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Purpose. The effectiveness of the development of an information system for quarry management is primarily determined by the level
of geological and surveying support (GSS), which includes solving such basic tasks as calculating reserves (operational and complete),
accounting for ore mining, building the information base for mining planning and management, and field modeling, and career, ore body
contouring, etc. The purpose of this work is to develop and use B-Splines in the automation of geological surveying software in the quarry.

Research methods. The basis of many tasks is the construction of surfaces. For the first time in recent years, an uneven rational B-
spline (NURBS) is used to describe them, which most fully satisfies the following criteria: the model’s adequacy to the real representation,
the efficiency of model formation and surface construction, and the visualization of the model in three-dimensional space.

Scientific novelty. The advantages of constructing surfaces using NURBS are as follows: ease of calculation; sufficient smoothness;
construction of the surface of any degree of complexity; using the weights of the control points, control of the surface (it can pass strictly
through the specified control points). The latter property made it possible with the help of a NURBS surface to effectively model the day
surface of a quarry with a strict passage of the surface through points of the ledges.

Practical significance. For the joint Russian-Mongolian enterprise Erdenet (Mongolia), developing the copper-molybdenum deposit,
an integrated automated GSS system has been developed and has been in operation for many years. Software and algorithmic tasks of
the system are constantly being improved. This article presents its latest developments and development paths. The use of NURBS
allowed us to construct the day surface of the open-pit mine, to improve the complete calculation of reserves, the accounting of ore
mining, and the delineation of ore bodies along the open-pit horizons.

Results. The software is implemented in C++ and C# for Windows. To build three-dimensional graphics, the tools of the open graphic
library OpenGL are used. Separate modules of the developed GSS system were used at the Novokrivoyorogsk and Ingulets mining and
processing plants. The methodology for constructing automated GSSs has been approved by many years of positive experience in

industrial implementation and can be used for non-ferrous ore and iron ore deposits.
Keywords: B-spline, NURBS surface, open pit surface modeling, ore body contouring, ore mining accounting.

The problem and its connection with scientific and
practical tasks.

In recent years, integrated mountain packages (GPlI),
which are being developed in non-CIS countries, have been
widely developed. The GPI provides access to the most
common database management systems (DBMS), has a
modular structure and stores the results in accepted storage
formats. This provides the possibility of subsequent use of
the results by other applications. The information core of the
GPI is a geological surveying system that solves a wide
range of tasks, ranging from the initial processing of
surveying surveys and well testing data to construct a DSM
and ending with the calculation of reserves, the
determination of optimal mine workings and the planning of
mining operations. The leading companies in the world
market offer the following most popular GPIs: Gemcom
Surpac (in 2006, Gemcom completed the acquisition of
Surpac Minex Group (Company GEMCOM, 2006)), Maptek,
Mintec, CAE Mining (in 2010, CAE acquired Data-mine
Group (Trade Press Release, 2010)) Techbase, IFM.

The Gemcom Surpac system was developed by
Canadian company Gemcom Software International Inc.
(GEMCOM, 2008) and includes various functions, ranging
from the input of primary data to block modeling of fields,
design and planning of open and underground mining.

The Australian company KJRA Systems, a member of
the well-known MARTEK group of companies (MAPTEK,
2012), has developed and sells a powerful and rather
expensive integrated system "Vulcan", which has a large set
of modules for solving various problems in the field of
geology, mining, mine surveying, and ecology.

CAE, after its acquisition in April 2010 of the Datamine
Group, presents the CAE Mining product as advanced in the
field of creating innovative technologies and services for
planning, managing and optimizing mining operations
(TECHBASE, 2011). The company operates in nine
countries. CAE Mining offers advanced solutions ranging

from the exploration and management of ore body modeling
data to mining planning and operational management.

It is necessary to make a number of general comments
regarding foreign integrated systems:

¢ the systems are designed to work with highly qualified
specialists (surveyors, geologists, miners) who have
undergone a long training cycle abroad or in consulting firms;

o the systems work effectively only on powerful personal
computers or graphic workstations, the cost of which
exceeds 25-50 thousand dollars;

e the cost of basic software is up to 25 thousand dollars,
and the purchase of an additional set of modules can increase
the cost of the package to 100—200 thousand dollars;

e many foreign packages have a complex, un-Russified
and not very "friendly" user interface, which does not take
into account the peculiarities of the working conditions in
domestic practice.

Foreign packages are developed taking into account
high versatility in order to maximize profits. No large firm will
spend a long time adapting a software product at a specific
mining enterprise. If for solving the problems of prospective
development of a field development, in most cases, a
universal approach can be used and services from design
and research institutes can be abandoned, then additional
development is required to solve many geological surveying
tasks during field operation. Even the module for calculating
reserves, which is one of the main ones in the GPIl and which
determines the cost and efficiency of the system core,
cannot claim to be highly versatile.

Integrated automated GSS system has been developed
and maintained for many years for the joint Russian-Mongolian
enterprise Erdenet (Mongolia), which is developing a copper-
molybdenum deposit. The software and algorithmization of the
system tasks are constantly being improved. This article shows
the latest developments and the ways of development. The
scheme of the integrated system of GSSs is shown in fig. 1.
Here are 8 main modules of the system.
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Formation and directing of digital model of the
field and opencast, geodetic control

Formation of the surface crust of the
opencast and box model of the deposits

Current and full estimation

of the reserves Surveying reserves recording

5 6

7 8

Delineation of ore bodies in open area and
horizons of the opencast

Drilling and blasting

Graphic documentation

formation Mathematical support

Enterprise service’s call

Task information system of mine planning and
management

Fig. 1. Scheme of integrated geological surveying system

Studies and publication analysis.

The construction of surfaces is at the heart of many
problems.

For the first time in recent years an uneven rational B-
spline (NURBS) is used for their description, which most fully
satisfies the following criteria:

e adequacy of the model to real representation;

o efficiency of model formation and surface construction;

e visualization of the model in three-dimensional space.

Its usage made it possible to construct a day surface of
the opencast (module 2), to improve the full calculation of
reserves (module 3), ore output accounting (module 4), and
delineation of ore bodies in the horizon of the opencast
(module 5).

Formulation of the problem.

Let us give an example of constructing an arbitrary
NURBS surface, which, in general form, represents the
dependence of Z =f (X, Y). The values of Z can be the marks
for constructing the day surface of the opencast; the
sampling data for the wells in certain sections of the
opencast, and so on.

First, a rectangle, which describes the area under
investigation, is constructed. Next, an interpolation network is
formed according to a certain index Z with the selected network
step. The network step is selected in such a way as to evaluate

"
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the characteristic of the variability of the input data. The value
of the indicator under study is determined in the nodes of the
network. Various methods of interpolation (reciprocal
distances, polynomial, criging point, etc.) are used, the simplest
of which is the method of reciprocal distances:

N
>Z-d ;"
_ f:1N
2, d
i=1

where Za — is the value of the indicator in the node A; N —is
the number of nearest points; o — is the degree of
interpolation; di — is the distance between the nearest point
and the interpolation node; Z; — is the value of the indicator
at the point closest to the interpolation node.

Then, based on the data of the interpolation network, the
nodes of which are breakpoints, a NURBS surface is
constructed.

Material and results Presentation.

The result of the construction of B-spline curve based on
11 test points is shown in fig. 2. The order of the polynomial
for the construction of the corresponding curve is chosen m
= 4 (cubic polynomial).

Z,
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Fig. 2.The result of the construction of B-spline curve using weigh

Let's point out the main benefits of B-spline (Podxepc u
Adamc, 2001):

1. Ease of calculation. Connecting function is evaluated
in simple recursive manner. It is advisable to use the
functions to connect a second or third degree.

2. Local control over the curve. Change in one control
point does not affect the change in the curve, and is only in
its particular area. This is due to the fact that only a small

number of control points, depending on the degree of the
polynomial, affect each connecting function.

3. Using weights to pass through strictly defined
locations.

In fig. 3 we are showing the profile of the bench in open
pit, described by B-spline, which has repeated the profile of
the benches with high accuracy.
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Fig. 3.Profile of the bench described using B-spline

When applying methods of constructing B-spline curves on
NURBS-surface, the following formula is used (Xurnn, 2002):

ML
Z zWi,kPi,kNi,m (u)Nk,n (v)
P(M,V) — i=0 k=0

M L i

Z Zwi,kjvi,m (u)Nk,n (V)

i=0 k=0
where (M + 1) — number of control points on the axis OX
(numbered points from 0 to M); (L + 1) — number of control
points on the axis OY (numbered points from 0 to L);
Pix= (xik, Yik, Zik) — the coordinates of the control points;
wik — the weight coefficients of control points; Nim(u) WNkn(v) —
correspondingly connecting B-spline functions in the
direction of the axes OX and OY; m and n, respectively, are
the orders of connecting B-spline functions Njm(u) and
Nin(v); ueO, ..., Umax (Umax — maximum value in the knot
vector u in the direction of the axis OX, equal to M — m + 2);
veO, ..., Vmax (Vmax — the maximum value of the knot vector v
in the direction of the axis OY, equal to L — n + 2).

Let us consider the implementation and improvement of
some modules of an automated geological surveying
system based on the use of B-splines for constructing
surfaces (modules 2, 3, 4, 5in fig. 1).

Module 3 "Current and full estimation of the reserves"
uses surface construction for the implementation of full
estimation of reserves using the method of vertical sections
(BeneHckuti u dp., 2010).

# baza.ini - baza

The technique for realizing the full calculation of stocks
by the method of vertical sections is as follows.

First, using the mathematical apparatus of B-splines, two
surfaces of the opencast are constructed from the initial data
of bench edge of the digital open cast models, respectively,
at the beginning of the development and the design of the
open-pit boundaries of the quarry.

The advantage of constructing the surface of the
opencast is the availability, as the initial data, only of the X,
Y, Z coordinates of the upper and lower bench marks, which
are contained in the digital opencast model (DOCM) (fig. 4).
Let us consider the technique of constructing the surface of
the opencast using B-splines (SeneHckuti u dp., 2009).

This is done in the following sequence. First, a
rectangular area ABCD on the opencast plan is selected
from the display screen, as it is shown in fig. 4. Then the
rectangle is covered by an accurate regular grid with a given
step (in our case, the network step is 10 m).

At the nodes of the network with the coordinates X, Y,
the method of squares of the reciprocal distances
determines the values of the Z marks with respect to the
points of the bench edges.

n o n
Zi = D20,
Jj=1 i=1
where z; — is the level point, which is the closest to the node
being determined; r; — is the distance from the nearest point

to the node; n — is the number of nearest points.
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Fig. 4. To the formation of the surface of the opencast
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In addition to the Z value, weighting coefficients are
formed for the nodes of the network, and for the nodes closest
to the level points (at a distance less than half the network
step), the X, Y, Z coordinates are adjusted so that the point is
shifted to the bench edge. In this case, the number of points
in the direction of the OX axis and in the direction of the OY
axis is conserved. It is necessary to set the weighting
coefficients wix of node points in order to construct the
NURBS surface using formula (1). All nodes of the network

®aiin Bna Beoeoa O6peKTel HacTporikn CnpaBxa -
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are assigned a weight equal to 1, except the nodes through
which the edges of the bench edges go through. A
significantly greater weight (a value of 1000 is assumed) is
assigned to these nodes which ensures that the NURBS
surface goes strictly through the points of the bench edge.

The result of obtaining the surface of the quarry is shown
in fig. 5.

The surface of the project boundaries of the opencast is
built in the same way.

Fig. 5. Surface of the opencast constructed with B-splines

The ore outlines of vertical sections are determined in
the next step. Each vertical section is limited from above by
the line of intersection of the profile with the surface of the
opencast at the beginning of the period, the lateral and lower
line of intersection of the profile with the surface constructed
along the design boundaries of the opencast.

As a result of the intersection of the profile with the
surfaces of the opencast at the beginning of the
development and the design boundaries of the opencast, we
obtain an ore outline of vertical section.

Vertical sections are covered with an interpolation grid. In
each node of the network, the type of ore and the qualitative
indices for the nearest drill log of the long hole are estimated.
Thus, the pit outline of the ore body is distinguished.

Knowing the area of the ore bodies and the distance
between the vertical sections, the full calculation of the
reserves is estimated.

In Module 4, "Surveying reserves recording" which is
based on the B-spline opencast model, it is possible to
perform a full calculation of the extracted rock mass for the
reporting period (usually a month). On the daily surface of
the opencast before and after mining, it is possible to
estimate the total volume of the extracted rock mass as a
whole in the opencast, and not only its individual sections.

Based on the model of the daily surface of the opencast,
the volume of the extracted rock mass is determined with B-
splines. The surface of an opencast in the form of a B-spline
is represented by a set of "spatial" quadrilaterals, the
coordinates of which, as a rule, are not in the same plane.
In the same given rectangular area, which defines the pit
limits, two opencast surfaces are constructed — at the
beginning and end of the reporting period. In this case, the

X and Y coordinates will be exactly the same for the two
surfaces, and only the Z marks will differ.

Further, the volume of the extracted rock mass during
the reporting period is calculated using the following formula

V=>3(2-2,)8-2.(Z,-2,)-S,
i=1 j=1

where n —is the number of "spatial" quadrilaterals, Z;, Z— are
the average elevations for the coordinates of the i-th (j-th)
"spatial" quadrilateral of the surface, respectively, at the
beginning and end of the reporting period, Zie — is the lowest
elevation of the opencast, Si, S;— are the areas i-th (j-th) —
quadrangles respectively at the beginning and end of the
reporting period.

The expression (Z,-Z,)-S, in the formula is the volume

of the rock mass in a separate elementary prism, the upper
base of which is the "spatial" quadrilateral of the surface,
and the lower one is its projection onto the horizontal plane.

In fig. 6, the advance of the mining front (the bench edge)
during the reporting period is shown in dark colour.

On the basis of the digital model of the deposit, which
contains the coordinates and quality indicators for blasting
and exploratory wells strictly along the horizons of the
opencast, it is possible to obtain qualitative indicators in
these elementary prisms, which allows determining the
content of the indices in the extracted rock mass.

The implementation of module 5 "Delineation of ore
bodies in open area and horizons of the opencast" is carried
out in the following sequence (3eneHckuti u dp., 2011; 3e-
neHckulu, JlbiceHko, 2013).

First, the planned horizon is selected with the data of the
tested wells, on which the rectangular area to be examined
is selected.
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In fig. 7. the location of the wells and the data of their
testing according to Cuob, is given, and in fig. 8 interpolated
Cuob, values at nodes of a uniform network covering the
rectangular area under investigation are also presented.
Similarly, interpolated indices are formed for the second
selected indices — Moos. These indices are used to construct
NURBS surfaces.

Fig. 9 shows the NURBS-surface according to the
indicator Cuob, fig. 10 is its iso-content. Fig. 11 shows the
delineation of the ore body by Cuob = 0,4 % and Moo, = 0,02
%, where the selected region satisfies simultaneously the
established conditions of the two indicators.
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Fig. 11. To delineate ore bodies

The results of ore outline of ore bodies and selected
varieties are used in the calculation of reserves and accounting
for ore extraction. Decision results of ore outlining are stored in
the database, which makes it easy to export them to external
applications, for example, into the graphical environment of
AutoCAD. Decision results of the solution are displayed on the
display screen, printer and plotter.

As previously stated, the implementation of the algorithm
for a controlled NURBS surface allows changing the nature of
the passage of the surface according to spy points, changing
the weight of their influence and shifting them within
neighboring points. Such surface properties can be used to
model "sharp" transitions between ore body and empty rock.

Conclusions and direction for future research.

The implementation of the software is in C++ and C# for
Windows. To build a three-dimensional graphics, OpenGL's
open graphics library tools are used. Separate modules of
the developed system of GSSs were used at
Novokrovyorzhsky and Ingulets Mining and Mineral
Processing Plants.

The methodology of constructing of automated GSSs
has been tested for many years having positive experience
of industrial implementation and can be used for non-ferrous
ore and iron ore deposits.
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KpuBopi3bkuit ekoHoMi4HuM iHcTUTYT [IBH3

KuiBCbkuit HaLioHanbHM €KOHOMIYHUM YHiBepcuTeT iMeHi Baguma NeTtbmaHa
Byn. MeauyHa 16, m. Kpusui Pir, YkpaiHa

BMKOPUCTAHHSA B-CMNJIAAHIB NP PO3POBLII ABTOMATU3OBAHOI CUCTEMU
FEONOro-MAPKLUEMAEPCbCKOIO 3ABE3IMNEYEHHA

Mema. EcpekmueHicmb po3pobku iHghopmayiliHoi cucmemu ynpaesniHHs Kap'epoM Hacamneped eu3Ha4yaembCsl pieHeM 2e0J1020-MapKuwelioep-
cbKo20 3abe3neyeHHs1 (FTM3), sike ekntoYae supileHHs1 MaKux OCHO8HUX 3ae0aHb, K NidpaxyHOK 3anacie (onepamuesHull i nogHul), o6nik sudob6ymky
py9d, hopmyeaHHs1 iHghopmayiliHo2o 6asucy Onsi nnaHyeaHHs1 ma ynpaesiHHs 2ipHU4YuUMu po6omamu, MmodesiroeaHHs podoeuuwia i kap'epy, OKOHmMy-
prosaHHs1 pyOHux min mowo. Memoro daHoi po6omu € po3pobka i sukopucmaHHsi B-cnnaliHie y npoyeci asmomamu3ayii 2eosno2o-mapkwelidepchb-
KO20 3abe3neyeHHs1 8 Kap'epi.

Memodu docnidxeHHsi. B ocHosi 6acambox 3aedaHb suKopucmoeyembcsi nobydoea noeepxoHb. Ynepwe e ocmaHHi poku 0nsi iXHbo20 onucy
3acmocoeyembcsi HepieHOMIipHull payioHanbHul B-cnnaiin (NURBS), sikuli Hali6inbw noeHo 3adoeosibHsIE maki Kpumepii: adekeamHicmb modeni
peasibHOMYy ysie/ieHHIo, orlepamueHicmb ¢ghopMyeaHHs1 Modesli Ui N1o6ydoeu noeepxHi, HA04YHicMb 8ido6paxKeHHs1 Modesli 8 MpU8UMIPHOMY NPOCMOPI.

Haykoea Hoeu3Ha. Nepesazu no6ydoeu nosepxoHb 3a donomozoro NURBS nonsizaroms y makomy: npocmoma e o64ucsieHHi; docmamHs 2nao-
kicmb; no6ydoea noeepxHi 6yOb-siKo20 cmyneHs1 cknadHocmi; 3a 00MOMO20t0 8a208uUXx KoegbiyieHmie KOHMPOIbLHUX MOYOK MOXXHa ynpaesisimu ro-
eepxHeto (8oHa Mox)e npolimu cmpo20 Yepe3 3adaHi KOHMPOobHi Moy4ku). OcmaHHs enacmueicmb do3eosnuna 3a donomozoro NURBS-nosepxHi
egekmueHo modesiroeamu OeHHY NMO8EPXHIO Kap'epy Npu cmpo20My MPoxXo0XXeHHIi MoeepxHi 4epe3 MoyYku 6poeok ycmyriie.

lMpakmuyHa 3Havyumicmsb. [nsi cninbHo20 PocilicbKo-MOH20/Ib,CbKO20 nidnpuemcmea "Epdenem” (MoHzonisi), o po3pobsic MiOHO-moni60e-
Hoee podoesuue, po3pobrieHa i n(pomsizoM 6a2ambox pokie nepebyeae e ekcrniayamauyii iHmezpoeaHa aemomamu3oeaHa cucmema F'M3. [IpozpamHe
3abe3ne4yeHHss ma anzopummisayisi 3aday cucmemu nocmiliHo °00ckoHanormbcs. Hasodssmbcsi ocmaHHi i po3po6ku i wnsixu po3sumky. Bukopu-
cmanHsi NURBS 0do3eonuso no6ydyeamu GeHHy MoeepxHIo Kap'epy, y0ockoHanumu noeHull nidpaxyHok 3anacie, o6sik eudo6ymky pyod, oKoHmy-
Ppro8aHHs1 pyOHUX Min o 20pu3oHmMax Kap'epy.

Pe3ynbsmamu. Peanizayiro npoepamHo20 3abe3ne4yeHHs1 BUKOHaHO Ha Moeax C++ i C# dna Windows. [nsi no6ydoeu mpueumipHoi epaghiku eu-
Kopucmoeyrombcsl iHcmpyMeHmarnbHi 3acobu eidkpumoi epaghiuHoi 6i6niomeku OpenGL. Okpemi modyni po3pobneHoi cucmemu M3 eukopucmaHi
Ha Hoeokpueopisbkomy i IH2yneybkomy 2ipHU4o-36a2aqyeanbHux kombiHamax. Memodonozisi no6ydoeu asmomamu3oeaHozo 'M3 anpo6oeaHa 6a-
2amopiyHUM No3umueHuUM AoceidoM MPoMucI08020 8nposadxeHHs1 i Moxe 6ymu eukopucmaHa 01151 Koslboposux PYOHUX i 3ani3opyOHuUX podosuuy.

Kntouoei cnoea: B-cnnaiiH, NURBS-nogepxHsi, MoOGeslto8aHHs 08epXxHi Kap'epy, OKOHMYyproeaHHs1 pyOHUX min, o6nik audo6ymky pyo.

A. 3eneHckun, O-p TeXH. HaykK, npod.,

E-mail: zelensky@kneu.dp.ua, Ten.: +380965391760

Kpu“BOPOXCKUIN 3KOHOMUYECKUA UHCTUTYT

KueBckuit HaUMOHanNbHbLIA 3KOHOMUYECKU YHUBepcuTeT UMeHn Baguma MeTbmaHa
yn. MeaunumHckas 16, r. Kpuson Por, YkpauHa

NUCNoNb30BAHUE B-CMNAWHOB NPU PA3PABOTKE ABTOMATU3UPOBAHHOW CUCTEMbI
FEONIOr0-MAPKLUEMAEPCKOIO OBECMNEYEHUA

Yenb. 3phekmuesHocmb paspabomku uHghopmayuoHHOU cucmembl yrpaesieHus KapbepoM fpexoe ece2o onpedesisiemcsi ypoeHeM 2e0J1020-
mapkwelidepckozo obecneyeHusi (FMO), komopoe eko4aem pewieHUe makux OCHOBHbIX 3aday, Kak modcyem 3anacoe (ornepamueHbil U MoJiHbIl),
yyem 0o6bi4u pyod, hopMuposaHue UHPOPMaYyUOHHO20 b6a3uca Ossi NIaHUPOBaHUsI U yrnpaesieHuUs1 20pHbIMU pabomamu, ModesiupogaHue Mecmo-
poxdeHusl u Kapbepa, OKOHmMypueaHue pyOHbIx men u m.0. Ljenbto daHHoU pabomsl sienisiemcs paspabomka u ucnosib3oeaHue B-cnnaliHoe npu
aemomamu3ayuu 2eosno2o-mapKuwelidepcko2o obecrnevyeHus 8 Kapbepe.

Memodsi uccnedosaHusi. B ocHoge MHo2ux 3aday ucnosib3yemcsi MocmpoeHue rnogepxHocmel. Bnepebie 8 nocnedHue 200bi O7s1 UX ONUCaHUs
ucnonb3yemcsi HepagHoOMepPHbIU payuoHanbHbil B-cnnaiiH (NURBS), komopsbiii Hau6onee nosnHo ydoesnemeopsiem criedyroujue Kpumepuu: adekea-
mHocmb Modesiu peasribHOMy npedcmasJsieHuro, ornepamueHocmes ¢hopMupoeaHusi MoOesiu U NMocmpPOoeHUs Mo8epxHocmu, Haz2si0Hocmb omo6bpa-
JKeHus1 Modeslu 8 mpexMepHOM fpocmpaHcmee.

Hayuynasi Hosu3Ha. lMpeumyujecmea nocmpoeHusi noeepxHocmel ¢ nomouwibto NURBS cocmosim e cnedyrowem: npocmoma 8 8bI4UC/IeHUU;
docmamoyHas 2nadkocmsb; MOCMPOoeHUe Mo8epxHocmu /11060l cmeneHu CII0XHOCMU; C MOMOWbIO 8€C08bIX KOI(hhuyueHmMo8 KOHMPOIbHbIX MO-
4eK MOXHO yrnpaesisimb 1o8epxHOCMbI0 (OHa Moxem fnpolimu cmpoz2o Yepe3 3adaHHble KOHMPOJIbHbIe MoY4ku). [TocriedHee ceolicmeo Mo3e0s1Uso
¢ nomouwibto NURBS-noeepxHocmu aghghekmueHo modennupoeams OHEBHYIO 108EePXHOCMb Kapbepa Mpu CIMpPo20M MPOX0XKOeHUU Mo8epxHocmu 4ve-
pe3 moyku 6posok ycmynos.

lMpakmuyeckasi 3HayuMocms. [y coeMecmH020 PocculiCKO-MOH20/1bCK020 npednpusimusi "3pdaHam" (MoHzonusy), paspabambiearouje2o Me-
OHo-Monu6deHo80e MecmopodeHue, pazpabomaHa u 8 me4eHue MHO2UX Jlem Haxoo0umcsi 8 3Kcryamayuu UHme2pupoeaHHasi agimomamu3supo-
eaHHasi cucmema I'MO. lpozpammHoe obecneyeHue u anzopummusayusi 3aday cucmembl MOCMOSIHHO coeepweHcmeayromcesi. B daHHol cmambe
npueodsimcs nocnedHue eé paspabomku u nymu paseumusi. Ucnonb3zoeaHue NURBS no3eonuno nocmpoums OHEBHYIO M08ePXHOCMb Kapbepa,
ycoeepuweHcmeosams roJiHbIlU nodcyem 3anacos, yyem 0o6bi4u pyd, oKOHmMypueaHue pyOHbIX meJl 1o 20pU30HMaM Kapbepa.

Pe3ynbmamsl. Peanu3ayusi npo2paMmMHo20 obecrneyeHusl 8binosiHeHa Ha fi3bikax C++ u C# dna Windows. [lns nocmpoeHusi mpexmepHol 2pa-
¢buKku ucrnonb3yromcsi UHCmpyMeHmarsbHble cpedcmea omkpbimou epaghudeckoli 6ubnnuomeku OpenGL. OmdenbHble Modynu pa3pabomaHHoU cu-
cmembl MO ucnonb3oeaHbl Ha HoeokpueopoxckomM u MHH2yneykom 20pHo-ob6o2amumesibHbix KomM6uHamax. Memodosio2uss nocmpoeHusi
asmomamu3supoeaHHo20 'MO anpo6upoeaHa MHO20/1eMHUM MOJI0XKUMeE IbHbIM OfbIMOM MPOMbIWI/IEHHO20 8HeAPEHUST U MOXXem Gbimb UCMOJIL30-
8aHa 0ns1 yeemHbIXx PyOHbIX U es1ie30pyOHbIX MeECMOPOXKOeHU.

Knroyeenle croea: B-cnnatiH, NURBS-noeepxHocmb, ModesiupogaHue roeepxHocmu Kapbepa, OKoHmypueaHue pyOHbIX mes, y4em 0o6bi4u pyo.



