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DEVELOPMENT OF INTERDISCIPLINARY RESEARCH PROJECTS BASED ON
INTERFACULTY COOPERATION OF GTU (RESULTS AND PROSPECTS)

Lominadze Tamar, Zhvania Taliko, Petriashvili Lili,
Kapanadze Davit, Surguladze Gia
Georgian Technical University
t.lominadze@gtu.ge, t.zhvania@gtu.ge, l.petriashvili@gtu.ge,
david@gtu.ge, g.surguladze@gtu.ge
Summary

The article discusses the concept of developing computer-integrated projects in the field of
information and communication technologies (ICT) and issues of their practical implementation. The
global trend of forming an information society, which is required by the international educational
program of UNESCO based on modern standards, obliges university management to improve scientific
and academic processes in which, along with the teaching staff, students of all three levels will actively
participate. The article offers some examples of the results of interdisciplinary projects and individual
problem tasks implemented from the beginning of the 21st century to the present at the Faculty of
Informatics and Control Systems of the State Technical University. A number of monographs and manuals
have been published, with a brief overview of scientific and practical value. Our co-authors actively
participated in the processes of their creation and implementation - doctoral students of the "Informatics"
program (PhD) of our faculty..

(Received 01.10.2024)

PA3BUTHUE UHTEPAVCHOUIIJIMHAPHBIX HAYUYHBIX ITIPOEKTOB
HA OCHOBE MEX®AKYJIBTETCKOI'O COTPYIHUYECTBATTY
(UTOT'! U ITEPCIIEKTVBBI)

Jlomunanze T., XKsauwus T., [lerpuanrsuu JI.,
Kamanapgze [I., Cyprynaznse I'.

I'pysunckuii Texundeckuit YHUBepCUTeT
t.lominadze@gtu.ge, t.zhvania@gtu.ge, l.petriashvili@gtu.ge,
david@gtu.ge, g.surguladze@gtu.ge

Pestome

PaccmaTprBaloTcss KOHILENIIUS PasBUTHUS KOMIIBIOTEPHO-MHTETPUPOBAHHBIX IIPOEKTOB B 00JIAaCTH
“H(OPMAMOHHO-KOMMYHUKAMOHHBIX TexHoaorui (ICT) u BOIpOCEI MX NPAKTUYECKOH pealu3aliUu.
I'mobanpHas TeHmeHIUA GOPMUPOBAHIA NHOPMAIIMOHHOTO O01LIECTBa, KOTOPOTO TpeOyeT MeXXAyHapOZ -
Has oOpasoBarensHas mporpamma IOHECKO ma ocHOBe cOBpeMeHHBIX CTaHJapTOB, O0OsA3BIBaeT
MeHeDKMEHT yHUBEPCHUTETOB COBEpIIEHCTBOBATh HAy4YHble M aKaZeMHYeCKHe IIPOIeCCH, B KOTOPBIX
HapsAy ¢ IpodeCcCOpCKO-TIPenojaBaTeIbCKIM COCTaBOM OyIyT aKTUBHO y4aCTBOBATh CTYZEHTHI BCEX TPEX
ypoBHeiil. B craTee mpeararorcs HEKOTOpPBIE IIPUMEPHI Pe3yIbTaTOB NHTEPAUCIUILIMHAPHBIX IIPOEKTOB
Y OTZIeJIbHBIX IIPOOJIEMHBIX 33144, peaIM30BaHHbIX ¢ Hayasa XXI Beka 1o HacTosAllee BpeMs Ha GaKyIbTeTe
Wudopmatuku u cucrem ynpasiaenus ['TY. Wsgan psag MoHorpaduit M yueOGHBIX ITOCOOUI, MMeomye
Hay4YHOe U IIpaKTHYecKoe 3HaueHwUe. [Ipexnaratorca xparkue 0630pbl. Hammu coaBTOpsI — ZOKTOPAHTEI
mporpammsl «MHopMaruka» Hamero ¢axysabTeTa — aKTHBHO yYaCTBYIOT B IIPOIECCaX MX CO3TAHUA U

BHeJIpEHUA.
(IHocrymuma 01.10.2024)
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IMPROVING BUSINESS PROCESSES IN HIGHER EDUCATIONAL
INSTITUTIONS BY USING ENTERPRISE ARCHITECTURE APPROACH

Irakli Rodonaia!, Gulbaat Nareshelashvili?, Tengiz Bakhtadze?, Vakhtang Rodonaia!
1- International Black Sea University, 2-Georgian Technical University

irakli.rodonaia@ibsu.edu.ge, g.nareshelashvili@gtu.ge, t.bakhtadze@gtu.ge, vrodonaia@ibsu.edu.ge
Abstract

The article considers the application of Enterprise Architecture technology to improve the quality of
business process management in higher education institutions. It examines the problem of determining the
conditions for implementing the necessary changes to existing processes and modifying them to achieve the
desired results. It describes the use of ArchiMate diagrams to describe interacting objects in the BUSINESS,
APPLICATION, TECHNOLOGY and MOTIVATION layers when creating models of business processes for
the functioning of higher education institutions. It offers models of Enterprise Architecture technology for
specific examples of reengineering and improving the quality of processes for developing, preparing,
conducting and evaluating the results of training courses.

Key words: Enterprise architecture, higher education, educational framework, ArchiMate,
business processes, change management.

1. Introduction

Higher Educational Institution (HEI) is a complex enterprise that supports business processes related to the
online and traditional learning and many other functions that are specific to private educational university such as
human resources, finance and accounting, students’ services, marketing and so on. HEI Enterprise Architecture
(EA) results should convince the HEI management that IT systems will support the ways of doing business at HEI,
achieve its strategic objectives and act as a strategic foundation for business enablement. Given that HEI is
enterprise whose goal is education, its strategy is primary related to modernize and improve the quality of
education by providing students better access to contents and knowledge needed to complete their study and an
easier way to teach the learning material required for appropriate study programs. This is the way that the HEI
increases the number of graduating students, decrease the average duration of studies for students in the
participating academic programs and achieves better profits

2. Main Part

Enterprise Architecture (EA) is a consistent whole of principles, methods and models that are used
in the design and realization of organizational structure, business processes, information systems, and
infrastructure. However, these domains are not approached in an integrated way, which makes it difficult
to judge the effects of proposed changes. Every domain speaks its own language, draws its own models,
and uses its own techniques and tools. Communication and decision making across domains is seriously
impaired. The goal of the ArchiMate project is to provide this integration. By developing an architecture
language and visualization techniques that picture these domains and their relations, ArchiMate will
provide the architect with instruments that support and improve the architecture process. Existing and
emerging standards will be used or integrated whenever possible. ArchiMate will actively participate in
national and international fora and standardization organizations, to promote the dissemination of project
results.
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A language for modelling enterprise architectures should focus on inter-domain relations. With
such a language, we should be able to model:
* The global structure within each domain, showing the main elements and their dependencies, in a
way that is easy to understand for non-experts of the domain;
* The relations between the domains.

Another important property of an enterprise modelling language — as for any modelling language — is a
formal foundation, which ensures that models can be interpreted in an unambiguous way and that they are
amenable to automated analysis. Also, it should be possible to visualize models in a different way, tailored towards
specific stakeholders with specific information requirements

HETI’s ArchiMate 3.3 model is organized into the following layers [1]:

1. BUSINESS containing following elements: actor (i.e., Student, Teacher), roles (i.e., Patron of Plans
and Programs of Studies), process (i.e., General University Education Process consisting of ten sub-
processes), service (i.e., Course Learning Object Specification, Program and Course Description,
Browsing, Courses’ Collecting in Programs, SLOs (Student Learning Outcomes) Specification, Student
Enrollment Controlling, Learning Outcomes Controlling, and Learning Management Supporting
Service, Consultancy Service, Open Content Providing). Each course is assumed to consist of some
components, i.e., Learning Objects which are developed by teachers and frequently re-used

- | 3 1 S

Progems, 7 Couwse 7 Sudet 9 = 3 Patron of Plans D Nationd 7
Plans & fegisilion ———— ) / Recher 3 & Progams ———  legalAcks
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Compentency for
the market position
tmployer @
Fig.1

2. APPLICATION including elements such as University Learning Politics and Regulations, Student
Enrolment System, Students’ Evaluation System, Learning Controlling System for control the course realization
by teachers, Students' Portfolios’ Registration System for the controlling of the progress of students’ work, and
the university IT (Information Technology) support as well as SLOs and Course Registration System, Library
Management System
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3. TECHNOLOGY including elements such as Data Server and Application Server as well as more
than one — Student Mobile Devices, University Video Device, Student Desktop Computer connected

together with Services in University Campus Network
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4. MOTIVATION containing the following elements: drivers (i.e., Course Participation,

Learning Management and Knowledge Dissemination), principles (i.e., Guides for Plans and
Programs of Studies), assessments (e.g., Accreditation Commission Assessment), goals (i.e., Graduate
Satisfaction, Appropriate Competences for the market position,), requirements (i.c., Studies’ Programs,
Plans of Studies, and Courses’ Proposals), stakeholders (i.e., Student, Teacher, Employer, LMS System
Architect, LMS System Developer), and constraints covering course Registration Availability and
National Legal Acts
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The General University Education Process is constantly self-organizing because of the internal self-
organization and self-improvement of each components, so finally the whole over-process is self-producing and
self-controlled. For the realization of that sub-processes and services, different software applications are utilized.

As a particular example of an educational business process in the Fig.5 the process of the students’
admission is depicted:

Fig. 5
The HEI has to follow the same high-level process for the development of each of the four
architecture components (business, information, application and technology) [2]:
1. Create a current picture of the HEI and its operations (current state)
2. Define where the HEI wants to be and what it wants to achieve in the future (future state).
3. Identify the differences between the current and desired future state (gap identification).
Business Architecture drives the other three architectures, but all four are interrelated. As a result,
the HEI will develop Business Architecture first, but may pursue a step of the process for two or more
of the other architectures concurrently, to conserve staff time and recognize the interrelatedness of
architectures.

» Current State (As-Is State) [2]
Before an HEI can map out where it wants to go and what it wants to achieve, it must document

and understand where it is. Documentation of its current state need not be as detailed as documentation
for the future state. The goal is to gather and analyze only the information that could inform a strategy
for moving toward a future state and to use existing materials whenever possible. The HEI will determine
the level of effort for developing each architecture. Its decisions about the scope and level of
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documentation, and which materials to use as inputs and create as outputs, will depend on whether the
agency already has descriptions or documentation for the existing architecture, and the extent to which
the HEI is likely to carry over existing elements of each architecture into the future state

> Future State (To-Be State)[2]

The future state depicts where the HEI wants to be and what it wants to achieve in the future—an
enactment of the vision. The future state for Business Architecture forms the foundation and anchor for
Information, Application and Technology Architecture future states: the level of detail and scope for
each of these is determined by their relevance to attaining the Business Architecture future state.

» Gap ldentification [2]

Gap identification is the process of determining and documenting the differences between the
current state and the future state across all four architectures. Note that gap identification is not limited
exclusively to absences of processes or systems—gaps also include redundancies, contradictions or any
other type of difference between how the agency currently operates and how it plans to operate in its
future state. Analyzing this collective array of gaps forms the starting point for the implementation plan.
Because of resource constraints and political factors, an agency is not likely to address all the gaps
identified, but their documentation is a valuable way to ensure that the agency’s leadership has a
comprehensive view of the issues to address if the HEI is to realize its future state.

» Implementation Plan [2]

To establish an implementation plan for HEI’s EA, the HEI’s team analyzes the gaps identified
between the current and future state and decides which to address, and how and when to address them .
First, the team consolidates the gaps identified across all architectures, classifies similar gaps and
assesses the implications of the gaps in terms of interdependencies and potential solutions. This analysis
leads to the identification of solutions that might address one or more gaps.

The ArchiMate has visualization of changes (described above) tool and consists of visual artifacts
produced in the order presented below [3]:
1) 1.Strategy of changes; business strategy, IT principles and requirements - the motivation behind the IT
transformation.
2) Transition between the As-Is (Current State) and To-Be (Future State) architecture, including the gap of
changes and the goals, requirements and principles related to the architecture states and changes.
3) As-Is and To-Be architectures at the application layer without specific indication of changes.
4) Gap of changes, presented at the application layer. The focus is on changed elements and on relations
between the obsolete and new elements.
5) Gap of changes, combining the application and technology layers and the motivation.
6) Gap of changes at the application and technology layers with the focus on communication elements.
7) Gap of changes, at the application and business layers with the focus on relations between business steps
and the applications supporting these business steps.
Below the ArchiMate general requirements diagram is depicted (Fig.6) [3].
The main processes include
1) preparing the course,
2) delivering the course to the students, i.e. teaching,
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3) conducting the learning activities,
4) assessments and improving the course based on feedback from the students.

An overview of the main processes is shown in Figure 7.
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Each of these main processes are detailed in the different sub-processes. Preparing the course involves
designing (or improving or revising) the course, preparing the course material, such as lecture slides and learning
tasks and activities, developing assessment guidelines, and publishing the course on the university’s Learning
Management System (LMS) which can be a Blackboard application. Delivering the course includes giving
lectures, coordinating and conducting tutorials, assessments of the students’ work and doing the final grading.
The university encourages and recommends the use of engaging learning activities (cf. e.g. principle on active
learning) and therefore, the process also includes coordinating and conducting learning activities (e.g., student
presentations and peer reviews), providing the necessary instructions to the Learning Assistants, developing the
relevant material for the activities, e.g., some hints and recommendations, and integrating any formative
assessments into the final grade. The final process is improving the course for the future. Many activities are part
of this course process, which are to be best aligned with principles and goals as with the changing requirements.

» Quality improvement management

As part of quality assurance, study programs can be assessed by an external accreditation body. For internal
guality improvement loops, the curriculums and courses are often required to identify a reference group, who act
as representatives of the class and provide feedback from the students to the teacher, and recommend actions for
improving the course in the future. Here feedback is first gathered, and the course is improved based on the
feedback. The improvement process (see Fig.8) includes gathering feedback from students and learning assistants,
synthetising feedback, checking updates from the university’s strategy, quality assurance recommendations and
guidelines, and then updating the course within the overall study program, and its three curriculum perspectives.
The course syllabus and educational activities are then updated, ensuring also coherency with the overall
curriculum architecture view.

Improve course (change management) A
Gather A Gather feedback () Synthesize A Check updates (A Update A
feedback from —--@» from Leaming SO feedback | S from strategy & g course
students assistants QA requirements design
Fig. 8

3. Conclusion

An Enterprise Architecture (EA) framework incorporating models of a HEI can play a crucial role in
facilitating sense making within an educational organization. Changing requirements, stemming from internal or
external factors or events, impact both vision and goals, business processes, curriculum offers, as learning
resources. lllustrated examples have shown that views and well documented models, using ArchiMate, can
enhance collaboration and communication among stakeholders across different perspectives. Once the HE
architecture is established, detailed descriptions provide the rationale behind strategic alignments, ensuring
coherence and effectiveness in organizational transformations. Change within HES can stem from various sources
such as strategic realignments at the organizational level, quality assessments based on student feedback,
recommendations for accreditation, new or rationalized processes, evolving industry requirements, shifts in
graduate profile expectations.
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bs6obbol  203xmdgLgdolomzol  Lobiogarm  3MMLgdOL d9d+9dsgzgdol, dmdbsgdol, Bodo®mgdol s
39935900 doBbom.

(bAsHos 8oegBeyemos 20.11.2024)

YAYUYHMIEHUE BU3HEC-ITPOLHECCOB B BBICIINX YYEBHbBIX 3ABEJIEHUAX C
NCITOJIB30BAHUEM NNOAXOJA ENTERPRISE ARCHITECTURE

W. Pononas®, I'. Hapemenamsunn?®, T. Baxranze?, B. Pogonas®
1- MexnayHapoaHbIi UepHOMOPCKHI YHUBEPCUTET, 2- [ py3WHCKUH TEXHUYECKUH YHUBEPCUTET
irakli.rodonaia@ibsu.edu.ge, g.nareshelashvili@gtu.ge, t.bakhtadze@gtu.ge6 vrodonaia@ibsu.edu.ge

Pesome

PaccmarpuBaroTcss BOIpOCHI IpuMeHeHMs TexHoiaoruu Enterprise Architecture ama yiaydureHus
KauyecTBa YIIpaBJIeHUs [eJOBBIX IIPOIECCOB B MHCTUTYTAX BhICuIero obpaszoBanusa. PaccmaTpuBaercs 3amada
ompezeeHUs YCIOBUM IIPOBEeJEeHUS HEOOXONUMBIX W3MEHEHUH CYIIEeCTBYIOUIMX IIPOLIECCOB M HX
MoguUKAIVY [ NOCTIDKEHHS SKejlaeMbIX pe3ysibTaToB. OIMCAaHO HCIOJIB30BAHHE AMATPAMM CHCTEMBI
ArchiMate gys onncanus B3aumogeiictayiomux oosextoB B BUSINESS, APPLICATION , TECHNOLOGY u
MOTIVATION crnosx mpu coCTaBIeHUU MOl IeOBBIX IPOoLecCoB GyHKIMOHUPOBAHUA WHCTUTYTOB
BhICIIETrO OOpasoBaHusfA. IlpennokeHsr Mogmenu TexHoimoruu Enterprise Architecture s KOHKpETHBIX
IIPUMEPOB PEUUHXMHUPHUHTA U YJIy4YlIeHUs Ka4eCcTBa IIPOIECCOB paspabOTKH, IOATOTOBKY, IIPOBENEHUA U

OILIeHKHU Pe3yJIbTaTOB yIeOHBIX KYPCOB.
(Hocrymmma 1.12.2024)
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15389690anm 3mbLEBHMMJ30900L BH9db03MMO 0sbmLE03s Fuzzy
9J6mema0900lL 3o0mygbgdom
d96d 5HMBdY, 9IRS JMOELOE0s, B35 dMYA35d], LegGogM K oodY

LodoMM39WMb G9gdbozm®mo Mboggdbo@gdo
m.akhobadze@gtu.ge, e.kurtskhalia@gtu.ge, m.bregvadze@gtu.ge, sofikojaadze@gmail.com

M9bomdy

Do 960005, G96Mds-65358Md5d0L, 65300LsEYMIGOOU, (9db03M0 OLRBMLEOIOL,
505693505 ©0Bsd030L  3OMPbMBoMIOOLS s Fgbsdsdolo  gosfy3gBHowgdol Jomqdols
3900MEOIS @S 5AMMH0mMIY00, 3MAB0BIGHMOMWO BHM3MEWMPOO0 565¢0BOL, 565T3oBOM
LoTIM3E IS MMM s Fuzzy 39dbmeomaogdols dsbsby.

153356dm LoEY39d0: T9bMd-b5990MdS, 39d6039M0 O0sbMLE03, Fuzzy @Ggdbmermyos.

1. gbsgogro

396005-65290M3900L  30BLEGHOI30900L  3H9Jb03MMO  ORBMLEBHOZOL  sGLgdMEO
3900900 9Bwdbgds 3MBLEHMWJ30930L Labsbosmm 35605993MJdOL gobmdzom FJo®gdeo
9mbs393900L  5BseoBL.  Fglsdsdolo, F9bmds-65390Mmdgd0L  3gdbozmemo  IymBoMgmdol
d9noLgdoly o 23905093930 gdol  Jo®gdolsm3zol,  3sdm0ygbgds  F509doEH03 MO0
LEAHOGHOLEOZOL  TJPMEIdO. 5939,  SMEOWGdIos  F93608bmm, OMI  F50935EH03MMO
LEAHOGHOLEOZOL  FJNMEIOOL  A5TMYghgds, BdMWMIEY  9MITRMOTICODYISO,  HM5T3STROM
9mb5399900L EOML 5653:mM9gEwIeros [1].

©O90LIMZ0L, 256 BMIMYGMIGOOL, 5658355830M dMb5399930L O HMIVBMOMT>0DYdSO
50m356930L 35098530300 IMOYoMgdols s FoMmmM30L MOGIOBsGH03M MMM
565935830m LOIOSZWYMNS MYMO0s s Fuzzy FHgdbmemyogdo [2]. 56593580m LOTMSIWIS
0gMe0s  BLbGHo  Igabogmgdss  9Ms93580m  Im3wgbgdol s  Bmboggdgdol,
358350 HYds0  5dMmEsbgdol 8 Fs3900L5m30L, 953 39530Mm FMmbs3zgdms F3580M
WMA03M0M0  06@gIM3M9GHE00LIM30L.  Folo  93mYgbgdolsls  49HY39BHO0Wgds  FooMgdS
9939 G5 3BV s Fodmbs3zwg3 309G DY 3obbMEMEF0gMGdMEo 808E0bsMY oBMBZ50s
9M0MOCOMI0m.

2. o050 bsfjogro

B9gooLdogMo  F9bmds-boagdmds  dga30dwos  gobgobowmm, MMM oM339090
Bodbom 2590056900 LobOMEo  Mom©gbmdol  (,3mbLEHMMJ300l  9wgdgb@Egdol”
»®93bmEmyom®mo  3OmE3gLlgdol” s bbgs) LoIMSZgMs JOPDMOOMDdS. ,3MBLEHMJ300l
999963 900L%, ,,3gdbmemaom®mo 3MmiEqlgdol” J3938 3avyolbdmdo dgbmdol, bgdoldoge
3MbLAHMMIoM  9OHDGMWL, Fs00  ©353006MBOL  Bsdwoegdgdl, T9gMEIdL s bbgo:
d9L5050LOE, T9bMds-6539dMdOL  Fogdo@03ME0  dmEgo  Fga30dwos  gobgzobowrmm,
OOyMmOE 08 5093530376 80850m9dsms  A(A, th...,) LodGZEg, BH™MIYdoG SOLYdMDIE
»,3MBLEHOMJ300b gagdgbEgdol (A B,...), ,®9dbmwmyone 3Gmagtgdol (S, P,...) ©s 5.9.
bbgs  LOIMOZgMs  TMMOL.  gmgzgwo  ,30bLEHGWJ300l  gagdgbBHo“ - O Gowbsbo
39b0LsBM3Mgds 00 LoIMm3EOl  9agdghGHd0m {ko,kl,...,kn}@ma@gbobgbtio(; obos
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fom3mgdmo. s3mEsbol sgmo Lobom FmMTsobsEos Lo Megdsl 935dwq3l Fgbmds-
B5990Md0L F5095GH03w9M0 IMYO 25630b0WMm, OHMYMEE LOIZW OO 3nd3wgdLo,
O®Bol  JguFsges,  beOE0gm@gds  3m8B30BsGMOMmo  Gemdmwemgool Q  sBseobol
dgoom@om  [5]. sbgmo  Lsbom  [omdmoagboco  Boggdmdol, dsmgds@Bolzm®o  Impgero,
Lodwoegdsl 23903l 5dM3sB0bmom  gzgws  Lobol  dIMemds  (3938060)  b53gdMdOL

LAOMIGHOOL  (3MBLEHOI309008) 996Gl FmOOL O M30  35IY3bMmm, G
M5m9bMmdMH03 ©s M30LMIM0Z  (33¢0EgdgOL  2odmof393L, LogmEg-MMmom  FMHowdo,

000MYM ,,3006LEOWYJ300L 9egdgbEHOBY“ gobbmMEogEgdmEro Jdgwgds [4,6].
083 0G0 3B3e9dbo [5] s6ob Fygomo K =(K,S), bswsg K= {ko, K, K, } 560b
65089 LLbOMEo LoIML3Mg (HMIWOl JErgdgb@gdlss 9hHm®Yds K 333wgdLol §3960m9d0),

bowem S 30 30bo 5MEIM0go 3950339l (BMIgmsg dmzgdnwo 3md3wgduol
1033 gdlgdo 96 Fobboggdo 9himmads) oligMo JOHMNMBLOMdDs, H™MA:

1) ngobaogﬁ)oki € Kg@g@gB@obbmgob, 9600993960960 boaﬁ)bg@g{ki} 60l K -0l
Bod3wgduo, s6¢7 BgdoLdogmo K € K gangdgb@obsmgol, {K } €s.

2) o) T 560 od39Jlo s MY T C T, 85906 T saH9gN39 Lod3qdbos, 649 ) T €S o
0¥y TC0,85306 TES.

mOo O s T (obbogo Q-00mwo0s, o K-30 sMLYdIMBL  Fobbogqdols  oligmo
O, Py Py Py T 808009360005,  H™Icol Bgdolidog® mMo dmdgabem g3l sdal Q-
296BM0EgdOL Lsg®mem Fobbogo, 9.0. dsm 5d3b Lmew dzocg J+1 Lsghom Fagem. stgo
908093600 d5L 9Hm@gds  J-3bo K -3o. 0¥) MO0 §obbogo [ -d3wos, 35806 olobo s6ol
5®9m39 P -d31wo yzgms [-Bg Bogaemgdo P -Lsmzgolsg. K 3m83wgdbol g -33w9emdols
3™83mbBgbERdoL  Leme  sofg@sl  0-b yggws 0,1, 2,...,dimK 3609369crmdolmgol, 50
3083@wgdbol Q-s65cwobo gffmwmgds.

Q=(Q,,Q,..Q ), 399®™L gfmogds K 3m33wgdbol  Q-39d@Hm@o,  dsldo

dimk
3060905 068MmM 5300, 049 M5dgbo [ -356%mTowgdols ,bafoerologsb® dgwygds K
303@gdlo. NGO Vo 356%BMBowgdol (<) Fobboggdo Ja60sE ,Bs3Gowgdl« 59
Boffoergdls  dmMolb, GMmImgdoi byl Mol 063060353008 gogmEgwgdsl 96
3995QP0GOI K 3m83w9dbol dogboom. s3o@m®d, Q-39dBH™mO0, 63390 SHBOHOM,

Sbobogl 333egJlols FaEreMdoEv® 39mBgEEosL, LE®MJEMOME BEaMsEMdNL. Q-39d@m®o
0d3s 36093690356 06830MT5305L 3083¢0gJLOL QMBI (FE0s60) 49mBgEHMoWEwo
LAHOMIGHMOOL Tgbobgd. 39MHIME, M) OMYMOSs 3nI3egdbol bbgoalbgs Hobboggdo dsmo
LogMM §390M90000 JOTBYNMB 353800900, HMYMO0S LEAMYIEIMHOL BEYMOPMDS
23969 B99mgddgq09d0l J0doGo.

3033w9dbol  3FMEMBOL  9OHM-gOHMO  FOMOMOEO  FobolosmMdYos  [obbogol
99b396@G®oboGHgB0, MMIgwos 330B39690L vy Msdgbs 360369 m3z560s Bm393ME0
Pobbogo dmwosbo 3md3wgdlobsmazol, 3mddargdlol 83 MdOLIMZOL, BEYMSEMOOBSMZ0L.
93999900 Lod3wgdbol T [obbogol 9dugbGHMOLOEIGO F9BMOMZEGds BMOHTMWO:
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_04-q
ecc(o) = ]

Loz [ 960l T - gobbmBoegds (9.0. =0iIMo ), bawwe

q =max{0<i<dimo|3o eK olgmo, 6md c#0 s " =(c)"}.
5] 0" @ ()" BgLsdsBobs@ s0bodbsg T -l @s T -0b Yi-930350gBEH®BOL 3l
Bod3o30sMMo 3mB3egJLol, LobEgdol, §398 B39b 3golbdmdm mombgmel (X;Y; o 77),
bdaog X @s Y Lodmsgewggdos, P X XY, bawn 7 sbobgss 71K, —R, 9.0 89bsdsd0bmds,
900l EOMBSE Y39 B3 Ll Jgglsdsdgds bsdwzowo Mogbgzo. - gfimgds dmogwro,
K , L083030s® 3md3gdu®y. 7T-b 8mEgds Fgodergds Boadoms f:p—>Z susbgols
390939Md0ms(3:
k
X Xre %] vj(;y)epzjzof(x,,y)

f @5 7-b 5d3b 89890 BoB0gMMO Fobss@Lo: T(XY) 560l LobEgdsdo (X;Y)3s38oGol
256 3099d5%9 35597100 ©BIBIOR GO ( EOMOMO, B ©s 5.9.), 7(0) 3o T -Lmsb

939w 353906900L ©584s0M9d5Hg 49hgo ibsbotxgdo. 77 dm@geol bsBMOo sbobogl
LoLGYIoL ObsA0IsL, Folbg gobbmdEogwgdmwo Jdggdolsl. 77 dmgero Lsdmowgdsl
3350936 dm35b0bmm  LoGgodooGSE0Mm  LYFMTsmgdol  Mm3EGH0Tobo0s
3M0@gmomdom [6].

9009310 8993900l Loxmdzgwbg dgoddbs 3MMMmedmmo 3539¢0 Matlab - ol 35%HsbY,

Lbbgoolibgs

Bo3doboyMdol  39gdb03m0 osabmliEnzols s IB0sbgdsms 5dMxEbgzMOL bsdmdsmms
33000 gad0LOsM30L. §39dmo  dmygzsbowos dgddbowo  3MMaMsdmwo 353930l
399563039010 350056F0. 65300L5aMA0L, 3H9db03M0 FEAMTMIMdS Foligds F90cga0
d9Loliggeo 356539GM9d0l dobgzom: [8]

»005339M©900L 3Mmbg“, 9031369006 BMbJ300L  Lsdsbobm FGHgMdgdos: ,slsdzgd0%,
DO EH0M0, ,Lobogsmm®.

90379336900L 53bJ30sL 593 B0 Loby:

( 1, 0v) X € (—oo,dq]
—d,)? dy+d
11— '—(S(l—iz))z o x € (dy, )
X(x) = (dy—x)? dy+d,
(dy-d,)? 20 x€ (5 dz)
(204
0, X € [d,, +)

»3906900L  §9MGH0wo* - bmdswol 3060Mmdomo xmdol  3608369wmds, 8039036900l
2996d300L LodsBObM 3HgMdgdos: ,olsd3z900%, ,,bMMTsEH00, 8500 FoM0YOME0™.

90329036900L 53bJ30sL 593 d90ga0 Loby:

( 0, 0v) X € (—oo,dq]
—d,)? d,+d
o] T o e
() = o (d=%)? di+d,
1-2 09 XE( ,dz)
(d—dy)? ” 2
1, 9 x€[dy, +o)
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»00089e00b (8930605300) 36:0BgloMbsoBI0” - (25MIZ0L yz9wsBy dSEO HadGowo
000905Mm9mdL  BL3IYMH0ED 250339  Bsbdobg) F03mM36930L  BMb300lL  LedsBolim
G9M39d0s: 0BG, ,3OMFBILOMbso®.

30399536900L 53bJ30sL 593 G990 Lsby:

0, 0v) x € (—,dq]

x—d1

X(X) = dy—d;’ 09 x € (d1’d2]
1, 0v) x € (dy, +)

399mbsb3go 33WsOL ,g395MCMEMdS* - 653d0LoyMIOL 3H9dbo3MMO TEYMToMYMdS
13010, 5M5335B0M 0bAZ0LEHWIMO BHYMIGOOM: ,ELYZ9O0, »3JJD0IIMI® RoT>OMYWO™ S
»»99003MM0© 29905010530, HMIWGOoE BMOIoMEIds 90593580Mm  ©I3ZZ60L 253900900l
059560l 5egMm®omTol Loggdzgaby [9].

3905093930930l JoEgdoL 56533580M 5¢EamOOmAL 5d3b 99dgy0 Laby:

1. 099 ©533960©7500L 379mbg 5MOL ,,sl¥33900%, Fgbgdols HaMEGHowo 5oL ,,olsd3900" s
»,0BM3geol 3OHMBILOMBIWODHTO* 5HOL ,,0b5¢BdYE“, Bod0b ,65300LoYMIOL FEYMToMYMDS*
MO , 4599350030

2. 099 339000l 39mbg 9GO ,,old3900, Fgbgdol aME0wr0 5oL ,,6mMTsE0wgEo”
@5 ,0DMmIgwol  3OMBILOMbIODTO* M0l ,,3OMBgLoMmbswo”, 8sdob ,65380L5YM0L
900 M35MgMd“ 5O ,,ol5d3900 .

3. 09 ©390©Jd0L  3Mmbg  9MoL  L,BmMToGHomwo®,  dgbgdol  FghGHowo  sM0oL
»00065BH0Mo” s ,dBMIgwol  3OMBILOMbIWoDTO . MOl ,0boedgs”,  35d0b
,05300L5MIOL FEYMTMYMBS“ OO,

4. 09 539000l 37MbY M0 ,,6MOTsEH0ME0”, Ggbgdol HaMEH0wo sHoL ,Lobogsomm®
©5  ,dbBMIgol  3OMBILOMBsoHT0* ML ,3MMBILOMbs0,  F5d0b 653000l
000MTMHgMd“ SMOL , 458500

3. sls336s

3909365 d9bmd-HBoggdmdOol Bomgds032)M0 Imgeo®gdol dgmm©o 3:3d0bs@mEwwo
AM30mgool Q  9bswoBol @ 9059355300 LOIMIZEIMS MYMOOOLS BBBY. B39,
36MaModMwo 353930 Fuzzy &9dbmemyoqdol as9mygbgdom bs3doloymdol &gdbozm®mo
©0536MBEGH030BoM30l.  Ymz9ew0gg 9356 Lodmoegds  BMa33d, dIBMIzom  Fo®gdEo
UEAOGHOLAHOIMNE FMbs3gIPPMD  gOHMsE  BsRJOMBYOOL  LogJui3EMGsE0M  FEAMIMYMIOL
39935L900L5M30L 290M9399969d0bs 36530MbEOME0M905©0, NOMIUTOIA GloR oftehelo)
3399 BH™M9d0, HMAYO0E 393wgbsls 5bgbgb TobMd-boggdmdol 9dbolzwme IyMIoMmgmdsby.
65290M0900L  39d603M0 dYMTsMHgMdOL JgRoligds  bmM309wds  B53930-Ux9a96mL [9]
5eamMomdol bygmdzgebg, OHMIgois 953w9dbgds bgoMmbmo Jugwrgdols s 9MsT3sRO0M
MA030L 3900MPOMEMYO0L.
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UAsHos omgBraemos 15.11.2024)

TECHNICAL DIAGNOSTICS OF BUILDING CONSTRUCTIONS
USING FUZZY TECHNOLOGIES

Akhobadze Merab, Elguja Kurtskhalia, Marika Bregvadze, Sofiko Jaadze
Georgian Technical University
m.akhobadze@gtu.ge, e.kurtskhalia@gtu.ge, m.bregvadze@gtu.ge, sofikojaadze@gmail.com,
Summary
The article presents methods and algorithms for technical diagnostics and forecasting the
dynamics of damage to structures and berths. Making appropriate optimal decisions based on

combinatorial topological analysis, fuzzy set theory and fuzzy technologies.
(Received 15.11.2024)

TEXHUYECKASI JUATHOCTHUKA CTPOUTEJBLHBIX KOHCTPYKIIMIA C
HCIOJb30BAHUEM HEUETKUX TEXHOJIOT U

Axob6amze M., Kyprxanua 3., bpersaaze M., [Ixxaanze C.
I'py3uHCKUMil TexHUYECKUI YHUBEPCUTET
m.akhobadze@gtu.ge, e.kurtskhalia@gtu.ge, m.bregvadze@gtu.ge, sofikojaadze@gmail.com
Pesrome
B craTpe mpezcTaBieHBI METOJbI M AJITOPUTMBI, TEXHHUYECKOH [JUAaTHOCTUKUA U IIPOTHO-
3MpOBaHUA AWHAMUKU IIOBPEXAEHWH COOPY>KeHWH M mpudanoB. [IpmHATHA COOTBETCTBYIONIMX
ONTHMAJIBHBIX  peLIeHWH, Ha OCHOBE KOMOMHATOPHOTO TOIIOJOTHMYECKOTO aHajIH3a, TEeOpUHU

HEYeTKUX MHOXKECTB U HEeUYETKUX TeXHOJIOTHI.
(Iloctymmna 15.11.2024)
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UBAmgsbGmeo 56senoBols Igormegdols 35dmyggbgdols dglisbgd
L5067066 39db03me 53m3569dT0

AO0LESH d5dg, FoEbsB BOdOMMO

LodoMmM39WMb G9gdbozmemo Mboggdbo@gdo
t.buadze@gtu.ge; m.bibiluri@gtu.ge

M9bomdy

396bo o 36 3609EH o 3ModE03w9mo Lsobgob®mm-E9dbo3mEo s8mEs6gd0L bLGHMJsLEGMOO
9900™m©gd0m 5dMbLBOL 2Hgd0, 08 J0MMdJdT0, MHMPLsz Tgusbfogero Ladmmgd@m Mmdogd@oL
doboboomgdgd0 o 396539 BHMYd0  F9INb3930m0  boLSMOLYS,  SWBIMMOIMS  Jbsfoengdol
Hobolfo®  3bmdowo  356mboll  Fglisdsdolo. 2o0mdobatyg 9dgsb, dgBo  LsobGHgMglem s
5931 mo  bgds  dgbolifogro  Mmd09d@gdol  dqlobgd B3z9b H0bsdg oLdMEo  sdmEsbgdols
5¢00500)M-bEOEOLEH03MMO FgOMYdOL 453MmYgbgd0m BoEIMGOME0 9B5EOBOMS S YoNZELGOOM
900900 990093900Ls s 03039 58M3565m5 BHMOOE0IE0 ©YEIM0boLEH Mo TgmMmEIdom
900900 9900939d0L 9900930l sdmEsbol owshy39@e. HoMmdmagbowos BmyoghHmo sdmizsbols
59mblLboLOL GgLsdsdoLO F9EIMIOIOO S B oDo.

153356dm  Lo@Yzgdo: LEAMJSLAEHMOO b3 oDo. YEHINTOBbOLE O TJOMPO.  SEIVSMWYO-
LEHOGHOLEH03MM0 FJOMPO. 23b65H0EgdOL 35bMbo. LoobgObOM-Eqdb03MMO SM35bs.

1. 9glsgsemo

LEMoLEHIO0 565¢0BOL FMYEGdLS S FgMEYdL F9dmbz93000 IMZWgbsMS WS 3MIM(3gbS
396mbBM809M90930L abvygbo 30949690m, MoLoE ol F0BBO 593L, MM M3EH0TsEmEmo byMbgdom
39635bmM30gwmo  dgdymddo Bggbo §89w9gdgd0. 530@MB  3MMABMBoMYdOL  Lszombgdl, ol
5 39bsL53 B396 o 3603369 MdL 35603FJdm, 9BLS3MEIMYOMWO YMIEPIO0M 3930©JIOM >
300530 Bo0bgObOM-E9db039M0 5dME6gdOL 58MbLBOLSL.

LBEoGosdo Fo0mdmaqbowos Bmyoghmo 36Mogd@o3wo bsobgobmm-@3gdbozmemo sdmEsbol
5E3500)M-bBOGHOLEGH03MNM0 FJOMPIO0m, 647 LBMIsLEMMO SBsEoBol FgNMPIBdO? FoOFHOL
3b900. 353050 dgmMg FbM0og, d0BsbIghmbows Bs3m35tg0 2523939090065 29633900 Labol
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ON THE USE OF STOCHASTIC ANALYSIS METHODS
IN ENGINEERING AND TECHNICAL PROBLEMS
Buadze Tristan, Bibiluri Malkhaz

Georgian Technical University

t.buadze@gtu.ge; m.bibiluri@gtu.ge
Summary

The article discusses ways of solving specific practical engineering and technical problems using
stochastic methods in conditions where the characteristics and parameters of the studied project object
are random in accordance with the previously known probability distribution law. Based on this, it
becomes very interesting and relevant to compare the results of analysis and calculations of the tasks set
before us using probabilistic-statistical methods and the results of solving these same problems using
traditional deterministic methods [see 6]. Accordingly, the presented work discusses the corresponding

comparisons and analysis in solving some problems.

(Received 9.11.2024)

OB UCITIOJIbB30OBAHUU METOZIOB CTOXACTUYECKOI'O AHAJIN3A
B MTHXEHEPHO-TEXHUYECKUX 3AAYAX

byanze T., buburypu M.
I'pysunckuii Texauyeckuil YHUBepcUTeT
t.buadze@gtu.ge; m.bibiluri@gtu.ge
Pesiome

PaccmarpuBarorca myTm pelleHHs KOHKPETHBIX IIPAaKTHYECKUX HWHXKeHEePHO-TeXHHYeCKUX 33Jad
CTOXaCTUYECKMMHU MeTOJAMU B YCJIOBHAX, KOT/IA XapaKTePUCTHKU U IIapaMeTpPhl HCCIeLyeMOro OOBeKTa
SABJIAIOTCA CJIy9aifHBIMM B COOTBETCTBUU C M3BECTHBIM paHee 3aKOHOM pacIpefiejIeHUS BepOSTHOCTEMH.
Hcxops u3 3TOro, CTaHOBUTCS BeChbMa MHTEPECHBIM M aKTyaJbHBIM CpPaBHeHHE pe3yJIbTaTOB aHalIH3a U
pacyeToB ITOCTABIEHHBIX ITepe/i HaMM 33/1aY BepOATHOCTHO-CTATUCTUYECKMMHU MeTOJaMH U Pe3ysIbTaToB
pellleHUA STHX JKe 33/1a4 TPAZUIIMOHHBIMYU JleTePMUHUCTUYECKUMY MeTOAaMu. B IpezicTaBieHHOI paboTe
00CY>X/IAIOTCA COOTBETCTBYIOIIYE CPaBHEHUA U aHAIU3 IIPY PelIeHNH HEKOTOPHIX 33/1a4.

(Iloctymrna 9.11.2024)
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FUZZY PROBABILITY WAY TO REDUCE UNCERTAINTY
IN DECISION MAKING

Magrakvelidze Dali
Georgian Technical University
d.magrakvelidze@gtu.ge

Abstract

In traditional probability theory, the probability of an event is a number between 0 and 1 that precisely
guantifies the likelihood of an event occurring. However, in some cases, the event itself may not be clearly
defined. For instance, the term "likely" or "almost certainly” can be subjective, depending on the context.
Fuzzy probability is a method that combines fuzzy logic with probability theory to handle uncertainty in
situations where there is imprecision, vagueness, or incomplete information. It provides a way to reduce
uncertainty in decision-making processes by representing and reasoning about events with fuzzy probabilities
rather than crisp values, which can often be too rigid or deterministic for complex, real-world situations.

Kye words: fuzzy probability, membership function, fuzzy set, fuzzy logic, fuzzy inference systems
(FIS)
1. Introduction

The conventional approaches to decision analysis are based on the assumption that the probabilities
which enter into the assessment of the consequences of a decision are known numbers. In most realistic
settings, this assumption is of questionable validity since the data from which the probabilities must be
estimated are usually incomplete, imprecise or not totally reliable. What do we mean by fuzzy probability
theory? Isn't probability theory already fuzzy? That is, probability theory does not give precise answers but
only probabilities. The imprecision in probability theory comes from our incomplete knowledge of the system
but the random variables (measurements) still have precise values.

Fuzzy probability is a method that combines fuzzy logic with probability theory to handle uncertainty
in situations where there is imprecision, vagueness, or incomplete information. It provides a way to reduce
uncertainty in decision-making processes by representing and reasoning about events with fuzzy probabilities
rather than crisp values, which can often be too rigid or deterministic for complex, real-world situations.

2. Main part

Fuzzy probability refers to a concept that combines principles from both fuzzy logic and probability
theory to handle uncertainty in situations where the events or outcomes are not precisely defined or are subject
to vagueness.

In traditional probability theory, the probability of an event is a number between 0 and 1 that precisely
quantifies the likelihood of an event occurring. However, in some cases, the event itself may not be clearly
defined. For instance, the term "likely" or "almost certainly"” can be subjective, depending on the context.

Traditional probability theory works with precise values (i.e., the probability of an event is a single
number between 0 and 1). However, in many real-world scenarios, events are not always well-defined. For
example, statements like "the temperature is likely to be high" or "it might rain tomorrow" are fuzzy, because
they involve vague linguistic terms.

Fuzzy probability attempts to handle such imprecision by representing uncertainty in the probability of
events using fuzzy sets rather than crisp values. A fuzzy set is a set where the membership of elements is
expressed in degrees, not in binary terms (i.e., it is not just a matter of being "in" or "out™ of the set).
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In classical probability theory the event has a precise description. For example, the event
A = {1, 3, 5} from the above example has a precise description and can be represented
by an ordinary set. At the same time each fuzzy event may be represented by fuzzy set.
For example, the event "large number" may be represented by a fuzzy set.

B=1(6,09),(5,0.7), (6, 0.5)}.

Probability of fuzzy event

A= {(x, u(x)), xeX}

Fuzzy probability allows these fuzzy statements to be translated into mathematical terms. Instead of
assigning a precise value, fuzzy probability provides a range or degree of belief, represented by a fuzzy set,
that better reflects the uncertainty or vagueness of the situation.

Key points of fuzzy probability: Fuzzy Sets for Uncertainty - Events are described by fuzzy sets, where
each outcome has a degree of membership between 0 and 1. This means the probability itself can be fuzzy,
reflecting varying levels of certainty or uncertainty about the event; Fuzzy Probability Distributions: Instead
of assigning a single value to the probability of an event, fuzzy probability theory assigns a range or a fuzzy
set, providing a more flexible representation of uncertainty; Linguistic Variables: In fuzzy probability, terms
like "likely", "unlikely", or "almost certain™ can be used to describe the probability of events, and these terms
are then quantified using fuzzy logic. For example, "likely" might correspond to a fuzzy set that includes values
near 0.7 or 0.8, but not necessarily restricted to one exact number; Use in Decision Making: This approach is
useful when the available data is imprecise, incomplete, or subjective, such as in decision-making processes,
risk assessment, or situations where human judgment is involved.

This allows more nuanced reasoning compared to classical probability theory, where an event is either
possible or not, without any middle ground.

In fuzzy probability, uncertainty is expressed using linguistic terms such as "unlikely," "likely,"
"certain,” and "impossible,"” which are represented by fuzzy sets with membership functions. For instance:
"Likely" could be represented by a fuzzy set with a high membership value (say, 0.8) for certain events;
"Unlikely" might have a membership value close to 0 for most cases.

Instead of assigning a single value to an event's probability, fuzzy probability allows for fuzzy
probability distributions. A fuzzy distribution can represent a range of possible outcomes with different degrees
of certainty, allowing for more flexible modeling. This is particularly useful when data is imprecise or there is
no clear-cut value for an event’s likelihood.

A membership function is a key concept in fuzzy logic that defines how each element in the input space
(or universe of discourse) is mapped to a membership value between 0 and 1. It is used to quantify the degree
of membership of an element to a fuzzy set.

The output of a membership function is always a value between 0 and 1, where: 0 means that the element
does not belong to the fuzzy set; means that the element fully belongs to the fuzzy set; Values between 0 and
1 indicate partial membership. The input space is the range of values over which the membership function is
defined. For example, in a fuzzy set for "temperature,” the input space might range from 0°C to 100°C.

The membership function can take various forms depending on how the fuzziness is modeled. Some
common shapes include: Triangular -A simple shape with a peak at the point of maximum membership and
linearly decreasing values on either side; Trapezoidal- Similar to the triangular membership function, but with
a flat top to indicate a range of values that have full membership; Gaussian - A bell-shaped curve that is useful
when modeling smooth, continuous transitions; Sigmoidal - A "S"-shaped curve, often used to model gradual
transitions between two extremes.
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Fuzzy probability can be incorporated into fuzzy inference systems (FIS), which are used to make
decisions based on fuzzy logic. In these systems, fuzzy rules are applied to input data, and the resulting fuzzy
probabilities help guide the decision-making process. For example, in an air conditioning system, the
temperature may be fuzzy (e.g., "warm," "slightly cool™), and fuzzy probabilities are used to adjust the system’s
behavior (e.g., increase cooling or decrease fan speed).

How fuzzy probability reduce uncertainty:

1. More Flexible Representation: Traditional probability gives a single number, which might be
insufficient when dealing with real-world uncertainty. Fuzzy probability provides a range of
possibilities or degrees of belief, which helps better model uncertainty.

2. Capturing Subjective Judgment: Many real-world decisions involve human judgment, which is often
imprecise. Fuzzy probability allows for subjective assessments (e.g., "somewhat likely") to be
incorporated into the model, making it possible to handle uncertainty based on human experience or
vague data.

3. Adapting to Imprecise Information: In cases where precise data is unavailable or unreliable, fuzzy
probability can work with vague or partial information, reducing the need for highly accurate data and
still enabling reasonable conclusions.

4. Enhanced Decision Making: Fuzzy probability helps decision-makers reason about uncertain
situations more effectively by considering a range of possibilities, rather than forcing a deterministic
or crisp conclusion. This leads to better-informed decisions in situations with complex, imprecise, or
incomplete information.

3. Conclusion

In traditional set theory, an element either belongs to a set or it does not. In contrast, fuzzy set theory
allows for partial membership, where an element can belong to a set to varying degrees, represented by a value
between 0 and 1.

fuzzy probability reduces uncertainty by providing a framework for reasoning with vague or imprecise
information, allowing for more nuanced decision-making. It is especially useful in domains where traditional
probability models fall short due to their reliance on precise and deterministic inputs.
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G9gmdobo  "bogoMommE" b "momgdol  sMEowgdws©"  dgodwrgds  ogmb  b9dogdEHemo
30639JuGH06  98MmIE0bsMY. 96M503580M  5EBIMIMBS MOV FJOMPO, MMIJWOE 59MH06YOL
56593580M MYl 5 HEIBIMMBOL MJMOOSL, Moo 29MI3Wo3IL 39BMLsbBLIMMdsL 0
LOE1Y5309030, BooE SMOL oYM 3393LMDS, 565TJSBOMMBS b MO 0bFMOTs30s. Ol 0dEg3s
1539950905l 99930609l 496l BOIMYEMdS F9FY39EHOWYdOL Jowgdol 3OmEgldo dm3zwgbgdol
Pomdma9b0m s ILHOMMYI0M 5MTIIROM  SWBSMMBOL s 90> 9355300 3603369 mdYdOL
153995 gd0m, HMIGd0E HJoMo 890degds 0gml dsg0b bolo 56 ©gEHYMToboMgdmwo, Mgow®
L53goOH ML G0 LOEWYS(30900LMZ0L.

(bAsHos oegBeyemos 17.11.2024)

HEYETKASA BEPOATHOCTD CIIOCOb YMEHBUHIEHUA
HEOINPEJAEJIEHHOCTH IPU NPUHSTUU PELIEHUN

Hanun Marpaxsenuaze

I'py3unckuit TexHnuecknid Y HUBEpCUTET

d.magrakvelizde@gtu.ge
Pe3rome

B TpasnimoHHO# Teopur BEpOSTHOCTEN BEPOSATHOCTH COOBITHS — 3TO 4ncio oT 0 10 1, KOTopoe TOYHO
OIIpeNeIIieT BEPOSTHOCTh BOSHUKHOBEHUS COObITHA. OHAKO B HEKOTOPBIX CIydasXx caMoO JEHCTBHE MOXKET
OBITh HEYETKO OIIpE€ACIICHO. HaHpHMep, TEPMUHBI «BEPOATHO» WJIN «IIOYTH HABCPHIKa» MOIYT OBITH
CyOBEKTUBHBIMH B 3aBHCUMOCTH OT KOHTeKcTa. HeueTkast BEpOSITHOCTE — 3TO METOJI, KOTOPBIH COYETaeT B
ce0e HEUETKYIO JIOTUKY M TEOPHIO BEPOSTHOCTEH Ui OOpHOBI ¢ HEONPEAETICHHOCThIO B CUTyalUsX, KOTaa
CYIIECTBYET HEONPEIEICHHOCTh, IBYCMBICICHHOCTh WU HermoJiHas WHGopMarusi. JTO MO3BOJSET CHU3UTH
HEOIPEJeNICHHOCTh B MpOLecCce MPUHATHS PEICHUH, MpeACTaBsii 1 000CHOBBIBasl COOBITHS MOCPEICTBOM
HECYCTKHUX BepOHTHOCTeﬁ, a HE YCTKHUX 3HaquHI>'I, KOTOpPBIE YaCTO MOI'yT OBITh CIIHIIKOM >KECTKHUMHU HIIN
JNeTePMUHUPOBAHHBIMU JUIS CIIOKHBIX PEANBHBIX CUTYAIHH.

(Tocrymmra 17.04.2024)
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5658355300 030l IgmmEodols odmygbgds
3o6m30L LoLZYIGOOL 65¢0BOLS s 33eg30LmZ0L

6obm 939odz0wo, bobm dfommemo
LodoMmM39W ML G9gdbozm®mo Mboggdbo@gdo
nino.mchedlishvili@gtu.ge; tikelegabrieli@gmail.com
M9bomdy

396boM@0s 565935530 WMY030L sMLO s dobo 360d3bgemzsbo BMmEo 93E Mo MO
domm»30L LoLEBYFgdTo. 00 §3035HMdL dmdboe s 0bEH™MOE0M FJoEYMIol 2oM33939¢ b
3M5BMLE  0bBMOTo30oLMb  Fdomdol  MM™L. i dsggdI0s  965TIIROM  MA030L
3990myg9bgdololl 0bgm®Is300l  ©sdw9dsgzgdol 9@Ee39do. HoMmdmoygbowos ™md0gdBHIOoL ToMMZ0L
0530190090560, L5FoMM 530 s LEZMBEOMEWM MB0YJBHJOOL FobsliosmMYdEGdO s MB30MSEJLMdYdO.
399m3mgboe 0dbs 2odmygbgdols dsgowomgdo Lbgsolbgs bagOmdo. MATLAB 3ws@am®dol
05BoBg 99985390 0465 LoOLEYTs 5M5835830M ToOHMZ0L 3MIM3gLYOOL  458mYygbgdol Msdgbody
d9L5dEgOMBOm.

1553356d0  LoGY3goO: 5MTIOROM WMY0Zd. BIBOR0ZHG0S @S OIR>DBOROIs30s.  LoLGHYTs
MATLAB.

1. gbsgogro

056599060m3g  LAYSOML  3033099)BHIO0DOE3050  5b5EODOL  MIMEIbMdGOZ0  TgoMPYOOL
3990myg9bgdol  LBgMM™L  LHOsRo  F9x350MmMgds  2odmofig0s, om0  bydMsgdom  brmM309wYds
00mgdolb yz9ws LobHgdol J501935EH03M0 FMPYWOMHGdS S BSOHMZOL 3O MDEGIGIOL OO FMS. M3
WRO® OOwos bobGgds doo bogegdsss Igbadwrgdgeo dobo ,dmgdggdol” BrlGo s
36154303 VOMIOMWO EIBILOSMYdS. BHimMgE 580G™MI 56159355300 M35 9608369 m356
Ol SBOMHIEGOL 53BHMTdEGIM0 FoMM30L LoLEBYYdT0, 0g0 0535DMd dmdbo s 0bEGHwoEo®
90Mddl go9M33939 96 9B MLE 0683MMHT530oLmMsb FMTomdol EOML. 5M5939R0M IMA03S
330035BMdL  IM35IbM03 s IIWszm  0bLEHMWMANPBEAL  953GH™I>GHIM0  FoMm30L  LobEgdgdol
d9L5dabgs, BMIGLsE d9dw0s 9BIIGHWIOS© 99933l oYM 3393 MdL, SMHOROZMISL
5 BLOMOYEL. 0O FodM0Yghgds bbgsolibgs MYRGdT0, J500 FMEMOL MMIME03S, 93GMIMdOGdOL
§om3mgds, 30IMLMMO 3OM(39GOOL FoIMZs, LETMTHAGIYOM grgdBMH™b0o3s s bbgs.

2. 565935800 030l 3gomEgdol 3sdmygbgds IsGmgols oldgdgdols
565¢00Dolss s 33eErgzolsmgols

DM, 93GMBsGMm0 JoM30L LOLEYIYOTO Fodm0Yghgds BHGMSOEOIO 50985303 ,IMO
33565@0, H™Igwog bdoMs 3960 93059mBowgdl 33¢0930L Msbs3gEMM3g FmmbM3bydL. sdoEHM™a
O 3gHomEdo BsOOMO 293039 s 9., LOB0WOo  godmmM3egdo”, OHMIWol JoMHOMIPO
36063030  9MBoMgmdL  JoMrnzol  olgmo  bosGobbol  MBEOWb3gwymBsdo, Gmas  IbMLsH-
©3609w™doL 306HMdYdTo, botxol Folorgd ©mbybg gbsePBmbgdom, MHgowoBHIdME0s Foswo
bse0olbol  doMmnzgol LobEgds. ,OdoW  A5dMM3gdL* F0o3mm3bgdgd 990y 06BMEOTs0wE
G93bm@myoqdL:  9JudgOGHIo  LoliBgdgoo, 96593580Mm  WmyozoL  LobEgdgdo, bgodmbmro
L9900, 39693039M0 SEYMOHO0MTYd0, 30d0M0YIO LOBEHJIIYOO S BBZ. 55FISBOM WMY03s SGOL
500590560l Bog5M5M ALY JWMOOL 25oG90s 56JsbM 965%g. bdoMow 04dbgds LodmsEos, Mmas
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100%-560 5¢d500Md00 396 358304L0MGOM 585 09 03 BogABL. 59 G9dH393580, JWSBOZNOO CMYO3S
56 259G S F949dgd90s B5IMYS0dEIL seram®omdo hzgbo Aux germdol Loggwydzguby.

39605 53obo, dcem fengddo 9bgyool dmbdsdgdol BEOS 3oMBIbMBL sbowo Loddgsg®mggdols
3969606MH930L s69MY35L S Jugerol LoddEszMOL JobMEIL. JrgdEHOMgbgMOol Fom0dzs bdoMow
013936 O 93MbMT03E BobL. 5ol 15300096 530¢gdOL FOBbOM 930 GBGE0S B0 (330l
LoMo9gd9d0L A9dMYgbgds s LoLEGHIIOL OL3YERIOODOE0S. Y39 5T GodBHMMTs FobsdoMmmds
3boeo  Bgbgb00l gobgbs Foys gargdBHMmgbgdaool 0bmlB®mosdo — GH9bgbiEos sOLYdMWO
303303 9M0B3E00LS s Sbowo 3330060 Jugegdols s3980L396.

50593580Mm  MmY03s  3BLOIMMEGBOm 39RO  J9FM0Ygbgds 9O B0z0  LoliEgdgdol
L5935, LBOOE FMMZ0L BHGMIOEOM FgoMmEYdds Fgodergds 396 dmy3z3glb LobMzgaro
3900920. 9558355300 FoOMZ0L BLEAMGHIR0JOL Fgdewos Jggamb LoLEBJIoL sMHOROZ J393oL W
d9L50530LOE  IIMYRMWOMML  FoOMZOL  IMJIgIOGd0, o3  2odmofiza3l  Qondx MdILYOVIE
d9LEOWGOL O BEIOOEIMOMBSL.

533™BsBHMHo  JoO™M30L  LoLEBYIYOo B0  5(YId0D A9 3393wMdL  356539EHMYOOL
(3390935QMB0L,  IMM393900L 96 qoMYBML  (33C0GBGOOL  QoTM.  9MHTIIBOM  CIMROIS
MBOHM639wYmRl dgo® BsGBML 49633930 Mmd0L oLAEY35© 0bY3oLEBHIMO (33WHIOOL
56593580 {gligdol PosOM300, HMIWGd0E SLObZL LobEBIIoL J3935L bb3sIlbls 30OHMdgdTO.

30339l domm30L LoLEYYOT0, Lo 983500 F509doE03MMO BMmEYEgdol 993mTo390s
390degds  OOME0 0gmbl, 965939800 ma03d LOFMogdsL 533l FosMM30L  LEHMOEJR0JOL
©5953Mdbml  9Ju3gOEGM  3MEbsL. 90033530 o336l LoLGYIYdL TgAE0s  5ST0sbOL
3905493930 gool doegdol 3OHmEgLbgdol d0dsd3s, Moa oo gloggmoll gobwol 08 53¢03530-
900LmM30L, LOSE 505F0BOL FoTMEFPOWGdS VOMYITIE0S. 365TIIBOM EIMA0Id BEBZOEO T9Td35¢0
@5 259M3535¢00 (33¢o@0L gmbg LobiEgdgdol FoMmmMZ30L Bodwysegdsls 0dEg3s, (33X9IOL TmMOL
MO0009MHNJI9JO0L Qom35¢olobgdom. 3o00 J3930L Mgaomgdolm3zol Tgbodsdolo s6593580M
DoLgdol 2oBLBP3M0m 0BsT03MO F9M9dMB0 S (339905 LOgJU3ESEIEOM 30MMBYOTO.

565935800 WMy035Pg ©oxdbgdme MIMO 3mbEmmmgmgdl dgmdeos 30md3wgdumemo
MO09)MHMJI9gds  ©d  LobmMzgmo  Fomm3zol  JoBbgdol  9gBgJGHMMe©  doefigzs.  sbgomo
3MbBAHHMWIMH900 BoOMOMP #odm0Yyghgds 93GHMIGHMMO FoOMZ30L  LoLBHYIGOT0, MM OSMIGY)-
WoMMb 2odmdo35¢0 (335Yd0 — 890535 (33e0@JOLS s Fobolfotr goblaBrzmme Fglgdby
©9MHEbMIOm. BHMOOE0ME0 3MBEHOMEIMHId0LRD A5BLL3s39d0m, HMIMGdo 9YMHEBMdS HBLid)
3500995303296 IIgdl, 50593580M 3MBEGHOMEMHIIL (503) F99deos sMHORO030 S OHMWWO
LoLEYIYOOL  9BIJAHMEOE ToMmgs. 503 9IS BSB0R03S300L  (Mosbgomo 8603369 mdols
3905ddbs  LOAdMWNGH 5503530 603369 MdIT0) S IBIBOGOISEO0L  (LOTdMEYGO
5650935830m 3600369 mdoL 3505Jdbs Gogbgom 36093690 md5d0) 9Bo39gdologeb (bob.1) [3, 4]:

1. 85%B0x035305 — MoEbzomo 3608369 mdOL 450Msgddbs LoFdMEM sG5835530Mm 860d3bgEMmdsTo.
2. ©9B5H08035305 — OTIMEIMHO 5M533580m 860d3bxEMBdOL AoM©sddbs GoEbgoom 3608369 mdsdo.

o3 999bgds 565935830Mm 13360l LOLEYISL, 00 sMOL 96593580M 3369008 Jowgdols
363980 MdOYIEHOL LoFoM™ FoMM30L Tglobgd 558358300 306HMBYOBY 96 [aligdby WoyMHbMdOM,
o3 §oMm3moagbl 0bxzm®Bs300l Mmd0gd@EHol 808obstry Jamdscmgmdol dglobgd. gl 3HmEglo
59605690l 561593530 LOTMOZYgO0L  MYMEMOOL  Yzgws  doMomo  (36905L: 0336930l

299693090, €0ba30LGHWO (33esEIOL, 5M5839R0M 083035306 F9gNMIOL s 5.d.
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8xMa30l miogddn
‘ 00 duAaozol Lobygds
—_— x1(1) — o) 83Rmg0l
osEBM x2(t).. xmit) : f— ~ dt
6@ '\33‘ FBomx0eE00 | obdMMHonl
a ~1_@nBsbas
Al ,j,
BcopmBfigm: 8:Moq0bL
3ofMnBm Dol Fomslinds | FoLgol
goM8oMabs
A E(O(1)) |
V v
— M, =
dgouaee | | | M2 Mof) | @onsBoge ME— 3euEbol
806058, [ | e > B

Bsb. 1. 505935800 ma030L LoliGgdols dgnm3-lidyds

56503580M 39nM©Yd0m s0figMowo LobEgdol Jzg30l 3G0bi039d0L 45dmygbadom, 3oM3zgw
60930, 56 0boMxgds 39300 O™ (33 BMLEHO I6033690MdGOOL QL6 339350 @S 50O
396G Mgdsms 99gbom; dgmMg3, 890degds 99358356Mmo godmdsgzoeo Logbowgdol Lbgsalbgs
3560056¢)0.

56593580Mm WMy030L 3MBGHOMMINGd0 5JGHOMEMS® 250Mm0Ygbgds 5MfMR03 LoLEgdgddo 6
LobBHQA9ddo  HMfMR030 90y Dgdmddggdom @s LoLEYYdTo  bobaMdwogo  Fgymazbgdoo.
B397w9d6030 PID  (3603mO30wo 06300 ©ongmgb3oswMo)  Ggas@m®mgdo
RIOOME 35909496 gds omM30L LoLEJdgddo bbgzoolibgs otydo, ds0 ImEOL 53E™MIMdOGdOL
096090530, 59Mbs33G035L5 O MHMdMEZH035d0. 0Lobo MBOMBlgEymal oG EH0g, Jog®sd 9B9JGH™ME
3900m©L ©0bsdozmEMo LobEgdgdol J330L LsdsMmmO35, Podmlagerol 3mM9dE0Mmgdom LalvyMzgur
5608699 FaMEGH0owbs s Bogd@™mdMH030 3MM39L0L 33eoEL Im®mOL dg3MAol Logwdz9gwby.

J390mom  dm3gdMeos  B3gmegd®ogo  PID  3mb@®mmemgmadol  6s89bodg  doGomowo
doboloomgdgeo:

e PID 3mbG6MMm@ghHgdo 8900509000 35MGH0305 @obsbgMas@ s gologgds©, Moz dsom dglogg@olls
bol 5303530900l BosGmem B3gdBHMoLmZoL, Looa 1I30MEIJuMdS 9boFgds LodstEHoz9l;

e PID 3mb@OHM@ghgdo 8godmgds  250mygbgdvyem  odbsl  bbgoolbgs  @Godol  Lozmb@Mmenm
LoLBQdgdd0, oo FmMOL BHYI3gMeGHWOOL JMBEGMMEO, {6930l 3MbGH®MMO, Lobds®ol JmbEMmeo,
3mDoEool 3mbEGmmEo s Ubg.;

o Lomsbom  sMgymmotgdom, PID  3mb@®mmemg®gdl  dgmdeos  Mbevmbzgwyml  demogéo
dgbOMngds, 0B  WIMM393900L, bBomEol s  35MxGH™MIOOL  (335¢gdOEMBOL  SOLYIMOOL
d9000b3g93500;

e PID 3mb@®mmeg®hgdo 890dwgds dmghamb dsOmgzol bbgsmslbgs doBbgdlL s bobEgdol obsdogzsl
3MBGHOHMEgMHOL 356539GMYd0L MYRMEOOHYOOm.

993600 J0HgO395© FoMO FoOMM 25dmYygbgdols s 9BIJEHWOMIOLY, hggMegddog PID
3MbGHHMgmH9dL F90dwgds 3Jmbgl 99Dwm3900 s®fOHR03Mmd0L, Mo 0b53030Ls s OO
393900l JsMm3z5do. g Fgdmbgzg390do Gg0degds LsFoMm gobgl JsMm30L MobsdgMmag

39



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No2(38), 2024

&9dbozs 96 PID ULEGHOWJGHMOOL (3300093900  ©939malo g engdol  dobomgzs  sdo@md
565935530m PID 3mb@®mmegMgdo, 1939 36mdowo Hmym®E 5658355300 ma035%g ©og3w9dbgdwmwo
PID 3mb@6mwmg®gdo o6  fuzzy-PID 3mb@Omgmgdo, 99000056908  GGoogowwo PID
3Mb6AHHMgOHOL  M30M5GHILMOGOL 56159358300 Mm030L  LolGgdgdol  dmdbowwMmdlmb s
5Q053B5300msb. gl 3MBGHOMEMIO0  5gMHM0s6gdIL  966T35x0M  wmyo3zoL  GH9dbozgdls PID
3Mb6GHMol BEGHOWJGHMOSA0, COMS oBoMPME FoMMZ30L bomolbo dsblszmmMgdom LolbEgdgddo,
OIS 99300 9MFOR03MDY, F9BMLIBPIMYGMds 56 Mo 0bsT03s. 5659358300 myo3z0l
PID 3m63®™m@ol @GOG memsdo BsOm300, 5059358300 PID 3mb6GOHM©g6mH900 4300035HM096
6500096009 130653 LMdL BHE90E0 PID 3mb@Mmemggdmsb 99wstgdoo:

* 5659355300 PID 3mb@®Hmeng®hgdls 99vmdwrosm sMsfmri3030m00b Ma3dm 989d¢wes© 950;3s, 3000609
B39999d60g PID 3mb@®MM@gcmgdl;

o 5050358300 @MY035Dg ©oxYdbgd o doamds Lodwowradsl 0dwgzs MBG® dmdbogro s
5Q33H0MJO0 JoM1030L LEAMEJR0900 0gbsls TgdmBs390o sMHMFB03 LolEgdgddo;

e 505935300 PID 3mb6@®mMm@g6hgdo sGLgdoms© 9aMoos 2smM3393¢mdgdols s Lbob@gdol
3965393HM900L 3560530900LM30U;

o 505035300 @ma030L  Bo@Bml  9gmdeos Tgo@Eebml  s®sBMLGHO  Tgdsgeco  dmbo3gdgdoo o
3560530900 BoM39MS(300 3061090T0;

o 505035300 PID 30bEHMMgMgdl 99wdwosm 00305600 35MmM30L LEGHMGHIH00L 9@3EHOMIOS
LoLEGYAoL 9955006 e FEYMTMGMOILS @S Ldom 30MHMBJOBY IYOHPOMBOM;

* 550358300 L3360l 39JoboBdo 0bs0ZME gotgdmdo ambogMmeo 45woHY39G0wgdol dowgdols
L5395 gdsls 0deng3s.

bdot dgdmbggzsdo, 06593580 PID  3mb@®mmegmadl  dgmdwos  dosefioml  m39mgL
d9LOMgdL  GHGMooEo PID 3mb@6Mmemgmgdmsb 890scmgdom, 2sbbsgzmmMgdom Gomvme b
3999633939 LoLE9d9dd0. 5J9b oMmIE0bsMY 565935530M PID 3mbE®ME9Md0 560l 00Mmgdwo
0bLEG®dg6E0 Fo0r30L 065506960580, goblO3MMMGO0M SMHOR0Z0 S A9BMLIBOZMIWMdOL TJmby
LobGgdgdologol [1].

565935830 o630 LOLEYGOOL BIMIM A5TMYI6JdL O fiymdl bgeml MATLAB
3000505, HMIYEoE 9903536 3OMAMTMNW 3539AL 90593580Mm wmao3zom. Fuzzy Logic Toolbox
0d935 bYFMEgdSL F9odadboli O IMYIPIJBHOMPIL 5M15935830M FoM30L LOLEYIGdO 5T 3oT0M
WwMy0300, OMIgwbsz MATLAB 36Hma6Msdme boldgdsdo 9fmoqds — Fuzzy Inference System o6 FIS.

9L LoLE9dgd0 F9odegds Fgogdbsls HMYMEEF AMOB03MWO 0bLEHMTI6EHJO0m, sBg3g MATLAB
153 dom Bobx oL dMIBIOGOOL A53MmYqbgdom. goMs 5dols, MATLAB dmo3s3l 3539@L Simulink
0653037960 Lol 9900l IMEI0MmGIOLMZOL, M3, MegoL bEOO3Z, Lodwogdsly 0dwgzs 9ogdbsls
960 56 3605350 3MbEH0s60 LolBgdgdo dob dBodomm935do T9do35¢0 LEIBEIOEH™MEO derm3gdols
39909g9b9000. 53@™MToGH0Bs300L LoLBYTs 5b5EIMYMMO 96 55935530M 3MbEOMEgMom. Fuzzy Logic
Toolbox s®ols MATLAB-obs s Simulink-ol 39535G0mMgds, G®mdgeog 2 Hembgguymal s6503530m
©@M030L LoLEGYYOOL EOBIOLOL, LOTMMSEFOOLS S IBYMY30L CBLEHMMBNBEHIOL. 0l 4300535BMBL
16930990l s M9530349wo dMIHIsMgdEol 0bEIORIoLYOOL (GUI) ymgzwolidmdgger 3¢m33wgddl
MATLAB-0b 95609930 5605035300 15336900l LobEgdgdol (FIS) dgLsogdbgars, sbseroBols o
3500 06¢)93m0Mgd0lm3ol Simulink-ol dmgegddo. Fgbgdol Mgwsddmemo GUI dmdbdsmgdaqdl
Lo gdSL 5deg3L 4oBLEDBEZOMD sM5335530M Fgbgdo 0bEHWOEMM© JBMIMOZ0 (33sYdOL

40



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No2(38), 2024

M3965@ MO0 godmyqbgdom. ol MHBEOHWB39wymBL 30D H 0bEIORIOLL sM0d35530M Holgdol
65369000 gLogabgars s Fglszages, HmIgeoE 953219690 9JudgMGME 3MEbLL 56 9ga3oMmore
9mbs39990L. dMIHAMYIGOL F9w9de050) 4o5965eOBMB 5M5835530Mm Mm030L LobE)dgdol Jiz93s
MATLAB 13603@900U 56 Simulink dmgergdols 3s9mygbgdoom.

Fuzzy Toolbox 3539¢%0 ®Mb39wymxal 3mbjsogdol LobEgdol dwdsmdol dqlogsligdes,
Lbbgoolbgs 8993560l L3gbs®ol  Fglsdmfdgdws s  30How0bsEooLm30L. Moo
LoLEBHQIYOOLIMZOL,  FoROOMOE,  FMOZOVBOGIHMM0sD0  93EMToGH MO FoGM30L  LobBgdol
906 900LsL, 06835300l 2obMLOBOIMIMBOLIL S  9MHMR0Z30  d96900L  OMV,
565935830M my030L godmygqbgds Mo30MmbsEr®mO gowsiYy39@0wgds 0g69ds, Mosb dobo aygbgdols
3606303900 856m30L LoLGHYIoL IMPOROE0MJIOL Bsd sEgdsl 0dwgzs  ™dogdEOL LoMmMErol
bs6obbol dombgsogo [6].

056599060m39 06EMLEBHM05d0 OO YMMsEOIds 9393 0L,  S139JBHIOL, OMYMMOESS
9696H200L  sBMY3s, MLsROMbMGds, Homdmgds s 9g3MEMYos. 5obMb ©S39380M9d0m, GBrea3s
056599060M39 53GHMoEH0Ds300l 3OHMIWGIJOOL 25053 bgds, M30Ms@glmds 9boFqds dmfjobagg
&996mMyomEs© 49630000090 s 0bGHIgJBH MO LolEgdgdl. 58 LobGgdgdl dgwyderos
&996mmyommo 3OmEgbol 96s dbMmwMmE bm®TowHo MM gmdol d9bsmBbgds, 0589
LGOI OO LoGWs30gdbY MYoR0Mds, 53500900l 5300 530wYds s 3565TYEBHMJIOL
B30 b 25000bMgOOL MgaMEoMgds.

LOMBdML  FMToM3gdoL  LobEBgdgddo  Lofgogol  IBMP30L  WMboldogdgdL  FmGOob
9609369cm3560 5000 MF0Mm3L M9MHIMo 9bgMyool Im3m39dol 3OMEgLOL 53EMBsGH0BOFOS.
39O YIJ0 5335655 Fobdobgdols O 93BMAdBH MO FoOMZ0L LoLBHYIGOOL F9d+9dsgzgds obgmo
960093693560 ¢9dbmema0w®o 3MmEglgdolsmzol, HMAMMOEss 535005, 53E™MIMdOEIGOOL
PotBmgds, 30bIMLMOO 3OHMEgLYdOL FoO™M3s, LHTMABTsMGIM gugdBHMmbozs ©s Lbgs
d635¢0 [2].

3. 3365

56593580M My035 50l 06¢9e9dG99w M0 sOmM30L LolEgdgdol doMomo 3033mbgbE0,
Odgeoi JoBbo@ 0bobsgl 5sd0sbol ALO3LO 25sFY393 0G0l Jogdol 3MmEgLgdol Jodsazsl
oMHM30L  5EMM0mIGOT0 5659355300 ©133B0L  LOLEHYIGIOL BsOMZOm. 96503550M  MYO3IOL
90990390 ™d5 3yMdo0gmadl 03580, O™ 0go YobM3wIds 8MbgdM03 LsdgEY3gEwm gbsl, dolo
3990myg9bgds gyMHbmds Ym3zgEO@OME 53MmEE0WgdL s 0BEGHMOE0sL. 93BMAsEH Mo dsMm30L
LolEYIgoL Jgwyderos SB396ML 5@3ES300L, FoddegMdOL s 933BMbMBooL MBOM Foswo ©™bY.
56593580  Ma030L  459tmYgbgds  Mro30MbsIMEMO  2505(Y39G0wgds 0dbgds, MBOM OO
LoLEBHQIYOOLOMZOL,  FoQOOMOE  IMOZoLORIHNM060  93BMTsG Mo sMmM30L  LobBgdol
9906 900LsL, 0bBMOAs300l FobMLsBMIMYEMBIOLIL s MHOR0Z dMBIdOL MM, MY
dobo ©sygbgdolL 3606303930 FsMrm30L LOLEYIOL BMEOBOEOMYOOL LTS gdL 0dEg3s MdOYIEOL
oMol bsGolbol Jombgsegs.
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(bAsHos Goemg8eyemos 20.11.2024)

USING FUZZY LOGIC METHODS FOR CONTROL SYSTEMS
ANALYSIS AND RESEARCH

Nino Mchedlishvili, Nino Mtsituri
Georgian Technical University
nino.mchedlishvili@gtu.ge; tikelegabrieli@gmail.com

Summary

We will talk about the essence and important role of fuzzy logic in automatic control systems, which
offers a flexible and intuitive approach when working with uncertain or imprecise information. Stages of
information processing when using fuzzy logic are elaborated. features of object management,
characteristics and advantages of management and control objects was discussed. Examples of use in

various fields were found. Several possibilities for using fuzzy control systems were developed using
MATLAB.

(Received 20.11.2024)

VICTIOJIb3OBAHUE METOJZIOB HEYETKOW JIOTYIKU IJI1 AHAJIU3A U
NCCIIEAOBAHUA CUCTEM YIIPABJIEHUA

Muepmursuniu H., MuuTtypu H.

I'pysunckuii Texundeckuit YHUBepCUTeT
nino.mchedlishvili@gtu.ge; tikelegabrieli@gmail.com

Pesome

PaccmaTpuBaroTcss CymIHOCTh HEUETKOH JIOTMKM U ee BaXHATA POJIb B CHCTEMaX aBTOMATHYECKOTO
ynpasierusa. OH mpejaraeT ruOKHil 1 MHTYUTHBHO IIOHATHBIN ITOAXOZ, IpK paboTe ¢ HeonpeseIeHHOH
WIM HeTOYHOH wuHpopmanueii. PazpaGoransl sTambl 06paGOTKM WHGPOPMAIUM C HCIIOIH30BAHHEM
HeueTKOW Jtoruku. IlpencraBieHBl OCOOEHHOCTH YyIpaBIeHHA OOBEKTAMU, XapaKTEePUCTHKH U
IIpeNMYyIIeCTBa OOBEKTOB YIIPaBI€HUA U KOHTPOJA. DBUINM BBIABIEHBI IPUMEPHl HCIIOTB30BAHHUA B
pasnmuHblx cdepax. Ha 6ase mmardpopmsr MATLAB paspaboraHa cucremMa ¢ HECKOJIBKUMHU
BO3MOXHOCTSIMHU MCIIOJIB30BAHUA IIPOLLECCOB HEYETKOTO YIIPaBIeHU.

(Hocrymura 20.11.2024)
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30005¢0L 3mbo@GMmMobao s MlsxMmmMbmMgdols d5eggdols
9JU3e353530d 55935300 My 030L 3g00MEYO0

60bm 839 0dz0eo, bobm djomwmemo
LogdoMm39wmb ¢9gdbozmemo mboggMbo@gdo
nino.mchedlishvili@gtu.ge; tikelegabrieli@gmail.com
M9bomdy

396boEM0s 5d0bEOoLs S 3G IMOMEMA0IMHO 30MHMBYIOOL 453w9gbol Bogombgdo LbmxRwols
9999ObgMdsLs s 393969bgMdsDBg. Imd0gdmeros Boboergdo bgBY3zoL 4odsbsymMgdge 93399@gdbY
393965bgmdsLs @S IM535¢Fe0sb Botrys39080. 3MT390W0s 5615035830M P MA030L JgmMEIdOL
39909969000 58060l 3OMPbMBYdOL BHEBLRMMT0MGdS, MLsROMBMYdOL d59d0L BMbJgombo-
9d0LsmM30L. IMEYIM0s 565335530 MY030L FJPMYdOL 2odmygbgdoom dgddbocro g9bsbol
593930 85009900l 306M5FJuMdYOOL TJgoMgds 1YEY30L VOBl 2odxkBEH30 J3999bgdoL
9mg090905bmsb J9ocm9d00.

155335630 Lo®Yz900: BgBY3s. 915039RB0M WMY0ZS. ST3530 BSYJOO.

1. gbsgogro

LodoMmM39w™m  (36MBO0s 5300 IEOIMO  BobMBM-b5dgMMbgm  BHGMSOE0GOOMs
993965bgmdol bsba®mdwogzo obGHmMoom. J3994bols IMs35RIMM™M3sb0  JerodsGo s boymaog®o
605050 dgLs60Tbs3 30MMdGOL JIbol Lb3zoOlBZS 37 EBHWMYOOL dmboy3565w. Lrrgwol Jgm@Mbgmds
3905979393 B2l 05859 Logdo®M g™l 93mbmdo3sd0, I0MOMSO 3OMYJEHJO0m, B0 Mol
g4m96dgbo, 3oGHOMLMZsBo bowo, BdMLEL6IMwo s mbowo. LooMmzgwm  25bLo3MNMGO00
3bmdowos 3903069mdols 1dzgglo  GHMmoogoom, M®mdgwos 8000 awwdg g@os. JoOommwo
©306Mm9d0, HMIgdoE IBsEYdS 9P MOM0Z30 35DoL X0dgd0LYD, OHMYMOOES BoggMsgzo s
MJofomgmwo, LogMmsdmMobm  50sMgdsl  ™Mogolo  bsMobboms s  2sdm®bgmwmdoo  0dgbl.
9939b5bgmds s 3060l BHMOOBIo JoMomo 3MwEGHMOHOLy s 93mbmdozol 360d3zbgwmgzsbo
513994H900s. 8903069mds 3603369 M356 MMl SLMYIEGOL LoJoMN39wMmb §3mbmB035d0, Mo byl
MPgmdl MmO dos 93mbmdozme 5dGH03mdol, 1939 LsYMMSTMOOLM 35FMHMBL. JsMoMeEo
©3060L  LygOITMGOLM  3Mm3MEsM0Bs30s Bl MHymdl 98 3MWEGHYOYo  999330MYMO0L
39656BmbBgdsL. 3903069Mmds Lodo®mzgeml 930mbmdozol §3539mbgos, Mdgebsg dm®bdodsgswo
3930965 5943l obOJdgOBY, 35FMMOSBY, BHVMODALS o 3MWEHVMOE F99330MYMdSDY. dobo
1093930 3963000060905 @S LEYMMSTMOOLM 505MYdS LologMEbwm 3603369 m3zsb60s Jgqybols
9306m303MM0 5 bLME0SWMOO 39000EOLIMdIOLmZ0L [1].

2. 5306¢00l s F9EJMOMEMYOMBHO 306:mdJOOL
39309065 8g3965bgmdsbg

58060 s 393gOMEWMA0MGO 3060HMdYd0 360936900356 2531965l sbbL 993965b9MdBY,
9903069M30L5mM30L 35BoL godgbydsby. Jodmzobowmm Ms8gbodg doHomso sB3gddo:
*  39939O0EGHMES - M3GH005IMHO  E0535DMbo: 39299300l 3gMomEdo 35Bo boGMdL 10-20°C
3909396053 MH0L  0535HMmbTo.  9JuEBMgAo©Ts  Hgd3gMoGMMsd  8godwgds 393w gbs  Bmabobml
g4o90HIBOL 29630m5M90sLS s IMAFoygdsby;
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e LoodML EROMZYVs:  3m63gBE0s  L,IDIOMPO  bsMolbol  ©Eggdo" (GDD) Bmdsgl  Lomdmls
Q©93MmM3905L. Mm3GH0do¢g®mo Lodhogzzolmzgol yymdbols Lbgsslbgs xodl b3giosemMo GDD bFoMmgds;

e bBsemgdgdo - (gwol dmmbmgbgdo: 35BL  fyswo gloFoMmmgds, AsbLE3MMNMYdOm  sEMIMO
3939393000 39000, Joa®ed ImLOgsemb sbErml Bgdg@ds 30050 990degds gosBogml gy®mdbols
454960 s 2sdmof30ml  s5350090900. dmEfy3s: 306y bowgdol 8Jmbg  Mgyombgddo  dmMfyge
SMEOWgdgwos.  3oModom, (300056 Ggaombaddo Lomsbsm @Mgbsgo  smMEogdgmos  Bgliggdol
Q99350090900L 15300050 L5E30GOMO;

e 3Bob ddo - BmAMLbobmgBo: FBOL 9¢09335GHWIMO 9o 350937Y393H05 BMAHMLObMGBOLMZOL, Mog
393gbsls $bgbL yMHdbol FodMol mbyby s 35BOL BmE0sb X IBIMMYMdsDY;

*  BHo@Mgdol JoMmgs: 99396sbggdo FoM5396 350l BHowmgdl IBol Lboggdol bgdmddggdols s
35960L 309mg3930L Mm3GH0dobo300Lm30U;

*  39b0sbmds - 553500955 (16939: Bomowo FHbosbmds BOHOL LM3M3560 535009d9d0L ML,
MO390 FOH3Jo 5 dMGHMOGOL 83g36900L 3Mds. 39bsbol LMo IgbgxIgbEo, 3500 GOl sTMMYdS
Q5 3obbges, bgel MFymdlL 58 Hobzol d983oMmgdsL;

e Joo - 35960l (3063Ms305: oMo byl MFYmdL 3Hgbosbmdol s s935@YOOL OJ390YDSL.
09935, 3g0g©m8s Jo6ds 9g0dengds ssH0BML 35D0 s WISMHMZ0ML sTBHZ)M35;

e LybmbmMmo 3560530900 - sbIBbOl Yyobgzgdo: 93056 Fsbogbmols 4obzgdds Fgodangds
Q5H05bMUL b sBMEs 330M GO0 I YXMMFGO0, M3 LIHOMBMEs 08MmJT)EIIL FMLOZE0s6MBIBY;

¢ bgByzo: bgEYyssd 990dwgds BoHB0ZNMS® 3B0BML 35B0 s YM@Agho, Mo odmof39g3L dmbogeols
36008369c0m356 ©53563390;

¢ Logby: bsba®™mdw0gds Towoeds $Hgd3gemo@emsd godangds godmofi3oml Lomdmmo LEMILO, Mos
293 965L 3Mebgbl gm®ABol ba®olbls s 35Hol X 9bIMMIEMdsDY;

e 3030Mm30d530 - GHM3MAM55305: 3965b0L BIMOMIBY, LOTsWIBY s MOOYEEE0sd Tgodargds
999365l 803603000530, OHMIGEoE 293w gbsl BEIbL  3HYB3gesG MDY, dBol BMdbg s Jotol
B90mddngdsby;

¢ fgwol mdogdBgdmsb Losbemmgg: 3Hdgdds, d0bsMggdds s 3996990805 Fgodergds Bgobgermb
3993965 1M5 s 895830HMb yobzgdol Molz0;

* 30530l (330 - (3390050 BMbgdo: 30ToGHOL  (33¢0Egds (330 BHMOORFOYI
0939695900l Bmbgdl, Bmal BgwdgEs 030, DML 30 sbogw Tgloggg@olls;

* 503339305 39396959900  53BH0MYdYE  gmmdbol  x0dgdol Fggzwrom, 396sbol  3ModEHozol
39330200 5 B0 3H9dbmemy0gdol A58mYgbgdom (335¢9d50 30MHMBYIOL LBsMIMSZOW;

59 993H9MOMEMAOMO0  BodBHMOm9dol  MOH™0gMHMA0TsMOMYOs  gobsdoMmmdgdl d939bsbgmdols
Do6BoBHgosl.  9x39dGHMOH0  FoOm30L  LBEMOBHIH0J00  9ME0WgdI0s  ymMdbol  boMolbol
M3G030b5300Ls S IYMIO V3060l FoMdmgdols MBOHBIGLoYMBS®. MOLOE 393565y MMYdge
LogMmbgl  9dabol bByzs. LBYAY3d FoOOWOE JM-gOHMO Y439wsbg TsbyM9g39eo  sdobools
dm3gbss 3965Hgd0LMZ0L. 40035HMdm J0dMboEr3z5L oL Yogargbols FgMdowgdol LEGMoEIR0gdOL
d9qLobgo:

e UgBY3olL 2o3egbs 35BBY - BoVOZMOO BOsbYds: LYBHY3oL 99YdE0s FMMEGOOL obgbas,
Y4arm®GHgdob gogbzs s yr@dbols 93936900l ot gds 56 8000565 9650 1Mgds. 58 IB0sHYdST
990093 93390065 99593060ML o350 ©s 93gbs 8mobobml 35Bol mnosb % s6dM MY MdIBY.
0bgggdgool  Molgo: sHBosbgdmwo I3gbsol  Jumzowgdo WBGM  FYMmdbmdosMgs  Lmzmgdol s
0593900900l 06939J30900L B0TsMm, G853 Fgodergds 258mofi30Mml 9350 gd9d0, MHMIWgdoE 30I3
RO 5H0s6g0gh 35BL. Bo®oOLbOL sg390mgds: 8s8oboi 30, ™y gmMmdgbo BME0bs© 9O SGOL
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2396500 MM930, EOEMEOHR GO S IB0BYDsT Fgodwgds 253¢gbs FmabEobml dob bamolbbyg, Mog
29903936 03060l botolbols sgzgomgdsl. 93mbmao 3o HBsMowo: ymMdbol 4sbsamM9ds gogergbols
3bgbl 03 Lgbmbol FgambogswBg s 35Hol 3mEHbE0MMTs JMIYEX350sbTs sH0sBYdsd Tgodengds
2930965 8msbobml dmdsgsen dmbsgeeby.

¢ 1593Y30L EIBOIBdOL Bgdmbggzol glfaguws 3g3965H9™dsd0 - dmGEM, LEBMIBYgMO: dBrmerm fagddo
0mOMJo M59g60dg deogemo b@EYszs dmbos, Msds3g oombmdoo JaMmlb BoGowo dosygbs. BmyogMom
9396930630 9o HMZIE0 0356, MOE 393Gl sbEIbL MmaM3 I306Mg HsMmMdgdby, S1939
QO o0 gdDY.

e 3960Mby, sM9b@0bs: 3939319300l 39M0mdo gl MHgaombo bdo®ma bgzgds bg@ygsl. DmaogHmads
3965b3s 35603905 LOWO 63RO, M5B53 2500305 3930 BMTIOOL FoMmm 453mygbgds [2].

e 99Md0gdol BEAHMGHIR0PP0 - d5Y: ©F3530 dd©YIdO FJ0dEgds SOLMEOML 3sHgdbg, Goms
530037050 ©OWM3ML BgBYzs. gb 3900MEO MEIME JBIJGHM05, 030 FgodErgds 0yml FgEMYd0M
0530 300069 93999bgdol 250mygbgds bgBYzol 0530b SL5EOMYdIWI® s Mo MJds Mbs J3999bgdmsb

3905609000 3530 B5J700 JOHMbYE HBMBEYdS S MOl Fw9ET030MmIdgEoO.
bgBHY3ol  J3999bgdo  Fo®mdmddbol sMEGHYIOL  GHoegdl, GMmImmgdoz dobbs  obobsgl  Lgdyzol

B0OI0OGOOL Bsdersls. oliobo dgLsdgrms 9139dGE0 0yml Fogsd domo godmygbgds Lagg®mbol 99339wos
239M900bs 9 9330560LIMZOL S b Fomo BMbd30MmboMgds dz300M0 LosdmMmzbgdss Mo@Ysd FmMzo
JOMORIMO©O  253MmYgbgdolss o US3Tom©  d30M0 oML  sdoGmdsg  JodsGol  dmboEm®mobyol

LodmoEgdoo  Gglsdergdgerosligdyggologsd  Mad™m  9x39d@MIMo s  LLodgEm  ©sE3d.  sdobol
360bmbomgdol Imfobsgzg LolEgdsl Fgrmdwos ogbdstrml 39bsbols Jg3sGHEMMbBYgdL 3693963090

DmIdgdoL domgdsdo LyEY3z0oL 3MMABMBOL EOMU.

3. 30350l ImboEMM0byo s MBERMMBMGIOL B5@ggdOL JJUBEOESG0S
5615035800 m030L 8900mEgdoL 3s3mygbgdoom

56593580Mm  ma030L  IJnMmEIdolL  459mYygbgdom  3eodsBHol  dmbodm®mobyads s 3ol
Lodmomgdom 396969030 93930 d5YJ00L  BY6J30MmboMYdsd Fgodegds OO Loty dgo
90@obmU. 56593580M MQ035, IM535¢d60d369w™M3z560 rmA030L BMMTss, HMIGE0E J0VYINOs
565935830m  1LOIMO3ggdOL  MYMOM00EIH,  bxgEMdOL LT39S, MMIgWOoE  SMOL
305bWMYd0MO O 3> DMBE0, 030 FoblO3MMIMGOOm oG FJUsdsdgds LolimgBerm-15dgM@Mbgm
3960990b LOMCYEGIBL.

3wods@ol  dmbo@dm®mobyo 5M593580m @mao3ol Lsdwgsmmgdom, dmbs3gdms 0b@GgaMsE0s-

565935800  My035L F9Mdeos  3¢00ds3ol dmboggdoms Lb3salbgs §yommgdol 0b@gyMmoMgds,
O3MO0(395 H993905GMES, 396056Mmds, oMol LoBJsMg s MMl dmbs3gdgdo Lgdyzol Golizol
d9LoxzoL9dEs. MHOL3OL  FgROLYdS-5d0bEOL  3OMYBMBYOOL  sMSBMBEO  BdMBYdOL  FoBOMmYdO,
56503580Mm  wmy030L LolEJdgdl Fgdeosm Foxslimb 3mEHgbgommo LgBY30lL sEdsMMBS S
10dd0dy. 935350 (33¢5YI0-33GMGIMOL FGMHYJMds, H9b0sbMdOL MbY, JoM0l FsdEMbgdo
5504039090 bgBYzol dmbszgdgdo. Fuzzy Sets - a563b5BO3OM®M 56593580M  3033¢9JG9)d0
090535000 (33009 9YBOLZ0L, OHMYMOOEGSS "H0SW0", "bdwogrm" s "dooeo" Mobzo sdobols
00MMIMWO 356599 BHMOLmZ0L. d93Jdbsm fglgdo, MHMIWgdoE SOHgML MOMOIOHNMBOSL Fqds35¢0
3359dLs s BgBY30L MoL3L FnMOL (35y., 007 Bgb0sbMds FosE0s s 3HYB3IMOEIMS LMIRs©
93995, 35806 LyEY30L MOLZO ToHE05“). MJSEMO EOMT0 350HY39G0LJdOL J0Ids - SM16TISBOM
wMma030L LobEGHIGOL FgMAEP0sm MJo)H EOMIO Jods@ol dmbszgdgdol sdw)dsggds, Momo
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©5Ym3690og d00mb  gowsiYy39@0wgdgdo Molzol ©mbol dqlobgd, Gz M bBOMBlgwymals
3965bols 89353HM™bY9dL Jgomo dabgmwgdqgdom [3].

M5553600bMdOL B3¢ggd0L BBJ30Mb0MYds 56593580M M3l 358mYygbgdom, s3EMBoEMo
396053905 - 5605935300 MQ035L 89105 530MBEHMME ML YLsBOHPLMIdOL 3509900l 53¢MIdEHwIOHO
3965390 F9x3sL9dmEo MHoblol Mbol dobgzom. F9dsgzoeo (33WsYdo - MHoL3OL TJgg3sligds
3w0d5Gol  8mbo@M®m0ba0sb, Jool LoBJog s 35009990l  M39Mo30wo  dyMIsMGMdS.
3963L5DW3OM™ 5658355300 3MA3YJBHJOO MIIMIBF0WO FoIHY39EBOWYOJOOLMZOL, OHMYMMOEBS
»oDEog 0", ,,MmObo" s ,98MY396s". I35FuMm [gbgdo BowYIdOL obEsagdOL 96 sMmP9dOL
dqLobgd (009, »0 LgBHY30L MOLZO TosEP0s S oMol Lobdstg dss, Bsdob Qobsmogligm
35009900%). LOLEYISL Fgode0s FMYMYML (335G 30MHMDIJOL, doYgdOL A5TMY3565L, M) MOl
999306000905 96 Jo®ol LoBdodg 0BMHEIds 00 ™bYIY, M5853 F90degds IsD0BML d5ggdO.
969603m9539dGMIOMds  —  M3gOOE300L  M3BH0T0BsE0s  9gbghaools  dmbdsdgdol  dobodwdsdg
39L59306090 5@ B3YJOOL Qb gd0m TbMEPME bdFOMHMYdOL 99dH39350, 55039BOM MAO3IOL
Pobgdol  Logmdzgabg. MLOROMBMYdOL  5©ggdOL  9JudEIsESEO0LIMZOL  LsFoMmms  sdobols
9dmbs399900L 8930 m3905-93599bmm  580bOL  Boa®mgdo s Lyblm®mgdo dmgwl g9bsbdo
d9L50530Lb0 FMbsE9dOL TgbogyMM3xdEPI® S MTIOBOM WMY030L 3MBEHOMEgMHgdol d9ddbs,
903 99935390l d9ds35¢ dmbogdgdL s 803y390s Hobaliffot goblsBrztmen {olgdl Ly@yzob
6oL3oL gLoxzLYdE® O 93MBEMME9dL JugErol A5BEPsyGdL. IMIBEIBL 55M5335530M M0 30
3Mb6GHOHMgmHOL  06GJAO0MOL  533MIdEH0DoE00L  LobGHILmsb  MLOBOHPbMdOL  B599d0L
RB0DBOIMOO  gobsggdols s  godmygzsbol  JoBbom.  96593580Mm  ma030L  45dmygbgdols
M30653HLMOJd0s  LODBMBEg  A9M3393WMB5T0.  5M5TIPBOM  MP03S  MBOM  9BJJHUIOS©
030530905 530b@ol 3OHMabMBOL Msbsgmmo  gsM3393WMdIOL S 35M0S30JAL, 30MY
d0bsmMmo  Wwmyo3zMmo  LobGHdgoo. sxMgm3g dmdbowrmds, LoLEIS ©E30wsE  FJOdEYdS
©MIRAMOMEIL S0  Imbo390900Ls s T9HgIEgdgdoL  T9GAMM39d0LLL, MoEg MMM
396853 Mdsdo 5BxmdgLYdL Aol LOBMLEBHIL s LEBEMMBLL. s MOE 8M356M0s 93mbMToIMO©
98399GHM0: MLOROMbMGOIOL 3509900l 296 sggdol Mm3EH0B0BsgooL dBom, LoliEgdsl gwdwos
d9593060mb 5M5L5F0MOM 259Mmygbgdols s G9dbozMMmo botrxgdo [4].

5659358300 ™y030L IgMm©YdoL 25dmygbhgds 3g65boL 33930 05@YJOOL OBs0bols s
899693006060 900bm30L M8gbodg ¥30MOGHIIMBL 30535HMdL bYEBY30L WOBEIOL RoBERBBEO
9399959%0L  459g9gbgdslmsb  FgsMgd0m, BoPIMOMOE  966TIOROM  MY030L  JsdMmYgbgdom
3MBBHOME0Mmgd50  3965bol 33530 B5YJOOL  M30MsGHIBMOJd0s LOHBMLEBY O 5WI3HIF0Y,
9839dGHMIOMBs, 50565000 ©F>H0s6gdI0 go3eghs 2o0MgImDby, TmMbobgdbgdgmos MMAMM3 O
dobdBodBY sB939 3069 BMIOL GHIOOGHMO0JODY obEsRgds, M3GMOMGOOL HOSWO baBIXGOO. MOl
300 30(y3000  bYHY30L  @ONBEYOOL  FedBBEAHZ  J3gdghgdby, OMIIALLE B3I  FgHo
©535H056909w0 95399dE0 99300 256M9IMBY 300 LoGRRGdOL dmEobs Fgdwr0s0).

4. 33365

bgGY3s 8608369cm3560 Log@Mmbgs 89396sbgmdOLM30L, MHMAgELss 8gdeos HmymME3 bobdm3wmg
olg boba®dwogo Bosbol dogygbgds. 9839JGMM0 FgMdoEgds IMOoMbM3L BoDBOIMOHO ©IE30U,
130656LH0 LEAHMOGIA09O0L S B0sbOL 5IMGBLZMSDY BHGOF MYox0Mgdsl. 306506 Jrods@ol
(33009050 dg0dergds gobomml bgByzol bobdoMg s Loddodg, 3060l 0bEwLE™Mm0sd Mbos
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396536Mdmb 06M3530900 5 5Q3EGH0MYBS, MYMS 033 3965bgdo s MYbEIMbzgEyml TGO
Do60mMgds. 5Tl 4oMbE0 30 905935300 MA030L LyFMsgdom BMbJgomboMgdso bgEHYz0oLysb
593930 05¢0GJO00.
@Oo@gMs@E®s — References — JIureparypa:

1. Georgia the Gradle of Viticulture. https://nationalgeographic.ge/story/georgia-the-cradle-of-
viticulture/

2. Hail in vineyards — damage, protection methods and management. (2024). https://www.eviney-
ardapp.com/blog/2019/07/23/hail-in-vineyards-damage-protection-methods-and-management/

3. Silver M., Svoray T., Karnieli A., Fredj E. (2019). Improving weather radar precipitation maps: A
fuzzy logic approach. https://www.sciencedirect.com/science/article/abs/pii/S0169809519307343

4. Temperature controlling using fuzzy logic library. https://www.youtube.com/watch?v=

Dvy35QIY8Qo
(UAsBH0s domgdryemos 30.11.2024)

CLIMATE MONITORING AND OPERATION OF SAFETY NETS
USING FUZZY LOGIC METHODS

Mchedlishvili Nino, Mtsituri Nino
Georgian Technical University
nino.mchedlishvili@gtu.ge; tikelegabrieli@gmail.com
Summary

The impact of weather and meteorological conditions on agriculture and viticulture is discussed.
destructive effects of hail in horticulture and perennial crops. It is proposed to transform weather forecasts
using fuzzy logic methods for the operation of safety nets. The advantages of vineyard protection nets
created using fuzzy logic methods compared to the performance of hail cloud dispersal cannons are
discussed.

(Received 30.11.2024)

KJIMMATUYECKUY MOHUTOPYHT Y DKCILIVATALIA 3AIIUTHBIX CETEV C
HCIIOJIb30OBAHUEM METOIOB HEYETKOM JIOTYIKU

Muepmumsunu H., Miutypu H.
I'pysunckuii Texundeckuit YHUBepCUTeT
nino.mchedlishvili@gtu.ge; tikelegabrieli@gmail.com
Pesiome

O6cy>xaroTcs BOIIPOCHL BIMAHUA IIOTOABI M METEOPOJIOTUIEeCKUX YCIOBUN HA CeIbCKOe XO3AHCTBO
¥ BUHOrpazapcTso. [lomck MaTeprasoB O pa3pyLIMTeIbHOM BO3ZEHCTBUM I'pajia HA BUHOTPAAApPCTBO U
MHOTOJIETHHE KyJIbTypbl. PazpaboTana TpaHchoOpMaIusa IIpOrHO30B IOTOAI C UCIIOIb30BAaHHEM METOZOB
HeYeTKOU JIOTHKH /I PaOOTHI 3alIUTHHIX ceTeil. IlpuBemeHO cpaBHeHMe ITpeNMYINEeCTB 3alIUTHBIX CeTel
BUHOTPaJHUKOB, CIIPOEKTUPOBAaHHBIX C MCIIOIb30BaHHEM METONOB HEYETKOM JIOTMKH, II0 CPaBHEHHUIO C
XapaKTepPUCTUKAMH ITyIIeK JJIA PAaCCEUBAaHUSA IPAflOBBIX OOIAKOB.

(Hocrymura 30.11.2024)
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0633069 3MrMEGHMIMEMIOOL 9330S
906565 035wsdg, OB 353058300, b03s 35359M0dY

LogdoMm39wmb ¢9gdbozmemo mboggMbo@gdo
ghvaladze. m@gtu.ge, r.papiashvili@gtu.ge, kakauridze.nika@gtu.ge

M9bomdy

3obbomos  0bFGHgMbgd 3OMEMIMMWdOL  gsb30mscgdol  3OMmEgbo s dolo Q3w gbs
056599060Mm39 39dbmEma09dby, 1939 dmMm3wgbgdol db0d3zbgmds s godm)3939d0. 3oMm3g
0900, dodmbogrmos TCP/IP-bg 450583, GmIgandsg 99i335ws 5Mdso3zmewo NCP s 99Jdbs
boeo  BEBBIOGO  JugEo  3m36035300LMZ0L.  YMOEOIds  Fodobgzomgdeos  IPv4-ol
39653900l d9B0M©390Hg ©s IPv6-0l 90m©gdsHg, MmIgerois Homdmowyabos 3Mod@EHo3mwa
MBsBO3OH™M FoLsFsMMGOOL MoMmIbMdIL s 960336900l 5BMEBHZML LogHmsdmMolm Jugermo
0683M5LGMMIBHIOOL  5©3GOE00L  dgbobgd, GmIgwoi 3Jmbs IPv4-L. LESG0s  9yMHbmds
399md399690 oGIOSGHIML s 339390L, LG FobbowMwos 0bEHMbyE 3MMmEHMIMEgdoL
396300000900l IPIIONO O YI>OYMGB0MO FHBIMIYIOO.

1553356dm Lo@yggdo: 0b@gbgd 3OHmEGHM™M3MmEo. Jugwol 0bxz®mILGOMIGMGS. 3MMEHMIMEOL
053B9050Mds. BsgMHMNSTMOOLM BEBIBIMEOD(300.

1. dglsgsemo

06@9mb9¢) 3OMEGHMIMEGO0L 93MEY305 SMOL  308OWWO  3nF603s300L  Qob30maMgdOl
90Y39¢0 360Hm39L0, MMIgEoE dmoisgl olgom 3609369wm356 9ES39OL, BMAMEmOEsS NCP-©sb
TCP/IP-%g g005b3ws, IPv4-sb IPv6-bg d0a®s30s s HTTP 39Mlogdol 9908030 45w9dxmdgligds.
0OMMIIWO  (33C0WGds  3oLbmdl  dmbozgdms 293930l FBomE  BMmmMbM3zbydlL, JugwmGo
068365LEMJBHwMOL oLIBHB0MGOL O YYLOBODHMYOOL gor)dx mdYLYdL.

HTTP/2 s QUIC-0b 3563000569358 3600369c0m3bs goomdxmdgls 390L96030L9d0L 3493500
@5 MLOFODBMYds, M3 3609369 M3z560 FodBHmMmos Msbsdgmm™mzy 0bEgMbg@ol 4sdmygbgdsdo.
HTTP/2-85 890565 8653503063 9JuEH«IM0 Bs®rongs o 250053990L 9839JGw6mds, bmwm QUIC-0s,
OH3goi oYHEbmdowos UDP-b, 0585390000 g03xmdgLs 8cmbs3gdoms gowsoigdol boBdstg o
MBoBOMbMYBS. 98 @odxmdglgdgdl  3Jmbs  boM3zgbgdoE, s  dodmofgzos HTTP/3-ob
3963000061905, HMIgerog 596005690 HTTP/2-0l oo QUIC-0b 993065@glbmdqob.

0639Mb7G0L 39630005M930L 5MYME 9EHO3BY 8904dbs s s0BYGMYs B58gboTg doMomswo
36OMGMZM0, OMIGO03 obLsDM3M39D, 1) HMAMO bgds Juguol Lsdrswgdom dmbsigdgdols
393365 o Boegds. mwdgs, 0bGHIMBYEBHOL  FobdEedgdoLy o godmygbgdol  LygMmgdol
39BNMGIBMD 9O, JU 3OIMFBHMIMWGd0 §9©I035®© 30MIMEIO0SD, BYMS 535gMmTBOEMb
dB56©0 IMmmbm3zbgdo, M3 dmo33L MBOM MLsROMbM, sbIGHNOMG ©s 989G Tmbsggdoms
39053930l 3OM39LYAL.

IPv4 36Gm@Hm3zmeds, Gmdgwog 1980-0s6 fargddo d90ddbs, 0b@Hgmbg@ol 3oM3gger 9@s3%bg
3600369crm3560 MMEo 0058585, M3, dobo FgBOMEMEo JobsdsOmms boghEg s bbgs
&9d603mm0  bozgHgdo  Bmmbmzbsl 396  5305Y4mBoEIgdEs  0bGHYMbYBHOL MBSO
3OBIOMMYILMID  gMMO. 9T 3OMOMYIGIOL  AoILOFOgws©  dgoddbs  IPv6,  6HmIgwogs
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MBOHM639wYMRL MBOHM o FobsTsMmMs Bo3zMEIL s M53YboTdg M30Lgd0m FodX MDY,
6HMIgoi ool Imbszgdms 2os3gdol MBsgOmMbMIdILS S 9BIJBIOMBSDY.

IPv4 (063960bgd 3OMmEGHM™3Mmeol 390L0s 4), ssMBYdo 1981 {gumb, 0ggbgdl 32- do@E0sb
3035630l Ldqdsl, MHMIgwos MHOOMB3gEYgmal osbwmgdom 4.3 dowost wbozswwme IP
doLsFsOML.  06@gMbgBHOL  LHOsx0  205356M0mMm9d0L IPV 4

090990, MMIgwoi 8MmoEsgs  sbowo  dmfymdo-
5.57.226.105

@MdJd0L 5 3303530900l MomEIbMdOL BOHELL, gl
doLs3oMmMgdol  LogMEg  90IMBBEY 5GSBS 3TIMOLO.
06¢gm69(H0 3960Y39G Xz 0BOHYDS ©s L YBO™ IPV6
d9@0  9mflymdomds  LoFoMmgdl IP  dobsdomomgdl,
bomem IPv4-0b doLsdsGmgdol Mom©gbmds sdmofwy®s 2a00:de40:10:313:0:0:0:105
5 BsFoMOHM gobs sbswo 0b@gMbgE 3OMmEHMIMEOL,

IPv6-0U 29630006905 (bob.1). Bsb. 1. Ipv4 s IPv6

IPv6 890935390900 1990-056 fargddo, 0ygbgdl 128 do@0sb dodsemrmgol 1dgdsl, Gmdgwos
MBHOHWD39wymBL  JobsToOMIIOL  MoMJdol  MLsDBPIOM  MOMEIBMBSL. gb  oBIMDNMYDS
0m35¢0bHobgdL  IMygmdomdgdols @S 9303530930l  FBIM©  MoMmEYbMdLL,  MMIgdo;
UoFoOMadL P FolodsMmgdlL.  dsgowoms@: IPv6-ol dowgds osofjym  36083bgermazsbo s
9393MmdM030 bs00xgO0m. 9OH-9gHMO 300390 OO bsdoxo oym Google-ob doge IPv6-ol
5696935 2008 Fgarl, Mo Bsx3Id39e0 QoS SbsE0 FOMEMIMWOL BoOMNME 530 (390gd0LM3Z0L.
530l 39009y, 30000500 3MbEI6EOL 30IM35009Mgdds 0fiYgl bmeEm IPV6 Jugewrgdols 458399,
53 300093 MBROM 9B SLEH0INW0MgdS IPVE-0l J0wgdsl.

2023 Herol dmbs399900m, armdsiMo 0b@gMbgd) GHMoxgozol 40%-bg dgdo M339 094gbgdl
IPv6-l, 653 893Y300gdl 035%Bg, OHMI 5HsWwo 3OHMGHMIMO BsOMM 5MHOL JoPIOMWO
06@¢gmbgBdo  36093bgarmzsbo oo m39305. mmdzs IPv4 333 BoMom©  go8moyggbgds
9993300609000  LobGHYIGIOL  godm, OMIMGdOE MW 9I3GHOMPIMwo  IPv6-Bg.  dzgwo
0683M5LEMIBHOS 953dbgds IPv4-I o 0fj393L 0dsl, O™ MO39 3OMEHMIMEO M9BI3MLYdIMOL
9B 36MHmEgLo BO39MOMIEME AORMAJEIYdS 35653, Bobsd LOIWsE 56 0dbgds doMfgmwo IPv6-ol
©mdoboeqgds.

2. o600 bsfogro

399¢009MH90v0 3BHMEHM3MEgd0 s LBWBEIMEHJdO

1996 §gel HTTP/1.0 5 1997 {gavlb HTTP/1.1-0b ©sbg6p3s0 bogdzgero Borgsts 390
300960353058 3039M@9JuEHM0 ©M3996@Jd0L gowozgdoom. HTTP/1.1-85 d9dmo@sbs dwxwodogo
393806900, 05353 36033690M36500 gosmdxmdgLs Gglicrvargds dggmzbgdol 9gdzomgdom. 2015 ol
390008390 eds HTTP/2-05 goomdxmdgbs dglitrvamgds 96035¢00 dmmbmgbols 39e@odwrgdbo®gdols
5939000 960 353806BY. Bsb F9dm0@sbs 0bgmo BMbJ(30900, HMYMMOES LomsmEmol 99399d35 s
6535000l 36M0MmM0GYBHO0DO30, M3To3 oI ™MIJLS 390 339MHOL  BsBH300™m308 MOH™. QUIC
0900w9ds3s Google-0s @5 LEHobsMGH0BYdMwo odbs IETF-ol doge 2021 §gaob. ol 5900005690
HTTP/2-0b 95bslosogdeqgdl UDP-msb (Used Datagram Protocol) o doBbso olobagl 89539mbgdol
9993060905L, 1939 MBOIGOMLMYISL,  39MME QoA MOJLGOL  BTYbgdMO  ©TORIMOL
3905359000.
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W60 3939OHLMbOL s d®oML 3oL Hogbo ,3m3309GHIOMMo  Jugagdo:  LobEGHgdmeo
domds” (2011) 330535HMdL IGHIWO ©s LOLGHIING A3BbBoEIZSL JugEHo 3OHMEGMIMEIOOL

©@0Ds0boL dglobgd. 93EGMMGO0 BMIMLOMIO0s6 00 3M0630390Bg, OMIWGdOE SOMEHMIMMGdOL
I893GHMO  0M0smdl  MHBOMBlggmail,  goblogzmm®mgdom  FmEUIsM™mdOLs s B969d0L
3990myg9bgdsby. gl oMo Lodw)oEgdsl 0derg3s Jugerol OBs0bo 0ymll dmdboro s SE30WHE
3965b9d50.  FMEMEMMBds  Bodwoegdsls  5deg3l  Jugrol  s®Jo@GgdBH S,  Y3OMdIHIME
5Q33BH0MEIL 5 2ob30005MEIL, o3 59300908 Fg3™IJIOL  SEIBSMMBL S 5IXMDIYOL
90056 LobEgdob LoodgEMMBLL. Fsgowoms©, IP s TCP 3MMmEHM3Mgdo INEIEMm0s s
obobo o3y 9690500 IYMBOWD, M3 LTS gdSL 5deg3l oo MHMI MY 30IOCSE
3963000009l s 03MFomlb Bb3s 3969006 F9539GbgdMsE. 93BHMMYO0 53MINZ YIMHOEMYOL
5055309096 53969d0L (layers) d603369crmdsbg Juger® s6Jo@gddEesdo. Jugarol imbjgogdo
©g4mxoos  bbgoolbgs  x39bgds,  Losg  mommgmer  g9bsl g3l 3mb3idg@EHmeo
35LbolidygdMds, BoQd0MO, BODBOIMMO 5gbs, Jugwrol §9gbs, GHEMBLEMMEH0MIOOL B9bs
33035300l 539bs. g 39bMdM030 dmEgwo MBOHMB39WYMRL Jugerol 9839dGHWIO BMbJ0MbocmYdSL
Q5 535003908l Heo LolEBgdgdol oM m3sL, 39MIM:

1) 9mEmEsmmdobs s 3gbgdol 2s0mygbgds — MH@Iwomsi Jugerol Bswowo 3mbGHOMmEWo s
19gad96GOE0s  0BsMIMGds.  BoQd0msE:  FoMImz0A0bmm, dmbsggdms  2oo3gdolsl TCP  gggbsdo
§o603m003s 99300085, INEYsMHE0 0EYMIom, gl FgE3MIs 56 Fgodwgds 50dmPbgl Bbls 130698%bY;

2) bgOPTIMOHOLM LBIBPIOEHODBIF0S, MMIJOE 5MOL 3M0G03MWs© 96093690Mm3560 FmrEs-
M0 5 B9BMIM0Z0 5OJoBYIBHIMOL gobgomamgdolmgol.

UA9BIOGHODsEo0L  LsdMsgdom, JugEo  3OMGMIMNWIO0 S FMfYmdo™dgd0
05390505 > IMfiymdoEMdgdol o335 bgds Lbzoalibgs Lolidgdgdol, s1g3g 3eoGRBMEMmIGOL
JmM0oL. Fogooms: BogMHmsdmMolm BEBIBIMEHODIEF00L MEMYB0Bs3E0sd (ISO) Fgodmdsgs s
591303906 0bgm LEEHObMEHIOL, OMIgoa gobloBwazMagl Jugwol xgbgdol LEHOMJGHMESL [1].
39G9OLmboL s Y30l FogH FoMBmygbowo Foyamds Jugumo 3OHMEHMIMEYOOL OHs0bol
90356  bobL Mligodb 0dsl, v) Gsdgbs 60369 M3z5605 IMOYIEIMMdS s BgbgdOL
3990996905 LobEBHGAOL LESBOEIMOMIOLS S Zo630MMYdOLMZ0U.

d. 350LoLy s x. GogMol bBsddmdo, ,60300930L 0bGHIMbgBHO: 33wg30L  9xIgdOL
dodmboergs” (2020), 033e93L IPv6-ol d00gdol s8mf39390L s Lotygdgwl, 39Mdm, bsbL
35996 00 LOOMMEYJOL, OMIWGO0E O39380MJOME0S sOLYIMWO JugEOO 0bBEOLEMYYI-
AGMOobL Ipv6-Byg 49005U3wolmsb. Ipv4-ob bogwdzgw by 994dbowo Jugarm®o dmfymdowMmdgdo o
36OHMaM5dMwo  MBOHMb3gymRs BoFoMmmgdls 2obobegdsls 96 Fga3wsl, o3 dmombmal o
10bsblG s 3H9dbozM® MLMEOLYOL. MOYIBODIE0gdOLIMZ0L Ipve-Bg gowolgErsd dgodergds
3°9m0{30mL  LoOMMEYd0, MoEA  bdoMs  Fmombmzgl  Jugol  3mI3MbYBbEBHIdOL o
53035309008 doMgME  MHgBMMT305L.  IPVO  3300035DMmBL  BodBHmd®mogzs  MLsbwghm IP
dobodsMmgdol LogMEIL, MG 9E0MYdIE0s ,B03MYdoL 06EIMBYEOL* (IoT) BEMEOL 30MM™d7dTO.
350L0 s FoErgM0o boBl M135996, MMI IPv6 LydMoegdsl 0dengls IoT dmfgmdomdgdol dolmdMmog
5mgbMd0m 535300609058 JugEgdmsb, M3 dmdsgscdo byl Ggmfiymdl F330560 Jogrsdqdol,
933™35@G0boMmgdMo  Homdmgdol s  bbzs  06m3530900L  39b30me09gdsl.  IPv6  -b 5g3L
3999x mdqBOME0 MLOBOPBMYOOL d9ds60BTgd0, oo FmMol Bsdgbgdeo IPsec (Internet Protocol
Security), ®m3dgog MHOHMB39eYmRL Imbs370ms MLOGROMbM gos3gdsl Jugardo.
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HTTP/2 s QUIC 560l 390 360H:™GHM30Me0900L 95630000609050 Mo 8608369crmgsbo bsdoxo,
6MIwgdog  dobBbs  0bbsggh  JugrGo  353doMoL  M3BH0ToDOE0L s MBIBOHNHMYdOL
29909 905L. 0. 30dumbol ,HTTP/2: 390 36OmEHM3Megdol 99000980 000mds*, g3 X. 5096500l
@5 9. GmIbmbol ,QUIC: 89900930 momdol  LsGEmobl3mOGHM  3MmEM3M®wo”  asbobowsgls
36OHMGHM3M900L Jobol0smMYOEOLS s LoMYGdGL, 39HIM:

1) 398 39300(0L Gsbsbosorgdergbo: HTTP/2 dqgoddbs, Goms googdms HTTP/1.1-0l do6Homso
36O ™d9dgd0, HMIId0E 03538060930 0gm FgHLMENE 259BMBIM0BMBOLY s WoGIbEWOM-
03  (ogmzbgds). Topowoms: GMsogoe HTTP/1.1 -8o, oy 3903390©0Bg ogm 36535000
LSO, ¥MIMBINO MOMOMIME LMoL  BoGHZ0MmMIIL  GO-3ow3g 0mbmgws, Mg  0f3930s
©5353)J00m  oBHIBGHMOHMIL s bgwl MIwos a39MmEol  LHMsgs©  hos@zommzsl. HTTP/2-ol
d9000b3935d0, Yzgws gl dmmbmgzgbs JMMOOMMMs© 03Hs3690s, M3 S930MIIL oBIBEHVIOHMBL o
MBOHYH3gerymxL 439MHOL LEMGI BoG30Mm3oL;

2)  bsxmobmgdol  gsderogmgds: 301Hge3s5 0dobs, GMmd HTTP/2 6 dmombmgl 306306
SSL/TLS-0b  98mygbgdsl, ol doMmomOEs©  d59m0ygbgds  MLsgdmbm  353d06H9gd0lm30l, Mo
MBOHMO3geygmazly ImdbTomgderols ImbsEgdgdol MLsimmbmgdsls s 3Mmb30I6E0sHMBL [3,4].

QUIC (Quick UDP Internet Connections) {o®3mo@a96l TCP-0ol sen@gmbs@ogzsl, MHmdgwos
39900996905 LEEGMBLEMOEM BN GHMIMEdo. ol 0ggbgdls UDP-l Hmym®E dsDol 3Gm@EHmamenl, Mo
153995 gdsl 5993l FOIBRO© o  9BIJHMOO  ©993YMIML 3530060 s DBOHMB3gwyml
9mbs399900L 35533935 d060BoMMO  OBHIBEGHIOMBOM. FoQO0MO©:  BHMsogowo TCP-b
BF0oMHMGds boba®dwozo 3538060l ©sdY4s0gds, M3 0393l sBIbEBHIO™BL. QUIC 53 36Hm39LL
50306090L,  Moyb  393d0M0  04dbgds  MBOM  LHOIRs, o3 360d369wm3zs605  obgmo
33@035(30900LmM30L,  MHMYMOOESS  Mbsob  ™s85dgd0 96  309m  3MBEgMYb30900, Loos
W5SAHIBGHMOMdS bl MmEgdom 3603369~

Bewnbogba

bos. QUIC Db L Jmbo- HYTP “‘ . HTTP
@ogibos. Qf OPPIFIYGS €03 | Smaghon L { F«llll‘l&mm—j baMiagtio
390ms LMooy 450039dsLs s B0MgdsL, N S trgmdees
3obbogmmMgdom  3s8ob, MOmzs  Jugwro - 3) HTTP
9d96YggmdL 56 8mbo399900 03569ds. Bevonbenghs

36m@mzmeo ligzg IbORbggwymal quic T, Yooz N\ 1 e
9mbs390ms  MLOROMbMGISL,  godmoygbgdls Cuiake o U o ) W-ﬁﬂm_li bof3omn

& A

TLS 1.3-0b Bs8969dwgemo 899560%a90L, Mo Y u—
MHOM639wYmRl  ©sFoR3zEMIL s byl 8) QUIC

3ol dmbsogdoms 39oGHZ0MMZ5L.
6sb. 2. HTTP o5 QUIC 36e@m3mmgdo

HTTP/2 o> QUIC 560l 860893690m3zs60 {oblgams 53 otpdo. mommgmeo domsbo gbgds
oo (obsdmMdggdol 13930130396 I9)brmggdl. HTTP/2 8904dbs HTTP/1.1- ob 8983300609,
OIgoi 5235090 0bgm Bs30mbYdL, MHMAMOOESS FoPIWO EsGHIBBHMdS s Jugeol MHglvIMLYdOL
5659%39JAM0 3odmynbgds. dolo oMM Fobolinsmgdrgdo ImoEsgL:

1) 3maGodergdbomgds: HTTP/2 Ls8eegdsl 0deng3s 9Hm@megans 4o3be3bml 86agowo dmmbmagbs
©5 33bbo ghm 393006BY JooMMb, M3 450mMOEbIZL FMOZoERJMOEO 35380MH0L LoFoMMmgdLl o
59306M9dL oBGbEHMO;

2) 390960b 99399dzs: HTTP/2 oygbgols HPACK 89333356 HTTP 390096gdol Bmdol dglsdzotagd-
@50, 053 LOLIMAIOEIMS L0EGYOOLMZOL, HMIEYGOBS g3l oMo, 256TgMMFdsO 3900960l IMbo378900;
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3) 6535000l 3M0MMOFYBHODE0s: gU BYBJ30s dMMBIOL 8deg3l 3MHOMMOGYGHME dMmmbm3bgdl
Ubbggdmsb  dgadgdom, Gog  MHOHWB39ymal  3oMmzger  Moado  36033bgamasbo  GaLyOLYdOL
BoB300m35L. Fog50mo: GHodwemo Lgbs®o, Hmdguog sbobsgl HTTP/2-ob Lytygdgarl, sGols Gorvmeo
390-33960©0L Bo@B300Mm3s, HMIgerog 3moEogl dMsgse LmGmoml, 1L3M03EL s LEHOEPOL GYMEIEL.

HTTP/1.1-80 omommgume Hgbyedll @obFoMgdm®s 396039 dmmbmgbs-3slmbol 3ozwo.
HTTP/2-0b 999¢0GH03e0gdbo6gds 53356093 535, G0 yggws g Ggliry®dlo 8g90dagds dmmbmgbo
@5 30fm©gde 0dbsl ghmEMmMsE, M3 3609369 mabs 9BJoMgdl a39M©OL BoGz0MmMZ0L
©OML. 80b35© 58 Fodxmdglgdgdols, HTTP/2 3353 99MHobmds 350s(39d0L 30mbEMmeols
360 GHM3mwb (TCP) 0mbsggdms gows(3990Lm30L, M3 396339 99H0©390L Jdbob, 396dm:

1) Head-of-Line d¢om3o®Mgds TCP 139bsbg: o TCP-0o 353930 503563909, 439¢s 999amdo 353930
65 IYMEML 53500 3539GOL bgasbas 4939, Mog 0393l 9z39MbgdL;

2) TCP 3530060l @53gsgds 8moEoglb Lsd dbGmog bgwol  BsBmGmdgaol, o3 3¢ dom
@53 bEGHMOL 0f393L, 296L53MNMHGO00 FMBOEIME 96 Foseo WHEgbEH™BdOL JoMgdmdo.

QUIC (bHOsgo UDP 0b@gmbgd 39380609d0) 99oddbs Google-ol dogé TCP-ols 89Dwm3900L
©oLOIEY35, 09gbgdl IMIbIsMgdols Imbszgdms 3OMmEM3mL (UDP) Lsgwdawsw. QUIC-ob
doM0MOEO Fobslinsmgdergdo Imo353L:

1) 8993060900 @o@ab@mds: QUIC 53306090l s@gb@mdal 363006M0ls s ©sdoyz™ol bgwwol
B3 3g30L 3m3dobsgoom;

2) B535000L dE03gduo®mgds: goblbgsggdom HTTP/2 TCP-ol 39bsbg, QUIC dman@odwgdbotgdls
Bo3o@gdL 0Ly, HMI OO 3539G0L WO35MZs 96 dEPM3o3L bbgs Bo3owgdls;

3) LErmymRowo Musxmmbmgds: QUIC-U sd3lb sdoxg®ms (TCL 1.3-%g ©s53r9dbgd)emo) 0530005639
B58969099¢00 3OHMEHM M0, Mo 9de0gMadL MLOGOMbMIISL S 585MEH039DL FobbmM0gEgdsl.

dombgszs 0dobs, Mmd QUIC-3s TCP-ob d6Msgso 36MHmdgds gowsdcs, Aol sliggg 9J3L
390339790 3930§j393900; 39OIM:

1) Jugeol msglgdoMds: Bmyogmmds Jugw@mds dmfgmdowmdsd, Mmymmogss firewall-gdo o
05631 BH0DOGHMMGd0, 90dwgds B M3IML 96 5MLHmMs© Fommml UDP &®Msgo30, Msdsg 99odagds
25900f300L 3530060l 3OHMdEGIGO0;

2) 6630l LoMOmeg: QUIC-ob 3653500x3mbd306M0 dsbslinsmgdwgdols 0b@gaMeEos, Grmym®o-
395 399 GH03gdLoMYds S SFOB3MS, BOHOL ol LoMMYIL 6YMAZ0L s TsMM30L 3MM(39Ld0.

HTTP/3 8904dbs HTTP/2-0b 0093000l goborgdxmdglbgdas, Gmdgwoa 0ggbgdl QUIC-ob
39909609099 BoBOBLEMOGHM B96L, MoMsE Joo® 8990 M30MGJLMdJdO (b5b.3):

e Head-of-Line 3¢»m306H9d0L s0dmxbg®s: QUIC-ob godmygbgdom, HTTP/3 as0mMoibsgl Head-of-
Line @ood@m33L Lo@MobldmM@m 139659 s «bMmbzgeymals mboggdomes LMo, Loodgm gowoEgdsl;

o UL{Mogo 3530060l sdygstgds: HTTP/3 Latggdemdls QUIC-ol mbs®om @osdgs®ml 393806900,
653 59306090l oBHIBEGHMBLL, F5bL3MMGI0m FMBOEWYH b FoHE0 WsBHIBEMBOL goMgdmdo;

¢ 25dw0gMHgdIEmo MLsxgmmbmgds: QUIC-ol hsdgbgdmwo ©s8oxzms mHembggwymals HTTP/3-U,
653 gb3s0g0s MUsBOMMYBILS s 3MbBOIBE0SXMOHMBdOL 3350.

HTTP/3-0b  Lo6gdgwo  sblozmmgdom  m3zseloBobms  dmdow®  Jugwgddo, Lowsa
W53H9bEHM0S F90dwgds 3600369 m3bs  29bLb353w0YdMEAL. BoQde0Md®, JMdoEMEMmO  Jugwrol
Lodmoegdom  390Lbs0GDY Famdolsl, HTTP/3-l dgwderos 99006090000 BHOORs©  ©o599s®mls
3938060 5 s0fgmb Imbs390m gooEgds, 3oy HTTP/2.
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- I

fe

30Bagbulee “"i”“'l"“ﬂ‘ ‘ goboyopn |8 :il ”
0o » ‘ 5
) . Y p .
e
TC ’ T “
P " UDP
were >
P ¢ t P

6sb. 3. HTTP/2 o> HTTP/3 3Gm@mamergdo

3. 533365

06¢9M69¢) 3OMEGHMIMMGOOL 93mE30S 396530MMdS EMdH dmboggdoms 3m3Mbogsools
bM©sd, 3mI3gJlOMOSd @S  FMmmMbM3badol  LoFoMmgdsd. NCP-qsb HTTP/3-ob  dmeom
90093905007, 00MOMIMO 3OMGHMIMEOL 390L0S FEOWMdEs 3mb3MYGMo gL M3gdOL
59935l O 9SO FGNMEMEIMA0IMH0 FGLodgdEMdgdOL 453mYggbgdsl. gl 3MMYMILo bIBL
Mlgedl  0bGHIMbYE  BH9dbmemy0gdol ©o0bsdozme dmbgdsl s MPY39d 93X MOIL, MOmS
3999x mdLEYL 39300610, 9539JGIOMDS O YBOBOPHBMYDdS.

NCP-ob 899330069 3OMmEGM3mEqdol Suite-byg gooligems Homdmaz0wqbl 360d369cmgsbo
3 HoOHMO0L LML 9090000 dEYMIO S 9BJJGHWOO 06FIObyE 3mImbozszoolzgh. NCP,
Omammi3 ARPANET-0b Lsfgobo Bs@Bm, og®bmdowos Jugem® 30m3mbozs3osby, owdgs dobo
2996d30mbscrmEo  Gglodwgdemdgdo s 0s35HMbo 93530 9B wo ogm. TCP/IP-%by
3ooL3Es b gomdBHgbo  dmTgbBHo, 5053  LodMogds  IMm33d  IMOZIBIMHMZs60
3009160353060 FbsIsF 6o,

IPv4, 05306 ©@M™OLM30L M93MmEM309M0 0gm, Foacsd dmwml §oMdmodzs 3OHMdEgds
90L585M009d0L F9HBL35LMb ©s3538060900m. 06EIMBYEOM 3538067900 BM[YMdOWMDdYdOL
U633y BOHsd  2odmofig0s  LoFoMmMgds FgsMgdom RsMmm  4osHYy39@0obmgzol. IPv6-ds qb
39D0M35 303505, 990053965 0mJdol MEododm FoLsdsMmgdol LogM(g S JOMAXRMOGLS
JB9ol 93399GHIOMBY, 1939 MLIBROMMYdS. J0bYs350 IPV6-0L M30MmsEHILIMdBOLS, oo domgds
Bowo 3OHmEgbom 80dobsgmdl sGLYdMEo IPv4 0bg®oliBmwyd@meol 0bgMEmemdols ©s
39530l LOOMMEYgdOL Qodm.

06¢9m69¢ 3OMEHM3Mgdol  LggOmdo, HTTP/1.1  8608369mmgsbo  4omdxmdgbgds oym
HTTP/1.0-%Byg, 95358 35063 d9b0momwo oym TCP-ob dgleveqdol 3Gmdegdgdom. HTTP/2-05
©OEO  2oIx™mdJUgds dmo@sbs HTTP/1.1-%g, 39Mdm, OHmym®moEss d9w@odamgdlo®gds o
LMool 993335, O3 FodxmdILYdMEo TGP Iegdsl MHBEOMBlgwymas. MMIEs 33Wo3
580300090990 ogm TCP-ob 99H0390%g. QUIC, Google-ols dog® 360336903560 06mzs:3009,
UDP-0ol 259mygbgdoom s3mofjmds TCP-ob 890003900, o3 @odb@«ytmdol 990306090585
MBOBOMBMYBOL 25mBX MOJLGISL MBO639wYMRs. 0935, HTTP/3-0b 3963000569059, Grmdgeos
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©553db9gdgemos QUIC-By, G:goem®ms© gofizs 006599060m3g 399 3000160353008 3mEH9bzoswl,
TCP-0l bsbol @sdem330L s0dmabzmom s 9fY393¢0 ©s30x3MH0m.

©s13360L 890099, POMMYMo 3OMAGHMIMOL Joefg3ss FoYd3eszwgl Fobsdm®mdgg-
dolob  aodmfiggmer  3mb3MgEMe  JgBM©390L, bmerm  sbogro  Bgdbmermyogdol  dowmgds
L5309 53E93L gorYdx MdIBYOME FglErIMEgdsl O MLOIBODHMYDL.

HTTP/3 {o60mopqbl 98 dogrolbdgzol 9(396M35¢ml, 8mMgdmmo s 939dGMeao BsGRmU
0900350900m, o3 gdobggzs 30BOWWO  30mdMb03s3E00l  3©dozs© THBIO®  WIBEToGEAEL.
06¢9m69¢) 3OMGHMIMgd0L 630050905 s Fogds SOLYIOMOS FMTo35¢0 BMEOIOMGOOLSMZOU.
b 965F5OG™ 3033l B9dbmemaom®mo 0bmgs30900L 0bEHMMEE0MYOL, 5539 byl MHgmdl

06@9mb6930L  2emdseE  Jugemsb 9x39dBHWME  39306L, Gog 9dg3L  FGLodEgdIMBLL, Md
06& 96930 0ymb Mgz LEOGO, MLOSFOHDHM s MJSZ0MIOIPO ZEPMBIMO Jugero.
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The Development of Internet Protocols
Gvaladze Miranda, Papiashvili Rusudan, Kakauridze Nika

Georgia Technical University
ghvaladze. m@gtu.ge, r.papiashvili@gtu.ge, kakauridze.nika@gtu.ge

Summary

The process of developing Internet protocols and its impact on modern technologies is
discussed. The progression of internet protocols reflects the continuous transformation of digital
communication technologies, addressing evolving demands for connectivity, scalability and
data security. This article explores the pivotal developments in the history of internet protocols,
focusing on significant transitions such as the replacement of NCP with TCP/IP, the shift from
IPv4 to IPv6, and the modernization of HTTP through its advanced versions. Drawing on
diverse academic and technical resources, this study evaluates the technological and societal
implications of these protocol advancements, underscoring their critical role in shaping the

digital era while highlighting ongoing challenges in their implementation.

(Received 12.10.2024)

PA3BUTUE MHTEPHET-TIPOTOKOJIOB

I'sananze M., [TanmamBunu P., Kakaypuaze H.

I'py3unckuii TeXHUYECKUIT YHUBEPCUTET
ghvaladze. m@gtu.ge, r.papiashvili@gtu.ge, kakauridze.nika@gtu.ge

Pe3rome

PaccmarupuBaercs mpouecc pasBUTHS UHTEPHET-IIPOTOKOJIOB W €r0  BIMSIHUE Ha
COBPEMEHHBIE TEXHOJOIMM, a TaKXe BaXHOCTb M MpoOJIeMbl mpoucxonsuiero. B Hauane
paccmarpuBaetcst nepexon Ha TCP/IP, koroperii 3amenun apxanunbsiii NCP u coszman HOBBIN
CTaH/apT CETEBOM CBsI3U. AKLEHT ClIeJaH Ha OrpaHuyYeHus pa3sepToiBanus IPv4 u BHenpenun IPvo,
KOTOpbIM oOecrieunBas MPAaKTUYECKH HEOTPAaHMUYEHHOE KOJMYECTBO aJpecoB, a TaKxke Ha
WCKJTIOYEHHUH 3aMEYaHUN MO aJanTaiuyi MeX1yHapoIHOM ceTeBOil HHPPACTPYKTYphl, KOTOPbIE UMET
[Pv4. Crarps ocHOBaHa Ha OIYOJMKOBAHHOM JHUTeparype U HCCIENOBAaHUSAX, B KOTOPBIX

00CYXAar0TCs ITIOCHI U MUHYCBI Pa3BUTHSI HHTEPHET-TIPOTOKOJIOB.

(HIoczynmna 12.10.2024)
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9370 GHMMGO0L g58mygbgds 93@MBo@Mmo sMmm3oL
Loligdgddo

9909356 3303599, Legom doGbmgo
LodoMmM39WMb G9gdbozm®mo Mbogg@bo@gdo
k.kotrikadze@gtu.ge, s.barnovi@gtu.ge
M9bomdy
3956bom@os  93@MTsGH MO MJAoMmgdol, dodymero LoLEgdol PID  Mgames@m®ols
390509 BHMgool  dgmBg30l  Logombgdo.  FoMdmagbowos  3GmEglgdo  dsmmzol  LolEgdol
90aM5MdoL s LObMYHOUL H3M(356900L FoLHY39EHO©. PodmYygbgdmeros Wsd-9d0 s WRLT-9d0,
o3 LOFMOEGISL 00935 3939965 ODM®M  OBIFOZMMO Toboliv0MGIGDO, A5IMIAIOMGDY,
396M053535¢0  3OM(39L0, FEPMOIPMOOL  FoMOY0,  FIMOTSZ5¢0  3OMEILOL MM s  bbgo
dsb3969d9d0.
15533960 BOGHY3900: 93BMISGHMOO MIAME0MGds. LoLEJds. PID Ggawmams@m®o. 9odgmero
LoLEYTs. 39Ol BMBI30s. WMYIMOMNTM-533¢0 GO Lobdomwyeo Jobsliosmgdwgdo.

1. dglsgsemo

B900L30gM0  53BMISGHMOO MMM gdol LolEgdol BbdsombsgrmEmo Udgds Fgodegds
Dom3m©agb0o 04658 MgamEsEHMMOL s BodsM™M930 MdOYJEOL LodwysEgdo.

933™I5GHMOH0 M9 M0©mgdol  LoLEBJIol  MYYMEGHMEOT0 4990005690 w0s  bbgoalibgs
56036991900l Imfiymdoemdgdo s 9wgdgb@gdo: Lsbmdo QoMEsdlobgdo, FsdE0gMgdEgdo,
3906 gd9wo 99do60Bd0, oG9m0 gdgE0 MGYSbMm s Lbgs.

533™35GIH0 M0 gd0L MGMO05d0 MYAIGMEOS© IMIBOYds Y3ges 00 gergdgbgdol

@5 3mfiymd0emd9d0l GM0MdOMdS, Mdwgdos gabobwIMmgds LyMYyMEoMM 3O MEILOL LolvM39wo
90356009000 FoMdoMmgsl. doldo 56 dgob, dbmerme, LsTsMMOZ30 MB0YIBHO. MYYMEsGHMOL
dgbogomdg  doghimgds  Fg3maAol,  gobmsbbdgdol  Logbowo s  godmbogoeby  0dewgazs
3996 9d9wo d9JsboBIol, dMs35L, BdsOMZge Bgdmddggdsls; Ao 390 Bgdmddngds, ms30l
dbcmog, LobEGgdol g3mdsbyg Fobslfst M990, 396Mbomss BM3I0YdIMWO - Fo0d TGOl
5MLgdMBL BMbJ30bseMGmOo 3538060. BH9gdb035d0 SBgo MYYMWSEBHMML, LodMIH3gLM MYYMWSBHMOL
MHg096 s 96080E0MGIMwo dmfymdowrmdss [1,2,3].

6900L30gM0  533HMI>GHMOO MM gdol LolEGgdol gmbdszombogrm@mo Udgds Tgodwgds
Dom0m©agboo 0465l MgymEsEHM®mol s LsdsMmszo Mmd0gdEOL (bem) Lsdwowgdom. dmEgdme
Ud98s8o (Bsb. 1) 93EMBoEGHMO M94ME0Mgd0olL LoLEIIOL (sMl) O35¢1gds, TsMMZge Bgdmddggdss
y(t), bowm x(t) - LaOIIMEOoMM 35M59gEM0..

Y x(1)
b5855PS30
598325550 Losaemy

B
v

<
Bsb. 1. 53¢MIsGHvIMo MYammomgdol LolEgdol Bmbdiombsenmymo Liggds
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9330350 FoMr30L M9M©05d0 3BMdOWOs LobEYdol obsdozol m3EH0dobsgool obgmo
99000, OHMIGEoE LEFMOGdSL 0dg3zs Jogdo 0dbsl LolM3zgmo EobsdozMMo 3MmiEgLo.
39603dm@, dobo d080bsmMdol M Mbs 0gml Jobodswwmo s 3MMmEILL 96O Mbs 3Jmbogl
3OIMIRM0MG0s b g 946935 9O Mbs 509F5BHJdMEIL 20%-U. 2500 gdOL  Sbgmo
3600369c0md700 53BHMIEYIM0 JomM30L LoLiE)dgddo olisdgzgdos.

33H080Ds300L 53 3900MOL 25dmygbgdol 99gyo®, 990dwqds d00gdweo 0dbsl LsdMgfzgerm
69379009GH™O0L LEAOIGHMOS 5649 TgabOHEgdgero dMogz9L IoMmM39wo HBgdmddngdol LoliEgdol
39300m35Dg M 3000939 gdol 35bmbo.

LoAM9H3gM MY HBHMOTO MOl godMbso3eolols 4o69Ty 45dmoygbgds 9. §. PID 356mbo,
OHIob s®Lo 99dymddo dymdsmgmdls:

05319350, LIMY39M YGRS EHMOOL 8905350 Bgdmddggdss £(t) - LobEGgdol Tgmas,
beerm 3966 qd9@o Mgl ddsmm3geo Bgdmgdggdes - U(t), 35306 U(t)-b gm®dotmgdol PID

396mbUL 5J3L Loby:

_ 1t de(t)
U(t) = kge(t) + T—ifo e(m)dr+ Ty —; (1)

5060360 MmN 99905 bodo Tgbs3MgdolYsb:

1) 36m3mO3Eow@os £(t)-b 893Mmaol, 3OHM3MOE0MMBOL K 4 3mgB03090GH0m;

2) 36:m3mM30v9wo £(1)-b 063G Mool %03®m3m6)60‘3@m60b 3M9803096GH0m;

3) 99L530gd0  IOMIMOEFOYWOS e(®)-b 306390 ®ogol  Fomdmgdrwol,  ©oggebzoswol, Ty,
36HM3MOE0wmdoL 3095303096GH0m. LadMEm® X580, U(t) 3603mOHE0vwos d930maol, dolo 0bEga®mowol
@5 30603900 Hogol FoHImgdmwol, oggmgbioswol, s80@ma bsdMmgHzgEwm MIFIWEHMOL, Hrmdwol U(t)-U
B0OIoMGOoL  30bmbL odgl (1) Lobg 36MHM3MME30E-0bEHgaMewe-oxgMgbiEoswn® PID Mgymwmo@meml
Mfg096. FmOIMws (1)-80 ks - MgMsGMOmOL godwogmgdol 3m9803096G00; T, - GJAMsEHMMOl
069aM900L EOM; T, - MIRNGHMOOL E0EIOIBE0MIOOL @OMS.

LodM9P3germ  OYYMEsGHMOdo, OmymeE  Pgbo, OLYIMOL  JmHgmdowmdgdo, MMIgEms
Ls8sEgdom 8godwgds kg0, Tyl @ Tl Godmm bsbeg®gddo 33wowgds. Ladmgfiggerm
©939WGHMO0L gm0 BEMNIBHMOS 1T GISL 0deg3s 0y0 ,dMOYGOMWO” 0dbsl bbgsalbgs
06530379600 030198900l dJmbg, MHgz9@o© dmddgw LsdGMmghzgurm Mmdogddby.

ks To @5 Ty LSbMOZg0 360836900mdgdol @sygbgds dgbadergdgeros 58 dmfigmdomdgdol
Lodoegd0m; BodMYH39EM 533MToE0DE050 53 3MIM39LL MYAMISGMEMOL QoFYmdl MHm9gd9b.

09y (1) geOdnesdo ks # 0, T, > 0 ©> T, =0, 35806 Lsddy §3od3l 3Om3mOzonw (P)

93 GHMOM0;
09 ks # 0, T, -b bobOerem 8608369@mds 5J3b @ T, = 0, 85306 33996905 3HM3MOE0-

06@&9aMsMo (PI) Mgymes@m®mo s o. d.

937905 GHMO0L BEAOMIEGHOOL F9gHBYZ0LIL BMYPsO® LoMYYIWMDIE T9dga0 FMLEBOYdY-
d0m:

0v) bLobGYds OYRMESGHMOOL 2560939 LEASGH0IMNM0s ©d Loggbwm®mmazsbo Bgdmddgwgdolsl,
dmombmggds Bmermgzsbo  ©sdysmgdeo dgamds, 85806 930 gdgeos PI Ggymes@m®ol
299mygbg0ds. 09 U (t)-U 06936 5¢rMHo 39690 Lol dol 3aMemdoL Jo®agl 360d3bgwmzba
59306090L.  39Mdm, 0BMEYds 3MMEILOL  MbY35MBS,  AIIMIAMIOMGES O POMOSTIZOO
36mEgbol MM, sbgo dgdmbgzg3:00, sE0gdgeos PID Ggangeo@m®mol godmygbgds.  U(t)-b
©0x9IM96305MEmO0 Igbgeo LolEgdol IEYMOEMBSL 5mBX MdJHGOL.
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0Y)  OHIRMIGMOOL  goms  LoLEJIOL  BIMBgbo  Bofloo  SLEIEGHOIMG0s,  Bsdob
d0Do60gfmbowos P 56 PD Ggymes@dm®ol 3s9mygbgds; 3960dm@, v P Ggamws@dm®l 94690
9M5Md0L 3OH:Mdgds, 85806 godmygbgdmeo wbws 0gbsls PD Hgamas@meo.

B9doldoge  Jgdmbgz93580, MYAMOIGMEOOL  25FYmdOLMZOL  LoMygdwmdgb  L3gEosEwMEO
3bO09gdom 96 bImyMsdgdoom [5], G®MIgErms Lsd sgdom 990dErgds sgbowo odbsl ks, T,
©> Ty ULo3odm 8608369¢mdgd0. 58 58mEsbol go@olodMgee@ bsgo®ms bedsM®mago Mmd0gddolL
3953990l 3m98030g6GHOL,  OMOL  3Ed0zoL,  ©R3056900L  OMOL s  Obso3oL
30L9360030m00L dm399o 36033690 Md7dOL (3m©bs.

0 36Mmd00s bm-ob LEGHOWJGHWOS s MEbMdos dobo 356M539GMgd0, F5dob LsdMghzgerm
9370 GHMO0L  gofiymdoliomzol  LoMagdwmdgb  0@gMsgomwo  doymdom; 0go  JgodEgds
39909496900 0gbsl vy LdZ900s Lm-bBg Loggbm®mmgsbo Bgdmddggds. gl ©0bgds b
59BH0M0 56 35L0IMO O330603900m, 9JL3IM0TBEOL Lodw)owgdom.

2. LdGYH39mm OB MMHYBOL Tobolincgdergdols
dodmbogngs

PID 6939 o@mol 35605993930l sboagbs  960d369wmgzsbos dolo  obsdozwmeo
3obsloMYOYEBOL gobloBL3Ms. PID M9meo@m®mol 25053900L 3996d300L Jolowgdsw (1) 3m®mdes

3905309MOH M ws3esliol Lobgdo byarmgsbo Lsfiyolbo 3oMmMdgdOLmZOL:
U(S) = kue(S) + Tioe(S) + TgSe(S) )
Loog U(S) o €(S) 9gLodsdolago U(t) s () 396430900l @ad3esbiols babggdos.
(2) 36HIM0sb PID H932es@mtol 35053990b 13996300 0dbgds:
ues)

WaS) = 2= = ks + == + TS 3)
&(S) T,S

W45(S5)-b 0gocom®o PID Ggargens@m®obl 2003900L 36J300b vfimgdgb. 30sg@Eo3sdo dobo

RB0DBOIMEMO©  Fobbm®mE0gmgds  dgdergdgeros. d0vbgszs sdobs, (3) BmEOIMwom bdoMs
LG9 MdY6 LOLEGIoL sb5EOBOL s BLObMGDOL H3M(35690T0.

Dma0gho  LsIMGH39w™m MY sBHMOIOL  Ashbosm  9.f. doeslGMMo  GRymeo, GMICOL
3953990l BMbd3099:

Wy(S) = ——, (4)
95906 950 LsdMmghzgerm PID Ggames@m®ol 400539308 3996J300L 9d69ds Loby:
_ T TS +kyTpS+1

W(S) = Wo(SHWe(S) = —<asrn — 5)

"QIF3BI0"

; R

dIb [—— 35b
C
% %

Bab. 2. ,,0099313960L“ 1iggds
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BodLEAHMOO Oamwolb T ™ol dvdogol Lolwemzguo d60dbgemdol  olaygbgds
LodMIP3gM  MJRMWOIGHMOL  5J3L  3MmBHbEomIgBHEo, ,©qd3xngMo"  (bsb. 2) [2,3,4]. oy R
339630mdgEHeMol 3mEos JomEbgbs v3000MHgL dYMTsMgMdsdos, 85806 T =0 s FoMx39bs
3000M9L0 dYMI>MIMOOLMZ0L, T = RC MOl 3v9dogsl dosgdlodsermMo 860d3bgwmds 5J3Ub.

50Ls60365305, HMT SLYPO BIWILEAMMO MYMEOL SOUYDIMBS 530 Gdge0s 35d0b, 0w e(t)
3903938 Booo  LobdoMOL bgEIdgdsl s 9YE3OWGdgos 93 bgedgddergro  dygbgeols
dmE3ogds.

T 6™l 379080355 3603369wmdols geBgzs bogds bgmdgdmols bobdomgms ©osdsbmbols

90b9300. 00YIIMH0 MGRMEsGMOOL LObIOMWO TobolinsMYdGdOL Jobomgds©
To TS +K5T,S+1

Ws(S) = —

(6)
39053990l BMbJ300L dMOEb3xWo o3dswmm (Mz03 JsdMms3edI.

o) k. <2 \r 85806 33500M5¢ M Bsdfg3el ogd3l 3mI3gdbMo Bglggdo s 0o Mbggzomo
3500039M9b(30090900 HYMWOL 455390l BB30s. 53 F90mbg935d0 3395MOGMEo bsdfgzco

8900905 sy Bsofg@ml: T252 + 20TS + 1, boog T = JToTe @0 == %\/? , dmdgwois 00y ks <
T,
2 \/T—;, 4m39@m30L 6By 39EH0 s 9O B Bogenrgdos.
0 kg =2 \r 85806 3350M5@ Mo Ls3H93M0 LOHIO 335MSBH0S S
TTwS% + +kaT,S +1 = (JT,T5S + 1) .
0V kg > 2 \/7 95906 LodHg3ML 5d3L Bodgowo 1qliggdo:

S12= g (helot [UhT,)? = 4T,T)

1 1
() 5@3b60db530: 51 = —ﬂo(k@Tn + J (ksTo)? — 4TOT§0> = -5 @©

: 1
52= - 2T, T (k olo~ J (ksTp)? — 4TOT§0> =-,

2

85906 T, = 0,5(k T, — J (ksT,)? = 4T, Tg), T, = 0,5 (kT + J (ksT,)2 — 4T,T)

(T S+1)(T,5+1)
#, Boog Ty < Ty. 58353565,

Wg(S), 50 890mbggzedo, obyg Boofig@gds: Ws(S) =
W4(S)-0b 36083690 mdgdol dobggzoom (6) Lsdo bbgo@bbbgo 93(*)6800) d90dgds Boofigtmls:
I W@(S)—”;;;TSH 7) TEW(8)=Te™* D oy 111 7 (5)= )

0] 50 B gddo Boglgsdm S = jw dog300gdm bob?ﬂoﬁ){j@() 3oboliosmgdgdol s65¢0BM

(TyS+1)(TyS+1)
T,S

390mUobmemqdgol:
1) @m56008M-5830@©w6 bLobdomo Fobsliosmgdwrol (wslid) BmOIMEs 0dbgds:
Lo(w) = =201g T, + 201g /(1 — T20?)? + 402T2w?;  @mgs®00d)m-gsbye-  LobdotHweo
20Tw
1-T2w? °

3oboliosmgdEol (BLE) BMOIMWss: Ps(w) = —90° + arctg
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2) @sbd-ob GmOIMss: Lg(w) = —201gT,w +401g ’1 + T,Tew? @glo-o 0dbgds:  @s(w) =
—90° + 2arctg, [T, Tyw.

3) @sl8-0b BOOAss: L(w) = —201g Tyw + 201g /(Tyw)? + 1+ 20 1g \/(T,w)? + 1; @gld-os
Ps(w) = —90° + arctgT, wtarctgT,w. 553039 90mbz930L5030L WslB-9d0 FsdMLsbmEos 9-4 s 5
Bobobgoby.

1. 24500539908 BbgE300LIM30L WLA-9d0 92900, Gmas T, = 100 §d, T = 0,10 s g-b Lsdo
96039369cmdolomgol: 0,1; 0,5 s 1 (bsb. 4);

2. 250053990l gbdi300L Wld-900 0039 bsbsBBgs bsB396900 (0 =1 o \/m =0,1). PID
937005 GMO0L 1T-9000b BsbL, HMI dowowr LobdoMYgdBY BsBMO-bobdoGwen Fobsliosmgdgurls
05090000 360936900Md9d0 543L; 580EHM™I 2obOHMNYo LoliEgdol wxLd-b J390mo Bsdmofggl, Gos
005l 603dbs3L, ®m3 Fg30o  LobEGgdol TEYMOE®IOL TG0 Mool s ©obsdogs
3999x Md9LYds (39930MYDS FOWIMIRITPOMGOS O J9MSTIZ5¢0 3OrM(39LOL OM);

3. 39053990L BWbJ300L @LT-9d0 2odMbsbmwos Fg-5 bobsBBY. 59 BobsHby Lobdomwo
9obolosmgdgd0 52900, dmas Ty = 0,1, T, = 0,33 s T, = 0,1.

RTINS R WEEI
Bob. 4. 3953990L BbJzool (1, 2) wlid-gdo  bsb. 5. gos3gdol mbdsool (3) elid-gdo

@wsb0-930L 5 @RLI-900 LoTMoegdIL 0deg3s  A9399BsOBM®m, oI FYMOIWOS
LobGQds s MMM dobo EOBsTOIMEMO BobolOOMYOMGIO: YOoIMYYMEOMNDS, JIMISTIZSO
363980, dEYMIMBOL o0, M55 83393509 s 0b50bMYOL  FglodErgdmdsl 593l
356mM30L M9MEH0580 300gdM0 Bogdo@03IM0 335M5EHOL LsTMOEIBOOm A9SHY30GHML FoMM30L
LoLEGHYA0L FEAMSPMBOL s LOBMYHBOL sTMF6Jd0 s TgoMBOML PID Ggamms@mmol 356599EM90d0.

3. 3OHM3MOE0vYM-0xIMI6E0sMMHO dodygmeo LolEgdol
303 ®5MdoL s65¢woBo

39630bomm dodymero LolEgdol Fogowomo 3OHM3MMEOIE PORBIMHID305CMHO JoMIMZ0M,

PD 693mmo@m&o. dm3gde Lob@gdsdo dgol 99990 9e9d9b@gdo: gowsdEgdo s 0dwgdo
Lgenbobgdo b, Ab; M9YIEHMMO, M9; JEdsbdsbm®mo FodwogMgdwo, 93T; BodMmgbgdmo@MmM9do, G
1, 2; 890b6mvegdgero dMogs, 4. dM.; LSFsOMOz0 MdOYIBHO, Lm; ddoOmzgero Bgdmddggds o
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053509090 ¥gMHAoL dMdMHVB6gd0L 3Mmbys, brgm B gMmEOHMYs dodrmgdo Lgwliobol s 59539
©@OML BoF9MM530 MBOYJEHOL FMdMBBOL 3MbY, LEMIYYMOOM 3565TgBHMO (Bob. 6).

dm399Mo  dodgmero  LobEGgdol dgdmbggzsdo, FgalO¥Iegdgero  dMSgsl  AToOMZYEO
b90mddg9ds 3OM3MOE0I0s J93Mmdol s dobo 300390 Mool HoMmBmgdmeol, dsdslosdy
339436 3OM3MOEF0W-E0RIMOI6E0sME  BoMm30560  Fodgmero  LobEGgds b MPOMow ™
©0x9IM9630sm&o (PD 56 D).

©0xYIM96305E FsM03056 d0dymeo LobEHIIol gods®GHog90vE bggdsl 5Jal bobyg (bsb. 6).

ahl a2 &
[ 1] W 1]
P D
t
L ’ g ; T
L f\ { o™

-
{ v { " T 4 ! l’
et H { )
.' lﬁh b 4 ?

Bab. 6. dodgmemo LolEgdols Bsgseromo 3OHM3MmMEOT)ED
©0g8gM6E0sEMGo dsMm3z0m

LoLEBQTsdo  BodmagbgMoGMMadL Gl s G2 0Yygbgdgb Tgamdol 306390 MoYoL
§om3mgdmol 3OH:M3MM 30w Logbswol dobsmgds. olbobo 89900930 5MH0sb d0dEI3BIMd0m
@5 999b39065; [obsbfotro 85dw0gmgdwl gMm-9gmo dglsgswbg dogfimgds dsdzs, MMIgEos
AdJ3969MoGHMMYPBOL  3o8mbagscro 3533900l Bbgomdol  Geeos: Uy =Ust — —Ug (10). &3l
A5Jm396965@GHMM0L gMdo 306935@03MS© 3533060 9dI0s F535¢gdgen MGMIMSD, s80EH™A dobo
3590350 35035 U 51 85350989¢0 0gMAol 37630l 3710bmo Lobds®ol 3M3mOE0v@wos. U st o
U 51 350300 €053¢obol Labg 0gbgds:

Upr = ks1SB; Upz = k5258,
boo3 SP 953509390 gAMoL d(¥630L 3MbyMO LoRJsMHOL Ws3EsLoL Lobgs.

0 Uit @9 Ugy Bogb308m (5.41)-80 o @3298390m, O™ Bddmygbg®edmdgdo 9Hmbsocos
(kg1 = kg2 =k ), 85806 B03009000: Uy = ksSa — ksSP = ki sS(a — B) = k4Se, boog € = a — —f
d0dymero LobiEgdol d93Mdss, bmwm S& 9gamdol 30639w0 Mool FoMdmgdmwol wsdgsbiol
Lobgo. Hobolifo®mo 35de0gcmgdeols dgmg dglsgsebg doghimqds d93™aol 3GM3MMEF0MWO dod3s:
Uy = me.

Pobolifomo 8sde0gMgdeols 3odmbisgswo 9J3035¢9bEGHwWMO dsd359

Uyp = kaUytky'U s=kyme + kq'k 5Se = kym(1 + yS)e

boo3 y=% 5oL J93Mmdol 300390 Mool [omdmgdmol 3MHM3MOE0Io  Lobswoo

o030l 06¢)gbliogmdol BsMOMBOMO 3M9R03E096GEO.
LoLEBQIOL 9egdgbBHYOOL FMIMHMIOL OBIMY309E QobBHMMWGdsMS LobGHYTs Bsfgdowo
WH3sol bobgdo 0gbgds [2]:
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09 59 LOLEBYIOL dMEM MMB QBEBHMMGdSL (930-H93Go

ri;;=a?11£ﬁ 395359053 gdm, 030090  2obGmMo  LobGgdol
Uy=kS¢ dmdM5mdol  oxgMIBE0sWNH  29BEBHMEgdSL  BsfgHowls

) Uy = kym(1 +yS)e @33abiols Labgdo:

(TyS + 1)(T35 + DUy = kU, ST S+ 1)(T,S + 1)(T:S+ 1) = k(1 +yS)e (11)
(TaS + Do = ksl booog k= m - 29660 dodymero  LoliGgdol

(BS = ? 39053990l 3m980309bG0s.

0v) (11) 456@¢HMmEgdsdo T3 OMoL dw9dogsl, dobo
L3060 godm MAMEgdE3gMBm, 0300900 dgbsdg H0POL OFIMIDE05WIO ABEHMEGOI;
S(Ty S+ 1)(T,S+ 1) = k(1 +yS)e (12)
0 8030@363@0 5 d0dgmeo gMdgdo dGmbeggb O = S dm©dogo LoBds®om, dsdob (12)-
©36 8ogogdo: (= key, ,boq)og Ep 09L0T0LO  FYSMHYPIMEO Fg3MBos; g9 Fodymero
LoLEGQAoL 3oMRYOLOBMdS: D3 = — = k.

@

BogoBodmm 89360mewo dodymero LobEgdol daMsmdol sbserobo; d93¢mwo Lob@gdol
9obobosmMg0g0 obEHMgds 0469ds:
T 1,83+ (T, + T,)S?+ (1 + ky)S+ k =0. (13)

0¢) 250m3094gbgdm 31M3030L 3M0EIO0AL, d5d0b F930ero dodgmero LobEGgds 0dbgds
Ty+T:
Moo o) k € ( m) 5699 K 3009803096¢0L 3000370 360336900mdss:

K= T, +T, _ )
T T, —y(T +T) %9
J- 0. @OBIOIBF0@ OO FoMMZd T390 LobEHYIIOL BRMOMAL 598x MdILYIL ©o k5> D345

390dgds oMo 0gbsL domomgdme 3609369 mdsd@Y.

©0xgIM96305ME FoMm30560 dodymero Fg30veo LolEgdol dyMeEMdOL J9sMgd0mO
BoBo  99353900m  wbd-9d0l  A5dMmYgbgdom; sdobomzol  (12)-sb  oghgMmom  QbMHmwmwo
903ymeo LobGHgdol yos3gdol gbdsos:

K(1+yS)
W,(S) = !

(14) 89360 LolEGgdob IEYMIMBS F935MOM™ A3BMMMEO LoLEHIIOL BMAS® Fows3gdol
Bubdisool W(S) = m
d96MBg30L 36M0b3030.

©s3mdgzsm, T; =05 T, =01 s k=12; k- 53 8603369crmdOLM30L (15) LobEgds
3 M5Md0L LyBPZsMOBYs. 3g-7 BobsBbg s390Mw0s (15) gosEgdol BmbJiool dgbsdsdolo eslid-o
(abcde &gboo); e 1 T | BHE il

|
) l | | | T

(14)

(15). 3960dm@, LobEHgdol BEPMEMdL S I35Y0bMmm ¥-b

LY. =

6sb. 7. PD dodymemo
LobiEgdol qoalid-o
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0dobsmM30L ®Md (14)-0b @old-ds L =0 §Oxg 450533000m8 -20 ©0d/©93 ©@sbcoo (k-U
86003369 mds 03039 MBS MBRgL), LsFoMmMs % € [2;10) 35egL. 300d35m, % = 4; 56w y = 0,25,
858006 (14)-0b @sb3-U 9gdbgds Lobg (bob. 7 abcfg GHgbowro), HG@mBeol FHob LobdoMg w 45 = 6; B>BOL
33605 58 Lobdomgbg 0d69gds @(6) = —136°. BEG>EM®dOL BoMopos, Fobol dobgogoo: 180°-
136°=44%.5439 bs> 5036036mm, GMI ©ORIMHIDE05MMHO FoMM3s TYsMGdIMwo Jgamdol
B3LOwgdsl 54 ofjzgab.

4. 3336

533™MB>GHMOH0  M9yMwoMgdol, dodgmeo LolEgdol PID Ggawmyms@m®ol  3565d9EHMmgdol
d96MBg35 3609369cm3560 3MME9L0S, JsGM30L LoLEYIol IEYMIEM™dOL s LObmMYBOL HFM(356900L
3o©LHY39HO©. SFoLomMzol,  @ld-9d0L s  @RLI-gdoL  godmygbgds LTS gdL  0dEg3s
3935965 0Bmm,  ©0653031M0 FobsloomMIdEGd0. A9IMYYMLWOMGOS, 230MTZ5¢0  3OMEQLO,
90aM5MBOL BoM530, 9M53535¢0 3MM3gLOL MM s b3 BsB3969dgdO.

@o@gMs@vy@s — References — Jlureparypa:

1. Dorf R.C., Bishop R.H. (2017). Modern control systems. 13th edition Boston: Pearson, 1106 p.
2. Nagrath J., Gopal M. (2019). Control Systems Engineering. New age international (P) LTD. 725 p.

3. Cnepamue mpusoasl. (1999). Towm I, Ilox penaxiueit Yemozmanosa b.K., uzg. MI'TY um M. Baymana,
Mocxksa, 903 c.;

4. Yemopganos b.K. Crepsauyie mpuBogsr. 3 T., 2-e usg,., gou. u nepepab. / B.K. Yemoganos [u gp.]. M.: Y3z-
Bo MI'TY mm. H.D. Baymana, 2003. 880 c.

(UAsH0os Goeg8eycmos 10.12.2024)
USE OF REGULATORS IN AUTOMATIC CONTROL SYSTEMS

Kotrikadze Ketevan, Barnovi Sophio
Georgian Technical University
k.kotrikadze@gtu.ge, s.barnovi@gtu.ge
Summary
Issues of automatic regulation, selection of PID regulator parameters of the following system are
discussed. Processes for solving the tasks of stability and synthesis of the control system are presented.
LAFCs and LPFCs are used, which allow to analyze dynamic indicators, over-regulation, transition
process, stability stock, time of transition process and other indicators.
(Received 10.12.2024)

NCIIOJIbBOBAHUE PEI'YJIATOPOB B CUCTEMAX ABTOMATHUYECKOI'O

YIIPABJIEHUA

Kotpuxkazse K., baprosu C.
I'pysunckuii Texamdyeckuil YHUBepCUTET
k.kotrikadze@gtu.ge, s.barnovi@gtu.ge
Pestome
O6c¢yxaioTca BONIPOCH aBTOMAaTHYECKOTO peryJIHpoBaHus, Bbi6opa mapamerpos I[IM/I-peryiaropa
cremyioueil cucreMsl. llpescTaBieHBI IIPOIECCHI pelleHHs 33fad YCTOMYMBOCTU M CHUHTE3a CHCTEMBI
ynpasrenus. Mcmomesytorcs JIAUX un JIOYX, xoTopsle IO3BOJAIOT aHAIH3UPOBATh JUHAMHYECKHE
IIOKa3aTeJIH, CBePXpeTyINpOBaHue, TePeX0/IHBII MPOIeCC, 3aIac yCTOHYMBOCTH, BpeMs ITePeXo/IHOTO IIpoliecca

U Apyrue IOKa3aTesu.
(Hocrymuma 10.12.2024)
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85630l 08O LolGgdgdol 3MmyMmsdmmo
2BOHMB39egma30ol d93609emdols oblsBEams
3555 XMbodg, 9356 dmogzwodzowo
LogdoMm39wmb ¢9gdbozmemo mboggmbo@gdo

paata_j@yahoo.com, mtivlishvili@hotmail.com
69%bomdy

3obbommos  BoOnzol  sbsdgodmzg, 3onOMEo  LolGgdgdol  3OMYMmTME0
MBOHMB39wymxzol  F9360Mwmdol  gobmdzol  F9doboBdgdo.  3MMMmsdmwo  MBOHNMB3gYmBOL
393609md0l  4oblsDBP3MS  Lodwomgdsll 0dwg3s 303096 04bgl 530 dME0  3BIMYEMSTNO
MBHOHYD39wYMBOL IO boMobbo, Moz Ho®mdmoagbl doGmzol LolEgdgdol Tgz3gMbadgdom
1bJ30mboGmgdol gemgMH o doMoms dobybU.

1533956dm  Lo@Yzgdo: FoO™M30L  F0BOWo  LoLEJIY0. 3MMYMITMo  BOHMBIgYMRs.

3605990 M HMHB390yma30l 930Emds. 3¢051900. 5EHMO0dWYEHJOO.
1. 9dgbsgsemo

BgdoldogMo  Asem30L 08OV LobEgdol  gmbigombomgdolmzols  LologmEbwm
9603369cm35600 LoodgMm, Foseo bo®olbols ddmby, 3MHMyMsdwwo »BOHMBIgEymzgol sOLYGdMBS.
5939 165 500603bMU, O™ botrolbosbo 36OMAM T MHBOHNMBIGEYMRBS 56 ollbImdl Fbmerm
00 godBL MM JoOmM30L LoLEBHIIOL FMbJ30MmboMGds FoMTMgAIL bsMZ3gHYdOL F509Tg. TsGMZ0L
LoLEGYIoL 3MIMYGTMWo YBOHMBlgwYmzol 3603369 ™m3z56 As8Mf3935L FoMmBrMoygbl, GMI ol
4m39@wm30L 3Bs© 0gml (330wgd900Lm30L, FsGHML sHSWO /b FbbmM309w gl dggaro
50m(356990L  IMOGY03I30gd0, M3  bHdod  FJgdmbgzg3zgddo  godmfizgmeo  dgodrgds  ogmb
&996mmmyome 3GMm3EgLddo (33w0egdqd0l dg@ebom. 258IdME0 (33¢0Egdgd0L 3MMm(39Ldo
domm30L LoLEGHYIOL 3OMYMIMTs MBOVB3gWYMRsT Mbs FJobsMBMBML LEBHIdOWMOMdS ©d
50530OMMEO©O  IMBJL  296300M9ds0. 33939835 5B3969L, ®MT  FoGMZ30L  30BOWWO
LoLEBHYFYOOL  OBsO  bo®olbol  3MMYMmTMNo  MBOHMB3gWYmBOl  4sdmygbgdol  F9gyow,
dm(300969000 259m{j39eds BoMoerds 2016-2020 Hergddo dgoy0bs 800 doerombo omems®mo bmenm
2020-2023 fergddo 1,7 80osM©@o ©@MEs00. 0dobsm3zol M3 05306 0dbgl s3owgdmwo
3658990 M HMHMB39YMRoL 30 bomolbo, 30639 MHogdo dgMBgMwo s gsdmygbgdmero
6> 0dbgli  LEBMAGIO Moms RIBBMO YL 3OMAMITMWo YBOMB3gWYMBOL bsEwobo s
3960LsBEOzO™L dolo batolbo.

2. 30600500 bsfoemo: Gg3Grmemdols gsblsbmz™s

BgdoldogMo  gomdmwo  LobGHgdob  3OHMyMedmwo  NHBOMblzgwymas  Fgygds
30836963 gd0Lsb. 3m33MmbgbBHO oMM gbl dmbomglivogg BMbIE0MbIEgdol JMOMBWOMBSL,
Omdgwoz  MBOMB39wYmRL  ghmo  3mB3M9GMEo  ©35¢gdol  Fglitrmegdsl.  md0gdGHBY
MM096G0MIOMWo  I3OMYMTgd0L  9bgddo  (C++, Python) 8glodargdgeros  3m33mbgb@Egool
3WobOGO30MYdS s Fomo BMI3930 »3OLYOTO®, MOl BMBMBIdS3 SO SOBYOMBL bBHMYYIEIHYICO
3MMYM53900L 969880 (C, GO), sbgmo Labol Es3MmMYMHTGO0L 9Bgddo 3033MbYBEJOOL gobmogligds
bmM 30000905 BoowH LbobEgdgddo. BydolidogMo 3ma3mbgbEoly/3wsliol 89dsygbgwo figgzdo

39000905 04mb ,,(33025000/5GHM0dEH0 (39O IgblogMgdsdo 450MmYMmBOE0 SEYOWO oW
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99Lodegdge0s IMbsEgdgdol Fgbobgs s Fg33es) @ ,39PMEO/BBI305“ (GOl 3HMYMST MO
30l bsfowwo GmIgwog sbOEgdL 3063M9GME ©35¢YdL). 3OMAEMTMW YbEMblgeyma3sdo
9OmMgOH  doMomo©  2o0mfiggzol  Hom3moagbl  LmGe  dmbgl  gbdombsgrols
3033mb96(390500/3sligdo© X FMIBIOS Bromd 56 0gdbgll 533900 0lYMO GHO30L 3WsLZMEMO
©MP393900 OmamOoi oMol ,Spaghetti Code” 96 “God Class”. gmbjgomboerol ,,30sl9ddo"
OIXJMNBI0S  ©IIMIOEIOMWO0S  ©J3IM3JOHOL  godmEEOwgdsHg. MO3 IBROM  2oTMEPOOS
©9390M39600 dom RO LBHimMs d9dwgdl 3bdE0mbseols IYMBIL s X FMBIOL, Toae50
obdol 30mb3gs ,,M58gbs 39O TGS JSTMEPOE ©VI3ILM3GML BbJ30MbsEOl Jsligdo
OXAMBIOS?“ 3obvybo  BoMBH030s: 00Ibs®  J9MA5©, 333  FgladErgdgros  BLES©
3960L5BM3OML Bobxsbdo s®LgdMwo ywol mEgbmds, MLz oL 56 gosBbos mBoMgdoL
dBMobgdo.

1991 §geol 053 BosddgMds s 3oL 3909M9MTs dg0dw)daggl Lsmdo Lack Of Cohesion Of
Method (LCOM1) [1]. 9b LsBmdo BoBbs OLvbogl 3esliol F93MrMEMBdOL obLEDBPIMSL, ol SOHgOL
0¢) ©599bo 9F0OME 9G06 Jeslol FgoMmGdO 35300 GOHMTBJOMb. MGOH™
DMLGI© OMI 30043500 3slol FgmEgdo ®3dEgbs 09gbgdgb JMM00R039 SBMOdNEHIDUL.
LCOM1 §o63mo9bl 3¢0slido sGBgdveo 3900m©gdol §y30eol Gom@gbmdsls Grmdwmgdbsg oM
395BbB0osm Ly A30609 9OH0 LEHOSOM SEOOdMGO.

al a4

ml m4

Bsbsbo 1. A 3e05l0L 3M5830349¢0 d5amlssbryemgds

LCOM1 250m0m3¢0905 Bm6OIM@om:

LCOM1 = NP — #ggorc@g30b g30¢m0 bs oster 5¢9G0823598007

Los3 NP -3anslido s6bgdgero d900m@gdol §yz0eol Loghmm Momgbmdss s gobolsBmzmgds
39900920 359mbobIgd0sb:

1\2/1) M! M*M—l

NP:( T2xM=-2) 2

Lod3 M fo®dmoagbls Igmm©adol Momgbmdsl.

BobobBg 1 dm3gdMmos A 3sbol Aodmbobagds MHMABsE gosBbos ml, m2, m3 s m4
d9o™mgdo o al, a2, a3 s a4 5GHM0dBHY00. A Jesbl gosBbos mmbo dgommo s dgomegdols 6
093000 m1-m2, m1-m3, m1-m4, m2-m3, m2-m4 s m3-m4. 5J9sb m1-m2-b sd30m gMHo LsbosH™
5GHM00ME0 al. LEYBoIOM 5GHMOdMBHO 5J3m s1939 m1-m3-b a2-ol Lsboom. dgomEgdol bbgs Fyzowl
LoBOIOM SEHMOOMEHO 56 355B6050. godmzmzswrma LCOMI1-ob d60d3bgenmds:

LCOM1=6—-2=4
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LCOM1 ol 80b0dscrmto 96083690mds 98molobgds Mogbgom 0, Mo@sb dglsdargdgaros
3wolido 990535¢00 FgonmEgdol yzgams 930wl 205Bbgl gMmo Lsbosd™m sG®0dGHo. bmerm
dogdubodoc® B0BMEL s0figgzl HmELsE FgMEIYdOL SOEINOD Fyzolb 56 gosBbos Lsbose™
5GHM00ME0, MROM JoMGH0350 OMA 300§3500 L3900 FogloToeMOo 360d36gEPMdS BHrMEos Jeslido
3909535000 3900 gd0L Y300l GHom@gbmdob.

LCOM1 0deg3s 0bgm®mdszosls 0dol dglebgd omvg 3amsliols 89000900l 6o8wgbo §yzowo s6os
9003569056 5393800900, FogMsad Aol gosBbos LobLBgE oG 03530 IEYMIsMYMBL MM 0YO
56 50H9gOL 3emsliol Jogboo 3938060930 IgonMmEgdol Y30, Bsp.: dm39dee 9dmbggzsdo A
300bl 2058605 4 8g0mo s Jobo T930EmdoL 5530gdmdol 3mgx030gbEGHO sM0L 4, bmwm o)
39630bosgm B 3¢0sbl, Gdgenbsg 2o9Bb0s 10 dgomo bemeom Jomysb 41 dgommogdol {iyzowo
5393906090905 9MHNTbgM9b BsboIOM (33O F0300GdM BrT:

LCOM1, = 45— 41 = 4

3boos, ®md LCOM1, = LCOM1p 250mm3egdol 3909350 80090weo 3990 ™6m039
3obObMZ0L BHME0, Boa™Msd 96 500bodbMl MMA A s B 3a0sligdol 99360)comds 9HmTsbgomoligsb
39b6Lbb3z030090s. LMmMgE 59 3OHMIWGIOL s50IMLIRb3Mgs© 1994 gl Posddgmds s 3909M96DBs
9mobobgll Lsbmdob ImoGoMYds s ggdbgls sbogwo Lsbmdo LCOM2 [2]. LCOM2-o dobo
§0b59mMdgol LCOM1-0Lgsb gsblbbgs390000 sbobowogl 3¢mslido sMLgdME g39ws dgomgdol
093000l 3aMoMgMmdsl. LCOM2-0 9580000300905 30mO3w9eoom:

LCOM2 = {P ~QIfP>Q
0, otherwise

Logo3: P 90l 990000900 93000l H5m@gbmds Gmdwgdlsg 56 359Bb0sm LyBosMM 5GHMOdMEO ©S
Q 9900m00L {iy300ol HoMmEYbmds HMMgBLLE gosBbosm LEBOIMM 5EHMOdMEO.

BobobBg 1 bsB396900 Jawslol LEGHOMJGHMOOL dobgzom  godmzmgswmo LCOM2-ol
36039369cmds. 3900930l 9d3b0 43000 M Hyz0el m1-m2-b s m1-m3-b Q556605 Lobose™
5GHM00ME0 956 00bo 539380693 )bO 56056 GHMT6gM5B, P = 4 bmewm Q = 2, 30650056 P > Q

LCOM2=P—-Q = 4-2 =2

H2M03 BOIM0sb Bsbl LCOM2 3emsliols 993604memdsl dooBbg3l 8sdbodsery®ls vy oo
9900m©7d0L 430900l MIgEgbmds (50% + 1) 5393806093 bo G056 §OHTBgMb LoBosO™
5GHM0dMEBHom. gl LEBMIo 0dwgzs M3IMIL LMBOPL 306Mg LCOMI, Fogod 56 sm0ol bo3ds6mobo
LEOHMEo  BYYOSMOL LB, oD  3wslbdo Fgdsgswo  FgomEgdol bsfowo  Fgodangds
©053933060909bo 56 093b9gb 9M100356596 s LoFoMm 0gmb 3eslols TEs.

1993 §ganl 309 @od s Logro 3966Hod d9Jdbgl sboewo Lsbmdo LCOM3 [3], gb Labmdo dobo
$0bs3mM39gd0LsD AsBLb3s3gd0m  Fgmgdol yz0wol bozrs obowsgs d90Mmgdol
X3MNBL OMIgerbo ©353906090Wbo 5M06 §HMT69M b 30BN 9MHMO LEBOSOM SEHMOdMEO.
LCOMS3 250m0m3¢905 Bm&Iwom:

LCOM = #38900200980b 20829930 (020029803 ©335300609829¢b0 56 56056

BobobBg 1 dmEgdmero A 3esbol dobgzom dgmmEgdo ml s m2 ©s353d0609dbo 56056
al 5¢®0dEHol 099390000, 50sbmsb m1 s m3 393800 MWbO 5®0SE a2-0l gdzgmdom. m4 s6
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5M0L 5353300900 sMEYIO b3S FJMPMB. Tglodsdobo A 3¢slo dmoEsgl MmE xawxal ml,
m2, m3 s m4. 5§96 Jooqds GMA LCOM3 = 2. ®53 3obboBgmogl Hmd A 3¢0slido dg0megdols
dbMWMmE MO0 XyMBos OMIGEboE 9O 5006 3930000 Mwbo  9MMTbgMB.  9bsEr0BOL
Loy Ad39w By 990degds 0mgzol Mmd dgmmEo m4 dmombmgl YmMoEgdsl, Gmamea Lsbmdo
5$39693L  FgLodargdgaros ol s®E 30 0gml 3wsbol s)30egdgero  d9gdsgbgo bsfowwo o
Lo F0MHM9dIL bbgs 300030 QoE9bsL.

1994 §iol 3s6GHob 30300 s 393Bs FMbMIBgMH0d d9Jdbgs LCOM4 [4], GmIgerog sb939
0bo53s 39nMmEYdol XaRL, mmdzs LCOM3-Uysb dbmeme 0d g9blbgsgzgdom, Hmad dgommgdol
3938060 goboLsB3MGOMP 565 FbMME LEBOIOM SEHOOBEOM 56599 IJMEOL odmdobgdomas.

al a4

ml m4
Bobsbo 2. B 3amsliols 35830370 gs9mlssbryemgds

BobobBg 1 dmgdmero A 3arsbol dobggom oligzg Gmymeiz LCOM3-ob d9dmbggzsdo LCOM4-
Lo go9Bb0s mMo 3900m@YdoL X530 Moy ml s M2 ©H353006M9d9bo 5®0sb al sEHMOdMEHOL
d9839md0m, m1 s m3 a2-ol 39939Mmd0m s> M4 56 5MOL 5353d0MHYOMEO SMEIOM b3S FgNMEM6.
50030 LCOM4, = 2. bogom B 3esbol 99dmbggzedo ml s m2 ©s353d0609d9mbo sG0sb al
5GHM0dMEoL 89939mdom, m1 s m3 a2-ol 9939md0m s M4 535330M9d)0s M3-Msb 30MHP30MO
3990dobgdom. dgLodsdolo B 3anslls 4o0Bbos gmmo dgmm©qdol xax30, LCOM4g = 1 35306 Hmgo
LCOM3p = 2. 5d90sb6 @pobgds ®md LCOM4 x6mm 9o  s0hgdl  3amsbol  oz0gdol
©59m30090vgdsl 300cMmg LCOM3.

50 39653690 Lobmdgdl LCOM3 o LCOM4 dobo §obsdm®mdggdol dugoglo 29586050
LoLMBEBYIOO0 MR Gu LEBMIGDO LEMEISE 6 Fobobowsgzgh FgoMEYdOL S 5GHMOdBHIOOL
©53M300090v)9dsb.

1995 {9l wsto 30mbLEHBEH0699 s 056 0939300 99ddbgl sbosewo Lsbmdo LCOMS [5]. dso
09J39L ™3 IbMErmE FgoMmEgdoL Fy30e9gdol 96 BHMIOE00 X A9BJO0L 45BboZs Bo3ToMOLO 56
0ym, 9500 SHBOO® M39mglo  0d69d0m©s  FJPMPIOOL SO0V EHJIMB  MOHMOgMNJIggdOL
958396900l godmygbgds, MoMMGME0  SGHM0dNEBHO oY) ModEgbo  dgmmEol  dogh  sGob
39909g4969000. o 50H9MHgL sTM 300Gl BMMTSE0BYdS s 9Jdbgly FmEOTms:

i=1 H(A)
mxa

LCOMS5 =1 —

bogsE:
e m = 3wsldo 56OH1YdIMO Fg0MPYIOL MOMEYBMdsS.
e a=3wsld0 5@HM00EHJO0L MoM©IbMDsS.
e u(4;) = 990000l MoMYbMdsy, HMIYE03 M3930MHEIOS - 5GHMOdMEL.
Bobobbg 1 dmEgdmwo A 3esbol dobgz00 dgom@gdol s SEGHM0dEHIIOL Mromgbmds
96O»Mbs0M0s a=m = 4. al 5GHMmodMEL 0949690L Mo m1 s m2 gm0, a2 5GHOOdMEL 0949bgdl m1 s
m3 d9omEO, a3 5GHModMEAL 09gbgdl gmmo m3 IgmmEo bmwm a4 5GHM0dMGHO godmoygbgds m4
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9900m©ob dogM. 50b0dbE0b 2odmdobstg (A1) = 2, u(dz) = 2, p(d43) = 1, p(4,) = 1. oy
003y370000 3mm3namol

2+2+1+1
LCOM5=1— —— = 0.625
4 x 4

LCOMS5-0b d0b0odscnrto 9603369w0mds d90degds oyml 0 Mog 60dbsgly dsmown 89360xanmdsls
o3 0oL Job0db9d905 O™ MOMMY M0 IGIMOO 0Ygbgdl 3¢olol MOMMYME SEHMOdMEL. bmerm
dogduodscMo 3603369wMds 259mobbgds GoEbzo 1-00m Mog 3olbdmdl Mmd 3Esbol sGEgOHMNO
3900™M@O 56 0949690L SOHEIOD SEHMOdMEL.

1996 {9l 565096 396gMLMb Lgarg®ds 89ddbs sHoro Lsbmdo LCOM* [6] ®mdgerog s0fgMs
3oL MomMmgMe §936L s 3500 MO0YMHNJFYGO.

1 iz u(4)
=N n(4) —m ¥ ui) —mxa (m B a )
LCOM =& =t =
* 1—-m a—m=a m-—1

LogsE:
e m = 3sldo 5OLYdIMO FgOMPIIOL MOMEIBMBSS.
* a=3wsld0 5GHM00EJO0L Mom©YbMdsS.
e p(4;) = 9900m@9d0L MomEYbMdsY, MMIY0E )39300MHYOS i-96 5GHMOdWEAL.

BobobBg 1 dmEgdmwo 3wsbol dobgzom d9omEgdol s 5GHM00EIO0L  Mromgbmds
96Ombs0M0s a=m =4. al 5G&MmodMEL 0949690L Mo m1 s m2 JgoMO, a2 5GHOOdMEL 0949bgdl m1 s
m3 9900m©oO, a3 5GModMGL 0ygbgdl gMmo m3 dgomEOo bmwm a4 sGHO0dMGHO 25dMm0yggbhgds m4
d900m©ob dogM. 50b0db0Ib 2odmdobstg (A1) = 2, u(d;) = 2, p(43) = 1, p(4,) = 1. oy
003y330000 3mMIyamols
( 4_ 2+2 1— 1+ 1)

4-1

LCOM*-0ls 30b0dseryéo d603369cmds 90degds ogml 0 beerem dsgduodscrryMo 2. 0 60dbsgl

60 35LL 2osBb0s Fowowo G930 MdOL 3mgR0E0J6EHO bragnm 1-2 ol Fmoegdo bygwMOELIOMY,

LCOM * = ~ 0.833

5290 3Ll go5Bb0S B Y301 Mds s BOFOMMIIL TS BbJ30Mbsenols dobggzom.
dm399 d9dmbggzsdo LCOM™ Ly®Bmdds dmagas 0bgm®mdsos Mmd A 3emsll goskbos @sdswo
39360Mds 0019935 563 000 LB STM.
3. s33360

3wobolb  9930emdol bLobmdgdo (Lack of Cohesion of Methods) 935d¢9396 ©@gEHosH
0683035300 vy 3¢5LoL 9360900 M59Ibs© 9M0B ©s35380MGdME0 GMMTsbgmNsb. LCOM1
5PgOL  3wsldo  sOLYdIMo  TgomEgdol Fyz0egdls MMIWGdoE 96O 0D ©H3953d0MgdMwbo
9603569000056 MMM 5G0dMEHOL 99d39mdom, LCOM2 s0figdl Lb3gomdsl 3arslido s6bgdeo
5393006090 @O ©9393d06M9dg Fgom©gdoL iy300gdl dmeols, LCOM3 sofgdl 3wsldo
5MLgdMWo  FgoMmYdOL  XYMBIOL  OMIWGdoE  GOMBBIJNMD 535300690 Mbo 906
5GHM0dME9d0m, LCOM4  s0fghl  3eolido  sMLYdMmo  dgom@gdol  xamugdl  Hmdgebos
©5393060909bo 56056 9HPT69M 96 6xdoLdogHO ABOM (5GMOdMEH0™ 56 »dmswmo dgomols
399mdsobgdom). b LCOM* s0figdl 80e0sbs 3slol 9360930l m@Mmogao s0mygbgdsl.
5060360 LoBMIGd0 BsdwsEgdsly 0dg3096 MOMMgME Jarslido o3BMAmm dolo 936w Mds
Moo 89009y  39bbmM309©gl  IM©OgoE3oMgds,  Mo3  NOOHMBIgygmxal  3OMYMdMwo
MBHOY639wymBol baGobbols dsGmgsl.
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DETERMINING LACK OF COHESION OF METHODS IN DIGITAL
CONTROL SYSTEMS SOFTWARE

Jokhadze Paata, Mtivlishvili Levan
Georgian Technical University
paata_j@yahoo.com, mtivlishvili@hotmail.com
Summary
This article discusses the mechanism for measuring "Lack of cohesion of methods" in the
software of modern digital control systems. Determining the lack of cohesion of methods allows

to avoid low quality of software, which is one of the main reasons of system failure. Measures are

introduced by which software should be checked.
(Received 21.11.2024)

OITPEZIEJIEHUE HEJJOCTATOYHOM CBA3HOCTU METO/IOB B TIPOTPAMMHOM
OBECIIEYEHVY CUCTEM IU®POBOT'O YIIPABJIEHUA

Ixoxanze I1., Mtusmumsuiu JI.
I'pysunckuii Texamdyeckuil YHUBepCUTET
paata_j@yahoo.com, mtivlishvili@hotmail.com
Pestome
PaccmaTtpuBaercs MexaHM3M H3MepeHHA 'HEJOCTaTOYHOH CBA3HOCTH MeTOZOB" B
IIPOTPaMMHOM OOeCIleueHUH COBPEeMEHHBIX IHU(dpOBBIX cucTeM ympasreHusa. OupenesneHue
HEeZIOCTATOYHON CBA3HOCTH METOZOB IIO3BOJIZE€T M30eXaTh HHU3KOTO KadyecTBa IIPOrPAaMMHOIO
obecIiedeHN s, KOTOPOe ABJIAETCSI OFHOU U3 OCHOBHBIX IIPUYUH OTKA30B CUCTeMBI. [IpescraBieHs!

MePBI, C IIOMOUIIBIO KOTOPBIX AJOJIZKHO HPOBePHTBCH HPOI‘paMMHoe 06ecnequI/Ie.
(Mocrymana 21.11.2024)

69



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. Nol(35), 2023

35Mm30L 308Mmo LoliEgdgdol gsdmyggbgdol 0s30lgdMgd9d0
39bgddo 30d0bsmyg 3Mm3gligdols Jsmrmgsdo

395@d xmbody

LodoMmM39wmb G9gdbozm®mo Mboggdbo@gdo
paata_j@yahoo.com
M9bomdy

LEoG05d0 2obbowraos 399030 J0dE0bsMg 3HMEaLYOdOL JoMMZ50, BsMMZ30L MBsTgEM™3Y,
30g8OMo LobGHIIgool 4sdmygbgdol 0o30L9dMMdIOML ©s35300MJdMwo bsgzombgdo s ol
GH0309MH0 8930003900, OHMIWGdo3 bIoMs© FIMOIdS Fomo  93gd0oLel s OHMIWGILSE MoY
d9000b3939080 d90degds Imyzgl 359mMLHmM9dgeo G99a900.

1553356dm BoByggdo: smmM30L 30BOWo LobEHgdgdo. 3MBEGHMMEWIMHYd0 3OHMAMITOMYOSO
@wmy0300 (PLC). 003003063 OM96M9d0. 90Mgdol 306mbo. 3006MHmagMgas@o. Losfbgm
dobsggbo.

1. 3gbogsemo

Lo Moo ©59m©9bodg smgmerol ob, 35906, HmEglag 96 sGBYOMBES Joer30L dmdbowo
LoLEYIYOOL 53900l FgLodEgdEMdYdo, oo Tgdwdsgzgdol 3OMmEglo HoMdmoygbws bs3dom
boba™dog s  d3005M0MgdME  3OM3EILL, Mmdgedog Bsmwo ogm  Ig3bogMgdols s
065066900l 3M535c0MH0(3bMm3560 Xa1qd0. 8080bsMgmds FoMm30L Md09YIEJOOL ©IGIXIOO
d9UHoges, 350 LEGHOYIBHOMEO S 356M53gBHOI0 0IBEH0B03S(309, FoMT535¢0 3MHMEILYdOL
doboloomMgdgd0  (290MGR0Mmgds, M®bg3900, ©TYsMYdIOL OM) oJDs, MY oMHgdOL
396mbBg00Ls O M9AMOGMOHGOOL 309B0(309D63JOOL oAIDS, MGYMEOGHMEMYOOL Q5TMMZd S bbgs.

XX Bo39960L 80-0560 argdosb ©sfygdmmo, Gmas dbmxeom 35HsObg o0mPbos 8-
0030560 3030M3MMEILMMYO0, BsOM30L LoLEBJIgdol Fgddsggdolsl, dobo Q0553900 dobboom,
©50{gal  godmm3womo  }H9gdbozol L8 sgdgdol  2odmygbgds FozMMIMMEILMEMYOOL  dsDsBY.
o030l Lol gdgdol 8999853900L 53 ¢gdbmermy0sd 360d3b9em3gbs 895830Ms sbowro LolEgdgdol
990053900L O™ @5 LOLEBJIOL 52900l gofgrwo bobxgdo [1]. FseM30lL LobEHYIdL T9gqds@oc
dmdbomds, M3 godmobs@gdms 03530, GMI JoMm30L 3956Mbgdol s Fsmo 3MgR0E0gbEHIdOL
3300905 Fgb3egd9E0 2obS 3MIMAEMSTS® O 55 BgdMGms. B0Mbys35 5oLy, JoMm30L
LoLGHQdol 89999953900L 3MMEgbo o0bg Lszdom bobyMdmogzo s Mo MBYdIMS, Ym39wo
dom»30L  Md09JGoLIM30L 06030 MMM  bs  YymBowoym 89933900 Jom30L
0099dBH9b  99M0gdol dmfYmdoEMmdgdo, MMAMMOES BoRdM0mSE: GHo0dgMgdo  Logbswgdol
39603-00399cbMo  dmEesgoobmgzol (PWM);  sbswrmam®-gogmmwo (ADC) s gog®m-
SBserma®o (DAC) 456@sdLsbgd0; olizMgEweo bogbswrgdol dodwmgdo (DI) s gosdisgdo (DO)
9.9 3063900 s bbgs. Jomm30L LolEGdsd doom bsbsHBy 1 dmgdmero boby.

1980-056 {jergddo Bbgosbbgs 33356058 908498535 @ 398mwgdzs 9Mm 3MOLEWDBY Mgswo-
B90M0, 316930050 ILOWEYdMWO, IM{iymdow™mdgdo — g.§. 3030:Mm3MbEHMMW9MHYd0, HrMmdwols
300LGHIWDY  goghHm0sbgdMmo  ogm  3MmiEgleOols s FsMmzobmzol  2ob3mmabowro,
3960039600Mwo  dmfymdowmdgdol  Bwbd30900.  GBodBHMmdMm0350  olobo  [omBmowagbwbgb
3560306030 256379100360 9HMIOHOLEBX0E L3305 0BYOME A9BMINZgEw Fob6JsbsL [1].
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i | e <[ 7%
TG e | | .’g’(
' ' 3
== o 5
| {TCne—t DAC ]
? = ’ ol == Jatogol
£ | = | B mbn;lj()n
£ | ES Lacfe i
. ; :
€ | i 3 0 o &
= ‘A'IADCI‘ %
m——— = 3

Bob. 1. Fo030lL Fo3Mm@3MHEgLeMmnEeo LobGgdol Go30wmo LERMYIIEIGs

90360m3mbGHOM@WgMHgdol 4963000609050  mogol  dbMHog  godmofjgos  BoOngzoLm30l
39639933600 Ls30sm@ Ibzgfocro s Imdbogro FmFYmdOEMdGIOL gobgomemgds, MMIgdos
3bmdowos PLC (Programmable Logic Controller - 3mb&®MHM@gmHo 360H:maMs306090500 wmy030m)
Lobgfimgdom. JsGm30L 306309GMEo 53MmEsboL A9sLsHY39EI© sbs8gMHM3Y 3MbEHOMmgMOo
3605806090500 WMY0300 50{iymds Lbzssbbgs sb0dbgdol dmEegdoliysh s bs3dom
30035JAMO  9fymdomdsl  §oMdmoagbl, ®mAwols d/domdol  ma03s  3OHMYMIT0MYDS.
0909935390990 065 Logmmsdm®mobm  LEsbsdGo IEC 61131-3, ®mdgros  obLsbngmagl
3MbGHHMgOHOL 3OMAMTME0 BOHMBb3gymRol J9dvdsggdol doamdgdl s I3MHMYMdOL
9690, ®MIgms InMmobLd I3OMYMSTIOOL Jomowo mbol gbgdo (Pascal, C/C++, w339 Python) [2].
5060250  3MBGHOMMYMHGBOL  3OMAMTYdS  bgendobsfigomdo gobs  6gdoldogmolmzgol 306
REWMdL 3OMYM53gd0L 9690l s LM 599sb 0fggds 3GrMdgdgdo.

2. 856335 ©5 3MBGHMMEgMHOL EI3MMYMTGds

bdoM0s B5d3H9d0, BMEs 30036905, HMIIWTsE J905MS IMBEBHOMWYMHIOOL 3MMYMSTJOOL
3996L900, EMFAMbgdMos 08530, GMI oL gwdwros dgddbsls 585 vy 08 FsermNzol MdogdGHTo
90906569 30:m39Lgd0L Boer30L LoLEHYFYdO. 356M0s, 13¢) S15900 MBOYJEHJO0 56 Fo0rdMow9696 9.§.
95050 MHOLZOL Md0YIGJOL, BoA9E0MOE BoMdMEMGO0, I35 59 F98mb3z935303 9053MMYIEICS©
5390990 J5630L LoliEgdom FglsdwgdgE0s F0©gdIeo 0gbgls sGBBLLYIMZ9Wwo G900, 396MIME
wbsGolbm  3MMEMI305, M3 ©535300M9dM0s  F5BHIM0SWNO  DIMOWMB.  FobLsIMMYd0m
L5d0d0s, HMEYLSE FoMMZ0L MJMOOOLS S 3M0B3039d0L sOI3M©bY 30MM36909d0 009d9gb Mogz30l
053%9 0lgmo Md0gdBHIOOL FsOHMIsL, HMBWGdO3 809393690056 39303 0DYdOL 30MH3gE /56
99m6M9  35393MM090L, MMIGMS A9FIOMME BMbJ30MmboMmgdsDY ©sTMI0IIM0s 5ET0BMS
Logmabeol,  xs63MMIWMdOL  o/ob  A9MgaML  MLIFODMBMYds,  SbgmMdL  J093)03690056
9696396953006 Mmd0gdBHgdo, dsmm MOl  30OMYEgJEHOMBIOYMOMYd0.  3MBEHOMEgOOL
©36MHMYM53900L (30065 56 BoTbsgL, LOHIYMBOWO FsMHMZ0L LoLEYIoL 53900l TGLodEgdMdYIL.

BMYOO©, 856035 oMMl 3M:Mm3EgLYdBY bMWY, dobsbdodstrmw Bgdmddgwg-
0900L 9OHNMIOMDL, >0 08EObIMYMOOL TLs33Ego, LolvYM39w0 9900l domM{igz30L 56
505LLIMZ90 F9IRJOOL 15300056 5M0YdOL JoBBOm. 53 FBGOZ 5MBb0Tbs30s, MMA bgdolidog®mo
009dGHol  Bo6m30LsL, Foldo d0dE0bstry 3MHM(3gLYOOL  (33C0WGOJO00  JoTM[ZIMEO  Y39ES
dmbowmEbgwo 9990 390250 by 0dbgl oobMGOMEo, FomdgBHgl vy b 3Mm39LYdO
MOHMOYOHD 53953006093 bo 5M0sb. Fogoomolmgzol gobgzobowmm 3glo, GM™Igeroi Fgygds
Lomogg o BOEM03530Mm  BoggdmMdOoLigsb, Losfbgm Fowlogbol s 39LoL  b53gdMmdOLYLH,
O0Igedos 396053193105 30EOMRMIREJOO (BHIMB0DS-4969MOEMMOL gOHOMBE0MDdY) [3, 4, 5].
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by 9900b393590, 39L0L LoEYMHOZ530M bYIMOS 033eGdS AMAGE0 LosHbgM o lsgbom,
OmIgeoi §oMImoygbl 2sbbowgol 4sblsgmm®mgdmer Mmd0gd@L, 3065006 8go3o3L Molggdol
do0o Mbgl s 80dE0batry 3MMEgLYdIOL sGILMmMo Fsem3ol Jgdmbggzsdo Fgodergds gobgl
153050 5MBOLYIMZIO, 35GOBGOMBME0, 8900939d0L J0BYHO. 5MBLSTMOLOS 391900l dvdomdols
36063039008 BMAs0 3Mbs, HMIOl Msbsbdooz YMMes®gdol 3963®do 9J393d Tbmeme
3000MOMo2M935GgO0L  FoMM3d J0dFsMM39w0  FMFYMdOEMdOL LoMd3zgeol LsdrsEgdom. 89360
5609690905, O™ 53MJRSGOL FoMNZ0LOL 2odmygbgdmwo Mbws 0dbgl 3o (3MM3MM0w-
06&92M5M-0n9M9b305M0 — PID) Ggames@m®o @ 536093530l 259390051 3000 mdL Mo
d90dgds  LHOoxo  909Y35bml  0go  Bmdobsgrmé  Loddwreg®mgby, Tog®med o6  oEol, ®mI
9399000900l gl 356Mmbo 56 FoMBMoYID 953M9A9GHJOOL FoMINZ0L M3EH0ToE 396MmbL s dolio
399mygqbgdol  dgdmbgzg3zsdo  dmboermbgwros  3MMEgLYdOL  Joboloomgdgo  3sModgEHEOL,  ©d
990mbgz935d0, fywol bstxol (Q) gosMmgamomgds (bsb. 2), GmIgwoi 0f393L GHIOd0bsdo
39953500 igeols 6535000L LGS 3300090l (2Bl s d9dymd 89930609d5L MMOL by3dsm
dgoMg 3960H0mdo), Moz 3Mdger Lossfbgm Fowbsgbdo s0AMH3L SMVLLLYIMZIE QOMSToZo
3639U90L, OHMIol 99939003 J3900m0 046935 Asbbowrwo.

1200

T

L]

(L)

4

200

0 2 4 6 8 10 12 14 16

Bob. 2. 30MHMagMgasBHOL dOMBMS HoEbaol (batxols) Mgymmomgds 3o (PID) 35bmboo

dgmMgl dbMog, 08 999mnb39399d0, GMEILSE bgds 39L0L 935MGOVIEP0 4900d3s JBgE0EH
(©5330600030056) dMboEMm©bIE0s 30OMoAMRGOL 457o69ds, 9649 dOMbms HoEbzol gobMs
51533909 935, HMIGEol BL3OHIo 86033690 MdS oB8MOMZEGds BMMT)O0):

Ninax = K * Nyom
Lo Mom — 930939GOL (oMM 3969M9EGHMOOL) Brdobscr®o dMrbms MoiEbgzos, bmem k —
394969000 3m95303096@05 s OMEMO3 Fgbo 033w gds 1,6 — b 1,8 — dgy.

39496905 8939 9610LOLMZ9E0 IM3egbss s Ggodegds godMmof30mb saM9YSGJdOL dMFY39BS
L5d0M339¢0LA s 9.0. 13593935 99BMBOIB. 5356 Fgodangds godmofigoml batgzs Msz30L BBy o
5005305609 ¥ 9630009 MdOL IB0s6Yds. 5TOL 9306 530gdol JoBbom, FoOMZ0L MYMGOOL
36063039001 9MI3m©bY 3060900 FOWMdID o3 Fgodwrgds LIRS dobmOmb  GHmHdobols
903356003900 650RM0L LyMJ39w0 s LHMIGs© F9odE30MHMb sldo godsgzswo fywol babrxo (Q),
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o3 93M9M39 50dM53L Losbgm Bowloabdo sGLLOLWMEMZgE 3MHMEgLYAL, 3MBIMYEBHMWI© 30
3000053003796  ©MGHYIGOL, MMIgedsz dgodergds  45dmofgoml  doebogbol  gMmsd9bEgdOL
393939 d9EBHMBOL 9639600 Loy bgd0b s F500 , 3593939, MBS SaMgm39 9g0dEgds
39900{300mb 0530l gBoBg ba935 O 50d05bMS K 96O MBOL SBOsDYDS.

3000053003900 IMGHYIs (©III0MO, 91939 WOMYMBomMO) [oMmMoqbl doerlisgbdo
$6930L LHMSR (33c00E9dsL gwrol bo35000l LoBJsMOL LGSR (33Kr0gdOL 9IRS, 5Y.: OMPYLSE
90005003900  ©650sM0L Lodzguo LHMsxzs® 039Ggd5/0090s (BHmdobs LHGMIRs© ool
B™30bor® Loddwsgzgbg o6 BgMHgds). 59 B96mgbds Fgodwgds godmofigoml 360d369wm3zs60
©A300m35 JoloEgbHg s IbsYPMGODYY, 5doBHMT 930 GdI0s FoLo  Fom35obfiobgds
39900l BoMmM30L LobEYIgdol 99999353900, b gobbmMmEogE gl 9990 FoM3EgdO:

dobsgbdo (16930l 3300 gdol Joglodseremo 3603369 Mds 259m0m3wds BMEMTMEIO:

AP =p-a-AV (1)
Loog: AP — (169308 (33000egdss; p — fywol bod3zzmoggs (1000 39/93); a — (B30l Gowmols
23930390 900L LoBds®mgs; 1 — AV figerol 6535000l LoBJsMOL 33EP0Egdss.
B0l Jologbdo i5930L Fowmol 25360 39wgdol LoBJsMg 493MOM3Wgds BmMOTMWOm:
K

p-(1+775)

Loog: K — fgewolb gemsbGomdmdol dmwmwos (= 2,2:109 35); E — g30sol gansligo®mdols

a=

90 (= 2,1:1011 35); D — doewbogboll dos ©0s39BHEM0s; § — dolagbols 39eob
Loldgs, BMEsOL 303099600 dobogbgdolomzol a 03gwrgds 900 — sb 1200 9/f3 — dgy.
3006530037900 ©MEHYIoL d0eg30l MM ©3M30JdIMos dowlogbols bLoa®mdgls s

£6930L Bow0ol go3M39wgdol LoBRJsMgHY WS FoTIMOMZEGDdS BMOTMEIO:
2-L
T4
§6930L BHoeolb as3eol T Mm dowlbogbdo §ob s 396 (36Mmdow0s, Grmymez dowlswgbols
©OMOL 3Md03, 96v) BoMHM30L MgMOHOOL MZsWLsBOOLOm LosHbgm Jowbowgbo FoMTmoygbl
069030 HAMEL. 09 303F5OMZIWO IBIPIMOL BaMdzgarol dobmMzs gobbmMEogarqds T
©OMBY 653090 ©M™To, 35306 Bowlogbdo 30303 MMO IMEHYs Lobogsmm F9gaqdL
3°900(393L, bemgm Gmas LaMdzgeol Jobm®mgs gobbm®Eogmwgds T @OH™BY 9@ ©H™Po, ds5dob
dolsgbdo 30M9300399M MEHYIL BoJBMDMOZ5 5A0O 56 9969ds.
3. 533365
5960250, Losfbgm JoElsgbdo 30M3W03MMO IMEHYIOL M9300b 530w gdol JobBbom,
96mob b6z 30835MmMZ3g0 IbsYIMOL Lotgagwrols JobwEmzs MbEs 2obbmM309wEal T Mmby
39@® ™o, begrem dgmMgl IbEMOZ, 1530050 Mbs 0469l 30OMIYMIAIEHOL 25dobgds 496339we
d6mbos MHogbzbg 993 dOMbms M0Eb3sdg, MO39 30MHMIOL JMMEOMMWSE 3T5YMTBOEIYES
d9L5dEgdg0s, ™YY Po30m35eolHobgdm, ®MI  30MHMIRMIRIGOL  WIMdDY, OmymOE  Fbo,
$o0m3dm@os 396935605 MH@Iol dols TMI0YIN0s 5MJRdEHOL Loddws3Mgbg s Bmdobsgrm®
0O Mbms MHobaBY, oo ol IFoMTmgdegdol Joge FgoMBg3s obg, Mmd MHBEMblgwymaowo 0dbgl
53693530L L5305m@ FoPowo 069ME0MMBS COMS Po0TBoEHMML bsbdmzwyg 999nmmgdgdo ©o
39656Bmbgdmeo  0dbgl dolo dOMbms MoEbzol dodobstg 608369 mds. 34693960l dJmby
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3000MOMo2M939G0  BodBHMOM035  FoMmImoybl 30M39wo Mool  s39MomEe  (06gME0IEm)
0L, OO 3505(3930L BMBbJ30sL gosBbos gdagyo Loby:
1
qualg' s+ 1
@5 3509853039965 9330307909, I Jobm3z0L MY oMgdol m3EH0ToEH 356mbL FoMdmaowygl

Waer =

30 (PI), ©m3ol;mgobsg go8momobgds  49s0M932moMgds o 93092530  SL0d3EGHMEHIMS©

MObEM3 905 935190 Loddws3Mgl (Fyerol bobxls), 569 saMgasEOL HMYMOE gsd3900Lsl, olg
Lodd3MOL OH30LL Fyerol batrxol 3339006 (330Gl SO0 56 gd69ds (Bob. 2).

1200 |

1000

s00 |

600 |

0 2 4 6 8 10 12 14 16

65b. 2. 30MHMaMmgRGHOL dMMBmS MoEb3oL (batxol) Hgammomgds 3o (PI) 3sbmboo

Bob. 2 — @b Bsbl, ™I 30OMoaM9RsE0 15305Mm© 0bYMHEOE0s s A9MIZIMEO OMOL
396853Mdsd0  065MRMBIdL  ©sTYsMGdME  M970dL, 5d9sb  2odmBObscy, Tobo  s35M0MwO
3969690030l 5M56506) 5FOMMYGOL 56 HoMmBMOYIBL Hgwols borxol LHGmsxs dgdzocmgds 0-0©Y,
3000M53w03296M0 MEHYIoL 93060930l d0DBbom Ls3doM0l0s F9d30M©aL AV (0bogg BmEIMws 1),
3699 LHMoms 99933060098 fyerol d0dobstg bobrxo @osbermgdom 25 — 30%-00 ©s 9999y
393Mdgarql dobo 0 — g 9993060905 T — By I9gBHo OMOL 2obds3wMd530, 536MR9G0 SBYm
3900b3935d0, dobo 06gMHE0IMBOL 25dm, LAZ90DY F9EO® 396 259956YdS O 5T93MMYIES©
LosHbgm FoElogbdo sdmMoEbo 0dbgds 30EH3e039MO IMEHYDs.

39bboo 0dbs oMmM30L Md0YIETo MODOIHM ©353d06MHYdMEO 3MM39LYdOL oM M30L
IbMWME 9HMO Foowom0, HIgeoi bbob vy ®s8gbs 860d369emgs60s ALYs3Lo MdOYJEHJdOL
35630L LobEYIGOOL 53900LL MYOPNO0YNN 3938000 3OHMEIBIOOL YEBHIXYIOHO BswoDbo.
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2. Programming according to IEC 61131-3. (2001-2003.). Software Manual. by Bosch Rexroth AG,
Erbach. Germany. -175 pp.
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Directorate-General for Energy (DG XVII), -266 p.
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(UAsGH0s dowgdeycmos 01.12.2024)

FEATURES OF USING DIGITAL CONTROL SYSTEMS FOR
CONTROLLING CURRENT PROCESSES AT HPPS

Jokhadze Paata
Georgian Technical University
paata_j@yahoo.com
Summary
This article describes issues related to the specific features of using modern digital control

systems for controlling current processes at HPPs, as well as the typical mistakes often repeated

during their development, which in some cases can lead to irreversible consequences.

(Received 01.11.2024)

OCOBEHHOCTU ITPUMEHEHWA TUOPOBBIX CUCTEM YIIPABJIEHUA JIJIA
YIIPABJIEHUA ITPOITECCAMM HA I'oC

xoxanze I1.
I'pysunckuii Texundyeckuit YHUBepCUTeT
paata_j@yahoo.com
Pestome
PaccmarpuBaioTcss BOIIPOCH!, CBA3aHHBIE C OCOOEHHOCTSAMHU MCIIOJIB30BAaHUS COBPEMEHHBIX,

IUPOBEIX CHUCTEM YIPaBJIeHHA IIPU YIPaBIeHWM TeKyWuMu mponeccamu Ha ['DC u Te

TUIIMYHbIE OMMOKY, KOTOPBIe YaCcTO IOBTOPSAIOTCS IIPU UX CO3JAHHUY, UMEIOIIYe B psAsle CIydaes

HEeIIOIIpaBHMbI€ IIOCTIE€ACTBMA.

(Iloctymrna 01.12.2024)
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090056900000 565er0Bo 65HA0MB535 F5BOLS s [yerols mMowols

obg300 2om3Wo 3960300l 399gag0L dmGmols
dgabmzgegmdol gg®dgddo

3658 303690, 3030 dMMx03bgo,
09960 30 d5dg, o6 GHMIsodg

LodoMmM39Wwmb G9gdbozm®mo Mboggdbo@gdo
gurami.murjikneli@gtu.ge, g.murjikneli@gtu,ge, iura.modebadze@gtu.ge, o.tomaradze@gtu.ge

M9bomdg

39bbomos 3bM39wgdol Lomsglml 359M0L QolBMez900L (396G0WsE00L)  BgmmEado.
653969005, ) Gro LETMOMGIOMsS FIBOdWGIJWO Q5TM30Ygbmo  ¥96gdM030 S byermgby®o
3960530900 35960l AoLHIgbs© Lbzssalbgs dmdfodwsgo 603009MHYdGOOLLRIB, MMAMEMGOOEGS
BobdoMTg935 29B0, fywol mOmdwo s Ubg. s doBboom sbboweos 3590l 45dm330l
(X96500Md0b) Lb3sslb3s 9900M@O. LsFMToMmT0 SOHIOOW0S, 037 MHMYMO bEGds 3BM39wgdol JogH
3590mgmxz0o bsbdoMmTzo35 2oBols s fywol mMmderol Asdmmgzgers. 8999 3939900s 5J
9900M©gd0m d009d0o 9092900l G9MGO0mMO 365¢P0BO s F0M0MYO0S B0 Q5TMYgbgdols

d9L5dEgdMBGBO  35960L Fg330l I9EIYO®.
153396dm LoEY39d0: $H9a3gMoGM™s. $B9b0sbMds. 396E0WE0s. 93BHMToEH0BG0s.

1. 8glssgsemo

35960L 99330l 3MHMELO0 0dwg3s BsFsEgdsl IM3s30Mmm GBJMHTJOL FoMdO FHgbosbmds,
BobBo635535 o B3O 499900, MMIWgdoE Fo0dmoddbgds dsmdo. 999 bgds 3MIBMO GO
90360 300ds5@0b 894dbs 3bmM39ems Lamoglimgddo.

35™39Wwms BIMIGO0L 396305300l LOLE YIS MBS 0gmb OTMBE)9:9dIE0 BLLDBLIMIO
Bm®dgd0m. oo 3608369eMds 59d3L 520039 LomOgLML 39bBHOWS30L. FbM3gW ™S LymogLimgdols
O MIM53gLMBSL 539096 LORMA035 > MY 56 046905 93399BHwIMO 396G, 35960 56 946905
GO63ZM0MYdS. 5356 G90degds 45dmofgoml 9Ju30M9dgbEH0IB 530530l dodmymas, Mo3 F9odEgds
L5d0do 50dMBbEL (3bM39wgdOLsMZ0L.

9900¢9ds 4580yg9b6gde oyml 396936030, bgrwrmgbm®o (0dmwgdomo 6 dgdsbozm®o) o
303306060900 396GH0Ws30900. 3bgdM030  396E0sE0s 29dM0Ygbgds d30Mg Lomoglimgddo.
359600 (30639Ws30s 53 9900bg935d0 bgds Boys s oMy §693900L goblibzs3900L botrxBy. dopacrod
35960L Fogo ©s 3909 $9839MoGTMgdL Mol 1B 0gml bbgomds 5Gobsgergd +8 ... +10 CP.

bgm3b7M0 396GH0WsE0s 96 5MHOL sIMZ0EIIMO 3H9a3gMGMMSDY O 6@6366030)06
39056090000 MROM 9RJGHMO0s. ob bmMEogwgds dgdfimgo
@5 3o9fm30 396GH0WsGHMMYd0m. 58 G030l 396G0ws3E00L
96m-90m0 Loby (396@0sE0ol Jgafmao - odfimzo LobEGgdol
1d90s) Im393ME0s AmEgdEos 1-g9e Bobsbby.

50 990mbggzsdo 35960 bggds Lomogbmdo gdfmago

LoLEBHQ0m, beem Bomoglmsb 30 dolo oMY QoFMEbS
bgds 453fmzo LolEgdoom.

Bob. 1
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BobobBg: 1 o 2 - 359M0l d0dgdq009; 3 - BoEM0; 4 -35MOHORIM0; 5 - 396EHOWOEHMMO;
6 - 990(m30 bgzMgegdo; 7 - 250fm30 bgbgargdo; 8 - FsM9gaomgdgero Latdzgwo; 9 - 35960l
3990383900; 10 - 35960L 2593HM0 H3003w5300L5M30U, I — 3300 Lomoglims.

303d0606M9dmwo  396@0ws30s 30 dg0degds  2obbmMEogargl  d9debozmee o
0b0MH0350  JOHPNEOMMEISE.  MBLS0TYM 30MMd9dT0 bgemgbm®o 396G0wsE0s 3L 3s9GOL
(339¢93500MB0L GOHMSIOO BodwYoegds.

39530wWwoE00l Y39wsHg MBOM JoMEGH030 LETMSEWGds (3bM3gEMs Bomoglmdo sGOL 359MHoL
(339093500 MB0L X JOOOMBS. b IYJNMEO J0SHEMIPIOM0, Bo3E5T 305303590 bA0MmS© oBMm0Ygbgds
@5 0deg3s Jobormgd d9gaqdL. XIMIEMDS 50©0gds 2-5 -0l GMero, 6v) ogs 359MH0L (33CP0Egds
Lomoglmdo bgds 2-5 -xgM 9gmo Lssmdo. 396@0sE00L o3l WRGM BMLGHO Fgom©Oo
5393306090905 3b™39gdoL MHoMEIBMBOL  EIMZELMB s LsMgLmTo Fgdsgsco 3sgGols
X506 360036900 MdLsb.

2. JoM0mMd>EO bsfogro

3b™390ms Lomagbml 35960l (339¢29350MdOL bogdZes© 0WYdIE:
1) 6sbJoMmTgo35  39BOL Mom@IBbMdL  WoGHMOTo, GHMIgLSE 3bMm3geo 2odmygmal 1 Lssomol
29685300 Md500;
2) Lomogbml 359630 Fyamol mmoddeols 8g¢sbal 1 bssmdo;
3) LoMBdMYSTMYMBOL FgBsbsls 1 Lssmdo.
Lbgoolibgs  9madfodgwsgo  6030096Mm900L 39630300l Bomoglimgdosb  doMomso
49965000905 993939 65Hd0MT51535 25D0oLS S fgwrol mOmJwols 2odm@Eobsls.
1) 053053063905 6o 25300035Mmm BobdoMTz535L MoMEIbMds, MMIJELSE Jodmygmals
LomogLMTo s®LYdMWo 3bMzgwgdo:
530350 LHM3LBMT0 sOLYdMEo Mm=500 3 Lo FoLoL IJmbg =100 GHom©IbMdOL IOMbY
1 o500 499mymBL p=150 e BobJoMTz5350, 96
K = mn=100*150=15000,
95906, mv) 250309969000 FZMOIMSL:

L =K/(C1-C2) 8/bo,

Lssg L 39630ogool Lssmvemo dmarmmdss (5699 35960L Gomgbmds 8 ° — o), GmIgwog wbos
25303960 Lsmglmsh 1 bosmdo. C 1 - BsbdoMdgs35 35Bols slsdz9d0 3608369wwmds 18 * — o, GmEgbsg
Lsmogbmls 359605 2,5 @/ 82 (s6 0,25 %), beoem C 2 - pbsbdocmdgegs gobol Gomgbmds 1 3> — o
5&30bBgHHo 35960bsmgol 0,3 ¢/ 8 > —3o (56 0,03 %), 33969ds:

L = 15000/(2,5 - 0,3) = 6820 8°/ Loo.

2) Lomogbmdo LobJoMol 56 359M0oL FmEMEMdOL X IMIMBL Lsbwz™sgzgb 396@0wsEool (L)
L5500 IMEMEMOOL 2595300 LomsgLML (V) G0bssb 37dsGMEsby.
9065060 305G MMOLm30L 33976900
V=10"72"2,7= 19449 °,
bogom x9MHoMdoLm30L 30
K1=L1L/V=6820/1944= 3,04 =3- x96 Losxdo.
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395305300l ™bYL ghm 3bmzgwbg LEBE3ME396 396EH0WSEOOL LELssMIM TMEMEMdOL
(L) go4mxz00 Lomoglmdo dymao 3bmggargdols Hosm@qbmdsty
V1 =L1/n=6820/100 ~68,2 8°/ lon.

Bob0o6Tgo35L 899339 MdOL JobgO300 FoM3w0wo 396G0ws300l IMEME™mds bdoMow
5655305M0L0S Bomoglimdo Ho®mdmddbowo {gwol mGmgwol IMbsE0EgdEsE. 59 MZseLyBOOLOM,
3965309000 FMTs3HJOIE0 3H9B0BMBOLSL, 39BEHOEISE00L 53w 9d0 WAX MDY BIZEIOM™M
35960 396056md0b (fyerol mGmdwols) dobgzom.

50 99000b393580 396@0s300L BssMIMHO Fm(3IEXMdOLMZOL §39969ds:

L=Q/(ql - q2) 8° ko,

59 Fo6d0 3596M0L 2o¢obol G939y LyMI3LMA0 IMRIBOEIO 35960 FHYb0bMdSA MBS Fgoy0bml (70
— 85%), 8°/lon.

Q 9ol mMomdwol Momgbmdss (), OHMIgElsg 3o0mygmagb sbmggmgdo s GHMIgebsg
9053905 LomogLML 05353090, 39w Id0EIL s B339d0L JobOMIO0EB Fodmymgomo mOmJwo
30539030 Lssmdo.

ql L5053LML 35960l sdBLMEEHTOO BHgbosEMdss (3/8%), B> EOMLE BMMBONO 3H5B056MdS
®B90s bm®3sdo. g2 296996 939600 3590l BLMEMENOHO 3HgbosbMdsS.

35390900l Lomagbml 396EGH0WsE00L Qom3eolsm3z0l 98 F9gdmbggzsdo LoFoMms g0
9mbs390900: Losmsgbemls deageyermds, 36039¢0ms Hsm@gbmBs Lsosglbmdo, dsoo pmpbsero dsbs,
bsosgbeals (99039039965, R3GOB000 @5 S8y H 20 (§96056023s, 536390939 SHILRIHXIeO
359Mm0b 03039 Osbslbos0r98ergdo.

3929005, 930m35¢mo 100 Lo 3bm3zgerol ggmdol 396G0wsE0MMo 3505993 M9d0.,
OIgerms Bodowm dobs MEGHMErgds 500 3g. LoMEg3LML Fobsgsbo bmdgdos 10772*2,7 3. LymsgLml
Bmo@0r@o $993960¢ M55 100 C, 3sm@mdomo 3gbosbmds 70%. gs6g 35960l $gd3g@o¢m®s -
29 C, BB Bm@o $g6056mds 3,6 3/0°.

MBS FO30mM3oWM0N:

1) 39530300l LosmEOHO JMELIECOMDY;

2) 3596M0b (335¢290850MdOL XIMIOMDS;

3) 35960 (335¢905MdS 3MEbswo Hmmbol ghom 3963BgMbY.

LodmoerMm©, JOHMO dOMbs 1 LssmTo godmygmal 450 . Hywol mGmdwl, bmem 100 dembs
1007450= 45000 y-U.

A96056mdoL  sMmEMIJgds, BMIgoE 9do@gds 98 LoEOoIL,  FBOLIBOIMYdS  LbzoOlbgs
B9dBHMMHYBdom ©s 046935 dobo 10%-0l Gmero, 530FM™I LOMEO SMOMNJWGdIwo Tslobomzol
2339d6905

x =45000 +10%*45000= 49500 .

Bsmogbmdo 10 C° $9839m5@vMss ©d 70 % 3oGEMBOMO ¢H9bosbmds.

ql sdLMEMEHYOH 39605BMdL 33MmEmdm FbOHowom “fywwol mOHmgwols 396Ebwobfywols
139¢30L 33-0b FodLOToYMHO EEMY35EMBS”, MMIGE0E 9,17-0b FME0s. glsdsdoboq, 53 Fgbosbmdsls
d99b5059905 100%-0560 BsGIOMB0MO 3gb05bMdS, bmerm LsmMogLMTo BsMPMOIOMO 3HYBb0sbMds b
0gmb 70%. 350039600 3G:M30O305L:

9,17 - 100%
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ql -70%
9,17. 70 6,42;5/83.

100

g2 9603369c0mdsl  3093MWMd®  FHOOWOEB ,,3HJIZGMGHMOOLS S SBLMEIYEWGHO
A96056mdol 3539693 gd0“ , Ly0BsE  FgodEgds S30M™

q2 = 3,6/0°.
1. v doegde 99009390L Foglgedm LssmMo JmEwEMdOL Bm®MmIMwsdo,y39db90s

L =—29300_ _317700.
6,42— 3,6

2. §94eol MO0l ¥ gMHoMmdoLbm30L 2397690s:
L 17700
K2=—=——-=
V1944
1. 396@0woE00l dmEmemdol 3mabswo dsbol 1 396@bgMol 2obLsbwzMs begds 8900

ql =

RGN0

L _17700
m ~ 500

V2= =35,49%/bo .

3. sli33b6s

50235650, 6596:M3To Bo@9M9dMTs (3bMm39eg00lL LymMOgLML  39BEHOEISEO0L 2obYM0Tgdsa
dmE9999o Lsfgolo  3060HMd7dOLIM30L BobdoMmTso35 4oL dobggz0m dmombmgs 35900l 33Wwol
XIO5©MdS 3-x9M, boem 03039 Lsfiyolo 3060HMdGd0LIMZ0L 396E0wsE00L Jo5bAsM0d7dsd {gwol
mOngwol Jobgozom 35900l 330l XgMomds  7-x96.  5dgsb Bsbl, MM fywol mOmdwol
boE0gdEsE 35900l (3300l XIMOEMDS 3-XIJO 5MB5305MOLO.

395305300l 25m3¢0LsL BobdoMTso35L 4oBol Jobgzom ghmo 3bmzgebg dmool

68 3o 35960, bmwm  396GHOWsEo0LsL  Fymol mGmJeols dobgozom 9Hm 39bEEIH
g@@Eboe mbsbg 35,4 3ogMo.

woBgMs¢y®s - Reference — Jlutepatypa

1. Vasiliev V.F. (2017). Heating and ventilation of a residential building. SPbG ASU. St. Petersburg
State University of Architecture and Civil Engineering (in Russian)

2. Kamenev P.N., Tertichnik E.I. (2011). Ventilation. Moscow: ASV Publishing House. (in Russian)

3. Bogoslovsky V.N., Pirumov A.L, Posokhin V.N. (1992). Ventilation and air conditioning.
Moscow: Stroyizdat (in Russian)

4. Becker A. (2005). Moscow: Tekhnosfera, Evroklimat. (in Russian)

5. Bakaev V.V., Smirnova V.M. (2015). Industrial Safety. Termal Balance of Industrial Buildings,
Nizhny Novgorod (in Russian).

(Uchsos Boe9gBeyamos 11.12.2024)
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COMPARATIVE ANALYSIS CONDUCTED BETWEEN VENTILATION CALCULATION
METHODS USING CARBON DIOXIDE AND WATER VAPOR ON LIVESTOCK FARMS

Murjikneli Guram, Murjikneli Givi,

Modebadze Yuri, Tomaradze Omar
gurami.murjikneli@gtu.ge, g.murjikneli@gtu,ge, iura.modebadze@gtu.ge, o.tomaradze@gtu.ge

Summary
The study examines the processes of air purification (ventilation) in livestock facilities. It demonstrates
the means by which natural and mechanical ventilation can be used to remove various harmful substances
from the air, particularly carbon dioxide, water vapor, and others. For this purpose, different methods of
air exchange (rates of air replacement) are reviewed. The study describes the calculation of the amount of
carbon dioxide and water vapor emitted by animals. A comparative analysis of the results obtained using
these methods is then conducted, and the potential applications of these methods for air purification are

outlined.
(Received 11.12.2024)

CPABHUTEJIBHBIN AHAJIV3 ITPOBEJIEHHBIN MEXY METOJJAMU PACYETOB
BEHTJSIIVN YI'JIEKWCJIBIM I'A3OM U BOJASAHBIM ITAPOM B
JXMBOTHOBOIYECKMNX ®EPMAX

Mypmxuxnenu I'ypam, Mypmxuknenu I'usuy,
Moge6aznze IOpu, Tomapanze Omap

FPYBI/IHC.TII/Iﬁ TeXHUYIeCKIIH YHHUBEPCUTET

gurami.murjikneli@gtu.ge, g.murjikneli@gtu,ge,

iura.modebadze@gtu.ge, o.tomaradze@gtu.ge
Pestrome

PaccmoTpens! Impoieccsl OYMCTKY (BEHTHJISAIIMH) BO3LyXa JKUBOTHOBOZYECKOTO IIOMEILEHWUS.
ITokazaHo, Kakue CpeACcTBa MOXKHO HCIIOJIB30BAaTh [JIf €CTECTBEHHOM M MCKYCCTBEHHOM BEHTHJIAIUU C
LIeJIbI0 OYMCTKM BO3[yXa OT Pa3HBIX OTPAaBIAIOIIMX BENIeCTB, B YAaCTHOCTH, OT YTJIEKHCJIOTO rasa, OT
BogsAHOro mapa u gp. C 3TOM IIeNbl0 pacCMOTPEHBI pa3jIMYHble METOZBI OYHCTKH BO3ZAyXa (KPaTHOCTH
3amMeHsI). B paboTe onucaH pacueT BbIIeJIEHHOTO JKMBOTHBIMY KOJIMYECTBA YTIEKHUCIIOTO ra3a U BOJIHOTO
napa. Jlazee mpuBezieH CpaBHUTENIBHBIM aHAIN3 IIOJyIeHHBIX STUMU MeTOAAMU Pe3yIbTaTOB M yYKa3aHBbI

BO3MOXXHOCTH HX HMCIIOJIb30BaHUA AJIA OYHCTKH BO34YyXd

(Hocrymura 11.12.2024)
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0633530790 LobBYdoL 8mMbs3gdgdols s 3s0msb Fdomdols
MmM560B9080L MsbsdgMmmzg 390mEgdol 33e9g3s

965 Lo F0bs39, M oEs Bgs60dz300

LodoMm39wmb ¢9gdbozmemo mboggdLo@gdo
ana.sitchinava22@gmail.com, lolita.bejanishvili@gtu.ge

M9bomdg

396bomE0s 3mMbo3gdgdmsb 3dsmdoll msbsdgmmgg IgmMmEYdo s Fomo godmygbgdols
Logombgdo  0bxmMIszome  LolLEgdgddo. 39MIME, MoMmEIbMdMOZ0  33wg30L  FsbMdMOZ0
3990300b30L IgMEO, M3 39HTMS 0bBMOTs30v Lol Jdgddo sOLYdIMWO F9dbmeErmyngdol
3990996900l LELAOMOL FoBLLBPZMILS WS MMYBODO309dT0 3OLYdIMO A5TM{393900L ogbsTo.
dOMOMOPIE  YIMOMIds 2odobz0mgdmos MYws30m s NoSQL dsbgdbg. Bo@oMgdmaos
330935, ©MIol  dobsbos  50bodbmo  35HgdoL  9BgIBHMIOMIOL  gobloBgms  Lbgsolibzs
(om@gbmdol  dmbo390900L 3 F53900LsL.  33¢930LsMZ0L  OHMs  FgLsdsdolo  3MOo
30059060900l JavaScript  9bsbg, OmIwolb  aodmygbgdomss MySQL-bs ©s MongoDB-U
993560 qd0bgon  bbgoolbgs  06Mdsbgds  goblibgeggdmmo  Gomgbmdols  dmbszgdgdby s
535330000 53 dG5690d9d0L FGLErIEgdol MM,

U53356dm BoGYz900: 06x3mMIs30Mwo LobEgdgdo, dmbsEgdms dsBgdol FsMmzol LolEgdgdo,
95309900 5 NoSQL 9mbszqdoms d5Bgdo.

1. 9gbsgsemo

0565990060m39 Lodys®mdo, 0bxm®Isgome LolEgdgddo (IS), oblegmMm®mgdom Lodsb3zm-
Lo30bsblim o Bs393MMm  LYIOMIdTo  YM39XEOOIMS OO  MOMEI6MOOD  0bBMMTS30s
3MHM30905, 3500 ©53d53905 5 BsE0Bo 30 256339 LOOMNWIJINB s BobIBLYdMbsS
0535306090 o. L{imGgo sdo@™md, BoFoMm dobs oligmo 993doboBdgdols 993m8s390s, MMIWgdoE3
©OEO  M35MmEIbMdom 068MEMTs300l  ©s3Ts3905L  Fgdegdbgb, Mol Fgogas3 38356090l
399930 IIMPIN BoHY39EH0WGd9d0L Jowgds Imbsgdms sbseobBy ogMHEbmdom. I3,
dgm6Mg dbMHog Bbgds 3000H3900 - OHMYMG0s 53 FHJIbmEmy0qdol dglodwgdmdsms BL3sM0? Mo
bo6rxg0mabss 003930060900 om0 ©6gMY3s Lodd0sbMdOL LggHmdo s B0BsbIgHmbowos o
565 58 botrx ol 959357 59 gbs 2oM5bEGH0MmYdME g9l 0deg3056 ollobo?

50bodbmeo  BsdOmdo  JodMobows3zl  EOILEPIMIOM  Yz9wsHg bIoMow  2odmygbgdo
A996m@My090L oo IMbs(399900L oL Ts398S. b30bowIZm MoMMgMo  Fsmgsbol
©3005GJUMIGOLS O 653eMm3569090L. gobliszMMMGOMM YMEmsEEIdl ©s30TMB0 MYWSEOIEOO
5 M9 S309MH0 IMbs39gdms BBl FgsMgdsl MYSQL-b s MongoDB-U, PostgreSQL-l o
Apache Cassandra-b 990056930l bog3£1d39e0bg. 51939, 99350mFIGOD MMM B50560L Fr9Tomdsls
Lb3oslb3s 3030l 3Mdsbgdgdols s goblbgsgzgdmewo MomEgbmdols Imbs3zgdgdol M™U. sgMgm3Y,
d939b900m 9.§. 30060 FoEYMISBE, OMIYEOE {YIXPOLBIMOL MHYJHFOIOO S SMIMYSEFOLIM0
9mbs399m d5DgdOL gOmMAZ5M TgMFyYdsl, M3 IOLIMZOL 153d5ME 5G9 IMHO JoYMIds.

BodMmdo  spM9gm39 803moboErsgl WOMBEMZIE dMbozgdms B5HGALs s TgbLogMYdsbY
©5x3dbgdvyen  (in-memory) 9mbszgdoms  05HgdL,  Too  LoFOMHMIdL s PodMYghgdoMdL
068306353099 LoLEIGOTO MY IMO FoQdE0MYIOL 45BbOZ0L Loggrydzguby.
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2. o050 bsfjogo

063mM 35300 LobEBgdgdo (IS) MsbsdgMm™Mzg MEYBOBE0gdOLMZOL sOLGdOMOs. obobo
0om0mop9bgb dmbozgdms FoMM30L, 3m3MBO3OE00L  goBsMGH03900Ls O  OOHY39E0WYdJdOL
doegdol  36MHm39900L doMomoE bogMYbL. IS-ol doMomso dobsbos Lfmeo 0bxgm®mdszool
dofimqds GgLodsdol 5sd05690msb Tglodsdol MM, MmS MEMRBOBIE0gdTs Tgdewmb mMsg05bmo
30%6980L B 9BIJOUO ©d 3OMEYIHONLE Jorfjggs [1].

063mM 35300 LobGgdgdol 93meE3000 T9335¢s d0BBYLYOdOL FMbBzoMmboMgdol 3bgdo.
A996m@My00l gob30msMgdslmsb gMmo, olobo MBOHM sbzgfombo gobbab, Moz dmbsggdoms
565¢03030L, Mo OHMIo 3MIMbo3sEools s Lbgoslbgs MmMABoBIEoMwo BwWbJ309d0l
3995390bgdmo©  0bGHgyMo30ol  dglodergdemdsl 0derg3s. E®IL  0bxm®mdsomwo  LobEgdgdo
9m0393L 353500 x39MM396  53¢00353090L,  fYgdo  BoMGH030 Tmbo3gdms  dsBYO0EE o
LOMEGOMEo  Imfjobogg  Lofa@dm  MHgbyMLgdol  ©oaqad3ol  (ERP)  LoL@gdgdoom;  sb9g39,
9mdbdsM909wmb MON0gOHmMMdOL doemnzol (CRM) LolEgdgdoom s d0Bbgl 0bEgargd@ol (BI)
0bbGHOMAg6EHJd0m. gl LobEYdgdo 3609369wM356 OMEL Ms35dMdID M3IMIE30M0 9B39IGMOMdOL
3999x mdqYd530, FMIbToMYdIE™S  FMALobMEGdOL  IBZgPLS o BIBOOL  3b3MMGBEHMWO
©3005¢guMd0L dm3m3z90sd0 [2].

B9doldogMo 0bxzm®dszowo LobEgdol 300GH03Mo 3033mbgbEos dolbo dmbsigdms dsbs.
9mb539005 B5Bs FoMIMoygbl 0bgZMEMTs300L F9bsb30Ls S BoMMZ30LM30L byFoMmM Loggrydzgaerls s
dobo  Lomsbosmo  dgMbg3zs  860d36g9armzgsbos  0bgm®dsgomwo  LobEgdol  9x39dGMGS©
39995m00LsmM30L. dMmbs3ggdms 050  sOLYOMBL M58EIboTdg BH0o30l, Foo IJMGOL MHYESEF0YOO
9mbs3g0ms d5Dg00, NoSQL s NewSQL 8mbs3qdoms 859900, Gmdwgdos 0035mdgb bgoalbgs
3005GJUMBL 5 39637936005 goblbzsgzgd Mo gsdmygbgdols 99dmbggzgdolimazols. dglsdsdolio
9dmbs3gdms 05BoL 9MBg3s M0 YdIMos M5IIB0T) BoJBHMODY, OMAMOOEsS Fmbs3gdgdol
0bgds,  IMEMEMds, oo MOMMOGOHMMOIOL  LOOMMY ©d MOYRBOBsgooL 306309 o
dmmnbmgbgdo.

dmbsggdms  dsbol  FgMbhg3zs  BEGMIGIR0M0  39FY39GH0WGdss,  OMIJwbsg  9deos
9600369crm3960  gogwgbs  dMobEobml  0bxgm®Tsgomwo  LobEgdol  BmbJEomboMgdsls o
9oL B0 MOMBsBY. 390250 F9MBIMO dMboE7dmS B3O 565 FbMmEm© YHBOHMb3gEYmRL dmbsigdoms
95399GIM 8965b35L5 S F0frrEdSL, 505890 TBOL 9 FgML LobEHYIOL MBsGL ggdeml (33 0gdgdol
9005000 5©33}530s.  99M0R®, 0LIMO  BIJHMMJB0,  MMYMOOESS  BMbsE3gIms MM MDY,
9615350053960 M36905, 500 M99 O OMI0 ©53F53900L LOFOMHMYds S 35LIBOl HOMHB6gdOL
LoRJ5619, YMIM3MIO00 Mbs 0469l 2oBbOEMD. TsEHIOOm, OlGMO 139dEJd0, OMYMOOES b3s
LoLEBHQBYOMIb 0b6FJAMOE00L LOTsMEH03g, boxgd0, LoBMYsMYdOL TbsIOFYMS, 360I3bgEM356
ol SbOYEGd96 53 205FY39G0WgdOL FoMgdol 3Gm3gldo.

063mMmds30mo  bobBHgdgdol  dmbszgdms  FoMm3zols s  LETMToml  MmMRbOoDYdOL
056599060M39 0300l godmbs3ze35 Bo@oM©s MoMm©gbmd®m030 331935, MMIgErog dobbow
obobogs  mboigdoms  BsBol  sGRg3oLs s FoBmM3sdo  BsByero  3OHMBILoMmbogdols
d9b9Mgd9d0l Jgc™m3905L. 33¢g30L J0BBO 0ym dMbo3gdms B BOL 2sdmygbgdols s355d0bgero
3609839609630900L,  250m(393900L5 s 39HY39GH0WJdOL  Fogdol  3M0EIMH0BYOIOL  A539ds.
399m300b3s 293039w®s Google Forms-ol 909mygbgdom o Ls3oBby 9M©oG™MEM0s IMO(3S3
36OMyM5dM  5MJoGgBHMOIOL, Fmbs3gdms 35BoL  5@IoboLEBHMGMEMOLs s IT dgbgxgcgdl,
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OmIwgdoi 96033690396 Gl SLOWMWGdIE 530560 MOABOBIE0gdT0 TIMbs3zgdms BSBOL
d96MB9g35L5 O 69MHY35d0. 33€g30L FGOMPMEMY05© FJoMBS odm30mb30L BgmMEO, ML 0yo
9I8B93GMM0s  FoOOM  SMEOGHMOO00LRYD  Mom©IbmdMogz0 s  ®M30LgdM030  IMbs3gdgdols
39260m3900Lm30L. 300H35M0 F9AJOMEs bmmo 153356dM 300b30LYLD, HMIgdoE d9Jdboeo oym
9L3mbEYbGHIOOL  A9FMEEOWYOOLS @S IMLEBMYIGIOL  godMLs33Wg39®  FMbsEgdms  dBOL
3990mygqbgdol Iglobgd.

3000b3900 04 899009365065 BsdmMyse0d9deno: Mo 5MHOL MJ39b0 5303530930l JOMOMHSEO
©5608699gds; BMIgeo BHodol dmbsggdms 5Bl 0g4gbhgdo (Mgwsiow®mo, NoSQL, Ubg.); 6o
RodBHMM9dd>  0dmgdgglb 0d396%g dmbszgdms BdsBol  sMBY30LLL  (FoMToMds,  9dmygbgdol
LOoME039, botxgdo, Ubg.); Bo M96sdgEMH™39 IgMEIOL 96 39gbrmerma0gdL 0ggbgdom dmbsizgdgdol
953995 MmOY60DYd0LS s JoMIZ0LMZ0U.

390m300bg0l  8999dds 36033690 m3560  Fgbgegdgdo  dmagzas  Imboigdms  dsbol
399mygbgdol  59755d0bger  IyMIsmgMdsHy s  3M0GIMH0IgdbY, OHMIWGdoE  FI6IS0MMBYOL

39050939GH0wgd900L Jowgdsl 065330 LolEgdgddo.

d90098900 398300c005 393350806000 J9dgabsotsc:
33e035(30900L  JOM0MOEO  Es60dEMgds - MgL3MbYbEJOOL  MIMIZ3EglmdLT  (45%)

90M»0md, MM o0 53035300l JOMOMIEO Jobsb0s FHMIBBIJ300l 349853905, MMYMOOEGS
909dBHOMbMwo 3mdgHool 3wsGRM®MIgdoLs s BobsblMo LobEgdgdol GHEMmbbogdzogdo. bbgs
960d369cmzgsbo  bsfoeo  (30%) B™3MLOMGIMYo oym  dmbsigdms  9bsgro@ozsls @y doBbIL
06@ggdBHdy, 15% 9M8smd©s 3mb6GHI6EGHOL Formz0l  LobBgdgdby, bmem  sMbgbowo 10%
Lbgoolibgs 93¢00353090%7, dso dmMob IoT s Mgoee MO™do dmbsgdms sdds3905b).
39909969090 IMbs399m5 dsDol BHodo: HMmEgLE Mgldmbogb@gdl 330mbal, MHmdgwo Godol
9mbs39005 05Ol 09969096, 60%-Fs JoIMOMs YW S0 Mbs38MS 35HJOBY, HmamMoEss MySQL
s PostgreSQL. NoSQL 9mbs393ms 359900, Gmymeogss MongoDB ©s Cassandra, §sdcmoygbgdmqo
25%-0L dogm, o3 dboboglb 53  LobGHgdgdol oM  3M3MWIMMIL OO FMEMEIMIOL
363LGOMIGHO0MYdM0 8mbs399g00l ©s3MTs3930LmM30L. derm3Baobl 0ygbgds Mgldmbrgb@ms
dbmwmE 10%, doM0MS©IQ 0LYMO 5303530900LsM30L, OMIGdoE Fmombm3zgb dmbsigdoms
MLsROMbMYGOsLS S FE0sbMdL. sMBIbowo 5% 04gbgds Lbzs B3gE0sE0bYdME Imbszgdoms
d5HYOL, BoQ9OMOE, MIMYMOMO(35 MR Imbszgdms 05Bgd0 3m83wgdumEo 353806900l Idmby
dmbs39d900Lm30L (bob.1).
0mbs3g8oms d5Bol  sMPBY35Dg  goggbsls  sbgbL
o60omds, G5 MHgu3mMbgbBHms  40%-0s s0bodbs,
MmO 3 360d369mgs60 Bod@m®o. Folid@odoMmgds ogm

! \\\ 0gm6Mg  saombg  35%-000 s oblvgmomGgdom
[ 1087 3Mm3MEs@eo s dmMob, 3063 0ygbgdws NoSQL
|\ LR/ i50% dmboggdoms  35BgdL.  15%-3s  sebodbs  LobEgdoL
S % 298mygqbgdol  LodsM@GH0gzg s  TJEIMIBI0M VIO
S bos6rxgdo, o3 G0momgdl 0dsBg, OMI dombgwogzs©
Woymsgnoto  BfmdgmygonHo Bdommifgbe  BULb; 080bs, H©™A gb Bogd@GHmMgdo 860d3bgEMm3z560s, HoMBomds
Q5 3sL3BHV0MYds  MBOHM oo  360836gwmdolss
Bab. 1. g33m300b30L Byegagdo 8mb3g08095 BsBol 5HB30L 3G EgLBo.
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9000bs6g Imbszgdms 35Bolb LoliEgdol sdmf)393900 - MYL3MbPYbEHIOOL 3603369 mgs6ds
(omgbmdsd (55%) 50b0dbs, BT o 259mfi393900 9Jdbgdom F0d0bsMy dMbozgdms BB
LoLEYIYOMb. Loghomm bs30mbgdo dMm0Es3s FoMmBoMdOL 3MIMDdMYGIIOL BoLWO PIHEGZOMMNZ0L
30609000 (30%), dmbsigdms d5BoL olidEHodoMgdol LoMmMIgqdL (20%) s dmbszgdms dsBol
193900l FomM30Ls s F9bsOPRMBE9dOL LoOMMEggdL (15%). Ubgs @odmf)393990 30 IMO(3930
dmbs390ms  MLOGO®MbMIdOL  LOZOMLIIL s IMBs3gdms  dBOL v  BgdbmeErmyngdol
©69M235Lmb 5353806090 LOMMMEY9DL.

Bg0mm  50bodbwo  459mfj393900L 25l FMIWI®, MYL3MBEYbEHIBTs Fomomgl MOYO
056599060m39 dgomEadols s 39dbmema0gdol  Asdmygbgdaby. Mgdmbrgb@Egdol  35%-do
33O 04 OB ™3560 Fmboigdms dsBol bgM3zolgdo, Mmym®oiEss Amazon RDS o
Google Cloud SQL @ 3500 359mg9gbgdol 30Bsbo domomss 0ym dsldEHed0mgdol 3Gmdegdol
50IMBb3M. 5xMgm39, Imbs3005 6F936M9d0LS S OYMTOL }9dbo3gdo 4sdmoygbgdmes 25%-ob
doge  9mbszgdms  35BoL  [oMTomdOL 2ol dxMdYdWSE.  5FsLsbsgy, 20%  0ygbgds
dgblogMxdsHg RMAbIdE IMbs3gdms  B3BYOL, MMAMmEMoEss Redis Jgdo®mgdolomgol, Moms
399D IMbs3ggdms  s3mEgdol  LobdsMg, O™ 30 T9830Mgdobsm. 15% s0bodbsgzs
3063906900300l s FozMmLgM30L900L  9MJoEgdBH MOl godmygabadsls dmbsggdoms  MBO™
918399GMO9© BsdsMms350. sMbgboo 5% 30 094gbgds bywmzbmMo ob@gwgddols (AI) s
85645660 Lfogargdls 0bliE®MBEIBL 5dmEsBdoL M3EH0Tobsool JoBboo.

0505bo5dg, 89330005 3J3om,  MHMI  GYWOL3oEmO  dmbsggdms  dHYdo  33wWs3
©@™30bs6GHMEM0s. Inbs37005 doBYdOL 3MMbom, 3MMBILOMBsgdOL F0bsTg sOGdMEO godmf)3939d0
230M5GJU©  SLobgL  FolIEIB0MIOOLS s FoMTomdOL  3MMOdEYFgAL. olgmo ™sbsdgMm™3Y
9900™M©Jgod0oL, MMAMMGIOESS VOMB™3sb0 LyMzolgdo, TgblogMgdsdy WIERMAbYdMMo dsDYdO,
dmbo3gdoms  obsfig3Mgdobmzol  s®lgdmwo  dmfobogg  BHgdbmemyogdol  2o8mygbgds,
96009369m35605 50 godmfi393900L ool FMYEs© s IMbsggdms  FsMM30L  3M0dEHo3ol
M33H080Bo30obm3z0l. 98 65dMMIOL  F9gagdo 3600369 mazs60s 08 MMYbOBsE30gdOLIZ0L,
O0Iwgdo3 003000  0bxgm®mIsgomwo  LobGHgdgddo  (30EMdgb  bbgsolbgs  Lodmomls
M33H080Bo3osky @d IMbs3gdms  dBOL  FoMmM30L  LAMEYH0JO0L  AOMAXMOGLGISL.  STOOYS,
6536GMAoL  gobdsgwmdsdo  go30m35woljobgdm  33wg3sdo  Bmbsfowg  3HMBgLoMbargdol
3698960963090, 9IMEOEGOJOLS S {39390 s 30LLOMYdM 8500 J0ge OLEbYEGOME
A996mmy090Ls o b30MbYdBY.

2.1. MySQL-bs c0s MongoDB-ls 89¢05698000 5bs¢robo

MySQL s6ob open-source RDBMS, Gmdgeos 04gbgdl SQL gbsl dmbaigdgdol Lsdsmomsgs. dsb
d97deos  obgmo  LEAHOMIGHIO0MGIMo  IMbs399gdol  FMTog90s, MMIgEoE  TYgLodsTYdS
05630809360 1dqdsl; MySQL  «39@gbo 459m0ggbgds 398 9303s30gdobmgzol. MongoDB 30
560L open-source NoSQL 9mbszgdos 0sbs [3,5,6]. 0go 9mbs3gdgdol dglsbsbo 0g4gbgdl JSON-ob
dbgogl ©m3MdbEgdl (MmBG™ BMlEs®, Imbsggdgdl 0bsbsgl BSON-Go, Mmdgwog 6ol JSON-ob
d0bsmaro 39ML0Y). 080 MIgE LI 35FM0Yxbgds OO IMbS3999d0L FgLlsbobow s 9.{) real-time 390
33035(30900LmM30L,  FoRdOMOE  0LYMOLMZOL, OMYMOOES Mbwsob  ©gz08do  dodmfgeol
53@035(300.

95306 IMEIWdo 3OMMYMIINWO  53E03530d O OMLY s MYLOLYdLL boGx szl
dmbs3gdms oM 8s3900L  3Om3glbdo.  5bodbmo  Mm3gMm30gd0s:  dmbogdgdol  fozombags
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903000 dmbszgdms 5Bl bbgoalibgs 3bOHOWYd0EB. EFbMOEIGdOL 499005690 (join),
OH0Igeoi LOFOMHMs 530353008M30L; JoGdMWo MdOYJBHOL ©s3w9ds390s s Tobo QsdMYgbgds;
d09dmMwo  Mmd09dGOL  ©YTOBOMO30s @S (33E0gdJO0L  FgLsdsdol  BEOOWGdT0  ASBEIsYGDS
(86539905 B5DBOL B0sbMdOL FgboBM6gdOLSL).

MongoDB-3o0 ©®3mdgb@wemo dmbs3gdgdo §omdmmaqbowos golismgd-060d36qwmdol (key-
value) {{430om. 545009, oLlowgdol Lobgero dmmsgzLgdEos MEMTsy dMFYoegddo, MMAgeliss

n

dm39439%s "1 " LoAdMEW™M S dMML 3603369 Mds S193g IMMOZLYOMEIO MOTdY ¥G FY5egddo.
36039369c0mds 990degds 0gmb m3wmdgb@o, dsbog0 96 ™ 3dgbEgdolL dslingo.
9mbs3gdms  FoM™M30L  2odML33Mg39®  BoBots  33e935-9JU39M0T9bBHO,  BMIgoa
998399969905 G5 9bmdM03 33e939L, 3960, IMbs39005 9BsEr0BOl FgmmEMmeEMyosl, Gmdgol
RoMYq0do3 9939509090 2oblb3s390w0 MoMmIbMdOL 0bxgMMTs300Lmz0L bbgswslbzs Godol
9mbs390ms B5Bol MdEIbodg oMM dMAsbgd5BY Mgo0M9d0L LoBJocy. SFolomz0l 0K
d9L50d530oLO 3MEO 3OMYMT0MYdOL 9bs X 935L3003EDY, HMIgeog 80359MMY0 35HYOL. BsdO Mo
Pom0moagboos 330930l ©3MTo3900  F99)00 (06Mdsbgds, 0bRMMTs300L  MOMm©Ibmdy,
06ds6gd0L  JglHegdol OHM). 50bodbmwo 33wg30l FoBBL HoMmImoygbws, Mzselshobm
39339H5005, 0¥ OHMYMOO Lobob O Mo MoMmYbMdOL IMbs39990DY, MMTgeo B5BOL godmygbgds
Lyxmdl. 1o33g30  30mbgs 09a30dw0s  Bsdmgog4oeodmom  999gabsoto - 0bgm®dsgorwo
LoLEYIYOoL FMbM3b9d0L TGlsdsdoLs, 3EoEBRMMTOL ogdloToMo 98gdEHWIOMdOL JolowgdsE
g0 d5Dol godmygbgdss 1360607
3309306 58m396900:  MgEs30Mm @O 9MIMYEs30IH  doBYddo 30609  FmEEMdOL
9mbs399900L Rofigmol, Fo300mbgol, dgdbol, asbosbegdols s Hodwol Lobds®g; s0bodbmem dsbgddo
©OEO JMEMEMmdol dmbszgdgdol 0go39 d60dsbgddbg Mgoa0M9d0l LoBJsMg; BoMgdwwo T9wgygdol
990560905 5 13360L FodMEbs.
0om0my09600 %535U30033H0L 30l BMORTIBAL, MMIgoE 53 33Wg30L BIGRWYdTOo
3°9m3099bg0.
200U 3053809690 MySQL-borg0b:
const mysql = require('mysql2/promise");
const { performance } = require('perf_hooks');
1/ 35%3bm6 35380600 3650305
const connectionConfig = {
host: localhost',
user: 'root’,

password: ",
database: 'myDatabase’
I3
/1 35580 9mbs3gdms Bobisfg@o i3mbdizos
const insertRecords = async (connection, start, end) => {
let values = [J;
for (let i = start; i <= end; i++) {
values.push([i, * Name${i}", Math.random()]);
}
/1 363356900l Fglslirvegdes@ boFoMm EOMOL sygbs
const startTime = performance.now();
await connection.query('INSERT INTO myTable (id, name, value) VALUES 7', [values]);
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const endTime = performance.now();
console.Jog(" Inserted ${end - start + 1} records in ${(endTime - startTime) / 1000} seconds");

I8

const recordCounts = [100, 1000, 10000, 25000];
testMySQL(recordCounts).catch(console.error);

30l 36553099690 MongoDB-bogob:
const { MongoClient } = require('mongodb');
const { performance } = require('perf_hooks');
/1 35B5bmsb 39380090 bEBHMOJMBO s BBOL Labgwo
const url = 'mongodb://localhost:27017";
const dbName = 'myDatabase’;
/1 3538060b 9936
const client = new MongoClient(url, { useNewUrlParser: true, useUnifiedTopology: true });
/1 35%580 dmboigdms hsbsfgMo ggrbdgos
const insertRecords = async (db, collectionName, start, end) => {
const collection = db.collection(collectionName);
let documents = [];
for (let i = start; i <= end; i++) {
documents.push({ id: i, name: ' Name$({i}", value: Math.random() });
}
/1 36356900l Fglalirangds© LsFoMMm EOHMOL oyYbs
const startTime = performance.now();
await collection.insertMany(documents);
const endTime = performance.now();

console.Jog(* Inserted ${end - start + 1} records in ${(endTime - startTime) / 1000} seconds");

k5

const recordCounts = [100, 1000, 10000, 25000];

testMongoDB(recordCounts).catch(console.error);

3b®owob Lsboo {omdmaoagbor MySQL-bs cos MongoDB-80 25839990 d6dsbgd9gdol 99c9390L:

®396530900 BobsfigMgdol 00ds6gd0l 0396530900 BobBsfgmgdol 0»Jds6gdol
H5mgbmdS gLy gdol MM om©gbmdS 9L gdol MM
(Boaofjsdgddo) (Goaofjodgddo)
MongoDB | MySQL MongoDB | MySQL
100 0.01 0.01 100 0.1 0.04
1000 0.5 1.25 1000 0.8 1.6
Bafo®> 10000 12 2.2 N N T 8.0 12.0
25000 2.25 3 25000 20.0 30.0
100 0.02 0.01 100 0.04 0.03
1000 0.5 0.2 1000 0.47 0.35
B2300b3> F000 15 15 hodew 10000 3.0 3.15
25000 2.0 2.75 25000 7.5 8.15

3gb®owo 1 - MySQL s MongoDB 330930l 890939d0L 8956905
3309306 8909900 - 996M0ye©, F9YR 000 Bsbl, MmI d306Mg s Lsdwmowom bmdols
dm3MEmdol 8mbs3gdgdmsb 3m8smdolsl MySQL mg3dm LHMsxo s 9539Jd@M0s, boem oo
dmEMEomdol Imbs3gd9dol dgdmbggzsdo MongoDB vmgdm  LGMogs@ Mgoao6mqdl d0dsbgdsby.
d9LodsdolOE,  3MB3MgEHMo BBl  9MBg30LL by gogom3zswolfjobmm  13gE30B0IMNGO
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dmmnbm3zbowgdqd0, dmbsggdms ImEemds s Jomo LBEHMWJEHMMs. 50Lsb0dbsg0s, GMA dugoglo
390092900 0gm g58md3994b9dmeo International Journal on Cybernetics & Informatics-do.

3006H0wo JoEymds 4oblegMm®mgd0m LolaMaqgdems olgm LEYMHMgddo, GMAMMOESS e-
commerce, X565339, B30 MMHO 905 s BobsbLYdO. FsQOWO0MOE, KIBPOH(330L 5303530930
4mM390O0MSQ© 959603 dmbo3gdl Jdbosh (dop. 3530963900l Bbsfigmgdo, dsmo Lsdgoobm
bmEomgdo s bbg.). 3530963900l  Bsbsfgmgdo s Lbgs LEGHM®WIGHMOHoMgdmwo Imbszgdgdo
3992300¢05 d930b65bmo Moo d5Bsdo, bmem BsdgoEobm  godmlsbwmwgdgdo ©s Lbgs
5MLEGHOJEHMO0MG0E0 Imbs39dgd0 - 5M9MGEs30E BMbo3EgBmS dBT0.

M9WO30MM0 O 9MMYo30IM0  dmbsggdms  05Hgdol  dgrogmo  AbsMggdol  TgMfyds
MBOHM639wymRl d9@ dmgbowmdsls s FolFEBHO0MOMBL. 300MH0Eo JoEymdol geo-9HmO
doM0MOO 130M5GHJUMdS 5MOL OHMAMOE LEAOWIGHWOOMYdMEO, 15939 SMNEHONIEGHMO0MIOMWO
9mbs399900lL  459mygbgdol dglodergdermds [4]. MHgwsgo®mo dmbsggdms dsbgoo Lor3goglicmo
LEAHOYIHMOOMYOMWO BMbs399gOOLMZOL, OMAMOOES B0bBLWGO BsBFIMIdO s BHEOBDII30Mwo
9mbs399900, bmm 5G5MYo30IM0 dmbsoigdoms dsBYd0 ©913900 Ylsdsdgds sMLEHMYIEIMHOMYdIE
9mbs39d90L, MMAMMOEsS LME0SW MO dgEool 3mbGHo0. MO0 dmbszgdms dsBol Fgmfiydom,
MM3560Ds30908 dgdewosm d9ddbsb Ma3dm 3083¢wgdumeo s dmdboo dmbsigdms Barmngol
LobGds.

2.2, HYE5E0MO0 5 3MH3MHYEE30YM0o 3mboEgdns B5BYdOL 35dmyghgds 0bg3mMIszomem Lols®gdgddo

063635300 LobGHYIYO0 MBsdgEMH™3g LEHoMBMgdOL bgMbgdseos, o3 oo 9BRIJGHME
dmbs3gdms  FoOMZOL,  ©FMTo3900L5 o BBl MBEOB39wymBlL.  Fmbszgdms  B5BOL
A996mmyo0l 5MB73560 - 0d6gds gl MYSE0IMHO M) sMSMYEsE30IM0 - 36033690 M356 Fo3wgbsl
5bgbl 53 LobGHYIGOOL FMToMdIBS S BsLAESOOMYISDBY. MIBOM MZ5EBIBOBM OEIMEMOMYOOLMZOL
39630bosgm s B19oH  259mygbgdsl  obgmo  §sdyzsbo  Ggdbmwmyom®mo 33360900l
35250 0gdbY, HMYMEOd03ss Google, Amazon, Facebook oo Netflix.

8065690 bobdgdgdo - JPMorgan Chase: (359943560 200mdscom®o 30bsblwdo 0bbGodm@o,
JPMorgan Chase, ggy®bmds Oracle-oll Mgwo3ome® 9mbsgdms 85l 00300 LodsBoLM bdI6IM
M396530900L Lo 5350. LOLEGHYIS YM39OLOMSE JoOMbMdOm BHMIEDIJ305L FoMr03L, Mo
BOHMB39wymxnl dmbsigdms sbdodgzMIemdsl s FmE0sbMdSL QMBSO Mm39MS3090d0.
GEo30MM0 BBl d0ge  GHMBDoJ30900L FoMM3ds @S GO dGMISBYIOGdOL  Fglcrargdols
d9L5dEgdMds BMHMB3gEYMBL DML s LM BOBBLMEO BsBFIMGOLS s BRIMOTRIO, B3
36003105 M9QEs30900L (33585 S MHOLZGdOL JoMZsT0.

E-commerce boldgdpdo - Amazon: @H®sb6Bodaomwo 9mbszgdgdol doemzolsmzol obymo
3039630 e-commerce 3Wo@GHROMIS, MHMAMOO3 Amazon-0s 049690l MHgs30H dmbszgdms BB,
396Jdme, Amazon Aurora-U, GMIJCOE YM3IEOPOMS© 53053908 Joombmdom dmmbmgbsls,
oMmmogl  dmIbsM9dEol  0bBMEBo300L,  3OMEYJ300L  39GHOWMYJdL s BHMIEBIJ309d0L
BobofgMgolL. Mg s30mo dmbsigdms dsbs BMHMB3geymal Imbsgdoms 096308 gz3cv I MdLl o
dbsML MFOL 3033 JLvE 3656909dL, HMIWGOOE 99930 YIYGE0s BoMgd0L oGN30, 8933900930
©53M853900L5 5 B0bBLMMO BHEMmED30900LsMZ0b. 53039, 5d5BMBOL WOHMBdEM3560 yM30Lo,
Amazon Web Services (AWS) 930035Hm0L bbgoolibgs dmbsigdms dsBol LgMgzgoll, dso dmemol
Amazon RDS 6Hgwo3omdo dmbszgdoms dsbgdolbsmgol s Amazon DynamoDB-b (NoSQL). AWS
dIbdoM9deqdL d9w9derosm 53 LgM30LgdoL 0bGEHIRMIE30s 308GV JoyMdol ILLbYMYS® ©
olbgmo  83e03530900L  Fgloddbges,  ®MIgooE  A9dmoYygbgdgb  RDS-ol  GH®obBogzome
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d0@05b6MBIL  30GH03M0  Mm3)Me30900Lm30L s DynamoDB-l  dsl83s006M900lm30l,  Moms
9mbs3900 Jo0oo LoRJsM00) s3T3900L doBbOm.

beagoserayto docoos - Facebook: Facebook 04gbgdl 69eo3or® s 56909306 dmboggdoms
05B9go0L  333065300L (308000 FMPIWO), GOMs FoMMML o300 FoMO™M  Jmbsigdoms
0683M5LGMIBHOS. Fogomoms, Facebook-ol dglioxgdol LobEgds 0ggbgdls Apache Cassandra-U,
Fo@odold@odmeé  NoSQL  dmbsggdoms  dsbol, MmIgwos  YmzgerEEom®e© 934935390l
dowosmEMmdom Igboxl. dobo s0Jo@gddes MBOHMB3gEYgmxl domow bgwrdolshzmdmdsl, Mos
30303105 ©95¢6 OMIo 3m36035300L5M30L. brerm MYWS30OO dMmbszgdms BBy, S0
d9dmbggzsdo MySQL, 9580m099bgds 9mabdoergdeol sbgom0dqgdols s gobsblmMo dmbsizgdgdols
L5335, BOOE LEFOMMS dgogmo ACID 3606303900 @S Fmbsgdms M96I0TI3OMEIMdS.

@oO dcbspdgdol sbs¢rodozs - Google: 1998 figal ©ssMLYdMEO 539M03M0 3MO3MEOF0S
Google 30 0ygbgdls Bigtable-ll,  Fo@oedsld@odme NoSQL dmbsizgdms  dsbol  Lbgoolbgo
3303530030, oo FmMol 398 0bgdbsgools s Google Earth-Logol. Bigtable-l dg«9daros
39(3)905039d0L Bmdol Imbs3gdgdol FoMmm3s smMoLMdOm LYM39MHOL J9dzgmdom, Mo Google-l oo
dm3mdol Imbs399930L 953999 ©93w9d53900L5 S 965EPOBOL LodwYsEgdls 5dEg3L.

Google 09ggbgdls 300MH0EM  LEAGMIBIPOBOE ©d  99OM0BIOL  BHEOIOEOM  MHYSEFOE
9mbs390ms 8593l NoSQL gos(Y39@0wg0gdmsb. ogo Bigtable-l 2565 09gbgdls garmdov)Mo
396500 gdme Mgwszome dmbsggdms 35BsL, Spanner-U, MH®Igwos MHBOHWD3gWYMBL Ao H
05630000930 mdsLs s SQL dbs®msFghsl, oz sl GmmEo GHMIEBsJgommo dMIsbgdgd0L
d9LEOMgdOL LETMogdSL SIeg3L.

bsz500b bgegolgbo - Netflix:  qeomdse®o bE®odobyol Lydzobo, byGxwodlo, 0ggbgdl
Apache Cassandra-ll 530L0 9HosMsBoMO O sIM30 BMbs3gdoL LETsMMOZ5. Jobo ToMOEO
b9wdobs)3mImds MBOHMB39wymal LgdzoLol 3m8smdsls 3030l 39M0mEToi 30, MHMES JmabIsg-
09YEMS M5 I6MdS LoMIBMDdES FoMOEV0.

3086009cm0 dogmds Microsoft-do: 04qbgdl Microsoft Azure Gmymé 3 SQL dmbsoigdoms dsbols
@5 9939 Cosmos DB (NoSQL 8mbs3930m 35Ds). mergoboboiogdl, HmIwmgdog 09gbgdgb Azure-l,
99mdwosm  8gddbsb  30dM0@Mer  IgmEby  ©IRMdbadwo 5303530900,  BMIWYdOS
0bsM90wq096 SQL dmbsgdoms d5Bol ACID 36063039000 LEGHOMJGIOM00M9do Imbs3gdgdols
dgbobobo®  @s Cosmos DB-ob  3sbdGHodmmmdom  5MLGHOMIGHMO0OgdMwo 56 bobgzto
LEAHOMIGHIOOMGOIMO dMbs378900Lm30L.

3. sls33bs

BsdMM3ddo  dgzgbgod  Imbs3gdms  T9bob3s-s8mTo3900L  09653900MM39  B9dbmemaogdl,
GMgwms 398mygbgdsa dgbsdwrgdgwos 0bgm®mdsome LoliEgdgddo. Bs@oMos 3339G9bGHWO0
139(3000LEBHJOOL  godMm30mbgs, MOl LyxMAZgBY3  299M3WobEs, M) Mo 3Hgbrgbigogdos
59B199wm0 Imbs399m5 doBYdOL JoMMZ30L LoLEYgdT0. F9EIMYdNE 04bs MY s30mO s NoSQL
0519005  BoBoMmgdmwo  sbowobmEo 330930  JoEgdMos  G9gaq00. ol Loggwydzgw By
3930099953900 093396530900  50b0d6Mwo  3gdbmermyogdol  25dmygbgdol  989dEH0sbmdol
dqLsbgd, M3mS IMIBTsMYOEgdTs LHmOs d00Mb 45wsHY39BH0wgds Imbsggdms d5Bol s@Rg30L
80Bb0m 35305600 dMbM3zb7d0Ls s BoFoMMYdZdOL domzseolfjobgdoom.
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RESEARCH OF INFORMATION SYSTEMS DATA AND MODERN
METHODS OF ORGANIZING WORK WITH THEM
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Summary

The paper reviews modern methods of working with data and their use in information systems. To
identify modern trends, we rely on the method quantitative research of mass survey, which helps us determine
which technologies are currently in use in information systems and what challenges organizations are facing.
The paper mainly focuses on relational and non-relational (NoSQL) databases and provides research, the
purpose of which is to determine the effectiveness of the mentioned databases in processing different amounts
of data. The main goal of the research was to determine how efficiently the aforementioned bases cope with
various tasks. We selected the most popular relational database - MySQL and also the most used non-relational
database - MongoDB as research objects. For the research, the appropriate code was written in the JavaScript
programming language, using which we executed various commands to MySQL and MongoDB on different

amounts of data and observed the execution time of these commands.
(Received 20.11.2024)

NCCIIEJOBAHUE JAHHBIX THO®OPMAIIMOHHbBIX CUCTEM N
COBPEMEHHBIX METOJ10OB OPI'AHU3AIIUN PABOTHI C HUMH

CnunHaba A., bexxanumsum J1,
I'pysunckuit TexHUuecKnil Y HUBEPCUTET
ana.sitchinava22@gmail.com, lolita.bejanishvili@gtu.ge
Pesiome

PaccMoTrpeHs! coBpeMeHHBIe MeTOABI pabOTHI C HAaHHBIMH U HX KCIIOJIB30BaHUE B MHGOPMAIIMOHHBIX
cucremax. [JInAd BBIABIEHMA COBpEMEHHBIX TEHIEHUWI MBI ONMpaeMCi HA MeTOJ, KOJIUYEeCTBEHHOTO
KCCJIe/IOBAHMSA MAacCOBOTO OIIPOCa, KOTOPBIM IIOMOraeT HaM OINpeJeauTh, KaKue TeXHOJIOTHMH ceidac
HCIIOJIB3YIOTCA B MH(POPMAIIMOHHBIX CUCTEMAaX U C KAKUMM IIPOo6IeMaMy CTIKUBAIOTCA OPraHU3aluy. B craTbe
OCHOBHOE BHHMAaHHe yeiieTcs pesuuoHHbIM U HepensunoHHbIM (NoSQL) 6asaM AaHHBIX M IPHUBOJITCSI
HCCJIeIOBAHUA, IeIbI0 KOTOPBIX ABJIAETCA OIpefeseHre 3(PQPEeKTUBHOCTH YIOMAHYTHIX 0a3 JaHHBIX IIPU
00paboTKe pa3IWYHBIX 00BeMOB JaHHBIX. OCHOBHOH IIEJIBIO MCCJIeJJOBaHHA OBUIO OIpPeeNUTh, HACKOJIBKO
3P QPeKTUBHO BBINIEYIOMAHYTHIe 0a3bl CIpPAaBIAIOTCA C Pa3IUYHBIMM 3ajadyaMy. B KadecTBe OOBEKTOB
KCCJIeIOBAHUA MBI BBIOPAIM CaMyIO IOIYJLAPHYIO peLAIHOoHHYI0 6asy manHbix — MySQL, a Taxcke Haubosee
HCIOIB3yeMyI0 HepelAaUMoOHHyI0 6a3y manHbix — MongoDB. [lna wuccremoBaHus ObLI  HAIMCaH
COOTBETCTBYIOIIMM KOZ, Ha fA3bIKe IIPOrPAaMMHUpPOBaHHUA JavaScript, ¢ IIOMOLIBIO KOTOPOTO MBI BBIIOJHAIN
pasnuunsie KoMmausl MySQL 1 MongoDB Ha pa3isix 00b€Max JaHHBIX 1 HAOII0Ja Ik 32 BpeMeHeM BBIIIOTHEeHUS

STUX KOMAH,
(Hocrymumra 20.11.2024)

89



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No2(38), 2024

303m365¢9L BLOJ03MMO 303900l ©0bBsT030L Fsmgdodozydo
30906905

0595 M05d9!, A505 F935M960d?
1-b5MMSIMOHOLM LoobgobMM v3509d0s,
2-g35Bobob 53509d0s
tamaz@mail.ru, m.shevardenidze@gtu.ge
69bomdg
d9LPogaroos 50530560L BLOJ03MMO GH039d0L 303M3MBEHIL MNJMO0s, LOWSE JBObOGdS
Mmmbo d0MO0MOO (Hd396M0096FH0: JMEgmo3o, Bwgads@ozo, bobagobozo s dgwsbjmerozo.
329005 OMYMOE  3mbEI3GMIwOo, 1939, Fom9gToB03MO  ImEgo.  dgLfagerowos
06530399600 3ol BEoEoMbsMIE JEAMIMIMBIMS IEYMIEMIOL Lozombo. 6563969309,
60 BgadoGOO s dgansbdmeon®o 3H9d3gMsdgb@o 9aMs0s, bmwm JmwgMolzmwo ©s
1063060360 BEYMIMIMBJOO — M5 YMSPO.
1533560 Lodyzgdo:  $Hgd3gmsdgb@o. glodozmeo Godo. 050093530300  FmEgero.
9005 Md.
1. 3gLsgoemo

MOmEbsE 3LOMOOMBM 306MHM36905BY, B39 32 OLlbIMd™ 5©5B0BL, GMIGELsE 543U,
dbmwmE  dobo 06003000 oMdOLIMZ0L  EsTsbILoMYdYEO  M30LgdYd0:  bobosmo,
LGOI 03900, BoLYMWMDYd0, 3006303900 s 5.0.

05050090056 sfYgdo, 5sdosbo 3bmzmMBL LmEowmddo s 396gdM0350 F9bogOL
BoBMYoMgdol 253egbsls, MHOL FJEOIROPIG Y90dYds dolo BLOJ0zMO 3H030, BsLosSMO s
5803000909 gds Bb3s 5©53056900L5@T0. 50580560l BLOJ03WMO FH030, Y5e0dPIdS s 5093V
UGHod0WH  FEYMBoMGMdL, LEWMHemzsbo sbs30L ForfgzoLmab JOMmMoE. 0FEs, FMYIM
3060390056 MMHM0gOHgd99d0L 3OMEgLT0, 899aMa0 SBO30LMZOLOESS OTobILOSMYDdYE0O,
3060036900l BHMbLBMEMTs300 — 5@3GHSE0s. FgEHIL dgdmbzg3sdo, 58 O™ 306HM36930L
3906905 bgds, ol 06ROV LoBMYMYOOLIMZ0L FoLOWYd 6B, 13935 oo BLOJ03MEMO G030
306 0(339ds.

439w 5530560 06030V IMH0 M30L7dJO0L Fo@9MYOY0s, 19939, I3Z0M3900BL
50dm35896m, MM 3936 FomBL 593l 9OHMBs0MO boliosmo, J3g30L b39bsc0, BoligEMdIdO s
5.0. sdob Bobgbo Tgodegds 0gmb 29693H03MM0  o30L939MHgd9d0, FoMgdm, HBLOJ0ZMMO
6560B5305 509dob bowsbligdo s 5.0.

59956  g99mBobscy, bgds 58056Ms XAMBIBS®© ©IYMRBS, BLOJOZMMO 03900l
dobg30m, MoLmM30LsE 0Ygb9d96 Lb3solbas 300GIM0MAL. 533505 Fo0dmoddbgds domgwo
LoLBYIs — BHO3MEWMY0s. 50580560l BLOJ03MMO G030l FMLS, LETMOEGdL 0dEg3s ©93900gLO®
39303bMmm L53MM9M0 530 s BbZs 958056900, Hobsbfjs®r gogomzswolfjobmm 3oMmmabgdol
93935 Bb350sLb3gs LOESE0580. 253963390 5053056900l Jaggdsms ME035(30500.

2. 303m3M539L BogdozMo GHo3gdol ©0bsdozol 3mbEg3¢seMo dmogwo
L5gM39MNOME  (36MdOW0s, 3033l 096 T9IM935H9dMw0, BLOJOZNO  FHO3MS
QYN GB-3WL0G03IO(309: JME9H00, 393059030, Lobg5306030 @5 dgersbiercrozo [1]. ol gdodo

0Y™ S 9B IYMBIEG, P9M339E Hows, 59 BodBH0b 253MIObIMIMBL. 303Mm3MoE ) MNILOPY,
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™I 55d0sbol Lbgmewdo s6lgdmdl ©sdgbodg Lobol Lombyg: Lobbero, Wodxs, Yzomgwo
Bowggmo s 8530 bsmzgwo, HMIGEms MHoMmEIbmdoL 30935¢0Mmgds3, 03938 bbgsolibgs
x3L0J03MM0 G030 BsIMYSE0dYO.

o 03gs sPembolfimMmgdL;

* 430090 650390 5053056l bools 083ElvEU;

e Lolbero 0dwg3s 9696MH0MEMBSL;

e 9530 65039000 5053056l b Bo3w0sbl, 5945e0dgdL dgeErobdmeom® boliosmL.

4m39w039 5dob om35obobgdom, gygbs®vyends 9Jodds — 303m 3603 ds 90305350
mmbo bobol 3933968963 0:

1) bsba5306032900 (399390569690 — bobosmgds Lolberolb 369350000900 ©S 0dwY3s
969630 LomEbwoldmyzstg  Bo@Mol.  sbgmo  ($Hgd3gMsdgb@ol  5sdosbgdo  5M0sb
300, 33603509 MH0 s M3GH0TOLEHIMSE gbHimdowbo. Lsbyz06039d0, s30ws©
30597Y™0056 gm0 B5dd0sb FgmEnBy, 498Mm0MBY3056 5I3HO30000 s FofmbolifimMgdmwmo
boLosMom. F500 J3939 IIMI0YO0S o039 IYNRIOBY 9JuBHO39MEHIO0 G105, LIY35MI0
3993585 9030900 @ &od0;

2) J2¢m95039¢70 (590396599690 — 05353806090 W0S §30009¢7 b59e0256 S 050536009
B900lymR580, 45989oMdLS S 153MMIMO doegdol ©930gABM MfFgbsdo. sgmo domm3zbgdg-
O0LOmM30L  3FobOLOsMYOYE0s  Boowo  IOMAoLBIM0sDbMds,  FoDIBLHGIRMMds s
0339600635, JMmegmH03900 033MLE0, 5MH3OMYBMDBOMGd©O boebos ©s s MFoMHo
15399005600 3693900l JoMMZ5;

3) 29895910 39939589690 — 3560L5BOZMYdS r0dg0l 3619350MYOOM, M53 850369
390™bslHmOgdme, 830 bsLosMT0, BMI0YMHYdsd0. 1Ym0 5sd0s69d0L  [mboLHmMMdOE
3990yg3965 9999d909e05. 0LObO 56 5MH05E GIME0MMbo, 501056 LESdOEIMEMBO s 3830b0. Jsm
36533960 56503Wgdm. ©Y35600 J00 S A0S LOBIMT3EY IE)300. BGRAS3H03JOL 5I3GHOF0S
»F06OHm. 0B Ms30L M5300 B39G00 0bGHMmMZ9MEJOO 5C105b;

4) Ggersbgerer039650 (999396599690 ©535380609dM0s T30 b5(39¢0l 36r935¢0MGOLMb,
o3 0f393L @oddoxz®mgder daMdbmdEMmdsl s dgwsbdmeoolizgh doMg30eqdsl. Slgmo
5053056900, Boeng 0090056, IbYO® 5EI3GHOMPYO0D F569aM 30MHMDYIMB, 39308 Mo3d0 56
56056 sMIMbgdmo. om0 BMmIMMdd0 bgwros, BTs B s FMMHOEYdIEo, F0d03d
Bo3egd50g0dmbs@aro. obobo 0bGHMMZINEHII0 G056 s Fobg FoMgdm ITNGYMBZ e
B90mgd9gdsL sbgbl.

"bs 5036086mm, MM LYBms Lobom sdm3zzgmowo 3H9d3gcmsdgb@o, 5O sMLYdIMBU.
6900Ld0ge 55805680, FJgodwrgds 303m3mo bbgs (3H9839Mo396@gdol Fglvdsdolio sdsbalio-
509090 M30L509003. M3, YOO FomPB0 36935 0MYOL sbMRY6YODY.

3. 30303053 L BLoJo3Ho GHodol 0bwgduiol obsdozol
0509853034960 dcmgerols 53905

50056 LEOMEHEM3560 5EF0BOL BLOJ0ZMMO FH030, BsAMYs0dYII0s S BoToloHaY,
3L 99339 LBEGHSBOW MO bolismMO 593V, (3b50s, MM BLOZOJMMO EGH030L 0BTl F9BEGHMMgdOL
9o6x39bs dboMg, 560 0gb69ds OMDBY ©IMI0©YdIMwo b6y 23996905 33(9MmbdorBo  bsbols
©O0R979b305¢7 650 856(H2¢m9Bs:
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Z=f), (1)
LoO3 X BLOJOZMMO BHO30L MOMmPYbMdM030 sB396909w0s, bmem f(x) o3 dsB3969d9 by
05030009090 300bmdos.

5090 235436 mbo bhszombstemo dwgmdsegmds, bsos M f(x) imbdgost g3l
mmbo BqLigo X1 < Xy < X3 < Xy. 85906, d9BML MgMOHIOL M9BbTo, 0L MbsdMME 0ymys (X — X;)
0®F936098%9, Losg =14 05036 g @mOFgz6900 M5  9OmBbgnby  FHB0z50
593000900, 30300900, M f(x) 53mBJE0sL, Y39esbg Bmysw 99dmnbzg3s5d0, 593L 99990
Loby:

fG) = g (o) iz, (x — ), (2)

bos3 g (%) 36J305L 565 593L BYL3IDO, M3 00D FoTMBOBIMYMBL, H™A B396L LolEYdal 53l
dbMEMmE Mmmbo BEsE0MbsG¥o IYMToMgMds. Bsdolosdy, g(x) i3mblgos 0bsMBMbBgdl bodsbL

9699 96 b OYBIOM0Y, 96 Lryew »MsBYMBOMO.

©o©Id0mo g(x)  BMbdz0s 393egbsl 396 IMobgbl LEBHSEOMbIOIEO FgMGHowgdol
0003M5MdbY,  bmerm  Motygmzomol  Jgdmbggzsdo,  F9gaz0dwos  T93(339¢0MM  MHZOM
x 053969090l 60dsbo s IyMoE™dOL bolosmo 56 TgoEzewrgds. Fodslosdy, LobEgdol
9003M5MO0L  boliosmol oLy gbs, L3sMobos gobgobowrmm Fgdgao Bomgds@ozMo

990!

dx

o = i (x = 50). 3)

dat

LoLEB9Aol FobssMLOID oMby, 9a30dw0s 35dYsMM™ F9dga0 Fglodsdolmds,
LoLB9AoL bGsEMbsME F9MEH0EgdLS s BLOJ03MG FH039dL FrMoU:

* X1 - 393G IO $H9d3gcsdgbdl;

® X, - JmgmHo3ol $9d39Msedgb@L;

® X3 - 39wobdmeozol ¢9d396sdgbd;
® X, - LoBa306030L (H9gd396599bFL.

10

£(x)

X

Bob. 1. 8o00985¢3034900 (3) deaggerols otrx3gbs Tbsmol BBzl 3Msxgozo
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1-9c00 65bsH0sb 2odm3obstyg, (3boos OMI X1; X3 LEHGOMbsMo dYMIsMIMdYGOO
9003505  05376M30L SBOOm, bmerm X;; X, 9EAMIMIMIGP0 - 5M58YM0s  I3069
399930090900L 0.

99-(3) 9mYol B5BsBg, 3MIol sdmEsbol 3bso Lobom, sbsEOBMGsE STMbLBS oM
bgebgds, 949sb  399mIEobotg, BHMogIBHMM09d0L  Ladmabgws, LoFoMms  gob@mergdols
603530000 58mbsblbOL 3365 MMBYI-399GHL BgmmEom, Ib3gsolibgs Lsfyolio 306MdYdOL MHML.

Given

%}’(X) = ({Y® -D-Y® -2)-® -3)-(y® -4

dx

y(0) = 3.¢

y = odesolve(x,4.5,100
x:=0,0.05.4.:

k

Yix)

L1
x
Bsb. 2. 30my®s0s Mathcad-bg 5 GMsgddmMos, Gmags y(0) = 3.5
3°003wgd0  330839690L, MHmI  LoLEBHIIOL  GHMS9IGHMM0gd0  FoolMmHx3z0L  Msbwmqlo,
90M50 LBEBE30MbIOMWO F9gMHEHOEgdOLE39b.
4. 3153365
5060250, 303m30539L  QLOJo3ME  Go3ms  3EOLOBOISBEO0L  BIBIYY, B3x6 935890
3™b6(393GH oMo 5 350093530300 IMmEIWwgdo, o353 LsTPWwgds Mgk 99339LFogws
13L0gozMNO Godms 06gJuol O0bsd03s. MMM ©0bs03s 230839690, BgATsdEmO
39wsbgmmwom®o #Hodolb 3HgddgMedgb@o 8aMsos oMy 8933mmadgd0l d0dsMmm, MoEysb dom
063HM39OGHWwo  bolosmo 9d3L, bmwm  JmwgMHozMwo s Lsbaz0b039m0  3H9d396Ms996E0
99bG®939MGHE05 S 39883MmM7d9gd0L J0doMm B53edsE© TEYMSO.
WOoB OGO — References — JIureparypa:

1. Personality typology in psychology. https://nadpo.ru/academy/blog/tipologiya-lichnosti-v-
psihologii/ (in Russian, 18.11.24)

2. Obgadze T. (2015). Mathematical Modeling. Monography. Georgian Technical University.
Thilisi, (in Geogian)

UAsHos omgBeyeros 01.12.2024)
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MATHEMATICAL MODELING OF THE DYNAMICS OF MENTAL TYPES
HYPOCRATESAH

Tamaz Obgadze!, Maia Shevardenidze?

1-International Academy of Engineering (IAE),
2-Phasian Academy

tamaz@mail.ru ; m.shevardenidze@gtu.ge
Summary

The theory of mental types of Hypocrates is studied, where four types of temperament
are considered: choleric, phlegmatic, sanguine and melancholic. A conceptual as well as a
mathematical model. The question of stability of stationary states of the dynamic model is
studied. It is shown that the phlegmatic and melancholic state of the system is stable, and theMe

choleric and sanguine — unstable.

(Received 01.12.2024)

MATEMATHUYECKOE MOJEJIMPOBAHUE JVUHAMWKU
IICXNYECKHUX TUIIOB T'MIIOKPATA

Tamas O6razaze’, Mana IlleBapaenuzse?

1-MexxpyHapogHas uHxeHepHas akagemus (MHUA),
2-Pasuckas Axamemus
tamaz@mail.ru, m.shevardenidze@gtu.ge

Pesrome

I/ISY‘-IEHH Teopuiad IICUXWNIEeCKHUX TUIIOB FI/IHOKPaTa, rae paCCMaTpHUBAETCA YETBIPpE THIIA
TeMIlepaMeHTa: XOJIEPUKH, (IerMaTUKy, CAaHTBUHUKKM X MejaHxoauku. CTpoHTCca Kak
KOHLEIITyaJIbHASA, TdK ¥ MdATeéMdTH4Y€CKasd MOJEJIb. I/IBY‘-IEH BOIIpocC yCTOfI‘{PIBOCTI/I
CTalMOHApHBIX COCTOSHUM AuHamMmudeckod Mmogenu. [lokaszaHo, uTO GiaermaTudeckoe Hu
MeJIaHXOJIMYeCKOe COOCTOSHUE CUCTEMBI YCTOMYMBO, & COCTOAHMA XOJIepUKAa ¥ CAHTBUHUKA —
HEYCTONYUBEI.

(Iloctymmna 01.12.2024)
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300630 LBfogegdol mgEr0®@gds 5653355300 LOAMSZEMGaS
0gm©®0o0ol LsgdzgebHYg. 303790036900l

}96d300L 009gbEGH0B03E0d
5H0b 3sd9m30
LogoMm39wmb ¢9gdbozmemo mboggMLo@gdo

azizmamedov2022@gmail.com
M9bomdy

396b0EM@0s 565935830M Ma030L FgMPYdOLS s 39d9B0BIGdOL sdmygbgdol Lszombgdo
dmbfog3wgms 3mbol dgloggsligdes® 30 obazmo LHs3eolsL. FgammegzsHYOMW0s BMOTSWO-
D900 S BHILEHMYOMWO d0w0bya3MMOo Lfogwgdol IGMNMEO 5M5335830M LOIMSZEYMS MJMMHOOL
L533d39BY.  IMEOBOBFOMPOMWOs  50593580Mm  FMEIWOL  00I6EH0B0Is300L  39bgEH03WGO
990, S - m®dol d03m36900L 363008 0IBEH0B035300LIMZOL.

1553356dm LoBY3900: d0W0bA3MMO LFagzwgds. 5M5TISR0M WMA03S.

1. 99bsgoero

0006937960 45650905 (396 G90mbgq35d0 049eolibdgds, s6538MdE0G gbsBg Logzwgds
L5d996930LdgBY3germ 9360gMgdOL Logbgdols. Jsge0Ms, 8509d5E030L, B0DBOZOL s b].), dsenby
»03M3bMB05MY I ,I0ZIGMMO 3MI39L05, HMYMO G TJOMOMEMROWOO, SBg3g F9BoLYdOL S
3oMHM308 035LsBOOLOm. 5g LsgEolbdms MmO Mod: MHMYMO 37 HBMME3gw3gmm Jmlfogwgms
3MEboL 930 gdgo  53500930M0 Mb) o M59Ybs TgLodsdoLoE FOLEYds ol oy
5m30L90wo  MbsMmgdo  3mb3MgEHE Lodobdo, MmI dozowmo d90IYA0  PosfY39G0MYdgd0
L300l 3GmEgL0L goliowmdx mdglgders.

000693960 Bfjogerols JoBsbos LOHEYMBOWO FobsmMEIgdol BoMgds yzges Bogsbdo Moms
b398, 300MMb MsbILHMMO AsBsMEds S 530 0MABML LoBMYsMYdOL LEOVIEYMBOE
093050, OmamOE LO3MEm gobozme  xamndo, 8939 ©MIoBBEHO gmbogMMo  xamBoL
0om0moa9gbgems  Fmol.  doobazm®o  Logwgdols 3gMom@do 3960  04bgdms, oYy
dmlfogmgms  GgBoligdsl  AobsbmMEogwgds mMo  B3gEgoswolb@o, gbol s  3MbB3MgGHwo
©OoLEO3WOoboL.  BHLGOMYds,  MMIgEoE  Sbws  2s8Mm0yghgds  dowobazmMo  Lfogwrgdols
395355900bmM30L  30WMEHO Lo sbdsbomgdwm  sfglgdmwgdgddo, ™o30L ™s3d0  IMO(33L
AG9ILAIOOL F5MFBH0390 BMOTNOMYOL — ,Ob / M5 . Fgx3sLgdol gl Imgwo y304dbol
dbMwMmE 805bMmgdMeE §omBmEygbsl Imbfagerol F9885M0¢) (3mbsBHY. 5doLmsbsgg, BHILEGH0MYdS
90393l 9990bg93000mdOL 9gargdgbBl, Mo Id3909os.

[1]-9¢» BsdO™MIdo  Fgmmoz35HgdMos 5053358300  ma032)M0  ©ol3zbol  dgdsbobagdol
399mygqbgds  Bmbfogmgms  3m©bol  dgLogsligdws®, MMIgwos  2obMBO3MgEMdOL O™,
©EJoLLMZ0L  FoMdMogbl  gMMs©YMH  FgomEL,  Bfegol  36OHm3glbol  dgxgsligdols o
doO»30LomM30L [2].

50b0dbme  bGs@Gosdo  BsB3zgbgdos, GM@I  dmbfsgwrgms  Fgloxgaligdwos  9Ju3ge@gdl
2969L5BM3M30 S-EH030L F0336900L Bbdi0s — (4)-(5), (bsb.2.) [3].

9mbs399900  50gdM0s 08 SBYMBs0XBIo  FMFoxzggdol  Logargdol Tgz3slgdolsmazol,
O0Igems JIMdE0OH0o 9bs sHYMBS0X BME0s s BFs3wmd9b JsMommesc.
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Logdg ooy, MM M FoMEGHM 3MbB3MgEHMo Boabols Jglfogerobsls, sGsdg dmbfagzeggdol
bbgoolibgs LmEomewe xamndo  LHsgzwgool, Lsabols smz30lgdol  ©mby bbgsolibss. sdo@md,
SMG30WYdIE0S Ym3ger 9MHmy35mm3sb  Imbfagargms xaMBobsmzol  d03mmgbgdol  gmbdzool
00096308035309s. B396L 9dmbggzsdo S Ho3ol 803m3690L BMBJ300L 3sMedgB™gdol - d(dy, d;)
d9935b900.

2. 3060m5©O bsfjogro

56503580m  ImEIgdol  0©IBEH0RB039305 MO0E3L  356MTYGHOM,  LEAHOWIBHMOME  ©s
300600 Lobol ImEggdl [4]. 35659GOMwo  009bEGH00353008 OML  3bMmdoos
9037369008 BMbJ300L Lobg s 00096G0530353008 5MEsbsL  Fgoygbl dobo  35687EJd0L
39bLsbO3M..

LEAHOMIGHMIOMO  0IBEHOBOIIG00L OML  AobOLIBEOZMYds, OMYMOF  A9HY39EHO OOl
Dotmdmgdol glgdol MHomqbmds, sBg39, 3039m36900L GBmbdEos.

30060Mwo  0I6GH0B035305  FMm0EI3L,  OMYMEE  35M0dgBHOME  oby  LEHOIGHOME
09630g30353090. B396 G93mbg935d0, MMM BgImom 50360369m, 33 olbdmdm, ™A 3bmdowos
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MODELING BILINGUAL EDUCATION BASED ON FUZZY SET THEORY.
IDENTIFICATION OF THE BELONGING FUNCTION.,

Mamedov Aziz
Georgian Technical University

azizmamedov2022@gmail.com
Summary
The issues of using fuzzy logic methods and mechanisms for assessing students' knowledge in
bilingual education are discussed. A formalized and tested bilingual teaching method based on fuzzy set
theory is proposed. A genetic model for identifying a fuzzy model is modified for identifying an S-shaped

assignment function.
(Received .2024)

MOAEJIMPOBAHME ABYA3BIYHOI'O OBPA3OBAHUA HA OCHOBE
TEOPUU HEYETKUX MHOXECTB. MIEHTUOUKALIUA ®YHKIIUN
NPUHAJJIEZAKHOCTH

Mamegos A.
I'pysunckuii Texuudeckuil YHUBepCcHUTe

azizmamedov2022@gmail.com
Pestome

PaccmaTprBaioTcss BOIPOCHI HCITOJIB30BAaHUS METOLOB ¥ MEXaHU3MOB HEUETKOI JIOTUKHY IJIS OLIEHKU
3HAHUI y4YalluXcs IpU ABYSI3bIYHOM oOyueHunu. [Ipeztaraercs popMaan30BaHHBIN U allpOOMPOBAHHBIM
METOZ, IBYA3BIYHOTO 00yUeHUs, OCHOBAaHHBII Ha TEOPUU HEYETKUX MHOXKeCTB. ['eHeTYecKas MOJeIb AJIs
nIeHTU(UKALUY HEYeTKOH Mozenu MOLubHUIUpOBaHA A1 HAEHTUDUKAUUU S-00pasHOil GYHKIUH

HasHAYEHMUS.
(HIoczymnna 2024)
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LEVERAGING ARTIFICIAL INTELLIGENCE FOR MONITORING NEOVASCULAR
AGE-RELATED MACULAR DEGENERATION PROGRESSION

Gotsiridze Irine, Surguladze Mariam
Georgian Technical University

i.gotsiridze@gtu.ge, mariam.surguladze25@gmail.com
Abstract

Age-related macular degeneration (AMD) represents a significant global health challenge,
particularly in its neovascular form (nAMD). Current monitoring methods of nAMD often rely on
subjective interpretation and frequent clinical visits, which present challenges for efficient management.
OCT imaging plays an important role in nAMD disease activity assessment and management.
Ophthalmologists estimate the number of hours they dedicate to analyzing OCT data for disease activity
markers such as fluid, thickness or atrophy, and there is a corresponding increase in time when
interpreting more than one scan per patient in busy clinics. Specifically, OCT image interpretation
involves the use of the clinician’s knowledge and especially prior experience. Recognizing subtle changes
in fluid presence, thickness variations, or structural alterations requires meticulous attention. Over-
reliance on subjective assessments may result in unnecessary treatments or missed opportunities for
optimizing patient outcomes. By integrating Al and advanced machine learning algorithms with optical
coherence tomography (OCT) imaging and clinical data, the system can aim to provide precise, automated
insights into disease progression. This approach in diagnostics can enhance early detection of subtle retinal
changes, enable measurement and comparison with previous images, optimize treatment strategies, and
reduce the burden on healthcare systems, ultimately improving patient outcomes and quality of life.

Key words: ophthalmology. Neovascular age-related macular degeneration. Optical coherence

tomography. Artificial intelligence. Deep learning.
1. Introduction

Vision is our dominant sense of cognition, as we perceive up to 80-85% of the information through
the eyes. Globally, at least 2.2 billion people have near or distance vision impairment. 1 billion of these,
vision impairment could have been prevented or is yet to be addressed (WHO). The leading causes of
vision impairment and blindness are: refractive errors, cataract, diabetic retinopathy, glaucoma and age-
related macular degeneration.

Neovascular age-related macular degeneration (nAMD) is a significant cause of irreversible vision
loss in older adults worldwide. 8.7% of the worldwide population has age-related macular degeneration,
and the projected number of people with the disease is around 200 million in 2020, increasing to 300
million in 2040.

Age-related macular degeneration (AMD) is an acquired degeneration of the retina that causes
significant central visual impairment. There are two types of AMD: dry and wet (neovascular). Most
people with AMD have dry AMD (85-90%). This is when macula gets thinner with age. It usually
progresses slowly over several years. There is no treatment for dry AMD.

Neovascular AMD (nAMD) develops in 10-15% of all AMD cases and is characterized by abnormal
blood vessel growth beneath the retina, leading to fluid leakage and severe central vision loss. While anti-
vascular endothelial growth factor (anti-VEGF) therapies have revolutionized treatment, their efficacy

depends on early detection and precise monitoring of disease progression. Current methods, such as
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regular OCT imaging, are effective but require frequent visits and rely heavily on subjective evaluation by
clinicians. There is an urgent need for innovative tools that can address these challenges.

A multimodal imaging approach is essential in diagnosing and treating AMD, utilizing several
modalities including fluorescein angiography (FA), indocyanine green angiography (ICGA), structural
optical coherence tomography (OCT), and OCT angiography (OCTA). Optical Coherence Tomography
(OCT) has become the cornerstone of ophthalmic imaging, generating around 30 million scans annually.
Its ability to produce detailed, high-resolution images of both retinal and choroidal structures makes it
invaluable for monitoring disease progression and evaluating treatment effectiveness in ophthalmology.

Ophthalmology is currently on the spotlight with regards to use of AI mainly because most diagnosis
and treatment involve image assessment. These technologies are exquisitely suited for recognizing patterns
and analyzing images which is useful when dealing with the vast volume of images, especially, when
managing retinal diseases. The systematic and standardized approach to retinal imaging has facilitated the
development of Al algorithms that can assist clinicians in detecting subtle changes, identifying disease
patterns, and monitoring treatment responses with increasing accuracy and efficiency. Table 1 sums the
performance of Al algorithms. Deep learning (DL) played a key role in this progress, which has led to

breakthroughs in information technology via the utilization of tools for feature extraction.

Representative Works of Al in AMD Tab.1
Sensitivi Specifici
Year Reference Focus Dataset AUC v P R4
(SE) (SP)
2017 Burlinaetal. AMD grading CFPs, 213,997 images 0.96 88.4% 94.1%
2018 Kermany et al. AMD diagnosis OCTs, 207,130 images 0.999 97.8% 97.4%
AMD i
2019 Peng et al. ) severity CFPs, 59,302 images ~ 0.94 59.0% 93.0%
classification
2020 Yan et al. AMD progression CFPs, 31,262 images  0.85 / /
prediction
2020 Erfurth et al. Fluid quantification in OCTs, 24,362 images / / /
AMD
2021 Yan etal. AMD biomarkers OCTs, 56,091 images 220" 80.09%-965% /
interpretation 0.992
OCTs and OCTAs,
2022 Jin et al. CNV activity in AMD s an > 0980  89.6% 95.6%
462 pairs

2. Actual AT Algorithm Design Diversity Review for nAMD

Color Fundus Photography is the most widely used screening method, which can identify drusen,
geographic atrophy, retinal hemorrhage, and other lesions. Because it is a fast, non-invasive and cost
effective benefits, CFP is indeed significant in screening AMD populations. A DL algorithm based on CFP
was able to fully automatically diagnose and grade AMD with an accuracy comparable to
ophthalmologists. Novel improvements in Deep Learning (DL) algorithms have been shown to improve
the diagnostics and prognosis of AMD. Burlina and Peng proved that the DL models could effectively
evaluate the AMD severity and even predict the disease progression and the integration of multi-modal
data, including fundus photograph and genetic data, from the aspect of clinical diagnosis and treatment,
showed that DL has good application prospects in the field of individualized diagnosis and prognosis [6].

Optical Coherence Tomography (OCT) can display the status and lesions of the macular region of
the retina. In 2018, Kermany et al. demonstrated their innovative approach using transfer learning
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requiring significantly less training data than conventional deep learning methods. When applied to
optical coherence tomography (OCT) images, their system could distinguish between choroidal
neovascularization (CNV) and three other conditions with remarkable precision. Their model achieved
an accuracy of 96.6%, sensitivity of 97.8% and specificity of 97.4%, reaching the level of senior
ophthalmologists. [8] Increasing numbers of investigators are employing artificial intelligence algorithms
for quantitative analysis of various parameters noted on OCT images. A recent contribution in this area
was provided by Schlegl et al. who created a deep learning network that can automatically identify and
quantify subretinal fluid (SRF) and intraretinal fluid (IRF) in OCT. Their fully-automated measurements
were very close to the clinician annotations. [9] Erfurth et al. also used a DL algorithm to identify and
quantify retinal effusions, including SRF, IRF and pigment epithelial detachment, and explore the
relationship between the amount of effusion and visual function after intravitreal injection in AMD
patients. [10, 12] Yan et al. used an attention-based DL algorithm to interpret the activity of CNV on OCT
images to assist doctor to diagnose AMD. [11] Liefers et al. also quantified multiple key features on OCT
images of early and late AMD patients as biomarkers associated with disease progression. [13]

3. Deep Learning to Predict Progression of Neovascular AMD

In prior significant studies, researchers developed deep learning algorithms to predict the
progression from intermediate age-related macular degeneration (AMD) to advanced stages, including
geographic atrophy and neovascular AMD, particularly in individuals with unilateral neovascular AMD.
For neovascular AMD conversion, key pathognomonic biomarkers, such as drusen volume, area, average
thickness, and the vertical extension of hyperreflective foci (HRF) within the outer nuclear layer (ONL),
were analyzed and ranked based on their prognostic value. One study achieved a 2-year area under the
curve (AUC) of 0.68 for predicting neovascular AMD conversion, with a specificity of 0.46 at a sensitivity
level of 0.80.

Russakoff et al. utilized deep learning models to predict the progression from early or intermediate
AMD to neovascular AMD using OCT biomarkers. Their analysis, conducted on 71 eyes with intermediate
AMD and wet AMD in the fellow eye, applied two deep learning networks. For AMDnet, the AUC was
0.89 on OCT B-scans and 0.91 on OCT volumes, while VGG16 achieved an AUC of 0.82 on B-scans and
0.87 on volumes. Biomarkers near the retinal pigment epithelium (RPE) influenced predictions for non-
progressors, whereas the choroid and regions under the RPE were more relevant for progressors.

Banerjee et al. introduced a hybrid modeling approach combining radiomics, visual acuity,
demographic data, and deep learning. Their sequential model predicted exudation onset over varying
timeframes in early or intermediate AMD eyes, achieving an AUC of 0.96 + 0.02 at 3 months, 0.83 + 0.04
at 6 months, with performance decreasing at 12 months (0.77 + 0.06) but improving at 18 and 21 months
(0.90 + 0.06 and 0.97 + 0.02, respectively).

Similarly, Yim et al. proposed an Al system to forecast exudative AMD conversion in patients treated
for wet AMD in one eye and early-intermediate AMD in the fellow eye over six months. Using a single
OCT scan, the AI system outperformed five experts and matched the performance of one optometrist.
When provided additional clinical data (historical OCTs, fundus images, demographic data, and best-
corrected visual acuity), the Al system still surpassed five experts and matched one retinal specialist,
demonstrating its robust predictive capabilities.

AT applications in ophthalmology still have numerous opportunities to become more effective. The

successful clinical translation of Al systems depends on combined efforts between ophthalmologists, data
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scientists and regulatory bodies to bridge present gaps. The prediction accuracy along with generalizability
can be improved through data integration in multimodal systems which unite fundus imaging technology
with optical coherence tomography (OCT) elements and clinical documentation techniques. Large
datasets alongside diverse content that represents the target population need to be developed in order to
achieve robust model development. The successful integration of Al systems into clinical processes

requires both improved understanding capabilities among explainable Al algorithms and clinician trust.

Biomarkers and Imaging Modalities in AMD Progression Tab.2
. Imaging ..
Biomarker . Significance
Modality &
Drusen Volume OCT Indicator of progression from intermediate to advanced AMD.

Associated with the vertical extension in the outer nuclear layer

H flective Foci (HRF) OCT
yperreflective Foci ( ) (ONL), predictive of disease conversion.

Subretinal Fluid (SRF) OCT Indicates active CNV; quantified for monitoring treatment response.
Retinal Pigment Epithelium OCT Biomarkers around RPE regions differentiate progressors from non-
(RPE) progressors.

4, Conclusions

The combination of deep learning technology and optical coherence tomography (OCT) imaging
analysis presents significant opportunities for advancing AMD patient care. This integrated approach
enables early detection of neovascular AMD conversion, facilitating timely specialist referrals and prompt
initiation of anti-VEGF therapy. Such proactive intervention helps prevent permanent vision loss while
enhancing visual outcomes and patient quality of life. Furthermore, deep learning models (DL) can analyze
imaging biomarkers to generate accurate functional prognoses, allowing healthcare providers to develop
optimized patient visit schedules. This data-driven approach leads to more efficient resource allocation
and improved treatment efficacy, ultimately advancing the standard of care in ophthalmology.
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M9bomdy
Sb53m9b 9393000900 3539 IMH0  ©IRI0gMs30s (AMD) fo@dmoygbl 960d360wm356
B3WMBSME R SBIOMIWMOOL  godmf)3935L, FoBLOZMMEMGO00 Tolo bgm3zsL3MEIsmHIEO  BMMTOL
(nAMD) bsbom. nAMD-0l s®lgdweo dmbo@m®obaol dgommegdo bdoMms 9ymbmds bLvydogd@®
0639M309G5305L s 3530963gd0L oM 30H03GHJOL 3er06039080, MoE FoMBmoagbl ©ss350gd0L
99%39dEHO0  FoMmN30L  45dmfH3939L. M3GH03NO 3M3gMHgbGH o GHmImyMozgool (OCT) bwmEsmgdo
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9609369cM356 MMl SLGWMEgdl nAMD-0b 5gd@om®™Mdol F9z3sL9dsLs s FoMmMZ530. MBMOETM-
©WMYgO0 9BoLYIGD 08 LOsmMGOOL MOMPYHMOSL, MMIWGOLs3 0Lobo MMIMdY6 OCT dmbs39dgdols
565¢0DBL, 553500900l 5JE0MO™MdOL JsM39Mgd0L Tgbogsligdes©, MMYMEOOES LoMbOL sOLYGdMDY,
05MH0L bobdg 96 SEGHOMBos S FGLodsTOLOW, OE 3e0b039080, Mom™M 3530960l ghmbY IgEHo
LMoL 06EIM3MYES300L  Fgdmbggzsdo, LFoMEIdsm WRGM IgBo oM. 3ghdme, OCT
399mbobMEgdol 063G M3MGHE30s 8033l 360boEolGol 3MmEbsly s gblsgMmegdom Hobs
399M3000905L. BLoMbOL SGBYGOIMBOL, 35MOL Loldol mvy dolo LEAHOMIGHMOMO 35600530900l
mdEotmalo  (33¢00gdgd0L  89dRbgzs dmombmgl  goblegMm®mdME  gMmOE®IOIL.  Ldg]EHE
39935L9098B9g d9E0LAYEHTS FMI0YOGdST, Gg0dgds 45FMOHZ0ML 5EMBLSFOMM I3MbIEMDS 96
3°9m@GH™3909  0dbgl 35309630l F9gag00L  M33H0d0BsEooL  Fglodwrgdermdgdo. bgarmgbm®o
063999 BHobo s Mobeglio 8sbdobmemo Lfogergdol seam®0mdgdol 0b3gyMo3z00m OCT-bmsb ©s
30060376 9mbs30090056, LobB)ds F9degdl s9350JdOL 3OMYMILOMGOOL dglobgd TgsMgdom
DM@, 93GHMI>EGH0DIOME bg3zsl. 99 ©0sabMLEGH03MMTs B0EAMISA Fg0dergds  AooIXMIGLMUL
3306090 Jumz0™3560 (33e0gdFIOL SEMYMEO A5FM3wgbs, Bo00 FoBMIZS S FJEIMYdS Hobo
3990bobmeqdgdmeb,  IMobEOMbML  Lsd3M@Mbowm  LEAMGI0JOOL  M3EH0T0DE0s,  Fgedi30MM™mlb
©AZ00M3d  XBs330L  LoLGHYIPPDY o  LOdMEMmm  x58d0,  gosgdxmdILML  353096EH0OL
3379665 mdol 99009900 s 3bM3zMHgdoL bodolbo.
(UAsG0s dogdrycmos 5.12.2024)

UCITIOJIb3OBAHUE UCKYCCTBEHHOI'O UHTEJUIEKTA JIJI1I MOHUTOPUHTA
TTPOTPECCA HEOBACKYJIIPHOM BO3PACTHOM MAKYJIAPHOM JETEHEPAITUU

lFonupupze U., Cyprynazaze M.
I'pysunckuii Texundeckuit YHUBepCUTeT

i.gotsiridze@gtu.ge, mariam.surguladze25@gmail.com

Pesrome

Bospacraas makynapuasn gereHepauus (AMD) mpezncraBiseT co6oil 3HAUUTENBHYIO INIOGAIBHYIO
mpo6JieMy 3IpaBOOXpaHEHHSI, OCOOEHHO B ee HeoBacKyipHoi ¢opme (nAMD). Texymue meTombr
mouuTopurra NAMD uacTo ommparoTcs Ha CyOBeKTUBHYIO HMHTEpIIPeTallui0 M 4YacTble KIMHUYeCKHe
BU3UTHI, YTO IPEJCTABIAET CIOXHOCTH A1 3(deKTHBHOro ympaBieHuA. Busyanmsanus ¢ IOMOIIBIO
ontudeckoil korepenTHoi Tomorpaduu (OCT) urpaer BakHYIO POJIb B OIleHKe U BeJleHUU aKTHBHOCTH
3aboneBarusa NAMD. OdrambMonIOrH OIEHNBAIOT KOIHMYIECTBO YaCOB, KOTOPhIe OHU YZEII0T aHATHU3y
nanabix OCT mia MapkepoB aKTMBHOCTH 3a00JI€BaHUA, TAKUX KaK XXHUAKOCTb, TOMIIUHA WIM aTpodus, U
COOTBETCTBYIOIlee yBeJIMYeHHe BPeMeHH ITPOMCXOAMT IIPU HHTepIIpeTaluy Oojee OFZHOTO CHHMKA Ha
IaIFieHTa B 3arpyKeHHBIX KIMHUKaX. B wactHOCcTH, mHTepmperanus usobpaxenmit OCT Bxmiouaer
WCIOJIb30BaHUE 3HAHWM KJIWHHUIMCTA U OCOOEHHO ero IpembIAylero omeiTa. PacriosHaBaHMe TOHKUX
M3MEeHEeHWH B IPUCYTCTBUM >XHUIKOCTH, BapHAIMH TOMNIIUHBI WJIK CTPYKTYPHBIX M3MeHeHHH TpeOyeT
TIIATeJIFHOTO BHUMAaHMA. Upe3MepHas omopa Ha CyOBeKTHBHEIE OIeHKU MOXKeT IIPUBECTH K HeHYXXHBIM
JIeYeHUAM WM YHYIeHHBIM BO3MOXHOCTAM JIS ONTHMMH3AIUM Pe3yJIbTaTOB JIEYEHUS IIaI[MeHTOB.
VaTerpupys MCKYCCTBEeHHBIN WMHTE/UIEKT M TIepefoBble aJITOPUTMBI MAIIMHHOTO OOydYeHHusd C
BU3yanusanueii ontudeckoii korepeHTHO# Tomorpadpum (OCT) m KIMHHYECKUMH JaHHBIMH, CHCTEMa
MOXXET CTPEeMHUTBCS IIPeJlOCTABUTh TOYHBIE, aABTOMATH3MPOBAHHEIE BUIEHMA O IIPOIPECCHPOBAHUU
3aboseBaHuA. DTOT IIOAXOJ B JUATHOCTHKE MOXXeT YJIY4IUINTh PaHHee BBIABJICHME TOHKUX M3MeHeHMH
CeT4aTKU, 0OeCIIeYuTh M3MepeHHe U CpaBHEHUe C IPeIbIAYIIUMHU H300paKeHUAMHU, ONTHUMU3UPOBATH
CTpaTeruu JeYeHHUd, YMEHBUIMTh Harpy3Ky Ha CHCTeMBI 37IpaBOOXpaHeHUS M, B KOHEUYHOM CdeTe,

YAY4YIIUTH pe3yJIbTaThl JIeYeHUA ¥ Ka9eCTBO KU3HH IIalleHTOB.
(Iloctymrna 5.12.2024)

107



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No2(38), 2024

30053Mmd0L Jogc §59mygbgdmeo dmdLobMgdgdols

J3MYI3o°
0mMb03g B53393)9d9

LodoMM39WMb G9gdbozm®mo Mboggdbo@gdo
tchakvetadze3@gmail.com

69bomdg
396b0EME0s 800536MMdOL IMALIbYOHGOOL BHEMBLRMMTS305 BHMOSPO(30YILN0, 5059539dGHwIMO ©S
Jomoeol  LobEgdgdosb bywmabam®o ob@gwmgddoom (Al) oGO, gsds®mEH0390MWo o
dmgdoasdgbg m0gbGHoMgdveo 4505(9Y39GH0wgd900l396. 65dOMaTo FoMdmyqbowos Hodlwmwols
3°9m{i3939%0, Al-ol sbs0g0MMm3g Fomfg3900 ©s LoxsGm  dImAbsbm@mgdol  396L39JEH03900,
I gdo3 046935 3039M39MLMbI0BYdIMWOo, bgerdobszmdo s dmbs3gdgdHy sxmdbydeo.
31939 9B39690L Bob, HMYMO b A9 I3IbMmM 53y35M10 BHEMBLRMMT>300L MBIbEgdO gmo3WEOo

@5 @MYoLEH0ZMO HOMIMEGdYOO.
1353396dm LoBY3gd0: LodMo3zMYOM TMILobMgds. bgermgbm®o 0bEgargd@o. LobEgds.

1. 9mdlssbeyMgds Al-0¢0g: BHEMo0E0IEro dmalsbm™mgdgdo

005360Mds gmzgermzol 3609369mm3z56 MMl sbMHgdEs LobmYsMYdsdo, Mbermbgzgem-
ymxyEs  MMEowgdgwr  3bdEogdl,  OHMamOmOEss  xoboE3s,  2oolivbogdols  Fgamzgds,
LoBMYIMYOM030 MBOROMLMGDS, A9BsMEGdS 5 OBRMLEHOFEBHOOL 4963000560905, MI3s, 50
dmdLobMH9d900L Jofimgds bAoMs bolosMIIMEs MMIMO G 5059539 GHwIM0, dOMMMIMEGH0IEO
©5 OO0 Fofigeromo, Mog J0INGdGE0s 500 oI IOMdOLS s 360d3bgEMdOlL QoM.

oLGHMOOWS®, INH3MMOOL 3OM(3959d0L OO bofools FoblsbmEmE0gMWIdsE LsFocMm oym
09360 35699500 Bo6935. 04693 U FooLObOEIDOOL oI, BsMMZ0L FM[FIMDdOL 53935 vy
d0BbgLOL MYPOLEGS30s. MFYEIJLMdS 00 5JBH03MBYOOLS, Groi Fmdoersdols BsMMYMBLL gerol-
bdMmds, dMomMbMzgs 93 5@F0s6gd0L  F0ge, BoHBOZMMO© Tolgersl  Fgbsdsdolo  LgMzoLol
909909 ©sfiglindMEgdsdo, 3MEIWO JoswrEol BmMIGO0m. ©EsT5EJd0m bEgdm®s bywwoom
53853909, M3 6085305 MY H0RIOL, IM5350 33060l H)ds39d0L MHML S 5 sd0s6wMO
3930M3900L o0 SEBSNMBS.

L5doboLEBHMMYOOL  ©I35MIESYBGIO0  TM30YdWs©  BMBJ30MboMYIs, 8o TmGOL
300960353056, Imbs(399900L goBosM9d0lL FoBbOom, Y)MH5EMGdS ®0MJIOL 56 9J39MS. FoQICPOMS,
9600 93505396 GH0L  FobodoMmol obobemgds 96 b03bs3s 93BG  BIBfgM9doL
33090sL b3s ©9g35ME896@GT0. IMs35¢0 Fg8mbggzs 0gm, MHMEILSE Bmdowsdggdo Lbgswsbbgs
©5)9b9d3™9g098d0 JOPBOO0T539 3MIM(39LL A9O0MPHY6 FMALbMEGdOL doMgdols doBboom.

0930mb690d0, Losg bswbo JmOL 3EbmgmMdL, dgbYMMwo Flodwgdemdgdol djmbg
306900, 96 obobo, 3063 396 Vgdem  LsdMIomID  OMGd0m  FobmogolbBwgds, 396
0bMR90wq0bg6 53 IMALIBYMYOGO0m. Lobgwdfomm mBolgddo 59300 2obLEBOZOWMWO bodwmdsm
L5590, B3 3093 MBOM 5330MGds §i30MTdL S LFMMg© gl F3MTOL b5309dMBS 0gm JOMHOMSO
30D9Ho 00 3059MB0EGOOL S Po0b0sbYdOL, M3 TbTsMdEYOL 3Jmbsm.
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DM, dmIALobm@mqdgd0, 2oblogzmm®mgdom 3o Lobgwdfogm ImdLobwemgdgdo, bdoMo
Bodm®Bgds  sbswo 8630900l  0bGHMeEool  3Mmi3gll.  olobo  dgddbowros  sligdolomgzol,
06003000w5¢ M0 Imdoesdqgdol 0bEHgMgligdol gom3zswobfiobgdols aomgdg. »OHPOxMmMdId0 0ym
D50 bobosmOl s 96 5MLYdIMdEs d9JoboBdo, GMIgeroE o 3MBIMYEAME #oMgdmgdgdby
9M905L gLodegdgel goboes.

©OEO  ©oMmOIbMdOL  LodMIdo, BoDBOIMYOO  OBFOILEGHOWIEHMOOL  LoFoMmgds
53590900l gLolM¥IEgdOE BOFOMM MBITIOMIGIOL MoMmEYbMdS, IMALIbMYdOL dofimey-
B0l 0M9dgdsl Bogdom dosel bEob. gl 30 BYY3s FMALIbMMGdIMS AOBIMCMYDLS
LEOHYEYMROL dOYRIHOL BOEOLS s OILMOLIOOL 2o6Mgdg. FgLodsToLO® VWOMYOMEGds Yobs
3990003900 BoJ@G™MO0 Lobgwdfogm dmdbobwMHgdgdolm3zol, Mog ©sdsEgdom Fs0 LESE0-
MbBsOMEl s (3300 g0900LS s J9BbEYdgdOL B0ToMrI0 BOLESW 59(30300.

3. 800530MBOL dMALSbYHIOIOL BHOIBLBMMIs30s
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5056 b5FoOMIOL bgerom Q5IbYOZOL;

> 9000360 3ev5HRGHd980: Sbs Imagzmdgdo Jdbosh 0bGaMoMade 30ROWE 3Wod-
R}MOIGOL, Losg  ImALobmEmgdgdo  3mblmwoo®mgdmeos. Al 6ol 93  0b63YAMO0MYOMEO
3G BMOHIGO0L Log3rd3zgmo, bosa Imbs3gdgdo MHY39@O© Po033wYdS 35O ESBEIOL FmMOob.
dmgdosdqgd d9odegds gobosbeml 0bxmMmdszos ghmbgwr s Al MHEOME39wymal, H™A Tgbsdsdolo
©93503599639005 3000Mb 99BYmd0bgds;

> 24/7 bgerdobspzomdmds: AI-69 ©sx3mdbgdwaro bgmdm@gdo s 3003w)sw)Mo solEgb@gdo
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L535e9g39d0m F50d Fgv9de0s M3slIbemb G930mb3gdL, sMHgOHML IMdbTsMmGdMgdL 3MrM(39L9d0 S
53LOYML BHOBBoJ309003 30. IMALIHLYMHGBGOO 5SS MBOM bgedobsizmdo dmdbdsMgderg-
doLM30L, B0 5P APGOIMIMBOLS S FobOOYOL JobgEH35;

> 390b2b5erobsgos: Al s@oym®omdgdo  5965woHgdl  06BmOTs300L,  Moms  2053900mUb
396LMbsE0BYdIMwo M93mI9bs(30900 FMALIbLMYdIOLIZOL. Togooms, Al LobEgds dgdargdls
693099605305 Fofoml dmgdosdgl Aol s69goedo Gqlsdsdolo dmAbobwIMmgdol dglobgd. 53 mbol
3960LMbO0Bs30s  MNHBOMB3gYMmaL, GMI BmJowsdggdds doomb dglsdsdolo s EOMMEO
GleMOT Y Ty ORK

> 859905289l9829¢00 3500PY9H0C900b Jomgds: Imagzmdgdo 04gbgdgb AI-L o dmbszgdoms
05Dl 9Bs0BOLOMZ0L, GImMS 39l  4o0aMmb  LEBMYSMIBOOL  BoFoMMGdYOO.  FoYIWOM,
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36OMAbMBME0 565¢0E035 5gbL 5695 gdL, HMAgd0E J0EMY300s 396gdMH030 MdIVIMYd]-
d0l39b, M3 Byl MHgmdL dmdosdggdol obEegs Hobslfsmo BmIgdol Fomgdsl. 56Msbs3wgd
3600369crm3560s, ™I AI-bL F9mdeos 2ooLEbIEIOOL MOMVWOMMIOLS s LsBMYsMIdOH030
056b930L bbgs 9M530BbMOdM0Z0 353mYynbgdol sbserobo;

> 85bOOOe0 06300 bowmmBs: Al-0 9gogbm  3mdLobwymgdol  6530m35690900 Lbgoalibgs
d9bP0MMwo  Igbodegdemdgdol  dmbg  5sdosbgdolimgol bdmgsbo dMAsbgdgdolL, 936Msbols
fo030mbogo  Imfgmdommdgdol s Ubgs sdbdsmg  GHgdbmemaogdols d9dzgmdom. mbosg
50059056900 0BME0MHIOMWo MY0Mmbgd0L sbers LEMAGOXMdID AI-Bg ©xwdbydmEro dmdo-
WIO0 33035(30900L BB30MbIGdOm, M3 506 15FoMHMIOL MFBoLYdIOL FoH0Z MM IMI0GdL;

> bsOx-9%993960 3503PY39H0C98980: 5530560 dBMmIol 993060900l s 3OME3gLYdOL
2999x mdqLYdOL gbom, AI-0 3603369crm3gb500 895930605 IMALIHHYMGBOL Jofmgdols bobrxqgdo. sbens
005360Md300 MBOM 939G 9b5Howgdgd  MglmELYdL, MoPb  BMIMBOMEYd0D 0d
1g39IOMGODY, OMIGOOEG LS FOMMIOL 5QT06wE BoEIY3L, FoROP0MOW, 30E0E0I0L 89d+)ds39ds S
360Bobyero dosbmgs [1].

4. bgeom3zbmo 063gwmgd@ol 8mdsgswmo Lsbgedfiogm gMgolgddo
bgwmzbm®o 063w gdBHol  29b30m0Mgd0l  BHEMSgdBHMM0s  4obLBE3ZMH3L  Labgdfonml
LgO30L900L  FMBozol, GOz  907500bgwo  3OMYPbMBYId0  1s3Tom©  IMOZ9RIOMZsb0 s
36OMaMgLe00s.  ImAbobmgdol  sbersbguo  dofimgdol  godxmdglgdol  d3gLmdsdo,
Lobgendfogm 51939 Imobds®ls Bsbdsbm®mo Lfsgargdol, dmbgdcmogz0 gbol ©sdds3900L, derm3zBgobols
Q5 36535¢m bbgs 3gdbmagnmaosts.

> 30396396b02b5¢r0Bsgos: bganmzbmedo 0b3gwgd@ol Lodwswgdom, bobgwdfogml dgmderos
30396M390LMbs0BYdMEo LgMz0LgdoL dofirmgds 3M9x39M96(30900L, J(3930L s MYsH EOHMIo
9mbs399900L Loggdzganbg. AI-0 gladerms 4oblsDBOIOHML oM 339290 S139JGJd0, Bmmbmgbgdo o
9m35(03056Mmd0L  LobdoMg  MHMOL  5I3WOFGHMS,  MMEILSE  Fmgowsdggdool  Fmmbmzbgdo
396L53M0MGO0” FoHE0Y, M3 30I3 MBOM o530 30390l MMMN0YOHNJIGGOL [2];

» 36m3b02Yemo  Jd0sGoz39¢mBs: Al g3 009995390 OHMEMOE3 OO 3OMabmbomMo 0d
A9609b(30900L, OMIMGOLSE  LEBMYSMIOJIO  FoOSD, oo TGOl 3MOBOLYdOL, MMIWGdo;s
9900905 (o63m0d3sL. 3MMAbmbmwo bso@ogzol Lsdmsmgdom, Lbobgwdfogmado M3gmgls
56056 8mIbogdmbo  356@gdogdol, 93mbmdogmmo  Mg3glogdol b gomgdmlb  (330EgdgdOL

3990393900l sbvbzgMo [2];
> 3330060 Joevodgbo: Al 2553639wqgdl 33300060 Jowodqdols 99ddbsl, Losg 9Msbgmosb

©5353006090o  LobiBgdgdo, GMIgdog dsMomwos  bgwmgbm®o  0b@gwgddom, MBRO™
98399EOS© 35005396 BHEBLEMOEAL, 9bgMROL, BoMBIbYOL s LBMPIMIIM0Z MBsBONHMYISL.
3b™3M930L bomolbo 599K MmdgEYds AYMIMBLMIL gOms [3];

> 9603960bs¢croo  fromds: bywomzbm®o 0bGHgwgdBHo  os3®m3dgewgdl 3083600 bgsmdol
50IMBRHZML, MM JJMAMSB0I0 M) LME0Mm-930bmd03MM0 BEyMdsMmgmdol dovbgszs Y3zgus
dmgdoeodgly 056sdMs d9ggdeoml Joomml Lobgedfogm Imdbabwegds [4];
5. 359m§)3939%0
©OEO 3MmG9B305ol J0bgO35, SMLYIMBL godm(j393900, MMIWGOILS3 F3MMdJd0 b
399993005300696, Moms bgarmgzbm®mo 0b@gwgddo 89v89MbYds© 0gml 0bEgaM0Mgdvyeo:
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> Jmbsggios  360200096605¢P1GMBs @5 bsRGDbYBs: Bosz 30050 Imbs3gdgdol
dmamM3930L5 5 5BsE0BOL 3BM(3gldo FMs35¢0 Jombgzs [omBmoddbgds 3mbxoabiaoswmmmdols
dgLobgd. ogzMmMdYdds bs @Osgbmb dB3osg 396mbgdo Bmbsggdms o330l Fglobgd s
MBHOH639wymb dmbs3g99d0L 209mygbgdols godF30M35mds [5];

> 0039630298:9¢285 ©5 bsds®0¢r05608s: byermazbm®o 0b@gargd@ol bobEgdgdo Gobzsglh 0od
90396 3mg0emdol d9Jabsls, HmAwgdoa 9gboderms s6LYdMdBIL dsmo Lffogargdols dmbsigdgddo. o0
dobbom, 8m30MMdYdT> Mbs Fmobobmb 0b3zglBoEos gmozMe bgwmazbm®  0bdgwgd@do,
6HmIgeroi OOHMb3ggmgL LETIMNEOBMBIL s 063w BOMEOMBSL [5];

> 0ROXCm0  0bmerszos: 8009Hgs35  0doby, O™  bgermgbammo  0b@gargdBHo  BEOL
b9dobsH3MIMOL, 330003 5OBYGOMBL Toblio, MMI MyMEgdgEymgow 50dmBbbyb olobo, goLss
56 59438 063H9MBgEBHB [i3omads 96 3oLsE 93005 30BONMO ASBIMEGds. doErolbdgzs Mbs ogmls
90356000 39BsmEdLS S 0BBOLEHMIEHIOSDY, MMTgd03 59 0BMEs30sL blboU [6];

> 9032900 RoHH2980: bgaomzbm®o 0bBHgwgdBo 39090Y3930wqd0ol dowgdol bggMmgddo
MBS MH90EMHIOMPOIL J10329M0 BsOBM®MO, MM 0530090 530300Mm SMILHMOO 250mygbgds,
396Ls3MM9d0m olgm aMdbMdOsMY LGGHMYdT0, MMYMMO35S BOTIMMMGIMOZ0 SOLOVIGdS
X 9563OM9gEmdol bydEm™gdo [5];

> bsdrdscgdol Bsbsz3e98s: 533HMAs@G0Do30s 6500030 Bosboa3wgdl Ledmdsm sowmgdls
390339 bgdGMOGdT0. 5doE ™I, g IoMbM3L MROM PO Y9IMHI YIS 39Fgd0L 450 5TBYdSBY
96 sbo 15539959396 FglsdsdolMdIBY, Moz Fms3MMdIOL LF0MYds [6].

6. ©sls3365

9330 96 56MH0L, HMI bgwmzbm@mds 0bEgwgdBHds Fosmdxmdgls dMs3MMdOL ImMALobwEmgdol
botolbo s LobMsxg. 3MMmEglgdol  93EMAsEH0BsE300m, BYEdoLH3MIMOOL QoBMOm ©s
9mbs39090Dg ©o8Mdbgdwo  oHY39BH0WGOOOL  Fobowroligdom. 00 9B  AIMPITEHJbO
BodBHMM0 dmdoesdg-Lobgudfoxzml MO0 MHmMdOL 4odxmdglgdsdo. 0¥9d3s, 0dolbomgol, Gmd
bgwmzbm@o  0b@gwgd@ol  Ladagdgwo  yzgws  dmgdoeodobmazol  0sbsbfjmeo  dobsfowrals,
3°0350obfiobgdmwo by ogmb  dmbsggdms  3mbxnoIbE0sMMGMdS,  LBodsMME0BMds s
BOBOMWO 0BMES30s. F9gMMdJOOL bgwwmzbmMo 0b3gwgd@ol 80dsMmgdom dMmdMHIMd,
dmombmgli olgmo LbobGgdgool dgddbsby gmEms®gdoL godobzowgdsl, MmIwgdos 9139JdGIOO,
90037600 5 06300 BomMo 0dbgds. g g LHmGs© 256bmM309wgds, bgwwmzbmmo 0b@gwrgddo
390dgds 0gml ©930m@309MH0 Lok s dmdbobmgdol bsbob (33eowqdsdo s Jmgosdggdols
3b™3M935L MBO® o BHO3L O 3MJGHO0ZMNWL dobob.

woBgM5GMs — Reference — JIureparypa:

1. Estonia's Digital Government and AI. We have built a digital society and we can show you
how. https://e-estonia.com (10.11.24)

2. Alin the UK’s NHS. National Health Service. https://www.nhs.uk (10.11.24)
Al in Public Safety. European Commission Al Watch. https://ec.europa.eu (20.11.24)
Smart Cities and Al. Smart Cities World. https://www.smartcitiesworld.net (22.11.24)
Data Privacy and Ethics. Future of Privacy Forum. https://fpf.org (25.11.24)
. Digital Divide and Accessibility. World Bank Digital Development https://www.worl-
dbank.org (1.12.24)
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7. Job Displacement and Reskilling. World Economic Forum. https://www.weforum.org
(3.11.24)

(UAsG0s domgdeyemos 15.12.2024)

EVOLUTION OF SERVICES USED BY THE GOVERNMENT
Chakvetadze Tornike

Georgian Technical University

Tchakvetadze3@gmail.com
Summary

The paper discusses the transformation of governmental services from traditional, ineffective, and
paper-based systems to Al-driven, streamlined, and citizen-centric solutions. This paper throws light on
the challenges of the past, Al-driven advancements in present times, and a bright future for public services
that would be hyper-personalized, accessible, and data-driven. It also shows a way to overcome the ethical

and logistical obstacles accompanying such a transformation.

(Received 15.12.2024)

SBOJIIOLO WA YCIYT, UCIIOJIB3YEMBIX IIPABUTEJIbCTBOM

Yaxkseranze T.

I'pysunckuii Texundyeckuit YHUBepcUTeT

Tchakvetadze3@gmail.com
Pestome

PaccmarpuBarorca  Bompocsl  TpaHCPOpMALMM TOCYJAPCTBEHHBIX YCIyT M3 TPaAUIMOHHBIX,
HedPPEeKTUBHBIX M OYMaXHBIX CUCTEM B OITHMHU3UPOBAHHbBIE M OPUEHTHPOBAHHBIE HAa TPAXK/IaH pelleHu,
Ha OCHOBe HCKyccTBeHHOro wuHTetekta (MM). B craree o06CyxgaroTca IpOILIbIe IPOGIEMSI,
coBpeMeHHble gocTikeHus MM ¥ mepcreKTHBBI TOCYZAPCTBEHHBIX YCJIYT, KOTOpble OyAyT
TUIIepIIepCOHATN3NPOBAaHHBIMY, JOCTYIIHBIMU M OCHOBAaHHBIMU HAa JAHHBIX. A TaK)Ke ITOKA3hIBAaeTCs, KakK

IIpeoAo0JIeTh STUIECKHE 1 JIOTUCTHUYIECKHE IIPEIATCTBHS, COIIYTCTBYIOIIIE TaKon TpaHC(bOpMaLLI/II/L

(Tlocrymmra 15.12.2024)
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1596356500gdem Bs0bRMMIs30m LoLZHIIOL ©I39wm3dgbEHoL
36m39LgdoL LOmeymes ITIL/Agile gommenmyogdols s
Jira-&ggdbmenmaool 0b@gaMsgoom

056 JoBo5dY

LogdoMm39wmb ¢9gdbozmemo mbogg®bo@gdo
otomachaladze@gmail.com

M9bomdy

396bom@os  Logsbdsbomrgdem  ofglgdamgdoms  TbsMETFIMH0  Loobgm®Iszom
LoLEYGOOL 53900l bS30MHYBO MsbsFgPMMZ9 06BMMTS30WO FgdbmeEMyngdol doBIBY. 39MIm,
ITIL s Agile 3900m@M©Mmy0930Lb @ Jira &gdbmemyool 0b@gyMogool Lsgmdzguwby, Gos
36009369 mgbs fiymdl bgwl IT 36Hm3gbgdol m3EH0d0DsEosL. Fomdmoygbowos dglsdsdolo
00BbgL3OM(3gLYBOL  A5ToMEH039d0L,  TGRoLYdOL,  3OHMOIGH0IXMIOL  5FogdOL s 09BsT-
96O ™dOL bgandgfigmdol sb3gd@Egdo.

1353396dm LoEY39d0: Lo sbTsbs0gdEIM IHgLYdMEGdS. LEOEBMOTs0m Lol gds. ICT LggMm.
36OHMyM53wo ©939w™3dgb@o. ITIL. Agile gom@MeEnMm0s. Jira ¢gdbmanmaos.

1. 3glssgsemo

Logobdsbsmgdm  sfglgdegdsms  9x9dBH0B0  FMbJz0mboMgds  360d369wm3boss
59300900  ICT bLEgOML Mobagbo Jow[g3gd0l sbYMP3sLS s SbOEPO MoMdOL 35EMYdOL
9mIbsYd5DY. ELYoLsMZ0L LM gdo, 1b03gMLOEHEJOO s LbZs Lolifogarm (39bEHMYd0 d9Tozs0
905  MMoboBs3oMo s Bgdbmwmyom@o  259mfizn3900L 0658y, OMIGEMS Qoo FMS
39Bfows© ©sdM30093)0s M9B5d9M™M39 LEobRMOMBs30m BHgdbmemyngdol 0bEgyMsE0sby. 50
30639Ju@do, Atlassian Corporation-ob Jira 9dbmeomaos goblogmm®mgdme Gl SlMwegdl
HMQMO3 30M9d3Hgool Fomm30L, 51939 LgM3z0L T9bgxTgbEGHOL 3MIMdWYTgOOL BMY350GdB> ©d>
d9L50580L0 YNMEMEMAO0IOHO dSBOL LOYIEYgma3sdo [1].

LgM30L d969x96E0L 3mbEYJu@do ITIL (IT Infrastructure Library) b&obo®&Hqdol go0mygbgds
396L3MMYdMo 36033690MmdOL Fo@9M9dgE0s. Jobo 93500 B0BBOS LyM3z0LgdOL botolbosbo
9ol 09, H©™MIGE03 53059MmBogdL IndbToMmgd9Ems dEmEobgdl. bGe@0sdo 2obgobowsgzm, mvy
M6 99mIE0s Bogobdsbosmegdm ©sfigligdmwgdqdl ITIL dgommmemaool 300b3039d0bs o
Jira obLEGH®MIIBEGHOL 0bGIAMo300L 99839Mmd0m  Tgbodsdolo  doBbIL3MMEILIIOL  oBsMEH039ds,
36MHMOYIG0MXMIOL 5850 S 15b5dTMMAMOOL bgerdgfiymds.

33193900 9B39690L, Gmd Jira ¢9dbmermaos, HMIGEoE 09300300390  3OHMYMTYO
MBHOHMD39wYmRol  gob300M900L  LBgHMTo  498Mm0YggbgdMms,  LoYbsbsMWgdIW™  Lgd@mEOTo
6535000 365d3H03M0  359mygbgdol 3m@gbEoswl germdl. dobo JoMHOMIEO Y30MELMdYdO
dmoiogl:

3603969806 3H080bsgosl s bgig0lb 9695009650l g5y B9lindst ITIL Uhsbos®dgdols
ds8s00bs; 5@T0boLBGSE0r0 3Geapglindol s3¢305¢H0Yoiosl s GOl g30b0d0sL; 360995980l
Js60030b5 @5 Jbom®0b30b 9R99AIGMBsL, Gsg 00em935 3GHmBm98980L bitrsiz0 0963030356000 @5
35000Lp5980b Ggbsdengdernmdsl; 3ersdgeadgbol s bghz0b980b 06398 ®sz00ol dglisdemgbermdsh.
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2. 3300930l 390030 > FoEYMIYB0

3d900MOMEMYP0s  5MOL 3309308 3OHMEqLoL  360d369wm3zs60  s13gdBHo, MoEABsE  0yo
396LsBO3M3L 33eg30L HotmDo@Hosl, LOBNLEIL S LEBEMMBL. 5©0b0TbXo 330930l Fotyegddo
996Bg0s Fg9geemo dgormgdol doamds (Mixed Methods), Gmdgeog 590005690 HGrgmes
omgbmdM0g, ol  bomobbmdMmog  33e9g30L  3H9dbozgdl. gl dogamds OO MBIgEYmgL
961535¢0dbEM03 9851935l S 0deg3s TgLodegdMdL, 33¢g30L Bo30mMbgdo Fobobowrml MMM
©IAHOWNO, 51939 BoOOM 3MbEJJUGHT0. LEObRMMTs30Mm LOLEYIGOOL 3OMYMITMEO 53035300l
999060l 3GmEglobm3zol  Iglsdegdgeos B30MOEIMHO /96 MBdOYIG-mMH0gbE0Mgdmwo  Lslo-
3MEbM 30309gd0L 3M06(303900L o0mygbgds [2].

> Jira $9dbmemaool 458mygbgds IT 36:m3qL90BY goblog MmO gogagbsl sbgbl. 39Mdm,
39000 Bs;0ol m»3z5cbsBOOLOm, IT 3GMmEgLYOOL FsOHMZs 9B MBOM LEAMIEIOOMIOIYWO ©S
36MAbMBoMYds©0, M5353 89593065 3OHMIWGIGOOL FMY39MmJOOL OM. LOMEYMBOWO Ao
30076030300 IT @s Ubgs 256gma0gdqdl dmMob. 3mdbo3zs30ol bs®olbols  aomdx mdgligds
d9L5dEgd9g0 A9BES BogHMM WHEGHBMOTOL 2odmygbgdom, MHMamMOss Jira Service Management.
5056 2960090l ML 3mMmOHOBsE00L EMby 36033bgermgbo ssdsmems.

bodmermem  xsddo, Jira  Ggdbmemaool  go8mygqbgosd  Lolfogerm  sfigligdmergdgddo
Loa™IbMBdWs®  2oBIMIEs IMIbAsMgdgms (IT 3g@lLmboseo, ULEHMPIBGHIO0 ©s 39PIFMAJO0)
3059mn300900L ™bY. 3mb63M9EMwo 990093900 800gd 0dbs om0 godmzombgzol T9wgyow.

3900339005  93Mgm3g ol 3OMdEYdgd0E3, MMIWIdoE ™Mb sbars  sbgm  3OMEgLYdL.
3530W0md, 06(998M3;00L boGorwyeng (Jira-bs s IT 0bxz®OILEGHOMIGHMESL FmE0b),  39MBlebserol
960630 (sbseo ©sbgMyowo LobiEgdol sbomzobgdws), 2695081300l boGorwemg s 5.0.

> ITIL 6oL IT bgMzolgdol FoMmm30lL bs39009bm  3GMed@ozol Bszdgdo (ITSM), Gmdgwos
96356905 MmOY60BoE0gAL Fomscro bo®olbol IT LgMzolgdol dofmgdsdo. 0o MHBOHWYB3gwymRL
300E0MmMY3oL  SBgmo  bgM30LgdoL  FsMMZom, BMIMBOMYIMEos 53  BYM30LgdoL  dBoBLgLOL
dmmbM3bowgdgdmsb  FgLsdodolbmdsdo  8myYz3s65g,  9BIIGHMOMOOL  AoMBAXMOJLYdSDY  ©d
9mdbdoM9d9wms  305YMB0gdol 5Fogdsbg [3,4]. Jira @9dbmemyools ss3@sEoom ITIL-0sb
090905 899090 3609369 m3560 Lvzombgdo:

o 8356bm@309e9800 bh®shgs0s — 8080bstg 3Om3EqLgdoL GG Fgz35l0ds s 3Mb3MgG Mo
Li3gOMYOOL LEMWYMGBOL QoBLIBOZMY; YEBHIWMMO BbMM309wdOL 3MMELYdIOL sRIRTZs (359009d0,
MH9LmOLYOO S 35LbolidyYdEMBYD0); (33¢0EGdIOOL dsbbMM30gEgds GsBgdT0;

* 5300980 G969x09690 — ©06GHIMLYdMo THsEIgdoL BsIN3s  3MMEgLOL @LLsfyolbdo s
0bx3m®domgds ITIL-0b dogdol M306ms@glmdgdby; TboMoFgMol s Mglyeligdol Mbevmbagwymes,
396LMbsol Jgamgdol oLEbBsMYdIWSE sHW FOMEILYOMB; 3OMYMILLBY M35yl ©93bgds s
B900L30gMH0 3OHMdEgIol IMYMm3badeog Fmygzo6Mmgds;

o Y2990 8590896985 — 3399008 s FGuBMEgdol IgBHMOZoL MY dmbo@m-
6H0baom MHg39@0 3omdxmdgLgdol 3 GHMOOL BsdMmYs0dgds; Imdbdsmgdgwms s 0bEHYMYLYdMEO
dbs9g00Leb 1313938060l F0gds S Fodmygbgds, 3030 LEEIYMBOL FobbmMEogwgdol dobboo;
39000b393900L FglFagers @ Fsg90mgdol sbsgroBo.

> Agile 8900m©MmEMo0l 8053500 B0Bsbo  3OMAMTMNWo  3OMgIBHJdol  F9ddbolisl  sGob
dmdbomds, 503GH0Mgds, LOLHGMORY S 93300090 MMOYbESE0s. Jira FHgdbmemyos byl
Mhymdl Agile d900m©IdL, GMYMOOEss Scrum s Kanban, Mg 3ol 3denoge obbG®Mdgb@e® 59393V
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3033odbme  3OMm9dBHgdbg  0mIMTs3g  3bgdoLm3oL,  goblogMmGgdom  3OMYMSTE0

MBOHM639wYmRol 2963056900l (939w ™3d9bEHOL) 0bMLEHMOsd0. OYIOLIMZOL  ABLS3MM-

69000 5JEH o mmos Lim®go Agile Software Development o Agile Testing 303G qdgd0 [5].
Jira ¢9gdbmemaool Hmero Agile 300999080 d90dwrgds sbg o35bslosM:

o o6 ©OMIo ®obsddOMImds (Real-time collaboration): Jira-boob gomo©  aw9bgdL
399900000 Mot MMIo  ©49393000EBID, 35Lboldygdemds F0sboFmb s  93MbEHMmMEMb
50m356900;

* 0395300 bsdMdsm bozogdo (Iterative workflows): 3590900l 0boo®mgds dglsdargdgeros
godbo®mgdmmo  B3MOBEHJOOL  Tgdggmdom b baMImdoMs©, #odmygbgdeo  Igom@mEMyool
Log3wydzqebg (Scrum o6 Kanban);

® 39dwmaol oMHM35 s 3MO0MMOEGYEH0Ds30s (Backlog management and prioritization): d9gdermado
153000bgd0L  I3MOMMOGHJ0S,  MOMS  M30M39EgL  Ym3wobs, Y39waby  3M0GH0INWOo  s8mEsBYIdo

99l IL.
Jira—b 9glodergdEMdy, b0 IMFoMHmL Agile 305d3H0390L, sGOL Ob, MHOL oBMmE 0o Pobs

369JBHJool  BoMmM30L  gM0-gMmM0  Y39gwsbg  3M3NWsmIo  0bLEGHMWIIBGHO  3OMYMSTMEO
MBOM639wYMmRoL 25630560930L 496 YIOLMZOL MBI MES© [6].
3. sls336o

0683060353090 Fgdbmemyngdol LgMzolgdol dsdmgzol (ITSM) LggOmdo 9x39dEH0sbmdOL
LEOHYEYMRS FMOMLMZL 9GS TBMEIME LOYOMSTMOOLM LEObIMEHJOOL A9TMYIbgdSL, 5M5TgE Toom
5033353058 36309 B o MmMRBOBIE00L BsFoMMGdgOLs S EIMISIH MYoEMdsBY. bsIMMAoL
060353099600 bolosmo dymBs@gmdl ITIL-0l bomzgmgbm 365dGH03900L 53EHOE0LS @S SHOEO
903990L F9tmm635H9d580, MHMIgdoE BOHMB3gymgl IT LgMz0L9d0lL 9539dGH056MdOL BOL.
33w930L 3603369mds MmM09bEH0M9dMwos dmbs3gdgdby ©Ixdbgdo 45fY39EH0W9dqd0L
900905B9, 30m395990L BEBIOEHOBIEF0LS s 93EMTGHOBE0sDY. HoMdmygbowo 3mbi9x0s
@5 90 9YMHbmds MgoemEmo dmbs3gdgdol sBoeobl, 3MMmEglgdol Mm3EH0d0BsEosl ITIL-ob
360b303900L sbTsM9gdom s Agile doaMmIol 06@JaMoE0sL Jira-l 459mygbgdoom.

woBgM5GMs — Reference — JIureparypa:

1. Machaladze O., Surguladze G. (2022). IT Infrastructure Management for Educational
Institutions. Transact. of GTU ,Automated Control Systems®, Nol(33), vol.2, Tbilisi, pp.113-117.
DOl.org/10.36073/1512-3979 (in Georgian)

2. Surguladze G., Papavadze S., Machaladze O. (2023). Information Society and Didactics of
Informatics. ISBN 978-9941-8-5443-9. Monograph. GTU. ,IT-Consulting Scientific Center", Thbilisai,
260 p., (in Georgian)

3. Surguladze G., Urushadze B. (2014). International Experience in Information Systems
Management (BSI, ITIL, COBIT). ISBN 978-9941-20-458-6. GTU, ,Technical Univ.”, Tbilisi, -345 p., (in Georgian)

4. Axelos - ITIL® 4: Direct, Plan and Improve 2020

5. Surguladze G., Petriashvili L., Bitarashvili M., Khatiashvili Kh. (2024). Software Development
and Testing Technologies (CASE, UML, Agile). Monogr., ISBN 978-9941-8-6334-9. GTU. ,IT-Consulting
scientific center”, Thbilisi, 2024. -303 p. (in Georgian)
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6. Jira Service Management (JSM). Atlassian. 2022. https://support.atlassian.com/jira-service-
management-cloud/ docs/what-is-jira-service-management/ (26.08.23)

(bAsHos GoegBeyemos 15.12.2024)

IMPROVING EDUCATIONAL INFORMATION SYSTEM DEVELOPMENT PROCESSES
BY INTEGRATING ITIL/AGILE METHODOLOGIES AND
JIRA TECHNOLOGY

Machaladze Otar

Georgian Technical University

otomachaladze@gmail.com
Summary

The issues of building information systems to support educational institutions based on
modern information technologies are discussed. In particular, based on the integration of ITIL
and Agile methodologies, as well as Jira technology, which makes a significant contribution to
the optimization of IT processes. Aspects of simplification, evaluation, productivity improvement

and development of cooperation in the relevant business processes.

(Received 15.12.2024)

COBEPIIEHCTBOBAHMUE ITPOITECCOB PASPABOTKHM OBPA30OBATEJIbHBIX
MHOOPMAITMOHHBIX CUCTEM ITYTEM UHTET'PAIIUY METOJOJIOT U
ITIL/AGILE U TEXHOJIOI'MU JIRA

Mauamazze O.
I'pysunckuii TTexundeckuit Y HuBepcuTeT

otomachaladze@gmail.com
Pesrome

PaccmarpuBaroTcss BONPOCHI IOCTpPOeHUA MHGPOPMAIMOHHBIX CHCTEM IOAJEP>KKH
006pa3oBaTeIbHBIX YUPEXJEeHUH Ha OCHOBE COBpEMEHHBIX WH(OPMALMOHHBIX TEXHOJOTHUH. B
YaCTHOCTH, Ha ocHOBe mHTerpaunuu metozosnoruii [TIL u Agile, a Taxxe TexHomoruu Jira, 4to
BHOCUT CyIeCTBeHHBIH BKiafA B onrtumusanuio WT-mpomeccos. IlpencraBieHbl acmeKTsl
yIpOlLIeHUs, OIeHKM, IIOBBIIIEHUA IIPOM3BOAUTENIBHOCTH M Pa3BUTUA COTPyZHUYECTBA B

COOTBETCTBYIONINX OM3HEeC-TIPOIleccax.

(Iocrymuma 15.12.2024)
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O6dEM3560 458mm3qd0 Igmmby 0bliBMmomeEr Mg3meEy30530
30MM0 b53yg3os

Logdo®m39wml 39dbozmeo »bogzgdbo@g@o
g.nachkepia@gtu.ge
M9bomay

3956bom@os WOHWdEM3560 bYM30LgdOL  F9630005MgdOL MBITIOOMZg TEYMIIMIMDS S
39613993H03900. IMO35¢0 OO @S 35B9MS 30335605, 0Tl bo3zws MM Ls3MMsMo Fgdbozmemo
d5Do 2965300050, 04oML d306050M0MY¥M0 BYIM39MJI0 s JUIOHO 535M1EHWIMS, S0BY35BL
MMOEM3560 1YMZ30L9d0L LolGMYGIWME 539009dL.  Lbgolbgs 3md3sbools doge dobds LHMsRs
doegdsd bgwo dgmfhiym dgmobg 0bMLEH®OMWo  M93mEmEo0l  2obgomeMmgdsl.  bsd@mddo
BoBoM9d0 330935 BM3L0MYGOME0S WOHWBIMZ60 F5TMM3EgdoL, MmO 3 0bEMLEH®MOS 4.0-
ol doM0mso 93509690  3mB3MbIbGHOL  TglodegdemdIOOL  2o5bs0BYdsBY. YMIE®IdS
3935b309d0s 0bEMLEMO0L 4.0 dmEIEOL POHWRIWMZ60 FodMM3gdOL S3gdBHgobY. 9bvY,
MMM 993000 250Mm309gbmo Lbgsslbgs sboero dom{jg3900, HMIwgdoa bgds OB ™36
3°0mm39030 S MMAMO Fgodegds 53 sboswo Fgdbmemaom@mo domfg39d0L Ps®mM3s 0bELEHMOs
4.0 Odmgwdo, 0LY3g OMAMOE OOMBEMZBO  ATMMZgdOL  FHYIbmEmyool  Asdmygbgdols
Lo F0MHMYds, ©930M5EJuMdIO0 S LOMMEY9d0 4.0 -0bMLEHMOsTo.

1553356dm LoBY3900: VOB MZ560 25dMMNZWYd0. 0bEMLEHEMOS 4.0. bgarmgbm®o 0b@gwgddo.

1. 8glssgsemo

OMdEM3zsbo  godmmgrgdo (Cloud  Computing) sGob  ,,0mbszgdms  gobsfowgdmwmo
©53M053900L  B9dbmmyos,  Losg  3MmI30@GgOIro  MHgbMbgdo s  LOBdEE3MYgdO
090535H909os  dmdbIsMgdobmzol  0bEgMbgd  Lghzobol  Lsbom”. 0b@Hgcdbgd ULgGdzoLbdo
09olbdgds s15939 WM sEE Jugendo 390 Ggdbmermyngdol godmygbgds {1}.

d0bgs35 0dols, MMI  ,,0OMdEMm3sbo  bgMH3z0L0”  FmIHTMYOEOLOYSD  FMTMMYOE
19MH39M90BYs 2oboY Mo s LMzoLoL fzmds 0bGHYMbgBHOL Lodmsgdom bmM309wYds,
dmdbdoMmgdgwo ,,0MMdE™3560 bgMzolbom" olg LoGygdwmdlL, momgml ol wdwmswmeo dob
30830193 9M30 0g4ml s0bLEIXOMYdIO.

G9Mdobols 8985009690 LoByzs  ,OMBWM3560”  gMEolbdmdL, ®Mm3  3OMYMFMO
19MH30L900, 3mI30MEIOIWO  MHYLMOLYdIO0 O Fo00  SPPOWIPYIMYMDS IMIbToMGOOLIMZOL
9OMY39M0  SOLEHMOJ(3095. 580GHMAd3 WOMBOEMZD BYM30LGOL AMOBOIMWSE VOBl Lsbom
2o0mboboggh bmerdg {1}, LimGg 99335035  458mbLobvyengdsd oMM sLLdST0  GHgMdobl
»QOMdEM3560 LgOz0Lo".

2. OHMREM3560 B9dbmermangdo s bighzoligdo

OMOEM3560 godmm3zgdol 2ob30maMgdsl bgaro dgmhgm s6s do®EHm Google, Amazon — ol
9096 890m535H90meds 063gMbgd LgM3z0lgdds, 50599 BMPss© 3H9dboz®mds 3MMYMYLDs.
3963MQ, 301535 30MM30560 3MIM(39LMMHYOOL F9ddbsd bgaro Bgfgm 8HoMTIMgdMIOH™MIOL goBOHOLL,
06830635300l F5BHoMgdgdol  $Hg35Md0L  5BOmT bgro Fgmfigm Tgbobobo  0bgm@Tsgool
d3M@mdOl 4oBMHEIL s 1939 9959306 oo FmALobMgdol botxgdo. M350 0byd0sbo
36005800900L  39dbmarmaogdds  bgwo  dgmhgm  IM035¢3MHMELMEM0B0  gedmmawomo
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LoLEG9dgdoL MYLMMLYdOL 9539E0bs© Fodmyqbadsls s 9.9. {1}

OMOEMZ560 359MmM3eq00 29olbIMBL 3565EEE0, 2obs)owgdwo s 93GMbMmIomEmo
3990039008 30BsEr0Bs300l LOTBOMDBL. STLMB ghMe©, 93MbMT0ZMMHO MZSEBsBOOLOM
0o600Mop9bl 0080 M93sB80MYOOL Lodwoegdsl, o3 do0sh s®LYdoMO FMIBEH0s 9GS ToOEM
00BbgLOLEMZ0L, 56539 6gd0LA0gMHO LBYOHML FoMdsEgdEo Boddosbmdolosmgzol [2].

> 930053gbmdsbo:

1) bgedobshzomdmds. ,00mvd9wwo” bgardobsfizmdos yzgesbamgol, dbmgwoml 6gdoldogho
9603006 Losg sGOL 0bEGHIOBYEGO, Yy39ws 3830993 IM0B, HMBgELsa 593l dMsmBYMHO;

2) 3m330v)BHgMgdL o6  dmgmbmgzgdem OO A33Mmm3omo  LoddwegzMggdo.  bgdolidogm
39MLMbsErE 3m330EgOL, ByEdHY3L, LAsOEHFMBL Asblbowo dBMIDaMmoo Fgwderos Joowml OO
3m@9b630seo;

3) LoodgEMMdY;

4) 9mbs3g9900L 349853900l OO LOLHMRY;

5) 36MH@aMs99d0L 9d9bolomzol 35633600 botrxgdol 93mbmados;

6) 394o6H0 EOLZOL FMEWMBOL J3mbMT0s, ML Yyzges Imbs390900 Jugedos 4obmogLYdMEO;

7) Lsgz®mbmgds.

> Bs3ermg690900:

1) 9mbos390g00L dgbobgs s MLsgmmMbMgds edm30adEos LgMgzoLol dmdfmwgdgeby;

2) ,0O0M3560” IMbM3MoliBgdol godmBgbos;

3) 930350 Jugedo ymBbol 530G Md;

4) L93MmMM0 ,,HBEOL” d9Jdbolmzol bsFoMHm Jmfymdowrmdgdols bLodzoMy.

9cmdLobMHgdol Imgegdos (bsb.1):

*  36MMyMsdmmo NbMbgzgmymes Gmameda BgMgzolo - (SaaS, Software-as-a-Service) — dmgero,
6mdgdos  dmdbsmgdgml  9dwrg3zs  Lsdowgds oo™l 3OMyMsdMwo  MHBOHNMB3gYMBS
36350009Mm0L59b Jugerol Lsdswgdoo.

ol

»._,» =
EER

NmlIES & oo s
i

Bab. 1. 0OvgdemMmgzs60 3sdmmgmgdol LgMzoLgdol 00O JmEErgdo

o 3smxmmds Mrymms bgM3zolo - (PaaS, Platform-as-a-Service) — 390, HmEYLsE IdHToMgdgEL
90935 dgboergdEmds  godmoygbml  ©MMBE™M3sbo  0bBOLONIGMMS  LsdsBoLM  3GMAMmSTMEO
MBOHMBIggmxol goblismsgligdes s 398amddo sbsMmgdol EoLBTsEHJOMS.

o 06gMLEMMIGMGS Gmymmg bgM3zobo - (IaaS, or Infrastructure-as-a-Service)- 30, MMEILSEG
©OMOEM3ob0  0bGOLGHOHMIGHMOS  3950m0yggbgds  BmdbIsMGOOLsdsd  Logmmedo  MLyELYdOL
509300093 H© FoMHDZ0LIMZOL, MMYMOOES FodmmzEgdo Jmbsgdgool 8gbabgs, Jugwol dsbmao,
LoLGHQBOHO s BLETMTBT>MYOEIM FOMYMSTIOOL 0BLESWSE0S.

»Q3909H0” 39dbmemy09d0l JOMOMOEO FobsliosmMYdLGd0s;
¢ 330000mdbsbMmgds  Immbmgbsby (self service on demand) —3mdbIsOgdgo  LgHzoLol
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9mIFMg0e0LosYs0 s8M300gdWSE FoblsBO3MIZL s 330l Fodmmzeol INmMbMZBIdL, MHMAMMOEsS
LYMH3gOMEo MM, TMbs3gdgdol F3mdol s sdwYTs3900L LobGmagy, dgbsbrmeo dmbsizgdgdols
I E3MEMdS ©s 9.9.;

o boggMlscrr®o figomds Jugubg, dmbsgdms  Fooagdol  Jugwol  ImIbTsMmgdgMIM30L
LgH30L9d0 bgedolsfzmdos, dobgazs 0dols Mv) Mo GghHdobserrymo dmfymdoEwmdldL 0ygbgdl;

o MglyMLYROL  239M0sbgds, (resource pooling) LyM30L  3MMZ50IMO  JOHMOBO  FMALEHBYMYdOL
69X 00930 MBOHMb3geymgly IM35¢r0 ImdbIscmgderols ImdLabwymgdsl OHM0sbo dmmbmgbols Mgsg0d0m.

o gEdLAGAOMOMDS: EOMOL 99vB0Ys350 93GMIGMS FLobryM9ds;

e 9mombmgbols s0MmoEbgs: 30MMm350009MH0 0mZeol MlwMLYAL 53EHMToE M.

2396053L900L dmEgEgdos:
* 30630 @Odgemo (Private cloud)— 3960 3335600l s dobo 3e0096EHgdolL Jugero;

o bsbmgsmgdtogo mndgero (Public cloud)— obg®sl®Omd@aes  oblana®maeo  dmdbds-
909d0L oMM Jolgdobom3zol;

o 3086Goeyemo mG8gcmo (Hybrid cloud)— o6mdegdol 3mddobszos.
3. 0bMliGH®Mos 4.0

05b6599060m39 mBEomdo  doBbglol  HoMmBsGos  ©odM30YdIMos  3gdbmermy0gdby.
d9L50s30LoE  F9bgXIOL  PomdmEygbs Mbs 3Jmbgl 0bmzsEoME  FHgdbmemyogdby. M3
GLELYOOL  3OMPOMIGHI©  2MOJIboL  Lodogdss.  J9EMOMOMBST  AS05MS  BYIbmemaom®o
6930930900 3 9B530. 595350500 3099 zBgd0m 9.§. 0bEMLEHMOS 4.0 9B3DY [3]. 030 FMEolbIMdL
35030 Fo6dmgdol dgmfigdsl 30830 Egdbmemyoqdmsb. gl 9glsdwgdemdgdo 30093 MIBOM
3o0DMY0s oL 9999, M3 I0b39H9ds 0lgMO 3HJbmEMa0gd0, OHMYMMIOOES VOHWBEMZ6o
3°00mm3ww9d0, bgwmgbm®o 0b@gwgd@o, OMmdMGH03s, 93GMbmdommo 356456930, 3D-0933s,
656m@GH9dbmemaos,  dom@Ggdbmmmyos,  3356GMOH0  3m330BHJAIo  Bgdbmmmaos  ©s  Lbg.
99b39eEG™s  3MMabmbom, Togg Mmomddol g43zgws  9EgdBHO™Mbwlsfiym 9MHmMsbgmmsb 0dbgds
0539300609090 30MHGHIM0  Jugerol 39939mdom, MHMIWwgdog 0bEIBLOMMI©  Jo33w0L
9O»3sbgndo  0bx3mOAo300L. 999,  0oOLYdYOL  dsmo  FsMM30L  LEMEoSE  sboero
99L5dgdMBYd0. 300gM-530D03MM 3MIM39U90DY IRAbIdMo 9.. »F330560 FoMdmgds“ 3093
MRO®  25BOEOL  FoMImgdol 989dGH0bMdL s ©o9BJIMIIL  BgdbmEmaomE  2sb30moMgdL.
9mdbdoMgdqdolm3zol  3oBbgds LOYIEosE  sboEro  BHo3ol  bgm3zolgdo, o3 30W©IY3 MBROM
3950500390l 505305601 3bM3MYdL. LHmOgw 59 Fgdbmemyngdbg odys®9gdvye Losobgzm®mTsizom
LoLEBQF90do 046905 FoMBoBHYdoL Foliv®gdo s sboo LsdMTom s5EAO0Wgdol F9ddbol Fystm Bz9bl
93mdsdo [2].

4. 06rdem3560 3500031980 0bMLEM0s 4.0 - 8o

OMOEM3560 359MmmM3egd0 doe0sb 36033690 m3z560 FHgdbmemyoss 0bMlEMmos 4.0 - bogob,
o3 080  BMIMBOMIOME0S MO0 JONO39380MOMMBOBMD,  53BMTdE0DEG0ILMD,
956956996 1Fo3egdLMB, s TYAMHM393I0 0bBMOT>300L s¥IYMm36909e J0oLYdSLMLD.

3900MmM3Wom0o MHYLOLYOOL, OHMYMOOES BYIM396M900, BMbo3zgdms Bs(393900, 5303530900 S
bgMH30L9d0, Jugerdo ImmbMzbowo {i3EMdol MHBOWb3gWYMBom  VOWBEMZSBO Yodmmzwgdo
d0BbgLYOL LoFS5Wgdsl 5deg3l LEMORBI MBEIMB3gEgml MYLMMLYdO, Fobsmagbml s3¢03530900
5 B5F0MMYGOOLSAYGOM Yos735MmMMML LgMzoLYdo.

OMOEM3960  godmmzwgdom  AoMmBMgdgdl  Jgde0sm  2odmoygbmb  bogomgdol
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069693 0L (IoT) LgblmMol Imbs3gdgdo, 2o9565e0BMb 0lobo MHYsEGH OMIO ASBIMMMYIMWO
96503030l 298mygbgdom s 2959M06Mb olobo  LofoMImMl 530035309006 s ,,3330960
JoObbol® s®lgdme sbds690m9b. OMdEOl TolEBHdMOHMdS s19g39 LOTMOEgdSL 5deg3zls Afom-
9t9dgdl godm0ygbmb Mo 458MmmM3w0m0 BsdwYsEds60, MHMYMMO355 bgermazbr®mo 0bdgwad-
A0 5 8569561960 Lfogewgds 3OMEgLYd0L M3EGH0T0DsE00Ls s 3MMABMbBOoMgdOLsmM30L [5].

5. 690 m3560 353Mmmz3EgdoL MlsBOMbMIdS.
©OOWM3560  2odmmM3wgdol  gMmYOHMo  439wsdy  860dzbgrmzgsbo  sdgdBos  dobo
MBoBOMbMYBS. WOHYBEMZ60 2odmMmm3gdol J0MOMOO (36MdOEO L5ToIMHMYdId0s: B39MEIdMOZ0
bgM39M900L  POMBEMZ9B0 2oFMMZGOOL LogM(39d0 FoIEBILMD s353d0MdMwo Lodbgwggdo;
3003 Mo 856496900 ©0bsdomEMds;  30MHGHWIWMMO  d3Mgdml oo  ©sd0bdMMYdOL
(©053061Mli9d0L) 3G:MdENYTYO0; 5G5MIJIGEO Z30MHEGHSE0MmO F56dsbgd0l (3395 s 39MHOTIGHMOL (339 S
JBggdol asdoxgbes.

OOMBEM39B0  9MgIml  BHMO©0E0o  93m3 93900000  OE30LIMZ0L,  BMAMMOESS
36OHMaM53o 1OOHMB3gEYgmgs, m39MH 53090 LobiE)dgdo, Mo 3md3mbgb@Egdo, Jugwmemo
36OMGHM3Mgd0 b3d5M0bos Firewall-ol, s6&0306H99d0L, 999mFGH0oL Lofobssmdgym 3OHMyMmsdol
Intrussion Prevention System (IPS) o5 bbgs 3083mb636@&9d0lL oygbgds.

OMOEM3560 296MH9IML MBsBOMbMYdOL Bo30MbYdMb ©s353806M9d0m bo3dom® 9B9JGH™MEO
9900Mm9d0  250Mm5d399bs  MmMRB0Bs3000 Cloud Security Alliance (CSA) [5]. dobo sbsewobol
Lo3d39wBY 99IM035H9dMw0s G900gY0:

e dmbs399gd0L dgbsbzol MBOHMBlgEymas;

®  JogMs305 — glss 9MHM-96M000 Y39e5HY 989IGO0 89000 dMbs3930s E30LIM30L;

e dmbs3gdms (335 39W(39IOL EMMU;

*  25053990L EMHML ESFOBOHVIE0 FMbs399900 §3MToo Ybs 0yml IbmEmE 99EH96G0BR03sE00L
9900093  299mygbgdmmo Mbs oyml  36mdowo  sWAMGOMIgd0 s  LvodJEM  3OMGH™IMEYdO,
OHmam®gdoiss AES, TLS, Ipsec;

¢ 5396GH0B035(300 — 35MMEOM (335 MBOM T LEOTIEMMOOL B3935 HAOMmIE Fodmo-
496905 856396900 s LYM0R035GHJO0, berrm 0IBEHO0FB0ISE00LS S 53EHMMODIE0OLsMZ0L 30 — LDAP
(Lightweight Directory Access Protocol)-o s SAML (Security Assertion Markup Language) [5];

e 3mdbdsMgxdgdol 0BMEOMIdY;

¢ 060030050 306GHMSHo 5679B7d0ls s JugEgdols 4o8myabads. 3oMEHMSEIMo Jugwgdo
b 0gmlb dmfiymdowo oligmo @gdbmemyogdom, Hmymemoass VPN (Virtual Private Network), VLAN
(Virtual Local Area Network) o VPLS (Virtual Private LAN Service) [5].

6. 353365

OMOMM3560  499mm3wgdo  3600369m3560  BHgdbmemaoss, b3  ©oxgMdbgdmwos
06@@MLGHM0s 4.0. 6596030 456bowmos WOHWBEIM3560 3gdbmemyngdol doMomso slidgd@Egodo,
MRMO0(355 WOBEOL 256MH3LYdOL BMmEYMgdo, WOHLB™3560 bYMH30L9d0, Jobo ¥Y30MoGHIIMdJdO
@5 653m35690900. 953Mgm39 2oBbowImos OBl MBOBOHMBMYBILMSE  ©s353d06MdMEO
36Mdgddo s o8mf393900. gu  BH9dbmermaos dobo  dglodwrgdE™mdIdob s FBIMIEO
3930390900056, HMAMO3 O, 0lY 30609 s LSTMsEM BMIoL MEMYBOBE0YdT0, MOl 0byL-
G095 4.0-0b 45630005M900Lm30L I60d360wM3z560 GogEmMo.

@OoBgMs¢®s — References — JIureparypa:
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(bAsHos BoegBeyemos 15.12.2024)

CLOUD COMPUTING IN THE FOURTH INDUSTRIAL REVOLUTION

Nachkepia George
Georgian Technical University
g.nachkepia@gtu.ge
Summary

Cloud services are one of the most powerful and growing directions in the development of modern
information and communication technologies. Many large and small companies, instead of developing
their own technical base and buying expensive servers and network equipment, are choosing cloud
services. Its rapid adoption by various companies has contributed to the development of the fourth
industrial revolution. The research conducted in the paper focuses on analyzing the capabilities of cloud
computing as a key component of Industry 4.0. The focus is on the cloud computing aspects of the Industry
4.0 model. That is, how we can use various new achievements that are happening in cloud computing and
how these new technological achievements can be incorporated into the Industry 4.0 model, as well as
the need for, advantages and difficulties in using cloud computing technology in Industry 4.0.

(Received 15.12.2024)
OBJIAYHHBIE BEIYMCJIEHY B YETBEPTOM ITPOMBIILJIEHHON PEBOJIIOIIVU

Haukemns I'.
I'pysunckuii Texauyeckuil Y HUBepCUTET
g.nachkepia@gtu.ge
Pesrome

OGmaunble CEepPBUCHI — OZHO M3 CAMBIX MOIIHBIX X OBICTPOPACTYIIVX HAIIPABIE€HUH Pa3sBUTHAL
COBpEMEHHBIX HH(POPMAIMOHHO-KOMMYHUKAIlHOHHBIX TEXHOJOIHMH. MHOrme KpyIHBIE U MeJIKHe
KOMIIaHUU BBIOMPAIOT OGJIaYHbIE CEPBUCHI BMECTO Pa3BUTHUA COOCTBEHHOM TEXHUYECKOI 6a3bl U 3aKyIIKU
ZIOPOTOCTOSIIUX CEPBEPOB U ceTeBOro obopyaosanus. Ero 6s1cTpoe BHempeHNe pa3InYHbIMA KOMITAHUAMU
CIIOCOGCTBOBAJIO Pa3BUTHIO UeTBepTOil IIPOMBIIIIEHHON peBoiionuu. lcciaemoBaHue, NpoBeZeHHOE B
JAHHOU CTaThe, COCPENOTOYEHO HAa aHa/IKW3e BO3MOXKHOCTEH OOGJAYHBIX BBIYHCIEHUH KaK KIIOYEBOTO
xomnonenTa Muxycrpun 4.0. OCHOBHOe BHUMaHUe yeIgeTcs aclleKTaM O0JIaYHBIX BEIYHCIeHUH MOZeIN
WNuapycrpun 4.0. To ecTs, Kak MBI MOXXeM HCIIOJB30BATh Pa3JIMYHble HOBBIE AOCTIDKEHUSA, KOTOpBIE
IIPOUCXOAAT B cepe OOIAYHBIX BBIUYMCIEHHI, U KaK 3TH HOBBIE TEXHOJOTMYECKHE JOCTIDKEHHSI MOTYT
ObITh BKIIOYeHB B Mogens Wupycrpum 4.0, a Takke HeOOXOAMMOCTb, IIPEHMYINECTBA U TPYAHOCTU
HCIIOJIb30BaHUA TEXHOJIOTUH 06Ia4HbIX Bruncienuii B Uuaycrpuu 4.0

(Hocrynmmra 15.12.2024)
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