0 PACHPOCTPAHEHHH CRIICMHYECKNX B AKYCTO-IPABHTALIHOHHBIX BOJIH JIJIs COBMELIEHHOIH MOj1eH
"Jemna-Armocdepa " npm  Hammunm  Berpa B arMocdepe. Co3janel  napanielibHele
HPOrPAMMHBIE  KOMIUIEKCHl, KOTOPbIE [O3BOJMIN  [POBECTH  pacHdeThl M MCCIEN0BATh
0CcODEHHOCTH PACIIPOCTPAHEHHSA H B3aMMOTeHEPALHM CellCMMYECKHX U AKYCTO-TPABHTALIMOHHBIX
BOJIH HA IPAHMLIE Padiena yupyroi cpeisl i armocdepsl, a TAKKe BIMAHHE BeTpa B arMocdepe
Ha ux pacnpocrpadenue. Paspaboran nowarossii meron Jlareppa aus peiieHns AHHAMHYECKHX
1ajay  Teopuu  yopyroctd. Beinondeno oOocHopanne BeiOopa HeoOXOAHMBIX IIAPAMETPOB
pacuera Ui TPOBEIEHHA YCTOHUMBLIX BRIMUCIICHHI,

B pamkax cnextpanbHO-pasHOCTHOO MOXO0/A TPEI0KEHbl HHCIEHHBIE TPOLELYPh] 114
PEIICHNA JIHHAMHYECKOH 3a/1a4M TEOPHH YIPYIOCTH B ClIydae KPUBONMHEHHOH cpoDOaHON
nopepxHocTH. Ha ocHOBe aHanMTHHECKOro MeToja CO3JaHa  KOMILKTEPHAs [POrpaMsa,
HO3BOJAIONAA  HPOBOJHTE  MOJCIMPOBAHME  BOJIHOBBIX  noneil  ana  3HAMMTENbHBIX
HPOCTPAHCTBEHHO-BPEMEHHBIX Macurrabos, XAPAKTEPHBIX Jus COBPEMEHHBIX
IKCHEPHMEHTANLHBIX JAHHEIX, B uacTHocTH, BuOpoceiicmuueckux. [locrpoena teopus u
CO3/1AHEl  AMOPHTMBL  PEryIHPH3ALMN M HHCICHHOIO PEIICHHS  3a/a4H  [POJIOJIAKEHHA
reopusMHecKHX 1ojei ¢ NOBEPXHOCTH 3eMiIM B CTOPOHY 3alCraHud  HEOIHOPOJHOCTE.
Heenenopana TeopeTHUeCKasn H NPAKTHYECKAA YCTOHYHBOCTE.

PesynbTarsl NPHMEHEHE! U1 IEKTPOMATHHTHOIO 30HIHPOBAHMA JOPOMKHBIX MOKPEITHIL,
HCCIE0BAHHA JIPEBHUX 3aXOPOHEHMI, [MArHOCTHKM COCTOAHMA CEIE3alllHTHOH IIIOTHHBL B
viuense Meneo (Anmare, Kasaxcran). PaspaGoranel HOBblE ANFOPHTMEL  ONPEIeNeHHs
AMILTUTY Bl BOJIHEL IYHAMM B NPUOIHKEHHH MENKOH BOJBL, 1IPH PEAIMIAIHHE KOTOPEIX BMECTO
TPAJHLUMOHHEIX TPEXMEPHBIX 3ajad pewaerca Asymepuaa sagava. [lonyueno ypasnenne juia
JABYMEPHOIl aMILIMTY/Ibl, KOTOPOE B OJIHOMEPHOM CIIyHae COBOALACT ¢ HiIBecTHOH (opmynoi
Ditpu-I'puna.  Jokasans  TeopeMbl €IMHCTBEHHOCTH M [ONYYEHBl OUEHKH YCTOHYHMBOCTH
pemieHus  o0paTHBIX  3ajad 1 CHCTeMBl  wHTErpo-audipepeHunanbHeiX  ypaBHEeHHI
MMEKTPOAHHAMHEM € YHYETOM JHCHEPCHH BOJIH, [UIA BAZKO-YOPYTHX, MATHHTO-YVOPYTHX H
nopucteix  cpen. Mecnenoranwsl rpynnoeele  cpolicTBa  CHCTeMb!  ypasHeHuil  Maxkcsenna,
ypasHeHuA Mkonana. [lonyyensl HoBele 3akoHbl coxpanenus. Pazpaboransl Maremarnyeckue
MOJIE/IH TOPOMJANLHEIX H IOMOMIAILHEIX WIEKTPOMAIHHTHRIX noneii. Paspaborana meroauka
OTNPEASNCHHS HHIKOUACTOTHOMH COCTABNAIOMIEH CTATHYECKHX HONPABOK 10 rojorpataM BpeMeH
nepeulX  Berymienui  pedparmposanieix  BosH.  [locTpoeHml  anropurMbl  HHCIEHHOIO
MOJIEIHPOBAHMA /U1 BBICOKOYACTOTHOIO AKYCTHHECKOIO 30HAMPOBAHKA [iHa Boaoemos. Cosfana
uHpopmatnonHo-skcnepTHas cucrema "ynamn" (MDCL). Mayueno susanue Garemerpun Ha
NApAMETPLl BOAH LIYHAMH [IPH  HX PAcOpOCTPaHEHHH Haja HepoBHeM aHosm.  Cozgana
CeHCMOTEKTOHHYECKAA CXEeMa OHMAroB LYHAMHIEHHbIX 3emuarTpaceHuii B JlanbHeroctounom
peruone Pd.

METHODS AND INTERACTIVE TOOLS OF THE SYSTEM
GEOBAZADANNYCH FOR ADAPTATION OF DIGITAL FIELDS
FOR COMPUTER MODELS. COMPONENTS OF THE SYSTEM

Taranchuk V.B. Belarusian State University, Minsk, Republic of Belarus

Geological modeling is an independent direction that includes the improvement of
mathematical methods and algorithms: development of computer programs that provide a cycle
of model construction, forming, filling and maintenance of databases [1], [2]. The corresponding
software includes the loading from different sources and data preprocessing, correlation, creation
of digital cubes of reservoir properties, interactive data analysis, visualization with the help of
any type graphics, mapping. The task of developing and implementing various computer-based
geological models with self-tuning tools 1s one of the prionities. Herewith, an important
component is the task of evaluating the adequacy and accuracy of the proposed digital models.
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The key issues are automation, adaptation of models taking into account continuously incoming
additional data, as well as a revision of the results of processing the initial information using new
interpretation methods [2], [3].

The data used in geological and geoecological models are a representative part of the
geodata, which classify, summarize information about processes and phenomena on the earth's
surface, include classified and integrated into a single system of data groups. Geodata, as a
generalization of accumulated information [4], include information not only from the field of
Earth sciences, but also from others, such as transport, economics, ecology, management,
education, analysis, artificial intelligence. The technological feature of geodata 1s that they are
not obtained on the basis of direct measurements, and they are formed as a result of post-
processing of the measured information, can have different accuracy, stored using different units
of measurement. The system peculiarity is that after their formation geodata represent a set of
parameters and descriptions of different types and structures integrated into a single complex,
reflect different characteristics and properties, describe the existing spatial relations taking into
account time and thematic factors, Information feature 1s due to the fact that geodata is a new
information resource, and the data are grouped into three characteristics: place, time, topic.
Another feature is the presence (implemented automatically) of mutual influence of graphic and
attribute data — changing attribute data involves the replacement of graphic information, the
refinement of the spatial position requires changes in coordinates, spatial relationships. This
interaction provides a reliable foundation for spatial visual analysis and management.

Geodata volumes are growing at a very high rate. Accordingly. it is natural to use “big data™
technologies (the specifics for geodata are described in [5]), including automated data mining.
One of the main aims of data mining is to find previously unknown, non-trivial, practically
useful and understandable interpretations of knowledge in “raw™ (primary) data sets [6], [7]. At
the same time, following [6], “data mining does not exclude human participation in processing
and analysis, but significantly simplifies the process of finding the necessary data from raw data,
making it available to a wide range of analysts who are not specialists in statistics, mathematics
or programming. Human participation 15 expressed in the cognitive aspects of participation and
the application of informational cognitive models™.

Geodata mining tools are the same as for usual data; the basis is the theory. methods, and
algonithms of applied statistics, databases, artificial intelligence, and image recognition. There
are many different active and applied software tools for data mining, for example, 8 classes of
data mining systems are identified in [6]. The variety of proposed methods and software tools
make il necessary to assess the quality of geodata and determine their main charactenistics.
Criteria for evaluating the quality of geodata are discussed in [8].

A number of issues related to the analysis and evaluation of spatial data quality can be
solved using the computer system GeoBazaDannych [9] — [16]. Possible options, methodological
solutions, and software tools that allow you to confirm the validity of interpretations, visualize
and obtain numerical values of errors calculated by different methods of intellectual data
processing results included and used in computer geological models are discussed below. For
illustrations, the key task of forming and processing digital fields used in computer models 1s
selected. In particular, we discuss the proposed methods that have been tested for solving
different applied problems, as well as implemented in the interactive computer system
(GeoBazaDannych specialized algorithms for caleulating approximating digital fields.

The interactive computer system GeoBazaDannych is the complex of intelligent computer
subsystems, mathematical, algorithmic and software for filling, maintaining and visualizing
databases, mput data for simulation and mathematical models, tools for conducting
computational experiments, algorithmic tools and software for creating continuously updated
computer models. By means of the system GeoBazaDannych, it is possible to generate and
visualize digital descriptions of spatial distributions of data on sources of contamination, on the
geological structure of the studied objects; graphically illustrate solutions to problems describing
the dynamic processes of multiphase filtration, fluid migration, heat transfer, moisture, and
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mineral water-soluble compounds in rock strata; design and implement interactive scenarios for
visualization and processing the results of computational experiments. GeoBazaDannych's
subsystems allow you to calculate and perform expert assessments of local and integral
characteristics of ecosystems in different approximations, calculate distributions of
concentrations and mass balances of pollutants: create permanent models of o1l production
facilities; generate and display thematic maps on hard copies.

The main components of the system GeoBazaDannych [9] - [16]:

* the data generator Gen DATYv;

o the generator and editor of thematic maps and digital fields Gen MAPw;

* modules for organizing the operation of geographic mformation systems in interactive or
batch modes:

s the software package Geo mdl — mathematical, algorithmic and software tools for building
geological models of soil layers, multi-layer reservoirs; modules for three-dimensional
visualization of dynamic processes of distribution of water-soluble pollutants in active soil
layers;

=  software and algorithmic support for the formation and maintenance of permanent
hydrodynamic models of multiphase filtration in porous, fractured media:

s the integrated software complex of the composer of digital geological and geoecological
models (GGMD).

Basics and tools of interactive adaptation of digital fields. Integration of the capabilities of
various geographic information systems (GIS) and the GeoBazaDannych is provided by a wide
range of tools of the system for importing and exporting data, images, and functions. This article
discusses several non-standard solutions that are recognized as difficult for all geodata
processing packages. The examples of approximation and reconstruction of the digital field
presented in the second part of the work, its interactive adaptation by means of the system
GeoBazaDannych and evaluation of the accuracy of results using the tools of the GGMD
complex illustrate the unique capabilities of the developed methods and software.

The task of reconstruction of the grid function (digital field) involves calculating the values
of the approximating function at regular grid points from the values of randomly located
experimental data points (observations), i.e. creating a regular array of Z values of node points
from an irregular array of (X.Y.Z) values. The term “irregular array of values™ means that the X,
Y coordinates of data points are distributed irregularly across the function definition area. The
procedure for constructing a regular network of level values and restoring the grid function is an
interpolation or extrapolation of values from a collection of scattered sets of source points and
values of surface levels in them to uniformly distributed nodes in the study area.

Methods for restoring grid functions and the corresponding algorithms are implemented in
several specialized computer graphics and GIS packages. They can be divided into two classes:
exact and smoothing interpolators [17], [18]. In fact, the method falls mto a particular class
depending on the user-defined settings when performing value calculations. Most methods for
restoring the function and constructing a digital field are based on calculating weighted
coefficients that are used to weigh the values of the measurement data at the nearest points. This
means that, all other things being equal, the closer the data point is to a network node, the more
weight it has in determining the value of the function being restored at that node.

It should be understood that restoring a gnd function does not imply finding a single
solution to a certain mathematical problem. Subjective opinion and expert qualifications are
factors that are always present in such activities [19]. To create computer models, you need to
have tools for interactive data processing and implementation of possible situations of receiving
and correcting input mmformation, modules for mathematical processing, interpretation and
statistical analysis [11], [17]. [20]. [21]. For the compiler of any computer model, it 18 important
to be able to perform data analysis using different methods and algorithms in several software
environments, to have tools that allow him to “play™ with the source data and compare the results
with the prepared reference models. This assumes that there are tools for exchanging data
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between modules that use different formats. How these requirements are implemented in the
system GeoBazaDannych 1s described below.

The examples of approximation and reconstruction of the digital field, its interactive
adaptation by means of the system GeoBazaDannych and evaluation of the accuracy of results
using the GGMD complex illustrate the unique capabilities of the developed methods and
software. Using the tools of the GGMD complex ([14] — [16]., [21]), estimates of the accuracy of
digital field reconstruction are obtained and illustrated with graphics.

Conclusion. The article presents the features of the processed data and the corresponding set
of software tools of the interactive computer system GeoBazaDannych.
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V3BEKHCTOH PECHYB/IHKACH HKTHCOAUETHHH PAKAMJIAIITHPHLLIJIA
AXBOPOT XABOCH3I/IHIMHH TABMUHIAII MYAMMOCH

EQ.Ima mwep A9,
Tapux annapu poxropu, npoeccop. Yibexncron Pecnybnukacu [pesnaentn xysypuaaru
aasnar domkapyen Axagemunacu “bouwkapysaa AKT” kadenpacu npodeccopn

AHHOTAUMA:  MA3KVP  Maxoia VaGexucmon Pecnvbauracy  uKmMucoduémunm
pakaMIauimupuiida axbopom Xascuziuaiuny MabMUIaw Myanmocuca basuwaanzan GViauo,
VY  coxa OVINYa  MabMUHAQUHUEE  XOIUP2U  Xoaamu, oapadcaiapu, KViiaHuiaousan
MEXHONOZUATAP, ACOCUll UVHATWIAPY, maxoudiap ea VMKQAUMWN 3apyp Gvizan dopa-
madbupirap xaKuda QuKp opumuizan.

Kaaur mnbopanap: paxkawin uxmucoduém, axGopom mexHOIOZUATAPY, axOopom
xashcuziney,  pakaMigquemupue  dapaxcailapu, KVIGHUIGONZaH  IMEXHORIOZUATAP, acocull
HVHATUWAp, maxddiap.

Xypmarim baxopup Anjadepanesnd, XypMarim Moaeparopap, KoddepeHuns
HIITHPOKYKHIAPH!

bapuamuira Masnymin, [pesuaenrnmns askar Mupauées ramabbycen Gunan xopui
it Mam-mabpudar Ba pakamiin HKTHCOAHETHH PHBOMIAHTHPHIL MM Aed HOMIAHIH,

HOprumus  «Xankapo ax00poT-KOMMYHHKALHA TEXHOAOIMATAPHHH PHBOXIIAHTHPHLI
uHexeH» OVitnua 2019 finnna 8 noronara kyrapuiran 6ynca-ua, xanu xynassm opranamus, Hly
touc, «Pakamnm  wkmmcoguér»ra aon  Yrum —  wearyem 5 fMIJarw OHr  YCTYBOp
sasndanapumuinan Gupn 6ynaau. Pakamin texnonorusnap Hadakar Maxcynor Ba XwiMariaap
cHPATHHU OLIHPEIH, OPIHRNA XAPARATIADHN kaMaittupanu. Iy 6unan Gupra, sur oFup uar —
KOppynuua danocnuy iyKOTHILLA XaM CAMapall BOCHTAAUp, Aed Tabkuanaiu wpTOoIHMus.

Hkkn oit mynaar  munga «Pakamnm Vabexkncron-2030» AacTypu  Hinad  qHKHIHIIH
pesAnaITHPIIAN BA aManra omupuian. Himnapuu THIMMIN TAIKHI STHID Y4yH XYKyMarTia
Dow Baiup YpuHOOCApH, BATHPIMK BA HAOPANApIa XaMId XOKHMIMKIapia anoxuia ypundbocap
naBoauMnapy xopuii srunan. Koponosupyc nanjieMMacH pakaMiaiITHPUIL KapaéHMHH AHAIA
Aon3apdIalITHPAK Ba TEIAIITHPIN.

byryuru «Maremartng  MogennamTapuml,  Xucobnam  MaTEMATHKACH Ba 1acTYpHi
TABMHHOT ~ HHMEHEPHACHHHHI 0713apd MyamMMmolapH» Map3ycujard pecnybinka MHKECHIa
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