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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 carthquakes 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 carthquakes have already occurred in the study
arca namely: Sarydzha, 2013, M6.8 and Kadzhisay, 2014, M6 .2. Clustering of strong carthquakes in the Northern
Tien Shan during periods of extreme solar activity is in line with a similar clustering of strong carthquakes
throughout the whole planet [7].

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

Introduction. The problem of forecasting strong ecarthquakes 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, MS8.2;
Northern Mongolia in 1905, M8.2; California in 1906, M8.3; China in 1906, M8.3; Colombia in 1906,
MS.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 carthquake 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 ecarthquakes again appeared in
different regions of the Earth: three of them were in Indonesia near the island of Sumatra 12/26/2004.
MO.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 carthquakes 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
carthquakes 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 carthquakes 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
carthquakes 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
carthquakes 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.
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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 1960440 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 carthquake, 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 ecarthquakes 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 carlier [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
carthquakes, as noted in [7], we used for our analysis the data on strong paleo-carthquakes 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-
carthquake 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.c., in ~ 910 = 300 AD. One of the horizontal lines at the bottom of
Figure 5 marks the interval 910300 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-carthquake 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-carthquake 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-carthquake 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 cast-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 carthquake 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 M8.2 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
carthquakes, which will reveal more reliable long-term (secular) variations of the Earth's seismic
activity.
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K. IIL Kanraesl, K. E. Agapaxmaron?, I, . Xaunksan!

"Honocdepa uucturyThl, «¥F3TO» AK, Ammarsl, Kazakcraw;
2Ceiicmonorus uHCTHTYTHI, Bitnkek, Kpiprbis PecyGnukacet

MAJIECEN3MHUKAJIBIK MOJIMETTEP/II KATHICYBIMEH
COJTYCTIKIIEH TAHb-IIAHBJAYBI KYH-TH®OPEPUKAJIBIK
BAUJIAHBICTBI 3EPTTEY

Annotamust. JKymeicteiH Makcarsl — Conrycrik Tsaap-11IaHbaaFs! KYINTI JKEp CIIKIHICI Typabl MOTIMETTEPIL
JKYHere KeITipy, MaNeo3CONOTHIbIK 3EPTTEYICPAIH HOTIKEIEPIH €CKEPE OTHIPHII, OAKbLIAY ABIH HHCTPYMEHTAIIbI
Ke3eHinae xone pannokapGon C amicimen ~ 1000 KbIT TEPEHTIKKE AEHIH KAHTA KYPY aPKbUIBI KYH OEJICEH LTI HiH
KaTap >KYPETiH e3TepyJcpiHiH 3aHABUIBIKTAPBIH AHBIKTAY. 3EpTTEY aiiMarblHAA KYIITI JKEp CIIKIHICTEPiHIH maiima
60y KYHIEpI KYH OCICCH LI HIH TOTCHINE JKaFAalibIHA — KYH T'PaHI-MHHIMYMIAPBl HEMECE TPUM-MAKCHMYMIapFa
colikec KemeTiHi kepcerinreH. KyHuin mMakcumamapl Memmrepi 1960 xpuast - 40 IT. sKep CUIKIHICTEPI OPBIH AJIbI:
1938 sxprmer Kemuao-Uyit M6.9, 1946 sxoeriet Uatkam M7.5, 1969 sxeumsr Kekmaan M6.6, 1970 xwrier Capei-Kambrim
M6.8, 1978 xbumbl XKamaram-Tynck M7.0, 1990 skeiasr baticopyr M6.4. xane Cyycamsp M7.5 1992 x. JlanbToH-
HBIH CH YJIKCH KYHAIK MUHEMYMBI Ke3iazae (1790-1820 xok.), Amvarsina M7.8 sxep cinkinici 1807 »bLiel 007161, an
I'meiicoeprrin (1880-1915) kyHAix MUHEMAIABI Xep CiakiHicl ke3inae: 1885 xbutel benoBoackoe M6.9, BepreHckoe
M?7.3 1887 k., 1889 sxpumsr Ynmuk MS8.3, 1911 xeraet Kemun MS8.2. By afiMakTa KaTTsl JKep CiIKiHiCi 60111, Aa-
k61~ 910 £+ 300 r [1], blcThK-ATa >KaPBUIBICHIHBIH TCKTOHHKAIBIK altMarsiHaa ~ 1385 + 100 r [2], UoH-AKCY ©3¢HI-
HiH amkaOsrHaa (1480-1660 sxok.) [3], mamamen. 1715 sxeurst Jlenci Oy3suybsiaaarsl bamkam [4] Ooprt (~ 1040 + 30),
Kacksip (~ 1305 + 35), Cuepepa (~ 1470 + 80) sxone Matinep (~ 1680 + 40) KyHAIK MEHHMYMbBIMEH Oipre >Kypzi.
cotikecinme. XXI raceIpapIH OachiHAH OacTan KYHHiH jKaHA MHHHMYMBI JaMH Oactamsl aen Oopkanyaa [S, 6] sxoHe
3epTTCY alMAFbIHAA KATTHI KYIITI skep cinkinicTep Oommsr: Capepka, 2013 x., M6.8 xone Kamxmucait, 2014, M6 2.
KyuniH TereHme O6encenniniri ke3eHinae Conrycrik Tsaub-1IIaHbaaFs! KaTTHI JKep CUIKIHICTEPIHIH KIACTaphl OYKiI
TIAHCTAHBIH OCHI KS3CHACPIHAC KYIITI JKep CLIKIHICTEPiHiH KIacTepine coiikec kenmeni [7]. CorpiMeH, XX FaCHIPABIH
6achIHIA KYH TPaHI-MHUHAMY MBIH/IA KYIITI JKep CiKiHiCI Tek TsHp-manana rana emec, 1895 xx. M 8.0 barbic Typik-
MeHmsiAa aa 6onner, 1902 sx. M 8.2 Kamrapusana; 1905 sx. M 8.2 Coxrycrik Monromrsina; 1906 x M 8. 3 Kamu-
¢opamama; 1906 x. M 8. 3 Kerraiiga; 1906 k. M 8. 3 KomymOumsama; 1906 x. M 8. 6 Konymousana 6omzst [3, 8].
OcpIan keifiH maMaMeH 25 >Kbl1 OOMBI IIAHETaAa MATHATY IACHI 8.5 'KOHE OJaH Ja Kell )KEp CUIKIHICI OOFaH KOK,
Tek XX FacHIPABIH OPTACBIHAA KYH TpaHA-MakcumyM KeszeHige Omnrycrik Kamuarkama — Coarycrik Kypun
apaneraaa 1952 :x. M 9.0; Aneyrra 1957 sx. M 8.6; Unmmae 1960 »x. M 9. 5; Amackaza 1964 :x. M 9.2 xarTsl skep
cinkinici 0omasr [9-11]. XXI racwipapH OachklHAA KYH TPAaHA-MHHEMYMBI KaWTa gaMu OacTazpl )KOHE JKEPIiH op
TYPIi aHMAaKTapBIHAA TaFbl Ja OipkaTap 3KCTPEMAJIBI KYINTI XKEp CUIKiHICTEpl maiaa Oommel aen Oomkanmsl [5,6],
omapasiH ymeyi MuamoHe3nsna MaHeiHma Oomrad. Cymarpma 26.12.2004 x. M 9.1, 28.03.2005 x. M 8.5, sxoHe
11.04.2012, 8.5; ymeyi Unmmae 27.02.2010 :x. M 8.8, 01.04.2014 x. M 8.2, xone 16.09.2015 . M 8. 3; ekeyi
Kypun apamsmaaa 15.11.2006 x. M 8.3, sxore 13.01.2007 sx. M 8.1; Kamonmama 11.03.2011 .M. 9.0; OxoT TCHI-
sinae 24.05.2013 sx. M.8.3; Mexukoma 08.09.2017 x M 8.2 [3, 7, 8, 10-12]. XXI raceipaerd OaceiHaa, m>8.5
MarHATYAackl Oap Oec kymri xep cimkiHici ocipece Kamommama M 9.0 skep cinkimicineH kedin, 2011 KbLibr
Amepnka CeHCMOJIOTHAIBIK KOFAMBIHBIH OTBIPBICHIHAA KATTHI JKEP CLIKIHICIHIH OaWKanbII OTHIPFAH YaKbITIIA
KIIACTCPH3ALIAIAHY B KS3ICHCOK HEMECE KeHOIp (PH3MKABIK ceOenTepre ne CKCHAIT, COHTAH-aK KAKBIH OOTAIMIaKTa
KYIITI KEP CLIKIHICIHIH maima 6oy MyMKiHAIrL Typansl Ker3y mikipramac 6onmsr [10, 11, 14]. XX racelpasiH
opraceiHaa (1950-1965 sxox.) xone XXI raceipapH 0aceiHaa (2004-2011 >x0K.) KYIITI SKEp CLIKIHICTEPIH KIACTCPH-
3a0MsA7Iay SCCPIHIH BIKTUMANIBIFBIH Oaramay [9, 10, 13] skyMbIcTapbIHAA OPBIHIANIB KOHC OHBIH KC3ACHCOK BIKTH-
MamabEel eTe a3 - 0.5%-maH acnmaiiasl JeTeH KOPBITHIHIABI Kacalasl. KyMbICTa KENTIPUITEH HOTHIKEICD KYH-
maroc(eparbik OalTaHBICTAPABIH OOMYBI HACACHH Koaadas [17, 19, 20, 22] sxoHE Ka3ipri yaKbITTA IIAHCTAHBIH O
TYpi aiiMakTapsl YIIiH KHHAKTAJFAH NMAICOCCHCMHKAIBIK JACPEKTEP KYIITI MKEP CLIKIHICTEpPl KAaTapbIHBIH Y3bIH-
JBIFBIH YIFAHTYBI MYMKiH, OYIT )KCPAiH CCHCMHUKANBIK OCICCHIUTITIHIH Y3aK MEP3iMal (FACHIPIBIK) BAPHALHAIAPBIH
AHBIKTayFa MYMKIHAIK Oepei.

Tyiiin ce3aep: KyH OCICEHIUTITI, MAXC03EHU3M, KYIITI XKEp CLIKIHICTEPIHIH KIACTapBl.
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XK. IIL Kanraesl, K. E. Agapaxmaron?, I, . Xaunksan!

"HuctutyT Honochepot AO «HLIKHUT», Amvarer, Kazaxcran;
MucTuTY T celicMonorun, bumkek, Kuprusckas Peciy Gruka

HCCIEAOBAHUE COJTHEYHO-TUTOC®EPHBIX CBA3E HA CEBEPHOM
TAHb-INAHE C TIPUBJIEYEHHUEM ITAJTEOCEUCMHYECKHUX JTAHHBIX

AnHoTamust. Llens paboThl — CHCTEMATH3UPOBATh JAHHBIC O CHUIBHBIX 3eMICTPSIICCHHUAX HA Teppuropnu Cesep-
HOro Tsaub-IIIaHA C y4EeTOM pPE3yIbTATOB NATCOCCHCMUYECKUX HUCCACAOBAHUN U YCTAHOBUTD 3aKOHOMEPHOCTH B CO-
MYTCTBYHOIMUX BAPHALMAX COTHCUHOH AKTHBHOCTH KAK 3a HHCTPYMCHTAJIGHBIA ICPHOA HAOTFOICHHI, TAK U BOCCTa-
HOBJIEHHBIX PaauoOyraepoaubiv “C meTomoM Ha rayGuHy ~1000 net. [Toka3aHo, YTO JaThl BOSHMKHOBEHHS CHIbHBIX
3eMIICTPACCHUN HA UCCICAYEMON TEPPUTOPHH TATOTEIH K JATAM JKCTPEMAIBHOTO COCTOAHHUA CONHCYHON AKTHB-
HOCTH — COJTHCUHBIM TPAHI-MHHAMYMAM HJIH TPAHI-MAKCHMyMaM. Tak BO BPEMS COTHEUHO20 ZPAHO-MAKCUMYMA 8
1960+40 tr. mpomsomnm 3emiuerpiaceHus:: Kemuno-Yyiickoe M6.9 ¢ 1938 2., Yamkaneckoe M7.5 6 1946 2.,
Koxutaanvcxoe M6.6 ¢ 1969 2., Capvi-Kamvuitckoe M6.8 ¢ 1970 2., Kananaw-Tronckoe M7.0 ¢ 1978 2., baii-
copyrckoe M6.4 ¢ 1990 2. u Cyycambipckoe M7.5 ¢ 1992 2. Bo BpeMs COTHEYHOTO rpaHA-MHHHMyMa /JladbToHA
(1790-1820 rr.) mpomsomno AmmaruHCkoe M6.8 semuerpsacerue B 1807 1., a BO BpeMS COTHCYHOTO TPAHI-
muHEMyMa [ riicOepra (1880-1915 rr.) mpomsomum 3emnerpscenus: bemosoackoe M6.9 B 1885 r., BepHeHckoe
M?7.3 B 1887 1., Ummkckoe M8.3 B 1889 1., m Kemmrckoe M8.2 B 1911 1. CHIIbHBIM MAJICO3CMIICTPACCHHAM, TPO-
H30IICAIAM B paioHe 0. Amakoms B ~910£300 t [1], B 30HC TCKTOHHUCCKOTO MCCHIK-ATHHCKOTO pa3ioMa B
~1385£100 t [2], B nomure pexku Yon-Axcy B (1480-1660 r1.) [3], B OKpecTHOCTH 0. Bamxam wa Jlencuncrkom
paziome B 17151 [4], comyTcTBOBanmM COXNHEHUHblE rpaHA-MuHEMyMBI Oopra (~1040+30), Bomsda (~1305+35),
IMTnepepa (~1470+80) m Maynnepa (~1680+40), coorBercTBeHHO. [Ipeanonaraercs, uro ¢ HauanoMm XXI Beka Havan
Ppa3BUBATBLCSA HOBBIM COTHCUHBIM IPAHA-MUHUMYM [5,6], B HA HCCIEAYEMOW TEPPUTOPUHU B HAIIM JHHU YKE MPOHU30-
IUTA JOCTATOYHO CHIbHBIC 3emierpsaceHus. Capsrmpkackoe, 2013 1., M6.8 m Kamxmcaiickoe, 2014 1., M6.2.
Knacrepm3anns cuinpHbIX 3emuerpsiceHnit Ha CesepHoM TsHb-11lane B meproapl 3KCTPEMAIbHBIX COCTOSHHH COJ-
HEYHOM aKTHBHOCTH HAXOJUTCSI B COOTBETCTBUU C AHAJOTUYHOMN KJIACTEPU3ALMEH CHIIbHBIX 3¢MJICTPICCHHUI HA BCEH
manere [7].

Taxk, B Hauane XX Beka IPH COJIHCYHOM IPAHI-MUHIMYME CHJIBHBIC 3EMIICTPACCHHA MPOM30ILIH HE TONBKO HA TSHB-
[lane, vo u B 3anagaoi Typkverun B 1895 r. M 8.0; Kamrapuu 8 1902 r. M8.2; Cepeproit Monroymm B 1905 1. M8.2;
Kamdoprrm B 1906 T. M8.3; Kurae B 1906 T. M8.3; KomymoOmm B 1906 . M8.6 [3, 8]. [Tocne 31010 B TCUCHHE MPUMCPHO
25 JmeT Ha IUIAHCTS HE MPOHCXOAMIIO 3CMIICTPACCHUH C MATHUTYIOH 8.5 1 6oJiee, H TOBKO B cepearHe XX BEKA B IICPHOT
COJTHCUHOTO TPAHI-MAKCHMyMa TPOM30ILIN CHIbHBIC 3emuieTpsceHms Ha FOskHow Kamuatke — Ceeprpix Kypmnax B
1952 r., M9.0; Aneyrax B 1957 . M 8.6; B U B 1960 1. M9.5; Ha Amacke B 1964 1. M 9.2 [9-11]. TIpeanonararor [5,6],
yTo ¢ HayanoM XXI BCKa BHOBb HAYAN PA3BHBATHCSA COJHCHUHBIA TPAHI-MHHHMYM, H B PA3HBIX PCTHOHAX 3EMITH BHOBB
BO3HHK LCTBIA PAX 3KCTPEMATBHO CHIIBHBIX 3CMICTPACCHHI Tpu W3 HuX Obum B MHmoHesmm BOmm3m 0. Cymarpa
26.12.2004 . M9.1, 28.03.2005 r. M8.5, m 11.04.2012, M8.5; tpu B Umm 27.02.2010 t. M8.38, 01.042014 r. M8.2, u
16.09.2015 r. M8.3; mea Ha Kypmmax 15.11.2006 . M8.3, u 13.01.2007 r. M 8.1; B SImormwm 11.03.2011 r. M9.0; OxoTckoM
mope 24.05.2013 r. M8.3; Mexuko 08.09.2017 r. M8.2 [3, 7, 8, 10-12]. [locae mATH CHIbHEHIINX 3EMIIETPACCHHUU C
MaraaTygamMu M>8.5, mpomsomeamux B Havane XXI Beka, m 0ocodeHHO mocie M9.0 semierpsaceHus B SIMOHAH, HA
3acemanmnu Ceticmonormyaeckoro Odmectsa Amepuxu B 2011 roay paszropenucs apKue 1e0aThl 0 TOM, CIly4alHa JH
HA0IFOJaeMast BpEMEHHAS KIIACTEPH3ANHNS CHIbHBIX 3eMIICTPSICEHHH HITH HMEET HEKOTOPYIO (PH3HYCCKYIO MPHYIMHY, a
TaKXe 0 BO3MOKHOCTH BO3HHKHOBCHHSI CHIILHOTO 3eMJICTPACCHHUS B OmmkaiimenM Oyaymem [10, 11, 14]. B paborax
[9, 10, 13] ObIna BHIOJIHEHA OLCHKA BCPOATHOCTH 3(P(PEKTA KIACTCPU3ALHA CHIBHBIX 3CMIICTPACCHHH B CCPCIMHC
XX Beka (1950-1965 rr.) u nayane XXI Beka (2004-2011 rr.) u caenaaH BbIBOJ, YTO BEPOATHOCTb €r0 CIYHYaHHOCTH
oucHb Maya — cocrasipier He Oonee 0.5%. [IpuBeacHHBIC B paboTe Pe3yIbTaTHl MOANCPKHBAIOT HACK CYIICCTBO-
BAHUS COTHCYHO-THTOC(CPHBIX CBa3eH [17, 19, 20, 22] u rOBOPAT B MOJB3Y TOTO, UTO MATCOCCHCMUYUCCKUC TAHHBIC,
HAKOIUICHHBIE B HACTOSIICE BPEMs AN Pa3JIMYHBIX PETHOHOB IUIAHETHI, MOTYT YBEIMYUTH JIMHY PSAAOB CHIIBHBIX
3eMIICTPACCHHHM, YTO TO3BOJIHT BBLABHTH OOJICC HANCKHO JOJITOBPCMCHHBIC (BCKOBBIC) BApHALHMH CCHCMHYCCKOH
AKTHBHOCTH 3CMITH.
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