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TECHNOLOGIES FOR BUILDING SYSTEMS OF REMOTE LINING
OF COMMUNICATION LINES: APRACTICAL EXAMPLE OF IMPLEMENTATION

The subject matter of study in this article is ways to build systems for remote laying of communication lines and
solve the problem of their implementation. The goal is to simplify the process of developing robotic systems to
solve applied problems. The tasks to be solved are to consider technologies of laying and to define the role of
the robatic decisions used in them; consider and analyze existing compact solutions; consider existing tools and
kits for rapid creation and testing of electromechanical systems; describe the features of conceptual and
practical implementations of the system. According to the tasks, the following results were obtained. The existing
methods and equipment for laying communication lines are analyzed. The types of lines placement according to
the method and working conditions is considered. Standard equipment and experimental or less common
equipment samples are analyzed. The results of a comparative analysis of the currently most well-known robotic
solutions used to automate the placement of communications are presented. The existing robotic compact
solutions the functionality of which is similar to the object of research are considered in detail. Three devices
from various manufacturers designed to perform specialized tasks and has similar specificity of work including
the need to move in confined spaces in the vertical and horizontal directions and deliver a payload to the
destination are considered. The key differences in the considered devices including modular architecture,
simplification of the electrical component of the system due to the frame, adaptability, and adaptability of the
device to various environmental conditions are given. The quantitative characteristics of the devices such as the
speed of movement, the size of the device itself, and its weight are analyzed. A technological stack that allows
the rapid prototyping of a system with similar functions is considered and analyzed. The results of the
classification of three sets for the rapid construction of a digital system with an indication of their advantages
and disadvantages are given. The qualitative characteristics of development tools such as the prevalence of
components, the complexity of use, and their cost are analyzed. An approach for the fast construction of a digital
system based on modular reprogrammable components is proposed. Conclusions. The areas of application of
existing solutions, the way of their implementation, and unique features that can be useful in solving the problem
of placement of communications are considered. The scientific novelty of the results obtained is as follows: a
unique architecture of a robot for placement of communication lines with movable segments for movement in
space is proposed; a set of programmable modules as part of the developed system is presented. The process of
choosing electronic components for building a system is discussed. A digital interface for interacting components
and the robot as a whole is described. The possibility of reprogramming the developed robot to restore its
working capacity is devised.
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The purpose of this article is to simplify the process
of developing robotic systems for solving applied

Introduction

In modern life, the presence of electrical appliances,
smart systems and devices greatly simplifies human
activities at an ever-growing pace of life. Moreover, one
of the disadvantages of such systems is volatility. And
although mobile and economical technical solutions have
been around for a long time, they still need to be
recharged from a common power source. An effective
way to provide power supply is the lines laid from
distribution nodes to consumer devices [1].

That is why there is a need for a universal method
of laying power lines and communications. It is
necessary to consider already existing methods,
structures and devices for performing a set of considered
operations.

problems. The research objectives of the article are:
analysis of existing robotic solutions, systems and their
development, as well as analysis of tools for the rapid
construction of robotic systems.

Section 1 of this article describes the laying
technologies and the role of the robotic solutions used in
them. Section 2 describes the existing compact solutions
and provides a comparative analysis Section 3 describes
an analysis of existing tools and kits for quickly building
and testing electromechanical systems. B Section 4
describes the concept of ensuring the reliability of
modular systems. Section 5 describes an example of a
practical implementation of a robotic system for laying
communication lines.
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1. Analysis of robotic systems
for laying communication lines

The process of laying communication lines,
depending on the place of its implementation, differs
both in technical equipment and in the organization of
labor. For example, when laying a line underground, it is
necessary to have pre-dug trenches or built tunnels,
which in turn requires the use of heavy construction
equipment. The process itself will take place due to a
system of levers, a winch and a pushing cable [2]. In
special cases, it is possible to use a radio-controlled
traction robot following the example of the TP250
robot [3].

For laying the cable through the air, in addition to
the cable itself, it is recommended to use a steel cable-
base. The communication line itself is laid by firing the
end of the cable from a gas gun [4].

In rare cases, a rope-walker robot can be used
following the example of the ULC Robotics robot [5].

In the case of cable laying indoors and in tunnels, it
is common practice to lay the cable blowing method
using hydraulic or pneumatic systems based on
compressors [6]. There were no cases of using robotic
systems in this case.

Based on the above, we can conclude that the use of
robotic solutions significantly reduces labor costs and the
human factor during laying work. However, the use of
existing solutions requires large material costs for
equipment and advanced training of employees to work
with it, which makes them economically unprofitable.

2. Comparative analysis
of compact robotic systems

Among the existing automatic solutions, one can
single out such projects as a robot worm called
"VermiBot", developed by a group of young engineers
and pupils of the Solaris robotics lovers center. Its main
purpose is to carry out emergency rescue operations
underground: in ditches, sewer tunnels and caves. Also,
the developers consider it advisable to use the work for
laying work. The main advantage of the solution is
considered: ease of production and the ability to move in
any plane.

The basis of such a solution is a module — an
independent unit of the device, of which it is composed.
The modularity of the device allows you to expand and
modify the device if necessary. A distinction is made
between the following modules in the device: motion
module and control module. The motion module consists
of plastic cross-shaped structures, driven by an electric
motor. During operation, the structure changes its
geometric parameters, which sets the device in motion.
The control module contains the power supply and the

control board. The board controls the supply of current to
the motors and determines the order of operation of the
motion modules.

The authors set the ultimate goal of development to
improve the device for use in the space industry during
the colonization of planets [7].

Another noteworthy solution can be considered a
series of fast robotic worms "Inchworm”, developed by
the Medical Laboratory of the Israel Institute of
Technology. Presented as compact piston-stroke devices.
Their main purpose is to service small pipe and vessel
systems in medical equipment.

The device consists of: a modified electric motor
and stepping rings. The motor is equipped with a shaft
with a special thread, which sets the trajectory of the
vertical movement of the ring during movement. The
stepping rings are equipped with weakly sliding feet on
the outer side and a rod inserted into the thread on the
inner side. In the future, it is planned to modify them to
work in the human cardiovascular systems [8].

Finally, from the non-worm-like, you can single out
the spider-robot from the Festo company. There is no
direct purpose at the moment and was developed by the
company with the aim of demonstrating the company's
capabilities. The robot is a 15x magnified robotic replica
of an existing spider from the species Capparaceae
aureola.

It has a body in its construction, and 4 pairs of
extremities. Able to move in two ways: by rearranging
the limbs and rolling, after folding the limbs in the form
of a wheel [9].

Comparison of the main characteristics of the
considered examples is presented in table 1.

Table 1
Distinctive features of devices
Speed, Length, | Weight,
m/s m g
Vermi Bot 0.1 1.3 1400
Inchworm 0.05 0.06 40
BionicWheelBot 0.5 0.55 580

The analysis shows that the area of application of
the system requires the device to be tenacious, small in
size and maneuverable. Of the analogs considered above,
one can single out:

—modularity of the system, which allows expanding
the system depending on the tasks;

— the presence of servo limbs to adapt to the
environment in which the device will operate and the
ability to collectivize the task by using more than one
instance of the system.
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3. Analysis of the technological base
for rapid prototyping using
modular solutions

There are platforms, platforms, sets of modules and
constructors that allow you to quickly create technical
solutions with minimal effort and resources. It is
advisable to use them to create technical solutions for
highly specialized tasks.

Among the many, the following solutions can be
distinguished:

1. 1QBX is an electromechanical construction set
made of hollow blocks and modules that can be
connected to them.

The basic blocks of the set include: hollow
structural (single-section and multi-section), accumulator
blocks, blocks with electronics and drive blocks with a
built-in motor-reducer. In addition to the basic blocks, the
set contains fasteners, Lego-compatible adapters and
cable loops for connecting electrical and electro-
mechanical parts to each other [10];

2. Lego Technic — line of compatible Lego plastic
rods, electrical modules and mechanical parts.

Such kits often contain the following types of parts:
beams and plates for the frame, gears and axle pins,
pneumatic elements, modules with pin connections, and
servos, power supplies [11].

3. Arduino — a set of open source hardware and
software for building simple automation and robotics
systems.

The set is a wide range of electronic components,
microcontrollers of various capacities and shapes, ready-

made devices with unified interfaces and mounting
methods [12].

For the kits described above, you can compare the
characteristics presented in the table 2.

Based on the above, we can conclude that available
technological solutions can provide a sufficient element
base to cover most technological problems. Depending
on the requirements [13] for the systems being
developed, the sets can be combined with each other in
order to compensate for each other's shortcomings.

4. Providing the possibility of reconfiguring
modular systems at the design stage

In most technical solutions, the reliability indicator
plays a significant role. Often, its basic indicators are
achieved by selecting high-quality components and
introducing safety blocks. However, in systems of
particular importance, a system of reserves for vital
nodes is introduced.

In normal mode, the reserve can be fully used (hot
reserve), due to which the total load on the system is
partially reduced, or partially (warm reserve), in which
part of the intended functions of the module remains
unused.

The boards and components discussed in the
previous sections, due to their prevalence, are factory
solutions. This means that the process for their
production and pre-assembly is standardized. In turn,
standardization provides high basic reliability due to
quality components.

Table 2

The main advantages of tool kits

- simplified programming language;
- intuitive extensible development
environment;

sensors and actuators;

(popular in the community).

Technology Advantages Disadvantages
10BX - presence of strong elements for a design; —high cost of components;
—a large variety of executive modules; —no gradation in the size of the components;
- availability of standardization of modules; - limited circulation and difficult access to
- compatibility with other platforms. the market;
—complex for assembling.
Lego —high availability of components worldwide; —high cost of components;
Technic —great variety of executive modules; - fragility of components;
- easy for assembling. - low compatibility with other platforms.
Arduino - low cost of components; —lack of optimization in standard libraries;

—high availability of components worldwide;

—availability of ready-made solutions for

—a large number of solutions in open access

—the inability to use all the resources of the
microcontroller when using libraries.
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Also, for wversatility and high compatibility,
redundancy of ports, circuit elements and power lines is
introduced into many components. This redundancy
allows you to increase the resource of the device at the
design stage.

In addition to the known methods of ensuring
reliability, it is proposed to use the possibility of
reconfiguring technical systems as a means of partial
restoration of functionality in the event of their failure.
For this case, it is assumed that the segments of the
system are distinguished and their gradation according to
the degree of importance and the grouping according to
the similarity of the element base.

In this case, it becomes possible to use elements of
less important segments of the system as a reserve for
segments with higher priority.

Also, manual modification of such blocks is not
excluded in order to expand their potential as a
component of the system. An example is the expansion
board for the UART-USB converter module, which
implements additional transmitter controls [14].

5. Case study of robotic system
implementation for remote lining

The considered solutions and system development
tools based on standard modules are used to build a
robotic system for laying communication lines. In the
practical implementation of the system, it is assumed to
use the modular principle of constructing the entire
system.

Each module is equipped with a set of standard
functional elements, namely:

— electric motors (EM) used to drive hinged and
screw structures;

— harness systems (HS) for contact with the surface
in the working area;

— strapping structures (SS) for holding the device in
the required position and converting the rotary type of
movement into a translational;

— motor control drivers.

In addition to the elements that allow the frame to
be set in motion, each module contains a part of the
distributed control and navigation system of the device.

During the assembling of device, the modules are
connected in series and together form an
electromechanical frame, shown in Figure 1.

The list of elements located on the device (Figure 2)
includes:

— video camera unit (Cam) responsible for
capturing the image in front of the device [15];

— accelerometer and gyroscope unit(A/G);

— peripheral board unit (PB) responsible for
receiving and transmitting data between the device and
the operator;

—central board unit (CB) for frame control and parts
coordination.

This allows the operator to adjust the device to work
in different conditions [16], arranging the modules in a
convenient order for work.
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Figure 1. Electromechanical frame

To effectively control and organize the operation of
the device, a wireless module with a UART interface is
used. The bandwidth of such a channel is sufficient for
remote control and configuration of the device.

This will greatly simplify the task of management
and coordination, and also open up the opportunity for
organizing joint interaction of a group of devices at a low
level.

The device assumes the presence of feedback with
the operator in the form of a real-time camera, backlight
and a web interface for comfortable work from any
device.

Conclusions

The mobile technologies are widely used in modern
life, and the implementation of onboard devices with
rapid prototyping based on predeveloped universal
blocks is a big step for fast development of robotic
systems including automated remote laying of
communication lines. The introduction of such a system
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is advisable, since the use of such systems makes it
possible to automate the process of pulling and
positioning the cable with minimal human involvement.

Figure 2. Location of control modules

It was shown that the real hardware system can be
prototyped and assembled using standard modules.
Among the advantages of such approach it is possible to
mention stability of the tested modules, ability to use
such building blocks for distributed and remote
development across the entire world, wide support of
community in the Internet and the IDE with hundreds of
libraries for peripheral sensors and actuators.

The popular development kits were compared with
providing analysis results and advantages for each of
them. Defiantly the Arduino environment and the set of
boars is the most popular at the moment and include
AVR, STM and another chips.

The lowest price for such blocks is also important
reason for usage of suck blocks for rapid prototyping the
system with it.

The subsystems for controlling the device for
remote laying of communication lines were developed

and tested. The possibility of introducing extra features
for the reliability of the entire system in the management
programs of these subsystems is outlined.

The topics closely related and necessary for the
development of this project were also considered, the
existing solutions were investigated and the basic
requirements for the device were made. In particular, it
concerns critical communications [17].

In future versions of the device, it is planned to
develop specialized replaceable modules for specific
surfaces, environments and working conditions.
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TEXHOJIOT'Ii HOBY1OBU CUCTEM JUCTAHIIAHOI'O TPOKJIAJAHHS
KOMYHIKALIMHUX JIIHIN: MPAKTUYHUI NPUKJIAJ BIIPOBAUKEHHS

0. 0. Boogiuenko, A. €. Ilepenenuyun

IIpenmeTromM BHBUEHHs B JaHii cTarTi € crocoOM MoOyIOBH CHCTEM JUIs JUCTAHLIHOI NPOKIAAKH JIHIN
KOMYHIKaIlil Ta BUPIIIEHHS 3aBAaHHS IX BIPOBAKEHHs. MeTOI0 € CIIPOIIEHHS TPOIeCy PO3pOOKH POOOTOTEXHIYHUX
CHCTEM MJIS BHDIIICHHS NPHUKIAJHUX 3aBIaHb. 3aBHAHHSA: PO3IVIHYTH TEXHOJIOTI YKJIAJaHHS 1 BUSHAUUTH POJIb
BHKOPHCTOBYBAaHHX B HUX POOOTH30BaHMX pIIIeHB; PO3TILIHYTH 1 MPOaHANII3yBaTH ICHYIOUI KOMIAKTHI PIIICHHS,
PO3IJIAHYTH ICHYIOYi IHCTPYMEHTH Ta KOMIUICKTH JUI IIBHIKOTO CTBOPEHHS 1 TECTYBaHHS EICKTPOMEXaHIUYHHI
CHCTEM; OMUCATH OCOOIMBOCTI KOHLENTYaJbHOI Ta MPAKTHYHOI peamizauiil cucTeMy. BinmoBinqHo no mocraBieHUX
3aBlaHb, Oy OTpUMaHi HACTYITHI pe3yJbTaTH. [IpoaHanizoBaHi iCHyrOUi METOIN Ta OONAaTHAHHS IS TPOKIAJaHHS
TMiHIA KOMyHIKamil. Po3risHyTO BHIM MpOKIamaHHS 3TiIHO 3i cmocoOoM Ta ymoBamu mpami. [IpoaHamizoBaHO K
CTaHAapTHE OOJaqHaHHS, TaKk i eKClepHUMEeHTalbHi, abo MayonoumMpeHi ioro 3pasku. HasemeHo pesynbraTi
MOPIBHSUIBHOTO aHANi3y HaHOLIbII BIJOMHUX Ha JaHUH MOMEHT pPOOOTH30BaHHX PIllIeHb, 10 BUKOPHCTOBYIOTHCS IS
aBTOMAaTH3allil MpPOKJIAJKW KOMYHikaliil. JleTalbHO pPO3MISHYTI iCHYIOYI pPOOOTH30BaHI KOMIIAKTHI pillIeHHS,
(YHKIIOHAJBHICTh SIKUX CX0Xa 3 00'€eKTOM JOoCiikeHHS. Po3risiHyTo TpW NpUCTPOi pi3HUX BUPOOHHMKIB,
PO3pOOICHUX AJIsi BUKOHAHHS CIeLiali30BaHKX 3aBJlaHb, SIKi BOJIOAIIOTH CX0KOK0 CHENU(iKO0 poOOTH, BKIIOYAIOUN
HEeoOXiHICTh epecyBaHHs B 3aMKHYTOMY IIPOCTOPI B BEPTHKAIBHOMY i TOPU30HTAIBHOMY HAIIPSAMKAX 1 JOCTaBKOIO
JI0 MiCLIsl TPU3HAYCHHS KOPUCHOTO BaHTaxy. HaBeeHO KITI0YOBI BIAMIHHOCTI PO3IIITHYTHX NPHUCTPOIB, BKIIOYAIOYH
MOZYJbHY apXiTeKTypy, CIPOLICHHS EJCKTPUYHOI CKIAJ0BOI CHCTEMH 3a paxyHOK KapKacy, aJalTHBHICTh Ta
MIPUCTOCOBAHICTh TPHUCTPOI0 1O PI3HAX YMOB HAaBKOJIHMIIIHBOTO cepenoBHINa. [IpoaHanmi3oBaHO KiIbKiCHI
XapaKTEePUCTUKH TIPUCTPOIB, TaKi SK IBUAKICTh IIEPECYBaHHs, PO3MIp caMOro MPUCTPOIO Ta #oro Bara. PosrisHyTo i
NPOAHANI30BaHO TEXHOJOTIYHUIA CTEK, IO JO3BOJISE 3MIHCHUTH LIBHUJAKE NMPOTOTHIYBAHHS CHCTEMH 31 CXOXKHMH
¢yukuisimu. HaBeneno pesynbratu kinacudikanii TppoxX HaOOpiB sl mBHAKOI moOymoBu 1udpoBoi cucremu i3
3a3HaueHHsM iX mepeBar i HenousikiB. [IpoaHanizoBaHO SIKICHI XapaKTEPUCTHKH IHCTPYMEHTIB PO3POOKH, Taki sK
MOUIMPEHICTh KOMIIOHEHTIB, CKJIJ{HICTh BUKOPUCTAHHS Ta IX BapTICTh. 3alpOIIOHOBAHO IIiJXifl IIBUAKOT MOOYI0BH
uudpoBoi cucTeMH Ha OCHOBI MOAYJIBHMX KOMIIOHEHTIB SIKi JIONYCKAalOTh IepenporpaMyBaHHs. BHCHOBKH.
Po3risiHyTO 00J1aCTi 3aCTOCYBaHHSI ICHYIOUHX PillieHb, CIOCiO TX peasisallii Ta yHIKaIbHI 0COOIMBOCTI, SIKI MOXKYTh
OyTH KOPHCHI IIPY BUKOHAHHI 3aBJIaHHs MPOKJIAIKA KOMYHiKaliil. HaykoBa HOBU3HA OTPUMAaHUX PE3yJIbTATIB OJISTAE
B HACTYIIHOMY: 3alpOIIOHOBAHO YHIKaJbHa apXiTEKTypy poOoTa Uil NPOKIAJKU 3 PYXOMHMH CErMEHTaMH JUIs
MepeMilIeHHs B IPOCTOPi; HaBEACHO Ha0Ip MPOrpaMOBaHIX MOIYJIIB B CKJIa/li po3pobieHoi cucteMu. OOroBOPIOETHCS
mporiec BHOOPY ENEKTPOHHUX KOMIIOHEHTIB Ui MOOYHOBH cucTeMH. OmmcyeThcs IUPpPOBHHA iHTepdeiic mist
B3a€MO/Iii KOMIIOHEHTIB i po0oTa B 1ioMy. QOpMyITIOETHCS MOXKIUBICTD TIEPEIPOTPaMyBaHHS pO3POOICHOTO POOOTa
JUIsL BiJTHOBJICHHSI IPaLie3/1aTHOCTI.

KuarouoBi csioBa: niHil KoMyHiKaiiit; MOOLIEHUI TIPUCTPii; peKoH}Iryparris.

TEXHOJIOI' MY IOCTPOEHUS CUCTEM JIMCTAHIIMOHHOM IPOKJIAIKA
JIMHU KOMMYHUKAIIMA: TPAKTUYECKUI IPUMEP BHEJIPEHUSA

A. A. Boosuuenxo, A. E. Ilepenenuyun

IIpeameTroM wu3y4yeHHWs B JAaHHOH CTaTbe SBIIAIOTCS CIIOCOOBI TOCTPOCHHS CHCTEM IS JUCTAHIIMOHHON
NPOKJIAZKU JIMHUI KOMMYHUKALlMM U peuleHue 3ajadyd UX BHeApeHus. Ilejblo sBIsSETCS yNpollEeHUe Ipolecca
pa3paboTKu POOOTOTEXHUYECKUX CHUCTEM JUIS PEIIeHHs NMPUKIATHBIX 3a1ad. 3aJadl: pPacCMOTPETh TEXHOJOTHH
YKIIaIK{ U OTIPENICIUTE POJIb HCIIOIB3yEMBIX B HUX pOOOTH3NPOBAHHBIX PEIICHHI; pACCMOTPETH U IPOAHATN3UPOBATh
CYIIECTBYIOIINE KOMITAKTHBIE PEIICHHST, PACCMOTPETh CYIIECTBYIONINE HHCTPYMEHTHI U KOMIUIEKTHI I OBICTPOTO
CO3/IaHUs U TECTHPOBAHMUS JICKTPOMEXaHUIECKHUX CUCTEM; OMICATh OCOOCHHOCTH KOHIENTYaIbHON U PaKTHUECKON
peammzanuii  cucteMbl. COIIacCHO —IIOCTAaBJICHHBIX 33/1a4, OBUIM TOJYYEHBl CJIEAYIOIINE  Pe3yJabTaThl.
[Mpoananu3upoBaHbl CYIIECTBYIOIIME METOJAbI M 00OpYyJOBaHME Uil IPOKJIAAKHA JIMHUH KOMMYHHUKaIWH.
PaccMoTpeHBl BHIBI NMPOKJIAAKH COTJIACHO Croco0y M ycloBHsIM Tpyna. IIpoaHann3upoBaHO Kak CTaHAApTHOE
o0opy/ioBaHUE, TaK M IKCIIEPUMEHTANbHbIE, WM MaJOpacIpOCTpaHEeHHbIe ero o0pasisl. IIpuBeneHb! pe3ynbTaThl
CPaBHHUTEIILHOTO aHaIN3a Hanbosiee N3BECTHBIX HA JAHHBIH MOMEHT POOOTH3MPOBAHHBIX PEIICHNH, HCHOIb3YEMbIX
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JUISL aBTOMAaTH3allMM TPOKJIAJKKM KOMMYHHUKauui. JleTaqbHO pacCMOTPEHBI CYIIECTBYIOIIME POOOTHU3MPOBAHHBIE
KOMIIaKTHBIE pEIICHHs, (YHKIIMOHAIBHOCTH KOTOPBIX CXOXKa C OOBEKTOM HCCIIeIOBaHUs. PaccMOTpeHsl Tpu
YCTPOHCTBA pa3NMYHBIX HPOWU3BOAMTENEH, pa3paOOTaHHBIX IS BBHIIOJHEHUS CHENUAIM3UPOBAHHBIX 331ad M
o0namaromux cxokel creuduKoi paboTsl, BKIFOYast HEOOXO0ANMOCTE IMEPEIBIKEHUS B 3aMKHYTHIX IIPOCTPAHCTBAX
B BEPTHKAIFHOM M TOPU3OHTAIFHOM HAIPABJICHHUAX M JOCTABKOI B MECTO Ha3HAYCHUS TI0JIE3HOTO Ipy3a. [IpuBeeHbI
KJIIOYEBBIE OTJIMYUS PACCMOTPEHHBIX YCTPOMCTB, BKIOYas MOAYIBHYIO apXHTEKTYpPY, YHPOIICHUE 3JIEKTPUUSCKOH
COCTABIISIONICH CHCTEMBI 3a CUET KapKaca, aJaliTHBHOCTH ¥ IPUCTIOCOOJIEHHOCTh YCTPOHCTBA K PA3IMYHBIM YCIOBUSIM
oKpyxaromieil cpexnsl. [IpoaHaIW3UPOBAHBI KOJNMYECTBEHHBIE XapaKTEPHCTHKU YCTPOWCTB, TaKHe KakK CKOPOCTb
TIepeIBIKEHHMSI, pa3Mep CaMoro yCTPOWCTBa M ero Bec. PaccMOTpeH M NMpoaHalIn3upOBaH TEXHOJIOTMYECKUH CTeK,
MIO3BOJISIIOIIUI  OCYIIECTBUTh OBICTPOE NPOTOTHIIMPOBAHHE CUCTEMBI CO CXOXHMMHU (yHKUUsMHU. [IpuBeneHs
pe3ynbTaThl KiaccuuKaMu Tpex HaOboOpoB Uil OBICTPOrO MOCTPOSHMSI HHU(PPOBOH CUCTEMBI C yKa3aHHEM HX
MPEUMYIIECTB ¥ HEAOCTAaTKOB. [IpoaHann3mpoBaHbl KaueCTBEHHbIE XapaKTEPUCTUKU MHCTPYMEHTOB pa3palboTKH,
TaKkue Kak pacipOCTPAaHEHHOCTh KOMIIOHEHTOB, CJIOKHOCTH HCIIOJIB30BaHHS WM MX CTOMMOCTb. [IpeanoxxeH momxon
OBICTPOrO TOCTPOCHUSI LU(PPOBOH CHCTEMBI HAa OCHOBE MOJIYJIBHBIX HEPErnporpaMMHPYEMBIX KOMIIOHEHTOB.
BoiBoabl. PaccMOTpeHBI 00aCTH MPUMEHEHUS CYIIECTBYIOIIMX PEIICHHUH, COCO0 MX peallM3aluid M YHHKAJIbHEIC
0COOCHHOCTH, KOTOPBIE MOT'YT OBITH HOJIC3HBI IIPH PELICHHH 3aaud MPOKJIaAKA KOMMYHUKanuid. Hayynas HoBH3HA
MOJTyYEeHHBIX Pe3yJIbTaTOB COCTOUT B CICAYIOLIEM: MPEIUIOKEHa YHUKAIbHAS apXUTEKTypa poOOTa JUIsl IPOKIIAIKH C
MOABW)KHBIMH CEIMEHTaMH Ul NIepEeMELICHHsI B MPOCTPAHCTBE; NMPUBEICH HA0OpP MPOrpaMMHPYEMBIX MOAYJIeH B
cocTaBe pa3paboTaHHOW cucTeMbl. OOCY)XITaeTcsl MPOLEecC BHIOOpa AJIEKTPOHHBIX KOMIIOHEHTOB JUIS MOCTPOCHUS
cucteMbl. OnwuchiBaeTcs LU(POBOl HMHTepelc i1 B3aUMOICHCTBHS KOMIIOHGHTOB H po0oTa B IEJIOM.
dopmynupyercsi BO3MOXKHOCTh — IEPENpOrpaMMHUpPOBaHMs  pa3paboTaHHOrO poboTa Ui  BOCCTAaHOBIICHHMS
paboTocmocoOHOCTH.
KaroueBble ci10Ba: TMHUM KOMMYHUKALMU; MOOMIIBHOE YCTPOWUCTBO; peKoH(UTyparys.
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