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The need to use information technology is due to many reasons. The current state of
computer technology (CT), modern numerical methods make it possible to model objects
whose behavior is described by very complex mathematical dependencies, for example,
nonlinear systems of differential or integral equations. But complex computational
algorithms have their own intrinsic properties, which are far from always analogous, even
up to approximation errors, to the properties of the original mathematical model (MM).
This can lead to effects of a purely computational nature. Therefore, an important task of
the theory of numerical methods is (in relation to the considered structure of information
technology (IT)) the development of computational algorithms that exclude or minimize the
occurrence of such situations. At the same time, the problem of developing an adequate
mathematical model for describing various diffusion processes (DP), as well as methods
that implement them, remains very urgent. IT must ensure the "liberation" of a human
researcher from performing labor-intensive unproductive operations of the computational
process. In this article, issues related to the form of representation of solutions obtained in
the course of mathematical modeling are considered. The introduction of the computational
experiment method into the practice of theoretical research and a wide range of
technologies for processing experimental data made it possible to solve fundamentally new
problems, and, in some cases, led to the emergence of new subject areas that could not exist
before the advent of modern CT and the development of IT.

Keywords: multimedia information technology, diffusion process, mathematical modeling,
computational experiment.

Introduction

The main circle of problems solved in the course of mathematical modeling is the
development of mathematical models (MM) of the studied processes, as well as the
development of computational and numerical methods for the implementation of these MM.
Anomalous diffusion is a diffusion process when the classical Einstein relationship is
violated, that is, the standard deviation of the position of a wandering particle is not a linear
function of time. In practice, many diffusion processes are actually anomalous. In the existing
literature, there are many theoretical calculations for describing anomalous diffusions (the
method of reducing partial differential equations to ordinary ones, followed by the numerical
solution of modeling and identification problems; the method of quasi-linearization and
sweep in a parameter; the method of conjugate functions), as well as descriptions of MM
variants, but always large of interest is the most accurate and, in practice, easily used MM of
anomalous diffusion.

At the same time, issues related to the form of representation of solutions obtained in
the course of mathematical modeling should also be recognized as important. First of all, this
aspect concerns the application of information technology (IT) and is associated with the
presentation, analysis and implementation of the resulting solutions. It is the implementation
in a practical way, as well as the IT requirements for the implementation of MM, that is
proposed in this article.
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The aim of the work is to identify and analyze the basic requirements for information
technology, focused on the presentation of the results of mathematical modeling of diffusion
(including the so-called "anomalous™) processes.

To achieve this target, it is necessary to solve the following tasks:

e to define and to analyze the tasks facing information technologies in the
mathematical modeling of processes;

e to justify the need to use information technology;

e to identify the requirements for information technologies for solving problems of
mathematical modeling of the diffusion process.

Main part

The problems arising (as noted above) in the interpretation of the results of
mathematical modeling are, in particular, the following. In a number of important applied
cases, in the course of mathematical modeling, the investigated diffusion processes (DP) are
considered as processes with distributed parameters. The spatial domain of processes with
distributed parameters in modeling is represented by a finite-dimensional mesh of nodes [1-3]
or finite elements [4, 5], and the state function is an array of values of grid functions at these
nodes (or functions in finite elements). Depending on the required accuracy of the solution,
the resulting arrays of grid functions (functions in finite elements) have significant sizes

(10%...10° values). With such a number of values, the possibilities for interpreting solutions
become of paramount importance (for example, ordering arrays of values and their forms of
presentation, methods of storage and handling, transformation, etc.).

In addition, the results of mathematical modeling are often only an intermediate link in
the applied problem being solved. In particular, when solving problems of controlling
technological or natural processes (technical objects), as a result of mathematical modeling, a
function of the state of the object is obtained, according to which the control action is
synthesized (taking into account the control law). In this case, as a rule, the synthesis of the
control action should be carried out in a real (or even in an accelerated) time scale in the case
of solving optimization or multivariate problems. Taking into account the fact that
technological or natural processes (technical objects), as noted earlier, are mainly processes
with distributed parameters (objects with distributed parameters) (with their inherent features
and complexities of mathematical modeling and, above all, significant sizes of arrays that
determine the values functions of state), then rational methods of data processing acquire a
priority. In these conditions, IT, focused on the creation and application of methods and tools
for processing the results of mathematical modeling, constitutes an urgent scientific and
applied technical problem.

The formation of a wide class of modern theoretical and applied areas of scientific
research (associated, for example, with the atmosphere, the extraction of minerals and other
physically complex processes and objects in which a certain kind of diffusion anomalies arise)
has become fully possible only thanks to the advent of computer modeling. Examples of the
most important areas of research in which mathematical (computer) modeling plays a major
role are, in particular, problems of numerical weather prediction, climate change and issues
related to pollution of the atmosphere and other components of the environment.

The need to use IT in this case is due to a number of reasons:

e equations describing various processes cannot be solved analytically without using
numerical methods, the implementation and interpretation of which is due to the use of IT
tools;

e modeling of the specified class of processes is associated with a huge amount of
computations, which often requires the use of the most powerful means of CT and developed
IT;
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e the only experimental data on the state of complex processes are the data of
numerous observations (for example, for geological processes, this is drilling wells and
measuring reservoir pressures in them; for processes in the atmosphere, this is the
determination of the characteristics of its state using ground stations, weather balloons,
aviation, various remote control systems sounding based on ground-based radars and orbiting
satellites), and the assimilation of such an extensive set of data from various sources is
impossible without the use of modern systems for processing, collecting and transmitting
information;

e modeling (including mathematical) implies manipulation of significant amounts of
intermediate data and analysis (for example, systematization, long-term forecast, etc.) of the
results obtained, the effective implementation of which is impossible without the use of
certain IT;

e a number of problems of mathematical modeling (especially in the field of studying
the regional and global climate; seismic exploration, geodesy and geoecology; variational
assimilation of data in complex technological processes) is associated with the need to
maintain huge data archives, constant and effective access to which must be provided by IT
means.

If we consider mathematical modeling in conjunction with the IT that implements it,
then, in this case, it is permissible to talk about information and mathematical modeling (IM
modeling) [4, 6]. In this case, the process of IM-modeling includes: collection of the
necessary information (in accordance with the set goal), which constitutes (determines) the
information model of the process (object) under study; processing of the received data (their
organization or structuring) and the algorithm for transforming this data (encapsulation);
formation of MM process (object); geometrization of the model or its results of computational
implementation (computer visualization by means of computer graphics - the execution of
geometric constructions).

Thus, we can conclude that IT provides, in solving problems of mathematical modeling,
in the narrow sense, preparation (and, if necessary, collection, as, for example, in the case of
modeling atmospheric processes) of the initial data and interpretation of the solution results in
a convenient form. or, in a broader sense, IT acts as a toolkit for the implementation of
methods and means of mathematical modeling, constituting, in conjunction with the latter, the
basis of IM modeling, in which IT and mathematical modeling tools most effectively
complement each other in the course of solving applied problems.

The most important factor that determines the effectiveness of IT is its structure (i.e. the
elements that make up IT, and the topological connections between them).

Academician AA Samarsky proposed IT [6, 7], the structure of which (Fig. 1) most
fully meets the goal of solving problems of mathematical modeling. At the same time, the IT
structure is presented in the form of the "MODEL - ALGORITHM - PROGRAM" structure,
which defines an unambiguous action plan for the use of mathematical modeling methods:

e choice (or construction) of an "equivalent” of an object, reflecting in mathematical
form its most important properties - the laws to which it obeys, the connections inherent in its
constituent parts, etc. (in other words, the essence of MM);

e selection (or development) of an algorithm for implementing the model on PC;

e creation of programs that "translate” MM and the algorithm into an accessible PC
language.

The following should be noted regarding the properties of this structure. MM - as the
most important link in the structure - must be adequate to the object (process) under study.
This should be confirmed by an experiment of one kind or another (that is, the “behavior” of a
real object (process) and its MM under equal conditions should coincide). After establishing
the adequacy of the structure to the original object with MM, various "experiments" are
carried out: computational experiments that give all the required qualitative and quantitative
properties and characteristics of the object (process).
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Algorithm — Object of study
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Fig. 1. IT structure focused on solving problems of mathematical modeling (typical structure)

A computational experiment is designed to study, predict, optimize complex (including
multiparameter and nonlinear objects (processes)), the theoretical and experimental study of
which is difficult by traditional methods.

A computational experiment, in contrast to experiments on natural objects (processes),
allows one to accumulate the results obtained in the study of a certain range of problems, and
then quickly and flexibly apply them to solving problems in completely different areas. This
property is possessed by “universal” MMs that formalize most of the DP. For example, the
equation of nonlinear thermal conductivity is suitable for describing not only thermal
processes, but also diffusion of matter, movement of groundwater, and gas filtration in porous
media. Only the physical meaning of the quantities included in this equation changes. The
modeling process is accompanied by the improvement and refinement, as necessary, of all
links of the structure.

It should be noted that programs that implement computational algorithms play an
important role in the above structure. They must ensure the efficiency of solving a
mathematical problem with a minimum of computational costs.

Thus, IT supporting a computational experiment, in their structure, include: methods for
constructing MM, support for the latest implementations for finding and selecting algorithms
and programs for numerical solution of problems, methods and tools for the accuracy of the
calculations performed and the correct operation of the programs used.

Considering the above, the IT structure shown in Fig. 1, can be taken as a typical
(generalized) one, which is focused on solving problems of mathematical modeling, since it
covers all the main aspects of solving the specified class of problems. On the basis of a typical
IT structure, IT structures are formed, designed to solve applied problems of mathematical
modeling.

Analysis of the basic requirements for information technology focused on solving
problems of mathematical modeling of diffusion processes

It is obvious that IT that provide the solution of a certain class of problems of
mathematical modeling (in particular, modeling of diffusion processes) must meet certain
requirements. These requirements reflect the relationship between the main (basic) properties
of objects, processes; phenomena investigated in the course of mathematical modeling with
the means of applied IT and, ultimately, determine the effectiveness of the latter.

Let's analyze the basic requirements for IT, focused on solving problems of
mathematical modeling of diffusion processes. The following requirements are considered
basic in the mathematical modeling of diffusion processes:
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o the ability to process large-scale arrays of numerical information, which are fields of
values of the required functions of the state of the DP. Moreover, this processing should
provide both operations on multidimensional (mainly two- and three-dimensional) arrays, and
the possibility of obtaining a result in real (or even accelerated) time scale, taking into account
the subsequent solution of multivariate and optimization control problems;

o the ability to adequately display the qualitative dynamic behavior of the DP at the
stage of visualization of the solution of mathematical modeling problems, taking into account
the predominantly distributed nature of the processes under study. In other words, when
visualizing the received (or displayed) with the help of one or another IT solutions, the latter
should be adequate, i.e. with an accuracy to full-scale experiments on a real object (process),
reflect its dynamic behavior, taking into account the action on the object (process) of external
disturbances and controls;

e creation of effective (from the point of view of computational costs) numerical
methods for the implementation of the MM DP in the procedures of IM-modeling. The
complexity of the formalization of the problems of mathematical modeling of DP, caused by
the finite unrepresentability of the MM of the DP, the nontrivial nature of the spatial regions
of modeling and boundary conditions, imposes increased requirements on the computational
costs of the computer implementation of the methods used as part of the IT used. Ultimately,
the computational costs for the implementation of mathematical modeling methods determine
the influence of these methods (as an integral part of the IM-modeling technology) under the
conditions of the given criteria;

¢ the ability to automate the process of mathematical modeling of DP. IT should free
the researcher from performing time-consuming operations of the computational process. For
example: setting geometry and discretizing spatial areas; determination of parameters of
discrete spatial areas; recalculation and re-assignment of these parameters in the course of
solving non-stationary and non-linear problems; assignment, recalculation and input of initial
and boundary conditions, etc. The human researcher, if necessary, retains the functions of
analysis and decision-making based on the results of mathematical modeling.

Conclusion

The basic requirements for IT focused on solving problems of mathematical modeling
of diffusion processes are stated. Possible ways of increasing the efficiency of these ITs in the
course of applied research are shown, and the possibility of interpreting the typical IT
structure for solving scientific and engineering problems is analyzed.
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OCOBEHHOCTH CO3JIAHUS HH®OPMAIIMOHHBIX TEXHOJIOT A,
OPUEHTUPOBAHHBIX HA NCCJIEJOBAHUH JJU®D®PY3UOHHBIX
IMPOLECCOB

O.B. ITuBoBap, C.A. IlonoxaeHKo

Onecckuii HAMOHAIBHBIHN IMOTUTEXHUYSCKHIA YHHUBEPCUTET,
npocr. [lleBuenko, 1, Onecca, 65044, Ykpaunna; e-mail: sanp277@gmail.com

HeobxomumocTs  MCHONB30BaHUS ~ MHGDOPMAIIMOHHON  TEXHOJOTHH  OOYCIOBJICHA
MHOXCCTBOM TNpWYWH. HBIHENIHEE COCTOSHHE BbUMCIUTENBHOW TexHUKH (BT),
COBPEMCHHBIX YHCICHHBIX METOJIOB TIO3BOJISIOT OCYIICCTBISATh MOJICITUPOBAHUAE OOBEKTOB,
MOBEJICHUE KOTOPHIX OMHCHIBACTCS BEChMa CIIOKHBIMH MaTEMATHYCCKIMU 3aBHCUMOCTSIMH,
HAmpUMep, HEIMHEHHBIMU  cHUcTeMaMu MU QGEPCHIMATBHBIX WM  HWHTETPaJbHBIX
ypaBHeHHA. HO CIIOJKHBIC BBIYMCIUTEIBHBIC aIrOPUTMBI 00JaIal0T CBOUMH BHYTPCHHUMU
CBOWMCTBaMH, KOTOPBIE AAJIEKO HE BCET/la AHAJOTHYHBI, Mak€ C TOYHOCTHIO JO OIIHNOOK
anIpOKCUMAITNH, CBOWCTBAM HCXOTHOM Maremarmueckoit mozemn (MM). Dto Moxer
NPUBOIUTh K NOSABICHHUIO 3(()EKTOB, WMEIOMNX YHCTO BBIYHCIUTEIBHYIO IPUPONY.
[TosTomy BakHOW 3amadell TEOPHH YHCICHHBIX METOHOB SBIIIETCS (MPHUMEHHUTEIBHO K
paccMaTpuBaeMoil  cTpykType wuHpopMmannonHoi texHomormu (MT)) paspaboTka
BBEIYUCITUTEIHHBIX AJITOPUTMOB, UCKITIOYAIOIIAX WIH CBOIIMINX K MUHUMYMY MOSBIICHHE
noo0HbIX cuTyanuii. [Ipu 3TOM mpobGiiema pa3paboTKU ajekBaTHeIXx MM misi omucaHus
pasnuuHbiX and¢y3nonHbx mnpoueccoB (JI), a Takke METOAOB, UX pPEATUIYIOLIMX,
ocracTcs BecbMa aktyanbHOW. UT momkHa obecrednTh «OCBOOOKICHHE) YeIOBCKa-
WCCIEeIOBATeNsl OT  BBIIOJHEHUS  TPYMOEMKUX  HEMPOM3BOJAUTENBHBIX  OmNepanuid
BBIYHMCIIUTEIBHOTO Tpoliecca. B cTarhe, paccMOTPEHO BONPOCHI, CBs3aHHbIE ¢ (opmoit
MPEICTABICHAS MONyYaeMbIX B XOJE€ MAaTeMaTHYeCKOTO MOJCIHPOBAHMS —pEIICHUI.
Brenpenne MeToma BEYHCIUTENHHOTO OJKCIIEPHUMEHTa B TMPAKTHKY TEOPETHYCCKHUX
HCCIICIOBAaHUN U IIUPOKOTO CIEKTPa TEXHOJIOTHI 00pabOTKH IKCIIEPHUMEHTAIBHBIX TaHHBIX
MO3BOJIMJIO PEIINTh NPUHIMIUAIGHO HOBBIC 3aladd, a, B psle CIydaeB, IPUBEIO U K
BO3HHKHOBEHHIO HOBBIX TIPEAMETHBIX OONacTei, CyImIeCTBOBaHWE KOTOPHIX OBLIO
HEBO3MOXKHO J10 MOsIBJIEHUS coBpeMeHHbIX cpeacTB BT u paszsutus UT.

KaroueBble cioBa: MynpTHMenuitHas WH(OpManuOHHAs TEXHOJOTHs, AU(D(y3HOHHBIN
IpoIiecc, MaTeMaTH4YeCKOe MOICTUPOBAaHNE, BEIYHCIUTEIbHbIN IKCIIEPUMEHT.

OCOBJINBOCTI CTBOPEHHSI IHOOPMALIHUX TEXHOJIOTTIA,
OPIEHTOBAHUX HA JOCJLIKEHHSI NPOLECIB JU®Y3Ii

O.B. ITusoBap, C.A. IlonoxacHKo

Opeckkuil HallIOHATBHUHN TONITEXHIYHUN YHIBEPCUTET,
npocrt. [leBuenka, 1, Oneca, 65044, Ykpaina; e-mail: sanp277@gmail.com

HeoOxigHicTs BUKOpHUCTaHHS iHGOPMAIIHHOI TEXHOJOTI 00yMOBIEHa OE3MiYdl0 IPUIHH.
Hunimmin cran  obOumciroBambHOi TexHikH (OT), cydacHHX UHCENBHUX METOJIB
JIO3BOJISIIOTH 3/IICHIOBATH MOJICIIIOBAHHS O0'€KTIB, TOBEJIHKA SIKMX OMHUCYEThCS JIOCUTH
CKJIQIHUMHM MAaTeMaTHYHUMH 3aJeKHOCTSIMM, HANpUKIaA, HETIHIHHUMH CcHCTeMaMu
mudepeHnianbHUX abo IHTErpabHUX PIBHSAHb. AJle CKIagHi OOYMCIIIOBAIIBHI alrOPUTMH
MarOTh CBOI BHYTPIIIIHI BIaCTHBOCTI, SIKi IaJIEKO HE 3aBX/]H aHAJIOTIUHI, HABITh 3 TOUHICTIO
JI0 TMOMWJIOK AmpOKCHMAIlii, BIACTHBOCTSM BHXimgHOI Maremarnunol mozaeni (MM). Ile
MOK€ MPU3BOJAMUTHU IO MOSBU €(EKTiB, IO MaIOTh YUCTO OOUYUCIIOBANBHY TPUPOTYy. Tomy
BOXJIMBUM 3aBJIaHHSM TeOpii YMCENbHHX METOJIB € (CTOCOBHO aHANI30BaHOI CTPYKTYpi
iHpopmaniiiHoi TexHoxorii (IT)) po3poOka 06UHCITIOBATEHUX aJITOPUTMIB, 10 BUKITIOYAIOThH
a0o0 3BO/ATH O MiHIMYMY NOsIBYy NoaiOHuxX curyaniil. Ilpm npomy npoGrema po3poOku
anexkBaTHUX MM s ommcy pisHux andysnux npouecis ([IT), a takox meroxis, ix
peanizyloTh, 3aJUIIAEThCS JAOCHTh akTyanbHO. [T moBuHHA 3a0€3NEYNTH «3BUITLHEHHS»
JIOIUHU-JIOCTITHAKA BiJI BHUKOHAHHS TPYJAOMICTKHX HENPOAYKTHBHUX  OIEparlii
00YNCITIOBAJILHOTO TTPOLECy. Y CTaTTi, PO3IISIHYTO MUTAHHS, OB'sI3aHi 3 (OPMOIO TTOIaHHS
OJIep)KyBaHUX B XOJ MareMaTHYHOTO MOJENIOBAaHHS pillleHb. BrpoBajuKeHHs METOIy
O0YHUCITIOBAJILHOTO EKCIIEPUMEHTY B IPAKTHKY TEOPETUYHUX JOCHI/PKEHb 1 IMIMPOKOTro
CIIEKTPY TEXHOJOTiH OOpOOKM eKCIEepUMEHTaIbHUX JaHUX JO3BOJWIO BUPINIMTH
MPUHIIMIIOBO HOB1 3aBJIaHHS, a, B PAJi BUMAJAKIB, MPU3BEIO 1 0 BUHUKHEHHS HOBHX
MpeaMETHUX obacTell, iCHyBaHHS SIKMX OyJI0 HEMOXKIIMBO JI0 TOSBU Cy4acHUX 3aco6iBs OT
i po3Butky IT.

KalouoBi cioBa: MynbTumeniiiHa iHgopManiiiHa TexHoiyoris, audysiiHUI nponec,
MaTeMaTUYHE MOJETIOBAHHs, OOUNCIIOBAIbHUI €KCIIEPUMEHT.
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