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ANALYSIS OF THE PRACTICAL USE OF GEOINFORMATION SYSTEMS
FOR TERRITORIAL MANAGEMENT AND DETERMINATION OF THEIR
CRITICAL PROPERTIES

Introduction. The practical experience of creation, implementation and operation of
geoinformation system (GIS) for territory management allows to identify their critically
important properties. GIS with critical properties do not fit the conventional definition
because they are more advanced systems. Special attention to critical properties helps to
reduce the risks involved in the development and implementation of such GIS, as well as to
increase the effectiveness of their use for territory management.

The purpose of the paper is to analyze the use of GIS developed by the authors for the
management of large territories and to determine their main critical properties. Critical GIS
properties are being sought to manage territories that: 1) repeat for all such GIS, 2) differentiate
them from conventional GIS, 3) must be taken into account when creating new GIS.

Results. The critical properties that are mandatory also for modern GIS for territory
management are as follow : 1) the availability of education-scientific, production and management
components, 2) the availability of a relatively independent atlas solution, 3) the obligation to use
portals, 4) the need to supplement the territory modeling of their metamodeling.

Conclusions. Abductive inferences after analyzing the practical experience of creation,
implemention and operation of GIS for territory management allow to confirm the presence of
critical properties of GIS. Without any such property, we can speak about a corresponding critical
shortcoming of the GIS project, and this project is likely to be a failure.

Keywords: geoinformation system, territory management, spatial data, abduction, critical property.
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INTRODUCTION

It is believed that the first geoinformation system (GIS) was created by "GIS
Father" — Roger Tomlinson — in the 1960s in Canada for Canada Land
Inventory [1]. That is, GISs have been created and used for various tasks for over
50 years. Over the years, the field of informatics has emerged that deals with
spatial (spatially distributed, spatially coordinated) information. It is called
geoinformatics and is defined as the science, technology and applied activities
related to the collection, storage, processing, analysis and display of spatial data,
as well as the design, creation and use of GIS [2].

One of the most common definitions of GIS is: "hardware-software man-
machine complex providing collection, processing, display and dissemination of
spatially coordinated data, integration of data, information and knowledge about
the territory for their effective use in solving scientific and applied tasks, related
with inventory, analysis, modeling, forecasting and management of the
environment and territorial organization of society”’[3]. O. Svitlychny,
S. Plotnitsky [2] provide GIS definitions from several sources. One of them is:
"GIS — is an information system (IS) designed to work with spatial or
geographical data" [4]. IS, in turn, was defined as a set of subsystems that
implement data collection and input processes; their preprocessing; data
manipulation; data and information analysis; generating results.

The definition of GIS from [4] is used de facto in the Russian sector of
Wikipedia, namely: "Geoinformation system (geographic information system,
GIS) — is a system of collecting, storing, analyzing and graphically visualizing
spatial (geographical) data and related information about necessary objects. The
notion of GIS is also used in a narrower sense — as a tool (software product)
that allows users to search, analyze and edit both a digital terrain map and
additional information about objects" [5].

In the Ukrainian sector of Wikipedia, GIS is defined as: "Geoinformation system
is a modern computer technology that allows to combine model representation of the
territory (electronic display of maps, diagrams, space, aerial images of the earth's
surface) with information of tabular type (various statistics, lists, economic indicators,
etc.). GIS also refers to the spatial data management system and its associated
attributes. More specifically, it is a computer system that enables the use, storage,
editing, analysis and display of geographic data" [6].

There are four approaches to the definition of GIS, oriented, respectively,
to: processes, applications, databases, tools [7]. The definition of GIS from [4]
refers to the process-oriented approach. It was a major in the proposed by us
Conception of the multigoal National GIS (NGIS) of Ukraine [8]. It should be
noted that process-oriented definition of GIS is currently the most widespread, at
least in Russia and Ukraine.
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PROBLEM STATEMENT AND RESEARCH METHOD

The process-oriented definition of GIS and the understanding of GIS that it
defines have its advantages and disadvantages. The benefits include simplicity,
universality, relationship with IS (generalization/specialization) and more.
Unfortunately, the shortcomings of this definition and understanding of GIS
increase over time. This paper addresses the shortcomings that are fundamental
in terms of practical implementation, and are therefore called critical GIS
properties. First of all, our own experience of creating GIS in Ukraine is used for
argumentation. In our opinion, this is more important than finding evidence in
the literature. Moreover, almost all the cited drawbacks are poorly described in
the literature because they are little known due to the lack of development of
geoinformation theory. We emphasize that this lack of knowledge does not mean
that the shortcomings are not fundamental.

Thus, the main method of research is abductive reasoning. H. Miller [9] states
the following compact definitions of abduction, deduction, and induction:
"Abductive reasoning starts with data describing something and ends with a
hypothesis that explains the data. It is a weaker form of inference relative to
deductive or inductive reasoning: deductive reasoning shows that X must be true,
inductive reasoning shows that X is true, while abductive reasoning shows only that
X may be true. Nevertheless, abductive reasoning is critically important in science,
particularly in the initial discovery stage that precedes the use of deductive or
inductive approaches to knowledge-construction". Three main forms of logical
reasoning are considered in the monograph [10] from the standpoint of the most
general idea of systems. Namely, any system has an input and an output, which are
called influence on the system and its reaction (Fig. 1a).

Yu. Sventek [10] states that the highest degree of uncertainty is
characteristic of abductive reasoning. Abduction occurs when the causal factor
(influence) is to be determined by the reaction of the system and its structure
(Fig. 1b). Abductive reasoning occurs in almost every step of our daily lives. For
example, by measuring the temperature with a thermometer, we do not suspect
that we are using the abduction. Indeed, knowing the system (raising the
mercury column) we conclude that the temperature is rising. In this work,
abduction is used for GIS.

INPUT (INFLUENCE) - System - OUTPUT (REACTION)

a) Most general representation of systems functioning

? - System - OUTPUT (REACTION)

b) Scheme of abductive inferences

Fig. 1. Abduction (b) from the standpoint of the most general idea of the functioning
of the system (a)
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Chabaniuk V.S., Kolimasov I. M.

The purpose of the paper is to analyze the use of GIS developed by the
authors and to identify the main critical properties that should be considered
when creating new geoinformation systems.

CONCEPTION OF THE NATIONAL GEOINFORMATION SYSTEM

The concept of the multigoal National GIS (NGIS) of Ukraine [8] theoretically
substantiated the need to solve three main problems when creating such a GIS:

1. Establish a national geoinformatics education-scientific center, modeled on
the US NCGIA or similar centers in Europe. The center was to create a prototype of
the NGIS tool kernel (hereinafter Education/Science NGIS1 — SGIS1), which needed
to address the urgent educational and scientific needs of NGIS.

2. Establish a national center for digital public information (hereinafter
Production NGIS1 — PNGIS1). Implement the three shown in Fig. 2
(sub)systems of the first phase of the NGIS (NGIS1) containing the adjective
"Integrated" in the name. The unusual names of these (sub)systems are explained
by the application of information standards in force in Ukraine at that time,
which lacked the terms GIS and the Automated cartographic system (ACS).

3. Implement the ACS for the needs of the State statistics committee of
Ukraine. This (sub)system corresponds to Fig. 2. Integrated geoinformation
automated management system (hereinafter Management NGIS1 — MNGIS1).

The first phase of NGIS (NGIS1) is, on the one hand, the specialization of
IS, and on the other hand, the specialization of multipurpose IS. IS consists
(aggregates) of five (sub)systems. Writing a (sub)system means that a
component or subsystem can be a component. That is, NGIS1 was determined
according to a process-oriented approach [4]. It is important to note that NGIS1
should already be multi-purpose. It should include systems of goal generation,
goal selection and goal realization. Due to this, NGIS could also be defined as a
system of government, though not in the first place.

The NGIS of the first phase (NGIS1) was the IS specialization, consisting
(aggregating) of five (sub)systems. The record a “(sub)system” means that the
constituent may be a system or a subsystem. That is, NGIS1 was determined
according to a process-oriented approach [4]. It is important to note that NGIS1
should already be multi-purpose. It should include systems for the generating,
seeking and implementing of the goal. Due to this, NGIS could also be defined
as a country management system, though not in the first place.

The first necessary property of NGIS was the presence of educational-
scientific, production and management components. The components of this
triad are shown in Fig. 2 by ellipse in green color. The absence of one of the
three components of the triad is considered critical for large territorials GIS. The
presence in the GIS of the indicated triad of systems is referred to as Critical
property 1 (CP1).

Finally, one of the elements of NGIS1 — Production NGIS1 (PNGIS1) —
was aggregated through three production systems. It is important to note here
that the terms SDTS, SAIF, DX90 and DIGEST meant the most advanced

8 ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2020. Ne 2 (200)
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Multigoa! Information
information q system
system ¥
>
' : ' | | | |
Goal- Goal- Goal-
Egenerating seeking implementing NGIS first Data Data Data Data and Generation of
system system system phase collection| |preprocessing manipulation | [information results
analysis

Science

Integrated geoinformation system of
scientificresearch

Integrated gecinformation sutomated
managemant system

P,

nteraction Intgriiction

Production (PNGI51)

Integrated geoinformation automated

processing system National Topographic

Databank
administrative boundaries
transport nebwork
hydrography

— — land use/ cover
System for receiving/sending relief

requestsfrom external GIS/15 energy network
population

|'r|te\m-;(ion Intergetion
System of manipulation

| of exchange standards
SDTS

SAIF

DX30

DIGEST

Fig. 2. The first phase of NGIS. The UML class and relation designation is applied
to the systems

standards for the presentation and exchange of spatial data at that time. Instead
of these standards, there is now an ISO 19100 series "Geographical
information/Geomatics" and its partial adaptation for Ukraine [12].

RADIOECOLOGICAL GIS AS A ECOLOGICAL MANAGEMENT SYSTEM

Practical evidence of CP1 correctness was obtained in 1997-1999 during the
development of the first national GIS in Ukraine. It was called the
Radioecological GIS (RGIS) and belonged to the class of (geo-)information
systems of ecological management (ISEM or GeolSEM, Fig. 3). Designed to
support decision-making of the 1986 Chornobyl NPP (ChNPP) accident
minimization activities for the territories of 12 of Ukraine's 25 oblasts.

The first phase of the system - GeolSEM Management component (shown
on the right in Fig. 3) — was commissioned in 1997 at Department of
Population Radiation Protection (DPRP) of the Ministry of Ukraine for
protection of population from the consequences of the Chornobyl accident
(MinChornobyl Ukraine). It was called "Information support system for DPRP
activities" and was abbreviated as RadEco (RadioEcology). The goals of
creating RadEco are planning, coordination and control of works on minimizing
the consequences of the ChNPP accident using radiological control and
monitoring of data, as well as cartographic information.
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In 1998-1999 the second phase of GeoISEM: Production component
(shown on the left in Fig. 3) and Integrated distributed DBn (shown in the
middle in Fig. 3) was developed and put into operation. The integrated
distributed DBn has combined diverse information related to the DPRP activities
to minimize the effects of the ChNPP disaster. Shown in Fig. 3 "Ecosystem
status maps" have become the prototype and main source of the Atlases of
radioactive contamination of Ukraine described below.

Note that in Fig. 3 are shown two components of the selected in Fig. 2
triads: production and management. We did not tailor Fig. 3 under the modern
views and critical properties of GIS, which are described in this article.
However, we must say that the Integrated Distributed DBn is an element of the
production component, and the scientific and educational component is not
shown in Fig. 3. In fact, it existed and was very essential for the creation and
operation of the RGIS. After all, many scientific institutes of Ukraine took part
in minimizing the consequences of the ChNPP accident. Even a simple listing of
their results used in the RGIS will take up a lot of space.

Below we take a closer look at the RGIS management component and the
Integrated distributed DBn — a part of the production component that could or may
not be included in the management component. The production component in full
(Fig. 3) at the time seemed fairly standard. It is only with time that we have realized
that its main essence — determining the state of an object that simulates the
investigated spatial entity in an information system — corresponds to a certain, well-
defined process. In this process, irrespective of the context, there are duplicate
checkpoints such as: request, notification, pre-accounting, permanent accounting
(registry), status monitoring. In addition, we later realized that the objects at certain
control points form systems whose relational properties between the objects of the
same state and the different states have yet to be explored.

Due to article size issues, we also neglected the Support Immediate Solution
modules (Fig. 3), which were developed in RGIS only as prototypes. They are
included in the RGIS as the results of the Ukrainian-Canadian Chornobyl GIS
project, which was implemented in two phases [13], [14]. From the viewpoint of
modern views, the management of large territories cannot be done without
taking into account the impact of emergencies. Emergencies such as wildfires,
floods, technological, etc. take place in almost all "large" territories.

Key features of RadEco system. The RadEco system was intended for
informational support of the basic business processes of DPRP, as well as to
support strategic decision-making in planning and implementing long-term
impacts on ecosystems. From the viewpoint of the goal approach to the analysis
of management functions, a hierarchical decomposition of functions was
performed, based on the main goal of management, and such decomposition is
closed to the end result of the activity with a description of all sections in the
chain: goal — means — result — criterion (Fig. 4).
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To achieve the goal, the following measures were implemented
(for territories, premises, water bodies, products, people): inspection,
maintenance of the radiation control system, issue of measuring instruments,
maintenance of a database of observations, development of recommendations,
development of laws and regulations, implementation of recommendations,
evaluation efficiency of the conducted actions.

RadEco provided:

e improving the efficiency of organizational management procedures in the
planning, coordination and control of work that is within the competence of the DPRP;
improving the use of radiological control and monitoring data, increasing the
completeness of the assessment of the ecosystems status of the contaminated area in
order to improve the planning of countermeasures to minimize the negative impact
of radioactive contamination of technogenic origin;

e use of digital mapping material (maps, map layers, thematic maps) as a
means of qualitatively assessing the situation based on all system data having a
spatial component.

RadEco implements a set of interconnected functional complexes of tasks
(FCT) based on common internal components, unified approaches to obtaining,
processing and presenting data, using a unified information base. RadEco is
implemented in a multicomponent architecture and is capable of operating in a
corporate and local version using Informix or Access DBMS. From the
viewpoint of the tasks to be solved, RadEco distinguishes subsystems:

e GeoProjector — implements management functions; automates the
formation and accounting of the implementation of the annual Work Program to
minimize the consequences of the Chornobyl disaster by sections that fall within
the competence of the Management, planning and control of the implementation
of works, contracts within the Program.

e GeoBIS — implements production functions of access, processing and
analysis of radiological database information; ensures the provision of
generalized and detailed information on radioactive contamination at the level of
the settlement, district, and oblast; provides the ability to create combined
ecosystem status reports. GeoBISc — corporate version, GeoBISd — desktop
version, BIS — Base Information System.

e GeoBank (Spatial DBn) — organizes available digital mapping
materials in network-wide repositories; provides selection and modification of
mapping data based on structured metainformation; provides the possibility of
forming complex maps of the territory using specialized thematic layers.

e GeoView — designed for effective spatial data management: managing
the spatial DBn; collecting all operations on mapping objects into a single
interface, regardless of the mapping tools used (Maplnfo, MapX, MapObjects,
ExcelDataMap, ArcView).

e Geolntegrator — implements receiving into databases of the system and
transfer of external data in arbitrary formats of relational DB. Included in the
RadEco management system when needed.

All subsystems provide data export to MS Word document formats, MS Excel
spreadsheets and charts, external databases visual formation and execution of regular
and spatial queries to the system database, presentation of query results in tabular,
graphical and cartographic forms using thematic mapping tools.
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Fig. 5. Access interface to GeoBank (Cartographic DBn, GeoView)

Integrated ecological databank. The integrated ecological databank
contains unit measurements and aggregated data on environmental and regional
contamination and consists of the following databases: 1) Environmental load on
humans; 2) Contamination of settlements; 3) Contamination of farmlands;
4) Contamination of forests.

In the subsystem of ecological data integration (Geolntegrator) in DPRP the
following functions on processing and reception in a DB of spatial data were
executed in the automated mode:

e obtaining data from a representative of the provider of data to the DPRP
of MinChornobyl;

e logging data in the logging log and saving a data diskette;

e geocoding the data provided. The geocoding process of the data was
performed in order to link the data provided with the identifiers of the
observation objects (settlements, collective farms, fields, etc.) of radiological
and topographic databases for further processing);

e calculation of average, minimum and maximum values, calculation of
quantitative indicators (data aggregation);

e detection and "screening" of erroneous data;

e input and import data into the Integrated ecological databank.

GeoBank (Spatial or Cartographic DBn) is associated with the Integrated
Ecological Databank, which consists of databases: 1) contamination, 2) land use,
3) land tenure, 4) topographic. This databank is used for the accumulation, storage in a
systematic form, the use of information products that came from external sources or
created using their own software (cartographic systems, tools for the preparation of
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maps and maps schemes the like). GeoBank's fields of application are activities related
to the use in the production and management practice of information products in the
form of maps, maps schemes, etc. to work with data that is spatially linked
(in particular, data from the Integrated Ecological Databank) Fig. 5 shows the access
interface to GeoBank (Cartographic DBn).

GeoBIS subsystem. The production component of RGIS was implemented by
the GeoBIS subsystem. Its main function was to formulate and execute standard and
arbitrary queries to radioecological databases and present results in tabular, graphical
and cartographic forms. A combined ecosystem status report was one of the possible
outcomes of GeoBIS. It is obtained as a sequence of requests to the Integrated
ecological and the Spatial (Cartographic) databanks.

Solving the task of preparing a combined report, spatial queries were created
(or saved queries were used), the desired settlements were selected from the
hierarchical lists or from the map. Query results were exported to MS Word,
MS Excel office products. Thematic maps (using cartographic system MapInfo)
were built on the basis of individual requests. All results were collected into an MS
Word document that contained a combined environmental report of the selected
settlement (settlements). A similar problem could be solved for the preparation of
combined reports by district and oblast. Fig. 6 shows an example of a request for
data from the Integrated ecological DBn. Fig. 7 provides an example of a combined
report: Fig. 7a — diagram of the changing the content of cesium-137 in milk in the
settlement Ignatpil by years; Fig. 7b — thematic map. Observation of the Zhytomyr
oblast districts (number of cesium samples in milk, 1997); Fig. 7c — Thematic map.
The estimated dose is total for the settlements in the vicinity of the settlement
Ignatpil in 1997. Graphic representations of the combined report are compemened
by the table data as in Table 1.

GeoProjector subsystem. The GeoProjector subsystem was part of the RGIS
management component designed to support strategic decisions. The DPRP
Regulation provided for the performance of management functions, including the
formation and control of the implementation of the Program of works to minimize
the consequences of the Chornobyl disaster for a year. The Program of works was
the main document for the implementation and control of works on the
implementation of long-term impacts on ecosystems.Automation of management
processes was performed through functional complex of tasks (FCT).

Such complex in RadEco system was a formalized set of actions
(operations) of the system, the execution of which leaded to the certain result.
FCT operations were performed on system data that were defined when
configuring user access rights to data and operations.

Typically, a specific system user performed one or more logically linked
FCT. The main FCT were: financing of works; support for the system of
radiation control; planning the works on clarification of radiation status;
accounting for works on radiation monitoring equipment; accounting for
radiation monitoring support works; planning and accounting for agricultural
and forestry radiology works.
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Table 1. Number of cesium-137 samples in milk in 1997 in Zhytomyr oblast districts (data

from the Integrated ecological DBn; translation from Ukrainian)

District Measurement class Number of samples Year
Volodarsko-Volynsky cesium-137 in milk 80 1997
Yemilchynsky cesium-137 in milk 1566 1997
Korostensky cesium-137 in milk 1359 1997
Luhynsky cesium-137 in milk 850 1997

c. Korosten cesium-137 in milk 20 1997
Malinsky cesium-137 in milk 1044 1997
Narodytsky cesium-137 in milk 875 1997
Novograd-Volynsky cesium-137 in milk 430 1997
Ovrutsky cesium-137 in milk 2410 1997
Olevsky cesium-137 in milk 1010 1997

Each item of the Program of works provided the set of works, specific
contracts, contractors and funding. It was possible to create a new Program, add
a section or item, and edit the Program. The distribution of funding under the
Program was carried out separately. This distribution could be done either
manually or automatically. The system issued reports on the Program in the form
of MS Word documents, ready for approval: a general report on the Program,
decryption of expenditures by sections and items by recipients of funding and by
oblast (decryption was performed on the basis of the work entered).

ATLASES OF RADIOACTIVE CONTAMINATION OF UKRAINE

Critical property 2 (CP2) is formulated as “Availability of the atlas solution
(or Atlas system — AtS), relatively independent from other elements of the GIS
of a large territory that could operate offline”. In the period from 1996 to 2005,
several atlases and atlas information systems were developed, which made it
possible to formulate CP2. Below, due to volume problems, only one atlase
solution is briefly described.

The Atlas of Radioactive Contamination of Ukraine (RadAtlas) was issued
four times in 2002, 2008, 2011, 2014 in two versions — paper and electronic, in
two languages — English and Ukrainian. The structures and contents of these
editions are consistent and complementary.

The first version of RadAtlas was made under the conditions when some time
after the Chornobyl disaster elapsed and there was a need for a publication that
would give a general idea not only about the fields of formation of radioactive
contamination, but also about the impact of ionizing radiation on human health and a
wide range of medical, demographic, social and economic consequences of the
Chornobyl disaster. Generalization of information not only about radioactive
contamination of the territory by radionuclides, but also information about medical,
social and economic aspects of the Chornobyl disaster was based on the latest
author's developments and researches, data and materials accumulated over the years
by leading institutions and organizations of Ukraine (including scientific institutes)
in the field of radioecological monitoring.
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Fig. 8. Map of radioactive contamination zones from RadAtlas electronic version,
2nd edition (2008, ukr)

The paper version of the atlas was published in 2002, 2008, 2011 as an
A3 album with a total volume of 52 pages. The atlas contains four sections,
which include 40 maps and schemes, texts, graphs and diagrams. The maps are
submitted to the territory of Ukraine in scales from 1:2.5 million to
1:12 million, for some territories the scale is increased to 1:100 thousand withthe
inclusion of ActiveX components, containing interactive maps, texts, graphs and
diagrams, tabular information (Fig. 8).

RadAtlas 2011 was issued only in a three-language (Ukrainian, Russian,
English) paper version. RadAtlas 2014 is only available in English in electronic
version. It can be viewed at the link [15].

GEOINFORMATION PROJECTS OF THE FRENCH-GERMAN CHORNOBYL INITIATIVE

In 1998-2003, three projects of the French-German Chornobyl Initiative (FGI) were
implemented: Safety of sarcophagus (6 Sub-Projects) [16]; Radioecological
consequences of the Chornobyl accident (9 Sub-Projects) [17]; Medical effects of
the Chornobyl accident (10 Sub-Projects) [18].

More than 20 scientific and research institutes and organizations of Belarus,
Russia, Ukraine, France and Germany participated in the creation of databases.
As a significant number of Sub-Projects also consisted of Belarusian, Russian
and Ukrainian units, the actual number of "thematic" Sub-Projects was 52.
In addition to the thematic Sub-Projects, in each of the Projects 1-3 were also
integrated Sub-Projects, and the Coordination project was completed. In addition
to the large number of Sub-Projects, the situation was compounded by the fact
that individual thematic databases had to create specialized institutions for each
topic in Belarus, Russia and Ukraine with very different experience in
developing information products.
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All three Projects used geoinformation products: ArcView — in Project 1,
Maplnfo Professional — in Projects 2 and 3. Moreover, Project 1's database was
developed on ArcView as a "highly" integrated system, and in Project 2 there
was a special Sub-Project 0, the purpose of which was to provide the spatial and
administrative-territorial bases for the radioecological Sub-Projects 1, 2, 3a, 3b,
3¢, 3d, 4 and 5 of Project 2.

In order to coordinate the development of such a large number of
information products (mainly databases), to ensure control and preservation of
results, two main ideas of the Coordination project were put forward:

1. Apply the notion of a weak integrated information system to the
organization of the results and materials of the Projects, using the notion of not a
classical information system, but of an information system in a broader (wide)
sense. At the same time, the authors of this idea were well aware that it is
impossible to create a highly integrated (classical) information system, in the
conditions of the already planned FGI.

2. To find or create a set of tools that would simplify and unify the
development of information products of each Sub-Project, as well as ensure
effective management and coordination of development at the level of each Project
(ie, Sub-Projects of Projects 1, 2 or 3), and at the level of the FGI in general.

The information system in the broader sense (ISb) is called "The totality of all
formal and informal data representation and processing activity within an
organization, including the associated communication, both internally and with the
outside world" [19]. The information system in the narrow sense (ISn or classical IS)
is called "Computer-based subsystems, intended to provide recording and supporting
services for organizational operation and management" [19].

It should be noted that the use of the notion and tools of the information
system in a broad sense was forced measure. At the beginning of the FGI, such a
system was not planned to be developed, but the problem of a large number of
Sub-Projects and data forced management to start this development already
during the implementation of the FGI.

Several ISb have been developed in the FGI Projects. Initially, simple
desktop ISb REDACIW, REDAC2W, ChIIS-FGI1 were created based on
HTML for "weak" integration of project results and materials. Here, REDAC
stands for RadioEcological Database After Chornobyl, a system for monitoring
and accessing the results and materials of Project 2 of FGI, ChlIS-FGI stands for
Chornobyl Internet/intranet Information System. The letter W in REDACnW,
n =1, 2, 3, had two meanings: Wide (or Broader), to identify the type of
information system and Weak, to identify the approach of integration.

The analysis of the results of the FGI Projects substantiated two more critical
properties of GIS. Critical property 3 (CP3): Portal as a means of building GIS
in some broader sense (GISb) with GIS in the narrow sense (GISn) and other
elements, as well as to provide online teamwork with all elements-systems.
Critical property 4 (CP4): GIS of large territory must have a metasystem
extension, which in turn must necessarily include meta-products and meta-
processes for their creation. All elements of the system must be consistent with the
particular Solutions Framework of the project in which the system was created.
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Critical property 3 (CP3). At the end of the FGI, it was decided to provide
Internet access to the "weak" integrated (G)ISb REDAC2W and ChIIS-FGI1. To
implement this idea, a dedicated ISGeo TripleNet Software Suite (ISGeoTriNet)
portal software was created to develop the (G)ISb REDAC3W, HEDAC (HEalth
Database After Chornobyl — control and access to the results and materials of
FGI Project 3) and ChIIS -FGI2.

A key feature of our portal (G)ISb is the availability of a metadata database
that describes portal content, helps you work with portal materials through the
Web interface, and describes the relations between system elements.
A simplified symbolic structure of the (G)ISb ChIIS-FGI2 is shown in Fig. 9.

The ChIIS-FGI2 portal part is shown in Fig. 9 in the middle, provides
control and access to poorly integrated databases and file repositories (libraries)
Publications, Products, Processes, Fundamentals, and Services (see Fig. 9 on the
left). External users were required to log in to receive Reader or Author rights.
Only internal users could obtain Coordinator group rights.

There was an "enhanced" approach to integration. For this purpose, portal
structures such as Electronic dashboards, Web-modules and Portlets were used.
For example, Web-modules were implemented such as Template — to create
documents according to the selected template, and Pattern — to create groups of
documents that are joined by certain logic, such as the management process. An
example of Portlet is Wintegration (Weak Integration), which implemented two
mechanisms of weak integration: establishing relations between documents and
assigning a document to a specific category.

Critical property 4 (CP4). The result of implementation of the 2™ idea was
the Project Solutions Framework (ProSF), which model is shown in Fig. 10.
Here, the Products-Processes-Basics(Products, Processes) are called the main
Solutions Framework (SoFr) triad.

In FGI Projects, this model had two implementations: 1) in the form of
regular operating system directories containing sample files (version 1),
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2) a version 1 file structure, supplemented with a metadata database and
specialized portal software, ISGeoTriNet, which supported as creation of file
structure and description of project results and materials, as well as authorized
search and access of users through the portal (version 2).

The Publications package contains samples and templates: website,
presentations, paper publications, demo versions of project results (products).
Assigned to communicate with the project's external environment. Products package
includs samples and templates: databases, maps, software, reports; their descriptions
and metadata; operational documentation. Assigned for project product developers.
The Processes package contains samples and templates of the project's business
processes: requirements management, planning, survey, quality control, and
configuration management. Assigned for project management. The Services
package contains ISGeoTriNet specialized portal software, ProSF operational
documentation, as well as samples and templates: training materials, metabases,
product decoration elements, electronic and paper product repositories. Assigned for
administrator, documentary and/or user training specialist. The Basics package
contains global information resources for the project: a glossary, data dictionaries,
classifiers, a base map, a geo-object database. Assigned (element by element) to all
project participants. Supported by architect and project management.

The implementation of the described ProSF implementation made it
possible to integrate the results and materials into an information system in a
broader (wide) sense and, at the same time, into a weak integrated desktop and
portal information system. Portal information systems are characterized by the
presence of a metabase that describes portal content and helps to work with this
content through the Web interface. In the portal version, the degree of data
integration was "enhanced" compared to the desktop version.
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The Solutions Framework ProSF (Fig. 10, 11) was systematically used in the
Coordination Project (also called Project 0) one year after the start of the FGI and
the time before the initiative was over sufficient to monitor the results of each
Sub-Project. The unification of the presentation of results, the use of the ProSF,
have created the preconditions for organizing materials into a (geo)information
system in an broader sense or weak integrated (geo)information system, with two
versions: desktop and portal.

Here we must admit that in our practice there were projects of large territory GIS,
for which the concept of scientific intensity was poorly applicable. This is, for
example, the GIS of a national mobile operator. The development was carried out on a
clear technical specification and the scientific intensity of this GIS was small, so, for
example, in CP1 there was no educational-scientific component. However, for
territorial projects of cultural and natural contexts, all critical properties are valid.

CONCLUSIONS

The defined four critical properties (CP) are valid for modern GIS and
follow from our experience. They are:

e CPl. Availability of educational-scientific, production and management
components in each GIS of a large territory.

o (CP2. Availability of an atlas solution (or Atlas system — AtS), relatively
independent of other elements of the large territory GIS, which could work offline.

e (P3. Portal as a means of building GIS in some broader sense (GISb)
with GIS in the narrow sense (GISn) and other elements, as well as to provide
online teamwork with all elements-systems.
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e (CP4. GIS of large territory must have a metasystem extension, which in
turn must necessarily include meta-products and meta-processes for their
creation. All elements of the system must be consistent with the particular
Solutions Framework of the project in which the system was created.

In the absence of any such property, we can speak of a corresponding
critical shortcoming of the GIS project, and this project is likely to be a failure.
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AHAJII3 [TIPAKTUYHOI'O BUKOPUCTAHHS FTEOIHOOPMALIIMHUX CUCTEM
JJI TEPUTOPIAJIBHOI'O KEPYBAHHS TA BUSHAYEHH
IX KPUTUYHUX BIIACTUBOCTEU

Beryn. [IpakTHYHUI TOCBI CTBOPSHHS, BIIPOBAKSHHS Ta SKCIUTyaTallii reoindopmariiftnux
cucreM (I'IC) mis kepyBaHHS BEJIMKUMH TEPUTOPISIMH YMOMJIUBIIFOE BUAUIUTH 1X KPUTHYHO
BaxumBi BiactuBocTi. ['IC 3a HasgBHOCTI KPUTHUYHUX BIIACTUBOCTEH HE BIAMOBIIAIOTH
3arajJbHONPUIHATHM BH3HAYCHHSM, OCKIJIBKM BOHHM € PO3BHHYTIIIUMH CHCTEMaMH.
IMpunineHas 0coOIMBOI YBarW KPUTHYHUM BIACTUBOCTSM JIa€ 3MOTY 3MCHIIUTH PUBUKH MiJT
yac po3poOieHHs Ta BrpoBakeHHs Takux [IC, a Takox MIBUIINTH e(EeKTUBHICTH X
3aCTOCYBaHHS JUI KEPYBaHHS TEPUTOPISIMHU.

MeTow po0OTH € aHalli3 BUKOPUCTAHHsS po3pobieHux aBTopamu ['IC amst kepyBaHHS
BCJIMKUMHU TEPUTOPISIMH Ta BU3HAYCHHS iX OCHOBHUX KPUTHYHUX BJIACTUBOCTEH.
Bimmykyrorecst  kputuuHi  BnactuBocTi  [IC  1yis  KepyBaHHS — TEpPHUTOPISIMH,  SIKi:
1) noBroprototbes st Beix Takux I'IC, 2) BimpisasroTh ix Bix 3BuuaiiHux I'IC, 3) nmoBuHHI
000B’3KOBO BpaxoByBaTHCs i yac ctBopeHHs HoBux ['IC.

PesyabTaTu. Bunineni taki KpUTHYHI BJIACTHBOCTI, SIKi € HEOOXITHUMHU TaKOX 1 JUIs
cyuacHux ['IC s kepyBaHHS TepuTOpisMU: 1) HasiBHICTh Y4OOBO-TIPAKTHYHOT, BUPOOHHYOT
Ta YNPaBIIiHCHKOI KOMIIOHEHT, 2) HAsABHICTh BIJIHOCHO HE3AJIEKHOTO aTJacHOrO pIIIeHHS,
3) 000B’SI3KOBICTh BHKOPHCTaHHS MOPTatiB, 4) HEOOXiTHICTh JOTOBHEHHS MOJCITIOBAHHS
TEPUTOPIH IX METaMOIETIOBAHHSIM.

BucHoBku. Ilicns aHamizy NOpakTHYHOTO JOCBiAy CTBOPEHHS, BIPOBADKCHHSI Ta
excrutyaranii ['IC s xepyBaHHS TepuUTOpPIsIMA aOJyKTHBHI YMOBHMBOJAM JIAIOTh 3MOTY
CTBEP/DKYBaTH HasABHICTh KpuTH4HUX Biactusocreil I'IC. 3a BigcyTHOCTI Oyap-sKoi Takoi
BJIACTUBOCTI MOXXEMO TOBOPHUTHU IPO BINNOBIAHUN KpuTHuHHK Henonik npoekty ['IC i mei
poeKT Oyze HalliMOBipHillle IPOBAILHUM.

Knrwwuosi cnosa: zeoinpopmayitina cucmema, KepyeaHHs mepumopisimu, npocmoposi O0ai,
abOyKYis, KpUMUYHA 81ACMUBICMDb.
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AHAJIN3 ITPAKTUYECKOI'O UCITOJIb3OBAHMA TEOMH®OPMAIIMOHHBIX
CUCTEM JJIS1 TEPPUTOPUAJIBHOI'O VIIPABJIEHUWA 1 OTIIPENEJIEHUE UX
KPUTHYHNX OCOBEHHOCTEN

Bgenenue. [Ipaktiueckuii onbIT co3ganusi, BHenpeHus U skcrutyatauuu [MC ms ynpasnenns
OONIBIIMME TEPPUTOPHSMH TIO3BOJISIET BBIICIUTh MX KpUTHUECKH BakHble cBoiictBa. [MIC c
KPUTHYECKIMH CBOICTBaM HE COOTBETCTBYIOT OOIICTIPHUHATBHIM OIPEIENCHHSM, TIOCKOIBKY OHH
SABISAIOTCS Oonee pa3BUThIMH cucreMamu. Oco0oe BHUMaHHWE K KPUTHYECKMM CBOICTBaM
MO3BOJIICT YMEHBIINTh PHCKH TIpH pa3paboTke u BHenpenun Takux [VIC, a Taxke MOBBICHTH
3} (HEeKTHBHOCTS UX TPUMEHEHUS TSI YIIPABICHUS TEPPUTOPHSIMU.

Lens craTbm — aHaANW3 UCMOJIB30BaHUS pazpaboraHHbIX aBTOopamMu [WC mis
yHpaBieHus: OOJIbIIUMH TEPPUTOPUSIMHU U OIIpEIeTICHEe MX OCHOBHBIX KPUTHUECKUX CBOHCTB.
OteickuBaroTcst Kputudeckue cpoiictBa [MIC nmnst ympaBieHHsT TEPPUTOPHSIME, KOTOPHIE:
1) nmosropstorest i Beex Takux [UC, 2) ornuuator ux ot oObryHbIX [MIC, 3) noimkHBI
00513aTeNIbHO YYUTHIBATHCS MU co3aHuu HOBIX [C.

PesyabTaTbl. Bolaenensl ciepyromue KPpUTHYECKHE CBOWCTBA, HEOOXOAUMBIE U JUIA
coBpemeHHbIX [MIC nmist ympaBneHus TeppUTOpusMH: 1) Hanuyue y4eOHO-NPaKTHYECKOM,
MPOM3BOJCTBEHHOH W  yNPaBICHYECKOW KOMIIOHEHT, 2) HaJIW4Yhe OTHOCUTEIHHO
HE3aBUCHMOTO aTJAacHOTO peIeHus, 3) o00s3aTeNbHOCTh HCIOJB30BaHHUS IOPTAJIOB,
4) HeOOXOIMMOCTD JOTIOJIHEHHSI MOJICIIMPOBAHUS TEPPUTOPUI UX METAMO/ICITNPOBAHHEM.

BoiBoapl. Ilocine aHamm3a MPaKkTHYECKOTO ONBITA CO3MAHMS, BHEIPEHHS H
skcrutyaratmd  [TMC  ans ynpaBieHHS TEppUTOpUSIMH  aOAyKTHUBHBIE —YMO3AKIIIOUCHUS
MO3BOJISIIOT yTBEPXKIAaTh O HAJHYMU ONpeNeNieHHBIX Kputhueckux cpoiicts ['MIC. Ilpm
OTCYTCTBHH JIFOOOTO TaKOrO CBOHCTBAa MOXEM T'OBOPHTH O COOTBETCTBYIOIIEM KPUTHUECKOM
HenoctaTke mpoekta ['MIC 1 3TOT mpoekT OyIeT CKopee BCEro MPOBATBHEIM.

Knioueevie cnosa. eceounpopmayuonnas — cucmema,  Ynpagienue — meppumopuimu,
npoCcmpancmeenuvle OanHvle, AbOYKYuUsl, KpUMuieckoe c80oUCmao.
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IHDOPMALIAHA TEXHONOIIA NPOrHO3YBAHKA
CTAHY NIOJIUHKA 3A EKCTPEMANBHUX YMOB

Bcmyn. [lepebysanms moouHy 6 XonoOHil 800i HAleHCUmMb 00 eKCMpeManbHux eniueis. depes
BUCOKY MENTIONPOBIOHICHIb | MENTOEMHICIb 800a € eKCIMPEMATLHUM PAKMOPOM WUEUOKO20 0XOI0-
Ooicennst opeanizmy. Jlns 6e3neuno2o niaganus i podomu JOOUHU Y XOT0OHI 800i BUKOPUCTIOBY-
10mb cneyianbhe 3axuche cnopsaodiceHts — ciopokocmiomu. Memoo mamemamuuHozo Mooemo-
BaHHSL OAE 3MO2Y OOCTIOUMU NPoYecu Menio00OMiHy Midc THOOUHOIO | 60OHUM CepedosuueM 3
VPaxXy8anHaM yMO8 OOGKLLISL, PI6HsL (DI3UUHOT aKmuUSHOCHIE Ma XapaKmepucmuk 2iopokocmiomd.

Memor cmammi € po3pobnenus iHhopmayiliHoi mexnono2ii oYiH8aAHHA MA NPOSHO-
3Y8AHHA MEPMOQI3I0N02IUHO20 CMAHY THOOUHU 051 Oe3NeyH020 NepeOYBaHHs Y 600HOMY
cepedosuyi. s ybo2o 6y10 po3podieHo KoMn IomepHUil MOOYib 6NIUBY 3AXUCHO20 0052y
Ha mennoull cmam JTI0OUHU.

Pezynomamu. 3anpononosano ingopmayiiiny mexnonoziio npocHo3y8ants CMay J0OUHU
3a eKCmpemManbHUXx ymog y 600i. Po3pobneno komn tomepHuil MoOyib npocHO3Y8AHH MA OYIHIO-
6anns. mepmogizionociunoeo cmany moounu y ciopoxocmiomi. Mooyns nobyoosano na ocHogi
KOMNAEKCY MAMEMAmuyHux mMooenetl (izionoiunux npoyecie mepmope2yisiyii 10OUHU 8 eKC-
pemanvHux ymosax cepedoguwya. JJoeeoeno adeKkeamuicms MAmemMamuidHux Mooenet Wisxom
NOPIGHAHHA Pe3YIbIMAmie MOOe08aNH s 31 CHOCIEPedCeHHAMU Ha moosax. Lle oae 3mozy cmeep-
odrcysamus, wjo po3pooneHa 3 GUKOPUCTNAHHAM YUx mooenell ingpopmayiiina mexHonoeis, a ma-

© EPMAKOBA 11, HIKOJIAEHKO A 0., BOTATBOHKOBA A 1, TPULIAIOK O.B., KPABUEHKO I1M., 2020
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Epmaxosa LU, Hixonaenko A.JO., Bozamvonkosa A.L, Tpuyarok O.B., Kpasuenxo I1.M.

KOXMHC KOMN TOMepHUtl MOOYb MOXCYMb OYymu 3acmoco8ani Ol 6UKOHAHHS MEOPemudHUx i
NPAKMUYHUX 3a80aHb, NOB SI3AHUX 3 3a0e3NneUeHHIM 300P08 '8 IIOOUHU ) XOIOOHI 800

3a donomoeoro po3pobrenoco Komn’'rOmMepHO20 MOOYIL NPOBEOeHO MOOENbHI O0CIi-
0JICeHHs 6NAUBY KOHCMPYKYIi 2i0pokocmioma Ha mepmopezynayiio nioounu y 600i. byno
dociddiceno 08a 2iOpOKOCMIOMU: 3 KOPOMKUMU PYKABAMU | KOPOMKUMU WMAHUHAMU MA 3
dogeumu pykagamu i doseumu wmanurnamy. Ompumano npocHo3 i npoeedeHo ananiz mep-
MOQizionoeiuno2o cmamny n0OUHU, AKA NPOMALOM 200uHU nauee 3i weuokicmio 1 m/c y 600i
memnepamyporo 6i0 10 °C 0o 26 °C.

Bucnosku. Ingopmayiiina mexnonozis npocHo3ye6ants mepmopizionociunozo cmamny
JHOOUHU OAE 3MO02Y QOCAIOUMU BNIUB 3AXUCHO20 KOCIOMA PI3HOT KOHCMPYKYIT Ha mepmope-
eynayiio moounu. Ilokasano, wo 6ubip 2i0pOKOCMIOMA MOACIUBO POOUMU MINbKU 3 00HOYA-
CHUM YPaxy8auHAM memMnepamypu 800U ma 3anjiaHo8ano2o Qizuunozo0 HAGAHMAdICEHHS, 6
THWOMY Pa3i MOMCIUB] NOMUNIKU, AKI NPpU38edyms 00 NOPYUIEHHS Meniogo20 KoMpopmy y
pasi nepedy8arnHs IHOOUHU Y 800I.

Knwuosi cnosa: mooerv mepmope2ynayii  m0OunY,  iHopmMayiiina  MexHor02is,
KOMN 10mepHuti MOOYIb, eKCINPEeMAnbHi 6NIUBU, 800HE cepedoguye, 2IOPOKOCIOM.

BCTYN

[TepeOyBaHHS JIOAMHA B XOJIOMHIA BOJII HAJICKHUTH 10 €KCTPEMAITBHUX BILTUBIB.
Uepe3 BUCOKY TEILIONPOBIIHICTh 1 TEIJIOEMHICTh BOJIA € EKCTpEMaIbHUM (DaKTO-
POM HIBHIIKOTO OXOJIOJKEHHS OopraHizmMy. ToMmy panTtoBe MOTparuIsiHHS B XOJIO-
Hy BOIY HEOE3MEeUHO YIS KHUTTA 1 3/I0POB’S JIOAWHA. 32 YMOBU HECIIOAIBAHOTO
MOTPAIUISIHHS B XOJIOAHY BOJY, KOJIM MOTEPIIINM HEOOXITHO JTOYEKATHCS PATY-
BIBHHX CIY’K0, PEKOMEHAYIOTh 30epiratu CIoKii, He pyXaTHCh (AKIIO B ILOMY
HEMae KpaiiHpol MoTpedr) 1 IPUIHATH TaKe MOJOXKEHHS Tiia, o0 SKOMOTa Me-
HITIa FOTO IIIoIa KOHTAaKTyBaia 3 Bojuoro [1]. XojomHa Boa € Takok HeOe3med-
HUM (paKTOpOM PH3HKY AJIs IJIAaBLIB, HE3BAKAIOUM HA IHTEHCHBHICTH (Hi3UUHOT
aAKTUBHOCTI. Y pa3i TpHBAJIOro mepeOyBaHHS JIIOIUHU 0€3 CITeIliaIbHOTO 3aXHC-
HOTO OJIATY Y BOIi, TeMIieparypa skoi Hwkde 3a 25 °C, € 3arposa mepeoxoio-
moxenHst [2]. Taginasg Temneparypu sapa Tina Huwkde 3a 35 °C € HeOe3neuHuM
IS 3I0POB’S1 JIIOAWHY 1 BU3HAYAETHCA SIK TIEPEOX0JIOPKEHHS.

Jlis Ge3nedHoro TaBaHHs 1 pOOOTH JIFOMUHN Y XOJIOIHIN BOJI BUKOPHCTOBY-
€ThCS CIICIiAJIbHE 3aXHUCHE CIIOPSPKEHHS — TiapokocTiomu. [1im yac mpoBeneHHs
3Marasb 3 IIABAaHHA Y BIOKPUTHX BOAOWMaX Iy YHUKHEHHS MOMKIIMBOTO TIEPEOXO0-
JIO/PKEHHSI CIIOPTCMEHIB 3000B’SI3yIOTh BHKOPHCTOBYBATH TifpOKOCTIOME [3, 4].
3aje)HO BiJl TEMIIEpaTypy BOIM, BHIY JLUTHHOCTI 1 3aITAHOBAHOTO dacy Iepedy-
BaHHA JIFOJMHH Y BOZi BUKOPHCTOBYIOTH TIPOKOCTIOMH MOKPOTO UM CyXOTO THILY.
Haii6inb1n nommpeHnMH TiIpOKOCTIOMAMH € T1APOKOCTIOMH MOKpOTO THITy. BoHM
BHTOTOBJISFOTHCS 31 CHEIIATHHOTO Matepiany — HeompeHy. 1llomo KoHCTpyKIIii, TO
3a3BUYail X BUTOTOBJISIOTH 3 pyKaBaMH i IITAHMHAMH Pi3HOT JTOBXKUHH [5].

Ha croronnimHiii AeHs po3po0IeHO 1 TPOJOBKYETHCS CTBOPEHHSI MaTeMa-
TUYHUX MoOjeJei TepMmoperysmii sroauau [6, 7, 8]. [Ipore OiunpmicTs 3 HUX
OINUCYIOTh TEIJIOOOMIH JIFOJMHHU 3 TOBITPSHUM CEPEIOBHUIIEM 1 JIUIIC He3HAYHA
KUJIBKICTh MOJeNel Moxe OyTH BHKOPHCTaHA sl 3aHYPEHHS JIIOJUHU Y BOLY.
Hecraua ¢i3ionoriyHux eKCHepUMEHTaIbHUX JaHWUX, HEIOCTaTHhRO BHUBYEHI
TIPOIIECH TETUIOOOMIHY JIFOAMHH 3 BOJOIO 1 MPOIECH YTBOPECHHS JOJATKOBOTO
TEIUIa 332 PaXyHOK XOJIOJJOBOTO TPEMTIHHS CKEJIETHHUX M’S3IB € BaXKIIMBUMHU
mpoOiieMaM 'y po3poOJIeHHI, HANAMTyBaHHI Ta JIOKa3yBaHHI aJeKBaTHOCTI
MaTeMaTHYHUX MOJIENIeH TepMOPETYIIALIl JTFOAMHN Y BOJI.
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Briepiie MmaremMaTHYHy MOJIENb TEPMOPETYIILIT JIIOAMHH y BOJI 3alPOIIOHY-
BaB L.D. Montgomery [9]. B miii Mozeni mikipa JIFOJUHHA TIOBHICTIO 3aXHWIIIEHA
TiAPOKOCTIOMOM, MaTEMaTHYHO OIMHUCAHO KOHAYKTUBHY IIepenady TeIuia Bif IIKi-
PH 10 TiJPOKOCTIOMA 1 KOHYKTHBHO-KOHBEKTUBHE BiJIBEICHHSI TEILIa 3 MOBEPXHI
rimpokoctioma y Boay. B mozeni L.D. Montgomery He BpaXOBaHO MOKJIHBICTh
KOHTAKTYBaHHS IITKipH 0€3MOCEPETHRO 3 BOJIOIO 1 MOYKITUBICTh YaCTKOBOTO 3aHY-
pennst Tina moauan 'y Boay. N.C. Miller i R.C. Seagrave po3poOuiii Takox Mo-
JeTIb TEPMOPETYIILIT JIIOAWHY MiJ] 4ac 3aHypeHHs y BaHHY 3 Bojoto [10]. ABro-
pH HE BpaxOBYBaIH MiAMIKIPHUHA XKUPOBHUH IAp y TiMi JIOJUHA 1 HE BpaxyBaid
3axucHuil omr. P. Tikuisis Ta cmiBaBTOpH po3poOMIIM MOJIETH TPOrHO3YBaHHS
¢izionoriyHNxX peakiil JF0IUHY i 9ac 3aHypeHHs B XoJoaHy Boay [11, 12]. Lx
MOJIEJIb PO3PaXOBY€E TeMIIEpaTypy Tijla JFOAUHH, 301IbIIEHHS TEIUIONPOAYKIi 3a
paxyHOK XOJIOAOBOTO TPEMTIHHS CKEJICTHHX M s31B Ta KOHBEKTHUBHI BTPATH TETI-
Ja 3 IOBEpXHi Tina JoAuHU. B 1il Mozieni BpaxoBaHO TOBIIUHY KMPOBOTO IIapy
y TLJTL JTFOIMHY, 3aXUCHHAN T1IPOKOCTIOM HE BPaXOBaHO.

MeTo10 CTATTI € po3po0IeHHs iH(OPMAIIIITHOT TEXHOIOTIT OI[IHIOBAHHS Ta
MPOTHO3YBaHHS TepMO(]i310I0TIYHOTO CTaHy JOIUHH Ui Oe3MeYHOTOo epedy-
BaHHS y BOAHOMY cepenoBuuli. st bOro po3po0iieHO KOMIT IOTEpHHH MO-
IyJb BIUIMBY 3aXHCHOTO OJSTY Ha TEIUIOBHH CTaH JIIOJUHU.

KOMN'IOTEPHHA MORYNb BU3HAYENHA BNNMBY 3AXMCHOTO OAATY
HA TENNOBHW CTAH NIOHHH

B ocHoBy iH(popMamiiiHOI TexHOJOTii Ta Po3poOIeHOr0 MOIYJsl MPOTHO3YBAHHS
TEpMO]i3i0IOTIYHOTO CTaHy JIOJMHH y BOJ MOKIANIEHO KOMIUIEKC MaTeMaTHIHUX
MoJieNiel TepMOperyJsiil JFOJMHU TIiJI 4ac 3aHypeHHsI y BoAy. Mojeli omicyroTh
NPOIIECH TEIUIONPOAYKLIi, mepeaady Terla MDK TKaHWHaM{ 1 opraHamu, ydacTb
CHCTEMH KPOBOOOITY B TIpoLiecax MepeHeCeHHs TeIlIa B OpraHi3Mi JIFOIMHH, TeII00-
OMIiH JIFOAWHY 3 TIOBITPSIHAM 1 BOJJHAM CEPEIOBHITIAMH, TIPOIIECH aalTallii 10 3MiH|
YMOB HABKOJIMIIIHBEOTO CEPEeNIOBHINA 1 piBHS ()i3MYHOI aKTMBHOCTI Ta BILUIMB OJIsi-
Ty/3aXUCHOTO CTIOPSIKEHHST HA TEIUIO00MiH 3 JOBKULIIM [13].

Po3po6iieHo nporpamue 3abe3nedeHns (software) st MpoBeICHHS MOACTEHIX
JOCIIKEHb TEpMOQI3I0IOTiYHOTO CTaHy JIFOIMHH Y Boail. Ha puc. 1 Hagano iHTep-
¢etic po3pobraeHOro MOIYSt A1l BUOOPY YMOB MepeOyBaHHsI JTIOAUHH Yy BOAHOMY
cepenoBuII. MoIynb BpaxoBye: TeMIlepaTypy BOJH, TPHBATICTH HepeOyBaHHS,
Koe(IITieHT TEmI000MiHy KOHBEKIIIEIO ¥ BOJII, TIOTYKHICTE 1 BHI (hi3MUHOT aKTUBHO-
CTi JIIOMHY, PiBeHb 3aHypPEHHS JIIOAMHHU Y BOAY 1, SIK HACHIOK, XapaKTEPHCTUKU
HOBITPSIHOTO CEPENIOBHUINA Y pa3i HEMOBHOTO 3aHYPEHHS, XapaKTePUCTUKU Ta KOHC-
TPYKITIO TIAPOKOCTIOMA.

Bumom (}i3udHOT aKTHMBHOCTI JIIOJUHHM y BOJI MOXE OyTH CTaH CIIOKOIO,
yTpUMaHHS TiJla Ha MOBEPXHI BOJM, XOJIHHS MO MOsic y BoAi 1 miaBanHs. Dizu-
YHA TiSTTBHICTE 3a1a€Thes €EeKTUBHICTIO pOOOTH 1 KoedillieHTaMu TTPOITOPITii-
HOCTI, SIKi BiJOOpakaloTh BiJHOCHY Y4acTh TPYIl CKelIeTHHX M’s3iB Tina. [le-
pendadeHo MOXKIUBICTD BUOOPY CTHIIIO IUIaBaHH, HAIPUKIIA, BUTbHUI CTUIb,
Opac, kpoub, 6aTepdsii, Ha CIIUHI.
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Man ] Experiment ] Air environment Immersion lEMF exposure ] Results ]

Clothing Immersion level

Local ~ More |Who|e body {except head)j

¥ Immersion parameters

Water temperature |18 %c

Start |0 h Finish |1 h Right Left Right O Left

Immersion duration 1.2 h
Water convection 460 W
coefficient m2-0C
Activity level 680 2| kealth
Exercise efficiency lﬁ_ﬂ %
|Breast stroke j I I I I
Air temperature 20 %
Relative humidity (0.8 ND

Air velocity 1 mfs

Activity design |

Puc. 1. Intepdetic Moxyms it BHOOPY YMOB IepeOyBaHHS JIOHHH Y BOJI

Po3pobiienuit Momysib Hala€ MOXKJIUBICTH OLIHUTH TEePMO(Di3i0I0riuHUH
CTaH JIFOJIMHU Ta Ha/JaTU Oe3MeYHHU TepMiH mepeOyBaHHS y BOJI B 3a/laHUX
yMOBax. BUXIZHUMH JaHUMU MOJEIBHUX JOCIIIKEHb € XapaKTePUCTUKU Tep-
MO(i310JIOTIYHOTO CTaHy JIIOAWHH — JUHAMIYHI 3MiHH TeMIIepaTyp OpTaHiB i
KpOBI JIIOJMHH, 00’ €MHA MIBUAKICTh KPOBI BCIX YaCTHH Tijia, IBUIKICTH METa-
0O0TIYHUX TPOLIECiB, TEIUTOBI TOTOKH, IIOTOBUILICHHS, CEPIIEBUI BUKU]I, YACTO-
Ta CepIIeBUX CKOPOYCHb, YIAPHHUI 00’ €M KpOBi TOMIO0. MOMETbHI TOCHTIIHKEHHS
JIAI0Th 3MOTY 3a3/1aJIerib OLIIHUTH Oe3MEYHICTh BUOPAHUX YMOB 1 MOMEPEIUTH
PU3UKH TIOPYIICHHSI CTAaHY 3JI0POB’sI JTIIOMHU.

AHAMI3 AIEKBATHOCTI MATEMATH'IHHK MOJIENEN
TEPMOPETYNATOPHHX PEAKIIM NIOAMHK Y BOJLI

HeoOxigHIM KpPOKOM Yy pO3pOOJICHHI Ta BUKOPUCTaHHI MaTeMaTHYHUX Mojelei €
JI0Ka3 afieKBaTHOCTI. Pe3ynbTaty Hamoi po6oTy OyJio MOPIBHSHO i CKOPHIOBAHO 3
pe3yJbTaTaMu CIIOCTEpEKeHb Ha JFonsx, orpuMmannmu H. Wakabayashi ta criiBas-
Topamu [14]. BoHu y cBoeMy JIOCIT/DKEHHI OLIIHIOBATM BILUTHB TiPOKOCTIOMA MOPIiB-
HSHHO 31 3BUYaHHUMH IUTaBKaMH Ha METaOOJYyHiI MPOLECH Ta TeMIepaTypy Tija
momuan. [IpoTsrom yceoro dacy mepeOyBaHHS JIIOIMHH Y BOII aBTopamu OyIio
3MIMCHEHO MOHITOPHHT BHYTPIINTHBOI TEMITEpaTypHt Ta TeMIIepaTypH IKipu. BHyT-
pILIHIO TeMIiepaTypy Tijla BUMIpIOBAJIM 32 JIOTIOMOTOIO TEPMICTOPHOIO 30HIY Y
CTPaBOXOJIl JIFOJMHHM, a TEMIeparypy WIKIpH 3a JOMOMOIOK TEPMOPE3UCTOPHHX
CCHCOPIB, SKI KPIMMIKCS A0 TPYIHOI KITITHHH, CTETHA, TOMLUIKH, Iieda Ta Tepe-

wriyast. Cepenuro Temmeparypy mikipu (77, ) 3a TemnepaTypaMH IT'SITH BKa3aHHMX

TIISTHOK PO3paxoByBaiH 3a (popmysioro [15]:
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T,=028T,, +0,28-T, +0,22-T, +0,14-T

+0,08-T, |

hest orearm

ne: T — rtemmeparypa, °C; iHgekcu: sk — IKipa, chest — TpyaHa KIiTHHA,
thigh — crerHo, calf — rominka, forearm — tunede, arm — TePeATDIITYS.

VY nocmimkenHi [14] Opamu ygacts 10 Momoaux Ta 3MOPOBUX YOJIOBIKIB,
cepenHi (i310J0TIUHI XapaKTEPUCTHKH SKHUX: BIK 24 poku, 3picT 173 cM, maca
66 kr, criBBigHoweHHs xupy (%BF) 17 % Bin 3aranpHOi MacH Tina, 3arajibHa
mrora moBepxHi mkipy 1,79 mM°. CriouaTky JTIOIMHA, OJATHEHA TUIBKH Y IUIaB-
k1, 10 xBuIMH niepeOyBaia y CroKoi Ha TOBITpi, a moTiM 60 XBWIMH CHJIIA Ha
CTUTBII B crieLiaIbHOMY pe3epByapi 1o muio y Boai. HIBHAKiCTs TUPKYIIIOBaH-
Hs Boau B pesepByapi 50 i/xB. TemmepaTypy BOIHM 1 TeMmepaTypy HOBITps
miaTpuMyBau 01u3pK0 26 °C, BiTHOCHA BOJIOTICTE MOBITPS =~ 66 %.

[MopiBHIOBaNM 3MiHU TepMO(Di3i0JIOTIHHOTO CTaHy JIIOAWHU Y pa3i BUKOPHU-
CTaHHS JIBOX BUJIB OJIATY: JIFOJMHA TiepedyBaia y BOJi B IUIaBKax abo B Tipo-
koctiomi. [ImaBkm, 3pobieHi 3 Ay»e TOHKOI TKAHWHHW, IPUKPHUBAIIN JIAIIE OJTH-
3bKO 5 % TMOBEpXHi, TOMY iXHIMH TEPMOI30JISILIHHIMY BIACTHBOCTSMH MOKHA
3HEXTyBaTH. [1IpOKOCTIOM HansAraBcsi Oe3mocepelHbO MEpeA BXOHKEHHSIM Y
BOy. BuKOpHCTOBYBaBCS TiIPOKOCTIOM «MOKpOIO» THILy, MaTepial — He-
OTIPEH, IOKPUTUI HEHIIOHOM, TOBIIMHOIO 2 MM. AHCaMOIIb CKIIaIaBCsl 3 KyPTKU
3 KOPOTKMMH pyKaBaMu Ta IITaHIB 3 KOPOTKUMH IITAHHUHAMH, T1IPOKOCTIOM
MOKpHBaB Mpuoyn3HO 61 % MmKipu IOIUHY.

IIpoBeneHO TOPIBHSAHHS PE3yJIBTATIB MTOCHTIMHKEHHS 32 JOTIOMOTOI0 PO3PO-
0JIEHOTO0 KOMILIEKCY MOJIeNICH 31 CIIOCTEPEKSHHIMU Ha JIto1aX. JuHamika Tem-
nepaTypyu BHYTPILIHIX OpraHiB JIOIUHH Y BOJl, OTpUMaHa 3a PO3pOOJICHUMHU
MOJEISIMH, y3TOMXKYEThCS 3 BUMIPSHUMH JaHUMU TEMIIEPaTypH B CTPaBOXOII
nroauHH, ski orpuMaHo H. Wakabayashi Ta criiBaBTopamu [14], aist 060X ymoB
(Tabn. 1, Puc. 2).

YcraneHe 3HaYeHHS CepeHbOI TeMIepaTypu LIKIpH JTIOJUHM Y BOJL, PO3-
paxoBaHEe 3a PO3POOIICHUMH MOJCIISIMH TEPMOPETYJIAIIT JTIOAMHH, 30iracThCs 3
BUMIpSHUMH AaHUMH, ki oTpumano H. Wakabayashi ta cmiBaBTOpamu [14],
muist 000x ymoB (Taom. 1, Puc. 3).

Tabauys 1. IlopiBHSIHHSI MOJIeJILHUX Pe3yJIbTATIB 3i crocTepeKeHHAMH Ha JIIOASIX

CepenHbpOKBaipaTu4He BiaxuineHHs, °C

B T1JPOKOCTIOMI B IIaBKaX
3a TeMIiepatyporo
BHYTPIILIHIX OpraHiB 0,100 0,064
3a cepenroio 0,378 0,162
TEeMIIEepaTypoIO LIKipH
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] OniebHI NaHi | onembHi mami ‘|
35.8 omropmip e 35.8 Ao
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Yac, xB Yac, XB
a) 0)

Puc. 2. ]lunamika TeMrepaTypH BHYTPIIIHIX OpraHiB JIIOAMHU Y BOII
B TiApoKOCTIOMI (a) i B m1aBkax (0)

°C °C
34 N e S 34 1
B T1IPOKOCTIOMi B IITaBKax
- ' MOﬂeijHi ,[[aHl q ' M -
324  ====Bumipani a#i 324 ----B}ﬁfpﬁﬁlﬁaﬂl
R R Lo
30 P
sl
26 A 26 A
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Yac, XB Yac, XB
a) 0)

Puc. 3. Jlunamika cepeiHbOI TeMIepaTypH HIKIPH JFOJMHHU Y BOJI B TIIPOKOCTIOMI ()
1 B ru1aBkax (0)

VY3ro/pKeHIiCTh Pe3yJIbTaTiB MOJICIIOBAHHS 3 BUMIPIOBAHHSAMH Ha JIFOMISIX
MiATBEP/DKYE aeKBATHICTh MaTeMaTHYHUX Mojenei. Lle nae 3Mory cTBepKy-
BaTH, 1[0 PO3POOJICHUI KOMIT IOTEPHUH MOMAYJb MPOTHO3yBaHHS TepModi3io-
JIOTIYHOTO CTaHy JIOJWHU y BOJII MOKE OYTH 3aCTOCOBAHO JUISi BAKOHAHHS TEO-
PETUYHUX 1 MPAKTUYHUX 3aBJaHb, MOB’A3aHUX 3 MPOTHO3YBAHHSAM 3MiH CTaHY
JIOIMHU y XOJIOAHIH Boi [16].
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PESYNbTATH MOJIENbHUX NOCMIJKEND

IpoBeneHo MoJENbBHI JOCIPKEHHS BIUTUBY TiIPOKOCTIOMA Ha TepMOQi310I0TiuHII
CTaH JIIOAMHA. YMOBH: JIIOAVHA B TiIPOKOCTIOMI IDIHMBE 31 MBUAKICTIO 1 M/c, yTpH-
MYIOYH TOJIOBY HaJ BOAOIO. IHTEHCHBHICTh (Di3WdHOI akTWBHOCTI 680 KKaj/Toj,
edexTuBHICTE poboTH 6 %, TpHBATICTH TUIaBaHHS | romuHa. Temmeparypa BOIH
10 °C+26 °C; oedirtieHT TemmoodMiHy KoHBekIiero y Bomi 460 Br/(m™°C). Xapak-
TepucTHKM MOBiTps: Temmeparypa 20 °C, BimaocHa Bosoricts 80 %, MIBHAKICTH
pyxy mnoitps 0,1 m/c. XapaKTepuCTHKH JIFOAUHU: YOJIOBIK, 25 pokiB, maca 70 kT,
3pict 170 e, 1olma noBepxHi tina 1,79 Mm%, crispinromenss sxupy (%BF) 15 % Bin
3arajibHOI MacH Tiyia. XapaKTeprucTHKH Tinpokoctioma: cknan 100 % HeorpeH, TOB-
mpHa 3 MM, mineHicTs 170 Kr/M°, Temoizomsmist Matepiamy 0,058 m*-°C/Br. Byio
JOCIIIKEHO JIBA T1APOKOCTIOMH: 3 KOPOTKMMH PyKaBaMH 1 KOPOTKMMH IITAHHHAMH
(KOpOTKHMIA) Ta 3 TOBI'MMH PyKaBaMH i JOBTHIMH IITAaHWHaMH (JTOBTHit). Maca KopoT-
koro rigpokoctioma 0,58 kr, wioma 1,14 M’, Maca JIOBIOro rimpokoctiomMa 0,76 KT,
mora noeepxHi 1,49 v”. TTix yac ry1aBaHHs JTIOIMHH B «KOPOTKOMY» TiIPOKOCTIOMI
ILIOIIA MIKIpH, 5K KOHTAKTYE 3 BOJOK, ckiamae 0,54 M°, a B «IOBIOMY» TiPOKOC-
TIOM1 — 0,2 1\/12, 110 B 2,7 pa3u MEHILIE.

AHaniz cepeaHpOi TeMIlepaTypy INKIpH JIOJWHW 332 TOMWHY TUIABaHHS 31
mBuaKicTIO 1 M/c 3a Temmeparypu Boau Bix 10 °C go 26 °C mokasas, 1o 3a
temnepatypu Boau 22 °C i BuIie MOAMHI KOMQOPTHINIE B «KOPOTKOMY» Til-
POKOCTIOMI, a 3a TeMIepaTypu Boau Hbk4e 3a 22 °C — y «mosromy» (Puc. 4).

[Ticnss BXOMKEHHS Y BOJY OpraHi3M JIIOJAWHH MHUTTEBO pearye Ha XOJOA
3BY>KEHHSIM KPOBOHOCHUX CYIHMH Yy HIKIpi 1 TEpPMOPETYISTOPHUM TOHYCOM abo
TPEMTIHHAM Y CKEJIETHUX M’s3ax Tina. HaiOinbIme TpeMTiHHA Ha TIOYaTKy Iiia-
BaHHSI CIIOCTEpIiraeThest 3a Temriepatypu Boau 10 °C y JTIOIUHHE B «<KOPOTKOMY»
TiAPOKOCTIOMi, KOJIM XOJI0J0Ba TEIUIOMPOAYKIIisl 3pocTae A0 77 KKal/Ton, aie
BXKeE yepe3 22 XBWIMHHU TPEMTIHHS NPUIUHIETHCS, XO0JI0A0BA TEIIONPOAYKIIs
3a paXyHOK TOHYyCYy M’s13iB ctae menire 20 kkan/rox (Puc. 5).

(%]
o =]

8]

4
047550 —— «JToBruii»
72)8 TiIPOKOCTIOM

(%]
— ('S

8]

XonogHo

27

25 —6— «KopoTkuii»

TiIpOKOCTIOM

26 22 18 14 10 A
Temmneparypa sBomu, °C )

Puc. 4. Cepenns TemnepaTtypa MIKipH JIIOAWHH Yepe3 TOMUHY IUIaBaHHS Y «KOPOTKO-
My» 1 «IOBrOMY» TiJJPOKOCTIOMI 3aJIEKHO Bifl TEMIIEPAaTypH BOAN
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Mst kkar/ron

Yac, ron
Puc. 5. JluHamika XOJIOIOBOTO TPEMTiHHSI CKEJETHHX M’SI3iB JIIOIMHHU IIiJ] 4ac
TUTABaHHS Y «KOPOTKOMY» Ta «IOBFOMY» TiJIPOKOCTIOMax

Cnalko Bupa)keHa TEPMOPETYJIISITOpHA Peakwisl MOSICHIOETHCS TUM, IO Mij
Yac IUIAaBaHHS B OPraHi3Mi JIIOAUHN BUPOOJISIETHCS TEIUIO, SIKE KOMIIEHCYE BTpa-
TH TeIla MIITXOM KOHBEKINi y Bomy. O0’eMHa MIBHAKICTH KPOBI Y CyAHHAX
IIKIpH, sIKa CIIOYATKy Majae A0 1 JI/Toj, moYrHae 301IbIIyBaTHCh, 00 BiaBec-
™1 Hagummok tera (Puc. 6). Haiimenma y 3agannx ymoBax 00’€MHa IIBUA-
KiCTh KpOB1 y CyIMHaX LIKIpU cIriocTepiraeTbes 3a remneparypu sogu 10 °C y
JIOJIMHU B «KOPOTKOMY» TiAPOKOCTIOMI, IO JIMIIE 4epe3 22 XBIJIUHU MiCIis
MOYaTKy IUIaBaHHA BiIHOBIIOETHCS A0 0a30Boi 11 1/rox i TpuMmaeThCs Ha OA-
HOMY DiBHI /IO 3aKiHYCHHS IUIaBaHHS. Y <«JIOBrOMY» Ti[pOKOCTIOMi 00’€MHa
MIBUIKICTh KPOBI y CyAMHAX INKipH BITHOBIIOETHCS 10 0a30BOi uepes
13 XBUIMH Mics TMOYAaTKy IIABaHHS 1 MOCTYIOBO 3pOCTaE a0 56 J/roj 1o 3a-
KiHYeHHs miaBaHHs (Puc. 6a).

3a temmeparypu Boam 26 °C y JIOAWHH B «KOPOTKOMY» TiIPOKOCTIOMI
00’eMHa IIBUIKICTH KPOBi Y CyIMHAX IIKIpH BIITHOBIIOETHCS O 0a30BOI depe3
8 XBWJIMH Micis MOYaTKy IUIaBaHHS 1 MOCTYNOBO 3poctae A0 113 n/rox mo 3axiH-
4yeHHs 11aBaHHsA (Puc. 60). YV «10BroMy» ripoKocTioMi 00’€MHa MIBUAKICTH KPO-
Bl y CyAMHAaX HIKipy BITHOBIIOETHCS 10 0a30BOi Yepe3 7 XBUWJIMH ITICIS TTOYATKY
TUIaBaHHS 1 CTPIMKO 3pocTae 10 MakcuManbHoi 280 J1/Tof, 0 CIpUYHHSE T0AaT-
KOBE HAaBaHTA)XEHHS Ha cepue. 3a Temneparypu Boau 26 °C y JIOIUHU B «I0BIO-
My» TifpokocTioMi gactota cepreBux ckopoueHs (UCC) Ha 27 yiu/xB Ouiklne, a
cepuesuii Bukuz (CB) Ha 2,7 1/xB Oinblie, HiXK y «kopoTkomy» (Taom. 2).
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Puc. 6. [lunamixa 00’ eMHOI MIBUJIKOCTI KPOBI y CyIUHAX IIKiPH JFOJUHH IIif] 4ac
IUTABaHHS B «KOPOTKOMY» Ta «JIOBTOMY» TiAPOKOCTIOMI JJISl TEMIIEPATypH BOJAU

10 °C (a) i 26 °C (6)

Tabnuys 2. Temneparypa aapa Tiaa (T,,,.), 9acrora cepueBux ckopodenn (YCC)
Ta cepueBuil Bukua (CB) awoaunu 4yepe3 roauHy IUIAaBaHHS B «KOPOTKOMY» i
«I10BromMy» riIpoKOCTIOMi 3aJ1€KHO Bill TeMIepaTypH BOIU

I'igpokocTtioMm 10 °C 14 °C 18°C | 22°C | 26°C
T oC «KOPOTKHID 37,8 37,8 37,7 37,7 37,9
e «I0BTHiD 377 | 379 | 381 | 385 | 392
«KOPOTKHI» 159 157 156 157 161
YCC, y/xB.

«IIOBTHI» 156 160 164 171 188

«KOPOTKHI» 9,1 9.3 9,5 9,9 10,7

CB, n/xB.

«ITOBTUI» 9,8 10,2 11,1 12,3 13,4

Y «1oBromy» TiZpOKOCTIOMI MPOTITOM TOIAWHH IUIABAaHHS 31 IMIBHIKICTIO
1 M/c mroguHa He BiguyBae Xonony. BHyTpimHsS Temmeparypa Tifa JIIOJUHU
(Tabu. 2, Tjypa) 301IBIIYETHCS IPOTATOM BCHOTO NEepeOyBaHHs y BOAL ISl BCO-
ro Jiana3zoHy TeMIeparyp, kpiMm temrepatypu Boau 10 °C, 3a sKoi Temmepary-
pa BHYTpIIIHIX OprafiB JIOAMHU 4epe3 14 XBUIMH BUXOAMTH Ha YCTaJleHUH
pexum 37,7 °C (Puc. 7a).

B «KOpoTKOMY» TiIpOKOCTIOMi TeMIeparypa sapa Tijia JIOJUHH 32 IMiBro-
JIUHU BUXOJUTH Ha ycTalieHui pexxum 37,7-37,8 °C (Tabn. 2) ans Bchoro mia-
Ma3oHy TeMIIepaTyp, KpiM Temneparypu Bogu 26 °C, 3a sIKOi BHYTpILIHS TeM-
neparypa 3pocTa€e MOBUIBHINIE 1 BUXOIUTh Ha ycTaneHuil pexxum 37,9 °C omu-
XK9e 110 3aBepiIeHHs iaBanas (Puc. 70).
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Puc. 7. JluHamika TemIepaTypu BHYTPIIIHIX OpraHiB JIIOAUHM Mifl Yac IJIaBaHHS
Yy «KOPOTKOMY» Ta «JIOBrOMY» TiIpoKocTIOMi st Temmepatypu Boau 10 °C (a)
126 °C (6)

3a 10MOMOror0 po3po0IeHOr0 KOMIT IOTEPHOTO MOIYJIS MOKIMBO OTpUMa-
TH TIONIEPEIHINA MPOTHO3 TEPMO(Di3i0JIOTIUHOTO CTaHy IUIABIS 3aJICKHO Bif Te-
MIepaTypy BOJM i KOHCTPYKIIi rimpokocTiomMa. 3a Temneparypu Bogau 22 °C i
BUIIE Yy JIIOAMHU 4epe3 TOAMHY IUIaBaHHs 31 MIBUAKICTIO 1 M/C y «ZIOBrOMy»
TiIPOKOCTIOMI BUHUKAE 3arpo3a MeperpiBaHHs, 3a TAKUX YMOB PEKOMEHAY€ETHCS
BUKOPHUCTOBYBAaTH «KOPOTKUID TIPOKOCTIOM a00 3MEHIIUTH 4ac Ta MIBUAKICTh
miaBaHHs. 3a Temnepatryp Boau 18 °C i HHXKUYe PEKOMEHAYEThCS BUKOPHCTO-
BYBATHU TiAPOKOCTIOM 3 JOBI'MMH PYKaBaMH i JOBI'MMH IITAHUHAMHU.

[adopmaniitHa TeXHOJIOTiSE TPOrHO3YBaHHS TEPMOQI3i0JI0TIYHOTO CTaHy JIFOAWHU
JIa€ 3MOT'Y JIOCIIIUTH BIUIMB 3aXHCHOTO KOCTIOMa Pi3HOI KOHCTPYKIIi Ha TepMope-
ryJsiiro moauHd. [lokazano, 1110 BUOIp TiIPOKOCTIOMa MOYKIIBO POOHTH TLTBKH 3
OIHOYACHNUM YypaxyBaHHSAM TEMIEPaTypH BOIM Ta 3aIUIAHOBAHOTO (Di3MYHOTO Ha-
BaHTaKEHHS, B iHIIOMY Pa3i MOXKJIMBI OMHJIKY, SIKi MPU3BEAYTh A0 MOPYLICHHS
TETJIOBOr0 KOMQOPTY Y pa3i nepeOyBaHHS JIIOAWHH Y BOJII.

JloBeneHa aJJeKBaTHICTh MAaTEMaTHIHUX MOJIENICH TepMOPETYJIMLii JIIOANHH
y BOJIi J1a€ 3MOTY CTBEP/DKYBATH, IO PO3po0IieHa 3 X BUKOPUCTaHHIM 1H(OP-
MalliiiHa TEeXHOJIOTiS Ta KOMII IOTEpHUH MOJYJb HMPOTHO3YBaHHS TepMOdi3io-
JIOTIYHOTO CTaHy JIIOAMHH Y BOAI MOXYTh OyTH 3aCTOCOBaHi JUIS BHKOHAHHS
MPaKTUYHUX 3aBAaHb.
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INFORMATION TECHNOLOGY FOR PREDICTION
OF HUMAN STATE IN EXTREME ENVIRONMENTS

Introduction. Being in cold water refers to extreme effects. Due to its high thermal conduc-
tivity and heat capacity, water is an extreme factor for rapid cooling of the body.
For the safe swimming and working of a man in cold water special protective equipment —
wetsuits is used. The method of mathematical modeling makes it possible to study the proc-
esses of heat exchange between human and water environment, taking into account envi-
ronmental conditions, level of physical activity and wetsuit characteristics.

The purpose of the paper is to develop information technology for evaluation and predic-
tion of human thermophysiological state for safe staying in the water. As a result computer mod-
ule for influence of protective clothing on human thermal state has been developed.

Results. The information technology for prediction of human state in extreme condi-
tions in water is proposed. The computer module for prediction and evaluation of human
thermophysiological state in a wetsuit has been developed. This module is based on a com-
plex of mathematical models of human thermoregulation in extreme environments. The
adequacy of mathematical models is proved by comparing the modeling results with obser-
vations on people. This suggests that the information technology and computer module can
be applied to perform theoretical and practical tasks related to human health in cold water.

With the help of the developed computer module modeling experiments of influence
of the design of a wetsuit on the thermoregulation of person in water were held. Two wet-
suits were researched: short sleeves and short trousers and long sleeves and long trousers.
Were obtained the forecast and the analysis of thermophysiological state of swimming man,
duration was one hour, speed was 1 m/s, temperature of water from 10 °C to 26 °C.

Conclusions. The information technology for predicting thermophysiological state of a
man allows to investigate the influence of a protective suit of different design on the ther-
moregulation of a human body. It’s shown that the choice of wetsuit can be made only in
combination with temperature of water and planned physical activity, otherwise mistakes
can lead to a violation of thermal comfort in the case of human’ being in water.

Keywords: model of human thermoregulation, information technology, computer module,
extreme conditions, water environment, wetsuit.
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NHOOPMAIIMOHHA I TEXHOJIOI'MS ITPOI'HO3A
COCTOSHIA YEJIOBEKA B S5KCTPEMAJILHBIX YCIIOBUAX

[pemnoxena nHPpOpMAIMOHHAS TEXHOJIOTHS MPOTHO3a COCTOSHUS YEJIOBEKA B SKCTPEMAJIbHBIX
YCIIOBHSX B BoJe. Pa3zpaboTaH KOMITBIOTEPHBIH MOJYJIb IIPOTHO3a M OLEHKH TEPMO(QU3HOIOIH-
YeCKOI'0 COCTOSIHUS 4eJIOBEKa B I'MAPOKOCTIOME. Moyb HOCTPOEH Ha 0a3e KOMILIeKca MaTeMa-
THYECKUX MOJIeNIeH (PU3HOTIOrMIECKHX TIPOLIECCOB TEPMOPETYIISLIMH YeTI0BEKa B SKCTPEMATBbHBIX
yCIIoBUSIX cpenbl. JIokasaHa alleKBaTHOCTh MaTEMaTH4eCKUX MOJENel ITyTeM CpaBHEHHsS pe-
3yJBTaTOB MOJIENIMPOBAHMS ¢ HaOMIONEHWSIMU Ha MomsiX. MHQopMalmoHHas TEXHONOTHS IO-
3BOJISIET MPEACKa3aTh M3MEHEHHE (DYHKIMOHAIBHOIO COCTOSHUS 4eIOBEKa, pacCUUTaTh 0e30-
MIACHBIN CPOK MPeOBIBaHMS UYeJOBEKa B BOJE, NPEIBAPUTEILHO MPOBEPUTH YCIOBHUS OYIyIIHX
COpPEBHOBAHUM, ONPEEIUTE HEOOXOANMOCTh IIPHUMEHEHHNS 3aIUTHOIO KOCTIOMA U BEIOPAaTh €ro

XapaKTEPUCTHUKN U KOHCTPYKIIHIO AJIS UCCIICAY EMbIX ycHOBHﬁ.

Kniouesvte cnosa: mooens mepmopecyniayuu 4eloeexda, uH¢0lell{u0HH(l}l mexHoJjlocu,

KOMNbIOMEPHbLIL MOOYIb, IKCIMPEMANbHbLE 8030€liCMEUsl, BOOHASL CPedd, SUOPOKOCHIOM.
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INTELLEGTUAL CONTROL, LOCALIZATION AND MAPPING
IN GEOGRAPHIC INFORMATION SYSTEMS
BASED ON ANALYSIS OF VISUAL DATA

Introduction. Nowadays, geoinformation systems (GIS) are widely used in transport, construction,
navigation, geology, geography, military affairs, topography, economics and more.

Problem Statement. Modern GIS publications highlight a number of pressing issues
regarding the need to develop technologies and methods for the rapid formation of spatial-
temporal geoinformation data bases and dynamic mapping images. The process of prompt
formation of cartographic images of the area of unmanned aerial vehicles (UAV) flights in GIS
databases is based on the simultaneous solution of two problems — determining the location of
UAV in space, as well as the formation of a mapping image of the area under study.

The purpose of the paper is to descript the method of topographic clustering of the
obtained photographic images of UAV flights, which allows to combine visual images due to

© Gritsenko V.L, Volkov O.Ye., Bogachuk Yu.P., Gospodarchuk O.Yu., Komar M.M., Shepetukha Yu.M., Volosheniuk D.O., 2020
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the semantic search of their topographic similarity, in order to realize the visual localization
of UAV and high-precision layout of the mapping image of the navigation environment in the
operational GIS database.

Materials and methods. The research conducted is based on the technologies of
intelligent processing of large arrays of video and photo data, the theory of automatic
control, methods of image processing and recognition based on descriptors of special points,
methods of computer vision, as well as on methods and algorithms of own development,
theory of navigation and dynamics of UAV flight.

Results. Procedures of topographic clustering of visual images obtained with UAV are
developed, which are used for cognitive detection, description and matching among the
characteristic features of the navigation environment.

Conclusions. The formation of a mapping image of the area of the navigation
environment using the proposed method of topographic clustering of visual images achieved
a decimeter accuracy in spatial coordinates, allowing visual localization and mapping with a
high level of accuracy.

Keywords: unmanned aerial vehicle, geoinformation system, information technology,
computer vision, intelligent control, cartographic image, aerial photography.

INTRODUCTION

Nowadays geographic information systems (GIS) are widely used at such
domains as transport, building, navigation, geology, geography, soldiery,
topography, economy etc. However, modern publications about GIS indicate an
amount of unsolved problems related to the necessity of space-time databases
and dynamical mapping patterns operative formation technologies and methods
development. Such data is necessary for fast reaction support of intellectual
control systems that need to work in the real time scale under complex
conditions of technological disasters, fire accidents, military operations,
electronic or cyberattacks etc [1, 2].

The photographic aerial survey, provided by unmanned aerial vehicles is the
most economically justified and effective remote way to supply the necessary
and current information to GIS [3]. The operative formation process of the
mapping patterns of the unmanned aerial vehicles (UAV) flying zones is based
on the simultaneous solving of two problems — the UAV intellectual control
that lies in definition of UAV location in space and also in corresponding area
mapping pattern formation.

Today, the satellite systems as, for example, global positioning system are
most commonly used for the global coordinates definition during the missions of
UAYV localization. But, due to various reasons, signals from navigation satellites
can be unavailable, lost or functioning under “Spoofing attack™ effect.

For this very reason the actual development direction is the support of
reliable functioning of the UAV in full-autonomy mode, in other words without
any signal of global positioning system. One of the modern ways of high-level
autonomy achievement is simultaneous localization and mapping on the basis of
just visual data usage problems solving [4, 5, 6]. In similar cases UAV visual
localization accomplishes on the basis of computer vision methods and
algorithms by the way of analysis and comparison of visual pictures special
points, that were done by the UAV onboard camera [7, 8, 9]. The mission of
simultaneous localization and mapping is building of the map in unknown space
or map update in previously known space or with simultaneous intellectual
control of the UAV and current location and passed route control. Complex
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incorporation of the intellectual control theory, intellectual processing of video-
and photo- data memory arrays technology, computer vision methods promotes
expansion of geographic information system function capabilities by the
production and purposeful usage of the environmental knowledge, creation of
artificial intelligence elements and intellectualization of control processes.

The disadvantage of current visual data processing methods is that some of
made decisions about special points matching cannot fit the real situation. It,
foremost, can be caused by the specifics of pictures that are using for visual
navigation, concretely by the big amount of small objects with low detailing.
Availability of wrong fits of special points decreases accuracy of the visual
navigation systems significantly and it can cause essential errors during the
calculation of UAYV visual coordinates and, under unfavorable conditions, leads
to visual localization systems breakdown in general.

For the purpose of elimination of aforementioned disadvantages and limits
of known computer vision methods, the methodology, algorithms and visual
pictures topographic clustering procedures were developed. Usage of the
information, received by the onboard UAV sensors for topographical clustering
allows accomplishing the detection, description and reliable matching amongst
characteristic features of the navigation environment. On this basement the
intellectual component of UAV visual localization and highly accurate
configuration of navigation environment mapping pattern are realized [10].

The formation of several UAV fly photographic patterns with usage of
explored district surface air photos, that were made during such flies
accomplishes for the construction of navigational space operation mapping (for
example, fly 1 and fly 2 on Fig. 1).

Fly 1

=]

A

2

7R

Fig. 1. Fly photographic pattern formation
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The purpose of the paper is the development of the topographic clustering
method for fly photographic patterns analysis received during the intellectual
UAYV control Firstly, such analysis gives the possibility to accomplish UAV
visual localization and secondly, allows accurate combining of visual images for
construction of fly mapping pattern because of topographic similarities semantic
search between images.

METHOD OF TOPOGRAPHIC CLUSTERING OF THE SEQUENCE OF VISUAL IMAGES, RECEIVED BY
THE UNMANNED AERIAL VEHICLES

The vast majority of known visual image analysis methods are using detectors
and descriptors, that detect specific points that are comparing with each other
afterwards in the aim of formation of, so called, “matching point set”, other
words identical points on different visual images. The biggest disadvantage of
known visual image comparison methods is the fact that some amount of
specific point’s matches can be incorrect [7, 8, 9]. One of the reasons of it is that
even during the use of totally operable global satellite navigational system,
mapping pattern formation sufficient accuracy is not guaranteed because of low
accuracy rates of contemporary civil satellite navigation systems. Any error
during the mapping pattern creation causes accuracy decreasing of the received
map, and in some cases, full unsuitability of such map.

For the correction of such disadvantage the visual image topography
clustering method is proposed. There are such features of this method as, firstly,
the extraction to cluster from the established set of specific points accomplishes
just for points that have some prescribed topographic features that are
significantly differ such cluster points from other specific points of the
established set. Another feature of the proposed method is that it has capability
to check additionally (on the basis of visual image topographic features analysis)
match point sets that has been received by known methods for the veracity.
Matching points for visual images that have not pass the required check are
interpreted as wrong and are excluded from the match point set that increases
quality and reliability of visual image analysis significantly.

Furthermore, for the aim of much more detailed exposition of the visual
image topographic clustering basic features method, it structures in the range of
sequential procedures, each of that is an indispensable part for this method
functional capabilities realization.

THE PROCEDURE OF SPECIFIC POINTS INDEXED ARRAYS FORMATION

The first of aforementioned procedures is a specific points indexed arrays
formation procedure. Input data of this procedure is an organized set of three-
element suites. Suites are formed as a result of sequential appliance of specific
point extraction algorithms and their juxtaposition algorithms. Each suite
consists of the following elements:

— specific point on the standard frame (hereafter — «default specific point»);

— specific point on the current frame (hereafter — «current specific point»);

— D numeric parameter that describes proximity degree (similitude degree)
of suite specific points (hereafter — “distance”).
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The similitude degree has been chosen in such a way that for absolutely
identical points D = 0.

The set of the input data of the procedure could be presented in the
following way:

(kp! k(D). i=1.2.....0, (1)

where kpl.b ,kp; — i-th specific point on the standard and current image (other

words b and ¢ indexes are respectively indicate the affiliation of the specific
point to the default and current image); QO — general quantity of specific points
that are defined by the standard algorithm of basic points extraction.

The method uses the suites set sortation procedure (1) due to the increasing of
distance D and chooses N first suites afterwards. Other words, the most approximate
(alike) specific points of the default and current image are choosing.

Chosen suites number in the random order from / to N:

l<kpf,kpf,Di>J, i=1,2,...,N. )

Furthermore, due to the chosen suites, two indexed arrays are developed — the
array of basic specific points (hereafter, the BKP array) and array of current specific
points (hereafter, the CKP array). In the BKP array all basic specific points from the
suites (2) are coming. In the CKP array all current specific points from suites (2) are
coming. Herewith, both arrays are organized (indexed) with respect to numerical order
(indexes) of suites that has been chosen by the formula (2):

BKP = kp! }

CKP:[kplcl i=1,2,...,N (3)

THE PROCEDURE OF BEARING THREE-POINT CLUSTERS EXTRACTION

The second by the sequence is the procedure of bearing three-point clusters extraction.
For the procedure accomplishment, all possible three-points of the BKP array are
enumerated (for such operation order of point processing in the triplet is insignificant).
On the foremost step of the enumeration triplet of points is choosing:

(kp! kp} kpy), 4)

wherei=1,...,N;j=itl, .. N k=j+1,...,N.

Triplet of points from the BKP array can be considered as three-point
cluster (hereafter, default three-point cluster). In the geometrical interpretation,
three-point cluster surely defines some geometrical figure that can be named as
“three-pointed cluster star”. The center of star (cluster mass center) can be
named point, each coordinate of that is an arithmetical average value of
corresponding point coordinates that are defined cluster. The rays of cluster star
could be named vectors that are passing out from the star center to the each
cluster specific point.
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Default image Current image

kp? i

Fig. 2. Three-point cluster and its components for the default and current image

From the CKP array, the triplet of points chooses with indexes
corresponding to the point indexes that are in cluster (4). Chosen point triplet
creates current three-point cluster.

Cluster from the specific points of current image can be written in the
following way:

wherei=1,...,N;j=i+1,...,N; k=j+1, ..., N.
Clusters (4) and (5) are creating pair that is depicted on the fig.2, for such
pair the proximity (similarity) estimation procedure accomplishes later on.

THE PROCEDURE OF STANDARD AND
CURRENT THREE-POINT CLUSTERS SIMILARITY EVALUATION

On this stage the method works in cycle, where in the first iteration the pair of i-
th ray is considered as bearing. After that the LR scale coefficient is calculated

as a correlation of the default cluster bearing ray length |lTb | to the current cluster

ray length |l_'c |:

i

i

Afterwards the method calculates the ray azimuth difference between
default and current cluster ( Az diff ) by the formula:

Az = AZ(i—b) - AZ(Z;)» (7)

where Az(i,) — i-th ray azimuth of the default cluster; 4z(i,) — i-th ray

azimuth of the current cluster.

The star rays are scaling including the LR (6) scale coefficient. After it
cluster stars of the default and current image are united in the way that cluster
star centers and bearing rays are coinciding. Herewith, current cluster star

turning on the angle Az (7) also takes place:
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~.|

. M(Azye)- (l_L -LR);

jcﬁ =M (Az g ) (.]_c -LR);

kcﬂ =M (Azyg)- (Ec -LR),

@®)

where i, , j. , k., — rays of the scaled and turned current cluster star;

M — turning matrix on the angle Az .

For each of the rays the error range Er is defined, that is scaled to the
dimensionless form with the invariance assurance to the cluster scale:

_ ‘]_b - ]_c .
T
-7 ©)
a

If the error range Er of, at least, one pair of rays appears to be greater than
prescribed limit value, the closeness (similarity) estimation of such default and
current three-point clusters finishes with failure and the procedure returns to the
stage of extraction of another one three-point cluster.

If Er error ranges for each ray pair turn to be less then prescribed limit
level, method calculates the cluster similarity error CER for chosen pair of
bearing rays by the formula:

CERijk = E}/;J + El’;k . (10)

In the second iteration, vector ]_ is chosen as a bearing vector and the

above-described procedure by the formulas (6)—(10) takes place again.
LR scale coefficient calculates by the formula:

Default and current cluster ray azimuth difference ( Az diff ) equals to:

Az = Az(j,) = Az(j,). (12)

Scaled and turned rays of the current cluster star can be found by the formula (8).
For each of the rays error range Er can be calculated by the formula:
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(13)

Afterwards, the condition of error limit value non-overrunning is checking.
After, the error of cluster similarity CER for chosen pair of bearing rays is
calculating by the formula:

CER . = Ery + Ery. (14)

In the third iteration, the method chooses vector k as a bearing vector.
Scaled LR coefficient can be found by the formula:

ir
- k| (15)
Default and current cluster rays azimuth difference ( 4z diff ) is equal to:
AZyy = AZ(Eb) - AZ(EC)' (16)

Scaled and turned rays of the current cluster star can be found by the formula (8).
For each of the rays error range Er can be calculated by the formula:

lb - l('u .
e b
i

.]b - .]cM

il

Afterwards, the condition of error limit value non-overrunning is checking.
After, the error of cluster similarity CER for chosen pair of bearing rays is
calculating by the formula:

CERki}' = Erki + Er/?i . (18)

Er, =-
(17)

Er, =

As a closeness (similarity) error CE of the default and current three-point

clusters, the minimal value between CER,, , CER , , CER,; chooses:

CE™ = min(CER,, ,CER,

jik >

CER). (19)

After that, the procedure returns to the selection of a new point triplet in
enumeration cycle of all possible point triplets from the BKP array.

After the finish of enumeration of all possible triplets as bearing three-point
clusters, a pair (default and current three-point cluster) is choosing, for which the CE
value is minimal. If CE calculation has failed for each pair of three-point clusters, it
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shall be deemed that bearing cluster extraction procedure on the default and current
images on the basis of the specific points comparison results has failed.
Default bearing cluster is written in the following way:

(kp! kp' kpl ). (20)
Current bearing cluster is written in the following way:

(kp; ,kp§ kpy ). 1)

THE PROCEDURE OF SUPPLEMENTAL POINT ADDITION
INTO THE BEARING STANDARD THREE-POINT CLUSTERS

During the accomplishment of this procedure, each point of the BKP array that has not
been included to the bearing default three-point cluster are enumerating cyclically.

Chosen point kp,b ,A=1,...,N; 1 #1i,; [ #j, | #k,, from the BKP array adds
to the bearing default three-point cluster and creates default four-point cluster.

From the CKP array the kplc point is choosing that forms a pair with kplb

from the BKP array. Chosen point from the CKP array adds to the bearing
current three-point cluster and forms current four-point cluster (Fig. 3).
4th-point cluster default cluster can be written in the following way:

b g b g b 7 b
(kpiu > kp.,-u 5 kpku kpp) - (22)
4th-point cluster current cluster can be written in the following way:
(kp; . kp',  kpi kp)) - (23)

In the geometric interpretation each of four-point clusters (22) and (23)
defines unambiguously some geometrical figure that can be named “four-rayed
cluster star”. The point, each coordinate of that is an arithmetic average value of
the corresponding cluster-forming point coordinates can be named the star
center (the mass center). As star rays can be named vectors that are tracing from
the star center to each cluster-forming point.

On the first iteration the method considers i-th rays pair ( lTob , lT;) as bearing.
The next step of the method calculates LR scale coefficient as correlation of the
default cluster bearing ray length lTob to the current cluster bearing ray length foc :

b
1

(24)
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Default image Current image
kp;,

kpf’0

kp?

Fig. 3. Additional point adjunction in the bearing three-point clusters

Afterwards the method calculates the difference between bearing ray
azimuths of default and current clusters of ( Az, ) by the formula:

AZgy = Az(i)) = Az (i), (25)

where Az(i") — i-th azimuth of the default cluster bearing ray; Az(i‘) — i-th

azimuth of the current cluster bearing ray.

The current cluster star rays are scaling including LR scale coefficient. After
it cluster stars of the default and current clusters are united in such a way that
cluster star centers and bearing rays are coinciding. Herewith, current cluster star

turning on the angle Az ., also takes place:

3 S =M (Azy)- (l_oc -LR);

J_; =M (Azye)- (J; - LR);
ks, =M(Azyy)- (k) - LR);

[° =M (Azy)-(I°-LR),

(26)

ye e 7.C
where i, j, . k

S — rays of the scaled and turned current cluster star;
M — turning matrix on the angle Az .
The Er error range for pair of default and current rays of the additional point

kp, (I¢ and l_”sr) defines:

-,
by = T 27)

If Er appears to be greater than prescribed limit value, current pair of
specific points excludes from the list of candidates for including to default and
current clusters, the procedure passes to the step of a new candidate points pair
choosing for the including to the cluster.
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On the next two iterations, remained ray pairs of three-rayed default and current
clusters are considering as bearing. For the situation, depicted on the fig. 3 — there are

ray pairs (j¢, j7)and (kS , k!). After it, each action that has been described by

formulas (24) — (27) repeats for a new chosen pair of bearing rays.
If after the finish of the cycle the error range has not overpass prescribed

limit value than current pair of points (kp; , kplb for fig. 3) marks as a candidate

for including to the default and current clusters respectively, after that procedure
passes to the step of another point-candidate choosing for including in cluster.

After the ending of candidate points cyclical enumeration for the including
in cluster, all default and bearing points, marked as candidates for including in
default and current clusters (fulfilled condition about limit value overpassing
absence) are adding to the corresponding cluster. As a result, there is a cluster
pair — default and current S-point clusters, where S>3 and S < N.

Other words, S-point cluster consists of bearing three-point cluster with
adding of all points, for which the condition of the limit value overpassing
absence is fulfilled.

SIMILAR CLUSTERS EMPHASIS BY THE SPECIFIC POINT COMPARISON RESULTS THAT HAVE
BEEN RECEIVED BY THE ALTERNATIVE METHOD OF SPECIFIC POINTS EMPHASIS

Each procedure of method work (1-27), described in 2.2-2.4 repeats for sets of
three-element tuples that are constructed by another (alternative) specific point
extracting method (during the usage of OpenCV library [11], for this aim
algorithms BRISK, ORB, AKAZE can be used). If the primary (by the first
method) and repetitive (by the second method) procedure of similar cluster
extraction procedure fails, it is regarded that clusterization procedure failed for
given image pair. Clusterization procedure for given image pair ends.

If similar cluster extraction procedure has ended successfully, there are two
pairs of similar clusters: the S S-point cluster pair for the first algorithm of
specific point extraction and the §° S'-point cluster pair for the second
(alternative) algorithm of specific point extraction. So that two pairs are the
input data for the cluster cross-check procedure.

CLUSTER CROSS-CHECK PROCEDURE

The verification of similar cluster extraction results by the specific point
comparison results proceeds by the cluster cross-check procedure that resides in
expansion of the first received cluster by the second cluster points.

Herewith, the first cluster pair S is considered to be basic and the second
one §° — additional. From the S cluster pair default and current three-point
bearing clusters (20) and (21) are extracted.

After that each point pairs of the S° cluster extra pair are enumerating
cyclically for its adding to the S cluster. Three-point default and current bearing
clusters are furnished out by the corresponding specific point from another pair
of cluster points S and form four-point cluster pair: default and current four-
point cluster (Fig. 4).
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Default image Current image

kpy,

kplcjc

Fig. 4. Cross-check procedure

On Fig. 4: (kpf: , kpfy , kp,’ju) — bearing default cluster of the S-point cluster
for the first algorithm of specific point extraction; (kp; ,kpS ,kp; ) — bearing

current cluster of the S-point cluster for the first specific point extraction
algorithm; kpfc, kp;, — point-candidate pair for the expansion of S clusters from

the extra S clusters.

Further work of the method is similar to the procedure of extra point
addition to the bearing clusters, described in the 2.4 sub-paragraph.

4-point default cluster can be written in the following way:

(kp! k" K} kpl). (28)
4-point current cluster can be written in the following way:
(kp; . kp ki Skpe,) .- (29

Each of four-point clusters (28) and (29) defines the four-ray star
unambiguously. The cluster mass center is the center of the star. Rays of the star are
vectors that begin at the star center and direct to the each point that forms cluster.

The method considers pair of i-th rays (fob , l:f) as bearing on the first iteration.
The next step of the method calculates LR scale coefficient as correlation
between default cluster bearing ray length fnb and current cluster bearing ray

length ¢ by the formula (24).
Afterwards method calculates the difference between ray azimuths of
default and current clusters ( Az, ) by the formula (25).

Current cluster star rays are scaling including LR scale coefficient. After
that current and default image cluster stars are united in such a way that cluster
star centers and bearing rays are coinciding. Herewith, current cluster star

turning on the angle Az, also takes place:
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i, = M (Azg )- (l_oC -LR);

o sr

J_Zs = M(Azdiff)'(j: -LR);

l;ocsr = M(Azdiff) : (l;ac : LR)’ (30)
Ecxr =M (Azyy)- (EC -LR),
where if ., j¢ S l;(fsr , &CW — scaled and turned current cluster star rays;

M — turning matrix on the angle Az .

The error range Er calculates for the pair of default and current rays of the

—b —
extra point kp_. (cc and cc ,):

sr

Er,. = 31)

—b
cc

If Er turns to be greater than prescribed limit level, current pair of specific
points excludes from the candidates on including in default and current clusters,
method passes to the step of another candidate-point pair choosing from
additional clusters.

On the next two iterations, remained ray pairs of three-rayed default and
current clusters are considering as bearing. For the situation, depicted on fig. 4 —

there are ray pairs (¢, j.) and (l;: , Ej’ ). Afterwards the algorithm repeats

each action that has been described in formulas (24, 25, 30, 31) for the new pair
of chosen bearing rays.
If after the cycle ending the error range Er does not overrun prescribed limit value

than current point pair (kpfc , kp;, for fig. 4) marks as candidate for expansion of the

basic default and current clusters respectively, after that method passes to another pair
of points selection from the additional cluster pair S".

After the finish of cyclic point enumeration from the additional cluster pair S,
each additional cluster point pairs marked as candidates for including in the basic
cluster pair are adding to basic default and current cluster S. So another cluster pair is
forming: extended default cluster and extended current cluster S,yended-

After full cross-check procedure accomplishes repeatedly, only for the case,
when S cluster pair is basic and S cluster pair is additional.

After the finish of cyclic point enumeration with the additional cluster pair S, all
additional cluster point pairs that marked as candidates for including in the basic
cluster pair are adding to basic default and current cluster S”. So the cluster pair is
forming: extended basic cluster and extended current cluster S yendeq-

Clusterization procedure summarizing results are forming in the following way:

— if during the cross-check extension of S cluster pair has failed by the two
point pairs from the additional cluster pair S” minimally and also failed to extend
S" cluster pair by two point pairs from the additional cluster pair S, its deemed
that clusterization procedure has failed for the given pair of images.
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— on the other case, cluster pair (Sexended OF S extended) t0 What greater
number of points from additional cluster has been added chooses as a resulting
cluster pair. If the number of added point pairs in S,yengeq A0d S ervrengea Clusters is
equal, the first pair is selected as the result.

Two points comparison reliability is achieving due to the fact that visual
image matching points that have not passed visual image topographic feature
check are interpreting as false and excluding from the matching point set.

The developed visual image topographic clusterization method utilization
offers an opportunity to reduce the possibility of false match appearing
significantly. Results of conducted experiments based on the real flight data
showed that utilization of search, description and comparison of specific points
methods including the visual image topographic clusterization method provides
the significant reduce of the false match appearing possibility during the image
comparison that is utilizing in intellectual control systems for highly-accurate
UAYV autonomous navigation support.

CONCLUSIONS

Developed visual image topographic clusterization procedures provided by the
UAV are applicable to the computer vision methods that are applying to
cognitive definition, description and matching determination amongst the
navigation environment characteristic features and realizing intellectual part of
the informational technology that could be successfully implemented to the
UAV control system for the autonomy coordinate location and forming of the
flight geoinformation patterns in GIS information databases.

Mentioned modelling and real flight testing results showed that exploring
topographic environment area mapping pattern including the usage of the
proposed visual image topographic clusterization method achieving the
decimeter accurateness for space coordinates that gives a possibility to
accomplish visual localization and mapping with the high level accurateness.
Availability of such data level accurateness simplifies processing significantly
and allows accomplishing processing stages in full-automatic mode.

According to authors, the perspective way is to continue experiments at the
domain of full switching to the autonomous navigation for UAV coordinate
determination mission during the simultaneous solving of the localization and
mapping problems. Proposed method would expand the variety of the UAV
usage by increasing of the UAV intellect and autonomy level that would have
positive influence on the active manufacturing rising and on the increasing of
the UAV complexes usage in Ukraine and all over the world.

Also, suggested method can be implemented in the perspective intellectual
control systems that are demanding modelling of conscious behavior of the human,
who extracts the data, that is necessary for environment features perception.
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IHTEJIEKTY AJIbHE KEPYBAHHS, JIOKAJIIBALIIS
TA KAPTOI'PA®YBAHHS B TEOIHOOPMALINMHUX CUCTEMAX
HA OCHOBI AHAJII3Y BI3YAJIbBHUX JAHUX

Beryn. ¥V crorozenni reoirdopmartiiini cicremu (I'IC) mmpoko 3acTOCOBYIOTH B TPAHCTIOPTI, OY/Ti-
BHHIITBI, HaBiratiii, reoJiorii, reorpadii, BiiCbKOBI# cripaBi, Tororpadii, eKOHOMIlli TOIIIO.

IIpodaemarTuka. Cydachi my6mikanii y ramnysi I'lC BUCBIT/IIOIOTH psJ] HaraabHUX IIpo-
0JieM 1110710 HEOOXITHOCTI PO3pOOIICHHS TEXHOJIOTIH Ta METOMIB ONMEPATHBHOTO ()OPMYBAHHS
6a3 IPOCTOPOBO-YaCOBUX reoiHGOPMAIIHIX NaHUX Ta JUHAMIYHUX KapTorpadidHux obpa-
3iB. [Iporec omnepatuBHOrO (opMyBaHHS KapTorpadiyHuXx oOpas3iB 00JIaCTi MOJBOTIB Oe3Iti-
notHuX JitansHux amnapatiB (bnJIA) B 06azax ganux I'IC Ga3yerbcs Ha OIHOYaCHOMY
PO3B’s13aHHI JBOX 3aB/JiaHb — BHU3HAYCHHI Micuie3HaxokeHHs: briJIA y mpoctopi, a Takox
(dhopmyBaHHI KapTorpadiqHOro 00pasy o0NacTi, IKa JOCTiIKYEThCSL.

Mera. Onuc Metoay TonorpadiuHoi Kiactepusaiii oTpumanux (ororpadivyaux odpa-
31B nonboTiB brJIA, 110 ae 3Mory noeIHyBaTu Bi3yallbHi 300paXKeHH 3a paXyHOK CEMaHTU-
YHOTO TOIIYKY iX TomorpadiuHoi moaiOHOCTI, 3 METOI 3IICHEHHS Bi3yalbHOI JIOKaji3alii
BriJIA Ta BUCOKOTOYHOI KOMIIOHOBKH KaprorpadidHoro o0pasy HaBiraumiHOro ceperoBHIIa
B ornepatuBHiii 6a3i qanux ['IC y iHTenekTyallbHOMY KepyBaHHI.

Marepiaau i Mmeroau. I[IposeneHi focnikeHHs 0a3yl0ThCsl Ha TEXHOJIOTI iHTeNeKTya-
JILHOTO OOpOOJICHHS BEIMKUX MACHBIB BiZieo- Ta (POTO-TAHUX, TEOPii aBTOMAaTHIHOTO Kepy-
BaHHS, METOIB 0OPOOJICHHSI Ta PO3ITi3HABAHHS 300pakeHbh Ha OCHOBI IECKPUIITOPIB OCOOIIH-
BUX TOYOK, METOJIiB KOMIT FOTEPHOTO 30y, @ TAKOXK HAa METOJax i aJropuTMax BIACHOI po3-
poOKu, Teopii HaBiramii Ta AMHaAMIKK MOILOTY briJIA.
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PesynbTaTu. Po3pobiieno mpouenypu TonorpadiqHoi KiacTepH3arli BisyanbHHX 300pa-
JKEeHb, OTPHMAaHUX 3a JOmoMOroro BriJIA, 1o 3aCTOCOBYIOTBCS JUIS KOTHITUBHOTO BHSIBJICHHS,
OITUCY 1 3HAXO/DKEHHS BiIMOBIAHOCTI Cepel XapaKTePHUX 03HAK HABITAIITHOTO CepeIOBHILIA.

BucHoBku. ®opmyBaHHsS KapTorpadiyHoro odpasy o01acTi HaBiramiiHOro cepenoBH-
112 3 BUKOPHCTAHHSAM 3allpONOHOBAHOI'O METOAY TomnorpadiuHoi KiacTepu3aii Bi3yaabHHX
300paxeHb CcsArae ACHUMETPOBOI TOYHOCTI 32 MPOCTOPOBHMH KOOPJHMHATAMH, IO JIA€ 3MOTY
BUKOHYBATH Bi3yallbHY JIOKAJTI3alli0 Ta KapTorpadyBaHHs 3 BUCOKMM PiBHEM TOYHOCTI.

Knrouosi cnosa: besninomuuti simanvuuti anapam, 2eoinpopmayiiina cucmema, ingopma-
YItiHI MexXHON02Il, KOMN TOMepHULl 3ip, IHMeneKmyaibHe Kepy8anHs, Kapmozpagiunuil obpas,
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WHTEJIEKTYAJIBHOE YIIPABJIEHUE, JIOKAJIU3 AL
N KAPTOI'PA®MPOBAHUE B TEOMHO®OPMALIMOHHbBIX CUCTEMAX
HA OCHOBE AHAJIM3A BU3YAJIBHBIX JAHHBIX

Beenenne. B nacrosiiee Bpems reouHdopmarponsbsie cucteMbl (I'MC) mmpoko mpuUMeHs-
IOTCSl B TPAHCIOPTE, CTPOUTENHCTBE, HABHTAllUW, T'E€OJIOTMH, Teorpaduu, BOCHHOM Jeie,
Tornorpadum, 5JKOHOMUKE H T.1.

Ipodaemaruka. CoBpemeHHble myOnukamu B oonacti [YIC ocBemaroT psiyi HaCyIIHBIX
pobJieM 0 HEOOXOAUMOCTH Pa3pabOTKU TEXHOJOTHI M METOJIOB OIEPATHBHOTO (HOPMHUPOBAHHUS
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0a3 MPOCTPaHCTBEHHO-BPEMEHHBIX T'€OMH(OPMAIMOHHBIX JAHHBIX M JHHAMHUYECKHX KapTorpa-
¢ugeckux obpa3os. [Iporece oneparuBHOro GopmupoBanus Kaprorpaduyeckux odpa3os obiac-
TH TOJICTOB OECIIMIIOTHBIX JieTaTesbHbIX anmnaparoB (briJIA) B 6a3ax panubix ['MC 6asupyercs Ha
OZIHOBPEMEHHOM DELICHUH JIBYX 3aa4 — OINpeIelieHUs MecTomonoxkenus briJIA B mpoctpaHcT-
Be, a Tarxke (POPMHUPOBAHHS KapTOrpauuIeckoro odpasza McciaeayeMoi 00IacTu.

Hens. Onucanue Merona Tonorpaduyeckoil KIacTepu3aly MOIydeHHbIX (oTorpaduue-
CKHX 00pa3oB 1moieToB BrJIA, 4to mo3BoisieT 0ObeUHATE BH3yallbHbIC W300paXKEeHUs 3a CUET
CEMAaHTHYECKOT0 MOMCKA UX TOMOrpaduyecKoro CXOACTBA C LEIbI0 OCYIIECTBICHHUS BU3YaIbHOM
nokan3aiuy BriJTA ¥ BBICOKOTOYHOH KOMIIOHOBKH KapTOrpaduueckoro odpasa HaBUTAlIOHHON
cpensl B onepatuBHON 0a3e qaHHbIX ['MIC npy MHTEIUIEKTY IbHOM YIIPABIICHUH.

Matepuaibsl 1 MeToIbI. [IpOBeICHHBIE HCCIICIOBaHMS 0a3HPYIOTCS HA TEXHOJIOTHH HHTEN-
JICKTYaJIbHON 00pabOTKH OOJBIINX MACCUBOB BHICO- M (POTO-TAHHBIX, TEOPUH aBTOMATHICCKOTO
YIIpaBICHHUS, METOJIOB 00OpabOTKM M paclO3HABaHMS W300pPKCHUH HAa OCHOBE JCCKPHUIITOPOB
0COOBIX TOYEK, METOJIOB KOMITBIOTEPHOT'O 3pSHHS, a TAKKe Ha METOJaX U alrOPUTMAaX COOCTBEH-
HOH pa3pabOTKH, TEOPUU HABUTALIMY U TMHAMHUKH 1ojieTa briJIA.

PesyabTaThl. PaszpaGoTansl mponenypsl Tomorpaguyeckoil KiacTepu3allid BU3YalbHBIX
M300paKEHNUH, MOTYyYSHHBIX ¢ OMOLIBbI0 BriJIA, mpUMeHsIeMbIX Uil KOTHUTUBHOTO BBISBIICHHS,
OITMCAHUS ¥ HAXOXK/ICHHST COOTBETCTBHS CPEIN XapAKTEPHBIX MPU3HAKOB HABUTAIIMOHHOM CPEJIBL.

BoiBoabl. DopmMupoBaHue kapTorpapuueckoro oopasa 00JIacTH HAaBUTAIMOHHOM Cpe/IbI
C HCHOJIL30BAHUEM IIPEIOKCHHOTO METO/Ia TONOTpapuuecKoi KIacTepU3alii BU3YaIbHBIX
N300pKEHUI TOCTHraeT JCIMMETPOBOM TOYHOCTH IO MPOCTPAHCTBEHHBIM KOOPIMHATAM,
YTO MO3BOJISET BBIIOJHATH BU3YAJIBHYIO JIOKAIM3ALMIO M KapTorpadupoBaHHe C BHICOKOH
CTEIEHbI0 TOYHOCTH.

Knrouesvie cnosa: Becnunomubuiil 1emamensHblil annapam, 2eOUHGOPMAYUOHHAS cucmemd,
uUHGpOpMayUOHHbIe MEXHONO2UY, KOMNBIOMEPHOE 3PeHUe, UHMEIeKMYWIbHOe YNpagieHue,
Kapmoepaghuueckuii 0opas, aspophomocHUMOK.

58 ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2020. Ne 2(200)



Medical
and Biological Cyhernetics

DOI: https://doi.org/10.15407/kvt200.02.059
UDC 612.821/.84:002.1

KOCHINA M.L.!, DSc (Biology), Professor,
Head Medical and Biological Basics of Sports
and Physical Rehabilitation Department

e-mail: kochinaml@gmail.com

KOZAK L.M.%, DSc (Biology), Senior Researcher,
Leading Researcher of the Medical Information Systems Department
e-mail: Imkozak52@gmail.com

YAVORSKY 0.V.?, DSc (Medicine),

Professor of Ophtalmology Department

e-mail: yavor.av@gmail.com

FIRSOV 0.G.%, PhD (Engineering),

Chief Designer

e-mail: shagrath.hire@gmail.com
YEVTUSHENKO A.S.%, PhD (Medicine),
Ophthalmologist

e-mail: andrey-eye@yandex.ru

' Petro Mohyla Black Sea National University

10, 68-Desantnykiv st., Mykolaiv, 54000, Ukraine

* International Research and Training Centre

for Information Technologies and Systems

of the National Academy of Sciences of Ukraine
and Ministry of Education and Science of Ukraine
40, Acad. Glushkov av., Kyiv, 03187, Ukraine

* Kharkiv National Medical University,

4, Nauky av., Kharkiv, 61000, Ukraine

* ASTER-AITI, LTD

1, Aviation st., Kharkiv, 61166, Ukraine

°L.L. Hirschman Kharkiv city clinical hospital Ne14
5, Oles Honchar st., Kharkiv, 61000, Ukraine

MODEL AND METHOD FOR EVALUATION AND FORECAST
OF THE CHANGES OF VISUAL SYSTEM FUNCTIONAL STATE
IN CONSEQUENCE OF VISUAL WORK

Introduction. During mental work, 90% of information is perceived by the human visual system
(VS), so the effectiveness of the activities depends on the quality of the VS functioning and the pre-
senting of visual information, especially non-traditional forms (TV, personal computer monitor,
miniature displays on mobile phones, e-books). Prolonged information overload can lead to the
states such as chronic stress, chronic fatigue syndrome, neurosis, occupational burnout and astheno-
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pia, which worsen the operator’ functional state, affect the quality of work tasks performance, last a
long time and require special correction and treatment.

The purpose of the paper is to develop a method for evaluating and predicting the op-
erators” functional state based on a model for predicting changes of the VS state under the
visual work, as well as to implement this method in clinical decision support system for ana-
lyze the SV states changes because of visual work.

Results. Two clusters have been identified according to the mechanisms of changes in the VS
state due to visual work. A model for predicting these changes is developed based on a set of indica-
tors of the SV functional state using the fuzzy clustering algorithm (c-means) and the fiizzy derivation
system Sugeno. According to results of previous research and this forecast model, a method for
assessing and forecasting the functional state of an operator and his visual system has been devel-
oped. The proposed method is implemented in clinical decision support system for analysis and
prediction of changes of the operator's VS state due to visual work.

Conclusions. Developed method and automated system allow to predict changes of VS state in
the case of a given visual load, to compare the current functional state with the previous one, to
obtain information about the effectiveness of the recommended preventive measures. Approbation of
the developed system determined that the use of this method of operators” functional state assessment
and prediction, as well as recommendations for individual correction of the existing state led to
improving of visual function in 67 % of patients, and reducing of overall complaints in 50 %, visual
complaints in 53 %, eye complaints — in 40 % of patients.

Keywords: functional state of visual system, visual load, model for forecasting of VS state,
asthenopia, fuzzy clustering, clinical decision support system.

INTRODUCTION

Assessment and prediction of the person” functional state (FS) in various types of
mental and physical work, despite the considerable number of studies performed in
this direction, are pressing questions. A large number of modern professions require
the perception and processing of large amounts of information, the intensity of
which often exceeds the individual physiological capabilities, which causes signifi-
cant nervous and emotional stress and negatively affects health.

In mental work, 90 % of information is perceived by the visual system (VS), so
the effectiveness of the activities depends significantly on the quality of the VS
functioning and the presenting visual information. A large number of non-traditional
media (television, personal computer (PC) monitor, miniature displays on mobile
phones, eBooks etc.), the quality and methods of image formation of which are
much different from the usual paper media, are used.

Prolonged information overloads can lead to the formation of states such as
chronic stress, chronic fatigue syndrome, neurosis, occupational burnout and others.
Astenopic states worsen the operator’ FS, affect the quality of work tasks perform-
ance, last a long time and require special correction and treatment [1-6].

All this makes topical research of the visual information impact on the VS
state, the development of methods for assessing and predicting its changes under
the influence of visual work.
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PROBLEM STATEMENT

The problem of preventive diagnostics is at the forefront, which allows to moni-
tor in the early stages deviations of a health state and to carry out its correction.
The use of mathematical models as a tool to evaluate and predict the effects of
factors that affect VS or promote fatigue is expanding.

Nowadays, fuzzy methods of processing the results of physiological systems
studies, in particular the functional state of the visual system, are increasingly used.

The term "soft calculations" was introduced by Lotfi Zadi [7] and means a
set of inaccurate, approximate methods for solving problems that often do not
have real-time solutions. Such calculations in medicine have great prospects,
since the very process of diagnosis is the attribution of the patient to the appro-
priate class of diseases according to his symptom complex. The fuzzy methods
make it possible to solve successfully the classification problems, since it is
difficult to draw a clear line between health, pre-illness and disease [8, 9].

To predict the risk of disease or complication, as well as to classify patients’
states, doctors usually evaluate risk factors verbally or in linguistic variables [10].
That is, the criteria are fuzzy values and may be characterized by the presence of
boundary conditions when it is not possible to determine precisely whether the crite-
rion under study is a risk factor or not. Therefore, it is advisable to use fuzzy deci-
sion-making logic as a mathematical basis to develop information technologies for
decision support [11-13].

In ophthalmology, fuzzy methods are used to solve medical image recognition
tasks [14] for the evaluation of elements of the pathomorphological picture of the
fundus [4] for the classification of hemodynamics types in the ocular arteries in the
case of diabetes mellitus according to the results of Doppler studies [25, 26] and for
the creation of classification systems for different states of the VS elements.

Fuzzy clustering (the c-means algorithm) was used to recognize the MRI
images of patients' eyes to identify pathological tissues, form zones of interest,
and analyze the results of the eye vessels fluorescent angiography [15].

To form visual pathology risk groups in children and adolescents under the in-
fluence of visual labor, a prediction model based on fuzzy clustering was developed,
and the rules for assigning subjects to certain clusters that corresponded to different
VS states were obtained [16]. The impact of the VS states of the subject under test
of a particular cluster, the characteristics of which were identified in the research,
allowed us to assess the risk of visual pathology development. A two-stage fuzzy
clustering algorithm was used to identify the causes of horizontal strabismus using
the parameters of the interference pattern of the eyes [17].

Assessment of the features of the VS functioning in the mental work, it is
advisable to consider as a basis for the development of methods for detecting
abnormalities in the functioning of both the visual system and the whole organ-
ism. The timeliness of such studies is confirmed by the significant increase in
the number of asthenopic complaints and clinical pathology of the visual system,
not only in children but also in the adult able-bodied population of Ukraine [18].

The development of new information technologies for the functional state
assessment of the person under the visual work conditions, using classification
fuzzy models will allow revealing the peculiarities of VS adaptation mecha-
nisms to the visual load. Taking these features into account will make it possible
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to predict changes in the VS functional state and to develop measures for the
visual disorders prevention.

The purpose of the paper is to develop a method for evaluating and predicting
the operators’ functional state based on a model for predicting changes in the VS state
under the visual work conditions, as well as to implement this method in clinical deci-
sion support system for analyze the SV states changes because of visual work.

MODEL FOR PREDICTION OF VISUAL SYSTEM STATE CHANGES AFTER VISUAL WORK

Features of changes in the operators’ VS state due to intense visual work. In our
previous work we investigated the dynamics of the visual system state of operators
working with a computer monitor [19]. These studies were attended by professional
PC operators. Ophthalmic examination of the operators included the determination of
visual acuity (OC) of the right and left eyes, distance and near accommodation reserve
(AR) at a distance and close in, the position of the nearest clear vision points (Nt) of
both eyes and the nearest convergence point (NCP), etc.

For all operators before and after visual work have been determined the
functional indicators of the VS (Visual acuity (Va) AR NCP). We also evaluated
the expressiveness of asthenopic complaints. Taking into account these com-
plaints expressiveness it is essential to assessing the person” VS state in a real
work environment. For this purpose, a questionnaire was developed, covering
questions on three scales of complaints: general, visual and ocular accordingly.

According to the results of the initial evaluation of the visual system indica-
tors revealed a significant variation of their values, which may indicate the re-
search group heterogeneity. To determine homogeneous groups, the clustering
of the obtained data was performed by the k-means algorithm and two clusters
were identified. The analysis of the values in the clusters before visual work
allowed us to establish that the first cluster includes operators with high func-
tional indicators of the VS that meet the age norms, and the second — operators
with low functional indicators for visual perception in the distance and in near
manifested by low Ra, increasing of distance of NT and NTK from the eye and
do not meet the norms of visual function for this age group.

An analysis of the data obtained after work (test 2) showed that the level of
visual information perception in clusters is significantly different. It should be
noted that the more pronounced changes in indicators, which provide close per-
ceptions, took place in the first cluster, the persons of which were characterized
by the best state of the VS before work (test 1). Also, in this cluster a signifi-
cantly (P < 0.05) greater increase of the visual asthenopia expressiveness was
obtained than the operators of the second cluster, who had initially worse VS
status. This fact should be used to construct a model for the individual prediction
of the visual asthenopia expressiveness resulting after visual work.

To build a model for predicting VS state changes because of visual work, we
had used a set of indicators, which were revealed different mechanisms of visual
workload influence on the VS state in different clusters. In order to ensure an auto-
matic mode of such a procedure with increasing the research volume, the prediction
model was developed using the fuzzy clustering algorithm (c-means) and based on
the fuzzy Sugeno inference system performed on a fuzzy base [20]:
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(4=¢;0;,x,=a,0,..x=a,)=y= bw*Z jiti >

i=l,n

where @ w18 a fuzzy term by which the input variable x, is evaluated in the j-th rule;

n is the number of rules in the database; ® ;— logical operation that unites the j-th

rule fragments (logical operation "AND", "OR"); = — fuzzy implication; b;; are the
coefficients of a linear function (output) given by some real numbers.

Figure 1 shows two ways to tuning procedure of synthesis and adjustment of
the prediction model the PC operators’ VS state. The training sample (for model
synthesis) consisted of functional VS indicators (Ra and Nt), and the operators’ age.
The data are presented as a matrix, and their subtractive clustering, known as the
mountain clustering algorithm, developed by R. Jager and D. Filev was done [21].
The advantage of this algorithm is that there is no need to specify the number of
expected clusters and it is determined during the algorithm execution. Each received
cluster corresponds to one fuzzy rule, and the coordinates of their centers are the
coordinates of the membership functions maximum (parameter b). A set of logical
rules and membership functions form a fuzzy knowledge base and its formal record
is a predicting model of operators” VS state.

After synthesis of the knowledge base, the procedure of tuning it up is per-
formed. To do this, it is loaded into the Sugeno fuzzy output machine to it’s
input the matrix of VS functioning indicators (the primary data used during clus-
tering) is served, and then the output is considered as the SV state forecast. Next,
the accuracy of this model is estimated using the actual VS state data obtained
by the expert. To minimize the forecast error, the compression-stretching pa-
rameters of the membership functions (parameter c¢) are adjusted (way 1, marked
in Fig. 1). This procedure is repeated cyclically until the value of the discrep-
ancy between the predicted (according to the model's findings) and the actual
(according to experts) VS states becomes minimal.

This setting is likely to give you a model that matches only the training data.

To exclude this effect, an additional test was performed using the following ap-
proach: one row corresponding to the data set of one particular test participant was
extracted from the training sample and a model was synthesized again to calculate
the VS state projection for the entire sample [22]. This procedure is reiterated for
each set of particular test participant’ indicators in the sample.
Because the discrete values of the cluster conditional number — 1 or 2 are obtained
at the output, the error during validation is defined as an erroneous assignment by
the model of any of the test participants into a cluster other than the original one. If
no errors are identified, the verification is considered complete and it is concluded
that the model describes the general processes of VS state changing, and not just a
separate data set with the help of which model was developed. To reduce the
amount of knowledge base of the fuzzy system, which in this case is determined by
the number of clusters, use an additional tuning procedure (way 2, marked in Fig. 1).
To do this, cyclically change the clustering procedure parameters (acceptance and
rejection coefficients), re-cluster the matrix of VS functioning indicators, synthesize
the adjusted model, check its accuracy and adequacy. The cycle ends if the mini-
mum number of clusters is reached and/or a deterioration of the model's adequacy
(clustering error increase) is determined.
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The number of equations required is obtained by tuning the model. The
model describes a primary data set, the number of equations can be from 1 to oo,
and the more equations, the more accurate the result of clustering, but a large
number of equations greatly increase the volume of calculations. Therefore,
changing the parameters of the mountain clustering algorithm achieves the
minimum number of equations at the minimum of the prediction error.

According to the training sample, we obtained a fuzzy model consisting of
six fuzzy logic equations, six fuzzy rule membership functions (which estimate
the corresponding initial variable) approximated by a Gaussian function, and six
linear functions in fuzzy rule conclusions. The knowledge base rules of the
fuzzy model obtained correspond to the system of fuzzy logical equations:

Hrsys (X) = 110, (X10) A 10 (X 1) A 1, (X))
Hirsrs (X) = 1500 (X10) A 130 (X 4) A 113, (X))
Hirsys (X)) = M0 (X 100 ) A 130 (X 40) A 3, ()
Hrsys (X) = 140, (X10) A 13 (X 1) A 1y, (X))
Hisrs (X) = 1500 (X 10) A 150 (X 4) A 123, (Xy,)

where f4;¢,c(X) is the degree of implementation of the fuzzy knowledge base
rules for the initial vector of indicators; X ={x,,,, X, Xy, } is the membership

functions of the VS state indicator to the fuzzy term of the knowledge base.

Table 1 shows the vertices coordinates of the (b) of the fuzzy rule member-
ship functions and the compression-stretching parameters of their branches (¢),
in Table 2 — coefficients of linear functions in the fuzzy rules conclusions.

Table 1. Vertices coordinates of fuzzy rules (b;) and the compression-stretching parame-
ters of their branches (c;)

Rule No Parameters of member- Parameter values

ship functions Age AR Nt
1 b, 32 5,605 8,253
c; 3,864 1,597 3,699

) b, 28,87 6,602 6,01
) 3,84 1,627 3,808
3 b 26,92 1,69 5,628
c3 3,576 1,687 4,427
4 by 24 7,081 5,015
Cy 3,713 0,5964 3,689
5 bs 37,84 4,803 9,706
Cs 3,939 1,653 3,388

6 by 30,08 1,007 8,38
Cs 3,831 1,737 3,672
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Table 2. Coefficients of linear functions in the fuzzy rules conclusions

Rule No Product function parameters
Age AR Nt Residual member
1 -3,764 6,516 -1,822 120,4
2 -2,844 5,028 -2,692 44,34
3 -0,4893 0,1561 -0,9229 13,57
4 0,3473 0,3161 0,117 -10,94
5 -0,8781 0,2846 0,2767 34,18
6 -1,001 2,371 -0,0518 35,83

To solve the tasks of preliminary data analysis and forecast model synthesis,
we used the software package of the Scilab computer algebra system [23] with
the sciFLT extension package [24]. The Scilab package was developed by the
staff of the National Institute of Informatics and Automation (INRIA, France)
and is distributed of charge under the free CeCILL license.

Fuzzy.dll software was developed to allow the use of a VS state fuzzy model
without the need to install additional software (Scilab software package). It is a
Dynamic Link Library (DLL) that implements COM (Component Object Model)
[25] software model and contains the SugenoFuzzylS class interface that defines
basic functionality and a functions API set, create and manage COM objects.

The software implementation of the COM library interface, as well as the al-
gorithms for downloading and converting fuzzy model files in Scilab/sciFLT for-
mat are original. The software implementation of the Sugeno fuzzy output algo-
rithm is based on the freely distributed software library "FuzzyLogicLibrary for
Microsoft NET" [26]. Integrated Visual Studio Community Edition software de-
velopment environment and Microsoft .NET Framework technology were used.

The built-in forecasting model is at the heart of the physician's decision-making
support module, which allows the physician to work with a personal computer with-
out Microsoft Office Professional. The free Microsoft Access Runtime [27] was
used for this purpose. In this case, the interface is slightly different from the stan-
dard: there is no database window, no editing tools, and no standard panels.

METHOD FOR EVALUATION AND FORECASTING
OF THE OPERATORS * FUNCTIONAL STATE UNDER VISUAL WORK

Based on the results of previous studies and the built-in forecasting model, a
method of evaluation and prediction of the person’ functional state and his vis-
ual system state has been developed, which includes two operation modes ac-
cording to the tasks of evaluation.

The first mode is intended to identify individuals who may be at risk for de-
veloping visual astenopia. This mode of the method is used, for example, when
recruitment/hiring for work with increased visual load. In the case of applying the
first mode, the indicators of the VS functional state (AR of both eyes, Nt of both
eyes) determine in the first step. In the second step, normalization of the obtained
indicators is carried out. The possibility of the asthenopia development is evalu-
ated in the third step using the proposed forecasting model. Algorithm based on
model allows assigning the person to one of the clusters analyzed earlier.

At the final step, recommendations for correction of the detected operator's
state are provided. For this purpose, at first reaction of his visual system to the
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possible working visual load is predicted depending on the features of the cluster
to which this operator is attributed. In accordance with the particular person’
state tested for a particular cluster, recommendations are made on the prevention
or treatment of a possible asthenopic state using the established criteria and the
proposed classification of the asthenopic expressiveness complaints.

The second mode of developed method is intended for carrying out periodic
medical examination of the persons engaged in visual work. In this case not only
the indicators of the visual system, but also the asthenopia are defined in the first
step. Also indexes developed using the methods of forming integral estimates
[28, 29] are being analyzed.

In the second step, the normalization of the obtained indicators and deter-
mination of the proposed indexes, Index of Near Visual Information Acceptance
(Invia), accommodation (1), asthenopia severity index (I5s), index of functional
state of the visual system (Igsys) are doing:

]NVIA: Nt ODZ/ Nt OD10+ Nt OSzﬂ/ Nt OS]"‘ NCPZ/ NCP] 5
IA: AR ODz/ AR OD1+ AR OSz/ AR 081 N
Iys =Igen + Ivis + loc,  Irsyvs = Invia 14,

where Nt OD;, Nt OD,, Nt OS;, Nt OS, are the position of the nearest clear
points (Nt) for the right (OD) and left (OS) eyes; NCP,;, NCP,; AR OD,, AR
OD,, AR OS;, AR OS, — accommodation reserves; characteristics are given
before (1) and after (2) visual load.

In the third stage, the person is referred to a specific cluster using a devel-
oped model, that allows to predict changes in his functional state in the case of a
given visual load. Further analysis and comparison of the current functional state
with the previous one are done, three variants of changes are obtained namely:
1) unchanged, 2) improvement or 3) deterioration of the state, also additional
information on the effectiveness of the carried out preventive measures is re-
ceived. The improvement of the state indicates the corrective measures effec-
tiveness and the adequacy of visual load to capabilities of the operator’ visual
system. The first and third options require more careful analysis.

CLINICAL DECISION SUPPORT SYSTEM
FOR ANALYZE AND PREDICT OPERATOR " FUNCTIONAL STATE

The proposed method is implemented in clinical decision support system (CDSS)
for analyze and predict changes in the operator's VS due to visual work. The
automated system consists of the patient registration module, the module of the
results of ophthalmological examinations and the patient's state subjective assess-
ment, the decision support module for the physician and the database (Fig. 2).

Finally, recommendations for improving the visual system FS are provided
or corrected. If, as a result of preventive measures, the state worsen or does not
improve, then the measures taken are either ineffective or patient does not fulfill
the physician's prescription.
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Fig 2. Structural and functional diagram of clinical decision support system

Supporting physician decision-making with the help of a developed CDS
system is to assess functional state based on objective and subjective characteris-
tics, to classify this state (based on a predictive model) and to form recommen-
dations for its correction. An important function is to provide the ability to
monitor patients' functional status changes.

RESULTS OF CLINICAL DECISION SUPPORT SYSTEM USE

For the testing of the developed CDSS the group of 30 PC users was formed who
complained about the visual system FS in the Kharkiv City Clinical Hospital Nel4
named after Prof. L.L. Girshman and agreed to participate in the study. Young
adults with a visual acuity of 0.9—1 and physiological astigmatism not exceeding
0.5 D were selected. The patients’ average age was (26.6 = 3.7) years.

For all patients, AR of both eyes, distance Nt of both eyes and NCP was de-
termined. Patients also answered the questionnaire to determine the asthenopic
complaints expressiveness. In the first coming to physician, all patients were
asked to perform a test with visual load for 45 min. (correction of a table with 30
line letters of the Cyrillic alphabet implemented on the monitor screen). After
work, the patients” FS were re-determined.

According to the initial and final FS indicators the patients were divided
into two clusters with use of the developed system. The first cluster included
53 % (16 persons), the second — 47 % (14 persons). The mean age of the pa-
tients in the first cluster was (25.8 + 2.6) years, in the second — (27.8 + 4.5)
years. Performing a test task on a computer caused various changes in the clus-
ters indicators, although significant differences between them remained.

In the first cluster, visual load caused an increase in AR and some decrease
in Nt and NCP. In the second cluster, AR remained virtually unchanged, Nt and
NCP increased. The initial and final indicators values in the clusters were com-
pared and the frequency of occurrence of their different ratios was calculated
(Table 4). The reliability of differences in the indicators changes frequency was
evaluated using the criterion %2 (significance level p < 0.05).

68 ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2020. Ne 2(200)



Model and Method for Evaluation and Forecast of the Changes of Visual System Functional State

Table 3. Mean VS state values of patients in two clusters

Registra- Indicators
tion Cluster | \rop | AROS | NtOD | NtOS NCP
conditions
Before 1 (n=16) | 5,7+15 5,1+1,5 6,3+1,2 6,1+1,1 5,7+1,0
2 (n=14) | 3,0£1,5* 2,8+1,8* 7,9+1,6* 7,7+1,1* 7,2+1,2%
After 1(n=16) 6,2+1,4 6,0£1,1 5,7+0,9 5,9+1,0 5,8+0,9
2(n=14) | 3,1£1,5* 2,7+1,8% 8,6+1,0* 8,4+0,8* 7,7+0,9*

Note: * — differences between the mean values of the first and second clusters are sig-
nificant according to the Mann-Whitney criterion (p < 0.05).

Table 4. Distribution of patients according to the VS indicators depending on the nature
of their changes due to visual work of AF

Cluster Nature of Amount of patients according to the VS indicators
changes AR Nt NCP
3
Unchanged 3()(12952’? 1(6+5,5) 4 (25+10,8)
. . 11 (69£11,6)' 4 (25+10,8)*
1 Magnification =45 =86 7 (44+12,4)
2
Reduction 2 (1248,1) 1 ;629:41 2’6) 5 (31£11.6)
2 (1449,3)° 2 (1449,3)°
Unchanged 5 (36+12,8) XZ ~ 116 X2 ~1L6
. 11 (79+10,8)" 11 (79£10,9)"
2 Magnification 5 (36%12,8) X 2_g] XZ —9.1
- 1 (746,5)* 1(7+6,5)*
Reduction 4 (28+11,2) XZZ 11.8 Xzz 11.8

Notes: * — differences in the frequency of occurrence of a VS indicator change be-
tween the first and the second cluster are significant; 1 — differences in the frequency of the
indicator growth and other changes are significant; 2 — differences in the frequency of index
decrease and other changes are significant; 3 — differences in the frequency of indicator
growth and its stable value are significant in the cluster.

In the first cluster, there are significantly more changes with increase in AR
and decrease in Nt, which indicates that transient myopia occurs in 69 % of the
tested patients in this cluster. Therefore, the first cluster can be called myopic. In
the second cluster, 79 % of patients showed an increase in Nt and NCP against
maintaining or decreasing AR values (64 %), which is characteristic of visual
fatigue; this cluster can be called a visual fatigue cluster.

All patients — PC users, according to their visual functions and the as-
thenopic complaints expressiveness degree were given individualized recom-
mendations for their correction.

A re-examination of the visual features of PC users was conducted one month af-
ter the appointment of the recommended measures. The visual component of astheno-
pic complaints expressiveness in the first cluster decreased in 51 % of patients, in the
second — in 50 %. The degree of ocular component of asthenopic complaints expres-
siveness decreased in 25 % of patients in the first cluster and in 58 % of patients in the
second cluster. The results obtained indicate an improvement in the patients” overall
state as a result of effective recommendations for its correcting.
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Due to the effective functional state correction, it is possible to transfer the patient
from the cluster with requiring medical measures to the cluster with the best indices,
persons of this cluster should only be observed the modes of work and rest. The re-
verse situation is also possible, when the VS indicators are deteriorating and the de-
gree of asthenopic complaints expressiveness increases, which leads to a deterioration
of the overall patient’s functional state. In this case, in addition to the medical and
optical correction of the existing problem, the explanatory work with patient should be
carried out. The doctor should find out the causes of the deterioration and help opti-
mally correct the visual activity (not only in the work, but also in everyday life), which
is also an effective measure for the prevention of patient's health further reduction.

CONCLUSIONS

Constructed model for predicting visual system changes in consequence of vis-
ual work, which includes a functional indicators complex of the visual system
and is based on the algorithm of fuzzy clustering (c-averages) and the system of
fuzzy Sugeno inference, allows to cluster the data for the division of the tested
persons into two subgroups, which revealed different mechanisms of visual
work influence on the person's functional state.

The use of the developed clinical decision support system for assessment
and prognosis of the patients' state, as well as recommendations for individual
correction of their present state made it possible to improve visual functions in
67 % of patients, reduce the general complaints expressiveness in 50 % of pa-
tients, visual complaints expressiveness — in 53 % of patients, and eye com-
plaints expressiveness — in 40 % of patients.

In view of the asthenopic influence on the operator's general functional
state and on the quality of work tasks performance, it would be advisable to
assess the candidate's tendency to develop visual asthenopias during the profes-
sional selection for operator specialties. If a candidate is prone to such condi-
tions, there are two possible ways to solve the problem: to recommend either a
choose a profession associated with less visual load, or an individual program to
correct the existing visual system state and prevention of visual astenopy. This
program includes appropriate optical correction, medication, appropriate eye
exercises and visual system exercises.
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MOJEJIb I METOJI OLIIHIOBAHHS TA IIPOTHO3YBAHHS
3MIH ®YHKIIOHAJIBHOT'O CTAHY 30POBOI CUCTEMU
BHACJIIJIOK 30POBOI ITPAIII

Beryn. ITin gac po3ymoBoi npani 90 % indopmaii cripuiiMaeTsest 30poBoro cuctemoro (3C) moau-
HH, TOMy e(eKTHBHICTb AIUTBHOCTI ICTOTHO 3aJIKHTH Bif sKOCTi (yHKIioHyBaHHs 3C Ta THITY
HOCITB Bi3yaIbHO!I iH(oOpMallii, 0COONMBO HETPAIULIMHUX (TENEBI30p, MOHITOP MEPCOHAIBLHOIO
KOMITIOTEpa, MIHIaTFOpHI AUCIUIE] MOOUTHHHX TeNe(OHIB, eNeKTpOHHI KHUTH). TpuBaii iHdopma-
MiiHI TIepeBAHTAKEHHS MOXKYTh MPU3BOAWTH 10 (OPMYyBaHHS TAKUX CTaHIB, K XPOHIUHHIA CTpeC,
CHHJPOM XPOHIYHOi BTOMH, HEBPO3, MpodeciiiHe «BUTOpaHHS» Ta ACTEHOMIs, sKi MOTiPIIyIOTh
(ynxiionanpHuit cran (PC) omnepartopa, BIUIMBAIOTH HA SKICTh BUKOHAHHS BUPOOHMYHX 3aBaHb,
TPHUBAIOTh JIOBMMH Yac i BUMAraroTh ClIeLialIbHOT KOPEKLIi 1 JIIKyBaHHSI.

MeTo10 po6oTH € pPO3pO0ICHHS METOY OIIIHIOBAHHS Ta MPOTHO3yBaHHS (YHKIIOHAIb-
HOTO CTaHy OIepaToOpiB HAa OCHOBI MOJENI IPOTHO3YBaHHs 3MiH CTaHy 30pPOBOI CHCTEMH 3a
YMOB 30pOBOI TIpalli, a TAKOX peaizailii MeToly B aBTOMATH30BaHIi CHUCTEMI MiITPUMKH
MPUAHATTS pillIeHb JlikapeM /It aHaiizy crany 3C orepaTopa BHACIIIOK 30pOBO] Mpalli.

PesyabraT. OOrpyHTOBaHO HEOOXIHICTh BU3HAYCHHS OJJHOPITHUX TPYI JIOCII/KYyBaHHX 32
JIOTIOMOT'OI0 KJTACTEpHU3allii OTPUMAaHNX JAHWX Ta BH3HAYCHO JBa KiacTepd. [1o0ynoBaHO Mojernb
TPOrHO3yBaHH 3MiH cTaHy 3C BHACIIZIOK 30pOBOT Tpalli 38 KOMIUIEKCOM TIOKa3HUKIB (DyHKITIOHA-
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JIBHOTO CTaHy 30pOBOI CHCTEMH 3 BUKOPHCTAHHAM aJITOPUTMY HEUITKOI KlacTepu3allii (c-cepeHix)
Ta CUCTEMH HewiTkoro BrBeneHHs CyreHo. 3a pesybTaTaMu HONEpeHiX JOCIiPKEHb Ta o0y 10-
BaHOI MPOTHO3HOT MOJIENi PO3pOOJICHO METOJ OLIHIOBAHHS Ta MPOTHO3YBaHHS (DYHKIIOHAIBHOTO
CTaHy JIFOIMHH Ta il 30pOBOI CHCTEMH. 3alpOIOHOBAHUI METOJI PEali30BaHO y aBTOMATHU30BaHii
CHCTEMI MIATPUMKU NPHHHATTA pillleHb JIKapeM Ul aHajli3y Ta MPOrHO3YBaHHS 3MiH cTany 3C
orieparopa BHACIIIOK 30pOBOI Ipalli.

BucHOBKH. BUKOpHCTaHHS 3alpOIIOHOBAHOTO METOAY Ta aBTOMATH30BAHOI CHCTEMH
Jlae 3MOTy TpOTrHO3yBaTH 3MiHM cTany 3C y pa3i 3aJaHOrO 30pPOBOTO HAaBaHTAKEHH,
MOPIBHIOBATU IOTOYHMN (YHKIIOHAJIBHUM CTaH 3 NONEPEeAHIM, OJepKyBaTH iH(pOpMAIliio
mpo e(heKTUBHICTh PEKOMEHIOBAHHUX MPOQIUIAKTHYHUX 3aXO0/iB. 3a pe3yJbTataMu arnpooarrii
Po3po0IeHo] cUCTeMU BU3HAUEHO, 10 BUKOPUCTAHHS 11i€l CUCTEMU OLIHIOBAHHS Ta MPOTHO-
3yBaHHA  (YHKIIOHAIBHOTO CTaHy OINEpaTopa, a TaKoX PEKOMEHIAIH 100
IHIMBITyanbHOrO KOPETYBaHHS HAsBHOTO CTaHy YMOXJIMBUJIO TIOJIMIICHHS 30POBHX
¢byHKLiH y 67 % mamieHTiB, 3HU3UTH CTYIIEHb BHPA3HOCTI 3arainbHUX ckapr y 50 % oci0,
30poBuX ckapr — y 53 %, ounux ckapr — y 40 % mnarieHTis.

Knrouosi cnosa: dhyHKuioHaJbHHN CTaH 30pOBOI CHCTEMH, 30POBE HABAHTAXKCHHS, MOJCIb
MPOTHO3YBaHHs CTaHy 30pPOBOI CHCTEMH, aCTCHOIIS, HEUiTKa KIacTepu3allis, CHcTeMa MijT-
PUMKH ITPUKAHSATTS PIllICHB JIIKAPEM.
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MOJEJIb 1 METOJl OLEHKH 1 TIPOI'HO3A U3MEHEHU S ®YHKIIMOHAJIBHOI'O
COCTOSHNMA 3PUTEJIBHOU CUCTEMbBI BCJIEJJCTBUE BU3YAJIbBHOU PABOTBI

ToctpoeHa Mozienb MPOrHO3UPOBAHKS M3MEHEHHI COCTOSIHUS 3PUTENBHON CHCTEMBI BCIIE/ICTBHE
3PUTENBHOM PabOTHI, KOTOpas Oasupyercss Ha KOMIUICKCE IOKasarenell (yHKIMOHAIBHOTO
COCTOSIHHSI 3PUTENIFHOM CHUCTEMBI C HCIOJb30BAHHEM AIrOPUTMa HEUYETKOW KIIacTepU3aIlii
(c-cpenmHux) U cuCTeMbl HeyeTkoro BbiBoza CyreHo. I1o pesysbraTam mpebIayIyX HCCIIeIoBa-
HHH ¥ OCTPOCHHON TIPOTHO3HON MOJIeNH Pa3paboTaH METO[ OIICHKH U MPOTHO3UPOBAHUS (yHK-
[IMOHAJIEHOTO COCTOSHUS YEJIOBEKA M €0 3pUTEIBHOM cucTeMbl. [IpeanokeHHbIH METO I peaTn3o-
BaH B aBTOMAaTHU3MPOBAHHON CHUCTEME MOICPIKKH MPHHATHS PEICHUH BpauoM Ul aHAIU3a U
MPOTHO3UPOBAHUS M3MEHEHHU COCTOSIHUS OTlepaTopa B pe3yJbTare 3puTelIbHON paboThl. Vcmosb-
30BaHUE METOJIa ¥ aBTOMATH3HPOBAHHOH CHCTEMBI TIO3BOJISICT MPOTHO3UPOBATh U3MEHEHHS 3TOTO
COCTOSIHMS B ClTydae 3aJaHHOH 3pHUTENbHON HarpysKH, CPaBHUBATh TeKyllee (YHKIMOHAIBLHOE
COCTOSIHME C TIPEABUIYIINM, TOTyd4aTh HHMOpMaImio 00 3(hQEeKTHBHOCTH PEKOMEHIOBaHHBIX
npodunakTHdeckux Meponpustiid. [lo pesynbpraram ampoGaiyu  pa3padOTaHHOH CHCTEMBI
OTIPEIICNICHO, YTO KCIIONB30BAHAE CHCTEMBI OLCHKA M TPOTHO3UPOBAHMS (DYHKIHOHAIEHOIO
COCTOSIHMSI OIlepaTopa, a TaKkKe PEKOMEHIAIMI 10 WHAMBHAYAJbHOMY KOPPEKTHPOBAHHUIO
HMEIONIEroCsT COCTOSHUSI MO3BOJIMJIO YIIYYIINTh 3pUTEIbHbIe (QyHKIMH y 67 % NanueHToB,
CHHU3UTB CTEMEHb BHIPAKEHHOCTH 00muX xanod y 50 % nmi, 3puTensHbIX )anod —y 53 % ,
IIa3HbIX 5kan00 — y 40 % mnanueHToB.

Kniouegvie cnoga: GpyHKIMOHATBHOE COCTOSIHUE 3pUTENIBHON CHUCTEMBL, 3pUTeNIbHAs Harpys3Ka,
MOJIeJIb ITPOTHO3UPOBAHMS COCTOSIHUSI 3pPUTENIBHOM CHCTEMBI, aCTEHOIIHS, HEYeTKas KJIacTepH-
3aLHsl, CUCTEMA TOAJEPKKHU MPUHSTHS PELIEHUI BpauoM.
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IHDOPMALIAHA TEXHONOrIA CAMOOLIHIOBAHHA 310P0B'A
[INA PEABINITALII NOCTTPABMATHYHOTO CTPECOBOIO POSNAQY

Bcemyn. Cyuacni Hayko8i 00CHiOdN#CeHHs, CNpAMOBAHi Ha 30epedcents i niOMmpumKy 300po8's
JHOOUHU, 6A3YIOMbCA HA GUKOPUCMAHHT IHMENEKMYANbHUX IHOPMAYIUHUX MeXHON02IU, po3po-
ONeHUX HA OCHOBI MemOodOoN02li CUCMEMHO20 ni0X00y 00 Kamezopii 300p0s8’s AK MpUeOHOCi
@i3uunol, ncuxiuHoi i coyianbHol CMOopIH. SHAYEHHA KOMIIEKCHO20 NIOX00Y 00 300p08's 100u-
HU CMAE 0COOMUBO OUEBUOHUM ) PA3L NOPYUIEHHSL 2APMOHITIHOT 83A€MOOTT Opeanizmy i ocobuc-
MOCMI TI0OUHU 3 cepedosuLyem Ha NPUKIA0i NOCMMPABMAMUYHO20 PO3NAOY.

Ha cvoeoouiwnvomy emani eKoHOMIUHO20 § NOMIMUYHO2O PO3BUMKY KPAIHU CYMMEBO
30I16WUECA PAKMOP He2aMUBHO20 NCUXOLEHHO20 BNAUBY HA CMAH 300p08’s HACENEeHHS.
Cmeopernus inghopmayitinoi mexHono2ii 015 OYIHIOBAHHS 300p08's ma peabinimayii MOOUHU 3
nocmmpasmamuunum curopomom (IITCP) madacmv moxciugicms 3pobumu peabinimayii-
HUL npoyec KepoBaHUM Ma KOHMPOIbOSAHUM.

Memoro yiei cmammi € U3HAYEHHS THPOPMAYIHOT CMPYKMYPU NOCMMPABMATNUYHOZO
cmpeco6o2o po3iady ma GopmyeanHs OCHOSHUX NOJONCEHb THDOpMmayinoi mexnonoaii ca-
MOOYIHIOBAHHS 3000851 OJis peabinimayii ROCMmMpasmMamuiHo20 CUHOPOMY.

Pezynomamu. Posensanymo numanta oyiHIO8anHs piGHs iHmMespanbHo2o 300poe’s y ocib 3
IITCP i ncuxo-coyianvua peabinimayis maxux nayicumis. O02080peHO 3a2anbHi 0coOIUBOCII
NCUXO2EHHUX PO31A0I8, MeopemuiHi 0coOIUBOCII YOPMYBaNHA NOCHMPABMAMULHO20 CIPECo-
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Inghopmayitina mexnonozis camooyinioganns 300po8's Ois peabirimayii noCmmpasmamuiHo2o

6020 pO31A0Yy MA MONCIUBOCME 3ACMOCY8AHHSL THHOPMAYILIHO20 NIOX0JY 00 OYIHIOBAHHS MA
KOpe2y8anHs cmamy JoOuHU. 3anponoHoeano inghopmayiline noie nOCMmMpasMamuyHo20 CUHO-
POMY 8 YiNOMY, 0e Ha OCHOBI HAABHUX JIIMePamypHUX OGHUX BUSHAYEHO OCHOBHI eK302eHHi cmpe-
CO2EHHI YUHHUKU, 3aXUCHI 8apIaHMU PeaKyill opeanizmy i ocobucmocmi, apiaHmu aouKmMueHoi
NOBEOIHKU OCIO, AKI CIMPAXCOAiomyb Ha NOCIMMPASMAMUYHUL CIMPeCcO8ULl po3nao.

3anpononosano inghopmayitiny mexnonozito camooyinio8ants GizuuHo20, NCUXIYHO20
Ma coyianbHo2o0 CMAany 300p08'sl 3a 00NOMO2010 PO3POOIEHO20 aAnaApamHo-npoOSPaAMHO20
Komnuexcy «Exkcnpec-diacHocmuka 300po8'sy, sKa 0a€ 3M0o2y Ompumamu OYiHKy inmezpa-
JLHO20 300pP08' MA 11020 CKAA00BUX KOMNOHEHM 3 GUKOPUCMAHHAM PO3POOAEHO20 ONUmy-
8ANbHUKA. Y NCUXIUHOMY cmamyci 300p08's 6UHAUAIOMbCA 61ACMUBOCII | CULA XapaKmepy
ocobucmocmi, AKi 8adNCIUBO 8PAXO8YEBAMU | HA SKI crupamucs nio yac peabinimayii oci6 3
HOCMMPASMAMUYHUM CUHOPOMOM.

Bucnosku. Hassnicmo 06’ exmuenux ma cyb €eKmusHuUX OaHUX npo CmMan 300pos's -
OUHU 3 NOCMMPASMAMUYHUM CUHOPOMOM, 8 MOMY HUCTI 8USHAYEHUX KiNbKICHUX Kpumepiie
CKIAOHUKIB 1T 300p08 s, a4 MAK0NC 8PAXY8AHHS IHPOPMAYILIHO20 NOAS NOCMMPASMAMUYHO2O
CcmMpecoso2o po3naoy, saKke NOEOHYE OCHOBHI eK302eHHi CMPecO2eHHT YUHHUKU MA 8ION0GIOHI iM
3AXUCHI 6apianmu peaxyiil opeanizmy i 6apianmu aOUKMUEHOI NOBEOIHKU, HAOAE MONCIU-
gicmb demanvHo amanizyeamu ii cman ma Qopmyeamu iHOUBIOYaiz08ami npoepamu peaoi-
amayitinux 3axo0ie. Boonouac 3nanus xapakmepy HoOUHU 0A€ 3MO2Y 3 BUCOKOI UMOBIPHIC-
mro nepeddbauumu i, mum camum, Kopueyeamu ii ouiKyeaui Oii i GUUHKU.

Buxopucmanns pospobnenux anapamno-npoepamuux Mooynie 05 3a60aHb OYiHIO8AHHS
300poe's y pasi IITPC cnpusmume niosuwjento eghekmusHocmi peabinimayiinux 3axo0ie.

Knrwwuoesi cnosa: ingopmayitina mexnonozis, camooyinO8anHs 300p08's, ncuxiune 300pos's,
xapakmep 0CcoOUCMOCMI, MemoOU MeCMmy8anHHs ma OiacHOCMUKU, NOCIMMPASMAMUYHULL
cmpecosutl po3naod, ncuxocoyianvha peabitimayis.

BCTYR

30epeskeHHsI 340pOB'sl HACENICHHS € OAHUM 3 LICHTPaIbHUX MUTAaHb CYy4acHOCTI,
0c00JIMBO BPaxOBYIOYH TOTIPIIEHHS CTaHy HABKOJUIIHBOTO CEPEIOBUINA, 3pOC-
Tal04i HABaHTAKEHHS Pi3HOTO XapaKTepy, IO JII0Th SIK HA OKPEMi CUCTEMH Op-
TaHi3My, TaK i Ha CTaH 3[IOPOB'S JIOAWHU Y miloMy. HeoOXigHO omiHIOBaTH 3Mi-
HY MeXi TapMOHIMHOI B3aEMOJIiT JIIOAWMHH 3 €KOCEPEIOBHUINAMHU 1 3pO3YMITH Me-
XaHi3MH, 1110 i1 3a0e3neuyoTh. 30€pEeKEHHS 3A0POB'sS JIFOJUHH, K TPUEIHOCTI
(i3U4HOTO0, ICHXIYHOTO 1 COLIANBHOTO CTAaTyCiB 1 popMyBaHHS TaAPMOHIHHO PO3-
BHHEHOI 0COOWCTOCTI B cepeoBOMY Ta iH(opMaIliitHoMy IpoCcTopi, POAOBKYE
3aJIMIIATUCS TPIOPUTETHAM 3aBJAHHSM CYCIIUILCTBA. 3HAYEHHS TaKOTO KOMILIe-
KCHOT'O MiIXOAY O 3I0pOB'S JIOJUHH CTa€ OCOONMBO OYEBUAHUM Y pasi mopy-
IIeHHS TapMOHIMHOI B3a€MOJii OpraHi3My i 0COOMCTOCTI JIFONWHU 3 CEepPellOBH-
IIeM Ha IPUKIAl TaK 3BaHOI'O IIOCTTPABMAaTUYHOIO PO3JIamsy.

IIpuifHATO BB@KaTH IOCTTPaBMATUYHHUN CHHIAPOM — IIOCTTPABMATHUYHUI
crpecouii po3nan (IITCP) He 3aXBOpIOBaHHAM, a BOYKKHUM PO3JIaJIOM TICHXIKH JIFO-
JVHY, BUKIMKAHUM CHJIBHUM CTPECOBHUM IEPEXUBAHHIM. BHACIiOK BaXXKUX Ha-
CHJIBHHUX TICHXIYHUX 1 (I3WYHHX IEpeKHBaHb, KaTacTpod, HACHIBCTB, (Pi3NUHHX
KaJIIITB, Y4acTi y BIACHKOBUX [IisIX Ta 1HIIMX MCHXOT€HIH, PO3BUBAETHCS OCOOIMBA
CTifiKa KapTHHA IICHXOTPaBMYBAILHUX IEPESKUBAHL (3 TPUBAIMM ITiITPUMAHHIM
TIepEeHECeHoi cTpecoBill cutyarii), siKy BuauieHo B 1980 p. y MixkHapogHOMY KJia-
cucikaropi xBopod (MKX-10) sk camocTiiiny Ho3osmoriuny oxunumio [1]. IITCP €
BIZICTPOYEHOIO Ta/a00 3aTsHKHOIO PEaKIli€lo Ha eKCTpeMalbHy (TpaBMaTHYHY) MO0
3arpo3JIMBOro ab0 KaTacTpoQiuHOrO XapakTepy, sSKa MOXKE 3YMOBIIIOBATH 3arajb-
HUH TSOKKUHA TUCTPEC OpraHizMy Ta OCOOUCTOCTI JIFOIUHH.
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VY cydyacHiii YKpaiHi CriocTepira€TbCsi 30UIbIICHHS KUTBKOCTI BUIMAKIB IIHOTO
CHH/IPOMY, Ha IO BKa3yIOTh BITUM3HSHI Ta 3aKOPIOHHI MpOBigHI ¢axiBui [2—7 Ta
iH.]. OmHaK Ha MPOOJIEeMy IICHXIYHOTO 3I0POB'St BAPTO MOAMBUTHCS Habarato Imp-
me. Tpy UBepTi yKpaiHIliB He MAIOTh TOCTYITY 0 KBaITi(hikOBaHOI TOTIOMOTH Y ce-
Pl MICUXIYHOTO 37I0POB'sL, SIK KOHCTATyI0Th y MiHICTEPCTBI OXOPOHH 37I0pOB'st YKpai-
uu. [laHi, HaBeneni MO3, BUIIMBAIOTH 13 pe3yJIbTATIiB OIIHIOBAHHS MPOOIIEMATHKH
TICUXITHOTO 3/IOPOB's B YKpaiHi, mpoBeneHoi y JIbBiBChKil, [lonTaBchKiit Ta 3amopi-
3bKiil 00nacTsx MiKHapoJHUM MeAUYHHM KopiycoMm, CBitoBuM OaHkoM, LIIBeii-
HapchbKUM Oropo criBmpari. «JlepkaBHi yHIBEPCUTETH He 3aBXKAW MOXYTh 3a0e3me-
YUTH HAJISKHOI SKICHOI MiJIrOTOBKK Ka/IpiB, a MPUBATHI 3aKJIa ¥l MPOIOHYIOTH Ha-
BYaHHS TICHXOTEPAIEeBTIB, sIKe 1HO/I He 0a3yeThCsl HA HAYKOBO-OOIPYHTOBAHHX ITiJI-
XO0J1aX JI0 JIIKyBaHHS. 3a BiJICYTHOCTI CUCTEMH JIilIeH3yBaHHS 1 cepTudikartii mpode-
cioHaJIB 1 HABYAJILHUX LEHTPIB, CIEMiaAiCTH Ta MAIlilEHTH BUMYIIIEHI POOUTH CBIi
BHOIp HAOCTIM. ['poMasTHl YacTO CTUKAIOTHCS 3 TICHXOJIOTTYHMMHU Oap'epaMu: co-
poM, Opak JIOBIpH IO CHCTEMHU OXOPOHH 37I0pOB’sl, HEJIOCTaTHIN o0csr iHdopmarrii
Ta piBeHb OOI3HAHOCTI, BHCOKA BAPTICTh JIKYBaHHSA, OCTpax Iepea MOXKIUBICTIO
momupeHHst iHdopMartii mpo CBOIO MpoOieMy, HETATUBHUH JOCBI TTOMEPETHBOT
JIOTIOMOTH, TeorpadiyHa BiagaaeHicTby, — Hnerbes B noBimomienHi MO3 [8]. ¥V
MQO3 Haronocui, o NpodiIeMy 3 ICUXIYHUM 310pOB’sIM B YKpaiHi € TICHO HOB'S-
3aHUMHU 3 OiHICTIO, 6€3pOOITTSM 1 BiMUyTTsIM HeOe3MeKH, sIKi IIOCUITIOIOTHCS Y 3B's-
3Ky 3 HaCJTiJTKaMH BOEHHOTO KOH(IIKTY Ha CXOi YKpaiHu.

o Toro %, 3a nanuMu MiHicTepcTBa YKpaiHu y clipaBax BETepaHiB, CTaTyC yda-
cHuKa OoiioBux i (Ha 1 mumas 2019 poky) Bxe otpumarnm 370 Tuc. 0cid, «sIki 3a-
XUINAM HE3JICKHICTh, CYBEPEHITET 1 TEPUTOPIAbHY IUTICHICTh YKpaiau 1 Opamm
Oe3nocepennro ydactb B ATO, 3abe3neyenns 1i nposeneHns". Craryc ocoOu 3 iHBa-
JITHICTIO BHACIIJIOK BiiHM MaroTh Maike 11 THC. BeTepaHiB 1 iX KUIBKICTh iCTOTHO
30UTBIIYETHCS, OCKUTHKH MHHYJIOTO POKY iX Oyio Omm3bko 3 Tuc. 3a NesKuMHU JaHd-
My, y GiiiiB ATO croctepiraetbest 80% MCUXOreHHUX BTPAT 32 TUIIOM TIOCTTpaBMa-
TUYHOTO CHUHIPOMY, BIJIOMOTO SIK «B'€THAMCBHKHIY, «a()TaHCHKHI, «UCUCHCHKHID).
Jo TITCP cxunbHI TakoX BOJIOHTEpPH, OKEHIT, CBIIKH, SIKi TIEPEKMIIN BIHCHKOBI Ta
EKCTpPEeMAITHHI TTOTi1, TIPSICTABHUKHN BCIX BB PITYBATLHHUX CITYKO, HAPEIITi, Ti, XTO
TIEPEKUB BCECBITHIO MaH ieMit0 kopoHoBipycy COVID-19.

Meouxo-coyianvnumu Hacriokamu IITCP ¢ BUCOKa KOMOPOIAHICTD 3 TICH-
XIYHUMH pO3JIafiaMH, PU3HK CYilHIy, afiKTHBHA TOBEIiHKa, GOopMyBaHHS 0CO-
OHMCTICHUX PO3JIAJIB, JCTEPCOHANI3allis, TOPYIICHHS COIiaJIbHOI B3a€EMOJIII, 1MO-
TipIIEHHS! IKOCTI KUTTS. [Ipo0IeMHUMU 3aMUINAIOTHCS MUTAHHS TIATHOCTHKH Ta
Tepartii IbOT0 CTaHy, a TAKOX MEINKO-TICHXOJIOTiYHA peabiTiTalisi TaKuX IaIie-
HTIB [2,4,7 Ta iH.]. 1li oOcTaBuHM NalOTh 3MOT'Y TOBOPHUTH PO T€, L0 MpodieMa
I[ITCP, sx 0co0AMBOrO THITy TICHXOICHIH, CTa€ TEPEAHIM KPAEM IOCIIKCHHS
TICUXIYHOTO 3/TOPOB'st MoauHH [9].

MOCTAHOBKA NPOBNEMM

3araabHi 0co0IMBOCTI MCUMXOreHHUX po3JagiB. [ pO3yMiHHS MPUPOAM IMOXO-
mwkensst [ITCP 1 tpyaHomiiB 60poThOH 3 HUM, PO3TIISIHEMO OCOOJMBOCTI TCHXOTEH-
HUX PO3MajiB (Tp. TICHXO - IyIla + TeHes - MopomkeHHs1). dakTopy, 10 TPaBMYIOTh
TICHXIKY 1 3yMOBJTIOIOTH XBOPOOJIMBHH CTaH y BHUIYISII KOPOTKOYACHOI IICHXITHOI pea-
KIii a00 TpHUBAJIOro MCHXIYHOTO Po3iaay (CHHAPOMY, XBOPOOH), HA3UBAIOTH TICUXOT-
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paBMamu, siKi OyBarOTh TOCTPUMH 1 XpOHiYHUMH. [IpHHHATO BBaXKaTH, IO BAKIUBY
poutb y (hOpMyBaHHI TICHXOTPaBM Bimirparots [3,7, 9 Ta in.]:

1) TSOKKICTh, €KCTPAOPANHAPHICTH TPABMATHIHOT TIOTIT;

2) eMoIii{HA 3HAYYIIICTH 1 CHJIA TICKXOTPAaBMYBaJIbHOTO YWHHUKA IS JIFOJUHY;

3) reHeTHYHA CXMIBHICTh 10 TPUBOXKHO-HEJOBIPIUBUX NEPEKUBAHD;

4) HETaTUBHUU JUTSYHHA TOCBiJ IepeOyBaHHS B HEOIAT OOy IHIN POIIHI;

5) piBeHb MEPCOHANBHOI 3[JaTHOCTI 10 CAMOKOHTPOJIIO i CAMOBHPAKEHHSI;

6) 30BHILIHE TOCTTPaBMaTHYHE OTOUYSHHS MiCIs MepeHeceHol MoIi;

7) inauBimyansHa CIAOKICTh MEXaHiI3MiB IICHXOJIOTIYHOTO 3aXHCTY.

VY ncuxiili JTFOMHYU BiJl HAPOHKCHHS 3aKJIaICHO 3aXMCHI MEXaHI3MH, 3aTHI
3aMo0IrTH PO3BHUTKY MCHXIYHOTO PO3Naiy, aje JUIIe A0 MEeBHUX MexX. Y pasi
MOJTONIAHHS 11i€] MU BHACIHIJOK HAJCWIBHUX TICHXIYHUX 1 (i3WYHUX TEPexnH-
BaHb PO3BUBAETLCS OCOOJMBA CTiiiKa KapTWHA BIATIOBiAI OpraHi3My (TBapHHH
a0o JIOIMHU) Ha CHJIbHUN NaTtoreHHWi BIUIMB. Sk moka3aB HoOemiBchkuii nay-
pear 3 mequiuHE ['anc Cenbe (1946,1959), opraniaMm moTy»KHO 1 JOLITBHO pea-
Ty€ Ha CTPECOBY CHUTYAIIIO PATIBHUM JJIS HBOTO a0AnmayitiHum CUHOPOMOM 32
TUTIOM «ITO3UTUBHOI'O 3BOPOTHOTO 3B'SI3KY», aje IIHOK BEJIHMKHX BUTpAT, SKi
BUCHAXYIOTh BCi CHCTEMH OpTraHi3My:

- BigOyBaeThcs 30UTBIICHHAS CEKPEIlil aJanTHBHUX TOPMOHIB;

- PO3BHBAETHCA TiMepTpodist KOPH HATHUPKOBHUX 327103 Ta iX HEMOCTATHICTD;

- TIOCWIIOKOTHCS MPOIECH KaTaboJi3My 1 €HJJOIHTOKCHKAITiS;

- pO3BUBAaETHCS IMyHOJETPECisi, BTOPHHHUHN iMyHOIeDilUT;

- BimOYBa€ThCSI BUCHAKCHHS PECypCy CTPeC-TIPOTEKTUBHUX JIITAHIIB;

- HACTae€ CTiiiKe MPUTHIYCHHS! HEHPOHIB KOPH 3 AM3PETYIAIIEI0 MiIKIPKO-
BUX IICHTIB;

- aKTHBYIOTHCS IHCTUHKTHBHI peakIlii Ta iXHii MpOSB HA TJi 3BY>KCHHS
IOJISI CB1IOMOCTI;

- BHSBJIETHCS MOPYLICHHS KOTHITUBHOI IIepepoOKH iH(opMmarii;

- PpO3BUBAIOTHCSA CBOEPiNHI CTPECOTEHHI po3Magu 1 ICHXOCOMATHYHI
3aXBOPIOBAHHS.

OTxe, y BIANOBIb Ha PaNTOBI, )KUTTEHEOE3MEUH] CUTYAIlil, eKCTpaopIrHa-
PHI TOi1, AKi BUXOAATH 32 MEXH MOBCIKICHHOTO JIOCBiTy, pO3BUBAIOTHCS 0a30Bi
TOCTpI peakIii JIOIUHU Ha PEaKTHBHHUH CTpec, SKi MPOSBIAIOTHCS Y BHUTIISIL
CBOEPITHUX 20CMPUX aDeKmugHo-UWOKO8UX peakyit, a came: NaHIYHA BTeya,
XaoTH4He TaHiyHe 30ymkeHHs ((yrihopmHa peakiis KOPOTKOTO 3aMHKaHHS -
"kurz schluss"), mcuxoremnuii crymop, 3amineHiHHsA ("ysSBHa cMmepTh' —
"Totenschtellung reflex") abo iMITyTbCHBHE arpecMBHHN HaIlai.

He Bpatounce y AOKIagHHH OMUC TOCTPUX IMICHMXOTPaBM, 3a3HAYUMO, IIO
BOHH 3a3BHUYaii pO3BUBAIOTHCS HA MiCLi IX MOPOMXKEHHS, HOCATh SICKPaBO BHpa-
JKEHUH IHCTUHKTHBHUHN XapakTep camMo30epeKeHHs, Maike He KePYIOThCS CBi-
JIOMO-BOJILOBUM  KOHTPOJEM  JIIOAMHH,  CYIPOBOKYIOTHCS  IE€PBUHHO-
MPUMITUBHUMH €MOIIISIMH CTpaxy, O€3MOpaJHOCTI 1 4aCTO 3aKIHYYIOThCS HeaJle-
KBaTHUMH PEaKIisIMH Ta MOBEIIHKO0. Tak, y pasi mokexi B XMapovocCi Ui OKe-
AaHCBKOMY JIaifHepi, AesKi MacaKupH, PATYIOUHMCH BiJl BOTHIO, BHKHIAIOTHCS 3
OaraToMeTpoBOi BUCOTH, iHIII IIMEHIIOTh HEPYXOMO Y cTaHi ctymopy. ['octpi
TICUXOTPAaBMHU MAJIA MiCIIe MTiCJIsE MacoBOi Oiliku (aHaTiB PyTOOIHPHUX MaTUiB Ha
CTaIOHI Ta IHITUX MPOSIBAX MACOBOI TAHIKH.
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[ocriitHo AirouM Ha MCHUXiKY, JOBFOTPUBAJII HEraTUBHI )KUTTEBI CTPECOPH Y
MOBCSAKJICHHOMY XHTTI TakOX TPaBMYIOTh ICHXIKY, SKIIO CYIPOBOJXKYIOTHCS
CIWJIbHUMU IIPUTHIYYBaJbHUMH EMOLIMHUMH NepeXuBaHHAMH. [0 xpowiunux
ncuxompaem HalexkaTh: KOHQIIIKTH, HACHJIBCTBO, IOOUTTS B POJAMHI; IUTFOO0OPO-
37y4Hi, JKUTJIOBI, CYZOBI TsSKOW; KOH(QUIIKTH Ha pOOOTI, BIHCBHKOBIH Ciyx0i;
KOH(DJITIKTH, TOB'sI3aHi 3 HaBYaHHSAM; 30BHIIIHI COMIaJIbHI TOIii; MPUPOIHI SIBU-
1I1a; MacoBi MaHeMii, emieMii Ta iHIIi HepOo3B'sI3HI CUTYAIli.

XpoHIuHI ICUXOTPaBMU MPHU3BOISATH 10 PO3BUTKY HEBPO3iB 1 BIIOMHUX ACU-
XOCOMAMUYHUX 3AX60PI06AHb. KapIiOBAaCKYyJSIpHI po3yaan («HEBPO3 CepIsiy,
BETETO-CYAWMHHA TUCTOHIsA), €CeHIliadbHa TIePTOHIs, TUCIEICis, HEPBOBI aHO-
pekcist 1 Oymimist, Bupa3ka 12-mamoi KUIIKHA, BUPA3KOBHHA KOJIT, pecIipaTopHi
nposiBH, OpOHXianbHa acTMa, HEHPOAEPMIT.

Ha ocHOBI rocTprx a00 XpOHIYHUX IICHXOTPaBM PO3BUBAIOTHCS TOCTPI pea-
KTHBHI TICHX03H 1 TocTTpaBMatu4Hi crpecoBi posnaau (IITCP), sxi koHTpacTHO
PI3HATHCS MK cO0010. 32 YMOB TOCTPHUX PEAKTHBHHX IICUXO3IB € TEBHA JTiajeK-
THKa PO3BUTKY LIUX CTaHIB, y CBilf 4ac Bi3HaYeHa BiJOMUM IICHX1aTPOM, TEOJIO-
roM siK «Tpiaga» fcnepca [10]. Biamosigno mo "tpiaau "

1) IcuxoreHHe 3aXBOPIOBAHHS PO3BUBAETHCS PEAKTHBHO OE3MOCEPETHBO Ti-
CJIs BIUIUBY TICUXI4HOI TPaBMH;

2) ¢abyna xBopoOH Ta ii mepebir Oe3mocepeHbO BUILTUBAIOTH 31 3MICTY
TICUXOTPaBMH, Mi’K HUMH € IICUXOJIOTTYHO 3pO3yMiJIi 3B'SI3KH;

3) BuXif 3 ICUXOTPaBMH IIPUBOAUTH 10 MIPUITMHEHHS a00 3HAYHOTO mociao-
JICHHS IPOSIB 3aXBOPIOBAHHS, 8K 10 MIOBHOTO Oy KaHHS.

[Ticnst moBHOTO Oy>KaHHS BiJl IEPEHECEHOT pEaKTHBHOI IICHXOTPAaBMHU Y JIFO/IU-
HU HE 3aJIMIIAETHCA XKOMHOI pe3uIyalbHOI CUMITOMATHKH, 0arato 3 MepesKUTOro
MIOCTYTIOBO 3a0yBa€ThCA 1 HE BUHUKAE OA)KaHHS HaBITh 3ralyBaTH Ipo Le.

[ITCP aGconroTHO HE BKIAJAETHCS B «Tpiady» SK KIacHYHE MCHUXOTEHHE
3aXBOPIOBAHHS, X044, SIK PEAKTHBHUU pO3JiaJl, 3yMOBIEHO CBOIM MOXOJKEHHIM
crpecoreHHUME YnHHUKaMH. [ITCP sk cuxidHu# po3nag BUHUKAE depe3 Kilb-
Ka TH)KHIB a00 MICALIB IICHs TSHKKOI MOil, sika 3arPOXKYy€E KUTTIO (BiHCHKOBUX
Iiil, TONOHY, TEXHOTEHHUX KatacTpod, OaHAMTCHKOTO Hamanty, 3TBajJTyBaHH,
MPUPOJHUX JIMX, TEPOPUCTHYHHUX AKTIB TOIIO) i 3aJMIIAETHCS HAJJOBIO, SKIIO HE
HazaBXau. MOXINBO, 1€ 1€ OJWH 3 BapiaHTIB 3aXHUCHOI peakIlii opra”izMmy i
0cOoOMCTOCTI, KPIM BHUILE3raJJlaHOTO aJaNTalifHOro CHHIPOMY, SIK OAMH 3 BPO-
JOKEHUX OOOPOHHMX «PETICTPiB» IMCUXIKM, MPO SIKi KOJUCH BHCIOBUB HPHUILY-
IIICHHSI OCHOBOIIOJIOKHUK HIMEIBKOT KiTacu4Hol ncuxiatpii Emine Kpenenin.

Bim3raunmo xapaktepHi o3Haku nposiBiB [ITCP, Ha ski BKa3yloTh 6arato aB-
TopiB [2-9 Ta in.]. BomHO4Yac migKpecieHo o4eBUAHMI 3B'130K nopomkeHHs [ITCP
3 MCUXOTPaBMOIO, SIKIIO JIIOAWMHA BiIUyBaia jkax, CTpax, MepekuBaja 3arpo3JuBy
JUTS SKATTSI 00 3MIOPOB'I0 CHUTYAITiIO, CTaja il yIaCHHKOM a00 CBimKOM, Xo0da TpaB-
MyBaJIbHa CUTYaLlisl 3JIMIINIACA B MUHYJIOMY, HAIIl€HT ITOCTIHHO MOXYMKH TIOBEp-
Ta€THCS 10 Hel, HEMOB O «3acTpsie» B eKCTpeMallbHil CHTYyallii 1 He MoxKe 11 3a0yTH.
BununkaroTh Tak 3BaHi (pienioexu, KO JIF0INHA «IIEPEHOCHTHCS Y MUHYIY CHTY-
arriro, Iy>ke SICKpaBo 3HOBY MEPESKUBAE 11 1 TIEPECTae OPIEHTYBATHCS Y PEATbHOCTI (3
TPUBAITICTIO BiJl CEKYH/I 10 ACKLTBKOX rofuH). [1aIieHT MoCTiiHO BiT4yBae mepexku-
BaHHS, TPUBOTY, HaNpYy KEHHS, MOB'sI3aHi 13 CHTYyali€lo, o TpaBMye. BHoui e Mo-
ke OyTH MOBTOPEHHSIM KOILIMApiB, BJIEHb — HaB'I3JIMBAM MOBTOPEHHSM B TyMKaX,
crioramax. Oco6a 3 IITCP He 3maTHa 00'€KTUBHO OITIHUTH CBOE CAMOIIOYYTTS 1 BITO-
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patHcs 3 eMOIlISIMH, HEaJIeKBaTHO pearye Ha peaybHi Mofii, He CpuiiMae HOBY iH-
(dopmartiro, BTpayae iHTepec 0 PoOOTH 1 KoJia CIiKyBaHHS. JI1o[MHA CTae TiHHIO
ce0e KOJUIIHBOT, OCKIJIBKY, 3 il CJIOBAMHU, «HE ICHY€E B ChOI'OJICHHI», 3aMHUKAETHCS B
c00i, 130JTFOETHCS BT CITUTKYBaHHS.

Taka momiMopdHa KiTiHIYHA KapTHHA BUMAarae JOCTOBIPHOI MIarHOCTHKH,
noctanoBkH giarao3y [ITCP, ans yoro po3po0neHo 1 MUPOKO 3aCTOCOBYIOTH Ha
MPaKTUIl HU3KY 3ac00iB: MicCiCINChKUN OMUTYBaIBHUK IS NIarHOCTUKHU MOCT-
TPaBMaTUIHOTO CTPECOBOTO PO3JIATy, OTPUMAHOTO B pe3yibTaTi ydacTi B 00#0-
Bux mifx (Keane T. V., et al.1987,1988); Micciciunceka mkana [ITPC (1987),
sKa J1a€ 3MOTY BH3HAYWTH MOTOYHHH PiBEHb CTpECy, ajie HE € MiACTaBOIO IS
nmoctanoBku miarao3y [ITCP; OmuryBansuuk IITCP y miteit i mimmitkiB (Tapao-
pina H.B. i3 cmiBaBrt., 1992—-1996); OnuTyBadbHUK TPAaBMATHYHOTO CTPECY IS
BUBYCHHSI CTaHy JIIOJWHU 1 JIarHOCTUKH TICHXOJIOTIYHHUX HACIIJIKIB BIUIMBY Ha
HBOTO HaJI3BUYalHNX excTpeManbHuXx (akropiB (Korener 1.O., 1996); Tect Ha
piBEHb MOCTTPAaBMATHYHOTO CcTpecoBoro posiamy (MareeeB O., 2006); Tect-
ONMHTYBAIBHUK 1 IIKaNa Jenpecii A KOTHITUBHOI Teparrii BUXOXy 3 nenpecii
(bex K., 1961) ta ixmi.

JlixyBanus manienti 3 [ITCP, Ha mymMKy Beix (axiBiiB, € cKIaaHUM 1 6a3y-
€THCS HA TAKUX OCHOBHUX KOMITOHEHTax [ 2 Ta iH.]:

- CKPHHIHT COMAaTHYHOTO Ta TICUXOJIOTIYHOTO CTaHY;

- 3aCTOCyBaHHs (hapMakoTeparnii, 0COOJMBO CEAaTUBHUX 3ac00iB 1 aHTH-
JICTIPECaHTIB;

- (izioreparis, HEMEAUKAMEHTO3HI METO/IH;

- TPEHIHTW CTPECOCTIHKOCTI IO ICUXOT€HHUX aTaK, IICHX00CBITa;

- CTBOPEHHs ajJanTalliiHoi aTMOc(epy BU3HAHHSIM BHUCOKOIO COIaIbHOTO
cTarycy;

- CTBOPCHHS YMOB CHPHUSTIUBOI TICHXOJOTIYHOT 0OCTAHOBKH B POJIVIHI;

- TICHXOTEpAIlis i METOH IICUXOJIOTIYHOTO BILTUBY;

- TcuxocolliajibHa peadimiTallis.

Came HeoOXiTHICTh MYJIBTHIUCIUILTIHAPHOCTI Y JTIKyBaHHI Ta peabutiTariii ocio,
ki ctpaxnarots Ha [ITCP, 3yMOBITIOE y4acTh y IIbOMY TIPOIIECi MPEACTABHUKIB Pi3-
HHX HayK, B TOMY YHCIi, (paxiBUiB y 00IacTi Cy4acHUX 1HPOPMALIHIX TEXHOIOTIH.

Merto1o poboTn € BU3HauYeHHS 1H()OPMAIIHHOI CTPYKTYpH TOCTTPaBMaTHYHOTO
CTPECOBOTO po3JIaay Ta (hOPMYBaHHSI OCHOBHHX TIOJIOXKEHB iH(MOPMAITIHHOI TEXHOIIO-
Tii CAaMOOIIIHFOBaHHS 3/IOPOB'Sl ISl peadiTiTaIlii ITOCTTPaBMaTHYHOTO CHHIPOMY.

BA30BA KOHUENUIA 3[10POB'A TA 03[10POBYOT PEABIMITALIT

3a temoro miarHoctyBaHHs [ITCP mpoOmeMHUME 3aUIIAOTHCS MUTAHHS OIli-
HIOBaHHA piBHS iHTErpasbHOrO 310poB's y oci6 3 [ITCP i nmecuxomnoro-comianbsHa
peabimitamii Takux mnamnieHTiB. BrpoBamkeHHs iHQOpMaliHHUX TEXHOJIOTIH B
pi3HI aCHEKTH JKUTTEMISUTBHOCTI JIIOMWHU IiIHSIN MOMYJISIPHICTE METOMIB KOM-
MIOTEpHOI pearizamii onaepkaHHs, 30epiraHHsd, aHamily HNaHUX MEIUKO-
Oiomoriynoi cnpsiMoBaHoCTi. Jl0 TeNepilIHBOro Yacy MU 3aKiHUYMIM pO3pOOIIeH-
HS BIZKPUTOI KOHIIEIIIIT 3J0pOB'S, CTPYKTYPHO-(PYHKITIOHATEHOT CXeMH i iepap-
Xi4HO1 opraHizamii, MOKJaal B ii OCHOBY pO3POOJEHHIA METOJl iHTETpalbHOTO
OLIIHIOBAaHHS 1HAEKCY 30POB'S JIOJUHH, SIKHH MOXKe OyTH 3aCTOCOBAaHO, Ha HAIY
IyMKY, 1J1s1 oiinku noka3uukis [TTCP.
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Po3pobiena HaMu KOHIISIITIS 3I0POB'S Ta 03J0pOBYOi peadimiTartii, sKa pe-
ali3oBaHa y BHUIJISAI KOMITTOTEPHOTO JiarHOCTHUYHOTO MOJYIIO, HEOHOPa30BO
BHUCBITIIIOBasIacs paninte [11], mo mae 3Mory He 3yMUHATHCS Ha IIbOMY JOKJIAJI-
HO. 3po0HMO JTUIIIE TOPEYHi OKPeMi TIOSCHEHHS.

Memoo nopmosanoi yuigixayii piznosikicnol ingopmayii (MHYPI) [12] nae
3MOTY TIUIIXOM BiJHOIIEHHS aOCOJIOTHOI BEJTMYMHNA BHMIipPIOBAHOTO 200 OTMOCEepe-
KOBAHOI'O TOKAa3HMKA (32 IIKAJIOK MOBHOIO Jiarna3oHy HOro 3MiH) 10 Jiarna3oHy
HOPMHU OTPUMAaTH HOPMOBaHY VHi(DiKOBaHY OIIIHKY CTaHy CHCTEMH 3a I[M IMOKa3-
HUKOM, TOOTO TiepeBecTr (PaKTHIHI MMOKA3HWKY B iHGOpMariiiHi. SIKmo 3HaueHHS
TIOKA3HUKIB JISKaTh B iHTEpBajIaX HOPMH, TOJl BiJHOCHUH MOKa3HHUK JOPIBHIOE HY-
0. 3HAUCHHS HIKHBOI MEXI HOPMH 4acTO BCTAHOBITFOETHCS €KCIIEPTHUM LIIIXOM
ab0 BUOMpAETHCS PIBHUM CEpPEAHHOMY 3HAUCHHIO [ialla30Hy HOPMH B KOKHOMY
KOHKPETHOMY BHIIJKy. [HIIMMH CIIOBaMH, 3Ha4eHHs Oy/b-SIKOTO IOKa3HHKa piB-
HUi a00 OJM3BKYIA 10 HyJIST O3HAYa€e CTaH MPAKTHIHOTO 37I0POB'S, a OJHAKOBE a00
OyM3bKE JT0 OIMHHMII — CTaH MaToJorii, He3a0poB's. OTke, 3a CrelialbHO PO3po0-
JICHUMH TIPaBHJIaMH, MU MOXEMO 3a OJIHI€I0 aKCIOMaTHYHO iH(OPMAIIHOO IIKa-
JIOI0 TIOPIBHIOBATH HATYpHI, BUMIpIOBaHi a00 po3paxoBaHi MOKa3HUKU, BUPKEHI Y
Oanax, BiICOTKaX Ta IHIIMX OAWHHILIX BUMIDY.

Inoexc inmeepanvroco 300po6's. 3aBIAKN TaKOMY IMIXOIY MH MaeEMO MO-
JKIIMBICTH (POpMaITi3yBaTH MOYATKOBY iH(OpPMAIIiIo 1 IpalioBaTH B OAHOPIAHOMY
iH(opMaIitHOMy TIOIIi, IO Ja€ 3MOTY MOPIBHIOBATH Pi3HOSAKICHY iH(OpMaIIiro
MPO Pi3Hi CTATYCH 3A0POB’S 1 MPOBECTH BepUPIKAIiIO0 CTaHY 3J0POB'S B IIJIOMY.
IndopmaniiiHi MOKAa3HUKKA YTBOPIOIOTH OCHOBY JUIS CHHTE3Y iH(QOpMAaIiifHuX
IHTETpaTbHUX OIIHOK CTaHy BCIX i€papXidHUX PIiBHIB iHPOPMAIIHHOT CTPYKTYPH
30POB'S: CKIIQJIOBUX, KOMIIOHEHT, CTaTyCiB 1 1HIUBIAyaJbHOTO iHTErPaJbHOTO
30pOB's, a IHTErpajbHa OIIHKA CTAaHy KOJKHOTO HACTYITHOTO PiBHS OYIy€ThCS SIK
TiHIHO-3Ba)KEeHA CyMa IHTETPAIBHUX OLIHOK MOIMEPEIHBOTO PiBHSI.

InTerpanbHa OLiHKA CTaHy 310pOB'S B IinoMy (A ;) Mae BUIIAA JiHiifHO-
3BaXCHOI CyMH CTaHy y3arajlbHEHHMX OL[IHOK BCiX TPbOX CTaTyCiB: ()i3WYHOTO
crarycy (A, ), neuxignoro crarycy (A ;) Ta comiansHoro crarycy (A ):

A, =033A, +0,33A,, +0,33A,,

Bracnmimok Takoi i€papXiqHOi 3TOPTKH OTpHUMYy€EMO iHMOpMariitHui "mopT-
pet" 310pOB's, HOPMOBaHUI Ha BCIiX PIBHSX BiJ HYJIS 10 OJUHHIII.

INepexianeHHs: Ha KOMITIOTEPHY OCHOBY HAIIOi KOHIICTIIIIT 30POB'sS, METOAMK i
TIPYHIIAIIB PO3MOALTY 3HAYCHh BUOPAHUX TOKA3HUKIB Y OyIb-sKiii TOUII po3pobiie-
HOI i€papXiuHoi CTPYKTYpH, 3HAYHO NPHCKOPIOE BECh Npolec TecTyBaHHs. ExcrepT
3BUTBHAETRCS Bifl POIIEAYPH TIOCTIHHOTO IHCTPYKTYBaHHS, TTOJJAHHS 3aBIaHb, 00po0-
JIeHHS pe3yJIbTaTiB TolIo. BogHOUac, JOTPHUMYETBCS TOUHICTh peecTpallii, yCyBarOTh-
csl TIOMWJIKM, HEMUHYY] 32 BHKOPHCTAHHS PYyYHHX METOJB PO3PaxyHKIB 0a30BHX
nmokaszHUKiB. OrepaTHBHICTF O0OPOOJIEHHS ITOYATKOBHX JaHUX Y KOMITIOTEPHOMY
TECTYBaHHI JJa€ MOXJIMBICTb Yy CTHCII TEpPMiHUA NPOBOIUTH MAacOBi JOCIIKEHHS, 110
CHpHsIE TIBHUIICHHIO SIKOCTI 1 3HIKEHHIO BapTOCTi I1i€l mporienypu. Kpim Toro, mepe-
Baror0 KOMITIOTEPHUX METOJIMK € MOXKIIMBICTh Bi3yaslizyBarH iH(popMallito Ta opraHi-
30BYBaTH BUBEICHHS PE3YJIbTATIB OOCTEKEHHS Ha €KpaH JUCIUIes y BUTIIL Tpadika,
TabmuIti 200 OyAb-SIKOTO IHIIIOTO THITY Bifmeorpamu. OtprMana rpadiuna iHGopMmarris
Mpo 1HJEKC 3JI0POB'S i TPOQIbL 0OCOOMCTOCTI 3YMOBITIOE MOXKIIMBICTh MOTITMOICHOT
IHTEpHpeTallii pe3yJIbTaTiB Ta BUSBICHHS MIPUXOBAHNX 3aKOHOMIPHOCTEH.
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Po3pobnenuit  Hamm — amapaTHO-TIPOTPaMHUK  KOMIUIEKC  «Excnpec-
diaeHocmuka 300pog'sy [13] 3abe3nedye KOpUCTyBa4aM MOJKJIHMBICTH OIIIHFO-
BaHHS PiBHS CBOTO 370pOB'S 3a TphOMa cTarycamu: (hi3MIHUM, IICHXIYHUM 1 CO-
ialbHUM 3 BHKOPHCTaHHSM 3alpONOHOBAHOTO OMUTYyBanbHUKA. [licis xKopoT-
KOTO 1HCTPYKTaXXy 3alUTAHHS OMUTYBaJbHUKA EKCIIOHYIOTHCS Ha €KpaHi MOHi-
TOpa y MOCIHIJOBHOCTI, IO 3aJa€ThCS TeHEPATOPOM BHUIIAJKOBHX UYUCEN; (iKCy-
IOTHCS BITIOBi/I Ha 3alUTaHHs i BUPA3HICTh TOTO YM IHIIOTO MapamMeTpa 310po-
B'sl (KUTBKICTh TaKWX MmapaMeTpiB y cucreMi moHaa 80) BU3HAYAETHCS 32 CyMOIO
0aiiB, OTpUMaHUX B pe3yJbTaTi BIAMOBiAI HA BCi 3aMTaHHS, IO HAJEXaTb 10
XapaKTePUCTUKU ILOr0 mapamerpy. [Iporpama BKIIIOYAE MiANPOrpaMH TECTY-
BaHHs, OOpOOJIEHHsI Ta iHTeprpeTamii pe3yJibTaTiB TECTyBaHHS, MiANPOrpam
MIOJaHHS pe3yJbTaTiB Ha €KpaH MOHITOpPA, 10 0a3u JaHMX, y TEKCTOBUH (daiin, Ha
mpuHTEep. BakimBO, M0 KOPUCTYBAad CaMOCTITHO MOJK€ BH3HAYHMTH CBIifl CTaH
3IOpOB'ST HAa MOTOYHHM MOMEHT Yacy, a MU OLIHHUTH HOro KiIbKICHUH 1HIEKC
30POB’S B I[IIOMY 1 32 OKPEMHMH KOMIIOHEHTaMHU KOXKHOTO cTarycy. B 1iimomy,
JlaHa METO/IMKa BXKE MPOMIIUIa CBOIO MEPEBIPKY B 3aBIaHHSAX peabimitallii KoH-
TUHTEHTY 0Ci0, 10 MepeKuIn TeXHOreHHy YopHoOMIbChKy Kartactpody [14]. 3
TOTO Yacy KOHIIEMIIit0 310pOB's OyIJI0 JOITOBHEHO HOBHUMH JTAHUMH 1 yTOYHEHUMH
METOJIMKaMH OILIIHIOBaHHS BCIiX CTaTyCiB 3J0POB'S, PO3pOOJICHUMHU KilacaMH Ke-
PYBaJIBHUX METONIB (Bi3WYHOI Ta IMCHUXOJOTIUHOI pealdimiTallii 3 ypaxyBaHHIM
piBHS iHIEKCY 3m0poB'st [11].

NONOENHA IHOOPMAUIAHOT TEXHOROTIT
CAMOOIHIOBAHHA 3HOPOB'A | PEAGIMITALIT OCI5 3 MTPC

Cxuagnicts BussneHHs [ITCP ta MynbTuMoOIanbHUM ii XapakTep 3yMOBIIOIOThH
JOPEYHICTh Ta HEOOX1IHICTh BUKOPUCTAHHS METOIB Ta 3ac00iB iHpOpMaIiitHNX
TEXHOJIOTIH, fKi 3a0e3MedyoTh MONANBIITY iHTETpalilo Pi3HOMAaHITHUX IaHUX,
CTBOPIOIOTH KOHCTPYKTHBHI NMUIAXH (PopMaiizallii CKIagHuX 00'€KTIB IICHXOJIO-
riuHoi i couianbHoi mpupoau. Po3risiHeMO MONoKEHHS, SIKi CIIyTYIOTh OCHOBOIO
po3podnenns [T camoorinoBaHHS 370poB's Ui peadimirtatii oci6 3 [ITPC.

@®opMyBaHHS MOCTTPABMATHYHOTO CTPECOBOTO PO3JIaxy

Ha mpomy erami mociifpkeHHS 3aCTOCOBAHO 3a3HAYCHHUM BHILE MiAXiT 10
caMooIliHIOBaHHS piBHA 310poB's oci0 3 [ITCP 3 meroro migBUINECHHS PiBHS
e(ekTUBHOCTI peadimitaniiHuX 3axomiB. s 1bOro HEOOXiTHO PO3TIISHYTH
iHpopmauiitny crpykrypy IITCP, ymoBu ii popmyBaHHSI.

[punnunoBy cxemy ¢opmysanus [ITCP namaHo y Burisai takoi cxemu
(puc. 1: S — 30BHImHI cTpecoreHHi ncuxoreHii; O — opraHi3M i 0COOUCTICTE;
R — BIiAMOBiAHI THIIN peakIliii, 0COOJMBOCTI TOBEMIHKH). JJIsT IPOCTOTH CXEMH
«3BOPOTHI 3B'I3KN», K1, 0€3CYMHIBHO, MalOTh MiCIIe Ha CXeMi He BKa3aHi.

S >0 R

Puc. 1. Tlpunnunosa cxema ¢popmysanus [ITCP
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IndopmariiiiHe Mmose MOCTTPaBMATHYHOTO CHHAPOMY B IJIOMY HAQJaHO Y
Tabn. 1. Ha ocHOBI HassBHUX JiTepaTypHHUX JaHUX BU3HAYEHO OCHOBHI €K30TCHHI
cTpecoreHHi YnHHUKH (S), 3axUCHI BapiaHTH peakuiil opranizmy (O) i ocobuc-
tocTi (O), BapianTn anukTHBHOI moBemiHKH (R) oci0, sxi ctpaxknarors Ha ITTCP.

Ta0an. 1. Indopmaniiine moJie NOCTTPABMATHYHOIO CHHAPOMY

30BHIllIHI TICHXOTeHH1 Oco6muBocri nposiBy o3Hak [ITCP:
YUHHUKY (OPMyBaHHS _ ; _
[ITCP 3 00Ky izu4HOrO 3 OOKy ICHUXIYHOTO 3 OOKY COLiaJIbHOTO CTaTy-
©) CTaTyCy OpraHizmy CTaTycy 0COOMCTOCTI cy ocoOucToCTi
(01 (©2) R®)
VyacTth B 00HOBHX JTisIX o . . .
Criiikuii po3Jiaz cxemu Poznan BimuyTTst AcKWTaLIisl [TOBEIIHKH,
3 PU3UKOM JIISl JKUTTSL, . —
TOJIOH Hy pyx 4
i Posnan cnpuiiHATTS . -
3asyyeHHs JI0 BifiCh- . Al ciip TocriitHa BHYTpillIHS
.\, Criiike Oe3COHHS PpeasbHOrO Jacy, .
KOBHX ikt HaIpyKeHICTb, TPUBOTA
CIUTMBAHHSI IEPEIKUTO-
ro
. .. TIoj €HHS1 KOHLICHT- . .
CBIJIOK TEPOPUCTHYHOT IIIBu 1Ka BTOMIIIOBA- 5}311 S ocﬁaﬁ TlinBuieHa 0OepeXHICTB,
aKwii 3 PU3UKOM TS HICTh paily .. HEJIOBIPJIMBICT
JICHHSI OTIePaTHBHOI
JKHUTTS e
ram'siti
Hepexusanns ATI1 3 AcTeHis, 3aHena Cui SHIKEHHS SIKOCTI Tlino3pinicts, HenOOPO3NY-
JICTAJIBHAM HACJIi/IKOM PpO3yMOBoi poboTH JIMBICTh
OTprMaHHS BOXKKUX Hecraua ¢iznunoi TpyaHoL y IPHAHST- PearyBanns Ha Oy/1b-sIKy
TpaBM, KJILTB y pasi AKTUBHOCTI Ti pillleHb, IOCTiHHA 3raJIKy Ipo NCHUXOTPaBMYy
JTIT KOHCTEJISILIISI CYMHIBIB
OTprMaHHS BOKKUX 11IBrIKa BUCHAMKITH- . . . .
. . . MuMOoBiIbHE BTOpT- IocriitHo npuUrHIYeHHit
KaJIilTB Ha po0OoTi, Y BICTB .\,
- HEHHSI [IEPEXKUTOTO HacTpii
o0yTi
[epenecentst ocobuc-
. . [NouyTTs HEeBU3HAUECHOIO
TOro OpyTaIbHOTO Brpara anetuty Emouiiina xonomuicts .
HACTOPOYKEHOCTI
Hanajy
IepexuBanHs HeOe3- Henocraua ncuxiyHoi | BimuyTrst camoTHOCTI, BaiiaysKicts zo cai
MEYHOT TEXHOT€HHOT eHepril BIJJOKpEMJICHOCTI N .
BTpata JpyKeIF00HOCTI
Karactpodu
Tocriitne nepexxuBan- | Ilodyrrs Brparu cede. HexomyHikaOebHICTb
Brpara 6rm3bkux B . P P ? . . L
cint H1 (DI3UYHOTO JIMCKO- cBoro S, «HE 51» BiTUy’KEHICTb Bif ycix
Mpopry
Iepenecenns rpyooro | Taxikapmis, nepe6oi . . .
°p P P, TICp y Touyrrs Brpatu cency | Crilika TOTOBHICTB /IO THIBY
(bi3nuHOrO HaCcKIBECTBA pobori ceprist
e JKHUTTS
B CIM'T
[lepenecenHs cekcya- Hammipse moToBrmi- TouyTTs ru6okol .
p Y P s e . HeBunHi »apTi BUKIIHKA-
JIBHOTO HACHJIGCTBA JICHHS ariarii, GaiiTy>xocTi .
FOTh OyPXJIMBY PEaKIito
Hebe3neuna pobota B .
CITy>KO1 IIBHIKOTO Tigsmiiena ayTimm- [TouyTTs npoBHHM Peaxiiii HOCSTB IMITYJIECHB
BICTB JI0 3amIaxiB P > M Ly
pearyBaHHsl, IOPSTYH- copomy HHiT XapakTep
Ky
Craryc ObkeH . . Peakuii MOXyTb CyrpoBo-
Ty 1, [linBumiena HeniepeHo- [louyrrs HenaBucCTi, yip
TIePECeIIeHIIs 3 BTpa- CMiCTS VX 3BV A3IPOCT] 10 3T0POBIX JOKYBATHCS JKOPCTOKAM
TOIO MaiiHa 3 Y AP P MOOUTTAM
JloBrotpuBai ncuxor- . . ..
- I1igBuitienHa tsra 10 [NouyTTs npurHiveHo- 3arposa cyimay, 1eMoH-
p ATKOTOJTIO CTi, Aenpecii cTpaltisi cripoou
3arpo3a 3apaxxeHHst . TlouyrTs nocririHol
arp P ITigBuinieHa tsra 10 . . . . .
HEOE3MEYHOKO YIS . THIBJIMBOCTI BincytHicts m000BI, TeIIIa
HApKOTHKIB
SKHTTS XBOPOOOHO
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Hns gopmysanns [ITCP e HeoOXiqHOIO ist Ay’Ke CUIIBHUX TOCTPUX, EMOLIIHO
3HAUYIIMX ISl JIFOMMHU Ha PiBHI JKUTTEBOI Apamu, CTEMYIIB (S), TakuX, SK BiliHa,
TIOJIOH, YKOPCTOKE HACWIILCTBO y Oymb-siKiii opmi, BTpara ONM3BKHX, TOPOKHBO-
TPAHCHOPTHI aBapii 31 CMEPTEIBHUM HACJIIKOM a00 KaIITBOM, BEJIMKI TEXHOI'CHHI,
TIPUPOJIHI, TIPOMHUCIIOBI a0 ToOyTOBI KatacTpodu (Tadm. 1, po3min 1). Jopeuno 3a-
3HAYUTH, 1110 3a crangapramu FOHECKO, mo ommiei 3 popM TOManmHhoro HaCHILCTBA
BITHOCSTB TPpyO€ MPUHIKEHHSI OCOOMCTOT T1THOCTI HELICH3YPHOIO JIAWKOIO, SIKE MPH-
PIBHIOETBCS 10 OpyTanbHOrO (hi3MYHOTO HACHIIBCTBA.

Jlo wi€i rpynu Hanekath He TUTBKU TOCTPI, ajle i XPOHIYHI TICHXOTPaBMH, €K30-
TeHHI HIKI/UTMBI YMHHUKH, SIKI MOCTIMHO 1 PEryJsipHO [IOTh Ha TCHUXIKY JIFOJHHH.
Oco06muBO 1Ie cTOCY€EThCs TIpodeciii, MOB'SI3aHMX 3 TIOPSTYHKOM KHUTTS 1HIINX JIFOJCH:
npodheciiiHi pATYBATGHUKA Ha BOJi, Ha CyIIi 1 y TOpax, MOXXEKHUKH, MEUKU-
BIPYCOJIOTH, MOPSIKH TAJICKOTO TUIABAHHS, IPECHPYBATLHHUKA 1 TIPHOOPKYBAUl XHKHX
TBapyH, J00yBadi 3MiiHOT OTpYyTH, 30J10Ta a00 OYPIITHHY TOIIIO.

3 00Ky ¢hizuurozo cmamycy opranizmy y pasi [ITCP (tabmn. 1, mo3utis 2), Haii-
YaCTIIe BiI3HAYAIOTH CTIMKE TOPYIICHHS 3BUYHOI CXEMH CHY, O€3COHHS a00 ITOBe-
PXHEBHI, TEpepUBYACTUIA COH, IO CYIPOBOUKYETHCS CILIMBAHHIM MEPEKUTOTO,
«3acTpAraHHsAM» Ha HOro OCHOBHHH (aldyii. MaroTh Micle BHpaKeHi HEBPOTHUYHI
CKapryl Ha acTeHilo, 3aHemna] CUJI, IIBUIKY CTOMIIIOBAaHICTh, BTPATY areTuTy. 3a3BH-
YJail CIOCTEpIraroThCsl TaxiKapmis, HaAMipHE TOTOBUAUICHHS, ITiABHINCHA UYyTIIH-
BICTB /10 TYYHMX 3BYKIB 1 3amaxiB. ¥Yci Li Ta iHIII MOAIOH] MOPYIIEHHS BUKINKAIOTH
y moauau 3 IITCP mocriiine BiqayTTs QizmyHOro quckoM@opTy, Hectadi (i3uaHOl
1 TICUIXI9HO{ €Heprii, 110 MPHU3BOAUTH 10 3HIKEHHS (DI3MIHOT BUTPHUBAIIOCTI, BITIyT-
T TIOCTIFHOT BTOMH, 3HMKSHHS MTPAIE3IaTHOCTI 1 TBOPYOI ITPOLYKTUBHOCTI. 3BiJICH,
HEPIOKO BUHMKA€E OaXkaHHS MiA0agbopUTH cebe aKoroseM, 30y IMBUMH HAPKOTH-
kamu. Lls rpyma marieHTiB Mae TeHICHIIIIO 10 KOMOPOITHOCTI — TIO€THAHHIO TTOCT-
TPAaBMAaTUYHOTO CHHPOMY 3 IHIIMMH 3aXBOPIOBAHHAMHE 1 PI3HOIO 3aJICKHICTIO (ir-
poMaHis, iHTepHeT-cepiHT TOILO).

[Tepm Hixk mepeiitn 10 obroBopeHHs iHpopmamiitHoro noust [ITCP 3 Goky
MICHXIYHOTO 1 COIiaJbHOTO CTATYCiB, BHKJIAIEMO CBOI YSIBJICHHS PO CHCTEMY
«OpraHi3M-0COOUCTICTh» JIOAMHUA B TOMY 00CSI31, KM, Ha HAIy AYMKY, CIIPHSE
KpaloMy po3yMiHHIO TaKOTO CKJIaIHOTO po3nafdy, skum noctae [ITCP.

CTpyKTypa «y3arajbHeHOI OCOOMCTOCTI» JIIOAMHU i ocodauBOCTI il
npossy y pasi IITCP

CxemMaTnu4HO OCOOMCTICTh JIOAMHU MOXKE OYTH MOJIAHO 1€papXidHOI0 CTPYK-
Typolo, ska 00’eHy€e OlOTeHHHMH, NICMXOTCHHHUH 1 COI[IOTEHHUHA «piBHI» 5K B
KOHIICTIIii 370pOB's, OCKUIBKM CaMe PIBEHb 3JI0pOB'S BioOpakae TapMOHIIO
IHTEeTpamiifHO1 B3aeMO/Iii MO3KY, OpraHi3My i 0COOMCTOCTI B HOpPMi 1 TaTOJOTIi.
Hagsenena Ha puc. 2 rinoTeTn4Ha cxema CTpYKTYpH «y3arajJbHEHOD» 0coOucToC-
Ti BiJoOpakae «piBHI-IPOrpaMi» B TOMY i€papXiYHOMY MOPSIIKY, B SIKOMY BOHH
PO3BUBAIOTHCS Y JIFOIWHY 1 PYHKIIOHYIOTH B IIPOIIECI ii JKHUTTSI.

ITogaTkoM BCBHOTO PO3BHTKY € 3ucoma (3aIUTiIHEHA SHICKIITHHA) — TIPH-
POIHA TOYKA «CHHTYJISIPHOCTI», MPUXOBaHA MMOTEHI[I{HA 3[JaTHICTH 10 PO3BUTKY,
AKa LIJIKOM BHU3HAYa€ YPOIKEHI-CIaIKOBI 0COONMBOCTI IHAMBIAA 1 3 AKOT PO3BU-
Ba€THCSI CKIIAJHHUN JTIFOICHKHIA OPTaHi3M, CBiJJOMO-BOJILOBA OCOOHCTICTb.
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“BHXOBAHHT”
i COOTATEHOI CHCTEMH
. Ineamqn, npHHIMIM, TpamOii, Mopats

__________________ CARIORO}]POJ]IOBA}]}IH G‘H!? 3 B
Oco0OHCeTHIT CBIiTOTIIAL, TOCBid, “cBodoma’™, o2l
ITowyTra MopanbHOCTI, OcOOHCTOL TigHOCTI, ¥
coBicTi H

3HaHHA [IPO MOPab, ETHKY, IPABO K
3BHuKH, comiateHi “pomi”, “madmomn” I

[IOBEIiHKH. i
TIpodecifini sHanns, goceix 0

B

a

H

H

a

_ XAPAKTEP 2

Ilcuxiuai BAaCTHEOCTI, IPOIECH, CTaHH,
i INorarn, moTpedH, TeHACHNI Ak MoTeHIiHHI
: OpieHTHpH OIOTEeHHHX 0COOIHEOCTEH

- TEMIEPAMEHT 1
' PizHuni ocodmHBOCTI '
3Ii0HOCTI, 3aJATKH
[HCTHHKTH, TOTATH
Y “IlepepHHu" noTpetH /

Puc. 2. Monens "y3aranpsHenoi ocooucrocti”" B. M. benosa

«biocennuii pieenv» (puc 2, mo3Hadyka 1), 3aBISIKH CBOEMY EBOJIOIIIHO-
TCHETUYHOMY MMOXO/KEHHIO, YTBOPEHUI TAKMMH 3arajibHOJIOICEKUMHU «EJIEMEH-
TaMuy, SKi: aHTPOTIOMETPUYHI JIaHi, 311I0HOCTI, BPO/PKEHI TEHICHIIIT BiAYyBaTH 1
IIiSATH, IHCTUHKTHBHI mporpamMu. OCHOBHI 3 HUX: INparHeHHsS 10 30epexeHHS
JKUTTS Ta MPOJOBKEHHS POy, IO CIIUIKYBaHHS, IO peari3allii BpOKEHHX MOX-
JUBOCTEH B KIHETHUHY EHEpriio AisIbHOCTI. Takoro poAy Hai3araipHimi Bpo-
JOKEHI CXUIIBHOCTI, 0COOIMBOCTI €MOLIIHHUX TIPOSIBIB, TIEpeIaHi y CIaI0K, PO3r-
JAJAI0Th SK CHAIKOBY KOHCTHUTYIIIO iHAMBIMyymMa — ecenomun. CyKyIHICTH
MPUPOKCHUX OCOOJIMBOCTEH JMHAMIKM BHUIIOI HEPBOBOI MisJILHOCTI 1HIWBINA,
e JI0 BCSKOTO IHWMBITYyaJIbHOTO JIOCBiMY, YTBOPIOE HOro «remmnepameHT. Ile-
pepaxoBaHi BUINE MPAarHCHHS HIMBITA y CBOEMY PO3BHTKY MOXYTHh IiTHITHCS
Ha OUTBII BUCOKUH, TICUXOTCHHUH PiBCHB.
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«[IcuxorenHuit piBeHb» (pUcC. 2, MO3HAYKA 2) CHAJKOBO 3yMOBIICHO, ajle Ha Bij-
MiHy Bifi OIOT€HHOTO, MOXe TpaHC(POPMYBATHCS 3YCHUIUIIMH CaMOi OCOOMCTOCTI T
BIUIMBOM BHXOBHHX €JIEMEHTIB 30BHIIITHBOTO cepeoBuIna. MoykHa, Xxo4a i He 6e3me-
JKHO, PO3BUBATH 1 BJOCKOHATIOBATH €JIEMEHTH IICHXOTEHHOTO DIBHSI — MaM'dTb,
BOJIFO, MHCIICHHSI, TIOUYTTsI, IIPUPO/IHI 33/IaTKH 1 3110HOCTI 10 POpMyBaHHS BiJTHOCHO
CTIHKHMX BJIACTHBOCTEH OCOOMCTOCTI, sSIKIi B CYKYITHOCTI YTBOPIOIOTH Xapakrtep. Ha
HBOMY MH JICTaJIGHO 3yITMHUMOCS HIDKYE.

«CorriorerHuii piBeHb» (Puc. 2, mo3Hauka 3) y ComialbHO 3pijIoi 0COOMCTOCTI
[MOJIAHO TAKUMH €JIEMEHTAMH, SIK YeCTh, COBICTh, BiIIOBIJAILHICTS, T1HICTE Ta iHIII,
0 TPUAHATO BIJHOCHUTH 10 "BHUIIMX" MOPaJIbHO-ETHYHHX SKOCTEH OCOOMCTOCTI.
Bonu (opmyrothest Ha 6a3i 0ioJIOriYHUX eMOIIiH 1 "Hwk4uKMX" MovyTTiB. [HTErpaTHB-
HUI 3B'SI30K MiXK OIOr€HHUM, TICUXOTCHHVM 1 COIIIOTEHHUM «PIBHSIMID 3IIHCHIOETHCS
3a JIOTIOMOT'OF0 OCOOJIMBOI cHcTeMH «S1» (IHAWBITyaTbHA CBIOMICTH, BOJBLOBHH Ca-
MOKOHT]OJIb, OCOOMCTHI JOCBiJ JIIONMHK). PO3BUTOK, CTaHOBIIEHHST OCOOMCTOCTI HiIie
"3HU3Y-Bropy" (Biz OIOr€HHOro PiBHS JI0 COIIOTEHHOTO), a (DYHKITIOHYBaHHsI, HaBIIa-
Ky, "3ropu-Bam3" (Puc. 2). [Hmmmu cioBamu, QyHKIIIOHYBaHHS JJOPOCIIOi, CBiZIOMO-
BOJILOBOI OCOOHMCTOCTI BiIOYBA€ThCSl y TMOPAAKY, 3BOPOTHOMY 1i OHTOTEHETHYHOMY
po3BUTKY [15]. @opMyBaHHS 0COOIMBOCTEH B3aEMHH Oi0OJIOTIYHUX 1 COITIATBHUX IT0-
YyTTIB Tl CIPSIMOBAaHUM BIUTMBOM COLIAJIbHOI CHCTEMH, TPOMAJICHKHX BiJHOCHH,
KyJIbTYPHOI CIHAJIIMHK € IpoLecoM BuxoBaHHs. [lincyMKoBHil pe3ynbrar peasizamii
MOYKJTMBOCTEH TEHOTHITY ITij] BIUTMBOM CYCIILUTHHOTO Ta iHAMBIAYaJIHHOTO IOCBIIY,
BUXOBaHH: 1 CAMOBHXOBaHHSI HA3UBAIOTh (DEHOTHIIOM.

Taka Momenb OCOOMCTOCTI Ja€ 3MOTY Kpallle 3pO3yMITH OCOOJIMBOCTI THX
BiJIXWJICHb BiJl HOPMH Y TICUXIYHOMY CTaTyCi 0COOMCTOCTI, SIKi IPOSIBISIOTHCS Y
pasi [ITCP. Tak, 3 60Ky 0i0oreHHOTro Ta IMCUXOT€HHOTO «PiBHIBY» BUPa3HO MPOSB-
JISTIOTHCSI TIOPYIIEHHS eMOYiliHO-nOYymmeaoi cghepu 0CoOMUCTOCTI. MaroTh Mictie:
NPUTHIYEHICTh HACTPOIO, 3arajbHa MPHUTHIYEHICTh, €MOLiHHA XOJOJHICTB, IO-
9yTTs TIUOOKOI anarii Ta 6aifyKoCTi, 3a3APICTh 3JOPOBUM, BiTIyTTS MOCTIHHOT
THIBJIMBOCTI Ta 3JI00M, HEIOBIPJIUBICTh 1 HEJOOPO3UWIMBICTh J0 OTOYCHHS 3a
BiJICYTHOCTI JTFOOOBI 1 TeIa 10 OJIM3BKUX.

Posnanu koenimueroi cghepu POSIBISIOTHCS Y TTOPYIIICHHI YBArd, Iam'sTi, iHTe-
JIeKTy. MaroTh Micle: po3iiax BiquyTTs i COPUHHATTS peajbHOro yacy, ocaadiaeHHs]
KOHIIGHTpAIIli yBaru i ONepaTHBHOI Mam'siTi, 3HIKEHHs SKOCTI PO3YMOBOI pPOOOTH,
HEMOXJIMBICTh BUKOHATH 3aBIaHHs 70 KiHils Torio (Taou. 1, mo3wuiis 3).

Posnamu cormiorenHoro «pipus» y namienTis 3 [ITCP (Tabmn. 1, moswuitist 4) Bimo-
OpakaroTh CXWIBHICTH N0 QIUKTUBHHUX TOPYIICHb TOBEIIHKH, aKIOTWK 1 PyXOBE
niepe30yIKeHHs, HeaeKBaTHY 3a CHJIOI0 PEAaKLIiIo Ha KapTH 31 3Ta/IKOI0 TIPO MepeHe-
CeHy TpaBMy. bypximBi peakuii y BiIIIOBib HOCATH IMITYJILCUBHUI XapakTep, 3aJIv-
HIAETHCS MPUXOBaHA TOTOBHICTB JI0 OPYTAIBHOTO THIBY 1 )KOPCTOKOTO MOOUTTS. Yacto
BiIOYBa€ThCS. MUMOBUIBHE «BTOPIHEHHSD) B TIaM'SITh KAPTHHH MEPEKHUTO] IICHXOTPaB-
MH (T. 3B. ¢uiemdexu). OcoONMMBOi yBaru 3aCyTOBYIOTh BUCIIOBJICHHS IAITIEHTIB TTPO
Te, 110 BOHU «BTpaTWIH ceOe, CBOE Sy, BOHU CTaIN «IHIIMNMI», BTPATUIIH CEHC KUT-
TS, BiJUyBalOTh CHJIBHI TPYHOII Y IPUHHSTTI HEOOXITHUX CUTYaTHBHUX PillleHb, [0
CYIPOBOKYEThCS TOCTIMHOIO KOHCTEAIIEI0 CYMHIBIB, MOYYTTSIM HEBIICBHEHOCTI 1
po3ryoineHocrti. € 3arposa cyipy.

Ha nmamy mymKy, maHa cuMIrToMaTrka i BiacteBa namierTam 3 [ITCP amarist, 3uau-
JKEHHsI OCOOMCTOI iHIlliaTHBH, KUTTEBA HEPTHICTh, PO3BUTOK JICTIGPCOHANI3ALIT, CBI/-
YUTH TIPO 3001 y poOoTi cructeMu «S» ocobucTocTi Ta po3naiB y cepi ii xapakrepy.
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3HauyeHHsI XapakTepy B 3aBlaHHsX peadimiTauii ocié 3 IITCP: mocra-
HOBKa 3aBaanHs. lllupoko yTBepauiocs ysBiIeHHS IO Te, L0 yCHiX peadisi-
Tarii (0310pOBYOI, METUIHOI, COIIATEHO-TICUXOJIOTIYHOT) 3yMOBIIOETHCS, TOJIO-
BHUM YMHOM, apCCHAJIOM 3araJlbHO 3MillHIOBAJIbHUX, JIIKYBaJbHUX, TEXHIYHUX Ta
HIIMX BiJHOBIIIOBAIBHUX KePYBaIbHUX BIUIMBIB. OcoOIMBHI HAroaoc poOUThCs
Ha 3aCTOCYBaHHI Pi3HOMaHITHHUX, alie 3/1e0LIBIIOr0 TAaCUBHUX 3aC00iB i METO/IB
BITHOBJICHHS 37I0pOB'S, TaKUX sK (pizioTeparrisi, Macax, pedaekcoTeparris, HiTo-
Teparis, TIMHOTeparis Ta 1HIIKNX, A€ peKpealiifHuii Ta 0310poBumii edekt nocs-
Ta€ThCsl, TOJJOBHUM YMHOM, 32 PaXyHOK CHJIH 1 (i3i10JOT1YHIX MEXaHi3MiB BILIU-
By 3a3Ha4YeHHX 3ac00iB Ha OpraHi3M JIOAMHHU. /laBHO MporojomeHa IEOHTONIO-
ruyHa BuMora: "JlikyBaTn He XBOpOOY, a XBOPOro" MPOJOBXKYE 3aHIIATUCS
30e011pII0T0 AeKIapaTHBHOK. MK TUM, Ha Hally AyMKY, L€ Kpeao Mae OyTH
BiJIpO/PKEHO 3HOBY, ITiJ] Yac BHUPIIICHHS caMe O3[0POBYMX 3aB/aHb, JIe SKOCTI i
BJIACTUBOCTI OCOOMCTOCTI BiZITparoTh OCOOINBY POJIb.

Ha nipaxtuiii HeoOXiJHO BpaXOBYBaTH MOBHOK MIPOO 3HAUEHHS 1 POJIb CIICIH-
(i4HOTO 1, B KOKHOMY pa3i, yHIKaJILBHOr0 Habopy Mcuxo(i3ioNoriyHuX 1 MCUXOJIOr -
HUX SKOCTEH, SIKUMH KOKHA JIFOMHA Ha/IeHa CII0YaTKy B TEHOTHIT, a00 HaOyBae y
(eHoTHIII MTi3HIIE B X0/ IHAMBIMYaIbHO-CYCIIBHOTO BUXOBaHHS, a00 ILISIXOM Ca-
MOBHUXOBAHHS, CaMOOpraHi3alli. Y crerjianpHiii ICUXOJIOTiuHIHN JIiTeparypi caMmoop-
raHi3arlisi 0COOMCTOCTI, CTHIIb Ta CTpATerTis il TOBENIHKHU ITOB'SI3YEThCS 3 TAKAM ITOHSIT-
TSIM SIK XapakTep [16], ToOOTO 0COOIMBOIO CHCTEMOIO OpraHizarlii caMocBizomMocTi, """
JIFOJIMHU, HEPO3PHUBHO IOB'SI3aHOTO 3 MOTO BOJICIO, IO A€ MiJCTaBy TOBOPHUTH PO
€IMHY CHCTEMY CBIJOMO-BOJIOBOIO KOHTpoio. [lificHO, BONBOBHI HpoLec € 371at-
HICTh CHPSIMOBYBAaTH CBOi ocoOmcTi Oaxanus, "BomiHaa" (Big HiM. "Ich will — «
xouy") Ha iEpapXivHO CYMIAPSIHI 3aBIaHHS 3 OCOOJIMBUM IEPEKMBAHHAM OCOOMCTOT
yuacti ("5 Mmoxy") mis nocsrHenss moctasneHoi MetH ("4 moBuHeH"). Came y Takiit
TIOCITIIOBHOCT] Y XOJi 1HAMBIIYaIbHOTO PO3BUTKY OCOOHCTOCTI i3 CaMOT0 PaHHBOTO
JMTUHCTBA (JOPMYEThCS HAHBAKIMBIIIMK MOTHBAIIHIN MEXaHi3M XapaKTepy Oco-
oucrocri [15]. V cBOIO TPUKOMIIOHEHTHY KOHLIEIIIIO 310POB's, K 0OOB'SI3KOBY, MU
BKJTIOUMIIN XapakTep JIFOIMHU. Y CBOIO 4epry, B iH(opMarliiiHiil CTpyKTypi Xapakre-
POJIOTIYHOI KOMITOHEHTH, BHIUICHO TaKi CKJIAIHUKHU: PIBEHb COMIATBHOTO PO3BHUTKY
0COOMCTOCTI, MOXJIMBOCTI 0COOMCTOT MOOLTI3aLIil, TeHepallisi OCOOMCTUX TPOSIBIB, SIKI
€ OlOJIOTTYHO, TICHXOJIOTIYHO 1 COIIaTbHO 3yMOBIICHUMH. Y SIKOCTI ITOKA3HUKIB CKIIa/I-
HUKIB BUCTYIIAIOTh PUCH XapakKTepy, sIKi, 3TiTHO 3 MOJICIIHHAM YSBICHHSM, JTITEPaTy-
PHUMH JIAHUMH Ta EMITIPHYHAM JIOCBIJIOM € «OTIOPHUMH» B CTPYKTYpi OCOOUCTOCTI,
BUPIIIATILHIM YHHOM 3yMOBITIOIOYH 1HAMBIAyaIbHI OCOOIMBOCTI Ti€l YM iHIIOI coliia-
JIBHOT TISUTBHOCTI JroauHH [17].

Cepen onopnux puc XapaxkTepy, HEOOXITHMX 1 JOCTATHIX JJIs HalluX 3a-
BIaHb, B MCUXOJIOTIYHOMY CTaTyci OyJi0 BHIiNIEHO Taki pucu: cuia "s'", onTu-
Mi3M, 3[IaTHICTH 10 3YCHJIb, IIJIECIIPSIMOBAHICTh, PIIIYYiCTh Ta psin iHIMX. Bu-
3HAYAIOTh XapaKTep TaKi MOPabHI SKOCTI, K JIFOJICHKA T1IHICTh, COBICTh, YECTh,
JOOpOYECHICTD, BiINOBIAabHICTE. BChoro onmopHux puc xapakrepy — 20, KOx-
Ha 3 AKHX M€ IO UIiCTh Pi3HUX BIATIHKIB iXHIX MPOSBIB.

Mema nawoeo docniocernnss — KUTBKICHO OIIIHUTH OITOPHI SIKOCTI XapaKTe-
py JIOAWHM, sIKi, Ha Hally AYMKY, IPalOTh ICTOTHY pOJib B 3aBIaHHAX MiATpHU-
MaHHs1, 30€peKeHHs 1 BiIHOBICHHS iHANWBIAYJILHOTO 37J0POB'S, 0COOIMBO 3 OOKY
HOT0 IICUXIYHOTO 1 COIIaTbHOTO CTATYCIB.
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Memoouxa mecmysanns. JIns TecTyBaHHS SKOCTEH XapaKTEpOJIOTiYHOI
KOMIIOHEHTH 37I0pOB's OyJI0 pO3pOOIICHO CreliadbHy aHKETY-ONHUTYBAIBHHUK, SKa
JTa€ 3MOTy OTPUMATH KUTHKICHI OabHI OIIHKHM BCIX SIKOCTEH XapakTepy, A¢ Mak-
CHMaJbHE 3HAYCHHS OLIHKH KOXKHOI SIKOCTi cTaHOBUTH 9 OaniB. bByna mpuiinsaTa
TaKa rpajallis KOXKHOI SKOCTi B 3aJIe)KHOCTI BiJ piBHSA mposBy: 1-3 Oamu — HU-
3bKHI piBEHb MPOSBY JOCITIIKYBaHOI SIKOCTI 0cOOMCTOCTI; 4—6 OaniB — cepel-
Hill piBeHb; 7—9 OaJliB — BUCOKHI PiBEHB MPOSIBY.

IepapxidHa crcTeMa OIIHOK XapaKTepPOJIOTTIHOI KOMITOHEHTH 0a3yeThesl Ha METO/Ti
MHYPI [5]. BignoBizHo 10 IOro MeTofdy, OTpUMaHi B pe3yJbTaTi aHKeTyBaHHS Ta
00pOOIIeHHS aHKeT y3arajibHeHi OabHi OIIHKKA OKPEMUX SIKOCTel YHi(iKytOoTh i HOp-
MYIOTb, IEPEBIBIIH iX Y BIIHOCHI y3araibHEeHI OLHKHU. [HTerpagbHa oliHKa XapakTepo-
JIOTTYHOI KOMITOHEHTH PO3PaXOBYEThCS SIK JiHIHO-3Ba)KeHa CyMa BIJHOCHHX y3araib-
HEHUX 3Ha49eHb OIIHOK OKPEMHX SKOCTEH 3 piIBHIMH Baramu. UrcenbHe 3HAUCHHS y3a-
TaJIbHEHOI OLIHKY XapaKTePOJIOTIYHOI KOMIIOHEHTH 3MIHIOEThCS B tiarna3oHi Big 0 10 1,
KU BKITIOYae Taki mipmianasonu: | — Big 0 mo 0,33 — cunbHmMiA xapaxrep; Il — Bin
0,33 o 0,66 — xapakrep cepenHbo Bupaxenuid; [II — Bin 0,66 no 1 — crnadkuit xapa-
kTep. 7 KOXKHOTO AOCHiIKYBaHOTO, 32 Pe3ysIbTaTaMi 00poOJIeHHs! HOro BilmoBineit
Ha 3alITaHHS aHKETH, BUBOMIITHCS BUCHOBKH Y BepOATLHOMY 1 ITHI(PPOBOMY BUTIISI SIK
y3arajbHEeHa OLIHKA «CHII XapaKTepOJIOTYHOI KOMIIOHEHTH Ta il CKIIaHHKIB. AJro-
PHUTM aHKETHOTO TECTYBaHHSI Ta KiIbKICHOTO OIIHIOBAHHS € TIPOrPaMHO PEATi30BaHUM,
TIPOMIIIOB MUTOTHY arpoOartiro i TOBiB CBOIO MIarHOCTUYHY €(heKTHBHICTb.

Bu6ip xepyBaJbHUX il 3 ypaxyBaHHSIM 0C00JIMBOCTeH PiBHS 310pOB'si
i cuu xapakTepy

B 3anexxHoCTI Bif pe3yibTaTiB TECTYBaHHS 1 OIIHIOBaHHS CTaHY BCIiX TPHOX
CTaTyciB 310poB's ((pi3UYHOrO, MCUXIYHOIO 1 COIAIBHOT0) (GOPMYETHCS MPO-
rpama HiITPUMKH HOTO IHTErpajlbHOTO iHIUBIAYadbHOTO 3JOPOB'S, CKIaACHA 3
KOMIUIEKCY KepyBaJbHUX BIUTMBIB. MeTOIM KepyBabHUX [Iif MOXKHA PO3AUTUTH
Ha JIBl OCHOBHI TPyl — METOJM 30BHIIIHBOT KOPEKIii (epeBaKHO COIiaIbHO-
CEPEeJIOBHIIHOI CIPSAMOBAHOCTi) i METOAW BHYTPIIIHBOI KOPEKIil (3a paxyHOK
BOJIFOBHX 3YCHJIb CaMO] JIFOJMHH, TOOTO I[IHOI0 CAMOKOPEKIIii, caMoopraHizariii).
Ix KnacudikoBaHO HAMHU 3a TIEBHUMH KPHMTEPiSMH: METOJAMH O30pPOBICHHS,
THIIOM KEepyBaHHS (MaTepiadbHUH, eHepreTHYHuH, iHpopMmariiHuii), MexaHi3-
MaM¥ BIUTUBY, aJIPECHOIO CIIPSMOBAHICTIO TOIIO. Tak, OCHOBHI METO/IU BILIUBIB
Ha (i3WYHMIA CTaTyC, BAKOPUCTOBYBAaHI B MPOIECi 0340POBUYO-TIPOPITAKTHIHUX
3axX0/iB, OLIBIIE HaJeKaTh M0 mepmroi rpynu. Cepen HUX: AUXadbHI METOIUKH;
¢bizuuHi BpaBu; 30aJaHCOBaHE paliOHAJIbHE Xap4yBaHHS; TeMIEpaTypHi YWH-
Huku (Brarodaroun CITA-mponemypn); Macax (METOIM TOYKOBOTO, CETMEHTHOTO
1 3araJIbHOTO Macaxy).

Yci MeTou BIUTMBIB HA TICUXIYHHH 1 COI[IAIbHUI CTAaTyCH 3I0POB'S JIFOTUHU
3TPYIOBAHO 33 BUAAMH CIPSIMOBAHOCTI KEPYBaJbHUX BIUIMBIB 1 HAJEXaTh IO
apyroi rpynu. Ix nmosmano y 7 rpynax:

1) MeTO ¥ 3HATTS CTPECY, TPUBOTH i BAXKKOTO HACTPOIO;

2) METOJIM peliaKcallii, po3ciiabyieHHs, 3aCIIOKOEHHS, YMUPOTBOPIHHS;

3) MeTOM aKTHBAIlii, HAKOTIMYEHHS IICUXIYHOI EHEePrii;

4) METOIM KPEaTHBHOTO BILUTMBY, IiABUIIICHHS iHGOPMATHBHOCTI;

5) Merou, cipsIMOBaHi Ha PO3BUTOK TOCTPOTH CIIPUMHSITTS, 3MILIHEHHS [TaM'Ti;

6) MeTo/TM EMOLIIMHOTO BIUIUBY, PO3BUTKY TOYYTTIiB, OJIMIIEHHS HACTPOIO,
MiIBUIIICHHS 1HTEPECY JI0 KUTTS;
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7) MeTou PO3BUTKY BOJI, (POPMYBAHHS 1 3MIIIHEHHSI XapaKTepy, CTHIIIO TO-
BEIIHKU.

VY migcymky Branocs moOyayBaru iH(GOpMaIiiiHO-MaTpU4HY MOJENh METO-
IIiB BIUTUBIB HA (DI3UYHHM, IICUXITHUMA 1 COMIAIBHUNA CTATyCH 3J0POB'S JIIOIUHH,
B Ky yBIHIUIO MOHAJ 50 OKpeMuX KepyBaJbHUX BILIMBIB Ha TOW YM 1HIIMIA cTa-
TyC 370poB's. Bci BOHM MOKyTh OyTH BHKOPHCTaHI SIK OCHOBA JUISi CTBOPEHHS
IHIUBITyaIbHUX TIporpaM o3xopoBieHHs ocid 3 [ITCP. HeoOxigHo 3a3HAa4YNTH,
IO KOJKHA TpyIa KepyBaJbHUX BIUIMBIB BKIIIOYA€ METOAMKH, IIO TIepen0adaroTh
pi3HY IHTEHCHUBHICTH BIUIMBIB. B 3a/eXHOCTI Bix pe3ynbTaTiB TECTyBaHHS Xapa-
KTEpOJIOT19HOI KOMIIOHEHTH NPOTpaMy KepBaJbHHUX BILTUBIB MOXe OyTH iHAMBI-
nyanizoBaHo. CaMe CIiBBIIHOUICHHS CHJIM XapaKTepy JIIOJMHU Ta IHTCHCUBHOCTI
PEKOMEHJIOBAaHOTO KEPYBaJIBbHOTO BIUIMBY Ja€ 3MOTY iHAWBIAyalli3yBaTd i, TUM
caMuM, ONTUMI3yBaTh edekT 0310poBuMX npouenyp. OTxe, BpaxXyBaHHS CTaHy
XapaKTepOJIOTIYHOI KOMIIOHEHTH i 4ac CHHTE3y HMpOrpaMH CaMOKEpYBaHHSAM
3I0POB'SIM JIIOAMHU YMOXKJIMBIIOE IHAMBiAyami3amilo MigOopy KepyBaJIbHUX
BIUIMBIB, SIKi IPSIMO YW OIIOCEPEIKOBAHO BILIMBAIOTH HA XapaKTEPOJIOTiuHy KOM-
MMOHEHTY, JAI0Th 3MOTY JOCATTH IXHBOI OUTBITOI eeKTHBHOCTI. XapaKTep, 0co-
OMCTI YCTaHOBKM Ha 30epeKeHHs 1 MiATPUMaHHS I1HIMBIIYaJbHOTO 3/I0pPOB'S
MaroTh BaXKJIMBE, SKIIO HE BUpIlIANbHE, 3SHAYSHHS.

Mu BBa)kaeMo, IO HASBHICTH 00’ €KTUBHUX Ta Cy0’€KTUBHUX TAaHUX PO CTaH
3IIOPOB'S MAII€HTA, a TAKOK BU3HAUCHUX KUIbKICHUX KPUTEPIiB CKIIATHUKIB HOTO
300poB’s 3a0esmneuye 3AifiCHEHHS Mpolecy iHIUBiAyami3oBaHUX (i3M4YHOI Ta
TICHXOJIOTO-COITIaTbHOI peadimiTamiii, BUXOAIIH 3 OCOOWCTICHMX HACTAaHOB i
ynojao0aHb naiienta. BogHouac amnpiopi npuiiMaerses, mo edekt peabimiTamii
3aJIeKHUTh BiJl CTYNEHsS BKIIOUEHHs CaMOro MalieHTa B 03J0POBUYHH MpOLEC, Bix
foro mparHeHHs 1 OaxxaHHs mo30yTHcs Hebaxanux HachiakiB [ITCP. B npomy
BHITAJIKYy, 3aCO0M 1 METOIW IICHXOJIOTIdHOI peadimiTarii OymyTh HIPHUIUIEHO
CHpSIMOBaHi Ha 3MiHy CaMOBIAYYTTS JIOJUHH 1 TOTIOMOXKYTb MiJBUIIUTH ii CTili-
KIiCTh 70 )KUTTEBOI JpaMu, 3MIHUTH KUTTEBY (Pitocodito i MPiopUTETH.

Bpaxysanss copMoBaHOTO iHMOOPMAITIHOTO IO TIOCTTPABMATHIHOTO CTpE-
COBOI'0 PO3JIay, sIKe TIOEAHYE OCHOBHI €K30I'€HHI CTPECOTeHHI YMHHUKH Ta BiATIOBII-
Hi iM 3aXHCHI BapiaHTH peakiliii opraHi3My 1 BapiaHTH aJIUKTHBHOI MOBEIIHKHA OCOOH-
crocTi, sika crpaxaae Ha [ITCP, Haae MOXXITMBICTD IETaJIbHO aHANN3YBaTH ii CTaH Ta
(hopMyBaTH iHI¥BITyaTi30BaHi MPOrpaMu peadlTiTaliiHUX 3aX0/IiB.

BBaxkaemo, mo came 3HaHHS XapakTepy JIOAWHH JA€ 3MOTY 3 BHCOKOIO
HMOBIpPHICTIO TIepeA0aYnTH i, THM CaMUM, KOPUTYBATH ii O4iKyBaHi il i BAMHKH.
BuxopucranHs po3po0iIeHUX armapaTHO-MPOTPpaMHUX MOAYJIIB IJIA 3aBIaHb OITi-
HIOBaHHA 310poB'st y pasi [IPCT crpustuMe miIBUILEHHIO €EeKTUBHOCTI pealdi-
JmTamifHuX 3axojiB. be3cymMHiBHO, M0 peabimiTallisi MOBHHHA OyTH KOMITJIEKC-
HOIO 13 3aCTOCYBAaHHSIM paIliOHATHHO-TTOBEAIHKOBOI, iHTEPIIEPCOHAIIBHOI Ta Ci-
MeiHoI Teparii, Ae iHGopMamiiHUKA MiIXiJ A0 PO3BUTKY i peadimitamii mcuxo-
TeHHUX PO3MaJiB MOKE HAaJaTH CBill iHTEIEKTyabHUN BKIA.
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HEALTH SELF-ESTEEM INFORMATION TECHNOLOGY
FOR REHABILITATION OF POST-TRAUMATIC STRESS DISORDER

Introduction. Contemporary research aimed at preserving and maintaining human health is
based on the use of intellectual information technology, developed on methodology of a sys-
tematic approach to the category of health as a trinity of its physical, mental and social as-
pects. The importance of a comprehensive approach to human health becomes especially
evident in the case of breach of the harmonious interaction of the human body and personal-
ity with the environment in the example of post-traumatic stress disorder.

At the present stage of economic and political development of the state, the factor of
negative psychogenic impact on the health of the population has significantly increased. The
creation of information technology for the assessment of health and rehabilitation of a person
having post-traumatic stress disorder (PTSD) would make it possible to turn the rehabilita-
tion process into a manageable and controlled one.

The purpose of the paper is to determine the information structure of post-traumatic
stress disorder and the formation of main provisions of information technology of health self-
assessment for the rehabilitation of post-traumatic stress disorder.

Results. The paper deals with the assessment of integral health level for people having
PTSD and psychological and social rehabilitation of such patients. General features of psy-
chogenic disorders and theoretical features of formation of post-traumatic stress disorder are
discussed, taking into account the possibilities of the information approach. Information field
of post-traumatic syndrome in general is offered, where on the basis of available literature
the main exogenous stressors, protective variants of reactions of the organism and personal-
ity, variants of addictive behavior of persons suffering from post-traumatic stress disorder
are determined.

Information technology of self-assessment of physical, mental and social state of health
by means of developed hardware-software "Express diagnostics of health" complex enabling
to estimate integral health and its components using the applied questionnaire, is offered.
The mental status of health determines the properties and strength of personality, which are
important to consider and rely on in the process of rehabilitation of patients with post-
traumatic stress disorder.

Conclusions. Availability of objective and subjective data on the state of health of a
person with PTSD, including certain quantitative criteria for its health, as well as taking into
account the information field of, which combines main exogenous stressors and their corre-
sponding protective variants of organism reactions and variants of addictive behavior, gives
the chance to analyze in detail its condition and compose individual programs of rehabilita-
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tion actions. At the same time, knowledge of a person's character makes it possible with high
probability to predict and, thus, adjust his expected actions and deeds. The use of developed
hardware and software modules for health assessment in the case of PTSD will favour the
effectiveness of rehabilitation measures.

Keywords: information technology, health self-assessment, mental health, personality char-
acter, methods of testing and diagnostics, post-traumatic stress disorder, psychosocial and
social rehabilitation.
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UHPOPMALIMOHHA 51 TEXHOJIOI'MSI CAMOOLIEHKH 37I0POBbS
TSI PEABUJIMTALIUU IIOCTTPABMATUYECKOT'O
CTPECCOBOI'O PACCTPOUCTBA

O0cyXIarTcs TeoOpeTHIeCcKne 0COOEHHOCTH Pa3BUTHS TICHXOTEHHBIX PACCTPOMCTB € yUETOM
BO3MOXHOCTEH MH(OpMaLMOHHOTO Noaxoa. PaccMaTpuBaercs MHpOpMaIMOHHAS TEXHOJIO-
THS CAMOOIEHKH (DM3HIECKOTO, TICHXUUECKOTO H COLUATBHOTO COCTOSIHUS 30POBBSI C TIOMO-
b0 pa3pabOTaHHOM KOMITBIOTEPHOH IMPOTPaMMBbI, KOTOpas IMO3BOJISET IOJyYUTh OLCHKY
UHTETPAJIBHOTO 37I0POBbSl M COCTABIIAIONIMX €ro KOMIIOHEHTOB. B mcmxmueckoMm craryce
OTIPEJIEIISIOTCSl CBOMCTBA M CHJIA XapaKTepa JIMYHOCTH, KOTOPhIC BAXKHO yUUTHIBATH U OIH-
paTthCs IpH peadWIINTAINH JIUIL C TOCTTPaBMATHUECKAM CHHIPOMOM.

Knrwouesvie cnosa: ungopmayuonnas mexwono2us, CAMOOYEHKA 300p08bs, NCUXUYECKOe
300po8be, Xapaxmep AUYHOCHU, MeMOObl MEeCMUPOBAHUS U OUASHOCTIUKY, NOCIMIMPAGMATU-
yeckoe cmpeccogoe paccmpolicmeo, NCUXOCOYUANbHAS Peadurumayis
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