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ABSTRACT

In connection with the ongoing depletion of mineral reserves located in relatively favorable
conditions, at shallow depths, it is increasingly necessary to involve deposits located in complex
mining and geological conditions; occurring at great depths, in complex, poorly studied and
potentially dangerous conditions. The deposits developed by the underground method are no
exception. Safe and efficient development of mineral deposits by underground method, occurring
at great depths, is complicated by the fact that with an increase in the depth of mining, the nature
of the course of deformation processes in the rock mass and the degree of their impact on the
environment change. Studies of deformation processes, their control and forecast in many cases
determine the efficiency and safety of the development of deposits of solid minerals. A practical
forecast can be made as a result of continuous tracking in space and time of deformation
processes. Currently, to determine the displacements and deformations of the earth's surface of
the field, complex monitoring is used, which includes the following methods:

- methods of preliminary diagnostics of the rock massif;

- repeated high-precision leveling;

- satellite geodetic methods, primarily interferometry methods;

- other methods of instrumental observations in regional and local areas.

It should be noted that ground-based methods used for geomechanical monitoring of earth
surface deformations, such as repeated geodetic leveling, as well as the use of satellite geodesy
methods, do not fully reflect the temporal detail and spatial scale of the changes in the earth
surface deformations. Today, the methods and technologies of space radar interferometry are of
particular practical value, which make it possible to obtain areal estimates of vertical and planned
displacements of the earth's surface with an accuracy of a few millimeters, regardless of
illumination and cloudiness conditions. Space radar interferometry (CRI) is an effective tool for
direct mapping of the earth's surface movements and deformations of structures over large areas
of the study areas.
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Introduction
for the vast majority of the rate of technogenic
The study of modern displacements and  subsidence is 1-2 cm/year, and the accumulated
deformations requires high-precision geodetic  values do not exceed the first tens of centimeters.

measurements in the monitoring mode on the
earth's surface of ore deposits [[1], [2], [3], [4]].

The sufficiently large experience of geodetic
monitoring of deformation processes at deposits
that is currently available shows [[5], [6], [7]] that
subsidence of the earth’s surface is widespread
during long-term development of ore deposits and

The consequences of such deformation processes
can be the activation of landslide processes, the
appearance of dangerous zones, displacement
troughs [[8], [9]], etc.

At the Annensky field under study, as a result of
the introduction of mining operations over many
decades, vast areas of rock movement, subsidence

— 43 ——


mailto:batyrkhan_sadykov@mail.ru
https://orcid.org/0000-0003-2037-247X
mailto:batyrkhan_sadykov@mail.ru
https://orcid.org/0000-0002-1675-
mailto:a.aselya_92@mail.ru
https://creativecommons.org/licenses/by-nc-nd/3.0/

KomnnekcHoe Mcnonb3oBaHne MuHepanbHoro Cobipbs. Ne3(322)2022

ISSN-L 2616-6445, ISSN 2224-5243

and collapse of the earth's surface have formed,
which continue to this day.

In 2004 and 2006, large collapses occurred in the
Annensky mountain region as a result of the
destruction of inter-chamber pillars (ICP) and
failures of interlayers between worked out
overlapping sloping deposits. The combined
displacement trough covered an area of about 2 km
along the strike of the Ann-2-I-1l deposit and 0.6 km
along the dip. Large rupture cracks formed on the
earth's surface along the boundaries of the shear
trough. Dips formed in the western part of the
Annensky quarry. In the western part of the trough
on the surface, in the zone of smooth shifts, the
communications network continues to be used: a
road, three collectors, a power line-35kV, a power
line-6kV, a communication line.

In this regard, further mining of mineral reserves
in such difficult conditions in the subsidence trough
area was prohibited. However, significant mineral
reserves lie under the zones of possible collapses,
which can lead to unjustified losses of balance ore
reserves.

The conclusions of studies previously conducted
by various organizations turned out to be largely
contradictory regarding the conduct of mining
operations in the area of the formation of a huge
trough, and therefore did not lead to unambiguous
decisions on the development of mineral reserves.

Therefore, the purpose of this article is to
determine the weakened zones on the earth's
surface of the Annensky mine using high-precision
leveling and space radar interferometry, which
increases the efficiency and safety of field
development.

Experimental part

Studies of deformation processes, their control
and forecast in many cases determine the efficiency
and safety of the development of deposits of solid
minerals. A practical forecast can be made as a result
of continuous tracking in space and time of
deformation processes.

The system of complex monitoring of
deformations of the earth's surface should contain
the following basic methods [[10], [11]]:

Visual monitoring of rock movements
Methods of local observations of rock

movements are used in studies of the stability of
individual local sections of a rock mass due to the

formation of continuous cracks of considerable
length.

At the same time, the elements of occurrence of
each crack at several points, the planned and height
reference of measurement points, the nature of the
surface of the cracks and the material filling them
are subject to study.

For local observations, simplified mine surveying
observations are used with the establishment of the
boundaries of distribution and the type of
deformations of rocks, the determination of the
speed and magnitude of deformations, the
identification of the critical value of displacements
preceding the onset of the active stage and the pre-
calculation of the development of deformations in
time.

Repeated high-precision leveling

Repeated high-precision leveling is performed
with the necessary and sufficient accuracy, which
can be obtained using modern instruments and
observation methods, which make it possible to
most fully eliminate systematic leveling errors.

To perform leveling at the Anennsky mine, a
modern Leica DNAO3 digital level is used, designed
for the most complex work requiring increased
measurement accuracy, with a set of three-meter
invar rails with a BAR code, which ensure leveling
with an RMS error of measuring elevations of £0.3
mm per 1 km double stroke.

Downhole reflectometry

TDR (Time Domine Reflectometry) downhole
reflectometry methods are based on the use of a
coaxial cable as a rock deformation detector. To do
this, the cable is lowered into the drilled well and
attached to the rock surrounding it with an
expanding cement slurry. An electromagnetic signal
is passed through the cable. In the process of shifting
the rock mass, local deformations of the cable occur,
which affect the passage of the electromagnetic
signal in the places of its deformation. These places
are fixed by the TDR reflector and displayed on the
screen of an oscilloscope or computer.

Space radar interferometry

Space radar interferometry is the most
important part of an integrated system for
monitoring the state and building a continuous
situational map of the earth's surface deformations.

To determine the values of the absolute values
of the displacement of the earth's surface that
occurred in the time period under study, for the
correct application of SAR - interferometry methods,
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it is necessary to use a tandem pair of radar satellite
images with a minimum value of the perpendicular
baseline (distance between spacecraft) and having a
minimum coherence value.

The discussion of the results

According to the data provided by the Annensky
mine of Kazakhmys LLP, there are 4 profile lines on
the earth's surface of the mine (Figure 1):

- profile line 65-65 bis;

- profile line 66;

- profile line 151;

- profile line 67.

According to the points of the network to
determine the vertical movements of the earth's
surface at the field, leveling of the Il class of
increased accuracy is designed. This technique
provides for a combination of relatively fast
observation with the achievement of a sufficiently
high level of accuracy, which will reliably detect local
anomalies in the vertical movements of the earth's
surface with amplitudes of 3-5 mm and more. The
practical accuracy of observations by the leveling
method of the Il class of increased accuracy is 1
mm/km.

[—
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Figure 1 — Layout of profile lines at the Annensky
field

Instrumental observations on the earth's surface
of the Annensky mine have been carried out since
1976. Starting from 2009, in connection with the
linking of elevations in all profile lines, the
differences in measured observations were
recalculated. Taking into account all linking marks,
this research work provides an analysis of
instrumental observations from 2011 to the present.

Profile line 65-65bis

On the profile line 65-65 bis, observations are
made from 1 to 47 working benchmarks. In April
2009, in connection with the linking of the marks,
they were recalculated from PP No. 146 for a
difference of -0.0104 m. Also, the following
observation benchmarks were excluded due to the
destruction: 8, 12, 13, 25, 26, 37 and 39. In
September 2010, due to linking, the marks were
recalculated from the Sai triangulation to a
difference of + 0.0099 m.

Taking into account all the recalculated marks,
starting from 2011, a comparison was made of the
excesses obtained as a result of the adjustment
between the benchmarks of the profile line with the
data of all cycles (Figure 2).
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Figure 2 — Graph of subsidence according to the
observational benchmarks of the profile line 65-65bis

Analysis of subsidence along the profile line 65-
65bis, obtained from the results of multiple leveling,
shows that intense subsidence is observed at
working benchmarks 22, 23, 24, 28, 29 and 31. As
can be seen from Figure 2, intense subsidence is
noticeable in 2011 and 2015. It should be noted that
with the conduct of mining operations and the
development of the MCC in 2016, all the working
benchmarks of the profile line 65-65bis were
destroyed. In this regard, from 2016 to the present,
instrumental observations are not possible in this
area and require non-contact monitoring.

Profile line 66

On the profile line 66 observations are made
from 1 to 19 working benchmarks. In April 2009, in
connection with the linking of the marks, they were
recalculated from PP No. 146 for a difference of -
0.0104 m. Also, the following observation
benchmarks were excluded due to the destruction:
2, 3, 13, 14 and 16. In September 2010, due to
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linking, the marks were recalculated from the Sai
triangulation to a difference of + 0.0099 m.

Taking into account all the recalculated marks,
starting from 2010, a comparison was made of the
excesses obtained as a result of the adjustment
between the benchmarks of the profile line with the
data of all cycles (Figure 3).

0,050

0,000 W
opsg 1 4 5 6 7 8

-0,100

-0,150
-0,200
-0,250
-0,300
-0,350

0,400

Graph of vertical displacements, m

2011 2012 2013 =—p— 2014 2015

2015 s 2017 g 2018 e 2019

Figure 3 - Settling schedule along profile line 66
(according to observation benchmarks)

Analysis of subsidence along profile line 66,
obtained from the results of multiple leveling, shows
that intense subsidence is observed in the area of
profile lines 10, 11, 12, 15 (Figure 3). Also, intensive
subsidence is observed in 2011 and 2016 (Figure 3).
For a more detailed analysis, it is necessary to carry
out monitoring by the method of space radar
interferometry.

Profile line 67

On the profile line 67 observations are made
from 1 to 11 working benchmarks. In April 2009, due
to the linking of elevations, they were recalculated
from PP No. 146 (+25.501) for a difference of -0.0104
m. Also, the following observation benchmarks were
excluded due to the destruction: 3, 4, 7, 9, 10 and
11. In September 2010, due to linking, the marks
were recalculated from the Sai triangulation to a
difference of + 0.0099 m.

Taking into account all the recalculated marks,
starting from 2010, a comparison was made of the
excesses obtained as a result of the adjustment
between the benchmarks of the profile line with the
data of all cycles (Figure 4).

Analysis of subsidence along the profile line 67,
obtained from the results of multiple leveling, shows
that intensive subsidence of the earth's surface is
observed in 2010 (Figure 4). It should be noted that
with the conduct of mining operations and the
development of the ICP, 80% of the existing working
benchmarks were destroyed. In this regard, for a
more detailed analysis, it is necessary to monitor the
method of space radar interferometry.

0,010
0,000
0,010 ©
-0,020
-0,030
-0,040
-0,050
0,060
-0,070
0,080
0,080

12

Graph of vertical displacements, m

—a— 2011 —e—2012
2016 —o—2017 —g— 2018 —g— 2015

2013 —e—2014 2015

Figure 4 — Settling schedule along the profile line 67

Profile line 151

On the profile line 151 observations are made
from 1 to 25 working benchmarks. In April 2009, due
to the linking of elevations, they were recalculated
from PP No. 146 (+25.501) for a difference of -0.0104
m. Also, the following observation benchmarks were
excluded due to the destruction: 16, 17, 18, 19, 20,
21, 22, 23, 24 and 25. In September 2010, due to
linking, the marks were recalculated from the Sai
triangulation to a difference of + 0.0099 m.

Taking into account all the recalculated marks,
starting from 2010, the comparison of the excesses
obtained as a result of the adjustment between the
benchmarks of the profile line with the data of all
cycles was made (Figure 5).
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Figure 5 — Settling schedule along profile line 151
(according to observation benchmarks)

Analysis of subsidence along the profile line 151,
obtained from the results of multiple leveling, shows
that (Figure 5):

- The revealed features of modern vertical
movements of the earth's surface in the area of the
profile line, due to the mining of the MCC in the
upper horizons and the mining of ores of the lower
horizons, consist in constantly observed subsidence
from the benchmark Rp No. 1 to the benchmark Rp
No. 15. The most significant subsidence is observed
in the area from the benchmark Rp No. 7 to Rp No.

— 4 ——



Complex Use of Mineral Resources. 2022; 322(3): 43-50

ISSN-L 2616-6445, ISSN 2224-5243

12. The benchmark settlement rate is = 50 mm per
year.

For further study, the development of
deformation processes, space radar surveys from
the Sentinel satellite were used for the study area
[12].

A pair of Sentinl-1B photographs with the
following parameters are used for calculations:

- Measurement mode: Interferometric wide
bandwidth (IW) measurement mode,

- Product: Level 1 Single View Complex (SLC),

- Incident angle: 29 - 46,

- Spatial resolution: 5x 20 m,

- Sweep Width: 250 km,

- Subswath number: 2,

- Polarization: VV,

- Path: 22,

- Orbit: descending

For calculations, the following software
products were considered: GMT5SAR and SNAP 6.0.
Both of these programs differ in many ways, but
they also have common features: they are open
source software and allow you to process Sentinel-1
images.

After  analyzing the advantages and
disadvantages of software products, SNAP 6.0
software was chosen to perform the calculations.
The input data processing algorithm in SNAP 6.0
software is as follows: registration, interferogram
generation, interferogram filtering, unfolding phase
and phase conversion to offsets, georeferencing.

The processing steps start with the selection and
collection of the required data, usually in SLC (Single
Look Complex) format, and end with a DEM or
deformation map.

As a result of the work carried out, a map of
displacements of the earth's surface of the territory
of the Annensky mine was built, on which
displacements of soils and soils in the subsidence
trough up to 10 mm were recorded (Figure 6).

As a result of the work carried out, a map of
displacements of the earth's surface of the territory
of the Annensky mine was built.

Displacements of the earth's surface were
determined  and according  to
observational data for the period using satellite
images of 2018, 2019 and 2020 on the territory of
the Annensky mine. The displacements took place in
height both upwards during the formation of rock
dumps, and downwards,
subsidence of the earth's surface. Comparative

recorded

as a result of the

analysis showed that the obtained results are
with the data of ground-based
measurements, as well as with the data of radar
interferometry carried out by Sovzond LLC.

consistent
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Figure 6 - Map of displacements of the earth's
surface at the Annensky mine for the period 05.08.2020
—06.25.2020.

To verify the results of SAR - interferometry, a
planning map of ground mine surveying and
geodetic observations was built in the study area of
the Annensky mine. A comparative analysis of the
displacements of the Earth's surface obtained by
these methods was carried out, which showed their
consistency. A continuous situational map of the
problem areas of the Annenskoye field was
compiled.

Also, the results of a comparative analysis of
data on subsidence obtained by methods of
differential interferometry and ground leveling are
presented. Processed Sentinel data and profile lines
65 bis, 66, 67, 151 for the period 2018 to 2020 were
selected as differential interferometry data. A
detailed comparative analysis is shown in Figures 7-
8.
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Figure 7 - Comparative analysis chart for profile line
65bis
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Figure 8 - Benchmarking chart for profile line 151

Comparative analysis of the results of radar
interferometry and showed the following.

1. The registered displacements of the earth's
surface in the territory of the Annensky mine by the
methods of radar and differential interferometry of
Sovzond LLC, KazNITU-Grant, Sentinel are spatially
confined to the sediment trough of the Annensky
mine.

2. The zone of displacement (subsidence) of the
earth's surface according to the data of the
TerraSAR-X radar spacecraft, which has a higher
spatial resolution (up to 1 meter), has more detailed
detail and more accurately displays the contours of
the intensive displacement trough obtained by
ground surveying measurements.

3. The maximum absolute value of subsidence of
the earth’s surface within the subsidence trough of
the Annensky mine, obtained according to Sentinel
data from 05/08/2020 to 06/25/2020, was 10 mm.

Based on the results of the above analysis and
comparative graphs, a digital map of possible risk
areas of displacement and subsidence of the earth's
surface of the Annensky field was built (Figure 9).

KPECTOBLIV

displacement zone according to Sentinel
displacement zone according to TeraSAR-X data

subsidence contour according to ground measurements

Figure 9 — Construction of a digital map of possible
risk areas of subsidence of the earth's surface of the
Annensky mine according to TerraSAR-X, Sentinel,
ground measurements

In conclusion, we note that the accuracy of
differential interferometry methods for solving the
problem of monitoring the movements of the
earth's surface depends on the parameters of
satellite imagery.

Conclusions

As a result of the application of integrated
monitoring of the Annensky mine, displacements of
the earth's surface were determined and recorded
according to observational data for the period using
satellite images of 2018, 2019 and 2020. The
maximum absolute value of subsidence of the
earth's surface within the subsidence trough of the
Annensky mine from October 2018 to August 2020
was 0.8 cm. The displacements took place in height
both upwards during the formation of rock dumps,
and downwards, as a result of the subsidence of the
earth's surface.

Thus, the results of the conducted research
allow developing additional minerals and increasing
the efficiency of the mining enterprise.
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TYWIHAEME

CanbICTbipmanbl TYPAE KONaWnbl XKafaannapaa, Tans TepeHAaikTe opHanackaH nangansl Kasbanap
KOP/NapbIHbIH,  CapKbIYbIHbIH, ~ XanfacyblHa 6ainaHbICTbl  KypAeni  Tay-KeH-reoNornanbik
afaanapaa OpHaNaCcKaH, YIKeH TepeHAiKTe, KypAeni, Halap 3epTTeNreH }aHe bIKTUMan KayinTi
afaanapaa OpHanackaH KeH OpblHAAPbIH TapTy KaxeT. Mep acTbl daiciMeH wrepinreH KeH
OpbIHAAPbI Aa epeKlenik emMec. YNIKEeH TepeHAiKTe XaTkaH nangansl Kazbanap KeH opbiHAAPbIH
»KepacTbl 94iCiMeH Kayinci3 }aHe TMiMAi urepy Tay-KeH }KYMbICTapbIHbIH TEPERAIMHIH YFalobIMeH,
Tay-KEH MaccuBbIHAAFbI AedopmaLma NPOLECTEPIHIH KYPY CUNATbIMEH XKaHe 0N1apAplH acep eTy
JapexecimeH KublHaaiabl. [Jedopmaumnanbik npouectepai 3eptrey, onapabl H6akpiay aHe
6onkay Ken Kafpgaida KatTbl maipanbl Kasbanap KeH OpbIHAAPbLIH UrepyaiH, TMiMAiniri meH
KayincisgiriH aHbiKTanabl. MpakTMKanbiK 6omkam aedopmaumsa NPoOLECTEPIH KeHICTIKTe KaHe
YaKbITTa Y34iKCi3 Kafafanay HaTUXKeCiHAe XKacanybl MyMKiH. Kasipri yakpiTTa KeH OpHbIHbIH, Xep
BETiHIH KbI/IKYbIH XoHe AedOopPMaLUACBIH aHbIKTay YLWiH Kesneci agicTepai KaMTUTbIH KelleHai
6aKblnay KongaHblnagpl:

- Tay *KbIHbICTAapPbl MAaCCUBIH anablH ana bakbinay agicrepi;

- KaWTanaHaTbIH KOFapbl ANAIKTEr HUBEAUpPAeY;

- CMYTHUKTIK reofe3unanblK a4icTep, eH, anabiMeH nHTepbepomeTpus agictepi;

- aMaKTbIK KaHEe KeprinikTi }kepaepae acnanTtbik 6akblniayablH 6acka agictepi.

KaliTa reofieanansik HUBeAUpAeY, COHAAN-aK CNYTHUKTIK reofesna aaicTepiH KONAaHy CUAKTbI
*ep 6eTi pedopmaumanapbiHbiH, reOMEXaHNKaNbIK, MOHUTOPUHT YLWIH KONAAHbINATbIH XKep YCTi
aaictepi xep 6eTi gedopmaumanapbiHaa 60aFaH ©3repicTepAiH, YakpITIa ernken-Terkeni meH
KEHICTIKTIK MacwTabblH TONbIK KepCeTneMTiHiH aTan ©TKeH XeH. ByriHri TaHga FapblWTbIK
PafMONOKALMANBIK MHTEPDEPOMETPUAHDIH, SAICTEPI MEH TEXHONOTMUANAPDI ePeKLLEe NPaKTUKaNbIK
KYHAbINbIKKA e 60NbiN OTbIp, 01ap KapblK NeH BYNTTbIIbIK KafaalnnapbiHa KapamacTaH, 6ipiHLi
MUAMMETPre AeliHr AangikneH xep 6eTiHiH TiK )KaHe ocnap/ibl KbI/BKYbIHbIH, aNaHAbIK,
6aranapbiH anyfa MyMKIHAIK 6epedi. FapbiwTbiK pagnonoKaumanbik uHTepbepometpus (FPU) -
3epTTeNeTiH  ayMaKTapAplH, Y/AKEH ayAaHAapblHAafbl  Kep  OeTiHiH  KOo3fanbiCbl  MEH
KYpblAbIMAapAblH aebopmaunachbiH Tikenel KapTafa TyCcipyaiH, TMimai Kypanbl.

TyiiiH ce30ep: KeweHAi 6akbinay, ep BeTiHiH XbUIKYbI, AedopMaLmanbIK NpouecTep, XKofapbl
O2NAIKTEri HUBENUpAey, PaaNoN0oKaALUANDIK UHTepdepomeTpus.
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AHHOTALMUA

B cBA3M C NpoOMCXOAALLMM UCTOLLEHMEM 3aMacoB MNOJE3HbIX MCKOMAEMbIX, PACMONONKEHHbIX B
OTHOCUTENbHO BGNAronNPUATHLIX YCNOBMAX, Ha HeboAbwUX rAybuHax 3aneraHus, Bce ualle
NPUXOAWTCA BOB/EKATb B A06blYy MECTOPOXAEHMSA, PACNONOMKEHHbIE B C/OMHbLIX TOPHO-
reo/I0rMYeCcKUX YCA0BUAX, 3aneratolme Ha 6onbwmx rybuHax, B CIOXKHbIX, C1abonsyyYeHHbIX 1
NOTEHUMANbHO OMaCHbIX YCNOBUAX. He UCKAYeHWEM ABAAIOTCA UM MECTOPONKAEHMA,
pa3pabaTbiBaemble MOA3EMHbIM  Cnocobom. BesonacHoe W 3pdeKTMBHOE OCBOEHME
MECTOPOXKAEHWUM MONE3HbIX WUCKOMAEMbIX MOA3EMHbIM CMOcoboM, 3anerarowmx Ha 6onblwmx
rny6rHax, OCNOMHAETCA TEM, YTO C yBE/MYEHUEM FyBUHbI BeAEHWNA FTOPHbIX PaboT CyLLECTBEHHO
N3MEHAETCA XapaKTep NpoTeKkaHua AedopMaLMOHHbIX NPOLLECCOB B MacC1Be NOPOA, U CTEMEHb UX
BAMSHWUA Ha OKpY»KatoLyto cpeay. UccnenoBaHuna AedOPMaLMOHHBIX NPOLLECCOB, UX KOHTPOAb U
NPOrHO3 OMNpeaensloT BO MHOMMX caydasax 3PpdEKTMBHOCTbL M 6e3onacHoCTb paspaboTkm
MECTOPONKAEHWNI TBEPAbIX MOME3HbIX WCKOMaemblX. [PaKTUYeCKU MNpPorHos MmoxKet 6biTb
OCYLLECTBNIEH B pe3y/ibTaTe HEMNPEPLIBHOTO CAEXKEHUA B MPOCTPAHCTBE M BO BPEMEHM 3a
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febopmaumoHHbIMKM  Npoueccamu. B HacToslee Bpems ANA ONPeAesneHus CMeLlleHuin u
febopmaumii 3eMHOM NOBEPXHOCTU MECTOPONKAEHUA UCMO/b3YIOT KOMMAEKCHbIA MOHUTOPUHT,
BK/IlOYaloLLEeN B cebs cneaytoime MeToabl:

- BM3Ya/IbHbli MOHUTOPWHT MOABUMKEK FOPHbIX NOPOA;

- MOBTOPHOE BbICOKOTOYHOE HUBE/IMPOBAHUE;

- CNYTHUKOBbIE reofe3nyeckme MeToAbl, B NEPBYIO O4epesb, METOAbI UHTEPDEPOMETPUN;

- Apyrve MeToAbl MHCTPYMEHTabHbIX HabNOAEHUI HAa PETMOHA/TBbHBIX U JIOKAJIbHBIX YHaCTKaX.
CnepyeTt OTMETUTb, YTO HA3EMHbIE MEeTOAp!, NIPUMEHAEMbIE 418 FreOMexaHU4eCcKoro MOHUTOPUHra
Aebopmaumii 3eMHOM NOBEPXHOCTU, TakMe KaK NMOBTOPHOE reofesnyeckoe HWBESMPOBaHMe, a
TaKkXe MpPMMEHeHWEe METOLO0B CMYTHUMKOBOM reofesnu He MOJHOCTbIO OTPaXKaloT BPeMEeHHYH
[eTanbHOCTb M MPOCTPAHCTBEHHbIM MacliTab npousolealnx u3meHeHuit B aedopmaumax
3eMHOM MoBepxHOCTU. Ha ceroaHAlHuiA AeHb, 0coby0 NPaKTUYECKYHO LeHHOCTb npuobpetatot
MeTOAbl U TEXHONOTMM KOCMUYECKOW PafMONOKALMOHHOW UHTEPdEPOMETPUM, KOTOpble
NO3BOAAIOT MOAYYaTb M/IOWAAHbIE OLEHKM BEPTUKA/IbHbIX U MAAHOBbLIX CMELLEHWI 3eMHOW
MOBEPXHOCTU C TOYHOCTbIO 40 NEPBbIX MUAIMMETPOB HE3aBUCUMO OT YC/I0BUIA OCBELLEHHOCTU U
obnauyHocTU. Kocmuyeckan paanonoKaumoHHas uHtepdepometpua (KPU) npeacrasnser coboit
3¢pdeKTUBHOE CPeACTBO NPAMOro KapTUPOBAHUA MOABUKEK 3€MHOI MOBEPXHOCTU U AedopmaLinii
COOPYXKEHUI Ha BO/bLIMX NOLWAAAX UCCAEAYEMbIX TEPPUTOPUIA.

Knlovesblie  €108a.  KOMMNNEKCHbIA  MOHWTOPUHI,  CMELLEHUA  3eMHOW  MOBEPXHOCTH,
AebopmMaLMOoHHbIe NPOLLECChI, BbICOKOTOYHOE HUBENVPOBAHWE, PafapHas UHTepdepoMeTpUs.
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