ISSN 2518-170X (Online),

KA3AKCTAH PECITYBJIIMKACHI
YJITTBIK FbIUILIM AKAJIEMUACHI

Satbayev University

ISSN 2224-5278 (Print)

XABAPJJAPDI

NU3BECTUA

NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES
PECITYBJIMKU KASAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Satbayev University

SERIES

Satbayev University

OF GEOLOGY AND TECHNICAL SCIENCES

6 (450)
NOVEMBER - DECEMBER 2021

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate
Analytics

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.

KasakcmaH Pecniybniukacekl ¥rimmbik fbinbivM akademusicbl «KP YFA Xabapnapel. [eonoesusi xeHe
MexXHUKarbIK fbifibiMOap cepusiCbl» fbibIMU XypHarnbiHbiH Web of Science-miHq xaHanaHraH
Hyckacbl Emerging Sources Citation Index-me uHOekcmeriyee KabbinndaHraHbiH xabaprnalosl. byn
uHdekcmery 6apbicbiHOa Clarivate Analytics komnaHusicbkl XypHandbl odaH api the Science Citation
Index Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday maceneciH kapacmbipyda. Webof Science sepmmeywinep, aemoprnap, bacrnawbinap MeH
Mekemernepae KOHmeHm mepeHdiei MeH canacbiH ycbiHadbl. KP YFA Xabapnapel. [eonoaus xeHe
mexHuKarbiK fbifibiMOap cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK
YWiH eH e3ekmi xoHe 6ederidi 2eorioeusi XoHe MexXHUKasbIK fblibiMdap 6olbiHWa KOHMEHMKe
a0arnObifbiMbI30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «M3eecmus HAH PK. Cepusi 2eornoauu u mexHU4ecKux
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Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of
Science npednazaem kadecmeo u enybuHy KoHmeHma Ons uccriedosamerieli, asmopos,
usdamened u y4pexdeHul. BkrovyeHue Nseecmuss HAH PK. Cepusi eeonoz2uu U mexHU4ecKux
Hayk 8 Emerging Sources Citation Index demoHcmpupyem Hawy rpusepxeHHocmb K Hauboree
akmyarsnbHOMYy U 6/1UsimesIlbHOMY KOHMEeHMYy 10 2e0/102uU U MEXHUYECKUM Haykam Ors Hawezo
coobujecmea.
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MEDIUM-TERM FORECASTING OF STRONG EARTHQUAKES BY ANOMALOUS
VARIATIONS OF THE GROUNDWATER REGIME

Abstract. Medium-term forecast in the system of forecasting strong earthquakes takes a particularly
important place, because it is considered to have the highest likelihood of implementation and to facilitate the
adoption of specific preventive seismic protection measures. One of the main components of this direction,
recognized in the world, is the hydrogeodynamic (HGD) forecast of strong earthquakes based on extreme
time anomalies in the regime of groundwater and hydrometeorological factors in seismically active regions.
Such work was carried out at the Institute of Seismology of the Ministry of Emergency Situations of the
Republic of Kazakhstan within the framework of the project with registration number 0121RK00767 under
the program of targeted funding of science in Kazakhstan.

Data from various sources on the following earthquakes were analyzed: 1885 Verny (M=7.3), 1902
Shamakhan (M=7.3), 1911 Kemin (M=8.4), 1938 Kemino-Chu (M=6.8), 1948 Ashgabat (M=7.3), 1970
Sarykamysh (M=6.5), 1975 Khaichen (M=7.1), 1976 Tangshan (M=7.3), 1978 Zhalanash-Tyup (M=6.8),
1990 Baysorun (M=6.4.), 1992 Susamyr (M=7.4). Very valuable information was obtained from the analysis
of historical data set forth on ancient seismic events in the historical records of China and Japan over the past
500 years. These sources note that before and after the earthquake, extreme changes occur in the level or in
the flow rates, as well as in the temperature and physical properties of groundwater in wells, wells, springs
and river flows. At the same time, very contrasting weather conditions and anomalous meteoric precipitation
were noted at the same time. In general, as a result, 3 groups of changes in the regime of groundwater over
time are noted: the level or discharge of groundwater, up to their disappearance or gushing: temperature and
gas-chemical changes preceding and accompanying strong destructive earthquakes, which covered a fairly
large territory and a time interval from several years to six months and fits into the framework of the concept
of medium-term precursors of earthquakes. Based on the analysis of these data, below, criteria-signs of the
preparation of strong earthquakes in hydrometeo-hydrogeodynamic fields are formulated.

Key words: medium-term earthquake forecast, fluid regime, hydrogeodynamic parameters, modular
coefficients, hydrometeo-hydrogeodynamic indicators, trends, inversion, gradients.

Introduction. Repeated consideration and analysis of the data of regime observations, as well as historical
records noted during the periods of destructive earthquakes in Asia over the past 150 years, show that their
occurrence, in addition tobe in gstrictlyconfinedtoclearseis mogenic zones, aredistinguishedby alternating
anomalies during thelong-termregime of groundwater and hydrometeorological —factors detected duringthe
preparation of large earthquakes.

To study these patterns at the Institute of Seismology of the Ministry of Emergency Situations of the
Republic of Kazakhstan, a new method has been developed, based on the calculation and analysis of the
long-term variation of modular rainfall coefficients, ground water levels (GWL) or flow rate (Q) of the well,
as well as the mode of weak seismicity in the controlled area.

Materials and methods. According to the data of numerous laboratory studies on the deformation of
large rock samples, it has been established that the formation of a main rupture - an earthquake, occurs not at
maximum loading, but at rapid acceleration of loading [1-6]. When filling large reservoirs (Toktogul, Nurek
hydroelectric power plants in Central Asia, etc.), the main number of tangible earthquakes occurred precisely
during the accelerated filling of large reservoirs. Hence, it follows that the stability of the geodynamic
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equilibrium of tectonic structures is disturbed by the spontaneous extreme impact of anomalous stresses on
these systems. Such regularity in the model can be seen at seasonal peaks in the formation of the course of weak
seismicity in seismically active regions, which is undoubtedly associated with the amount of precipitation
[7,8]. Based on the above, it seems reasonable to search for new medium-term precursor criteria for strong
earthquakes precisely in the gradient course of the change in the water permeability or the flow rate of wells

Q (W)

Table 1 - The main criterion (signs) for the medium-term forecast of strong earthquakes (SEQ) in
hydrogeodynamic fields (according to A.U. Abdullaev, 2020)

Ne |Main criteria The time of display | Precursor form Waiting time
and forms of display of the precursor before the
(sign) earthquake
1 |Long-term abrupt decrease in the |2-5 years Horse racing, rapid descent | 1-2 years
GWL to the minimum level and min. level and reverse
its transition to a reverse increase (inversion) in the form of a
(inversion) with the preservation wedge, bay and takeoff
of the annual seasonal wave
2 | (Ashgabat-Khaichen form) 1-2 years Temperature changes (from | Within six
Change in water temperature 1 to 10°C) in the form of a |months, a
bay or hump year
3 0.5-2 years Drought or protracted rains,
Change in taste (salt content) of floods During a
4 |water (Kemin-Verny-Chuform) 1-2 years Destruction and failure year
Protracted weather anomalies of the seasonal run of the
(continuous rains, drought). GWL and Q(w). For months
5 1-3 years Resynchronization of 0.5-1.5 years
Resynchronization of the course the course between
of precipitation and PRW, and the meteorological precipitation | Year,
formation of a destructive seasonal and UPV, destruction sixmonths
6 |course 0.5-2 years Destruction of small
hydrogeological cycles (4
Destruction of the regularity, and + 2) in the groundwater
the form of the classical seasonal regime, against the Year
variation of the water flow rate or background of 11-year
7 |the flow rate of ascending water | 2-6 years old, 11 hydrogeological cycles and
flows in wells years old solar activity
Destruction (lengthening or
shortening) or disappearance of
hydrogeological periodicities of
various ranks

To implement this concept, the studies were carried out in two directions: in the retrospective analysis of all
the strongest earthquakes and the search for new criteria for the medium-term forecast of strong earthquakes,
based on the continuous tracking of gradient anomalies in the long-term course of the GWL (Qw) in
seismically active regions. In this vein, at stage 1 (2018-2019), all possible displays of hydrometeorological
and hydrogeological anomalies in the groundwater regime were studied before the occurrence of destructive
earthquakes (M>7), according to historical sources from China, Central Asia and Kazakhstan, which occurred
in the 17th-20th centuries. It was revealed that the anticipatory effects of such earthquakes are noted in the
form of weather anomalies and, most importantly, abrupt drops in the level of groundwater, springs or their
outpouring (see Fig. 1), the appearance of an unusual taste, smell and gas jets, etc., which means a change
in their chemical composition. These anomalies manifested themselves over a large area for 3-4 months to
a year, and in the GWL - for several years in the focal areas and beyond the occurrence of large earthquakes
[2,4-6]. These data turned out to be very important for the development of the main criteria for medium-term
forecasting of earthquakes, which are systematized in the form of a table [7,8].
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It was revealed that the medium-term forecast criteria are found in the continuous long-term course of
meteoric precipitation and long-term variations in the GWL in the field of preparation of strong earthquakes
for a long time, covering several years over a fairly large area (see Fig. 1).

To identify the systemic criteria for a medium-term forecast, we studied the long-term course of specially
calculated modular coefficients of the GWL or the flow rate of wells Mk (Q) and the meteoric precipitation
Mk (Opr) in these areas, as well as the air temperature Mk (Tatm) in a continuous multi-year mode using the
example of the Almaty prognostic polygon (APP) in southeastern Kazakhstan.
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Fig. 1. Examples of display of MT HGD anomalies before the strongest earthquakes in Central Asia. The
precursor move is expressed in the form of a wedge, a stepped descent with explosions, or a bay.

On the basis of continuous long-term HGD observations in Kazakhstan for more than 40 years [9,10],
the modular coefficients of GWL (Qw), precipitation, air temperature (Ml and Mpr, Mk (Q), Mkt’) were
calculated for the last 22 years (1998-2020). For all deep wells (Tau-Turgen, Alma-Arasan, Gorelnik, Kuram,
Izvestkovy) located in the Zaili-Ketmenseis mogenic zone. These modular coefficients were formed by
calculating the average monthly and average annual values of these parameters, and then bringing them to
the average long-term level of these indicators for the entire observation period. The calculated modular
coefficients for GWL (M) or flow rate Mk (Q), as well as for sediment Mk (Opr), were carried out for deep
wells, the depth of which is 300 - 500 m. and more.

Results and Discussion. Correlation of the course of modular coefficients and strong earthquakes. For
this, only strong earthquakes with K>14 (Ms>5.5) were selected, which occurred on the territory of South-
East Kazakhstan within a radius (R) of up to 200 km from observation points, according to the models of
the assumed area of distribution of precursor anomalies according to the formula , where R is the radius of
development of the precursors, M is the magnitude of the earthquake [1].
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Fig. 2. Gradient jumps in the long-term variation of modular coefficients and the time of occurrence of
strong earthquakes at st. Tau Turgen APP; arrows - gradient direction, vertical arrows-strong earthquakes.
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As can be seen in Fig. 2, all large earthquakes in the southern part of the APP that occurred in 2003, 2006,
2009, 2012, 2013 with K>14, as well as additionally weak earthquakes with K <12, K<12 that occurred in
1999 and 2018-2019. It should be noted that over the entire observation period, there was a steady trend
decrease in oil permeability in wells and in general in the Zailiy-Almaty zone. Analysis of the long-term
course of the Mpr showed that it is generally stable and fluctuates in a stable corridor with some anomalies
in 1997-2003, 2006-2007, 2010-2011 and 2017. In its course, the internal wave periodicity of 3-5 years is
clearly noted. Meanwhile, the course Mk (Q) is completely different, autonomous, with its own periodicity (5
- 10 years) with a clear steady downward trend. Against this background, it is established that the breakdown
of the gradient course Mk (Opr) is ahead of the course Mk (Q) by a year (+ 3 months). In fig. 2, it is clearly
seen that each major earthquake occurs on the segment of acceleration or change of sign to the opposite (-)
of the gradient course of the GWL (Qw). The anomalous gradient precursor segment leads the event from six
months to 2 years, which fit into the medium-term forecast (see Fig. 2, arrows on the curve).

These results indicate that the dynamic instability in the focal zones of the upcoming earthquakes is caused
by the "reversal" of the gradient course, and the realization of earthquakes occurred during jumps (breaks) of
these factors. Hence, it can be concluded that large earthquakes are prepared under conditions of abrupt fluid
saturation, or, conversely, "draining" of the geological environment in seismogenic structures. Consequently,
such conditions are undoubtedly one of the necessary for the occurrence of large earthquakes and, therefore,
can be considered as criteria for medium-term anomalies.
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Fig. 3. Long-term synchronous movement of modular coefficients(Mk (Opr), Mk (Q), Mk (N))in the
groundwater regime at the APP according to the data of deep wells.

Shaded bar - background precipitation level, vertical linesthe moment of realization of strong earthquakes
at st. Tau-Turgen, Alma-Arasan.

It should be noted that in the course of the modular coefficient of GWL (Qw) for the period 1998-2020 in
deep wells, the reflection of 11 year hydrogeological cycles is clearly visible: from 1998 to 2009 and from
2010 to 2020, which fit into the 23rd and 24th cycles of solar activity, characterized by the lowest values of
the Wolf number (W) over the last 100 years.

Next, the modular seismic mode coefficients Mk (N) were calculated as the sum of the course of earthquakes
with K=7, 8, 9 over the last 40 years for the territories of the APP. It was found, in the last decade, especially
in 2016 and 2017 it is noted that weak seismicity increases sharply, and since 2018 dropped sharply (see Fig.
3.4). At the same time, it is during this period that there is a deficit of strong earthquakes from K>15-16 at
the APP. A joint analysis of the synchronous course in time of the main modular groundwater coefficients
unambiguously shows that the course of weak seismicity is completely determined by the course of the
modular coefficient of precipitation, ahead of the course of seismicity by a year + 3 months (Fig. 4). Thus,
a temporary hydrogeodynamic regularity is established, expressed in the interdependence in the time of the
course of the triad Mk (Opr) — Mk (Q) — Mk (N) (Fig. 3.4), where earthquakes occur on the segments of
gradient anomalies and their sign changes (+), (-). This provision allows us to develop a new model, a more
universal methodology for medium-term forecasting of strong earthquakes based on gradient anomalies in
the synchronous course of modular groundwater coefficients.
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Temporal changes in the hydrometeo-hydrogeodynamic parameters of groundwater, determined in the
mode of deep wells and ascending springs in the controlled area, is the most reliable indicator of the medium-
term forecast of strong earthquakes. At the same time, the most important indicators are the destruction
and inversions of the intra-annual course of changes in precipitation and GWL against the background of
its regular long-term position with the formation of various exotic types of anomalies such as “wedge”,
“bay”, “shelf” and “hump”. The task of forecasting in this case is the identification of extreme segments - in
the "breaks" of the gradient course of continuous data and to find these images, to calculate the probable
advanced time of the possible realization of impending earthquakes.

Tay-Typrenn

2020 w1 1999

02 N AT

01— | | 2008
2010 2009

Fig. 4. Synchronization of modular coefficients (Mk (Opr), Mk (Q), Mk (N)) on a pie chart. The sharply
distinguished maximum values of Mk (Opr) are clearly visible, which determine the seismic regime and the
occurrence of strong earthquakes with K>13 (arrow).

Algorithm and technology of forecasting. They consist of the following step-by-step actions:

1. Determination of base points (wells) for calculating modular coefficients of long-term variation of
parameters in the predicted area.

2. Calculation, modular coefficient Mk (Opr) for the entire observation period by months, years and
decades.

3. Calculation of monthly, annual and long-term values of oil flow rate or flow rate (Q) in wells. Calculation
of the modular coefficient Mk (Q) for wells for the entire observation period.

4. Calculation of the modular coefficient of the seismic regime Mk (N) for weak earthquakes (K = 6-9) for
the entire observation period and determine its main frequency and trends.

5. Compile the series of strong earthquakes for the territory of the Almaty prognostic polygon (APT) with
K>13 and study their temporal sequential periodicity.

6. Find on the curves of the gradient course of modular coefficients Mk (Opr), Mk (Q), Mk (N) the main
anomalous segments ("breaks") and change of their signs (+), (-) and calculate the time of anomalous values
of modular coefficients.

7. Analyze the identified anomalies in retrospect and calculate the waiting time for new earthquakes.

8. Determine the areal displays of anomalous gradients at the test site, based on the theory that the radius
of display of HGD earthquake precursors in the earthquake preparation zones are in the ratio R = 10%4M,
where R is the radius of display of anomalies, M is the magnitude of the expected earthquake.

9. Probabilistic assessment of the forecast.

Conclusion. The first approbation of this technique was carried out when assessing the course of HGD
and HGH parameters when compiling a comprehensive map of medium-term forecast of strong earthquakes
for 2019-2020 on the APP, where she found confirmation.

The novelty of this technique consists in: 1. The gradient course of modular coefficients was used for the
first time: Mk (Opr), Mk (Q), Mk (N) of groundwater; 2) the forecast is carried out taking into account the
control parameters of the internal and external influence.

A new technique for medium-term forecasting of strong earthquakes has been developed and for the first
time not the change in the groundwater level itself is involved, but the gradient changes in the course of time,
the precipitation in the controlled area, which directly causes the formation of gradients in the course of the
hydrogeodynamic regime of groundwater and the seismic process.
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JKEP ACTBI CY PEXXUMIHIH AHOMAJILJIbI ©3TEPYJIEPI BOMBIHIIIA KYIITI 2)KEP
CUJIKIHICIH OPTA MEP3IM/I BOJI’KAY

AnHoTanus. KymTi xep cinkiHicTepiH O60ipkay >KyHeciHae opTa Mep3iMai 0omKaM epeKIne MaHBI3IbI
OpBIH anajibl, ®UTKEHI XY3€re achbIpyAblH €H JKOFapbl BIKTUMAJABUIBIFBI JKOHE CEHCMMKAJBIK KOPFayIblH
apHaiibl aJ/IbIH aly IapanapblH KaObUlJayFa bIKHAJI €Ty OOJbII caHayiaabl. OleMae MOWBIHAAIFaH Oy
OaFrBITTBIH HET13T1 KypaMaac 0eJiKTepiHiH Oipi ceiCMUKaIbIK OeJICeH ] aliMaKTapaarbl XKep acThbl CyIapbIHbIH
PEKUMIHJIETI KCTPEMaIIIBl YaKbIT aybITKYIapbl MEH THAPOMETEOPONIOTHSUIBIK (pakTopiap HeriziHae KyITi
xep cinkiHiciHig ruaporeoanHamMukansik (I'T]]) Oomxamber Gombim Tabblianel. MyHmail sxymsictap KP
Tetenmre >xarmaitmap MHHHCTPIITIHIH CeWCMOJIOTHS WHCTHTYTHIHIA Ka3zakcTaH FBUIBIMBIH MaKCATTHI
Kap KbUTaHIbIpy Oarmapnamacs! OoiibiaIIa 0121RK00767 Tipkey HoMipi Oap »xo0a aschIHa XKYPTi3iimi.

Temenneri xep cinkinicTepi OOHbIHIIA OPTYpIi NEPEKKO3ACPIACH albIHFAaH MOJIIMETTEp TalJaHFaH:
Bepurwiii 1885 (M=7,3), lllemaxan 1902 (M=7,3), Kemun 1911 (M=8,4), Kemuno-Uyii 1938 (M=6,8),
Amixaban 1948 (M=7,3), Capsikambiin 1970 (M=6,5), Xaituen 1975 (M=7.1), Tauman 1976 (M=7,3),
Kamanam-Tym 1978 (M=6,8), baiicopsa 1990 (M=6.4.), Cycamsip 1992 (M=7.4). KpiTaii meH JKanmoHUSIHBIH
coHrbl 500 XKbUIIaFsl TAPUXH Ka3z0aTapbIHIaFsl KOHE CEHCMUKANBIK OKAFalap Typalibl OasHIAIFaH TapUXU
JepeKTepIi Tanay HOTIKECIHIE 6Te KYH/IbI MOJIMETTep allbIH b byl nepexkesiep jkep CilkiHiciHe NeiiH
KOHE OJIaH KeHiH yHFbIManap/a, KyAbIKTapaa, Oylakrap/a >KkoHe e3¢H aFblHAapbIH/IA )KEP aCThl CyJIapbIHbIH
JeHrelinge Hemece JeOUTiIHIE, COHJal-aK TeMieparypa MeH (U3MKAIbIK KacHeTTEepiHIE TOTEHIIe
e3repicTep OOJIATBIHBIH ararn eTelli. byl perTe oTe KapaMa-Kallllbl aya paibl )Karnaiiapbl MCH aHOMAJIbJIbI
METEOPIBIK KaybIH-IIAIIBIH Oip Me3rinae Oaikanmbl. JKalmel anFaHga, Kep acThl CYTapbIHBIH PEKUMIHIH
yakpIT OOWBIHIIA ©3repyiHiH 3TOOBIH aram eTyre 0OJajabl: JKep acThl CYJapbIHBIH JIEHIell HeMece arbI3yFhl,
OJIapIbIH KOFaJTyblHa HEMECE aTKbuIayblHa JCHIH: TeMIeparypa MEH ra3-XUMHUSUIBIK ©3TepicTepAiH KYIUTI
YKOMKBIH JKep CUIKIHICTepiHIH aJIbIHAaFbl KOHE OJapMeH Oipre >KypeTiH e3repicTepi. JKETKUIIKTI YIKEeH
ayMak »koHe OipHelle KbUIJaH ajlThl aiifa ACWiHTI yaKbIT apajibIFbl JKOHE XKep CUIKIHICIHIH opTa Mep3iMai
MpeKypcopiiapbl TYKBIPBIMJIAMACKIHBIH HICHOEpiHE coiikec kenemi. Ockl MoNiMETTEpl Tajjiay Heri3iHje
TOMEHJIE THIPOMETEO-THAPOTCONMHAMIKAIBIK KeH OPBIHIAPBIHIA KYIITI JKep CUIKIHICTEepiH JaibIHIAYIBIH
KpuTepuii-0enrinepi TYKbIphIMIAFaH.

Tyiiinai ce3aep: xep CiIKiHICiHIH opTa Mep3iMIi O0HKaMBbl, CYHBIKTBIK PEKUM, THAPOTeOANHAMUKAIIBIK
napameTpiep, MOAYIBAIK  KOXQQPHUUUEHTTEp, T'HAPOMETECO-THIPOTCOANHAMHUKAIBIK  KOPCETKIITep,
TEHICHIMSIIAp, HHBEPCHSI, TPAJIUCHTTED.

AoayanaeB A.Y., Ecemxxkururona E. JK.*, Typadaena K.

Hucruryt ceitcmonoruu, MUC PK, Anmatel, Kazaxcran.
E-mail: u.abdullacv@mail.ru

CPEJJHECPOYHOE NPOITHO3UPOBAHUE CHJIbHBIX 3EMJIETPSICEHUM 11O
AHOMAJIBHBIM BAPUALUAM PEXUMA ITOA3EMHBIX BO/JL

AnnoTtaunus. CpeHeCpOUHbII IPOTHO3 B CUCTEME IPOTHO3UPOBAHMUS CHIIBHBIX 3eMJICTPSICEHUI 3aHUMAeT
0c000 OTBETCTBEHHOE MECTO, T.K. CUMTAETCS, YTO OH HMMEET HauOOJbIIYI0 BEPOSATHOCTh peaH3aluu
M CHOCOOCTBYeT TIPUHSITHIO KOHKPETHBIX TPEBEHTHBHBIX Mep ceiicMo3amuThl. OJHUM U3 OCHOBHBIX
COCTABJISIONINX JTOTO HAINpPABIICHUS, MPHU3HAHHBIX B MHpE, SBISIOTCS TuaporeogmHammaeckuit (I'TJT)
MIPOTHO3 CHITBHBIX 3eMJIETPSCEHUH TI0 HKCTPEMATBHBIM BPEMEHHBIM aHOMAJIHSM B PEKUME TIOA3EMHBIX BOJ
Y THIpOMETe0(haKTOPOB B CEICMOAKTHUBHEIX paiioHax. Takas pabora mposeneHa B IHCTHTYTE celCMOIOTHH
MUYC PK B pamkax mpoekra ¢ peructpaunoHHbiM Homepom 0121PK00767 mo mporpamme IeseBOro
¢unancupoBanus Hayku B Kazaxcrane.

AHaTU3UPOBaHBI TAHHBIC U3 PA3IMYHBIX HICTOTHHKOB IO CIICAYIONINM 3eMIIeTpsiceHusIM: BepHenckoe 1885
r. (K=7.3), lllemaxunckoe 1902 r. (M=7.3), Kemunckoe 1911 . (M=8.4), Kemuno-Yyiickoe 1938 r. (M=6.8),
Amrxabanckoe 1948 1. (M=7.3), Cappikamsiiickoe 1970 . (M=6.5), Xaiiuerckoe 1975 1. (M=7.1), Tanmanckoe
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1976 T. (M=7.3), XKananam-Trorckoe 1978 1. (M=6.8), baiicopynckoe 1990 1. (M=6.4.), Cycambipckoe 1992
r. (M=7.4). BecbMa LieHHBIC CBEJCHHS TOJYYCHBI MPH aHAIN3E MCTOPUYCCKUX JTAHHBIX, U3JIOKECHHBIX 10
JPEBHUM CEHCMHUYECKUM COOBITHSIM B MCTOpHUECKUX 3amucsx Kuras u Snonuu 3a nmocnemuue 500 ner. B
3THX HMCTOYHHMKAX OTMEUACTCsl, YTO J0 U IOCJE 3EMIICTPSICCHMS] BOSHUKAIOT SKCTPEMajIbHbIC U3MCHECHUS B
YpOBHE WJIM B pacxojiax, a TakKe TeMmreparype U (U3NYecKHX CBOIMCTBaX IMOJ3EMHBIX BOJ| B CKBOKUHAX,
KOJIONIAX, POMHMKAX W TOTOKaxX pek. BmecTe ¢ TeM OIHOBPEMEHHO OTMEYAIMCh BeCbMa KOHTPACTHBIC
MTOTO/IHBIE YCIIOBUS M aHOMAJIbHBIC METEOPHBIC OCAJIKH. B 11e710M, B UTOTE OTMEYArOTCSI 3 TPYIIITBI U3MEHEHHS
peKHMMa MOJI3EMHBIX BOJ BO BPEMEHH: YPOBEHB HITH PACX0/] IOA3EMHBIX BOJI, BILTIOTH JIO UX UCUC3HOBCHHUS HITU
(hDOHTAHUPOBAHUS: TEMIIEPATyPHBIC U Ta30XMMUYCCKUE U3MEHCHHMSI, ITPEIICCTBYIOIINE U COMYyTCTBYIOIINE
CHJIBHBIM Pa3pyIIUTEIbHBIM 3eMJICTPSCEHUSAM, KOTOPbIE OXBAThIBAJIA JOCTATOYHO OOJBIIYIO TEPPUTOPHUIO U
BPEMEHHOUN MHTEPBaJ OT HECKOJBKHX JIET JI0 MOIYTo/la M YKIIAJIbIBACTCS B PAMKH ITOHSATHUS CPETHECPOUHBIX
MPEABECTHUKOB 3eMiieTpsceHuit. Ha oCHOBe aHanmu3a 3THX JAHHBIX HWKE CHOPMYITUPOBAHBI KPUTCPHH —
MPU3HAKY IMOATOTOBKH CHIIBHBIX 3eMJICTPSICEHUH B THAPOMETEO-TUIPOTCOJUHAMUYCSCKUX TTOJISX.

KuroueBbie cJioBa: CpeIHECPOUHBIA TPOTHO33EMIICTPSICEHUSL, (DTFOUTHBIA PEKUM, THIPOT€OTUHAMHUECKUC
napaMeTpbl, MOIYJIbHbIE KOA((UIUEHTBI, TUIPOMETECO-THAPOreOAMHAMUYCCKIE TI0Ka3aTeu, TPEHJIbI,
HWHBEPCHSI, TPaJUEHTHI.
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