèòñÿ ñåãîäíÿ îäíîé èç îïðåäåëÿþùèõ ïðîáëåì
ãåîôèçèêè [53, 54]. Ñåéñìîãðàâèòàöèîííûå ïðîöåññû è ãðàâèòîìàãíèòíûå âîçìóùåíèÿ,
çàðåãèñòðèðîâàííûå íà áîëüøèõ ðàññòîÿíèÿõ îò î÷àãîâîé îáëàñòè, ñîäåðæàò öåííóþ íà-
ó÷íóþ èíôîðìàöèþ î ãåîôèçè÷åñêèõ ïðîöåññàõ, ðàçâèâàþùèõñÿ â î÷àãîâûõ ñòðóêòóðàõ
ïåðåä ãëàâíûì óäàðîì. Äëÿ èñïîëüçîâàíèÿ òàêîé èíôîðìàöèè â öåëÿõ ðåàëüíîãî ïðîãíî-
çà îæèäàåìûõ ìåñòà è âðåìåíè ãðÿäóùåé ñåéñìè÷åñêîé êàòàñòðîôû ñëåäóåò ðàçâèâàòü
ñåòü îáñåðâàòîðñêèõ íàáëþäåíèé, îòðàæàþùèõ îòäåëüíûå ýòàïû ôîðìèðîâàíèÿ î÷àãîâûõ
ñòðóêòóð, ñîâåðøåíñòâîâàòü ãåîôèçè÷åñêóþ àïïàðàòóðó, êîìïëåêñíî èñïîëüçîâàòü äðóãèå
èçâåñòíûå òåõíîëîãèè, ïîçâîëÿþùèå âûõîäèòü íà ïðîãíîçíûå îöåíêè óñëîâèé ðàçâèòèÿ
êðóïíûõ çåìëåòðÿñåíèé.

Çàêàí÷èâàÿ êðàòêîå èçëîæåíèå ðÿäà íîâûõ èäåé è ïîëó÷åííûõ íàó÷íûõ ðåçóëüòàòîâ,
ìíîãèå èç êîòîðûõ åùå íà íà÷àëüíîé ñòàäèè îáñóæäàëèñü ñ Àíàòîëèåì Ñåìåíîâè÷åì Àëåê-
ñååâûì, íàì õî÷åòñÿ îòìåòèòü, ÷òî àêòóàëüíûå ïðîáëåìû àêòèâíîé ñåéñìîëîãèè è çàäà÷è,
ñâÿçàííûå ñ ïðîãíîçîì çåìëåòðÿñåíèé, âñåãäà áûëè â åãî ïîëå çðåíèÿ.

Òàê â êîíöå ÿíâàðÿ 2007 ãîäà, áóäó÷è óæå áîëüíûì, Àíàòîëèé Ñåìåíîâè÷ ïèñàë íàì:
¾Èçó÷åíèå òîíêîé ñòðóêòóðû ñòðîåíèÿ ãåîìåòðè÷åñêèõ è âåùåñòâåííûõ íåîäíîðîä-

íîñòåé ìàíòèè è ÿäðà Çåìëè ñòàíîâèòñÿ, ïî-âèäèìîìó, íå òîëüêî çàäà÷åé ãåîòåêòî-
íèêè. Äðåíàæíàÿ ñèñòåìà òåïëîìàññîïåðåíîñà èç ÿäðà â ïîâåðõíîñòíûå ñëîè ìîæåò
ïðåäñòàâëÿòü ïðàêòè÷åñêèé èíòåðåñ äëÿ ïðîãíîçà óãëåâîäîðîäíûõ ïðîâèíöèé è ëîêàëü-
íûõ ñòðóêòóð. Ýâîëþöèÿ óêàçàííûõ íåîäíîðîäíîñòåé ìîæåò èìåòü ôóíäàìåíòàëüíîå
çíà÷åíèå äëÿ îöåíêè óñëîâèé âîçíèêíîâåíèÿ è ýâîëþöèè áèîñôåðû.

Ïî ýòèì ïðè÷èíàì ïðèîáðåòàåò àêòóàëüíîñòü ñîçäàíèå ìåòîäà
”
Âèáðîïðîñâå÷èâà-

íèÿ ìàíòèè è ÿäðà Çåìëè“, ýêâèâàëåíòíîãî (ïî ðàçðåøàþùåé ñïîñîáíîñòè è ðàçðàáî-
òàííîñòè ìàòåìàòè÷åñêîãî îáåñïå÷åíèÿ, ñõåì íàáëþäåíèÿ, êîëè÷åñòâåííîé îáðàáîòêè,
èíòåðïðåòàöèè è âèçóàëèçàöèè) õîðîøî ðàçðàáîòàííîìó ìåòîäó ñåéñìîðàçâåäêè.
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Ñóùåñòâåííî íîâîé íàó÷íî-òåõíè÷åñêîé ïðîáëåìîé çäåñü ÿâëÿåòñÿ ñîçäàíèå ïðåöèçè-
îííî óïðàâëÿåìîãî, ìîùíîãî (5�10 òûñÿ÷ òîíí) äåøåâîãî è ëåãêî ìîíòèðóåìîãî, ýêîëî-
ãè÷åñêè áåçîïàñíîãî âèáðàöèîííîãî èñòî÷íèêà. Ïðîåêò òàêîãî èñòî÷íèêà óæå ïðîñìàò-
ðèâàåòñÿ. Îí â íàó÷íî-òåõíè÷åñêîì îòíîøåíèè ìîæåò îñíîâûâàòüñÿ íà ïðèíöèïàõ,
ðàçâèòûõ â óñïåøíî ñîçäàííîì ìåòîäå ÂÏÇ äëÿ çåìíîé êîðû (â ÷àñòíîñòè, íà ãèäðî-
ðåçîíàíñíîì ïðèíöèïå ñ ñîâìåùåíèåì íåñêîëüêèõ îïðîáîâàííûõ ÃÐÂ â îáîéìó: èëè íà
äåáàëàíñíîì ïðèíöèïå) áîëåå äâóõ äåñÿòêîâ ëåò èñïîëüçóþùåìñÿ â Ðîññèè, à ïîñëåäíèå
ãîäû è â ßïîíèè.

Â ñëîæèâøåéñÿ ñèòóàöèè ñ÷èòàþ íåîáõîäèìûì ñîçäàíèå íóæíûõ èñòî÷íèêîâ è ìå-
òîäà äëÿ äåòàëüíîãî èçó÷åíèÿ ìàíòèè è ÿäðà Çåìëè, äëÿ ÷åãî öåëåñîîáðàçíî îðãàíèçî-
âàòü ðàáîòó, èñïîëüçóÿ îïûò ðàáîò ÑÎ ÐÀÍ ïî òåìàì

”
Âèáðîïðîñâå÷åâàíèå Çåìëè“ è

”
Àêòèâíîé ñåéñìîëîãèè“.
Ïðîøó ñîîáùèòü âàøè çàìå÷àíèÿ è ïðåäëîæåíèÿ ïî ïîâîäó öåëåñîîáðàçíîñòè è ðå-

àëüíîñòè îðãàíèçàöèè îáñóæäàåìîãî ïðîåêòà â ÑÎ ÐÀÍ.
Â ïðèëîæåíèè (íèæå) äàí îáçîð íàó÷íûõ è ïðàêòè÷åñêèõ àñïåêòîâ äåãàçàöèè Çåì-

ëè. Èçó÷åíèå äðåíàæíûõ ñèñòåì ãàçîôëþèäîäèíàìèêè ìîæåò âûïîëíÿòüñÿ â ðàìêàõ
óïîìÿíóòîãî

”
Ïðîåêòà ÂÏÇ-2“.

À. Ñ. Àëåêñååâ“.

Íàñòàíåò âðåìÿ, è íàó÷íûé çàäåë àêàäåìèêà Àíàòîëèÿ Ñåìåíîâè÷à Àëåêñååâà áóäåò
åùå áîëåå âîñòðåáîâàí. Ìîëîäîå ïîêîëåíèå ó÷åíûõ ÑÎ ÐÀÍ ïîñòðîèò ìîùíûå ñåéñìè÷å-
ñêèå âèáðàòîðû è ïðîâåäåò óïðàâëÿåìûå ýêñïåðèìåíòû, êîòîðûå ïîçâîëÿò çàãëÿíóòü â
ãëóáèííûå ñòðóêòóðû ÿäðà Çåìëè, àêòèâíî âîçäåéñòâóþùåãî íà äðóãèå ãåîñôåðû [4].
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