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SCIENTIFIC AND METHODOLOGICAL BASES OF GPS MONITORING
OF INTENSIVE MOVEMENTS OF THE EARTH’S CRUST
IN THE EARTHQUAKE-PRONE REGIONS OF KAZAKHSTAN

Abstract. Over the past 40 years, the damage caused by natural disasters in the world has increased 9 times, and
their frequency 5 times, while the growth rate of economic damage from natural disasters exceeds the growth rate of
industrial production. Disasters that have occurred in recent years are characterized by a large number of people who
died at the same time. In this regard, the decisions of the United Nations, other international organizations and the
law of the Republic of Kazakhstan emphasize that governments, international organizations and scientific institutions
should be included in the fight against disasters, where Kazakhstan is no exception to the global patterns of
emergencies and their negative impact on the social sphere and the environment. Over the past hundred years,
destructive and catastrophic earthquakes have occurred in the seismically active territories of Kazakhstan, such as
Vernensky (1887), Chilik (1889), Keminsky (1911), the latter, two of which are the strongest in the continental part
of Eurasia for the whole history of observations. The occurrence of such seismic catastrophes in the future is very
likely and is a consequence of the previous stages of the geological development of the region and its current
geodynamic position. All this indicates the need to study the manifestations of geodynamic processes, identify
precursors of seismic activity.

Key words: earth's crust, earthquake-prone areas, GPS monitoring, velocity rates.

Introduction. Over the past twenty years, GPS technology has become one of the main in the study
of modern slow movements of the Earth's surface, as having the highest sensitivity for large areas and
providing acceptable accuracy in determining speed parameters. Among the scientific and technical
problems solved by the world community in the direction of geodynamic GPS monitoring are the
following main tasks ofthe study: - determine the quantitative parameters of modern territory movements
and the sources of modern geodynamic activity; - study the basic geodynamic factors that determine
dangerous natural processes; - study the destructive zones of the lithosphere: fault structure, stress state; -
study the seismic processes in the zones of modern geodynamic activity ofthe lithosphere; - highlight the
patterns of temporal variations of natural processes as a basis for their prediction; - develop preventive
measures to reduce the risk of natural disasters.

When studying modern geodynamic processes throughout the country on the basis of a system of
high-precision satellite GNSS measurements, it is necessary to adapt the incoming data to the solution of
geodynamic problems and thereby ensure seismic safety in the study area, which justifies the choice of
research direction. The presence of experimental GNSS data, coupled with a sufficient density ofthe GPS-
observation network, allows us to study in detail the deformation processes ofthe earth's surface at various
spatial-scale levels in Kazakhstan.

Detailed networks for monitoring the seismic activity of the region. The territory of the Northern
Tien Shan can serve as a test site for the development of a methodology for monitoring and studying
modern geodynamic processes in Kazakhstan based on high-precision GPS observations. The North Tien
Shan seismically active zone is clearly traced in the latitudinal direction along the ridge. Kyrgyz, Zailiysky
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and Kungei Alatau epicenters of strong earthquakes. They reach the highest density in the longitude range
from the 73rd to the 79th meridian, where the focal zones ofthe strongest earthquakes Keminsky in 1911
(M = 8.2) and Chiliksky in 1883 (M = 8.3) fall [6].

Since 1993, many years of research on the study of modern movements in the Northern Tien Shan
were carried out as part of the International Project with the participation of specialists from the
Massachusetts Institute of Technology, specialists from Kyrgyzstan and Kazakhstan [7]. In addition,
starting in 2009. The lonosphere Institute and the Institute of Seismology implemented the work on the
deployment of a regional network consisting of 11 GPS stations (figure 1). These stations are used for
continuous observations in the foothills of the Ile Alatau in the zone of a possible earthquake with a
magnitude of 9 points, which makes it possible to evaluate seismic activity in the on-line mode.

Figure 1- Location of local GPS stations in the Northern Tien Shan

In 2013, Leica Geosystems [8] deployed a network of30 differential GPS stations throughout
Kazakhstan, designed to solve geodetic tasks in construction and other areas of the national economy. In
addition, in 2015, a network of 19 GPS stations with the same purpose was deployed in Kazakhstan by the
efforts ofthe Trimble company [9]. These stations are located in the largest centers and cover 80% of the
territory (figure 2).

Figure 2 - Network of GPS stations “Leica Geosystems Kazakhstan” and “Trimble”
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Technique for processing GPS measurements with the GAMIT / GLOBK software package.
Currently, there are several software designed for the primary processing of GPS data. According to the
results of a comparative analysis of software such as GIPSY / OASIS Il [10], The BERNESE GPS
software [11] and GAMIT / GLOBK [12], the research team came to the conclusion that all of the above
software systems have good technical characteristics. However, with a detailed comparison of software
products for processing GPS data, one can see several advantageous differences between GAMIT /
GLOBK and other software [13]. The GAMIT / GLOBK software package is a non-commercial software
product that is implemented free of charge for the scientific community. For this project, GAMIT /
GLOBK was obtained from the site [14] of the Massachusetts Institute of Technology (MIT) in the USA.
The GLOBK program [15] combines the daily coordinates of stations into long-term time series, checks
the time series to identify and remove outliers, stabilizes the optimal coordinate solution with the
construction of a time series of component values, and calculates displacement rates. The final GLOBK
result is an “org” file that contains all the information for time series and speeds with the construction ofa
confidence ellipse. Based on the data obtained, using the graphic package GMT [16], time series of
coordinate changes are constructed with daily discreteness for three components (North, East, Up) for
each GPS station. The diagram below demonstrates the full cycle of complex processing of GPS
measurements (figure 3).

Figure 3 - Technological scheme of the GPS data processing

At each stage, intermediate results are output that can serve to assess the accuracy of the processing
quality. The format of the output data is described in the manuals for the use of programs [12]. The final
results of the primary processing are the following data: - the coordinates of the observation points and
their errors for each processed day; - graphs of changes in the coordinates of observation points for
3 components with different discreteness (starting from the day); - the speeds of individual points and their
errors in the form of tables; - maps ofthe field of velocity vectors of the earth’s surface at various spatial
scales.

According to the developed GPS data processing technique, primary data processing was carried out
according to the results of observations for 2010-2017 at 11 regional stations of the Northern Tien Shan.
GNSS stations are additionally included in the processing for the purpose of referencing and equalizing
the coordinates of local stations in the global network. A catalog of the coordinates of GPS stations
included in the processing for 2010-2017 was compiled in the EURAOQ8 reference system (table).
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The final table of speeds relative to the Eurasian continent for 2010-2017
SUMMARY VELOCITY ESTIMATES FROM GLOBK Ver 5.20

E &N Rate E & N Adj. E & N +- RHO H Rate H adj. +- SITE
(deg) (deg) (mm/yr) (mm/yr) (mm/yr) (mm/yr)

4.52 3.05 4.52 3.05 135 1.45 -0.008 781 7.81 2.72CHLK
217 459 217 4.59 143 1.47-0.035 154 154 3.47 TURG
-0.81 242 -0.19 -0.10 0.10 0.10 0.007 071 -0.01 0.02 SELE

164 -0.32 164 -0.32 121 1.26 -0.011 5.37 5.37 153 CHSH
0.26 5.86 0.26 5.86 123 1.29 -0.007 0.24 0.24 1.68 TSHN
4.06 1.80 4.06 1.80 133 1.39 0.006 188 1.88 2.5412VS

2.27 187 2.27 187 125 1.31 0.002 4.25 4.25 2.02 MATB
0.15 -1.99 0.15 -1.99 125 1.30 0.004 5.57 5.57 193 KURY
0.70 152 0.70 152 132 143 -0.013 -0.65 -0.65 2.86 KAST
-1.75 2.55 -0.14 183 0.83 0.83 -0.003 105 -0.34 0.17CHUM
-0.45 142 0.40 -153 0.71 0.72 -0.005 2.03 0.32 0.17 POL2

5.96 -14.7 5.96 -14.7 124 1.29 -0.003 12.42 12.42 1.78SUMK
2.83 9.56 2.83 9.56 135 1.40 -0.007 -5.50 -5.50 2.00 KAZA

Conclusion. The obtained results of processing primary data for the territories of the Northern Tien
Shan are grouped in time series from 2010 to 2017 inclusive. The speed of the GPS stations was
calculated as the increment of the linear trend of the series for the entire observation period. The trend
corresponds to regional geodynamic surface movements due to the interaction of the Eurasian platform
and the Indian plate. In addition, in a long-term series of measurements, there are such interference as
significant intervals of missing values, random single emissions and due to malfunctions of recording
equipment (lack of electricity, preventive maintenance, etc.) or adjustment of a priori models included in
the processing.

X. L. XXaHTaes, A. A. Kangbi6aes, C. M. HypakblHOB, A.C. ¥pa3sanues, A.b. KalipaH6aeBa

MoHocgepa MHCTUTYThl, «¥M3TO» AK, Anmatsbl, KasakcTaH

KA3AKCTAHHbIL, CENCMUKANDBIK KAY1MNT1 AMMAKTAPBIHAAT bI
XXEP kbipToicbiHblH,kapkbl Habl KO3ITAJIbICBIH GPS MOHUTOPUHT1TEY AL,
rbINbIMN-341C TEMEN1K HEIM134EP1

AHHOTaLus. 3nemae coHrbl 40 Xbinga Tabury anatTapfaH KenreH 3anan 9 ece ecn, an onapgbiH kuwn 5 ece
ecn, 6yn peTte Taburm amatTapgaH 6GoNTaH 3KOHOMUKANbIK 3ananfblH ecy KapKblHbl €HEpPKACIiNTiK eHAipic
KenemLUL, ecy KapKblHbIHaH 03aabl . COHIbI Xbl4apbl 60nraH anaTTapra 6ip yakbITTa Kasa TankaH agamapabiH Ken
caHbl T3H (2018 XbInrbl NHAOHe3MAAarbl »xep cuiwiculeH). OcbiraH 6aiinaHbiCThl, BipikkeH ¥NTTap ¥MbIMbIHbIH,
facka fa xanblkapanbiK yiibIMAaapAblH LWewiMmaepiHae >xaHe KP 3aHbliHga amaTka Kapcbl KYpecke YKiMeTTep,
XanblKapanblK yibIMAap MeH rbiNbIMU UHCTUTYTTap eHrisinyi Twc. TeTeHLwe xargannapablH nainga 600ybIHbIH XaHe
onapfiblH 31eyMeTNK cana MeH KopluaraH opTtara Tepic 3CepiHiH >Xannbl 3neMALll 3aHAbINbIKTapblHaH KasakcTaH
anwak emec. CoHrbl XY3 XbingaH 6epi KasakcTaHHbIH ceiicmMob6enceHai aymaktapbiHga BepHeHckoe (1887x.),
LWenek (1889x.), KemMnHCK (1911X.) CMAKTbI XOMKbIH XK3He anaTtTbl Xep CifKiHici 60n4bl, onapAblH COHIbI eKeyi
6YKin 6akblnay TapuxbiHAarbl EypasusHblH KOHTUHEHTanbAbl GeniriHge eH KYWTi 60nbin Tabblinagbl. bonawakTa
OCblHJal ceicMUKanbIK anaTTapAblH Naiaa 60Mybl eHipAiH reonorusAnbiK AaMybIHbIH anfblHTbl Ke3eLAepiHiH X3He
OHbIH Ka3ipri reofMHaMuKanbiK MO3ULMACBIHbIH canfapbl 606N Tabblnagbl. OCbIHbIH 6ap/birbl Fe0fMHAMUKANbIK
NpoLecTepaLl, KepiHiCTepiH 3epTTey, CeWCMUKaNbIK 6GeNCeHAINIKTIH XabapliblnapblH aHblKTay KaXeTTiniriH
KepceTesi.

MOHUTOPUHT XYWeci-6yn yakblT apanbirblHAa 6akbinay, fAepekTepAi Tanjay >KsHe esapa 6alinaHbICTb
Wewimaep Kabblngay >aHe HakTbl 00BEKTIHIH Xarfanbl Typanbl aknapat 6epeTiH Kypblirbiiap MeH TaclAepaLy
KelleHi. Ke3 KenreH MOHWUTOPWHITIH MakcaTbl Taburyu >X3He TEXHOTeHAIK cunatTarbl TeTeHLle karfgainapra
[aiblHAaNy KepekTiriH eckepTyre MyMKiHAIK 6epeTiH ManiMeTTepAi >XWHay, OHbIH LWL Ae KayinTi npouectepai
nariga 60y KesewHAie aHbIKTay 60nbIn Tabblnagbl.

byn makanaga O6YKin en kenemiHAe Kasipri reognHamuKanblK npouecTepai 3epTTey YLWiH CRYTHUKTIK
MOHWUTOPWHT KapacTbipblnagbl. On YuwiH kenin TYCKeH fepekTepai reojuHaMnKabiK MiHAETTepAi Wwewlyre 6elMaey
Ka)XKeT, CON apKbl/ibl CEACMUKAbIK KayLln aymMaKTapabl AypbIC )abyabl KaMTamachl3 eTy KaXeT, 6yn ceicMuKanbiK
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ayfaHfayAa XaHe KyLLm Xep ankwcTepw 6o/mxkamaaya MaHbi3fbl MPakTUKanblk MaHre ne. XXep 6en Ko3rabiCblH
HaKTbl yaKbITTa MOHUTOPUHTINEY CYOMUANUMETPAIK A3NAIKNEH XXbI/MKYAbl Kajaranayra >aHe celicMobenceHai
aliMakTapfia OpHanackaH MaTepuKTep, nuTocepanblK MAMTanap CUSKTbl XKEKeNnereH reonorusinblK 6M0KTapAbIH
OVHAMMKanbIK XaHapTbINbIM 0TbIpaTblH KO3ra/ibiC KapTanapblH Kypyra MYMKiHAIK 6epesi. Ocbl fepekTep 60iibIHLLIA
Xep KbIPTbICbIHbIH KepHey/nepLll, ecy XblIAaMAbITbIH X3He AetopMaLnaCbiH KepHeyALl KPUTWUKanbiK AeHrenre
XKETIN X3HE XXMHAKTanraH 3Heprus xep CinkiHici TYpiHae 6ocaTbinraH caTKe AeidiH aHbIKTakabl. MyHpaalk aknapat
ceiicmobenceHai aymakTapAblH TEKTOHMKa/bIK MPOLECTEPiH 3epTTeyde, >Xep 6eTiHAeri pedepeHCTIK TipeKTiH
LUbIHAaAbI OPHBIH 6enrineyae Ae rbinbIMU-NPaKTUKa/bIK Kbi3bIrYLUbI/bLL TaHbITaAbI.
TYWIiH cesfep: ep KbIpTbIChl, Xep CinKiHici Kayni 6ap aymakTap, CyTHUKTIK MOHUTOPUHT, KO3rany feHreiii

XK. WW. XXaHTaes, A. A. Kangbi6aes, C. M. HypakblHOB, A.C. ¥ pa3anues, A.b. KaiipaH6aeBa
MHCTUTYT noHocgepsl AO «HLKNT», Anmatbl, KasaxcTaH

HAYYHO-METOAOWYECKWNE OCHOBbI GPS MOHUTOPUHIA MHTEHCWBHbBLIX MOABUXXEK
3EMHOW KOPbl B CENCMOAKTVBHbLIX PETMMOHAX KA3SAXCTAHA

AHHoTayusa. B mupe 3a nocnegHve 40 neT yuiep6 oT NpPMPOAHbIX KaTtacTpod Bo3poc B 9 pas3, a UX YacToTa B
5 pa3, npy 3TOM TeMnbl pPoOCTa 3KOHOMWUYECKOro yulep6a OT CTUXMIAHbIX 6GeACTBUIA OMepexalT TeMMbl pocTa
06bEMOB MPOMBILLNEHHOTO NPou3BoAcTBa [1]. [Ans KatacTpod, Npov3olefinX B MOCNe4HWE TOAbl, XapaKTepHo
60/bLIOe KOMMYECTBO €AUHOBPEMEHHO NOrnbLwmnx nogeit (ot 3emneTpsiceHms 2018 roga B HAoHe3un) [2]. B cBsizm
C 3TUM, B pewleHuax OpraHmsaumm O6befMHEHHbIX Hauunid, Apyrux MexayHapoAHbIX OpraHu3aumii n B 3akoHe PK
[3] nopuépkuBaeTcA, u4TO B 6OpbOYy C 6GeACTBUAMM [LOMKHbI BKAUWATHCA MPaBUTENbCTBA, MEXAYHapOAHble
OpraHv3aLun u Hay4YHble MHCTUTYTHI.

KasaxcTaH He fBNSeTCA WUCK/AOYEHWEM W3 O6LEeMUPOBLIX 3aKOHOMEPHOCTEN BO3HWMKHOBEHMS UC u ux
HeraTMBHOr0 BO3[ENCTBUA Ha COLManbHYH chepy ¥ OKpYXarlyk cpedy. 3a MOCAeAHUe CTO C HeBOMbLUMX NET B
CeliCMOaKTMBHbIX Tepputopusax KasaxcTaHa MPOU3OLUAN pa3pyLUUTE/bHblE U KaTacTpOPUUecKue 3eM/IETPSICEHNS,
Takue Kak BepHeHckoe (1887r.), Uunukckoe (1889r.), KemuHckoe (1911r.), nocnegHue, ABa U3 KOTOPbIX OTHOCATCS
K CaMbIM CU/IbHBIM Ha KOHTUHEHTaNbHOW YacTy EBpasun 3a BClO UCTOPUIO HabnaeHnin. Bo3HMKHOBEHME NOAOBHbLIX
ceiicMmyecknx KatacTpod B OyayuieM BecbMa BEPOATHO W SBAAETCA CMEACTBMEM MpeablayLinx 3Tanos
reonornyeckKoro pasBUTUSA permoHa M ero COBPEMEHHOW reoguHaMMYeckoil nosuummn. Bee 3To CBUAETENLCTBYET 0
Heo6X0AUMOCTN U3YYEHNs MPOSIBNEHUIA reogMHaMUYECKUX NPOLECCOB, BbISIBNEHUS NPeBECTHUKOB CEMCMUNYECKON
aKTUBHOCTU.

CuctemMa MOHUTOPUHIA - 3TO KOMMJIEKC YCTPOMCTB U CMOCO6OB HabMIOAEHNS HA MHTEpBasie BPEMEHM, aHann3a
[LAHHBIX U MPUHATUASA PELLEHUld, CBSI3aHHbIX MeXJy CO060A W NpeAocTaBfOWMX WHGPOPMALWK O COCTOSHUK
KOHKpPEeTHOro 06bekTa. Llenblo n1060ro MOHMTOPMHIa ABASETCA CO60p CBeAeHWIA, MO3BONAIOWUX NpeasynpeauTb O
MOArOTOBKE Ype3BbI4aNHOW CUTyaL MU NPUPOSHOIO M TEXHOFEHHOr0 XapakTepa, B TOM YWC/e BbISIBNEHUE OMacHbIX
MPOLIECCOB Ha CTaAMMN UX 3aPOXKAEHNS.

B paHHO cTaTbe paccMmaTpuBaeTcd GPS MOHWTOPUHT 418 W3Y4YEHWs COBPEMEHHbIX Te0fMHAMUYECKMX
npoLieccoB B MacluTabax BCeil CTpaHbl. [ 3TOro Heo6XxoAMMO afanTMpoBaTh MOCTYNaloLWMe JaHHbIE K PEeLIeHUIo
reogvHaMM4eckux 3afay u, TeM CaMblM, 06ecrneynTb [OCTOBEPHOE MOKPbLITME CEMCMOOMNACHbIX TEPPUTOPUIA, UTO
MMeeT BaXHOE MpaKTWYecKoe 3HayeHUe B CENCMOPAOHMPOBAHMM W MPOFHO3€ CUMbHBIX 3eMeTpsaceHwin [4].
MOHWUTOPUHI [ABWXKEHWUIA 3eMHON MOBEPXHOCTU B peasbHOM BpeEMeHU MO03BONSAET OTCAEXMBATb CMeLeHUs ¢
CYyOMUANMMETPOBOM TOYHOCTLK M COCTAaBAATb AUHAMUYECKU OOGHOBMsSEMble KapTbl [BVXXEHMWS, KaK MaTepUKOB,
NUTOCHEPHbIX NAUT, TaK U OTAE/NbHbIX Fe0NOrMYecKMX 6/10KOB, HaXOAALMXCS B CEACMOAKTUBHbLIX obnactsax. o
3TUM [aHHbIM OMpPeAensitoT CKOPOCTb HapacTaHWUs HampshKeHW n aedopmaumii 3eMHOW Kopbl 40 MOMEHTa, Korjaa
HanpsbkeHWe CTaHeT KPUTMYECKUM W HaKOM/EHHas 3Heprus BbICBOGOAWUTCA B BuAe 3emnaeTpsiceHusi [5]. Takas
MH(OpMaLna NpeacTaBnseT Hay4HO-MPaKTUYECKUA WHTEpec, Kak Mpu W3YYeHWU TEeKTOHWYECKMX MpOoLLeccoB
CeliCMOaKTVBHbIX TEPPUTOPMIA, TaK U NPU YCTaHOB/IEHNW UCTUHHOIO MOJIOXEHUS HAa3eMHOro ped)epPeHCHOr0 KapKaca.

KntoueBble cnoBa: 3eMHas Kopa, ceiicMoonacHble TeppuTopuii, GPS MOHUTOPUHT, CKOPOCTU CMeLLEHNIA.
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