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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.
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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 of the 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 of the 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 of the GPS-
observation network, allows us to study in detail the deformation processes of the 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 of the 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 Tonosphere 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 of 30 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 of the Trimble company [9]. These stations are located in the largest centers and cover 80% of the
territory (figure 2).
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Figure 2 - Network of GPS stations “Leica Geosystems Kazakhstan” and “Trimble”

— 178 ——



ISSN 1991-346X Series physico-mathematical. 3. 2020

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 II [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 of a
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).
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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 of the 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 EURAOS 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 5.201
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 1.35 1.45 -0.008 7.81 7.81 2.72CHLK
2.17 4.59 2.17 4.59 1.43 1.47 -0.035 1.54 1.54 3.47 TURG
-0.81 2.42 -0.19 -0.10 0.10 0.10 0.007 0.71 -0.01 0.02 SELE
1.64 -0.32 1.64 -0.32 1.21 1.26-0.011 5.37 5.37 1.53 CHSH
0.26 5.86 0.26 5.86 1.23 1.29 -0.007 0.24 0.24 1.68 TSHN
4.06 1.80 4.06 1.80 1.33 1.39 0.006 1.88 1.88 2.541ZVS
2.27 1.87 2.27 1.87 1.25 1.31 0.002 4.25 4.25 2.02 MATB
0.15 -1.99 0.15 -1.99 1.25 1.30 0.004 5.57 5.57 1.93 KURY
0.70 1.52 0.70 1.52 1.32 1.43-0.013 -0.65 -0.65 2.86 KAST
-1.75 2.55 -0.14 1.83 0.83 0.83 -0.003 1.05 -0.34 0.17CHUM
-0.45 1.42 0.40 -1.53 0.71 0.72 -0.005 2.03 0.32 0.17 POL2
5.96 -14.7 5.96 -14.7 1.24 1.29 -0.003 12.42 12.42 1.78SUMK
2.83 9.56 2.83 9.56 1.35 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.

K. III. XKanraes, A. A. Kaaasioaes, C. M. HypakbinoB, A.C. Ypa3aaues, A.b. Kaiipan6aeBa
Honocdepa uncturythl, «¥YF3TO» AK, Anmater, Kazakcran

KA3AKCTAHHBIH CEHCMHUKAJBIK KAYIIITI AUMAKTAPBIHJIAFBI
7KEP KbIPTBICBIHBIH KAPKBIH/bI KO3FAJIBICBIH GPS MOHUTOPHUHI'VIEY JATH
FbUUIBIMU-9AICTEMEJIIK HET'T3JIEPI

AHHoTanus. Onemzae coHrsl 40 KbUIAAa TAOWFH armaTTapaaH KeJIreH 3aiail 9 ece eCTi, ajl OIapablH KHULUIIr 5 ece
ecti, Oyn perre Taburu anarrapiaH OOJFaH SKOHOMHKAIBIK 3aJaNJIbIH ©CYy KapKbIHbI OHEPKACINTIK OHIIpiC
KeJIEeMiHiH eCy KapKblHbIHAaH 033161 . COHFBI JKbI1Iapbl O0JIFaH anarrapra Oip yakbITTa Ka3a TalkKaH aJlaMIap/blH Kol
canbl ToH (2018 xbutrbl MHnoHe3usnarb! xkep cinkinicineH). Ockbiran OaitnanbicThl, bipikkeH ¥nrTap ¥HBIMBIHBIH,
Oacka &a xanbIKapajiblK YHbIMAApAbIH Iuemrimaepinae xone KP 3aHpiHAa amaTka Kapcel Kypecke YKiMmeTTep,
XaJIBIKAPANBIK YABIMIAP MEH FBUIBIMA HHCTUTYTTAp €Hri3inyi Tuic. TeTeHIe xargaiiap/blH naiiaa O0aybIHbIH jKoHE
OJIApIbIH ONICYMETTIK cajla MEH KOpIIaFaH OpTaFa Tepic 9CepiHiH Kalmbl JIEMIIK 3aHIbUIBIKTapbiHaH Kazakcran
ammax emec. CoHFBI XY3 KbumaH Oepi KasakcranHbIH ceficMoOenceHni aymakTapeiHna Beprenckoe (1887x.),
[enex (1889xk.), Kemuack (1911k.) CHAKTBI KOHUKBIH JKOHE amaTTHI Kep CiIKiHICI OOJIBI, OJIApIBIH COHFBI €Keyi
Oykin Oakpuiay TapuXBIHIAAFBl EypasusHBIH KOHTHHEHTANBIB! OeliriHAe eH KyITi 0okl Tabpuiamel. bomamakra
OCBIHIAK CeflCMHUKaJIBIK araTTapblH Iaiifa 00ybl OHIPAIH T€OJOTHsIIBIK JaMybIHBIH JIABIHFBI KE3eHICPiHiH XKoHEe
OHBIH Ka3ipri reo{MHAMUKaIbIK IO3HLUACHIHBIH cajnapbl 00Jbln TaObuIagpl. OCBIHBIH OapibIFbl T€OAMHAMHUKAIBIK
NpPOLIECTEP/IIH KOpIHICTEPiH 3epTTey, CeHCMUKANBIK OENCeHIUIIKTIH Xa0apIublUIapblH aHBIKTAy KaXKETTUITiH
KepceTe.

MOHHTOPHHT JKYHeci-Oy1 yakbIT apaiblFblHIAa Oakbliay, JEpeKTepll Taliay »MKoHe e3apa OalaHbICTHI
mremiMaep Kaoblinay jKoHE HaKThl OOBEKTIHIH JKaF[albl Typallbl akmnapaT OepeTiH KYpbUIFbUIAp MEH ToCUIIepAiH
kemeHi. Ke3 KelreH MOHHTOPHHITIH MakcaThl TaOWFW JKOHE TEXHOTCHIIK CHIIATTaFbl TOTEHIIE >Karaailnapra
JAWBIHAATY KEPEeKTIriH ecKepTyre MYMKIHIIK OepeTiH MoiiMeTTepli ’KMHay, OHBIH IMIiHJe KayilTi mpouecTepui
naiina 00Ty Ke3eHiHe aHBIKTay OOJIBIT TaObLTAIBI.

Byn makamama Oykinm enm KeleMmiHIE Ka3ipri TeOJMHAMHUKAIBIK IIPOLECTEPAl 3epTTey YIIiH CITyTHHUKTIK
MOHHTOPHHT KapacThIpbutanpl. O YIIiH KeJil TYCKeH JepeKTep i Te0JMHAMUKAIBIK MIHACTTepAl menryre Oefimaey
Ka)XeT, COJI apKbUIbl CeHCMHKAIIBIK KayiNTi ayMaKTap/bl JyphIC a0y bl KAMTaMachl3 €Ty KaxeT, Oyil celiCMHUKaIIbIK
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ayJlaH/ay1a )KoHEe KYLITI )Kep CUIKIHICTepiH OoJnkaMaay1a MaHbI3/Ibl TPAKTUKAIBIK MOHTe ue. JKep OeTi Ko3FalbIChiH
HAKTBl YaKbpITTa MOHHUTOPHHTINIEY CyOMIJUIMMETPIIK IOJAIKIIEH XBUDKYIBl KaJarajayFa jXoHE ceHcMOoOenceHmi
aliMakrapia OpHaJIACKaH MaTepUKTep, JUTOC(EpalblK IUIMTANAP CHAKTHI JKEKEJIEreH TI'eOoJIOTHSUIBIK OJOKTapIblH
JIMHAMHKAJIBIK KaHAPTBUIBII OTHIPAThIH KO3FAJIBIC KapTajapblH KypyFa MyMKiHIIK Oepeni. Ochl nepekTep OoibIHIIa
Kep KbIPTHICHIHBIH KEPHEYJIEPIHIH ©6CY JKbULIAMIBIFBIH XKOHE J1e(OpPMAIMACHIH KEPHEYIH KPUTHUKAIBIK JCHrenre
JKETIN JKOHE JKMHAKTAJIFaH 3HEPIHs JKep CUIKIHICI TypiHAe OOocaThUIFaH COTKE JeiiH aHbIKTaiabl. MyHIail aKnapar
ceiicMoOesIceHli ayMaKTapJblH TEKTOHUKAJBIK IPOLECTEPIH 3epTTeyne, >kep OeTiHieri pedepeHCTIK TipeKTiH
IIbIHAIBI OPHBIH OeNriney e e FhUTBIMHU-IPAKTHKAIBIK KbI3BIFYIIBUIBIK TAHBITAIbL.
Tyiiin ce3aep: xep KbIPTHICHL, JKep CLIKiHICI Kaymi 6ap ayMaKTap, CIyTHUKTIK MOHUTOPHHT, KO3FaIy IEHTeHi

K. III. ’Kanraes, A. A. Kaaasi6aes, C. M. Hypakbinos, A.C. Ypa3zaaues, A.b. KaiipanoaeBa
Wuctutyt nonocdpepst AO «HIUKUT», Anmarsl, Kazaxcran

HAYYHO-METOJUYECKHUE OCHOBBI GPS MOHUTOPUHI'A MHTEHCHUBHBIX TOJABUKEK
3EMHOM KOPBI B CEUCMOAKTUBHBIX PETUOHAX KA3BAXCTAHA

Annoranusi. B mupe 3a nocnenuue 40 ner ymep0 oT npUpoAHBIX KatacTpod Bo3poc B 9 pa3s, a UX 4acToTa B
5 pa3, pH 3TOM TEMITBI POCTa SKOHOMHYECKOTO ymiep0a OT CTUXUHHBIX OCICTBHII ONEpEeKalOT TEMITBI POCTa
00BEMOB TIPOMBIIIICHHOTO Tpon3BojacTBa [1]. s kaTacTpod, MPOU3OMIEAIINX B MOCICIHUE TOIBI, XapaKTEPHO
00JBIIIOE KOMMYECTBO €IMHOBPEMEHHO Mmoruommx jroaei (ot 3emuerpsicerns 2018 roga 8 unonesun) [2]. B cBsizn
¢ otuM, B pemenusx Opranuzamun O6beanHeHHBIX Hanumil, qpyrux MexayHapOoIHBIX OpraHu3anuii U B 3akoHe PK
[3] momuépkuBaercsi, 4to B OOppOy C OEACTBHSMH IOJKHBI BKJIIOYHUTHCS IPABUTEIbCTBA, MEXKIYHAPOHbIC
OpraHM3alUH U HAYYHBIE HHCTUTYTHL.

Kazaxcran He sBisieTcsi WCKIIIOYEHHMEM M3 OOLIEMUPOBBIX 3aKOHOMepHocTel Bo3HHMKHOBeHHs YC u wux
HEraTHBHOTO BO3IEHCTBHSI Ha COLHMAIBHYIO Cepy U OKPYKAIOLIYI0 cpeny. 3a MOcielHHe CTO ¢ HeOOJIbLINX JIET B
CeiCMOAKTHBHBIX TeppHTOpHsiX KaszaxcraHa NpoW3oLUIM pa3pyLIMTENbHbIE W KaTacTpo(UUECKHe 3eMIIETPSICEHHS,
takue kak Beprenckoe (1887r.), Unnmkckoe (1889r.), Kemunckoe (1911r.), mocnenuue, 1Ba U3 KOTOPBIX OTHOCSTCS
K CaMbIM CHJIbHBIM Ha KOHTHHEHTaIbHOU yacT EBpa3un 3a Bcio McTopHio HaOoaeHniH. Bo3HUKHOBeHNE 110I00HBIX
celicMMUYeCKHX KaracTpod B OyaylieM BecbMa BEpOSTHO M SIBISETCS CIEACTBHEM NPENBIAYIINX 3TAIoB
TEOJIOTHYECKOTO Pa3BUTHS PETHOHA U €r0 COBPEMEHHOW Te€OJMHAMUYECKOH MOo3uIu. Bce 3TO CBHIETENhCTBYET O
HEOOXOIUMOCTH M3yUYCHHS TIPOSBICHUN T'€OAMHAMHYECKUX TPOIECCOB, BBIABICHUS MPEIBECTHUKOB CEHCMUYECKOM
aKTUBHOCTH.

CucremMa MOHHUTOPUHTA — 3TO KOMIUIEKC YCTPOWMCTB U CIIOCOOOB HAOIOACHUS HA WHTEPBAJIC BPEMEHH, aHAIIN3a
JAHHBIX W TPUHITUS PEUICHUH, CBS3aHHBIX MEXIY cO0OW M MPEeNOCTABISIONMX HWH(POPMAIUIO O COCTOSHHU
KOHKpETHOro 00BekTa. Llenpio mo0oro MOHUTOPHHTA SBISETCS COOP CBEACHHWH, MO3BOJSIOMNX NPEIyNPEennuTh O
IIOATOTOBKE '-lpe3BbI’-IaI7[HOl>i CUTyalluu MPUPOJHOI0 U TEXHOI'CHHOI'O XapaKTepa, B TOM YHUCJIE€ BBIABJICHHUE OMMACHBIX
MPOLIECCOB HA CTaIMH UX 3apOXKICHUSI.

B nannoii crarbe paccmartpuBaercst GPS MOHHTOpHHr U1t M3y4YEHHUs] COBPEMEHHBIX TI'€OAMHAMUYECKHX
IporeccoB B Macmtabax Bceld crpansl. [ 3TOro HEOOXOAMMO alalTUPOBAThH MMOCTYNAIONINE TAHHBIE K PEIICHUI0
reoIMHAMUYECKHX 3a/lad M, TEM CaMbIM, 00ECIICUUTh IOCTOBEPHOE MOKPHITHE CEHCMOONACHBIX TEPPUTOPHH, YTO
UMeeT Ba)KHOE MPAKTHIECKOE 3HAYCHHE B CEHCMOPAOHMPOBAHMH W TPOTHO3E CHIBHBIX 3eMieTpsiceHuit [4].
MOHUTOPHHT JABIKCHHH 3€MHOH TOBEPXHOCTH B pPEaTbHOM BPEMEHH II03BOJISICT OTCIIEKHBATH CMEIICHUS C
CyOMIITIMETPOBOW TOYHOCTBIO M COCTAaBIATH JAWHAMHYECKH OOHOBIISIEMBIC KapTHl NBHKCHHUS, KaK MAaTEPHKOB,
nuTocepHBIX IUIUT, TaK M OT/ACNbHBIX T'€0JOTMYECKUX OJIOKOB, HaXOJIIMXCS B CEHCMOAKTUBHBIX obOiacTsx. [To
STHM JTaHHBIM OIIPEIEIIOT CKOPOCTh HapacTaHWs HANPSHKCHUH W AedopMariuii 3eMHOH KOpHI 10 MOMEHTa, KOTJa
HaNpsDKCHWE CTAHeT KPUTHYECKUM W HAKOIUICHHAs SHEprusl BBICBOOOTUTCA B Buae 3emiierpsicenus [5]. Taxas
nH}opManusl IPeACTaBIsSeT HAayYHO-IPAKTHUECKMH MHTEPEC, Kak IPH W3YYEHUH TEKTOHHYECKHX IPOLIECCOB
CEeICMOAKTHBHBIX TEPPUTOPUIL, TaK U MPHU YCTAHOBJICHUH UCTUHHOTO TOJIOKEHUSI Ha3eMHOr0 pe()epeHCHOro KapKaca.

KiroueBble ciioBa: 3eMHas Kopa, ceiicMoonacHsle Tepputopuii, GPS MOHUTOPUHT, CKOPOCTH CMEIIEHU.
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