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IN APPLIED PROBLEMS OF ARTIFICIAL INTELLIGENCE  
  

 
 

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. 
 

DBMS

Translator 
SPARQL-SQL

API-invocation
processing

Intelligent
IS

SQL- query 

Query 
result

RDF-storage

SPARQL- query

RDF-data

АРІ-invocation

Metadata

 

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. 

Gómez-Pérez [18] introduces two terms of ontology verification 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.); 

• 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, 
URI, 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 OMV metadata element: 

Name The name of the metadata element (entity) 

Type The type of ontological primitive used to represent an element in OWL: 
Class, ObjectProperty or DatatypeProperty 

Identifier The unique identifier used for this element 

Occurrence 
Constraint 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 OMV element subject area (for OWL properties) 

Range OMV entity element rank (for OWL properties) 

Cardinality OMV element power (MIN: MAX) 

OMV 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 c can be quantified as: p(c) log− , 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 )(ws such that CWs →: , that is 

ks( w W ) { c C, k 1,m }∈ = ∈ = , it can determine 

1 2 i jsim _ w( w , w ) max sim( c , c )=  where i 1 j 2c s( 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 A and B — their 
intersection A∩B and complements A–B and B–A. 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 
a ranked 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. It 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 

Stage II. It 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. It is an assessment of the semantic similarity of the investigated 
ontology of the user's task description. For each concept niKki ,1, =∈  required in 

each of the selected ontologies mjOOfiltero j ,1,)( =⊆∈  build a set of SSC: 

mjniKoTt ji j
,1,,1,)( ==∈⊆ , 

where 
jit  is a concept (class or instance of a class) from a non-empty set T, 

taken from m terms for an ontology jo  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: 

ji ix( o ) f ( s( t , K ), i 1, n, j 1, m= = = , 

where s(ti, K) is the result of a comparison ti from К. 
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 Neo4j. 

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.  

Big Data
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User's task
description 

Module for semantic similarity of 
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Filtered 
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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.).  
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Нині в різних предметних областях вже створено велику кількість онтологій. Сучасні 
засоби дають змогу шукати серед них бажану онтологію лише за деякими формальними 
параметрами (наприклад, за ключовими словами), а не на рівні їхньої семантики. 
Вирішення проблем пошуку необхідної онтології може бути забезпечено сховищем 
онтологій, яке уможливлює оброблення знань онтологій. 

Мета статті — розроблення алгоритмів та методів оцінювання семантичних 
моделей, що полягають у поєднані якісного (онтологічного) подання знань з 
кількісним (числовим) оцінюванням онтологій та їхніх параметрів (семантична 
близькість, семантична відстань, семантична спорідненість), що спрямовано на 
віднайдення подібності між елементами різних онтологій.  

Методи. Для розв’язання поставлених завдань використані методи онтологічного 
аналізу об’єктів предметної області, теоретико-множинні підходи до визначення міри 
близькості двох об’єктів шляхом зіставлення їхніх властивостей (feature matching) та 
традиційні методи статистичного аналізу. 

Результати. Запропонований метод оцінювання семантичної подібності дає змогу 
на основі семантичного аналізу природномовних анотацій метаданих як онтологій, так 
і даних (зокрема великих даних), уможливлює виконання завдання їхньої інтерпретації 
та відбору. Отримані результати надають можливості створення оригінальних 
інтелектуальних інформаційних систем для економіки, медицини, національної 
безпеки, оборони та соціальної сфери.  

Висновки. Запропонований оригінальний підхід до оцінювання та аналізу 
метаданих (онтологій, даних) базується на семантичному аналізі метаданих та 
визначенні семантичної подібності структурних моделей даних (онтологій, даних) і 
формуванні ранжованого набору близьких онтологій для розв’язання завдань штучного 
інтелекту. Застосування методів визначення семантично близьких понять подано як 
інструмент для семантичного зіставлення структури онтологій, які було знайдено у 
репозиторії за формальними умовами, зі слабо структурованим описом природною 
мовою (ПМ). Запропоновані методи аналізу ПМ-анотацій є адекватним засобом 
зіставлення семантики онтологій, даних з тими задачами, для розв’язання яких вони 
можуть застосовуватися. 

Ключові слова: метадані, стандарти метаданих, семантична подібність, формальна 
модель онтології, інтелектуальна інформаційна система, репозиторій онтології. 
 



 
 
 

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print).  Cyb. and Comp. Eng. 2021.  № 3 (205) 

DOI: https://doi.org/10.15407/kvt205.03.026 

UDC: 004.9:911.5/.9:528.94 

CHABANIUK V.S.1, 2, PhD (Phys.-Math.), 
Senior Researcher of the Cartography Department, Institute of Geography, 
Director of "Intelligence systems-GEO" LLC, 
ORCID: 0000-0002-4731-7895 
email: chab3@i.ua, chab@isgeo.kiev.ua. 
KOLIMASOV I.M.2, 
Head of Production of "Intelligence systems-GEO" LLC, 
ORCID: 0000-0002-4927-4200 
email: kolimasov@ukr.net. 
1 Institute of Geography, National Academy of Sciences of Ukraine 
44, Volodymyrska str., 01054, Kyiv, Ukraine 
2 "Intelligence systems-GEO" LLC, 
6/44, Mykilsko-Slobidska str., 02002, Kyiv, Ukraine 

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 SpIS, 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 SpIS (for example, EA) in the so-called broader sense (SpISb). SpISb include 
the SpIS 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 (SpISb) 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 SEAb 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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SEAb views. It is easy to see that CSP1 refers to SEA (SEAb) 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 (Kühne, 2006) [2]. We used Kühne&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: 

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

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

• 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: 

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

• 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 SPS OF ACTUALITY: CSP1.SYSTEM  

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

• CSP1.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" 
EAb here means a subset of SpISb, which is shown in [1; Fig. 2] on the 
example of ElNAUb. "Information" SEA are also a subset of SpIS, 
although this is not shown in [1; Fig. 2]. "General" EAb are the subset of 
the General SpS, as shown in [1; Fig. 2] on the example of General NAUb. 
"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/AtIS). 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:  

• Classic (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. 

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

• (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/AtIS). 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 (ElNAUb) [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: 

• 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, 

• 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 ElNAUb 
Application and Operational strata. Used (Kühne, 2006) [1; Fig. 2, Fig. 6]  

• 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 
(Kühne, 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 (Kühne, 2006) [2]. Epistemological 
relations between Infological components are called Infological Epistemological 
relations and they include linguistic instanceOf (Kühne, 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. Kühne [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/AtIS 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 (ElNAU2007/2010). This atlas did not allow 
editing, but an editable version of the same atlas was created on the Application 
stratum, which was called ElNAU_Edited. In essence, ElNAU2007/2010 was a 
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language model of the actual SpS of Ukraine, and ElNAU_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. 4. Representation of the Germany autobahns network using Google images 

 
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  

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 
συστηματικός — 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. III: 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/AtIS, we draw the following conclusions:  
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• 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.  

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

• 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 ElNAU2007/2010  [28], so it can 
be designated ElNAU2000. ElNAU2000 TOC was used to navigate the contents and 
access the content of EA — first ElNAU2000, and then several more EA and AtIS in 
the first half of the first decade of the 21st 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.  

 
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/AtIS, 
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/AtIS. 
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 ElNAU. 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" leaf is 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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а) b) 

Fig. 7. a) Contents of ElNAU, b) Contents of RadAtlas2014 (at the top of TOC — search field)  

 
Fig. 8. Organization of relations and links of RadAtlas materials  
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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 asf1plus.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. 

 
Fig. 9. Test version of AtlasSF1.0+(0.0.33)  
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Fig. 10. Dynamic properties of a tree thanks to jsTree  

 
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) – (A8), in “new” patterns (A9) – (A11), as well as 
in both architectures A0.F1 (Formation Web 1.0) and A0.F12 (Formation Web 1.02). 
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 (A0) 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.  

 
Fig. 12. CSP.View in the context of SoFr and CoFr  

 
Fig. 13. ElNAU2007. Migration (urban settlements) 
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Fig. 14. ElNAU2007. 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:  

• 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).  



Critical Systemic Properties of Electronic Atlases New Generation. Part 2: Research Results  
 

 

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print).  Cyb. and Comp. Eng. 2021.  № 3 (205) 45

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). 

 
 

Fig. 15. Relationship of the R. Roth’s Growth perspective 
with the Operational and Application strata of AtS CoFr  
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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 ElNAU column 
are added by us  

D І U 
start work data view interactivity ElNAU 
template 
code 
page 
template 

data 
download tile base map moving (pan)  

 storage vector base map zoom (decrease, 
increase) 

 
 

 export choropleth extraction  
 map elements proportional symbol overlay/switching 

(toggle)  

 cartographic 
grid density of points filter  

 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 ElNAU was also painted blue. There we described the 
correspondence between the interactivity operands implemented in ElNAU 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 ElNAU (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 ElNAU 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: 

• 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 SpIS 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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КРИТИЧНІ СИСТЕМНІ ВЛАСТИВОСТІ ЕЛЕКТРОННИХ АТЛАСІВ НОВОГО ПО-
КОЛІННЯ. ЧАСТИНА 2: РЕЗУЛЬТАТИ ДОСЛІДЖЕННЯ 

Вступ. У Частині 2 розглядаються три критичні системні властивості (КСВ) Електрон-
них атласів (ЕА) нового покоління. За допомогою цих КСВ визначаються принципово 
нові, системні ЕА. Порівняно з класичними, системні ЕА мають набагато більше мож-
ливостей моделювати просторові системи дійсності.  

Метою статті є опис і доведення критичності трьох КСВ для нового покоління ЕА — 
системних ЕА.  

Результати. Описано три КСВ: КСВ1.Система, КСВ2.Дерево, КСВ3.Подання. 
КСВ1.Система означає, що системні ЕА повинні бути моделями просторових систем 
дійсності. Ці моделі є первинними на відміну від моделей класичних ЕА, які є вторинними. 
КСВ2.Дерево означає, що дерево змісту/рішення системного ЕА має класифікувати просто-
рову систему дійсності, що моделюється. КСВ3.Подання має моделювати візуалізаційні 
потреби користувачів, зокрема, за допомогою інтерактивності. Для доведення використано 
методи Концептуальних каркасів і Каркасів рішень Реляційної картографії, а також факти з 
Базованої на моделях інженерії. 

Висновки. Описано три КСВ системних ЕА і доведено, що кожна з них є необ-
хідною властивістю ЕА нового покоління. 

Ключові слова: Електронні атласи нового покоління, критична системна властивість, 
Концептуальний каркас, Каркас рішень, Реляційна картографія 
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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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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 



Aralova N.I., Klyuchko.M.V., Mashkin.I.V., Mashkina I.V., Radziejowski P.A., Radziejowska M.P. 
 
 

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print).  Cyb. and Comp. Eng. 2021.  № 3 (205) 54 

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. 

 

 
Fig. 1. Purposes of organism functional systems modelling  

Purposes of mathematical models’ construction 
for organism functional systems 

Clarification of mechanisms of system elements 
interaction 

Forecasting of system behavior during various 
perturbing actions 

Identification of model parameters based on 
experimental data 

Estimation of system stability 

Optimal control of the system according to the 
selected criteria of optimality 
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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, 1ix +  in a 
given region ( i  — are negative indices), 1iu +  — 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]: 

1 2 3 1( ) ( ( ) ( )) ( )
( ( ))

i i ii i i i i ii

i i i i

a u y x a u y x a x xdx
d V x

+− + ϕ −ϕ − −
=

′τ ⋅ α +β ⋅ϕ
 (1) 

( )

0
3 1 1 11

1 1 1 1

( ) ( )
( )

i i i i ii

i i i i

a x x q q xdx
d V x

+ + ++

+ + + +

− −
=

′τ α +β φ
, (2) 

where iV  and 1iV +  is the carrier volumes in the region; y  is the concentration of 
the substance in the main pipeline; 1iq +  is the maximum rate of substance utili-
zation in the region; 1( )iq x +  is a function that adjusts the intensity of utilization 
of the substance in the region, ( )ixϕ , 1( )ix +φ  is the chemical activity of organic 
compounds to the substance under consideration in the carrier and region, 

1 2 1 2 1 2 3, , , , , ,
i i i i i i i

a a aα α β β  are positive 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 ( )zϕ , ( )zφ ( )q z  — nonlinear functions of S type. In this 
case, let’s assume that ( )zμ  — nonlinear function in the domain 0z ≥  refers to 
S  type, if in this domain it is smooth, non-decreasing and  

0
lim ( ) 0, lim ( ) 1,
z z

z z
→+ →+∞

μ = μ =  (3) 

0
lim ( ) 0, lim ( ) 1.
z z

z z
→+ →+∞

′ ′μ = μ =  (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 1i = ) which is responsible 
for ensuring the circulation of the carrier in closed network of magisterial pipe-
lines with volumetric velocity 

1
.

m

i
i

u u
=

=∑  (5) 

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: 

0
2 ( )q f u=  (6) 

and the rate of utilization of the substance 0
1iq +  ( 3,5,....i = ) 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) 
at 2( ), ( ), ( ) [0, )x x q x Cϕ φ ∈ ∞ , were proved, which satisfy (3), (4) under the con-

ditions: const 0y = > , const 0in = > , 2 1i k= − , 1,k m= . 
Under the given at initial time 0

0 0( ) 0i ix xτ τ = ≥ , 0
0 1 0 1( ) 0i ix x+ +τ τ = ≥ , 

2 1i k= − , 1,k m=  the system (1), (2) has a unique solution 

( )0 0
1, , , 2 1, 1, .i ix x x i k k m+τ = − =  

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

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

cause the volumetric velocities iu , 1,2 1i m= −  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 iu  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

1 1 1
3

( )
i

i i i i
qx x q x
a+ + +− = ,    1,2 1i m= − , 

which means that the positive difference 1i ix x +−  in 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 0

1iq +   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 t  that for all tτ >  for 
all τ  at the same time the condition below was satisfied 

0 0
1 1

1 1 1
3 3

( ) ( ) ( ) .
i i

i i
i i i i

q qq x x x
a a
+ +

+ + +− ε < τ − τ ≤ + ε  (7) 

It can be shown [30] that under the influence of constant perturbations 
0

1 0iq + > , 0y >  on the system (1), (2), any set 0in >  will transform the system 
in ( )M t  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 

0 2
3 1 1 1( ) [ ( ) ( )]

ii i i i i
i

I u a x x q q x d
∞

+ + +
τ

= σ − − τ∑∫  (8) 

and to solve the optimization problem with simple constraints for the control: 
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i i in n n≤ ≤ . (9) 

The coefficients iσ  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 ε -tube of 
stationary trajectory, the upper limit in (8) can be replaced by a finite number T . 

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 2pO , 2pCO  and 2pN  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]: 

),,,,,,,( 2222
2 OqOGQQVCOpOp

d
Odp

iii tttiii
i ηϕ
τ

=  (10) 
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),,,,,,,( 2222
2 COqCOGQQVCOpOp

d
COdp

iii tttiii
i ηψ
τ

= , (11) 

where the functions ϕ  and ψ  were described in detail in [31] – [33]; V  is the 
ventilation; η  is the degree of oxygen saturation of hemoglobin; Q  is the volu-
metric rate of systemic and 

it
Q  local blood circulation; 2Oq

it
 is the rate of oxy-

gen consumption by i th tissue reservoir; 2COq
it

 is the rate of carbon dioxide 

release in i th tissue reservoir. The flow rate 2OG
it

 of oxygen from the blood 

into the tissue, and 2COG
it

 carbon dioxide from the tissue into the blood is 
determined by the ratio 

)(
iiiii tctttt ppSDG −= , 

where 
it

D  is the gas permeability coefficients through the air barrier, 
it

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 0τ  0

0( ) 0
ct cti ij jp pτ = > , 

0
0( ) 0

t ti ij jp pτ = > , 1,3j = , 1,i m=  there is only one solution of the system (10), 

(11) 0 0( , , , 1, 3, 1,
ct ti ij jp p p j i mτ = = . 

2) If 
0

lim 0
tijti

jp
q

→
= , 0

tijq = , when 0
tijp =  then the solution of the system 

(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 const

aj
p = , 

1,3j = , constiQ = , 1,i m= . 
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 
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∫

∫

∫ 2
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i

N
t iN d

⎧
⎪
⎪
⎪
⎪
⎨
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⎪
⎪ ξ ≤ ε⎪
⎩

 (12) 

with minimum of functional: 
0

0

2
1 1 2 2 2 2 2

1
[ ( ) (

i i i

T m

t t t
i

I G O q O G O
τ +

=τ

= ρ λ − + ρ λ +∑∫  

2 2
2 3 3 2) ( ) ]

i it tq CO G N d+ ρ λ τ , 
(13) 

where 1 2 3, ,ρ ρ ρ  are coefficients that characterize the sensitivity of particular 
organism to oxygen deficiency, excess of carbon dioxide, and increase of nitro-
gen concentration, respectively; tλ  are coefficients that reflect the functional 
and morphological features of particular region. 
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Restrictions are imposed on control parameters: 

0 iQ Q≤ ≤ ,  1,i m= . (14) 

The multitude ( )M τ  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 τ  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 2O

it
q , 2CO

it
q , 

2Oap , 2COap , 2Nap  a number of constants iQ , 1,i m= , which satisfy (14) 
will deduce the trajectories of the system in ( )M τ  during finite period of time. 

.ск мq Q= σ γ , (15) 

where σ , 0γ > . 
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 

.sc mq Q= σ γ , (16) 

where σ , 0γ > . The dependence of the rate of oxygen consumption in tissues of 
brain, kidneys, liver is determined by Michaelis–Menten ratio 

0 2
2 2

2

OO ( ) O ,
O

t
t t

t

pq q
k p

τ =
+

 (17) 

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

rate is determined by the ratio 

0
2 2

( )O ( ) O ,t tq q η τ
τ =

η
 (18) 

where 0
2Otq  is a rate of oxygen consumption under normal environmental con-

ditions at known intensity of physical activity; η  is the degree of saturation of 
hemoglobin with oxygen in these conditions; ( )η τ  is the degree of saturation of 
hemoglobin with oxygen under altered experimental conditions. 

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

APPLICATION OF MATHEMATICAL MODELS OF FRS 
AND ORO FOR THE SOLUTION OF APPLIED PROBLEMS 

IN MEDICINE AND PHYSIOLOGY 

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

Estimation and characterization of the degree 
of hypoxia 

Selection of optimal ORO modes for 
various perturbations 

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

Selection of optimal ORO modes for deep-water dives and 
hyperbaric oxygenation 
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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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МАТЕМАТИЧНА МОДЕЛЬ КОНФЛІКТНО-КЕРОВАНИХ ПРОЦЕСІВ 
ПРИ САМООРАНІЗАЦІЇ СИСТЕМИ ДИХАННЯ 

Вступ. Різноманітні процеси, які відбуваються в середовищі, є керованими, тобто їх стан 
визначається в залежності від конкретного впливу системи, яка керує. Водночас природним є 
намагання вибрати оптимальний керуючий вплив, найкращий у порівнянні з іншими можли-
вими способами керування. Розв’язок проблеми пізнання процесу самоорганізації цих 
об’єктів керування має здійснюватися за допомогою методів математичного моделювання на 
прикладі перебігу процесів у живому організмі у разі забезпечення досягнення заданих цілей. 

Метою роботи є побудова математичної моделі функційної системи дихання для дослі-
дження механізмів самоорганізації організму людини при екстремальних збуреннях. 

Методи. Процес транспорту та масообміну респіраторних газів на їх шляху в організмі 
описується за допомогою системи звичайних нелінійних диференційних рівнянь. 

Результати. Розроблено математичну модель функційної системи дихання для 
дослідження поточного стану та прогнозування параметрів самоорганізації системи 
дихання при адаптації до збурюючих впливів зовнішнього та внутрішнього середовищ, 
яка ґрунтується на задачі оптимального керування з урахуванням конфліктних ситуа-
цій між керуючими та виконавчими органами саморегуляції. 

Висновки. Запропоновано математичну модель функційної самоорганізації сис-
теми дихання та кровообігу, яка враховує взаємодію та взаємовплив функційних сис-
тем організму, конфліктність ситуацій між керуючими та виконавчими органами само-
регуляції, яка ґрунтується на припущенні щодо оптимальності регуляції кисневих 
режимів організму та дозволяє прогнозувати параметри самоорганізації організму 
людини при екстремальних збурюючих впливах. Модель може виявитися корисною 
для розв’язку прикладних задач фізіології та медицини. 

Ключові слова: функційна система дихання, керована динамічна система, самооргані-
зація системи дихання, збурюючий вплив середовища. 
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DETERMINATION OF INFLUENCE 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. 
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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 Zmin 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)*Zmin (Fig. 1) [4]. 

 

Fig. 1. The dependence of voltage and impedance Zmir with 
automatic control of welding: t1, t2, t3 — high-frequency 
heating stages relative to impedance value. 
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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°С 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°С (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°С. 

 

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°С. 
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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 



Danilova V.A., Shlykov V.V., Dubko A.G. 

 

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. № 3 (205) 74 

 
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 7.5μm to 13 μm. 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°С to 80°С, temperature sensitivity of the thermograph 0,1°С. 

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: 

∆t ≈ 3,14 · T, (1) 

where T ≤ 1 is a time of high-frequency welding of a tissue section, sec. 
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а 

 
b 

Fig. 5.  Object of research: a) pork liver with an installed split 
electrode, b) pork liver in the infrared spectrum. 

a) 
 

b) 

c) 
 

d) 

 
e) 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. 

а) 
 

b) 
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: 

( ) Q=Tk
t
Tс ∇∇
∂
∂

− , (2) 

where ρ is a density; C is a specific heat; k is a coefficient of thermal conductivity; 
ρ is a nabla operator; Q is a heating source distribution function; T is a temperature; 
t  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. 

( )21- E j - E 0,ωσ ω ε
μ

⎛ ⎞
∇ ∇ + =⎜ ⎟
⎝ ⎠

 (3) 

where E is a electric field strength; μ is a magnetic permeability of a conductive 
medium; j is a imaginary unit; ω is a angular frequency; σ is a specific conductiv-
ity; ε is a dielectric constant of the conducting medium. 

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

Q = σ·E2. (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]: 

4 4
, ,

1 1

1 ( ) ( ) , 1,...,
( )

N N
i

i j j i i j j i
j ji

T
C T T R T T i N

t m c = =

⎡ ⎤∂
≈ − + − =⎢ ⎥∂ ⋅ ⎣ ⎦

∑ ∑
 

(5) 

where (m · c)I is a node capacity in the I is a node, N is the total number of diffusion 
nodes of the network, R i ,j is athermal radiation from the resistance between the nodes i  
and j,C i ,j is the capacity of the linear conductor between the nodes i andj. 
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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. 

 

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. 
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Fig. 10. Model of high-frequency welding process in MSC Sinda system 

 

 
а) 

 
b)

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. 

T, °С 

t, c 

a) 

б) 
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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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ВИЗНАЧЕННЯ ПАРАМЕТРІВ ВПЛИВУ 
ВИСОКОЧАСТОНОГО СТРУМУ НА ЖИВІ ТКАНИНИ 

Вступ. Високочастотне електрозварювання біологічних тканин є ефективним методом 
лікування в хірургії. Це метод електрохірургічного впливу, який мінімізує можливість 
руйнівної дії електричного струму на м’які живі тканини. Метод зварювання широко 
використовується в загальній хірургії для з’єднання м’яких тканин, коли зварений шов 
виникає при проходженні електричного струму високої частоти через тканину. За до-
помогою цього методу можна проводити серйозні операції, такі як зварювання тканин 
печінки, сітківки, резекція пухлинної тканини і багато інших операцій. Для операцій в 
хірургії важливим є знання оптимальних параметрів ВЧ-зварювання, таких як темпера-
тура зварювання, механічне навантаження на тканини, час зварювання і напруга. 

Метою статті є визначення оптимальних умов для високочастотного зварювання 
живих тканин, таких як температура зварювання, механічне навантаження на тканини, 
час зварювання і напруга. Для визначення цих параметрів було проведено моделювання 
зварювання тканин печінки в програмному забезпеченні Sinda і Comsol. 

Результати. В результаті моделювання і досліджень були отримані модельні за-
лежності, які визначають оптимальні параметри високочастотного зварювання для 
виконання хірургічних операцій по резекції та зварювання тканин печінки. У місці 
безпосереднього контакту електродів з тканиною температура не перевищує +70°С, і на 



Determination of Influence Parameters of High Frequency Current on Living Tissues 
 

 

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. № 3 (205) 83 

відстані 2 мм в довколишніх тканинах не перевищує +50°С, що забезпечує нетравмати-
чний електрохірургічний вплив. 

Висновки. Дослідження показали, що математичне моделювання нагріву біологі-
чної тканини розщепленим електродом, через який проходить струм високої частоти, 
практично збігається з реальним експериментом. Отримані в результаті моделювання 
оптимальні умови для високочастотного зварювання живих тканин, такі як температура 
зварювання і час зварювання, дозволяють зменшити відновний період після застосу-
вання методу ВЧ-зварювання за рахунок вибору оптимального режиму коагуляції. 
Ключові слова: зварювання біологічних тканин, математичне моделювання, темпера-
тура, печінка, хірургія, моделювання в Sinda, моделювання в Comsol. 
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M-HEALTH ÒÅÕÍÎËÎÃIß ÄËß ÏÐÎÃÍÎÇÓÂÀÍÍß ÑÒÀÍÓ ËÞÄÈÍÈ 
Â ÅÊÑÒÐÅÌÀËÜÍÈÕ ÓÌÎÂÀÕ ÑÅÐÅÄÎÂÈÙÀ  
  

 

Вступ. До засобів мобільної медицини (m-health), які стрімко розвивається, належать мобільні 
телефони, пристрої спостереження за пацієнтами, персональні цифрові помічники та інші 
бездротові пристрої для відстеження певних даних, наприклад, рівня фізичної підготовки, час-
тоти пульсу, дозування ліків , циклів сну тощо. Це допомагає пацієнтам контролювати своє 
здоров’я, що важливо через нестачу медичних працівників. Пристрої та застосунки допомага-
ють надавачам медичних послуг дистанційно збирати дані про пацієнтів. Актуальним засобом 
орієнтованої на особу медицини є створювані комбіновані інформаційно-комп’ютерні систе-
ми, які надають можливість пацієнтам самостійно контролювати життєво важливі показ-
ники власного здоров’я, а лікарям — відстежувати стан здоров’я пацієнтів за віддаленого 
доступу та аналізувати результати спостереження за допомоги мобільних застосунків для 
своєчасного та ефективного корегування лікувальних і профілактичних заходів. 

Метою роботи є розроблення m-health технології для оцінювання ризику погіршення 
здоров’я людини в екстремальних умовах середовища. Для цього розроблено комп’ютерний 
модуль визначення впливу навколишнього середовища на тепловий стан людини. 

Результати. Розроблено m-health технологію для прогнозу стану людини в екст-
ремальних умовах середовища, основу якої становить комплекс математичних моде-
лей  терморегуляції людини, який дає можливість визначити низку важливих 
фізіологічних  параметрів. Технологія враховує понад 490 показників людини та сере-
довища, серед яких: антропометричні дані, анатомічні параметри, біофізичні харак-
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теристики, базові фізіологічні характеристики, адаптаційні властивості людини, 
характеристики середовища та тривалість перебування людини у вибраних умовах. 

Висновки. Використання комплексного методу моделювання в поєднанні із сучас-
ними комп’ютерними технологіями дає змогу дослідити процеси теплообміну між 
людиною та  середовищем, враховуючи безліч регуляторних реакцій та фізіологічних 
процесів. Основне завдання розробленої m-health технології для прогнозу стану людини 
в екстремальних умовах — запобігти ураженню здоров’я людини в екстремальних 
умовах середовища за фізичного навантаження. Застосунок дає змогу прогнозувати 
динаміку терморегуляторних фізіологічних реакцій людини за спеки. Мобільний засто-
сунок видає висновок про небезпеку або безпеку виконання планованого фізичного на-
вантаження за заданих умов середовища. 

Ключові слова: моделювання, комп’ютерний модуль, екстремальний вплив, навколиш-
нє середовище. 

ÂÑÒÓÏ 

До Mobile health (m-health), що стрімко розвивається, належать мобільні теле-
фони, пристрої спостереження за пацієнтами, персональні цифрові помічники 
та інші бездротові пристрої відстеження певних даних [1], наприклад, рівня фі-
зичної підготовки, частоти пульсу, дозування ліків, циклів сну [2] тощо. 
Це допомагає пацієнтам контролювати своє здоров’я, що важливо при все 
більшій нестачі медичних працівників. Пристрої та застосунки допомагають 
надавачам медичних послуг проводити віртуальні відвідування/зустрічі і збира-
ти дані про пацієнтів.  

Розробники пропонують велику кількість медичних гаджетів та мобі-
льних застосунків для вимірювання окремих фізіологічних та вербальних 
показників, які характеризують стан здоров’я людини: пульс (Instant Heart 
Rate, Runtastic Heart Rate Monitor), артеріальний тиск (Blood Pressure 
Monitor), рівень глюкози в крові, спірометричні показники, якість слуху та 
зору тощо [3–4]. За допомогою мобільних засобів також можна визначати 
емоційний стан людини та рівень стресу (Stress Check); контролювати фі-
зичну активність (Googlefit, moves) та кількість спалених калорій; фази та 
якість сну (Sleep Time) тощо [1–5].  

Актуальними засобами орієнтованої на особу медицини є створювані ком-
біновані інформаційно-комп’ютерні системи, які надають можливість пацієнтам 
самостійно контролювати життєво важливі показники власного здоров’я, а лі-
карям — відстежувати стан здоров’я пацієнтів у режимі віддаленого доступу та  
аналізувати результати спостереження за допомогою спеціальних мобільних 
застосунків для своєчасного та ефективного корегування лікувальних та профі-
лактичних заходів [6].  

До категорії m-health застосунків також належать багатопараметричні сис-
теми моніторингу, носимі, тканеві та імплантовані сенсори життєвоважливих 
показників здоров’я, системи експрес-аналізу, застосунки контролю вживання 
ліків, системи тренінгу для стабілізації емоційного стану, покращення когнітив-
них функцій та працездатності. Активно розробляють системи віддаленого кон-
тролю та підтримки у разі хронічних захворювань (Care Innovations, Visi Mobile, 
hWear (ЕКГ), SugarSenz (діабет) тощо). 

На основі аналізу функційних і аналітичних можливостей сучасних за-
собів вимірювання та оцінювання психофізіологічних функцій за допомо-
гою медичних сенсорів, гаджетів і мобільних застосунків для смартфонів 
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розроблена концепція створення інноваційної мобільної інформаційної си-
стеми зі зворотним зв’язком на базі інтелектуального мобільного навігато-
ра з сервісною платформою тривалого спостереження, аналізу і корекції 
інтегральних показників фізичного здоров’я людей, а також методи її прак-
тичної технічної реалізації для систем з ОС Android [7–8].  

На основі запропонованої концепції розроблено модульну структуру, алго-
ритмічну базу та програмне забезпечення інноваційної мобільної інформаційної 
системи. Інформаційно-аналітична система містить медичні гаджети, мобільний 
навігатор, сервісну платформу та комплекс тестових програм, які дають змогу 
користувачам оцінити їхні основні фізіологічні та ментальні показники, а також 
визначити кореляцію показників з такими факторами, як тривалість сну, фізич-
на активність, харчові звички, адекватне насичення тіла киснем на основі елект-
ронного щоденника, створеного у смартфоні. 

Метою роботи є розроблення m-health технології для оцінювання ри-
зику погіршення здоров’я людини в екстремальних умовах середовища. 
Для цього розроблено комп’ютерний модуль визначення впливу середо-
вища на тепловий стан людини. 

IÍÔÎÐÌÀÖIÉÍÀ ÒÅÕÍÎËÎÃIß 

Об’єднання можливостей комплексу математичних моделей терморегуляції лю-
дини і сучасних засобів мобільної медицини дає змогу розробити унікальну інфо-
рмаційну технологію прогнозування стану людини за різних умов середовища. 

Запропонована інформаційна технологія надає нові можливості для пі-
дтримання здорового способу життя, оскільки дає змогу виявити і попере-
дити фактори ризику для погіршення здоров’я людини, яка знаходиться чи 
опинилася в екстремальних умовах середовища. 

Результати прогнозування можна використати для розв’язання завдань, 
пов’язаних з підтриманням здорового способу життя, перевіркою безпеки 
умов навколишнього середовища, розрахунку часу безпечного перебування 
людини в екстремальних умовах, підбору одягу і захисного спорядження, оці-
нювання резервних можливостей організму за фізичних навантажень високої 
інтенсивності та організації підготовчого етапу тренувань спортсменів. 

Клієнт-серверна архітектура. Архітектура інтелектуальної інформацій-
ної технології має клієнт-серверне рішення, яке передбачає доступ користува-
чів за допомогою застосунку на смартфоні до комплексу математичних моде-
лей, централізованої бази даних і централізованого електронного сховища ін-
формації (Рис. 1.). Термін «клієнт-сервер» тут означає мережеву архітектуру, в 
якій завдання логічно розподілені між постачальниками послуг (серверами) та 
замовниками послуг (клієнтами). 

У цьому випадку клієнт — це програма для смартфона, яка взаємодіє з сер-
вером через телекомунікаційну мережу за допомогою мережевих протоколів. 
Клієнт дозволяє вводити, первинно контролювати і передавати дані на сервер, а 
потім приймати і відображати результати на смартфоні. На сервері розміщено 
програмне забезпечення, яке серед іншого керує даними (приймає, обробляє, пе-
редає та зберігає у відповідних базах даних), автоматично контролює цілісність і 
несуперечливість отриманої та збереженої інформації. За допомогою серверу 
здійснюють керування доступом багатьох користувачів, дотримуючи конфіден-
ційність баз даних користувачів, ведення журналу системних подій тощо. 
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Рис. 1. Структурна схема смартфон технології  

Під час роботи інформаційної технології клієнт і сервер обмінюються 
пакетами даних (у разі доступного з’єднання і отриманої згоди користувача). 
Клієнт направляє запити по мережі серверу й обробляє отриману у відповідь 
інформацію. Сервер отримує і обробляє запити, робить відповідні запитам дії і 
передає клієнтові відповідні дані.  

Відмінна риса розробленої технології — це комплекс математичних 
моделей для прогнозування стану людини на основі введених умов. 
Результати прогнозування аналізують і за результатами аналізу виявляють 
можливі чинники ризику погіршення здоров’я. На цій підставі формується 
висновок про резервні можливості організму або попередження про 
небезпеку їх вичерпання. Можливість автоматичного аналізу і ухвалення 
рішення дає підставу розглядати розроблену технологію як інтелектуальну 
інформаційну технологію. 

Клієнт. Клієнтську програму написано мовою Java для смартфонів під 
операційну систему Android. Графічний інтерфейс складається з вікон для 
введення даних і відображення результатів на екрані. Інтерфейс автоматично 
адаптується до розміру екрана смартфона. Після встановлення програми 
новому користувачу пропонується зареєструватися, або увійти в систему, 
якщо користувач був зареєстрований раніше. Під час реєстрації надається 
анкета для реєстрації персональних даних і індивідуалізації математичних 
моделей: ім’я, дата народження (для розрахунку віку), стать, вага, зріст. 
Користувач може зареєструватися в системі за допомогою акаунтів 
соціальних мереж Twitter, Facebook, Google+ або електронної пошти. Залежно 
від профілю соціальної мережі і дозволу користувача, система може 
автоматично отримувати доступні персональні дані. Підключення до системи 
соціальних мереж сприяє популяризації програми. 

Для прогнозування функційного стану людини використано або 
індивідуальні дані, введені користувачем, або усереднені показники. На основі 
введених даних ваги, зросту та статі розраховано індекс маси тіла і процентний 
вміст жирової тканини в організмі, що є необхідним для прогнозування стану 
людини в екстремальних умовах. Меню застосунка надає доступ до всіх його 
функцій: вибір середовища для прогнозування, відповіді на поширені 
запитання, наявна можливість переглянути збережені результати тощо. 
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Якщо застосунок встановлений, користувач зареєстрований, то вхід в 
систему відбувається автоматично і на екрані виводиться вікно вибору 
середовища: відкрите повітря, вода чи приміщення. Для кожного середовища 
перебування закріплене вікно введення вихідних даних. Вікна введення 
вихідних даних розділене на області: вид фізичної активності, її тривалість та 
інтенсивність, одяг чи захисне спорядження; умови середовища. Надано 
можливість вибрати вид фізичної активності: спокій, ходьбу, біг, їзду на 
велосипеді, плавання різними стилями і багато іншого. За даними геолокації 
застосунок автоматично отримує від кліматичних сервісів поточну температуру, 
вологість, швидкість руху повітря. Реалізовано можливість ручного введення 
характеристик середовища за бажанням користувача, що дає змогу 
прогнозувати стан людини у будь-яких умовах. 

Введені дані передаються на сервер, де розміщено комплекс математичних 
моделей. Попередній прогноз стану людини автоматично аналізується, 
виявляються фактори ризику погіршення здоров’я і відображаються на екрані 
вибрані користувачем показники (система пропонує користувачу перелік 
прогнозованих даних). Потім на сервері формується і передається клієнтові 
відповідь на запит. Отримана відповідь обробляється у підсистемі клієнта і 
відображається у вікні результатів прогнозування. 

У налаштуваннях програми користувач може вибрати показники стану 
людини, які будуть отримані після оброблення вихідних даних комплексом 
математичних моделей. У отриманій користувачем інформації надано всі 
доступні для відображення показники: значення загальної і локальних 
температур, кровотоки, теплопродукції, втрати тепла і води та інші показники. 

На екрані смартфона у вікні результатів виводяться попередження про 
характер ризиків (якщо такі виявлені), практичні рекомендації, спрямовані 
на попередження екстремальних впливів, а також бажані значення 
фізіологічних показників до кінця заданого періоду часу. За бажанням 
користувач може переглянути графік зміни вибраного показника в 
динаміці, що дає змогу відстежувати перехідні процеси і безпечний термін 
перебування в заданих умовах. Отримані результати користувач може 
зберегти на сервері та подивитися пізніше за необхідністі. 

Сервер. Сервер системи складається з програми керування потоками 
даних, комплексу математичних моделей, бази персональних даних і бази 
збережених показників прогнозування («Архів»). Після з’єднання на сервер 
надходить ідентифікатор (ID) клієнта, який порівнюється з ID вже наявних 
облікових записів. Якщо запису в системі немає, то в базу даних додається 
запис щодо нового користувача, в іншому разі відбувається автентифікація. 

Сервер допускає одночасне обслуговування великої кількості клієнтів. 
Розрахований на багато користувачів доступ накладає на сервер вимоги 
щодо дотримання конфіденційності, розмежування прав користувачів і 
убезпечення даних від несанкціонованого доступу. Тому після успішної 
автентифікації користувача в системі здійснюється перевірка прав. Після 
авторизації сервер надає клієнтам доступ до своїх ресурсів. 

На сервер надходять запити від клієнтських програм і, залежно від типу 
запиту (наприклад, на зміну персональних даних), виконуються такі функції: 

—  збереження змін персональних даних; 
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Рис. 2. Екранна форма застосунку: опис вхідних та 
вихідних даних (а) та надання особистих даних 
користувача (б) 

—   обчислення комплексом математичних моделей вибраних 
користувачем умов перебування та виду фізичної активності людини, 
аналіз результатів прогнозування, формування результатів залежно від 
персональних налаштувань користувача та відповідь клієнту; 

—  формування і збереження за запитом користувача результатів 
прогнозування в «Архів» сервера; 

—  передача клієнту результатів прогнозування з «Архіву». 
Відповідно до запиту сервер передає клієнту дані або підтвердження 

виконаної операції, після чого повертається до режиму очікування запиту 
від клієнта. У разі завершення роботи клієнта з’єднання завершується до 
наступного запиту на вхід у систему. 

Титульне вікно (Рис. 2). Надано можливість введення початкових 
даних (Рис. 2а): характеристик людини, умови навколишнього середовища,  
вид і рівень фізичної активності людини, біофізичні властивості одягу та 
заключних даних (Рис. 2б): теплові реакції людини, динаміка фізіологічних 
показників, часовий аналіз, висновок — «безпечно/небезпечно». 

Особисті дані користувача: ім’я та прізвище, дата народження, стать, 
зріст, вага, індекс маси тіла (розраховується автоматично) — вага/площа 
поверхні тіла людини.  

Для аналізу і прогнозування стану людини за різних умов надано 
можливість введення початкових даних (антропометричні дані людини, 
дані площі поверхні тіла людини, вік) та заключних даних (характеристики 
середовища та фізичного навантаження). 

Характеристиками середовища (Рис. 3) для виду середовища «Повітря 
(Air environment) є: температура повітря (temperature), вологість повітря 
(humidity), швидкість руху повітря (velocity). 
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Рис. 3. Екранна форма для введення характеристик середовища 

Передбачено аналіз для таких видів фізичної активності людини, як: 
спокій (Rest), ходьба (Walking), біг (Running), навантаження (Exercise). 

Характеристики навантаження містять (Рис. 4): віддаль прогулянки/ пробігу 
(Distance), тривалість фізичної активності (Duration), напруженість фізичної 
активності (Intensity), швидкість ходьби/бігу (Speed), темп ходьби/бігу (Pace). 

Для аналізу впливу захисного одягу задають його характеристики як 
початкові дані (Рис. 5): теплоізоляція одягу (Thermal resistance), випарний 
опір одягу (Evaporative resistance), ступінь/ відсоток покриття тіла одягом 
(Covered body), одяг (Clothes), взуття (Shoes). 

  
Рис. 4. Екранна форма для введення характеристик 
навантаження 



M-Health технологія для прогнозування здоров’я людини в екстремальних умовах середовища  
 

 

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print).  Cyb. and Comp. Eng. 2021.  № 3 (205) 91

  
Рис. 5. Екранна форма для введення характеристик 
захисного одягу 

 
Рис. 6. Динаміка температури, випаровування поту і втрати води у людини 
під час навантаження — скріншоти з мобільного  

Використання розробленої ІТ, реалізованої у мобільному застосунку, надає 
можливість проаналізувати результати моделювання, визначивши динаміку 
температури, випаровування поту і втрати води у людини під час навантаження. 

Часовий аналіз забезпечує визначення таких показників функційного 
стану людини під впливом чинників навколишнього середовища та різного 
виду фізичної активності (Рис. 7): 
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Рис. 7. Результати моделювання — часовий аналіз — 
показники функційного стану людини: температура 
тіла людини за безпечних (а) та небезпечних (б) даних   

—  температура внутрішніх органів (Body temperature); 
—  втрати води в % від маси тіла (Water loss in % of body mass); 
—  серцевий викид (Cardiac output); 
—  швидкість крові в м'язах (Muscle blood flow); 
—  швидкість випаровування поту (Evaporation sweat rate); 
—  швидкість стікання поту (Dripping sweat rate); 
—  смуга прокрутки шкали часу для зміни експозиції (Scroll time). 

ÂÈÊÎÐÈÑÒÀÍÍß ÐÎÇÐÎÁËÅÍÎ¯ IÒ ÒÀ ÌÎÁIËÜÍÎÃÎ ÇÀÑÒÎÑÓÍÊÀ 
Розроблена технологія, реалізована у мобільному застосунку, надає змогу 
провести аналіз та порівняння результатів модельних експериментів за різних 
умов як середовища, так і характеристик фізичної активності чи захисного 
одягу. У цих експериментах задано однакові умови середовища, однаковий 
одяг, але різна потужність навантаження, а саме 1172 Вт та 828 Вт.  

Розглянемо детальніше початкові дані цих експериментів та 
результати аналізу за допомогою розробленої ІТ. 

Експеримент №1. Початкові дані, відображені на Рис. 8, містять 
характеристики середовища: температура 35°С, вологість 70%, швидкість 
руху повітря 1 м/с; а також активність: потужність навантаження 800 Вт, 
тривалість 60 хвилин. 

Ансамбль одягу № 1 (тренувальні шорти, футболка, кросівки, 
характеристики): теплоізоляція одягу — 0,02 m2C / W, опір одягу — 
0,0012 m2kPa / W, теплоізоляція взуття — 0,087 m2C / W, опір взуття — 
0,052 m2kPa / W, ступінь вкривання одягом — 68%. 
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Заключні дані експерименту №1 (Рис. 9.) охоплюють аналіз динаміки 
та прогноз досліджуваних показників, за якими зроблено висновок щодо 
безпечності такої активності — «безпечно»! 

Експеримент №2. Початкові дані (Рис. 10) містять такі 
характеристики середовища: температура 35°С, вологість 70 %, 
швидкість руху повітря 1 м / с; активність: потужність навантаження 
1200 Вт, тривалість 60 хвилин  та результати аналізу. 

  
Рис. 8. Екранна форма для  введення початкових даних 
експерименту 1 

температура: випаровування: втрати води: часова шкала: 

 
Рис. 9. Результати визначення динаміки досліджуваних показників та висновок щодо 
безпечності такої активності 
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Ансамбль одягу № 1 (тренувальні шорти, футболка, кросівки, 
характеристики): теплоізоляція одягу — 0,02 m2C/W, опір одягу — 
0,0012 m2kPa/W, теплоізоляція взуття — 0,087 m2C/W, опір взуття — 
0,052 m2kPa/W, ступінь вкривання одягом — 68 %. 

  
Рис. 10. Екранна форма: початкові дані експерименту 2 

Дінамика 
температури: 

Дінамика 
випаровування: 

Дінамика 
втрати води: Часова шкала: 

 
Рис. 11. Результатами проведеного дослідження (експеримент 2) 

За результатами проведеного дослідження (Рис. 11) зроблено висновок — 
«небезпечно!» і надається застереження на екран: «Увага! Гіпертермія! Ви 
можете виконувати вправи лише 53 хв.». 
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Рис. 12. Порівняння результатів двох експериментів 

Отже, враховуючи результати проведеного аналізу та надані 
попередження, експеримент було перервано на 53 хвилині — виявлено 
загрозу теплового удару (температура тіла 39,5°С). 

Порівняння двох експериментів. Технологію створено таким чином, що її 
використання дає змогу переглянути та порівняти два модельних дослідження 
(Рис. 12). У верхніх частинах скриншотів зазначено таблиці вхідних даних двох 
описаних експериментів, а під ними — графіки порівняння. Білою лінією 
зображено результати попереднього експерименту (експеримент № 1), зеле- 
ною — поточного (експеримент № 2). Як було зазначено вище, поточний 
експеримент було перервано на 53 хвилині через загрозу теплового удару. 

Запропонована ІТ, реалізована у мобільному застосунку, становить 
інтерес для військових, служб порятунку, організаторів спортивних 
змагань (чемпіонати, Олімпійські ігри тощо), тренерів, спортсменів та 
людей, які працюють в екстремальних умовах середовища. 

ÂÈÑÍÎÂÊÈ 

Використання комплекcного методу моделювання як основи розробленої 
інформаційної технології m-health у поєднанні з комп’ютерними технологіями 
дає змогу дослідити процеси теплообміну між людиною та середовищем, 
враховуючи велику кількість регуляторних реакцій та фізіологічних процесів. 
Основне завдання ІТ — попередити ураження здоров’я людини в 
екстремальних умовах середовища під час фізичного навантаження.  

Мобільний застосунок, який реалізує ІТ, забезпечує введення початкових 
даних про умови діяльності конкретної особи, аналіз та прогнозування стану 
людини за введених даних та видає висновок про небезпеку або безпеку 
виконання планованого фізичного навантаження в заданих умовах середовища. 

Мобільний застосунок у модельному експерименті дає змогу 
здійснювати порівняльний аналіз змін стану людини за різної фізичної 
активності людей, які працюють в екстремальних умовах середовища.  
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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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туального керування, інформатики та інформаційних технологій, а також 
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містити: ПІБ, науковий ступінь, вчене звання, посада, відділ, місце роботи, 
поштова адреса організації, телефон (для зв’язку редактора), E-mail, авторські 
ідентифікатори ORCID або ResearcherID. 

2.  Текст статті подається з обов'язковими рубриками: вступ, постановка 
завдання/проблеми, мета, результати, чітко сформульовані висновки.  

 
Вимоги до текстового файлу 

Формат файлу * .doc, * .rtf. Файл повинен бути підготовлений за допомоги 
текстового редактора Мiсrоsоft Word. 

Використовувані стилі: шрифт Times New Roman, 12 пт, міжрядковий 
інтервал — 1,5. Формат паперу А4, всі береги — 2 см. 

Формули набирають у редакторах формул Мiсrоsоft Equation Editor 3.0. 
чи MathType 6 Опції редактора формул — (10,5; 8,5; 7,5; 14; 10). Ширина 
формул — до 12 см. 

Рисунки повинні бути якісними, створені вбудованим редактором рисун-
ків Word Picture або іншими Windоws-застосунками (рисунки надають окре-
мими файлами відповідних форматів). Ширина рисунків — до 12 см. 

Таблиці виконують стандартним вбудованим у Word інструментарієм 
«Таблиця». Ширина таблиці — до 12 см. 

 
Передплату на журнал (друкована версія) в Україні здійснюють: 

—  за «Каталогом видань України», індекс передплати друкованої версії — 86598; 
—  за допомоги передплатної агенції «Укрінформнаука» НАН України, 
ukrinformnauka@gmail.com, індекс журналу — 10029. 
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