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ABSTRACT

Purpose. Study of the effectiveness of topographical survey methods when solving the main tasks of surveying
support for the disturbed lands reclamation.

Methods. Comparative analysis of the topographical survey results, which was conducted with the use of electronic
total station and a surface laser scanner during reclamation. The heap leaching dump at the Belaya Gorka Site of the
Rodnikovoye Field has been chosen as an object for topographical survey. To compare adequately, the electronic
total station and the laser scanner were chosen of the same accuracy class. The determination of the values accuracy
of the area and volume of an object during a tacheometric survey depends on the discreteness of surveying pickets. In
practice, the density of the pickets’ arrangement is limited by the working capacity of the surveying crew, which, as a
rule, is several hundred pickets per day, and the density is two or three survey points per 100 m? of the object. To
determine the dependence of measurement accuracy on the pickets’ density during the tacheometric survey, it was
carried out at four different scales, with the distance between the pickets from 5 to 25 meters. The density of points
(pickets) of a surface laser scanner, which was used in the studies, is 500 points per 100 m? of survey area.

Findings. Based on the results of the tacheometric survey and surface laser scanning of the heap leaching dump, two
variants of the topographic maps of the surface and its smoothed digital model have been obtained. Detailed surface
laser scanning at an increased level in comparison with a tacheometric survey improves the topographic map accura-
cy. Improved accuracy when determining the volume on a survey scale of 1:500 — 1:2000 is 12%.

Originality. A new concept for topographical surveying is proposed when solving the surveying problems of
reclaiming the disturbed lands, based on the methods of surface laser scanning.

Practical implications. Use of the surface laser scanning technology makes possible to obtain the prompt three-
dimensional visualization of the surveyed area, to ensure high accuracy and degree of detailed survey, to increase the
working capacity and field surveying conditions, to solve the main tasks of surveying support of the disturbed lands
reclamation in the shortest possible time and with the required surveying quality.
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1. INTRODUCTION Shashenko, 2012; Malanchuk, Moshynskyi, Korniien-

The rapid development of the surface mining tech- ko, & Malanchuk, 2018).

nology leads to a significant expansion of disturbed
land areas as a result of the construction and operation
of quarries, thus creating environmental stress with
unpredictable  consequences  (Cherniaiev, 2017;
Dryzhenko, Moldabayev, Shustov, Adamchuk, & Sa-
rybayev, 2017). To solve the environmental problems,
it is necessary an effective organization of the disturbed
lands reclamation (Pivniak, Pilov, Pashkevych, &

Successful drawing up and implementation of pro-
jects for reclamation directly depends on the quality of
topographic maps of the disturbed land area at all stages
of work to recover its productivity (Sarycheva, 2003;
Vagonova & Volosheniuk, 2012; Malanchuk, Moshyn-
skyi, Malanchuk, & Korniienko, 2018). The surveying
service of the mining enterprise is required to find a
systematic approach to solving these problems using
modern methods and techniques for geodesic-surveying
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measurements (Popov, Vorkovastov, & Stolchnev, 1989;
Popov & Kalybekov, 2000; Popov, Bukrinskiy, Brue-
vich, & Borovskiy, 2010).

The objects for surveying at opencast mining are na-
tural and technogenic relief, the contours of the flanks
and bottom of the quarry, the slopes and the surface of
waste dumps, ground-mounted engineering utilities,
drainage ditches and other objects, the state of which
should be considered when organizing the reclamation
works (Anisimov, Symonenko, Cherniaiev, & Shustov,
2018; Chui, Moshynskyi, Martyniuk, & Stepanchenko,
2018; Kuzlo, Moshynskyi, & Martyniuk, 2018).

Based on surveying, the surveying plans and geodesic
sections are drawn up, which are related to the design
and implementation of individual stages of reclamation,
and this requires a systematic monitoring of the disturbed
land recovery in time and space both conventional (Go-
rova, Pavlychenko, Borysovs’ka, & Krups’ka, 2013) and
unconventional method (Bondarenko, Lozynskyi, Sai, &
Anikushyna, 2015). Therewith, the control of the vertical
levelling is of significant importance, which can be per-
formed with the use of both the conventional vanes and
laser systems. When performing the backfilling works of
the previously mined-out quarry spaces, the surveying
control should be directed to ensure that the areas to be
reclaimed fit well into the hydrographic network of the
field development area (Popov, Bukrinskiy, Bruevich, &
Borovskiy, 2010; Kalybekov, Rysbekov, & Sandibekov,
2018; Kalybekov, Sandibekov, & Rysbekov, 2018).

Therefore, a periodic surveying is carried out, the
plans and sections are drawn up, based on which the
current monitoring of the reclamation process is conduc-
ted, and if necessary, some amendments can be made
while the recovery work performance.

2. ANALYSIS OF METHODS FOR
SURVEYING THE MINING FACILITIES

It is often the case that the waste dumps, warehouses
and storage facilities are difficult to access or have a com-
plex shape, which can lead to errors when determining the
volumes (Kovrov, 2007; Nesterenko, Volokhov, & Gusev,
2009; Kalybekov, Rysbekov, & Zhakypbek, 2015).

Traditionally, when drawing up the topographic
maps, the tacheometric method of surveying is widely
used. The distinctive feature of such a surveying is the
discreteness, as it is conducted over rods or beacons.
The rods or beacons are set in the survey points belong-
ing to the characteristic contour bends or shapes of the
objects to be surveyed. The density of the pickets’ ar-
rangement is determined by the scale of the topograph-
ical surveying and the nature of the object (Chrzanowski,
1993; Sapina, 2016).

Using these methods, surveyors are faced with a
problem that is not always solvable. On the one hand, to
improve the accuracy of calculating the rock volume, it is
necessary to have a large number of survey points. How-
ever, on the other hand, the rapidly changing situation in
quarries and dumps requires a high operativity when
performing the surveying work. A discrepancy in eleva-
tions in the tacheometric survey is not permissible more
than 4 cm per each 100 meters of distance (Bagratuni,
Ganypin, & Danilevich, 1984).
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As it is evident from the experience, the traditional
surveying methods are not always effective, but time-
consuming and not enough prompt. Moreover, the error
in calculating the mine rock volumes when using them is
3% or more, therefore, to increase the accuracy of calcu-
lating the volume of the fertile soil layer, the surveyor
needs to conduct a detailed surveying, increasing the
number of survey points for quarries and dumps with
complex configuration (Kovrov, 2007).

At the same time, based on the tacheometric survey re-
sults, other parameters should be determined, which are
necessary for the qualitative drawing up of a topographic
map: the coordinates of the points and the contour area, the
dimensions of the object for reclamation may have signifi-
cant errors as a result of approximation of the perimeter
elements according to the measured points. Moreover, the
accuracy of the surveying results is greatly influenced by
the human factor, which is manifested in the subjective
choice of measurement points (Mikhlin & Zhupiev, 1997).

Thus, the abundance of contours and a large number of
separately located objects lead to inevitable errors when
surveying, and a detailed survey of technogenic reliefs
with considerable dimensions takes several weeks, taking
into account the subsequent processing of surveying data.

To improve the efficiency of the tacheometric survey,
modern electronic total stations are used, which allow to
provide a high degree of accuracy. By now, a large num-
ber of electronic total station types have been developed
and produced, differing in constructional features, accura-
cy and purpose. The measurement accuracy depends on
the technical capabilities of the total station model, as
well as on many external parameters: temperature, pres-
sure, air humidity, etc. In modern total station models, the
accuracy of angular measurements reaches 0°00°0.5”’, the
distance of 0.5 mm +1 mm/km (I mm + I mm/km in re-
flectorless total station mode), which fits the requirements
for high-quality surveying during the disturbed lands rec-
lamation (Zheltko, Gura, Shevchenko, & Berdzenishvili,
2014; Zheltko, Gura, Pastukhov, & Shevchenko, 2015;
Yinli, Haiyang, & Zhakypbek, 2016).

The use of modern electronic total stations in survey-
ing focused on the information support of the disturbed
lands reclamation process, significantly simplifies the
solution of such tasks, but does not solve the problems
associated with the surveying discreteness.

Solving these problems is a crucial task, which re-
quires a new approach to surveying based on the use of
methods that ensure the surveying continuity.

3. CHARACTERIZING THE SURFACE
LASER SCANNING AS A NEW
APPROACH TO SURVEYING

As it is evident from the experience, the traditional
surveying methods are not always effective, but time-
consuming and not enough prompt. It should be noted that
any tacheometric survey is performed by a discrete set of
survey points belonging to characteristic contour bends or
shapes of the objects to be surveyed. By interpolating
between these points, the contours of the objects to be
surveyed and the shapes of the topographic surfaces are
reproduced, which leads to a loss of objectivity in outlin-
ing these contours. The density of the pickets’ arrangement
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is determined by the scale of the topographical survey and
the nature of the object. In practice, the surveying density
is limited by the working capacity of the surveying crew,
which, as a rule, is several hundred pickets per day, that is,
just two or three points per 100 m? of surveying (Fig. 1).
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Figure 1. The number of survey points on an area of 100 m?
(3 — 4 pickets)

At the same time, the actual density when surveying
with the use of the surface laser scanning methods can
reach 50 — 100 thousand of measurements per second
(3 -5 points per 1m? of the earth’s surface) (Fig.2)
(Triger, 2009).

Figure 2. The number of survey points on an area of 100 m?
(100 - 500 pickets)

As it was noted by the authors in the works
(Mel’nikov, 2001; Gusev, Naumenko, Volokhov, &
Golovanov, 2008; Gusev, 2009; Seredovich, Komis-
sarov, & Shirokova, 2009), the laser scanning technology
solves the problem of surveying discreteness due to the
extremely high density of the points to be surveyed, the
number of which can amount to tens of millions. Such a
density makes it possible to obtain a natural 3D model of
an object at the stage of surveying performance. Another
conceptual difference is that the choice of the place for
the picket setting in traditional methods is determined by
the operator in each specific case based on the topologi-
cal features of the surveyed object, while in surface laser
scanning, the distribution of points is of random charac-
ter. Another disadvantage of the traditional tacheometric
survey is the omissions connected with the ocular estima-
tion of the stations location on the ground, such as: insuf-
ficient completeness of surveying from the fixed bench-
marks, which is manifested in the direct surveying from
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the attached stations of the surveying justification in the
form of their unsuccessful location or insufficient num-
ber. In such cases, transient stations are set from the
nearest reference geodetic station or the station of sur-
veying justification, which significantly increases the
scope of surveying work.

The use of surface laser surveying technology elimi-
nates the drawbacks of the tacheometric survey and its
processing, as well as eliminates the influence of the
human factor when drawing up a plan for the dump con-
tours, upper and lower edges of the ledges, etc.

The main advantages of surface laser scanning when
solving the problems related to the collection of geospa-
tial information about the objects to be surveyed in open-
cast mining are considered to be:

— prompt obtaining the three-dimensional model of an
object;

— data collecting, a significant saving of time;

— safe surveying of dangerous and hardly accessible
objects;

— obtaining the topographic map with the use of the
virtual surveying;

— calculating the volumes value by means of compar-
ison with previously obtained surveying results;

— completeness and detail of the results obtained;

— minimal “human factor” influence;

—the possibility to use the total station function on
the direct referencing of benchmarks to a single coordi-
nate system.

The development of surface laser scanning technolo-
gy has been advanced due to the works of many scien-
tists, such as E.A. Medvedev, S.R. Melnikov, V.A. Sere-
dovich, A.V. Komissarov and others.

The implementation of surface laser scanning into the
surveying practice of opencast mining can be called the most
significant technological innovation in mining operations.

Recently, a surface laser scanning method has been
used to provide for an accurate and complete data of mo-
nitoring in processes of the surface mining the mineral
deposits. In the works (Vasil’yev, Zarovnyaev, & Shubin,
2013; Vasil’yev, Zarovnyaev, & Shubin, 2015; Zarov-
nyaev, Shubin, Vasiliev, & Varlamova, 2016), the authors
distinguished the advantages of surface laser technology:
prompt obtaining the necessary data, the system usability,
multi-functionality, high accuracy and an essential reduc-
tion in labour costs when performing the tasks set.

Currently, the surface laser scanners are represented
by a wide assortment of models with different technical
parameters, the principle action, dimensions and methods
of application (Aitkazinova, Soltabaeva, Kyrgizbaeva,
Rysbekov, & Nurpeisova, 2016). Therewith, the main
features, determining the device capabilities, are high
action range and accuracy (Medvedev & Mel’nikov,
2002; Rysbekov & Amirov, 2011; Kuttykadamov,
Rysbekov, Milev, Ystykul, & Bektur, 2016), which allow
to solve problems of a wide spectrum from exploring to
executive surveying, including monitoring of the dis-
turbed lands. The scanners can provide obtaining the data
with performance of up to 1 million points per second
with an accuracy of 1 mm, while the action range reaches
about 300 m (Mel’nikov, 2001; Gusev, 2009; Nesteren-
ko, Volokhov, & Gusev, 2009).
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4. METHODOLOGY OF CONDUCTING For a comparative analysis of the surface laser scan-
THE FIELD EXPERIMENT ning capability and verification of the results obtained,
the same range of works has been performed using an

h ) ) electronic total station. The correctness of comparing the
veying method effectiveness using surface laser scanners results of the tacheometric survey and surface laser scan-

to determine the area and volume of the heap leaching ning is achieved by choosing the devices of the same
dump at the Belaya Gorka Site of the Rodnikovoye Field. accuracy class (Table 1).

The main direction of the study is to assess the sur-

Table 1. Comparative analysis of measurement methods using an electronic total station and surface laser scanning

Types of measurements

Standard of comparison Tacheometric survey Laser scanning
(Total Station SmartStation-1205) (Leica ScanStation P40)

Accuracy of measurement, m In plan 0.250 In plan 0.030

’ throughout the height 0.020 throughout the height 0.020
Period of performance, 10 ha/day 3-4 1
Period of cameral works

3-5 1-2
performance, day
Performers, person 2-3 1-2
Range capability, m 1000/3500 300/600
Measuring rate Single measurements 1000000 measurements/sec
(density on a scale 1:500), m? (1 point per each 5 meters) (density 3 — 5 points and more per 1 m?)
Efficiency Mean Very high
Result Drawing up a topographic map 1:500 Drawing up a topographic map 1:300
) (3D model, virtual surveying plan)
Laser scanning begins with the choice of station loca- The user specifies the required density of the point cloud
tions relative to the scanned object (Fig. 3). (resolution) and the surveying area (Fig. 4).

Figure 3. Location of the laser scanning station at the sur- Figure 4. Point cloud
veying site
The scanning was performed with a Leica ScanSta-
With that, it is necessary to consider the following  tion P40 scanner along the dump perimeter from 9 geo-

factors affecting the scans accuracy (Voroshilov & detic points with a resolution density of 5 — 10 mm.

Karachentsev, 2009): With all the obvious advantages of surface laser
— accuracy characteristics of scanning and subsequent scanning, the scans obtained have disadvantages, since

determining the spatial coordinates of points; they do not contain the necessary information about the
—removal of stations from objects to be surveyed; location of transport routes, conveyors, industrial site,
— dimensions of the zones to be scanned horizontally ~ warehouses and the dumps. The task can be solved using

and vertically; the ScanStation P40 scanner function, which supports the
—providing for the zones overlapping the adjacent  scanned object with the digital video and photosurveying

scans; to obtain high-quality HDR images. The result of the
— visibility and accessibility for scanning, no interfe- virtual surveying by the scanner is shown in Figure 5.

rence for the scanning laser beam.

Accounting of these factors depends on the location 5. RESULTS AND DISCUSSION
of the area surveyed, the level of its loading by the

scanned object heights details and the scanner accuracy Based on the results of surface laser scanning of the
characteristics. heap leaching dump, a topographic surface and a smoothed
Referencing to the local coordinate system is carried  digital surface model have been obtained (Fig. 6). Using
out according to two benchmarks set with the use of the ~ digital model of a surface, the heap leach dump volume
electronic total station function available in the scanner. ~ has been determined, which amounts to 58324.0 m’.
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Point Nusber,X,Y,Z,Feature Code,lotes
1,-127.569851, .213. 370345, 1. 222553, ,
2,-193.583279, -204.858633, -1, 218834, ,
3,-67.276313, -189 637497, 0. 043443, ,
4,-42.938164, -179. 489946 , 0. 740338, ,
5,-35.8111, -176,45295,1.411236,,
6,48 142681, -169.A94669 , -8, 169786, ,
7,40, 778249, - 163954259, 4, 590656, ,
6,-61.232683, -169.664325, 4, 147076, ,
9,-80.162947, -177.602077, 3. 221783,
18, -102.499337,
11,-119.765248),
12,-130.558299,
13,-137.113754, -
14,125 835658,
15,1 123,

183.854028,3.62923,,
-178.503574,4. 172011,
2

18,27 mcss 641692, 3.
19,3.851514, -89, 255615, 4. 598877,
28,29, 44458, 6. 922119, 5. 731639,
2153116006, -61.437744,6. 705911,
22,77.493408, -51. 440674, 6. 612256,
2,90.605713, -40. 303955, 2.112529

Figure 5. Virtual snapshot made by Leica ScanStation P40
scanner

Figure 6. Smoothed digital surface model

For a tacheometric survey, this is a distance between
the set pickets, which is determined by its surveying
scale. The volume of the same dump according to the
results of the tacheometric survey on a scale of 1:500 is
55536 m? (Fig. 7).

55536:"1)/—/

Figure 7. Determining the dump volume by the tacheometric
survey results on a scale of 1:500

The difference is explained by the fact that with the
selected scale of tacheometric survey, at which the
distance between the pickets is about 10 meters, the
contour bends and the surface shape of the dump are not
taken into account in sufficient detail. The accuracy of
determining the volume depends on the degree of detail.
For a tacheometric survey, this is the distance between
the set pickets.

To determine this dependence, the tacheometric sur-
vey of the same heap leaching dump site was conducted
on different scales, with the distance between the pickets,
5, 10, 15 and 20 meters, respectively (Figs. 8 — 10).
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Figure 9. Determining the dump volume on a scale of 1:1000;
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Figure 10. Determining the dump volume on a scale of
1:2000; V- 17077 m?

The volume of the same site was determined by the
surface laser scanner (Fig. 11).
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Figure 11. Determining the dump volume, where the pickets’
density is 0.01 m; V — 21180 m?

The graph of dependence of the dump site volume 7,
m® on the distance between the pickets D, m is presented
in Figure 12.
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Figure 12. Dependence of determining the dump site volume
on the tacheometric survey scale (where V. — vo-
lume, obtained by laser scanning method)

It can be seen from the graph that with an increase in the
surveying scale the volume value increases. This is ex-
plained by the increasing degree of surveying detail. At the
same time, even with a scale of 1:500, the result of a tache-
ometric survey is different from a surface laser scanning by
2264 m®. Thus, the accuracy of the surface laser scanning
results in comparison with the tacheometric survey is in-
creased by 12% due to the high density of survey points.

6. CONCLUSIONS

The proposed approach to surveying support of the dis-
turbed lands reclamation through the use of a surface laser
scanning compared to a tacheometric survey has substan-
tiated its effectiveness by ensuring high accuracy, the
degree of surveying detail and increasing its performance.

The accuracy of the results of surface laser scanning
technology is achieved due to the high density of points
of the object to be surveyed. The actual density when
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surveying with the use of the surface laser scanning
methods can reach 50 — 100 thousand measurements per
second (3 — 5 points per 1 m? of the earth’s surface). Such
a density makes it possible to obtain a natural 3D model
of the object at the stage of surveying performance.

The photosurveying experiments at the Belaya Gorka
Site of the Rodnikovoye Field have substantiated an
increase in the accuracy of the surface laser scanning
results in comparison with a tacheometric survey of the
same site by 12%.
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OCOBJHUBOCTI 3ACTOCYBAHHS TEXHOJIOI'TI HA3EMHOI'O
JIABEPHOI'O CKAHYBAHHSI ITPH BUPIIIEHHI OCHOBHUX 3ABJIAHD
MAPKIIENMAEPCBKOI'O 3ABE3IIEYEHHSA PEKYJIBTUBALIIL

K. Puc6ekos, JI. Xyasnr, T. Kanuoekos, M. Canaubexos, K. Inpicos, U. JKakunoek, I'. baxmaran6eroa

Mera. [lociimkeHHs: epeKTHBHOCTI METOIIB ToHOrpadiqHOl 3HOMKH NPY BHUPIIICHHI OCHOBHUX 3aBIaHb MapKIIICi-

JIePCHKOT0 3a0e3NeueHHs] PeKyJIbTUBALIT TOPYIICHUX 3eMEb.
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MeTtoauka. ITopiBHSUIEHUI aHaJI3 pe3yJsbTaTiB TonorpadiyHoi 3HOMKH, IPOBEJCHHUX 13 BUKOPUCTAHHSAM €JIEKTPOH-
HOI'O TaxeoMeTpa Ta Ha3eMHOTrO JIa3epHOro CKaHepa mpu pekynbTuBaiii. O6’exkToM TonorpadiyHoi 3HOMKH 00paHuii
BiJJBaJI KyI4acToro BHIyroByBaHHs finsiHkH bina 'ipka ponosuma Ponankose. /711 KOPEKTHOCTI MOPIBHSHHS, €JIEKT-
POHHHUM TaxeoMeTp 1 JIa3epHHH CKaHep OOpaHi OJHOTO KJIACy TOYHOCTi. BH3HAa4eHHS TOYHOCTI 3HAYEHHS IUIONI Ta
00’eMy 00’€KTa MPHU TaXCOMETPUYHII 3HOMII 3aJICKHUTH BiJl IUCKPETHOCTI 3HIMANFHUX MiKeTiB. Ha mpakTuIli minpHICTh
pO3MillleHHsI MIKeTiB 0OMeXeHa MPOJYKTHBHICTIO 3HIMAlIbHOI OpUraju, sika, SK MpPaBHJIO, CTAHOBHUTH KiJIbKa COTEHb
HIKETiB y JeHb, IIPY IOMY IIUILHICTE CTAHOBHTE ABi a00 TpH 3HiMaibHi Toukd Ha 100 M? miomi 06 exra. J1g BU3HA-
YEeHHS 3aJ€KHOCTI TOYHOCTI BUMIPIOBAHHS NPH TaX€OMETPHUHIM 3HOMII BiJ IIUIBHOCTI MIKETiB, BOHA ITPOBOIMIACS Y
YOTHPHOX PI3HUX MacmTadax, 3 BiCTAaHHIO MK IikeTaMu BiJ 5 g0 25 merpiB. LlinpHicTh TOYOK (ITiKETIB) HA3€MHOTO
JIa3€pHOTO CKaHEPa, BAKOPUCTAHOTO B AOCHTIIKEHHAX, cTaHOBUTH 500 Touok Ha 100 M? o 3HOMKH.

Pe3yabTaTi. 3a pe3ysibraTaMy TaXeOMETPHYHOI 3HOMKH 1 HA3€MHOT'0 JIa3ePHOT0 CKaHYBAHHS BiJ[BATy KyIT4acTOrO BH-
JIYTOBYBaHHsI OTPMMaHI JIBa BapiaHTH IUIaHIB TonorpadivyHoi noBepxHi i 3riamkeHa 1 nudposa monens. [lizpuiena nera-
JI3alist Mpyu HA3eMHOMY JIa3e€pHOMY CKaHYBaHHS y MOPIBHSHHI 3 TAXEOMETPUYHOIO 3HOMKOIO MiJBHIIY€E TOYHICTH TOIIO-
rpadiunoro many. [linBUIIEHHS TOYHOCTI BU3HA4YEHHS 00cATy rpu MaciTadi 3ifomkn 1:500 — 1:2000 cranoBuTh 12%.

HaykoBa HOBH3HA. 3aIpOIIOHOBAHO HOBY KOHIIEIILII0 IPOBENIEHHs! ToNOrpadhiyHOT 3HOMKH NP BUPIIIECHH]I MapKIIe-
JIEPCHKHX 3aBJaHb PEKYJIbTHBALIT MOPYIICHUX 3eMellb, [0 3aCHOBAaHA HA METO/]aX HA3EMHOTO JIA3EPHOTO CKaHYBaHHSI.

IMpakTHyHa 3HAYAMIiCTB. 3aCTOCYBAHHS TEXHOJIOTI] HA3€MHOI'0 JIA3EPHOTO CKaHYBaHHS JI03BOJIIE OTPUMATH MUT-
TEBY TPUBHUMIPHY Bi3yawi3allifo TepUTOPii, 3a0e3MeYnTH BUCOKY TOYHICTH 1 CTYMHiHB AeTai3amii 3HOMKH, IiABHITHTH
NPOJYKTUBHICTH Ipalli Td YMOBH IOJBOBUX POOIT MpH 3WOMII, BUPILIMTH OCHOBHI 3aBJaHHS MapKIIeHIepchbKoro 3a-
Oe3reueHHs PeKyIbTUBAL] IOPYIIEHIX 3eMeb Y HAWKOPOTII TEPMiHU 1 3 HEOOX1THOO SAKICTIO 3HOMKH.

Knrouosi cnosa: pexyiomusayis, penved, 6i06a, iazeprull CKanep, 3U0MKa, eleKmpoHHULL maxeomemp

OCOBEHHOCTHU IPUMEHEHMUS TEXHOJIOI'MA HABEMHOI'O
JIABEPHOI'O CKAHUPOBAHUS ITPU PELHIEHUA OCHOBHBIX 3AIAY
MAPKIIEMAEPCKOI'O OBECIIEYEHUSA PEKYJIbTUBALIUN

K. PricOekoB, 1. Xyasur, T. Kansioekos, M. Canaubexos, K. Uapucos, bl. XKakeimoek, I'. baxmaranberosa

Heas. Vccnenosanue 3¢phekTHBHOCTH METOMOB TONOrpadUIECKO ChEMKH IPH PELICHHH OCHOBHBIX 33/1a4 MapK-
HIeHAePCKOro 00eCneUeHNs PEKYIbTHBALMH HAPYIIECHHBIX 3EMEIb.

Metoauka. CpaBHUTENIBHBII aHAIM3 PE3yJIbTaTOB TONOrpauYecKod CHEMKH, NPOBEJICHHBIX C HCIIOJIL30BAHHEM
3JIEKTPOHHOT'0 TaXeOMeTpa M Ha3eMHOT0 JIA3ePHOTO CKaHepa Mpu peKynbTHBanui. O0bEeKTOM TONOrpaduIecKoi CheM-
KM BBIOpaH OTBaJI Ky4HOTO BhIIIeNaynBaHus ydactka bemast ['opka mectoposkaenus Poguukosoe. J{ist KoppeKTHOCTH
CpaBHEHUSI, JIICKTPOHHBIM TaXEOMETP U Ja3epHbIH CKaHEp BHIOPAaHBI OJHOrO Kiacca ToYHOCTU. OmnpenenseHne TOUHOCTH
3HAYEHMs TUIOLIa N U 00beMa O0BEKTa MPU TaXEOMETPHUYECKOH CHEMKE 3aBUCHT OT JUCKPETHOCTH CHEMOYHBIX ITHKE-
ToB. Ha mpakTHKe MIOTHOCTh PacCTAaHOBKH ITMKETOB OTPaHMYECHA MPOU3BOJUTEIFHOCTBIO ChEMOYHON OpHrazpl, KOTO-
pad, KaK 1npaBujio, COCTABJISACT HECKOJIBKO COTCH MHUKETOB B AC€HBb, IPHU 3TOM INIOTHOCTH COCTABJIACT ABC WUJIU TPU CHE-
MouHble Toukn Ha 100 M? momann oobexra. Jlis onpenenenns 3aBUCHMOCTH TOYHOCTH U3MEPEHHUS TIPU TaXEOMETPH-
YEeCKOM ChEMKE OT MJIOTHOCTH IMAKETOB, OHAa NPOBOJMIIACH B UCTBIPEX PAZIUYHBIX MacmTa6ax, C pacCTOAHUEM MECKIY
MUKeTaMu oT 5 10 25 meTpoB. ILToTHOCT TOYEK (MMMKETOB) HA3€MHOTO JIa3ePHOT0 CKaHepa, HCIOIB30BAHHOTO B HCCIIE-
JoBaHusIX, cocTasaseT 500 Toyek Ha 100 M? MIOMAIM CHEMKH.

PesyabTatsl. I1To pe3ynbpraTaM TaxeoMeTPUIECKONH ChEMKH M Ha3€MHOTO JIa3€pHOTO CKaHWPOBAHMUS OTBajla KydHOTO
BbIIIC/IAYMBAaHU MOJYYCHBI JIBa BapHaHTa IUIAHOB Tonorpa(bymecxoﬁ TMOBEPXHOCTU U CTJIAKCHHAsA €€ IJ,l/I(l)pOBaﬂ MO-
nenb. [ToBeIIeHHas netanu3anys Ipy Ha3eMHOM Ja3epHOM CKaHHPOBAHUS B CPABHEHHHU C TaXEOMETPHUYECKON CHEMKON
MOBBIIACT TOYHOCTH Tonorpa(l)nqecxoro miaHa. [ToBeIIeHHE TOYHOCTH OIpPCACICHUA 061)eMa Inpu MacmTaﬁe CbCMKHU
1:500 — 1:2000 coctaBuser 12%.

Hayunasi HoBu3Ha. [IpeioxkeHa HOBasi KOHLIEIIIHS 110 ITPOBEICHUIO TOMOrpadUuecKOil CheMKU NPH PELIEHHH MapK-
HIeiIepcKUX 3a/1ad PEeKyIIbTHBALMN HApYIICHHBIX 3€MeNb, OCHOBAaHHAsA HA METOAAX HA3EMHOTO JIa3€PHOTO CKAaHUPOBAHHS.

IIpakTHyeckasi 3HaYMMOCTB. [I[puMeHeHHe TEXHOJIOTHH HAa3€MHOTO JIa3epHOr0 CKAaHMPOBAHUS IO3BOJIAET IOJTY-
YUTh MCHOBEHHYIO TPEXMEPHYIO BHU3YaJIHM3ALMIO CHUMAEMOH TEPPUTOPUH, OOECIICUUTh BBICOKYIO TOYHOCTh M CTEHCHb
AcTalin3alli CbE€MKH, MMOBBICUTH MMPOU3BOAUTEIILHOCTDL TPYyJda U YCJIIOBUA MOJIEBBIX pa60T Ipu CbEMKEC, pCIINTH OCHOB-
HBIE 33Jja4l MapKIIEHIepCKOro odecreueHns: peKyIbTHBALMK HAPYIICHHBIX 3€Melb B KpaTyaHIne CpoKH U ¢ Tpedye-
MBIM Kau€CTBOM CHEMKH.

Knrouesvle cnosa: pexynomusayusi, peiveqh, 0meai, 1a3epHulil CKAHEP, CbeMKd, INeKMPOHHbLIL maxeomemp
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