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Abstract. The main subtle aspects of airborne laser scanning (ALS) involve a large level of density of
laser reflection points (LRP) within a certain unit area. This results in the need to process a large amount
of information while building digital terrain models (DTMs). Such processing is computationally
intensive. For this reason, the main task which is solved during DTM building is to create an accurate
description of terrain features required for geodetic works. At the same time, it is necessary to observe
the minimum number of LRPs related to the characteristic landforms in the considered location to
minimize the use of computing power. Currently available algorithms of information distribution for
DTMs built on standard coordinate grids do not allow to successfully resolve data arrays while
preserving the proper detalisation level of certain locations. New software, which is used in geodesy and
makes it possible to create sparse data arrays during DTM building, is based on a closed code. The paper
proposes an algorithm for finding unknown intermediate data obtained with laser scanning of terrain
relief, which allows effective thinning of laser reflection points that are insignificant when describing
the terrain relief. An automatic technique of DTM building is developed. An algorithm for searching
unknown intermediate LRP arrays is formed. Displot is available for sloped areas as well. At the same
time detailisation in the quality of structure lines and special points is preserved.
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CHuxeHre M30bITOYHOCTH JAHHBIX JIA3€PHOT0 CKAHUPOBAHUSA ISl
NMOCTPOeHUA HUPPOBBIX Moaeell peabeda

A.A. Kounesa, E.B. 3aiinesa~, E.B. Karynuos
Canxm-Ilemepoypeckuii eopnuiti ynusepcumem, Cankm-Ilemepoype, Poccutickas @edepayus

Pe3tome. K OCHOBHBIM HIOaHCaM BO3IYLIHOTO JazepHoro ckanupoBanus (BJIC) cnemyer otHecTu
001110} YPOBEHD IJIOTHOCTH TOUEK JlazepHbIX oTpaxkeHui (TJIO), KoTopsIi MPUCYTCTBYET B paMKax
OTIpeJIeIIEHHON eIMHUIIBI TUIOMIA 1. DTO TPUBOJMUT K TOMY, YTO BO3HUKAET MOTPEOHOCTH B 00pabOTKe
OonpIIoro KoiMyecTsa MHGOPMALMU BO BpeMsl BhIcTpauBaHus HU(poBbIX Mozaenel penbeda (LIMP).
Taxkast 06paboTka TpeOyeT OOJBIINX 3aTPaT BHIYHCIUTENBHBIX pecypcoB. [1o 3Tol mpuuuHe TiaBHON
3a/1aueii, KoTopas permaeTcs npu BeicTpanBanuu LIMP, cTaHOBHTCS cO371aHUE ONTMCAHUS 0COOCHHOCTEH
MECTHOCTH, TpeOyeMOoH 1715l IpOBeIeHH reoie3ndeckux padbot rouHocTH. [Ipu 3ToM Hy)HO cobI0naTh
MuHMManbHOe unciio TJIO, oTHOCAMXCA K XapaKTepHBIM penbedHbIM (popMaM B paccMaTpruBaeMOR
JIOKAlMKM JUIT MUHHMU3AIMMA UCIIONIb30BAHUSI BBIYMCIHMTENBHBIX MOIMHOCTEH. MMerommecs ceiiyac
NTOPUTMBI pacnpeneneHus nHpopmanuu ai1s [IMP, BEICTpOSHHBIX HA CTaHAAPTHBIX KOOPAWHATHBIX
CeTKax, HE Jal0T BO3MOXKHOCTH YCIIEHIHO pa3pekaTb MacCUBBl HMH(OpManUu Npu cOepekeHUH
JIOJDKHOTO YPOBHSI JI€TANM3alMN ONpeAeneHHbIX Jokanuid. HoBoe mporpammuoe obecneuenue (110),
KOTOPOE HUCTONB3YETCS B T€OJIE3UH U TTO3BOJISIET CO3/IaBaTh pa3pekeHue MAaCCUBOB CBEJICHUH BO BpeMsi
BeicTpauBanus LIMP, Gasupyercst Ha 3akpbeITOM Koze. B paboTe mpeioskeH aaroputM HaxoKAECHUS
HEM3BECTHBIX IPOMEKYTOUYHBIX JaHHBIX, TOJIYYEHHBIX C JIa3epHBIM CKaHHPOBaHHEM pelbeda

© Kounena A.A., 3aiiuiea E.B., Karynuos E.B., 2023 1|15


https://doi.org/10.26102/2310-6018/2023.43.4.033
mailto:Zaytseva_EV@pers.spmi.ru
https://moitvivt.ru/ru/journal/pdf?id=1467
mailto:Zaytseva_EV@pers.spmi.ru

MopneaupoBaHue, ONTHMH3ANMS W HHPOPMAIIMOHHbIE TEXHOJIOTHH / 2023;11(4)
Modeling, optimization and information technology https://moitvivt.ru

MECTHOCTH, TIO3BOJISIOMIHN 3()(PEKTHBHO OCYIIECTBIATh MPOPEKUBAHIE TOUEK JTa3epPHOTO OTPAKEHUS,
SABIISIONINXCA HE3HAYHTEIbHBIMH TIpU omnucaHnu penbeda mecTHOcTH. Co3aHa aBTOMATHYECKas
MeToauka BeicTpauBanus [IMP. ChopmupoBaH ajaropuT™ MOUCKA HEH3BECTHBIX MPOMEKYTOUYHBIX
MaccuBoB TJIO. Paspexenue MOCTYNHO M AJiA yY4acTKOB MOJ HakJIoHOM. [Ipu 3TOM coxpansieTcs
JIeTaIn3alus B KA4eCTBE JIMHUN CTPYKTYPBI M OCOOBIX TOYEK.

Knioueswie cnosa: mudposas moznens penbeda, mudpoas MOAEIb MECTHOCTH, BO3IYIIHOE JIa3epPHOE
CKaHUPOBAHHE, OIIEHKA KauecTBa MU(POBBIX MOIeNel penbeda, 1rudpoBas MOAEIb MIAXThI.

Jlna yumupoeanua: Kounesa A.A., 3aiitieBa E.B., Katynmos E.B. CHmkeHne n30bITOYHOCTH JAHHBIX
JIA3€PHOI0 CKAHUPOBAHHUS [UISI TMOCTpOeHHMS LU(POBBIX Momenei penseda. Moderuposanue,
OnMUMU3AYU u uHgopmayuorubie MEeXHOA02UU. 2023;11(4). URL:

https://moitvivt.ru/ru/journal/pdf?id=1467 DOI: 10.26102/2310-6018/2023.43.4.033 (#a anr1.)

Introduction

The paper examines the methods for building digital terrain model (DTM) based on
airborne laser scanning (ALS) information. Taking into account great interest shown by
scientists to the subject of data array reduction for building the models under consideration,
many problems in this area remain unsolved [1-3]. Currently available algorithms of
information distribution for DTMs built on standard coordinate grids do not allow successful
reduction of data arrays while preserving the proper detail level of certain locations [4-6].
Operational techniques for finding intermediate unknowns in laser airborne scanning need to
be matched to the current techniques for finding intermediate unknowns. They can decrease the
level of detail. It is also possible to choose to sparse the data arrays associated with coordinates.
In this case, it takes more time or more powerful equipment has to be used.

In addition, it is necessary to note that the software, which is used in geodesy and makes
it possible to create sparse data arrays during DTM building, is based on a closed code.
Accordingly, they are a kind of "black box™ for building algorithms for searching unknown
points in the software. Here it is impossible to make certain changes or to conduct a study of
efficiency, speed of operation [7-9].

Based on the results of ALS, it is possible to obtain LRP with such a level of density
that is required for DTM. The stages of ALS information processing include the allocation of
LRP classes. Standard classes include land surface, land model points, lost points, different
types of vegetation (differ in height). The most significant class is the terrestrial points class.
The land surface class forms the DTM and DRM.

Taking into account laser reflection points (LRP) extraction, which is performed
automatically, non-significant points can be formed, which are located above or below the LRP
base cloud [5]. The relative number of these points is not large enough. At the same time, even
a small error can lead to terrain distortion. For this reason, it is mandatory to perform manual
verification of the classes. For this purpose, it is necessary to look through plots, building of
height-colored models, and horizontal constructions [1, 10-11].

Based on the fact that the number of points that are on the ground can be very high, up
to 1 000 000 per 500 m2, the DTM alignment requires rarefaction [4, 12-13].

It is worth noting that the point density level of laser mappings, regardless of their class,
reaches 10 points per 1 m2. At the same time, the density of LRPs, which belong to the class of
the earth surface, reaches up to 3 points per 1 m2. In order to build topographic plans, such
work would be unnecessary and decreases productivity [7, 14-15]. It is required to determine
the LRP densities depending on the surface slope angle. They can have different terrain relief
character. It is also necessary to determine the minimum number of LRPs required to build
DTMs related to different terrain types. Development of an algorithm for rarefaction of large
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arrays of LRPs, which has low computational complexity and at the same time makes it possible
to form an irregular coordinate grid, is a relevant scientific problem of practical importance.

Methods

Creation of a data interpolation algorithm. To solve the issue under consideration, a
coordinate redundancy parameter was created. If it is possible to find 3 nearest points in
different directions for an arbitrary point of the data array, then it should be considered
redundant. This is relevant if the length of the normal from the original point plotted by the 3
closest ones is less than the allowable length [16-18].

To remove the unnecessarily high number of LRPs based on the above parameter, an
algorithm for finding intermediate unknown points was developed. It was based on software
that is created in Python. The step-by-step operation of the algorithm is described below.

The input information for the software is supplied as text with the coordinates of the
LRP. This is done in "XYZ" format. Next, the translation of the text information and filling the
array of coordinates of points A are carried out. Here all rows are corresponding to a certain
point. The initial 3 columns correspond to the coordinates present within the 3D space [19-21].
Accordingly, the array A is a matrix of size [nx3]. Here n is the number of LRP points in the
initial set of information.

The value of the minimum information granularity should be set. It is required to
calculate the highest deviation of a point from the plane constructed by means of 3 neighboring
points: AD [22-24]. Such actions are performed for each point of the array A. For this reason,
for the following description of the algorithm, we should define an arbitrary point O. It contains
coordinates (x0, y0, z0) from the array A.

A complete copy is created for the data array A, excluding the point O and forming the
array B. Two columns are attached to the data array B, which have the information about the
length | and the angle of rotation of the vector built from the points from the array B to the point
O. These are in the XY system. The applicate Z is not taken into account here. For all points N
from array B with coordinates Xn, Yn, zn, the calculation of the length I to O is done as follows:

L=/ (xn — %0)% + (n — ¥0)?.
The angle of rotation of the vector ON to O is calculated as:
Yn — 3’0)
Xy — X/

0 = atan? (

Here atan2 is an arctangent function that provides the return of the direction rotation
angle by considering quadrants as opposed to the standard arctangent [25-27].

Computation of the parameters | and 6 for all points in the array B requires dividing
them according to the growth of the parameters |. Therefore, the closest points to the O
coordinates will be at the very beginning. The results of this information structure are shown in
Table 1.

It is necessary to distinguish 3 directions of finding the closest points. They can be
labeled as: northeast, ¢[0; 2?”); west, 96[2?”; ) N [—m; — 2?"); southeast, fe[— 2?”; 0).

The algorithm goes through the rows of the array B after some time. As the result,
everything is found by the nearest points (min I). Let us name the points A, B, C. If any of the
close to N points is not found, then O stays in the original data array A. Another point is selected
for lining up. This situation is typical if O resides on the boundary of LRP [28-30]. At the same
time, the closest point to it is located in another data array of LRP. It can also happen that the
information about a point will be missing.
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If A, B, C are found, a plane called ABC is constructed based on them. Its equation in
three-dimensional form looks like this:

ax+by+cz=d.

The coefficients a, b, ¢ are the coordinates of the normal vector N to the plane ABC.
They are calculated from the vector product of any 2 vectors related to ABC. For example:
N(a,b,c) = AB X AC. The coefficient d is calculated from the scalar product of the direction
of normal N and the coordinates of pointBorC:d = N - B.

The absolute distance that is present within the three-dimensional space between O and
ABC is then calculated as follows:

laxy + byo + czo — d|
Lyz = ) 2 z
a*+b*+c

If L,,, <AL, then O is not significant for terrain estimation. It can be disregarded in
the initial array A. Next, we proceed to study another point. Here the dimensionality of the array
A is reduced to [n — 1 x 3]. Due to this, a sparse information is obtained. After studying each
point of array A, the sparse information is stored in a new file. It is used for further in special
software.

In order to eliminate too many LRPs, an algorithm to find unknown points is formed. It
was developed in Python 3,6.

In the previous research on this topic, it was possible to determine the required point
density for certain landforms. The data obtained is summarized as follows:

1. Plain with angles up to 2° regardless of the scanner passport error. The lowest
allowable number of reflection points to form an electronic models considered to be 0,23 t/m?.
If we take into account the impact of the passport error of the scanning device, the value is 0,41
t/m?.

2. Relief with angles up to 4° regardless of the scanner passport error. The smallest
permissible number of reflection points for the formation of the electronic model is considered
to be 0,48 t/m?. If we take into account the impact of the scanning device passport error, the
value is 0,67 t/m?,

3. Intersected with angles up to 6° regardless of the scanner passport error. The lowest
allowable number of reflection points for the formation of the electronic model is considered
to be 0,93 t/m?. If the impact of the scanning device passport error is taken into account, the
value is 1,20 t/m?,

4. Mountainous and foothill with angles more than 6° regardless of the scanner passport
error. The lowest allowable number of reflection points for the formation of the electronic
model is considered to be 1,59 t/m?. If we take into account the impact of the scanning device
passport error, the value is 1,93 t/m?. In Figure 2, the coordinate axis is indicated as relief slope
angles. The abscissa axis is shown by the deviation of the required LRP density, taking into
account the error of the equipment and regardless of these data.

It was possible to form methods that allow automating the processing of the ALS data
array, obtained from the moment of point extraction for the ground surface in the corresponding
software. This is carried out according to the following parameters:

1. The density of LRP in the DTM is obliged to be the lowest possible, which increases
the efficiency of the subsequent drafting stages.

2. The distance between points should not exceed 20 m, which depends on conditions
for accuracy of topographic maps of 1:500, 1:1000 scales.

At the same time it is required to provide the specified parameters of DTM accuracy.
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The set of parameters described above makes it possible to form at the output of the
model the minimum requirement for resources for calculations during its processing and
building. At the same time topographic maps, which are built on the considered DTMs, should
meet the accuracy requirements.

The sparse LRP, which belongs to the class of the earth surface, is performed using the
generated algorithm for finding unknown points. It was able to determine that the maximum
distance AD from the point to be excluded to the plane created from 3 neighboring points creates
the minimum accuracy of the model built from the sparse information.

We were able to deduce that the mean square distance from the points to be excluded
from the ALS data set to the planes formed by 3 neighboring points is related to the calculated
mean square deviations of the elevations of the DTM in ArcGIS environment, which is built
from the two types of LRP array. Accordingly, searching for unknown points of the LRP array
by the developed algorithm with a certain AD on creates a sparse LRP array at the output with
5p < AD.

The value of AD is taken as a measure of the expected accuracy of the model built from
the sparse array of information. The alignment is relative to the model built from the initial ALS
information, and the parameter §,represents the actual accuracy [11-15].

Automatic building a DTM of certain accuracy can be achieved by iteratively using an
algorithm for finding unknown ALS points. The algorithm concerns the points with changing
the value of AD in all iterations and calculating the actual accuracy of the DTM. The
calculations are performed after all iterations. They are finished at the moment when they
become close to the deviation target.

The step change of AD is carried out by means of the proportional integral control
function. It is interrelated with &, calculated at the previous step by the formula:

AD = Ky(8 = 65) + K; [ By = 65),

where §;, is the limit parameter of deviation error according to the height indicators
corresponding to the limit characteristics of the mean square error (MSE) during the terrain
survey: 0,18 m; K, K; , are the coefficients of integral and proportional change of AD value,
they are chosen by experience. The iteration able to fulfill the equality specified below is the
final sparse array of LRP. It does not fit into the specified precision 65:

16p = &pl < &y,

where &), is the setpoint of the largest deviation of the real accuracy from the assumed one.

The considered sequence of actions makes it possible to generate a DTM that meets the
first and third criteria. To satisfy the second criterion, the LRP array should be distributed into
sectors of 20x20 m area. The main points are placed in the corners of these sectors, which do
not need to be found.

Results

A significant issue that concerns the evaluation of the search results for unknown LRP
array data becomes the comparison of the accuracy of the original DTM and the DTM that were
obtained from the sparse array.

The simplest method of evaluating the accuracy of the DTM that was obtained after
searching for unknown LRP array data using the generated algorithm becomes the evaluation
after each iteration. This is relevant for cases when for all excluded points the deviation Dyy,
from the plane formed by three points standing next to each other will be noted. In this situation,
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it is required to enter the magnitude of the inaccuracy of the missing data search using the mean
square deviation &, of each excluded point. This is done using the formula:

Np 2
6 _ Np-1 nyZ
p= |[————

ng

)

Np — is the number of points excluded in the process under consideration. The accuracy
estimation was validated on the basis with the MSE values, which were obtained in ArcGIS
Spatial Analyst.

Table 1 shows the results of comparison of the accuracy of DTM obtained by searching
for unknown intermediate values using this algorithm.

The exact error of the mean square deviation of DTM heights with interpolation
calculated on the basis of indicators and with the help of ArcGIS becomes negligibly small and
for the studied areas with the change of AD parameters within certain limits [0,1; 0,3] is not
more than 0,008 m.

The parameters of the mean square deviation 6, of the DTM in height, which was
obtained during the computation of points in the exclusion process, were generated by the
algorithm. For this purpose, the estimation of the accuracy of the DTM embedded over the LRP
array from the original DTM was applied.

Table 1 — Comparison of DTM accuracy estimation during interpolation by the algorithm
Tabmuua 1 — CpaBHeHue onernBanust TouHocTH LIMP nipu nHTEpHOsIIyUy anropuTMoM

Indicator, m AD Plot Number
' 1 2 3 4
MSEArcGIS 0,072 0,074 0,075 0,085
oo 0,1 0,071 0,074 0,078 0,082
Ono 0,001 0,000 0,003 0,003
MSEArcGIS 0,142 0,178 0,181 0,182
oo 0,2 0,141 0,170 0,175 0,181
Ono 0,001 0,008 0,005 0,001
MSEArcGIS 0,144 0,210 0,223 0,241
Op 0,3 0,142 0,212 0,220 0,243
Ono 0,002 0,002 0,003 0,002

It should be noted that the indicators &, do not coincide with the initially set AD. This
is due to the nuances of the relief formed by the considered LRP array. Based on Table 1 we
can come to certain conclusions. For flat areas 1 parameter has a limited value (below AD).

By adding feedback on the parameter 5§, to the algorithm under consideration and

changing AD based on it, it is possible to automatically obtain DTM with RMS (root-mean-
square error) that does not exceed a specific value. The following conclusions can be drawn
from the results of the search for unknown intermediate values. Taking into account the fact
that the areas do not coincide in terms of relief features, the effectiveness of the algorithm used
is mainly related to the given parameters of the RMS. This feature is related to the fact that even
within the hilly terrain flat surfaces with slope are formed. They can be cut quite efficiently by
applying the applied GRID algorithm. It obtains maximum parameters at small grid step values,
decreasing with rising grid step of GRIDs.
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The efficiency of the generated algorithm is compared with the closest equivalent. The
software with the algorithm of the most important model points extraction serves as such
analog. Comparison of the efficiency of search for unknown intermediate values using the
generated algorithm and selection of mean square deviation (MSD) was carried out within as
part of the steps indicated below. In order to select the MSD, the maximum deviation of 0,13 m
was generated. From the moment the MSD was isolated from the original LRP array, the
rarefaction of the original LRP array was performed iteratively. It was gradually increased in
each new iteration by the parameter AD. This continued until there were no more points left in
the LRP than there were in the MSD. Next, RMS scores were calculated in ArcGIS sparse using
the 2 DTM algorithms relative to the DTM plotted against the original LRP cloud.

To study the performance of the sparse algorithms, 2 square plots were taken. Each had
a side of 20 m:

The results of the rarefaction are shown in Table 2. The visualization of the DTM in 3D
is indicated in Figure 1. Here, the models plotted against the original and thinned arrays are
shown.
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Figure 1 — Three-dimensional visualization of DTM:

a) by original LRP of plot 1; 6) by original LRP of plot 2; 8) by sparse in similar software LRP of plot
1; r) by sparse in similar software LRP of plot 2; x) by sparse with algorithm LRP of plot 1; ) by
sparse with algorithm LRP of plot 2
Pucynok 1 — Tpexmepnas Buzyanuzauus LIMP:

a) o nzHadanbHeM TJIO yuactka 1; 6) o u3HavansHbM TJIO ydacTka 2; B) IO pa3pe:KeHHBIM B
ananorungHoM [1O TJIO yuactka 1; 1) o pazpexennsiM B ananornynom [10 TJIO ywactka 2; 1) o
paspexenHbM ¢ anroputmoM TJIO yuactka 1; €) o paspesxeHHbIM ¢ anroputMomM TJIO yuactka 2

To study the performance of sparse algorithms, 2 square plots are selected. The sides of
each are 20 m:

1. Plot 1: flat terrain with slope. Elevations: 193,4-194,1 m.

2. Plott 2: mountainous terrain with a ravine. Altitudes: 2300-2302,3 m.
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Table 2 — Comparison of the results of the LRP array interpolation by the developed algorithm and the
algorithm of model fiducial pointsfixation (in similar software)
Tabmuta 2 — ConocTaBieHue pe3yasTaToB HHTEepHosny MaccuBa TJIO pazpaboTaHHBIM alTOPUTMOM

u anroput™MoM BeineneHnst KTM (B ananornunom I10)

Plot1 Plot2
S m? 399,2 392,7
Initial Number of LRP 1266 841
Maximum Deviation of Applicate 0.13 0,13
TerraScan, m
Maximum Deviation of Abgolute 0,045 0,052
Distancefor developing algorithm, m
LSR number, after interpolation 67 118
MSD, after interpolation in similar 0,102 0,084
software product, m
MSD, after mterpo!atlon with developed 0,081 0,053
algorithm, m

Discussion

Computation of structural lines is one of the most essential steps in DTM generation.
The initial information for DTM building comes from distance sensing techniques. It includes
a list of structural lines and elevations [31-33]. All this sets new constraints for the shape of the
terrain. At the same time, the coordinates of elevations and nodes of some structural lines are
specified with a high level of accuracy [34-36]. For this reason, it makes sense to apply an
electronic model based on a triangular grid. Designated points act as its main nodes.

Structural lines define the areas of relief slope difference. Significant change of these

parameters results in the fact that there is a significant deviation of the actual distance % from
the point to the plane formed by 3 points. In order to determine the structural lines, it is required
to fix the points where s, , > AH into the corresponding array. Here AH acts as the specified

minimum height difference. After this mark, a point should be considered as belonging to a
structural line [16, 36-37].

Figure 2 shows the DTM plotted from the original ALS information of the rocky-type
plot (Figure 2a) and the DTM plotted from the points found as structural lines (Figure 2b).
Based on the indicated image, we can conclude that this grid makes it possible to carry the
structure lines in a special layer. This layer will then be used when drawing the structure lines.
This requires less information cost than determining structure lines without specialized tools.
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Figure 2 —a) DTM from the original ALS data of the rocky area; 6) DTM from points recognized as
structural lines
Pucynok 2 — a) LIMP no ucxonueim nanaeiM BJIC ckanmucToro yuactka; 6) LIMP mo Toukam,
pacro3HaHHBIM KaK CTPYKTYPHBIC JIMHUHU

Conclusion

An algorithm for unknown intermediate data acquired with laser terrain scanning is
proposed, which allows efficient thinning of laser reflection points that are insignificant in
terrain description. Data redundancy is determined by calculating the distance from a point to
a plane including three neighboring points for it located in different directions. The proposed
method of redundancy determination is implemented with the help of simple mathematical
operations, due to which a lesser computational complexity of the algorithm is achieved in
comparison with proprietary analogs. This makes it possible to increase the resolution
efficiency of large-scale LRP arrays.

An automatic methodology for DTM construction is developed. It maintains the
increase of engineering geodetic surveys efficiency during project preparation due to the use of
modified electronic models adapted for a large number of software types.

An algorithm for the search of unknown intermediate LRP arrays is formed. The basic
features of this algorithm include the ease of computation and the opportunity to successfully
resolve points located on flat areas. The calculations do not use discretization of the plot into
components, for example, based on the Delaunay algorithm. Discretization is also available for
sloped plots. The detalisation in the quality of structure lines and special points is preserved.

A universal algorithm is developed, which is suitable for various fields of activity,
including creation of digital models for mines and workings. The developed methodology also
allows for allocating a separate layer with points that can be attributed to structure lines to
ensure accurate reflection of relief features when creating a topographic map. Recently,
unmanned aerial vehicles and aerial photography have become more and more widespread, so
such topographic maps can be generated on the basis of various aerial images.

915



MopneaupoBaHue, ONTHMH3ANMS W HHPOPMAIIMOHHbIE TEXHOJIOTHH / 2023;11(4)

Modeling, optimization and information technology https://moitvivt.ru
CIIMCOK UCTOYHHUKOB
1. Awntunos A.B. BnusHue MIOTHOCTH TOYEK BO3AYLIHOTO JIA3€PHOTO CKAHMPOBAHUS Ha

10.

11.

12.

13.

14.

15.

16.

TOYHOCThb CO3/JaHusl IM(poBO Momenu penbeda wmectHocTH. B cOoprmke: VI
Meoicoynapoonwiii nayunwiii konepecc «I'EO-Cubupsb-2010x»: ¢ 6 m., 19-29 anpena 2010
2., Hosocubupck, Poccus. HoBocubupck: CI'TA; 2010. 2010;4(1):22-27.

AntunoB A.B. KannOpoBka AaHHBIX BO3IYIIHOTO JIa3€PHOTO CKAaHMPOBAHUS B IIPO-
rpammHoM mnipoaykrte TerraSolid. B coopuuke: VII MeoicOyrapoouwiii HayuHblil KOHepecc
«'EO-Cubup»-2011»: ¢ 6 m., 19-29 anpens 2011 2., Hogocubupck, Poccus.
Hoocubupck: CI'TA; 2011. 2011;4(1):12-15.

Eccun A.C., XamutoB O.T. IlpumeHeHHe BO3AYIIHOIO Ja3€pHOIO CKAaHUPOBAHUS MAJIS
co3maHus Tonorpaduueckux IaHoB MacmTaba 1 : 500 wa Teppuropmio OMcka.
Asemomamuszuposanivie mexnonocuu uzvickanuil u npoexkmuposanusi. 2011;40(1):8-11.
Mumenko HO.A., Mumenko C.A. TeXHOI0THS ONTUMH3AIMN UPPOBOK MOJIENH peibeda,
MOJYYSHHOM 1O TaHHBIM BO3TYIITHOTO JIA3EPHOTO CKaHUPOBaHUA. MHpopmayus u kocmoc.
2007;(1):32-36.

Ocennssa A.B., Kopuaruna E.B. Texnonorus ontuMuzanuu mudpoBoi Moienu penbeda,
MOJTy4YE€HHOM MO JaHHBIM BO3IYIIHOTO JIa3€PHOT0 CKaHUpOBaHus. Ompaciegvle Hayuubie u
npuxiaonsle ucciedosanus: Ungopmayuonnvie mexnonozuu. 2013;(4):85-86.

Briese C., Pfennigbauer M., Lehnera H., Ullrich A., Wagner W., Pfeifer N. Radioametric
calibration of multi-wavelenght airbone laser scanning data. ISPRS Annals of the
Photogrammetry, Remote Sensing and Spatial Information Sciences. 2012;1-7(7):335-340.
BunokypoB A.C. Hccneoosanue ancopummos kiaccugpuxayuu mpexmepuvix 001aKos
mouyek u ux aggexmusnas peanuzayus Ha paguieckux npoyeccopax. Pexxum pocryma:
http://masters.donntu.ru/2009/fvti/vinokurov/diss/index.htm.

I'opwkaseiii U.H. Paspabomka u uccredosanue memooux oopabomku u Kiaccuguxayuu
MpexmepHuLX OAHHBIX 8030YUIHO20 JlazepHo2o ckanuposanusi. M.; 2011. 22 c.

Kysun A.A. I'eodesuueckoe obecneueHue 30HUPOBAHUS MEPPUMOPULL NO CIMEeNeHU Onac-
HOCMU NposAGIeHUL ONOJI3HEBbIX npoyeccos Ha ocHose npumenenuss I’ UC — mexnonozui.
CII6.; 2013. 133 c.

Mengenes E.M., aaunua .M., MensaukoB C.P. Jlazepuas noxayust 3emnu u neca. 2-¢
u3f., nepepad. u nom. M.: I'eommnap, I'eockocmoc; KpacHosipck: MHCTUTYT seca uM.
B.H. Cykauesa CO PAH; 2007. 230 c.

CapprueB JI.C. OOpaboTka maHHBIX JlazepHoro ckanupoBanusi. CAIIP u [THUC
asmomobunvhwix dopoe. 2014;2(1):16-19.

KpacunsaukoB H.H. Jugposas obpabomka uzobpasxicenuti. M.: By3zoBckas kuura; 2001.
320 c.

Vostrikov A., Sergeev M., Balonin N., Chernyshev S. Digital masking using mersenne
matrices and their special images. B coopuuke: Procedia computer science. Knowledge-
Based and Intelligent Information and Engineering Systems: Proceedings of the 21st
International Conference, KES 2017, 06-08 cenmsobps 2017 2., Mapcenv, @panyusi.
Elsevier B.V.; 2017. 2017;1:1151-1159.

[Marmmupo JI., Crokman . Komnviomepnoe 3penue. M.: BUHOM. JlaGopatopust 3HaHMIA,
2006. 752 c.

MenbsuukoB C.P. JlazepHoe ckanupoBanue. HoBBIM MeTOH cO34aHUSI TPEXMEPHBIX
MOJIeNIeli MECTHOCTH U MHXKEHEPHBIX 00BeKTOB. I opHas npomwiutiennocms. 2001;(5):3-5.
I'pysman U.C. [u nap.] Hugpposas obpabomxka uzobpadxicenuii 6 uHGOpMAyUOHHBIX
cucmemax. HoBocubupck: HI'TY; 2000. 156 c.

10|15


https://www.elibrary.ru/item.asp?id=31074956
https://www.elibrary.ru/item.asp?id=31074956

MopneaupoBaHue, ONTHMH3ANMS W HHPOPMAIIMOHHbIE TEXHOJIOTHH / 2023;11(4)
Modeling, optimization and information technology https://moitvivt.ru

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

Muxaitnos B.B., Komnammukos JI.A., Cobonesckuii B.A., ConosseB H.B., fAxymes I'.K.
Merogonoruueckue MoAXOAbl U aIrOPUTMbI PACMO3HABAHUS U TMOJICYETA KUBOTHBIX Ha
aspodorocHuMKax. Mugopmayuonno-ynpasisowue cucmemnt. 2021;114(5):20-32.
VYxaneBa A.B. Iloctpoenue penbeda MECTHOCTH: COBPEMEHHBIN MOX0/1 K aBTOMATHU3AIHN
nporiecca. I eooezus u kapmoepadghus. 2010;(11):24-29.

Kazanun O. U., [Ipedenmrent K. ['opHoe oopazoBanue B XXI Beke: rmo0anbHbIC BHI30BBI
U niepciekTuBsbl. 3anucku I oproco uncmumyma. 2017;225:369-375.

Mycrapun M.I'., banangun B.H., Bpeine M.S., MarseeB A.JO., Menpmmukos 1.B.,
®upcos FO.I'.  Tomorpado-reonesnvyeckoe U KapTorpapuyeckoe  0OECICUCHHE
Apkruueckoit 3oHbl  Poccuiickoit  ®enepauuu. 3anucku [oprHoeco uncmumyma.
2018;232:375-382.

MensbmmkoB C.H., [xanss6oB A.A., Bacumwe I'.I'., JleonoBuu U.A., Epmuios O.M.
[IpocTpancTBeHHBIE  MOJeNU, pa3pabaTbiBaeMble C  NPUMEHEHHEM  JIa3€pPHOTO
CKaHHPOBAHMSI HA Ta30KOHJIEHCATHBIX MECTOPOXKJIEHUSAX CEBEPHOM CTPOMUTEIBHO-
KIIUMaTHU4eCKO# 30HbL. 3anucku I opnozo uncmumyma. 2019;238:430-437.

I'mazynoB B.B., Bypnyukwuit C.b., IlyBanosa P.A., JKnmanoB C.B. IloBbitieHue
JOCTOBEpPHOCTH 3D-MOJenupoBaHUs OIOJ3HEBOTO CKJIOHA HAa OCHOBE YdYeTa JaHHBIX
WH)XEHEPHOW reodu3uku. 3anucku I opnoco uncmumyma. 2022,257:771-782.

Tanosuna 1.B., Kpukyn H.C., FOpuenko [O.1O., AreeB A.C. JlucTaHUMOHHBIE METOJIbI
UCCIIEIOBaHMSI B H3YUYEHUH CTPYKTYpHO-TE€OJIOTUYECKUX OCOOEHHOCTEM CTPOEHMS O.
Utypyn (Kypunbsckue octpoBa). 3anucku I oproeo uncmumyma. 2022;254:158-172.
I'yceB B.H., bmumenko A.A., CannukoBa A.Il. HccnenoBanue komriuiekca (hakTopoB,
OKa3bIBAIOIINX BIUSHUE HA MOTPEIIHOCTh peatn3alii MapKIIeHAepCKOil CheMKH TOPHBIX
O0BEKTOB € MPUMEHEHHEM T€0JIe3MUeCKOro Kmajapokonrepa. 3anucku [opnoco
uncmumyma. 2022;254:173-179.

[Torexun JI.B., T'ankun C.B. IIpuMeHeHue TEXHOJOTMM MAIIMHHOTO OOY4YeHHUsS INpU
MOJICTIMPOBAHUHU pACTpeAeNeHUs] JUTOTUIIOB Ha MEPMOKapOOHOBOW 3ayexu HedTH
Ycunckoro mecropoxaenus. 3anucku I opnoeo uncmumyma. 2023;259:41-51.
INocnogapuxoB A.Il., Pesun U.E., Mopo3os K.B. Komno3uTtHas Moiens aHanu3a 1aHHbIX
CEHCMUYECKOr0 MOHUTOPUHTAa TIPU BEIEHWU TOPHBIX pabOT Ha  TpHUMEpE
Kykucsymuoppckoro mecropoxzaeHus AO «Anatuty. 3anucku I'oproco uncmumyma.
2023;262:571-580.

bysmakoB C.A., CannukoB [L.}O., Kyuwun JI.C., Uromesa E.A., A6aynmanoBa .D.
[Ipumenenune OecnuIOTHOW  adpoOTOCHEMKHM /Il  JUArHOCTHKU  TEXHOT€HHOMN
TpaHcGopMali TPUPOTHOM CpeAbl MPHU HKCIUTyaTallMl HEPTIHOTO MECTOPOXKICHUS.
3anucku I'oprozo uncmumyma. 2023;260:180-193.

MaxosukoB A.b. Pazputue nu¢poBoro obecnieuenus Hayku u oOpazoBanust B CCCP
(Poccum) ¢ 1960-x no konua 2010-x rr. (mo matepuanam Cankr-IlerepOyprckoro ropHoro
yHUBepcureta). Bonpocer ucmopuu. 2022;(11-1):56-69.

Ovchinnikova E.N., Krotova S.Y. Training Mining Engineers in the Context of
Sustainable Development: A Moral and Ethical Aspect. European Journal of
Contemporary Education. 2022;11(4):1192-1200. DOI: 10.13187/ejced.2022.4.1192.
Litvinenko V.S., Bowbrick I., Naumov LLA., ZaitsevaZ. Global guidelines and
requirements for professional competencies of natural resource extraction engineers:
implications for ESG principles and sustainable development goals. Journal of Cleaner
Production. 2022;338:1-9. DOI: 10.1016/j.jclepro.2022.130530.

Kryltcov S.B., Makhovikov A.B., Korobitcyna M.A. Novel approach to collect and
process power quality data in medium-voltage distribution grids. Symmetry.
2021;13(3):460. DOI: 10.3390/sym13030460.

11|15


https://www.elibrary.ru/item.asp?id=47167060
https://www.elibrary.ru/item.asp?id=47167060
https://www.elibrary.ru/contents.asp?id=47167057
https://www.elibrary.ru/contents.asp?id=47167057&selid=47167060
https://ejce.cherkasgu.press/journals_n/1672331695.pdf
https://ejce.cherkasgu.press/journals_n/1672331695.pdf
https://doi.org/10.1016/j.jclepro.2022.130530
https://www.mdpi.com/2073-8994/13/3/460
https://www.mdpi.com/2073-8994/13/3/460
https://doi.org/10.3390/sym13030460

MopneaupoBaHue, ONTHMH3ANMS W HHPOPMAIIMOHHbIE TEXHOJIOTHH / 2023;11(4)
Modeling, optimization and information technology https://moitvivt.ru

32.

33.

34.

35.

36.

37.

MaxosukoB A.b.,  KpsubnioB C.b.,  Marpoxuna K.B.,  Tpodumen B.S. Cucrema
3alIUIIEHHON KOPIOPATUBHOW CBS3U I METALUTyprHYecKOro HpeAnpusTus. [{eemmuovie
memannwt. 2023;(4):5-13.

Krizsky V.N., Viktorov S.V., Luntovskaya Y.A. Modeling the transient resistance of trunk
pipeline insulation based on measurements of the magnetic induction vector modulus.
Mathematical Models and Computer Simulations. 2023;15(2):312-322. DOI:
10.1134/S2070048223020102.

Martpoxuna K.B., Tpodumen B.fl., Mazakos E.b., MaxoBukos A.b., Xaiikua M.M.
Pa3BuTHe METOI0I0TUN CLIEHAPHOTO aHAJIN3a WHBECTUIIMOHHBIX IPOEKTOB MPEATNPUATHI
MUHEPATBHO-CHIPEEBOTO KoMIUIeKca. 3anucku I oproeo uncmumyma. 2023;259:112-124.
MazakoB E.b. N3 wucropun kubepHeruku: kadeapa HHPOPMAIMOHHBIX CHCTEM |
BBIYHCIIUTEIILHON TEXHUKU TOPHOTO yHUBepcuTeTa. Bonpocwt ucmopuu. 2022;5(1):107—
117.

Krizsky V.N., Alexandrov P.N. Solution of a Linear Coefficient Inverse Problem of
Geophysics Based on Integral Equations. lzvestiya, Physics of the Solid
Eartht. 2022;58(2):274-280. DOI: 10.1134/5S106935132202001X.

[lecrakoBa 1.I'., be33ybosa O.B., Pribakos B.B. ®uiocopuss B TeXHHUUECKOM BYy3€:

CTpaTeruu pas3BuUTUd B LUDpOBYIO 3m0Xy. [lepcnexmusvr Hayku u Obpasosanus.
2022;55(1):186-199.

REFERENCES

Antipov A.V. Influence of airborne laser scanning point density on accuracy of digital
terrain relief model creation. In: VI International scientific congress « GEO-Siberia-2010x:
proceedings in 6 vol., 19-29 April 2010, Novosibirsk, Russia. Novosibirsk: SSGA; 2010.
2010;4(1):22-27. (In Russ.).

Antipov A.V. Calibration of airborne laser scanning data in the TerraSolid software
product. In: VII International scientific congress « GEO-Siberia-2017»: proceedings in 6
vol., 19-29 April 2011, Novosibirsk, Russia. Novosibirsk: SSGA; 2011. 2011;4 (1):12-15.
(In Russ.).

Essin A.S., Khamitov E.T. Application of airborne laser scanning for creation of
topographic plans of scale 1 : 500 for the territory of Omsk. Avtomatizirovannye
tekhnologii izyskanii i proektirovaniya = Automated technologies of surveys and design.
2011;40(1):8-11. (In Russ.).

Mishchenko Y.A., Mishchenko S.A. Technology of optimization of digital elevation
model obtained from airborne laser scanning data. Informatsiya i kosmos = Information
and space. 2007;(1):32-36. (In Russ.).

Osennyaya A.V., Korchagina E.VV. Technology of optimization of digital terrain model
obtained from airborne laser scanning data. Otraslevye nauchnye i prikladnye
issledovaniya: Informatsionnye tekhnologii = Branch Scientific and Applied Research:
Information Technologies. 2013;(4):85-86. (In Russ.).

Briese C., Pfennigbauer M., Lehnera H., Ullrich A., Wagner W., Pfeifer N. Radioametric
calibration of multi-wavelenght airbone laser scanning data. ISPRS Annals of the
Photogrammetry, Remote Sensing and Spatial Information Sciences. 2012;1-7(7):335-340.
Vinokurov A.S. Research of algorithms of classification of three-dimensional point clouds
and their effective realization on graphic processors. Access mode:
http://masters.donntu.ru/2009/fvti/vinokurov/diss/index.htm.

12|15


http://personalii.spmi.ru/ru/glossary/m/0.17580/tsm.2023.04.01
http://personalii.spmi.ru/ru/glossary/m/0.17580/tsm.2023.04.01
doi:%2010.1134/S2070048223020102
doi:%2010.1134/S2070048223020102
https://www.scopus.com/authid/detail.uri?authorId=6507512372
https://www.scopus.com/authid/detail.uri?authorId=56369116100
https://www.scopus.com/authid/detail.uri?authorId=6507512372#disabled
https://www.scopus.com/authid/detail.uri?authorId=6507512372#disabled
http://dx.doi.org/10.1134/S106935132202001X

MopneaupoBaHue, ONTHMH3ANMS W HHPOPMAIIMOHHbIE TEXHOJIOTHH / 2023;11(4)
Modeling, optimization and information technology https://moitvivt.ru

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Gorkavy I.N. Development and research of methods of processing and classification of
three-dimensional data of airborne laser scanning. M.; 2011. 22 p. (In Russ.).

Kuzin A.A. Geodetic support of territories zoning on the degree of landslide processes
hazard on the basis of GIS-technologies application. St. Petersburg; 2013. 133 p. (In
Russ.).

Medvedev E.M., Danilin I.M., Melnikov S.R. Laser localization of land and forest. 2nd
ed., rev. and supplement. M.: Geolidar, Geoskosmos; Krasnoyarsk: V.N. Sukachev Forest
Institute SB RAS; 2007. 230 p. (In Russ.).

Sarychev D.S. Processing of laser scanning data. SAPR i GIS avtomobil'nykh dorog = CAD
and GIS of highways. 2014;2(1):16-19. (In Russ.).

Krasilnikov N.N. Digital image processing. M.: Vuzovskaya kniga; 2001. 320 p. (In
Russ.).

Vostrikov A., Sergeev M., Balonin N., Chernyshev S. Digital masking using mersenne
matrices and their special images. In: Procedia computer science. Knowledge-Based and
Intelligent Information and Engineering Systems: Proceedings of the 21st International
Conference, KES 2017, 06-08 September 2017, Marseille, France. Elsevier B.V.; 2017.
2017;1:1151-1159.

Shapiro L., Stockman J. Computer vision. M.: BINOM. Knowledge Laboratory; 2006. 752

p. (In Russ.).

Melnikov S.R. Laser scanning. A new method of creating three-dimensional models of
terrain and engineering objects. Gornaya promyshlennost' = Mining Industry. 2001;(5):3—
5. (In Russ.).

Gruzman I.S. [et al.] Digital image processing in information systems. Novosibirsk:
NSTU; 2000. 156 p. (In Russ.).

Mikhailov V.V., Kolpashchikov L.A., Sobolevsky V.A., Soloviev N.V., Yakushev G.K.
Methodological approaches and algorithms for recognizing and counting animals in aerial
photographs. Informacionno-upravljajushhie sistemy = Information and control systems.
2021;114(5):20-32. (In Russ.).

Ukhaneva A.V. Terrain relief construction: modern approach to process automation.
Geodezija i kartografija = Geodesy and cartography. 2010;(11):24-29. (In Russ.).
Kazanin O.1., Drebenshtedt K. Mining education in the XXI century: global challenges and
prospects. Zapiski Gornogo instituta = Journal of Mining Institute. 2017;225:369-375.
Mustafin M.G., Balandin V.N., Bryn M.Y., Matveev A.Yu., Menshikov I.V., Firsov Y.G.
Topographic-geodesic and cartographic support of the Arctic zone of the Russian
Federation. Zapiski Gornogo instituta = Journal of Mining Institute. 2018;232:375-382.
(In Russ.).

Menshikov S.N., Dzhalyabov A.A., Vasiliev G.G., Leonovich I.A., Ermilov O.M. Spatial
models developed using laser scanning at gas condensate fields of the northern
construction-climatic zone. Zapiski Gornogo instituta = Journal of Mining Institute.
2019;238:430-437. (In Russ.).

Glazunov V.V., Burlutsky S.B., Shuvalova R.A., Zhdanov S.V. Improving the reliability
of 3d modelling of a landslide slope based on engineering geophysics data. Zapiski
Gornogo instituta = Journal of Mining Institute. 2022;257:771-782. (In Russ.).

13|15


https://www.elibrary.ru/contents.asp?id=47167057&selid=47167060

MopneaupoBaHue, ONTHMH3ANMS W HHPOPMAIIMOHHbIE TEXHOJIOTHH / 2023;11(4)
Modeling, optimization and information technology https://moitvivt.ru

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Talovina L.V., Krikun N.S., Yurchenko Y.Y., Ageev A.S. Remote sensing techniques in
the study of structural and geotectonic features of Iturup Island (The Kuril Islands). Zapiski
Gornogo instituta = Journal of Mining Institute. 2022;254:158-172. (In Russ.).

Gusev V.N., Blishchenko A.A., Sannikova A.P. Study of a set of factors influencing the
error of surveying mine facilities using a geodesic quadcopter. Zapiski Gornogo instituta
= Journal of Mining Institute. 2022;254:173-179. (In Russ.).

Potekhin D.V., Galkin S.V. Use of machine learning technology to model the distribution
of lithotypes in the Permo-Carboniferous oil deposit of the Usinskoye field. Zapiski
Gornogo instituta = Journal of Mining Institute. 2023;259:41-51. (In Russ.).
Gospodarikov A.P., Revin L.E., Morozov K.V. A composite model for analyzing seismic
monitoring data during mining operations on the example of the Kukisvumchorrskoye
deposit of Apatit JSC. Zapiski Gornogo instituta = Journal of Mining Institute.
2023;262:571-580. (In Russ.).

Buzmakov S.A., Sannikov P.Y., Kuchin L.S., Igosheva E.A., Abdulmanova I.F. The use
of unmanned aerial photography for interpreting the technogenic transformation of the
natural environment during the oilfield operation. Zapiski Gornogo instituta = Journal of
Mining Institute. 2023;260:180-193. (In Russ.).

Makhovikov A.B. Evolution of digital support for science and education in the USSR
(Russia) since the 1960s until the end of the 2010s (based on the information of St.
Petersburg Mining University). Voprosy istorii. 2022;(11-1):56-69. (In Russ.).
Ovchinnikova E.N., Krotova S.Y. Training Mining Engineers in the Context of
Sustainable Development: A Moral and Ethical Aspect. European Journal of
Contemporary Education. 2022;11(4):1192-1200. DOI: 10.13187/ejced.2022.4.1192.
Litvinenko V.S., Bowbrick I., Naumov l.A., ZaitsevaZ. Global guidelines and
requirements for professional competencies of natural resource extraction engineers:
implications for ESG principles and sustainable development goals. Journal of Cleaner
Production. 2022;338:1-9. DOI: 10.1016/j.jclepro.2022.130530.

Kryltcov S.B., Makhovikov A.B., Korobitcyna M.A. Novel approach to collect and
process power quality data in medium-voltage distribution grids. Symmetry.
2021;13(3):460. DOI: 10.3390/sym13030460.

Makhovikov A.B.,  Kryltsov S.B.,  Matrokhina K.V.,  Trofimets V.Ya.  Secured
communication system for a metallurgical company. Tsvetnye Metally. 2023;(4):5-13. (In
Russ.).

Krizsky V.N., Viktorov S.V., Luntovskaya Y.A. Modeling the transient resistance of trunk
pipeline insulation based on measurements of the magnetic induction vector modulus.
Mathematical Models and Computer Simulations. 2023;15(2):312-322. DOI:
10.1134/S2070048223020102.

Matrokhina K.V., Trofimets V.Ya., Mazakov E.B., Makhovikov A.B., Khaykin M.M.
Development of methodology for scenario analysis of investment projects of enterprises of
the mineral resource complex. Zapiski Gornogo instituta = Journal of Mining Institute.
2023;259:112-124. (In Russ.).

14|15


https://doi.org/10.1016/j.jclepro.2022.130530
https://www.mdpi.com/2073-8994/13/3/460
https://www.mdpi.com/2073-8994/13/3/460
https://doi.org/10.3390/sym13030460
doi:%2010.1134/S2070048223020102
doi:%2010.1134/S2070048223020102

Mone.lmpona}me, onTUMMU3ANUA U PIH(l)OpMaI.[ﬂOHHLle TEXHOJIOTuH /

Modeling, optimization and information technology

2023;11(4)
https://moitvivt.ru

35. Mazakov E.B. From the history of cybernetics on the example of the Department of
Information Systems and Computer Engineering of the Mining University. Voprosy istorii.

2022:5(1):107-117. (In Russ.).
36.
Based on

Geophysics Integral

Krizsky V.N., Alexandrov P.N. Solution of a Linear Coefficient Inverse Problem of
Equations.

Izvestiya, Physics of the Solid

Earth. 2022;58(2):274-280. DOI: 10.1134/S106935132202001X.

37.

Shestakova I.G., Bezzubova O.V., Rybakov V.V. Philosophy in a technical university:

development strategies in the digital age. Perspektivy nauki i obrazovania = Perspectives
of Science and Education. 2022;55(1):186-199.

NH®OPMAILIUA Ob ABTOPAX / INFORMATION ABOUT THE AUTHORS

KouneBa AnmMHa AJieKCaHIPOBHA, KaHIUOAaT
TEXHUYECKUX HayK, JIOLIEHT Kadenps
UHGOPMATUKH M KOMIIBIOTEPHBIX TEXHOJIOTHH,
Cankr-lleTepOyprckuil  TOpHBIM yHHBEPCHUTET,
Cankrt-IletepOypr, Poccutickas denepanusi.
e-mail: Kochneva_ AA@pers.spmi.ru

ORCID: 0000-0002-8189-782X

3ajineBa Exatepuna BuxkTtopoBHa, KaHmuaat
TEXHUYECKUX HayK, JOUEHT Kad. nHQOpMaTUKU
U  KOMIBIOTEPHBIX  TexHojorudd,  CaHKT-
[lerepOyprckuit TopHbBIH yHUBEpCcHUTeT, CaHKT-
[etepbypr, Poccuiickas denepanmsi.

e-mail: Zaytseva EV@pers.spmi.ru

ORCID: 0000-0002-7944-0468

KaTtynuos EBrenni BaagumupoBuy,
KaHJIUJAT TEXHMYECKUX HAyK, JOLEHT Kad.
MH(GOPMATUKA W KOMITBIOTEPHBIX TEXHOJIOTHA,
Cankr-IleTepOyprckuii TOPHBII  YHHUBEPCHUTET,
Cankrt-IletepOypr, Poccuiickas denepanusi.
e-mail: Katuntsov_EV@pers.spmi.ru

ORCID: 0000-0001-8345-0979

Alina A. Kochneva, Candidate of Technical
Sciences, Associate Professor, Department of
Informatics and Computer Technologies, Saint
Petersburg Mining University, Saint Petersburg,
the Russian Federation.

Ekaterina V. Zaytseva, Candidate of Technical
Sciences, Associate Professor, Department of
Informatics and Computer Technologies, Saint
Petersburg Mining University, Saint Petersburg,
the Russian Federation.

Evgeniy V. Katuntsov, Candidate of Technical
Sciences, Associate Professor, Department of
Informatics and Computer Technologies, Saint
Petersburg Mining University, Saint Petersburg,
the Russian Federation.

Cmamus nocmynuna 6 peoaxyuio 31.10.2023; odobpena nocne peyenzuposanus 27.11.2023;
npunama k nyonuxayuu 21.12.2023.

The article was submitted 31.10.2023; approved after reviewing 27.11.2023;
accepted for publication 21.12.2023.

15|15


https://www.scopus.com/authid/detail.uri?authorId=6507512372
https://www.scopus.com/authid/detail.uri?authorId=56369116100
https://www.scopus.com/authid/detail.uri?authorId=6507512372#disabled
https://www.scopus.com/authid/detail.uri?authorId=6507512372#disabled
http://dx.doi.org/10.1134/S106935132202001X
mailto:Kochneva_AA@pers.spmi.ru
https://orcid.org/0000-0002-8189-782X
mailto:Zaytseva_EV@pers.spmi.
https://orcid.org/0000-0002-7944-0468
mailto:Katuntsov_EV@pers.spmi.ru
https://orcid.org/0000-0001-8345-0979

