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METHODS FOR MONITORING THE EARTH SURFACE
DISPLACEMENT AT POINTS OF SMALL GEODETIC NETWORK
UNDER THE UNDERGROUND METHOD OF COAL DEVELOPMENT

Purpose. Developing an efficient and high accuracy methodology of observing the earth surface deformations
when mining minerals by the underground method.

Methods. Experimental grapho-analytical methods as well as mathematical modeling were applied.

Findings. There is presented a methodology and results of processing the data of observations of the earth surface
displacements when mining coal at Kostenko mine of the Coal Department of ArcelorMittal Temirtau JSC, Kara-
ganda Coal Basin. The displacement measurements were performed at points of the small geodetic network using the
GNSS technologies with accuracy acceptable for the satellite geodetic network of class 1.

The results confirm the GNSS methods effectiveness in studying the earth surface displacements in coal mine
conditions. Displacement vectors of the GNSS points were determined; numerical values of the relative vertical and
horizontal displacements of the points were obtained.

Originality. A new technique for making geodesic measurements was developed when studying the earth surface
displacements during its underworking by means of building local small geodynamic networks. For the first time the
observations of the earth surface displacements due to its undermining in the territory of the Karaganda coal basin
were carried out not along the profile lines but as a result of a detailed surface survey.

Practical value. The proposed method for performing geodetic measurements using the GNSS technology to
study the earth displacements has made it possible to determine the parameters of the displacement process with a
high degree of accuracy and can serve as the basis for organizing geodetic monitoring at all the mines of the Kara-
ganda coal basin. The main tool for monitoring man-made processes was a network of specially designed benchmarks
in the field. With systematic monitoring, when initially there are implemented the measures to form a geodynamic
polygon, the greatest degree of prediction of the risks of field exploitation is achieved.
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Introduction. At the moment, with the advent of new
methods and technologies for monitoring the earth sur-
face displacements, the issues of undermining structures
and natural objects in coal-bearing areas are being im-
proved in terms of a variety of factors, such as improving
the accuracy of the results, reducing the time of observa-
tion and reducing the financial cost of the work.

Studying the issues related to the development of
methods for observing deformations of the earth surface
in the areas mined by underground coal mines in the ter-
ritory of the former USSR was carried out by scientists
from the All-Russian Scientific-Research Institute of
Nuclear Physics (Samarin V.P., Mayevsky F. M., So-
shenko A.I., Muller R.A., Akimov A.G., Zapadin-
sky L.A., Shagalov S.E., Biryukov V.V., Sinopalni-
kov S.G., Reshetov G.A. and others), from the Ukrai-
nian branch of the All-Russia Scientific-Research Insti-
tute (Markov V.V., Spiridonov N.A., Matyushen-
ko M. D., Vyrvo V.M., Vyaznikovtsev O. 1., Molkov V.S.
and others), as is evidenced by many publications on this
subject.

In Kazakhstan in the conditions of the Karaganda
coal basin, the problem was studied by the employees of
the Kazakh branch of the All-Russia Institute of Scien-
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tific Research and Development (Kleschev P.E., Po-
klad G.G., Gadymba I. M., Vedyashkin A.S., Elima-
nov K. K., Pozhemyatkas N.I., Blischenko V.N., Be-
lyavtseva V. V., Lee R.V., Zhukenova M. N., and oth-
ers), as well as scientists from KazNRTU N. A. Satpayeyv.

Presentation of the main research. Coal mining op-
erations under built-up areas include a set of mining ac-
tivities to increase the volume of extracted minerals from
the subsoil, to assess the impact of various processes oc-
curring in the thickness of rocks and on the earth sur-
face, predicting and reducing possible significant chem-
ical and hydrological transformations, releasing toxic
gases and groundwater to the earth surface. The permis-
sible Ievel of impact of underground mining operations
on the objects located on the surface is determined by
their purpose, type of construction, maximum permis-
sible deformations, location, and social conditions.

It is known that the practice of developing minerals
has shown the increasing load on rock massifs located
above the layers under development, which leads to re-
distribution of the stress-strain state of the massif and to
undesirable consequences and irreversible processes in
the environment.

For example, within the displacement trough, there
occurred the earth surface deformations (Fig. 1), which
clearly shows the extent of the damage.
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Fig. 1. The earth surface deformations in the territory of
Kostenko mine

Therefore, systematic instrumental observations and
prediction of the stress-strain state of the rock massif
can reduce damage, and sometimes even help to avoid
negative consequences.

The main tool for monitoring man-made processes
is a network of specially designed observational bench-
marks in the field. With systematic monitoring, when
initially there are taken measures to form a geodynamic
polygon, the greatest degree of prediction of the risks of
field exploitation is achieved.

The main purpose of observations is determining the
quantitative and qualitative values of deformations to as-
sess the degree of stability of the structure for implement-
ing timely measures that will ensure its normal operation.
In addition, the results of observations allow checking the
correctness of the design calculations, identifying regu-
larities of predicting the process of displacement.

To control the undermined earth surface displace-
ments during underground coal mining, it is recom-
mended, according to [1], to design observation stations
in the form of core lines located along the strike, and to
carry out linear and height measurements using tradi-
tional geodetic and surveying methods [2]. However,
the performing geodetic observations at the points of
core lines does not fully take into account the entire pro-
cess of surface displacement, and the measured dis-
placements determine the ones only relative to a specific
core line and are not oriented in space, at this, the ob-
tained data are statistical in nature.

For this purpose there is proposed a method of the
GNSS measurements at points of a small geodetic net-
work [3] that allows measuring the data in scale; obtain-
ing dynamic data that reflects the displacement process
in real time; determining the magnitude of displace-
ments oriented spatially; ensuring high accuracy of
measurements without significant costs in comparison
with traditional geodetic methods [4].

This method was used to study the process of the
earth displacements in the territory of Kostenko mine of
the Coal Department of ArcelorMittal Temirtau JSC
(Karaganda Coal Basin) in the course of underground
mining. The task of the study was to determine the earth
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surface displacements [5], as well as their accuracy using
the GNSS measurements at the points of the designed
small geodetic network.

For the study there was selected a period from 2008
to 2010, when sections of highways, railway sections,
high-voltage transmission lines, points of the State geo-
detic network were simultaneously included in the zone
of influence of mining operations on the surface.

In this period there was developed longwall 45 K-
K;-3, 44 K;-3, 48 K,-1-B. The sediment thickness in
the territory under consideration was 70 m. The enclos-
ing rocks were composed of sandstones, mudstones, and
aleurolites [6]. Mining conditions [7] of the coal reserves
being processed are given in Table 1.

As a result of the reconnaissance of the territory of
the land allotment of Kostenko mine, it was established
that from the points of the State geodetic network the
polygonometry points of the 4™ class were preserved:
PP No.0351, 0562 and 0383 in the territory of the ad-
ministrative-domestic complex; PP No. 1433 and 9389
on the wasteland along the road; PP No.9863 and the
triangulation point of class 2 on the building of the cen-
trally-related cage shaft (CRCS).

These points did not provide complete control of the
displacement process therefore, additional points Rpl,
Rp2, Rp3, Rp4 (Fig. 2) [8] were introduced along the
strike and across the longwalls.

For obtaining reliable results, there was performed a
preliminary calculation of the network accuracy in the
static mode using the GNSS receiver Leica GX1220

My =3 mm+0.5mm/km=3+0.5-3=4.5;
Mpeigny =6 mMm + 0.5 mm/km=6+0.5-3=7.5;

_ , 2 2 _
ma - mplan +mheight _8‘74’

Table 1
Mining-technical conditions of the coal reserves
developed
. Longwall 45 | Longwall 44 | Longwall 48
Indicator name K-Ky-3 Ko-3 Ko-1-8
Average depth of 620 480 310
development, m
Retrievable 5.6 1.9 2.7
reservoir
capacity, m
Dip angle, deg. 9 7 6
Length, m 1100 1350 840
Start of mining February November March
2008 2009 2008
End of mining October June January
2009 2010 2009
The speed of the 62 192 81
face advancing,
m/month [9]
Method of the Full Full Full
roof control [10] collapse collapse collapse
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u PP Ne0Q351
w PP Ne0562

Fig. 2. The geodetic network project

where m,,,, is the measurement error in plan, mm; m,,;,
is the measurement error in height, mm; m, is the abso-
lute error, mm.

The limiting relative error of the route was deter-
mined by the formula [11]

m,Ja=8.74/2 659 000;
m,/a=1/304233,

where m, is the absolute error of the route weak side,
mm; a is the length of the route weak side, mm.

The obtained value of the limiting relative error of
the route 1/304 233 is smaller than the allowable one for
the satellite city geodetic network of class (SGCN-1)
1/150 000 [12], thus, the network designed corresponds
to the instruction requirements.

The number of lines in the route is 11 (Table 2).

The basic lines of the network are between the points
of the COS and Rp2, the COS and Rp4. In addition to
observations using a GNSS receiver, there were also car-
ried out control measurements of the length of lines us-
ing a tacheometer.

The long side of the route between the laid-out point

short side between COS and Rp4 was 851 m, the average
length of the sides was 1612.43 m. For GNSS measure-
ments at the points of the satellite network there was
used the GNSS receiver Leica GX1220.

Evaluation of the accuracy of determining the plan
and altitude position of the observed points is given in
Table 3.

Controlling the line length changes was performed
using a Leica TPS407 electronic tacheometer. The re-
sults are shown in Table 4.

The results of measurements on the GNSS network
points (Fig. 2) using the Leica GX1220 GNSS receiver,
are shown in Table 5. According to the measurement
data at the points of the small geodetic network, the dis-
placement vectors of the network points were deter-
mined (Fig. 3) and the following was established:

1. The accuracy of determining the plan coordinates
was 4 mm, height 7 mm.

2. The maximum displacement at the GNSS point
located on the COS building was 8 mm, which allowed
using this point as the basic station.

3. Atthe GNSS points of the Rp2 and Rp3 networks,
the values are obtained indicating that there are signifi-
cant displacements of the earth surface in the mine field
(about 1 m) relative to the initial point of the network.
The displacement vectors of the points were obtained
with the accuracy of 8 mm.

4. At point PP No. 0383 subsidence of the earth sur-
face is less significant (the maximum value is 6.2 cm).
This is due to the fact that the point is installed above
the safety pillar entirely [13] that is located under the
building of the administrative and living complex of the
mine.

The analysis of satellite observations made indicates
that at polygonometry points No. 9389, No. 1433, at the
laid down points Rp1, Rp2, Rp3, Rp4, displacements of
the earth surface reach significant values, which is due to

Table 3
Evaluation of the accuracy of determining the plan
and height position of the observed points of the
satellite GNSS network, mm

Rp1 and the existing point PP No. 9863 was 2659 m, the = @ 2
S E P S
Table 2 £ 2| Error S | 2 | Rel |Rp2|Rp3 | Rpd
Dimensions of the satellite GNSS network sides E 2 B By
Frtom pmtnt P(ggo P9l:gg130 Rpl | Rp2 | Rp3 | Rpa COS | Inplan 3.55 | 3.63 | 3.87 | 3.98 | 4.07 | 343
0 poin In height | 6.55 | 6.63 | 6.87 | 6.98 | 7.07 | 6.43
COS 1109 1267 | 1742 | 1966 | 2136 | 851
PP No.0383 - - 1327 | — - — Table 4
Rpl - 2659 - | 1475 — - Dimensions of the basic lines lengths of the satellite
Rp2 - - - - | n47 | - GNSS network, m
Rp3 — 1526 | 2474 | — — _ - October | March | September | March
Basicline |50 2009 2009 2010
PP No.9863 - - - - — 1923 COS—Rp2 | 1966.11 1965.90 1965.44 1964.79
Rp4 972 - S e I COS—Rp4 | 851.02 | 850.92 850.83 850.72
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Table 5
Displacements of the GNSS network points, m
March 2009

Observation point

X2—X1 Y2-Y1 72-71
COS 0.008 —-0.007 —-0.008
PP No.0383 —-0.020 -0.022 —-0.01
PP No.863 0.034 0.029 -0.11
Rpl —-0.050 0.411 —-0.17
Rp2 0.083 0.052 -0.31
Rp3 0.001 0.003 —-0.03
Rp4 —0.064 —0.044 -0.02
Observation point September 2009

X3-X2 Y3-Y2 73-72
COs 0.004 —-0.005 0.000
PP No.0383 —-0.029 —-0.009 —-0.020
PP No.863 0.027 0.020 —0.080
Rpl —-0.139 0.064 —-0.350
Rp2 0.306 0.340 —-0.230
Rp3 0.000 0.001 -0.050
Rp4 —-0.092 —-0.008 —0.150
Observation point March 2010

X4-X3 Y4-Y3 74-73
COS —-0.003 —0.004 —-0.010
PP No.0383 —-0.016 —-0.031 —-0.020
PP No.863 0.056 0.097 —0.100
Rpl —-0.055 —-0.040 —0.410
Rp2 0.544 0.369 —-0.330
Rp3 0.488 0.839 -0.320
Rp4 —0.084 —-0.077 —-0.510
Observation point October 2009—March 2010

X4-X1 Y4-Y1 74-71
COSs 0.009 —-0.016 —-0.02
PP No.0383 —-0.065 —-0.062 -0.05
PP No.863 0.117 0.146 -0.29
Rpl —0.244 0.435 -0.93
Rp2 0.933 0.761 -0.87
Rp3 0.489 0.843 —-0.40
Rp4 —0.240 —-0.129 —0.68

the excavation of coal under them. And at polygonom-
etry points No. 0351, No. 0562, No. 0383, No. 9863,
and the point of triangulation at the COS displacements
are within the measurement accuracy, this is because
they are located within the boundaries of the adminis-
trative-domestic complex of Kostenko mine and the
cage shaft, which are located on the safety pillar.

To estimate the displacement trough [14], a detailed
GNSS survey of characteristic terrain points was made
[15]. The number of such points was 141.
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Fig. 3. Vectors of displacements of the satellite GNSS net-
work points

The measurements were carried out in October 2009
and March 2010 using a fast static method, in which ob-
servations by a mobile station at a point were performed
at one time.

The values of the maximum vertical displacements
were obtained as a result of a detailed survey of the earth
surface at point 80 (101 cm) located between long-
walls 44 K;-3 and 48 K;,-1-B. The horizontal displace-
ment with the maximum value of 93.3 cm was fixed at
point Rp2 of the small geodetic GNSS network.

The obtained values allow concluding that displace-
ments are mainly directed across and along the strike of
longwalls and that the initially selected basic lines of the
projected dynamic GPS network have been correctly
identified.

In order to determine the speed of the earth surface
displacements above longwall 45 K,-K;-3, the eleva-
tions of points were measured additionally using a Leica
TPS407 tacheometer. Earlier, in 1998—2006, 1993—
1994, 1987—1989 in the area there were extracted re-
serves from longwall coal seams K3, K,, K [16]. Starting
longwall 45 K,-K;-3 was made in February 2008.

For this longwall, the process of the earth surface dis-
placement began at a certain distance from the mounting
chamber, which can be determined by the formula [17]

0.2 x H=0.2 x 620 =120,

where H is the average depth of the longwall develop-
ment, m.

It was established that 120 m of longwall was worked
out after 2 months after starting the longwall mining.

The maximum subsidence rate, mm/month within
the period of dangerous deformations, when the harm-
ful effects of underground mining on structures and
natural objects are manifested, for the Karaganda basin
can be calculated by the formula [17]
. 12—’"'0'”5“(“0.3&}

H H

l)z‘hear
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where m is the developed seam thickness, m; o is the
seam dip angle, rad; c is the rate of the breakage face
advancement, m/day; H, is the earlier undermined
thickness, m.

The maximum theoretical value of the subsidence
rate for the 45 west longwall on the K,-K; seam made,
mm/month [16]

v, =1p8200:2:006°y 35 3¢
600 8

The results of the obtained measurements of the ele-
vation of points H and subsidence AH (Fig. 4) show that
the displacement of the earth surface does not occur uni-
formly. The maximum value of the subsidence rate oc-
curred at the observed point 3 and was 450 mm/month
that is 63 mm more than the theoretical value v, =
= 387(mm/month).

Analyzing the data obtained, we found that during
the development of the formation suite the character of
the earth surface displacement is much more pro-
nounced [18] in comparison with the displacement pro-
cess indicators during the development of separately lo-
cated breakage faces.

To establish the parameters of the earth surface dis-
placement, we consider the behavior of the Rpl net-
working point depending on the breakage face advancing.

The plot shown in Fig. 5 illustrates changing the ver-
tical displacements of the point in dependence on the
position of the face or (assuming the face advancement
is uniform) on time.

The analysis of the subsidence of a single point on
the earth surface allows distinguishing three stages of its
displacement:

- the initial stage characterized by a slight gradual
subsidence of the developed unit;

- with further face advancing the point subsidence
rate increases, which determines the active stage of the
displacement;

2008 |

20,00 = March
45,00 2009
40,00 = July
35,00 — 2009
30,00 . August
25,00 +— — 2009
20,00 g nu,October
15,00 - — 2009
10,00 -

5,00 -

0,00 -

Fig. 4. Diagram of the measured subsidence at points No.
1-7, cm

- the last period is associated with decreasing the
subsidence rate of the surface and is considered as the
stage of attenuation.

The rate of the vertical displacement of the V' point of
the GNSS network Rp1 is determined by the ratio of the
magnitude of the horizontal displacement to the time
within which it occurred, and for each stage is

Vactstveg = 0.025/2 =0.0125 m/month = 0.4;
Vierse =0.35/10.5=0.033 m/month = 1.1;
Vaetst.comp.= 0.035/5.5=0.006 m/month = 0.2,

where V., 5 18 the rate before the active stage begin-
ning, mm/day; V. is the active stage rate, mm/day;
Vaetst.comp 18 the rate after the active stage, mmy/day.

From here for each stage of the surface displace-
ment, the dependence of the points subsidence H (m)
on time ¢ (months) from the beginning of the longwall
development can be determined

Hact.st.beg. =0.0125- tact.st.beg.;
Hact:t. = L gt st.beg. +0.033 - tact.:t.;

Duration of observarions , vear/month

2009 2010
1

0.00 —
15“1'1\ 1 2 3 4

7 8 9 10 11 12 1 2 3

12
-0,05 R

-0,10

-0,15 Beginning the

active stage

-0,20

-0,25

SlLbSldence, m

-0,30 \\\ Completing the
-0,35 active stage

B \\k\
-0,40 —
-0,45

Fig. 5. Plot of vertical displacements of the Rp I point of the satellite GNSS network depending on time
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actst. T 0.006 - t:

H act.st.comp.™

where H,., ., is dependence of the points subsidence
before the active stage beginning; H,,, is dependence
of the points subsidence at the active stage; H ., g comp. 1S
dependence of the points subsidence after the active
stage.

The information of the total duration of the process
of displacement makes it possible to solve the issues of
building undermined areas, and the information of the
period of dangerous deformations is used in determining
the duration of the repairing structures damaged due to
their underworking, and during observations of the ob-
jects being undermined.

Conclusions. In general, the process of the earth sur-
face displacement lasted within 16 months. The period
of dangerous displacements (from December 2008 to
November 2009) was at the end of mining the longwall
on the K, seam and the beginning of mining the long-
wall on the K,-K;and K;seams.

The use of local small geodetic networks based on
GNSS technologies for monitoring the earth surface
displacements during underground coal mining makes it
possible to determine the values of surface displace-
ments with high accuracy corresponding to the accuracy
of class 1 networks [19].

The proposed method of observing the displace-
ment of the earth surface is more economically advan-
tageous and requires significantly less time compared
to measurements made using traditional expensive
geodetic methods, when high measurement accuracy
can be achieved only by completing the whole range of
field and office work. The developed method allows
obtaining the results of a series of measurements with-
in 8—10 days, while traditional methods take
1.5—2 months.

It is possible to establish a linear dependence of the
subsidence of points on the earth surface on time mea-
sured from the beginning of the longwall mining. The
obtained dependence of the duration of observations on
vertical displacements has an exponential form.

The proposed method for monitoring the indica-
tors of the earth surface displacements in mine fields
using the GNSS technology makes it possible to de-
termine the parameters of the displacements. Such an
approach to the displacement indicators allows avoid-
ing the risks of serious damage to surface structures
[20] and significant damage to the natural environ-
ment, as well as performing rational excavation of coal
reserves.
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MoOHITOpHHT 3pyllIeHb 3eMHOI NMOBEpPXHi
Ha MYHKTAaX MaJIoi reoje3uvyHoi Mepexi
NpU Mi3eMHOMY BiINpamiOBaHHi BYTiJLIs

T.K. Icatek, B. @. lvomin, /1. T. leadirinosa

KaparaHnMHCbKMIA ~ IepKaBHUM  TEXHIYHUIA  YHiBEPCUTET,
M. Kaparanna, Pecriy6iika Kazaxcran, e-mail: dinulb@mail.ru

Meta. Po3pobka €KOHOMIYHOI Ta BHCOKOTOYHOI
METOIUKHU CITOCTepeXeHb 3a AedopMallisiMu 3eMHOI
TMOBEPXHI MPU BUAOOYTKY KOPUCHUX KOTTAJIUH TTia3eM-
HHUM CITOCOOOM.

Metomuka. 3acTocoBaHi eKCIepUMeHTalIbHi Tpa-
(ho-aHaNMITUUHI MeTOIM, a TAKOX MaTeMaTUYHE MOJe-
JIIOBAHHSI.

Pe3ynbraTu. IlpeacraBieHa MeTonuka Ta pe3ysib-
TaTu OOPOOKU AaHUX CIOCTEPEXEeHb 3a 3PYLICHHIM
3€MHOI MMOBEPXHi MPU BUAOOYTKY KaMm’STHOTO BYTiUIS
Ha maxti ,,ImeHi Koctenko“ ByrinbHoro nemaprta-
meHTy AT , ApcenopMirran Tewmipray“, Kaparan-
IUHCHbKMI BYTUIbHUI OaceiiH. BumipioBaHHS 3py-

ISSN 2071-2227, Naukovyi Visnyk NHU, 2019, N° 2

1IeHb BUKOHAHI Ha MyHKTaX MaJoi reoIe3UIHOI Mepe-
XKi 3a morromoroto GNSS TexXHOI0Tiii 3 TOYHICTIO, TO-
IMYCTUMOIO TSI CYITYTHUKOBOI reofe3nyHoi Mepexki 1
Kiacy. Pesynabraté miATBEpIKYIOTh €(hEeKTUBHICTb
GNSS MeTomiB nMpu BUBYEHHI 3pylIeHb 36MHOI MO-
BEpXHi B yMOBax BYTiIbHUX 11axT. Bu3HaueHi BekTopu
3cyBiB MyHKTiB GNSS, oTprMaHi yncenbHi 3Ha4YeHHS
BiTHOCHUX BEPTUKAJIbHUX i TOPU3OHTAJIILHUX 3CYBIiB
TOYOK.

HaykoBa HoBu3Ha. Po3poOjieHa HOBa MeToIMKa
MIPOBEICHHS TEONC3NIHNX BUMIpIOBAaHb MPU TOCIHi-
JIDKeHHI 3pyllIeHb 36MHO1 MOBEPXHi MpH 1i MiaApoOLi mo-
OYIOBOIO JIOKAIBHUX MaJIUX T€OTMHAMIYHMX MEpPeX.
Ynepiie crocTepeXeHHs 3a 3PYIICHHSIM 3¢MHOI T0-
BEpXHi BHACIAOK 1i MiapoOKu Ha Teputopii KaparaH-
MUHCHKOTO BYTUJIBHOTO OaceiiHy MPOBOMMIMCS HE 3a
NpoiIbHUMU JIiHIIMM, a B pe3yJabTaTi AeTaJdbHOI
3OMKU MOBEPXHi.

IIpakTiyHa 3HaYMMIiCTh. 3aITPONIOHOBAHA METOIMKA
MIPOBEJICHHS Te0Ie3NYHNX BUMipIOBaHb 3 BUKOPUCTaH-
HsaM GNSS TexHosoriii aj1s1 OOCTiIXKEHHS 3pyllIeHb
3eMHOI ITOBEPXHi TO3BOJIMIIA 3 BUCOKHUM CTYITEHEM TOU-
HOCTiI BU3HAYUTH TTapaMeTpPU MPOIECY 3pYyIICHHS Ta
MOKE CITY>KUTH OCHOBOIO JUISI OpraHi3allii Teoge3nIHO-
o MOHITOPUHTY Ha TEPUTOPIi BCIX 1IAXT, 1110 nepedyBa-
10Tb y KaparaHnmHChKOMY BYTiJIbHOMY OaceitHi. OcHO-
BHUM iHCTPYMEHTOM 3i CIIOCTEepEeXXEHHSI 32 TEXHOI'CH-
HUMM IIpoliecaMi CTajia Mepeka CIelliaIbHO 3alIpOeK-
TOBaHUX perepiB Ha POAOBUILI. 3a CUCTEMATUYHOTO
MOHITOPUHTY, KOJIM CITOYATKy peaii3yloThCsl 3aX0IU 3i
CTBOPEHHSI T€OAMHAMIYHOTO IIOJIITOHY, MOCSITa€ThCs
HaAWOUIBIINIA CTYMiHb MPOTHO3YBaHHSI PU3UKIB €KC-
IJTyaTallii pofnoBULIA.

KiiouoBi ciioBa: gyeinas, cnocmepedicents, pyx 3emii,
GNSS, mounicms sumiprosans, demanvHe 00CMeENCCHHS,
niozemna po3pooka

MOHUTOPHHT CABMXKEHMIA 3€MHOI MOBEPXHOCTH
HA MYHKTAX MAJIOi reojie3n4eckoi ceTu
NP NMOJ3eMHON 0TPA0OTKE YIJIs

T. K. Hcabex, B. ©. Iémun, /. T. Headurunosa
KaparaHanHcKuii TocyIapCTBEHHbIM TEXHUYECKUIA YHUBED-

cuter, r. Kaparanga, PecnyOnuka KazaxcraH, e-mail:
dinulb@mail.ru

ean. PazpaboTka 3KOHOMUYHOM 1 BLICOKOTOYHOM
METOINKN HaOMIOAeHWI 3a nedopMalusIMUA 3eMHOM
TOBEPXHOCTU IPM NOOBIUE MOJE3HBIX MCKOMAeMBbIX
MOI3eMHBIM CITOCOOOM.

MeTtoauka. [TpMeHeHbI SKCIepUMeHTaIbHbIE I'pa-
¢o-aHATUTUUECKUE METO/IbI, a TAKXKE MaTeMaTUYeCKOe
MoOJeIUpOBaHNE.

PesyabTatnl. [1pencraBieHa MeToauka u pe3yJibTa-
Thl 00pPabOTKM JAHHBIX HAOJIONEHUIT 3a CABUKEHHUEM
3eMHOI MOBEPXHOCTHU MPU JOOBIYE KAMEHHOTO YIJIsl Ha
maxre ,,Mmenun Kocrenko YrojabpHOTO nenapraMeHTa
AO , ApcenopMutran Temuptay“, Kaparanguackuii
YIOJIbHBIN OacceiiH. M3amepeHust cIBUXKEHUI BbIMOJI-
HEHBI Ha ITyHKTaxX MAJION reoe3MYeCcKOil CETU C ITIOMO-
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mblo GNSS TeXHONIOTH ¢ TOYHOCTBIO, TOMYCTUMOM
IUUIST CITYTHUKOBOM Te0Je3MIecKoii ceTn 1 Kiacca.

PesynbraTer moaTeepxknaot 3 dekTuBHOCTE GNSS
METOMIOB IIPY M3YYEHUU CIBUKCHUM 3€MHOI IOBEPX-
HOCTH B YCJIOBUSIX YTOJBHBIX I1axXT. OmpeaeseHbl BeK-
TOphl cMeleHuit MyHKToB GNSS, mosyyeHbl YMCIeH-
HbI€ 3HAYEHUSI OTHOCUTEIbHBIX BEPTUKAIBHBIX Y TOPU-
30HTATbHBIX CMEIICHUIT TOYEK.

Hayunas nosusna. PazpaboTtaHa HoBasl MeToAMKA
TIPOBEICHMS TeOIEe3NICCKIX N3MEPEHUI TP UCCIIE-
MOBAaHUM CIOBWKEHUM 3¢MHOM IMOBEPXHOCTU TIPU €€
noapaboTKe MOCTPOCHUEM JIOKAIbHBIX MaJIbIX T'eO-
OIMHAMHWYCCKUX ceTeil. BrepBble HaOmomeHUs 3a
CIOBUIKCHMEM 3EMHOM IMOBEPXHOCTHU BCJICACTBHUE €€
noapaboTku Ha Tepputopuu KaparaHImMHCKOIo
YTOJBbHOrO OacceliHa MPOM3BOAMIMCH HE IO IPO-
(pMIIBHBIM JIMHUSIM, a B pe3yJibTaTe AeTaJbHOMN CheM-
KM TTIOBEPXHOCTH.

IIpakTHueckasa 3HauynmMocTb. [1pemioxkeHHas MeTo-
IUKa TIPOBEACHUSI TeOIe3NYECKUX M3MEPEeHUI ¢ WC-
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nonbp3oBaHreM GNSS TexHOMOrMi UT NCCIEI0BAHNUA
COBIDKCHUI 3¢eMHO TTOBEPXHOCTH TTO3BOJIMIIA C BBICO-
KOl CTeTIeHbIO TOUHOCTH OIPEAEIUTD IlapaMeTPhI IIPO-
1ecca COBMXKEHUU Y1 MOXET CIIY>KUTh OCHOBOM IIJISI OpP-
raHu3aluy reoJe3n4ecKoro MOHMTOPUMHIA Ha TePpHU-
TOpMM BCeX IIaXT, Haxomsumxcsa B KaparaHamHckoM
yrojibHoM 0OacceitHe. OCHOBHBIM MHCTPYMEHTOM I1O
HaOJTIOIEHUIO 32 TEXHOTEHHBIMU TTPOLIeCCaMy SIBUJIACh
CeTh CIEUMAIbHO 3aIllPOCKTUPOBAHHBIX PEIepoOB Ha
MecTopoxXaeHnU. IIpyu crcTeMaTHIeCKOM MOHUTO-
pUHTE, KOTJa M3HAYAIbHO PEaTU3yI0TCS MEPOTIPUSTHS
I10 CO3IaHMIO TEOAMHAMUYECKOTO ITOJIMIOHA, JOCTUIa-
€TCsl HauOOJIbIlIasl CTENEeHb IIPOTHO3UPOBAHUS PUCKOB
SKCILIyaTallud MECTOPOXKAECHUSI.

KiioueBble cioBa: yeoas, HabaiodeHue, Osudicerue
semau, GNSS, mounocmo usmepenuii, demanvHoe oocae-
dogaHue, nodzemHas pa3padomka

Pekomendosano 0o nybaikayii dokm. mexH. HAYK
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