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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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MONITORING OF DISPLACEMENTS
OF OBJECTS OF TERRESTRIAL SURFACES
BY INTERFEROMETRY METHOD

Abstract. Geomechanical monitoring is a system of observations of the state of the geological environment, the
processes of displacement of rocks and the earth's surface, geomechanical and hydrodynamic processes in a rock
mass, interpretation of the results of observations, the formation of judgments about the state of the rock mass as a
whole and the forecast of parameters of stable slopes.

To determine the displacement of the earth's crust of the Akbakay field, the technology of terrestrial radar
interferometry was used. Which is used by only a few research institutes and organizations in the world.

In satellite radar interferometry, the promptness to obtain an actual spatial information about the Earth's surface
is an important requirement for modern Earth remote sensing data, along with high spatial resolution, as well as
geometric accuracy. The operational efficiency is one of the main advantages of radar systems for remote sensing of
the Earth or a system of instruments synthesized by radar.

Geomechanical monitoring and research on geodynamic polygons reveal wide opportunities for studying
vertical movements of the earth's crust.

In this work, the most important point is the scanning of the terrain and objects around the scanner standing
point, i.e. Scanning special marks with the maximum resolution, which allows you to get a cloud of points.

Key words: Geomechanical monitoring, Space monitoring, geodynamic polygon, crustal movements, remote
sensing of the Earth, interferometry, artificial earth satellite, rapper, digital model.

Introduction. On the territory of the Republic of Kazakhstan, developed and further developing
industry sufficient number of such man-made systems and ties with this in parallel, the question of man-
made disasters is raised. The increase in various risks are given a lot of attention everywhere, as evidenced
by the increased number of risks. publications on the subject, including in mining countries. [1].

President Of The Republic Of Kazakhstan N. A. Nazarbayev in the missive to the people "The way of
Kazakhstan-2050" within the framework of the program of industrial-innovative development set a task to
create a leading school in the field of effective deposits development in The Nazarbayev University and
signed convention. This vision of the head of State shows the importance of the mining industry in the
further development of the country. With increasing depth of mining safe mining operations have the
influence of the movement of rocks and the earth's surface, mountain pressure and mountain shocks.

Besides, at reconstruction of old mines development of temporarily left Tselikov, especially during
transition from open to underground methods of working out, questions of movement rocks and protection
facilities are becoming important for many mining enterprises'. The complexity of these issues lies in the
fact that many of them is necessary to solve during the design and construction of mining enterprises,
when there are often no reliable data on the deposits nature and the parameters of the process of moving
rocks. It was during this period set the borders project of threat zones of displacement, choose the
Foundation place of the mine shafts,construction of industrial facilities and residential settlements,
expect safety pillars or provide other measures for the protection of buildings and mountain productions'.
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At present, has formed two main areas, which are under being a study of this issue: mining pressure
and the actual displacement of the mountain rocks and the earth's surface. In the first direction are studied
mainly conditions stability, deformation and displacement of rocks surrounding In the second direction,
the earth's surface and intermediate displacement are studied the strata of rocks with the aim of
establishing the measures for the protection of buildings and in e workings from the harmful effects of
underground mining. Studies in this case are carried out mainly by setting instrumental observations of the
earth's surface displacement.

The results of observations on the gold deposits of Kazakhstan has repeatedly were used at drawing
up Instructions on protection of constructions for fields with unexplored nature of the movement of rocks.
Later in Kazakhstan was held a monitoring of the displacement of KazNTU — on ore deposits as a result of
which a number of Instructions on protection were made facilities for various mines. In this regard, the
scientific works of the above-mentioned scientists re analyzed, taken into account the results of large-scale
studies on the problem of studying the process of development of ore deposits, including the open-
underground method of development. One of them is the research carried out at the mine Akbakay [2].

Initial data and research methods. The rapid development of science and technology the past
10-15 years, led to the birth a new method for determining the coordinates in geodesy and surveying -
satellite system. The use of the satellite system for geomechanical monitoring is based on three the main
directions. The first direction is connected with the construction and reconstruction of support structures
surveying networks on the earth's surface and areas of open mining. The second direction-the
implementation of surveying surveys surface and communications in the fields of downhole production of
hydrocarbons, open mine excavations, dumps, tailings, as well as filming engineering constructions'.

Conducting geodetic observations is based on a system of constant base stations.

They collect GPS information- receivers or GNSS receivers and the Rover in RTK mode (the actual
time) is introduced amendments. Geodetic works on supervision are carried out by means of mobile
(temporary) base and permanent base stations [1].

Results of the study and discussion. Based on the GPS measurements surveying service to the mine
Abai were provided with reference points (earlier and new) whose coordinates are determined with high
accuracy [Sultanguzin U.M., Aubakirov T.O., Musabaev T.A i dr. Kosmicheskie issledovanija v
Kazahstane, Almaty: ROND, 2002]. The scheme of location of strong points and shooting on the field "."
is shown in figure 1 and coordinates in table 1.

1. Using the results of satellite definitions in the field of geodesy is not ends, because with each
passing day, improved technology and equipment, accordingly, the scope of their use is expanding. [11]

The emergence in recent times of surveying and geodetic practice of modern devices, in the form of
3D scanners, allows you to study in detail the elements of occurrence surfaces of attenuations and
inaccessible locations. In the conduct of geomechanical monitoring, the study of vertical and horizontal
the earth surface displacement finds wide applicable scope radar interferometry method. Currently, there
are two methods of radar interferometry: satellite and ground. In satellite radar interferometry, the
efficiency of obtaining the actual spatial information about the earth's surface is an important requirement,
applied to modern data of remote sensing of the Earth (remote sensing), along with high spatial resolution
as well as geometric accuracy. Exactly efficiency is one of the main advantages of radar systems of remote
sensing or synthesized radar equipment (SAR) systems [4]. Thanks to the microwave radio band used in
radar, the data serve as a unique source information about the earth's surface. Space radar monitoring of
subsidence, caused by the development of deposits, successfully carried out abroad and in Kazakhstan.

In the fields of geodetic observations are carried out twice a year (spring and in autumn) and
additional seismological measurements are carried out. For obtaining reliable data must be carried out
simultaneously with geodetic observations in monitoring mode space radar interferometric survey areas of
deposits, which allows to regularly receive the field of displacement of the earth surfaces with high
precision [21].

The main methods of carrying out geomechanical observations on the Akbakay field were:

1. Geomechanical monitoring;

2. Space interferometric monitoring;

3. Instrumental monitoring.
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Figure 1 — Location outline of geodetic network points and survey points

The Catalogue of coordinates points

Coordinates
Points
X Y H
Turlybai 4993455,446 323687,609 534,698
Kashkynbai 4998214,446 314456,909 534,212
Kyzylbel 4991708,246 302559,769 424,008
Karaoba 4985882,546 310687,379 399,503
Dobavochnyi 4989490,346 317564,379 475,288

Recently the increasing distribution for determination of vertical and horizontal displacements of the
land surface is received by methods of the space radar interferometry (SRI) in which amplitude and a
phase, the radio signal reflected from a surface is fixed.

The basic advantage of a space radar interferometry before other methods of vertical and planned
deformations monitoring of the land surface consists in direct measurement of the diversity in a relief
which occurred for the period between two (three, four) space shootings occurring at different times.

The file of shifts received as a result of interferometric processing displays the happened changes of
the studied land surface relief resulted from various natural and technogenic processes.

The interferometric technique of land surface motions monitoring assumes existence of couple of
SAR the images removed from two relatives, but the parallel orbits of the spacecraft carried on time,
locally.
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Each radar image of interferometric couple (or chain) contains an amplitude and phase layer. The
amplitude layer is more suitable for the visual analysis. The resulting phase F, received during
interferometric processing of phase layers images of interferometric couple, consists of the following
components [10]:

F=Ftopo+Fdef+Fatm+Fn

where: Fyo,, — phase incursion due to survey of a topography under two different corners; Fger — phase
incursion due to surface shift during the period between shootings; F,., — phase incursion due to lengths
distinction of optical paths because of refraction in the environment of a signal distribution; F, — phase
variations as a result of electromagnetic noise.

For interferofram creation on couple of radar space pictures the license software products (Gamma,
D-InSAR (ERDAS), PhotomodRadar, SARscape (Envi), etc) allowing to create high-precision and multi-
scale digital models of a relief and also a number of the specialized maps displaying the quantitative and
qualitative information about stability of the land surface.

As a result of the carried-out surveys there was created a shifts map of the land surface of the
Akbakaysky mine territory on which there was registrated shifts of soils and grounds in a sag trough up to
5 cm (figure 2).

Figure 2 — Map of the land surface of the Akbakay mine territory
on which there was registrated

Based on the processing of radar images obtained by the space Agency from artificial earth satellites
(ISZ), defined vertical movement of the territory the object and the assessment of its state (figure 3).
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Figure 3 — Space the field "Akbakay" used in interferometry

Radar interferometry makes it possible to work with data obtained by remote sensing, creation of
three-dimensional models, sections and profiles of terrain According to the results of space radar
observations, a number of local foci were established sedimentation of the earth's surface over areas of
underground mining. Currently on this areas of land being land-based observations. Such geomechanical
observations and researches on geodynamic polygons opens wide opportunities to study the vertical
movements of the earth's crust. The advantages of space monitoring are, first of all, its greater productivity
compared with traditional geodetic survey. Cosmic monitoring shows in advance of settling of a surface
over the developed space (coverage area up to 3000 sq.km). The method does not require large economic
costs, no need for field surveying work. Radar images obtained from ISS depending on the type of
spacecraft change within 11 to 45 days (figure 4).

Figure 4 — Space image of "Akbakay" field received from LandSat satellite
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There are two types (seismic and cosmic) of monitioring Seismic monitoring can provide information
that is short-term harbinger of the impending destruction of rocks in local areas. Space monitoring
provides information on long-term processes, flowing both in the local areas of observation and in a large

area. The that way, they complement each other [3].
The shift (sag) zone of the land surface received on the technology using data of the radar spacecraft

TerraSAR-X having high spatial resolution has more detailed parts and more precisely displays trough

contours
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Figure 5 — Comparison of results lifting of the land surface, received by method
of a differential interferometry and land measurements

The comparative analysis of differential interferometry results and comparison of the results of the
land surface lifting received by a differential interferometry method with data of surveying measurements
during 2011-2016 on a profile showed rather high correlation. There is a arrangement scheme of a profile
on the resulting map of shifts received from interferometric measurements and size of shifts along this

profile in the (Figure 5).
According to interferometric measurements in a reference point point 27, absolute value of the land

surface sag was 0.8 cm since October, 2014 till August, 2015, and on land measurements this value is

equal to 1 cm.

Summary. The third direction is the implementation of a systematic surveying observations of the
earth's surface displacement and deformations of building elements and constructions'. Currently,
GPS-monitoring is successfully conducted on a number of large enterprises of mining complex of the

Republic of Kazakhstan. In General, in the process of the providing the region with basic stations and
adjustment of "permanent" strong points call out a number of difficulties. Therefore, the geodynamic

polygons and mines to conduct geomechanical monitoring using modern surveying instruments, new

technologies and software product.
Cooperation with geodetic observations is also useful when identified the areas vulnerable to

subsidence of the ground surface, and required more precision observations with real-time results, since
space data monitoring require longer processing times. The main advantage is the possibility space-based
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monitoring coverage of significant areas. At the field Agbaqay observation station is about 500 frames.
Shooting is carried out one once a year at every point where the rapper is laid. In the best case manage to
hold 2 measurements per year on all lines and thus obtain information on offsets from interval 1 year
6 months. During this time, the collapse may develop, and it is impossible predict. According to the results
of space radar surveys, data on the earth's displacements the surfaces are delivered to us every month.

I'. C. Magumaposa', JI. H. Cyneﬁmeﬂonal, T. Ienrtaes’,
I'. K. Baiinayserosa', H. A. Muserenko’, C. TymazkanoBa'

18n—®apa6n atbiHarbl Ka3ak ynTTeik yHuBepcureti, AiMatsl, Kazakcran;
?Peceit FolIbIM aKaIeMUSCBIHBIH JKep KOMHAyBIH KeIIeH i urepy nmpodieManapsl HHCTUTYTHI, Mockey, Peceit

KEP BETIHJIEI'T OBBEKTIHIH KbIJI’)KYbIH
HUHTEP®EPOMETPUSAJIBIK 9JAICIIEH MOHUTOPUHI TEY

AHHOTanusl. ['eOMeXaHMKAJIBIK MOHUTOPHHT XYPri3y — Ie€0JOTHsUIBIK OpTa JKar[daiblH OakbplIay XKyiieci, Tay
KBIHBICHI MEH JXep OCTiHIH JKbIDKY YAepicTepi, Tay *bIHBICTAPbl MACCHBIH/IETT T€OMEXaHUKAIIBIK )KOHE T'€0JMHAMH-
KaJbIK YAepicTep, OpbIHAANFaH OaKbldy MHTEPIPETAIMSCH, JKAIMbl MACCUB JKaFJalblH TONTACTHIPY JKOHE Oepik
KeMep mapameTpiepin 6omkay.

Ax0Oakail KeH OPHBIHIAFbI JKeP KbIPTHICHIHBIH KBUDKY JKaFIaiblH aHbIKTAY YILIH )Kepaeri pagap uarepdepomer-
PHSChI KOJJaHbLIa bl Byl TeXHONIOTrMsACH dnemieri OipHelle FhUIBIMU-3ePTTeY HHCTUTYTTapbl MEH YbIMIAPhI FaHa
KOJIIaHA/IbI.

ChnyTHHKTIK panapibl HHTephepoMeTpHsiaa aFrbIMIaFbl XKep/iH OeTi Kallbl KeHICTIKTIK aKmapaT ayIbIH JKbLI-
JIAMJIBIFBI, COHBIMEH KaTap KeHICTIKTIK aKbIPAThIMABLIBIK MEH T€OMETPHSUIBIK JQNIK — JKep/ii KAIIBIKTHIKTaH 30H/ATAY-
Fa KOWbUIATBIH MaHbI3ibl Tanan. JKepli KalIBIKTBIKTaH 30HATAy HEMEece CHHTE3JENIreH paaapiibl anmaparThiK
Kyiteeri paqruoIOKalHsIIBIK XKYyie apThIKIIBUIBIKTAPBIHBIH 0ipi dKbULAAM/IBIK OOJIBIN CaHAIA/IBI.

I'eoMexaHUKAaJIBIK MOHUTOPHHT JKOHE I'€O0IMHAMHUKAIIBIK MTOJIUTOH/IAP XKOHIHJET] 3epTTeyJIep )Kep KbIPThICHIHBIH
TIK KO3FaJIBICBIH 3€PTTEY YILIH MOJ MYMKIHAIK Oepe/i.

JKYMBICTBIH MaHBI3/Ibl KbIpbl — CKaHep ailHanachlHIA TYPFaH jKep MEH OOBeKTiIepIl ckaHepiey. ApHaiibl
MapKanap/bl *KOFapbl JJIIIKIICH CKaHepliey HYKTe OYIThIH anyra MYMKIHAIK Oepeni. JKep KbIPTBICBIHBIH JKbUIKY
KaraiiblH aHBIKTAay YIIH JXepleri paaapibl MHTepQEepOMeTpusi KOJJaHy TEXHOJOTHSCHIH oliemJeri OipHele
FBUIBIMU-3€PTTEY HHCTUTYTTAPhl MEH YHBIM/IAPhI FaHA KOJIJIaHAIbI.

XKepcepikTik pamapibl uHTepepomMeTpusaa xepOeTi Typasabl ©3eKTi KEHICTIKTIK aKmapaTThl ajly KeAesIiri
MKOFapbl KEHICTIKTIK &)KbIPaThIMIBIKIICH, COH/Ial-aK TeOMETPHSLIBIK JQJIIKIICH KaTap JKepi KallbIKTHIKTaH 30H/TaY-
JIbIH Ka3ipri 3aMaHFbl JIepPEeKTepiHe KOWbLIATHIH MaHbBI3/bI Tajan OoJbl caHajabl. J[o OChl IIAMIIAHIBIK JKep/i
KallIBIKTaH 30HATAYAbIH PaJHOJIOKALMIIBIK KYHECIHIH HeMmece JKYWEeHIH CHHTE3/ICNIeH pajap almnaparypachlHbIH
HETI3T1 apTHIKIIBUIBIKTAPBIHBIH Oipi OOJIBINT CaHaIabl.

I'eoMexaHUKAaJIbIK MOHUTOPUHT KOHE T'€0JMHAMHKAJIBIK MOJMIOHIAP/AFbl 3€PTTEYJIep JKep KbIPTHICBIHBIH TiK
KO3FaJIBIChIH 3epPTTeyre MOJI MYMKIH/IK Oepeni. Paguonokanusia KoJIIaHbUIATBIH MUKPOTOJIKBIHABI PaAXO0IHAIIa30H
apKachlH/Ia JIepeKTep kep OeTi Typaibl Oiperell akmapar ke3i 0oubln caHanaabl. KeH opbIHAapbIH UrepyJeH TyFaH
OTBIPBICTAP/IBIH FAPBIIITHIK PAAMOJIOKAIMSIBIK MOHHMTOPHHIT IieTenyue jxoHe Kazakcranma TaObICTBI Ky3ere
achIpbLIAIbI.

Ken opeiHmapbiHIa TeofesmsuIblK OaKpuIay JKBUIBIHA €Ki peT (KOKTeMAe JKoHe Ky3Ae) JKYpridiiemi j>koHe
KOCBIMIIIA CEHCMOJIOTHSIIBIK eieMaep xyprizineni. CeHiMIi AepekTep/i any YIIiH Teoe3usUIblK OaKbpuiayMeH 0ip
YaKbITTa KOFaphl TOJIKIIEH jkep OSTiHIH JKbIDKY ajaHblH TYPaKThl alyFa MyMKIHIIK OepeTiH KeH OpbIHIaphl ayMa-
FBIHBIH FAPBILITHIK PAIUOIOKALHUSIIBI HHTEP(HEPOMETPHUSLIBIK TYCIPUTIMIH MOHUTOPUHITIK PEKUMIE KYPri3y KaKer.

Kepnin xacanapl cepikrepinern (JKK3) rapwiin areHTTIri apKbUlbl aJbIHFaH pPajiapiblK CypeTTepli eHey
Heri3iH/ie 00BEKT ayMarbIHbIH TIK KbUDKbIFAHBI aHBIKTAII/IBI KOHE OHBIH JKail-KyiiHe Oara Gepiii.

Pangapneik mnaTepdepomerpust JKK3 anbiHFaH MonmiMETTEpMEH >KYMBIC icTeyre, YIIOImIEeMAI MOAETbACPIi,
TUTIKTEP MEH KEPTUTIKTI Jkep NpodHiIbIepiH KypyFa MyMKIHIIK Oepeni. FapbluThiK pagapiibl 0akpiiay HOTHKENIEpI
OoiibiHIa xep OeTi KepacThl OHAIPY YUaCKeJepiHiH YCTiHeH OipKarap LIOKKEH >KepriiKTi OlIarbl OeNriieHreH.
Kasipri yakpITTa OChl ydackene jkep OeriHe Oakpuiay Kyprizinyze. ['eoJjMHAMHKaNbIK MOJUTOHAAPIAFbl MYHIAH
reoMexaHHUKaJbIK 0aKblIay MEH 3epTTeyJiep JKep KbIPTHICHIHBIH TIK KO3FaJIbICBIH 3€PTTEYre XKaFaail Ty IbIpajibl.
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FapbIThlK MOHUTOPUHT apTHIKIIBUIBIKTAPBI, €H aJJbIMEH, IOCTYPJi Te0AE3UsUIbIK TYCIPUTIMMEH CaJbICThIP-
FaHJa OHIMAI Oouiblll Kenedi. Fapbiil MOHUTOPHMHTIT UrepiireH KeHictik ycringe (aymakrsl 3000 mapiibl mMeTpre
JIeiiH KaMTy) JKepAiH al[blH alla IIOKKeHIH KepceTe/l. OJIC YJIKeH 3KOHOMMKAIBIK IIbIFBIH/BI Tallall eTHeW/Il,
JIANAIBIK T€0Je3HUsIIBIK JKYMBICTAPFa KaXKETTIIIK HKOK.

Tyiiin ce3mep: reoMexaHUKAIBIK MOHUTOPHHI, FAPBILTHIK MOHHTOPHHI, T'€OJMHAMHKAJBIK IIOJIUTOH, JXEp
KBIPTBICHIHBIH KO3FaJIbIChI, JKEPJl KALIBIKTBIKTaH 30HATAY, MHTepPEepOMETpHsi, JKEpAiH IKacaHIbl Cepiri, perep,
CaHJIbIK MOJIEITb.

I'. C. Magumaposa', JI. H. Cyneﬁmeﬂonal, T. Ienrtaes’,
I'. Baiinayserosa', H. A. Muserenko’, C. TymazkaHoBa'

'Kazaxckuii HAIMOHABHBII yHHBepcHuTeT M. anb-Papabu, Anmatsl, Kazaxcran;
2I/IHCTI/ITyT mpo6yeM KOMIUIEKCHOTO 0cBoeHHMs Henp Poccuiickoif akagemuu Hayk, MockBa, Poccus

MOHHUTOPUHI CIBUKEHU OBBEKTOB 3EMHOM IIOBEPXHOCTHU
HUHTEP®EPOMETPUYECKHM METOA0OM

AnHOTauus. ['eoMeXxaHMYECKNi MOHUTOPHHT — 3TO CHUCTeMa HaOJIONCHUH COCTOSHHS T€OJIOTUIECKON CPEbl,
MPOIIECCOB CABMXKEHUS TOPHBIX MOPOJ M 3€MHOW MOBEPXHOCTH, TEOMEXaHWYECKHX M THAPOAMHAMHYECKUX MPOIIeC-
COB B MaCCHBE T'OPHBIX TIOPOJI, MHTEPIIPETALIUs PE3yJIbTATOB HaOItoieHnH, (POPMUPOBAHUE CYXKICHHUSI O COCTOSHUU
MAacCHBa B IIEJIOM U IIPOTHO3 TAPAMETPOB YCTOMYMBBIX OTKOCOB.

Jlist ompeneneHust CABMKEHHSI 36MHON KOPBI MECTOPOXKIeHUsT AKOakail MpUMEHSIAch TEXHOJIOTHS Ha3eMHOM
panapHoii uHTEphEPOMETPHH, KOTOpasi IPUMEHSETCSI TOJIbKO HECKOJIbKHUMHU HAY4HO-HCCIIEA0BATEIbCKUMU HHCTUTY-
TaMH U OPTaHU3AIMIMU B MHpE.

B cnyrHuKOBO# pagapHOil mHTEp()EpOMETpUH ONEPaTHMBHOCTH IOJYYEHHs aKTyallbHOH MPOCTPaHCTBEHHOU
nH(pOpPMALIUU O 36MHON MMOBEPXHOCTHU SIBIISIETCS] BAXKHBIM TPeOOBaHHEM, MPEABSIBISEMbIM K COBPEMEHHBIM JTAHHBIM
JTUCTAHIIMOHHOTO 30HAMPOBAHMS 3€MIIH, HApsIy C BRICOKMM IPOCTPAHCTBEHHBIM Pa3pelieHHeM, a TaKXKe TeOMEeTpH-
9EeCKOH TOYHOCTHIO. VIMEHHO ONEepaTHBHOCTH SABISETCA OAHUM U3 OCHOBHBIX IPEHUMYIIECTB PaIUOIOKAIIHOHHBIX
CHCTEM JAHNCTAHLIMOHHOTO 30HAWPOBAHMS 3eMJIN WM CHHTE3UPOBAaHHBIN pajap CUCTEMOH anmapaTyp.

I'eomexaHmyecKie MOHUTOPWHTH M HCCIEIOBAHMSA HA T€OJUHAMUYECKHX ITOJIMTOHAX PACKPBIBAIOT IIHPOKHE
BO3MOKHOCTH W3YYEHUS BEPTHKAJIBHBIX IBIDKEHUH 36MHOU KOPHI.

B sTo#i paboTe caMbIM KITFOYEBEIM MOMEHTOM SIBISIETCS CKAHHPOBAHHWE MECTHOCTH M OOBEKTOB BOKPYT TOUYKH
CTOSIHUS CKaHepa, T.€. CKAHMPOBAHUE CIIEHHAIBFHBIX MAapOK C MAKCHMAaJIbHBIM pPa3pemieHneM, YTO MO3BOJIIET MOIY-
9uTh 00aKka To4deK. TeXHONOTrns MPUMEHEHUSI Ha3eMHOHM pajapHO HMHTep(hEepOMETPHH IS ONPEIENECHUs CIBIKE-
HUS 3€MHOU KOPBI IPUMEHSETCS TOJIBKO HECKOJIBKHMH HAYYHO-HCCIIEIOBATENIECKUMH HHCTUTYTAMH W OpTaHH3a-
LUSMH B MUDE.

B cnyrHuKOBO# pagapHoit mHTEp()EpOMETpUH ONEPaTHMBHOCTH IMOJYYEHHs aKTyallbHOH MPOCTPaHCTBEHHOW
nH(pOpPMAILIMU O 36MHON MMOBEPXHOCTHU SIBIISIETCS] BAXKHBIM TPeOOBaHHEM, MPEABSIBISEMbIM K COBPEMEHHBIM JTAHHBIM
JTUCTAHIIMOHHOTO 30HANPOBAHUS 3€MIIH, HapsIy C BRICOKMM IPOCTPAHCTBEHHBIM Pa3pelieHHEM, a TaKXKe TeOMEeTpH-
9YeCKOH TOYHOCTHIO. MIMEHHO ONepaTHBHOCTH ABISETCA OAHUM W3 OCHOBHBIX IPEHUMYIIECTB PaIUOIOKAIIHOHHBIX
CHCTEM JAHMCTAaHIMOHHOTO 30HANPOBAHMS 3eMJIH WIH CHHTE3UPOBAHHOHN pajap anmapaTypoil CHCTEM.

I'eomexaHmyuecKkie MOHUTOPHHTH M HCCIEIOBAaHHUA HA T€OJUHAMUYECKHX IOJHTOHAX PACKPBIBAET IMIMPOKHE
BO3MOKHOCTH HM3YYEHHUIO BEPTHUKAIBHBIX IBIMKCHUH 36MHOI KOpHI. biiaromapsi MUKpOBOIHOBOMY paInogHaa3oHy,
UCIIOJIb3yEMOMY B PaJMOJIOKAIMH, JaHHbIEC CITy>KaT UCTOYHHUKOM YHHKaJIbHOW MH(QOPMAIIMU O 3eMHOI TOBEPXHOCTH.
Kocmuuecknii pannooKaiOHHBI MOHHUTOPHHT TPOCAZOK, BBI3BAHHBIX Pa3pabOTKON MECTOPOXKACHUH, yCIIEIIHO
ocyIiecTBIIsIeTCs 3a pyoexoM u B Kazaxcrane.

Ha mecropoxaeHusx reone3ndeckne HaOMIOIEHHUS BEAYTCs JBa pa3a B rof (BECHOH M OCEHBIO) U IMPOBOAATCS
JIOTIOJTHUTEIIFHBIE CEHCMOIOTHYECKNE U3MepeHus. [l MoTydeHnsT HaIeKHBIX JaHHBIX HEOOXOIUMO OJHOBPEMEHHO
C T€0/Ie3NMYECKIMH HAOIIOACHUSIMHI BECTH B MOHUTOPHHTOBOM PEXHME KOCMHYECKYIO PaIlOJIOKAIIMOHHYIO HHTEP-
(hepoMEeTpHUYECKYI0 CHEMKY TEPPUTOPUN MECTOPOKIACHUH, ITO3BOJIIONIYI0 PETYISPHO IOyYaTh IOJIE CMEIIECHUH
3€MHOM MTOBEPXHOCTH C BHICOKOW TOUHOCTHIO.

Ha ocHoBe 00paboOTKK pafapHbIX CHUMKOB, ITOJYYE€HHBIX KOCMUYECKUM areHTCTBOM M3 MCKYCCTBEHHBIX CITYT-
uHukoB 3emutn (MC3), onpeneieHpl BEPTHKAIBHBIC CIBUKECHUS TEPPUTOPHH O0BEKTA U 1aHA OIICHKA €€ COCTOSHHMIO.

Pagapuas wmHTepdepoMeTpus CO3MaeT BO3MOXKHOCTH pPaboTaTh MaHHBIME, MOMydeHHbIX JI33, co3maHus
TPEXMEPHBIX MOJEJEH, pa3pe3oB U mpoduieir MecTHOCTH. [lo pe3ynapTaTaM KOCMUYECKHX PagapHBIX HAOIIOICHUI
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YCTaHOBIIEH P JIOKAJBHBIX 0YaroB OCEAaHUI 3eMHOI MMOBEPXHOCTH HaJl yYaCTKaMH MO3eMHON 100bau. B HacTos-
Imiee BpeMs Ha 3TOM y4acTKe MECTHOCTH BEAyTcCs Ha3zeMHble HabmromeHus. Takue reoMexaHndecKre HaOMIOACHUS 1
HCCIIEIOBAHMS Ha TE€OJMHAMUYECKHX IMOJUTOHAX PACKPBIBACT INMHPOKHE BO3MOXXHOCTH H3YUCHHIO BEPTHKAIBHBIX
JIBMDKEHUH 3€MHOU KOPBI.

[IpenmymiecTBa KOCMHYECKOTO MOHUTOPHHTA COCTOST, IIPEXK/IE BCETO, B €T0 OOIBIIEH MPON3BOIUTEIFHOCTH 110
CpPaBHEHHIO C TPAIUIIMOHHON Teoe3ndecKoi chéMKOH. KoCMUYeCcKrii MOHUTOPHHT TOKA3bIBAET 3a0JarOBPEMEHHO
oceaHMs MMOBEPXHOCTH HaJl BRIpabOTaHHBIM IpocTpaHcTBOM (oxBat Teppuropuu a0 3000 kB.M.). MeTox He TpebyeT
OOJBIINX IKOHOMHUYECKHX 3aTpaT, HET HEOOXOJMMOCTH B TIOJIEBBIX I'€0JIE3MYECKUX PADOTAX.

Kiro4eBble cj10Ba: reOMEXaHHUECKUH MOHUTOPHHT, KOCMHYECKHH MOHHUTOPHHT, T€OANHAMUYECKHIHA TOJIUTOH,
JIBIDKEHUSI 3€MHOM KOPbI, TUCTAHIIMOHHOTO 30HAMPOBAHUS 3eMIIM, HMHTEpPEpPOMETpusi, HCKYCCTBEHHBINH CITyTHUK
3emutn, periep, THGPOBOH MOIEb.
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