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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 carth'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 ficld 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 ¢ workings from the harmful effects of
underground mining. Studies in this case are carried out mainly by setting instrumental observations of the
carth'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 arcas 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., Musabacv T.A 1 dr. Kosmicheskiec 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 carth'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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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.
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KEP BETIHJAEI'T OFbEKTIHIH KbBLIXYbIH
HHTEP®EPOMETPUAJBIK 9 JICIIEH MOHUTOPHHITEY

AnnHoTamus., ['COMCXaHHKATBIK MOHHTOPHHT JKYPTi3y — TCOJOTHAIBIK OPTA >KAFJAlbIH OaKpLIay Ky#eci, Tay
SKBIHBICHI MCH JKEp OCTIHIH JKbUDKY YACpicTepi, Tay *KBIHBICTAPHI MACCHBIHACTI TCOMEXAHHUKANBIK KOHE TCOIMHAMH-
KaJbIK YIEpICTEep, OPBIHAATFAH OAKbIIay HWHTCPIPETAUMACHI, KAl MACCHB >KAFJAWBIH TONTACTHIPY >KOHE OEpik
KCeMep mapaMeTpicpid 60rkay.

Axbaxal KeH OPHBIHAAFBI JKEP KBIPTHICHIHBIH YKBUDKY JKAFIAHbIH AaHBIKTAY VIIIH >Kepaceri paxap uHrepdepomer-
PHSICHI KOTIAHBIIAABI. by TexHomoTHACH aneMeri OipHenie FRUTBIMA-3EPTTEY HHCTUTYTTAPhI MCH YHBIMIAPHI FAHA
KOJIIAHAIBL.

CnyTHHUKTIK pazapisl HHTEP(HEPOMETPHSIA aFbIMIAFBI XKEPAiH OeTi sKalurbl KEHICTIKTIK aKMapar aayabIH JKbLI-
JTAM/TBIFBI, COHBIMCH KATap KCHICTIKTIK /KBIPATHIMIBLIBIK MCH TCOMCTPHAIIBIK JOJTIK — JKCPi KAIIBIKTHIKTAH 30HATAY -
Fa KOWBIIATBIH MAHBI3ABI Tajam. JKepal KAIUbIKTBIKTAH 30HATAY HEMECE CHHTE3JCITCH Pamapibl alIapaTThIK
JKYHeeT! paTuoIOKAIHSIIBIK XKYHE apTHIKIIBUIBIKTAPBIHBIH O1pi KBUTAAMIBIK OOJIBIIT CAHAIA/IBL.

I'eomMexaHUKAIBIK MOHUTOPHHT JKOHE TC€OIMHAMHUKAIBIK ITOJUTOHAAP >KOHIHICTI 3€PTTEYJIEP KEP KbIPTHICHIHBIH
TiK KO3FAJIBICHIH 3€PTTEY YIIiH MOI MYMKIHIIK OEpei.

JKYMBICTBIH MAaHBI3ABI KBIPBI — CKAHCP AaWHANACBHIHIA TYPFAH >KEpP MEH OOBEKTLIEpAl CKaHepiey. ApHaubl
MapKaJapAbl KOFAPhl TOJIIKIICH CKAaHEpJIey HYKTE OYJITHIH anxyFa MYMKIHIIK Ocperi. JKep KbIPTHICBIHBIH KBUDKY
JKaFTalbIH aHBIKTAY YINIH >Kepaeri pajapisl HMHTEp(epOMETPHA KOITAHY TEXHOJOTWSCHIH dJeMAcri OipHemne
FBUIBIMH-3EPTTCY HHCTUTYTTAPhl MCH YHBIMIAPBI FaHA KOJITAHAIBI.

Kepcepiktik pagapasl HHTCPPCPOMETPHAAA KEPOCTI Typaabl ©3¢KTI KCHICTIKTIK AKHAPATTHI aly >KEACIIri
SKOFAPBI KEHICTIKTIK OKBIPATHIMIBIKIICH, COHIAI-aK TCOMETPISUIBIK AIIIKICH KAaTap >Kepi KAIIBIKTHIKTAH 30HATAY -
JIBIH Ka3ipTi 3aMaHFBl ACPCKTCPIHC KOMBLIATHIH MAHBI3ABI TAJam OOJBIN CaHAmAAbl. JI9N OCHI MATMIAHIBIK >KCPIi
KAIIBIKTAH 30HATAYABIH PATHOTOKANMUIBIK KYHCCIHIH HEMECE >KYWCHIH CHHTE3ICITCH Pajap anmnaparypachIHbIH
HETI3T1 apTHIKIIBLIBIKTAPBIHBIH O1pl OO0JBIT CAaHAIAIEL.

I'eomMexXaHUKATBIK MOHHTOPHHT >KOHE TCOIWHAMHUKAIBIK IIOJIMTOHAAPIAFBI 3CPTTEYJICP KEP KBIPTHICHIHBIH TiK
KOBFAIIBICHIH 3¢PTTCYTC MO MYMKIHIIK Ocpeni. Paqmomokanuaaa KOIAAHBLIATEIH MHUKPOTOIKBIHABI PATHOIHATIA30H
apKACHIHIA ACPCKTEP JKep OcTi Typassl Oipercit akmapar kesi 00JbIm caHajaasl. KeH OpBIHIAPBIH HTCPYIACH TYFaH
OTBHIPBICTAPABIH FAPBIMTHIK PATHOIOKAIAIBGIK MOHHTOPHHII MIeTenne >koHe KazakcraHma TaOBICTBI JKy3ere
aCHIPBIIATIBL.

KeH opbIHmapeiHIa reone3wsuIblK OaKpDIay SKBUIBIHA €Ki peT (KOKTEMIEC JKOHE KY3[E) JKYPTI3iieai KoHe
KOCBHIMIIIA CEHCMOJIOTHIBIK exmemMacp xypriziteni. CeHiMal AepekTepal any YINiH TeOAC3HsUIbIK OaKpIiayMeH Oip
VaKBITTA YKOFAPbI JOIIIKIICH ep OCTiHIH KbUDKY aJaHBIH TYPAKTHI aTyFa MYMKIHIIK OepeTiH KeH OPBIHIAPHI ayMa-
FBIHBIH FAPHIITHIK PAJHOIOKANMSUIEI HHTCPPESPOMETPHSAIBIK TYCIPIITIMIH MOHHTOPHHITIK PEKUMIC MKYPIi3y KaKeT.

Kepain xacauner cepikrepineH (JKK3) rapblm areHTTITT apKbLIBI ANBIHFAH PATAPIBIK CYPETTCPAL OHICY
HCTI31HAC 00BCKT ayMAFBIHBIH TiK )KBUDKBIFAHBI AHBIKTAJIIBI )KOHC OHBIH JKaH-KyHiHe Oara Oepimai.

Pagapneik maTepdepomerpus KK3 anmbiHFAH MONIMETTEPMEH JKYMBIC iCTEyre, YIIOMIIEMAl MOJCTbACPAl,
TITIKTEP MEH MKEPTLMKTI sKep NMpo(HIbICPiH Kypy¥Fa MyMKIHIAIK Oepeni. FapbnuTeIk pagapis Oakeliay HOTHKENIEPI
OolibIHIma ep OeTi KepacThl OHAIPY YUACKEICPIHIH YCTIHCH OIpKarap NIOKKEH >KCPTiMiKTi OINaFbl OCNTiICHTEH.
Kazipri yakerrta OCHl y4ackeae sxep OeTiHe Oakpumay >Kyprizimyae. ['coamHAMUKANBIK TMOIHTOHIAPAAFEI MYHIAH
TEOMEXAHHUKAIBIK OAKBIIIAy MEH 3EPTTEYJIEP JKep KbIPTHICHIHBIH TiK KOZFAIBICHIH 3EPTTCYTE XKAFAAH TV ABIPAIBL.
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FapsnuThlk MOHHTOPHHT APTHIKIIBLIBIKTAPHL, €H ANABIMEH, ASCTYPIl TE€OAC3ISIBIK TYCIPITIMMEH CAJBICTHIP-
FaHAa eHIMII Oosbmm Kenexi. Fapbmm MOHHTOPHHII MrepilreH KeHICTIK ycTinAe (aymaktsl 3000 mapomsl mMeTpre
JeiiH KaMTy) SKEpAiH aJIblH aja IMeKKCHIH Kepcerenal. OMIC YIKCH 3KOHOMHKANBIK IIBIFBIHIBI TANANl CTICHAI,
JTAJATIBIK TCOAC3HSIBIK )KYMBICTAPFA KAXKCTTLIIK KOK,

Tyiiin ce3mep: reoOMEXaHWKAIBIK MOHHTOPHHT, FAPBINTHIK MOHHTOPHHT, T€OJMHAMHKAIBIK ITOJIUTOH, KEP
KbIPTHICHIHBIH, KO3FABICHI, KEPZl KANIBIKTBHIKTAH 30HATAY, WHTCPPECPOMETPHS, KEPAIH KAaCaHABI CEpiri, perep,
CaHABIK MOJEIIb.
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MOHUTOPHHI CIBUKEHUI OBBEKTOB 3EMHOI MIOBEPXHOCTH
HHTEPOEPOMETPUYECKUM METOAOM

AnnHotanmus. ['¢OMEXaHHUICCKIIT MOHHTOPHHT — 3TO CHCTCMA HAOMIOACHHUH COCTOSHHS TCOIOTHUCCKON CPCIIBL,
MPOLECCOB CABIYKCHUSA TOPHBIX MOPOA M 3¢MHOH MOBEPXHOCTH, TEOMEXAHMYECCKUX M THAPOAMHAMHYCCKHX MPOLIEC-
COB B MACCHBE TOPHBIX IIOPOJ, HHTEPIPETALHS PE3yIbTaTOB HAOMOACHUH, (DOPMHUPOBAHKE CYXKIACHUS O COCTOSHUA
MACCHBA B EJIOM U IPOTHO3 NAPAMETPOB Y CTOMYUBBIX OTKOCOB.

JUa ompeACACHUS CABIKCHHS 3¢MHOH KOPBI MCCTOPOXKICHUSA AkOakad MPHMCHAIACH TCXHOJOTHSI HA3CMHOM
pazapHoit uHTEp(epOMETPHH, KOTOPAsI MPHMEHSIETCS TOJIBKO HECKOJIBKHMH HAYYHO-HCCIICTOBATCILCKAMH HHCTHUTY -
TaMHU M OPTaHU3ALMAMH B MHPE.

B cnyTHHKOBOH pamapHOH HMHTEPPEPOMETPHH OICPATHBHOCTH IIOJYUCHHUS AKTYaJbHOH IPOCTPAHCTBEHHOM
rH(GOpMAIHMK O 36MHOH MOBEPXHOCTH SIBILICTCS BAXKHBIM TPEOOBAHUEM, IMPEABABILICMBIM K COBPEMECHHBIM TAHHBIM
JUCTAHIMOHHOTO 30HAMPOBAHUS 3EMIIM, HAPAAY C BBICOKHM IPOCTPAHCTBCHHBIM PA3PEUICHUCM, A TAKKE TEOMETPH-
YECKOH TOYHOCTBIO. MIMEHHO ONMEPAaTHBHOCTH ABIACTCA OOHMM M3 OCHOBHBIX HMPEHMYIIECTB PAJAHOTOKALHMOHHBIX
CHCTEM JAWCTAHIMOHHOTO 30HIMPOBAHMS 3EMIIM HIH CHHTC3HPOBAHHBIA paiap CHCTEMOH ammaparyp.

I'eoMexaHUYECKHE MOHUTOPDHHTH H HCCICIOBAHHMA HA TCOIMHAMMYCCKHX IOJIMIOHAX PACKPBIBAIOT HIMPOKHE
BO3MOKHOCTH H3yYCHUS BEPTHKATBHBIX ABIKCHUHM 36MHOH KOPBL

B 31011 paboTe caMbIM KIFOUEBHIM MOMECHTOM SIBJLICTCS CKAHHPOBAHHUE MECTHOCTH M OOBEKTOB BOKPYT TOUKH
CTOAHHUA CKAHEPA, T.€. CKAHUPOBAHUE CIICHUAIBHBIX MAPOK C MAKCHMAJBHBIM PA3PEHICHHEM, YTO MO3BOJIET MOy -
yuTh 0071aKa TOUCK. TEXHOIOTHA MPUMCHCHHS HA3CMHOM pamapHOi HHTCP(CPOMSTPHE I ONPCICICHHUS CIBIKC-
HHA 36MHOH KOPBI NPUMEHACTCH TOJABKO HECKOIBKAMH HAYYHO-HCCICAOBATCIBCKAMHM HHCTUTYTAMH H OPraHH3a-
IHSMH B MHPE.

B cnyTHuKOBOH pamapHOH HMHTEPPEPOMETPHH OICPATHBHOCThH IIOJYUCHHUS AKTYAJbHOH IPOCTPAHCTBEHHOM
nH(pOpMAHMH O 36MHOH MOBEPXHOCTH SIBILICTCS BAXKHBIM TPEOOBAHUEM, IMPEABABILICMBIM K COBPEMCHHBIM TAHHBIM
JUCTAHIMOHHOTO 30HAMPOBAHUS 3EMIIM, HAPAAY C BBICOKHM IPOCTPAHCTBCHHBIM PA3PEUICHUCM, A TAKKE TEOMETPH-
YECKOM TOYHOCTBIO. MIMEHHO ONMEPATHBHOCTH ABIACTCA OOHMM M3 OCHOBHBIX HMPEHMYIIECTB PAAHOTOKANMOHHBIX
CHCTEM JWCTAHIMOHHOTO 30HAMPOBAHMS 3EMIIM HIIH CHHTC3HPOBAHHOM pajap anmaparypoy CHCTEM.

I'eoMexaHUYECKHE MOHMTOPHHTH M HCCICAOBAHHA HA T€OAMHAMHYCCKHX IOJHTOHAX PACKPHIBACT HIMPOKHE
BO3MOYKHOCTH M3YYCHHIO BEPTUKAIBHBIX JBWKCHUH 3¢MHOM KOpBL biarogaps MUKpOBOJHOBOMY paJuOJUAINA3OHY,
HCIIOJIb3YEMOMY B PAIHOJIOKALNHY, JAHHbIC CIIy>KAaT HCTOYHHKOM YHHUKAIBHOM HH(OPMAIMH O 36MHOH MMOBEPXHOCTH.
KocMureckuif paTrONOKAIMOHHBIN MOHHTOPHHT IPOCAJIOK, BBI3BAHHBIX Pa3pabOTKOM MECTOPOIKICHHUH, YCICIIHO
OCyIIeCTBILIETCS 3a pydexoM U B Kazaxcrane.

Ha MecTOpoKICHHAX TCOAC3HUCCKIC HAOMFOACHHU BSAYTCS JBA Pasa B O (BCCHOH H OCCHBIO) W MPOBOIATCS
JIOTIOTTHAUTEIbHBIC CEHCMONOTHYECKIE M3MEPEHHSL. [l OyUeHHSI HAIC)KHBIX TAHHBIX HEOOXOIMMO OJHOBPEMCHHO
C TEOJC3MUCCKUMH HAOTFOJCHHUSIME BECTH B MOHHTOPHHTOBOM PEKHME KOCMHYECKYIO PATHOJIOKAIHOHHYIO HHTEP-
(hepOMETPHUICCKYI0 CBEMKY TEPPHTOPHH MECTOPOXKIACHHUI, MO3BOLIOIIYIO PErYJUIPHO TMOIY4YaTh IOJEC CMCINCHHH
36MHOM MOBEPXHOCTH C BBICOKOH TOYHOCTBIO.

Ha ocroBe 00pabOTKH PagapHBIX CHUMKOB, ITOJIYUCHHBIX KOCMHUCCKHM ar€HTCTBOM W3 MCKYCCTBEHHBIX CITYT-
HuKOB 3emmu (MC3), ompeaeicHbI BEPTHKANBHBIC CABIKCHHSA TCPPUTOPHH OOBCKTA H TAHA OILICHKA ¢ COCTOSHHIO.

Pagapras wuHTep(hepOMETPHI CO3JAET BO3MOMKHOCTH padoTaTh JAHHBIME, HONYUYCHHBIX /[[33, cozmaHums
TPEXMCPHBIX MOACICH, pa3pe3os U mpoduiacit MecTHOCTH. 10 pe3yapraTaM KOCMHYCCKHX PAJapHBIX HAOOACHHN
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VCTaHOBJICH PSZT JTOKAIBHBIX OYAar0B OCCJAHMH 36MHOH ITOBEPXHOCTH HAJ YYACTKAMH ITO3eMHOU 100bru. B HacTos-
miee BpeMs HA 3TOM YUACTKE MECTHOCTH BEAYTCS HA3CMHBIC HAOMFOACHUS. Takue reoMeXaHMICCKUE HAOMIOACHUS U
HCCIICAOBAHNA HA TCOJWHAMHYECCKHX MOJUTOHAX PACKPBIBACT MIMPOKHE BO3ZMOYKHOCTH H3YUCHHIO BEPTHKATBHBIX
JBIKCHUHN 3¢ MHOU KOPBL

[TpenmymecTBa KOCMHYECKOTO MOHHTOPHHTA COCTOST, MPEKAC BCETO, B €T0 OOJIBIICH MPOM3BOAUTEIHLHOCTH IO
CPaBHCHHIO C TPAAWLIHOHHOMW T'e0e3HUCCKOH ChEMKOH. KocMIueckuit MOHUTOPHHT MOKA3bIBACT 3a0JIaroBPEMEHHO
OceAaHusI MOBEPXHOCTH HAJ BEIPAOOTAHHBIM IPOCTPAHCTBOM (OxBar Teppuropuu A0 3000 kB.M.). Meroa HE Tpedyer
60IpIIMX IKOHOMHYECCKHX 3aTPaT, HET HEOOXOAMMOCTH B TIOJICBBIX T€0IC3MUCCKUX PaboTax.

KmodeBnie ¢JI0BA: TCOMCXAHHYCCKHI MOHHTOPHHT, KOCMHIYCCKHIH MOHHTOPHHT, TCOTHHAMIYCCKHII TIOIHTOH,
JBIGKCHHST 3€MHOM KOPBI, TUCTAHIMOHHOTO 30HAMPOBAHUSA 3€MIHM, HHTCP(EPOMETPHS, MCKYCCTBEHHBIH CITyTHHK
3emumm, penep, THPPOBOIH MOICTD.
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