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SEMANTICAL SIMILARITY EVALUATION METHOD
OF CONGEPTS FOR COMPARISON OF ONTOLOGIES
IN APPLIED PROBLEMS OF ARTIFIGIAL INTELLIGENGE

Introduction. The expediency of reapplication of ontology in applied intelligent information
systems (IIS), which are focused on functioning in the open Web environment on the basis of
Semantic Web technologies, is substantiated in the work. Features of ontology storage and
management platforms and their metadata are analyzed. Possibilities of searching in ontology
repositories and their reuse in IIS are considered. The mechanisms of ontology search based on
semantic processing of their metadata, analysis of ontology structure using metrics of semantic
similarity between their concepts related to the current user task are presented.
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The purpose of the paper is to develop algorithms and methods for evaluating semantic
models, which consist in combining qualitative (ontological) representation of knowledge with
quantitative (numerical) evaluation of ontologies and their parameters (semantic proximity, semantic
distance, semantic affinity) aimed at finding similarities different ontologies.

Methods. Methods of ontological analysis of objects of the subject area, theoretical and
multiple approaches to determine the degree of closeness of two objects by comparing their
properties (feature matching) and traditional methods of statistical analysis are used to solve
the tasks set in the work.

Results. The proposed method of estimating semantic similarity allows on the basis of
semantic analysis of natural annotations of metadata both ontologies and data (including Big
Data) to perform the task of their interpretation and selection to the problem to be solved by
the applied IIS or application. The obtained results allow to create original IIS for artificial
intelligence in economics, medicine, national security, defense and social sphere.

Conclusion. The proposed original approach to the evaluation and analysis of metadata
(ontologies, data) is based on semantic analysis of metadata and determining the semantic
similarity of structural data models (ontologies, data) and the formation of a ranked set of
related ontologies to solve problems of artificial intelligence. The application of methods for
defining semantically similar concepts is presented as a tool for semantic comparison of the
structure of ontologies, which were found in the repository under formal conditions, with a
poorly structured PM-description. At present, there is no generally accepted standard for
presenting metadata, so the proposed methods of analysis of PM annotations are the most
adequate means of comparing the semantics of ontologies, data with the problems for which
they can be used.

Keywords: semantic similarity, formal ontology model, metadata, metadata standards,
intelligent information system, ontology repository.

INTRODUCTION

The construction and implementation of modern intelligent information systems
(IIS) based on the formalization and reuse of knowledge is a promising area of
research and practical application of artificial intelligence methods. The
development of intelligent information technologies (IIT) provides for the
creation of a new class of IIS based on a formalized representation of knowledge
about the subject area (SA). These new information technologies must be able to
analyze the environment based on its figurative perception, by using models of
knowledge about its objects, phenomena, processes; obtaining the necessary data
to achieve the set tasks; structuring this data into certain categories, allow
computer processing of these models for solving applied task.

We suggest to solve the problem of reliability, relevance, persistence of
information resources (IR) based on a semantically approach to the analysis of
metadata that accompanies the information resources and analytically information
processing about these resources. Metadata contains a large amount of information
about IR, including significant descriptive textual information, the understanding of
which by machines would improve the problem of relevance of the applied
information objects (data, ontologies, texts etc.).

Nowaday, a huge number of ontologies have already been created in various
SA. These ontologies often use one of the standardized presentation languages
(OWL or RDF) that designed for multiple repeated reuse, but they have different
complexity, structure and quality [1]. Modern means allow searching for the
desired ontology among them only according to some formal parameters (for
example, by keywords) and not at the level of their semantics. Therefore, it is
quite often easier to create a new ontology than searching and selecting a ready-
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made one, which is extremely inefficient and time-consuming. The solution to
such problems could be provided by ontology repository [2], which processes
knowledge not of the ontologies themselves, but knowledge of ontologies.

In our work, the interest in creating ontology repositories is related the need to
search for ontologies that could be reused to create artificial intelligence
applications. Until now, such a search was carried out by users manually, but the
ensuring automated generation of estimates of available ontologies, the availability
of a single metadata standard for describing ontologies and their processing will
greatly facilitate this work and increase the persistence of search and selection. The
first step in solving the problem will be the semantic binding of the ontology to a
certain SA (or several SA), to assess its depth and structural complexity.

Ontologies and dictionaries are key resources for creating interoperable
metadata in the Semantic Web. To simplify and accelerate the task of identifying
and use relevant ontologies, we using the idea of ontology repositories, they are
formed as ontological systems, which has been currently implemented in many
international projects [3]. Ontological systems operate wiht ontology models and
form of their repositories .

Today, there is an urgent need to use specialized ontologies repositories of
different classes, each of which can be focused on different types of user needs
specifications (user profile), different ontology profiles selected according to a
certain topic and different requirements of organizations, as they can not be
submitted as a common and unique implementation.

Each ontology repository is a separate information system with its own user
interfaces and APIs. Ontologies use dynamically-variable languages such as OWL,
OWL2, SKOS (Simple Knowledge Organization System), RDF Schema etc. SKOS
provides an easy, intuitively comprehensible standard language for developing and
disseminating the new knowledge management systems and transferring them to the
Semantic Web. This language can be used separately or in combination with a formal
knowledge representation language such as OWL.

Semantic technologies based on logic, databases and the Semantic Web can solve
the problem of efficient access to data and integration of data that have been created
both today and long ago — for decades and centuries. The international project Open
Ontology Repository [4] is an initiative to develop and deploy a new interaction
infrastructure, called an open ontology repository (OOR).

In this regard, global search, update and inference in repositories are today a
difficult and generally poorly implemented task. As a result, it becomes quite
difficult effectivelly search and reuse of existing ontologies. Thus, there is a
need for knowledge engineers in the ontology analysis tool to be able to evaluate
a particular ontology for reuse.

Using a certain taxonomy, the user iteratively identifies the SA of his interests,
and the search is not reduced to rearrangement of keywords, although they are used at
the initial stage. If more than one ontology is found for user purposes, their parameters
must be evaluated. The values of these parameters are calculated automatically (or
automated) for each ontology when it is placed in the repository. In particular, the
parameters may be the completeness of the ontology, the number of classes and
instances in it, the date of creation, the authors, the confirmation certificate
(authenticity) of the knowledge contained in it. The user needs to specify the relative
weight of the various criteria.
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The lack of mechanisms and standards for storing and presenting ontologies
affects the process of recognizing, identifying and accessing ontological
resources. Thus, the urgent problem is to create new methods to support efficient
access and reuse of ontologies with greater scalability and more reliable
infrastructure the so-called ontology repositories.

Ontology repositories require additional knowledge of ontologies as
metadata, which must also be managed together with the ontologies in the
repository. Metadata of ontologies — knowledge that contains information about
the possibilities of working with the ontology, a description of the ontology
itself, ways of its functioning, structure, methods of knowledge extraction,
interaction of components etc.

The purpose of the paper is to develop algorithms and methods for evaluating
semantic models, which consist in combining qualitative (ontological)
representation of knowledge with quantitative (numerical) evaluation of
ontologies and their parameters (semantic similarity, semantic proximity,
semantic distance, semantic affinity) and aimed at finding different similarities.

RESEARCH OBJECTIVE

Modern intellectual applications require the use of external sources of knowledge,
which determines the relevance of the problem of searching ontologies. For reusing
ontologies from repositories, it is necessary to develop tools for semantizing their
search and analysis, which provide a comparison of metadata and ontology structure
with the current user’s tasks that require knowledge from these ontologies. For this
purpose it is proposed to use such standards for presenting of metadata on ontologies,
that allow structuring this information, and methods for determining the semantic
proximity between concepts as a tool for quantifying the similarity between ontologies
and natural description of the user's task.

BASIC CONCEPTS AND CHARACTERISTICS OF DATA REPOSITORIES AND ONTOLOGIES

In the historical tour, repositories specializing in the preservation of ontologies
were developed on the basis of the concept of data warehouses. There are many
different values and definitions of data repositories in the literature, so first we
will discuss what we will mean by the data warehouse in the future.

The data repository is a set of the digital data that is available to one or
more entities (or users of systems) for various purposes (training, administrative
procedures, research) and has the characteristics offered in [5]:

» the content is placed in the repository by its creator or owner — a third party;

» the repository architecture allows you to manage both content and metadata;

* the repository offers a minimum set of basic services, such as receiving,
searching, access control;

+ the repository must be stable and reliable, well maintained and well managed.

The term "Data warehouses" became popular in the early 1990s. The
purpose of the data warehouse is to analyze the stored data for management
decision-making. Data is periodically entered into this data repository, and is
usually only added to existing ones. The data repository, however, does not
necessarily have to support data warehouse functionality such as analysis.
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Like the data repository, there are also many different definitions for the term
"knowledge base"(KB). However, in the general case, the knowledge base is a
centralized repository of knowledge artifacts. Typically, the KB can use ontologies to
formally submit the content and classification schemes, but it can also include
unstructured or informal information presented in natural language or procedural code.
In addition, unlike the data repository, usually the purpose of the KB is the possibility
of automatically deductive inference from the accumulated knowledge.

The Semantic Web community is interested in using repositories to preserve
semantic content (for example, ontologies).

Initial projects to organize a base of existing ontologies proposed the
creation of library systems that proposed various functions for the managing,
adapting and standardizing of ontology groups. These systems are important
tools for grouping and reorganizing ontologies for further reuse, integration,
maintenance, display and versioning. They defined a model for evaluating the
library system based on functionality. Examples of library ontology systems are:
WebOnto, Ontolingua, DAML Ontology Library System, SchemaWeb etc.
Today, efforts are being made to create ontology repositories. The ontology
repository is most similar to the library ontology system defined by [6], but there
are some differences.

The term "ontology repository" can be considered as a development of the
term, which came from the classical understanding of data repositories [7].
Otherwise, you can rely on the following understanding into the ontology
repository and their corresponding control systems.

The ontology repository (OR) is a set of ontologies accompanied by
metadata describing individual ontologies and sets of ontologies, their properties
and the relationships between them.

Metadata can characterize various aspects of ontologies related to access to
ontologies and related to their preservation. The general requirement is that the
ontology repository should support the entire ontology lifecycle, from the
ontology development process to its use in any intelligent application through
specialized tools and tasks. In addition, one of the most important tasks of the
ontology repository is the long-term preservation of knowledge.

Ontological KB are a key element of IIS based on Semantic Web. The
increase in the number of such applications determines the rapid increase in the
number of ontologies that are suitable for use in more than one IIS. In this
regard, the problem of organizing effective ontological repositories knowledge
bases — ontologies repositories is relevant.

For automatically processing shared knowledge, the consortium W3C has
developed common standards for their presentation: RDF (Resource Description
Framework) and OWL (Ontology Web Language).

The basic construction of the RDF language is a statement given by the
triple <subject> <predicate> <object>. Using URI to specify subjects and
properties allows to be bind individual statements into complex semantic
networks that have a single interpretation in an open environment.

The most common form of saving ontologies is an OWL file. When reading such
a file in RAM, a model (set of statements) is created, with which further work is
performed. However, this approach has the disadvantages associated with information
processing: a significant increase in RAM costs when working with large ontologies
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due to the full load of the OWL file, as well as a significant increase in loading time of
OWL files as the number of ontologies used increases. This does not allow the use of
this approach when creating large IIS. An alternative to it is construction of RDF-
repositories based on relational databases, which are also designed to store ontological
information, but in a different view.

The RDF-repository is an information system designed to store RDF-triplets
and execute queries to them. The main functions of the repository are to manage
the functions of saving and searching for ontologies in a relational database,
provision of a software interface for retrieving knowledge from ontologies
stored using the structured query language SPARQL or a special API, and
support for the administration of preserved ontologies: adding, deleting,
modifying and allocating access rights [8].

Efficient storage must meet the following requirements:

* high productivity — minimization of query execution time;

* minimum memory consumption (disk space) for saving ontologies;

* universality of the approach — the possibility to preserve ontologies of
any structure.

There are two basic approaches to the organization of saving ontologies in
RDF-repositories:

1) using a single table to store all triplets;

2) mapping the hierarchy of ontological entities (classes, properties,
instances) into the RDB scheme.

A feature of another approach is the definition of the DB scheme in
accordance with the specific SA, which allows you to optimize the execution of
queries. The implementation of this approach for large ontologies involves the
creation of a large number of DB tables with complex relationships between
them. We present the generalized scheme of RDF-storage as follows (Fig. 1).

The use of RDF repositories is also directly related to the use of metadatafor
searching and reusing the ontological knowledge contained in such repositories.

Translator ll_SPARQL- query
SPARQL-SQL
) sQL- query
‘ Intelligent
Quer i
o Ruery RDF-data
Metadata | result
APl-invocation |_|
processing API-invocation
RDF-storage

Fig. 1. Generalized RDF-storage schema
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Metadata is information that makes data useful and should provide access to
information [9]. The metadata is defined as structured data that containing the
characteristics of the entities they describe for the purposes of their
identification, retrieval, evaluation and management of them. Metadata can be
used to determine the semantics of information, and therefore to improve its
searching and sampling, understanding and using. For example, considers the
use of ontologies and thesauruses for semantic annotation of IR and their
elements, which is the basis for machine learning and knowledge acquisition
from data [10]. Depending on the purposes of annotation, ontologies of different
complexity can be applied (from controlled dictionaries and glossaries to
ontologies with complex relationship of inversion, non-intersection etc.).

For today in Ukraine, three international standards concerning metadata
(ISO 15489-1: 2016 [11], ISO 15836-1: 2017 [12], ISO 15836-2: 2019 [13]) are
accepted as national standards by confirmation method [14], [15]. These
standards can be applied to display the main properties of Big Data with
provision of a common universal language for creating and analyzing metadata,
as well as describing the general properties of metadata elements required for
basic interoperability between different programming languages and their SA.

For metadata semantic analysis in ontology repositories, we use NL
annotations, which are part of the metadata. Semantic processing of metadata
information allows to obtain implicit knowledge about the data itself.

ONTOLOGIES EVALUATION CRITERIA

Many different and alternative criteria can be used to evaluate ontologies.
Analysis of the literature on ontological analysis [16, 17] allowed to form a set
of the most common criteria for evaluating Web-ontologies in the ontologies
repository and principles for creating qualitative ontologies.

Gomez-Pérez [18] introduces two terms of ontology wverification and
validation to describe the ontology evaluation: ontology verification deals with
the creation of a correct ontology, that is, ensures that its definitions implement
the correct requirements. Ontology validation refers to the content (values) of
the definitions of how real they model the SA for which the ontology was
created. Ontology validation is an important part of assessing the quality of an
ontology and is usually a way to guarantee the correctness of the knowledge
encoded in the ontology.

But most approaches to ontology validation require close collaboration with
SA experts and cannot be performed automatically [19].

Other criteria for ontologies evaluating are:

* Sequence: fixation of both the logical sequence (i.e. no contradictions can
be logically deduced) and the sequence between the formal and informal
description (i.e. comments and formal correspondence of descriptions);

» Completeness: all knowledge that is expected to be in the ontology, either
explicitly declared or deduced from the ontology;

* Brevity: when the ontology is free from any unnecessary, useless, or
excessive axiom,;

 Extensibility: the ability to add new definitions without changing the
already established semantics;
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* Sensitivity: refers to how small changes in the axiom change the semantics
of the ontology.

Thomas Gruber identified the following criteria:

* Clarity: the ontology should effectively provide the meaning of the term
being defined. The Definitions must be objective. Sometimes the definition can
be established using logical axioms. Wherever possible, the definition should
take precedence over the description. All logical objects must be documented in
natural language.

* Consistency: the statements must be correct. At least, certain axioms must
be logically consistent. In addition, natural language documentation should be
consistent with formal statements.

* Extensibility: the ontology should cover the conceptual foundation for the
range of expected tasks and its presentation should be processed so that
everyone, if necessary, could expand and specialize the ontology. At the same
time, new terms can be introduced without the need to revise existing axioms.

Other researchers [20] identified the following criteria:

* coverage of a specific domain and completeness, complexity and level of
detail through this coverage;

* clarity for people (users);

* legality and reasonableness;

» for performing an ontology evaluation, the following should be developed:
specific uses, scenarios, requirements, applications and ontology data sources;

* sequence;

* completeness;

* the type of logical conclusions for which they can be used;

+ adaptability and reuse for broader purposes;

» display at the top level or other ontologies.

Gangemi [21] defines the following criteria:

» Cognitive ergonomics: these are the fundamental properties of ontology,
thanks to which it can be easily understood and managed;

» Transparency: properties of the ontology, thanks to which it can be
analyzed in detail, with a rich formalization of conceptual sets and motivations;

* Computational integrity and efficiency: ontology properties, thanks to
which it can be successfully/easily processed by a reasoner (reasoner, logical
inference mechanism, classifier etc.);

o Integrity level mark: ontology properties through which it maintains a
certain order of criteria that are accepted as qualitative characteristics.

* Flexibility: ontology properties that allow it to be easily adapted to many
applications and evaluations.

* Consent to the examination: properties of the ontology, due to which it is
suitable for use by one or more users;

* Consent to the procedures of extension, integration, adaptation etc.:
ontology properties, thanks to which it can be easily understood and managed
for multiple use and adaptation;

* Universal availability: ontology properties that allow you to easily access
it for effective use by the application;

* Organizational suitability: ontology properties that allow it to be easily
deployed within the organization and it has the correct annotation of the context.
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For different applications, the importance of these criteria may vary
significantly, but it is advisable to provide the values of these criteria in the
metadata of the repository ontologies (or at least allow them to be automatically
generated formed based on other metadata).

For qualitative evaluation and comparison of ontologies in the repository, it
is advisable to use quantitative evaluations of its individual aspects with their
subsequent integration. Such aspects of the ontology (applicable in the
assessment) are:

* Dictionary. An ontology dictionary is a set of all names in that ontology,
URIL, or character constants that denote a data type or identify a language. This
aspect deals with the different sets related to the URIs or literals used.

 Syntax. Web ontologies can be described using many different syntaxes:
RDF/XML, OWL etc.

» Structure. Web ontology is described by an RDF or OWL graph. The
ontology structure is a graph. The structure can dramatically change even the
semantic description of the same ontology. These differences can be assessed
based on this aspect.

» Semantics. A consistent ontology describes a non-empty, usually infinite
set of possible models. The ontology semantics is a general characteristic of all
these models. This aspect of semantics determines the distinctive hallmarks
(features) of the ontology.

* Submission. This aspect captures the relationship between structure and
semantics. Aspects of representation are typically evaluated by comparing the
metrics calculated on a simple RDF or OWL graph with the features of possible
models as defined by the ontology.

* Context. This aspect is about the features of an ontology when compared to
other artifacts that may be present, such as an application using ontology, a data source
describing ontology, different data representations within an ontology, or formalized
ontology requirements in the form of competence questions.

ONTOLOGY REPOSITORIES CONCEPTUAL STRUCTURE

From a technical point of view, the practical implementations of ontology repositories
differ from each other. However, components and services at the conceptual level are
reusable for various technical solutions. As a result, consider the conceptual structure
for ontology repositories (Fig. 1). Based on the various implementations of ontology
repositories [22], it is possible to determine a set of relevant components and services
that should be built into a scalable and reliable structure.

The Ontology Repository Management System (ORMS) is a system for
storing, organizing, updating and retrieving knowledge from an ontology
repository. An example of using such a program is the Generic Ontology
Repository Framework (GORF) [23], which contains a special module to
support ontology knowledge. GORF is based on the experience gained in the
implementation of the ontology repository “Ontology” and ontology metadata
vocabulary (OMV). One of the main requirements for ORMS is scalability and
the ability to interact with other repositories — for example, using Web-services.
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Table 1. Sample for OMYV metadata element:

Name The name of the metadata element (entity)
Type The type Qf ontological primitive used to represent an element in OWL:
Class, ObjectProperty or DatatypeProperty
Identifier The unique identifier used for this element
%ZZZ;:Z’Z;? One of the following: required, optional or extensional
Category Content-dependent category to which belongs the element
Definition A short definition of the goal, which can be described in detail in the
comment tags
Domain OMYV element subject area (for OWL properties)
Range OMYV entity element rank (for OWL properties)
Cardinality OMYV element power (MIN: MAX)
OMYV version The version of OMV in which the element is presented
Comments Element's detailed description

The ontology repository framework includes such conceptual levels:

1. Access to knowledge, according to the concept of the Semantic Web, for
people and machines with support for individual views of users and various
visualizations to perform personalized queries.

2. Processes and services for processing the knowledge accumulated in the
repository, providing analysis of the quality of ontologies, their comparison,
evaluation of their adequacy and reliability.

3. Organization of knowledge processing in the repository taking into
account the modular approach [24] for reuse and using metamodel based on
open standards: metadata, considered as a metamodel, helps to improve the
availability and reuse of ontologies and provide useful information about
resources to support maintenance.

4. Ontology repository management should support search, view and
navigation in the repository with support for content semantics and the use of
various specialized ontologies [25].

Creating metadata for ontologies based on standards and metaontologies.
Both specialized standards and universal standards for describing metadata can
be used for this purpose. An example of a universal standard is Dublin Core,
which is used for various types of documents, the use of which is difficult
because it does not take into account the specifics of ontologies. An example of
a specialized standard is OMV [26], which is the first metadata standard for
ontologies and related entities. It is formalized as an OWL ontology. OMV [27]
represents metadata model for ontologies that reflects key aspects of ontology
metadata information, such as origin and availability (Table 1). Metadata
categories are distinguished between the following three limitations of
occurrence for metadata elements, according to their impact on the evaluation of
reuse of the described ontological content: 1) mandatory — mandatory metadata
elements; any missing entries in this category result in an in-complete
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description of the ontology; 2) additional — important, but not mandatory, facts
of metada-ta; 3)advanced — specialized metadata elements that are not
considered core part of the metadata schema.

USING OF SEMANTIC SIMILARITY BETWEEN CONCEPTS
FOR ANALYSIS OF METADATA IN ONTOLOGY STORAGE

In order to compare not only the properties of ontologies that related to their
quality, validity, scope etc., but also their relevance to a particular user task, it is
advisable to the quantitative characteristics of ontology evaluation, namely to
compare the semantic component of their metadata with the metadata of the task
to be solved or with the metadata of those data whose processing is the user's
goal (for example, Big Data metadata). A direct comparison of ontologies will
give a more accurate result, but the problem is that:

1) direct comparison of ontologies is a time-consuming and resource-
intensive task;

2) in many cases, the purpose of such a comparison is to find the ontology that is
most pertinent to the user's task and therefore it is necessary to compare the ontology
repositories with a structured or natural (unstructured) description of the task.

Using formal ontology estimates allows you to filter out ontology repositories,
among which you search and proceed to the analysis of metadata of these ontologies.
Using the same metadata standards to describe tasks, data, and ontologies greatly
simplifies the task and compares only semantically related fields.

However, it should be borne in mind that different terms and terminological
systems can be used in NL descriptions, and therefore there is a valuation problem the
semantic proximity between two independently created NL entities used in metadata.

Semantic similarity and semantic proximity metrics between the
concepts of ontology and their parameters. Semantic similarity is a special
case of semantic proximity. Semantic similarity takes into account only the
hierarchical relationships between the elements of the ontology, while semantic
proximity allows us to analyze arbitrary relationships in the ontology. Some
researchers suggest that the assessment of similarity in semantic networks
should be considered involving only taxonomic connections, excluding other
types of connections; but the relationships between the parts can also be seen as
attributes that influence the definition of similarity. Many similarity criteria have
been identified in the scientific literature, but they are rarely accompanied by an
independent characterization of the phenomenon they measure: their value lies
in their usefulness for a particular task.

Semantic similarity concepts (SSCs) is a fuzzy set that includes a set of concepts
for which the quantitative value of semantic proximity with the selected concept is
above a given threshold [28]. Measures for determining the semantic proximity of
concepts based on ontologies use a variety of semantic characteristics of these
concepts — their properties (attributes and relationships with other concepts), the
mutual position in ontological hierarchies. The complexity of the problem of
constructing a set of SPC in an ontology is associated with its poor scaling: the
increase in the number of concepts in the ontology and the complexity of its structure
significantly increase the search space.
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The semantic distance between concepts depends on the length of the shortest
path between the vertices and the general specificity of the two vertices. The shorter
the path from one node to another, the more semantic similar they are. If there are
several paths between the elements, the shortest of them is used. The length of the
shortest path in this taxonomy between the corresponding concepts, which is
determined by the number of vertices (or edges) in the shortest path between the two
corresponding vertices of the taxonomy, taking into account the depth of the
taxonomic hierarchy (the smaller length of the path between the vertices, the
semantically closer in distance). Unfortunately, uniform distance in taxonomy is
difficult to determine and even more difficult to control.

The similarity of concepts is also related to their information content. Information
content of the concept ¢ can be quantified as: —log p(c), the higher the concepts in

the hierarchy, the lower its informativity. Thus, the higher the level of abstraction of
the concept, the less its information content. If there is a unique top concept in a
taxonomy, then its information content is 0. One of the key factors in the similarity of
the two concepts is the degree to which they share the information specified in the IS-
A taxonomy by a highly specific concept that applies to both of these concepts. The
edge-counting method takes this into account indirectly, because if the minimum path
of IS-A connections between two nodes of a graph is long, it means that it is necessary
to rise high in taxonomy to more abstract concepts in order to find the smallest upper
bound — the concept to which both concepts are analyzed. Such quantitative
characterization of information provides a new way of measuring semantic similarity
based on the extensional concepts.

In the process of processing natural language information, there is often a need to
measure the similarity of words rather than concepts. Using to represent words from
the set W through the set of concepts in the taxonomy, which are the meanings
(contents) of the word w, a function s(w)such that s:W — C, that is

s(weW)={c, €C, kzL_m},itcandetennine
sim _w(wy, wy ) =maxsim(c;, c; ) where ¢; es(w;), c; €s(w;).

The similarity of words is evaluated by finding the maximum information content
over all concepts for which both words can be an instance. This allows you to create
sets of semantically similarity words (SSW), that is words whose semantic distance
between which is less than the selected threshold value.

Many ontology-based proximity measures are based on Tversky's set-
theoretic approach [29], which determines the degree of similarity of two objects
by feature matching. The similarity measures S(a, b) between objects a and b is
a function of the three sets of properties of these objects 4 and B — their
intersection ANB and complements A—B and B-A4. The attributive proximity
measures is based on the proximity of the values of common attributes of
concepts, whose ranges are literals, numbers, rows and other data types.

Using these proximity measures allows to evaluate the similarity of the
values of concept parameters (the properties of data instances of ontology
classes), which in semanticized Wiki-resources correspond to the values of
semantic properties that are not links to other Wiki-pages.
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The analysis of the existing approaches to the quantitative assessment of the
semantic similarity of concepts shows the appropriateness of using taxonomies
for this purpose and the distance in these taxonomies between the concepts
whose similarity is assessed of their common superclass. Taking into account
other types of ontological relationships between concepts and comparing their
semantic properties allow to refine these estimates in accordance with the
specifics of SA. Existing approaches and metrics for assessing semantic
similarity, as well as methods of their application to unstructured natural
language texts are considered in more detail in [30].

Measures of semantic similarityreflect the semantics of ideas about SA, which is
reflected in a certain ontology. Thus, it can be assumed that for ontologies that reflect a
similar view of SA, the sets(plurality) of SSC should also be similar. The following
approach to searching for ontologies in repositories based on the analysis of their
metadata and their structure is based on this assumption.

METHOD OF SEMANTIC SIMILARITY EVALUATION OF ONTOLOGY TO THE USER'S TASK

For searching a pertinent ontology, it is necessary to solve the problem inverse to the
search task using semantic similarity metrics: a set of SSCs is formed for a set of
ontologies that have passed the first stage of filtering, and we compare these sets with
the NL description of the user task. The criterion of similarity is the number of
matches (the number of points by coincidence) of the studied ontology with the
description of the current task, i.e. the most pertinent will be the ontology whose SSC
contains the most matches with the description of the task. It should be noted that the
final choice of the most pertinent ontology should be made by the user who is offered
aranked set of ontologies with the highest scores.

The developed method of evaluation of semantic similarity concepts
(semantic closeness of ontology to user request) is aimed at solving the problem
of searching for natural language text in ontologies at user's request. It should be
noted that the search for ontology is usually performed at the first stage of IIS
development, for which you need to find an ontology, which can already
determine the basic requirements for ontology — its scope, representation
language and expressive complexity (it is important not to use too complex and
large ontologies in tasks that do not require it, because it complicates the
calculation and increases the processing time), but it is difficult to assess the
relative importance of different concepts of SA.

Proposed method of assessing the semantic similarity of ontologies
comprises the following main stages.

Stage I. 1t is to determine the conformity of the basic concepts of the
ontology under investigation with the query conditions. At this stage, the set K is
formed — a set of keywords that characterize the most important concepts of the
SA task. The ontology repository searches for these keywords. Ontologies that
do not contain all relevant concepts are not considered further. If no ontology in
the repository meets the conditions of the query, you need to use another
repository or make changes to the set of K (for example, specify a concept in
another language or delete some concepts). If more than one ontology is found,
you must proceed to stage II.
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Fig. 2. Algorithm for assessing semantic similarity of the ontology to the problem of
artificial intelligence to be solved by the user
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Stage II. 1t is filtering the set of ontologies according to main
characteristics. Filtering of a set of ontologies is carried out by volume,
presentation language, expressiveness etc. For example, a user can search for
taxonomies submitted in OWL 2 that contain between 300 and 1,000 concepts.
If no ontology in the repository meets all the selected query conditions, you need
to use another repository (filtering is performed in stages I and II, but as a result
has different solutions) or weaken the search conditions according to the formal
characteristics of the desired ontology. If at this stage more than one ontology is
found, then you need to pass to the III stage.

Stage III. 1t is an assessment of the semantic similarity of the investigated

ontology of the user's task description. For each concept k; € K,i =1,n required in

each of the selected ontologies o, € filter(O) < O, j = 1, m build a set of SSC:

f, cT(o,)eK,i=lLn,j=1m,

where ; is a concept (class or instance of a class) from a non-empty set 7,
J

taken from m terms for an ontology 0, from a non-empty set of selected

ontologies of n elements and compare it with NL description of the user's task.
Comparison parameters and thresholds for the concept to belong to the SSC are
completely determined by the specifics of the task, but these quantitative
evaluation are based on the metrics for assessing semantic similarity, analyzed
above. Combinatorial methods, linguistic and statistical analysis tools can be
used to compare SSC with the task description [31]. The results of comparing
individual SSCs for each ontology are summed and normalized (methods and
parameters of calculations also depend on the specifics of the task). An
algorithm was developed using this method (Fig. 2).
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As a result of using this algorithm, each ontology receives a quantitative
evaluation of the proximity to the description of the query:

x(0,)=f(s(t;,.K), i=Ln, j=lm,

where s(¢;, K) is the result of a comparison ¢; from K.
Visualization of the described algorithm is given at Fig. 2.

MODULE FOR SEMANTIC SIMILARITY EVALUATION OF CONCEPTS
IN INTELLECTUAL APPLICATIONS OF CYBERSECURITY

Today, the issue of information security (IS) is becoming a cornerstone in the
activities of each organization or individual. Information security means the
protection of information and the entire organization from intentional or
accidental actions that lead to damage to its owners or users.

Cybersecurity is the process of applying security measures to ensure the
confidentiality, integrity and availability of data. Cybersecurity protects
resources (information, computers, servers, businesses, individuals).
Cybersecurity is designed to protect data during its exchange and storage. Such
security measures include access control, training, audit and risk assessment,
testing, management and authorization security.

Despite the high interest in big data, their analytics for cybersecurity and the
availability of various technological means of their storage and processing them, today
there are no relevant methods for selecting a pertinent subset of external big data units
based on semantic description of metadata suitable for this task. To solve this problem,
a module for assessing the semantic similarity of concepts has been proposed, which
will be a part of the Cybertrack, the main task of which is to monitor, search and
analyze social media on cybersecurity and Big Data technology, in particular,
including Elastic Stack components and graph DBMS Neo4;.

The proposed method is implemented in the structure of the module for assessing
the semantic similarity of concepts in intellectual applications used to solve
information security problems of organizations based on the recognition, selection and
interpretation of Big Data units. The module consists of the following units (Fig. 3).

The unit for forming of an array of researched subjects ontologies, which
provides selection of key features (words) that characterize the most important
concepts of SA tasks, and the definition of the corresponding features in the
researched technologies.

The unit for processing the natural description of the user's task, which
provides analysis of the text of the user's task and the formation of a set of
keywords (thesaurus) of the task.

The Big Data and Metadata Repository is storing external data unit and
metadata for their subsequent semantic analysis.

Besides, the analysis is performed at the request of user with the following
characteristics: unstructured or weakly structured natural language text, the
presence of explicitly or implicitly described SA, input information, processing
methods and desired results to be achieved as a result of such processing. Also,
the task description in the query may contain references to similar developments
and their shortcomings, which need to be eliminated in a new solution of the
task. An example of a weakly structured description of the user's task may be a
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request for the discovery of scientific work, which indicates the thematic
direction of scientific research and technical developments, keywords,
justification for the feasibility of the work, purpose and objectives, its relevance,
tasks solving, experience and refinement authors, structure and stages of work,
expected results etc. — use of standardized unit's names allows for better
comparison such a description with the metadata of resources and data.

The ontology set filtering unit provides the first stage of selecting relevant
ontologies to solved the user's task.

The unit for determining quantitative evaluation of semantic similarity of
the investigated ontology of user's task description (selection of ontology closest
to the context with user's request). Combinatorial methods, linguistic and
statistical analysis tools can be used to compare SSC with the description of the
task. The results of comparing individual SSC for each ontology are summarized
and normalized by calculation methods and parameters, which also depend on
the specifics of the task. Analysis of the semantic similarity of concepts is a
cyclical (iterative) task to obtain the greatest semantic similarity).

The module for semantic similarity of concepts assessing works in
interaction with external to the module blocks, namely: the repository of
ontologies, external repositories of Big Data and metadata.

The development prospects of the proposed method are the formation of means
of structuring NL descriptions using background knowledge of the structure of the
task/query, but without SA knowledge, because only by performing the above
comparison the user gains access to pertinent SA ontologies. If such a search is
iterative, knowledge of the ontology that the user wants to replace with a more suitable
one for the purpose can be used to search for more pertinent ontologies.

N Module for semantic similarity of
User's task concepts assessing Big Data
o ge \‘ .
description Repository

Unit for processing
the natural description
of the user's task

Unit for forming
an array of
subjects ontologies

\' \\,
Set of
keywords K

Unit of filtering
set of ontologies

Filtered
Ontologies

Unit for
f construction set of SSP for
Filtered Ontologies

Quantitative

evaluation of
semantic similarity

Unit for determining
semantic similarity
and calculation of
quantitative assessment

~

Set of SSC

Ontology
Repository

Fig. 3. Module for semantic similarity of concepts assessing for an
intelligent cybersecurity system.
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Proposed method implements the components of the theory of semantic
recognition, interpretation, selection and structuring of data and allows creating
so-called adaptive ontologies, which are most optimized for a specific applied
task of artificial intelligence, and also allows more accurate structuring and
selection of data for intelligent applications. The method involves designing
ontology classes of a subject area or information object for the current situation
(task) and introducing metrics within the ontology of a metric, with which to
search for the required semantic distance.

CONCLUSIONS

The proposed approach to data integration and structuring in an intelligent information
system is based on semantic analysis of metadata and semantic similarity
determination of structural data models (ontologies, data), as well as the formation of a
set of similar ontologies for solving problems of artificial intelligence.

The application of the created method of definition/evaluation of semantic
similarity of concepts, which provides formation of an array of query features
and researched ontologies, filtering of these features and closeness degree
determination of researched ontology to user query characteristics, it is a tool for
semantic comparison of ontologies found in repository under formal conditions
with poorly structured natural language description.

Currently, there is no generally accepted standard for presenting metadata,
so the proposed methods of analysis of NL annotations are the most adequate
means of comparing the semantics of ontologies, data with those tasks for which
they can be applied.

The scope of the developed method and module can be used in artificial
intelligence systems for big data processing, cybersecurity, competence analysis when
creating a team for the project implementation, human resource management, field of
finance and business, companies working with dynamically-modified content of
documents (jurisprudence, finance, standardization, public authorities etc.).

REFERENCES

1. Vasyukov V.L. Formal ontology and artificial intelligence. Moscow: IP RAS, 2006. 140 p.
(In Russian)

2. Gladun A.Ya., Rogushina Yu.V. Ontology repositories as a means of reusing knowledge for
recognizing information objects. Design Ontology.2013, No. 1 (7), pp. 35-50. (In Russian)

3. Torsten Hahmann Ontology repositories: A treasure trove for content ontology design patterns.
Proceedigs of 8" Inter. Workshop on Modular Ontologies (WoMO-2014), Rio de Janeiro,
Brazil, 2014.

4. Kenneth Baclawski, Todd Schneider. The open ontology repository initiative:
Requirements and research challenges. Proc. 8" International Semantic Web Conference,
ISWC 2009, Chantilly, VA, USA, 2010.

. Rachel Heery and Sheila Anderson. Digital repositories review, February 2005.

6. William H. Inmon and W. H. Inmon. Building the Data Warehouse, 3rd Edition. Wiley,

New York, 2002.

7. Jens Hartmann, York Sure, Raul Palma, Peter Haase, Mari Carmen Suarez-Figueroa,
Rudi Studer, Asuncion Gomez-Perez. Ontology metadata vocabulary and applications.
Int Conf on Ontologies, Databases and Applications of Semantics. Workshop on Web
Semantics (SWWS), Oct 2005.

8. Vekhorev M.N., Panteleev M.G. Construction of repositories of ontological knowledge
bases. Software products and systems. 2011, No. 3 (3), pp.67—89.

9]

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. Ne3 (205) 21



Gritsenko V.1, Gladun A.Ya., Khala K.O., Rodrigo Martinez-Béjar

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

22

Taylor C. An Introduction to Metadata. The University of Queensland, Australia. URL:
http://www.libraty.uq.edu.au/papers/ctmeta4.html (Last accessed: 17.03.2018)

Corcho O. Ontology based document annotation: trends and open research problems. Intern.
Journal of Metadata, Semantics and Ontologies. Vol. 1, Issue 1, January 2006. URL:
http://www.dia.fi.upm.es/~ocorcho/documents/IIMS0O2006 Corcho (Last accessed: 21.05.2020)
ISO 15489-1:2016 Information and documentation — Records management — Part 1:
Concepts and principles.

ISO 15836-1:2017 Information and documentation — The Dublin Core metadata
element set — Part 1: Core elements.

ISO 15836-2:2019 Information and documentation — The Dublin Core metadata
element set — Part 2: DCMI Properties and classes.

DSTU ISO 15489-1: 2018 Information and documentation. Records management. Part 1.
Concepts and principles (ISO 15489-1: 2016, IDT). (In Ukrainian)

DSTU ISO 15836-1: 2018 Information and documentation. Dublin Core Metadata
Element Set. Part 1. Basic elements (ISO 15836-1: 2017, IDT). (In Ukrainian)

Gladun A., Khala K., Subach I. Ontological Approach to Big Data Analytics in Cybersecurity
Domain. Collection “Information Technology and Security”. 2020, Vol. 8, No. 2,
pp.-120-132. DOIL: https://doi.org/10.20535/2411-1031.2020.8.2.222559. URL:
http://its.iszzi.kpi.ua/article/view/222559 (Last accessed: 11.12.2020)

Obrst, L., Ceusters, W., Mani, 1., Ray, S., & Smith, B. (2007). The evaluation of
ontologies. In Semantic web (pp. 139-158). Springer, Boston, MA.

Gomez-Pérez, A. (2004). Ontology evaluation. In Handbook on ontologies (pp. 251-273).
Springer, Berlin, Heidelberg.

Leo Obrst, Werner Ceusters, Inderjeet Mani, Steve Ray, Barry Smith. The evaluation of
ontologies. In Christopher J.O. Baker and Kei-Hoi Cheung, editors, Revolutionizing
Knowledge Discovery in the Life Sciences, chapter 7. Springer, Berlin, 2007, pp. 139-158.
Obrst L. Ontologies for semantically interoperable systems. Proceedings of the 12"
International Conference on Information and knowledge management, 2003, pp. 366—3609.
Gangemi A., Catenacci C., Ciaramita M., Lehmann J. Modelling ontology evaluation and
validation. European Semantic Web Conference. Springer, Berlin, Heidelberg, 2006, pp. 140-154.
Jens Hartmann, Raul Palma, Asunci’on Gomez-Perez "Ontology Repositories". Chapter
in Handbook on Ontologies. Springer, 2009, pp 551-571.

Yimin Wang, Jie Bao, Peter Haase, and Guilin Qi. Evaluating formalisms for modular
ontologies in distributed information systems. Proc. of the First Inter Conf on Web
Reasoning and Rule Systems (RR2007), LNCS 4524, (June, 2007, Innsbruck).
Innsbruck, Austria, pp. 178—-182.

Jens Hartmann, Raul Palma. OMV — Ontology Metadata Vocabulary. Semantic Web.
2006, Vol. 2.0, URL: http://omv.ontoware.org/ (Last accessed: 17.12.2020)

Palma R., Hartmann J., Haase P. OMV Ontology Metadata Vocabulary. SemanticWeb. 2009,
76 p. URL:  http:/kent.dLsourceforge.net/project/omv2/OMV%20Documentation/OMV-
Reportv2.4.1.pdf. (Last accessed: 12.09.2017)

Jens Hartmann, Ratl Palma, Peter Haase, Asuncion Gomez-Pérez. "Ontology Metadata
Vocabulary and Applications." OTM Workshops, 2005, pp. 906-915.

Welcome to OMV — Ontology Metadata Vocabulary — http://omv2.sourceforge.net/.
(Last accessed: 28.07.2020)

Gladun A.Y.Khala K.A. Ontology-based semantic similarity to metadata analysis in the
information security domain. Prombles in programming. 2021, Ne2, pp.34-41. DOL:
htpps://doi.org/10.15407/pp2021.02.034. URL: http://pp.isofts.kiev.ua/ojs1/article/view/459
(Last accessed: 08.01.2021)

Tversky A. Features of Similarity. Psychological Rev. 1977, V. 84, P. 327.

Rogushina J. Use of Semantic Similarity Estimates for Unstructured Data Analysis. CEUR
Vol-2577, Selected Papers of the XIX International Scientific and Practical Conference
"Information Technologies and Security” (ITS 2019), Kyiv, 2019, pp. 246-258. URL:
http://ceur-ws.org/Vol-2577/paper20.pdf. (Last accessed: 11.10.2019)

Gladun A.Y., Rogushina Y.V. Development of domain thesaurus as a set of ontology concepts
with use of semantic similarity and elements of combinatorial optimization. Prombles in

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. Ne 3 (205)



Semantical Similarity Evaluation Method of Concepts for Comparison of Ontologies in Applied Problems

programming. 2021, Ne2, pp. 3-15. DOI: htpps://doi.org/10.15407/pp2021.02.003. URL.:
http://pp.isofts.kiev.ua/ojs1/article/view/456 (Last accessed: 08.01.2021)

Received 11.01.2021

JIITEPATYPA

L.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Bacrokos B.JI. ®opmanpHasg OHTONOIMSA M HMCKYyCCTBEHHBIM HMHTeNIeKT. Mocksa: P
PAH, 2006. 140 c.

I'magyn A.4., Porymuna }O.B. Penosuropuu OHTOJIOTHMH Kak CPEICTBO IOBTOPHOTO
UCIIOJIb30BaHMs 3HAHUH JJIs1 pacrio3HaBaHUs HHPOPMAIMOHHBIX 00BEKTOB // OHTONOTHS
npoektupoBanus, Ne 1 (7), 2013. C.35-50.

. Torsten Hahmann Ontology repositories: A treasure trove for content ontology design

patterns. In Proceedigs of 8" Inter. Workshop on Modular Ontologies (WoMO-2014),
Rio de Janeiro, Brazil, 2014.

. Kenneth Baclawski Todd Schneider The open ontology repository initiative:

Requirements and research challenges. In Proc. 8" International Semantic Web
Conference, ISWC 2009, Chantilly, VA, USA, 2010.

. Rachel Heery and Sheila Anderson. Digital repositories review, February 2005.
. William H. Inmon and W. H. Inmon. Building the Data Warehouse, 3rd Edition. Wiley,

New York, 2002.

. Jens Hartmann, York Sure, Raul Palma, Peter Haase, Mari Carmen Suarez-Figueroa,

Rudi Studer, Asuncion Gomez-Perez. Ontology metadata vocabulary and applications. In
Int Conf on Ontologies, Databases and Applications of Semantics. In Workshop on Web
Semantics (SWWS), Oct 2005.

. Vekhorev M.N., Panteleev M.G. Construction of repositories of ontological knowledge

bases. Sofiware products and systems. 2011. No. 3 (3). P. 67-89.

. Taylor C. An Introduction to Metadata. The University of Queensland, Australia.

http://www.libraty.uq.edu.au/papers/ctmetad.html

Corcho O. Ontology based document annotation: trends and open research problems.
Intern. Journal of Metadata, Semantics and Ontologies. Volume 1. Issue 1. January
2006. URL: http://www.dia.fi.upm.es/~ocorcho/documents/IJIMS0O2006_Corcho ([lara
3BepHeHHs: 21.05.2020)

ISO 15489-1:2016 Information and documentation — Records management — Part 1:
Concepts and principles.

ISO 15836-1:2017 Information and documentation — The Dublin Core metadata
element set — Part 1: Core elements.

ISO 15836-2:2019 Information and documentation — The Dublin Core metadata
element set — Part 2: DCMI Properties and classes.

JACTY ISO 15489-1:2018 Indopmanis Ta ngoxyMmeHTamis. KepyBaHHS 3amucami.
Yacruna 1. [onsarrs Ta npunnunu (ISO 15489-1:2016, IDT).

JCTY ISO 15836-1:2018 Iudopmariist Ta qokymenTanis. Ha0ip ereMeHTiB MeTagaHuX
Hy6nincekoro siapa. Yactuna 1. OcuoBi enementu (ISO 15836-1:2017, IDT).

Gladun A., Khala K., Subach I. Ontological Approach to Big Data Analytics in
Cybersecurity Domain . Collection “Information Technology and Security”. 2020. Vol.
8 No. 2. P.120-132. DOI: https://doi.org/10.20535/2411-1031.2020.8.2.222559. URL:
http://its.iszzi.kpi.ua/article/view/222559 (lata 3BepHenns: 11.12.2020)

Obrst, L., Ceusters, W., Mani, 1., Ray, S., & Smith, B. (2007). The evaluation of
ontologies. In Semantic web (pp. 139-158). Springer, Boston, MA.

Gomez-Pérez, A. Ontology evaluation. In Handbook on ontologies. Springer, Berlin,
Heidelberg, 2004. P. 251-273.

Leo Obrst, Werner Ceusters, Inderjeet Mani, Steve Ray, Barry Smith. The evaluation of
ontologies. In Christopher J.O. Baker and Kei-Hoi Cheung, editors, Revolutionizing Knowledge
Discovery in the Life Sciences. Chapter 7. 2007. P. 139-158.

Obrst L. (2003, November). Ontologies for semantically interoperable systems. In
Proceedings of the twelfth international conference on Information and knowledge
management (pp. 366-369).

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. Ne3 (205) 23



Gritsenko V.1, Gladun A.Ya., Khala K.O., Rodrigo Martinez-Béjar

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

Gangemi, A., Catenacci, C., Ciaramita, M., & Lehmann, J. (2006, June). Modelling ontology
evaluation and validation. In European Semantic Web Conference. Springer, Berlin, Heidelberg.
P. 140-154.

Jens Hartmann, Raul Palma, and Asunci’on Gomez-Perez "Ontology Repositories".
Chapter in Handbook on Ontologies. Springer, 2009. P. 551-571.

Yimin Wang, Jie Bao, Peter Haase, Guilin Qi. Evaluating formalisms for modular ontologies in
distributed information systems. In Proc of the First Inter Conf on Web Reasoning and Rule
Systems (RR2007), LNCS 4524, Innsbruck, Austria, Jun 2007. P. 178-182.

Jens Hartmann and Raul Palma. OMV — Ontology Metadata Vocabulary for the Semantic Web,
2006. v. 2.0, URL: http://omv.ontoware.org/. ([ara 3sepHensst: 17.12.2020)

Palma R., Hartmann J., Haase P. OMV Ontology Metadata Vocabulary for the
SemanticWeb. 20009. 76p.URL: http://kent.dl.sourceforge.net/project/omv2/
OMV%20Documentation/OMV-Reportv2.4.1.pdf. ([ata 3Beprenns: 12.09.2017)

Jens Hartmann, Raul Palma, Peter Haase, Asuncion Gomez-Pérez. Ontology Metadata
Vocabulary and Applications. OTM Workshops, 2005, P. 906-915.

Welcome to OMV — Ontology Metadata Vocabulary. URL: http://omv2.sourceforge.net/. (JIata
3BepHeHHs: 28.07.2020)

Gladun A.Y., Khala K.A. Ontology-based semantic similarity to metadata analysis in the
information security domain. Prombles in programming. 2021. Ne2. P. 34-41. DOL
htpps://doi.org/10.15407/pp2021.02.034. URL: http://pp.isofts.kiev.ua/ojs1/article/view/459
(Mara 3BepHenn::08.01.2021)

Tversky A. Features of Similarity. Psychological Rev. 1977. V. 84. P. 327.

Rogushina J. Use of Semantic Similarity Estimates for Unstructured Data Analysis // CEUR
Vol-2577, Selected Papers of the XIX International Scientific and Practical Conference
"Information Technologies and Security” (ITS 2019), Kyiv, 2019. P. 246-258. URL:
http://ceur-ws.org/Vol-2577/paper20.pdf. (Jata 3Beprenns: 11.10.2019)

Gladun A.Y., Rogushina Y.V. Development of domain thesaurus as a set of ontology concepts
with use of semantic similarity and elements of combinatorial optimization. Prombles in
programming. 2021. Ne2. P. 03-15. DOI: htpps://doi.org/10.15407/pp2021.02.003. URL:
http://pp.isofts.kiev.ua/ojs1/article/view/456 (darta 3BepHenns: 08.01.2021)

Otpumano 11.01.2021

I'puyenxo B.1. ! uneH-kopecnionaeHT HAH VYkpainu,
JpekTop MiXKHAPOAHOTO HAYKOBO-HABYAIBHOTO HIEHTPY
iHpopmaniitHux Texnonoriit ta cucteM HAH Ykpainun ta MOH Ykpainu
ORCID: 0000-0003-4813-6153, e-mail: vig@irtc.org.ua
Tadyn A.A.", kan.Texn.HayK, CTAplL. HayK. CIIBPOO.,
BiJUI. KOMIUIEKCHUX JOCIIKEHD 1H(POPMAIiTHUX TEXHOJIOTIH Ta cUCTeM
ORCID: 0000-0002-4133-8169, e-mail: glanat@yahoo.com
Xana K.O. 1,
HayK. CIiBpOO., BiJJl. KOMIUIEKCHUX JTOCTIUKEHb iHPOpMAIifHUX TEXHOJIOT1H Ta CUCTEeM
ORCID: 0000-0002-9477-970X, e-mail: cecerongreat@ukr.net
Mapmines-Beacap P.%, 1-p. binocodii (inpopmarnka),
npodecop kad. iHpopMaLifHO-KOMYHIKallifHIX TEXHOJIOTIH Ta IITYYHOTO IHTEJIEKTY
ORCID: 0000-0002-9677-7396, e-mail: rodrigo@um.es
: MixHapoaHUI HayKOBO-HaBYAJIBHUH LEHTpP iHHOopMamiHHUX
texHoorii ta cucteM HAH Vkpainu ta MOH Ykpainu,
np. Akazgemika I'mymkosa, 40, M. Kuis, 03187, Ykpaina
VYuiBepcurer Mypcii,
CP 30180 bymnnac, Icnianis

METO/] OLIHIOBAHHA CEMAyTM‘iHOI BJIN3BKOCTI ITOHATDH JIA
CIIBCTABJIEHH OHTOJIOI'TH B ITPUKITATHUX 3ANAYAX HITYYHOI'O IHTEJIEKTY

Beryn. Po3Butok iHTenektyansHux iH(opManiitnux texHonoriii (IIT) mepenbadae cTBopeHHS
HOBOT'O KJIacy CHCTEM Ha OCHOBI (hOPMaTi30BaHOTO MOJAHHS 3HAHB IIPO MPEIMETHY OO0JIacTb.

24

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. Ne 3 (205)



Semantical Similarity Evaluation Method of Concepts for Comparison of Ontologies in Applied Problems

HuHi B pi3HHX TIpeIMETHHX OOJNACTSX BXKE CTBOPEHO BEIHMKY KUIbKICTH OHTONOTIH. CyuacHi
3aco0M Jal0Th 3MOTY IIYKAaTH cepell HUX OakaHy OHTOJIOTIIO JIMIIE 3a JICSKUMH (OpMaTbHUMH
nmapamMeTpaMy (HamlpuKiIaa, 3a KIIOYOBHMH CIIOBAMH), a HE Ha PIiBHI IXHBOI CEMaHTHKH.
BupimenHs mnpoOieM TOLIyKy HEOOXiJHOi OHTOJNOTIT MoOXe OyTH 3a0e3le4eHO CXOBHUILEM
OHTOJIOTIH, SIKE YMOXJIMBIIIOE 0OPOOIICHHS 3HAHb OHTOJIOTIH.

Merta cratTi — pO3pOOJICHHS AITOPUTMIB Ta METOJIB OIIHIOBAHHS CEMaHTHYHHX
MOJIeNICH, 10 TOJSAralTh y TMOEAHAHI SKICHOrO (OHTOJIOTIYHOIO) IIOJAHHS 3HAaHb 3
KUTBKICHUM (YHMCIIOBHUM) OI[IHIOBAHHSIM OHTOJIOTIH Ta iXHIX mapamerpiB (CeMaHTHYHA
OJIM3BKICTh, CEMAHTUYHA BIJICTAHb, CEMaHTHYHA CIIOPIAHEHICTh), MIO CIHPSMOBAaHO Ha
BiTHAIICHHS TTOJIIOHOCTI M)XK €IeMEHTaMH Pi3HUX OHTOJIOTIH.

Metoau. [[ns po3B’s3aHHS MMOCTABJICHUX 3aBllaHb BUKOPHCTAHI METOIU OHTOJIOTIYHOTO
aHaJlizy 00’€KTiB NmpeaMeTHOi 0011acTi, TEOPEeTUKO-MHOXKHHHI HiIX0AX 10 BU3HAYEHHS Mipu
OJIM3BKOCTI TBOX 00’€KTIB MUIAXOM 3iCTaBlICHHS IXHIX BiacTuBocteidt (feature matching) ta
TpaauLiiHI METOM CTATUCTHYHOTO aHAI3Y.

Pe3yabTaTi. 3anpornoHOBaHHUI METO/I OIIHIOBAHHS CEMAaHTUYHOT MO/IIOHOCTI Jla€ 3MOTY
HAa OCHOBiI CEMaHTHYHOTO aHAaNi3y MPHPOJHOMOBHHUX aHOTAIlI METaJaHUX SIK OHTOJOTIH, TaK
i JaHUX (30KpeMa BEJMKHX JTAHUX), YMOXIIUBIIOE BUKOHAHHS 3aBIaHHS IXHBOI IHTeprpeTanii
Ta Bigbopy. OTpuMaHi pe3ynbTaTH HaJalOTh MOXIUBOCTI CTBOPEHHS OpPUTIHAJIBHUX
IHTENeKTYIbHUX 1HQOPMALIHHUX CHCTEM JUIS €KOHOMIKH, MEJHLMHH, HaI[lOHAJIBHOI
Oe3meku, 000pPOHH Ta COMLIaNbHOI cepu.

BucHoBKH. 3amponOHOBaHUI OpUTiHAJIBHUM MiAXil A0 OIHIOBAaHHA Ta aHaNi3y
MeTagaHuxX (OHTOJIOTIH, naHWX) Oa3yeThbcs HA CEMAHTUYHOMY aHaJi3l MeTaJaHuX Ta
BU3HAYECHHI CEMAaHTH4HOI MOAIOHOCTI CTPYKTYpHHMX MoJenei NaHuX (OHTONOTIH, AaHUX) i
(dhopMyBaHHI paH)KOBaHOTO HAOOPY OJU3BKUX OHTOJOTIH JJIsl pO3B’sI3aHHSI 3aBAaHb [ITYYHOTO
iHTeNeKTy. 3acTOCYBaHHS METOAIB BH3HAUYEHHS CEMaHTHYHO ONM3BKUX IOHATH MOJAHO SIK
IHCTPYMEHT IJIsl CEMaHTUYHOTO 3iCTaBIICHHS CTPYKTYpH OHTOJOTIH, siki OyNno 3HalAeHO Y
perno3uTopii 3a GopMaTbHUMH YMOBaMH, 3i €1a00 CTPYKTYPOBAaHHM OIMCOM HPUPOIHOIO
MoBoto (IIM). 3anpomonoBani meronu ananizy I[IM-aHoTaniii € agexkBaTHUM 3aco00M
3iCTaBJIEHHS CEMAaHTHKU OHTOJOTIH, JaHUX 3 TUMH 3aJadaMH, Ul PO3B’s3aHHS SKUX BOHH
MOXYTb 3aCTOCOBYBATHCSI.

Knrwwuogi cnosa: memadani, cmanoapmu Memadanux, CeManmuyna nodioHicms, ¢opmaibHa
MoOenb OHMON02il, iIHmenekmyanbHa iHgopmayitina cucmema, peno3sumopii OHmMonozii.
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CRITICAL SYSTEMIC PROPERTIES OF ELECTRONIC ATLASES
NEW GENERATION. PART 2: RESEARCH RESULTS

Introduction. Part 2 discusses three critical systemic properties (CSP) of Electronic atlases
(EA) new generation. With their help are determined fundamentally new, systemic EA. Com-
pared with classic systems, new EA have much more opportunities to model spatial systems
of actuality.

The purpose of the paper is to describe and to prove the criticality of three CSP for a
new generation of EA — systemic EA.

Results. Three CSP are described: CSP1.System, CSP2.Tree, CSP3.View. CSP1.System
means that systemic EA should be models of spatial systems of actuality. These models are
primary in contrast to the classic EA models, which are secondary. CSP2.Tree means that the
contents/solutions tree of the systemic EA must classify the modeled spatial system of
actuality. CSP3.View should model the visualization needs of users, in particular through
interactivity. The methods of Conceptual Frameworks and Solutions Frameworks of
Relational cartography, as well as facts from Model-Based Engineering were used for proof-

Conclusions. Three CSP of systemic EAs are described and it is proved that each of
them is a necessary property of EA new generation.

Keywords: Electronic atlases new generation, critical systemic property, Conceptual Framework,
Solutions Framework, Relational cartography.
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INTRODUCTION

Part 2 takes into account the content of Part 1 [1] two main sections. The first
presents the evolution of Electronic atlases (EA) over more than four decades:
from the mid-1980s to our time. It is argued that in our time the evolution of EA
leads to a revision of the cartographic and systemic foundations of EA until their
revolutionary changes. The authors suppose that revolutionary changes should
be considered in the context of a fundamentally new EA class, named Systemic
(SEA). In general, the problem both Parts 1 and 2 of this article is formulated in
the first main section of Part 1.

Part 1 second main section describes research methods. They are architectural
patterns, which in computer science are called frameworks. The first is named the
Conceptual Frameworks (CoFr) method valid for the Spatial Information Systems
(SpIS) of the defined classes. This fact is proved for the SplS, which are EA or,
more generally, AtS = EAAtIS (AtIS — Atlas information system). CoFr deter-
mines, in a fixed period of information technologies stability, the structure of de-
fined SplS (for example, EA) in the so-called broader sense (SpISb). SpISb include
the SplS of end users also named the systems in the narrow sense — SpISn. And
also all models of SpIS (SpISn) which exist both at phases of its development and
operation. Some of them are created physically. As a method, CoFr provides the
interaction between the SpS of actuality and the SpISb. In particular, this method is
designed to transform MEA (modern EA) into SEA. It is used to identify the first
critical systemic property (CSP1) — CSP1.System.

The second is named the Solutions Frameworks (SoFr) method. There are sev-
eral SoFr for each CoFr, as SoFr provide interaction between the knowledge about
the SpISb (components) of users who belong to neighboring "echelons". There are
four echelons in each particular Formation. Formation is associated with a period of
stability of information technologies in the atlas context. CoFr of some SpISb for
each Formation identifies four echelons of users who must have knowledge of the
respective four strata of the system. Examples of adjacent echelons are Operational
and Application, which in SpISb correspond to strata with similar names. The Op-
erational is the echelon of end users. The Application is mainly the echelon of de-
velopers. AtlasSF1.0 SoFr mentioned below is used between Application and Op-
erational echelons of users or between components (elements, systems) of the corre-
sponding EAb (SplISb) strata. SoFr is more specific than CoFr. This specificity is
determined by: 1) the strata between which SoFr is used, 2) the solution compo-
nents, to which SoFr is applied. In this work the SoFr method is used to identify two
CSPs: CSP2.Tree (solutions/contents tree) and CSP3.View (view). The second sec-
tion of Part 1 is finished by the explaination why CoFr and SoFr can be used in con-
junction with Model-Based Engineering (MBE).

The main sections of Part 2 from the first to the third consider three critical
systemic properties (CSP). They are easier to explain with CoFr. The first CSP
(CSP1) is determined by the relations between the modeling system SEAb and
the corresponding modeled system SpS of actuality. The second CSP (CSP2) is
determined by the classification relation of subject area by using the CoFr
Datalogics of such SEADb construction as a solutions/contents tree. The third
CSP (CSP3) is determined by the relations between the hierarchical knowledge
of the users of the Operational and Application echelons and the corresponding
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SEAD views. It is easy to see that CSP1 refers to SEA (SEAD) as a system in a
whole, CSP2 refers to SEA (SEAb) Datalogics of a two-dimensional system
second "dimension", and CSP3 also refers to SEA (SEAb) Uselogics of a two-
dimensional system second "dimension".

The first section of Part 2 uses the CoFr method to identify the first, and main,
critical systemic property of SEA — CSP1, which is called CSP1.System.
CSP1.System — SEA must model the Spatial systems (SpS) of actuality.

Germany (Europe) autobahns Atlas is used as the SEA example. This Atlas
has both paper and electronic variants. Its de facto used to interpret the MBE
concepts in (Kiihne, 2006) [2]. We used Kiihne&apos;s inferences and extended
them to the representation of the Germany autobahns Atlas in accordance with
the SEA CoFr.

The second section of Part 2 uses the AtlasSF SoFr method to describe
CSP2, which is called CSP2.Tree and consists of three interrelated CSPs:

e (CSP2.Tree.DA — Datalogics of the solutions tree is a critical systemic
property.

e (CSP2.Tree.DA-DO — The rigid relation between the Datalogics of contents
and solutions trees (Operational and Application strata) is a critical systemic property.

e (CSP2.Tree.DO — Datalogics of the contents tree is a critical systemic
property.

Simply speaking, CSP2.Tree argues that the SEA should classify the subject
area. For this classification, it is sufficient to perform data classifications for the
SEA application, i.e., for the component models and/or systems of the SEA
CoFr Operational and Application strata. This Datalogical Epistemological clas-
sification can be called ontological according to [2]. The ontological (or Data-
logical Epistemological) classification is responsible for the epistemological
relations between the contents and solutions trees. This classification is well
known in IT. It&apos;s called instanceOf (instanceOfSomething) or classifica-
tion. The inverse relation is called instantiation (exemplarisation).

The third section of Part 2 discusses CSP3, which is called CSP3.View and
consists of two interrelated CSP:

e (CSP3.View.State — Preservation of several SEA states in the operation
session.

e CSP3.View.Interaction — Interactive view of SEA to users with
different qualifications.

The information in this section is very important to explain the SEA&apos;s
relation to the "live" world of users. It uses maps interactivity, which on the one hand
is a substantive feature of modern electronic maps, and on the other hand, more
importantly, it represents the views of users of the respective groups on atlas maps and
the atlas as a whole. Maps interactivity has been extended to atlas interactivity and its
place in AtlasSF is shown. It uses a view pattern, which is a logical combination of
views of the main components of the SEA and/or AtlasSF.

The "Conclusions" section provides the conclusions of Part 2.
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RELATIONS BETWEEN SEA AND SP$ OF ACTUALITY: CSP1.SYSTEM

The most important, the first SEA critical systemic property CSP.System, is
formulated as follows:

e (CSPI1.System — SEA must model the spatial systems (SpS) of actuality.
It implies that SEA should not be just collections or sets of pre-created maps (to
be a secondary model of actuality), but be a model of actual system (to be a
primary model of actuality). Examples of such systems/models are Classic
dynamic atlas systems and Atlas geographic information systems (AGIS) [3].

Geographic (spatial) system (geo-system (spa-system, SpS)) is an ordered
pair (A, R), where A is a set of things (entities), among which are geographic
(spatial), and R is a set of relations between things (entities) of the set A, which
form a unity or organic whole. The term 'geo-system' is left to synchronize with
the physical geography and topography that studies the Earth’s surface. The
concept of 'relations' is understood as in systemology. There it includes the
whole set of related concepts, such as constraint, structure, information,
organization, cohesion, interaction, coupling, linkage, interconnection,
dependence, correlation, pattern etc [4].

Somebody may disagree with the criticality of CSP1.System, because it
depends on how the researcher understands the concept of "system". For
example, B. Gaines [5; p. 1] uses the following definition: "A system is what differs
as a system". That is, the system by this definition can be everything. At first glance,
it seems like an unnecessary statement. However, then B. Gaines argues that this
definition of the system is meaningful and rich in systems theory. In particular, he
argues that “In this lies the essence of systems theory: that to distinguish some entity
as being a system is a necessary and sufficient criterion for its being a system, and
this is uniquely true for systems. Whereas to distinguish some phenomenon
(entityies) entity as being anything else is a necessary criterion to its being that
something but not a sufficient one” (ib.; p. 2).

This work does not consider the relations between "information" EAb
or SEA and "general" EAb or SEA. Note in passing that the "information"
EADb here means a subset of SpISb, which is shown in [1; Fig. 2] on the
example of EINAUb. "Information" SEA are also a subset of SplS,
although this is not shown in [1; Fig. 2]. "General" EAD are the subset of
the General SpS, as shown in [1; Fig. 2] on the example of General NAUD.
"General" SEA is also a subset of the General SpS, although this is not
shown in [1; Fig. 2]. Among the relations between "information" and
"general" SEA are also critical, which are especially important in the
design of SEA. However, for the actual introduction into the SEA issue, we
need simpler, "non general system" CSP. CSP.View is such an example.

Consideration of CSP1.System will begin with the fact that the modeled sys-
tems of actuality should be not arbitrary systems, but spatial systems (SpS) of (or
“on”) the Earth. Their perception, in contrast to arbitrary systems, is not so arbitrary,
because the concept of "space" in "earth" systems has both scientific and universal
interpretations. Among modern scientific interpretations, we hold the view that in
reality it is possible and necessary to distinguish "Relational space — the viewpoint
of space as a product of relations between entities (objects). Space in this viewpoint
arises at the same time as the entities (objects) in it, which contrasts with absolute
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space" [6; p. 280]. In our constructions, relational space is associated primarily with
the concrete space of A. Aslanikashvili [7].

Between T. Cresswell and A. Aslanikakshvili works is almost 40 years
apart, but so far the question of the inquiry domain (research subject, subject
domain, cognition or research subject) of modern cartography and the related
definition of cartography has not been resolved. This issue is particularly acute
for the SEA (EA/ALtIS). Thus, the International cartographic association (ICA)
still cannot change the definition of cartography to a more modern one. To be
able to respond to modern challenges to cartography in the monograph [8; p. 9]
the definition of the latter is changed as follows:

e C(lassic (or Subject) cartography — the arts, sciences and technologies of
making and using maps. This is a slightly modified definition from [9]. A.
Aslanikashvili criticized such definitions and therefore put forward his understanding
of the subject of cartography. We agree with his thoughts and from our part introduced
the concept of two-dimensional system cartography, determining the first dimension
as subject cartography, and the second dimension as relational cartography.

e Relational cartography (RelCa) — coordinated arts, sciences and
technologies of making and using relations in cartographic systems and between
cartographic systems.

e (System(ic) or Geomatic or simple) cartography — coordinated and
uncoordinated arts, sciences and technologies of making and using maps,
cartographic relations and cartographic systems.

We can not be tolerant in the definition of cartography by ICA, because according
to this classic definition, neither modern electronic atlases, nor modern atlas
information systems, nor their domains are not in fact the subject of knowledge
(research) of (modern) cartography. On the other hand, it is quite difficult to name the
fields of science that would be concerned with SEA (EA/ALIS). It is assumed that the
domains of SEA (EA/AtIS) could be attributed to the inquiry domains of CIS or GIS.
However, there are some problems that are not addressed in this article.

Below we have described two variants of the SEA relations with spatial systems of
actuality: simpler and more complicated. In the simpler variant, the CoFr method is
essentially not used. It is almost entirely proved using facts from Model-Based
Engineering (MBE, see for a start [10]). In a more complicated variant, in addition to
MBE, CoFr and the theory of Relational cartography are also significantly used [8].

Simpler variant. The relations of SEA with actuality systems are explained in
Fig. 1. This figure is obtained by the logical combination of the Physical World and
the Application and Operational strata of CoFr EAb (EINAUD) [1; Fig. 2] with “Fig. 2
Kinds of model roles” [2]. [1; Fig. 2], in turn, is logically aligned with “Fig. 6 Linguis-
tic metamodels™ [2]. We did not complicate the figure by showing the correspondence
between the CoFr elements and the language (linguistic) elements shown on the right
in Fig. 1. In Fig. 1 marked:

e token modelOf: Holds between a system and a model, representing the
system in a one-to-one fashion (one system corresponds to one model); model
elements can be considered as determinants of system elements,

e type modelOf: Holds between a system and a model, classifying the
system in a multi-to-one way (many systems correspond to one model); model
elements can be considered as classifiers of system elements,
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Fig. 1. The relation between the actual SpS of the physical world and the EINAUb
Application and Operational strata. Used (Kiihne, 2006) [1; Fig. 2, Fig. 6]

e instanceOf relation was used by us to denote the bottom-up relations
between the elements of two adjacent strata. Use of this relation in practice is
called classification. The reverse use is called instantiation or exemplification.
Fig. 1 shows two classifications: ontological and language. So far, we have used
the generalized terms "epistemological" to denote the relations between the
elements of the strata in the bottom-up direction and "reduction" to denote the
relations in the top-down direction. Recall the definition of ontology and
epistemology. "Ontology (from the greek. on — genus n. ontos — being and ...
logy) — a section of philosophy, the doctrine of existence (as opposed to
epistemology — the doctrine of cognition), which explores the general basics,
principles of existence, its structure and regularities; the term was introduced by
the german philosopher R. Goklenius (1613)" (LED, 1993; p. 933) [11 p. 933].
"Theory of cognition (epistemology) — a section of philosophy, which studies
the regularity and possibilities of cognition, the relations of knowledge (feelings,
ideas, concepts) to objective reality, explores the degrees and forms of the
process of cognition, conditions and criteria of its reliability and truth.
Summarizing the methods and techniques used by modern science (experiment,
modeling, analysis and synthesis, etc.), the theory of cognition acts as its
philosophical-methodological basis" (LED, 1993; p. 1321) [11; p. 1321].

Recall the definition of ontology and epistemology: "ontology: a particular
theory about the nature of being or the kinds of things that have existence",
"epistemology: the study or a theory of the nature and grounds of knowledge
especially with reference to its limits and validity" [11].

These definitions allow us to conclude that ontological relations should be
given in an actual real spatial system, and in a modeling spatial system these
relations should be called epistemological. Therefore, in our work we use the
term "epistemological" relations instead of the term "ontological" relations in
(Kithne, 2006) [1]. That is, instead of ‘“ontological instanceOf’ in Fig. 1
“epistemological instanceOf” should be used in our constructions. For Web 1.0
Atlases, the bottom-up relations ("epistemological instanceOf") between the
elements of the Application and Operation strata is called "classification". The
inverse relationship is called "instantiation".
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However, the "linguistic" relations between the elements of the strata are
also called by us and are in fact epistemological. Therefore, for example, instead
of “linguistic instanceOf” between vertical elements belonging to adjacent strata
(Fig. 1) it is possible to use epistemological “instanceOf”. In this article, we
went further and divided the epistemological relations into three groups, using
three levels of the Conceptual framework: Datalogical (or Technological
context), Infological (or Language (Linguistic) context) and Organizational (or
Usage context). The epistemological relations between the Datalogical
components are called the Datalogical Epistemological relations and they
coincide with the Ontological relations in (Kiihne, 2006) [2]. Epistemological
relations between Infological components are called Infological Epistemological
relations and they include linguistic instanceOf (Kiihne, 2006) [2]. Finally, the
Epistemological relations between Organizational components is called the
Organizational Epistemological relations and they include both the relations
between the elements of the system and the relations between user knowledge.

In [2] the Germany autobahns network is used as an example of an actual
spatial system of the physical world. The model of each autobahn is denoted by
An (Autobahn n), where n = 3, 5, 9 within Fig. 1. To represent this spatial
system in Fig. 1, apparently used “landkarte deutschland (autobahnnetz) / map of
germany (street map)” from [12]. Although it may be a map from [13].,

If you take a closer look, it turns out that in [2] the model of the Germany
autobahns network is supplemented with a representation of the cities through which
individual autobahns pass. Representation without cities is shown in Fig. 2.

It turns out that cities appear only in the model in Fig, 1 (in the middle, Operational
and Application strata). For a better understanding of the Germany autobahns network,
we use a representation of the required system [15] on the Google map (Fig. 3).

Google Maps uses almost the same autobahn notations from the maps above.
Therefore, thanks to Google Maps, the interested reader can get a fully available
online idea of the actual spatial system of the physical world being research.

Fig. 2. Representation of the part of the Germany autobahns (highways) we
need from the website [14]. Cities not shown
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Fig. 3. Representation of the actual SpS of the physical world from Fig. 1 on the Google map

To bring this example as close as possible to the topic of this article, we can
say that T. Kiihne [2] could even consider the actual SpS of the Germany
autobahns, which is modeled by the Germany autobahns atlas. It is clear that the
actual SpS for this atlas is somewhat more complex than shown in the previous
figures. However, the main things (entities) in this system are settlements, and
the main relations between them are fragments of autobahns

Fig. 1 shows two models of actual SpS: language (linguistic) and
ontological. The language model is perceived by us as a highways paper atlas,
which usually consists of sheets of a book. The user must find a (paper) sheet
with the highways that interest him at the moment. Finding this sheet
corresponds to moving on the base map of the atlas.

In contrast to the language model, the ontological model allows us to first
find the value of the entity or relation that interests us, and only then perform
positioning on the desired base map. Obviously, such operations are best
performed with an electronic version of the atlas.

In Fig. 1 under the map of Germany autobahns the "Physical world" is
signed. In this case, it means that the map only represents part of the actual SpS
and is not this system. The language model of a part of the actual SpS is referred
to the CoFr Operational stratum, and the ontological one is referred to the CoFr
Application stratum. This is because both models are also representations, only
in this case of the specific EA/AtIS of the Operational stratum and its class of
the Application stratum, respectively. The electronic implementation of the
language model is EA/ALIS of the Operational stratum. For example, in the case
of the National atlas of Ukraine project, it was the Electronic version of the
National atlas of Ukraine on DVD (EINAU2007/2010). This atlas did not allow
editing, but an editable version of the same atlas was created on the Application
stratum, which was called EINAU Edited. In essence, EINAU2007/2010 was a
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language model of the actual SpS of Ukraine, and EINAU Edited was an
ontological model of the actual SpS of Ukraine

At the end of this paragraph, we draw readers attention to the clear presence
in the actual spatial system of the physically existing relations "autobahn" and
"at least one autobahn passes through the city". This example shows the
fundamental difference between atlases as a collection of maps and atlases as a
system. A collection (set) of maps can be created by collecting maps that are
made without paying attention to systemic issues. If the researcher is based on
classic cartography, then the most important thing for him is a separate map -
usually a model of a field of the same type entities of actuality. Then other fields
are modeled in the same way. After that, the created maps are collected in a
collection of maps and the result is called an atlas. It turns out that this collection
is unlikely to be a modern atlas.

Interestingly, this collection will not be an atlas, even from the classic view-
point, which is set out in the monographs [16], [17], [18]. After all, in the defini-
tion of the geographic atlas by K. Salishchev there is such a phrase: "performed
according to the general program" [17; p. 185]. Thanks to the Conceptual
framework, we now know that the "general program" of creating an atlas is an
element of the Conceptual stratum, which is closely related to the elements of
the Application stratum and, through them, to the elements of the Operational
stratum. Let’s recall about the epistemological relations between the elements of
strata, which primarily materialize knowledge between the elements.

More complicated variant. Our interpretation of some picture elements
of [2] on Fig. 1 is not entirely accurate, namely:

1. The ontological model in UML terminology is called a class diagram,
which is the result of the conceptual design stage of the AtIS development
phase. It is quite obvious that the class diagram does not model the SpS of the
physical world, but in the terminology of CoFr - the abstract-physical world.

2. The language model in UML terminology can be called an object
diagram, which is also the result of the conceptual design stage of the AtIS
development phase. Like the class diagram, the object diagram does not model
the SpS of the physical world, but in the terminology of the CoFr, the abstract-
physical world.

3. Fig. 2 of [2] will be accurate provided that the author meant the map of
Germany autobahns, which is then modeled on UML. Therefore, to prevent in-
accuracies in interpretation to represent actuality, we use satellite images. For a
more accurate representation of the Germany autobahns network, it is possible to
use Google images Fig. 4 [19].

Taking into account the above, as well as using the CoFr method, the
specified part of Fig. 1 looks like in Fig. 5.

As a paper map of autobahns in Fig. 5 used a map of the territory we need
from a paper atlas of European highways. We will not specify the concept of
"Cartographic image" in Fig. 5. These can be Ontological and Language
(Linguistic) models of the map from Fig. 1, but not required. Here we pay
attention to the existence of two types of relations between the Conceptual stra-
tum and the Abstract world, as well as the Abstract-physical world.
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Fig. 5. Clarification of the left and middle parts of Fig. 1

Again, at the end of the section, we note that the described discussion is
impossible at all, if the subject of cognition (research) of cartography to leave
the maps. The inquiry domain of modern atlases, including the subject of
cognition (research) of cartography, changes de facto if their most important
critical systemic property will be fulfilled: CSP1.System. The SEA must model
actual Spatial systems (SpS). However, there is a question about the practical
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implementation of this CSP. Therefore, we further consider two more critical
systemic properties: CSP2.Tree and CSP3.View. These CSP are correlated with
the relational and subject properties of atlases as systems.

RELATIONS BETWEEN SOLUTIONS/CONTENTS TREES IN ATLASSF: CSP2.TREE

" n

In the main sections of Part 1, the "systematic collection", "systematized set",
"simple atlas system", "real atlas system" terms were used to denote certain "sys-
temic" subjects. The concepts corresponding to these terms and denoted subjects
were formally or informally defined there. All these subjects can be obtained by
performing "systematization", which is defined in the Cambridge dictionary as
"the act of planning a system for something or organizing something into a sys-
tem: (such as) the systematization of a set of ideas" [20]. Since the term "sys-
tem" is not defined here, from the cited definition it is possible to draw a conclu-
sion about its applicability to the "systemic" subjects listed here.

However, to find practically useful CSP we need to understand better the essence
of systematization. To do this, we use a more detailed definition from [21; p. 259] :
"Systematization" (from the greek systema — a whole consisting of parts) is defined
as "mental activity in which the studied objects are organized into a certain system
based on the selected principle. The most important kind of S. is classification, that is,
the distribution of objects into groups on the basis of establishing similarity and
differences between them (for example, the classification of animals, plants, and
chemical elements). To S. leads also the establishment of causal relations between the
facts under study (for example, in the course of history) and the allocation of the main
units of material, which allows considering a specific object as part of the whole
system. S. is preceded by analysis, synthesis, generalization, and comparison".

This definition clarifies the meaning of the phrase "systematic collection of maps"
from the K. Salishchev's atlas definition. We see that to obtain this "collection of
maps" you need to perform systematization, the most important kind of which is the
classification. In addition, according to Philosophical encyclopedic dictionary [22]
"Systematics (from the Greek sistematikos — ordered) — the science and art of
systematization. Systematic — set out in the form of a certain system, which forms a
certain system" [23].

In the work [24], we considered the systematics of atlas basemaps in Web 2.0 ep-
och. There we used the following definition: "Systematics (from the Greek
ovotnuatikog — ordered, relating to the system) — bringing into the system, as well
as a systemic classification of the study subject. Often, systematics is an auxiliary
discipline that helps to organize the objects studied by this science; for example, bio-
logical systematics, language systematics” [25]. For us, the most useful is the
following explanation from the article "Systematics" of Yu.V. Tchaikovsky [26;
Vol. I1I: pp. 557-558]:

"Systematics — the doctrine of the principles and methods of ordering sets of
objects that have essential similarities (systematics of stars, systematics of chemical
elements, systematics of animals etc.). The objects of systematics are individuals
and their groups. The group legalized in this system is called a taxon and is itself an
object of the system. According to K. Behr (1822), the taxon is defined not by
boundaries, but by the nucleus of typical forms; this principle was put into practice
by W. Wawell (1840), who put forward the thesis ‘Class is given precisely, though
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not clearly limited’. Tasks of systematics: 1) classification (description of objects in
terms of their essential similarities and differences), 2) nomenclature (assigning a
name to each object of the system), 3) definition (finding the name of the object on
the presented individual), 4) addressing (finding the object by its name). A system
that solves the problem of classification is called natural, and a system that does not
pose such a problem is called artificial. The main principles of organization: (1) row
(address is an alphabetical order or number), (2) table (address — row and column
numbers, if the table is two-dimensional), (3) map (address — coordinates),
(4) hierarchy, is graphically expressed by a tree (address — a list of branching
points, starting from the top of the tree, indicating the number of the branch at each
such point). One set can be arranged in several ways: so, a chemical element can be
specified by its number and the intersection of a row of the Periodic Table with a
column (both techniques are natural), house — by its coordinates, and hierarchically
(postal address). According to S.V. Meyen (1978), systematics — a part of the di-
versity (diatropics) science, complementary morphology (the doctrine of the plan of
structure, common to the objects of the group), and classification is possible due to
the natural order of the objects of nature. The principle of classification should be
sought, not postulated. On the contrary, it is most convenient to carry out the deter-
mination once and for all by the established technique — the dichotomous key
(M. Yoreniy, 1710), introduced into the practice by J.-B. Lamarck (1778): if there is
a sign, read on, if not, see something there.

CSP2.Tree: DA — Datalogics of solutions tree, DA-DO — Relations be-
tween Datalogics of solutions and contents trees, DO — Datalogics of con-
tents tree. It follows from the above that the "ontological classification" may be
the first practical CSP. Probably, if the transformations are carried out from
an actual spatial system to its "complete" atlas model. The "complete" atlas model for
a particular stratum consists of Datologics, Infologics and Organologics (Uselogics).
In the graphic images of the atlas model, the transformation is shown to be performed
from left to right: actual SpS — AtS Datalogics — AtS Infologics — AtS Uselogics
[27]. We name the ontological classification by the Datalogical Epistemological classi-
fication. Based on this, the classification of the subject area of each specific atlas
should start from top to bottom relative to the graphic images of the strata, in particu-
lar, from the Application to the Operational strata. If possible, the Datalogical Episte-
mological classification for the Conceptual and Application strata should be per-
formed first. Although the classification must be performed from the bottom up,
the result of these actions must be a class, not a single instance of that class.

In the Atlas Solutions Framework (AtlasSF) systematics, in the sense of the
quoted above Yu.V. Tchaikovsky’s article, provides several patterns, including: (A2)
solutions/contents tree and (A8) view. In this section, we formulate critical systemic
properties only for the (A2) pattern. At once we will notice that in practice we used
some of these patterns and all of them are Solutions frameworks. In Web 1.0
Formation, we used three versions of the (A2) pattern, which were components of the
corresponding versions of AtlasSF1.0 SoFr, produced every five years since 2000.
And in the Web 1.0x1.0 Formation yet one pattern (A2) has been developed and is
used so far, which is a component of AtlasSF1.0+ SoFr. From the experience of using
AtlasSF1.0 to create about 20 EA/ALIS, we draw the following conclusions:
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e (CSP2.Tree.DA — Application Datalogics (DA) of the solutions tree is
CSP. It is necessary to start the classification of the subject area for the purpose
of further implementation with the Application stratum.

e (CSP2.Tree.DA-DO — The rigid relations between Datalogics of solutions
and contents trees (DA-DO) is CSP.

e (CSP2.Tree.DO — Operational Datalogics (DO) of the contents tree is
the CSP. In no case do you need to start the classification of the subject area
from the Operational stratum. That is, from the available maps.

We are not able to disassemble CSP2.Tree.DA, CSP2.Tree. DA-DO and
CSP2.Tree.DO in detail. Therefore, we present Fig. 6 for explaination what we are
talking about. In addition to the already used arguments about the top-down start,
you need to use the following simple proof: if there is a CSP2.Tree.DO, then there
must be a CSP2.Tree.DA, and without CSP2.Tree. DA-DO it is impossible.

Some static properties of the solutions/contents tree in AtlasSF1.0. In the
first Atlas of Ukraine 2000 created by us, the Contents Tree was called the Table Of
Contents (TOC). This atlas was also a prototype of EINAU2007/2010 [28], so it can
be designated EINAU2000. EINAU2000 TOC was used to navigate the contents and
access the content of EA — first EINAU2000, and then several more EA and AtIS in
the first half of the first decade of the 21* century. The framework of these solutions
was called AtlasSF1.0(1).

From a software viewpoint, TOC implementations on the Operational stratum in
the first period (2000-2005) were ActiveX components. Such ActiveX started and
supported manipulation of an XML-like .hhc contents file. However, we should not
forget about the software system HTML Help Workshop, which allowed to perform
the necessary actions on the Application stratum with the component element that was
to become the TOC on the Operational stratum. We call this whole componentlex the
"solutions tree" for the elements of the Application stratum. The term "table of con-
tents" denotes a set of elements of the Operational stratum.
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Fig. 6. CSP of the solutions/contents tree in the context of SoFr and CoFr
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In the first decade of this century, EA/AtIS end-user products were produced on
optical media and did not allow any changes. After the producing of several EAs/ALIS,
it was realized that the solution for this component may be replicated and applied not
only in end-user products — in operation, but also earlier — in development — to
build the Solutions Tree/Table of Contents that best suits to the end user EA/ALIS.
Finally, recent research has shown that this element should be a pattern of the AtlasSF
SoFr and is better called the Solutions/contents tree".

HTML Help Workshop was a powerful software system. After its forced
replacement by our solution, several of its important properties were lost. In
particular, in the updated solutions of edition 2 the ability to search the contents
tree was not realized. Although, we repeat that between AtlasSF1.0(1),
AtlasSF1.0(2) and AtlasSF1.0(3) there are relations that we call refactoring.
However, at the turn of the decade, the 2010 atlas problem arose, which boils
down to the fact that now we need to talk not about refactoring, but about
reengineering - that is, about a complete rebuild of the solution.

The TOC below are based on the EA/AtIS examples created from 2000 to
2015. The TOC of all these AtS were fixed, immutable components in which the
developers reflected the final solutions on structuring the research subject of a
particular EA/AtIS on the Operational stratum.

Classification. Table Of Contents (TOC). If we draw an analogy between a
paper atlas (PA) published in the form of a book and an Electronic atlas (EA) on
CD/DVD or on the Internet, in both cases the contents and content of the atlas
must be communicated to the user. Usually the Table Of Contents consists of
sections, subsections, paragraphs, subparagraphs. In the case of EA, they are
branches and/or leaves of the contents tree. By selecting the appropriate item in
this tree, the user can gets access to a certain element of EA content - map pages,
texts, photo-video materials etc. In contrast to the PA contents in working with
the EA contents there are additional advantages: search in the contents, the
function "go to the previous/next viewed item/page" and so on.

Fig. 7a shows the contents of EINAU. The Left-Right arrows at the top of the
figure implement the "go to the previous/next item/page viewed" function. In the
case of a PA, you will need to remember the viewed page or make some bookmarks
to repeat this operation is an example of searching for the word “terms” in the
contents tree of the Atlas of radioactive contamination of Ukraine (RadAtlas2014,
online version). In the PA version, this is almost impossible to implement.

Relations between the elements (components) of the atlas. We should note
the relations between the elements (components) of the atlas, which existed
since the first activity period of 2000—2005. Fig. 8 illustrates the organization of
relations and connections between the elements of RadAtlas2014, although this
property was implemented in RadAtlas2002 and in RadAtlas2008. In the table of
contents in the left window the letter "Content" leafis selected. In the right
window we have a specific element of the content of the atlas. When you select
a map or text, a certain element is loaded, and in the contents tree the cursor
moves to the corresponding sheet leaf of the tree. Thus we have a convenient
way to "travel" the atlas, using the relationship between its elements.

Dynamic properties of the solutions/contents tree in AtlasSF1.0+. For
dynamic Solutions/contents trees of the Web 1.0x1.0 Formation AtS, all critical
systemic properties of the Web 1.0 Formation must be met.
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Dynamic systemic properties of the pattern (A2) can be divided into two
groups: 1) the evolution of static properties, 2) the creation of new properties.
They are not called critical, because some of them have not been yet imple-
mented in any of the actual AtS. Below are two examples of such properties.

1. The evolution of static properties is providing dynamics in current
versions of the solutions/contents tree SoFr in AtlasSF1.0+. It is based on
Mikowski&apos;s software architecture [29], which is used in the current
implementation of AtlasSF1.0+, and on its ability to use external modules. In the
case of the main tree, AtlasSF1.0+ uses the jsTree library. Fig. 9 shows the
interface of the test version AtlasSF1.0+ (0.0.33), Fig. 10 shows the activation of
dynamic changes in the properties of a tree leaf with text. The right mouse
button activates the operations Create, Rename, Delete, Edit > Cut, copy, paste.
To do this, in the asflplus.toc.js module, a context menu plugin has been added
to the jsTree library: plugins: ["search”, "contextmenu"]. The search tree plugin
implements a local search of (A7) search pattern.

2. The example of new properties creation can be found in the monograph [8].
There are formulated three new patterns for Web 1.0x1.0 Formation AtS: (A9)
GeoCollager, (A10) GeoComposer and (A11) GeoRelator. We will not describe now
the essence of these new patterns. The simplest of them is GeoCollager, which is already
used in the practice of AtS creation. We use an example from the site [30] (Fig. 11).

In the contents tree window (Navigation) on the basemap are selected:
1) UNESCO World Heritage Sites, 2) Monuments of national importance:
a) archeology, b) historical, 3) Historical and cultural reserves, 4) Public
cadastral map of Ukraine: a) boundaries and numbers of cadastral quarters of
urban and land cadastres.

All themes selected in contents tree (Navigation) are displayed at once in the map
window (Content). We hope that many people have recognized the displayed territory:
it is the central part of Kyiv. The accumulation of monuments in the lower part of the
map near Demiivka is explained simply: it is the Baykove cemetery, where there are
many immovable monuments of Ukraine.

AtlasSF1Plus

Aepeso awicty AR

(EX23222;

Fig. 9. Test version of AtlasSF1.0+(0.0.33)
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Fig. 11. GeoCollager pattern in the Public register of immovable monuments
of Ukraine

We have presented the simplest case of GeoCollager, when there are no relations
between the topics. However, we hope that the reader will understand the power of
this pattern, provided that we begin to define specific relations between themes.

VIEW PATTERN RELATIONS: CSP3.VIEW

This section substantiates the CSP3.View (Fig. 12), which we associate with the state
(CSP3.View.State) and interactivity (CSP3.View.Interaction) of atlases. CSP3.View is
presented in all “old” patterns (A1) — (AS8), in “new” patterns (A9) — (A11), as well as
in both architectures A0.F1 (Formation Web 1.0) and A0.F1? (Formation Web 1.0%).
Thus first of all it is necessary to address to (A8) View pattern. This pattern is a logical
pattern that consists of views of other patterns. View in AtlasSF1.0 was understood by
analogy with the *. WOR (workspace) file of MapInfo Professional. In AtlasSF1.0+
this concept was evolved.
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CSP3.View.State explains the following example, which is also related to SoFr
(A2) Solutions/contents tree, (A4) Thematic layers and (AO) Architecture. Through
(A0) Architecture communication with the atlas software modules is carried out.
This property is understood by all as obvious, but it is often forgotten. Its explanations
are shown in Fig. 13 and Fig. 14, which are obtained as follows. First, we displayed
the "Migration (urban settlements)" map. To do this, in the tree window we found the
name of the map — selected the tree leaf "Migration (urban settlements)" — scaled the
map displayed in the map window to the desired scale — opened and placed the
drop-down windows "Legend" and "Map Description". This is a description of Fig. 13.

D z-diImA(Ts U AGIS] »AGM p z-diImAEM U
|‘T -
cl> 1 C
[ $t=848 | / [ $4=808 |
DAS IAS UAS A DAM |IAM UAM |,
KCB3.UA X
| et S S I /I Tinbees J e |
KCB3.UO
DOS 10S UOS o[ > DOM IOM UOMo

Fig. 12. CSP.View in the context of SoFr and CoFr
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3 [ s0a-30 P SETTLEMENTS)
¥ E
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Fig. 13. EINAU2007. Migration (urban settlements)
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MITPAITHHI
OFOPOT. CLTBCHKI
HOCEEHHS

i MIGRATION (RURAL
281380 Sl SETTLEMENTS)

331-390 3 BAJOBHIT MACHITAE:
3 1:10 000 000

Fig. 14. EINAU2007. Migration (rural settlements)

Then in the tree window we chose a leaf with the name of the "Migration (rural settle-
ments)" map and immediately received the image in Fig. 14. That is, one click got four
new images: 1) in the contents tree window a white rectangle highlights the name of the
"Migration (rural settlements)" map, 2) in the map window is displayed the "Migration
(rural settlements)" map, 3) in the drop-down window “Legend” is reflected the "Mi-
gration turnover. Rural settlements” legend, 4) in the drop-down window “Map de-
scription” the description of the “Migration (rural settlements)”” map is displayed.

The described critical property refers to the (A8) View pattern (SoFr). It is
clearly systemic. We formulate it as follows:

e (CSP3.View.State. Saving the state of the atlas in the operation session.

CSP3.View.Interaction. In the work [27] we proved that in modern atlas
conditions the usual notion of cartographic interactivity should be extended to a
certain systemic notion. In this systemic notion of interactivity it is necessary to
consider the interactivity of the elements of Operational, Application and Con-
ceptual strata, as well as the relations between them. If we consider the user
echelons related to strata, it has been shown that cartographic interactivity can-
not be considered in relation to a single user group, fixed, static, single map. On
the contrary, it is necessary to consider interactivity for several maps, organized
according to existing knowledge and targeted at different user groups. The
minimum set of interactivity of such maps should include the interactivity of
three dynamically changing maps: operational, application, conceptual.

This set should be consistent with the interactivity of the three O considered by
R. Roth [31], [32] in the context of three approaches to interactivity: (1) based on
objectives (Objective (first O) — at the stage of Forming the Intention), (2) based on
operators (Operator (second O) — at the stage of Specifying an Action) and (3) based
on operands (Operand (third O) — at the stage of execution and evaluation, between
the stages of Executing the Action and Perceiving the State of the System). For
example, when using an operand-based approach (third O), the focus is on the operand
or the digital/virtual object with which the (end) user interacts. When creating a future
user interface, the developer must ensure proper feedback regarding changes to the
operand (third O) depending on the operator execution results (second O).
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R. Roth in his doctoral dissertation [31] describes "cartographic
interactivity" as a dialogue between a person and a map, performed using a
computer device and understands it as a supplement to the cartographic
representation. This fairly general interpretation allows us to consider many
aspects of cartographic interactivity that arise in makingand using interactive
maps. In particular, R. Roth [31], [32] argues that cartography is in another crisis
("identity crisis" in origin), named by us the “2010 cartography crisis”.
He suggests a way out of this crisis, which is to use the so-called "Growth
perspective". R. Roth [31; Fig. 1.4] believes that all major cartographic
paradigms can be included in the Growth perspective. It is depicted as a square
with sides (bottom clockwise): cartographic interactivity — making maps —
cartographic representation — using maps (Fig. 15).
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Fig. 15. Relationship of the R. Roth’s Growth perspective
with the Operational and Application strata of AtS CoFr

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. Ne 3 (205) 45



Chabaniuk V.S., Kolimasov I. M.

Tabl. 1. Navigation menu of the prototype library of web mapping patterns, which or-
ganizes the existing design patterns by sections: "start work", "data", "map elements",
"view", "interactivity" [34; p. 124]. The line of designations D, I, U and EINAU column
are added by us

D I U
start work data view interactivity EINAU
template
code data . .
page download tile base map moving (pan) “
template
storage vector base map zoom (decrease, B_
increase)
export choropleth extraction ﬂ:
. overlay/switching
il
map elements | proportional symbol (togele) [
cartographic . . =
arid density of points filter 2
legend isoline/surface ordering (arrange)
flow reexpress
cartogram sequence -+
bivariate/ multivariate resymbolization +
animation redesign -
graph/diagram search
calculation

In work [33], we showed the relations between the web mapping patterns li-
brary of R. Roth’s student — Richard Donohue [34] — and the constructions of
Relational cartography [8]. In particular, we worked with the original table from
[34; p. 124] and obtained Tabl. 1. The symbols of columns “D”, “I” and “U”
added by us show the correspondence between the columns of R. Dona-
hue&apos;s table and the levels of AtS CoFr. In blue, we usually denote ele-
ments of the Conceptual stratum. This is a correct action, because R. Donahue
created a table of design patterns painted in blue, which in [8] are also called
conceptual patterns. The patterns of the application stratum are called applica-
tion, and the patterns of the Operational stratum are called operational. In the
work [33] the column of EINAU was also painted blue. There we described the
correspondence between the interactivity operands implemented in EINAU and
the design patterns of R. Donahue from the column "interactivity".

It would be more correct to describe the design patterns that were
implemented in the operands of EINAU (or operational patterns AtlasSF1.0(2)),
and then compare the elements of the same epistemological stratum. However,
such an action would lead to an unnecessary increase in the volume of the article
and would not provide fundamentally new knowledge. With this in mind, we left
a line of symbols D, I, U and the column E/NAU in Tabl. 1 unpainted.

We have repeated the evidence that map interactivity in Formation
Web 1.0+ is systemic. This systemic property is also critical, because without
it is impossible to develop modern AtSs. It follows from the above material that
the interactivity of the maps refers to the presentation of the results of
computer-human interaction to the user of the maps. Finally, the presentation of
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maps is a logical part of the presentation of AtS to the user. Therefore, this CSP
can be called as follows:

e (CSP3.View.Interaction. Interactive presentation of modern AtS to users
with different qualifications.

CONCLUSIONS

The work considers not the subject, but the systemic and relational properties of
modern AtS. Subject properties are reduced to the properties of the maps in-
cluded in the AtS. Electronic atlases (EA) and Atlas information systems (AtIS)
were perceived (understood) mainly because of these properties before and, un-
fortunately, are perceived nowadays.

Relational properties are orthogonal to subject properties. Together they
form systemic properties. Relational properties do not depend on the subject, so
if we fix the latter, we will again have systemic properties, which here are called
systemic-relational. For the purposes of the work, only three CSPs were
selected, which belong to two types: purely systemic (CSP1.System) and
systemic-relational (CSP2.Tree and CSP3.View). The systemic properties of AtS
are nowadays such an urgent problem that now it is appropriate to talk even
about critical systemic properties (CSP), without which it is impossible to talk
about AtS as a system.

Purely systemic properties include the representation of AtS as a system of
some SpIS class— CSP1.System. Representation of AtS as SplIS is a
fundamental issue in the field of research of such a science as cartography.
Unfortunately, the field of cartography research still remains such subjects as
maps. At the same time, such cartographic works as atlases in all previous years
belonged to the field of cartography research. Therefore, the contradictions in
the definition of cartography are quite obvious, to the field of research of which
either EA (and AtIS) belong or do not belong. At the moment, it makes no sense
to say that there is another science, the field of research of which includes the
field of research of Electronic atlases and Atlas information systems. GIScience
immediately comes to mind, although this is just the name of the undertheory —
may be paradigm. This and other paradigms, despite the names, are not yet
theories, so the corresponding sciences should be considered with some
clarification of the name — for example, "applied".

Systemic-relational properties include such critical properties as "tree" and
"view". The "tree" consists of trees of contents and solutions and the relations
between them. The main property of the contents tree and the solutions tree is
their ability to implement the classification relations in the sense of the article
[2]: ontological and possibly language (linguistic, both epistemological).
Classification is not only a relation, but also, perhaps, the most famous method
of research and design of systems. CSP2.Tree systemic-relational critical
property is related to a CSP1.System purely systemic property. This CSP does
not say anything about subjects — maps.

"View" systemic-relational property consists of the AtS state as a system at a
given time moment and of the relations between these states. The state of the
system (CSP3.View.State) is a representation of AtS for the end user at a given
time. From the end user&apos;s viewpoint, changes between system states occur
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by performing interactivity operands. Atlas interactivity is a combination of the
interactivity of its main components. The essential AtS components are the maps
included in the AtS, as well as their interactivity. The work [27] proves the
correspondence between the constructions of Relational cartography and the
constructions of interactivity of the new paradigm of cartography, which its
author R. Roth called the (cartographic) Growth perspective paradigm. One of
the important properties of this paradigm is its basis. According to [31], this
basis, in addition to cartographic interactivity, includes the main actual in 2010
paradigms of cartography.
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KPUTHUYHI CUCTEMHI BJIACTUBOCTI EJIEKTPOHHUX ATJIACIB HOBOI'O I1O-
KOJIIHHA. YACTHHA 2: PE3VJIbTATHU JOCIJOKEHH A

Beryn. YV Yactui 2 posrinsaatoTsest Tpu KpuTuuHi cucreMHi BiactuBocti (KCB) Enexrpon-
Hux arnaciB (EA) HoBoro nmokominHs. 3a pornomoroo 1ux KCB BU3HAYAKOTHCS MPUHIMIIOBO
HOBI, cuctemHi EA. TlopiBHsHO 3 kitacnuauMH, cucTeMHi EA MaroTs Habarato OuTbIe MOX-
JIUBOCTEH MOJICIIOBATH MIPOCTOPOBI CUCTEMH JIFICHOCTI.

Meroro crarTi € ommc i noBeneHHs1 kputuyHocTi Tppox KCB s HoBoro nokominas EA —
cucreMHux EA.

Pesyabratn. Omucano 1pu KCB: KCBl.Cucrema, KCB2.Jepeso, KCB3.Iloganus.
KCBI1.Cucrema o3nHavae, mo cucremMHi EA TOBUHHI OyTH MOJCISIMH HPOCTOPOBHUX CHCTEM
niricHocTi. Lli Mozieni € nepBHHHMME Ha BiIMiHY Bif Mozenel kiacnyHux EA, siki € BTOpUHHUMH.
KCB2.[lepeBo 03Hauae, 1110 JIEPEBO 3MICTY/pilieHHs cucteMHoro EA mae kmacudikysatu mpocro-
poBy cucreMy nikicHOcTi, mo Monemoerbes. KCB3.IlomanHs Mae MopenroBaTH Bisyai3alliiiHi
MoTpeOr KOPUCTYBAUiB, 30KpeMa, 3a JOMOMOTOK IHTEPaKTHBHOCTI. [IJis OBECHHSI BUKOPHUCTAHO
meronu KonnenTyansHux kapkacis i Kapkacis pimens Pensuiiinoi kaprorpadii, a Takox Qaxtu 3
bazoBaHoi Ha MOZIEIISIX 1HXKEHEPIl.

Bucnosku. Omnucano tpu KCB cuctemuux EA i noBefeHo, 10 KOXHa 3 HUX € HEOO-
X1IHO BiIacTUBICTIO EA HOBOIO IMOKOJIIHHS.

Kniouogi cnoga: Enexmponni amnacu 106020 NOKONIHMHS, KPUMUYHA CUCIEMHA 61ACUGICINb,
Konyenmyanvnuii kapxac, Kapkac piwens, Penayitina kapmoepaghis
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MATHEMATICAL MODEL OF CONFLICT-CONTROLLED PROCESSES
IN SELF-ORGANIZATION OF RESPIRATORY SYSTEM

Introduction. Various processes going in surrounding environment are controlled, i. e. their
states are determined depending on the specific influence of controlling party. At the same
time, it is natural to try to choose the optimal controlling influence that would be the best in
comparison with other possible controlling methods. Intensive development of the theory of
optimal solutions with computers use has obtained the ability to perform complex calcula-
tions and realize the rules of control due to the development of computational technology.
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Mathematical Model of Conflict-Controlled Processes in Self-Organization of Respiratory System

The problem of identifying and studying of the nature of self-organization mechanisms of
processes going in organism, the disclosure of the laws of control that operate in it actually
arises during the investigation of living systems. Problem solution of self-organization proc-
ess knowing for these controlled objects should be carried out using the methods of mathe-
matical modeling. Peculiarities of setting problems of control for functionally-organized
systems can be conveniently examined on the example of processes going in living organism
when the achievement of certain goals is ensured.

The purpose of the paper is to create the mathematical model of functional respiratory
system for the investigation of self-organization mechanisms in human organism in response
to extreme disturbances.

Methods. The usual nonlinear differential equations are used for process description;
they describe the mass transfer and mass exchange of respiratory gases flowing along all
their ways in organism.

Results. Mathematical model of functional respiratory system has been developed to
study the current functional state and to predict the mechanisms of self-organization of respi-
ratory system in adapting to the disturbing influences of external and internal environment
based on the problem of optimal control and taking into account the conflict situation be-
tween the self-regulating organs — controlling and executing.

Conclusions. Mathematical model of functional self-organization of respiratory and blood circu-
latory systems is proposed, which takes into account the interaction and inter-influence of organism
functional systems, conflict situations between controlling and executive elements of self-regulation;
it is based on the assumption of optimal regulation of oxygen regimes. The model may be useful for
solving a number of applied problems of physiology and medicine.

Keywords: Functional respiratory system, controlled dynamic system, self-organization of respira-
tory system, operators of continuous interaction system, disturbing influence of environment.

INTRODUCTION

Mathematical modeling is a unique and powerful tool used for the investigation
of physiological processes. It allows to deepen significantly our knowledge of
studied phenomena, to form fundamentally new ideas about these phenomena, to
identify a wide range of system responses during model parameters changing, to
propose new hypotheses that could be studied experimentally and to identify
new fundamental classes of phenomena. It can even be argued that along with
experimental physiology, an independent branch of physiology is developing
already — mathematical physiology, which is a specific source of a new knowl-
edge about the nature of physiological processes. Even relevant textbooks have
been written now on this subject [1]. Let’s note that realistic computer models
are the means of integrative description of a single subsystem and they take into
account the relationships and interactions between different functional systems
at different levels and time scales.

Taking into account as well that the possibilities of experimental approaches
applying to the study of processes occurring in the respiratory and blood circula-
tory system are significantly limited, the development of effective software and
algorithmic tools for numerical modeling and conducting of a full-scale compu-
tational experiment is particularly important.

Widespread computerization has substantiated the base for the development
of theoretical bases for any phenomenon or process by simulating that phe-
nomenon or process using computer. It is clear that the development of com-
puter model follows the development of mathematical model. This is especially
true for physiology and medicine. If in physics and chemistry the experimenter
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deals with inanimate objects with which any experiments could be carried out,
then in addition to ethical norms, there are many other limitations associated
with the impossibility of experimenting with various extreme perturbations and
limitations of modern invasive methods. The complexity of the problem of
mathematical models constructing for functional systems of organism is primar-
ily due to the extreme complexity of examined biological system, the function-
ing of which nonlinearly depends on many factors, almost every element of liv-
ing organism and these dependencies remain informal even at physiological
level of description. Therefore, analytical methods of solutions have a rather
narrow sphere of their use, and the main means for investigation of real prob-
lems linked with the respiratory and blood circulatory systems studying are
computational methods of problems solving by computer.

PROBLEM STATEMENT

The determining factors for choosing and formulating a mathematical model are
the object, purpose, method and means of modeling [2]. Methods of dynamic
systems theory are used for mathematical modeling. Means are differential and
difference equations, methods of qualitative theory of differential equations,
computer simulation. The purposes of mathematical modeling of organism func-
tional systems are represented on Fig.1.

The main principle of complex systems mathematical modeling is the prin-
ciple of optimality [3]. In [4] works related to extreme principles in mathemati-
cal biology were observed.

According to [5], two approaches are used for mathematical analysis of physio-
logical functions — data models and system models. In the first case, the task is to
build a mathematical function that describes as accurately as possible a set of input
data, like statistical data model. This does not take into account the physiological fea-
tures of structural and functional organizations of modeled object.

Purposes of mathematical models’ construction
for organism functional systems

( N . . 1\
Clarification of mechanisms of system elements

interaction
(. J

( R N N R 1\
Forecasting of system behavior during various

L perturbing actions )

(" Identification of model parameters based on )
experimental data

Estimation of system stability

. J

f Optimal control of the system according to the )
selected criteria of optimality

(.

Fig. 1. Purposes of organism functional systems modelling
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Models of the second type are based on physiological principles and hypotheses
about the structural and functional organization of modeled object. The purpose of
modeling is to check the physiological hypothesis in base of the model and to eluci-
date the physiological mechanisms that underlie studied phenomenon or process. It
should be noted that usually the results of physiological experiment analysis with the
construction of data models are used as initial data for the next stage of research — the
system analysis of these data models and development of mathematical model of the
system functioning; it is directed on studying of the fundamental physiological
mechanisms put in base of its functioning.

We would like to emphasize the following item. It has been already mentioned
above that there is a lot of publications linked with modeling of separated subsystems
as well as a whole organism [1]. Following papers have been published recently con-
cerning mathematical models of respiratory and blood circulatory systems [6-25].
However, all these studies were based on complex mathematical apparatus, that was
very difficult in practical use. These studies were rather more theoretical and they
could be attributed to recently formed field — mathematical physiology. An approach
to modeling, which supposes the use of developed models to solve applied problems
in physiology and medicine has been proposed in present article.

As a rule, biological systems are self-organized systems that have controlling
subsystems developed in the process of evolution; which provide the normal course of
processes occurring in the system and executing of their functions within appropriate
limits of disturbances. Classical theory of control offers now the whole class of ma-
thematical models that describe the type of control of moving objects, if there is
known the ultimate goal of control to be achieved by these objects, limited region of
control parameters, as well as criterion of quality of control.

The self-organized systems are distinguished in the class of controlled dy-
namical systems, i.e. the systems that have the ability to transform the system
into a state in which this influence becomes insignificant in response to the dis-
turbing influence. The biosystems and homeostatic systems belong to such sys-
tems. Stationary solutions of dynamic systems of such objects are asymptotically
stable. And, although the optimality of such systems is denied by some authors,
it is always possible to define the purpose of self-organization as the ability to
maintain an equilibrium state during disturbances coming to this system.

PURPOSE OF THE PAPER

Purpose of the paper is to develop a mathematical model of functional systems
of respiration and blood circulation; the model that take into account the interac-
tion and inter-influence of organism functional systems, conflict situations be-
tween controlling and executive organs of self-regulation and based on the as-
sumption about the optimality of regulation of organism oxygen regimes.

PROBLEM SOLUTION

Methods of the theory of optimal control of respiration have aroused the constant
interest of researchers of physiological systems, primarily due to the ideas about per-
fection of regulatory mechanisms in living systems. The specificity of application of
the methods of optimal control theory into the study of physiological systems is that
the criteria for their optimality are unknown. The task of the study is to determine
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whether a given physiological system is an optimal control system and what is the
criterion for its optimality. Accordingly, such studies include the following steps:

— selection of object under the control and creation of its mathematical model;

— selection of hypothetical criterion of optimality basing on the data of ex-
perimental studies;

— creation of mathematical model of the system of optimal control, which
includes the controlling subsystem (optimizer) and object of control;

— examination of the model of control in order to verify its adequacy.

Significant difficulties appear at each stage they were both of experimental
and theoretical nature.

Therefore, the number of the works on this issue is insignificant and they
have appeared recently [26].

The criterion of optimality are most often the indicators that are somehow related
to the energy of organism, because the efficiency of physiological functions is not in
doubt in general case. The model of regulation of parameters of organism external
respiration and blood supply developed by Yu. N. Onopchuk was based on the as-
sumption of optimality in system regulation by organism oxygen regimes [27].

Let’s observe a class of nonlinear dynamic systems, the structure of which con-
tains m regions of utilization and creation of matter, linked with the system by trans-
port pipeline network, which delivers this matter to the regions with special carrier.
Usually, mathematical models that describe the processes that occur in such systems
are balance-type models. It is assumed that in the pipeline system, the delivery of the
substances, which can be both in dissolved form and chemically bound to other sub-
stances of the carrier, is carried out by forced convection. The transitions of the carrier
to the region, or from the region to carrier are occurred by diffusion.

Let’s denote by x the concentration of the substance in carrier, x,,, in a

given region (i — are negative indices), u,,, — volumetric velocity of carrier in

the region. Then the technological process of delivery and utilization of this
substance in the chain "carrier-region" under consideration can be written by the
system of differential equations [28]:

ﬂ _ a1’ ui (y - xi) + aziui ((P(y) - (p(xz)) - a3,- (xi - xi+1)
drt - I/i'(a’i+ﬁi.(p'(xi))

Q)

dxi+] _ a3i (xi - xi+1) - q;)+1q(xi+1)
dt I/i+l (ai+1 + Bi+l¢’('xi+l )) ’

where V; and V,,, is the carrier volumes in the region; y is the concentration of

2

the substance in the main pipeline; g,,, is the maximum rate of substance utili-
zation in the region; ¢(x,,,) is a function that adjusts the intensity of utilization
of the substance in the region, ¢(x;), ¢(x,,,) is the chemical activity of organic

compounds to the substance under consideration in the carrier and region,
o, ,0,,B B, ,a,,a,,a, arepositive coefficients that characterize the solubil-

ity of the substance in the carrier and region, diffusion of the substance between
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the carrier and region, chemical properties of the compounds of the carrier and
the environment of the region.
Let’s suppose that @(z),d(z) ¢(z) — nonlinear functions of S type. In this

case, let’s assume that p(z) — nonlinear function in the domain z >0 refers to
S type, if in this domain it is smooth, non-decreasing and

limu(z)=0. limu(z)=1 ®
lirr%) W(z)=0, limp'(z)=1. (4)

In addition, it is assumed that among m regions there is one region (for cer-
tainty, we assume that the first, i.e. the one for which i =1) which is responsible
for ensuring the circulation of the carrier in closed network of magisterial pipe-
lines with volumetric velocity

u =Zui. ®)]

Let’s assume as well that the utilization of the substance in the region is ac-
companied by a given amount of work performed in the region. So, it is natural
to assume that the rate of utilization of the substance in the first region is a func-
tion of the rate provided by this region:

g, = f(u) (6)

and the rate of utilization of the substance ¢;, (i=3,5,....) for other regions is con-

stant, which corresponds to the given level of energy consumption in the region.

Thus, we suppose a system of regions connected by the network of pipelines to
ensure the delivery of energetic substance, and utilization of this substance in the re-
gions is carried out to perform their functions. The external perturbation for this sys-
tem is the concentration of the substance in the main pipeline and ensuring the direc-
tional movement of the carrier in it is placed on the first region.

Models of this type describe many of technological, physical, chemical, envi-
ronmental processes that are usually stable. The questions of the existence, unity
and stability of the solutions of the model (1), (2) are practically important, espe-
cially at the stage when the idea of trust in the results of modeling of particular
process or system is formed.

In article [29] the following properties of the solutions of the system (1), (2)

atp(x), d(x), g(x) € C*[0,0), were proved, which satisfy (3), (4) under the con-
ditions: y =const >0, n, =const >0, i =2k -1, k=1,_m.

Under the given at initial time 7T,x,(t))=x >0, 7t,x,,(t,)=x.,>0,
i=2k-1, k= I,_m the system (1), (2) has a wunique solution
i:2k—1,k:1,_m).

The solution of the system (1), (2) is non-negative under non-negative
initial conditions.

0 0
x(r,xl. , X,

i+1°
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The solution of the system (1), (2) with non-negative initial data is limited
from above.
The system (1), (2) has a single stationary solution

i =2k =Lk =1,m}.
The stationary solution (1), (2) is asymptotically stable.
The dynamic system (1), (2) can be considered as controlled, if the control effects

{x.,%

cause the volumetric velocitiesu, , i =1,2m —1 of the carrier in the pipeline system.

Concerning the system (1), (2), we should not talk about controllability, but
about the self-organization of the system, which is aimed at maintaining of some
states of the system. The choice of u; in this type of systems should cause the

compensation of disturbing effects on the system, to its transfer to some other
stationary motion, which corresponds to influences on the system.

Let’s write the conditions of stationarity for the system (1), (2). Any sta-
tionary trajectory satisfies the condition

0
_9q . TA
Xi =X = u qi+l(‘x[+1)7 i=12m-1,
3

i

which means that the positive difference x, —x;

.., 1n stationary motion is set in

accordance with the level of utilization of the substance in this region. There-
fore, any change in the value of ¢/, should be perceived as perturbation influ-

ence on the system, and the problem of control can be considered as a problem
of optimal (for example, in time) response of the system to the transition to a
new stationary motion. The change in the concentration of the substance y in

the main pipeline can be interpreted similarly.

To solve the control problem in practice, it suffices to require that in the
presence of perturbations the system (1), (2) to be transited into such a motion
(close to stationary), which is determined by the set M (¢) that for all t>¢ for

all © at the same time the condition below was satisfied

0 0
qi+ qi+

G (X)) —e<x (D) =X, (1) STt e @)
3

a,

i i

It can be shown [30] that under the influence of constant perturbations
g), >0, y>0 on the system (1), (2), any set n, >0 will transform the system
in M(¢) for a finite time.

In process of examination of physiological and biological processes, it is
advisable as a criterion for quality of control to choose an integrated criterion of
following type

I(u)= J.ZG,-[as,. (%, = %) = giq(x,,)I dt ®)

and to solve the optimization problem with simple constraints for the control:
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n <n <n,. 9)

1

The coefficients o, in (8) can be considered as the values of sensitivity of the

region to deficit or excess of the substance, because in square brackets there is the
expression of the differences between the rates of entry and utilization of the sub-
stance in the region.

Since the control task is to output the perturbations of the system in the € -tube of
stationary trajectory, the upper limit in (8) can be replaced by a finite number 7 .

Let’s suppose that in the system with forced ventilation there are the mass
transfers of three substances. One of them was utilized in the region, and the
others were produced. The concentration of these three substances transported in
the dispersed medium of main channel is maintained at constant levels. The
dispersed medium contains two carriers-adsorbents, which form the dispersed
phase of circulating mixture. One carrier carries only one substance, the other
one — two substances simultaneously.

The third substance is transported only in dissolved form. All three sub-
stances can diffuse through the phase distribution surface. Sorbent located in a
region, can bind a substance that is carried by only one carrier in regional chan-
nel, and that is utilized in parallel with the production of another substance. One
example of such a system may be the blood gas transfer system to the tissues.

Let’s consider the blood of regional channels as circulating mixture - gener-
alized tissue capillaries, in regions — tissue cylinders, substances that transport
oxygen, carbon dioxide and nitrogen. So, the state of this system will be charac-
terized by the levels of partial pressures of these gases in dispersed medium, i.e.
blood plasma and tissue reservoirs, which depending on the rate of oxygen utili-
zation can be regulated under the given conditions of internal or external envi-
ronment by changing the volumetric flow rate of the circulating mixture (blood
in the main and regional channels). Experimental studies have demonstrated that
in some disturbances of the environment — reducing the partial pressure of gas-
es, increasing the rate of oxygen utilization and etc. — the role of mechanisms
that regulate circulation, in stabilizing the system parameters is the main. The
methods of mathematical modeling and apparatus of the theory of automatic
regulation are successfully used in studying the rules of these mechanisms func-
tioning under the different conditions. Studies also have shown that any of
known basic regulatory schemes cannot explain the compensating reaction, reg-
ulation of self-organization of processes occurring in the system — direct or
feedback control, perturbation control and etc.

In general, the equations of the dynamics of partial pressures and stresses of res-
piratory gases pO,, pCO, and pN, in respiratory tract, alveolar space, arterial and

mixed venous blood, blood tissue capillaries and tissues were built on the principles of
material balance and continuity of flow are as follows [31] —[33]:

dp,0, _

= 0p,0y, p.CO,.,n,.V,0,0,,G,0,.,q,0,) (10)
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dp,CO,

o =v(p,0,,p,CO,,n,.V,0,0, .G, CO,,q,CO,), (11)

where the functions ¢ and y were described in detail in [31] — [33]; V is the
ventilation; m is the degree of oxygen saturation of hemoglobin; Q is the volu-

metric rate of systemic and Q, local blood circulation; g, O, is the rate of oxy-
gen consumption by i th tissue reservoir; g, CO, is the rate of carbon dioxide
release in i th tissue reservoir. The flow rate G, O, of oxygen from the blood

into the tissue, and G, CO, carbon dioxide from the tissue into the blood is

determined by the ratio
Gt,- = Dt[St,. (pct,» - pt,. ) ’

where D, is the gas permeability coefficients through the air barrier, S, is the

gas exchange surface area.

The participation of biochemical structures — hemoglobin, myoglobin and
buffer bases in processes of mass transfer of gases add significant nonlinearity in
the system of differential equations. Naturally that all these cause serious diffi-
culties for mathematical analysis of dynamic system, but there is very powerful
mechanism for maintaining of gas homeostasis of organism, and from the stand-
point of theory of control — the mechanism of control.

All the values that characterize the process of mass transfer of gases in living or-
ganism are non-negative and limited, moreover, the limits of changes of some of them
are quite narrow. The theory of mathematical modeling requires usually a qualitative
study of the models to determine the area of adequate description of the studied proc-
ess. We need to be sure in the existence and unity of the solutions of the system of
equations and to study the nature of these solutions.

In article [30] the following statements were proved.

1) For given at the initial moment of time 1, p, (7,)= p(?[ >0,

p; (1)) = pf >0, j=1,3, i=1,m there is only one solution of the system (10),

=l,m.

~.

(1) p(r.p) , p; . j=L3,
2) It limo q;, = 0,q P 0, when p = 0 then the solution of the system
p./f, - K 1

(10), (11) is positive under positive initial conditions.
3) The solution of system (10), (11) is limited from above in the conditions
of statement 1.

4) The system (10), (11) has a unique stationary solution for p, =const,

j=L13, O =const, i=1lm.
5) The stationary solution of the system (10), (11) is asymptotically stable.
There are two main types of models of regulation of blood circulation are
possible to be selected [27], [29]. To the first one it is expedient to relate those
models at which construction the principles of the theory of automatic regulation
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were used. The choice of values of systemic and local blood circulation as con-
trol parameters is aimed on the eliminating of respiratory gas stresses deviations
from the "setpoint" values that occur when the system is disturbed. It is neces-
sary to know these values for each specific type of environmental conditions, the
level of functional loading etc. Such models are effective in practice, but they do
not allow revealing the causal-consequential links of regulation. The second type
of models includes more general models of gas dynamics control in organism
using the principle of maximum by Pontryagin [34].

However, the calculated data differed from those obtained experimentally.
In addition, the calculated data did not answer a number of theoretical and ap-
plied questions. For example, they did not explain the reasons of tissue hypoxia
during muscle work of low intensity, staying in hypoxic environment (when the
reserves for the growth of systemic circulation are present still), the role of hy-
percapnic regulatory stimulus at hypoxia of loading known in physiology, hy-
poxic hypoxia etc.

The model proposed in [31] — [33] and developed for these problems solu-
tions was based on following principles:

—modeled system is considered as self-organized, respectively, the model
was also formulated as a model of blood circulation self-organization. Self-
organization means the ability of the model when the perturbations to change the
system parameters were such as, that the effect of perturbations was insignifi-
cant. At the same time, certain quality criteria should be minimized.

—the control in such systems should be carried out with the resolution of
conflict situations of various natures that appear.

We formulate the problem of system control (10), (11) as follows. It is necessary
to transmit the perturbed dynamical system (10), (11) into the multitude

qt.oz 'T_gio2 ol q‘t 02 ST+ 8?2
— < O,-p0)des—r0r————|
1 0.0,5 I (P, 0, — p,0,)dE 2 6.0,.5
M( ) q.l COZ.T_Sfoz <‘C0J:rf( CO CO )d§< ql COQ'T+8§:OZ (12)
1) = - = o7 + t. - : [}
n, CO,-k, CO,-8, o P T PR 500 Tk 0,5,
" < [ (p,N,—p,N,)de <),
with minimum of functional:
W+l o,
I= I Z[pl}\’l(Gt, 0, _%,.02)2 + szz(Gt,.Oz + (13)
T, 0=l

q, COz)2 +Psh, (Gz‘ Nz)z]dt )

where p,,p,,p, are coefficients that characterize the sensitivity of particular
organism to oxygen deficiency, excess of carbon dioxide, and increase of nitro-
gen concentration, respectively; A, are coefficients that reflect the functional
and morphological features of particular region.
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Restrictions are imposed on control parameters:

0<0 <0, i=lm. (14)

The multitude M (t) is a terminal multitude of states of the system, which

has a homeostatic property — gas stresses were set at certain level, the rates of
oxygen utilization and carbon dioxide removal corresponded to the rates of oxy-
gen utilization and carbon dioxide removal in all tissue regions of organism. In
this case, the moment of time t is precisely the moment at which this homeo-
static property of the system is manifested. Functional (13) is a quality criterion
of accepted law of control.

In this problem’s formulation of the process of gases mass transfer regulat-
ing, we can speak about the optimal choice of volumetric velocity of organism
blood circulation in relation to criterion (13). The accepted form of setting the
problem of control is consistent with the conceptual models that currently exist
in contemporary respiratory physiology. It is important to make sure that the set
of solutions to formulated problem is not empty. Also in [30] it was proved that
when the system (10), (11) is affected by constant perturbations ¢, O,, ¢, CO,,

2.0,, p,CO,, p,N, a number of constants Qi , i=l,_m, which satisfy (14)
will deduce the trajectories of the system in M (t) during finite period of time.

G =507, (15)

where ¢,y>0.

Let’s note that the formulation of the optimal control problem (10), (11),
(9), (12), (13) is such that gas homeostasis is understood as the relative con-
stancy of oxygen, carbon dioxide and nitrogen stresses. It consists on the com-
promise formation of corresponding homeostasis levels to the disturbance in
resolution of conflicts of both regional and systemic nature. The Fick ratio can
be used to calculate how much it is necessary to increase the volume of blood
circulation through the working skeletal muscles in order to maintain oxygen
tension in them at constant level. When comparing the calculated data with the
experimental ones, it was appeared that the first ones exceed the experimental
values significantly. According to the proposed model, this is due to ignoring the
nature of conflict that arises in organism between the groups of functioning tis-
sues and the heart muscle, which provides the necessary cardiac output. In fact,
such situations occur every time with the changes of organism living conditions.
An increase in muscle intensity requires corresponding increase in blood circula-
tion in muscles (otherwise there will be oxygen deficiency in the muscles) and it
can be achieved by changing the systemic circulation or its redistribution. In the
first case, the intensity of the heart muscle increases (because oxygen deficiency
arise in it), in the second — the decrease in blood circulation in tissue reservoirs
of other organs appears, which at a constant rate of oxygen consumption causes
hypoxia development in tissue. Thus, changing the conditions of external or
internal environment to maintain gas homeostasis in one muscle group requires
the blood circulation increase, which is contrary to the interests of other tissues,
because it causes oxygen deficiency. This conflict resolution is in finding a
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compromise, in which all tissues, on average, feel oxygen deficiency, and their
average oxygen tensions decrease. In the model, this is represented by introduc-
tion of heart muscle oxygen consumption rate dependence on the volumetric rate
of systemic circulation

Gy =007, (16)

where o,y > 0. The dependence of the rate of oxygen consumption in tissues of
brain, kidneys, liver is determined by Michaelis—Menten ratio

pz 02

q,0,(1)=¢; 0,—"—2—
’ 2k+pz02

: (17)

where k is Michaelis constant.
In skeletal muscles, including peripheral tissues, the oxygen consumption
rate is determined by the ratio

4,0,(0)=4" 02%, (18)

where ¢’ O, is a rate of oxygen consumption under normal environmental con-
ditions at known intensity of physical activity; n is the degree of saturation of
hemoglobin with oxygen in these conditions; n(t) is the degree of saturation of
hemoglobin with oxygen under altered experimental conditions.

AND ORO FOR THE SOLUTION OF APPLIED PROBLEMS

APPLICATION OF MATHEMATICAL MODELS OF FRS
IN MEDICINE AND PHYSIOLOGY

Estimation of cost-effectiveness and efficiency of ORO
maximal capabilities of the system

\ J
4 T\
Estimation and characterization of the degree
of hypoxia
\ J
e N

Selection of optimal ORO modes for
various perturbations

Application of researches on FRS model to control the
work of artificial heart
. J

4 T\
Selection of optimal ORO modes for deep-water dives and
hyperbaric oxygenation
\ J

Fig. 2. Application of mathematical models of respiratory system self-
organization for the solution of applied problems in medicine and physiology
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Application of mathematical models of functional respiratory
system for the analysis and correction of hypoxic states

Analysis of oxygen and carbon dioxide organism regimes o
statics models

1

Analysis of dynamics of pO, and pCO,

nisms to compensation of hypoxia

Analysis of organism adaptive reserves

Forecasting of FRS state under various disturbing actions

INNNI

’)
Estimation of contribution of individual biological mecha- ]

Fig. 3. Application of mathematical models of FRS for analysis and correction of hypoxic states

This model also permits the resolution of conflicts that arise between organism

subsystems, which provide hypercapnic, hyperazotic stimulation of respiration due to
the quality criterion in the form of criterion (13), which provides a compromise mini-
mization of inconsistencies in flows and utilization (release) of gases in tissues.
This approach to the problem of optimal control for the investigation of self-
organization process of the functional respiratory system in adaptation to extreme
disturbances has been widely used to solve practical problems in occupational medi-
cine and sports (Fig. 2). In particular, in the authors’ investigations with determining
the parameters of self-organization of mountain rescuers respiratory systems at mid-
term and short-term adaptation to hypoxic hypoxia [35] — [37], and athletes special-
ized in combat sports [38], [39]. Also, the proposed models could be used for the
analysis and correction of hypoxic states as well (Fig. 3).

CONCLUSIONS

The mathematical model of functional system self-organization, which is based
on the taking into account the conflict situation between the controlling and
executive organs of self-regulation is described in present article. The purposes
of the functioning, resource of control, criteria of effective self-organization are
defined in present study. This approach has made it possible to solve a number
of problems in occupational medicine and sports of the highest achievements,
related to the prediction of parameters of self-organization of respiratory and
blood circulatory systems in adaptation to extreme environmental disturbances.
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MATEMATUYHA MOJIEJIb KOH®JIIKTHO-KEPOBAHHMX ITPOLIECIB
ITP11 CAMOOPAHIZALII CUCTEMHU INXAHHA

Beryn. PisHomaniTHI miporiecy, siki BiIOyBalOTBCS B CEPEOBHILI, € KEPOBAHUMH, TOOTO iX cTaH
BHU3HAYAETHCS B 3QJIC)KHOCTI BiJl KOHKPETHOIO BILUIMBY CHCTEMH, 5IKa Kepye. BoHouac npupoiHuM €
HaMaraHHs BUOPATH ONTUMAIBHHN KEPYIOUHid BIUTMB, HAUKPAIIMI Y MOPIBHIHHI 3 IHITUMHA MOYIIH-
BUMU CIoco0aMu KepyBaHHs. Po3B’s30k HpoOieMu Mi3HAHHS IIpolecy caMoopraHizamii Iux
00’€KTIB KepYBaHHS Ma€ 3/iHCHIOBATHCS 3a JIOTIOMOTOI0 METOJIIiB MATEMATHYHOTO MOJICITFOBAHHS Ha
MPHKIIA]I TIepeOiry MpoIeciB y )KMBOMY OpraHi3Mi y pasi 3a0e3MeueHHs JOCSITHEHHS 3a/JaHHX LITCH.

Mertoro po6oTH € o0y 10Ba MaTeMaTHIHOT Mozieni (pyHKIIHHOT CHCTEMHU IMXaHHS ISl JOCIi-
JDKEHHST MEXaHI3MIB CaMOOpraHi3allii OpraHi3My JIFOIHU IPH eKCTPEMaIbHUX 30yPEHHSX.

Metomu. [Tporec TpaHCOpTy Ta MacOOOMiHY pecHipaTOpHHX ra3iB Ha iX IUIIXY B OpraHizMi
OIMHCYETHCS 32 JOMOMOTOF0 CHCTEMH 3BHYAHHX HETIHIHHUX TU(EpEeHIIHHIX PIBHSIHB.

Pe3yabTtaTu. Po3pobneHo mateMaTHuHy Mojeib (QYHKIIHHOI CHCTEMH AUXaHHS AN
JIOCITI/DKEHHST TIOTOYHOTO CTaHy Ta MPOTHO3YBaHHS IapaMeTpiB caMOOpraHizailii CHCTeMH
JUXaHHS [IPU aIanTallii 10 30ypro0YKX BILTHBIB 30BHIIIHBOTO Ta BHYTPIIIHEOTO CEPEIOBHILI,
sIKa TPYHTY€EThCS Ha 3aJ1adi ONTUMAJIBHOTO KEPYBaHHS 3 ypaxyBaHHSAM KOH(MIIKTHHX CUTya-
il MiXK KEpYIOUHMHU Ta BUKOHABYMMH OpPTraHaMHU CaMOpPETYJISIIIT.

BucHoBKHU. 3aIIpONIOHOBaHO MaTeMaTH4YHy Mozenb (yHKuiiiHOI camoopranizanii cuc-
TEMH JUXaHHS Ta KPOBOOOIry, sSiKa BpaXOBY€E B3aEMOJIII0 Ta B3a€MOBIUIMB (DYHKIIHHUX CHC-
TeM OpraHi3My, KOH(QIIKTHICTh CUTyallill MiX KepyIOUUMHU Ta BUKOHABUMMU OpraHaMU CaMo-
peryisilii, ska IPyHTYEThCS HA MPHITYHICHHI MO0 ONTHMAIBHOCTI PEryJslii KUCHEBHX
PEKUMIB OpraHizMy Ta JI03BOJISIE MPOTHO3YBAaTH MapaMeTpPH CaMOOpraHizalii OopraHizmy
JIOHU TIPU eKCTPEMAaNbHUX 30YpPIOIOYNX BIUIMBaX. MOJENb MOXXE BUSBHTHUCS KOPHCHOIO
JUISL PO3B’SI3Ky MPUKIIAJAHUX 3a/1a4 (Pi3i0JI0rii Ta MEAUIMHY.

Kniwouoei cnosa: ynxyiina cucmema ouxanns, Kepoeana OUHAMIYHA cucmemd, CAMOOP2aHi-
3ayia cucmemu OuxamHs, 30yproloyull BNIUG cepedosuLyd.
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DETERMINATION OF INFLUENGE PARAMETERS
OF HIGH FREQUENCY CURRENT ON LIVING TISSUES

Introduction. High-frequency electric welding of biological tissues is an effective method of
treatment in surgery. This is an electrosurgical method that minimizes the possibility of the
destructive effect of electric current on soft living tissues. The welding method is widely used in
general surgery for joining soft tissues where a weld is created when a high frequency electric
current is passed through the tissue. With this method, it is possible to carry out serious opera-
tions, such as welding of liver tissue, retina, resection of tumor tissue and many other opera-
tions. For operations in surgery, it is important to know the optimal parameters of HF-welding,
such as welding temperature, mechanical stress on tissues, welding time and voltage.

The purpose of the paper is to determinatethe optimal conditions for high-frequency
welding of living tissues, such as welding temperature, mechanical stress on tissues, welding
time and voltage. To determine these parameters, the liver tissue fusion was simulated in the
Sinda and Comsol software.

Results. As a result of modeling and research, model dependencies were obtained that deter-
mine the optimal parameters of high-frequency welding for performing surgical operations for resec-
tion and welding of liver tissue. In the place of direct contact of the electrodes with the tissue, the
temperature does not exceed +70 ° C, and at a distance of 2 mm in the adjacent tissues does not
exceed +50 ° C, which provides a tissue-preserving electrosurgical effect.

© DANILOVA V.A., SHLYKOV V.V., DUBKO A.G.,2021
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Conclusions. The studies have shown that mathematical modeling of heating biological
tissue by a split electrode, through which a high-frequency current passes, practically coin-
cides with a real experiment. The optimal conditions for high-frequency welding of living
tissues obtained as a result of modeling, such as welding temperature and welding time make
it possible to reduce the recovery period after applying the HF-welding method by choosing
the optimal coagulation modes.

Keywords: welding of biological tissues, mathematical modeling, temperature, liver, surgery,
modeling in Sinda, modeling in Comsol.

INTRODUCTION

The use of welding of living tissue for hemostasis in surgical operations reduces
blood loss, cost and time of surgery [1-3]. The use of live tissue fusion for hemo-
stasis in surgical procedures reduces blood loss, cost and time of surgery. For
hemostasis, bipolar forceps and clamps are used. Monopolar electrodes are used
for welding and hemostasis in ophthalmology. Instruments with split electrodes
are used for bloodless tissue cutting, hemostasis of the surface of wounds, and in
thoracic surgery. With the help of special clamps with narrow electrodes and
welding modes, bloodless tissue cutting is possible with simultaneous hemostasis
and an increase in the ablasticity of the surgical operation.

The voltage and duration of welding are automatically changed depending
on the condition and thickness of the fabric, the degree of contamination of the
electrodes and the force of their compression. The relative impedance value is
used as information about the state of the tissue Z. At the start of welding, the
impedance drops to the Z,,;, value due to heating of the fluid in the tissue, and
then begins to rise due to protein coagulation and tissue drying. The high-
frequency welding control system by regulating the voltage stabilizes the imped-
ance at the level (1,3-1,5)*Z;, (Fig. 1) [4].

vv
Z, Om

100 +

50 -

Fig. 1. The dependence of voltage and impedance Z,,;, with
automatic control of welding: #, %, #; — high-frequency
heating stages relative to impedance value.

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. Ne 3 (205) 7



Danilova V.A., Shiykov V.V., Dubko A.G.

The operating modes of electro-welding exposure in the physiological range,
worked out in the course of many years of clinical practice, made it possible to register
structural events at the molecular and nanostructural levels. In particular, it was shown
that during high-frequency welding, more labile globular proteins undergo thermal
denaturation: an increase in temperature causes a structural transition of the "globule-
coil" type, resulting in the formation of glue-like substances. The advantage of the
method of high-frequency (HF) welding of living tissues is that it is possible to avoid
the presence of foreign material and problems of immune incompatibility [5].

PROBLEM STATEMENT

On the basis of the obtained experimental and clinical data [1-5], the ability of tissue
exposed to high-frequency welding to maintain its viability, restore physiological prop-
erties and functions through regeneration processes has been demonstrated.

In the study [5], it was shown that when an electric current passes through
the tissue between the electrodes, the temperature of the tissue in the center of the
welded joint rapidly rises to a temperature 60—70°C coagulation of proteins and
denaturation of cells, and then, after turning off the current, the temperature
gradually decreases exponentially to the initial values 15-20°C (Fig. 2).

To find the optimal conditions for HF-welding of living tissue, it is impor-
tant to know the optimum welding parameters such as welding temperature, me-
chanical stress on tissue, welding time and voltage. To determine these parame-
ters, the welding of biological tissues was simulated in special software. The
simulation was carried out by the finite element method in the Sinda and Comsol
software environments. [6, 7].

To simulate the welding of biological tissues, the real values of biological
tissues (Young's modulus, Poisson's ratio) and electrode characteristics (material,
electrical and thermal conductivity) were used. After the selection of materials,
research was carried out. In the model, the current was transmitted through bio-
logical tissue when the electrode interacted with the tissue. A certain pressing
force was applied to the electrode. To find the optimal welding parameters during
the experiment, a constant value of the force applied to the electrode, the welding
time and the electric voltage were set. The safe welding temperature is 60—90°C.

} —— Temperature ford =4 mm
70,00
—@— Temperature ford = 2 mm
O 60,00 \ )
@ 50,00 \
g N.
S 40,00 I
: hee
30,00 Ras
g
= 20,00
10,00

HHHHHHHHHHHHH

Fig. 2. Temperature change in muscle tissue with a thickness
of 2 mm and 4 mm during HF-welding and cooling relative
to the initial temperature 15°C.
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To find the optimal temperature, a sample of the study parameters was car-
ried out. As a result, model dependencies were obtained that can determine the
optimal parameters of HF-welding.

THE PURPOSE STUDY

A model of welding in liver tissues was built in the environment of Sinda and
Comsol. For welding it is necessary to find safe conditions of welding process
and to define optimum parameters. Thanks to the Sinda and Comsol software, it
is possible to perform experiments without the use of clinical experiments.

The study of the optimal parameters of HF-welding of living tissues will al-
low surgery in the future to non-invasively control the temperature of nearby
tissues and determine the quality of the weld.

The purpose of the paper is to determinatethe optimal conditions for high-
frequency welding of living tissues, such as welding temperature, mechanical
stress on tissues, welding time and voltage. To determine these parameters, the
liver tissue fusion was simulated in the Sinda and Comsol software.

METHODS AND MEASURES OF THE RESEARCH

Liver tissue temperatures during high frequency welding are measured using a
thermograph FLIR ThermaCAM E300, which has temperature sensitivity 0,1°C
and measurement error +1% of the measurement range. The technical capabilities
of the thermograph allow to determine the minimum temperature difference be-
tween the nearby tissues from 0,5°C to 10°C.

Finite element modeling was performed in the Sinda and Comsol programs.
The maximum welding temperature is 90 °C. To simulate the process of high-
frequency welding, a constant value of the application of force to the electrode,
the welding time and the electrical voltage between the electrodes are set.

To determine the optimal temperature of high-frequency welding of liver muscle
tissue, the study parameters (current in the electrode, voltage, tissue temperature) were
selected, which allows to determine the optimal welding parameters.

RESEARCH OF TEMPERATURE GRADIENTS ON THE LIVER SURFACE

For high-frequency welding of tissues in research and execution model used a bipolar
electrosurgical instrument with a split electrode (Fig. 3), which allows to destroy the
muscle tissue of the liver with an electric current while stopping bleeding.

Fig. 3. A bipolar electrosurgical instrument with a split electrode
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a

/=

Fig. 4. Research block diagram

The block diagram of the studies performed is shown in Fig. 4. And it con-
sists of 1 — power supply EKVZ-300 "Patonmed", 2 — bipolar electrosurgical
instrument with a split electrode, 3 — research object (biological tissue), 4 —
infrared radiation, 5 — thermographic system based on the thermal imager
ThermaCAM E300, 6 — personal computer with specialized software.

During the research, the coagulation mode was used at 75% of the power of
the EKVZ-300 apparatus. The object of research is the temperature change in
tissues isolated porcine liver (Fig.5).

Non-invasive temperature control in liver tissues was performed with a
thermograph ThermaCAM E300 in the mode of ablation by high-frequency cur-
rent using the EKVZ-300 "Patonmed" apparatus. The temperature of the tissues
between the electrodes was measured using a thermography system. The spectral
range of the infrared thermograph was from 7.5um to 13 um. The distance be-
tween the object and the lens of the thermograph was from 0.1 m to 1 m. The
temperature measurement error was no more than +2% in the temperature meas-
uring range from 0°C to 80°C, temperature sensitivity of the thermograph 0,1°C.

The change in the temperature of liver tissue with a thickness of up to 4 mm in
the center of application of the split electrode and in the area of nearby tissues (with a
radius of up to 2 mm) during high-frequency welding is shown in Figure 7.

The input data for modeling the process of heating and cooling the tissues of
the isolated liver in the process of high-frequency heating are the temperature
data measured with a thermal imager with a time interval of 1 s (Fig. 6).

Obviously, the cooling process of the tissues of the isolated liver after high-
frequency welding has an exponential relationship, and thus the estimated time
for re-ablation of a tissue site can be determined from the expression:

At=3,14-T, (1

where T < 1 is a time of high-frequency welding of a tissue section, sec.
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Fig. 5. Object of research: a) pork liver with an installed split
electrode, b) pork liver in the infrared spectrum.

f)

Fig. 6. Pork liver in the infrared spectrum during HF-welding:
temperature data with a time interval of 1 s.
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Fig. 7. Change in liver tissue temperature: a) in the center of application of the
split electrode, b) in the area of nearby tissues with a radius of up to 2 mm.
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a)
Fig. 8. Model of high-frequency welding in the Comsol environment for different
types of electrodes: a) model with a closed electrode, b) model with a split electrode.

In the implemented model of the high-frequency welding process, a constant
value of the application of force to the electrode, the welding time and the elec-
tric voltage between the electrodes were set. The model in the Comsol environ-
ment is built for two types of electrodes: a model with a closed electrode and a
model with a split electrode (Fig. 8).

The distribution of high-frequency current in the electrodes of electrosurgical in-
struments has been shown in previous studies [8, 9]. Mathematical modeling of the
stationary distribution of temperature fields in a two-phase medium (electrode —
biological tissue) at a frequency of 440 kHz is considered in detail [10]. The pre-
sented model makes it possible to study the non-stationary distribution of the tem-
perature field using an infrared thermograph, with a tissue-preserving technology of
welding biological tissues.
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The temperature distribution in the material is described by the thermal con-
ductivity equation, which has the form:

CQZJNWTFQ, )
ot

where p is a density; C is a specific heat; k is a coefficient of thermal conductivity;
p is a nabla operator; Q is a heating source distribution function; 7' is a temperature;
¢ is a time.

To solve this problem of heat transfer, first of all, it is necessary to solve the elec-
tromagnetic problem and, as a result, find Q — distribution function of heating sources.

From Maxwell's equations [11] follows an equation that describes electro-
magnetic processes in conducting media.

_v[iVEjJr(_ja)a- a)ze)E =0, 3)
Y7,
where E is a electric field strength; u is a magnetic permeability of a conductive
medium,; j is a imaginary unit; o is a angular frequency; o is a specific conductiv-
ity; € is a dielectric constant of the conducting medium.

Equation (2) makes it possible to determine the electric field strength £ and
the distribution of heating sources Q when a high-frequency current flows in
conducting media:

0=cF. 4)

In clinical practice, in order for the restoration of the physiological functions
of an organ to proceed quickly enough and not to entail complications, the ther-
mal input should be minimal, but sufficient for the formation of a high-quality
compound [12].

RESULTS OF MODELING FOR HIGH-FREQUENCY HEATING OF TISSUES

To solve the differential equation of heat conduction in the MSC Sinda system,
the thermal network method is used (TNM — Thermal Network Method) [13],
wherein the thermal conductivity of the system of equations is represented as a
cell — centered nodes and resistances between the nodes using the method of
finite differences (Fig. 9).

Application of the TNM method to the heat equation gives the following
discrete form of the equation [14]:

e ic (T‘T)JFiR (T'-T" |, i=L..N (s
at (m o c)i = i,j J i ~ i,] j i Py geeesy ( )

where (m - ¢);is a node capacity in the / is a node, NV is the total number of diffusion
nodes of the network, R ; ; is athermal radiation from the resistance between the nodes i
andj,C; ; is the capacity of the linear conductor between the nodes i and;.
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The MSC Sinda system allows to perform thermal analysis of the model and
all types of heat transfer: thermal conductivity, free or forced convection, advec-
tion, radiation, as well as to take into account such effects as ablation and thermal
contact between nearby tissue layers (Fig. 10).

In high-frequency welding of liver tissues, more labile globular proteins un-
dergo thermal denaturation — an increase in temperature causes a structural tran-
sition, as a result of which adhesive-like substances are formed.

The course of thermal denaturation processes depends on the temperature
distribution in the depth of the fabric, which can be determined from the results
of modeling high-frequency welding in Comsol (Fig. 11).

In the model, the heat transfer coefficient for free convection in the surface
layer of the fabric corresponds to the natural model of laminar flow convection
(ID =701 for Convection Correlation Lib MSC Sinda) through the surface of the
object of study with a characteristic length.

As a result, the nature of the process of heating the surface layer of liver
tissue during high-frequency welding has the form shown in Figure 12.

Node 1| Node2 | Node3 Noded | Node§

ANV — g — A

I
)
L]
11
il
e,
o
11
1)
J-(—)
1}
L
m(—“

Fig. 9. Thermal RC-network based on the equivalent electrical circuit:
Node — network nodes,
R — resistances equivalent to thermal radiation,
C — capacity equivalent to thermal conductivity between network nodes.

78 ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. Ne 3 (205)



Determination of Influence Parameters of High Frequency Current on Living Tissues
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Fig. 10. Model of high-frequency welding process in MSC Sinda system
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Fig. 11. Model of temperature distribution in tissue in Comsol: a) after 1.0 s. at
a temperature of +70° C on the surface, b) after 6.0 s. at a temperature of +70 °C
at a depth of 4 mm.
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Fig. 12. The nature of the process of heating the surface layer of the
fabric during high-frequency welding: a) on the surface, b) at a depth

of 4 mm.
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Fig. 13. Temperature change in liver tissue based on Comsol models for
temperature distribution in the field of application of the welding electrode:
a) monopolar electrode, b) split electrode.

The dynamics of the change in the temperature of the liver tissue, obtained on the
basis of the model of temperature distribution in the software Comsol in the field of
application of the monopolar and split electrode for the high-frequency welding process
is presented in Figure 13.In the place of direct contact of the electrodes with the tissue,
the temperature does not exceed +70°C, and at a distance of 2 mm in the adjacent tis-
sues does not exceed +50°C, which provides a tissue-preserving electrosurgical effect.

At high-frequency welding of living tissues both by a monopolar electrode,
and the split electrode full sealing of connection of fabric (weld) and asepsis of
an operating field due to bloodless cutting and welding by high-frequency cur-
rent, preservation of a hemostasis of a wound surface is provided.

The parameters of the welding mode are set and maintained based on the re-
sults of identification of the type of fabric, its condition etc. As a result of the use
of coagulation modes, in this study mode 1-100% power and mode 3-50%
power, the optimal effect of HF-current on the operated tissue is achieved, which
ultimately leads to a high quality connection.
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CONCLUSIONS

Thus, the study of non-stationary temperature field distribution using an infrared ther-
mograph is an effective example of the use of tissue-preserving HF-technology —
welding of biological tissues in surgery.

The results of modeling the temperature distribution during electrosurgical
exposure for the gentle mode of high-frequency heating of the liver tissue coin-
cide with the experimental results and show that the maximum temperature at the
place of direct contact of the electrodes with the tissue does not exceed +70°C,
and at a distance of 2 mm in the adjacent tissues does not exceed +50°C. The
temperatures reached in the process of high-frequency heating exclude overco-
agulation (overheating) of tissues, which provides a tissue-preserving electrosur-
gical effect on soft biological tissues.

Studies have shown that the mathematical modeling of the heating of bio-
logical tissue by a split electrode, through which a high-frequency current passes,
practically coincides with a real experiment. This approach will further allow the
development of new electrosurgical instruments for specific surgical operations
on different types of tissues.

The proposed method of non-invasive temperature control of soft biological
tissues allows increasing the efficiency of treatment of surgical patients by de-
termining the optimal parameters of high-frequency welding based on modeling
of heat transfer processes during welding of living tissues.

The optimal conditions for high-frequency welding of living tissues, such as weld-
ing temperature, welding time and stress, obtained as a result of thermographic studies
and modeling, allow reducing the recovery period after the application of the high-
frequency welding method by choosing the optimal coagulation regimes.
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BU3HAYEHHA ITAPAMETPIB BIUIMBY
BHUCOKOYACTOHOI'O CTPYMYVY HA XKMBI TKAHWHHA

Beryn. Bucoko4acToTHe €1eKTpO3BapiOBaHHs OiOJNOTTYHUX TKAHUH € e(hEeKTHBHIM METOIOM
JiKyBaHHS B Xipyprii. Lle MeToa enekTpoXipypridHoro BIUIMBY, SKAH MiHIMI3y€ MOIIHUBICTD
PYHHIBHOI i1 €JIEKTPUYHOTO CTPYMY Ha M’SIKi MBI TKaHWHH. MeTO/ 3BaplOBaHHS IIHPOKO
BUKOPHUCTOBYETHCS B 3arajibHiil Xipyprii s 3’€IHaHHS M SKAX TKaHWH, KOJIM 3BapCHUH II0B
BUHUKA€E IIPU MPOXOHKEHHI EJIEKTPHYHOTO CTPYMY BHCOKOI YacTOTH uyepe3 TKaHHHY. 3a J0-
MOMOTOI0 I[LOT'O METOJYy MOKHa TMPOBOJUTH CEPHO3HI Omepallii, Taki sIK 3BaplOBaHHS TKAaHUH
HEYiHKHU, CITKIBKH, Pe3eKLis MIyXJMHHOI TKaHUHM i OaraTo iHImMX omepauiil. [ng onepariii B
Xipypril BaKJIUBUM € 3HAHHS ONTUMAaJbHUX MapaMeTpiB BU-3BapioBaHHs, TAKHUX SIK TeMIIepa-
Typa 3BapIOBaHHs, MCXaHIYHE HABaHTa)KCHHS HA TKAHWHH, Yac 3BapIOBaHH i Hampyra.

MeTo10 CTATTi € BH3HAUCHHS ONTUMAJIBHUX YMOB JUISI BHCOKOYACTOTHOTO 3BapIOBaHHS
JKMBUX TKAaHWH, TaKHX K TEMIIepaTypa 3BaplOBaHHs, MEXaHIYHE HABAHTAXKCHHsS Ha TKAHWHH,
Yac 3BapIoBaHH 1 Harpyra. {Jsi BU3HaYSHHs X IapaMeTpiB OyJio IPOBENSHO MOETIOBAHHS
3BapIOBaHHs TKaHWH IEYiHKH B TIporpaMHoMy 3a0e3nedenHi Sinda i Comsol.

PesyabTaTu. B pe3ynbTari MOJIENIOBaHHS 1 JOCHIHKEHb OyJIM OTPUMAaHI MOJIENIBHI 3a-
JIEXKHOCTI, SIKI BU3HAYAIOTh ONTHUMAJbHI IMapaMeTpH BHCOKOYACTOTHOTO 3BapIOBAHHS M
BUKOHAHHS XIpYPriYHHX OMepalliil 1Mo pe3eKkiii Ta 3BaplOBaHHS TKAHWH MEYiHKU. Y Micli
6e3nocepeHbOr0 KOHTAKTy €IEeKTPOJIiB 3 TKAHUHOIO TeMIlepaTypa He nepesuinye +70°C, i Ha
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BiJICTaHI 2 MM B JTOBKOJIMIIIHIX TKaHWHAX He nepeBuirye +50°C, mo 3abe3nedye HeTpaBMaTH-
YHHI eNIEKTPOXIpypriuHUiA BIUIMB.

BucHoBku. J[ocnipKeHHS TIOKa3alH, 1[0 MaTeMaTHYHE MOJICIIIOBAHHS HArpiBy 0i0Jori-
YHOI TKAHMHH PO3ILICIUICHUM EIEKTPOJOM, Yepe3 sIKHil MPOXOAUTh CTPYM BHCOKOI 4acTOTH,
MPaKTUYHO 30iraeThCsi 3 peaibHUM eKcriepuMeHToM. OTpUMaHi B pe3ysbTaTi MOJACTIOBAHHS
ONITHMAJTBbHI YMOBH JJIsl BUCOKOYACTOTHOTO 3BAPIOBAHHS KMBUX TKAHUH, TaKi K TEMIEPaTypa
3BapIOBaHHS 1 9ac 3BapIOBaHHS, MO3BOJSIOTH 3MEHIIMTH BiHOBHHUH TEpioJ MiCis 3aCTOCY-
BaHHs MeToly BU-3BaproBaHHS 32 paxyHOK BHOOPY ONTHMAIIBHOTO PEXUMY KOAryJIsiii.

Kniouosi cnosa: 36aprogans 0iono2iuHuX MKAHUH, MAMEMAMUYHE MOOCIIOGAHHS, meMnepa-
mypa, neuinka, Xipypeis, mooentoants ¢ Sinda, mooenosanns 6 Comsol.
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M-HEALTH TEXHONOTIA ANA NPOTHO3YBAHHA CTAHY NIOAUHK
B EKCTPEMANbHUX YMOBAX CEPEJOBMLLIA

Bcemyn. J{o 3acobie mobinbHoi meduyunu (m-health), saxi cmpivko po3eusacmucs, Hanexcans MoOibHi
meneghoHU, NPUCMPOT CNOCMEPEIHCEHHsL 3a NAYIEHMAMY, NePCOHATLHI YUPPOBI NOMIYHUKY MA THUL
6e30pomosi npUcmpoi’ st BIOCMeNCeHHsL NeBHUX OAHUX, HANPUKTIAO, PI6Hs I3UUHOT NI020MO6Ku, Yac-
mMomu nyvbcy, 003y8anHs JiKi , yuxie chy mowjo. Lle donomazae nayicnmam KOHMpOMIO8Amu c80€
30008 5, WO BAICIUBO Uepe3 HeCAayy MeOudHUX npayisnuxie. Ilpucmpoi’ ma sacmocymxu donomaza-
0Mb HA0ABAHAM MEOUYHUX NOCTYe OUCHAHYILIHO 30Upamu OaHi npo nayicHmie. AKmyanbHum 3acobom
OpIEHMOBAHOI HA 0COOY MEOUYUHU € CIBOPIOBAHI KOMOIHOBAHT THPOPMAYILIHO-KOMN TOMEPHI cucme-
M, SIKI HAOAIONT> MOXNCTUBICIb NAYIEHMAM CAMOCMITIHO KOHMPOTIOBAMU JHCUMIMEBD 6AICTUGE NOKA3-
HUKU GIACHO20 300p08’s, a JKapam — GiOCMed Cyeami Cmar 300p08 s NayieHmie 3a i00a1eH020
odocmyny ma aHanizyeamu pesyibimamu CnoCmepedtcerHs 3a 00NOMO2U MOOLTbHUX 30CMOCYHKIG Ol
CBOEUACHO20 MA eheKMUBHO20 KOPe2YBaHHs JIKYBATbHUX | NPOPINaKmutHux 3ax00i6.

Memoro pobomu ¢ pospobienns m-health mexnonoaii 0ns OYiHIOBAHHS PUSUKY NOIPULEHHS
300p08’s1 IOOUHU 8 eKCIMPEeMATIbHUX YMOB8ax cepedosuwyd. s yb0o2o po3pobieHo KoM 1omepHull
MOOYIb GU3HAYEHHSL BNIUGY HABKOTUUIHBO2O CEPeOOSUIIA HA MENI0BULL CIAH TTOOUHU.

Pesynomamu. Pospobneno m-health mexnonozito onsi npoeHo3y cmamy J0OUHU 8 eKChi-
PEMATbHUX YMOBAX CEPeVOsUYd, OCHOBY SIKOT CIAHOGUMb KOMNIEKC MAMeMaAmUuyHUX Mooe-
netl  mepmopeynayii  MoOuHU, AKUL O0AE€ MOICTUBICIb BUSHAUUMU HUSKY BANCTUBUX
Qizionociunux napamempis. Texnonoeia epaxogye nonad 490 nokazuuxie 1o0uHu ma cepe-
dosuwa, cepeod AKUX: aHMPONOMEempPUYHi 0aHi, aHamomiuHi napamempu, 6ioQI3UUHI Xapax-
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M-Health mexuonoeisa 015 npocHo3y8anHs 300P08 ‘s IHOOUHU 8 EKCIPEMATILHUX YMOBAX Cepedosuyd

mepucmuxy, 0a306i @i3ioN02IuHI Xapakmepucmuxy, adanmayitiii e1acmugocmi HOUHU,
Xapaxmepucmuxu cepe0oguua ma mpusanicms nepebysanis 100Ut y 6UOPAHUX YMOBAX.

Bucnoeku. Buxopucmahis KOMIIEKCHO20 MemOOy MOOENI08ANHS 8 NOCOHAHNI 13 cyyac-
HUMU KOMN TOMePHUMU MEXHONOSIAMU 0aE 3M02y OOCTIOUMU npoyecu menioooMiny Midc
JIOOUHOIO MA  cepedosUneM, 8paxo8yoyU Oesliy pe2yIsimoprHux peaxkyii ma @izionociunux
npoyecis. OchosHe 3a80anis po3podnenoi m-health mexnonozii 0 npoenozy cmamy i0OUHU
8 eKCMpeManbHux ymMoeax — 3anobiemu ypas)ceHuio 300po8 s NI0OUHU 8 eKCHPeMAalbHUX
YMO8aAxX cepedosuwa 3d QizuuH020 HABAHMANCEHHA. 3ACMOCYHOK 0d€ 3MO2Y NPOSHO3Y8AmU
OUHAMIKY mepMope2yIsmOPHUX (i3ion02iuHUX peakyitl To0uHU 3a cneku. Mobinbnuil 3acmo-
CYHOK 8UOAE BUCHOBOK NPO Hebesneky abo 6e3neKky GUKOHAHHS NIAHO8AHO20 (DI3UUHO20 Ha-
BAHMAICEHHS 34 3A0AHUX YMOB CePedOsULYd.

Knrwouogi cnosa: mooentoganms, Komn 1omepHuti MoOyab, eKCMpemManoHull 6Naus, HA8KOIUI-
HE cepedosuye.

BCTYR

Jlo Mobile health (m-health), mo crpiMko po3BHUBaeTHCS, HAJIGKATh MOOUTBHI TeJle-
(hoHH, TIPUCTPOI CHOCTEPEKEHHS 32 TAIliEHTaMH, TIEPCOHAIIBHI IM(POBI TOMIYHUKH
Ta iHII OEe3APOTOBI MPUCTPOI BIACTEKEHHS IEBHUX JAaHuX [ 1], Hanpuknan, piBas ¢i-
3MYHOI MIJITOTOBKH, YacTOTH IIyJIbCy, JIO3yBaHHS JIKiB, LHUKIIB CHY [2] TOIIO.
Ile nmomomarae marmieHTaM KOHTPOJIOBATH CBOE 3/I0POB’Sl, IO BAKIMBO IPU BCE
OLTBIIIN HecTaul MeTUYHMX MpamiBHUKIB. [IpucTpoi Ta 3aCTOCYHKH JOIIOMAraroTh
HaJaBayaM MEIWYHMX MOCIYT MPOBOAUTH BipTyallbHi BiJBiAyBaHHA/3ycCTpiui i 30upa-
TH JIaHi PO TMAIIEHTIB.

Po3po0HUKH TTPOTIOHYIOTH BENUKY KiTBKICTh MEIWYHUX TaKETIB Ta MOOi-
JBHUX 3aCTOCYHKIB ISl BUMIPIOBaHHs OKpeMHX (i3i0JOTiuyHUX Ta BepOaIbHUX
MOKA3HUKIB, SIKi XapakTepU3yIOTh CTaH 3/0pOB’s JroanHu: nyibe (Instant Heart
Rate, Runtastic Heart Rate Monitor), aptepianpuuii THck (Blood Pressure
Monitor), piBeHb TTFOKO3U B KPOBi, CITIPOMETPUYHI TOKa3HUKH, SKICTh CIYXY Ta
30py ToIo [3—4]. 32 7OMOMOro MOOLITBHHUX 3aCO0IB TaKOXK MOXHA BH3HAYATH
eMoUiitHui cTaH MoauHU Ta piBeHb crpecy (Stress Check); konTpomtoBaru ¢i-
3uYHy akTUBHICTH (Googlefit, moves) Ta KUIBKICTh CHAICHUX Kajopii; (a3u Ta
axicth cHy (Sleep Time) Tomo [1-5].

AKTyalbHUMH 3aco0aMH Opi€HTOBAaHOI Ha 0CO0Y MEIHMLIMHK € CTBOPIOBaHI KOM-
OiHOBaHI iH(OPMAITIHHO-KOMIT FOTEPHI CUCTEMH, SIKi HAJIAI0Th MOYKJIUBICTh MAIllEHTaM
CaMOCTIMHO KOHTPOITIOBATH KUTTEBO BKJIMBI TIOKA3HUKH BJIIACHOTO 3IIOPOB’S, a Ji-
KapsiM — BIJICTE)KYBaTH CTaH 3/I0POB’S MAIEHTIB y PEKUMI BiIIAICHOTO IOCTYITy Ta
AHAJI3yBaTH PE3yJbTaTH CIIOCTEPEKEHHS 3a JOIMOMOrOI0 CHEHiaTbHUX MOOIUTBHHX
3aCTOCYHKIB /IS CBOEYACHOTO Ta €(peKTHBHOTO KOPETryBaHHS JIIKYBAILHUX Ta TIPOQi-
JIAKTAYHUX 33aXO0/iB [6].

Jlo kateropii m-health 3acTocyHKiB Tako)k HanexaTh OararormapamMeTpuyHi CHC-
TEMH MOHITOPUHIY, HOCHUMIi, TKaHEBI Ta IMILIAaHTOBAaHI CEHCOPH >KHTTEBOBAKIIMBUX
TTOKA3HUKIB 3I0pOB’sI, CHCTEMH EKCIIPeCc-aHasIi3y, 3aCTOCYHKH KOHTPOJIO BYKUBAHHSI
JIKiB, CHCTEMH TPEHIHTY I cTa0iTi3alii eMOMiitHOTO CTaHy, MOKPAIIeHHS KOTHITHB-
HHX (YHKLIH Ta npane3aaTHOCTL. AKTHBHO PO3POOJISIIOTH CUCTEMH BiIIaIeHOTO KOH-
TPOJIFO Ta MIATPUMKH Y pa3i XpoHIuHMX 3axBoproBaHb (Care Innovations, Visi Mobile,
hWear (EKT'), SugarSenz (iabeT) To1I110).

Ha ocHoBi aHani3y GyHKIIHHMX 1 aHAIITHYHAX MOMJIMBOCTEH CYy4acHHUX 3a-
co0iB BUMIpIOBaHHS Ta OLIHIOBaHHS ICHUX0}i3i0J0riuHNX (YHKLIH 32 10MOMO-
TOI0 MEIWYHUX CEHCOPIB, TaJKETiB 1 MOOLIBHUX 3aCTOCYHKIB JJIsI cMapT(OHIB
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pO3po0iieHa KOHLENis CTBOPEHHS iHHOBaliiHOi MOOUIBHOT iH(pOopMaLiiHOiI cu-
CTEMH 31 3BOPOTHUM 3B’SI3KOM Ha 0a3i iHTEIEKTYalbHOTO MOOIJILHOTO HaBiraTo-
pa 3 CepBICHOIO IIATGOPMOIO TPUBAIOTO CIIOCTEPEIKEHHS, aHANI3y 1 KOpPEeKIil
IHTEerpaNbHUX MOKA3HUKIB (QI3HYHOTO 3I0POB’S JIIOJICH, a TAKOXK METOMH 11 mpak-
TUYHOI TeXHIYHOT peamizamii st cuctem 3 OC Android [7-8].

Ha ocHOBI 3ampornoHoBaHOT KOHIIETILIii PO3PO0ICHO MOMIYJIbHY CTPYKTYpY, aJIro-
pUTMIUHY 0a3y Ta IporpamHe 3abe3neyueHHs] IHHOBAIIHOT MOOLUTHHOT iH(OpPMAITIHHOT
cuctemu. [HopMartiiiHO-aHATIITHYHA CUCTEMA MICTUTh MEJIIYHI Ta/PKETH, MOOLTHHUIA
HAaBIraTop, CepBICHY IUIaTPOpMy Ta KOMIUICKC TECTOBHX IIPOrpaM, sIKi Jat0Th 3MOTY
KOPHCTYBa4aM OLIIHUTH IXHI OCHOBHI (Di310JIOTIUHI Ta MEHTaJIbHI TIOKa3HHUKH, & TAKOXK
BU3HAYWUTH KOPEJLAIIO IMOKA3HUKIB 3 TAKMMH (DaKTOpaMH, K TPUBAIICTE CHY, (Pi3nd-
Ha aKTHBHICTh, XapUOBi 3BHYKH, aJICKBATHE HACHYCHHSI Tijla KUCHEM HA OCHOBI €JICKT-
POHHOTO IIOJICHHHUKA, CTBOPEHOT0 y CMapT(]OHi.

MeTorw podotu € po3podienHs m-health TexHOMOTIT /1 OLIHIOBAHHS PH-
3WKY TOTIpIICHHS 370pOB’S JIOJAWHU B EKCTPEMallbHHX YMOBaxX CEepeIOBHIIA.
Jlng 1poro po3po0ieHO KOMIT IOTEPHUM MOIYyJh BH3HAYCHHS BIUIMBY CEpeso-
BUII[A HA TCIUIOBHI CTaH JIFOAMHU.

INDOPMAUIAHA TEXHONOTIA

O0’eTHAHHST MOMKIIMBOCTEH KOMILTEKCY MAaTeMaTUYHUX MOJENel TepMOpEryIIslii JIro-
JIMHHM 1 CyYaCHUX 3ac001B MOOLILHOT METUIIMHH A€ 3MOTY PO3POOKTH YHIKaIbHY iH(O-
PMalliiiHy TEXHOJIOT10 IPOrHO3YBaHHSI CTaHY JIIOIMHH 32 Pi3HUX YMOB CEpPEIOBHIIIA.

3anpornoroBaHa iHGOpMAaIliifHa TEXHOJIOTIS HaJae HOBI MOMIIMBOCTI JJIS ITi-
JOTPUMAHHS 3I0POBOTO CIIOCOOY JKUTTS, OCKUIBKH J]a€ 3MOTY BUSIBUTH 1 morepe-
TUTH (GaKTOPH PU3HKY IS TOTIPIISHHAS 30POB’S JIOJAWHU, KA 3HAXOIUTHC YU
ONMHUJIACS B EKCTPEMAJIbHAX YMOBaX CEpelIOBUIIA.

Pe3ynbTaTi pOrHO3yBaHHS MOKHA BHKOPMCTAaTH Uil PO3B’SI3aHHS 3aBJaHb,
OB’ SI3aHUX 3 MATPUMAHHSIM 3I0OPOBOTO CITOCOO0Y JKUTTS, MEPEBIPKOIO OE3MEeKH
YMOB HaBKOJIMIIIHBOTO CEPEIOBHUINA, PO3PAXyHKY dacy Oe3rneuHoro mnepeOyBaHHS
JIFOIMHH B EKCTPEMAITbHAX YMOBAX, MO0y OMATY 1 3aXUCHOTO CHOPSKEHHS, OIli-
HIOBaHHS PE3ePBHUX MOKIIMBOCTEH OpraHi3My 3a (i3MYHMX HaBaHTAXKEHb BHCOKOI
IHTEHCHBHOCTI Ta OpraHi3alii miAroTOBUOro eTamy TPeHYBaHb CIIOPTCMEHIB.

KuieHT-cepBepHa apxiTekTypa. ApXITeKTypa IHTEICKTyaIbHOI iH(OpMaIIii-
HOI TEXHOJIOTIT Ma€e KITIEHT-CEPBEPHE PIllICHHsI, sSKe Tepeadayae qOCTyN KOPUCTYBa-
YiB 32 JIOTIOMOTOI0 3aCTOCYHKY Ha cMapT(oHi 0 KOMIUIEKCY MaTeMaTHIHIX MOJe-
JIeH, IIEHTPaTi30BaHO1 0a3W JaHUX 1 IIEHTPATi30BaHOTO €JIEKTPOHHOTO CXOBHINA iH-
¢dopmaii (Puc. 1.). TepMmiH «KITiEHT-cEpBEP» TYT 03HAUYAE MEPEKEBY APXITEKTYpY, B
SKil 3aBIaHHS JIOTIYHO PO3IIOIIEHI MK TIOCTa4YaILHIKAaMH ITOCIYT (CepBepamMu) Ta
3aMOBHUKAMH NOCIYT (KITIEHTAMH).

Y 11p0My BHIAKy KIIIEHT — IIe TIporpama Juisi cMapTgoHa, sKa B3aEMOJIIE 3 cep-
BEpOM HUepe3 TEJIEKOMYHIKAIIIMHY MEpeXy 3a JIONMOMOTOI0 MEPEKEBHUX IPOTOKOIIIB.
KitieHT m03BOMNISIE BBOAWTH, IEPBUHHO KOHTPOJIIOBATH 1 TeperaBaTh JaHi Ha cepsep, a
TOTIM TIpUiiMaTH 1 BimoOpaxkaTy pe3ynbraré Ha cMmaptdoHi. Ha cepBepi poswmireHo
nporpamHe 3a0e3MeyeHHs, AKe Cepejl IHIIOro Kepye JaHuMu (TpuiMae, o0pooJste, Tie-
penae Ta 30epirae y BiIOBITHMX 0a3aX JaHKUX), aBTOMATUYHO KOHTPOJIFOE IIUTICHICTB 1
HECYTIepEWINBICTh OTPUMaHOI Ta 30epexkeHol iHdopmartii. 3a JOMOMOro cepBepy
3AIMCHIOIOTh KepyBaHHS JIOCTYIIOM 0araTtboX KOPHCTYBAdiB, IOTPUMYIOUH KOH(QIICH-
IAHICTH 0a3 TaHNX KOPUCTYBadiB, BEJICHHS )KypPHAITY CHCTEMHHUX TOJIiH TOIIIO.

86 ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. Ne 3 (205)



M-Health mexnonozisi 05t npO2HO3Y8aHHS 300P08 51 IMOOUHU 68 EKCIMPEMATILHUX YMOBAX CepedosULYd

| Bazu gamm

4 > =
' R
ETHEHT =
L —nZeoae- -
TPEByJIE.TaTH Ta |
peKoMeHJanii

Puc. 1. CtpyktypHa cxema cMapTdOH TeXHOJIOTIT

Ilix wac pobotu iH(pOpPMAIHHOT TEXHONOTIl KIEHT 1 cepBep OOMiHIOIOTHCS
nakeTaM JaHux (y pasi JOCTYIHOTO 3’€IHAaHHS 1 OTPUMAaHOi 3rO KOPHUCTYBaya).
KitieHT HampaBisie 3amuTH 1Mo Mepeski cepBepy 1 0OpoOiisie OTpUMaHy y BiZIOBIIb
iH}opmartiro. CepBep OTpuMye i 00poOJIsI€e 3amuTH, POOUTD BIATIOBIHI 3armuTam il i
niepeiae KIIEHTOBI BIITOBIIHI JaHi.

Binminaa puca po3po0ieHoi TEXHOJOTIT — IIe KOMIUIEKC MaTeMaTHYHUX
Mozeneil A TPOTHO3YBAaHHS CTaHy JIIOAWHM HA OCHOBI BBEICHHX YMOB.
Pesynbrati mporHo3yBaHHS aHAI3YIOTh 1 33 pe3y/IbTaTaMy aHalli3y BHSBIAIOTH
MOYJIMBI YUHHUKY PU3HKY MOTipLIeHHS 310poB’s. Ha miii migcrasi popMyeThes
BUCHOBOK TPO PE3EPBHI MOXJIHMBOCTI OpraHizMy a0o TOHEepeIKEeHHS PO
HeOe3IeKy iX BuUepnaHHsI. MOXUIIMBICTE aBTOMAaTHYHOTO aHAJI3Y 1 YXBaJICHHS
pillIeHHs [Ja€ MiACTaBy PO3MNIAAATH PO3POOIIEHY TEXHOJIOTIIO SIK IHTEIIEKTyallbHY
iH(pOpMaLiiiHy TEXHOJIOTIIO.

Kuient. KinieHTCEKY Tporpamy HammucaHO MOBOIO Java it cMapT(OHIB i
onepariiiiny cucremy Android. I'padiunuii inTepdeiic ckiamaeTbcs 3 BIKOH IS
BBEJICHHSI IaHUX 1 BiOOpaKeHHs pe3yJbTaTiB Ha ekpaHi. [Hrepdelic aBToMaTHYHO
amanTyeTrbcss 10 po3Mipy ekpaHa cmaprtdona. Ilicisi BCTaHOBIEHHS NPOTpaMu
HOBOMY KOPHCTyBauy NpOIIOHYETHCS 3apeecTpyBatucs, abo YBIHTH B cHCTEMY,
AKIIO KOpUCTyBau OyB 3apeecTpoBanuil panime. [lin yac peecrpauii HamaeTbes
aHKeTa JUI peecTparlii MepcoOHANbHUX MaHWX 1 IHAWBiMyamizalii MaTeMaTHYHHX
MoJIeNIeli: iM’s, ata HapoKEHHS (U1 PO3paxyHKy BIKy), CTaTh, Bara, 3picT.
KopucryBau Moe 3apeecTpyBaTHCS B CHCTEMI 3a JOIOMOIOK) aKayHTIB
comianpanX Mepex Twitter, Facebook, Google+ abo enekrporHOi mormTy. 3aj1exHo
Bil MPO(dILII0 COmMiaTbHOI MepeXi 1 IT03BONy KOPHCTyBada, CHCTEMa MOXKE
ABTOMAaTUYHO OTPHMYBATH JOCTYIIHI epcoHasbHi AaHi. [TiKIFoueHHs 10 cHcTeMu
COLIJIbHUX MEPEK CIPHSE MOMyIISpH3aLlii IPOrpamu.

JUta  mporHo3yBaHHS  (DYHKIIHHOTO CTaHy JIIONMHM BHUKOPHUCTaHO —a0o
[HIUBITyaTbHI TaHi, BBEICHI KOPUCTYBadeM, ab0 ycepemaHeHi ToKa3Hukd. Ha ocHOBI
BBEJICHUX JIAHUX BarH, 3pOCTY Ta CTaTi PO3PaxOBaHO iHAEKC MAacH TUIa 1 MPOLEHTHHUI
BMICT JKMPOBOI TKAaHUHW B OPTaHi3Mi, IO € HEOOXITHUM JUIsi IPOTHO3YBAHHS CTaHy
JIFOAVHM B €KCTPEMATLHUX YMOBaxX. MEHIO 3aCTOCYHKA Hama€ JAOCTYIT A0 BCIX HOTO
¢GyHKIIH: BHOIp cepemoBHINA IS MPOTHO3YBAaHHS, BIANOBiAI Ha IOLIMPEHI
3alUTaHHs, HasiBHA MOYJIMBICTD MEPEITIIHY TH 30epekeH] pe3yJIbTaTH TOLIO.
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SIKIIo  3aCTOCYHOK BCTaHOBJICHHH, KOPHCTYBad 3apeeCTPOBaHUM, TO BXil B
cucTeMy BiOOyBaeTbcsi aBTOMATHMYHO 1 Ha €KpaHi BHBOAMTHCS BIKHO BHOOPY
CEpENIOBHINIA: BIZIKPUTE TIOBITPS, BOJA YW TPUMIIlICHHS. J[Jis1 KOXKHOTO cepeioBuIna
nepeOyBaHHSA 3aKpilUieHe BIKHO BBEICHHS BHXIJHMX IaHWX. BikHa BBEICHHS
BUXITHUX JaHUX PO3JUICHE HA 00nacTi: Bua (HI3MYHOI aKTUBHOCTI, 1i TPUBAIICTh Ta
IHTCHCUBHICTD, OJIAT YK 3aXHCHE CIOPS/DKCHHS; YMOBH cepeoBuia. Hamano
MOYKJIMBICT BHOpaTé BHJI (PI3MIHOI aKTHBHOCTI: CITOKiH, XoapOy, Oir, i3my Ha
BEJIOCHIIC], TUIABAHHS PI3HUMH CTHISMH 1 0araTo IHIIOro. 3a JTaHUMHU TeoJoKarlil
3aCTOCYHOK aBTOMAaTHYHO OTPHMYE BiJl KIIIMATHYHUX CEPBICIB IOTOYHY TEMIIEpaTypy,
BOJIOTICTh, IMMBHAKICTH PyXy MOBITps. PearizoBaHO MOMKIIMBICTH PYyYHOTO BBEJICHHS
XapaKTepUCTHK CEpeloBHINA 3a OaykaHHSAM KOPUCTYBaya, IO JIa€ 3MOTY
MPOTHO3YBATH CTaH JIFOJUHU Y OyIb-SIKUX YMOBaX.

BBeeneHi 1aHi epenatoThCsl Ha cepBep, JIe PO3MIIIEHO KOMITIEKC MaTeMaTHYHUX
Moneneld. [lormepenHiii TPOTHO3 CTaHy JIONWHA AaBTOMATHIHO AaHATI3YETHCS,
BUSIBIISIFOTHCS. (DAKTOPY PHU3UKY TOTIPIIEHHS 310POB’S 1 BiIOOPaKaroThCsl HA eKpaHi
BHOpaHI KOPUCTYBaueM IIOKAa3HUKH (CHCTEMa IIPONOHYE KOPUCTYBady MeperiK
MPOTHO30BaHMX AaHuX). IloTiM Ha cepBepi POPMYETHCS 1 TIepemaeThess KITIEHTOBI
BiNOBIMs Ha 3amuT. OTpUMaHa BiAMOBIAb OOPOOJSETHCS Yy MIICUCTEMI KITiEHTA 1
BiIOOpakaeThCsl y BIKHI pe3yJIbTaTiB MPOrHO3YBAHHSL.

VY HanamrtyBaHHSX MPOrPaMH KOPHCTYBAY MOXKE BHOPATH TOKA3HHKH CTaHY
JEONWHM, sKI OyAyTh OTPHMAaHI TICIsT OOpOOIEHHS BUXITHMX MAaHMX KOMIDIEKCOM
MaTeMaTHYHUX Mogjenedl. Y oTpuMmaHiii KopucTyBadeM iHQopmanii HagaHO BCi
JOCTYTIHI JUTsl  BifOOpa)KeHHS TIOKAa3HWKW: 3HAYEHHS 3arajlbHOl 1 JIOKaJbHUX
TeMITepaTyp, KPOBOTOKH, TEIUTOMPOIYKIIii, BTpATH TEILIa 1 BOIH Ta iHIIT TMTOKA3HHKH.

Ha expani cmapTdoHa y BiKHI pe3yJbTaTiB BUBOASTHCS MOMEPEIKEHHS PO
XapakTep PU3HKIB (SIKILO TaKi BUABIICHI), MIPAKTUUHI pEKOMEHIAIIi1, CIPsIMOBaHi
Ha TMOMEPe/PKEHHS eKCTPEeMATbHUX BIUIMBIB, a TakKoX OaxaHi 3HAYCHHS
(hi3i1070TIYHIX TIOKAa3HUKIB A0 KiHIM 3aJaHoro mnepioxy dyacy. 3a OaykaHHSIM
KOpUCTYBad MOXE MEperisHyTH Trpadik 3MiHH BHOpAaHOTO IOKa3HHKAa B
JUHAMIII, 10 Ja€ 3MOTY BiJICTEXKYBATH MePeXi/Hi MPOLECcH i Oe3MeYHni TepMiH
mepeOyBaHHA B 3amaHuX yMoBax. OTpuMaHi pe3yJbTaTH KOPHUCTYyBad MOXKE
30eperTy Ha cepBepi Ta MOUBUTHCS ITI3HIIIE 32 HEOOXIAHICTI.

CepBep. CepBep CHCTEMH CKIAlA€ThC 3 TMPOrPaMU KEPYBAHHS MOTOKAMH
JTAHUX, KOMIDIEKCY MaTeMaTHYHHX Mojesed, 0a3u NepCOHATRHMX IaHuX 1 0azu
30epeKeHNX TOKA3HHUKIB MPOrHO3yBaHHS («ApxiB»). Ilicnst 3’€qHaHHA Ha cepBep
HagxomuTh igeHTH(ikaTop (ID) kiienTa, sxuid mopiBHIOeThCs 3 ID Bike HasBHHX
00ITiKOBHX 3anmciB. SIKIIo 3ammcy B cHcTeMi Hemae, To B 0a3y JaHWX JOJAETHCS
3aImic I10/I0 HOBOTO KOPHCTYBaya, B IHIIIOMY pa3i BiOyBa€eThCsl aBTEHTU(IKALLISL.

CepBep J0MyCcKae OHOYACHE OOCITYTOBYBaHHS BEIUKOI KUTBKOCTI KIIIEHTIB.
Po3paxoBanuii Ha 6araTo KOPUCTYBauiB JAOCTYI HAKIAJA€ HA CEPBEP BUMOTH
OJI0 JOTPUMAaHHSA KOHQIMEHIIIHHOCTI, PO3MEKYBaHHS IpaB KOPHUCTYBAdiB i1
yOe3IedeHHsT NaHUX BiJl HECAHKIIIOHOBAHOTO AOCTYIy. ToMmy Micis ycHinrHoi
aBTeHTU(iKalil KOpUCTyBaya B CHCTEMi 3IIMCHIOEThCS mepeBipka mpas. [licis
aBTOpH3AIlii CEpPBEp HAMAE KITIEHTAM IOCTYII IO CBOIX PeCypCiB.

Ha cepBep HamxoiTh 3alUTH BiJl KIIEHTCHKUX MPOrpaM i, 3aJICXKHO BiJ THITY
3amuTy (HalpUKIaj, Ha 3MiHy IEPCOHANIBHUX JIAaHHX ), BUKOHYIOTBCS TaKi (QyHKLII:

— 30epeKeHHs 3MiH MEPCOHANBHUX JaHUX;
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Personal info

HEALTH RISK PREDICTION
IN HOT ENVIRONMENT DURING PHYSICAL
ACTIVITY
Name Last name
Date of birth 8 M 1983
Gender | Female
Height . 1%0em
Weight . s0kg
INPUT DATA OUTPUT DATA ;
+ human factors « thermal responses Body mass index(t* 21 kg/m*
- air environment - physiological dynamics
« physical activity - time analysis
+ clothing - safe ranges
]
info
a 6

Puc. 2. ExpanHa (opma 3aCTOCYHKY: OIHMC BXIJHHX Ta
BUXIJHMX JaHUX (a) Ta HAJaHHS OCOOMCTHX JaHHX
KopHcTyBaya (0)

— OO4YMCICHHS  KOMIUIGKCOM MAaTeMaTHYHHX  MOJeNned  BHOpaHUX
KOpPHCTYBaueM YMOB TiepeOyBaHHS Ta BHIy (i3WYHOI AKTUBHOCTI JIFOIWHH,
aHaJi3 pe3yJbTaTiB MPOTHO3YBaHHS, (OPMYBaHHS pe3yJbTATIB 3aJIEKHO Bij
MEePCOHALHUX HAANITYBaHb KOPUCTYBaya Ta BIAMOBIIb KITIEHTY;

— ¢opmyBaHHS 1 30epekeHHS 3a 3aIUTOM KOPUCTyBaya pe3yNbTaTiB
MIPOTHO3YBAHHS B «ApXiB» cepBepa;

— mepenaya KIIi€HTY pe3yJbTaTiB MPOrHO3yBaHHS 3 « APXiBY».

BinmoBigHO M0 3amuTy cepBep mepenae KIEHTY AaHi abo MiATBepKEeHHS
BHKOHAHOI OTEpaIlii, McIII 90T0 TMOBEPTAETHCS IO PEKUMY OUIKYBAHHS 3aITUTy
BiJ KiieHTa. Y pa3i 3aBeplIeHHS poOOTH KIi€HTa 3’€IHAHHS 3aBEPIIYETHCS IO
HACTYIHOTO 3alUTYy Ha BXiJl Y CUCTEMY.

TuryasHe BikHo (Puc. 2). HagaHo MOXXIWBICTH BBEACHHS NOYAMKOBUX
Odanux (Puc. 2a): xapakTepUCTUK JIOAWHH, YMOBU HaBKOJIUITHLEOTO CEPEIOBUIIA,
BUJ 1 piBeHb (i3NYHOI aKTUBHOCTI JIOOUHHM, 010(hi3WUHI BIACTUBOCTI OJATYy Ta
saxnounux oanux (Puc. 26): TeroBi peakuii IOqUHY, TUHAMIKA (i3i0TOTIIHIX
MMOKAa3HHUKIB, YACOBHM aHaJIi3, BACHOBOK — «0€31eYH0/He0e3MEUHO».

Oco0ucTi gani KopucTyBaua: imM’s Ta Npi3BHUIIE, JaTa HAPOKCHHS, CTaTh,
3picT, Bara, iHAEKC MacH Tija (po3paxOBYEThCS aBTOMATUYHO) — Bara/miomnia
MTOBEPXHI Tija JIFOINHU.

Jnst aHamizy i MPOTHO3YBaHHSA CTaHy JIIOJMHU 32 DPIi3HUX YMOB HaJlaHO
MOXJIMBICTh BBEJICHHS TOYATKOBHUX JaHUX (QHTPOIOMETPUYHI JaHi JIFOJUHH,
JIaH1 TUTOIII TTIOBEPXHI Tijla JIFOUHM, BiK) Ta 3aKIIIOYHUX JaHHUX (XapaKTePUCTHKH
cepeoBuIla Ta (I3MYHOTO HABAHTAKEHHS ).

Xapakrepucrukamu cepenouma (Puc. 3) s Buny cepenoBuia «IloBiTps
(Air environment) €: TeMmmeparypa TMOBITps (temperature), BOJOTICTh MOBITPS
(humidity), mBuaKicTh pyxy moBitps (velocity).
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= Input data

Air environment
- Temperature
Humidity
Air velocity
Air environment
Temperature, °C

L e Valid ranges
Clothing Air temperature
" ” min 25 °C - max 50 °C
Type activity # @ Humidity

min 20 % - max 90 %

‘ Distance 12 Air velocity
min 0.1 m/s-max4 m/s

Duration 60
Running

Intensity Speed  Pace
1172 W 12.0km/h 5.0min/km

Modelling Results

*

Puc. 3. Expanna Gpopma Juisl BBEACHHS XapaKTEPUCTHK CePeIOBHIIA

[TepenbaueHo anami3 as Takux BHAIB (Pi3MYHOT aKTHBHOCTI JIFOIUHY, SIK:
cnokiii (Rest), xonp0a (Walking), 6ir (Running), HaBantaxenns (Exercise).

XapakTepucTHKH HABAHTAKeHHsI MicTATh (Puc. 4): Binnans nporysissHky/ mpooiry
(Distance), TpuBamicte (isuunoi axtuBHOCTI (Duration), HampyXeHICTh (i3HIHOL
aktuBHOCTI (Intensity), mBuaKicTh X0mp0w/0iry (Speed), Temit xompom/0iry (Pace).

Jlis aHamizy BIUTMBY 3aXHCHOTO OJATY 33Jal0Th HOTO XapaKTEPUCTHKH SIK
nouaTkoBi naHi (Puc. 5): temnoizonsmis omsary (Thermal resistance), BumapHwmii
omip omsary (Evaporative resistance), CTyIiHB/ BiZICOTOK IOKPUTTS Tijla OJSATOM
(Covered body), omsr (Clothes), B3yTTs (Shoes).

Input data

Air environment .+~
‘gme  Temperature
Humidity
Air velocity

Physical activity

& Rest
Clmhmg J‘ Walking 3-8km/h

Type activity .+ (O] N
Running 615km/h
I Distance 12 o
lar'd
Duration 60

Running éﬁ\

Imensity  Speed  Pace
1172W 120km/h 5.0min/km Duration: 15 - 200 min

Exercise 180 - 1600 W

Modelling Results

*

Puc. 4. ExpanHa QopmMa s BBEJICHHS XapaKTEPHCTHK
HABaHTAKEHHS
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nueee -

= Input data

Air environment #~

Temperature

Air velocity I
lothing data
Thermal resistance (RF)
Evaporative resistance (REF)

Activity Clothing
i Mode 1|Mode 2| Mode 3

Mode @ 68% | 87% | 95%
002 | 002 | 0273
0.087 | 0.087 | 0.083
0.0012 | 0.0012 | 0.0503
0052 | 0.052 | 0.047

PN
Mode 1 Mode 2 Mode 3

Modelling Results

Puc. 5. Expanna (opma 11 BBEJCHHS XapaKTEPHCTHK
3aXHCHOTO OJIATY

naws
€  Output data:

DYNAMICS

e
€ Output data:

DYNAMICS

1 @
€ Output data:

DYNAMICS

keal/h

Puc. 6. [TuHamika TeMIiepaTypH, BUTIAPOBYBAHHS TIOTY 1 BTPATH BOIM y JIFOJHUHH
TiJ] Yac HABAHTAKEHHS — CKPIHIIOTH 3 MOOLTBHOTO

Buxopucranns po3podinenoi IT, peanizoBanoi y MOOIIBHOMY 3aCTOCYHKY, Haae
MOXJIMBICTb TIPOaHANI3YBAaTH Pe3yJIbTaTd MOJEIIOBAHHS, BH3HAYMBIIH JIHHAMIKY
TeMIIepaTypH, BUIAPOBYBaHHS HOTY 1 BTpaTH BOIM Y JIOAWHY IiJ] Yac HaBaHTKEHHSL.

YacoBuii aHaii3 3a0e3nedye BU3HAUCHHS TAKUX MTOKa3HUKIB (DYyHKLIIHHOTO
CTaHy JIIOJMHH I1iJ] BIUINBOM YMHHHUKIB HABKOJHIIHBEOTO CEPEJOBHIIA Ta Pi3HOTO
Buay QiznuHoi akTuBHOCTI (PHC. 7):
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a8 30 naee 30 il ¥ D

Output data: < Output data:

TIME
AN

DYNAMICS

Temperature C
281

of body mass ‘Water % of body mass
iz .

139/

3781/
12239/
1301 g/h

Puc. 7. Pe3ynbraTi MOJICIOBAHHS — YacOBHI aHANI3 —
MOKa3HUKK (DYHKIIIIHOTO CTaHy JIFOMHM: TeMIleparypa
TiJia JIFOMHH 3a Oe3MeuHuX (a) Ta HeOe3neuHux (0) qaHux

— TeMmeparypa BHyTpilHix opradiB (Body temperature);

— BTpartu Boau B % Bix macu tina (Water loss in % of body mass);
— cepuesuii Bukuj (Cardiac output);

— MBHUAKICTH KpoBi B M'a3ax (Muscle blood flow);

— IIBHIKICTH BUNapoByBaHHs MOTY (Evaporation sweat rate);

— mBHAKICTB cTikaHHs noTy (Dripping sweat rate);

— CMyTa NPOKPYTKH IIKAIU Yacy Ajs 3MiHU ekcrio3uii (Scroll time).

BMKOPHCTAHHA POSPOBNEHOT IT TA MOBINLHOTO 3ACTOCYHKA

Po3pobiena TexHomoris, peanizoBaHa y MOOUIBHOMY 3aCTOCYHKY, Haga€ 3MOTY
MIPOBECTH aHAJII3 Ta MOPIBHIHHS Pe3yJIbTaTiB MOACTHHUX SKCTIEPHIMEHTIB 3a Pi3HUX
YMOB SIK CEpeJOBHIIA, TaK 1 XapaKTepUCTUK (Di3MYHOI aKTUBHOCTI YU 3aXHCHOTO
omry. Y IMX eKCIepUMEHTax 33/JIaH0 OJHAKOBI YMOBH CEPElOBHILA, OTHAKOBUI
OJIIT, ajie pi3Ha MOTY>KHICTh HaBaHTaXeHH, a came 1172 Bt Ta 828 Br.

PosrnsaeMo meranpHINIE MOYATKOBI JaHI ITMX EKCIEPHMEHTIB  Ta
pe3yabTaTH aHajli3y 3a JOIOMOroo po3pobneHoi IT.

Excnepument Nel. IlowatkoBi nani, BimoOpaxeHi Ha Puc. 8, MicTith
XapaKTEepPUCTUKH cepenoBuina: temmeparypa 35°C, Bomoricts 70%, MIBHAKICTH
pyxy moBiTps 1 M/c; a TakoX aKTHBHICTh: MMOTYKHICTh HaBaHTaxxeHHs 800 Br,
TpuBanicTs 60 XBUIHH.

AncamOns omsary Ne 1 (TpeHyBambHI mmoptH, ¢GyTOONKa, KpPOCIBKH,
XapaKTepUCTHKM): Temnoisonsmis oxary — 0,02 m’C / W, omip omsary —
0,0012 m’kPa / W, Temnoizonswis B3yrrs — 0,087 m°C / W, omip B3yTTs —
0,052 m’kPa / W, cTymisb BKpEBaHHS 0faroM — 68%.
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3akmiouni gani excriepuMedty Nel (Puc. 9.) oXomimioioTh aHali3 JUHAMIKA
Ta MPOTHO3 JOCIHiI)KYBaHUX MOKA3HHUKIB, 32 SIKUMH 3pOOJICHO BUCHOBOK IIOJ0
0e3MeYHOCTI TaKOi aKTUBHOCTI — «0e31euHO» !

Excnepument Ne2. Tlouarkosi pnani (Puc. 10) wictars Taki
XapaKTepUCTUKH cepenoBuma: temneparypa 35°C, Bomoricte 70 %,
MIBUAKICTh pyXy HOBITPA 1 M / ¢; aKTUBHICTE: MOTYXXHICTh HaBaHTAXKCHHS
1200 BT, TpuBanicts 60 XBHWJINH Ta pe3yiabTaTH aHaJi3y.

0@ na0@

= Input data =  Input data

Air environment .+~ Air environment "

Temperature
Humidity
loci

Activity i
Clothing ctivity Clothing

2 Mode
Type activity ¢

% intensity 800

Duration 60

Modelling Results Modelling Results

Puc. 8. Expanna ¢opma st BBEICHHS ITOYATKOBHX JAHHUX
eKcIiepuMenTy 1

TeMIIeparypa: BHIIAPOBYBAHHSL: BTpaTd BOJIH: YacoBa IIKaJIa:

a0

< Output data: < Output data: < Output data: € Output data:

' o TIME
DYNAMICS > M DYNAMICS i PARISC DYNAMICS i PARISC DYNAMICS ANATYaIE

keal/h 9

7761h
2521
909 g/h
177gm

Puc. 9. Pe3ynbraTu BU3HAYCHHS JUHAMIKU JOCIHIIKYBAaHUX ITOKA3HUKIB Ta BUCHOBOK IIOIO
0e3MeYHOCTI TaKOi aKTHBHOCTI1
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AuncamOme omsry Ne 1 (tpenyBanmbHI 1mopTH, (yTOOJNKA, KpPOCIBKH,
XapaKTePUCTUKM): Temnoisomsmis oxsry — 0,02 m’C/W, omip omry —
0,0012 m*kPa/W, Teruioizomnsiist B3yrTa — 0,087 m’C/W, omip B3YTTSI —
0,052 m*kPa/W, cTyIiHp BKpHBaHHS 01sroM — 68 %.

arl-1-] B0 Sl O 140 @

= Input data =  Input data

Air environment .+~

h Te

Activity i
m Clothing ctivity Clothing

= ~ Mode
Type activity # (&

T Intensity 1200 w
a

Duration 60  min

Exercise

Modelling Results Modelling Results

*
npu

Puc. 10. ExpannHa opma: I04aTKOBI JaHi eKCIIEPUMEHTY 2

Jinamuka Hinamuka Hinamuka
TeMIIepaTypH: BHUITAPOBYBAHHSI: BTpATH BOJM:

Yacopa 11kana:

e - s
< Output data: € Output data: < Output data:

DYNAMICS : PARISON DYNAMICS A pARISC DYNAMICS Y MPARISON

keal/h []

Temperature °C

~T.

1139 /h

378 1/h
1223 g/
1301 g/h

Puc. 11. Pe3ynpraTamMu IPOBEJCHOTO JOCHIPKEHHSI (€KCIIEPUMEHT 2)

3a pesynpratamMu npoBeneHoro gocuikenHs (Puc. 11) 3po0neHo BUCHOBOK —
«Hebe3neyHo!» 1 HamaeThCs 3acTepekeHHA Ha ekpaH: «YBara! [imeprepmis! Bu
MOJKETe BUKOHYBATH BIPABH JIMLIE 53 XB.».
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o
Output data: Output data:

com

Previous Previous
Temperature -

Humidity | = Humidity | % Humidity | =
#

Mode # Mode Mode #

c
Air velocity mis | 14 k Air velocity mis X E Alr velocity mis

| 1
Intensity wo| L 12 Intensity 1 Intensity w

Duration [“min 60 Duration [min | 60 Duration [“min

keal/h 9

e
/

D ar ]

Time, min Time, min

Puc. 12. TIopiBHAHHS Pe3yIbTATIB IBOX eKCIEPUMEHTIB

OTke, BpaxoOBYIOYHM pE3yJbTaTH MPOBEICHOIO aHai3y Ta HajaHi
MOTIEPE/KEHHS, €KCIIEPUMEHT OyJio mepepBaHO Ha 53 XBUIUHI — BHUABJICHO
3arpo3y TEIUIOBOTro yaapy (temmeparypa Tina 39,5°C).

IopiBHSIHHS TBOX eKCHEPUMEHTIB. TEeXHOOTII0 CTBOPEHO TaKMM YHHOM, IO i
BHUKOPHUCTAHHS J]a€ 3MOTY TIEPerVISHYTH Ta MOPIBHATH JBa MOJCIBHHUX JOCITIHKCHHSI
(Puc. 12). Y BepXHiX YaCTHHAX CKPHMHILOTIB 3a3HAYCHO TAOJHMIN BXIHHX JAHUX JBOX
OIMCAaHUX EKCIIEPUMEHTIB, a Mg HuUMU — Trpadiku mopiBHsHHA. binoro niHiero
300pakeHO PE3YNIBTATH TIONEPEIHBOTO EKCIepuMeHTy (ekcnepumeHT Ne 1), 3ere-
HOIO — MOTOYHOro (ekcnepumeHT Ne 2). Sk Oyso 3a3HAa4eHO BUINE, MOTOYHUI
EKCIIEPUMEHT OYJI0 TIepepBaHo Ha 53 XBUIIMHI Yepe3 3arpo3y TEIIOBOrO yaapy.

3amponoHoBaHa [T, peamizoBaHa y MOOUIEHOMY 3aCTOCYHKY, CTaHOBUTH
iHTepec Uil BIHCBKOBUX, CIIyKO TOpPATYHKY, OpraHi3aTOpiB CIOPTHBHUX
3Maranb (demmionatd, OJIMITIHCBKI ITpH TOIIO), TPEHEPiB, CIOPTCMEHIB Ta
JIo/IeH, SIKi MPaIIoIOTh B eKCTPEMAJIbHUX YMOBAX CepeIOBHIIA.

BukoprcTaHHS KOMIUIEKCHOTO METOy MOJIETIOBAaHHS $SK OCHOBH PO3POOJICHOI
iHdopMmariiiHoi TexHomnorii m-health y moeHaHHi 3 KOMIT'FOTEPHUMH TEXHOJOT1SIMH
Jla€ 3MOTy JOCHIUTH TPOIECH TEIUIOOOMIHY MDK JFOJMHOI0 Ta CEPEeIOBHIIEM,
BPaxOBYIOUH BEIHMKY KUTBKICTh PETYIITOPHUX PEakIlid Ta (hi3ioNOTiyHMX IpPOIIECiB.
OcHoBHe 3aBmaHHs [T — momepeauTH ypakeHHS 310pOB’S JIIOJMHU B
EKCTPEMAIBHUX YMOBAX CEepeOBHUILA Mif Yac (Hi3MIHOTO HABAHTHKEHHSL.

Mo0inbHui 3aCTOCYHOK, sikuii peartizye 1T, 3a0e3neuye BBEICHHS MOYaTKOBUX
JaHUX IIPO YMOBH IisUTBHOCTI KOHKPETHOI OcOOHM, aHali3 Ta NPOTHO3YBAaHHS CTaHy
JIOAVHM 32 BBENEHHWX MAHWX Ta BHIA€ BHCHOBOK IO Hebe3meKy abo 0e3mexy
BUKOHAHHS IUTAHOBAHOTO (PI3MYHOTO HABAHTa)KEHHS B 33/IaHMX YMOBAX CEpPEIOBHILIA.

MoOinpHMI 3aCTOCYHOK y MOJAEIBHOMY €KCIIEPUMEHTI Ja€ 3MOry
3IIMCHIOBATH TOPIBHUIBHUN aHaNi3 3MiH CTaHy JIIOJUHM 3a Pi3HOI (i3udHOol
AKTHUBHOCTI JIFOJIEH, SIKi PALIOIOTh B eKCTPEMAaIbHUX YMOBAX CepeJOBUIIIA.
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M-HEALTH TECHNOLOGY FOR THE FORECAST OF THE HUMAN CONDITION IN
EXTREME ENVIRONMENTAL CONDITIONS

Introduction. Rapidly evolving Mobile health (m-health) includes mobile phones, patient
monitors, personal digital assistants, and other wireless devices for tracking certain data, such as
fitness level, heart rate, medication dosage, sleep cycles, and more. This helps patients control
their health, which is important in the face of growing medical shortages. Devices and applica-
tions help healthcare providers make visits / appointments and collect patient data. An important
means of person-centered is the creation of combined information and computer systems that
allow patients to independently monitor vital indicators of their own health, and doctors — to
monitor the health of patients remotely and analyze the results of monitoring using mobile ap-
plications for timely and effective adjustment of treatment and prevention measures.

The purpose of the paper is to develop m-health technology to assess the risk of deterioration
of human health in extreme environmental conditions. To do this, a computer module for determin-
ing the impact of the environment on the thermal state of man has been developed.

Results. M-health technology for forecasting the human state in extreme environmental
conditions, based on a set of human thermoregulation mathematical models, which allows to
determine a number of important physiological parameters, has been developed. The technol-
ogy takes into account more than 490 human indicators and the environment parameters,
including: anthropometric data, anatomical parameters, biophysical characteristics, basic
physiological characteristics, human adaptive properties, environmental characteristics and
duration of human stay in selected conditions.

Conclusions. The use of a complex method of modeling in combination with modern com-
puter technology makes it possible to study the processes of heat exchange between humans and
the environment, given the huge number of regulatory reactions and physiological processes.

The main task of the developed m-health technology for forecasting the human state in
extreme environmental conditions is to prevent damage to human health in these conditions
during physical activities. The application makes it possible to predict the dynamics of
thermoregulatory physiological reactions of a person during heat. The mobile application
issues a conclusion about the danger or safety of the planned physical activity under the given
environmental conditions.

Keywords: simulation, computer module, extreme impact, environment.
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J10 YBATH ABTOPIB!

VY KypHaJli HaJIAHO PE3YJbTATH JOCIIIKEHD Y Taly3saX TEOpii Ta MPaKTUKHU iHTEIeK-
TyaJbHOTO KepyBaHHS, iH(GOpPMAaTHKM Ta iHGOPMAIIMHUX TEXHOJIOTiH, a TaKoX
OiooriyHOl 1 MEIMYHOT KiIOEpHETHKH.

LinsoBa aynuTopisi — HAyKOBLI, 1H)XEHEPH, acCHipaHTH 1 CTYJAEHTH BHUIIMX
HaBYAJIbHUX 3aKJIaJliB BiIMOBITHOTO (axy.

Bumoru 1o pykonucis crareii

1. Pykonmc HamaroTh Ha mamepi y ABOX IpPUMIpHHKax (MOBa — aHTIIHCHKa,
yKpaiHcbka, 17-22 c.) Ta eleKTpoHHa Bepcis. Jlo pyKOMUCY A0Aal0Th:

* aHOTalii — YKpaiHCHKOIO Ta aHITIMCHKOI MOBaMHU (IIPi3BUINE, iHIiliaIH
aBTOpa/iB, HAYKOBUH CTYIIiHb, 3BaHHsA, IOCaja, Miclle pOOOTH, ajJpeca opraHizarlii,
Ha3Ba cTaTTi, TekcT 250-300 ciiB, 3 BUAUIEHHSIM PyOpHK: BCTYII, METa, pe3yJIbTaTH,
BHCHOBKH, KJIFOUOBI CJI0OBa);

* CITHCOK JITEpaTypy MOBOIO OPHTIHATY — Y TOPSAKY 3TaXyBaHHS y TEKCTi, 32
crarnaprom JCTY 8302:2015;

* CIIMCOK JIiTepaTypu — MepeKiaj] JHKepell aHrIiiChKOI MOBOIO, MPi3BUILA Ta
IHIIIAJIA aBTOPIB — TpaHCIITepallis:

* JiUEeH31iHUNA JOTOBIp;

* BIJOMOCTI IO aBTOpa/iB YKPaiHCHKOIO Ta AHIVIIHCHKOI0O MOBaMH IOBHHHI
mictutu: 116, HaykoBWi CTymiHb, BUE€HE 3BaHHS, 1MOCana, BIIJLI, Miclle POOOTH,
MOLITOBA ajipeca opraHizauii, Tenedon (ais 38’ 43Ky penakropa), E-mail, aBTopcbki
inentudixaropu ORCID abo ResearcherlD.

2. TekcT crarTi MOJaeThesi 3 00OB'I3KOBUMHU PYyOpHUKAaMHU: BCTYI, MTOCTAHOBKA
3aBIaHHS/TIPOOIEMHU, METa, PE3yJIbTaTH, YiTKO CPOPMYITHOBaHI BUCHOBKH.

Bumoru 10 TekcToBOrO dailry

®dopwmar ¢aiiry * .doc, * .rtf. daiin moBuHEH OyTH MIATOTOBJICHUH 3a TOTIOMOTH
TEKCTOBOTO pefakTopa Microsoft Word.

BukopucroByBani ctuii: mpudrt Times New Roman, 12 nr, MiXpsaxkoBuii
inTepBai — 1,5. ®opmar nanepy A4, Bci 6epern — 2 cM.

Dopmynu HabuparoTh y peaakropax (opmyn Microsoft Equation Editor 3.0.
gy MathType 6 Onuii pemakropa dopmyn — (10,5; 8,5; 7,5; 14; 10). Llupuna
¢opmya — mo 12 cm.

Pucynku nmoBuHHI OyTH SIKICHUMH, CTBOPEH1 BOYJOBaHUM PEAAKTOPOM PUCYH-
kiB Word Picture a6o inmmmu Windows-3acToCyHKaMu (PUCYHKH HAJalOTh OKpe-
MUMU Qaiinamu BignoBigaux ¢opmaris). Hllupuna pucynkis — qo 12 cm.

Tabnuii BHUKOHYIOTH CTaHIApTHUM BOymoBaHuM y Word iHCTpyMeHTapiem
«Tabmursy. Hnpuna Tadaumi — xo 12 cm.

IMepeaniaTty Ha :KypHaJ (IpyKOBaHa Bepcisi) B YKPaiHi 3AiliCHIOIOTH:
— 3a «Karanorom BuaHb YKpaiHwy, HIEKC MepeAruiaT IpyKoBaHoi Bepcii — 86598;
— 3a jgomoMoru mnepenmiatHoi areHmii «YkpiHpopmHaykay HAH Vxpainu,
ukrinformnauka@gmail.com, inaekc xypramy — 10029.
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