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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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RESEARCH OF SOLAR-LITHOSPHERIC RELATIONSHIPS
IN NORTH TIAN SHAN ATTRACTING PALOSEISMIC DATA

Abstract. The purpose of the work is to systematize data on strong earthquakes in the Northern Tien Shan,
taking into account the results of paleoseismic studies, and to establish patterns in the concomitant variations in solar
activity, both during the instrumental period of observations and reconstructed by the radiocarbon "*C method to a
depth of ~ 1000 years. It is shown that the dates of the occurrence of strong earthquakes in the study area gravitated
to the dates of the extreme state of solar activity - solar grand minimums or grand maximums. So, during the solar
grand maximum in 1960 + 40yrs, such earthquakes occurred: Kemino-Chuisk M6.9 in 1938, Chatkal M7.5 in 1946,
Kokshaal M6.6 in 1969, Sary-Kamysh M6.8 in 1970, Zhalanash-Tyup M7.0 in 1978, Baysorun M6.4 in 1990, and
Suusamyr M7.5 in 1992. During the solar grand minimum of Dalton (1790-1820), the Almaty M6.7 earthquake
occurred in 1807, and during the solar grand minimum of Gleisberg (1880-1915) earthquakes occurred: Belovodsk
M6.9 in 1885, Vernensk M7.3 in 1887 , Chilik M8.3 in 1889, and Kemin M8.2 in 2011. The strong earthquakes that
occurred in the area of Alakol lake at ~ 910 + 300yrs [1], in the tectonic zone of the Issyk-Ata fault at ~ 1385 = 100
[2], in the Chon-Aksu river valley in (1480—-1660) [3], in the vicinity of the Balkhash lake at the Lepsinsk Fault in
1715 [4] were accompanied by the solar grand minima of Oort (~ 1040 = 30), Wolf (~ 1305 + 35), Sporer
(~ 1470 £+ 80) and Maunder (~ 1680 + 40), respectively. It is assumed that with the beginning of the 21st century a
new solar grand minimum began to develop [5, 6], and quite strong earthquakes have already occurred in the study
area namely: Sarydzha, 2013, M6.8 and Kadzhisay, 2014, M6 .2. Clustering of strong earthquakes in the Northern
Tien Shan during periods of extreme solar activity is in line with a similar clustering of strong earthquakes
throughout the whole planet [7].

Key words: solar activity, paleoseismicity, clustering of strong earthquakes.

Introduction. The problem of forecasting strong earthquakes is relevant for the entire planet,
including the adjacent territories of Kazakhstan and the Kyrgyz Republic, located in seismically active
regions of the Northern Tien Shan. To date, it has been established that strong earthquakes tend to
temporarily cluster. To date, it has been established that strong earthquakes tend to temporarily cluster. So,
at the beginning of the 20th century, the strongest seismic events occurred on the Tien Shan in 1911,
MS8.2; Alaska in 1899, M 8.0; in Western Turkmenistan in 1895, M 8.0; Kashgariya in 1902, M8.2;
Northern Mongolia in 1905, M8.2; California in 1906, M8.3; China in 1906, M8.3; Colombia in 1906,
MBS.6 [3,8]. After that for about 25 years on the planet there were no earthquakes with a magnitude of 8.5
or more, and only in the middle of the XX century there was a strong earthquake in South Kamchatka -
Northern Kuriles in 1952, M9.0; Aleut in 1957, M 8.6; in Chile in 1960, M9.5; in Alaska in 1964, M 9.2
[9-11].

In the first decade of the 21st century, a number of extremely strong earthquakes again appeared in
different regions of the Earth: three of them were in Indonesia near the island of. Sumatra 12/26/2004.
M9.1, March 28, 2005. M8.5, and 04/11/2012, M8.5; three in Chile 02/27/2010. M8.8; 04/01/2014, M8.2,
and 09/16/2015. M8.3; two on the Kuril Islands on 11/15/2006, M8.3, and 01/13/2007, M 8.1; in Japan on
03/11/2011, M9.0; Sea of Okhotsk on May 24, 2013, M8.3; Mexico City 09/08/2017, M8.2 [3,7,8,10-12].
The probability of the effect of clustering strong earthquakes in the middle of the 20th century
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(1950-1965) and the beginning of the 21st century (2004-2011) was evaluated in [9,10,13] where it was
concluded that the probability of its accident is very small — is no more than 0.5%.

After five strongest earthquakes with magnitudes Mw>8.5 that occurred at the beginning of the 21st
century, and especially after the M9.0 earthquake in Japan, at the meeting of the Seismological Society of
America in 2011, a heated debate about whether the observed temporary clusterization of strong
earthquakes has some physical cause, as well as the possibility of a strong earthquake in the near future
[10,11,14]. The question was posed in [7]: “If global clustering of earthquakes is so important that it
should be taken into account when assessing seismic hazard, then seismological data should reject the
“null hypothesis™ that the temporal distribution of earthquakes on the planet is described by the distri-
bution Poisson (uniform distribution of random independent events that occur at a constant speed).

However, immediately the question arose about the reliability of the results of such testing conducted
on a time-limited sample of very rare events (which are the strongest earthquakes). The work [15]
evaluated the effectiveness of traditional statistical tests to unambiguously answer the question of the
existence or absence of clustering of earthquakes in catalogs with a small number of events. He concluded
that when analyzing a fairly short sample with rare events, as in the case of a sample of ~ 110 years for
earthquakes with M>8.0 (95 events), the test results cannot be considered absolutely reliable. The
conclusion [15] is consistent with the opinion [7), who noted: “... even if there is a global process leading
to the generation and clustering of earthquakes, the length of the instrumental seismological series is
currently too small to reliably to discover. This situation may change either with the accumulation of
seismological data in the future, or with the advent of the physically justified hypothesis of earthquake
generation, which will positively affect the test results." This article develops both of the issues voiced by
[7]. Firstly, the clustering of strong earthquakes is analyzed from the perspective of a new hypothesis of
their generation associated with variations in solar activity, and secondly, the length of a series of strong
earthquakes increases due to the use of paleoseismic data to a depth of ~ 1000 years (for example, the
Northern Tien Shan).

Strong earthquakes and solar activity. Figure 1 shows the temporal distribution of earthquakes with
magnitudes M>8.0 that occurred on the planet since 1900 from the work [7], where by ovals 1-3 we
designated the periods of their clustering — at the beginning of the XX century, its middle and at the
beginning of the XXI century. Figure 2 shows the variations in the annual average sunspot numbers.

o 2

3
£l W ()
an |l| Wil

1900 1620 1940 1980 19BO 2000
Year

Figure 1 — Time distribution of earthquakes with magnitudes M>8.0, which occurred
on the planet since 1900 from the work [7]; ovals 1-3 mark three time periods for the clustering of strong earthquakes

Figure 2 shows that the intensity of 11 summer solar cycles varies over time. The state of solar
activity, in which the intensity of several consecutive 11 year cycles is significantly less than the average
value, is characterized as a solar grand minimum, and when it is significantly greater than the average
value, it is described as a solar grand maximum. In the 19th — 20th centuries, there was a solar grand
minimum in the period 1880-1915, named after the astronomer Gleisberg, and a solar grand maximum in
the period 1960 + 40 years [16], and since the beginning of the 21st century, as suggest [5, 6], a new solar
grand minimum began to develop.
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Figure 2 — Yearly mean number of sunspots from 1900 to 2017. The digits indicate sequential numbers of the solar cycles;
dark ovals mark the periods of clustering of the strongest earthquakes on the planet in accordance with figure 1

Comparing figures 1 and 2, it is not difficult to see that the global clustering of earthquakes in the
early XX and XXI centuries (ovals 1, 3) coincides with periods of Grand minima of solar activity:
Gleisberg - at the beginning of the 20th century, and the current one, which began in the 21st century [5,6].
Global clustering of earthquakes in the middle of XX century (oval 2) coincides with the Grand maximum
of solar activity centered around 1960 with a range of = 40 years [16]. It was in 1960 that the planet's
greatest earthquake occurred in Chile with M9.5 (figure 1). The previous global solar maximum took place
approximately 2500 years earlier and accounted for ~ 445 BC [16]. The tendency of the confinement of
strong earthquakes, either to minima or to maxima of solar activity, is also traced in the analysis of
seismicity in specific regions of the planet. For example, [17] studied the relationship between solar
activity, volcanic eruptions and seismicity in Japan, it was shown that of the 12 major earthquakes
(M>7.5) that occurred in 1700-2010, nine events (75%) occurred in the solar activity minimums, and the
dates of the three earthquakes were timed to the time of solar maxima.

Figure 3 shows the strongest earthquakes (magnitude over 7) of the Northern Tien Shan that occurred
during the period of the solar grand minimum of Gleisberg (Verny 1887, M7.3; Chilik 1889, M8.3; and
Kemin 1911, M8.). Also, we show a strong earthquake in Almaty in 1807, M6.7 [18].
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Figure 3 — Yearly mean number of sunspots in 1750-2011 (1-24 solar cycles) http://www.sidc.be/silso/datafiles;

red circles - dates of the strongest historical earthquakes in the Northern Tien Shan occurred at solar grand-minimums,
namely: Almaty 1807, Verny, 1887, Chilik, 1889, and Kemin 1911, as adapted from [19]
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Figure 3 shows that the Almaty earthquake of 1807 occurred during the Dalton solar grand minimum
at the completion phase of the low-amplitude 11-year solar cycle at number 5, and the following three
events (Vernensk, Chilik and Kemin) occurred during the Gleisberg solar grand minimum at the
completion phase of the low-amplitude solar cycles numbered as 12 and 14.

At the middle of the 20th century, the peak of the solar grand maximum occurred in 1960+40 years
[16]. According to seismological catalogs, clustering of strong earthquakes also occurred in the Northern
Tien Shan during this period of time - such seismic events occurred as: Kemino-Chuisk 1938, M6.9;
Chatkal 1946, M7.5; Kokshaal 1969, M6.6; Sary-Kamysh 1970, M6.8; Zhalanash-Tyup 1978 1978, M7.0;
Baysorun 1990, M6.4; Suusamyr 1992, M7.5. After the Suusamyr earthquake, for about 15 years there
were no strong earthquakes in the region, and only in 2007, with the development of the new solar grand
minimum, as suppose [5,6], strong earthquakes Sarydzhas, 2013, M6.8 and Kadzhisay, 2014,
M6.2 occurred.

Solar activity and paleo-earthquakes in the Northern Tien Shan. As shown above, the problem of
solar-lithospheric relations in the Northern Tien Shan was studied earlier [19,20 and references in herein]
on the basis of instrumental series of seismological data, however, their duration in accordance with the
conclusions of [7,15] cannot be considered sufficient for reliable conclusions about the nature of long-
term variations in seismic activity. To increase the length of seismological series, which is necessary to
increase the reliability of conclusions about long-term patterns in the frequency of occurrence of strong
earthquakes, as noted in [7], we used for our analysis the data on strong paleo-earthquakes detected in the
Northern Tien Shan to a depth of ~ 1000 years.

Thus, in [3], paleoseismological studies were carried out in the Chon-Aksu river valley (42°50'N, 77°21'E).
A trench up to 6 m deep with a length of 18-20 m was studied and it was shown that here seismically calm
periods alternate for several thousand years with periods when several strong seismic events occur during
a period of several hundred years (figure 4). This pattern of alternating calm and disturbed seismic periods
is typical for regions of intracontinental seismicity, where the process of stress accumulation is very slow
[21]. Figure 4 shows that in the studied region, the last of the discovered earthquakes was the event dated
1480-1660 years, that is, that occurred before the Almaty earthquake in 1807.

Figure 5 shows the variations in solar activity from 900 to 2000 AD, reconstructed by radiocarbon
"C as presented at the web-site https://en.wikipedia.org/wiki/Solar cycle method. One of the horizontal
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Figure 4 — Periods of seismic activation and calm according to data obtained in the trench in the Chon-Aksu River valley
(42°50'N, 77°21'E). Blue arrows - dated events, red arrows are solid - confident data, dotted lines - the alleged events [3]
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Figure 5 — Variations in solar activity in 900 - 2000 AD reconstructed by the radiocarbon method *C,
with periods of solar grand minimums highlighted: Oort; Wolf, Sperer and Maunder (https://en.wikipedia.org/wiki/Solar_cycle);
the horizontal and vertical lines at the bottom of the figure show the degree of confinement
of the paleo-earthquakes established in the Northern Tien Shan to the solar grand minimums (see text)
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lines at the bottom of the figure marks the time period (1480-1660yrs) when a paleo-earthquake occurred
in the Chon-Aksu river valley. A vertical line drawn perpendicular to this segment marks the extremum in
the solar grand minimum of Sperer, which occurred in 1470 = 80 AD [16]. It is seen, the period of paleo-
earthquake established in [3] in the Chon-Aksu river valley can be attributed to the Sperer solar grand
minimum, of course, with taking into account errors in the paleo data, both for seismic and solar activity.

In [1], paleoseismological studies of the Dzungar fault in the region of Alakol lake. The age of five
periods of seismic activation in the region was estimated and it was established that the last of them
occurred ~ 1100 £ 300 years ago, i.e., in ~ 910 £ 300 AD. One of the horizontal lines at the bottom of
Figure 5 marks the interval 910£300 AD, and the line perpendicular to the segment marks the date of the
extremum in the solar Oort grand minimum, which took place at 1040 + 30 AD [16]. It can be seen that
the period of paleo-earthquake established in [1] in the region of Alakol lake can be attributed to the solar
grand minimum of Oort.

In [2], paleoseismological studies were carried out in the river valley Dzhelamysh in the tectonic zone
of the Issyk-Ata Fault, near Bishkek. The results of the study revealed the consequences of three strong
paleo quakes - two in BC and the last one in a new era in ~ 1385 = 100 AD. One of the horizontal lines in
Fig. 5 marks the time period (1285-1485yrs), when a paleo-earthquake occurred in the tectonic Issyk-Ata
fault zone, and the line perpendicular to the segment marks the extremum in Wolf’s solar grand minimum,
which occurred at 1305 + 35 AD [16]. It is seen that the paleo-earthquake period established in [2] in the
zone of the tectonic Issyk-Ata fault can be attributed (with taking into account dating errors) to the solar
grand Wolf minimum.

The seismological catalog [18] provides a historical record of an ancient seismic event that occurred
on the Northern Tien Shan in the vicinity of Lake Balkhash in 1715. The paper [4] presents the results of
detailed field and satellite studies of this region (the Lepsinsky fault extending 120 km east-west from the
high-mountain Dzhungar Ala-Too to the Kazakh platform), where about 10 meter vertical shift along the
entire length of the fault was discovered. The results of geomorphological analysis, radiocarbon and
luminescent dating methods showed that the fault was formed in Holocene as a result of at least two
seismic events, the last of which occurred about 400 years ago with a magnitude of Mw 7.5-8.2. The thick
vertical line in Figure 5 marks the date of the earthquake in 1715 that occurred in the vicinity of Lake
Balkhash at the Lepsinsky Fault. It can be seen that this seismic event occurred during the period of the
deepest solar grand minimum of Maunder, which took place in 1680 + 40 AD [16].

Conclusion. Clustering periods of the planet’s strongest earthquakes (magnitude M8 or more) at the
beginning of the 20th century, its middle and the beginning of the 21st century [3,7-11,13,14] fell on
periods of the extreme state of solar activity — solar grand minimums at the beginning of the 20th and
beginning of the 21st centuries, and the solar grand maximum at the middle of the 20th century.

On the territory of the Northern Tien Shan, strong earthquakes also demonstrate the effect of
temporary clustering, similar to what is happening for the planet as a whole. The strongest earthquakes of
the recent past: Verny 1887 M7.3; Chilik 1889 M8.3; Kemin 1911 MS8.2 were confined to the solar grand
minimum Gleisberg, which took place in 1880-1915 yrs.

Analysis of paleoseismic data in the Northern Tien Shan to a depth of ~ 1000 years showed that
strong earthquakes that occurred during this period in the area of Alakol lake at ~ 910 + 300, in the
tectonic zone of the Issyk-Ata fault at ~ 1385 £+ 100, in the valley of the Chon-Aksu River in the period
1480-1660, in the vicinity of Balkhash lake on the Lepsinsky Fault in 1715, also gravitated to the periods
of solar grand minimums: Oort, Wolf, Sperer and Maunder, respectively.

The results obtained, firstly, support the idea of the existence of geospace relationships, which is
currently being actively developed, including in Kazakhstan [19,20,22], and confirm the existence of
solar-lithospheric relationships, which was first drew the attention of the world known astronomer Wolf
almost two centuries ago. Secondly, the results speak in favor of the fact that the paleoseismic data
currently accumulated for different regions of the planet can increase the length of the series of strong
earthquakes, which will reveal more reliable long-term (secular) variations of the Earth's seismic
activity.
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HAJIECEM3MHUKAJBIK MOJIIMETTEP/I KATBICYBIMEH
COJITYCTIKIEH TSAHBb-ITAHBJIATBI KYH-JIN®OPEPUKAJIBIK
BAWJIAHBICTHI 3EPTTEY

Annoranus. JXympicteiH Makcatsl — Conryctik Tsab-1laHbaare! KYIITI XKep CIKiHICI Typajbl MOIIMETTep Il
Kyifere KeuTipy, IMajeo3e0JIOTHsUIBIK 3ePTTEYIepIiH HOTIDKEIePiH eCKepe OTHIPBIN, OaKpUIayblH HHCTPYMEHTAIIBI
Ke3CHIHE XKoHE PaguoKkapOoH Y omicimen ~ 1000 b11 TepeHIIKKe JeHiH KailTa Kypy apKbUIbl KYH OCIICCHIUTITIHIH
KaTap JKYpeTiH e3repyJepiHiH 3aHIBUIBIKTAPBIH aHBIKTAy. 3epTTey alMarblHAa KYIITi JKep CUIKIHICTEpiHiH maija
0oy KyHIepi KYH OeJICeHAUTITiHIH TOTSHIIE JKaFIaiibiHa — KYH TpaHA-MUHAMYMIAPEl HEMece TPUM-MaKCHMyMIapFa
coiikec keneriHi kepcerinren. KynHiH makcumannel Memmepi 1960 xputel - 40 TT. jxep CUTKiHICTepi OPBIH alabL:
1938 sxpurer Kemuuo-Yyit M6.9, 1946 xoeuter Yatkan M7.5, 1969 xeust Kexmaanr M6.6, 1970 xeuter Capei-Kambim
M6.8, 1978 xpuret XKanaram-Tyrck M7.0, 1990 xsuter Baticopya M6.4. sxone Cyycambip M7.5 1992 x. JlanbToH-
HBIH €H YJIKeH KYHIIK MHHUMYMBI Ke3irae (1790-1820 xok.), Anmmateina M7.8 xep cinkinici 1807 >kpusl 00IBL, ax
I'neiicoeprrin (1880-1915) kyHnik MUHUMANABI XKep cinkinici keinae: 1885 xpurbl BemoBoackoe M6.9, Bepaerckoe
M?7.3 1887 x., 1889 xbure1 Ynmuk M8.3, 1911 xputel Kemur MS8.2. By aliMakta KaTThI )Kep CUTKiHICI OO Aa-
kex ~ 910 + 300 r [1], blcThik-ATa KapbUIBICEIHBIH TEKTOHUKAIBIK aitMarsiHAa ~ 1385 £ 100 1 [2], YoH-AKCY ©3¢eHi-
HiH ankaObrHAa (1480-1660 xok.) [3], mamamen. 1715 sxeuist Jlenci Oy3surysiHgars! baakamr [4] Ooprt (~ 1040 + 30),
Kackpip (~ 1305 + 35), Cnepepa (~ 1470 + 80) »xone Maiinep (~ 1680 + 40) kKyHIIK MUHIMYMBIMEH Oipre *XKypIi.
coiikeciame. XXI raceIpaplH OackiHaH OacTan KYHHIH jkKaHa MUHHMYMEBI JaMu Oactafsl qen Oomkanynaa [5, 6] skoHe
3epTTey aliMarblHAa KaTTHI KYIITI skep ciikinictep Oomapr: Capeika, 2013 x., M6.8 xone Kamxucait, 2014, M6 .2.
Kynnuia terenme 6encenminiri keseHinge Conrycrik Tsap-11laHpaarer KaTTHI )Kep CUIKIHICTEPIHIH KIAacTapbl OYKiT
TUTAHETaHBIH OCHI Ke3eHAEPiH/Ie KYIITI JKep CUIKiHICTepiHiH KiacTepine coiikec keneni [7]. ConpiMeH, XX FachIpABIH
OaceIHIA KYH TpaHA-MUHAMYMBIH/A KYIITI Kep cinkiHici Tek TsHp-mranana rana emec, 1895 x. M 8.0 Barsic Typik-
MeHmsna aa 6omasr; 1902 xx. M 8.2 Kamrapusna; 1905 k. M 8.2 Conryctik Monronusana; 1906 x. M 8. 3 Kamu-
tdopuusama; 1906 xx. M 8. 3 Kerraitna; 1906 x. M 8. 3 Komymbusga; 1906 x. M 8. 6 Komym6usina 6omgsr [3, 8].
OcspInan KeifiH mamMaMeH 25 XbiT1 OOHBI ITaHeTala MAarHUTYJAckH 8.5 jKoHe OJIaH Ja Kell JKep CUIKIHICI O0JFaH JKOK,
Tek XX FaceIpABIH OpTachlHIA KYH TpaHA-MakcuMyM kKeseHiHnme OHrycrik Kamuatkama — Contyctik Kypmn
apansiaaa 1952 x. M 9.0; Aneytra 1957 x. M 8.6; Ummune 1960 x. M 9. 5; Amsckana 1964 x. M 9.2 xaTThl xep
cinkinici 6omasr [9-11]. XXI racelpasiH OacklHAAa KYH TPaHA-MAHUMYMBI KaliTa gaMu OacTaibl JKOHE JKEepHiH op
TYpii aliMakTapbeIHIA TaFbl a OipKaTap SKCTpeMaIbl KYINTI JKep CiKiHicTepi maima Oonmel nem Oormkaiimer [5,6],
omapasiH ymeyi Manonesmsina manpiHna Oomran. Cymarpaa 26.12.2004 x. M 9.1, 28.03.2005 x. M 8.5, xoHe
11.04.2012, 8.5; ymeyi Ymmume 27.02.2010 x. M 8.8, 01.04.2014 x. M 8.2, xone 16.09.2015 x. M 8. 3; ekeyi
Kypun apansiama 15.11.2006 x. M 8.3, xxone 13.01.2007 x. M 8.1; XKanonumsana 11.03.2011 x.M. 9.0; Oxor TeHi-
3iage 24.05.2013 x. M.8.3; Mexukona 08.09.2017 x. M 8.2 [3, 7, 8, 10-12]. XXI racelpasiH OaceiHAa, m>8.5
MarHuTyZacel Oap Oec KymTi xep cinkiHici ocipece Kamonmsma M 9.0 xep cinkinicineH keiiH, 2011 XpUIbI
Awmepuka CeHCMOIIOTHSIIBIK KOFaMBIHBIH OTBIPBICHIHIA KATTBHI JKEp CUIKIHICIHIH OaliKambIl OTBIpFaH YakpITIIA
KJIacTepH3alMsUIaHy bl Ke3[IeicOK HeMece KelOip (hnu3nKabIK cebenTepre ne eKeHIri, COHIai-aK jKakKbH OoJlammaKra
KYIITi JXKep CUIKIHICIHIH maiga 00Xy MYMKIHAITI Typaisl KbI3y mikipramac Oommer [10, 11, 14]. XX raceipapg
opraceHaa (1950-1965 xox.) sxone XXI raceipasiH O0acsiaaa (2004-2011 »0K.) KYIITI Kep CUIKIHICTEpiH KiIacTepu-
3anusIIay dCepiHiH BIKTUMAIABIFEIH Oaranay [9, 10, 13] kyMbIcTapbIHIA OPBIHIANIB! )KOHE OHBIH Ke3ICHCOK BIKTH-
ManaplFel eTe a3 - 0.5%-maH acmaisl eTeH KOPBITHIHIBI skacaiasl. JKyMbpICTa KENTIpUIreH HOTHXKENep KyH-
muTocdepanblk OaiTaHbICTapIBIH O0ITYBI UACACHIH Kommanasl [17, 19, 20, 22] xoHe Ka3ipri yakpITTa IDIaHETAHBIH 9P
TYpii aiMakTapbl YIIH >KHHAKTAJIFAaH MaleOCEHCMHKAIBIK NepeKTep KYIITiI JKep CUIKIHICTepl KaTaphIHBIH Y3bIH-
IIBIFBIH YIFAUTYBI MYMKiH, OYIT KepAiH CeHCMUKAaNBIK OCICeHIUNITiHIH Y3aK Mep3iMIi (FACHIPIBIK) BapHalUsIapbIH
aHBIKTAayFa MYMKIiHIK Oepei.

Tyiiin ce3aep: KyH OeICEHALTITI, TaJe03en3M, KYIITI XKep CUTKIHICTepiHiH KIacTaphl.
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HCCJIENJOBAHUE COJIHEYHO-TUTOC®EPHBIX CBSI3EN HA CEBEPHOM
TAHb-IHAHE C IPUBJIEYEHHUEM ITAJTEOCEUCMHYECKHUX JAHHBIX

Annotanust. L{enp paboTsl — ccTeMaTH3UPOBATh JaHHBIE O CHIIBHBIX 3eMIIETPSICCHUIX Ha Tepputopuu Cesep-
Horo Tsub-11laHs ¢ yueTom pe3yibTaToB MaJleOCEHCMHYECKUX MCCIEA0BAaHUI U yCTAaHOBUTh 3aKOHOMEPHOCTH B CO-
MYTCTBYIOIIMX BapUalMsiX COJHEYHON aKTHBHOCTH KaK 32 HHCTPYMEHTAJBHBIN MEpHOA HAOIIOAEHUH, TaK U BOCCTa-
HOBJICHHBIX PaAHOyrIepoaHbM 'C MeTonoM Ha r1y6uny ~1000 ner. IToka3aHo, 4To JaThl BOSHHKHOBEHHS CHJIBHBIX
3eMJICTPSCEHUI Ha WCCIEAyeMON TePPUTOPHH TATOTEIH K JaTaM SKCTPEMAalbHOTO COCTOSIHHUS COJHEYHOH aKTHB-
HOCTH — COJTHEYHBIM TPaHI-MHHUMYMaM WU TPaHI-MaKCUMyMaM. Tak BO BPEMS COJTHEUHO20 SPAHO-MAKCUMyMd 8
1960+40 rr. mpomsonun 3emierpsceHus: Kemuno-Uyiickoe M6.9 ¢ 1938 2., Yamxanvckoe M7.5 6 1946 .,
Koxwaanvckoe M6.6 ¢ 1969 2., Capvi-Kamviuckoe M6.8 ¢ 1970 e., Kananaw-Tionckoe M7.0 ¢ 1978 e., baii-
copyrckoe M6.4 ¢ 1990 2. u Cyycamvipckoe M7.5 ¢ 1992 2. Bo BpeMs COMHEUHOrO TpaHA-MUHUMYyMa JlambToHA
(1790-1820 rr.) mpomzonuio AnmaruHckoe M6.8 3emuterpsicenrie B 1807 T., a BO BpeMs COJHEYHOTO TpaH-
muHuMyma [siicOepra (1880-1915 rr.) npousonun 3emuerpsicenust: benoBonckoe M6.9 B 1885 r., BepHenckoe
M?7.3 B 1887 r., Yunukckoe M8.3 B 1889 r., u Kemunckoe M8.2 B 1911 1. CunbHBIM NalIe03eMIIETPSCEHUSIM, MIPO-
n3ouenmuM B padone o. Anakoiib B ~910+£300 r [1], B 30He TekTOoHMYeckoro Hcchlk-ATHHCKOrO pasjioMa B
~1385+100 r [2], B nonmuue pexku Yon-Akcy B (1480-1660 rr.) [3], B oKkpectHOCTH 0. Bamxam ua Jlencunckom
paznome B 1715r [4], comyrcTBOBanmM coiHeuHble rpaHa-MuHUMYMBl Oopra (~1040+30), Bombda (~1305+35),
[Mmepepa (~1470+80) u Maynnepa (~1680+40), cootBercTBeHHO. [Ipenmonaraercs, 4ro ¢ HaganoM X XI Beka Hava
pa3BUBATHCS. HOBBIN CONHEYHBIA TPaHI-MHHAMYM [5,0], 1 Ha HCCIIeAyeMOH TeppUTOPHH B HAIIU THHU YK€ TPOH30-
NUIA JTOCTaTOYHO CHIIbHBIE 3emieTpsicenus: Capwlmkackoe, 2013 r., M6.8 u Kamxkucaiickoe, 2014 1., M6.2.
Knacrepmuzanust cunbHbIX 3emieTpsicennii Ha CeBepHoM TsiHb-11lane B mepHOIbI 3KCTpEeMadbHBIX COCTOSIHUN COJI-
HEYHOW aKTMBHOCTH HAaXOAMTCSI B COOTBETCTBUHU C aHAJIOTMYHOM KIIaCTEpU3alMel CUIbHBIX 3€MIIETPSICEHUI Ha BCEl
mianere [7].

Tak, B Hauasze XX BeKka IPH COTHEUHOM T'PaH-MHHUMYME CIJIbHBIE 3eMJIETPSICEHHUS IIPOU30IILIIN HE TOJIBKO Ha TaHb-
Iane, Ho u B 3anagHoit Typxkmenun B 1895 r. M 8.0; Kamrapuu B 1902 r. M8.2; Ceseproit Monronuu B 1905 r. M8.2;
Kamudopruu B 1906 . M8.3; Kutae B 1906 . M8.3; Komym6uu B 1906 . M8.6 [3, 8]. Tlociie 3T0ro B TeYeHHE MPUMEPHO
25 JneT Ha IUIaHeTe He MPOUCXOAMIIO 3eMIIETPSCEHNH ¢ MarHuTy ol 8.5 1 Golee, 1 TOJIBKO B cepenriHe XX Beka B MEPUONT
COJIHEYHOT'O I'paHJ-MaKCUMyMa IPOM3OLLIM CHIIbHBIE 3emierpsicennst Ha FOknoit Kamuatke — CeBepHbix Kypmiax B
1952 1., M9.0; Aneytax B 1957 r. M 8.6; B Uunu B 1960 1. M9.5; Ha Assicke B 1964 1. M 9.2 [9-11]. TIpeanonarator [5,6],
910 ¢ HavasoM XXI Beka BHOBb Ha4all pa3BUBATHCS COJHEUHBIN TPAHI-MUHUMYM, W B Pa3HBIX PErMOHaX 3eMJIH BHOBb
BO3HHUK WEJBIA Pl SKCTPEMAbHO CIUIBHBIX 3eMICTpsICeHHI: Tpu W3 HHUX Obum B WHmoHesmm BOMM3m o. Cymarpa
26.12.2004 r. M9.1, 28.03.2005 . M8.5, u 11.04.2012, M8&.5; tpu B Umm 27.02.2010 . M8.8, 01.04.2014 r. M8.2, u
16.09.2015 r. M8.3; mBa Ha Kypumax 15.11.2006 r. M8.3, u 13.01.2007 r. M 8.1; B Amonrm 11.03.2011 r. M9.0; Oxotckom
Mope 24.05.2013 1. M8.3; Mexuko 08.09.2017 r. M8.2 [3, 7, 8, 10-12]. ITocne maTH CHIBLHEHIINX 3eMIIETPSICEHUN C
Marautynamu M>8.5, npousomenmmx B Hayane XXI Beka, u ocobeHHo mocie M9.0 3emierpscenus B SlnoHuu, Ha
3acenannu Celicmounornueckoro Odmectsa Amepuku B 2011 rogy pasropenuch xapkue 1edaTbl 0 TOM, Clly4aiHa JIu
HaOJrojaeMast BpeMeHHas! KllacTepU3allysi CHIIBHBIX 3EMIIETPSICEHHH MITH HMEET HEKOTOPYIO (PM3UYECKYI0 IPUUUHY, a
TaKke 0 BO3MOKHOCTH BO3HMKHOBEHUsI CHIIBHOTO 3eMileTpsiceHus B Oukaiimem Oynymewm [10, 11, 14]. B paborax
[9, 10, 13] Obuta BBHINONHEHA OLIEHKA BEPOSITHOCTH 3(QeKTa KIIaCTepU3alli CHIBHBIX 3eMIIETPSICCHUI B cepeinHe
XX Beka (1950-1965 rr.) n Hawane XXI Beka (2004-2011 rr.) u cienan BBIBOJ, YTO BEPOSITHOCTh €0 CIIyYalHOCTH
oueHb Masia — coctasisieT He Oornee 0.5%. IIpuBeneHHBIe B paboTe pe3yNbTaThl MOJAEPKUBAIOT HJICIO CYIIECTBO-
BaHUS COJTHEYHO-TUTOCHEpHBIX cBs3eit [17, 19, 20, 22] u ToBOPAT B MOIB3Yy TOTO, YTO MAIeOCCHCMUIECKUE JaHHBIE,
HAKOIICHHBIE B HACTOSINEE BPEeMs U Pa3IMYHBIX PETHOHOB IUIAHETHI, MOTYT YBEIUYUTH JIUHY PSIOB CHIIBHBIX
3eMJICTPSICCHNH, YTO TMO3BOJHT BBIIBUTH OOJIee HAZEKHO JIOJNTOBPEMEHHBIE (BEKOBBIE) BapHallMU CEHCMHYECKON
AKTHBHOCTH 3EMIIN.

KuroueBble cjIoBa: COTHEYHAS AKTUBHOCTD, TAJICOCEHCMUYHOCTD, KITACTEPU3AIHsI CHIIBHBIX 3eMIICTPSCCHHN.
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