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ABSTRACT
Komisarenko O.S.Infological modeling of processes of creation of

functional materials- Qualified scientific work on the rights of the manuscript.

The dissertation for the degree of candidate of technical sciences, specialty
05.13.06 "Information Technology": National Transport University of the
Ministry of Education and Science of Ukraine, Kiev, 2020.

The dissertation is devoted to increase of rdiigbof identification of the
description of technology of creation of functional materials (FM). When modeling
processes according to the ordered set of properties, they have not yet been ful
described through the use of information technology (IT).ré8fleee, improving
the quality of infographic modeling, the process of creating new for future use of
structural, functional and structwi@chnological materials in a ndtationary
environment is relevant for the safety of mraade complexes (TPK) of cquiex
dynamic systems (SDS).

In the introduction on the basis of the conducted researches and the
comparative analysis of known publications the urgency of the chosen subject ic
substantiated and the scientific task is set, connection of work with scientific
programs, plans and subjects is shown. THgesti object and tasks of research
are defined, methods of their decision are defined. Scientific novelty, practical
significance of the obtained results and information on publications and
approbation of the results of the research of the processesatibarof functional
materials (FM) are given.

The first section "Analysis of the current state of automated creation of
functional materials". As part of the automated system of engineering document
management according to the criteria of the subject @amdapractical efficiency,
the analysis of existing methods of solving current IT problems is performed. The
results of the analysis of literature sources showed that the existing methods @
solving problems of modeling the processes of creating FM dotaket into
account the specifics of their operating conditions and ergatic relationships

between IAC in a temporary joint PEVO with a single information space (UIS).
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The results of the analysis of sources show that each expert uses his own PAC
which he ows. Due to the interdisciplinary discrepancy of IAC awareness and the
manifestation of natural uncertainty (the difficulty of a complete description of the
operating instructions of specific programs of this developer) with the similarity of
the original leses and innovative differences of the ordered specializations there is
a terminological mismatch of calculation models. For example, not identical
models for the purpose of improving the accuracy of knowledge: geometry and
topology; chemical compounds aptlysical states of matter; thermodynamics of
external relations and internal phenomena of structure stability of natural and
artificial FM. Therefore, the authors often reduce the problem to the solution of a
partially relevant problem. To do this, thegcommend new programming
languages. But such an approach requires full knowledge of the rational use of I
and software and hardware. Due to the lack of quality descriptions for decision
making IAGATS - the future consumer of IT does not fully know alisthAt all

levels of hierarchical interactions of different professionals, experts have their own
IT tools, data warehouses and many applications. Based on the analysis of mode
IT software, partial tasks on the research topic are set, which are rededdmive
practical significance.

The second section "Substantiation of methods of creating functional
materials by means of information technology".The structuring of models and
methods of automation of functions and tasks of polyergatic production
organkations for the creation of FM is carried out. There are always uncertain
challenges in human activities and the search for new IT. Tasks (orders) describ
the object and the joint interaction of original properties and relationships for the
needs of opesystems of practice. BigDate information about such descriptions is
more often available in linguistic forms.

The dissertation proposes a concepfghantic target model (CSCM),
which unites under one code three concepts (S$face Time Code). Unificain
provided the evaluation and selection of the ratios between the particle sizes of th

compounds reacting to form the components of the substance. Structural layers ar
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layers (of different thickness) are selected according to the set criteria. The
condtions of purposeful reactions of IAC experts are investigated. The
technologies of automation of order realization according to the Agile principles
for complex calculations of the ordered objects that we model are evaluated an
substantiated. The architace of the complex modelprogram action (KMPD),
technological conditions and means of forming the initial states of polyergatic
modeling of objects are determined. Modes of complex research are realized in th
forms of subsystems of dispatching managetmand automatic subsystems of
planning of modes. Therefore, the practice of global integration requires
minimizing the cost of EB Yt IAS time and the use of the most effective
means of PAC, within the "cloud" IT networks.

The implementation of ourrpposed architecture of the KMD system for
automation of ergatic modeling of FM creation processes has no fundamenta
limitations. If the needs of ITS, additions to the available knowledge, resources,
stocks are possible. The development of computerntdoy and applied
mathematics will remove computational difficulties in solving current problems
that are difficult in terms of significant cost of IT resources. Improved reliability,
increased speed and RAM and external memory, is typical of "cloudidiedy.

But such information tools in a reasonable time for nanotechnology do not always
allow to solve typical problems. Infological modeling, aimed at finding -well
defined stages of creating functional materials provides the following list of
methods:

Acompilation and ordering of a system of equations describing TPK, the
work of original objects, the reaction of FM in real conditions;

A development of methods and ways
objective function of interactions between tleenponents of functional materials;

A establishing the adequacy of t h
characterize the research topic with the participation of accumulated knowledge

and meet the actual data, parameters, criteria, limitations.
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Substanttion of the methodology of processes of creation of functional
materials allows PAK KMPD to significantly reduce the time of TTR forecasting
for such tasks, which are similar and remembered in the phases of previou
application on the topic of necessaigtabases to symbolically formed models. All
tuples of actual documents are digitized in a single information space (analysis o
the mathematical model, adjustment of the parameters of the model equation
based on the obtained physical modeling data, igatibn of the model's
compliance with the real object and updating of info tuples). Knowledge bases
contain predicate rules for alternate standard steps of KSCM application. The
integration of a full set of decision support for PEVO provides: a desaripfithe
recommendations for specific actions of PEVO; rapid implementation of
calculations, modeling, testing, adjustment and registration of TTR; introduction of
topical TPK on an industrial scale of PEVO.

The third section "Development of means of inforaphic modeling of
processes of creation of functional materials with the set operational
qualities". The basic concepts of FM modeling processes include the construction
of phase diagrams, as well as descriptions of multicomponent operating
procedures. Tdn synthesis of FM is possible according to the semantics of
linguistic concepts that linguistically declare their mechanical properties under
given conditions. The results of the target formation of the interaction structure and
parameters of materials usddifferent thermodynamic conditions are determined
by describing the code of unified algebraic functions. Peculiarities ofostspep
formation of the structure (for example, composite ceramic components on the
basis of expedient FM) are fixed by meafsested processor infographic models.
Descriptions of the initial and target composition and structure of FM, having
specificity, semantics, ontology, coded bridge of concepts are unambiguously
reflected by the proposed grammar of automatic transfasmsatf input tasks and
KSCM.

Modes of simulated ergatic modeling with the help of 2 determine the

interaction that is achieved through linguistic templates, clear IAS and perceived
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PAK remote communication channels. Symbolic communication ensures the
quality of application of knoledge, functions, experience and local raw materials.

In a solid made of functional materials, each point of the spatial strain layer
characterizes the conditions of proportional stress in the framework of the integro

differential description when applyirtge STC concept of pressuie “Y .

Unders =k ¢ ecllj—',the conditions according to the knowledge of the

0

modulus of elasticity of FM, when the linear Hooke's law for elastic deformations
acts (is fulfilled).
In practice, layers ofeal material respond simultaneously to stretching

(compression), change in volume and plane, taking into account the correspondin

Young's modules (E) and Poisson's ratiog,(as wellG =[5 as where you need to

know the angle shift modulus under normalized tangential stress.

In the volume V of the deformed body, heterogeneous phenomena occul
simultaneously. Therefore, the relations, identically reduced to one integrated
process and scale,fdee a chain of equivalent coded concepts.

For STC, a concept that linguistically captures 3D combinatorial knowledge
and the corresponding essence of the phenomenon, we apply a unified code, whe
KSCM and its tuple of p &3IG iSgatedimevcade)u e
depend on ordered spaces with center).

The STC code has developed a complete set of basic 46 concepts regardir
material typical actions. An example of 3 topological pairs“fa(r, s) a set of
concepts provides appropriate estimate of the number of relationships.

Integer valuey(r, S, d) of each 3D measurement index additionally fix the
basic metrological dimension according to the international standard of 2019
(currently valid in Ukraine). Thehain corresponds to the basic dimension system.
Process infographic models (PIM), for example, for 9 key concepts of VTS are
described as symbot&nalyticatpower transformation of codes in the following

two-way identities:
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Examples of STC for KMPD notethe essence, feature and specificity of
purely algebraic operations in process infological models of physical VTS.
Therefore, at the same time, in a given 3D spatial volume of the original, the
identities of symbolic transformations similarly encode 3Daiyic phenomena of
the processes of bending, shear, and angular torsion. As a result, nonlinear, helice
thermodynamic processes, nonstationary fonoenent and massnergy phase
transformations are actually modeled. The completeness of differentiaitagchi
forms of mappings in PIM is fixed by STébdes of multidimensional infological
concepts of the essence of KSCM of a given object of a complex dynamic system.

The thickness and density of the material of each layer depends on the
intensity, norstatonary external mechanical and thermal (frost resistance) loads.

The mechanical propertiess,(nG and others) of the FM material under the

influence of NPS change. This is due to the peculiarities of the contacts betweel
the surfacesThe role of boundary conditions (equivalents) is to fix the stability of
operational oscillations without abrupt accidents and unforeseen effects of NPS
That is why the carrier should be distributed to the particle of the substance tha
structurally withsands the maximum mechanical loads of the NPS. Then the 2nd
part plays the role of a binder between the most structural carriers and at the
boundaries of contacts with other FM. Binder fillings and penetrations reflect the
additional role of nonlinear refement of the thermodynamics of chemical
compounds in ITC facilities.

The proposed codgymbol STC image is unified for all known physical
processes of analytical description of dynamics, kinematics and statics of
equilibrium in heterogeneous phenomenae Bssence of the concept of KSCM,
its causal features of objective creation and the specifics of the generation o
consequential resulting effects, it is expedient to prove the modeling during the
specifics of controlled creation of phase transformati@esraling to the proposed
algebraic system. The topic of trivial objects A is verbally described at the

beginning by experts in various fields.
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In the dissertation, in order to obtain a safe coating of the working surfaces
of the original objects, the forrization consists of a finite number of basic
generating conceptlements. Processorfo models (PIM) reflect the application
of ergatic modeling for the purpose of targeted creation (for example, FM of
reinforcing, protective, binder) materials accogdito the tasks and needs of
locally available raw materials.

The method of PIM and symbolic generalization of code experimental
(simulation and fullscale) results by means of similarity criteria allows:

A agree on t hcaticahresoaubcesrfor which weoclsobse the
conditions for field experimental work KNAD;

A determine the small est number (
heterogeneous state that need to be measured for modeling problems;

A process the r ets géneraize thé efféciteness gnd r
obtain TTR, with descriptions to describe the kinetics of a complex process;

A identify areas of | TS to which
complex orders can be extended.

Natural and artificial materials ithe KM-PD archive (mineral raw materials
and products of local industrial production) are characterized by certain properties
chemical composition and structure of connections between elements.

The proposed infographic model of the entire periodic tableurrently
known chemical elements is presented in the paper as a fragment of a comple
description of the database. The unique properties of each chemical element (.
charge, valence, peculiarity of the quantum structiref orbitals, mass of the
atom and isotopes, other attributes of the database) are fixed by the code Z in
triangular (k = 3) complete model. According to the coding of positioning in
homogeneous tuples AS, SV, VA we have rules of consecuti®, (m (n + 1)
arithmetic series, figured numbers of the second order, where all k and n are
integers of natural number N.

Known chemical elements are mapped for fixed on the topic k = 3 vertices

of triangles (tetrahedra, pyramids) with numbers from Z = 1 for hydrogém Fbyr
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example, 88Ra radium, 89Ac sea anemone, according to the requirements fc
stability. The following (Z + i) elements of the description of tuples show
radioactive decay of radionuclides.

For other properties, which can be characterized by a nuohlsanilarities
in the database depending on the value of n, it is necessary to encode using tf
parameter k = 4,5,6,7,8. Then the spatial figueslogues will be similarly
similar: with k = iden geometric nodes (square, pentagon, hexagon, octagon an
others). The proposed method of infographic modeling of natural objects and
subsystems is very effective for arithmetic of the code unique nucoloer of
VTS. Therefore, in memory, this code allows, respectively, a unified system code
a computer descriptioto increase the efficiency of structuring relationships in
databases and knowledge of the proposed systerrRM

The principles of the structural structure of the ¥ND language are similar
for all forms of automation of functions and tasks of managmegprocesses of
creating composite materials. The following are examples of the synthesis of
computational base models (RBM) according to the tasks of the unified system
code (USC) and language and organizational tools for the manager of situatione
managenent of modules of information repositories.

Languagefriendly tools and clear technology for the implementation of
modeling functionality are aimed at accelerating software actions of IT.

Similar procedures of KMPD - "library of connectors" and synthesis
working models form the integrated mechanism of concrete PAK.

To form in the computer's memory, a working model that can be used for
calculations or construction based on archival information RBM.

In addition to technological operations for tasks, M presents
technological processes, such as grinding, mixing, compression, which require
knowledge of variations of variables P, V, T, C that depend on t and temperature:
g°. The composition and the final product replace ghesence or absence of C
impurities. Such data the expertAS has in the form of settlemebtase and

operational models.
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The fourth section "Evaluation of the effectiveness of the proposed tools
for infographic modeling of the processes of creating funanal materials."

The results of research of reliability, quality and efficiency of the developed
complex of methods and means of infological modeling of processes of creation o
functional materials under the order and requirements of use of local rawaisat
according to spheres of operation of TPK are resulted.

Testing of the developed tool KIAD was performed for the processes of
creating from the available raw materials (SlORatural sand and local carbon
compounds) a promising substance SiC sili@arbide. Indicators for diamond
100% were chosen as a standard of crystal strength. Then the resulting substan
has 99.5%. From the obtained artificial material with a melting point of 2730 0C
(density 3.21 g / cA38) technological molding allows to makibe specified
aluminummatrix composites. When we have up to 250 crystalline spatial forms of
SIiC, TTPs of functional material forms that respond better to mechanical and
temperature loads are expedient. Quessiodic, daily, seasonal and annual cycles
of changes in humidity, temperature and solar activity of NPS affect the
percolation properties of the contact layer of solid surfaces of rigid structures of
TPK objects.

The use of developed methods of infographic modeling has led to improved
quality of interface interactions and recognition of types of primitives for IT:
message texts and taskBy 2.3%, language instructions of ergatic modelify
36.81%, unified tasks by 60%, procedures that provides an improvement of an
average of 493%. These results in practice testify to reliability and efficiency in
the conditions of infological process of creation of FM according to the innovative
order.

The appendicesto the dissertation contain documents confirming the
practical significance: &g of introduction of dissertation materials into production
and educational process; copyright registration certificates; list of published works

on the topic of the dissertation.
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