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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.
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SATELLITE OBSERVATIONS OF EARTH CRUST AT ALMATY GEODYNAMIC POLYGON

Abstract. Problem of modern geodynamics is considered. Information on the modern movements of
earthcrust in Central Asia, including Alataufoothills, which is seismic active geodynamic regionis presented.
Geodetic observation methods play an important role in the study of the current movements of the earth’s
surface. For this reason, geodynamic polygons are created.

Almaty geodynamic polygon (GDP) wascreatedintheyearsbetween 1970 and 1971. The area is located
in the zone of 5 deep faults andit refers to Almaty seismic areas with magnitude of 9.Since 1971 in Almaty
geodynamic polygon have been hold about 52 cycles of high-precision leveling classesl and II. Leveling
network consists of 5 sections that laid in the area of 200 .

Demand for geodynamics is also connected with the large-scale construction in the city, underground
tunneling, etc. Data ongeological and geophysical conditions of Almaty has been collected.Particular
attention is paid to modern determining methods of vertical movements of earthsurface by high-precision
digital leveling and horizontal movements using GPS-measurements.Information on the organization of
geodynamic processes monitoring in Almaty geodynamic polygon (GDP) is provided by the Institute of
Seismology of the Republic of Kazakhstan and Satbayev University.

The paper analyzes the results of high-precision leveling and GPS observations.The graphs of changes
in the nature of vertical movements were built. According to the results of GPS measurements, the tables,
graphs and analysis on the comparative results are shown, and the values of horizontal displacements on the
GDP were evaluated. The following parameters of deformations were calculated: shift, dilation, rotation,
maximum and minimum tension, compression and azimuth.

Information on the organization of geodynamic processes monitoring in Almaty geodynamic polygon
(GDP) is provided. Work results can be applied in any urbanized areas available for GPS.

They can also be taken as a basis for control of especially critical areas of long-distance objects, mineral
deposits development.

Key words: geodynamics, Almaty geodynamic polygon, monitoring, geodetic methods, GPS-
measurements, interpretation of results.

Introduction. The Central Asia region (Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and
Uzbekistan) has complex contrasting relief and is very interesting for study of inland geodynamics. Active
modern geodynamic processes are associated with the ongoing mountain forming in significant part of
Asia, determine the high seismicity of this region.It is of significant practical interest. High seismicity of the
Prialmatinsky region is proved by the 4 largest earthquakes known to us (Belovodskoe with a force of 9.5
points in 1885, Vernenskoe with a force of 7.3 points in 1887, Chilikskoe with a force of 8 points in 1899,
Keminskoe with a force of 10 points in 1911) that happened before.

Geodynamic activity consequences are expressed in the frequent occurrence of natural phenomena in
Central Asia, such as earthquakes, floods, landslides, outburst of glacier lakes, mudflows, droughts, etc.
Occurring natural and technological disastersentail the death of people, material and economic losses, create
environmental problems, and have strong negative impact on the sustainable development and well-being of
society in Central Asia.
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Almaty is located at the northern foot of Tien Shancrust, one of the most earthquake-prone in all of Central
Asia. Almaty is located in specific engineering and geological conditionsin the impact zone the strongest
earthquakes in the Northern Tien Shan. Geodynamic processes are also influenced by anthropogenic factors:
engineering activities, mining, underground tunneling, etc. [1,2].

Among the potentially dangerous natural disasters for Kazakhstan, according to the Agency for Emergency
Situations of the Republic of Kazakhstan, earthquakes rank first. About 18 million Kazakhstanis and about
450 thousand square kilometers of Kazakhstan are exposed to this danger. There are 27 cities and more than
400 settlements in the seismic zone. This territory contains about 40% of industrial potential of the country.

Intensive development of Almaty leadsto planning change, new large objects and structures, boundaries
expansion should affect the size and load of upper parts of geological section with some changes in
somegeodynamic parameters of upper section. In this regard, geodynamic state study of cities and urbanized
territories using traditional methods is laborious, therefore high-precision GPS observations are extremely
necessary for such areas and have significant practical interest.

Materials and methods. GPS observations will significantly simplify the technology of field work,
reducing it to simple observation procedures at individual points. Observation data are subjected to primary
processing using high-precision technology using well-known software packages such as BERNESE or
GAMIT / GLOBK in a specialized processing center. Further, results of primary processing are used for
interpretation and multifaceted analysis, which makes it possible to reveal detailed movement features and
territorydeformation.

Reliable information about rock mass deformations can be obtained by direct geodetic observations at
geodynamic polygons. Geodetic observations for predicting earthquakes in Kazakhstan began in the second
half of the 70s of the XX century by the creation of experimental base of Almaty GDP, geographically
coinciding with Almaty [3,4]. In modern works on earthquake prediction, methods of high-precision leveling
of I and II classes, high-precision global positioning systems GPS and GLONASS, as well as satellite radar
interferometry (InSAR - Interferometric Synthetic Aperture Radar), which appeared little laterare widely
used.

High-precision geodetic measurements make it possible to reveal mobility of blocks of near the fault,
which is essential for geodynamic situation assessment ofareaunder study. But geodetic measurements are
discrete, they do not allow obtaining complete picture of deformation processes in time. This can be done
only using complex method of geomonitoring (geodetic, seismological and gravimetric) [5,6].

Results. Main goal of geodynamic monitoring is to createsystem of rapid response and early warning in
any type of hazard, such as earthquakes, landslides, hydrometeorological hazards, or caused by anthropogenic
impact on the environment. Important point in carrying out these works will be the use of modern instruments
for monitoring andmethods development for mathematical modeling of geodynamic processes for predicting
natural and man-made disasters [7,8].

Construction of the Central Asian GPS network began in 1992. At present, it unites 639 points, of which
in the territory of Kyrgyzstan -319, Kazakhstan-169, Tajikistan -42, Uzbekistan-35 and China -74 points.
These stations are monitored, data of GPS measurements are stored in the database of the NS RAS (Fig. 1).

155°

#5° 45
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Fig. I - Central Asian GPS network.
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Deformation’s probability of earth surface is quite high for large megalopolises, such as Almaty.
Mountainous area surrounding Almaty is the most densely populated region in Kazakhstan, prone to numerous
risks of natural disasters (earthquakes, landslides, floods and mudflows). Landslide processes on Almaty
territory and neighboring Central Asian countries are widespread due to the predominance of mountainous
relief.

Deformations can be caused by both technogenic and completely natural factors: pressure on the ground of
buildings and structures, large-scale multi-storey construction, intensive development of underground space,
traffic flows increase, etc. These problems and difficulties are eliminated using geodynamic monitoring, main
purpose of which is to obtain operational information about geomechanical processes occurring in the strata
of rocks and earth surface and consequences they cause, necessary for the timely adoption of preventive
measures.

Specialists of the Institute of Seismology and staff of Seismological Experimental and Methodological
Expedition (SOME) created local networks of continuously operating GPS stations of Almaty GDP, Kazakhstan
(Fig. 2), where constant observations and interpretation of GPS measurements are carried out. Observations
are based on data of local network of continuously operating GPS stations of Almaty geodynamic polygon.

- Stations equipped with
quartz strain gauges

, - -Stations equipped with

a range finder

_ -Stations eqliipped with
GPS equipment

{ A -

Fig. 2 - Local and permanent networks SOMEand Institute of Seismology.

On the local network, primary processing was carried out on <NOTEBOOK» LGO version 7.0, taking into
account GPS measurements accuracy, including number of observed satellites, geometry of their location,
observation duration, ephemeris accuracy, ionospheric and multipath effects and correspond to closed software
package. At the output of these programs, adjusted coordinates, adjusted values errors and their correlation
matrices are given. Pofiles of coordinatesshift of some points of local network for different observation cycles
are shown in Fig. 3. For comparison of coordinates,measurements results of 2018 were taken, processed with
reference to permanent station «Selezashchitay (Table 1) [9,10].
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Table 1- Comparison list of triangulation points coordinates of measured by GPS receiver

2016 2017 2018
e m Latitude, 0 Longitude, A | Latitude,® | Longitude A | Latitide @ | Longitude A
1 2 3 4 5 6 7 3
1 | Boroldai 43184810904 | 76483320962 | 43184810891 | 76483321000 | 43184810893 | 764833,20999
2| Chanalysav 43083210475 | 76465616778 | 43 083210452 | 7646 56,16780 | 43083210432 | 764636,16858
3| Pionersky 43125713447 | 76472085517 | 43125713445 | 76472085502 | 43125713403 | 764720,85459
4 | Port- Arthur 43154522001 | 77001168804 | 43154522289 | 770011,68926 | 43154522385 | 77001168881
5| Raratumsuk 3123203233 | 76561813709 | 43123203251 | 76561813718 | 43123203243 | 765618,13718
6 | Uzbek 43113628083 | 76432682908 | 43 113628062 | 7643 26,82932 | 43113628051 | 764326,82923
7| Kursai 43003309853 | 76493608408 | 43093309855 | 76493608442 | 43003309838 | 76493608485
8 | Gomiy Giant 3115348280 | 77003134657 | 43115348309 | 77003134673 | 43115348319 | 77003134671
9| Beresovoy 43185205575 | 76441533208 | 43185205559 | 76441533231 | 431852.05545 | 76441533222
10 | AtaKurean 43001323150 | 76520708733 | 43201323145 | 765207,08729 | 43201323086 | 765207,08765
i1 | GES 43004188212 | 76553850146 | 43 09 41 88229 | 76553850160 | 43004188230 | 765538 50161
12 | Kurtugul 3125737240 | 770318.64999 | 43125737271 | 7703 1864952 | 43125737269 | 77031865021
13 | Karauldv noy 151877374 | 76433153042 | 43151877340 | 764331,53097 | 43151877318 | 76433153965
14 | Prigorodaiy 43191280371 | 77012430216 | 43191280302 | 77012430414 | 43191280348 | 770124,30283
15 | Basin 43162486958 | 76462677922 | 43162486940 | 76462677935 | 43162486939 | 76462677942
16 | Koturbulak 43161503219 | 77051650689 | 43161503227 | 770516,50705 | 43161503226 | 770516,50704
17 | Tastvbulak 43063616876 | 76494550482 | 43 063616811 | 76494550499 | 43063616895 | 76494550528
18 | SELE 43104343500 | 77010083783 | 43104343590 | 77010083783 | 43104343590 | 770100,83783
Table 1.

2019 2019 Ne points | Latitude Ap, | Longitude Al
Ne : - according to " "

s haunis 0 Longinde & | "G

1 2 9 10 1l 12 13
1 Boroldai 431848,10901 76483321009 2 -0,00003 0,00047
2 Chanalysay 430832,10434 764656.16847 10 -0,00041 0,00069
3 Pionersky 4312571332 76472085787 15 -0,00132 0,00270
4 Port- Arthur 43154522440 770011,68856 14 0,00239 0,00052
5 Karatumsuk 431232,03245 765618.13721 16 0,00012 0,00012
6 Uzbek 43113628046 764326.82926 11 -0,00037 0,00018
7 Kaursai 430933,00858 764936,08406 17 0,00005 0,00002
8 Gorniy Giant 43115348309 77003134672 7 0,00020 0,00015
9 Beregovoy 431852,05546 76441533273 1 -0,00029 0,00065
10 Ata-Kurgan 43201323110 765207,08806 3 -0,00040 0,00073
11 GES 43094188227 76553850167 8 0,00015 0,00021
12 Kustugul 431257,37239 770318,65014 6 -0,00001 0,00015
13 | Karauldvnov 431518,77349 764331,54008 12 -0,00025 0,00066
14 Prigorodniy 43191280360 77012430305 4 -0,00011 0,00089
15 Basin 43162486927 764626,77897 13 -0,00031 10,0002
16 Koturbulak 431615,03218 770516,50697 5 -0,00001 0,00008
17 Tastybulak 430636,16896 76494550512 9 0,00020 0,00030
18 SELE 43 10 3.43590 77 0100,83783 SELE 0,00000 0,00000

96




ISSN 2224-5278 Series of Geology and Technical Sciences 6. 2021

0,00050

0.00M0

£.0000

€.00100

£.001%0

«oxa = Longitude A

= Latitude @

s5ec

0,00250 <+

0,00200 +

000150 +

0,00100 1

000050 |

0,00000 T

000050

-0,00100 +

! = Longitude A
0001501 = Latitude @

Fig. 3 - profile of coordinates shift of Pionersky 15 point and b) Port Arthur - 14 point.

Discussion. From Figure 3, (Pionersky) and (Port-Arthur) points have the greatest displacements, for
example, over these years, Pionersky point has shifted in latitude to the north by 0,00132, in longitude to the
east by 0,0027then the point Port -Arthur in latitude moved in the opposite direction by 0,00239, in longitude
to the east by 0.00052 (Fig. 3, a).

Point 15 - Pionersky in 2008 - 2017 was almost stationary, and in 2018 its shift to the east in longitude was
0,00328, in latitude to the south - 0.0088. Point 14 - Port Arthur has minor latitude and longitude offsets(Fig.
3.b).

When determining reasons for displacements of above points in longitude and latitude, based on data
of repeated leveling and GPS observations, studies results of the Institute of Geophysical Research of the
National Nuclear Center of the Republic of Kazakhstan were taken into account and, together with thestaff
of the Seimological Experimental and Methodological Expedition, geophysical research was carried out in
2019. According to SOME studies, from 2005 to 2018, 1347 earthquakes of 2—3 magnitude were registered
in Almaty and its environs, and new scheme of tectonic faults in the territory of Almaty GDP was revealed

(Fig. 4).
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Fig. 4 - Scheme of tectonic faults combined by triangulation points.
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Figure 4 shows that the Ile, Predgorny and Zhanaturmys tectonic faults pass between the Tastybulak-
Kursai-Pioner points, and also corresponds to the maximum value at the junction of Almaty and Boraldai
faults ofpoint 15 Pioner. There are no tectonic faults between the points of Gorny Gigant and Port-Arthur,
and only the 14th Port-Arthur point is located at the confluence of the Foothill and Zhanaturmys faults [11].

And also, in local areas, leveling was carried out with digital laser level of Trimble DiNi company with
barcode rail. System advantage is measurement simplicity, absence of reading and writing errors, automatic
calculation of heights during measurement and data recording.

Based on the results of re-leveling data, stable regularities of time course of changes in the excess have
been established. For example, for strong earthquakes with magnitude of more than 5, removed from the
leveling profiles by no more than 200 km, several years before the earthquake, the surface tilts in the north
direction; 1-2 years before the earthquake, slope ceases and reverses sign. Several years before the earthquake,
changes patternsin the elevations along different profiles are consistent [12].

Horizontal deformationsstudy showed that they deformations are block nature and before earthquakes
they reveal horizontal compression (even for distant earthquakes), and after - tension. Main compression axes
are oriented across the faults (Fig. 5), where earthquakes with magnitudes from 6,1 to 7,3 occurred.

Vertical deformations are oscillatory nature, but at the same time, for several years before strong
earthquakes, tilts of earthsurface in the meridional direction are observed, which can change sign within one
or two years [13].

The complex of works from receiving and processing initial data of satellite monitoring of movements
of the earth’s surface to obtaining the final product in the form of maps of velocities of the earth’s crust is
the basic basis of the developed methodology for studying the geomechanical state of the crust of crisis
areas using satellite technologies and mathematical modeling.

Presented results are certain stage of our research, later they will be supplemented with new data.
Comprehensive monitoring made it possible to reveal blocks mobility of near the fault, which is essential
for geodynamic situation assessmentof study area and will be used for analysis, which makes it possible to
reveal movement features of the region’s crust.

Conclusions. 1. The analysis of geological and geophysical characteristics of the territory and Almaty
surroundings, as well as data on fracture tectonics, surface conditions was carried out. In general, data on the
deformations of the earth surface at the Almaty geodynamic polygon obtained from geodetic measurements
in recent years do not have strongly expressed anomalous character preceding strong earthquakes.

2. Comprehensive monitoring - observations, including high-precision re-leveling, GPS observations and
geophysical research, made it possible to increase labor productivity, measurement accuracy and collect
spatial data on the state of the earth crust in seismic zones. In Almaty GDP, it was revealed that tendency to
slow deformation of earth crust in time is directly related to seismic indicators and tectonic disturbances of
the Northern Tien Shan.

3. Vertical deformations are oscillatory, and horizontal deformations are of a block nature, where horizontal
compressions are found, main axes of which are oriented across the faults. Currently, map of the speeds of
modern vertical movements in the territory of the Republic of Kazakhstan is being compiled.

4. Performed complex of works from obtaining and processing the initial data of satellite monitoring of the
earth’s surface movements to obtaining the final product in the form of velocities maps of the earth’s crust is
the basis for developed methodology for geomechanical state studying of the earth’s crust in crisis areas using
satellite technologies and mathematical modeling.

«This research has been/was/is funded by the Science Committee of the Ministry of Education and Science
of the Republic of Kazakhstan (Grant NeAP08857097)».
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AJIMATHI TEOJJMHAMMKAJIBIK ITOJIMTOHBIHJIA )KEP KbIPTHICBIHBIH, JKAFJIANBIH
KEPCEPIKTIK BAKBIJIAY

AnHoTanusa. Makasana 0Ccbl 3aMaHFbI TeOJIMHAMUKA Macelenepi KapairaH. XKep KbIpThICBIHBIH OpTabIK
A3susarel, OHBIH immiHAe Anaray OOKTepiHAeri CeHCMHKAIBIK OeNCEeH i TeOJMHAMUKAIBIK aliMaK OOJbIT
TaOBIIAThIH 3aMaHayH KO3FaJIbICTaphl Typasbl aKnapaT KeNTipijreH.

JKep KbIPTBICBIHBIH aFbIMJIaFbl )KBUDKYIIAPBIH 3epJieieyie OaKblIay/IblH reoIe3HsUIbIK 9IiCTEPIYIIKEeH POIib
arkapazpl. Con ceOenTeH reoIMHaMIKAIIBIK TTOPIUTOH AP KYPhUTAIbl. AJIMaThl T€OJUHAMUKAIIBIK ITOJIUTOHBI
(TAIT) 1970-1971 xpinnap apanbiFbinga Kypbuirad. [1oguron 5 tepeH KapbulbIMIap *oHE MarHUTYAAchl 9
OanapIK AJTMaTBUTBIK CEMCMUKAIBIK ailMaKkTa opHaackaH. 1971 sxpurnan Oacram AJMaThl TeOIMHAMUKAIBIK
nonuronbiHaa | sxone I KmacThIK AQAITi KOFaphl HUBEIUPIIEYIISPIiH 52 MUK Kyprizinredn. Husenupiik
topan 200 kM ayaH bl aJIbIll )KaTKaH 5 y4aCTKEICH TYPaJIbl.

leoprHaMUKATBIK MOTIECIIETIEPAIH CYPAHBICH AJIMAThI CHUSKTHI METAIOIUCTET] ayKbIMJIbI KYPBUTBICTAPMEH
METPOTOJIUTEH KoHE T.0. )KyMBICTapFa J1a OalIaHbICTBI. AJIMAThl AHMaFbIHBIH T'€OJIOTUSIIBIK-Te0(N3UKAIBIK
JKaFaiibl Typabl MOIIMETTEp )KHHAKTAIIFaH.

Maxkanana »xep O€TiHIH BEpPTHUKalb KO3FAIBICTAPBIH YKOFAPHl JQIIIKTETi NU(QPIBIK HUBEIUPICY KOHE
TOpHU30HTAN BIFBICYIAphIH GPS enmmeMiepin KoiaHy apKbUTBI aHBIKTAYIBIH 3aMaHayH 9/IiCTEPiHe epeKIIe
Hazap aynmapburFaH. AnMatel reoquHamukanbelk —monmuronbHnarsl (IJII1) Kazakcran pecmyOnmuKachIHBIH
CEHCMOJIOTHSITBIK HHCTUTYTHI MeH CoT0aeB YHUBEPCHUTETIHIHI€OJMHAMUKAIIBIK IPOIIECTEP IiH MOHUTOPUHTIH
3aMaHay| acranTap/bl KOJJaHy KoHEe HOTHIKETIePiH MaTeMaTHKAIIBIK OHJIEY apKbUTBl YHBIMIACTHIPY TYpPalIbl
MosiMeTTepKenTipinreH. CoHBIMEH KaTap Ioufiri skorapel HuBcenupiey MeH GPS OGaxbuiaynmapblHBIH
HOTIDKENEpl TaljJaHFaH. BepTukanb BIFbICYIapAbl CHUIATTANTHIH JKBUDKY Tpadukrepi Kypburrad. GPS
eJIIICyJIeP/IiH HOTIKeIepi OOWBIHIIIA KecTelep, IpadUKTep ChI3bUIFAH JKOHE OJIapFa CaTbICTRIPMAITBI TAJIIAyIap
*acairaH, coHpIMeH Karap [ /111 narel ropn3oHTaNb BIFBICYIapFa Oara OepinreH. JledopManusiiapisiH BIFICY,
CBIFBLTY, MAKHMAITh )KOHE MHHHUMAaJIh CO3BLTYIap MEH a3UMYT CHUSKTHI TapaMeTpiiepi eCenTelTeH.

Kympic Hotmxkenepin GPS yImiH Kox xKeTiMIli Ke3-KelreH ypOaHu3alusIaHFaH aiiMakTap/ia KOJIIaHyFa
Oomaner. Onap coHpaili-ak, ajblHFaH HOTHKENEp epeKIe MaHbI3Ibl HBICAHIAP/bI, Maligaibl Ka30anap KeH
OPBIHJAPBIH UTEPLIETIH aiiMaKTap/bl OaKpUIayFa Heri3 OoJa anajsl.

Tyiinai ce3mep: reomuHamMuKa, AJMaThl TEOAWHAMUKAIBIK TTOJUTOHBI, MOHHUTOPHHT, T€OIE3HSIIBIK
onictep, GPS Gakpunaynapsl, HOTHXKeIEPAl Tajlaay.
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CIITYTHUKOBBIE HABJIOJAEHUA COCTOSHUA 3EMHOM KOPbI HA AIMATUHCKOM
IF'EOJMHAMUWYECKOM INOJIMT'OHE

Annoramusa. PaccMoTpeHa mpoOnema coBpeMeHHOW TeonuHamuKku. [lpuBeneHbl CBeneHUsS O
COBPEMEHHBIX JBIKEHUSIX 3eMHOW KOpbl LleHTpanbHON A3WM, B TOM 4YHCIE Mpearopbs Auaray, KOTOpPOe
SIBIISIETCS TIOBBIMIEHHBIM CEHCMUYECKUM aKTHBHBIM T€OAMHAMUYECKUM PErHOHOM. | eope3ndeckie MeToIbl
HaOIONIEHNI WTParOT OOJBIIYI0 PONIb B M3YYEHWH TEKYIIMX ABMKEHUH 3eMHOW moBepxHOCTH. [lo 3Toif
MIPUYUHE CO3/IAl0TCS TEOJUHAMHYECKUE TTONUTOHBI. ATMaTnHCKU reoguHamMudeckuii momurod ([/111) Obun
cozgad B nepuog ¢ 1970 mo 1971 roxn. Paiion pacnonokeH B 30HE 5 IIyOOKHX Pas3jiOMOB M OTHOCHTCS K
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AnMaTUHCKUM ceiicMuYeckuM 30HaM ¢ MarHutyaod 9. C 1971 roga B AIMaTHHCKOM T'€OIMHAMUYECKOM
MOJINTOHE TIPOBEACHO OKOJIO 52 LUKIOB BBICOKOTOUHOTO HUBenupoBanus I u Il xnaccos. Husenupnas cetb
COCTOHMT M3 5 Y4aCTKOB, MPOJIOKEHHBIX Ha muromai 200 kv,

BocrpeboBaHHOCTh TeOIMHAMUKH CBSI3aHA U C BEACHUEM B TOPOJIE KPYITHOMACIITAOHOTO CTPOUTEILCTRA,
MTPOXOJIKOH MeTponoiuTeHa U p. CoOpaHbI TaHHBIE O T€OJIOTO-Te0(hU3NIECKUX YCIOBUAX T.AnmMaTsl. Ocoboe
BHUMAaHUE Yy/IEJICHO COBPEMEHHBIM METOJ[aM OIPE/IEICHUs] BEPTHKAIBHBIX JBHKEHUH 36MHOH TTOBEPXHOCTH
BBICOKOTOYHBIM ITH(QPOBHIM HUBEIMPOBAHUEM W TOPU3OHTAIBHBIX JBIKeHUH Metogamu GPS- m3mepenuii.
[IpuBeneHsl CBelGHUS OpPraHMW3AallMd MOHHUTOPUHTA TEOJUHAMHYECKHX IIPOIECCOB B AJIMaTHHCKOM
reoguHamuuaeckoM rnonaurone (II1T) Mucturyrom ceiicmonorun PK u Satbayev University ¢ ucrionbzoBanuem
COBpPEMEHHBIX MTPHOOPOB U MaTeMaTHYeCKOH 00paOOTKH UX PE3YIIBTATOB.

B crarbe nmpoaHanu3upoBaHbl pe3yIbTaThl BRICOKOTOUHBIX HUBENUPHBIX U GPS Habmronennid. [locTpoeHs
rpadvKky U3MEHEHHS XapaKTepa BepTHKAIBHBIX TiepemenieHuii. [1o pesynsratam msmepennii GPS mokazansr
TaOIUIBL, TPAPUKN M aHAIN3 CPABHUTEIBHBIX PE3yJbTaTOB, a TAK)KE OLIEHEHBI 3HAUCHUS TOPU30HTAIBHBIX
cmemenuii Ha [/II1. Beum paccumranbl cienyromuye napameTpsl aedopMalnii: CMEIIeHUE, PacTsKeHHE,
BpallleHHe, MAKCUMAJIbHOE I MUHUMAIILHOE PACTSHKEHHE, CKATHE U a3UMYT.

Pesynbrarel paboT MOTYT MPUMEHSTHCS Ha JTHOOBIX YPOAHHU3UPOBAHHBIX TEPPUTOPHSX, AOCTYITHBIX IS
GPS.Onu Taxxe MOTYT OBITh IPUHSTHI 32 OCHOBY IPH KOHTPOJIE 0CO00 OTBETCTBEHHBIX YYaCTKOB O0BEKTOB
OOJIBIIION IPOTSHKEHHOCTH, Pa3padOTKaX MECTOPOXKICHUH TOJIE3HBIX UCKOITAEMBIX.

KaroueBble cioBa: reonuHaMKKa, AJMATUHCKUH TEOJMHAMUYECKWH TIOJIHMIOH, MOHHWTOPWHI,
reonesnueckue Metonbl, GPS HabironeHust, MHTepIpeTanus pe3yabTaToB.
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