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9H™3699w0 10300009Mds™doL 0bgdlol 0bsdozol F509dsE03M0 IMPILOMYDS. 535D MdYSAY,
Lglowo msbomsdzomo // MATHEMATICAL MODELING OF THE DYNAMICS OF THE IDENTITY
INDEX OF GEORGIA. Obgadze Tamaz, Tandilashvili Cicely / MATEMATHUYECKOE MOJEJN-
POBAHUE JTMHAMUKN MHAEKCA CAMOBBITHOCTHU I'PY3HU. O6raaze T., Tangwmamsunu C.

365035830m 3360l Fgomeol d9x35L9dol 9Mmo doamdol Tgbobgd. Bmybs® sd0EsbgzsM0, sH0D
0s9gcomgo // ABOUT ONE APPROACH TO THE ASSESSMENT OF FUZZY INFERENCE METHOD.
Amilakhvari Nugzar, Mamedov Aziz // Ob OJJHOM IIOJAXOJE K OLIEHKE METOJA HEYETKOTO
BBIBOJA. Ammnaxsapu H., Mamenos A.

36 BH0MMmdol  Mm3GH0dobsgool  33¢935  bgwmgbymo  0bGHgwgdBHolb  g3mgsdo.  r3s
Jgdmzwodg // PRODUCTIVITY OPTIMIZATION RESEARCH IN THE ERA OF ARTIFICIAL
INTELLIGENCE. Luka Kemoklidze // UICCJIEZIOBAHHME I1O OTITUMM3AIIY TPOU3BOJUTEIBHOCTU
B DITIOXY UCKYCCTBEHHOI'O UHTEJIJIEKTA. Kemoxanzze JI.

250myqb50000 0bgmMds¢035 — APPLIED INFORMATICS — ITPUKJIATTHAA MTHOOPMATHUKA

396bol  50dmPgboll Web-Loli¢gdol ©sdmgd@gds bogmgdol 0b@ghbg@ol gsdmygbgdom. bobm
0MgM0s, LgHAo 458958300 // DESIGNING A FIRE DETECTION SYSTEM USING THE INTERNET
OF THINGS. Topuria Nino, Kashuashvili Sergi // ITPOEKTHMPOBAHMWE BEB-CMCTEMEI
OBHAPYXXEHUSA TIOKAPA C WCIIOJIb3OBAHWEM WHTEPHETA BEUIEW. Tomypus H.,

Kanryamsuu C.

bgarmgbmmo  0b@gagdBHol  06@gamomgds  bymwst  gMgodzm®zdo. gomyo  3o3s6sdg  //
INTEGRATION OF ARTIFICIAL INTELLIGENCE INTO THE ANGULAR FRAMEWORK. Kapanadze
Giorgi // WHTETPAIIMSA WCKYCCTBEHHOI'O WHTEJJIEKTA B ®PEMMBOPK ANGULAR.

Kamauapze I'.

396LMbs0BYdMEo gEgd@OMbreo bfsgargdol Imgergdol sdwydsgzgds LMS Moodle-ol ds%sby.
2300M30 Mbowsdzowo // DEVELOPMENT OF PERSONALIZED E-LEARNING MODELS BASED
ON LMS MOODLE. Tandilashvili George // PASPABOTKA TIEPCOHAJIM3VPOBAHHBIX MOJIEJIEM
DJIEKTPOHHOI'O OBYYEHNMA HA OCHOBE LMS MOODLE. Taugwramsunu I'.
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Aadbozmmo 0bgm®ds@Eozs — COMPUTER ENGINEERING —TEXHUYECKA A WHOOPMATHKA

> 306G ® @m35® Ji9edo dmbgbE0L gOHMBBgm0Lsgh 3s8oxgbol 3HMdWIGdO s Bs00
23005493930 39Mdm VLAN-0b bodvgs¢gdom. 603memmb 0753, wosbs 303sewodzowo // SOLVING
PROBLEMS OF VIRTUAL LOCAL NETWORKS USING PRIVATE VLAN. Bzhalava Nikoloz, Kikalishvili
Liana // TIPOBJIEMBI OTJEJEHUA ABOHEHTOB JPYI OT JIPYTA B BUPTYAJIBHOU
JIOKAJTBHOM CETW W WX PEIIEHUE ITOCPEICTBOM YACTHOW VLAN. Bxamasa H.,

Kuxanumsuinm JI.

74

> 05b0@MO ©oLZGPMB 3Bomdol o930l 30D DIBOL 5EEMBHOMIGBdOL J988s39ds. O
39hghoadg, MHMIsb  Lodbosdg, ow3zob o0dsmzo // DEVELOPMENT OF VISUALIZATION 78
ALGORITHMS FOR PLANNING WORK WITH MAGNETIC DISKS. Gachechiladze Lia, Samkharadze
Roman, Ibadov Ilkin // AJITOPUTMbBI BU3YAJIM3ALIMN IIJIAHUPOBAHMA PABOTEI
MATHUWUTHBIX IVUCKOB. I'aueunnaznze JIusa, Camxapazgze P., M6anos Y.

> 39996¢0L 5d®03mdol 3sBmaz0L  Bgmm©9doLs s LB gdIBOL 5B5ODO. IMS EIMSTZOO,

Door 5508053300, 4MMsd IHx03bgwo, 39BMg dmbozsdzowo // ANALYSIS OF CEMENT 83
MEASUREMENT METHODS AND TOOLS. Datashvili Data, Azmaiparashvili Zaal, Murjikneli Guram,
Bochikashvili Petre / AHAJII3 METOZIOB I CPEACTB AKTMBHOCTY M3MEPEHMA TEMEHTA.

Jaramsunu [l., Asmaunapamsunu 3., Mypmxuxsaenu I'., Bounkamsun I1.

> 993500l bsdBmdeml dogdolsmzol. ggws 0g0bqesdg / TOWARDS THE SEARCH FOR THE
BIRTHPLACE OF METALLURGY. Gvinepadze Gela // K IIOMCKY POJMHBI METAJIIYPTUU.

I'sunenanzse I'.

89

36543H031emo 0bgmmds@ozs — PRACTICAL INFORMATICS — [TPAKTUYECKAA NHOOPMATHUKA

> 03000m3L5beH9d0L  LobEBHJIPOL 9330S,  GYbIbEogdo ©s  §edmfz39d0  0bGHIMBgoLOL
00680, mmMbogg Bs339¢odg // EVOLUTION OF SELF-SERVICE SYSTEMS, TRENDS AND 103
CHALLENGES IN INTERFACE DESIGN. Chakvetadze Tornike // 3BOJIIOIMA CHUCTEM
CAMOOBCIYXUBAHWA, TEHJAEHIIVY Y TTPOBJIEMBI B TV3ANHE NHTEP®EVCOB. Yaxserazze T.

» 8530 B30L 30bsOgms JuEIOGROL @ GHdGBOL 93mMBoEHMMObYOL LsobgMOIs30m LoLEIIOL
03900L 3mb3gxEos sbowo 308OWWO F9dbmema0gdom. gos LMy mersdg, Wowo 39GHM05830¢0, 108
Bobm mmgeos // Concept of building an information system for ecomonitoring of Black Sea rivers
estuaries and lakes with new digital technologies. Surguladze Gia, Petriashvili Lili, Topuria Nino //
Konrennus nocrpoesus nH(GOPMAIOHHOMN CUCTEMbI SKOMOHUTOPHUHIA 3CTyapueB u o3ep UepHOTro Mopst ¢
KCII0JIb30BaHUEM HOBbIX MG poBsx TexHomoruil. Cyprynagge I'., [lerpuamsunnu JI., Tomypus H.

> 69390bvo  3GMmy™madomgdol CASE 8gom@o  boobgm®dsgom LobEgdgdol  mm-©adOmgd@®gdol
36m3gLoL LEWMWYNGOLsmMZ0L. 20d LwGymwsdg, oM0bg dOEIMSG300, dgsob 29wsdg, ALICdS0
Bo®989e0s8300, 0633ws Jm@ms0s // CASE METHOD OF REVERSE PROGRAMMING FOR PERFECTING 115
THE PROCESS OF OBJECT-ORIENTED DESIGN OF INFORMATION SYSTEMS. Surguladze Gia, Bitarashvili
Marine, Geladze Bezhan, Nareshelashvili Gulbaat, Shurghaia Irakli // CASE-METOJ, PEBEPCHOI'O
ITPOTPAMMUPOBAHUA [1JIs1 COBEPIIEHCTBOBAHNA ITPOLIECCA OO-ITPOEKTUPOBAHUA MHOOPMA-
LIVIOHHBIX CUCTEM. Cyprynaaze I'., Burapamsunu M., I'enagze b., Hapemamsuu I'., Illypras U.
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30330vE0ba ol B9379mEHIEOL LEGHMYIGHMOOL s 5350gdoM™o
3Mm39L0L dmEgeErols §3MmEM30MO 3963005MYdOL Gglisbgd

205 b esdy, 0s03M 535600, oo 39@M050300, O30 353565dY

Lodo®omzggamb 3gdbogwm®o wbogg®lodg@o
g.surguladze@gtu.ge, t.zhvania@gtu.ge, L.petriashvili@gtu.ge, david@gtu.ge

69Bomdg

2456bommos Lods®mmzgumlb Ggdbozm®o Mbogzgbo@gBol 0bgm®mds@ozols s dsMmgzol
LoLEBYA9O0L Bo3MEEIEHOL 65-Fc0sbo sOLYdMBdOL Fsbdow by Jobo g3mErME0MO 39630MMdOL
530533963900, F5OMZ0L 933MAsEH0DIOMEo LolEHIIGOOl 35MIEMOL IsMLYdIOLS s 50-Frosbo
1539336096HM-Ls0b7gObOM  F0TsMrIIMEgdOL FgEgagdol BMEBY. B93MEHIGOL LEHO®IEGMOHYEo
Udgds 98 (53GH™ToBH0o3olLs s  godmmzgwomo  G9dbozol  Imgwo) Fgoazsws  0dl-0m
(068mE85@030Ls s FsMm30L LobEGHYdgdol InEIwom), beerm bolifagzwm 3GMmaglo dmembools
30b6396300L Logmdgwbg F99)9MmNs GO0 93MM3ne LogMEgl. LYoLsmzoL 360d3bgemgsbo
399m{39355 BosBBsbsMEgd™ 358900l IMIbogds ABET-ol Log@msdm&mobie Ldsbos-
A9%0m. B38OMITo  gosboE0BYdIMos BIIMYWEHIBHOL 9630056 GOOL  OLEMOOMO  BoJBHYoo,

5650900MMm3g daMTomgmds s LsdMTsgwm 3gML3gdH039d0. 3Mb3IMYEHW gsbbowrmmos
3605870 0606900l (FsGmM30L 93GMT>GH0BYOMEo LoliBHgdgdol), LofsmBmm 3MmaEglgdol

933 35@ 0300l LoLEBYIgdol s dgbgxdgbEHOL  Lsobgm®mdsgom bobEgdgdol Lsdgsboghm-
&9360396 900560 gdsms bsgLgdoLy s oblibgagzgdol, dsmo J3mEME0MMO 25630050l
390099900. HomImgbowos 3033019EHgMEo dg36096Mgd0L s 3033009BH0bROL (0683MOTEH030L)
153936096 M-Lg56396500gdM EOLEO3EOBsMS YMOHPHOIOHMT0TMMYOOL LozoMbgdO.

153396dm  Lo@ygzgdo:  bozgMloGg@o. obsmamgds.  d93bogmgds.  Logsbdsbsmergdam
36585, Lobogarm 3GmEglo. 30830MEGH0by0. 3m330MEIOHwo dg360gcmgds. 3MMyMT o
0b50696005. 063000353000 Lol gds. 0BZMOTs309o Fgdbmemos.

1. 3gbogsemo

LEAOGOOL FoBsbos BbmBEoml Imfobsgg J399bgdol MBogzgdlo@gEgdol Bmbby LEwy-ob
0653 35E030L B3 EIGHYY 3mF30EH0baoL (06xgm®IsEH030L), 30030vEgME d93boghgdoms,
36053990 0b75069M00L (FsMHN30L 93¢MI>EH0BIdMwo LolEgdgdol), dgbgxdgbEHol Lsobgm®-
3s30m  LobiBgdgdol, obxgm®mdsgowmmo LobEgdgdols ©@s  G9dbmemyogdol, 3m330vEgMHEo
0b70b6g600l,  bgemgbmMo  0bGgmgdBol s Lbgs 93509000 ©g3smE9896@gd0L o
Logobdsbsmemgdm 3mb3gb@MmoE0gdol BmbdEombo®mgdols s Bsmo 3sb30m06Mgd0L Tglisbgd dmzwng
99b39OLOL 4539079ds. 53 FoToMNEgdom LE¥-ob UNESCO-U ,Ls0bgm®mdsgom bsbmasomgdol®
3909MLmD 3Mesdmsgoom (2003-2022 §f., 3o09, 9395009903mL 4mBs bmam3zsdg) bGmgbGms
249b5m9d0Ls s dg3609M Mo 33093900l brggOmdo 3603369wmzs60 Fagagdo odbs dowgdmwo,
9o oL BoGIMS MO0 Boghmsdmemolm LsdgbogMm-3gdbozmMo 3mbrgMabiaos 0wbglizml
930000 ,L50bBMMT>30Mm LaBMYsMYds s F9bsMEdOL 0b6EIBLOBOIsE00L  FH9bmemaogdo®
[1,2]. 50 000sOrmgdom 89949d5390e0s oo Lsbfogurm 3MMmaMmsdgoo, dgld¥emgdmEos
Lomd@HmOHm  ©obyM@o30900,  250md3094bgdwos  dmbmaMsgogdo  ,,0b68mM3szomeo
BoBMY9MIOOL“ JoMOMI© OLO30bgddo [3-6].

30039l gmgolbs 890m30@bmm Bmaogmomo gobda®@GHgds, Moms 3owlobs oyml
2496LsB3OMEo 06g3MMHT5300 s 3MTMB03530MM0 B9dbmemaogdol (ICT-LggMml) doMoms
0035600 gdsmd $gM3obydo s Jsmo 3603369 mdgdo.
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UE©Y-0b 93GMTSEH030LS O F9MMZWOMO 396030l (58¢h) B3 GG 890ddbs 1957 fgebs.
333M35G0BOE00L 3OHMEgLYd0 s B0 FoMmMIs J9FMMZWOMO (3gdbozol 535MeGHMMom — 339

3600369cm3z560 3OMaMgLlryero Bodoxo ogm Lodsem3zgwml 3meodgdbozm® 0bbGHodwEdo (U30).
> Computing — ,308307999G<9m0 350093¢7980“  560L 3OMEgLo (L5Jd0sbMBS), GMIgEos
30330EgMHgdL 04gbgdl 0bgzmMTszool JsOmM30L, ©sdwYds3900Ls s 3m3Mbozsgoobmgol. 0yo
0moiogl  39dbozm® s 3OMaMmsdme  BMHMBlgmymasms  89d8s3905L. dolo  doMomso
30330EgOHM0 oL303W0bgd0s 3MI30BHIOMWO S 3OMYMTNo 0bigobgMos, 3m30ME]-
o d93bogeads, 0bgMmETs30wo Lol gdgdo s BYIbmema0gdo s 5.0.
bdoGo oldol Jombgs: Mo asblbgaggdss Computing-by s Computer science-l dmGol? [7].
965350 3OMBILOMbIOl  3sbgbo 98 3ombga®g Aboglos.  BogowomsE: ,computing sMHOL
308301390900l g59mygbgd0om 068MMI>300L 853905, HMYMMOES IMbo3gdms dm3mazgds (data
mining), dmbszqdms sbserobo (data analysis) s 9.9. 3330E OO0 Fg3609Mgds 30 - BMYs©O
39630605, HMIgEoE Imoiegl 3033099EIMMEo GJJbmeEmaool Mmmb dmez56 MPL: MGMOOS,
5ERMOH0MIJO0, 3OMYMI0MYIOL 9B7d0 s sGJoBIBHIMS”.
a®MLgdMo  Lodgsbogdm §gommgdosb, doo TmOol 0bEHIMbYE0EB, My  Fowlsbs
25003300000 3330vE0baoly s 3Md3ov-
A90o 3936096093930l MOHm0gM0T0Ts6-
®gdol  Lsgombo.  olbobo 893G oG
296Ub353090s 9MHTbg0LsRsh s Lmeo

046905 v do» gho LodMEYJdo 4obgobo-

WHgm, OHMAMOEF MJOMN0YONET5EJd0m 6
[ComPumT Eﬂ systeﬁ:n J Eremgy MM000gM0d99330 9 LolBgdgdl (bsb.1).

B5b. 1. g6ds doGoms 36gdgdL FmMols

50539 bsbsBBY BBl obborrmmo mGo GHgMmdobol: 30m8300EH0baol s 3mI30vGH GO
9936096900l 80doMmNgds 0bRMOTsEH030L (3690510056. Fgodewrgds 0md3zsl, M@ gl Lobmbody®o
369%9%005: ,3000300BH0bQ0“ — 5gMH03-0bWOlMO, bmw® ,,06830mMTsGH035* - g3MMm3ero [8].
503356500, 0683530353 30393V 965 My0Mo© 3MI30v)EHIOHWY s 3OMYMsTME 065069600,
068mMm3530090 LolEYIGOLS s BgddbmEMyOgdL.

0bg3mM35@030L 36900L 9g3Mr Mo (Bo9¢0Ms©, 3gMTsbwo) dmgeo mmbo bafowoligsb
8990 [9]:

029026029¢70 06506059035 (Theoretical computer science) — dgolffogeroll ZmGsM 9bscs
0JMOOL. F9g5¢0mo©, LoLEGHIIMOO s65¢0Bo s MMYo LobEHIIgool MIMMOs, LOTIMIZEgMS
0MJMO0S 5 WMYP039, 93GMIdGJOOLS s MORMS MYME0s, 39BM0L Jugargdo, 36MHJ035GJdOL
3©0M0(3H3s O MYESEOMEO 5ERJOGS, BMOTsermEmO BdsbGH03s s 39BIMM0sW M0 sBsEoDbo,
390530505 3307939, 93bMT03ME-Bsm9ds@03MM0 dmEYEocgdol dgmmEgdo, Mm3EH0dobszool
0900900, FoLMdM030 FMALobYYMHGdIOL MYMMH0s, bywmagbmmo 0b@gagd@ol dgmmEgdo ©s 9.8.
4m39wo039 9B 06xMmOsEH030L BnOMTswmei bgdbgdowos.

36599039¢0 06%GAsH03s (Practical computer science) — gdbobmEmgds 0bgm@®Io@ozol
LBIOML  3MmB3OIBHMo  FOMIWYTGIOL  25HY39BHL,  FoblogmmMgdom  3mA3orEHge o
Q3MOMPM3TGIOL  A9B3006905L  3OMaMsdero  NYHBOMBlgwymaol  Bgdbmemaongdolbmgols
(Software Engineering). 54 9609369c0mgsb05 ©9360my659900L 9bgdo, m3gMHhogovco LbobEgdgdo,
dmbo3gdms o 3MmEbol dsHgdol ToMmzol LolEYdgdo [10]. oyo godmodwydsgzadl doMHoms©
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3Mb3983090L 0bgmo LEBPIOEGHMWO 5TMEIBIIOL YooloHY39G9®, OMYPMOO3sS 0bEMMTs300l
9965635 @5 JoO35 IMb539000 LGHMIGIMYdOL LsdrsEgdom.

9600836900m3560 500 MF0Mmgl 5 3sb6dsbH seAMmGOMTYdL, GHMImgdoE HMWMEO ©
bdoGoysdmynbgdeo 98mEsbgdIOL 953EHMTGODIIM 2osfY3gEol gdLabwMgds. 3M9dGH03wIeo
0bg3m®35E030L 396G EHO S 353 9dEvY9EH0O 1MgTss Mo 458myqbadomo LolEgdgdols
(Windows- s Web-5303530900L) 53900l  3OHmaMmedmeo  Ggdbmemaogdol  9gJdbs o
2496300006905, qlss LEGMWIBHIOMEO, MBOJJE-MMH0IBEH0MIOMWO, 30D MEmO, 303MOPMLO S
9mB0MMO  3MMAMmT0Mgool dgmmgdo, Agile s UML 9900m@©memy0q00, 35000 93@™3sE0-
D900 I3OMAMTYOOL MHgoe0Bs3gool CASE 0blEMMdnb@eo bydmawgdsbo [11].

G976037960  0bxmm8s5H035 (Computer engineering) — 9golfogerol  0bxm®ds@ozols
&93b03mm0  MBOMB3gwymxzol (Hardware) ULogmdzwrgdl, 6mam®moEss 80360m36MHm39LmOvero
3996035, 3M330MBHIOMo  90JoBgdBHOgdo, JugwMo s  3M3Nbozsom®mo  Loldgdgdo,
3MbBHOMEgMHgd0 ©o 39MH0x Moo Imfiymdowmdsbo, GMdmEHM®GHIJbo3zmmo ©s LybLmMwo
LobGHYTd0 @S 5.9. 030 MBMsEM 3538060305 JgdBHOHMEHIJb03LMB, goblszmmMMYdom FoTOYE
3996m™y090m56, 53MHgM39 W MY035Ls S OLIMYE X JomgToB03oLMB, 25sTMMZ9w Lgdoms
0JMOHOLMD. dmEm Fengddo goblozmmMIdME0 gMoE®Ids 993930 3XPLGHIMME ©s MO
3996mmy0gdL, 3@ 0dgorgdo Lolidgdgdol dgddbsl o 2ob30msMgdsls s .0. [12, 15].

3302996980000 069306059035 (Applied informatics) — gadomm b3gd@®ol d93609MHYdss. 0go
996HbMds MgMGOwME, 3ModBH03me s G9dbozm® 0bgm®mds@ozsms dowfgzgol o dgolfsgerols
0o 3053053 4590g9bgdsl Lb3goolbgs aMagdol (93mbmdogs s 80BbgLo, 0EmHOLdMHIb30.,
96960293035  9M9(3900mds,  BHEMBL3MOEGH0, 09oE0bs, Le@wol  dgmE@bgmds,  dsbsmwmgds,
96500393609gMgds @5  bbg.) Gomwo  Ggdbmwmmyon®mo  36OHm3glgdol  3md30vGHIMoDo300l,
068mM35300w0 boE93900L J9ddbols s 5ET0boLEBHMOMYdOLEMZ0L, BabmEHgdbmermaogdols 3tmy-
(50mwo dBsOEFIOOL 29630m50Mgd0LIMZ0L [13]. 4osfy39E0wgdsms 30wgdol dbsMmsdFIMo
30330390 Mwo  LobBHYgdo  Ym39gwwo MO  9Y30wgdgwo  obLEB®MAbGo bogds [16].
99b390GMEo LobBgdgdo 9603369 M3z56 OMEL SLMVIEGOL MBsTYIEMMZ) ORBMLEHOIOLS s
3MHMabmboL 53m 396900l 3oobafY39EHe© [14].

> 2300307999090 Gg3bogigds“ (Computer science) — >6ob ygzgews ol dg3bogdvyeo
©obLE03WO0bs, MHMIWIdoE 39dm0oygbgds 3mdo@gOro LobEBgdgdol sBoggds®. 39Mm3ME, uss:
23900m3wgdol  MYMO0S,  SERMOOMIGP0 s  dmbsggdms  LEM®WIHYOJdO,  IOHMYMIT0MHYOOL
9900MEOMEMY0s, 9MEId0 ©s 969d0, 3mB30MBHIOOL sOJoBIJBHMES s JKrgdgbBgdo. sgMgmag
36O MyMsdMmo MBOHMB3gmymaol 0b0bgMmos, bgarmgbm®mo 0bdgwgd@o, 3md3om@gHemo Jugao
5 33996035309, mbsigdms 05BoL LobEYIGO0, 35MOEGEIMO s obsfowgdmwo 4sdmmzergdo,
3Q050056-3m83093H 900 0bGHMed30900, 3m330EIOIO 4Mx03, M3JMHo30vo LobEgdgdo
9 5.0. (IEEE Computer Society) [17].
2. doG0md©O bsfogo

30330mEH060L (3699 06x8mMT5EH030L) Logsbdsbsmmgdwm 3MmyMmsds, GMAwol bodwxdol
O 39ML0s 999tmms35H9dos UNESCO-U dogé, 0ygbgdl Association for Computing Machinery
(ACM) s IEEE Computer Society (IEEE-CS) 8900m@memyool b&obas@@b [17]. ogo dmogsgly
3900092 Bod535003MM 3MMAMSTGOL: 3md30EIOHo 0bgobgmos, 3mB3omEHge o d9ibogMqds,
30096LOBOHPBMYdS, 0bZMOTs30wo LobBHgddo, 06x3MmMT>30Io BHgdbmemyos, 3OHMyMsdwyo
0b50b6960s  dmbsigdms  I9bogMadslomsb ghmoe. Tosmo MOMMOgHmM3o380M0  sbosbmeos  dg-2
Bobabby.
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65b.2. 3mI307EH0baoL (0bxM™MIsEH030l) L3gEsEMdBY 35bsmEYdOlL ;bsdgmmgy
dgbgommgds (ACM s IEEE mgsb0bogogdols igebst@oo [17])

GmOE 50 6596OHMIJos  50bodbmwo, 300 doMH0ms©  ©OLE3E0bolYsL  Fg3Breo
30330GH0bol  30Mm™msds  Lobfogarm  3OMEgLdo  gIMmOEEYOSL  585b30egdl  LEMIbEGHMS
060030099506 3OMmBILOMbswE 3mEbsby, 30BN SHOHMZDbYdsDY, 30TMbogs0sle O
24996006 39F5mdsby.

Sbs 3obgobowmm Udo-ob sgd BIINWAHIAHDY 1971 (gl dgddboro ,,dsL“ (Bsrongzols
33&™85@0Hgdo LoliBHYgdol 35009MmOL BEMMJGHWIOS (655.3) s Jobss®lo [18].

BobsBol Jggs ®oado Famdmygbowos 06xm®mBozorw LolEgdsms 03900, MGMIgEms
5300993905 O 3MMYMTMO OJo0Ds(300 (©Y39™3996E0) ,0bBMMTs300L sTMT53930Ls -
3oMm30L  53GMI5EH0DYdMo  LobBHYdgdol (0dsl)“ 139gE05wmdom  olffsgegdms  bEvwy-ob
0bg3mM3o@ozol, oM gdgwo  LHogwgdol s  dobo  GYuoMmbsMMo  BoEI0sWgdoL
3939993 90BY (85001990, Lebdo, JMmmsolo, Mo, gbszo s Lbg.). 39Gdme, MIS - Management
Information System (99b9xd96@&0L Loobgm®mdsgom Lolidgdgdo); ERP - Enterprise Resource Planing
(Lofo®Imm MglmmLYOdOL gaT3s (Bo@mgs); DSS - Decision Support System (25005(939GH0gdol
dbsms9FgM0 LobBgdgdo); EXP - Expert Systems (Al 94u3g®@neo LobGgdgdo (bgermzgbry®o
06¢9wgd@o); KMS -Knowledge Management System (3m@bols doGmgol Lobi¢gdgdo); WHS -
Warehousing System (OLAP, Data Mining, BigData) (36539900 Us(3539900 boli®gdgoo); OAS - Office
Automation System (mgobol 53&MsE0BsE0ol LolGgdgdo, dsy., Office-365) o Ubg.

390dgds 0mdasl, Mmd Moz 0w9bgbzmd s ACM & IEEE sbmEossogdds 898mygmsegsbgl
3m330m@obaol  Lyg®mdo 2020 forol  39Mm030emdol Lsbom, B396 53s3Mw@gd®g 339
obfogergdmes (1971-2020 §ergddo), Bs6m30L 93¢™AsEH0Dg0veo LobEgdgdol (535¢. 3. Pmymgady,
0390.§93M-30609L3. g. 3ma0bs0d300), 93MmbmBozMMo 0bxmMIs@ozol (30mey. b. wmdobsdy),
30330390 Mwo  0bgobgool (3Ome. 3. 3903500dg, 3OME. . 036s0d300), bgarmzbm®o
06999d@Bob (363, M. 39601939, 5350. 6. bryMmdg, 3Omg. 0. Bbsodg) s bbg.
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doHronzob
53350 DIODA

- 3339060 33eg30U; LobG3gRo - 8500935035 0;

- $oMH3md0L ©opga830L; - - 3myMeTmeno;

- FoMmBmgdOL BoMz0L; - 0BgmMT>zoTwo;
- §oB3mgdolL seMogbzol: L] 30bjgombicra®o | | gPmubzgymaol L - wobazobdn®o;

- 23MBMB0GH0 3B30BOL; d3gLobBo8gdo d3gLob»gdgdo - A3dbezn™o;

- LRPRIWHHM 3EMoEbzoy - (13360VdGoYo;
- 32O VOL >HOELZOL; = 0POROTN0;

- Lbg. - bbg.

3m3ecrgdLbgco
53 doBHoBoGos

MIS ERP DSS @@ WHS OAS

65b.3. dsl-ols 93meEm30mHOo goMELIBIS s Golio Mo bbgswslbgs Godol
Ls0bgm®Mdsgom Loliggdgdol gggerm3dgbiol dobboom [56]

»00000306 53090350 Yg8ecmo  bolihgds” 6ol 0bxm®TsGolzol, Mmym®s  0bEgMol-
3030b9M0 3936096900l 9M01-96M1000 F0Bs0I0Egds, HMBYIOE 5©53056-056g56mE0 LolEgdgdol
3994060L gmE05L5 O 36M5gGH0 3oL Fgobfegerol, gyMbmds 93mbmdo3m&m-850093s3 036 dgmmEgdl
@5 0bsdgMmzgg 3mI30B A  3gdbmemyogdl  m®gsbobszoryero bobdgdidol dstorz0l
(096922G96¢50L) 3630 39L9d0L 3B MToE0Ds300L Jobboo [19-22].

030 59005690l 15330930 MBOYJGHOL ToMMZ0L  3MHMEgLYdIOL Fobss®LMOdMmOZ  sMHgMsls
(b9396EHOIMYMHO FMPIEPOMGDS), B30 ZoTY39IAOL SEFMOOMIMo BJgdgdol s39dsL (L Mmy03w9GHO
dMEY0Mgds) s 3mI309BHIO0L 6oy 00 3965369 ms  MYgoeoBsosl  (robyzolEweo
dmEY0Mmgds). gl Logombgdo dFoO™ 353006305 3OHMYEMTM  065069M05LD, Gmyme3
393509OHo, 51939 93500930MMO MZoWLIBOHOLOM, M3 LI MYToGO3oL 3330l MdOJEHO
5 bogobos [23].

09-2 > 99-3 bsbsBgdol s 93509d0MMo JMOLYdOL Jobss®lol FgsMgdom S30o
Q3L90b0s, MMI Loddg a39J43L ALAS3L 0IMEPMY0GIB. goblibzeggds FEAMTsMYMOL sbodBmen
9390093096 399MLGIT0 b0, 56305M9dME0 MYTGOOLS S WHBMMIEMM0JOT0 oo Bgdbozol
@5 $9d6mem0900l BIMY35d0 (o3 OOHMOL BOJBHMMO0S).

0oOH®M30L  933HMToGH0BGdMo  LoLEJdgdol  3smgEMIBY 9O Lo sbdsbsmergderm
»005L“-0l  b3g33MMM5ds  (06x3MOTo300L  oFMTo39gds o  FoMHMZ0L 93¢ MTsEH0DYdMwO
LoLEB9agd0“) - M 353gOMOBY 59MM067dS BYIMblIGBIOMEN 5350090 JMMLYDL.

50 3MLYBL 1971 Ferosb bgerddmzsbgermdbgb sbarsdgddbowo 3509MOL sbosHBEMS
3936096-005658003¢9d0. FoQdWOMO, ,BfoMTMMs FoMIMZOL 53BMToEH0DYdMWo LolEYIgdo“ -
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360Hmx 9. hmam3zsdy;  ,IMHMOIM030 BsMmM30L 933MIsG0DIdMwo LobGgdgdo ©s bgywmabmémo
0b@ggd@o” — 30mg. 3. ama0hs0dz0o0, @. bsMgdgwsdzowo; ,d5L-0b E9dbozmMo MBOHMbzgw-
goxs, 3033093HIM0L  50Jo@gd@es, 0bBMm®To300L  3MOMYds s Jos3900° — 3OMY. 3.
©0©3360dg, 3O™My. 9. BsBsbodg, @mE. ™. 49099395 ,0bFMGOIs0mwo MHOOHMBlzgymeys s
9mbs3gdms 05H9gd0“ — MIBHMMBEIO0 @. LyGymensdy, 3. JoBods0s, . VIMOBIZ0O S dMEPMU
M. 9. 99835M0d300; ,05009053H03O0 M HBOHMB39WYmgs (IMEIoMgds) — 3OMmeg. 5.30635dg,
©MGE. 3 099539, OMGE. 3. VMEMOYOM0dg ©s Ub3.; ,30HMaEMmdMwo MbOHMBb3gymeBs” — Igibogh-
0565096Mmgdo 6. s U. 3396¢0wosbgdo, 3. Lowoblzo, 3. 3b3zgEsdg s ULbg., ,30096-
MsBOHNbMYdS“ — 3OMG. M. Inb0s, SLME.3MMY. 3. mE0TsM0s; doBEIL3MMEgLYdOL FMIWOMmYDdS
Q5 0969% 3960, BI ¢gdbmaenmaos s dmbaigdms d93b0gMgds — g. 09Mdos, . 39¢M05330¢0, ©.
390999, b. mMBMO0s, 9. Mmbsbsdzowo, 8. 30808509 s Lbg.

3. slszgbs

503356500, 1971 §00sb gom .05l 350090MDg 04m 0530MYMHOE0 g39as ol 53500930 MOO
©obo3eobs,  GmIgwoi  LIoMOEIdMEs  998mygbgdomo  3mI30MEgH o LolEgdgdol
33MMJJBHgdoL o 3MMAMSTME MGoe0DBHF0L (0T3S RMIZIME0 3OM39BE0 LMo Logbgdobs
1b3s 9356359963 90d03 03000HgdMS). 59X IO, LmEMgo sbgmo BLEAGNMIGHOOLS s Jobss®lol
9300980996 39MHLGOL 2300535DMOL 099693 ACM-0b 2020 Herols bLsbodwdm 3o 3o mdoo !

0683m635@030L s J5OmmM30L LoLEJIGIOL Bo3MWEHIGOL bSO MYBMMTIMWO ,,Eowes* 2021
Dol 29bbmME0gw©s, MMEILsg dmbEs 9.§. ©g3sMETI6EHJOOL ,OILGHOMIGHIO0DsE0s", b
d90gdbs sboswo ©g3s6M3H5dgbBHgdo (5MBYdYOl dmEOx0353008 Logmdzguby). 99-3 bobs®by
35009030 6563969005 gbs sbsEo ©Y350H596¢HJ00.

RoJBHMIM035, 0¥) 35359065 0BYOmM ,,dsl* ©g350BHTIbEOL LEHO™MJEHOSL, dogbgzgdom,
63 dmbs dobo s 3 sbogw Y350 EHTIBE: 3MMYMTME0o 0bg0bgMos, 0bgM™OTs30wo
Loli$dgd0 (8sL-0b BMbJgombomo g3glolBgdgdosh) s 0bxgm®mIszomwo @gdbmemyogdo
(@sb-0b mBOMB3gYymxol J3gLlolEgdgdosh). 3ma30MEHIMMwwo 0bgobgmool s bgwrmgbmmo
0639w gdBHol  ©g3563Hs09b@GHJdds  Fgobo@bmbs  ms30l0  LEIGHMLO (s  Fob-ob  Fglsdsdolo
53500990v)M0 EOL3030bYB0 FNE0BSW J9WIY(350 Fom). LEdMEMM K 53F0 83009 B3N BHIGHOL
b0, 5396032900 Yo (04969L3mb M:93mTgbEE0YdOL Tgbsdsdols).
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ON EVOLUTIONARY DEVELOPMENT OF COMPUTING FACULTY STRUCTURE
AND ACADEMIC PROCESS MODEL

Surguladze Gia, Zhvania Taliko, Petriashvili Lili, Kapanadze Davit

Georgian Technical University
g.surguladze@gtu.ge, t.zhvania@gtu.ge, l.petriashvili@gtu.ge, david@gtu.ge

Summary

Fragments of the evolutionary development of the Faculty of Informatics and Management
Systems of the Technical University of Georgia are discussed, against the background of the
establishment of the Department of Automated Management Systems (1971) and the results of its 50-
year scientific-academic work. The structural scheme of the AC faculty (the model of Automation and
computing) was replaced by the IMS (the model of informatics and control systems), and the educational
process was joined to the single European space of education on the basis of the Bologna Convention.
Currently, an important challenge is to prepare educational programs according to the international
standards of ABET. Historical facts of the faculty's development, current situation and future
perspectives are analyzed in the paper. The similarities and differences of the scientific-technical
directions of software engineering (automated management systems), production process automation
systems and management information systems, as well as the results of their evolutionary development,
are specifically discussed. Also presented are issues of the relationship between the scientific and
educational disciplines of Computer Science, Computing and Informatics.

(Received 1.03.2024)

OB 3BOJIIOLITMOHHOM PA3BUTUU CTPYKTYPBI ®AKVYJIBTETA
NHOOPMATUKU (KOMITBIOTMHT'A) 1 MOJIEJIN EE

YUYEBHOTI'O ITPOLIECCA
Cyprynagze I'., XKBanua T., Ilerpuamsunu JI., Kamanaznze 1.

I'pysunckuit Texunueckuil YHUBepcUTeT

g.surguladze@gtu.ge, t.zhvania@gtu.ge, l.petriashvili@gtu.ge, david@gtu.ge
Pesrome

O6cy>xmaroTcss pparMeHTsI SBOMIOIMOHHOTO PasBUTUSA (aKyIbTeTa HHPOPMATUKU U CHCTEM
ynpasiaeuus ['TY Ha pone co3manus xadenpsr ABTOMaTU3UPOBAHHBIX CHCTeM yipasieHus (1971 r.)
u pe3ynbraToB ee 50-1eTHell HayyHO-akazeMudeckoi paboTsl. CTpyKTypHas cxema (akysbreTa
ABT (momens ABTOMAaTMKY ¥ BBIYMCIWUTEIHHON TexHuKu) Oblna samenena Ha VICY (mogmens
WubopMaTHKU U CHCTEM yIIpaBIeHHs), 8 00pa3oBaTeIbHbIN IIPOIleCC OBLI IPUCOeIUHEH K e TUHOMY
€BPOIIefICKOMY ITPOCTPAHCTBY obOpa3zoBaHus Ha Oase Bononckoit KonBennuu. B Hacrosuiee Bpems
BOXKHOHM 3aZjaueil ABJIAETCA IIOATOTOBKA OOPa30BaTENBHBIX IIPOTPAaMM II0 MeXIYHAapOLHBIM
crangapram ABET. B cratse amammsupyiorca wucropumdeckue GakThl pPasBUTHA (aKysbTeTa,
COBpPeMEeHHOe COCTOSHUE U IIepCIeKTUBsI Ha Oyayiee. Ocobo 06CyKAAIOTCSA CXOACTBO U Pa3INYUs
HAyYHO-TEeXHUYECKUX HANPaBJIeHWH INPOTPaMMHOI HHKeHepHUU (aBTOMAaTU3MPOBAHHBIX CHCTEM
yIIpaBJIeHUs), CHCTEM aBTOMATH3aIH IIPOU3BOACTBEHHBIX IIPOIECCOB X MH(GOPMALIOHHBIX CUCTEM
yIIpaBJIeHUsd, a TaKXKe Pe3yJIbTaThl UX SBOTIOLMOHHOTO Pa3BUTHA. TaKKe IpeCTaBIE€HbI BOIPOCH
B3aMMOCBSI3U Hay4IHO-y4ueOHbIX Auciuiind KomnsiotepHsix Hayk, Kommsiotuura (uHGOpMaTUKY).

(Iloctymmma 1.03.2024)
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3M@3bso LobGgdgdol IMwEoRMsdEowyGo
LEHOWIEHYOOL Tgbobgd

05035 MdY5dg, 0065006 Fymboo

359-583b5BgmoL 39:3609MgdsMS 53500900
d3L Lg3BoYMM-LHoMBMM FoMTS S¢dslio
tamaz@mail.ru; tikatchkonia@gmail.com

69bomdg

396bomos 49mIgEHOHOMsE 30BLEHGWYOMYOIPO 0PISWMMO BMSJEHOwgdOo: TMEgTME0s
om0 53900L5 S LEHMYIEBHIOHOMGOOL FJPMPO, J5965¢0BYdIM0s om0 Fodmygbgdols LobwzMgdo
3MEboo bobGgdgdol 93mem3ool IMEYEoMgdoLsm30L. 2obbowrmmos ©ab®mo@gdol BeMol
3949603900, OHMYMOE 0QJOXO, S15939, ©0S LoLEJIgdTo. FJIMMOZ5BYOIOs Fodd FGMOJEOIWOL
36905 s 3m@Ebsero LoliEgdgdol I EGHORMIGHIMOO LEMWYJGHOHOL Dmyswo bdqds.

155335600 LoEY3900: BOIJEHSWO. 3MEbIo LobEgds. Ib®mo@o.

1. BgLogoro

6bsero  Lolbdgdgdo 03000003560Y985000 ©s 032000p5(3J0bs000, 3509 LsGgstreaborsb
9O0)ONJIg00 05 LobBgdydos, HmIGmsg  SHoLosmgdL, 3MEboo  mMmYsboBIGdOLIMZOL
©535b5L05MYdGO M30L9d9d0 [1].

beag05¢re6-9302600003496 Lobhgdgdbsg sbsliosmgdom 3mabowo Lol gdgdolsmazol sdsbslio-
539090 ™30L90900. 9B 3MEbsEo LOLEJIGO0s MOZ30L0 X MIOIIOM, B0ZMOYMHYISMS (330
B9M3m0 LobEgdoom. dsldo MOoMMYME LsbMASMIOIMN0Z 0BLEHOGHAL 538 Moz30L0 Wsb0TbMEgds
656030l LoEgMEboLYIBsMBMdOL  FgLobstBMbgdws®. ogowoms, 9MTos dImgdggdl,
OHMAMO3 MORs60DBIoL 036HO LolEBYds, MomMs I0335L J399sbs MEbmms 9amFOHOLOYH, bmenm
905360035 SLOEGIL 3H3060L B6J3E0sL, M50 FooML 45sfY39EH0W0S S FoMMML 3MMEILYdO.
9L 5B XM 300093 9POLHMHIIb TGO RO50IOS SBEH03MM bsbsdo [1].

3@Eboo  LobEgdss s3MIN3g 93ePmgoIH0 bolidgdsg. dsor Feadobss 3ersbydgdos ©s
85a39(9039804. sbgor  bolidgdgddo, orwiemo s@SAHIM0 Js6r035 bemrogargds cmgsbobdols
bb35@5bb3s 339680160 30003269690 #160009(0098900980b bstx by.

50b0dbmo bobEgdgdobomzol 1978 (ol Bsdmyseods gmibscro boldgdydol bmgswoo
029026505, (20290l 53BMMYO035: Forgto, Gpdobo, HoYbokgbzc s bbzgdo [2].

939 0pbsero  boldgdobsomzolb  ©sdsbslbosogbacmros  mogo  30b98980Ls, o3 Bsb
3965bg0390L  sMoEmboco  LoLEJIGOOLORID (T3S,  SMOEMmEbowo  LobGHgdgdos, 939G
d9000b393580, 890353L BbZsLb3S Mo 9ergdgb@b):

1) 60gm0gMgdsms (33¢s. bgds 969MR00L o33 96 LdYsOMLM;
2) 693600309, LAHOMIGHMOOL  FIOMNYEGIS-goTM31gds  MZ30mALYO3LYdOM, 96BN
06830635300l Qom35¢olfjobgdom, Mmudm 93069 doldEodd0;

3) 93mmM30s. 3m3boe LolEgdsdo [omdmoddbgds LBEMVIGHMMs, GMIgwos MHOYBIgLYMRL
LoLEGQdol FEAMS® 496300056M9dL FGoemyqbybL;

17



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No1(37), 2024

4) Gg@gdbos. 3mEbog  LolGgIsl  gosBbos Logmms®o bgmzmwmo Loli@gds, o3 9dwg3L
153 gdSL Q969 BgImMJdggdOLOLL Fo0ML TgbsdsAoLO MIsH 3OS, M M BEOIMB39EIYML o3 MMsMO

LEAOMIGHIOOL FEYMHOMOS;

5) 3me@ogmsd@semo LAOYIGHMMS sbolosmMYdL 3MmEbow LobEgdsl. mommgwwo gargdgb@o
5oL JoLm30L 060300 YHEIMEMSE TbOl0SMYdG BLEBHMMIEVIMOL BOOIGOIWO, M3 LOTLI>GISL

5993l Jn0sb LoLEBYAsL sB0sbYdIMO 9e2996H0L 3565b¢1985-(93969M5305 So®Tmml bbgs
998963900l MHP0gOJdgq00L botrxDg 33998 1ers300m. 3MEbIE LOLEYISL 5J3L Moody-
@85 (0533 53930009005 oMY 3OMEILYOOL F03WIOMDIYY) s J6IHFITM 3009879985
(@53 29630HMBYdM0s 0bEOZ0SEMMO MYLYOLOM).
y4m39w039  bgdmmddmwosb, 99az0dos  ©ogzol33bsm  MMd  mabocro  Lobi@gdgdo
0oM0Mopbl o5, M30M9M0MGdI®© ©S M30mffoMdmddbs LoLEJIgOL, MMIgmsE 5J3L
30 GOgHIHIgHo LHOIIHYO.
39630boEMmm 29mIgEHO0MWO 73MOdEHOwgd0 s Fo™MIb 3938060930 (3690900.
2. 39M39GM0YE0 BOOIGHYO0
303303H9OBg  39MmIgBHO0MEs©  3MBLEMOMGISO  BMOJBHOIWGOOL  sbsygds©, BToMms,
3990099bgds 553066  go®mogdbsms  bobgzabxaymzo [2]. LodMEYJDY 9830bMGmO  Josddbss:
3930035-3193930L, FMOMHW6gdoLs @S LOTgGHMOOL  sbsb3s.  ggmIgEHMOMErs©  3MBLEHOMIdSO
0095 IMH0 BMOJBHO0 F9a30d0s §oMIm3500306M BMYSO FMOHIMWOom:
GKIFR ¥ Fr(m, f, geinformation) (1)

LoOE M — JEI-BMJBH0s (Lofgolo LodMsgwg), f — F585-BMIESO (Ym39w dox By Do~
39050  FsLIEHod0MYIMO  29MTIGHOONWO  53GMJRGH0 — BOOL Halo), bmwm  35MTgEHOO
geinformation gOJGHIWOL g302¢7wy300L 8969903290 300005, OMIJwoiE JoNOoMNIOL v,
65900960 d0x0 390> 0930008l853U980L 3606303000 53980L5L S CIYMEMOS BOSIBHIWOl BHOL
296060b 39699035 (930 mEoobl (igbo).

ROIGHIWL 3MHm©Id 0JIWNOL, HMES 5O J00rgds IBJE37W™MdsT0, 256Mgdm 30MMdJOOL
d9dobggzomo RND B9804/69c0985

50235650, §oMmIMEYgbow0 BMOJBHGd0, RBIOMME Fodmoyghgds FmEboco Lolidgdgdol
9 0MH900LsL. 0¥, 303000 JI-BMJESw0l, F535-BMSJGS0LS S 3969xEBH03MMO 3mOob boby,
05906 992300005 5353000 393G ZMBLEHOMOMIOSPO 0EIIMMO BOOEOE0. SBYMNO
59m 3560 5dMBobLBYEs, 5GIGOMBL Fglisdsdolo SEyMMO™MTYd03 {2].

0935, 3930w gdom 3603369 m3z5605  0lYMO  SERMOMMIOL  TTs390s,  MMIJEXOE
59m@30bLbol 893616 gdmer s8mEsbsl: by Gmps 305000 mbsero bolidgdol 89mdgdBHorIeo
RIS, D 053503060200 G9bsdsdobo ©ILS-ROSHHIe0, Fs05-RM3I A0 ©5 3969H039H0
3072@0. O3,  3bMmdowos  OHMI 5530560l Fobogsbo  mMAsbmgdo  gqgmdgGHMomws,
Dom0Mobl BModBHogdl, MMIGEMIQD 0MgMl 5J3l M930L0 YO-BOMoJESw0, Tods-
ROOJGHIwo s 296930300 3m©Oo. Fomo  (3mbs 203050030090 Fobogsbo  MMABMgdOL
WHdMMSGHMOOME 306009030 5Bl 3OHMIWGISL s 535JOMO MMRBMGOOL Fg33wsl.
3bmdowos, MMI  300mbsg  BMOIGHIWM0  LEGHM®WIGHMES 5d3b. vy F93dwgdom  dobo Yo~
ROJGHOWOL, F5o-BEMogd@owols s 3969BH03MM0 3MmOL oEYJbsl, 35306 a393Mm©0bYds vy
MMM 390MHIMEM®M 58 9350JIL YYROM 9R9JEHIMO®, 30O U LSS TgbodEgdgEro.
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5060050, d9gBHo© 3603369 m3z560s  29mIgBHMOMI®©  3MBLAEHMMOMYISVO  0EJICMEO
BOJGHob Lobgms 453m3bmdolL sdmEsbol s8mblbs, Mg 93 99dmbggzsdo Bodbsgl dolo sggdol
3906bqdMe0 50O OYIBIL.

3. 3903930 3MBLEHMIOMYIS0 OGOl
53900 5 m©Homdo

30093500 ©J-BOSJBHOIWO F9gagds N MoMmOIbMdOL dmbs339000L96, brem F5s-BGMod@o-

ol 5305399630 IMo3o3L M dmMbs33gMl. ©II-BMSIBHOOLS y
0505-13M5dBHowol  Imbs3zgmms  dmErmgdol  3mmEM0bsEgd0m, [/P\

5Q030(0Q©  2odMomM3Egds  IMb339009d0L  LogyMdgg ©o 509D +
5 -
d9Ls0530LO  BOIIBHOoE, OmEs  HobolfoMmss  2obLEBOIGWWO \/l

I)
39593039960 3m©0. 30J350, ImEgdE0s 5do-gMsd@Eowo (bsb. 1).

2

Bsb. 1. 9595-g30g¢oero

0 $9HGH00 3mmOEObsGHmMS Lomsggs 3mmMEobs@gdom (0;0), bmwm E  FgoEowol
30060bsE 000 (1;0). Fmsewg®o §39600m900L 3mm®Eobsdgdos P;(0.4;0.2), P,(0.6;—0.2).
95906 23946905, GMI

1
0P1:P1P2:P2E:T§.

©IOI-BMJGHOWO® gobgzobomm 3350Ms¢G0 §3ghmgdom (1;1), (=1;1), (=1;-1), (1;-1).
0¢), d0XJOOL Mromgbmdsy k, 85806 OE 0505-8GMod@Eool 9mddgogdom  ©9o-3Mmogd@owol
gmgger dmbs3ggmbg 8o3009dm mk —1 §396ml 3Jmby GHgbowl. 53 GHgbowol F39Hmgdols
30mO0653900 259m0m3egds dgogligdol godmogdboo:

s {x'=(xz—x1)'x—(}’2_3’1)')’+x1
; Y =0 —y1) x+(x—x1) y+y

59 goM5gddbols 9mBgBHmoMwo 0bGHgM3MgEs30s Boores
BSBL  39-2 BobsBbbyg. Fgbodsdobo@, @30d3lb  sbsbgs:  0(0;0) —
0" (x1;y1),

E(1;0) = E'(x3;¥2), P(x;y) = P'(x';¥").

P, Bab. 2. Aligeglsgdols 4s0gsgdbs

8569 MEM6 gobbow s BMsd@swemo bols am@g@ob 5686015 631}0 (60b.3—4) (1]
'

. st sses
' 'Em“ FF;EE&
— | r % %r, -
. “"‘F“ o Srre! B
650. 3. B36EdBG0b BEIONIH0 bob S S, E‘%‘{é&a o &2
©YEI-BHIIINO ©5 DYIOMS 3300 TR
(853-g633B%0) . 4. Bxfkogerdtdol FHION®0 by
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05609dOMEHT 553M MJoIHO BMOJEHOIHO bob dmgerog (bob.5-6).

6. 1. @jesdofob Bosdotiob binHimgdo 3mbdabowst b6, 2. obgaseo 56 33BemdGoz0 Bogmoghgdol
33333l BGIGHHo goBdol wibodiadl 16obsenoBigoom Fo6dmgdbowmo 305Gl 3G3jGNmo

bg6. 4. bob geagdgdo - 396gdGoge BHIGwo

bm®. 5. bol Gm@gdo ogmns @®s, 3990099 dox b,
000MINEO HOAGO JZEZ 0YOBS 5 5.8. 33O3ZIMI
Uslitren Gomgbmdsdeg (HGemam®s ol 39693036
36my»535905 B3c0gdwmo) gbss gbMo@ ol Godol

ROSJBHIWOo
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6. 7. 33m36G43gmer0 3ren3sbob 3sgoggdmemo
®796> 933> bk 543k mazobo 369G 03360 3o (EIGMO30L Fabo)  igs 0BGHEMBIdL BBl BGSIGHNTG BeHASL

GGG bolberdsGrg)dol 8GyJGsegdo

4. 313365

MmO 3 369093m, 3Ebswo LobEgdgdol BmEE0MYBdOLEMZ0L 153doMmE 35MYS© Bvdsmdgb
39™39GH®0)O© 3MbLEHMoM9dS500 0QJOW)M0 ROJGHOwgd0, HMIGDsN30V5(3
©535bsL050YBY0s  M30mALRS3BGdOL  M30LGdS 9649 BMOToL  TsLIBHIOOO  0635M06EIEPMdS.
099939, Mg 3060HMdYOOL LOLEBHIIIGHOMMSIP (F3LOWGOOL oM, 0(33eds (3mEbswo LoliEgdgdol
BOEOL (93mWM300L) 3gddos s BMAXIO bgds 3969BH03NM0 FMB3053, M3 s30L dbeMog
3965306MHMd9gdL Jolo OBsT030L F30MgE 2oBLLZ539dL 0WYSIMHO TBMOJBHIW YOO 356MboLYsD. 53
363 gdols  58mbsblbgws  Bmaxgh 09gbgdgb dgdmbzgzom 3MmEglgdlss. mwydEs, 0mbgds
0009650  AM35¢xgMM35b0s o LY0EMIXMYdgdom  Logly, MMI  mEboswo  LolEgdgdol
L5OMEMME BMOTIWODO305 XIM-XIOMI0M 396 bgObgds.
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(UAsAH0s dogdrycmos 25.04.2024)

MULTI-FRACTAL STRUCTURE OF LIVING SYSTEMS

Obgadze Tamaz, Chkonia Tinatin
Academy of Sciences of Tskhum-Abkhazia,
Scientific-production firm Almas Ltd

tamaz@mail.ru; tikatchkonia@gmail.com

Summary

The paper considers geometrically constructed ideal fractals: the method of construction and
structuring is given, the limits of their applicability in modeling the evolution of living systems are analyzed.
Mechanisms of Dendrite Growth Considered, As in Ideal, and in open systems. The concept of the paternal
fractal and the general scheme of the multi-fractal structure of living systems are proposed.

(Received 25.04.2024)

O MYJIbTUA ®PAKTAJIBHOMN CTPYKTYPE )KUBBIX CUCTEM

Oo6ramze T., Ukonua T.

Axanemus Hayk L[xym-AOxa3um,
OO0 Hayuno-npousBoacTBeHHast hpupma Anmac
tamaz@mail.ru; tikatchkonia@gmail.com

Pe3rome

PaccmarpuBaroTcsi reoMeTpruecKl KOHCTPYUPYEMbIEe UIeIbHBIE (PPaKTabl: JaH METOJI MOCTPOCHUS
U CTPYKTYPUPOBaHMUS, MPOAHAIN3UPOBAHBI MpEAEIbl UX MPUMEHHUMOCTH TPU MOJEIUPOBAHUN DBOIIOINU
KHUBBIX CHCTeM. PaccMOTpeHbI MeXaHM3MBl POCTa JEHIPHUTOB, KaK B HICAJbHOM, TaK M B OTKPBITHIX
cucremax. [Ipe/uioskeHO TIOHITHE OTIIOBCKOTO ()pakTayia U oOmias cxema MyIbTH (PaKTATBHOW CTPYKTYPHI

KHUBBIX CUCTEM.

(Iocrymuma 25.04.2024)
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©ol3M9EHMEo 0653037900 BOSIGHIMGOOL S FMIEoss

L0dM33¢9gd0lL AMEIEOMHYOS
0535 00599, 603MWMB 39630

3513-583b5Bgmol 936096M9dsmMS 535009300,
3L 1539 (3609MM-LsfoMmBMmM BoMTS STl

tamaz@mail.ru; nikakunchulia3@gmail.com
M9bomdy

3obbommwos  olgMy@M  ©obsdozMe  LolEgdgddo  FoMdmgdboo  BGod@owgdo.
d9LF930E05 33500MGME0 B496J300L Tgladsdolo 0EIMHOMYIS© BwY6J305ms LobEYTs. 53900
990050 LoIMH3e9g00 S FgLodsdol dTogms FsbEYIGMEHOL BESEowO.
1533560 LOGY3900: OLZMOYGHWWO  BMOJBHOW0.  F9osl LodMsgEg.  TobgEdG™EHOL
7O BHowo.
1. gbsgogro

BOJGHI@®  Bodgs®m GO FIOOMS O IM35¢BINOMZ9b0. BB gdL 3bgzgdom
99496035b5 s 5379BE03530, JoT0sbd s BOMEMYOsd0. sHIWO MOEL3OMO TJNMPYdO, B5dw)segdILs
00935 3530050 93030WM  FMbOwMmEbIwo LmEoswMMo  35@LGHMMRG0E. LobyMygEogoL
139309¢0L3HIO0 339 IOIMBHID, GBI JodomEo, B0DOIMMO, BOMELMYPOMHO S LMFOSCO-
9306mdo3meMo 30HmEgLgdo MBOM  BMLGIE 500fgMgds BEMOIEIWMEMmO BEHMWMIGHIMIdOm, 3069
3wb03m0 MHY39@0 O 30 BbJ309000 [1-3]. BOOIGHMGdO sHsEO F0TSOMMNYGdS 2obS
b9wm3b9d5d03, Loog Fomo LsFMsgdom  04dbgds LomEsMo LosdsBols s JodHBOoWIgIMdOL
LOHo09gd0. 093d, B3gbo 0bFGHIMLYOOL LEBgOHMs ol FomBoBH03MO  35bMbBMT0gMgdgdo, o3
5353936090005 BMOJBHOGIMb.

1. ©ol30HyAvyeo 0bsdo3r®o gMsgdowgdo

RGOl JoM0mOEO  FobsL0sMBYE0S  130mALRS3BGdOL  MZ0LYds, M3 FOTMOboBYds
05058305dBHowol s 39693030 3mEolL  Lodowgdom, MMIWGd0E  LBodweEgdsls  0dengls
©9OBMJBHO0Eb  Fglsdsdobo  M9g39OLom  (M93MOIBGHMo  BMOIMNWom)  FJ0300MM
0653039600 BOSJGHIWo.

aobg0bowmm z = x + iy 3m33wgJueo 330 ©s 3MA3wgdbGo Gogbgo © = a +ib.
9500 L5FMOYd0M F9350H0bM™ M19379M96G IO BMOTEs:

Zns1 = ZptC, (1)
OmIgoi 933000005 2503090Mmm  Lbgs  Lobomss, 0v) aodmggmazo  dsbdo  Bsdgoe o
Dotdmbobgom bsfowgdl, dosGmes:

Xpsy F1Vns1 = (X, +13,)° + a +ib, )

569
Xpe1 :x:_}’n:+f1, 3)
Vus1 = 2%,¥, + b. (4)

3o630bowmm 3mb3M9@ Mo 990mbgags, MM
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=0, ¥,=0, a=—-0.1194, b= 0.6289. (5)
893500306mm  3GmaMads s podmgmzgsmmm (X, V) §9oEH0wgdol  9603369mmdgdo
n = 1,100 0609369 mdgd0Lsm3z0lL, MHMIol 4Mmsx30303 ImEgdnos 1-9¢0 Bobsbbg, bmerm

d9L505dolo LOLEHYIOL BSBLMO 3MOGHMYEHO 30 — 1.5 bsbsBBY.
39350030b6mm FgLsds3oLo 3MMYMTs s 35FoMTMMo Qsdmmzers Mathcad 3GMaMsdol 35BsBY:

XO::O Y0:=0 i:=0.100

M1

35%} | 9= s

a =-01194 b, = 0.6289
2XY;+b;

T T —

0 I I I I
0 20 40 60 80 100

[
B3b.1. ©olizMgErIwo obsdozmo bobBgdol obsdogs, @ = —0.1194, b = 0.6289

0.8 T T T

0.6

0.2

-0.5 0 05
X

Bab.1.s. ol3MYGwm0 ©0BsT0IMMO BMIJEHEOl MGBOEGS,
Gmgoa = —0.1194, b= 0.6289

SBomyom®o, vy (a;b)  39M539EO9d0L  360936gwmdgdos a = —0.1244, b= 0.756,

33996905  39M0MEMWI© (33000 065303100 LobGgds (63b.2), bemeoem Fglsdsdol BB
3OGHMIGL 996905 Lobg (Bob. 2.9).
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0.5
Yi '

-0.5
0 20 40 60 80 100

| |
—-0.5 o] 0.5
x

Bob. 2.5. oLMYEMEo, bsdol 3gMomeols dgmby, obsdozn®o LolEgdol
39600M@EmMEo aGdOds, Bogs & = —0.1244, b= 0.756

09 (a; b) 356589¢M9d0L 360I3bgmdgdos & = —0.237, b= 0.75,

T,

o 10 20 30 40 50
i

65b.3. oLMYEMmo Jombim®o LolBgdol Eobsdogs, Gmas
a=—0.237, b=0.75

33996905 Jombiyo obsdogMMo LobEgds (bsb.3), Gglsdsdolo BsBIMHO 3mmEGMYGH0m (bsb.3.5).

0.8

0.6

0.2

Bsb. 3.5. olzMyBwemo Jombr@o, Mlsliermmdolizgb dodsgsero LolEgdol mMmdOES, GmEs
a=—0.237, b=0.75
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0¥ (a; b) 3565993900 3603369emdgdos a = 0.25, b= 0.49,

1 T T

¥ os /\/\/W\/V\/W\j\/\/\/\/\/\/\/\[\/\/\/W\/\/\/W\NWVW

0 50 100 150
i

Bsb. 4. 3OSJBHIMGO 396GMOLZID J0dsgso Lol@gds

95906 23946905 BOMOJBHIWMOHO 396GHMOLEZID 085350 LobEGHIIOL ©Obsdo3s (bsb.4), GMIol
R5HMO 30OGHOIAL 5936 BB MO0 MOBOEOL Lobg (63b.4.9).

0.8 T T I

0.6~

0.2I-

]
0.5

o |
-0.5

X
Bob. 4.5. gHsg@smm60 3963GOl3I6 JHgds©0 LolBgdol mGdoGs, Gags a = 0.25, b= 0.49

0¥y 35630bosgm (a; b) 356989EO9d0L 603369 mdgdL: @ = 0.25, b= 0.45, 35306 3zamsg
339436 396GM0Ls39b 309350 Obsd03MMmO LoLiGHYTs (65b.5), Gglsdsdobo BB JMBEGHMYGHOD
(6sb. 5.5).

| |
0.2 _
Xi
— 5 N NVASSAA A A A -
) 50 100 150

Bob. 5. Gg@sEmGo 396GM0Ls3g0 80853500 LoliBgdol ©obsdogs, Gegs a = 0.25, b= 0.45
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0.6~ —
Y 0.4+ _|
0.2 —
0 ' l
-0.5 0 0.5
X

Bob. 5.5. gOJBHomG0 396BMOLs3I6 39B©o LobEIol MGBOdS, Bmgs @ = 0.25, b= 0.45

a9bg0bommm (a; b) 356M599EHO9d0L 960936gmdqdl: a = —0.7, b= 0.08, 35306 33wo3
33543L 3963M0L5396 36019050 B0 MMO LobBTs (bsb.6), Tgbodsdolbo GosbMMo 3mMEHMgEGom,
(39003 3odmbabsgl 065303160 LolEgdol MmGmBdOEL (Bab. 6.9).

0.2 | I
0.1 ]
Yi WAMWWMA-
O —]
-01 L I
0 50 100 150

i
Bob. 6. RMJBHIWMMmOo 396GM0L3g6 Jodsgomo LolGgdol obsdngs, Gmas
a=-—0.7, b= 0.08

‘ <

-0.8 -0.6 -0.4 -0.2 0 0.2
X

Bob. 6.5. 3Bsg@omn60 396GGOLZ3I0 3HgBs©0 LolBgdol mGdoGs, Gags @ = —0.7, b = 0.08
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39630b0m (a; b) 356509B®9d0L 96033bgemmdgl: @ = 0.37, b= —0.24, 35306 3303
33543L 39BGH®0L396 3090500 ObsF0ZMMO LobBHYTs Bob. 7, Gglisdsdolio Bob.7, Fglodsdolo bob. 7.a,
R3HMH0 3MOGHOYEH0M, MMIG0E 39dMBEbIZL 0B5T03MM0 LOLEBHIIOL MOBdOES.

0

Yi_-o-s\/\/W\/\/\/\/W\/\/\/WW\/W\/\/W

-1

0 50 100 150
i

Bob. 7. gBsgBoem@o 396@M0L396 80853500 LoliBgdol obsdogs, @ = 0.37, b= —0.24

| <

Bob. 7.5. gMogddsen®o 3gb@®olizgh 30gds0 LoliGgdol mmdOGs, MmEs
a= 037, b=-0.24

29630bommm (a; b) 356999EHM9d0L 3609369 mdgdo: a = —0.4161, b= 0.5, 85306 33wo3
339436 396GM0L396 309050 ©065303MM0 LobEBgds bab. 8, Tgusdsdolo BsBMOO 3mMEGHMYEG0m,
OIgeoi odmbobogl obsdolzm®mo LolEgdol m®d0EGsL (bob. 8.5).

0.6 T T
0.4 —
Yi AN =S e
0.2 —
0 ] ]
0 50 100 150

I
Bsb. 8. gsgBsem@o 3963G0L3g6 8085350 LobBgdols obsdogs, Gmgs a = —0.4161, b= 0.5
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-0.6 -0.4 -0.2 0
X

Bob. 8. 5. MBI MGO 396EMOLII0 3B9d3Oo LolEgdol MGBOES, BmEs
a=-—04161, b=05

aobg0bomm  (3) s (4) 0@IOEoMwo  FmOIMWIdom  JmEgdmwo  EolLZMIG IO
0653037960 LoLEBAoL (X, y) mOHd0GJd0, MMIwgdoi Ho®mdmodmds bobEgdol bgsalbgs Lsofiyolo
(a, b) 306HMd7dOL 9dmbggzsdo. Bob.1.s. 5oL OLZMYEGHMIWo 0bsT0IMMO FMSJGHIWO, MHMIgEos
Pomdmodmds  (5) ULsfigobo  306HMdgdoL  Jgdmbggzsdo s  dooLfmenzol  (-0.2381; 0.4242)
90D0MdoL (396@M0LS3GD. 6b. 2.5. 5655 BOIJESW0, Ob SMOL 39MHOMPYIO MEODOE)S, MMIOl
39600m©oEss Bsdo, md3s, dobo Lofiyobo 30MMdJd0 OO 96O ABLbzsggds Hobs (bsb.1.5)
ROJGHOwol Bofyobo 30MmMdJOIOLHRD. Bb.3.5 560l MLELEMEMIOLII6 F00535¢0 0GOSO
MO0, MMIgeoi 99gbedsdgds Jombme LolEgdsl. s8M0ysw, B39 gobgobowgom Lsdo Lbgsslbgs
G030L MMBOES: ) BOIIBHIEO, I0DBONEMBIOL (396EHMOL3IGD T0Ts35wo MMBOEGS (b3b.1.5; 45-85);
0) 396H0MEME0 MOBOES (65b.2.5); ) JombryMo, MLslitrmEmdolzgh 30853500 MmMmdOES (Bob.3.s).

Y39wsHg 99¢) Y2950 90sL 08LsbMOL BMJGHIWIOHO MMHBOEGJOO.
1. gM53GoEME0 MmMB0GIO0 s FMEosl LodMszErggdo

3ob30bomm  MBOHM  gGHIms© (1) oL3MIGMWOo ©obsTozMMo  LolEgds, I
3939633900 099, M5EMd 5OLYIMBL Lofyol ImMbs3gdgdLS S 356589GHMOL 5MHBY35Dg BMIOWIOIO
bsdo bbgosbbgs Godol m®mdods [4-7].

50 3Gdgdol JglHogarols dobbom, ysbzobowmm x 96 (1) obsdozmemo LolEgdol dbysgbo,
6593000 (3350L (6) 0b53039M0 LobEgds:

f(x): x4, =x-+a, a=const. (6)

5313300, O3 @ = 0, 35906 (6) LoLEYs 0oL LobyL:

Xps1 = Xg, (7)

50 LobEGgdob dMms30 (FMbolHmOMdOL) FgMEHowgdol Lsdmzbgws bws 30ymEolbdmom,
60d

Tn+1 = Xn = Yo 8)
35806 (7) 03905300 BMOIMwosd d030090m, H™I

653 0956 60dbogL, ®MA (7) 0653031 LOLEYISL 593L Lodo fodEowo x5 =0, x; =00 s

x, =1
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d930bpsgermor dsoo dgesmBol bs3000b0. 530bsm30l, {mbolfmmmdol (od@GHowl wbos
803390 8306 BsbOo 0 < d, <1 ©s (7) LobEBosb F>5dMBObsMy J930LFszemm BsBMHOL
©0653035. 009 ol 0bBMEYOs, 3590b FgLodsdolo oM EHOE0 sMds BEYMO, bmwm mvy Bmewolz)b
d00oLMox’s30L, 85d0b A35d3L BEYMOEMDBs. Fob3zobowMmm (35¢-3ow3g Frmbolfim®mdol famEowgdol

3aM5MdOL byzombo.
5) xg = 0. 85306 gobg0bowogom 98 Fg®Eowol 893ummgdsl sbyy  x,, =0 +4,.. (10)
0¥ 39303035¢0Lobgdm (7) LobiEgdob Lobgls, 43946905
Ops1 = 05 (11)
3 509BgL, G ZL =5, «1, (12)
3595b50539, lim 4, = 0. (13)

7 oo
9:0. fmbslffm®mdol fod@owo x; =0 dogmsos. gb bodbsgl, ™I B3gh vy 5300gdm
Bo®9dol LsFyol dgdsGgmds  |xgl < 1 8608369@mdsls, 05806 LolBgdsl g3l BGSYEHMGO
30%030L 39bGH®0 x = 0 s 6gdobdogMo sLgmo |xg] < 1 Lsfgolbo 306:mdols F9dmbgggsdo, dobo
MMd0G5 d00B0Yds 58 396GH®OL Foge. 51939, B0BOWWMWMdOL 396GHM0s Xy =T s dobb
800%0©9d5 0lgm0 FIMEHOWIBOL MGHBOGHF0, GMIgemsmgolsg |1yl = 1.
d) x5 = 1. 35906 gobgoborogm 59 g®EH0wol 393xmmgdsl 5649

x,=1+4d,. (14)
0 35300035¢0l{0b69dm (7) LolEgdol bobgl, 43946905
1+6,., =(1+38,)%, sb69 (15)
148, =1+28,+82 85306 (16)
@ =2+4,. (17)

Cn

©5 Gopdb 0 < §, « 1, 80300900 M
lim &, = oo, (18)

¥ —=+00

653 0056 60dbogl, GMI x5 =1 FmbsbHmOmMdOL FgHEHOWO sMss JaEHs@O. 3535L553g, M)
LobBYdob LFgobo JEyMToMgds x5 = 1 95d0b d30Mg F9IzMmMYdsE 30 Ls3ToMOLOS ™A LobEgdol

MM303s  §o3009L  MLILEOWMEMBST0, 0F3s T9IBM™MgOIOL 96 sOLYdMIOL Fgdmnbzg3z5d0 oM
56LgdMdOL Jg8mbzgg3zsdo, LobEGgds 0dwg3zs 39M0mENE 3OHMEgLL. mv) bsfgobo 8603369 mds
lxgl = 1, 85806 Lobgds 0dewggs Lsle¥EMmdsdo 000535¢ MOBOGNL. gl Lsdo 9gdmbgggs

939909005 1.5 - 3.5 Bobobgdby.

Sbs asbgzobowmm 3md3wgdlMo 33wsgdols dgdmbggzs (1).
Zps =ZptC. (19)

09 0¢gH3o0l HMIgewodg doxbdy [z, = 1 85906 gmbJzos dmyg3gdl MLslGEMdSTo
80053500 MOBOE. 5SOLHdMIL DEgGwo Jgdmbggzs |z,l = 1; ¢ =10.

0539MMo©, 00v) X5 = cosl; v, = sinl, 35306 (oOGH0wgdo @sygd0sb ghmgmemgsbo
(oombol §Ogfiomdg, mMdEs, ®s9gbody doxol d90wgy 3sbEsmMb (30¢Yd0s6 sl 6sb.9,
Bob.9.a. 03 gds O®MI, [Ogfomby dgdedg HoMEGHOWGdO 9M53YMI0S s oLobo 6 Imy3z(39996
MO MOS0 30535 MMBOEGL 56 J00B0EYO0sb FOHOL MHMIgeodg Jogs HadEGHowol doge.
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LW

0

i
Bsb. 9. boliBgdol Eobsdags Gmgs |z,] = 1; ¢ =0

Bob. 9. 5. OLIMIEAHMMO E06FIMGHO LoLEHIIOl MGBOESL, GmEd lz,|=1; ¢=0

fl(z) gabdgools J(f)  gogerosl bodGsgeng, offmgds 08 Z  fGdoegdol bodGsgerol
UsB356L G890 H80)sg Usbeenermdoliz96 ool M-msb gems:

J(fl=2a {z: lim z,, - m}. (20)
1 —+oo
56 Bbgs6s0M5:
1(£) ge9crosl bodesgeng stols £ gebizool ga9ems dobowraenmBols ferbslfeémdols fat@oerols
(G500 Jmac0b 0 -0b), Goboryermdolb 39¢ol bsbmzsto.

MB56EH03950 Zyey = Za LobBIoLsm30lL FrEosl LodMsgEgl 5Jgb Lsbg |zl = 1. 5 agsdgL
Jombo, omwdgs gl LBodMO3Wg o6 [oMmBMoPIBL  BOOIEIWL, Bopesd Mmam®s Hgbo, Frwosl
LodMSgWy  BBIGHoos  [21].  sFodmd  OmymOE (oo,  gobobowsggb  dmigdmwo €
960936900mdolomzgol z-0b  olgm 3609369@wmdBL, BHmIgwmemgolsg 1zl <2 s GgLsdsdolo
F9OGH0@9d0l LodB3wg 5905l os LodMSZL “fFm©dD. 0gEWYds, HGMB vy |z| = 2 85306

d9L5050L0 MMBOES JoEOL MLOLEOYIEPMBOLSIND. FmMErosl Fos LOTMIZ3EPOL LsDBPZIML oSl
omL MHmgd96. bmerm 50l oMol sds@gdoo LodMozwgl - Bo@b LodMogwrgls [4], [22].

Lo Bsbsbby godmbobwmer  ©obzgdeo ©obsdoznmo  LbobEgdol dqLsdsdol  gweosls
LodMS3gL 593L Lobg (65b.10).

31



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No1(37), 2024

&
E ~
_s/\ “‘\'\I'A"‘-«_{

L\,_r“w
65b.10. olizMgEMEo obsdozmmo olEdol grygost Lodmageny,
3ol mMdOESE godmbobyymos bab.1. s by
396gobomm z_ ., =22 + ¢ 1ggdobomgol gmwosl Bos LGSOl 53980l 3GHMYGST>
3LY3EM3M©YdY0, Lysg € = a +ib:
9mbs390900L 9@ sbo:
a,b
(c.d) (gsbxM0b 396¢360)
5 (8obxMob BmIqd0)
P (30dL99dolb GomEgbmds 53sbx Mol ynggw 239MT0) 890092900L 3odm@sbo:
7390005l 9005 LoFMIgeols 458mLisb3s 06oEsOBsG0s:

MRO® bdoMo 49bobosggh gmwosl dos LodMsgwol LsBEZHOL s sl MHmgd96
9050 oo, OHMIgms Fogs0mgdoE dodmbabros 11 -14 Bsbsbgdby.

636.11. Fosk oHo. 35658memGHo 390mbgags.

(u\::) \\w\\? 530.14. ob3EIGImo byBob 3gHocmob 3jmby

©065303736G0 Lob@gdol Frerost LodGsgeg.
656.13. memosts oMo Gogs c=0.3240.043i 6mBeE00l MHBOGHG >BbIB=IE0s 2.5 53BIBBY
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4. 356gmdMME oL LodMsgey

GopmOE 99339 3060m, fl(z) =z +c gnbdzool goymosl LodGsgwy B9odmgds ogmls
Lbgoolbgs  GHodol, 0dolb dobgzom M) OHMAMO0s € 356M599GMoL 360036y mds.  sdol
90195350, 59 BMBI300LIMZOL SOBYOMBL TBMWME MO FHO30L F2Iosl LoIMOZeg: 5) dIMWO
LoIMS3¢g; B) LEOWMEISE M BTMO. BTN FMEP0sL LOIMS3WYgd0 JOHMTBIMOLOYD Fgodergds
Dom0mMop9bbab 9930 FoMgdl  ModBHow Mo  LEHMMIGHMOOM, OMAMME  FoYIWOM,
0 < [c] < 0.25 390mbg93590; brrwwm LEHYIEOsE MBI ) osl LodMZIIBL 530 JoBEHMGOL
9®39600L 29m39GHM0Mwo BEGOWJGHMES (65b.15, 16).

CTS T CTTNETT
~ ¢ b
&
o <D Y /:'
e € c/ BN
C J
&5 2 o, - 2
I (o S
656.15 Fremodh bodGogwmg. Gogs 0.5 536.16. Fosh bodGagmg, Gags ¢ = 0.31 + 0.044

dmggdnmo  f(z) =z +¢  gubdgool  gymwost  Lod@mszmol  Ho3ob  0basA@EL
§om0mopqbl dolo Gsbogerdmm@ol bodmszerg, MmOl yzgws dogs € HadGHowl Jgglodsdnds
330 7905l LodMsgang (bob.17).

65b.17. 560gmmdGMEHOL LodMsgany

dsb@cdkeahol bodMmsgemol ymzger € [amdoerl 899bs8s998s 800 goemost bodtszeny,
beagmer Gobs sds99door bodbsz¢cgl 30 bGH«emos@ 5Gs80wcmo  gogemoslt bodmsgemg (356960l
JA3940).

2oBlsbegtgds:  f(z) =z% + ¢ gnbigool dsbgcmdGmdol bodGsgeng fmEgds obgomo
c €€ 3m33mydumeo Gogbgzgdol LodMegwgl, GMIgdobmgzolsg 0 FodEHOWOlL  ™mMdOEJdO

399mUsDO3MHMOos.
2. 315336

HMamO3 3H9003m, 0lgMo FoMGH030 JOMBOX060 0GOS0 LoliEgdgdolomagolss 3o,
OMAMO035 3390M5GMI0 Sbobgom HoMdmddboeo bdgds, ©odsbslosmMYdIE0s 39MIGEBHOOYISE
550930 (9503900l 5OBYOMDS. I3, 3MEBI0 LoLEHYIGOOLIMZOL TsbolinsMYdgWwO
»90B93960L  530LMRBEGdS , MobOE F90MbOEO396 bmedy sbobzol s353806Mgd0m Fgdmbgzgzom
3639190056, 2965300MBYOL BOSIGIWMMO 3MOGHMYEJIOL B35 TYHMZ6YISL.
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SIMULATION OF DISCRETE DYNAMIC FRACTALS
AND JULIA SETS
Obgadze Tamaz, Kunchulia Nikaoloz

Academy of Sciences of Tskhum-Abkhazia,
LLC Almasi Scientific Production Company

tamaz@mail.ru; nikakunchulia3@gmail.com
Summary

The paper deals with fractals arising in discrete dynamical systems. The system of iterated
functions arising from quadratic mappings has been studied. The Julia sets and the Mandelbrot set of

corresponding constant mappings are constructed
(Received 24.04.2024)

MOJEJIMPOBAHUE JUCKPETHBIX TUHAMMWYECKHUX
®PAKTAJIOB 1 MHOXXECTB XVYJIMA

O6ragze T., Kynuyrua H.
Axagemus Hayk L{xym-AoOxazuu,
OOO nayuHo-npon3BoAcTBeHHAA hopMa AMacu

tamaz@mail.ru; nikakunchulia3@gmail.com
Pestome

PaCCMaTPI/IBaIOTCH (bpaKTa.TIBI, BO3HUKawmuecsa B IUCKPETHBIX TUHAMWYECKNX CUCTEMaX. I/IBY‘{GHBI
CHCT€éMAd HMTEPHUPOBAHHBIX KBAAPATHIECKHX (1)YHKL[I/II>'I CTPOHTC}I I‘paq)I/I‘-IECKI/Ie KapTHHBI MHOXXECTBa

Kromna u cooTBercTByIOmME MHOXeCTBa MaHzers6poTa.
(Iocrymura 24.04.2024)
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96360 0)300034Md3™dOL 0b6ggJliols obsdozols

3509353034900 MY JOS
0535 M0d5d9, bLglboero Mbosdz0E0
3L L9 3609MM-LFoMmBMMm BOMTS S¢Edslo
tamaz@mail.ru; sesilitandilashvili@yahoo.com
M9bomdy

d9bfogarowos  Johmmo  bslosmol ol Jmoegzso  gwgdgb@gdo, Mog  3obs3oMHMdYOL
963690 1300009MdsE™d0L Bogdzgel. 458MmgmBOos 35335809M0 3MEGHWIOOL JOMOMSPO
LodsboLM  99396@ g0 s JoMMo  BHBOLOLIMZOL  EsTIBILOSMYDIEO 0 T5EHIO0MO
3565393HM900, M3 Jabol Jo®oen HolosML. BsMYse0dgdI0s, JOHM3690 MZ300TYMBSEMOOL
0653030l g96aLEBOZMYO, 53MYA0MJOME0 3561599 BHEMJOOL LodsBoLM LolEgds. F90m®IdMWOs
9603690 130034mdsMmdol  0bgdbol (36905, Fglfogwrowos, FMBIODOEO0L  o3egbs
96Om3bmmo  0M3003YMmdsEMdOL  0bglol  BOHIBY.  BsIMmYsEodgdmEos gMmgbero
03000040 x35©Md0L  BOEOL J9dsx39Mbgdgwo doBgbgdol LobEGgds s 93gdwos 9gM™3bwmeo
030099450000l 0bgJbol ©0bsdozol Fglisdsdolo Fomgdo@03«mo dmEIEro BodsGmggarmls
1990-2023 §ergdols Imbozgdgool qomgowolfiobgdoo.

15533956dm LoEYzgdo: 9OM36Wwo MZ3000TYmMdIEMBOL 0bEgJLo. FEPMBSWODE0s. LEdsDOLM

LobEgds. LodoOmMzgErml GMbM-3WEHMOMEOO G3MEY309.
1. Jo60r9eo bollosmo

L (305MEO-300GH03MNMO0  LoLEGYTs bolosMEIds FM35o Bb3sslbgs  35MsdgBHEMom:
9306m303ME0, bmEosweo, INWEHWOMWO, Jobolzemo, GHIOOGHMOOMWO, 3MEWOEGH03M0,
oLAHMOOMWOo, 96MdM030, MHYL0ROME-90003M0 JobssMbol s 9.8. Bggbo s3m3560L doBsbos,
d930LFo3emm  BodoMM3gml 13000894MmdSEMBOL 49630050930 L  Fglsdem  b3gbstgdo s 0d
35653930900l ©0bsd03s, MHMImgdoz  JobALIBOZMgwos B39 59ME39B0EB  godmAobsmy.
300693 08 356M599GHMgdL, MMIWGdOE 9HL0SMYOL  goblsbowrzgwo LolEgdol saMgRMYOE
356599 3HM9OL 956¢9 356589EBHMYOL, HMIYO0E BTV gdsL 0dEg3s 53LEBM 535 M¥) 08 JobssMmLol
BWMBSEMEO-X5FMM0  gmiod3g3s.  gu  dgLodegdgel  bol oMb dmEgdero  LolEgdol
930309960 500935E03M0 IMEIWo.

LodoMmM39wml  9MM36w90  MZ3000YgMdIEMOOL ©0bsd03s 360I3zbgarmagboss ©IM3Z0Y-
OMo  39335B0gms 3N EGHMOMOLLIMZ0L  EOTbILOSMYDIE OLYM  BoJEHMMGOMID, OMYMOOFS
29%60L980L  Jodst0>  03(905¢m9829¢m0  ©5F30009829¢m98s,  (H3O30980L  35¢H030L590s,
OOSQOGOLICPO (3933900U5 @5 Lodm9H980L Loygs6mo9cmo, Jscrobs ©5 @IOL 329¢7H0, 3599393900
(®506001¢70) 36236980 figbo, d9a08Gobsdo 96HmgwIe98s, JBHEolsI0 ©sLIMHEOe9BBs;
JoO»3900LOM30L, 935l 9gBsBHgds  Usgwmsmo  gbobs ©s  rodIHGLIHXemo  §983300(59080b
35¢9030b3905  (39BLOIMOMGOMES©  505YmdI6  JoOM3gEgdo  Fmms  Brlomsggerol  "3gxbol-
AYombbom"), ds®orerdsogbereyio  Gfdgbolsdo %Rsfobo 00 300098:9m98s, Gd3 ©O393-
domgdmos Bz9b0 gombmliol bmg®mgdol Hobmsb s oLEGMMomw HoOlwmwmsb (JsGmzgegdo
5054md9gb 0d 100000 Jo®ogzgwom, HMIgddsi 9GHIMOL oMo MbES FoMmMET>POEIOCMOO
bsBgdol  99mMo3bymzs®g s mogol Im339m0m  1033Ooo  sMRos MHIIOOL OIWOSAL). 9O
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390dgds 96 5©00b0dbMl Fs@mwrero gorbealbols 3sbbsz7900%98:9¢0 bogyzsGoaero bsddedermbsodo,
Omdgeros  bdoms, ©gEoL  Logzsmemol  Msbado  sOoL.  soGHMAss, MMI  9doyMmsbEHO
JoO»39w0Lsm3z0L  (Lb3ggdobogsb  2sbbbgoggdom), bmbEowmaos ImmOBgbgwo  535IYMRMBss.
bdoMs, JoOmmEo IMLo3obs M) 3MEEHNIOHOL Bb3s godmzw0bgdslmsb dgbgzg®s, gdoaMmsb@ol
0359080 dmbsBM9gdol 3G9l sBgbl s $80d3egdl Brabowaool oIl 3H3o30b. 56
390degds  ©s30300ymm bggbo  gdo®«yemo  bsbEdeagmer  fstliryero. Lodsrm3gem  Ymz9wmzolL
5054mds 3530L0 F0MGOO0M. J3sHIero bsbosorols BHI0M98500 OO Geaero Jgsbereyems 35BS
@ Joooemds 03060, bsds®orz9¢mcr bead 30606 Usddmberms. Lbygmzgamomn©  36mdowos
JoO»o LYBROHOL 39wEHMEs. 35d0b OHMEs, AMBEOML MIM3wgL J399sbsdo Lalidgeo MOMBOLS
@5 OOMBEIMYOOL Bsdowgds 0gm, LodsOmzgumdo JsGmeyero beygzts oy 0smbsos deatolb
@©3363000 020000l 3o@33900L 500, 530FEHMB5(355, 1M JoOHMIIWId0 JsBHower beryzmsl
33509005b33 MHMm©Yd©bgb. FsH390m980Ls030L bhedstro 0dpgbs bsbrybzgcr 306026985
0mM3GOMY, MMT 5OLYIMOL odmmdds: UPdstro 3000bs502". LoJsOIMNZg ™ brHderols dBsgs¢ro
000l bsdTmbermgss. JoOmgzgargdol doge godmEgoero bdsero Loymgzgumsm@ 0ym 3bmdowo.
JoOH 0390900 53540 O 0930MmY356M9, dIBH™Igero bserbos (5OLYIMOL JoOMMEO Q5TIMMITs (3000
090 dmbsbgamgom"). 50 gLss, ob LodsBOLM JugdgbEgdo, MILSE JoMoyer bsbiosols 3gdsbom ©s
3505943 dobo s®LYdMIOm.

2. bsgdotrmzgerml 96036100 0930008ymdsmdol obsdogols
2560L5BE3MYMOo 3565993 MYO0L YIS

3H5005, MM LOJoMM39W ML FMJoeodgmoasb (HMIgEms LogMoM MOMEIBbMdsS M(t)), Mo3
MRO® 393  9©53056L  9d3l  JoMmEo  gBM3zbo  bolosmo s  FoTslosedg,  gMmgbmero
0300004™d50MdoL d9650B169d0L LIMH300 (300J3500 F5000 MoMmEYIBbMdS N(t)), doom MBGOM gEos
9636990 ©300084mdsMdol d9bsmbBMbgdol sedsmMdyE. sdoGHmd 0bgdM0305, gMM3gbyro
0300394Md350Md0L ©0bs3d03MM0 Fobslosmgdgwo s6¢) 9MHMm3bmwo 130mYmdsmdol 0bwgduo
I(t), 2960L5BOZOML OMYMOF 5T MO0 356M59xGHMOL BIOMDS

N(b)

I(t) = 2= (1)

M(t)

96036990 ©30m3yMmds™dOL 0bgduo oggegds I(t) € [0; 1] wsergdo. 53 0bgduol
96030369cmmdss 1, OH™MEs 239436 LEWMWo 9MM3bo M30000YMdsE™ds; 3603369 mdss 0, mvy
9399965 LEIMEOE 396293l MZ30000YMdIEMBOL bM30wL s 03930 39M39BGH0WNH, FsbJMO M
OO S F5ToL5TY, M3 MBOM SbeEMmbos gl 0bgduio 3608369 MdLME gBmo, Joo TgEHos
9399460l gH™m3z6mwo bryeols s boliosmol F9bs@Pmbgdol Tgbodwrgdemdsa. sbens d930Lfsgzermm
96360 M30m3YgmMdoMmdolL  3obLabezmgwo M(t) s N(t) 3565993HMId0L 330w gdol
0530190090900, HOLM30LE 23F0MYds FLOdSTOLO 50095 03MM0 ImEgErol gyqbos [1].

gboos, ®m3  dmbobargmdol  M(t) GomErbmdol  33wowgds,  3603369wwmgbsas
©5IM30IOMWO  MJOQ0O-gD03MNO0  go3wgbol  RE 356539 BHMbg o bmEosgom-
93060803160 300@030L 493wgbol XEC 3bd305%y.

51939, Lodommzgerml  9mMm3zbmeo  30m3g4mMmdomdol  bMggerms N(t)  Momgbmdol

330905 OIMZ0EIOMI0S  BIGEOYOM-90039M0 353w gboll RE  g3mbdos®y, dsbdgools

36



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No1(37), 2024

393w9bols IMAS 3mbJ3osHy s ULodommzgerml  dmbobergmdol M(t) ©sm@gbmdol 03960
3656309300l IVPR(M, N(M, ...)) ©06580376 39693059, 5699 335936 396&HM@gdsms Lol®gds
M = f(RE,XEC), (1)

N = g(RE,IMAS) + IVPR(M,N). ()
0v) 58 396@MEgdoms LobBgdol dotrxz9bs FbsGIOL  FmbEogdl, @o3dw0m  BHYowMMOL
BMOHIMYwom s 3930650PF1b7dm Fbmermeo (O xzog §9369dL, do3009d0m

M = ay + aRE + a, XEC, 3)
N = By + B1IVPR(M,, N,,) + B,RE + B3IMAS. (4)
Lofyol 306HMdJOL sgzm Lisby:
M(0) = 5.45, (5)
N(0) = 4.8. (6)

50 59mE3sbsL 53mgbLbom MHb -39l IJNMPOM (33XSO BOKOM.

b 29630b0EMmm Imgerol gobaLsbLgMgeo 356539EM9d0L oEqbol gmmogzs.

50 356539300l ©0bsd030L oLYRI6s, LoFoMmms, gsdmgzgoygbmom vsberglo oliGm®ools
1990-2023 {engdolb godmEogds s dgbodsdolbo 0bxmMdsEos googsdmdsmom MH9YAMgLoeo
9Boe0BolL dsBsBg. 85006, RE(N) Gge0og0v®-9molwto 4o3w9gbol gobdzoolsmgol 33946909
399mobmegds (bob.1)

15,605 20 T T T T T T
Re(n) 10} —
-05 oE | I | | | |
0 5 10 15 20 25 30 35
0 n 35

Bsb. 1. Hgeog0mMm-900039960 493egbols BbJiool 3®sgozo

59 BobobByg, n - ol 9609369 mds 0 F9gbodsdgds 1990 (garl, GMIgEog 509dMEos Lsfyol
©mbg, n - ob 3603369e™ds 1 FgqLodsdgds 1991 gl s 5.8. OHMyMOE 35gO3m, MYEOYFOYE-
900031600l 393w9bs LGodowMo d3oMg ogm 1990-2005 fiergddo, bmenm 2005-2012 {engddo
800@06569MdS 900 IMH-900329M0 256(YmdIBOOL BO., Mds3 Joomfos dsduodmal 2012 Howl
@5 990093 ©s0fym 900370  VO0MJIMIdIOOL  IMEMYMBI0L  3OMEILO  (RooFoM0YdMEO
dmm0bgdol dubgzMg3s), 2020 {ierosb 30 MgE0a0M-9000329M0L 453W9bs LEHBOOES. 53
319694300L5M30L 43593V 965 OBMGO dosbErmgds (7):

RE(n) = 0.029n2e~005(n=22)* 4 1 7)

5Bo@my0mMo, 353900l gogegbol IMAS(n) gMbJsoobsmzol a35J3L aMexozo (6sb.2).
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OF THE IDENTITY INDEX OF GEORGIA
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Summary

In the work those features of the Georgian character are studied, which define national identity.
The main basic elements of the Caucasian character and those additional parameters are highlighted..,
What creates the Georgian character. Introduction of Identity Index. The basic system of aggregate
parameters is built, Dynamics of the National Identity Index. The influence of globalization on the
nature of the growth of the index of identity of national cultures is studied. The Case of Georgia 1990-

2023. The corresponding mathematical model for the dynamics of the identity index is constructed.

(Received 28.04.2024)

MATEMATHYECKOE MOJAEJIUPOBAHUE JTUHAMUKHA
NHAEKCA CAMOBBITHOCTHU I'PY3UHN

Oo6ramse T., Tangmnamsuim C.

OO0 Hayuno-npousBoacTBeHHast pupma Anmacu
tamaz@mail.ru; sesilitandilashvili@yahoo.com

Pe3lome

PaccmaTpuBaroTcss T€ dYepThl TPY3MHCKOTO XapakTepa, KOTOpPHIE OINPENEISIOT HAIMOHAIBHYIO
caMOOBITHOCTh. BbIeneHsl OCHOBHBIE 0a3MCHBIE 3JIEMEHTHI KaBKa3CKOrO XapakTepa U T€ JOIOIHUTEIbHbIE
MapaMeTpsl, YTO CO3MaéT TPY3MHCKHH Xapaktep. BBeieHo moHaTHe WHAEKca caMoObITHOCTH. [locTpoena
0a3ucHas cucTeMa arperupoBaHHBIX IAPaMETPOB, OINPECNAIOMIMX IUHAMUKY HHAEKCA HalWOHAIBHOW
caMOObITHOCTH. M3ydaercs BimsgHHME Ti00anM3alMy Ha XapakTepe poCTa HWHIACKCA CaMOOBITHOCTH
HallMOHANBHBIX KyIbTyp. Ha mpumepe I'pysun 1990-2023 r. mocTpoeHa COOTBETCTBYIOIIAs MaTeMaTHYECKas
MOJIEJIb JIs1 JUHAMUKY HHAEKCA CaMOOBITHOCTH.

(Iocrymuma 28.04.2024)
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ABOUT ONE APPROACH TO THE ASSESSMENT OF
FUZZY INFERENCE METHOD

Amilakhvari Nugzar, Mamedov Aziz
Georgian Technical University
n.amilakhvari@gtu.ge; azizmamedov2022@gmail.com

Abstract

It is formulated and tested a new approach to the estimation of bilingual education for students, which
is based on the fuzzy inference method. For alternative estimation of bilingual classes it is selected block of
assessment criterions by which on the basis of appropriate marks of observations it is made an assessment of
an audience as a whole, the individual student and the teacher.

Key Words: bilingual education. Fuzzy inference method. Estimation.

1. Introduction

Bilingual education integrating a substantial part of learning and natural language is, in a sense, a very
"sensitive" and "delicate™ process. During its implementation and follow-up realization it is very important
do not impair the current knowledge and the advancing progress of the student, his intellectual potential and
innate abilities. Therefore, from a methodological point of view there are two obvious and fundamental
problems: how to provide the necessary academic level of student's knowledge when he (she) studies on a
second (non-native) language and how to assess adequately the level of acquirement in a particular subject
and its progress in mastering a second language?

Under exist evaluation methods it is almost impossible separately certify the student on language and
substantive components of learning. Herewith it is possible a misunderstanding, when the lack of lexical
dictionary of student is interpreted for the benefit of his failure to fully understand of the essence of the
subject. Obviously, when bilingual education would be wise to evaluate the student by two specialists: for
informal theory by teacher of a subject, and for language by the second language teacher. However, this
approach is still artificial, illogical and ultimately does not attract the interest of the student.

Moreover, the parallel evaluation of a bilingual education is unacceptable, and other very important
(from methodological point of view) the position. In subjects where language training is not important (for
example, in mathematics) student easily solving the problem, because of the lack of knowledge of the
language can not correctly interpret the problem formulation, especially if it is not clearly formulated or
presence of "new words". For example, improperly imprinted comma can radically change the essence of the
sentence.

2. Main part

Testing, which is currently used to evaluate the bilingual education in pilot educational institutions,
uses simplified statements in tests involving a unambiguous choice of answer on principle "YES — NO".
Unfortunately this method provides only an approximate proposition of the true of knowledge level of
students, especially as in the process of testing it is an element of chance, and thus do not provide full
objectivity. Therefore, only the system of alternative estimation is able objectively to assess the level of
acquired language skills in the context of learning the basic didactic material for a course.

As one of the alternative methods of assessment of students in bilingual education it is proposed using
a fuzzy inference mechanism, which is by far one of the best methods of multi-criteria evaluation of
alternatives under uncertainty. Due to this approach along with the usual numbers it is possible to involve
nonmetrizable (or semi-structured) data in computational process, that is very important for estimation of
bilingual education quality.
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Suppose that at a certain discipline it is bilingual class characterized by linguistic heterogeneity of the
audience. For an alternative assessment of this class let’s choose a block of assessment criterions consisting
following four parts [1]:
e assessment of the audience as a whole;
e assessment of the student during the integrated study;
e assessment of the teacher ;
e options for self-conducted studies by teacher,
each of which detected the appropriate note of observation (see Tab. 1, 2 and 3). Then on the basis of these
criteria it is necessary to create a method of alternate assessment based on the application of fuzzy logic
inference mechanism under inaccuracies and vagueness of available information, and, thus, to obtain the
aggregated assessment of bilingual class.

Assessment of the audience as a whole Tab.1
| part
Teacher’s name Date of observation
The number of students in the classroom Time of observation
Name of the observer Aggregated assessment
Il part (activity at work in subgroups estimated by the 10-point scale)
Symbolic Speak Work with | Read, Watch, Do nothing Wait for
notation of group | working the write listen assistance
material

a1

a

o] | |

11 part (working besides subgroups according to the special task)

Criterion

Listen to the
teacher

Be
engaged

Wait for help from
the teacher

idle

Dream, act the goat,

The number of
students

Score of student working in the subgroups

Tab.2

Verbal action

Expresses Requests that Says as a Speaks duringa | Speaks during a
S | sentences (offers | work together — | "facilitating" joint operation joint operation
& | tocooperate) in in both languages | actions, explain (talking about (speaking
2 | both languages or only native to others without | cooperation) —in | extraneous
ié language their request — in | both Ianguz_iges sub_ject) in
c both languages or only native native language
) or only native language

language

U1
uz
us
Us

Actions or behavior
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Works |Works |Acts as Learns  |Waits Oscillates Reads Idles,
alone |with facilitating (listens) |for help | betweenthe |something, don’t
others |the work fromthe | desireto do |perhapsisnot |wontto

5 (performs outside | andsearch |related witha |work
g most of it) for help theme of

S classes

S usually in the

g Elative ’

2 language)

Uz

uz

us

Ug

Evaluation of the teacher Tab.3

NeNe | Activities Cases | Total

1. | Facilitates the task of the student

2. | Makes a comment about the discipline (the student or the audience in

whole)

3. | Informs, instructs, defines

4. | Asks questions on the subject

5. | Promotes higher-order thinking

6 Identifies and insonifies the interdisciplinary connections

7. | Provides additional information (materials) to a group or an student

8. | Justifies the need for joint action

9. Improves the degree of competence

10. | Indicates the need of variety of roles in the group

11. | Explains why one person is unable to perform the entire task the proposed

group

In [2, 3] was examined in some detail the problem of point estimation of alternatives under fuzziness
of available information. On the basis of the application of this methodology let’s obtain the estimation of
bilingual lesson from the point of view evaluation of the sub-groups in whole and students engaged in

outside groups on special assignment.

So, suppose that in some academic group of bilingual education during the classes in a particular
general discipline a Methodist from the monitoring team conducted their observations of the behavior
(activity) of students in subgroups and ordered its estimates on a ten-point scale in the type of Table 4. In this

case the subgroups of students are alternatives that are denoted by as, a,, az and a..

Evaluation of activity of students in subgroups Tab.4
Grou Speak Work with | Read, write Watch, Do nothing | Wait for
ps working | the material | (PRODUCTIVE listen (FREQUENT | assistance
(ESSENTIAL | (INTENSIVE LY) (CAREFULL LY) (PERMANEN
LY) LY) Y) TLY)

a1 2 10 7 8 0 0

a 5 8 6 10 0 2

as 8 5 5 7 4 5

a 10 3 2 5 7 8

Then for numerical (point) estimation the activity of subgroups in bilingual education let’s choose as

basis the following consistent reasoning:
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€1.

€2

€3.

€4.

€s.

€6

in

“If students working in the subgroups talk in essence and at the same time work with the didactic
materials, and, if necessary, look at teacher and listen to him, then their activity during classes is
satisfactory”;
“If in addition to the above observations students all over the classes rarely idle and do not expect any
help from the outside, then their activity during the classes is more than satisfactory”;
“If in addition to the conditions specified in e, students within the subgroups alternately read and write,
then their academic activity is perfect”;
“If students working in the subgroups talk in essence and at the same time work with the didactic
materials, alternately read and write and, if necessary, look at teacher and listen to him, during the
classes rarely idle, but resort to the help of outside, then their academic activity is very satisfactory”;
“If students working in the subgroups talk in essence and at the same time work with the didactic
materials, read and write productively and do not always look at teacher and listen to him, and during the
classes rarely idle, but often resort to the help of outside, then their activity during classes is
satisfactory”;
: “If students within the subgroups do not work with the didactic materials, do not look at teacher and listen
to him and do not idle, then their academic activity is unsatisfactory”.

In formulating these arguments were used six criteria, which used as the values of the corresponding

put linguistic variables x¢ (k=1+6) for multi-criteria evaluation of the students activities in the academic

subgroups. The result of this estimation is one of the values of the output linguistic variable “academic
activity” (Y).

So, based on the terms of designated linguistic variables let’s reformulate the above reasoning in the

form of following implication rules:

€1
€2

es:

€4.

€s:

€6:

o “If X1=ESSENTIALLY and X,=INTENSIVELY and X4s=CAREFULLY, then Y=SATISFACTORY”;
: “If X3=ESSENTIALLY and X,=INTENSIVELY and X4s=CAREFULLY and Xs=RARELY and Xs=NOT
PERMANENTLY, then Y=MORE THAN SATISFACTORY”;
“If X;=ESSENTIALLY and X,=INTENSIVELY and X3=PRODUCTIVELY and X4;=CAREFULLY u Xs=RARELY and
X6=NOT PERMANENTLY, then Y=PERFECT”;
“If X;=ESSENTIALLY and X,=INTENSIVELY and X3=PRODUCTIVELY and X4;=CAREFULLY u Xs=RARELY and
X6=PERMANENTLY, then Y=VERY SATISFACTORY”;
“If Xy=ESSENTIALLY and X;=INTENSIVELY and X3=PRODUCTIVELY and X;=NOT CAREFULLY and
Xs=RARELY and X¢=PERMANENTLY, then Y=SATISFACTORY”;
“If X2=NOT INTENSIVELY and X4=NOT CAREFULLY O and Xs=OFTEN, then Y=UNSATISFACTORY”.
As the universe for fuzzy subsets which describe the values of the output linguistic variable Y let’s

choose a discrete set J={0, 0.1, 0.2, ..., 1}, and as membership functions which reduce these fuzzy sets let’s
choose the following functions [4]:

(k

S =SATISFACTORY as: us (X)=x, xeJ;

MS =MORE THAN SATISFACTORY as: s (X) =X, xeJ;

P =PERFECT as: Mﬁ(x):{]é )::11 Xel;

VS =VERY SATISFACTORY as: 5 (X) =x?, xeJ;

US =UNSATISFACTORY as: 4 g (X)=1-X, xeJ.

Fuzzification of terms from the left parts of the rules adopted by using Gaussian membership functions

=1+6), which reduce the fuzzy sets on the support vector (a1, az, as, as), and values for the ok are selected

on the basis of the importance degree of the criterion of bilingual education quality.
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Thus, the estimation criteria of bilingual education in the academic subgroups let’s define by the
following fuzzy sets:
0.0183 0.2096 0.7788 1

ESSENTIALLY (speak working) A= + + +—;
& a, ag ay
INTENSIVELY (work with the material) B= L 0 6412 O 0622 0 0043
a1 a ag ay
..~ 03679 0.1690 0.0622 0.0008 .
PRODUCTIVELY (read, write) C = + + + ;
& a, ag y
CAREFULLY O (watch, listen) §=28%2%, 1 06977 03679,
& a, ag y
FREQUENTLY (do nothing) E = 0.0622 N 0.0622 N 0.3679 N 0.7788 ;
= a, ag a
. . . ~ 01299 02709 0.6004 0.9216
PERMANENTLY (wait for assistance from outside) F = + + + .

&y a, as ay
Then, using these formalisms let’s formulate fuzzy rules as:

e «If Xo= A and Xo= B and X,= IS then Y=S;

&2 «If X;= A and X,=B and X,=D and Xs= E and Xe= F , then Y=MS »;

es: «If X;= A and X,=B and X;=C and Xs=D and Xs=E and X¢=F , then Y= P »;

es: «If X;= A and X;= B and Xe=C and Xs=D and Xs=E and Xe=—F , then Y=VS »;

es: «If X;= A and X,=B and X;=C and X4=—5 and Xs=E and Xe= —F ,then Y=S »;

86: «If Xo;= —B and Xs=—D and Xs=—E , then Y=US ».
Further, for the left parts of these rules let’s compute the membership function sy (u) (i=1+6). In

particular, we have:

. ~ 00183 0209 0.0622 0.0043
& -4y, (@) =min{uz (d), 15 @), 45 @) My = R — + :
g 2 a3 a,
. ~ O 0183 0.0622 O 0622 0 0043
€ : iy, (8) =min Wz (@), 15 (@), 15(@), 1 (), 1z ()., My
& a a3 a,
0. 018 0. 062 0.062 0 0008

e3 iy, (@) = min fuz (8), 15 (@), 145 @), 145 (@), 1 (2), 1 () Ms = Y a, as ay

& : g, () = min{uz (2), 15 (8), 145 (@), 15 @), e ()1 e ()
0.0183 0.0622 0.0622 0.0008
+ + + :
a a, ag a,
€s : uy;, (@) =min Wz @), 15 @), 1 () 1- 15 (), 1z (@) 1- 1z (8)
0. 0183 0 0 0622 0 0008
a a2 ag a,

21

4=

Mg =

i 0 0 O 3023 0.2212
€ : ty, (@) = Minfl— 5 ().1- 15 (@)1 g (@) Mg =—+—+—"—

& a a3 ay
As a result, the rules can be written in a more compact form:
e1: «If X= M, then Y= »;
ez «If X= MZ , then Y=MS »;

es: «If X= Mg, then Y=P »;
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es: «If X=M,, then Y=VS »;
es: «If X= MS, then Y=S »;
ee: «If X= |\7|6 , then Y=US ».

To convert these rules we use the Lukasiewicz’s implication [3]. Then, for each pair (u,j)eUxY on
UxY one can obtain the following fuzzy relations:

0 o1 02 03 04 05 08 07 08 0s 1 0 03162 04472 05477 06325 07071 07746 08357 05544 09487 1

@ 08317 10000 1,0000 10000 10000 91,0000 10000 10000 1,0000 10000 10000 Gy|[08817 10000 10000 10000 1,0000 10000 71,0000 10000 1,0000 10000 10000

R :GQ 0,7904 03504 0,2304 10000 10000 1,0000 10000 1,0000 10000 1,0000 1,0000 =(12 05376 10000 10000 10000 14,0000 1,0000 10000 120000 10000 40000 10000
"1 45002378 1,0000 1,0000 1,0000 1,0000 1,0000 10000 1,0000 1,0000 10000 10000] 2 ay[03378 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,000 1,000 10000
a,/0,2357 10000 1,0000 1,0000 1,0000 1,0000 10000 1,0000 1,0000 10000 1,0000 a4]|0,3957 10000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 10000

0 0 0 (1] 0 0 0 0 0 0 1 0 001 008 003 016 025 036 0439 0854 081 1

@ H08817 08817 09817 09817 08817 08817 09817 08817 08817 03517 1,0000 @ 05317 02317 1,0000 1,0000 1,0000 1,0000 1,0000 10000 10000 1,0000 1,0000
Rg: @20,5378 03376 03378 09378 04378 09378 D378 03378 03378 09378 1,0000 R =a?. 09373 08478 08773 10000 1,0000 10000 10000 10000 10000 10000 10000
a3l02378 03378 09378 09378 0,8378 08378 02378 04378 09378 09373 1,0000 G5lloa373 0,478 0,0778 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 10000 1,0000
2405952 03992 09992 09892 09992 05952 05992 09992 03592 09992 1,0000 @4]10,9992 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 10000 1,0000 1,0000

o 01 02 03 04 05 05 07 08 08 1 1 08 08 07 08 05 04 03 02 01 0

@ §0,9517 1,0000 1,0000 1,0000 1,0000 1,0000 1,000 1,0000 1,0000 1,0000 1,0000 9] |1.0000"1,0000. 1,0000: 1,0000 1,0000. 1,0000°1,0000, 1,000 1,0000.1,0000. 1,0000

R —9201,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 10000 1,0000 1,0000 1,0000 E _ 21,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,000
5 30049378 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 10000 1,0000 6 a5 11,0000 1,0000 10000 10000 10000 1,0000 10000 08977 08977 07977 06977
4009592 1,0000 1,0000 1,0000 10000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 a4 11,0000 10000 10000 10000 10000 10300 10000 10000 03738 08768 0_77&“

As a result of the intersection of relations Ry, Ry, ..., Rs one can obtain overall functional solution:

0 o1 02 03 04 05 0§ 07 0F 049 1
@ [|08817 08817 00617 08817 09817 09817 08217 09817 09817 0,087 10000
R = (207904 08904 09378 08375 09375 09376 09376 09376 09378 0.8378 1,000
@s||0,3378 09378 08375 09378 09378 04378 04378 0,375 08977 07977 0677
@t4||0.3957 09992 0,9932 0,9992 10,9992 09992 09992 0,9992 0,976 05788 0,778

To find the point estimates of bilingual education in the academic subgroups ax (k=1-+4) let’s apply the
rule of composite reference in the fuzzy environment: Ek =ék oR, where Ek is the fuzzy interpretation of

the assessment, Gk is the mapping of k-th estimation in the form of a fuzzy subset on U. Then, according to

[31, we have: g, (i) =ma{mingug (a) sa (@), where s (2)= {O,aiak; 1t follows that iz (1) = s @ ),

la

ie. Ek is a k-th row of the matrix R.

We now apply the above procedure to obtain the point estimation of bilingual education in subgroups.
So, for the first subgroup a; we have estimation in the form of following fuzzy set:

E 09817 0.9817  0.9817  0.9817  0.9817 0.9817 0.9817 09817 09817 09817 1
=

0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9 +E'

Calculating its level sets E;, and corresponding cardinal number M(E;,) according to the formula:

n |
M(Ca):zﬁj, ieC, we have:
=

o for 0<0<0.9817: A0=0.9817, E1,={0;0.1;0.2;0.3;0.4;0.5;0.6;0.7;0.8;0.9;1}, M(E1,)=0.50;
e for 0.9817<a<1: Aa=0.0183, E1,={1}, M(E1,)=1.
Further, using the formula F((-f)zL M(C,)da (see [3]) one can find a point estimation of
max

0
sufficiency of bilingual education in the first subgroup: F(El) =0.5092.
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Similar actions one can find the point estimates of bilingual classes for other subgroups: for a, —
F(E2)=0.5408; for as — F(Es)=0.4776; for as — F(E4)=O.4821. The best in the bilingual classes is a,

which corresponds to the highest point estimate of 0.5408. Next: a;—0.5092; a,—0.4821; a;—0.4776.

Now consider and evaluate observations another Methodist, who during the bilingual classes fixes:
how did work students which have a special assignment? His observations are summarized in the following
table.

Estimation the work of students having a special assignment Tab.5
Criterion Listen to teacher | Busy Wait for help of the Dream, act the goat,
teacher idle
The number of student | 6 of 10 80of10 | 70f10 2 0f 10

To assess the designated category of students in bilingual classes let’s use the following trivial, but the
consistent and objective statements:
e1: “If during the bilingual classes the number of students listens to teacher is a small, the total number of
busies is low, many wait and resort to the help of teacher permanently, and the number of inactive is
significant, then the quality of bilingual lessons is unsatisfactory”;

ey: “If the number of students listens to teacher is a half, the total number of busies is more than half, not
many wait and resort to the help of teacher, and the number of inactive is a small, then the quality of
bilingual lessons is satisfactory”;

es: “If the number of students listens to teacher is majority, the total number of busies is majority, only some
wait and resort to the help of teacher permanently, and the number of inactive is a small, then the quality
of bilingual lessons is more than satisfactory”;

es: “If all students listens to teacher, the total number of busies is maximal, the students wait and resort to the
help of teacher only in exceptional case, and inactive students is absent, then the quality of bilingual
lessons is perfect”;

es: “If the number of students listens to teacher is majority, the total number of busies is more than half, some
wait and resort to the help of teacher sufficiently frequently, and inactive students is absent, then the
quality of bilingual lessons is very satisfactory”;

es. “If the number of students listens to teacher is majority, the total number of busies is a half, some of
students wait and resort to the help of teacher sufficiently frequently, and the number of inactive is a
small, then the quality of bilingual lessons is satisfactory”.

Taking these statements as a verbal estimation model of students learning in the individual program, as
input characteristics we assume the terms of appropriate linguistic variables. For example,

e SMALL, HALF, MAJORITY, ALL are terms of linguistic variable “the number of students listens to teacher”
(Xa);

e LOW, MORE THAN HALF, HALF, MAJORITY, MAXIMAL are terms of linguistic variable “the number of
busies” (X2);

e MANY, NOT MANY, SOME, IN EXCEPTIONAL CASE are terms of linguistic variable “waiting and resorting
to the help of teacher” (Xs);

e SIGNIFICANT, SMALL, ABSENT are terms of linguistic variable “the number of inactive” (Xa).

Considering the linguistic variable "quality of bilingual lessons” (Y) as output characteristics of model,
taking values (terms): SATISFACTORY, MORE THAN SATISFACTORY, UNSATISFACTORY, PERFECT, VERY
SATISFACTORY, formulated rules have been realized in the notation of MATLAB\Fuzzy Inferences Systems.
For the fixed observation (Table 5) on the scale of the interval [0, 1] it was obtained the numerical estimation
(0.483) of bilingual lesson from the point of view of busies outside the subgroups in accordance with a
special program.
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3. Conclusion

It is quite obvious that the system of bilingual education should be flexible, i.e. it must develop
continuously by introduction the control system of the quality of student learning. In this thesis we propose a
new approach for estimating the bilingual classes based on the application of fuzzy inference mechanism to
estimate the audience as a whole, concrete student during the integral classes and a teacher. This approach
allows to adapt the verbal model to different conditions and, most importantly, the use of the existing
instructional lines in the field of bilingual education.
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3905(9393900L), IOMIoL  30OHMBIOOLS s 3OHMEILOL  M3G0F0bsEgool JoBbom [2]. sbowo
A9J6m@my0q00lL, oo FmMob  bgumgbm®  0b@gwgdBHPg ©Ixnmdbydo  BHgdbmemaogdols
6gdoldoghHo  3OHmMIGHoLs vy LoLEBJIOL  OBSObOLLL, gHRMbMTogs  2odmoygbgds  dsmo
06@9mx90LoL  sbgzghol,  3maboGMMo  G30OHM30L  JgB30MgdoL  BoBbom.  gMAMBMI0Iols
3969650605 505305696 BogBHMO™s 0b7g0bgM0sLeE MHMm©gdgb. 3Mb3MgGMEs©, LobEgdmeo
000aMmdobdl I90MEMEMAO0L  BsMAWgdTdo 45dMmYgbgd s obgmo ghymbmdozmwo mgmMogdo
OMamO0Ess  bogoe-dgdbozmo  bobBdgdidol  mgm®os,  MHmIgog  3m33sbosms  dogd
OQ560bs30Mwo LobEGgdol Mm3E0ToE 4odx™mdglgdsl FbmEmE LME0SW MO s GH9dbolzmco
51399GH900L 3339l IM0 QomM35¢oLFObId0M 5093l [6].

m63560bsgoemo  Rlogmermgos  gbodmermaool  @IM0s,  OGmIgog  LHegmodl
M62960Bs30Mw  3mb639JuBdo  0bo30@EOLyY s  0bEO30M  XAMROL/XYMBIOOL  J3939L.
bgwmzbm®o  063H9wgdBHol  3H9dbmemaogdol  sbgMagolsl  mEmYBoBsgoMwo  glodmewmyools
0900MmEYdoLs s BoJBHMMGOoL  A5dMmYygbgds  Bgds  FLoJMmEEMAoMMmo  bgyogwgbol, o3

52



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No1(37), 2024

&996mmyooms 30856M100 J0d0YBSMBOOL F5HBMIZ0L S 330 gdsms I9bgxdIBEHOL 3MbEgJLGHT0,
399953960bg090 BHOBDBoE00LS, 06Mm3530900L5 s 39T030 A9MAXMdILYdOL Fobocroligdol Jobboo.

3309308 3m6@F9JuBHTo  MOABOBIFOMWO FLOJMEEMA0s 2odmygbgdmer 0dbgds Fgzsligdol
3603 9M0dol 99949853900LsL. 1990 Fgarl 306Mlg30Ls s GHgmMgeol doge 99dMdsz90mee 0dbs
»0m00b365-306(9G2¢0l gm0, H™Agedsg LdxRMIzgeo ™ BodMdsm  5R0gdbY
dmmbmgbol, msbsddOMIgwms  3MBEGMMEOlL @y  FgLodsdol  3OHMYIGH0EMdOL GOl
MOHM0YOHMIO3d0MOLS Y] MOHMOIONEITMI0IOMEGdsL.  dmEErol  Jobgz0m  5©T0sbM
51543930l OMEIGdOL  Fooro  boMolbol  3mbGHOML  Jgmdwos  Bopowo  Jmmbmgbolysb
0000 IMd0w0 MoMHymu0m0 9839JGHJ00L gerodobsgos 96 bgye3wgbols 993060935, Mog LodmE MM
X5990 25990xmd9LJdME 3OHMPJEHOYMIBS S 89930690 BLEAMILL Fobs3OMMBYAL [7].

3. sls336s

50b0dbmer Imgel s ol foowdo sMAmEgbgdeo  BsdMdsml  dmobmzbs-G9bey@mbol
domgemo (JD-R Model), 603900 8mmbmgbo-3mb@dmmerols dm@geols s bgs fobs ovgmeomero
9mggdoligsb  asblibgeggds  3MMAbMBoMIdI©O  (33¢00gd0L AP BIMHM36gd0m, o
Lb3o0slb3s LEFMFomb 3MBOE0IODBY F9BLIBMYSIOWSE MTBOM MY)356EHWO IMbs37dgdL 0deg3s,
d9L50580L5¢ LT GOIL 435deg3L LHTMToml IMMLMZDs 935D HBLM™ sOLYdME HYLMOLYdIND,
Gomd  293570xMOJBM  LsdMdom  4oMgdm,  OMIJWoE  30MHEL306  bgyegwgbsl  sbgbl
36MHM©OIGH0MmdsBY [7].

50b0361woEsb  godmdoboMyg,  Lsdmdogwrm  33e0g3900L  BOMRWGOT0  ORIRTOEO
9613556DMmI0gd0560 3BIMEMJEH0MMdOL M3EH0T0DI300L 3M0GHIM0T0 ©s9RIdbgds LmMmg

B99m0 J800535H93) MMM0gdLs s 06EIMHOLE030bsOME 33093000 FgOMEMEIMYOSL.
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PRODUCTIVITY OPTIMIZATION RESEARCH IN THE ERA
OF ARTIFICIAL INTELLIGENCE

Luka Kemoklidze
Georgian Technical University

Lkemoklidze@gtu.ge

Summary

This paper investigates productivity optimization in the high-tech era. It explores the concepts
of efficiency and productivity, highlighting their differences and interrelationships. The study
analyzes the impact of human skills on overall productivity, emphasizing the need for new approaches
and skillsets in the face of recent advancements in artificial intelligence (Al) technologies. The paper
proposes a multidimensional productivity optimization criterion based on systems theory,
ergonomics, and organizational psychology, offering a holistic approach to address the challenges

(Received 28.04.2024)

HNCCJIEAJOBAHMUE I10 OIITUMU3ALIVU ITPON3BOJIUTEJIBHOCTH B
SIIOXY UCKYCCTBEHHOI'O MHTEJUIEKTA

Kemoxmumze JI.
I'pysunckuii Texauyeckuil Y HUBepCUTET

L. kemoklidze@gtu.ge
Pesrome

PaccmarpuBaroTcss BOIIPOCHI MCCIENOBAHMS ONTHUMHU3AaLNHA MPOU3BOAUTEIBHOCTH B JIIOXY
BBICOKMX TexHojoruil. PaccmarpuBatorcss MOHSATHS 3(P(GEKTUBHOCTH U IPOU3BOJUTEIHLHOCTH,
BBIICIISIIOTCS MX Pa3jMuus M B3aUMOCBS3U. AHAIM3HUPYETCS BIMSHHE YEJIOBEYECKHMX HABBIKOB Ha
O0IIYI0 TPOU3BOIUTENBHOCTh, MOAYEPKUBAETCS HEOOXOIUMOCTh HOBBIX MOJXOJOB M HAaBBHIKOB B
CBSI3U C MOCJEIHUMH JOCTHXEHUSIMHU B 0OJIACTU TEXHOJIOTUH MCKycCTBEHHOro mHTeuiekra (MN).
IIpemyiaraeTcs MHOIOMEpPHBIM KPUTEpUN ONTUMHU3ALMHU IIPOU3BOAUTEIBHOCTH, OCHOBAHHBIM Ha
TEOPUH CUCTEM, SPTOHOMHUKE U OPTraHU3aLHOHHOM IICUXOJIOTUH, MTPEUIAratoInKA NETOCTHBIN MOIX0.T
K PEIICHHUIO 3a/1a4 ONTUMHU3ALMU MPOU3BOAUTEIFHOCTH HA COBPEMEHHOM paboueM MECTe.

(Ilocrymmra 28.04.2024)
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DESIGNING A FIRE DETECTION SYSTEM USING
THE INTERNET OF THINGS

Topuria Nino, Kashuashvili Sergi

Georgian Technical University
nino.topuria@gtu.ge, kashuashvili.sergo22@gtu.ge

Summary

The presented article describes a forest fire detection web system based on the Internet of Things (IoT),
where environmental conditions within woodlands are proactively monitored. This system incorporates
advanced sensors u (SenseCAP S210X), data analysis techniques, and rapid alert capabilities. Dashboards in
Azure IoT Central provide real-time visualization of the data collected from IoT devices, allowing users to
monitor device metrics and status as the data is ingested. Historical data stored in an Azure SQL database
enables deep, comprehensive, and complex data analysis, supporting long-term strategic decisions. The system
aims to enhance early warning capabilities to quickly address forest fires, with the goal of preventing or
reducing damage.

Key Words: Internet of Things (IoT). Azure SQL. Microsoft Azure IoT Central. Wio Terminal.
SenseCAP S210X.

1.Intoduction

Millions of plants and animals call forests their homes, they assist in climate regulation, filter air and
water, and provide a varietyof valuable resources. Despite their value, forestsreally face numerous threats, like
destruction, wildfires, or deforestation. Global warming poses a significant threat to forests. Because of fires,
pests, and diseases,forests are increasingly threatened as the Earth's climate changes. By adopting
environmentally friendly choices, we can allcontribute to forest preservation [1].

Sensors are one of the most important tools that we use in order to detect forest fires by monitoring
various environmental factors. Temperature, humidity, CO, CO2, smoke, light, sound, wind speed, soil
moisture, GPS, and pressure sensors can all be used to detect a forest fire. In order to receive and communicate
information to and from sensors’ devices without interference, data collected by these sensors is sent to a
gateway. Gateways take data and send it to the cloud, where it may be used for further analysis, storage, and
dashboarding . By using these sensors, firefighters can get an early warning that a fire is present and take action
to prevent it from spreading [2].

2. Main part

Microsoft Azure is a public cloud computing platform that provides a range of cloud services, including
computing, analytics, storage and networking. Microsoft Azure [oT is a collection of Microsoft-managed cloud
services that connect, monitor, and control billions of [oT assets. It includes security and operating systems for
devices and equipment, along with data and analytics that help businesses to build, deploy and manage loT
applications [3,4].

We use Microsoft Azure to build, test, deploy, and manage applications and services through Microsoft-
managed data centers.

The Wio Terminal is a multifunctional development board designed for a wide range of IoT applications
and educational purposes. It serves as a central hub for data collection, processing, and it can integrate various
sensors. The best approach for forest fire detection involves using a combination of smoke, heat, and gas
sensors. Multi-sensor modules like the SenseCAP S210X series or dedicated sensors like the Bosch BME680
and MQ series can provide comprehensive monitoring. Integrating these sensors into an loT network enhances
their effectiveness, enabling early detection and rapid response to forest fires [5].
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This article presents a system designed on the basis of Microsoft Azure IoT Central, Power

Automate, Azure SQL and Power BI. Figure 1 shows the architecture of the designed system.

-

Hot Path Cold Path
; —
4 L) 4
Azure IoT Control Azure SQL
! Power Automate l

b

Power B

Fig.1. System architecture

Wio Terminal and SenseCAP S210X series are used for data collection.

The SenseCAP S210X series by Seeed Studio comprises a range of environmental sensors designed for
robust, long-term outdoor use in IoT deployments. These sensors are known for their durability and ease of
integration into IoT networks [5].

Key Features:

Variants: The S210X series includes different models such as:

S2100: For CO2, temperature, and humidity measurement.

S2101: For light intensity.

S2102: For soil moisture and temperature.

S2103: For barometric pressure.

Connectivity: Typically uses LoORaWAN for long-range, low-power wireless communication, making it
suitable for remote and wide-area deployments.

Power: Often battery-powered with a long battery life due to low-power design.

Durability: Designed for harsh environmental conditions with IP66 rating for water and dust resistance.

Accuracy and Range: Varies by model, but generally provides high accuracy for environmental
monitoring.

The data from the sensors is reflected on Azure IoT Central Dashboards. Azure IoT Central

Dashboards-®bg. Azure IoT Central dashboards and rules can be considered part of the "hot path" in an IoT
solution.

Azure IoT Central dashboards and rules facilitate real-time monitoring, alerting, and automated actions
based on live data from IoT devices, aligning with the "hot path" processing in IoT solutions. This enables
immediate response to critical conditions and provides up-to-date insights, essential for dynamic and time-
sensitive loT applications (Figure 2).

The IoT Central V3 connector, powered by Power Automate, allows us to map data to Azure SQL, which
can be used for the cold path in data processing architectures.

The cold path is crucial for applications that require deep, historical analysis of data rather than
immediate, real-time insights. By leveraging batch processing and cost-efficient storage solutions, the cold
path enables comprehensive and complex data analysis
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—  Seeed Wio Terminal
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Fig.2. Wio Terminal on Microsoft Azure IoT Central

The hot path and cold path represent two essential approaches in data processing architectures, each
serving different needs based on latency and processing complexity. Integrating both paths allows for real-time
responsiveness and deep historical insights, enabling robust and versatile data-driven applications.

3. Conclusion

In conclusion, our [oT-based forest fire detection system is a crucial advance in early fire detection. By
integrating sensors, advanced analytics and real-time alerts, the system improves the rapid identification of
potential fires. Microsoft Azure loT Central data visualization enhances decision making by offering a clear
view of environmental conditions. The cold data path provided by Azure Sql will allow us to perform deep,
comprehensive and complex data analysis based on historical data and make long-term strategic decisions.

This system is important for proactive forest protection, which aims to mitigate the destructive effects
of fire on ecosystems, and through continuous development, it can be used to create a safe environment.
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393be0ol 5¢8mBgbols Web-lolgdols admgd@gds 6ogmgdols 0bEHgmbgd ol
959mygbgdom
606 >mBM©®0s, LyMro Ysdwms830eo

LogdoMm39wmb ¢9gdbozmemo mboggMbo@gdo
Nino.topuria@gtu.ge, kashuashvili.sergo22@gtu.ge

6ybonmdy

Pom0mygboos 6ogmgdol 0b@Hg®byd by (IoT) oxwmdbgdmwo @yob bobd®mols s0dmBgbols 390-
LoLGgds, MMIWoms3 dgLodergdgeros GYyggddo 39ggbeol 3969008 IMboEHMGmObyo. s0bodbwyero
LoLEBQds 99M05690L LOEymzoe 0bEMLEMmOME Lgblm®mgdl (SenseCAP S210X), dmbszgdoms
965¢0Bol  3H9dbozol o ULHMoxo ox@mbowgdol dglodwgdarmdqdl. Azure IoT Central-ob
Lo0bRMMAS30Mm IRIOO MBOHE39wwymal IoT IMFYMdOEMIGO0E Fga™mzgdeo dmbsizgdgdol
o6 OMI0 3099500 DoEosL, o3 IMIBTsMYOEGOL  Lodwoegdsls I3l 8533060 HI6
dmfymdowmdgdol  9gBHMozgdLs s  LAHIGMLL. Azure SQL  Odmbsizgdoms 0sBsdo  dgbobuero
obAMOOMwo  IMbs(399900  LoTMogdsL 0dg3s IM3bEObmm ®MTs, Yymzoldmd339wo s
3033gdume  dmbsagdoms  sboewobo.  ogo  dbsOL  MFGOL  MIJE3500050  LEGHMIGHIROVIE
3°050939GH0WgdgdL. 59350©, LOLEHJS JoBBsE OLHBHZL AO9AWOIOHML >MYMO AIBODBOMYGIOL
d9L5dEgdMdYOO BHYol bsbdMgdol LGB 50IMLIBLIMYMs©, D0BOL 63006 s530egdoL 96
999306900l dobboo.

(bAsdos Bomgdryemos 17.04.2024)

INPOEKTUPOBAHME BEB-CUCTEMbI OBHAPY KEHUA
IMMOYXKAPA C HCIIOJIb30BAHUEM MHTEPHETA BEIIEN

Tomypus H., Kamryamsunu C.
I'pysunckuil TexHndeckuii YHUBEpCUTET
nino.topuria@gtu.ge, kashuashvili.sergo22@gtu.ge

Pe3rome

PaccmatpuBaroTcst BONpOoChl IPOEKTHPOBAHUS BEO-CUCTEMBI OOHAPY>KEHHUS JIECHBIX IT0KAapOB Ha OCHOBE
Wnrepuera Bemeit (IoT), ¢ moMOmBI0O KOTOPOH OCYIIECTBISETCS YHMPEKIAAOMNNA MOHHUTOPHHT YCIOBHH
OKpYXarollel cpensl B JIECHBIX MaccuBax. Cucrema BKIIIOYaeT B ceOsl YCOBEPIIEHCTBOBAHHBIE JATUYUKHU
(SenseCAP S210X), meToap! aHaIM3a TaHHBIX U BO3MOXXHOCTH OBICTpOro onoBemeHus. [lanean MoHUTOpHHTa
B Azure loT Central obecnieumBarOT BH3yaIM3aldI0 JaHHBIX, COOpaHHBIX ¢ ycTpoicTB loT, B pexume
peanbHOrO BPEMEHH, MO3BOJISAA MOIB30BATENSIM OTCIEKUBATh TIOKA3aTEIM U COCTOSHUE YCTPOMCTB IO Mepe
npuema JaHHbIX. Micropudeckue fannbie, XpaHsiuecs B 6a3e ganabix SQL Azure, o0ecrieunBaroT ITyOOKHi,
BCECTOPOHHHUI M KOMIUJIEKCHBIN aHAJIU3 JaHHBIX, MOAAECPKUBAsI JOITOCPOYHBIE CTPATETMUECKHUE PELICHMS.
Lenpro cucTemsl SBIAETCS pacHIMpPEHHE BO3MOKHOCTEH paHHEro MpEeaynpexJIeHUs Ha JIECHBIE MOXKaphl C
LEJIBIO TIPEIOTBPALCHNUS TN YMEHBILIEHH yiiepoa.

(Iocrynmma 17.04.2024)
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b9mz3bm®o 0bEHgwgdBHob 0b@Hga®oMgds
569t gMgodzm™mzdo
30MM0 353565d9

LodoMmM39wmb Ggdbozmemo Mboggdbo@gdo
kapanadze.giorgi22@gtu.ge

M9bomdy

«

396boEM0s bgewrmzbmmo 0b@gwrgdGHol 0b@ga®omgds sbymews® 3Mgodzm®3do ,AoH8md0b
Lobom. 396Mdm 99985390 e0s  Algogbo  Lo@Y3zgdool Bs8gbgds 9303530080  sEamEGomdols

Lodmoegdom, Mmdgwos 9Bwdbgds Word Embedding s Word2Vec 9m@geol. seogm®omdo
69500Dg0Mwos 3wogb@ol dbodgl TypeScript ©s3OHMyM5dgdoL gbol godmygbgdoom. 33w930L
99092900 d00gdro dbpsgbo LoGY39doL 3MmEOMmYOOL SEFMOOMI0 393390 DBY IMIbT>MYdYEL
»BH80BHOL“ LIBOM LMHZ5HDMBOL MbEs0b 3MBLYEESE0SL, 39MdMmE gbdsMmgds Mbesob LyMzoLYdOL
@5 dmALobMOGOoL 13900 936Mdsdo. 50b0dbMO s3Ww035300 3903390l JIBoL gBgEHWOL s
dmdbols, 51939 39023900 9GS bowrzs0 s 0bEYJLoMmYdsO BEYds Bsdogdm Mm3EH0d0BsEOOL
LoLEBHQIGOOL F0ge. LOELEMYGOMS MMM IMIBTMYOOLMZOL SBY3g MEOYBOBsgOOLmMZ0L, GMI
©BMYML Mmbsob  3MBL G300l 965dIOMIgdOL BoDBOZMMO dogrs s oo MYLOLO
395bsforgl Lbgsalibgs sb0dbmeqdolisdgde. dowgdveo d9wgaq00L M35 lsBobmgdolsmgol
090990953909)000 530035305, MMIgoi 8mdbdsMmgdgwl MHgo)H @O™Mdo  doHo3l  mbersob
3MbLben@oEosl.

1553356dm Lo@yz900. LOGY39o0lL 3MEOMYBS. SEMMOmT0. BsbJobmEo Lfogwgds. sbaEs®
16M90dzm®30. Word Embedding. Word2Vec.

1. 9glssgsewo

bgwmzgbmmo  0b@gwgdBHol BosGdm@gdo, M306M39wgl gmzgmobs,  DBMHEOL 39023900 by
d0bsoMloL Fglodsdolimdsl,  dmdbdsmgdeols 3ombzgdbg s 0bGHIMYLYdDY IYMb™Mdom. 0dol
3939000, 0079 Ml 999396 IMIBT5MYdgd0, dBOBOILL Fgrderos 9dabsl MBGM Fglodsdolbo obss@mbo,
O0Igeoi 93959mz0egdl dsmo 3mdbdsMgdegdols Immbmgbgdl, Msds3 d90dwgds goswgdx mdgLmls
390L50G0L  M9E9356GMOMdS 5 FOBIMEML Lsdogdm  LobBHgdol Fgagddo MBROM  FoMOEO
90060l dsbbgdo. Bo@dMEgdol 4s8mygbgds ImaLobuemgdol LBIMH M0 PVOMOEEY 3M3NIEOEO
bgds, Mosh Imbobgdbgdgero s 00580 39M0sDbEH0S Mbs0b dMIbTsGOI™MS ILILTIMYOEIS©
[1]. @b 5OBYdYWOo 0lIPO OO MEOYBODIE0gdO MmymOoiss Google, Amazon, Ebay s Ubg.,
099690l Bo@om@gdl dmdbdomgdgems mbesob 319blvyan@eEosdo. bdo d9dmbggzsdo o BsGdm@b
9mdbdoMmgdeols 3000bgz5Dg 96 8Mgdgdbgds Fglisdsdolo 3sLvbo 58 OML 9339 5303530580 JMMZYdS
500530560l Bobo3MGmO MglmOLO.

bEoGosdo [omdmagboro 330930l JoBsbos bgwmzbmMo 0bEgwgd@ol Lodwswgdom
dmbgl 03 30mbgzgdol Lfsgws s Ggbobgs 9303530580, GMIBYE 3oUbo Foboslfo® 6 0dbgds
396LsBW3OMo. BsBdIMEIO0 09gbgdl bgwmzbm® 0bEgewgdBHL (AI) s 956J9b6me Lfogwrgdsl
3w096@9d0L 99300b390bBg 3sLwgbols 2oboEgdsc, s169g39 glodergdgEr0s IMAbTsMYGOJEO 25509356MUs

LHmO  2069mx30090580, Lossg 339 3MI39bool [omdmBoygbgero 4osa®Mmdgergdl  3¢09bEHsb
3mdLobymHgdsL [1]. bgemgzgbm®ds 06@EgwgdBHds dglodegdgeros 2oHs®ml dmdbds®mgderol Ligliool
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©OM 3903390©B9. SEO-Liomgol (Search Engine Optimization) - bglbool bsby®dwrogmds gl 560l G,
OMIgebsg ImdbIomgdegdo  5@SMgd9b 3902300bg (SERP Visibility). Google 0g4gbgdls Lglool
bsbaMd03Mmd5L  390L50GHOL  MYOEObYOL  SL5TOVMGIWH. ToPIOMO, 393-LS0AL, OMIgELss
3Mdgaro bglbogdo 5J3l, dgdBoL sEMOOMT0 5839690, BT 39dLL0EHOL 0BRMMAs(305 193563 ™ME,
o053 000ygsbs  ImIbIsM9gdgero  bsba®mdwog Lglogdsdwg. bgwmzbm®o 0bEgwgdBol doge
9mdbdoM9d9wms IMALob MO0l 89ga9dL d9wderos 5B396mb Loo@ol 3mb@E9bd)-0560 393 0byo [2].
3063963 3963930630 90Ol ghm-gMmo Mdewogmgbo 3bs dogdol Mgo@Eobyol LMHEymgzolsm3ol.
96038369cm3560 30mbzg00L 00YbEHOROEFOMIO00 S 35LbOL o3980m, HMAWgdoE 5J3L 39dLs0EOL
L5doBbY  9YPOGMOOSL, JIBOEOL  3MB3sBool dMIBOL  53BHMMOGHIAL s LIBMMdL, Mo
LOdMEPMMQE 55350 gdL Lso@ol MgoEobal Ladogdm LoliEgdgddo.

Angular 5369093m©30, MMIgEos BM3MLOMGIMYWos 390 39630M56M9d0L 3)Ibmemy0qdmb
3096@0L dbodgl (Client-side or Front-end), bomgom bgwmgbmmo ob@dgargd@o (Al — Artificial
intelligence, doMOMOEOIE  SbMEOMIYds  LbgMzgeol  dbstgl  (Server-side or  Back-end)
39360090056, bgarmgbm®o 0b@gwgdEHol s 356579bme oliffogerols $850gdslmsb goma,
©939M39M90L AL 9339 FgLodEGOEMdS 5d300 53 39dbMeEMmY0gdol 0bEHIYMOMGds dMobEOb™b
3w096@0L  Tbobgl  sMLGOME  53e0353090d0 [3,4]. Al-Bg 0mINdsgzg 5mbaogdl  dgmdemos
39599xMmdgLbmL dmdbToMgdwol 0bEHIMOBgoLo, MHOHWD3gEyml 39MLMbIOBOMIdMWO Mg30mT9b-
30900 5 2963gMmEIGds©O  5TME3BYIOL  93BMAoBH0DoE30s [2]. b0, ™s30L0  dE0gHO
9mbs3999000, MMAMMH0ES 3m33Mmbb3HJObY sBAbIdMEO SMJoBIIBIM, MBOB39WYMBL dYs
Lo®d3glL 3905303530900  dgboddbgars,  MMImgdoz  094gbgdl Al Bgdbmemyogdb.
5053006OMMWO©  9GOL  Fgbsbodbsgo 3o BMmMTs Mo ™o  (real-time) dmbs3gdgool
399mbo@sbo bgo@olibgs §ys®mgdowsb [5]. Al-bg 8mdmdsgg sbsero@ozmé oblE®mmdgb@gdmab
9605©, OMYMO0Ess 564969M0 ILHogwol sEMM0mTgd0 b6 3MIMABMBOMYGds©O Bswro@EozolL
dmEY9d0, ©IY39m39MgdL  bgwgfionsdsc  dgddbsb ddwsgmo  0bEgMHxzgolgdo, HMIEYdLSE
3999905 G950 OMI0 06ZMEOTs300L J0fjr9ds s 093mTgbE0JI0. FoQd0MS, X 96O3E30L
330353300l 89mdeos  godmoygbml  Mgomm ©@®MTo  sBowo@ozs  353096G0L  Lsbomabarm
96038369mdols  dmbo@mMmobaols s XsbIOMgEMdol  3m@GHbzom®mo ®olzgdol  3MMAbmbBomy-
dobm3z0l.  ©g39™m39Mgdl  gdwosm  3s8Mm0Ygbmb byl sBJomgdBH s s T9Jdbsb
9mbs39009 godm@sbols 39dsb0Bgdo, Moms sB396mb gls Imbo3999080 Mgocme GMMTo.

BoBO™3H9d0 s NLP (Natural language processing) obli¢©<999639d0 brgen ma3dm 3t340s6¢)eno
bgds 390 93¢0035309030. 0lobo IMIHTsMGOGIL 530l 39MHLMBIEOBOMGdIME 45FM(3OEGD,
Gom5 39w mb 365350 5TMEIBOL 53EMToBHOBE0S, HMAMOOESS BMTbTsMYdGms BMLObMYds 56
mboob 25403900 [2]. bgarmgbm®mo 0b@gwgdBHol Bos@Gdm@GHgdol admmyMsdnds dglodergdgaros
bbgoolibgs 5dmEsbgdols gbolitrmegdes®, MHMamMmoEss bdoMos ©oldMw 30mbgzgdbyg 3slmbols
353905, dmdbIsMgdgms IHAMGIOL 35(939, Tgb39M OOl X 93dbs s 8933907900l S3w)do39ds.
dom, T9gmdeos  obfogermb  dmdbdsegdeol fobs MOHM0gMHd0ggd0Id s  gosmdxmdILMb
05305600 355IHgd0 POHMMS Q968530 MdST0.

2. 306005©O bsfjogro

96310 BMHY0IZMM 30 BoGdIMEGOL 0b63EJaM0Mgds 953dbgds LoEYz9d0L Bsdgbgdol - Word
Embedding s Word2vec 0m@gel, ®obo bsdmmgdomss  93¢03530580  dmdbdsmgdganls
d9L5dEgdMdS 5d3L F0OMML MbEs0b 3MBLYEE 30, 39MdME gbTsemnds Mbersob LgMzolgdol s
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dmdbobmMgdol  M3900  go3bmdsdo,  LoloMgdwms  OHMymOE  dmdbIsMgdwobmazol,  slig3y
MO2560D5:300L030L, M EIBMPML MbES0E 3MBLWESEO0L MsbsdIM MOl BoBOIMMO dogns
@5 35000 96gMQ05 2os3BsFoML Lbzoolibgs sb0dbmEgdolsdgde.

Word Embedding — 560l bog3900b §o6dm@aqbols ¢odo, ®mdguog 956466 olifogarsdo
5EMM0mIgO0L  Lsdwgogdom  Fgodergds  9dm30949bmm  Abas3Lo  LoGY3900L  9OHTBIMb
©51535300M9gdo@. oL Y39 MPMYdI6  obsfogd e BgdsbGHoge  dmEYElL, MHMIgEos
392300005 {oMm3M3000bmm HMAMmO3 39dGHMM Mo LogmEg, Loz bEIds 39BIAMMOD30s, b
93930 LOEGY3900L YO 3539FMEMST0 IMMogzLgds. LOGHY3900L 3MPOMYDds, 02039 B39bgds 339bToCYds
136930990l 29b9M0Mgdsdo, ©™IMIIBFGHIO0L  IXFMRBYO5T0,  GHIJBAOL  JEloGOIsEoSLS s
06906030 960l ©sdw)dsggdsdo [6].

Word2vec 560l  (39d6035/8m@gwo, Gmdgwoi sbgbl Lodyzgdol Bsdgbgdsl  wm3gomglio
LoGY3900l  slvbgzoLIMZOL, 5 OMLSE Tgudwgdgwos  AsM35wolfjobgdwme ogml Lodyzgdol
Lobmb0dgdog. Lo@Yyzgdo FoMdmybowos  39JBHMMYd0L  Lobom.  5853OMMs,  ALS3LO
86039369 md0ob Lo@Y3900 JOHMOE 296M3LYdS [6].

Bo@dm@0L 93¢0035305 99350mdL 990ga0 30M0bgodom [Z]: 9mdbds®mgdeosb dowgdmeo
3000bgs 0598530905 360096E0L FBIMYL (56MEsM FMHJ0IZMEIT0), LES FIBLIBLIMO 0d69ds
1535610 M 300b35-35Lvbo. M) 5303530580 396 dMm0dgdbs dMTHBAsMYOEOL LW Jombglsby
d9L50530L0 35Lvbo, Node.js -0l Ls8MOGdOM J0MHZS A90RD369ds LYMZgMOL TboML, L3
299mygbgdeo 0gbgds Natural Language Processing o dmbgds bogergds (bob.1)[7].

How A Chatbot Works
Langunge
b el | ANCNIANS Natural Parsing §
ﬁ Proceaning [
—
l <
Bot Engine
¢ Data
Response Goneration

Natural Language Storage

Answer

A

Bab. 1. Bs@dm@ols ddsmdols 3Gobgodo

H9wm369960 063)9egdBHob 0b6EgaM06Mgds 563 s® 53003530580 BoBdm@ol Loboo dmoisgl
9990099 9¢>390L:

> 93530 1 — 993936500 b3l LoEY3gdoL 3, LssE MOMMYME BsgzsMsEM Fg30mbgzsls
593L dgbsdsdolo 3slivgbo.

messageMap = {
"2005OXMOs" 1 "go85MX MO, Gom Jgdodwos ©oagbdsmmm? ",

"3 dom Loomgoo" ' "Bowoswrols LsdMdom Losmgdo ool ©9:00 - 17:30",

"default": "@sd53900m 300b3900LM30L IA30393d0MOOm FHger. 1272

}
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> 93930 2 — 3035b0bmm dmdbdsmgdeols 30gM godmaBogbowr 300b398d0 Lo@EYzgdol sbserobo.

getBotAnswer(msg: string) {
const userMessage = new Message('user', msg);
this.conversation.next([userMessage]);
console.log(userMessage)

const botMessage = new Message('bot', this.getBotMessage(msg));

setTimeout (()=>{
this.conversation.next([botMessage]);
}, 1500); }

> 939303 — 0¢) Im3bToM9g0ol J0ge 259myHB360e 30mb3L 5J3L gladsdolo 3sbwbo, Bos@Gdm@o
OO MBYBL 3obgbls. Hoboswdwgy 99dmbgg3sdo 30mbgs 49s0ybegbgds LgMzgMol dbstgls
33035300l 36OHMaGM53060900L  06@gOxgolom (API -Application programming interface)
LHo30 900 dmEgErolsmgob.
public sendQuestion(msg):void{
this.API.sendQuestionToNLP({userMessage:msg}).subscribe((res)=>{
let answer = res;

})
}

> 935304 — 9m35bobmo node.js - o NLP.js d00¢ommg30L 0bl@swszos s NlpManager[8] -

00 B535M579M 30H3900L s 35LvYbgdOL sToEdS.

npm install node-nlp

const { NlpManager } = require('node-nlp');

const manager = new NlpManager({ languages: ['en'], forceNER: true });
manager.addDocumenti(fen’,  "dmagbsmogdom’, §5056%t0s5.656350w0l ") ;

> 935305 — bjagwgds s Imgerol dgbobgs.
manager.addAnswer((fen’, " 35050x005.65635000l, '000535¢ dgb39™50wy);

(async() => {
await manager.train();
manager.save();

const response = await manager.processf(fen’, "3oby®3900 [s0ds@gonee oot );
console.log(response);

NO;

> 93930 6 - vy Lfogwgds Ho®mds@gdom olimvems dmdbdsmndgwr ©sdMHbgds 3sbvbo.
fobosmdgy 9900bgg3580 4998936905 Default 35bvbo, Mo Fobslfs® ool 25bLsbLIOMEO
(65b.2).

3. ©sli33bs

B5dM@3do Fo0dmagboros bgumgbm®o 0b@GHgwrgddol od@Gmowmds 390-©939wm3d96EHdo.
@305 Bo@BdME0L 06@JAM0MYdOL 5dMm(3565 3000gbEHOL Tbatrgl 3G:MYMT0MYdOL BMG0Iz3ME A0,

3960, 96w sTo. 58m3560L oo FMHobomzol 893353900 sEAMmMOmMB0,  MMIgEos
9533690 Abgoglo bLo@yzgdol Bs8gbgdol - Word Embedding cos Word2vec dmqqgeol.
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X
A0S

!

aotomgmdom, Mmom dgdodenne
wagnb8acoom?

gocnoseanb Ladpdaom Loaomgdo
wagnals 09:00 - 17:30

wododadom 3nombzgdobmgol
woagnzoadotmom e, 1272

mdz9bo dghymonbyde

65b.2. Bs@HdMEOL 53¢0035G0d

LoGY3900l 3MmEO0MYds, 03039 Bdghgds, gl M0l LoBEYzgdol FoMdm®agbol GHodo, MMdgwos
0564566 L3030 sEyMOHO0mToL LHTMEISdOm J9dMmYgbgdeos Agoglio LoEY3gdol gologgds
5 59 LOGHY3900L JMMDJNME ILS3IZTOMIOS®. SAAMOMOMTOL MYoE0BsE0s bgds TypeScript
Q3MMM59900L  gbsby, MHMIgrog MHOmMB3gYMBL dmdbTsMYdEOL Foge ©ILIME 30mbgsby
d9L50530L0 3sLIbols HBOBYISL.

990093900l ®35ebsBobmgdolsmzol d9Jdbogros Bs@dm@ 93w035305, MHMIgmwog [obslfs®
39BLOBOZOMO  LZ35MIMOM 3000390000  ZMBLMEIESE0L  FoFg3L Mbsob BMIbsMYdEYDL.
50bodbo  53¢035305  LoboMygdwms 03 MmMRB60Bs30gdOLMZ0L,  OHMIWgdoz  MbEsob
3MbLbanGo3oobmgol 0g4gbgdl 5sdosbols gobogM® MglmELL, 5Fo3EMHMMIWOE  ITIEGHJOODO
0mbmL0s Lodogdm LoLEBYgddo 390239MOL oo 0bEYJLOMGdOLIMZOU.

woBgM5GYMs — Reference — JIureparypa:

1. Yodhi Yuniarthe. (2017). Intelligent System and Information Technology Application of
Artificial Intelligence (AI) in Search Engine Optimization (SEO). International Conference on Soft
Computing.

2. Tejendra Kumar. (2023). Integration of Intelligent AI & SEO: A Review of Various Factors.
International Journal of New Media Studies (IJNMS), ISSN: 2394-4331 Volume 10 Issue 1.

3. Aristeidis Bampakos, Pablo Deeleman (2023). Learning Angular Fourth Edition, Packt
Publishing.

4. Nate Murray, Felipe Coury, Ari Lerner (2020). Ng-book The Complete Guide to Angular,
Fullstack.io.

5. Misko Hevery (2016). Switching to Angular 2. Build SEO-friendly, high-performance single-
page-applications with Angular2.

6. Daniel Johnson (2023). Word Embedding and Word2Vec Model with Example. Guru99-Ebook.
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7. Gourav Khanna (2019). The Beginner’s Guide For Startup — Chatbots Works and Importants.
8. NLP.js (2023). https://www.npmjs.com/package/node-nlp

(bB>B0> AnmrdMmaNn> 2.04.2024)

INTEGRATION OF ARTIFICIAL INTELLIGENCE INTO THE
ANGULAR FRAMEWORK

Kapanadze Giorgi
Georgian Technical University

kapanadze.giorgi22@gtu.ge
Summary

Integrating artificial intelligence into the Angular framework in the form of a "chatbot" is discussed.
In particular, the embedding of similar words in the application by means of an algorithm based on the
Word Embedding and Word2Vec model has been developed. The algorithm is implemented on the client
side using the TypeScript programming language. The coding algorithm of similar words obtained as a
result of the research offers online consultation to the user in the form of a "chatbot" on the website, in
particular, it helps in better familiarization with online services and services. This application makes the
website effective and flexible, and the website becomes more visible and indexable by search optimization
systems. It is beneficial for both the user and the organization to save the physical strength of the online
consultation staff and allocate their resources for different purposes. In order to make the obtained results

visible, an application has been developed, which will provide online consultation to the user in real time.
(Received 2.04.2024)

UHTEIPAIINA UCKYCCTBEHHOI'O UHTEJLJIEKTA
B ®PEMMBOPK ANGULAR

Kamanazgze I'.
I'pysunckuii Texaudyeckuil YHUBepcUTET

kapanadze.giorgi22@gtu.ge
Pestome

Paccmarpusatorcest Bompocst uHTerpauuu VckyccrBennoro Murestexra B ¢peiimBopk Angular B
BuZe «JaT-60Ta». B wacTHOCTH, paspaboTaHO BCTpamBaHME IIOXOXHX CJIOB B IIPHJIOXKEHME ITOCPeZCTBOM
aJITOPUTMa, OCHOBaHHOTO Ha Mozenu Word Embedding u Word2Vec. Anropur™ peann3oBaH Ha CTOPOHE
KJIMeHTa C MKCIOJIb30BaHMEM fA3bIKa IporpammupoBaHusa TypeScript. Ilomydyemnsiii B pesysbrare
WCCIIefIOBAaHUA QaJNTOPUTM KOJUPOBAaHUA IIOFOOHBIX CJIOB TIpeAjIaraeT IIOIb30BAaTENI0 OHJIAMH-
KOHCYJIBTAIIMIO B BUZIe «4aT-00Ta» Ha CaiiTe, B YACTHOCTH, IIOMOTAeT JIy4lIeMy O3HAaKOMJIEHHIO C OHJIAMH-
CepBUCaMU ¥ CepBHCAaMU. DTO NPUIOKEHHe JejiaeT Beb-caliT addeKTUBHEIM U THOKHM, a TaKXKe JejlaeT
ero Gojiee 3aMETHBIM WU WHJEKCHPyeMBIM CHCTeMaMM IIOMCKOBOI onmTuMusanuu. M mosesoBarenio, u
OpraHM3allUM BBITOJHO COKOHOMHUTH (QHU3MYeCKHe CHJIBl COTPYZHUKOB OHJIAHH-KOHCYJABTAllUM U
pacIpesieuTh UX PeCcypchl AJA PasHBIX meneil. [lja Toro, 4ToOBI CHeaTh IOMydYeHHBIE Pe3yJIbTaThl
BUZMMBIMHU, Pa3pabOTaHO IPUJIOXKEHMEe, KOTOPOe IIPeZOCTaBUT II0JIb30BATeII0 OHJIAMH-KOHCYJIBTAIIUIO B

peXHMe peasbHOTO BpEMEeHH.
(ocrymrna 2.04.2024)
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396LMbE0BYOMEO gegd@PMbmmo Lfsgergdols Imgegdols
53353905 LMS Moodle-ol dsbsby
30MMQ0 0360w sdz00
Lodomm3z9mU ¢9gdbozmdo mboggdlo@gdo
tandilashviligiorgiO8@gtu.ge
M9bomdy
3obbomwos LMS Moodle-ols 0bmgozom®mo g3mbdaogdol bodmswmgdom 39MHLmboobBgdwmwo
LHogargdol mEgErgdol 53900l FgmMmEO3s s Fomo  3MOJGH0ZMNO  MJowoHYds. ImYEgdo
90033938 39MLMBbsE0BsE3ool SB39dEHIdoL b3gIGOLS s 30FB0BsE0YOL, OMYMMOESS - 33e035BEL
396LMbsEMGO 0bgMmMTo305 O 3M9RIMI63E0900, Lsbfogerm md0gdBHYOoL o905 ©s dofjmgds,
Loz gd0l 9900030l FMERGds S 5QI3EH0MYBS. IMYEgdol 539d0L IgonMEO3s 360330690 Mm35600
9d6535¢0dbO030 s 9B9JAHIO0  39OLMbI0DBYdIMo  Lolfogwm 379OLYdoL dgloddbgws. LMS
Moodle-ob §3c0mdol 3mbGHOHM@wol 53mbJiogdols s 99doboBIgdol gsdmygbgdom, GmamMogss -
{3c0mdol 99Bw3s (Restrict Access) 5 @ILOYIEGOOL MZs¢YmMol 93690 (Completion Tracking),
d9L5dEgd9g0 obs IMZ35BIMHMZs60 39MHLMbs0BYdMEo LLHogwrm dmEgEgdol L39bsmgdols
899965 5 98399GH0960 Lslfagarm 3MmiEglol FobbmMEogwgds.

1553396dm Lodyzgdo - Loz gdol 3gMHlmbogrobsEos, 9egd@E®mmbrymo Lffsgargds, Lsgwrgdol
3960LMbs0BE00L FMEYMYd0, 39OLMBs0BsE0s Lfjogerols dsemzol LolEgdgddo.

1. 8glsgsemo

3905mgd0l  3T035®  2ob30maMgds  LBgO™MBo  BH9dbmermaogdol  0bEgace30sa
96038369cm36500 goM5ddbs GH®MooEoImo Lologwm 3MmgLo. LBooMEOGHMOMOM GHMOWO(0IEI0
LoBE3MIO0 0TS, VMO SPAOWO IMIML  0bMZO30WE  Logsbsbsoergderm  dJoymdqdL,
(I gd03 5305950 gdL BHogwrol M35 RgMM356 LGOS s 36M9539MHg6309dL. 53 3565 0yTOL
33wsdo Mdbodzbgarmgsbglios gugd@@mbmeo Bfagzwgdols 3es@Bm®dgdo, H™mIwIdoE 30ROYIO
0blEG®MAgbGgdoms s  MHILMOLYdOL  Qodmygbgdoom  360T36gM3b  FIMEIBHIBIL  sb9bl
Bogobdsbsoegderm 3Mmi3gldo.

0565990060Mm39  30BOME  930mgsd0  LBoabdsbsmwgdwm  3MMmi3glol  0boz0MLEE
15 F0MHM9dYOLS S 309RBIMID(3090Dg IMMYGdS S 39MLMBIEOBE0S HoBMOYIBL GOM-9MH) F6356
399m{i39350. 39MLMbI0BYdIMo Lobiffagwm 3MmEglol mMasbobgdols s ™m3EH00DYIdOLIMZOL
©OYL 930090 4bs LolLFagarm 3OMmEgLol JoMmzol ™Msbsdgm™gg LolEgdgdol (LMS)
3990yg9b690s [1]. 9659g00M™m39 LMS-930L 991030930 mdgd0 893605 509353905 ol 075309306039
3639630 Lo353900L ML, 53¢0356@0L ¥b03sME BsFoMmMYdsMS ILIYIBs© oliobo 0ygbgdls
b9wmzbm@o  0b@gargd@ol, dmbsigdms  sbsgro@ozol LGMMEYmEBoEr  sAMMOmMIYOL  IMSZoen-
196O™3560 LoLHogwM 363 96E0LS s BFs3EgdoL FgoMPMEIMYPO0L oblobmMogumgdarsw (2, 3].

396009305056 ©353806M90Mds Im3wbgdds Bomro oy3965bs Logwgdsdo Hgdbmemm-
30900L 9e9396@™s 359MmYygbgdols 530 gdMds. sdom godmfzgmewo oLEBEOMMO Logargds,
O0Igeros 9aergd@Gmmbmeo Bfogwgdol 9egdgb@gdom bmME0gwgdMms, 1s3dom Jbsw obgzos
Pom0mddbo  25dmf)39390L.  ggdBHOMbMeds  LBogeqdsd  domdwem  @GmMols s LogdEol
99D0M©3908 s Lobogarm 3MmiEglo bgadolszmdo dobsws 439wsliomgol, 30Ls3 3Jmbos
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0639MbyG0. 09939, ©3565bs, HMP FbmEmE bgedolsfzmdmds 56 sGOL 1s3dsMobo. 53 G030l
3965900l 939JE06Mds  FEYMTsMgmdL ol MbBs®do, FMmoBoEML, BsGM™ML @S ImgHML
33035631,  3M9xgM9gb3ogdL.  LHmeMgo o  3w0bgds  3gOlmboobsgool  3mbignEool
36009369 m3560 Hmo. 39MLMbsoBgdMwo bs3wgds, HMIgEoa BMIMBOMIOMWOs 53¢0356E0L
L5 F0MHMY000b Q5dMIPOBIMY LogsBTobsMNgdM 3mbFBHIBEOL, GHgddobs s LEGOWOL IMMmYGOSBY,
396LsBP3M3L 3MmEboL 89dgbol 9539dBH05BbMBSL.

130900l 5a3GHMEMmO 3BgdoL, 0bGgwgdB Mo 3mbEIBGHOL M193mBbs0gd0Ls o
9mbs3900 B0 EH030L Loywdz9w By, MsbsdgEM™3zg LMS-000 d9Lsdegdgeos bogobdsbsomengdanm
36miEglbo  dmgbyml 06030 MIMH0  53e0356G0L 89993690000  TglisdErgdemdgdLs o
3695390963090 [4, 5].

Lobfagerm 3GmEglol GMoE30vwo 39gmMmEOo FoMmdsMm30Lsl do0sh 3MMdMTsEwIMos s
bdoMo  3M9dBH03Mwo©  99mdwgdgo  3gOlmbowobsEgool  IMogswo  sL3gdGobs s Fomo
3030065309008 dobgz0m  Lolfjogarm  399OLOL  ORYRTZs, 93905 s LHogargdol  3MmagLol
39bbmO309wgds.  Fooomo, v Lobfogrm  399OLOL  F0dOBsMYMIOLLL,  53¢0356@E0L
3695396M96(309306 353T0bGY, L3900 39OLMBIEODOE0S LOlHogerrm Fslserol LoMmYIEOL,
RMOI>GHOL, 800©I3eMd0L, BHgddol sMBg30L  dobgzom, 93w0396GHMS 306y  MoMmIbMIOL
d9000b3935d03 30 03 39300 LbZoILBIS BHogwgdol s HoemBm0Tdz9ds, T 39oamaolbmzols
do0sb MM gds MoMMGMEo  Labfogerm  GMms9J@™Oool  3mbEGHMMo. sbg3g MIEEIdS
33035630l 99995839MHbgdwo MHBOHMB39wYmeBs sMhgmo Lobffagwrm dsboom, I35egdgdOLs s
1300l MboL 453mbGHMMEgds.

99dAHOMbMwo Lsgzwgdol 999mb393580 96 GO0 Bfogzegdsdo 496339790 EMHBOM
99dAHOMbMwo  bfagargdol  gargdgbGgdols s LMS-9dob  Bs@ormermdoo  360d369wmgbsco
390dgds 20X MOGLEOIL  53¢0356GH™S 3B, MbsIGdO0 @O QOTMEFOEYDS. SFoLOM30L 30
59BHOE05 5 BdFoMHM 39MLMBIE0BIE300L bbgoalibgs Lgbstol Jglsdsdolo gurgdGemmbmwo
Ufjogargdol mEgeegdol s3gds s 33E93e.

3ob30bomm ol 3m33wgdlmemo  LobgGyos, MmIgwoi dooefgzs  39MLMBIXOBEOOL
9900™M©gd0LS O MbsdgMmM39g LMS-980l 0bmgs3o®mo i3vmbdEogdol bodmswgdom, LMS Moodle-ol
3530wombY. 39MP 593300000 LMS-0b 035bsbobm  dspswomos Moodle, Gmdgwos
©O90LINZOL  JOM-gOMO Y3gwsBY 496300000900 s JO3MEFIXIOME0  LOLEGHYTsS, OMAMOS
Lo956356500gd M LogMEgdo, 0Ly 9EgdEHMEMYO GHMYbobYJIOL MM60BYdOLsM30L. LMS Moodle
Pom0mopabl  3m33egdlE  SWOGBMOTL,  OHMIgog 9o FbmErmE byl mHgmdl
3960LMbO0BYdMEo Lfogwgdol MmMsb0bYdsl, 905090 930530Jds 259mf3939dL, BIMIgdO;
396LMbsE0BgdMo 3OLOL bLbgsalibgs b3gbstol oBsobolsls foerdmodzgds.

3960LMbs0BYOMo  3MOLOL  Fgdaboliol  sOLGIMBL  sMgMo 8603369 mzsb0  sB3gd@o,
OHdgeoi 3MOLOL OBs0bdo MBS 0dbgl Aom35eOL{obYdMEO 53W036GMsM30L 9R39dEIMO s
909D039w0 Lobfagerm 3Gm3glol MBOHMB39wLsgmRs (Bob. 1.). 50bodbrmeo 3gmLMbseroBsgool
S139JAH00  ©@d  Fomo  OGmwo  3gOlmboeobgdmwo  Lsbfegwm  3MeLol  dgbsgdbgarso
LoLEYIoEHO0BYdME0s b5dG™ITo [6].
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babiagemm 3Gmggbob 3n@bmbaamotbagos

|
| I 1

3303560l IgGebmbacrmytho bbFagenm 3MBABAHOL Sa9Bs bagemagdol dgmepo ol
obmm®mdsqos @ ©5 Bofm@gds BeaGra9B5 D SIIGHOEDS
3M98aO6aogdo

¢ JgEbebsgrmmo dmbsgndndo o ambRgBmob sands *  bfagemol Lhoema

e Jogmanbisogdo o Labfagemm mdogddo e Iydgabgdoomo mbamgdo
dmmbmgbybo Onlplio ©5 Fgbademgdermdydo
Bhogs3os sedhogmdy o LaGfRgasbol datangs

e Lfagernbolb gyeemas o geb@gbdob dohieondol o Jmptnbob ogseymeob
Jotobdo @M HO @byt
eligmaob bfagempds e JodEnatmdy
iodGomao Lagemgds ORI @O MHGOEKD

e Hobst genebs oy - bRaganpdob (nddo

AdBNE@OEgd “'J‘.'{“'h: OO

Bsb. 1. Lslifogemm 3GmiEgliol 3gMLmbsgrobsiool 3ma3mbybiEgdo

2. LMS Moodle-ol 35H5%9 3g6limbogrobgdmeo 3melols

39 gdol 53995
0565990060m39 396mLool LMS Moodle-do ©95¢00b93w9cmos Labfogerm mdogddgddy faomadols
356m30L 36930990, i3m0l TgB3s (Restrict Access) 5 QILOWIGOOL M35¢YMMHOL Y3690
(Completion Tracking). Bmyo@©, 95000 doM0MS©O  BY6J300  ©395380609dos  3MOLOL
RMYE90d0 59d3H03009d0L bo350Md0L b bgerdobs(izmdmdols 3mb@®MmMmEmsb. 39Mdm:

e Restrict Access - 8996300l LsdMogd0 bgds 306MdJOOL Fgbgds, OHMIWgdois Mbs
©530594mBoEl, LBobsd 5303560  Fgdergdl  H3mdsl  3mB3MGME  9dGH03MdYOLS )
M9LELYdDY. 0L sOLBYOOMO® 53MBEOMEIOL, MOl Fobgds 5gEH03Mds b MHYLMLO (3mdso
9mdbdocgdeolomgzob.

e Completion Tracking - gmbJsool bodwmowgdom bmME3090©Ids M35¢ym@Mol  ©93690s,
@53LEOIS 399 565 53035635 3MB3MYEBIO 5JFH03MdS b MIYLMELO. 5dEH03MdJdOL ILEIGdOL
LEAHOGHMBDBY oYMHPDbMBO® bgds 899AMI0 5J3H03MdJOOL bogzsMdOL b bgerdobszmdmdols
3obLsBO3Me.

50bodbaro  gMbd3090000  Gglodergdgeros  ASBbMOE09wEgl  Labfagerm  Mmdogd@gdol
900@930M30L 6535000l FoMm35 s LBFO3egdOL 0EOLIMYMIOL 3HMYMgLOL dmboEm®mobyo.

wbs  500bodbML, HMI  3mbEg3GMPEmO  goa9d0m, Moodle-do {iz™dol I BEM©3S
9900905 BMbJ0mcs Algoglos 3MMyMsdoMmgdol gbgddo if then Mm3gMs@EMMOl. 3OHMYM>T0MYd5d0
if then m3gMo@M®0 53fagol 30HMBSL - FgLOYEIL M) 9GS A5M3Z9M0 3MrIMYMHTMWO dMIO,
bowem Moodle-do (30m30l 99bmm©3s 5dmfidgdl 306mdgdl - famdsos vy s6s Lolfogam

™309J3o0.
Restrict Access o Activity Completion 39969309000 Ubgoslbgs 356599EHM00 Tglodwrgdgeros,

000009 Lobffogerm md09gdGHBg b Mmd0gdEms X BRDBY 496bMEOE0gw gL H3mdol 3mbEHMMmeo.
35250005, 35605993)M935 T90dgds 0gmb LolHogwm md0gdEHol slMYIgdoL F9YYO, MIMOOL
530l ImdgbBHo, WOMOoMOo 39MH0MmEOL ST O3S, Fgnsligdol  JMws, xaMBoL bmdgeo,
33035630l 3OHMB0wol HMIgeodg dmbszgdo s6/s 35000 Wwmy03MH0 3MbJ309d00 FoodIMEO
303306530900 (Activity, Date, Grade, Group, User profile, Restriction set). Lolijogarm md0gd@Hgotg
{30mdol Jomr30L B630900L A5dMYgbgds 3608369 M3zbs0 BOOL IMZ5BIMHMZs60 Lolfogerm
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39960LoL 39OLMBsE0BoEOOL b3gBsMGIOL 539dL. 5©L60T6s30, md LMS Moodle-do dglisdwgdgaros
33035630l 360HMmBodo  sbogro  ILEbggdol 390900l TsBgds, MMIol  dobgzomas
990 mddo 99L5deqd9ge0 046935 LoFoMm 39MHLMBIOBIE00L gobbm®mEogagds. 360d3bgwm3zs60s
obog, Mmd 59 gMbJgogdols s 89dsboBdgdol Lsdrsgdom 9390w 3gOlimbswobgdmwo
L3900l dmEgEgdolsmzol  3MOLOL ODsObYML M LFoMYdS 3OHMYMHTMEO 3Ol
399mygbgdo.

396LMbsE0BgdMwo  Lfogargdol dmEgegdol 53900l LogdmblGMmogom gsbzobommm
G030  gwgdBHOmbamo  3MOLo, GMIGELSE 330090 BmETs 9d3L.  MOOMIME 33060500
LolHogarm md09gEgdoLs s Bomby ™ol 3mbEHMMEolL Lohz969dws© godmyqbgdmwos 99gy0
365330390 5©0bodzbgd0:

Usbfsgem mBogddo dwdo Jomm3mombgo - Learning object - Lobifogerm mdogd@o. gb 890degds

0yml Lobfogarm MHgbmObo 96 sg@ozmds. MHgbyMligdos: Fosowo, 33 )0

65099 308360 OHgMELBY s Bbgs. 5JE03Mm09d0s: O35¢9dJO0, 333390000, GJUE0, odm30mb3s
Q> bbgs.

=T s T s mmmmm—-—-- 1 9939¢0wo  dsdogmmbgoo - Activity Competion - 53§@o3mdols

3JG03moal : ©ILOWdOL Fgg0. Sbgmo FoOmzMmbgo Tgodwgds 2s6mszLigl

LM myds X

________________ 2 babHogem mdogd@ob 990gy, O™mEs LsFomms MmdogdEol ILMmYIEgdOL
3063OMEo.  EILEOWWOOL  356M0563HIO0  Fmo@Esgl 98 MdogdBHol  babgsl,  Imgddggdol
QILBOMEGOEs© dMmbodzbsl s Lbgs.

__________ Y 0939000 Fommzmmbgo mzgseMo 3mmbggdoom - Restrict Access -{jzomdol

[

E B?]s;oi)ﬂ';ag;:o E d9B0M©3s 990dgds 39bms3Lgl 6gdolidogmo Lsbfagarm mdogd@gdol §ob.
| 2 3sbdo  BHgMoos  dglsdsdol mdogd@by amdol  (o8mBgbol) 530Mdsergzol
3060900.

A 0939300 0bsGO 800N, M) GBI MBOYIGOL EILOEGdOL S0OHMdOL

3MbGHOHMo bgds.

OamO3 Fgbo, 3MOLAo 2509300569058 53¢0356@T> bs Fgolitrmeml Loz gdIE™
309GV, Moms go06M339L dobo Fobotg 3mbs. gl ogbdstgds 3MOLOL ODs0bIML, oygTML
399660 LolHogwm 3MHMEgLO 08y356M5©, MMA LLbsgzEM 59EH03MdIdO s MYLWMIGOO Jogdlodoer s
3960LMbOoBEIL 53w0356F0L Lfagaols LEHow by, GH9d3bY, 36M9x39MHI63E0gdBY s .8. 300d35m,
36M93HLAOL 293 dmgmbmggds 439ws 53w0396@L. Hoboswdpgy d9dmbggzsdo ol 396 Fgdengdls
9m0936m 33060900l Lolifogarm 3mbGHIbEGHOL bobzols s Fglvdsdols 396 o0fygdl LHogwsb.
32bol mbols Ggx3slgdols sbgomo 3M9GHguGo BJoMs 259m0ygghgds Lolfogarm 3MOLOL gogwols
3909290 LHo3eol 3OMAMILOL FgLoggsligdEs.

LogIMBLEGHMS30M 379OLOL 306390 3306MH0L IMEIWO Fglsderms gsbbmME0gwEgl 9890
L3965M00 (65b.2).

053053003900  3MMLI0 2509360056900 53035630 bgogl 33000l F9doqbgen
593H03mdgdLS s MYLEIYOL. DMAO0IOHO Fo0Psbol ILEbYEIGds FmJos s DmAOL 30 - F3MMSEO.
59303m0d0l dvdo Lobgero gsdmbo@ogl ol bgedolsfiamdmdsl, bmwm 33Mmowo - J9HBrME3L.
59BH03mdsLs s MHgLMELDBY (3mds Jgodwrgds FgoBOMEML bmo JoM0ms©Oo  35653xEHMOM:
593H03M000m, EOHMOM S MMM, F9BLBYOOM, X{IB0M/900m, IMIBT>MGOOL 3OHMBOWOm b
35000 30300b530900m. 2565 5dols, MoMJoL Y39es 3MB3MBIBAL 5J3L ILEWGdIOL 306CIMDdY,
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OmIolb dglOmegdsbgg 99odwgds 0yml sdM30IdMwo G999a0 9dBH03Mmds b Mglyelby
300m0s.

FobsbfsGo Bgmsligdol obeo - Pre-Assessment Test |

_________________________________________________________________

/—{' 1 3306 - cagxd00l o: CBBAGEoOb B 3T oo }—\
| ew0de0s 1. @305 1 - obgmeaGooh gfghs. 3Bomazromo Gagbosol 33830mGoRok dlyios |
’~| 3670803G05 1- axgs 1

i | | Restricted Not available unless:

A * The activity angdges 1, 0133s 1 - 06zmm3ognab 36700, gedmozmomn G360 30l gabznmamgdal
ob@mMmoas is marked complete

) * The activity 3MyBp6@ o305 1 - 003> 1 is marked complete

\

| wadoos 1. wg 2~ godomammwo oo @ B0 |
| 360098000 1 - 2 |

| | Restricted Not available unless:
fesml * The activity engdges 1, 013s 1 - 0bgzmmaagnab 36304, god Hadbnz0b 3abznmatngdal

ab@mMos is marked complete.
* The activity 3m)B36@2¢305 1 - 173> 1 is marked complete.

1
|
.

ez |
: Make a submission |
| |

Bob. 2. Lggbs®ols 4M9530349e0 demm3-lidgds

30m3ol IgBME30Ls s ILEOIEGOOL 30MXMBS LUYM30OLHTYOG Fgodegds bowrmwo oyml
33035635m30L53.  BMYogOHmMo  59EGH03MdOL/MHgLIOLOL  EILOMEIGOOL  306OHMds  LdFOMHMIOL
53035630 AbMH0b 5MPBY3560L oB0JLoMYdNL (ors3zom “Mark as done”). LogdmbLEGHMsGoM
30639000 330605 0(jggds 1350 BHYJBEGHIOO FsboEroms s Fgusdsdobo 3M9HBIbEHE00M
(»@99305 1, 0935 1 - 06x3mMTo300L (36905. 358MMZ0m0o 396030l 356306 JOOL OLEHMMOS* S
»309D96@305 1- 09ds 19). 506086 HglmEOLYAIL ILEWWYdOL BZmMTs dogbos Bobgol View
356599 3HM0. 59996 259mI0bscY, LOLEYIIOLMZ0L OILEOGOIMWSE BIOMZEYDS, M¥) 53035630
3obLbOL 59 Googdls (bob.3, 4).

50 MgbOLYdOL  Ao3w0l 890y 93¢039BAL 299 BHOM®EGds  5MOLSZICIYOYM
535390000 bolfogerm obogs (Ggladarms bgsabbgs gm®dol: GgduGwImo, 30IM, S9IPOM ©
1b3s). MBS 50060T6MUL, MM 5M557EH0M 9egdgbEJOL sdS MHgM0s B30l 30MHMB/9d0.
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»3059d303M0 1sdMdom 1-0" Asod@omemgds 30OHMIOM 3530060 JOME0s 11535 OIOILIM
Lobfogerm dsbogrol oM gds®y (Bsb.5). gl 5dGHo3mds oMM Gds, MMEILIE 953035630
5330600536 UMM OZGOSL.

| omadane 1, opdo obgmmdagnols Badv. godmmamomn darboznt asbanmatndal nbigm®oc
To do: Vew

To do: View

R Not @vallable unless

o The activty gagdane 1, 0385 1 - nligmeidagonl: gBady. podmaamaomn G360 30l 306300000l alidming & marked complets

o The acivty 3G3D300 a0 1 - 03D 15 marked complets

EEmE Mot avallable unless

o The sctivity adane 1, op8a 1 - nBgmeBagonl gBade. 38mmamamn &346030l 3aB300aM%00l obidmM™ins = marked complete
mpléte

o The activty 363030000300 1 - onda 1 5 marked

Bob. 3. 330033630l byo - ssMZ30L9dYO JOMHOMSEO s ETSEHIO00
Lslisgemm mdogd@odo

B mydano 1, mpdo 1 - obmmtdoygool 6ndo. gedmmzemnmn .'l'(fﬂ‘" 30l gobgnamotandnb ol

Bob. 4. 530035630l byoo - doHGomsEo Lslfagam mdogd@gdol
30MHmdol dgliGmengdol 9g0w09

dmoghoigmo bo dndom
Make & submission

Not available unless:
e The activity emadaoo 1, o0g8s 1 - nBam®Gasgonl 36300, aodmozmomn ¢346030L ao630mafgdol

nbdmGoo is marked complete
* The activity 3Mm3%D36¢o@ne 1 - g8 1 1s marked complete

Bob. 5. 530035630 bgo - ,305dB03Eo bLadmdsc 17
figeemol dgbergols dglitwgdsdey
»0300089535900L GG 1-0b 2o5dBH0IMYOs IFMIOEIOWO0s ,3M5JEH03E0 Lodmdsm 1-0b*
©3LOWMGOsDY. BHguBHO LOMEYds GOHMO FEOIXMO0m. VOGOl F9gdEymd 53e0356G0
b953L F9g35L9d5L, LM 5 3G 35LIbgdL.

®30m389006900L Hgbyo 1
Receive a grade

Not available unless: The activity 3Go3dd03wmo bLodw3om 1 is marked complete

Bsb. 6. 53603960l bywo - 003000898 BHgbGo 17
figeemol dgbeegol 3glewsdsde)
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»33000L  J9g30Lgdol  O35¢9ds . IFMIOWIIMYOs  ,030m39RLYdOL  BabGo  1%-ob
©3LOWGOsDY. gl 9gBH03Mds BI0MZEGdS ILOWGINESE, OMPOILSE 930395630 5BHZ0MHMI3L

d9LEOM YOI E535¢GOSL. OGN FgRoLYdS 50LIbYdS 5dEH03MmdOL JMesdo s sF0m LEIMWYdS
3d030bstg 3300 (bsb.7).

130M00 dnmobino: )y ©o300mao0
Make a submission

Not avallable unless: The activity evgnon33a33Lgd0b Babho 11 marked complete

Bab. 7. 53¢003560L o - ,,330600L FgEslgdOL sZ5EdY*
fizemBol 3geawaol Bglmrwgdsdng

3995999LEGHOWWO  2odMmEEOL BLY3EM T9dmnbgzgz0mMdOL 3MObE030m Joirmds s FoOMZS
B5B3969005 89-8 bsbsBHYyY.

 Gobisfamno Bamsinbob b - Pre- Amessment Tez |
Receiee 2 prade

'Y

IRRREIR Mot aveilatin umbess The sctivy Sebodoss )eatadul Agbdn - Pro-Assessment Teal i maned complete
IX 33060 - B gm0 3 30memd

FEmted fr aviianie wuess
o 1t wfer 20 Nawember 2024, 1200 PM
* It a before 20 Novermnber 20035, 2:00 AM
* Ay of (voden otheraese]
O Yo Sermame aoas witn 0
© Your Sername ends with 3
O Your Semame ends with 6
o Your Sermame e with 9

By g egmy

Receive s grade

Restricaed Vot yvadabie wriers
o i afier 20 Neveesber 2003, 12:00 M
NI tefoce 20 November 2023, 200 AM
o Aoy of micchen stherwne |

Besticied Mot svriiabie unkess
* s eher 20 Noweniber 2023 1200 M
* rabefore 20 November 2023 2:00 AM

o Ary of (hdden otherwine
o Your Surmame ends with 1
= Your Swurnamie andi wih §
*  Your Surmame ands with 7

Bsb. 8. LggbsMols yMsx03w9wo demem3-Iiggds

03030l JgBOM30L Activity 30600l 39do 3900 LolvM3gE 3083mbgbEL, begrm
395005630b 999b3930m™d0L BOHV639wYmRs Flodewgdgeos SlgmbsoMme: 306Ms Imbs3gdgddo
gmgz9e 35096l 3gendo LastName hs{jg@owo sd3b mbogzswm®o ID bmdgmo. sebsbodbsgos, Mmad ID
BmdgHo Lbgosbbgs dmdbdomgderolmzol glggzm dgdmbggzomo MoEbgzos s dglodsdols od
©oEbzol dmm MbMoxol oRMoE dgdmbggzomos (0, 9) 0b@gM3sedo. (30530900l LodMsgwry
53940 08096 5650565339050 J39L0TMOZgE, H5dIbO glodEM Z5M0BEES. Bo39E0Mo - {0,
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3,6,9}, {1, 4, 7} ©5 {2, 5, 8}. ID 60360L dmerm 30860 Hmdger 439L03Megol §936mlsi ©egdmbzgzs,
00 J39b0dMsgzolL Fglodsdobo 35M0sbEHOL sMhg3s s TGuodsdobo sdmbgbs Imbgds. bmerm Lbgs
939L0363ggd0L 356M056EHJOO 530356EOLMZ0L MHOES30 WIMRYDS, 564 306390 J39L0TMSZEOL
0036y ©sdmbzggzoL Jgdmbggzsdo ImdbTsMgdgels godmmBbgds GHILEOL 30M39o 35M0s6GEO,
d9m6M9 J39L0M3OL 936D odMH3930LL - FgMMY 35M056FGH0, brmerm dglsdobmzol - dglsdy
3900560. 9d9ob  9dMmIEObstYy, TomM30lL OHMIGE0dg 395M0BEHOL  vMbg3zs  Fgdmbzgz0ma
390dgds Bsomzoemb. olbog Mbos 50060dbml, MMd 53 J39LodMms3eggdol F9d339wo 3053M9Yd0,
d9L50530L0  356M05BEHIO0 s BMYsIE 3™Iol F9HBOM3oL FgJoboBdo  3e0356EHOBIMZ0L
QOGBIOI00.

Lolifogarm 330600l dmEEgdol dsbbowrren b3gbstdo M9oe0BYdMwos MOHMOYMNITMIO-
©90o  Lobfogerm  md09d@gdol dodgzdmds “Restrict Access” o “Completion Tracking®
RbJ3ogdoms s F9doboBdgoom. 9bsErMA0MMo®, TYGbodrgdgw0s  3gOLMbIE0BsGoOL  Lbgs
31399GH900Ls S Fo0 30300Bs309dOL MYo0BYds.

3. sls336o

LMS Moodle-0l d5bsbg 52900 3mOLgdol 39MHlmbserobgdmer dmEgergddo Lobfoganm
009943900l 30dsOm zmdol 3mbEOmmob (Restrict Access s Completion Tracking) i3mbgiogdols
@5 0994960B3900L  99mygbgdom Tglodergdgero gobs IMOZ35BgMHM3s60  3gMHLMmbowobgdmewo
Lobfogerm Bggbatgdol 9Jdbs s 989dGH0560 Lobiffagam 36Om3gLol gobbmMEogegds. sbigomo doymds
39960LoL EODB0BIOOLYG 56 FMOMBM3ZL 3OMYM>T0MYdOL 959d0L (3EBOL 599300 gdW MBS, SFoEH™I
6900Ld0gH 39oamal gdeos s5aml Lobfogwrm JMOLO s FoMmBsOmNML 3gMHlmbogobgdrwo
Lolifogarm 3MmiqLo.
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2. Fenu, G., Marras, M., & Meles, M. (2017). A Learning Analytics Tool for Usability Assessment in
Moodle  Environments.  Journal of  E-Learning and Knowledge  Society, 13(3).
https://doi.org/10.20368/1971-8829/1388

3. Kouis, D., Kyprianos, K., Ermidou, P., Kaimakis, P., & Koulouris, A. (2020). A framework for
assessing LMSs e-courses content type compatibility with learning styles dimensions. Journal of E-
Learning and Knowledge Society, 16(2), 73-86. https://doi.org/10.20368/1971-8829/1135204

4. Zagulova, D., Boltunova, V., Katalnikova, S., Prokofyeva, N., & Synytsya, K. (2019). Personalized
E-Learning: Relation Between Felder— Silverman Model and Academic Performance. Applied Computer
Systems, 24, 25 - 31.

5. Bourkoukou, O., Bachari, E.E., & Adnani, M.E. (2016). A Personalized E-Learning Based on
Recommender System. The international journal of learning.
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DEVELOPMENT OF PERSONALIZED E-LEARNING
MODELS BASED ON LMS MOODLE

Tandilashvili George

Georgian Technical University
tandilashviligiorgiO8@gtu.ge

Summary

The paper presents the methodology of building personalized learning models and their practical
implementation through the innovative functions of LMS Moodle. The models incorporate various
combinations of personalization aspects, including the student's personal information and preferences, the
construction and delivery of learning object, as well as the customization and adaptation of teaching methods.
Modeling methodology is important for creating versatile and effective personalized learning courses. Using
LMS Moodle access control features and mechanisms, such as Restrict Access and Completion Tracking, it
has become possible to create a variety of scenarios for personalized learning models and implement an
effective learning process.

(Received 2.04.2024)

PA3PABOTKA IIEPCOHAJIN3UPOBAHHBIX MOJIEJIEN
IJIEKTPOHHOI'O OBYYEHUS HA OCHOBE LMS MOODLE

Tapgunamsunu 1.
I'py3uHCKUI TEXHUYECKUN YHUBEPCUTET
tandilashviligiorgiO8@gtu.ge
Kpatkoe conep:kanue

PaccmarpuBaeTcss METOMOJIOTHSI TOCTPOSHHS IEPCOHANM3UPOBAHHBIX MoJieNieid Oo0ydeHHs W WX
MpaKTHYECKash pean3anusi MOCPeICTBOM MHHOBANMOHHBIX (yHKImi LMS Moodle. Mozenu Bkiro4aroT B
ceOs pa3ryHble KOMOWHAIIMY aCTIEKTOB TIEPCOHATU3AINH, BKIIIOYAst THYHYIO HH)OPMAIINIO U MTPEIOYTESHHS
y4aIerocsi, IOCTPOCHHUE U MPEIOCTaBICHHEe 00beKTa 00YUCHHS, a TAK)KE HACTPONKY M aIaNTAllUI0 METOI0B
oOy4yeHusi. MeTofMKa MOJCIUPOBAHUS BaKHA JUIS CO3JAHWS YHUBEPCANBHBIX M 3(PPEKTUBHBIX
MEPCOHAIIM3UPOBAHHBIX Y4eOHBIX KypcoB. Mcronb3ys QYHKIUH ¥ MeXaHW3MBI KOHTposs jgoctyna LMS
Moodle, takue kak «Orpanndenue A0cTyma» U «OTCISKHUBAHNE 3aBEPIICHUS, CTATIO BO3MOXHBIM CO3/1aBaTh
pa3HOOOpa3HbIe CIICHAPHU IEPCOHATU3UPOBAHHBIX MOJC/Iel OOydYeHMs] M Peau30BbIBATh A(P(GEKTHBHBIN
MpoILecC 00yYEeHHUS.

(Iocrymmma 2.04.2024)
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30019 gmIsee Jigerdo 53mbgbEgdols gMmmdsbgooliogsb
3980360 3MMdgdgd0o s 3500 9sY39dS 39Mdm VLAN-ol

1535 gdom

603MMB 355¢039, 05bs 303500830000
LodoMmM39WwMb G9gdbozmemo Mboggdbo@gdo
bzhalavanikoloz08@gtu.ge, likakikalishvili@gmail.com

69bomdg

350300 VLAN B53995c0gdsl 96 0dang3s 139308303496 Lo@wnszosdo gosfg3o@mb Jugerol
50mbgbBH9d0L 20d0x 360 S MLIROMbMGdIOL Lsgombgdo. dmEgdme LGsGH0580 LMY
396000 300@MO@MOO  m3smo  Jugewol (PVLAN)  ¢3005@gbmds  @m3sem®  Jugerdo
3039 BHOGHMO0L 3O GHJOoL  gOHMTBg0LOYSD  go8ox360L A3l LYW GdGOME TgoMmYdOO.
39096005  306@MOMOHO M35 mo  Jugeol J39mdgbgds  IYMmGBOL, OBMEOMmYOMWO
93900960l 89ddbolis s dobo 30639ws VLAN-Go 45(9360056990b, 3000M@SGHMM0L 0000Mmgmeo
3mOGobomzol  Isolated  LEHs@Mbol doboFqdol 3Gmaqbo. dmyzsbowos Isolated  3m®@Egdol
9 M3omgmds MAC-00b5356(1079000 5b5¢n0Bols dogoomby.

Us2956002 bodg3980: 306¢ M@0 Jugero. VLAN. PVLAN. 0bm@momgdmwo mdgbo. Isolated
3O E0. JugEols MLOFOHNHMYdS.

1. 8glssgsemo

3083093 9Owo  Jugwol MLsgOmbmgdols 360d3bgermgsbo gdsygbowo  bsfowos dob
3033mbgbEBHgdL  FmEol  i3omdol  2odox3bs.  MLOBOMBMdOL  5Fogds  FgLodergdgw0s
5M5LOLYMZg  AMfYMBOWMOYPIMB  BHEMOgoIoL  Fgbwmzom. gl JoGyo BBl Lg@3z9MHgd0L
3990yg9bgd0Lsls, GmEaLsi 0LObO ©35380MYdS SML0TYM, 339w JuwgdL, IgEHHows© OO
Juowgdols  gdmbgzgzsdo.  Jugeol  dmfymdowmdgdol b domo  xMBoL  9gMHTsbgmOLOYSD
300G  35dox3b0L  doMomoo dgmEos  Jugol oymys FoMOGHmoé — VLAN
9399b9gds. 0ol godm, Gmd VLAN-oo 9563539390 4390md9690L dm®0ol GHEMox030 o6
bmME0gEEgds, 830MmEYds Jol 3md3mbgbEHIobg sMLbdE0MgdMMo Famdols s 0bgM®MAs300l
3906930l 5EdIIMBS, M3 LOdMEMME BMEOL Jugewol MLsROMBMYISL. Fogod JEwsliozMo
VLAN 396 9393l 39033999 59m35690L, ®mdwqdos 393300935 Jugeols  GHm3memyosl,
MO2560D5:3000d0 9353600 IP-30L535M9d0L 09MMJ0ol sOLYdMdSL, VLAN-930bsd0 99D0m3900L.
5923560 59m356930L A55FMOL Ly30MHYdL 9dM36gds gl Bod@mdo.

2. 3060m5©O bsfjogro

VLAN 5699 30660 @m3semo Jugeo 560l Ggdbmemyos, Gmdwol 99339md00
d9L5dEgd9g0s GO0 B0DBOIMMO JugEol gocmgdmdo M8Y60dg IMMI0WYIJO F0MEYISEMOO
939gbgeol  dgoddbs 9B ghoo Jugarol sgmxs ®sdgbody gMHMTbIOLLYD 0BmEroMmgdmn
J394bgws. VLAN 0ddbgds OSI dmgol II, s6bmer ©mbgbg 956003500 3009930 m®mgdol
399mygqbgdom [2]. 39053 9M0L  LoGYs30gd0, MMmEILsg 3Wslog®o VLAN-ol  godmygbgds
39D0MM0s 56 56 5HOL L3TMOLO 3MBEBHIOOL GHNT67OLOYD 30MEHSWMGO oK 360LIMZOL.
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330930 990092900 ©o0bs d0bgHYd0, HmEgLsig VLAN ,demeidos” 4963300 GHMm3memyool
dJmbg Jugerolismgzol:

- 36MHM35009600 3096@goL 390-3mbGobal  LmogsHmdm. 390-gM33M9d0 ghHm  Jugaedos
BoG000. 3Bg0M0305 0Lobo GMMTBIML ,bgEs3z9b*. 30gbEYoL, Ms mJds Mbs MMBgzbosm
90035690l s6 0y3696 0BME0MIdMEqd0. BHMIOE0Ws© g bgds dsmo oHg3M0s6gd0m
sbogn VLAN-Go. o658 g439ws 3e0096@0bom30l sbosewo VLAN-ob 99ddbsl 396 935 3963 9Hmo
303N BHGH™MM0, 30650056 VLAN-930lb  Mom@©gbmds  d9bwmommwos  VID-ob  dsdbodsery®o
6ogbzomo 360d3bgermdom - 4096, msbsis bofiocwo VLAN-ob dqlsdsdolo bmdmgdols - 1001+1005
Lo BYM3M5, bmewm bsfoels - 1006+4096 593 B0 Tglodegdemdgdo.

- 3wobogw®o VLAN-ol d900bgg3sd0 300350009608 3096 9000 3mbEobom3zol goaBsgbowo
39¢9Md0690s bggds J39JLgErol yzgars 53mbabE™6, 56v9 3mligdmsb ool dsmmzol LMIEos©
MBoMg0M 0bZMOTo(309;

- 3M0MBHGHM™MOMgddo  3mbBHgool  9MmTobgmologsb  0Bmesgos  dglsdergdgwos  olgomo
L5 gdOM, HMAMGOEss Private vlan edge. dobgogsc 0dols, dmA Private vlan edge-ob gods6m3o
53005, 0oL  965doLdES00M900s, o3 005l bodbsgl, MmI ol dIbmEmE ™IS HO
3099 BHoGHMOOLIMZ0L 5OOL 25633600, Ls3ds6M0Los dobo Bbgs 3MIMEIGMMGdMsb  Trunk
690000 809MH G5, HMI Jomo 3o (Protected) 3mM@EHgd0 9gOMTbgNL ,,5065b5396%;

- obosewo VLAN-ob 9dgddboo 3ml@gdol  gemdsbgomoliogeb godoxgbs dgwmdemgdgeos  IP-
dolsdsmgd0l 335300 09M3MJool dJmbg MmEMRbobsE0sTo.

B90mm BsIMmmM3womo 3MHMdEIGO0L 25oFMH0OL 2Bs s®OL 39MAM 30OHGHMSWIM0 JugEols
(PVLAN-Private Virtual Local Area Network) godmygqbgds. 39Gdm VLAN s6ob  30m39@GHs@Gm®mol
Lodogds, Mdwomss bgds 30MEMSWME m3sw)® Jugewdo Jzgomdgbols s6¢9 J39Jugendo
J394bgaol 894dbs, o3 0ol 60dbogl, MM Fglodergdgeros gOmLs s 00539 VLAN-do dymgo
9mfymdowmdgdoLsm3z0L fzmdols s MLOROHMBMYdOL Lb3zsolbgs @Mbol ©@s3mbzoymMgds.
PVLAN-00 306@&w5¢6o Jugeols dogboo 0gdbgds dgmeso (Secondary) Jggdbgaro, J3gcomdgbo,
IP-0530L5350:009d0b dgdol G930l 2o09dg [1].

PVLAN-0ol 25050035 650096039 9Go350 bgds: 003053003900  «9bs  8904dbsls
306390050 5 IgMmM5000 VLAN-900 s dmbgl dsmo (9360056985 PVLAN mdgbdo. dgmeoo
VLAN 91605 250m3bs@gl Gmames 0bmemo®gdmeo s 49593006l 30039wsdo 363dsbgdom
Private-vlan association dgm®Msolb_ID. VLAN-930L 256bsBm3Mol 8999y 0fygds 30m0m@GHo@Gm®mol
3mOGJO0L  godsMm30Ls s PVLAN-msb dsmo 80379m36980L 30mi3gomés. PVLAN-Go 3m63Go
99Lodegdge0s  0gml  0bmomgdmwo  (Isolated), ULsbmysm (Community) 6 dgegmeo
(Promiscuous). Isolated 030l 3m6®@0 5MH0L 0DME0MmYdMo OrymO3 15301539 390960, 1939
Lbgo 36 EH9d0Lsb, oM 9P 3mME0US.

ISP-80 50535¢00 3mOE0 bs godmabsgl MHmym®@3 Promiscuous, Moms dmbgl
306390050 5 3950 VLAN-980L 35006930L VID-930b 35633935 5 990056b3gds. 00 93290360l
doMO0MO® 30O Mm3s)M Jugerol 30M39ws VLAN-U s «6H0096Hmmdl y3gams - 350
dmeol OGmgmea Isolated sbgzg Community 0b6@gORGOLMB. Jugewol mommgmer PVLAN-U
93LsbHYOYOS FbMEMm© 9Mo Promiscuous 30O 0.

3099G5G™OoL Trunk 3m6OGHbg VLAN-900lL 99globgd 0bgm®mdszool gogzws bpgds VIP
36OMGHMZM0l Bodw9oegd0m. 3M3NAIGMMOL 250mE3w0ol 6 ©sds@gdol gdmbggzsdo dmfjdwgds
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VTP 36:m@m3meol g30bool (Reavise) boowyg [3]. 0030 dobo 3609369cmds 8g@os 30069
Jugol Bbgs 3mdNEsG™mOmol Mgz30bool 360dzbgermds, Jugeroll VLAN-9d0 099009ds. sd0@ma
PVLAN-0l ¢bsg30mnbmgdols dobboo VTP 46 godmomomml sb gowogowgl Transparent Mg:0ddo
06dsbgdom Vtp mode transparent, domv)dg@gl Gmd dol PVLAN-0l 306309653059 95619300560
9mb5(399900 56 255Bb0s.

3°00xbMo  3mbGgdol  dymdoMgmds  39Ms BBl  MAC-0obsdsmmgdol  sboserobols
3o50mbY. 3001 BHsGHMMol CAM gbGowo, Hmdgerdog VLAN ID-bs 5 063¢9ghggolgdols 99lobgd
0bxmMdogool oMo,  0bobgds  3mbGgdol  MAC-dobodomgdo, B39 gd®0o30Ls956
3o6Lb3390s©  498Mm0ygE9ds:  3mbBHgool MAC-0oLsdsMmgd0  JOMOOMMMO®  SLMEOMEYdS
OMYMOE 30039, 51939 JgmMs© VLAN-90mb. goMs sdobs sbGowdo Isolated VLAN-ob
3O G9dL, Bzgero Dynamic-ob bsggars 3060 3Fgdeo sggom Blocked bigo@mbo, bmerem Promiscuous
36O GH0oL bGsGwlbos Dynamic. bfmGgo sdo@Emd, Isolated VLAN-ob 3mbi¢gdo, ao6©s Promiscuous-ob
3O GH0obS bbgo 0b¢gMma390L9dL ,396 bgoggh*.

©30M5GILMBS© F90dwgds Ps0mM35¢Mml obog, Mmd gOmo VLAN-ob go6mgdmdo, Lbgswsbbgs
0bmwomgdmer PVLAN-Go 35093600690 3mbGgdl  d9degds  Jmbogo  o©gb@wmeo  IP-
9oL5FoMGd0, M3 5830MYOL 459MmYgbgdeo IP-0olsdsMmgdol MomMmgbmdsls s Fomsdo 935330
3MBEHHMEolL 599(30¢0g0COMASL.

PVLAN-ob goomgho bozwo (d900m©3s0) 890degds Bosomzgowmlb ol, Gmd BmyoghHom
3009GGHMOL, Jsgowomsq, Catalist 3750, 2950, Nexus 3164Q 565 5300 PVLAN-0b dbs6rqs396o.

296005 5oL, 990dEgds 930090 Md5T dMmoMbMmzml 0BMEoMmgde VLAN -do sGlgdeo
6H0Igeodg  Imfymdowmdol 3938060905  Lobmysm  VLAN-mob, Go3g dmombmgls  dsmo

30680 Mc530900L T933¢sb.
3. ss33bs

390dgds 000935, O3 FbMEME GHOIPOE0o  3g0Mm©Ydom  F9Mdwgdgmos  Jugendo
MBoBOMbMYdOLS 5 LD godmE0bsMg 5MLILMMZgE0 0BFMEOTs300Lob Jugaerol sdmbybEgdoL
3980% 365, MOl 93580M Fog50m0:39s 53IMMIT0 gobbormaro s3m356900 s B0 oI FMHOL FBgdo.
396dm@ dobo dmgdggdol 3G0biodo 95319dbgds VLAN-0b oymasl 439dL9wrgds@ o babmeMzgen
9390039680 PVLAN-0l 0bme06mgd09e0 3m6mEJ00l go3s0mm35b, Mg BO@OL 565 dsm@m Loldgdolb
MBOBOHMbMYdOL botolbL, 5599 033538 VLAN-0b 1bgs 53mbgb@GHadl «latpqdwm 0bgm®mdsiools
9009gd0LoRb, M3 1930L0035® F99930MJOL Jugerols OEZOOMZOL. 3MMdEgdoL 1393083030056
3990m30bs6g PVLAN-0ob g439esbg bdo®mo 50mdygbgdgwo 56056 0b@Hgcmbgd-30:350096M9d0. 50
Lodmoe9gd0m 0Lobo WMZsEME Jugedo B39 30gbEBHIOL 9MHMsbgBY [3MISL, Msbog
06560pMb9gd9b 339 5GBYOME LsToLsTsMMNM SGb.
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3. What are the pros and cons of using PVLAN ? (2023). Linkedin. August. (15.03.24). https://www

Jinkedin.com/advice/0/what-pros-cons-using-private-vlans-isolation-segmentation;
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(UAsGH0s domgdrycmos 12.04.2024)

SOLVING PROBLEMS OF VIRTUAL LOCAL NETWORKS USING PRIVATE VLAN

Bzhalava Nikoloz, Kikalishvili Liana
Georgian Technical University
bzhalavanikoloz08@gtu.ge, likakikalishvili@gmail.com

Summary

As a result of the study, the reasons were identified that the classic VLAN does not allow solving
the issues of separation and security of network subscribers in a specific situation. This article substantiates
the advantage of a private virtual local area network (PVLAN) over similar means of isolating switch ports
on a local network. The process of dividing a virtual local network into subdomains, creating an isolated
subdomain and joining it to the main VLAN, and assigning the Isolated status to each switch port is
described in detail. The status of isolated ports is shown using the example of MAC address analysis.

(Received 12.04.2024)

ITPOBJIEMEBI OTIEJIEHUSI ABOHEHTOB JIPYT OT JIPYTA B BUPTYAJILHOM
JIOKAJIBHOM CETU Y X PEIIIEHUE ITOCPEJICTBOM YACTHOM VLAN

bxamnasa H., Kuxkamumsuanu JI.
I'pysunckuii Texamdyeckuii YHUBepcUTET

bzhalavanikoloz08@gtu.ge, likakikalishvili@gmail.com
Pestome

Kimaccuueckuit VLAN He m03BOJISIET PeLINTH BOIIPOCH! pa3zeieHus 1 0e30IIacCHOCTH aG0OHEHTOB CeTH
B KOHKPETHO# cuTyanuu. B aToit crathe 06Cy>XIal0TCA IPeUMyIIeCTBa YaCTHOM BUPTYaIbHOM JIOKaIbHOM
cetu (PVLAN) mepep aHaJIOTMYHBIMU CPeCTBAMU H30JAIIUN IIOPTOB KOMMYTAaTOpa B JIOKAJIBHON CETH.
Omnmucan nporecc paszeseHus BUPTYaIbHOH JIOKAaIBHOM CeTH Ha IO ZOMEHbI, CO3/JaHNUA U30TMPOBAHHOTO
Io/IJOMeHa U IIpHUcoeIuHeHNs ero K ocHoBHOM VLAN, npucBoenus craryca «/3011poBaHHEII» KaXKI0My

mopry KommyTaropa. CoCTOSHIe N30IMPOBAaHHBIX IIOPTOB IPUBeleHO Ha mpruMepe aHanusa MAC-azgpecos.

(Hocrymumra 12.04.2024)
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AJI'OPUTMBI BU3YAJIM3AIIUU IINTAHUPOBAHUSA PABOTHI
MAT'HUTHBIX TUCKOB

laueunnanze Jlus, Camxapanze Poman, Mi6amos Minbkun

I'py3unckuil TexHuyeckuil Y HUBEPCUTET
gachechiladzeliaO8@gtu.ge, r.samkharadze@gtu.ge, ilkin.ibadov@yahoo.com

Pe3iome

PaccmarpuBaroTcs cTpaTternu IiaHUpOBaHUsI PadOTHl MarHUTHBIX AUCKOB, IPOLIECCHI, IPOUCXOIAIINE
B 9TO BpeMs, U TIPEAJIOKEHBI aJlTOPUTMbI HX BU3yalu3allud. AJTOPUTMBI OBIIIM pa3paOdOoTaHbl sl CTpaTeruit
FCFS, SSTF, SCAN, N-Step SCAN u C-SCAN. IIpuBeneHs! NpenMyIecTBa U HETOCTATKH KKIOTO U3 HUX,
a Takxke oOmacTp MpuMeHeHus. Ha OCHOBe MpeACTaBIEHHBIX AJITOPUTMOB PEAIN30BaH HPOTPAMMHBIN
TpeHaXkep, MO3BOJIAIOLINI CTYyIEHTaM JIerde MOHUMaTh, aHAJTU3UPOBATh M U3y4yaTh CTPaTeruy INIAHUPOBAHUA
PpaboTHI IPHUBOJIOB.

KuaroueBsble ciioBa: MaruuTtHsiil quck. [InanupoBanue. AJITOpuT™M BU3yalld3aIiy.

1. Beenenune

CoBpeMeHHbIE WHPOPMAMOHHBIE TEXHOJOTMH SBISIOTCS OJHOM W3 OCHOBHBIX COCTABJISIOIINX
00pa3oBaTeIbHBIX TEXHOJOIHWH. Be3 MX HCIOIB30BaHMS MPOTPECC IMEJAarorHyecKoi HayKH IPaKTHYECKH
HeBO3MOXKeH. COBpPEMEHHBIE KOMITBIOTEPHbBIE TEXHOJIOIMMH MOTYT YCIHEIIHO HCIOB30BATHCS ISl O0YUIEHHS
IpoLEeccaM, HEBUIUMBIM JUIS YEJOBEYECKOro Tiia3a. TakuM HarpaBjeHHEM SIBJISETCS M3ydeHHe (YHKIIMI,
BBINOJIHAEMBIX SIPOM OIIEPALIHOHHOM CHCTEMBI, BU3yaJIN3allks i 0TOOpaKEHUE KOTOPHIX Ha 9KpaHe MOHUTOPA
SIBJIAETCS BOKHBIM [IIarOM Ha IyTH MX u3yueHus [1].

Vrny6nennoe u3ydeHue (GYHKIMHA sapa ¥ MPHHIMIOB PpabOTHl ONEPAIIMOHHBIX CHCTEM TPEOyeT
BU3YaJIM3alliM [IPOUCXOMASAIIMX B HEM IPOLECCOB. B 4acTHOCTH, 3TO Kacaercs IUIAHUPOBAHHUS pPabOThI
MarHMTHBIX JUCKOB. Bu3yanu3alius MpoueccoB IIaHMpPOBaHUs 00JIeryaeT yqamemMycs rryooKoe NoHMMaHue
U OCBOCHHE H3y4aeMbIX BOMPOCOB. JIyisi 3TOro paspaboTaHbBl COOTBETCTBYIONIME MOAXObI, MOJCTH H
anroputmsl [2,3].

2. OcHOBHAf YacTh

CyIecTBYIOT CIICAYIOLINE IPHHIMIIBI INIAHUPOBAHUS paOOTHI MATHUTHBIX THCKOB [2-4]:

- FCFS ("TlepBbim mpHiIiIes epBbIM BbIIIE" ), 3aIPOCHl OYIyT 00CITYKHBATHCS B TIOPSIKE MTOCTYILICHHUS;

- SSTF ("C nauMmeHbIIMM BpeMEHEM IOMCKa — TmepBblid"). BriOupaercs 3ampoc, TpeOyromuit
MUHUMAaJIBHOTO TTePEMEICHHSI MAarHUTHOM TOJIOBKH;

- SCAN ("CkanupoBanue"). MarauTHas TroJIOBKa II€peMellaeTcss B BbIODaHHOM HampaBICHHH H
MIOCJIE/IOBATENIbHO OOCTYKMBAET BCE 3alpOChl. MI3MEHseT HarpaBiIeHHe JBIKECHUS, KOTAA 3alpocoB OOJIbIIe
HET WX KOT/1a TOJIOBKA JOCTHraeT BHEIITHETO LIMINHIPA;

- N-Step SCAN («Cxkanuposanue N-Step»). MarHuTHbIC TOJOBKH EPEMEIIAFOTCS TaK JKe, KaK U B CITydac
npuanuna SCAN, 3a HCKITIOYEHHEM TOTO0, UTO IIPH IBUKEHHUH B OJTHOM HAIPaBJICHNUH 3aIPOCHI TPYIIAPYIOTCS
TaKUM 00pa3oM, YTOOBI HX MOKHO ObLITO AP PEKTUBHO 0OCITYKUBATh IPH 0OPaTHOM IEPEMELIEHUH FOJIOBOK;

- C-SCAN ("Uuknunueckoe ckanupoBaHue"). MarHUTHBIE TOJIOBKHM TNEPEMEIIAIOTCS TOJIBKO B OJAHOM
HaIpaBJIeHUH - C BHEITHEH JOPOXKKH HAa BHYTPEHHHUH. 3ampockl 00CTy KHBarOTCs moodepeano. Ecimu 3anmpocoB
HET, TO MarHUTHBIC TOJIOBKK BO3BPAILAIOTCS B HAYAJIO M HAYMHAIOT JBM)KEHHE K BHYTPEHHEH JOPOKKE;

JUist MozmenupoBaHMS IUIAHUPOBAHMS PAaOOTBIl ¢ MarHUTHBIMHM JHCKaMH HEOOXOAMMO CHENaTh
CJICAYIOIINE OMYICHHUS:

- IIpeanonoxum, Mbl 3HaeM IOCIE0BATEIBLHOCTD 3alIPOCOB JIOCTYIA K JHUCKY, T.€. HOMepa TeX AOpPOKeK,

K KOTOPBIM HEOOXOJUM JOCTYII;
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- IIpeamnonoxum, Mbl 3HaeM BpeMsl OCTYIICHUSI KaXKI0T'0 3a1poca;
- Ilpenmnonoxum, Mbl 3HaeM HaYaIbHYIO IO3UIMIO0 MATHUTHO FOJIOBKH, T.€. HOMEp IOPOXKKHU, C KOTOPOTO
CHCTEMa HAauMHAeT paboTaTh.
C y4eroM »OTUX JONyLICHHH pPsJ 3alpOCOB MOXKHO MPEICTAaBUTh B BHIC CICAYHOLICH
MOCJIEIOBATENILHOCTH [5, 6]:

‘ t1, C1 ‘ t2, C2 ‘ t3, C3 ‘ ‘ ti, Ci ‘ * ‘

Kaxp1if 2;1eMEeHT B TIOCIIe10BAaTEIbHOCTH E COTepKUT clieyrontyto HHGOPMAIIHIO: BpeMs, IPOIe IIee
C MOMEHTa IMOCTYIUICHUS Tpensiaymero 3ampoca (t), u Homep nopokku (c). Ilepbiii smement E;
MIOCJICTIOBATENIBHOCTH COIEPKHUT t1,C1. t1 — BpeMs MOCTYIUICHUS TIEPBOTO 3arpoca, a ¢1 — HOMEp TOPOXKKH,
3ampammBawomeil odciayxuBanne. Bropoir snement E, mocmemoBarenpHOCTH comepxuT 12,C2. 1> Bpems
MOCTYIICHUSI BTOPOTO 3a1poca, C2 HOMEp JIOPOKKH, 3alpallluBaOICH 00CTyKIMBaHHUE H T.I.

Ha ocHoBe nmpuBeieHHON MOJIeNTN pa3padOTaHbl aITOPUTMBI PA0OTHI ¢ MAaTHUTHBIMH JIUCKaMU JUIS BCEX
nsTU cTpareruii. Beaem o603HaueHus: R - KOJIMYECTBO 3alIPOCOB B O4EpEr FOTOBBIX 3ampocoB; Q = 0, korzaa
3ampoc nocrymnaer B ouepens, Q = 1, korna 3ampoc npountas; C - HOMep JOPOKKH; T - KBaHT BpeMeHH; t -
MHTEPBAJI BpEMEHHU MEXIY IBYMsI coceTHMMU 3arpocamu; D - HampaBienue aBrmkenus roiaossl. Ecim D = 0,
TO TOJIOBKA TIEPEMEIIACTCS C TOPOKKHU C HYJIEBBIM HOMEPOM K JIOPOKKE C MaKCHUMallbHbIM HoMepoMm; Eciu D
=1, TO TOJIOBKA MEPEMEILACTCS C TOPOKKH C MAKCHMAJIbHBIM HOMEPOM K JIOPOKKE C HyJIEBBIM HOMepoM; @ -
KOHeI[ IocJiefioBaTeibHoCTH 3anpocoB. Eciu D = 0, Toraa ,,** 03Ha4aeT KOHEI] 3apOCOB UMEIOIINE OOJIbIIHE
Homepa,; Eciu D = 1, Torna ,, * “ o3HauaeT KOHeI| 3alpOCOB UMECIOIINE HAMMEHBIIIHE HOMEpa.

Anroput™ mianupoBanus o npuHuuny FCFS cocTout u3 cineayromux maros:

1) R=0,Q=0, T = 1, Ciau. = HOMEP HAYATBLHON JOPOIKKH.

2) Ecau Q = 0, Toraa BeImoIHAeTcs urenue snemenTa E1(t,¢1) u Q = 1.

3) Eciu E;=,,@“ & R =0, Toraa aaroputm 3asepiuiaeT padbory.

4) Ecmn E1=,,@"“ & R > 0, Toraa nepexoaum k mmary 10.

5) Ecimu Q =1 &t > 0, Toraa 3ampoc et t BpeMEeHH, U 3aTeM IepexoanM K mary 10.

6) Ecmm Q =1 & t =0, Toraa 3anpoc MOMeIaeTcs B KOHEI[ Oueper TOTOBBIX 3ampocoB U Q=0.

7) R=R+1.

8) IlepexomuM KO BTOPOMY IIary.

9) OO6cyxuBaercst 3apoc, Ha KOTOPYIO YKa3bIBaeT MarHUTHAs TOJIOBKA, T.€. MEPBbIH 3alpoc oYepeIu, U
3aIpOC BBIXOJHT U3 OYEPEIH.

10) R=R-1L

11) t=t-Tw.

12) MarHuTHas roJIOBKa CTAHOBHTCS Ha CIIEAYIOLIEH TOPOXKKE 3arpoca.

13) Tlepexoaum K mary 3.

Anroput™ manuposanus o npuHuiry SCAN cocTouT U3 cleayromuX Maros:

1) R=0,Q=0,D =0, Ty =1, Cyau. = HOMEp HAYATIHHOM JTOPOIKKH.

2) Ecmu Q =0, Toraa BeinonHsiercs yreHue anementa E1(t,¢1) u Q = 1.

3) Ecim E; =, @“ & R =0, Toraa anroputm 3aBepiuaer padory.

4) Ecmn Ey=,,@"“ & R > 0, Torma nepexoanm K mmary 10.

5) Ecim Q =1 &t > 0, Toraa 3ampoc et t BpeMeHH, U 3aTeM NepexoanM K mary 10.

6) Eciu Q =1 & t =0, Toraa 3anpoc moMeIaeTcs B KOHEI[ Ouepe/ii TOTOBBIX 3anpocoB U Q=0.

7) R=R+1.

8) 3ampoc 3aX0AMT B CIUCOK TOTOBBIX 3aIIPOCOB TaK, YTOOBI COXPAHSIICS MOPSIOK CIICAOBAHUS 3aIIPOCOB
10 BO3PACTAHUIO HOMEPOB TOPOKEK.

9) Ilepexomum KO BTOPOMY IIary.
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10) OOGcay)KUBaeTCs 3ammpoc, Ha KOTOPYIO YKa3bIBAET MarHUTHAS TOJIOBKA, T.€. MEPBBIH 3apoc 0Uepe/Iu,
1 3aMpOC BBIXOIUT U3 OYCPE/IH.

11) R=R-1

12) t=t-Tw.

13) MarHuTHas TOJIOBKAa CTAHOBHUTCSI Ha CIIEAYIONICH TOPOKKE 3arpoca.

14) Ecmum E = ,,*“, Torga: a) ecnmu D = 0, rorna, D mewnster 3nauenue - D = 1; 6) ecniu D = 1, torma, D
MeHsieT 3HadeHue - D = 0, T.e. MeHseTCs HalpaBJIeHUE JIBHXKCHUS TOJIOBKY M OHA CTAHOBUTHCS HA CIIEAYIOIIEM
3aTpe0OBaHHOM JIOPOXKKE.

15) TIlepexoaum Ha miar 3.

Anroputm mmanupoBanus 1o npuHIuy C-SCAN cocTouT U3 cleAyonux Maros:

1) R=0,Q=0, Txs = 1, Cyau. = HOMEp HAYATHLHOM JOPOIKKH.

2) Ecmu Q = 0, Torna Bemmosnsercs uyrenue snementa E1(tl,cl) u Q = 1.

3) Ecmu Ei1=,@“ & R =0, Toraa aaroputm 3asepinaet padory.

4) Ecmu E;=,,@"“ & R > 0, Toraa nepexoaum k mary 10.

5) Ecimu Q =1 &t > 0, Toraa 3ampoc et t BpeMEeHH, U 3aTeM HepexoanM K mary 10.

6) Ecin Q =1 & t =0, Toraa 3anpoc moMeIaeTcs B KOHEI[ Ouepei TOTOBBIX 3ampocoB U Q=0.

7) R=R+1.

8) 3ampoc 3aX0IUT B CIIUCOK FOTOBBIX 3aIIPOCOB TAK, YTOOBI COXPAHSLICS MOPSIOK CIICA0BAaHHs 3aIPOCOB
M0 BO3PACTaHUIO HOMEPOB JOPOKEK.

9) INepexoauM KO BTOPOMY IIary.

10) OOGcmyxuBaeTcs 3aMpoc, Ha KOTOPYIO YKa3bIBaeT MarHUTHAS T'OJIOBKA, T.€. IEPBBIi 3aIpOC ouepeu,
1 3aMpOC BBIXOAUT U3 OYEPEIH.

11) R=R-1.

12) t=t-Tw.

13) MarHuTHas rojoBKa CTAHOBUTCS Ha CICAYIOLICH TOPOKKE 3arpoca.

14)  Ecnu E = ,,;**, Toria MarHuTHasi TOJIOBKa CTAHOBUTCS HA IOPOXKKE, KOTOPask UMEET MUHUMAITbHBIH
HOMED, T.€. TOJIOBKa IIepeMeIIaeTCs B HAMpaBlIieHNH HAYaIbHOTO MECTOTOI0KEHHS.

15) Tlepexoaum K ary 3.

Anroputm mianuposanus 1o npuHimiry N-Step SCAN cocToUT U3 ClIeAyIONIHX I11aroB:

1) R=0,Q=0,D =0, Tz =1, Cyau. = HOMEp HAYAIHHOM JTOPOKKH.

2) Ecau Q = 0, Torna BeIIOIHAETCS YTeHue simementa Ei(ty,¢1) u Q = 1.

3) Ecmm E1 =,,@" & R =0, Torma aaropur 3asepimaet padbory.

4) Ecmu E; =, @ & R > 0, Torna nepexoaum K mmary 10.

5) Ecmm Q =1 & t > 0, Torma 3ampoc »IeT t BpeMeHH, U 3aTeM IepexoauM K mary 10.

6) Ecnu Q =1 & t =0, Toraa 3anpoc moMeInaeTcs B KOHEI[ Ouepe/i TOTOBBIX 3anpocoB U Q=0.

7) R=R+1.

8) Ecmu D = 0 & mepBas ouepeasr He IMycTa, 3ampoc 3aXOANUT B CITUCOK TOTOBBIX 3allPOCOB TaK, YTOOBI
COXPAHSJICS TOPSJIOK CIIEAOBAHUS 3aIPOCOB MO0 BO3PACTaHUIO HOMEPOB JJOPOXKEK.

9) Eciu D = 1 & Bropas odepeap He MycTa, 3ampoc 3aXOAUT B CITUCOK TOTOBBIX 3allPOCOB Tak, YTOOBI
COXPAHSJICS TOPSJIOK CIIEAOBAHUS 3aIPOCOB MO0 BO3PACTaHUIO HOMEPOB JJOPOXKEK.

10) IlepexoauM KO BTOPOMY LIary.

11) OGcmyKHBaeTcs 3arpoc, Ha KOTOPYIO YKa3hbIBa€T MarHUTHAS TOJIOBKA, T.€. IEPBHIif 3aIpoC OUepeH,
Y 3aITPOC BBIXOJUT U3 OUCPEIIH.

12) R=R-1L

13) t=t-Tw.

14) MarHuTHas TOJIOBKA CTAHOBHUTCS Ha CIICAYIOIICH TOPOXKKE 3armpoca.
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15) Ecmu E = ,,*“, toraa eciiu D = 0, To D wmenser 3Hauenne - D = 1, T.e. MeHsSETCs HampaBiIeHUE
IBYOKEHHS TOJIOBKU (0OpaTHBIN X01). 3allpoCckl IOCTYIIAIOT B MEPBYIO ouepeas. HaunHaeTcs oOcmyxuBanme
3aMpoCcoB BTOPOI OUEpe/Iu.

16) Ecmu D =1, to D wmensier 3nadenne - D = 0, T.e. MEHsAETCS HampaBICHUE IBMYKCHUS TOJOBKH
(mpsiMoit xox). 3ampochl MOCTYIAIOT BO BTOPYIO odepenb. HaunmHaeTcst oOcmyXMBaHHE 3alpOCOB MEPBOM
ouepeu.

17) Tlepexoaum K rary 3.

Aunroput™ mianupoBanus o npuHuuny SSTF cocTOUT U3 clieayroNMX MIaroB:

1) R=0,Q=0, T = 1, Ciiou. = HOMEp HAYAIBHOU JOPOXKKH.

2) Ecmu Q = 0, Torma BeIIOIHAETCS YTeHue sirementa Eq(ty,¢1) u Q = 1.

3) Ecn E1=,,@"“ & R =0, Torma aaropur 3asepiaet padbory.

4) Ecmn Ey =, @ & R > 0, Toraa nepexoaum K mary 10.

5) Ecimu Q =1 &t > 0, Toraa 3ampoc IeT t BpeMEeHH, U 3aTeM IepexoanM K mary 10.

6) Ecim Q=1&t=0, rornaQ =0.

7) Hosble 3HaucHUsI C BBIYUCIIAIOTCS UTS TEKYIIEH TOPOKKH (Crex).

8) 3ampoc 3aX0AMT B CIUCOK TOTOBBIX 3aIPOCOB TAK, YTOOBI COXPAHSIICS MOPSIOK CIICAOBAHUS 3aIIPOCOB
10 BO3pacTaHuio 3HaueHui napamerpa C.

9) R=R+1.

10) TIlepexoauM KO BTOPOMY LIary.

11) OGcmyxuBaeTCs 3aMpoC, Ha KOTOPYIO YKa3bIBae€T MarHUTHAS T'OJIOBKA, T.€. IEPBBII 3aIpOC OYepe/iu,
1 3a11poC BBIXOAUT U3 OYEPCIU.

12) R=R-1

13) t=t-Tw.

14) MaruuTHas TOJIOBKA CTAHOBHUTCS Ha CIIEAYIOIIEH TOPOXKKE 3arpoca.

15) Tlepexomum K rary 3.

3. 3akuaioueHue

Takum 00pa3oM, B CTaThe MPEIUIOKEHBI aIrOPUTMbI BU3YIN3al[MH TIAHUPOBAHUS paObOTHl MAarHUTHBIX
IUCKOB. Anroput™mel 0butn paszpaboransl 11 crpareruii FCFS, SSTF, SCAN, N-Step SCAN u C-SCAN nns
IUTaHUpoBaHus Aucka. IlpuBeneHbl mpeumyliecTBa U HENOCTaTKM KaKIOIO U3 HUX, a TakkKe 001acTh
MIPUMEHEHUS. ATOPUTMBI BU3yaIH3aLUHN JOCTATOUHO 3P PEKTUBHO PabOTAIOT KaK JJIsl IPOLIECCOB C PABHBIM,
TaK ¥ C HEpaBHbIM IpuopureToM. Ha OCHOBE mpeicTaBiEHHBIX AITOPUTMOB PEaIM30BAHO MPOrpaMMHOE
o0ydeHue, MO3BOJIAIOLIEE CTYAEHTaM IIOHATh M H3YyYUTh BCE IATh CTpaTeruil IUIaHUPOBAHUS PaOOTHI
JHCKOBOJIOB.
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3536036 ©0l3390056 3)ds0dols 3980308 30BSEODBYdOL seMM0TYdOL
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LodoMmM39wmb G9gdbozmcmo mbogg@Lo@gdo
gachechiladzeliaO8@gtu.ge, r.samkharadze@gtu.ge, ilkin.ibadov@yahoo.com

Mmybondy

396bowMo0s 35aboGMOO OoL3YdOL Fdomdol sRJEIZ0L 30HEEOBIOOL SEWAMOO0TYdO.
obobo 9935390905 OL3GOOL Idomdol oygadzol FCFES, SSTF, SCAN, N-Step SCAN s C-SCAN
BGO9GHJR0900LmM30L. dmY35600s MOMMYMWO FomMYPSBOL HWIOOMO S LIPMYMBOMO TbsMYgd0,
51939 38mg9bgdol LBGMM. 30BN OBYOOL SEFMOHOMTGOO L5305 9B39JGYIMS®E FMToMdL HMYMEO
09650560, 0l  3MMBBIMO  3MOMOMOFBIBHOL  BJmbg  3BMEgLgdOLM3OL.  HomImygbowo
5EaMM0mdgdol  Loxmdzgmby  M9o0BGIMos  3OMYMITMNo L)z mbgywo,  HMIgwos
LEAHMI6AHIOL MoE30gdL OLZYOOL FMFomdol RJAIZ0L B039 LEMSGHIROOL FosBOYOL
d9UfHogamsbs.

(bAdsHos domgboyemos 25.03.2024)

DEVELOPMENT OF VISUALIZATION ALGORITHMS
FOR PLANNING WORK WITH MAGNETIC DISKS

Gachechiladze Lia, Samkharadze Roman, Ibadov Ilkin

Georgian Technical University
gachechiladzeliaO8@gtu.ge, r.samkharadze@gtu.ge, ilkin.ibadov@yahoo.com

Summary

The article proposes visualization algorithms for planning the operations of magnetic disks. Algorithms
have been developed for FCFS, SSTF, SCAN, N-Step SCAN, and C-SCAN strategies for disk scheduling. The
advantages and disadvantages of each of them and the field of application are given. Visualization algorithms
work quite efficiently for both equal and unequal priority processes. Based on the presented algorithms,
software training is realized, which makes it easier for students to understand and study all five strategies for
planning the work of disks.

(Received 25.03.2024)

82



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No1(37), 2024

39996¢30L 3g&H03mdoL 25BM3z0l FgormEgdols s
L5dmoegdgdOL 5b5¢E0BO

QOMS QIMBAZ00, Dodsgn 5DT50%3565830¢00,
371658 3703690, 393Hg 0mB0 35330000

LogdoMm39wmb ¢9gdbozemo mbogg®bo@gdo

datadatashvili99@gmail.com, z.azmaiparashvili@gtu.ge,

gurami.murjikneli@gtu.ge, petreboch@yahoo.com
69Bbondy

BoBoMgdmos (3999630l 9dGH03mdol  AobloBzmOL  IgmmEgdols s  bgwbisfymgdols
dodmbogs.  205bse0HgdmE0s om0 JOMOMOEO  sboLosMYdEgd0.  b5B39bgd0s  39996EH0L
593H03md0l 25DMmIz0l oo S 3MTOEO  FJNMEYOOL EIWPIIOMNO S LYSMYMBOMNO dbMYIOO.
dmyz3s600s (39996@0L 9gGH03MdOL 2obBMIZ0L MM S FEMI0EYdIO0, OMYMEME TesEo, oy
5059050 3900MOYIOLIMZOL. 35390093905 1336900, M) MM »bs dgzsMbomm 39996E0L
59303md0L gobmdz0l y39esby MRMM™ v39mglio IgmmEIdo.

1553356dm LoBYz900: 39996¢)0. 5gdGH03Mds. M 3s. LOIBHZ03Y.

1. 8gLogagro

399960  (3mOEsbEgd96G0) HomImoybl gOm-9Mm doMoms bsddgbgderm dslowsl,
OHdgos §9oemsb s b3oslbas §goeblibsdgdmsb  »Mmm0g@mddgrpgdolsls Jabol 3esldoz®
ALl [1]. 9990gado gl Asbs (d9GH™bo) 8Ysrqds s 0dgbl J3ol M30LYdIOL. MroE MBOM FoWOWOs
093H™bob LOdE3039 WS B3 MBOM LGB brgds Jolo Jorgds, om MBMM Fooos 39996E0L
bo6olbbo. sbbb3539096 39996@0L Lodmermm bod3H30EgL s Jobo Fodysmgdol Lobdstmql.

39996@0L 3608369 m3560 85B39698gos Jobo 5dGHogmds. gl SM0OL, BogG™MdM0350, dolo
609¢89d0L LodE3oEol dshz9bgdgwro [2]. olobo sTBsIdMWOs [obslsfo® Fm3gdmwo 3oMMmdg-
doLomM30L  BM®mBs3H0390000  2obLEBOIOWMWO E™IMIIBGHIOOL Logwydzgwdy. oo  godmygbgds
d9L5dE9g09gE 05 B3YEFOSMEMSP 5b5ODBOLIMZOU.

3999630L 5dGH03mds dgEBMbol bLbsGOL Qsbmymazgmo 3033mbgbEos. 39896¢ 0 sl dolisemo,
GH0dgwoi  godmoygbgds HmamME 8995353009890 99dgb@o  Lbgoalbgs  ©sbodbvengdols
153d9b9gdem 656093900l  ETBEYOOLSL. 58 Bb3zboEOlYdMO Boboerol Bogwdzgwros bywmzbyMo
Do TMdOL 55O 560 JobgMowrgdo.

2. doMomso bsfloemo

©O90LIMZ0L  SOBYOMEo  (39996@JdOL  Lobggdol  FoMdmgds bgds  3woblgH o @
05058060 9850996930l sbsfowgdoms s gMgz0m [2,4]. 003egds, GMA (399960 5oL
LHORs© 3MFgooo bogmogMgds. 569 39096GH0L Slgmo F9x3olnds 230639690L, GMI ol LHiMsRs©
39653L 59BH03Mdsb. Fosd BB 99 13019006 458MmIEOBsMgMdL Jolo LodBIoEg. SGLYOMBL
MO0  35M5393HM0, OMIWGIoMs3  oboLaBO3Mds oo  odBHogmds (F563s). glgbos LodE 3039
39099635L5 o 8939993359, MMIgdoE ooBbos 39996E0LYD TBIIdIM ByEBMBLS s dob
30bLEH®I3090L. 9dsbozmeo LodBHzoagol dobgwzom sGBGdMdL 300, 400, 500 550 s 600 dsm30l
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0Jmbg (3999630l Lobggdo.  dsgowomo, 400 do®m3zol IJmbg (39996(GL T9gLsdsdgds LodEzoaol
bgs60 9939083509 400 3p/L0° 56 40 83s. 59335050, 39996HOL sdEHogmds FoMdmaagbl 0d
439w sHg MO 360936900356 dobolioomgdgul, Gmdgurog goboloBramads dobo dgygbowmdom,
35130 d53H90900L 919300, IRIJ30L bomolbom, dgbsbzol 30MmMdgdOMs s bobyMdwogmdoo.

399960 5dBH03mdoL gobloBL3Ms bgds HMyMM 3 30603060, 0l 0MOdO TJNMPYd00 [4].
306530600 3900MEY00 MROM Jd9g000s, 53058 om0 353MmYgbgdoLEmM30L LEFOMMS OO WOM.
530¢™d  m3gMoGoMwo  5dmEoBgdoL  gosfyzg@olol  godmoygbgds  06odo  dgommgdo. 50
0350LsHBOHOLOM  F9odegds 25630bowM®  5dEH03MdOL  3MBGHOMEIOl OO s 9MYIXSO
9900 9d0.

1. 9500 9900mEYdoL d9dmnbgzgzsdo 2sdmoyggbgds (39995EH0Ls s Jgodol bstgzo gMmo Lodmsb.
39903009000 Bo@o6Mgds bgds 1EObIMEHJOI0M oAIHOWO 250YsM9d0lL EOMOL Foligerols d9dgy.
9ol 899(33900mds B30l d985009bemdsdo »bos oyml 0,40.

5) 3099630 s3GHo3mdol gsbmdzgs MUITHC — 200 — 3 @sbopstoom. MUIIMC-200-3 (6sb.1 [erod])
©5650gM00  250Mm(300900L5MZ0L  BoFoMmMs  bMMTsEMHo 3MbLOLEHYBE00L (3999bEHOLIRE ©sTbs-
©99o 6odmdgdo bmdoo 40740*160 99. 60dwdgdol EoLEIBsEIdWsE  bEs 2sdm3094gbmom
399960 $993965@mGoom 20 + 3% 3ogo ©s @bgwo
3999530 359mygbgds 59 993nb3z93500 ©49d3909E0s.

3oBmdz0L dogbodsgrmEo  BMLGO Fgga0 dgodergds

an R
< r

90300m0  FBMEME  WdMOSGHMOOM 300390300,
GHoLM30LSE  9399Fs39deos  39996GHOL  OsABMLEBHO3ZOL
9Jb36gL  Bg™mEYdo. 850 LFOMPIIID OEO PYOMOMO
©3BobOXGd0, M3 9O 03935 LETMSWGISL  godm3z0Ygbmo
00gd7Io 89Yag00 M39OIGONLIQ, CMMOG 363~
%9, obg 993m3335%9.

6sb. 1

50 bgarbofhgmlb Lsdowgdom (39996@0L 5J@03MdOL AsBMIZL bLFoMEIds 28 Y, bmem
39Bm330L (30MT0GdS 56 5©0gdo@Jds 1%-U.

) 39996¢&0L FsM30L 2oblsBrgcs MM - 100 sbsys®om. 53 d9dmbggzsdo 6odwmdol LodE3oag

3o0635Bg 890dwgds ©I3530JLOMOM®M FMZEgEols bydMowgdom (Bsb. 2). dobo dsBgMgds bgds
53¢™35@M 5 60dMdol sderol 9999y.

Bab. 2
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LoIBIOEOL BOZMO FoBOLIBWIMGdS (39996E0L BodMTgdoL LEBIMEHIdOL Tglodsdobo.
dobo ©sb0dbEgdss MHdOWO (39996@E0L blbstol 360BAoLYdMEMO Boddgdol 2odmEs Ao0Mblsby.
ol 250m09ggbgds (398960l JoebBgdoL LofoMdmm s OdMOMSGHMM0ME 300HMdJdT0, Logbom-
153d9gbgdrm Boddomgddo s Lb3. [3]. 9dGH03Mmd0L SLgMO AsBMIZ0L (3MmToegdol I60dz3bgwMds
©0535Hmbdo 2- 10 335 1% - ol BseRrgddos. sbgoo bgwlsfyml ©sgdom dbo®mggdos  dsmo
3990mygqbgds  153IGbgdWM MBd0YIBHIODBY. Fo0 LTG0 bgds Fgbmdgdols s 6s3gdMdgdOL
mdmoenm d99m{jdgods.

2. 56595000 9900mY00. (39996G0L 9JBH03MBOL  2oblsBL3IMOL ImEgdMw  dgmmEgdl ImGob
390dgds  998Mm30949bmm  5g@H03mdol  4oBMIZ30L  IRJIMgdIMo  FgoMm©gdo.

00600 obgom  F9goMmEIOL 593l OdSO  LOBMLBHY S VS MBOYBZ9WYMBOWO GG
d90OMONMMS© @O SME  F9BHOMEMPOIMs©. Fs00  809379m369ds:  mOmgedo 2393 5M9d0U,
3M6H®2gHMIYHOYo ©d 3MbEYIHMIIGOYLo JgMmEgdO.

5) mMomdmdo 2o3Mgdol dgomEo.  5dBHo3mdoL 28  ©®gdo  goblobw3zMol o030,
390dgds 250Mm309gbmo (39996@0L 5JE03MdOL ©ohdsMm9dMwo oBMAz0lL Tgmmo, 96v9 53 O™
39b9bm (39996F0L 6038900l bobdm3eg M™MTo B0 45994s0gdsly 9M00 Lsdmdsm oL
396353Mdsd0. FogMsd 0dol godm, M@ bgds LodEZoEoL ASBOEOL 306930306 9M5MIBIBOMDY,
Sbgono  3900mYdoL  MIMOZEgLMdS  235deg3l  39996GHOL T30l AbMEME  LEMMOYDEHSEGOM
39935L90sL. gm0 89db3939d0LsMZ0L  F0BI6TgHMboEr0s (39996E30L  SJBHOMOMBOL  FoBLIBEZMS
MONJ o A5GHIMYd0m.
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ANALYSIS OF CEMENT MEASUREMENT METHODS
AND TOOLS

Datashvili Data, Azmaiparashvili Zaal,

Murjikneli Guram, Bochikashvili Petre
Georgian Technical University

datadatashvili99@gmail.com, z.azmaiparashvili@gtu.ge,

gurami.murjikneli@gtu, petreboch@yahoo.com
Summary

A review of methods and tools for determining cement activity has been conducted. Their main
characteristics are analyzed. Advantages and disadvantages of demolished and non-demolished methods
of measuring cement activity are shown. Measurements of time and errors of cement activity are given
for both demolished and non-demolished methods. Conclusions are made on how to select the best

methods for measuring cement activity.
(Received 2.03.2024)

AHAJIVI3 METOJIOB 1 CPEJICTB AKTMUBHOCTY U3MEPEHUS
IIEMEHTA

Hatamsunu [I., Asmaunapamsunu 3.,

Mypmxuknenu I'., Bounkamsuiu II.
I'pysunckuii Texundyeckuit YHUBepcUTeT

datadatashvili99@gmail.com, z.azmaiparashvili@gtu.ge,

gurami.murjikneli@gtu, petreboch@yahoo.com
Pestome

ITpoBenen 0630p MeTOZOB M IIPUOOPOB OIpe/ieleHUsA aKTUBHOCTU IieMeHTa. [IpoaHamusupoBaHbI
WX OCHOBHBIE XapaKTePUCTUKH, IIPUBeJeHbI JOCTOMHCTTBA U HefocTaTKH. [[okasaHbI IOIOKUTeIPHEIE U
OTpUIIaTeIbHbIe CTOPOHBI Pa3pyIIalolero M HepaspylIalollero MeTOJ0B M3MepeHUs aKTHUBHOCTU
nemeHTa.. [IpuBezeHs! MOKaszaTel BpeMeHU U IIOTPENTHOCTH M3MepeHUs aKTUBHOCTU LeMeHTa Kak JJIf
Pa3pylIAoIIero, TaK U IJIA1 Hepaspyluamomero MetonoB. CreaH BBIBOJ, KaK BbIOPATh HAMIIYYIIUN METOJ,

N3MEpeHNA aKTUBHOCTH L€MEHTaA.

(Hocrymmma 2.03.2024)
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©93393500!".

3900092, 3103900 5OLYIMOOL RGOl 53 FMBsBMGOOLMZ0LS(S:

51533905 8093956600, SLgME sMLMdOm {ierol (ob F9dwxdsggdmmo gl falbo dmd93zbm
930gq0do 396300560930L MROM Jomo LoxgbMgdbBy IYgmgy 5sT0sbL 25dmgygbgdobs  fywol
2960896056 ©508g 3938060 dgmao Bb3s Mmd0gdEHIO0L, 3mEbso MmMAsb0BAGOOL (“30Mm390m9l
9230005, Pyerol 3obss®ors bsdysmmb), 30bs6mggdols s §gombs@gzgdol s@Mod@adol (3030,
080¢v0, bJ3560,...) ©5 dMIM5MdS-Jd9g0smS 50db0d3bqwo FH9MTobgdol (wob9ds, 7b3s, [i3907s,
peags, motion,...) Bobgergdolbmzolsg.

5 59053 gb 899mJdggds - 35(3MdMOMIOL LYTYBHYIYL ™ 9ol M93s30M39e0 ToGrdol
RMOIoMYds,  993609OMs  (30sb025b,  3GSIsOHM  cobg0bBHo0L  bR9Hm@sb),  LsgzmAdzwrosbo
39M5MOm, XIO 30093 J3ol bsbol Lsfyol, 9.5. sMgMEo 3swgmeomol 3gHom@do bs
©5(199090oygm, 2ob5330600 56 SM0OL, OMA 59 ,3OMBOWOL" LoGY390L JMEMOL sMs JOHO 35380605
399m3gboeo 933¢935Mm05 d0gM 9Bgd0L OIE obLBZ939dO MY sbgdToE 0.

LHmMgo sbgm, 99339 ©oqboe 353806090  300035¢0L{iobgdEom  Bmaogdmo  dgEe©
Lo0bGHIOILM LoEY30L 9BHOIMWMYOYMHO FoMIMTMdOL 33¢g3930LsL. 58539 OHML 39YMHOEMdIMPOM
HMAMO3 B9dmo 50bodber 06@YH- s BHMIBLEO03W0bMH Foymdgdl, 5193y, - dmm (argddo
3695300 sBOHM36900L gob30ms6gdoLsmz0L 89935390 FgmMEIOL.

g4m39w039 590 990920  LsdMogds  dmagz93s  §o0my3999bgdobs  Mogo  LoobEghglm
303mm9BgooLs, MMM 53599 53 3mbom ,9009MmE“ dohbgmwo GHgHdobgdolsmgol, sg3g,
by 99000b393580 — 49053395HM9d0bs 54989 MMYg3 FGFoM0GHJOE 00O  Fgbgeng-
09%0(3.

OMEgbsg BIMZowgm, OMI 653360 23Jmbs ,96900L MWL (3gMm s JoMOMsI©
396LYBOZOMEO — 330g3900L FoMToMMZ0LOMZOL LOFOMM 5356530, WMRO3Ms© dJoz0Bb0gm 53
065990360900l 959mg9gbgds 3393905 FYEO R0l BBGOHMBMZ0LSE TGusdEwms 1535FsmM, 039935
503 JEs© Bsxgdzgml Im3egdImo 303mm9HJdOL Fodmboygbgdws.

0530056 5036036Mmm 0oL oGO, GMI FgEowMEmROMEo Bodd0sbMBOLIMZOL 930w gdIE
BywgMb - ds@obl 5580560, 30M39w ®0ad0, dm03Mm393®s @S dM03Mm39dL dmol dslogzgddo
39FH00 4306050900056, F900B, BMAX IO ol Job9MH5¢98L ©9M3B53909w0 Loboms 0949b9ds.
95650, L30EGBIOL s M3060L 25TMPOMBdOL byMbgdol 530LgdOL 99 2953DMd0YMS, BMD 30093
WROM JoMEH030 0gm 58 bgoowgmwoll dmdogds oligmo dobstggdol bs3oMmgd by, Fogswoms,
5396580 F®mbol, 569580, L3, by 300d35m, FJMIBoZom gysts 3060l 33390 Jggdo o
MEYd0.

A9M306900L5m30L bobyslidoom g3l I3000b39w0l gmEmeEgds 00 Bod@Ebg 3935d5b30Mmm,
G0 Bgdmo sbbbowo fyerols 0390k0s 53 990b3935003 Ho®BoGH9d00d 3Fomdb.

3925005, fYywob, MBO™ BMLES©, 3063609Ewwo dobsMol bobgafimwgds, dg@Embodools
Dobom, momddol M3 g0, F9MHIHOL BMOI0M SMOL YoILwEO:

1) 58 30bsMol Bs30MgdBY godm-Moyg-Mwo (sd 3900boo, gb H9mdobog bsobBgmgbiers) J3gdob,
dbbgowo g30dols Labgars;
2) 396gbo 53539 OH™L 0993BoL LobgmdsEss;
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3) 02039 Lodyzs  (xs35be90 (m97bozmbol dobgyz000) Gogols s LodMogwol, Lowmbgol
Lobmbodso 0bTseds.

39653 9d0m LsobEHIOGLM 30 0bvs, M 53 }¥0dol M9g3Bol  Lobgwo Lewsgzme® 969880,
R9dGHMIM0350, 030395 - KepexX. 9b bLo@yzs 3030e9gduozmbdo govM33939w0 FoMTMIMdOLOE sGOL
doBbgmro, M3 30093 9OHMO ILEAMMOS 9B TMOgME HoOlvwdo OB JOHMT6IOLOYD
LOHYYE0s© obLBZ390E0 9bgdOL GO ysrmob FoemdmIsgErmdobs.

bg0mm  dmyzsboer Foymdgdls s IMbEBOYOIODY ©OYMEBMBST LT Msgds  IMY33d,
9GS0l bLBgOML bbgs 860d3bgermgsbo GHMIobgdoLbmzoLsl Fodmy3zgygbgdobs Tgbodems
15350500, 53058 - YIMoLOMGdO 303MmmMyHYd0. g BHMobgdos:

Asqosbo, dors, groombo, metall, medalion, mexs

0339, X6 0] 30309Y356mm Bgdmo ©sfygdmwo Ggmdob Fs6-msb s39380M9do
ALY I M.

3003Wwom, O3 GH9MIob Fo (F9M)-b FgBowMERoMeE 15Jd0BMBLMD 9MToOEGH™M  Jol
396900056 85c0bols FMHoL QodMm 593l 3938060.

Jomgz9e 933093500 b BHgdom, (0. x9b65930¢0, 0. FoobvMsdg), F 5 B 0 IO,
Fomd0sb, brmEom 5y0wlsi 6odbsgl.

bsd89 obss, Gmd dsbol, dobgtrsengbols dm3mz9080L 89898 bsFoter oyer dobs®93980bs356
35p996c00b G9029m800> 5000 359098, B3 8969890309, [ g ¢ 0 b §9039m800> bogdms.

59 3639195 dMEM 159369 90T0 SHSEO FIEBMBOGds g0dobs s BMSZSEO BTSN YdOL
dJmb9, BEMEHS305© LobgXgdIYE LogdosbMmds© 0gis. 9339 893608bs3m, MM FH9gMHIobo Gum@EsEos
3003306 9E0IMEMPoME 353806305 figeols 369d5Lmsb.

5960250, 39O MR0LmL Fo6 GHgMHdobl mMo dg@s 960d369wm3zs60 Lbgsalbgs Labols
S139dHo  9393006MgdL.  TgLodsdolo, Lsob@GHgMglm  0dbgdm®s 53 ™mGm03g 3Mmbom  J39dmo
Bo9mm3mowo 3HgMoGMOm0900l 5y0wdg d9dmfjdgds o gL 0¥y s IgEowmaool boboom
L5gd0o6MdBY:

1) beng. F569d0 JoONETo;

2) Fo60 - oLGHMMH0ME0 ELIBEGdS 39000, Y356 sBYMBS0KIBOL BHYHOEGHMM0sDY;

3) LobFotre - mga@Ggboo;

4) Bp00000L ©g35ME5396¢ 0 8YdMY bmg. Fsdgobxo (Fgbsmgmdl d. Fsbolycrol 3o06sl);

5) beng. Fo@bsgwo (Fsbbg gscool do. Fs6bs¢emo);

6) F56bs¢ro - 3. FMOMbOL 9bs35000 bgrgzsBsMOl dmboizodseodg@do,

5939 90939536 89G9© 0bxMEMTsE0v)eo Jobos®lol sdmbsoo 0b3gMbg@Howsb:

https://www.nplg.gov.ge/wikidict/index.php/ Fo@bscro_(bmggawro)

»U5356057900200, Uagzgemo F5bsero (s 039 59539 bsbgerpeacogdol deoobseg) fistrdmdogstro
Bsbl 505 Fsems bodgz0bs856, 503090 ©@obszcm900 bsgstorz9crmb  Jozmmdm3cmbolosdo 35635
36m80¢r0 356~ bodyz0b5856 HGgcmog bggemo, beado, fyerosbo bsgenmd-hsersbosbo sogomgdol
o@Usbodbszs  33bgds.  Fom- do®ob  G90p39¢0  8IMmEGsR02cmo  bsbgemgdo  sGsgmog bolbs
@3B IBS 31H05-089(90000b, 330590039, s Fob BIBHOBHMGH0sYY. JsOsb3s38g, Fobsero w9bs
33305 DO 565 GIZMOG F5¢-b560 (, 35600560 5QZ0980°), 56509 BMZ; F5HOC2, F6,FHMBO
38001980 ,939¢0, Gdeol B9BoBMH0s Bz 0653075 3989-(90025980560, F560 SQOZOC9BO.
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https://ka.wikipedia.org/wiki/%E1%83%AD%E1%83%9D%E1%83%A0%E1%83%9D%E1%83%AE%E1%83%98
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dymg Gbkog, s9mbogers@©  J9odemg8m@s 83935650105 R 5F5Gem0 LOBYRS »Fo0°,
db03269¢mB00: 520560 500", ,,g35865(0° ,g35960m0 S5O0 MO 59 JobssHUL
9035396 9030029 2300608980 F35665¢»0 - 909 @5 Y brgz. 302¢00Hs9Gbs s bengg. boGordo.

5060385, Usbgerpmgds F56b5¢ro Gg35m3@ J90dcmgds 85308 bHmo:

3) F560560 5629 3900, F50280560 5Q30C1980: 8)25365(0, J35960CP0 50Z0C9B0

3500ml, 33953l ol 303mmgHgdo, HrMBgdog 9@ 960836germgbs dogl5860s:

1) Bggbo 35Momom, LimMgo Fo6 GHgMHdobds obsdoMmds Lods@mzgermdo domgeo Mgyombols
Lobgergds o gl Mga0mbo gobenogo:
5-356-5
2) 5939, 56 358M3MHOEbOgm, MM IgBHomgHBOLOL IM3wgbol Fyswmdom (3sy.: OF-mds, 329 FoMs
> 3190535 [AgMEboero]) 35cbgwerols LodEOoMOm FobliszmMYdOm FodmmBgmero dbsMY):
Fo65 8039300065 M5 Fo!

0 3MBJAHmb 5353000 900m,  Fma3zgogl  s0mbsGoo  MoFol  Ggyombols
963030Mm3900LE0b, 33309356 53M9BOM FoMEMYMBN0S60L FbmaEs5300006 [20]:

»039¢0 [9cr05H056306 XX bsey32960L 9396798303990 3330029L80 s@pge0m0s, 0029 (03026
05653098205 305000980 86063052000 (Hoabol byder figcrosb”.

LogOOME, FIBHIMOPos © JJMHdmE, 9Fgmds 0dgbs 360936936  Loddg
0mM3gOMd, MHMA 53 3OMGILOOL 5053056900 bbgs 53 Loddosbmdom 6 0y3696 ©s3539dwo.

506533900l domdo ImmbOMIOWOos, MMI 50930L J390930M©mdo bowrodgdo o6 bbszgb
dofsl, 36 6535396 bsgmxzdlbbderostg bggdl, st IPygdbsznb Bstgdl dgermgdby; obobo 803039896
ds@sbbs s 30658 ©s9079053989¢70 Jopobsgsb s 33a056 bs3398Yg. dsoo oy ofygds ddody
d5m0530, 500l 4300500 5 bigger 3250¢80 5H59896 F9¢» o9l JHmsdo...

3bmdowos, M3 8390l 3MMBILOSLME GEHOIMWMPOMMOI© ©535300M90I0  35M9d0
43959 9B 9M0L 253039 gdyero dbmgwomdo (bdodo, ddodo, E9crody, d#Ierodz0evo,
AFIQ®0, 3 VbI530, 3035€70 @5 bb3.).

653 999H905 MIMomE F56O-3H9M0bL, F39630 IMsz3ws® 23530090 FoLD gE0TMEMYOMEs©
0535380609090 GHM3mbMdg30sb FoMdmdmdowo y356Mm9d0:

F36508, F500s, F56900009, F5(I3TZ000, F5(9e0F3000; sU939, bs35GsrI0m@, F505 F53395
F339¢2009, F553597-

3953003500 393900 bigOmbsmzol «dbodzbguarmgzsbglo &gMdobol - 3sebols s
dobo 9GH0dmEmao0l Jgbobgd by gemdsby.

0530530603905 90360365300 08 Bod@L, MM LoGyzs b0 M30m  Lsds-LYIEbLb
MOd9w0sbl JosBbs Jommedo B3sOLYIEo s MVIOIMwo 96gd0Eb boligbbgdow, mwMdEs
30309dlbogmbo  sBgm  FgbgMEgdsll 9O  0B0sMYOL. 98 Logombbg MBIOHM 3B gdoO
ALX 9 Mds FoLoegdoL doe0sb FmMgmeo 93mdosb dmbdmdsl dmombmgl.

D99mm 339 23JMbs LB MYToBY, vd39gLO 55T0s6gdOL Jogh 0¥) Mmoo aligdoom
0g3690Mm©s 05305300390 9bob (36 96980L) gdlbogs. 53sLmsb, fgewolb Mgm®mool Lsggr)d3ze0sbMdOL
©3BOIBEIMGOS© BrMy35600 0ym Jo@mer 9bsdo 98 139bMIgbol 3063093 godmzwobgdsms
Lobgengdol, dg@mbodool 3Bom, mgdol Lobgeimgdgds© 25obZEol Jogo0mYdOG.

5939 9936086530, M 5190 FoLZgd0 b3S 969003 M3 A43H3WYdS.
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©53004mm  Fomgob LESBH05d0  obbogso  mMgdolsmzol yzgwsby MmgargzsbGHmcom -
9b939w™dsdo  235J43b 8990090, B9BHMB0ToGO  Lobolb  qosbgems  fiyemol ;6985 > dodo
(3930d9@gdgd0m):

0o 2 050360, dond, metall, medalion meas, Méx,

35 3g®dobo 9bols mAdzgwglio wwgdlozol 9995agbgewro ol ghm-gOmo gugdgbdos, Gmdgwos
Joer00m 96580, m©bs3 8Mm0KB0E30MJdY0 BsEoes S oGS BMmMIJO0m, 50boTdbsgs MMYMO;
Dgaool (369056, o939, 9BMbMTool aBom, 03 06 BHIMOEHMMOLSE, Lsosbsz gl fgsero
dm90b690Mms. 53 GHgMdobds slvdsdo dolizs ®IL bbgoalibgs 9bsbg s®ligdwyem «sd@Msg Lodyzsl,
3500 dmO0b, OMYMOE 339 5036036530m, - sl (d®. Mount (0bgye».), mendia (d5b3., ) Munte
(6990.)) 5, B3960 IMLsBOIdOm, - 356 s metall, medalion mems, Méx G9MBObYOLS.

b59IONM, oM F3B-0Ls, Fywol 50d60dz3bqgwo gmdg-GHg@dobgdo Mo FsOGHM 53, 56539
55900 3035609000 Yol gbmdgbmsb sLm3030MI®© 393800 “4sTMS30 (36900
LobgEgdol Fysmms dogrosh 936 965%9!

353505, oM GHM 9JOM-9MH0 SBgmo *lak doMgMwo BHgMobolosmzol sligMEMdom 5335600
Lo@Y3s dm0dqdbgds [14], beagm 0v) 35300035¢0lobgdm 00 BoJBLOE, MMI AMegsE 9bsdo bdoGao
bgds M ©5 H@“ 06bdMzbydol dmbo3zwgmds, 85306 Bz9bm3z0L  LsobEHIMILM 9Bl
903560090000 Jolbg IYMHBMBSL 0349350 gm0 3030mmM9HBYdOL o9mygbgdsdga3:

3360530 - 0Y9 - 0395 - 093635 - H03m00 - rock (063¢».) s rocca (L5355, 39¢HLIHO
06 33¢9%0 [s6823m80b) g3, 3¢ - 93005 - pexa — Paxa (0c.)

990099, metall 39®dobl 033w9g3Mgd0  (H0b6509MHIbMo  [oMmIMImdols dookbgz9b o
53530069096 dsbhob, 350960l 369090Mb, OHMIGMsYD 900 Bsdox0s“ s, M9
d9000b3935d0 dnol, 3mE0ol 503603369 LoGY359@Y, bmwm Mo - Bgdmm Losdo Imygzsboo b3y
A96M306905909.

g39ws gl BmbobMgds d9damdo 33¢g3930L BoBoMgdsl dmombmal, dom Mid®m 03 goddol
390350bfi069d0m, M JsOMZIW (O3 3OSISOGHM J360039¢) 3936096093l 53 Logzombol Tglobgd
09360 Bbgs LEobEIOLM sHBEMO 5300 odmmddwmero [5, 6, 21,22].

©30mEml, BEoG0sdo gobbowm mgdsbmsb d0dsMmmgdom (s M5 JstHe 58 37900b002)
Moo  360d3b6gemds  od3b 030 FoddL, ®md 1991 fgerl  (Ggodergds 0mggsl,  sbersbsb)
LodoOomggmdo  sdmbgbowo  0dbs  9@s30sbols  bsdmgdo, gl 3mdm  ggm&go3ls
Lobger 0oL, HMIOol SBs30, MMAMME YD, ssbemgdom 1,8 dowombo {erolss o,
L5YM39EMM 5V0IMYOOM, 1939 gLos JNYEo 93MM30L JolidEod0m.

5056056,  OILEGHOYPOMWOs, GMT, 00 EOMOEIH FMYmgdMo, 5T0sbgdo B39l
AIO0BHMM05Dg  hg93s© bsbermdobab Ygdmo> dmblgbogdeier dz0l, dmobysmb s Gz060l
930299800 ©5 g39¢7s J08s(0029¢m98000 2000560 82b7b.

sy Gmd, Tgbsdemms, BimMg smbodbmmo RsJBHo Mbs Bsomzsmmls yggmsby 9ge®,
©32060bL986 563739650 00 AMLEBOIOOL ©L5TBI0EIOMSE 0 slssdsyMgds®, Mmd Bgzgbds
§065369dds, 30§o03mgdggdol Logdgdo 30mbgMhgdads, 19305600 33539 BsFOMHMYdOWIE §sdmdEobsty,
bmen 3033, gOo-9H00s 30639¢gdds dm3 30l bgawo dg@EowmEovma lssgddosbmdslsg.

P.S. @5 563077 3000 0G03Mo gssbgggs:
39OMOS S1G SMILMBOM f9e0... 35TM9319do BHMIGO0 5809635335600 6 MmomJdols

Y39 3035600 gdom 0d30Mm©bYb, 5d9M030L 3:m63H0b696EBY3 30 WILLbEHYB-5333000M©67b,
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bowm  3mGM0  5dgm  ©sMBYboergdds  sP0mgdbg F9ddbgl  0bwmgzm™m3Mwo s hobmGo
30300bH(30900, 2 HMToBIM0 3IEHWIOHO0M, OO PSTPOMGOE-4563005M90Mw0 9bgd0m...

3900l EOM S M38Yb0dg smsbo farol Hob gl 0bmgz™M3gwgdo 5Jgm3gb dgdm@®moswrbab
5 3MMGHMJOM39gd0 XIJO 30607 5006 s g msdos BRZOL30MINOEIO BT Foazyscgl,
99 53096 35335L05d03 F99MY30309U...

50 06©Mg3mHM3gmgdl b Mooz small §awby gm@s dgBo bsbos, omGJmwo GHmIgdo
93943696 o gL 339 Bobgegdo s Lbgsbol 90056 o Lsdbooldo — «Fo®l JsEoz39¢m9dl
©9923G3%30-9cm0 bs boose!

5069 80009wgdo 43939m©bgb, 8500 250535MRObIL O FL3MBL - dFBgHo Bd3GTo
d3b™M3M90 JoOHmme dmbobergmdsl MHMA 25565 MMGd 96 9d9sb Foolbodws s dsBaMBY yoo
(50 bsgd9gdo bmgo , 956003905 “ 835005650 2Ipybs bgerl!) 50, 35806 53d3md©s Mog30L LoEYzsL ol

3 » ... @G OMI EOFGIM0YES!
3. 533365

30300Ds30900L  29630m90Mgd0L  3BM3gbdo  FgBHOWIMHR0sd 00EIBs® OO GO
d95LOmEms, ™I 933¢930M9d0L o9 3 93mdo HoMmdmYgbowro 353MdMOMBOL OLEHMMO0EIE MO
35009560, 3M0Ob) oMby ©@s ®3060L, LHmOMgE 505305608 dMO3sFgmdol 58 ML +)35300MYDS.
@ommbgdol J0gds s Fomyob Lbgzsalbzs Lsbol 05Msol sdBsYds, M30MZIWIL YmM3wobs,
90(5000mgddg 95805690l bLFOMPIIMPIM. 36MdOO0S, HMA 3brMzMgdol SLgmo fgbom 3oM3z9wbo
M9 JoO39mmMo GHm3gd0 ©s3530bab.

LAOGH0530  obobogds, 06GHIM- ©s GHMIBLEOLE3W0bME FoEymdgdby sxdbydMwo
33w93900L 99090 B39bL 9bgddo  259m3w9bo-25565c0BYdMo ol Fsboergdo, MHMIEIdO3
39G9OH00L LRGOME0 JoOHN390OHO BHMIGOOL V35HE0l MoMdsBY FgEY3gerdL.
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15. https://www.morebooks.de/shop-ui/shop/search?q=%20%D0%93%D0%B5%D0%BB%D0%B0%-
20%D0%93%D0%B2%D0%B8%D0%BD%D0%B5%D0%BF%D0%B0%D0%B4%D0%B7%D0%B5
(in Russian)

16. G. Ghvinepadze. "Solving some difficult linguistic problems with the help of an interdisciplinary
approach (for the etymology of the term Georgia)". Thilisi. Publishing House of GTU, "Works",
2019, No. 2 (512), p. 40-54. ISSN 1512-0996. (in Georgian)

17. G. Ghvinepadze. "For the etymology of Kashueti Cathedral", scientific-technical magazine "Modern
problems of architecture and urban planning", 2021, No. 14-15, p. 133-138, ISSN 2233-3266. (in
Georgian)

18. G. Ghvinepadze. Moon - inspirer of counting and accounting processes. Thilisi. Publishing House

"Technical University", WORKS*, 2024, N2 (532), ISSN 1512-0996. (in Georgian).

19. https://en.wiktionary.org/wiki/3s

20. https://iberiana.wordpress.com/2020/09/20/edena/ (in Georgian).

21. https://iberiana2.wordpress.com/georgia/giorgobiani/ (in Georgian).

22. https://iberiana.wordpress.com/iberiana/racha/racha/ (in Georgian).

(BA3A0s Bomgdegemos 29.04.2024)

TOWARDS THE SEARCH FOR THE BIRTHPLACE

OF METALLURGY
Gvinepadze Gela

Georgian Technical University

GhvinepadzegelaO8@gtu.ge
Summary
It is known that metallurgy played an especially important role in the development of civilizations
in many directions. The article presents some new arguments about the contribution of the Kartvelian
tribes to the establishment and development of this type of activity, based on inter- and transdisciplinary

approaches.
(Received 29.04.2024)

KIIOUCKY POZIUHBI METAJUTYPTUU

I'sunemnapze I'.
I'pysunckuii Texauyeckuil YHUBepcUTeT

GhvinepadzegelaO8@gtu.ge
Peziome

I/IBBGCTHO, YTO B Pa3BUTHUU H,I/IBI/IJ'II/IBHHI/Iﬁ II0 MHOTHMM HaIIpABJIE€HHAM META/LIYPrusa ChIr'pajia
0COGEHHO BA’KHYIO POJIb. B cratne IIpeaCTaBI€Hbl HEKOTOPbhIE HOBbIE dPI'YMEHTHI O BKJId[€ KaPTBEJIBCKUX
IIJIEMEH B CTAaHOBJIEHME M PA3BUTHE O3TOI'O BHAA AE€ATEJIbHOCTH, IIPM MCCIEJOBAaHUN [JdHHOI'O BOIIpOCA

ONIMpPasMb Ha MEX- ¥ TPAHCAUCIUIIIMHAPHBIH IIOXOMIBI.
(IHocrymuma 29.04.2024)
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03000303LsbMEOgdoL LobiEgdgdol gzmemi0s, ¢bgbgogdo
5 359m{i393900 0bGHgMxg0LoL OBs06d0

0mMmb039 Bs339@9d9

LogdoMm39wmb ¢9gdbozmemo mboggMbo@gdo
tchakvetadze3@gmail.com
M9bomdy

396bowMos  ©30000mALsbMGGOOL  LobEHYIGdol  obEGHMMmOMWo  g3mEY30s, d0dEobaty
A9609630900 ®30003mLsbm@gdol Ul oobsobdo, Lbgoolbgs godmfizgzgdols s d9dmbggzgdols
d9LFogars, 59 LobEgdol ImTszs¢0 s bbg. 030 3sbobowsgl Lbgsalbgs dodobstg ¢9gbwgbi0g0ol,
dog: bdol s3mEbmds s Al 3gMLMbsEr0BsE0s, IMIbTsMdgElL gbdsMgds, T JooPML MLsgOmbM,
b9wdobsfizomdo s Imbobgdbgdgero ©oBs0bo. 030000mALsbmmgdol LobEHgdgdol dmdsgserdo
396LsBW3OME0s oLgMO  BHYbmema0gdo, MHmyMmOmoEss IoT, Mg  igbdsMgds Ul obsobdo
9mdbdoM9d¢0l 259MmE0gd0L s LOLEJIOL 9539dEWIOMOOL gorgdx MdYLYOL.

153396dm LoEY39d0: ®303MAVbEM9doL LobEgds. ImIbsMgderol 0bEIOFBgoLo. oBsobo.
&9J6mmyom®o  g3mey30s.  bgewdols(zmadmds.  MLOgOHDbMads. bgwmzbm®o  0bdgwgddo.
Bogmgdol 0b3gMbg@o.

1. 99bsgogro

A996mmyo0l 256301560930l 39M0Mm©do, M30mMALEBNMMGdIOL LoLEJdgdo sbos B3zgbo
4m39@0O0OHMO0L  39bmygmageo  Boffoo. 030mdMmALEHMMGdIOL  goblbzeggdmwo  LoliEgdgdo
5856030390l 5 59dxmd9LdL d0DBOYL3OMEILYOL bblsolibgs 3Mmbom. gl LoliBgdgdo LodrIsegdsls
5dg3L ImabTo9dgdl 0535, 39MLMBIEOL EIBBsMGOOL gocdg F9olitrImb ©s35¢9dYd0 ©d
9000Mb bbzoolb3s byMz0Lgdo. LMMgE gl BOHEOL Brdmblinbgdmwo LolEgdgdol 9x39dGHWIOMBL,
0935 98 9BIJHMO™MBS  ©TIMI0IOME0s  FMmIbIsMgdol  0b@GHgMxgolbol (User Inerface)
©@0bs0b6bg. Ul 0obsobo «bs oyml dsé@GHogz0, bgardobsfizomdo s 9839dGmemo dmdbdsmgderol
BoOOM fOHobm3zob.

BGHoGO0L J0Bsbos Fgolfogwrml M300dmMmaLobm@gdoL LolE)dgdol g3me30s, oo oLzl
L5YIM5MqdM 30693908 s UL 05060l 25630056905, 580l 80bg300, ©0Bs0bgeMgdLs s
©939M396M90L  9dwosm NBOM  DMLEAI©  A9Bobomb  dmMIbTsMdEOl  LoFoMHmgdgdo  ©d
&996m@Mmy0mEo (33090930 s 894366 9o dmbobgMbgdgwo 0b@gmrgoligdo. 53 33wg30L
LodMogd0m B39 ©s3065b53m, BMI 0bGHIMTBIOLOL ODs0bTo 565 FbMmE M Job JuMYBHOISL S
©0Ds0bL 993939 YIM9MYds, 50589 Job LoAsMEH039L S FMIBAsMYdG DY oNZEPO 3IFMOEL.

2. ©3000303B5bBHIBOL LELEHYIIOOL CLBHMMOTEO J3MEYFOS

1) 30000m3Lsbm@gdol LobiEgdgdo d9-20 Lomz«ybol sbofygolido AsdmMBbE., MM®LsE 29RO
306390 53335300 5 M30mTMBobYMHYdOL LoAMYdo [1]. 58 OMOLIMZOL NZ0MIMALsbvY-
6900L  39dbmEmy0gdo  ImombmzEs  IMIbToMdEol  dobodogrE  BoMmEMdLL.  M™Ob
3oL3WLMIb  GOMO, 3H9bMmEMa0gd03 29630MMEs s SBLMID GOIMIE MO0 BB 300
593535 99 LoLEGIGOL. 1960-056 {egddo H0bgIMYS 93BMBdBHWMO Lo stm, 0a03g - ATM. 5053
8mdbdo61909l BodMogds dobs BobBLMEMO BHMIEBIJ30900 JobgbmM309wgdobsm  39MLmMbsgrol
B mdob gocm9dg.

2) 1980-1990-056 fargddo 030003maLobMHgool  GH9gdbmemyos FoxsMMM3©s 39OHLMbIEMMHO
30330GH9M0Ls s 0bGHIMBYEBHOL IMLgEsbmsb gMmo@. 98 39MH0om©do 49Bbs Mbsob dsb30by0,
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030M3505M03Eb30L  LoLEYIYd0  bY3gMHTsM3gBgddo s 0bGHYModBHoMwo  30m3gdo Loy sO®
103399030, MMYMOOB35S SJOMIMMEHJOO S FoGIMYOOL LoyMEgdo [7]

99996039900  LobBHYIYd0ID  FoBOM  0bBHIORJOLYODY  FoILgEsd  360d3z69wMm3zs60
330905 35dM0f300. 99043bs 30BOWWO 3H9dbmermaos, LgblmMmeo 936096930 s A93MEIES
2000-0560 fergdol sbsfyoldo [7].

50 33Wwogdgdds s gob30msMdsd  ©30000mALEbMEBOL  LobEBYIgIOL  5I3EHMYdS
9mobobs , Mo3 93059MmBOMGIS s 59dxMdGBdS IMTBT>MGOOL goTMEEOWGISL.

3. 809066y 3H9bgb30gd0 13008MAbYYMYdOL Ul eobsobdo

39630056900l 39600m©T0,  13000MABobYMHGOOL  IMIbTsMHgdwol  0bEGHgMRgolol  (UI)
©@0%bs0bds 36093690™m3560 0bm3zo30900 2603 @S BWsE Foborol. Lgblmememo 93Msbols
A93bm@myo0l ©sbgMagzs ogm gMmgHmo 439wsdy 360dzbgarmgsbo aoms@gbzs Ul @obsobdo.
9cdbdoM909el Lo MABMBEISE 491530 30RO LOLEYIGOMD MBMOYGHMMBS. gl dmEgEo
965350 AmfymdoMmdsdo  s0bgMRs. 3990 me©,  BsobBm®MTszom  3ombzgddo,  Logowrm
030003534039 9dbYg s LsHMYSMIIM030 GHMBL3MEMEGo [3].

dmd0M3s  BH9dbmermyoqdds 09300  dmermdg 993350 300IMALabYM9dOL
LoLEYdY00. DO 5303530900 S 390339MPJOOL CO0DB0BYdO FMTBTMYOGIL Bod IsEgdls
5deg3L bgm30L0 2odm0oygbmb BydoldogMo HgMGH0WwoIB, ol BgdoldogH dmbs3zzgomdo, ds30b,
OmEs g domzol Imbobgdbgdgwo 0d69ds. Fom Fgwyderosm dogrosh FoMEGH035® 49s0bsmb
6900L309M0 2oslEHLIO M53060 LAsOEHHRMOEYdOM, L3sboMYdOL 56 QR 3mEOL F9dz39Mmdom.

R0D03MMs© 9B Gglsdwgdemodoll ddmby 306H930bm3z0l s0bgMRs 30093 JOO
A9b9305 - bom gosgd@HoMgdmo bobGgds, MmIgwos BoHBo3WMo gbrmMwo Jglsdwrgd-
@dob IJmbg 30690L »FocrE0390L 58 LobEgdgdol Asmyqbgdsl [6].

396LMbsE0Bs30s s IMIBTsMYdJDg  MMH0Y6GH0MIOMO ODs0bo bSO 300003~
LobmM9gdol Ul cooBbsobols doMomso gargdgb@gdo. gb ¢9gbwgbios 9mdxmdgligdls dmdbdstmgdanols
3059mi300905L 5 530l glsdsdols bgwls MHgmdl LolBgdol bdod gsdmygqbgdsls, Mg 0930LMOz5
390059193930 BoJBHMO05 093000MALEHHYMGOOL LOLEHYIGOOL FoMBsEgdolmgol.

4. 950m{393900 3080b56Y 06¢9MBgoLOL oBsobdo

GMQMO3 339 39630b0wgm, 1M30003MmALEHMYd0L 0bEHIMRIOLOL ODBI0bO doe0sb gbdscgds
@5 950030 gdl  dmdbBsMgdgl bLbgoalibgs Lszombols dmy3z509gdsl. 040 doewdy LoFoMm o
dmbobgMbgdge  LolEgdgdl g30m035BMdL. MMdEs, 80vbgs35®  doby, SOBYdMBL Lozombgdo,
M0mdgwoi bgel MIwol dob  339IEsMm0DoE0sl.  Bodow0ms, dbgoglo LolEgdgdol bgwrdo-
LoP3MIMds Y39 5Q5d0sbolmM30L.  130mFMALEBYMGdOL  LoliB)dgdol godmygbgds dgodergds
399930698 0O sb530L IJmbg 5sB0BL. LmMgE sdoE™a, 999Jdbgends EOBH0byMNdTs b
30m35oLHobMb 439es 5@s30560L oD 3OO glodmgdermdgdo. Bsmo bbgzoalbgs mby, sbsgzo
@5 bg. 530l 8my356M9d5 JglsdmgdgE0s 30OMBOMOE FJGI®© OO BMTob §36M567d0L godmygbgdom,
bdob 3MbEHOHMwom s bbg. [4].

03003mLobMMHgdoL  LoLBJgdolL  2odmygbgdoliol  MLsFOMbMYds  gOHMIOMO  JNOZ5MI0
399039359, @oblogMMOgdom 03 OML, Gmas gb LoLEJS ©3Fs390L 0lgo  CBFMEOTSEOU,
OHQMOM0399, 306500 8Mmbs378900, BobsbLMEMmO BHEMEBJ309d0 s Lb].

LHmM9g 530G ™I, LoFOMOMS, O™ MLIROMbMYOOL DMIgd0 I3536M9 0Ymlb O(3LIEVO.
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9boo  3gdbmemyogdol  asdmbgbslmsb  gbmo, ULsFomm o 9930egd s,  Mmd
03003mLsbMHgdol  LoliBgdgdos 89doz5  ob3z0msML, Msms FMTHTsMYdEGdOL Moibgo
390650B1bmb 5 oMo gdmes 2obsg®dmls sOLYdIMDdS.

5. 39000bg93900L Ggbfioges

> d9lobz93s 1: 0230000038b562905980b y00bry980b h36355908:9¢0 ©s69(835 bosgscrm
353628500
03003 L5HMHGd0L X obMd0 0bgMgs bbgsalibgs Abbgol s Laowrm 353MMd5T0, MM
50 LOLEBYAYOOL OBMBEOWGds s AdTMYJDYds oYIxMdIBEIL. ALRO3LO X ObMEGGOIOL sbgMY3s
9mdbdoMmgdqel gbdogds MMOL IBMY35d0. d1939 59O EH0390L oo odMYgbgdsl bgdolidog®mo
Sb530L  BMIbTsMGOEGOOLMZOL. oMo  F9dMTo390eo  LoLEJIGOOL  IbgMY39d  AIBIGIS
dIbToM909wms 309YMB0gds, 3cmdbobrMgdol LobJsMg s §BgdEHMMM™dS.

d90ob3935 2: bs brgsend6030 (Hmsbb30&Hol 80¢rg0980b gsgoz0l bolidgdgdo

Josgdol LoBMYsMYGOMH030 BHGMIBLIMOEHOL dOEJ0GdOL Foyo30L LobBgds Jobbow ObbIZL
WROM  255050GH03Mmb  doWwgmMgdoL Yozol 3MMEgLo, ™EEd, IR0JLOMES  3054MB0EgdIOL
33993900 53 LobEYILML s 35380Mgd0m. 39MdME, FMTHTMYOEGdTS A9BsEbIIL, MM gl LobBHgds
58506939000 5 HMMY0s, ©s 1939 OE EOMLSE FoMbM3L, SBsLME JOHMI© IROJLOMOS
G®56%Dogd 309000 (ords@gdwmdss. [2]

6sbfszero 35339000¢7980

LoBMYPIMYOM030  BHOVBL3MOGHOL  Fogoomom  3b3gdom,  OHMI  SYY30EGOIE0S
g4o9650Lo0gd0 0gml dmdbdomgderol 30M0@03s, Auasglo LolLEJIgdol Fo®ds@gdolmgol boFoMmms
©@0Ds069MH93ds  2500m35¢oLHobMb  FMIBTsMgdol  F0ge  OBOJLOMGOMEO  3T5gMTBOGDS.
36030300 M gd9ymasd Igboderms odmofjzoml Imdbdsmgdarol ©93059yma0egds s Lobgdol
DoB5BH9dwmds [2].

6. ©30000m3LsbYMYdOL LolBgdgdol Imdsgsero

A996mmy0900L Foblgsbmeb gMms, 1¥3000dmaLsbm@gdol LoliEgdgdol dmdsgseo MBOH™
@5 MBOM 3960L39dGH0wo bgds. 2ob30maMgdol dbodzbgermgsbo LBgMMmgdos — derm3zbgobo,
VR — Virtual Reality, AR — Augmented Reality oo Al (Artificial Intelligence).

dem3hgobols  Bgdbmermaos  5dogMgdl  BHEMBbDod30900L6  @OML  MLIFOHPBMYdSL  [1].
d@m3Rgobols 998myqgbgdom, m30000MALEbOYdOL LoLEYIgdL Fgrderos glimogsbmlb dssbols
WRO® MLIFODHM 35M056EHJO0 s IMB(3999d0L 2oTxMdJLYds. Mo3 FTbTsMGdEdOL bomdols
bo®molbl 4506 35290L, 25bLs3MPMGd0m 0lgm bYdBHMEMGOT0, OMYPMOOESS LHdSBIM s LoxsOH™
bgm30L9%0.

3003 MOH0  MHgoemdol (VR) ©o  208350M00m90mwo  Ggoemdol  (AR)  3m@abgosero
03003m3LsbMH9d0L  06EIORIOLGIOL  F9Moddbolm3oL  doewbg oS, gb  BHgdbmemyogdo
d90dgds 459my9gbgdye 0dbsls dmdbdomgdeols BLEHO 493m(300qd0L 9Logdbgers, Bo9w0mo©,
B39 35FHMBOL FosB0gdT0 30MEHWYSW MO LBMBE M Mmmsbgdo [5].

b9m3699M0 06@&gwgdEHo (AI) 35806939090 donsds 3000dmALEbYMOOL LoliEgdgdTdo. ol
3999905 5Q533H0MYOME0 ©S 0bEIWgdBH YOO IHTMYOOL 25(935 IMTbT>MGOOLMZ0L. Jobo
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Dgomdom, 30m3mALobMMHgdoL  LoLBHgdgdl gdwgzs  Bodwowgds  4963005MEIL  OHM™MS
396353 Md530, 39T035¢0 45509Ix MIGLML 1530L0 M530 S FMTHAMYIOL 305gMBOGDS.
3LBLEOWL,  0300IMALEHBYMHGIOL  LobEHYIGdoL  ImIsgso,  bollosm®gds  LoliEgdgdols
3o9Ix MO0 O FoOOM  FoBIBHed9dBY  bgerdobsfizomdmdom. 3x0dO™d, MHmd  B3z9b
4m390001)OMO0Lm30L Abgoglio LolEgdgdol gobgzMscMmYds 59(30egdYOs.

7. 5133365

03003m3LsbMH9d0L  LobBYdgdol s Bsmo mdbAsMgdol 0bEHIMHBIOLYdOL  J3MEY305
Sbobogl 0653036 MOMOgH™M 35300l  Fgdbmemyome  0bmgsEogdls s  IMIbTsMdYE DY
0609630609099 E0Bs0BL FMMOL. SEMJME0 35FHMIOL 5356(153HJOOL  LOTsMEH030b sfYgdmwo
056599060Mm39  30BOMO  30mB3YPOM s TMBOWMEMO  53E03E0JO0D  TMEZMYOO,
03003 L5bH)M9d0L (39dbmema09d0 330350 SQI3EHOMPYDS I Z0MIMPOIDS.

50 3009390056 53530060900 459393900 do0sb 360369 M3560s. 53 45dmf393900L
39OFMS 30MI30M3OM3MME30v)0s AbogLo LOLEHYIYIOL A5630MMGILMD, JRIJBHMOMBLD
Q@5 3039 5MOMOLI6.

©13360L Lobom, 30000mALEbME@dOL LobEYIgdol 9B9JHWIOMBds TIMI0PIIN0s Too
BBy, M) M59EY6s© 39630056005 030 3H9gbmEMA0MM 3H)bYbE0gdME JMM®. gMMmoE®IdS
MBS ©ogmIml dMIHAsMGdOL 3MOE03L, M305YMmBOGISL s JomM35olfobgdwe 0dbsl dsmo
SH6M0. 0MmI035 A99IxXMIJuMb 5 FooMMmb sbogro 0bmgs30900. FgodErgds 00d3sL, MM
03003mLsbMMHgd0L  GHgdbmermyogdo  Lobogmabem s LoboMygdwm 30md3mbyb@gdos  Bggbo
9t353wolm30L s (3083OHXIo LsTYsOMLMZOU.

@03 9Ms¢y®s — Reference — Jlureparypa:

1. Schneiderman B. (2010). Designing the User Interface: Strategies for Effective Human-Computer
Interaction (5th Edition). Pearson Education.

2. Bedker S. (2015). Third-wave HCI, 10 years later—participation and sharing. Interactions, 22(5),
pp- 24-31

3. Karat C.M,, Blom J.O., Karat J. (2004). The benefits of designing new technology for elderly users.
Proceedings of the SIGCHI conference on Human factors in computing systems - CHI'04

4. Nielsen J., Norman D. (2000). The Usability Engineering Lifecycle: A Practitioner’s Handbook
for User Interface Design. Academic Press

5. Baxter K., Courage C., Caine K. (2015). Understanding Your Users: A Practical Guide to User
Research Methods (2nd Edition). Morgan Kaufmann

6. Gould ].D., Lewis C. (1985). Designing for usability: key principles and what designers think.
Communications of the ACM, 28(3), pp. 300-311.

7. Mayer R.E. (2014). Incorporating the Computer into Self-Service Technology: The Role of
Perceived and Actual Usability. Computers in Human Behavior, 31, pp. 123-131

(bd>&0> dnmydmanns> 25.03.2024)
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EVOLUTION OF SELF-SERVICE SYSTEMS, TRENDS AND
CHALLENGES IN INTERFACE DESIGN

Chakvetadze Tornike

Georgian Technical University
Tchakvetadze3@gmail.com

Summary

Issues in the historical evolution of self-service systems are discussed, focusing on advances in user
interface (UI) design from early mechanical devices to today's digital platforms. It discusses current trends
such as voice recognition and Al personalization, highlighting the challenges of accessibility, security and
user-friendly design. Case studies illustrate successful and problematic implementations. The future of
self-service systems is predicted to integrate technologies such as IoT and augmented reality, emphasizing

the need for continuous innovation in Ul design to improve user experience and system efficiency.

(Received 25.03.2024)

SBOJIIOIINA CUCTEM CAMOOBCIIYKUBAHNA, TEHAEHITUY U
TTPOBJIEMBI B IN3AVHE UHTEPO®ENCOB

Yaxkserazze T.

I'pysunckuii Texundyeckuit YHUBepcUTeT

Tchakvetadze3@gmail.com
Pestome

PaccmaTtpuBaroTcs BOIIPOCHI HCTOPUYECKO SBOTIOLUY CHCTEM CAaMOOOCTY XUBaHUA, yAeIsI 0coboe
BHUMaHUeE JOCTIDKEHHAM B pa3paboTke mois3oBarerabckoro uurepdeiica (Ul) or paHHHX MeXaHUYECKUX
YCTPOMCTB L0 COBpeMeHHBIX I1(poBhIX m1aTdopm. B HeM 06cy K JaroTcs TeKylye TeHIeHIIUY, TaKHe KaK
pacIio3HaBaHUe ToJI0CAa U IEPCOHATU3AIMA MCKYCCTBEHHOTO WHTEJUIEKTA, IONYEPKHUBAIOTCI IPOOIEMBI
JIOCTYIIHOCTH, 0e30IIaCHOCTM U YZOOHOro zAusaiiHa. TeMaTHdyeCKHe HCCIEZOBAHUA WIIIOCTPUPYIOT
ycmeurssle u mpobOseMHble peanusanuu. [Ipormosupyercs, 4to Oyzaymee cucTeM CaMOOOCTY>KHBAaHUSI
OyZeT CBA3aHO C MHTETpaLyell TAKUX TEXHOJIOTHUH, Kak MIHTepHeT Beleil 1 JONOTHEHHAs PEaJIbHOCTD, YTO
IIOlYepPKUBAaeT HeOOXOZMMOCTh IIOCTOAHHBIX MHHOBAIIUH B [U3aiiHe I0Ib30BaTeILCKOTO HHTepdetica s

YaydlieHMd ITOJIB30BATEJIbCKOI'O OIIbITA 1 3(1)(1)6KTI/IBHOCTI/I CHUCTEMBI.

(Hocrynmumra 25.03.2024)
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03530 D030l 30bsMg0s guEHwMIOOL S FHdgd0L 930mdmbodmMmobaols
L5068MMIs30m LOLEIIOL 53900l

3mb3a8E0s 9bswo 3ogHYwo Ggfbmemyogdom
305 LYIORMSAY, OO 39EHM05d30w0, 6obM MMFBMGHOs

LodoMmM39wMb G9gdbozm®mo Mboggdbo@gdo
g.surguladze@gtu.ge, 1.petriashvili@gtu.ge, nino.topuria@gtu

M9bomdg

2396bomos 8530 B30l Lodo®mM3gml  5335G™MEG05d0  dE0bsMggdols s BHdYOOL
30MOMOYLMOLYOOL sOMOEb30L, LEGHOLEH0ZMNMO sFMTs3900Ls s FMboEHMMObAOL byobgMM-
3530m 30330vEgOo LobEGAoL sb5EPOBOL, IMYEOMIOOL, I3MHMYJEHIOOL O FOMAMST O
6950Do300L  3MBEIBRE0s HBOEo 3083MHMO  3H9bmema0gdol bogmdlzgwby. FoMdmygboos
8530 D30l 30bsMgms guBWYSMHIOOL, 3OEHJOOL, B53MdEIMT0bsgdOL s F0IEIdMY FHdYOOL
930 09M0 IMboGHMOobyol Imbszgdoms sbseroBols s 890900l 3MMABMBOMYBOL 53¢MTs-
G0Hgd9o LobEBgdob 3MMEHME030.65960md0 LOHEgds NATO 3Mmgd@Eob Bs®bmdo - ,,d530 B30l
MB5x3OMNbMGOOLs S IB06INHFIOL MHOLZJdIOL 3MBEBHGMEO MHOEb30MO FMEIWYdOL dmYygbgdom™
(SPS G6028, NATO, 599, bogo®rmnggwrm, m360s0bs, Mmdobgmo, dmwastgmo, oddgomo [2023-2025]).

1553396dm bo@ygzgdo: 9s30 BE3s. 30OHMMILYIOLO. JuEMMO. 93MWmyoao dmbodmemobyo.
Lo0bBMOAs30m LobEGYds. IMbsEgdms B5Bs. 3MbEg3GH¥IMMHO BMmEIWOo. 080FS30IMO FEIWO.
05645660 sbffogams. IoT. Azure SQL.

1. 8glssgsemo

3530 B30 110 38-0560 LEBISOMHM BMEO ObIMYIOOL: FMMMbOLS s oMol Lsbw3Mgddos
9md39me00 (200 39 583bsBgMOL BHIOOEGHMMO0L OHMYO00 MIM30MdME0s) [1-3].
B39b60 9399965 Lo30om© BEOIM0S 30EOHMEGLMEOLYOd00Y: IE0bIMYJO0M s BHdJOOm [4,5].

50X 9M5© L5390 LoJoMMN39E ML
900656993l 329olbdmdm, GMIwg-

003 953 B35l MM YdS s 0gddbyds
BAHOIOOL (99O 9d0L 5O 9d0),
0bg06H030 LoLEBYTs. 3WoToGob M-
Bo)M0 (3LOIVS ©d Fob B9YHd®
dmds@gdo LEodoweo dmgwrgbgdo
($95000Md9g00, LobsdoM®L 5dMHEBos
@5 5.0.) 9babl dogo bBpzol g3m-
WMQOIMH0  JPMISMIMOOL  gorseg-
e : : ' bgdsl.  Bobbg  dlg3g  MYIMYMBOMS©
Bsb. 1. 8530 Begol g3mdmbo@m®mobaol Lolidgdol 3489098l 5OLGdMWO 3mOEH9d0 (P)
Ls3mbEMegm 36dEgdo (P-3m®@o, T-653000md¢E)H3065¢00) ©5 Bogormd@g@dobowgdo (T) (Bsb.1).

UsBE35Mm 3MMEJO0 296639005 350MAoL, BMOL s LB Ymergzol Fobermdasc.
02930905 8035350 (EOMYOO® 13MbLYMZJOME0) 965300l Bo3dom® OO FMEYEMdOL
LoBEZOM 3MOGHOE. 8mgdgo 6530MdEYHT0bIEGd0: domvBMB, LRLLTO S Y9306, S3Mgm39
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Jabol 3m@gbsom®s bsdod {gMEBH0wIdL 93MEMAOMEMmO MBOIBOHMNbMIdOL MZoeBsbOHOLOMm. 00
3065306 1935300600905 F530 BOZ0L §3MEMA0IMHO 3MIM3GTgdol 936096 Fglfogersls, sboero
GOBOMWO F9gdbmemyoqdols, bgemgbm®mo 0bEgwgdd@ ol dgmm©gdol, 0303 sE0IM0 IMEgEoMgdols
0bLEG®Md96@&gd0L, o IMbs3gdms  BESGHOLGHO3MOO 5319853980l @S  PosY39GOWYdOL
d09d0ol gLedsdolo M93m39b30900L A5dMTds3900L Loggrydzgeby.

2 (5-3) Bobobgdbyg 6583969305 Fo30 Be3zsdo Bsdobotg ®s99body doMomso dobaty
09)MJ900L LEBO3M0H (8. FOHMbo) M39930609390 s83bsBYMOL LsBP3zMdY (3. gbymEo).
59399 §goembgzo dobstggdo: 306E®0do, LyxrLs, Gombo s bmdolfyswo, Ms3056mo 896535009000
[5]. 0bObO O 93MEMAONIM A53eBIL SHEYBL To30 BrZ5HY TGLM5390096 s Jdbol Imfyzws
(LYBLOEGHOM) BBYBL - 9649 GuEHWMMGIL. Fomo [yerol Lobxgdol sTTsgzgds O GIMEPMAOVIHO
9mbo@GmM0bgol 39900l 2500aH36s LobBgdol LgMzgMbg - 360IZbgmz560 Lszombos.

L3 » LodoMM39w ™, 39MHIM, F530 B30l F0TIOMY BHIOOGHMMS IO GHOJO0:
sx3bsbgmol, 9FoM0l, Mmool Mgy0mbgddo. Too TmOOL  JobLs3MMEGO0m Mbs 5©036036Mmm
35e0slEGMAol Gds. 030 dJIIMIMIL J. BMmoL LsdbMYNOM s JOMOIIOHMO0S, MMIgEbsz 9s3
D35L006  5353806090L dbsGMY 3935MF0bs (d9690600350) s Fobs Lom3mbgdo bgwrmzbmeso
39300 56-bO, HMIGOE COMMS A56To3w™dTo oMo FEHMMTJB0L BYyo3wgbom FoxsMMMIOS
@5 B30L F5600560 yseo 5030w 89093500 9B (35¢0sBEMT0 0.30 3-000 IBOEsS BEZOL
©™b0@sb). 5356 259Mm0f305 93MWMY0MMs© IBIBsM0 [grol 4s8esgds, BEMEOLS S Bogbols
33090900 (65b.3).

86009369 m3560 Lozombos godmlisggarglzo 8530 BL30Ls s 35¢0sLEGMAOL GHd0L guEwyseol
LsBP3Mg0do Fyol 93w Moo 356M599xBHMJI0L OYIDs s LoLEBYISGMMO 3MbEGHOMEoO. 53
d0Bbom Q9BbMM3090 905 LFHSEGOLEH03MO BMbo3zg9d0L JMYMmM390s S LobEGYAoL byM3zgM-dsbsdo
9965b35. 360Mm (3910 BoGHMIOS 39MHOMPIWS® (YM39EMNZ07IMS®) QS J9BLEINPOYO0m, 4-5 dsE0sbo
s 39¢0 LoddEs3MmOL FEHMMIYdOL 8909y, 306506 98 O™ 860d3b69wm3bs 0(33wgds BL30L
9BGHSO0L, 1300 GHOOL FYwolb §3mEmQ0IMH0 dowbLO.

3530 B30l Ly3MBBHOM™ adEG0owgddo, Yol Lobxgdol sbs5EoDBL, FHMOOEOYIS©
SLOMgd96 93mmaomMmo BsdbobmEmol 9Ju3gMEgdo s FgIRJOL s3Hs36056 dmboGHMMobyol
3960l Lgegzgebg [1]. Bggbo g3mdmbo@m®mobyol LobGgdsdo 3o 8 gmbdzool dglermegds
396bm®E09wgds IoT bgblmMgdol sbdsdmgdoom [2]. LEGw-ob 3mEbg JoMiEbysgsl Lobgarmdols
Dgoms 8gmbgmdol 0bliE0EWEOL oMYJBHMMOUL, 5350. 3. 393503300l 0bo(305¢03000 FmmOl
09300630 ©sx3dbs 530 D30l MBLYHZoGHMO0s [3]. 9308MmboGMM0bAOL 0683MOTs30mwo dabs
5 5650 3H030L BOLE GBS 5dBH0IMS 0gbxds A59MYgbgdEo 5T MBLYMZoEHMMH05T0.

2. 3060050 bsffogo

2.1. 938mboGMMoby ol LobEBgdol MdOIJEH-MM0YEEOMIdIMEO
5bsemobo

59 9393Dg 2960L5BPZMYds LE3OMgIBHM LoLEBHGIOL B0BbYL-IMMbMZbwgdgdo s LoLEAoL
dmdbdoMmgdgwms  MEgdo s Bbd30900. 89-5,6 Bobsbgdbg bob3z9bgdos  Mbororo®mgdmwo
dmgwgdol (UseCase-D, Activity-D) 536530963900, Loog 3o6Mas BBl  gur-dmbo@memobyol
LoLEGYAoL B630M0 FMTHAMGOYdO s IEOBIMgMs GuEHWYSMGOOL 33¢g30L BoDBYL-3MHMEgLO.
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2.2. 939mboGHMM0obyols LolEgdol erslioms-slimEosgools dmwgmo

09-7 65bsBby Fomdmaqbowos Ladmmgd@m LobGgdol oMM 3EslYdOL S Fsmo JogdoMmgdols

(899330006MH9MB0MO, LM05E0IM0 S SAMIAIGMIN0) ORMTs. 00 dLabsgl LobiBdol doMHoms©
90b655OLMdMO3 (19TobBH03M) s LEAHM®IGMOE F0TsM™YOJOL, o3 9930 gdgEo 3MA3MbgbEHId0S

3900030 93e39d0Lbmzol,  39M0mE, 0bFMGOTs3omwo s 3OMAMdMEo M HMmbzarymeygdols
©3L3OMIIHIOLSQ.
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9530 D30l LogMbEGHOMEM  (1533¢9g30) [9OGHOW GO0  Fyol Lobxgdol  3sMsdgEMmgdOL

9mboGm®mobaol dobbom smEowgdgwos Jg0gao 35639698930l gsbmdzs: ywol BsMowr0sbmds;

yamols 8553056Mmds; fHgoenTo oblbowo 556ad500; Fywol sdobdm@mads ddody dg@swgdom; 8530 bwzol
Yol sd0bdwyMgds Bsdobstg Hywgdoom; fywrol bamolbo 3m®mEIoolL 9335@MM0580; Hywrols bamolbo
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Pyarols  bbogoslbgs  3560599BHMgool  aolsbmds  dobsbdghimbommos ©Egolsmzol  FoRcwmwo
3996030L5 s BgdbmeEma0gdol As3mygbgds. 39MHAm, 9GO S Msbsdg®mmgy doymdss IoT
LgbLMEAdOL  A50mygbgds.  dogooms, Microsoft Azure IoT Central §o@dmoagbl IoT SaaS
2390050939 0gosl, OHMIgEoE 55030gdl IoT LgblmMgdol dsldGHsdMOH ©s353006dL, IMboGHMMmObAL
5 BoMHM35L. 5MOL OGO, 3300535DMBL 395EGHMX0BYdM 969xTIBEBHL bgersbars 30mbgzoaMMHsE00Ls
Q5 3obsbargdolbmgol [7].

09-8 5,0 bobsBgdby bobgz9bgd0s Wio Terminal, MmIgerog M®am®M3 36009630 9O m©gds Microsoft
Azure JoT Central-l. Wio Terminal s®ob IoT Plug and Play Lg@@ogoso®gomeo dmfiymodowmds, dol

oLsgMmMYdEs A5dMmYy)bgdyEos QR 3mo.
T
ey
S

B50.8-D. JuIntHhodjiols
SIGea3nbo ToT —oon

3. sls336s

3530 D30l 93m0MboGMMobaol  3MMma®msdmwo  LoLEgdolb  dgddbs  sbowo  FoBHWEO
3995m@my0900L dsBIBY 35380609005 3m83¢gJuvIE BodB80sbMBLMSB, Moz Imoisgl dglsdsdolo
3996430960 3OH:ME3gLYdOL IMIE0MYOOL, 3MM9JGH0MIOOL s 3MMYMTMEO MYse0DOE00L JEHs39oL.
296L53MMHgdMo 36093690 mds  5ggl 838 3MHM3gLgddo  0bmzs30MMo  Bgdbmemyogdol, 3gMmdm
063 96m69¢ b03mgd0L (IoT) LbLmMgdOL F58mMYnbgdsl - 0bxgM®MBs300L IM3M3zqdoL Jobbom. sLgm MHML
d9LsdEgdgo  bgds  Pywol  Ubgoslbgs  LgblmMgdol  ©s393006Mmgds  Wio-@gMHdobsermsb.
3M6GOMWwomgds  fgwol pH, GH9a39ms@mes @ Lodrg®mogy, 6oz 860d3bgmrmzsbos  goMgdmls
9mbo@M®m0obyob, 53353Mmb035Ls s fgarol bamolbol dgg3slgdoliomzol. Imbsigdgdol dgacmm3zgdol 3999,
Wio Terminal 06@g0M0o0@gds 0mwdemgsb Lgm3zoLgdmsb, Gmymmogss Azure IoT Central, Ggoewe
©OHMmdo  ImboGHMMobaoly s 9BsoBolbmgol. Fgdamdo g@EHe3bg 3o Fgbodergdgaros 8sbdsbmeo
3LHo3w0l 5EAMM0mTGdOL A5TMYgbgds Fyarol bamobbol 3GmybmBoMgdol doBbom, Moms MM
094mb dgLsdengdgeo dglsdsdolo gowsfiy39@owgdgdol Bomgds.
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(UAsGH0s domgdrycmos 21.04.2024)

CONCEPT OF BUILDING INFORMATION SYSTEM FOR
ECOMONITORING OF BLACK SEA RIVER ESTUARIES AND
LAKES WITH NEW DIGITAL TECHNOLOGIES

Surguladze Gia, Petriashvili Lili, Topuria Nino

Georgian Technical University
g.surguladze@gtu.ge, l.petriashvili@gtu.ge, nino.topuria@gtu
Summary

The concept of object-oriented analysis, modeling, design and software implementation of the
information-computer system of accounting, statistical processing and monitoring of hydro resources of
rivers and lakes of the Black Sea region of Georgia based on the latest digital technologies is discussed. A
prototype of an automated system for data analysis and prediction of ecological monitoring of Black Sea
river estuaries, ports, oil terminals and nearby lakes is presented. The work is carried out as part of the
NATO project - "Control of risks of safety and pollution of the Black Sea using numerical models" (SPS
G6028, NATO, USA, Georgia, Ukraine, Romania, Bulgaria, Turkey [2023-2025]).

(Received 21.04.2024)

KOHIIEIIIIWA ITIOCTPOEHUA NTHOOPMAIIMIOHHOM CYCTEMEI
SKOMOHUTOPUHI'A SCTYAPUEB Y O3EP YEPHOI'O MOPA C
VICTIIOJIb30BAHUEM HOBBIX [IU®POBBIX TEXHOJIOTHUH

Cyprynaaze I'., Ilerpuamsunu JI., Tonypus H.

I'pysunckuit Texunaeckuit Y HUBepcuTeT
g.surguladze@gtu.ge, 1.petriashvili@gtu.ge, nino.topuria@gtu

Pestome

PaccmarupBaercss — KOHIeNnus  OOBEKTHO-OPUEHTHPOBAaHHOTO — aHAIMW3a, MOZEIHUPOBAHUA,
IIPOEKTUPOBAHMUA M IIPOTPAMMHOM peanu3aluyl HHPOPMAIMOHHO-KOMIIBIOTEPHOM CHCTEMbI ydYeTa,
CTaTUCTUYECKOl 0OpabOTKM M MOHHUTOPHMHTA THUIPOPECYPCOB pEK U O3€p YEPHOMOPCKOH aKBATOPUU
I'pysun Ha oOCHOBe HOBBIX IUGPOBBIX TexHOojoruil. I[IpezcTaBieH NIPOTOTHII aBTOMAaTH3MPOBAHHOI
CHCTeMbI aHaJIu3a U NPOTHO3UPOBAHMSA JAHHBIX DKOJOTHMYECKOTO MOHUTOPHHTIA YCThEB UePHOMOPCKHUX
peK, IOPTOB, He(TAHBIX TEPMHUHAJIOB M Oin3iaexamux osep. Pabora BBINIONHAETCA B paMKax IIPOEKTa
HATO - "KonTposb puCKOB 6€30II1aCHOCTH U 3arpA3HeHNA YepHOTro MOPA C UCIOIB30BAHUEM YHUCIEHHBIX
mogeneit” (SPS G6028, HATO, CIIIA, I'pysus, Ykpauna, Pymsraus, Bonrapus, Typuusa [2023-2025]).

(IHocrymuma 21.04.2024)
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9390Lo 3MMMI0Mgdol CASE 8900m©0 Bsobgm®dsgom
LoLGH93900L MM-Es3MMYdGHgdoL 3Mmigliol tverymgolismgols

309 bLOAMSdg, FoM06g d0EMSTZ00, 09556 gwsdy,
39550 6569895330000, 065300 FMYOHMO0S

LogdoMm39wmb ¢9gdbozmemo mboggMbo@gdo

g.surguladze@gtu.ge, maribitarashvili@yahoo.com, bejangeladze67@gmail.com
g.nareshelashvili@gtu.ge, i.shurghaia@gtu.ge

69Bbondy

296b0Em@os  MmOHPbobs30mEo FoMmM30lL  Lobgm®dsgom LolGgdol 93EHMIsEGH0BIdE0
©336MMgd3H900L 5 3OIMAM5TME0 MYo0Do300L 5M3565 MbogzgMLOEHYEOL Boswomby, UML/Agile
3900MOMEMR0930L  30d3OMIoLME0 2odmygbgdols Lsggdzguby. FoMdmygbowos Mboxogo®y-
dwe0 36:mEgLoL M939OLYIE0 SbEb30L (,dMPYEPO <--> 3MEO) MJoE0DE0S F503MMbMBMOL Visual
Studio.NET Framework 2022 3@s@gm®dsby.

1353396dm LoEYzgdo: MBogz9gOLOEGEHYEO. Labfogwrm d3Mmiglo. CASE. UML. Agile. 0bgm®dszoveo
LobEgds. VS.NET. H93960Lw90 36H:maMsdo0gds.

1. Bgbsgogro

M6A560bsowo Jommzol (9gbgxdgbBHol) 36HmEgLbgdol 93GMIdG0BOE0s LEObBMEMmDs30M
LolE9YIgoolL Logwmdzgwby Imombmal LadMHmgd@™ s Y39 ™M3896GOL 396 YOOLYL M9BsTg-
639 LOYODSTMOOLM bBObIMEHJOOL AJmbg FgmmEOMEMYOqdOL Fodmyqbgdsls: UML/Agile/BSI [1].

396L537Mgd0m I6093690M35605 IL 93OM3Mo (OO dOOGIBgmO) BSI (British security
informationsystems) 30096xLoROMHLMYOOL BEBPIOEJdO s LYo BMHY0IZMMIGO0, OHMYMOOES
ITIL (Information Technology Infrastructure Library) - 9goom@memyos, COBIT 13obs®@Hgdo s 5.9.
[2]. COBIT g3™306M9390005 9839dEH096 30503039 mdsbg, IT-U d0Bbgls JoHbgdmsb Fqlodsdolmdsdo.
ITIL 30 sbmM309egdl Lg®z0Lgdol gbgxdgbEGHL (ITSM - IT Service Management) s d0{jm@gdsl. o0
396Lb35390500 3MEbs gbdsMmgds MERIBOBE0gOL s0MBoML Ol LEOMWYIEHWGS, MMIgEro dgglsdsdgds
dob bLGHMOG IO JoBbYDL [3].

oM™ 50 gedo  4oblogMmMEmIOME0  gMMOEYds 993930 O30l LLobgmMTszom
LoLEYIYOOL I3OMYIBHJOOL s 3OMPMTMEO  MHJooDs300L 3Om3gdo MVC (Model-View-
Controller) 3m63983300L 245809969050 [4]. 000l ggzgws 3 EH03sMeoadwer 969dds (Java, C++,
C#, Python s Ubg.) w«bBOHmb3gry3zgh 59 0@gol 36M5dGH03Mwo  MgooHsEos 053056,
3WoABMOGODY, 853  8600369m3zsb0  293wgbs  Imobobs  gswomo  sdmygbgdomo
53003530900 LGSR0 s bamobbosbo 99dabols 36rm39l9d0l LOHXYMBOLIMZOU.

LGHoG0sdo 2obboos 3mb3MgBMEo 53M39Bs, MMAgoi gbgds ,0MEYEo <--> 300"
69396060 394560BTols godmyqbgdsls Visual Studio.NET 2022 3ws@gm®ds®y. godmygbgdomo
Lo3MMEgdm  bBgOHML  IMIBToMHYPIGOOL  (F59¢0Ms©, d0DBOIL  s65E0EHOZMLGdO) 96 B30 gd-
3390x030MM0  30MmM3oLE-©Y39w™3gMgdol  JogH  Tgbodwgdgero  bgds  3MMAEMmSTMO
36MHM©OIBgool  LHMOxRI®©  M9oc0Ds30s s GHgbGoMgds. dsboerol  9Judgmodgbd o  bsfowo
99O gdgeos VS.NET Framework 3go@gm®mdstby «960390Lo@gdol Lad®mdagdm  bgghhml
oM 303 Boa5e0mbY, mdEs 9999y Fgbodegdgeros 53mEsboL JoemIEgds Jobo JoRsOmMMIdOm,
VS.NET Core 3s@a3m®mdsBg g9053ws s beyao MVC 8m@geol 6:gseobsios.

115



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 1(37), 2024

2. 306005©0 bsfjogro

3ob30bomm  Loboggdlodgdo  2obsmwgdol  LBIMMbm3gol  Lalfogarm  3MmigLol
d969%396@0L Bo5¢000 Md09IE-MM096EH0MGdIMwo FmEaEo®mgdol doymdom. 3gMdme, Visual
Studio .NET Framework 3qo@@gm®dsbg 893406500 0qlig@m3-300m60909eo 30mgd@o 3esbigdoom:
Student, Lector, Group, Acad_course s 5.0., 5 ®gds 9b@s 3Jwrsbms MH009MHM3I93806MH9d0m:
Inheritance, Association, Agregation oo 5.9.

Lo3MMgdBHm  LobGgdol Lodmermm dobsbo  MbogzgMLoGIEBOL B3N GHIGJOOL, ©I3SMEGS-
3963900, LEBHMYbYBHIOOLs S WgdBHMMYdOL TGusdsdobo 0bEHIMBIOLYIOL 829095, MMIWIdO]
5393306090905 IMbs3gdms d5BOoL 3sloz® SQL-3bO0Edmsb (56 NoSQL - 3mgd3090:msb,
MongoDB Compaas dsqseromby) [4].

80oxco_1) VS.NET 3evshaemmdols Class Designer G9bey®bols ddbs@gds:
535998530 Visual Studio.NET 2022 3539&0 5 530035300L (Ho30ol s0bg30L bsfiyolo i3sbxmol

dmemdo ago®Bomo obzo (bsb.1)

Cz Windows Desctop Console

Not finding what vou're locking for 7
Install more tools and feamres
6sb.1. Installer-do 35@sl3¢ms

0900390 39009300350 b 339MDBY (bsb.2). o Class Designer-ob Bg33mdlls BogMomsgo.
dobo  sb0dbMgdss,  Fogooms©, UML-3wsligool  @oogMsdol  9m@gaogds,  Hmdwol
©ob3sM9d0ms3 396350MM309wd™ ,,dMEIWO0-3EOL* (56 3oM0odom) Mg39MLLIE 3MMYMT0MmYDSL.

Modifying — Visual Studio Community 2022 — 17.5.1
Workloads  Individual components  Language packs

T

Web Deploy

Code tools

Azure DevOps Office Integration

ClickOnce Publishing

6sb.2. Class Designer 0bgogoesmme®o 3033mbgb@ols
50BLGsE0Mgds

80xc0_2) VS.NET 3¢vshanmm0sYg Console App (.Net Framework) 56935 @5 3629950l 8940bs:
3OMaMsdmmo  3Mmgd@ol Lbobgwo sgzs0JboMgom: ConsoleApp_Revers. doopgds Lsfyobo
bm@omo Solution Explorer-oo (bsb.3).
360m9dGHob Lobgwby 3mbEHIJuEGHOO I9boMb AsdMmEIB0m 3oMbgzom Add -> Class s 396MJdgzm
d9L50530L0 3sLOL Lobgel (Fogseomsq, Student) (bob.4). 53 3mTo Jersliol bogrgsmds Internal
9933335¢mm» public-om. 9999y 3sbol 3mdo 9930¢6Mm™ 3MrMYMFMs© sEHOOdEHId0: St_ID,
Name, first_ Name, Gender, Age oo Nr_Gr. 300000 300093l sbigo bobgls (bob.5).
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~ % Solution Explorer

®aMain(string[] args)  ~| & g o-coEa@ o

Program.cs + X

[c¥] ConsoleApp_Revers  ~ q‘c’,ConsoIeApp_Revers.Pr -

1 Elxsiﬂg System; - - ,
2 using System.Collections.Generic; Search Solution Explorer (Ctrl+) p|'
3 using System.Lingq; 53 Solution ‘ConsoleApp_Revers' (1 of 1 projec
4 using System.Text; 4 ConsoleApp_Revers
5 L ) System.Threading.Tasks; > & Properties
6 b &8 References
7 =namespace ConsoleApp_Revers Q) App.confi
g { references b cn Program.cs
9 B internal class Program
10 {
0 references
static void Main(string[] args)
4 b
Solution Explorer EENREGERTES

Properties

655.3. 36:mgd@ob Lafigobo LEHGNMIE GOl (Solution Explorer) s C# 3000l 994dbs

TP o

E"j’lﬂcdc:—,‘r'.vrsoil-eiApp_fie\)érs v l%ConsoleApp_Revers.Student -]

1 -jusing System;
7 - namespace ConsoiéApp_Revers
8 {
9 = internal class Student

10 {

11 , }

12 '}

Bob.4. Student 3gmsliols 8gdobs

7 - namespace ConsoleApp_Revers

8 {

9" k= public class Student

10 {

11 public int St_ID { get; set; }

12 pubiic string Name { get; set; }
13 public string first_Name { get; set; }
14 public string Gender { get; set; }
15 public int Age { get; set; }

16 public int Nom_Gr} { get; set; }

17 | ¥

18 3

Bsb.5. C# 30000 Student 3ewsloliogols
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Solution Explorer-do Student-3¢sbol  3mb39Ju@co  9960©sb  3esligdols  oog®sdols
399mUsGobo 30MBg30 View Class Diagram-U (6sb.6, 7).

3] Solution 'ConsoleApp_Revers' (1 of 1 project) . ClassDiagraml.cd + X I
4 ConsoleApp_Revers
b ™ Properties
B F{eferencejs (T—— A
¢" App.config Class
#3 ClassDiagram1.cd
B ©* Program.cs 4 Properties
c* Student.cs & Address
 Open & Age
Open With... A =Mail ™
Code Cleanup & first Name
& Gender
'A& RunTests & Mob
Debug Tests & MName
Mom_G
¢ ViewCode ¥ F7 ; Stolr;' r
#z  View Class Diagram 'f N _ i
Bob. 6 Bob. 7

Student-3csbol  ©OsgMsdol s dobo C# 3mEOolL  JOHMEOHMMWIE bowgsMdOLIMZOL
30496900 36¢9du®-9609L Bsbs@mnl New Vertical Document Group (65b.8).

ClassDiagram1.cd Student.cs > M——
Consolefpp_Revers B Save Student.cs
1% Husing System; Close
2 using System.Col {3 Close All Tabs
3 using System.Lin m- .
. using System.Ten L] Close All But Tool Windows
5 using System.Thn Close All But This
° i
7 -Inamespace Consol L5 B L
8 { Open Containing Folder
9 - public class Float
1@ T Float All
11 public i @ PinTab
12 Elui:lii-c-; = New Horizontal Document Group
13 public < M New Vertical Document Group \/
Jreference Set Tab Layout
mihlie 4
Bob. 8

39092900 d000gds 39-9 bsbsBBbY bsbB396900 BMETs. LHirmMgo o 5oL Tgbodergdgeo B3zgbo
503560l 2oxIOMMYOs 9HOWO  3ESLYOOm, bdO M30LJIYJOOM (5GHMOdMEHJO0M) @S ©.0., 36
6939060 MZ5LIBOOLOL  Logwdzgw By v) T333E0  JWSLMS  OYMSASL  (FotEbgbs
5396 56530), IgologMo TJoE3wgds 3OHMYMsds (Borx396580). 939, v 3OHMYMSTM bsfordo
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B535853Hq0m 9o 3sllL Mo30L0 SGHMOdMEJdom, 6 933330 SMLGOMEL, odobgg Jesloms
Q053M535B9 50Lsbgds U (33€0EG0930. F550MOLIMNZOL 35T5BM® JMEYWYH Boffoerdo 3slio
Jgufi (65b.10).

= Sowton Explorer

afd o-Z0B

~ B 5 ConsoleApp Revers « | %% ComsoleApn_Revers Saude = | #5010

Student ~ U F3 Solution CorsaleApp Revers'
Class 4 ¥ ConsoleApp_Revers
»  Properties
« Properties » 26 Reforerces
& Addvess nanespace ConsoleApp_Revers -‘\‘ Apg contig
v Age { 2 CassDiagraml.co
- : eMad .. Ml‘g class '.luﬂll“' ® = Plogramcs
first_Name i { ¥ C= Swdentcs
& Gencer |
& Aol [ public int St _ID { get; set; }
© Nome
& Nom Gr public string Name [ get; set; )
& st

public string first_Name { get; set; )

public string Gender { get; set; }

public int Age { get; set; )

Soluton BExplorer RESERIEUEEEEN]

public int Nom Gr { get; set; }

public int eMail

r

Bsb. 9.
ClassDiagraml.cd £ X Student.cs & X
o ConsoleApp_Revers
1 Susing System; !lStudent ﬁl
—_— 2 using System. - —
Student A 3 using System. Jgufi A
cm A P F.._L_“.I clﬁs
Add P ¥ Class « 5 4 Properties
4 Properties Zoom Y& Enum & Address
on
& Address Group Members p | *O@ Interface : Alsde'l
..... eMai
: Age Change Members Format ¢ | %] Abstract Class 1 K first Name
eMail — o -
F first Name * Layout Diagram = St # Gender
F Gender 19 Adjust Shapes Width W Delegate ;1 # Mob
F Mob L1 Comment - & Name
Paste . " H Mom_Gr
F Name 124 publi -
¥ NomGr & Select All 0 refert F D
h . 13 publi -
F stlD Export Diagram as Image.. 3 refar
- 14 bli
F Properties T pu":l

Bob. 10. 3olims EOsM3%BY A3MBE®S Hagwo Jeslio Jgufi

3sbdo Jgufi (©0sMs85%Y) Boz35d5@Mm Tglsdsdolo s@®odmEgdo (Properties - 130L999d0):
Nom_Gr, kursi, ena o stud_raod. 3000l 33000¢905 d4ologMo obobgds 3¢0slgdol 0syMsdsHy s
30600g4om, 3050l EOsYMST5BY 130900 (33CPOWYdS 53GMIdGMSE SBbEGAL M.

3030 Bs3505@H Mo Student o Jgufi 3¢0olgdl MOl sLm30930M0 35380M0LMZ0L BEGHMOJMbO:

public ICollection<Student> Students { get; set; }

Jguf-ob dmgwdo godmbbgds ™M30Lgds Students. 3 MZ30LYdsDY 3MbBHIJLEHWOO gbonmls
2399m@sbom s300B9300 Show as Collection Association @ 3539060l 39903 Lobgbgs (bsb. 11).
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| Student Al [ gufi A  Student A | Jgufi A
Class Class Class Class
4 Properties 4 Properties 4 Properties J Studenis [ 4 Properties
# Address & ena F Address B HF ena
F Age & kursi K Age A kursi
F eMail F Mom_Gr K oeMail F MNom Gr
# first Name K stud_rsod H first_Name A stud_racd
H Gender n - & Gender _
& Mob Show as Association K Mob
A& Name Show as Collection Association\f F Name
A Nom Gr . F Nom.G
F s i Hide % o
\ - SID
- 18l Adjust Shapes Width B

Bsb. 11. 3em51058MMOL SLMEOsEOMEO 3538060 53905 (1)

sbes Student 3¢sbob 3mdo Bogz535¢ M LGMOJMbo M30LgdoLM30L Student]gufiS (bob.12):

public Jgufi StudentJgufiS { get; set; }

| Student A ) i A SR —
Class Class Student A IJgufi A
cE= HF Studentlgufis fE=
4 Properties M Students 4 Properties - >
& Address B & ena 4 Properties 4 Properties
& Age & kursi F Address F Students F ena
& eMail & Nom_Gr K Age e F kursi
& first_Mame & stud_racd F eMail F MNom Gr
& Gender = F first_Mame F stud_racd
& Mob F Gender
& Mame F Mob
A MNom_Gr & Name
SLID F Nom_Gr
4~ Studentlgufis
Show as As=ociation f A ﬁ st
Show as Collection Association

6sb. 12. 3e05l5058mM0ol SLMEosEoMmo 3538060l 53905 (2)

do6x3965 bsbsBBY s0Lobs 3eslTMOOL SbMLOSEOWEMO 3538060, MMIgEE TmMy35ambgdL
9mbs3980 d5Bol 3bO0EgdL IOl 1:N ©sdm30090vIegdol 998mbzg3sl.

3sbol M30L90g00L Fg3ers TguedegdgE0s MHMAMME O0RMG0D (IMmEI0Esb), SBY3y
30056 5 3eobol 9GS gdoL (Class Details) 3sbxH0sb.

3. ©sli33bs

©OEO 3MMYM530 36MMgdEHgdol 52900l 3MMEgbdo doenbg 9B9dBMG0s CASE ¢gdbmemmyo-
900 59tmyg9gbgds, 296L53MMNMGO0m MbORBO(30MGdMMO  3MM(3gLJOIOL  TMPIWOMmGOIOLIL MdOYIE-
M6A096¢06M9dwo  Joamdol  1sx8IzgbY.  gJuBHOYIMEO  3OMYMSToMYdoL 96 Scrum
d900™m@gdoL 58mygbgdolisll MM™MOL Bosd@mMmo 3609369 m3zs60s, sd0@™A 5 UML ©0s36sdgdol
LEOMEO 2odmyghgds 56 bgds. FbmemE d0BbYL3OMEILOL (Activity-D) 56 3ansligdol @osg®msdols
399mygbgdss  M93m9bgdo  (19gdsbGHozMMo JoBbgdoLlmazol), oz 3mI3ZOHMIoLME 4osfY3g-
GOwYds© 0mM3¢gds [2]. 3503OMLMBMOL 3MM3MMSE305 SJGHOIMIE 9BsMMMgdL Visual Studio.NET
Core 3@o¢BmOIOL 32916d30mb5¢Mmdsl 58 0500 gdom, o3 IBIG™M3- s 390-5303530930
L6553 5 barolbosb ©939wm3dgbGL m{gmdl bawnls.
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(bAsHos GoegBeycmos 30.04.2024)

CASE METHOD OF REVERSE PROGRAMMING FOR PERFECTING THE PROCESS OF
OBJECT-ORIENTED DESIGN OF INFORMATION SYSTEMS

Surguladze Gia, Bitarashvili Marine, Geladze Bezhan,
Nareshelashvili Gulbaat, Shurghaia Irakli
Georgian Technical University
g.surguladze@gtu.ge, maribitarashvili@yahoo.com, bejangeladze67 @gmail.com
g.nareshelashvili@gtu.ge, i.shurghaia@gtu.ge

Summary
The problem of computer-aided design and software implementation of an organizational
management information system is discussed based on a university example, using the compromise
application of UML/Agile methodologies. An implementation of a unified reverse mapping process
(“model <--> code”) on the Visual Studio .NET 2022 platform is presented.
(Received 30.04.2024)

CASE-METO/, PEBEPCHOI'O ITPOTPAMMMWPOBAHUWA [JI1 COBEPIIEHCTBOBAHUA
ITPOITECCA OO-ITPOEKTPOBAHNA NTHOOPMAITMMOHHBIX CUCTEM
Cyprynaggze I'., bBurapamsunu M., I'eranze B.,

Hapemramrsum I'., lypras H.

I'pysunckuii Texaudyeckuil Y HUBepCUTET
g.surguladze@gtu.ge, maribitarashvili@yahoo.com, bejangeladze67@gmail.com
g.nareshelashvili@gtu.ge, i.shurghaia@gtu.ge

Pesrome
PaccmaTpuBaercs 3amaga aBTOMATH3MPOBAHHOTO IIPOEKTHPOBAHUS U IIPOTPAMMHOM peasH3aliii
MHPOPMAIMOHHOM CHCTEMBI OPraHM3AIMOHHOTO YIPaBJIeHWs Ha IIpUMepe YHHUBepcHUTeTa Ha Oase
xomnpomuccHoro npumenenus UML/Agile metomomoruii. Ilpencrasiena peanusanus YHUPHUIIMPOBaH-

HOTO IIPOIiecca PeBepCUBHOTO oToOpakeHus (“mMozmens <-- > kopj ) Ha maardopme VisualStudio.NET
2022.
(Iocrymuma 25.04.2024)
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00930905 53GMOMS 3096 HoMmdm®yqgbowo Lsboom

303309)G9OM0 M HEAMblgwymas: . LG resdy, ¢. bs0gdgusdzowo,
. 39360503000, 3. EWSJ0I30¢0

39005935 §o63mqdsls 14.05.2024 . Jomseolb Bmds 60X84 1/8. 306Hmdomo bsdgFo
0505b0 6.5, LEsMEOOEFHZM-LOYYFMIFIIIM MHBBO 6,5. BHoMsg0 50 9ad.

009300905 53GMOMS boGx 0
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