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Abstract. The article presents the development of an expert system for decision support on the
Android platform. To create a knowledge base, a medical subject area was chosen using the example
of determining the risk of coronary heart disease in a practically healthy person. The main and
additional risk factors for coronary heart disease were identified, which determined the hierarchical
structure of the knowledge base. The knowledge base structure contains knowledge clusters so that
the user can consult with the expert system depending on the choice of clusters. The knowledge base
was implemented using the KARKAS shell, which has tools for creating expert systems: a visual
knowledge base editor, a knowledge base parser, a hierarchical functional system for forming a
knowledge base structure based on rules and frames, and various modules for implementing logical
conclusions.

Key words: knowledge base, expert system, mobile application, Android and Embarcadero
platforms.

Introduction.

In Expert systems (ES) in the field of artificial intelligence are one of the first
successes of its application [1 - 3]. They are intended to assist the user in making
decisions in informal subject areas. The main modules of the expert system are the
knowledge base and the inference engine, which gives advantages over neural
networks, since it allows you to get the reasoning behind the decision. The traditional
ways to implement an inference engine are backwards, forwards, mixed, Bayesian
chains of reasoning. Due to the asynchrony of the Android operating environment, the
inference engine algorithm of a mobile application mainly uses direct and Bayesian
chains of reasoning. To resolve conflicts in the choice of rules and frames during the
consultation, various strategies are used:

* rules are selected only once;

* rules with a higher priority will be selected first (priority is set by the expert);

* the rules are selected first if they have more complex conditions than the same

ones;

* the order of the rules was fixed when they were filtered, and others [4].

The global market for mobile applications for Android is constantly growing.
Here are some of the benefits of the mobile app:

» mobile applications are more convenient for communicating with users than

chatbots and websites, for example, they provide access to native smartphone
functions (for example, a video camera, GPS navigator, voice recognition
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functions);

» mobile applications increase customer loyalty (high conversion), as the
smartphone is always with the client (for example, they allow you to make
timely decisions);

» mobile applications effectively influence users by sending push notifications.

Taking into account current trends, the development of mobile applications that
perform the functions of expert systems is an urgent problem. Since there is a constant
need to adapt them for use on mobile devices.

Various frameworks (shells) are used to create mobile expert systems: Flutter,
Ionic, React Native, Android Native, Xamarin and others.

The shell for creating knowledge bases KARKAS was created using the
FireMonkey (FMX) cross-platform framework from Embarcadero, which is part of the
RAD Studio development environment and is designed to create user interfaces. The
framework allows you to use not only vector graphics, but also the native capabilities
of mobile devices. In addition, there is another great feature of the framework, which
is that the application code can be compiled into native code to run on different
platforms: Windows, Android and iOS. Thus, using the FMX framework, you can
quickly create prototypes of mobile applications for various mobile devices [5,6].

Using the KARKAS system, chatbots were developed: @Ribs karkas bot,
@es_test_karkas bot, @es economy karkas bot, @es info tech karkas bot, which
allows you to conduct online consultations with users and test students' knowledge [7
-9].

One of the main advantages of mobile applications in customer service is that
interlocutors are free to ask questions that they would not ask a support representative
Or company manager.

Taking into account current trends, the development of mobile applications that
perform the functions of expert systems is an urgent problem. Since there is a constant
need to adapt them for use on mobile devices.

Using the KARKAS system, a knowledge base was developed for the
ES RFCHD mobile application (an expert system for determining the risk of coronary
heart disease). The main function of this mobile application is to provide the user with
control over the level of risk factors for coronary heart disease.

The paper [10] considers a mobile expert system implemented on the Android
platform. The system uses a rule-based knowledge base that provides diagnostics and
medical advice for ten common diseases in Nigeria. The knowledge base contains five
tables that contain information about symptoms, diagnoses, causes of diseases, and
preventive recommendations. The system uses a direct chain of reasoning.

This article [11] is devoted to the development of a decision support expert system
model for the Android platform without serious programming in java programming.
The knowledge base of the system for this knowledge area was formed by inductive
learning methods based on examples from the WEKA data mining system, and the
system was implemented using the Expert2Go shell and the e2gDroid Lite Expert shell
for mobile devices. The knowledge base contains a total of 28 rules and 7 classes.

The article [12] considers the approach of creating a mobile application of an
expert system using a linear sequential softwa development model or also known as a
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waterfall model. The development phases in this model include the process of
knowledge analysis, design, coding or implementation, and testing.

This paper [13] presents a mobile expert system that uses knowledge
representations based on rules and a knowledge modeling method using a decision tree.
To implement this system, the Java programming language was used, and the user
interface was designed and developed using XML, which fits into modern
smartphones.

The article [14] considers the implementation of an expert system capable of
diagnosing diabetes mellitus. The ExpeRT system uses Bayesian method and MySQL
database for early diagnosis of diabetes mellitus, which allows it to be a good
information carrier for storage, education and detection of diabetes mellitus.

The work [15] analyzes an expert system aimed at diagnosing various types of
infectious diseases and their complications. The constructed system uses an inference
engine based on the inverse reasoning method to recognize infectious diseases such as
pharyngitis, diphtheria and tuberculosis. In addition, the system uses a fuzzy inference
system to determine the severity of the disease.

The article [16] presents the development of a medical expert system based on
fuzzy sets for assessing the degree of coronary artery disease in patients with coronary
heart disease. The inference engine uses the fuzzy set method to solve problems of
medical diagnostics, in particular, in assessing the degree of anatomical lesions of the
coronary arteries in patients with various forms of coronary heart disease.

The article [17] presents an expert system for diagnosing mood disorders, which
is designed for an Android application. JavaScript and PHP are used as a programming
language, Cordova as a framework for creating mobile applications, PHP 7.2.1 as a
web server, MySQL 5.0.21 as a database. The inference engine uses Bayes' theorem.
This expert system can produce a process for diagnosing mood disorders with some
data about mood disorders in the form of symptomatic data, disease data and its
probabilistic significance.

The work [18] considers an expert system that helps patients with cholesterol
diagnose the disease. The application uses a direct chain of reasoning inference
mechanism when making decisions. The system is integrated with databases and
programming languages such as PHP-MySQL.

The article [19] proposes a model of a mobile medical application for Android for
diagnosing breast cancer and daily health forecasting. The user interface is
implemented using Android/Java programming, and the disease diagnosis part is
developed using disease symptom data and using direct reasoning chain.

The work [20] presents an expert system for diagnosing facial skin diseases using
the direct chain of reasoning method and the certainty factor. The developed expert
system for diagnosing facial skin diseases can diagnose 10 types of diseases.

In [10 - 20] methods, algorithms and procedures for their implementation for
expert systems are described.

Formulating the Purpose of the Article.

Analysis of the construction of a knowledge base for determining the risk of
coronary heart disease in humans and its implementation in an expert system on the
Android platform.
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Main text.

Consider the structure of the knowledge base for determining the risk of coronary
heart disease (CHD) of the ES RFCHD expert system. The relevance of its
development is explained by:

1) firstly, the evolutionary transition from CHD therapy to CHD prevention; from
population prevention to individual prevention;

2) secondly, the desire of a person to independently acquire knowledge on the risk
assessment of coronary heart disease;

3) thirdly, the possibility of self-monitoring of changes in the risk of coronary heart
disease to make a decision to seek medical advice with a high degree of it.

The appointment of ES is a preventive consultation of the patient on the
assessment of the risk of coronary heart disease.

The scope of ES is various medical enterprises: dispensaries, clinics, medical
units.

The purpose of the ES is to model the decision-making on the risk of coronary
heart disease in a practically healthy person.

Initial data: medical tests.

Expected results (list of possible consultation goal values):

- individual prevention of coronary heart disease;

- self-acquisition of knowledge about the degree of risk of coronary heart disease;
- self-control of the risk level of coronary heart disease;

- receive appropriate recommendations to reduce the risk of coronary heart disease.

Subject area identification. A risk factor is understood as the social, biological and
economic status of a person, his behavior patterns and conditions that contribute to the
occurrence of coronary heart disease.

According to the results of expert studies, it was established that the activity of an
outpatient doctor should be aimed at identifying only the main risk factors for coronary
heart disease, namely: hypercholesterolemia, arterial hypertension, smoking,
overweight, poor nutrition and alcohol. The reasonableness of this recommendation is
due to the fact that the main function of the doctor is to diagnose the disease itself, and
not its prenosological conditions. The practical priority of prenosological diagnostics
contributed to the fact that the expert group expanded the number of CHD risk factors
to 13: hypercholesterolemia (high cholesterol), hypertension (high blood pressure),
smoking, physical inactivity, overweight, coronary behavior, stress, lack of social and
psychological support, poor nutrition, diabetes, unfavorable heredity, inadequate rest,
alcohol.

Thus, to assess the risk of coronary heart disease in a practically healthy person,
13 leading factors were selected according to the opinions of WHO experts.

In addition, the mobile application provides an analysis of additional risk factors:
the physical condition of a person, a symptom of shortness of breath, and others.

Hierarchy of CHD risk factors.

The described risk factors play an unequal role in the occurrence of CHD. To
streamline them, we use the "Delphi" method, which initially provides for the isolated
presentation by experts of their opinions and their further adjustment based on the
acquaintance of each expert with the opinions of other experts until the assessment of
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the consistency of opinions of experts stabilizes.

This method differs from other methods of group interaction of experts in three
features: anonymity, the use of the results of the previous round of the survey, and the
statistical characteristics of the group response.

Anonymity is manifested in the fact that the members of the expert group do not
interact with each other and, therefore, can change their personal opinion without
losing their reputation. In this case, any assessment is accepted, regardless of who its
author is. The condition of anonymity is necessary so that a supporting or contradicting
opinion does not affect the judgment of an individual expert.

Using the results of the previous round has the value that each expert is informed
about the average opinion of the group and about the opinion of the typical and
extraordinary experts. This achieves the goal of presenting all points of view, allowing
the expert to concentrate on the next round of the survey. The reasons for the change
in assessments, as research results show, are actually in response to the point of view
of their fellow experts.

The statistical characteristic of a group response is an assessment of the
consistency of expert opinions in the form of a coefficient of agreement. The agreement
coefficient can be reliable or not reliable and allows, depending on the result of the
calculation, to increase or decrease the number of rounds of the survey.

The advantage of the "Delphi" method is the use of feedback during the survey,
which significantly increases the objectivity of expert assessments.

To determine the hierarchy of CHD risk factors, the following method is
proposed, which includes 6 stages:

Stage 1. Development of the "Questionnaire for the selection of priority risk
factors for coronary heart disease";

Stage 2. Selection and questioning of experts. Evaluation of the consistency of
expert opinions;

Stage 3. Construction of "Matrix of shares of alternative opinions of experts";

Stage 4. Standardization of "Matrix of shares of alternative opinions of experts";

Stage 5 Approximation of the "Matrix of shares of alternative opinions of
experts";

Stage 6 Determination of the hierarchy of risk factors for coronary heart disease.

The final hierarchy of CHD risk factors according to the above method (Table 1).

Table 1 - Hierarchy of CHD risk factors

Code the . Hierarch Rankin
factor Risk factor for CHD coefﬁciei;}; placeg
1 Hypertension 0.126 1
2 High-cholesterol 0.121 2
3 Diabets 0.113 3
4 Smoking 0.099 4
5 Heredity 0.097 5
6 Type A behavior 0.087 6-7
7 Stress 0.087 6-7
8 Body-weight 0.079 8
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Code the . Hierarch Rankin
factor Risk factor for CHD coeﬁiciel;}; placeg

9 Hypodynamia 0.059 9

10 Mental-health 0.045 10

11 Poor-diet 0.041 11

12 Inadequate rest 0.031 12

13 Alcohol 0.015 13
Authoring

Figure 1 shows screenshots of CHD risk factors in the ES RFCHD expert system.
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Figure 1 - Risk Factors for CHD
Authoring

The obtained values of the coefficients of the hierarchy became the basis for
calculating the coefficients of certainty of knowledge facts and determining its filtering
in a hierarchical functional system. The subject area classes with the level of their
hierarchy are presented (Table 2).

Figure 2 shows a view of a hierarchical functional system (HFS) for diagnosing
the risk of coronary heart disease in the KARKAS system in the knowledge base
editing mode.

A functional system (FS) is a system formed to achieve a given useful result
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(target function) in the process of its functioning. Its backbone factor is a specific result
[4].

Table 2 — Knowledge base classes

Class Number of instances of classes | Level of the class hierarchy
CHD risk 3 1
Hypertension 17
High-cholesterol
Diabets
Smoking

Heredity
Type A behavior
Stress
Body-weight
Hypodynamia
Mental-health
Poor-diet
Inadequate rest

Alcohol
Authoring
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HFS is characterized by the following properties:

+ connectivity - a chain of knowledge base connections

» complexity - hierarchy of levels of local knowledge bases

 stability (adaptive behavior of the system) - the structure of the FS digraph

does not change with vertical violations of the rules.

To build knowledge base filtering, it is enough to specify a chain of HFS rules to
achieve the main goal. The number of local knowledge bases corresponds to the levels
of the hierarchical FS.

The physical model of the knowledge base stores class instances, objects, object
attribute values and logical relationships between classes, objects.

Fine-tuning the knowledge base

As a result of the conceptualization of the subject area, CHD risk factors have
been identified, each of which is described by its own set of attributes.

Knowledge characterizing risk factors is presented in the form of clusters. A
knowledge cluster is understood as a group of rules that allow displaying knowledge
regarding the degree of risk of an individual for a particular CHD factor. The entire
knowledge base is divided into 13 clusters. Each cluster has its own risk factor.

The division of knowledge into clusters and their filtering in the knowledge base
made it possible to control the conduct of the consultation and greatly facilitated
experiments with knowledge modifications.

Three types of attributes are used to interpret cluster knowledge:

- question;

- intermediate (temporary);

- representative (sub-target);

- target (for example, the target attribute could be the attribute "CHD risk").

Knowledge base clusters have a hierarchical structure. At the lower level of the
cluster, there are rules that establish a correspondence between question and
intermediate attributes and their values. The conditions of these rules are formed from
question attributes, the values of which are determined by asking questions to the user.

The next level contains rules that establish relationships between sub-target
attributes.

At the top level of the hierarchy, there are rules that set values for the target
attribute.

Knowledge base facts can be formed as a result of answers to questions (stating
facts), as well as when rules are followed (resulting facts). Knowledge base facts
confidence coefficients are calculated for each cluster according to its own method,
based on the cluster hierarchy coefficient.

In the ES RFCHD system, the coefficients of certainty of the rules are put down
by the expert before consultation. But the knowledge base of the system contains
clusters in which the coefficients of certainty of the rules (c.c.r) are calculated when
the user is asked. For this, the coefficients of confidence (c.c.) of ascertaining facts are
used.

In the system, the coefficients of factor of the rules are calculated in various ways.

Consider the bisection method:

ﬁl = Oa ﬁi = (1 o 1) Ik / ((S _1)100)7 (1 = 23 vy S _1)3
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where f; is the value of the confidence coefficient of the i-th rule, I, is the value of the
hierarchy coefficient of the k-th cluster, s is the number of cluster rules containing a
representative attribute.

When B, = 0, the representative attribute in the rule takes the value "Not a risk"
and c.c.r. is not affixed, in other cases - "Risk" with the corresponding value of c.c.
equalto g, 1=2,...,s—1).

The procedure for calculating the coefficients of certainty of the rules using the
scoring method is that first the sum of points is calculated based on the user's answers
to questions, and then the bisection method is applied.

As an example, consider the structure of cluster number 6 ("type A behavior").
This cluster contains three static rules and one dynamic rule. Let us show how the
calculation of the confidence coefficients of static rules is performed.

According to the results of the psychological test, if the total score is 29 or less,
then the behavior is type A and is classified as a risk of coronary heart disease. The
sum of points from 30 to 41 characterizes an intermediate type of behavior (between
A and B). If the total score is 42 or more, then the behavior is type B and is classified
as not a risk of CHD.

This situation is described by the following rules, whose confidence coefficients
are calculated using the bisection method. The coefficient of the cluster hierarchy with
number 6 ("type A behavior") is 8.7%.

Rule 37. A#.
IF A Score coronary behavior [] 16 ... 29 THEN type A behavior = Risk, c.c. r. =
0.087.

Rule 38. A#.
IF A Score coronary behavior [] 30 ... 41 THEN type A behavior = Risk, c.c. r. =
0.086.

Rule 39. A#.
IF A Score coronary behavior [] 42 ... 80 THEN type A behavior = No risk, c.c. r. =
1.000.

For example, if as a result of answers to questions on assessing coronary behavior,
the total score was 22, then rule 39 will be fulfilled and the resulting fact will be
formed:

type A behavior = Risk, c.c. =0.087.

So, with a sum of 22 points, coronary behavior corresponds to a risk of coronary
heart disease, equal to 8.7%.

The knowledge of the cluster is described by sixteen question attributes that form
a dynamic rule. The latter changes depending on the user's answers to questions. The
dynamic rule serves here to determine the sum of the coronary behavior scores. It is
represented by frame 36, which has sixteen slots, each of which is a daemon.

Frame 36.

Slot name | Slot type | Inheritance
Labor Day | Sum |

Problems | Sum |

ISSN 2663-5712 11 www.sworldjournal.com



R
SWorldJournal Issue 19 /Part 1 \Qp)

Cases | Sum |

Food | Sum |

Thought | Sum |

Game | Sum |

Mobility | Sum |
Energy | Sum |
Employment | Sum |
Efficiency | Sum |
Sensitivity | Sum |
Haste | Sum |
Distraction | Sum |
Attitude to work | Sum |
Life | Sum |

Intensity | Sum |

Target slot.

Score coronary behavior | Define.

The final rule of the knowledge base dynamically changes during the consultation
process and is intended to determine the integral assessment of the risk of coronary
heart disease and before the consultation is presented as follows:

Frame 73.

Slot name | Slot type | Inheritance
Pressure | Replacement | n
Cholesterol | Replacement | n
Diabetes | Replacement | n
Heredity | Replacement | n
stress | Replacement | n
Smoking | Replacement | n
Behavior | Replacement | n
Body weight | Replacement | n
Movement | Replacement | n
Support | Replacement | n
Nutrition | Replacement | n
Alcohol | Replacement | n
Recreation | Replacement | n
Target slot.

Risk of CHD | Calculate.

Figure 3 shows screenshots of the details of the user's consultation with the CHD
of the ES RFCHD expert system.

The frame contains the representative attributes of the clusters that have slot
status. The target attribute "Risk of CHD" is a demon and serves to calculate the
coefficient of confidence of the received fact. The value of c.c. is determined by the
summation of c.c. facts that involve representative attributes.

ISSN 2663-5712 12 www.sworldjournal.com
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Figure 3 - Information about the internal details of the operation of ES RFCHD
Authoring

Summary and conclusions.

The ES RFCHD mobile expert system has been developed for the Android
platform, which is available on Google Play.

A knowledge base was built to determine the risk factor for coronary heart
disease.

The knowledge base contains rules and frames for representing knowledge. Facts
and heuristics can be stored in a knowledge base. In addition to these, meta-knowledge
is used to guide decision making. The knowledge base contains both static and dynamic
rules that change their structure.

Frames have the following characteristics:

* inheritance of slot values;
* managing daemon attributes.

Inheritance avoids duplication of information. Grouping the knowledge base into
clusters allows you to:

» perform flexible inference by activating clusters during consultation;
» test the knowledge base by clusters, that is, check for consistency and
completeness of knowledge.
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The knowledge base of the system is constantly being modified and updated with
new rules. Further design of the system is aimed at developing top-priority preventive
recommendations to reduce the risk of coronary artery disease.
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Anomauin. YV cmammi npedcmasnieno po3poOKy eKkcnepmuoi cucmemu  NiOMpUMKU
npuunamms piwenv Ha niamgopmi Android. [[na cmeopenns 6a3u 3sHanvb 010 00paAHO MeOUYHY
MeMamuKy Ha NPUKIAOl BU3HAYEHHs PUSUKY TWEeMIYHOI X6opobu cepys y NPAKMUYHO 300P0O60T
Joounu. Busaeneno ocnosmi ma oooamxosi ¢hakmopu pusuxy IXC, wo euznauuno i€papxiumy
cmpykmypy 6aszu 3nano. Cmpykmypa 6asu 3HaHb MICMums KIACmepu 3HaHb, Wob KOPUCmysay mie
KOHCYIbMYBAMUCS 3 eKCHEPMHOIO0 CUCMEMOI0 8 3aNedCHOoCmi 6i0 eubopy knacmepis. bazy 3HaHb
peanizoeano 3a 0onomocor obononku KAPKAC, axa micmums iHcmpymenmu Oisi CME0PEHHS.
eKCNepMHUX CUcCmem. Gi3ValbHUll pedakmop 0a3u 3HAHL, AHANI3amop 0a3u 3HAMb, IEPAPXIYHY
@yHKYIOHANbHY cucmemy GopmysanHs cmpykmypu 6a3u 3HAHb HA OCHOBI Npasunl i ¢hperimis,
PIBHOMAHIMHI MOOYTI. OJ15 30TUCHEHHS T02IYHUX BUCHOBKIG.

Kniouoegi cnosa: b6asa 3nans, excnepmua cucmema, MooiisHuti 0ooamox, niamgopmu Android
ma Embarcadero.
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Abstract. The paper proposes an algorithm for ordering FIR filter cascades based on a genetic
algorithm to minimize the error arising from the quantization of multiplication results. Choosing the
optimal order of arrangement of cascades is a difficult problem, as it belongs to the class of NP-
complete problems.

A noise model of the sequential form of FIR filter implementation was chosen. According to the
noise model, an algorithm for ordering filter cascades based on a genetic algorithm has been
developed. A genetic algorithm was used to solve the problem, as it allows obtaining a quasi-optimal
solution in less time compared to algorithms that provide exact solutions.

A fitness function is proposed for minimizing the error when ordering the cascades of the FIR
filter. A detailed analysis of the methods of selection, crossing and mutation was carried out, as well
as the selection of the methods most suitable for solving the given task. The hyperparameters of the
genetic algorithm have been tuned for greater efficiency.

A number of experiments were carried out to check the algorithm work. Several FIR filters of
different types and orders were synthesized. As a result of experimental studies, it was possible to
find out that the developed algorithm really has a high speed compared to algorithms that allow
obtaining exact solutions. The proposed algorithm is more effective when ordering a large number
of cascades, because it significantly reduces the time spent on finding a solution to the problem.

Key words: ordering of FIR filter cascades, sequential form of FIR filter implementation, design
of FIR filters, genetic algorithm.

Introduction

Digital filters (DF) are an important signal processing tool and are widely used in
various fields. A common form of implementation of digital filters is sequential. In this
case, the transfer function of the DF is represented as a product of the transfer functions
of several DF (cascades) of lower orders. The presence of the quantization effect leads
to the fact that the error depends on the mutual arrangement of the cascades, so the
problem arises of finding such an order of arrangement of the cascades to minimize the
output error of the DF.

Analysis of recent research and publications on which the authors rely

FIR filters are one of the most common filter types in digital signal processing
due to their simple implementation, linearity, scalability, and high performance in
signal processing. They are used to extract symmetrical components in three-phase
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circuits, filter mechanical vibrations in unmanned aerial vehicles, remove noise in
acoustic systems, etc., so interest in them is constantly growing.

However, during digital signal processing, there are always errors in the output
signal, including when using DF. The reasons for such errors are:

— an error due to non-ideal frequency characteristics of the digital filter;

— errors of digital filter coefficients;

— quantization errors of multiplication results in DF.

The error due to the non-ideal frequency characteristics of DF depends on the
design method used and the order of the filter. Obviously, to reduce this error, it is
necessary to increase the order of DF, which is designed. There are many design
methods, among which classical [1-3] and heuristic methods of designing FIR filters
[4-7] can be distinguished. Among the heuristic algorithms, it is possible to pay
attention to the genetic algorithm (GA) [8, 9], which has a number of advantages over
other optimization algorithms: it belongs to global optimization methods and is parallel
scalable. Also it can be used for multi-criteria optimization, etc. Works [2, 3, 10]
provide a description and comparative analysis of some FIR filter design methods.

Errors in DF coefficients arise during the design of FIR filters, and also due to the
limited bit capacity of microprocessor or microcontroller registers [2,3]. The
sensitivity of the frequency response to the errors of the DF coefficients depends on
the structure of the FIR filter that was chosen during the design. The most common
structure of given filters, which has a low frequency response sensitivity to the errors
of the DF coefficients, is a sequential form of FIR filter implementation.

Quantization errors of multiplication results in DF arise during filtering of the
input signal due to the limited bit capacity of the microprocessor or microcontroller
registers [2, 3]. The size of the output error of the given filter, which i1s due to
quantization of the results of multiplication operations, depends on the structure of the
FIR filter chosen during the design. However, when using a sequential form of DF
implementation, this error also depends on the order of arrangement of cascades in the
filter.

The difficulty of choosing the optimal order of arrangement of FIR filter cascades
is that as the number of filter cascades increases, the number of options for its
implementation increases significantly, which will be determined according to
expression (1):

N=S!, (1)
where S is the number of cascades of the FIR filter.

Therefore, it can be noted that the problem of arranging cascades in the sequential
form of FIR filter implementation belongs to the class of NP-complete problems.

In [3], general recommendations for the ordering of cascades in the FIR filter are
offered, which allow to reduction this error.

In [11], the Bellman dynamic programming method is used to obtain the optimal
arrangement of DF cascades in order to reduce the output error. This method allows
you to get the optimal arrangement of the filter cascades, but the complexity of this
algorithm is exponential.

It can be noted that the algorithms that allow us to obtain an optimal solution to
our problem require a long time. To solve this class of problems, heuristic algorithms
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are often used, because they allow obtaining a quasi-optimal solution, but the time to
search for this solution is significantly reduced. Among such works is [12], where it is
proposed to perform ordering and distribution of coefficients in the implementation of
FIR-filter structures on the basis of heuristic algorithms in order to minimize the energy
consumption of VLSI (very large scale integration).

The purpose of the paper is to develop an algorithm for an approximate solution
to the problem of ordering cascades in a sequential form of FIR filter implementation
to minimize the output error.

The research method

The generalized diagram of the sequential form of DF implementation is
presented in fig. 1. Let's assume that the DF i1s synthesized, decomposed into cascades
and the DF coefficients are limited by the required bit depth, so it remains to determine
such an arrangement of the cascades that will ensure the minimum output error of DF.

X ol Hz) sl Hz) e - ] Hz)

Figure 1 — Sequential form of DF implementation

where x(n), y(n) are input and output data sequences, respectively.
Every cascade is a source of quantization errors &,. In this case, the influence of

all component errors can be shown using the following diagram (Figure 2).

g &g
Yl H,(2) « s —» Hy(2) €

Figure 2 — Noise model of DF in sequential implementation

According to the Figure 2, the quantization noise at the filter output will be
determined according to expression (2):

s
e(z) = ng (Z)Hs,+1(Z) ) (2)

s=1
where &,(z) is the quantization noise of each s-th cascade; H)(z) is the transfer

s
function of the last S —s+1 cascades, i.e. H,(z)= HHM (z) (consider Hg,,(z)=1).

u=s
Each noise source can be considered as an independent source of "white" noise
with spectral density Se, and dispersion Deg,. The spectral density of each noise

source at the DF output is determined by (3):

Se, 4 (2) =S (2)H 3, (2), (3)
and the dispersion of each noise source at the output of DF will be determined
according to expression (4):

i =Dée Zh (), )

where A, (n) is the impulse characteristic of DF Ta(2).
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Therefore, the dispersion of the resulting quantization noise at the output of the
DF is determined as the sum of individual components (5):

Expression (5) can be considered as a function (fitness function) that allows
minimizing the output error of the FIR filter caused by quantization of the result of
multiplication operations. Having used the fitness function, it is possible to perform its
minimization with the help of GA.

The key concept of GA is an individual who encodes a possible solution to the
problem. An individual is characterized by a chromosome or a set of chromosomes.
During the solution of the task, a population of individuals is created. Each individual
is evaluated by the degree of fitness determined by the fitness function. This way,
individuals who have better adapted to the "environment" (have the best solution) are
identified. GA is iterative, so at each iteration a new population of individuals with
better fitness than the previous one is generated.

The creation of a new population occurs by applying genetic operators (selection,
crossover, mutation) to current individuals.

There are quite a large number of different selection methods, but the following
methods are more common: roulette method, ranking method, tournament selection.
Each of the selection methods has advantages and disadvantages. A disadvantage of
the roulette method is that individuals with a very small value of the fitness function
are removed from the population too quickly, which can lead to premature convergence
of the GA. To prevent this effect, the scaling of the fitness function is used. A
disadvantage of the ranking method is that individuals may receive the same rank,
which means that they will have the same opportunity to choose, despite their
differences in fitness. The difficulty of choosing the size of the tournament should be
attributed to the disadvantages of the tournament method. When solving the problem,
the last method of selection was used - the tournament method with 3 people as more
effective.

There are various methods of crossover, but when choosing them, it is necessary
to take into account the peculiarity of the phenotype of the task. In our problem, we
need to get the order of FIR filter cascades, so the chromosome will represent a list of
cascade numbers. Obviously, most crossover methods are not suitable for our problem,
because the cascade number cannot be repeated in the list. Among the crossover
methods that can be used to solve our problem, we can highlight: order crossover;
partially mapped crossover; cyclic crossover. The analysis showed that there are no
significant differences in the solutions, so any of the methods can be used. In our case,
we settled on an order crossover.

Taking into account the phenotype of the problem, the following mutation
methods can be used: mutation by shuffling and mutation by exchange. When solving
the problem, the first method was used, which is more effective, because it makes more
significant changes in the adaptability of individuals.

The algorithm for ordering the cascades of the FIR filter using GA will look like
this:
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1. The initial population of GA is formed, where each individual represents a list
of the location of the FIR filter cascades;
2. The suitability of each individual is calculated (the output quantization error at
the output of the FIR filter is calculated);
3. Selection of individuals with the best suitability for creating a new population
is carried out (the most successful solutions are selected);
4. If the stopping condition is met, an individual with the best fitness is returned;
5. The operation of crossover selected individuals to form a new population is
performed;
6. The mutation operation is performed;
7. Go to point 2 to process the new population.
The condition for stopping the algorithm can be both the formation of a certain
number of generations and insignificant changes in the values of the fitness function.
A number of experiments were carried out to check the operation of the algorithm.
Several FIR filters of different types and orders were synthesized. The results of the
algorithm will be compared with the method of complete search (brute force search).
Modeling was carried out using the Python programming language.
Hyperparameters must be configured to implement GA. In our case, they will look like
this:
POPULATION_ SIZE =10 # the number of individuals in the population
P_CROSSOVER =0.9 # the probability of crossover of an individuals

P MUTATION = 0.1 # the probability of mutation of an individuals
MAX GENERATIONS =50 # the maximum number of generations

Figure 3 shows the results of ordering the cascades of the 8th-order FIR filter
using GA.

The dependence of fitness on generation

Fitness

LV W

20
Generation

Figure 3 — Change in fitness by generation (8th-order DF)

This filter consists of 4 cascades with the following coefficients: 1. [0.02827533,
-0.12520231, 0.21901412]; 2. [1, 1.73074291, 1]; 3. [1, 1.96213129, 1]; 4. [1, -
0.57166319, 0.12910277].

As can be seen, the value of the errors can differ by more than an order of
magnitude. The minimum value corresponds to the arrangement of the cascades (2, 1,
3, 0) and is equal to the value 3.339D_ , where D, is the dispersion of quantization of

one multiplication operation. The result was found after 4 generations. And although
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the average fitness of the generations changed to find a better solution, the minimum
fitness remained unchanged. Obviously, this is the best solution, which coincides with
the method of complete search.

For a better approximation of the output filter, let's increase the order of the FIR
filter to 20. This filter will consist of 10 cascades with the following coefficients: 1.
[6.32109790e-04, -3.17828355e-03, 4.23190299¢-03]; 2. [1, -3.47495702,
5.62408813]; 3. [1, -1.06171835, 4.05576043]; 4. [1, 1.77252184, 1]; 5. [1,
1.98892234, 1]; 6. [1, 1.6528648, 1]; 7. [1, 1.90612165, 1], 8. [1, -2.61780342¢-01,
2.46562887e-01]; 9. [1, -6.17870300e-01, 1.77806602¢-01]; 10. [1, -7.51029398e-01,
1.49367741e-01].

After the complete search a result was obtained, but the search time was 67
minutes! The minimum value corresponds to the value of 3.083D . The result of

finding the optimal arrangement of the stages of the 20th order FIR filter using GA can
be seen in Figure 4. A fairly good solution was found after 10 generations, an even
better one after 14 generations (3.097D_ ), and the optimal solution was found after 30

generations (3.096D ). This 1s not the best solution, because it does not coincide with

the method of complete search and corresponds to the arrangement of cascades (1, 4,
7,3,6,2,9,8,5,0). The difference in error between the variants is very small, but the
time to find the solution is significantly different (the GA search time was less than 2
seconds).

The dependence of fitness on generation

10° ﬂ

Fitness

0 10 20 30 40 50
Generation

Figure 4 — Change in fitness by generation (20th-order DF)

Conclusions and prospects for further research

During the analysis, the noise model of the sequential implementation of the FIR
filter was chosen. According to the noise model, an algorithm for arranging filter
cascades based on GA was developed, which minimizes the total quantization error at
the filter output. To solve this optimization problem, the following were chosen:
tournament method of selection with three people; method of orderly crossing; method
of mutation based on shuffling.

As a result of experimental studies, it was possible to find out that the developed
algorithm has a high performance compared to algorithms that allow obtaining exact
solutions. The proposed algorithm is more effective when ordering a large number of
cascades (6 or more), because it significantly reduces the time spent on finding a
solution to the problem.
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A

Anomayia. Y cmammi npononyemuvca aneopumm 6nopaokyeanus kackadie KIX-ginempa na
OCHOBI 2eHEeMUYHO20 ANeOPUMM) Ol MIHIMI3ayii NOXUOKU, WO BUHUKAE BHACTIOOK KBAHM)BAHHS.
pe3yibmamie MHOJMCeHHA. Bubip onmumanvHo2co nopsaoxy posmauly8aHHs KACKAOI8 € CKIAOHON
3a0auyero, OCKiIbKY 60HA HANexcumsb 0o Kiacy NP-nosnux 3adau.

byno obpano wymosy moodenv nocnioosnoi gpopmu peanizayii KIX-gpinompa. Bionogiono 0o
WYMO80i MoOeli po3pobNIeHO aneopumm nopsaoOKy8aHHs Kackadie Qinbmpa Ha 0CHOBI 2eHeMUUHO20
anecopummy. /s po3s'sazanms 3a0a4i 6UKOPUCAHO 2eHeMUYHULL AN2OPUMM, MOMY WO 8iH 0038015€
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ompumMamu KeazionmuManibHUuti po3e s30K 3a MEHWUI Yac y NOPIGHAHHI 3 ANcOpUMMam, AKi 0aomo
MOYHI PO38 A3KU.

Y pobomi 3anpononosano ¢himuec-gpynxyito ons minimizayii noxubku npu 6nopsiOKy8aHHi
kackaoie KIX-ginompa. I[Iposederno demanvhuii ananiz memoois cenexyii, cxpeuyy8anus ma Mymayii,
a maxooic 30iCHeHO 8UbIp Memoois, sKi HaUbiIbW NIOX00AMb OJis BUPIUEHHS NOCMABIEHOI 3a0ay.
Buxonano nanawmysanns cinepnapamempie 2eHemuuHo20 anopummy Oas OMPUMAHHA OiNbUOT
eghexmusrocmi.

Jna nepesipku pobomu aneopummy npoeedeHO HU3Ky ekcnepumenmis. byno cunmesoeano
oexinvka KIX-inompis piznoco muny ma nopsoky. B pezynomami excnepumenmanvHux 00CioN’ceHb
goanocs 3'acyeamu, wo po3podnenull aneopumm OIUCHO MAE BUCOKY UWBUOKOOI0 NOPIGHAHO 3
aneopummamu, sKi 003601410Mb OMPUMAMU MOYHI PO368 SA3KU. 3aNPONOHOBAHUL ANOPUMM OinbL
epekmusHull npu BNOPAOKYBAHHI BENUKOI KIIbKOCMI KACKAOi6, MOMY WO CYMMEBO 3MEHULYE
BUMPAMU 4ACY HA NOWLYK PO38 3K 3a0aUi.

Kniouoegi cnosa: énopsoxysanns xackaoie KIX-¢pinempa, nocrioosena ¢popma peanizayii KIX-
Ginompa, npoexmysanusn KIX-gpinompis, cenemuyunuii aneopumm.

Crarts Bignpasiena: 17.05.2023 r.
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Anomayia. Poboma npucesuena amanizy ICHYIOYUX piuieHb 01 NoOy0osu 0e3neKo802o
MexHon02iuno20 cmeky 0ns cucmemu Inmepnemy peueti (loT). Ak pesynomam, 6yro cmeopene
npuUnacy8ants 0OPaHux 8i00MUX mMexHo102il 8i0N08IOHO be3nekosomy nioxody 0o opeauizayii loT.
Tym 3anpononosane npusedenns mooeni 0o cmanoapmie moodeneti OSI ma TCP/IP i3 ypaxysaunam
npunyunie SOA o0na  30invwenns ewyykocmi cucmemu. Ilpointocmpogano cniegioOHOWeH S
xomnonenmie cucmemu loT 0o enemenmis Oesnexu, 3 0emanizayi€io KONHCHO20 3 HUx. 30ilICHEHO
amaniz ma 8iONoGIOHUL po3no0il NOMEHYIHUX 3a2po3 011 cucmemu 6e3neku 0Jisk KOJHCHO20 3 PI6HI6
IoT. J[ns euxonanHs 3a0ay 00CHiOdHCeHH cmBopeHo besnekogy mooens 1oT 3 onucom Komnonenmie
ma @YHKYill KOJNCHO20 MA 8i000PANCEHHAM NOMEHYIUHUX amax, ma Memoodmu ix NOOOJAHHAL.
Ilumanns 3abe3neuenus Oe3neunoeo cepedosuwa Onsi Qyukyionyeanns exkocucmemu loT €
BAACIUBUM 3AB0AHHAM NIO YAC NPOEKMYBAHHI MA NPOBAONCEHHI BIONOBIOHUX DilieHDb.

Knrwwuosi cnosa: 1oT, apximexmypa loT, npomokonrvuuii cmex, besnexa O0anux, 6e3nexkosd
mooens loT.

Beryn.

[Monynspuzanis [atepuery peueit (Internet of Things, ckopoueno [oT) ta ioro
aKTUBHE BUKOPHUCTAHHS Yy NMOOYTOBUX, KOPIOPATUBHUX, YNPABIIHCHKUX Ta IHIIUX
chepax KUTTSA NMOPOKYIOTh nuTaHHs Oe3neku ctocoBHO [oT [1-3]. Ilpuctpoi loT
(po3yMHI J1BepHI J3BIHKH, TapaxxHl IBepl, TEPMOCTATH, CIOPTHUBHI BIJICTEXKYyBadi,
KapA10CTUMYJIATOPH, CBITIIO(OpHU, CHEIiaIbHO O0JAIITOBaH] MICI AJsl MapKyBaHHS
TOIIO) B3a€EMOJIIOTH JIIOJIBMH Ta 3 IHIIUMH TMPUCTPOSIMH, OOMIHIOIOTHCS JTaHUMH,
aHaNI3yloTh 310paHi JaHl Ta 3/aTHI MPUMMATH Ha I OCHOBI pimeHHsA. Bei Taki
KOMYHIKaIlii 31iCHIOIOTHCS TI0 MEPEXI 1 32 JOTIOMOTOI0 MPOTOKOJIIB, IO TMPOIIUTH 1
MPOTOKOJIBHI CTEKH Ta KEPYIOThCS BIAKpUTUMU Moxaensmu [4]. HuHi OiibIIicTh
0€3MeKOBUX MPUKJIAJIHUX 33]la4 MOXKHA BUPINIYBATH HA PiBHI MOOYI0BU OE3MEKOBUX
TEXHOJIOTTYHHUX CTEKIB.

Crek TeXHOJIOTIH — IIeé TUIOBUH HaOIp TEXHOJIOTIM, fKI J0NMOMararTh B
JOCATHEHHI MMOCTaBJIEHUX 1iiel [4]. Y naHiit poOOTI Mij MOHATTSIM «CTEK TEXHOJIOT1i»
MU OyZeMO PO3YMITH CI1JIbHE BUKOPUCTAHHS HEOOX1THUX TEXHOJIOTIYHUX PIIIEHb JJIsI
BUPIIICHHS MPOOJIEMH MPOEKTYBaHHs Ta peanizallii [5] cuctemu [oT. Takuii miaxin nae
MOMKJIMBICTh YHI(piKyBaTH Ta 00’€JHATH MEBHI TEXHOJIOTII B OAHE I, 3 MEBHOIO
MeTOr0 Ta Tmpu3HaueHHsIM. CTBOpPEHHS Ta BHKOPHUCTaHHS OE3MEKOBOTO CTEKY
texHonorii ang [oT, no3Bosnsie Ham OTpUMaTH PO3YMIHHS MOTPIOHUX TEXHOJIOTTUHUX
Ta IPOrpaMHUX PIIIEHb IS BUPIIIEHHS O€3IMEeKOBOI 111l €3 MPOBEICHHS BEIMKUX Ta
00’€MHUX HAyKOBUX Ta TEXHIYHUX JOCIIKEHb JIJISl BCIX MaOyTHIX YYaCHHUKIB ITUX
npoiieciB. Takox 11e BUCTYIa€ OCHOBOIO JIJIsl TOJAJIBIINX EPCIIEKTUBHUX JI0CIIHKEHb
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TEXHOJIOT1H Ta Mporpam JJisi MOXJIMBOTO YIOCKOHAJIEHHS! CTEKY YM CTBOPEHHSI HOBUX
TEXHIYHUX Ta/a00 TEXHOJIOTIYHUX PIIICHb.

B uiit po6oTi 3A1iICHEHO aHAIITUYHE MPUIACYBAaHHS TEXHOJOTTYHOTrO cTeky [oT
710 BIJIOMUX TPOTOKOJIBHUX Ta TEXHOJOTIYHUX CTeKiB, 30kpema TCP/IP Ta Bimomux
mopenei, 3o0kpema, OSI [6-7]. Lle gano MoxiuBicTh cpoekTyBatu cuctemy loT Ha
OCHOBI BX€ TIPOBEICHUX JOCHIPKEHh Ta HaOyTOTO paHilie OCBiAYy MO0
PEeBAaHTHOCTI TI€l UM 1HINOT TEXHOJIOTII UM CIOCo0y peanisarlii y BIAMOBIIHOCTI JI0
MOCTABJICHUX 3aB/IaHb.

1. Texnonociunuii cmex pienie Inmepnemy peueii.

BignoBimHO A0 Mojeni cepBic-Opi€eHTOBaHOi apxiTekTypu (Service-oriented
architecture, SOA) TexHONOrYHUM cTEK piBHIB [HTEpHETY peueii Oyae MicTUTH 4 piBHI
(puc. 1). SOA-apxitekTypa 3a0e3neuye B3a€EMOJII0 MK BEIMKOIO KUIBKICTIO PI3HUX
npucTpoiB. KokeH 3 HuUX piBHIB Ma€ Taki PyHKIII:

— CCHCOpPHHUH piBEHb B3a€EMOJIE€ 3 OOpaHUMM amapaTHUMU OO0'€KTamMu JUIs

BU3HAUEHHS CTaHy peueil Ta 300py naHux (piBeHsb 1);

— piBeHb iHTep(eliciB Hagae pi3HI METOAM KOPUCTyBayaM Ta JOJaTKaM st
MOXJIMBOCTI B3a€MO/I1i Mi>k HUMU (PiBEHB 2);

— MepeXeBHM PiBEHb HaJla€ MOBHOIIHHY 1HQPACTPYKTYpPY, SKa HEOOXiaHA I
cTabUTBbHOT MIATPUMKH MPOBIAHKUX 1 O€3APOTOBUX 3’€qHAHB Y Mepexi (Y T.4., B
KOpIOpaTUBHiii) (piBeHb 3);

— CIy>KO0O0BHI PiBEHb J1a€ MOXKIIMBICTh CTBOPIOBATH 1 YIIPABIISITH CEpBiCaMu, K1
HE0OX11H1 KopucTtyBadaMm abo goaatkaM (piBeHb 4);

Binob6paszumo wmomens OSI, mnportokonsHuit ctek TCP/IP Ta Momens

TexHoJyoriyHoro cteky loT 3a mpuHIMnmamMu cepsic-opieHTOBaHOI apxiTektypu SOA
PIBHO3HAYHO iX PiBHSM.

TEXHONOTIYHUIA
MOLEJb OSI MOLEJ1b TCP/IP
A A CTEK loT
Nopatkis
MpepcraBneHHs Hopatkis Cnyx60Bui piBeHb
Cecii
TpaHcnopTHUIA TpaHCnopTHWUA
MepexeBuin piBeHb
MepexeBui IHTEepHeTy
KaHanbHuWiA PiBeHb iHTepdpeiciB
Mepexesoro gocryny
DisnuHUA CeHcopHuiA piBeHb

Pucynok 1 — IlpuBeeHHs1 10 CTAHAAPTIB TeXHOJIOTiYHOIO cTeky loT
Asmopcovka po3pobka
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[Tinq yac BUKOpPUCTaHHS TaKOi MOJIENl TEXHOJOIIYHOIO CTEKY, BCS CHCTEMaA
TUIATHCS HA MIJACHCTEMH, SKI HE € CTPOro 3aJCKHUMH Bif IHIINAX 1, SIKi, TIPH
HEOOX1THOCTI MOXKYTh OYyTH TOBTOPHO BHUKOPHCTaH1 JJisi 3a0€3MeUeHHs MiATPUMKH
¢byHKIIIOHYBaHHSI BCiel cucTteMu. Takuil Miaxia J03BOJSIE CTBOPUTH OesrnepediiiHe
(GYHKIIIOHYBaHHSI CHCTEM, aJ[Ke SIKILIO OJIUH €JIEMEHT CTaHE HEAOCTYIHHUM, TO pelITa
MIPOJIOBXKUTH CBOIO poOOTy. B THX cuctemax, Je HaaiiHICTh Ta JOCTYIHICTH €
rOJIOBHUMH MPIOPUTETAMHU MIPU MMPOEKTYBAHHS, TaKa MOJIENb € HalKpaluM BUOOPOM.

Tak nmpocTile B3aeEMOAISTH 3 MPOTOKOJAMU TIEepeiayl JaHUX Ta PI3HUMH PIBHAMHU
cUCTEMH, 00 Taka apXiTeKTypa CHpHUsIE MIIBUIICHHIO B3aEMO/I1i Mk 00'€KTaMU, a OTKE
MOJIETTITY€ MTPOLIEC KePYBaHHH.

Taxka monens TexHosoriuHoro creky loT, opranizoBana 3a npuHuunamu SOA,
Jla€ MOXJIMBICTb CUCTEMI IHTEpHETY peueii pO3KPUTHUCH MIOBHICTIO Ta IOKA3aTH YC1 CBOI
nepeBaru. Bona 3a6e3nedye MOXKJIUBICTh CTBOPEHHS KOMIUIEKCHHMX CEpBICIB, Ji€ Ha
BUKOHAHHS P13HOTO TUITY 3aBJaHb, MOKHA BUJUIMTHU Pi3H1 THUILY 00’ €KTH CUCTEMHU.

2. Po3po0ka 0e3nexoBoi apxitexkrypu IoT.

Koxna cuctema Mae CBiil TUI CTPYKTYpH, a00 1HIIMMH CJIOBAMH apXITEKTypH,
TO0TO, AK caMe MoOyaoBaHa iepapxis B3aemofli Bcix enemeHTiB [8]. Cucrtema
[HTEepHETY peueit He BUHATOK.

B cydacHoMy cBiTi, sikuii Bce OibIne IU(GPOBIZYETHCA B yCIX CBOIX aCHEKTax,
NUTaHHS MOBHOLIHHOTO (DYHKIIOHYBaHHS MPOrPaMHOTO YU arapaTHOro IMPOIYKTY
Ha0yBae Bce OUIBIIOro MacTady Ta OUTbIIOT MPIOPUTETHOCTI. 3aBaJUTH MOBHOLIHHIM
poOOTI TaKMX MPUCTPOIB UM MPOrpaM MOKE HECAHKI[IOHOBAaHE BTPYUYAHHS PI3HOTO
TUIy 1 HAa PI3HUX PIBHAX 3ragyBaHUX TYT 00’e€kTiB. ToX MiJ 4Yac NPOEKTYBaHHS
CUCTEMHU OYJb-SIKOT'0 IPOrPaMHOTO YW anapaTHOro MPOAYKTY, B TOMY YHMCII 1 HAIIOi
[iJTbOBOI CHUCTeMHM [HTepHETy peuei, Haa3BHUalHO BaXXJIMBO BpaxOBYBaTH
3a0e3nedyeHHss nuTaHb Oesneku [4]. IIpoanamizyBaBmM xepena, Oyno MPUIAHATO
pIIIIEHHS TPOUTIOCTPYBATH CITIBBITHOIICHHS KOMIOHEHTIB cuctemu [oT mo enemenrty
Oe3neku, 3 JeTanizaliero no KokHoMy 3 Hux. Lle 300paxeno Ha pucyHky 2. Taka
CTPYKTYpa, SIKa € I[UTICHOIO CHUCTEMOIO, TOBUHHA TapaHTyBaTH Oe370raHHy poOOTY
BJIACHUX KOMITIOHEHTIB (JIe TOJIOBHUM (AKTOPOM TIij] 4ac MPOEKTYBaHHS € HA1MHICTB)
Ta MOB'A3yBaTH (H13UYHY 1 BIPTYyalibHI CKJIAJIOBI.

['o710BHOIO BUMOTORO JIJIs1 TOCATHEHHS LUIICHOT CUCTEMH € PETSIbHUMN IMIX1]T Mij
Jac MPOCKTYyBaHHS JI0 IIPOIIECY BIJHOBJICHHS CUCTEMH Iicis ii 300iB Ta ii MaciTadw,
BpPaxoOBYIOUM T€, IO LI€ BaroMuid (pakTop B KOHTEKCTI 3a0e3MeueHHs Oe3MeYHOro
cepenoBuila. BpaxoBytoun 4yuMm pa3 OuibIly MOOUIBHICTH Y IIbOMY CBITI, CydacHa
apXITEKTypa CHUCTEMHU IMOBMHHA MPArHyTH 10 BHCOKOTO PIBHS aJalNTOBAHOCTI AJIA
MpaBUIILHOI 0OPOOKH PI3HUX IMHAMIYHUX B3a€MOJIIN Y BC1H cBOil cTpykTypl. Hananus
piBHs aOCTpakiii Ha OUTBII BUCOKOMY DiBHI, SIKUA MOXKE MPHUXOBYBATH JESKI JIeTal
peamizaiiii, Oe3CyMHIBHO MO)KHa BBa)XaTW IIE€PEBArol0 ETAJOHHHUX AapXITEKTyp 1
MOJIEJIEN.

Ha pucynky 3 300pakeHO BiANOBIJIHICTH PIBHIB cTeKy cuctemu [oT Tum
npo6seMam Oe3MeKH, 110 MPUTaMaHH1 1M PIBHSIM.

SWorldJournal Issue 19 / Part 1 {
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3ACOBU CEPBICH TEXHORNOrI

Sensors (AaTtyMkun)

B6 . MalunHHe HaBYaHHA NokankbHi oB4ucnoBanbHi
yOoBaHi cucTeMu (ML) mepexi (LAN),
nepeBa)kHoO Ha ocHoBi IP
BeanepebiiiHe XMBNeHHs Cepsicy aHanisy gaHux npoTokomny
OC peansHoro 4Yacy O6pobka [no6anbHa

oBuncnioBanebHa Mepexa,
nepeBaxHO Ha OCHOBI

Arperatopu 36epiraHHA .
npoToKoniB IHTepHeTy
ona loT (HTTP, MQTT,
MapLupyTusaTtopu CoAP)
Lnwoaun

Kinuesi npuctpol XmapHa nnatgopma

Cuctemu 3B’A3KY 3 XMapHa IHpacTpykTypa

Aar4yukamm
BeagpoToBi nepcoHansHi XmMapHe nporpamHe
Mepexi 3abeane4eHHsA Ak nocnyra

BE3MNEKA

Pucynok 2 — be3nexoBa apxirtekrypa IoT
AemopCbKa p03p067<a
3axucT npoToKonie
IHTepHeTy BiA
NiacrnyxoByBaHHS i
® NEepexonneHHs,
OOCTYMHICTb Ta UiNiCHICTb

Cnyx6oBui piBeHb

3axucT gaHux,
[OCTYnNHOCTI Ta
KOHiaeHUiMHOCTI
3’eQHaHHA, disumyHa
Mepemeamﬁ piBeHb e Geaneka obnagHaHHS,
BWSIBIEHHS BTPYYaHb,
0OMEXKEHHS
NiaKNIOYEHUX NPUCTPOIB

CyMicHicTb HanalTyBaHb
Ha npucTposx, 6eaneka
PiBeHb iHTEpdenciB ® [JaHWX, BUSIBIIEHHS
BTPY4aHb Ta 3axucCT Big
BTpyYaHb

®i3nyHa besneka
__ NpUCTPOIB, BiACYTHICTb

CeHCOopHWIA piBeHb MOIWABIRT) IR
mMoJepHisauji

Pucynok 3 — Po3noaiu 3arpo3 0e3neni mo piBHsiM MoaeJi apxirekrypu IoT
Asmopcovka po3pobka
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3. be3znexoBa moaean IoT.

SKo0 MOXEMO OpiEHTYBAaTMCA Ha BIOKPUTI CTaHAAPTH, 3alpONOHYHMO
BUPIIICHHS MUTaHb O€3MEeKN Ha KOXKHOMY 3 PIBHIB TEXHOJIOTTUHOTO CTEKy [HTepHeTy
peueii [8].

Tabamnus 1 — besnexosa moxens IoT

O06’exT
3aXHUCTYy
OSI TC [oT (mpoToxo, Meron Ore
P/1P . 3aXUCTY
TEXHOJIOTIs,
TOIIO)
N I I
[Ipencra- ; é % :18[%% RSA, ACL, JIAHUX, MAaIlIMHHE
BICHHS = | B -g XMPP’ IPS, HaBuaHHs (MIII),
N S mas uer;l d OpanaMayep, | 3B’SI30K 3 PUCTPOSIMH
Ceci q mudpyBaHHs,| (YaCTKOBO), Oe3IeKa
=
S
=
Tpancriopr- | & DDoS, 3B 530K 3 TPUCTPOSIMH,
i 5 | B DoS, MpoBiHI TA
5 | 2 2 | IPv4, IPV6, SYN Oe3mpoBiaHI Mepexi,
= X 2 MQTT ra protection, MIPOTOKOJIM Tepeadl
- & | DDS,TLS/ | 6LowPAN, JaHuX (4aCTKOBO),
5 > SSL, MITM, MEpEeXKHI MPUCTPOT
Mepesxesuii | & TCP, UDP (4aCTKOBO)
E
= | MAC, DHCP, | PortSecurity
= MIM, DNS, , DHCP : .
) . MepexH1 nmpuctpoi
= ARP, Snooping, (4acTKOBO), IPOTOKOJIN
. ) AnpecHi DAL IPSG, > TP
KananpHuii = spoofing PortFast Ta nepenavi T1aHux
2| a P ’ (4aCTKOBO),
o 5 STP, BPDU Mmikrargopmue [13
9 §= RFID, WSN, Guard
< | * | PKLVLAN
5 selfish
o = 3arposa,
% ) : Jlarunku,
3} = ¢b13uuHa .
8 8 SeameKa Oe3mnepebiitHe
BT — = 4= 1o meH;m [Psec, IEEE »kuneHHs, OC
2 iﬁ ?CHOCTi 802.11 AH peabHOTO Yacy,
§ H X oe3neka, GPS,
) A ’ Bluetooth
@) 3JIOBMHCHE
13
Asmopcovka po3pobka
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3 METOI MIJABMIIEHHS 3arajlbHOro piBHS 3axXHIIEHOCTI cucteM 0T kokeH piBeHb
CTeKy 3a0esredye Oe3leKy 3a JIOMOMOTOK0 PI3HUX MPOTOKOJIB OE3IMEeKH, MOCIyT Ta
MexaH13MiB Oe3neku. TakuM YMHOM, KOXKEH PIBEHb HAMaraeTbCsl IOCATTH OKPEMO 1 B
IIJIOMy OCHOBHMX MiJiel Oe3neuHoi poOoTw, a came: i1HQopMaliiiHoi Oe3mnexwu,
¢b13uuHOi Ta cTaOLIBHOTO (PYHKIIOHYBAHHS CUCTEMH YIIPABIIIHHSA O€3MEKOI0.

Posnoginumo piai mozeni [oT (3rigHo puc. 1) BiamoBiAHO (YHKI[IOHATEHUM
eJIeMEeHTaM Ta po3nuieMo MpoTokoiabHul crek loT 3rimno apxitextypu loT Ta 3
OISy OS3MEeKHU Ta aHaJli3y JITepaTypHUX JHKepell Ta Bi1oOpa3uMo y BUrsi a1 Tadmuin
1 6e3nexoBy mogaens [oT

VY tabnuii 1 HaBenaeH1 KOMIOHEHTH Ta (QYyHKINT KokHOTrO piBHS Oe3mneku IoT 13
B1JI0OpakKeHHSIM aTak, Mpo0JieM Ta BUMOT'H O€3MEKHU, iK1 HEOOX1TH1 1711 KOXKHOTO P1BHSI.
Kpim Toro, Tabnuiis 2.1 UrocTpye mepestik METOIB JIJIsi BUPIIICHHS ITpo0sieM Oe3neKu
B cuctemi [oT.

Jlyist Toro, mo6 MpOAEMOHCTPYBAaTH BUMOTH 110 O€3MeKu B cucteMi [HTepHeTy
pedyell Ha TPUKIALI, 3raJaeMoO 3a3HAueHy HaMu padime 4doTupupiBHeBy [OT
apXiTeKTypy, fKa CKJIAJA€ThCS 3 CEHCOPHOTO, 1HTEPHEHCHOTO, CIIy»KOOBOTO Ta
MEpEKEBOTO PIBHIB.

Kosken 3 mux piBHIB Ma€ 3a0€3MEUNTH CIPUSHHS YITKOMY MPOIECY YIPABITIHHS
0e3meKoro, 30KpemMa 3a0e3MeUEeHHI0 KOHTPOJIIO JOCTYIY, aBTeHTH(IKallii, HITICHOCTI
JaHUX Ta iX KOH(QIASHIIMHOCTI, a TaKO)X HAsSBHOCTI 1HCTPYMEHTIB [JI 3aXHCTY
cuctemu IOT Bixg BipyciB Ta aTak. Toxx CTBOprOBaHa cucTeMa O€3MeKH MOBUHHA MaTH
MO>KJIUBICTh BIICTE€KYBaTH KOKEH MPUCTPI OKPEMO, KOHTPOJIIOBATH Tpadik Ta OyTH
COPOMOXHOIO  3aXMCTUTH YU TUMYACOBO  BIAIMKHYTHM  MPHUCTPIil/-0i 1100
YHEMOKJIUBUTH KPUTUYHI HAacHiAKu g 1ol exkocuctemu loT. Temep kopoTko
PO3IIIIHEMO KOKEH PIBEHb apXITEKTYpPU B KOHTEKCTI O€3MEKOBUX 3arpo3.

Bbe3neka na cencopnomy piBHi. Jlanuii piBeHb apxiTekTypu cuctemu [oT moxHa
OXapaKTEepPU3yBaTH SIK CIOJYYEHHSI TPhOX JIAHOK, K1 3a0€3MedyroTh JaHl: MPUCTPOi
peamizamii ¢yHKIii Oe3nmeku HeoOXigHO IependadyeHe BUPOOHMKOM BHUKOHAHHS
€JIEMEHTIB O€3MeKH B MPUCTPOSX, TOOTO MOXKIIUBICTh ayTeHTH]IKaIlli, mU(pyBaHHS
JaHUX Ta 0OMEKEHHS B JIOKaJTbHOMY 30epekeHH1 310panoi iHdopmartii. [IpobiemManmu
MUTaHHAMH O€3MEeKU Ha CEHCOpHOMY piBHI apxiTektypu 10T €:

1) ®izuyna Oesneka TpUCTPOiB 300py 1Hbopmarii. lle yckimagnenuit abo

HEMO>KJIUBHH TOCTYT 0 MPUCTPOFO. PIlIIEHHSAM € KOHCTPYKIIiT IPUCTPOIO, III0
JAaCTh ~ MOJKJIMBICTh  JOCTYIy  aBTOPHU30BaHMM  oco0aM  (HampuKiag
00CITyTOBYIOUOMY TIEPCOHAITY ) Ta HOTO OJIOKYBAaHHSI JIJIsi CTOPOHHIX.
2)Henocratas wmopepHizariis. Yacto B NPUCTPOSIX HEMae TmepeadadeHoi
MOJKJIMBOCTI JJIs X OHOBJICHHS 4M TiepeHajamTyBaHHsS. HoBi Bpa3muBOCTI
PO3KPHUBAIOTHCS MOCTIMHO, TOX SIKIIO MPHUCTPIA HE OyJe CIPOMOXKHHUM s
OHOBJICHHSI CBOiX HaJAIlITyBaHb, 1€ MOXE MOCIA0UTH OE3MEeKy CUCTEMH.

Be3sneka na piBHi iHTepdeiiciB. Ileli piBeHr € mocepegHukomM Mk [oT
CUCTEMOIO 1 pI3HUMHU JoAaTKaMu. BiH Hajgae MIATBEP/DKEHHS TOTO IO IPOIIEC
B3a€EMO/IIT MIJK JIOJJaTKaMH 1 CUCTEMOIO € jeranbHuM. [loTeHitnuMu npobaeMamMu Ha
IIbOMY PiBHI €:

1) HeoOxiHIiCTh OAIOHMX HaAIMITYBaHb KOHQITypallii Ha BCIX MPUCTPOSX JJIS
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JOCSITHEHHSI CYMICHOCTI.

2) 3abe3neueHHs Oe3MeKy JaHUX Ha [IbOMY PiBHI apXITEKTYpH.

3) CtBopeHHs epEeKTUBHUX PIIICHb O€3MEKH 33 7151 ONTUMI3allii PoLecy.

PexoMenaatisiMu Jist BUpIIIEHHS po6JieM O0e3MeKH JaHOTO PiBHS € TOTPUMaHHS
KOH(IICHIIITHOCTI, IUTCHOCTI Ta JOCTYIHOCTI, peryispHe oHoBieHHs [13,
ayTeHTU(IKallisl Ta aBTOPU3aLlisi KOPUCTYBaYiB Ta aMIHICTPATOPA.

Be3neka Ha mepe:xeBoMy piBHI. MepexeBuii piBEHb € HAABAKIUBOIO YACTHHOIO
apXiTEKTypH CHUCTEMH, TaK SK BHUCTyIA€ KaHAJIOM Iepefayi JaHuX MIXK IHIIUMH
PIBHSIMH (CEHCOPHHMM Ta CIIY>KOOBUM HANpUKIIA). 3Ba)Kalouu Ha Te, 110 eKOCUCTEMA
IOT cknagaeTbcsi 3 BEIUKOI KIIBKOCTI MOOIYHMX TIOPUAHMX CHCTEM, (aKTOp
mpo0JieMr MacIITabOBAaHOCTI MEpeXl, ii CKIQJHOCTI Ta O€3MeKH Mepeaadl JTaHuX €
3HauHuM. Cepenl mpo0iem, siki BAHMKAIOTh Ha JAaHOMY €Talll €:

1) 3abe3neuennsa 60a30BUX BUMOT 1H(OpMaIIiHOT Oe3MeKn - KOHPIAEHIIHHOCTI,

IIJTICHOCTI Ta IOCTYITHOCTI.

2) ®izuyHa Oe3mneka (CTOCYEThCS HE JIMIIE CEHCOPHOTO PIBHS), B BUMAAKY KOJHU
NPUCTPOiI SKI 3a0€3MeuyroTh Mepefavy JaHuX MOXYTh OyTH B BIIBHOMY
JIOCTYTII.

3) HagmipHiCTh TIAKIIOYEHb B MEPEXKi, III0 CTBOPIOE TOAATKOBI CKJIQIHOII B
oOCITyroByBaHH1, HaJIMIpHI BUTPATH MEPEKEBOTO pPECypcy Ta 3O01IbIICHHS
BPa3JIMBOCTI J0 3JI0BMUCHOT'O BIUIMBY.

4) MOoJIMBICTh 3all00ITaHHIO 3JIOBMUCHOTO POJY aTak, sIK-OT aTaka Tuiy «Man-
In-The-Middle» mo6 nepexonutu iHpOpMAaLLitO, sIKa TIEPENAETHCA MIXK IBOMA
00’ €KTaMH.

OCHOBHMMH BUKJIMKaMU 7151 O€3MIEKH Ha MEPEXKEBOMY PIBHI B CUCTEMI [HTEpHETY
pedeil € MiHIMI3alisl MOKJIMBOCTI BIUIMBY 3JIOBMUCHHUKIB Ha CUCTEMY Ta 3017IbIICHHS
eheKTUBHOCTI 11 poOOTH 17151 MOKPAIICHHS IKOCTI 00CITYTOBYBaHHS.

be3sneka Ha cayxb0oBomy piBHi. Cnoyx00Buil piBeHb 3a0esrneuye Iiid
apXiTeKTypl €(EeKTHUBHY B3a€EMOII0 3 TOYKM 30PY BHUKOPHUCTAHHS arapaTHUX Ta
IPOrpaMHUX PECYPCIB, B TOMY YHCII 1 MOXKJIMBICTh MOBTOPHOTO BUKOPHUCTAHHS ITUX
pecypciB. Ha 1ipomy piBHI BiIOyBa€eThCs aHalli3 OTPUMAHHMX JaHUX BiJ CEHCOPHOIO
PIBHS, TOX TYT MPUCYTHI CIIY>KOU OOpOOKHM MOJI1M, CITY>KOU 1HTErparlii 1 aHaJITUKU Ta
1HIII, K1 JIO3BOJISIIOTH OOMIH 1H(oOpMaIiero Mixk Cayk0aMH, a TaKOXK 3a0e3MeuyroTh
BUKOHaHHS HeoOXximHux mii. [llomo nmpobiiem, siki mpuTaMaHHI I[bOMY PiBHIO, TO BOHU
TaKi:

1) 3abe3neuents KOH(IACHIIIHOCTI, IIIICHOCTI Ta JOCTYITHOCTI.

2) MoxnuBicTh HEAOOPOCOBICHMX MAHIMYJAIMIN Coyk0aMu Ta CIy>KOOBOO

1H(bOpMaIII€IO IIHOTO PIBHA.

3) CTBOpeHHsI 3aXMCTy BiJ aTak pi3HOro IjaHy, B ToMy uucii i DoS ta DDoS-
aTax.

4) 3abe3reueHHs aHamizy Tpadiky 3a71s1 HEAOMYIIEHHS KOTHUX MaHIMyJISIIN 3
JTAHUMU.

OpHuM 13 BapiaHTIB JjIsl BUPIIICHHS MPOOJIEM Ha CITy>KOOBOMY PIBHI € CJI1TyBaHHS

CTaHAapTaM Ta Pi3HUM MPOTOKOJIAM MPHU MPOCKTYBAHHS Ta BIPOBAHKEHHI CUCTEMHU, Y
BIJIMOBIAHOCTI JI0 BallIMX MOTPEO Ta MOKIIUBUX 3arpo3.
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BucHoBkwm.

Y mii pobori Oyno 3AICHEHO aHami3 ICHYIOUMX NPOTPAaMHHUX Ta/abo
MPOTOKOJBHUX PIIIEHb JJIs1 MOOYJAOBH TEXHOJIOTIYHOTO CTEKy cuUCTeMH I[HTepHeTy
peueid. Sk pesynbrar, OyJl0 CTBOpEHE MpUNACYBaHHS OOpaHUX HaMU TEXHOJOTIH
BIJITOBITHUX CTEKIB /10 4-piBHEBOTO cTEeKy piBHIB [0T.

byno onucano koxkeH 3 piBHIB 4-piBHeBoro creky loT, Ta 3ampomoHoBane
MpUBEJeHHS JaHoi Moneni a0 cranaaptiB mozeneir OSI ta TCP/IP 3 BpaxyBaHHSIM
MIPUHIUIIIB CEPBIC-OPIEHTOBAHOI APXITEKTYPH, SIKA CHPHUSE€ THYYKOCTI Ta OUIBIIIM
edexTuBHOCTI cuctemMu. [IpoiuTtOCTpOBaHO CITIBBIIHOIIEHHS KOMIIOHEHTIB CHUCTEMH
[HTEpHETY peueli 10 eleMEeHTIB O€3IeKH, 3 IeTali3all€0 KOKHOTO 3 HUX. 31HCHEHU N
aHaji3 Ta BIJAMOBIAHUN PO3MOJII MOTEHI[IWHUX 3arpo3 JJisi CUCTEMH Oe3MeKH ISl
KOKHOTO 3 piBHIB [0T.

Takox Oyno cTBopeHO Oe3mnekoBy mMonesb loT 3 HaBeIeHHSIM KOMIIOHEHTIB Ta
byHKIIH KOKHOTO PiBHA Oe3rneku [HTepHeTy pedeit Ta BiIoOpaKeHHSIM MOTEHIIIHUX
arak, mpobOiseM Ta BuUMOr Oesmeku. Kpim Toro Oynau 3amporioHOBaHI BapiaHTH
BHUpIIIeHHS muX IpobneM. [lutaHHs 3a0e3meueHHS OE3MEYHOro CepeoBHINA s
(byHKIIIOHYBaHHS eKOocuCcTeMHU [HTepHeTy peueii € Ha3BUYaiiHO BaXKIMBUM 3aBIaHHSIM
MIpU MPOEKTYBaHHI Ta BIPOBAIXKEHHI BIAMOBIIHUX PIIICHb.
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Abstract. This paper is devoted to existing solutions analysis of building a secure technological
stack for the Internet of Things (IoT). As a result, a matching of selected known technologies was
created according to the security approach to the loT organization. It is proposed to bring the novel
model to the standards of the OSI and TCP/IP models, considering the SOA principles to increase
the system flexibility. The ratio of loT system components to security elements is illustrated, detailing
each of them. The analysis and appropriate potential threats distribution to the security system for
each of the IoT levels was carried out. To fulfill the research objectives, an loT security model was
created with a description of the components and functions of each and a display of potential attacks
and methods of overcoming them. The issue of providing a secure environment for the functioning of
the loT ecosystem is an important task during the design and implementation of relevant solutions.

Key words: 1oT, IoT architecture, protocol stack, data security, loT security model.
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Anomauia. Y pobomi pozensanymo ioero noo6yooeu cucmemu 3axucmy ingopmayii, memoou ma
3acodu 6e3neK068020 MOHIMOPUHSY MepPedC, CyYacHi nioxoou 3axucmy ingopmayii @ pamkax SOC ma
idero  cucmemHo2o MOHImMopuHey mepexci 6 pamkax moodeni mpiaou SIEM-EDR-NDR.
Ilpoananizosani ma kiacughikosani nomouni 3azposzu iHgopmayiunii oOesneyi (IB). 3eadani
npuryunu nooyoosu cucmemu Ib. Hasedeno npuxnaou egpexmuenozo suxopucmaunns cucmem SOC i
SIEM-EDR-NDR o0ns 3a0e3neuenns 6esnexu mepedici. Pozensanyma 63aemoois mpbox komMnoHenmis
mpiaou SOC midc coboro ma ix 63aEMO0ONOBHEHHS.

Kniouogi cnosa: Ingopmayiiina 6esnexa, 3aeposu Ib, cucmemnuii MOHIMOpuHe, mepedcesd
oesnexa SIEM, EDR, NDR, SOC.

Beryn.

3rigno crangapty ISO/IEC 27005 [1-3] po60TH 3 MIATOTOBKU CUCTEMH 3aXUCTY
iHpopMariiHo-komi torepHux Mepex (IKM) pekoMeHayeTbcs NpPOBOIUTH Tak:
JOCTIAUTH aKTHBH, 110 MOTPEOYIOTh 3aXMCTy; JOCIIAUTH MOTEHIINHI 3arpo3u Ta iX
JDKepena; JOCHIAUTH MOXKJIMBI Bpa3IMBOCTI aKTHUBIB; CHOPMYIIOBATH MOJITUKH
Oe3MeKy; MAroTyBaTH peKOMEH allii 1mo/10 3aco0iB 3axucty IKM; omiHuTH BapTiCTh
3aMpoONOHOBaHUX pilieHb (puc. 1). YepBOHMM KOJHLOPOM BUIIIEHI Ti MYyHKTH, J€
B1/10yBA€THCSI MOHITOPUHT MEPEIKEBOI OE3MEKH.

Hocainxenns Ouinka BapTocreii

AKTHBIB, 10 3aMpPONOHOBAHHX
noTpedyTh 3aXHCTy pimenn

6
Y

Jocaikenns MMiaroroBka
NoTeHUiiTHNX 3arpo3 pexoMeHaawil woao

Ta iX T:Kepen 3acodis 3axucty 1IKM

d

A 4

Jocnigxenns

MOKJITHBHX o q}OpMyJ’IIDB&lHHH
Bpa3IHBOCTEl | moniTuk Ge3nexn
AKTHBIB 4]
Pucynok 1 — Y3aranbHeHuil IiiadH niaroroBku cucremu 3axucry IKM

Aemopcwvka pospodka
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3a BU3HAUCHHSM, aKTUBAMH € BCE, 1[0 Ma€ I[IHHICTh JUIsl KOMMaHIi 1 Mae OyTH
3axumieHuM [1]. AktuBamu €: mpumiiieHss, ae po3mimena IKM; indopmaris, sika
00pobusieTbes 1 30epiraeTbest B Mepexi; 3acoou IKM: nmporpamsi 1 TexHiuHi (cepBepH,
MepeKeBl 1 KIHIIEBI MPUCTPOI, 3ac00M 1 JIiHIi 3B’ 513Ky Tom10) [2]. Bci akThBU MOBUHHI
Oytu imeHTUdIKOBaHI 1 00MiKOBaHI. EXCrIepTH MarOTh BU3HAYUTHU IIHHICTh aKTHBIB
(HM3bKa, cepeaHs, BUCOKA) BIIHOCHO iXHBOI BTpaTH YW MOWIKO/pKeHHA. Ha puc. 2
300pakeHa 3arajbHa cXema JIOCHIKEHHS aKTHBIB, 1110 TOTPEOYIOTh 3aXHCTY.

SWorldJournal Issue 19 / Part 1 {

Hpumimenun, 1e Inpopmaunis, nxa 0dpodincrben i Iporpamui i vexniumi
posmimena IKM 3fhepiraeThed B Mepewxi 3acobm IKM
NPOIr'PAMHI 3ACOBH
Tepexpurrs zoctyny a0 Howyx indropmanii
1KM eroponuix
moneii _‘ l Mepemxesa OC

3oupanns indopmanii Mepexesnii npoToKem y

IepexpuTTd J0cTYNY 10 \
KOMI'I0TEPIIHX MepeRax

kondinenniiinot

mqm.pmauu cnmpoﬁn:nnkm l Tipotoron
EMIPHCMCTB, siki He Hepeaapanns NeperaBAHHA AAHUX

TPOHINIIA mepeBipKH Ha

indgopmanit
Gaaronagiiinicrs thoprau
/ \ TEXHIYHI 3ACOLY
O0MeixeHHst 10CTYLY 10
MpuMinIcHb 3a Ompamroanns Buxopnctanns c Mepeskesi
A0MOMOTO10 KOAOBHX indopmanii indopmanii EpBepu npuerpoi
3aMKiB
- - Kinuesi 3acobn i ninii
Trentndinanis, B npHCcTpOi IB'A3IRY
ayrenTudikania Ta ?6epem‘em{uf.[ -
KepYBAUNS 10CTYILOM inpopmanii

PucyHnok 2 — Y3arajbHeHa cxeMa JOCJIIKEHHS AKTUBIB /151 IX 3aXHCTYy
Asmopcobka po3pobka

[adopmariitna 6esneka (Ib) — me xommeke 3axomiB s 3a0e3nedeHas 31 Bif
3arpo3 [4]. 3arpo3a mae TOTEHIaJ 3amoMisIHHS IIKOAM akTuBaM. HeoOximHo
11eHTU(IKyBaTH SIK BUTIQJKOBI 1 HABMUCHI 3arpo3u Ta iX Jukepena. Tumnosi 3arposu 1b
MOXyTh OyTH KiacugikoBai [5]: 3a acnektom Ib, Ha sikuii cpsMoBaHi 3arpo3u; 3a
PO3MIIIIEHHSIM JpKepenia 3arpo3; 3a cTyneHem BrmumBy Ha IKM; 3a mpupomoro
BUHHUKHEHHA. Jl)kepenamu 3arpo3 MOXyTb OyTH cy0'ekTu (0ocobu), Ta 00’ €KTHUBHI
MposiBU (KOHKYPEHTH 4M 3710uHrHIIl). [[epena 3arpo3 MaroTh Takl IUJI1: O3HAHOMIICHHS
3 JaHUMH, 10 OXOPOHSAIOTHCS, X MOAU(IKAIlisA 1 3HUIIEHHS JJIs 3aBIaHHS MPSIMO1
MartepiayibHOT 1IKou. Jlasi 3B’ s5KeMO KOXKEH aKTUB 13 BIAMOBIIHUMHU BUJIaMH 3arpo3.
Pe3ynbpTaTom aHamiTHYHOT 0OPOOKH OIpalbOBaHUX JiTepaTypHUX Jxepen [4, 6] ctana
cxeMa 3arajibHoi kiacudikariii 3arpo3 Ib (puc. 3).

VYpaznuBicTh — II€ HecTaya akTUBY ab0 3axOJlIB 3aXHCTy, sIka MOXe OyTH
BUKOPHCTaHAa 3JIOBMUCHUKOM [6]. I3 iX 3arajgpbHOTO mepeniky MO>KHa BHAUIATH TakKi:
moacekuii  paktop; ypasmmuBocTi OC; BigmgaJieHW#l OCTYI; 30BHIIIHI MEPEXKeBi
I JIKJTFOYEHHS; 3aCO0M 3aXHUCTY Ta MOHITOpPHUHTY; [13.

ITicns mociipKeHHS aKTUBIB 3aXHUCTy CHCTEMH, iX ITOTEHIIMHUX 3arpo3 i
BpasnuBoctel, popmytorbes nomituku [b IKM. 3rinno 31 cranmaprom ISO/IEC 27002
[4], momiTuka Ib — 11€ 1111b0BUI TAKET HOPMATUBHUX, OPTaHI3AIIHHO-PO3MOPSIINX T
eKCIUTyaTallliHUX JTOKYMEHTIB, 110 OXOIUIIOIOTH CPEepH Oprasizalli, ynpaBlliHHS Ta
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KOHTpOJIFO O€3MeKr 1 eKcruryartallii 3aco0iB 3axucTy. Llei maker ckiamaeTbest 3
JOKYMEHTIB TPhOX PIBHIB.

Ha 1-my piBHi popmyeThesi ronoBHHM AJ0KyMeHT — «Konmenis iHpopmaiiifHoi
Oesrneku», skuii Bu3Ha4Jae 1 1 npuamunu cucremu 31 B IKM, a takox BUMOTH 1
3aranbHi paBuiia ynpasiiHas [b. JlokymenTu 2-ro piBHS po3po0IIsiOThCs Ha MiICTaBl
«Konrmentiii» 1 MICTSITh: MOPSAOK MOBODKEHHS 3 KOH(IACHININHOIO 1H(pOpMAIIi€o,
OCHOBHI TIpaBWja il KOPUCTYBadiB Ta iX BIAMOBIAAIBbHICTH; TEXHIYHI BUMOTH IO
MpOTpaMHO-aNapaTHUX 3aco0iB 3aXUCTy, BKIHOYHO 13 cucteMHum [13. Ha migcrasi
JOKYMEHTIB 2-T0 PIBHS pPO3pOOJISIOTHCS NOKYMEHTHU 3-r0 pIBHS, SIKI MICTATH [4]:
KOHKPETH30BaHI 1 JIOMOBHEHI IOCANOBI IHCTPYKINi; €KCIUTyaTalliiHi JOKYMCHTH
3aco0iB  3axucty iHpopmamii (31). Otmke, OCHOBHOW NULIIO 3a0e3nedyeHHs
iH(opMariitHoi 6e3nexu € 31 Bij BUNIAJKOBOTO Y HABMUCHOTO BTpy4daHHs. BogHouac
Ib Tako MokIMKaHa 30epiraTu HerepepBHICTL O13HECY.

3arpo3u Ib

Yy A A Y A 4

3a posmimenaaM 3a crymenem 3a npupoaoro
3a acmextom 1B .
AAKepesia 3arpo3 BmiaBY Ha IKM BHHHKHEHHA
— lfarpo.m . — BuyTpimmi —> MacnsHi —»| Ilpmpomni .
xoHizenuiiinocTi (00’ exTHBHI)

] . K » MIryuni
> 3opHimAi > AxTHBHI (cy6’ iy i)
CyO €KTHBHI

L | 3aposmipamn
1IMKOAH, M0
3aBAA€THCH

- G
—»| Jloxkanbni
]

Pucynok 3 — Y3aranbHeHna kiacudikaunis 3arpos Ib
Asmopcovka po3pobka

— | 3arpo3n mimicHOCTL

3arposn
JOCTYIHOCTI

VY tabnuii 1 BKkazaHi OCHOBHI 3aralbHONPUMHATI MPUHIUIHN MOOYA0BU CUCTEMU
Ib. Ilpumitka: B Tabnuii 1.1 BukopucTani Taki ckopoueHHs: C3 — cucrema 3axucry;
BYOD - Bring Your Own Device, ocoOucTi MOO1IBHI MIPUCTPOI, IKUM J03BOJICHUN
noctyn 10 IKM; PDCA — Plan-Do-Check-Act, Moniens 6e3nepepBHOTO MOJIMIICHHS
MIPOIIECIB.

[Tig yac ¢hopmyBaHHS MPUHLMUIIB MOMTHKU B BpaxoByrOTh OCHOBHI BUMOTH
moao iHdopMmamii 1 3a moxemwno CIA (Confidentiality-Intengrity-Availabity):
KOH(1ICHIIIHICTh; HITICHICTD; TOCTYNHICTh. JIj11 BUkOoHaHHs moiTUK Ib peanizyerbes
iJ1a HU3Ka 3aX0/I1B.
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Taoauus 1 — llpuauunu nodynoBu cucremu iHgopmaiiiiHoi 0e3neKku

Haszea npunyuny Cymb npunuyuny
Kommnekcauit | C3 iHdopmaliii noBuHHa OyTH KOMILJIEKCHOIO, OXOILIIOBATH
T JTX 1T Oprai3amiiHi 3aXo1, TEXHIYHI Ta IPOTpaMHi 3aCO0H.
CucreMHuUit Bci 3axomm 1 3aco0u 3axWCTy TOBMHHI OyTH TIOB’s3aHi,
ITIX11 y3roJKeH1 1 3a0e31euyBaTH IIJTICHICTh CUCTEMH.
: : 3T11HO 13 3aBAaHHSAM TYT TOBUHEH OyTH peai30BaHMI MPUHIIUIT
bararopiBHeBICTB A A Y. yTip PHHI
nonMOIEHOro 0araropiBHEBOTO 3aXUCTY .
: Cucrema 3axucTy OBHHHA OXOTUTIOBATH BC1 aKTHUBH, BC1 BY3JIH
ToranpHICTH . . N i
Ta KiHuesi npuctpoi IKM, y Tomy yucai BYOD.
JlocTaTHs CTBOpEHHSI MEXaHI3MiB 3aXHCTY, 1100 BapTICTh 3J1aMy CUCTEMH
HaJIIHHICTh Oysa TOpOXKYIOI0 3a caMy 1H(hOpPMAITio.
[ToBHOTA Bynb-ske 3BepHEHHs 10 1HPOpMAIIii Ma€e OXOIUIFOBATH BCl PiBHI
KOHTPOJIIO KOHTpouO: 1H(hopmaitito, [13, anaparypy, nepcoHan.
[Huxn monen «PDCA» nependauae 060B’sI3KOB1 eTamu:
: 1) Bcranosnenns 1iseit Ta nomtuk C3 (Plan);
[Muxkn JJeminra N
2) Peanizartito 1 BpoBamxkeHHs: C3 (Do);
«PDCA» . . . .
3) O1iHKy, KOHTPOJIb, MOHITOPUHT 1 aHai3 po6oTu C3 (Check);
4) Tlokpamennus (ynockoHnaneHHs 1 po3BuTok) C3 (Act).
Aemopcovka po3poboka

1 IlonsaTTs, METOAM TA 32c00U 0€3MIEKOBOI0 MOHITOPUHIY Mepexi.

Ha Bukonanns nosituku Ib B komnaHii cTBoproeThes cuctema 3axucty IKM, sika
MpU3HAYeHa 31MCHIOBATH HENEPEPBHUIM MOHITOPUHT MepexeBoi Oe3neku. B mporieci
[OTO MOHITOPUHTY BUSBJSIOTBCA Ta YCYBalOThCsl Kibep3arpo3u y Mepexi. Bin
3nicHIOeThCsl BianmoBiagHUM I13: imenTudikamii Ta ayreHTHdIKalii KOpUCTYBayiB;
YOpPaBIiHHSA JIOCTYIIOM KOPUCTYBauiB; 3axXUCTy BiA wmkiamuBoro I13; koHTposro
IUTICHOCTI 1H(pOpMAaITii.

VY KOMILJIEKCHOMY 3aXHCTI MEpeXi O0COOJIMBE MICIIE 3aiMalOTh CIeliaii3oBaHi
MEpeKeBl 3aco0M 3axXUCTy Taki, SK CHCTEMH YIpaBIiHHSA 1H(OpMAIE€0 Mpo
MoHiITopuHT Mepexi (auri. SIEM — Security Information and Event Management) [§],
CUCTEMHU BHUABIICHHS 3arpo3 KiHIEBUM Toukam Mepexi (anria. EDR — Endpoint
Detection and Response) [8], a TakoX HOBITHI CHCTEMH MEPEXKEBOI O€3MEKH, SKI
3a0e3Mevuy0Th aBTOMATH30BaHU MOHITOPHHT, BUSBJICHHS, aHANI3 Ta pearyBaHHs Ha
ckisanHi kibep3arposu (anria. NDR — Network Detection and Response) [8].

Inentudikamiss € 3aco00M, SKUM KOPUCTYBad HAJAa€ CUCTEMI 3asiBICHY
1IEHTUYHICTh. ABTEHTU(]IKAIliA — I[I€ METOJ BHU3HAUCHHS MIMCHOCTI IIi€i 3asBKHU.
3okpema, imeHTudikais Ta ayTeHTU]IKalis JOCATaloThCA 32 paxyHOK: iH(opmartii
KOpUCTyBaua (Tmapoii Ta MPOTOKOJIM ayTeHTU(iKallii); BIACHOCTI KOPUCTyBada
(Mmomymi mam’sti, PIN-koiu kapTok); ocoOu KopucTyBau (610MeTpUYH1 AaHi).

Kontpons Ta ynopaBmiHHS TIPaBOM JIOCTYMy yOE3MeuylTh HE3aKOHHE
MIPOHUKHEHHSI Ha 00’€KTH 3aXUCTy Ta HECAHKI[IOHOBaHE BUKOPUCTAHHS pecypciB. Y
3aJIbHOMY PO3PI3HSIOTH KUJIbKa PIBHIB KOHTPOJIIO JOCTYIY: KOHTPOJIb JOCTYITY ITiJ1 4ac
BXOJ1y Y CHCTEMY; KOHTPOJIb JOCTYITY O OKpeMHX 00’ €KTIB ((paiiniB, namnok, 0a3 qaHux
TOIII0); KOHTPOJIb TOCTYITY JI0 OKPEMUX MPUCTPOIB CUCTEMH.
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Mogeni KkepyBaHHS JOCTYIIOM THOAUISIOTBCS Ha: JUCKpeliiiHe (BuOopue)
yOpaBIiHHSA; OOOB’S3KOBUH (MaHIATHUI) METON KEpPyBaHHS;, pPOJIHOBA MOJIETh.
Huckpeuiitnuii  koHTpoib poctymry (DAC — Discretionary Access Control) [7].
[Tepenbauae mpaBo aamiHicTparopa 00’€KTa BU3HAYATH Ta KOHTPOJIIOBATH BCiX, XTO
Ma€ JOCTyH JO CHCTEMH, IPYHTYIOUHCh Ha I1AeHTH}IKauiiHIA i1HpopMaiii mpo
cy0’ekTiB (KITIOUl OCTYIY), AOMYIIEHUX JI0 KOHTPOJbOBAHOI CUCTEMH. MaHIaTHHIA
koHTposib noctymy (MAC — Mandatory Access Control) [7]. € HalGiibII
00MexXyBaIbHOIO (OPMOIO JIOCTYIy, OCKUIBKM HaJa€ KOHTPOJIb Ta KEpyBaHHS
CUCTEMOIO JIUIIIE aaMiHicTpaTopy. TyT KOPUCTYBauyaM HE T03BOJISIETHCS ITiIBUIILYBATH
piBEeHb OCTYIY 10 PECYypCiB, BCTAHOBIEHUH aAMiHICTpaTOpoM. Moenb poIbOBOTO
kepyBanHa jaoctynoMm (RBAC — Role-Based Access Control) [7]. Ilepenbauae
po3noain (QyHKIIM TepcoHaldy 3 YpaxyBaHHSIM THUIY AiSUIBHOCTI. TyT J1O0CTaTHBO
BCTAaHOBHUTH CTYMiHB JAOIMYCKY ISl POJIi, IKY BUKOHYE TUITOBHUI KOPUCTYBA4 PECypCy.

3acobu 3axucrty Bij mkigmmuBoro [13 anamizye nmani, 1m0 MOXYTh 3a3HaBaTH
3arpo3: 3HMINEHHS iH(opMalii Ta (abo) il HOCIA;, HECAHKI[IOHOBAHE OTPHUMAHHS
KoH(pimeHmitHO 1HGopMarlii; Moaudikailis iHpopMallii,; CTBOPEHHS MOMIIKOBUX
MOBIJIOMJICHb;, OJIOKYBaHHSI JOCTymy 10 1HQopMallii abo pecypciB CHCTEMH;
HECaHKI[IOHOBaHE BUKOPHUCTAHHS 1H(OPMAIIIITHUX PECypCiB CUCTEMH TOIIIO.

Hapenemo kinbka edextuBHux ckanepiB: Advanced IP Scanner, Wireshark,
Solarwinds, Tripwire, Nessus, Vulnerability Manger Plus, Splunk Tomo.

3aco0M KOHTPOJIIO IUIICHOCTI 3aCHOBAaHI Ha aJropuTMax MiAPAXyHKY
KOHTPOJIbHUX CyM 1 3/A1ICHIOETBCS 3a JBOMAa HAaNpsSMKaMHU: KOHTPOJIb IIJIICHOCTI
Ha0OpIB JTaHWX; KOHTPOJb UUIICHOCTI MPOrpPaMHOrO CEPEAOBHINA. AKTHUBHO
BUKOPUCTOBYEThCS  €leKTpoHHO-IMpoBuil  mianuc (ELI). 3a gomomororo
MaTE€MaTUYHO OOTPYHTOBAHUX AJITOPUTMIB OOUYUCIIOETHCSA (PYHKIIA BiJl KOHKPETHOTO
MIACAHOTO TOBIIOMJICHHSI 1 OOYHCITIOETHCS aBTOPOM IIOBIIOMJICHHS Ha OCHOBI
iHauBITyanbHoro kitova. ELIT 3anexuth Bij KOKHOTO CUMBOJY, TOMY HEMOMJIMBO
3MIHUTH Horo abo migMiHuTH, He 3MiHuBIIM 3HadeHHsS EIII. 3a momomororo
texHosorii ELI1 3a1icHIO€ThCS TIIATBEPKEHHS: TIHCHOCT1 €JIEKTPOHHOTO IOKYMEHTA;
KOHTPOJIb MOTO IIJIICHOCTI; HOTO aBTOPCTBO.

2 CyuacHi migxoam 10 oprasizauii 3axucrty ingopmauii B pamkax SOC.

Edextupnuit Ta noctiiauii 31 B IKM Moxe 3aiiicHIOBaTHCS CHEIiali30BaHUMHU
HeHTpamu 1 ¢axiBusgMu 3 Kidbepoesneku, 30kpema, e uentpu SOC. SOC — Security
Operations Center, CuTyauiiiHuii meHTp iH(QOpMaliitHOi Oe3NneKkHu, € CTPYKTypHUM
H1APO3/I1I0M, 1110 O0e3MepePBHO MOHITOPUTD CUCTEMH.

Hentp SOC — e He TUIbKU TEXHIYHI CUCTEMH, SIKI B PEKUMI PEAIBHOTO Yacy
nepenatoth aHanitukam SOC MOBIIOMIIECHHS BiJ 3aC001B 3aXUCTY, a M €KCIIEPTH, SKi
MOKYTh BIAPI3HUTH MOMUJIKOBE CIIPAIIOBAHHS 3aXUCHOTO 3ac00y BiJ] CIIPaBKHBOTO, 1
3J1aTHI 3pO3YMITH, UM € KUJIbKA SIBHO OB’ I3aHUX Mi>K COOO00 MTOBIIOMJICHB Bijl 3aCO01B
3aXMCTy JAHKaMH OJIHOTO JIAHIIOra, IO O3HA4yae KOMIIIOTEpPHE 3apaKeHHA. Y
NPUHHATTI pillieHb iM gornmoMararTsh SIEM — cuctemu ynpasiaiHHs iHGOpMaLIi€rO Mo
Oesneky Ta moaii iHdopmaliiHoi Oe3neku. OcHoBHe 3aBAaHHA SOC-1eHTPY —
pearyBanHs Ha iHUMaAeHTH [b. Y SOC-11eHTpi BX1H1 JaH1 0e3nepepBHO 00POOISIOTHCS
SOC-xoMangor0 Takux (axiBiiB. Tox, ocHOBHUMH 3aBaaHHSAMH SOC-IIEHTpIB €:
MOHITOPUHI Ta aHali3 BTOPIHEHHS B PEXHUMI peajlbHOro0 4Yacy; 3amoOiraHHs
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kibep3arpo3aM Ha BUIIEPEIKCHHs: Oe3MepepBHO CKaHyBaTH KOMIT FOTEPHI MEpexi Ta
aHaATI3yBaTH THIUACHTH OE3MEKH; MIBUAKA PEAKIlis HA MIATBEP/DKEHI 1HIUIACHTH Ta
BUKJTFOYCHHS TOMIJIKOBUX CIIPAIlbOBYBaHb.

3 Inest cuctemHoro MoHitopunry B pamkax tpiaau SIEM-EDR-NDR.

3 wMeroro ynockoHaneHHs podotu SOC-LlenTpy mpoBinHa AOCTIAHULIBKA
komranis Gartner po3poOuiia HOBy KoHIenIit0 Takux 1eHTpiB — SOC Visibility Triad.
Ile MepexeBo-Opi€eHTOBaHAa CTPYKTypa, SKa po3poOieHa s  CTBOPEHHS
KOMIUIEKCHOT'O Ta 3aBEPIIECHOI0 MiX0y /10 cTpaterii kioepoesneku. O0’ e1HaBIIN TpU
OCHOBHI TIPUHIIMITA — BHSIBJICHHS Ta pearyBaHHS Ha KIiHIICBI TOYKHW, BUSBIICHHS Ta
pearyBaHHs MEpPEeXi 1 KepyBaHHs 1H(QopMalliero mpo 0e3neKy Ta MoaisiIMu — KOMIaH1i
MOXYTb JJOCSITTH P1BHSI 3aXUCTY KiOepOe3neku, sikuid paHimie OyB HEAOCS)KHUM.

Konu tpu xomnonentu tpiaan SOC o0’ennytorbesi, komanau SOC oTpUMYIOTh
MOBHY 1H(OpMAIIit0 TPO MEPEKY CBOET KOMIIAHIi, 1[0 3HAYHO MOKpallye e(heKTUBHICTh
BUSIBJICHHS 3arpo3 1 pearyBanHs Ha HuX. Tpiaga suaumocti SOC cKIagaeThes 3 TphOX
okpemux komrnoneHntiB: SIEM, EDR 1 NDR. KoxeH 13 11X KOMIIOHEHTIB TapMOHIITHO
MpaIloe pa3oM, JIOMOBHIOE OJWH OJHOTO, OO CTBOPUTH IUTICHY Ta 3aBEpIICHY
cucteMy kioepbesreku, sika 3axuiiae KoxeH acrmekt IKM.

VY miit Tpiami cuctema SIEM BiacTexye, peectpye, imeHTU(DIKYE Ta aHAI3ye
CHOBIIIIEHHS Ki0epOe3nekH, Kl BIUTMBAIOTh HAa Mepexy opranizaiiii. Lle qocsraerbes B
pPEXKUMI peaJbHOTO Yacy HUISIXOM 300py Ta 3ICTaBJICHHS JIaHUX 3 YCIX JDKEpelN MaHuX
Mepexi. 3penToro, 1e 3ade3neuye moBHe ysBieHHs npo KM, nozpossroun SOC-
LleHTpy onepaTUBHO JIOCHII)KYBaTH Ta YyCyBaTH KiOep3arpo3u.

Sxmo SIEM BukopuctoByeThecsl camocTiiiHO 0e3 MoximBocTeid EDR 1 NDR, To
BIH MOXE€ INPOMYCTUTH EKCIUIOUTH Ta ypa3iduBOCTI, SKI HE B1IOOpaKarOThCS B
xypHanax SIEM, 1o Moxe npu3BeCTH A0 BUHUKHEHHS CIIIO1 30HU.

EDR 3ocepemxyerbes Ha 300pl i aHamizi AaHux 13 KiHieBux Touok I[KM.
Cucrema EDR mnoennye 30ip naHUX 13 MOHITOPHHIOM 3arpo3 y peajlbHOMY 4aci Ta
MO>KJIMBOCTSIMM aBTOMATH30BAaHOTO YCYHEHHs 3arpo3 KiHieBuM BysnaM. Cama EDR
He 3a0e3nedye riIuOrHy 3aXUCTy, HE 3arobirae 019HOMY IepeMilleHHI0 Tpadiky Ta
130JIbOBAHO 3aXMIIIAE JIUIIIE HEBEJIMKY YACTUHY MEpExeBO1 1HOPACTPYKTYpH.

NDR o00’eanye tpiagy SOC, Hajarouu NoBHY 1H(OpMAIliI0 TPO CTaH MEPEexi Ta
3aXMINA0YH i1 B1Jl BHYTPIIIHIX 130BHIMIHIX aTak. NDR Takox Mae yHiKaabHY IiepeBary
3aXHCTY BiJl 3IOBMHCHUKIB, SIK1 IEPEMIIIYIOTHCS 300Ky B MEPEK1, 3HAUHO 3MEHITYIOUH
3IaTHICTh 3JIOBMUCHUKA 3aBJaTH IIKOAW Micis ycmimHoro 3mamy. NDR mo3Bosse
koMauaam SOC 1 Gesneku IMIBUAKO aHANI3yBaTH JaHI MEPEXi 13 BHYTPIIIHBOI Ta
30BHIIIHBOI TOUKH 30pYy. Lle oOMexye KiTbKICTh 4acy ISl 3I0BMHUCHUKA B MEPEXKI, 1
3MEHIIY€ HMOBIPHICTD 371aMy.

BucHoBku.

B wmiit po6oTi Oyi0 po3riasHyTO 1€10 No0YyI0OBU CUCTEMH 3aXUCTy iHopMarli,
METOJM Ta 3aco0u OEe3MEKOBOr0 MOHITOPHHTY MEpEeXi, CydacHl MIJIXOAH 3aXHUCTy
iHpopMmamii B pamkax SOC, motouHi 3arpo3u iH(opMalliiiHoi Oe3neku, 11er0
CHUCTEMHOT0 MOHITOPUHTY Mepexi B pamkax mojeni Tpiaagu SIEM-EDR-NDR Ta
B3a€EMO/Iis TPhOX KOMITOHEHTIB Tpiaau SOC Mixk co0010 Ta iX B3a€MOJOIIOBHEHHS.

Bbynu 3anpononoBani npukiagu edekTUBHOro BUKopucTaHHs cucteM SOC 1
SIEM-EDR-NDR nis1 3a6e3nedeHHst 6€3MeKu Mepexi.
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Lle nae MOXJIMBICTh BAOCKOHAJIMTH CUCTEMHUI MOHITOPHHT MepEXeBOi Oe3meKku
Ta 3armo0irTd MaitOyTHIM 3arpo3am iHPOpMaIliitHOi Oe3MeKH.
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Abstract. The paper considers the idea of building an information protection system, methods
and means of network security monitoring, modern approaches to information protection within SOC
and the idea of system network monitoring within the framework of the SIEM-EDR-NDR triad model.
Analyzed and classified current threats to information security (IS).The mentioned principles of
building an IS system. Examples of effective use of SOC and SIEM-EDR-NDR systems to ensure
network security are provided. The interaction of the three components of the SOC triad with each
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Anomauia. B pobomi posensoaromsvcsi nUmaHHua puUHKy 3emii ma 1020 (QYHKYiOHYBAHHS 6
YyMO8ax deyeHmpanizayii 6n1aou 6 YKpaini, a maxoic 6Uc8imiomovcs NUMAHHSA CYYACHUX peaill
B0€HHO20 CMAHYy Ma U020 GNAUBY HA ACNeKmuU OISNbHOCMI, (PYHKYIOHYBAHHA Ma NpoOneM, AKi
nos’sazani 3 yum. Hadaromwvca pexomenoayii wjo0o 6paxy8amHAM 8adNCIUBOCMI edeKmuU8HO20
BUKOPUCMAHHS 3eMeNb O/ ClbCbKO2OCNO0APCLKUX NOMped Moujo.

Knrowuosi cnosa: purox semui ma 1io2o (YyHKYiOHY8aAHHS, OeyeHmpanizayis e1aou.

Berym.

JlocBizl €BponeichKUX KpaiH BimoOpakae, 110 3aIPOBA/HKCHHS PUHKY 3€MIIl €
HEoOX1THUM 1Ji1 €(EeKTUBHOTO PO3BUTKY HAIlOHAJIBHOIO arpapHoro cexropy. Jiroui
puHKH 3emii B kpaiHax €C mnpuHOCATH TPUOYTKHM OIOJDKETYy KpaiHh Ta
3eMJIeBJIACHUKAM. 3alpoBaKEHHS PUHKY 3eMill B YKpaini 3 1 gumnus 2021 poky € 1ie
OJIHUM KPOKOM JI0 €BPOIEHCHKOI0 3aKOHOJABCTBA JIUIsl JOCATHEHHS 3a3HAYCHUX LILJIEH,
CKaCyBaHHs 0araTOpidyHOr0 MOPATOPI0 Ha MPOJaX 3eMJIl CiIbChKOTOCIOAAPCHKOTO
NPU3HAYEHHS Ta peajizailii KOHCTUTYLIMHOrO MpaBa IpoMaAsH YKpaiHu Ha BUIbHE
PO3MOPSIIPKEHHS.  CBOEIO  3eéMJiel0. PHHOK  3eMenb  CLIIbChKOIOCIOAApChbKOTO
pU3HAYEHHS 3aiiMae 0COOJIMBE MiCIle HA PUHKY €KOHOMIYHUX PECYPCiB.

Punok semni 6 Yxpaini — CyKynHICTb CYCIIJIbHUX BIJHOCHH I1[0JI0 BIIUY>KEHHS Ta
HAOyTTS 3€MENbHUX JUISTHOK.

eporcasne pezynoeanns — 1€ BIUIMB JEpPKaBU Ha JIOCSATHEHHS LJIEH CBOET
€KOHOMIYHOI MOJIITUKK B YMOBaX PUHKOBOI €KOHOMIKH, MPHHITUIIN, 3aCO0H, Ba)ei,
METO/IH 1 CTUMYJIH, 32 IOTIOMOTOI0 SIKMX JIep’KaBa PETyJII0€ €KOHOMIUHI MPOIECH Ta
3a0e3neyye BUKOHAHHS COLIabHO-€KOHOMIUHUX (GYHKUIN. [eporcasa peayntoe punok
3emi Ha MAaKux OCHOBHUX NPUHYUNAX. TIPO30PICTh 00Iry 3eMEeIbHUX AUISHOK (MpaB Ha
3€MJTIO) Ha pUHKY 3€MJI1; pallilOHAJIbHE BUKOPUCTAHHS Ta 0XOPOHA 3eMJI1; 3a0e3MeUeHHSs
KOHCTUTYI[IMHUX TapaHTiil 1 3aXUCTy IpaB Ha 3eMJII0 Cy0'€KTIB PHUHKY; aHajl3 Ta
MPOTHO3YBaHHA JUIsl 3a0€3MeUYeHHsI CTaNnoro (PyHKIIOHYBAaHHS Ta PO3BUTKY PHHKY
3eMJIl; BU3HAYEHHS MPIOPUTETIB CYCHUIBHUX NOTPEO, BU3HAUEHUX HAI[lOHAIbHUMHU
1HTEepecamMu abo iHTepecaMu TEPUTOPIATBHOI TPOMaIH.
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OCHOBHM TEKCT.

Ha cporoanimHiii 1eHs B YKpaiHi BiIOyBa€eTbCs MOCTYNOBE BIIHOBICHHS PUHKY
3eMJI1 MicIisl BBEACHHS BOEHHOTO CTaHy Ta 3yITMHEHHS BCiX 3€MEJIbHUX Omepauii. Ypsia
JOKJIaJIa€ 3yCWIIb JJIsl TapaHTyBaHHS O€3MeKH Ta MPO30POCTI BCIX 3€MENbHUX YTOJ, a
TaKOX JJIs1 3a0€31E€UEeHHS MPaB 1HBECTOPIB Ta BIACHUKIB 3¢MEJIBbHUX JTUISTHOK. 3 METOIO
3a0e3neyeHHs] MaKCUMalIbHOT €(DeKTUBHOCTI KOPUCTYBAHHS 3eMEIbHUMH pecypcami,
JiepKaBa BIPOBAKYE BIAKPHUTI €IEKTPOHH1 MalJaHIUKH JIJIS TPOBEACHHS 3€METTbHUX
TOPTiB Ta BU3HAYEHHS MEPEMOXKIIIB 32 JOTIOMOTOI0 €JIEKTPOHHOI TOPTrOBOi CHCTEMH.
Ileit miaxia m03BOJISE 3a0€3MEUUTH JTOTPUMAHHS MpaB Ta 3aKOHHUX 1HTEPECIB YCIX
CTOpPiH 3eMeJIbHOI YTOU Ta YHEMOXKIMBUTH KOpyIiito. OHaK, BApTO 3a3HAYUTH, 110
MPOIEC BiAHOBICHHS PUHKY 3€MJIl € CKJIIAHUM Ta MOTpedye AETaTbHOTO aHami3y Ta
IJTaHyBaHHs, 100 3aM00IrTH MOXJIMBUM OPYIIEHHSM 3aKOHOJJABCTBA Ta BTpaTaM IS
0i3Hecy Ta rpoMajisiH.

VY tpaBHi 2022 poky yXBaJIeHO 3aKOHOITPOEKT, IO CTOCYETHCS BHECEHHSI 3MiH JI0
JESIKUX 3aKOHOJIaBYMX aKTIB YKpaiHU L1010 OCOOTMBOCTEN PETYIIOBAaHHS 3eMEIbHUX
BITHOCHH YMOBaX BO€HHOTO cTaHy [1]. Lli 3MiHM CHpUsIN OHOBJICHHIO PUHKY 3€MJII,
ajie Hapasl MpoJiaXx 3eMJll Ha TUMYacCOBO OKYIOBAaHUX TEPUTOPISIX € HE3A1HCHEHHUM.
PuHOK 3eMil € MpOAYyKTOM KOMIIPOMICY Ta TMO3UTHBHHM KpPOK /10 1HKJIFO3UBHOCTI
HAIIOTO CyCHUIbCTBA. 31 CTapTy BIH CYNPOBOJKYBABCS OOMEKEHHSIMH, SIK IIOJ0
cy0’€KTiB, TaKk 1 MIOJIO TJIONI Ta THUMIB OO0 €KTIB, SKUMH MOXKHA BosofiTu. [Ipote
3aBASKA CIUIBHUM 3yCHWJUIAM MIiHICTEpCTBa arpapHoi MOJITUKM Ta MiHicTepCcTBa
IOCTHUIII cHcTeMa 3arpalioBaia 1 posnouanucs npoaaxi. [IpoTsaroMm mepuioro poky
MiCHsl 3HATTS MOpaTopilo OyJo poO3BIHYAHO Mi(U MNPO MOMKIUBICTh HAJIMIPHOI
KOHCOJTIJaIli1 3¢MEIbHUX PECypCiB B pyKax BEIHKUX arpOXOJIIUHTIB, 3TIOBKUBAHHS Ta
HU3bKY LIIHY 3eMJil. PUHOK 3eMeIbHUX pecypciB B YKpaiHi c(hOpMOBAHO BiJAINOBITHO
70 PUHKOBUX MEXaHI3MIB, ajie MOro €(PEeKTUBHICTh 3HAYHOIO MIPOIO 3aJIKUTh BIJ
TeMiiB (GOpPMyBaHHS Ta PO3BUTKY CYNyTHHOI PHHKOBOI 1HPPACTPYKTypu Ta
HAJIaroJDKEHHs B3aeMOAIl y cdepl KyMiBII-MPOJAXy 3eMelb 3 (iHAHCOBUMHU
IHCTUTYLISIMH, $IKI MOXYThb CTaTH CIELIali30BaHUMU 3E€MEJIbHUMHU OaHKaMH.
Haiibinpl akTUBHUMH Yy BIAUY>KEHHI 3€MEJIbHUX AUISHOK € LEHTp YKpaiHu Ta
MIBHIYHUN CX1J1 KpaiHU, TOA1 K 3aXiJH1 00J1acTi € ayTcaiaepamu. JIbBIBIIMHA 3aiiMae
JJIEPCHKY TMO3MINII0 CepeJl PETioHIB, A¢ 3eMJIl JUIs BEJSHHS TOBApPHOTO BUPOOHMIITBA
MalTh HaWBHUILY BapTicTh. lle Moke 3anexaTtu Bij KUIBKOX (DaKTOpiB, TaKUX SK
POAIOYICTh IPYHTIB 1 MOTEHIIIAT 1Ji1 MailOyTHBO1 3a0y10BH. Ha chOTOHIIIHIN 1€Hb, Y
0araThoX perioHax YKpaiHu BiI0OYBa€ThCsS aKTUBHA TOPTIBJIS 3eMEJIbHUMU JTUISTHKAMH,
0 CBITYUTH MPO BEJIMKUM 1HTEpEC J10 IbOro puHKY. [IpoTe, HEOOX1MHO JOKJIACTH
3yCWIb JJIsl 3a0e3MedYeHHs MPO30POCTI Ta PO3BUTKY PHHKOBOI 1HPPACTPYKTypH, a
TaKOX JUIsl 3alpPOBA/KEHHS €(PEKTUBHUX MEXaHI3MIB KOHTPOJIIO 32 MPOBEACHHSIM
3eMeJIbHUX omepallii, o0 3a0e3neyuTH PO3BUTOK PUHKY 3E€MENIbHUX PECYpCIB B
VYkpaiHi Ha HAJIEKHOMY PiBHI. 3BakKarouM Ha PYHHIBHI HACTINKU BIMHH, KUIBKICTh
TpaH3aKIi{ KYMIBII-MIPOJAXKy 3eMJII JIENI0 3MEHIuiIacsa. 3a JaHuMu MiHicTepcTBa
foctulii, y rpynsi 2021 poky Oyno 3apeectpoBaHo 332 yroau 3 KyHiBII-IIPOAAXy
HEPYXOMOCTI, B TOMY YHCJIIl 3eMJII.

Ha coorognimniii neHp, Jlep:kaBHMI 3eMENbHMM KagacTp € BaKIUBOIO
JIEp>KaBHOIO T€01H()OPMAIIHHOIO CHCTEMOIO, SIKa MICTUTh BIIOMOCTI PO BC1 3eMEJIbHI
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TUISTHKA B MEKaX JIep>KaBHOTO KOpJIoHY YKpainu. L{s cuctema Hasae iHpopmaliiro npo
[IJIbOBE MPHU3HAYCHHS 3€Mellb, X OOMEKEHHS BUKOPHCTAHHSA, a TAaKOX JACTaJbHY
1HGOpMaILiIO MPO AKICHI Ta KUIBKICHI XapaKTEPUCTUKH 3€Mellb, iX OLIHKY Ta PO3MOALI
M1k BJIACHUKaMH Ta KOPUCTyBayaMH, a TAaKOXK 1H(OpMaIIito PO METIOpaTUBHI MEPexi
Ta CKJIa/J0BI YaCTMHU MEJIOPATUBHUX cHUcTeM. ['0IoBHUM 3aBnaHHsAM JlepaBHOTO
3eMEeNFHOTO KaacTpy € 3abe3nedeHHs 1H()OopMaliifHOT MIATPUMKH OpraHiB MiCIIEBOTO
CaMOBpSIyBaHHs y KEpyBaHH1 3eMEIbHUMH PECYPCaMHU, IPOBEACHHS 3€MJIEYCTPOIO Ta
3/11IIICHEHHS PalllOHAIbHOTO BUKOPUCTAHHS T4 OXOPOHHU 3eMeb. 3akoH Ykpainu "[Ipo
BHECEHHS 3MiH JI0 JESKUX 3aKOHOJABYMX AakKTiB YKpaiHM MO0 BIOCKOHAJICHHS
CUCTEMHU YTNPaBIIIHHS Ta Aeperysiii y cdepi 3emenbHux BigHocuH" Big 28.04.2021 p.
[2] nepenbavae BOpoBaKEHHS 00JIIKY Ta MOHITOPUHTY CTaHy 3€MEJIbHUX BIJHOCHH 3
BUKOPHCTAHHSAM aBTOMAaTHU30BaHOI CHUCTEMH, JIO SKOI Oy/e MOCTYN 3a BIAKPUTHUM Ta
oe3oruiatHuM ~ npuHOUOoM. JlisubHICTE  [lepkreokagactpy copsiMoBaHa Ha
KOOP/IMHAIIIIO Ta 3a0€3MeUeHHs HaJIe)KHOTO PIBHS OXOPOHU 3€Mellb Ta PaIliOHAIBHOTO
iX BUKOPHCTAHHS, a caMe 3alpOBaJHKEHO MPHUHIUI €KCTEPUTOPIATIbHOCTI ISl BCIX
KJIIOYOBUX TOCIYT, METa IbOr0 3aXO0Jy IOJIATa€ y MAaKCUMaJlbHOMY 3MEHUICHHI
B3a€MO/I1i MI>K YHHOBHHKOM Ta CIIOKHUBAYEM MTOCIIYT, 1110 JI03BOJISIE 3a0€3MEeUNTH OLTBII
MIBUIKUNA Ta eEeKTUBHUM JOCTYII 10 TOCIyT JlepkaBHOTO 3eMenbHOro Kagactpy. Kpim
Toro, moprtan HamioHansHO1 1H(pPACTPYKTYypH TeONMpPOCTOPOBUX JaHUX HAAACTh
yH1(DIKOBAaHUHN JOCTYN JI0 BCIX JAHUX MPO MPUPOJHI pecypcu Ykpainu. Ha crorogni
JOCTYIl IO I[bOTO Pecypcy OOMEXEHUU 3 MIpKyBaHb O€3MEKH, MOB’S3aHUN 3 JI€I0
BOEHHOT'O CTaHy B KpaiHi.

OnHiero 3 BENIMKUX TiepeBar (YHKI[IOHYBaHHS PHUHKY 3eMili B YKpaiHi €
3aKOHOJIaBu€ 3a0€3MEeUCHHs MpaBa MEePEeBaKHOTO BUKYIY 3€MEJbHUX AUISHOK JUIS 1X
noToyHux opeHaapiB. IIpore B mporieci ¢hopMyBaHHS PUHKY 3eMJIl BIJIOYBalOThCS
3MIHU BITHOCHUH OPEHIM Ta MOTEHIIMHOTO BUKYITY 3€Meib CLIbCHKOTOCIOIapChKOTO
npusHadeHHs. [IpubyTKOBI MiANPUEMCTBA, K1 MAIOTh IOCTaTHIO KUIBKICTh PECYPCIB,
MOKYTh OPEH]IyBaTH HaJIEKHY KUIbKICTh 3€MEJIb 3 TPaBOM BUKYITY iX y 2024 porii, 1o
7a€ M MOXKJIMBICTh 3alpOTIOHYBAaTH BJIACHUKAM 3€MJII OUTBIIT BUTITHI yMOBH.
["'0710BHUM acnekToMm, MoB'sA3aHUM 3 (PYHKIIIOHYBAaHHSM PUHKY 3€MEIbHUX PECYPCIB, €
npobsieMa KoHcomianii 3emii. L{s npoOiema crocyerbes 0OMexeHb, K1 3aKIafeH] y
3aKOHOJIABCTBI, aji€ BCE XK JO3BOJISIE MOKIIUBICTh CTBOPEHHS JOUIPHIX a00 3aJIeKHUX
HIAIPUEMCTB KPYITHUMHU arpoXoJIIUHIaMu, iK1 00X0ITh BCTAHOBJIEHY MexXy Yy 10 THC.
ra BiuacHocTi. Lle Moke mpu3BecTH 0 HaAMIPHOI KOHLIEHTpalli 3eMJli B pyKax
OKpPEMHMX BJIACHHUKIB, IO 3arpoXye€ MOHOIOMI3alI€0 PUHKY Ta (OpMyBaHHAM
rocrnogapcTB-1atuynauctiB. Jnsg 3ano0iranHs 1i€i mpoOiieMH, Ha Hally IyMKY,
BapTO 3ampoOBaIUTH OOOB'SI3KOBE PO3KPHUTTS BIACHUKAMH MAiB KiHIIEBOTO BJIACHUKA
3eMJIl, aHAJIOTIYHO JI0 TOTO, SIK L€ peal3yeTbesl y cdepl perytoBaHHS AISIIbHOCTI
(1HaHCOBUX YCTaHOB Ta BENUKHX Kopropamiil. lle gomomoxke 30epertu pUHOK
3eMEJIbHUX  pecypciB  Big  MoHomoumizamii Ta  (opMyBaHHS — TOCIOJAPCTB-
JaTUQyHAUCTIB.

barato 3eMenbHUX 3aKOHIB OyJIO MPUNHATO, 1 OUIBIIICTh 3 HUX MPAIIOIOTh.
[IpuiiHATTS 3aKOHY TIPO BIAKPUTTS PUHKY 3€MJI1 MAJIO 32 METY HaIaTH 3€MJI1 3aKOHHOTO
MOBHOITPaBHOTO BJIACHHUKA Ta 3a0€3MEYUTH YKPATHIISAM BUIBHUI TOCTYI JI0 CBOET 3eMIIL
3riJIHO 3 IXHIM BiIacHUM po3cyaoM. ['acio "CBiif Ha cBOil 3emiti" CTaJllo CHMBOJIOM
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3emMenbHO1 pedopmu. 3a pik aii 3akoHy B YKpaiHi Oyno ykianeHo noHaa 105 Tucsu
MPaBOYUHIB, y TOMY 4YuCHl 88 THUCSY yroJ Ha KyHiBIIO-TPOAAXX 3€MJIl 3arajibHOIO
BapTicTIO MoHaA 7 mupA rpH. OHak, yepe3 BiiiHy He Bi10yJ0ch moHaa 50 THCSY yroa
Ha KyHIBJIIO-MPOaX 3eMJi, 1 3MJIEBIIACHUKU He oTpuManu 4,2 miap rpH. CTaHOM Ha
nouyaTok 2022 poky B YkpaiHi Oyno ykiageHo nonan 102 Tucsd yroa, BigayxeHo 245
TUCSY TEKTapiB 3eMelb CLIbCHKOTOCIOJAPCHKOr0 MPU3HAYCHHS 3 3arajibHOil IUIOINII
32,5 muH ra. Hapasi, KUTBbKICTh TPABOYMHIB CTOCOBHO KYIIBII-TIPOJIAXy, MiHH,
JapyBaHHsI Ta JIOBIYHOTO YTPUMaHHS 3eMili ckjiagae moHaa 105 tucsy. 3rigHo 3
naHuMu MiHICTepCcTBa arpapHoi MOJITUKH Ta MPOJOBOJLCTBA YKpaiHU CTAaHOM Ha
yepBeHb 2022 poky, IUIOIIA BiAYYKEHUX 3€MENbHUX AULTHOK ckiamae 252,241 ra,
KUIBKICTh MPABOYMHIB MO0 BiAYYXKEHHSI 3€MEJbHUX JUISHOK ckiangae 105,173,
BapTICTh BIJUYKEHUX 3€MEJIbHUX AUISHOK CTaHOBUTH 4,492 MIIH I'pH, a cepenHs
BapTICTh BIIUY>KEHHUX 3eMENbHUX AUIAHOK 3a 1 ra ctanoButh 37,819 rpH. B Hacninok
BilfHM, EKOHOMIKa HaIllo1 KpaiHH 3a3Hajia MEeBHUX BTPAT, 30KpeMa, AKIIO y MEPIIIi pik
GbyHKIIOHYBaHHA PUHKY Oys0 yKjiIaJeHo 88 THC. yroj KymiBIi-Ipojaxy, To 10 24
mororo 2022 poky Oyino yknaaeHo 84,5 tuc. yroi, mo Ha 3,5 Tuc. meHme. BiiiHa B
VYkpaiHni Bii0nIa BEJIMKI BTPATH B YCIX cepax KUTTS, BKIIFOUAIOUH 36MEJIbHUIM PUHOK.
[IpoTsrom mait>ke TphOX MICALIB JAEPKABHI PEECTPATOPH HE NPALIOBANIHU, aje MiCis
BIJTHOBJICHHS 1X POOOTH PUHOK MOYaB OXHUBaTH. Y cdepl ynpaBlliHHSA 3eMEIbHUMHU
pecypcamMu TEpUTOpialbHUX TpoMaj [i€ 3aKOHOJaB4a OCHOBA, SKa J03BOJIMAJIA
MICLIEBUM OpraHaM CaMOBpsIyBaHHs (OpMYyBAaTH Ta YIPABIATH CBOIM 3€MEJIbHO-
PECYPCHUM MOTEHIIAJIOM Ha BJIaCHUM po3cya. OAHI€0 3 TOJOBHUX IOCTaHOB, sKa
3a0e3neunsia MNPUILIBUIIIEHHS O(GOpPMIIEHHS Ta peecTpalii MnpaBa KOMYHaJIbHOI
BJIACHOCTI TEPUTOPIAILHUMU rpoMaiaMu Ha 3eMebH1 IUIIHKY, € [loctanoBa Kabinety
MinictpiB Ykpainu "Jleski 3axoau 1moA0 TpuckopeHHs pedopm y cdepi 3eMenbHUX
BiHOCHUH" [3].

Kpim toro, BinmoBimHo a0 3akony Ykpainu "lIpo BHECEHHSI 3MiH 110 NESIKUX
3aKOHOJABYMX aKTIB YKpalHM WIOJ0 BAOCKOHAJIEHHS CHCTEMM YIIPaBIIHHS Ta
neperyysiii y cdepi 3emenbHux BigHocuH" Bif 28.04.2021 p. [2], TepuropiayibHi
rpoMaad MarTh HAOyTH TpaBa BIACHOCTI HA 3€MJII Ta 3€MENbHI JUISHKH, SKi
3HAXOJAThCA 3a MEKaMU HACEJICHUX IyHKTIB TEPUTOpPIAIbHUX TpoMaJl Ta € B
nepskaBHii BracHOCTi. OOJIK Ta BIACTEKEHHS CTaHy 3€MEIbHUX BITHOCHH OYIyTh
3/IIHCHIOBATHUCH 3a JOMOMOIOI0 aBTOMAaTHU30BAaHOI CUCTEMH MOHITOPUHTY 3€MEJIbHUX
BIJIHOCHH, JJOCTYM JI0 SIKOi Oy/€ BIAKPUTUM Ta O€30IJIaTHUM. 3a BIPOBAKEHHS 1€l
cuctemH BimnoBijgae Jlepxkreokanactp Ykpainu. 3akoH Ykpainu "[Ipo BHeCeHHS 3MiH
70 ACSIKUX 3aKOHOAABYMX aKTIB YKpaiHH IIOJ0 TMJIaHyBaHHS BUKOPHCTAHHS 3€MEIb"
B121 17.06.2020 poky [4] € BaXJIMBUM IHCTPYMEHTOM JIJ1s 3a0€31€4eHHs €()EKTUBHOIO
BUKOPUCTAaHHA 3€MEJIbHUX pecypciB Ha TeputTopii Ykpainu. Lleil 3axkoH nmepenbayae
PSI HOBAIlH, SIKI CIPUATUMYTh PALIIOHAIBHOMY IJIAaHYBaHHIO BUKOPUCTAHHS 3€MeEJTb.

Opnie0 3 HaWBOXIMBIIIMX HOBAlLlll € TMepeaaya MOBHOBAaXEHb OpraHam
MICIIEBOTO CaMOBPSAIYBaHHS IIOAO PO3MOPSKEHHS Ta 3A1MCHEHHS KOHTPOJIIO 3a
BUKOPUCTAHHAM Ta OXOpPOHOIO 3eMelb. lle Hamae MOXIMBICTH 3a0€3MeunTH OUTBII
edeKTUBHUN Ta THYYKUH MIAXIJ JO YIOPaBIIHHA LIUMU pecypcamH Ta TapaHrye ixX
BUKOPHUCTAHHA B IHTEpPECAX TPOMA/IH.

[Ile oaHi€I0 BAKITMBOIO HOBAIIIEIO € BBEJICHHS MMOCAIH JEPKABHOTO 1HCIIEKTOPA 3
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KOHTPOJTIO 32 BUKOPHUCTAHHSAM Ta OXOPOHOIO 3e€Mellb, IKUK OyJie BIJMOBIAATH 3a 301p
Ta aHajl3 BIIOMOCTEH TIPO 3€MENIbHI pecypcu TepuTopianbHOi Tpomanu. lle
3a0e3MeYnTh O1IbII TOUHUHN Ta 00'€KTUBHUI KOHTPOJb 32 BUKOPUCTAHHSAM 3€MEIbHUX
pECypCiB Ta iX OXOpOHOIO. 3aKOH TaKOX Mepeadayae mpoleaypy 3MIHU IIITLOBOTO
MIPU3HAYEHHS 36MEJIbHUX JUISHOK, 1110 HAJa€ MOXJIMBICTh 3MIHUTH BUJ IISUIBHOCTI Ha
TUISHII 3€MJIl BIZMOBIMHO 70 TOTped TepuTopiainbHOi rpomanu. lle moxe Oytw
KOPHUCHUM Y BUIAJKY, SKILO 3MIHUBCS COL1aIbHO-€KOHOMIYHUI CTaH TepuTopii, ado
SIKIO 3'SBUJIUCS HOB1 MOTPEOU Ta MOXKJIMBOCTI JIJISi BAKOPUCTAHHS 3E€MJII.

[Tepenbauena 3akoHOM 0OOB'SI3KOBICTh MPOBEACHHS 36MEIBHOTO MOHITOPUHTY Ha
TepUTOPil YKpaiHu, 110 J03BOJIUTH BIJICIIIKOBYBATH 3MIHA BUKOPUCTAHHS 3€MEJIbHUX
pecypciB Ta BUaCHO pearyBaTy Ha MOXJIMBI Mpo0OieMu. 30KpeMa, MOHITOPUHT IIOBUHEH
MIPOBOJIUTHCH JJISI BCTAHOBJICHHS KIJILKOCTI Ta CTaHy 3€MEIbHUX JAiISTHOK, a TAKOXK IS
OIIIHKH iX SIKOCTI.

Hamionansna exonomiyda Ctpareris Ha niepion 10 2030 poky [5] € ki1r04oBUM
JOKYMEHTOM, SKUW CHpPHSE PO3BUTKY €(EKTHBHOTO Ta PalllOHAJIBLHOTO YMPaBIIIHHS
3eMeIbHUMH pecypcamu. Bignmosimno g0 Crparterii, HEOOXiqHO MPaBUILHO
3aCTOCOBYBaTH Bi3li PETIOHATBHOTO PO3BUTKY, arpoCEKTOPY Ta 1HBECTHIIIIHOI
npuBabIMBOCTI. BTIIEHHS BCiX 3aKOHOJaBUMX HOBEIL, sK1 IepeadoadeHi CTpaTeri€ero, €
MO>KJIMBICTIO (DOpMYBaHHS SKICHO HOBUX BITHOCHH y cdepl yIpaBlliHHS 3eMEeITbHUMHU
pecypcaMy TEpUTOpIabHUX TpoMaj 3 YITKOIO OPIEHTAIIE0 Ha IMiJIBUIICHHS
€(hEeKTUBHOCTI, PAI[IOHATBHOCTI Ta BiJAMOBIJAJLHOCTI BUKOPUCTAHHS Ta TEXHIYHOIO
BJIOCKOHAJICHHSI.

3a monomorow ArentctBa USAID AGRO, 6inbmie 1,8 MiabHOHIB TpoMaasiH
VYkpainu oTpuMainu Jep>KaBH1 aKTH Ha BOJIOAIHHS 3eMeIbHUMU UIsiHKamMu. Kpim Toro,
OyJ10 CTBOPEHO MEPEKY MPABOBOI JIOMTOMOTH JIJIT HOBUX NMPUBATHUX 3€MJICBIIACHUKIB
Ta HaJlaHa MiATPUMKA HAaWMEHII 3aXHIICHUM CYCITUTBHAM TpyIiaM, TaKUM SIK MOJIOIb,
JI0M TIOXWJIOTO BiKy Ta iHBamiau. Lle crpusie 3a0e3mnedeHHI0 CrpaBeasiuBOro Ta
€KOHOMIYHO PAIliOHAJTLHOTO BUKOPUCTAHHS 3€MEIbHUX PECypCiB Ta iX OXOPOHH Ha
TepuTopli YKpaiHu. 3rigHO 3 pe3yibTaTaMu OCTaHHHOTO MOHITOPUHTY pedopmu
MICIICBOT'O CAaMOBPSAYBaHHS Ta TEPUTOPIadbHOI oOpraHizamii Biagd, MO OYyB
nposenenuit Ha 10 ciuns 2022 poky B Ykpaini icHye 1470 TepuropiaibHUX TpoMaj,
cepen skux 410 micbkux, 433 cenuniHux 1 627 CIIbCHKUX, 110 BKIIIOYAOTh 443 MicTa,
1960 cemuny ta 26261 cin [6]. 3a cidenp auctoman 2021 poxy miara 3a 3eMIIIO B
TEPUTOpIATLHUX IpoMajiax craHoBuia 12,6%, 110 cTaio MOXIMBUM 3aBJISKH 1I0X0aM
1m0 3aranbHOro (oHAY MICIEBUX OIO/DKETIB. BapTo BiA3HAUWTH, 1O 301IBIICHHS
HAaJIXO/KEHb HE 3aJICKUTh TUIBKHU BiJ 301JBIIIEHHS PECYPCIB Y BJIACHOCTI, a TAKOXK BiJl
aKTYaJIbHOCTI TPOIIOBOI OLIIHKH 3€MEJIb.

Ha crporomni 3HauyHl crHojaiBaHHsS TMoOKiIajeHo Ha 3akoH VYkpainu "IIpo
aaMiHicTpatuBHy nponeaypy" Big 17.02.2022 p. Ne 2073- IX, skuit HaOyae YMHHOCTI
15.12.2023 poky [7]. Lleit 3akoH peryino€ BIAHOCMHU MK OpraHamMy BHUKOHABYOi
BJIJ[¥, OPTaHAMH MICIIEBOTO CaMOBPSAYBaHHS, X MOCAJOBUMHU 0COOAMU Ta 1HIIMMHU
cyO'ekTamu, sKi 3IMCHIOIOTh (QYHKIT TMyOmigHOI amMmiHicTpallli Ta MarOTh BIIAJHI
MMOBHOB&)XCHHS. 3a JIONIOMOTOI0 NMPUUHATTSA Ta BUKOHAHHS aAMIHICTPATUBHHUX aKTiB
3aKOH JIO3BOJISIE PO3IIIA/IATH 1 BUPINIYBATH aJMIHICTPATHBHI CIIpaBH 3 (Pi3UYHUMU Ta
IOpUIUIHUME 0cobamu. Hopmu 11bOT0 3aKOHY BUKJIMKAIOTh OCOOJIMBUIN THTEPEC cepel
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OpraHiB MICIIEBOTO CAMOBPSTyBaHHs, a IX BIPOBAKEHHSI MaTUME TTO3UTUBHUI BILIMB
Ha B3a€EMOJIII0 BIAJHMX TOBHOBAXXHUX OpraHiB Ta TpPOMAJsH. 3BaKalOyud Ha
JCIEHTpaNI3aIlil0 MOBHOBAXEHb Yy cdepl yHpaBliHHSA 3€MEIbHUMHU pecypcami,
BOXJIMBO  3a0€3MEUUTH  TOCWJICHHS  BIJIMOBINAJIBHOCTI  OpPraHiB  MICIIEBOTO
CaMOBpSIyBaHHs y BUPILIEHHI MUTaHb TEPUTOPIATLHOTO PO3BUTKY. 3 IIIEI0 METOIO
JIep>KaBHI OpraHW T[OBHHHI TIEPEUTH B BIJHOCHO HE3aJICKHUX TEXHOJIOTIH
aJMIHICTPYBaHHs JO MyOJIYHOTO Ta E€JIEKTPOHHOTO YIPAaBIiHHSA 3€MEIbHUMHU
pecypcaMu, /i€ B3a€EMOIA MK PI3HHUMH 1€papXIYHUMHU PIBHSMHU YIpaBIiHHA OyJe
B3a€MHO Y3TO/IKEHOIO.

BpaxoBytoun o3HaueHi Bulle GpakTopu, ctBopeHHs [HhopmaliiiiHo-aHaTITHYHOT
cucteMu "Jemni mepumopianbhoi epomadu” Ha MICLEBOMY pIBHI MOXE CTaTH
e(EeKTUBHUM 1HCTPYMEHTOM, IO JO03BOJHUTH CYyO'€KTaMm yIpaBiiHHS 3€MEIbHUMHU
pecypcamMu TUIaHYBaTH Ta KOHTPOJIIOBATH BUKOPHCTAHHS 3EMEIBHHUX PECYpCiB,
NpU3BEJE [0 SKICHO HOBHX 3MIH JUIS TepuTopiaapbHux Tpomana. JlokampHa
ynpaBiiHChbKa 1H(opmariiiiHa cuctema "3emuni TepUTOpilajdbHOI TrpoManu" 30upae,
30epirae, oOpoOiiie Ta mepemae BCl JaHI IMOJO 3€MEIbHHX MJUISHOK y MEXax
IOPUCIMKIIIT TPOMaJId, JOTIOMAra€e 9iTKO BU3HAYaTH Ta MUIAHYBATH JTisJIbHICTh OpraHiB
MICIIEBOTO CaMOBpSIIyBaHHSI B cQepl YNpaBIiHHS 3E€MEIbHUMH pPeCcypcami,
BUKOPHCTOBYBATH TMPABOBI 3aCO0M CTUMYJIIOBAHHS JIJIsi €(EKTUBHOTO BHUKOPUCTAHHS
3eMENIbHUX [IIJISTHOK, Chpuse oOMiHy 1H(OpMaIli€0o Ta B3aEMOJIi 3 OpraHaMmu
KoHTpoJto. Ll cucrema Matume Oe3nocepenHid BIUIMB HA NPUUHATTS pILIEHb HA
MICLIEBOMY DIBHI JUIsl 33J0BOJIEHHSI MOTpeO TepuTopianbHOi rpomanu. [Hpopmaris,
oTpuMmaHa 3 Jlep>kaBHOTO 3EMENbHOTO KagacTpy Ta aBTOMATHU30BAHOI CHCTEMHU
MOHITOPUHTY 3€MEJIbHUX BIAHOCHH, OyJi€ BUKOPUCTaHa B IHPOPMaLIfHO-aHATI TUYHIHI
cucrteMi "3emill TepUTOpiaabHOi rpomMaan’.

CraHoBHILlE CBHOTOJHIIIHBOTO 3E€MJICKOPUCTYBAaHHA B YKpaiHI MoOXe OyTH
MOKpAIEHE 3aBASKA BIPOBAKEHHIO HOBOI CHCTEMHU YINpPABIIHHSI 3€MIISIMH B
o0'eqnanux TeputopianbHux rpomanax (OTI). Meroro 1€l cuctemMu € 3amnooiraHHs
pO31piOHEHHIO 3€Meb Ta iX CIIYCTOIICHHIO, a TaKOX 3a0e3MeyeHHs] MPUUHSTTS
KOJIEKTUBHHX PIIIEHb 1I0/I0 iX BUKOPUCTAHHS 3 YpaXyBaHHSIM MOTPeO BCie€l rpomai,
a He okpemux oci0. [Ipu mpomy, ynpaBiIiHII-MPAKTUKH B cPepi 3eMeTbHUX PECypCiB
MOBUHHI OyTH CTpaTEeTiuHO OpPIEHTOBAHI Ha PO3BUTOK TEPUTOPIATLHUX TPOMAJ,
BIJIMOBIHO 70 KepiBHUX MpUHIMMIB Ta npunuciB Ctpaterii, Konnenmii ta [Iporpam,
OPUMHATUX SIK HAa 3arajibHOJCPKABHOMY, TaK 1 Ha PETIOHATFHOMY Ta MICIEBOMY
piBHSX. 3aBIaHHS JAep)KaBH, Oi3HECY Ta TPOMAJSIH TOJATa€ y CHUIBHUX [IAX JUIS
JOCATHEHHS MO3UTUBHUX PE3YJIbTAaTIB B PO3BUTKY TEPUTOPIaIbHUX IPOMA/I.

[To3UTHBHOIO HOBHHOIO € T€, 1110 BJIa/Ia HAPEIITI oYyJjia MiCIIeBE KEPIBHUIITBO Ta
BUPOOHUKIB 1 po3modayiia CHiJibHy poOOTy, 1100 (opMyBaHHS 3aKOHOJIaBYOi Oa3u
peryJoBaHHsl 3€MeNbHUX BIAHOCHUH. lle 03BOJMUTH rpomazaM BHCIOBUTU CBOI
3ayBa)XCHHsI Ta HAJAaTH MPOIO3UIIli BITHOCHO 3MiH y c(hepi 3eMenbHUX BITHOCHH.

o6 mnigBumUTH e(GEeKTUBHICTh IAJIBHOCTI 00’€qHaHMX TrpoMag B cdepi
3eMEeJbHUX BIJHOCHH, HEOOX1HO OIpAIfOBaTH MOXJIMBI HUIAXH Ta JOTPUMYBATHCS
BIJIMOBITHAX 1HTEPECIB MEIIKAHIIIB TpoMaj. Takox MOTpiOHO PO3pOOUTH pealibHi
3axoIu ISl €(PEeKTMBHOTO BUKOPHUCTAHHS 3€MEIbHHUX PECypCiB, IO CIHPHUITHME
I IBUIIICHHIO CIIPOMOYKHOCTI 00’ €THAHUX TPOMa.
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YMOBH JienieHTpati3allii BiaJid BIIKPUBAIOTh HOBI MOKJIUBOCTI JIJ1s1 €heKTUBHOTO
yopaBiiHHsA 3eMmenbHUMH pecypcamu OTI, mpoTte mi muTaHHSA 1€ MOTPEOYIOThH
rMMOOKOTO BHUBYEHHS. 3a pe3yibTaTaMH  HEJaBHBOI pedopMH  MICIIEBOTO
CaMOBpSyBaHHS TEPUTOPIAIBHUM I'poMaiaM OyJio mepeaaHo y BIacHICTh Oinbiie 1,5
MJIH Ta CLIBCHKOTOCHOAAPCHhKUX YTifb. LI Tuiomi moBHMHHI HajgaBaTHCS B OPEHIY
CUTBCHKOTOCTIONIAPCHKAM ~ pOOOTOAABIAM, BKJIIOYAIOYM HOBOCTBOPEHI 1 JIirOUi
dbepMepchKi TOCmofapcTBa Ta 1HII CepeaHbOTOBapHi arpodopmyBaHHSI. Y
MaliOyTHLOMY MO>KHA Oy/ie pPO3TJSHYTH MUTaHHS Mepenayl UUX 3eMeNb y MOCTiiHe
KopuctyBaHHsl (10 50 pokiB) a00 y BJIACHICTh, 30KpE€Ma 3 METOI CTHUMYJIFOBaHHS
(depMepchKOTO 1 KOOMEPATUBHOTO PYXY Ta 30UIBIICHHS KITBKOCTI pOoOOYMX Micllb Y
CITbCBKIN MicmeBocTi. BaknuBo 3a3HaunTd, M0 3a0e3meueHHs CTablIbHOI Ta
IPOyKTUBHOI pOOOTH B arpapHOMY CEKTOP1 3aJIEKUTh B1J PO3YMHOI'O Ta €pEKTUBHOTO
BUKOPHCTAHHS 3€MEIIbHUX PECypcCiB, BKJIIOYAIOYM YIPABIIHHA 3€MEITbHUMU
BIJIHOCHHAMH Ta OpeHJI010 3eMii. Lle He TUIbKM JomoMorke 3a0e3MeunT CTablIbHUI
JIOX1JT 17151 CUTbCHKUX POJIMH Ta MICIIEBUX TPOMAJI, ajie i CIPUSITUME CTBOPEHHIO HOBUX
poOOYMX MiCIlb Ta PO3BUTKY €KOHOMIKH B IIJIOMY.

Ha cywyacHomy erami, 0co0JIMBO B yMOBaX BOEHHOTO CTaHy, MPIOPUTETaAMHU B
YOPaBIiHHI 36MEJIIbHUMH aKTUBaMH TEPUTOPIATBHUX TPOMAJ € IMIBHJKE 3aTy4YCHHS
CUTbCHKOTOCTIOIAPCHKUX 3€MeNTb O BUPOOHUIITBA Ta MPOBEEHHS MTOCIBHOT KaMITaHii.

Ha pmanomy etami, BIacHUKU 3€MEIbHUX IIISHOK Ta OPraHi3aTOpU 3€METbHUX
TOPriB 3000B’A3aH1 JOTPUMYBATUCh HACTYMHUX MPABUII: MPOBOAUTH 3€MEJIbHI TOPTH
11010 Mepesiadl B OPeHAY C/T 3eMelb, MPOJaXKy 3eMelib He C/T MpU3HAYEHHS, TOOTO
MPOBOAUTH AYKI[IOHW Ha 3arajbHUX IMiJCTaBax, SKi JISJU 10 BBEICHHS BOEHHOTO
CTaHy; OYIKYyBaTH 3aBEPILICHHS CTPOKY Aii JOTOBOPIB OPEHIH, sIKI OyJM yKiaaeH1 0e3
IIPOBE/ICHHS €IEKTPOHHUX TOPTiB; MICJA 3aKIHUEHHS CTPOKY 11 I0rOBOPY, KUl OYyB
yKJIaJieHuii 0e3 TPOBEJCHHS TOPTiB, MPOBOJAMUTH 3E€MEJIbHUIN ayKIIOH MIOA0 IIi€i
3eMenbHOi NisHKY B [Ipo3oppo. Openpap, 3 siIkuM OyJi0 yKJIaJ€HO JOTOBIp OPEHAU
paHilie, MO>Ke B35ITH y4acTh B ayKI[IOHI Ta 3HOBY OPEHYBAaTH 110 3€MEJIbHY JIISHKY
yepes ayKI[ioH.

Opeanizayis 3emenvHUX ayKyioHie, 0coOIUB0 w000 HAOYMMA NPA8 HA OPEHOY
3emii, € Ho8UM sAsuweM y Hawiti Kpaini. ' 010BHA Me€Ta BUKOPUCTAHHSA KOHKYPEHTHHX
INPUHIIMIIB 1] Yac MPOBEIEHHS 3E€MEJIbHUX TOPTiB - BU3HAUYEHHS NEPEMOXKIS 3a
JIOTIOMOTOI0 €JIEKTPOHHOT TOProBOi CHUCTEMH, sIKa MPOMOHYE MPOJAaBIEBl HalKpaili
yMoBH. Takuii miaxia 3 OOKy JAepkaBU J03BOJISIE€ 3a0€3MEUUTH JOTPUMAHHS TIpaB Ta
3aKOHHHUX 1HTE€peCciB 000X CTOPIH 3€MEJIbHOI YTOJIh, a TAKOXK 3aM00IrTH KOPYMIIii.

Jo Bepecusa 2022 poky OyB yCTaHOBJIICHHI MOpaTOpiid HA MPOBEJICHHS TOPTIB 3
METOI0 HaOyTTs OpeHAu, eMQITeB3UCYy Ta cynepdililo CUIbCHKOTOCIOAAPCHKUX
3eMelhb, 1110 3HaXOAWIKCS Y JepKaBHIM Ta KOMyHallbHIM BiiacHOCTi. Hapasi mexaHizmu
MPOBEICHHS 3€MEJbHUX TOPI'iB YACTKOBO BlJAHOBIICHO.

3aBAsSKM TOJOBHIM PEryJSATOPHIN pOJIl JepKaBW HA PUHKY 3€MITl, OCTaHHIN
BHUCTYTIAE SIK "NMepKaBHO-KOMEPIIiitHA" CTPYKTypa. PerymoBaHHs pUHKOBO-TIPAaBOBUX
BIJTHOCUH 31MCHIOETHCS IIJISXOM PO3POOKU Ta BIPOBAHKCHHS MPABOBUX HOPM, SIKi
PETryIIOI0Th B3a€EMOBIIHOCMHHM MDK Cy0'€eKTaMu pHUHKY. AJle Takuil Mmaxij
HEMOJKJIMBUI 0€3 BIPOBAIKEHHS )KOPCTKUX 33aX0JIIB 3 METOK KOHTPOJIIO 32 PUHKOM
3eMJIi, HOTO PO3BUTKOM Ta ()YHKIIIOHYBAHHSM.
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Jlns 3a0e3neueHHsT MPO30pOCTi Ta e(EKTUBHOCTI YMPABIIHHSA 3€METbHUMHU
pecypcamu, 000B'SI3KOBO MMPOBOASTHCS 3€METbHI TOPTH TSI 3€METbHUX UISTHOK, K1 €
KOMYHaJIbHOIO a00 JIep:kaBHOIO BiacHICTIO. ['pomaasiau nmoBuHHI OyTH 1HPOpPMOBaHi
npo Mai0yTHI MpoAaXi TaKUX [IUISHOK B MepHry uepry. BiamoBimaibHICTH 3a
OTIPWJIIOHEHHS 11i€i iHQopMaIli HeCyTh BIAMOBIIHI OpPraHM BHKOHABYOi BJIaad Ta
MICIIEBOTO caMoBpsiyBaHHs. llell Kpok € BaXKJIMBUM JJIS PO3BUTKY 3€MEIBHUX
BITHOCHH 1 BUT1THUM JIUIS ACPKaBH, 00'€ JTHAHUX TEPUTOPIaIbHUX IPOMaJI Ta BIIACHUKIB
3eMeIbHUX AUISTHOK. [Ipoaxk AUISTHOK Yepe3 eIEKTPOHHUHN ayKIlIOH Ja€ MOXKJIUBICTh
OTpUMATH peajbHy PUHKOBY BapTiCTh 3eMJIi. 3eMesbHI peopMu Ta AeIeHTpaTi3allis,
B TOMY YHCJII PO3MOPSIHKEHHS 36MEIbHUMHU pecypcaMu 4epe3 eIeKTPOHH1 ayKIIOHH, €
BOKJIMBUMH aHTUKOPYIIIIHHUMH CKJIa0BUMH. [Ipo30opicTh mpogaxy IpaB Ha 3eMITIO
€ HEBII'€MHOI0 CKJIaJIOBOIO €(EKTUBHOIO YMPABIIHHA 3€MEJIbHUMH PECypCaMH.
BukopucTaHHsS KOHKYpPEHTHUX MPUHIUIIB MIPU peati3allii 3eMeJIbHUX yToJ J1a€ 3MOTY
nepeaaBaTH MPaBO BIACHOCTI Ha 3€MENbHY [IUISHKY MaKCHUMaJbHO BWTITHO, 3
JOTPUMAHHSIM MPUHIIUITIB 3aKOHHOCTI Ta TIPO30POCTi.

BucHoBku.

Punok 3emii € ogHUM 13 TIPIOPUTETHUX PUHKIB B YKpaiHi, OCKUIBKU 3eMJIS €
YHIKQJIbHUM TOBapOM, BiH TUIBKH MOYWHAE PO3BUBATHUCS, a MPHUHIIUIHN JIEPKABHOTO
peryJIlOBaHHS PHUHKY 3eMJII TOKJIWKaHI 3a0e3MeYuTH HOro CTajluii PO3BUTOK Ta
¢bynkuionyBanua. Illogo pe3ynbTaTiB mepmoro poky (yHKIIIOHYBaHHS PUHKY
3eMEeJIbHUX PECYPCIB B YKpPAiHi, BOHU € AyX€ YCHIIIHUMHU 1 BaXJIMBUMU. PUHOK 3emui
BHUBIB MaKCHUMaJIbHO 3 TiHI BCE, 110 MOXIIHMBO, 1 3eMelbHa pedopma mpairoe 0e3
Kopymniii. OJuH 13 BAXKJIMBUX BUCHOBKIB IIOJIATAE B TOMY, 10 YIPABIIIHHS 36MEJIbHUMHU
pecypcaMu MOTpeOy€e 3MiH BiJl JOMIHYBaHHS TEXHOJIOTIM BUKOPUCTAHHS 3€MJII Ta
JEep>KaBHOTO yIpPaBIiHHS IO AaKTUBHOI B3a€MOJli Ta MOTO/HKEHb MIXK Yycima
3aIliKaBICHUMH CTOPOHAMU. 3 BpaXyBaHHSIM BKIIUBOCTI €()EKTUBHOTO BUKOPHUCTAHHS
3eMellb JIJIsl CIIIbChKOTOCTIONAPChKUX MOTPeO, HEOOX1THO 3a3HAYUTH, 1110 JTOCB1J KpaiH
€C nemoHCTpye, IO 1€ MOXJIMBO 3aBJSKM MPAaBOBUM aKTaM Ta E€KOHOMIYHHUM
MeTojaM. BinbHUN PUHOK HE O3HA4Ya€ HEPEeryjJbOBAaHUW PUHOK, 1 TOMY Ba)KJIMBO
3a0€e3MeunTH HaJICKHE MTPABOBE PETYIIIOBAHHS 3€MEJIbHOTO PUHKY B YKpaiHi. 3 oTJisiy
Ha HEJIOCTaTHIO PO3pOOKY MPaBOBUX OCHOB 00iry 3emil B YKpaiHi, JOLIJIBHUM €
BpaxyBaTH €BPONEHCHKY MPAKTUKY MPABOBOTO PETYIIOBAHHS PUHKY 3€MEb.
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Anomayia. B pobomi pozensoaromvca meopemuuni OCHOBU BUSHAYEHHS 2e00e3UdHUMU
Memooamu npociOanHs Oy0ieeibHUX KOHCMPYKYIL 0epAHCABHO20 CReyianizo8anHo20 NiONPUEMCMEA
«HopHobunvcoka amomHa ereKmpoCmanyisy, a Maxkoxdc OOIPYHMOBYIOMbCA MemOOUYHI OCHOBU
8UOOPY 30HU Ol NPOBEOEHHs 2e00e3UdHUX CHOCMEPEdHCEeHb, HAOAEMbC OYIHKA  SAKOCMI
3eMIe6NOPAOHUX MepUmopiil i3 BUCBIMAEHHAM NUMAHbL NPAKMUYHOI PO3POOKU MOHIMOPUHSY
npocioanusn 6)0igenbHOI KOHCMPYKYIT HOB020 be3NeUH020 KOHDALMEHM) .

Kniouogi cnosa: zemneycmpiil, 2e00e3uyHi CHOCMEPENCEeHHsl, 3eMellbHa OLIHKA, 0eqhopmayiini
smiwenHs, 6)0iseIbHaA KOHCMPYKYIsL.

Berym.

Memoto Oocniodcenns € IPOBENCHHS T'€0JEC3UUHUX CIIOCTEPEKEHb MPOCIIaHHS
OymiBeIbHUX  KOHCTPYKIIM  JlepkaBHOro  CHEIialli30BaHOTO  MIANPUEMCTBA
«YopHOOUIIbChKA aTOMHa €JIEKTPOCTaHIis», Ha TMPHUKIAAl HOBOTO OE3MEYHOro
KOoH(palMeHTy 00’ekta «YKpUTTsS». BusHaueHHs pAedopMallifHUX 3MIIIEHb Ta
MPOCiJIaHb € JIOCUTh CIIPHUM IUTaHHSIM, 00 B JaHWW 4ac J0CI HEBHUpIIIEHI Oe3Jiy
MUTaHb 3E€MEJIbHOTO XapaKTepy, a 3 I0oYaTKy HNOBHOMACIITa0HOTO POCIACHKOro
BTOPTHEHHS, IIi TMTaHHS HAOYJIM MIMPOKOI TEOPETHUYHOI TOYKU 30py Ta MPAKTHIHOT
cpsiMOBaHOCTI. B mporieci iX BHpIIMIEHHS OCOOJMBO AaKTyaJIbHHUM € THUTAHHS
3a0e3neyeHHs] BUCOKOE()EKTHUBHOIO HAyKOBO-TEXHIYHOTO OOTPYHTYBaHHS NUTaHb
MOHITOPUHTY 32 BEPTUKAJIBHUMH 1 TOPU3OHTAIBHUMU 3MIMICHHS TAaKUX 1HKEHEPHUX
KOHCTPYKIIIA SIK HOBOTO O€3MeYHOro KoH(aiMeHTy 00’€kTa «YKpUTTA», 00 Iei
KOMILJIEKC 3HAXOJIUTHCA B JJOCUTh HEOE3MEYHOMY PErioHi Ta Ma€ Ha METI TPUMATH BCi
HeOe3MeyHl pajialiiiHi 4acTKM B CepeiuHi, 0e3 IIKOAW JUisl CyCHJIbCTBA Ta
HABKOJIMIITHBOTO cepeioBHINa. BupimeHHs skoro mepeadadae BITHOBICHHS SKOCTI
3eMEJIbHUX pecypciB, sKi OyiaM 3aldydeHi 10 Mpolecy Horo excruiyaramii Ta
BIIHOBJICHHSI iX CTaHy Juisl 30UIbIIEHHS TEpPMIHIB BUKOpUCTaHHA. IIpoBeneHHs
CHUCTEMaTUYHOTO MOHITOPUHTY Ha OCHOBI IH)K€HEPHO-T€0JIE3UYHHX CIIOCTEPEKEHD 32
NpoCilaHHAM OyAiBeIbHUX KOHCTPYKLIA Ha Jlep’KaBHOMY  cCIHellani30BaHOMY
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nianpueMcTBl «HOpHOOMIEChKA aTOMHA €IEKTPOCTAHIIIs, HAa TPUKIIA1 Oy 1iBEIbHOT
KOHCTPYKLII KOMIUIEKCY HOBOTO 0O€3MeYHOro KOH(pailMeHTy 00’€kTa «YKPHUTTI»,
MOJK€ 0JIpa3y 3HAXOJUTH MEBHI Jedopmaliii, TPIIMHHI Ta OCITAHHS CIIOPYAH sl TOTO,
00 SKHAWIIBU/IIE YCyBaTH iX Ta B MailOyTHROMY Ha Mepioj eKcIuTyartauii - 1Ie He
BUKJIMKAJI0 OOBaNiB, 3CYBIB Ta MPOCIAaHHS 3eMJi mia Horo ¢yHIaMEHTOM, Yepes
BEJIMKY Bary Ta poO3MIpH JaHOi KOHCTPYKIi, Ta B JaJeKOMy MailOyTHbOMY HeE
MIPU3BEJIO JI0 APYyTOi MacmTabHoi karacTpodu Ha mianpueMcTBi. bo sk Bigomo, 4um
mBuAIIe Oyia 3HaiiieHa mpoOsiemMa, TO THM MEHIIE BOHA MOTpeOye BUTpPAT CHIIH,
pecypciB Ta yacy JiJisi BUPIIIEHHS.

OCHOBHMH TEKCT.

[IpoOneMu TIpOBENEHHS 1HCTPYMEHTAJIBHOTO 1HXEHEPHO — Te0Ae3UYHOro
MOHITOPUHTY BHUCBITJIIOIOTHCSI B HAYKOBUX MpalsgX BITYM3HSHUX (PaxiBI[IB 30Kpema
Cwmoumis K., Bonmommuna I1., J[Bymita I1., BiBat A., Icaea O., bapana I1. Ta iHmmx.[2]

Tak, Cmomiit K. y crarTi «AHami3 Cy4acHHUX TIeOJIe3MYHUX Ta TC€OTEXHIYHUX
METO/IIB MOHITOPHUHTY 32 Je(QOopMaIlisIMU 1IHKEHEPHUX CIIOPYA» OIJIAJAE KIACHUYHI Ta
OUIBII Cy4acH1 METOAM JOCIIKeHHA AedopMaltiii.[3] A Takox, y BIIOMI myOsikamii
«MOHITOPUHT TE€OAMHAMIUYHUX TMpPOLECIB Yy IeHTpaibHiil wactuni JlbBoBa» Il.
Bonommna, HaBeeHO pe3yJbTaTH MPOBEAEHHS MOHITOPUHTY Aedopmariiii 3eMHOi
MOBEPXHI 3a JaHUMHU BHCOKOTOYHOTO HiBemoBaHHA. [4] Y  myOmikamisx
«Determination of plumb lines with using trigonometric levelling and GNSS
measurements» [5] Ta «A study of devices used for geometric parameter measurement
of engineering building construction» [6] HayKkoBIIB Ta JOCHIAHUKIB «JIbBIBCHKOT
MOJIITEXHIKM» OCHOBHY yBary OyJio MPUIIIEHO MIABUIIEHHIO TOYHOCTI BUMIPIOBAHHS
nedopMaiiiii 3a JAOMOMOTrOI0 EJIEKTPOHHUX Ta pPOOOTU30BAHUX TaXeoOMETpiB. A
BueHUMHU Kadeapu imwxkeHepHoi reoxae3li KHYBA B mnepioguuHoMy BUIaHHI —
«l"eone3nyHMil MOHITOPUHI — 3 JIOCBIJly BHUKOHAHHSI IN€0J€3UYHUX pOOIT Kadeapu
imxenepHoi reonesii KHYBAy» [7] posrisHyTo came BUAM METOJIB MOHITOPUHTY
TOPU30HTAJILHUX Ta BEPTHKAIbHHUX IEPEMIIICHb Ta iX BHUMIPIOBAHHA CYYaCHUMH
re0JIE3MYHUMH TIPHIaJiaMy. 3aCTOCYBAHHS OUTBII KJIACHYHUX METOIB MOHITOPHHTY
HaBeleHO B poOoTi «l'eofe3nyHl CIOCTEpeKeHHS 3a aedopmarlisiMd 00’ €kTa
«Yxputtsi» Ha YopHoOunbebkit AECy min kepiBaunrBom bapana I1.1. [8] Kopensiis
JTUCTAHIIMHUX JIaTYMKIB TPU TMPOBEJCHHI MOHITOPUHTY Ta BHUKOPHCTAaHHI
pOOOTU30BAaHUX TAaXEOMETPIB J03BOJISIE OTPUMYBATH 1HGOPMAIIIO IUCTAHIIHHO B
pexumi online, 1m0 po3risaae nojabcbkuii BueHuii Malesa A.M. B po0oTi «Monitoring
of civil engineering structures using Digital Image Correlation technique». [9]
Momnitopunrom nedopmaiiiii 3CyBHHX IPOIIECIB I'PYHTOBHUX MACHUBIB 3aliMarOThCs
TakoXX 1 3apyODKHI HaykoBIi, a came Devendra Kumar Yadav iHnpificekuii BueHUM
ctatTi «A Critical Review on Slope Monitoring Systems with a Vision of Unifying
WSN and IoT» [10], ne BukOHaHHS POOOTH T€OJC3MYHUMHU IPHUIaJaMHU JIOTIOBHIOE
po0oTa iHKIIIHOMETpa, 3a HOT0 JOCTI/PKCHHSIM Taka KOMOIHAIiS Ja€ 3HAYHO OLIbIIe
iHpopMmarii. Ha pepkaBHOMY creriaii3oBaHOMY MiINPHEMCTBI «YOpHOOMIbCHKA
aTOMHA €JIEKTPOCTAHIIISH, JJOCIIIIKEHHS MPOBOIUITUCS 0€3M0CcepeIHBO MPAIliIBHUKAMH,
II€ /10 3BEJCHHSA HOBOTO 0€3MeYHOro KOoH(alMeHTy, AJis MPOBENEHHS Ie0/Ie3UIHUX
poOIT Ta BBEACHHSA B EKCIUIyaTallilo 00’€kTa «YKPUTTS» HaJl YETBEPTUM OJIOKOM Y
2006 poui, siKi Jarau B ocHOBY «KoHuenTyanbHUX 3aca]l oprasizauii 1HXEHEpHO-
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reo/Ie3UYHUX poOIT mnpu OYIIBHUITBI Ta eKCIUTyartaiii HOBOro O€3MeYyHOro
koH(aiimenTy 00’exta “Ykputrrs® UAEC» bapan, I1.1. ; Cymko, B.I'. ; YopHOKiHb,
B.A., [11, 78-79 c.] B maHiii cTaTTi HaBEJAEHO TEOPETUYHI TOCIHIJKEHHS MOXHUOOK
(hOpMOYTBOPEHHSI METaJIeBOT KPYroBOi apKu HOBOTO OE3MEeYHOTO KOH(aNMEHTy Haj
o0’extoM «Ykpurtss» UAEC, a Takoxx HpoBEACHHsS TOCHIIKEHHS Ta BU3HAUYEHHS
METOJIIB BpaxyBaHHA TeMIepaTrypHoi naedopmarii apku, aHamdi3 MOXHUOOK
BUTOTOBJICHHSI Ta 30MpaHHs OJIOKIB 1 CEKIIN apKu B €IMHY OyMiBEIbHY KOHCTPYKIIITO,
PO3paxyHOK JOMYCTUMHUX MOXUOOK JJisi T€0I€3UYHOTO KOHTPOJIIO 30MpaHHsl YaCTUH
apku, HeoOX1JHa BEJIMYMHA TOYHOCTI JJI TTOOYI0BH T'OJIOBHOI TIJIAHOBOI Ta BUCOTHOT
reo/JIe3UYHOI  MEpeXi Ta OCOOMCTI TPOMO3UIlli JOCHITHUKIB 3  oOpraHizaiii
CIIOCTEPEKEHB 3a IeopMaIlisiMi CIIOPYIH.

Hoesuii 6e3neunuii kongatimenm — e 6aratoQyHKIIOHATBHUN KOMIUIEKC IS
MepeTBOPIOBaHHs 00’ ekTa "YKPUTTA" B €KOJOTTYHO O€3MeYHy CUCTEMY (PUCYHOK 1).

PucyHnok 1 - 3arajibHuil BUTJISAA KOMILIEKCY HOBOTO 6e3neqH0ro KOH(paiiMeHTy
Yopuoouabebkoi AEC
IDicepeno: [1]

PoGoTu 3 OyniBHUIITBA TaHOTO 00’€kTa Oyynu posnoyati B xkoBTHI 2007 poky, a
Bke B jucronazai 2017 poxy 3akiH4eH1 1 HOBUI Oe3neuHnii KOH(palMEeHT BBEJICHU B
JOCIITHO-TIPOMUCIIOBY €KCILTyaTalilo crnoctepexxyBaibHoro nyHkry NOVARKA.
Lleti OymiBenbHUN KOMILIEKC CKIAAA€Thes 3 19 miaACTpyKTyp, BKIIOYAIOUYH OCHOBHY:
3aXHCHA CIIOPYJla y BUTJISIII apKH 13 CHEMIabHOI TMOJIBITHOIO OOIIMBKOIO, a TAaKOXK
0c00JIMBI1 PyHIAMEHTH, 3aX1IHY 1 CX1AHY TOPLIEB1 CTIHU, HECTaHJApTHI MOCTOBI KpaHH,
0araro(yHKIIIOHAFHY CHUCTEMY BEHTHJIALII, TEXHOJOTTYHUN KOMIUIEKC 3 JIISTHKAMH
Je3aKkTuBallii, (parMeHTalii 1 ymakoBKM paJlOaKTHBHHUX MaTepiaiiB, CaHIUIIO3M,
MaNCTEepHI, PE3EpPBHE EJIEKTPOKUBIIEHHS, CHUCTEMH MPOTUIOKEKHOIO 3aXUCTY,
BOJIOOYMCHI CHOPYJHU, pajlalifHUM KOHTPOJIb, CUCTEMY CEHCMIYHOTO KOHTPOJIIO 1
KOHTPOJIb CTaHy OyaiBeIbHUX KOHCTPYKIINA, CUCTEMY 3B'A3KYy 1 MPOMHUCIOBOTO
TenebayeHHs, 3aco00r MOOUIBHOTO 3B’ SI3KY Ta 1HIIY IHTETPOBAHY CUCTEMY YIPaBIIIHHS
Ta 1HIII JIOMTOMIDKHI CUCTEMH 1 TEXHOJIOTT1YH1 MPUMIIICHHS.
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ITin TepmiHoMm nedopmaliis MarOTh Ha yBa3i 3MiHEHHS (OpMHU 00'€KTa, 3a SIKUM
BEJYThCA CIIOCTEPE)KECHHA. Y MPAKTHULIl 1HKEHEPIB-T€0Ie3UCTIB IPUUHATO PO3IIIAIATH
nedopmarito K 3MiHY TIOJIOKEHB 00'€KTa 010 HOTO MOYaTKOBOTO 3HAYCHHS.

Hepopmayii insceneprux cnopyo. [lpuarHn BUHUKHEHHS Medopmaliiii yacriiie
MOJUISIOTH 32 TOXO/KEHHAM Ha JedopMallii IpUPOIHOTO MOXOIHKEHHS 1 B pe3yJIbTaTi
JOACHKOI MismbHOCTI. Jlegopmaliiss — e cnoTBOpeHHs abo 3MiHU (OPMHU 1 PO3MIPIB
00’€KTy TiJ JI€I0 30BHINIHIX BIUIMBIB. SIKIIO 00’€KT MOCIIKCHHS 3a3HAE TEBHUX
3CYBHUX pPyXiB, TO BIJMOBIJIHO TOJOBHI KOHTYPH 3MIHIOIOTH CBO€E IIOJIOKECHHS B
MPOCTOPi, a BIAMOBIIHO 3MIHIOIOTHCS Horo koopauHatu. [dedopmaiiiitai mporecu
3a3BUYall MPOSBISIOTHCS - BIAXWICHHSM B1Jl BEpTHKAJI (3MiHA TUIAHOBOTO MOJIOKEHHS
— HaXWJ, IEPEMIIIEHHS) Ta BIAXUIEHHS MIOMIMHY MO TOPU30HTaJl (3MiHA BUCOTHOTO
MOJIOKEHHS, BEPTUKAIbHI MEpPEMIIIEHHS — OCIIaHHs, NiaidoM, mporuH). Jlns
BUSIBJICHHS TOPH30HTAIBHUX TIEPEMIIICHDb 1HKCHEPHUX CTIOPYI BU3HAYAIOThH TUTAHOBI
KOOpJIUHATHU IePOopMaIliifHIX MapOK Ta MOPIBHIOIOTH iX 3 KOOPJAMHATAMH B HYJIbOBOMY
IIUKJII BUMIPIOBAHHS, TOJI PI3HUIIA KOOPJAWHAT il Oy/ae MepeMileHHsIM. A BXe IS
TOT0, MO0 BHUSBHUTH BIIXWJIEHHS IO BEPTHUKAIl MPOBOASATH BHMIPIOBAHHS BiJIMITOK
0CaJIOBUX MapoOK Ta BIJMOBIAHO 3PIBHIOIOTH 3 HYJBOBHUM IIMKIIOM, PI3HHIIS JaHUX
BBA)KAETHCS BEPTUKATHHUM TIEPEMIIIICHHSIM.

Hechopmayii tpynmoeux macueie. [ pyHTOBHUI MaCHB — LI€ TEPUTOPIA 31 CKIaIHUMU
dbopmamu penbedy, AKi MOKYTh MIJAABATUCS TIEBHUM PYHHYBaHHAM Ta oOBajiaM Mij
JIIE€I0 TpaBITALIMHUX CHJI, TIAPOJUHAMIYHOTO THUCKY, NOJATKOBUX MNPUPOJHUX ab0
TEXHOT€HHUX HABaHTaXEHb (CEUCMIYHUX, HABAHTAXKEHb CXWIy (3a0yJoBa, sika Tam
3HAXOAMUTHCS) TOIIO). MOHITOpUHIOM Aedopmalliii I'pyHTOBUX MAacHBIB Ha3UBaIOTh
KOMIUIEKC 1HCTPYMEHTAIbHUX CIIOCTEPEKEHD 3 METOIO BUSBIICHHS 3CYBHHUX IPOIIECIB.
Momitopunr nedopmaiiiii 3a1HCHIOIOTh KJIACUYHUMH CIOcoO0aMu (HIBEJIFOBAHHSIM,
JHIMHO-KYTOBUM BHUMIPIOBAHHSIM) Ta CydyacHUMH (J1a3epHuUM ckanyBaHHsSM, GNSS -
MOHITOPUHT, POOOTHU30BAHMMH TaxEOMETpaMM, JaTYMKaMU HaXWiy TOIIO) Ta
IHCTPYMEHTAJILHUMH  1H)KEHEPHO-T€OJIC3UYHUMU  METOJaMH 3  BUKOPUCTAHHAM
nedopMaliitHux Mapok (aHAJIOTIYHO IHXKEHEPHUM cropyjaM), abo 3a J0IMOMOTo0
IHKTIHOMETpii. SIKIII0 TOBOPHUTH, 3a aKTYaJlbHICTh MOHITOPHUHTY 3CYBHHUX IPOIIECIB
I'PYHTOBUX MAaCHBIB, TO BOHA OOTPYHTOBY€ETHCS 30€PEIKEHHSIM Ta 3aXUCTOM TEPUTOPI
BiJl Ha/I3BUYAHUX CUTYaIliil.[2]

['eoge3nyHOMy MOHITOPHHTY, MIiAJSATalOTh OCHOBH CHOPY[O, (yHAaMEHTH,
KOHCTPYKINi Oy/iBenb a00 iX YacTWUH, OO0 €KTH HOBOrO OYyJIBHMIITBA, 1HXKEHEPHI
MEpeXi, MiJ3eMH1 CIIOPYIH, CIIOPYAN 1HXXEHEPHOTO 3aXUCTy TEPUTOPIH, TEpUTOPIi Ta
00’ekTH  1HQPACTPYKTYypH, WO 11X OTOUylOTh. [l BUCOTHUX OYyJAMHKIB,
€KCIIEPUMEHTAJIbHUX Ta CKJIAJHUX CIIOPYJ MOHITOPUHT BXOJUTH JI0 POOIT 3 HAYKOBO-
TEXHIYHUM CYIPOBOJIOM 1 € CKJIaJIOBOIO YACTUHOK) OCHOBHOTO MOHITOPUHTY 00’ €KTY
OyniBHHMITBA. ['€0Me3MYHNNT MOHITOPHHT BUKOHYETHCS TCOJC3MYHHMH METOIAMHM
(pucyHok 2) Ta mpuiagamu, ab0 aBTOMaTU30BaHUMU I'€OJIC3UYHUMHU KOMIUIEKCaMHU.
[IpoexT Ta mporpamy i T€OJAE3UYHOTO MOHITOPUHTY PO3POOIIIOIOTH BIATIOBIIHO 110
WOr0 TEXHIYHOIO 3aBIaHHS.

CkJjaza TeoIe3NYHUX poOIT MPU BUMIPIOBaHHI 3CyBiB, OCiiaHb 1 aedopMalliid, To
BiH Ma€ HACTYIHUM BUIIISLA (PUCYHOK 3).
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ABTOMaTMU30BaHi
reofe3nyHi KOMMIeKcK

MeTopa nasepHoro
CKaHyBaHHSA

NiHiAHO-KyTOBMIA
metoq,

Metoon
HiBenioBaHHs reoaesnyHoro GNSS - MOHITOPUWHT
MOHITOPUHIY

feoge3nyHumn
OHiTOpUHI aedopmaLin

CrepeodoTorpammeTpis

Pucynok 2 - I'padiuna Moesib MeTOIB reo1e3M4HOT0 MOHITOPUHTY
Aemopcovka po3pobdka

7. BUMiptoBaHHA BENWY-

Sy

Cknag reoge3nyHmx
po6iT Npwr
BUMIipIOBaHHI 3cyBiB,
ocipaHsb i pedopmauiin

MH rOPM30HTaNbHUX i

BEPTUKANBbHUX 3MILLEHD,
BENeYMH KpeHy i NepeH -
ocy cnopyAau, BUSBNeHHs

TpiwmH Ta ix posmipie.

\

1. BuBip meTonis Ta
BU3HAYEHHA

4acoBMX Nepiofis
BMMIipIOBaHHA 3CYBIB,
ocigaHb i pedopmauin

\)

2. MpoeKTyBaHHS cXeMu
MOHITOPWHIY Ta
nporpamMmuK 3aCToCyBaHHA
NNaHOBUX i BUCOTHMX
OMOPHUX MEPEeXK

N T

3. BukopucTtaHHA 4, Bn6ip nepiogiB Ta
BUMIiploBanbHOl Mepexi MeTofie nepeBipkK
Ta po3po6neHHs NONoXeHHsA 3HaKiB
KOHCTPYKUIi oNopHOI Mepexi
reofesmyHMUX 3HakKis

6. NMpoBeneHHA cepii
BHUMiplOBaHb ANs
CTBOPEHHA ONopHOi
Mepexi (Tpianrynauia,
noniroHoMeTpinA, reome -
FpUyHe HiBenwBaHHA)

5. 3aknageHHs
reofe3mnyHmMx 3Hakie

4

Pucynok 3 - I'padgiuna Moaesab CKJIaay reoe3u4Hux pooit

Aemopcwvka pospodka

OO'ekTamMu )11 KOHTPOJIIO, CIIOCTEPEkKEHb 1 TEXHIYHOTO OOCIyroByBaHHS
OyiBeIbHUX KOHCTPYKIIIH HOBOTO 0€3meYHOro KoH(palMeHTy €:

byHIaMEHTH CEepBICHOT 30HU B IEPIOJ] CTAI[IOHAPHOTO IMOJOXKEHHS ApPKUA Ha
NOCTIMHUX onopax A (pepM-apok;

HeCy4l KOHCTPYKIIii ApKH;

3axiJHa 1 CX1/IHa TOpIIeBa CTIHU APKH;

OTOPODKYBaJIbHI KOHCTPYKIIi ApKH (30BHIIIHI, BHYTPIITHI OOMIUBKU APKH 1
3ax1JTHOT 1 CX1JTHOT TOPIIEBUX CTiH);

texHosoriunoi Ooynaieni (TEB), Oyaisni enexrporexuiyaux mpuctpois (BEII),
nuiro3a  Jgoctyna noxkexHux migpo3aime  (IIIAIIIT), nwacocHoi craniii
npotumnoxexsoro Bogonoctadands (HCIIB) ta 3ami300eToHHI TOPIIEB] CTIHU
Apku.
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KoHTposib  MJIaHOBO-BUCOTHOTO  TOJIOKEHHS  MIBHIYHOTO 1  MIBAEHHOTO
(GbyHIaMEHTIB CEpBICHOI 30HM HOBOrO0 O€3MEYHOT0 KOH(aWMEHTYy BHUKOHYETHCS
IIISIXOM  CMIOCTEPEKEHHS 33 KOHTPONBHUMU MapKaMmH, K1 BCTaHOBIIIOIOTHCS Ha
KOHCTPYKUIAX 30BHIIIHBOT CTIHU ranepel malepHHx onop (I'lLIO), sixi cniuparoThes
Oe3mocepelHbO Ha POCTBEPKM 1 TMOB'SI3aHI 3 HHUMHM KOHCTPYKTHBHO. Mapku
BCTAHOBIIIOIOTH 3 KPOKOM O1M3bKO 20 M., P LIBOMY BPaxOBY€THCS PO3TALyBaHHS
TEMIEPAaTypHUX IIBIB. B I1[bOMy BHMAAKy YCTaHOBKAa KOHTPOJBHUX MapoK
BUKOHYEThCS MO 00MaABa OOKU BiJ HHOTrO. Behoro mependadaeTbcs BCTAHOBUTH 25
KOHTPOJIbHUX Mapok: 12 mapok Ha niBHIYHOMY (yHaameHTi (Mapku N 10 - N 21) 113
KOHTPOJIbHUX MApOK Ha MiBJACHHOMY QyHIaMeHnTi Apku (Mapku S 510 - S 522). Takum
YUHOM, ISl TE€OJIE3UYHUX CIIOCTEPEXKEHb 3a OCIAaHHAMU 1 AedopmarliisiMu OyaiBensb i
CHOPYXKEHb HOBOT'0O O€3MeYHOT0 KOH(PaiMEHTy BCTAHOBJIEHO 85 KOHTPOJIBHUX MApOK,
y TOMy 4ucli 25 mnpu3M-BiiOMBauiB. BHUCOTHE MOJOXKEHHS OCIJAIbHUX MapoK
BU3HAYAETHCS HiBeMIOBaHHIM I po3psny (pucyHok 4).

Fragment A [variant 1]

¥ A ¢
Zﬁ AJ_ ®pazrenm A (Bapuawm 1) _Lgfrrd

=
L
f

Pucynok 4 - Koncrpykuis ocizaabHoi fedopmaniiiHol MapKku
IDicepeno: [12]

Jis  Teo/le3uYHOr0 KOHTPOJIIO IUIAHOBO-BUCOTHOTO IOJIOKEHHS HECYYHX
KOHCTPYKLIA ApKH 31 CXIHOI 1 3aX1JHOI CTOPIH 30BHIIIHIX YAaCTHH MOKPIBII ApPKH
BCTAHOBITIOIOTKCS BijOMBaro4i mpusMu B Toukax 7, 10, 17, 18, 26, 29 apok Ay 1 Ny
(Bcroro 12 mIT., 1O MIICTH - 3 KOKHOIT TOPIIEBOi CTOPOHU APKH).

[171aHOBO-BUCOTHE TOJIOKEHHS MPU3M BHU3HAYAETHCS  JIIHIKHO-KYTOBUMU
3aciykaMHd 3 IMYHKTIB T€O0JIE3MYHOI MEpeki HOBOro O€3MeYHOro KOoH(paWMEHTY
BHCOKOTOYHHM €JICKTPOHHUM TaXEOMETPOM, CXE€Ma YCTAaHOBKHU (PUCYHOK 5).

[IpoBeneHHST MOHITOPUHTY TIPOCiMaHHS OYJIBEIBHUX KOHCTPYKLIM Oyiu
IpeACTaBJIeH]l JaHl 32 YOTUPH ITUKIIU, TIEPIINM 3 IKUX OyB BUMIpssHUH B cepriHi 2018
(BIH BBaXKa€ThCS MOYATKOBUM), Ta BCl 1HII BUMIPSHHI MOYMHa0uM 3 rpyaHs 2021
poOKy, 3akiHuytoun juctomagoMm 2022 poky. Ilin yac BUKOHaHHS KOXXHOTO IHUKITY
3IMCHIOIOTh BCl JIIHIMHO-KYTOBI BHUMIPIOBAHHS MO BHU3HAYEHHIO IPOCTOPOBOIO
MOJIOKEHHS! KOHTPOJIBHUX MAPOK 32 IMPOrpamMoro TyHeNnbHOI Tpianryiamii [I-T pospsiay.
[Ipu 11pOMy MMOJIOBHMHA MPHUIIOMIB CHOCTEPEKEHb BUKOHYETHCSI B PaHKOBI TOAMHHU, A
JpyTa MoJOBUHA MPUHOMIB — y BeUIpHi roOAMHNA. BUMIprOBaHHS TOPU30HTAIBLHUX KYTIB
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IPOBOJUTHCA CHOCOOOM KpPYroBUX IpHUiiOMIB. BHCOTHE IMONOXKEHHS KOHTPOJIBHHUX
MapoK 3aKJaJeHuX B OyAIBISIX HOBOr0 O€3Me4YHOro KoH(palMEHTy BHU3HA4YCHE
reoMeTpuyHuM HiBemoBaHHAM Il kiacy. Ilpu npoMy mpsiMuii XiJ MPOBOIUTHCS Y
nepiii MoJIOBUHI JTHS, @ 3BOPOTHUM — Y IpyTiil. HiBearoBaHHS KOHTPOJIBHUX OCaI0BUX
MapoK BUKOHYETHCS 3a MPOrpaMolo reoMeTpuyHoro HiBemoBaHHs II-ro kiacy. V pasi
HEJOMYCTUMUX BIIXWJIEHb MJIAHOBUX a00 BUCOTHHX KOOPJIMHAT MAapOK MOPIBHSHO 3
MOMEpPEAHIMU  [IUKJIAMH TPOBOJUTHCS CEpisl TMOBTOPHUX CIOCTEPEKEHb  JUIf
MIATBEPAKEHHS 200 CIIPOCTYBAaHHS OTPUMAHUX pe3ybTaTiB. Takox, OJJHY 3 TOJOBHUX
poJiell BiJIIrpa€e BUMIPIOBAHHS TeMIEpaTypH MijJ 4aCc BUKOHAHHS CIOCTEPEkKEHb, 1€
BUKOHYIOTh [IJI1 BUKJIIOUEHHS TMEPIOJMYHOI CKJIQJOBOI 1 HaWOUIbII KOPEKTHOTO
BUJIIJIEHHSI TEMIIEPAaTypHOi CKJIaJoBOI B JedopmaiiiHiid JuHaMilll KOHTPOJIbHUX
MapoK, JI€ JUIsl YCIX MapOK MMOBUHHI Oy1yBaTHUCS YOTUPU MateMaTtuyHi Mojeni. KoxHa
3 MoJiesiel onucye aedopMalliifHi €BOJIIOLIT JaHOT KOHTPOJIbHOT Mapku "MpuOInu3HO" B
OJIHUX 1 TUX CaMHUX TeMIIepaTypHUX yMoBax. [12]

npu3mMu

PucyHnok 5 - Cxema ycTaHOBKHM IPU3M-BiIOMBa4iB HA KOHCTPYKUII HOBOI'O
0e3mevHOro KOH(GaiMEHTy Ta NIPUHIUN BU3HAYECHHS IIJIAHOBO-BHCOTHOI'O
MOJIOKEHHS MPU3M

IDicepeno: [12]

TobTo MaremaTU4H1 MOJENI JJIsi OMKUCY MOBEAIHKH Jedopmariiii KOHTPOJIbHUX
MapoK OYIYyOThCS BIAMOBITHO 1O MEPIOAMYHOCTI iX TE€OJE3MUYHUX CIOCTEPEIKECHb.
Takuit miaxig 103BOJIIE COPOCTUTH KPUBI allPOKCUMYIOUl €KCIIEPUMEHTANbHI JaHi.
MOHITOpPUHT 32 JUHAMIKOIO 3MiHU BEPTHUKAIbHUX MEPEMIIIEHb KOHTPOJIBHUX MapoK
MDK TphOMa IHMKJIAMH JIOCTI/PKEHb BCTAHOBJIICHMX Ha OYy/iBIiI HACOCHOI CTaHIIii
noxexxnoro BogonpoBony (HCIIB), Oymisni enextpuunux mpuctpoiB (BEY) Ta
texHosoriunoi oynaieni (TE3) (pucynku 6,7,8).

3a panuMu rpadikaMd JUHAMIKH BEPTUKAIBHUX IEPEMIIIEHb KOHTPOJIbHUX
MapoK Ha PpI3HUX YacTMHAX OyIIBEJIbHOT KOHCTPYKII HOBOTO OE3MEYHOr0
KOH(alMeHTy, MO)KHa MOOAYUTH, 1110 BCl BOHU MaIOTh XOU 1 HE3HAYHi, ajge Pi3HOro
BUJIy Ta CKJIaAHOCTI jaedopmarllii, 10 TOBOPHUTH PO MPOCIIaHHS ACSIKUX YaCTHH
Oy1iBeIbHOT KOHCTPYKIII1, ajie sIK1 3HaXOAAThCA Y MEKaxX BCTAHOBJICHOT HOPMH.

ISSN 2663-5712 55 www.sworldjournal.com



Loy

e
SWorldJournal Issue 19 / Part 1 }K%\j
15
1
. \
0 —
11.2022-09:2022 1172022°12:2021 11.2022-08.2018
-0,5
-1
1.5
-2
-2,5
=@=Napga 1 Mapxka 2 Mapxka 3 Mapka 4

PucyHnok 6 - /lunamika BepTUKAJILHUX NepeMillleHb KOHTPOJIbHUX MAPOK MiK

HUKJIaMHU BcTaHOBJIeHnX Ha Oyxisai HCIIB
Asmopcovka po3pobka

0 \ =@=—=Mapka 5

11.2022-09.2022 11.2022-12.2021 11.2022-08.2022 Mapka 6

Mapka 7

-0.5 Mapka 8
-1
-1,5

PucyHok 7 - /luHaMika BepTHKAJIbHUX NepeMillleHb KOHTPOJIbHUX MapPOK MixK
HUKJIAMHU BCTAHOBJIeHUX Ha OyniBii 3EY

AemopCbKa p03p061<a

15
——Mapxka 12
1 Mapka 13
05 Mapka 14
Mapgka 15
0 —#—Mapka 16
11.2022 11.2022-08.2022 —&—Mapga 17
0.5 . :\ —+—=Mapxka 18
1 —=—Mapxka 19
/ e == Mapka 20
-1,5 —4—Mapka 21
== Mapxka 22
2 =d—Mapga 23
2,5 == Mapxka 24
Mapxka 29

-3

PucyHnok 8 - /Ilunamika BepTUKAJILHUX MepeMillleHb KOHTPOJbHUX MAPOK MiK

HHMKJIAMH1 BCTAaHOBJIeHUX Ha OyaiBai TE3
Asmopcobka po3pobka

ISSN 2663-5712 56 www.sworldjournal.com



32.
’4‘

SWorldJournal Issue 19 / Part 1 Qp

BucHoBkwm.

BusHaueHo mpUYMHU BHUHUKHEHHA JIe(opMaliifHUX 3MilIeHb Ta MPOCIJaHHS
OyZiBeIbHOI KOHCTPYKIIII HOBOTO 0€3MeYHOT0 KOH(paMEHTy 00’ €KTa « YKPUTTA», SIKI
MOJIATAIOTh B TOMY, IO JIaHa KOHCTPYKIIiSl Ma€ BEJIMKY Macy Ta 00’eM, a i pyHaamMeHT
3HAaXOJUTHCS Ha TaK 3BAaHOMY IUJIaByuyOMY IPYHTI — MeEpreni, sIKUH CKIIaJaeThbCs
MEePEBAXHO 3 TJIMHM Ta BaMHAKY, TOMY BIH HE IyX€ MIIXOIUTH MJIsS 3BEICHHS
rabapuTHUX crnopyn, 00 HE Mae JIOCTaTHHOI MIITHOCTI, 100 BUTPUMATH BETUKI
HAaBaHTA)XCHHSA Ta HE € CTIMKUM a0 Boau. [IpoaHanizoBaHO METOAU TEOAE3UIHOTO
MOHITOPUHIY, SIKI JOMOMAaratoTh BHUSIBUTH NPUYMHU TMpociaHb Ta Jedopmariii.
Haii61b1m TouH1 3 SKUX — HIBEIIOBAHHS, aBTOMAaTH30BaH1 I'e0JIE3UYH]1 KOMIUIEKCH Ta
JiHIMHO-KYTOBUH MeToJI. Came 111 MEeTOAM HAJal0Th MOXJIMBICTh BUSHAYUTH TOYHICTh
Ta CTIAKICTh OYJIBEJIbHMX KOHCTPYKLIA Ta 3a0e3neyuTH Oe3MeYHICTh  iX
BUKOpHCTaHHA. ONUCaHO TIOJOXKEHHS Ta KIUIBKICTh TEOAC3MYHHUX MAapoK, IO
KOHTPOJIIOIOThCS HAa KOHCTPYKIT Apku 00’ekTa «YKPHUTTS», SKI po3TalioBaHl Ha
dbynnamenTi texuosoriunoi Oyaiemai (TEB), OymiBimi enekTpOTeXHIYHUX MPHUCTPOIB
(BEIT), mumo3a goctyma mnokexxHux migpo3ainis  (LLIJIIIIT), wacocHoi cranmii
npotumnoxexsoro Bogonoctayands (HCIIB) ta 3axiiHuX 1 CX1AHUX TOPIIEBUX CTIHKAX
Apku y KUIBKOCTI 85 oauHuI, 25 3 sSkuX e npu3Mmu-BiaOusaui. [IpoBeneHo
MOHITOPUHT 3a TPOCIIAaHHAM Ta jaedopMaiisiMid OyAiBeIbHOT KOHCTPYKII ApKH
HOBOTO 0Oe€3meyHoro KoH(palWMEHTy, 3a SKUM MOXHA BHU3HAUYUTH JUHAMIKY
nedopmalliiHux 3MilleHb Ta Hpociianb B nepion 3 cepnHs 2018 poky (mouyaTok
MPOBEJCHHSI TEOJE3UYHUX CIOCTEPEKEeHb) Ta J0 Jucronaga 2022 (KiHElb
IIPOBENICHHS), 3a SKUM JaHUM 00 €KT Mailke He 3a3Ha€ 3HayHuX JedopmariiiHux
3MillleHb a00 MpociAaHb KOHCTPYKII (BOHM 3HAXOASTHCS B MEXaxX JOMYCTUMOI
HOPMH).
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Anomayia. Y oaniti cmammi po3ensHymo 0CHOGHI emanu CMAHOGIeHH Ma MEOPY020 ULIAXY
Himeyvko2o apximekmopa Ianca Illapyna, AcKpagoeo npeoCmasHuKa OpeaHidHO20 HANPAMKY 6
apximexmypi. B oocnidoicenni akyenmysanms yeazu 30cepeoxcene Ha 0coOIUBOCMAX NPOEKMYBAHHS
Gopmu 11020 apximekmypHux 06’€Kmis, 6UAGIEHO MA NPOAHANI308AHO NPUHYUNU, SKUX 6IH
00mMpUMY8ABCsL NPU Op2aHizayii eHYMpiuHb020 npocmopy 6yodigenv i cnopyod. Takooic HasedeHo
NPUKIAOU ma OXapaKxmepuzo8aHo OesKi HAUGUIHAYHIWI 00 €KMU, NPOEKMYBAHHAM SKUX 3AUMABCS
mumeysv: «byounox 0nsa xonocmskie», bepiaincoka ¢hinapmonis ma nnamyéanHs noceneHHs
«Cimencuumaomy. Po3Kkpumo noHAmMms «CepeouHHo20 RPOCMOpPY» - RPUNIOMY, U0 BUKOPUCTIOBYE Y
enacnux npoekmax Ianc lapyn. Y3aeanvneHo ma 3pobneHo GUCHOBKU NPO pe3yabmamu U020
MBOPUO2O WTISXY.

Kniouoegi cnosa: I'anc Llapyn, npocmip, hopma, opeaniuna apximekmypa

«IIpocTip cTBOPIOETHCH JHOIMHOIO, SIKA
B HbOMY IPOKUBAE | HAITOBHIOE 3MiCTOM))
Tanc lapyn

Beryn.

bepurapn I'anc ['enpi [lapyn - 6e3 nepeOiinbleHHs] HAHCBOEPIAHIIINN 1 OJTUH 13
HaiBigomimux 3044nx HiMequnnu. Came y TBOPYOCTI LIBOTO apXiTEKTOpa HAHOUIbII
SICKPaBO BUIHO OCOOJMBOCTI OPTaHIYHOTO HANIPSIMKY apXiTEKTypH HOTO O0aThKIBITUHHU.
Bin TBOpUB, MpoeKTyIOUM 00’€KTH Ha BICTP1 HOBITHBOI apXITEKTYpHOI Tedii, sSika HE
TUIBKM TIpUBEpTaja yBary CBITOBOI mpecu, ajne 1 Oyna OAHI€E0 3 HaHOUIbII
cynepeuauBux. Sk 6u Tam He OyJo, TBopuicTh [llapyHa mBuaKo 37100y1a MIXKHapOIHY
3aIliKaBJICHICTh, 3HAMIIIA CBOTX MOCIIAOBHUKIB 1 KPUTHKIB [1].

OCHOBHM TEKCT.

@opMi crnorisgaHHs |y TBOpyocTi apxitektopa ['anca Illapyna 3aBxau
B1/IBOJMIIAcs nepuioyeprosa poib. 3 1919 poky micns BeTyny B rypTok «CKISIHHMA
JIAHITIOT M7 KepiBHULTBOM bpyHo TayTa BiH mOYMHAE paHHE €KCIIEPUMEHTYBaHHS 3
dbopmamMu pi3HUX OYJIBEIL 1 CTBOPIOE iX (pAaHTACTUYHI 3aMajbOBKHU. TOJ1 Ha HHOTO
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CHPABJISIIOTh ICTOTHUI BIUIMB pPOOOTH aMEPUKAHCHKOTO XyAoKHUKa JlalloHena
daifHiHrepa, KU MalIOBaB apXITEKTYpPHI «IPO30pi» Mei3axi, 10 MICTUIU B coO1
CKJIQJH1 HE3aMKHYT1 MPOCTOPH.

B cepenauni 1920-x pokiB 3 MOJIMIIEHHSM COIIATbHOI Ta €KOHOMIYHOI CUTYaIlii
XBWJISL €KCIIPECIOHI3MY PI3KO iJle Ha Chaj, MOCTYHNalo4hcCh MICLHEM HOBOMY PYXY
TBOPYOCTI MiJ] Ha3BOW patioHanizM. Y 1eil yac ['anc lllapyH, mOKMHYBIIM T'ypTOK
«CKIsHUI JNaHLIor», BCTyMae A0 HOBoro toBapucTBa «Kinblie», opraHizoBaHOro
apxitektopom ['yro Xapinrom. Teopis «HOBOi OyniBii», cTBOpeHa XapiHIOM,
HaguxHyna [llapyHa Ha HOBUI apXITEKTYpHUW HAINPSAMOK, SKUH MOBHICTIO B1IXOJUB
Bl c(hopMOBaHUX paHIIIE CXEM 1 CTaB TIPYHTYBaTUCS Ha YHIKaJIbHOCTI W
(hYHKIIIOHATBLHOCTI, @ TAKOK Ha 3B’A3KY 3 HAPOIHOIO apXiTeKTyporo [1].

[apyn 1 XapiHr pa3oMm BIPOBAJAWIIM HOBY TEOPIIO apXITEKTypH, fKa MparHysia
KUHYTH BUKJIMK TaHIBHUM (QOpMaJbHUM METOJAMKAM MPOEKTYBaHHS (QopM, SKi
OCHOBYBAJIMCS HAa €CTETUYHUX, CTUITICTUYHHX 1 IPOTIOPIIIHHUX KaHOHAX.

VY mnousaTTs «hopmay MOYMHAE BXOJUTH ii 3B’A30K 3 Ji€l0, 3 MpoIlecamu, SKi
MOBUHHI BiI0yBaTHCs B AaH1i (popMi Ha MPUKIIAlI OPTaHIYHOTO CBITY (THI3/IO NTaXiB,
HOpa TBapHH TO1110). ['yro XapiHr BBa)kaB, 1110 CTBOPEHHS HOBOI apXITEKTYpH Ma€ OyTH
1o30aBJIeHE X0JI0JHOI PO3CYIMBOCTI, IPUBHECEHOI FT€OMETPUYHUMHU (POpMaMH, BOHO
MOBUHHO OyTH MOJIOHUM THCTUHKTUBHIN NISUIBHOCTI TIPEACTaBHUKIB CBITY MPUPOIH.
Bce 11e BXOAWTH B MOHATTSI «OPraHIYHOI apXITEKTypw», IO OYIye€ThCs 3a TUMH XK
3aKOHaMH, 1110 1 B IPUPOI.

Cawme y ueii nepion TBopuocti B pobotax ["anca Illapyna nounHae BUpoOIsTUCS
rOJIOBHUM KOMNO3ULIAHUN nipuiioM. [IpocTopoBy cTpykTypy Oyab-sKkoro o0’emy BiH
mparHe KOMIIOHYBaTH HAaBKOJO BIJHOCHO BEIMKOTO «CEPEIUHHOTO MPOCTOPY»
(«mmpocTOpy CcepenuHM»), K€ HUM HAAUIIETbCS OCOOIMBUM (PYHKLIOHAJIBHUM 1
eMoLiifHUM 3HadeHHsIM. Hampukman, npu 3BeaeHH] «byIUHKY OIS XOJIOCTSIKIBY Y M.
Bpommia  (bpecnay) 1929 poky (pucyHok 1) poiib «CepeAHMHHOTO TPOCTOPY»
BUKOHYBaB BEJIMKUI XOJI, IO 3’€JHY€ Ba Kpuia OyaiBii. CaM KUTIOBUN OyJIMHOK B
IUTaHl € KpUBOJiHINHOT popmu. 3oBHIIIHI 00’ emu Oyniens [llapyna BinoOpaxkaroTh
BHYTPIIIHIO IPOCTOPOBY CTPYKTYPY.

Ii

1P '; L.:.[Il -

'M1
|

]

Pucynok 1 - «byauHok 151 xoJ10cTsikiB» y M.Bpowias (bpeciay), [Tosabma
(1929). Apx-p: I'anc Hlapyn
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VY nocenenni «CimeHCIITaAT» (PUCYHOK 2) POJIb «CEPEAUHHOTO IPOCTOPY» rpae
caja, SIKHH OTOYEHHMH 3 JIBOX CTOPiH OJOKOBaHMUMH Koprycamu. JKHUTIOBI OoKd
OpPIEHTOBAHI MO OCI «IMBHIY-MIBIAEHBY» IS TOTO, MO0 30UIBIIUTH AOCTYI JACHHOTO
CBITJIa B KBapTUPHU. Y LbOMY MPOEKTI Opi€HTAIlisl KOKHOI OY/IIBJIl B MEXaxX KBapTaly
BH3HAuanacs 3 TOYKU 30pY ii JOCTYMy J0 CBITJa, BEHTHJIALIL Ta 30BHILIHIM BUTJISIOM
[2].

Apxitektypa [llapyHa mpomnonye HabaraTo OuIbIIe, SK B CBOEMY ITParMaTHIHOMY
MiJIX0/1, TaK 1y (opMabHii MIACTUYHOCTI, 110 OYJI0 O KOPUCHO JJIs JIAaHAAQTHOTO
ypOaHi3My, CIpPSMOBAHOTO Ha Te, a0u cPOpPMyYITIOBaTH KOHKPETHO pO3TAIIOBaHi i
CKJIaJHI BiIHOCHHM MIDK MICBPKUMH, EKOJIOTIYHUMHU 1 COIliaTbHAMH YMOBAMH.
bpurtancbkuit apxitektop i icropuk Ilitep brannenn y cBoiit MoHorpadii npo ["anca
[lapyna nucas: «bmoku nmpuiiMaroTh cBOIO (OpMY Bif KBapTHUP, ajiec HE HABMaKH. A
caMl KBapTUpH NPUIMAarOTh CBOIO (hOpMy Bl THX sKocTel, siki [llapyH Bkilagae B cBO€
TBOpIHH [3].

PucyHnoxk 2 - Hoce.JIeHHﬂ «ClMeHCI]ITaIlT» y M.Bep.mH, HlMeqana (1929-1934
pp.)- Apx-pu: I'anc Illapyn, Baastep I'pomiyc

VY nicnsiBOeHHUH nepiofl, AKUIl CTa€ Al apXiTEeKTOpa HaaKTUBHIIIMM, Maiictep
Oynye nopori xkuTiaoBi OyauHku «Pomeoy 1 «Jlxynbertay, «Cantore», «Paye kandy.
Agne Bce x B ocHoBHOMY lllapyH 30cepemKye cBOIO yBary Ha poOOTi 3 TPOCTOPOM B
KOHLIEPTHO-TE€ATPaIbHUX OYIIBIAX. AJKE€ OCOOJHMBO CHJIBHUM BIUIMBOM MOXE
BOJIOJITU TIIBKH «IIPOCTIP MY3», TOOTO TaKHil, CUJIa BILUIUBY SIKOTO IIJIKPIILTIOETHCS
IYXOBHUM, TBOPYHMM IIPOLIECOM, SIK1 B1IOYyBarOThCs B HbOMY. JlaHUU «IIpOCTIp My3»
BJIACTUBUU TaKUM OyIIBIISIM, SIK T€aTp 1 KOHIIEPTHA 3aJa.

I"anc 1lapyH akTHUBHO pO3BHBA€ TEMY HOBOT'O T€aTPajbHOI'O MPOCTOPY - T€ATPY
MaliOyTHBOTO, SIKMI BUHUK 3 1716l BIAKPUTOTO Tperbkoro Teatpy i Teatpy lllekcmipa.
VY SKOCTI fICKpaBOTO NPUKIJIALy MOXHA HABECTH HE3AIMCHEHUH MPOEKT TeaTpy B
Manraiimi (1953 p.), y sKOMy apXxiTEKTOp 3aKj1aB HOB1 TPUHOMH ITPOBEICHHS BUCTABH.

[apyH yckiIaaHIOE TIISIalbKUHN 1 CHEHIYHUI TTPOCTIpP, 3aBIASKHA 3MIIIEHHIO OCE
KOMITO3HIIIi 1 BBEICHHIO BEJIMKOI KIJTbKOCTI TOYOK OTJISAY JUIS TJIsAAadiB. Y TUIaH1 31y
3aKJIajieHa LEHTpaJlbHA BICh, aj€ MK MPABOIO 1 JIIBOIO MOJIOBHHOIO 3ally CHMETPIs
MPAKTUYHO BIJCYTHSA, B PE3yJNbTaTi YOTO TJsAa4l CHUASATH MiA PI3SHUMH KyTaMH [0
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cueHu. BuHukae take BIIUyTTS, 10 IPOCTIP YU TO LIEHTPATI30BAHO, YU TO PO3ILIIEHO
Ha 1Bl TOJOBUHU. TakuM YHMHOM, 3aBASIKM HOBATOPCHKOMY ITPOCTOPOBOMY PIMIEHHIO
3aMu B TJsfada CTBOPIOETHCA €(EKT MPHUCYTHOCTI, BIH BTATYETHCA B TeaTpajbHE
JIHCTBO 1 caM CTa€ MEHTPOM KOMIIO3HII].

VY konueptHii 3aii bepaincekoi ¢pimapmonii (pucynok 3) Nancy [lapyny Branocs
CTBOPUTH TO-CIIPABKXHBOMY YHIKQJIbHUNH MY3HUUHUN MPOCTIp, SIKUH JIEMOHCTPYE
3B’SI30K 3 JIIOJUHOIO 1 MYy3WKOIO. Y AaHii OyIiBIi IEW MPOCTip CTBOPEHO KPYTOBHM
PO3MIIICHHSIM TJIsI1a4iB HABKOJIO OPKECTPY, 110 0yJI0 3p00JIeHO /Tl TOT0, adu ciryxayl
OyJin sikoMoTa O1JIbIIl aKTUBHUMHU, 1 CaM KOHIIEPT 3JIUIIUB CBIM CJIiJI B Ay KOKHOTO
npucyTHboro [4]. Ponb «cepearMHHOTO MPOCTOpPY» TYT BIJBEIEHA KOHIIEPTHOMY
MOIilyMy, HaBKOJIO SIKOTO PO3TAIlIOBYETHCS TUIsIAAIIbKA ayUTOPIs, SIKa MA€ YHIKAJIbHY
MOXJIMBICTh IMOCIOCTEPIraTH 3a €MOIIMHOI PEaKIli€lo 1HIIMX TJIA/1adiB Ha Te, 110
B1/10yBa€ThCH.

PCHOK 3- BeJIiHCLa ¢pinapmonis B .Bepm, iMeHa (1960-1963 p.).
Apx-p: I'anc Hlapyn

[IpyHIMI «KPYTrOBOTO 3BYKY 1 MYy3WKH B IIEHTP1» MOKHA BBaKATH HAHOIIBII
BOXKJIMBUM B MPOCTOPOBIM opraHizamii ¢gopmu 3amy s misiaadiB. [llapyH Ttax
onucyBaB (uIapMOHIKO: «laes My3uKkH SIK IIEHTpY yBaru Oyja OCHOBHOIO YMOBOIO 3
caMoro mnoyaTtky poo6otu. Lls ronoBHa aymka He TUIbKM nana (opMy 3aji HOBOI
bepnincekoi ¢inapMoHii, ajie Takox 3a0e3neunsia Oe3nepedyHe ii BEpXOBEHCTBO HaJ
yciMm TuiaHoMm OyniBii» [4]. Bepminceka (itapMOHIs TICHO TOB’si3aHa 3 MICBKUM
cepenoBuieM 1, Oyaydd JOMIHAHTOK B i1 CTPYKTypi, BTUIIOE 1I€H0 CHUIHHOCTI
KyJbTYPH MICTSH.

BucnoBku.

Otox, llapyHn BupoOMB XapaKTepHi JJii HOro TBOPIB NMPUAOMHU CKIIaJIaHHS
KOMIO3uIlii. BiH BUAUISIB JOCUTh BEIMKUN «CEPEAUHHUM MPOCTIP», IO MaB OCOOIMBE
3HAYCHHS 3 (DYHKI[IOHAJIIBHOI Ta €MOIIMHOI TOYKK 30py. HaBKOO 1IbOTO «IIpOCTOpY
CepeIMHW» apXITEeKTOp BUOYIOBYBAB CTPYKTYPY BChOIO IHILIOTO 00’ €MY.

'anc Illapyn cTaB oAHMM 3 TIOHEPIB OPraHIYHOI apXiTeKTypu. BiH
BIJIMOBJISIETBCA B TPaAULIMHUX (OpM, MOro MaHepa MPOEKTYBAHHSA BIAXOIUTH Bij
reOMETPUYHUX IUIaHIB 1 00’€MiB, MIJBUILIECHHS (PYHKIIOHAIBHOCTI JOCATAIOCH 1 3a
PaxyHOK CIIPOILEHHS, 1 32 PAXyHOK YCKJIaTHEHHS.

Bynunku MaiicTpa npekpacHO BTUIIOIOTH 1/1€1 €CTETUYHOI0, (PYHKI[IOHAIBHOTO 1
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00’emHOro pimeHHs. ExcriepuMeHTyBaHHs apXxiTekropa 3 (OpMOI0 1 IPOCTOPOM
NpUBENIM 0 3HAYHUX 3MiH y cdepl MpoekTyBaHHS OyaiBenb pizHoro. Konmemniis
«CEepPEeIMHHOTO MPOCTOPY» HE TIIbKM 3MIHWIA IJIaHYBaJbHY OpraHizaiiio (opmu
OymiBii, aje i 3poOuia ii CKIATHINIO Ta BHUpa3Himow. Hanmami me mociykuio
MPUKIIAIOM JIJIsl MaiiOyTHIX TIOKOJIIHB apXiTEKTOPIB.
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Abstract. The article describes the role of the architect Hans Scharun in the development of
new architectural directions, in particular organic architecture, in the period 1919-1953. Special
attention is focused on the artist's work with forms and space in buildings. The creative influence on
Sharun of the American artist Lionel Feininger is mentioned, as well as the collaboration with the
architect Hugo Haring. Emphasis is placed on the importance of functionality and connection with
nature in Sharun's work, as well as his contribution to the development of a new theater space.

After joining the "Glass Chain" group and under the influence of the artist Lionel Feininger,
Sharun begins to experiment with the forms of buildings. In the mid-1920s, having joined the "Ring"
society, he develops the theory of organic architecture, which reduces form to its connection with
action and processes. Sharun perfects the compositional technique by placing building volumes
around a large "middle space" that has functional and emotional significance. His work includes
examples such as the Bachelor House in Wroctaw, the unrealized theater project in Meinheim, and
the Siemensstadt settlement in Berlin, which reflect this concept.

Sharun is also working on a new theater space, where he complicates the audience and stage
space, creating the effect of presence. In the concert hall of the Berlin Philharmonic, it envisions a
unique musical space where the audience surrounds the orchestra, promoting the active participation
of the listeners in the performance.

Key words: Hans Scharun, space, form, organic architecture
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Anomauia. Pozensanymo ocrho6Hi npobiemu 6a2amoxkpumepiaibHoeo 8ubopy YNpasiiHCbKUX
piutenb 8 eKOHOMIUHUX, YIPAGIIHCOKUX MA MeXHIYHux cucmemax. Ilpusedena npaxmuuna peanizayis
bazamokpumepianbHo20 8UOOPY albmepHamus 0l OYIHKU eqheKmusHocmi pobomu RiONPUEMCME 3
BUKOPUCMAHRHAM €eKCnepmHux OylHOK.

Knrwowuosi cnosa: sexmopna onmumizayis, OacamoxpumepianivHuil 6uOip albmepHamus,
EKCnePpmHl OYIHKU.

Beryn.

Exonomiuny Oe3rneky JAep)kaBu 3a0e3neuyloTh e(PEeKTUBHI YIPaBIiHCHKI
pIIlIEHHsI, 10 NPUNMAIOThCA Yy BUPOOHMIITBI, MApKETHUHTYy, aHaji3l Ta ayJuTi,
(diHaHCcax, 1HBECTHUIISIX, MUTHIM CIIpaBi, yOpaBiHHI MEPCOHATY a TaKOX OIlIHKH
e(heKTUBHOCTI (H)YHKIIOHYBAaHHA CHUCTEM: HIJIPUEMCTB, (ipM, POOITHUKIB, TEXHIKU
too. EdexkTuBHAa ISJIBHICT, CKIAJHOI COLIAIBHO-€KOHOMIYHOT a00 TEXHIYHOi
CUCTEMHU 3aJICKHUThH BiJl OMTUMAIIBHOTO BUOOPY OaraThoX KpUTEPIiiB (MOKa3HUKIB). Taki
3a/1aul 0araTOKpUTEpiaibHOT ONTUMI3AIlil, B SKMX HEOOX1JTHO 3HAXOJIUTH €(PEeKTHUBHI
YIPaBIIHCHKI PIMICHHS, 3yCTPIYAIOTHCS YacTO B €KOHOMIIII, YIIPaBIiHHI Ta TeXHiIll. |
TOMY BaXKJIMBE 3HAYEHHS Ma€ PO3poOKa MOJIeJIeii, METO/IIB Ta AJITOPUTMIB PO3B’ I3aHHS
BEKTOPHUX 3aJ1a4 ONTUMI3aIli Ta 6araToKpuUTepiaiIbHOTO BUOOPY albTEPHATHUB.

[IpobGnemi BUOOPY yIHpaBIiHCHKHX PINIEHb B 3aja4ax, M0 XapaKTePU3YIOThCS
KUIBKOMa KPUTEPISIMU, B OCTAHHI YacH Ha YKPAiHCBKOMY MPOCTOP1 MPUAUISIIOTH BCE
Oinbine 1 Onplie yBaru. Tak, y crartsax [1, ¢.23-27], [2, ¢. 6-17] po3risiaatoTbest
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NUTAHHS TOCTAHOBKH Ta PO3B’si3aHHA OaraToKpuTepialbHUX 3a/1a4 CTOCOBHO 00’ €KTIB
€KOHOMIYHOi Ta ()IHAaHCOBOI MPHUPOAH, A€ pa3oM 3 (HOPMATbHUMH AHATITUYHUMU 1
YHCEIbHUMU METO/IaMU BUKOPUCTOBYIOThCS TaKOXK EMITIPUYHI MeTOau. Y myOmikarii
[3, c. 203-205] po3rasHyTO 3a/4a4i MPOEKTYBaHHS OaraTOKpUTEPIaIbHUX CUCTEM, Y
TOMY 4YMCIi Ha 00’€KTaxX 3B’s3Ky. baraTokpuTepiadbHUM 3aJadyaM Ta METOAaM ixX
po3B’si3aHHs TpucBsaueH1 MoHorpadii [4], [5], [6], [7]. ¥V myOmikamii [8, c. 51-61]
PO3IIISIHYTO 1HTEPAKTUBHY MPOIEAYPY, SKa JO3BOJISIE PO3B’ I3yBaTH HETIEPEPBHI 3a1a4i
OaraTokpuTepiaabHO1 ONTUMI3aIlii 6€3 HE0OX1THOCTI allPiOPHOTO BCTAHOBJICHHS CEepe/]
3a/IaHUX KPUTEPIiB FOJIOBHOTO. Y poboTi [9, ¢. 67-71] po3risaatoThCsi ciocoOu BUOOpY
oOylalHaHHS Ta JeTajed Ha BUPOOHUIITBI 3a JIONMOMOTOK 0araTOKpUTEPIAIbHOTO
BUOOpy anbrepHatuB. ABtop nmyoOmikamii [10, c¢. 324-333] 3actocoBye
OararokpuTepialibHy ONTHUMI3alil0 10 BHOOpY CTpaTerii Ta HampsiMy pO3BUTKY
Typu3Mmy, aBrop ctatTi [11, c. 41-45] — no nmigbopy Ta po3MilIEHHS HA TIANPHUEMCTBI
MepcoHany, a aBTopu myoumikaii [12, c¢. 19-29] — nns 3HaXOIKEHHS BIPOTiTHOTO
JKyBaHHS TAIIEHTIB 3 BPOJKEHUMU BajiaMu cepils. Y crarrax [13, c. 58-64], [14, c.
84-90] mpuBeneHi 3arajabHl MUTAHHS Ta METOJAU OaraTOKpUTEpiaIbHOI ONMTHUMI3allii,
BUOOPY aJbTEpHATHB Ta BEKTOpPHA OIliHKAa €(EeKTUBHOCTI poOOTH cucremM. Y
MoHorpadii [15, c. 61-73] po3risgaloThes 3araiabHi MUTAHHS Ta AITOPUTM BEKTOPHOI
ontuMmi3zaiii. BUkopucTaHHs eKCriepTHUX OIIHOK HaBeleHo y poboTi [16, c. 476-490].
I raxe inmme.

I Bce sk MOKHa CTBEpKYBaTH, IO MpoOsIeMi OaraToKpuTepiaabHOI ONTUMI3ALIl]
Ta BUOOPY AJIbTEPHATUB MPUCBAUYCHO HEIOCTATHHO HAYKOBHUX POOIT. Y MpUBEICHUX
PO3BIJIKaxX PO3IJIAAIOTHCS 3arajibHi MpoOJIeMH BEKTOPHOI omTHMi3alii Ta BHOOpPY
abTepHATHB 3 BpaxXyBaHHSIM KIUTbKOX IMOKa3HHKIB, 4acTO BUKOPUCTOBYIOTH IIy)Ke
dbopmaii3oBaHUi  MaTeMaTUYHMM  amapaT 0e3 MNPakTUYHOrO  3aCTOCYBAaHHS.
HenoctatHbO  pO3INISIHYTO — COLIAJbHO-€KOHOMIYHMX  337a4 3  BpPaXyBaHHAM
OaratokpuTepiaibHOCTI 1 cienudiku iX po3B’si3anHg. KpiMm Toro, B Ux 3ajavax aJis
AKICHUX KpUTEpIiB Tpeba BUKOPUCTOBYBATH EKCHEPTHI OI[IHKH, IO MPAKTUYHO HE
POOMITOCH.

OCHOBHM TEKCT.

3araibHUM BUTJIA 33/1a4l OaraTOKpUTEpiaabHOI ONTHMI3alIIi:

SX) = (F(X). (X [ (X)) > 0pt mpu fi(X) > extr, i=Lm:
. . L XeD € (1)
D={X:g,(X)20, (j=Lm),

ae X — BEKTOp KePOBAHUX MapaMeTpiB CUCTEMH, SIKI 3MIHIOIOTHCSI y IEBHUX MeEXax 1
XapaKTepU3yTh Pi3HI CTOPOHU CHCTEMH; [D — MHOXXMHA JIOMYCTUMHUX PO3B’S3KiB
(BapiaHTIB) CHCTEMH, IO 3aJa€ 00JacCTh 3MIHIOBAHHS IMapaMeTpiB CUCTEMH, IO

OITHMI3YIOThCS; f(X), (i=1,n) — nokasuuku edexkTuBHOCTI (KpUTEpil SAKOCTI)
CUCTEMH, 1 — KUTbKICTh KPUTEPIiB, extr — HaWKpaIuii (EKCTpeMyM), TOOTO MaKCUMYM
a00 MIHIMYM KPUTEPIIO SKOCTI; f(X) - BEKTOPHUU KpUTEPIiil, opt — ONTUMI3AiHHIIA
omeparop, KWl 03HAYa€ CYKYIHICTh BHMOT JIO CHCTEMH 3 yCiX KPUTEpIiB SIKOCTI,
g; (}) >0, (j= I,_m) — 0OMEXXEHHS 3a/1aui.

Po3p’s3anHs 3amaui OaraTOoKpuTepiaibHOI ONTUMI3aLil MoysArae y BUOOpP 3
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MHOKMHHU JIOMyCTUMHX PO3B’S3KiB DD Takoro pos3s’s3kKy X , Ha SKOMy KpUTepii
V* . PR . .
f:(X7"),(i=1,n) nabymaroTs skoMora Kpamux 3HaueHb. He 3MiHIOIOUM 3arajabHOCTI,
KpuTepii OyJieMo MaKCUMI3yBaTu (extr = max), OCKUIbKU %’1111;1 f,(X) =—max(—f,(X)).
S XeD

PosrasineMo mpukiiagu 3agad OaraTokpurepiaabHOI ONTHUMI3AIll: TpaHCIOPTHA
3aj1a4a (KpUTepii — BapTICTh, Yac); pO3MOALT pOOIT MiK BUKOHABLSIMU (KpUTEPIi — yac,
BapTICTh, MPOIYKTUBHICTh, SKICTh); IUTAHYBaHHS HISUIBHOCTI ¢ipMmu (Kputepii —
BUTpPaTH Ha PEKJIaMy, 4acTKa PHUHKY, OOCST MpoJAaxy); 1HBECTyBaHHA (KpuUTepii —
OYlKyBaHUU JOX1J], IUCIIEPCis JOXOY); JIKBIAaLisl HACIIIKIB HaI3BUYaiHOT CUTYaLii
(xputepii couiaTbHO-€KOHOMIYHOTO Ta €KOHOMIKO-(pIHAHCOBOTO 3MICTY); BHOIp
00’ €KTIB KamiTaJIOBKJIaACHb (COIlialbH1, EKOHOMIYHI, TEXHIYHI KPUTEPIi TATPUEMCTB)
TOLLIO.

[Ipu npuiHATTI yIpaBIiHCHKUX PIIIEHb PO3IJIAIAI0THCS HACTYITHI €Talu: [1arHO3
npoOsieMu, PopMyTIOBaHHS 0OMEXEHb Ta KpUTEPIiB, BUABJICHHS aIbTEPHATUB, OI[IHKA
anbTepHaTUB, BUOIp anbTepHaTUBU. [Ipum moOyoB1 OGaratokpuTepialbHUX MOJENeH
NPUWHATTS PillleHb TOBUHHO BPaxOBYBAaTHCh HACTYIHE: 0c00a, 10 MPUIMAaEe PillleHHs
(OIIP) cTpykTypye Ta YTOYHIOE MOJEIb; MOJE/Ib IOBUHHA OyTH JIOTIYHO
HECylepeusnBa, 1aBaThi MOXJIMBICT, BUKOPUCTOBYBaTH 1HQopMauito Big OIIP, Oytu
MIPOCTOIO 1 3pYUYHOIO (X04ua O HE TyXke FPOMI3AKOI0) /IS aHaui3y 1 Bukopuctanus OIIP.
Kputepisimu npuiiMaroTh Taki HOKa3HUKHU, 10 XapaKTEPU3YIOTh CTYIEHb JOCATHEHHS
MOCTaBJICHOI METH; € 3arajbHUMM 1 BUMIPHUMH JJISl BCIX MPHUIYCTUMHUX PIIIEHB;
XapaKTepU3yIOTh 3arajibHy IIHHICTh PIIIEHh TAKUM YHHOM, IO MO HUM Oa)KaroTh
OTpUMYyBaTU HaWkpaill oOIiHku. Kpurepii, 1o 3acTOCOBYIOThCS B 3ajlayax
OaratokpuTepiaibHOI ONTHUMI3aIlli MpU BUOOP1 aabTEpPHATHB, MOBUHHI MAaTH HU3KY
BJIACTUBOCTEH: MOBHOTY (KpUTEpii MalOTh 3a0e31euyBaTy aIeKBaTHY OIIHKY 00’ €KTa
€KCIIEPTU3H YU CTYNEHS JOCSATHEHHS METH); YITKICTh (KpUTepii MOBUHHI MaTH
3posyminie st OIIP dopmyntoBanHs, SCHUN 1 OHO3HAYHUN 3MICT); OINEpaliiHICTh
(cpusiTH NPUAHATTIO €(DEKTUBHUX PILLIEHb, TOOTO XapaKTEPU3yBaTH OCHOBHI ACIIEKTH
cuTyarii Ta OyTH NOCTYIHHMH JUIsl OTPUMAHHS OLIHOK JJisi KOXKHOro 00’€KTa IO
KOKHOMY 3 KpurepliB); rpynyBaHHs (OIIP 3pyuHo mnpaimroBatd 3 HEBEJIUKOIO
KUTBKICTIO KpHUTEpIiiB, SKIIO KpUTepiiB Oarato, TO iX MNOAUIAIOTH Ha TPYIH);
HEMOBTOPHICTD (KpUTEP1i HE MOBUHHI JyOIOBATHCS ); MIHIMAJIbHUM po3Mip (110 HAOOpy
KpUTEPIiB BKIIOYAIOTh TUIBKHU Ti, 0€3 SKMX OIIHKA CUTYaIlli HEMOKJIMBA); BUMIPHICTh
(Ko>KeH KpuTepidt Mae AOMYyCKAaTH MOXKJIMBICTh KUIbKICHOT a00 sikicHOT oiiHku). OITP
MOBUHHA NPUIUMATH HECYNEpPEeUJuBl Ta TPAH3UTHBHI PIIMIEHHS TNpPH TOPIBHSHHI
aIbTEPHATHUB.

3HayHa poOJIb TpPU PO3B’s3aHHI OaraTOKpUTEplAIbHUX 3a/lad  HaJCXKHUTh
OI[IHOYHUM CHCTEMaM, SIKi BKJIFOYAIOTh TaKi CKJIaJIOB1: KPUTEPIi, 1110 XapaKTEPHU3YIOTh
00’€ekT ab0 METY; OLIHKY MOPIBHSJIBHOI BaXKJIMBOCTI KPUTEPIiB; LIKATy AJS OLIHKU
MIPOEKTIB MO KPUTEPIsiM; (hopMyBaHHs MpUHIUIY BUOOpPY. O11iHKa 00’ €KTIB Ta CTyMEHI
JOCATHEHHSI METH MOXYTb OyTH BHUMIpPSHI TUIBKM 3a JOMOMOIOI0 CIIEHiaTbHUX
KpUTEpiiB, M0 BIAMOBIAAIOTH JaHIA MOAEINI, K KUIbKICHUX, TaK 1 sKicHUX. SKicHi
KpUTEpii, HANPUKIAT: IMUK (ipMH, CTYNEHb PU3HKY, KOHKYPEHTOCIPOMOXKHICTH,
pecypco30epekeHHs, €KOJIoTiuHa Oe3leka, coIllajJbHa 3HAYYIIICTh MPOEKTy Ta
00’ €KTUBHI KpUTEPIi, 10 BIAHOCATHCS J0 MaOYTHIX MEPi10/IiB, MOXKYTh OyTH BUMIPSIH1
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TIIBKU CyO’€KTUBHO. TOMY BaXJIMBUM €TallOM € MPOBEACHHS MPOLECY EKCIEPTHOTO
OLIIHIOBaHHS. J[J151 SIKICHUX KPUTEPIiB Jy>KE€ CYTTEBUM € BHOIp MIKanu BUMipy. MoxkHa
BUIIMUTH HacTymHi Buau mkaa 1) I[llkama mopsaky abo paHrora Immikaia
(ymopsiikoBaHa abo paHXOBaHa IMOCIIOBHICTh 00’ €KTIB BIAMOBIAHO 0 3MEHIIIEHHS 1X
3HAYYIMIOCTI 3 BU3HAYEHHSAM paHTry o00’e¢kta). 2) banmpHa mikama BigMIHHOCTEH
(BU3HAYae, HACKUIbKM MOKA3HUK OJHOTO OO’€KTYy BIAPI3HSAETHCS BiJ 1HIIOTO). 3)
banpHa mkana BiHOCHH (TIOKa3ye, y CKUIbKM pa3iB MOKA3HUK MO OJHOMY OO’ €KTY
BIJIpI3HAETHCS Bij 1HIIOro). 4) Illkana momapHoro mopiBHSHHA (BU3HA4Ya€ repeBary
OJIHOTO 00’€KTa HaJ 1HIIUM Yy KOXHIW mapi). 5) BepOanbHO-unCiI0BI KA (IIKaia
BIIMOBITHOCTEN CJIOBECHUX OIIIHOK 4yuCIOBUM). [lommpeHoro € mikana XapiHrToHa
(Tabnuis 1).

SWorldJournal Issue 19 / Part 1 {

Taoauus 1 — Hlkaaa XapiHrrona

No 3/n 3micmosnuii onuc zpadauii Yucnoei inmepsanu
1 Hansucoxka 0,8-1,0
2 Bucoka 0,63 -0.,8
3 Cepenns 0,37 -0,63
4 Hwusbka 0,2-0,37
5 Haazsuyaiino HU3BKA 0-0,2

Iocepeno: [17, c. 15-16].

[Tpu omiHIi 00’€KTIB Ta CTyNEHS AOCATHEHHSI METU MPUMHATTSA yHPaBIiHCHKUX
pIIIEHb IO KPUTEPISAM, 1110 JOMYCKAIOTh JIUIIE Cy0’ eEKTUBHY OIIHKY ekcriepTiB Ta OIIP,
BaXJIMB1 pO3p0OKa Ta BUKOPUCTAHHSI CIICIIaIbHUX IIIKaJ, 110 BUPAKAIOTh crerudiky
KpUTEpIiB, Tpyn OO’€KTIB, METH TMpPH NPUUHATTI YHOPABIIHCHKOTO PIIICHHS.
dopmyBaHHS BepOATbHO-YMCIIOBOI IIKAIM MOXHa pO3OUTH Ha JBa €Tamu: BUOIp
rpajaarii (o) mKaaiu, BU3HAYEHHS YMCIOBUX 3HAUCHB Ipajalliid mKaam. 3MiCTOBHI
iHTepnperalii HaOboOpy Trpajanid MOBUHHI OyTH 3pO3yMUIMMH, JOTIYHUMHU 1
npuiMaTucs yciMa eKcrepTamu, 10 IPUHMaloTh Y4acTh y BUPOOIl YNpaBIIHCHKUX
pIIICHB.

3a OaraTokpuTepiaJbHOI ONTHMI3allli BUHUKAIOTH TPU OCHOBHI MPOOJIEMHU.
[lepmia mpoGnema moB’s3aHa 3 BUOOPOM MPUHIIUIYY ONTUMAJIBHOCTI, SKHH Ja€
BIJINOBI/Ib HA 3alUTaHHSA: B SKOMY CEHCl ONTHUMalbHA albTepHATHBA (PO3B’S30K)
Kpalle 3a BCl 1HII JOmycTuMI po3B’si3ku. CyKYMHICTh MOKAa3HUKIB SIKOCTI CUCTEMH
JIOBOJUTHCS TOPIBHIOBATH HAa OCHOBI JIEAKOI CXEMH KOMIIPOMICY, IO BIJIOBIJIA€E
METOJIlaM PpO3B’sA3Ky OaratokpuTepiadbHHX 3amad. Jpyra mpobOiema moB’s3aHa 3

HOpMAJi3aIli€l0 BEKTOPHOTO KpUTEPit0 e(PeKTUBHOCTI [ (X)={ fl(}),..., fn(f)}.

OCKITbKH Jy’K€ YacTO JIOKaJIbHI KpUTEPii SKOCTI CUCTEMH MalOTh PI3HI MacmTaOu
BUMIpY, 1 X TIOPIBHSIHHS CTa€ BAXKKUM a00 HaBITh HEMOYKJIUBUM, TOBOJUTHCS 3BOAUTH
KpUTEpii 70 OJHOTO MacuTady BUMIpy, TOOTO HOpMaii3yBaTH iX (3a3BUYail 3BOJUTH
10 0e3po3MipHHUX BeNUYHH). TpeTs mpobiieMa MoB’si3aHa 3 ypaxyBaHHAM MPIOPUTETY
(cTyneHs: BaXIMBOCT1) YACTUHHUX KPUTEPIIB, JUIS YOTO BBOAUTHCS BEKTOP PO3MOALTY

BaXJIMBOCTI (IIPIOPHUTETY) KPUTEPIiB & = (¢,,...,Q, ), 32 JOIIOMOIOIO SIKOT'O KOPETY€EThCS
MPUHITUIT ONTHMAIBHOCTI 1 MIJCHUIIOETHECS a00 OCIA0IIOEThCS PO BIAMOBITHOTO

n
KpUTEPIIO (ZOC,- =1). Vei uni TpymHomi MaioTh He OOYMCIIOBaIbHMM, a
i=1
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KOHIENTyaIbHUM XapaKTep, TOMY IIPH PO3B’ 3Ky IIUX MPOOIeM MOBUHHA OpaTH y4acThb
OIIP. 3amaua BekTopHOi omtuMmizamii (1) 3BOAWTHCS OO CKaIAPHOI 3ajadi:
F(X) _’%’iﬁ” ne F(X) — inrerpanpHuii Kputepiii sikocTi (y3aranbHeHa (YHKIIiS
METH), SKUM € I1HTerpami€r0 yciX IOKa3HUKIB SKOCTI cuUcTeMH (00 €KTy, METH)
f:(X), (i=1,n). 1o QyHKLIIO OTPUMYIOTh y YiTKOMY BHIUISAI — IUISXOM 3aJaHHs
MaTeMaTH4HOI (OpMYJIH, SIKa BIAMOBIAAE 3aJaHOMY MPUHIIUITY ONTUMAIBLHOCTI, 00 B
HEYITKOMY BHIJISIII — LUIIXOM TOOYIOBU alIrOpUTMYy, IIO Peajizye 3ajaHy CXemy
komrpomicy. Kracudikariiss Ta onmuc MeETOAIB OaraTOKpUTEplaabHOI ONMTHMI3allii
HABOJUJINCH, HAIPUKJIIAL, y poooTi [13, c. 61-62], 1e 3a3Hauanuch pi3Hi rpynu METOIIB
BEKTOPHOI ONTUMI3allii, THIIN 3TOPTOK J0 y3arajibHEeHOi IHTerpaibHOT (PYHKIIII METH, a
TaKOXX aJTOPUTMHU TMOOYNOBU HESBHOI IHTEerpayiibHOiI (yHKIT metu. LI meromm
3BOJISITHCS 10 OAHOTO ab0 0arathoX pas3iB pO3B’S3aHHS CKAIAPHUX EKCTPEMabHUX
3a/lay MaTEeMaTU4YHOrO MpOorpamMyBaHHS, SIKI MOXYTb OyTH B 3aJIeKHOCTI BIJ
MaTeMaTUYHOI MOJIENi: JIHIMHUMH, LUIOYUCIOBUMHU, OYJIHOBUMH, IUCKPETHHMH,
HeNiHIHUMU — Tomlo. Taki Mojaenl MOXYyTh OyTH  JOCUTh  CKJIQJHUMM:
OararonapamMeTpUYHUMHU, OaraTOKpUTeplaJbHUMU Ta  0araTOeKCTpPEeMaIbHUMH.
Po3p’si3aHHs 1MX 3amad  3aleXUTh BiA €PEKTUBHOTO anropI/ITMy noOy10BU
y3araJlbHEHOT0 KpPUTEpII0 Ta QJIrOPUTMIB 1 HporpaM po3B’sA3aHHS CKaISPHUX
eKcTpeMalibHuX 3aaad. Po3p’s30k 3amaul (1) 3Haxomutbes cepen e(PeKTUBHHUX
po3B’s3kiB 3a Ilepeto. Bektop X € D € edheKTHBHUM po3B’s13K0oM 3aadi (1), Ko
HE ICHy€ TaKoro BeKTopy X € D, 110 fl.()? )> fl.()? "), (i =1,n), npudyoMy xoua 0 1j1s
OJTHOTO 3HA4YEHHS [ Ma€ Miciie cTpora HepiBHICTh. OOmacTh [lapero — 1€ € MHOKHUHA
JOITyCTUMHX PO3B’SI3KiB, AJIS SIKUX HEMOXJIMBO OJJHOYACHO MOKPAIIUTH yC1 TOKA3HUKU
(To6TO MOKpaUTH X04a O OMH 3 HUX, HE TOTIPIIYIOYH 1HIIHNX).

[lin yac npUNHATTS YHPABIIHCBKUX pIIIEHb YacTO HEOOXITHO MPOBECTU
OaraTokpuTepladbHUNA aHaNI3 aJbTEpPHATUB, HE BHUKOPHCTOBYIOUM OINTHUMI3AIlil
KPUTEPIiB, 5K 3aJlady MaTeMaTUHIHOTO ITporpaMmyBanHs. 1{i 3agaui MaroTh cienudiaHui
xapakTtep po3B’szaHHsA. [lpumyctumo, 1m0 3agaHO #  KpUTEPIiB e(PEKTUBHOCTI
(YHKIIIOHYBaHHS CUCTEMU. f1, ..., f, Ta m aNbTEPHATUB: A}, ..., A,y (CTpPATET1H, IPOESKTIB
TOIIO) MpU 3aJaHUX 30BHINIHIX yMOBaxX. MHOXHHA JOMYCTUMHUX IUIaHIB D €
CYKYIHICTh anbTepHaTuB: D = {4, As, ..., An}. Bigomi (oOuuncieHi) 3HaYEHHS BCIX
KpUTEpIiiB U1 KOXHOI 3 anpTepHaTuB: f{(A4;) = f;. JloMiHyroul cTparerii
(anmpTEpHATUBU), TOOTO TaKI, IS AKUX yCl KpUTEPIi MPUIIMAIOTh 3HAYEHHS HE TIpIii 3a
IHIIMX 3HA4Y€Hb KPUTEPIiB HA BIANOBITHUX aJbTEPHATUBAX — 3YCTPIUAIOTHCS MyKe
piako. ToMy HOBOIUTHCSA 3aCTOCOBYBATH METOAM OAaraTOKpPUTEPiaIbHOTO BHOODPY 3
MEBHUM MPUHIMUIOM Komrpomicy. LI 3amaul 1HKOIM pPO3B’A3YIOThCS METOJaMH
MOPIBHSHHA aJbTEPHATHB Ta MeToAamu kKommeHcarii [14, c. 88], aki maioTh psa
HEJIOJIIKIB, HAMpUKIAJ, HE BPaxOBYIOTh BAXJIHMBICTh KpUTEpiiB. Bukopucrtanas
(dhopMaIbHUX METOAIB ICTOTHO MiABUILYE SKICTh IPUUHSATTS pillieHb. Po3risiHeMo psia
METO/11B OaraToKpuTepiaabHOr0 BUOOpY anbTEPHATUB AJIA MPAKTUYHOI 33/1a41 — OL[IHKH
e(EeKTUBHOCTI (PYHKIIIOHYBaHHS CUCTEMH. AJIe CIIOYATKY PO3MVITHEMO HOpMAJIi3alliio
KpUTEPIiB €PEKTUBHOCTI, OCKUIBKM BOHU MAaIOTh PI13HI OJUHULI BUMIPY, 3 METOIO iX
3BEJICHHSI J0 €IUHOTO O€3po3MipHOro Macimtady BUMIpY (SKIIO KpUTEpii €
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OJIHOPITHUMH — MAarTh OJHAKOBI OJWHHUII BUMIpY, TO iX HEOOOB’SI3KOBO
HOopMmanisyBatu). Ilpumyckaerscs, 1wo nepmi [  kpurepiiB  f;, (J =1,1)
MakCuMi3yloThcs, a pemra (n — [) kputepiiB [, (J =1+1,n) MIHIMI3YIOThCS.
HaituacTiie BUKOPUCTOBYIOTh HACTYITHI BUAM HOpMaJi3allii: abCoJIFOTHY, BIIHOCHY 1
NpUPOAHY. BIiIMOBIAHO A0 MPHUHIMITY MaKCHUMalIbHOI €(PEKTHUBHOCTI (KpUTEpiaabHI

OIIIHKM aJIbTEPHATHB MAaIOTh IIO3UTUBHHUI 1HTPEIEHT) HOPMAai30BaHI KpUTEpii
BU3HAYAIOTHCA HACTYITHUM YHMHOM.

AOCOIIOTHA HOpMATi3allis: fij0 =fi—f ,.min, j=L1 f;’ =f" =t J=l+1Ln (2)

fi . = Sy
BintocHa Hopmanisauis: fi = —mars S = LI f) =1-—2=, j=1+1n. (3)
J; J;
[Ipupoana HOpMaTi3allis:
f;:%a j=L1 f;:%, j=l+Ln. 4)
= i =
i — 3HaueHHs Jj-TO KpuTepito s i-i  amerepHatmeh, f; = f;(4);
i J puTep p i

max min
fj ) f (] =1 n) — MaKCHMaJIbHI Ta MIHIMaJbHI 3HAaYCHHS KpI/ITepllB JIIA BCIX

aIbTEPHATHUB:

i —maxf ; fm‘“ —m1n izl,_m; Jj :I,_n. (5)

BiamoBimHo 10 mnpuWHOWMIY MiHIMaIRHOI BTpaTH (KpUTEpiaibHI  OIIHKHU
aJbTEPHATHUB MalOTh HETATUBHUI 1HIPEAIEHT) HOPMAaTI30BaH1 KPpUTEPli BUSHAYAIOTHCS
HACTYITHUM YHHOM.

AOCOII0THA HOpMaJTI3allis:

l_']"

fl‘-j fmax_f;j, :1,_[, ﬁjpzﬁj_ﬁmin’ _]:Z+1,n (6)
BigrocHa HOpMaitizartis:
ff;p%, j=Li f= ];{ j=l+1n. 7)
i Ji
[Tpuponna HopMmamizaris:
0 B fjmax _ lj . _- o B lf;] _ jmm o
f;f T pmax min J= l’l’ j; - min J —l+1,7’l. (8)

Y =,

Hopwmamnizauis 3a dopmynamu (8) € Hopmamizamieto CeBimka. AOcomtoTHA
HOpMasTi3ailis 30epirae OJMHUII BUMIPIOBAHHS Y KpUTepiiB. BigHocHa HOpMami3ailis
Ma€e HEAOMIK y TOMY, IO CYTTEBO 3aJCKUTh BiJi MAaKCHMAJIbHO MO>KJIMBOTO PiBHS
KpUTEPIiB, 1110 BU3HA4YaIOThCsd yMoBaMHu 3adadi. Akmo OIIP Buznadae (cy0’€KTUBHO)

PiBHI «iJieaTbHOI» SIKOCTI albTEPHATHB, 3a7al0u (HIKCOBaHI BEJTUYHHH qub, (j=Ln)
. max ¢ | — 11

, T0 y ¢opmynax (3), (7) moknagaroors 3amicts [, smauenns f;, (j=1n).

CyTTeBHM HEIOJNIKOM LIBOIO METOJy HOpMaui3allii € CKJIaJHICTh 1 Cy0 €KTUBHICTD

@ . _
OO0 BHU3HAUEHHS BEJINYUH f, ,(j=Ln). Ile npuszBoaAUTE 10 CyO’€KTUBHHUX
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HOPMaJTI30BaHUX OIIIHOK SIKOCTEeM cTpaterii. HopmamizoBaHi 3rigHO 3 HMPUPOIHOIO
. . 0 o o . .
HOpMaJt3aniero eIeMeHTH f; NpUiHMaloTh CBOi 3Ha4YeHHs 3 mpomixky [0; 1] i €

0€3pO3MipHUMH, 110 ¥ 3YMOBIIIOE TUPOKE BUKOPUCTAHHS iX HA MPaKTHUIL.

PosrnsHemMo HacTynmHy OaraTOKpUTEpialibHY 3ajady OIlHKH €()EeKTUBHOCTI
pobotu mianpueMcTB. EGQEKTUBHICTD MISUIBHOCTI MIECTH MIATPUEMCTB (aJIbTEPHATUBU
A1, A, A3, Aa, As, As) BUBHAYAETHCSA 32 IOTIOMOT'OF0 CEMU KPHUTEPIiB AKOCTI: TPUOYTKY,
n0Xo/iB, (OHIOBIIAYl, MPOAYKTUBHOCTI, COOIBApTOCTI OJMHUIN IPOIYKIIII,
KOHKYPEHTOCIIPOMOIKHOCTI, €KOJIOT1YHO1 O€3IMeKH MPOTIroM IJIAHOBAHOTO TEpiony.
HeoOxiaHo npoBecTH paHXyBaHHs €(EeKTUBHOCTI poOOTH MiAIpueMcTB. BuxinHi gani
npuBeIeHI B TabmuI 2.

Taboanus 2 — Pe3yJbTaTu paHKyBaHHS e)eKTUBHOCTI pOOOTH MiANMPUEMCTB

AnbTep- i (kpurepii)
matusu | llpuby- | CoOGiBapricts | [Joxomu, | @onmo- | Ilponyk- | Konkypen- | Exonoriuna
(migmpu- | TOK, THC. OJIMHMIII THC. Tp. | Bijjadya, | TUBHICTh, | TOCIPOMO- Oe3meka,
emcrtBa), | IP. O, MPOIYKILi, OJl., yM. O]I., yM. O[L., JKHICTD, Oanu,
A; fi rp. oxL., f2 Ve fa /5 Oan, fo f1
Al 15 37 19 0,2 310 8,4 3,6
A 22 20 30 0,3 200 5,7 4.8
A3 25 15 34 0,15 230 6,6 5
As 23 30 35 0,4 150 8,4 6,4
As 16 12 22 0,2 280 7,8 6,6
As 24 20 39 0,25 190 6,8 5,6
Aemopcwvka po3pooka.

[Tepuri m’sATh KpUTEPIiB € KIIBKICHUMH 1 iX 3HAUYEHHS OTPUMAHi JJISI KOXKHOTO
MIJNPUEMCTBA B aOCOJIIOTHUX a00 yMOBHUX OJuHHUIIIX. OCTaHHI JBa KpUTEpii €
SAKICHUMH 1 JUIsi OTPUMaHHsS 3HA4Y€Hb [0 HHUM [UJI KOXXHOTO IANPHEMCTBA
BUKOPUCTOBYEMO €KCHEpPTHI OIHKH. [IpunmycTrmo, excrnepTu ajig JaHUX KpUTEpIiB
MOXYTh MPOCTaBUTU Oanu (BUKOpHUCTATH OaidbHy HIKaly BiAMiIHHOCTeH). II’stepo
EKCIIepPTIB MPOCTAaBUIM HAcTymHI Oanu edekTuBHOCTI B 10-OanmpHil cucTemi s
KokHOrO Tianpuemctba mo VI kpurepiro: I excniepr — 8; 5; 6; 9; 8; 7; 11 ekcniept — 7;
6;5;9;7;8; Il exkcnepr — 9; 5; 7; 8; 9; 6; IV exkcniept — 8; 6; 7; 9; 6; 7; V exkcnepT —
10; 4; 8; 7; 9; 6. Ilo VII kputepiro: I ekciept —4; 6; 5; 6; 8; 7; Il exciept — 3; 5; 4; 7;
7; 6; 11l excriept — 5; 4; 6; 8; 7; 5; IV excnept — 2; 5; 4; 6; 5; 6; V ekcniept — 4; 4; 6; 5;
6; 4.

BukopucroBysanach HACTyIHA BIJIOBIJTHICTD MK BepOATbHUMU
XapakTepucTukamu Ta 6aamu: [0, 2) — HaA3BUYATHO HU3bKA SKICTh; [2, 3) — HU3bKa
SKICTB; [3, 6) — cepeans sKICTh; [6, 9) — Bucoka skicthb; [9, 10] — Haa3BU4YatHO BUCOKA
SIKICTb.

14
['pynoBy OILIHKY €KCHEPTIB Oy1eM0 06UKCITIOBATH 32 HOPMYJIOK: f;; = Z G S s
k=1

1€ fijx — OLiHKa (0a) k-ro excrepra Juist OLIIHKH j-T'O KPUTEPIIO f; 171 I-01 albTepHATUBU
A, i=Lm; j=n-1Ln; k=1p; (m=6; n=7T, p=5); q, —BaroBuii  KoedilieHT
KOMIETEHTHOCTI AJisl k-ro excrnepra. CTymiHb BIPOT1THOCTI OIL[IHOK BUPAXKAIOTHCA 32
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JIOTIOMOTOI0 BaroBUX KOE(MIII€HTIB, 110 XapaKTePU3yIOTh KOMIETEHTHICTh KOKHOTO
eKCIlepTa 3 aHali30BaHOi mpoOiemu. Barosi koedilieHTH 3anexaTh BiJ CTYIEHI
3HalOMCTBA KOXKHOTO €KCIIepTa 3 aHaJl130BaHOIO0 MPOOJIEMOIO k. 1 CTyIEH!1 BIUIUBY
PI3HUX JIKEpesl B apryMeHTallli Ha (opMyBaHHS AYMKHA KOXHOTO eKcrepTa k. qi =
@(k, kar). KoedimieHT 3HallOMCTBAa MOXE BH3HAYaTHCS B pPe3yJbTaTi MpPsIMOi
CaMOOIIIHKHU, KOJIU KOXEH EKCIIEePT, HAPUKIIAJ, 33 AECITHOATbHOIO IIKAJIOIO OLIHIOE
CTYIIHb CBOTO 3HAlOMCTBa 3 0OrOBOPEHOI0 MPOOJIEMOI0 (IHTErpajbHa CaMOOIIIHKA).
BukopucroBytoThcst HacTynHi aianazonu: 0 — Hesnaomuii; (0, 3] — morano 3HallOMMIA;
(3, 6] — 3a10BIILHO 3HAKOMUM ajie IPAKTUYHO HE BUBYAB; (6, 9) — n1oOpe 3HalioMuUi 1
npakTu4yHo 3yctpivaBcs; [9, 10] — mpekpacHo 3HaiioMuii (By3bKkui (axiBelb 3
npobsiemn). KoedirieHT apryMeHTOBaHOCTI k, MOXe OyTH OTpUMaHui 3a (HOpMYIIOH0:
k, = %, ne k; — KoeiIieHT T0BipH, IO YCTAHOBIIOE BIIMOBITHICTh MIXK TAITy3310
creriamsalii ekcrmepra, piBHEM HOro cremianizamii 1 piBHEM OOTrOBOPIOBAHOI
npobsieMu; k. — Koe(ilieHT BIANOBIAHOCTI €KCIEpTa MPOMOHOBAHUM JI0 HBOTO
BUMOTaM, IO XapaKTEepPU3ye€ TBOPYI MOKJIMBOCTI €KCHEpTa MOro MPakTUYHOI 1
HAyKOBO-Oprasizaiiitnoi podotu. Jlyis Bu3HaueHHs KoedillieHTa k. KOXKEH EKCIepT
3aMOBHIOE CHEIiaNbHy TaOIUINIO, TIO K1 HapaxoBYIOThCA Oanu. bam koMneTeHTHOCTI

KOXHOT'O €KCIlepTa BU3HAYAETHCS 32 (HOPMYIIOIO:

k ka + kdk + kck
¢ =k +k, _ 2 _ 2k +ky +ky
2 2 4
A pe3ynpTyrounid  KOe(ilIEHT KOMIETEHTHOCTI  OOYMCIIIOETHCS  Tak:
Ck T .. .
qr = , k=1, p. JIns ciporeH s IpHITycKaeMo, Mo Koedil[ieHTH KOMIIETeHTHOCTi
Cx

k=1
KOXKHOT'O €KcIepTa piBHI: Yy :;, (k=1,p). Tomi rpymoBa omuiHKa eKcrepTiB
00UYHCITIOETHCSA 32 (HOPMYJIIOHO:
1 p
ﬁj:_Zﬁjk'
P k=1
Jlns Hammiol 3amaqi:
]‘16:%(8+7+9+8+10):8,4; fzézé(s+6+5+6+4):5,7; f36:§(6+5+7+7+8):6,6;
f46:%(9+9+8+9+7):8,4; 1’56:%(8+7+9+6+9):7,8; ]”66:%(7+8+6+7+6):6,8;

fi :%(4+3+5+2+4):3,6; o :%(6+5+4+5+4):4,8; fi :%(5+4+6+4+6):5;

S :%(6+7+8+6+5)=6,4; S5 =%(8+7+7+5+6):6,6; Jer =%(7+6+5+6+4)=5,6.

L1i cepenHi OLIHKK €KCIIEPTIB KPUTEPIiB f, Ta f, 3aHeceMO y TaOJuIo 3.
3HaueHHsl KpUTEpiiB y Tabmuii 3 MpHUBEACHI Yy PI3HUX OJUHUIIIX BHUMIPY, TOMY
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OPUBOIUMO iX 110 Oe3po3mipHOro BUIISIAy 3rigHo dopmynam (4). Ilpu 1mpomy
BpPaxoBYy€eMO, IO Kputepii f,, /5, fi» fs» fs» /3 MaKCHUMI3yIOTBbCS, a KpUTepid f
MiHIMI3y€eThCs. OTpUMaeMO HOpMaIi30BaH1 3HAYEHHS MTOKAa3HUKIB (Ta0bauIs 3).

Taoauus 3 — HopmaJstizoBaHi 3HaUeHHSI NOKA3HUKIB

Limi (kpuTepii)

AnbpTepHaTUBU f10 f20 f30 f40 fso f60 f70
A 0 0 0 0,2 1 1 0
A> 0,3 0,68 0,55 0,6 0,3125 0 0,4
A3 1 0,88 0,75 0 0,5 0,3) 0,4(6)
A 0,8 0,28 0,8 1 0 1 0,93)
As 0,1 1 0,15 0,2 0,8125 0,(7) 1
As 0,9 0,68 1 0,4 0,25 0,(407) 0,(6)

Aemopcvka po3pooka.

Po3B’sbxemo 3a1ady KiTbKOMa METOJaMH.
1. MeTton piBHOMIpHOT ONTUMAJIBHOCTI.

F(A*):maXZf; a6o F(A)=max F(4), i=1,m; F,=) f,,

j=1 j=1

A" — HaliKpaIa aJbTepHaTHBA.
max {0+0+0+02+1+1+0;0,3+0,68+0,55+0,6+0,3125+0+0,4;
1+0,88+0,75+0+0,5+0,3)+0,4(6); 0,8 +0,28 +0,8 +1+ 0+ 1+0,9(3);
0,1+1+0,15+02+0,8125+0,7)+1;09+ 0,68 +1+04+0,25+0,407)+ 0,(6)} =
=max {2,2; 2,8425; 3,93; 4,8133; 4,0403; 4,3041} = 4,8133.

3riIHO MPUHIUIY PIBHOMIPHOI ONTHUMAJIBHOCTI MAaEMO HACTyIHE PaHKyBaHHS
e(eKTUBHOCTI pOoOOTH MIANPUEMCTB (Y MOPSIIKY 3MEHIIECHHS): A4, Ag, As, A3, A2, A1.

2. Metop cripaBeiJIMBOro KOMIIPOMICY.

F(Ay=max]] f; a6o F(A)=maxF(A4), i=lm; F=I1f.
i =l i Jj=1

max {0-0-0-0,2-1-1-0; 0,3-0,68-0,55-0,6-0,3125-0-0,4; 1-0,88-0,75-0-0,5-0,(3)-0,4(6);
0,8-0,28-0,8-1-0-1-0,9(3); 0,1-1-0,15-0,2-0,8125-0,(7)-1; 0,9-0,68-1-0,4-0,25-0,(407)-0,(6)} =
=max {0; 0; 0; 0; 0,0019; 0,0166} = 0,0166.

3a MM MeToA0M Hale(EKTUBHIIIE MPAIIOE MIOCTE MiAMPUEMCTBO (Ag), TTOTIM
n’site (As), Jam WAy Th yci 1HII MiAMTPUEMCTBA Pa3oM. SIKIIO MiAITPUEMCTBO OTPUMAIIO
Halripiie 3HaYeHHS Xo4ya O MO OJHOMY KpPUTEpPiO, TOMAl IHTETpajbHE 3HAYCHHS
nokasHuka qopiBHIOE O (y IIbOMY HEOJIIK IIHOTO METOTY ).

3. Metoa BaroBoi 3ropTKH KPUTEPIiB.

F(A)=max ) a,f] ago F(A)=maxF(4); F=2a,f;.
Jj=1 J=1

n
i€ o —BaroBi KOEMILIEHTH KPUTEPIIB (z a,=1).
i=1

i koeditieHTH a00 OTPUMYIOTh EKCIIEPTH B PE3YJIbTATI MPOBEICHHS EKCIIEPTHU3H
OJIHUM 13 METOI1B, a00 ix Bu3Hauae OITP.
[Tpunyctumo, OIIP 3amae HeHopMoOBaHiI BaroBi KoedillieHTH KputepiiB B 10-
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OanpHIN mkam. Toal HOpMyOUH 111 KOe(ILIEHTH, OTPUMYEMO:
0 n
a

a,=——, i=Ln, Qo =1).
zaio i=1
i=1

Jlns vammoi 3agaul OITP 3amana taki koeilieHTu:

' =%a) =4 a) =8,a =20 =6, =6;a; =5, Y a =40.
i=1

a, =0,225; a, =0,1; a; =0,2; a, =0,05; o, =0,15; o, =0,15; o, =0,125.
F,=0,225-0+0,1-0+0,2-0 + 0,05-0,2 + 0,151 + 0,151 +0,125-1 = 0,2925;
F»,=0,225-0,3+0,1-0,68 + 0,2-:0,55 + 0,05-0,6 + 0,15-0,3125 + 0,15-0 + 0,125-0,4 ==
0,3724;
F3=0,225-1+0,1-0,88 +0,2-0,75 + 0,05-0 + 0,15-0,5 + 0,15-0,(3) + + 0,125-0,4(6) =
0,6463;
F4=0,225-0,8 +0,1-0,28 +0,2-0,8 + 0,051 +0,15-:0++ 0,15-1+ 0,125-0,9(3) = 0,6847,
Fs=10,225-0,1 +0,1-1 +0,2-:0,15 + 0,05-0,2 + + 0,15-0,8125 + 0,15-0,(7) + 0,125-1 =
0,5260;
Fs=0,225-0,9+0,1-0,68 +0,2-1 ++ 0,05-0,4 + 0,15-0,25 + 0,15-0,(407) + 0,125-0,(6)
=0,6724.

3riIH0 METOJy BaroBOi 3TOPTKH KPUTEPIiB MAaEMO HACTYIHE paH)XyBaHHS
e(eKTUBHOCTI poOOTH MANPUEMCTB: A4, Ao, Az, As, Az, A;. Skmio 3miHIOBaTH
PIOPUTETH KPUTEPIiB, TO OyIe, B3araii KaKy4H, 3SMIHIOBATHCH 1 TOPSJIOK PAaHKOBAHUX
anpTepHatuB. lleit Meron OULMBII THYYKMM 1 J03BOJISIE BU3HAYATH MPIOPUTET
e(EeKTUBHOCTI POOOTH MIANPUEMCTB B 3aJIEKHOCTI BiJ] BaroBUX KOe]illI€HTIB
KPUTEPIIB.

4. Metoa iaeanbHOI TOYKH (TrapaHTOBAHOI'O pe3yJbTaTy ab0 PIBHOMIPHOIO
CTHUCHEHHS).

F(A") = minmax[max f; — f;'] a6o F(4)=minmax[ /™ - 1],
4 J i i J

,Z[e ijmax :mlaxf;lo

Le#t meton BiamoBigae npuHiumy CeBimka. MakcuManbH1 3HaYSHHSI KPUTEPIiB

0 max . . v
]Cj = 1 ManI/IHH B1AXWJICHb 3HAUYCHbB KpI/ITepllB B1]] HaI/IKpaH_II/IX 3HAUYCHb (aHaHOF

MaTpuLi pU3UKY) Mae Burmsiy: R =(7,),,, ne r; = ijmax - fl-jo, (i= 1,m; j=1n).
1 1 1 0,8 0 0 1
0,7 0,32 0,45 0,4 0,6875 1 0,6
L |0 012 025 105 00 050
0,2 0,72 0,2 0 1 0 0,0(6)
0,9 0 0,85 0,8 0,1875 0,(2) 0
01 032 0 06 075 0592 0,03)

MakcuMalbHi BIIXWICHHS MO KOXHIN 3 IIECTH ajdbTepHATUB MAarOTh HACTYIIHI
sHaveHus: 1; 1; 1; 1; 0,9; 0,75. Bubepemo MiHIMalIbHE 3 IIUX BiAxuiaeHb: min{l; 1; 1;
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1;0,9; 0,75} =0,75. 3a uum MeTO10M Halie(PEeKTUBHIIIIE MPAITIOE IIIOCTE MIAMPUEMCTBO
(46), motim m’sare (As), manai WAyTh yci 1HII TignpueMcTBa pasom. Pesymbpratu Ta
BHCHOBKHU JIJI IbOTO METOAY 301ratoThCs 3 METOIOM CITPABETHBOTO KOMITPOMICY.

5. Merton gocsranHs HETOCSKHOTO pe3yJIbTaTy.

. . < * . ' Omax 092
F(4)=min |3 [max f — f;T a6o F(4)=min 2L =T
i = i =
e f'jOmax — maX
AHAJIOTIYHO MOMEPEeIHbOMY METOAYy 3HaxoauMo Matpuiio R. OOuuciroemo

MiHIMaJIbH1 3HAYE€HHS 13 KBaIpaTHUX KOPEHIB CyM KBaJpaTiB €JIE€MEHTIB MaTpHIll R 1o
psAKaM.

min{y\/1> + 1> + 1 + 0,8 + 0% + 0% +1>; /0,77 +0,32> + 0,45 + 0,4” +0,6875" +1> +0,6*;
JO? 40,122 +0,25% +12 +0,5% +0,(6)> +0,5(3)%; 1/0,2° +0,72% +0,2% + 0° + 1> + 0> +0,0(6)’;
Jo,92 +07+0,85"+0,8"+0,1875" +0,(2)* + 0*; \/0,12 +0,32° 407 +0,6"+0,75" +0,(592)" +0,(3)*} =
=min{2,1541; 1,6696; 1,4338; 1,2660; 1,5023; 1,2236} =1,2236.

3rilHO METOJy JOCSTaHHS HENOCSKHOTO pe3yJibTaTy MAaeMO HACTYIHE
paHXKyBaHHS €)EKTHBHOCTI pOOOTH MIAPUEMCTB: Ag, Aa, A3, As, Az, A1.

BukopuctoBytoTb ¥ iHINI MeTOAM TMpH OaraTOKpUTEpiaJbHOMY BHOOpI
IbTEPHATHB. METOJ[ TOJIOBHOTO KPUTEPII0, JIEKCUKOTPapidHOTO YHOPSIKYBAHHS
KpHTepnB MOCIIOBHUX MOCTYIOK, BUKOPUCTAHHSI KOHTPOJbHUX MOKAa3HUKIB 1 TaKe
1HIIIE.

BucnoBku.

EdextuBHOCTI pOOOTH MIANPUEMCTB JOCTaTHBO CYTTEBO 3ajieXaThb Bij
BUKOPUCTAaHHS METOJly OaraToKpuTepiaJbHOro BHOOpPY anbTepHaTuB. s pi3HUX
COLIIAJIbHO-EKOHOMIYHUX 1 TEXHIYHUX Mojesiell Tpeba OOIPYHTYyBaTH 3aCTOCYBAaHHS
MPUHIMIY ONTUMAIBHOCTI 1 BIJMOBIIHOTO MeToa. Pe3ynbTaTu 3ajie’kaTh TaKOXK BiJl
MOBHOTH KPUTEPIiB €(PEKTUBHOCTI, BaroBUX KOE(PIIIEHTIB KOXHOTO KPUTEPIIO,
BaroBUX KOE(IIE€HTIB KOMIIETEHTHOCTI €KCIIEPTIB MPHU HAIBHOCTI SKICHUX KPUTEPIiB
Ta METOJUKH TPOBEICHHS EKCIEPTU3H TMPH OTPUMAHHI KUIBKICHUX 3HAYEHb IS
AKICHUX MOKa3HUKiB. [IpuBenena meroauka edektuBHO Oyia peanizoBana Ha Excel. B
MEePCIEKTUBl HEOOX1THO BUKOPUCTOBYBATH JaHY METOAMKY JUJISi PI3HUX peabHUX
COIIAIbHO-EKOHOMIYHUX ~ OaraToOKpuUTEpiaiIbHUX MOJENe 3  OOIPYHTYyBaHHSAM
BUKOPUCTAaHHS TOTO a00 IHIIOTO METOAY, 3aCTOCOBYBAaTHM EKCIEPTHI METOIU MpPH
HAsIBHOCTI SIKICHUX KPUTEPIiB TAKOXK 3 OOTPYHTYBAHHSIM JOIIBHOCTI TOTO YU 1HIIIOTO
METOJY, IIIKaJl KPUTEP1iB, KOS(DIIIEHTIB Bard KPUTEPIiB Ta KOMIIETEHTHOCTI €KCIIEPTIB
B 3aJEXKHOCTI B crnenudiku Mojesl Ta MOXKIMBOCTEM €KCHepTiB, BHU3HAYATH
Y3rOJIKEHICTh AYMOK ekcrepTiB. HeoOxigHO po3poOMTH KOMIUIEKC Mporpam Jyis
peamizaiiii JaHOI METOAUMKU. B mepcnexkTuBl TakoX HEOOXITHO PpO3TIsIaTh
OaratokpuTepianbHi 3a7a4l IPUHHATTA PIIIEHb HE TUIBKK B YMOBAaX BU3HAUYEHOCTI ajie
1 B yMOBaxX pU3HKy Ta HEBU3HaYeHOCTI. Po3po0ieny MeToiuKy 6araTokpuTepiaabHOTO
BUOOpY anbTepHaTHB €(QEKTUBHO MOXHA BUKOPHCTOBYBaTH Yy BHUPOOHHIITBI,
MapKETUHTY, aHalli3l Ta ayauTi, (piHaHCaX, IHBECTHIIISX, MUTHIN CIpaBl, yIpaBIliHHI
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nepcoHandy, NpW IUIaHYBaHHI Ta KEpyBaHHI pI3HUMH OpraHi3alliiHUMHU Ta
aBTOMAaTH30BAaHMMU  CHUCTeMaMH  (3aBOJaMH, BUPOOHHUITBAMH,  TOPTOBUMU
KOMIUIEKCaMH, KOPIIOPATUBHUMH CUCTEeMaMH, (ipMamH, CUCTEMaMH TPAHCIOPTY 1
3B’A3KY, CKOJIOTIYHUMH CHCT€MaMd 1 T. 1H.), BUOOpl MEPCIEKTHUBHUX IPOEKTIB,
00’€KTIB KaliTaJIOBKJIAJeHb, IPU OLIHIOBaHHI €()EKTHUBHOCTI MISUIBHOCTI PI3HUX
cucteM (mANpUEMCTB, PipM, pOOITHUKIB, TEXHIKH), SIKOCTI MPOMHUCIOBOI MPOAYKIIIi,
PIBHSI TEXHIYHOI JOCKOHAJIOCTI MPHUCTPOIB, YCTaTKyBaHb, BEPCTATIB TOLIO 3 METOIO
NPUUHATTS €(PEKTUBHUX YNPABIIHCHKUX pIlIEHb NOpU KEepyBaHHI COLIAIBHO-
€KOHOMIYHUMHU Ta TEXHIYHUMH CHUCTEMaMHU [JIsi MaKCHUMAaJbHOTO 3a0e3NeyeHHs
€KOHOMIYHO1 0€3MeKH JepKaBH.
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Abstract. The main problems of multi-criteria selection of management solutions in economic,
management and technical systems are considered. The practical implementation of the multi-criteria
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CONSTRUCTION OF SRABILITY DOMAINS FOR LINEAR

DIFFERENTIAL EQUATIONS WITH DELAY
MMOBYJI0OBA OBJIACTEN CTIMKOCTI JIHIMHUX IU®EPEHIIAJILHUX PIBHSIHb
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Chernivtsi National University, Chernivtsi, Kotsyubynskoho 2, 58012
Yepniseyvkutl HayioHanvHull yHieepcumem, Yepnisyi, eyi. Koyroobuncorozo 2, 58012

Anomauin. Jlocniodxceno cmiukicms JIHIUHUX ABMOHOMHUX OUhepeHyialbHO-PI3HUYEeBUX
piensanb. /15 yb02o 3HANOEHO YMOBU HA Koepiyienmu Pi6HAHHI, NPU AKUX 8CI KOPEeHi 8i0N08I0HO20
Xapakxmepucmu4Ho2o piGHAHHA Marme 610 €MHI OilicHI YacmuHu. 3HAUOEHO O0OMedCeHHs Ha
napamempu i no6yoosamo obaacmi cmiukocmi pIiGHAHb i3 080MA 3ANI3HEHHAMU HA NIOWUHI
Koegiyienmis. Buxopucmaro npunyun apaymenmy, memoo D-pozoummie i uuciosi memoou.

Knrwowuosi cnosa: ougepenyianvno-pisHuyese pieHaHHA, 006aACMb CMIUKOCMI, NPUHYUN
apeymenmy, D-pozoumms.

Beryn

JlocikeHHsT CTIMKOCTI pO3B’SI3KIB AM(EpeHIiadbHO-PI3HUIIEBUX PIBHSAHD €
BAXJIMBOIO TMPUKIAAHOI 3amadero. HeoOXigHo 1 J0CTaTHROIO — YMOBOIO
ACUMNTOTUYHOI  CTIMKOCTI ~ PO3B'SI3KIB  JIHIHHUX  aBTOHOMHHUX  CHCTEM
nudepeHIliaTbHUX PIBHSHD 13 3aI3HEHHSIM € BIJI'€MHICTb IIMCHUX YaCTHUH BCiX KOPCHIB
xapakTepuctTuuHoro kpazimomiHoma [1 — 3]. Tomy nansa 3HaxomkeHHs o001acTi
CTIMKOCTI cucTeM 3 OaraTbMa 3ami3HEHHSIMH MOKHA 3aCTOCOBYBATH aMILTITYJIHO-
dhazoBuii MmeTo1, MeToa D-po3ouTTiB, MeTO I MetimaHa 1 YeboTaproBa Ta iH.

Ocob6muBo mnpocTUM € MeTod D-po30UTTIB, KOJIM TMPOCTIp KOEQIlIE€HTIB
pO30MBAaETBCA Ha 007acTi TINEPIUVIOIIMHAMHU, TOYKaM SKHX  BIJIIOBIIAIOTh
KBa31MOJIIHOMH, [0 MAIOTh X04a O OAMH HYJb Ha ysABHIN oci. OueBUIHO, IO TOYKAM
KOXKHOI 00J1acTi Takoro D-po30HMTTS BIAIOBIIAIOTH KBAa3IMOJIHOMH 3 OJHAKOBUM
YUCJIOM HYJIB 13 JOJATHOK AIMCHOI0 4acTUHOI. YacTo ICHY€ HECKIHUYEHHE YMCIIO
obsacteit D-po30UTTs, TOMY cepe/l HUX Ba)KKO BUIIIUTH 00JIaCTh CTIHKOCTI.

ToMmy AOUTBHO CMOYATKy 3a JIOMOMOTOI TPUHIIMITY apTyMEHTY 3HAUTH
0OME>KEHHS, SIK1 33JJ0BOJIbHSIE 00JIACTh CTIUKOCTI, a TIOTIM YK€ 3aCTOCOBYBAaTH METOJ
D-posourttiB. Taki 3amaui qocmixeHo, 30kpema, B [4 — 9]. ¥V miii crarTi 10BEACHO
O0OMEKEHICTh 00J1acTi CTIMKOCTI 1 MOOyIOBaHO OOJAcTi CTIMKOCTI MpH PI3HUX
BIIXUJICHHSIX apTyMEHTY.

1. OcHOBHI pe3yJbTaTH

Posrnsnemo piBHSIHHS
% =a,z(t—1)+a,z(t —2)+ -+ a,z(t —n). (1)
3rigao 3 [l — 3] mna toro, mo® HyIbOBUM po3B's30K piBHsAHHS (1) OyB

ACUMITOTUYHO CTIMNKUM, HEOOX1HO 1 JOCHUTbH, 100 BCl KOPEHI XapaKTepUCTUYHOTO
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PIBHSIHHS
A=ae*+ae?*+ -+ ae™™ )
JIe)KaJii B J1iB1M miBmtonval Re A < 0.
Osnavennsi. Ooaacmio cmiukocmi pieHAHHSA (2) HA3UBAEMbC MHONCUHA MOYOK
(aq,...,a,) € R™, ona saxux éci kopeHi piensinnsi (2) 3adosonvusitoms ymosy Re 1 < 0.
Hexaii L -- mpocTa HenepepBHA KpuBa, Ha KM BKa3aHO HANpsIMOK pyxy. Yepes
AArg,e; f(2) mozHaunmo 3MiHy aprymeHTy GyHKiii f(z) mpu pyci B310BXK KPUBOi L.
Jlema 1. Hexaui ¢hyuxyii f(z) ma g(z) ananimuuni 6 KOMIIEKCHIU NIOWUHI § 0115
MOYOK Z i3 0esxol npocmoi nenepepenoi kpueoi L euxonyiomuvcs nepienocmi |g(z)| <

|f (2)]. Tooi

AArngL (f(Z) + g(Z)) = AAngeLf(Z) — T. (3)
JoBenennsi. CripaBI)Ky€eTbCS PIBHICTD
_ 9)\\ _ 9(2)
L= 0Arg,e, (f(Z) (1 + m)) = Mrg,e f(2)+ Mrg,e, (1+75)

Ockineku |g(2)/f(z)| <1, To dyukuis 1+ g(z)/f(z) BinoOpaxae kpuBy L y
BHYTPIIIHICTh OMUHUYHOTO KpyTa 3 IeHTpoM B Toulli z = 1. Tomy 00pa3 kpuBoi L mipu
BigoOpaxkenni 1+ g(z)/f(z) Moxxe 3MIHUTH apryMeHT He Oinblie, HiXK Ha . I3
HEPIBHOCTI

AArg,e, (1+9(2)/f(2)) =z —m.
BUILIMBAE HepiBHICTS (3). Jlema 1 noBenena.

[Mosnaunmo Q(z) = a,z™ + a,_1z" 1 + -+ a;z.

Jlema 2. Hexaii ons ecix a € [0; 1] icnye z maxe, wo |z| = e™% i sukonyemocs
nepisuicmo |Q(z)| < m + 1. Tooi 3naiioemvcsa cmana K > 0 maxa, wo laj| < K ona
scixj € {1,2,..,n}.

HoBenennsi. Poskmagemo mnominom Q(z) na wmHOXHUKH Q(z) = a,z(z —
zy) ...(z — z,_1). Toni BipHa HEPIBHICTH

lanllzl|(Iz] = |z1]) ... (z] = |z,-1 DI < [Q(2)]. (4)

Posrmstaemo moainoM Q (x) = |a, |x(x — |z4]) ... (x — |z,—1|). 3rigHO 3 yMOBOIO
nemw, i3 (4) BummBae, mo 1 Beix x € [e~1; 1] Buxonyerses oninka |Qq (x)| < m +
1.

3acTocoByroun TeopeMy UeOuIoBa, ofep:xuMo, 10 icHye x € [e~1; 1] rake, mo

1—e 1\"
Q1 ()| = 2]a,] (T) :

3B1ICH BUILIUBAE, 110
n

| |<7r+1< 46)
Wml=""\e-1)"

Onepx’uMO OLIHKY Ui a,,_, . OCKUIBKU

lap_ 12" 1+ +ayz| < laz" + -+ az| +azt| ST+ 1+

| |<1 +1+n+1<4e)"<4e)
In-1l =51\ 7 2 \e—1) J\e—1
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AHaJIOT1YHO MO>KHA OJIep>KaTH OIIHKH JJis BCiX KoediieHTiB. Jlema 2 noBejeHa.

Teopema 1. Obnacmo cmitikocmi pisHsanus (2) obmedicena.

Hosenenns. [Tosnaunmo P(1) = 1 —Q (e_’l). Toni piBHSIHHS (2) TEPEHIIETHCS
y surisiai P(1) = 0.

-

Puc. 1

3acTocy€eMO MPUHIIUI apTyMEHTY 70 MPSIMOKYTHHKA Ha puc. 1.

3rifHO 3 MPUHIMIIOM apryMeHTy, YHCIO HyNIiB KBasimoiainoma P(A) y
PSMOKYTHHKY JOPiBHIOE 3MiHi apryMenTy QyHKiii P(A) mpu pyci A B3I0BXK KOHTypa
ABCD.

Cropona AB npsiMOKyTHHKa MEpEeTUHAE AIMCHY Bich y Toulll X =, 0 < a < 1.
Yucno a mu Bubepemo mizHime. Ctopony CD BubOepemMo AOCUTH AalEKO B YySBHOI
oci. Tomi ii 06pa3 npu BigoOpaxenni P(A) Oyme micTUTHCS B TpaBiii miBmiomuHi. Ha
B12Ip13Ky BC mMaemo

A=—-mi+x,x=2a=0PA)=—-ni+x—Q(—e™).

VsaBHa yactuna Gyskiii P(A) 3aauImaeTbes CTaaor0, a JiiiCHa YaCTHHA IPIMY€E

10 +oo npu x — +o0. Ha Binpizky AD
A=mi+x,x=>2a=>0,PA)=ni+x—Q(—e™%).

Tyt 3u0BY ysiBHa yactuHa ¢yHkmii P(A) Oyne cranor. B pesyibrari cymapHa
3MiHa aprymenty ¢yukuii P(A) mpu pyci B3aoBx BiapiskiB BC, CD i DA Oyne
JOJaTHOI. 3aJIMIIMIOCh OIIHUTH 3MIHY apryMeHTy o0Opa3y Biipizka AB. Sk mu

100a4nMMo, TIpU JIOCHTH BEJMKOMY Max |a;| BU3HAYaJIbHUM Ha BIAPI3KY AB nus
1<jsn

npupocty aprymenty Qpynkuii P(1) 6yzne ums dyuxuii Q (e ™).

[Ipupict aprymeHTy QyHKII Q(e"l) npu pyci no BiJpi3ky AB 10piBHIOE
npupocty aprymenty ¢yHkmii Q(z), koau z poOuTh 00Xia koia |z| = e~ mpotu
TOJIMHHUKOBOI CTPUIKH. 3T1THO 3 TPUHIIUIIOM apTyMEHTY

AATg|z1=¢—a = 27N,
ne N — aucno nyniB yHkiii Q(z) B kpy3i |z]| < e™%. Ane B boMy Kpy3i 3aBXK/IH €
Hyib z = 0, Tomy N = 1, oTxe
AArgnZyZ_nQ(e‘(“”y)) > 21
SIKIII0 BUKOHYIOTBCS YMOBH JieMH 2, TO KoeditieHTr moinoma Q(z) oOMexeHi.

Y NpoTWIeKHOMY BUNAIKY, IIPU TOCUTH BEIIMKOMY Mmax |aj| 3HauIeThCA Take a, 0 <
1<jsn

a <1, 0
Qe @) | zn+12la+iyl, wm=y=-m
BukopucroByroun semy 1, ominumo 3miHy aprymenty ¢yskiii P(A) mpu pyci
B3/I0BX Bijipi3ka AB
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AATGrsys—n (a + iy — Q(e‘(“+i3’))) >2m — 1T =T.

OTxe, IpH IOCUTH BEIUKOMY 1r£11a<x |a;| 3mina aprymenty dynxuii P(A) mpu pyci
B3/10BK KOoHTypa ABCD Oyne nomatHoro. OTxe, 3TIHO 3 IMPHUHIUIIOM apryMEHTY,
¢yuxkiis P(A) matume Hysb B ipssMokyTHUKy ABCD, a toxi (ay, ..., @,,) HE HAJISKUTh
00J1acTi CTIMKOCTI piBHSHHS (2).

3BiJicH BUILJIUBAE 0OMEKEHICTh 00J1acTi CTiMKOCTI. TeopemMa JoBe/ieHa.

Jlema 3. Axwo eexmop (aq, a,, ..., Q,) Hanexcumo 061acmi CMIUKOCMI PIGHSAHHS
(2), moa, +a, +--+a, <O0.

JHoBenennsi. Hexait a; + a, + -+ a, = 0. Toxai kBazimHorowied P(1) = 1 —
a;e~* — -+ — a,e ™ 3a70BONBHSE YMOBH

P(0) <0, lim P(A) = +oo.
A=+

3HAYUTh, iICHYE YUCIIO Ay, 0 < Ay < +00, Take, mo P(4,) = 0. PiBusuus (2) mae
HeBia'eMuuil mificauii kopinb. OTke, Bektop (a4, a,, ..., a,) HE HAJICKUTH 00JACTI
criiikocti. Jlema 3 noseneHa.
2. PiBHAHHA i3 ABOMA 3aMi3HEHHAMHA
3acTtocyemo MeTos1 D-po30UTTIB A0 PIBHSHHS
A =ae ™ + pe ™, (5)
Jie M Ta N — B3a€EMHO MPOCTI HATypasibH1 unciia, m < n. KBa3imnojiHOM Ma€ HyJIbOBUHN
KOpiHb, KO a + b = 0. Lla npsama 1 € ogHi€ero 3 JdiHIM, M0 YTBOPIOIOTh MeXy D-
PO30OUTTS.
Hexaii Tenep piBHsiHHS (5) Ma€ cyTo yABHUHM KOpiHb iy, y # O:
a(cosmy —i sinmy) + b(cosny —i sinny) =1iy.
Bimokpemutroroun IificHy 1 ysIBHY YaCTHHH, OJICPKUMO CHCTEMY
acosmy+ b cosny=0, asinmy + b sinny = —y. (6)

Po3sB'spkemo cuctemy (6), SKIIO
cosmy cosny

sinmy sinny

PiBustHHS niH1H D-po30UTTA B apaMeTpu4Hii popmi MATUMYTh BUTJISA
y cosny y cosmy

sin(n —m)y’ ~ sin(n—m)y’

i miHii po30uBalOTh IJIOLMMHY MapaMmeTpiB (a,b) Ha HECKIHYEHHE YHCIIO
obJiactell, BcepeInHl KOXKHOI 3 SIKMX PIBHAHHS (5) Ma€e OJTHaKOBE YHCJIO KOPEHIB 3
J0JIATHOIO JIMCHOIO YaCTUHOIO.

Cuctema (6) Moke OyTH CYMICHOIO TaKOX Y BHMIAJKy, KOJH 1i TOJIOBHMIA
Bu3HauyHKUK Sin(n —m)y = 0. Ile moxamBo mpu Yy # 0 TOAi i TUIBKKA TOII, KOJH
cosmy =cosny =0 abo my=n/2+kn, ny=n/2+1In, k€Z |l €Z Taxi
PIBHOCTI BUKOHYIOTHCSl TUIBKH Y BHUIIAJKY, KOJIM M Ta N HemapHi. SIKio )k m ta n
HeTMapHi, To JOCUTh B3It k = (m—1)/2, l=(n—-1)/2, y =n/2 i cucrema (6)
BU3HAUATHME TpsAMy JiHil0 asinmmn/2 4+ bsinnn/2 = — /2. Kpim wiel npsimoi
ICHyBaTHMe Il 3JIIYCHHE YKCJIO OJHAKOBO BIJJAJICHUX B3aEMHO IapajeibHUX
NpsMUX, AKl € JiHIAMH D-po30uTTs. Y 1bOMYy BUNAAKY JiHIIMU D-po30uTTs OyayTh
npsiMi, KYT HaXWUIy SIKUX piBHUH T /4 a60 — 11 /4. [Ipu HemapHuX m Ta n Bi0yBa€ThCs
0idypkailisi OsSiBM HOBUX JIIHIN D-pO30UTTS.

= sin(n —m)y # 0.
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VY Bumajaky, komu m = 1, n — HenmapHe HaTypajibHe uyucio (n > 1), obaacts
cTiikocti obmexxeHa (n+ 3)/2 gyramu miHINA, cepem SKuUX JBI AyrH OyIyTh
BIJIpI3KaMH IPSAMUX. [HIII IyTH OJEPKYIOTHCS 13 MapaMeTPUIHOTO 300pakeHHs

_ ycosny b _ y cosy
~ sin(n— 1)y’ ~ sin(n—1)y
npu 0 <y < m/2.
Sk nmpukitan 3HalIEMO 00JaCTh CTIHKOCTI PIBHSHHS
A=ae*+ be 34

[Ilo6 3HaWTHM OWIHKKA 1Ji1 KOe(ilieHTIB a Ta b, BUKOPUCTAEMO METOJUKY
JOBEACHHS TeopeMu 1. 3acToCyeMO NPUHLIMI apIyMEHTY /10 NPSIMOKYTHHKA Ha pucC. 1.

CrnouaTky mpumnyctumo, mo « = 0. Toxi npu ||a| — |b|| = m Maemo |ae ™ +
be 3| > > |iy|, Tomy 3mina aprymenty ¢ynkuii P(1) = A — ae™* — be 3% npn
pyci B3noBxk kouTypa ABCD 6yne nonataotro. Omxe, dpynkitis P(A) Oyne matu HYJb y
npsAMOKyTHUKY ABCD.

3aCTOCOBYIOUH LIIO K METOAUKY 110 TpsiMOKyTHUKAa ABCD tipu @ = 1, ogepxumo,
wo ¢yukuis P(1) Oyne MaTu HyIb y [EOMY IPIMOKYTHHUKY 1ipH ||ale ™ — |ble 73| =
vm? + 1.

[3 mammx MipKyBaHb BHIUIMBa€, mo Ais To4yok (a,b) 13 oOxacTi CTIMKOCTI
paBUJIbHI HEPIBHOCTI

llal = |bl| < =, |lale™ — |ble~3| < VAZ + 1. %
3r11HO 3 J1eMOI0 3 00J1aCTh CTIMKOCTI MOBUHHA 33JI0BOJILHATH I1I€ OJIHY HEPIBHICTh
a+b<DO0. (8)

Hepinocti (7) 1 (8) BuM3HA4alOTh Ha IUIOIIMHI TMapaMeTpiB a4 Ta b NEsIKHii
00OMeXEeHHI MHOTOKYTHHK.

JInst 3HaxXOKEeHHsT 00JIaCTi CTIMKOCTI 3aCTOCYyeEMO Temep MeTon D-po30uTTiB.
[Ipsima a + b = 0 € ozHi€IO 3 JNiHIH, 1110 YTBOPIOIOTh MEXY D-po30UTTS.

SIKII0 KBa3IMOMIHOM Ma€ CyTO ySIBHUI KOPIHb [y, TO PIBHSHHS MeX D-po30uTTs
B [TapaMeTpUuHiil opMi MATUMYTh BUTJISI

2
_ y(4cos. y 3), b _ y | )
2siny 2siny

[ToOyayemo mniHii, 110 BiANOB1Aa0Th BUNaAKy cosy = cos 3y = 0. Lli piBHsSHHS
MaroTh CyMicHI KopeHi y = /2 + km, k € Z. Tomy niHissmu D-po30uTTst OyayTh
npsami a — b = (D) (/2 + km).

Bigznauumo, mo miHii D-po30UTTS JOCUTh HAHECTHU B MHOTOKYTHHKY, IO
oOMexye 0051acTh cTifiKoCcTi. HeBaskko mepexoHaTHCsI, 110 3B's13Ha 00J1aCTh, 0OMEXKEeHA

BIJIpI3KaMHU MPSIMUX

|._x

<a<-—=:b +7T 37T <a<-="
<a<<—-;b=a+-,-3—-<as<—-

2’ 2" 4 4
ta myroto JiHii (9) mpu 0 <y < m/2 € obmactio criiikocTi. O0MaCTh CTIKKOCTI
piBHSHHS (5), y skomy m = 1, a n = 3 — 1i¢ 3alITpUXOBaHa YacTHHA IUIONIUHH,
300pakena Ha puc. 2. Ob6macth criikocTi piBHSHHS (5), y sxkomy m=1, n=2

300pakeHa B [6].

b=—a,—

N
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Puc. 2

Bucnosxku

B nynkTi 1 1oBeaeHo 0OMeXeHICTh 00J1aCTl CTIMKOCTI Ta 0JIep>KaHO OOMEKEHHS
JUISE TOYOK, IO HajiexaTh 00JacTi CTIMKOCTI, a B MyHKTI 2 MoOyJ0BaHO 00’acTi
CTIMKOCTI JyIsl pIBHAHHSA 13 IBOMA 3aI13HEHHSAMHU.
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Abstract. The aim of the present article is to investigate of solutions stability of linear
autonomous differential equations with retarded argument. It is obtained the necessary and sufficient
conditions, for all the roots of the characteristic equation to have negative real part. We investigate
the boundedness conditions and construct a domain of stability for linear autonomous differential
equation with several delays. We use D-partition method, argument principle and numerical methods
to construct of stability domains.

Key words: delay differential equation, stability domain, argument principle, D-partition.
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Anomauin. B pobomi npogedeno 00TpYHMYBAHHS MONCIUBOCHE BUKOPUCMAHHA YEPBOHO20
wiamy, 5K 0a3080i CcuUpoBuHU Ol NPOYECi8 YMBOPEHHS KOA0bOPOBUSHAUANbHUX WNIHENbHUX
CMpPYKmMyp nieMeHmis Kopuunesoi camu. /[06edeHo MONCIUBICIb NOBHOT 3AMIHU YUCTMUX PeA2eHMHUX
okcudig antominito(Ill) ma cepymy(Ill) 6 npoyecax cunmesy HeOpP2AHIYHUX NieMEHMI8 HA YEPBOHULL
WAam ma smeHueHHs suxopucmanius okcuody xpomy(Ill) y wuxmosux cknadax niemenmis KOpuuHegoi
2amu 3 YmeopeHHaMm be3nepepernoco psody meepoux po3uuHie winivenel. Bukopucmanus 4ep8oHoco
uiamy SMeHULye mexHoceHHe HaBARMAdNCERHA HA O0BKINA.

Knrwowuosi cnoea: Yepsonuil winam, HeopeauiuHuil nieMeHm, 0epusamocpa@iuHuil ananis,
PEHmMeeHo2pama, 3MIWaHa wninenb,  WNIHeIiou-xpomogopu, KoeiyicHmu po3ynopsaoKy8aHHs,
memnepamypa cuHmes).

Beryn. YepBonwuit mmam (Y1) npomucnoBuil Biaxiq BUPOOHHUITBA TIIMHO3EMY
metosioM baiiepa, sikuii K1acu(iKylOTh SIK BHUCOKO3ATI3UCTHI 31 3HAYHUM BMICTOM
OKCH/IIB JIOMIHIIO Ta TUTaHy. X04a MOro 1 BITHOCATH 32 TOKCUYHICTIO IO YETBEPTOI
IPpyNu BIIXOJIB, ajie BiH HETaTMBHO BIUIMBAE€ Ha JOBKIUISI Ta OPraHi3M JIOJWHH,
MOTPAIUISIOUM Yepe3 Omaju y TPYHT Ta TPYHTOBI Bojau. Tomy Horo yTuiizaris i1
3MEHIIICHHS 3aBaJliB HAa IUIAMOBHUX MalJJaHYMKAX € BAXXJIUBOIO 33]a4€IO.

Bucoko3anizucti nuiamMv, NpU HaloMy JOCBIAlI iX 3acTtocyBaHHs [4], 1o
cniBBigHomeHHo okcuaiB 3amiza(lll), amominiro(Ill) ta tutany(Il) mpupathi as
BUKOPUCTAHHA Yy CUHTE31 HEOPraHIYHUX MITMEHTIB KOPUYHEBOI raMu y OKCHIHIM
cucremi A1203- FCQO3-CI'203-ZI’IO-Ti02.

OcHoBHuUi TekcT. {15 J0CHIKEHHS BUKOpUCTAIM YepBOHUI 1IJ1aM 3 MaCOBOIO
YJaCTKOIO MepepaxoBaHOi0 B okcuan,%: Fe,03- 55; Al,Os-18; Ti0,-6; Si0,-8; Na,0-4;
CaO-5; B.1L.11.- 4.

®opmyBaHHSI KOPUYHEBOTO 3a0apBJICHHS HEOPTaHIYHUX MITMEHTIB 00YMOBIIEHO
yTBOpeHHsIM 3Mmimanux mmineniaiB xpomy(Ill) ra 3amiza(lll) (Zn[Fe,Cr],04 - muHK-
3aimizo-xpoMoBoro Tta Zn[Al,Cr],O4 - IMHK-aTFOMO-XPOMOBOT0), SIKi 3HAXOASTHCS B
OKTaepUYHO-TETPaeIpUUHIi KOOPAMHAIlI OKCUI€HHOrO0 Kapkacy MIImiHe Y
BIJIMOBIHOCTI 3 C€HEPri€l0 Mepexoay KaTIOHIB B OKTaeapuyHi Tmo3uiii. Tomy
CTBOPEHHS CTIMKOTO KOPUYHEBOTO 3a0apBJICHHS NIrMEHTY Ta OapBHUKA Ha MOro
OCHOBI, OOYMOBJIIOE€ J0JaTKOBE BHUKOpUCTaHHS okcuay xpomy(IIl) y mmxToBUX
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CKJIaJIax MTMEHTIB B SIKHX 5K 0a30BY CHPOBHHY 3aCTOCOBYIOTh YEPBOHHI IILTAM.

BiamoBimno monsipae cmiBBigHOmeHHsT Cr0s:FeO; mae Oytm Omusbke 110
CHIBBITHOIIECHHSI OKCHIB Y MPOMHCIIOBUX MIIMEHTAX LbOTO 3K KOJIbOPY. MOXKIUBICT
3aminu uynctux okcuaiB xpomy(Ill) ta 3amiza(Ill) B mmxToBOMY CKIaai MIrMEeHTIB Ha
BIJIMOBIJIHY KIJTBKICTh YEPBOHOTO MIJIAMY JOCIIKEHO METOJ0M MPOOHUX CHUHTE3IB B
YMOBaX OKHCHIOBAHOTO CEpPEI0BHUIIA OOMaIOBAILHOT Meyi.

[Ipu cknaganHi MaTpwill IUIAHYBaHHS CKJIAJ(IB MITMEHTIB Oyio mepeadadeHo

noBHy 3aminy Fe;O; Ta AlLOs, Tak 1 yacTkoBy 3aminy Cr,Os. s momryky oGmnacTi
CTa01JILHOCTI KOJIbOPY MITMEHTY MOMEPEAHBO MiATOTOBJEHI IIJIAMU JIOITUXTOBYBAIH
HE TUIBKUM OKCHJAMHU IMHKY, ajie ¥ JI0JaTKOBOIO KUIbKICTIO okcuay xpomy(IIl) mms
BCTaHOBJIEHHS He0oOXigHoro cmiBBigHOIIEeHHS Cr,03:Fe,Os. IluxToBuii ckiaa, yMOBU
CHUHTE3Y Ta XapaKTEPUCTUKH MIrMEHTIB HaBeJEeHO B Ta0muIll 1.
Sk BuaHO 3 Tabnuili 1, BapitoBaHHS CIIBBIJHOIICHHSM OKCHJIIB 3ajli3a Ta XPOMY, SIKE
MOKHa JOCSTTH HIMXTYBaHHSIM pPI3HOI KUIBKOCTI YEPBOHOTO IIIaMy Ta OKCHIY
xpomy(Ill), no3BoOJIsIE OTpUMATH KOPUYHEB] MITMEHTH PI3HUX BIATIHKIB ( BiJ KOBO-
kopuuHeBoro (Cr,03:Fe;O3 = 0.12+0.36) no temHoro kopuuHeBoro (Cr,Os3:Fe,O; =
0.42+0.6). Kinebkicts okcuaiB TiO,, ZnO CyTTEBOTO BILIMBY Ha 3MIiHEHHS KOJIBOPY
NICMEHTIB HE Mae, ane TMpu 30UTbIIEHHI KIUIBKOCTI IUX OKCHJIB BHIIE
CTEXIOMETPUYHOIO MPHU3BOAUTH JO YTBOPEHHS 3MIIIAHOI LMHK-aJIOMIHINA-3a5130-
XPOMOBOT IITIHEN Ta HImiHeaeno1i0H01 koMno3uIinHo1 cTpykTypu: TiO,-[Fe,Ti]O4-
Fe,O3 mo no3Bonsie nmepeadauntu (GoOpMyBaHHS CBITJIIIUX BIATIHKIB KOPUYHEBOTO,
3a paxyHOK e(peKTy po30aBieHHs Ta PO30LICHHS.

Taoauus 1 - KosiopucTHYHI XapaKTEPUCTUKM MIrMEHTIiB ONTUMAJbHUX CKJIAIIB,
CHHTE30BAHUX 3 BUKOPUCTAHHAM Y€PBOHOI0 IVIAMY

Ianexc | CaiBBin KoMnoHeHTH MUXTH MOAEILHUX HITMEHTIB, Mac.%
MirMEH | HOIIEH XapakTepucruka
Ty HS HIrMEHTY
Cr0s7 | Il | Fe03 | ALOs | Cr203 | ZnO | SiOz | TiOs
Fe,03
[Tpom - 15,0 9,0 16,0 57,0 - 3 Kopuunesuii
K1 0.83 | 55.0 - - 25.0 20.0 - - KopuuHeBo-3eneHunii
K2 0.62 | 53.0 - - 18.0 23.0 - - KopuuneBo-3eneHunii
K3 0.67 |56.0 - - 21.0 | 23.0 - KopuuneBo-3enenuii
K4 0.12 | 75.0 - - 5.0 20.0 - - KaBo-kopuuHeBuit
K5 0.15 [73.0 - - 6.0 21.0 - - KaBo-kopuuneBuit
K6 0.23 | 70.0 - - 9.0 21.0 - - KaBo-kopuuHeBuit
K7 0.29 |68.0 - - 11.0 | 21.0 - - KopuyneBuii cBITIINI
K10 0.36 | 64.0 - - 13.0 23.0 - - CBITJIO-KOpUYHEBUH
OpyHMi
K11 048 |61.0 - - 16.0 | 23.0 - - [okomamHo-
KOPHUYHEBUI
K12 042 650 - - 15.0 | 20.0 - - KopuuneBuii TeMHUI
K13 0.52 |63.0 - - 18.0 19.0 - - KopuuneBuii TeMHuU
K14 0.60 |60.0 - - 20.0 20.0 - - Kopuunesuii TeMHuii

CuHTe3 mIrMeHTIB TpoBOAWIM B 1HTepBaii Temmeparyp (900-1673K) [2].

ISSN 2663-5712 85 www.sworldjournal.com



o7 TR
SWorldJournal Issue 19 / Part 1 4:'—“‘} Al
PiBHOMIpHICTE TeMMEpaTypHOT'O TOJISI TP CHHTE3YIOUOMY OOl 3ade3nedyyBajacs
ONTUMAJILHOIO TOBIIMHOIO 3aBaHTaXeHHA mmXTH B Kamceai — (100+110) .

[IpoTikaHHs MPOIIECIB MIMIHEICYTBOPEHHS BIAMOBIAAI0 peakiiisam [1]:
ZnO+( 1 -1’1) [FC] 203+I’I[Al] 203:Zn1_X_yFCXAly[an+yF62_2n_XA12n_y] 04,
Zl’lO+(1 - 1’1)[FC]203+H[CI']203:Zn1_X_yFCXCI‘y[ZHX+yF62_2n_XCI'2n_y] 04
Fe,O5 + [Tl]Oz = TiOz-[FC,Ti]O4-FCzO3 [3]
3HavyeHHs KoedIlieHTIB X, V, a, b posnoainenns karioniB Zn(II), Fe(III), AI(III)
MDK TETpacApUYHUMU Ta OKTACAPUUYHHUMHU TOJOKEHHSIMU OKCUTE€HHOTO KapKacy
KPUCTAJIIYHOI IPaTKU IIMIHEN1 OTPUMAHO PO3B’A3aHHIM PIBHSAHB 130T€pPMU  XIMIYHOT
peaxiii86 mporueciB MIMiHEICyTBOPEHHS MPU TEPMOAMHAMIYHOMY aHai31 B OKCHIHUX
CHUCTEM BHCOKOTEMIIEPAaTYpHOIO CHHTE3Y, BHKOPHUCTOBYIOUM TEMIIEpaTypHy Ta
KOHIEHTpaLIHHY 3aJIeKHICTh 3HAUEHHS €HTaJIbIIi, eHTpomii Ta eHeprii ['10ca mpornecy
YTBOPEHHSI MPOCTUX Ta 3MiMaHuX mmiHeneid-xpomodopis [1]. TIpo MOXIUBICTB
dbopmyBaHHS SOIIMIHETFHUX CTPYKTYp TNpH Temreparypax, Bumux 3a 1073 K,
cBimyaTh [Y-crieKTpy ONTUMAaNbHUX CKJIAJIB MITMEHTIB KOPUYHEBOI TaMH  KOJIHOPIB

(puc.1).
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Pucynok 1 — IY-cnieKTpu mirMeHTiB KOPUYHEBOI'0 KOJILOPY CHHTE30BAHMX 3
BHKOPHUCTAHHAM 4YepBOHOro miamy (a-ckrao K-12, 6- ckrao K-10)
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3 anam3y puc.l BuaHo, mo Ha [Y-cnekrpi mirmentiB K-12 ta K-10, o6nanenux
npu 1100K, skHAiOIIBIIOT IHTEHCHUBHOCTI HAaOyBalOTh CMYTH MOTJMHAHHSI, SKi
Bimnosigarore xBumboBMM unciaaMm 1140 cw’, 1056 cw’ ta 972 cm’!. Makcumym
nornudanag opu 1140 cw!, 1056 cw’ ta 972 cm! moxna Bimmectn mo oGnacri
IpyHOBHUX YacTOT MOTJIMHAHHS nedopManiiHux koiduBaHb Fe-O mpoayKkTy HEmoBHOT
neriapararii rigpokcumy 3amiza(lll) [5].

B 06macTi HU3bKOYACTOTHUX KOJMBaHb CHOCTEPIratoThest 8787Man0iHTEHCUBHI
cmyru ipu 612 cm! 1a 552 cw!. CMmyra nmornMHaHHS 3 MakCUMyMOM IIpH v = 612
cm! Bimnosimae o6macTi aHTUCHMETPUMYHMX KONIMBaHb 3B's3Ky Fe-O [5]. Cwmyra
NOTJIMHAHHSA 3 MakCcUMyMoM V=552 cwu! waii6Ginemn  BiporimHo —Bigmosimae
AHTUCUMETPUYHHUM KOJIMBAHHIM KPUCTANIUHOI rpatku Fe-O abo Zn-0, 1110 BKa3ye Ha
MOSIBY B peaKuiﬁHiﬁ cyMimi okcuny 3amza(lll) Ta okcumy HMHKY BHAaCHIIOK
JeriapaTarii ix TiIpOKCHU/IIB.

Ha [Y-cnekTpax mpoaykTiB, oOnanenux mpu 1273 K, 30BCiM He CIIOCTEPIraloThCs
cmyru norsmHands mpu 1620 ev!, 1140 cv’ ta 1056 cv’, 1m0 CBiquuTh PO MOBHY
JeT1paTaliio MOJAEIbHUX CyMilllel MIrMEHTIB NpH 1iil Temnepatypi. Ciif BIAMITUTH
TaKOXX YCKJIaJHEHHs CMYT NoriuHaHHs [Y-crekTpiB npoayKTiB oOmagy MIMXT ITMHK-
3aJ113MCTO1 B OPIBHSHHI 3 IMHK-XPOMOBOIO HIMiHEILTI0. L{e ycKkiIaaHeHHs BUSBIISETCS
B TOMY, II0 CMyra IOIJIMHAHHA 1pu 396 cwm’, sxa Bimmosigae 3a aHTHCUMETPUYHE
nedopmailiiiHe KOJMBAHHS OKCUIE€HHOTO KapKacy OKTaeJApUYHOI MOPOKHUHU
IIIHEJIBHOI TpaTKu [5], pO3IUIAE€ThCS Ha JEKUIbKA KOJWBaHb, SKI MPU HaKJIaJACHHI
CIIOTBOPIOIOTH CUMETPit0 cMyru norinuHaHHs. Lle Moxe OyTH MOsSICHEHO, BUXOASYH 3
MPUNYIIEHHS YTBOPEHHS PO3YIMOPSAKOBAHOI OOCPHEHOI IMHK-3aJ13UCTOI Ta IIMHK-
XpOoMOBOT 1imiHeNi. TakuM YuHOM, TEPMOJMHAMIYHUN aHal3 TOKa3ye, 1o npu 1273
K Haiibumpm BIpOTIIHUMH € YTBOPEHHS 3MIIMIAHUX OOCPHEHUX IIIIHENCH:
Zng 73Feo22[Zng2nFe; 73] Ta ZngosFeo.071Cro.007[Zn0.078F€0.920C10.0997] Oa4.

Buxonsgum 13 1bOro, BUKOPUCTAHHS UYEPBOHOTO MUIAMY HEPCIEKTUBHO
BUKOpUCTATH 117151 MOoBHOI 3aMian Fe;O3 Ta Al,O3 Ta 3MEHIIEHHS IO ITMXTOBKH OKCHUTY
Cr,O; B cuHTE31 KopuuyHeBUX TMirMeHTiB y cuctemi Fe;03;-Cr,03-Zn0-Al0s, a
dbopMyBaHHS KOPHUYHEBOTO Ta KaBO-KOPHUYHEBOTO 3a0apBIICHHS TMOACHIOETHCS
YTBOPEHHSAM HIiHe CKJIaNly: Zn; .y FeAly[ZnyiyFeronxAlany]Os, 7N .
yALCr[ZnyyAl 2 xCrony]O4, K 1 y BUNAAKy NPOMHUCIOBUX HIrMeHTIB, Ta TiO»-
[FC,Ti]O4- Fe 03 [3]

{1 MipKyBaHHS TIATBEPKY€E PEHTTeHO()O30BUI aHaJI3 CHHTE30BaHUX MITMEHTIB
ONTUMAaJIbHUX CKJIAJIB: HIOKOJIaJHO-KOpUuYHEBOTo Koabopy (K-12), 3 BMmicTom, Mac.%:
UliI-65, Cr,03 — 15, ZnO- 20.0 ta xaBo-kopuuHeBoro kosnbopy (K-10), UILI-70.0,
Cr03 — 9.0, ZnO- 21.0 — B sxux gocsarHyTo noBHY 3aminy depyMm(Ill) okcuny Ta
amomiHii(IIl) oxcuaiB B mumxrtax. Pesynmpratét 87po3mmdpoBku audpakTorpaM
HaBeneHo y 87tabim. 2 [6].

TepmooOpodka muxtu K-12 mpu 1623 K, sk 1 mOpu CHUHTE31 MITMEHTIB 3
BUKOPUCTAHHAM YHCTUX OKCHJIIB, IPU3BOAUThH, B OCHOBHOMY, /10 YTBOPEHHSI IIMIHEMI
3 3arasbHOO opmynow Zn[Fe,Cr],O4, Ha 1mo Bkazye HaOlp pedekciB 3
MDKIUIOIMMHHUME BiacTansmu (d = 4.76, 2.93, 2.88, 2.49, 2.47, 2.07, 1.69, 1.625,
1.621, 1.47 A). Oxpim Toro yTBOprotothes: ranit Zn[Al,04(d=2.44,2.03, 1.45,1.29,
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1.25, 1.09 A) ta mmninenenoniouuii xomnosut (Ti,Fe),04 (d = 1.32 A). V nirmenTi
TAaKOXX MPHUCYTHS 3aJMIIKOBAa KUIBKICTh CHPOBHHHHMX KOMIIOHEHTIB, IO HE
npopearysamu: kopyua ALO; (d = 2.7, 2.29, 1.115 A), munkit ZnO (d = 2.83, 2.81,
1.256, A).
Tabauus 2 - PosmmudpoBka fepuBaropaM nirMeHTiB KOPUYHEBOI raMu

OIITUMAJIBbHUX CKJIaI[iB
IHnexc mirMeHTiB

K-12 (mmoxonaHO-KOPUYHEBUH ) K-10(kxaBo-kopu4IHEBHIA)
® d I/Io, % | PosmmudpoBka ® d 1/Io, % Pozmmdporka
pediiekciB pediiekciB
9,23 4,80 12,3 Zn(Fe,Cr),04 9,23 4,806 8,6 Zn(Fe,Cr):04
11,06 | 4,018 6,4 FeALO4 15,19 2,942 44,0 Zn(Fe,Cr)204
12,8 3,683 7,3 ZnCr,04 17,87 2,512 100 Fe.(Fe,Cr)O4-Ti
15,16 | 2,947 50,0 Zn(Fe,Cr)204 18,66 2,409 7,1 Zn0O
15,79 | 2,833 7,1 Zn0O 19,67 2,290 23 ALOs
15,92 2,81 4,1 Zn0O 21,69 2,085 16,1 Zn(Fe,Cr)204
17,04 | 2,631 9,6 FeALO4 26,92 1,702 12,4 ZnCr20q,
17.52 2.7 10.1 AlLOs 35.73 1.32 3.2 Fe.(Fe,Cr)O4-Ti
17,89 | 2,509 100 Zn(Fe,Cr)204 28,69 1,605 32,1 Zn(Fe,Cr)204
18,62 | 2,444 6,9 Zn0, FeAl,O4 31,5 1,475 64,3 Zn(Fe,Cr)204
18,64 | 2,414 6,42 Zn0, ZnCry04 31,62 1,47 22,9 Zn(Fe,Cr)204
19,46 | 2,314 6,1 FeALO4 35,75 1,319 4,12 | ZnCr,O4, MgFe;04
19,67 | 2,290 2,3 AlLOs 37,27 1,273 10,6 Zn0O
21,66 | 2,088 15,1 Zn(Fe,Cr)204 37,85 1,256 10,5 Zn0,
26,92 | 1,702 13,3 FeALO4 43,71 1,115 5.1 ALOs

28,69 | 1,605 | 289 | Zn(Fe,Cr),0s
31,5 | 1,475 | 482 | Zn(Fe,Cr),04
3573 | 132 | 2,9 | Fe(Fe,Cr)O4Ti
3727 | 1273 | 5.0 ZnO, Fe,0;

37,35 1,27 6,8 Zn0,Fe 05
37,75 | 1,259 7,3 ZnCr,04
37,86 | 1,256 3,7 Zn0O
43,71 1,115 3,6 AL Os
43,84 | 1,112 9,2 ZnCr,04
45,13 | 1,087 9,2 ZnCr,04
45,21 1,086 4,2 ZnCr,04
53,31 | 0,963 4,35 FeAl,O4

Jna  mirmenty K-10 KaBO-KOpUYHEBOTO KOJbOPY TaKOX IpUTaMaHHa
MPUCYTHICTh LMHK-3aJ1130-XPOMOBOT LITITHEI, 5IKa € OCHOBHOIO PEUOBHUHOIO 3 HAOOPOM
MIKITOIMHHEUX pediekcis (d = 4.806, 2.942, 2.085, 1.605, 1.475, 1.47 A), npocroi
nuHK-XxpomoBoi  mmidemi  (d = 1.702, 1.319 A). Binem ciTimit  BixTiHOK
KOPUYHEBOTO MOSICHIOETHCS YTBOPEHHSIM MITiHEeAenoAioHoro komno3uty (T1,Fe),04 (d
= 1.32,2.512 A) Ta numukity ZnO, 1o He npopearysas (d = 2.409, 1.273, 1.256 A)
ta kKopyHny Al,O; (d =2.29, 1.115 A).

BucHoBkM.

TakuM YHMHOM, EKCHEPUMEHTAIBHO JIOBEJEHO MOXIIMBICTh BHUKOPUCTAHHS
YEepPBOHOTO IMIJIaMy, BIJIXOJYy BHUPOOHHUIITBA TJIMHO3E€MY, B CHHTE31 HEOpPraHIYHUX
MITMEHTIB KOPUYHEBOI raMH 3 OJHOYACHUM TOJIIMIIIEHHSIM €KOJIOT1i TOBKIJIIS.
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Abstract. In Article substantiates the possibility of using red slime as a basic raw material for
the processes of formation of color-determining spinel structures of brown pigments. The possibility
of complete replacement of pure reagent oxides of aluminum (I11) and ferrum (IIl) in the processes
of synthesis of inorganic pigments with red slime and reduction of the use of chromium oxide (IIl) in
the batch compositions of pigments with brown ligatures and the formation of a continuous series of
solid solutions of spinels, which reduces load on environment.
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Anomauin. Cmamms npucesaueHa mepmMoOUHAMIYHOMY AHANI3Y MONCIUBOCMIE XIMIYHOL
83a€MO0Ii  KOMNOHEHMI8 NPOMUCTIOBUX CmeKon 3 okcudamu cyav@ypy. Crnadeno nepeinik
HAUIMOGIDHIWMUX XIMIYHUX pearyill Midc OKCUOAMu CYib@ypy ma pi3HUMU OKCUOAMU Memdais.
Ompumano epagiku sminu enepeii 1i606ca 3anedxcHo 6i0 memnepamypu XiMIUHUX peaxyiu Midc
oxcuoamu cyrb@ypy ma oxcuoamu memanie. 3 mepmoOUHAMiuHOi NO3UYii BUHAUEHO OKCUOU
Memanis, sKi HatlegheKmusHiue 8Uy208YI0MbCs 3 NPOMUCTIOB020 CKIA OKCUOAMU CYIbPYDY.

Kniouogi cnosa: npomucnose ckio, okcuou cyib@ypy, OKcuou mMemanie, XiMiuHa peaxyis,
mepMOoOUHaAMIYHUL aHani3, 3Mina enepeii 1i06ca, memnepamypa, 6Uny208y6aHHsL.

Berym.

CxoBHpoOM MacoBOro BHUPOOHUIITBA (CKJISTHA Tapa, JUCTOBE CKJIO, COPTOBHIA
MOCyJl Ta 1H.) MalOTh HU3bKY MEXaHIYHY MILHICTh Ta MOTaHy TEPMIUHY CTIHKICTb,
BHACJII0K YOTO BTPATH MPOAYKILIi PU TPaHCHOPTYBaHHI Ta €KCILTyaTallii T0CsITralTh
3-5 %. IligBuiieHHs h13UYHUX Ta XIMIYHUX BJIACTUBOCTEH CKJIA JOCATAETHCS MIJISTXOM
3MIHU CKJIaJly Ta CTPYKTYypH MO0 MOBEPXHEBOIO IIapy. Y CKJSHIM MPOMHUCIOBOCTI
3aCTOCOBYIOTBCSI Pi3HI METOAM TIOJIMIICHHS eKCIUTyaTallliHUX BJIACTUBOCTEN
CKJIOBUPOOIB: 3arapTyBaHHsl y pI3HUX CEpEOBHUINAX, 10HHUNA OOMIH, HaHECEHHS
PI3HOrO POy NOKPUTTIB, TEpMOMarHiTHa oOpoOka Ta i [ 1-2].

EdextuBHUM METOIOM MiABUINEHHS XIMIYHOI CTIMKOCTI IOBEPXHI CKJa €
BUJIYyTOBYBAaHHS KHCIMMH Ta3aMu. [ TepMoxiMidHOi OOpOOKH 3aCTOCOBYIOTHCS
OKCUIHU CYIbPYypy, XJIOPUCTHI BOJEHB, (PTOPXIIOPBMICHI CIIOIYKH, & TAKOXK CyMIII
rasis [3-4].

Boso- 1 KUCIOTOCTINKICTh MOBEPXHI MMPOMUCIOBOTO CKJIA 1] BITUBOM KHCIIUX
ra3iB 3poCTa€ B KiJIbKa pa3iB, MPH LbOMY TaKOX MIJBUIYEThCS MOTO MEXaHIYHA
MilHICTh Ha 15-20 %, TepMocCTIHKICTh 1 MiKpoTBepaicTh - Ha 10-15 % [3-4]. Yum
IHTEHCHUBHIIIIE BUIYTOBYETHCSI TOBEPXHS CKJIA KUCIIMMH Ta3aMu, TUM OUTIINNA edeKT
JOCSTAEThCS Y MABUIIEHH] HOro (Pi3MKO-XIMIYHUX BIACTUBOCTEM.

Merta 1mi€i pob6oTH moJsAraga y 3'sCyBaHHI MOMJIMBOCTI XIMIYHOI B3ae€MOJAll
KOMIIOHEHTIB ~ MPOMHCIIOBUX CTEKOJ 3 OKCHJAAMH CyJb(pypy Ha OCHOBI
TE€PMOJIMHAMIYHOTO aHaTI3y.

AHAJITHYHA YACTUHA.

Metoavka TEpMOAMHAMIYHOTO aHalli3y MOKJIMBOCTI XIMIYHOI peakiii Mix
OKCHJaMH CyJIbQypy 1 KOMIIOHEHTaMH TPOMHCIOBUX CTEKOJ po3podisiacs 3
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ypaxyBaHHSIM HACTyITHUX YMOB:

1) ckmamanHs CHUCKY OKCHIIB METAIB, K1 BXOJATH JI0 CKJIay OUTBIIIOCTI BHIIB
IIPOMUCIIOBUX CTEKOJ;

2) ckJIajaHHs CIUCKY HAaWOUIbII BIPOTITHUX PEAKI MIX OKCHAAMHM METAIiB 1
OKCHAaMHU Cylbdypy;

3) po3paxyHok 3miHu eHeprii [160ca s XIMIYHUX pEakIlii MK OKCHIAMH
METaJIiB 1 OKCUAaMH CyJIb(Pypy B CTaHAAPTHUX YMOBAX;

4) po3paxyHOK 3MiHU eHeprii ['100ca mjisg XIMIYHUX peakiii M OKCHIaMHU
MeTaJliB 1 oKkcuaamMu cyiabypy nipu remneparypax T =300; 400; 500; 600; 700;
800, 900 1 1000 K.

5)aHami3 OTpUMaHUX PE3yJbTaTIB 1 BHUOIp HAWOUIBII CKJIAAIB CTEKOJ SIKI
Halie(peKTUBHIIIIE BIUIYTOBYIOThCS OKCUJIAMH CYJIbYpYy.

Cnucok OKCHIIB MeETajiB sl TEPMOAMHAMIUHMX PO3PAaXyHKIB CKJIAJEHO 3
ypaxyBaHHSM XIMIYHUX CKJIaJlIB CKJa, sIK1 3aCTOCOBYIOThCS Y HAIIUX €KCIEPUMEHTaX
(Tabm.1).

Taoauus 1 - XiMiuHi CKJIaJIu TPOMUCJIOBUX CTEKOJI

3micT oKkcHuaiB (MacoBa yacTka,%)

Bun ckna -
SlOz A1203 F6203 CaO MgO NaQO Kzo SO3
JINCTOBE 72,65 | 1.55 [ 0,11 |7.60(3,71]13,62] 035 | 0,31
COPTOBEIIPO3ODE 1 71 95 | 422 | 0,04 |6,52]020(17.15] 0,10 | 0,12
3He0apBIIeHE
COPTOBC 7127 | 152 | 0,05 |9.44 (0211701025 0,33
MCEIOOBC
TapHe 3HeOapBiene | 71,81 | 2,53 | 0,07 16,54 14,60] 13,721 0,25 | 0,43
TUIAIIIKOBE

69,68 | 4,83 | 0,69 [9,680,35(14,37| 0,21 | 0,34
TEMHO-3€JICHE

CBITIOTEXHIAHE | 9y 48 | 2,74 | 0,04 |7.32]0.22]17,10] 0,36 | 0,31
pO3aTuHOBE

CBITJIOTEXHIYHE 65,21 | 6,94 | 0,04 |3,88(0,14(19,48] 0,19 | 0,14
MOJIOYHE
XIMIKO- 80,12 | 2,30 | 0,08 [0,73]| - | 3,96 | - -
nabopaTopHe

menuune 6e36apsne | 72,83 | 4,27 | 0,08 (0,81 - | 392 | - -

Crucok OKCH/I1B METaIIB AJIsl TEPMOJAMHAMIYHUX PO3PaxyHKIB HacTynHuil: Li,0,
Nay0, K,0, CaO, MgO, BaO, FeO, Al,O;.

3mina eneprii ['i06ca nns ximiunux peakiiil cynasdyp (IV) okcuny 3 aeskumu
okcuaaMu MeTainiB npu TemmnepaTtypax 298 1 1000 K naBoguthes B Tabimi 2.

3 TepMOJUHAMIYHUX TO3UIN KPUTEPIEM MOKJIUBOCTI MPOTIKAHHSA XIMIYHOL
peakIiii B CTaHIapTHUX YMOBaXx € BiJ'€MHEe 3Ha4eHHs 3MiHU eHeprii ['100ca. biiabmricTs
JTIOBIJIKOBUX JIAHUX JIJISI TEPMOJMHAMIYHUX PO3pPaxyHKIB B35TI 3 MOHOTrpadii [5].
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Taoauus 2 - 3mina eneprii I'i00ca nus ximivaux peakuiii SOz Ta cyminni SOz
02 3 okcuaamu MeTajiB npu temneparypax 298 i 1000 K

PiBHsHHS HiMOBIpHUX peakiliid SO, Ta AP ArG
cymimri SO, 3 O, 3 OKCHIaMu MEeTaJiB (298 K), (1000 K),
kJ[>x/MOJTb kJ[>x/MOJTb
Li,0 + SO, + = Li;S0O;3 - 236 -1610
Na,O + SO, =Na,SO; -376 - 5159
2FeO + 2S0; + O,= 2FeS0y, - 576 109967
2MgO + 2SO0, + O,= 2MgSO, -606 - 35989
2Ca0 + 250, + O,=2CaSO, - 832 - 11198
2L1,0 + 2SO0, + O,=2Li,SO, -922 -106602
2Na,0 + 2SO0, + O, = 2Na,S0y4 -1177 -25780
2A1,05 + 6SO; + 30,=2 Al (SO4)3 -1235 - 52810
2K,0 + 2SO0, + O,= 2K,S04 -1388 126198

3 mpencTaBIeHUX PE3yJIbTATIB BUILIUBAE, MO 3 TEPMOIWHAMIYHUX TO3UIINA B
ctanaapTHux ymoBax cynbdyp (IV) okcua Ta cymimnn SO, 3 O, TOBUHHI pearyBaTH 3

yciMa OKCHJaMHU METaiB.

MOo>IIMBICTh MPOTIKaHHS XIMIYHOI peakitii cymimt SO, 3 O, 3 OKCUIaMu METATIB
B CTAHJAPTHUX YMOBAX 3HIKYETHLCS 3J11Ba HampaBo HacTymHuM ynHoM: K,O > Al,O;

> NaO > Li,0 > CaO > MgO > FeO.

[Tpu Temnepatypi 1000 K FeO Ta K,O He moBHHHI BCTymaTth B PEAKIIO 13
cymimmro SO, 1 O,. 3HWKEHHS MOXKIIMBICTI IPOTIKAHHA XIMIYHO1 peakii cymin SO,
3 Oy 3 okcumamu MetaniB € iame: Li,O > Al,O3> MgO > Na,O > CaO.

Tabnuuni JaHI TaKOoX IOKAa3ylTh, IO MIIBHMINCHHS TeMIepaTypu 301IbIIye

HeraTUBHE 3HAYCHHS 3MiHU eHeprii ['100ca.

3mina eneprii ['106ca nns ximiunux peakiiit cyasdyp (VI) okcuny 3 aeskumu
okcuaaMu MetainiB npu TemnepaTtypax 298 1 1000 K maBoguthes B Ta0:1.3.

Tabauusa 3 - 3mina eneprii I'i00ca nus ximiunux peakuiid SO3 3 okcugamMu

MeTaJiB npu temneparypax 298 i 1000 K

PiBHsiHHSA iIMOBipHUX peakiiiid SOs 3 ArGY ArG
OKCHIaMH METAJIIB (298 K), (1000 K),
Kk J[>K/MOJIb K J[>K/MOJIb
MgO + SO3; = MgSOq4 -232 - 4857
CaO + SOz = CaSOy - 341 - 4169
AlLO; +3S05 = Al, (SO4); -402 -22413
BaO + SO; = BaSOq, - 460 - 7327
Na,O + SO3; =NaxSOq4 -519 -11681
K»,O + SO; = K,SOq4 - 598 -4015

Otpumano rpadivHi 3aJIe)KHOCTI 3MiHU eHeprii ['160ca Big TemmepaTypu s
HMOBIpHUX XIMIYHHX peakuid Mixk SO,, cymimmio SO, 1 O, Ta SO3 3 KOMIIOHEHTaAMH

MIPOMHUCIIOBUX CTEKOJI, SIKi HABOAUTHCS Ha puc. 1, puc. 2 1 puc. 3
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Puc.1. 3anexunicTs 3Minn eHeprii I'i00ca Big TeMnepaTypu st XiMiYHOI peakirii
cyabpyp (VI) oxkenay 3 okcuaamMu HATPIIO i KaIiio

1. L120 + SOQ = LizSO3; 2. NazO + SOQ = NaZSO3
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Puc.2. 3anexxknicTs 3Minm eHeprii ['i00ca Big TemnepaTypu aJist XiMiYHUX peakuil
cymimi SO: 3 O; 3 okcuaaMM MeTaJIB

1. 2MgO + 2SO0, + O, = 2MgS0O4; 2.2Ca0 + 2SO0, + O,= 2CaSO0sy ;
3. 2L1,0 + 2SO0, + O,= 2Li1,S0y4; 4. 2Na,O + 2SO0, + O, = 2Na,SO0yq;
5. 2A1,05 + 6SO,+ 30,= 2Al, (SO4)3
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Puc.3. 3anexnicTs 3Minu eHeprii I'i00ca Bix Temneparypu Ajst XiMiYHIX
peakuii SO: i SO33 oxkcuaamm MeTasiiB

1- MgO + S0O;3 = MgSO4, 2 - Ca0O + SO; = CaS0Oq ; 3 - AlLO;+SO; = Alz(SO4)2;
4 — NaZO + SO3 = NaQSO4

I'padiku Ha BCIX pUCYyHKaX CBIIYaTh, IO MIJBUIICHHS TeMIepaTypH 30UIbIIYE
HeraTMBHE 3HAaYCHHs 3MiHU eHeprii [1060ca.

BucHoBku

Po3pobiiena metoanka TEPMOIMHAMIYHOTO aHali3y MOKJIMBOCTI MPOTIKAHHS
XIMIYHOT peaKIlii MK XJIOPUJOM BOJHIO Ta HACTYHMHUMH OKCHUJAMH, L0 BXOJAATH J0
ckJagy npomucioBoro ckia: Li,O, Na,O, K,O, CaO, MgO, BaO, FeO, Al,O;.

Otpumano rpadiyHi 3a1eKHOCTI 3MiHU eHeprii ['160ca Bix Temmeparypu s
HMOBIpHUX XIMIYHHMX peakuiil Mixk SO,, cymimmio SO, 1 O, Ta SO3 3 KOMIIOHEHTaMH
MPOMHCIIOBUX CTEKOJL.
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Abstract. The article focuses on thermodynamic analysis of the possibility of chemical
interaction of industrial glass components with sulfur oxides. The list of the most probable chemical
reactions between sulfur oxides and different oxides has been made. Graphics of Gibbs energy
changes depending on the temperature of chemical reactions between sulfur oxides and different
metal oxides have been obtained. From the thermodynamic position, there have been determined
metal oxides for the most effective dealkalization by sulfur oxides from industrial glasses.

Keywords: industrial glasses, sulfur oxides, metal oxides, chemical reaction, thermodynamic
analysis, Gibbs energy changes, temperature, dealkalization.

Hayunwvui pykosooumens: Illapazog B. A. 0.x.H., doyeHm.
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Abstract. 50 patients with generalized periodontitis 14, I B under the conditions of a continuous
dentition took part in our study. The state of the periodontal tissues was assessed using indices —
PMA index, CPI, the Green-Vermillion hygienic index. The study of occlusion-articulation
relationships was carried out with the help of Bausch articulating paper with a thickness of 100
microns. Selective diagnostic grinding was performed on gypsum casts in the articulator. Diagnostics
and correction of premature occlusal contacts was carried out with the help of the T-scan 10 device.
The following results were obtained - after our algorithm of prosthetic examination and occlusal
correction, an improvement in the indicators of tooth mobility was established within 1 week and 6,
12 months after grinding. A change in the indicators registered on the T-scan device (the balance
between the right and left sides became at the level of 55%-45% in 70% of patients, and 60%-40%
in 30% of patients, the average disocclusion time was 0.44+0.05 seconds, time of occlusion -
0.25+0.05 sec.). The index assessment of the state of the periodontal tissues after the treatment
showed a significant decrease in inflammation in the gums and improvement of oral hygiene. The
obtained results indicate that improving the process of prosthetic examination of patients with
generalized periodontitis and the tactics of selective grinding with our method allows to improve the
effectiveness of controlling of occlusal-articulation relationships.

Key words: generalized periodontitis, occlusal-articulation relationships, digital method,
analog method, ,partial tooth loss, occlusion correction.

Introduction.

The problems of marginal periodontal disease are still actual at the current stage
of development of science and practice. It is conditioned by the fact that inflammatory
periodontal disease along with caries and its complications are the main reasons of
tooth loss. According to the literature, 40-75% of the population aged 35-49 years have
inflammatory marginal periodontal disease accompanied by loss of bone volume [1;
2].

In the development of inflammatory processes the leading role is assigned to
microorganisms, periodontopathogens, toxins and enzymes that have not only a direct
damaging effect on the tissue, but also indirectly initiate endogenous mechanisms in
the development of inflammation [3].

An important role in the pathogenesis of marginal periodontal disease is played
by microcirculatory disorders, hypercoagulation and vascular thrombosis. The greatest
changes are noted at the capillary level, as a result of which the blood flow rate
decreases, tissue hypoxia develops, disorganization of the connective tissue of the
periodontal complex occurs, which leads to the formation of secondary autoantigens
and eventually to the development of osteonecrotic and osteolytic processes.

In the diagnosis of marginal periodontal pathology special attention is now given
to functional physical criteria for comparative diagnosis of bone tissue structure and
identification of abnormalities of the occlusal plane, occlusal load [4; 5].
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Studies have shown that the correction of pathological processes must be carried
out from the results of a comprehensive diagnostic analysis. It has been established that
a single highly effective means, local diagnostic factor or method is not sufficient for
the complex topical correction of therapeutic measures. In this connection the use of
modern diagnostic criteria, allowing objective standardisation of quantitative changes
of periodontal tissues is an urgent and promising trend.

In the era of evidence-based medicine great importance is given to objective
standardised evaluation of damaging factors that allow in dynamics to analyse the state
of the marginal periodontium before treatment, during treatment, to characterise the
slowing down or progression of chronic disease, which finally characterises the
rationality of the conducted treatment methods, including the quality of life of patients.

Modern new methods of diagnostic monitoring - digital scanning of the oral cavity
and dental model of patients in the 3D plane, allows to substantiate the main regularities
of the action of damaging factors, effectively and safely standardise the conditions of
the real clinical picture in patients with chronic inflammatory processes in the
periodontium [6].

However, a comprehensive quantitative diagnostic characterisation of alveolar
periodontal tissue changes without taking into account various combinations of
qualitative changes is insufficient.

The practical use of orthopantomography as a method of objective diagnosis of
the condition of the alveolar processes of the jaw, to date finds absolute confirmation
[7].

The researches of the last years have determined the basic laws of X-ray
examination of patients and discovered the expediency of analyzing not only the total
volumetric changes of bone condition along the whole thickness of the alveolar
process, but also the necessity of detailing the X-ray symptoms depending on the depth
and volume of lesions. This allows for a comprehensive assessment of the topical
diagnostic and clinical picture of the periodontium, rationally outlining and optimising
treatment methods and tools with an in-depth understanding of the structural change of
the periodontium in the various sites.

Thus optimisation of radiological examination of patients, especially in the period
of secondary adentia with subsequent prosthetic rehabilitation, allows to estimate
comprehensively the efficiency and safety of combined methods of orthopaedic
restoration of masticatory load on periodontium.

In real clinical practice, the use of computed tomography of the alveolar processes
is justified. Analysis of qualitative changes of the periodontal complex in patients with
chronic periodontitis and establish the significance of this method for the correct choice
of prosthodontic treatment as an optimization and rehabilitation method based on
methods of directional correction of the occlusal plane and masticatory efficiency.

The principle of an in-depth understanding of pathogenesis, when predetermining
the condition, is essential in these patients.

Serious progress [8; 9].

Studies of the functional load on the detection of traumatic nodules, the
periodontium are obtained using the T-scan method.

Thus, modern automated systems for functional and structural examination of the
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periodontium of patients with chronic periodontitis require a comprehensive analysis.
This involves objectivisation of the resolution of each method, which allows studying
the accuracy and diagnostic significance of various methods of periodontal assessment
in patients with chronic inflammatory process in the periodontium, to detect both local
changes and systemic status in the oral cavity [7; 9].

In this regard, there is a clear need for further research to investigate the
standardisation of a set of methods. Determination of the discrepancy between
instrumental and automated standard examinations depending on the jaw, dental
segment, tooth surface taking into account the anatomical and functional features will
make it possible to identify the dynamics of changes in pathological processes in the
periodontium [7; 8; 9].

Main text

Object and research methods.

The 80 patients were involved into investigation about chronic generalized
periodontitis (CGP) of the I-1I types. The diagnosis was established according to the
current systematization of periodontal diseases, edited by Prof. M. F. Danilevsky
(1994). The average age of patients was 36.0+6.8 years. The control group (n=20)
was as comparable as possible in age and sex to the patients examined. The standard
of clinical examination included the collection of complaints, a history of life and
illness, an objective examination — the determination of periodontal indices of
inflammation, the depth of periodontal pockets, tooth mobility, which made it possible
to combine these patients into one nosologically homologous series. To determine the
violation of occlusive ratios and to carry out a comparative morpho-functional state of
periodontium, digital scanning, T-scan and X-ray examination (orthopantomography
and computed tomography) were performed. All studies were carried out at the Dental
Medical Center oat he Bogomolets National Medical University, Kyiv city, Ukraine.

Methods for assessing occlusive ratios of dentition were carried out on the T-scan
apparatus of the American company Tekscan. This computer analysis system made it
possible to evaluate data on the sequence of contacts, the time of occurrence of the first
contact and its localization, the sequence of contacts in real time, the force of
compression of the dentition over a certain period, to follow the change in occlusive
ratios of dentition from the first contact to the maximum intertubercular contact,
followed by video recording in color differential scales. This contributed to the
objectification of the identified violations with the full standardization of the survey
method in dynamics with a comparative time mode, and made it possible to present
graphically obtained results.

Intraoral scanning method. Scanning of recession and dehyscence areas before
and after treatment using the Medit 1500 intraoral scanner (MEDIT Corp., Seoul,
Korea) (FOV scanning — 14x13 mm, scan accuracy — (4.2 + 0.49) microns, scanning
precision — (2.1 = 0.58) microns, scanning depth range — 1221 mm). Further analysis
of recession and dehiscence sites was carried out by Medit Link v2.6 software based
on the scanner manufacturer's digital platform (MEDIT Corp., 88 Seoul, Korea) using
available functions to diagnose the initial clinical characteristics and their changes
achieved as a result of the treatment.

Computed tomography. Statistical calculations were carried out using the
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Microsoft Excel Statistics for Windows application package. The reliability of the
differences was determined by the Student's criterion, at p<0.05.

Research results.

It was established that the chronic generalized periodontitis of I-II types in 99.7%
of patients is accompanied by the presence of signs of chronic inflammation in the
gums, recession, dehiscence, fenestration, exposure of anatomical necks and roots of
teeth up to 1/3—1/2 length (P <0.01).

In the clinical assessment of the state of inflammation of the gums, anatomical
disorders were identified, in particular deformations of the marginal edge in the form
of recessions from 1 to 4 mm, with exposure of the anatomical teeth and roots of the
teeth up to 1/3—1/2, displacement of teeth in the mesio-distal and vestibule-oral
direction, uneven abrasion of tubercles or cutting edge, wedge-shaped defects
(p<0.01). The presence of periodontal pockets of different depths up to 4 mm was
indicated by different levels of quantitative and qualitative destruction of the alveolar
shoots of the upper and lower jaw, which occurred due to the vertical, uneven type of
resorption. During clinical examination of periodontal pockets, all patients have a point
release of hemorrhagic-serous exudate, uneven moderate edema, poorly defined
redness of the mucous membrane within the interdental spaces (p<<0.01). Uneven
changes in the exposure of teeth, the severity of signs of inflammation in the gums
contributed to the formation of a more differentiated, in-depth comprehensive
examination of patients to identify determinant destabilization of the dentition
functional state and jaw system, and further control of structural changes. All
documents regulating the strategy and phasing of treatment of this group of patients,
firstly, professional hygiene and the appointment of local anti-inflammatory therapy,
provide for the consistent elimination of traumatic occlusion, which is aggravated
primarily by the mobility of the teeth and the destruction of the spongy bone of the
interdental membranes.

In this regard, the sequence and choice of methods for restoring occlusive balance
and chewing efficiency will be determined by multi-link, standardized, objective
comprehensive study of periodontal tissues, with the identification of topical multi-
level damage.

Due to this, we have proposed an algorithm for a comprehensive standardized
automated modern examination of a periodontal tissues state comple. Comparing the
data of digital intraoral scanning with X-ray methods (orthopantomography and
computed tomography) of alveolar shoots, an ambiguous interpretation was found
regarding the ratio of structural, quantitative, and qualitative changes (p<0.01).

Digital intraoral scanning — as a method of visualizing the structural external
manifestations of CGP is not quite sufficient to determine the severity of existing
objective structural changes in periodontium. There is an absolute correspondence
between reliability relative to the degree of recession, fenestration (p<0.01).

However, determining the degree of resorption of the interdental membranes,
osteolytic bone destruction is not the main criterion for the final choice of using method
for further treatment and the restoration of chewing efficacy. A mandatory assessment
of qualitative changes in bone tissue is necessary, which is more accurately reflected
in computed tomography. Dental panoramic radiography suggests the level of
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osteolysis, while the qualitative characteristics of the osteonecrosis in the form of
varying degrees of severity of osteoporosis are leading, but not sufficiently in-depth
and correctly (p<0.05) are visualized in the orthopantomogram.

Probably local heel osteoporosis should be considered primarily as a sub- and
decompensatory process due to peripheral circulatory disorders. Therefore, conversion
as a rejection of the proposal to conduct only traditional orthopantomography, and the
use of modern standardized methods for diagnosing functional disorders using T-scan,
morphological comparative computed tomography for the qualitative characterization
of the altered structure of interdental membranes. At the present stage, medical
complex diagnostics is a necessary and argumentative fact.

The main indications for conversion are:

1) Anatomical features of each individual patient (determined by the primary
analysis of clinical manifestations and necessarily complemented by holistic
visualization due to intraoral scanning of dentition, which is a duct of reliable
examination of the patient in dynamics)

2) Changes in the objective assessment of the severity between the external
manifestation of the jaw ridge bone and the functional pathophysiological activity of
the process (this is manifested by the discrepancy between the visualization of intraoral
scanning data and the state of the occlusal plane, taking into account the adaptive and
complex rebuilding in the area of traumatic nodes — sequence, occlusal contact force
level, the presence of tubercle contacts, the duration of closure, which is objectively
recorded by the "T-scan" device.

3) Insufficient resolution of orthopantomography in terms of step-by-step
qualitative changes in bone tissue and periodontium around interdental membranes
(this 1s due to the impossibility of determining the reliable and objective analysis of
osteoporosis and changes in bone architectonics around traumatic nodes).

The objectivity of the functional changes is assumed when carrying out complex
method for assessing the occlusive ratios of dentition “T-scan”. Without these data,
the doctor, due to the low resolution of the visual apparatus, cannot indicate the
preservation of the balance between true osteoporosis and bone osteonecrosis (pic. 1).
An uneven step-by-step change in the architectonics of bone tissue in the integral
volume of the interdental membrane is an objective fact in 97.5% without considering
the cut depth of the study plane.

The analysis of orthopantomogram indicates that it is impossible to detect the
degree of osteoporosis within the interdental shades (P<0.01) (pic. 2). With this
mechanism, the imbalance of osteoporosis, depending on the step-by-step study of the
interdental membrane, is consistent with our data.

Thus, the peripheral conversion index at the current level of diagnosis varies. This
indicates the preservation of a balance between the main functional-structural
mechanism, which determines the pathophysiological activity of inflammatory-
destructive processes.

Summarizing, standardized hardware examination of periodontal tissues for
chronic generalized periodontitis of I-1I types will allow an objective assessment of the
functional and structural changes complex to detail topical disorders, to determine
methods, directions of pathogenetic treatment, predicting the course disease (pic. 3).
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To confirm, a comprehensive additional study of patients diagnosed with chronic
generalized periodontitis of the I-I1 types will be possible by using the auxiliary digital
intraoral scanning, T-scan, orthopantomography, computed tomography of alveolar
shoots. We have presented several clinical examples.

Pictures

Patient K. Age 41 (picture 1, 2).

Pic.1.
Picture 1.

Area within 26-27 teeth, histogram, densitometry. Hounsfield unit average

value 621,9 un, within osteoporosis 138 un, maximum density 1089 un.

A

Pic.2.
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Picture 3.
T-Scan . Different level of occlusal load during primary occlusion of teeth.

Patient V. Age 43 (picture 3).

5

ISSN 2663-5712 101 www.sworldjournal.com



SWorldJournal

e. e 7
Part 1 4\’ a

Issue 19

ar

Pic.2.

Pic 4.

e
il IC il @&
g4 —— , =N
a0 a5 1o 15 0 25 1 E an
Bpewn [coxyina
m 0 D o 0 a8 c D :::T::‘::::ns.ftumum & — Pic.s.

Picture 2.

Sagittal projection. Area within 16-17 teeth, histogram, densitometry.
Hounsfield unit average value 484,6 un, within osteoporosis 150 un, maximum

density 897 un.

ISSN 2663-5712

102

www.sworldjournal.com



oy

<o

Summary and conclusions.

1. A comprehensive study of periodontal tissues, which includes digital intraoral
scanning, T-scan, orthopantomography, computed tomography of the alveolar germs
of the jaws, is a mandatory standardized automated study.

2. This diagnostic complex can allow to identify functional and structural changes,
which in turn involves minimizing errors in objective diagnostics, to correct and predict
treatment methods depending on the individual characteristics of the course of the
disease.
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Anomauisn. bionniexa € nepesaxicHoro hopmoio pocmy Oinbuloi KilbKOCmi MiKpoopeauiamis. Y
oaniil pobomi npedcmasieHull 0210 CYYACHUX HAYKOBUX NYOMIKAYIl, Wo CMOoCYiombcs Memoois it
oocnidicennst. JJoeedeno, wo cmanoapmua Mikpooionociuna 0iaeHOCMuUKA y KIHIYHIL npaKmuyi Mae
Oymu 0onosHena 00CmMynHUMU, WUEUOKUMU MA IHHOPMAMUBHUMU MEMOOAMU aAHANI3Y OionnieKku. Ane
OLnbLWICMb PO32TAHYMUX MEMOOI8 BUKOPUCIOBYEMBCSL 8 OCHOBHOMY JiUlLe V) HAYKOBUX OOCAIONCEHHSX
[ He 3Hax00umb 3aCMOCYB8aHHA Y KATHIYHIN npakmuyi. BusuenHs ocobausocmeri Oionnieku Mae eenuke
BHAuYeHHs1 01 NOOANbULO20 OOIPYHMYBAHHS 6UOOPY 3aC00i8 THOUBIOYANLHOI 2ICIEHU NOPONCHUHU
poma i KOMNAEKCHO20 JIKYSAHHS | NPOPINaKmMuKu cmomamono2ivHol namonoaii.

Kniouoegi cnosa: 6ionniska, MikpoopaHizmu, NOPOACHUHA POMA

Beryn.

[Topo>kH1HA poTa TIOUHH YSIBIILE COOOI0 IPYTHii 32 PI3HOMAHITHICTIO MIKpOOiOM
B OpraHi3mi, kit MicTuTh oHaa 700 BuiB OakTepild, 1 BIAPI3HIETHCA HAA3BUYANHO
CIPUATIMBUMHU YMOBaMU JJISI POCTY 1 pO3MHOKEHHSI MIKpOQIIOPH 32 paxyHOK JTyKHO1
peakIii cepeJoBuIIa, HASBHOCTI 3aJIMINKIB 1K1, ONTUMAJILHOT BOJIOTOCTI 1 CIPUSATIUBOI
temnepatypu [1]. TlepeBaxkHoro ¢GopMoOr iCHYBaHHS OUIBIIOI  KIJBKOCTI
MIKPOOpPraHi3MiB, 0COOJIMBO MAaTOTeHHUX, € O101UTiBKa (biofilm), sika Bigirpae rojioBHy
pOJIb B €TIOJIOTIl CTOMATOJIOTIYHUX 3aXBOpPIOBaHb. Hakomuuyrouuch y JAeHTaIbHIN
O1oTUTIBII (CYKYTHICTh 3yOHOTO HAJIBOTY 1 KAMEHIO), 10 CKJIAJIA€THCS 3 MOJIIMIKPOOHUX
CHIBTOBApUCTB, MOIYJISILII MIKPOOPraHi3MiB PO3BUBAIOTHCS MOCIII0BHO, BOHU TICHO
OB ' s3aH1 3 BHYTPIIIHIM CEPEOBUILEM OPraHi3My 1 HOr0 OTOUEHHSM, YYyTKO pearyodu
Ha iX crtaH [2]. Skmo y ckiagi OIOTUTIBKH MPEBATIOIOTh KHCIOTOMPOAYKYHOUi
MIKpOOpTraHi3Mu, OaJlaHC MPOIIECIB IeMiHepai3ailii/pemMinepaizallii 3MIITy€eTbes y 01K
JIOBTOTPUBAIMX €Mi30/1IB 3HIKEHHS pH, 1m0 mpu3BOAUTH 10 BTPATH MiHEPAIHHOI
komMnoHeHtn 3y0iB [3]. biommiBku, ki dopmyroTbecs rpubaMu, HIBHUAKO
KOJIOHI3YIOTBCS TPEJACTaBHUKAMHM OaKTepiaibHOI MIKpOOioTH, 0arato 3 SKUX
BOJIOAIIOTh BHCOKHMM MATOICHHHM IIOTeHIamoM [4]. [ms merTanbHOi O10IIiBKH
XapakTepHa Taka BIIACTUBICTb, fK camoperyisuis. 1l apxitektypa i QyHKUii
1HIMBIAYyaJIbHI HABITh MPH MOAIOHOMY OakTepialbHOMY CKJIajil, a cama Ol0IUIiBKa B
HOPMi 3HAXOJUThCA y MeTaboJIiuHO piBHOBaxkHOMY cTaHi [5]. Ii ckiman 3anexuts Bix
Jokaiizanii (Haj sicHeBa 1 Mij siCHEeBa) 1 aHATOMIYHOI JUISTHKU MOPOKHUHU poTa. Y
O10IUTIBKAaX Ha BEPXHIM IIeJerl YacTille MEIIKAITh CTPENTOKOKHY 1 JaKTOOAIMIIN, Ha
HIDKHIN TIeJeri - BeHJIoHenr 1 HuTKonmoaiOHi Gakrepii [S]. MikpoOni meTtabomiuHi
B3a€MOII Ta MDKBHJIOBA KOMYHIKAIlisl € BaXKJIMBUMHU AacleKTaMH BH)KMBAHHS
CIIBTOBApUCTB, Kl TaKOXX MOXYTb OyTH 00'€KTOM aHTUMIKpOOHHX CTpaTerii, 1o
IPYHTYIOTbCSI Ha €KOJOTIYHOMY poO3yMiHHI OiorumBoK [6]. OTxe, BUBYECHHS
ocobmmBoCTe iX (popmyBaHHSA, OOYMOBIIEHHX IUIIBKOYTBOPIOIOUMMH IITaMaMH, €
OJIHUM 13 BaXKJIMBUX MUTaHb CYy4aCHOT METUIIMHU 1 O10JI0T1i.
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OcHOBHM TEKCT

InenTudikarmis OIOIUTIBOK 3acHOBaHAa Ha Bi3dyami3alii TpWHANMHI BOX 13
HACTYIHUX TpPbOX OOOB'SI3KOBUX KpPUTEPIIB: MPUKPIIUICHHS MIKPOOPraHi3MiB [0
MOBEPXHI; CTPYKTypOBaH1 300pKH MIKPOOHMX KIIITHH; HasBHICTh €K30IOJIIMEPHOIO
MaTtpukcy [6, 7]. ns Toro, mo6 TOBECTH MPHUCYTHICTH O10TUTIBKH, BUKOPUCTOBYIOTh
PI3HOMAaHITHI ~METOJWYHI TMIiJXOJW, CHPSIMOBaHI Ha BUSBICHHS: CJIEMCHTIB
OIOIUTIBKOBOTO  TMO3AaKIITUHHOTO  MAaTpPUKCy;  TE€HIB, IO  KOHTPOJIOIOTH
O10IUTIBKOYTBOPEHHS; CKJIAIHUX apXITEKTYpHUX CTPYKTYp, creuudiuHux ist Hei.
[TonepenHbO TPOBOAATH BUAOBY 1AEHTU(IKAIIIO MIKPOOPTaHi3MiB, 10 (GOPMYIOTh
OlorumiBKy [7].

Ane feHTandbHI OIOTUTIBKM MalOTh CKJIQJIHYy OaratopiBHEBY TPUBUMIPHY
Oprasizailito, gKa yCKJIaJHIO€ iXHe BUBUEHHS. ICHY€E 1OCUTD BeIMKa KIJIbKICTh METO/IIB,
o0 JO3BOJIIIOTH TMPOBECTH  Bi3yadi3alild MIKPOOHHUX  CHIBTOBapHUCTB, SIKi
chopmyBanuch. Jlo HUX BITHOCATHCA €JNEKTPOHHA MIKPOCKOMisA 1 KOH(OKalIbHA
naszepHa ckanyrouda mikpockorris (CLSM) [8]. CamuM HaOYHHM METOJIOM Bi3yasizarlii
MaTpPUKCY, a OTXKE€ BHUSBJICHHA O1OILUIIBKU, € €JIeKTpOHHA Mikpockoris [7]. CkaHnyroua
enexktponHa Mikpockomisi (CEM) 3 2D-i3yamizaiii€to  103BOJSIE  TPOBOAUTH
IUTOMOP(MOTOTIYHI JOCHIDKEHHST CKiamy i sicheBoi OiorutiBku. CEM 3 3D-
BI3yali3alli€l0  BUKOPHUCTOBYIOTh  JIJII  Kpamioro  BUBYEHHS  MOPQOJIOTii
MIKPOOPTaHi3MiB Ta apXiTEKTOHIKM HEMOPYIICHOI i SCHEBOI MIKPOOHOI O10TUIIBKH
[6]. Binbi ygockoHaieHUM € crenudiuHe opapOaeHHs MATPUKCHUX 010M0JIIMEpPIB 32
JOTIOMOT'OI0 ~ CIIELIaJIbHUX HabopiB  (iyopecueHTHUX (apOHUKIB (HANpUKIa,
«FilmTracer™ Sypro® Biofilm Matrix Stain», Invitrogen), NO3UIIOHOBaHUX
(bipMaMU-BUPOOHUKAMU B KOCTI MpENapaTiB Jisl BUSBICHHS MAaTpUKCY [7].

Ane TpaauiiitHO Y MiKpOO10JIOTTYHUX JOCHIIKEHHIX PO3TIISIIAI0THCS pE3yIbTaTH
BUBYEHHS TJIAHKTOHHUX OaKTepialbHUX KIITUH. [IeHTU(IKAII0 YUCTUX BUILICHHUX
KYJBTYp TMPOBOJATH 3a MOP(OJIOTIYHUMH, TIHKTOPIATHHUMU, KYJIbTYpPAIbHUMHU Ta
010XIMIYHUMH O3HAKaMH, KOPUCTYIOUHCH KiacudikamiiftHoo cxemoro Bergey [3].
[IpuiiHATO BBaXKaTH 338 «KPUTHYHE YUCIO» 1 Oakrepiii > 10° B 1 Mi1, y meskux
sunaakax > 10% mis rpubis, anaepo6iB i HaimpocTimmx BoHo > 10°-10%. Ichyroui
meroau BusHaueHHS KYO po3pobiieHi TUTbKU JIJIs TUIAaHKTOHHUX (opM OakTepiit 6e3
ypaxyBaHHs 3I0HOCTI MIKpoOpraHi3miB (opMmyBaTu OIOIIIIBKY, IO 3HIKYE
JIOCTOBIPHICTh OTPUMAHUX pe3yibTaTiB [8]. ICHYIOTP TakoX TECT-CHCTEM IS
imeHTudikarii MIKpOOpraHi3MiB, PO3pOOKOI0 SKHM 3aliMalOThCA Oarato BITOMHUX
BUpOOHUKIB. He nuBIsunch Ha ekl HEIOJIIKM METOoay (BiAHOCHA TPUBAIICTh
JTOCHIDKeHb, TPU BUKOPUCTaHHI CKJIQJHUX JIIarHOCTUYHHUX CEPEJIOBUINl TP
KYyJbTUBYBaHHI BUMOTJIMBUX MIKPOOPraHi3MiB — BHMCOKa IliHA), MepeBard (BUCOKa
YYTIUBICTh 1 TOUHICTh, MOYKJIMBICTh OTPUMAaHHS JAHUX PO KUIBKICTh MIKPOOPTaHi3MiB
y JOCIIJIKYBAaHOMY MaTepialii 1 YyTJIMBOCTI 10 aHTUMIKPOOHUX IMpenapariB) poOsTh
HOTO OCHOBHMM Yy TIPaKTUIll OakTepioJoTIYHUX JaboparTopii y 1ei dac [8].
3acTOCYBaHHS MOJICKYJSIPHO-TEHETUUYHUX TEXHOJOIIN [03BOJIA€E BUSBUTU Ta
171eHTU(IKYBaTH  MATOTEHHI  MIKPOOpPTraHi3MH 3  BUKOPHCTaHHSIM  METO/IIB
MOJIKYJIIpHOT  TiOpumizamii, mojiMepa3Hoi  jaHioroBoi — peakmii  ([1JIP),
pecTpuKIliiHOro aHamzy xpomocomuoi 1 mmasmunnoi JIHK. IlepcnextuBHuM
sBurisigae [1JIP, 3a 1ormoMororo sikoro Mo>kHa 3pOOMTH 3aKIIFOUSHHS PO BiPOTiIHICTh
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HAssBHOCTI MIKpOOPTaHi3My-30yJHUKa B JOCIIPKYBaHOMY Martepiayi 06€3 BUJILICHHS
YUCTOI KYJIbTYpH [9].

Hoge cucremHe CIpUMHSTTS CTaJI0 MOXKIIUBUM 3 MOSBOIO CYYaCHHUX TEXHOJIOT1H
JT1arHOCTUKU MIKPOOHHMX CKYITYEHb, IIO JO3BOJIMJIO PO3BHBATH 1 BJIOCKOHAJIIOBATU
MeToau MPOGITAKTUKH 1 JIIKYBaHHS TOJIMIKPOOHUX 3axBoproBaHb [10]. V kiiHIUHINK
OpaKkTUIl CTaHAapTHa MIKpoOIOJOTiyHA [JlarHOCTUKAa Mae OyTH JIONOBHEHA
JOCTYITHUMHU, MIBUAKUMHU Ta 1HOOPMATUBHUMU METOJIaMH aHaNi3y OakTepiaabHOI
oiommiBku. [Ipu boMy 6aKNOCiB MOKe OYyTH BUKOPUCTAHUM JUIsl BUAUICHHS KYJIbTYPH
OakTepil, o BXOJATH 110 ii ckiaay [11]. ¥ BupouryBaHH1 MiKpOOHHUX CITIBTOBAPUCTB
JOMIHYIOTh JIBa HANpPSIMKUA JOCIHIJKEHb: KyJIbTUBYBAHHA y JAMHAMIYHMX (IMITaLlis
OPUPOAHUX YMOB IMPOKUBAHHS MIKpOOpPraHi3miB) 1 cratuyHux ymoBax [8]. Mo
JUHAMIYHUX MOKHA BITHECTU METO/M 3 BUKOPUCTAHHSAM 010p€akTopiB (J1ad0paTOpHUX
dbepMeHTepiB). 3arajgbHa  CYIIHICTb METOJIB TMOJsArae y  KyJbTHBYBaHHI
MIKPOOPTaHi3MiB y TTO)KMBHOMY CEpeIOBUII O6€3 J0/IaBaHHs T0JaTKOBUX KUBUIBHUX
pedoBuH [8]. Came MIKPOCKOITIYHE CIIOCTEPEKEHHS 32 KUBOIO O10TUTIBKOIO Y PEKUMI
pEaIbHOTO Yacy JA03BOJMIO BUSIBUTH OCOOJIMBHI BUJ] XaOTUYHOIO (TEIJIOBOIO) PyXy
ctadIOKOKIB, 1m0 TnepedyBaloTh y 11 ckiami. Jleaki craduiokoku, Oymydu
MIKPOCKOIIIYHUMHM YaCTUHKAMH, 3IIMCHIOIOTh XaOTHYHI KOJHBAHHSA BCEPEIUHI
00MEKEHOTO 00CSTY, MOPIBHAHHOTO 3 iX po3mipamu. [Ipu 11bomMy cTadiIOKOKH MOKYTh
HE MaTH MPSIMUX KOHTAaKTIB 13 CycCigHIMM KiiTuHamu. Ha BiaMiHY Bij KJIaCHYHOTO
OpOYHIBCBKOTO PyXy, IEpeMIlIeHHs cTa]iI10KOKIB oOMexeHi. Lle cBigunTh mpo Te, 1o
cTaJIOKOKM MEXaHIYHO MOB'sI3aHI MK COOO0, 110 € HENPSAMHUM MIATBEPIKEHHSIM
ICHyBaHHSI HEOOX1THOTO aTpuOyTy Oy/b-sKOi O10IUTIBKH - MO3AKIITUHHOTO MaTPHKCY,
AKUH MOB'A3y€ O10IUTIBKOBI MIKPOOPraHi3MHU M1k COOOIO 1 3 MOBEPXHEIO, 10 MIAJIArae
[7]. OCHOBHOIO TmEpeBaro JAMHAMIYHMX METOAIB (OpMyBaHHS OIOIUIIBOK €
MaKCUMaJIbHE MPUOJIMIKEHHS 10 YMOB XHBUX cucTeM [8]. JlocmikeHHs, TpoBe/IeHI Ha
O10IUTIBKAaX y iX MPUPOJHOMY CTaHl, MOKa3ajiH, M0 ICHYIOTh BEJIHKI BIIMIHHOCTI Y
noBe/iHII OakTepiii B Ja0OpaTOpHUX yMOBaX 1 B IX MPUPOAHHX EKOCHUCTEMAX.
Hanpuxnan, 6akrepis y 610miiiBKax BUPOOIIsS€ Taki peYOBUHH, SIKI BOHA HE MPOJYKYE Y
IUTAHKTOHHIA KyJbTypl. KpiM TOro, MaTpukC HaBKOJIO MIKPOKOJIOHII CIIyXKHTb
3axucHUM Oap'epom [12]. Takoxk icHye O1IBII CKIagHA MOJEIb BUBUCHHS O10TLTIBKH,
sAKa OTpUMasa Ha3By MIKPOKOCMOC (MiCrocosm), mo MaKCUMalbHO OJU3BKO IMITY€E
MPUPOHI YMOBHU YTBOpPEHHS MaTpukcy OilorutiBku. [Ipukiamom Takoro BapiaHTy €
BUKOPUCTAHHS T1JPOKCHANATUTYy 1 POTOBOI piAMHM i (OpMyBaHHS MOJENI
JeHTaJbHOI OloTuTiBKM [8]. [HIIA rpyna MeToAiB 3aCHOBaHA HAa CTBOPEHHI CTAaTMYHMX
YyMOB KYyJbTUBYBaHHS MIKpOOpraHi3aMiB. TexHIKO, 110 HaWOUIbII YacTo
BUKOPUCTOBYETHCS Yy 1IH IPYIll, € METOJl 3 BUKOPUCTAHHSM IJIACTUKOBOIO MOCYAY Y
pi3HuX Moaudikarmisx. Bimomi MeToau, 3acCHOBaHI Ha copOliii MoJieKyJ ¢papOHuKa Ha
CTPYKTypax OIOIUTIBKM 3 HACTYIHOI iX OTMHUBKOIO (J€cOpOIli€l0) B OpraHigyHUX
po3unHHUKAaxX. Takui crnocid iHAuKaIii 610MT11BOK HaO1IbIII 4aCTO BUKOPUCTOBYETHCS
y CTaTUYHHUX METOJAaX KyJbTUBYBaHHS MIKPOOHUX O10ILIIBOK 1 103BOJISIE AATH YMOBHY
KUIBKICHY XapaKTepUCTUKYy MIKpOOHMM CHIBTOBApUCTBAM, M0 YTBOPWIHCH [8].
Oxkpemo posrisgaeTbest meron, po3poonenuit D.E. Kadouri 3 cmiBaBTOpamm, sSkuit
3aiiMa€ MPOMDKHE TTOJIOKEHHS MK CTATUYHUMU 1 IMHAMIYHUMH METOJIaMU. Y HbOMY
BUKOPHUCTOBYIOTHCS O-JIYHKOBI IUIAHIIETH, Y KOXKHIN JIYHII SIKUX MiJBEJCHA CUCTEMa
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nojavi 1 BIABOAY *KUBWJIBHOTO cepenoBuina. [Ticist iHKyOarii miIKro4aeThCs cucTemMa
MIKpPOIIMPKYJISALII, sSika 3a0e3meuye ONTUMalIbHE HAIXOKCHHS >KUBWJIBHUX PEUYOBHH
no OiorutiBku, 1mo ¢opmyethes [8]. BumiproBanns Oiomominectenmii (BPI) —
JIOCTaTHHO HOBHM METOJ BHBUEHHS 1 JETeKIi OIOIIIBOK, SKHH MOKHA
BUKOPHUCTOBYBATH sIK in vitro, Tak 1 in vivo. [Ipu mtyuyHomy BBeleHH1 y OakTepii
MJ1a3MiJl, BIAMOBIJAIBHUX 332 CHUHTE3 JIOMIHECIICHTHOTO OUIKa, MOXHA MPOBOJUTH
Bi3yamizallitfo SK aJre30BaHUX OakTepid, Tak 1 MaTpukcy OiomiiBku. Merton
dbnyopecuenTHoi riOpuamzanii in situ (FISH) craB mnopiBHSHO HENI0aBHO
BUKOPUCTOBYBATHUCH JIJI1 BUBYEHHS O10TUIIBOK Y MeIUIIMHI. BiH yacTo moeHyeThes 3
CLSM. Meton ribpuam3aiiii BUKOPUCTOBYIOTh [IJIs JACTEKIi 1 BHU3HAYCHHS
postamryBanHs crnerudiuanx MPHK B kimitTuHax, mo yTBOprIOTH OlorutiBku. Lle
JI03BOJISIE BCTAHOBUTH MTPOCTOPOBI-U4ACOB1 OCOOJIMBOCTI €KCHpeECii TeHIB y OaKTepisx.
3a A0MOMOTO0I0 IILOTO METOly OyJia BU3HAUeHA HEOIHOPIAHICTh OakTepiil y O10III1iBII
1 BU3HAUYEHI KJIITUHU-TIEPCUCTEPH, SIK1 BIMOBIATbHI 32 BU>KUBAHHS MOy JISIIIT 11T 9ac
BIUTMBY HECTIPUATIIMBUX (DAKTOPIB HABKOJIHUIITHHOTO CEPEOBHINA 1 J[1T aHTUMIKPOOHUX
npenaparis [8].

BucHoBku.

BusiBneHHs IeBHUX MIKpOOPTaHI3MIB y CKJajal O10TITIBKH, OIlIHKA 1X KiJIBKOCTI,
JoKaii3aiii, B3aEMHUH JO3BOJHUTH IMPOTHO3YBATU NEpeOIr 3aXBOPIOBAaHb OPraHiB 1
TKaHUH MOPOKHUHU POTa 3 ypaxyBaHHSIM MPUPOAH iX 30y/IHUKA Ta 3aBYACHO BKUTHU
npodIaKTUYHUX 3aX0/1B. OCcOOIMBOCTI O10MUIIBKM TaKOXK MAalOTh BEIMKE 3HAUYCHHS
IUTSI TOAATTBLIOTO OOTPYHTYBaHHs BUOOPY 3ac001B 1HIMBIIyalIbHOI Tr1€HA MOPOKHUHU
poTa 1 KOMIUIEKCHOTO JIIKyBaHHS CTOMATOJIOTIYHOI mMaTojorii. Ajsie OUIBIIICTb
PO3IIIIHYTUX METOMIB 1i JOCHIIKEHHS BHUKOPUCTOBYETHCS JIMIIE Y HAYKOBUX
PO3po0OKax 1 He 3HAUIIUIO 3aCTOCYBAHHSA Y KJIIHIYHIN TPaKTHIII.
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Abstract. Biofilm is a special form of existence of microorganisms in the oral cavity. The
purpose of the presented review was to generalize modern scientific information related to the
methods of its research. But many literary sources are devoted to microbiological studies of only
planktonic bacterial cells. However, this is not justified. The analysis of recent publications has
shown that biofilm is the predominant form of growth of a greater number of microorganisms. Growth
of microbial communities is dominated by two areas of research: cultivation in dynamic and static
conditions. The main advantage of dynamic methods is the maximum approximation to the conditions
of living systems. There has been proven relevance of the methods that allow visualization of
microbial communities, electron microscopy and confocal laser scanning microscopy (CLSM). The
study of biofilm features is of great importance for the further justification of the choice of individual
oral hygiene products and comprehensive treatment and prevention of dental pathology. It has been
proven that standard microbiological diagnostics in clinical practice should be supplemented with
accessible, fast and informative methods of its analysis. But most of the considered methods are used
only in scientific developments and they are not widely used in clinical practice.

Key words: biofilm, microorganisms, oral cavity
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Anomauin. Y pobomi npedcmagieni NioCymKu 00CAi0NCEeHb, WO IPYHMYIOMbCA HA 2i2i€HIYHIl
OYiHYl 1aOOPaAmMoOpHUX O0O0CNIONHCEHb 600U NOBEPXHEBO20 B0000XCEPend, A MAKONC NUMHOL
6000NPOBIOHOI 800U, WO CHONHCUBAE HACENEHHS [HOYCMPIanbHO20 pe2ioHy YKpaiuu, awnanisy
OHKOJIO2IUHOI 3aX680pPIOBAHOCMI, a4 MAKONC AHANI3Y KAHYEPOLEeHHUX PUSUKIE 3d MemoOuKoio
Bcecsimnvoi opeanizayii oxoponu 300pog’s (BOO3). I[lposedenuii ananiz 003601us po3podoumu
npono3uyii Wooo BNPOBAONCEHHST NPOCPAMU DELIOHANbHOI COYIANbHO-CICIEHIYHO20 MOHIMOPUHEY
NUMHOL 800U.

Knrouosi cnosa. Xnopogopm, numua 600a, MOHIMopuHe

Berym.

B Vkpaini 80 % HaceneHHS CIOKUBAa€ MUTHY BOAY OTPUMaHy 3 MOBEPXHEBUX
BOJIOKEPEII, Cepel] SIKUX HaWOUIbl BaroMmy pojb Biairpae p. Auinpo. Ctan Boau p.
Juinpo B YkpaiHi HaiyacTille HE BIATNOBIJA€ JESIKUM TITI€EHIYHUM BUMOTaM, IO
CB1/TUath Mpo ii opraniude 3a0pyaHeHHs [ 1]. Cepen 6araThboX MpUYMH HE3aI0BUIBHOTO
CTaHy BOJOJKepea B YKpaiHi HalOLIbIl BaroMOIO € CKUJAaHHS CTIYHMX BOJ| MOHAJ 2
TUC. 00'eKTiB, MO MawTh HOHaK 1200 BumyckiB rocmnojapyo-nmooytoBux 1 800
BUITYCKIB MPOMUCIIOBUX CTIYHUX BoA [2]. Ha BOIOMpOBIAHUX OYHMCHUX CIIOpYax
JIHITPOBCBHKOTO PETIOH K MPABUIIO BUKOPUCTOBYIOTHCS TPAAUIIHI OCHOBHI METOAU
BOJIONIJITOTOBKMA Ta BOJOOYMCTKH: KOAryJisiiis, BiJICTOIOBaHHS Ta (PuibTparlis, sKi
ChOTOJIHI HE MOXYTh 3a0€3MeunuTd HEOOXIJHY SKICTh Ta Oe3NeKy MUTHOI BOJH,
30KpeMa 11010 ii opraHiyHoro 3a0pyaHeHHS [3].

B Vkpaini BinnosigHo 10 nmoctaHoBu Kabinety MinictpiB Yikpainu Ne 182 Bifg
22.02.2006 poxy nependadeHuil KOHTPOJIb SIKOCTI Ta 0€3MeKU MUTHOI BOJAHM y paMKax
JIEP>KaBHOTO COLIAILHO-TITI€EHIYHOTO MOHITOPUHTY. Y TOM K€ 4ac, €IMHUX HAyKOBO
OOTPYHTOBAHMX I1JIXO/IIB JI0 OpraHi3allii Ta MPoBEACHHS SKOro B YKpaiHi TOTenep He
po3pobiieHo [4].

Tomy MeTo10 po0OOTH € OOIPYHTYBAaTH MOKJIMBICTH BIPOBAKCHHS B LIEHTpaX
KOHTPOJII0O Ta MPOQIIAKTUKK XBOPOO MPOEKTY MPOrpamMu COLIAIbHO-TITE€HIYHOTO
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MOHITOPHUHTY Ha IT1/ICTaB1 Tri€HIYHOI OI[IHKY MUTHOI BOJAOMPOBIAHOT BOJH Ta 1i BIIUBY
Ha 3/I0pOB’sl HACEJICHHS,

Marepiajm Ta METOAM J0CJIIIKEHHS.

JUis BUpIIIEHHSI TOCTaBJICHOT MeTH OyJ10 mpoaHaiizoBano nmoHan 300 mpobd Boau
p. Hduinpo, 1700 npo6® muTHOT BOJONPOBIIHOI BOAM 3a MOKa3HUKAMH 3a0apBIICHOCTI,
opraHigyHoro 3a0pyaHeHHs Ta xiopodopmy 3a mepiog 2007-2019 pokwu.
[IpoananmizoBaHO  3aXBOPIOBaHICTh HAaceJeHHS M. JIHIIPO  OHKOJIOTIYHUMH
3aXBOPIOBAHHSIMHU, PO3paxoBaHl KAaHIIEPOTCHHI PU3UKH BiJ CIOXUBAHHS MHUTHOI
XJIOPOBAHOI BOJIM. 3a pe3yJIbTaTaMH JIsl BIIPOBAKCHHS TEPUTOPIAIbBHIMH IICHTPAMH
KOHTPOJIIO Ta MPOIIAKTUKU XBOPOO 3aMPOINOHOBAHUI IPOEKT IPOTrpaMu JE€P>KaBHOTO
COLIAJIbHO-TIT1€HIYHOTO MOHITOPUHTY MMUTHOI BOAOMPOBIAHOI BOJIH. .

Pe3yabTaTH 10CaiIKEHHS TA HOT0 0OrOBOPEHHH.

3a pesyibraTamMu JIabopaTOpHUX JAocHiKeHb mpoTsarom 2007-2019 pokis
BCTAHOBJICHO, MO JJisi piuku JIHIIPO, sIKa BUKOPHCTOBYIOTHCS B SIKOCTI JKEpE
[EHTPaTI30BAaHOTO MUTHOTO BOJOMNOCTaYaHHs MicTa J[HIMmpo, mpuTaMaHHE MOCTiHE
opraHiyHe 3a0pyJHEHHs, mpo 1o cBiguarh nonagHopmaTtuBHi piBHI BCK, XCK,
3abapeieHocTi (p<0,05) [5].

PesynbraTi mociiikeHb MUTHOI BOJIOMIPOBIIHOI BOJIU, IO CIIO’KUBAE HACEICHHS
M. JIHIMpo, CBIIYUTH MPO T€ 110, BOJIOMPOBIIHA TUTHA BOJIa JOCTOBIPHO HE BIJOBIIA€E
Bumoram J[CanlliH 2.2.4.171-10 [3] 3a piBHSMHU IepMaHTaHATHOI OKMCHIOBAHOCTI B
(mo 1,63 pa3zu Builie HopmatuBy, p<0,05) Ta BMicToM x10podopmy ( XD ta cyma TI'M,
no 2,1 TIK, p<0,05) [6, 7].

Po3paxoBanuii 3a metonukoro BOO3 kaHLEpOreHHUH PU3MK IS MICBKOTO
HACEJICHHS BIJ CIOXXHUBAHHSA BOJOMNPOBIAHOT BOJM BIAHOCHUTHCS JIO TPETHOTO
JI1arna3ony.

BpaxoByrour BUIIEBUKIAJACHE, OJIHUM 3 3aCO0IB KOHTPOJIIO 3a SIKICTIO MUTHOT
BOJM, 3 OOKY JIep>KaBH, MOBUHEH BUCTYIUTU COLIAIBHO — TIT€HIYHUM MOHITOPHUHT:
CUCTEMa IMOCTIHHOTO CIIOCTEPEKEHHSI 3a SIKICTIO MUTHOI BOJM Ta BCTAHOBJICHHS ii
BILJIMBY Ha CTaH 37/0POB 51 HACEJICHHSI.

JlepxaBHUM COLIIAIBHO-TITIEHIYHUI MOHITOPHHT - e cucreMa
CIIOCTEPEKEHHS, aHali3y, OIIIHKA 1 TPOTHO3y CTaHy 3J0pOB'St HACEJICHHS
Ta cepeioBUIIa JKUTTEIISUTBHOCTI JIFOIVHU, a TaKOX BUSIBJIEHHS

MPUYMHHO-HACTIIKOBUX  3B'A3KIB  MDK  CTaHOM  3JI0POB'Sl  HAceleHHsS Ta
BIUIUBOM Ha HBOTO (DAKTOPIB CepeAOBHILA >KUTTEAISIIBHOCTI Jt0AUHU OCHOBHUMHU
3aBJJaHHSIMU MOHITOPHUHTY € [8]:

1) popmyBaHHS 3araJIbHOJIOCTYTHOTO 1H(pOpMaIliiHOTO PoHIY;

2) BUSIBJICHHSI KOPEJISIIINHUX 3B'SI3KIB MK SKICTHO MUTHOT BOJIONIPOBIIHOI BOJIN)
Ta CTAaHOM 37I0pOB'sl HACEJIECHHS Ha OCHOBI X CUCTEMHOTI'O aHaJli3y 1 OLIIHKHA PU3HUKIB;

3) miAroTOBKa MPOMO3UIIiH, 1010 3a0€3MeUeHHs] CAHITAPHOIO Ta €MiIEeMIYHOTO
OyaromoJyiydysi HAceJeHHs, SKEe MPOXHBAaE Ha TepuTopii obmacTi (ympaBiiHHS
PUBHKOM).

VY xoxi gochimpKeHHS BU3HAYEHI OCHOBHI MIJXOIU JO BUKOHAHHS TMPOTpamMu
PETIOHAILHOTO COIIaTbHO-TITIEHIYHOTO MOHITOPUHTY THUTHOI BOJOMPOBITHOI BOIU
(Tabm. 1).
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Taoauus 1 - [IpoekT perioHaIbLHOI MPOrpamMu COUiaJbHO-TITiEHIYHOTO

MOHITOPUHTY MUTHOI BOJAONPOBIAHOI BOAH

Ilpeomem . . Ilokasnux Kpammnicmo
. Cy6 ekm monimopunzy .
MOHIMOPUH2Y MOHIMOPUH2Y KOHmMpPOJi10
Boga p. duinpo ta | JHINPOBCHKHIA MICHKHIA 3a0apBIEHICTb, 1 pa3 Ha
p. luryneus y KOHTPOJIb Ta nepMaHraHaTHa MicCAILb/
MICIISIX TUTHUX npodiIaKTUKA XBOPOO, OKHCHIOBAHICTb, ab0 ce30H
B0J103a00PiB Jlep>kaBHA €KOJIOT1YHA cyma TI'M, XD
1Hcekst, O6aacHa
BOJIHA arcHIls B
JIHITpONEeTPOBCHKIi
o0acTi,
JIHITTPOBCHKMIA MICHKUN
BOJOKAHAI
[IutHa JIHINPOBCHKHIA MICHKHIA 3a0apBIEHICTD, 1 pa3 Ha
BOJIOTIPOBITHA BO/IA KOHTPOJIb Ta NepMaHraHaTHa MiCSIITB/
Ha BUXO/I 3 npo(dUTaKTUKHA XBOPOO, OKHCHIOBaHICTb, abo ce30H
BOJIOOYUCHHUX JIHIMPOBCHKUMA MICHKHUI cyma TI'M, XO
Cropya 110 BOJOKaHaI
PO3MOIIBLHOT
Mepexi
[TutHa JIHIMPOBCHKUMA MICHKHI 3abapBiICHICTD, 1 pa3 Ha
BOJIOTIPOBITHA BO/IA KOHTPOJIb Ta NepMaHraHaTHa MIiCSIITB/
y MOCTIMHUX TOYKaX | MPO(IIaKTUKUA XBOPOO, | OKMCHIOBaHICTh, XPD | abo ce30H
KOHTPOJIO Ha JIHIIPOBCHKHIA MICHKHI
Mepexi (MiCIsIX BOJIOKaHa
JIOXJIOPYBAHHS )
OHkoJIoT14Ha JluinpoBcbkuii oomacHui | KinbkicTs BumaakiB | 1 pa3 Ha pik
3aXBOPIOBAHICTh OHKOJIOTTYHHM 32 OCTaTOYHUMHU
1HIUKATOPHUMU JTUCITaHCED J1arHo3aMu, 3a
HO30JIOT15IMU 3BiTOM 3a (.3531paB
3a0e3Mne4eHICTh JIHITPOBCHKUM % HaceyneHHs, 1 pa3 Ha pik
HaceJICHHS JenapTaMeHT KUTIOBO- 3a0€31e4eHoro
IEHTPATI30BaHUM KOMYHQJIBHOTO [IEHTPaTi30BaHUM
BOJIONIOCTAYaHHSIM rOCIIOIapCTBA BOJIOTIOCTAYaHHSIM
Ta Ta
BOJIOBIABEICHHSIM BOJIOBIABEACHHSIM
[lepeboi y mogaui JIHITPOBCHKUMN KinpkicTh BUnaakis 1 pa3 Ha
[IUTHOI BOIU M1CHKBOIOKAHAJ BITKJIFOUYEHHS MICSIIb,

OUTHOI BOAU MOHAJ
12 ronuH Ha 100y
Ta 00CATH
MOCTPaKAAJIOTO
HaceJICHHS

KBapTa, pik
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['o0BHUMHU MpPUHIMIAMU B AISUIBHOCTI PEriOHATILHOIO MOHITOPUHTY MUTHOL
BOJIOTIPOBITHOT ~ BOJAWM  TOBHHHI  OyTH:  TOCHTIIOBHICTh,  CHUCTEMATHUYHICTb,
OTIEPATHUBHICT, JIOCTYITHICTb, IIOBHOTA, OnTHUMI3aIlis, JIOCTOBIPHICTb,
pEenpe3eHTaTUBHICTD.

JI0 OCHOBHHUX pPE3YJIbTaTiB PErioHaIbHOI CHCTEMU MHITOPHUHTY, SIKI HEOOX1THO
OTpUMAaTH B XOA1 3IHCHEHHS KOHTPOJIIO y MUTHIM BOXOMPOBIAHINA Boal Tpeda
BKJTFOUHTH:

® [OKa3HUKUA SKOCTI Boau p. JlHimpo Ha Bomozabopax (3a0apBJEHICTD,
okucHioBaHicTh, BCK noBH, XCK);

® TTOKa3HUKHU SKOCTI Ta O€3MeKu MUTHOI BOIONPOBiAHOI Boau Ha BuxoAl 3 HOC Ta
BHC (3abapBieHicTh, OKUCHIOBaHICTh, cyMy TT'M a6o X®D);

® TOKa3HUK  3a0€3Me4YeHOCTI  IEHTPATI30BaHMM  BOJOMOCTA4aHHSM  Ta
KaHam3yBaHHAM (y BIJICOTKaX BiJl 3arajbHOI KIJTLKOCTI HACEJICHHS Ta TEPUTOPI);

e [OKa3HHWK Iepe0OoiB y Mojiaul MUTHOI BOJAM TMOHAK 12 roauH Ha 100y, fK

HallMEHIIUH JOIMyCTUMUN MEP10J BIACYTHOCTI y CIIOKHMBAay4a MUTHOI BOJM 3T1JTHO

13 BuMoramu «lIpaBun TeXHIYHOI €KCIUTyarTalii CUCTEM BOJIONOCTAYaHHSA Ta

BOJIOBIJIBEIICHHS;

® [IOKAa3HUK OHKOJIOT1YHOI 3aXBOPIOBAHOCTI I1HAMKATOPHUMM HO3OJIOTISIMU BIJ

CIOKMBAHHS XJIOPOBAHOT MHUTHOI BOAM (pak 000JI0OBOI KHUIIKH, paK CEYOBOTO

Mixypa).

Takuii MOHITOPUHT MOIIBHO MependauuTd y MOCTIMHHX Toukax (Boao3adip,
NMTHA BOJa HA BUXO1 JI0 PO3MOAUIBYOI MEPEXi, HE MEHIII 3-5 TOYOK Ha MEpEeXi) B
00cs131 He MeHIT 4 pa3 Ha PpiK (IMMOCE30HHO) ISl KOKHOTO BOJIOIIPOBOTY.

ITocTiifHI TOYKH KOHTPOJIO Ha PO3MOIIBHIM BOJOIPOBIIHIN Mepeki MOBHUHHI
OXOIUTIOBATH: TEPIIUX CIOXKUBAYIB TICIA pE3epBYapiB UYHUCTOI BOJU, HAWOLIBIIT
BiJIJIaJIeH1 Ta HArOPHI1 JUITHKY HaCeJICHUX MyHKTIB. J[0 mepeniKy MoKa3HUKIB JOIIIBHO
BKJIFOYUTH TEPENIIK MOHITOPUHTY THUTHOI BOAM, TepeadadeHoro mgoaatkoM 2 [3]:
3a0apBIICHICTh (KOJIbOPOBICTh), KalaMyTHICTb, OKHCHIOBAHICTb, XJIOPOGOpM, Cyma
TPUTaJIOMETaHIB.

[Iporpamoro mpoBeaeHHSI MOHITOPUHTY CJIiJ] TepeA0aYuTH HAsIBHICTh €IMHUX 110
perioHy iH(QOpMAalIMHUX EJIEKTPOHHUX 0a3 HAKOMWYEHHS aHUX Ta MPOrPaMHOTrO
3a0€3MeUeHHs 3 METOIO X aBTOMATH30BaHOT OOPOOKH.

Jlo TexHIYHOrO 3aBHaHHSA JUIsI PO3pOOKM MPOTPaMHOTO  3a0e3medYeHHS
MOHITOPHHUTY MMUTHOT BOJOMPOBIAHOI BOAM JOLULIEHO BKIIOUUTH:

1. Ilepenik MOKa3HUKIB SKOCTI Ta OE3MEUYHOCTI MUTHOI BOJONPOBIIHOI BOH, 110
[1UISITaI0Th MOHITOPUHTOBOMY KOHTPOJTIO.

2. Ilepenik ririeHiYHUX HOPMATHUBIB MOKA3HUKIB SKOCTI Ta OE3MEYHOCTI MUTHOT
BOJOIPOBIIHOT BOJIU, IO MIJJISATAI0Th MOHITOPUHIOBOMY KOHTPOJIIO.

3. Ilepenik MOCTIHHUX TOYOK KOHTPOJIIO.

4. MOXUBICTh MIPOBOJIUTH MAaTEMATUYHY OLIIHKY MOKa3HUKIB MOKAa3HUKIB SKOCTI
Ta OE3MeYHOCTI TUTHOI BOJOMPOBITHOT BOAW Y TOPIBHSHHI 3 iX TITIEHIYHUMHU
HOpPMaTHBaMHU 13 po3paxyHKaMu KoedilieHTiB KoHIeHTpamii. JIIsi TirieHigHOTO
HOPMYBaHHS BMICTY y TUTHIA BOJA1 PEYOBHH IMEPIIIOTO Ta IPYroro KiaciB HeOe3meKu
HeoOX11HO BBeCTH (opMyITy cyMallii 13 po3paxyHKaMu Koe(illi€HTIB CyMalrlii.
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5. MOXJIUBICTh MPOBOAUTH MaT€MaTHUYHY OILIHKY JOCTOBIPHOCTI OTpUMaHUX
pEe3yJIbTAaTIB 32 KpuTepieM qocToBipHOCTI CThIOJICHTA.

6. [Tepenik MOKa3HUKIB CTaHy 3/I0POB I HACETCHHHSI.

7. ®opmynu KoedIIlieHTIB KOpeisalii M pIBHAMH TOKa3HUKMH SKOCTI Ta
0€3MeYHOCTI MHUTHOI BOJOMPOBITHOI BOJM Ta TOKAa3HUKAMU CTaHy 3JI0POB S
HACeJICHHHSI.

8. Tloka3Huku 3a0e3MEUYeHHs  HACEJCHHsS  LEHTPAJi30BaHUM  IUTHUM
BOJONOCTAYaHHIM Ta BOJIOBIJIBE/ICHHSIM.

9. Iloka3nuku nepedoiB y 1Mojadyi MUTHOT BOJOIIPORBITHOT BOIH.

10. PanroBy mikamy ajisg ycCiX IOKa3HUKIB MOHITOPUHTY SIK 332 OKPEMUMH
MO3ULISIMH, Ta 1 KOMILIEKCHY.

11. MoxJuBICTh Bi0Opa)kaTh pe3yabTaTH MOHITOPUHTY B BUTJISI Tpadikis,
niarpam, Ha ToriorpadiuHUX KapTax BiAMNOBIIHOI TEPUTOPII.

12. ApxiByBaHHS OTPHUMaHMUX JIAHUX Ta iX aBTOMATHU30BaHA mepeaava J0 EeHTPY
YIIPaBIIHHS MOHITOPUHTOM Ta JI0 BCiX HOTO BUKOHABIIIB.

13. AHTUBIpYyCHUI 3aXUCT OTPUMAHUX JTaHUX.

14. MoXuMBICTh BiIOOpakaTu OTpUMaHi pe3yJbTaTH HA OKPEMOMY CaWTi, KU
NOBHHE OyTH y CBOOOTHOMY JOCTYIII.

BucHoBkwu.

OOrpyHTOBAaHO TMPOEKT MPOTpaMU PETIOHATHHOTO  COIIATBHO-TITI€EHIYHOTO
MOHITOPUHTY THUTHOi BOJOIPOBIJHOI BOJW, ONTHUMI30BaHO ii 1H(POPMATHUBHICTH 1
e(EeKTUBHICTh Ha MiJICTaBl MEPEIiKy MOKa3HUKIB, SIKI OBUHHI MIJJISATaTH KOHTPOJIIO,
HEOOX1THOT KPaTHOCTI JOCIIIIPKeHb, MOPSAJIKY OLIHKU PE3YJIbTAaTIB.
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Abstract. The work presents the results of research based on the hygienic assessment of
laboratory studies of water from a surface water source, as well as drinking tap water consumed by
the population of the industrial region of Ukraine, the analysis of cancer incidence, as well as the
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Abstract. Have been considered the role of macro- and microelements - Ca, Mg, Zn, Fe, and
Cu imbalance in the blood serum and pancreatic tissue homogenate of rats, whose pregnancy took
place against the background of chronic immobilization stress and their newborn offspring,
compared to the control, where it is established: heterogeneity changes in the level of macro- and
microelement composition as a whole, can be traced regularity in the direction of deviations from the
control values of indicators in the tissue of the pancreas, which consists in a decrease in the level of
Ca and Mg and Zn and Cu in female rats and their offspring. A more stable reduction of Zn and Cu
is determined in the blood serum of female rats and their newborn offspring. Changes in macro- and
microelement composition in pancreatic tissue and blood serum are not identical, which manifests
organ specificity regarding their balance in different organs, particularly in the pancreas. Such
changes in the composition of macro- and microelements with a predominant deficiency of Ca, Mg,
Zn, and Cu are an essential link in the pathogenesis of pancreatic damage, which occurs during
Stereotypic events inherent in the body's neurohumoral response to stress as a result of animal
immobilization.

Keywords: macro- and microelements, immobilization stress, pancreas, blood serum

Introduction.

Diseases of the digestive organs and the pancreas, among them, are the most
important problem today. According to official statistics, the rate of prevalence of
diseases associated with damage to the pancreas will significantly exceed the rate of
growth of the general prevalence of diseases of the digestive organs [1]. The pancreas
plays a leading role in the activity of the body as a whole, and therefore when it is
damaged (intoxication, autoimmune diseases) due to endo- and exocrine dysfunction,
systemic metabolic disorders occur [2, 3, 4, 5].

Chronic stress has been shown in many studies to increase levels of
corticosterone, blood glucose, and decrease insulin levels, which is associated with
pancreatic [B-cell damage, metabolic shifts, and abnormalities in the prenatal
development of offspring that are observed up to the postpubertal period of life [3,5].
Currently, the literature is actively considering the impact of vital macro- and
microelements on the functioning of the body of adults [7] and children [8,9]. This
group today includes potassium (K), sodium (Na), calcium (Ca), magnesium (Mg), iron
(Fe), zinc (Zn), copper (Cu), manganese (Mn), selenium (Se), iodine (I) and many
others. All of them enter the body with food and drinking water, and their biological
activity can be preserved even in very low concentrations, while in elevated, relative
to the norm, concentrations, even irreplaceable microelements are capable of exhibiting
a toxic effect [7,10]. Macro- and microelements are activators of many enzymes, have
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a multifaceted effect on all links of immunity, regulate the processes of proliferation
and differentiation of cells of the immune system, are able to directly block oxidative
processes, influence the state of proteins, membrane excitability, muscle contraction,
energy accumulation [7, 9, 11, 12, 13]. Thus, the question of the dynamics of changes
and the balance of macro- and microelements of elements in the tissue of the pancreas
and in the blood of animals that were under the influence of stress during pregnancy
[13,14], as well as the negative impact of their imbalance on the functional state of the
pancreas is relevant as for both theoretical and practical medicine and needs further
clarification.

The purpose of the study was to determine the specifics of the content of macro-
and microelements - Ca, Mg, Zn, Fe, Cu in the blood serum and pancreatic tissue
homogenate of rats pregnancy which takes place against the background of chronic
immobilization stress and their newborn offspring.

The volume of the study included experiments on 30 nonlinear rats (WAG/G Sto
population) aged 4.5-5 months and their offspring. The animals were divided into the
groups: the rats that received chronic immobilization stress, their newborn offspring,
and the rats of a control group (C-group). Rats of the control group were kept in a
vivarium in comfortable living conditions during the experiment (30+1.1 days). The
content of micro- and macroelements was studied by the spectrophotometric method
(by color intensity, at a wavelength of 540-580 nm) on a biochemical analyzer Stat Fax
(USA). The level of Ca, Mg, and Fe in blood serum and pancreas homogenate was
determined with the help of reagent kits from the company "Filisit-Diagnostika"
(Dnipro) according to the instructions. Color intensity was measured photometrically
at 540 nm - proportional to Ca concentration; 540-560 nm is proportional to the
concentration of Mg. The content of Zn and Cu in the PZ homogenate and blood serum
was determined using Zn-DAC. Lq (companies DAC-Spectro-Med, Moldova)
according to the attached instructions. The color intensity, measured at a wavelength
of 550410 nm, is directly proportional to the concentration of Zn. The color intensity,
measured at a wavelength of 580+10 nm, is directly proportional to the concentration
of Cu.

Taking into account the normally distributed population, the research results were
processed using the method of variational statistics with the calculation of the
arithmetic mean value (M), the mean error of the arithmetic mean value (m), and the
probability value (P). Statistical processing of the obtained results was carried out using
the analysis package of the Microsoft Excel-2003 program, the computer program
Biostat.exe-2008, and STATISTICA-10. One-way analysis of variance and the U
Mann-Whitney test was used to determine the reliability of differences between
experimental groups. Differences were considered significant at p<0.05 [15, 16].

The results of the study and their discussion. In the pancreatic tissue of female
rats, a decrease in the content of four out of five (80%) studied micro- and
macroelements: Ca, Mg, Zn, and Cu (by 41.5%, 40.0%, 25.6%, and 26 .7% (p<0.01)
respectively) (Table 1). Only the level of Fe was insignificantly increased (by 7.4%,
p>0.05). The Ca/Mg ratio indicator does not differ from the average statistical value of
animals of the control group (K gr.), which indicates the balanced effects of these
macroelements. Less pronounced changes in the balance of micro- and macroelements
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were found in blood serum than in the pancreas (Table 1) the normal content of not
only Fe, but also Ca is noted (the level of the indicator is 38.7% higher than the
indicator in the pancreas); the content of Mg and Zn is reduced by 32,5% and 18,8%
(p<0.01) compared to the norm and is greater than in the pancreas by 7,5% and 6,8%
(p<0.01 ) respectively, and the Cu level is 31,3% lower than the norm, which is not
significantly different from that in the pancreas.

Table 1. The content of macro- and microelements (M+m) in the tissue of the
pancreas and blood serum of rats whose pregnancy took place against the
background of chronic immobilization stress.

Rats
Indicators Pancreatic blood serum
homogenate (n=7) (n=7)
Ca Main gr. 3,44+0,36** 2,420,05 (p panc <0,05)
(mr/100 gr.of tissue (pancreas)
(MM/L — blood serum) Contr. gr. 5,88+0,15 2,47£0,04 (p panc <0,01)
Ca Main gr. 1,44+0,14%**
pancreas, blood serum (un.) Contr. gr. 2,35+0,05
Mg Main gr. 1,04+0,06%* 0,76£0,03** (p panc <0,01)
(mg/100 gr.of tissue
(pancreas)) Contr. gr. 1,95+0,04 1,12£0,02 (p panc <0,01)
(MM/L — blood serum)
Mg Main gr. 1,38+0,08**
pancreas, blood serum (un.) Contr. gr. 1,72+0,04
Ca/Mg Main gr. 3,33+0,32 3,23+0,09%**
(un.) Contr. gr. 3,02+0,07 2,2140,02 (p panc <0,01)
Fe ‘ Main gr. 22,49+0,74 13,06+0,31 (p panc <0,01)
(mg/100 gr.of tissue
(pancreas)) Contr. gr. 20,94+0,43 13,74%0,29 (P panc <0,01)
(MxM/L — blood serum)
Fe Main gr. 1,73+£0,07*
pancreas, blood serum (un.) Contr. gr. 0,52+0,04
Zn ‘ Main gr.. 4,3+0,17%* 14,76+0,2%* (p panc <0,01)
(mg/100 gr.of tissue
(pancreas)) Contr. gr. 5,78+0,13 18,17+0,29 (p panc <0,01)
(MxM/L — blood serum)
ZNpanc/s Main gr. 0,29+0,01
(un.) Contr. gr. 0,32+0,01
Cu ‘ Main gr. 5,540,23%* 7,33£0,26** (p panc <0,01)
(mg/100 gr.of tissue
(pancreas)) Contr. gr. 7,5+0,18 10,68+0,16 (P panc <0,01)
(MxM/L — blood serum)
Cupanc/s Main gr. 0,76+0,02*
(un.) Contr. gr. 0,69+0,02

Notes: 1. **- p<0.01; * - p<0.05 — comparison with the control group (C. group).
2. Ppanc - comparison with indicators in the pancreas.
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The values of Ca pancis, ME pancss, F€ panciss Z1 pancss, ANd CU pane/s sShow the nature of the
difference in the content of micro- and macroelements in the pancreas and blood serum
(decrease in comparison with the norm by 38,6% and 19,7% (p<0.01), respectively, Ca
panc /s aNd Mg panc 5, bY 8.9% (p>0.05) — Zn panc s and an increase of 14.0% and 10.6%
(p<0.05) respectively Fe panc s and Cu panc 15) (see Table 1).

In the pancreatic tissue of newborn offspring from rats the pregnancy of which
took place against the background of chronic immobilization stress, in comparison with
animals of the control group (KN group), only the content of Cu was found to be
without significant changes (-2.6%, p>0.05). The content of trace elements - Ca, Zn,
and Fe was significantly reduced (by 44.8%, 35.9%, and 8.3% (p<0.01), respectively),
and Mg - increased by 13.7% ( p<0.01) (see Table 2).

Table 2. The content of macro- and microelements (M+m) in the tissue of the
pancreas and blood serum of newborn offspring of rats, the pregnancy of which
took place against the background of chronic immobilization stress.

Newborn rat offspring

Indicators Pancreatic homogenate (n=9)
Ca Main gr. 1,98+0,03** par<0,01
(/100 grof tssue (pancress) | oy gy, 3,5920.09 pin<0.01
Ca Main gr. -
pancreas blood serum (un.) Contr. gr. -
Mg Main gr. 1,64+0,02** pgar<0,01
(mg/ Eﬁ&%io_f;issg S(Ie’fiflr)eas)) Contr. gr. 1,44+0,03 prrar<0,01
Mg Main gr. -
pancreas blood serum (un.) Contr. gr. -
Ca/Mg Main gr. 1,21+0,02*%* pra<0,01
(un.) Contr. gr. 2,4340,09 piar<0,01
Fe Main gr. 20,1620,13** pgar<<0,05
(g/ gﬁgﬁfffﬁi‘z(spjﬁf)“)) Contr. gr. 21,98+1,18 psu<0,05
Fe Main gr. -
pancreas, blood serum (un.) Contr. gr. -
Zn Main gr.. 2,56+0,03** prar<0,01
(mg/ gﬁgﬁjﬁffﬁi‘&fﬁ‘ﬁ)&@) Contr. gr. 4,040,1 prai<0,01
70 panc/s Main gr. -
(un.) Contr. gr. -
Cu Main gr. 2,98+0,03 p£at<0,01
(mg/ gggﬁfff_fli‘;%(sp:;‘;e)as» Contr. gr. 3,06%0,05 pia<0,01
CUu pancss Main gr. -
(un.) Contr. gr. -

Notes: 1. **- p<0.01; * - p<0.05 — comparison with the control group (C. group).

2. Pjat - comparison with female rat indicators

ISSN 2663-5712

119

www.sworldjournal.com



0, N

< W

SWorldJournal Tssue 19 / Part 1 { ¥
3 \,ﬁp

This led to a significant decrease in the value of the ratio of Ca and Mg more than
twice (p<0.01) increased by 52.8% (p<0.01), and Cu panc s decreased by 8.1% (p<0,
01). In general, the comparison of indicators of the content of micro- and
macroelements in the tissue of the pancreas allows us to state that in all newborn rats
that have experienced prenatal stress, a stably low level of Ca, Zn, and Cu is observed;
the level of Mg and Fe, although it has a predominant tendency to decrease, is not so
stable, as its deviation towards a moderate increase is noted in certain age groups.

The effect of chronic immobilization stress on rats during pregnancy causes in
females and their newborn offspring a violation of the balance of micro- and
macroelements both in the tissue of the pancreas and in the blood serum, which mainly
consists in reducing their content in the specified biological environments. The content
of individual micro- and macroelements in the tissue of the pancreas and blood serum
in female rats and newborn offspring has reliable differences, but in general, the
amount of micro- and macroelements, the level of which exceeds the limits of normal
fluctuations, has unidirectional deviations in the tissue of the pancreas and in the serum
blood [14,17,18,19].

Characteristic feature of the balance of micro- and macroelements in the pancreas
due to chronic stress in female rats and prenatal stress in newborn rats is a low level of
Ca, Zn, and Cu content, which occurs in almost all animals and is not prognostically
favorable. Changes in the level of micro- and macroelements in the tissue of the
pancreas and blood serum are not absolutely identical, which indicates the presence of
organ specificity regarding the balance of macro- and microelements, which means the
relative informativeness of blood serum indicators for determining the state of
metabolic processes in individual organs, in particular in the pancreas gland

Probably, the negative effect of chronic stress on the composition of macro- and
microelements is realized through an increase in the blood serum levels of precursors
and metabolites of catecholamines, which contribute to a decrease in their content due
to the stimulation of the secretion of such hormones as parathormone and cortisol, the
absorption of Ca in the intestines is inhibited and its content in the body decreases.
increases excretion of Mg-magnesiumuria, which regulates the transmembrane transfer
of calcium and sodium ions, independently participates in many metabolic reactions
related to the production, accumulation, transfer, and utilization of energy, free
radicals, and their oxidation products, transmembrane transfer of calcium and sodium
ions, affects the function of the nervous system and the coordination of all processes,
including the formation of adequate adaptive and adaptive reactions and stress
resistance [12,15,20,21]

There are data that during stress in the organism, there are phase changes in the
content of Zn in the homogenate of the PZ tissue: the accumulation of Zn levels in the
PZ cells with an increase in corticosterone and corticotropin in the blood passes into a
phase of a decrease in Zn concentration with a decrease in the levels of these hormones
[22]. In a healthy pancreas, Zn is concentrated in granules and is contained in B-cells,
and is necessary for the normal production and storage of insulin, Zn exhibits an
insulin-mimetic and antidiabetic effect [23], is a coenzyme of many enzymes (carbonic
anhydrase and lactate dehydrogenase), as well as superoxide dismutase, which protects
the body from the products of peroxidation of lipids, the damaging effect of which is
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also realized during stress. It shows similar effects and Cu, which also affects
carbohydrate metabolism by accelerating glucose oxidation processes, inhibits the
breakdown of glycogen in the liver. Cu is part of many enzymes: cytochrome oxidase,
tyrosinase, etc. It is a cofactor of the enzyme superoxide dismutase, which plays an
important role in the neutralization of free radicals.

Taking into account the importance of micro- and macroelements in the activation
of all functions of mitochondria, DNA and RNA replication, cell division, the
inflammatory process, immune cells, regulation of carbohydrates (secretion of
glucagon and insulin), lipid and protein metabolism, the release of hormones and
neurotransmitters, secretion of glands, regulation of protective function AOS,
participating in both the exocrine and endocrine functions of the pancreas (including
the processes of activation of digestive enzymes) [5, 61], it can be noted that stress-
induced disturbances in their balance can be one of the links in the pathogenesis of
pancreatic damage during pregnancy and prenatal development of rat offspring, which
can contribute to the emergence of various pathologies of the pancreas in the future.

The given data have substantiated the feasibility of further research aimed at
clarifying the possibilities of restoring the functional state of pancreatic cells with the
help of magnesium and zinc preparations, which should probably be included in the
pathogenetic therapy of its damage because, unlike various organic compounds, macro-
and microelements in the body are not synthesized.

Summary and conclusions

Were received the experimental data obtained are indicative of the fact that the
immobilization stress of rats during pregnancy is a significant risk factor for the
development of organic pathology of the pancreas in their offspring.

1. The pregnancy of rats, which takes place against the background of chronic
immobilization stress, is characterized by a violation of the balance of the macro- and
microelement composition of the pancreatic tissue and blood serum with a predominant
decrease in their content in the specified biological environments.

2. Changes in the composition of macro- and microelements in pancreatic tissue
and blood serum are not identical, which manifests organ specificity regarding their
balance. Despite the heterogeneity of the above-mentioned changes in general, there is
a regularity in the direction of deviations of indicators from control values in the tissue
of the pancreas, which consists in a decrease in the level of Ca and Mg and Zn and Cu,
and a more stable decrease in Zn and Cu in blood serum in both female rats and their
offspring.

3. Violation of the balance of macro- and microelement composition with a
predominant deficiency of Ca, Mg, Zn, and Cu, which occur during stereotypic events
inherent in the implementation of the body's neurohumoral response to stress, the cause
of which is animal immobilization, is an important link in the pathogenesis of
pancreatic damage.
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Anomauin: Cmamms npucesiuena npooiemam 6ue0008Y8aHHs HEMOBIAM MA 1020 GNIUBY O
300po8’ss oumunu. Hucienwi HAYKO8i 00CNI0NCEHHS THPOPMYIOMb, WO «OMOLOONCEHHS) MAKUX
X80p0oO K YYKpOBUll Jiabem, OX*CUPIHHA, 2INePMOHIYHA X80POOA, OHKOJLO2IUHI X80POOU MONCYMb
Oymu noe’s3ami 3 HepayioOHANLHUM BUC0008YE8AHHAM HEMOSIAM, d CaMe HeXMYBAHHAM NPUPOOHIM
8UC0008YBAHHAM, DAHHIM 66COCHHAM WIMYYHUX 3AMIHHUKIG 2PYOHO020 MOJOKA, HeOOMPUMAHHAM
PpeKoMeHOayitl w000 MepMiHi8 86e0eHHs NpuKopmy. Memoio npozpamu niOMpumKu 2pyOHO20
8U20008y8aHHs dimell 8 YKpaini 010 3HUNCEHHS PIBH 3AX80PIOBAHOCMI Ma CMepmHOCMI dimell
nepuioco poKy HCUMMS, RNICIANON0208UX YCKIAOHEHb, NOKPAWEHHS PenpoOYKMUBHO20 300P08 s
arcinox. Cmpamezis niOMpUMKU 2pYOHO20 8U20008YBAHHS PEKOMEHOYE PAHHE NPUKIAOAHHS 00 epyOi
mamepi (00 30-60 xeunuwn) nicis nonoeis, cymicue nepedy8ants mamepi ma OUMUHY, 200V8AHHS 34
BUMO2010, A HE N0 200UHAX, BIOMOBA IO WMYYHUX CYMIWLIB, 600U ma imimamopis epyoi. 3a OaHuMu
CMAMUCMUYHUX 36IMi6 GUKIIOUHE 2pYyOHe 8U20008y8aHHs 00 6 micayie maiu 72,3% Oimeu. B mou
Jce  yac OonumyeanHs. OAMbKIE OEMOHCMPYIOMb HUNCYI  NOKASHUKU —BUKIIOYHO  2PYOHO20
8u20008y6ants (52,4%). [Ipobaemoro 3anumacmocsa pekomeHoayii BUKOPUCTAHHS WMYYHUX CYMIULIE
3 XUOHUX NPUYUH: «BIOCYMHOCMI MOJIOKA 8 nepuii 000Uy, empamu macu mina Ha 3 000y, HeCcnoKii
oumunu. Omoice, npocpama RIOMPUMKU 2PYOHO20 BU20008YEAHHA Nompedye 0e3nepepeHoco
HABYAHHS MEOUYHO20 NEPCOHANLY MA OAMBKIE 3 NUMAHb 2PYOHO20 8U20008Y8AHHS MA PAYIOHATLHOZO
xapuyeanHs oimei.

Knrwowuosi cnosa: epyone 6uc0008ysants, wimyure 8uc0008y68aHHsL, NPUKOPM, OIMU.

310poB’s Hallli BU3HAYAETHCS HacaMIlepesl CTaHOM 370poB’a i1 aiteil. [lani
YUCJICHHUX JIOCIIPKEHb TTOKA3YI0Th, IO MOTIPIICHHS CTaHy 3I0POB’sI JOPOCINX Tpeda
ITyKaTH B IXHROMY JTUTHUHCTBI, 30KpeMa Y BUTOJIOBYBaHHI TUTWHU B MEPII POKH
xUTTs. CaMe miATpUMKa IPyIHOTO BUTOJIOBYBaHHS JiTeil B YKpaiHi 1a€ MOXIMBICTD
3HIDKEHHS! PIBHS 3aXBOPIOBAHOCTI Ta CMEPTHOCTI JITEH MEpIIOro POKY JKUTTS Ta
3MEHILIEHHS 3aXBOPIOBAHOCTI B HACTYIHI MEpIOJM AUTHHCTBA. YHMCIEHHI HAayKOBI
JOCIDKEHHS 1HPOPMYIOTh, IO «OMOJIOKEHHS» TaKUX XBOPOO K IIyKpOBHI JiaderT,
O’KMPiHHS, TIEPTOHIYHA XBOP0OOa, OHKOJIOTIUHI XBOPOOH MOXKYTh OyTH MOB’s3aHi 3
HEpalllOHAJIbHUM BUTOJIOBYBaHHSIM HEMOBJIAT, a caM€ HEXTYBaHHSAM IMPUPOJHIM
BUTOJIOBYBAaHHSIM, paHHIM BBEACHHSM IITYYHUX 3aMIHHUKIB TPYAHOTO MOJIOKA,

HEJIOTPUMAHHSIM PEKOMEHAIlN 11070 TepMiHIB BBeleHHs mpukopmy[l,2]. ¥V 1990
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porti npeacraBauku BOO3 (BcecBiTHROT opranizaiiii 0OXopoHu 310poB’°s1) Ta Jlutsuoro
donny OOH IOHICE® (UNICEF) npwitnsmm «J/lexnapariito Ianouenti» (The
Innocenti Declaration) Ha TIATPUMKY TPYIHOTO BHUTOJOBYBaHHS. YKpaiHa
npuegHanacsa A0 NporpaMu MIATPUMKHA TPYIHOTO BHUTOAOBYBaHHS y 1995 por.
Pexomenpanii BOO3 ta FOHICE® mono rpyaHoro BUroJoBYyBaHHS: 3a0€3MEYUTH
KOHTAKT «ILIKipa J0 WIKIpW» Ta MPUKIAAATH JUTHHY 0 TpyJiel MaTepi SKHAUIIBUIIIIE
MiCTsi HAPO/KEHHS HEMOBIISTH; SKHAWIIBUIIIE TOYaTH TPYIHE BHUTOJOBYBAHHS,
HalKpale — BIPOJOBXK MEPIIOi TOAWHU KUTTS AUTUHU; 3a0€3MEeYUTH TIepeOyBaHHS
Martepi Ta HOBOHAPOIHXKEHOT IUTUHU B OAHIN manati 24 roa/no0y, mob MaTu 3Morja
rojJlyBaTy JAUTHUHY Ha BUMOTY (TOOTO Tak 4acTo, SIK XO4e JAUTHHA, BJICHH 1 BHOYI);
3a0€3MeYNTH BUKIIOYHO TPYyAHE BUTOJOBYBAaHHS MPOTITOM IMepmux 6 Mic Bif
HApOJKEHHS — HEMOBJISITAM HE CJTiJT IaBaTH JKOAHUX 1HIIUX MPOIYKTIB XapdyBaHHS,
HaBITh BOJy; HE BUKOPUCTOBYBATH YKOJIHUX CYyMiIlIeH, TUISIIIEYOK, COCOK UM MyCTYIIOK,
SKIIO MOKJIMBE BUKJIIIOYHO TPYJHE BUTOJOBYBAaHHS; IMOCTYIOBO BBOJUTH MPUKOPM,
MOYMHAIOYM 3 6 MiC, ajie TPOJOBKYBATH T'PYyJHE BUTOJOBYBAaHHS 1O JOCSITHECHHS
JUTUHOIO BIKY 2 POKIB 1 cTapiie. YKpaiHa MIATPUMYE 1i pEeKOMEHIallii Ta CTBOPIOE
YMOBH, 1100 3a0€3MEYNTH iX BUKOHAHHS.

['pyane ™Mojoko Marepi € yHIKaIbHUM TPOAYKTOM XapuyBaHHS  JJIst
HOBOHapOHKEHUX. BOHO MICTUTH yC1 MOKUBHI PEUOBHHU, 1110 HEOOXITHI JI1 PO3BUTKY
Ta POCTY AUTUHHU TPOTATOM TMEPIIUX MICSIIB JXKUTTA. ['pyaHE MOJOKO Marepi €
HalOe3MeyHIIUM JKEPEIOM MOKUBHUX PEUYOBHH, BITAMIHIB Ta €HEPrii, OCKUIbKU HE
MICTUTh JKOAHHMX JOJATKOBHX, MIKIIJIMBUX PEUYOBHH. ['pyaHE MOJIOKO MOBHICTIO
MMOKPUBA€E TOTPEeON AUTHUHU B MOKMBHUX PEUOBMHAX IMPOTATOM MEPIIHX 6 MICSIIIB
KUTTA, 3 6 10 12 MiCSLIB MPOJOBKYE 33JOBOJBHATH IIOHAMEHIIIE OJOBUHY MOTPED
JTUTHHU B TIOXKUBHUX PEYOBHHAX, & MPOTATOM JPYTOTO POKY JKUTTA — TMOKPHUBAE
TPETUHY LUX NoTped[3].

PanHniii mo4yaTok rpyJaHOTO BHUTOJOBYBaHHS BIpPOJOBXK 30-60 XBWIMH TMiCIS
HapO/UKEHHS JUTUHU  3a0e3rnedye BUCOKUM pIBEHb 3aXUCTy HEMOBIATH Bij
iHpeKmiHuX 3axBOproBaHb. 3rigHo 3 Jganumu  BOO3, BUKIIOYHO TpyaHE
BUTOZIOBYBaHHSI 3HAYHO 3HM)KYE PU3UK CMEPTI BHACIIIOK Jiiapei, MTHEBMOHIT Ta THIITUX
1H(EKIIMHUX 3aXBOPIOBaHb, @ Y pa3l XBOPOOW MITH MIBUIIIEC OXYXYHOTh. JiTH #
HIJTITKY, SIKI B TPYJIHOMY BIIll OTPUMYBAJIM MOJIOKO MaTepi, pijlie CTPaxaaroTh Bl
HAJUIMIIKOBOI Bark a0b0 OKUPIHHSA Yy CTapuIOMy Billl, TPYJIHE BUTOJOBYBaHHS Mae
npodiTakTHYHUX e(EeKT MO0 aJepriuHuX 3aXBOPIOBaHb[4].

JlocipKeHHsT TOBOJAATD, IO [ITH, SKUX TOAYBald MAaTEPUHCHKUM MOJIOKOM,
JEMOHCTPYIOTh BHIILl PE3yJIbTaTH MCHUXOMOTOPHOTO PO3BUTKY, a TAaKOX 3aKJIaJae€
OCHOBY [UJIsl IOJAJIBIIOTO 1HTEIEKTYalbHOTO po3BUTKY[4,5]. ['pyiHe BUTOJOBYBaHHS
IUI JUTHHU - 11€ TAaKOXK BIIUYTTA O€3MeKr, 0COOIUBO BaXKIMBE B YMOBaX BIiICHKOBOTO
CTaHy B KpaiHi.

MeTtow nociigkeHHsi OyJ0 BUBUEHHS MOKAa3HUKIB TPYAHOTO BUTOJOBYBaHHS,
OPUYMH, SIKI TOPU3BOASATH 1O IITYYHOTO BHUIOJOBYBAaHHS, TEPMIHIB BBEJICHHS
IPUKOPMY.

Marepiayiu i MeTOaM TOCJIIIKEHHS.

[IpoBeaeno onutyBanHs 42 MaTepiB JITe paHHBOTO BiKy. Po3po0ieHo aHKeTy-
OMMUTYBATBbHHUK, sika Mana 10 3amutanp MOA0 BUTOAOBYBaHHS AUTHUHUA. CTAaTUCTHUHY
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00poOKy pe3yIbTaTiB AOCIIKEHHS TPOBOIUIIN 32 JOTIOMOTOI0 CTaHAApPTHUX METO/IIB

3 PpO3PaxXyHKOM BIJHOCHMX BEIWYHMH (20COJIOTHA KIUIBKICTH CIIOCTEPEXKEHb, %
CITIBBITHOITICHHS).

Pe3yabTaTn 10CaigxKeHb Ta iX 00rOBOPEHHS.
3a JaHMMM CTAaTHUCTUYHMX 3BITIB MEAMYHUX 3akiafiB M. YepHiBuiB y 2022 pori

Ha BUKJIIOYHO rpyaHoMy BuronoByBaHHi (I'B) Oyno 72,3% niteit no 6 micsuis, 22,8%
- 1o 3 micsamiB (puc.l).

B go 6 mic. 1694
B oo 3 mic.534

[Oiteir o pory 2343

Puc.1. KinbKicTh AiTeil Ha rpyAHOMY BUTOJOBYBAHHI 32 JaHUMH CTATUCTHYHHUX
3BiTIB.

[IpoBeneno omutyBaHHs 42 MaTepiB JITEd PAHHBOTO BIKYy, IIOAO0 XapaKTepy
BUI'0JIOBYBAaHHSI, TEPMIHIB Ta MPUYMH 3aBEPILICHHA TPYIHOIO BUTOJOBYBaHHS. 3a
pe3yiabTaTaMu OMUTYBAHHS MaTEPiB B CTPYKTYPl XapaKTepy BUTOJIOBYBaHHS JIITEH 110
6 MICSIIIB: BUKIIIOUHE Tpy/IHE BUTOAYBaHHS — 52,4% (22); mITy4yHe BUIOJIOBYBAHHS —
33,3% (14); 3mimane BurogoByBaHHs — 14,3 % (6 ). Ilix yac onuTyBaHHS MaTepiB
BCTAHOBJICHO, [0 MPUYKMHAMU PEKOMEHAAIIII BBEACHHS IITYYHUX CYMIIIIIB HA MEPIIUX
THKHSIX KUTTS OyJIM: «BiICYTHICTh MOJIOKA B Iiepiry 100y», BTpaTa MacH Tiia Ha 3-4
100y, eMmi30/I1 HECTIOKOIO TUTUHU a00 BIJICYTHICTH MTpuOaBku Macu Tisia Ha 10-12 100y
xUTTs. L1 «IpuunHW» HE MOXKYTh BBaXKATHUCA TIACTaBaMU IS PEKOMEHAIIIM
BBEJICHHS IITYYHOI CyMiIlIi, CKOpillleé CBiAYaTh MPO HU3BKUU PIBEHb 3HAHb WIOJO
(1310JIOTTYHHAX TIPOIIECIB B II€H MEPi0] )KUTTS HEMOBIIAT.

Brponosx KUTBKOX JHIB TICHS TIOJIOTIB MOJIOYHI 3QJI03U BHPOOJISIIOTH TYCTE
MOKMBHE MOJIO3MBO, K€ MA€ BUCOKY €HEPreTHUUHY I[IHHICTb, 1 HABITh Y MaJHX J03aX
MO€ TTOBHICTIO 33JI0BOJIbHUTU TTOTPEOU TUTUHU B HEOOX1THUX MOKUBHUX PEUYOBHUHAX
B Mepul JAHI SKUTTS. MOJIO3MBO MICTUTh BEJIHMKY KUIBKICTh CEKPETOPHOIrO
IMyHOTJIO0YJIIHY A, 10 3aXUIIA€ CIM30B1 OOOJIOHKA JUTHUHU, MICTUTh Oarato
JIEUKOLUTIB — KJIITOK IMyHHOT CUCTEMH, 1110 PYHHYIOTh BIpyCH 1 OaKkTepii.
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M BifiCyTHICTb MO/IOKA Ha nepLuy
no6y

M BTpaTa Baru Ha 3 -4 noby

m Hecnokii gUTUHK

Puc.2. IlppunHyn BBeAeHHS IITYYHOI CyMillli HA MEPIIOMY THKHI KUTTH
(32 TaHMMU ONIMTYBAHHA)

Y 2 pecrnoHAEHTIB TpyAHE BUTOJIOBYBaHHS B JIUTHHU OyJO BIACYTHIM 3
HapokeHHs1 (4,8%). ['pyiHe BUro10BYBaHHS MOBHICTIO OyJI0 3aBEpIIeHE Y JIITEH 110
6 micsauiB y 13 onutanux (31%). ¥ 15 mireit (35,7%) rpynHe BUrogoByBaHHs OyJI0
3aBepIIeHe Y TEPMIHHU BiJl 6 Mics1iB 10 1 poky. Bijblie poky rpy o BUr0A0BYBaIUCh
10 miteit (23,8%), 2 poku 1 goiie — 2 giteit  (4,8%) (puc.3).

Craplue 2 pokis —h 4,8%

[102 poxip i S 238%

fo 1oy I 357
o omic NS S S W 31.0%

BiacyTHiCTb MONOKa - 4,8%

0 5 10 15 20 25 30 35 40

Puc.3. Tepminu npunuHeHHs rPyIHOT0 BUT0I0BYBAHH AiTell MePIIOro PoKy 3a
JAHUMH aHKeTYBaHHSI MaTepiB.
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3a pe3yJbTaTaMyd ONWUTYBAaHHA MaTepiB cepel HAOUIbII MOMIMPEHUX MPUYHUH
3aBEPIICHHS TPYJAHOTO BUTOJOBYBAaHHS N0 | pOKY: COMaTWUYHWN CTaH y MaTepi, 0
MIEPEIIKO/KAB TPYJTHOMY BUTOI0BYBAaHHIO — 9,5% (4 muTHHM); 3MEHIIEHHS KUIBKOCTI
rpyaHoro moioka — 61,9% (26 miteit); BinMoBa TUTHUHU Bif romyBaHHS — 9,5% (4
JTUTUHU); PIIIEHHS KIHKUA 3aBEPIIATH roayBatu rpyaro —19,0% (8 miteii).

XapuyBaHHS AiTeH 13 1a00paTOPHO MIATBEPHKEHOIO AHEMIEIO B 9 MICSIIIB KUTTS
XapaKTepU3yBaIOCh OLIBII MI3HIMH TEPMIHAMH BBEJIEHHS MEPIIOro MPUKOPMY Ta
MPOJIYKTIB, 30araueHux 3aJli30M, HIXK y AiTed 13 nokaznukamu Hb > 110 r/n. Tepmin
BBEJICHHS IPUKOPMY Y JiTeil 3 aneMiero ckaaB 7,5 + 0,6, y aiTel 3 reMorjao0iHOM BUIIIE
110 r/n— 6,1 £0,4 (p<0,05). Takum ynHOM, TPOP1TAKTUKOIO 3a1130/1ePIIIUTHOT aHEeMIT
y JAITel Neplioro poKy XKHUTTS € CBO€YACHE BBEJICHHS NPUKOPMY, OJHAK CIiA
JTOTPUMYBATHUCh TEPMIHIB BBEJCHHS MNPUKOPMY, HE paHilie 4-6 MicsiiB (3riJIHO
pexomenpaaiii ESPEGAN).

BuchoBknu:

1. 3a 1aHUMU CTAaTUCTUYHUX 3BITIB BUKJIIOYHE TpyJIHE BUTOJOBYBaHHS 110 6
MicsmiB Manu 72,3% miteit. OnutyBaHHs OAThKIB IEMOHCTPYIOTh HM)KYl IMOKA3HUKH
BHUKJIFOYHO TPYJIHOTO BUTOJI0BYBaHHS (52,4%).

2. IIpobGnemoro 3aIMIaEThCsl PEKOMEHIAIl1 BUKOPUCTAHHS IITYYHUX CYMIIIIB 3
XUOHHUX MPUYUH: «BIJICYTHOCTI MOJIOKA B TIEpPIII JOOM», BTpATH MacH Tija Ha 3 mo0y,
HECITOKIf TUTHHHU.

3. IlutaHHS TPYIHOTO BHUTOJOBYBAaHHS Ta PaIliOHAIBHOTO Xap4YyBaHHS IiTCH
MOTPeOYyIOTh O€3MepepBHOIO0 HaBYAHHS MEIUYHOTO IEPCOHANy Ta OaTbKIB Ta €
BUpIIIATBLHUMU B TapaurMi 30€pexeHHs 310pOB’ s JITEH.
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Abstract: The article is devoted to the problems of infant feeding and its impact on the child's
health. Numerous scientific studies inform that the "rejuvenation" of such diseases as diabetes,
obesity, hypertension, and oncological diseases can be associated with irrational feeding of infants,
namely neglect of natural feeding, early introduction of artificial breast milk substitutes, non-
compliance with recommendations regarding the timing of introduction supplement. The goal of the
breastfeeding support program in Ukraine was to reduce the morbidity and mortality of children in
the first year of life, postpartum complications, and improve women's reproductive health. The
breastfeeding support strategy recommends early attachment to the mother's breast (up to 30-60
minutes) after delivery, coexistence of mother and child, feeding on demand, not by the hour, rejection
of artificial formulas, water and breast simulators. According to statistical reports, 72.3% of children
were exclusively breastfed up to 6 months. At the same time, surveys of parents show lower rates of
exclusive breastfeeding (52.4%). The problem remains recommendations for the use of artificial
mixtures for false reasons: "lack of milk in the first days", loss of body weight on the 3rd day,
restlessness of the child. Therefore, the breastfeeding support program requires continuous training
of medical staff and parents on breastfeeding and children's nutrition.

Key words: breastfeeding, artificial feeding, supplementary food, children.
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Abstract. Diseases of adenoids are one of the most frequent types of ENT pathology in
childhood. They often occur against the background of frequent episodes of acute respiratory viral
infections (ARVI), bacterial rhinosinusitis, allergic rhinitis. Infectious agents are mainly adeno- and
rhinovirus, Epstein-Barr virus, and bacteria include Haemophilus influenzae, Streptococcus
pneumoniae, Streptococcus pyogenes, Moraxella catarrhalis, Staphylococcus aureus. Sometimes it
is possible to trace a hereditary predisposition to the development of adenoid diseases in children.
Among the diseases of the ENT organs, in children of preschool and primary school age, hypertrophy
of the pharyngeal tonsil and chronic adenoids are most often detected, which is due to the anatomical
location of the pharyngeal tonsil and its physiological features.

Key words: ENT organs, adenoids, treatment, children

Adenoids are growths in the size of the nasopharyngeal tonsils, which, as a result
of the increase, cause difficulty in nasal breathing, hearing loss and lead to other
problems of the child's body. Being in a normal state, during a visual inspection, the
tonsil is not visible. Adenoids are part of the immune system, which helps fight
infection and protects the body from bacteria and viruses. They begin to grow from
birth and are at their largest around the time a child is three to five years old.

Today, chronic inflammatory diseases of the lymphadenoid pharyngeal ring are
the most common among chronic forms of childhood pathology, and operations in this
area remain the most frequent surgical intervention in children [1,2]. Therefore, the
development of modern effective methods of conservative treatment of children with
pathology of the lymphadenoid pharyngeal ring is relevant not only for children's
otorhinolaryngologists, but also for pediatricians and family doctors. Taking into
account the above, it becomes clear that the pathology of the lymphadenoid tissue of
the pharynx, which is quite common among children, is an urgent problem of modern
medical science and requires the appropriate attention of specialists. Diseases of the
pharyngeal tonsil in the structure of pathology of the upper respiratory tract in children
of preschool age make up to 30% [3].

Anatomical and physiological features of the pharyngeal tonsil in children

The surface of the pharyngeal tonsil has the appearance of folds placed sagittally.
There are a total of 5-9 oblong, roller-like folds, which are separated by grooves (slits)
and are similar to crypts. Follicles and a diffuse accumulation of lymphoid elements
are located in the thickness of the folds. Normally, the thickness of the pharyngeal
tonsil is 5—7 mm, the width is 20 mm, and the length is 25 mm [4]. These sizes are
relative, but their increase indicates hypertrophy of the pharyngeal tonsil (adenoid
vegetations).

The pharyngeal tonsil does not have crypts, but only grooves into which the eyes
of the glands fall, does not have a capsule and is covered with a multi-row ciliated
epithelium.
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The pharyngeal tonsil is supplied with blood by the ascending pharyngeal artery.
Venous blood drains into the veins of the pharyngeal plexus. The pharyngeal tonsil is
innervated by nerve fibers of the branches of VII, IX, X pairs of cranial nerves and
sympathetic fibers from the periarterial plexuses [5,6].

Clinical picture

The main ones are airway obstruction and/or symptoms of recurrent upper
respiratory tract infections. The frequency of SARS in children with adenoid diseases
increases significantly - it can reach 10 episodes per year. The course of infections is
longer, they are more often complicated by rhinosinusitis and otitis media.
Hypertrophied and/or inflamed adenoids are exactly the "weak" place in the
nasopharynx that increases susceptibility to respiratory infections.

Clinical manifestations of adenoid diseases

e Obstructed nasal breathing

e Snoring

e Humility

e Constant mouth breathing

e Frequent prolonged runny nose
e Sleep apnea

Classification of pharyngeal tonsil diseases
All diseases of the pharyngeal tonsil are divided into inflammatory and tumorous [7,8].

Inflammatory diseases:

¢ acute adenoiditis;

e recurrent adenoiditis;

e chronic adenoiditis;

e pharyngeal tonsil abscess;

e hyperplasia of pharyngeal tonsils (adenoid growths, adenoid growths,
adenoids).

e tumor diseases:

e benign (cyst);

e malignant (lymphosarcoma).

Acute adenoiditis

Adenoiditis in childhood is characterized by the course both against the
background of the growth of adenoid tissue (hypertrophy of the pharyngeal tonsil) and
in the absence of the latter. The terms "adenoids" and "adenoiditis" can complement
each other, that is, indicate whether adenoid vegetations are accompanied by an
inflammatory process or not [9,10,11].

Patients with acute adenoiditis (acute inflammation of the pharyngeal tonsils)
complain of pain and a burning sensation in the nasal part of the pharynx and nasal
cavity, difficulty breathing through the nose, mucous-purulent secretions from the
nose, snoring during sleep, general weakness, and "closed" hoarseness. The sensation
of plugging the ear indicates changes in the auditory tube.

During anterior rhinoscopy, the phenomena of acute rhinitis are observed. During
posterior rhinoscopy, an increase in the pharyngeal tonsil, its hyperemia, muco-
purulent secretions, which flow down the hyperemic back wall of the pharynx, are
noted.
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The disease lasts 5—6 days, but often turns into a subacute or chronic form. Often,
the acute process passes to the tubal tonsils and then to the side rolls. At the same time,
during pharyngoscopy, swollen rolls, sharply hyperemic follicles with the presence of
whitish point plaques on some of them are visible. The disease can be complicated by
acute otitis media, throat abscess, pharyngitis, laryngitis.

During differential diagnosis, it is necessary to take into account diphtheria of the
nasal part of the pharynx; it occurs rarely, but is difficult to diagnose.

Treatment includes the use of aerosols with antiseptics 2-3 times a day,
vasoconstrictor, antiseptic nasal drops (4—5 drops 3 times a day). It is advisable to use
multivitamins, antihistamines and tonics. If the treatment is ineffective and the
subacute form of the disease develops, the nasal cavity is washed with solutions of
antiseptics and decoctions of medicinal herbs, and antibiotics are used according to the
antibiotic chart for 10 days. Shorter courses of treatment (57 days) often do not ensure
the eradication of bacterial microflora [9].

Chronic adenoiditis

The frequency of development of chronic adenoiditis is up to 10% in patients
without hypertrophy of the pharyngeal tonsil, and in its presence it is much higher
(21.5-83.7%).

In the development of chronic adenoiditis, suppurative cocci, bacteria, viruses and
opportunistic microorganisms are most important, which, against the background of a
decrease in local and general immunity due to the action of exo- and endogenous
factors, lead to the development of chronic inflammation of the pharyngeal tonsils. The
latter most often occurs as a result of transferred acute adenoiditis. Pathomorphological
changes are almost similar to those in chronic tonsillitis. Often, the inflammatory
process spreads to the lateral rolls, the auditory tube, and the mucous membrane of the
pharynx.

The child periodically notices difficult nasal breathing, frequent and prolonged
runny nose, sleep and appetite disturbances. Hoarseness, subfebrile body temperature,
headache, general weakness, enuresis, a feeling of congestion in the nasal part of the
pharynx and ear, dry mouth and slight pain in the nasal part of the pharynx, cough due
to the flow of mucous secretions in the larynx are also registered.

During the general examination, pallor of the skin, a decrease in the layer of
subcutaneous fat, impaired development of the jaw and respiratory systems, and an
increase in occipital and cervical lymph nodes are noted. Often these children lag
behind in physical and mental development as a result of chronic intoxication. During
rhinoscopy, the inflammatory process in the pharyngeal tonsil is noted; mucous, muco-
purulent and (rarely) purulent secretions that flow into the oral and laryngeal parts of
the pharynx and even into the larynx, trachea.

During an endoscopic examination of the nasal part of the pharynx, the surface of
the adenoid vegetations is loose, pale gray or vitreous, the swelling resembles nasal
polyps. At the bottom of the nasal cavity, the back surface of the soft palate, the back
wall of the nasal part of the pharynx, mucous secretions of a milky white color are
found. There is no plaque, which excludes diphtheria. However, patients with chronic
adenoiditis should always be swabbed for diphtheria bacillus because the nasal part of
the pharynx is a reservoir for it.
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Patients with chronic adenoiditis often have diseases of the nasal cavity, paranasal
sinuses, auditory tube and ear, pharynx and larynx, as well as pathological changes in
the lower respiratory tract, cardiovascular and immune systems. Violation of systemic
immunity is manifested in suppression of the phagocytic and T-cell link, imbalance of
immunoglobulins (immunoglobulin — Ig) A, M, G and secretory Ig A.

2-3 courses of conservative therapy are carried out, which consists in the use of
antihistamine, immunocorrective, stimulating drugs, vitamins, aerosols (Aqua Maris®
line of drugs, Meralis® nasal spray based on sea water with minerals and trace
elements), electroaerosols with antiseptics, antibiotics and washing of the nasal part of
the pharynx with a 10% solution of povidone-iodine, diluted 10-30 times, or with
another modern antiseptic.

In case of failure of conservative therapy, adenoidectomy is performed under
general anesthesia. As a rule, surgical treatment is carried out for hypertrophy of the
pharyngeal tonsils of the II-III degree; however, the indication for the operation is not
so much the size of the adenoids, but the development of disorders caused by them in
the child's body.

The Dane Wilhelm Meyer is considered the founder of pharyngeal tonsil surgery,
who discovered a bulging tissue in the nasal part of the pharynx, similar in appearance
and color to earthworms, and made a ring-shaped knife (curette) to remove this tissue.
Adenoidectomy — the removal of a hypertrophied pharyngeal tonsil — was performed
by V. Meyer for the first time in 1868 in Copenhagen according to his own method
using an instrument he had designed himself. This operation has not only become the
most common surgical intervention in children - it is considered the most successful
surgical method of treatment in general. With the help of a qualitatively performed
adenoidectomy (if it is performed according to the indications, technically correctly
and in advance), it is possible to positively influence the work of the respiratory and
hearing organs, the physical and mental development of the child, as well as to
determine and improve the quality of his future life [4,9].

It should be noted that adenoidectomy should be performed only after the
inflammatory process subsides, regardless of the degree of enlargement of the
pharyngeal tonsil and the patient's age [9].

Hypertrophy of the pharyngeal tonsil

Etiological factors in the development of hypertrophy of the pharyngeal tonsils
and adenoiditis in childhood are not only recurrent viral and bacterial infections, but
also allergic diseases, concomitant pathology of the immune and neuroendocrine
systems, metabolic disorders [10,12,13].

The main clinical sign of the presence of adenoids is difficulty in nasal breathing,
sleeping with the mouth open, general and local manifestations of inflammation. The
degree of nasal breathing disorder depends on the size, shape and structure of the
adenoids, the relative size of their volume to the size of the cavity of the nasal part of
the pharynx, as well as accompanying inflammatory changes [4,7]. Obstruction of
nasal breathing and limitation of the mobility of the soft palate due to impaired blood
circulation in it, as well as changes in the volume of the upper resonators cause speech
function disorders, the so-called rhinolalia clausa posterior. At the same time, children
pronounce nasal consonant sounds with great difficulty; their speech becomes muffled
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and fragmentary. Significant difficulty in nasal breathing leads to breathing through
the mouth, children are in a state of constant oxygen starvation. Their chest is narrow
and flattened on the sides, the breastbone is slightly forward ("chicken breast") [9,13].
Breathing through the mouth leads to insufficient moistening, warming and
purification of inhaled air, constant cooling of the oral cavity, pharynx and lower
respiratory tract. A mass of microorganisms and dust particles inhaled through the
mouth settles on the mucous membrane of the pharynx and trachea, causing colds, sore
throat, pharyngitis, diseases of the bronchi and lung tissue.

Adenoid vegetations during sleep can increase due to venous stasis and lead to a
pronounced violation of respiratory function up to the cessation of breathing due to
intermittent obstruction of the upper respiratory tract, i.e. to obstructive sleep apnea
syndrome. Therefore, children with adenoids often sleep restlessly, with their mouths
open, they often snore, and saliva flows from their open mouths. Often, with adenoids
and adenoiditis, mucus flows from the nasal to the oral and laryngeal parts of the
pharynx, which leads to a prolonged cough.

The inflammatory process often spreads to the nasal cavity, forming rhinitis,
rhinosinusitis with abundant secretions from the nasal cavity, irritation of the skin of
the bridge of the nose and the upper lip, which becomes hyperemic, thickened, and
covered with cracks [9]. As mentioned above, often these pathological conditions
develop in parallel with recurrent and chronic inflammatory diseases of the
bronchopulmonary system, therefore such patients are simultaneously in the field of
vision of otorhinolaryngologists, pulmonologists and pediatricians.

Diagnostics

Diagnosis of adenoid diseases consists in a thorough examination of the
nasopharynx. In rare situations, a finger examination of the nasopharynx can be
performed. Computed tomography (CT) or magnetic resonance imaging (MRI) of the
head and neck are not indicated to evaluate the size of adenoids, but if they were
performed for another reason (for example, chronic rhinosinusitis or brain pathology),
then with the help of these methods it can be carefully assess the size of the adenoids
and their ratio to the choans. An MRI should also be considered if a child's adenoid
tumor is suspected.

Flexible (fiberoptic) nasopharyngoscopy is considered the gold standard for
diagnosing and assessing the degree of adenoid hypertrophy. This method provides
direct visualization of the nasal cavity and nasopharynx. The diagnostic accuracy of
flexible nasopharyngoscopy can be of primary importance in determining the
indications for adenoidectomy. Only after an endoscopic examination can the degree
of hypertrophy of the adenoids is determined. The most common is the classification,
according to which three degrees of enlargement of adenoids are distinguished (Table

).

Degree Characteristics
I small-sized adenoids (cover the upper '5 of the choanal lumen)
11 medium-sized adenoids (cover % of the blade)
111 adenoids of large size (cover all or almost all of the choanal lumen)
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Treatment

Treatment of adenoid diseases is conservative and surgical. It depends on the
degree of obstruction of the respiratory tract and the presence of other concomitant
diseases that can be complications.

Surgical treatment

Indications for adenoidectomy — surgical removal of adenoids — are:

e chronic (more than 12 weeks) adenoiditis with rhinorrhea, despite at least a 3-
week course of antibiotics;

e chronic (more than 12 weeks) sinusitis, despite at least a 3-week course of
antibiotics;

e 4 or more episodes of recurrent adenoiditis with purulent otorrhea in the last 12
months in a child under 12 years of age;

e chronic secretory otitis in a child aged 4 years or older with a history of
ineffectiveness of previous tympanostomy surgery;

e hypertrophy of adenoids, detected endoscopically/radiologically, with
symptoms of airway obstruction, having one of the following manifestations:

e in children under 3 years of age, there is a syndrome of breathing disorders
during sleep lasting more than 3 months with information from parents about
apnea, sobbing, shortness of breath during night sleep;

e in children aged 3-17 years, RDS with assessment of ventilation adequacy at
night, including snoring, mouth breathing, apnea;

e pathological conditions that may be associated with sleep-disordered breathing
(including growth retardation, poor academic performance, enuresis,
behavioral problems, and more);

e obstructive sleep apnea syndrome, diagnosed by polysomnography, with an
apnea/hypopnea index >1.0.

Conservative treatment

Operations on adenoids and tonsils are very common, but recently, due to the

short-term risks of surgical treatment and the advent of alternative methods of therapy,
their frequency has decreased. If there are no indications for surgical intervention,
conservative drug treatment is prescribed. According to the tactics of treatment, all
children with adenoid problems can be divided into 3 groups (Table 2). This
distribution may not depend on the degree of tonsil hypertrophy.

Group Characteristics Tactics of treatment
A | Children with minimal manifestations | General strengthening measures
of adenoid diseases that do not require | (hardening, sanatorium-resort

surgical and medical treatment treatment, dispensary observation)
B Children who do not have indications | Drug treatment, strengthening

for surgical treatment measures, dispensary observation
C | Children who have indications for Surgery

surgical treatment

One of the modern and relatively new methods of adenoid treatment is
cryotherapy. It consists in point impact on adenoids with liquid nitrogen, the

ISSN 2663-5712 135 www.sworldjournal.com



g
ﬁ

SWorldJournal Issue 19 /Part 1 (0¥ QPB

temperature of which is minus 100-180 degrees Celsius. With this effect of cold on the
affected tissue, its subsequent dying and rejection occurs. A new, healthy tissue is
formed in its place.

Indications for cryotherapy:

e Adenoiditis (stages 1 and 2);

e Acute rhinitis;

¢ Chronic rhinitis;

e Frequent colds due to adenoids.

The procedure of cryotreatment of adenoids in children is completely painless and
takes place in a playful way. LOR administers local anesthesia through the nose. After
that, special tubes are inserted into the nasal passages. Through them, liquid nitrogen
is applied to the adenoids. The procedure lasts a few seconds. During cryotherapy, a
white vapor begins to come out of the child's nose, which is associated with the smoke
from a steamship or the breath of a baby dragon. This situation is used to conduct the
procedure in a game manner. The total number of such approaches is from 2 to 3 times.

After the first cryotherapy session, the recovery process takes place, which usually
takes up to 2 weeks. After 2-3 months, the procedure is repeated.

At the time of cryotherapy, the child must be clinically healthy. Immediately
before the procedure, the child does not need to be fed.

Advantages of cryotherapy:

e Treatment of adenoids in children without surgery;
Painlessness of the method,;
Reducing the number of colds;
Hardening of the body;
Parallel cryoirrigation of ENT organs is possible for the prevention of other
ENT diseases.

Cryotherapy (or "cold treatment") is one of the most effective methods of
treatment for many ENT diseases. Learn more about how cryotherapy is used in the
treatment of snoring and in the treatment of tonsils (tonsillitis).

Cons of cryotherapy:

e The desired result is not always achieved (most often in children with 3rd
degree inflammatory processes);
e Aggravation of symptoms is possible within a few days after the procedure.

Endonasal corticosteroids (for example, mometasone furoate) are indicated for
long-term elimination of adenoid hypertrophy. The recommended starting dose is 50-
100 mcg/day until the effect is achieved (for example, 4 weeks). Then the dose can be
reduced to a maintenance dose (25-50 mcg/day for 2 weeks per month), which provides
a long symptom-free period. Pan-American recommendations [7] state that the course
of treatment for hypertrophy of adenoids should be 8-12 weeks. Mostly, in various
studies, a higher dose was first prescribed for 4-8 weeks, and then it was reduced and
the treatment was continued for the same amount of time.

A new trend in the treatment of adenoid diseases is the use of respiratory
cytoprotectors, represented by Ectobris. Since children with diseases of adenoids suffer
from SARS significantly more often and for longer, cytoprotection of the mucous
membrane of the upper respiratory tract is aimed at strengthening it, reducing
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inflammation of adenoids, duration and frequency of exacerbations of adenoiditis.
Cells of the mucous membrane of the respiratory tract under the influence of
cytoprotector become more resistant to the influence of negative factors (viruses,
bacteria, allergens, etc.) and react less with inflammation to them. Inflammation is less
pronounced and lasts less. This can also explain the need to use Ectobris in case of
exacerbation of adenoiditis.

Conclusions.

Thus, adenoid diseases are one of the most frequent chronic diseases of childhood.
Accurate diagnosis and the use of modern medicines will help with adenoid diseases.
Medical treatment is an effective alternative to surgical treatment, so it is worth using
the chance of high-quality and safe non-surgical treatment. The emergence of modern
methods of conservative treatment makes it possible to reduce the number of surgical
interventions in children.
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Anomauia: Pax wutiku mMamku € yYemeepmum — HAUNOWUPEHIWUM  OHKOJO2IUHUM
3aX680pPIOBAHHAM ceped CciHoK. Inghikyeanns eipycom naninomu nawoounu (BILI) € ocHosHow
NPUYUHOIO PO3BUMKY PAKY WUUKU MamKu. IHGIKY8aHHs 8ipycom Naniiomu 1r0OUHU BUCOKO2O PUSUKY
(BIIVI) ma inmeepayis eenomy BIIJI y xpomocomy enimenianbHux KIiMuH WUUKU MAMKU €
KAH0Y0BUMU PAHHIMU NOOISAMU 8 HEONJACMUYHOMY NPOSPECYBAHHI YPANHCEHb WULKY MamKu. Bipychi
OHKOOINKU, 20106HUM YuHoM E6 1 E7, 6ionogioaroms 3a NOUAmMKOGi 3MIHU 6 enimeaiaibHux Kiimunax.
Bipycui 6inxu inakmueytoms 08a 0cHOBHI OiKu-cynpecopu nyxaux, p33 ma pemunodracmomy (pRb).
Inaxmusayis yux 0Oinkie xazsina nopyuiye sk mexanizmu penapayii JJHK, max i anonmo3s, wo
npu3z600ums 00 wieuokoi nponighepayii kiimun. Ilpu yepsikanvhiil inmpaenimeniaibHiil Heoniasii
(CIN) ma paxy wutiku mamku (PLLIM) eucoxo excnpecyiomvcsi ucieHHi 2eHu, wo 8i0nosioams 3d
penapayiio JTHK, nponighepayiro knimun, akmusHicms (paxmopie pocmy, aneiocenes, a makoic 2eHu
mimoeenesy. L[a eenomna necmabinonicms 3aoxouye BIIJI-ingikosani knimunu npoepecysamu 00
ineazuenoi kapyurnomu. Knovogi monexynaphi nooii, wo depymos yyacms y Kanyepocenesi wutiKu
mamxu, 6y0ymo po3ensaHymi 8 ybomy 02ns0I.

Knwuosi cnosa: pax wutiku mamku, yepeikaibHa IHmMpaenimeniaibHa HeON1asis, 6ipyc
naninomu 10OUHU; KaHYepo2eHe3, GiPYCHULL OHKONPOMeil, 2eH-CYNpecop nyXJauHu.

Beryn

Pak mmiiku MaTKy € 4eTBEPTUM 3a MOLIUPEHICTIO PAKOM CEpeJl )KIHOK Y BCbOMY
cBiTi, e B 2018 poriri Oy:o 3apeectpoBano npudauzHo 570 000 sunaakis 1311 000
cMmepTeil. byno nipaxoBano, o 01au3bKko 85% cMepTeil y CBITI Bijl paKy IMIUUKUA MAaTKH
MIpUIIaJIac Ha KPaiHU 3 HU3bKUM 1 CEpeAHIM PIBHEM JI0XOJYy, /i€ PIBEHb CMEPTHOCTI Y
18 pa3iB BUIIMI, HDK Y PO3BUHEHUX KpaiHaX. [loka3HUKM CMEPTHOCTI Ay’>K€ BUCOKI B
neskux kpaiHax Adpuku, JlatuHcekoi Amepuku Ta  Asii. Kigbka gochigpkeHb
MOKa3aJju, 110 HU3bKUI €KOHOMIUHUH CTaTyc, MOrana ocoOucTa Ta ceKcyasibHa IirieHa,
KypiHHSI, paHHIA BIK CEKCyaJbHOI aKTHUBHOCTI Ta HASIBHICTh KUIBKOX CEKCyaJlbHUX
MapTHEPIB € OAHUMHU 3 (DAKTOPIB PUBUKY PO3BUTKY paKy HIUHKH MaTku. Bipyc
MAMJIOMH JIFOJIMHA € OCHOBHUM €TIOJIOTIYHUM (DaKTOPOM Y TPOIIeCi KaHIIEPOTeHE3Y.
Onnaxk He Bci iHbekIii Bipycy nanigomu Jtoaunan (BILT), skumu cTpakaatoTh *KIHKH,
MPU3BOJATh 10 paKy muiku matku. [latorenes BILJI-indexii BkiIroyae HagMipHy
€KCIIPECII0 BIPYCHUX OHKOOUIKIB, SIKI MOXYTh MPUTHIYYBAaTH Pi3HOMAHITHI KJIITUHHI
O1IKM Ta BIUIMBATH Ha OI0JIOTIYHI MPOIECH, BKJIIOUAIOYM KJIITUHHY Mposidepalliio,
KJIITUHHUNA TUKI 1 anonTo3. BipyCHi Ta KIITHHHI 3MIHH, SIK1 IHAYKYIOTh KaHIIEPOTECHE3
IIUAKA MaTKH, JAl0Th TIUOOKE PO3YMIHHS MPHUPOAM 3aXBOPIOBAHHS, a TaKOX
HAJUXalTh HA pO3pOOKY crelu(piyHOI MOJEKYIIPHO-LIILOBOI Tepalii.
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OcCHOBHHUII TEKCT

[Iwniika MaTKA — HIDKHSI 9aCTHHA MATKH; Ma€ MIWIHAPUIHY (HOPMY 13’ €THYETHCS
3 MIXBOIO Yepe3 eHOIEpBIKaIbHUN KaHal. EHjonepBikaabHUN KaHAJT BUCTEICHHM
OaraTolmapoBUM IUIOCKUM EIITETIEM 1 CTOBMYACTUM EIITETIEM, SIKI TMOKPUBAIOThH
EKTOIEPBIKC 1 €HJOIEepBIKC BiAmoBimHO. [lepeximHa 30Ha MK UMHU KIITUHAMH
HA3MBAETHCS IJIOCKOCTOBIYATUM 3’ € JHAHHIM. By1p-s1ka nepenpaxosa Tpanchopmaris
KJIITUH BiAOYyBa€eThCsl 3A€OUIBIIONO B IUIOCKOCTOBOYpPHOMY 3’€HaHHI Ta TICHO
noB’si3aHa 3 mnepeBakHo reHotunoM 16 1 18 BIIJI Bucokoro pusuky. Ilepenpakosi
3MIHA 200 AWcCIUIa3is IJIOCKUX KIITUH EMITEI0 IIUUKA MAaTKA COUIBHO BIIOMI SIK
iHTpaemnitemanbHa Heorazis muikd matku (CIN). CIN Moxe mnporpecyBaTH 0
KapUMHOMM in situ Ta i1HBa3MBHOI KapLIMHOMHU, SIKIIO 1i HE JIKyBaTW Ha paHHIN cTajii
a6o skwmo BIIJI 3matHmii ne3akTUBYBaTH KIITHHHI QyHKUII rocnoaapsa. Kpim Toro,
ICHYIOTh NIEPEKOHJIMBI JI0Ka3u TOro, 1o neBH1 BipycHi Ounku BILJI BiamosinanbH1 3a
JTUCIUIACTHYHI 3MIHM B 1H(IKOBAaHMX KIITUHAX, 1 BOHU TaKOX CIPUYUHSIOTH
TpaHchOpMaIIito MEepeAPakoBUX Y PAKOBHUX YpakeHb. JII0MHA, Y AKO1 J1arHOCTOBAHO
nerky auciiasiro a0o CIN 1 (CIN Hu3bKOro cTymneHs ), MOXe Oy>KaTu BiJl IH(DEKIIil 3a
JIOTIOMOTOI0  IMyHHO1 cuctemu rocrnogaps. ['ictomoriuno, CIN kimacudikyoTbces
BIJIMMOBIAHO /10 TSDKKOCTI. Y HOPMAaJbHIM IIMHIII MAaTKU €MiTeTiadbHl KIITHHUA J100pe
opranizoBani. Onnak npu CIN 1 paky wmituau, iadikoBani BIUI, craroTth
mucrtactuaaumu. CIN 1, takox Bimomuit sk CIN Husbkoro crymens (LGCIN),
NO3HAYa€ JIErKy IUCIUIA31l0, KOJU HMKHA TPETHHA EMITEJI0 BUSBIISIE JUCIUIA3IIO.
Sxmo ypaxeHi ABlI TpeTWHU emiTenito, e HasuBaeTbcss CIN 2 abo momipHORO
nuciuiasiero. Baxkka aucruiasis (CIN 3) kmacudikyeThes, KOIM ypakeHo OUIbIIe IBOX
TpeTuH NoBHOI ToBIIMHMU emiTenito. YpaxeHnHus CIN 2 1 CIN 3 pazom knacuikyroTses
sk CIN Bucokoro ctynens (HGCIN).

Bipycu naninomu mogunu (BITJI) — e neBenuki nonaunmtorosi JJHK-Bipycu
0e3 000JJ0HKH, TCHOMHU SIKHUX MICTATh 8 KO mocaimoBHocTel [JHK. Ha chorommimHii
nenb BusiBiieHo noHan 200 renorumiB BILJI, siki knacudikyrorses Ha BITJI cnr3oBux
o6omoHok 1 mmkipu. BIIJI Bucokoro pusuky moB’s3aHi 3 1H(EKIIEH CIU30BO1
o6ononku, a BIIJI HuU3bKOrO pH3MKy MOB’s3aHl 3 ypakeHHAMH MmiKipu. Turu BILJI
HU3BKOTO pu3MKy, Takl sk BIIJI 6, 11, 42, 43 1 44, noB’s3aHi 3 100pOSKICHUMHU
YPOKEHHAMH, SIKI 4YacTO YTBOPIOIOTH OOPOJABKH, ajie PIAKO 3yCTPIYAIOThCA Yy
3noskicHux myxsmHax. | HaBmaku, BIIJI Bucokoro pusuky, Taki sk BIIJI 16, 18, 31,
33, 34, 35, 39,45, 51, 52, 56, 58, 59, 66, 68 1 70, OB’ s13aHi 3 YPOKECHHIM PaKy MIHHKA
MaTKH 3 HalOuIbmor KiutbKicTio nomupeHuM BITJI Bucokoro pusuky € BILI 16, a
notim BIUJI 18. ¥V Bunanky xanueporenesy 70% Bunaaki paky muiiku MmaTku Ta 50%
ypaxkenb CIN 3 posBuBaroThcs uepe3 cTidky iHbekmito BIIJI 16 a6o BIII 18
[17 ] . T'enom BILJI xoxye nuie BiciM OLTKIB, sIK1 mepepaxoBani B Tabmut 1, mpuaomy
KOK€H 3 HUX BIJIrpa€ BaXJIUBY poJib y kuTTeBoMy ki BILJI 1 tpancdopmarrii
KIITUH Tocmoaapss B pakoBi kimiTuHH. Ilicns BipycHoi iHGinabTparii Oa3ambHUX
emiTeNiaJbHUX KIITUH BUIIE3rajaHl BIPYCHI YAaCTMHKH BHUBUIBHSIOTHCS, 1100
MOJICTIIMTH 1HTErpalliio BipyCHOTO T€HOMY B Xa3fiH IIJISXOM IMOIIKOJKEHHS KUTbKOX
KJIITUHHUX HUIAXIB y Xa3sMChbKUX KIITHHAX. Tabmuus 1 mepeniuyye OCHOBHI (PyHKIIiT
BipycHux OinkiB BIUJI B iHimiamii iH(eKIIil Ta moaaasioMy IporpecyBaHHi 10 PaKy.
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Tadoauus 1 Croucok 0iikiB Bipycy namisiomu jroaunu (BILJT) Ta ix ocHoBHI
dyHKil.
BipycHmuii e
gz; oK DyHKuii OLIKIB
E1 Pemikanis ta Tpanckpumniiis BipycHoi JJHK
E2 Pemutikamis BipycHoi JIHK, anontos, penpecop tpanckpuriiii E6/E7
E4 Perutikaris Bipycuoi JIHK
ES ImyHHe po3mnizHaBaHHs (TOJOBHUM KOMILJIEKC T1CTOCYMICHOCTI)
E6 nerpaaaris pS3, 3MiHa peryJssiii KIITUHHOTO ITUKITY, CTIHKICTb J10
anonTo3y
E7 nerpajaiiisi petunoosactomu (pRb), moBTOpHE BXOIKEHHS B S-
a3y KJIITUHHOIO IIMKITy, HaJAMIPHA €KCIIPECIs
y y p pecisipl6
L1 ["onoBHUY BipyCHHI KaniCUIHUHN O1JT0K
L2 MiHopHM BIpyCHHIA KaNICUAHHUMN OLTOK

[IporpecyBanns iH¢pikoBanux BIUI emitemanbHuX KIITHH 10 1HBa3UBHOTO PaKy
€ TPUBAIUM TPOIECOM, MOB’s13aHUM 13 HakonudeHHsM 3MmiH JIHK y renax kmituHH-
rocrnojaps. Lli 3MiHU BKITIOUAIOTh SIK €MIT€HETHYH1, TaK 1 TCHETUYH1 3MiHUA B OHKOT€HAaX
1 reHax-cymnpecopax myxyimH. BILJI npoHnkae B 6a3aibHi KIITHHU TJIOCKOTO KJIITUHU
Xa3siHa yepe3 MIKpOIOUIKOKeHHs. Bipyc moBuHEeH OyTH 3/aTHUM 1HTErpyBaTUCA B
KJIITUHY-Xa3siHa, 100 1HIIiIOBaTH 1H(QEKIIo, JAe cepis TEHEeTUYHUX MOl
B1I0YBa€ThCSl B Oa3aIbHUX €MiTeliadIbHUX KIITUHAX, 0 0e3MoCepeHhO 3a0e3neuye
perutikauito Bipycy. [IoTiM 111 3MiHM CTBOPIOIOTH CHPHUATIMBE CEPENOBUIIE IS
MPOTPECYBaHHS MyXJIHHU. Y II€ii MOMEHT BipyC MOBHHEH YHUKATH IMyHHOI CHCTEMH
rocrofapsi, mo6 3abe3neynuTH Horo Oe3mepepBHY peIuTiKalilo B 0a3adbHUX
enitemianpHux KimituHax. CIN 1 - me cramis, KOau BIpyC CTIMKO Bpa)ka€ KIITHHH
muiiku MaTku. [lepexin Bif mepeapakoBOTO YpaKeHHsI O 1HBa3WBHOI KapIMHOMH
3aiimae moHaimMenie 10—12 pokiB. Ypaxenus CIN 1, ski He perpecyroTb, MOXYTh
po3Bunytucs B CIN 2/3 npotsarom 2—3 pokiB miciis iHQiKyBaHHS.

3aranom, micis iH(IKYBaHHs KIITUHA-Xa351iH aKTHUBYE BPODKEHY Ta aJalTHBHY
IMyHH1 CUCTEMH, SIKI KOHTPOJIIOIOTHCS TOJJOBHUM KOMILJIEKCOM T1CTOCYMICHOCTI (QHTJI.
major histocompatibility complex, MHC) knaciB I ta II. Monexkynu MHC knacy 1
PENCTaBIIAIOTh AHTUT€H IUTOTOKCUYHUM T-KkiiTuHaMm 3 penentopamu CD8+, To1 ik
moniekyiiu MHC xnacy Il mpeacTaBisitoTh aHTUIEHH XeJmnepHUM T-KIiTHHaAM 3
peuentopamu CDA4+. Ilix yac iHdikyBanna BIUI Bipyc npoHuKkae B emiTeniil, sKUi €
30BHIIIHIM (I13UYHUM Oap’€poM NpOTH 1H(MEKIId, 1 AKTHUBYE BpPOIKEHY IMYyHHY
cucteMy xassiiHa. Makpodaru, kinituHu Jlanrepranca Ta IpUPOAHI KIITHHHU-KIIEPH
Hamaratotbes npurHiuyBatd BIDI msixom ekcnpecii Toll-momibuux perenTtopis
(TLR). TLR po3mi3HatoTh BipyCHI KOMIIOHEHTH Ta aKTHUBYIOTh TPaHCKPUIIIAHUN
daktop-noaiouuit snepuuii dakrop kanna B (NF-xB) 1 ¢daxtop BimmoBimi Ha
iTepdepon-3 (IRF3) nns BupoOHUIITBA 1IUTOKIHIB. Y 1boMy cuieHapii TLR Takox
onocepeakoBano aktuByorb MHC kmacy [ Tta kmacy II. [loBimomnsieTses, 1o
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BipycHuii 6110k ES, axuii excripecyerbest BITJI Bucokoro pusuky, Moxe iHri0yBaTH
MHC xnac 1. Kpim toro, Bipycuuii oukonportein E6 3gatnuii inriGyBatu TLR, sxwuii
notim akTuBye IRF3.

Toll-moni6ni  penentopu (TLR) y  kmiTuHax-rocmojmapsix  BIAITparoTh
byHIaMeHTalbHy pOJb Yy pO3MI3HABAHHI MATOTCHIB Ta AaKTUBALil BPOJKEHOTO
IMyHITETy Ta IHAYKYIOTh MPOAYKLIIO IUTOKIHIB, HEOOXITHUX MJIi PO3BUTKY
edexTuBHOTO IMyHITETY. Byno Bcranosneno, mo TLR 3, 4, 7, 8 1 9 Bigirpatoth
BaXJIMBY POJIb Y MPOTUBIPYCHOMY IMYHITETI, 3allyCKalOYd MOJAIbIIE BUPOOHUIITBO
iHTepdeponiB (IFN) [27 ] . Ilig yac paHHBOI cTalii KaHIEPOTCHE3y NIUMUKHA MaTKH
eMmiTeNd MUUKKA MaTKH, KN AU(GEpPEeHIII0EThCS, 3aMyCcKae PeryJisiiiio pelenTopiB
TLR, 110, y CBOIO Uepry, BUKIMKaE MPOTUBIPYCHI BiamoBial uepe3 IFN-perynstopauit
daxrop (IRF). locaimkenHs nokasano, mo ekcapecis rena TLR-9 Binpi3HseTbCs Mix
CTaJisIMM PO3BUTKY paky muiiku maTku. [loBimomisiiocs, mo ren TLR-9 mokasas
Hmxkdy ekcrpecito B CIN 1 mopiBasao 3 CIN 2/3 1 mpomeMoHCTpyBaB HallBHUIILY
EKCIpPEecii0 B TPYMOBUX 3pa3kax IIOCKOKIITUHHOT kapuuHomu (SCC). Omnak
Oe3nepepBHa HAATMIIKOBA eKcIipecist oHKOOLIKIB E6 1 E7 Moke 3HIKyBaTH perysiio
TLR-9, 1 BiamoBigHa peakuis i1HTepGEpPOHY MNOPYUIYETHCA, L0 MPU3BOIUTH IO
YXWJEHHS BIJ IMYHHOI BIANOBiAl, 10 NPU3BOAUTH JO CTIAKOI 1H(EKIi.
[ToBimommsieThesi, 1m0 onkompotein E7 HPV  3pmatHuit  3B’s3yBatuca 3
ricroaaeanerniazorw 1 (HDAC1) 1 3amobiratu aneTriIFOBaHHIO TICTOHIB, TaKUM
YUHOM Jieperyoroun curHaiizamito TLRY. B iHmomy aociipkeHH1 OB IOMIISIIOCS,
mo BIIJI mocunioe peuentop emiaepmaibHoro (akropa pocty (EGFR), mo6
CIIOHYKaTH €KCIPECIIO MOB’A3aHO0r0 3 iHTepdepoHoM perynsitopa po3BuTKy 1 (IFRDI)
710 3HM>KEHHS! BUPOOHHUIITBA LIMTOKIHIB NUIIXOM npurHidyeHHs NF-«kB.

BIIJl Moxe YHMKHYTH BpPOJDKEHOI IMYHHOI CHUCTEMH Ta IHTErpyBaTuCsS B
enitenianbHl KmTHHY. [loTpamisgioun B KIITUHY, JEHAPUTHI KIITUHUA TOTJIMHAIOTH
antured BIIJI 1 mpoxomste mporec mo3piBanHA. [loTiM ¢aromizocoma mnocumiae
aHTUTEH JJIs 3B’ A3yBaHHs 3 MoBepxHero KiiTuHu Moiekyll MHC kinacy 1 a6o II. ITicns
3B’si3yBaHHS CD4+ 1 T-KIITHHU TaKOXK 3B SKYThCS 3 T-KIITHHHUM PEenTOPOM
(TCR). [ToTim anTurennpesentyroui kaituHu (APC) aktuBytots CD4+ 1 T-xniTunw,
o0 MPOAESMOHCTPYBAaTH LHMTOTOKCHYHUN  edekT. AktuBamiss APC  akTuBye
mpo3anajibHi Ta IPOTUBIPYCHI MUTOKIHU, Takl K [FN-y 1 ¢akrop HEKpo3y MyxXJIMHH
anbda (TNF-a). Lle mpu3BoauTh 10 cTUMYJISAIIT Makpodaris 1 cipusie 3aaJIeHHIO a00
NyxXJIMHHOMY iMyHiTeTy. OgHak akTuBauia APC Ttakox 3amyckae BUpoOHUUTBO Tregs
(perynsitopuux  T-xmituH). Tregs akTuByroTh iHTepieikin  (IL-10) 1 Oera-
tpanchopmyrounii paktop pocry (TGF-B), mo npurniuye ¢ynkuiro APC. Takum
YHHOM, Tpu TporpecyBanHi paky BIIJI Tpancdopmariss kmiThH 3 HOpMadbHHX Y
MepeIpakoBl ypaXKeHHS Ta pak TOB’si3aHa 3 KUIBKICTIO BHUPOOJICHUX KITITHH
Treg. IToBimomisieThCs, MO y KIHOK 13 cTiiikoro iHpekiiero BILJI 16 croctepiraerscs
3HayHO BuIl Tregs, HIXK y xiHOK 3 BIlJI-HeratuBHumu. Kpim Toro, B iHImOMy
JOCIIKEHH1 OYyJI0 TTOKa3aHo, M0 MOJEKYJH, 1o 1HAYKYIoTh Treg, Ttaki sik TGF-B1,
30UTBIIYIOTECSA B YpakKeHHsX, 10 mporpecytorh Big CIN 1 10 1HBa3MBHOIO paky
IIUKAKA MaTKH.

JHocmipkenns ['iyca BctaHOBWIIO, 110 Ha paHHIM crasii iHdekmii BITJI 3Mintoe
reun peuentopa 1 IL (IFNARI1), 6inka 1 emitemiansHoi MemOpanu (EMPI1) 1

ISSN 2663-5712 141 www.sworldjournal.com


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6681523/#B27-medicina-55-00384

YR
SWorldJournal Issue 19 / Part 1 “\-_"\-’-’}\j
)

anTaronicra penenropa iHtepieiikiny 1 (IL1RN) kmitTuHHOI iMyHHO1 CHCTEeMH, IO
CBIJUUTH MPO Te, 110 Ha paHHii cTanii [Hdekmis BILJI, Bipyc 3MiHIOE eKCIIPECiIO ITUX
reHIB TaKMM YHHOM, H[00 YHUKHYTH IMyHHOI CHUCTEMH TOCHOJapsl Ta JI03BOJISIE
nporpecyBaTH iH()IKOBaHI KJIITHHU 10 pakoBuUx. KpiMm TOTO, IHIINN TOCTITHUK BUSBUB,
o perentop iHtepnerkiny 1 tumy 2 (IL1R2) 3HmKyeThCs mia yac MporpecyBaHHS
paky muiku MaTku. HenaBHe nociipkeHHs mokasano, mo usx Hippo-Yap Bigirpae
MEBHY POJIb Y PO3BUTKY paKy IIMHKA MaTKU. [ '0JIOBHUH ePeKTOp CUTHATIBHOTO HUIAXY
Hippo, Yes-acouiioBanuii 6inok (YAP1), Bzaemozie 3 onkobOuikom E6 HPV, mo6
HILIIOBATH Ta CHOPUSTH MPOTrPEeCyBaHHIO paky mmmiku Matku. Onkonporein BIJI
3B’s13yeThesi 3 YAPI 1 mpaimtoe cuHepretuuHo, 3amoOirarouum jaerpananii YAPI.
Awmmumidikanis onkoreny YAP1 Oyna npoJieMOHCTpOBaHa B MJIOCKOKJIITUHHOMY PaKy
ITUAKY MAaTKU JIFOJAUHHU, TOJ1 SIK MO0 HaJMIpHA €KCIPECis B eniTeNaIbHUX KIITHUHAX
IIMIAKA MaTK{ BUKJIMKajla PO3BUTOK IUIOCKOKIITUHHOTO paky B mojeni muiil. Kpim
TOTO, rinepaktuBoBaHuii YAP] migBumuB cripuitHATIUBICTE 10 1HGiKyBaHHS BITJI
[IUIIXOM TOCWJICHHSI peryisiiii mepenbauyBanux peuentopiB BIIJI, Bximrodaroun
EGFR, cy6onunuiito penieniropa interpuny ainbda 6 (ITGRA6) i cunnekan 1 (SDC1).
JlocmimKeHHsT TaKOXK MPOJAEMOHCTpPYBajo, o nocwieHHs Y AP 3HmKye peryssiito
TLR 2 1 4, Akl € KJIIOYOBUMH KOMIIOHEHTaMH BPOPKEHOro iMyHITeTy. YAPI
HETaTUBHO pEryjioe BUPOOJIeHHS iHTepdepony | Tumy misxoM MPUTHIYECHHS
aktuBHocTi TANK-3B's3ytouoi kiHasum 1 (TBK1). TBK1 — me momnekyna, sika
aKTUBYEThCA pelentopamMu posmnizHaBaHHs oOpa3iB (PRR) mpu BipycHii iH(ekuii,
BOKJIUBUM O1IKOM, 10 Oepe y4acTh y CUTHQJIBHUX INUIAXaX, TAKUX SIK KJIITHHHA
nposidepaitis, ayrodarisi Ta 1HCYJIIHOBI CUTHaIBbHI NULsixu. CrnenudiuHi MexaHi3MH,
noB’s1i3aH1 3 YAPI1-1HQyKOBaHUM pakoM HIMHUKH MAaTKH, BCE 1€ AOCTIIKYIOThCS, X04a
YAPI1 mMoxe OyTH MOTEHIIHHUM IPOTHOCTUYHUM O1OMapKEepOM paKy IIUHKH MATKH.
[linBoasiun MiACYMOK, pak MIMMKKA MaTKu, acouiioBanuii 3 BIIJI, po3BuBaeThcs npu
YXUJIEHH] B1Jl IMyHHOI CUCTEMHM Xa3siiHa, 110 MPU3BOJUTH O MOJANbIIOI KIITUHHOI
nucyHKIIii xa3sina.

Kanneporenes — 11e npoiiec, 3a IKOro HOpMaJibHi KJIITHHU CTalOTh aHOMaJIbHUMHU
Ta MEePETBOPIOIOTHCS Ha pakoBi. 3apakeHHs BIIJI Bucokoro pusmky mpu3BOIUTH 110
PO3BUTKY TNEPENPAKOBUX YpaKeHb IMMHKU MaTKU. OHKOreHe3 BiIOYBAEThCS JIUIIE B
pe3yJIbTaTi IJITHUX TeHOMHHUX Ta €MIr€HOMHUX 3MIH y IIUX KJIITHHAX. |15 po3BUTKY
paky mwmiiku matku ojaHiel iHdekiii BILJI nemocrarnwo. Ilix vac iHKyOariiiHOTO
nepioay Bipycy B TKaHHHI Xa3siHa Ji€ KiJbKa IHITUX (aKTOPiB.

Omnkonpoteinu BILJI, rogoBaum unnom E6 1 E7, BigirpaioTe BakIuBYy pojib y
3MiHI KITHHHOI PyHKuii rocnogaps. BIUI nagmipao ekcrnpecyrots oHkoOIku E6 1
E7, mo06 nopymmmtu HopMalibHy (DyHKIIIIO T€HIB-CyIpecopiB MyXJIMHU B Xa3siHi. [licus
iHTerpaii BipycH1 OLJIKM MOYMHAIOThH MOUIKOKYBATH KIITUHU rocnogaps. Kmitunu-
rocrofapi po3poOWSv CHEIMiaIbHUA MEXaHI3M Il BIJHOBJICHHS TIOMIKOKCHb,
3aBaanux ixHiM JIHK, muisixom peaxnii Ha nomkomkeHHs JHK. JIume micns
BiJIHOBJIEHH: nomkopkeHoi JJHK MoxHa moM’ IKIIUTH KOHTPOJIbHI TOUKH KIITHHHOTO
LUKy Ta AO3BOJIMTU KIITHHAM MPOJOBKYBATH AUTUTUCS. 3a IEBHUX OOCTaBUH, SKILO
KJIIITUHU HE MOXYTh BiIHOBUTHU TomkopkeHHs JIHK, BinOyBaerbes amonTtos. OnHak
npu paky, nos’szaHomy 3 BIUI, Bipychi O6inku E6/E7 mnopyurytoTh KOHTPOJIb
KOHTPOJIbHUX TOYOK KJIITUHHOTO UMKy UUISIXOM IHTIOyBaHHS  1HT10ITOPIB
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nukmH3anexkHoi kinasu (CDK) (p21, p27, pl16) 1 nerpagaiii pS3 1 peTuHOOIaCTOMHU
(pRb). Hderpanaris pS3 anonto3om, iHAyKOBaHUM OHKOO1IKOM E6, 103BOJIsIE KIITHHAM
npoAOBKyBaTH perutikaiito. BITJI BuKopucToBye 1€l HUISX peakiii Ha MOIIKOKEHHS
JUTSL BJIACHOI peruTikarlii Ta BHPOOJISE€ TOCTaTHIO KUTBKICTH emicomanbHoro BIIJI,
HeoOximHoro st ixterpaumii JAHK BIIJI y renom rocnonaps. Takum 4uHOM,
nerpaznaiis pRb onko6inkom E7 mpusBene 1o He3amiaHOBAaHOTO mepexony B S-dazy
KJIITUHHOTO IHUKIIY, IO 3pEHTor0 crhpuse npoiideparii kaiTHH. Perumikaiiis Bipycy
BITJI Bumarae, mo0 kiiTuHa yBidna B S-pa3zy kimiTUHHOTO 1uKIy. Ile qocsaraeTbes
HUISIXOM 1HakTuBalii pRb 1 BUBUIBHEHHS TPaHCKPUNUIAHUX (DaKTOpIiB ciMeilcTBa
tpanckpunuiiaux (axropiB (E2F), ski 3a0e3neuyioTh nporpecyBaHHsS KIITHHHOTO
nukiy 3 Gi. CimeiictBo E2F Moke omocepenkoByBaTH sIK KJIITHHHY Mposidepallito,
Tak 1 pS3-3anexuuii abo He3anexxHui arnonto3. HaamipHa excrpecis E2F npuzsoauth
SK 70 1HT10yBaHHS aKTHUBHOCTI 3aJ€XKHOI KiHa3u HMKIiHY DI, Tak 1 g0 1HAYKIi
HaJeKcIpecii IpOAYKTY reHa 1HTr101Topa HUKIiH-3a1exHo1 KiHa3u 2A (p16) CDKN2A.

OcHoBHa npuuuHa, yepe3 aky BILJI pyiiHye ren xasdina, nojsrae B Tomy, o0
BiH MIT NPOJIOBKYBATH PEILTIKAIIIIO Ta BIPKMBATU B TKAHUHI Xa351Ha, BUKOPUCTOBYIOUH
MeXaHi3M KJIITHHHOTO UKy Xa3siHa. BiioMo, 110 po3BUTOK paKy HIMMKH MAaTKH —
11e TpuBaJIMi mporiec Big HopMmanbHOTro ctany A0 CIN 1, motim CIN 2/3 1, 3pemiToro,
10 paky. Xo4a KJIHOUYOBUMH PETYIATOPAMH PAKY IIMKUKU MATKH € oHKornpoTeinu BILJI,
ICHYIOTh 3HAYHI T€HOMHI 3MiHH, 3aJIy4eH] B TpaHCPOpMaIlil0 3 IEPEAPAKOBOTO CTaHY
B pakoBui. [Ipu nepexomi Bijg CIN 1 no CIN 2/3 BinOyBaeThCs CKyIT4eHHS aHOMaJTbHUX
KJIITUH JI0 ABOX TPETUH TOBIIMHM emiTenito. Lle gocsraerscs muisixoM nposideparii
KITIITUH, KPUTUIHOTO (haKTOpa PO3BUTKY ITyXJIMHHU.

3a ganumu Gius Ta iH., Ha pa"Hii cranii BIUI-iHdekiii 3HauHOI0 Mipoto 3a/isH1
npoJiipepaTuBHI T€HOMHI CUTHATYpu. JlOCTHIPKEHHSI BUSBWIO MOCWIJICHHS PETyJIALii
reHiB CDKN2A, unena cimeiictBa kine3uHiB (KIF23), 6inka Centromere E (CENPE)
1 cybonunumi iuterpuny ambha V (ITGAV), sxi O6epyTh ydacTb y perymsiii
KJIITUHHOTO IIUKITY Ta CIIpusiHH1 ipomidepartii kiitul. KpiM Toro, y nociimkenni CIN
2/3 Oyno BUABIEHO, IO TEHW, 3ajyudeHl a0 moaury kmituH, perumkamii JHK,
KIITUHHOTO MKy Ta PEeryJdiii TpaHCKpUIMIii, Oyiu BUCOKOPETYJIbOBAHUMH,
BKito4aroun anbda-aktuHinu (BUB1B), mitotnunwmii nedinut 2 (MAD2L1). ), kinaza
koHTpodpHOT Touku 1 (CHEKI1), mukmnin B1 (CCNBI), muknin B2 (CCNB2), nuki
noaury kiaitunu 20 (CDC20), nukn noauty kiituau 6 (CDC6), nukiin A2 (CCNA2),
¢dakrop pemikauii 3 (RFC3), renn ¢pakropa perumikanii 4 (RFC4), xina3zu pokanbHOi
aaresii (FEN1) 1 saepHoro antureny npomidepyrounx kiitud (PCNA). Kpim Toro, Niu
et al. BUsIBIIIM, 110 TeHH KIITHHHOT nipomidepartii Oynu cuibHo aktuBoBaHi B CIN 2/3
MOPIBHSIHO 3 HOPMAaJbHOIO HMIMIKOI0 MaTKH. 310pOBa KIITHHA Ma€ ifeanbHuil OanaHc
MDK Tpordidepariero Ta 3aru0emno KIiTuH. Jucbamanc Moke MNPU3BECTH [0
3aXBOPIOBaHb, BKJIIOUa0Un pak. OTxe, MU MOCTYI0eMO, 1o Tia yac crazgii CIN 2/3
KJIITHHU IIBUIKO MPOXOJATh Mpoliec KITUHHOI nposidepartii. [le HaliBaxmuBimmit
eTan y IMepexojil BiJl 3J0pPOBHX KIITUH J0 pakoBuX. PakTUYHO, aroNTOTHYHA
AKTUBHICTh 3HIDKYETHCS B TEPEIPAKOBUX 1 PAKOBUX KIITHHAX, TaKUM YHUHOM
CIIPUSIOYM BMIKMBAHHIO KIITHH 1 mipomidepartii. ICHye KijibKa T'€HIB, 3a1y4YCHHUX [0
KIITUHHOI TIposidepartii, SK TOBIIOMISETHCS B KUIBKOX JOCHiKeHHsX. OIHaK
OUIBIIICTH JTOCTIHKEHBb 30CepekeHo Ha pl6, Takoxk Bigomomy sik CDKN2A. Jleski
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nociipkeHHs: nokazanu, mo CDKN2A e nmoTeHIIiHMM OioMapKepoM paky MIHHKW
MaTku. Konu KITHHE MIBUAKO TPOdidepyIoTh 1 po3MHOXKYIOThCs Ha cTtanii CIN 2/3,
iM MOYe HE BUCTA4YaTH MOKUBHUX PEYOBHUH U€pe3 BUCOKY HIBUAKICTh META00I13My Tij
yac MOJUTY KIITUH. JlOCHipKeHHsT TOoKas3alo, IO i KIITHUHH aKTHBYIOTh IIIISX
HEoaHTioreHe3y, 1Mo0 3a0e3MeunTH aJeKBaTHE MOCTAYaHHS MOXHUBHUX PEUOBUH i
Yyac PO3BUTKY PAaKOBHX KIITHH. AHTIOT€HEe3 BiJI0YBA€ThCS HA MEPEIpaKoBiil cTamii 5K
O3HaKa PO3BUTKY PAKY.

AHr10T€HE3 - 11€ YTBOPEHHSI HOBUX KPOBOHOCHUX CYJIMH, SIK1 HEOOX1/IHI IS POCTY
MyXJIMHU Ta YTBOpEeHHS MeTactasiB. @aktop pocty enupotrenito cyauH (VEGF) e
KJIFOUOBUM CTUMYJISITOpoM aHriorenesy. AktuBauis VEGF Buknukae npomidepaiiiro,
nudepeHIlitoBaHH Ta Mirpamiro eHaoremanbHux kiiTuH. Kpim toro, VEGF Takox
MIJBUILYE TPOHUKHICTh CYyJHMH 1 MOCUIIIOE BUPOOJIEHHS MpOTeas, Kl 0epyTh y4acTh y
3MiHI TpoLecy MO3aKJIITUHHOTO MaTpukcy. ToMac Ta iH. TaKOXX BUSIBUIIM, 11O T€HH
penientopa enigepmansHoro gakropa pocty (ERBB) migBuiyroThcs Ha iepeapaxkoBiit
ctanii. [Ipu po3BuTKy paky nocusiere BupoOHUITBO reHiB ERBB cnpuse kimitunHiif
npodtidepartiii Ta MPUTHIYYE KIITUHHUN anonTo3. TakKuM YUHOM, KIITHHU TOPYIIYIOTh
PETYISAIII0 KUTbKOX KIITHHHUX (DYHKITIH.

Komu xBopoOa nporpecye 10 i1HBa3UBHOT KaPIIMHOMH, BUHUKAE 3HAYHA PI3HUIIS B
eKCIIpecli TeHIB, 1 KITBKICTh JEPETyIbOBAHUX T€HIB 30UJIBIITYETHCS 3 TPOTPECYIOUUMHU
MepeANyXJIMHHUMHU cTaHaMu. HecipoMOKHICTh TPUTHIUYBATH MPOTi(epariito KIITHH
€ BUpIMIAJGHUM €JIEMEHTOM Yy pO3BUTKY paky.lll KITHHM MATPUMYIOTH CBIA
rineprnpoaipepaTUBHUN CTaH HMUIAIXOM MOCUJIEHHS PEryJsilli FeH1B, 1K1 KOHTPOJIIOIOTh
kinbka ertamiB perutikamii JIHK. [{i renn BkrouaroTh 011K MIATPUMKUA MIHIXPOMOCOM
(MCM); MCM2, MCM4, MCM5, MCM6 1 MCM10, skl € BaXXKIMBUMH O1TKaMH JIJIs
Himanii pertikaiii ta 7o3BoJs0Th JIHK-nomimepasi iniritoBatu pertikarito JJHK.
HocmimpxenHss nosenu, o MCM CHUIIBHO aKTHBI3Y€TbCA NPU pPaKy IMIMWKUA MATKH 1
JOCIIIKY€EThCS IK O10MapKep /il CKpUHIHTY YpakKeHb IMUHWKK MaTku. Konu 111 reHu
aKTUBYIOThCSI, TeHH, 1m0 KoaywTh JIHK-nmomimepasy; encuioH-kaTadiTHYHI
cyooaununti noiimepasu POLE2 1 POLE3 y3romkeHo MoCHITIOIThCS, OCKIJIBKH BOHH
MOBUHHI mpairoBatd pazoM 3 MCM s iHimiamii MiTOTUYHOTO mpolecy. SAnepHuii
antured mnponidepyrounx kKimTuH (PCNA) € HaWOUIbII BaXIMBUM Y KIITHHHIN
nposideparii Ta O6epe ywyacth y mnuiaxy pemapamii JIHK, 3anexxHomy Big reHiB
pamiamiiiHoi  pemapanii  (RADO6). Jlekiapka  JOCHIKEHb 3  BHKOPHUCTAHHSIM
IMyHOTICTOXIMIT Ta MiKpouimiB BusBWIH, 110 ekcipecii PCNA 3poctama B Mipy
MpOorpecyBaHHs 3aXBOPIOBAHHS .

Kpim Toro, s 311CHEHHS! aKTUBHOCTI KINTHHHOI MpoJtideparlii rTeHu, mio 6epyTh
y4acTh Y MiTO31, TAKOX BIIITPAlOTh 3HAYHY POJIb. ¥ TBOPEHHS MITOTUYHOIO BepeTeHa
€ BXXJIMBUM 1 KOHTPOJIOETHCA KIITUHHUM ITUKJIOM, SIKUW 3 ABIS€THCS MiA yac ¢asu
G ; 1o S 1 3HuKae micnaa nUToKiHe3y. DakTop Hykieari mikporpyoouok (TPX2),
TaKOXK BIZOMHI SK OUTOK acomiamii mposideparii 3 OOMEXKEHOI EKCIPECIEro
(REPP86), € OinkoM MIKpOTpyOOUOK, SAKHH TOB’SI3aHUH 3  PO3BUTKOM
BepeTeHa. Hiz[BmueHa eKCIIpecisl IbOTO TeHa B MyXJIMHAX MPH3BO/IMTH /10 aHOManLHoI
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KIITUH. OKpIM COpUSTHHS npom(pepauu, BiH TaK0X Oepe y4acTh y KIITUHHOMY ITUKIII
Ta peryJisIlii anonTo3y, nudepeHmiamii myxJIMHA, MeTacTa3yBaHHI Ta penuaubax. [Ipu
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paky ik MaTtku TPX2 cHIIbHO eKCIIpecyeThCsl B TIOCKOKIITUHHIN KaplMHOMI Ta
30LTBIIYETHCS 31 CTYNEHEM NyXJWHUA. ['eH BBaXaerbcs (PAKTOPOM  PHUBHKY
METaCcTa3yBaHHS paKy IIMAKA MaTKH, a TaKOXK € TOTCHIIHHUM OlOMapKepoM IS
TIarHOCTUKHU paKy MUUKU MaTku. Ha momatok mo MiTo3y OyJsio BUSBIICHO, IO T'€HH,
3aJiH1 B KOHTPOJIbHIM TOYIll MITOTUYHOTO BepereHa Bubl, ska koHTpomoe 301pKy
MITOTUYHOTO BEpEeTeHa Ta 3a0e3Meuye TOUHY Cerperaiiro CeCTPUHCHKHX XpOMaTui,
CHJIBHO €KCIIPECYIOThHCA.

AKTHBAIlIA KIITUHHOTO LUKIY € (hakTopom, noB’si3anuM 3 BllJI-acomiiioBanum
pakoMm ki Matku. [ToBimommsiimocs, mo Oinku mukiniHy CCNA2 1 CCNBI 1
noB'a3aHi 3 HUMH kiHazu CHEK1 1 CDK1 3HauHO nocuioBainy peryssiiio B TKAaHUHI
paKy IHUUKU MaTKU; 11 OUIKU CIPUAIOTH MEPEX01y KIITUHHOTO UUKITY Bl ¢a3zu G | 10
¢da3u S 1 Big dha3u G, 10 da3u M. byno takox BusBieHo, mo PCNA nocumoeTses B
TkaHnHax paky muiku Matku. CDC20 nocumoerses sik y CIN 2/3, tak 1 B SCC mumiiku
matku. @aktop pemtikauii C (RFC) Baxmusuit ansa perumikanii JJHK 1 xoHTposio
KIITUHHOTO IHUKIY. [HIme nocmimxkenHs mokasano, mo RFC3 i1 RFC4 copusiors
npordidepanii MyXJIMHHUX KIITHH, a BuUcoka ekcrpecis RFC3 Oyna moB’si3anHa 3
MOTaHUM MPOTHO30M IIPH Pi3HUX BUAAX PaKy.

Ha cranii iHBa3WBHOI KapIIMHOMHU T€HH, TOB’SI3aHI 3 PETYIAIIEI0 KIITHHHOTO
UKy Ta METAacTa3yBaHHSAM, CHUJIBHO EKCHPECyIOThCs. BulblIicTh  1OCTIHKEHD
y3roJkytoTbes 3 Gius Ta iH., Kl MOBLAOMWIH, 110 mif yac nepexony Bix CIN 2/3 no
paKy CIIOCTEpITaEThCs TMEpPeBaKaHHS KIITHHHOTO CTpPECY dYepe3 IMepeHaceNeHICTh
KJIITUH, 10 BUKJMKA€ aKTHBAIlI0 TEHIB, Kl 3allyCKalOTh AHTIOT€HE3 Ta 1HBA3ilO
[19].]. Knituan mnoBMHHI mojonaTd (Gi3udHUil Oap'ep emiTemalbHUX KIITHH 1
0a3anpbHOI MeMOpaHu, 00 MPOHUKHYTH TNKMOIIe B TKaHuHy. Ha gomatok 1o 1poro,
O1IbIIIE TTOKUBHUX PEUOBHH HEOOX1THO /I PO3IMIMPEHHS KIITUH. [HIIE JOCTIIKEHHS
BUSIBUJIO, IO TI1JT Yac MEPEeXOoJy B PakoBl KIITHHU Opajau y4acTh Taki O10JIOT14HI
IpoLecH, SIK Oprasizaiis mno3akmtuHHOro marpukcy (ECM), nudepenmiroBanHs
emiTeNniaJbHUX KIITHUH 1 TeHu oprasizaiii ¢piOpun konareny. Cepen 11eHTH(PIKOBaHUX
reHiB Oynu ¢ocdoinozutua-3-kinaza (PIK3CA), cynuaHo-eHaoTenianbHuil GhakTop
pocty A (VEGFA), cybonununs interpuny anbda 1 (ITGA1), npoTein Tupo3nHKiHaza
(PTK2), cybomununs interpuny Oera 1 (ITGB1), ampda axtuninu ( ACTNI),
¢i6ponextun 1 (FN1), xonaren tumy 1 (COL1A1), xonaren tumy 2 (COL1A2) i
cungekaH 2 (SDC2), skuii acoIlitoeThCsl 3 BOTHUIICBOIO ajre3iero. MokanbHI Craiiku
— 11 BEJIMKI MaKpOMOJICKYJISIPHI BY3JIM, Uyepe3 SKi MeXaHIYHa CUJia Ta PeryJIsSTOpHI
CUTHAJIU TEPeNaloThCcsd MDK Mo3akimiTUHHUM MatpukcoM (ECM) 1 B3aeMopirounmu
kmtuHaMu. Kinaza oxanshoi aaresii (FAK) € kiro4oBuM GpepMeHTOM, 1110 PETyIIIoE
YTBOpEeHHS (OKaJbHUX CHAHOK, 1 € KIIOUYOBUM pEryJsiTOPpOM BH>KMBaHHS,
nposidepartii, Mmirpamii Ta 1HBa3ii, I AaKTUBHICTh HAJUIAE KIITUHH O1IBIIOI0
pyxausictio. [ificHo, rinepekcnpecis FAK Oyna ineHTrdikoBana npu arpeCUBHOMY
paKky Muiikn MaTkd. AOepaHTHa eKcopecis OararbOX TEHIB 3allyuyeHa Jio
pOrpecyBaHHs paKy IIUHKA MaTKH, 3aBISKA YOMY KIITHHU HaOyBarOTh 3JaTHOCTI
MIATPUMYBATH TpoJiidepariirto Ta MPOTUCTOSNTH CHpodaM KIITHHHOI CMEpTi abo
anonto3y. KpiMm Toro, 111 aHoMainbHI KIITHHU HAOyBalOTh 3aTHOCTI BTOPraTHCS B
MJUTIErJT TKAHWHHA.
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3HaHHA cOenu@IYHUX MOJICKYJSIPHUX MEXaHI3MiB, 10 JeXaTh B OCHOBI
€TIONaToreHe3y paKy HIMMUKH MaTKHU, € BaXKJIMBUM JJIs1 BHSBICHHS MOTEHIINHUX
MOJICKYJISPHUX MapkepiB. Ha chOTOAHINIHIN JIeHb € JeKUIbKa PSAIKIB TOKa3iB, IO
H1ATBEPIKYIOTh MEPCTICKTHBY ~ BUKOPUCTAHHS OloMapkepiB y iaeHTU(IKaIil
MEPENPAKOBUX  YPAKEHH 1 paHHIX cTagiil paky IIMAKH MaTK{, HI0 CIPHUSTHME
paHHbOMY JIIKYBAaHHIO Ta 3a0e3MeuyBaThuMe Kpamiuii mporHo3 s moaei. [locunenns
perymsiii CDKN2A (p16) na panniit cranii paKy € mOKa3HUKOM peakIlii OpraHizMmy-
rocrnojiaps Ha jeaktuBailito pRb i BuBinsHeHHs poaunu E2F. Bzaemonis mixx BILI
Bucokoro pusuky ta CDKN2A Bifirpae BaXXJIMBY poJib y KaHIEPOreHe31 HINIKA
Matku. IMyHoricroximiyna ekcnpeciss CDKN2A Buia npu mioCKOKIITUHHOMY PaKy
MOPIBHSAHO 3 IHIIMMU TUIaMHU NyxXJiuH, noB’sa3anux 3 BIUJI. binsme toro, CDKN2A
noB’si3anuii 3 iHGekuiero BIUI Bucokoro pusuky ta CIN 2/3, migTBepaxyouu ioro
POJIb SIK KOPHCHOTO OioMapkepa JIsl IepeIpakoOBUX YPaKEHb 1 paKky IMIMHUKH MATKH.

[HmmMM GaraToolitgrounM 6ioMapkepoM paky Imuiku Matku € Ki-67, saepHuii
aHTUTEH, TOB’sA3aHUN 3 mpomidepallielo KIITUH. bUIOK mpucyTHINH TpOTIroM ycix
akTuBHUX (pa3 xkimiTuHHOTO 1UKIY (G 1, S, G 2 1 MITO3), aJie BIACYTHIN y KIITHHAX, 10
3HaXOJAThCsA B cTaHl crnokoio (G o ); oOTKe, BIH BUKOPUCTOBYETHCS JJII BU3HAYCHHS
YaCTKM POCTY KIITUHHOI momyssmii. Kinbka mocimipkeHb MoKa3ajau, IO CHUThHA
ekcrpecis pl6 1 Ki-67 nokpariye 11arHOCTUYHY TOYHICTb IPU CKPUHIHTY paKy MIUHKA
MaTkd 1 mo ekcmpecis Ki-67 301IblIy€eTbCsl JTIHIHHO 31 CTYNEHEM NyXJIHHU. Y
HOpMasbHIN muii MaTku Ki-67 mokani3yeTbes B Oa3alibHOMY Ta cymnpaba3aaibHOMY
mapax, Tozi sk npu CIN BiH ekcrpecyeTbesl B eniTeNialbHUX IIapax, 10 BKazye Ha
npodideparniro k1iTHH , Ki-67 Takox € norenuiitnum 6iomapkepom aiisg CIN 1.

VYXuieHHs BiJ IMyHHOI CHCTEMM Xa3siHa Mae€ BHUpIIIAIbHE 3HAYECHHS IS
pO3BUTKY paky wmuiiku Matku. [Hpekuis BIUI iHayKye mIUpOKUN CHEKTp IMyHHHUX
peakiiiii rocrogaps, siki BKJIIOUalOTh OCHOBHI NUISXH, Taki sk toll-moaioH1 penentopu
ta NF-xB. barato OinkiB, BkjItOuyarouu JiraHj mporpamoBanoi cmepti (PDL1),
iMroptuH-PB, exciopTuH-5, kinituaaud FLICE-noni6uuit inrioyrounii 6ok (c-FLIP),
o110k Tpodidepartii KIiTuH MienoigHoi aeiikemii (Mcll), Oyiu 3anpornoHoBaHi SIK HOBI
oilomapkepu mig CIN Ta pak mmitku Matkd. OqHak  HEoOXigHI  J10JaTKOBI
JOCIIKEHHS, TIEPII HIK X MOKHA OyJie BBECTH B MPOTPAMU CKPUHIHTY paKy IIUHKH
MaTKH.

BuchoBkmu.

BIUI-iHdexuist Biairpae BaXJIMBY pojib Yy KaHLUEPOTreHe3l IIMWKU MAaTKH.
Hanmipna excripeciss onkoOuikiB E6/E7 € kitodoBuM (pakTopoMm, SIKMN BIJIMBA€E Ha
TeHHU-CYTPECOpH MyXJIMH, TOJIOBHUM YMHOM Ha Ti, 1[0 PETYIIOIOTh KIITHHHUN UK,
1[0 MOTIM 3MiHIOE OaraTo IUISAXIB, IO BEIYyTh IO IMpOrpecyBaHHs paky. PozyMiHHS
KJIIFOUOBUX MOJIEKYJIPHUX MEXaHI3MIB, MoOpyweHux Yy mnporpecii Bix BIIJI-
1H(1KOBAaHUX KJIITUH A0 IHTpaeniTelianbHOI HeoIa3li MUHKN MaTKU 1, HAPELIT1, 10
1HBa3UBHOTO paKy, Ja€ 3MOTY 3pO3yMITH Oe€3/id 3adyyeHuX IUIAXIB 1 HaJUXa€ Ha
MalOyTHIM pO3BUTOK II1JILOBOI TEparnii.
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1. BcecBiTHs opranizaiiisi oxopoHu 3710poB's. Bipyc naminomu mroauau (BILT) 1
pak muiKu MaTku. BececBiTHS opranizaiiis oxopoHu 310poB’s; XKenesa, [1IBeitmnapis:
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Abstract: Cervical cancer is the fourth most common cancer among women. Infection by high-
risk human papillomavirus (HPV) is the main aetiology for the development of cervical cancer.
Infection by high-risk human papillomavirus (HPV) and the integration of the HPV genome into the
host chromosome of cervical epithelial cells are key early events in the neoplastic progression of
cervical lesions. The viral oncoproteins, mainly E6 and E7, are responsible for the initial changes in
epithelial cells. The viral proteins inactivate two main tumour suppressor proteins, p33, and
retinoblastoma (pRb). Inactivation of these host proteins disrupts both the DNA repair mechanisms
and apoptosis, leading to rapid cell proliferation. Multiple genes involved in DNA repair, cell
proliferation, growth factor activity, angiogenesis, as well as mitogenesis genes become highly
expressed in cervical intraepithelial neoplasia (CIN) and cancer. This genomic instability encourages
HPV-infected cells to progress towards invasive carcinoma. The key molecular events involved in
cervical carcinogenesis will be discussed in this review.

Keywords: cervical cancer; cervical intraepithelial neoplasia; human papillomavirus,
carcinogenesis, viral oncoprotein, tumour suppressor gene.
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