ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI

YJITTBIK FBIJIbIM AKAAEMUACBIHBIH
Satbayev University

XABAPJJAPBLI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMKN KA3BAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Satbayev University Satbayev University
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

3 (441)

MAY - JUNE 2020

THE JOURNAL WAS FO67UNDED 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.

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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THE «<ACTIVATION-LULL» METHOD
FOR MEDIUM-STRENGTH EARTHQUAKES

Abstract. The analysis of the spatio-temporal patterns of the distribution of medium-strength earthquakes
(K > 9.6) was carried out in order to determine the possibility of using them for the medium-term forecast for 2020.
The territory of the Eastern Tien Shan and Dzungaria, encompassed by coordinates 41°40" - 45°30" of the north
latitude and 74°00’ - 81°00 ' of the east longitude, was adopted as a test site. The catalog of earthquakes with energy
class K> 9.6 (M > 4.2) for 1951-2019 and strong earthquakes with M > 5.6-6.0 (total 16) that occurred during the
indicated period was used. Based on a retrospective analysis of the time course of the annual values of the number of
earthquakes (parameter N is the number of medium-strength earthquakes with K > 9.6), determined for the whole
observation period with a shift of 3 months, anomalous changes in its behavior were revealed consisting in a
successive alternation of activation periods (N > N, = N,, + 6), i.e. the parameter N exceeds certain critical level of
N, and lull (N < N,,), which are associated with the times of occurrence of strong earthquakes in the study area.

The fact of the existence of the “activation-lull” process for medium-sized earthquakes during periods of
preparation of strong earthquakes is described in many studies on the theory of preparation and practice of
forecasting and is used to predict strong earthquakes for various seismically active regions of Eurasia. According to
studies, the distribution area of various precursors is so wide in size that it suggests the participation of large areas in
the preparation of strong earthquakes.

A juxtaposition of the anomalous periods with the times of occurrence of strong earthquakes indicates the
existence of a fairly close relationship between them. Indeed, before fourteen earthquakes out of 16 there was an
anomalous lull in the number of earthquakes of medium strength, which is observed after activation. Three false
alarms also occurred.

As a result of the study, 3 sites were identified, within or in the immediate vicinity of which earthquakes with
M >5.6-6.0 in the next one to two years are likely to occur.

Key words: catalog, medium-strength earthquakes, activation, lull, precursor, anomalous period, medium-term
forecast.

In the article, the regularities (patterns) of the seismic mode of medium-strength earthquakes with
K > 9.6 are investigated in order to clarify the possibility of using them for a medium-term forecast, which
is understood as an assessment of the tendency of the seismic process for the next 1-2 years.

Many studies on the theory of preparation and practice of forecasting indicate the existence of a lull
on the earthquakes of medium strength during the preparation of a strong event [1-4]. In [5-14], questions
of using this pattern for forecasting purposes for various seismically active regions of Eurasia were
considered. According to studies [4,13—16], the distribution area of various precursors is so large that it
suggests the involvement of large territories in the preparation of strong earthquakes.

The territory of the Eastern Tien Shan and Dzhungaria, bounded by the coordinates of 41°40'-
45°30'North latitude, 74°00' - 81°00 ' East longitude, is accepted as the test site. We analyzed earthquakes
with an energy class K > 9.6 (without aftershocks) that occurred on the specified territory in 1951-2019.
Figure 1 shows a time series of annual values of the number of earthquakes (V) with K > 9.6, determined
in increments of At = 3 months, the data of which indicates the variability of the studied parameter over
time.
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The selection of abnormal periods of parameter N was performed by calculating errors in its
definition. The calculation is based on the most homogeneous material since 1961 with the exception of
intense aftershock sequences. The average annual value of N, was equal to 21 with a standard deviation
of 6 = £5.1. The anomaly was considered to be a parameter value that goes beyond the corridor —¢ with a
confidence probability of 0.7 (the critical level).
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Figure 1 — Diagram of changes in the annual number of the earthquakes of medium strength (K > 9.6)
in the territory of the Eastern Tien Shan and Dzhungaria

Strong earthquakes with K > 15 (M > 5.8-6.0) for 1951-2019 were studied, which occurred within the
study area or in the immediate vicinity of it (no more than 30-40 km from its external borders). Also, the
analysis involved earthquakes with K = 14 that occurred in the central part of the territory (figure 2). At
the same time, if several strong earthquakes occurred in a short period of time (no more than a year), they
were considered as a single event regardless of the epicentral distances. Such groups took place during the
time periods from 12.1958 to 11.1959 (3 earthquakes), from 02.1969 to 06.1970 (2 earthquakes), and from
09.1979 to 07.1980 (2 earthquakes). Taking into account these circumstances, in the territory under
consideration for the period of 1951-2019, a total of 16 strong earthquakes occurred (table 1), the time of
their occurrence is shown by arrows (figure 1).

Table 1 — List of the earthquakes with K > 14 (M > 5.4) for the period of 1951-2018 that occurred
within the study area or in the immediate vicinity of it

Earthquake name, year Month | Day | Hour | Min Sec | Latitude |Longitude| Depth |Energy class| Ms
1 Dzhungarian, 1958 12 21 5 46 29,0 44°48 80° 36 25 16,0 6,4
2 | Dzhungarian, 1962 8 19 18 26 38,0 | 44°46 81° 16 25 15,0 6,1
3 Kokshaal, 1965 5 4 8 34 41,6 41° 44 79° 15 23 15,0 5,8
4 | Saryjaz, 1967 8 20 2 2 5,0 45° 11 80°00 18 13,8 53
5 Kokshaal, 1969 2 11 22 8 52,6 | 41°30 79°18 25 15,0 6,6
6 | Sarykamysh, 1970 6 5 4 53 6,2 42°28 78° 48 15 15,6 6,8
7 Zhalanash-Tyup, 1978 3 24 21 5 48,6 42° 52 78°35 20 16,0 7,0
8 | Bakanas, 1979 9 25 13 5 55,0 | 45°00 77° 00 40 14,0 5,8
9 | Kajisay, 1980 7 5 20 25 22,0 | 41°46 77° 30 20 13,6 5,6
10 | Novogodneye, 1982 12 31 19 46 46,4 | 42°52 77°22 18 13,7 5,6
11 Baysorunskoe, 1990 11 12 12 28 51,4 42° 56 77° 56 18 14,6 6,3
12 | Tekeli-1, 1993 12 30 14 24 6,4 44° 49 78° 46 20 15,0 5,6
13 | Syumbinskoe, 2003 12 1 1 38 32,6 | 42°55 80°33 -1 14,3 5,6
14 | Kokshaal, 2005 2 14 23 38 9,5 41°48 79° 11 5 14,3 5,9
15 | Tekeli-2,2009 6 13 17 17 37,9 44° 46 78°49 15 13,8 5,4
16 | Saryjaz, 2013 1 28 16 38 52,4 | 42°31 79° 40 10 14,7 6,0
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A comparison of the anomalous periods with the moments of the occurrence of strong earthquakes
indicates the existence of a fairly close relationship between them. Indeed, before the fourteen earthquakes
out of 16 there is an anomalous lull in the number of weak events that is observed after activation. It
should be noted that the Tekeli earthquakes of 1993 (K = 15, M = 5.6) and 2009 (K = 14, M = 5.4) are
poorly diagnosed and are marked as “missed targets” on the diagram, although a decrease in the number of
earthquakes of medium strength is noted in front of them. There are also so called “false alarms”.

The duration of the precursors was determined both from the moment of transition of the critical level
and from the minimum value of the parameter. So, for the Baysorun earthquake of 1990 with M = 6.3, the
duration of the precursor from the moment of transition of the critical level was 15 months, and from the
minimum value of the parameter was 12 months.

A precursor is considered informative if P>Po according to [17], where Po is determined by the
random forecast. Tabular values of Po at a confidence level of 0.975 for various values of the input
parameters were carried out in [13,17]. According to [18], the forecast is statistically significantly different
from random guessing if the value is J > 2.0, and according to [19] the precursor is considered useful if
q > 0.1-0.2 and very useful if ¢ > 0.3-0.5 (n > 10-15).

o 76 .

- |-
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Figure 2 — Map of the epicenters of strong earthquakes for the period 1958-2019

A retrospective analysis of the diagram of changes in the annual numbers of medium-strength
earthquakes (K > 9.6) on the territory of the Eastern Tien Shan and Dzhungaria allowed us to obtain the
values of the informativeness coefficients of the method: P = 0.58 (Po = 0.36), J = 3.44, q = 0.66. In the
calculations, the precursor duration, determined from the moment of transition of the critical level
(Ngp— ©), was used as the most reliable.

Thus, the obtained data indicate that the coincidence of the time of occurrence of the considered
strong earthquakes with the anomalous periods of the parameter N is not accidental.

To estimate the magnitude of the expected earthquake, we can use a generalized "image" of the
behavior of the parameter under consideration for two magnitude groups (figures 3a, 306), which is
obtained by combining and averaging data for each earthquake depending on their magnitude [13].

As can be seen from figures 3a, 30, the type of averaged time course of the parameter NV for the
considered magnitude groups is quite clearly different: for the magnitude group M = 5,6-6,1, it is shorter
in time, and the level decrease occurs more sharply than for earthquakes with M = 6,3-6,8. To estimate the
magnitude of the expected event, we can also use the dependence of the duration of the alarm time on the
magnitude of the predicted earthquakes in accordance with the data in table 1 (figure 3B).

The dependence of the duration of the anomalous period (47) on magnitude (M), for two options for
determining the duration of the first, has the form:

1g4AT (month) = 0,55M — 2,3 — from the moment the parameter N exceeds the critical level;

1gAT (month) = 0,62M — 2,83 — from the minimum value of the parameter N.
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Figure 3 — The generalized time course of the number of earthquakes of medium strength
for various magnitude groups (a, 6) and the dependence of the duration of the anomalous period
on the magnitude of earthquakes (B) [13]. 1 - from the moment of transition of the critical level;

2 - from the minimum value of the parameter N

An analysis of the maps of earthquake epicenters shows that in areas of future foci there is a complete
ull (N = 0), or the number of earthquakes decreases sharply here. For less strong earthquakes (K = 14),
such a pattern was not found. Thus, it can be stated that, according to the forecast of the place of
occurrence of the earthquake, there is some uncertainty that can be overcome by using other methods. The
graph (figure 1) shows that since the end of 2018, there has been a decrease in the parameter N - the
number of the earthquakes of medium strength from K > 9.6 in the study area.

If we consider the seismic process in the near (R = 100-150 km) and far (R = 150 km) zones from the
source of the future earthquake, then it proceeds differently. So, for 3-5 years before the earthquake in the
near zone, activation prevails, and in the far zone lull prevails, and 1-2 years before the shock, the opposite
picture is observed. This is clearly demonstrated in Figure 4, which shows the time diagram of the ratio of
the number of earthquakes from K > 9.6 in the far zone (N/) to the near zone (N2). The area with
coordinates 41°50'- 43°30' North latitude and 76°30'- 79°30" East latitude was considered as the near zone,
within which the epicenters of strong earthquakes (1970, 1978, 1980, 1982 and 1990) occurred. The graph
(figure 4) shows that before all the above-mentioned earthquakes, there is first a drop and then a sharp
increase in the parameter N1/N2, which, in the vast majority of cases, goes beyond the confidence interval
with a width of +£1.6 at a probability level of 0.7. Note that very low values of N1/N2, which are observed
immediately after strong earthquakes, are associated with their aftershocks.
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Figure 4 — Diagram of the time course of parameter N1/N2
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To assess the places of possible occurrence of the expected earthquake, a search was conducted for
areas within which the pattern of activation and lull in the number of medium-strength earthquakes is very
clear. For this purpose, maps of earthquake epicenters were compared for two periods: for the activation
period of 06.2014 - 06.2016, which, according to the data in figure 1, precedes the period of lull, and that
for the anomalous period from 06.2016 to 05.2017.

Figure 5 shows that the seismic process under consideration (‘activation-lull’) occurred in three
regions: in the central part of the Zailiysky and Kungei Alatau ridges, South-East of lake Issyk-Kul and in
Dzhungaria.

Kapti sen1pon sesneTpacerssd (K0 6)
AnA nepnas axTwasassn (04.2014-09.2015)

Figure 5 — Maps of earthquake epicenters with K > 9.6: (a) - for the activation period
(06.2014 - 06.2016); (b) - for the lull period (06.2016 - 05.2017)

On August 8, 2017, an earthquake with M = 6.4 occurred on the territory of the Xinjiang Uygur
Autonomous Region of China (the Dzhungarian section), and a significant number of less severe events
(K=9.6-11.6) in 2018 occurred on the other two sections (figure 6).

Map of the earthquakes

K- 10 -

w12
Perlod 1/ 1/ 2018 - 31/ 9/ 2018 Scale 1: 6000000 A Station

Figure 6 — Map of earthquake epicenters with K > 9.6 on the territory
of South-East Kazakhstan and in its immediate vicinity for 2018

It should be noted that the graph of parameter N in 2019 begins to form a period of lull, which
requires close attention to the further development of the time variation of parameters N and N1/N2.

The results obtained suggest that the proposed approach in combination with other methods can be
used in the practice of medium-term forecasting of strong earthquakes in the Eastern Tien Shan and
Dzhungaria regions.
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OPTA KYHITI )KEPCLUIKIHICTEP BOMBIHIIA «BEJICEHILIIK-BOCEHIIK» B/IICI

AnnHoTtanus. 2020 XbUTABIH OpTa Mep3iMIi 00JKaMbIH aHBIKTAayFa KOJaHy YIIiH opta Ky (K > 9,6) 6ap xep
CIIKIHICIHIH KEeHICTIK-YaKbIT 3aHIbUIBIFBIMECH Tapally JKaraaiibiHa Tayaay skypriziiai. ToxipuOesik MmoJuron peTinie
eirpic Tsup-11ane sxone XKonrap alimarblHBIH conTycTik eHairi 41°40'- 45°30', mprsic Goinbrer 74°00'- 81°00°
KOOPJMHATTAPBIMEH LIEKTENreH ayAaH KapacTeIpbuiasl. 1951-2018 sxpuinap apaneirbiHaa Marautynacel M > 5,6-6,0
(Oapneirpl 16) >koHE 3HEpreTHKANBIK Kiaackl K > 9,6 (M > 4,2) 0onaTblH KEPCUIKIHIC KaTalorbl KOJJAaHBUIIBL.
Perpocnextp tanmay Heri3iHae OapiblK OaKpIIAHBIT OTHIPFaH JKBUIAAPAA JKEp CUIKiHICI CAaHBIHBIH JKBUIIBIK MOHIHIH
(N mapameTpi — opTa KYIITI XKep CUIKiHICTep caHbI) 3 aif callbIH YaKBITTBIK KBUDKYIAH OCICeHIUTIK Ke3eHiHiH (N >
Nkp = Ncp + ©) anMacyblH KOPCETETIH YakbITTHIK JXKBUDKYBI Ke3iHAE aybITKy esrepicrepi Oaiikammel, sFHU N
napaMmeTpiHiH Kei0ip KpHUTHKAJbIK JIeHreili Nkp Korapbuiaybl xoHe Oocenneyi (N < Nkp) 3eprTrenin OTbIpFaH
ayJlaH/IaFbl XKep CUIKIHICIHIH 00JaThIH yaKbITBIMEH OaiJIaHbICTBI.

Opra KyIITi kep CiUIKiHICTep OOWBIHIIA >KOMKBIH 313a7ara JaWbIHIBIK Ke3€HI «OeICeHmiTiK-09CeHIITiKY
yaepiciniy 0oy (akrici kep CUIKIHICIH OO/pKay TaXIpHOECIHAe JKOHE JKEp CUIKIHICIHE MalbIHIBIK TEOPUACHIHA
apHaJIFaH KeIlTereH 3eprreyiepae Oaiikanansl xoHe EypasusiHbIH TYpili celicMoOenceH i ayaaHaapbIHbIH KYILTI JKep
CUIKIHICTEpiH Ooipkay YIIiH NaijanaHbulafbl. 3eprreyiepre CoWKec, TYpJi aFbIIapTTapAblH Tapaly ayKbIMbI
JKaFbIHaH aca >KOFapbl OOyBIHAH JKOMKBIH CUIKIHICKE JalBIHABIK KOJIEM/Ii TEPPUTOPUS aIaThIHbI OaiKaiIbl.

KaTTsl skep CiIKiHICIHIH ©Ty JKoHE aybITKY Ke3€HIH CalbICThIPY apKbUIbl OJIApABIH apachlHAa THIFBI3 OailaHbic
Oap exeHi OaifKaapl, IIBIH MOHIHAE, 16 JKep CUIKIHICIHIH IMIiHAETI OH TOPT Kep CUIKIHICIHIH angpHAa OelceHauTiK-
TeH KeHiH OalKanaThIH OpTalla KYIITi JKep CUTKIHIC CAHBIHBIH OOCEHIUTIK aybITKybl Oalikannbl. CoHOai-aKk KaTThl
JKep CUIKiHICTIH OTY JKOHE ayBITKY Ke3eHIepi Coikec KeIMEHTIH YIII JKaJFaH OpbIH Oap.

Bip-eki xbuFa KYBIK apajbIKTa Kep CUIKiHy MmarHutymackl M > 5,6-6,0 0oiybl BIKTHMAall ayMakTap, SIFHH
TiKeJeH )KaKbIH HeMece 3epTTEeJIIl OThIPFaH ay/iaH IeriH/ie OpHAIACKaH 3 ayMaK KepCeTii.

Tyiiin ce3aep: karanor, opTa KYLITI Kep CUIKiHICI, OeJCeH/IUTIK, 09CEHAITIK, aNFbIIapTTap, aybITKy Ke3eHi,
opTa Mep3imMIi OoIKaM.

J. K. Cy.JIeeBI, A. B. CagpixoBa', K. E. Aﬁz[anMaTm;z, A.T. lanaGaesa', A. M. KaTyﬁaeBa1
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METOJl «kAKTUBU3ALIUA-3ATUIIBE» 110 3EMJIETPSICEHUSIM CPEJTHEN CHUJIbI

AnHoTanus. IlpoBenen aHamu3  TPOCTPAHCTBEHHO-BPEMEHHBIX  3aKOHOMEPHOCTEH  pacrpeneieHus
3emiieTpsiceHuit cpeanei cuibl (K > 9,6) ¢ 1eb0 BBISICHEHUS BO3MOXKHOCTH MPUMEHEHHS UX JJISl CPEIHECPOUHOTO
mporuo3a Ha 2020 rox. B kauecTBe ONBITHOIO NONWIOHa MNpHHATAa Tepputopusi BocrounHoro Taup-lllans u
JxyHrapuu, orpaHnueHHas xoopauHatamu 41°40'- 45°30' ceBepHoit mmpoTsl, 74°00’- 81°00" BOCTOYHOI IOMTOTHI.
Hcnonp30BaH KaTajior 3eMJICTPSCCHUN C 3HEpreTHYeckuM kimaccoM K > 9.6 (M > 4,2) 3a 1951-2019 rT. u cribHBIE
3emutetpsicenust ¢ M > 5,6-6,0 (Bcero 16), mpousomenmue 3a yka3aHHbIH repuoa. Ha ocHOBe peTpocrekTHBHOTO
aHaJIM3a BPEMEHHOTO X0/a TO/IOBBIX 3HAUECHHWH KOJIMYECTBa 3eMIICTPSICEHUH (mapamerpa N — KOJIMYECTBO 3eMIIETpPS-
ceHmid cpenHei cuiel ¢ K > 9,6), onpeneneHHbIX s BCeTo Mepruoaa HAOMIONeHUH CO CABHIOM B 3 MeCsIa, BBISB-
JICHB aHOMAJIbHBIC M3MECHEHUS B €Tr0 NMOBEACHWH, 3aKIFOYAIOIIHECcs B IMOCIEIOBATEIIFHOM UYePEAOBAHUU TIEPHOIOB
axktuBm3anmu (N > Nkp = Ncp + 0), T.e. TIpeBHIIICHUS apaMeTpoM N HEKOTOPOTO KPUTHYECKOTO YpOBHS NKp, U
3atumbsa (N < Nkp), KOTOpBIE CBS3aHBI C MOMEHTaMH BO3HHMKHOBEHHS CHIIBHBIX 3€MJIETPSICEHHN Ha HCCIETyeMOM
TEPPUTOPUH.

@DaKT CymiecTBOBaHMA MPOIECCa «AaKTUBU3AIMA-3aTUINBE» IO 3EMIICTPSICEHUSM CpEeIHEH CHIBI B TEPHOIBI
MOATOTOBKH CHJIBHBIX 3€MJIETPSICEHUI OTMEYAeTCsl BO MHOTHX HCCIIEIOBAHHSX, [TOCBSIIEHHBIX TEOPHH MOATOTOBKH U
NpPaKkTHKE NPOrHO3a, W HUCIOJb3YyeTcs s Iieed IPOrHO3MPOBAHMS CHIIBHBIX 3EMIICTPSICCHUH Ul Pa3iIMyYHbIX
ceiicMoakTHBHBIX paiioHoB EBpazun. CoracHo UcCiIeIoBaHUsIM, TUIONIA(b PACIIPEACICHUS Pa3InYHbIX PEIBECTHH-
KOB CTOJIb BEJIMKA I10 pa3Mepam, YTO ITO3BOJISIET MPEAIoIaraTh yyacTue KPYIHBIX TEPPUTOPUI B MOATOTOBKE CHIIb-
HBIX 3€MJICTPSICEHUH.

CormocraBiieHHe aHOMAJIBHBIX MEPUOAOB C MOMEHTaMH BOSHUKHOBEHHSI CHIIBHBIX 3€MJIETPSICEHUH CBHIETEIbC-
TBYET O CYIIECTBOBAHUH JTOCTATOYHO TECHOU CBSI3U MEXIYy HUMH, NEHCTBUTEIHHO, IIepe ] YeTHIPHAIIATHIO 3€MIICTPS-
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CeHIsIMH U3 16 MMeeT MEeCTO aHOMAlbHOE 3aTHINbE YHCIIa 3eMIICTPSACEHHUH CpeIHEl CHIIBI, KOTOpoe HalromaeTcst
MOCIIe aKTUBU3AINH. Takke IMEIOT MECTO TPH JIOKHBIE TPEBOTH.
B pesynbrare mpOBENEHHOTO HWCCIENOBAHWS BBIACIEHO 3 ydYacTKa, B IpeleliaX WIM B HEIMOCPEICTBEHHOH
OJM30CTH OT KOTOPBIX BEPOSTHBI BOSHUKHOBEHUS 3eMIIETpsICEHu ¢ M > 5,6-6,0 B Onrkaiiiime OuH-1Ba roja.
KuroueBble cJi0Ba: KaTayioT, 3eMJIICTPSCEHHS CPEIHEH CHIIBI, aKTUBU3AIWS, 3aTHIIEE, MPEIBECTHUK, aHOMAJIb-
HBIN TIEPUO/I, CPETHECPOUHBIN MTPOTHO3.
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