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COMPUTER NETWORKS MONITORING AND MANAGEMENT METHODS

Introduction

High-quality service of all types of traffic is
important requirement for a computer network of
any scale and purpose. One of the factors of meeting
this requirement is effective resource management.
Currently, monitoring and managing methods of
computer networks are underdeveloped. The
problem of large-scale networks is particularly
relevant.

Thus, it is important to improve traditional, as
well as development of new methods and
approaches to network monitoring and management.

Definition of the issue

Managing a large and complex distributed
structure of a large corporate computer network
(CN) or data center (DC) is a non-trivial task even
for an experienced system administrator. Monitoring
and control systems allow you automate a process
and increase efficiency of the CN [1].

Such systems have existed and improved for
many years, however, they are clearly equipped not
enough to manage homogeneous networks.

Such  systems either have insufficient
functionality or require significant modifications for
a specific infrastructure, or they are expensive to
implement and operate, cumbersome and difficult to
setup [2, 3].

In addition, the presence of standard types of
control information bases such as MIB-1, MIB-2, or
RMON MIB and more than a thousand of MIB’s
proprietary databases, with its object structure
reflecting some non-standard equipment and
complicating the process of implementation of
monitoring systems. And the continuous release on
the market of new models and even new families of
models of communication equipment and the lack of
unified standards for monitoring and control
protocols does not allow the development of a
universal monitoring system.

The optimal monitoring/control system of the CS
should ensure ease of implementation, operation and
modernization.

The maximum degree of automation of
processes, the presence of a friendly human-machine
interface, and the tolerance of the system to errors,
which the network administrator could possibly
make, ensure ease of maintenance of computer
network [1].

An equally important fundamental requirement
for a monitoring system and managing network of
any scale is the ease of implementation and
modernization.

Simplicity of implementation could be achieved
by providing management with minimal interference
into the existing network infrastructure.
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Consequently, monitoring and management
systems should developing based on existing and
well-proven technologies and network management
protocols. The obvious way out of this situation is
the modular structure. Each module must solve its
tasks for a particular technology and the
corresponding control protocol, and be able to adapt
when embedded in the system. It is significant to
ensure interchangeability modules with each other.

Thus, the study of common tasks, principles and
methods of monitoring modern computer networks
is the task of the current interest.

Computer networks monitoring tasks

The objectives of monitoring and managing
computer networks in accordance with the quality of
communication standards are to ensure the quality of
service of traffic QoS (Quality of Services) as a total
service performance effect that determines the level
of customer satisfaction with this service.

The key monitored indicators of quality of
service are:

network performance or transmission speed (bit/s);

—amount of loss of packets transmitted (%);

— delay and jitter (random variances) delay (ms);

— reliability of network elements (probability of
failure, average time of failure to work);

— viability of the network — the possibility of
maintaining operational characteristics in case of
failure of individual elements (redundancy of
equipment under the schemes of cold or hot
replacement).

First three parameters characterize the traffic
parameters (logical level of connection), and the
latter two relate to network equipment (ie, physical
layer of the network), therefore, both monitoring of
traffic parameters and monitoring of the state of
network elements is required.

Among the network equipment parameters, it is
most appropriate to monitor the availability and state
of the ports, the state of the processor and the
memory of the device.

Monitoring itself is not able to provide the
required QoS level. To do this, they use methods and
tools for managing the network, including:

— increase bandwidth network due to hardware
capabilities;

— methods for reducing the load on the network
(assigning traffic priorities and arranging queues,
balancing the load, reserving resources, etc.).

Distributed monitoring and management of
computer network

Classical distributed monitoring and control
systems for the computer network are implemented
in accordance with the concept of “manager-agent”
[2; 3]. This architecture is distributed because there

may be several managers. On managed objects,
agents are installed and an object model is created. It
represents all the characteristics of the object that are
necessary for its control. For example, a router
model typically includes characteristics such as the
number of ports, their type, routing table, the
number of frames, and packet protocols for channel,
network, and transport levels passed through these
ports. Models of network objects are used by the
manager as a source of knowledge about which set
of characteristics has one or another object.

The object model coincides with the logical
diagram of the database (DB) of the stored object
with values of its characteristics. This database is
stored on the device and is constantly replenished by
the results of measurements of the characteristics
carried out by the agent.

The agent can perform the following functions:

—store, extract and transmit on request
information about the technical and configuration
parameters of the device, including the device
model, number of ports, type of ports, OS type,
connections with other devices, etc.;

— perform, store and transmit on request the
measurements (calculations) of the characteristics of
the operation of the device, such as the number of
received packets, the number of dropped packets, the
degree of filling the buffer, the state of the port
(working or not working);

—modify the configuration parameters from
commands received from the outside.

The manager does not have direct access to the
database, in order to obtain the specific values of the
object characteristics; he has to contact his agent
over the network. Thus, the agent is an intermediary
between the managed object and the manager. The
manager and agent interact according to the standard
protocol. This protocol allows the manager to
request the values of the parameters stored in the
database, and the agent - to transmit the information
based on which the manager must control the object.

A manager with a certain frequency produces
farrowing agents on managed devices and receives
information about their current characteristics. The
manager consolidates and visualizes the information
received in the form of tables or graphs. In complex
control systems, the CS also analyzes the
information received and predicts the state for
detecting the abnormal operation of the network
elements. The system provides a warning about the
critical state of resources, which allows you to
immediately take measures to maintain the work of
these resources.

The exchange of information during monitoring
and control can be carried out on the same channel,
in which the transmission of user traffic — in-band.
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Such an approach is more economical, since it does
not require the creation of a separate control data
transmission infrastructure and is more reliable,
since for user traffic, Level 2 and 3 protocols create
backup paths when a primary failure occurs. Out-
band control on a separate channel, that is, carried
out outside of the user data transmission channel,
also has high reliability due to the fact that the
corresponding equipment can perform its functions
even when some network elements fail and the main
transmission channels are inaccessible. Mixed
approaches are often used.

The most commonly used classical monitoring
system is SNMP (Simple Network Management
Protocol), which implements the concept of
“manager-agent”. SNMP is an application layer
protocol, simplicity of which is determined by the
simplicity of the Management Information Base
(MIB) and the minimum requirements for the
standardization of monitoring systems built on this
protocol. The following items are standardized:
protocol of interaction between agent and manager,
MIB model description language and SNMP
messages, several specific MIB models whose object
names are logged in the ISO tree.

The protocol defines the format of the data, and
their processing and interpretation remains at the
discretion of the control stations or the network
manager. SNMP messages do not have a fixed
format and fixed fields.

Using the SetRequest command, the actual
monitoring and management of the device takes
place. The agent must "understand" the meaning of
the variable that is used to control the device and,
based on these values, carry out a real control action:
turn off the port, assign the port of a specific VLAN
line, expand the bandwidth, reserve resources, etc.

For example, the state of the network equipment
can be tracked via the server agent SNMP requests:
GetRequest and the agent server: Trap, specifying
the desired object ID (OID) in the MIB database.

Centralized monitoring and management

Modern computer networks also use monitoring
and management systems based on a centralized
architecture. An example of this is software-
configured networks SDN (Software Defined
Networks), a technology for building communica-
tion network architectures based on the
centralization of monitoring and control functions in
a single point [4]. Centralization is achieved by
separating network control functions (control plane)
and data transmission functions (forwarding plane)
in network equipment.

In traditional routers and switches, these
functions are inseparable from each other, and each

element makes decisions independently and

relatively independently (Fig. 1).

we

Fig. 1. Traditional network management

In accordance with the concept of SDN [6], it is
taken out to transfer the management functions to a
separate device - a controller, and to the switches
leave only the function of traffic transfer. The entire
logic of monitoring and managing network devices
in SDN is implemented programmatically, which
allows developers to create their own applications
for monitoring and managing the network through
the program interfaces (APIs) of the controller.

In the case of an abstract representation of the
network topology in SDN (Fig. 2), the administrator
should only write the rule “route from A to B =
packet discard” in the management software
platform, and it will always work, and changes in
network topology will be automatically tracked in
the network operating system (Network Operating
System — NOS).

A

Abstract view of the
SDN network

Real
A network
diagramm

Fig. 2. SDN network management

The interaction between the controller and the
switches is carried out through a protocol. NetFlow
protocol is standardized for monitoring, and
OpenFlow for network management.

In this case, monitoring and management are
carried out at the level of flows, rather than
individual packages. The rules in the switch are set
up with the controller only for the first packet, then
all subsequent packets of the flow use it.

The SDN architecture includes [5; 6]: SDN
applications, SDN controller, control agents , whose
functions are incorporated in OpenFlow switches,
VlowVisor or the interface responsible for
transferring control information, management and
administration components (Fig. 3).
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Control Platform

Global network topology

Network Operation System (NOS)
1 Management I I
viainterfaces

Fig. 3. SDN architecture

Applications contain requirements for the state
and behavior of the network infrastructure, which
are taken into account when monitoring and
managing. The controller is a single centralized
control point that monitors and controls the physical
devices of the network through an open interface -
the OpenFlow protocol. OpenFlow switches provide
direct interaction between the network infrastructure
and the management layer. The switchboard
contains one or several redirection tables
(flowtable), which contain all data about the streams
of transmitted information. Records in the
forwarding tables contain a set of fields with
information about each packet (the number of the
input and output port, the priority of the transmitted
data, the counter and the types of actions that must
be performed after the packet is processed
(redirection, modification or reset). FlowVisor is
responsible for distributing control information
between data streams. By its nature, FlowVisor is a
transparent proxy server between the switches and
the controller. At the same time, FlowVisor
determines which sets of flows belong to a particular
network (switch) and, therefore, transfer control
information to a specific controller. FlowVisor
provides virtualization of control flow into separate
network slices, each of these flows has its own
control and transmission logic.

The management and administration components
are static data sets that include external tasks:
coordination of policies and rules established during
the design of the SDN architecture, initial equipment
configuration, and network resource allocation rules.

Based on the above description, SDN is a
complex system of interaction of elements of both
logical and physical nature, with a single intellectual
point of control. The OpenFlow controller
architecture consists of several levels, each of which
responds to the charge of the necessary
functionality. The controller acts as an element of
response: it receives messages from the switches
through control channels and generates responses
that change the contents of the switching tables. The
switch collects statistical data on the structure, state
and characteristics of the data transfer level, creates

labels in the redirection tables and redirects them to
the controller for making further decisions.

The interaction between the control level and the
data transfer level is based on two protocols: OF-
CONFIG, which allows you to configure separate
ones to create a high-quality control information
transmission channel and the OpenFlow protocol
itself, which allows you to control packet forwarding
and modification.

Selection the optimal structure of the
computer network monitoring and management
system

The advantage of centralized monitoring and
control is the ability to form a holistic view of the
network status, respectively, to calculate the global
optimum control and load balancing.

Among the disadvantages of a centralized
approach to monitoring and network management
are:

1. Low survivability of the network, because in
case of failure of the central controller, the network
ceases to function. When reserving controllers, there
are no clear instructions on how they are
communicating and deciding on the primacy/
transfer of functions.

2. It is not indicated on which communication
channels the controller(s) and switches interact,
according to the basic data transfer structure or
parallel, and what happens when there are problems
on the communication line.

3. A centralized monitoring and management
system is a complex system, for the optimal
management of which there is not enough
information and resources. In such a system, in
essence, it is necessary to solve a quadratic
assignment  problem  (Quadratic = Assignment
Problem, QAP) — this is a well-known problem of
discrete optimization, which is one of the most
difficult tasks in this field [7].

The computational load on the central controller
will be equal to K", where m is the number of end
nodes and k is the number of switching nodes in the
serviced segment. Solutions for managing such a
complex system can be:

1. Decentralization (i.e., management of an
autonomous network segment, which corresponds to
the classical distributed approach according to the
manager-agent scheme).

2. Creating a hierarchical structure. This reduces
the computational load on the central node, and the
degree of reduction will correspond to the ratio Log,
(k + m). However, in such a case, the global
optimum control [8]. The comparative degree of
conformity of the selected models is characterized
by a matrix of improvement factors.
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R=|r|, 1<i<n, 1<j<m.
i

3. Application of heuristic or metaheuristic
methods for optimizing large systems [9], in
particular methods of taboo — search.

The optimization procedure is divided into
several stages.

At the first stage — preliminary planning — the
most common properties of the network are
determined, in particular, the number and specifics
of mobile services, network configuration
parameters, etc.

At the second stage, an overview of the possible
location of the switches is made, binding to the real
network, the choice of methods for calculating
transmission losses, the calculation of network
resources. Based on this data and the selected
transmission model, the switch parameters are
planned — the size of the coverage area and the
bandwidth resource. Some important parameters
have a significant effect on the required channel
resource, for example, the sensitivity and gain of
transmitters of an SDN switch and SDN controller,
cable losses and distribution medium, fading
threshold, etc. Based on the geography of the
network and the resource of the channel, it is
possible to evaluate the various possibilities of
creating a network segment using the optimization
algorithm. The objective function is a combination
of the achievable area of operation with a QoS of at
least a given, optimal throughput with restrictions on
costs. Geometric characteristics and capacity
planning play a large role in network planning.
When planning the geometric characteristics, the
size of the network is determined, while the results
of capacity planning determine the number of SDN
switches used in the future and, accordingly, their
capacity.

At the third stage, the adjustment and
coordination of the parameters and structure of the
network is made according to the results of testing
each switch. According to the results of
experimental studies carried out (if necessary)
correction of the previous stages of the plan.

The goal of the network operator is to minimize
costs (for example, by increasing the radius of the
cells) so that the QoS values expressed in terms of
the maximum allowed loss Py * and the GoS (GoS
— Grade of Service) class indicators, denoted as P,
* and P, *, meet the requirements. We formalize the
objective function as follows:

maxR, P<P, B<P, P <P,
N

S ={RRR,CAC,R}

optimization parameters

Variety of

The Dbasis of the integer combinatorial
programming model used for the uplink is the
classical minimization problem

. m n m 1
min Zc‘/yj + “Z Zui —X, (1)
j=1 == 1
subject to normalization
dox,=1 iel )

j=1
and additional restrictions
X; SV XY, 6{0;1}; iel, jeM (3)

The first term in the objective function
corresponds to the total normalized cost, where ¢; is
the resource consumption of the j-th switch.

Since 1/r; is proportional to the signal power
from the i-th control point (CP) associated with the
Jj-th switch, the second term describes the desired CP
for which the total resource consumption is minimal.
Since the criteria for finding a minimum for both
terms are contradictory, a certain compromise
coefficient is introduced. Condition (3) is a
guarantee that each st CT is associated with a single
switching node. Limiting condition (4) means that
QDs are specified only for those points where
switches are installed. Note that since the variables
are binary, in each valid solution, all active
connections can be assigned to only one switch.

It is proposed a sliding posteriori optimization
algorithm. The concept of a balance between
detailed search in the field of promising solutions
and going to neighboring areas to find solutions of
even better quality (lower value of the objective
function) is implemented. However, such a search
may require a lot of computation time. By searching
in some promising area of solution space, you can
miss other, perhaps even more promising areas. On
the other hand, without an in-depth study of the
neighborhoods of good solutions, we will only find
low-quality solutions. The balance between an in-
depth search in the vicinity of good solutions and the
study of the entire solution space for finding other
promising areas shifts in one direction or another
according to the results of the previous analysis.

It can be seen that in the second case, local
extremes are almost completely excluded from
consideration.

In Fig. 4 shows graphs of the change in the
integral component of the objective function — the
total delay of routing to ensure data delivery with the
required quality of service — when searching for the
optimal placement of one of the switching nodes
(SDN switches). Function 1 is calculated without
regard to  additional delay = components,
disconnections. Function 2 is calculated with these
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components in mind. The smoothness of curve 1 is
due to the connection and disconnection of users in
the mode of independent transmission.

Curve 2 is smoother due to the summation of the
components of the transmitted signal, which are
random in nature and do not depend on each other.
More importantly, when these components are taken

I

into account, the resulting required power of
switching nodes decreases on average by about
4-5%.

After optimizing the placement (Fig. 5), saving of
the resource of switching nodes considering
component packets during parallelization is more
noticeable.

0

Fig. 4. Module modification of the resulting objective function in the optimization process:
1 — Classic taboo-search; 2 — Taboo-search with a sliding posteriori optimization
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Fig. 5. Changing the parameter S » of the objective function when the switching node moves along

the horizontal coordinate: 1 — Classic taboo-search; 2 — Taboo-search with a sliding posteriori optimization

Thus, upon reaching the optimal number of
hierarchy levels and the optimal number of devices
(final and intermediate) at the same level, there is an
improvement in the quality of service in a software-
configured network.

Conclusions

Modern computer networks should serve
resource-intensive applications such as voice and
video, CAD and cloud services that generate huge
amounts of traffic with a given quality, subject to
limited resources.

Classical distributed systems for monitoring and
managing a computer network are implemented
according to the concept “manager—agent”, use
MIBs and transmit messages via the SNMP
protocol. The advantage of such systems is their
distribution and ease of implementation, tested for

decades. The disadvantage is the control of each
device separately. This introduces additional load on
network resources and does not allow for efficient
load balancing, since there is no coherent picture of
the state. This architectural solution is suitable for
office networks of small companies.

The centralized system architecture used in SDN
networks allows concentrating all monitoring and
management functions in a single central device —
the controller. This allows you to calculate the
global optimum control and load balancing. The
disadvantage is the low survivability of the network,
high required computing power of the central point,
complexity of management due to the lack of
information and resources.

A complex system management with using
heuristic or metaheuristic methods for optimizing
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large systems is a solution to the problem. An
algorithm with sliding a posteriori optimization is
suggested. Upon reaching the optimal number of
hierarchy levels and the optimal number of devices
(final and intermediate) on the same level, there is
an improvement in the quality of service.

The centralized architecture of the system allows
you to concentrate all the functions of monitoring
and control in a single central device — the
controller. The use of the controller as a single
intelligent control point allows you to significantly
simplify the logic of the network, and flow control
instead of packets, to reduce the load on the
network. The disadvantage of this approach is the
low survivability of the network, the high required
computing power of the central point, and the
complexity of management due to the lack of
information and resources. Obviously, such
architectures and solutions should be used in large
corporate networks.

In conclusion, it should be noted that, in addition
to the architecture, for any monitoring and
management system, it is important to develop
policies and rules, load balancing, i.e. development
of control actions on the network. It seems
appropriate to use the concept of “optimal
administrator”, which allows you to implement
management most efficiently, regardless of the
system architecture and staff qualifications.
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Savchenko A. S., Vasylenko V. A., Kolisnyk O. V., Holiavkina T. V.
COMPUTER NETWORKS MONITORING AND MANAGEMENT METHODS

The distributed architecture of monitoring and management systems based on the SNMP protocol, the MIB

databases and the centralized architecture based on the SDN network concept and the Openflow protocol are
considered. The advantage of centralized monitoring and control is the ability to form a holistic view of the network
status, respectively, to calculate the global optimum control and load balancing. The disadvantage is the low resiliency
of the network, the complexity of managing a large system. Monitoring and management of such a complex system is
possible with the help of decentralization, the creation of a hierarchical structure, the use of heuristic or metaheuristic
methods for optimizing large systems. A method with sliding a posteriori optimization, which allows to achieve the
optimal number of hierarchy levels and the optimal number of devices on the same level, is proposed.

Keywords: computer network, network monitoring, network management, SNMP protocol, SDN architecture, openflow.

CaBuenko A. C., Bacumienko B. A., Kogicnuk O. B., Xoasaskina T. B.
METO/J MOHITOPUHI'Y TA YIIPABJIIHHA CYUYACHUMU KOMIT’IOTEPHUMU
MEPEXAMMA

Posznanymo posnoodineny apximexmypy cucmem MOHIMOPUHSY ma YRpasninHa Ha ocHosi npomoxony SNMP i 6a3
MIB ma yenumpanizosany apximexkmypy Ha 0aszi kounyenyii mepedxci SDN i npomoxony Openflow. Ilepesazoro
yewmpanizayii MOHIMOPUH2Y Ma YNPAGNIHHS € MOJNCIUBICIb Copmyeamu YiNiCHe YSGIEHH NPO CMAH Mepexici,
8I0N0GIOHO po3paxysamu 2100a1bHUL ONMUMYM YAPAGIIHHS | NP060OUmuU OANAHCY8ants Hasanmaoicentsi. Hedonikom €
HU3bKA 8i0MOBOCMIUKICIMb Mepedici, CKIAOHICMb YNPABIIHHA 6eIUK0I0 cucmemoro. Monimopune ma ynpaeiinia makoio
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CKIAOHOK CUCTEMOIO MOICTUBE 34 OONOMO20I0 0eyeHmpanizayii, CmeopeHHs IEPApXiuHol CIMpPYKmypu, 3aCmocCy8anHsi
eBPUCMUYHUX aD0 MemaespUCUYHUX Memoodie OnmuMizayii 6enuKkux cucmem. 3anponoHOBAHO Memoo 3 KOB3HOIO
anocmepiopHo ONMUMI3aYicto, AKUNL 00380J5€ 00CAeMU ONMUMATLHOI KIIbKOCMI pieHi6 iepapxii i onmumanvbHol
KIIbKOCMI NPUCMpoie Ha 0OHOM)Y DIGHL.

KoarouoBi ciioBa: xomm’roTepHa Mepeka, MOHITOPHHI Mepexi, ynpaeiiHHs mepexeto, SNMP-mporokon, apxitekrypa SDN,
arocTepiopHa onTUMi3aLis.

CaBuenko A. C., Bacuienko B. A., Kosaucubik E. B., XoasiBkuna T. B.
METO/J MOHITOPUHI'A U YIIPABJIEHUSA COBPEMEHHBIMU KOMIIBIOTEPHBIMHA

CETsMU

Paccmompenwt pacnpedenennas apxumexmypa cucmem MOHUMOPUH2A U YAPAGIeHUs. Ha ochose npomokona SNMP,
b6az MIB u yewmpanuzoeannas apxumekmypa Ha 6aze rowyenyuu cemu SDN u npomoxonra Openflow.
Ipeumywecmeom yenmpanuzayuu MOHUMOPUHEA U YAPAGIEHUSL SNAEMCL 803MOICHOCb CHOPMUPOBAMb YENOCMHOE
npeodcmasieHue 0 COCMOSHUU Cemu, COOMEEMCMEEHHO PACCHUMAMb 2I0OANbHBIN ONMUMYM VAPAGIEHUSL U NPOBOOUMb
banancupogky uaepysku. Hedocmamrxom sensiemcs HU3Kas OMKA30YCMOUYUBOCHb CeMU, CLOJCHOCMb YNPAGIeHUs.
bonvwion  cucmemou. MoHumopune U ynpagieHue MAaKol — CAONCHOU CUCIEMOU  BO3MOJCHO C NOMOUDBIO
Odeyenmpanuzayuu, CO30aHUsL UEPAPXUYECKOU CMPYKIMYPbl, NPUMEHEHUsST IEPUCTIUYECKUX UIU MEMAISPUCTIULECKUX
Memooos onmumusayuu Oonbuux cucmem. Ilpednosicer mMemoo cO CKOb3suel AnoCmepuopHol OnmuMu3ayuet,
KOMOpbIll NO380Jslem  00CMUYb  ONMUMAIBHO20 KOIUYECBA YPOBHEU UEPaApXuu U ONMUMAIBHO20 KOAUYecmed
YCmpoucme Ha 0OHOM YPO8He.

KinloueBbie cj10Ba: KOMIIBIOTEpPHAsl CETh, MOHUTOPHUHI CE€TH, YIpaBiieHHe ceTbio, SNMP-mporokon, apxurekrypa SDN,
aroCTEepUOPHAast ONITUMHU3ALIMSL.
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®AKTOITPAGIYHA THOOPMAIIHMHA CUCTEMA MYJIbTUMEJIIMHOI BA3U JIAHAX

Beryn

Harenep y cBiti icHye Bennye3Ha KiNbKICTh rpa-
(dhignoi indopmarrii ska 30epiraeTecs B MUPPOBOMY
Burisai. He 3Bakaroum Ha CydacHi METOIIU apxiBarfil
Ta alrOPUTMHU CTHCHEHHA, LA iHpopMamis 3aimae
HaJBENWKANA 0OCAT mam’ATi Ha Hocisx. Ha Biaminy
BiJl TTOTIEpeHIX POKiB, KOJIM 3arajibHuid 00CsT HOCIiB
OyB ManuM, Ta 3ajie)kaB Bijg 0aratbox (akTopis, 3a-
pa3 mpobiiemMa 00cATy He HAaCTITbKYA KPUTHYHA.

Anle 3 HAKOIMYCHHSM Y OTHOMY MICIII BEIIMKOL
KUTBKOCTI MYJIbTUMEAIMHUX JTaHUX, TapaHTOBaHO,
paHo YM Mi3HO CTaHe MUTAaHHS Mo 3abe3medeHHs ix
MTOCTIIOBHOCTI, TapaneiizMy, IUTiCHOCTI, Oe3leKn
Ta JOCTYIHOCTI, 1 TOAI MOXHA Ka3aTh HE MPO 3BH-
YaiiHe CKyMUYeHHS MYJIbTUMEIIHHMX IaHuX, a Mpo
MTOBHOIIIHHY MYJIbTUMEIHHY 0a3zy NaHuX. AKTyab-
HICTb TIUX TBEP/DKEHB, TAKOX IMiATBEPIKYETHCS
eJIEMEHTapHUM Oa)KaHHSM KOPHCTyBaya 3/iHCHIOBA-
TH JIETKHHA TOIIYK, 3allUT 1 MAaHIMyJIIOBaHHS aKTy-
aNbpHOI 71 HBOTO iH(OpMaIlii B BEIHUE3HIN KOJIEK-
1ii 30epeeHnX MyJbTUMEIIHHUX daHux. [Ipore ajs
3a0e3MeyeH sl onTuMizamii 30epiranHs Ta 0OpoOKH
BEIMKOI KUIBKOCTI rpadigHOro MaTepiany HeoOXif-
HO IIel MaTepiai CTPYKTypyBaru.

IHocTranoBka npodaeMu

Bynp sixke cTpykrypoBaHe abo cHCTEeMaTH30BaHE
00’eqHanHs TpadidHUX 00’€KTIB MOXKHA Ha3BaTH
0a3010 IaHKX, Y HAIIIOMY BUIIAJKy MYJIbTHUMEAIHHOIO
0a3or0 nmaHux, abo 0a3or 300pakeHb. Pobora 3 Ta-
KUMH Oa3aMu Tependadae HacaMmIlepea IOIIyK Ta
imeHTU(DIKALIIF0 MYJIETUMEIINHUX 00’€KTIB sIKI BXO-
JISTh OO HeEl.

Opnak 3aBmaHHs imeHTHIKamii, came 1o co0i,
MIPUITYCKa€e 1HTENEKTyalbHy OOpOOKYy OTpHUMaHOL
iHpopMaLii, OO0 NpeacTaBis€ MEBHI CKIATHOCTI.
Be3cyMHiBHO, B 3amadyax po3Ii3HABaHHS CUMBOJIIB
(posmi3HaBaHHA TEKCTy, aBTOMOOUTRHUX HOMEDIB,
TOIO) JOCATHYTI BEJIMYE3HI YCIiXW. AJle, THM HE

MeHIII, OyIb-IKHX YHiBEpCAIbHUX METOIIB 00pOOKH
Ta pO3IMi3HAaBaHHS 300pakKeHHsI, SKi 332 MPOTYKTHB-
HICTIO Ta SKICTIO MOXXHA TOPIBHSATU 3 JIFOJCHKUMU
3miOHOCTAMU, HeMae [1].

Hanpuknan, y 3agadax, siKi CTaBISTbCSA IEpex
EKCIICPTHUMH CHCTEMaMH, MOTpiOHO OumbII riubo-
KW IHTEIIEKTYaIbHUH aHalli3 i BUCOKY MIBHUAKOIIIO,
UMM CaMUMH BJIACTHBOCTSMHU IIOBHHHI BOJIOIITH
po0OTH30BaHI CUCTEMH OOCITyrOBYBaHHS. ToMy 00-
poOka 300pakeHHS B 3a/1adi po3Mi3HABaHHS € OJHi-
€10 3 LEHTPAJIBLHUX MPOOJIEM.

AHaJi3 pocaimkens i mybaikanii Ta gopmy-
JIIOBAHHSA LiJIeH cTaTTi

Bigomo, 110 nmpoOneMu yropsiIKyBaHHs Ta CTPYK-
Typu3amii JaHWUX BiJPi3HSAIOTHCS BHCOKAM piBHEM
HEBU3HAYCHOCTI, HEMTOBHOTOK 1 (PparMEeHTapHICTIO,
a TaKOXX BEIIMKOIO YacTKO cy0’ekTuBHOCTI [2]. Cy-
YacHI KOMIT'IOTEPHI TEXHOJIOrIl MPOMOHYIOTh PO3-
poOHUKAM i KOpHCTyBadyaM HaWpi3HOMaHITHIIII 3a-
co0M CTBOpEHHS, BEJCHHS Ta BUKOPHCTAHHS
KOMII' FOTepHUX 0a3 JaHuX 1 3HaHb, AKi O3BOISIIOTH
KO>)KHOMY CTBOPIOBATH iX Ha cBiii cmak. KpiM mporo
CIIiJ 3ayBaKUTH 1110, PAKTUYHO KOKHA 0a3a MaHUX i
3HaHb OYAYEThCS Ha BJIACHIN CTPYKTypHO-KiIacui-
KariiHoi ocHoBi [3; 4].

YpaxoByroun cruenudiky MyIbTAMEIIHHOT 0a3m
JaHUX MOXKHA 3pOOHUTH BHUCHOBOK, IO OJHHM 3
NUIIXiB TToOyA0BH ii epeKTHBHOI i1HGOpPMAIIHHO-
YIPaBIISIIOY0i CHCTEMH € BUKOpPHCTaHHSA (hakTorpa-
¢bignoi iHpOpMATii po ii 06’ exTH [5].

Buxopucranas  dakrorpadiunoi  iHdopmartii
MeplI 3a Bce JO3BOJIMTH 3A1HCHIOBATH MOPQOIOTiy-
HUH TOIYK, KU 1aCTh MOMJIUBICTH OiTBII KOPEKT-
HOTO TIomIyKy iH(opmariii. Kpim 1e0r0, y moeaHanHi
3 (QyHKmisiME  aHamizy  3MmicTy  300pajkeHHS,
3’IBUTBCS MOXJIMBICTD 3HAXOKEHHS TpadidHux
00’€KTIB BUXOJISYU 3 OTO 3MICTY, IO Y CBOIO YepTy
JIO3BOJINTh YHUKHYTH HAIlOBHIOBaHHS 0a3W JaHUX
OJTHAKOBOO 200 CX0XkKOM0 iH(OopMAIli€rO.
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SIKiCTh IPUHHATTA pillleHb y bOMY BHUIAAKY Oy-
Jic BHU3HAYATUCS TIIBKU SKICTIO BUKOPHUCTOBYBaHOI
nepBuHHOT  (pakTorpadiunoi iHdopmarii, a came
CTYIIIHB 11 a€KBATHOCTI, TOBHOTH, TOYHOCTI, HaIil-
HOCTI, CBOEYaCHOCTI, HAOYHOCTI Ta OJHO3HAYHOCTI.

Ille ogHMM MO3UTUBHUM (DAKTOPOM 3aCTOCYBaH-
Hsi ¢akTorpadiuHoi iHpopmanii 1O MyIbTHUMEmii-
HUX OO0’€KTIB € BIJICYTHICTh YITKUX MEXaHI3MiB
ineHTH(ikamii CyTHOCTEH BCepeluHi IHUX 00’ EKTIB.
ToMmy miuTIO CTATTI € PO3pOOKa TAKMX MEXaHI3MIB,
sKi O JO3BONMIM CTPYKTYPYBaTd i CTPYKTYpOBaHO
30epiraTi MyJBTUMEIHHI JaHi 3a JOIOMOrow (ak-
torpadiuHoi iHpOopMAITii.

®daxkTtorpagiyna inpopmaniiiHa cuctemMa

®akrorpadiuna iHpopmauiiina cucrema (PIC),
sK 1 ;o0a iHpopmamiiHa cucTeMa € OCHOBHUM 3a-
cobom, IHCTpyMeHTapieM pilleHHs 3anad iHdopMa-
mifinoro 3a0e3mneueHds. CHIBBIOHOLIEHHS IIOHSATD,
MOB’s3aHUX 3 1HpOpMAmiiHHUM 3a0e3NeYeHHsIM,
MOXHa BiOOpa3UTH y BHUTJLAI HACTYITHOI CXEMH
(puc. 1) [5].

MicTuTb:

Bigomocri

O6pobniooTLea y BHI’ﬂﬂ):l,iI)

Nani
( Mocrae i dirypye 8 o6pasi: 9
HokymeHT
(nokymenToBaKa
iHhopmaLws)

( Arpuryetbea: &

[ IHchopmauinki pecype |

OrpaHizauifiHo ynopagkoByeTLCA
(HakonuuyeTkea, 3bepiragTbes,
obpobnaeTLCA):

I

IHchopmauiiHi
CcUCTEMU

Puc. 1. Cxema nonsarTst iHpopMauiiHoro
3abe3nedeHHs

SAx npaBuno ®IC nHakommuye i 30epirae maHi y
BHIUIAI CYKYIHOCTI iH(opMarii ska BigoOpaxkae
SKui-HeOy b (akT, moxito Tomo. CTpyKTypa KOX-
HOTO THUIY iH(pOPMAaLifHOTO 00’€KTa CKJIAAAETHCS 3
KIHIIEBOTO Ha0OPY PEKBI3UTIB, ACIIEKTIB Ta XapaKTe-
PHUCTHK BioMocTel i1 00’ €KTiB JaHOI MPEAMETHOI
obmacri.

ApXITEKTypy MiJICHCTEMH IMOAaHHS Ta OOpPOOKH
indopmariii ®IC mMoxHa MpeACTaBUTH Tak (pHC. 2)
[5]

Jana apxiTekTypa BH3Ha4a€ JIOKaIbHI MpeacTaB-
JIEHHS TpO TpeIMeTHY o0JIacTh KOpPHUCTyBadiB-
a0OHEHTIB 1H(QOPMAITIHHOT CHUCTEeMH Ta iX YSBIICH-
HSIMH TIpO BiiacHi iHopMauniiiHi noTpedbu. Ha ocHOBI
aHali3y IUX ySABJIEHb BU3HAYAETHCS iH(OpMAIliitHO-

© Asapenko O. B., Kyxinincekuit M. B., Kiimosa A. C., 2018

JIOTiYHa cxeMa IpeAMeTHOI obnacTi (onmuc 00’ eKTiB),
Ta KOHIIETITYaJbHAa MOJIETh BUKOPUCTaHHS iH(popMa-
1iiiHo1 cucremu.

Haitankuiil piBeHb nojaHHs iHgopmalii B ¢ak-
TorpadivHuX iHPOPMALIHHUX CUCTEMaX BHPaKAETh-
CsI BHYTPIIITHHOIO CXEMOI0 0a3H JaHWX, 0 BU3HAYAE
CTPYKTYpy Oprasisailii Ta 0COOJUBOCTI 30epiraHHs
iHpOpMaLiiHUX MAacHBiB, y SKHX 1 3HAXOIATHCA
BJIacHe cami gaHi [3; 5].

NoxansHi [ - Inchopmauiiki

npeacTasnesHa I'l()TpesM
KOPHUCTYBAMIB abBoHeHTiB
npo npeameTHy

otn E{:‘Th. * ‘ ‘ . i \ ‘

|IHhopmaLifHo-NnoriYHa cxema (Moaens)
npenmMeTHoi oGnacti

(thopmanizosare npeacTaBnexHs

npo o6'ekTH i BigHOWEHHA

npeaMeTHol oGnacri)

¥ v v
Bank panux (BH[)

Basza ganux (BA)

Cxema B
(norivyHa cTpykTypa)

KoHuenTyankHa Mogens
BUEKOPHUCTaHHA
iHhopMaLIIAHOT cucTeMu

Mogenb
opraHisauii

[laHnX
CvB[

| BHyTpiwHs cxema B

‘ IHchopmaUiiHi macvem (hannu gaHux)

Puc. 2. [lincucrema moaHHs
Ta 00poOku iHpopmarii OIC

TexHoJioriss peanizaunii MyJabTUMeniliHOI 6a3u
AAHUX

[Ipu npoektyBaHHi Ta po3podui iHPopMaIiiHHOT
CUCTEMH KEpYBaHHS MYIJIbTUMEIIHHOK 0a3010 aa-
HUX, Tpeba BpaxoByBaTH, IO MPSAMUI BIUIUB Ha TEX-
HOJIOTi1 IX CTBOpPEHHS MAalOTh OCHOBHI SKOCTI Ta
0co0MMBOCTI 11 JaHux. BigoMo, 1110 MyJIbTUMEIIHHI
JIaH1 HaJliJIeHI HU3KOK0 IIKaBUX OCOOJIMBOCTEH IpH-
TaMaHHI Tinek# iM. Ilo-mepre BoHM, 3a3BHWYail xa-
PaKTEepHU3YIOThCSI BEIUKUM 00’€MOM, a TO-IpyTe,
3a3BUYal, MONIYK IUX JTaHWX BiAOyBaeThCs HE 3a
iXHIM BMICTOM, a 3a Cy0’€KTHBHHM OIFICOM I[OTO
BMICTY.

JocniauBuiM i PpO3INIAHYBIIM CHOCOOM 30epe-
JKEHHSI MYJbTHMEIIMHUX JaHWX, MOXHa 3pOOHTH
BHCHOBOK, IO PEJIAIiiHI Ta 00’€KTHO-OpPi€HTOBaHI
0a3m naHuUX He J00pe MPUCTOCOBAHHMMU ISl BENH-
KAX MYJIbTHUMENIHHUX NaHWX. Y pesuiiHux 0azax
JMaHUX peamis3allis TaKoro 30epeKeHHS € JIOCHUTh
CKJIAJTHOIO, OCKIUTBbKM (aiiin He Moxe 30epiraTtucs sk
OJIMH WLINHA 00’€KT, 110 MPHU3BOIUTH IO PO3OHUTTS
HOro Ha YACTHWHH, 1110, B CBOK Yepry, YIMOBLIBHIOE
00poOKy MYyJNPTHMENIHHUX NaHWX Ta BIUIMBAE Ha
piBeHb Oe3neku. O0’€KTHO-Opi€HTOBaHI 0a3u JaHUX,
Ha BIAMIHY BiJ peJAiHUX, Maike HE MarOThb JIOC-
TaTHRO I0OpEe HANAINTOBAaHUX CHCTEM KepyBaHHS,
sKi 0 JOCTaTHBO JIETKO MOXKHA OYJIO MPUCTOCYBATH
IO MyJNbTUMEIiMHUX aaHux. HaiOinbm npuitHAT-
HOIO € JOKYMEHTO-Opi€HTOBaHa 0a3a JaHWX, ITepeBa-
TOI0 SIKOT € MOXIIUBICTD 30epiratu MyJbTUMEIiiHI
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JaHl y BUTIISAI JOKYMCHTIB, HE MOAUISIOYM iX Ha
YaCTHHH, a TEXHOJOTIEI0, IKa HAWOUIBII MiAXOIUTH
JI0 KepyBaHHS UX 0a3 € TexHomoris NoSQL.

Xoua yactuHa xapakTepuctuk NoSQL He € yHi-
KaJbHOIO, BCE K BOHU MAIOTh sl BarOMUX IIepeBar,
SKi TIOJICTIIYIOTh Ta TPUIIBHIIIYIOTH POOOTY, 3a-
0e3MeuyroTh OUIBIINY HAIIHHICT, A AJIs 1ie OLIBIIO-
ro MPULIBHIMICHHS MOKHA 3aCTOCYBATH MiAXOIH 10
30epekeHHs] MyJIBTUMEIIMHUX JaHUX 3 3aCTOCYBaH-
HSIM CXOBHUIL IaHUX.

Opranizanis nomyKy MyJIbTUMeAiHHUX TAHUX

Onmnepariii 3 momyky, QimbTpamii Ta cOpTyBaHHSI
JMAaHUX peali3yloTh HaWUpoCTim iHGOpPMAIIHHO-
JOBIZIKOBI MOTpeOM KOPUCTYBadiB, alie €, MalyTh,
HaiOIbII yacTUMH TpH PoOOTI 3 OazaMHu JaHMX.
Tomy B (akrorpadivniii iHdopmariiiHiii cucremi
MyJBTHMEAIHHOI 0a3u AaHUX HEOOXiTHO 3BEPHYTH
Ha HHAX OCOONHMBY yBary, OCOOJMBO Ha OIEpalio
MOLIYKY.

3acobu PIC n03BONATH KpiM KOHTEHTHOTO IIO-
myKy (TOHIYKy 3a 3MICTOM) 3IiHCHIOBATH TTOBHO-
TEKCTOBHM IOIIYK, ajle HeOOXi1IHO BpaxOBYBaTH Psij
oco0nuBocTeil.

ANTOPUTM MOIIYKY TOBHHEH aHaNi3yBaTH 3MICT
MYJBTHMENIMHUX JaHUX, HANpPUKIaJ, KOJip Tpen-
CTaBJICHUX Ha HbOMY 00’€KTiB, iX (opMy, TEKCTYypY,
KOMITO3HITIIO CIIEHW. 3a BIJICYTHOCTI MOKIIUBOCTI
[poaHaNi3yBaTH CLEHY IiJ 4Yac IMOLIYKY pOo3risina-
FOTBCSI METaJIaHi: KIFOYOBI CIIOBa, MITKH TOIIO.

[IpoTe He Ans ycix TakuxX JaHUX MOXKHA 3aCTOCY-
BaTH IOIIYK 3a 3MicToM. [loTeHmiiHi o0OmacTi 3acto-
CYBaHHsI aJITOPUTMIB ITOIIYKY 32 3MICTOM:

* TIONIyK 300pakeHb B Mepexi IHTepHET;

* Karayorizaiis 300paxeHb TBOPiB MUCTEIITBA;

* opradizamis poboTu 3 apxiBamu (ortorpadiu-
HHX 3HIMKIB;

* Oprasizaiis KaTaJoTiB po3ApiOHOTO MPoAaxy
TOBapIB;

* MeIUYHa JiarHOCTHKA 3aXBOPIOBAHb;

* 3ano0iraHHs 3JI0YMHIB 1 3aBOPYIIIEHB;

* KOHTpOIb 3a BMICTOM MAaCHBIB 300paKeHb,
To1Io [6].

Bukopucranus y ®IC nomryky 3a 3micToM rie-
penbadvae, 1O CUCTEeMa POOUTH MMOIIYK HAa OCHOBI
BXIJTHOTO 300pa)keHHS, SIKe BKa3yEThCS KOPHUCTYBa-
yeM. KopuctyBau Moske ofaTu Ha BXiJ SIK iCHyIOo4e
300pakeHHs, TaK i TpyOuii Hauepk HeoOXiITHOTO pe-
3ynbTary (PO3MITKY Ha KOJIBOPOBi 00nacTi abo mpo-
cTi reometpuuHi popmn) (puc. 3). [Ipu qanomy cro-
co0i moOymoBH 3alUTiB HE BUHHKAE TPYIHOIIIB,
TIOB’I3aHUX 3 MPEACTABIICHHAM 10 300pakKeHHs Ha-
OOpiB CiiB. ANTOPUTMH, SKi BXOAATH 10 OJOKY 00-
PpOOKH, MOKYTh MaTH Pi3Hi CIIOCOOU OIMHUCY Ta pobo-
TH 3 BXIIHUM 300pa)XeHHSM, aje BCi pe3yJbTyIodi
EK3eMILISIpY 300pakeHb MMOBHHHI MATH CIUIBHI eJie-
MEHTH 3 BXOJIOM, 3a3HAYCHUM KOPHCTYBaYCM.

IHTepdeiic

Kopuctyeaui KORMETYBRHa

3anur

(npuknag \\h
3obpameHHa)

EHGK
PesyneTatu| |« —
obpobrn

ir“n} i

- e,

IHaekKc

000

Baza
AaHuX

3BOPOTHIA
3B'A30H

Puc. 3. Cucrema momryky 300paKeHb 3a 3MiCTOM

Jlo HaHTIPOCTINUX aITOPUTMIB MOXKHA BITHECTH
MOLIYK 32 IHTEHCUBHICTIO 300payKeHHSI.

CyTHICTh QITOPUTMY TOJIATAE y 3MEHIICHHI I0-
piBHIOBaHUX 300pakeHb A0 po3Mmipy 15x15 mikce-
mB. IloTiM BH3HAYAETHCS IHTEHCUBHICTE Y LHX
300pakeHb, 3aJIEKHO Bill KOJipHOi Mojeni, 3a ¢op-
MyJoro (s komipHoi moaeini RGB) [7].

Y=0,299-Red + 0,587-Green + 0,114-Blue.

OO6uuciieHHs! IHTEHCUBHOCTI JTa€ MOKJIMBICTb T10-
pIBHIOBAaTH 300payKeHHsI HE 3BEPTAIOYM yBary Ha ix
kosibopH. [licns oOpaxyHKy iHTEHCHBHOCTI yCiX K-
ceniB B Marpuisax 15x15, MokHA Ii3HATUCS BiJIHO-
IICHHS IHTEHCHBHOCTI KOXKHOTO TIKCEJS 10 cepel-
HBOTO 3HAYCHHS IHTCHCUBHOCTI yciel MaTpuii. JlaHi
BiJTHOIIEHHS HEOOXimHI Ui GOpMYyBaHHS OIXHOMIp-
HOT'O MacUBY JIOBKUHOMW 225. [lai 3a hopMyoro

_arrayl &array?
225

ne P — BimcoTtok momiOHOCTI, arrayl & array2 —
MOBEPTaE MACHUB, IO MICTHThH BCi 3HaueHHA arrayl,
AKI TPUCYTHI B array2, BHPaxOBYETHCS BiJICOTOK
MOAIOHOCTI TBOX 300paKeHb.

JIo CKIAAHINIUX aJrOpPUTMIB MOXHA BIJIHECTH
MOIIYK 3 BHKOPHCTAHHSIM HEHPOMEPEHKEBUX KIACH-
¢ikaTopiB Ta iH.

Xoya TONIYK Ha OCHOBI KOHTEHTY € JIOCHTb
3pYYHHM, Ta BCE K BiH OiJIbIlle MPUCTOCOBAHHHU [0
CTaTHYHUX 300pakeHb, a He [T Bi/leo, i HOro peari-
3ais IyKe HeTpoCTa.

3aco6u PIC 103BOJIATH TAKOXK 3A1HCHIOBATU IO-
BHOTEKCTOBUH MOIyK. [lepeBaroto MmoBHOTEKCTOBO-
My TIOIIYKY € MOMJIHMBICTH MOP(OJIOTIYHOTO Ta Cce-
MaHTHYHOTO IOIIYKY.

[IpoTe 11 MOBHOTEKCTOBOTO MONIYKY HEOOXiTHE
MOCTiliHE HAMOBHEHHS 0a3u ¢akrTorpadiyHoO iH-
dopmariero. Pakrorpadiuna indopmariiiina cucre-
Ma HAaKOMHMYY€ BiOMOCTI MPO KOKHUI KOHKPETHHIHA
MyJIbTUMeNIHHUN 00’€KT B 0a3i JMaHWX, CTaBUTH Y
BIJITOBIAHICTE 3aIIMC, 10 CKIAJAETHCS 3 BUZHAUEHO-
ro HabOpy XapaKTEepHUX Ui I[bOI0 00’ €KTY PEKBi-
3WTIB, TAaKWUX, HAMPHUKIAJ, SK (Gopma, KOIip, OmHC,
JKaHp, THII 1 T. iH.

P 100 %,
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Kommnexr iHpopmaniitnoi 6a3u B ¢axTorpadiu-
HI CHCTeMi BKIIFOYAaE, SK MPaBHUIIO, 00OB’SI3KOBHI
Tporiec CTpyKTypm3artii BximHoi indopmariii. CTpyk-
TypH3alis MpH [OMY 3/IHCHIOETHCSI Yepe3 BU3HA-
YyeHHs iHQopMamiiHUX 00’€KTIB MEBHOTO THUIY, iH-
(dhopmarist Ipo SKUX OepeThes 3 3alOBHEHUX PEKBi-
3uTiB [5].

Crpykrypu3zauis ¢pakrorpadgiyHux JaHUX

Crpykrypu3aiis JaHUX, TepIl 3a Bce, HeoOXigHa
JUTsI BUKOHAHHS OCHOBHHIX omeparlid 3 HuMHu. Kommn
KUTBKICTh 00’ €KTIB AJIS1 MOUTYKY NOTEHLIHHO BeJIHKa
a00 KiNbKICTh TIONIYKOBUX 3aITUTIB € JOCHUTH iCTOT-
HOW0, Mpo0JieMa IOBHOTEKCTOBOI'O IOIIYKY YacTo
JIUIMTHCS HA JiBA 3aBJaHHSA: IHAEKCAIlii Ta MOIIYKY.
Etan innmekcamii «ckaHye» TEKCT yCiX PEKBIi3UTIB i
CTBOPIOE CIIMCOK TONIYKOBMX TepmiHiB. Ha cranii
MOIIYKY, IPY BUKOHAHHI KOHKPETHOTO 3aIluTy, HaJl-
CHJIAE€THCS TUIBKH 1HIEKC, a HE TEKCT OPUTiHAIBHOTO
pekBizuty. [Hmekcatop poOUTH 3amuc B iHACKC IS
KOXKHOTO TepMiHy abo cioBa, 3HaWmeHoro B 0a3si
PEKBI3HTIB.

Hdyxe dacTo B MyJbTUMENiHHHMX Oa3ax IaHHX
00’€KTH HaMaraloThCs CTPYKTypyBaTH 3a i€papxid-
HOIO MoJeiuT0. ToOTO croyaTKy OpraHi3yBaTH iX 3a
MEBHUMHU KaTeropisMH, MOTIM PO30OUTH iX Ha migka-
TEropii, a Ti B CBOIO 4epry, Ha OLIbII By3bKi KaTero-
pii. AHaJOTIYHMM YHHOM OPTaHI30BYETHCA (DAKTO-
rpadiuna indpopmauis. [IpyyoMy 4nm BHIAa KaTero-
pisi, THM MEHIIIe BOHA 3MIHIOETHCS B 0a3i.

IIpote, cTBOpeHHS MOaeT i 30epiranHs iepap-
XIYHUX JJAHUX HEMPOCTE 3aBIaHHS.

CraHIapTHOIO TEXHIKOW Uil MOJCTIOBaHHS
iepapxidHuX CTPYKTyp B TexHoorii NoSQL € Bkia-
JIeHI MHOXKWHHM [8]. BOHa MIMPOKO BUKOPHCTOBYETH-
cs B peNsliiHUX 0a3axX JaHWX, ajie BOHA 1ICabHO
MOke OyTH 3aCTOCOBHA JI0 PEKBi3UTIB (hakTorpadiu-
HOI CUCTEMH.

IepapxiuHa cTpyKTypa Iie MOJEINb, ¢ YiTKO BiJ-
CTEXKYETHCS 3B’ 30K OATHKIB 1 HaNIanKiB. Y BUMAIKY
3 1EpPapXITHOI0 CTPYKTYPOIO KOKHHUH BY30J1 TOBUHEH
Matu cBiii yHikanpHuit ID 1 ID cBoro Oarbka
(puc. 5). Cami ID He MarOTh HiSIKOTO BiJHOIIEHHS 1O
JaHUX, BOHM JIUIIE CIYTYIOTh YHIKaIbHUMH BU3HAU-
HUKaMH By3J1a.

Puc. 5. Cxema iepapxiqHoi CTPYKTYpH JaHUX

© Asapenko O. B., Kyxinincekuit M. B., Kiimosa A. C., 2018

Imes BKiIageHUMX MHOXXMH TOJSTa€ B TOMY, IIO
3amicTh ID 0OaThka BHKOPHCTOBYETHCS JIiBE i TpaBe
3HaYeHHs By3sa, To6To ID miBoro i mpaBoro cycima
Toro camoro piBHs. [Ipuyomy ID cyciniB oTpumy-
I0ThCS 332 0COOIMBUM anroputrmoM (puc. 6) [9].

Puc. 6. Cxema iepapxiuHOi CTPYKTYpH 3 BKIIQJICHUMH
MHOXXHHaMH, Ta aIropuT™ otpumanus 1D cycinis

Bruraneni MHOXUHH Tyke e()eKTUBHI TIPH OTPH-
MaHHI CIIMCKY HaIaAKiB eJeMeHTa. AJe € 1 CBoi He-
JIOJIIKY, HANPHKIIAJ, TIPU BUIAJICHHI ab0 J07aBaHHI
By3/la HEOOXiZHO BHKOHYBaTH BEJHKY KUIBKICTb
OHOBJIEHHX fMaHuX B 0a3i. ToMmy 1 CTpyKTypa I0-
cuTh e(eKTHBHA JIMIIE JJI1 HE3MIHHMX JaHUuX, Y
3B’SI3KY 3 UMM MOXXHa PEKOMEHIYBaTH I BUKOPHC-
TaHHSA y ¢akrorpadiuHiii iHbopMaIiiiHii cucTemi
KOHIIETIIIIIO CXOBHINA TaHUX.

BucHoBok

dakrorpadivyni iHpopMaliiiHi cUCTEeMHU oOmepy-
10Th (PaKTHYHUMH BiJOMOCTSIMH, TPEICTABICHUMH Y
BHTJISIII CTIEIiaTbHIM YHHOM OpPTaHi30BaHUX CYKYII-
HOCTel (opMani3oBaHMX 3aluCiB JaHUX. 3acTOCy-
BaHHs migxonis ®IC, MeToaiB KOHTEHTHOIO Ta IMOB-
HOTEKCTOBOTO TOIIyKy, TexHoyorii NoSQL Ta koH-
LENIil CXOBHINA JaHUX 10 00 €KTIB MYJIbTUMEIiN-
HOT 0a3u JaHMX, NaCTh MOXKIIUBICTh CYTTEBO ONTHMi-
3yBaTH poOoTy 0a3u Ta 3abe3meuuTH i OLTBIOTY Ha-
AHICTB.
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Aszapenko O. B., Kykuaincekuii M. B., Kiuivosa A. C. L
GAKTOI'PAC®IYHA IHOOPMALUIMHA CUCTEMA MYJIIbTUMEAINHOI BA3U JAHUX

Y cmammi npusedeno eupiwenns npobremu niosuwjeHHs eQexmueHOCmi KepyeaHHs MyIbmMUMeOiiHUMU
00 exmamu, sAKi 30epieatomobcs 6 0a3i 0aHux. Y AKocmi pileHHs Po32iA0AEMbCA 3ACMOCYBAHHA (AKMOSPADTUHUX [H-
opmayivinux cucmem, nPUYOMy He MIiIbKU O peanizayii 008I0Kosux QyuKyil, ane i 018 eupiulerHst 3a0ay 00pobKu
OaHUX, MAKUX 51K 66€0eHHsl, 30epPIcantsl, COPMYBAHHS, NOULYK MA CMpPYKmypuzayis 0anux. ¥ cmammi po3ensioaiomscs
OCHOBHI npobaemu, AKI GUHUKAIOMb NPU NPOEKMYBaHHI 6a3 OaHUX 3 MYTbmumeOiliHuM KoHmenmom. JJani npobremu,
3a36U4all, BUKIUKAHT XAPAKIMEPUCMUKAMU, SKI nPUMamanii auwe myavmumeoivinum oanum. Came 3 ypaxy8aHusam yux
Xapaxmepucmuk HPOROHYEMbCSL PA30M 3 (akmozpagiunolo ingopmayiinoio cucmemoro euxopucmantus NoSQL y
AKOCmi 000amK080I MEXHON02Il 05 peanizayii MyIbmumediliHoi 6a3u OaHUX, 3aCMOCY8AHHA KOHYenyil cxosuua 0anux
ma cxemu i€papxiunHoi cmpykmypu 3 6KIA0EHUMU MHONCUHAMU. 3aNPONOHOBAHI NIOXO0U CMBOPAMb YMOBU U000 Nio-
BUUEHHS NPOOYKMUBHOCIE (DYHKYIOHYBAHHSA IHOPMAYIUHUX CUCmEM MYTbMUMediiHux 0a3 0anux HeoOXioOHi Ol npeo-
cmagnienHst RIOCYMKOBUX Pe3yTbmMamie, ki npeo saeisiiomvbCst KOPUCTY8AYaAMU.

Knrouosi ciaoBa: myneTuMmeniiina 6a3a maHux; dakrtorpadiuna iHdopmariiiHa cucTeMa; cHCTeMa KepyBaHHS 0a30l0 NaHHX;
NoSQL; xoHIenmis CXOBHINA JaHUX; iepapXidHa CTPYKTypa 3 BKIQJACHUMH MHOXHHAMHU.

Azarenko O., Kuklinskyi M., Klymova A.
FACTOGRAPHIC INFORMATION SYSTEM OF MULTIMEDIA DATABASE

The article provides a solution to the problem of improving the efficiency of managing multimedia objects that are
stored in the database. The use of factographic information systems is considered as a solution, and not only for the
implementation of reference functions, but also for solving data processing tasks such as data entry, storage, sorting,
searching and structuring. The article discusses the main problems encountered in the design of databases with multi-
media content. These problems are usually caused by characteristics that are inherent only in multimedia data. It is
with these characteristics in mind that the use of NoSQL as an additional technology for the implementation of a multi-
media database, the application of the data warehouse concept and a hierarchical structure with nested sets is pro-
posed along with the factographic information system. The proposed approaches will create conditions for improving
the performance of the information systems of multimedia databases necessary for the presentation of the final results
presented by users.

Keywords: multimedia database; factographic information system; database management system; NoSQL; data warehouse con-
cept; hierarchical structure with nested sets.

Azapenko E. B., Kykauncknii M. B., Knumosa A. C. . .
DGAKTOI'PAONYECKASA NHO®OPMALHWOHHASL CUCTEMA MYJbTUMEJIMMHOU BA3bI
JAHHBIX

B cmamuve npusedeno pewienue npobiemvl nosviuienus 3¢ppexmuenocmu ynpasienus MyibmumeOuiHbiMu 00bex-
mamu, Komopule XpaHamest 6 6aze OaHHblX. B kawecmee pewenus paccmampusaemcs npumenenue paxmozpaguieckux
UHPOPMAYUOHHBIX CUCEM, NPUYEM He MONbKO OJis Peaiu3ayuu CHpagoyHblx QYyHKYuLl, HO U OJi peuleHust 3a0ay obpa-
OOmMKU OAHHBIX, MAKUX KAK 6600, XpaHeHue, COpMuUposKa, NOUCK U CmpyKmypuposanue oaunvix. B cmamve paccmam-
PUBAIOMCS OCHOBHbIE NPOOIEMbl, BOZHUKATOWUE NPU NPOEKMUPOBAHUY 6A3 OAHHBIX C MYTbMUMEOULIHLIM KOHMEHMOM.
Jannvie npobnemvi, Kax npasuio, 6vlI36aHbl XapaKMePUCMUKAMY, KOMOPble NPUCYIU MOTbKO MYTbMUMEOUIHBIM OaH-
HolM. FIMeHHO ¢ yuemom smux Xapakxmepucmux npeoiazaemcs emecme ¢ (hakmoepapuyeckoii uHopmayuonto cuc-
memotl ucnonvzosanue NoSQL 6 xauecmee OONOTHUMENbHOU MEXHOIO2UU OISl Peanu3ayuu MyIbmuMeOuHol 6asvl
OaHHBIX, NPUMEHEHUEe KOHYENYUl XPAHUTUUA OAHHBIX U CXEeMbl UEPAPXUYECKOL CIPYKIMYPbL C 6LOHCEHHBIMU MHONCECH1-
samu. I[Ipednosicennvle nooxoovl co30ad0ym ycioeus OJisi NHOSbIULEHUS NPOU3BOOUMETbHOCMU QYHKYUOHUPOBAHUSL UH-
opmayuonnvix cucmem mMyibmumMeOUHbIX 6a3 OAHHBIX HEODXOOUMBIX OISl NPEOCMABNEHUsL UMO20BbIX PE3YIbMamos,
KOmMOopbie NpedvAGIAIOMCs NOAb30BAMENAMU.

Knrouessble ciioBa: MynpTUMeAniiHas 6a3a AaHHBIX; (axTorpaduyeckas HGOPMAIOHHAS CHCTEMa; CUCTeMa YIpaBieHHs Oa-
301 JaHHbIX; NOSQL; KOHIETIMS XpaHWIIHILA JaHHBIX; HepapXuyuecKast CTPYKTypa C BIOKCHHBIMH MHOXKECTBAMHU.

Cratrs Hagidwia 1o pepakuii 04.09.2018 p.
[MpwuitasTo mo npyky 18.09.2018 p.
Peniensent — 1. T. H., npo¢. 3iatainos FO.K.
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BJIOCKOHAJIEHHS METO/IIB KOMIEHCAIII PYXY JTUHAMIYHUX OB’€EKTIB
Y BIZEOIIOTOLI B CUCTEMI BIJEOKOH®EPEHII3B’A3KY

Beryn

VY 3B’s3Ky 3 OypXJIMBUM PO3BUTKOM MEPEKEBUX,
a TAaKOXK KOMYHIKaIlifHUX TEXHOJOT1H, 30UTBIICHOI0
MIPOYKTUBHICTIO KOMIT IOTEpiB 1 3 HEOOXiTHICTIO
00po0sITH Bce Oinblry KinbKicTh iHQopMamii (sK
JOKallbHY, MEPEXKEBY TaK 1 MDKMEpEeXeBy) 3pociia
POJIb TIPOTPaMHOTO 3a0€3MEUCHHS 1 YCTaTKYBaHHS.

Bimgnanenuit noctym, QUcTaHIliiHA OCBITa 1 yII-
PaBJIHHS, a TAKOX KOIITHU Ha MPOBEJCHHS BiJICOKO-
HpepeHIIii, mepekKnBaIOTh MEepiol OyPXIMBOTO 3PO-
CTaHHSL.

Bce mne mnpusHayae mMoNermuTH 1 30UTBIIATH
e(eKTUBHICTh B3a€MOIIi JIFOJIUHU 3 KOMIT IOTEPOM, a
TaKOX 1 TPYIl JIOMed 3 KOMIT IOTepaMu, 00’ €mHa-
HUMU B MEPEIKY.

Bineoxondepenmii HamarOTh MOXIJIHMBICTH Tpa-
IFOBATH 1 CIIIKYBaTUCS B PEXKHUMI peaTbHOTO Yacy, a
TAaKO’X BUKOPHUCTOBYBAaTH KOJICKTHBHI JOJATKH, 1H-
TEpaKTUBHOTO OOMiHY iH(pOpPMALII€TO.

BineoxondepeHIii MOYNHAIOTH PO3TISIIATH HE
TIJIBKY SIK I[OCHh €KCIIEPUMEHTAJIbHE, a U SIK YacTKO-
B€ BHUPIIICHHS MPO0JIeMH aBTOMAaTH3AIlI1 AisUTBHOCTI,
110 JIa€ CYTTEBY TepeBary MOPiBHSIHO 3 TPAUIIHHUMH
PITIICHHSAMH.

B ocHOBi anropuTMmiB KOIyBaHHS BiJICONIOTOKY
JCKUTh HaaMipHICTh iH(opMamii i 0coOIMBOCTI
JIOJICEKOTO CIIPUAHATTS Bi3yaJIbHOTO 300paKEeHHSI.
300paXeHHs 3MIHIOEThCS TIABHO, HEBEJIUKI CITOTBO-
PEHHS TIpW BiJHOBJICHHI 300pakK€HHS CTAlOTh HETo-
MiTHUMH. Tak 3’SBUNHCA aNTOPUTMU KOJYBaHHSI
BIICONTOTOKY 3 BTPaTOIO SKOCTi. Taki amropuTMu
JIO3BOJISIIOTh €()EKTUBHO KOJyBaTH BiJICOTMOTIK, alie
HE TapaHTyIOTh TOYHE BiJHOBJICHHS iH(QOpMAIii.

AHaJi3 ocTaHHIX JOCTiUKeHb 1 myoaikanin

[MpoananizyBaBImM OCTaHHI HayKOBi MyOJiKarii
MOXKHa CKa3aTH, L0 KOAEKM Ha 0a3i craHmapry
MIJPEG BpaxoBYIOTh TUILKH BHYTPIIIHBO KaIpOBY
3aJIeKHICTh BIUTIKIB BifgeoiHpopmarii, i ToMy Ma-
I0Th HU3bKY OOYMCIIOBAJIbHY CKIAIHICTh, aje INpH
IIOMY ITOCTYTAIOTELCS 32 €(DEKTUBHICTIO KOTyBaHHSI.

H.264, MPEG-4 Part 10 abo AVC (Advanced
Video Coding) — niueH30BaHUN CTaHAApT CTHUC-
HEHHs BiZIcO, MPU3HAYCHUH JUIsi JIOCITHEHHSI BHCO-
KOTO CTYIICHSI CTUCHEHHS BiJIEONOTOKY Ipu 30epe-
JKeHHi BHCOKoOi sikocTi. Cranmapt H.264 naniitaui,
MiATPUMYETBHCS MPAKTUYHO OyAb-SKUMH TPHCTPOS-
MU 1 1ae TapHe cTHCHEHHs. Bimeo, sxocti HD, 6yae
BiIOOpakaTUCSl 31 IMIBUAKICTIO TIOTOKY HE OLIbIIe
7-8 MO06it/c, y TOW 4Yac sAK TOMNEpeHiil craHmapT
(HD, MPG-2) Bumaras 12—-20 M0it/c, mpuOIM3HO B
JIBa pa3u OiIbIIIe.

HoBuii cranmapt B xogexy H.265 3mir cyTreBo
3MEHIIUTH PO3MipH CTUCIHX (aillliB 1 THM caMuM
3aCITy’)KHB MIDKHApOJHE BHU3HAHHs, SK 3aci® mpocy-
BaHHs HOBHX (QopmaTiB Bineo. Y H.265 Buxkopucrani
HOBI TEXHOJIOTii CTHCHEHHS 1 «PO3yMHa» MOJEIb
KOJlyBaHHS/IEKOAYBaHHA, IO J03BOJISIE €KOHOMHO
BUKOPUCTOBYBaTH TPOIYCKHI pecypcu kanany. Ko-
JeK po3poOsBCs 3 ypaxyBaHHIM yCiX OCOOIMBOC-
terr 4K (miarpumky 10-6iTHOTO BificO, BHCOKY dac-
TOTY KaJpiB).

3 momenTy nosiBu H.264 mpoBoauiucs YuciieHHi
MOPIiBHAHHSA Mboro ctanmaapty i MPEG. PesynbsraTh,
3a3BU4ail, mokazyBaiu Burpaii B 1-3 n1b cranmapty
H.264 B mmpoxoMy aiana3oHi MBHIKOCTEH KOAY-
BaHHs. BizyansHo Binmeo, B ctanmapti H.264, Takox
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BUIIIAJAE Kparie (0araTo B 4OMY 3aBIISIKH BHKOPHC-
TaHHIO AeOnovHoro ¢inbTpa). Bimzrauumo, mo mis
BHCOKOTEKCTYPOBAHHUX 300pa’KCHb BEIMKOI Pi3HHII
HE crocTepiraeTbes. Y 0araTtbOxX TecTax Pi3HHIS T10
e(eKTUBHOCTI KOAYBaHHS MiXX OKPEMHUMH BiJEOKO-
nekamu H.264 nocsrae pBox i1 Ounpmme pasiB. OTxke,
oyns to MPEG abo H.264 — ocHoBHa e(eKTHB-
HICTh KOJICKIB 3aCHOBaHa Ha HIOAHCAX peaizarlii.

Meta craTTi (IOCTAHOBKA 3aBJAAHHSI) — IPO-
BEICHHS JOCTI/DKCHHS METOMIB KOMIICHCAIII pyXy
JUHAMIYHUX OO0 ’€KTIB B CHUCTeMi BiJICOKOH(]e-
PEHLBB’SI3KY.

Buknang ocHoBHoro marepiaay. BineokoHde-
peHtis (Big aHri. videoconference) — o0nacthb iH-
(hopmartitfinoi TexHomorii, Mo 3abe3neyye ogHOYAC-

HO BOCTOPOHHIO mepenady, oOpoOKy, IepeTBOpeH-
HS Ta TpeJCTaBIeHHs iHTEPaKTHBHOI iH(oOpMaIii Ha
BIJICTaHb B PEKUMIi PEaTbHOTO Yacy 3a JTOTIOMOTO0
anapaTHO-NPOrpaMHKUX 3aC00IB  OOYMCIIIOBAIBHOT
TexHikH [1].

B3aemoniro B pexkuMi BijeokoH(EpEHIIIH TaKOX
HA3MBalOTh CEAHCOM BiJIC€OKOH(EPEHII3B A3KY.

BigeokoHdepeHI3B 130k — 1ie TeNeKOMYyHiKa-
[ifHa TEXHOJIOTisl IHTEepaKTUBHOI B3aeMOJIii TBOX 1
OlIbllIe BigJajdeHMX aOOHEHTIB, 3a AKOI MK HHUMU
MOXJIMBHI OOMiH ayio- i BifieoiH(opMmalliero B pe-
aNbHOMY 4aci, 3 ypaxyBaHHAM Mepeaadi Kepyrounx
nmanux (tabm. 1). [liarpama, mo mokasye ooOcsr iH-
(hopMaIfiiiHoro MOTOKy 3aJIEXKHO BiJ] pO3MIpY Kaapy
1 TIMOMHM OUM(pPOBKH MiKCENiB, IOKa3aHa Ha puc. 1.

Tabnuys 1

XapaKkTepuCTHKH 3HA4YeHb cepeHbOI IBHIKOCTi NOTOKY HEKOJOBAaHOI BifeoiHpopmanii
3aJIe5KHO BijJl MPOCTOPOBOIO A03BOJIY i YacTOTH KajApiB s komiuiekcis BK3 y Bitomunx cucremax ynpabJ/iiHHS

PiBHi sixocTi dopmar HopmanbHblit [MinBuiieHnit Bucokuit [Mpocynytuit Advantage
BiZIC0300paKEHb GIF (SD) (ED) (HD) (Full HD) HD
Kinbkicth 320 - 352 640 720 1280 1280 — 1920 | 1920 — 2048
PAIKIB
Po3ninsHa
37aTHICTD 240 — 288 480 — 576 480 — 576 720 720 — 1080 1080
10 BEepTHKaII
Hacrora 2430 2430 50 50 24— 30; 50 48; 60
KaJ[piB/ceK
Cepenns mIBUAKICTH 66 252 500 1105 1500; 2500 | 2548; 3180
(M6iTt/cek)
m M6iT/c
400
300
200
100
; o B
800x600 1024x768 2048x1536 4096x3072

Puc. 1. O6csr inpopmarniiitHoro notoky (MOiT/c) 3ayieKHO Bil po3Mipy Kaupy i IIIMOUHU
oundpoBKH NikceniB (yacrora kaapiB 50 kaapis B ¢)

HaBeneni oIliHKM BHUKOHAHI HAa OCHOBI aHaJi3y
OCHOBHUX  XapaKTCPUCTHK  TEICKOMYHIKaI[iiTHIX
TEXHOJIOTIH, III0 BUKOPUCTOBYIOTHLCS IIPH OpraHizaril
BK3 B cucremi ynpasiiHHs BiiChbKaMH 1 OIIIHOK He-
00XiTHUX O00CHTIB BifeoiHpopMaIliitHOTO pecypcy
BK3 3amexHo Biji HEOOXiTHOTO MPOCTOPOBOTO JI0-
3BOJIy BiZIe0300paxkeHb i yacToTh KaapiB. [Ipn TeH-
JICHIIIT 3pocTaHHs 00CATIB BifeoiHdopMarlii i He 3a-
Oe3rneueHHs BiAMOBIIHUMHU JaHUMHU OOCATaMH IIPO-
TyKTABHOCTI TEXHOJOTIH Tepemadi Ta 0OpoOKHU Bill-

eoindopmarii B komriekcax BK3 BUHUKaIOTH yMO-
BU TMOpYLICHHS KaTeropiii Oesmeku BineoiHop-
Mariaoro pecypcy BK3 — mocrymHocTi Ta 11iiic-
HocTi [1].

Bucoka skicTe 3ByKy 1 THOBHOEKpPaHHE Bieo,
omepaTHBHHNA OOMIH JOKyMEHTaMH 1 naHuMH (110
JIO3BOJISIIOTH BiZicOKOH(DepeHtIlii) mae 1mpoMy iHCTPY-
MEHTY JUCTAHIIMHOTO CIUIKYBaHHS HaWIIMPIINA
CHEKTp MPaKTUYHOTO 3acTocyBaHHsA. Ha croroaHi mi
CHCTEMH B)X€ 3HAHIIIM 3aCTOCYBaHHS y BEJIMKUX
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KOMITaHisIX, IOpUAMYHHUX (ipMax, B MEIUIMHI Ta
30poriHux cunax. llicns TenmedoHHUX PO3MOB iH-
dopmaris, SKy OTPUMYIOTH BiIl CITIBPO3MOBHHKA
ciyxaui, mocsarae, B cepeanbomy, 10 10 % Bix 3a-
rajibHOro 00cATY iH(OpMAIii.

ITix gac TemeOHHUX TIEPETOBOPIB 3 MOKITUBICTIO
0OMiHY TaHMMH, 0OCST 3aCBOEHOT iH(opMallii MOXKe
OyTH 301bIIeHUH TPUOIU3HO 10 25 %.

VY pasi SKII0 € MOKJIHMBICTh IPOTITOM Oecinu Bi-
3yaJIbHO CTEXHUTHU 3a CIIBPO3MOBHHKOM, € MOXIJIH-
BiCTh 3a0e3MeYnTH 3aCBOIOBaHHS iH(popMaIlii 10
60 %. Arne He TINBKU LS CTATUCTHKA NEPEKOHYE HAc
B TOMY, IO BiICOKOH(EPEHIIis A03BOJIIE 3abe3Ie-
YyBaTH 3B’ 30K HOBOT'O PiBHS.

Ha npakruii, BineokoHpepeHiisi — 1i¢ He3aMiH-
HUH TTOMIYHUK B YIPaBIiHHI 1 B3a€MO/Iii BiiCHKOBH-
MH TIPO3AiJIaMHU, SIKi TEPUTOPIaNbHO PO3HECEHI,
KOHCYJIbTYBaHHS B YIpaBJiHHI BilicbKamMu JOCBiJI-
yeHMMH (axiBIsIMU, y 3a0e3lMeueHHi MOpallbHO-
TICUXOJIOTIYHOI MATPUMKH BiHCHKOBOCITYKOOBIIIB B
30HaX MPOBEICHHSI OOWOBHUX [, B TEJICMEIUIIMHI, Y
repenadi ayaioBi3yallbHOI Tiepefadi 3 moist Oofo.
[Ipu oMy HeMae HissKoi HEOOXiTHOCTI BiAIpaBIIs-
TH iX B JOpOTi BimpskeHHs. ExkoHOMis Ha Bimpsi-
JDKEHHI BUTpAT L€ HE BCi MepeBaru, roJioBHE — 3a
JIOTIOMOT OO BUKOPHCTaHHS BiJleoKOH(epeHIIii
30UTBITY€ThCS €(PEKTUBHICTE POOOTH.

BineokondepeHiiss Moxe OyTH OpraHi3oBaHa IO
IPOTOBHX Ta OE3APOTOBMX KaHayiax 3B’s3Ky. lIpo-
BiIHI KaHaJTW BIAPI3HAIOTHECA Big OE3IPOTOBUX
MIBUJKICTIO TMepenavi JaHUX, BapTICTIO MOOYIOBH,
MPOCTOTOIO pearizalii.

OcranHiM 9acoM HaOyJH TIOMIMPECHHS CHCTEMU
noctyny 1o IHTepHeTy, 1o 6a3yroThcs Ha BUKOPHC-
TaHHI CHCTEM CYIYTHHKOBOTO 3B’s3Ky. OCKIJIBbKH
nepeaaBanbHe 00JaJHAHHA KOIITYE TOCUTH JOPOTO,
0araro KOMITaHIi  BHUKOPHCTOBYIOTH  CHCTEMH
DirecPC. Haiivyacrime npu po6orti 3 IHTepHeT BXif-
HUH Tpadik (To0TO, «3 IHTEpHET») HabaraTo BUIIE
BuxigHoro. Crucremu DirecPC sk mpuiiMansHi mpH-
CTpOi BHKOPUCTOBYIOTh CYITyTHUKOBI aHTEHH, a Iie-
penaroTh iHpopMaLilo Bii KopucTyBayiB B [HTepHET
10 3BUYalHUX Ha3eMHUX KaHaJlaX 3B’s3Ky. 3BUYAlHI
CYITyTHUKH 3B’SI3Ky 3HAXOIATHCS HAa CTalliOHAPHUX
opOiTax Ha BHCOTI OJu3bko 35 kM Haja 3emiero. Ho-
Bi  Hu3bKoOpOiTampHi  cymyTHHkKH  (low-orbit
satellites) mpamroroTs Ha opOiTax, MaKCHMaJILHO Ha-
OMKEHUX O 3€MHOI TOBEPXHi, IO JO3BOJIAE iM
NpUiAMaTH CUTHAJIM HaBiTh BiJl MaJONOTYXXHHX IIe-
penaBadiB. Taki CYIMyTHHKH CITOKMBAIOTH MCHIIIC
eHeprii, a iX 3amyCcK 1 eKCIUTyartallis O0XOIUThCS
3HAYHO JICIIEBIIE TPAAULIHAX CyyTHUKOBHX CHC-
TEeM 3B’s3Ky. BHKOpHUCTaHHS HHU3BKOOPOITAIbHUX
CYILyTHHUKIB POOUTH MOXIIMBUM KOPHCTYBaTHCA IIO-
cilyramu 3B’s13Ky, nepeOyBatoun B OyIb-sIKii TO4Ii
3eMHOT KYJIi.

BapianTu TexHOJOTiYHOI peanizalii, TeleKoMy-
HiKalliiHa Mepe)ka 3a3BUYall MICTUTh PI3HOMAaHITHI
armapartHi i mporpaMHi KOMIIOHCHTH, SKUM HE0OXin-
HO TpaIOBaTH CHUIBHO, 00 MepenaBaTH iHGopma-
mito. Pi3HI KOMIIOHEHTH MepexXi «CIUIKYIOTHCS
OJIMH 3 OJHHUM, JOTPUMYIOUHCH IIEBHUX MPABUII, IO
J03BOJISIE 1M TIpalfoBaTd BciM pazoM. Takuii Habip
NpaBWJI, IO PETyJIIoE Mpolec Mepeaayi JaHuX Mix
JIBOMAa TOYKAMH MEPEXki, HA3UBAETHCS MPOTOKOJIOM
(protocol). KoxxeH mpucTpiii B Mepexi Mae Tpa-
BUJIBHO «PO3YMITH» MPOTOKOJI iHILIOT'O MPUCTPOIO.

Edexrusnicts cucrem BK3, y miit crarri,, po3-
TISIIAETRCS, SIK ONICPATUBHICTD TIepeIadi BiZCOTIOTOKY.

MeTtonu CTHCHEHHs MOIUIAIOTH HAa MBI TPYIH:
METO/U 3 BTPATOIO SIKOCTI 300paykeHb 1 MeToau 6e3
BTpaTH SKOCTi. MeTox CTHCHEHHS 300pakKeHHs 0e3
BTpaT — II€ METOJ], IPU SKOMY HE TPOBOJAUTHCS Hi-
AKOT BTPaTH SIKOCTI 300payKeHHs MOPIBHIHO 3 BUXIiJ-
HuM [2]. HectucHene 300paskeHHS MaTeMaTUYHO
imeHTHYHE Horo opuriHamry. CTuUCHeHHS Oe3 BTpaT
3a3BHYail 3a0e3redyy€e MEHII KOe(illieHTH CTUCHEH-
HSl, HDK CTUCHEHHS 3 BTpaTaMu.

IcHyrodui MeTonm CTHCHEHHS He 3a0e3IedyroTh
e(ekTUBHE (YHKIIIOHYBaHHS CHUCTEM 00’ €KTHBHOI'O
BiZlcoKOHTpoOtO. Lle mposBIs€eTbCS B 3aTpUMII Bi-
noOpakeHHs iH(popMaIlii Ha eKpaHi oreparopa, B
HU3BKIN SIKOCTI OTpUMaHOI iH(opMarrii.

Komnencanis pyxy € OIHI€I0 3 HAHBaXKIUBIIIAX
cknanoBux yactuH crangaptisB MPEG 1 i MPEG 2.
Meton KOMIIEHCAITIHHOTO TepeadaueHHs pyXy JHo-
3BOJISIE 3HAYHO 3MEHIIUTH YacOBY HaJAMIpHICTH Bij-
eornoToky [4]. SIkmo HAaCTynHHMH Kaap MiCTUTBH 3Cy-
HYTI YaCTUHHM NONEPEIHBOI0 Kaapy, TO B LIbOMY BH-
MajKy BUTITHO MEpelaBaTH HE BECh Kajp, a TUIbKU
iH(pOpMAaLiIo PO PyX 1 3MIHU 3PYIIEHOTO MiKCES.

AJNropuUTMH KOMIICHCALIl pyXy MOXHA IPOBECTH
3a TaKUMH KPUTEPiSIMHU:

* aHAJII30BaHUM eJIeMEHT — Kajap, OJokH, abo
00’€eKTH;

* THII pyXy — OIlepalii napaienbHuX 3pYyIIEHb,
MOBOPOTIB, MacIITa0yBaHHS;

* Mipa NPUHHATTA PillICHHS.

IcHyt0TH Taki MeTOaM KOMIIEHCaUii pyxy:

* MIKCEILHUH METOT,

* 00’ €KTHHUH METOL;

* METOJ 3icTaBJICHHS OJIOKIB.

[TikcenbHHUI METOJ € OMHUM 3 HaHOUIBIT paHHIX
METO/IB KoMIeHcalii pyxy. KommeHcamis mpoBo-
JIUTHCS OKPEMO Ul KOKHOTO MiKcens Kaapy, IO
PO3TIISIAETHCS KIIac TIePEeTBOPEHD — JIiHIMHI 3CYBH.

[inxin 3acHOBaHMI Ha MPUITYIICHHI, 10 SCKpa-
BICTb MOKHa HAONM3WTH JiHIHHOIO (YHKII€IO Bix
MOJIOKEHHST TOYKH B Kanpi. lle mpunymuenHs cmnpa-
BEITMBO TUTBKHU IS MMOPIBHSHO HEBEIMKIA OKOJIHII
i€l TOYKH, IO ICTOTHO 3HHXKYE 00JACTh 3aCTOCY-
BaHHs JAHOTO METOLY 1 JO3BOJISIE HOMY NMPaBHIIBHO
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OIIIHIOBATH JIMIIC HEBENUKi 3pymieHHs. Lle oOme-
JKEHHsSI MOJKHA TIOZI0JNaTH, OI[IHIOIOYM HE CaMe BeK-
TOp 3CYBY, a HOTO PI3HUIIO 3 JESIKUM BEKTOPOM Tie-
pendadeHHs, SKUH PO3TAIIOBaHUI OJrDKYe 10 IIy-
KaHOTO BEKTOpa, HiXK HYJBOBUH. Y 3arajibHOMY BH-
MaaKy, KOJIA PyX MOXKE CTaHOBUTH JECSTKH ITiKCe-
B, BEKTOP 3CYBY HIYKAETHCS 32 JIOMOMOTOIO iTepa-
LiHOTO aNropuTMy — Ha KOXKHOMY Kpoli BiiOyBa-
€ThCS YTOYHEHHS 3HAWJEHOTO Ha TMOIMEPEeIHHOMY
eTari 3Ha4eHHA. SIK Mo9aTKoBe HAOMIMKEHHS MOXKHA
B3SITU BEKTOP 3CYBY AJs ILi€i camoi TOYKH, 3Haiize-
HUH npu 06poOIIi monepeaHporo kaapy. Lleit meron
Mae P CepHO3HMX HEIOJIKIB, YHACTIIOK YOTO B
JaHW 4ac BiH SBJISE COOOK YHUCTO TCOPETUUHHI
iHTepec 1 MPAaKTUYHO Hille HE BHKOPHUCTOBYETHCS.
OcCHOBHI #Oro HEOONIKM — BHCOKAa CKIIQIHICTD,
HU3bKa TOYHICTH 1 BETUKUH 00CsT iH(pOopMaIii.

OO0’exkTHUI METOJ € MONEPEAHUKOM METOIY 3i-
CTaBJIEHHs OJIOKIB, € K €JIEMEHT KOMIIEHCAllil BU-
CTyTa€e TPAMOKYTHHHA OJOK Kaapy 1 KOMITeHcAIii
BUCTYIIA€ NPSIMOKYTHUN OJIOK KaJpy i pO3TIsIaloTh-
csl JTiHIHHI 3CyBH.

Meron 3icTaBiaeHHS OJIOKIB IPYHTYETHCS Ha TO-
MY, 10 00’€KTH 1 X MicCIle po3TallyBaHHs Ha Kajpi 3
IUIMHOM 4Yacy 3MIHIOIOThCS HE3Ha4yHO. ToJlli B OKO-
i Oyab-SKOi TOYKM KaJpy I 3MiHa 3 BHCOKHAM
CTYTICHEM TOYHOCTI MOKHA HAONM3WTH Tapaieib-
HUM TIEPEHECCHHSM Ili€] OKOJIUIII Ha JISTKUH BEKTOP.

[Ipu 6moxoBoMy miaxomi (00’ €KTHUI METOM) st
KOXKHOTO OJIOKY KOMITCHCAIliS MPOBOIUTHCSA He3a-
JISKHO BiJl CycCimHiX OiokiB. Buxojsuu 3 TOro, 10
PYX TO ClieHi 31iCHIOITh 00’ €KTH, HEOOXIIHO, 11100
KOMIIEHCaIii 1Mo BCiX OJIOKaX OAHOTO i TOTO Camoro
00’eKTa JaBajiu OAMH 1 TOil e pe3ynbTar. Lle Mox-
Ha 3pOOUTH, SKINO CIBBIAHECTH KOXKHOMY OJIOK
KaJpy TOW 4M iHIWH 00’eKT pyxy cueHu. llicms
IOTO MOXKHA OyJie OIIHIOBAaTH CyMapHY IOMHUIIKY
KOMIIEH AT 10 BCiX OJIOKax.

[Ipouec cermenranii Moxe BigOyBaTHCS Heza-
JISKHO BiJI MPOIIECY TMOIMIYKY ImapaMeTpiB pyxy, abo i
Te, 1 1HIIE MOYKE BU3HAYATHUCS B PaMKaxX €IUHOTO
MpoIIecy, IO MOBTOPIOETHCS iTEpaTUBHO. Y IMEpLIO-
My BHITQJKy ITiJICTABOIO JJISI CETMEHTAIii CIIyTye 3a-
3BHUai siCKpaBicHA iH(OpMaIllis, y IpyroMmy — cer-
MEHTAIlisl POBOJUTHCS 3 YpaxXyBaHHSIM 3HaMJICHUX
nmapaMeTpiB pyxy, SKi MOTIM YTOUYHIOIOTHCS. [HOII
CEeTMEHTAIlisl Kaapy Ha 00’ €KTH 3aCTOCOBYETHCS IIiC-
JIsl BU3HAYCHHSI BEKTOPIB 3CYBY I OKPEMHX OJIOKIB
3 METOK KOPEKIIii 3HaiiIeHOr0 BEKTOPHOTO TTOJISL.

Takum 9UHOM, B paMKaxX 3alpOIIOHOBAaHOTO Me-
TOJly MPOIIOHYETHCS TaKe:

— HAKOMHMYYBAaTH iHPOpMaIito po (OH B TUMYA-
COBI IUIONMHI (YMOBOIO TUMYAaCOBUX PaMOK HaKO-
MUYeHHs1 iHQopmarii ciyrye pi3ka 3miHa (HoHOBOT
YaCTHHH CIICHN) 1 aKyMYJISAINI€EI0 i y BUTIISINI €IHHO-
ro QoHy ans Aeskoi mochifoBHOCTI kaapiB. Kpim

TOTO, MOXKJIMBO aHAJIOTIYHE HAKONMUYCHHS 1H(pOopMa-
Iii mpo pyxomi 00’€KTH CIIEHH 3 ypaxXyBaHHSIM Xa-
pakTepy iX pyxy;

— MPOBEICHHS OJHOYACHOTO MOOYIOBU pi3HHIIC-
BOT'0 300paKeHHs CIICHU 3 33JaHUM IOPOTOM 1 Cer-
MEHTAaIil, BUAUISIOTECA 00 €KTIB pyXy (A1 cerMeH-
TaIlii MPOMOHYETHCS BUKOPUCTOBYBATH 1H(MOPMAIIIFO
PO BOCBMH3B’S3HUH OKOJIMII IKcest 300pakeH-
Hs1). Kpim Toro, Ha erarmi cermeHTanii GiabTpyeThes
IIyM, SIKAW 3aJIMITUBCS MICHs Pi3HICHOTO MOPIBHSAH-
HA 13 3aJJaHAM TIOPOTOM.

BukopuctanHs 3ampoIOHOBAaHOTO METOAY JO-
3BOJIMTH MJBUIIMTU SIKICTh KOMIICHCAIlii pyXy 3a
paxyHOK 3TJIaJKyBaHHS BHUITQIKOBHUX BHUKHIIB B IIO-
Jie BEKTOPIB PYXY, BIACTUBUX OJIOKOBUM METOJaM.
Haxomuuennst iHpopmanii B TUMYacOBif IUIOLIMHI
JTO3BOJIUTH 3HU3UTH PiBEHH 3AITYMIICHICTh CIICHH, a
TaKOX JO3BOJIUTH MiJBUIIUTHA CTYIiHb CTUCHEHHS
BiJicopsy.

Jis miBUIEHHS Tpane3JaTHOCTI 1 IKOCTi pobo-
TH 3alpOTIOHOBAHOTO METOAY HEOOXiTHO BUPOOUTH
KpHUTEpili, Ha MmiAcTaBi sikoro OyJe BinOyBaTHCs 00-
MEXEHHSI 4acOBOi IUIONIMHI HAKOTMYeHHs iH(popma-
mii Mo creHi. 3aneXHO BiA THITY PO3B’SI3yBaHUX
NPaKkTUYHUX 3aBIaHb JaHWUH KpUTEpiil Moxke BiAro-
BiaTW pI3HUM BHUMOraMm. Tak, HamNpUKIAZ, UIs
BiJIcoOpUTEMIB SKICTh 300paskeHHS Tpae AyXKe Bak-
JIUBY POJIb.

BinnoinHo, BUMOrH OyayTh Mpea SBISTHCS IO
SAKOCTI 300paKeHHS BCi€i CIeHHW (KOHTPACTHICTH,
OCBITJICHICTB). A 0OCh, HalPUKIAA, I OXOPOHHUX
CHCTeM, B TIepIly 4epry, Oyae KopucHa iHopMaris,
IO J03BOJISE 1IeHTU(iKyBaTu 00’ €KTH PyXy, B TOH
qac, sIK 3HadeHHS (HOoHY Oyae IpyTopsSIHIM.

Takox sBIsiE iHTEpPEeC PO3poOKa MiAXOJIB 10 Ha-
KOMMYeHHs iHpopManii mo o0’ekrax pyxy (aHamo-
riYHO HaKOMM4YeHHs iHdopmarlii mpo GoHOBI yacTh-
HU CIICHH) B THUMYACOBIH IUTIONIMHI 3 ypaxyBaHHIM
XapakTepy iX pyxy.

Jaauii miaxix € oMHUM 3 HAHOUTBII epCIeKTUB-
HUX 1 00IIge CTaTH TMOMYJSIPHUM y HaHOIMXKIOMY
MaiiOyTHHOMY, XO4a B JaHUH 4ac Mae€ TOCUTh BHCO-
Ky OOYHCIIOBaJbHY CKJIAAHICT. [loTeHHiHHO 1Ie
HAWOUTBII TOYHMIA 1 CTIHKHMH 1O myMy MeToj (mpu
MPaBWJILHO BUKOHAHIM cerMeHTallii).

Mertop 3icTaBlIeHHS OJIOKIB, TOYHIIIE, KJIac Me-
TOJIB, € JIOTIYHUM HACHIJIKOM ITKCEITFHOTO METOAY
IUHAMIYHUX 00’ €KTIB, YCyBae OUTBITY YaCTHHY HOTO
HEJIOMNIKIB, OCKIJIBLKYM OJHUHHUIICIO KOMITEH ALl B HLO-
My TIPUAHSATUHN MPSIMOKYTHHIA OJIOK (3a3BWYail KBaj-
par 16x16 mikceniB abo MeHIIOro posmipy). Pyx
TaKOXX MIYKA€ThCA B KIACi JHIHHUX 3CyBiB, TOMY
ONHCYETHCA TaKWA PyX [BOBUMIPHUM BEKTOPOM
3MIIIEHHS TSI KOXKHOTO OJIOKY.

OcHOBHE TIpHUITyIIEHHS] METOY, 32 4Yac, 10 Mpo-
XOIUTh MDK JABOMa IIOCTIIOBHHMH KaJIpamy,
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00’€KTH B CIEHI 1 IX Miclle pO3TallyBaHHS 3MiHIO-
I0TbCsL He3HayHO. Toxi B OKONUI OyIb-SKOI TOYKU
KaJIpy IIe 3MiHYy, 3 JOCHUTb BUCOKHM CTYIIEHEM TOY-
HOCTi, MO’KHa HAOJHM3UTH TapalelIbHUM TMepeHeceH-
HsM IIi€l OKOJIMIII Ha Jeskud BekTop. Hacmpasni,
IepeBakHa OUTBINICTh 3BUYAMHUX BIJICOIMOCIITIOB-
HOCTEH 3aJ0BOJBHSIIOTH IIbOMY OOMEXKEHHIO, 32 BH-
HSTKOM [IIISTHOK Pi3KOi 3MiHHM ClieHH, TOOTO Xapax-
Tep pyXy 00’€KTiB MOYKHa BBaKaTH MaiKe BCIOAU
Oe3IepepBHIM.

Pizni Momudikanii 1poro mMiIxomy po3pi3HAIOTh-
Csl TUM, SIKUM YHHOM 3HaXOIWTHCS MiHIMyM (yHKIIIT
TTIOMHUJIKK KOMIIEHcaIlii y Bciif obmacTi. IlepeBipkoro
BCBOTO JICKIIBKOX TOYOK B OOJIACTI MOXKHA JIOKaJIi-

3yBaTH el MiHIMyM. AJITOPUTM, 32 SIKUM LI TOUKH
BHOMPAIOTHCS, HA3UBAETHCS MA0TOHOM.

Meronu, 3acHOBaHI Ha MMabOHAX, JAEMOHCTPY-
I0Th HEMOTaHy MIBHIKICT poOOTH, TPOTE 4YacTo
3HAXOJSATh JOKAIbHUI MiHIMyM 3aMiCTh TI00aJIbHO-
ro. Slk mepeBara MOXXHa BiJ[3HAYUTH T€, IO MOIIYK
BEKTOpa pyXy IJisi KOXKHOTO OKPEMOTO OJIOKY He 3a-
JISKUTD BiJl pe3yNbTaTiB MOIIYKY B CYCiAHIX OJ0Kax
1 B TIOTIEPETHROMY KaJpi, M0 POOUTH METOX OiNbII
e(heKTUBHUM TIPH IIy>KE€ IHTCHCHBHOMY 1 CKJIQJHOMY
pyci.

[IpoBiBmn aHami3 JaHWX METOMIB BHSIBICHO iX

OCHOBHI TIepeBard Ta HEIOIIKH, SKi MPEJCTABICHI B
Tao. 2.

Tabnuys 2

HepnoJuikn Ta nepeBaru MeToiB KoMmneHcauii pyxy

Meroxa KOMITEH AT pyXy IlepeBaru

Henoniku

ITikcenpHMi METOL -

Bucoka ckIaaHICTh, HU3bKA TOUHICTh, BETUKUH
00’eM iHdopmMmarii

Criiikuil 10 mymy

OO0’ ekTHHI METONI
METOI

Bucoka 004uciIIoBalIbHA CKJIAAHICTH

Merton 3icTaBieHHs OJIOKIB Bucoka TouHiCcTh

He Bucoka miBuakictb 00poOKu

Jlis migBuieHHsS e(eKTUBHOCTI pOOOTH METOAY
3icTaBiieHHs OJIOKiB BUKOPUCTOBYIOTH Pi3Hi mabJio-
HU TIOIIYKY CXOKHX OJIOKIB Ha CYCIIHIX Kajpax.

s onTUManbHOI  poOOTH  BifeKOH(EPEHII-
3B’3Ky B CHCTEMi YINpaBIiHHS Ta OIEPaTHBHOTO
3B’3KY TPOIIOHYETHCS PO3POOKa HOBOTO ITa0IoHa —
IIECTUTOYKOBOTO.

CxeMa BUKOHAHHS HIECTHTOYKOBOTO TOIIYKY Ta-
ka. Crouatky po3risiIatoThes WCTh OJIOKIB (pHc. 2).

hed pl )
fea, vl +4)
] [
(-4 %, 1) (% )
[=| [ 1
A
{1 -4
|8 & F
Cdx, ¥y -4 YV &
AV |
v |. &

Puc. 2. MoxxuBi LIUISIXH 301KHOCTI IIECTUTOYKOBOIO
ANTOPUTMY TMOUIYKY

IToTiM, K0 OAMH 13 OJIOKIB € HalfKpaIuM KaH-
JUIaTOM Cepejl IHIIUX, TO LEHTP TMOIIYKY 3MIillly-
€TbCS TYJH, 1 BIICTAHb M TOYKAMH CKOPOUYYETHCS

BaBivi. Taki Jil MOBTOPIOIOTHCS JAOTH JOKH BiZICTaHb
Mix OJIOKaMU CTa€e PiBHUM OJIUHUIT
K1 (x13 1) = Kj (o3 y0), (1)

ne Kj.; — iHTepnonboBaHuil kaap; K; — NOTOYHHMH
Kazp; (x1; ¥1) — KOOpAMHATH LIEHTPY iHTEPHOIbOBA-
HOTO Kazapy; (Xo; Vo) — KOOPIMHATH LEHTPY MOTOY-
HOT'O KaJpy.

dopmyia (1) sBise coOO PIBHICTH KOOPAUHAT
HEHTPY ABOX CYCiIHIX KapiB.

OO0paxyBaHHS BEpXHbBOT JIIBOT TOUKH:
(K (x);0,) + K, (=4x,; (v, + D],

2

OO6paxyBaHHs BEpXHbOI IPABOi TOUKH:

[K,(x,55,) + K, (4x,; (v, + D]
2

2)

K/H (—4)6];()/1 + 4)) =

)

K, (4x;(y +4) =

O6paxyBaHHsI JTiBOi TOUKH:

[Kj(xo;yo)JrKj (—6)60;)/0)] .
2

4

K/+l(_6xl;yl) =
O6paxyBaHH5{ HpaBOI TOYKMU:

[K,(x0;,) + K, (6x,5,)] .
2
OOpaxyBaHHS HIKHBOI JTiBOT TOUKH:
LK (x5 0) + K (4x5 (v, = D)]
2

)

K/+1(6x1;y1):

(6)

K/+1 (_4x|;(y1 - 4)) =
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OO0paxyBaHHS HWKHBOI TPaBOi TOUYKH:

K (x;;y,)+ K .(4x,;(y, —4
K/+1(4x12(y1—4)):[ 5 (X3.35) 2,( X =M. (7)
3a gopmymnamu (1)—(7) po3paxoByeThCS HACTYTHI
KOOPIWHATH KOXHOI 13 mecTH Todok. JlaHi mepepa-
XYHKH TIOBTOPIOIOTBHCSI JIOTH, JIOKH BIJICTaHb MIiXK
OJIOKaMH CTa€ PiIBHUM OJTUHHIII.

BucnoBku

1. Po3rnissiHyTi MeTOAM KOMIEHcamlii pyxy Y
BIICOTIOTOIl JaHUX. 3 aHaNi3y METOIIB KOIyBaHHS
BIJICOMTOTOKY JaHMX BUHHMKA€E IHTEPEC MOCIIIKESHHS
MOJIMBOCTI TIOJANBIIOTO 30UIBIICHHS KOoedillieHTa
CTHUCHEHHS JIJI1 METOIIB JOBXKHH CEepil 3a paxyHOK
JIOJTATKOBOTO BHKOPUCTAHHS METOJIIB KOMIICHCAIT
pPyxy. SIk HacHiOK, TIPONIOHYETHCS BJOCKOHATIOBATH
METOJI 3icTaBlIeHHS OJOKIB KOMIICHCAIlll pyXy IIs-
XOM CIIPOIIEHHS BUKOPHUCTAHHS MIabI0HIB.

2. [IpoBeZicHO OIIHKY IIBHUAKOCTI BiJCOMOTOKY
Bimeoindopmaii 3anexHO Bix HEOOXiTHOI SIKOCTI
BiIcOAaHMX, Bill MPOCTOPOBOTO JO3BOJY 1 YaCTOTH
kanpiB. [Ipu TeHmeHIii 3poctaHHs 0OCATIB BiJCOiH-
(hopmMartii i He 3a0e3MEUCHHS BIAMOBITHUMH JaHUMU
o0csiraMy TIPOJYKTHBHOCTI TEXHOJIOTiH mepemadi Ta
00po0Oku Bineoindopmarllii B kommiekcax BK3 —
HEOOX1THO BJIOCKOHATIOBATH METOJIU KOy BaHHSL.

[epcneKTHBH MOAAIBIINX JA0CTiTKEHD

BusHauenuii HampsiM, CIOHYKa€ Ha BJIOCKOHA-
JICHHS ICHYIOUMX METOJIB KOJYBaHHSA IHWHAMIYHHX
00’€KTIiB BiJICOTIOTOKY MaHUX AJITOPUTMaMH KOM-
neHcanii pyxy IUid MOKpauleHHs! e()eKTUBHOCTI BH-

KOPDHCTaHHS  BiJIeOKOH(EPEeH3B SI3KYy B  CHCTEMI
YIIpaBIiHHS.
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bapaunik B. B., bapaunik /I. B., Copoxyn A. /1., /IBopceknii M. B.
BJOCKOHAJIEHHSA METOAIB KOMIIEHCAII PYXY JUHAMIYHHUX OB’E€EKTIB ¥ BIAEO-
noToul B CUCTEMI BIZEOKOH®EPEHII3B’SA3KY

Y emammi posenanymo numanna, nos’sa3ani 3 weuoKicmmo 8i0eonomoxy 8ioeoingopmayii 3anexicHo 8i0 HeoOXIOHOI
AKocmi 8i0e00aHux, 8i0 NPOCMoOpPo8o2o 0036011y i uacmomu kaopis. Ilpu menoenyii 3pocmants 0bca2ie 8ideoingopma-
yii' i He 3a6e3neueHHs 8IONOBIOHUMU OAHUMU 0DCAaMU NPOOYKMUBHOCII MeXHON02ill nepedadi ma oOpobKu 8i0eoiH-
Gopmayii 6 xomnnexcax BK3 — neobxiono edockonaniosamu memoou KoOyeanHs. Jis nioeuwjenns epexmusHocmi
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VIPAGIIHCOKOI Ma eKCHIyamayitiHoi OisIbHOCMI NPOROHYEMbCL 80OCKOHANIOBAMU ICHYIOUT Memoou KOOY8AHH OUHA-
MiUHUX 00 ’€Kmi 8i0e0NOMOKYy OAHUX ACOPUMMAMU KOMNeHCcayii pyxy O/ 8i0e0KoHpepeHy38 93Ky 6 cucmemi ynpaeg-
JIHHA.

KurouoBi ciioBa: BineokoHdpepeHI3B 130K, BiICOMOTIK, KOIyBaHHSI, KOMIICHCALIIS PyXY.

Barannik V. V, Barannik D.V., Sorokun A.D., Dvorsky M. V.
IMPROVEMENT OF METHODS OF COMPENSATING MOTION OF DYNAMIC OBJECTS IN
A VIDEO STREAM IN A VIDEO CONFERENCING SYSTEM

The article deals with issues related to the speed of the video stream of video information, depending on the quality
of video data required, from spatial resolution and frame rate. With the tendency of growth of volumes of video infor-
mation and not providing the corresponding data volumes of the productivity of technologies of transmission and proc-
essing of video information in complexes videoconferencing - it is necessary to improve the coding methods. In order to
increase the efficiency of management and operational activities, it is proposed to improve the existing methods of en-
coding a dynamic video stream object with algorithms for motion compensation for video conferencing in the control
System.

Keywords: videoconferencing, video stream, coding, motion compensation.

bapannuk B. B., bapaunuk /I. B., Copokyn A. /1., /[Bopckuii M. B.
COBEPIIEHCTBOBAHUME METOAOB KOMIIEHCAIUU JBUWXEHHWSI JTUHAMMWUYECKHUX
OBBEKTOB B BUJEOIIOTOKE B CUCTEME BUJEOKOH®EPEHIICBA3HU

B cmamoe paccmompennvt 6onpocul, ceazanHble O CKOPOCHIbIO 8UOCONOMOKA 8UOCOUHPOPMAYUL 8 3A8UCUMOCTIU
om mpebyemozo Kauecmea 8u0e00aHHbIX, OM NPOCMPAHCIMEEHHO20 pa3peulerus u wacmomsl kaopos. Ilpu menoenyuu
pocma 006vemo8 8udeouHGopmMayuu u He obecneyerue cOOmeencmaeyIouWuMu OGHHLIMU 00beMaMU NPOU3800UMENbHO-
cmu mexHono2uil nepedayu u obpabomxu sudeourpopmayuu 6 komniexkcax BK3 - neobxooumo cosepuwencmsosameo
Memoobl KOOupoganus. Jlis nosvlienus 3PhexmueHocmu ynpasieHyeckol U IKCHIYAMAYUOHHOU OesimenbHOCmuU
npeonazaemcst CO8EPUICHCMBOBAMb CYUWECMBYIoOWUe Memoobl KOOUPOBAHUsT OUHAMUYECKUX 0Obekme GUOeONnOmoKa
OAHHBIX AN2OPUMMAMU KOMNEHCAYUU OBUNCEHUS OJIS1 BUOCOKOHDEPEeHYCBA3U 8 CUCeMe YNPABICHUSL.

Knarwuesble ciioBa: BHI[COKOHd)epeHL[CBH?,L, BUJICOIIOTOK, KOAUPOBaHUA, KOMIICHCALIUS ABUXKCHUSL

Crarts Hagivnuia qo pexakmii 07.09.2018 p.
[puitasaTo xo npyky 18.09.2018 p.
PerienseHt — a-p TexH. Hayk, npod. Mauauiu 1. O.
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TEXHOJIOTI'TSA BATATOPIBHEBOI CEJIEKTUBHOI OBPOBKH AEPO®OTO3HIMKY
JJIs1 HEPCIIEKTUBHUX JIITAJIBHUX CEHCOPHUX MEPEXK

Beryn

3HavHa TOMyJspH3aIlis OE3MIOTHUX JIiTAThHIX
anapariB (BITJIA) y komepLiifHUX Ta BiJOMYHX yC-
TAHOBAaX OCTAaHHIMHU POKaMH NpH3BeNa 10 3HAYHOTO
TIOMHMPEHHS iX (QYHKIIOHATHHUX 3amad. TeHACHITisN
3miH nokianenux Ha BIIJIA 3amad Bkazye Ha HEMO-
JKJIMBICTh OJTHOTO JITaJBHOTO amapaTy BUKOHYBAaTH
3aBAaHHS B TOBHOMY 00cCs3i. OTXe, MPOTOHYETHCS
BUKOPHCTOBYBAaTH CEHCOPHI MEpEkKi B paMKax KOH-
uenuii Iarepuery Peueit (aurn. Internet of Things,
10T), a came miTatouy CEHCOPHY MEpExy, sKka mo0y-
JIOBaHA HAa HOBITHIX TEXHOJIOTISX OE3POTOBOTO
3B’s3ky 3G, 4G ¥ mepcnekTHBHOI TexHONOTIi 5G.
[Ipn mpomy, miTambHa Mepeka 3 BHUKOPHUCTAHHSIM
BIIJTIA mae O6ytu moOymoBaHa 3a TIPUHITUIIOM MiX-
MamuHHOi KomyTauii (aHria. Machine to Machine,
M2M), 1m0 B CBOIO 4epry Npu3Bee A0 30UIbIICHHS
00’eMiB JTaHUX, IO MTEPEIAIOTHCS.

AHaJIi3 0CTaHHIX JOCTiIZKeHb | myOaikanii

Icayroui MeToau 00poOKu HUPPOBUX aepodoTo-
3HiMKiB (JPEG, JPEG2000) noka3zanw, mo HaiouIbII

BRXIMBOIO € iH(popMalis Npo KOHTYPH, TpaHHII
00’exTiB [3—4]. 3 MeTor 3a0e3MeUeHHsS OIlepPaTHB-
HOCTI Ta KOH(IACHIIIHOCTI MepenaHuX AaHWX BH-
KOPUCTOBYIOTh CEJICKTHBHI METOIU 0OpOOKHU 300pa-
JKE€Hb, SKI Ha ChOTOAHI MalOTh MOKA3HUKH OJU3BKI
o pomyctumux. OTxe, MOXKHA 3pOOUTH BHCHOBOK,
[0 MOJAJBIIMA PO3BUTOK JIITAIBHUX CEHCOPHHUX
MEpeX TPU3BENE J0 HEMOXKIUBOCTI BUKOHYBAaTH
HAsIBHUMH CEJCKTHBHHMM METOJAMH IIOKIAaJeHI Ha
HUX 3aBIaHHS.

Metoro cTaTTi € po3poOKa TeXHONOrii OaraTo-
piBHEBOI CEIEKTUBHOI 00pOOKH aepoOTO3HIMKIB 3
ypaxyBaHHSM PIBHS HACHYCHOCTI BaXKJIIMBOKO 1H-
(dopmariiero Ans JTITaTPHUX CEHCOPHUX MEPEX B
YMOBaxX TEpPCIEKTHBHOTO 30UIBIICHHS 00 €MiB Ja-
HUX, IO TIepelaloThCs.

Buknan ocHoBHOTo Matepiajty

Hocnimxenns chep 3acrocyBanHs BIIJIA moxa-
3a10, IO JAJISl BIIOMYUX CTPYKTYpP OCHOBHHM 3aB-
JaHHSAM € MOHITOPUHT 00’€KTIB KpUTHYHOI iH(pa-

CTpyKTypH (puc. 1).

Ominka cTaHy BIaCHUX CHII

[Tomyk Ta NOpATYHOK
B KPU30BHX 00CTaBUHAX

CHCTEMH Oe3MeKH <
MoHiTopHHT 00’ €KTIB IiJ] Yac AEPO- KonTtpons 3aBanTa)keHOCTI
. . . a . .
couianbHUX KOHQIKTIB | MOHITOPHUHI" > aBToMaricrpai

Cruxiiigi 1uxa

\ 4

KonTtpons Ta mikBinaris
HacniakiB aBapii Ha AEC

Puc. 1. 3agagi aepoMOHITOPHHTY
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[lin o0’exkTaMu KpPUTHYHOI IHPPACTPYKTYpH
(OKI) po3ymiroTh IiANpPHEMCTBA Ta YCTAHOBU TaKHX
rajxy3eil — K eHepreTHka, IPOMHCIOBICTb, TPAHC-
nopT, 6anku Ta (iHaHCcH, iHPOpPMAIiHI TEXHOIOTIT
Ta TEJIEKOMYHIKalii (elIeKTPOHHI KOMYHIKaIii), mpo-
JIOBOJIECTBO, OXOPOHA 3J0POB’S, KOMYyHAaJlbHE TOC-
MOJIAPCTBO, SIKE € CTPATEeTiYHO BAXJIUBUM JUIS
(YHKLIOHYBaHHS EKOHOMIKH, O€3IMeKH JeprKaBH,
CYCIIJIbCTBA Ta HACEIICHHSI.

[Tpu upomy, H0OYTI AaHI MOKYTh MICTHTH KOH-
¢igeHniiHy iHpOpMAaIlifo, SKa MPHU MOTPAIUITHHL 10
HECAaHKIIOHOBAHOTO KOPHCTyBadya TIPH3BENE 1O
MPEACTABICHUX B TAOJIUIII HETATHBHUX HACIIIKIB.

Buxoasuu 3 gaHNX MipKyBaHb HEOOXiJHHM € 3a-
CTOCYBaHHSI aJITOPUTMIB KPUNITOTPadidIHOTO 3aXHC-
Ty, IO JOTMOMOXe 30epertd iHdopmariro Bix 370-
BMUCHUKIB.

Mo:k1uBi HACJIAKH B pe3yJIbTATI HECAHKIIOHOBAHOIO A0cTyIy A0 indopmanii

Yac T, axty- . . . .
Sanaui ar y Bineoindopmariinuii Bonoaiaus maHuMHu HECaHKITIO-
. ambHOCTI 1H- pecypc MiCTUTh HOBaHHM KOPHCTYBadeM
ACPOMOHITOPUHTY (bopMa]_ul (aK_ . .
BiJTOMOCTI IIpO pHU3Beae 10
THBHA (a3a)

[omryk Ta MOpsATYHOK B Jlo 24 rox Micrie3HaxoKeHHS 3aBOJIOIHHS IPOTUBHUKOM
KpH30BHUX 00CTaBHHAX 00’exTy iHTEpECy 00’eKTy iHTEpECY
KoHTpoms Ta mikBina-

11is1 HACIIJKIB aBapii Ho 24 ron
Ha AEC CorrianbHi XBUITIOBaHHS (T1aHi-
Macmtab Tpareaii
Ka, 0acTyBaHHS TOIIO)
Cruxiiigi auxa Ho 24 ron
MoHiTopuHT 00’ €KTIB . . . .
X . Micne3naxomkeHHs Ta | 30LIbIIEHHS IHTEHCUBHOCTI CO-
T Hac COMAIBHIX Ho 24 Ton Iii CTOPiH KOHQTIKT iaTbHOTO KOHQIIKT
KOH(JIIIKTIB p y y
Micue3HaxoKeHHS,
OriHKa cTaHy BJIACHHX Tlo 24 rox CKJIaJ1, 030po€eHHs,cIa0Ki ®di3nyHe 3HUILEHHS 00’ €KTIB
CHJI CHUCTEMH Oe3IeKn Ta CUJIbHI MiCLSl BIACHUX KPUTUYHOI iHPPaCTPYKTypH
cuI (BIHCBK)
PozyminHS MapmipyTy pyxy
KonTpoins 3aBanTaxe- Jlo 12 rox PiBeHb 3aBaHTaXEHOCTI | MEpPUIMX 0Ci0 JAepiKaBU YM Opra-
HOCTI aBTOMAaricrpaiti aBTOMaricTpani Hizanii 3 mojanpmmM ix ¢izud-
HUM 3HUIIEHHSIM

Bapro Bigmitutu, mo OKI, sk npaBuio, 3aiima-
OTh 3HA4YHy TepuTopiro. Toxk, UIsI TOCTIHHOTO
KOHTPOJIIO B TIEPCHEKTHBI IUIAHYETHCS BHKOPUCTO-
BYBaTU JiTaJbHYy CEHCOpHY Mepexy (puc. 2). Hosa
ctpareris Bukopuctanas BIIJIA B «koMaHaHIN» po-
0OTi CTBOPIOE amapaTHO-NPOrpaMHy 3a/avy IiJTpH-
MyBAaTH He JHlIe OaraToKaHaJbHUHN 3B’SI30K, a i mija-
TPUMYBaTH PEXKHUM peTpaHcisnii curHamy. OTxe,
BIUTA nnaHyeThCsi BUKOPUCTOBYBATH K KOMYTaTO-
pH (peTpaHCISITOpH), IO 3HAYHO MiABHIIUTE POOO-
gt pagiyc BukopucranHs BIIJIA. Hampuknan, six
BHJIHO 3 PHC. 2, TOTYXHOCTI repenarunka bITJIA JI1
HE BUCTaYae JUIsl repejadi JaHuX Ha MyHKT JUCTaH-
uiiHoro ynpasninasg ([IY), ame 3a gomomororo

BIUJIA JI4, B sxocrti perpancustopa, BITJIA JI1 mae
3Mory mepemaTa ao0yty iHdopmarito Ha IIJY.
BaxnmBo BigMITHTH, IO MPH JaHid cUCTeMi Tpuii-
MaHHS-TIepelaBaHHsl JaHUX 30epiraeTbCs MOXKIH-
BicTh ynpaBmiHHS Oyapb-skuM BITJIA omeparopom 3
IAY. Cnin Bingznauuty, 10 Bukopucranus bBITJIA B
AKOCTI peTpaHcisATopa (KOMyTaTropa) 3HA4HO Mil-
BUMIUTH 00’eM maHux (X), IO MepenarThes, 0c00-
JUBO Ha KIHIEBUX By3Jax Iepea MpUAMaIbHOIO aH-
tenoto [V (puc. 3).

Tox, akTyanbHOIO HayKOBO-IIPHUKIAIHOIO 3ajla-
Yel0 € BiANIyKaHHS TEXHOJIOTIH 3MEHIIIEHHS 00’ eMiB
JAaHUX, [0 MEePEeNalThCs, 3 30epeKECHHIM HEOOXi-
HOT'O PiBHS 3aXUCTy iH(opMariii.
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) 3oHa mepenaui JaHHX ~
~N
N\
\
/
/
s
~N
ITyHKT AUCTaHLIHHOTO  \
YIpaBJiHHS \
/
/
s

\ 3oHa nepenayi JaHUX _ -
15 -

Puc. 2. Cxema JtiTanbHOT CEHCOPHOT Mepexi

S A S

X Mb/c 2X Mol/c

/A

3X Mo6/c

(n-1)X M6/c

[lyHKT nucTaHLiiHOTO
YIpaBJiHHS

30Ha orisy O€3MiJIOTHOrO JIITATLHOTO anapar

Puc. 3. Cxema 30is1bL1eHHs 00’ €My JIaHHX, 1110 EPEIAIOTHCS B JITAIBHIN CEHCOPHIN cuctemi

JlocmikeHHsT TOKa3aid, IO HaBiTh BUKOPHUC-
TaHHS TexHOJIOril 4G HE J03BOJHUTH MMOBHOK MipOIO
33IOBOJIBHUTH TOTpe0y B ONEPATHUBHIN TOCTaBIII
JaHUX TpU Tepeaadi uepe3 OCTaHHIA MOOUTbHHN
By3os iH(opmamii 3 4-x BITJTA. Tox, mis migBu-
IICHHS OIIEPaTHBHOCTI Tiepefadi JaHWUX MPOTIOHY-
€THCSI BUKOPHUCTOBYBATH OaraTOpiBHEBHMA CEICKTHB-
HUH MeToa 00poOKu jaHux [S].

Bimem neranmpHO TpencTaBleHW Ha puc. 4, ne
Ay(v,u), A, (v,u) Ta A (V,u) — CKIaIOBI 3 SICK-

paBoCTi, YepBOHA Ta CHHS XpPOMAaTH4YHA CKJIAJ0Ba
BIINIOBIJHO; Ay(v,u)+ Ta Ay(V,u)” — CKIQIOBI 3
SICKPABOCTI, SIKi MITATh Ta HE MICTATHh KIFOUOBY iH-
(dopmarito BimmoBimHO; D(v,u) — TpancdopmaHTa
MIiCIsT  TUCKPETHOTO KOCHHYCHOTO II€PETBOPCHHS

(dct); HF(D,v,u) Tta LF(D,v,u) — BHCOKOYAacTOTHI

Ta HHU3bKOYACTOTHI KOMIIOHEHTH TpaHCcHOpMaHTH
BiAMOBiAHO; S(v,u) — JiHeapu30BaHa TpaHCc(POpMaH-
Ta; EE"V’U)— 3aK0/IOBaHE 300paKeHHS Y-M METO/IOM;
Ej;ig — 300paKeHHS,
MeToioM Ha ocHoBi JPEG-mmardopmu.

s minTBeppKkeHHsT e()eKTUBHOCTI PO3pOOICHO-
ro 0araTopiBHEBOTO CEIEKTHBHOTO METOIy 0OpOOKH
aepo(OTO3HIMKIB TTPOBOIUTHCS JTOCTIHKEHHS y TIO-
PIBHSHHI 3 BiIOMHUMH CEJICKTUBHUMH METOJAMH 3a
KpUTEpIEM ONEPAaTUBHOCTI IS CIa0OHACHICHOTO
(puc. 5), cepennboHacu4eHOro (puc. 6) Ta CHUIBHO-
HacudeHoro (puc. 7) Kaapy.

0o0po0OiieHe  CEeNeKTUBHUM

© Bapannik B. B., I'aspunos [I. C., ®ycriii B. C., bapannik B. B., 2018



304 HaykoemHi TexHonorii Ne 3(39), 2018

RGB|
RGB — YCrCb
Juckperusaris
A, (v
Ay (V,0);
Acb (Vs u)}
Eman nepwuii
+
BusiBieHHs KI1I040BO1 Ay (v,u)
iH(opmaii B mpocro-
POBO-4acoBiit 001acTi AJIrOpUT™
KpunrorpadigHoro
A, (V)
A (V u), 3aXI/ICTy
e Eman opyzuii
Acb (Vau)}v LE(D
dot D(v,W| Buspnenns xmouosoi ( ’V’u)‘
iHpopMarii B "
CIEKTPAIBHIN
obuacri
HF(D,v,u)
KBanTtyBaHHs Eman mpemiii
S(v,u . .
Jlineapusaris ( ), JIBiiiKoBMiA OTHC
KOMIIOHEHT
TpaHcdopMaHTH
EY

(v,u)
\ 4

Eman uemeepmuii

3aKkpuTTA
iHpopMmaii po
cnocib Ko yBaHHS

\V

cryp
EJpeg

Puc. 4. briok-cxema OaraTopiBHeBO1 cenekTuBHOI 00poOku Ha ocHOBI JPEG-muatdopmu
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nonu CA

k0,052

0,05
0,048 -
0,046 -
0,044
0,042

0,04

N

221 243 250

»
>

CIpo3pobnenuit meTox Wosp » Kbatit
[[IMeTox 3axmcry CKJIaA0BOi IO SICKPABOCTI
[EImeron 3axucTy HU3bKOYACTOTHUX KOMITOHEHT

o0p °

Puc. 5. Jliarpama gociikeHHsI METOJIIB CEleKTUBHOT 0OpOOKH TaHKX
3a KpUTEPIiEM OMEPATHBHOCTI JOBEACHHS TAHUX [UTS CITA00HACHUCHOTO Kapy

Toon>Ca 0,02
0,015 \
0,01 \
0,005
0 % &
10 82 84 R
PO3pO0JICHHI METO/T Wogp » Kbaiit

(1 MeTox 3aXHCTY CKJIAI0BOI 10 SICKPaBOCTI
METO]l 3aXHCTY HI3bKOYACTOTHUX KOMIIOHCHT

Puc. 6. [liarpama gociikeHHsI METOJIIB CENEKTUBHOT 0OpOOKH TaHKX
3a KpUTEPieM OMEPaTHBHOCTI AOBEACHHS TAHUX [UIS CePeIHhOHACHUCHOTO Kapy

T

mnoj >

c

A 0,08

0,06

0,04

s

0,02

0

254 321

N

»
»

W5, » KBaiit

PO3pobIIeHIIT METO
METOJ[ 3aXHCTY HI3bKOYACTOTHUX KOMIIOHCHT
METOJ[ 3aXHCTy CKJIaJIOBOI 10 SICKPABOCTI

Puc. 7. diarpama mociimKeHHS METOMIB CEIEKTUBHOI 0OPOOKH TaHIX
3a KPUTEPIEM OMEPATUBHOCTI TOBEJCHHS JAHUX JIJIsl CHIIbHOHACHUYCHOTO KaIpy

Ilix omepaTHBHICTIO PO3YMIETHCS BIIACTHUBICTH
iHpopmauii nesHoro o6’emy (W, 5,) NPOXOAUTH

T

tox » MEHIIIUI

mpoiiec 00poOKK Ta mepeaadi 3a yac

HDK 4Yac SKHM BHMAara€TbCsi CHCTEMOIO. Y HOCIHiml
BUKOPUCTOBYBABCS KaHAJ 3 MPOMYCKHOK CIPOMOX-
HICTIO KOMILUIEKTY CYIYTHHUKOBOTO 3B’SI3KY €IHHOI
BiZIOMUOi TeIEeKOMYHIKaIliHOT Mepexi o =5 MOit/c.
[IpoBeneHe AOCTIIKEHHS BKa3ajio, IO JUIS Clia-
OOHACHYEHOTO Ta CEPEAHBOHACHYCHOTO KaApy CIO-

CTepiraeThCs MiABUIICHHS OTIEPATUBHOCTI JTOBEICH-
Ha naHux Ha 820 ta 109 % BiANOBiAHO MO BigHO-
HICHHIO JI0 OJIMKHBOTO KOHKYPEHTY. Y pasi 00poOKku
CHUIILHOHACHYECHOTO KaJIpy CIIOCTEPIraeThCcsl He3HAY-
HE TOKpPAIEHHS ONEPaTUBHOCTI Mepe/iadi JaHuX.

BucHoBku

Po3risiHyTO MepCreKTUBHY CTpaTerito BUKOpPHUC-
TaHHA OE3MIJIOTHUX JIITATHHUX arapariB, sSKa IOJIS-
rae y 3aCTOCYBaHHI TEXHOJIOTI] JIITAILHUX CEHCOp-
HUX Mepex 3 miarpuMmkor TexHomnorii 3G, 4G Ta
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MEPCIIEKTUBHOT TeXHONIOTii 5G, 1m0 3HAYHO Mi/IBH-
IUTh 00’€M JaHuX, M0 MEePearoThCs MO KaHaiaM
3B’SI3KY 3 TPOITyCKHOIO CITPOMOYHICTIO KOMITIEKTY
CYITyTHUKOBOTO 3B’SI3Ky €IMHOI BiZIOMYOI TEJIeKO-
MyHIKaIiiHOi Mepexi o =5 MOit/c.

HaykoBa HOBHU3HA

st 3a0e3neueHHsT ONepaTHBHOCTI Ta KOHGIICH-
HIHHOCTI JaHWX, IO THEePENAIOTHCS, MPONOHYETHCS
BUKOPUCTOBYBAaTH 0araToOpiBHEBHH CEJICKTUBHUIL
MeToa 0OpOOKHM MaHWX, KW IOJIATAE Y BUSABICHHI
Ta 3aXHCTlI KIIOYOBHUX KOMIIOHEHTIB Ha IEKUIBKOX
eTanax oOpoOKH JaHUX.

IIpoBeneno mociimkeHHs ehEeKTUBHOCTI BUKOPH-
CTaHHS PO3POOJICHOTO METOJY Y MOPIBHSHHI 3 iCHY-
IOYUMH METOJIaMH, sIK€ BKa3ajo, 1o Julsl ciaboHa-
CHUCHOTO Ta CEPEIHBbO-HACHUYCHOTO KaJIpy CHOCTEpi-
TaeThCs TiABHUINEHHS ONEPATUBHOCTI JTOBEACHHS Ja-
oux Ha 820 ta 109 % BiAHOBIAHO, IO BiIHOIIEHHIO
JI0 OJVDKHBOTO KOHKYPEHTY.

Hopanbmumii HANPAMOK POOOTH TOJATAE Y
BIJIIYKAHHI [UISIXIB TIJABHUIIEHHS OIEPaTUBHOCTI
repeadi JaHUX CHIIbHO HACHUEHUX KaJpiB.
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Bapannixk B. B., I'aspunos Jl. C., ®ycriii, B. C., bapannik B. B.
TEXHOJIOI'ISI BATATOPIBHEBOI CEJIEKTUBHOI OBPOBKH AEPO®OTO3HIMKY [
HNEPCHHEKTUBHUX JITAJBHUX CEHCOPHUX MEPEX

Y emammi posensinymo numanns, nog’szani 3i 30inbuenHs 00 €MIE OaHUX, WO NePedarOmsbesl 3a PAXYHOK PO3GUMKY

MexHON02ilt 6e3NiNOMHUX TIMATbHUX anapamie ma 30L1buleHHs 00CA2I8 BUKOPUCTNAHHA IX V KOMePYIUHIL ma 8i00Muill
cghepi. Ilpononyemuvcs memoo bazamopienesol celeKmugHoi 00poOKU Oanux, KUl 003801UMb 30epicamu onepamueé-
HICMb 008€0eHHS OaHUX 8 YMOBAX NIOSUWEHHS THMEHCUBHOCI NOMOKY OAHUX 3 3A0AHUM PIGHeM KOHQIOeHYiliHOCmi.
IIposooumvca 0ocnidxcenHs egheKmMusHOCMI BUKOPUCTHAHHI PO3PODNIEH020 6a2amopieHe8020 CeeKmuUgHO20 Memooy
00pOOKU OAHUX V NOPIBHAHHI 3 BIOOMUMU CENIEeKMUBHUMU MEMOOamMU 3a Kpumepiem onepamueHocmi 0isl Kaopie pisHoi
HACUYeHOCMI.

KirouoBi cioBa: jitanbHa CEHCOpHa Mepexka, 00’€KTH KPUTHYHOI iH(QPAcTPpyKTypH, CEJIeKTHBHa 0OpoOKa, ONEepaTUBHICTD,
KOH(DIACHIIIHHICTh, 3HAYYIIi KOMITOHSHTH.
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Barannik V. V., Havrylov D. S., Fustii V. S., Barannik V. V.
TECHNOLOGIES OF MULTILEVEL SELECTIVE PROCESSING OF AERIAL PHOTOGRAPHS
FOR PERSPECTIVE FLYING SENSOR NETWORKS

The article deals with issues related to the increase in the volume of transmitted data, as a result of the development
unmanned aerial vehicle technologies, and increasing their use in commercial and departmental areas. A method of
multilevel selective data processing is proposed that will allow to maintain the efficiency transmission data in condi-
tions of increasing the intensity of the data flow with a given confidentiality level. The research of the effectiveness used
the developed multilevel selective data processing method in comparison with the known selective methods for the effi-
ciency criterion for frames of different saturation is carried out.

Keywords: fly sensor network, critical infrastructure objects, selective processing, efficiency, confidentiality, meaningful com-
ponents.

bapanunuk B. B., T'appuiios [I. C., ®ycruii B. C., bapanuux B. B.
TEXHOJOTI'USA MHOI'OYPOBHEBOU CEJIEKTUBHOU OBPABOTKU ADPO®OTOCHUMKE
JJISA HEPCIHEKTUBHBIX JIETATEJIBHBIX CEHCOPHbBIX CETEU

B cmamve paccmampusaiomes 60npochl, céa3anHbLe C Y8eIUUeHUeM 00beMO8 Nepedasaembix OAHHbIX 3d CUem Pas-
BUMUSL MEXHON02ULL OECNULOMHbIX IeMaAmelbHbIX annapamos U yeeauieHus 00bemMos UCHOAb308AHUSL 8 KOMMEPYECKOU U
seoomcmeentol cepe. [lpednazaemes Memoo MHOLOYPOBHEGOU CENeKMUBHOU 06PAGOMKU OAHHBIX, KOMOPbII NO360-
UM COXPAHAMb ONEPAMUSHOCHb O08COeHUs. OAHHBIX 6 YCLOGUSX NOBIUUCHUS UHMEHCUBHOCMU NOMOKA OAHHbIX C 3a-
OanHbIM Ypo8HeM KOHpuienyuarorocmu. Tlpoeooumces ucciedoganue 3¢phekmusHocmu UCHONb3068AHUS PA3PAOOMAH-
HO20 MHO20YPOBHEB020 CENEeKMUBHO20 Memoda 00pabomKku OaHHBIX NO CPABHEHUIO C U3BECMHBIMU CENeKMUGHbIMU Me-
MoOamu HO KPUMEPUIO ONEePAmUEHOCU Oist KAOPO8 PA3TUYHOU HACLIUEHHOCTU.

KiroueBble ciioBa: jeTaTesbHas CEHCOPHAsl CeTh, OOBEKThl KPHUTHUECKOW MH(PACTPYKTYphI, CEleKTHBHAsE 00paboTKa, orepa-
THBHOCTb, KOHHACHIIHAIBHOCTh, 3HAYUMbIC KOMITOHEHTHI.

Crarts Hagidmmia 1o pegakmii 06.09.2018 p.
[MpwuitasTo go npyky 26.09.2018 p.
Peniensent — o-p TexH. HayK, npod. Konaxosuu I'. @.
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CIIOCIb OUITHIOBAHHA IH’!:EHCPIBHOCTEPI
HEPBUHHUX IHOOPMANIUHUX ITOTOKIB,
TEHEPOBAHUX ABOHEHTAMU KOMIT'IOTEPHOI MEPEXI PEUEN

Beryn

B ymoBax rio6amizarii (iHTerpartii) KoM oTep-
HUX MEPEX PI3HOTO PiBHS, CJIiJ] 3BEPHYTU YBary Xo-
ya O Ha i€I0 CTBOPEHHS TEJICKOMYHIKaliiiHOl iH-
(bpacTpyKTypu Ha OCHOBI HHM3BKOOPOITANBHUX CY-
OyTHUKIB [1], OIIHKY AMHAMIKK iX PO3BHUTKY, IO
HaOyBae Bce OLIBIIOrO 3HAYCHHS Yepe3 BEIMYE3Hi
BUTpaTd (HapemTi — 3a paXyHOK HaceJeHHS) 00-
MEKEHUX PEeCypCiB Ha CTBOPEHHS 1 EKCILIyaTaIliro
TaKOro pojay KoMm'roTepHoi iHppacTpykTypu. [Ipu
IbOMY OCHOBHHUM ITapaMeTpOM, 1[0 BU3HAYA€ JMHA-
MIKy PO3BHTKY KOMIT IOTEPHHUX MEpPEX 1 JO3BOJISE
OLIIHUTH BUTPATH pecypciB Ha i CTBOpEHHs, € iH-
(hopMmarriline HaBaHTaXXCHHS, IO BUHUKAE BiJl KiHIIC-
BHX (TE€pMiHAJIHHHX) IPUCTPOIB.

OMmiHfOBaHHS CYKYITHOI iH(pOPMAIIHHOI TOTYX-
HOCTi (IIPOLYKTHBHOCTI) MPOTpaMHO-anapaTHUX 3a-
co0iB — JpKepen MepPBUHHOI, A Mepexi, iHpopma-
1ii, € TOCUTH CKIAIHUM 3aBIAHHAM: aBTOpaM Iie Ha-
rajiaiao TpyaHoli mouatky 70-x XX cT. OlLliHIOBaHHS
aHaJOriyHOro mokasHuka cwiamu BHJII mpobGiem
opranizaiii Ta yrpaBmiHHS I (KOMIT I0TepHOT) Me-
pexi OOYMCITIOBATBHUX LEHTPIB KOJEKTHBHOTO KO-
pHUCTYBaHHS, SIKy CTBOPIOBAIM JUIS 3arajbHOJIEp-
JKaBHOI aBTOMATHU30BaHOI CHUCTEMH i HAyKOBUM
KEepiBHUITBOM akaaemika B. M. I'mymkosa [2].

Ominka (115t miel MporHo3yBaHHs ) IEPBUHHOTO,
BiJl iCHYHOUMX a00 TMOTEeHIaJbHUX a0OHEHTIB, iH-
(dhopmariiitHoro HaBaHTa)XKCHHSI Ha KOMIT IOTEPHI Me-

peki peueit, abo Ha ix iHTerpanito [HTepHET-peueit
[3], € HEOOXiAHOIO YMOBOIO YCHIIIHOTO PO3BHUTKY
[IBOTO BIHOCHO HOBOTO 00’€kTa iH(hOopMAaIitHIX
TEXHOJIOTiH, 30KpeMa, IS €(PEKTUBHOTO PO3IOALTY
3yCHJIb Ha CTBOPCHHS iH(POpMaIliliHO-TeIeKOMyHiKa-
1iHO1 iHQPaCTPYKTYpH.

AHani3 gocaigxkeHb Ta MiAX0AU 10 PO3B’SI3aHHS
npoodaemMu

Ouinky (A7s inei TporHO3yBaHHs) iIHTEHCHBOC-
Tel iHQOpPMAIIHUX TMOTOKIB (IIEPBHHHOTO iHQOP-
MaIiifHOTO HaBaHTaKEHHSI Ha CTBOPIOBAHY KOMII 1O-
TEpHY MEpEXKy) IO BOHH T'€HEPYIOTHCS aOOHEHTaMU
(TepMiHAIBHUMH TIPOTPaMHO-aapaTHUMH TIPHCTPO-
SIMH ), MO’KHA TIPOBOJIUTH ACKITBKOMA CIIOCOOaMMU.

[eprmM, HalOITBII «TIEPEBIPEHIMY» CITOCOOOM, €
OLIIHIOBAaHHSI IHTEHCUBHOCTEH MEPBUHHHUX IOTOKIB 3
BUKOpHcTaHHA KiacudHux (AR, MA, ARMA) anro-
PUTMIB MIPOrHO3yBaHHS Ha 0a3i ampiopi chopMoBa-
HOT'O 4aCOBOTO PSIIY.

[Topsin 3 BiIOMUMH «HEBWJIIKOBHHUMHI» BaJgaMH
aJTOPUTMIB TIPOTHO3YBaHHS HAa OCHOBI YacOBHX psi-
IiB, MaEMO Jay>ke€ KOPOTKY BHOIpKY 3 NPUYHUHH HO-
BU3HHU TaKOTO 00’ €KTY, K KHOep(Di3uuHI Mepexi.

Hocismu indopMartii, mo HagXoIsITh B MEPEXKY
peueil Bij TepMiHANBHUX MPHUCTPOIB KIHIEBUX KO-
pHUCTYBayiB B OJUHHUIIIO Yacy, € caMi «pedi», TOOTO
MaTepiaibHi 00’€KTH, IO 3a0e3MeUyIOThCS IMPHUCT-
pOSIMU  BBEJICHHSI-BUBE/ICHHSI, POJIb SKHX MOXYTb
rpaTH pi3HI MporpaMHo-amapartHi 3acobu, 30KpeMa,

© XKyxos I. A., ITeaypin M. K., Kounparosa JI. I1., [leaypina O. O., 2018



HaykoemHi TexHonorii Ne 3(39), 2018

309

BUKOHAaBY1 MPHCTPOI 1 (iHTeNeKTyasbHi) ceHcopH [4].
ToMy HacTymHUM, Ui OLIHKH TEPBHHHOTO iH(OP-
MAaIifHOTrO0 HaBaHTAXXEHHs MiJIXOAOM € OLIHIOBAaHHS
THTEHCHBHOCTEH IOTOKIB caMe «pedei», Ha OCHOBI
YOro OTPUMYIOTBCS JaHi Ipo iHTEHCUBHOCTI iH(pOp-
MalllfHUX IMOTOKIB, 1[0 BUTIKAIOTh BiJ KOXKHOTO 3 71
Iokepen (a0oHeHTiB Mepexi). s IbOro TaKoXK Tpe-
0a BcTaHoBUTH ((PyHKIIOHANBHY) 3aJIEKHICTH MiX
IHTEHCUBHOCTSIMH TIOTOKIB KOXKHOTO THUIy pedel i
BIAMIOBITHUMU iH(DOPMAITITHUMHU TTOTOKAMH.

Takuii cnoci® Ba)KKO 3acTOCyBaTH Oe3mocepe/-
HBO dYepe3 CKIATHICTh BiJNOBiMHOI OaraTompoayK-
TOBOT MOJIENI Ta BiICYTHICTh CUCTEMH MOHITOPHHTY.

IHon migxXogd M0 OLIHKH I1HTEHCHUBHOCTEH 1H-
(dopMaLifHUX MOTOKIB 3aCHOBaHI Ha BHKOPHCTaHHI
OIIHOK 1HTEHCUBHOCTEH MOTOKIB peyeii; Mpu bOMY
HaWOUIBII BXKUBaHUM (OTIOCEPEAKOBAHUM) ITOKA3HU-
KOM € eKoHOMeTpuuHHi mokazuuk — BBII [5].

IlocTaHoBKa 3aBHaHHSI OLIHIOBAHHSl IHTEHCHUB-
HOCTel MepBUHHMX iHopMaliiHNX MOTOKIB

MaemMo 7 aOOHEHTIB-yYacHUKIB  CTBOPEHHS
KiOepdi3nyHOi Mepexi, KoKeH 3 SKUX TeHepye iH-
(hopmariitHuit MOTIK, 3HAYEHHS IHTEHCHBHOCTI SIKOTO
NO3HAYMMO 4Yepe3 p;. |HTEHCHBHICTH 3arajbHOTrO
MEPBUHHOTO iH(OpPMAIIHOTO MOTOKY, IO HAAXO-
JIMTh B MEPEXKY, TO3HAYUMO Yepe3 s.

Heo0xigHo OIIHMTH 3HAYEHHS S, a TAKOXK 1HTEH-
CHBHOCTI p; iH(pOpMalifHUX TMOTOKIB, [0 BOHU Ie-
HEPYIOTHCS KO)KHUM 3 1 aOOHEHTIB.

Po3B’s13aHHs 3aBIaHHS

SIk BUCXIIHUN ITOKA3HHUK 1A OL[IHIOBAHHS S O0U-
paeMo Takuil 3 JOCTYMHHX, KU HaHOUIBIIOI Mi-
OO XapaKTepu3ye iHTCHCUBHICTH TTOTOKY pedeii —
reHepartopiB iHpopmallii, o0 BOHa HAJXOIUTh B Me-
pexy peueil (3BicHO, Yepe3 TepMiHaNbHI MPUCTPOT).
LM mokaszaukoMm obpano BBII, skuii omocepemko-
BaHO SIBIIIE COOOW 0OCST pedei (YuTail — IHTENICK-
TyaJbHUX CEHCOPIB 1 BHKOHABYMX IPHUCTPOIB), SKi
MOXYTh (TIOTEHIIHO) 1 TOpoAuTH iH(OpMaIiiiHe
HaBaHTaKEHHs Ha Kibepdiziuny mepexy (IaTepHeT-
peueit). Lleit mokxaszuuk (BBII IIIIC, BHII ta in.)
PO3PaxOBYEThCS MIOPIYHO (TOOTO OJUHUIICIO Yacy B
HaIif 3a1a4i BUOHpaeMo piK) [T BCiX KpaiH, abo-
HEHTU SKHX MOXYThb CKJIACTH CaMmy KOMII IOTEpHY
Mepexy peueil; y Mexxax KpaiHu Li po3paxyHKH BHU-
konye JlepxkkomcTart [5].

VYBeneMo NPHUIYIICHHS TPO TPpsSMY JIiHIHHY 3a-
JSKHICTh KUIBKOCTI iH(OpMaIii, 1o TeHepyeThes
TEpMiHAJIbHUMHU TIPUCTPOSIMH Ta HAaIXOIUTh B Me-
peXy 3a OJWHWIO dYacy, Bil KIJTBKOCTI pedei-
TEPMIHATIB: YUM OUIbIIEe pededl MPOIYKYEThCS 3a
OJUHHUIIIO yacy, THM Oinblie iHpopMaliiiine HaBaH-
Ta)KEHHS HA MEPEXKY.

T'omoBHa moxmbKa, 10 BUHUKAE TIPH PO3B’sI3aHHI
Ha1oi mpo6aeMu OLiHIOBaHHS s 3a 3HaYeHHsM BBII,

BUHHKA€E 4epe3 (aJUTUBHY) 3TOPTKY, B KIACHYHOMY
MakpoekoHoMmiuHOMY BBII, nBox ckimamoBux: pid-
HOTO 00CsTy BHPOOJICHUX TOBapiB (TOOTO peuei, ski
BU3HAYAIOTh §, HA MPOJax) i mociayr (IIyM B KOH-
TEKCTi Hamoi cTaTTi i B HhoMy — ideas 3 [6]).

AJIUTUBHUNA XapakTep 3TOPTKHU JI03BOJISIE BUOK-
pemutu ckianoBy BBII, mor’s3any 3 mpoaykyBaH-
HSIM peueif, ajie HaIiBBOJIOHTAPUCTCHKE BU3HAUCH-
HS IIHA pedi JUTA 3aMiproBaHH 00CATY BUPOOIECHIX
toBapiB y BBII 3HWXye TOYHICTH OIIIHIOBAaHHS S
[7; 8]. Taki cami MipKyBaHHS CTOCYIOTHCSI TIPOOIJIEM
OIIiHFOBaHHS p; Ha ocHOBiI BBII,.

[MpuiiHsBIIN BUIIE3raaHe PHUITYILCHHS 1 MalOYH
CTAaTUCTUYHI JaHi mpo 3aranpHui BBII, orintoemo s
3 TOYHICTIO 10 LiH peueil SK TOBapiB.

Taka cama mponexnypa Moxxe OyTH 3aCTOCOBaHa
JUTst (ABTOHOMHOT0) OIliHIOBaHHS p; Ha ocHoBi BBII,,
ajie 3 METOI0 OTPUMAaHHS ORI TOYHOI OIIHKH p; 3a
paxyHOK moOynoBH MOJENi 3 OUIBIIOI CTYIiHHIO
aZIeKBaTHOCTI, OyJeMO BpaxOBYBAaTH 3B S3KH, IO
ICHYIOTh MDK aOOHEHTaMH KOMII IOTEPHOI Mepexi
pedeit B mporieci nmpoaykyBanus BBII. Slk aGonenTn
JUISL pEeTiOHATBHUX MEPEK MOXKYTh BHCTYIIATH raily3i
HapOJHOTO TOCIOMApPCTBa, SK IHTETPOBaHI CYKYII-
HOCTI MiAIPHUEMCTB — T€HEPaTOPiB peyeH.

[pumycTrBmm 30amaHCOBaHICTh (BpPiBHOBa)KEHE
3pOCTaHHs) BHPOOHUYO-CKOHOMIYHOTO  IIPOIIecy,
obupaeMo Mozenb MikramyseBoro Oaimancy B. B. Jle-
OHTbeBa [9], fK HaWOPOCTIIIOI MaTeMaTUYHOI
KOHCTPYKIIii, IKa BpaxoBYe€ 3rafaHi 3B’ sI3KU:

(E - 4(¢))- x(e) -R() =0,
ne A = A,, — TeXHoJoriuHa MaTpuus; X — 3araib-
HUU oOcsAT BHPOOJIGHWX TOBapiB i mociayr; R —
BBII; cknanosi 4, X, R cyTs QpyHKUii yacy.

Martpurs A(f) BpaxoByE «IIPUXOBAHY» YaCTHHY
MIOTOKIB peyeid, AKi YTBOPIOIOThCA Y BJIACHE MPOIEci
BHPOOHHUIITBA 1 «CITOKMBAIOTHCS BCEPEAMHI» ITOTEH-
uiifHoro aboHEHTa CTBOPEHHS! KOMIT IOTEPHOI Mepe-
X1 peueit [9].

JleckpunTuBHa Mojeab AJS OUiHIOBAHHS IHTEH-
CHBHOCTeH NepBUHHHX iH(popManiiiHuX NOTOKIB

Io3nauenns:
1) Xy =[x"],, Marpuus, eJeMeHTH SKOI IpOoIop-
iH#HI IHTEHCUBHOCTSAM TOTOKIB pedei, CIpoIyKoBa-

HuX aboHeHToM PP, ‘i =Ln.

2) X, =[x"],, — MaTpuus, eleMeHTH SKoi mpo-

MOPIifiHI IHTEHCHBHOCTSIM TIOTOKIB peded (BUXin-
HOMY iH(opMamiiHOMy HaBaHTaXXCHHIO), BHPOOJIie-

nxn

HUX abonenToM PP nist aboHeHTa PPJ. (x” — 3Ha-

YeHHsI, PONOpLiiiHe IHTEHCHBHOCTI MOTOKA peyei,
mo ix BupoOseHo abonenrom PP 1 siKi TpaHCIOp-

Ty10TbCsl aboHeHTy PP;).
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3) C

c00010 «iH(hOpMAIIIHY I[IHHICTHY OJMHHMIII x'.
4) A,,, =la;] — marpuus (texHonoriunux) Koedi-

i .
cost = L€' 1|, MaTpHIL, €IEMEHTH AKOI ABJIAIOTH

LIEHTIB, I @ ; — KOEDIIIEHT, IO SBISIOTH CO000
BUTPATH MPOAYKTY (peueii), BUpoOIieHNX a0OHEHTOM
PPli = 1Ln IpY NpOXYKyBaHHI OIMHMII MOTOKY pe-
ue B PP;.

OOMesKeHHs:

1) Koxuuii PPi‘i = I,_n MPOAYKYE TIJIBKH OJIUH,
BJIACTUBHH ILOMY a0OHEHTY, IPOAYKT (THUI peuei).
2) KoxHwmii THII pedeil TPOMYyKYEThCS TITBKH OJ-

HUM PP[‘i =1,n.

3) Koxuuit PPi‘i =1,n Mae CBOIO TEXHOJOTIIO Iie-
PETBOPEHHs pedeid, 110 HATXOAATh Y BUTIIAAL PECypCy.

SIKO1 CYTh IHTEHCUBHICTh MTOTOKY peuel, B iHpopma-

4) Icaye wmarpunss X €JIeMEHT

tcost nxn

miHHOMY BHUMIpi, Bifg PP[‘izl,_n no PP, TOOTO

Maemo Jiniiny 3a x7 dyakmiro fY(x7,c')=c¢"-x7.

5) Hns BCiX i BHUKOHYIOThCA YMOBHU
>xlel=>x"c/; X 20.

J J
6) BUKOHYIOTBCS  CIIBBITHONICHHS  OajlaHCy:

E-X;-4-X,-R"=0.

3aMiHOI0 3MIHHUX 3aIllpONIOHOBaHA MOJIENb 3BE-
JIeHa JI0 TIOTOKOBOI (JMB. PUCYHOK), IO JAJIO 3MOTY
JOOCTIAUTH 11 3 BUKOPUCTAHHAM AITOPUTMY THITY
anroputMmy Popna—PankepcoHa.

[Mpuknan po3B’si3aHHs 3a4avi OLIHIOBAHHS iH-
TEHCUBHOCTEH MEPBUHHUX iH(OpMAIiHHUX MOTOKIB
KOMIT FOTEpHOT MEPEeXkKi PeTiOHATBHOTO PiBHI.

3ampornoHOBaHy  MOJENb  3aCTOCOBAHO LIS
pPO3B’sI3aHHS 3allavi OIIHIOBAHHS IHTCHCUBHOCTEU
MIePBUHHUX 1H(GOPMAIIMHUX MTOTOKIB KOMIT FOTEPHOT
Mepexi peueil perioHaJbHOTO (Iep>KaBHOTO) PiBHS
(aboHEHT — raty3b HapOJHOTO TOCIIOIAPCTBA).

B tabmui HaBeneHo nesiki pe3yibTaty [8].

3 Tabnwii BWIHO, IO JOJS TEpBUHHOTO iH(OP-
MaI[ifHOTO HAaBaHTAXXCHHsI HA CTBOPIOBaHYy (mepxa-
BHY) KOMII'IOTEpHY MEpEXy peueil, L0 BOHO
[IOB’s13aHE 3 JUKEpeJIaMH — Tally3sIMH IIPOMHCIIO-
BOCTi, 1 OIliHEHa Oe3MocepeHb0 32 TOKA3HUKOM
BBII, cyTTeBO Binpi3HA€THCA BifJ OLIHKH, OTPUMAaHO]
3a 3aIPOIIOHOBAHOI0 MOAEILIIO.

BucHoBkH

1. YpaxyBaHHS, B pEKOMEHIOBaHIl 10 BUKOPHC-
TaHHSA MOJEN, 3B’ A3KIB MK IMOTEHLIMHUMH a0OHEH-
TaMHd MepeXxi pedeil B mporeci ix (pedeit) BupoO-
HUIITBA JO3BOJISIE OTPUMATH aJCKBATHY KapTUHY

PO3MONiTy IHTEHCUBHOCTEH MEpPBUHHOI iH(pOpMaIii,
10 BUXOJUTH BiJl KIHIIEBUX MPUCTPOIB i HABAaHTAXKYE
MEpEexKy peuei.

2. AnroputMu Ui TOCIIKEHHS 3alpOIIOHOBA-
HOi CTaTHYHOI MOAENI MaroTh BiJHOCHO HEBEIUKY
TPYIOMICTKiCTB, — opieHTOBHO O (1°), SIK i TpYymIO-
MICTKICTh QJITOPUTMIB PO3B’A3aHHS 3a/1a4 Kiacy 3a-
Jad JiHIMHOrO mporpamyBaHHS abo 3acTOCOBaHOI
Mou(iKaIlii MOTOKOBOTO alrOPUTMY.

3. Po30ixkHICTE po3noaiiiB iHbOpMatiitHoro Ha-
BAaHTAXXCHHS BiJ rayy3eidl HapOJHOTO TOCHOJapCcTBa
Ha CTBOPIOBaHY (JIepKaBHY) KOMII IOTEPHY MEpexy
pedeit, sKi OTpUMaHO PI3HUMH CITOCOOaMH, BUHUKAE
3 TOro, mi0 icHyroua o(iliiiHa CTaTUCTUYHA 3BIT-
HICTb CHOTBOPIOE (DaKTUUHY IHTCHCHUBHICTH MOTOKIB
BHUPOOJICHUX peuelt — reHepaTopis iHhopMaIlliitHoro
Tpadiky IS Mepexi.
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Tabnuys

Ouinky iHTeHCUBHOCTell NepBUHHMX iHGopManiiiHUX MOTOKIB
Bi/l rasy3eii HapoJHOI0 rocNOJapPCTBa HA CTBOPIOBAHY (Iep:KaBHY) KOMII'IOTEPHY MepexKy peuei

lany3i HapogHOTO rocnogapcTBa —
YYACHUKU CTBOPEHHS MEPEeXKi pede
[5] (reneparopu MepBUHHUX
iH(pOpPMALITHUX TTOTOKIB)

CinbChKe TOCHOIApCTBO, JICOBE Ta

pubHE TOCTIOIAaPCTBO

JloOyBHA TIPOMHUCIOBICTH 1 pO3poOKa
Kap’epiB

[epepoOHa mpoMHUCIOBiCTh

IMocrayanHs eleKTpoeHeprii, rasy,
napy Ta KOHUIIIOHOBAHOTO MOBITPSI

Bononocrauanss, kaHami3aris, IOBO-
JDKEHHS 3 BIAX0IaMU

ByniBaunreo

OnroBa Ta po3apiOHa TOPriBIs; pe-
MOHT aBTOTPAHCIOPTHUX 3aC00iB

TpaHcnopT, CKIaaChbKe TOCIIOAAPCT-
BO, MOIITOBa Ta Kyp €pChKa Misib-
HICTH

TumyacoBe po3MillleHHsI Ta OpraHiza-
1isl Xap4uyBaHHS

Tadopmaris Ta TenekoMyHIKaIii
dinaHCOBa Ta CTpaxoBa AiSUTbHICTh

Onepariii 3 HEpyXOMUM MaliHOM

[Mpodeciiina, HaykoBa Ta TEXHIYHA
ISUTBHICTD

HismeHicTs 'y cdepi aaMiHiCTpaTHB-
HOTO Ta JOTOMDKHOIO OOCIyroBy-
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Kyxkos L. A,, ITeuypin M. K., Kongparosa JI. II., Ileuypina O. O. .
CIIOCIb OUIHIOBAHHSA IHTEHCUBHOCTEU NIEPBUHHUX IHOOPMAHIMHUX TOTOKIB,
3rEHEPOBAHUX ABOHEHTAMHJ KOMIT'FOTEPHOI MEPEXI PEUEI

Cmammio npucesiieHo npodnemi OYiHIO8AHHs IHMEHCUBHOCMEN NEPEUHHUX [HHOPMAYIUHHUX NOMOKIS, WO 60HU 2e-
Hepyiomvcsi aboHeHmamu 8iOHOCHO HO8020 00 €KMY IHOPMAYIUHUX MEXHON0R2Il, — KOMN TOMePHUX Mepedic peyet, 01
NPOCHO3Y8AHHA IX PO3GUMKY. 3 YIEHO MEmOK NPONOHYEMbCSI MOOelb, NOOYOOBAHA HA OCHOBL MOOENi MIJC2aAy3e6020
banancy B. B. Jleonmvesa. Oyinioromvcs nponopyii' y po3nooii IHMeHCUBHOCMell NEPEUHHUX IHQOPMAYIIHUX NOMOKIS,
WO BOHU 2eHepyIombcs aboHenmamu (MEPMIHATLHUMU NPOSPAMHO-ANAPAMHUMY — NPUCMPOSMU) CMEOPIOBAHOL
Kubepgizuunoi cucmemu. /lna @opmysanna napamempie mooeni euxopucmarno BBII — 3azanvrodocmynHuil
MAKPOEKOHOMIMHULL NOKA3HUK, SKULL ONOCEPeOK08AHO NPEOCMABIAE IHMEHCUBHICIb THEOPMAYIUHUX NOMOKIB, WO 80HU
2eHepYIOMbCsl NOMEHYIANbHUMU ADOHeHMamu CMEoPI08aHoI KOMN TOMePHOI Mepedrci peyell.

KnrouoBi ci1oBa: owinka crany, po3BUTOK [HTepHeTy, [HTepHET-peueii, iHpopManiiiHe HaBaHTaKECHHSI.

Zhukov I. A., Pechurin N. K., Kondratova L.P., Pechurina O.0.
METHOD OF EVALUATION OF INTENSITY OF THE PRIMARY INFORMATION FLOWS,
GENERATED BY COMPUTER NETWORK NETWORK COMPONENTS

The article is devoted to the problem of estimate the value of the primary information flows generated by abonents
of the relatively new object of information technology, the so-called computer network of things to predict its develop-
ment. To this end, a model is proposed on based of V.V. Leontiev model of inter-industry balance. There are estimated
the proportions in the distribution of primary information flows, which are generated by the software-hardware (termi-
nal) devices created cyber-physics system. In order to formulate the model parameters, a public macroeconomic indica-
tor is used, only indirectly represented the intensity of information flows that they derive from potential abonents of
created computer network of things.

Keywords: Evaluation of the state, development of the internet, internet of things, information load.

Kykos U. A., Ileaypun H. K., Kongparosa JI. I1., [leuypuna O. O.
CIIOCOBb OIIEHKM HHTEHCHUBHOCTHU NEPBUYHBIX TH®OPMALMOHHBIX IIOTOKOB,
CTEHEPUPOBAHHBIX ABGOHEHTAMM KOMIIBIOTEPHOM CETH BEIIEH

Cmambus nocesawena npodieme OYeHKu UHMEHCUBHOCMEll NePEUYHbIX UHDOPMAYUOHHBIX NOMOKOS, 2eHePUPYemMblX
abOHeHMAMU OMHOCUMNETbHO HO8020 00beKma UHEPOPMAYUOHHBIX MEXHONO02Ul, KOMNbIOMEPHbIX cemell geujel, O
npoeHosuposanusa ux pasgumus. C amoii yenvio npediazaemcsa Mooelb, NOCMPOEHHAs HA OCHO8E MOOEIU MeHCoOmpac-
ne6o2o bananca B. B. Jleonmvesa. Oyenugaiomest nponopyuu 8 pacnpeoesieHuu UHMeHCUBHOCMel NepeUYHbIX UHPOP-
MAYUOHHBIX NOMOKO8, 2eHepUpyemuvix abOOHeHmAamu (MepMUHATLHBIMU NPOSPAMMHO-ANNAPATNHBIMU YCMPOUCMEaMU)
cozdasaemoul kubepghuzuueckol cucmemsl. /i gopmuposanus napamempos mooenu ucnoibzosano BBII — obwe-
00CMYNHbIU MAKPOIKOHOMUYECKUTI NOKA3AMENb, KOMOPbLL KOCBEHHO NPeOCMABasien UHMEHCUBHOCHb UHMDOPMAYUOH-
HbIX NOMOKO8, 2EHEPUPYEMbIX NOMEHYUATLHLIMU ADOHEHMAMU CO30A8AeMOli KOMNLIOMEPHOU Cemu 8elyel.

Kurouesble cioBa: OueHka coctossHus, pa3BuTie MHTepHeTa, IHTEpHET Beulel, HHpOpMaIoHHas Harpy3Ka.

Crarrs Hagiinuia qo pemakmii 09.09.2018 p.
[puitasTo mo npyky 20.09.2018 p.
Penensent — wi.-xkop. HAH VYkpainu, n-p texs. Hayk, npod. Moxop B. B.
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3AXHCHI BJIACTUBOCTI EJIEKTPOMATI'HITHUX EKPAHIB
HA OCHOBI 3AJII3OPYJHOI'O WY TA 5.6 3ACTOCYBAHHAA
JJISA BAXUCTY IH®OOPMALII TA JIIOJEU

Beryn

Po3BuTOK TeXHONOTIH PO3pOOIIEHHS, BUPOOHUIIT-
Ba Ta eKCIUTyaTalii eIEKTPUYHOIO Ta €JIEKTPOHHOTO
oOJiafiHaHHs JTO3BOJISIE MiABHIIMTH HOTO MPOIYyK-
TUBHICTh, 3HU3UTH EHEPTOCIOXMBaHHA Towo. llo-
pSA 3 IMM, BUKOPHUCTaHHS CY4YacHOrO OOJaJHAaHHS
Ma€ HaCJIAKOM 3MIiHH €JICKTPOMAarHiTHOI 00CTaHOB-
KH y BHPOOHMYOMY CepemoBHILi Ta AoBKium. Lle
00yMOBIICHE PO3IIMPEHHSIM YacTOTHOIO CIIEKTpa
€JICKTPOMAarHiTHUX TIOJIIB KOMIUIEKCY TEXHIYHUX
3ac00iB, 3pOCTAHHAM aMIUTITYZ €JICKTPUYHHX Ta
MAarHiTHHX CKJIQJIOBHX TapMOHIK €JIEKTPOMarHiTHOTO
nojsi mpomucioBoi wactotd. Hasenene motpeOye
PO3pOOJICHHS Ta BIPOBAKCHHS CydaCHHUX 3aXOJiB 1
3ac00iB 3axHCTy JNIOJEH Yy BUPOOHHYHX Ta MOOYTO-
BHX YMOBaX BiJl BIUIMBY €JEKTPOMArHiTHHX MOJIiB.
Le BigmoBimae CtpaTerii cTagoro po3BUTKy «YKpai-
Ha 2020» i € oxHi€ro 3 inei peanizanii Ctparerii.

ExpaHyBaHHs €IEKTPOMAarHiTHUX IOJIB € aKTy-
ATHHOI0 TIPOOJIEMOIO 3aXHCTy 3I0pOB’s, iH(opma-
[iifHOT Oe3reKHu, eNeKTPOMArHiTHOI CYyMIiCHOCTI Ta
€JIEKTPOMArHITHOT €KOJIOTii JKUTJIIOBUX MPHUMIIIEHB,
3aXUCTy MPUMIIICHD IS CEPBEPIB Ta IHIIIOTO EJIEKT-
pOHHOTO O0JTaTHAHHS.

[IBuKkuii po3BUTOK MOOITEHOTO 3B’SI3KY, [HTEp-
HETy, 30iJbIIEHHS KITBKOCTI ENEKTPUYHUX MEepek
3HAYHO 301JbIIye 3a0pyJHEHHS HaBKOJIHIIHBOTO
cepenoBHIa. EIeKTpoTpaHCIOPT, MOOYTOBI €NEKT-
porpuiagy, KOMIT'IOTEpHI MepexXi TakoX IaloTh
CYTTE€BUH BHECOK OO0 3a0pyAHEHHsS HAaBKOJIMII-
HBOTO cepenoBuia. HaBelneHi eIeKTpPOMArHiTHI 1Mo-
Jqs1 BCE YacTillleé BUKIUKAIOTh MOMHIKA B POOOTI
IT-o6mamHaHHs, BIUTMBAIOTH Ha AKICTH 3B’ S3KY.

© Kosznoscekuii B. B., I'nuea B. A., Xogakoscbkuii O. B., 2018

OnmHoYacHO 3 UM iCHY€E pealbHa MOKJIIMBICTD 3a
JIOTIOMOT'OK0  CTICIialIbHUX 3ac00iB, SIKi BHKOPHUCTO-
BYIOTh MOOIYHI €IEKTPOMATHITHI BUIPOMIHIOBAHHS
EJeKTPOHHUX TpUJIaNiB, 3HIMATH KOHQIIEHIIHHY
iHpopmariito 3 cepBepiB, BTpydaTtucs y poOoTy iH-
(opMaLitHUX CUCTEM, IPOCITyXOBYBaTH IIEPETOBOPHU
200 3HUIYBATH JIaHI Ha €NIEKTPOHHUX HOCISIX yMIC-
HO, a TaKOX 3 HE0OePEKHOCTI.

Tpaauuiiini Matepianu 1Jisi eKpaHyBaHHS €IIEKT-
POMarHiTHUX MOJIB, PEKOMEHAOBaHI HaliOHaJIbHU-
MH HOPMAaTHBHUMH aKTaMH, Y TaKUX yMOBaX HEMO-
CTaTHBO €)EKTHBHI Ta YHIBEPCAIbHI.

Haii0inpm nepcrneKTHBHUMH 3aXHCHUMH MaTepi-
ajaMyd € KOMIIO3WTHI METAJIOTONIMEepHI MaTepiaid,
0 MiATBEPIPKEHO HU3KOIO BITYM3HSIHHUX Ta 3aKOp-
JIOHHUX JOCHTIJKeHb., AJie OLIbINICTh PO3POOOK BH-
KOHAaHO Ha MOJEJBHUX MaTepianax, HEeNpHIaTHUX
JUIS TIPAaKTHYHOTO BUKOPHUCTaHHSA. TOMy aKTyajbHU-
MU € 3a7a4i pO3pO0ICHHS TEXHOJIOT1l BUTOTOBICHHS
Ta JOCTIUKEHHS 3aXMCHUX BIIACTHMBOCTEH KOMIIO-
3UTHUX MaTepialliB Majoi BapTOCTi, MPUIATHUX IS
OOJIMIIOBAaHHS TIOBEPXOHb BEIUKUX IUIONI 3 TpPHUIi-
HSATHAMH KOeQillieHTaMU eKpaHyBaHHS.

AHaJi3 JliTepaTypHUX JaHUX Ta MOCTAHOBKA
npooJjeMu

Po3pobieHHIo cyyacHUX MaTepialliB Ui eKpaHy-
BaHHs CJICKTPOMATHITHUX MOJIB Ta BUTOTOBIICHHIO
eKpaHiB pPI3HUX KOHCTPYKIIil TPHUCBSIYEHO Oararto
JOCIIKEHb Ta MPUKIaTHUX po3poOok. Lle mosicHro-
€TBCS HENOCTaTHHOI €(EeKTUBHICTIO EKpaHyIUHX
MOBEPXOHb, SKI TPAAUIIIIHO BUKOPUCTOBYIOTHCS,
30KpeMa BEIMKUMHU KOe(illieHTaMU BiJOUTTS €ICKT-
POMAarHiTHUX XBUJb YJIBTPABUCOKHX Ta BUIIUX Yac-
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TOT, IO JeJalli Oibllle BUKOPHCTOBYIOTBCS IS 3a-
co0iB 0€3/IPOTOBOTO 3B’SA3KY.

Ilpams [1] mpucesdeHa po3poOIeHHIO Ta JOCIHTi-
JDKEHHIO BIIACTUBOCTEH €JIEKTPOMArHITHUX EKpaHiB
Ha OCHOBI (hepOMarHeTHKiB, ane OLIBLIICTH IX Koe-
(himieHTIiB eKpaHyBaHHS 3a0€3MEUyETHCS 3a PaxyHOK
BIIOUTTS €JICKTPOMArHITHUX XBWJIb, IO MOXE IIO-
ripuryBaTé €l1eKTpOMarHiTHy OOCTaHOBKY MO3a 30-
HOIO, SIKy BOHM 3axuIarTh. [Ipu mipoMy ix BiacHe
HaMarHiqyBaHHS MOXE ITiIBUIyBAaTH PiBHI MarHiT-
HUX TIOJIB HagHW3bKOI 4actoTh. JlocmimkeHHs [2]
CTOCY€ETBHCS 3aXUCTY BiJI TIOTY>KHOTO €JIEKTPOMArHiT-
HOTO BUIIPOMIHIOBaHHS PaaioioKaTOPiB i Mae CIIelli-
aJIbHE MTPU3HAYCHHS.

Po3poOku BY3BKOTO 3acTOCYBaHHS IOCHTH IIO-
mpeni. Tak, mpans [3] npucBsyeHa po3poOIIEHHIO
Ta MOCIIPKEHHIO 3aXMCHUX BJIACTUBOCTEH Marepia-
JiB A7l 3HWO)KEHHS PIiBHIB €JIEKTPOMArHiTHUX TOJIB
3ac001B OOYHCITIOBAIILHOT TEXHIKA. A IOCHIIKECHHS
[4] — mig 3axWCTy BiA BIDIUBY BHIPOMIHIOBaHB Te-
nedoHiB MOOITEHOTO 3B’SI3KY .

3HayHa KUTBKICTh NTOCIiIKEHBb 1 PO3pOOOK MpH-
CBSYEHA METAJIOMOIIMEPHUM 3aXUCHUM Marepiaiam
Ha OCHOBI JIpiIOHOIUCIICPCHUX METAJICBUX YaCTUHOK.
Ane Taki MaTepiany MarOThb BEJHMKY BapTiCTh depes
CKJIQJTHICTh TEXHOJIOTi OTpUMaHHS METaJeBHX dJac-
THHOK HaHOPO3MIpiB, SKi MOTIM IIE BMIIIYIOTECS Y
MoJIiMepHy MaTpuLio [5].

VY mpami [6] HaBEAEHO TEXHOJOTII0 OTPUMAaHHS
HAaHOYACTHHOK Oe3mocepeaHiM CHHTE30M IIiJl Yac
noJiiMepu3aiii, ane BHUPOOJICHHS TaKUM CIIOCOOOM
3aXMCHOTO Marepialdy BeNUKOI IO MPaKTUYHO
HEMOJKIIHBE.

bararto mociimKeHb CTOCYIOTBCSl 3aXHCHUX MaTe-
pianmiB I eKpaHyBaHHS €JIEKTPOMArHiTHOTO MOJI
IIMPOKOTO Jiarma3oHy. Aje BOHH a00 MeTacTadilbHi
gepe3 BMICT BojiorH [7], abo ay»ke rpomisnki [8], mo
YCKIIQIHIOE 1X MPaKTHYHE BUKOPUCTAHHS.

3HIKEHHsT BapTOCTI MaTepialy 1 CIpOIIEHHS
TEXHOJIOTii BUTOTOBIJICHHS MOXe OyTH IOCSTHYTO 3a
PaxyHOK BHKOPHUCTAaHHS BHUPOOHWYUX BIAXOIIB Yy
SIKOCTI €KpaHyIuoro HamoBHIOBa4ya. Y mpami [8]
HaBEJICHO pe3yJIbTaTH PO3pO0IIEHHS, BUPOOIICHHS Ta
BUNIPOOYBaHb 3aXMCHHUX BJIACTHBOCTEH elEeKTpoMar-
HITHUX €KpaHiB Ha OCHOBI BiJXOJiB BHUPOOHHMIITBA
YaByHY.

Po3mipu dacTWHOK, sKi 3a0€3MeUyioTh eKpaHy-
BaHHA NpUiHATHI — 5-30 MKM, ane iX BMICT y Bif-
xomax Mmamui (Fe,O; — mo 11.5%., FeO — no
4,5 %), ToMy [T 3a0e3MedYeHHs] TPUHHATHIX KOe-
¢inienTiB expanyBanHs — 1o 10 n1b BUKOpHCTOBY-
€TbCS KOHCTPYKIIS KJIMHOMOAIOHOT (opMu, 110
301IbIIIyE€ TOBIIMHY €KpaHa i poOWUTh HOTO HEpH-
JaTHUM JUIS OOJHUITIOBAHHS TIOBEPXOHHb NPHUMIIIEHBb
Oyap-sikoro mpusHaueHHs. [Ipu npoMy KoedimieHTH
BIIOMTTA CKiazaroTh A0 3 ab, 1o aag Aiama3soHiB

YIBTPABUCOKUX 1 BUIIHUX YaCTOT, JUIS AKUX PO3PO0-
JISUTACS €KpaH!, He BiMOBiTae cCydacHUM moTpebam.

Hamri nmomepenni mocmimkenHs [9] cBiggarh 10
KOeQIIIEHTH SKPaHyBaHHS 3POCTalOTh, a KOCQIIiEH-
TH BIAOUTTS 3HMKYIOTBCS 31 3MEHIIECHHSIM PO3MIpiB
METaJIeBUX Ta METAJOBMICHUX YaCTHHOK y TOJIIMep-
Hill MaTpuli. 3a BMICTy YaCTHHOK HAHOPO3MIpIiB Y
11-12 % (3a Baroro) 3a0e3neuyroTbesl KoedillieHTH
ekpanyBaHHs 10 10 nb Ta xoedirieHTn BiTOUTTS 10
0,3. IligBuImeHHS IWUCIIEPCHOCTI YacTHHOK y 2—4
pasu 3HmKye koedinieHtn Bigoutrs Ha 0,15-0,20,
10 0COOJIMBO BaYKJIMBO JUIA 3aXUCTY BiJ BUCOKOYAC-
TOTHUX BHUIIPOMIiHIOBaHb. [Ipm 1poMy KoedilieHTH
eKpaHyBaHHS ckianaoTh 7—-8 nb. ToBuiHa expaHa
ckiamana 5 mMm. HaBeneHe CBiqUuTh, IO 32 BUKOPH-
CTaHHS HAHOYACTHHOK METaJeBOi CyOCTaHIll MOKHA
3HW)KYBaTd PIiBHI €JICKTPOMArHITHUX BHUIIPOMIHIO-
BaHb y 8—10 pasiB. [locBig HaTypHUX BHMipIOBaHb
€JIEKTPOMATHITHUX TIIOJNIB 1 BUIPOMIHIOBaHb CBIiJ-
YUTh, 10 HaBITh y BHUPOOHWYHNX YMOBAax, IPHU EKC-
TuTyartamii TMOTY»XKHOTO eJeKTPOTEXHIYHOro 001aj-
HaHHS Ta PafiOTEXHIYHUX 00 €KTIB LMBIIHHOI aBia-
mii piBHI 1IbOTO (izuyHOTO (haKTOPYy Maibke HIKOIH
HE MepeBUIIYIOTh TPAHINYHO AOMYCTHMI OUIBII HIX y
3—4 pasu.

ToMy nansi BUTOTOBIICHHSI 3aXWUCHHX MaTepiaiB
JOIUTPHO BUKOPHUCTOBYBATH METAJCBI Ta MeETayo-
BMICHI YaCTUHKU OUTBIIUX PO3MIpiB, SKi € BigXoaa-
MU BUpOOHMYMX TiporieciB. Y mpani [10] 3ampormo-
HOBaHO BHUTOTOBJICHHS METAJIOIOJIMEPHOTO MaTtepi-
ajly Ha OCHOBI JPiOHOJMCIEPCHOrO MUY 3alli3HOT
pyau. [lokazano, mo Bmict Fe ta FeO y Hpomy cra-
HOBHTH 110 57 Ta 15 % BignosinHo. IIpu ipomy awc-
MEPCHICTh MUY 3aJIeKHO BiJ Miclisl HOTO BinOopy y
acmipalliHiii cucTeMi CTaHOBUTS Bif 2,5 10 60 MKM.
Expann 3 mi€i cyOcTaHIii BUTOTOBISUIMCS 3 BHKO-
pUCTaHHSAM MAaTpHIli 3 ToiiBiHiTanerary. Koedimie-
HTH €KpaHyBaHHS TaKUX €KPaHiB 3 BMICTOM MeTaJe-
Boi cyOcTanmii 10 % cknmamaroTe 2-5, a KoedilieHTn
BimouTTs — 0,2—0,5. Ane HaBeneHi y mparisax [9; 10]
pe3yJbTaTH JOCHIIKEHb CTOCYIOTBCS €JIeKTpoMar-
HITHUX CKPaHiB, BUTOTOBJICHMX Ha OCHOBI MOJIENb-
HUX TIOJNIMEpiB, SKi HE MPHUCTOCOBAHI AJII BUKOPHC-
TaHHS Y peaJbHUX BUPOOHUYUX Ta MOOYTOBUX YMO-
Bax. TakuM 4yMHOM, MocTae mpobieMa po3poOIICHHS
TEXHOJIOT1{, BUPOOJIEHHS Ta JAOCIHIKCHHS 3aXUCHHUX
BJIACTHBOCTEH EKPaHyIO4YOro METaJIOMOIIMEPHOTO
Marepiaiy, CIpPOCKTOBAHOTO Ha MPUHIIMIAX PO3YM-
HOI JOCTaTHOCTI 3aXHUCTY, TEXHOJIOTIYHOCTI Ta €KO-
HOMIYHOI JOMTEHOCTI BITPOBAKEHHSI.

Merta Ta 3aga4i q0ocaizKeHHS

Merta poOOTH — PO3pOOICHHS TEXHOJIOTIi BUPOO-
JICHHS, BHUTOTOBJICHHS Ta MJOCHIDKCHHS 3aXHUCHHUX
BJIACTHBOCTEH KOMITIO3UTHOTO METAJIOMIOIIMEPHOTO
MaTepiany Uil eKpaHyBaHHS €JIEKTPOMArHiTHUX T0-
JiB HAMOLIBI KPUTHYHKX YaCTOT.

© Kosnoecekuii B. B., I'muBa B. A., Xogakoscekuii O. B., 2018
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JI1st MOCSATHEHHS] METH BH3HAYCHI TaKi 3a1adi:

— pO3pOOUTH TEXHOJIOTI0 BUTOTOBIICHHS METa-
JIOTIONIIMEPHOTO €KpaHa Ha OCHOBI 3alli30pyIHOTO
I

— BUTOTOBUTH €JICKTPOMATHITHI €KpaHU Ha OCHO-
Bl 3aJII3HUX Ta 3aJi30BMICHUX YAaCTHHOK 3 Pi3HUMH
X KOHIIEHTpAaIiIMHU y TIOJIMEPHIN MaTpwHili, NpuaaT-
Hi JJI1 BUKOPUCTAHHSI Y pEAIbHUX YMOBAX;

— JIOCHIN 3aXUCHI BJIACTUBOCTI E€JIEKTPOMATHIT-
HHX €KpaHiB I Pi3HUX YacTOT 1 YaCTOTHHUX JIiaria-
30HIB, HAHOLIBII KPUTHYHHUX Al BUPOOHHYMX Ta
MoOYTOBHUX YMOB;

— BU3HAYUTH METOJIOJIOTIF0 MPOTHO3YBaHHS 3a-
XHCHUX BIIACTUBOCTEH EJIEKTPOMATHITHUX EKpaHiB
Ha CTaaisX IX MPOEKTYBaHHS 3 ypaxyBaHHSIM dYac-
TOTHO-aMILTITYIHUX XapaKTEPUCTHK EJIEeKTpOMar-
HITHOT'O TI0JIs1, [0 OTPeOy€e eKpaHyBaHHS.

MeToam i MeTOOMKM JOCTIIKEeHb 3aXHCHHX
BJIACTHBOCTEH eJIeKTPOMATHITHUX eKpaHiB

Meroau i METOAWKHA BHMIpPIOBaHHS 3aXHUCHUX
BJIACTUBOCTEH €JCKTPOMArHiTHUX EKpaHiB i pi3-
HUX 9acTOT a00 YaCTOTHHUX Jialla3oHiB CYTTEBO Bij-
pizastoThCA. Lle 3ymMoBIeHe HE TiITbKH BHKOPHCTAH-
HSIM PI3HHX BUMIPIOBAJIBHUX TPUIIAIIB, a  PI3HUMH
METOANKAMHU.

Y HU3BKOYACTOTHIN YacTHHI €IeKTPOMAarHiTHOTO
CTIIEKTpa KPUTHIHUMH € MarHiTHI TOJIS TTPOMHUCIIOBOT
gacrotd 50 'l Ta 11 rapMOHIK Ta iHTEprapMoOHiK.

s BUMIpIOBaHHS 3HAa4€Hb MAarHiTHOTO MOJIS
IIPOMHCIOBOI 4acTOTH BUKOPHUCTOBYBABCS IOBipe-
HUH BUMIpPIOBAY HANpPYXEHOCTEH EJNEKTPUYHOTO 1
MAarHiTHOTO TMOJIiB TpoMucioBoi dactoTu [13-50
3TiTHO 1HCTPYKITIi 3 eKCIUTyaTaIlii.

Jnga BU3HAYEHHS aMILTITYJ TapMOHIK Ta IHTep-
rapMOHIK MarHiTHOTO IOJISl MPOMHUCIIOBOI YacTOTH, a
TaKOX YCBOTO CIIEKTPaJIbHOIO CKJIagy MAarHiTHOTO
0JIs1 HAJTHU3BbKOI YacTOTH BUKOPHCTOBYBABCS IIOBIi-
peHuit anamizaTtop crnekrpa Spectran 5030 3rigHO
THCTPYKIIiT 3 eKCILTyaTaIii.

Jl1s eeKTpOMarHiTHUX BHIIPOMIHIOBAHb yIIBTpa-
BUCOKHMX 1 BHIIUX YaCTOT KPUTUYHUMH, 3 TOUKH 30-
Py BIUIMBY Ha JIO/ICH, € BUIPOMiHIOBaHHS 3ac00iB
0e3nporoBoro 3B’s3ky, a came: 1,8 ['Tm, 2,4 T,
2,6 [T, 5,1 I'Tu. Hdng BUMIpIOBaHHS IIUTBHOCTEH
MOTOKIB €Heprii Bil BUCOKOYACTOTHUX JKepesl BU-
kopucToByBaBcs punan [13—41 3rigHo iHCTpyKIii 3
ekcruryaramii. Lle#t mpumam Takox Jae 3MOTY BHMi-
pPATH iHTErpajbHE 3HAYEHHS IMUIBHOCTEH ITOTOKY
eHeprii y moTpiOHOMY MICIli [iama3oHy 4YacToOT
0,3-30 I'Tm, mo HeoOXigHO B yMOBaxX BIUTUBY Oa-
raTb0X BHCOKOYACTOTHHX JDKEpeN eJleKTPOMArHiT-
HUX BUIPOMiHIOBaHb.

s BuzHavueHHs Koe(illieHTIB eKpaHyBaHHS 3a-
XUCHUMH MaTtepialaMy MarHiTHHUX TIOJIiB HaJHH3b-
KHX YacTOT BUTOTOBIISUIMCS T€OMETPUYHO 3aMKHEHI
eKpaHu y Gpopmi IUITiH/pA.

© Kosnoscekuii B. B., I'nuea B. A., Xogakoscekuii O. B., 2018

VY 3aragpbHOMY BHIIQJKY PO3MIpH TaKOro eKpaHa
MOXYTh BIUIMBATA HA pPE3yJIbTaTH BHUMIPIOBaHb Y
pasi BUKOPWUCTAHHS TSI HOTO BHTOTOBJICHHS (epo-
MarHiTHOTO MaTepiajily 4epe3 HaMarHidyBaHHS y 30-
BHIIIHBOMY MAarHiTHOMY MOJdi. AJie BHUIPOOYBaHHS
MOKa3aJIy, 0 32 BUKOPHUCTAHHS JJISi BUTOTOBJICHHS
eKpaHa 3ajli3a Ta HOro OKHCIIB Y MaJliX KiIBKOCTSX
(mo 15 % 3a Barorw) Takuii BIUIMB HE3HAUHUH 1 HE
TIEPEBUIITY€ TOXHNOKH BUMIPIOBAIBHOI armapaTypH.

JLi1st BCiX BUMipIOBaHb IMMOXUOKA HE TTEPEBHUIITYBa-
na 20 %.

BusnaueHHs koeilieHTIB eKpaHyBaHHS EIEKT-
POMAarHITHAX BUIIPOMIHIOBAaHb yJIBTPABUCOKHX dac-
TOT 3IIMCHIOBAJIOCS TAKUM 4YMHOM. BUTOTOBIISAIHCS
eJICKTPOMarHiTHi ekpanu po3mipamu 0,75x0,75 wm.
Bonu BMinyBanucs y mpopi3 BiInoBigHOI ¢opMu y
METalIEBOMY JIHCTI, IO TapaHTyBaJIO HEMOXKIIUBICTh
MIPOHUKHEHHS BUIPOMIHIOBAHHA 1032 eKpaHoM. Ek-
paH pO3TAlIOBYBABCS MK JDKEpEJIOM eJeKTpomar-
HITHOT'O BUIIPOMIHIOBaHHS Ta BHMipIOBAJIbHOI aH-
TeHo10. [loxnbKka BUMIpIOBaHb TAKOX HE TIEPEBUIITY-
Basa 20 %.

Jnst po3pobieHHsT 3ac00iB 3aXHCTY BiJ BIUIUBY
€JIEKTPOMATHITHUX BUIPOMIHIOBAHb YIHTPABUCOKHX
1 BUIIMX 9acTOT 00OB’SI3KOBUM € BH3HAYEHHS BHEC-
Ky y 3arajJbHUN KOeQillieHT eKpaHyBaHHS 3a paxy-
HOK BiZIOWTTSI €JIeKTPOMArHiTHUX XBHIIb.

[Ipu mpoBemeHi ycix eKCIIEpUMEHTIB (GOH 30B-
HIIIHIX MAarHiTHOTO Ta EJEKTPOMATrHITHOTO TIONiB
nepeOyBaB 3 MeXaMH Yy TJIMBOCTI anaparypH.

TexHoJsiorisi BHUrOTOBJICHHSI €JeKTPOMATHIT-
HHUX eKpaHiB HA OCHOBi 3aJIi30pyJHOro NMWJIy Ta
niHoJIaTeKCy

30aravueHHs] 3ai3HOI PYAH CYMPOBOIKYETHCS
BUJIUUICHHSIM BEJUKOI KiTbKOCTI MHITY, SIKHM BiJIBO-
JUTHCSI 1 TTOTIIMHAETHC (iMbTpaMHu y acmipariitHux
cUcTeMax.

3a BHUKOPUCTaHHS MIECTUPIATHOTO BOJOKOHHOTO
GiTPTPY Ha MEPIINX 3aBicax 3aTPUMYIOTHCS YaCTHH-
K¥ OLIBIIIX PO3MIPIB.

s mpoBeACHHS JOCHIKeHb OyJio BimiOpaHo
MeTalleBUil Ta MeTanoBMicHuMi muia 3 1-2, 3-4 Ta
5—6 3aBic MIECTUPSATHOTO BOJIOKOHHOTO (iIbTpa.

[MpoanamizyBaBmM BUMOTH 10 Marepiaiy, Mpo-
BIBIIM Psii BUNPOOYBaHb Pi3HUX MaTepiajiB, K OC-
HOBH (MaTpHIll) MaiiOyTHIX E€IeKTPOMAarHiTHUX K-
paHiB, OyJ0 NpPHHHATE PINICHHS 3YIMHHATHACA Ha
KOMITO3UTHOMY Marepiani SKHi B CBOid OCHOBI Ma€
MiHOJIATEKC.

Ha ocHOBIi mpoBeaeHNX TOCIiHKEHb pO3p00ICHO
Marepiald Ta pexuMu (HopMyBaHHS BUPOOY ENEKT-
POMarHiTHUX €KpaHiB 3 KOMIIO3UTHOTO Marepiany i3
3aJJaHUMH BJIACTUBOCTSIMH.

OCHOBHHMMU TiepeBaraMu IiHOJATEKCY, IO TPH-
BENM Hac 10 o0OpaHHs came IbOro MaTepiaiy, sK 10
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OCHOBH MaiOyTHIX €JIEKTPOMAarHiTHUX E€KpaHIiB BH-
3HAYEHO TaKe: MPYXKHICTh, TiApodOOHICTh, BiACYT-
HICTh Jerpanmamii 3a JOBTrOTPHUBAJIOl eKCIUTyaTarlil,
MOXIIUBICTh BUPOOJICHHS y OyAb-SIKOMY BHTIISI
(muctu, pynonn), nobpa aaresis mpu OOJWIIOBaHHI
[IOBEPXOHb Ta4 MOKJIMBICTh JOAABAHHS EKPAHYHOUOi
cyocranuii (Fe, FeO, Ca0) y moTpiOHUX KITBKOCTSX
0e3 CyTTEBHX 3MiH IepesliYeHUuX BIaCTHBOCTEH.

[Iporiec BUrOTOBNICHHS CKIANAETHCA 3 KIJIBKOX
eramiB. HaiiBaxomBimmMy 3 HHAX € JOJaBaHHA Yy
CTaHAAPTHY CYMIII €KpaHYIOUMX YaCTUHOK MOTPiO-
HOI KIJIBKOCTI Ta JWCHEPCHOCTI, a TaKOX MpPOKaTKa
Marepiary Kpi3b BaNbIi 3 HEOOXITHHUM 3a30pOM 3
BYJIKAHI3aIli€l0 TOBEPXHEBOTO Imapy TIIMOWHOIO
1,0-1,5 mm.

Po3pobiena TeXHOIOTIS € JOCTaTHRO CKIAJHOIO.
ToMmy Uil POCKTYBaHHSI €IEKTPOMArHiTHOTO eKpa-
Ha Oa)kaHO MOIEPEeAHbO BHU3HAYUTH HEOOXiTHI Tex-
HOJIOT1YHI MapaMeTpy PO3paxyHKOBUMH METOAAMH.
AJnle 3ampoIOHOBAHWKA HaMW y TOMepenHiii poOoTi
[9] maremaTnyHUI amapaT HE NMPUCTOCOBAHUH IS
MIPOTHO3YBaHHS KOE(IIiEHTIB IMOTJIMHAHHSA Ta Bij-
outTst manoro matepiamy. Lle k cTocyeThcs edek-
TUBHOI MarHiTHOi IPOHUKHOCTI — T'OJIOBHOTO TTOKa3-
HUKa IOJO CKpaHyBaHHS MAarHiTHOrO IOJIs Hal-
HU3BKOI YacTOTH.

JocaigskeHH 3aXMCHHUX BJIACTHBOCTell MeTa-
JIONOJIMEPHHUX eJeKTPOMATHITHUX eKpaHiB Ta
00roBOpPEHHs Pe3yJabTaTiB

st mpoBeaeHHS BUTIPOOYBaHb OyJI0 BUTOTOBJIC-
HO EJIEKTPOMATHITHI €KpaH! TOBIIUHOIO 5 MM 3 pi3-
HOIO KOHIICHTpAL€I0 (32 Barolo) MeTaleBoi Ta MeTa-
JIOBMICHOT CyOCTaHIIi.

JocnipkeHHs TPOBOIUIINCS 3 BUKOPUCTAHHAM Y
SIKOCT1 HAIIOBHIOBAyYa 3a1i30pyAHMUX YaCTHHOK Pi3HOT
muctiepcHocTi: 5—10 MM, 15-25 MM, 50-100 MkM.

Yactota  €KpaHOBAHOTO  EJIEKTPOMArHITHOI'O
mont — 1,8 I'T'i. Llg wactota oOpana, BUXoas4n 3 ii
HaHOUTBIIOr0, Ha CHOTO/HI, BUKOPHUCTaHHS Y 3aco-
0ax 0e3IPOTOBOTO 3B’ SI3KY.

AHamni3 OTpUMaHHMX pe3yJibTaTiB CBIIYUTH, IO
MiABHIICHHS TUCIIEPCHOCTI €KpaHyrouoi cyOcTaHmii
y 2-3 pa3u rapaHTOBaHO IiABUINYE KOEPIIiEHT eK-
paHyBaHH#A y ABa pasu. IIpu upomy cyrreo (o 0,1)
3HIXKY€ETHCS KOS(IIIEHT BiIOUTTSL.

3 JOCHiKeHUX MaTepianiB OyJ0 BHTOTOBICHO
TEOMETPUIHO 3aMKHEHI KOHCTPYKITIi /ISl BU3HAYCH-
HS ¢(DEKTUBHOCTI €KpaHyBaHHS MarHiTHOT CKJIaJOBOI
€JICKTPOMArHITHOIO TOJISi IPOMHCIOBOI YacTOTH
50 I'm. BpaxoByrouwm KBa3iCTaI[iOHAPHICTH TAaKOTO
10JIsI, BUMIpIOBaHHs KoedillieHTa BIIOWTTS HEe Mae
CEHCY.

HaBenene cBigunTh, 1o pPO3poOJICHUI eKpaH
JIO3BOJISIE TapaHTOBAHO 3HU3WUTH PiBHI MarHiTHUX
MOJIiB HATHU3BKUX YacTOT YABIYi 32 BMICTYy HaloB-
HIoBaua Ha 12 %.

BusHaueHHs THMTOMOI MPOBIAHOCTI MaTepiany
3IiMCHIOBANIOCS 3a PaxyHOK BUMIpPIOBaHHS 3BOPOT-
HOI BENWYMHU — IMUTOMOTO ONOPY METOAOM IIO-
JIBIHHOTO MOCTY.

BumiptoBaHHS IieIEKTPUYHOI MPOBIAHOCTI BU-
KOHYBAJINCSI 32 MOCTOBOIO CXEMOIO, sIKa J03BOJIsLIA
OTPHMYBAaTH OKPEMO 3HAYCHHSI EIEKTPUYHOT EMHOC-
1i Big 10 nd mo 10 Mx® Ta akTUBHOI CKJIaZ0BOI IIO-
BHOTO elekTpuyHoro omopy (10 Om — 10 MOw) 3a
tgd < 1000 (puc. 1).
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B__ 590 MKM, * _ 525MkM
Puc. 1. 3anexHiCTh TieNeKTPUIHOT MPOHUKHOCTI €

METAJIOMIONIIMEPHUX €KPaHiB Bill BMICTY p
Ta IUCIIEPCHOCTI eKpaHyrouoi cyOcTaHIil

OTpuMaHi J1aHi € OCHOBOIO JJIsi IIPOTHO3YBaHHS
e()eKTUBHOCTI €JEKTPOMATHITHUX E€KPaHiB 3alIe)KHO
BiJl MapaMeTpiB €IEKTPOMATHITHOTO IIOJIS, SIKE IT0-
TpeOye expaHyBaHHS. KibKiCHI 3HAYEHHS MMHTOMOI
MPOBITHOCTI Ta BiJIHOCHOI [i€IEKTPUYHOI MPOHUK-
HOCTI BUKOPHCTOBYIOTHCSI UIS BU3HAYCHHS KOMII-
JICKCHOI JTIEIEKTPUYHOT MPOHUKHOCTI Ta ii JiHCHOI
Ta ySBHOI CKJIaJOBUX, HEOOX1THUX I pO3paxyHKiB
KoeQiI[ieHTIB MMOTJIMHAHHS Ta BIOUTTS eleKTpoMar-
HITHUX XBWJIb 3 BUKOPHCTaHHSIM paHille po3poodiie-
HOTO MaTeMaTHYHOTo anapary [9].

Jis po3paxyHKOBOTO TPOTHO3YBaHHS 3aXMCHUX
BJIACTHBOCTEH €KpaHa, JUId eKpaHyBaHHS MarHiTHO-
To IO HAJHHU3BKOI YacTOTH, HEOOXiaHI BigoMOCTi
PO MAarHiTHi IPOHUKHOCTI MaTepialiB. IX mpsme
BH3HAYCHHS CKJIAHE Yepe3 3aJIeKHICTh Bif IIib-
HOCTI PO3TAalllyBaHHS 3aJli3HUX Ta 3aJII3HOBMICHHUX
YAaCTHHOK Ta CKJIAHICTh CyMiIIi.

JloiTbHO BU3HAYUTH Ie¥ TOKa3HUK, BUXOISIYHU 3
eKCTIEpUMEHTAIBPHIX JTaHUX, BPaXxOBYIOUH (HyHKIIIO-
HAJIBHUH 3B’ 30K I[UX MMOKA3HUKIB.

PosrnssHemMo 1HIIHAPUYHWN MarHITHANH eKpaH
BHYTPIIIHIM pagiycoM «, 30BHIIIHIM 8, SIKUH
nepeOyBae y 30BHINIHBOMY KBa3iCTal[ilOHAPHOMY
MarHiTHOMY TIOJIi Hampy»eHicTio H, (puc. 2).

3ayBakuMoO, IO BiTHOCHA MPOHUKHICTH MaTepia-
Jy ekpaHa [l. MarHiTHi IPOHMKHOCTI 110332 €KpaHOM
Ta ycepeOuHi eKpaHa IOpiBHIOIOTH oauHumi. Llu-
JMHAPUYHUN €KpaH BBAXKAEMO JOCTATHHO J[OBTUM
Y3I0BX 0Ci Z (TIEPIICHINKYIISPHO TUTOIIHHI PHCYHKY ).

© Kosnoecekuii B. B., I'muBa B. A., Xogakoscekuii O. B., 2018
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Puc. 2. Cxema 10 po3paxyHKy KoedirieHTa
eKpaHyBaHHS MarHiTHOTO TIOJI
HaJHU3BKOI YaCTOTH LMIIHAPHYHUM EKPaHOM

Uepes BIACYTHICTh €IEKTPUYHOTO CTPYMY B yCiX
TphoX 30HaX (1, 2, 3), Mar"iTHe MOJe Y HUX OIHCY-
€Thbcd piBHAHHM Jlamaca:

Vi =0, (1)

Iie (¢ — CKIApHUN MarHiTHUH MOTEHITIa.

3Ha4YeHHS (P 3aJIEKUTh TITBKH BiJl KOOPAHWHAT ¥ Ta
oL IWIHAPUYHOI crucTeMu kKoopauHat. PiBasHHS (1)
y IIUX KOOPJIWHATAX Ma€ BUTIIS!

10( dp) 0%
=——| y— —_—

ror\' or) rioa’

Po3B’s130k 11bOTO piBHAHHA MeTonoM Dyp’e
Hamae:

Vi =0.

) G,
— s nepmroi 3oun: @, =| C,r+—= |cosQ. ;
r

. ¢,
— st gpyroi 3ouu: @, =| C;r +—= |cosa.;

P
. C,

— st TpeThoi 30HU: @, =| C;+—= |cosoL.
r

Cranma iHTETpyBaHHS, 3 TOYHICTIO JO SKOI
BU3HAUAETHCS MOTEHINIa], TPUIHATA TaKowo, IO
JIOPIBHIOE HYIIIO.

JInst BUBHAYEHHS [IECTH CTAIHX (C1 - C'é) CKJIa-

JIEMO BiJIIIOBITHI piBHSHHSI.
ITopiBHAEMO (@, 3 BUpa3oM Ha HECKiHYEHHIi

BiJCTaH1

C,=H,.
VYV 30mi 1 32 =0 ¢ NOBUHHE 3ATUIIATUCS

kiHmeBuM. Lle Moke OyTH TITBKH Y BUTIAAKY, KOJH Y

g. Ile

r

¢=H rcosa. Ile piBasgaEa  nmae

Bupazi Oyae BiACYTHA CKJIajoBa

BinOyBaetecsa 32 C, =0. PiBnicts @, Ta @, mpu

. C
r=a nae pisusuasn Ca = Cya+—+
a

© Kosnoscekuii B. B., I'nuea B. A., Xogakoscekuii O. B., 2018

3HaueHHs () Ha MEXi 30H 2 Ta 3 (r = b) MOJKHA
C C
BusHauutH 3 piBusiaus: Csb + 76 =Ch+ 74

PiBHICTE IHAYKIT

0

B =—n, 8_ Ha MexXI1 ITUX 30H (3a ¥ = a ):
r

HOpMAJIBHUX CKJIaJOBHX

r

C
= . 3
C=CG-— 1
a
JIe L — IIyKaHa BiJIHOCHA MarHiTHa MPOHUKHICTb

eKpaHa.
PiBHICTh HOpPMaJBHUX CKJIAJOBUX IHIYKIIi 3a
7 =b MOXHA BU3HAYMTH 3 PIBHAHHS:

G _[c G
2 3 2
b b
CrisbHe poO3B’sI3aHHA WX JBOX PiBHSIHB Ja€ BU-
pa3 Jjis OTeHIay y 30Hi 1:

2¢gb*

C,- L.

& =H, rCcosa .

Hanpy»eHicTh MarHiTHOTO 1moJist y 30Hi 1:

0 2gb°
=0y 240
ox A
KoedoimienTom expaHyBaHHS BBa)XKa€ThCS BiIHO-

IICHHS HAIPYXXEHOCTEH IO M03a €KPaHoOM Ta y
30Hi, 3aXUIICHIH eKPAaHOM, TOMY

3 u(bz—az)
TS

TakuM YMHOM, MaloO4M EKCHEePHMEHTAlbHI JaHi
momo0 Koe(imieHTiB eKpaHyBaHHSA, MOXKEMO BH3Ha-
YUTU MAarHiTHI TPOHMKHOCTI 3aXHCHHX MarepiaiiB,
IO € TOJIOBHUM TOKa3HUKOM IJIsi pPO3PaxyHKOBOTO
IPOTHO3YBaHHS 3aXMCHHUX BJIACTHBOCTEH MarHiTHHX
€KpaHiB y HU3bKOYACTOTHIHM 00JacTi criekTpa.

HaBeneni pesynbTatv HO3BOJSIOTH AIWTH BHUC-
HOBKY, III0 €JIEKTPOMATHITHI €KpaH! Ha OCHOBI 3ali-
30pPYIHOTO IIIY MaloTh CYTTEBI IepeBaryu MOpiBHS-
HO 3 IHIIUMH METAIONOJIMEPHUMH 3aXUCHHMHU Ma-
Tepiajamu.

OtpumMani fgaHi MoOI0 eIeKTPODI3UIHNX Ta Mar-
HITHUX BJIACTUBOCTEH Martepially 3aJie)KHO BiJ BMic-
Ty Ta JUCIIEPCHOCTI MeTaneBoi Ta METaIOBMiCHOL
cyOcraHmii mocTaTHi A8 pO3pPaxyHKOBOTO MPOTHO-
3yBaHHS CTYIEHIB 3aXMCTy I 9ac pPO3pOOJIEHHS
OpraHi3allifHO-TEXHIYHUX 3aXOMiB 3 eJIeKTpoMar-
HITHOI Oe3meKwu.

BucHoBkn

1. Bucoka aucniepcHICTh Ta XIMIYHHN CKJIa 3aJTi-
30pYAHOTO THIY J03BOJSIOTH BHKOPUCTOBYBAaTH
HOro y SIKOCTi €KpaHyI04oro HallOBHIOBAadYa y MeTa-
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JIOMOJTIMEPHNX ENEKTPOMArHiTHUX eKpaHax. Moro
HU3bKa BapTICTh OOYMOBIIIOE E€KOHOMIYHY JIOIiTb-
HICTh BUTOTOBIIEHHS 3aXMCHHUX MOBEPXOHBb BEIHKHX
TUTOIII.

2. TexHOJIOTis BUTOTOBJICHHS MaTepialy Jjs eK-
paHyBaHHS €JICKTPOMArHITHUX IIOJNIB Y BHIJISIL ITi-
HOJIATEKCY J03BOJISIE KEPYBaTH 3aXMCHHMH BIIACTH-
BOCTSIMH SIK BMICTOM NPOBigHOT cyOcTaHIii, Tak i 3a
PaXxyHOK BUKOPHCTAHHS YacTUHOK Pi3HOI JHcIiepc-
HOCTI.

3. BunpoOyBaHHs ~ po3po0JieHHMX  MaTepialliB
CBIZUMTB, IO 32 BMICTy METaJeBHX Ta METaJIOBMicC-
HUX YaCTHHOK y ToiiMepHiit marpumi 12 % xoedimi-
€HT eKpaHyBaHHS JUIss YaCTHHOK poO3MipaMu
50-100 mxMm ckiagae 2,5 3a koedilieHTa BigOUTTS
0,23. lna yacTrHOK po3Mipamu 5—10 MKM 11 1ToKa3-
HUKHU ckaafaroTh 12 ta 0,1 BigmosigHo. 3Haune mij-
BHIIICHHS 3aXUCHUX BIJIACTUBOCTEH 3 IiJBUIICHHSIM
JUCTIEPCHOCTI YaCTHHOK (OCOOJMBO 3HMKEHHS KOe-
(himieHTa BiIOUTTS) OOYMOBIIEHE TAaKOX CTPYKTYPOIO
MHOJIATEKCY.

4. BusHaueHi enekTpoQi3nyHi BIACTUBOCTI PO3-
poOJIEHOTO 3aXHCHOTO Marepiany (MmUToMa IPOBia-
HICTh Ta JlieJIEKTPUYHA TIPOHUKHICTH) Ta CHOCIO BU-
3HAYCHHSI MarHITHOI POHUKHOCTI 3aJICKHO BiJ| JHC-
MIEPCHOCTI Ta BaroBOTO0 BMICTy €KpaHYOUYOl CyO-
CTaHIll € BUXITHUMH JaHWUMH IS PO3PAXyYHKOBOTO
MIPOTHO3YBaHHS 3a BIJIOMHMH CITiBBIJHOIICHHIMU
3aXUCHHX BJIACTUBOCTEW MaTepiajiB Ha CTaIisfX IPO-
EKTHHX POOIT 3 CIEKTPOMArHiTHOI OC3IEKH.

JITEPATYPA

1. DxpaHbl 3JEKTPOMAarHUTHOTO M3IYYCHHUS HA OC-
HOBE MarHUTHbIX MaTepuayoB. Texnonoruu. KoHct-
pykuuu. Ilpumenenue [Texer] / B. A. borym,
T. B. bop6otsko, H. B. HaconoB u np. — MuHck :
Bectnpunt, 2016. — 222 c.

2. Mei Li. An Ultrathin and Broadband Radar Ab-
sorber Using Resistive FSS [Text] / Li Mei, ShaoQiu
Xiao, Yan-Ying Bai, Bing-Zhong Wang// IEEE An-
tennas and Wireless Propagation Letters. — 2012.
Ne 11. — P. 748-751.

3. Singh J. Computer Generated Energy Effects on
Users and Shielding Interference [Text] / J. Singh //
International Journal of Innovative Research in Com-
puter and Communication Engineering. — 2015.
Vol. 3. — P. 10022-10027.

4. Kasar V. Novel Approach to Electromagnetic
Interference Shielding for Cell Phones [Text] / V. Ka-
sar, A. Pawar // International Journal of Science and
Research. — 2014. — Vol. 3. — P. 1869-1872.

5. Jalali M. Electromagnetic shielding of poly-
mer—matrix composites with metallic nanoparticles /
M. Jalali, S. Dauterstedt, A. Michaud, R. Wuthrich //
Composites Part B: Engineering. — 2011. —
P. 1420 1426.

6. Fionov A. S. Polymer nanocomposites: synthe-
sis and physical properties [Text] / A. S. Fionov,
G. Y. Yurkov, O. V. Popkov, I. D. Kosobudskii,
N. A. Taratanov, O. V. Potemkina // Advances in
Composite Materials or Medicine and Nanotechnol-
ogy. Rijeka, Croatia: IN-TECH Education and Publish-
ing. — 2011. — P. 343-364.

7. Aab-Anemun  SL.T.A. Illupokoamnama3oHHbIe
KOHCTPYKIIMU 3KPAHOB 3JICKTPOMATHUTHOTO H3ITyUYCHUS
Ha OCHOBE BJarocojepkamiei nemtono3sl [Tekcr] /
SILT.A. Ame-Apgemn, A.A.A. Axmen, T.A. Ilynxo,
H. B. Haconosa, JI. H. JIsiabkoB // Tpyast MAU. —
2014. — Ne 77. — C. 1-15.

8. DKpaH 3JEKTPOMArHUTHOTO H3IYYEHHUs Ha Oc-
HOBE IMOPOIIKOOOPA3HBIX OTXOJOB MPOU3BOJCTBA Uy-
ryna [Tekct] / O. B. boiinpas, T. B. Bop6otbko,
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10. JocmimKeHHS 3aXHCHHX BIACTUBOCTECH EJICKT-
POMAarHiTHUX E€KpaHiB Ha OCHOBI APiOHO-AMCIIEPCHOTO
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Ko3zaoscbkuii B. B., I'muBa B. A., XogakoBcbkuii O. B.
3AXHCHI BJIACTUBOCTI EJJEKTPOMATHITHUX EKPAHIB HA OCHOBI 3AJII3OPYJHOI'O
MNNJIY TA IX BACTOCYBAHHSA JIs1 BAXUCTY IHOOPMAIII TA JIIOJAEA

Ha ocrosi 0ocrioscenns ximiunoeo cknady ma OucnepCHOCmi 3ani30pyoHo20 NuLy 00TPYHMOBAHO OOYIIbHICMb 11020

BUKOPUCMAHHS V AKOCMI HANOBHIO8AYA OISl BU2OMOBTICHHSA KOMNOZUMHUX MEeMAIONONIMEPHUX eleKIMPOMACHIMHUX eK-
panig. Po3pobneno mexnonoeito 6uc0mosienHs 3aXUCHUX eKpanylouux Mamepianie 3 KepoeaHuMu 3aXUCHUMU 81ACTU-
socmamu. J[oCniodcero 3axucHi anacmueocmi pospobnenux mamepianie. Bcmanosneno, wjo 30invuienns oucnepcHocmi
Memanesux ma memanoemichux yacmunok y 10-20 pazie nioguwye 3aeanbhuii Koe@iyichm eKpanHyeaHHs eieKmpomac-
HIMHO20 noJist Hadsucokoi uacmomu y 6—8 pasis. Ilpu ybomy Koeghiyicnm 8i0OUMMs e1eKMPOMASHIMHUX XEULb ZHUIC)-
emocsi 3 0,25 0o 0,10. I'apanmosanuil KoeghiyieHm eKpaHys8anHs MASHIMHO20 NOJISL NPOMUCIOB0L YACMOMU 3a 6MICIY
exkpanytouoi cyocmanyii 12 % cxknaoae 1,8-2,2. 3’sacoeano, wo piske nidguuyeHHs: 3aXUCHUX 6l1ACMUSOCmel 6i00ysa-
embcsi 3a emicmy npogionoi cyocmanyii 11-12 %. Ompumarno 3anedzicHocmi numomoi eleKmpuyHoi npogioHocmi ma
OleleKmpu4Hoi NPOHUKHOCME 810 Micmy ma OUCHEPCHOCMI Memanegoi ma MemanoemMicHoi cyocmanyii y noaimepHii
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mampuyi. Lli oani € 0cno6010 0118 PO3paAXYHKOB020 NPOSHO3YEAHMS 3AXUCHUX BIACMUBOCTEN eeKMPOMASHIMHUX eKpa-
HIB Y 3A1€ICHOCMI 810 YMO8 IX GUKOPUCMAHHSL.

Ku1r04o0Bi cji0Ba: eNEKTPOMAarHITHAN €KpaH, 3ai30pyAHUIN I, KOe]ilieHT eKpaHyBaHH:, KOSQIUieHT BiTOUTTA, eleKTpodi3my-
Hi BIIACTHBOCTI.

Ko3zaoscbkuii B. B., I'muBa B. A., XogakoBcbhkuii A. B.
3AIIUTHBIE CBOMCTBA DJIEKTPOMATHUTHBIX SKPAHOB HA OCHOBE KEJIE30PY ]I-
HOMU IbLJIM U UX TIPUMEHEHUE JJIs1 SAILIMTBI UHO®OPMALIMU U JTIOJAENU

Ha ocHose ucciedosanusi XumMuuecko2o cocmaga u OUCNEpCHOCIU Jcene30pyOH020 Nbliu 060CHOB8AHA Yenecooopas-
HOCMb €20 UCNONb306AHUSI 8 KAYeCmEe HANOTHUMENSL Ol U320MOGLEHUS KOMNOUMHBIX MEMALIONOIUMEPHBIX IEK-
MPOMACHUMHBIX IKpaHO8. Pazpabomana mexnono2usi u3eomoeieHus 3auumnsblx SKPAHUpYIOUUX Mamepuaios ¢ ynpas-
JISIeMbIMU 3auumubiMU ceoticmeamu. Hccredosanvl 3awumnsle ceoticmea papabomanHbix mamepuanos. Ycmanoene-
HO, Ymo ysenuyenue OUCnepCHOCIMY MeMAILIUYECKUX 1 Memannocodepcawux yacmuy ¢ 10—20 pasz nosviuiaem obwuii
KOG puyuenm sKpanuposanus INeKmpoMasHUMHo20 NoJisk C8epxXeblcokoll yacmomul ¢ 6—38 pas. [lpu smom koa¢duyu-
EHM OMPAadCeHUs JeKMPOMAZHUMHBIX 80aH cHudcaemces ¢ 0,25 oo 0,10. F'apanmuposanuwiii Kodgduyuenm 3Kkpanupo-
BAHUSL MASHUMHO20 NOJISL NPOMBIUIEHHOU YACMOMbl NPU COOEPACAHUU IKpanupyowet cyocmanyuu 12 % cocmasnsem
1,8—2,2. Buvisicnero, umo peskoe nogvliieHue 3auumublx C8OUCME NPOUCXOOUM NPU COOEPICAHUU gedyuell CyOCmaH-
yuu 11—12 %. [lonyuenwvl 3asucumocmu yOeabHOU 3IEKMPU4ecKoll nPpo8ooUMOCIU U OUIeKMPUYECKOl NPOHUYde-
MOCmU Om COOePHCANUsL U OUCHEPCHOCIU MEMALIUYECKOU U MEMATLICOO0ePAHCAUEe20 CYOCMAaHYUYU 8 NOTUMEPHOU Mani-
puye. Omu Oanuvie SGIUOMCSL OCHOBOU O/ PACHEMHO20 NPOSHOUPOBAHUS 3AUUNHBIX CBOUCME IJLEKMPOMASHUNHBIX
IKPAHOB 8 3ABUCUMOCIU OM YCILOBULL UX UCOTb306AHUSL.

KiroueBble cJI0Ba: 2JIEKTPOMAarHUTHBIN 9KpaH, JKeJIe30pyIHas MbLIb, KOOQOUIUEHT SKpaHUPOBaHUS, KO3(D(GHLIUESHT OTpaXkeHNMS,
3eKTpOpHU3NUECKHE CBOICTBA.

Kozlovsky V. V., Gliva V. A., Khodakovsky A. V.
PROTECTIVE PROPERTIES OF ELECTROMAGNETIC SCREENS ON THE BASIS OF IRON
OER DUST AND THEIR APPLICATION FOR PROTECTION OF INFORMATION AND PEOPLE

Based on the study of the chemical composition and dispersion of iron ore dust, the feasibility of its use as a filler
for the manufacture of composite metal—polymer electromagnetic screens was substantiated. The technology of manu-
facturing protective shielding materials with guided protective properties has been developed. The protective properties
of the developed materials are investigated. It was established that an increase in the dispersion of metal and metal—
containing particles by 10—20 times increases the overall coefficient of shielding of a high—frequency electromagnetic
field by 6—S8 times. In this case, the reflection coefficient of electromagnetic waves is reduced from 0.25 to 0.10. The
guaranteed shielding coefficient of the magnetic field of the industrial frequency for the contents of the shielding sub-
stance is 12% and is 1.8—2.2. It was found out that the sharp increase of protective properties occurs in the content of
the lead substance 11—12%. The dependences of the specific electrical conductivity and dielectric constant on the con-
tent and dispersion of the metal and metal—containing substance in the polymer matrix are obtained. These data are
the basis for the estimated prediction of the protective properties of electromagnetic screens, depending on the condi-
tions of their use.

Keywords: electromagnetic screen, iron-iron dust, shielding coefficient, coefficient of reflection, electrophysical properties.
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ANALYSIS AND SECURITY MANAGEMENT
OF TELECOMMUNICATION SYSTEMS BASED ON PREDICTIVE TECHNOLOGIES

Introduction

Solving of problems of information security and
information security management is becoming vital
to the existence and development of any modern
organization.

Security is a comprehensive concept and can not
be viewed as the sum of its parts. These parts are
interconnected and interdependent [1]. In addition,
each of these parts is critically significant. Conse-
quently, the methods that involve partial neglect of
safety criteria in overall safety assessment are unac-
ceptable. Therefore, the development of the algo-
rithm that allows unifying the approaches of integrated
security system management is an urgent task.

Analysis of published data and problem
definition

Security is a state and trends of development of
protection of critical systems from external and
internal negative factors. It is necessary to consider
that security is a dynamic multiple objective
category [2]. Security activities arise in the course of
solving the contradiction between the risk and the
need to manage the security: predict, prevent,
eliminate and localize the damage from the impact
of threats [3]. Comprehensive Security Assessment
(CSA) cannot be more than conservative estimates
obtained for different aspects of the system [4].

Security does not exist by itself, without human
influence. It is provided for people and it is
estimated by them. Therefore, the concept of
security is not only objective, but also subjective,

because of its evaluation carried out in the end by
human [5]. The specific features of the task of
creating security systems are [6]:

e incomplete initial information about
composition and nature of threats;

e complex problem of the need to take in
account a large number of local indicators;

e presence of both quantitative and qualitative
indicators that must be considered in solving
problems of design and implementation of security
systems;

e inability to use the classical optimization
methods [7].

Cognitive analysis of the research object allows
[8]:

e to predict the
(situation) development;

e to identify the factors, which affecting the
situation;

o to formalize the decision-making processes;

e to get both qualitative and quantitative
characteristics of the situation;

Information risk assessment, which is based on
fuzzy cognitive modeling allows [9]:

e to identify the most dangerous threats and
vulnerabilities affecting the telecommunication
system,

e to assess possible damage from the effects of
threats to telecommunication system;

e to adapt to new external and internal threats
and technologies;

the

direction of the system
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e to provide a simple and effective mechanism
for decision-making services, dealing with
information security.

Development of an algorithm that will unify
approaches of integrated security managing will
solve a number of issues related to the subjective
side in the analysis and management of integrated
security [10]

The aims and objectives of the research

The aim is to develop an algorithm of analysis
and integrated security management based on
cognitive modeling. This algorithm will unify
approaches in constructing telecommunication
security systems.

To achieve this goal it is necessary:

1. To form a matrix, by which the integrated
security level can be described.

2. To form a matrix of preventive measures.

3. To form the matrix through which the
implementation of preventive measures will be
formalized.

4. Present the evaluation of integrated security
system in the form of fuzzy cognitive model.

Development of algorithm of analysis and
integrated security management

Let’s formulate a mathematical model describing
the dynamics of changes in the level of integrated
security of different systems.

The integrated security level of a system is
estimation, based on a set of indicators and criteria
that characterize the state of the system in terms of
protection of its critical elements.

The integrated security level of a system can be
described by such a matrix (security matrix):

KK Vi T &
K, K V, T, &,
B= K3 F; V3 T3 S3

K, r V., I, S

n

where K, — the security level of i " criterion; F,—

1
trend of changes of "

criterion (increases,
decreases, neutral); V,— the speed of changes of [
criterion (low, below average, average, above
average, high); ];— the time, which is characteristic
for i™ criterion, which can correctly interpret the
parameter value Vl.; S ;— the degree of criticality
of negative consequences of implementing risk,
which decreasing the value of I " criterion.

The first and the fourth column of security matrix
characterize the current state of integrated security.

© Kozlovskii V. V., Ivanov O. V., Snizhko V. V., 2018

Other columns of the matrix represent the dynamics
of the process and allow building a forecast of the
future.

In this case, the multiplicative convolution of
integrated security integral criterion is a value of:

K=T]K.
i=1

Estimates of S, can be received by experts.

However, in most cases it is difficult to give a direct
numerical evaluation of these factors for an expert.
Therefore, different ranking methods, during the
implementation of which the streamline of criteria is
only required, may be used preferably.

It can be used, for example, non-strict ranking
method. In accordance with this method, the expert
makes the numbering of all the criteria descending
degree of acceptability of the negative consequences
associated with the safety criterion. Moreover, it is
assumed that the expert will not be able to
distinguish between a certain criteria. In this case,
during the ranking he puts them together in random
order. Then ranked criteria are consecutively
numbered. The rank of criterion is determined by its
number.

If in one place there are several criteria, which
are indistinguishable among themselves, generally,
the evaluation of each of them shall be equal to the
average of their new numbers. However, it seems
appropriate to modify such valuation method, taking
the rank of each of the criteria for the number of
indistinguishable entire group as a whole object in
the ordering.

In this way, it can be evaluated the degree of
influence of each parameter on private safety criteria
K, as well as the degree of acceptability of impacts

of threats S;.
For example, let an expert streamlined criteria as
follows:
KS(K35K7aK2)5 KI(K65K8)aK9:K4'

The criteria, which are not distinguishable
between themselves are combined in parentheses.

Then the scores for each of the criteria assessed
in accordance with the procedure described above,
are:

S, =1;8,=8,=5,=28=3;
S, =S,=4S8,=5,S,=6.

Let’s apply a valuation on the value equal to the
sum of all the evaluations:

R=]TS, .

In this case R = 29. Thus, after conversion to
linear scale [0, 1] to R rate, we will obtain:
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S,=1/29;8,=5,=5,=2/29;5,=3/29;
S, =S, =4/29;S,=5/29;S, =6/29.

Assessments, which were found with the
proposed method are a generalization of Fishburne
system of weights for the case of a mixed
distribution of preferences, when along with the
preferences, the ratios of indifference are included in
the system.

Criteria can be grouped in the relevant areas of
security in the security matrix, such as: economic,
environmental, social, technical, etc.

Thus, each tuple (K,,F,,V;,S,,T;) characterizes

[EME S g Ehut |
the state of security on the i - th criterion.

Partial matrix consisting of lines representing a
certain direction of safety insurance, describe the
condition in the certain field.

K. safety indicators are closely linked to the

consequences of the possible implementation of the
existing threats in the system, measures of
preventing of such consequences and measures of
localization and eliminating of the consequences, if
any do arise. It should be emphasized that threats
can be divided into primary and secondary. Primary
threats exist regardless of the state of the system and
have a certain unconditional probability of
occurrence. The probability of occurrence of
secondary threat is conditional and depends on the
state of the system and the state of the environment.

In particular, some of the system can provoke
threats, the occurrence of which in other
circumstances would have been impossible.

Let’s introduce the following notation:

U_Q and l/]\G;(i,j =1,2,3,...)— a set of primary
and secondary threats arising with probabilities
PUG,; and i’ﬁG/j , and have an influence n,, and

;;k\; on element (k,m) of matrix B(k = 1,2,3,...;
m=1,2,3,4,5).
The influence of each of the primary or

secondary threats can be described as an influence
matrix (IM):

Ny Ny Ny My Hys
n n n n n
21 22 23 24 25
N, =
nnl nnZ nn3 nn4 nnS

It should be noted that the influence E and ;?k;

on some elements of security matrix B can be either
negative or positive.

Elements of influence matrix, that have negative
influence, are said to be negative regarding elements

of SM. Elements that have a positive influence —
positive elements regarding elements of SM.
Elements that have no influence, are said to be

neutral E = {ﬁ,, PUG[} is said to be execution risk

of the i primary threat.
This reflects the emergence of a tuple with

probability PUG, effects that change state of the

system through the appropriate influence matrix N, .

1

The probabilities of occurrence of the primary
threats. PUG, are not depend from us. However, a

set of preventive measures allows to weaken the
influence of the primary threats to the level of
system security.

It is necessary to analyze the main threats of
security of telecommunication systems. They can be
divided into two categories: primary and secondary.

The occurrences of the primary threats are
independent from us. However, a set of preventive
measures of protection allows weakening the
influence of the primary threats to the security level
of the system [11]. This fact can be described by a
matrix of preventive measures (MPM):

le ZlZ Zl3 Z14 ZIS
z, z z z z
21 22 23 24 25
/=
j —_—— —_—— _—— —_—— _——
z z z z z

nl n2 n3 n4 ns

where j=1...M, M — total number of preventive

measures.

If, despite the preventive protection measures, the
implementation of a set of primary threats resulted
in consequences, it is necessary to take measures for
their localization and elimination.

These measures can be formalized by a matrix of
elimination of the consequences (MEC):

Zl 1 ll 2 ll 3 ll 4 Zl 5
— 121 l22 l23 l24 125
[ ) [ [ [

nl n2 n4 ns

We begin to deal with the primary threats before
they attack. In the case of secondary threats we have
to prevent them, and that is to deal with the reasons
that cause them. This is the fundamental difference
in units of measures whose effect is formalized by

the set of matrices Z / and matrix L.

In constructing of fuzzy cognitive model (FCM)
the object of study is represented as a semantic-
oriented graph [12]. As such models in the

© Kozlovskii V. V., Ivanov O. V., Snizhko V. V., 2018



324

HaykoemHi TexHonorii Ne 3(39), 2018

evaluation of integrated security system (ISS) may
be adopted:

KBS =< G,QL,E >.
G — oriented graph that has one root apex and
contains no loop sand horizontal edges with in the
same hierarchy level:

G =<{GF}:{GD } >
where {GE} — set of root apexes (factors or

concepts in terms of FCM); {GDU_ } — the set of arcs,

connecting i and ;™ apexes (the set of causal

relationships between concepts, with the arc
arranged so that the beginning of the arc corresponds
to the top of the lower level of the hierarchy (rank)
and the end of the arc is the top rank in lesser level);

GF, = K —root apex, which corresponds to the level

of integrated security in general (integral security

criterion — target concept); OQL—a set of qualitative
assessments of levels of each factor in the hierarchy;
E — the system of relationships some advantages
over other factors according to their impact on a
given element.

A generalized example of a graph for a
comprehensive assessment of the security of
telecommunication system is presented in Figure.

Z{,2,3,...} — are preventive measures of
protection  (security = mechanisms), designed
to reduce vulnerabilities of telecommunication
system — UZ{1,2,3,...}, UG{,2,3,...} — are

threats to the security of the system, A{l,2,3,...} —
attacks on telecommunication system, K{1,2,3,...} —

individual safety performance indicators at the
appropriate criteria, K — comprehensive (integral)
Index of telecommunication system security.

K;

i

It should be noted that this connected graph is not
a tree, since it does not meet the requirement of
absence of simple cycles. This is because the factors
in the lowest level of the hierarchy, may
simultaneously affect several factors of higher level.

For example, the use of preventive security
measures to protect against a vulnerability can
simultaneously remove any other vulnerability or
lead to a new one.

Some attacks can cause a change of several
individual security criteria (sometimes in the
opposite direction).

The general algorithm of analysis and integrated
security management, based on fuzzy cognitive
modeling, can be represented as follows:

1. Gathering of information about the object of
protection: identification of assets and the
establishment of an entry-level security. In the
process of identification the main characteristics of
assets should be considered: information value,

© Kozlovskii V. V., Ivanov O. V., Snizhko V. V., 2018
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Impact of factors on the level of integrated security

sensitivity to threats, the availability of protective
measures. It is necessary to consider that among the
factors that affect the safety, the subjective factors,
that are the least predictable, occupy a special place.

2. Selection of criteria, which are characterizing
the state of various aspects of security, the definition
of its acceptable level.

3. Building a cognitive model as a semantic-
oriented graph.

4. Calculation and analysis of integrated security
level (ISL) of the systems.

5. If ISL is not in the acceptable range of values,
then the changes in the concepts involved in
building cognitive models should be made. In aspect
of relationships between concepts, their values are
being changed through the introduction of protective
measures.

Thus, the providing of system security provides a
solution to two interrelated problems: the direct
problem (analysis of system state) and the inverse
problem of management (impact on the system).
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In addressing the first problem you need to
determine the value of protection criteria K; and
integral criterion K for given values of concepts that
affect them.

If the wvalues are outside the range of
acceptability, then the solution of the inverse
problem must choose such control actions of Z; and
L that will provide a return of target criteria in a safe
range.

If there is no single set of necessary control
actions, at this stage might appear an optimization
problem, consisting in finding such combination of
Z; and L, that provides maximum exposure to
negative factors in the set or minimal cost for the
implementation of methods of protection.

Conclusions

As a result of research:

1. The security matrix was formed, in which
indicators of protection, trends and rate of change
and the degree of criticality of negative
consequences were selected.

2. The set of preventive measures of protection
was defined, that allows weakening of the influence
of the primary threats to the security of the system.

3. The implementation of preventive measures
was formalized, based on the MEC.

4. The algorithm of analysis and management of
integrated security systems, based on cognitive
modeling, was developed.

Information security management is greatly
simplified and formalized using the fuzzy cognitive
modeling. Using this approach contributes to solving
problems related to the subjective side in the
analysis of information risks and threats. The

Ko3aoscebkuii B. B., IBanos O. B., Cuizkko B. B.

algorithm allows unifying of approaches to
managing of integrated security and beginning of
developing of appropriate computational procedures
and modules, which can be further used for
constructing of telecommunication security systems.
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AHAJII3 TA YIIPABJIHHS BE3MEKOIO TEJEKOMYHIKAIIIMHUX CUCTEM HA OCHOBI

IHTEJEKTYAJBHUX TEXHOJIOT'TI

YV oaniti cmammi ananizylomscs ocobnueocmi 3abesneuennsi 3axucmy iHgopmayii, nputimalouu 00 yealu

cyb'exmusny cmopony oanozo npoyecy. OCHOBHOINO Memol OO0CHIONCeHHA € pOo3poOKA aneopummy awanizy ma
VAPAGNIHHSL KOMNJIEKCHOIO 6e3neKkolo, Komputli 003601umbv YHipikyeamu nioxoou 00 YNpaeiiHHs IH@OOpMayilinoio
besnekoio. Besnexa ne icmye cama no cobi, y siopusi 6i0 moounu. Bona 3abesneuyemvcs 0ns MOOUHU | HEIO JiC
oyintocmocs. Tomy, nowssmms Oe3nexu mac ne miibku 06'ckmueny, ane i cy0'ekmugHy CMOpPOHY, OCKINbKU OYiHKa iT
PiBHA NPOBOOUMBCS 8 KIHYEBOMY NIOCYMKY JH0OUHOW. Bukopucmanus memodie KoeHimusHo20 MOOEN08aHH s 00380JIA€
3HAYHO NOKpAWUMU Npoyecu AaHAizy ma YHApaeninHs Oe3nekorw meneKoMyHikayitinoi cucmemu. Ilepesazu
KOZHIMUBHO2O NIOX00Y NOAAIOMb Y  MOJICIUBOCNI  MOOENO8AHHS  CIAOOCMPYKMYPOBAHUX (MUX, WO NO2AHO
opmanizylomocs) cucmem, SiKi XapaKkmepuzyonmsCs HeNOGHOMOIO A60 HeGU3HAYEHICIO 3HAHb NPO HUX. 3ACMOCY8aNH S
PO3DOONEHO20 AnNOpUMMY 003801UMb DAXIBYAM NPUCIYRUMU 00 PO3POOKU BIONOBIOHUX OOUUCTIOBATLHUX NPOYeoYp i
MOOYIIB, 5K MOdNCYMb Oymu 6 NOOATLUIOMY BUKOPUCHIOBYEAMUCS NPU 3A0e3NeHUeHH] 3aXUCTY MeLeKOMYHIKAYIUHO!
cucmemu. Pezynomamu 0ocnioxcenv 6y0ymes maxoxc KOPUCHI CAyxcbam, AKi 3aumaromsci 3a0e3neyenHam
iHGhopmayitinoi besnexu.

KirouoBi cnoBa: indopmariiiHa 6e3meka, KOMIUICKCHAa Oe3neKka, KOTHITUBHE MOJETIOBaHHSA, TeleKOMYyHiKalliifHa
cucTeMa.
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Ko3zaosckuii B. B., UBanoB A. B., Cuu:kko B. B.
AHAJIN3 U YITIPABJIEHUE BE3OITACHOCTBIO TEJJEKOMMYHUKAIIMOHHBIX CUCTEM

HA OCHOBE UHTEJUIEKTYAJBHBIX TEXHOJIOT A

B oannoti cmamve ananusupyiomcs ocobeHnocmu obecnedenus: 3auumsl UHGOpMaAyuu, NPUHUMAS 80 GHUMAHUE
cybveKmueHylo cmopoHy O0auHo2o npoyecca. OCHOBHOU Yenvlo UCCTIe008aHUA AGIAEMCA pa3spabomxa aneopumma
aManu3a u YnpasneHus KOMNIeKCHoU 0e30nacHOCmblo, KOMOopylti NO360IUM YHUDUYUPOS8AMb NOOX00bl K YNPABIEHUIO
ungopmayuonnoi b6eszonacnocmuio. bezonacnocmv ne cywecmeyem cama no cebe, 6 ompwvige om uenogeka. OHa
obecneyusaemcs Ona uenogeka u um oce oyenusaemcs. Iloosmomy, nowsmue 6OezonacHocmu umeem He TMONLKO
00beKMUSHYI0, HO U CYOBLEKMUBHYIO CHMOPOHY, NOCKOMbKY OYEHKA ee YPO8HA HNPOBOOUMCSA 8 KOHEeUHOM umoee
yenosexom. Hcnonvsosanue memooos KOCHUMUSHO20 MOOETUPOBAHUA NO3GOJIAEN 3HAYUMETLHO YIYYUUUMb NPOYECcChl
amanuza u ynpaeienus 6e30nacHocmsio meleKOMMYHUKAYUOHHOU cucmembl. [Ipeumywecmea KoeHUMUHO20 nO0X00a
3aKNIOUAIOMCA 8 BOZMONICHOCIU MOOETUPOBAHUA CIAOOCMPYKMYPUPOBAHHBIX (MEX, YMO NI0X0 QOPMANUZVIOMCS)
cucmem, KOMopbvle XapaKxmepusylomcs HenoIHOMOU Ul HeonpedeleHHOCmbl0 3Hanutl o Hux. Ilpumenenue
Pazpabomanno2o  aneopumma  NO360AUM — CREYUAIUCmam npUCmynums K paspabomke  cOOMBEMCmEYIOuUx
BbIYUCTUMENbHBIX NPOYEOYp U MOOYIel, KOmopble Mo2ym Obimb 6 OdlbHeluleM UCNOAb308AMbCs NpU obecneveHuu
3auumol  MeIeKOMMYHUKAYUOHHOU cucmembl. Pesynomambur uccnedoganuti 6yoym makdce NONE3HbL CLyiHcOAM,
KOMopbule 3aHUMAarOmcs obecneyerHuem uHGOPMayuoHHOU 6e30nacHoCcm.

KnwuyeBble ciioBa: I/IH(bOpMaLII/IOHHaH 6630H3CHOCTB, KOMIIJICKCHast 6630HaCHOCTL, KOHUTUBHOC  MOJCIIMPOBAHUE,
TCJICKOMMYHUKAIIMOHHAs CUCTEMA.

Kozlovskii V. V., Ivanov O. V., Snizhko V. V.
ANALYSIS AND SECURITY MANAGEMENT OF TELECOMMUNICATION SYSTEMS BASED
ON PREDICTIVE TECHNOLOGIES

This paper presents the peculiarities of providing information, taking into account the subjective aspect of this
process. The main purpose of the study is to develop an algorithm for analyzing and managing integrated security,
which will unify the approaches to information security management. Security does not exist by itself, in isolation from
a person. It is provided for a person and it is appreciated. Therefore, the notion of security has not only an objective but
also a subjective aspect, since the assessment of its level is ultimately man. Using cognitive modeling methods can
greatly improve the analysis and management of the security of the telecommunication system. The advantages of the
cognitive approach are the ability to simulate poorly structured (poorly formalized) systems that are characterized by
incomplete or uncertain knowledge of them. The application of the developed algorithm will allow the specialists to
begin to develop appropriate computational procedures and modules, which can be further used in telecommunication
system security. The results of the research will be useful for information security specialists.

Keywords: information security, integrated security, cognitive modeling, telecommunication system.
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SINGLE-FACTOR MODEL OF INFORMATION SECURITY THREATS
OF THE AUTOMATED MANAGEMENT SYSTEM OF PRODUCTION
OF HIGH-SPEED TELECOMMUNICATION DISTRIBUTED DATA TRANSFER SYSTEMS

Introduction

When developing information security systems of
the automated control system (ACS) by the
production of high-speed distributed data
transmission paths, it is necessary to take into
account the complex technological process of the
whole life cycle of production, which, first of all,
includes:  software products of information
technology supporting the adoption of operational
decisions at various stages of the technological
cycle, differences between the permittivity of
distributed paths and the required values, which
caused by technological instability of the
manufacturing  process, range of geometric
dimensions of hard-shaped conductors, deviation of
load parameters from nominal values etc.
Management of such a complex production process
requires enhanced information security of the
automated control system: its protection against
accidental and deliberate impacts of different nature.

Analysis of published data and problem
definition

Analysis of the characteristics of automated
control systems [1-3] for the production of high-
speed distributed paths and the opinions of experts
in this field showed that the dominant mathematical
model of risk (risk factor) W(y) and threat N(y)

can be represented in the form of stochastic
equations

N(J’)ZN(J/)+A1()’)3 (1)
~ W'(y) w(y)

NOp)=—=2L, No)=—o-Z, (@
) W) ) W) ()

where yis a variable that has the meaning of the
current geometric coordinate of the information
channel or another entity W(y) — a deterministic
function that characterizes the parameters of the
distributed path in the absence of an ASM threat
W(y) — the random function of the distributed path
(risk factor) when the threat is applied to the control
system. Function

A(¥)=g(MAY), 3)

determines the random process caused by the impact
of the threat on the control system. At the same time,
based on the technology of production and the
opinions of experts, we can assume that the
component of the threat A(y)is normal stationary

white noise with a correlation function

N,
KA(ylayz):TOS(yz_yl)a “4)
and zero mathematical expectation
m{A} =0, %)
g(y) — deterministic function determined by the

production process, g(3)=0.

From (2) and (3) we find the parameters of the
distributed path in case of absence of an ASC threat

W)= A)X A<y>=exp{zfzv(y>dy}, (6)

X =W(0)exp {2TA1 ( y)dy} : ()
0

We represent the process X in the form
X= exp{2V} , ®)
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Where
y 1 ~
V=] Al(y)dy+§1nW(0). )
0

From the foregoing we see that ¥ is a Markov
process with a diffusion coefﬁcient

and zero drift coefficient [4—6]. Instead of the
expression (9), we use another form of the notation

LA, VO=1 =S 0), (D

dy
V(0) = 4, — initial random value.
It follows from the relations (6), (8) that the
statistical characteristics of the risk factor
W (y)=A(y)e” (12)
are completely determined by the Markov process V
with some flow function G(v,y)

Determining the level of information security

First, we consider the threat in which the
characteristics of the ACS are limiting and with
further strengthening of the destructive effect, the
parameters of the control system do not change. In
this case, we can assume that the process V is
between fixed boundaries. Without loss of
generality, we assume that the boundaries are
located in the cross sections V' =0 and V' =24.

The probability density P(v,y) of a random

process V(y) is found from the Fokker-Planck-

Kolmogorov solution [6]:
2

SPO=3H0) PO (3)
Separating the variables in this equation
Py, y)=V(Y (), (14)
we find,
2
_ 1 or = 1190 V(Zv) =2, (15
b(y)Y(y)dy 2V(v) oV

where A? is a positive number. As result, we get
'+ =0,

2
Y'+ >L—b(y)Y 0.

(16)
(a7

From this we find the functlon
1,4

Y(y)=Y(0) exp{—;ﬁ [ b(y)dy}. (18)
0

Suppose that the boundaries from which the
process V is reflected are in sections V' =0, V =2h.
In these sections, the flow G(v, y) must be zero [3].

Since the flow

G(v,y)= ———[b(y)P(v »), 19

© Kozlovskii V. V., Kubiv S. 1., Balanyuk Yu. V., 2018

then for the probability density P(v,y)the boundary
conditions are satisfied

iP( ,Y)

% v=0 = VP(v,y) e =0 (20)
Consequently
V'(0)=V"'(2h)=0. (21)

Taking into account conditions (21), the solution
of equation (16) can be written as a set of orthogonal
normalized functions ¢, [6]:

km
o,(V)= \/_ o, (V)= \/_cosk e M= .(22)
Hence we find the general solution
. b0
P(v,y)=>.Cie ° cosA, V. (23)
k=0

The constants C, are found from the initial

conditions. In particular, for a deterministic process
V' at the initial point V(0) =2, we have

P, 0)=8(V -1, (24)
where &(v) is the Dirac delta function.
Then, in accordance with the results of [5]
3V =) = 2.0, (V)0 (0) (25)
=0
we find
1 1 Ao
C,=—, C,=—coskn=2. 26
T TR (26)
Consequently,
Pv,y,A, )— i os[z—ko:lx
" 27)

kn k*n* %

X-COS| —V |e b(y)d
[ZhV} XP{ ) [6(y) y}
0<Ay<2h, O0<v<2h.

When considering the process in the region -4, 4,
we get

1
V,V,hy)=—+
hh( Y,ho) 2

| cos{lzc—:(ko + h)} cos{;{—:(v + h)} exp+ (28)

+_
h/; _kznzy
8h? ’

—h<hy<h, —h<v<h.

If we consider the process between arbitrary
boundaries ¢, d, ¢ < d, in the above expression it is
necessary to go to the new variable [6]:

c+d
cd(vy’)\') Pa("d’a)‘o_ ) jn (29)

272

c<hy<d, c<v<d.
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If the initial condition A, =/(0) is a random

variable, then according to the method of separation
of variables [6] the general solution is:

d
P ,(v,y)= Il)c,d (v, .00 By (Ag)dLq , (30)

c<v<d,

where Fj(A) is the probability density of the

quantity 2.

Now consider the threat in which the
characteristics of the control system change over
time and lead to a temporary change in the process
of managing the production of information
transmission channels. In this case, the level of
information security will be determined by the
probability g, , with which the process V does not

exceed the limits of acceptable limits.

The probability density of a given process is
determined by the direct Fokker-Planck-
Kolmogorov equation [5; 6]:

2

0 = 1 0 =
—P B 5)\’ =—b —P s ,}\« . 31
> (v, ,h) 2 (y)aV2 v,.h), (3D
and the following condition [5]
P(c,ya}\‘O)ZP(day,}\‘O):O' (32)

It is easy to see that this condition is equivalent to
observing equality on the boundaries of the domain
c, d:

Vic)=V(d)=0. (33)

Separating the variables and assuming
c=—h, d =h for a nonrandom (deterministic) initial
condition, we find the level of information security
of the ACS:

4 =2 (=1 2n+1mh
Q—h,h(y,ko)ZE %;nilcos[( 2h) O}expx
Qn+1)’n* %
Xy—————|b(»)dy ¢,
]
—h<Xky<h. (34)

For an arbitrary region of boundaries ¢, d,
according to [4], we have

c+d
qc,d(y’x‘o):q dcdc(y’}\’o_ > j (35)

22

B

Kozlovskii V. V., Kubiv S. 1., Balanyuk Yu. V.

With a statistical initial condition with a pro-
bability density F(4,) , the level of information secu-

rity is carried out taking into account (35). Intricate,
according to theory fandom processes [4—6]

d
9.a(¥)= .[qc,d (Vs 2) By (Xg)dhy . (36)

Example
Suppose that the threat to information security A,
in the interval c, d is evenly distributed
1
P(hy)=—"-.
(k) =——

From (34)—(36) we find the level of information
security of the ACS:

g8 & 1 Qn+1)’n* %
= ——expy o [b()dy .
ea(y) n2,§)2n+lexp{ 2 ! (»)dy

(37)

(38)

Thus, the obtained results allow to estimate the

level of information security of the automated

production management system for high-speed
distributed data transmission paths.
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SINGLE-FACTOR MODEL OF INFORMATION SECURITY THREATS OF THE AUTOMATED

MANAGEMENT
DISTRIBUTED DATA TRANSFER SYSTEMS

SYSTEM OF PRODUCTION

OF HIGH-SPEED TELECOMMUNICATION

On the basis of the theory of Markov processes, a model of threats to information security of an automated control
system for the production of high-speed irregular distributed data transmission systems has been developed. Analytical
expressions have been obtained, which allow us to assess the level of information security of the control system for the

production of distributed information transmission channels.

Keywords: information security, threat model, production management system, distributed data transmission system, the theory

of Markov processes.
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Ko3nosckuii B. B., Ky6iB C. L., bananiok FO. B.

OJHO®AKTOPHA MO/JEJIb 3AIIOBIT'AHHA IHOOPMALINHOI BE3IIEKHA
ABTOMATHU30BAHOI CHUCTEMM YIPABJIIHHSA BHUPOBHUIITBOM BHCOKOIIBH/I-
KICHUX TEJEKOMYHIKAIINHUX PO3NOAIJIEHUX CUCTEM NMEPEJAYI JAHUX

Ha ocnoei ocnoe meopii maproscokux npoyecié po3pobieHo Modenb pusukie iHgopmayitiHoi Oeznexu
ABMOMAMU308aHOT cucmemMu YIPAaGHiHHA BUPOOHUYMBOM BUCOKOUWBUOKICHUX HepezyNIAPHUX PO3NOOINEHUX CUCHeM
nepeoaui oanux. Ompumaro aHarimuyHi eupasu, wo 00360JAI0Mb OYIHUMU pieeHb IHopmayilinol be3neku cucmemu
VIPAGIIHHSA BUPOOHUYMBOM PO3NOOLIEHUX KAHANIE nepedayi inhopmayii.

KuarouoBi cioBa: indopmaniiiHa Oe3neka, MOJENb 3arpo3, CHUCTeMa YIPAaBIiHHS BUPOOHHUIITBOM, PO3IMOJIJICHA CHCTEMa
nepenadi JaHUX, TEOPisi MAPKOBCHKHUX MPOLIECIB.

Koznosckuii B. B., Kyous C. U., baaanok 10. B.

OnnodaxkTopHass MoaeJb yYrpo3 HH(OPMAIHOHHON 0€30MACHOCTH ABTOMATH3HMPOBAHHONH CHCTEMBI
ylnpaBjeHUs] TNPOU3BOACTBOM BBICOKOCKOPOCTHBIX TeJeKOMMYHHMKAIMOHHBIX pacnpeeJeHHbIX
CHCTEM MepeIayu JaHHbIX

Ha ocnose meopuu maprockux npoyeccog paspabomana Mooeib yepo3 UHGOPMAYUOHHOU 6Ge30nacHOCmu
ABMOMAMUSUPOBAHHOU CUCTEMbL YIPABNICHUS NPOU3BOOCINBOM GbICOKOCKOPOCIMHLIX HEPe2yNAPHbIX PACHPeOelEHHbIX
cucmem  nepedauu  Oauuvlx. TlonyueHvl  aHaIUMUYEcKue — BbIPANCEHUS, NO3GONAOWUE  OYCHUMb  YPOBEHD
UHGPOPMAYUOHHOU  OE30NACHOCHU  CUCMeMbl  YRPAGLEeHUs. NPOU3BOOCMEOM PACHPeOeNéHHbIX KAHAN08 nepedayu
uHgopmayuu.

KiroueBble cioBa: nHpopMaMoHHass 6e30MacHOCTb, MOZIENb YIPO3, CUCTEMa YIpPAaBICHHUs MPOM3BOJCTBOM, pacHpenenéHHas
CHCTeMa Mepe/iaul JaHHbIX, TEOPHsi MapKOBCKHUX MPOLIECCOB.
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METOAU BUSIBJIEHHS IPUXOBAHUX CYTECTUBHUX
THO®OPMAIIHHO-IICUXOJIOTTYHHUX BILJIUBIB
B IHOOPMAIIMHUX PECYPCAX TEKCTOBOI'O 3MICTY

BIUIMBAIOTh HA II€, € HEJIOCTATHS PO3BUHEHICTh HAY-
KOBO-METOJIMYHOI 0a3u 3a0e3meueHHs iHopMaIriii-
HOI O€e3IIEKH.

YK 621.39 DOI: 10.18372/2310-5461.39.13089
Beryn
OCTaHHIM 4YacoM CTajl0 OYEBHUIHHUM ICTOTHE
3pOCTaHHSl PpOJIi HEraTUBHOrO iH(GOpMAIiHOTO

BBy (IB) y X0mi TOCATHEHHS €KOHOMIYHHX, TOJTi-
TUYHUX, BIHCHKOBHUX LIJICH AeprkaBaMU-arpeCcOpPaMHu.
Boanouac, akTUBHUN pO3BUTOK iH(pOpMaLiHUX Te-
XHOJIOTi# PUBIB 10 SKICHOTO PO3yMIHHSI POJIi 1 Mic-
us IB B cucrtemi 3abe3nedeHns iHdopmariiinoi Ta
KiOepHeTH4HOI Oe3Meku nep:kaBu. Arpecis Pocilice-
koi denepartii, iHIT JOKOPIHHI 3MiHA Y 30BHIIIHBO-
My Ta BHYTPIOTHROMY OE3IEKOBOMY CEPEIOBHIIII
CTBOPIOIOTH IMEPEAYMOBHU JUIsl MOJAIBIIOT THTEHCH-
(hbikamii TaKOr0 HETaTUBHOTO SBUIIA, SK KiOEp3J0-
YUHHICTE. TOMy TpOTHAI i, Y TOMY YHCIi i y BH-
sl npoTuaii iHpopManiiiaum 3arpozam (13) y
kibepnpocropi (KII), € akTyanpHUM HayKOBHM Ta
NPUKIAAHUM 3aBJaBaHHsM [1].

CrpaBkHii MOMEHT 4acy XapaKTEepHU3YEThCS II0-
CWJICHHSM poJii iHpopMamiiHOT Oe3MeKy, K KIHY0-
BOI CKJIAIIOBOI B CHUCTEMI 3a0e3leueHHs Hal[lOHAJIb-
HOi Oesmekw nepkaBu. Y crarti 17 Koncrurymii
YkpaiHu BH3HAUEHO, IO «... 3a0C3MCUCHHS ... 1H-
(dopmaniiiHOi Oe3nekn € HaBaXJIMBIIUMHU (PyHKIII-
SIMH JIEP>KaBH, CIPABOI0 BCHOTO YKpaiHCHKOTO Ha-
pomy». OmHak piBeHb PO3BUTKY iHPOPMAIIHHOI
Oesnexkyd He B MOBHIM Mipi 3aJ0BOJIbHSE HOTpeOH
cyc-minbeTBa 1 gepxkaBu. OgHUM 3 (akTOpiB, IO

[ndopmariitna 60poThOa sBIIsIE COO0I0 KOMILIEKC
3aX0JliB BILUTUBY Ta 3aXUCTY 00’ €KTiB iH(opMariitHOi
oesrrekn. OgHEM 3 HUX € iHGOPMAIIHHO-TICHXO-
joriune mpotudopctBo. [Ipiopurerom y 3abe3rme-
4YeHHI 1H(OpPMaLiiHO-TICHXOJIOTIYHOI OOpOTEON €
«BCTAHOBJICHHSI METOJOJIOTIYHMX OCHOB 1 MeXaHi3-
MiB HeHTpamizanii iH(pOpManiiHO-TICHXOJOTIYHAX
BIUIMBIB POTHU ACPKaBH».

s 3amaya cTae akTyajabHOIO 1€ ¥ TOMY, LIO CY-
MikHI 3 YKpaiHOIO Aep)kaBH IWHAMIYHO DPO3BHBa-
I0Th CTPYKTYpU Ui TIPOBEACHHS iH(OpMAIliiHO-
MICUXOJIOTTYHOTO MPOTHOOPCTBA, SIKI MPOBOAATHECS 3
METOI0 MAaHIMYJIAIii MacOBOIO CBIIOMICTIO 3 BHKO-
PUCTaHHSM BCiX BHUIB iH(OpPMAIiTHO-TICHXOJIOTIY-
HHUX BIUIMBIB, BKJIIOYAIOYH 1 HA MiACBIIOMICTE JIO-
muHN [2]. ChOrogHI TMOHATTS «MAaHIITYJIALIS CBiJlO-
MICTIO» Ma€ Ha yBasi BIPOBAIKCHHS Y CBiJOMICTb
iIel, AYMOK 1 ySIBJIEHb LUISXOM PO3MOBCIOKEHHS
CHeliabHO MiArOTOBIEHOT 3a (OPMOIO 1 3MiCTOM
iHdopMmarii. Cama MaHIMyJSIisE CBIZOMICTIO CBOTO
HIMPOKOTO TOIIUPEHHS HAOyIa He TIBKH 1 HE CTUTh-
KH Y BIiCEKOBil cepi, a i B MOMITHII Ta EKOHOMIITI
(pexnamuiii chepi Ta chepi mocayr). MaHinmysiis
CBIJIOMICTIO BUKOPUCTOBYEThCS M B CHUCTEMi OCBIiTH
Ta IOMIKIJIFHOTO BUXOBAHHS IITEH.
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BoHna Moxe MaTu Sk IO3UTHBHI, TaK i HETaTUBHI
HACJIJIKA Ta OyTH HaNpaBJICHOIO HA CBiIOMY Ta Mij-
cBimomMy cdepy moguHu. OCKUTEKH MaHIYJIAIIS €
BUJIOM JYXOBHOTO Ta IICHXOJIOTIYHOTO BIUIUBY, Mi-
IICHHIO SKOT € TICHXiKa JIFOJUHH, TO JJIs JOCATHCHHS
YCHIXy MaHIMyJIAIiS TOBHHHA 3aJIAIIATHCS HEITOMi-
YEeHOI. YCIiX TapaHTOBAaHHMU, KOJMH 00’ €KT MaHimy-
Jsiii BipUThH, IO BCE BINOYBAETHCS MPHPOJHO Ta
HEMUHYyYe, a caM (akT MaHIMyJAMil He BigOUTHI B
HOTro mam’sTi.

Takuii BIUIUB HA MiACBIAOMICTh BUMAra€ 3Ha4yHOL
MalcTepHOCTI Ta 3HaHb. OCKIIBKM MaHITYIAIs
CYCHUTBHOIO CBIJIOMICTIO CTajla TEXHOJIOTIEI0, TO
ICHYIOTh TpOQECiiiHi MpaliBHUKH, 110 BOJOIIIOTH
LI€0 TEXHOJIOTi€H a00 11 YaCTUHOIO, SIKI BIIHOCSITH-
csl IO JIOJIel He K 70 0ci0, a sSK 0 00’€KTy, 0c00-
JUBOTO pojay peueil. I3 30UIBIICHHAM KiBKOCTI 1H-
¢dopmanii ans 3AiHCHEHHS! CYTeCTHBHOTO BIUIMBY Ta
MPOTUAIA HOMy TOTpiOHA BeNWKa KUTBKICTh (haXiB-
IiB Ta aBTOMATH3aIlisl MPOIECIB YIS IiIBUIICHHS
OIEPATUBHOCTI.

3BiICK aKTyadbHUM HAayKOBO-TIPUKIIAJHUM 3aB-
JIAHHSM € aBTOMATH30BaHE BUSBJICHHS B TEKCTOBIH
iHpOpMaIlii CyreCTHBHUX BIUIMBIB Ha MiICBIIOMICTD
JIOAMHU, HEWTpallizallis TaKuX HETaTUBHUX i 1
CKJamaHHs iH(pOpMAIiiiHIX MaTepiamiB i3 3aaHUM
BHJIOM Jii CyTecTii.

AHaJi3 oCTaHHIX J0CTiTKeHb i myOsikamii

AHami3 cTaHy NUTaHHS TOKa3aB, L0 MPOTHHIIT
ribpugHuM 3arpo3aM B KiOepmpocTopi A0 ChOTOIHI
MaiKe He TIPUIUIIACS yBara HayKOBO-eKCIIEPTHOTO
CIIIBTOBApHUCTBA. YTIEpIe B HAYKOBUHA OOIT TIOHATTS
ribpuaHoi 3arpo3u B Kibepmpoctopi Ykpainu Oyio
BBeJleHO BigHOCHO HemaBHO — B 2014 p. Ilopsax 3
THAM CJIIJT 3ayBaXKUTH Te, IO CKJIAOBI TiIOPHIHOI 3a-
rpo3u B KiOepmpocTopi OyJiu pO3rJsSHYTI Ta JOCIi-
JDKeH1 y OUTbII paHHIX MyOJiKamisx, 30kpema B [3]
Ta B MpalsAxX iH. BUEHUX. Y NPaKTUYHIN TUTOMIHMHI
HUHI Ha cTajii (OopMyBaHHS 3HAXOJUTHCS €BpOIICHi-
cekuii LleHTp mepenoBoro AOCBiAy MpOTUIIl TiOpuI-
HUM 3arpo3aM. OfHaK HayKOBI Ta MPaKTHYHI 3110-
OYTKH IaHOTO ITIPO3AUTy Ha CHOTOJHI HEBIIOMI.
AnbTepHATHMBHMU MIiAXiJ J0 aHai3zy OyB 3amporio-
HoBaHuil A. I1. XKypaBnboBum.

Januit miaxin 3acHOBaHW Ha BH3HA4YEHHI (oHE-
TUYHOTO 3HAYCHHS (CEMaHTHYHOTrO AudepeHIiany)
cIIiB pociiicbkoi MOBH [4]. ¥V cBOIX mpalsix BiH Npen-
CTaBHB EKCIIEPUMEHTAIIbHI JIaHi JIHTBICTUYHOI Teopii
3MiCTOBHOCTI 3BYKOBOi (DOpMH B POCIHCHKIi MOBI.

PeanizoByroun migxoaw BUSBICHHA Ta aHAII3y
(OHETHYHMX 3HAUYCHb CIIB 3 BUKOPUCTAHHSIM CeMa-
HTUYHOTO AudepeHIiiany, MOXHa MPOBECTH aHaJi3
TEKCTOBHUX IOKYMEHTIB 1 BHCTYIIIB, BH3HAYUTH iX
CIpPSMOBAHICTh Ta 3MIHCHUTH KOPEKTYBaHHS BiIIIO-
BiJJHO 3a/IaHIM XapaKTEPHCTHKAM BIUIHBY.

Tomy, memoro cmammi € peainizailis TEXHOJOTIT
aHalli3y TEeKCTIB, IO JAO3BOJHTH OILIHIOBATH CTYITiHb
CIIPUIHATTS TMiACBIIOMICTIO JIOAWHHU TIPUXOBAHHUH
CYT€CTUBHMU BILJIUB.

Cnocodu peanizauii BusiBjieHHs1 indopmaniii-
HO-TICHXOJIOTiYHMX 3arpo3

Crniocobu BefieHHST  iH(QOpMAIiHHO-TICHXOJIOTiY-
HUX ONepaliii BU3HAYAIOTh UMK PsI MiAXOMIB Ta
METOJIiB JIJIsl BUPIIIEHHS IMOCTaBIICHUX 3aBhanb. Og-
HAM 3 OCHOBHHUX CIIOCOOIB € BUKOPHCTAHHS APYKO-
BaHUX 3acO0IB BIUTMBY Ha IiJICBIJIOMICTh JIFOJMHHU.
Jnsa ananmizy manux iHdopMaIiiiHuX pecypciB BUKO-
PHUCTOBYETHCS ITijIa HU3KA METOIB 1 TiAXOMIIB:

— CTaTUCTHYHHUHN MiAXIim;

— CEMaHTHYHMI METOJI;

— JIHCBICTUYHUN MIAXI;

— (OHETHYHUN METO;

— KOHTEHT-aHalli3.

CraTUCTUYHHMIA MIiAXIJ JO3BOJISIE OTPUMATH IH-
(opmaLio mpo CTPYKTYpY TEKCTY TiIbKH Ha OCHOBI
BXO/DKEHHS B HBOTO OKPEMHUX CIIiB, KIIFOUOBHMH 3
SAKHX OYIyTh BBaXKaTUCS Ti CIIOBA, KUIBKICTh SKHX B
TEKCTI BHIIE 3a0aHOI0 KIJIBKOCTI.

CeMaHTHYHI METOIU JO3BOJSIOTH BHU3HAYUTH
3MICT TecTy (TpeaIMETHUI 3MicT), HOTO TeMaTHIHy
CIPSIMOBAHICTh, @ TAKOX BU3HAYMTU 3B’SI3KU MIXK
OKpPEeMHUMH YaCTHHAMHU TEKCTY 1 TEKCTy B IIJIOMY.
[Ipu 1pOMY SKIIO B CKJIaAi JBOX IPOIO3UILI0 a0o
a03alliB € 0JTHAKOBI KJIIOYOBI ciloBa abo cJIoBa 3 0f-
HaKOBMM 3Hau€HHSAM, TO TakKi mpomnosuuii abo ad3a-
I BBAXKAIOTHCS CEMAHTUYIHO TIOB’ SI3aHUMH.

JlinrBicTnyni miaxomu (3aCHOBAaHI HAa CHHTAaK-
CHYHUX 1 MOPQOIOTIYHHX METOJax) A03BOJISIIOTH
MPUBECTH TEKCTOBI (QOpMH CIiB JOKYMEHTa MO
CIIOBHUKOBHX.

doHeTHYHI METOIN aHali3y J03BOJISIOTh BU3HA-
YUTH CYTECTHBHY CIIPSIMOBAHICTH TEKCTIB.

KonTenrt-ananmiz 703BOJsiEe BHU3HAYUTH YaCTOTY
MOSIBU B TEKCTI NEBHUX XapPaKTEPHCTHK, SIKi IIKaB-
JSATh JOCTIJHUKA, a TAKOXK JI03BOJIIE POOUTH ICsKi
BHCHOBKM TIPO HaMipy TBOPLS LBOTO TEKCTy abo
MO>KITMBI peakxiii ampecara.

Meron ananizy iHdopmauii 3acHoBaHuii Ha
ceMaHTHYHOMY AudepeHuiaii

Cemantnunuii mudepentian (C[) — me Bun
PEHTHUHIOBOT IIKAJIH, IHCTPYMEHT KUIBKICHOTO 1
SKICHOTO IHJCKCYBaHHS 3HA4YCHHS 3 JOMOMOTOIO
JTBOTIOJTFOCHUX IITKaJl. BUKOPHUCTOBYIOTHCS IIJIST OTPH-
MaHHS BiJHOIIEHHS IO JaHOro 00’exra, momii abo
KOHIIEMII].

Cemantrunnii qudepenmian Ocryna OyB 101aTKOM
OUTBIT 3araJlbHOi CIPOOW BUMIPSATH CEMaHTHKY abo
CEHC CITiB, OCOOJIMBO MPUKMETHHKIB, 1 X IOHATTSI.

PecnionnenTiB mpocste BUOpaTH, A€ 1X MO3MUINA
0 IIKaJi MK JBOMA TOJISIPHUMH TPUKMETHUKAME
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(HampuKIam: «aJeKBaTHA-HEAJCKBATHAY, «I00pHI-
31U a00 «IIHHUH-TapeMHUN).

CeMaHTHYHI BiAMIHHOCTI MOXYTh BHKOPHCTOBY-
BaTHUCS JIJIsl BUMIPIOBAHHS AYMOK, BIJHOCHH 1 I[IHHO-
CTell B ICUXOMETPUYHO KOHTPOJIHOBAHOIO IIKAJIOKO.

Tomy CJ] — me mMeTon aHami3y CJiB i TEKCTOBHX
JOKYMCHTIB, 3aCHOBaHWI Ha BU3HAYEHHI 3HAKOBOTO
acrekTy 1Mo 25 OiNoIsIpHUM IIKaJIaMu.

KoxHna nikana siensie co06010 napy aHTOHIMIB [4].

Ha npaktuni anani3 inpopmMauiiHIX 1 HOBUHHHUX
JOKEpET TIo BCixX OIMONIIPHUX IIKajlaX He I IXOIHTh.

ToMmy Ha mimcTaBi €KCIEPTHOTO BHUCHOBKY OYB
BU3HAYCHUIH PEKOMCHIOBAHUHN MEpeiK KAl s
pPO3paxyHKy CEMaHTHYHOro nudepeHIiana, sSKan
HaBemeHO B Tabn. 1. 3anekHO Bim PO3B’SI3yBaHUX
3aBJlaHb IIPOTIOHOBAHI IIKAJIH Ha OCHOBI €KCIIEPTHHUX
OIIIHOK MOXYTh OyTH 3MiHEHI (BKJIFOUalOUU PO3pPO0-
Ky HOBHX IHIWKAaTUBHUX OIMONsApHUX ImKam) [5].
Cama mIkana mpejacTaBieHa Ha puc. 1.

Tabauys 1
IMapa anTOHIMIB 1151 pO3PaXyHKY CEMaHTHYHOTr0 AudepeHiiaia
No binonspHi mkana No binomnspHi mkana
KT AHTOHIM 1 AHTOHIM 2 LIKaJIU AHTOHIM 1 AHTOHIM 2
1 Xoponuit [Toranuii 8 Jlerkmit Baxkkwuit
2 Hixnuit ['pyOmii 9 besneunnit Crpanamii
3 CiTinit Temuuit 10 SckpaBuit TeMsHUT
4 AKTUBHHUI [TacuBHHui 11 PagicHuit Cymanuit
5 IIpoctuii CxangHui 12 Xopoopuit Bosryznuswuii
6 CunbHUH Crnabxuit 13 Jo6pwuit 3nmid
7 [apanit Bimmrosxyrounit 14 MoryTHil Kommii

Hetitpansna
30Ha

30HU CYTTEBUX BiAXUICHB

Puc. 1. BigxuaeHHs ceMaHTHYHOTO AudepeHIary

Ientpanbae 3Hauenus mkam — 3,0. Le HeiT-
paNbHE 3HAYEHHs, SKe HE MOXKE BUIUIATH JKOJCH
03HAKOBHH acIeKT, TaK camo, SK 1 HeHTpaabHa 30HA
Bix 2,5 1o 3,5. Bce, 110 BUXOIUTH 32 MEXKI KOJHUBaHb
MO’KHa BBa)KaTW BiAXMJIEHHSM Bin HOopmu. OOnacti
3HAYHUX BIJXWJICHb CBiT4aTh MPO TE€, SKY OCOOIH-
BICTh aCIEKTy MOXKHA BifgHecTd 10 pedi. OLIHKH €
HMOBIpHICHUMH, TOOTO MiATBEPIAKYIOTHCS BHIIAAKO-
BUMHU KoJuBaHHAMH. [Ipu 11bOMy cami BifMiHHI ac-
MIeKTH HE TOBWHHI Y3TODKYBAaTHCA 31 3HAYCHHIM
cioBa. lle moB’s3aHO 3 THUM, IO OIlIHKA JA€THCS 3a
3MiCTOM 3BYKOBOi ()OpMU, a HE 3HAUEHHS CIIOBA.

Ilepmmii i OUTBIT TIPOCTHH BapiaHT PO3PaXyHKY
MOJISIra€ y BH3HAYEHHI CepelHbOT 3HAYYLIOCTi BCiX
3BYKIB CJIOBa:

F:f1+f2+"'+fn
n

; (M

ne f, — (QoHeTHYHE 3HAYCHHS OKPEMOTO 3BYKY B
CJIOBi; # — KIJBKICTh 3BYKiB B CIIOBI.
doneTH4yHE 3HAYEHHS 3BYKiB — BCTAHOBJICHA
HiMOBIpHicHa BenuyrHa. Ha OCHOBI IPOBEACHHS €KC-
MIEPUMEHTIB 1Sl BEJIMYMHA MOke OyTH 3MiHeHa. Do-
HETUYHE 3HAYCHHS ISl KOKHOTO 3BYKY BCTaHOBIIIO-
€ThCSI OKPEMO 3aJIe)KHO BIJ INKaIH, MO sKid Oyje
npoBeleHUH aHaii3. Y Tabil. 2 HaBeAeHO NMPHUKIALT
(OHETUYHHX 3HAYCHb.
Tabnuys 2

(I’paFMeHT (l)OHeTH‘IHOl"O 3HAYCHHHA 3ByK06yKB

Al B | B | T | I
Xopoumii —10- |y 5| 54| 99 | 32 | 24
TaHUH
Coimmit —TeM- | 55 | 35 | 30 [ 33 | 32
HUNU
Kpacusuid — = ) o 1 56 | 30 | 28 | 24
BlﬂHITOBXyIO‘II/II/I
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Tak camo He BapTo 3a0yBaTu Mpo yIapHUH 3BYK,
BiH TaK caMO BHJIAETHCS B CIOBI, X04a 1 HE TaK SIK
TIePIIHA, TITPKA IBIi.

Lle roBopuTh HaM Mpo Te, UIO TPH PO3PAXYHKY
CyMapHOi ()OHETHYHOI CKJIaJIOBOI BCiX 3BYKIB CJIOBA,
Bara MepIroro NOTPiOHO 30LIBIINTH B YOTHPH PasH,
a YAapHOTO B JIBa Pa3H.

AJte KpiM po3TalryBaHHSA JITEp Y CJIOBi, HE MEHII
BXIMBY POJb Bifirpae 3ycTpidanbHICTh OYKBU B
cnoBax. ToOToO, € JIiTepH 4acTO 3yCTPIYArOTHCS TaKi
sak: A, O, T, H, a He pigko 3ycrpivatotecs: @, X.
3BificH MO>KHA 3I0TAIAaTUCS, IO PIIKO 3YCTPIiYarOTh-
cs1 OYKBH KyA¥ OLIBIT ITOMITHI B CJIOBaxX, HXK 4acToO
3yCTpIYaIOThCcA 1 3BiJICH BUILUIMBA€ BHCHOBOK, IO
IIpU PO3paxyHKy 3HAYYLIOCTi CjloBa, MOTPiOHO Opa-
TH JI0 yBaru 3ycCTpidaibHiCTh OyKB B cioBax. Koe-
(iIieHT HApOJKECHHS, iHAKIIE K YaCTOTHICTh, BEIH-
YHHA TOBOPUTH CKUIBKU pa3iB OyKBa 3yCTpidaeThCs
Ha THCSYy 3BYKOOYKB. 3ByKOOYKBH K€ B CBOIO 4ep-
Ty IIe AUTATHCS Ha yAapHi 1 HEHATOJIOIICH.

3 IBOTO BUILIMBAE MO iHPOPMATHBHICTH (TIOMIT-
HICTh) 3BYKY 3HaXOIWTHCS B 3BOPOTHIM 3aJeKHOCTI
Bil WOro dYacTOTHOCTI (Ti€i, MO 3yCTpidaeThCs).
ToOro HaiiMeHII iHPOPMATHUBHUN 3BYK 3 MAaKCH-
MaJIFHOI0 YacTOTHICTIO, a pellTa B CTUIBKU Pa3iB
iHOopMaTHBHIIIE, ¥ CKUIBKH pa3iB iX YacTOTHICTh
MEHIIIe MaKCHMAJILHOT JUTS 3BYKiB IaHOTO CJIOBA.

[ligBoasun MiACYMOK MOXKHa CKa3aTH, IO TNPH
pPO3paxyHKy (OHETHYHOI CKIaIoBOi 3BYKOBOTO
KOMITIEKCY TIOTPIOHO 30UIBIIATH Bary CepemHix
OLIIHOK HE TUILKU ISl TIEPIOTO 1 YAapPHOTO 3BYKIB,
ajle TakoX 1 A BCiX 3BYKIB, KpiM 3BYKY 3 MaKCH-
MaJFHOI0 YacTOTOI0. IHaKmIe Kakydw, HEOOXiITHO
CIOYaTKy JOMHCATH KOKHOTO 3BYKY CBOIO Bary B
3aJIEKHOCTI BiJ{ ITOJIOKEHHS B CJIOBI, a TIIBKH IICIIS
IILOTO OOYMCITIOBATH CepeTHE apr(pMETHIHE.

Takum 9MHOM, MOXKEMO CKJIACTH (OPMYITy I
BU3HAYCHHS KOe(IIi€EHTa KOXKHOT'O 3BYKY B CJIOBI:

P
= )
5
ne k; — ne koe(ilieHT i-ro 3ByKy B ClOBi; P~ —
MaKCHMaJlbHa YaCTOTHICTh 3BYKy B JIaHOMY CIIOBI;
P, — ue Tabnuune 3Ha4YeHHs YaCTOTHOCTI 3BYKO-
OyKBH.

Tak camo He MOTPiOHO 3a0yBaTH PO TMOIOKEHHS
OYKB B CJIOBI, JJIs I[bOI'0 HEOOXiTHO 30LIBIIUTH KO-
e(IIEeAT MepIIoro 3ByKy B YOTHPH Pa3HU:

P
ki:4><ki:4x%, (3)
a U1 yIapHOTO B J1BA Pa3H:
P
ki:2xki:2x%, (4)

i

[Micnsa orpuMaHHs HEOOXiMHMX KoedilieHTiB (2)—
(4), Mo>xHa BUBECTH (OPMYIY U PO3paxyHKy ¢o-
HETUYHOI CKJIaJI0BOI CII0Ba:

o 2 (5)
2k
ne F— ¢ounernuna cknamosa cnoBa; f, — (oHe-

TUYHA CKIIQ/[0BA KOKHOTO i-TO 3BYKy CiloBa; kK, —
KOeQiIieHT I KO)KHOTO i-TO 3BYKY.

Meton anauizy iHdopmanii 3acHoBaHMiIl Ha
(oHeTHUHOMY aHAJI3i

doHeTYHUHN aHai3 CIiB YUMOCh Haraaye ce-
MaHTUIHUH mudepeHItian, pe3ysbTaT 3BOAUTHC 0
BHBEJEHHS OI[IHKH CJIOBa IO mKkanax [4]. Ane B ga-
HOMY METOJIi OILliHKAa MPOBOIUTHCH MO 20-TH OJHO-
MOJIIPHUM IIIKaJlaM Ha BiIMiHY Bifl CEMaHTHUYHOTO
mudepenttiany 3 25-1i 6imoispHUMHA mKamaMu. Taki
MPU3HAKOBI IIKAJIX Kpalle MiAXOIATh Ui XapaKTe-
PHUCTUKHU TEKCTY.

Boun nHaBemeni y Tabnm. 3, ame 3aJeKHO BiX
3aBllaHb, 10 BUPIIIYIOTHCS, 3aMPOIIOHOBAHI KN
HAa OCHOBI €KCHEPTHUX OLIHOK MOXYTh OyTH CKOPO-
4eHi a00 po3po0IIeHi HOBI.

Tabauys 3

Hpusnaku 115 GoHEeTHYHOrO aHAJIZY

Ne IIpusnak nus Ne IIpusnak nns
3/1 aHaJizy 3/l aHANIZY
1 [TpexpacHuit 11 TyxnuBuii
2 banpopuii 12 Panicauit
3 CaiTumii 13 CrpimMkuii
4 Hixuwii 14 [Moxmypuii
5 MinopHui 15 Baxkuit
6 CyMHu#t 16 [MigaeceHmit
7 SlckpaBuit 17 [oBinbHUI
8 Temuuit 18 Tuxuii
9 CunbHuit 19 CyBopuii
10 CrpaxiTIuBui 20 3noBicHUN

MeTtoauka aHamizy 0a3yeTbcs Ha TOMY, IO JIHO-
JIMHA 3BUKJIA B PO3MOBHIN MOBI JIO SKOICh 4YaCTOTHO-
CTi 3BYKIB 1, SIK BCTAHOBWJIM IICMXOJIOTH, BOHA BH-
3HaYa€ I YaCTOTHICTh JOCUTh MpPaBUIbHO. Bimgmo-
BiJTHO, Oy/Ib-SIKEC 3HAYHE BiJIXWJICHHS BiJ IIi€1 4acTOT-
HOCTI Mae OyTH BiJIMiu€HE ITiICBIJOMICTIO JIFOJAMHHU.
BusnaunBmm, sSKi 3BYKH IEpEeBaKalOTh B TEKCTi, Ta
HAJIaBIIHU iM JIeSKi MPU3HAKOBI OMKCH, MOKHA CYIH-
TH TIPO Te€, AKUN TICUXOEMOIIHHNN BIUIUB 3IiHICHUTH
TOM a00 1HIINK TEKCT Ha IT1JACBIIOMICTD JIFOJUHH.

BigxuieHHsl 3HaYyIIOCTi CJOBa Bij CEPEAHBOTO
3HAYCHHS POOUTH HOTO BUPA3HUM 200 CXUIBHHM JO
Ti€ei abo 1HIIOT 03HaKW. TOMY IS OIIHKY 3HAYYIIIOC-
Ti CJIOBa HEOOXiHA TaONHUIISA BIAXUICHb 3HAYYIIOCTI
3BYKIB, sIKa OYAY€TbCS Ha OCHOBI €KCIIEPTHHX OLli-
HOK. ®DparMeHT Takoi TaONWI BigXWJIEHb 3HAYY-
MIOCTi 3ByKOOYKB HaBEICHO B TaOII. 4.

© bapannik B. B., [losoenko O. B., bemikosa T. B., Mycienko O. I1., 2018



HaykoemHi TexHonorii Ne 3(39), 2018

335

Tabnuys 4
®parmeHT TadauUi BiixXujieHb
3HAYYIIOCTi 3ByKOOYKB

byksa

[lIxama A 5 B T il
Xopoumi — +1,5 | 40,6 | +0,1 | —0,8 | +0,6
IIOraHuNn
Coitmmii —1e- | 52| 08| 0,0 |-07 | 08
MHHUHA
Kpacusuii — = | 161 04 00 | 402 | +0.6
BIH]_HTOBXy}O‘lI/Il/I

3HAYYIIICTh CJIOBA MOXHA OTPUMATH IILIIXOM
BiHIMaHHS 3HAYEeHb BiAXWJIEHb 3HAUYIIOCTi 3BYKO-
OYKBH BiJl CEpEeTHHOTO 3HaUCHHS TKaH 3,0.

k. =3.0-k,. (6)

3Ha4Y

PospaxyHok (oHeTHYHOI CKIIaOBOI AJs CIIOBa
3aCHOBaHM HA HACTYITHHUX eTarax:

1) mepeBeneHHs cIoBa ab0 MOCIIIOBHOCTI OYKB B
HaOip 3ByKoOykB. Ha BijMiHy BiJ] CEMAaHTHYHOTO JTU-
(hepeHIialTy, MOCTIOBHICTh 3ByKOOYKB HE Ba)KJIHBA;

2) BUOIp I KOXHOI 3BYKOOYKBH TaOIMIHOTO
3HAYCHHs i1 YaCTOTHOCTI Ta 3HAYYIIOCTI BIAMOBITHO
JI0 aHAJTI30BaHOTO MPU3HAKOBOTO acrekty. Jis mpo-
T'0 BUKOPUCTOBYIOThCS 2 TaOnmii. [lepma — Tabmu-
L1 YaCTOTHOCTI 3BYKOOYKB, 3 SIKOI 3aBXKAM BHOHpa-
FOTBCS OJTHAKOBI 3HAYCHHSI HE3aJCKHO BiJ| O3HAKU
[0 SIKOMY IPOBOAUTHCS aHami3. [[pyra — tabmuus
BIIXWJICHHS 3HAYYIOCTI 3BYKOOYKB Bill HOPMH, sSKa
Mae 20 (abo mo KiIbKOCTI IIKal OLiHIOBAHHS) Pi3HUX
Ha0OPIB IS KOXKHOI 3BYKOOYKBH 3aJIe)KHO BiJ MpH-
3HAKOBOTO aCIIEKTY;

3) BH3HAYEHHS YaCTOTH BXOJKEHHS KOXKHOI 3BY-
KOOYKBH B CJIOBO Ha OCHOBI MiJIpaXyHKY 3arajgbHOro
YUCIa 3BYKOOYKB B aHAIi30BAaHOMY CJIOBI Ta KiJlb-
KOCTI KOKHOT 3BYKOOYKBH Ta OIeparlii JUICHHS YKC-
Jla BXOJIKCHHS 3BYKOOYKBH Ha 3arajibHE YHUCIIO 3BY-
KOOYKB B CIIOBI;

4) BU3HAUCHHS BiIXHWJICHHS YAaCTOTHOCTI 3BYKO-
OykB Bij HopMmu. [Ipu 1[bOMY, HOpMajabHa YaCTOT-
HICTh TIOKa3y€, CKIJIbKM pa3iB MOBHHHA 3YCTPITHUCS
reBHa OyKBa B 3BUYAfHOMY TEKCTi. AJie, SIK TpaBH-
JI0, SIKIIO Y3STH JACKIIbKA PI3HUX TEKCTIB, TO 4acTO-
THICTh TOYHO HE 30iraTUMEThCH 3 TAOIMYHUM 3HA-
YeHHSIM. 3 IIhOTO BUXOJUTH, III0 HOPMAaJlbHA YacTOT-
HICTh CXWJIBHA JO KOJMBAaHb. MeXl KOJMBAaHb BU-
3HAYAIOThCH 1O TeOopil BipoOrimHOCTI. 332 OJHMHUIIO
IIpH BHUMIPIOBaHHI po3Maxy KOJHMBaHb MPHIMAaIOTh
BEIMYMHY G. Y Teopii BipOTiTHOCTI BBa)KaeThCs,
10 HOPMAaJTbHI KOJIMBAaHHS SAKOI-HEOYIb BUTIAJKOBOT
BEIMYMHU HE MOBUHHI mepeBuinyBat +2c . [loku
BEIMYMHA KOJIMUBAETHCS B LUX MEXaX, MOXHa BBa-
JKaTH, IO BOHA K OM «IIPUB’s3aHA» IO CEPEIHBOT
TOYKHA KOJIMBAHHS 1 JAJEKO BiJ L€l TOYKU HE Bij-
XUIIMTBCS. AJie SKIIO KONWBaHHS MEpPEeBUINATh 3HA-
YeHHS +2G , TO BOHH HEHOPMAJIbHi;

5) po3paxyHOK (POHETHYHOTO 3HAUCHHS CJIOBA,
SKHM € CyMapHe 3HA4YCeHHS BHECKIB KOXXHOI 3BYKO-
OyKBM B 3arajbHUI 3BYKOBHH TOH TEKCTy. BHecok
3BYKOOYKBH — II¢ MIEPEMHOKYBaHHS BEJIUYMHU BijI-
XHWJICHHS YaCTOTHOCTI BiJi HOPMU Ha BEJIWYUHY BijI-
XWJICHHS 3HAYYIIOCTI BiJl HEUTPaAIIbGHOI TOYKH, ajie
TIIBKH THX 3BYKOOYKB, Y€ BiJXWJICHHS ICTOTHE Bij
HopMu. ToMy utsi po3paxyHKy OyJ€ BUKOPHCTOBY-
BaTu GOPMYyIy:

f:l"CK B f HOpPM

kBi X >
§ \/fHOpM x (1 _fH()pM) /n3ar

ae f... — 4acToTa 3ByKOOYKBHU B YK€ 3TraJyBaHOMY

(7

CIOBi; f

wopw —— HOPMaJIbHa 4acToTa 3BYKOOYKBH B

IPOMOBI; 7., — KIJIBKICTb 3ByKOOYKB B CJIOBI.

I[IpakTu4yHa peasizauis po3rJiassHYTHX MiAX0aiB

PosrisgayTi MeTomu pearnizoBaHi B aBTOMATH30-
BaHOMY IIpOrpaMHOMY 3a0e3leueHHi, L0 aHalli3ye
Jokepena iH(OPMAIifHOTO TEKCTY POCIHCHKOI0 MO-
BOI0O 3 BHKOPHCTAaHHSIM METOMIB CEMAaHTHKO-IH-
¢epeHmianpHOro Ta GoHETHIHOTO aHami3y (puc. 2).

B8] Ananusatop aokymerTos WordSD - Winter morning.doc o = [=]
©aiin Ananws  Pegacposanne  Mowek
Ananus Tekora | Caoeo | Tatimaua | Mpagur | Cramuctica | Mapamerpe: | Nposkt | Peaynsrar
Wma tpaiina : Pesynerar aHammaa
[CserstAnercet Desklopwinter moming doc =
-1 Phonet POHETUIBCKOB SHAUSHLE
7 Phonet POHETMHECKOE SHAYEHHE NO CA0EEM
A Analis ComaHTHHBCKIE AHPPEpEHIMEN
X-ar Crpernetie K - Yxon OT
I= Color IJBYKO-UEETOBOS COOTEETCTEHS
M ft Word
Il Tword Heramusro/MosumueHsn komrerTanams @p @y oo o
X Boikn.
TecTosad BEPCA NPOrpaMHel

Ananus Tekcta, Brumarue! PaBoTats Toneko ¢ oTkpeiteim Word-om

Puc. 2. T'onoBHe BiKHO mporpaMu

[Iporpama HamamroBaHa Ha POCIHCHEKY MOBY. Y
3B’M3Ky 3 THM, IO POCIHChKa 1 yKpaiHChbKa MOBHU
HaJIeXaTh J0 CJIOB’SHCHKOI TPYIH, MOXHA TPHUITyC-
TUTH, 10 AKICHA OIliHKA 3 YKPaiHChKOI MOBH 3ajIH-
MIUTHCS 03 ICTOTHUX 3MiH. [IpOBOASTECS TOMAaTKOBI
JOCTIDKEHHS 3 aanTallii CreriaibHOro MPOTrPaMHO-
T0 3a0€3NeUYCHHS IS Pi3HUX MOBHHX TPYTI.

Tabnuui Ans THTBICTUYHOTO aHANI3y MO3UTHB-
HUX 1 HETaTUBHUX CHIB CKJIANAIOTHCA TIIBKH IS
TecToBoi Bepcii. CkiafaHHs MOBHHUX TaOJHUIb, IO
HAJal0ThCA KOPHCTYyBadeBi. ABTOMATH30BaHE CKIa-
JIaHHS TaOJIUIb MOXE MPOBOJUTHUCS HA OCHOBI aB-
TOMaTUYHOTO aHaJi3y (3a JOIOMOTOIO CIICIiaIbHOT
nporpaMu, po3po0ieHoi I wie€i MeTH) TPyI TeKC-
TiB, PEACTABJICHUX EKCIIEPTaMH 1 BiTHECEHI JO TIe-
BHOI JIIHTBICTHYHOI (COI[iaJIbHOI, MPOQeECciifHOl TO-
o) rpyma. Ha puc. 3 mpeacraBiieHuid pe3ysIpTaT Ipo-
TpaMH y BUIJISIZI Aiarpamy pe3ynbTaTiB XapaKTepHHX
acmekTiB moeTwyHOro aHamizy Ilymkima A. C.
«3UMHEE YTPO».

© Bapannik B. B., [losoenko O. B., benikosa T. B., Mycienko O. I1., 2018
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MpexpacHWid

3nceicHniA 15
CyBopuid 10

Tuxuia

MaBiNnbHAA
MigHeceHWiA

Bamuuid

Noxmypuid

CTpimKMiA
PagicHKi

Bagbopuid
Ceit/umid

HixHMiA

MiHOpHWI

CymMHMIA

Ackpapuii

TemHniA

CHABHHIA
CTpaxiTnuBewMii

TyHAMBUIA

Puc. 3. [liarpama py3ysbTaTiB aHaJi3y JOCIIHKCHHS

AmHani3 giarpaMu mokasye, M0 Bipll XapakTepu-
3YETHCSI TAKUMH XapaKTEePHUMH aCTIeKTaMH: TapHHIA,
SICKpaBW#, CBITINH. BCl acliekT MaroTh 3HAYHI Bifl-
XHUJICHHS 3a IIKAJI00, OCKUIBKA BOHH NEPEBUIIYIOTh
3HaveHHs +5,0.

Haii6inpmr 3HAIyIIIMM acIIeKTOM CTaB 3HAK «SICK-
paBuii» 31 3HaYeHHAM 10 Mikaii +11,21, To0To MOX-
Ha CYJIUTH PO Te, 110 TOH BipIla JOCUTH SICKPaBUH 1
kpacuBmuii. Illo Moke Oe3mocepeqHhO HagaTh Ha
ITiJICBITOMICTh JIFOAWHH SCKPAaBHH 1 KPACHBHH €MO-
IAHUNA BIUIUB.

BucHoBKH

1. Po3rmsiHyTO aKkTyalbHI 3arpo3uW IOJ0 HaIlio-
HaJIbHOT OE3MEKH Jep)kKaBH, CYCIUILCTBA Ta Hace-
neHHs. Bu3HadeHo, MO JIi€EBUM iHCTPYMEHTOM
BIUTMBY Ha HaceJeHHS iH(OpMAaIitHO-TICHXO0IOTiY-
HUI BIUIMB, 110 MAa€ Ha METI 3MIHCHCHHS MaHIITyJIs-
LiH 31 CBIAOMICTIO HACEJIEHHS.

2. AmnHami3 iCHYIOYMX METOJNIB BHU3HAYCHHS IH-
(hopMariitHO-TICHXOJIOTIYHOTO BIUIABY Bijl MTOYATKy
30poitHoi arpecii Pociticekoi depeparrii mokasas, 10
JlaHI METOJM HE MAalOTh MOXITMBOCTI aBTOMATH30BaHO
3a0e3neunTy iHPOpMAITiiHy 0e3MeKy CyCIIhCTBA.

3. Po3po0iieHi MeToan, MOKYTh BUKOPHCTOBYBa-
THUCS JUIS BUPILICHHS BEJIMKOTO KPyra 3aBJaHb 3 Me-
TOIO BUSIBIIGHHS /il CYTECTii Ha ITi/ICBIOMICTH JIFO-
IUHU B OKPEMHUX CIIOBaxX, TEKCTaX (IOKyMEHTax)
LTKOM 1 X Pi3HUX CTPYKTYpHHX (CKIIQJCHHX) elle-
MeHTax. Peamizarnisg 1aHnux METOMIB TO3BOJIUTH:

— OIIIHIOBaTH EMOIIIMHUIA BIUINB OKPEMHUX CIIiB
Ha MiACBIAOMICTE JIIOIUHU;

— OI[iHIOBAaTH EMOIIHHUI BIUIMB (HOHETHYHOI
CTPYKTYPH TEKCTIB Ha MiACBiAOMICTb JIIOIUHU;

— OLIHIOBATU PiBEHb arpeCHBHOCTI TEKCTIB Ha OC-
HOBI aHaN3y TO3WTUBHOTO 1 HETaTHBHOTO BILIHBIB
OKpPEMUX CITiB Ha 3MICTOBHE 3HAUCHHSI TEKCTY 3arajioM;

— 3aJ]aBaTh XapaKTePHCTHKH 0a)KaHOTO BIUIMBY
1 CTBOpIOBaTH (KOPUTYBATH) CTPYKTYPH BiIIMOBiTHOT
CIIPSIMOBAHOCTI.
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Bbapannik B. B., loB6enko O. B., Beiikosa T. B., Mycienko O. II.
METOAU BUABJIEHHA IIPUXOBAHHUX CYI'ECTHBHHUX THO®OPMAIIMHO-TICUXOJIO-
I'MYHUX BIIJIMBIB B IHOOPMAIIMHUX PECYPCAX TEKCTOBOI'O 3MICTY

Y cmammi poszenanymo numanns, nog’sazami 3 06pobxoio in@opmayiinux pecypcis, 0 6UAGNEHHS NPUXOBAHUX CY-
eecmugHux enausie. Ilokazano, wo iHGOPMAYitiHO-NCUXONO0IYHULL BNIUE XAPAKIMEPUIYIOMbCA PIZHOIO CEMAHMUYHONI
Hacuuenicmio. Tomy ocobausy yeazy npu 06podyi ingpopmayitinux pecypcie HeoOXiOHO NPUOLIUMU AHALI3Y CYeecmuHol
Hacuyenocmi, moomo Haubinbw 3HayUMOi iHopmayii 3 npuxosanum iHgopmayiiHo-ncuxono2iynum enaugom. OoIpy-
HMOBYEMBbCA BUDIP MEXHON02TT 00pPOOKU IHOpMayiiHUX pecypcis, npu AKil 60ACMbCA SUTYYUMU KTTOY08Y IHpopMayiro.
IIpononyemoca cmeopenus cucmem 3abesneyenus iHpopmayiinoi besnexu depacasu & iHGopmayiliHoMy npocmopi, a
MAKOHC HEODOXIOHICIb BUKOPUCHIAHHSL NPUBEOCHUX MEeMO0i6 aHANi3y THPOPMAYIUHUX PeCyPCi8 05 BUSBNIEHHSL NPUXOBA-
HUX CyeeCmueHUX 6nausie. 3anponoHo8ano eapianm cneyianbHo20 npopamHoco 3a0e3neyents 3 6UKOPUCMAHHAM Hage-
Oenux memoois.

KirouoBi ciioBa: iHpopMariifHO-TICHX0NOrYHKH BIUHB, iH(GopMamiiiHa Oe3rneka, CyreCTUBHUI BILUTUB, MAHIITyJISIIS.

Barannik V. V., Dovbenko O. V., Belikova T. V., Musienko O. P.
METHODS OF DETECTION OF THE HIDDEN INDOCTRINATED INFORMATION AND
PSYCHOLOGICAL INFLUENCES IN INFORMATION RESOURCES OF THE TEXT CONTENT

The article deals with issues related to the processing of information resources to identify hidden suggestive effects.
It is shown that the information and psychological impact is characterized by different semantic saturation. Therefore,
special attention in the processing of information resources should be paid to the analysis of suggestive saturation, that
is, the most important information on hidden information and psychological effects. The choice of technology of
processing of information resources at which it will be possible to extract key information is proved. It is proposed to
create systems to ensure information security of the state in the information space, as well as the need to use these
methods of analysis of information resources to identify hidden suggestive effects. The variant of special software using
the following methods is proposed.

Keywords: information and psychological impact, information security, suggestive influence, manipulation.

Bbapannuk B. B., /loBoenko O. B., beaukosa T. B., Mycuenko A. II.

METO/JbI BbIABJIEHUA CKPbIThIX BHYHIIAEMbBIX WH®OPMAIIMOHHO-IICUXOJIOI'U-
YECKHX BO3JIEMCTBHUIA B MH®OPMAIIMOHHBIX PECYPCAX TEKCTOBOI'O COJEP-
KAHUA

B cmamve paccmampusaiomess 80npocwl, cesazanHvie ¢ 00pabomKol UHGOPMAYUOHHBIX PECYPCO8, Ol GblAGNEHUsA
CKpbIMbIX cy2eecmusHblx 6o30eilicmeuil. [lokazvieaemcs, ymo uHGOPMAYUOHHO-NCUXONOUYECKOE BO30elicTngUe XAPaK-
MepusyIomcs pasiuyHoll ceManmuyeckol Hacvlujennocmoto. Iloamomy ocoboe snumanue npu obpabomxe ungopma-
YUOHHBIX Pecypco8 HeodXo0uMo yOerums aHanu3y Cy22ecmueHol HACLIWEHHOCMU, MO ecmb Hauboee 3HAYUMOU UH-
Gopmayuy no ckpulmviM UHGOPMAYUOHHO-NCUXON02UYeCKUM 6030eticmeuem. QOOCHOBbI6aemCs 6b100p MEXHON02UU
00pabomkyu UHGOPMAYUOHHBIX pecypcos, Npu KOMOPOU YOACMCA u3eiedsb Kirouesyro uxngopmayuro. Ilpednacaemcs
co30anue cucmem obecneueHus UHDOPMAYUOHHOU 6e30NACHOCIU 20CY0aPCMEa 8 UHGOPMAYUOHHOM NPOCMPAHCMEe, d
maxkoice HeoOX0OUMOCHb UCHONIL308AHUS NPUBCOCHHBIX MEMOO08 AHAIU3A UHPOPMAYUOHHBIX PeCypCos 05 BbIAGIEHUS.
CKpHIMbIX cy2eeCmMugHUX 8osoeticmauil. 1lpednodcen sapuanm cneyuanbHO20 NPOSPAMMHOZO 00ecnedenuss ¢ UCHOb30-
sanuUemM Credyiouux memooos.

KnioueBble cjioBa: MHGOPMAIMOHHO-IICHXOJIOTMYECKOE BO3zeiicTBHEe, HH(OpMaIMoHHas 0e301MacHOCTh, CYITECTHBHOE BIIMS-
HYE, MAaHUITY IS,

Cratts Hagidwia 1o pegakuii 15.09.2018 p.
IIpuitusto no npyky 25.09.2018 p.
Penenzenr — a-p Texs. Hayk, npod. Mauauin 1. O.
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OI'JIAJI CYUACHUX ®LIBTPYIOUUX IPUCTPOIB HBY I IX METO/IIB IOBYJIOBA

Beryn

Jobpe BiioMo, SIKy BaXJIMBY POJIb BiAIrPalOTh B
PamiOTEXHIlll KOMWBaNbHI cuctemu. KonmBaapbHUMU
cUcTeMaMy Uil Jiana3oHy HaIBUCOKUX YacTOT
(HBY) € pe3onaTopu, Mo SBISIOTH COO0I0 BETUKHA 1
3Ha4YHUU Kiac npuctpois HBY.

[Ipu po3poOI1i pamioTeXHIYHUX MPUCTPOIB YaCTO
JOBOJIUTBCSA CTUKATHCA 3 TPYIHOIUAMH, SIKI BHKJIHU-
KaHi CyNepeyHOCTSAMH, a iHOJI 1 HE CYMICHICTIO 3
BHMOT'aMH, 10 CTABJIATHCS 0 TAKUX HPUCTPOIB.

IIpucTpiit MoXxe MaTH 3aJ0BUTEHI TEXHIYHI Xa-
PaKTEpUCTUKH, aJie HE 3aI0BOJIGHSATH MTUTAHHIO TEX-
HOJIOTIYHOCTI TiJI Yyac cepiiHOro BUPOOHUIITBA, 200
BHMOTaM KOMIIJIEKCHOI MiKpoMiHiaTiopu3amii, 49u
HaBHaku. ToMy, SIK IPaBWIO, NPHU INPOEKTYBaHHI,
HaTpHUKIag, OOPTOBHX CHUCTEM BJAAIOTHCS 10 KOMII-
pOMiCHOTO pimeHHs y BHOOpI KOHCTPYKIIi MpH-
CTpPOIO.

e 3a3Buvail BIMHOCUTBCS 1 JIO TPOEKTYBaHHS
(GINBTPYIOUMX CHCTEM PaAiOTEeXHIYHHX MPUCTPOIB
JITaTBHUX araparie, a came, 0 BHOOPY €IeMEHTHOI
0a3u IPUCTPOIO.

ITocTaHoBKA 3aBAAHHA JOCTIIKEHHA

IIpoBectn ormsan cydacHuX (QUIBTPYIOUYHX TpPH-
ctpoiB HBY, cydacHi ysBIeHHS TIpo iX OCHOBHI Bjac-
THUBOCTI Ta METOAU MOOYIOBU, OCKIJIbKH i1CTOTHUM
YUHHUKOM, IO BH3Ha4Yae mpobiemu (inbTpoOymy-
BaHHS € Te, IO TepeXia T0 IHTeTPATbHUX CXEM, SKi
MICTSTh €JIEMEHTH 3 PO3MOIUIEHUMH MapaMeTpaMH,
CYNPOBOKYETHCA PSAAOM HEOaKaHUX SIBHIL J100-
POTHICTIO, TIAPa3UTHUMHU CMYyTaMH MPOMYCKaHHS 1
XBUJILOBUMH THUIIAMHU KOJUBAHb.

JlocmimKeHHs — TOKas3ajo, IO  ONTHMIi3allis
KOHCTPYKTUBHUX TapaMeTPiB KOIHBAIBLHUX CHUCTEM
TaKUM YUHOM, 100 3MIiHIOBAJIUCH IX YaCTOTHI Xapa-
KTEPUCTHKH, MPHU3BENE JO 3MEHIICHHS BTPAT Pe3o-
HATOPIB.

© boiiko 0. I1., ITpuxoxneko T. FO., bactok 1. O., 2018

AHaJi3 JiTepaTypHUX JaHMX i BUKJIaJ OCHOB-
HOIr0 MaTepiajay

[TpoMHCIOBICTIO JOCSATHYTO 3HAYHOTO MPOTPECy
B BUKOPHCTaHHI MOCATHEHb (PYHKIIIOHAILHOI MiKpO-
CJIEKTPOHIKH, SKa BHpIlIye 3aBHaHHs (i3MYHOI iH-
Terpauii cenekTHBHUX Kii. HaiGinem nepcnekTus-
HUMH HamnpsIMKaM{d PO3BUTKY MIKPOEJIEKTPOHIKU €:
KpIOCIEKTPOHIKa, aKyCTOEICKTPOHIKa, MAarHiTO-
eJeKTpoHika. Po3risiHeMo HaBeIeHI HAPSIMKH.

Kpioenekrponika 3acHoBaHa Ha BHKOPHCTaHHI
SIBUIIIA HAAMPOBIAHOCTI MPU HATHU3BKUX TeMIIepa-
Typax, 3aiMaeThCsl 3aCTOCYBaHHSIM SIBHII B TBEPANUX
TiMax TpU KPIOTEHHHX TeMIlepaTypax HIDKYUX 3a
120 K y mpuCyTHOCTI €NeKTpUYHHX, MarHiTHUX i
CJICKTPOMArHITHUX TIOJNIIB JJII CTBOPCHHS EJICKT-
POHHHX MpWIALiB i MPUCTPOIB, MO MPAIOIOTh Ha
OCHOBI IIUX SBUIILL.

KpioenekTpoHika, B JaHWH Yac, MBHIKO PO3BU-
BAETHCS, ajie MPOMHUCIIOBICTIO e HE HaJaroJHKeHO
BUPOOHUIITBO BiAMIOBITHUX PO3POOOK [2].

AKyCTOENEeKTPOHIKa BUBYA€E 1 BUKOPUCTOBYE B3a-
€MOJIII0 BHCOKOYACTOTHHMX (3 YacTOTOK) BHWIIEC 3a
20 k['m) akyCTUYHUX XBWIIb 3 €NIEKTPUYHUM TOJIEM i
€JIEKTPOHAMHU B TBEPIUX Tijax, BOHA 3aCHOBaHA Ha
BUKOPUCTaHHI PI3HUX MiCNEKTPUKIB: CETHETOEICKT-
pukiB 1 m’e3oenekrpukiB. Illupoke 3acTocyBaHHS
3HAHNUIM TPUCTPOi HAa MOBEPXHEBUX aKyCTUYHHX
xBusax ([TAX) [1]. Lli mpucTtpoi MaroTh XOpori
YaCTOTHO-BHOOPYI BJIACTUBOCTI, HAJiiHI, TEXHOJIO-
riuni, wmanorabGaputhi. HaiiOinpm nommpeHuMu
MIPUCTPOSMHU Ha MOBEPXHEBUX aKYCTHUYHHX XBUIISX €
pe3onaropu i ¢inbTpu. [ianazon poOOTH HAHOLIBII
BIJOMUX 3YCTPIYHO-IITHPHOBUX IEPETBOPIOBAYIB
(BUKOPHCTOBY€ETBCSL IJISi TIEPETBOPCHHS ENEKTPO-
MarHiTHUX XBWJIb B TIOBEPXHEBI aKyCTHYHI XBHJIi)
cranoButh 0,01 I'T—2 I'TIy i 0OMeXy€eEThCS TEOMET-
PUYHHMU PO3MipaMH €JIEKTPOIIB.
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VY panmioeneKTpoHHHX cucTeMax oOpoOku i mepe-
nadi iHpopmarii 00’ eMHI aKyCTHYHI XBHIII BUKOPHC-
TOBYIOTHCS B JIIHISIX 3aTPUMKH 1 KBapIIOBUX pE30HA-
TOpax Jyis cTabiIi3allii YacTOTH.

[Micns cTBOpEeHHS TEpMOCTAaOULIBHOI BHCOKOYAC-
TOTHOI KepaMmikd 3 MajJuMHU BTpaTaMH 1 BHCOKHM

3HAQUCHHSM JieNeKTpuyHol nponukHocti (€, >100)

mIMpoKe momupenHs B gianazoni no 10 I'To otpu-
Mayu (GIIBTPH Ha JieIeKTpUYHUX pe3onatopax ([IP)
[3-8]. Ix mepeBaramMu € BHCOKa TEXHOJOTIUHIiCTB i
Maji po3MipH, a HEIOJIKOM — BHUHUKHEHHS ITapa-
3UTHHUX PE30HAHCIB HA YacTOTaX, IO MEPEBUIIYIOTH
MaKCHUMaJbHY YacTOTY CMYTH IIPOIyCKaHHS.

OCHOBHUM 3aCTOCYBaHHSM TBEPIOTUTLHUX PE30-
HATOPIB € BHKOPHUCTaHHS IX B MaJorabapuTHHX
¢inbTpax pi3HUX KOHCTpYKUiH. Ha ocHOBI mienexT-
PUYHUX PE30HATOPIB 3a3BHUAll CTBOPIOIOTHCS MiHia-
TIOPHI CMYTacTO-3aropoJUKyBaJIbHI 1 CMyTracTo-
MPOMYCKHi (inbTpH, B TOMY YHCHI, 1 B IHTErpajIbHO-
My BHKOHaHHI.

[Tpunnun noOymoBU CMyracTo-3aropoJiKyBallb-
HuX OGineTpiB (C3D) 3acHOBaHUI Ha BUKOPHCTaHHI
3B’S3KY Hi€JIEKTPUYHOTO PE30HATOPA 3 y3TOIKCHOIO
miHiero mepenadvi. Ilpw CHIIBHOMY 3B’SI3KY TIPOXO-
JDKEHHSI eJICKTPOMArHiTHOT eHeprii 3MEHIY€eThCs 3a
PaxyHOK BiIOMTTS eHeprii 1o BXOAy MPHUCTPOIO.

[lepcriekTuBHUMU € QIIBTPYIOYl CHCTEMH Ha
XBUJICTIONIOHO-TTICTICKTPUYHAX ~ PE30HATOpax, sKi
IpU HEBEJHMKHX pO3Mipax JH03BOJSIOTH OTPHUMATH
Iy’Ke BY3bKy CMYTy TpomnycKaHHs. Y mpari [9] omu-
caHM{ (UTETP TAKOTO THUILY, IO JTO3BOJISIE B JTiaria3oHi
10 TTu orpumaTH BenmMUYMHY TabapUTHOTO iHJAEKCY
0 =0,49 npu mmpuni cmyru nponyckanss 0,75 %.

Y MarHiTOeNIeKTPOHIIll 3aCTOCOBYIOTHCS (PepUTO-
Bi pE30HATOPH, 10 MAIOTh MaJll PO3MIpH 1 JT03BOJIS-
I0Th TIepeOyI0BYBaTH 4acTOTy (iAbTpa B MIMPOKUX
mexax [10; 11]. 3amikaBneHiCTh 10 BUKOPHCTAaHHS B
TEXHIIl HAABUCOKMX YaCTOT HaMarHideHux (epuTo-
BUX 3pa3KiB 3yMOBJICHA TaKUMH iX BIACTHBOCTSIMH,
SIK PE30HAHCHHUM XapakTep B3aeMOil 3 eneKkTpomar-
HITHAM TIOJIEM i MOKJIMBICTh MarHIiTHOI IepeOy10BH
PE30HAHCHOI YaCcTOTH; PI3HOMAaHITHA B3a€EMOIIS 3
XBWISIMH, MarHiTHI CKJTaJ0Bi SKHX MOJSPU30BaHi IO
KOJy B TPOTHJIC)KHUX HaIpsMKaxX (HEB3a€MHICTB);
3QJIE)KHICT, MarHITHUX BIIACTUBOCTEH (epHuToBOTO
3pa3Kka BiJ aMIUNTyId MAarHiTHOi CKJIaJO0BOi €JeKT-
poMarHiTHoro mois (HeniHiidHicTh). OaHaK y 60opTo-
BUX (QIUIBTPYIOUHX CHCTeMax (EpPHUTOBI PE30HATOPH
HE 3HAWIUIN [HUPOKOTO 3aCTOCYBAaHHS Yepe3 BEIHKi
PO3MIpH CHCTEMH MiAMarHidyBaHHS, a TaKOX HasiB-
HOCTI TTapa3uTHUX PE30HAHCIB.

Kpim ¢eputiB 3HaxXonsITh 3aCTOCYBaHHS MarHi-
tonienekTpuku [12—13]. V¥ 3a3HayeHUX Mpansix IMo-
Ka3aHO 1X BUKOPHCTaHHA B SKOCTI MOTJIMHAYA EJICKT-
pOMarHiTHOI eHeprii. BoHn ABIIOTH COO0I0 MaTepi-

an tuny Qeppur-cMoia, y SIKUil BBOISATH METaJCBi
BOJIOKHA. BenmnumHa [MieneKTpUIHOT TPOHUKHOCTI
PETYIIOETHCS po3MipaMu BOJIOKOH. Llelt mornmmaay B
OJTHOIIAPOBOMY BHUKOHAHHI MO’KHa BUKOPHCTOBYBa-
TH JJIsl MPUAYLICHHS Pi3HUX THIIB BHYTPILIHIX pa-
nmionepentkon. Kpim Toro #ioro Mo)kHa BHKOPHCTO-
BYBaTH NPH CTBOPEHHI BY3bKOCMYT'OBHUX YaCTOTHO-
BUOOpUYUX MPUCTPOIB [ 14].

B ocranHi pokm OTpHMaB pPO3BHUTOK e OJUH
Kiac GuUIbTpyroUnx cucteM — (UIBTPH Ha OCHOBI
JIEIEKTPUIHUX OPYCKIB, y SKUX BUKOPHUCTOBYIOTHCS
Ti 44 iHIII pe30HaHCHI eneMeHTH. Tak, y mpami [15]
3aMpOTIOHOBAHO (DUTETP y BHIIIAI METAII30BaHOTO
JUEeNeKTPUYHOTO Tapaiesemnineny, y sSKoMy pe3o-
HAaHCHI €JIEeMEHTH BHUKOHAHI y BUTJISIII HACKPI3HUX
METalli30BaHUX OTBOPIB, PO3IMKHYTHX 3 MPOTHIIEK-
HUX CTOPiH. 3B’SA30K 13 30BHILIHIMHM KOJIAMHU 3JiiC-
HIOETBHCS 32 IOTIOMOT0I0 OTBOPIB 3B’s13Ky. st Takux
GinpTpiB XapakTepHa BHCOKA TEXHOJIOTIYHICTH, XO-
polra TepMOCTaOUIbHICTh, Maauii Ta0apUTHHUH 1H-
nekc. OfHaK HeOCTaTHLO PO3PO0JICHI METOIU PO3-
paxyHKy TakuX (iIbTPIB, IO BUMArae CKJIQJHHX
eKCIIePUMEHTATbHUX JTOBE/ICHb.

Benukuii iHTEepec SBIAOTH CO00K (PiILTPH Ha
ctepax XKII', pesonarop HBY-mianma3ony Ha OCHOBI
(epoMarHiTHOTO pE30HaHCYy B 3alli30-iTpieBOMY
rpaHaTi. IX mepcHeKTHBHICT MONATae B MOXIIMBOCTI
nepe0y/I0OBH YacTOTH B IIUPOKUX MEXKAaX, BUCOKO-
MOOpOTHI, OJHAK BOHM MAalOTh CKJIaJHy MarHiTHY
CHCTEMY 1 CKJIaJHI y BUPOOHUIITBI (BUMAraroTh HAY-
KOEMHUX JIOBEJICHB ).

Harenep ans BupoOHuursa HBY amapatypu me-
pPEBaXXHO BUKOPHCTOBYIOTHCS ITOJIOCKOBI JIiHII Tepe-
adi, OCKIJIBKM I1i JIiHIT HaHOUIBII TOBHO 3a0BOJIE-
HSIOTh BUMOTaM KOMILIEKCHOT MiKpOMiHiaTiopu3aii
[16]. [TomockoOBi CUCTEMH CTAlOTh CEPHO3ZHUMH KOH-
KypeHTaMH XBHJICTIONIOHUX BY3IIB, TO3BOJISIOYH, B
Pl BHITAJKIB, 3 BUTOJOI0 CKOPUCTATHUCS METOIOM
JIPYKOBAaHUX CXeM JJIs BHPOOHUIITBA E€JEMEHTIB
pamioTeXHIYHUX MPHUCTPOIB. [IpakTHIHO TBOBUMIpHA
KOH(]Irypais MMOJIOCKOBOi JIiHIi J03BOJISIE KOHCT-
PYIOBaTH MIHIATIOPHI CXEMH, 1[0 BUKOHYIOTH CKJIa-
Hi (yHKOii, 3miACHEHHS SKUX B XBUJIETMOAIOHOMY
BUKOHAHHI MOTJIO O BUSIBUTHCS TEXHOJIOTIUHO JIyKE
BaXXKHUM, a 1HOI 1 He3A1MCHEHHUM 3aBIaHHIM.

Y npuctposix HBY, 30kpema, B QinbTpax, Haii-
OULTBIII JKOPCTKI BUMOTH TP SIBISIIOTHCSA 110 0a3o-
BUX €JIEMEHTIB. Y 3B’SI3Ky 3 I[UM CIPOOU peaizyBa-
TH 0araTo BHJIB MPUCTPOIB YaCTOTHOI CEJIEKIii BH-
SIBIUTHCS O€3yCHIITHUMH, OCKUTBKH MIHIaTIOpHI pe-
30HATOPH Ha MOJIOCKOBHX JIHISX 3a3BHYail MaroTh
HU3BKY JIOOPOTHICTh 1 HE JO3BOJIAIOTH OTPUMATHU
BHCOKI PiBHI PeXeKIii 1 KpyTi PpOHTH aMILTITyTHO-
JaCTOTHHUX XapakTepucTuk [1-3]. IctorHEM (hakTo-
pOM, IO BH3HAYae mpobieMu QibTpoOydiBHULITBA
€ Te, IO Mepexij 1O IHTerpaIbHUX CXeM, 3 HasBHiC-
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TIO CJIEMEHTIB 3 PO3MOJAUICHUMH HapaMeTpaMu, Cy-
MIPOBOKYETHCS psipioM HeOaxanux seuml. [1lo cro-
CYETHCSI TIOJIOCKOBUX JIiHIH, TO B TEPIIy 4epry, MOBa
Hae mpo MOOpPOTHICTh, MapasuTHI CMYTH MPOMycC-
KaHHS 1 XBHJICHOAIOHI THIU KOJIMBaHb (BMILI THIIH
XBWJIb). 3a paxyHOK 30UTBIIEHHS BiCTaHI MiXK TITa-
CTUHAMU a00 IIMPHUHHM CMYXXKH MOJXKJIMBE ITiJIBH-
LICHHS JOOPOTHOCTI KOJNHMBaJbHUX cucTeM. OaHaK
iCHye MeXa, 3yMOBJICHa IIOSBOIO XBHJICTIOMIOHUX
TUITIB KOJIMBAaHb. Y 3B’SI3Ky 3 IIUMH TPUPOTHUMH
¢iznuHIME OOMEKEHHSMHU € HaIliBXBHJILOBI pO3Mi-
pY IIUPHHU CTPYMOHECYYOi CMYXKKH 1 BificTaHI Mix
HEI0 1 3a3eMJICHOIO TIJIaCTHHOO (TOBIIMHA ITiIKIAII-
Ku). SIKIIO 111 BUMOTa HE BUKOHYETHCS, TO B3I0BXK
JiHIi MOXKYTb MOIIMPIOBATHCS BHILI THIIN KOJNHUBAHb,
CTBOPIOIOYH JIOJATKOBI (TIapa3uTHi) Pe30HAHCH, IO
POOUTHL pe30HATOP MPAKTHYHO MAPHUM.

3ayBaXMMO, 10 HA YaCcTOTaX HACTUIBKH BHCO-
KHX, [0 JOBKHHA XBWJII CHUTHAJIB CTa€ CyMIpHOIO 3
po3MipaMy TIOTIEPEYHOTO MEePETUHY JIiHIi Iepemadi,
BHHHKAIOTh HOBI, BiaMinHi Big TEM, Tumu XBUIb.
Cami 1o co0i BOHM HE BUKIIMKAIOTh BTPaTy CHUTHANY,

aje yTBOPIOIOTH HeOaxkaHi ()a30Bi CIOTBOPEHHS, SIKi
00MEXYyI0Th MAKCUMAJIbHY MIBHIKICTb.

HaiiGinpmroro edexTy ciaia odiKyBaTH BiJl BHKO-
PHUCTaHHS TMOJIOCKOBUX JIIHIA Tiepeqadi B Jiana3oHi
Oinpire 1 I'T i Bume, e y HUX NMPAKTUYHO HEMAE
KOHKYpeHTIB [3—5]. DyHKImiOHaTBHI MOMKIHMBOCTI
IHTErpaIbHIUX MIKPOCXEM, IO MICTAThH €IEMEHTH Ha
MOJIOCKOBHUX JIIHIAX, JIOCUTh IIMPOKi, OCKLUIbKU
BEPXHs MeEKa 3aCTOCOBHOCTI OCTaHHIX JOCSrae
250 I'Tm [38]. OmHak, BEIWKHM HEIOJIKOM Pe30-
HAaHCHUX CHCTEM, L0 BHKOHaHI Ha IMOJIOCKOBHX JIi-
HifX, PO3IMKHYTHX Ha KiHI[i, € HasBHICTh BTpaT Ha
BUIPOMiHIOBaHHs. IIpu NOCHTH KOPOTKHMX pe30oHa-
Topax 6mu3pko 90 % BTpaT 3yMOBIEHO BTpaTaMy Ha
BUIIPOMiHIOBaHHs, a pemta 10 % — aucunaTuBHU-
MU BTpaTami [7].

BuxomoM 3 1IbOTO TOJIOKEHHST € BKIIOYEHHS PO-
3IMKHYTHX TIOJIOCKOBUX PE30HAHCHUX CHCTEM Ha
npoxin (puc. 1). Buxonsuu 3 mpotupid, 0 BUHH-
KaroTh TIPU KOHCTPYIOBAaHHI MIiHIaTIOPHUX PE30HATO-
piB, BOHM BHKOHYIOTbCSI Ha HAaMiBXBHJIBOBUX 1
YBEPTHXBIIILOBUX Bifpi3Kax JiHiii [4].

~—h o

=

Puc. 1. [lpuknany BKIIOUSHHS! pE30HATOPIB HA HEOJHOPIAHUX JITHISX

OCKUIBKH KpiM BTpAT y IPOBITHUKY 1 TiCIEKTPH-
Ky MakCHMaJlbHa BEJIMYWHA JOOPOTHOCTI IOJIOCKO-
BOI JIiHII OOMEXY€EThCS camMe BTpaTaMH depe3 HasB-
HICTh CXiJIYaCTHX HEOJIHOPITHOCTEH [5; 6], To cTae
OUYEBUIHHUM, IO 11 00CTaBHHA € OCHOBHHM (haKTo-
pOM, WIO TEPEIIKOHKAE NIMPOKOMY BHUKOPUCTAHHIO
CXiTYaCTHX PE30HATOPIB B YaCTOTHO-BUOOPUMX KOJIaX.

B ocraHHi pokM PO3BUTKY TeOpii 1 TEeXHIKH
(himpTpiB Ha TIEPIIHIA TJIaH BUCYHYTO 3aBJaHHS PO3-
pPOOKHM MiHIATIOPHUX BapiaHTIB Pe30HATOPIB 3 TO-
TNIIEHUMH  eNeKTPUYHUMH ~ XapaKTePUCTUKAMU,
TaKUMH SIK BUCOKa TOOPOTHICTh, HEOOXiMHA PO3PsiII-
Ka CIIeKTpa PE30HAHCHUX YacToT i T. [., 1 THM CaMUM
MIIBUICHUMU CEJIEKTUBHUMHU BJIACTHBOCTAMH [7-9].
[IpakTHyHO BUYEPIaHO MOKIHBOCTI OJHOPITHUX
(peryssipHUX) JHIN B YaCTHUHI CTBOPEHHS PE30HATO-
piB 3 BHCOKHMH TEXHiIKO-€KOHOMIYHMMH TOKa3HU-
kaMmu. Tak, HeHTpanbHa 4acTOTa MEPIIO] Napa3sUTHOL
CMYTH TIPOIYCKAaHHSA JOCHTh MOUIMPEHUX (iIbTpiB
Ha PO3IMKHYTHX PE30HAHCHUX Bipi3Kax IOPIBHIOE
MTOJIBOEHIH PE30HAHCHIN YacToTi, M0 € iCTOTHUM
HEJOJIKOM 1 He J03BOJIsI€ BUKOHATU BUMoOru EMC
(emextpomarniTHOi cymicHocti) [13—16]. Jlana 00-
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CTaBHHA BUKJIMKAJIa HEOOXIAHICTH BIPOBAHKCHHSI
HOBHX METOJIIB peaizaimii Kil 3 pO3NOIiIICHUMHU
nmapaMeTpaMu, cepell SKAX MOXKHa BUAUTUTH TEH-
JEHLII0 0 BUKOPHUCTaHHS HEOJHODPIOHHMX (HEpery-
JSIPHUX) JIHIN mepeaadi. 3MiHa XBHILOBOTO OIOPY
3a KOOPJMHATOIO JIa€ JTOJIATKOBUI CTEIiHb BUTLHOCTI
MpH KOHCTPYIOBaHHI KT PI3HOTO TPU3HAYCHHS 1
JIO3BOJISIE CTBOPHUTHU BY3/HU, (PYHKLIOHANIBbHI MOKIIHU-
BOCTI SKHX BHIIE, HDK Y aHAIOTIYHUX KOHCTPYKITii
Ha omHOpimHuX JiHiAX [1]. IlpuHIIMIIOBA MOMKIH-
BiCTh 3aCTOCYBAaHHS HEOIHOPIIHUX JiHIH B SIKOCTI
pE30HATOPIB, HANPHKIAA, CMYTracTO-TPOITyCKHUX
GITBTPIB 3 MUPOKUMH CMYTaMH PEXKEKITii, 3yMOBIIe-
Ha THUM, 1[0 BOHU JIO3BOJIIOTH OTPUMATH 301IBIIEHY
PO3PAIKY CHEKTpa PE30HAHCHUX 4YacToT. BubGopom
BIJIITOBITHOTO 3aKOHY 3MiHH XBHJILOBOTO OTIOPY (st
MOJIOCKOBHX PE30HATOPIB — 3aKOHY 3MiHU IIUPUHU
MPOBIIHOT CMYXKH Y3/IOBX JiHi1), ZOCSITAETHCS MiJ-
BHUIIICHHS JOOPOTHOCTI pe30HaTOpa Ha HEOIHOPIMHIN
minii. MoXnHBI BapiaHTH TakhX pPe30HATOPIB i
¢inpTpiB TokazaHi Ha puc. 1. [HIMM THIIOM (iNBT-
PYIOUHX CHUCTEM € (QUIBTPH Ha KOAKCiallbHHX Pe30-
HAaTOpax, HABEJCHUN Ha pucC. 2.
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Jns migBumeHHs BUOIpKOBOCTI (iNbTpiB 3a pa-
XYHOK BHCOKOi JOOPOTHOCTI pE30HATOpIB, Haldac-
Tillle BUKOPUCTOBYIOTh Y BHUIJISII YBEPTHXBIIHOBIX
KOPOTKO3aMKHEHUX BIJPi3KiB KOaKCialbHUX JIiHIH
nepeaadi.

SIx mpaBmMII0, BOHM CKJIAAIOThCS 3 JAEKITBKOX pe-
30HATOPIB, KOPOTKO3aMKHEHHUX 200 PO3IMKHEHUX Ha
KIiHII 1 MOB’S3aHUX MIX COOOK IHJAYKTUBHUM a0o
eMHICHUM 3B’si3KkoM (puc. 2) [9—-11]. [ns 3MeHIIeH-
HS TabapuTiB pe30HATOPIB MPOCTIP MK BHYTPIITHIM
1 30BHIIIHIM TPOBIIHUKAMH 3alTOBHIOETHCS JICIICKT-
puaHIM Matepianom. [Tpu 1ipoMy rabaputn pe3oHa-

TOPIB 3MEHIIYIOTECS B /€, Da3.

Taxi ¢GinbTpu MalOTh HaWMEHIIHWH, 3 OMUCAHUX
BUIIe, TabapuUTHUH 1HIEKC.

Puc. 2. KoakcianpHuit GiIBTp 3 EMHICHUMH 3B’ sI3KaMU

[Ipuknagm xapakTepucTHK (iIbTPiB Ha KOAKCi-
aJbHUX PE30HATOpPax 3 PI3HUM 3allOBHEHHSIM HaBe-
neHi B Tadmmmi [12].

Pesonarop Pe3onarop
ITapameTpu . .
3 TMOBITPSHIM 3aIIOBHCHHSIM 3 KepaMigyHIM 3aIIOBHEHHSIM

YacrorHuii mianazon, MI' 300-3000 300-3000
HegaBaHTameHa JIOOPOTHICTB pe30Ha- 1000—1100 750-900
TOpiB
[MuprHa cMyTH IPOITyCKaHHS Ha PiBHI 10-15 716
3 b, %
[MuprHa cMyTH IPOITyCKaHHS Ha PiBHI g
30 1B, % 20-30 2040
Breceni BTparu, 1b 0,8-1,5 1-1,5
T'abaputu, MM 150x100x60 40x15x12
Bara, T 450-500 20-25
Bapricts, $ 70-80 5-6

Ornsan miTepaTypHUX IDKepen IOKas3aB, IO Ha
CHOTO/IHI SIK JIi€NEKTPUKA B OCHOBHOMY BHUKOPHCTO-
BYIOTh MaTepiali 3 BiJHOCHOIO Ji€JIEKTPUIHOIO

npouukHictio €, =10-300, mo mae TanreHC KyTa

mienekTprannx Brpar tgd =1,5x107 —20x107".

st momimmmeHHs QUTETPYBATBHUX BIACTHBOCTEH
PE30HATOPIB 3aCTOCOBYIOTh PE30OHATOPH CIIELiallb-
HOI ctyniHdactoi popmu [1], puc. 3, a, 6, o 103BO-
JIST€ 3MICTUTH TIEPITy TapasuTHy cMmyry Ha (6-8) fo,
Ie fo — mepiia pe3oHaHCHA YacToTa (OCHOBHA dac-
TOTA).

Jnst nocsrHeHHS i€l caMoi METH BHUKOPHCTOBY-
I0Th PE30HATOPH 3 TUIABHOIO 3MIHOIO JiaMeTpa Mmpo-
BimHUKIB [3], puc. 3, 6.

JiameTp 30BHIIIHBOTO

OpHak Taki Pe30HAHCHI CUCTEMHM CKJaJHI y BH-
TOTOBJICHHI 1 3aCTOCOBYIOTBCS TMOPIBHSHO PIiJIKO.
3MiHIOBaTH XBWJIBOBUH OIp Y370BXK JIiHIi MOXHa
TaKOXK 3a pPaxyHOK 3MIiHU HIiCIIEKTPUIHOI TPOHUK-
HOCTI B3I0BXK pe3oHaropa. Ha mpakTuui Taka peai-
3amist 3BOAMTHCSA IO JOAABaHHSA INai0 3 PI3HUMHU
3HAUYCHHSMH JiCICKTPUIHOI TPOHUKHOCTI. MoxHa
JTOMOT'THCS MiHIMi3aIlil BTpaT B KOJIMBAJIbHIN CUCTe-
Mi i THM CaMHUM OTPUMATH MAKCUMAJIbHO MOJIMBY
MIOOPOTHICTH, BUKOPUCTOBYIOUH TIepeBaru 000X CIo-
CO0IB JIOCATHEHHS IiJIBUINEHOI PO3PSIKU CIIEKTpa
PE30HAHCHUX YaCTOT, a TaK0X BUOpaBIIA OMNTH-
MaJbHI PO3MIpH €JEeMEHTIB KOHCTPYKIlii pe30HaTO-
piB 3 ypaxyBaHHSM MOJJIMBOCTI BHHUKHEHHS BH-
[IAX THUIIB XBUJIb.

] S

& vy v

&

B

JiameTp BHYTpPILIHBOTO
a 0

Puc. 3. Pezonaropu Ha HeperymIsIpHAX KOAKCIaIbHUX JiHITX
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[Ipu ¢dopmyBaHHI TPOBITHOTO MOKPUTTSI 0OMpa-
IOTh Martepiaiy, MO BOJOAIIOTh MaJIMMH BTpaTaMH
(Mmigp, cpibio, 30m010). ToOBIIMHA OCHOBHOTO TIPO-
BITHOT'O IIIapy OOMPAEThCS 3aJICKHO Bijg poOOUOT
YacTOTH 1 CTAaHOBHTH, 3a3BUYail, BEIMYMHY B 3—5
pa3iB OUTBITY TOBITUHH CKiH-TIApy [4].

Tak, y mianmasoni yactoT g0 2 [T, npoBigHHUK
[MOBUHEH MaTH TOBINWHY He MeHmle 12—15 Mkwm, Bif
2104 I'Tu—6 10 MrMm.

HemomikoMm ¢inbTpiB Ha KOAKCiaTbHUX pPE30HA-
TOpax € HasBHICTh Mapa3UTHOI CMYTH IPOITyCKaHHS,
110 3HAXOIUTHCS HA TIOTPOEHIN PE30HAHCHIN YacTOTi.

JloOpOoTHICTh pe30HAaTOpa € BHU3HAYAILHOIO Xa-
PaKTEpPUCTUKOI OYAb-SKOTO PE30HAHCHOTO eJeMEH-
Ta. BoHa BpaxoBye Bci (pakTOpU TEIUIOBHX BTpAT i
rioro rabaputHi po3mipu. [Ipu BupimieHHI THTaHB
MiKpoMiHiaTIOpu3alii HEeOoOXiTHO YiTKO YSBISTH
SIKOIO I[IHOIO JIOBOJMTHCS PO3IJIauyBaTUCS 3a 3MEH-
IICHHS PO3MIpIB K CaMUX PO3MOJIICHUX €JIEMEHTIB,
TaK 1 TIPUCTPOIB Ha X OCHOBi. 3aKOHOMIpHOIO, IS
OLTBIIOCTI PEe30HATOPIB, € 3AJIKHICTh BIACHOI 100-
POTHOCTI 1 4acToTH Bixl 06’ eMy (00’€MH BCiX THIIIB
pe30HATOpiB, KpiM (PEPUTOBUX, OOEPHEHO IPOIIOp-
niiiHi KyOy vacrotu). [yst Ginbin moBHOT i 00°€k-
TUBHOI OIIIHKM PE30HATOPIB KOPUCTYIOTHCS O€3p03-
MIpHHUM y3arajlbHeHUM MapaMeTpoM sSKkocTi [11]:

1070,
—

ne (), — HeHaBaHTa)KCHa JOOPOTHICTh PE30HATOPA;

V' — 00’eM pe3oHaTopa.

Yum Oinplne mapamerp SIKOCTi, THM Kpaiie Xa-
pakTepHUCTUKU pe3oHaropa. Y mpai [12] ams mopis-
HSJTbHOT OIMIHKHU (QITBTPIB YBOIUTHCS KPUTEPIit STKOC-
Ti, IO BpaxoBye 00’eM 1 mpsimi BTpatu (inbTpa, a
TaKoX IOOPOTHICTH 1 KiNBKiCTh pe3oHaTopis. [lapa-
METPH SIKOCTI BiOOpa)KaroTh CYNEPEWINBICTH Xa-
PaKTEpUCTUK PE30HATOPIB i QUIBTPIB y TOMY CEHCI,
IO MparHeHHs B AaHOMY THII pe30HaTopa IOJiM-
LIMTH OJHY 3 XapaKTEepUCTHK, moripurye iHmy. Ha-
TIpUKJIaza, 301IbIICHAS JOOPOTHOCTI MPU3BOIUTE IO
301IbIIEHHS Ta0apUTIB CHCTEMHU.

Otxe, ocraTouHuil BuOip TUIy pe30HATOpa
KOHKPETHOTO IPHCTPOI0 BHU3HAYAETHCS BCIEKD Cy-
KYIHICTIO BHMOT, IO Tpel SBISIOTHCS 10 IBOTO
MPUCTPOIO, BiJl €IEKTPUYHOI XapaKTEPUCTHKH CHUC-
TEMH B SIKy BiH IOBUHEH OyTH BCTaHOBJICHH, BUMOT
1o e(peKTHBHOCTI MPUAYIICHHS MEPEHIKOA, B TOMY
YHCIl YacTOTHU 3pi3y 1 BEPXHBOI TPaHUYHOI YaCTOTH
ociabyieHHs, TOOTO YAaCTOTHHX XapaKTEPUCTHUK
(iTBTPYIOUOTO KOJIA, a TAKOXK BHUMOT, BH3HAYCHHUX
YMOBaMH €KCIUTyaTallii i BiJi peaJbHUX 00OMEXEHb 110
yCTaHOBII B amaparypi. Beci 1 dakropu
[IOB’SI3YIOTBCA 3 €IEKTPUYHUMHU XapaKTePUCTUKAMU
SIKI MOYKHA PO3JIJIMTH Ha TaKi TPYIH:

® BUMOTH 3 YaCTOTHOTO Jialla30HY;
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®  BHMOTH 3 HABaHTA)XCHHS;
BUMOTH 31 CTPYMY BUTOKY;

®  BHMOTH IIOJIO MOCIAOICHHS IMITyJIbCHHX Tie-

perKos;

®  BHMOTH 3 CTIMKOCTI /IO 30BHIIIIHIX BIUIMBIB;

® BHMOTH JI0 KOHCTPYKIIi.

Taxk, pe3oHaTOpH Ha BiIpi3kax KOAaKCiallbHUX -
Hilf MalOTh BHCOKY, TIOPIBHSHO 3 ITOJIOCKOBHM PE30-
HATOpOM, JOOpOTHICTH (OTXeE, i BHCOKY BHOIpKO-
BiCTh, MaJi BTPaTH IPH BITHOCHINA HIMPWUHI CMYyTH
mpomnyckanHg 10 5 %), ane, SK MpaBUiIO0, BUKOPHC-
TOBYBaHa BEpXHS Meka ix po0o4oi yactoTh oOMe-
Kyerbest 6—8 [T, Lle oOMexeHHsI BUKIIMKAHO THM,
IO TIPH MIOCTIHHOMY JiaMeTpi 3 IMiJBUIICHHSIM Yac-
TOTH MOOPOTHICTH 3pOCTA€, OJHAK, KOJH ITOBXKHHA
pe3oHaTopa cTa€ MEHILE AiaMeTpa, BUHHUKae HeOe3-
TeKa MOSIBY BUIIUX KOJIMBAaHb (KOJHMBAHb, BiIMiHHIX
Bim TEM). V¥ 3B’s3Ky 3 1M, TIPH IiIBHIIECHHI Yac-
TOTH OJHOYACHO 31 3MCHIICHHSM JIOBXXHHH pE30Ha-
Topa HeoOXiTHO 3MEHIIYBaTH i HOro JiaMeTp, a 1e B
CBOIO, YepTy MPHU3BOIUTH 10 3HIKEHHS TOOPOTHOC-
Ti. AHaJI3 BUIICBUKIIAICHOIO HAINTOBXYE HA BUCHO-
BOK MPO Te€, L0 iCHYIOTh ONTHUMAaJibHI MapaMeTpH
KOHCTPYKIIii pe3oHaTopa 3 TOYKH 30py OTPHUMAaHHS
MaKCHUMAaJIbHOI TOOPOTHOCTI.

IMpu po3podui ¢iNbTpiB Ha BiApi3KaX HEOIHO-
PIAHUX TIOJOCKOBUX JiHIM Iepemadi BHKOPHCTaHi
JAJICKO HE BCI MOXKJIMBOCTI TIABUINCHHS BHOIpKO-
BOCTI PE30HAHCHHX CHCTEM 3 MiHIMalbHUMHU BTpa-
Tamu. B icHylouMx B JaHWi 4ac METOJax po3paxyH-
Ky pE30HATOpIiB BIACYTHE YypaxyBaHHsS BIUIHBY
BTpAT, a caMi METOJIUKH, SIK MPAaBUJIO CKIIAJHI 1 rpo-
Mmizaki. KpiM Toro, BoHH, SIK IPpaBUIIO, HE 3aBEPILIEHI
aNTOpPUTMaMH CHHTE3y KOJMUBAIBHUX cucTeM. Hemae
MPOCTOI 1 3pY9IHOI HOPMYIH PO3PAXYHKY TOOPOTHO-
CT1 pe30HATOPIB PI3HUX TUMIB KOHCTPYKIIH Ha Bij-
pi3Kax HEOAHOPITHUX JIiHIH.

BucHoBku

JocmimkeHHsT  MOKa3alW, IO  ONTHMI3alis
KOHCTPYKTHBHHX IapaMETPiB KOJHBAIbLHUX CHCTEM
TaKUM YHHOM, 1100 3MIHIOBAJIMCh iX YacCTOTHI Xa-
PaKTEPUCTUKH, TIPU3BEAC 10 3MEHIICHHS BTpAT pe-
30HATOpIB. 3 aHANI3y (QUIBTPYBAILHUX CHUCTEM BHUII-
HO, 110 BUOOpYi BIACTUBOCTI iICHYFOUUX KOHCTPYK-
il MOXHA MiJBUIIKUTU 32 PaXyHOK ONTHMi3allii ix
KOHCTPYKTHBHHUX  TapaMeTPiB, BUKOPUCTOBYIOUH
MIPUXOBaHI Pe3epBU MiHIMI3aIlii BTpaT 3 METOIO Bif-
MOBIAHOCTI UX cucreM BuMoram EMC.
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OIJISAJI CYYACHUX ®LILTPYIOUUX NPUCTPOIB HBY I IX METO/IB IIOBYJ10BU

Jlobpe 6i00MO, SKY BUKIIOUHO 8ANCTUSY POTb 6I0iepaioms 6 padiomexHiyi Koausanvhi cucmemu. Konusanrbnumu
cucmemamy 015 0lANA30HY HAOBUCOKUX HACMOM € PE30HAMOPU, WO NPeOCMmAasIsioms GeAUKUll i 3HAYHUU KIAC
npucmpoie HBY. V cmammi nposedeno o210 cyuachux ginempyouux npucmpoie HBY , cyuyachi ysaenenus npo ix
OCHOBHI 81ACMUBOCII MA MemOoOoU noOyo0eu. IcmomHuM YUHHUKOM, WO 8U3HAYAE npodaemu Qinbmpobyoysanis € me,
Wo nepexio 00 IHME2PANbHUX CXeM, W0 MICISMb eleMeHMU 3 PO3NOOLIEHUMU NAPAMEMPAMU, CYRPOBOOIICYEMbCSL Psi-
00M HeOANCAHUX A8UW: OOOPOMHICIIb, NAPAZUMHI CMY2U NPONYCKAHHSL | XEUIbOGI MUNU KOAUBAHb. [[0CTIONCEeHHS NOKA-
3410, WO ONMUMI3AYIs KOHCMPYKMUGHUX NAPAMEmpI8 KONUBALbHUX CUCMEM MAKUM YUHOM, W06 3MIHIO8AIUCH IX
YACMOMHI Xapakmepucmuku, npuzgede 00 3MEeHULeHHsI 6Mmpam pe3oHamopie.

Kurouosi ciosa: HBY, dinstp, dineTparis, niHisg nepeaadi, cMyTa IpoyCKaHHS, XBUJIS, XBUIICBI/.

Boiiko 10. I1., lIpuxoasko T. 10., baciok U. A.
OB30P COBPEMEHHBIX ®HWJIBTPYIOIIUX YCTPOMCTB CBY M MX METOJIOB IIO-
CTPOEHUS

Xopouwio uzeecmno, KaKylo adcHyI0 poib Upaiom 6 paduomexnuke KoiebamenvHol cucmemvl. Korebamenvhvlmu
cucmemamu Oisi OUANA30HA CEEPXBLICOKUX YACHONL SGISLEMCSL PE30HAMOPbl, NPeOCmasisiouue 60aIbUOoN U 3HAYUMelb-
nolil kiacc ycmpoticme CBY. B cmamuve nposeden 0630p cospemennvix gunvmpytouux ycmpoiicme CBY, coepemennvie
npeocmagnenuss 06 ux OCHOGHBIX CEoUcmeax u Memoodvl nocmpoenus. CyWecmeenHbiM QaKmopom, onpeoeisiouum
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npobnemvl PuUILMPOCMPOECHUS ABTAENCI MO, YMO NEPEeXo0 K UHMESPATbHbIM CXEMAM, COOePICAUUM DNEMEHMbL C PAC-
npeoeieHHbIMU NAPAMEMPAMU, CONPOBONCOACTNCS PAOOM HEICENAMENbHbIX AGICHULL: 00OPOMHOCMb, NApA3UmMHble
NONOCHI NPORYCKAHUSL U BONIHOBblE Munvl Koaebanuil. Hcciedosanue nokazano, 4mo onmumMu3ayus KOHCIMpPYKMUGHbIX
napamempog KoiebamenbHuliX cucmem maxkum o6pazom, 4modbl MEHAIUCh UX YACHOMHble XAPAKMEPUCIUKY, npuse-

0em K YMeHbUEHUIO NOMePb PE30HAMOPOS.

KaroueBsie ciioBa: CBY, ¢punbTp, GubTpanus, THHUS Hepeaadn, MoIoca MpoIry CKaHus, BOIHA, BOJIHOBO/,.

Boyko Y., Prikhodko T., Basiuk I.
REVIEW OF MODERN MICROWAVE FILTERING DEVICES AND THEIR METHODS OF

CONSTRUCTION

1t is well known that oscillatory systems play an extremely high role in radio engineering. The resonators are oscil-
latory systems for the ultrahigh frequency range that representing a large and significant class of superhigh frequency
devices. The article provides an overview of modern superhigh frequency filtering devices, recent interpretations about
their main properties and methods of construction. An important factor that defines an issue of filter composition is the
transition to integrated circuits containing elements with distributed parameters which accompanied by a number of
undesirable phenomena: Q-factor, parasitic bandwidth and wave types of oscillations. The research has shown that the
optimization of the design factors of oscillatory systems in such a way that their frequency characteristics are changed,
will reduce the losses of the resonators.

Keywords: superhigh frequency devices, filtering devices, transmission line, bandwidth, wave, waveguide.

Cratts Hagidma o pegakmii 18.09.2018 p.
[puitasaTo xo npyky 25.09.2018 p.
Penensent — a-p TexH. Hayk, npod. — Kosnoscbkuii B. B.

© boiiko 0. I1., ITpuxoxneko T. FO., bactok 1. O., 2018



HaykoemHi TexHonorii Ne 3(39), 2018

345

VJIK 004.056.53(045)

DOI: 10.18372/2310-5461.39.13091

A. B. Inbenko, kaua. TeXH. HAyK, JOIL.
Hauionanbauii aBianiiHuid yHIBEpCUTET
orcid.org/0000-0001-8565-1117

e-mail: ilyenko.a.v@nau.edu.ua

C. C. Invenko, kaHa. TEXH. HAyK, JOIL.
HarionanpHwmid aBialiitHUi yHIBEpCUTET
orcid.org/0000-0002-0437-0995

e-mail: ilyenko.s.s@nau.edu.ua

MMPOTPAMHUI MOAYJIb 3 BHKOPUCTAHHSAM NPOUEAYPU ®OPMYBAHHS
TA BEPU®IKALII EJIEKTPOHHOI'O IU®POBOI'O IIIAIIACY

Beryn

CrorozHi B YKpaiHi aKTHBHO PO3BHBAETHCS 1H-
(dhopmariiitHe CyCITITECTBO, OTHIEIO 3 XapaKTEPUCTHUK
SIKOTO MO’KHa Ha3BaTH OPIEHTAII0 Ha IHTEpeCH JIo-
neii. Y 1993 p. cytHicTh iHpOpMaLifHOTO CYCHiNb-
ctBa Oyna poskputa Komiciero €C: «IHpopmaritine
CYCHUIBCTBO — II€ CYCHIIBCTBO, Y SIKOMY JIiSUTbHICTD
Jroneidl  3MIHCHIOETHCS Ha OCHOBI BHUKOPUCTaHHS
MIOCITYT, IO HAJAITHCS 32 JOTIOMOTO0 iH(popMaIliii-
HHAX TEXHOJIOTIH Ta TEXHOJIOTiH 3B’sA3Ky». B Takomy
CYCHUIBCTBI KOKHUI TPOMJIIHUH Ma€ MOKIUBICTD
CTBOPIOBAaTH 1 HAKONHMYYBaTH iH(OpMalio Ta 3HaH-
HSl, MaTH O HUX BUIBHUM JOCTYI, KOPUCTYBATHCS Ta
OOMIHIOBATUCSI HUMH 1, TAKUM YUHOM, Peaii3oByBa-
TH CBill y moTeHwian y cdepi 3ade3neyeHHs: ocoouc-
TOT'O PO3BUTKY Ta IiABUIIECHHS SIKOCTI KHUTTSL.

IIpobnema 30epexeHHST €ICKTPOHHHUX TOKyMEH-
TiB BiJ] KOIiIOBaHHS, MOJU(IKaIli 1 miIpoOKu MOT-
pebye ans cBoro BUpimeHHS crenudigHux 3aco0iB i
MeTomdiB 3axucTy. OMHUM 3 MOMHMPEHUX B CBITI 3a-
COOIB Takoro 3aXWCTy € eJeKTPOHHHH LU(PPOBHH
MiANUC, SKAHA 3a JAOMOMOIOI0 CHELialbHOrO Ipo-
rpaMHOTO 3a0e3leyYeHHs MiATBEP/UKYE JTOCTOBIp-
HICTh iH(pOpMaLii AOKYMEHTY, HOTO PEKBI3UTIB i
(axTy miAnMcaHHs KOHKPETHOIO ocoboro. [Iporpama
€JIEKTPOHHOTO0 JOKYMEHTOOOITy 3 BHUKOPHCTAHHSIM
enektponHo-udposoro miamucy (ELIT) Ha cho-
TOJIHI aKTUBHO BIPOBAJKY€EThCS B JCPKaBHUX yCTa-
HOBaxX 1 OpraHax Jep)KaBHOI BIaAW, L0 iCTOTHO
pO3MIUPIOE MOKIUBOCTI 3actocyBanus EIIIT 1 pos-
BUTOK €JIEKTPOHHOTO JJOKYyMEHTOO00ITYy B YKpaiHi.

ITocTaHoBKa 3aBAAHHA JOCTIIKEHHA

3aBaaHHAM AaHOi pOOOTH € XapaKTePUCTUKA TEO-
PETHYHUX OCHOB JITOPUTMIB (OPMYBaHHS Ta BEpH-
¢ikanii ELIT 3 MeToro po3poOKu MpOrpaMHOro Mo-
IyJisl AUIsl pearizaniii 3axucty iHpopMaIiiftHux pecy-
pciB, a came 3a0e3reueHHs IUTICHOCTI Ta KOH]iaeH-
niftHOCTI iH(pOpMAaIii Ha 0a3i yIOCKOHAICHOT CXeMH

JACTY 4145-2002. Takoxx IpOBeACHHS OIIHIOBaHHS
e(eKTHBHOCTI OTPUMaHOi MoOJUQIKalii aaropuTMy
JACTY 4145-2002, mo rpyHTy€eTbCS Ha TIEPETBOPEH-
HSX B TPyIi TOYOK €NINTHYHOI KPUBOI, 3 YMOBH Ha-
JaHHS 1i MOKJIMBOCTI BiTHOBIIIOBATH iH(OpMaIiiine
MOBiJOMJIGHHSI 332 JONOMOTOI0 OOpaHOTO KpPHITO-
rpaivHOTO ANTOPUTMY .

Teoperuuni ocHoBHU Kiaacudikauii anropuT™in
¢opmyBanHs Ta Bepudikanii ELIT

IcHytoTp pi3Hi Kimacuikalii Cy4acHHX CXeM
€7IeKTPOHHOIO LU(POBOro Mmiamucy. IX MoxkHa Kia-
cr(ikyBaTH 3a MEXaHI3MOM TMOOYI0BY (CHMETPUIHI
Ta aCUMETPHYHI), 3 BI/IHOBJICHHSAM TIOBIIOMJICHHS Y1
0e3, oHOpa30Bi Ta OaraTopasoBi, TEeTepMiHOBaHI Ta
WMOBIpHICHI, 32 TPOOIEMOI0 IO TMOKIaJeHa Y iX
OCHOBY.

Vi cxemu ELIT Takox MOXKHA PO3OUIATH Ha JBa
BEITMKHUX KJIacH: 3BHYAiHI IMUGPOBI MIMUACH (3 IO-
MOBHEHHSM) Ta €JEKTPOHI HUQPOBI MiINKCH 3 Bif-
HOBJICHHAM moBigmomiienns. B EIII 3 BigHOBICHHIM
yacThHa a00 TOBHE IOBIAOMIICHHS MOXYTh OyTH
BIIHOBJICHUMH 3 IH(PPOBOTO MiANHKCY, TOOTO IS
nepeBipku 1UGPOBOTO MIAMUCY HEOOXITHO 3HATH
TiITBKU NU(POBHIA MANKC Ta, MOXKIUBO, CEpTU(IKAT
Binmkpuroro kimoda. B ELII 3 nomaBanHsaM — mudpo-
BUM MiJNUC TPUEAHYETHCS JIO MOBIJIOMIICHHS Ta
30epiraeTbes 1 mepeacTbes 3 HUM, a AJIS TIePEeBipKH
ELII motpibHO 000B’SI3K0BO MaTh cepTU(IKAT BiIK-
putoro xiroga [1].

TeopernuHe OOTPYHTYBaHHS Ta MPAKTHUYHI JOC-
mimxenHs ELII 3 BimHOBIIEHHSM TOBiOMIIeHHS Oy-
T BUKOHaHI, mopiBHSAHO 3 EIIIl 3 momoBHEHHSM,
mi3Hime. 3HAYHOK MIpOI BOHHU 3 SBUIIMCS, KOJH
BrHUWKIA HeoOXimHicTh B ELIIl anms KopoTkuxX mOBi-
nomiteHb. Y 2003 p. OyB NpuAHATHH Mi>KHAPOIHUN
cranaapt ISO/IEC 15946-4.

Jlo HBOTO OYyJIO BKIIIOYEHO II'ATh HE3AJICKHUX
anroputmiB ELIl 3 BimHOBIIEHHSM MOBiZOMIICHHS
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(ECNR, ECMR, ECAO, ECPV, ECKNR), kpurmro-
rpadiuHi TMEepeTBOpPEHHsS B SIKOMY O0a3ylOThCs Ha
SMNTHYHUX KPUBHX. Y TMOMAIBIIOMY IeH CTaHIapT
OyJI0 yIOCKOHANEHO, 1 BiH OyB npuitaatuii B 2006 p.
sk ISO/IEC 9796-3 [2] Ha 3aMiHy iCHYIOYOMY.
Craamapt ISO/IEC 9796-3 mommproe ¥ YTOYHIOE
anroputMu, 1o BkazaHi B [SO/IEC 15946-4, 13 2008 p.
€ OCHOBHHUM CTaHJIAPTOM MiAMUCIB 3 BiJHOBJICHHSIM
noBiomienHs. [lignmucn MaroTh CHIBHY 3arajibHY
cxemy Him0Gepra—Pymmens, ane B HUX BHUKOPHCTO-
BYIOTh JUIS ONTHUMAIBLHOTO BUKOPUCTAHHS F-KOM-
MTOHEHTH MOAN(IKOBAHOTO ANTOPUTMY TIE€PEIITiIIH-
cy [3]. JomarkoBo 1o HROTO OYB BKIIFOUEHHUH airo-
putm ELJII, mo rpyHTyeThCS Ha IEPETBOPEHHI B
noni ["anya.

Cxemu ELII 3 BiTHOBIEHHSAM IMOBIIOMIICHHS JI0-
LITBHO BUKOPHCTOBYBATH B iH(pOpPMAIiHHUX CHCTe-
Max i MPOTOKOJAaX 3 YiTKO BU3HAYCHUMHU IOBIJIOM-
neHHsMd. lle € MpUHIMIIOBOIO OCOOIHMBICTIO 3 TIO-
msiny ix 3acrocyBanHsA. Cxema EIIII 3 BigHOBIEH-
HSIM TIOBIJJOMJICHHS Jla€ TIepeBary Mpu 3aCTOCYBaHHI
MOBIIOMJIGHh HEBEJIHMKOTO po3Mipy. EnekrpoHHo-
nudpoBuii mamnvc, po3podICHHA 32 TAKOI CXEMOIO,
MOXe e(QEeKTHBHO BUKOPHCTOBYBaTHCS B iH(}pa-
CTPYKTypax 3 BiJKPUTHMHU KJIIOYaMU, Y TPOTOKOIAX
3 MaJlUM PO3MIpOM TIOBiIOMJICHHS, HaNpPUKIAI,
EJICKTPOHHUX Mara3wHax I 3aXHCTy TOBAapiB i IO-
CIIYT TOILIO.

CxemMu 3 BIJHOBJICHHAM MalOTh XapaKTepHY
OCOOJIMBICTB: 3MEHINCHHS PO3MIpy IMiANHCY 3a pa-
XYHOK MAacKyBaHHs y 3BOPOTHIH KOMIIOHEHTI.
3MCHIIICHHSI MIMUCY Ma€e i HEeTaTHBHI HACTIAKH —
MITAC MOKEe MaTH MEHINUKA PO3MIp 3a paxyHOK
3MEHIIICHHS 30UTKOBOCTI, ajie Ii¢ poOUTh HOro Imo-
TEHI[IITHO OLTBII BPa3JIMBUM JI0 €K3UCTCHINMHOT Mij-
poOKH.

Ilinrvc 3 BiAHOBIEHHSM IOBIIOMJICHHS, ITOPIB-
HSHO 3 MiJMUCOM 3 JIOTIOBHEHHSIM, HAJla€ J0JaTKOBY
mocnyry 0e3nexku — KOHQIIeHIiHHICTh. Takoxk AIs
HEBEIIMKUX OOCSATIB TIOBIIOMJICHHS MOXJIMBO 3pO0OH-
TH TAEMHOIO BCIO 1H(OPMAIIiI0, 10 MEPEIAETHCSA, Y
camMoMy mianuci. BiTHOBUTH MOBITOMJICHHS MOXIIU-
BO Y pasi BIATBOPEHHS MEPEIIiANNCY, MO Y 3araib-
HOMY BHIIQJIKy MOXJIHMBO TUIBKH TPU TEpeBipIii
ELIL.

TakuMm 4MHOM, MOKHA CTBEP/)KYBaTH, IO IOBi-
JOMJICHHS MOJKHA BiTHOBHTH JIMIIE 32 HAsSBHOCTI
BIZIKPUTOTO KITIOYA.

VY BIIKpUTHX CHCTEMax Taka CxeMa He Ma€ CeHCY
3 HaJaHHSA TOCITyT KOH(DIIEHIIWHOCTI, ale y pasi,
SIKIO UPKYJISLiS BIIKPHTUX KIIOYIB B CHUCTEMI €
KOHTPOJILOBAHOI), € CEHC Y BUKOPUCTAHHI IIi€i BIac-
THUBOCTI CXEM 3 JIOTOBHEHHAM [4].

Oxpim anroputMmiB, 3a3HaueHUX B [SO/IEC 9796-3,
IO CXeM 3 BiJIHOBICHHSAM iH(OpMaUiiHOTO IMOBi-
noMIeHHS HajexaTh cxeMu RSA, p-NEW, Zhang.
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Oco0MBO HEOOXITHO BiI3HAYUTH, IO YCi MIIMTUCH 3
BIJTHOBJICHHSIM IIOBIZOMJICHHA € aCUMETPUYHHMH 3
MOTJISAAY CKJIAJTHOCTI OOYMCIECHHS W TEpeBIpSHHS
EILII. Yka3zane mae OyTH BpaxOBaHO MPU OOYKCIICH-
Hi Ta nepeipsiai ELI1 B peansrHOMy MacmiTali yacy.

[Ipu mopiBHSAHHI cXeM Oe3 BITHOBJICHHS TOBiA-
OMJIEHHSI Oy/iM BUSBIEHO, IO anroputMu RSA Ta
El-Gamal mpu onmHakoBoMy po3Mipi Kitoua MaTH-
MyTh OJHAKOBY KpHUIITOCTIHKICTh  (IpHOIU3HO
2,7-1028 s kiroua 1024 Gita). Ane anroputm
El-Gamal € na6araTo mBuamum 3a RSA npu mianm-
CyBaHHI IOKYMEHTA, aJie IIOCTYA€ThCS Y MBUAKOCTI
npu Bepudikauii. [lepeBaroro cxemu El-Gamal € Te,
IO TIPY 33J]aHOMY PiBHI CTIHKOCTI anroputMy mud-
POBOTO MIANMUCY IJIi YWCia, MO OepyTh ydacTb B
OOYMCIeHHAX, MaloTh 3amuc Ha 25 % KopoTie
(8 RSA muoxHUKE noBUHHI Oyt Big 1024 06iT, a B
El-Gamal Bim 512 06iT), mo 3MeHIIyEe CKIAJHICThH
00YHCIIeHh MaiKe B JIBa Pa3H 1 JTO3BOJIE MOMITHO
CKOPOTUTH 00CST BUKOPUCTOBYBaHOI mam’sTi. Kpim
TOTO, TIporieaypa (GopMyBaHHS MIIIMHCY 32 CXEMOIO
El-Gamal He no3Boisie oO4mciaOBaTH HUQPOBI Mmij-
MUCH TIiJi HOBHMH TIOBiJOMJICHHSIMH 0O€3 3HaHHS
cekpetrHoro kiova. [Ipore cxema El-Gamal mocty-
maeThes cxeMi RSA y HEMOXIIMBOCTI BiJHOBITIOBATH
MOBIJOMJICHHS T2 Y TOMY, IIIO JOBXHHA IIH(YPOBOTO
migmucy B 1,5 pa3u Oinbmia, a me 30imbinye dac ii
obuncieHus [6].

[Tepesaroro anroputmiB DSA ta ECDSA € men-
mmid po3mip mignucy, Hibk B RSA Tta El-Gamal
(y cepemabomy 320 6iT), TOMy IO OCHOBHI Tapa-
METPH CHCTEMH MaloTh po3MipHicTh 160 Oir 3a 3a-
MOBYaHHSAM. TakoX MpH TepeBipUi MmiAmucy Oiib-
LIiCTh ONEpaliil 3 YUCIaMHU TAKOXK MPOBOJUTHCS 3a
MOAyJIeM 4ncia IoBxuHOI 160 OiT, Mo ckopodye
ob6csr mam’sTi 1 yac obuucnenns [S]. Ilpore BBaxa-
etbest, mo ECDSA € OinmbIn KpUNTOCTIHKHAM depe3
CKIIQIHICTh TIPOOJIEMH TUCKPETHOTO alrOPUTMYyBaH-
HS [0 TOYKax e’intudHoi kpuBoi. KpiMm Toro, cek-
petnuit xmoy B ECDSA € yHikanbHUM, a HE JIHUIIE
BUTIAAKOBHM, iK' y DSA, 1m0 mokpamiye HamiiHICTh
anroputmy. AnroputM DSA mae 1 HETOIIK B TOMY,
0 BiH MNPU3HAYCHUH JMIIe A MiANUCYBaH-
Hs1/BepHu]iKallii eeKTPOHHUX TOKYMEHTIB, a HE A
ix mmdpyBaHHS/ nemubpyBaHHsa, HAa BiIMIHY BilI
yCIX IHIIMX PO3MIISIHYTHX ATOPUTMIB. AJie HOTO
nepeBaror0 Moke OyTH BiIHOCHO HECKJIaJHa peai-
3aIlis Ta HeBeJIMKa 3aTpara pecypcis.

[lepeBaror Ta OCOOJIMBICTIO CXEM 3 BiJHOBJICH-
HSIM TIOBIZIOMJICHHS € T€, IO HasiBHA MOKJIMBICTH HE
TIIBKH NIEPEKOHATHCA y MIPABIUBOCTI ITOB1IOMIICHHS,
a me W 3 Tula IMUGPOBOro MiAMUCY ABTOMATHYHO
oTpuMaTH Oe3rnocepeHbO came ToBimomiieHHS. Lle
nmo3Boisie ELIIT 30epiratu He TiTbKH MUTICHICTH TIe-
peaaHoro TOBIJOMIICHHS, a W KOHQIIEHIIHHICTS..
Cxemu NR/ECNR 3a3puuaii eextuBHi it poOOTH
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3 TIOBIJIOMJICHHSI HEBEJIMKOI JOBXHHH, TOMY IO B
TAaKOMY BHUTAJKy Oyze BiJHOBIIOBATHCS BCE TIOBi-
JTIOMJICHHS. AJie BapiaHT MiIIUCAaHHS BEIMKOTO II0-
BIJJOMJICHHS JaHMMH aJITOPUTMaMK TaKOX mepeada-
YCHHI, Y TaKOMY BUMAJIKY 32 JOIOMOTOH 30HTK-
OBOCTEH OyIe 3HAXOAUTHCS YaCTHHA TIOB1TOMIICHHS,
IO HE 3MOKE BIJHOBUTHCS, i Oyne mepemaBaTHCS
Pa30M 3 MiJITUCOM, a MICHIsI TIEPEBIPKY 1151 TA BiTHOB-
JIeHEe YaCcTHHA TOEIHAIOTHCA, 1 MOXKHA Oy/ie OTpuMa-
TH TIOYATKOBE MOBITOMIICHHS. Takok MaHi aJropuT-
MU MalOTh NEpeBary B KPUITOCTIHKOCTI Ta CKIaj-
HOCTI MaTeMaTUYHUX IPOOJIeM, Ha SKAX BOHH 3ac-
HOBaHi. A 3actocyBaHHS (YHKIIM 3HAXOKCHHS
30MTKOBOCTEHl MOXKE TapaHTyBaTH MEHIIl O0CATH
MiANUCY HA KOPOTKUX MOBimomieHHAX. OKpiM 1bo-
ro, 3aBAsaKu Tomy, 1o cxema ECNR nie 3 Bukopuc-
TaHHS CNINTUYHUX KPUBHX, II€ A€ 3MOTY BHKOPHC-
TOBYBAaTH MapaMeTpH Ta KIOYi MEHIIUX 00cAriB (a
[le ONTHMi3y€e 00’€M BHUKOPUCTOBYBAHOI ITaM’sITi Ta
30UTBIITy€E TMBUAKICT, TpH Tepemadi mganmx). Came
TOMY HaHOUIbII €PEKTHBHUM Ta ONTUMAILHUM OYB
oOpanuit anroputm ECNR.

CyugacHi cxeMd MEQPPOBOTO HAMKCY MOXYThH Oy-
TH KJIacu(ikOBaHI BIAMOBIAHO 10 CKJIaJHOI MaTeMa-

TUYHOI MPOOJIEeMH, IO JIEKHUTH y IX OCHOBI Ta 3a0e3-
neyye iXHIO Oe3MeKy, a came mpobieMa TUCKPETHO-
ro JiorapuMy B TPYIi TOYOK EININTHYHOI KPUBOI
(ITAJIEK); mnpobnema aHWCKpeTHOTO Jorapupmy
(I14JI); mnpobnema Qakropuzamii miIUX dYHCEN
(TToY).

3a kpuTepieM MpoOIeMH, IO JIC)KHUTh B OCHOBI,
MOHA 3pOOUTH BHCHOBOK, IO HAaHOUIBII KPHUIITO-
CTIMKMMHU OYIyTh aJTOPUTMHU, IO IPYHTYIOTHCS Ha
ITJIJIEK.

Jlo anropuTMiB, 3aCHOBaHHUX Ha MPOOJIEMi 3HAXO-
JOKEHHSI JIMCKPETHOTO JIorapupMy B TPYIi TOUYOK
SINTUYHOI KPUBOI HAJ IPOCTUM IIOJIEM, MOYKHA Bi-
naectu ECDSA, EC-KDSA, ECSS, ECNR.

Y 2013 p. Oynm nociijKeHi Ta MOPIBHSHI airo-
PUTMH, 3aCHOBAHI Ha JAaHUX MpoOJeMax, Ui 3Ha-
yenns 10" MIPS (BenuuuHa, IO MOKA3ye UYHCIO
MINTBHOHIB 1HCTPYKUiH, SIKi BUKOHYIOTHCSI TPOLECO-
POM 3a OFHY CEKyHIy Iijl 4Yac JESIKOro IITYYHOTO
TECTy) POKIB HEOOXITHWX IS 3JIOMYy 3aKpHUTOTO
kmoua [7]. Sk TMOpIBHIOBAJIBHI XapaKTEPHUCTHUKH,
Oynu B3ATi MiHIMalbHI O3HAKHW, 3a SKAX peai3o-
BYETKCS TaHA KPHUIITOCTIHKICTD.

Pesynbratu nopiBHsHHA 3adikcoBaHi B Ta0. 1.

Tabnuys 1
XapakTepucTUKH MaTeMaTHYHMX MpodJeM nia yac creopennst ELII
[Ipobiiema, 1o JISKUTh B OCHOBI aJITOPUTMY oYy 1 ITJJIEK
Po3mip cucreMHnx mapametpis (0iT) 1024 2208 481
Po3wmip miamucy (6it) 1024 320 320
Poawmip BigkpuToro kitoda (6iT) 1088 1024 161
Po3mip 3akpuroro kiroua (6ir) 2048 160 160

3 BOTO BHIUIMBAE, IO VI TOTO, OO HOCATTH
HOpMasTbHOTO piBHSA Oe3neku mpu 1Y ta I11J1 He-
00XiTHO BUKOPHCTOBYBATH KIItO4 po3Mipom 1024 6ir,
y Toi vac sk s anroputMy ¢ [IJJJIEK gocratHbo
KiIroga po3mipom 160 6iT. BukopucTaHHS KITIOYiB
MEHIIIOT JIOBKMHHU 3MEHIIYE KUIbKICTh HaHHX, SKI
noTpedyoTs 00poOKH, 30epiraHHg Ta Iepenadi Imo
KaHaJIaM 3B’ 53Ky, a 3 TOMHUPEHHAM TexHojoriid EIIT
Ha MOOUTBHI MPHCTPOI, cMapT-KapTH Ta iHIII TpH-
CTPOIi 3 JKOPCTKUMHU OOMEKEHHSAMH 00YUCITIOBAIBEHOT
CIPOMOYHOCTI, 00’€My TIaM’ATi Ta BUKOPHCTOBYBa-
HOTO Tpadiky, JaHa XapaKTEPUCTHKAa MOXKE CTaTH
BUpilIanbHOIO Tpu BUOOopi anroputmy ELIL. Kpim
TOro, OyJO MPOaHATI30BaHO 3MiHY PO3Mipy KIrOUa
BIZIIIOBIZIHO 10 30UTBIIEHHS KpUANITOCTiKOCTI. Ha puc. 1
MOXHa mobauntu, mo mias anroputMmis 3 [1JJIEK
PO3Mip KiIfoYa He TakK MIBHUAKO Ta CTPIMKO 3pOCTae,
Ha BiAMiHY Bif anroputwmis 3 [1OY ado [T1J1.

[lopiBHSIHHA TpHOX CKIaTHUX MaTeMaTHYHUX
mpo0JieM, Ha SKUX 0a3yrThCS BiOMI aCUMETPHUHI
KPUITOCUCTEMHU MiANKNCY, BUABWIO TOH (aKT, IO

JKOHA 3 HUX HE € JOKA30BO HAAIWHONO. POKM IHTEH-
CHUBHUX JOCIIKCHb MPHU3BENH A0 3araabHONPHIAHS-
toro nepexonanns, 1o I1JIJIEK 3nauno ckmamgHimia
HDK Tpobiema ¢akropu3anii minmmx gucen ta [1JJ1,
OCKUTBKH HEBIJIOMO aJTOPUTMY 3arajbHOTO CIIPSIMY-
BaHHS 3 CYOEKCHMOHEHIIHINM YacoM BWUKOHaHHA. |
kpim Toro anroputm 3 [1JIJIEK npu meHmmx po3wmi-
pax mapameTpiB, II0 BHKOPHUCTOBYIOThCS B OOYHC-
JICHHSIX Ta MEPeIaloThCs M0 KaHalny 3B’s3Ky, 37aT-
HUW 3a0e3MMeYnuTH OUIBITy KPHITOCTIHKICTH IOpIiB-
HSHO 3 iHmMMH anroputmamu ELITT.

BaxxnmuBuM € posrisim ocHoBHOTO Jlep:kaBHOTO
CTaHIapTy YKpaiHu, sSKHH YCTAHOBIIOE MEXaHi3M
U POBOTO MiANUCYBAaHHS, 0 TPYHTYETHCS HA Bia-
CTHUBOCTSX I'PYI TOYOK CJIINTHYHUX KPUBUX HAJ I10-
asimu GF(2™).

Heo0OxigHicTh HOTO AOCHIIHKEHHS Ta OAAIBIIOr0
BUKOPHCTaHHS TOJIATAE B TOMY, IO CaMe€ B HHOMY
BCTaHOBJICHO MexaHi3M noOymou ELII Ta mpaBuia
HOT0 3aCTOCYBaHHS, SIKi JIIOTh Ta 3aCTOCOBYIOTHCS B
OlBIIOCTI OpraHi3amiid Ta MiANPHEMCTB Pi3HUX PiB-
HiB Ha TepHUTOPii YKpaiHu.

© Insenko A. B., Inpenko C. C., 2018
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Puc. 1. [TopiBHSHHS pO3MipiB KIIFOUIB BIAIIOBIIHO 10 PiBHIB O€3MEKH
Ut pi3HEX cxeM ctBoperHs ELIT

ACTY 4145-2002 (mosua HazBa: «JICTY 4145-
2002. Tndpopmaniitai TexHomorii. Kpunrorpadiunuii
3axuct iHndopmarii. [ludposwuii mignue, mo rpyHTy-
€THCSL HAa ENINTHUYHUX KpUBHX. DOpPMyBaHHS Ta Iie-
peBipkay») — HaIllOHAJIBHHUN CTaHAApPT YKpaiHH, IO
ONUCY€E alnropuTMH (OPMYBaHHS Ta NeEpEeBIpKU
€JICKTPOHHOTO ITU(GPOBOTO MIAMUCY. 3aTBEPIKEHO
Ta HaJaHO YMHHOCTI HaKa3oM Jlep»aBHOTO KOMITeTy
VkpaiHi 3 THUTaHb TEXHIYHOTO PETYJIOBaHHSA Ta
CHOXUBYO1 NoJiTHKH Bix 28 TpyaHsa 2002 p. Ne 31.

Ileii craHmApT YCTAHOBIIIOE MEXaHi3M ITU(POBOTO
MiANUCYBaHHs, OCHOBaHUI HA BIIACTHBOCTAX IPYII
TOYOK CIINTHYHUX KPUBHMX Haja mojsiMu GF(2™), ta
MpaBujIa 3aCTOCYBaHHS IOTO MEXaHI3My IO TOBi-
JOMJICHb, IO TIEPECHIIAIOTHCS KaHAJlaMH 3B’S3KY
Ta/abo OOpOOIAIOTECA y KOMIT FOTEPU30BAHUX CHC-
TEMax 3arajlbHOr0 MPHU3HAYEHHS. 3aCTOCYBaHHS
BOTO CTAHAAPTY TapaHTYE IUTICHICTh MiAMHUCAHOTO
MOBiTOMJIEHHS, aBTEHTUYHICTh HOTO aBTOpa Ta He-
CIPOCTOBHICTh aBTOpCTBa [8, ¢. 6]. CTaHmapT THy4-
KU, CTOCOBHO BHOOpY TmapameTpiB Oesreku (Ha-
NPUKIAA, Ui HbOTO MOXKHa OOHpaTH Oyab-SKy
(hyHKIIiIO TenryBaHHs, a He TIJIBbKHU Ty, IO 3a3HaYeHa
B camoMy ctaHmapTi). Lle 103BoIIsTe BUKOPHCTOBYBA-
TH Ta TAJIAMITOBYBATH HOTOo Maixke Mmif Oyab-sKe
armapatHe Ta mporpamHe cepegosuine. Okpemo Tpe-
0a BIOMITHTH Te, IO ICHYIOTH BiKpHUTI 0i0MiOTEKH
Ha moBax C/C++ Tta Java, y sikux peajizoBaHi oc-
HOBHI KPHUNTOIPHMITHBH 31 cTaHmapTy. HaiiGins-
LIIMMHU [IEpEeBaraMy € HEBEJIMKUI 0OCST BiAKPHUTOrO
KIIro4a (a 1e 3abe3nedye JOCHTh MIBHIKY Iepenaady
Ta nporec Bepudikaiii) Ta MaTeMaTHuHa pobiema,
IO MOKJIaZeHa B OCHOBY MEXaHi3My [ii aJrOpUTMY.
HaiiGinpmre mepeBar (BHCOKAa KPHUITOCTIMKICTH Ta
MaJti po3MipH mapameTpiB) OyJI0 3HAWICHO B cXeMax
3 [TAJIEK.

© Inpenxo A. B., Insenko C. C., 2018

Monudikanis crangapty ACTY 4145-2002
AJS HaJaHHA HOMY MOKJIMBOCTI BiHOBJIIOBATH
iHdopmaniiiHe MOBiTOMJIEHHS 32 I0NIOMOIO0I0 AJI-
roputmy ECNR

Y mnomnepenHiii poboTi Oyli0o BHU3HAYEHO Teope-
THYHI OCHOBHM MOAANBIINX MUISXIB YIOCKOHAICHHS
cxemu EIIIl Bigmosimuo mo ACTY 4145-2002 3
MOJKJIMBICTIO BIJHOBJIEHHS MOBIJIOMJIEHHS, IO JIO-
3BOJISIE BBECTH OIATKOBY IIOCIYTY 3a0e3nedeHHs
KOHGQIACHIIMHOCTI Ta MUIICHOCTI 1H(pOpMAIiHOTrO
moBigomiIeHHs [9—12].

Oo6uaBa anroputmu ACTY 4145-2002 ta ECNR
3aCHOBaHI Ha MaTeMaTU4HiH pobieMi JUCKPETHOTO
norapu@MyBaHHs B TPyl TOUOK €NiNTHYHOI KPHBOI,
a TpU JAETAIhbHOMY PO3TIISIIAHHI MOXHA MMOOaYHTH,
mo OOWIBI CXeMH MAaOTh IMe W MaibKe OTHAKOBY
cTpykTypy. Tomy anroputm ECNR ineansHo migxo-
muth ansa mommdikamii ACTY 4145-2002 Ta nana
mporeaypa motrpedyBana MiHIMaIbHUX 3MiH. ['0-
JIOBHOIO BIJIMIHHICTIO cTajia 3aMiHa (yHKHIi remry-
BaHHS Ha (YHKIIF0 MAacKyBaHHS 3 BHKOPHCTaHHS
Tel-TOKeHY, 10 POOHUTH MPOIenypy IiIMUCAHHS Ta
Bepudikanii oOepHEHUMHU Ta Haga€ 3MOTY BiIHOB-
JIIOBATH TOBIJOMJICHHS 3 7#~KOMITOHCHTH MiIIUCY.

Tak, Hanpukian, 3araieHi MapaMerpu nudpoBo-
TO MAMHCY Ta crocid iX GopMyBaHHS € OTHAKOBUMH
JUTst 000X aNrOPUTMIB.

Takoxx He3MiHHUM OyJe OOYMCIICHHS KIFOYOBOI
Mapy, TOMY JaHWKA €Tall MOBHICTIO BiATBOPIOEMO 3i
craagapry JACTY 4145-2002, a Tomy 300pazumo ix
Ha cxeMi (puc. 2).

3ayBaskeHHsI. Y cXxeMi He 3a3HAUYCHO, aye SKIIO
oJjie 3aJaHe MOJIHOMIHAJILHUM 0a3uc, TO HEOOXigHO
3po0HUTH TEepeBipKy MHOTOWIeHA f(f) HA TMPHUMITHB-
HicTh (mepen mepeBipkoio koedimieHTiB A Ta B)..
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Puc. 2. O6uncnenns 3aranpaux mapamerpiB ELII Ta renepalttis kiro490Boi mapu

[o 3akiHYEeHHIO IaHOTO eTaly MaeMo Taki mapa-
METpH: CTEeIiHb PO3MIMPEHHS 7; ENINTHYHA KPHBa
Buay V' + xy =x° + Ax* + B; 6a3oBa TouKa eminTHY-
HOT KpuBOi P(xp, Yp); OpsAAOK 6a30BOT TOUKH 7; 3a-
KPUTHH KITI0Y d; BIIKpUTUH KIt0d Q.

Etan ¢opmyBanus mignucy s moaudikoBaHO-
T0 PO3TIITHEMO JeTalbHime. 3ayBaKUMO, 10 Ha Bi-
aminy Bin 3BuyaiiHoro JCTY 4145-2002 Gynemo
BHUKOPUCTOBYBaTH HE IEpPEBENCHHSA IapaMeTpiB 0
IBIMKOBOro psaka, a iX IEepeTBOPEHHS HA OKTETH.
Takum uYnHOM, OYIyTh BHKOPHCTOBYBATHCS Taki
¢yskuii: 20SP — npuMiTHB nepeTBOpeHHs LiINX
gucen B OKTeTOBi psaaku; OS2IP — mpumiTuB mepe-
TBOPEHHSI OKTETOBUX PAAKIB B 1l uncna; EC20OSP
— TpPUMITHB TEPETBOPEHHS ENINTUYHOI KpUBOi B
oktetoBi psnku; OS2ECP — mnpumituB meperBo-
pPEHHS OKTETOBHUX PSAKIB B €IINTHIHY KPUBY.

Jlani npuMiTHBH € 000B’I3KOBUMH CKJIQJIOBUMH B
0i0mioTekax Al CTBOPEHHS MPOTrpaMHOro 3ade3Ie-
geHHs y cdepi ELIL 3pydno ompa3y ix BUKOPHCTO-
ByBaTH B OIKCI HACTYIIHUX €TaIliB, TOMY IO BOHHU
OyAyTh 3acCTOCOBaHi MiJ 4Yac MPOEKTYBaHHS MpO-
rpamaoro monyis. lloBHicTio eran GopmyBaHHS
MiaIcy 300pakeHuiA Ha puc. 3.

OTXe, OTpUMAaHHMIA IiITUC MA€E TaKi 0COOIUBOCTI,
a came B 3BuuaiiHomy JICTVY 4145 ne (iH, M, D),

X04 TepHui mapamerp i He OO0OB’SI3KOBHH,a IpH
Mojuikartii 3 BiTHOBICHHAM OoTpuMyeMO (M, 7, ),
ne M., Oyne BUKOPUCTOBYBATHCS JIMIIE B OAWHHUY-
HUX BUTAIKaX, a mapa (r, s) i sBisie coOOr0 Miamuc
D. ToOTo, MOXXHa CKa3aTH, IO MPH MOBIIOMIICHHAX
HEBEJIUKOI JOBXHUHH, AJITOPUTM 3 BiJHOBJICHHIM
mignucy Oyjae Ime W 3HAYHO MEHIHMM 32 PO3MipOM
MOPIBHSIHO 3 TaKHMHU CaMHMH TapaMeTpamH ajro-
putMy Oe3 BimHOBJIEeHHA. KpiMm IbOTO, TiCHIA CTBO-
pEeHHS MIAMKCY 3alpOTIOHOBAHUM CIIOCOOOM J0j1a-
€ThCsI Ta 3a0€3MEUY€EThCS MOCITyra KOH(IiACHIIHHOC-
Ti JaHWX, & TaKOX IiJIBUILYETHCS KPUNTOCTIHKICTB.
Ta HeoOXiHO BKa3aTH W HEMOJIK MoAiOHOT Moani-
Kalii — depe3 JOJaHHS MATEeMAaTUYHHUX OIeparii
(po3LIenyieHHs TTOBiIOMJICHHSI Ta Or0 MacKyBaHHS)
3MEHIIY€ETHCS IIBUIKICTD MiAMUCYBaHHS.

Takum uwmHOM, BigOyBaeThCs  MomUDiKaIlis
JACTY 4145-2002 3a goromoroto anroputmy ECNR
JUI HaJaHHs oMy (yHKOii BiTHOBJICHHS MOBiJOM-
neHHs [9].

Ile momae mocayry KOH(IAEHIIHHOCTI, 3MEHIITYE
oOcsr mignucy, 30ibIIye KPUITOCTIMKICTh, MPOTE
CIOBUTRHSE TIPOIIEYPY IMiAMUCY/BepUdiKkalii 3a o-
HAaKOBHX [TOYaTKOBHUX IIapaMeTpax.

Tenep mMoxkHa nepeiitu no Bepudikanii migmucy
(puc. 4).

© Insenko A. B., Inpenko C. C., 2018
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Onuc nporpamuoro moayJias peadizamii ELIT
3a HanionansauMm crangaprom JCTY 4145-2002
3 moau¢ikauniero Ha 0a3i aaroputmy ECNR, mo
3aCHOBAaHA Ha MPOOJIeMi AUCKPeTHOro Jorapudg-
MYBAHHSI B IPYIIi TOYOK eJTiNTHYHOI KPUBOL

IIporpamuuit MoIyIb CTBOPIOBaBCS MOBOIO C# Ta
He Hakjanae cepTuikatu, He BUKOPUCTOBYE iH(pa-
CTPYKTYPY BIJIKPUTHUX KJIIOUiB — BOHA MPHU3HAYCHA
JUIE pOOOTH B HEBEIMKUX JIOKAIBHUX Mepexax. To-
My BOHAa BHKOHYy€ MiHIMYM (yHKIiH: reHeparis

intm =367,

intkl =21;
intk2 = 0;
intk3 =0;

var a = new Biglnteger("1", 16),;

KJIIO4iB, iX 30epiraHHs, BUOIp JOKyMEHTa Ta HOTO
MiJACaHHs, MPOBENEHHS MPOoUeAypH Bepudikarii,
Ta B pa3i yCHiXy — BiTHOBJICHHS ITOBiTIOMJICHHS.

Ak mam’sitaemo, y JCTY 4145-2002 Bkaszani
SNINTUYHI KPUBI, SKI PEKOMEHAOBaHI Ul TOJAJTb-
moi poboTH Ta iX XapakTEePUCTHKH. ToMy 3pydHO
BUKOPHUCTOBYBAaTH OJIHY 3 HUX. Byrna oOpana kpuBa 3
noJiiHoMianbHOrO Oasucy Ne 9. Inimiamizaris emirn-
THYHOI KpHWBOi Ta ii mapaMeTpiB TMoOKa3aHa Jaimi B
(dbparMeHTi Koxy:

var b = new Biginteger("43FC8AD242B0OB7A6F3D16274D5654447556B47BF6A4A4A464B0C2AFE4
2CADABSF93D92394C79A479755437B56995136", 16);
var n = new BigInteger("40000000000000000000000000000000000000000000009C300B75A3FA824

F22428FD28CES8812245EF44049B2D49", 16);

var curve = new F2mCurve(m, kl, k2, k3, a, b) {N = n};

VYci ¢yHKii, HeOOXiaHI IsT POOOTH 3 EIINTHY-
HUMU KpuUBUMH, omnrcaHi y ¢aitni ECCurve.cs. Kpim
toro, B (aitmax ECFieldElement.cs Ta ECPoint.cs
OIMUCAaHO POOOTY 3 €IEMEHTAMHU CJIINTUYHOT KPUBOT
Ta 0a30BOI0 TOYKOIO BIAIOBIAHO.

s reneparttii kiro4diB OyJ0 CTBOPEHO OKpeMUt
(haiin, y skoMy MICTAThCS BCi HEOOXiTHI MareMma-
TUYHI orepamii Ta (GYHKIIT [UIT CTBOPEHHS BiIKpH-
TOTO Ta 3aKPUTOTO KIFOYiB. 3arayibHa (PyHKIIis TeHe-
parii nmokasana B (hparMeHTi KOJy:
public static Key Generate(F2mCurve curve)

{

var basePoint = computeBasePoint(curve);
var privateKey =

= RNG.GetRandomlinteger(curve.M),

var pl = basePoint.Negate();

var publicKey =

= (F2mPoint)p1.Multiply(privateKey);

return new Key(curve, basePoint, publicKey,
privateKey);
/

Hami nepen crBopenHsm ELIT veoOxigHo chop-
MyBaTH TEpeAIiImuC, 10 HaBeACHO Aali B ¢pa-
CMEHTI KOAY:

public void computePreSignature()

while (true)

{
var e = RNG.GetRandomlInteger( _key.Curve.M);

var r = _key.BasePoint. Multiply(e);
if (0 !=r.X.ToBiginteger().SignValue)
I

!
_fe = (F2mFieldElement)r.X;

e=e¢;
break;
/

/

/

Temep MoXHa MiJNMKUCYBAaTH BXiHE MOBiJOMIICH-
Hs. 3araibHe BUKOPHUCTaHHS (QYHKIIi CTBOPEHHS
ELIIT mokHa 1mo6aunTH B (hparMenTi Koy:

public Biglnteger/[] SignText(Biglnteger h)

{

if (null == _key.PrivateKey)

throw new InvalidOperationException("null =

= key.PrivateKey");

computePreSignature();

var h__element =

= new F2mFieldElement( key.Curve.M,

_key.Curve.K1,

_key.Curve.K2, key.Curve.K3, h);

var r = h__element.Multiply( fe).ToBiglnteger();

var s =

= key.PrivateKey.Multiply(r).Add( _e).Mod( key.
Curve.N);

return new[] {s, r };

/

3aranpHUi BapiaHT BepHdikalii MokHa TTOOadH-
TH B (PparMeHTi KoJy:

public  bool  verifySignature(Biglnteger b,
Biginteger s, Biginteger r)

var sP = _key.BasePoint. Multiply(s),
var rQ = _key.PublicKey. Multiply(r);
varr__ = sP.Add((rQ);

var h__element =

= new F2mFieldElement( key.Curve.M,
_key.Curve.K1I,

_key.Curve.K2, key.Curve.K3, h);
var y2 = h__element. Multiply(r . X);
if (v2.ToBiginteger(). Equals(r))
return true;

return false;

/
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TakuM YMHOM IS MiANHUCAaHHS TOBIAOMIICHHS
HeoOXimHO Jwimie oOpaTu HeoOXimHui (aiin, sxkui
MICTHTh TTOBiIOMJICHHS, Ta TapameTpu Kimroda (162,
256 abo 512 6it). [IporpamMa aBTOMaTUYHO 3reHEPYE
K04l Ta mianume Qain. Y pe3ynabTaTi KOpUCTyBau
otpuMae daitr *. key ta *.sign 3 BITKpUTUM KITIOUEM
Ta MAMUCOM BignoBigHo. Jlis Toro, mob nepesipu-
ta ELII, xopucryBadeBi HeoOXimHO MaTu Qaiin 3
mignucoM Ta (ain 3 BIAKpUTHUM KiroueM. BoHu
obumBa € O0OB’SI3KOBHMH 1 B pa3i iX BiJICYTHOCTI
Bepudikalii mpoBoauTucs He Oyxae. SIkio x oouaBa
(hatinu 0OpaHi, TO TporpaMa BiATBOPIOE MPOLEAYPY
Bepudikarii. ¥ sunaaky Bipaocti ELII, xopuctyBa-
4yeBi Oyle 3ampoOIOHOBAHO BiJHOBHTH MOYAaTKOBE
noBinomieHHs. [Ipn HatuckanHi «Tak» BiIKPHETHCS
BIKHO, y SIKOMY MICTHTUMEThCS iH(OpMaIiifHe Mo-
BimomieHHs. Kpim Toro Oyno mepeBipeHO poOoTy
mporpaMu y BUMajakax 3Mminu ¢aitmy *.sign abo Bu-
KOPHCTaHHI iHIIOTO BiAKPHUTOTO Kifoda. SIK OYiKy-

BaJOCsl, MporpaMa MpaBUJIBHO pearye Ha MOXiOHi
BapiaHTH Ta crioBimae npo HexiiicHicts ELIL.

Otrxe, OyJl0 CTBOPEHO TMPOTPaAMHHUN MOIYIIb,
SKH{ 3AaTHUHA TiAMUCYBAaTH TOBIIOMIICHHS, (GOpMY-
BaTH KIIOYi Ta 30epiraTw BiIKPUTUH, TeEpeBipsATH
MMIIUC, 1 B pasi Horo BipHOCTI BiMHOBIIOBATH iH-
¢dopmarriiine nosigomieHus. lle BinOyBaeTbes 3a
anroputmoM JICTVY 4145 3 moaudikamisimu 31 cxe-
mu ECNR, 110 3acHOBaHa Ha Tpo0ieMi TUCKPETHOTO
JorapudMy B TPYTIi TOUOK ITINMTHIHOI KPHBOI.

OuinoBaHHsl eQeKTHUBHOCTI MPOrPaMHOro Mo-
ayias ¢opmyBanns Ta Bepupikanii EIII na 0asi
Moaupikoanoro aaropurmy JCTY 4145-2002

[MpoBiBIIM HEOOXiAHI omeparii A MepeTBOPEH-
i cxemu JICTY 4145-2002 6e3 BiAHOBIEHHS IIO-
BiJTOMJICHHSI Ha CXeMY 3 BiTHOBJICHHSIM, MOXHA IIPO-
BECTH 1X aHaJIi3 Ta MOPIBHATH. BUCHOBKH Ta pe3yib-
TaTH, OTPUMAaHi y MONEPEeAHBOMY MiApO3Aii 3adik-
COBaHO y Tabu. 2.

Tabauys 2
IopiBHsinas 3BH4aiiHol Ta MmogudikoBanoi cxem ICTY 4145-2002
Momudikaris
[TapameTpu JCTY 4145-2002 JICTY 4145-2002
3a0e3neueHHsI MOCTYT HixicHicTh HinicHicTh
KonobineHmiitHicts
BigHOBIIEHHS OBIIOMIIEHHS Hi Tak

HepeTBOpeHHH IIO4YaTKOBOI'O HOBiﬂOMJ’IeHHH

@OyHKIis TenryBaHHs

@DyHKIis MacKyBaHHS
(+3HaxXO/KESHHsI HAJUIMIIKOBOCTI)

Binkpurnii 1104, OiT 163-768 112-768

JowxuHa nianucy/MiHiManbHa JOBXKHUHA Haibknect mnosigomnieHHs + | (r,s) abo (r,s,M;)/162 Gita
(r,5)/256 6it

Yac CTBOpPEHHS MiITUCY, MC 1,24 1,98

Yac nepeBipKH MiNHCy, MC 1,67 2,83

OTxe, SIK MOXHA MOOAYHTH, Pa30M 3 BiIHOBIICH-
HAM TmoBimoMiieHHsS MomudikoBaHa Bepcis JACTY
4145-2002 otpumana 3Mory 3abesredyBaTd KOH(i-
JEHIHHICTE 1HpOopMarii, mo mepenaeTbes. Takoxk
MOXKHa CTBEpIKYBaTH, M0 Y MOJIU(IKOBAHOMY Ba-
piaHTi MOXHa BHUKOPUCTOBYBAaTH BiJIKPHTHI KIIIOY
MEHIIIOT0 po3Mipy 0e3 3arpo3u 3MEHIICHHS KPHIITO-
ctifikocTi. OKpiM IHOTO, HEOOXITHO 3a3HAYMTH, IO
B pa3i MOBIJOMJICHHS HEBEJIWKOI JOBXHHH (KOIHU €
MOJXKJIUBICTh HOTO TIOBHOTO BiJHOBIEHHSI), PO3MIp
mignucy OyJe MEHIIUM 1 CKIIaJaTUMEThCS BCHOTO 3
JBOX KOMMOHEHTiB. [IpoTe 3MiHEHHH alrOpHTM TO-
CTYNAEThCS 3BUYAWHOMY y IIBHUKOCTI MPH OJHAKO-
BHX TMIOYATKOBUX IMMapameTpax. Ta JaHWil HEeAOIK He
€ KPUTUYHHM Ta 3BHYAlHI KOPUCTYBaui Maiibke He
OOMITSATh  3MEHINEHHS  IIBUIOKOCTI  MiAIKUCAH-
Hs1/Bepudikaii.

BucHoBkn

Otxe, B crarTi OyJia HaBeIeHa IOBHA XapaKTe-
puctuka Momudikaiiii HarioHaabHOTO cTaHmapTy st

© Inpenxo A. B., Insenko C. C., 2018

crBopernst Ta mepeBipku EIIT — JICTY 4145-2002
Ta 3HalIeHI HOro MmepeBaru Ta HeI0iKH.

3 ornsany Ha Te, mo cxemu JACTY 4145 ta ECNR
€ CXOXHMH, oOpaHa Momudikallis He moTpedyBana
3HAYHUX 3MiH.

lonoBHa BiAMiHHICTE — 3aMiHa (yHKIII Temry-
BaHHS Ha (PYHKIIO MacKyBaHHS 3 BHKOPHCTaHHS
TeNI-TOKEHY, 10 POOUTH MPOIEAYPY IiAMUCAHHS Ta
Bepudikaii oOepHEHUMHU Ta Haga€ 3MOTY BiIHOB-
JIFOBATH TOBIJOMIICHHS 3 #-KOMIIOHEHTH MiAMHUCY.

Kpim mporo, Oymo mependadeHo BUNAIOK MiAIH-
CaHHS BEJMKOTO TIOBIIOMJICHHS, KOJH BiJHOBJIIOBA-
THUCSI 3MO’KE TUIbKH HOTO YaCTHHA.

Jns uporo Oyino BUKOPHCTaHO MITYYHI 30MTKO-
BOCTI ITOBiJOMJICHHSI.

VY pesyabrati e gogae cxemi JCTY 4145-2002
MOCIYTy KOH(IICHIIIHOCTI, 3MEHIITY€e OOCST TIiIIH-
Cy, 30UIBbIIye KPUNTOCTIWKICTh, MPOTE CIOBLIHHSIE
mpoLeaAypy mianucy/sepudikariii 3a 0JHAKOBUX I10-
YaTKOBUX IapaMeTpax.
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mnpror PA'MHI/II‘/'I MOAYJb 3 BUKOPUCTAHHAM NPOLHEAYPU ®OPMYBAHHSA TA BEPU-
OIKALII EJEKTPOHHOI'O HU®POBOI'O INIAIIUCY

Y emammi nposedeno docnioscenns cyvacnHux meopemudHux 0CHO8 Kiacugixayii areopummis popmysants ma ge-

pugpirayii enekmponHo-yugposoeo nionucy. Ha ocrnosi npogedenoco ananizy ma xracu@ixayii susnaueHo, wjo 8 3a-
2aIbHOMY 30 CBOEI0 CIMPYKMYPOIO 8CI CXeMU eNeKMPOHHO-YUDPOBO2O NIONUCY MONCHA NOOLTUMU HA 084 BEIUKUX KAACU:
36UHaUHi yugposi nionucu (3 00ONOBHEeHHAM) Ma eneKmpoHi Yu@posi nionucu 3 8iOHO6IeHHAM nosioomients. Ilposede-
Hi 00CHI0JICEHHA 003BOAUIU BUSHAYUMU, WO CXEMU 3 BIOHOBNEHHAM NOBGIOOMIEHHS BIOPIZHAIOMbCA 8I0 CXeM 3 OONOBHEH-
HAM MUM, WO BOHU He 2eutyiomsb NOBHICMIO NOGIOOMIEHHA, d 3AMiCIb HUX KOPUCTNYIOMbCA QVHKYIAMU MACKY8AHHA ma
3HAX00JICEH s 30umKosocmeti nogioomaenHs. Takooic usHaueno, wjo 3a Kpumepiem npooremu, wo 1excums 6 OCHOGI
Gopmysanns ma eepuixayii enexmporHno-yudpo6o2o nionucy, HAUOiILUW KPUNMOCMIUKUMU OYOYMb an2opummu, wo
IPYHMYIOMbCA HA NPoOIeMi OUCKPEMHO20 102apudmy 8 epyni moyok exinmuynoi kpugoi. Taxooc onucanuil nioxio wo-
00 3abe3neyenns yinicHocmi ma KoHgioenyitiHocmi inghopmayii na ocnogi EL[Il na 6a3i eninmuunux Kpugux 3 6UKo-
pucmannam cmanoapmy JJCTY 4145-2002 ma cxemu Himbepea—Pynnens, wo Haoae MOiCAUBICMb 8IOHOB/IEHHS NOGI-
domaenns. I'0n06HoH0 8iOMIHHICMIO cmana 3amina yHKYIL eeuty8anHs HA PYHKYII0 MACKYB8AHHS 3 6UKOPUCMAHHSA 2ell-
MOKeHy, wo podbums npoyedypy niONUCAHHs ma eepugpikayii obepHeHuMU Ma HA0A€e 3MO2Y 8iIOHOBIH08AMU NOBIOOMIECH-
Hs 3 P-KOoMnoHeHmu nionucy. ORucano npocpamuuti Mooyib peanizayii eieKmpoHHO-yu@dpo8o2o nionucy 3a HayioHalb-
Hum cmanoapmom JCTY 4145-2002 3 mooughikayicro na 0a3i areopummy ECNR, wo 3acnoeana Ha npobremi Ouck-
PEMHO20 102apupMyeants 6 2pyni Mook elnmuyHoi Kpugoi ma npoeedero OyYiHlo8aHHs epeKmusHOCmi nPoSPamHoOT
peanizayii 3 ymosu 3abesneuenns Konpioenyilinocmi ma yinicHocmi.

Kirouosi cioBa: enekrpoHHO-IudpoBHi miamuc, Bepudikamis, KOHOIASHIIHHICT, MNTHYHI KPUBI, TeII-TOKEH, IUCKPETHE JIO-
rapu(pMyBaHHS
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Habenko A. B., Mabenko C. C.
NPOI'PAMMHBIU MO/AYJb C HCHOJbB30OBAHUEM IIPOLHEAYPbI ®OPMUHUPOBAHUS
U BEPUOUKAIIUU DJIEKTPOHHOM LIM®POBOM MOJANMUCH

B cmamve nposedeno ucciedosanue cogpemenHbIx meopemuieckux 0CHO8 KIaccupurayuu aneopummos Gopmupo-
8aHUs U eepuurayuy A1eKkmporHHo-yu@dposeot noonucu. Ha ocnose npogedenno2o ananusa u Kiaccuguxayuu onpeoe-
JIeHo, 4mo, 8 00wem, no ceoell CMpyKmype 6ce cxembvl NeKMPOHHO-YUPPOBOU ROONUCU MOJICHO pazderums Ha 06d
bonvbuux Kiacca: 0oviuHble YUpposvlie NOONUCY (¢ OONOIHeHUEeM) U IeKMPOHHbIE YUDPOGble NOONUCU C BOCCHAHOGTIe-
Huem coobwenus. Ilposedéunvie uCcie008anss NO3GOIULU ONPEOEUNb, YMO CXEMbL C 80CCHAHOBICHUEM COOOWEHUs
OMAUYAIOMCSL O CXeM ¢ OONOTHEHUEM MeM, YO OHU He XEWUPYIOM NOTHOCMbIO COOOWEHUs], d 6MeCO HUX NOAb3)-
10MCst PYHKYUSAMU MACKUPOBKU U HAXOJICOeHUs. uzbvimounocmu coobwenus. Takoice onpedeneno, 4umo no Kpumepuio
npobnemvl, nexcauell 8 0CHOse YopMUposanus U eepupurayuu dMeKmMpoOHHO-YUPPOBOU noOnuUCU, HAUbOIee KpUNmo-
CMotKUMU OYOym anzopummbvl, OCHOBAHHbIE HA NpobIeMe OUCKPEMHO20 102apudma 6 epynne mouex dIAUNMUYecKol
kpusot. Takoice onucan nooxoo no obecneueHuro YeroCmHoCmu U KoHGuoeHyuaibhocmu ungopmayuu Ha ocHose LI
Ha Oaze 2AMUNmMuYecKux Kpugvlx ¢ ucnoavzosanuem cmanoapma JCTY 4145-2002 u cxemwvr Humbepea-Pynnens, umo
0aém 603MOIHCHOCMb 60CCMAHOGIEHUST cO0bUenus. [ 1a6HbIM OmaudueM cmand 3aMeHa QYHKYUU Xeuuposanust Ha
DYHKYUIO MACKUPOBKU C UCNONL30BAHUEM XIU-MOKEHA, YMO Oelaem npoyedypy noOnucanus u eepuguxayuu oopam-
HbIMU U 0aém BO3MOICHOCb 0CCMAHABIUBAMb COOOWEHUS C F-KOMNOHeHMbl noOnucu. Onucanvl PopaAMMHbLIL MO-
0Yib peanuzayuu 2NeKmpPOHHO-YUDPOB8ol noonucu ¢ HayuonaivHoim cmanoapmom JJCTY 4145-2002 ¢ moodugpuxayueii
Ha 6aze anecopumma ECNR, ocnosannoti na npobreme OUCKPEMHO20 T02APUPMUPOBAHUs 8 2pYINE MOYeK dLIunmuye-
CKOT KPUBOU U NPOBEOEHO OYEeHUBAHUEe IPDEKMUSHOCMU NPOSPAMMHOL Pedaiu3ayuy u3 yciosus obecneueHus KoHpu-
OEHYUATILHOCTU U YeNOCMHOCHIU.

KiroueBble cj10Ba: 3IICKTPOHHO-IU(POBask MOANUCH, BepuHKaLus, KOHOHACHIHAIBHOCT, dJUIMITHYCCKUE KPUBBIC, XOII-
TOKEH, AUCKPETHOE JIorapudMupoBanue

Ilyenko A. V, Ilyenko S. S
PROGRAM MODULE USING THE PROCEDURE FOR THE FORMATION AND VERIFICA-
TION OF ELECTRONIC DIGITAL SIGNATURE

In the article the research of modern theoretical bases of classification of algorithms of formation and verification
of electronic digital signature is carried out. Based on the analysis and classification, it has been determined that, in
general, all electronic signature schemes can be divided into two large classes by their structure: ordinary digital sig-
natures (with the addition) and electronic digital signatures with message recovery. The studies conducted have made it
possible to determine that the message recovery schemes differ from the schemes with the addition that they do not
completely hash the messages, but instead use the masking and redundancy features of the message. It is also deter-
mined that according to the criterion of the problem underlying the formation and verification of an electronic digital
signature, algorithms based on the problem of a discrete logarithm in the group of points of an elliptic curve will be
most crypto-resistant. Also described is the approach to ensuring the integrity and confidentiality of EDS-based infor-
mation on the basis of elliptic curves using the standard DSTU 4145-2002 and the Niemberg-Ruppel scheme, which
enables the recovery of the message. The main difference was the replacement of the hash function with the hash token
function, which makes the signature and verification procedure reversed and allows you to retrieve messages from the
signature r-component. The software module for implementing digital signatures with the national standard DSTU
4145-2002 with ECNR algorithm based on the problem of discrete logarithm in the group of points of the elliptic curve
is described and the effectiveness of the software implementation from the condition of securing confidentiality and in-
tegrity has been evaluated.

Keywords: digital signature, verification, confidentiality, elliptical curves, hash token, discrete logarithm
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METOJA NIOBYJ10OBU CEMAHTHYHOI'O CJIOBHUKA Y CKJIAI
JIOCKOHAJIO CTIHKOI KPUIITOCUCTEMU 3AXUCTY TEKCTOBOI IH®OPMAIIII

Beryn

Po3BuTOK HOBUX iH(MOpPMALIHHUX TEXHOJIOTIH i
BIIPOB/IPKCHHSI KOMIT IOTEPHHUX CHUCTEM B YCi cdepH
JIOACHKOI MISUTBHOCTI CTalld TMPHUYUHOIO Pi3KOTO
3pOCTaHHS 3aIliKaBJICHOCTI MIMPOKOTO KOJIA KOPHC-
TyBa4iB A0 mpoOneMH iHPOpMAaLifHOTO 3axuCTy.
[IpoBimHa poip y 3a0e3nedeHHi iHhopMariiitHoOi 6e3-
TeKu B 1HGOPMAIIHO-TEIEKOMYHIKAIIIHHIX CHCTe-
Max BiIBOIUTHCS Kpunrorpadii, OJHUM i3 TOJIOBHUX
3aBJlaHb SIKOI €: 3a0e3nedeHHs KOHQIACHIIHHOCTI,
LUTICHICTE Ta aBTEHTHYHICTh [aHWX, M0 Tepera-
I0ThCS. 3Ba)Karouu Ha Iie B paMKaX ChOTOJACHHS IH-
TaHHS BUKOPUCTaHHS], yJOCKOHAJICHHS Ta po3po0-
JIeHHS JOCKOHAJIO CTIHKHX KpumnrorpadigHuUX CcHc-
TeMHd (KPUITOCHCTEM), SKi 3a0€3MeuyroTh pi3HO-
MaHITHUHA piBEHb KPHUITOCTIHKOCTI, € JOCHTH aKTy-
AITBHAM.

AHaJi3 ocTaHHIX J0CTiTKeHb i myOsikamii

Ha cporomui GararbmMa BYECHHMH pPO3pOOJIECHO
pI3HOMaHITHI TPaKTHYHO CTiliKi Kpunrorpadiyni
CUCTEMH, 1[0 3HAWILIN 3aCTOCYBaHHS JJIsl BUPIIICH-
HS MIMPOKOTO CIIEKTPY NPUKIATHHUX 3a1ad, JIe HeoO-
XiIHO 3a0e3MmeunTy HaliiHUHN 3aXUCT BiJl MOPYIICHb
KOH(IIeHIIHHOCTI iHpopMarlii, mo mepeaaeTses
BIIKpUTHMH KaHajgamMu 3B’s3ky [1-5]. Tum He
MEHII, IIi KPHUITOCUCTEMH HE TapaHTyioTh ¢op-
MalbHy, TEOPETHYHO JOBEICHY HEMOMIIUBICTb
iXHBOTO 3710MYy [4—7]. 3TigHO 3 UM iCHY€ mpobieMa
HEJIOBIPH 10 HAJIMHOCTI IIMX CHCTEM B 3ajadax Ie-
penaBaHHA iHpOpMaIii, IO XapaKTepU3yIOTHCS BHU-
COKHMH PiBHSMH CEKPETHOCTI.

Bonnowac wmcnenni mocrmimkeHHS 0aratbox aB-
TOpIB YKa3ylOTh Ha BiJIHOCHO HEBEJIMKI 3HAYCHHS
BiJICTaHI €IUHOCTI NpH MH(PYBaHHI MMOBiIOMICHB,
CKJIIQJICHUX 13 CHMBOJIIB angaBiTy OyIb-sSKOi i3 MpH-
ponHux MoB [8; 9]. Binrak 1e npu3BoauTh 10 HEOO-

© Opapuenko P. C., Camoiumuk €. O., Abakymona A. O., 2018

X1IHOCTI YacTOi 3MiHM KJIFOUOBOI iH(OpMmalii, mo €
npoOJIEMOIO [Tl 0araThOX 3aCTOCYBaHb.

IlocTanoBKka 3aBIaHHSA

3 ypaxyBaHHSM BHIIE 3a3HaYEHOTO MO>KHa CTBEp-
JUKYBAaTH, 110 CTBOPEHHS HOBHX METO/IIB MOOYI0BU
JIOCKOHAJIO CTIMKHX KPHUITOCHUCTEM, SIKi 3a0e3medy-
FOTh OIIBII BEIMKI 3HAYEHHS BiACTaHI €IMHOCTI abo,
B3araji, 3a0e3meuyroTh MOXKIUBICTh MH(PYBaHHS
CKIJIBKH 3aBT'OJIHO BEITUKUX OOCATIB TEKCTOBHX, 30K-
peMa roJIocCOBUX, MOBIIOMIIEHb HE3aJEKHO BijJ 3Ha-
YeHb BiJICTaHI €JMHOCTI SBJISE aKTyalbHE 3aBJIaHHS.

3a TakuX YMOB JJIsl BUPINICHHS JaHOTO 3aBJIaHHS
B IIEPIIy Yepry HEOOXiITHO pO3pOOUTH METOX MOOy-
JIOBU CEMaHTHYHOTO Te3aypycy, NPWAaTHOTO JUIs
BUKOPHCTaHHS y CKJIaJli JIOCKOHAJIO CTIHKOI KPUIITO-
CHUCTEMH 3aXHUCTy TEeKCTOBOI iHdopmarii. A came:
YBECTH MOKA3HUKU CEMaHTHUYHHUX 3B’S3KIB MK CMH-
CIIOBUMHU KOHCTPYKIISIMH MOBHU Bi0OpaKeHHs TpH-
KJIamHoi o0nacTi, HacaMmepea MOKa3HUKH MpaBio-
MoMiOHOCTI, 1 Ha I OCHOBI 3MIHCHUTH CHHTE3
CTPYKTYpH Te3aypycy.

CTpykTypa Te3aypycy CMHCJIOBHX 00pa3iB

HeoaminauM eneMeHTOM OyIb-SKOi JOCKOHANIO
CTIMKOT KPUIITOCHCTEMH, IO 3aCHOBaHA Ha 3aCTOCY-
BaHHI IIEBHUM YMHOM TOOYIOBaHOI JIeKCHKOTpadid-
HOI CHCTEMH, € Te3aypyc 0a3u 3axucTy iHopmarii y
NpUKIagHIA cucTeMi, e s KPUOTOCHCTEMa BHKO-
PHUCTOBYEThCS. Y AaHOMY BUIAIKy Te3aypyc — Iie
CEMaHTHYHHUI CIIOBHUK, CTPYKTypa SIKOTO BimoOpa-
A€ CTPYKTYPY CEMAaHTHYHHX 3B’SI3KIB MK CMHCIIO-
BUMH KOHCTPYKLISIMH MOBH BiZOOpa)KeHHS TNpH-
KJIaJHOT 00J1acTi HOro 3acTOCyBaHHSA. Y JTOCKOHAJIO
CTIHKMX KPUNTOCHUCTEMAX CTPYKTypa CEMaHTHYHHX
3B’SI3KiB MK €JIEeMEHTaMH Te3aypyca Mae OyTH Bi-
JnoOpakeHa Ha GOpMaIbHOMY PiBHi.
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B mepury wepry BU3HauMMo Ha (QOpManbHOMY
PiBHI CTPYKTYpY Te3aypycy CMECIOBHX 00pa3iB MoO-
BH BimoOpakeHHS 00JacTi PO3yMOBOI MisITEHOCTI
cy6’exta. byneMo BBaxaTH, 0 Te3aypyc Oyab-sikoi
MOBH B3araiti 77, a00 OyAb-IKOro Cy0’€KTY OKPEMO
TZs Mae iepapxidHy MpOIIapKOBY (poc. — CJIOHC-
TYI0) CTPYKTYpY 1 3a CTymeHeM aOcTparyBaHHS Bi-
JNOOpakeHHsI CMHCIOBHX 00pa3iB PO3MOIINSIOTHCS
Ha i piBHIiB, ne i = 1, 2, ... , [ — KIiJbKICTh PiBHIB
a0cTparyBaHHS BimoOpakKeHHS CMHUCIOBHX 00pa3iB,
SIKUMHU OIEepy€ KOJNEKTHBHUHU IHTENEKT HOCIIB wi€l

| -Wi pieeHb aBcTparyeaHHA

MOBM B3arami a00 IHIUBIAyalbHUN IHTEICKT
Ccy0’€KTY PO3YMOBOI TisSUTBHOCTI OKpEMO, a [y —
MaKCUMaJIbHa KiTBKICTh PiBHIB abcTparyBaHHS Bi-
nobpaxkensst SO, 1o € AOCTYNHOIO iHTeNeKry. Tak
0, TPOCTIp CMHCIOBUX 00pa3iB, IOCTYNHUIH

cy0’ekty (abo rpymi cy0’ekTiB), TOOTO HOTO TE3ay-
pyc TZs, € MUCKPETHUM, KiHIIEBO-MIpHUM, KU IO~
IO piBHIB aOcTparyBaHHS NpeacTaBieHHsS 00pasiB
Ma€ IpPOMIAPKOBY KOPEHEBO-TIOIIOHY
(puc. 1).

CTPYKTYpY

Puc. 1. IIpomapkoBa KopeHeBO-110/1i0HA CTPYKTypa MPOCTOPY CMUCIOBUX 00pas3iB, IO CKJIAJIal0Th Te3aypyc

3a TakuM BU3HAYEHHSAM Oyab-sKuil Te3aypyc 172
(30kpema, 77, a60 TZs) CKIAAA€ThCS 13 CYKYITHOCTI
MmiJTe3aypyciB CEMaHTHYHUX ONWHUIIL YCIX TOCTYT-
HUX IS pO3yMiHHS piBHiB abcrparyBamus 7727,
nei=1,2,..., 1 Ilpu npoMy miare3aypycu y ckiaui
TZ po3TamoBaHi NOpowapkaMH y BHIIAAlI TiJIKO-
MoiOHOI KOPEHEBOi CHUCTEMH, IO PO3POCTAIOTHCS
3BepXy BHHU3. B OCHOBI KOpEHS JICKUTHh CEMaHTHY-
uuit o6pas SO 3 maxcumansauM (I+1)-M piBHEM
abctparyBaHHA BimoOpaxeHHs SO, O € JOCTYITHUM
IHTENEKTY y KOHKPETHIH 00JIacTi pO3yMOBOI [TisITh-
HOCTI.

VY 3aranpHOMY BUNAAKy CTPYKTYpY Te3aypycy 17
MOJKJIIBO TIPEICTABUTH Y BHIIIAI PEKypEHTHOI KO-
PEHEBO-TIO/IIOHOT CXEMU SIK

TZe €{TZ",

K
ne TZ0,€{120 ", 1y, ne TZ' D ) €{TZ0 741 00,
L N
ac TZ(Z)k,l, no..,p € {SO(Uk, L n, j} (1)
J

VY Bupasi (1) npuitHATI Taki MO3HAYECHHS:

17", — tesaypyc I-ro piBHs aGcTparyBaHHs
npeacraBieHas SO; 1€{1, 2,...4,...,..., Inax}
KUTBKICTh PiBHIB aOcTparyBaHHs BinoOpaxeHHs SO,
0 JOoCTymHa iHTenektoBi; k€ {1, 2,..., K} — mo-
psinkoBuii Homep enementa 17" y MHOXHHI Te3ay-
PYCiB, 110 y CYKYITHOCTI BU3HAYAIOTh MPOCTIP CMUC-
noBux oOpaziB [-ro piBHA aOcrtparyBaHHs; K —
KUTBKICTh Te3aypyciB /-To piBHSA aOCTparyBaHHS Bi-
nobpaxenas SO, 1o BXOAATh 10 ckimany 71Z;

77¢7D, | — 1ezaypyc (I-1)-ro piBHsS abcTparyBaHHS
npeacraBieHHs SO, M0 KOHKPETU3YE CMHUCIIOBI 00-
pasu TZ%, ne [€{1, 2,..., L} — mopsaKOBHil HOMEP
te3aypycy (/-1)-ro piBHs a0cTparyBaHHs Y MHOXKUHI
Te3aypyciB, fIKi Y CyKYNHOCTI BU3HAYaIOTh MPOCTIp
CMUCIIOBUX 00pa3iB (/-7)-ro piBHIO abcTparyBaHHS y
pamkax Tesaypycy IZ%; L — KigbKicTs Tezaypycis
(I-1)-ro piBHs aOctparyBaHHs BigoOpaxkeHHs SO,
110 BXOJATh A0 ckiany 7. Z([)k; 1702 & 1 n - TE3AYPYC
(I-2)-ro piBHA aOctparyBauHsA TpencraBieHHs SO,
0 KOHKpeTH3ye cmmciosi obpasu TZY ~ 7, | ne
n €{1, 2,..., N} — TOpSIIKOBUH HOMEp Te3aypycy
(I-2)-ro piBus abcrparyBanns y tesaypyci 7Z2¢ V) i
N — xinbkicTs Te3aypyciB (/-2)-ro piBHS abcTpary-
BaHHS BimoOpaxkeHHs SO, 10 BXOASTH JO CKIAAy
728D 2%, p— Te3aypyc Ipyroro piBHs
abcrparyBaHHs mpeacTaBieHHsS SO, MO0 KOHKPETU3YE
CMHCIIOBI 00pa3n TZG)k oo A€ PEL{L 2,..., P} —
MTOPSIIKOBHI HOMEp Te3aypycy Ipyroro piBHS aOCT-
paryBaHHS Yy CKJIaJi Te3aypycy TPEThOrO piBHA
TZG)k, b . s O€ SELL, 2,..., S} — nopsaaKOBUN HO-
Mep Te3aypycy TpPEThOro piBHS abCTparyBaHHS;
P — KinpkicTh TE3aypyciB APYroro piBHs abcTpary-
BaHHS, 10 BXOIATh OO cKuany 1Z7% ., .. & S —
KUIBKICTh T€3aypyCiB TPETHOTO PIBHS a0CTparyBaH-
HS, IO BXOJAATH 10 CKJIaay BiAMOBIIHOTO Te3aypycy
YeTBEPTOrO PiBHSA aOCTPAKTHOCTI 1 T. JI. Y3[IOBXK JIaH-
IIIOTY TE€3aypycCiB i3 3pOCTaHHAM 3HAYCHHS IHACKCY I
SO(I),{, I n .., j— CEMaHTHYHMII CIOBHHK, LIO BisO-
6paxae Tesaypyc TZ7% ;. ... p3 J — KUJIBKICTB CJIiB Y

Te3aYPYCi TZ(Z)k,l, n o, j*
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OTxe, cTpykTypa Te3aypycy 1Z mpencTaBisi€Th-
Csl Y BUTIISI PO3TalyXEHOTO KOpEeHs MiaTe3aypyciB
79 ne i €{1,2,....Inax!-

SkIo po3rnsgatu CTPYKTYpY Te3aypyCiB MOBH
BimoOpaskeHHsT OyIb-SIKOi MPHUKIATHOI 00NacTi Bif-
MOBIJTHO JI0 PO3TUHY 3a PiBHAMH abCTparyBaHHs Bi-
JnoOpaskeHHsI CMUCIIOBUX 00pasziB (puc. 1), To y 3a-
raJlbHOMY BUNAJIKY JOIUIBHO 3a/1aTH TaKy i€papxito
11 CEeMaHTUYHUX OJWHUIIb:

NpUKIaAoOHa obaacmo (HANPAMOK 3HAHb)/
mema/cyenapiti/cumyayis/ 2)
@pasza/crnoso/cumeon angasimy/
KOO cumeony arghagimy

3okpeMa, y 6aratbox cdepax NpuKIaJHHX 3aCTO-
CYBaHb, SKi Y TOJAIBIIOMY HAa3BEMO OOJACTSIMH aK-
THBHOCTI, IOIUTPHO NPH3HAYHTH TaKy i€papXiro
CMHCIIOBUX OJMHHMIIb, IO BiJ0OPaXKaIOTh JIOTIYHO
3aBepIIIeHI JyMKH IIEBHOTO PiBHsI aOCTparyBaHHS, Jie
yOyBaHHsI CTYIICHIO aOCTparyBaHHS MPUHHATO 37TiBa
Harpago:

cyenapiil/cumyayis/ppaza/cnogo 3)

Y mpomy Bumanky, y supasi (1) I = 4, tobro Oy-
JIEMO MaTH YOTHPBOX CTYIICHEBY i€papXidHy CTPYyK-
TYpY Y BUTJISIAL PO3Tally’KEHOTO KOPEHs Te3aypyciB 3
pi3HUM piBHEM aOCTparyBaHHS TIpEICTaBICHHS
CMHUCJIOBHUX 00Opa3iB. 3HaueHHs mapameTpis K, L, M,
N, S ta Py Bupasi (1) HeoOXiIHO BU3HAYATH, BUXO-
Is19H 13 (PEHOMEHOJIOTI 3a/1aHo0i 001acTi aKTUBHOCTI.

ITix crienapiem (abo TeMOIO Y paMKaX BU3HAYCHOL
00JIaCTI aKTHBHOCTI) PO3YyMIEThCS YIOPSAKOBaHA
IIOJI0 CMUCITY TMOCIiIOBHICTh CUTYAIlild, MiJl CHTYya-
Li€I0 — VYHOPSIAKOBaHA MO0 CMHUCIY IOCIiJOB-
HiCTh ¢pa3, ma Gpa3zor0 — YHOPSIKOBaHA IOJO
CMHCITy TOCIHiZOBHICTH CIiB. A MiA CIOBOM (ITHCH-
MOBOi MOBH) — YTOPSAKOBaHA MIOAO CMHUCIY IIO-
CITIIOBHICTH CHMBOJIIB 00paHoTO aydasiTy.

OO0nacTe aKTHBHOCTI — 1€ 00JIaCTh PO3yMOBOL
JUSUTBHOCTI, sIKa BiOOPa)KaeThCs 3aJaHUM IPOCTO-
pOM CMHCITOBUX 00pa3siB (sKi, y CBOIO Yepry, Bimo-
OpakaroTbCs BIAMIOBITHUM HMPOCTOPOM MOBHHX OJTH-
HUIIb yCiX piBHIB a0cTparyBaHHs y paMKax oOpaHoi
MOBH). baxkaHo, m00 1el mpocTip MOBHOI MipoiO
BioOpakaB BH3HAYCHY 00JIacTh akTHBHOCTI. OMHAK
CTBOPEHHSI TaKOTO MPOCTOPY 4epe3 HOro BETUKY
PO3MIpHICTh TOTPeOye 3aHAATO BEIUKUX PECYpCHUX
BuTpat. Ha mpakTuii 00:1acTh aKTUBHOCTI OOMEXYETh-
Csl BU3HAUEHOIO c(hepOro MPUKIIATHAX 32CTOCYBaHb.

dopmajbHe BilOOpPa:KeHHSI CEMAHTUKHU TEKC-
TOBOI iH(opMmarrii
BimoOpa3umo 3pa3ok TEKCTOBOI IMOCIiIOBHOCTI
Ha piBHI CEMaHTHYHHUX OJUHMLE I-T0O PiBHIO abcTpa-
T'yBaHHS TaK:
SO(l)k(l): SO(l)k(z),- o SO(l)k(n),- e SO(l)k(Ni): 4

ne k — TOPSAJKOBUI HOMEpP CEMaHTUYHOI OIVHHUII
777y tesaypyci 720", tobro k =1, 2,...., K.
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3HadyeHHs IHAEKCY k TEHEPYIOTBhCS I1HTEIEKTOM
cy0’exTa miguac (hopMyBaHHS CMHCIOBOTO 00pasy
TEKCTY 1 3aJICKUTH BiJl TIOPSAKOBOTO HOMEPY 7 Ce-
MaHTHYHOI OJUHMIN Y TeKCTi, n = 1, 2,..., Ni. [1apa-
MeTp Ni BH3HAa4Ya€ PO3MIPHICTH 3pa3Ka TEKCTOBOI
HOCJTiIOBHOCTI.

3po3ymisio, mo 3amuc (4) Oyae CrpaBeaIUBUM,
SKIO VIS OyIb-sKOro eneMenty 3paska SOV 3uaii-
JeThes BimmoBimmmit Tesaypyc TZ” y Ttesaypyci
77V, 1ro6t0 sk SOV = 779, ne cumBon = o3Ha-
Yyae€ BIJHOIIEHHS CMHUCIOBOI 1I€HTUYHOCTI.

VY cBOIO 4epry, KOXeH €JIeMEHT BHIIQAKOBOI IO-
CIiTOBHOCTI (4) MOXke OyTH TpencTaBlIeHUH MOCHi-
JOBHICTIO OLBII KOHKPETHOT'O 3MICTY — Ha PIBHI
CEeMaHTHYHUX OTUHULE (i-1)-T0 piBHA abcTparyBaHHS:

SO(i>k —>SO(i71)k, I(1)s SO(FI)/{, 1Q2) +++» SO(Fl)k, I(NI)> (5)
a KOXCH €JIEMEHT BHIIAJKOBOI MOCHiTOBHOCTI (5)
Mae OyTH MPENCTABICHUH MOCIIJOBHICTIO I1I¢ OibII
KOHKPETHOTO 3MiCTy — Ha PiBHI CEMaHTHYHHUX OJH-
HUTIB (i-2)-TO piBHS abCTparyBaHHS:
SOV, —S O(i_Z)k,l,m(l): SO, Lm2se s S 0", Lm(Nm)-
(6)
OTxe, HAHOUTBII KOHKPETHUH PiBEHb IPEICTaB-
JICHHSI CMHCIy TEKCTOBHX IIOBIZOMIJICHb 3IiHCHIO-
€ThCSI TOJI, KOJU KOXEH EJIEMEHT APYroro PiBHIO
abcTparyBaHHs OyJie SBJIATH COOOK ITOCIIIOBHICTH
CIIiB, TOOTO MOCIIJOBHICTE CEMAaHTUYHUX €JIEMEHTIB
MEPIIOTO PiBHIO a0CTparyBaHHs:

2 1 !
SOZ1n, .. p=SO0% 10 SOV a0,
1
eSOV - ()

Hapaui BHIEe ceMaHTHYHI BIIHOIIEHHS MOXKIINBO
BU3HAUYUTH MK CMHCIOBUMH OJWHHISMH, IO
BiT0OpakaroTh JIOTIYHO 3aBEpINeHi AYMKH IIEBHOTO
piBHsI abcTparyBaHHsI, 30KpeMa Ha DiBHI CHTyalliH,
Ha piBHI (pa3 abo Ha piBHI CIiB.

CMuciaoBi BigHOmIeHHHA MiK CeMAaHTHYHHUMH
OAMHULAMM

Meron moOyIOBH JTOCKOHANO CTIHKOI KPHUIITO-
cucteMru 0a3yeThcsi Ha BUKOPHUCTaHHI JIEKCHKOTPa-
¢ivauX edeKTiB, 10 MOB’SA3aHi 3 TAKOI BJIACTHBIC-
TIO TEKCTOBOT (T0JI0COBOT UM MUCHMOBOI) iH(popMarii
SK MOXJIMBICTh ii HEOAHO3HAYHOTO CIPUHHSATTS
cy0’exkTOM. MexaHi3MH TaKoi KPHUIITOCHCTEMH Ma-
I0Th 3a0€3MEYUTH CTBOPEHHS YMOB, 32 SKUX 3amud-
pOBaHi 3pa3Ku TEKCTOBOI iH(popMaLii cnpuiMaroTh-
Csl KPHIITO-aHAIITUKOM SK TPaBIOMNOAiIOHI 3 HEBH-
3HAYCHOIO MMOBIPHICTIO TXHBOI TIOSIBH Y I (porpa-
Mi, 110 HE Ja€ HOMY 3MOTY BIJPI3HUTH BUXIJTHI Bij-
KPHUTI 3pa3Ku MOBiIOMIIEHb, 0 Oyiu 3amudpoBaHi,
BiJl IHIMUX TIPaBIOMOMIOHUX BimOoOpakeHb ITMX IIO-
BiZIOMJICHB, IO YTBOPWIHCH y pe3yibTaTi mudpy-
BaHHA. OTxe, mo0 nmoOyayBaTu OyIb-SKy KpUITO-
CEMaHTHYHY CHUCTEMY 3aXHCTy, HEOOXiTHO HaJaTh
(dbopManbHi BU3HAYECHHS TAaKUM CMECIIOBUM BiJTHO-
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IICHHSAM MK CEMaHTUYHUMU OJVHHISIMU SIK CMUC-
108d [OEHMUYHICMb, CMUCLO8A GIOMIHHICMb, CYM-
HiBHa CMHCJIOBa INEHTHUYHICTH (ab0 npasdonodio-
Hicmb), CyYMHIBHAa CMHCIIOBa BiaMiHHICTE (abo
Garbuueo-nodionicmy).

IToOGymoBana BHUINE MOIETh PO3YMIHHS MOBH Ta
CTBOpPECHMI Ha OCHOBI 1Ii€i Moneni Qopmanizm
CTPYKTYpH Te3aypyciB, SIKHUM OIlepye CyO’e€KT mix
4ac po3yMOBOI JiSUTBHOCTI, JO3BOJISIFOTh BU3HAYUTH
BHII€3a3HAYEHI MOKAa3HUKN HACTYITHIM YHHOM:

o Obmedicents w000 obaacmi GUIHAYUECHHS
CMUCTIOBUX BIOHOUIEHD

CMuCIIOBI BiTHOIIIEHHS y NaHiil poOOTi BU3Haua-
FOTBCS 332 TAKUX YMOB:

1) ceMaHTUYHI OIWHMIII, MK KOTPHMH BU3Haya-
FOTBCSI CMHCJIOBI BiJTHOIICHHS, MAlOTh HaJIC)KATU OJI-
HOMY 1 TOMy caMOMy Te3aypycy MOBH, 1110 BimoOpa-
)Kae TIECBHUM YHHOM 00paHy 00J1acTh aKTUBHOCTI;

2) CMUCIIOBI BiIHOIICHHS BU3HAYAIOTHCS MIiXK Ce-
MaHTUYHUMH OJUHUIISIME OYIb-SIKOTO, aje OJHAaKO-
BOTO PiBHIO a0CTparyBaHHs

o BioHoweHHs CMUCTIO80T iI0eHMUYHOCTI

SkIo cepel MHOKUHM CEMaHTUYHUX OJUHMIIb,
0 TMPEACTABIAIOTh Te3aypyc 1Z, iCHye KiJlbKa OH-
HHIIb, IO € IICHTHIHUMU 3a CyTHICTIO 3MICTY, TO ITi
OJIMHUII IIOJI0 CMUCJIY 3HAXOAATHCSA Y BiJHOIICHHI
CMHCIIOBOI 1IeHTH4HOCTI (cuHOHIMH). To0TO, OyIB-
SIKi JIBI CEMaHTUYHI OJWHUII OyIb-SKOTO, aje OHa-
KOBOTO piBHsI aOcTparyBaHHs 7. 7.0 ta 72,9 i3
muoxusn {727} — TZ 3HaXOmAThCS Y BiHOIICHH]
CMHUCJIOBOI 1IEHTHYHOCTI

1Z2,°%= 12", ®)
SIKIIIO € IICHTUYHUMH 33 CYTHICTIO 3MICTY.

[lo3Hauka — oO3Ha4Yae NPUHAICKHICTE OYIb-
sikoro Tesaypycy TZ") i3 MHOKHHH Te3aypyciB i-ro
piBHS aOcTparyBaHHS IO Te3aypycy oOpaHoi MOBH
TZ, a y Bupa3i (8) mo3Hauka = 03Haya€ BiIHOLICHHS
CMHUCJIOBOI 1IEHTHYHOCTI.

3po3yMisio, SKII0

12, = 12,", a 12, = 72", 10 T2, = T2,
(€)]

3po3yMiIo TaKoXK, 1110

SOV, = TZ%; nns 6yab-sxux 3Hauens i ta k (10)
TOOTO, OyIb-IKHI €leMEeHT Oyab-sIKOTO Te3aypycy,
10 BXOJUTH JI0 CKIAMy Te3aypycy Oyab-siKOoi MOBHU
OyIb-sK0i 00JacTi aKTHBHOCTI BimoOpakae BiJIO-
BiTHUI CMUCIIOBUH 00pa3

o  BioHOWeHH CMUCTO0B0T GIOMIHHOCTI

Skmo cepel MHOKUHH CEeMaHTUYHUX OJUHHIIb,
10 TIPECTaBIIAIOTh Te3aypyc 17, iCHye KijabKa OJH-
HUIIb, 1110 HE € IICHTUYHUMU 3a CYTHICTIO 3MICTY, TO
i OAWHHUIN IIOJI0 CMHCIY 3HAXOASTHCA Y BiIHO-
IIEHHI CMHUCIIOBOI BigMiHHOCTI. T0OTO, ceMaHTHYHA
OJIMHUIISA i-TO PIBHIO a0CTPaKTHOCTI TZu(i)k 13 MHO-
JKUHU {TZ(I)k} — 17 Ta ceMaHTH4YHA OAVHMUIIA

77,73 muosxunn {77} — TZ 3naxomsrecs y Bif-
HOIIIEHHI CMUCJIOBOI BIIMIHHOCTI
172, 0 12,7, (11)
SKIIO HE € 1ICHTHYHUMHM 3a CyTHiCTIO 3Micty. [lo-
3HAYKa O 03HaYa€ CMHUCIIOBY BiIMiHHICTb.
3po3yMiJIo, 10 Pi3HI TUIKK OYyIb-SIKOTO, ajle Of-
HOro piBHS abOcTparyBaHHs mnpenctaBieHHs SO y
KOpeHi, 1m0 mpexacTaBisie cTpykrypy 1Z (puc. 1),
3HAXOJAITHCS Y CTaHi CMUCIIOBOI BiIMIHHOCTI.
o BioHowienHs npagoonodionocmi

SIkI10 MOpiBHIOBAIBHI CMHCIIOBI 00pasw CIIpHii-
MalOThCsl Cy0’€KTOM SK 1JIGHTHUYHI MIOJI0 CMHUCIY,
ajyie y HbOTO iCHYIOTh HEOe3ITi/ICTaBHI CYMHIBH 100
ICTUHHOCTI TaKOTO CIPUHMAaHHS, TO Y IbOMY BHITaI-
Ky JOIJIbHO BH3HAYUTH CMHCIIOBE BIJIHOIICHHS SIK
npapnonofione. ToOTo, SIKIIO B SKOCTI MO3HAYKU
BiJTHOIIIEHHS TPaBJOIONiOHOCTI 00paT cuMBOI " Ta
BpaxyBaTH, W10 SO(i)k = TZ(i)k Ul OyIb-SIKHX 3HA-
4YeHb i Ta k, TO Oynb-sKi JIBI CEMaHTUYHI OJMHUILI
OyIp-sIKOTO, ayie OJTHAKOBOTO PiBHS aOCTparyBaHHS
77,9, 1a TZ,"; i3 MHONKUHH {TZ(”k} — TZ 3Haxo-
JATHCS Y BIJHOIICHHI CMHUCIIOBOI ITPAaBIOMOAI0HOCTI

TZa(i)k/\ TZb(i))k, (12)
SIKTIIO WMOBIPHICTH TOTO, IO 7. 790, = 17,9, ¢ Men-
11010, HiX 1.

BigHOCHO CeMaHTHUYHUX OIWUHHUIL [-TO (HAaKWBH-
IIOT0 y aHiil MOBi TJaHOi 00JIaCTi aKTUBHOCTI) PiBHSA
a0OcTparyBaHHs OyIe CHIpaBeIIMBUM Take TBep-
JOKEHHS:

SO NSOV~ ASODA A SODy,

(1720 — 17, (13)

SAKIIO

32 YMOBH SOmk =T. Z(Dk, U Oy Ib-SIKUX 3HAYCHD / Ta.
(14)
VY Bupasi (13) no3Hauka — O3HAYAE TPHUHATICK-
HicTh Oyap-sikoro Tesaypycy TZ7 i3 MHOXHHE Te-
3aypyciB [-ro piBHS abcTparyBaHHA OO Te3aypycy
obpanoi MmoBu 77, a 'y Bupasi (14) mo3Hauka = o3Ha-
Yyae BIIHOIIEHHS CMUCIIOBOI 1IEHTUYHOCTI.
o Bionowenns Garbuiuso-nodionocmi
SIk11o0 MOpiBHIOBAIBHI CMHCIIOBI 00pasw CIIpHii-
MAaIOThCSl Cy0’ €KTOM SIK BiMIHHI IIOJI0 CMUCIY, alie
y HBOTO ICHYIOTh HEOE3MiJCTaBHI CYMHIBH IIOJO
ICTUHHOCTI TaKOro CIpUHMAaHHS, TO y I[bOMY BUIIAJI-
Ky JOIIbHO BH3HAYUTH CMHCIIOBE BiJIHOIIEHHS SK
¢danpmuBo-nonioHe. ToOTO, SAKIIO B SIKOCTI MTO3HAY-
KW BITHOIICHHS (paJIbIINBO-TIOIIOHOCTI 0OpaTH CHUM-
Bou | Ta Bpaxysaru, mo SOV, = TZ%, s 6y ap-sxux
3HAYEHb i Ta k , TO Oyab-AKi BI CEMAaHTHYHI OJUHU-
i OyIb-SKOTro, aje 0JHaKOBOTO PiBHS a0cTparyBaH-
s 77,7, i3 MHOXMHK {T. Z(I)k} — TZ 1a TZ, i3
muoxuan {TZ”} — TZ 3Hax01aThes y BimHOIICHH]
CMUCJI0BOI (haTEIITUBO-TIOIIOHOCTI
12,72, (15)
SKIIO WMOBIPHICTH TOTO, IO 72,9 o T2, € men-
11010, HiX 1.
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CTpykTypa Te3aypycy 0a3u 3aXHCTy

CrpykTypa Te3aypycy IPHKIaIHOI cucTeMu 1Zps
BitoOpakeHa Ha puUC. 1 1 € PEeKypEeHTHOI CXEMOIO
(1). Sk 6aunmo, Te3aypyc 1Zps MICTUTH YCI MOYKITHBI
CceMaHTH4HI 00pa3u Ha BCIX 3aJlaHHX PiBHAX aOCTpa-
TYBaHHS, II0 B CYKYITHOCTI CKJIAJai0Th MOBY BiTO-
OpakeHHs 1€l mnpukiaamgHol o6aacti. OCKIIbKU
OyIb-SIKHUH JIEKCHKOTpadigHII METOJ] 3aXUCTY TEKC-
TOBOI iH(opMaIlii 0a3yeThcss Ha BUIMAAKOBIH 3aMiHI
ICTHHHOTO CMHCJIOBOTO 00pa3y TIOBIJOMJICHHS Ha
IHIIWI TIpaBIOMONIOHNN cMHUCIIOBHI 00pa3, TO KO-
pUCTyBaHHS Te3aypycoM 1Zps Ansi 3MIACHEHHS Ta-
KHX 3aMiH HE YSBISIETBCSI MOXJIMBHUM. JIekcHKorpa-
(hbiuHa crucTema y CKJIajli JOCKOHAIO CTIHKOI KPUTITO-
CHCTEMH Ma€ CITUPATHCS Ha Te3aypyc, YCi elIeMeHTH
KOTPOTO TOB’s13aHi MiX cO0OI0 BiTHOIICHHAM IPaB-
JIOTIONIOHOCTI, KOJIU Oy/b-sKa 3aMiHa OJHOI'0 ceMa-
HTUYHOTO 00pa3y Ha IHIIUI He TMOPYIIyE BiTHOIICH-
HS1 TIPaBJIOONi0HOCTI.

Takuii Tezaypyc Ha3BeMO Te3aypycoM Oasu 3a-
xucty iHhopmanii 77z, y IpUKIaIHIA cUCTeMI, IO
BimoOpakaeTbes Tezaypycom 1Zpg (puc. 2).

JUIst 3aXHCTy CMHCIY TEKCTOBUX ITOBiIOMJICHD
MPOTMOHYETHCS TAKUH METOJOJIOTIYHHMH MIiAXiJ, IO
3aCHOBAaHMHA Ha BHUKOPHCTAHHI BiHOIIEHb CMHCIIO-
BO1 IpaBaonoaioHocTi. s Toro, mobd KpunroaHa-
JITUK Hi 32 IKUX YMOB HE MaB MOKJIMBOCTEH CKJtac-
TH Oynb-siKe YSBICHHS IIOAO ICTUHHOCTI CMUCITY
MEPEXOIUICHUX TEKCTOBUX MOBiOMIIEHb, HEOOXiTHO
1 MOCTaTHBO 3aMiHUTH cmuca SO, MO BXOIATH IO
CKJIaly BUXIIHUX BIAKPUTUX TEKCTOBUX IIOBIIOM-
JICHb, Ha TMPaBAONOMIOHI iXHI BimOOpa)keHHS, IO
OepyTbes i3 Te3aypycy Oasm 3axmcry iH(bopmariii
TZ3; oOpaHOi 00JaCTi aKTHUBHOCTI 3 TE3aypyCcoM
TZps.

Jyist 301CHEeHHS Takoi 3aMiHHM B aBTOMaTHYHOMY
pexnMi HeoOXimHO MaTh (popMaibHI MMO3HAYECHHS
MiCIlb po3TairyBaHHs BioOpaxenb SO y CTpyKTypi
TZgz, TOOTO HEOOXITHO JIOKATI3yBaTH MOBHI OJIMHU-
1l y CTpYKTYpi Te3aypyca 1Zz;.

AHani3yrouu CTpykTypy 1Zpz Ha pHC. 2, MOXKIIH-
BO (opmaiizyBaTH If0 CTPYKTYpy TaKUM YHHOM,
mo0 mapamMeTpu JOoKami3alii OyJu TpeicTaBlieHi B
SIBHOMY BHIJISITI, HATIPUKITA/T;

-1 j-1 i-1 -1
SO(ll )k,1,1,' SO(.(ll )k,1,2; ----- ; SO('(lI )k,z,n; SOQJ )k,I,N(l=1)
| SO, 51: SO 550 iy SO 5, SOT )k,Z,N(l=2)
so”.e
j-1 i-1 i-1 i-1
SO, 11 SO, 10 oy SOV SO )k,l,N(l)
SO 11; SO 12 voes SO 0i o SOV v
TZ

" [ -
R b

.. St \IZ',_"_-
s e A
T Tz, o
7z N
A AR TZ.
| i
P L. TZL
7" T Tf.-. T
T Tz '-I Tz,
7Z!., : 4
: |

-

Puc. 2. Ctpykrypa Tezaypycy 0a3u 3aXUCTy TeKCTOBOI iHpopmanii 77, y IpUKIamHIN cHCTeMi,
10 BigoOpakaeTbes Te3aypycoM 1Zpg
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[ToTouHi 3HAYEHHS HIWKHIX IHACKCIB y TO3HA-
YEHHSX CEMaHTHYHUX OJWHUI Yy BUpasi (16) omHO-
3HAYHO BH3HAYAIOTH MICI PO3TAIIyBaHHS IHX Ce-
MaHTUYHUX OJUHUIB Y CTPYKTYPi TZp;.

Omxe, Oynb-sika CEMaHTHUYHA OJMHUIIS 779, i3
MHOXHHH CEMaHTUYHHX OIWHHIL /-TO PiBHIO a0CT-
paryBaHHS, 1110 BXOJATH JI0 CKJIaay Te€3aypyCy MOBHU
0o0paHoi 00yacTi akTMBHOCTI 1Zpg, i 4ac KPHUIITO
aHalli3y CIPUAMAEThCS CYyO €KTOM SK MOXIUBUH
KaHIUIAT HAa CMUCIIOBY IIEHTHUYHICTH 13 BHXITHOIO
CEMaHTUYHOIO OJIMHUIICIO BiJIKPUTOTO TEKCTY 7. 7,

[Ilomo cMuciioBoi paBaOMIOAIOHOCTI MiXK CeMaH-
THIHUMH OTUHUIIMU (/-1)-TrO piBHSA aOCTparyBaHHS
3a aHajorielo Oyne CIpaBeIIMBUM HACTYITHE TBEp-
JOKCHHS:

SO, ASOU D A ASOUY A LA SO,
axmo {729V, y— 129, (17)
L
3a YMOBU SO(H)k = T. Z(H)k, JUTSE Oyb-SIKMX 3HAUCHb
(I-1), kral (18)

AHaJIOTIYHO 32 PEKYpPEeHTHOKI CXEMOK MOXKHA
3amucaTi BUPA3d MO0 BiTHOMIEHb MK CMHCIIOBH-
MU OJIUHUISIMH JIJIs OYyb-SIKMX IHIIMX OLIBII JeTa-
Ji30BaHUX PiBHIB aOcTparyBaHHsS NpEACTaBICHHS
CMHCIIOBHX 00pas3iB. I3 Bupazis (16)—(18) Burumsae,
0 CEMAaHTWYHI OIWHUIl, IO BXOIATH IO CKJIAmy
Oyab-s1K0i OfIHIET TiNKK y CTPYKTYPi Te3aypycy 1Zzz,
3HAXOJATHCS MiXK COOOK Y BiHOIICHHI CEMaHTHY-
HOI TIPaBIOIOMiOHOCTI.

BucHoBku

TakuMm 4MHOM PO3POOJICHO METOJ MOOYAOBHU Ce-
MaHTUYHOTO CJIOBHHUKA, SKMU 32 PaxXyHOK YBEICHHSI
B MPHUKIAIHY JCKCUKOrpadiuHy CHCTEMY IMOKa3HH-
KIB CEMaHTHYHHX 3B’S3KIB MK CMHCJIOBHUMHU KOHCT-
PYKIISIMH MOBH BiOOpakKeHHsI MPHUKJIAIHOI 00IacTi
3aCTOCYBaHHS 3a/1a€ CEMAHTHYHY CTPYKTYpY CJIOB-
HUKa MPHUKJIAIHOI 00J1acTi, 110 Ja€ MOKJIHMBICTH BH-
KOPUCTATH WOTO y CKIali JOCKOHANO CTIHKOI KpHII-
TOCHUCTEMH 3aXUCTy TEKCTOBOI iH(pOpMAIlii.

BopaHouac mokazaHo, 10 IS MOOYIOBH OyIib-
SIKOT JIOCKOHAJIO CTIHKOT JIeKCUKOTrpadhiuHOT KPHUIITO-
CUCTEMH CHCTEMH 3aXHCTy TEKCTOBOiI iH(opmarlii
HEOOXiTHO MaTH (OpMaibHI BHU3HAYEHHS TaKUX
CMHCIIOBUX BiJHOIIEHh MK CEMAHTUYHUMM OIUHH-
LSIMU SIK CMHCJIOBA 1€HTUYHICTh, CMHCIIOBA BiIMiH-
HICTb, NIPaBAONOIOHICTh, (haTBITNBO-TIOIIOHICTb.

Hapemri, Ha 3akiH4eHHS 3ampoONOHOBAHO METO-
JOJOTIYHMN TiAXIJ 0 3aXHCTy CMHCITY TEKCTOBHX
MOBIZIOMJICHb, 1110 3aCHOBAaHWH Ha BUKOPUCTAHHI
BiJTHOIIIEHh CMHUCIIOBOI MPaBAOMO[IOHOCTI.

IlepcneKTHBH MOJANBLIINX JOCTITKEHD

[epcniekTHBU JOCHIPKEHHS TIOJISATAIOTh y TEX-
HIUHIA peami3alii KpPUNTO-CEMaHTHYHOTO MeETOAA
3aXHMCTy TEKCTOBHMX JaHUX, O OyJe 3aCHOBaHUIA Ha
BUKOPHUCTaHHI MPUKIAJTHOTO TE3aypPyCy CMHCIOBHX
o0pa3iB, SKHUH JO3BOJHUTH 3a0€3MEUUTH PEKUM
JIOCKOHAJIOT CTIHKOCTI y paMKax KOHKPETHO BH3Ha-
YEHUX MPUKIIATHIX CUCTEM.

TexHiuHe pilIeHHS IacTb MOKJIMBICTH 3abe3re-
YUTU JOCKOHATY CTiHKICTh 3aXUCTY Il YMOB, KOJH
00csary 3amupOBaHUX CEMAaHTHYHHUX OIUHUITL 00-
paHol MOBH IPEICTaBICHHS CMHCIOBUX 00pa3iB He
00MEXYIOThCS BIJICTAHHIO €IUHOCTI Ta JIOBXHHOIO
KIIFOYOBO1  iHopMaIlii, mo chpuse YCYHEHHIO
MPOoOJIEMH PO3ITOBCIOKEHHS KITIOUiB MU(PIB.
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Onapuenko P. C., Camoiisink €. O., Adakymona A. O. . )
METO/ NNIOBYJAOBU CEMAHTHUYHOI'O CJIOBHHMKA ¥ CKJIAII JOCKOHAJIO CTIUKOI
KPUIITOCUCTEMM 3AXUCTY TEKCTOBOI IH®GOPMAIIII

Y cmammi pospobneno gopmanery cmpykmypy mesaypycy cMuciosux oopasie 0is 6y0b-axkoi Mosu 3azani abo ois
0y0b-K020 Y6 ekmy okpemo. Ilokazano, wo y bazamvox npukiadHux cgepax 0oYilbHO NPUSHAYUMU HACMYNHY i€pap-
Xi10 CMUCTOBUX OOUHUYb, WO BI00OPANCAIOMb JIOSIYHO 3a8epuieHi OYMKU NeBHO20 PI6Hs aOCmpazyeanHus, Oe y0y8aHHs
cmynenio abcmpazysants NPUUHAMO 31i804 HANPAGO: cyeHapiu/cumyayis/pasa/cnoeo. OOHOUACHO 3A3HAYANOCA, WO
0112 n06y008u 0y0b-AK0i O0CKOHANO CMIUKOI 1eKCUKOSPADIUHOT KPUNMO-CEMAHMUYHOT CUCIeMU 3aXUCTY MeKCMOB8ol
iHGhopmayii HeobXiOHo mamu PopManvHi GUSHAUEHHS MAKUX CMUCTOBUX BIOHOUIEHb MIJC CEMAHMUYHUMY OOUHUYAMU
SAK CMUCT08A I0eHMUYHICIb, CMUCTI08A BIOMIHHICMb, CYMHIBHA CMUCI08A I0eHmUuYHicmb (460 npagdonodiouicme), cym-
HIBHA CMUCN06A BIOMIHHICIb (A60 Panrbuiueo-nodionicms). Bionosiono 3 yum, 3anponoHosano memoooio2ivHull nioxio
00 3axXuUcmy CMUCTY MeKCMOBUX NOBIOOMIEHb, WO 3ACHOBAHUN HA BUKOPUCMAHHI 8iIOHOUEHb CMUCTIO80I NPasoonooio-
nocmi. Ha 3akinuenns npedcmasieno Qopmaivhi 8i000padicents CeManmuku mekcmosoi ingopmayii, wjo 003607s€
ABMOMAMUZYEAMU NPOYEC CMBOPEHHS CEMANMUYHUX CIOBHUKIE.

Kuarwuosi cioBa: KPUIITOCUCTEMA,; 3aXUCT; TE3aypPyC; CEeMaHTHYHHUIA CJIOBHHK; TCKCTOBA in)OpMaHi;I.

Odarchenko R. S., Samoilyk Ye. O., Abakumova A. O.
METHOD OF CONSTRUCTING A SEMANTIC DICTIONARY CONSISTING OF A PERFECTLY
STABLE CRYPTOSYSTEM OF TEXT INFORMATION PROTECTION

The article describes the formal structure of semantic images thesaurus for any language in general or for any sub-
ject separately. It is shown that in many applied spheres it is advisable to assign the following hierarchy of semantic
units that reflect logically completed thoughts of a certain level of abstraction, where the degree of abstraction is re-
duced from left to right: script/situation/phrase word. At the same time, it was noted that for the construction of any
perfectly stable lexicographic crypto-semantic protection system of text information it is necessary to have formal defi-
nitions of such semantic relations between semantic units as semantic identity, semantic difference, questionable se-
mantic identity (or plausibility), questionable semantic difference (or false similarity). Accordingly, a methodological
approach is proposed to protect the meaning of text messages, which is based on the use of semantic plausibility rela-
tions. In conclusion, the formal representation of textual information semantics is presented, which allows automating
the process of creating semantic dictionaries.

Keywords: cryptosystem; protection; thesaurus; semantic dictionary; text information.

Onapuenko P. C., Camoiisink E. O., AGakymoBa A. A.
METOJI IMOCTPOEHUSI CEMAHTUYECKOI'O CJIOBAPSI B COCTABE COBEPHIEHHO
YCTONUYHUBOMN KPUIITOCUCTEMBI 3ALIUTHI TEKCTOBOM HHO®OPMALIUN

B cmamuve paspabomano opmanvuyio cmpykmypy mesaypyca cmulciosblx oopazoe 0.5 1ob02o A3blka 6000ue uiu
ons moboeo cybvekma 6 omoenvHocmu. Ilokazano, wmo 60 MHO2UX NPUKIAOHBIX CQhepax yenecoobpasHO HAZHAYUMb
CeOYIOWYI0 UEPAPXUI0 CMBICTIOBbIX eOUHUY, OMPANCAIOUWUX T02UHECKU 3A6EPUICHHbIE MbICTU ONPEOeNeHHO20 YPOBHSI
abcmpazuposanusl,  20e  yOblGaHUs — CMeneHu — aOCmpasuposanus.  NPUHAMO — Clleéd  HANpAeo:  CYeHd-
puti/cumyayus/gppasa/cnoeo. OOHOBPEMEHHO OMMEUANOCh, YO Ol HOCHPOeHUs 000U COBEPULEHHO YCMOUYUBOLL NeK-
cukozpaguyecKol Kpunmo-cemManmuyeckoll. Cucmemsbl 3auumovl mMeKcmosol uH@opmayuu Heobxooumo umems hop-
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INFLUENCE OF "AT WINGLETS" WINGTIP TYPE ON THE AERODYNAMIC
CHARACTERISTICS OF WINGS

Introduction

Inductive drag of the wing is associated with the
finiteness of the wing span and arises from the flow
of air through the end sections, perpendicular to the
main one - in front of the incoming flow. Being
inversely proportional to the wing span, it decreases
with increasing span. When designing the
constructors in every way try to reduce the drag of
the aircraft, which leads to an increase in the
aerodynamic quality of the device. In this case, a
decrease in the inductive drag of the wing is also one
of the first to occur in thought. This, at least, can be
achieved by increasing the wing span, or by
preventing the flow of air through the end sections
of the wing. Thus, the idea of using wing tips
(winglets) arose. The wing tips have been used in
aviation since the seventies of the last century, and
bring tremendous fuel savings for the year.
However, theoretical studies in this field began in
2012 in Aczerbaijan in the National Aviation
Academy [1-3]. In the mentioned studies, the
influence of vertical wing tips (VWT) on the
inductive drag is investigated. Various mathematical
models have been constructed that reflect the
influence of the VWT on aerodynamic
characteristics. In the present study, similar
questions are being solved for a wing with
“Advantage Technology winglets” wingtip type.

Formulation of the problem

We take the following coordination system. We
place the beginning of the coordinates in the middle
of the wing, direct the axis of Oz along the span to
the right, the axis Oy's directed upwards and Ox
axis on the undisturbed flow. We define all the
forces influencing on the aircraft with winglets type
“Advantage Technology winglets” at a steady level
flight. Due to equilibrium of these forces we
determine the influence of aerodynamic forces of
wingtip on the inductive drag of the wing.

© Malikov E., 2018

The solution of the problem

The following forces effect the plane in level
flight [4-6]:

— The power of the weight G — always
directed vertically down to the center of the earth;

— Lift of the aircraft ¥ — is perpendicular to
the direction of the undisturbed flow;

— Drag force of the aircraft 0 — aimed in the
direction opposite to the movement of aircraft;

— Thrust P — is generally directed towards the
aircraft movement motion, along the axis;

— Full aerodynamic force created by the upper
wingtips. The force created by the upper left wingtip

is symbolized Rf , but the force created by the right
wingtip is symbolized f?;;

— Complete aerodynamic forces created by the
lower wingtips. They are symbolized respectively,
the left R" and the right force R .

The angle between the true velocity and the free-
flow speed for a wing with wingtips a_ equals to the

angle between the vector of the total aerodynamic
force generated by the upper left wingtip R‘; and the

longitudinal axis of the wing, as the sides of these
angles are perpendicular to each other.

Then the projection of the full aerodynamic force
of the left wingtip will have the form:

R ={Ri, R, Ry},
Where
R =R/ cospsina,

Longitudinal force created by the upper left
wingtip, ¢ -angle of wingtip camber (the angle
between the vertical plane of aircraft symmetry and
the tangent plane to the wingtip surface at the point
of'its center of pressure),
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Ry =R/sing
lift force created by the upper left wingtip,
R, =R} cos@cosa,

the lateral force generated by the upper left wingtip.

Here, R’ is the vector unit of R,

8 62 82 82
R =R +R>+R .

This force is applied to the center of the wingtip
pressure. The total aerodynamic force of right upper
wingtip differs from it only with the mark of the
third component, so it can be written as

R :{Rj cos@sina._, Ry sing,—R; COS(pCOS(IZ} .

R =\|R2+R2+RZ =R!
therefore, the lower indices that indicate the left and
right wingtips will be removed in the future.

Then, the right and left upper part of the wingtips
together create a force with components

2R* =Rf +Rf ={2R3 cos@sina,_, 2R’ sin(p,O} . (D)

Obviously,

Now we define the forces created by the lower
part of wingtips (projections) (Fig 1).

Fig. 1. The AT winglet wingtip of the Airbus A319

Since, under the wing the air pressure is much
higher than in the environment, it can be assumed
that the lower left wingtip pressure force is applied
to the center of pressure of the wingtip, normal to its
surface. Lower wingtip camber is indicated by the
letter ¢, and the twist angle of the center of pressure

is indicated by the letter 3.
Then, with the same
argumentation, we can write

2R = R: +Rf = {2R” cos@sinf, 2R"sin, 0} .2

above mentioned

Thus
2R, =2R/ cosgsina,

the longitudinal is force generated by the lower parts
of wingtip, but

2R} =2R"sin@

lift force is created by them.
Because of symmetry, the lateral forces created
by the left and right wingtips, balance each other.
The amount of power generated by all four parts
of the wingtips “Advantage Technology winglets”,

is indicated by the vector ]1 . Thus
R ={R..R,.R.},

zx 2

Where
R_=2R’cosgsina, +2R" cospsinf 3)

the longitudinal component of the vector of total
aerodynamic wingtip force, which obviously reduces
any drag force, and, of course, is added to the force
of traction motors,

R, =2Rsing+2R"sing, @)

the vertical component of the vector of total
aerodynamic wingtip force, which is added to the lift
of the wing, and the lateral component of the vector
of the total aerodynamic force due to the symmetry

of wingtips equals to zero R_ =0.

Now, considering the formulas (3) and (4), we
can write the equilibrium equations of steady motion
of the aircraft with wingtips type “AT winglets” in
level flight in the form of

P+RH—Q=O}

Y+R,-G=0 ()

From the first equation of the system (5) it
follows that the thrust of the engine P balances the
force Q—R_,. Since the force 0=0,, +0; consists

of the sum of the profile and inductive drag and the
profile resistance is almost unchanged, the force R_
reduces the inductive drag of the wing of the finite
span without wingtips, i.e.
AQ[ = sz
or, the reduced part of the inductive drag force
equals to
AQ, =2R"cosgsina, +2R" cospsinf .

Heading in the direction of flight, this force
increases the thrust of the engines and reduces the
drag of the wing. In the case when the angles of
collapse =0 and ¢ =0 it has the greatest value,

and when @=@=m/2 — it turns to zero. Angles o
and P are usually small enough. The latter case is a
consequence of the fact that when ¢=¢=m/2 the

tip turns into a wing extension with large sweep
angles, in comparison with the wing itself, it also
disappears. It turns out a longer wing without
wingtips.

© Malikov E., 2018
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From the second equation of system (5) it follows
that

Y+R, =G.

As follows from this equality, the lift Y is less
than the weight of the aircraft, and the weight of the
aircraft is balanced by the lifting forces created by
the wing and the tips together. The quantities on the
left side of this equation for wings without wingtips,
with upper endings and with double endings, will be
indicated, respectively, by the indices 0, 1 and 2
from above. Since the weight of the aircraft is

constant and Rzoy =0, then it can be written as

follows:
0 _ vl 1 _y2 2
Y'=Y +R, =Y"+R, =G
Following from formula (4)
1 2
O<R, <R.

Then from the preceding chain of equations, it

follows that
Y'>Y' >y

Thus, provided the weight of the aircraft is
constant, the lift of the wing with the tips is reduced,
and the smallest is obtained for the wing with double
wingtips of the “AT winglets” type. The remaining
part of the lifting force creates aerodynamic
wingtips. In this regard, the distribution of the lifting
force over the entire wing span with the “AT
winglets” wingtip is more even. And this leads to a
decrease in the amplitude of wing oscillations and
noise during flight. Note that the tip itself is also a
profiled winglet and from its end there is a flow of
air towards the fuselage at the upper wingtips and
from the fuselage at the lower wingtips. These
currents, forming with the main flow of air against
motion, create vortices of relatively low intensity,
flowing from the ends of the tips. The inductive drag
of the wing is affected only by the longitudinal
component of the total aerodynamic force of the tips,
defined by formula (3).

Power R__ can be represented through the high-
speed head,

R = EZXqCDSZ = CZquS

zX

where

o
2
is velocity head, S wing area without wingtips, and

9

C.. the coefficient of longitudinal force of the

wingtips. The coefficient of this force is
— S
C

x sz
S

z

© Malikov E., 2018

where S, is the sum of the areas of the wingtips.

Then the force AQ, can be written in the form
AQI = szqu.

The coefficient of inductive drag of the wing
with the tips is written in the form of the difference
in the inductive drag of the wing without the tip and

the force factor AQ, :

C2
C.o=—2(148)-C..
m

We express this expression in the following form
2

C
C =2 (148) 1.
. C,(1+8) ~

or

where

-1

~ A

rA=Al-———————C_ | .
{ @0+®ZJ

Aspect ratio of the wing. As can be seen the
value of the aspect ratio makes it possible to record
the inductive drag of the wing with the tips in the
usual form. It is easy to see the inequality, which
shows a decrease in the inductive drag of the wing
under the influence of the wingtips.

Since

nC,

zX

— <]
C;(1+9)

then a square bracket with negative degree is the
sum of a geometric progression

L, TBC, +[ nC., JZ[ mC,. Jl
C:(1+8) (C(1+8) ) [ Ci(1+3)

Substituting this into the expressions for the
effective elongation and leaving only the first two
terms, we have

H{H&}

C3(1+9)

or, taking into account the coefficient of inductive
drag of the wing without wingtips,

H(H&)
Cxi

Taking into account the following formula
C.. =2C: cosgsina, +2C. cos@sinf

we get the following
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A=A
C

xi

- [1_'_ 2C% cososina, +2C> coscpsinBJ

This is an approximate expression of the wing
aspect ratio with double tips.
The relative ratio of the wing is in the following
form
AL C
St (6)
}\’ Cx[
This result can be obtained in another way. We
transform the expression for the aspect ratio

-1
- oy 1
A=A1-————C_ | =2 =
{ C:(1+9) } 1-Ca

— k Cxi — 7\‘ Xi
Cvi - sz zxi
Thus
A= x&
szi
or
XCZY[ = }\‘C‘c[ .

With the following formula C_=C; +C., the

zx?

last equation can be extended
AC,, =XC =)\C, . (7)
Here both & and C,

~; are aspect ratio, and the
inductive drag of the wing with some upper
wingtips. As can be seen, the product of effective
lengthening of the wings with double and only upper
tips on their coefficients of inductive drag is equal to
the product of the wing extension without the
wingtip to its coefficient of inductive drag. Thus,
with increasing effective lengthening of the wing, its
inductive drag decreases and vice versa.

This fundamental result can also be said as
follows: when the weight of the aircraft is constant,
the product of the effective wing aspect ratio with its
wingtips to its coefficient of inductive drag is
constant.

Alternatively, provided the weight of the aircraft
is constant, the ratio of effective wing extensions is
equal to the inverse ratio of their inductive drag
coefficients.

We also must note the following proof of this
result. From the expression for the coefficient of
inductive drag for all wings

365
CZ
C=—2(1+8
L= (143)
we get the following
- C?
AC. =—(1+3)
T

which is constant with a constant weight of the
aircraft.

Assuming the effective wing aspect ratio is
known, from formulas (1.7) it is possible to
determine the loss of inductive drag

AC.=C_.—-C A=C‘—&C.=QCA=%C”

Xt Xt zxi Xt )\’ Xt )\’ Xt )\’ Xt

Conclusion

1. The aerodynamic forces created by the AT
winglet wingtips during the flight are determined.

2. A system of algebraic equations containing all
the forces acting on an airplane with a steady
horizontal flight, which constitutes the mathematical
model of the problem wunder investigation, is
recorded.

3. It is shown that the wing tips reduce the
inductive drag.

4. The aspect ratio of the wing is determined.

5. It is shown that, when the weight of the aircraft
is constant, the product of the aspect ratio of the
wing with its ends to its coefficient of inductive drag
is constant.
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Malikov E.
INFLUENCE OF "AT WINGLETS" WINGTIP TYPE ON THE AERODYNAMIC
CHARACTERISTICS OF WINGS

In this article by the method of equations of steady horizontal flight the impact «AT winglets» wingtips on the wing
aerodynamic quality is explored. The total aerodynamic force, created by all four parts of the wingtips is determined.
The vector of the total aerodynamic force of the wingtips is represented in the form of components of a linked
coordinate system. Equilibrium equations for the steady motion of an aircraft with «AT winglets type wing tips in a
horizontal flight are recorded. From these equations it is obtained that, in the direction of motion, the longitudinal
component of the vector of the total aerodynamic force of the tips reduces the inductive drag of the wing (increases the
thrust of the engines), the vertical component is added to the lifting force of the wing and increases it, and the lateral
components, due to the symmetry of the wing, are in balancing state. It is shown that the lifting force created by the «AT
wingletsy type wingtips is larger compared to the same ones created by the upper wingtips. An important consequence
is that the distribution of the lifting force over the wing span with double tips is more uniform in comparison with the
wing without a wingtip or with a wing with the upper wingtip. The expression for the effective aspect ratio of the wing
with the tips is defined, which is greater than the inductive drag of the wing without the tip. An important consequence
is obtained: at the constant weight of the aircraft , the product of effective wing aspect ratio with the «AT winglets»
wingtips and only the upper wingtips by their coefficients of inductive resistance is equal to the product of the wing
aspect ratio without a tip by its coefficient of inductive drag.

Keywords: AT winglet, a mathematical model, the acrodynamic characteristics, effective aspect ratio, steady motion.

Meaukos E. T.
BIIJIUB 3AKIHIHIBOK «AT WINGLETS» HA AEPOANHAMIYHI XAPAKTEPUCTHUKU KPUJIA

Y cmammi memodom cucmemu pigHaHb YCMAHOBIEHO20 2OPUOHMANLHO2O NOALOMY OOCHIONCYEMbCA  6NIUS
saxinyieox «AT winglets» na aepoounamiuni xapakmepucmuku Kpuia. Busnauaemocs nosna aepoounamiyna cuna, wo
CMBOPIOEMbCS 6CIMA HOMUPMA YACMUHAMU Kpuida. Bexmop nosnoi aepoounamiunol cumu 3aKiHYIGOK YAGIAEMbC Y
8U2NA0I KOMNOHEHm Y 36 A3aHill cucmemi koopounam. Hagooamuca pieHaAHHA pigHOBA2U YCMAHOBNIEHO20 PYX) NiMaKa i3
3akinyiexamu kpuia muny «AT wingletsy y copusonmanvrhomy nonvomi. 3 yux pigHsaHb OMPUMAHO, WO NPAMYIOYU Y OIK
DPYXY, NO300824CHS KOMNOHEHMA 8eKMOPA NOBHOI AepOOUHAMIUHOL CUTU 3AKIHYIBOK 3MEHWYE THOYKMUBHULL ONip Kpuad
(30inbuye cuny msaeu 08U2yHI8), 6EPMUKATbHA KOMIOHEHMA 000A€mMbCsi 00 NIOUOMHOL cunu Kpuna i 30invuye ii, a 6iuni
KOMROHEHMU, 3a PAXYHOK cuMempii Kpuid, 3Haxo0amvcs 6 banancysanvHomy cmati. Ilokaszano, wjo yacmka nioiomHor
cunu, saxa cmeopena saxinyiexamu muny «AT wingletsy, 6itvwia y NOPIGHSHHI 3 MUMU Jic, SKI CMBOPEHI GePXHIMU
3aKiHyiekamu. 3podaeno saxcauge criocmeo npo me, wo po3noodil NIOUOMHOI CULU 3 PO3MAXOM KPULA 3 NOOBILIHUMU
3aKiHyieKamu OLlbW PIGHOMIPHUL NOPIGHSAHO 3 KPULOM 0Oe3 3aKIHYIBOK abo Jc 3 KPUIOM 3 6EPXHIMU 3AKIHYIGKAMU.
Busnauaemoca supas egpexmugHoco noooedicenHs Kpuia 3 3aKinyiskamu, axke Oinvuie iHOYKMUGHO20 Onopy Kpuia b6e3
3akinyieox. Iloxaszamo, wo 3a ymoeu cmanocmi 6azu JNiMakd, MHOJNCEHHS eQeKMUBHO20 NOO0BICEHHS KpPUd 3
3aKiHyiekamu i Koe@iyieHma iHOYKMUBHO20 ONOPY Kpuid € 8eIuyuHd NOCMIlHA.

Kunrouosi ciioBa: AT winglets, MaTeMaTHYHa MOZEINb, a8POJMHAMIYHI XapaKTEePUCTHUKH, e()EeKTUBHE MOAOBKECHHS, iHIyKTUBHUIM
oI1ip, yCTaJICHUH pyX.

Meaukos J.T.
BJUSIHUE 3AKOHIHOBOK «AT WINGLETS» HA ADPOJAUHAMUYECKUE
XAPAKTEPUCTUKU KPLIJIA

B cmamve memoodom cucmemul ypagHeHull YCMAHOBUGUIE20CA 20PU3OHMANLHO20 NONemda UCCIe0yemcs GlusiHue
3akonyosox  «AT  wingletsy ua aspodunamuueckue xapakmepucmuku —Kkpeiia. Onpedensiemcs — NOIHAA
APOOUHAMUYECKAS CUNA, CO30AHHAA BCEMU HYeMbIPbMA YACMAMU 3AKOHYO0BOK. Bexmop noamou aspoounamuyeckotl
CUTBL 3AKOHYOBOK NPEeOCMABIACMCA 6 Ude KOMNOHEHM 8 CEA3AHHOU cucmeme Koopounam. Ilpusoosmces ypasuenus
PagHO8eCUsl YCIMAHOBUBULE2OC OBUNMCEHUA caMoaema ¢ 3aKoHyoskamu kpviaia muna «AT winglets» 6 copusonmanvrHom
noneme. M3 smux ypasHenuil NOAY4eHO, YMO HANPAGISACH 6 CIMOPOHY OBUINMCEHUA, NPOOOTIbHAS KOMNOHEHMA 6€KMopa
NONHOU A3POOUHAMUYECKOU CUIbI 3AKOHYOBOK YMEHbUaem UHOYKMUBHOE CONPOMUBTEHUS. KPblla (VEeIuuusaem Cumy
msazu osueamenetl), 6epMUKANbHAA KOMNOHEHMA npubaeisemcs K NOObeMHOU culle Kpblld U Yyeeiuyusaem ee, d
OOKOGble KOMNOHEHNbI, 3a CUem CUMMEMPUU KPblLId, HAX00Amcs 8 banancupogounom cocmoanuu. Ilokasano, yumo oona
nOObeMHOU cunvl, cozoannas 3axonyoekamu muna «AT wingletsy bonvue no cpagnenuo ¢ memu dice, cO30AHHLIMU
gepxHumu 3axonyoskamu. COenano eajxcmoe cieocmeue 0 Mom, 4mo pacnpedeienue nOObeMHOU CUbl N0 PAa3Maxy
Kpblia ¢ 080UHbIMU 3AKOHYOBKAMU OOlee PABHOMEPHOE NO CPABHEHUIO C KPLLIOM 0e3 3aKOHYOB0K U Hce ¢ KPBLIOM C
8epxHUMU 3aKoHYosKamu. Onpedensiemcs 8vipadiceHue dQPeKmugHoc0 YOTUHeHUs KPblad ¢ 3AKOHYOBKAMU, KOMOpoe
OobUe UHOYKMUBHO20 CONPOMUBIeHUsl Kpblaa Oe3 3aKoHyosok. [loxazano, umo npu yciosuu nOCmosHcmea eecd
camonema, npousgederue 3PDeKMUBHO20 YOIUHEHUs KPblid C 3AKOHYOBKAMU U KOIP@uyueHma uHOYKMUEHO20
CONnPOMUBLEHUSA KPbLIA eCb 8eTUYUHA NOCTOAHHASL.

KinroueBbie cinoBa: AT winglets, maremaTH4eckas MOJelb, a9POJHMHAMUYCCKUE XAPAKTEPUCTUKH, 3()(PEeKTUBHOE YIIHHEHHUE,
UHAYKTUBHOC CONIPOTUBJICHUE, YCTAHOBUBILICCCA IBUKCHUE.

Crarrs Haaiiuwia 1o penakuii 03.09.2018 p.
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METO/IY OIIHKA MOKA3HUKIB HAIIMHOCTI ABIAgIﬁHOi TEXHIKHA
3A PE3YJIbTATAMMU BUIIPOBYBAHDb TA TEXHIYHOI JIAT'HOCTUKHU

Beryn

[IpoGiema 3abe3neveHHsT HAAIMHOCTI PO3POOITIO-
BaHUX CHCTEM YIPaBIiHHA 00NaHAHHIM aBialliitHO1
TEXHIKH, 10 BKJIIOYA€E 3aCO0M OOYMCITIOBAIBHOI TEX-
HIKH, CyYacHy paJiOeleKTPOHHY 1 aBTOMAaTHYHY
amaparypy, nepeabadae BHpIIICHHS TaKUX OCHOB-
HUX 3aBJIaHb:

1) mporHO3yBaHHS HAAIWHOCTI pPO3pOOITIOBAHUX
¢dynkmionanpanx cucteM (PC) MOBITPSIHUX CyneH
(IIC) =Ha Bcix eTamax NMPOEKTYBaHHS 3 BUSBIICHHIM
c1abKUX MICITh 1 BUJAYCI0 CBOEYACHUX PEKOMEHJIa-
i moao 3a0e3nedyeHHs HagliHOCTI;

2) KOHTpPOJIb TOCATHYTOTO PiBHA HAJIHHOCTI Ha
KIHIIEBUX eTarax po3poOKH Ha MiACTaBi pe3yibTaTiB
BunpoOysans [1C;

3) onrumizanis HamiiHOCTI po3podmroBanux 11C,
MIPOTPaMHUMH 1 arlapaTHO-TIPOTPAaMHUMH 3aCO0aMHU.

[TigBHIIeHHST TOYHOCTI aNPiOPHUX OLIHOK MPOEK-
TOBAHOI HAAIMHOCTI CIpHS€E MiABUINEHHIO SKOCTI,
MIPOTYKTUBHOCTI Ta KOHKYPEHTOCIIPOMOXKHOCTI PO3-
poG:roBanux I1C.

AHaJi3 ocTaHHIX J0CTiTKeHb i myOsikamii

IcHyroUi iH)KEHEpHI aHAIITHYHI METOOW po3pa-
xyHKy mnokasuukiB HagiiHocti [IC 3a3Buuaii 3ac-
HOBaHI Ha BHUKOPHCTAHHI OJHOIIAPAMETPUIHOTO
EKCIIOHEHI[IaJTbHOTO PO3IMOALTY HAIpaIIOBaHHS eJie-
MEHTIB 10 BiamoBu. [Ipu mpomy mnepemdadaeTbes,
[0 MPOTATOM TEPMiHY EKCIUTyaTallil eleMCHTH He
iJTal0ThCS CTapiHHIO 1 3HOCY, a TIPU YeproBill Bij-
MmoBi enemenTiB [1C moBHICTIO BiIHOBIIOETHCS Ye-
pe3 HamidHicTh. Take rpy0e MOMACTIOBaHHS HaJiH-
mocti enemenTtie [1C mpusBoauTs 10 BENMKHX Me-
TOINWYHHUX TOXHOOK OIIIHOK IIYKaHWX TOKa3HUKiB
naniiinocti I1IC [7]. Ha cporomni mpakTH4HO BCi
BUDILICHHS] PI3HOMAHITHUX CKJIaJHHUX 3aBJaHb Ha-
IiHOCTI OTpUMaHi Ha MiJICTaBi BUKOPHUCTaHHS €KC-
MTOHEHIIIaTbHOTO 3aKOHY, TOOTO Ha OCHOBI BUKOPHC-
TaHHS CTAaTHUCTHYHOI Mojem HamiiHocTi. CraTuc-
TUYHAW TIAXIT 0 JOCHIDKEHHS HaJIMHOCTI psay
[IC crae mpakTHYHO HEMOKIMBHM dYepe3 BiACyT-

HICTh CTaTUCTHKHU BiMOB uYepe3 BUCOKY HAMIMHICTh
[IC a6o wasBHOCTI OmMHMYHMX mpuKIagiB. Kpim
TOTO, BiJICYTHICTH 3B’s3Ky NOKA3HUKIB HAIIHHOCTI 3
¢iznunnmu xapakrepuctukamu 11C 1 30BHiHIME
YMOBaMH EKCIUTyaTamii He Ja€ MOXIHUBOCTI edek-
TUBHO YIIPAaBJIATH MPOEKTYBAaHHIM 1 3a0e3MeueHHIM
HeoOximHoro piBus HagiiHocTi [1C, mo po3pobiis-
IOTBCS Ta eKCIuTyaTyroTbes [2]. [Hmumil nuisx Bcra-
HOBJIEHHS KUIBKICHHMX IIOKa3HHKIB HaIiMHOCTI, Ha
BiIMiHY BiJ{ CTPOr0 HMOBiIpHICHOTO MiXO.y, 3aCHO-
BaHW Ha BUBYECHHI MEXaHO-(I3WKO-XiMIYHHX Biac-
tHBOCTEH 1 meskux ¢isuunux mapamerpis [1C, ski
XapaKTepH3yIOTh TEXHIYHHN CTaH OCTaHHIX. A came,
BCTAHOBJIEHHS KUIBKICHUX @IOKA3HUKIB HaIIHHOCTI
3aCHOBaHE Ha BU3HAUCHHI AaHAJIITUYHOTO 3B’SI3KY
MMOKA3HUKIB HAIIITHOCTI 3 3aKOHOMIPHOCTSIMH 3HOCY,
30KpeMa 31 MIBUAKICTIO TpOTiKaHHS  (i3HKO-
XIMIYHUX TPOLECIB. Y [bOMY BHIIQJKy HaWOIIbII
e()eKTUBHUM 1 3arajbHUM € MiAXij, 3aCHOBaHUHU Ha
BUKOPHUCTaHHI B AKOCTI MOZEJel 3HOCY BUIIAIKOBUX
MPOIIECIB Ta CTOXACTUYHO KIHETUYHHUX PiBHSIHD, IO
MPU3BOIUTE JO 3aKOHIB PO3MOALTY BimMoB. JlaHwmit
MiAXiJ HA3UBA€ThCSI WMOBIpHICHO-(DI3MYHHUM, OC-
KiJIbKM BiH 0e3M0cepeHb0 BCTAHOBIIOE 3B’ 30K
IMOBIPHOCTI BiMOBH 1 (PI3WYHOTO IMapameTrpa, II0
BHKJIMKA€E BIIMOBY. BHacmiIok MmbhOro mapaMeTpu
OJIEpKYBaHOTO WMOBIPHICHOTO PO3IMOAUTY BiIMOB
MaloTh TEBHUHN ¢i3nyHui ceHc. Po3momin BiaMoB
(po3monin HapoOITKy OO BiMOBH), TapaMeTpH SIKO-
r0 MamTh KOHKpPeTHYy (i3WuHy iHTepIpeTalito,
MPUIHATO HA3WBAaTH WMOBIPHICTHO-(QI3HYHUM PO3-
MmoaUTeHHsM BiaMoB. [lin BH3HAYAIEHUMH TTapameT-
pamMu B IbOMY BHUIIaJIKy MalOTh Ha yBa3i Taki moyat-
KOBi (hi3W4HI MapaMeTpH: CKYMYCHHS JUCIOKALii Ta
iHmmX nedeKTiB, TUIACTUYHI 1 TpyxkHI aedopmartii,
MEXaHIYHUHA 3HOC, MPOBITHICTE KOHTAKTYIOUHX, CY-
IITEHUX TPOBITHUKIB CTPYMY Ta A-p TEPEXOIiB Ta
1H., TICPEBUILCHHS SKHUMHU IEBHUX TPAaHUYHUX 3HA-
YeHb MPU3BOJUTH 0 BiIMOBH.

Mera crarTti. HeoOxigHo mepeBipuTu Ta mia-
TBEPIUTH, IO B CYYaCHUX yMOBaX CyBOporo nedi-
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ATy Yacy 1 HE3HAYHO{ CTATHCTHUKH BiMOB TIIEKU
WMOBIpHICHO-(DI3UYHUN TIiAXiJ, SKAH J0JAaTKOBO
BHKOPHUCTOBYE iHpopMaItliro npo dhizuanaunii 3H0¢ [1C,
30aTHUH e(EeKTUBHO BHPINIyBaTH HEOOXimHI s
IHKEHEPHOT MPAKTHKHU 3aBAaHHS HAIIHHOCTI, B TOMY
YHuCIl po3paxyHOK HanxidHocTi obmamnanns [1C. Y
il CTAaTTi MPEICTaBJICHI CydacHI METOIM BHPIIICH-
HS OCHOBHHX 3aBJIaHb HAIIMHOCTI Ha OCHOBI HMO-
BipHOCHO-(Pi3U4HOT Teopii HATIHHOCTI.
Buksian ocHOBHOTo MaTepiasry

MmoBipHicHO-di3uuni Mozmemi MaroTh GibIIy
nepesary mepell CyBOpo MMOBIpHICHUMH MOZCITSIMH
HAJIMHOCTI B TOMY, IO iX MapamMeTpu MOXYTh OyTH
OIlIHEHI Ha MiACTaBl, IK CTAaTUCTHKH BI1IMOB, Tak 1
aHamisy ¢isuuHoro 3Hocy. Jlns 6Garareox I[1C 3aB-
JaHHS OIIHKHA HAJifHOCTI MOYXHA BUPIIIUTH B pe-
3yJbTaTi BUMIPIOBaHHS JESKUX BH3HAYAJIbHHUX IIa-
pameTpiB B Ipoueci BUMPOOyBaHb, SIKi HE JOBOISITH
IIC no cranii pyiiHyBaHHS .

BinmoBu enementiB IIC BHKIHMKAOTH 3HA4YHI
BTpaTH KOILTIB, CHJI 1 4acy 4epe3 pyHHyBaHHs 00-
nagHaHHA TIC, HEOOXigHICTh TMpOBENEHHS BiTHOB-
JIOBAIBHUX POOIT 1 MOB’S3aHUX 3 HUMH IPOCTOIB
[1C, mkoau Bii HEBUKOHAHHSI IEBHUX 3aBJ/IaHb.

Kpim Toro, Hegocraras HaxilHicTh [IC Heratus-
HO BIUTMBAE Ha Oe3IeKy ix excrnryarartii [9].

3a3HaynMo, B aBlaKOMITaHIi OCHOBHMMHM 3aXxo0ja-
MH, CIPSIMOBAaHMMHU Ha 301IbLICHHS MPHOYTKY, €

ONTUMI3alis MPOLECiB TEXHIYHOTO 00CITyTrOBYBaHHS
Ta MaTepialbHO-TeXHIYHOro 3a0e3redueHHs, CBOE-
gacHa cepTudikamis ex3emiuiipi, tamiB I1C, mep-
COHAJIy 1 eKCIUTyaTalliiHUKa Ta 3a0€3MEeUeHHsI JIbOT-
Hoi npuaaTHocTi napky [1C.

VYeci i 3ax0au 3aCHOBaHI HA JaHUX 3 HAAIHHOCTI.
BaxnuBUM TNHTaHHSAM € TpaBWIbHA OpraHizamis
cuctemMu 300py iHopMalii 3 HaAiHHOCTI, TPHYOMY
HEOOXITHO 3a3HAYUTH, IO aBiaKOMIIAHis EKCILTya-
Ty€ aBialiifHy TEXHIKY 1 32 CTaHOM, 1 3a pecypcamu.
ToOto moTpiOHO BpaxoOByBAaTH NaHi MO BigMOBaM,
HapoOiTKaM Ta pecypcaM KOMIIOHEHTIB aBiamiifHO1
texHikn (AT).

s ynpaeminas HangidHicTio [IC B aBiakoMmaHii
PO3po0IIeHO 3arajJbHUN KOHTYD YIPaBIiHHS €KCILTY-
atauieto IIC moka3aHo Ha PHCYHKY, OCHOBHUMH
CKJIaJIOBUMH SKOTO € 30ip, 00poOKa maHuX Ta Kepy-
104l BIUIMBU.

Ha ocHOBi jgaHmx mpo BigMOBH i HECIIPaBHOCTI,
BHSIBJICHI €KIMaKeM y TTOJIbOTI Ta HA3eMHHUMH CITYXK-
boamu npu TO, He3arIaHOBaHI 3HATTSA KOMIIOHEHTIB
3 IIC, 3arpuMKu Ta BiAMiHH peHCiB, JaHUX MPOXO-
mxerHs [1C mepioguaroro TO, oO0miKy Harparro-
BaHb OCHOBHUX BUpPOOIB [IC MpOBOAMTHCS OIiHKA
CTaHy Ta KOHTpONb HamiiHOCTi KoMmoHeHTiB AT,
MOHITOPHHT, ITPOTHO3YBaHHS TMOKAa3HHUKIB HaJliHOC-
Ti, KOHTPOJH 1 aHam3 pecypcHoro crany AT Ta min-
TOTOBKa A0Ka30BOi iH(opMmarii [6; 8].

aBiaKkOMITaHi1

TTapk MOBITPSIHUX CyAeH

A4

3BIP JAHUX OBPOBKA JAHUX

» KEPYIOUYI BITJIMBU

BinMoBu i HecripaBHOCTI
BUsIBJICHI miioTamu Ta npu TO

OuiHka cTaHy Ta KOHTPOIIb
Hauifinocti AT

HesanuaHoBaHi 3HATTS.
KoMIoHeHTiB 3 I1IC

Mownitopunr Hagiinocti AT

Jiarnocruka: nporo4ynoi yactuau I T/I, BiGpo-
JiarHOCTHKA, ONTUKO-Bi3yaslbHa J1iarHOCTHKA

3aTpUMKH Ta BiMiHM peiciB

TIporuo3yBaHHsI IOKa3HUKIB
HaIHHOCTL

Mani npoxojxenns [TC
nepioguunoro TO

Amnanis nagiiinocti AT

OOGJiik HanpaloBalb OCHOBHHUX
BupoGis I1C

KonTpons pecypcHoro crany AT

IlizroroBka 10Ka30BO1
indpopmarii

Y

Vnpasninas sikictio nposenerss: TO: onepaTuBHUX
BuziB TO, nepioguunnx TO, Baxxkux dopm TO,

Vnpasninas pecypcamu AT: nojoBxeHHs pecypciB AT,
OOME’KCHHSI pecypcCiB 3a MOKa3HUKaMH HaIiiiHOCTI

JIboTHA npuaaTHicTh: ynpasninus TO; gopobka,
moaudikanis AT; Hepy#iHiBHHIT KOHTPOIIb, iHGOPM.
3a0e3neueHHs

Ceprudikarisi: eksemmusipy ta tuny I1C; aBianiiinoro
repcoHaty; eKciulyaTaliiinuka

MartepianbHO TeXHiYHE 3a0C3IEUCHHS: ONTHMI3ALis
I10CTaBOK, 3MEHIICHHSI BUTPAT, BUGIp mocTadanbHUKa

PerymroBannst [Iporpamu TO: BHeCCHHS 3MiH A0
IIporpamu HagiitHOcTi Ta IIporpamu TO

PoscnigyBaHHs aBianifHUX MOAIN: IHIUMACHTIB,
CKJIaIHUX {HIOUIEHTIB, aBapiii, kKatacTpod.
BripoBapkeHHsI BiAIOBIIHNX 3aX04iB

3araipHUN KOHTYp yrnpaBmiHHA HaxiiHicTio [1C B aBiakoMmaHnii

Pesynbprat 06poOKHM JaHUX BUKOPHUCTOBYIOTHCS
s iHQopManiiHOI MIATPUMKH TMPOLECIB peryJo-
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npoBeneHas TO, ynpasminHsS pecypcamu AT, 3a-
Oe3meueHHs JHOTHOI NPUIATHOCTI, CepTHQiKalii,
MaTepiabHO-TEXHIYHOTO 3a0e3TledeHHsS Ta PO3CIIi-
JIyBaHHs aBialliiHUX TOMIM.

[pu 3miHi cTaHy HamidHOCTI TPOBOAMTHCS
yIpaBIliHHS IPOLIECOM BBEICHHS HOBHUX IPOLELYD 3
JIarHOCTUKM Ta KOHTpodo AT 1jsi paHHBOTO BHSB-
JICHHS Ta MomepekeHHs BiaMoB. Ha ocHOBI oTpu-
MaHMX JaHUX 3 HAAIHHOCTI MPOBOAMUTHCS IUIAHYBaH-
HS Ta 3MiHa MEPIOTUIHOCTI OTIIAIB Ta MPOBEACHHS
TO 3 g0 paHHBOTO MONEPEIKEHHS BiAMOB.

Ha ocHOBi pe3yinbrariB 3 0O0poOKH MaHHX TIPO
HaIIHHICT, TPOBOAMTHCS yHpaBiiHHA skicTio TO.
AHaI3YIOTBCSL SKICTh POOIT BUKOHAHHX OKPEMHUMH
MpaiiBHUKaMu, OpUrajaMu, 3MiHaMU Ta I[eXaMu, SKi
MPOBOIATH omnepaTtuBHe, nepioguuHe TO Ta Baxki
¢opmu TO. Chouparoyuch Ha aHaji3, BBOIATHCS
mrpadHi abo 3a0X0uyBajbHI CaHKIil, TPOBOANUTHCS
30ip m0Ka30Boi iH(opMallii mpo piBeHb KBamidikarii
TIePCOHAITY IS Horo cepTudikarii.

[lig ywac ympaBIiHHS pecypcam, 3ajJekKHO BiJ
3HAYEHHS PO3PAaXOBaHMX MOKA3HUKIB HAAIHHOCTI Ta
WOTro BIUIMBY Ha O€3MEKy IOJIhOTIB, KOMITOHECHTH
aBialliiHOT TEXHIKM MEPEeBOASATHCS HAa BIANOBIIHI
METOAM TEXHIYHOTO OOCIYrOBYBaHHS 3a CTAaHOM abo
32 PECYPCOM.

s 00cityroByBaHHS 3a PeCypcoM BasKIMBUMH
MUTAHHSAMH YOPaBIiHHS € MOAOBXKEHHs abo oOme-
JKEHHSI pecypciB KOMIMOHEHTIB AT.

JocsarayTuit  piBeHb HaAilHOCTI Ta Oe€3IMeKH
MOJILOTIB BU3HAa4Ya€ CTaH 3a0e3MeueHHs JBOTHOI
MPUIATHOCTI aBiamiiiHOi TexHiku. Tomy mnpornecu
VIIPaBJIIHHS HATIHHICTIO HAIpaBJIeH] Ha TIiABUIIICHHS
Ta 3abe3neueHHs Jb0THOT mpuaatHocTi [1C.

[IpoBenenns ceprudikanii excmiayaTaHTa, eK-
semruisipy Ta tumy [1C, aBiamiitHoro nepconaiy, Oa-
raTo B YOMY 3aCHOBAHO Ha NaHWUX NP0 HAMIHHICTH
AT. Ha ocHoBi wmi€i iHdopMamii B aBiakOMIaHisX
TOTYIOThCSI HEOOXi/HI 3BITH Ta OKa3oBa iHQoOpMa-
IIisl Ha OCHOBI SKOi BU3HAYAETHCS CTaH JTHLOTHOI IPH-
JATHOCT1 KOKHOTO eK3eMIurapy Ta mapky tumis I1C
aBiakoMIaHii, piBeHb KBaJlidikalii 00cIyroByr4oro
nepconany [2; 4].

[porec ympaBiaiHHS MaTepialbHO-TEXHIYHIM 3a-
Oe3rneueHHIM aBiakOMIIaHii, o 0a3yeTbCs Ha JaHUX
PO BiJIMOBH, HAPOOITKH Ta PECypCH KOMILIEKTYFO-
qux BUpoOiB IIC Ta HasgBHOCTI 3amacHUX YacTHH 1
BUTPaTHUX MaTepialiB Ha CKIaJax Ta IyHKTax
KOMIUJICKTYBaHHAX, BKIIOYA€ BHUPIIICHHA 3a7ad OI-
THAMIi3aIlii TOCTaBOK 3allaCHUX YacTHH , BHOOPY TO-
CTaYallbHHUKIB, Y SKHX yMOBH 3aKyIKH Ta SIKICTh
KoMroHeHTiB AT kparii.

Skio mpu po3ciigyBaHHI aBiallifHUX MOMIH, iH-
LUAEHT CTaBCs 3 TEXHIYHOI NMPUYMHHU, IPOBOAUTHCS
P 3aX0/IiB, CKJIAIAl0THCS OFOJICTCHI, HAIIPABJICH] Ha
migBuIneHHs HaniHocti Ty 1IC [7].

PerymoBanns Ilporpamu TO Ta mporpamu Ha-
JAHOCTI MPOBOAMTHCS MUIIXOM BHECCHHS HEOOXi-
HUX 3MIH JI0 MPOrpaMHu TEXHIYHOI'O OOCIyrOBYBaH-
Hs, MoonepaiiHux BigzoMmocted. L{i 3MiHM Hampas-
JIeH1 Ha TiABUINCHHS PiBHSA HAIIAHOCTI Ta 3MCHIIICH-
HSl BUTpaT Ha TeXHiuHe oOciayroByBaHHs AT, 3a0e3-
MEYeHHs 33JaHOTO PIBHA JIBOTHOI MPUIATHOCTI Ta
Oesmeku monpoTiB. OTKE, B OCHOBY aBTOMAaTH30Ba-
HOI CHCTEMH Ui BH3HAYEHHS CTaHy HaIIAHOCTI
napky I1C aBiakoMmaHil MOKJIaJCHI TaKi MOKa3HUKU
0e3BIIMOBHOCTI:

— cepenHili HAPOOITOK HA BiAMOBY

r=34
2
i=1 N
ne N — 3arampHe ymcno xkommoHeHTiB [IC (aBury-
HiB, CHCTEM, KOMILIEKTYIOUNX BUPOOIB); ¢; — Hapo-
0iTok i-ro kommoneHTa I1C 3a po3risHyTHH KajeH-
JApHUN Tepioj; 7 — YMCIO BiJIMOB KOMITOHCHTIB
I1C 3a meit nepiox;
— cepelHe 3HaUSHHS IMapaMeTpa MoTOKy BiMOB

1
_ Zj:l Ank,r,j
1

Ot =
Zj:l tcy«w,k,r,./‘

ne An, i — KUIBKICTh BiZ]MOB #-TO BHJY €lIEMEHTa

b

k-ro tumy B j-My IHTepBaii HapoOITKY; [, . .= —

CyMapHHI HapOOITOK V-TO By €IEMEHTA k-T'O THITY
3a j-ii KOHTPOJBHUHN Tepion; | — 4ucio iHTepBaiB
HapoOITKYy;

— 1IMOBIpHICTH CIIPaBHOI POOOTH EIEMEHTIB 3a
YMOBH, IO 3HAYCHHS HApOOITOK MiX BiMOBaMH i
HECTIPABHOCTSIMHU PO3MOAUISIETHCS 32 €KCIIOHEHTHUM
3aKOHOM:

B{,r,j = exp(_(’ok,r,jt)’
Jie t — 3aJjaHa BeTMYrHa HapoOiTKy.

ToOTo ominka sikocti mpoBeaeHHs TO obciyro-
BYIOYHM TIEPCOHAJIOM BU3HAYAETHCS 32 TAKHUMH TI0-
Ka3HUKaMH:

— TIOYATKOBI OILIHKH SKOCTI:

Hy :%100%:¥100%: l—% 100%,

ne N — KUTBKICTh Tpel’ IBICHUX Po0iT; Ni — Killb-
KICTh TMPUHHATHX 3 TMEPIIOTO TPei sIBICHHS pPOOiT;
T — XigbKiCTh O(OPMIICHHX TAllOHIB JAPYTOro
npe’ IBIEHHS;

— y3araJibHeHi NOKa3HUKH SIKOCTI:

RKS = HKS Koy Ky K,

e
Kgy =101 1% =T,
a w.
K,=-2K,=-2
a, w,
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ne 1" — xoediuieHTn mepepaxyHKy MOYATKOBOI
OLIHKHU SIKOCTI; Z — KUIBKICTh IepepaxyBaHb; d, 1
a, — GakTuuHMi BUPOOITOK 1 BCTAHOBJIEHUM HOP-
MaTHB Ha [aHW{ IepioJ Ha OJHOIO BHKOHABIIS;
W, i W, — daxtuunnii i 3amaHosanuii 06’emn
pOOIT 3 TEeXHIYHOTO OOCIYrOBYBaHHS NS JUISTHKH
3minu; K — KkoedillieHT rapaHTii; s — iHAEKC TOro
BUAY TPOAYKILIi, Ui SKOTO BU3HAYaJIUCS BCi poO3-
[JIAHYTI BenmuauHy; s = 1, 2,...S;
— 1HIEKCH SIKOCTI:

RKl RK2 RKS RKs
VI/I R , + VVZ R , + WS R , Z §:1 WS R ,
[R — K K Ks _ Ks

W+ W, +...+W, SEw

ne W, — 06’em npomykiii s-ro BHIy, TOOTO 06’ €M

TEXHIYHOTO OOCIYrOBYBaHHS [0 MUISHIN, LEXY;

s=1,2,...,S, RK° — 0a30Bi 3HAYECHHS y3aTaTbHEHNX
N

MOKA3HUKIB SIKOCTI TEXHIYHOTO 00CITyTrOBYBaHHS;
— 3araJbHHUU PiBEHb SKOCTI:

_ VV;RKI +VVZRK2 +WSRKS _ Z §:l WSRKS
r W+ W, +...+W, > Wy

3a3HauuMo, M0 NPHU MMOCTIHHOMY 3HAYEHHI MOTO-
Ky BiIIMOB BiJHOBIIOBaIbHHUX eneMeHTiB AT, BUKO-
PUCTOBYETBCS METOJ| KOHTPOJIIO Ta MPOTHO3YBaHHS
HaJIMHOCTI Ha ocHOBi posmoxaunry Ilyaccona. Cmo-
YaTKy B METOJ[i BU3HAYAETHCS CEPEIHE 3HAYCHHSI
rmapamMeTpa MOTOKY BiJIMOB
— 1 &

(’Ooye - k Z(O‘)oye) .9

= !

R

e ((Doye )j — HapaMcCTp NOTOKY BIIMOB CJICMCHTA

3a j-i mepioa eKcruryaramii (Micsib, KBapTai, pik),

II0 Iepelye KOHTPOIHOBAaHOMY, 3 HOMEPOM K.
JlomycTUMe 4HCIIO BiAMOB E€IEMEHTA /Myonk 34

KOHTPOJIbOBaHUN MEpio 3HAXOOUTHCS 3 PilICHHS

PiBHAHHA P(Rpon i, ©,, 5 leyw k) = Pron, sKe 1pH Ily-

eye

ACCOHIBCHKOMY ITOTOII BIJIMOB, M€ BUTJISI:

_— n
(Pt

E{on = Z n=0 |

n!

ne P(-) — 3akoH po3MOIUTy WMOBIpHOCTI Oe€3Bin-
MOBHOI poGoT; f,, , =mY tk (npu i=i,m) —
CyMapHHU# HapoOITOK eeMeHTa 32 KOHTPOJIbOBAHHH

mepion; t; — HapOOITOK i-TO eJeMeHTa 3a KOHT-
pPOJILOBAaHUN TEPIOA; M — KUIBKICTh OJHOTHUITHUX

enemenris Ha IIC; P,

JI011

0e3BiIMOBHOI pPOOOTH eleMeHTa,

exp (_0‘) oyetcyM.k ) 4

— TIPUITYCTUMA iIMOBIPHICTH

0 3a3BHUYaii
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MPUIMAETHCS  PIBHOIO PHO11 =0,975,0,9, abo 0,75.

3uauenns 0,75 iMoBipHOCTI 0e3BiIMOBHOI POOOTH
€JIeMEHTa BH3HAYEHO SK OITHMAJIBHE, SKIIO Yac
MTOCTABKH (3aKyTIKH) eIeMEHTa HE3HAYHUH.

Axmo QakTuyHe YHCIO BiAMOB My, 33 KOHT-

POJIBOBAHUH MEPiOJ MEPEBUILYE OTPUMAHY 3 PilllcH-

Hsl PIBHSHHS BEMYMHY 71, TOOTO

or.k °

n(bK > nlIOILk’
TO HEOOXiJHO PO3POOUTH 3aXO[H IO IiIBUIICHHIO
piBHs HaxgilHOCTI AT.

[IpunycTuMe YMCIO BiAMOB €JIEMEHTA Moy iy 38
MIPOTHO30BAaHUM Mepio eKcIuTyaTaii BU3HAYa€ThCS
IUISIXOM PillIeHHS PiBHSHHS THITY BiIHOCHO 7:

—_— n
P B nqon+np ((DOyEtCyM.Hp) _t
non | exXp _(Doye cym.p |?
n=0 n:

ne t — mependavyBaHUi CyMapHUI HapoOITOK

CyM.TIp
eIeMEeHTa 3a TMepioA MPOrHO3y, M0 MPHOINU3HO
MO>KHA OIIIHUTH 32 JOIIOMOTOO CITIBBIIHOIIEHHS

NH _Nc

t t 1+

CyM.TIp ~ cyMm.k

Tyr N y — aucao OB, mo HaIXOJATh B €KCILTY-
aTaIio B NMPOTHO30BaHMI mepiox; N .— KiIBKICTh

OB, 110 MiAIATal0Th CIMCAHHIO B TOW K€ Mepiof.
3a HeoOXimHOCTI 3a0e3MedcHHS eKCIuTyaTallii
BiJTHOBJIIOBAJIbHMX BUPOOIB Ha 3aJaHOMY IHTEpBaJIi

[O, tk] , SIKIIIO 1HTEpBaJI eKCIuTyarallii BUpoOy € 10-
CUTH BEJIMKUM TIIOPIBHSHO 3 CEpeNHIM 4YacoM Mik
BiIMOBaMHM, NMpPUHAMAETbCA PO3MOALT BiIMOB MO 3a-

KOHY, Onm3pKkOoMy 10 HOopManbHOro. Ilpum mpomy
YHCJIO BiAMOB BU3HAYAETHCS SIK

t G\/;

m(t) =—4u —
3 b
T * TA
ne m(f) — TpOrHO30BaHa KINBKICTh €JICMEHTIB,

U1 — KBAHTWJIb HOPMAJIBHOTO PO3MOILTY IS iMO-
BipHOCTI, piBHOI (1 — a); 7 — cepemHiil 9ac Mix
BiAMOBaMU; ol — JUCTIEpCist 9acy MiX BiJIMOBamw,
{ — TIOTOYHHI HapOOITOK.

Jns mpUAHATTS NPaBUIBHUX PIMICHb 3 yIpaB-
miHHs ekcrutyatamiero 1IC HeoOximHO omepyBatu
JIOCTOBIpHOIO iH(OpMAITi€I0 3 HAMIIHOCTI aBiarifHol
TexHiku [3; 4; 5]. Jlna uporo Oyma po3poOicHa aB-
TOMaTH30BaHa CUCTEMa, HAa OCHOBI SIKOi peali3yeThb-
cs ONOK OOpOOKM MJaHWX 3arajlkHOTO KOHTYpY
yrpasiiHHs HagidHicTio mapky [1C.

Jlo aBTOMaTW30BaHOI CHCTEMH BBOISTHCS JAaHi 3
HAIAHOCTI, IKi OepyThCS 3 )KYPHAIIB MIOTIB, 1EXiB
omepaTHBHOTO 1 iepioangHoro TO, MIaHOBO-TUCTIET-
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YepchbKOTO BifIily — 3aranbHa iH(opMaLis mpo Ji-
TakK, y SKOMY BHSBJICHO HECIPABHOCTI, OMKC BiJMOB
Ta BKUTUX 3aXOJIIB JIIS iX YCYHEHHS, JaHi 10 3HATHM
Ta BCTAQHOBJICHUM arperaram, IOcCTadyasbHUKaM IIHX
arperaTiB, OOJIK HampalioBaHb arperaris, iHpopMa-
Iis 1O 3aTpWMKaM, BiIMiHAM pPEWCiB, IHIUICHTAM,
BifgknageHomy TO Ta iH. Ha OCHOBI UX JaHUX BH-
3HAYAlOThCS (DAKTUYHI TMOKa3HWKH HAJIMHOCTI Ta
MPOBOAUTHCA:

— KOHTPOJH PiBHA HamiiHOCTI mapky tumiB [1C
aBlaKOMIIAHIT;

— MOHITOPUHT TOKa3HUKIB HasmiiHOCTI [IC aBia-
KOMIIaHii;

— BH3HAYCHHS 3arajbHOI CTATUCTUKH BiJMOB,
3aTPUMOK peiiciB, IHIIMICHTIB, IOBTOPHUX AE(EKTIB,
Bin- kimageroro TO mapky [1C aBiakommaHii;

— BH3HAYeHHS 3arajbHOI CTATUCTUKU 3aMiH
nsuryHiB [1C aBiakommaHii 3 pi3HUX IPUYKH;

— BH3HAYCHHS CTaHY HAJIHHOCTI KOMIUIEKTYIO-
quX BHPOOiB, cucTteM i ocHOBHMX BHpoOiB IIC aBia-
KOMITaHIi;

— TMPOTHO3YBaHHS 3aracy KOMIUICKTYHOUHX BH-
po6ig I1C aBiakommanii;

— aHaJi3 AKOCTI BUKOHAHHS BaxXkux ¢opm TO;

— KOHTpOJb 32 MPOBEICHHAM BHIIPOOYBaHb JI0-
noMixkHOi crnoBoi ycraHoBku (JICY) mpu BHUCOTHO-
MY CTapTi Ta CHCTEMHU aBTOMATHYHOI MOCAJIKH.

Ha ocHOBI 3arajibHHX CTaTUCTUYHHX JIJAHUX 3 Ha-
IMIMHOCTI, TPOBOIAWTHCS MOHITOPHHT BiJIMOB B
MTOJTLOTI Ta Ha 3€MJIi, 3aTPUMOK PEHCiB, IHITUICHTIB,
MOBTOPHUX JNedeKTiB, BiakmaaeHoro TO mapky I1C
aBiakoMmadii 3a oOpaHuii nepion excrmyaramii. Jns
KOKHOTO THIy Ta ek3eMiusapy [IC Takox mpoBo-
IUTHCS. MOHITOPUHI HAaIpallOBaHHS B TOJIUHAX,
MOJILOTHUX LHUKJIAX, CEPEAHbOI TPUBAJIOCTI MOIBOTY
Ta 1000BOTO HATBOTY.

BusHauaroTecsi 3aranbHiI CTATUCTHYHI JaHi II0
3aIUTAaHOBaHUM Ta HE3aIUIAHOBAHUM 3HSTTSM JIBUTY-
HiB 3 [IC Ta BUMKHEHHSIM IBUTYHIB B TIOBITPi.

IIporHO3yBaHHA HAMIHHOCTI TPOBOIUTHCS IJIS
MaTepiaJbHO-TEXHIYHOTO 3a0e3MeUeHHs aBiakoMIIa-
Hil HEOOXIJHUMHM 3allaCHUMH YaCTUHAMM, OINTHMI3a-
1T MpoIiecy MOCTaBOK, 3MEHIIICHHS BUTPAT Ta BHOO-
Py TOTO TIOCTa4YallbHHUKA, y SIKOTO SKICTh TOBapy Ta
YMOBH 3aKyIKH Kpaml. AHaji3 SKOCTI BUKOHaHHS
Baxkux (opm TO MPOBOJAUTHCS MIISXOM OI[IHKH
crany HamiitHOcTi AT 3a 40-1eHHMI TIEpio]] eKCILTy-
aTalii mciasi pEeMOHTY Ta WOTo TOPIBHSHHS 3 cepe-
HIMHU TIOKa3HUKaMH 3a MTOTIePEeIHIN PiK.

Ha ocHOBiI oTpuMaHUX MaHWUX BBOOATHCS mMTpad-
Hi a00 320XOYyBaJbHI CaHKIII OpHUramam Ta nexam,
abo mWiZpsSOHUM OprafizadisM, IO MPOBOAWIH
PEMOHT.

Hocmimxenns BinmoB [1C, Hammpukiaa, Ha OCHOBI
eKCTIOHECHLIAJILHOTO PO3MOJiNy, € OJHOMapaMeT-
puuHa (YHKI[S, SKa IIMPOKO BUKOPHCTOBYBAIACS

Mo TemepiluHiii yac B Teopii HamiHHOCTI 3aBAAKH
npocToTi Monem. OgHaK HEOOXiTHO KPUTHUYHO Tij-
XOIWTHA JO 3aCTOCYBaHHS ITi€l MOJCIN, OCKUIBKH
OJIHOMAPAaMETPUYHICTh MOJISII HAKJIala€e Ha Hel psil
ICTOTHUX 0OMEXEHb, POOUTSH ii rpy00 HAOIMKEHOIO i
MPU3BOIUTH A0 Iy’KE€ BEITHUKUX MOXHOOK, SK TpHU
pPO3paxyHKy HaIidHOCTI, TaKk 1 NPU EKCHEPUMEH-
TaJbHIN OIIHIII.

3BifcH, BCl BigoMI METOAM ITIOKA3HUKIB Hamiii-
HOCTI, 3aCHOBaHI Ha BHKOPHCTAHHI CTPOTO WMOBIp-
HICHUX MOJIeNIell pO3MOJily BiJIMOB (€KCIIOHEHIIi-
anpHOTO, BeliOymna Ta iH.), IOMYCKA€EThCS TITBKU
JIBa MOXKJIMBHX CTaHY €JICMCHTIB CHCTEMH — CITPaB-
HUN 1 HeCIpaBHMH, IMOBIPHOCTE TMOETHAHHSA SKHX
BU3HAYA€ TaKOX JIBONO3WINMHUN CTaH CHCTEMHU B
[iJIOMYy — TIpale3aTHHI a00 Herpare31aTHUH.

MeTon po3paxyHKy, 3aCHOBaHHH Ha BUKOPHC-
TaHHI HMOBIpHICHO-(13U4HO MOJENi, BiAPI3HAETHCA
BiJl CTPOTO WMOBIPHICHUX METOJIB THM, IO BiH PO3-
rsimae Oes3nepepBHy MHOXKHHY CTaHIB €JIEMEHTIB 1
cucremu 3 Oe3repepBHUM YacoM 1 Ha3UBAETHCS LLMO-
BIPHO-QDI3UYHUM MEMOOOM.

3a pesynbpTaTaMH JOCHTIDKCHHS TIEBHUX Iapa-
METpIB, IO XapakTepu3yloTh TexHiuHW cran [IC,
MOYKHA BiJIIyKaTh mapamerp, sSkuii iHpopMye mpo
BuTpauyanHs pecypcy IIC, i, OmiHWUBIIM IIBHIKICTH
oro 3MiHM 1 3HAIOYHW HOTO TpaHWYHE 3HAYCHHS,
MOYKHA MPOTHO3YBaTH BCi HEOOXiAHI KUIBKICHI MO-
ka3HukH HaxiiaocTti I1C.

OCHOBHUM 3aBIIaHHSM TeOpii HAIIHHOCTI € PO3-
poOKka KUIBKICHUX METOJIB OIIHKH HaJiMHOCTI Ta
BU3HAYCHHS HAWOUIBII palliOHAJIbHUX METOJIB 3a-
OesrreueHHsr HeoOXimHOTO piBHA HamiiHOCTI I1C, sKi
CTBOPIOIOTHCS 1 BBOJAATHCSA B EKCIUTyaTallifo. 3acTo-
CYyBaHHS KUIbKICHUX METOJIB JOCIKCHHS HaJiii-
HOCTI 3a0e3mnedye:

— HayKoBe OOTPYHTYBaHHS BHMOT JI0 HOBOCTBO-
proBanux 3paskis [1C;

— mpoekTtyBaHHsa obnagHaHHA [IC 3 HeoOXimHIM
piBHEM HAIIHHOCTI;

— IUIaHyBaHHs OOCATIB, TEPMIHIB i CIIOCOOIB Bij-
nparroBanHs [IC anst MOCATHEHHSI 3a/IaHOTO PiBHS
HaIIHHOCTI;

— OOIpyHTYBaHHS INUIAXIB 3HW)KCHHS EKOHOMiY-
HUX BHTPAT i CKOPOUEHHS Yacy Ha po3poOky [1C;

— BHOIp 1 OOTPYHTYBaHHS HaHOLIBII e(hEeKTHBHUX
3ax0/iB 3a0e3MevYeHHsT HAIIIHOCTI Ha eTamax IMpoeK-
TYBaHHS, KOHCTPYKTOPCHKOTO BiJIPAIOBAHHS, BUTO-
ToBINeHHS 1 excrunyarartii [1C;

— 00’eKTHBHY OIIHKY TexHi4HOTO crany I1C, ski
3HAXOJUTHCS B EKCILTyaTallil;

— PpO3pOOKYy HAYKOBO OOIPYHTOBAaHHMX pPEKOMEH-
Jarlif, COpsIMOBaHHUX Ha TOJIIIIICHHS aBialliifHOl TeX-
HIKJ 1 METOIIB 11 eKCIDTyaTallii.

UYepes cknamHicTh (i3MUHUX MPOLECIB, IO MpPHU-
3BOJISITH /IO BiTMOBH, i HEMOYIINBOCTI BpaxyBaTH BCi

© Kozmiok I. O., Kosanenko E. b., 2018
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MOYaTKOBI YMOBH, a TaKOXK BHUIIQJAKOBUH BIUIMB Ha-
BaHTaKEHb B IpoOLECi eKCIUTyaTtauii, B JaHUH yac
3arajJbHONPUIHATO BBaXKATH IOSIBY BiAMOBH BUIIAJ-
KOBOIO TIOJII€I0 B TOMY CEHCI, IO 3aJjaHa CTPYKTypa
aBiamiiHOro OOJIAAHAHHS Ta YMOBU HOTO eKcIuTya-
Talii He BH3HAYaIOTh TOYHO MOMEHTHU 1 Micue BU-
HUKHEHHS BiZAMOB. [IpUHAHATTS 1€l KOHLEMIT 3y-
MOBITIOE MAaTEeMaTHYHHU amnapar, sIKUii TOBUHEH OyTH
BUKOPUCTAHUH AJIS1 BU3HAYCHHS MOKA3HMKIB Haliii-
HOCTI 1 moOym0BH Ha iX OCHOBI TeOpil HAMIHHOCTI.
Sk BiZOMO, KiJIbKICHOIO XapaKTEpUCTUKOIO BUIA[-
KOBOI moIii € 11 IMOBIpHICTb, SIKa MPUOIU3HO TOPiB-
HIOE 4acTOTI MOSBU NOAIl B JOCTaTHHO AOBTIH IO-
CJIIZIOBHOCTI CIIOCTEPEKEHB 38 HE3MIHHUAX YMOB.

TeopeTnyHe MOCHIHKCHHS HAJIHHOCTI Ta Ipak-
THYHI OLIHKMW ITOKa3HUKiB HamiiHocTi [IC MokHa
BITHECTH JIO JIBOX €TalliB, SIKI BIAPI3HAIOTHCS OJIUH
BiJ OJHOTO 1 IOCTAHOBKAMH 3a7a4, 1 BUXIIHUMHU Ja-
HUMH, 1 BUKOPHCTOBYBAaHMMH MaTeMaTHUYHUMH aria-
patamu [11; 12;13].

[Mepmuii eTan AOCHTIHKEHHS HAIIHHOCTI Ha3MBa-
I0Tb anpiopHum auanizom Haodiimocmi. ICHYIOTH 111e
KUTbKa BU3HAYCHH ITHOTO €TaIly OIIHKW HaIIHHOCTI:
aHAJITUYHI METOJM po3paxyHKy HaaidHocTi [1C, mo
PO3pPOOISIOTECS, MPOSKTHA OIiHKA HAJIMHOCTI. ATll-
piopHUil aHaNi3 HAIIHOCTI MPOBOAMTHCA HA CTaii
IIPOEKTYBaHHSA CHUCTEMH, KOJIM KOHCTPYKTOpaMH Ha-
MIi4€HO KiJIbKa KOHKYPYIOUHX CTPYKTYpHHX CXEM
[IC. Leit anamiz mepemdavdae ampiopi MOBHICTIO Bi-
JIOMUMH KUTBKICHI XapaKTepUCTUKN HATIHHOCTI BCIX
BuKopucroByBaHux eneMenTiB [IC. HacnipaBai x Ha
CTaiil TpOEKTYBaHHS 3a3HaueHi ampiopHi JaHi
KOHCTPYKTOp Ma€ JIWINE Ui THX THITIB CIEMCHTIB
[IC, sxi TpuBanmii 4ac nepeOyBaiy B €KCILTyaTallii.
Hns HoBuX enemenTiB [1C Hemae JOCTOBIpHUX Killb-
KICHHX XapaKTepPUCTUK HAMIHHOCTi, 1 IX MOXHa 3a-
JlaBaTH 3a AHAJIOTIEI0 3 IIOKa3HMKAMHU HaAlHOCTI
enemenTiB [1C, o 3acTOCOBYIOTHCS 200 1O 1HTYTiI.

TakuMm 4MHOM, anpiopHUil aHaji3 0a3yeThCs Ha
anpiopHuX (IMOBIpHICHHX) XapaKTepUCTUKAX HaIii-
HOCTI, SIKi JuIle MPUOIU3HO 1 HEMOBHO BigoOpaxka-
1otk ailicui npouecu B [IC. Ilpore, s mopiBHIHHS
MMOKa3HUKIB HAMIMHOCTI JEKITBKOX CTPYKTYPHHX
cxeM [IC BUKOpHCTaHHS anpioOpHOTO aHAIi3y MOXKe
Oyt nyxe kopucHuM. Lleil aHami3 JO3BONUTH BH-
SIBUTH Ha CTaJlii MPOEKTyBaHHS clabKi 3 TOYKH 30pY
HAIIHHOCTI MicIsI B KOHCTPYKITil 1 BYKHTH HE0OXiaH1
3aX0fM 10 iX YCYHEHHs, a TAKOX BIIKUHYTH HE3a70-
BUTBHI BapianTu mooyznosu I1C.

Came B JaHOMY CEHCI anpiOpHHWHA aHATI3 Hamii-
HOCTI, HE TPETCHAYIOYH Ha BHUAAYY JOCTOBIPHUX
KUTBbKICHUX XapaKTEePUCTHK, MA€ iCTOTHE 3HAUCHHS B
MPaKTULl MPOEKTYBaHHSA, 1 TOMY CTaHOBUThH He-
BiI’€MHY YaCcTUHY TeXHIYHUX MPoeKTiB I1C.

Ockinbky anpiopHUi aHani3 nepeadavae MiIKOM
BH3HAYEHNMH WMOBIPHICHI XapaKTEPUCTUKU HaMIii-

© Kozmok 1.0., KoBanenko 10. b., 2018

HOCTi, TO JJIs HOro 3MiliCHEHHS BUKOPUCTOBYIOTH
METOJM Teopii HUMOBIpHOCTI Ta Teopil BHIIAAKOBHX
MIPOIIECIB.

Jpyruii etan AOCHIIKCHHS 1 OIIIHKHM MMOKa3HUKIB
HaJAIHHOCTI BxKe po3poOsieHnx i Burorosienux [1C
HA3WBAIOTh ANOCMEPIOPHUM AHALI30M HAOIUHOCHI
(eKCriepUMeHTaIbHA OLiHKa). Moro mpoBoxsTs Ha
MiIcTaBl CTaTHCTHYHOI OOPOOKM eKCIepHUMEHTAalIb-
HUX JIaHUX TPO TpaIle3AaTHICTh 1 BiTHOBIIOBAHICTh
I1C, oTrpumanmx B mporieci il HaJaro[KeHHS, BH-
npoOyBaHb 1 ekciutyaranii. MeToro BUIPOOyBaHb Ha
HaAiiHICT, 1 300py eKCIUTyaTamiiHUX MJaHWX IIPO
HAJIHHICTE € OIliIHKA MOCSITHYTOTO PiBHS HAIIHHOCTI
I1C.

Y nmaHOMy BHIIAAKYy 3aBJaHHS aroCTEPiOPHOTO
aHalli3y TOJIsTae, MepIl 3a BCe, B OIIHII HEBIIOMUX
MapaMeTpiB 3a pe3yJibTaTaMU CIHOCTEPEKEHb 1 B T10-
JAJTBIIIOMY PO3PaxyHKy 3a JIOIOMOTOI0 IUX OIIIHOK
MMOKA3HUKIB HAIIHOCTI.

Busnavaneni BunpoOyBanusa [IC Ha HamidHICTH
MPOBOJATH JIJIsl BU3HAUCHHS (DAaKTHUYHMX TOKA3HHKIB
HaniitrocTi [1C 13 3a1aHOI0 TOYHICTIO 1 TOCTOBIPHICTIO.

[Ipn 1UTaHyBaHHI BW3HAYAIBHUX BHIPOOYBaHb
[IC nmns K0XKHOTO MOKAa3HWKA, KW BU3HAYAETHCH,
MOBHHHI OYTH BKa3aHi:

— O4iKyBaHE 3HA4YEeHHS MOKa3HWKA HaIIHHOCTI
TOBITPSTHUX cyaeH — Ao;

— ouiKyBaHe 3HaueHHsS KoedillieHTa Bapiauii Ha-
TMIPAIFOBaHHS JI0 BiJIMOBH Vy;

— JOCTOBIpHICTE (IOBipYa HMOBIpPHICTH ¢) i TOY-
HICTh (BIOHOCHA ITOMIJIKA O) OIIHKH IOKa3HWKa Ha-
JUHHOCTI TOBITPSIHUX CY/ICH;

— THIN IJIaHy BUIIPOOYBaHb (3 BiIHOBJICHHSM, 3a-
MiHOIO a0o 0e3 3aMiHHM, TIEBHOKO TPHUBAJICTIO a0 10
TIEBHOTO YHCJIa BIIMOB TIOBITPSIHUX CYJICH).

Bubip noBipuoi iMOBIpHOCTI ¢ (IBOCTOPOHHBOT),
a TaKOXX BIJHOCHOI IMOMWJIKA O OILIHKM IOKAa3HUKIB
Haninocti IIC 3AilCHIOIOTH 3a IOTOKEHHAM 13
3aMOBHHMKOM BiJITOBITHO JO BUMOT CTaHIApTIB (3a-
ralbHOTEXHIYHUX 1 TaTy3€BHX).

3a pe3ynbTaTaMy BU3HAYalIbHUX BHIIPOOYBaHb Ha
HaIMHICTh 32 KOXHUM ITOKa3HUKOM HaIiiHOCTI 00-
YUCITIOIOTh TOYKOBY OINIHKY A, HIKHIO A 1 BEpXHIO
A JIOBIpYl KOPJOHH, BIAMOBIAHI 3amaHiéi AOBipUii
HMOBIpHOCTI. 3B’S30K MK OJHOCTOPOHHBOIO p 1
JIBOCTOPOHHBOIO ¢ TOBIPYNMH HMOBIPHOCTSIMH TaKa:

I+gq
2

[Inan BunpoOyBanb Ha HaxilHicTh [1C BcTaHOB-
JFO€ YHCIIO BUNMPOOYBaHb, MOPSATOK MPOBEIACHHS BH-
npoOyBaHb (3 BiHOBICHHSM IPANE3JaTHOTO CTaHY
IIC miciaa BimmoBu, 3aminor IIC, mo BiIMOBHIIO
abo Oe3 3aMmiHM 1 BiTHOBIIEHHS) 1 KpUTepidl ix mpwu-
IMHCHHS.

B=
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BunpoOyBannsm mignatotecs ongnotumHi [1C, o
HE MarTh KOHCTPYKTHBHHX a00 IHIIMX BiJMiHHOC-
Tel, BUTOTOBJICHI 32 €IWHOIO TEXHOJIOTIEIO 1 BUIIPO-
OyBaHi B iICHTUYHUX yMoBax. TpuBaiicte abo 00-
car poboru (HampamroBanHs) [1C 3amexHo Bim ix
THITY 1 YMOB €KCIUTyaTallii MO)K€ BHUMIPIOBATHCS B
roguHax abo IUKIax.

Peaizariss mpornoHOBaHOI METOOJIOTIT 3 OI[IHKU
PiBHS HamiHHOCTI 3MiHCHIOBaNacs Ha IiAPHEMCTBI
Ha I’ SITH BUPOOaxX OAHOTO THUITY.

[IpoBeneHo oOwiHKY piBHS HaIiHOCTI KOMILIEK-
Tytounx BupoOiB (KB) moBiTpstHUX CyIeH 3a pe3yib-
TaTaMHd IX eKCIUTyaTamii i3 3aCTOCYBaHHSIM METOJIB
eKCIuTyaTarlii 3a TeXHiYHUM cTaHoM. OIliHKa MPOBO-
JIAIIAcs 32 JaHWMHU, MPEJICTABICHUM KOPUCTYBa4aMU
[1C 3a meBHUit mepiof excruTyararii.

O1riHKa KOXHOI'0 YeproBoro eramy ¢GpopmyBajacs
LUISIXOM 0OpOOKH HOBHOTO 00CATY AaHUX 3 MOYATKY
excruryatamii mapky I1C. [loBauii obcar maHux mms
00po0OKHM (hopMyBaBCs Ha OCHOBI HAasABHOTO 00CATY
JAaHUX TOTICPEAHBOTO €Taly, MOMOBHEHOTO 1 BiIKO-
pUTOBAaHOTO 3a JaHUMH, OTPUMAHWMH Ha OIlHIO-
rogoMmy ertarmi. [Ipu mboMy, 3a paxyHOK 30UTBITICHHS
00CATY CTAaTUCTUYHMX JaHHUX, HA KO)KHOMY HOBOMY
eTari 00poOKH, BUPOOISIIOCS YTOUYHEHHS K CKIagy
JAHWX, TaK 1 OI[IHOK 3HAYEHb JaHUX, OIIHOK Iapa-
METpiB, OTPHMaHUX Ha MmomepenaboMmy etami. [lpu
3poctanHi HanpaioBanHs KB, Takox npoBogunacs
OIliHKa MapaMeTpiB 3 HampairoBaHHsa KB.

s mpoBenennst poOiT dopmyBanacs 6a3a BH-
XIIHAX JaHUX TMPO XiJ eKCIUTyaTaiii MOBITPSHUX
cynmeH i KB, poro (QyHKIIOHaTBbHHX CHCTEM s
Bchoro mapky IIC, ski B Mipy HaaXOIKEHHS HOBUX
JIAHUX JTOTIOBHIOBAJIMCS 1 BiJIOBIIHUM YHHOM KOPH-
ryBajucs. 3MICT 0a3u JaHUX MPOXOJIUB MPOLEAYPY
000B’SI3KOBOI MEPIOUYHOT 3BipKU 3 TaHUMH BiIIIO-
BIIHOTO KOpHCTyBada. 3a pe3yJbTaTaMH 3BipKH
MIPOBOJIIIOCS HEOOXiJTHE KOPHUTYBaHHS 3MICTy 0as3u
JAaHWX, HA OCHOBI SKOI B MOAANBIIIOMY HPOBOIUIACS
OIliHKa PiBHS HAIIHOCTI i HEOOXITHUH aHAaTi3.

s moOyZ0BU OIIHKU PIiBHSI HaIiHHOCTI BHKO-
PUCTOBYBABCS TaKHil CKJIAJ BUXITHUX TaHUX:

— IO MIOBITPSHUM CyJTHAM — HAINPAIIOBAHHS 110
KOXXHOMY TIOJIBOTY (Z1aTa, TpuBallicTh) KoxHoro [1C
3a BECh MePioJl eKCIUTyaTallii;

— [I0/I0 KOMIUIEKTYIOUHX BHPOOiB:

1) HanexxHocTi koxxHOro KB moBiTpsiHOMY cyany;

2) na sixkomy [1C BcTaHOBIEHO;

3) mata yCTaHOBKH, jaTa J€MOHTAXY;

4) HampaIllOBaHHS 3a Yac KOXKHOI 4eproBoi ycTa-
HOBKU;

5) nata BiIMOBH;

6) HampauoBanHa KB — cymapHe mpu KOXXHOMY
JEMOHTAXI,

7) HampairoBanHs KB Ha MOMEHT OIliHKH: CyMa-
PHE, TICIIsI YeproBOi YCTaHOBKH,

8) BuzHauaBcs ckian KB, mo excrmyaryBanmcs
HAa TIOBITPSIHOMY CY/IHI,

9) st koskaoro KB Bu3Havanwcs mani mmo mm. 1-7.

OrriHKa MPOBOIUIIACS 13 3aCTOCYBAaHHIM KOHTPO-
10 piBHA HaxiiHOCTI koxkHOoro KB. [Tpu npomy po3-
TAJATACS YMOBH BUHHUKHEHHS JEAKHX CHTyamii
nonsoty [IC, B TOMy 4mcii: ocoOnmBa CHUTYyaIlis
(OC); karactpogiuna cutyauis (KC); aBapilina cu-
tyamist (AC); cknagna curyanis (CC); yckiiagHeHHS
yMoB Toas0Ty (Y VII).

Ocobausa cumyayis — aBapiliHa TOAIA, IO Xa-
paKTepusye SK «YCKIQJIHEHHS YMOB IIOJIbOTYY,
«CKJIQJIHY CHUTYAIliI0o», «aBapiifHy CHTYyaIlilo», «KaTa-
cTpodiuHy cHTyallit0», BHHUKHEHHS SIKO1, IOB’sI3aHe
3 MOJJIUBICTIO BIUIMBY HECHPHUSATIMBUX (aKTOPiB,
a0o X moeHAaHHS Ha OYy[Ib-SIKOMY 3 €TalliB MOJBOTY,
IO MIPUBOAUTE JI0 3HWKEHHS O€3MEKH MOJIBOTY.

Kamacmpogpiuvna cumyayis — ocobnuBa cutya-
i, IpY BHHUKHEHHI $KOi, 3amoOiraHHs 3aruoelni
moneit abo BTpatu [1C BHABIAETHCS MPAKTHIHO HE-
MOYKIJIUBUM.

Asapitina cumyayis — 0cOOIUBA CHUTYyAIlis, IO
XapaKTepPU3y€eThCS 3HAYHUM IiABHUINEHHIM IICHXO-
(i310JI0T1YHIX HABaHTA)XKEHb Ha €Killax, MMOTipIIeH-
HSl JBOTHHUX XapaKTEPUCTHK, CTIHKOCTi, KepOBaHOC-
Ti, fIKa BeJle A0 JNOCATHEHHs (TIiABHILNEHHS) rPaHNY-
HUX 00OMEXEHbB 1 pO3paXyHKOBHX YMOB ITOJIBOTY .

Ckraona cumyayisis — 0COOMMBA CUTYaIlis, IO
XapaKTePU3y€EThCS MMOMITHUM IIiIBUIEHHSIM TCHXO-
(hi310JTOTIYHUX HABAaHTAKEHb Ha EKilmak abo Torip-
HICHHSM JIbOTHUX XapaKTePUCTHUK, CTIHKOCTI, Kepo-
BaHOCTI JTIOTHUX XapaKTEPUCTHK, a00 BUXOJIOM O[-
HOTO a00 MEKUTHKOX TapaMmeTpiB IMOJBOTY 3a CKC-
IUTyaTalliifHi 0OMEeXeHHs, ane 0e3 JHOCATHEHHS rpa-
HUYHUX OOMEXEHb 1 pO3paXyHKOBUX YMOB MOJIBOTY.

Ycxnaouenus ymoe norbomy — 0ocodIMBa CUTY-
aIfis, MO XapaKTePU3YEThCS HE3HAYHUM 301TBINCH-
HSIM TICHXO(i310JIOTIYHUX HAaBaHTAXXCHb Ha EKillax
a00 He3HauHe TOTIPIICHAS XapaKTEePUCTUK CTIHKOC-
Ti, KEPOBAHOCTi a00 JILOTHUX XaPAKTECPHUCTHK.

Po3paxyHOK BHKOHYBaBCS IHTEpPBAJIbHUN — IS
koxxHMX 1000 rog HanbOTy Mapky. 3aBIaHHAM KOHT-
pOIEO0 OYII0O — TIEPEBIPUTH, UM € 3POCTaHHS 32 IHTEH-
CHBHICTIO BIIMOB 1, SIKIII0O € — BU3HAYMTH Ha SIKOMY
HaIpamoBanHi OJIOKy BiIOYBAa€ThCS Take 3pPOCTAHHS.
[Ipy boMy BUSIBIISUTHCS BUTIAJKK 30UTBIICHHS 1HTEH-
CUBHOCTI B 11Ba 1 OubIe pa3iB. Bum KOHTpOIO piBHS
HAJIMHOCTI, BCTAHOBJCHHUN TIpU cepTUdikalii 3 pe-
3yJbTaTaMU OLIHKA IJ1s KoskHOTO KB.

BucnoBxu

[IpoBeneno oOpoOky manux mpo HaxikHicTh KB
MOBITPSHUX CYJEH 3a TMEBHUHN TMEepioN eKCIuTyaTartii.
INouaTkoBa 00poOKa AaHUX TIEPBUHHUI €TaIl OI[IHKU
Oyna BUKOHaHA JJIs MIOYATKOBOTO 1 MOJAJIBIIIOTO I1e-
piomy ekcrryaramii. OOpoOka dYeproBoro eramry
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MpoBoAMIIAcS NUISIXOM JOAaBaHHs IO O0OCITy JaHUX
MONEPEIHBOTO €TaNy HOBUX JAaHUX, OTPUMAHUX Ha
eTarli, KU OIIHIOETHCS KOPUTYBAHHSIM 3MICTy 0a3m
JAaHUX TIOTIEPEHBOTO Tepioay (3a HeoOXimHOCTI), 1
MOBTOPHOTO PO3paxyHKy HOBHUX 3Ha4eHb Mapa-
METpa Wep.

PospaxyHok 3HaueHb mapamerpa g, (TOTIK
BiIMOB) TpoBOAMBCs i1 KoxHOTo KB, sike ekcruty-
aTYEThCS 32 METOZIOM «BIJIMOBY», 32 YMOBH, IO CTa-
TUCTUYHUX JAaHWUX JIOCUTH Ui BUKOHAHHS poO3pa-
XYHKY (3a¢ikcoBaHO TpH 1 Oinblle BiAMOBH).

JU1s OLIHKHM HAsiBHOCTI 3MiH ®, B Mipy 3pOCTaH-
Hs HampamoBanHs KB, BHKOHYBaBCs pPO3paxyHOK
JUTSI He MEHITIE HiXK JBOX iHTEPBAIiB HAIMPAITIOBAHHS
KB.

[IpoBoamBCSI MOPIBHAIBHUM aHaNi3 pPe3yNbTaTiB
OLIHKH M¢p:

— JUIA TIOPIiBHSJIBHOI OITIHKH PIiBHS HaMIHHOCTI,
OTPUMAHOTO 3a pe3yJIbTaTaMH eKCInTyaTarlii (3HaveH-
Hs ¢, HA TEePiofi, 110 OLIHIOEThCS) 1 3HAUEHHS KOHT-
POJILHOTO PiBHS;

— JUIsl HOPIBHSAJIBHOI OLIHKU (¢, HA MONEPESHbO-
My €Tarli Ta eTalli, 0 OL[IHIOETCS;

— 714 NOPIBHSJIBHOI OLIHKH O, IO iHTEpBalax
HarpairoBanag KB.

3a pe3ynbTaTaMH aHANi3y pe3yNbTaTiB 0OpPOOKH
BCTaHOBJICHO:

— 3HAYEHHS O, Ha eTalll, IO OLHIOETHCS, HE Ie-
PEBUIIYIOTh BCTAHOBJICHUX 3HAYCHB JJIsi KOHTPOJIBHO-
TO piBHS HaJIIHOCTI,

— ICTOTHOTO 3pOCTaHHA () B MIpy 30LIbLICHHS
HarpairoBanHs KB He BUsIBIIeHO;

— ICTOTHOTO 3pOCTaHHs 3HAYEHHS O, IPU HAIPa-
IOBAHHSX, SIKI IEPEBUILYIOTh YCTAHOBJICHI 3HAYCHHS
pecypey 0 MepIioro peMoHTy abo MPHU3HAYCHOTO He
BUSIBJICHO.

TakuM YWHOM, JaHUX, MI0 TOTPEOYIOTh 3MIHH
ckiany (mepeniky) KB, mo ekcrmyaTyroThes 3a Me-
TOJOM «BiZ]MOBY, HE BUSIBIICHO.

IlepcnekTHBU MOAAIBIIMX AOCTIIZKEHb

OTpuMaHHS KiNbKICHUX MOKAa3HUKIB IO pecypey i
HagmiftHocti KB mo3BOIsIE TTOPIBHSAHO MPOCTO TIPO-
THO3YyBAaTH OYIKYBaHE 3aJMIIKOBE HAMPAIFOBAHHS
(pecypc, TepMiH ekcrulyaTaiii) Ha Oyab-sSKHHA MO-
MEHT eKCIUTyaTallil SK Ha CTalii MpOoeKTyBaHHs, KO-
T BHKOPHCTOBYETHCS Ta cama iHQopmaris, mo i
JUIL TIPOTHO3YBaHHsI ITOYATKOBOTO HAaIPaIlIOBaHHS
(pecypcy, TepMiHY eKcITTyararii), Tak i Ha cramil

© Kozmok 1.0., KoBanenko 10. b., 2018

BUNpOOYBaHb 1 €KCIUTyaTalii, KOJH € MOXJIUBICTb
YTOYHEHHS IMOYAaTKOBUX OLIHOK HIISXOM BHKOpPHC-
TaHHS JTOaTKOBOI iH(opMarrii.
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Kozmok 1. O. Kosanenko 10. B. . . )
METO/UA OHIHKHU IMOKA3HHUKIB HAJAIMHOCTI ABIALHIMHOI TEXHIKU 3A PE3YJIbTA-
TAMMU BUITPOBYBAHb TA TEXHIYHOI JIATHOCTUKH

Y cmammi npononytomuvcs memoou eusnauenHs Xapaxmepucmux ROKA3HUKI6 HAOIUHOCMI YHKYIOHATbHUX cucmem
asiayiiinoi mexHiKu, 3aCHOBAHI HA UKOPUCMAHHI eKCHOHEHYIATbHO20 PO3NOOLTY UMOBIPHICHO-(I3uuHOI MOOeni 8i0MO8.
Jlana oyinka memooy, suzHauac 008ipuy UMOBIPHICIb | MOYHICMb OYIHKU NOKA3HUKA HAOIUHOCMI (DYHKYIOHANbHUX
cucmem. Oyinka pieHs HAOIIHOCMI MA U020 AHANI3 NPEOCMABLEHUN 30 Pe3VTbMAamamu eunpoOy8ans i MexHiuHol Oiae-
Hocmuku asiayitinoi mexwiku. Takodw npogedeno 06pOOKY OAHUX NPO HAOIIHICMb KOMIIEKMYIOUUX 8Upo0ie nosimpsi-
HUX cyOeH 3a negHull nepiod excniyamayii. Ilouamxosa 06poOKa OaHUX nepeuHHULl eman oyiHKu 6y1a UKOHAHA O/is
noYamKo802o i nodanvbuio2o nepiody excniayamayii. Obpobka uepeo6ozo emany npPoOBOOUNACA WIAXOM 000ABAHHS 00
00csA2y 0aHUX NONEPeOHbO20 emany HOGUX OAHUX, OMPUMAHUX HA emani, AKUL OYIHIOEMbC KOPUSYBAHHAM 3MiCY Oa3u
0aHux nonepeorbo2o nepiody, i NOBMOPHO20 PO3PAXYHKY HOGUX 3HAYEHD.

KirouoBi ciioBa: iiMoBipHICHO-(i3MYHMI PO3NOALT BiIMOB; alpiOpHHUIL i arlOCTEpiOpHUI aHaI3; MEXaHO-(i3UKO-XiMIYHI TapaMer-
PH; eKCIIOHEHIIAbHUH PO3MO/IiT; BU3HAYAIBHI BUIIPOOYBaHHSI; MaTeMaTHYHA CTATHCTHKA; €KCIIEPUMEHTAIIbHA OLIHKA.

Kozlyuk I. O. Kovalenko Y. B.
METHODS OF PRODUCTS RELIABILITY EVALUATION BASED ON THE RESULTS OF
TESTS AND OPERATION

The article proposes methods for determining the characteristics of reliability indicators of functional systems of
aviation equipment, based on the use of the exponential distribution, the probability-physical model of failures. This
evaluation of the method determines the confidence probability and the accuracy of the evaluation of the reliability in-
dex of functional systems. The assessment of the level of reliability and its analysis are presented based on the results of
tests and diagnostics of aviation equipment. Also, the data processing reliability components of aircraft for a certain
period of operation. The initial data processing, the initial stage of evaluation, was performed for the initial and subse-
quent period of operation. The processing of the next stage was carried out by adding to the data volume of the prelimi-
nary stage new data obtained at the stage estimated by adjusting the content of the previous period database and recal-
culating the new value.

Keywords: statistically physical distribution of failures; a priori and a posteriori analysis; mechanical- physical-chemical pa-
rameters, exponential distribution; determinative tests; mathematical statistics; experimental evaluation.

Ko3aok U. O. KoBanenko 1O. B. . .
METO/Ibl OHEHKHU INTOKA3ATEJIEM HAJIEXHOCTHU ABUAIIMOHHOHU TEXHHUKHU I10
PE3YJbTATAM UCHBITAHUMA 1 TEXHUYECKOMW TUATHOCTUKHA

B cmamwe npednazaromesi memoovi onpedenenus XapaKkmepucmuk nokazameineti Ha0ejdCHOCMU (QyHKYUOHATbHbIX
cucmem asUAYUOHHOU MEXHUKU, OCHOBAHHbIE HA UCTIONb308AHUU IKCNOHEHYUATLHO20 PACHPEOeNeHUs], 6EPOSIMHOCIHO-
Guzuueckoii modenru omxaszos. Jannas oyenka memood, onpeoensen 008epUMENbHYIO GePOSMHOCMb U MOYHOCb
OYEHKU NOKA3AMeNs HAOEHCHOCMU (PYHKYUOHATbHBIX cucmem. OYeHKa YPosHsi HA0EHCHOCTU U €20 AHAU3 NPeoCcmas-
JIeH 1o pe3yIbmamam UCNbIMAanull U OUASHOCMUKY Ad8UAYUOHHOU mexHuKU. Taxoce nposedena obpabomrka OaHHbIX HA-
0EIHCHOCTU KOMIIEKMYIOWUX U30eull 8030YUWHbIX CYO08 3a onpedeneHublll nepuood skcnayamayuu. Hauanonas obpa-
b6omKa OAHHLIX NEPEUYHDBLIL IMAN OYEHKU, ObLIA GLINOIHEHA OISl HAYAIbHO20 U NOCAEOVIOWe20 Nepuodda IKCHIYAmayuu.
Obpabomka ouepedHO20 3mMana NPosOOUIACH nymem 000a6IeHUsI K 00beMy OAHHBIX NPedsapUmenbHO20 dMand HOGbIX
OGHHBIX, NOJIYHEHHBbIX HA Mane, KOMopblil OYeHUBACMCsl KOPPEKMUPOBKOU COOEPAUCAHUL 6a3bl OAHHBIX NPeobloyueco
nepuooa, u NOSMOPHO20 PACYema HOBbIX 3HAYEHULL.

KiioueBble c/10Ba: BEpOSTHOCTHO-(GU3MYECKOE paclpelielieHHe OTKA30B; APHOPHBIA M alOCTEPHOPHBIN aHAIM3; MEXaHO-
(bU3UKO-XUMHYECKHE TapaMeTphl; SKCIIOHEHIMAIBHOE PACIIpe/ie]ICHNE; ONPEACISIONME HCIIBITAHNS; MaTeMaTH4eCKash CTaTHCTHKA,;
9KCHEPUMEHTAJIbHAS OLICHKA.
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AHAJII3 EGEKTUBHOCTI ITIPOLHEAYPU BUABJIEHHSA PO3JIALAHAHHA B CUCTEMAX
EKCILTYATAIII HASEMHUX 3ACOBIB AEPOHABIT AITIT

Beryn

[Tig wac aepoHaBiraiitHoro o0CIyroByBaHHs BU-
KOPDHCTOBYIOTh Ha3eMHi 3aco0M  aepoHaBirarii
(H3A), no sxux HajexaTh 3aco0M 3B’s3Ky, HaBira-
1ii, CIOCTEPEIKEHHS, aBTOMATHU30BaHI CHUCTEMH Ke-
pYyBaHHs TOBITPSIHUM pyxoM Toulo. Haniitna poGora
H3A 3Ha4yHOIO MipoI0 3alIe)KHuTh BiA (GYHKI[IOHYBaH-
Ha cucteMu ekcinryaramii H3A. Ilsg cucrema Mic-
THTh TaKl CKIag0BI fK: 3acobu H3A; TexHomoriuni
mporecH (TeXHIYHOTO OOCITyTOBYBaHHS, PEMOHTY,
MIPOJOBXKEHHS Pecypcy, Ha3eMHHMX Ta JILOTHHX IIe-
PEBIpOK TOIIO); MEPCOHAT; HOPMATHBHI JOKYMEHTH
Ta iH. B mpoueci ¢ynkuionyBanns H3A Ta ix cuc-
teM ekcruryaTarii (CE) MoXuBi BHITagKu HEBiAIMO-
BIZTHOCTI BCTAHOBJICHHM BHMOTaM, IO MOXE TPH3-
BECTH 10 3aiiBUX BUTpAT, MOPYIICHHS OE3MEeKH Ta
HEPEeTYJISIPHOCTI MOJBOTIB TOMIO.

VY 3aranpbHOMY BUTAAKY MPOICCH 3MIiHU TEXHIY-
Horo crany H3A Ta inmux enementiB CE e Hecrarti-
OHAapHMMH Ta BUMAAKOBMMHU. [Ipum mBOMY MOXYTh
OyTH iHTEepBaaM KBa3iCTAIlIOHAPHOCTI, IO MAalOTh
PIi3HI 3HAYEHHS CTATUCTUYHHMX PO3MOALIIB abo ma-
pameTpiB Ha BiAmoOBiAHUX iHTepBanax. [IpuumHamu
HecTabimpHOCTI TporeciB 3MiHu crany H3A Ta iH-
mwmx eneMedTiB CE MoxyTb OyTH: mporecu crapiH-
Hs eneMeHTHOI O0asu H3A, HecBoeuacHi Ta HEBipHi
KEepYyIOYH BIUTUBU 3 OOKY aJMiHICTpaTHBHHX Opra-
HiB, YMOBH HAaBKOJIMIITHEOTO CEPEIOBUINA, HESKICHI
Iii 00CIyroByIOUOro epcoHay, IPUIMHE 00yMOB-
JIeHl eJIeKTPOMAarHiTHOK HECYMICHICTIO Tomo. B
HayKOBO-TEXHIYHIN JIiTeparypi 3amadi TOB’s3aHi 3

aHaJi30M HeCTalliOHAPHUX IPOIIECIB PO3TIISIIAI0THCS
SIK 3a/1a4l TOCII/DKEHHS «po3NiagHanus [1; 2].

Po3pobka mporienyp BHABIEHHsS pO3JTaTHAHHS B
peai3altii mporecis, 1Mo XapakTepu3yroTh ctan H3A
ta ix CE, € akTyajapbHOI HayKOBO-TIPAKTHYHOIO 3a-
Jla4el0, OCKIIBKU JIOAAaTKOBa iH(opMaIlis MI0J0
TPEHIy HECTAI[iOHAPHOTO IMPOIECY JTA€ MOXIIUBICTh
chopMyBaTH Ta CBOEYACHO pealli3yBaTH Kepyrodi Ta
3aro0ixHi aii nepconanom CE.

AHnaji3 myosikami

[IutanHs pPoO3pOOKKM Ta MOMAEpHI3AIil CHCTEMH
eKCIUTyaTallil TeXHIYHUX CHUCTEM IIUPOKO BHCBIT-
JIOIOTBCS B HAYKOBO-TeXHiuHiK mitepatypi [3]. [pe-
IMETHUMHU cdepaMu € 3aaadi aHami3y IUTICHOCTI
AepOHaBITalliIfHOT CUCTEMH, aHAITI3Y TEIEMETPUIHUX
JAHUX, JerpajalliiHuX NPOIECIB TEXHIYHUX KOM-
TUTEKCiB, BUSIBIIEHHS KiOep3arpo3 ToIIo.

[Ipu 1IbOMY TIUTAHHS CTATHCTHYHOI 0OPOOKH He-
CTaI[lOHAPHUX BHITQJKOBUX IPOIECIB 3MIH TEXHId-
Horo crany H3A Ta cknmamoBux CE mpuminsierscs
HEJOCTaTHBO yBard. lle Moke HEraTHBHO BIUIMHYTH
Ha edexruBHicTs CE Ta HagiiiHicTh poboTn H3A, a
Janmi 3HU3UTH €(EeKTUBHICTh CHUCTEMH acpoHaBira-
nifHoro obcmyroByBaHHs. Kpim Toro, mij 4ac aHa-
73y crpareriii TexHiuHOTO 00CIyropyBanus H3A 3a
CTaHOM 3 KOHTpOJIEM piBHs HaailHOCTI B [4-8] He
PO3TIAAAOTE MOJETI ONMUCY TPEHIIB 3MiH CTaHy
H3A y Burisaai moka3HUKiB HATIHHOCTI.

IHocTanoBka npodaeMn

VY3aransHeHa cTpykTypHa cxema CE moxe Oytu
MpeACTaBlicHa y HAacTymHoMy BuUTIAmi (puc. 1).

© Comnomennes O. B., Banicekuit M. 10., I'epacumenko T. C., 2018
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Puc. 1. Y3aransaena crpykrypHa cxema CE

CrpykrypHa cxema xapakrepusye CE sk cucrte-
My (GOpMyBaHHS Ta peani3amii KepyruhX BIUIMBIB
mwono H3A Tta immux enementis CE 3 MeToro 3a0e3-
nedeHHst HafiiHocTi podotn H3A Ta edextuBHOCTI
¢ynkuionyBanHs CE. Kepytodi BIIMBH MOBHHHI
OyTH CBOEYACHMMH Ta BIPHUMHU AJIsl 3MCHILECHHS PH-
3UKIB Ta MOXJIUBHUX BUTpAaT, 0OyMOBJIGHHX BHUIIa[-
KaMH 3MiHM TeXHIYHOTO ctaHy H3A Ta iHmmx ene-
mentiB CE. Bigomo, 1110 [j1g [Or0 JOLUILHO BHKO-
PUCTOBYBaTH MpPOLEAYPH IPOTHO3YBaHHA CTaHy
00’€ekTiB KepyBaHHs. [Ipu IbOMY TPOTHO3YBaHHS €
e(eKTUBHUM Yy pa3i COpaBeAIMBOCTI TIilIOTE3U LIOJ0
30DKHOCTI MOJeiel pPO3BUTKY TpPEHIIB Ha eTamax
300py MaHMX Ta B MEXKax IEpIiOAy EKCTPAIOIAILii.
SKmo po3rnsgatd MoJeNli TPEHAIB BH3HAYaJIbHUX
napaMeTpiB Ta XapaKTEPUCTHK y BUTJAI MOAENeH 3
pO3JaHAHHSIM, TOMI I 3a0e3medcHHS ePEeKTHB-
HOCTI TIpoLleAyp MPOTHO3YBaHHA [OIUIBHO BHKO-
PHUCTOBYBaTH TpOLEAYPU BHU3HAYCHHS (AKTIB PO3-
JIaTHAHHS Ta OIIHKY IMapaMeTpPiB X MPOTiKaHHS.

OCHOBHHMH MOMEHTaMH TiJl 4ac PO3LIISAY Mpo-
LeAyp BUSBICHHS € MOJENI JaHWX, U0 MiAJsIraroTh
00poO0IIi, METOI CHHTE3y Ta aHallizy eeKTHBHOCTI
MIPOTIeIyp, CHHTE3 MPOIECAYPH OOpOOKH maHWX Ta Il
aHaji3, MOKAa3HMKU Ta KpuTepii edeKkTUBHOCTI. Y
paMKax Takoro METOAMYHOTO MiIXOAy B CTAaTTi BU-
pilTyeThes 3amada CHHTE3Y Ta aHAIi3y MPOIEAYpH
BUSIBJIICHHSI PO3JIaJJHAHHS B TPEHJI HECTAI[IOHAPHOTO
BUMAIKOBOTO TPOLECY, IO XapakTepu3ye 3MiHH
crany 3aco0y H3A nmns 3amaHoi mMofenmi onwucy BU-
MaIKOBOTO TPOILIECY.

CdhopmynroeMo MareMaTH4Hy MOCTaHOBKY 3aja-
4i JOCIHIIXKEHHS Ha PiBHI (YHKIIIOHAIIIB Ta ONEpaTo-
piB. Y 3aragpHOMY BHIIAIKY IMOKA3HUK €(hEeKTHBHOC-
Ti CE Moxe OyTH BH3Ha4YeHUI K (DyHKIIOHAT TUITY

Ef = f(ty,t5, D, P, U,C/ A),

ne A — 1e MHOXHHA aJITOPUTMIB CTaTUCTHYHOT
00poOKM eKcIUTyaTaliiHUX OaHuX, y TOMY YHCII
BUSIBJICHHS PO3JIAJHAHHA; f; — I iHTepBal dacy

BiI[ MOMCHTY BUHHUKHCHHA PO3JIaJHAHHA 10 MOMCH-

Ty HOTO BUSBIICHHS; !y — IHTEpBal CIIOCTEPEKEH-
H; D — IMOBIpHICTb TNPaBUIBHOTO BHSIBICHHS;
B, — imoBipHicTh xubHOI TpuBoru; U — oOunc-
JIOBaJIbHA CKIIAIHICTh alropuTMy OOpPOOKH aHWX;
C — obyHKIA BTpaT 3a paxyHOK HECBOEYACHOTO
BUSIBJICHHS pO3JIaIHAHHSI.

3aBOaHHsAM IBOTO JOCTIIKCHHS € CHHTE3 TaKoi
NpOLIEAYPH BUSIBICHHS pO3JaJHaHHSA, sika 3a0e3re-
YUTh MAaKCUMyM IOKa3HUKa ©()EKTUBHOCTI IS BH-
najKy 3aJaHuX BUMOT A0 napamerpis D, F,, t;, Ta

U . Inakie kaxyuyi, HeOOX1THO 3a0€3MeUnTH
Ef :sup(o <Ef<1VA:t,<t;,D>D",P, < f’;),

ne t;, D, P,

METPIB.

— BHMOTHY JI0 BIJIOBIIHUX Mapa-

CuHTe3 MpoueIypH BHSIBJEHHSI PO3JIaJIHAHHSA
B TPEH/Ii HeCTAIOHAPHOT0 BHIIAJKOBOI0 MPOIIeCy

Texuiunmii cran okpemoro H3A moxHa po3ris-
JaTd 3 TOYKU 30py 3MiH BU3HAYAJIBHHUX MapaMeTpiB,
0 XapaKTepu3yloTh (YHKI[IOHANBHY NPUIATHICTH
H3A abo 3MiHy ITOKa3HHUKIB HAIIHHOCTI.

Takuii po3risa BIAMOBITAE BIJOMHM CTpaTErisiM
texHiuHoro obciyroByBaHHs (TO): a) crpareris TO
3a CTAaHOM 3 KOHTPOJIEM BH3HAYAIBHHUX MapaMeTpiB;
0) crpareris TO 32 craHOM 3 KOHTpOJIEM piBHS Ha-
niitnocti H3A. Icnye takox Tpers ctpareris TO 3a
HaInpairoBaHHsIM. B 1IbOMy BHIIAIKy pO3IIIAIAEMO
crparerito TO 3a cTaHOM 3 KOHTPOJIEM pIiBHS Ha-
nmiitnocti H3A.

Jlo moka3HWKIB HaIIHHOCTI BIIHOCATH CEpPEIHE
HaIpaIfoBaHHS Ha BIIMOBY, CEpeIHIN Yac BiTHOB-
JIeHHS1, KOe(II[IEHT TEXHIYHOTO BUKOPHUCTAaHHS, KOe-
(iLieHT TOTOBHOCTI TOILO.

PosriasHeMo BHMIAI0K, KOJIM 3MiHA TEXHIYHOI'O
crany H3A XxapakTepu3yeTbcs 3aJICKHICTIO 1HTCH-
CHBHOCTI BiIMOB B 4aCOBOMY IpocTopi. B HaykoBo-
TEXHIYHOI JITepaTrypi pO3TrIIaroTh TakKi MOZeli
HEeCTaIliOHAPHUX TIPOIIECIB, 110 ONMHUCYIOTh HafiiHIC-
Hi BJIAacTUBOCTI oOnamHaHHs [3]: cTpuOkomoaiOHa,
TiHiTHA Ta KBaJpaTUIHA MOJIEIT.
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PosrnsiHemo cTpubkomnoaiOHy Mopeib 3MiHM iH-
TEHCUBHOCTI BigMoB. BubipkoBa CyKymHICTB, IO
miIsrae 0opooii, GopMyeTbess y BHIJISAI Hampa-
LIOBaHbL MK BigMoBaMu t. BBaxxaemo, 1110 BIUTIKH f;
Ha IHTEpBaJli CIIOCTEPEKEHHS € HE3aJIC)KHUMH BH-
MIaIKOBUMH BETMIMHAMH.

PosrnsiHeMo 3amady BUSIBICHHS PO3JIa{HAHHS.
lNnoresi Hy — y TpeHAi 3MiHM BUIIaKOBOTO HpolLie-
CY BIJICYTHE pO3JIafHAHHS, TO/II IITEHICTH PO3MOILTY
imoBipHOCcTel (IIPI) mae Takuii BUTIISA:

2 —_—
£i@)=2V" angi=1,n.

Iie {; — BEIMYMHA HAIPAIIOBaHHS HA BIAMOBY Ul

i-TO BIIJIKY; 29 __ imrencuBHicTh BimMOB Ha iH-
TepBali, Jie PO3NaJHaHHs HeMae; # — OOCST Hampa-
LIOBaHb, IO MiJJIATalOTh 0OPOOJIEHHIO B MpoLEAypi
BUSIBIICHHS PO3JIaHAHHS.

AnprepHatuBi H, — y TpeHIII 3MiHA BHIIAIKOBO-
0 TIPOLIECy Ma€ Miclie po3JafiHaHHs, 1[0 BUHUKAE Ha
k-my xpomui cnocrepexenns. Maemo IPI y Burmsimi:

ERUNON . —
a Q2O M g i=k,n,

ne a'” — koedirieHT 3MiHN {HTEHCHBHOCT] BiIMOB,
SIKU HEOOXITHO BHUSBIIATH 13 3aJIaHUM PiBHEM e(]ek-
TUBHOCTI.

VY TakoMy BapiaHTI mapaMeTpy T'eHepalbHOI Cy-

a® 2

KYITHOCTI , MaTh OyTH BITOMHMH IS

3a0€3MeUeHHs] TapaHTOBAHOTO piBHSA ITOKA3HUKIB
epextuBHOCTI. @DaKkTUUHI 3HAYEHHS MapaMeTpiB
posnoxiniB imMoBipHOCTE#t f,(f) Ta f,(t) OymyTh
IOB’s13aHi 3 TOTOYHOI0 €(EKTUBHICTIO Ta BpaxoBaHi
P TEOPETUYHOMY aHAi31 Ta MOJICIIOBAHHI ITif] Yac
(¢opMmyBaHHA BUOIPKOBUX CYKYIHOCTEH Hamparo-
BaHb ;.

CuHTe3 TNpoLeAypH BUSABICHHS (hakTy poO3iaj-
HaHHS BUKOHAEMO 3 BUKOPHUCTaHHIM KPHUTEPIIO
Hetimana—Ilipcona mns dikcoBaHoro obcsary BuOip-
KM n. PimeHds mpo HasBHICTH a00 BiICYTHICTH PO3-
JIQJIHAHHS TPUAMAETHCA MICIAs TOTO SK IMPOBEICHA
00poOKka nmaHWX BCi€i BHOIPKH 0OCSTOM 7 BiIUTIKIB
(BUTIAZOK 3 aIIOCTEPIOPHUM aHATI30M).

BinHomeHHs nmpaBaono1iOHOCTI Ma€e BUTIIA;

q)(i;1/H1) .

AT, k0" =—2 ;
q)(tn /HO)

@,/ H) =[] /0 H);
i=1

q)(;n/Ho):Hfl(ti/Ho),

e d)(fn/ H,) — ynkuis mpasnonogioHocTi s
H; CD@ / H,) — GyHKLis NpaBAonoaiOHOCTI uis
H,.

Toni BWpa3 s BiIHOMIICHHS TPaBIONOMIOHOCTI
HaOy/Ie BUTIISALY:

A, k,a®) =

1A,/ )
_ i=k

L IRONON
[Ta@r0e

i=k

[1AG,/Hy) H%O)e_)”(o)’i
i=k L

n
K- ®) >y
:a(O)n—ke i=k .

Jlorapudm QyHKIIi BIAHOIICHHS MPaBIOIOII0-
HOCTI:

InA,.k,a®)=(n-k+)na® +X21-a)> 1.

i=k

n>

Hexait 0(a'”, t, M) — me BupimaneHa cra-
THCTHKA, 110 3aJIEXKUTH B 00CATY BUOIPKH 7 1 Ta-

pamerpiz ', X9, k. Toxi

0, 7

n’

n
K =(n—k+DIna® +11-a")> s, .
i=k
[Tpouenypa BUSBICHHS pPO3TaJHAHHS IOJATAE B
TakOMy — Miciisi 0OpOOKM 7 BIIUTIKIB JaHUX MO0
HampamloBaHHS  f, 3TAHO 3  BUPa3oOM  JUIA
O(a(o),fn,k(o)) (OpMYyIOTh MacHWB 3HAa4YE€Hb BUDI-
IIAIBHOT CTATUCTUKH JUISA BCi€i CYKYITHOCTI MOMKIIH-
BUX 3HaueHb Hapamerpa k. Jami 3HaxonsaTh y Iiei
BUOIPKOBOI CYKYNMHOCTI MaKCHUMajibHEe 3HaueHHS
0 sIKE MOPIBHIOIOTH 3 MOPOrOM NPUHHATTS

pimenns V. Sxkmo 0, >V, To mnpuiimaerbcs

max ?

pIllIEHHS PO HASBHICTH PO3JIaIHAHHS.

Cripx 3a3HaYUTH IO TPOIEypa BHUSBICHHS B Ta-
KOMY BHUTJIAII CTPOTO KOKYIH HE € ONITUMAJTEHOTO.

V mpaui [1] BBaxkaroTh, 10 aNTOPUTMH BHUSBIICH-
Hs OAiI0OHI TOMY, IIIO PO3TJISNAETHCS € TaK 3BAaHUMHU
AITOPUTMAMK KYMYJISITUBHUX CYM. 3TiJHO 3 TaKHM
MiIX0JI0OM MaKCHMAaJbHOMY 3HAUCHHS BHPIIIAIBLHOT
CTATUCTHKHA  BIANOBiZac 3HAYEHHS Kk, KOIH
00’€KTHUBHO Bi0yach 3MiHa IHTEHCHBHOCTI BiJIMOB.

[IpoananizyeMo  3aJeXHICTh  MaTeMaTHYHOTO
CIIOJIIBaHHS BiJl TOTOYHOrO 3Ha4YeHHs k. [Ipu npomy
BHpa3 I MaTEMaTHYHOTO CIIO/IiBaHHS Ta JUCTIePCil
o 7

BHPIMAIBHOI CTAaTHCTHKU 0O(a ,AY s Bm-

HajgKy KoM k < k,Mae BUTTIAL:

(0)4(0)
a’x
ml(e) = (n—k+l)an—

1 1
= (@ - 760)){(1‘0 B OO }
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2
2 1
1,(0) = (@ =2 )| (k- k)(—k(o) j +

1 2
+(n—k, +1)(—j .

ax?

JificHo yacTHHA CyMapHOI CTaTHCTUKU BiATIKIB
obcarom k, —k BenmuwH 1OB’s3aHa 3 rinoTe3ot0 H,) .
Inma dyactMHAa CcyMapHOI CTaTUCTUKM ¢; 00CATOM
n—k, +1 BenM4MH NOB’s13aHa 3 AIETEPHATUBOIO /| .

Bupas s MaTeMaTHUHOIO CIIOXIBaHHS Ta AWC-

© 7 30 g

s ‘no

Tepcii BUPIMIANBHOI CTaTUCTUKHN O(a
BUIIAJKY, KOJIU k = kyMae BUIIIA]
(0)4(0)
a‘’’n
ml(e) = (l’l—ko + I)IHW—

1
_(A(0)4(0) _4(0) _
@1 1) =y + D —

2
1
1,(0) = (@2 2O F (n—k, + 1)(—(1%(0) j :

VY naHoMy BUIAIKY YacTHHA CyMapHOi CTaTHUCTH-
K1 BiwmkiB f, obcirom n-—k,+1 BeanuuH

1

II0B’s13aHa 3 albTEPHATHBOIO | .

BI/Ipa3 JJIsT MaTEMAaTUYHOT'O CHO,I[iBaHH?I Ta AUC-
© 7 29) mim

nepcii BUpiImanpHoi craTucTuku 0(a”, ¢,
BUIAJIKY, KOJIU k >k, Ma€ BUIIIA]
(0)4(0)
a’’nN
ml(e) = (n —k+1)an—
1

@O\ = X"Y(n—k + H—Gr

2
V) 1
K, (0)= (a(o)k(o) - X(O)) (n —k+ 1)( 20 j .
a
Y 1upoMy BHIIQJKy YacTHHA CyMapHOI CTaTHCTH-
KA BIUIKAB ¢, ob0caroM n—k+1 BeauuuH

1
NOB’si3aHa 3 ajbTepHATHBOIO /|, 1 00cAr cymapHOi

CTaTUCTHKU 3aJICKUTh BiJl KOHKPETHOTO MOTOYHOTO
3HaUeHHs mapamerpy k . PesympTatm po3paxyHKiB
3a QopMmylamMu A5 MaTeMaTU4YHUX CIOAiBaHb Ta
JMcIiepciii, a TakKoX pe3yJbTaTd MOJEIIOBAHHS
(TOYKOBI OLIIHKM MaTeMaTHYHUX CIIOAIBaHb Ta JIUC-
Tiepciii) mpeacTaBieHi B TAOIUII.

Ha puc. 2 Ta 3 HaBeneHi pe3ynbTaTH pO3paxyHKY
Ta TOYKOBI OILIIHKHM 32 Pe3yJIbTaTaMU CTATUCTHYHOTO
MOJENIOBAaHHS JJsl 3aleXHOCTI MaTeMaTH4YHOTO
CIOJIIBaHHS Ta J¥cCIiepcii Big mapameTpy k.

Ha puc. 2 Ta 3 npsSIMOKyTHHUKaMH TpeJICTaBICHI
OLIIHKH, OTPUMaHi 3a pe3yJbTaTaMHi MOJCIIOBaHHSI.

Tabauys
YucsioBi 3HAYEeHHS MATEMATHYHOTO CIIOAiBaHHS Ta qucHepcii
Habip napamerpis A=2-10"° a=2, n=50, ky =25
k 3 10 17 25 33 40 50
m; () —1.73 0.42 2.57 5.02 3.48 2.12 0.19
m, *(0) —1.798 0.366 2.52 4.999 3.449 2.086 0.187
u,(0) 28.5 21.5 14.5 6.5 4.5 2.75 0.25
u, *(0) 29.618 22.224 14.608 6.501 4.538 2.848 0.261
&)
m, (6) Pesynbratu

b

P e
~~~~. MOJEITIOBaHHS
o

PesynbraTi po3paxyHKiB

10

20

30

40 50

Puc. 2. I'padiku 3a1eKHOCTI MATEMAaTHIHOTO CIIOJiBaHHS
BHPIIMIAIBEHOI CTATUCTHKY 0 Bif mapameTpy k 3a JaHUMHU

Ta0INI
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30

H,(0)

PesynpTaTi po3paxyHKkiB

PesynbpraTu
MOJIEJIIOBAHHS

GD 10 20

30 40 50

Puc. 3. I'padixu 3anexHocTi qucnepcii BUpiIanbHOi CTaTUCTHKA
BiJI MapaMeTpy k 3a JaHUMH TaOJIHIli

Pesynpratn po3paxyHKiB cBigyarh, IO MaKCH-
MyM Ha pHc. 2 BiINOBia€ BiIiKy, Konu k = k). AHa-
Ji3 puc. 3 mokasye, o AUCIIePCiss MOHOTOHHO CIia-
nae. Y LioMy, pe3yibTaTH CTATHCTHYHOTO MOJie-
JIOBaHHS CBiYaTh MO BIPHICTh TEOPETHYHHUX PO3-
paxyHKIB.

Cdhopmyemo mpouenypy NPUHHATTS pPIlICHHS
PO HASABHICTh PO3JaJHAHHS LUIAXOM IODPIBHSHHS
MaKCHUMAaJbHOTO 3HAYCHHS CTATHCTUKU 3 TIOPOTOM
pimeHHs V.

AHani3 epeKTHBHOCTI MpoUeAYPH BHUSBJIEHHS
po3iagHaHHSI B TPeHAi HeCTAIOHAPHOTO BUIA/-
KOBOT0 mpolecy

AHani3 eQeKTUBHOCTI — IIe TPOLIEC PO3PAXYHKY
YUCENbHUX 3HAaueHb IOKAa3HUKIB e€()EeKTUBHOCTI. Y
JTAHOMY BHUIIAJIKY, KOJIM PO3TYJIAETHCSA BapiaHT amoc-
TEpIOPHOTO aHANI3y BHXIJIHOI CTATUCTUKU MpHIHMa-
€MO, IO ITOKAa3HUKaMU E(PEKTUBHOCTI MPOIEIypH
BHUSBIICHHS PO3NIaJHAHHS €. IMOBIPHICTH ITOMHMIIKA
TIEPIIOTO POy O (MPUUHATTS anbTepHATUBU H|, KO-
T cipaBeiInBa rinotes3a Hy); iIMOBIpHICTh MOMUJIKH
npyroro pony P (mpuitHsTTs Tinmoreswm H, Komu
cripaBeniBa H).

VY crarTi po3rISIIAEThCs PILICHHS 3a]adi BUSB-
JICHHS PO3JIAJIHAHHS I BUIAAKY MPOCTOI TiNOTe3n
Ta aTbTePHATHBU, TOOTO 3a/1aHUH PiBEHH IMOBIpHOC-
Ti mpaBHIBHOTO BusiBIeHHs posnagaanas D neo6-
X1THO 3a0€3MeYuTH ISl BIZIOMOTO PiBHS A0 , 00csry

BuGipku n, mapamerpis a'” Ta ko. 3 ypaxyBaHHSIM

[IMX YMOB BHU3HAYAIOThH TOPIr pimeHHs V. Jam mpo-
MIOHYETHCS PO3TJISTHYTH TPH BapiaHTH PO3PAXYHKY
XapaKTepPUCTUK BUSABICHHS: 1) A 3a1aHOTO mopora
V, Mo po3paxoBaHO il IapaMeTpiB TeHepalTbHOI

cykymuocti A, ko, n BusHauaroTs 3anexuicts D(a)
BiJl TOTOYHOTO 3HAa4YCHHA mapamerpa a (ToOTo
3’SICOBYEMO HACKIUIBKU YYTIUBOIO € MPOIeaypa BH-
SIBJIEHHS 70 3MiH B PiBHI A ); 2) IJIs 3a1aHOTO TTOPO-
ra V, 1o po3paxoBaHo Ui IapaMeTpiB reHepaibHOT

cykymaocti A”, ¢, n BusHawarots 3anexHicTH

D(k) Bix peanbHOTO 3HAYEHHS HOMEpa Iara k, KOJIH
BiOyJIOCS pO3JaJHAHHS TPEHAY HECTAIiOHAPHOTO
npotecy (ToOTO 3’5ICOBYEMO HACKIIBKH UYTIUBOIO €
npoleaypa BUSBICHHS Bil MOYaTKOBOIO MOMEHTY
po3naaHaHHsA); 3) U 33aHOTO Mmopora V, mo po3-
paxoBaHO Ui MapaMeTpiB TeHepaIbHOI CYKYITHOCTI

7»(0), ko, n, a'” BusHauarots 3anexuicts D Bix mo-
TOYHOTO 3HAYEHHS MapaMeTpa @ Ta PEeaJbHOro 3Ha-
YeHHs HOMepa Iara k, KoJau BigOynocs po3iamHaH-
HSl TPEHJy HECTaI[IOHAPHOTO Ipolecy (To0To po3pa-
XOBYIOTH JJBOBUMIpHY WMOBIPHICTH BUSIBICHHS PO3-
nagaa"as D(a, k)).

[Mix ywac anamizy egeKkTHBHOCTI 3poOMMO JIBa
NPUIYLICHHS:

1. Iopir pimenHs V po3paxoByeMo s Tapa-

MeTpiB renepanbaoi cykymuocti a'”

0
N n B TOU-

9

mi ko, e MareMaTHYHE CIIO/AiBaHHS BUPIMIAIBHOT

0) 7 4(0
© t,, Al )) € MaKCHMAaJbHOIO BEJH-

cratuctTuku 0(a
YHHOKO.

2. Braxxaemo, mo II[PI BupimramsHOi CTaTHCTHKH
[IPH [[LOMY € HOPMAJIBHOIO.

PosrisiHeMo BUNIaIOK MOOYTOBU XapaKTEPUCTHKH
D(a). IMOBipHICTh TIPaBUILHOTO BHUSBIICHHS pO3pa-

XOBYETHCS 32 (HOPMYJIOHO:
4
D=1- jN(e/Hl)de,

ne N(0/H,) — nopmansHa HIPI BupimansHoi cra-
THCTHKH JJISI AIbTEPHATHBU H, .

IaTerpan y mpomMy BUpasi IpeacTaBUMO Y BUTIISIL

iHTerpana iimoBipHocTeit Jlammaca @(-):
poaf Lm0/ Hy)
c(0/H,))

[Topir OPUIHATTSA pINICHHS BU3HAYAETHCS 32
¢dhopmyItoro:
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V =m0/ H,)+oc(0/ H)®"(8),

—1 .
ne @ (B) — 3BOpOTHA (PYHKIIIsL.
3Har0uu 3HAYCHHS IMOPOTY IPUHHATTS pillieHb V'
MOKe OYyTH poO3paxoBaHa HMOBIPHICTh TOMUJIKH
MEPUIOTO POAY:

V
a=1- jN(e/Ho)de,

ne N(0/H,) — wnopmansna II[PI BupimansHOl

CTaTHCTHUKH UL Tinore3u £, .

Jlnsg papux i3 Ta0uMil Ta 3HAYEHHS B(O) =0.1

nopir mpuiiasaTrs pimenns gopisaioe V' =1.756
Ta  HMOBIPHICTP  NOMWIKM  IIEPIIOTO  POIY
o =0.028.

Ha puc. 4 maBeneHi xapakTeprucTHKa BUSBIICHHS
po3NIafiHaHHA Ui JaHUX 13 TaOiMil, OTPUMAHUX Y
pe3yJbTaTiB aHATITHYHUX PO3PaxyHKIB Ta HA OCHOBI
CTaTHCTHYHOTO MOJICITIOBAHHSI.

[TopiBusHHSA TpadikiB i3 puc. 4 CBITYaTh IIPO
MPaBUIBHICTH 3pO0JICHUX PO3PaxyHKiB.

D(a)

o PesynbTatu

0.6

0.4

Pesynbtatu
pO3paxyHKiB

2 25

Puc. 4. XapakTepucTUKY BUSBIECHHS PO3JIaIHAHHS

BucnoBok

ANTOPUTMU BUSIBIICHHS PO3JIaJHAHHS B peaji3a-
LisX HECTAI[IOHAPHUX MPOIECIB, M0 XapaKTepe3y-
10Th 3MiHH cTaHiB H3A Ta iHmux enemenriB Cucre-
MH eKCIUTyaTtalii BilirparoTh 3HA4YHy pOjib Mijg 4ac
(dhopMyBaHHA Ta pealtizallii CBOEYaCHUX Ta MPaBHIIb-
HUX Jiid 3 TOYKH 30py 3abe3rneueHHs] e(peKTUBHOCTI
Bukopuctanas H3A Tta edexkTuBHOCTI (PYHKITIOHY-
BanHs ix CE.

Jnst po3rasHyTOi HpouenypH BUSBICHHS BHpI-
IeH] 3a7a9i CHHTE3Y Ta aHaji3y e(eKTHBHOCTI Tpo-
LeypH.

Pe3ynbTaTi CTaTHCTUYHOTO MOJENIOBAHHA IIif-
TBEPIMJIN PABUJIbHICTH TEOPETHYHUX PE3YJIbTATIB.

Pesynbratu mociikeHHS MOKYTh OyTH BHKOpPH-
CTaHi MiJl Yac MPOEKTYBaHHA Ta MOJepHi3alii cuc-
TEM eKCIUTyaTallii Ha3eMHHUX 3aco0iB aepoHaBirarii
MBUILHOI aBiarii.
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Coaomenuen O. B., 3ajgicsknii M. 10., I'epacumenko T. C.
AHAJII3 E®EKTHUBHOCTI NPOLEAYPU BUSBIEHHS PO3JAJHAHHS B CUCTEMAX
EKCILTYATAIIIl HASBEMHUX 3ACOBIB AEPOHABITAIIII

Hazemui 3acobu aeponasieayii suxopucmogyiomoca 0 3abesneyens 6e3nexy ma peeyiapHocmi no1bomie nosim-
panux cyoen. Jlo yux 3acodie sioHocamb 001a0HAKHA 36 53Ky, Haegieayii ma cnocmepedcents. Haoiinicme nazemuux
3aco00ie aeponasicayii 6 3HAYHIL MIpI 6USHAYAEMbCS epekmugHicmio cucmemu ix ekcnayamayii. Cmamms npucésyeHa
BUPIWIEHHIO 3a0ayi CUHMe3y Ma AHANI3Y al2OPUMMY BUABNEHHS PO3NAOHAHHSA HECMAYIOHAPHO20 BUNAOKOBO20 NPOYEC).
Tepsunnumu oanumu 015 06POOKU € HANPAYHOBAHHA HA BIOMO8Y 0ONAOHAHHA O eKCNOHEeHYIANbHOI Mooeli, aKa HA
PI3HUX OLIAHKAX KEA3ICMAaYyioHapHOCmi Mae pi3Hi iHmeHcusHocmi 8iomos. Cunmes npoyedypu 8UsGNeHHs BUKOHAHULL HA
ocHosi kpumepiro Hevumana—Ilipcona 3 gixcosanum obcacom eubipku. I1i0 uac ananizy egexmusHocmi aieopummy
BUKOHAHI MeOpemuyti pO3PAXYHKU NOPO2i6 NPUUHAMMA PIUEHHs, HA OCHOBI AKUX OYIU PO3paxo8ami XapaKmepucmuru
suasnents posnaonanua. Cmamucmuune MoOen06anHs Ha ochosi memody Monume-Kapno niomeepouno npasuibHicmo
MmeopemudHUx po3paxyHKie.

Kuro4oBi ci1oBa: cucteMu eKcIuTyaranii; cTaTHCTHYHa 00poOKa JaHHX; IOTIPIIEHHS TEXHIYHOTO CTaHy; PO3JIa{HAHHs, HeCTAliOHapHi
TMPOLIECH.

Solomentsev O. V., Zaliskyi M. Yu., Herasymenko T. S.
EFFICIENCY ANALYSIS FOR CHANGEPOINT DETECTION PROCEDURE IN OPERATION
SYSTEMS OF GROUND NAVIGATION EQUIPMENT

Ground-based navigation equipment is used to ensure the safety and regularity of aircraft flights. This equipment
includes communication, navigation and surveillance devices. The reliability of navigation equipment is determined by
the efficiency of their operation system. The article is devoted to solving the problem of synthesis and analysis of the
algorithm for changepoint detection for non-stationary random process. The input data for processing are equipment’s
times between failures in case of exponential model, which has different failure rates at different intervals of the quasi-
stationarity. The synthesis of the detection procedure is based on Neyman-Pearson criterion with a fixed sample size.
During the analysis of the algorithm’s efficiency the theoretical calculations of the decision thresholds were made, on
the basis of which the characteristics of changepoint detection were calculated. The statistical modeling based on the
Monte Carlo method confirmed the correctness of theoretical calculations.

Keywords: operation system; statistical data processing; technical state deterioration; changepoint; non-stationary processes.

Coaomenues A. B., 3aiuccknii M. 10., I'epacumenko T. C.
AHAJIN3 DOPEKTUBHOCTHU NPOLEYPbI OBHAPYXEHUS PA3JIAJIKHA B CUCTEMAX
IKCIVIYATAIUU HASEMHBIX CPEJICTB ADPOHABUT'ALIUN

Haszemnvle cpedcmea asponasueayuu ucnonb3ylomesi 0t obecneyenust 6e30nacHoCmu U pe2yisipHOCIU NOAEN08
6030yWHbBIX cy008. K smum cpedcmeam omuocam obopydosanus cesasu, Hagueayuu u Habmodenus. Hadesxcnocme Ha-
3EMHBIX CPEOCME AIPOHABULAYUY 8 SHAYUMENLHOU CMeNneHu onpedensemcs 3PHeKmusHOCmbIO CUCIEMbl UX IKCHILYd-
mayuu. Cmamusi NOCEsUeHd peueruio 3a0a4 CUme3d U aHAIU3a areopumma 0OHAPYICeHUsi pa3naoKu HeCMayuoHap-
Ho20 caydaiinozo npoyecca. Ilepsuunvimu OanHeiMu 018 06pAOOMKU ABIAIOMCA HAPAOOMKU HA OMKA3 000PYOOBAHUSA
0711 IKCNOHEHYUATLHOU MOOENU, KOMOPAsi HA PA3HBIX YYACMKAX K8AZUCMAYUOHAPHOCIU UMeem PA3Hble UHMEHCUBHO-
cmu omxazos. Cunmes npoyedypul 8bIAGIEHUSL BLINOIHEH Ha 0cHoee Kpumepusi Hetimana-ITupcona ¢ guxcuposantvim
obvemom svibopku. Ilpu ananuse s¢hpexmusnocmu aneopumma GblNOIHEHbl MEOPEMUIECKUe paciensvl Nopo2os npu-
HAMUSL peuleHusl, Ha OCHO8e KOMOPbIX ObLIU pacCHUmanbl XapaKxmepucmuku oonapysicenus pasiaoku. Cmamucmuye-
cKoe Modenuposanue Ha ocose memooa Monume-Kapno noomeepouno npaguibHoCms meopemuieckux paciemoas.

KitroueBble ¢j10Ba: CHCTEMBbI KCILTyaTallly; CTaTHCTHYECKas 00paboTKa JIaHHBIX; YXy/LICHHE TEXHUYECKOrO COCTOSHUS; pa3iajika;
HECTALMOHAPHBIE POLIECCHI.

Crarts Hagivnuia qo pemakmii 09.09.2018 p.
[puitasaTo xo npyky 20.09.2018 p.
Periensent — a-p TexH. Hayk, npo¢. Konaxosuu I'. @.
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EKOJIOI'TYHA CAHITAPISA SIK 3ACIB IIOKPALLIEHHSA
IPYHTOBO-POCJMHHOI'O TIOKPUBY

Beryn

3 IaBHIX 4YaciB IPYHT Biflirpae BayKJIUBY POJb IS
JIIOACTBa, 00 caMe BIH € HEBIJ €EMHOKI0 CKJIaI0BOIO
BBEICHHS CIIBCHKOTO TrocmomapcTa. JlaHa ramysn
E€KOHOMIKHM TpeJCTaBlieHa Maibke y BCiX KpaiHax
CBITY, 00 BHUpIlIy€e MEPHIIOUYEProBi NOTPEOH JIOJUHH
B Dxi. Alle Ha ChOTOJIHI iCHYe TpoOiemMa nerpanartii
TPYHTOBO-POCIMHHOTO TIIOKPHUBY, IO 3YMOBIIOE
3HIDKEHHS CIJIbCHKOTOCIIONAPCHKOTO0 BHUPOOHMIITBA.
Janwmii mporec posmouaBcs me Onm3pko 10 THC.
POKiB TOMY, a caMe 3 ITOSIBH 3eMJIepoOCTBa. 3a OIliH-
KaMH CIEI[iaJIiCTiB, Ha TOH 4Yac IUIOIIa MPHIATHUX
JUISL CUTECHKOTOCIIOAAPCHKOTO BUKOPUCTAHHS 3€MEITb
CKJanana Onm3bKo 4,5 MIpA ra, a B HaIll Yac TaKUX
3eMelb 3aTuImIocs omm3bko 2,5 mupa ra [1, c. 93].
Ile cBiguuTh TPO TE, MO0 y CEPEAHBOMY HIOPOKY
BTpavaniocs 1o 200 Tuc. ra npuaaTHUX AJis BEACHHS
CIJTBCBKOTO TOCITOAAPCTBA 3EMEITh.

OnHi€I0 3 OCHOBHHMX TPUYMH TIOSBH €po3il Ta
OITyCTEIIFOBAHHS, 110 3HIKYE CITbCHKOTOCIIONAPChKE
BHPOOHHMIITBO, € BTpaTa y HHOMY ITOKHBHHX PEUO-
BuH. Pepmepu, BHUPIMIYIOUN 1O MPOOJIEMY, 3aCTO-
COBYIOTh MiHEpaIbHI J100pHBa — 1€ HEOPraHi4Hi

CIIOJIYKH, IO MICTSTh TOXXUBHI pEYOBUHU, HEOOXiJI-
Hi JJI1 HOPMAIILHOTO PO3BUTKY pociuH [2, c. 1]. 3a
paxyHOK TOTO, III0 BOHU € 3pYYHHMHU Y TPAHCIIOPTY-
BaHHI, 30epiraHHi Ta pO3MHUJICHHI, X MHUPOKO BHUKO-
PUCTOBYIOTh Ha TPAKTUI[i 1O BCHOMY CBiTi. Aule
JTOBrOCTPOKOBE BUKOPHUCTAaHHS WX TOOPHB MPHU3BO-
JUTH JI0 YTBOPECHHSI HECTIPUSITIMBUX HACTIJIKiB, Ha-
NpUKIan, MiAKUCICHHS, L0 3’SBUJIOCS BHACIHIIOK
3MEHIICHHS] BMIiCTy OpPTaHiYHOTO BYTJEI0, TOOTO
BUPILICHHS OJHI€] MPOOIEMH CIPUYUHUIO TIOSBY
HOBUX.

AHaJi3 0CTaHHIX J0CTiTKeHb | myOaikaniii

[TomnmuTH CHOTOMHITITHE CTAHOBHIIE IPYHTOBO-
POCIMHHOI'O TOKPHUBY MOJXKE €KOJIOTIYHA CaHiTapis,
IO SBISETHCSI OCHOBHOKO YACTHHOK KOHIEMIIil
CTIHKOI caHiTapii, sKa 3aXUIIa€ Ta MITPUMYE JIIOI-
CBbKE 370POB’s, HE BHKIIMKAE EKOJIOTIYHOI Jerpaanii
abo BHUCHaXEHHS pecypcHoi 0a3u, € TeXHIYHO Ta
IHCTUTYIIIHO BiJIIOBITHOIX, EKOHOMIYHO JKHATTE3/Ia-
THOIO Ta COIiaIbHO TpHuiHATHOMIO [3, ¢. 27]. Bona
BIIPOBAKYE 3aMKHEHUH IIUKJI MIEPETBOPEHHS BiIXO-
IIiB )KUTTEMISIIBHOCTI JIOJIEH Ha OpraHiyHi 1oOpuBa,
SIKAW MPEJICTaBJICHUI Ha PUCYHKY.
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TexHiuHMM 3ac000M TakKoro MEPEeTBOPEHHS €
€KOCaHITapHI TyaJeTH, SKi 3py9YHO BUKOPHCTOBYBa-
TH Y CUIBCBKIH MICIIEBOCTI SIK IEIEHTpali3oBaHi
cucreMd. BOHM pPO3MOALISIOTH TMOTOKK BiIXOIIB
KHUTTENISUIBHOCTI Ha piAKy Ta TBepry (dpakuii (ypu-
Hy Ta (hekaibHI MacH) 6e3 momaBaHHS Boau abo Oy-
xe 11 Manoi kimpkocti. Jam mi ¢paximii MoxkHa BH-
KOPUCTOBYBATH MiCisA 00pOOKH, sika 0Ipasy BinOy-
BAEThCS 3aBJASIKH KOHCTPYKII €KOCAHITAPHOTO Tya-
JIETy, SIK OpraHiyHe TOOPHUBO A CLIBCHKOTOCIIO-
JapChbKUX POCIMHHMX KYJBTYp, WO crpuse 30ara-
YECHHIO TPYHTY MOXHBHUMHU DPEUYOBHHAMH Ta 301Jb-
MIEHHIO BPOXKAHHOCTI, TOOTO IOIINIIy€E CTAHOBHUIIE
IPYHTOBO-POCIMHHOTO TIOKPHBY .

VY cBOIO 4epry Isl TEXHOJIOTiSl CIIOHYKa€e 3MEH-
IICHHIO BUKOPUCTAHHS BOJHUX PECYPCiB, 3HU3YIOUH
piBeHb 3a0pyIHEHHS BOIH, IO MPU3BOAMTH JIO IO-
3UTUBHOTO BHECKY B 30epiraHui mpicHoi Boau Ha
IUIaHeTi y mioMy. Takuii pe3ynbrar OyB OTpUMaHHUN
y IOCHIJDKEHHI, sKe 3a3HaveHo y mpari [4, c¢. 160].
Tako 10 TepeBar JaHOro TEXHOJIOTIYHOIO PIIEHHS
HaJeXaTh: BIJCYTHICTb BEIMYE3HOI iHPPACTPYKTYy-
pH, IO 3YMOBJIIOE KOPOTKOTPUBAJIII TEPMIiHH OYIiB-
HUIITBA, TIOPIBHSHO 3 IEHTPAIi30BAaHUM BOJIONIOCTA-
YaHHSIM; €KOHOMisl KOIITIB Ha BOJOMOCTAYaHHS Ta
BOJIOBIIBEICHHS, OYIIBHUIITBO HEIEHTPATIi30BAaHMX
CHUCTEM YTHIII3aIllii «JOPHUX» BOI; 3HUKCHHS PiBHS
3aXBOPIOBAHHS HACEJICHHS HA PO3JiaJl CeYOBHBIIHOI
CUCTEMH, 3arpo3 BHHUKHEHHS 1H()EKIiIHHUX 1 OHKO-
JIOTIYHUX 3aXBOPIOBaHb, CIPHUUYNHEHUMHU HE3aJI0Bi-
JILHUM CTaHOM CaHiTapii.

Meta craTTi (IOCTAHOBKA 3aBJaHHA)

Buceitienas cnoco0y OTpUMaHHS OpPTaHIIHOTO
noOpUBa 3a paxyHOK 3aCTOCYBaHHS €KOJOTIYHOI
caHiTapii, HigKpecieHHs HEOOXITHOCTI BpPaxXxoBY-
BaTH CIIBBIIHOIIECHHS MAaKpOEJIEMEHTIB IpH
BHECEHHI ITMX JOOPHB SIK BaKIMBOTO IOKa3HUKA
ITiIBUIIEHHS POCTY POCIMHHOI KyJIbTYPH, MOOYI0BA
B3a€EMHOI 3aJI©KHOCTI BMICTY MIKPOEJIEMEHTIB y
OpraHiyHOMY TOOpHBI.

Bukiaa ocHOBHOro MaTtepiany

OO0’eKTOM JIOCII/PKEHHS CTaB BMICT Makpoele-
MEHTIB: a30Ty, (ocdopy Ta Kanito, B OpraHIYHHX
noOpuBax, OTPUMAHWX YHACITITOK BUKOPHUCTAHHS
€KOJIOTIYHOI caHitapii. Ili Tpu eneMeHTa KUBJICHHS
€ HEOOXITHUMHU JJIsi POCIHMH Y BEIUKUX KiTbKOCTSIX

(Ha BiZMiHY BiA MIKpOENEMEHTIB), OCKiIbKH BOHHU
BXOJISITh Y OUIBIN CKIIAIHI MOJEKYJH, Ki € «Oymi-
BEITLHUM MaTtepiajgoM» Uil TKaHWH 1 OpTaHiB caMol
pocaunu [5, ¢. 1]. A30T BiANOBIAA€E 3a PICT POCIIHH,
BIUIMBAIOUM Ha ii ypoxkaiiHicTe. @ochop 3ailicHIOE
CYyTTEBHH BILIMB Ha (i310JIOTIF0 POCIUHHU, OCKUTBKH
BiZlirpae BUPILIANBHY POJNb Y PO3MOJIII €Heprii.
Kamniii 6epe y4acTb y pepMEHTAaTHBHUX MpOILecax i B
PO3MONINI BOOM POCIMHHOI KYJBTYpH, IO CHpUSE
CTIHKOCTI POCIIMH JIO CIIEKH, XOJOIy YH IOCYXH,
TOOTO BiAirpae poib y aJanTalifHUX IpoLecax.
OTxe, MAaKpOCJIEMEHTH € BaXKIIMBUMU JJIS KUBJICHHS
pPOCIIMH, IO i BW3HAYa€ BaroMy pojib iX BMICTY B
OpraHiyHuUX AO0OpHBax 1 3aCTOCYBaHHI OCTaHHIX Y
CLIBCBKOMY TOCHOAAPCTBI.

YMicT MakpoelneMeHTIB y TBepaiid (pakxiii Bif-
XOJIIB )KUTTENISIILHOCTI JIFOICH HIDKYE, HIXK Y PIJIKiH,
OCKIUTBbKH y (pexalii BOHM B OCHOBHOMY IepeOyBa-
I0Th y 3B’s13aHill opraniuynii popmi. Tomy OibIICTE
NOXMBHUX PEYOBHH 3HAXOIATHCS B YpPHHI, KOTpa
TaKo)X Ma€ ONTHMAaJbHE JJIs 0araTboX POCIHH CIiB-
BiJTHOIIICHHSI MIiKPOEJIEMEHTIB — 3aBISKH LIl 0C00-
JUBOCTI 11 AOIITFHO BUKOPHCTOBYBATH SIK TOOPHBO.
[3-3a pOTO Ccame PiaKy (pakIilo BiAXOMIB KUTTEII-
SATBHOCTI JIIOJICH PO3TIISTHYTO B IOCTIIKCHHI.

VY cBOM Yepry, ypuHa MICTHTh BEIHKY KiIbKICTh
azory, ommseko 81,5 % [6, c. 12], 3a sIKUM BCTaHOB-
JIIOIOTH 00’ €MU J0JaBaHHS aHOi (ppaKIlii 10 IPyHTY
i pocty pociuH. Ilpu 1poMy € BaKJIMBHM BXO-
JOKEHHS W IHIMUX MaKpOEJIEMEHTIB 1o ii CKiamy,
Takux K (ochopy Ta Kanito, TOMy, TOBOPSIYH PO
YpUHY SK JOOpWUBO, HAAAIOTh iHQOpMAIiio Tpo
BMICT IIUX TIO)KUBHUX €JIEMEHTIB Y Hi.

Pesynprati maHoro aHamily mokasajid, IO Y Jie-
AKHX JDKepesax JiTeparypu, Hampukmaz [3, c. 31],
[7, c. 1], 3ycTpiuaeTbes BMICT a3oTy Ta dochopy, He
HABOJYH MMOKA3HUKH BMICTY Kallifo, X04a OCTaHHIH
SBIISIETHCSI HE MEHII BaroOMUM IIO)KUBHUM eJIeMEH-
TOM JJI POCIHHH, a TaKOXK HOTO KUTBKICTh € Oijb-
MO0 Y CKJIAMi BIiIXOMIB JKUTTEMISUIBHOCTI JIIOCH,
HiK (ocdopy. Takum YWHOM, BHHUKAE mMOTpeda y
3HAXOJ[KCHHI 3aJIC)KHOCTI BUXOJy KaJil0 BiJ| BMICTY
azoty Ta docdopy B piakiid (pakxitii BiIXOIiB KUT-
TEMISUIBHOCTI JIFOIUHU.

JaHi mpo BMICT MakpoelIeMeHTIB y piakid ¢pax-
mii Mo pi3HUX KpaiHam cBity [8, c. 625] HaBeneHO B
TadIHI.

YmicT MmakpoeseMeHTIB y pinkiil ¢ppakuii BigxoaiB KUTTEAIANBHOCTI JIIOACH

Kpaina VYwmicr azoty, Kr/pik VYwmict pocdopy, Kr/pik Ywmict Kajiro, Kr/pik
Kurai 3,5 04 1,3
Iaiti 1,9 0,2 0,9
Tunais 2,3 0,3 1,1
IliBaenna Adpuka 3,0 0,3 1,2
Vrauga 2,2 0,3 1,0
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MeTo10M HalilMEHIIUX KBaJIpaTiB OyJI0 3HAHACHO
PIBHSIHHSI MHOKHHHOI perpecii. lns mporo 3a Buie-
HaBEICHUMH TaHUMH TOOYIOBAaHO CHUCTEMY JIiHIN-
HUX aNreOPUYHUX PIBHSIHb:

5,5=5a,+12,9a, +1,5a,;
14,59 =12,9a, +34,99a, +4,03a,; (D)
1,69 =1,5a,+4,03a, +0,47a,.

Posp’si3aBmn many cucreMy MertonoMm [ aycca,
OTPUMAaHO Taki 3HadeHHsA: a9 = 499/1070;
ay = 20/107; a, = 54/107. Y pe3ynbTaTi po3paxyHKy
PIBHSHHSL 3B’SI3Ky, sSKE€ BU3HAUa€ 3aJIeKHICTh pe-
3yJNbTAaTUBHOI O3HAKHU (BMICTY Kalilo) BiJ JBOX (ak-
TOpiB (BMicTy a30Ty Ta docdopy), Oylo 3amucaHo y
TaKOMY BUTJISII:

y, =0,4664+0,1869x, +0,5047x,.  (2)

HlinbHicTh 3B’SA3Ky OBOX (aKTOpPiB — BMICTY
azory Ta (Qocdopy B ypuHi, Ta pe3yIbTaTUBHOI
03HAaKH — BHUXOJY KaJlifo, MATBEPHKCHO BHCOKHM
KOoe]ilieHTOM KOpPEeJIsLii:

VX5 Xy

2 2— . . .
_ 0,97°+0,89° -2 0,37 0,89-0,87 0,97,
1-0,87

(3)
BucHoBxku

Exonoriuna canitapis Moxe 30iIHCHUTH BaroMui
BIUIMB HA TIOKPAICHHS CTAHOBWIA TIPYHTOBO-
POCIMHHOTO TOKPUBY, 00 JI03BOJISIE BUPIIIUTH TIPO-
OnemMu yTHITI3aMii BiIXOMIB KHUTTEMISLTEHOCTI JIFOIEH
Y CUIbCBKiH MICIICBOCTi, CTBOPIOIOYH 3 HUX MPOIYKT
CIIOYKHUBAHHsI, a caMe: OpraHidyHe I0OpHBO, SIKE Mic-
TUTh 3HAYHY KUTBKICTh MOXKUBHUX PEUOBHH, 30Kpe-
Ma MaKpOEJIEMEHTIB, IO HEOOXITHI IS POCIHH Y
BEJIMKUX KITBKOCTAX. BCTaHOBJICHA 3aJIC)KHICTh BMi-
CTy KaJlilo B OpraHiyHoMy AoOpuBi pigkoi ¢pakuii
BIIXOMIB KUTTEMISIILHOCTI JIFOIEH BiJl BMICTY a30Ty
ta dochopy. 3a oTpUMaHUMHU PE3yJIbTaTaMHU Po3pa-
XYHKIB 00YMCIEHUH Koe(ilieHT MHOXHHHOI Kope-
nsrii (3) cBigUMTh Mpo 3anexHicTh Ha 97 % BMicTy
KaJlI0 ¥ PiAKift ¢pakiiii BiZXoaiB XKUTTEMISITHEHOCTI
Jrozelt Big BMicTy azoty Ta docdopy, ToMmy 3Haiine-
HEe pIBHSHHS JaHOTO 3B’s3Ky y BHridi (2) Mae
MPaKTUYHE 3HAYCHHS JUI PO3PaxyHKY, TOOTO, Maro-
4u aHi BMicTy a3oTy Ta Gocdopy, MokHa po3paxy-
BaTH BMICT KaJlil0.

IlepcneKTHBH MOJANBIINX JOCTITKEHD

[IpoBenene nocmiKeHHS O3BOJSE OLTBIT Jie-
TaJbHO 3BEPHYTH yBary Ha 3B’S30K MaKpOCJICMCH-
TiB, SIKi CKIANAalOTh XIMIYHUM BMICT OpraHIYHHX
MoOpHB, OTPUMAHUX BHACHIJOK 3aCTOCYBaHHS €KO-
CaHITapHUX TYaJIeTiB, IO CIIOHYKa€ Ha OUTBII TJIH-
0OKi JOCITIKEHHS 3B’S3KIB TOXHBHUX PEYOBUH Y
JTAHOMY TIPOJYKTi CITO’)KMBaHHS, a TAKOXK IX B3a€EMO-
I Ta BIUIMBY, SIKHA BOHW MOXYTh 3/IiHCHIOBATH, HA
IPYHTOBO-POCIMHHHUM TOKPHB.
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Pemes H. C., Boiiko A. T'.
EKOJIOTTYHA CAHITAPIA SK 3ACIB TIOKPAIIEHHS TIPYHTOBO-POCJIMHHOI'O
INIOKPUBY

Y cmammi posensinymo npobnemy oespadayii ipyHmo60-poCIuHHO20 NOKPUBY Yepe3 BUCHANCEHHS IPYHNY HeOOanIum
8E0CHHSIM JIIOOCMBOM CLIbCbKO20 20cnooapcmeda. Lle 3ymosntoe 30iticHenHs KpOKi8 supiuieHHst npobnem y 0aHill 2anysi,
OCKINbKU 0bpana cgpepa OisbHOCE CIOCYEMbC NEPUIOYEPLOBUX NOMPED HACENEHHs 8 IJiCl, W0 PO3KPUBAE AKMYAlb-
Hicmb 0bpanoi memu. Y pobomi uceimieHo 0OHUH 3 WIIAXI@ NOINWUEHH CMAHOBUWA [PYHMOB0-PDOCIUHHO20 HOKPUBY
3A605KU 3ACMOCYB8AHHIO eKOI02IYHOI caHimapii, axa, Hacamnepeo, Moxce NOTNUUMU eKOA02IUHI NOKAZHUKU GUKOPUC-
MAHHA 0esaKUX HeoOXIOHUX OJiA HAUO020 HCUMMSL PecypcCis, 30Kpema 3aMKHEeHUL YUK GUKOPUCMARHS 8i0X00i8 Hcumme-
disnbHOoCmI A100el, AKULL 3anPo8aAdA’CYE OAHA MEXHON02is, 0036018€ 3MeHWUMU 3a0pYOHeHHs 800uU. AKyenmom pobomu
€ BMIC NONCUBHUX eNeMEeHMI8 V) OP2aHiuHOMY 000pUBI, OMPUMAHOMY 8HACTIOOK 3ACMOCYBAHHSA eKONO2IYHOI canimapii.
L[i 3nanna HeoOXiOHi 015 8HeceHHs 000pU8 00 IPYHMY, WO 3YMOBNIOE NPAKMUYHE BUKOPUCMAHHA NPOBEOEeH020 00Cili-
O0JfCEHHSL.

Knio4oBi c10Ba: IpyHTOBO-POCIMHHUI IOKPUB; €KOJIOTIUHA CaHITApis; €KOCAHITAPHUI TyalleT; BIAXOAM >KUTTEISIIBHOCTI JIIO-
Jeil; MaKpOeJIEMEHTH.

Remez N. S., Boiko A. G.
ECOLOGICAL SANITATION AS A WAY OF IMPROVING THE SOIL-VEGETATION COVER

This article is about the problem of degradation of soil-vegetation cover due to the depletion of soil by careless
farming of mankind. This determines to implementation of steps to solve problems in this area, because the chosen field
of activity relates to the priority needs of the population in food, which reveals the relevance of the chosen topic. The
one of the ways to improve soil-vegetation cover through the use of ecological sanitation highlights in the work. The
ecological sanitation, first of all, can improve the environmental indicators of some necessary resources for our lives,
in particular the closed cycle of waste of human life, which introduces by this technology, helps to reduce water pollu-
tion. The emphasis is the content of nutrients in organic fertilizers, which obtained as a result of ecological sanitation
use. This knowledge is necessary for applying fertilizers to the soil, this is predetermines the practical use of the re-
search.

Keywords: soil-vegetation cover, ecological sanitation; eco-sanitary toilet; waste of human life; macroelements.

Pemes H. C., boiiko A. T.
9KOJIOI'NMYECKASI CAHMTAPUSI KAK CPEIACTBO VYJIYUIIEHUS ITOYBEHHO-
PACTUTEJIBHOTI' O IIOKPOBA

B cmamve paccmompena npobnema decpadayuu no46eHHO-pACUMENbHO20 HOKPOBA U3-30 UCTOWEHUsL NOYBbL He-
OpedcHbIM 8e0eHUeM HeN0BEUeCHIBOM CENbCKO20 X03UCMEd. Mo npueooum K oCywecmeieHuio uaeos peueHus: npo-
Onem 8 0auHOU 0bacmu, maxk Kax eblOpanHas cgepa OesmenbHOCU KACaemcsl Nepeooyepeorblx NompedHocmell Hace-
Jlenusi 8 nuuje, YMo packpuleaem axkmyaibHOCMb 6blOpantol memvl. B pabome oceewen ooun u3 nymeu yuyuuieHus
COCMOSIHUSL NOYGEHHO-PACMUMENLHO20 NOKPO8A 61a200apsi NPUMEHEHUIO IKOIOSUHECKOU CaHUumapuu, Komopas, 6 nep-
8YI0 0uepedb, MOJICEm YIVHULUNb IKOA0SUYECKUE NOKA3ZAMENU UCNONb306AHUSL HEKOMOPLIX HE0OXOOUMbBIX 05l Haulell
JICUBHU PeCypCo8, 6 HACHOCU 3AMKHYMbIU YUKL UCNOIb308AHUSL OMX0008 JHCUZHEOCSMENIbHOCU TH00el, KOMOpblil
6600UM OAHHAS MEXHONO2USL, NO3BOJILeN YMEHbUUMb 3A2PSA3HEeHUe 800bl. AKYEHMOM pabombl SGNSAEMCst COOePICAHUE
NUMAMENbHBIX INEMEHIMO8 8 OP2AHUYECKOM YOOOPEeHUU, NOLYUEHHOM 8 Pe3YIbmMame NPUMEHEeHUs: IKOL02UYECKOU CaHU-
mapuu. Omu 3HaHUs HeoOX00UMbl 0/ 6HeCeHUs. YOOOpeHUl 8 NOYEY, YUMo NPUBOOUM K NPAKMUYECKOMY UCTIONb308AHUIO
NPOBEOEHHO20 UCCIE00BAHUSL.

KarwueBbie cioBa: HO‘{BGHHO-paCTHTeHLHBIﬁ TIOKPOB; OKOJIOTUYECKasd CaHUTapUs; 3KOC3HHTapHLII71 TyaJIeT; OTXOAbl JKU3HEACI-
TCJIBHOCTHU HIOHCﬁ; MaKpO3JIEMCHTBI.

Crarrs Haaiiuwia 1o penakuii 26.06.2018 p.
[MpwuitasTo go npyky 27.08.2018 p.
Peniensent — a-p TexH. HayK, npod. Tkauyk K. K.
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PO3PAXYHOK HHOAOB’KEHH EHEPI' OIIOI'IMHAJIBHOI'O EJIEMEHTA
MOPCBKOI XBHJIbOBOI EJIEKTPOCTAHIIII
IPU TPAHC®OPMAIIIT CITIPAJIT Y IVIONIAHY

Beryn

[MoTyxHicTh XBHIb CBITOBOrO OKEaHy OILIIHIO-
erbest mpubmm3Ho 'y 10...90 mupa kBT, 3 skmx
2,7 mupa kBt Moxke OyTH peanbHO BHUKOPHUCTaHO
moncTBoM. EHepris MOpchKOi XBWITI, BIUTMBAIOYH Ha
MOBEPXHI TiJl, MOXKE HECTH HE TUIbKH PYHHIBHY [il0,
ajyie TaKOX 3/1aTHa CTBOPIOBATH MEXaHI4Hy poOOTY
IO TIEPECOBYBAHHIO [IUX ITOBEPXOHb.

YMiHHS peani3oByBaTH €HEPTril0 MOPCHKOI XBHIII
B JIFOOWH 1HIIWH B poOOTH AJi BIATBOPEHHS He-
TPaIUIiHHOTO JDKepeda eHeprii — HalBaKIIUBiIIe
3aBJJaHHSI.

CydvacHuii piBeHb PO3BUTKY TEXHIKH JO3BOJISIE
BHKOPHCTATH EHEPril0 MOPCHKHX XBHIIb JUINE Y
puOepeKHNX 30HAX, JIe BOHA B CEPEeIHHOMY CKJa-
nae BenmuuuHy y 80 kBt/M. [loTykHICTh MOpPCHKHX
xBWIb YopHOro Ta A30BCHKOIO MOPIB I MEHIIA 1
CKJIaJla€ BeIMIUHY 9y Th Oinbine 40 kBt/m [1].

TakuM YHHOM, 3 KOXHOIO IOIOHHOI'O MeETpa
(poHTY XBHJII MOXXKHAa BiITBOPHUTH €JEKTPOEHEPTiIO
It 3a0e3nedeHns 8 OyauHKIB, a 3 GpoHTy ¥ 1000 M
MOXHA BiITBOPHUTH €JIEKTpoeHepriro i 10 eHepro-
€MHHX 00’€KTIB, IO 3HAXOAATHCSA SIK Ha peiii, Tak 1
Ha Oepesi, HAIIPHUKIIA], MJIaB3aCO0H, MasKH, JTOKaTO-
pu Ta iH.

[MuToMa MOTYXKHICTH XBHIIb, SIKA BiITBOPIOETHCS
Ha BEJIMKHX TJIMOMHAX TPU 3HAYHIA BiIJAJICHOCTI
Bin Oepera, Ha TOPSIOK BHINA 33 MHUTOMY IOTYX-
HICTh XBWIb y TpubepexHili 30Hi. Kpim Toro, mpo-
[IeC TICPETBOPEHHS EHeprii MOPCHKUX XBHJIb B
EIeKTPUYHY CHEPril0 Yy 1OMY BHUIAAKYy HeE
TIOB’I3aHUI 3 PYHHIBHUM €KOJIOTIYHMM BIUIMBOM Ha
npupony. ToMy BUKOPHCTaHHS €HEprii MOpPCHKHX
XBWIb Ha «TIHOOKIH BOJI» € BKpali HeoOXimHUMHU, a
HayKOBi PO3POOKH IS CTBOPECHHS XBUJIHOBHX EJICK-
TPOCTaHI[I — aKTyaJbHAMH.

AHaJTi3 OCTAHHIX JOCTiTKeHb i myOaikamiii

Buxopucranns eHeprii MOPCHKHX XBWJIb ITOKH
10 3HAXOMUTHCS Ha CTail CTBOPEHHS JOCIIiTHUX
YCTAaHOBOK PI3HUX KOHCTPYKIiii. Born kimacudiky-
FOTBCSI 3QJICKHO BiJl THITY HOCIS, IPU3HAYCHHS, PO3-
TalryBaHHs, CIoco0y TIepeTBOPEHHS SHEepTii, Jiamna-
30Hy BHCOT XBWJIb. Y CY4YacHHUX XBHIJIbOBHX yCTa-
HOBKax €HEpPTis XBHIb MOXe abo Oe3mocepeiHbo
MEPETBOPIOBATUCH B CHEPrit0 00epTaHHS Bally TeHe-
paTopa, abo CIyryBaTH OCHOBOIO IUISI IPUBOJIA TYP-
O0iHM 3 TeHepaTopoM Ha OJHOMY Baldy 3 Hero. Bci
BiJIOMi XBWJILOBI YCTaHOBKH CKIIQIAIOThCS 3 T ATH
OCHOBHHX YacTWUH: HECHOI KOHCTPYKIii, po060o4oro
OpraHy — €HEepromnoriMHalIbHOrO eJleMeHTa, pooo-
YOro Tijla, CHJIOBOTO TEPETBOPIOBaYa Ta CHCTEMH
KpirmeHas [2; 3].

3a inimiatuBoro HB® «Kpok-1» (M. Kuis),
CHUTBHUMHU 3YCHWJUIAMH HayKoBIiB HarioHaapHOTro
aBiamiifHOTO YHiBepcuTeTy, HarionamsHOTO YHIBEp-
cuTeTy KopabneOymyBaHHS iM. amMipaida MakapoBa
ta [HCTHTYTY Timpomexaniku HAH VYkpainu crBo-
peHa, BUTOTOBJICHA Ta BUIPOOYBaHA KOHCTPYKIIiS
xBWIBbOBOI enekrpocraniii (XEC) 3 rHyukuM eHep-
TOMOTJIMHAJIBHUM eleMeHTOM (puc. 1), sika mpUHIH-
MTOBO BiAPIZHAETHCS BiJl YCIX CyJaCHUX aHAJIOTIB [4].

- o =

Puc. 1. 3aranpHuil BUI XBIJIBOBOI €IEKTPOCTAHIIIT
HB® «Kpoxk-1»
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VYHIKaNbHICTh YCTAHOBKH B TOMY, IO BOHA 3/1aT-
Ha e(eKTUBHO MpamioBaTh 32 OyIb-SKOT0 KOJHMBAH-
HSI MOPCBHKOT OBEPXHI 32 PaXyHOK CaMOpPETyJIIOBaH-
Hs (OpMH EHEProNOTIIMHAIBHOTO eJIEMEeHTa Iijl
BIUIMBOM XBHWJIb 1 3aHYypEHHs CTaHLii HA HEOOXinHY
MHOWHY BiITOBITHO JO IMTOTOJHUX YMOB Ha TOBEPX-
Hi. Co0iBapTiCTh €NEKTPHYHOI EHEeprii, Sika CTBOPIO-
€Tbes cTaHIieto, He nepesuitye 0,1 nenT/kBT.

MeTa cTaTTi (MOCTAHOBKA 3aBJAaHH5)

IcHye npoOnema 3 BU3HAYECHHSIM JOBXHHU CHEP-
TONOTTTMHAIIBHOTO €JIEMEHTa, OCKUIBKH TPH 33aaHuX
rabapuTHUX MapaMeTpax XBUIbOBOI €IEKTPOCTAHIII],
roro ¢gopma TpaHCHOPMYETHCS BiX CITipaji Ha po3-
PaxyHKOBOMY pPEXHMi 10 TodpoBaHOi MOBEpXHi 3
nepexoioM y (opMy CTpiUKH IpH He30ypeHOMY
cTaHi noBepxHi Mopsl. [Ipu nboMy nOBXHHA €HEPTo-
NOTJIMHAJIBHOTO €JIeMEHTa TIOBUHHA 301TBIIYyBaTHUCS.
[IpoGiema po3p’sizana [4] HUISIXOM BUKOPUCTAHHS
OKpeMux (hparMeHTiB (J1acTH) €HEproIOTINHAILHO-
IO €JIEMEHTa 3 IEePEKPUTTSIM iX B HaBXPECT y MoO-
MEHT MOHT)Xy Ha BEJMYMHY NOJOBXeHHs. Ha pos-
PaxyHKOBOMY DPEKHMi POOOTH XBHJIBOBOI €IEKTPO-
CTaHIIi e MOJOBKECHHSI TOBUHHO OYTH BHKOPHCTA-
HO JJsl TpaHcopMalii eHepronoriInHaIbHOTO elle-
MEHTa Y BUJ CIipali.

ITocTaHoBKA 3aBAaHHS HA ,ZlOC.]IiI[)KeHHﬂ

JInst BU3HAYCHHS TOBXHWHHU €HEProIOTIMHAIBHO-
ro eJeMeHTa XBUJIbOBOI €JIeKTPOCTaHIii, MpH 3MiHi
30ypeHHs TIOBEPXHI MOpsA, HEOOXiTHO po3poOHUTH
METOJMKY PO3PaxyHKY 3aJIeKHO BiJl YMOB IOIAJb-
101 eKCIuTyaTarlii CTaHIii.

Pe3yabTaT gocaiTKeHb

dopMa Ta reoMeTpUUHI PO3MIpH 3aiexarb Bij
TPAEKTOPii PyXy KOKHOI OKPEeMO B3ATOI eJIeMeHTap-
HO{ TOYKU NTOBEPXHI €HEPTONOTINHAIBHOTO €JIeMEH-
Ta CTaHIi B MpPOIEC] MepeMillieHHs ii miJ BILTMBOM
eHeprii Mopcbkoi xBuii. KoxkHa okpemo B3siTa ene-
MEHTapHa TOYKa IOBEPXHi Oepe ydacTh y CKJIagHO-
My pyci B3[0BXK HOBEPXHI IIUIiHApa 3 pagiycoM R; i

MOBEPXHI XBHII 3 aMIUNTYAOKD d Ta JOBXHHOIO
xBuiai A [2; 3]. HeoOxigHO BU3HAYUTH OCHOBHI PiB-
HSHHS TPA€eKTOpii pyXy Ta 3MIHM IJIOHII KOHTAKTY
CHEPrOMOTIHHAIBHOTO CJIEMEHTa TpPU KOJWBaHHI
MOBEpXHI MOpsS Ui BU3HAYCHHS Ta0apUTHHUX Ta
CHEPreTUIHMX MTapaMeTPiB CTAHIIII.

3a ymoBH R, < a TpaekTopis pyXy fABIsE COO00

CKJIaJIHy TBUHTOBY JIiHIiIO, PIBHSHHS SKOI Tpe/acTa-
BHMO Y BUTJISIAI:

y;=R;sin@, z;=R,cosp, x=ko/2m. (1)

1

Bukmtounmo 3 cucremu piBHAHB (1) mapamerp ¢
LIISIXOM YBEACHHS B KBaApaT MEpIINX ABOX PiBHSIHb
3 MOJANBIINM X HoxaBaHHAM. [lictanemo

© Kamnitanuyk K. 1., Arapiimma M. I1., 2018

yi+z} =R’ 2)

PiBasiHHA (2) sBNsie cOOOI0 PiBHAHHS IMITIHApA,
Ha SKOMY pO3TallloBaHa TBHHTOBA JIiHIS TpaeKTOPil
PYXy €l1eMEHTapHOI TOYKH.

[lominuBIIM MOCTIIOBHO NIpyTe PiBHSHHA B CHC-
temi (1) Ha mepIe i MICTaBUBIINA Pe3yJIbTAT B 3HA-
YeHHS () 13 TPETHOTO PiBHSIHHA, 3HAWAEMO PiBHSHHS
MOBEPXHi, Ha AKii Po3TalOBaHa 'BUHTOBA JIiHIs:

Vi 2™ 3)
z; A

PiBusiHas (3) ommcye CHHYycOinanbHy TBUHTOBY
MOBEPXHIO — CHHYCOIJaIbHUH Treiikoin. Takum 4m-
HOM, TIOIITyKOBa TBUHTOBA JIiHIs € JIHIEIO TEPETUHY
nmoBepxoHs (2) Ta (3).

Bincranp, sSiKy TpOXOAWTH €JIEMEHTapHA TOYKa
B3JIOBX TBUHTOBOI JiHIi 32 moBHHUN niepioxa Bix 0 10

27, BU3HAYAETHCS JOBXKUHOIO TyTH 32 (POPMYIIOI0:

2n
=[x/ do)* +(dy/ o) +(dz/ do)*dy
0

= J(2nR)* +¥*

KpuBuzHa kpuBOi B MOBIUMBHIM TOYMi JiHII €
3MIHHOIO 32 PalliycOM KPHUBU3HU:
R =R[1+(v/2mRY . (5)
OCKINTbKH €HEpronOTTUHATIBHAN eleMEeHT POo3-
TJSITAE€THCA Y BHTJISAI CTPIUKH KIHIIEBOI MIUPUHU b
[2, 3], To MOXHA KOHCTaTyBaTH, 1110 30BHILIHI (Haii-
OlIBIN BiAJAJIeHi BiJ IEHTpa OOEpPTAaHHS) TOYKH 3a
MTOBHUH TIEP10]T IPOXOIATE BiICTaHb

2n
Ip= I \/(dx/d([))2 +(dy/ do)* +(dz/ do)*do =
0

= (2nR)* + )2,

a BHYTpimHI (HaiOimbll HAaOMMKEHI OO0 UEeHTpa
o0epTaHHs) TOYKH 3a TOBHHU TeEpioJl MPOXOMIAThH
BIZICTaHb

(6)

21
Ly = | \(dx/ do)* +(dy/ dg)® +(dz/ do)>dg =
0

JI2r(R-B)P + 2.

OT)KC, eHepFOHOFJ’II/IHaHLHI/Iﬁ CICMCHT IIOBHMHCH
MaTu HOOBXUHY HOBerHi KOHTAKTy 3 XBHWJICIO B

L/A=y[2n(R—b)/A]* +1 pa3 Ginblny 3a JOBKHHY

XBWII A Ta 3a0e3leUnTH IOLOBXKEHHS 30BHIIIHBOI
CTOPOHH CTPIiYKH BiIHOCHO BHYTPIIIHBOI 0e3 3MiHH
11 IUMPHUHYU Ha BEIUYUHY

A1=1R(1—,/1—8n2RbA/1,§), (8)
me A=1-b/2R.
3a ymoBu R, =a 6e3 nepeBopoTy IS BEIMYMHA

3MEHIIUTHCS BJIBiUi, a 32 YMOBH Ri > a BinOyBa€eThCs
PEKUM «TOMIAIKU» 3a AKOTO MOJOBXKEHHS 30BHIIII-
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HBOI CTOPOHHM CTPIYKH BiZHOCHO BHYTPILIHBOI BHU-
3HavYa€eThes 3a HopMyIIoro

Al:2(le(1—«/1—8n2RbA/l§)/n. )

Bennunna A/ Bu3Ha4yae MiHIManbHY KIUTBKICTb
HampsMHUX #,; Ha JOBXWHI XBWJII A €HEPrOIOTIIH-
HAaJIBHOI'O €JIEMEHTA 3 YMOBHU

Ly = Al/ny, (10)

ne l, — rpaHuYHOJOIYCTHME MOJOBKEHHS MaTepi-
aiy (3 yMOBHU MIITHOCTI), 1110 3’€HY€ OKpeMi 4acTu-
HU CHEPromnorJIuHAILHOTO €JICMEHTA.

Bigmitumo, mo pobOoya YacTHHA E€HEProNOTIIU-
HAJIBHOTO €JIEMEHTA BH3HAYAETHCS 3 YMOBH HOTO
3a4eryIeHHs 3 BaJloM 4epe3 HampsMHi, TOMY JIOBXKH-
Ha poOO4YO0Tl YacTMHHM MEHINA 3a JOBXHUHY XBHJI 3a
YMOBH  TMEPHEHIUKYISPHOTO  PO3TAIIYBaHHA IO
(hpoHTY XBHIIL.

3a ymoBH Ri > a noBXnHA poO0OY0i HaCTUHU CTa-
HOBUTH TIOJIOBHHY JIOBXKMHA XBWIi. [Ipu 3anaHiii Be-
JUYWHI JTOBXWHHA €HEPreTHYHOI CTaHMmii L KibKiCTh
po0OOUMX YACTHH CKIIAIA€ BEMHUNHY L/A.

Y mnpsaMmokyTHi# cucteMi koopauHat Oxyz TO-
BepxHs (3) CHHYCOIHambHOTO TeNiKoima oOMekeHa
OWTHAPAYHAMHA TTOBEPXHIMH 3 paiiycamu R—b Ta
R. Tlix niero 3HAKO3MIHHOTO 33 4acOM ¢ TUCKY MOp-
CHKOT XBWJII B KOXKHIil TOYIli JJaHOI TOBEPXHi BU3HA-
YEHUU BEKTOP CHUIIU

F=p,(x,y,2,0)i+ p,(x,y,2,0) ] +
- (11
+p,(x,p,2,0)k,
1€ p, — HemepepBHa (YHKLIS HaJUIUIIKOBOIO
THCKY CTOBIIA BOJIH.

BenuunHa cunM BH3HAYAETHCS 3a JIOIOMOTONO

OOYHCIICHHST TOBEPXOBOTO iHTErpaja BEKTOPHOTO

noist F depe3 MOBEPXHIO CHHYCOIMaJBHOTO Te€i-
koina mpu ¢ = 0 3 MOAANBIINM TIEPECOBYBAHHIM Be-

JIMYUHA F B 4aci
HFndS = ”p},dydz+ p,dzdx+ p dxdy. (12)

TakuM YMHOM, JJI1 BU3HAUYEHHS BEJIMYHHU CHIIH,
0 i€ Y MOBUIBHIM TOYII MOBEPXHI CHEPTOIOTIIN-
HAJILHOI'O eJIEMEHTa, HEOOXIJHO 3HATH 3aKOHHU 3Mi-
HEHHS TUIONI MPOEKIii ii MOBEPXOHb Y3OBXK BCIX
oceii.

BigMiTiMO, 110 €HEPromOrIMHAIBHUN €JIEMEHT
3aiiMae IUIONLY MOBEPXOHB (3) CHHYCOIAAIBLHOTO Te-
Jikoima B Mexax Bix R—b no R. PizHuus rwront Bix
NPOEKIil 30BHIIIHLOTO Ta BHYTPIIIHBLOTO pajiyciB
rellikoifla Ha BCi TMOBEPXHI CHCTEMHU KOOPIUHAT €
MIPOEKIIii IO €eHePTONOTINHAIILHOTO eJIEMEeHTa Ha
IIi TTOBEPXHi.

PesynbTati po3paxyHKy BelW4MHH Al IpU yMOBI
R, =a 6e3 nepeBopory, pu Ma = 7 Ta pi3HUX Be-

anunHax R/b mokasaHi Ha puc. 2, a.

Bim3Haunmo, 1m0 MOMOBXKEHHS 30UIBIIYEThCS
MPOMNOPIiHO paziycy. 3i 30iIbIIEHHSM BETUYHHU
R/b HaxwmII 3aJIeKHOCTI 30UIBITYETHCS 3a CTETICHE-
BOIO 3aJICKHICTIO.

PosrnssHeMo 3MiHEHHS IUIONI MPOEKIIi eHEepro-
MTOTJIMHABHOTO €JIEMEHTa Ha BCi IMMOBEPXHI MPSIMO-
KyTHOT CHCTEMH KOOPAMHAT y MEXax OJHI€l TOBKU-
HU XBHJIi IpH (piKCOBaHOMY Haci.

[Ipoexkis MOBepXHI €HEPrOMOrNIMHANBHOTO elle-
MEHTa Ha TOBepXHIO Ozx 00MEKeHa TOBEPXHIMU:

¥y =Rcos(2m/\)(x —ct),

y =(R-b)cos(2n/\)(x —ct). (13)

[To11a npoekIlii eHepronoriInHAILHOTO eIeMEH-
Ta Ha MOBepxHIO OzX BU3HAYAETHCS Y BUTIISI

S, = focos(Z 7/ Mx —ct)dx —
X

—xfz (R—b)cos(2 W/ Nx—ct)dx ="
x|

x
= [ beos(2 7/ N(x - ct)dx.
X
IIe X1, X, — TPaHMIII Jialma30Hy 3MiHEHHS TTapaMeTpa
X B MEXax A.

OCKINTbKH €HEepPromnorHHATBHUN €IEMEHT BHKO-
Hy€ 00epTATBHHMIA PyX, TO MiIiHTETpanbHa (QYHKIIiSA
3aJIeKUTh BiJl MapamMeTpa @ i U PO3B’A3aHHS Mpe-
CTaBJICHOTO iHTErpaia HeoOXiTHO BUKOPHCTOBYBATH
¢dopmyny Jleibnina.

JInsi eHepromnorIMHATLHOTO eleMEHTa Jiana3oH
3MiHEHHS TapaMerpa x B Mexax A (Bim x; 0 Xxp)
BU3HAYAECTHCA 3 YMOBU KOHTAKTYy HalpAMHHUX 3 Ba-
JIOM 4epe3 XpanoBuk. [Ipu oMy BelMYMHA @ 3Mi-
HIOETBHCS 32 3aKOHOM:

¢ =arcsin(y/R) = arcsin%sin(%t/k)x. (14)

3a ymoBH R, =a Jiama3oH 3MiHEHHS IapaMer-

piB XBWII 1 pyXy €HEpromoOTIMHAIBLHOTO €IeMEeHTa
BU3HAYAOTh AK: X; = M4, x, = 3M4 ta ¢ =7/2,

¢, =3n/2.
VY npomy BUNAAKY

Sy =

3n/4 (15)
= J. bcosq>dx=b(2+cosq)l+cosq)2)L:@,

a4 2T 0T

Takum YMHOM, 3aKOH 3MiHEHHS TUIOINI S) B3I0BK
X TIPEJCTABNSETHCS Y BUTIIS
dSy/dx=bcos. (16)
Pesynbratu po3paxyHKy 3MiHEHHS IUIONI POCK-
il €HePromorIMHAILHOTO EJIEMEHTa Ha MOBEPXHIO
Ozx B3IOBXK pajaiycy 3a pi3HUX BeIWMUWH R/b mpen-
CTaBJICHI Ha puc. 2, 0.
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Bimzrauumo, 1o miomia mpoeKIiii eHepronoriu-
HAJIHOTO €JIEMEHTa Ha MOBEepXHIO Ozx 301NbIIY€ETh-
CsI TIPOTTOPIIIHO IITUPHHI Ta KBaApaTy paaiycy.
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Puc. 2. 3anexxHicTh M0IOBXKEHHSI 30BHILIIHBOT CTOPOHU
CTpiuku 0e3 MepeBopoTy (&) BIIHOCHO BHYTPILIHBOT
CTOpOHU 0e3 3MiHH ii IUPUHM Ta TUIOLI TPOSKITiit
CHEPTOMOTTHHAIBHOTO €JIeMEHTa Ha IutonmHy Ozx
ta Oyx (6) BiI pajiyca 3a yMOBU
R = a, Ma =7 Ta pi3Hux BenuuuH R/b

Ipoexiiisi MOBepXHi €HEPrOMOTIMHAILHOTO EJie-
MEHTa Ha oBepxHI0 Oyx 0OMeKeHa TOBEPXHIMU:

y=Rsin(2n/\)(x—ct),
y=(R-b)sin(2n/A)(x—ct). 17
[Tnomra mpoekItii eHepronorIMHAIBHOTO SJIEMEH-

Ta HAa IOBCPXHIO ny BHU3HAYA€ETHCA SIK

S = j Rsin(2m/\)(x — ct)dx —

X

—x'f (R—-b)sin(2n/A)(x —ct)dx =

X

= jbsin(zn/x)(x —ct)dx.

X
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3aymoBu R, =a

s, =
34/4 (18)
= J. bsin (pdx = —b(sin o, + |Si1’1 (P2|)i = @
214 2n ¢

Bim3Haunmo, 10 BeTMYMHA TUIOMI TPOEKIIil
EHEProMOrIMHAILHOIO eIeMEHTa Ha HMOBEepXHI0 Oyx

3a yMOBU R, =a JOpIBHIOE 3a BEIMYHHOIO IUIONIi

MPOEKIii EHepronoriiMHaJbLHOTO elleMEeHTa Ha IIo-
BepxHIo Ozx.

ToMy st BU3HAYCHHS BEMWYMHHU TUIOIII MPOCK-
il €HepPromorIMHAILHOTO EIEMEHTa Ha TOBEPXHIO
Oyx MOXHa BUKOPHCTOBYBATH AaHi puc. 2, 0.

TakuM YUHOM, 3aKOH 3MiHEHHS ILJIOIII S, B3JI0BXK
0Ci X IPEACTABISIETHCS Y BUTIISAI

dS,/dx=bsing. (19)

[Ipoexkiis MOBEpXHI €HEPrOMOrIIMHANBHOTO elle-
MEHTa Ha MOBepXHIO Oyx SBJSE COOOI0 MOBEPXHIO,
SIKa CTBOPIOETHCS HUISXOM IIEPETUHY Li€l MOBEPXHI
JBOMA LMITIHAPUYHUMHU TIOBEPXHAMH 3 pagiycamu R
ta R—b. Ilpn ymoBi R, < a BoHa sBiIs€ COOOIO Killb-
e, a Ipu R; > a TUTbKA HOTO YacTHHY.

[Tmoma mpoekiii eHepronorINHAIBHOIO EIEMEH-
Ta Ha MOBEPXHIO O)yX BU3HAYAETHCS Y BUTIISIII

(20)

21)
[Tim vac po6OTH €HEPrOMOTIIMHAILHOTO eIEMEHTa
B PEKHUME «TONAAIIKI»

Sx:(p—lebA
2

Takum 4MHOM, 3aKOH 3MIHEHHsS IUIOMI Sx 3a ¢
MPEJCTABIIAETHCS Y BUTIISAAL

(22)

Rb

ds, /do="7A. (23)

BucnoBxu

AmHaniz 3MiHEHHS MOJOBKEHHS 30BHILIHBOI CTO-
pPOHHU CTpiuku Oe3 MepeBOpOTy Ta TUIONI MPOEKIIik
SHEProNOTIMHAILHOTO €JIeMEeHTa Ha IOBEPXHi Npsi-
MOKYTHOT CHCTEMH KOOPAHMHAT MOKA3Ye, I0:

1. IogoBxeHHs 301NBIIYETHCS MPOIMOPLIHHO pa-
niycy. 31 30UTBIIEHHAM BEIMIUHN R/b HaXWIT 3aJI€K-
HOCTI 301JIBIIYETHCS 32 CTENIEHEBOIO 3aJIEKHICTIO

2. 3a ymoBu R; = a miomi npoekiii eHepromo-

TJIMHAJIBHOTO eJeMEeHTa Ha MmoBepxHio Oyx Ta Mo-
BepxHI0 Ozx piBHI. Bennunam iX mpsmMo Mpomopiiii-
Hi IMAPUHI EHEPTrONMOTIWHAIBHOTO eJeMEeHTa Ta
JIOBKHHI XBHITI.
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3. ITnoma Sz 3MIHIOETHCS B3I0BXK OCH X BIJl Mak-
CHUMAJBHOTO 3HAUCHHS, IO JOPIBHIOE BEJIHYHHI
Szi/dx = b ipu x; = A/4, 0o HyJIq TIpU X = A/2, a TIOTIM
3HOB 30UIBIIYETHCS JO MaKCHUMAaJbHOIO 3HAYCHHS
mpu x, = 3\/4.

4. Ilmoma Sy 3MiHIOETBCS B3IOBXK OCH X aCHMET-
PHUYHO TUTOMIi SZ PU aHAIOTIYHUX 3MIHEHHSIX.

5. Ilpu Rl. < a mwioma Sx He 3aJIe)KUThH Bil X.

IlepciekTHBH MNOAAJBIIMX AOCHII:KeHb. Jlis
BH3HAUYEHHsI KOHCTPYKIIIHUX MaTepialiB OCHOBHHX
€JIEMEHTIB XBWJIBOBOI €JIEKTPOCTaHIlIi, MO 3HaTHI
JIOBrOTPUBAJIO BUTPUMYBATH PYHHIBHY CHUIY MOPCh-
KHX XBHJIb, IPOBEJICHHS PO3PaXyHKIB 3 BU3HAUYCHHS
rabapuTHUX Ta CHEPTeTUYHUX IMapaMeTpiB CTaHIIIl
HEOOXITHO BHUBYUMATM 3aKOHU 3MIHEHHS CKJIAI0BUX
CWJI Ta MOMEHTIB, IO NiIOTh Ha MOBEPXHIO €HEPro-
MIOTJIMHAJILHOTO eJIeMEHTA.
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PO3PAXYHOK TIIOJOBXEHHSI EHEPIOINOIJIMHAJIBHOIO EJEMEHTA MOPCBHKOI
XBUJIBOBOI EJJEKTPOCTAHIIII TPAHC®OPMAIIIL COIPAJIL Y IJIOIUHY

Burxopucmanns enepeii mopcokux xeunv Ha «2nubOOKil 600L» € 6Kpall HEOOXIOHUM, A HAYKOSL pO3POOKU OISl CMEO-

PEHHS XBULOBUX eNEeKMPOCANYIL — AKMYANbHUM. YHIKATbHICMb CMEOpEeHol YCmAaHO8KU 68 MOMY, WO 60HA 30amHd
epexmusno npayiosamu npu 6y0b-sKOMY KOIUBAHHI MOPCbKOI NOBEPXHI 3 PAXYHOK CAMOPeZYNI08ANHS (POPMU eHep2o-
NOSIUHATLHOO eeMeHma N0 GNIUBOM X8Ub I 3AHYPEHHs CMAHYIL HA HeOOXIOHY 2TUOUHY 8IONOBIOHO 00 NO20OHUX YMO8
HA NOBEPXHI.

Ilpobnema pytinisHo20 6n1UBY X8ULL 8 NEPIOO PI3KO20 3MIHEHHS CUAU 8IMpY I, BIONOBIOHO, AMNIIMYOU KOAUBAHb NO-
8EPXHI MOP3l, BUPIUIEHO WIISIXOM RIOMONJIeHHA CIMAHYIT HA 2IUOUHY, Oe KOIUBAHHS X8UTb 8I0N08I0AI0OMb PO3PAXYHKOBUM
3HaueHHAM, 6e3 3MIHU pedcumy pobomu camoi cmanyii. Ilpu ybomy cnodcugayi cmadiibHO OMPUMYOMb 3AA671eH) Kilb-
Kicmb efleKmpoeHepeii 3a 1ooux no2o0HUX yMO8.

Icnye npobnema 3 8UBHAUEHHAM O0BHCUHU eHEP2ONOTUHANBHOZO0 eleMeHmd, OCKIIbKU Npu 3a0aHUx eabapumHux na-
Ppamempax xeuibogoi enekmpocmanyii, 1io2o Gopma mpanchopmyemucsi 6i0 cnipani Ha po3paxyHKoOBOMYy percumi 00
2oghposanoi nogepxui 3 nepexooom y gopmy cmpiuku npu He30ypeHomy cmaui nogepxui mops. Ilpu yvomy dosoxcuna
EHEPLONOTIUHAILHORO0 e/leMEHMA 30iIbULYEMbCS.

Ynepwe susnaueno 0oeoicuny enepeonocnunaibHo20 enemMenma Xeuibo8oi enekmpocmanyii npu 3minu 30ypennst no-
8EpPXHI MA PO3POOIEHO MEMOOUKY POIPAXYHKY 3AAENHCHO 8I0 YMO8 eKchiyamayii cmanyii. Buseneno 3minenns nooog-
JICEHMST 306HIWNBOI CMOPOHU CIMpIUKU 0e3 nepesopomy ma Niow NPoeKyill eHepeONOIUHAILHO20 eNeMenma Ha No-
6EPXHI NPAMOKYMHOI cucmemu KOOpOUHam.

Ku1ro4oBi cj10Ba: MOPCHKI XBUJII, €JI€KTPOCTAHIIIS, CHEPrONOTTIMHAIBHUH €IeMEHT, T0IOBXKEeHHS, IUIOIIA.

Kapitanchuk K. 1., Andriyishyn M. P.
CALCULATIONS OF POWER TAKE-OFF ELEMENT LENGTH VALUES DURING SHAPE
CHANGES CAUSED BY WEATHER

Use of sea wave’s energy is the extremely necessary. Scientific development for creation of wave energy stations,
are extraordinarily actual. Wave energy station is able effectively to work at any size of waves, because form of ener-
getically absorbing element is self-regulated under the action of waves.

Problem of destructive influence of waves during sharp change of force of a wind and as consequence of amplitude
of fluctuations of a surface of the sea, it is solved by flooding is a energetically absorbing element and a platform of
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station on depth, where fluctuations of waves correspond to calculation values, without change of an operating mode of
the station. Thus consumers stably receive the declared quantity of the electric power.

In article for the first time calculations of power take-off element length dependencies of wave length during WEC
submersion and algorithms of such calculations are presented. Changes of length in power take-off element on working
surface are in belt form are accounted for.

Keywords: waves energy, wave energy converter, power take-off element modifications

Kanuranuyk K. U., Auapnummn M. I1.
PACYET YJUIMHEHUSA SHEPIOIIOI'VIOIMAIOIIEI'O 3JIEMEHTA MOPCKOU BOJIHOBOU
IJEKTPOCTAHIUU ITPU TPAHCP®OPMAILIMU CIIUPAJIA B INIOCKOCTDb

Hcnonvzosanue sHepeuu MOPCKUX 8ONH HA «21YOOKOU 800e» AGNIAeMCA Kpailiie HeobX0OUMbIM, d HAYYHbIE PA3pd-
OOMKU RO CO30AHUIO BOTHOBBIX DLEKMPOCIMAHYUIN — AKMYATbHBIMU. YHUKATLHOCTb CO30AHHOU YCMAHOBKU COCIMOUM 6
MoM, YUMo OHA CROCOOHA P Pexmueno pabomams npu A06OM KOACOAHUU MOPCKOU NOBEPXHOCTIU 3A CUEn CaMOpe2y-
JUPOBAHUSL POPMBI IHEPONONOWAIOUE20 INEMEHMA NOO B030CUCIBUEM BOIH U NOSPYHCCHUS. CIMAHYUY HA HeO0OX00uU-
MYIO 2YOUHY 6 COOMBEMCMBUU C NO2OOHBIMU YCIOGUAMU HA NOGEPXHOCHIU.

IIpobnema paspywumenvrno2o 6030€licmeuss 60JIH 68 NePUOO PE3K020 USMEHEHUs. CUTbl 8empa U, COOMBEMCMEEHHO,
amMnaumyObl KOAe6aHull NOBEPXHOCMU MOPSL, PEuleHd nymem ROOMONIEHUs IHeP2ONO2NIoOWalowe2o 1eMeHma u niam-
Gopmbl cmanyuu Ha enyOuny, 20e Konebanus 60IH COOMEEMCMEYIOM PACYCMHbIM 3HAUEHUAM, 6e3 USMEHEHUS PelCUMA
pabomwl camoui cmanyuu. Ilpu smom nompebumenu cmaduIbHO NOLYUAIOM 3AAGNEHHOE KOTUYECMEO INEKMPOIHEPULL
npu 1H00ObIX NO2OOHBIX YCAOBUSIX.

Cywecmeyem npobnema ¢ onpedeienuem OTUHbl IHEPSONONOWAruec0 3NeMeHmd, maxK KaK npu 3a0aHHbIX 2aba-
PUMHBIX NAPAMEMPAX B0THOGOU JJIEKMPOCMAHYUY, €20 HOpMA MPAHCHOPMUPYEICSL O CRUPATU HA PACHEMHOM pe-
arcume 00 20puUPOBANHOLL ROBEPXHOCTNU 3 NEPEXOOOM Y (POpMY eHmMbL NPU HEB030YHCOCHHOM COCIMOSHUY NOBEPXHOCTU
mops. Tlpu smom Onuna dHepeono2nowaiowezo SIeMenma yeeauiuéaencs.

Bnepsvie onpedeneno onumy snepeono2nowarujeco d1emMeHma 0IHOG0U dNeKMPOCMAHYUY NPU USMEHEHUU 8030)-
HCOCHHOCMU NOBEPXHOCTU MOPSL U CO30AHA MEMOOUKA PACYEMd 8 3A8UCUMOCTNU OM YCIOBUIL DKCHILYAmayuu CIanyuu.
Buisigneno usmenenue yonunenus 6HeulHell CMoponsl JeHmsl 63 nepeeopoma ma niowdaou nPOeKyull IHEP2onoio-
warnue2o 3NeMeHma Ha NOGEPXHOCMU NPIMOY2OTbHOU CUCEMbl KOOPOUHAM.

KarwueBsle ciioBa: MOPCKHE BOJIHBI, 3JICKTPOCTAHIIUA, 3Hepr0nornomafomm71 DJIEMEHT, YJIMHCHUC TLIOMAalb
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