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06¢9m0L303¢0bME BsdMdom 2o6M9dmU, Loss bE™MIBEJdO Lfsgemdgb Lbgsslbgs LggMml
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15J3056MdOL IMBOEODsE0s, BgamLagEgdols s batrxgdol JsMM3s, dB0MXIEGHOL I3JRTZS S SBRIM0TRqdgdOL
Jo6B8mgds; GMobLEgMadol 3MMmEqbol m3GH080bsE0s, Mol MBOHMBlgWYmRL dgbgxgMadl BgHIMOMIwmS
900g00b, 252H53b0Ls s BHEMBLRIOMOo Fgmsbbdgdgdol OHMWE s 9BIJGHNIO FsOMZL; bgwrmzbm®o
06@9madBHob 359mygbgds 06030 Msmmo o BHOLS s oMR0TIdBOL Mg3mTYbEo309d0L Jolowgds, Mo
byl 9fymdl bL3mGELIGEIBOL FoBoZMG IMIBoEdL S FgEIAJOOL  ForBRMOYLYOL; MBI
9mbo399900L 30BoEoBo30s s Tg3sligds bbgoolbgs sL3gdEdo, OMyMMOEss JmeEgdo, sbobEgdo ©s
503900, 21960l 3v9dotmdoL AsToMMo Fga3slgdobm3zol s 5.9. LOLEJIS 5390IE0S I3MMYMSTGOOL
Python gbol g09mygbgdom, olgmo dodWOMmMg3g00m, Mmamemoisss PyQt5 (0bGgmggolbobmgol), SQLite
(0mboggdms  Ggbsbgolongol), Pandas s Matplotlib  (sbsero@ozologol @s  30BswobBszoobmgob).
3030993 9Oo LobiEgds byl dgmHgmdl d3oMg s Lsdosmm Loggbdm@mmm 3ewddOL 5EIobolEBM30wo
5 L3MOGHWo IgbgxTIBEHOL LEWEWYMGIL s MsbsTgOMHMZg FOBOO FIbmEMngdol 0bEIAMOMYOSL
L3MOEME 3Bm39L9000.

> LAI-b) ©sg3mdbgdmmo 33gbstigoms ©935gd0L ©osRbmliBogs @s dmgms 0b@ghmgolo Python gbol
d5B5Bg“ [20]. LegEol 3gEEmMdOL LBgM™mo bywmgbmmo 0bEHgwgddob LolLEgdgdoLs s 0bsEHH*YIgHEJOOL
635 I35 RIMM3sb0 s dBHMOmos.  [0b658gdsmg LEHMWIbGHMGO 3HMmgddo gbgds Labgms
59m3Ebmdol  IgomEadol  gsdmyqbgdsl dEgbsdgms 9350 9d00L  ORBMLE0Z0Ls s dsmo  dmgzgarol
360 m39LYdOL 45BLEBPZMOL FoBbom. 5350 JdsMS 5FM(36MBOL MBITYEMMZg JoEYMBs, HMIgeros 953w1dbgds
893696 0639 IHHLS ©5 32030233 9G e bgwgsl, 0553500900l 58m3bMdsl Gm@MTslogrol sbserobom
bmME0gwgdL. 00  990dgds ogml  bLmagmgsbo, 3000, Bod@ Moo 935S 96 BobBogMMO
©H0sBgds — s dYobogMs Bosfizol  FmIbTsMgdgwl  Tglodsdol, 3ModBH03Mw s  IMYMIMOIS©
©58196909 693m096@s3090L Fmzaobmzgol. s8 3GmEgldo 3mb3zme0@o bgommbmwmo Jugagdo (CNN)
50985390l 83gbsmol LMol s 93BHMTdGHMMO®E PobLIBLIMOZL 535 JdOL GHO3L. b YbOMBIgEYmanl
LEOSG, BMLE S bgerdolsfigmd 0sbmlE03sL.

> ,OBD II-by sgm3609¢9emo 53¢ mdmdogol g5yt mdo dmbo@mmobaol 0b@ghagobo C# s WPF
3o¢Bm®mdsby  [21]. bLEHWEIBGHWOO  3OmgdBHoL  FoBsbos  Fgoddboll  MebsdgMm™mzy  93EMIMdOEIOL
©0536mLGH039M0 LoLEBQds, MHMIgEoE EGHTMGDdS FdMMEgdL 93EMIMdOWOL JEAMTIMIMOOL BMLE s
OO dmboG™m®mobado. gl LobEIds godmoygbgdl OBD-II (On-Board Diagnostics) $gdbmanmaosl, Goms
0000ml 3mbs3gdgoo 93G™IMBoEOL  3MI30v)EHIMoLYL s FoMdmshobml olobo 30Bwsobomgdme ©s

5Q30Wo@ 50bdJdg BmOTsETo. 9IRS, FIRMEgdL 9dwg3500 TgLodEgdEMds, S30WSE  J593bMb
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5333300l 000bstrg 3Mbd30gdL, 3985tmdsl s J00PMb AsRMMbOWGdgd0 3:mEHIbE0MO 3GMBdWIgdOL
d9Lobgd. 3M:m9dGHol 0bmzs30MMMds 8EAMToMgmdL 00 3mb3gBE0sd0, HMI bgwmgby®o 0bEgwad@ol (Al) s
950G 5030L F9dbmemyngdol 0bEgaMo300m MHMHB3YLYMBOW0s YMBOM Fo0ow0 boMobbol dmdbobm®mgds,
653 LodMTsgEm B3BIODBY 59M0Yygbgdl LodmIboMgdem 0b6EFIMRIOLIGOL s 53oLsbs3g Ao XMBILYOL
533™3Md00ol 3maLsbMmgdOL baeobbl. 30mgd@Eo 8moEogl: dmbs3gdms sbserobl (Lokds®ol, RPM-ob, d@sgol
39939605@ 0L, Lsfj3030L BmbTsMgdol s bbg.; dmboggdms 3019w oBsEosl - 39803 MNO BMOTSGHOM
9900939006 dofmgds (3o LEHOGHOLE03S) ©d ©OsRDbMLEBH03MMO 3m©gdol (DTC) sbseroBo (3OMycsds
933056 F958mjdgdl s 58m0EbmdL 53 MmIMdowol 8930003agdL) (bob.1).

@shids

-

» v
-

»

»

»

*

@aLOHYEISS

Bob. 1. 53¢¢m0s6gdob0ol ©0sabmliBozol sEHoMMMdOlL osyMds

655 2. D 3B EGHOL 50R0WBEYVMYMdS s ELM 327 dmpvwo

WPF 5300035309, ®m3gaog Bggb 3Gmgd@do 890ddbs, v3s38060gds ELM327 dmfjymdoqmdsl Bluetooth-
ol 99839md0m s 93bogbol bBbEIMEwE OBD 36dsbgdgol (dsgowomsw, 010C — RPM, 010D — boBdskyg).
9fymdomds  3olvgbmdl  dglisdsdolo  dmboigdgdom,  O®MIWgdoE  LsFOMMIBL  49sdMToggdol s
306390G5300L. 53¢035:305 5G0L desktop G030l 3GMyEsds, dgddbowwo WPF (Windows Presentation Foundation)
3WoGBMMsDY, M3 MBOMB3gyngl  msbsdgrdmzg, 0bGHmogom@mo s MBI  FEOEIMO
0b6@9MmxzgoLol dgddbsl. LobEgdol BmegsMo s0m3sbgd0s: 53EMBMdOEOL F9dbozmemo Bmbsigdgdol domgds
OBD-II 9m@weosh; 9mbogdqdol @odndsggds s 9gbsbgs 9mbsggdoms d35Hsdo; 9mdbdomgderoliomgol
3058030 30D)5e0Ds30s; L3930l boMxols s 39dbolwmo 3MMdEYdgdol sbsgobo.
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» Lbgs 3099900 - w60 LEHMIBEHMOO 30Mm9dBo [23,24] 0893 ©IMMZ0EIPWS® 53531 9B Jo
LEOYEWO Lobom. 5 500 505 45630boEszm.

3. 3336

d90dgds 0md3sl, MM bEY-0L 0bRMMIsEH030Ls s FoMmM30L LoLEHYTJdOL B3 EHIGHDY

396500900l Bsdogg LoxzgbIMOL LbEGHMEIBEJIO 9JBHOWMMSIE 3M0E BsOMMEIGdO 5dEHSEMHO ©d
060353079600  BEAHMOIbGHMOO  3OMYIBJOOL, BsdMMIGOOL s  OLYMES30900L TG IEgdOL
360Hm3gLgddo. ICT bygdmdo Jglermegdmwo dOmIgdo 9ymHbmds msbsdgdmazg 30nOMEo
A996memy0900L, bgermzbm®o 0b@Egargd@obs s 30d9MMLsgmmMbMgdOL LolEgdgdol dmmbmgbgdl.
Sbgono 3M0b303930L Lorwdz9w by 3MHMgdEHIds F>MMZ0L BoobBMMTs30Mm LoLBYIgdol 3er0gbd)-
LYO390wo s BYMZ0L-MMH0IDEHOMYPIMO  sOJoBHIJAMOId0,  OMIgWMS  3OMYMSTMEO
06@9m3M9G9305 @S BHYLAH0MYds s1g3g bMMEF0JYds wYoberglbo  FgmmEMEMYngdom (Agile
Software Development, Agile Testing) 05 396ML0gdol dsemgol DevOps doymdoom.

068mO353099w0 LoBMASMIOOL BMMOIoMYOOL 3OM3gLo MTMsEm 353d0MHT0s gbsEgdOL
LoLEBYLMD o, 39MIME, 0MJIob 4Y39es PIMRMIMOZ LBIOMTo 30330v)EgOHIo dg3bogMgdob,
bgm369960 0b6EHIgdGols s 3OMYMFMo 0b0bgHool Jow(ig3900L sbgMAZ5LMSB. ToliMdMOZ30
3obsWgds  30309H0b30L BoOm™ LBIOHMTo — OOl s 0gbgds FMTogzsedog LobmsEMYdOL
LM E05EE-930bMmT03MOO FEAMIO 2ob30MMGdOL GOM-9M00 T39O0 FBogEHMMO.
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FORMATION OF AN INFORMATION SOCIETY WITH THE INVOLVEMENT OF
STUDENTS IN THE PROCESS OF IMPLEMENTING INNOVATIVE PROJECTS.

Lominadze Tamar, Zhvania Taliko, Kaishauri Tinatin, Otkhozoria Nona, Petriashvili Lili,
Kapanadze Davit, Surguladze Gia, Grdzelishvili Tamta, Petriashvili Saba, Khachidze Luka,
Esiashvili Levan, Kapanadze Giorgi, Machaladze Otar, Chakvetadze Tornike

Georgian Technical University
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t.lominadze@gtu.ge, t.zhvania@gtu.ge, t.kaishauri@gtu.ge, n.otkhozoria@gtu.ge,
Lpetriashvili@gtu.ge, david@gtu.ge, g.surguladze@gtu.ge, petriashvili.saba@gtu.ge,
grdzelishvili.tamta@gtu.ge, khachidze.luka@gtu.ge, esiashvili.levan22@gtu.ge,
giorgi.kapanadze1991@gmail.com, otomachaladze@gmail.com, t.chakvetadze@rs.ge

Summary

Examples of active participation of students of the Georgian Technical University in the processes
of solving a global world problem - the formation of an information society are considered. In particular,
the participation of successful students of the Software Engineering Department of the Faculty of
Informatics and Control Systems in the process of implementing innovative student projects, the results
of their scientific research at the bachelor's, master's and doctoral levels are considered. The main scientific
and practical results of the work reflect the current directions of development of the ICT sphere in the
field of computer science and engineering, artificial intelligence and cybersecurity, etc., as well as solutions
to problems that are so important for the formation of an information society and the future sustainable
development of its socio-economic level.

(Received 15.04.2025)

O®OPMVPOBAHUE HWHOOPMAIIVIOHHOI'O OBIIECTBA W BOBJIEYEHUE
CTYZEHTOB B ITPOIECC PEAJIM3AIINY NTHHOBATTMOHHBIX ITPOEKTOB

Jlomunazze T., XKsauua T., Kaumaypu T., Orxozopus H., Ilerpramsumm JI., Kamananze 1.,
Cyprynaggze I'., I'pazevmBunu T., Ilerpuamsuau C.. Xaunzaze JI., Ecuamsunnm JI.,

Kamanazmsze I'., Mauamnanze O., Yakserazzse T.

I'pysunckuii Texundyeckuit YHUBepCUTeT

t.lominadze@gtu.ge, t.zhvania@gtu.ge, t.kaishauri@gtu.ge, n.otkhozoria@gtu.ge,
L.petriashvili@gtu.ge, david@gtu.ge, g.surguladze@gtu.ge, petriashvili.saba@gtu.ge,
grdzelishvili.tamta@gtu.ge, khachidze luka@gtu.ge, esiashvili.levan22@gtu.ge,
giorgi.kapanadze1991@gmail.com, otomachaladze@gmail.com, t.chakvetadze@rs.ge

Pesrome

PaccmaTpuBatoTcss TpuMephl aKTUBHOTO YYacTHUA CTYJLEHTOB [Py3sMHCKOTO TEXHHUYECKOTO
YHUBEPCUTETA B IIPOLIECC PelIeHHs TI00aabHON MUPOBOM IIp0o6ieMbl — GOPMUPOBAHUS MH(POPMAIMOH-
HOro oOmecTBa. B wacTHOCTH, paccMaTpuBaeTCAs YydYacTHe YCIENIHBIX CTYyZEeHTOB JelapTaMeHTa
«[IporpamMmHOIt HH)XeHepun» GaKyIbTreTa UH(POPMATUKN U CHCTEM yIIPaBJIeHUs B IIPOLIECCE PeaTn3aliuu
WHHOBAIIMOHHBIX CTYJE€HYECKUX IIPOEKTOB, Ppe3yJbTaThl HMX HAyYHBIX MCCIEJOBAaHWI Ha YpOBHE
GakayaBpuaTa, MarMCTPATYpPsI U ZOKTOPAaHTYPbl. OCHOBHEIE HayYHbIE U TPAKTHYECKHe pe3yIbTaTsl paboT
OTpPaXKalOT aKTyalbHble HampapiaeHus pas3Butua chepsr ICT B o6sacTi KOMIIBIOTEPHBIX HAyK H
WH>XeHePHUH, NCKYyCCTBEHHOTO MHTeJIeKTa ¥ KuOepOe30IIacHOCT U T.7,., @ TAKKe pelleHUs 33a/a4, CTOIb
BOKHBIX [I1 (GOPMUPOBAHHA MH(POPMAIMOHHOTO OOIIecTBa X OyAyIIero YCTONYMBOTO Pa3BUTUA €Tro
COIIMAaIBHO-3KOHOMHUYECKOTO yPOBHA.

(Iloctymmra 15.04.2025)
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ABTOMATU3AIINS IPOIIECCOB MEHE/DKMEHTA
VCITEBAEMOCTH CTYIEHTOB BY3-a

Cyprynazgge I'nsa, 6agos Unskun, Hapeurenaursunu ['yn6aat,
IMypraa Upaxau
I'pysunckuii Texamdeckuil YHUBepCUTET
g.surguladze@gtu.ge, ibadov.ilkin@gtu.ge, g.nareshelashvili@gtu.ge,
i.shurghaia@gtu.ge

Pesrome

PaccmaTpuBaroTcss BOIIPOCHI OPraHH3ALIOHHOTO YIIPAaBIeHUSA CHUCTeMOM YHHBEpPCHUTeTa, B
YaCTHOCTH IIOCTAHOBKA U pellleHHe OIePAaTHBHBIX 337ja4 aBTOMATU3AI[UY IIPOLIECCOB yUeTa yCIIeBaeMOCTH
CTyZEHTOB U OIIpefie/IeHUs UX KOHTUHTEeHTa Ha (aKyJIbTeTe A1 Ha3HAYeHUA UM CTUIIeHAuH. M3maratorcs
pe3yJIbTaThl CHCTEMHOIO aHAJIN3a JAHHOM IPOGJIeMsI, ONlpe/ie/ieHsl MHPPACTPYKTypa CUCTEMBI Ha OCHOBE
tTeopuu 4ucroil apxurektyps!l (CA), mHbopMauyoHHasA 6a3a, KPUTEPUU OLEHKU YPOBHS yCIIEBA€MOCTHU
CTYZIEHTOB U COOTBETCTBYIOIII}e QJITOPUTMBI ¥ IIPOrpaMMbl paspaboTanHoit mogcucrems! ,ACY CrygeHT.
OO6BEeKTHO-OPUEHTHPOBAaHHOE IIPOEKTUPOBAHME II€JI€BOM CHCTEMBI BBINOJHAIOCH HAa OCHOBE S3bIKA
yuudunuposannoro wmogenuposanus (UML), a mporpammuas peanusanis COOTBETCTBYIOIIEI
anmmukanuy — Ha mwiatdopme Visual Studio .NET 8.0 (C# u Bl SQL Server).

KnioueBble cioa: ACY. OpraHusauuoHHOe ympaBieHue. BY3. YueGusiii mpouecc. CryneHT.
Crunenzus. ABToMarusanus mporeccoB. Jucras apxurekrypa. Asroputm. IIporpamma. UML. Visual
Studio.NET.

1. Beemenue

B namre Bpems, Korga HHGOPMALMOHHbIE TEXHOJOTUU 3aHUMAIOT BCe OOJIblilee MECTO B Pa3JIMYHBIX
aCIIeKTaX COBPeMEHHOMH XHU3HU, TPYAHO IIPeICTaBUTh cebe, 4TO yIpaBleHre TaKIM IIPOIeccoM, KaK oOpa-
60TKa MH(pOpMAIUY O HAYNCIEHUH CTUIEHAWH CTyZeHTaM JaXe B CPABHUTEIBHO HeOOJIBIIOM YueOHOM
3aBeJleHHH OCYILIEeCTBIAETCS BPYYHYIO, IPAaKTUYeCKX HEeBO3MOXHO. [losTomMy mpobiema co3maHUs
mofl0OHOM aBTOMATH3MPOBAHHON CHCTEMBI BeCbMa aKTyaslbHA, IIOCKOJBKY OOBeM o0OpabaTbIBaeMoi
nHbOpMaUY B lekaHaTe (paKyibreTa MHPOPMATUKYU U CUCTEM YIIPAaBIeHUS TEXHUYECKOTO YHUBEPCHUTETA
3HAYUTeJIeH U BPyYHYIO CIIPABIATHCA C TAKMM KOJIMIEeCTBOM JAAHHBIX He TOJIBKO CJIOKHO U TPYZ0eMKO, HO

SKOHOMMYECKH HEeBBITOAHO. TakuM 06pasoM, MOXKHO TOBOPUTH 00 aKTyaJIbHOCTH Pa3paBGoOTaHHOTO IIPOEKTA
2. OcHoBHag 9acTh

Cucrema ,,ACY Crygent” obecreurBaer y46T JMYHBIX A€l CTYZEHTOB, MX [IOCEIAEMOCTH U
ycrneBaeMocTr, GOPMUPOBAHUE PUKA30B M OTIETOB.

Cucrema mpejHasHaueHa JJIs KCIIOJNb30BAaHUA B 0OPa30BAaTENbHBIX YUPEXKIEHHUIX — B
IIepBYIO OYepesib, B YHUBEPCUTETAX, KOJIIeMKax U TeXxHUKyMaxX. OCHOBHBIMH IIOJb30BATEIIMU
IIPOTPaMMHOIO IIPOLYKTa CTAHYT COTPYLHHUKM y4eOHBIX OTZENOB, [eKAaHATOB U OyXraiaTepwii,
OTBETCTBEHHBIE 32 yYET yCIIEBAEMOCTH CTY[EHTOB, PACYéT aKaZeMUYeCKUX U COIHMaIbHBIX

CTHHeH,ZLHfI, d TAKXKe 3d IIOAT'OTOBKY CIIPABOK IIO 3dIIPOCY CTYAE€HTOB MJ/IN BHEINTHHUX OpFaHPIBaLI;I/IfI.

15



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No1(39), 2025

» Juarpamma npenezenToB (Use Case Diagram)

Juarpamma npeneznentos (Use Case Diagram) sBseTcss OLHNUM U3 KIIOUEBBIX HHCTPYMEHTOB IIPH
IIPOEKTHPOBAaHUH IIporpaMMHOro obecmedenus [14]. OnHa mo3BONAeT OIpeneIuUTh, KaKue IeiiCTBHA

BBIMTOJIHAIOT TI0JIb30BaTeIN (AKTEPHI) CUCTEMBI, Kakue (pyHKIIMK CHCTeMa IIPefOCTaBIIsIeT, a TAKXKe KaKue

IIpoLeccChl MEXAY HUMU B3aMMOCBA3aHBbI.

Yrsepants Cancon
P note
@
[0}
NI note oA PR ceinrbiidas B
NOfEM0BITENANG
Od0pwTs DSy
<incude>>
9
LAAITS CrYAEHTS MO, rpyna, Ky,
= Banrei
note

<cndude>>
[LCOasTY

POE3TS BOCCTIROMTE M3 AMNED
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Puc. 1. Use Case guarpamma (Poau u Qyrkumm) cucreMsr Ha3HAYEHVA AKAZEMITIeCKOM CTUITCH AN

Ha AuarpaMMe BbIAEJISIOTCA CIeAYyIOomie pOJI:
I'Zl;(’EKaH — OTBETCTBEHHBIHN 3a IIpUHATHE pemeHm‘/'I. Ero ocuoBnas 3afld9a — YTBEPAUTH CIIMCOK

CTYyZAEHTOB, HMEIOIIHNX ITPABO Hd CTUIIEHAHNIO, d TAKJKe IIOAIINChIBATh OQJHHI/IaJILHLIe AOKYMEHTBI (CHpaBKI/I).

Bes nopmucy nexana BeIfava CIIpaBKY HEBO3MOXKHA.
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CucTeMHBIN aZMUHHCTPAaTOP — TEXHHYECKUH aKTEP, OTBEYAIONUil 3a aZMWHHCTPUPOBAHUE
cucrembl. OH yIpaBfeT IOJIb30BaTE/IMH CHCTEMbI, HACTPAUBaeT U JAET JOCTYIIBI, a TAKXKe OTBEYaeT 3a
pesepBHOe KOIMpOBaHYe 0a3bl JaHHBIX.

Ilporpamma ACY (AsromarmsmpoBannas CucremMa YNpaBleHHA) — BHUPTYaJbHBIH aKTEp,
IIpe/ICTaBIIAION NI aBTOMAaTH3MPOBAHHYIO 9aCTh CUCTeMBI. VIMeHHO 5Ta mozcucTeMa BBIIIOIHSET:

o pacuér ycieBaemocty (GPA) o BBeJ€HHBIM IIpefMeTaM U OLleHKaM;

O TIpOBEPKy IIpaBa HA CTUIIEH/UIO;

O TeHepaluio CIUCKA CTYZEeHTOB C BBICOKOM ycmeBaeMocTsio (GPA > 91), koTopslii 3aTem mocTymaeT
Ha pacCMOTpeHMe U Ha IOAIINCH JeKaHy.

B pumarpamme oTpakeHBI CleAYIOIIMe OCHOBHBIE HEIHCTBHUA CHCTEMBI IIO BBIZAYe CTUIIEHIUU
CTyZleHTaM, U KTO 32 YTO OTBeYaer.

CoTpysHuK geKaHara:

e Jlo6aButs crygenta — BBog PO, rpymims, Kypca, HoMepa IacliopTa, OlleHOK.

e Paccuyutats GPA — BbI3BIBaeTCSA BPyYHYIO (BKIIOUEH B f0OaBIeHUE).

e IIpoBepuTh IIpaBO Ha CTUIIEHUIO — JIOTHYeCKasd IIpoBepka 1o pesynbraty GPA.

e OdopMUTh CIIPpaBKy — CO3JaHHe JOKYMeHTa Ha CTyZeHTa CO BCeMM aTpuOyTaMH (IaTa BBIAAYH,
Ha3HaYeHHe CTHUIEHANH, KOMIIEHCAIIUA 32 IIPOe3).

e BrizaTh cIpaBKy — 3aBepIIAOMIMIL TAIl, BO3MOXKEH TOJIBKO IIOCJIE TIOATIUCH eKaHa.

e Oxkcmopt B Excel / Word — momnosHuTeIbHEIE IeiiCTBUS, CBA3aHHBIE C 0OPabOTKOM CIIPaBKHU.

e VYzanuts / pefakTUPOBATh CTYLEHTA, OTIIPABUTH B apXUB / BOCCTAHOBUTH, GUIBTPAIIUL U IIOUCK —
BCIIOMOTATe IbHbIe IeUCTBUS, IO ePXKUBAIOLIYe XXI3HEHHbII IIUKJI JaHHBIX B CUCTEME.

JuarpaMma IpelieleHTOB IIO3BOJIMJIA: YETKO Pa3felNUTh OTBETCTBEHHOCTh MEXZY aKTépaMu;
OTpasUTh KAaK py4Hble, TaK M ABTOMATHYEeCKHUE IIPOIECCHI; BCTPOUTH OM3HEC-JIOTHKY YTBEpPXKIEHUS
CTUIIEHAMH Ha OCHOBE peabHbIX KPUTEPUEB; 00eCIIeYUTh IPO3PaYHOCTb U ITOTHOTY PYHKIMOHAIBHOCTH.

B pamkax pa3paOOTKH CHUCTEMBI Y4€Ta yCIIeBA€MOCTH CTYAE€HTOB IIPUHIMIIBI YUCTOW apXUTEKTYPHI
ObLIN aaNITHPOBAaHbI K OCOOEHHOCTSAM HACTOJIBHOTO IpUIOXKeHUs Ha Gase Texuonoruit C# u WPF [1].

Cymrocru. Ha ypoBHe cymHoOcCTe#l peaTr3oBaHbI 6a30BbIe MOJEIIH:

o Kiacc Student comepxut ocrHoBHyI0 nHpopMaruio o crygerte (PVO, Homep macnopra, GpakyasTeT,
KypC U T.J.).
¢ Kiacc Subject onucerBaeT oTeIbHYIO JUCIIUILINHY U IOy YeHHBIE OI[€HKH.
o Kiacc ScholarshipCalculator wmukamcyaupyer mnpaBuna pacuéra cpepseit onenku (GPA) u
ollpefiesIeHNs IIpaBa Ha IOJTyYeHUe CTUIIEH U,
OTH CyIUIHOCTH He 3aBUCAT OT IIOJIb30BAaTEIbCKOTO MHTepdelica, 6a3pl JAHHBIX MIN KaKUX-INOO
Ipyrux BHemHUX pakropoB. OHU OTPaKAIOT TOJIBKO CYTh OM3HEC-IIPaBUJI IIPOEKTA.

Cnenapym ucnons3oBarmsa. Ha yposre Use Cases peann3oBaHbI OCHOBHBIe OU3HEC-TIPOIECCHI:

e JloGaByleHre HOBOTO CTyZ€HTa C aBTOMAaTHYeCKOI IIPOBEPKOH YHUKAIBHOCTH ITIACIIOPTHBIX JAHHBIX.

o Pacuér cpepHeil ycrieBaeMOCTH CTy/J€HTa Ha OCHOBAHUY BBEEHHBIX OI[€HOK.

o Ormpenenenue mpaBa Ha IOJNyYeHUEe aKaJeMUIECKONW CTUNEHZUH (ecau cpefHUl 6asia Bbllre
33/JaHHOTO ITOPOTa).

e YueT cOIMAJIBHOIO CTaTycCa CTy/eHTa JJI1 pacyéTa IIpaBa Ha IOJyYeHHe COIMaTbHOMN CTUTIeHUH.
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Jloruka sTuX ClleHapueB U30JMPOBaHA OT TEXHUYECKUX JleTalell pealnu3aliy.
> Apanreps! uuTepdeiicoB
OTOT ypOBEHb OTBeYaeT 32 00pabOTKy B3aUMOAEHCTBHII MeXAY II0Ih30BaTeIeM U CUCTEMOIA:
o ®opma nmobGaBieHUs CTyZeHTa IPHHUMAET JaHHBIE, IIPOBEPSeT UX HAa KOPPEKTHOCTh U IIE€PefaéT B
OM3HeC-JIOTUKY.
e OkHO pacyéTa CTHIEHJUU IPUHHUMAeT OIeHKHU, 3aIlyCKaeT pacuyéT U OTOOpaKaeT pe3yJIbTaThl
II0JIB30BATEJIIO.
e Mogynb paboTs! ¢ 6a30i1 ZAHHBIX IpeoOpasyeT 0OBEKTHI JOMEHHO MoeIH B 3amucu Tabaun SQLite
u 06paTHO.
Apanrepsl nHTEp(}ERCOB CO3AAI0T MOCT MEXAY MUPOM II0JIb30BaTe I M BHYTPEHHUM yCTPOICTBOM
IIPUJIOXKEHHUS.
» OpeiiMBOpKY U ApaifBephl
CamsIii BHENITHUH YPOBEHb IIPeZICTaBIAeT COO0M KOHKPETHBIE Pealnu3aliim:
o TI'paduueckuit murepdeiic paspaboran c¢ mcmonsszoBanumeM Windows Presentation Foundation
(WPF).
e Jlna xpaHeHHs DAaHHBIX UCIIOJIB3yeTCs BCTpoeHHas 6asa maHHbIX SQLite, koTopast oGecmednBaer
HaZEXHOCTh ¥ KOMIIAKTHOCTH PELIeHMUS.
OTH 3JIeMEeHTHl MOKHO U3MEHHThH B OyzAyuieM Oe3 HapylleHHsS paGoThI BCEIl CHCTEMBI, TOCKOIBKY

OHM €1a60 CBA3aHBI C BHYTPeHHEH JIOTUKO.

» JluarpamMma aKTMBHOCTH:

Activity Diagram moxaspiBaeT KaK IIPOMCXOJUT BBIIIOJIHEHUE JIeHCTBUN B paMKax OM3HeC-JOTUKH
IIPUIOKEeHHA. B Hell OomMChIBaeTCA IIOMIATOBBIM IIPOIECC, MOXKHO JaXKe CKas3aTh MAapIIPyT OT 3aIrycka
CHCTEMBI O Ha3HAYeHHUSA CTUIIEHAUM U BBIZAYU CIPAaBKH, C YUYETOM YCJIOBHUMH, JIOTUYECKUX PasBIJIOK U
y4acTHUKOB nporecca (Puc. 2).

B pamkax Tekyllero mpoeKkTa OCHOBHOI IpOLleCC HAYMHAETCHA C TOTO, YTO COTPYZHUK JeKaHaTa
3aIlyCKaeT ITPOrpaMMy M HauMHAaeT paboTy ¢ mobaBieHHUs HOBOTO CTyzeHTa. Ilociie BBOJa HEOOXOLMMBIX
nauusix (PMO, HoMep macmopra, Kypc), COTPyAHUK JIleKaHaTa coBepuiaeT pacuéT cpemuero 6awra (GPA),
BBOJUTCS IIpeMEThI 1 GaJIIbl CTYI€HTa, U KaJIbKYJIATOP aBTOMAaTHYeCKUIl PaCCUUTHIBAET CPeNHUI Gasl.
Cucrema mpoBepsieT, IIpeBBIIAET JU DTOT IOKA3aTeab yCTAHOBIEHHBIH mopor — 91, u aBroMaTHyecKu
BHOCHTCS B IIOJIE C JAHHBIMU O CTy/I€HTe.

ITocne Beruncnenns GPA mpexycmorpena mpoBepka:

e Ecmu GPA Hmpke 91, cucrema fiestaeT BBIBO/, YTO CTYZeHT He COOTBETCTBYeT KPUTEPUAM IOTyUYeHUs
crunenauu. Ero manHbIe coxpaHAoTCA B 6ase, 1 0hOpMIEHHe CIIPaBKY He IIPOU3BOJUTCA.

e Eciau xe GPA paBen miu Beimre 91, To cucreMa ompenesfer, YTO CTyAEHT ITOTEHIIUAIBHO HMeeT
IIpaBO HA akKaZeMudecKyio cruneHzauio. COTpyZHHK IeKaHaTa HauMHAeT OGOPMJIATH CIIPaBKY:
3aIIOJIHAIOTCS [aTa BBIJAYM, aTa HA3HAYeHHA, OKOHYAHUA U IIPU HeOOXOZMMOCTH KOMIIEHCAIIHA 33
IIOJIb30BaHKWe OOLIeCTBEHHBIM TpaHCIOpToM. Ilocie oToro cmpaBka pacledareIBaeTca U

IIOAIIMCBHIBACTCA OEKAHOM.
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3. BemBogsr

B pmamHO# paGoTe GBLTa CIPOEKTHPOBAHA M peAJIM30BAHA ITPOTPaMMHAs CHCTeMa Ha3HAUYeHUST
aKaZleMHU4eCKOM CTUNIeHIUH I CTYAEHTOB By3a.

CucTema OXBaTHIBAET IIOJIHBIH IIUKJI 0OPa0OTKHU: OT PETUCTPALNY CTyAeHTa, pacuéTa cpeiHero Oasia
U OIpefiefieHUs IIpaBa Ha CTUIEHAUIO — A0 GOpPMUPOBAaHUA OPUIIMAIHHON CIPAaBKH U €€ DKCIIOpTa B
9JIEKTPOHHBIE JOKyMeHTHl. Kpome TOro, B CHCTeMe peanu3OBaHbl (UIBTPAIUA, apXUBAIIVA,
BOCCTaHOBJIEHHE 3aIIHCel, a TaKKe 6a30BbIe Cpe/ICTBA Ge30IIaCHOCTH U aBTOPH3AIMH MOJIb30BaTE .

Hurepdeiic paspaboran ¢ ucnonassoBanueM WPF Ha a3s1ke mporpammuposanus C#, a 111 XxpaHeHUA
JAHHBIX IpUMeHeHa BcTpoeHHas 6a3za SQLite.

CucreMa OpueHTHpPOBaHA Ha COTPYAHUKOB JeKaHaTa M paspaboTaHa TaKuM 0OpasoM, YTOGBI BCe
ZeICTBIA MOTJIU BBIIIOJIHATHCSA 0e3 IIPUBJIeYeHN TEXHHYECKUX CIIeIuanInucToB. [loamepixka apropusanuu
¥ BCTPOEHHAs BAIUZALINS JAaHHBIX 00eCIIeYrBaeT 3alUTy OT OMKNGOK M HeCAHKIIMOHNPOBAaHHOTO JOCTYIIA.

B pesynbrare peanusauuy IpoeKTa OBLIN ZOCTUTHYTHI BCe IIOCTaBjIeHHbIe Ienu. PaspaboraHHOe
IIpOrpaMMHOe obecIiedeHre MOXXeT OBITh HMCIIOIB30BAaHO KaK OCHOBAa AjA Oojee MacCIITAOHBIX CHCTEM

YIIpaBJI€HHA Y‘IE6HBIMI/I IIponmecCaMy NI MHTEIPHPOBAHO B CYIIECTBYIOMI M€ DEIICHIA By3d.
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This article explores the organizational management aspects of a university system, with particular
emphasis on the formulation and resolution of operational tasks aimed at automating the processes of
academic performance monitoring and determining student cohorts within faculties for scholarship
allocation. The study presents the outcomes of a comprehensive systems analysis, outlines the system’s
infrastructure based on Clean Architecture (CA) principles, and defines the informational foundation,
criteria for evaluating student performance, as well as the algorithms and software components
implemented in the developed subsystem “Student Management Information System (SMIS)”. The design
of the target system was carried out using an object-oriented approach and modeled with the Unified
Modeling Language (UML). The software implementation of the application was developed on the Visual
Studio .NET 8.0 platform, utilizing C# as the programming language and SQL Server as the database

management system.
(Received 30.04.2025)
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APPLICATION OF PROBABILISTIC CRITERIA IN RISK ASSESSMENT IN
INFORMATION SECURITY ISSUES IN LARGE-SCALE SYSTEMS

Valida Sesadze, Gela Chikadze, Gocha Dalakishvili
Georgian Technical University
v.sesadze@gtu.ge, g.chikadze@gtu.ge, dalagishviligochaO8@gtu.ge

Abstract

The article discusses the well-known methods of risk analysis of information security in the
telecommunication network, Bayesian probabilistic methods, fuzzy logic, and the nearest false neighbor
method. It should be noted that the mentioned methods are quite difficult to implement and do not allow
(U) to analyze certain network attacks in real time. Therefore, in the article, we have presented combined
(integrated) traditional methods, which show how they perform telecommunication traffic analysis and
obtain appropriate results. This approach gives better results compared to traditional calculation and
analysis tools. The article discusses existing methods based on well-known statistical principles and well-
known theorems, which allow us to determine information security (IU) issues in telecommunication
networks with an arbitrarily approach (with a certain probability). The paper also discusses (U) the
modernized method of determining risks by probabilistic methods, where expected, typical threats related
to risks in telecommunication networks are taken into account. There are some expensive software
packages that are not efficient enough. The article is developed and presented based on an integral method,
ultimately it can be considered as a fractal indicator related to the information security risks of the
telecommunication system, through which we can draw a conclusion about the state of the
telecommunication system. We realized the theoretical results of the mentioned paper using the Maple
computer program.

Keywords: Large-dimensional system. Telecommunication network. Probabilistic method.
Statistical method. Matrix theory. Security system. Risk theory. Computer modeling system.

1. Introduction

To create a model of the information security system of telecommunication networks, we proceed
as follows: Suppose we have a certain telecommunication network, the structural scheme of which is given
in Fig.1.

A telecommunication network is a set of telecommunication devices freely connected to each other
(these devices are servers, routers, switches, etc.). Let's call one separate device a telecommunication
network node, which in general has a unique IP address. Only authorized administrators will have access
to individual nodes for debugging purposes. Let's do the numbering i = 1,N,, by means of an index
where N, - Total number of nodes. Note that all telecommunications networks are not equivalent to each
other, and their operation out of the normal mode requires different levels of criticality. Each node is
uniquely vulnerable to different types of network attacks. That's why each one i Admissible sets of
vulnerable situations should be defined for the node {U;,}(k = 1,N,;), where N;;, —is i Total number of
vulnerabilities for the node.

Later, when building the model, we consider the case when we have the same number of possible
vulnerabilities for each node. This is of course a limitation in terms of using the model, but the following
must be said.
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.....

Fig. 1. General structural scheme of the telecommunication network

In most cases, the expected risks of vulnerability to attacks, which are characteristic of different
nodes, are caused by similar reasons, but with different probabilities. Among the expected risks for each
node from these attacks, the main types of network attacks, access to different network devices by
illegitimate users, the existence of connection interfaces with external devices, etc. Sh. Therefore, it is
enough to select a certain set of expected threats and spread it to other nodes. However, due to the fact
that nodes are not equal in terms of the degree of critical situations in telecommunication networks as a
whole, the use of the same set in the design of the model of expected risks will not bring proper results.
That is why a different approach is used in the development of the model. Let's assume the following:

1) We have a full range of expected dangers of the telecommunication network as a whole (various
types of network attacks, physical access, etc.). Let's celebrate This is this abundance i for the node
{Uu}(k =1,N,,). But for the node j

(U (k = T ecc.

2) Let us state that any i and j For numbered nodes Ny, = Njy (Vi,j), which means an equal number
of expected hazards.

3) For each node, let's introduce a vector of vulnerabilities, which should be given the following

form:

Ui = {pi1. Pizs -, Pin, b (1)

where p;,, —is i for the node m probability of effectiveness of numerical vulnerability action.
Let us now consider the origin of these probabilities. They are defined either by an expert or by

generating network attacks on nodes to determine the probability for a particular node. Therefore m-he
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to determine the probability of integral vulnerability, we must make a linear combination of the elements
of the vector of probabilities I1,,, with different weighting factors that will depend on the importance of
the experts taking the data. In this case, for a specific node of the telecommunication system, we have:

I, = {pmli me,...,pNs} (2)

where p,,s -is m-of the number vulnerability s when inspecting a node.

Let's make a linear combination now II,,, from the elements of the vector

Ny
Py = piPm1 + 2Pz + - + AN, PmN = 23:1 AnsPms 3)

where a,, -isa weighting factor less than 1 upon inspection m on vulnerability. Similar integral features
need to be introduced in each telecommunication system i for the node. Let's enter for each node Py, a
quantity that corresponds to i for the node m- the effective action of the vulnerability. Therefore, for each

node we can introduce an algebraic tensor on vulnerability as follows:

®i11Pi11 Xi21Piz1 - AN aPinga
—~ Ai12Pi12 Ai22Pi22 -  OAiN2DiN,2
Uims = = (Uims} “)
Xiin,Pitng @XizN,Pizng - AN N DiNgNg

where Uj,,s the element determines the probability that i an element occurs on an e-node and determines
the probability that m vulnerability s during inspection.For simplicity, if we assume that the results of

all checks are identical and assume that all a;,,,¢=1. in this case (4) the matrix will take the form:

Pi11  Pi21 - DPina

= Piiz Pi2zz - PinNg2

Uims = | ... R ER U/ 5)
Pitng Pizng -+ DPingN,

Now let's note the following. As we have already said, a different number of checks is possible for
each vulnerability, and a different number of vulnerabilities for each nodeln this case, it is sufficient to
obtain (5) for the insecurities not present in the tensor U;,,,; < € where € - a given infinitesimal quantity
in advance. For example, if there is no vulnerability number 2 for node 5, then the required element Usy;
we should take a hundredg Us;, < €.

All in the telecommunication network i on the node Information security, we can use the
following quantity as all integral characteristics:

Py

K; = det|U;ns]. (6)

At the same time, it is not difficult to understand that what is smaller K; The greater the magnitude,

the smaller the total threat i on the node.
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Now let's consider the task of calculating all the integral characteristics of the information security
of the entire telecommunication network. Here we can have two approaches. The first approach is not to
consider the vulnerability of each node as a critical indicator. And the integral indicator of the entire
telecommunication network is obtained by simple multiplication of the total indicators of each node, that

is, as follows:

N = N
K = Hi:pl det[Uims] = Hi:pl K; 7)

The study shows that such an approach does not adequately reflect the consideration of all the
integral features of the telecommunication network as a whole. For example, if we have a network based
on two basic switching cores and access levels on switches located in specific enterprise subdivisions, Then
a switch failure at any level will not affect the operation of the entire telecommunication network, but
practice shows that during an attack on the network, we may have a different result. Therefore, it is
fundamentally necessary to rank all nodes of the telecommunication network according to their level and
vulnerability. In particular, at this time, it is convenient to introduce the critical vulnerability values of

each node of the telecommunication network as follows:

W = {wl, wz,__”wNp} )

where w; - is a telecommunications network each i The weight of the knot (minimum weight). The
weight should vary between [0,1]. The weights are determined by experts (auditors) based on the analysis
of the structural diagram of the telecommunication network

The weights are determined by experts (auditors) based on the analysis of the structural diagram of
the telecommunication network:

Np

K = W1K1 + W2K2 + -+ WNpKNp = Z WiKi'
i=1
Therefore, the following algorithm can be used to determine the information security level of the
telecommunication network:
1) Telecommunication analysis of the structural scheme of the network and determination of the level

of critical vulnerability of each node

) W= {wl, WZ,...,WN,,} find a vector;

3) Especially the definition of the spectrum of characteristic vulnerabilities expected for this particular
network (network attacks, physical penetration into the network or building, etc.) and, accordingly, the
composition of the vulnerability vector for each node U; = {pil, Piz, > piNk} ;

4) Let's make each one i State vector for vulnerability for a node

5) I, = {Pml'sz,...,PNs};

6) (5) and (6) using formulas each i Information security risk level for the node;
)

7) Let's determine the integral indicators of information security risk with formula (9).
3. Conclusion

The conclusion from this is that for the description of the entire telecommunication network, it is

necessary to find two vectors for each node
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U; = {p,-l,piz, ...,p,-Nk} and I, = {Pm1,Pm2,..Pn,} The elements of these vectors represent
conditional probabilities that a given node will go into a non-functioning (damaged) state during the
operation (testing) of the telecommunication network. That is, to determine this, it is necessary to develop
a certain methodology to determine probabilities p,,s.
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Pesome

PaccmaTpuBaroTcss M3BeCTHBIE METOABI AHAIM3a PHCKOB HMH(POPMAIMOHHON 0e30IIaCHOCTH B
TeJIEKOMMYHUKAIIMOHHON ceTH, OaileCOBCKMe BepOATHOCTHbIE METOIBI, HedeTKasd JIOTMKA U MEeTOZ
6mmxaiiniero JoxxHoro coceza. CiemyeT OTMETHTH, YTO yKa3aHHBIE METOIBI JOCTATOYHO CJIOKHBI B
peanusanuy u He 1m03BosAi0T (U) aHAIM3MPOBATh OIpezesieHHbIe CeTeBble aTaKU B PeaIbHOM BPEMEHU.
[TosToMmy B cTaThe npezacTaBIeHbl 00beIUHEHHbIE (MHTETPUPOBAHHBIE) TPAAUIIMOHHBIE METObI, KOTOPBIE
TIOKA3bIBAIOT, KAaK OHM BBINOTHAIOT aHAJIWU3 TeJIeKOMMYHHKAIVOHHOTO TpaduKa M IIOTY4aloT
COOTBETCTBYIOLIWe pesyJabTaThl. Takoil IoAXOoj [aeT JIydllde pe3yJabTaThl II0 CPaBHEHUIO C
TPaJUIVIOHHBIMH WHCTPYMEHTAaMU pacyeTa M aHaIu3a. B craTee pacCMaTpUBAIOTCA CYIIECTBYIOIIHE
MeTO/[bI, OCHOBaHHBIe Ha M3BECTHBIX CTATHCTHYECKHUX INPHUHIMIAX M H3BECTHBIX TeopeMaX, KOTOphIe
IIO3BOJIAIOT OIIpeZesaTh mpobiemsl nHpopManuonHoi 6e3onacuoctu (MB) B TerexoMMyHUKAIMOHHBIX
CeTSAX C IIPOM3BOJIBHBIM IIOAXOZOM (C OIpesieIeHHOH BEpPOSATHOCTHIO). B cTaThe Taxke paccMaTpUBaeTCs
(U) MozmepHU3MPOBAHHBII METOJ, OIIpefie/IeHNs PUCKOB BEPOATHOCTHBIMU METOJAMU, TZe YIUTHIBAIOTCA
OXHJlaeMble, TUIIMYHBIE YI'PO3bI, CBA3aHHBIE C PUCKAMH B TeJIEKOMMYHHUKAIHMOHHBIX ceTaX. CylecTByIOT
HEKOTOpBIe JOPOTOCTOSAIINe IIPOTPAMMHBIE IIaKeThI, KOTOpBle HeZoCTaTouyHO dddexkTuBHBI. CrTaThs
paspaboTaHa M IIpeJCTaBleHa Ha OCHOBE WHTETPAJIBHOTO METOJd, B KOHEYHOM WTOTE€ €€ MOXKHO
paccMaTpuBaTh KakK (PPaKTAIBHBIM MHIUKATOP, CBA3AHHBIN C PUCKaMK MHMOPMAIIIOHHOI 6e30IIaCHOCTH
TeJIeKOMMYHHUKAallMOHHOX CHCTeMBI, C IIOMOILIBIO KOTOPOTO MOXXHO CZeJaTh BBIBOL O COCTOSHHUH
TeJIeKOMMYHHUKAIIMOHHON CUCTEMBI. TeopeTHYecKre pe3y/IbTaThl YKa3aHHOM CTaThU Pean30BaHbl HAMHU C

KICIT0JIb30BaHKEM KOMITBIOTEpHO# mporpammsl Maple.
(Iocrymrza 3.05.2025)
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APPLICATION OF FRACTAL METHODS IN HIGH DIMENSIONAL SYSTEMS
TO DETECT INFORMATION SECURITY VULNERABILITIES
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Abstract

The article discusses some problems related to information security issues of large-scale systems.
Already existing methods, such as Hurst's normalized displacement method, phase space reconstruction
method, false Uach-Loess neighbor method, are discussed.Approaches to ensuring the information
security of large systems of these methods have been established. The article presents ways and importance
of using fractal structures in solving the mentioned problems. Graphic portraits of LAN and WAN traffic
were obtained using Matlab. For the traffic of large systems, the state of the node is uniquely defined by a
one-dimensional sequence of temporary reports. Therefore, we reconstructed the phase space according
to the one-dimensional time series. After restoring the phase space of the system, it is necessary to
determine how similar the initial and restored attractors are. We do this using the pseudo nearest neighbor
method. As a result, we determined the P/N dependence of the recoverable phase space with the
dimension of the phase space m. It was determined that the dimension of the phase space for the normal
functioning of the traffic of large systems was found to be 13. Therefore, in addition to the Hurst index,
which we will later use to determine the state of the system, the second index is the dimension of the
reconstructed phase space. The results obtained in the article are implemented on a computer using the
Maple and Matlab programs.

Keywords: Big system, security, risks, traffic, fractals, attractor, computer programs Maple and
Matlab, phase space.

1. Introduction:
» Making calculations using Hurst's normalized displacement method

One of the main methods of describing deterministic chaos is represented by Hurst's normalized
displacement method (R/S analysis). Hurst's indicator is used as the main parameter for determining the
quality of telecommunication traffic and the chaos of the entire system. According to this indicator, it is
possible to discuss the fractal nature of the research object. Matlab and Maple programs were used to
determine the structure of the fractal (self-similar) structure of the traffic, and the appropriate tests were

carried out in the unit of time, and the comparison of the traffics is shown in Fig.1.

- W By L AN A TR S w, VAN Awm TR S

Fig. 1. Examples of LAN and WAN traffic in Matlab
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Let's consider the calculation of Hearst's indicators for the telecommunication network. The graphs
in Fig. 1 show network congestion per unit of time, so they can be used to detect fractals. From a practical
point of view, the information about overcrowding in Kassel is especially important. The graph, which
shows the number of information packets passing through the network in a unit of time, is so overloaded
that it becomes quite difficult to establish the similarity of the traffic. At this time, it is expected that there
will be many small packets of useless information in the network. From Fig. 1, we find that the process
has a pulsating character for quite wide time scales. This allows us to talk about fractal self-similarity. Now
let's consider a specific example of network congestion. The graph given in Fig. 2 corresponds to the time
when there is no attack on the network on one of the hosts.Every second the network congestion in (bit/s)
was recorded and the data was written to a file. The number of the record is indicated on the abscissa axis,

and the network congestion (bit/s) on the ordinate axis.

» - - - - - - ~

Fig. 2. Telecommunication network to be investigated

Let's explore the fractal nature of the traffic in this example.Hurst index. In his work, Hurst
introduces a dimensionless normalized quantity that can describe the normalized strain (R/S). The
calculation of the parameter given in various works is mainly based on the accumulated values of

deviations from the average load of the large system. (4)y N in time:

N
1
(A = z A(n). (1)
n=1

Then it will be calculated on the BJ

X(n,N) so A(n) accumulated deviation (4)y from
X@,N) = ) {A®) — ()} @
p=1

where the mean value (A4)y Searches with (1).
The deflection amplitude of X(n,N) is found by the difference between its maximum and minimum:
R(N) = max X(n,N) — min X(n,N) 3
1snsN 1snsN

The standard deviation is determined by the formula:

SN = SN (A — ()2 (4)

Usually Hurst's normalized strain R/S is determined by the following empirical ratio:
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R/S = (aN)" (5)
where H- Hurst's index is « — is a free constant.

The deviation is called normalized, because during the calculations, it is based on the value of the
square root of the dispersion. The determination of R/S for the traffic given in Fig. 2 is shown in Fig. 3. H
can most easily be found by approximating the angle of inclination to the line (calculated by the method
of least squares) with R/S (in Fig. 3), logarithmic scales are used on both axes. In addition, decimal
logarithms are used on both axes, where «=1.

Fig. 3 shows R/S in binary logarithmic form with the distribution of N. Here is shown the
approximating ceremony. The hash rate of the investigated traffic was found to be H=0.94, which indicates
the fractal nature of this traffic. The R/S-method is not very accurate, because it gives us an estimate of
self-similarity only in time series. That is why the mentioned method is used only in those cases when we
want to determine whether the time series are self-similar or not, and if they are, get Hurst's estimate, or

H value.

log:(R/S)

2.25

1.75

)
9
;.
-

3 a 5 I3 7
log:{N) - Delay

Fig. 3. This is a graph of R/S parameter of telecommunication traffic with
delay N in binary logarithmic scale

According to the theory of fractals, if the Hertz index H>0.5, then this system is persystemic, that
is, the system has a long memory. That is, if a positive increase in network traffic is observed in any period
of time and the increase is implemented, then the increase is observed, then the average increase is
observed everywhere. If H>0.5 then the system and the process become antipersystemic. If H=0.5, then
network traffic deviations are random and do not depend on previous values.

Below we show that the effect of self-similarity in network attacks on large systems will be reduced.
That's why Hurst's index can be considered as the primary indicator of network condition assessment.

» Phase space reconstruction method

For the traffic of large systems, the state of the node is uniquely defined by the one-dimensional
sequence of temporal reports. Therefore, it is interesting to reconstruct the phase space according to the
one-dimensional temporal sequence.

It is known that after a certain time with a certain cycle the system returns to the initial state or its
close state (Poincare's theorem). Absence of cyclic return to the initial state in the system allows us to shift
the sequence towards itself by "half a period". "Period" is the average value of return time 7. Based on the
works of Takens, it becomes possible to calculate the so-called Correlation integral and correlation

measure.
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For this we need to build a space m - Dimensional vector of research traffic x(i) —according to:

X)) = {x(i — (m— D7), x(i — (M —2)7), ..., x(i)},
i=1,N—(m—-11) ©)

where T - is the time displacement, m - is the dimension of the constructed space. Multidimensional
vectors, which are obtained according to the scheme (6), form an m-dimensional phase (R™) space.
The phase space formed in this way is calculated D, Correlation measure. The phase space
constructed by scheme (6) will have the dimension of the initial phase space:
N > int[D.]+1.
After reconstructing this space, it is possible to determine the dimension of the phase space m.

> False nearest neighbor method
After restoring the phase space of the system, it is necessary to determine how similar the initial
and restored attractors are. Most often, this is done by the pseudo-nearest neighbor method. It is known
that the phase trajectories of the initial attractor should not be satisfied. The condition that the attractors
do not intersect is that the phase R™ Neighboring points of the space attractor are also neighbors (im + 1)
in space too. The False Nearest Neighbors method helps us minimize the dimensionality of our space
min(m) Let's find the meaning. of this importance (R™) and (R™*1) There will also be neighbors in the
spaces and they will differ very littleIn total, by finding this m, it is possible to restore the phase space of
the intersection of spaces.
Think of discrete telecommunication traffic as discrete temporal accounts A(n).
In the first stage, according to the initial time series, the following are determined:
1. Minimum value min{A(n)};
2. Find the interval between the maximum and the minimum
I = max{A(n)} — min{A(n)}
3. Let's implement norming:
A(n) — min{A(n)}
max{A(n)} — min{A(n)}

x(n) =

Then we restore the phase space using the delay method. One-dimensional vectors in the
reconstructed space are generated from the initial time series with time delays.

X(@@) = {x(i — (m — D7), x(i — (m = 2)7), ..., x(D)},
(i=1,N-(m—-1)7)

where 7 is the time shift and m is the dimension of the reconstructed phase density. As a result,
we get a multidimensional vector from a one-dimensional normalized row ¥:

x(i—(m—-1D1),x(i — (m - 2)1),...,x(N)
N x(i—(m-1)71),x(i— (m—2)71), ..., x(N)

x(i — (m — D), x(i — (m — 2)7), .., x(N)

If the initial discrete row describes the channel load, in which there are N elements, then the

number of vectors will be N-(m-1)t. For the practical implementation of this method, in the construction
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of a sequence of multidimensional vectors, increasing their dimension by 1 and determining the
"closeness" of the phase trajectories between the initial and restored attractors.
1. The phase space dimension recovered in the first step m=1.

2. Let's construct a multidimensional vector in the following form:

Xo1(1) x(1) x1+7) x(1+217) .. x(N)

% (X1 | x@) x2+7D) x(2+27) .. x(N)
m=1 — - .

)_()m:..l.(N) x(N) x(N+t) x(N+21) .. x(N)

3. Then we define a multidimensional vector for the m=2 dimensional space:

Xin—2(1) x1-7)  x1)  xA+71 .. x(N)
Xpop = Xm=2(2) | = X2 -1 x(2) x(2+71) .. x(N)
i’m;z'(N) x(N-21) x(N-1) x(N+71) .. x(N)

4. theni=1,N; j=1,N; We determine the length (norm) of the vectors:
”)—()m:l(i) - )_()m=1 (])” =

= \/(imzl(i)l - im:l(i)l)z + (imzl(i)Z - im:l(i)Z)Z + ot (im=1(i)1v - )_()mzl(i)N)Z

Xz (@ — Xz (D] =

= \/(im=2 (D)1 — Xm=2 (i)1)2 + (Xm=2(D)2 — im:Z(i)Z)Z + o+ Xz (Dy — Xm=2 (i)N)Z

5. Then the ratio of the norms of the vectors in different dimensional spaces is calculated:
_ ”Xm:l(i) - Xm:l(i)”
Ry =15 = .

”szl(l) - Xm=1 (]) ”

whenR;12) > R; where R;- is the "closeness" limit of the phase trajectories then i([) A point in the
vector is called a false neighbor )_()(i) to the letter of the vector. As a result, the number of these false
neighboring points will be counted Py, which is calculated X(i) for each point of the vector.

6. is calculated Pf The meaning of the relationship.

7. Then we construct a multidimensional vector for the m=3 dimensional space:

_ ”Xm=3(i) - Xm=3(j)”

Ri23) = 1= = ;

||Xm=2 (l) - Xm=2 (’) ”

8. is calculated % The meaning of the relationship.

9. Then this procedure is repeated m = 4, ..., my; where my — is the maximum value of the nested
space.
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3. Conclusion

As a result, we determined the P/N relationship of the recoverable phase space with the dimension
of the phase space m. For the normal functioning of the traffic of large systems, the dimension of the phase
space was found to be 13.

Therefore, in addition to the Hurst exponent, which we will later use to determine the state of the
network, the second exponent is the dimension of the reconstructed phase space. fig.4 Network traffic of
large systems is shown under normal operation of a networksegment and its phase space report (ie

trajectories in phase space).

— -
e

.

—

R -',‘ —
: > e v

Fig. 4 Basic portrait of telecommunication traffic under normal conditions

Therefore, we have discussed here a method of estimating the traffic state of large systems using the
structure of phase portraits.
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IIJIS1 OBHAPYKEHUA YA3BUMOCTEN
MHO®OPMAIITMMIOHHOM BE3OIIACHOCTHU

Cecapmze B., Yukazge I'., Jamaxkunrsuam I
I'pysuHCKUI TeXHUYECKUH YHUBEPCUTET

v.sesadze@gtu.ge, g.chikadze@gtu.ge, dalagishviligochaO8@gtu.ge
Pesiome

PaccmaTpuBaroTcss HeKOTOphle TIpOGJIEeMBI, CBf3aHHBIE C BOIpOcaMH HHGOPMALHOHHOMN
6e30I1aCHOCTH KPYIIHOMACIITaOHBIX CHCTeM. PaccMaTpuBaioTCs yKe CYIIeCTBYIONUIME METOZBI, TaKHe Kak
MeTOZ, HOPMaIM30BaHHBIX CMellleHui XepcTa, MeToJ, PeKOHCTPYKIUK (Ha30BOTO IIPOCTPAHCTBA, METOZ,
JIOXHBIX cocezielt Yaxa-Jlecca. Y cTaHOBIEHBI ITOAXOABI K 0OecIeyeHUIO NHGOPMAIIIOHHOM 6e30I1aCHOCTH
OOJIBIINX CHCTEM OSTHUMM METOZAMU. B cTaThe IIpe/CTaBIeHBI CIOCOOBI M 3HAYEHUE HCIOJIb30BAHUA
(bpaKTaIbHBIX CTPYKTYP IIPU PelleHWM yKa3aHHBIX 3azad. Ilorydens! rpadudeckue moprpers! Tpaduka
LAN u WAN c ucnonssoBanuem Matlab. /lna Tpaduka KpyImHBIX CHCTEM COCTOSHME y3/1a OZHO3HAYHO
olpezienieTcs  OJHOMEPHOH  IIOC/Ie[OBAaTENPHOCTBIO  BPEMEHHBIX  OT4eTOB.  IlosTromy — MBI
PEKOHCTPyHpOBaIX ($a3oBoe IIPOCTPAHCTBO 110 OZHOMEPHOMY BpeMeHHOMY pAny. [locie BoccTaHOBIEHUA
($a30BOTO IPOCTPAHCTBA CUCTEMBI HEOOXOJUMO OIPeJeIUTh, HACKOJBKO IIOJOOHBI HCXOLHBIH U
BOCCTAaHOBJIEHHBIN aTTPaKTOphl. MEI ZeaeM 5TO C IIOMOIIBIO MeTOZa ICeBHOOMIDKAHmuX cocemeil. B
pe3yJbTaTe MBI OIpefenuau 3aBucuMocTs P/N BoccraHaBiauBaemMoro ¢asoBOro IIPOCTPAHCTBA C
pasMepHOCTHIO (asoBoro mpocrpancTBa m. OnpezieeHo, YTO pa3MepPHOCTH (Ha30BOTO IPOCTPAHCTBA JIS
HOPMaJIBHOTO (QyHKIIMOHMPOBAHUA Tpaduka GOIBIIMX CHCTeM OKasanack paBHOH 13. IloaTomy, momMumo
MHJeKca XepcTa, KOTOPHI MbI B JaabHeiimeM OyZeM MCIIONB30BAaTh I OIpPeZeNeHHsS COCTOSHUA
CHCTeMBI, BTOPBIM WHIEKCOM SBJIZETCS Pa3MEePHOCTh PEeKOHCTPYHPOBAHHOTO (a30BOrO IIPOCTPAHCTBA.

ITory4eHHbIe pe3yIbTaThl peaanu30BaHbI HA KOMIIBIOTEPE C HCIIOIb30BaHUeM nporpamm Maple u Matlab.

(Ilocrymzrra 7.05.2025)
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5Q5005699M-3m3309E Mo 0bEgMagsool

L5300bgdoliongol
390095 ©930MM5d9, 3P IEsJ0TZ0¢00, 05 053300, TG Sb5M0bO

LodoMmM39Wwmb G9gdbozmemo mbogg@Lo@gdo
medeat@gtu.ge, dalagishviligochaO8@gtu.ge, i.giashvili@gtu.ge, t.asatiani@gtu.ge

M9bomdy

3956bom@os  593056E-3m330EgOIo  0bFgesdzool  Logombgdo, dolbo  obgmo
doM0MOEO F0ToMmMEGdJ00, MMYMM0ES: 0bEIORJoLOL oBsobo (UI Design), dmdbds6gderols
399m30egds  (UX), 0bGHgM36mg@oEools s 9MHmoghomgdgogdol LEowgdo ©s 3mbgdcmogo
99 900. 9839dG0560 3007b035300L5m30L 0bEYMHBgOLOL OBs0bo Jabol LobEHgdol 3oBbrsEH
dbotgl s IMbobgMbgdgw  BMbJgomboel, MMIgmoE $353MMMEISE  FoMEH035®©  AoLOYJO0S
9mdbdsm90eobmzol. dobo dsdmiowgds (UX) bobl wligsds, vy Gsdgbs 360d3bgwrmgsbos
LoLEBYAOL 2odmygbgdols 3MIFMOE MBS s IMTHTMYOEIOL FMMbMZboGdsMS Fomzowolfobgds.
§om3m 96005 06EHIM3MHYEH300LS s MYMHMN0YNHNJIJIOOL EGHOEYOO, HMYMMO35S: FMSBOIWIWO,
A9JbGHO0 s bdm3z560 06¢EIMHBIOLYdO. 0LoBO FoBLEBPOZMH3L, 01 OMYME bgds IMIbTsMYOEOLS
@5 3033099E9MH0L MMN0gOHMNJINYds. 3MbgdM030 IMEYEgdo 2oImMLiEgdl, M) HMYME 500d35096
50059056900 3330139 LobiBgdgdl s CMYME by 0yml OBs0bo 5I3EH0MYdMEO To0
dm©0b9gdmsb, Moms 0g0 FoMFH030 S 063MOE0IMHO 0gml domm30lL. BsdMMmdo sEfgdl, 0y Mo
36038369cmds 593l HCI-U 53 bbgoolbgs 9085(:0009amgdsls, Moo 890dabsl 95399@160, 530s@
399myg9bgdoo s LogMEbwobvbsmosbo LobEGgdgdo, MMIgdoi JmIbIsMYdIWOL bsFoMmMgddL
95JL0doE MM FJlods39Do.

1553356dm  Lo@Yyzgdo: 9@sd0s699M-33309BH Mo 0bEghsdsos. HCI. Ul obsobo. UX.
0639M3609G5300L LEAHOWO. YODOIONJIGEIOOL bLGowo. mbgdmozo Impyero.

1. 3gbsgo¢0: 5Q053056vM-3m30vYGHIMmo 0bEYMsd30900L
3060050 30356M0Egd9d0

5005305696 - 30830993 9MH 0 MO0 MJdggds (Human-Computer Interaction — HCI) s60l
5005905690L5 o 3m33099BH9MYOL/BgdbmeEMy0gdl Mol MOHM0YMmJdgEgdol dglfogws, 393>
@5 090999853905 [1-3]. bdoGo sl aobobowsgah Hmym®E 89dgao 93b0gcmgdgdols s bbgs
33193990L 9MHMNMOX0MdL: 313303 gO I 393609693505, EOB0BOL, d03930MMHOBToLs s bbgs
LgggOMgdOL (b5b.1).

HpeBosbeyrt-
FroB3omdofrae
bR jges (HCT)

OB BEools
BrBBEumgierols Bra8BEumnbornl FpfRann o Bons oo L Bnemny B g0 Bragg noentn
abHnREonlbol EoBenbe - -~ e = i e
~ = Bl (X} [nterpretation and Interaction Mlental Models

UI Design Styles

Bsb. 1. HCI -0l 306005000 30856:0079¢098900
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HCI 8mo3ogl 36935¢0 300500040 q0L, 3og9e0ms:

1) 9mdbdsrgdeol 0bGgMgzgolbol obsobo - gbgds 3m330vGgOH o LobGHgdol EoBsobL,
Gdgeoi 50sd05690L 9bTocmqds MBM0gOHNMBST0;

2) 9mdbdsm9gdol  aodmaogds (UX) - o5 9gmemomgds 9J3g3s 0dsl, vy Msdgbs
dmbgmbgdM0s s BolisdM3bMs LOLEJIoL 4sdmYgbgds;

3) 063¢9M369@5300Ls s MMM0YMJI)Jd0L LEAHOWO - 58 B0FsMMMEYGdOM 03319390, OHMYME
390dgds 333093903 3907 500g35L 5 M3sLIBML 5060l FmmbM3zbgdls;

4) 24mb9gd®030 IMYgdo - LHogarmdgb, 03 HMYMO BoJOMdI6 s 009096 A5HY39EH0W9dIOL
50053056900 399bmemy090mb MOHM0gMmNJIggdOLL.

2.1. 8cdb3s9dc0ol 0bEgMHBRgoLOL oBsbo

9mdbdomgdeol 06Egmnq90LoL oBsobo (UI Design) s60b gO0-96H00 doG0mo©0 3md3mbgb@o
500530566~ 3m330GgOwo  0bFghodsgool  (HCI) Lygdmdo. dobo  dobobos  99ddbols
dIboM9dqd0Lm30L 25dMLoYgbgdge0, 30D MsErMMme© Loliosdmgbm s BMbJ30MMo 9x39dGHwGO
06&9mx890L900, HMIIILSE 50056900 530w, dBIOM0350 s LHMITs© 490Mm0Yyqbgdab.
06908900l EO0BS0bOl JoMOMIO JergdgbEndos:

1) 30BmomMo 0gesddos — 3609369rmz5605, HMI O0Bs0bo s dolo gugdgb@gdo (BHadudo,
390mbobMEgd9d0,  ©OEs3900) 583565  2odmboBo3gl  3M0MEOOGHIBHIOL s FsMEH035©
5009890Mm©b. M3 MRMM 3603369 M35605 9egdgbE0, oo YMRMM M35¢TolsE3gdo MBS 0yml ob;

2) 99L5dgdMBIO0 S RBbJ30MmbsEo — BMIHTMGOYEOLMZOL golivggdo Mbs oyml, 6o
16930900 s B 9mddggdgdo M0l bgedobsfizmdo 0b@gmngolido. Jsgs0msE, VOWS3900U,
LE50YMJIOL s bbgs gargdghEgdol 39300 BbdE0s MBS 0gmb golivggdo s 3963390
60dboo Homdmoygboo;

3) 695306905 s 360d369wmds — 0bLEHOMIBGHO o BbJ30s Mbs MHBOWE39WYMEbI
d9L50530L M9o0MYOL IMAbT>MGOOL dMJdgYdgdDY, FoFIOMOE, VO3B OFIMOLL b Lbgs
0b6@&9Mm5g30me J99905D9. HEglsg 8mdbsMmgdgwo 5390090L 56MB9356L, LobEgdsd Mbs Josfimmls
3oL 900 35Lbo 0b6EYMsgd300L L3I MdOL Tglobgd;

4) 9b09BH03> s OBI0bOL LEBHMWIEBHMMS — POD0bO MBS 0YmMl 30D MM© 35GBMmboeo,
390339990 LEGHOWOm, BJHJO0 S GHO3MAMIR00M. bergnm, BadoliBogMHO sbowo 936560 6 BMbJi0s
LEAHOMIGHMIOMs© ABYogLo F0HBYSE0m 0gmb HoMdmEygboo;

5) 9md0@wMHO 1531905 MBS — EOILOWIMB0M 8936 06EHIMRIOLL FMdOE M IMFYmMdOW™dYO DY
09969096, 53038 0Bs0bo Mbs 0yml 5330350 Lb3salbgs 936M96mMb;

6) 53094905030l TboMsFIMs — OH0bo bs FMOEI3gL Foboergdl s ObLEHMYI309dL,
(99003 ©59HTMYdS B FIHAs0gdgEl 0bEIOBJOLMD SE3EH0MYdsTO.

9mdbdoMmgdeols  0bGHIOHBJoLOL  JoM0MSO  dJbomds  sMOL 390 ODs0Bo, GMIgEoE3
3100lbIMBL, M Lol ds 8ggLsdsdgds ImabIMGOYEOL dmEmE0bydl 0dol gliobgd mvy MO Mbos
5399909L 366505. Y3909839M0 bsMBIDO - 50l Fg90.

06@¢9mHx90b0L  OBs0bol  sTMLsgzswo  (adEGHowo Mbs ogml  5s30sbo. 553056y
M6096GH0M90Mo  oHsobo  AMoldmdl  Lsdo  OBBOL  POIRIMZL:  5EsT0BIBOLIMZ0L
9030390 Md), 256bMM(3091905Mds s BLOEMEBEOLVBIG0s6MdS (65H.2).
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©obsobo  0dwgzs  olgmo  495HY393H9dol  dggdbols
Lodmoegdsl,  GMIgErog  9gqLodsdgds  BmdbIsMmgdEgdOL

dmmbm3zbowgdgdl s doBbYdL, gemol dbGMOZ, s, IgmMgl ( BosBozeDs |
db6 03, 50Bbgl-ImMbMZbgdLS s Fgdbmemyom® G9brw390UL. 2 __,,“.l‘. — ——
2.2. 3mdbdsgdeol godmEowgds (UX) ~ “:_ \ -~ .
| daboeenes | | Bothgn ;

9mdb3>Mgdeob Fedmpowgds (UX) 560l @oBs0bolb @ | 4 issmmsas- \ e |
0b6&9MoJgool  3OmEglo,  O®Igmog  BMIMLOGIRMEos |\ TR\ ) e/
dmdbdomgdeol  LsFoMmMmgdgdol, doBbYdOLs s Imermobols ’ ‘
39m35¢0bf0obgdsBY, Goms Fgoddbsls LobEgds 6 3OHMm©MIE0,

Omdgog 0dbgds 96 dbmwmE  BMbE0mbocry®o,  s6MsdgE

Bsb. 2. 50059056Dg mMogb@o-

9090 oHsobo
30Ig8MOEH™MEO, Lsbosdmzbm s 9539JGIMO odmygbgdolimzol.

UX-0l d06~0ms@0 9egdgb@gdos:

1) 9dbdo6gdeols boFoMmgdgdo — UX oBsobo 0fjygds dmdbdsmgdwol 33a0g300m: M5 36OHMdgds
593L 9mIbToMgdganl? G5 dmEwmobo 5d3l Aol 3Mb63MYEHWMwo 3OHMOMIEHO0L 96 LolEgdosb?
doLoob o5HM9ds 36093690 M35605, G505 OB0BO 0MZseolfobgdgl Mo H Lo FOMHMYdIOU;

2) 0b@G9m™x390LoL LoTs®E039g S LOBNLE Y — IMIHTSMYIWOL YodMEEOWYdS MIB0TZbgEM3z5b69L0s
95906, MmEgLsg LoLEGHYs FoMEGH030 S FoLBRJI0S. MMM Poboggdds 0bEYIOHBgoLds dgodergds
3°90m0{30mL IMIbTsM9gdol ©sd6935. ODs0bo Mbs 0gmlb 0bEmoEomEmo, Moms dmdbscmgdgwo
Lo 30O M J0doM0779e9gd9dL LfiMogsw dobgzgl;

3) 8bJ30900L 3MIBMOEH0 S 5©3EH0MYdS — UX-U 30Dsb0s, Mma Lolidgds s 0bGHgdxgolo ogmb
36900 ImIHTsM9dolL 3MIBMEOEDY. g F90dgds gmeEolibdmdgl oBs0bol gargdgb@gdol
9mgbomdsls, HMyMO3 SWsGHBMOTSDY (Fo45W0md©, 30830993HJM0, IMdOWOO JM[ymdowmds),
51939 IMIHA>MYOOl 06EO30MOEE FMMbM3zbgdbY (TS, B5J-0bBHIORJOLO 6 Tog0
951000);

4) b5AmJdgm bs3500900 (User Flows) — 560l 4g9ws 08 bsdoxols s 3Gmiglol fobo, Hmdgwlss
9mdbdoMgdqwo ool LobGHAol sdmygbgdolsls. gosdstmwo UX ©@obsobo 9bémbzguwmymals
9mIboM9de0ol LHME 2BoBg oM EH0350 Y9690, M3 FEPolbIMdL LobEHYIOL golivggdoEMBSL
©wMR03M0 b300X JOOU 250005

5) BHobBHoMYds s feedback-o - ©@O0Bs0boL  3MMEgldo 6033069 M3z560s, Mo MMmO
dmdbdoMmgdgdol  sHBMom  HdoMs  ©0bFHYMGLgds.  Lbgoolbbgs  GgbBoMgdol  dgomgdo
(05950m5, A/B BgbBo®mgds, 56 9mdbdo®gdgumsb 0bEgM30v9) 0danggzs bodwysergdsls, Gmad 99ogdbsl
©0D5060, HMIGE0E MJSEIMSQ 53059MmB0gdL dmIbIsMgdgdolL Lo FoMHMgdIdL;

6) 3m39b035305 @S HAIMYdS — 39030 UX ©obBsobo §dbol 935300 30m3mbogs30sl, Moms
9dmdbdoMmgdgeds  ao0gmb, v OO  3domdl  LobGgds. sbg3g 860d3zbgermgsbos,  Mmd
8mdbdo6909wl 3M:MdEgdol 96 3ombzol shgbol dgdmbggzsdo 3Jmbpgls Gglsdsdolio sbds®gdol
900900l Jo63H030 LOTMOGdY;

7) 898351905 Q5 49dxMdgLYds — UX c00B50b0 56 bOHengds 30rm©g@ob o6 Lol gdol godz9dol
3990092 399003030 FgxsL9ds S dTbTMgdEol ©93353d06M0L dogds 3603369 Mm3z5605 0dolmgoU,
63 0H50b0 Qodx MdIBEIL S FMIBPOBML MgsEOHO IMNbM3b9d0L 43035¢ol{obgds.
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2.3. 0b@gM3M9E5300Ls s MM0gMmNJIggdol Eoggdo

06@9MH36M9G5300Ls s MOHM0gMHNJdggdol bGowo (Interpretation and Interaction Styles)
9dmdbdoMgdeol s 30330EGHIOo LobGHIIol JmMol 303Mbo3sE00ls S WMM0YMHNJIgLYdOL
3139JAHL Tggbgds. gl 5ol 3OHM3gLO, MY PobLIBLIMO3L, 1) MMymM bgds ssdosbols doge
9mbs399900L J9@9bo-5¢0gs, 25565c00Bgds O MMHM0YMJIgI0S 39Ibmem09dmsb.

063H9M3M9GHSE00Ls S MYODO0gOHMJIgIdol LGHowgdo Fgodwgds Lbzsslbgsbso®o oymb,
35250 MS:

1) 259mygbgdol dgomegdols dobgwzoom:

¢ 305830370  0b6GYHBgoLbgdo (GUI): gl 6oL y39emobg 293039gwgdmo  3Hodo, bowss
9mdbds6909w0 9360567 bgogl 2odmbobmer gangdgb@gdl (HMYMMmOEss V03900, LEPs0IMYdO,
QOSMYNMH0 BobxM9d0), HMIgero 03935 BLOLEJISLMD 3MBEIIEHOL Lodwoegdls;

e &9dudmdo 0b@ghxzgolgdo: dso dmeol oMol Command Line Interface (CLI), Loog
dmdbdomgdgeo dgol Mdem@ GHgJuB® dMIsgdgddo LoLEGIsLmsb 0b@E Ms300Lbmz0L. ©J
LGl BdoMs 094gbgd9gb MBOM 458Mm (300 dMTHIsMGOEYd0, HMIgdoi3 036MdID LobEBHYTsl s
06&96HxgoLl;

e bdmgzsbo 0bFGHIORIoLYdo:  Sbgm  LobBgdsdo  ImIbIsMYdgwo  3mIMbozgogosl  bdmgsbo
06356999800 sbbMME309mgdL. Jogowoms, Google Assistant, Alexa — booE ImIbsMgd9E0 sEOM
063569090l 0deg3s s LOLEBHYTs 5Tol Fobg300 3olvbmds;

2) 3mdbdocmgdeols Joge 0bxm®Iszool 0bEHgM3cMg@s3ool dobgwozoom:

e 30mb639Jdu@o: BmEs ImaHAsMgdIO MM0YHNJIIIOL LolEYIoLmsb, 360d369gwmzs60s, GMA
©0Bs0bo  3mbEYJuEYIMGs© 9bIbgl 0wIbEHOROEOMYOIL ) G5 mddggdol Jgltrmegds
Mbs  AoBobm®E0gwEal. 85900, MHMILSE LBOLEJIS 0mbmgl FoM3397 0bBMEOTo30SL
9mIbdoMgdeoligsb, gl »bs 0gml 2oboggds 2sdmbodeo - Mg M 0bgm®Ts30ss LoFoOHM ©
6 265 0gmb g¢sboo dmdbdsmgdgwrols Joge;

e 9360960l 30MYds s IMJIYEIOOL goBoMBH03905: 0bEIORIoLOL gegdnbEgdo Mbos ogmb
DMLGHI©O  39bsmGHJIMo,  Moms  BmIbTsMGIIo 96 ©Eo0db6gL.  BoQd0mO®,  MHMEYLYE
9mdbds6909w0 bgsgl oM339w wos3l "Submit" s6 "Cancel’, ob 0bE&woE0vGMs© b3wYds, rmd
"Submit" 609653l 3mgddggd0L IILEWEMYOIL, brgre "Cancel" 30 ImJdgYdOL 45w)Jdgdsl;

3) 9m3bdo69d¢0l J3935L5 O MYoa0M9gd0l Jobgz000:

e 351bgd0o s M3993930060: HMEIBE FMTHAMYIGO SLEOWYEGOL Mo0dg dmgdggdsl, LoliEgdsd
Mbs dMIBEOobML LHGSxTO s AoLORIOO )393938060. FoIWOMSE, M) 0L SGZOMMOZL RSO,
93696%g Mbs 59mhbgl Progress Bar-ol o6 99@ymodobgdols d9939mdoom dobodbgds 36HmEqLols
9080b656H9mdOoL dglabgd;

e 0b6®96Mogd300L M9 s®mMds: LobEHYTSd 16 Fosde0gM™L YYOHM0YMNJdgEYds, LxogsHDMdPIL
Bod0x-bodox  3OME9IMOMOIOL  ©s 030350 b  SBROMbOWYdEIL  IMIBTsMGdgl, dsmo
9mdd990s LHMEMs© LEMEIES MY 6;

4) 0b@9msgd3ool 1393013039600 GH03gdol Jobgwz00:

¢ IMEGH0IMEICMOO  MM00)OHNJI)Gd: gb LAEHOEO JONEOMMWSE 094gbgdl Modw9gbody
300960353006 BMOTSL, HMAMOOES bAoL, 30D MHO S bgerol 8mdMsMmdgd0 (Foo0Ms, BoB-
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13060 B53095300). 59 BHO30L 0bGHIMJ30s JHToMgds FMIBTsMGdgL MAO™ 0bGHIMOIGHOME ©s
965350053960 M356 290M (300000905005

¢ 35JBHowMMo 0bBgMxgoligdo (Haptic Interfaces): gl 560l 06EGH9M5390L900, HMIgdog 04969096
GoJBHoWwME  ,80000938°  (B5390MO, 3006305 9B Lbgs  LgblmGmwo  033mwlio), Goms
9cdbdo909el J05HmO™b 0bZMEMTo305 L3slIbe M1sa0Mm9d0L Fglobgd;

5) 06¢9Hx90LoL s LoLEgdol ,98m30IM0“ MYs0Mgdol dobgzom:

e ImIbToMGOOL 9gIMmEoOHO IMI0YINGdS: 0) M58 bs 3MIRMOEGHMWSE MHIBMOL
dmdbdomgdgeo 938  LoLEGIsLmb  MOP0gOHMJIgEIdoLsl ©oE fows®  ©TMI0IYdIE0S
LobEGQAol bMWD 3993530000 LEHOWLS s 30D MG  ASTMLIBLMGISDY.  BoQICOMO®,
©O53900L BIMO 9 5.9.;

e ImAH035305: BoQ00md©, 0¥ bMLBHGds IMIbToGmdgEl dobgdl 90339 LG,
OmIgoi  BJomgdl 3OHmEgblb 96 bgal  Mfgmdl  Jdggdgdol  Tgiermergdsl, dmdbdsMgdgwro
296530dMBL LOLEHYILME SJE0MMsE TMTomdsls;

6) 9mdbIo69d0l J3935L5 @S LoLEgdol Jigzol dobgzo0:

e 533MA5BH0BoE0s s bgemzgbm®mo 0b@Egumgd@o: bdo®ms, Mmgbsg 0b@gORgoLOL obsobo
5oL MBOM 3OHMYOHILYYIE0, 0l 094g690L JsbdsbMo Logzegdol SEPYMOOMTGOL, Moms goswdx MdILMU
0639M3390L0L 48905 s 5d30ML MBOM 39MOLMBIWODYIMO. ToR50Ms, bdM3zs60 SLOLEYBEGHIdO,
OIgd03 BHogwrMmdgb s 5IxMdJLYdYD BMILAMGdOL J3935B9 3M39380Mb.

2.4. 36996030 3930

3Mb6906030 Imgegdo (Mental Models) 6ol LolEgdol 3mbols s FoMdmpygbols Impgero,
GHdwolb  Boxgdzgwbg 53056900 5009435996  MgoEMBLL, MOMO0IOHMNII)©IdI6 S 0wgd9b
3905g30HOIdIOL.  3MI30NHIONL @ HIIPMWMo®  3mbGHyJu(Bo, FmbgdMogo dmwgero
396LsBO3M3L, ) HMYMO Ho®MmMygbos dmabAsMgdgel LolEgdol dwgdsmds, dolo 0bEgdxgolo
@5 30d0bsty 3Om39L900.

3Mb6906030 MmEYEgd0  dMIHIsMGOEgOL bgl MFYMdL  BHgdbmemaoslmsb  mEmoghHomn-
989090580, 3ol LHMEMOE Foaqdsd0. bewm, OBs0bxMYdL gbdomgds, MHMA T9gdadbsb MBRG™ SEl30Wws©
3oL53900 5 498MbOY96gd9E0 LobEHdgdo.

59 8900905 gsdmoygmb G380 doMOMOO s139JGHJoo:

1) 3mb936030 3ol Bsdmysodgds: HMmEgbog 5sd0sbo 30639 H3gds sHoE LobEYTsl
96 53035305, 0l 0ggbgdl "gmbgd®mog dmgwrl". dolio 99939mdom bgds FoMBmyqbols 894absl,
0Y) OHMyMmO dMdomdl LobGHgds. FogoOMs©, YY) 553060 MHOL 3d30EBHIMOL  F9FM(ELOEO
9mdbds6909wo, ol gmbgdsdo 500d35al, MM "9mEgIMEo  S3WO035(305 BOOGOL  0bsbogl o
5005390, MMAMOE Bsowms FgbgxgMo", M55 bgwl MHgmdL s3wwo3s300L MBO™ LGSR ©s
06& 03065 godmygbgdsls;

2) 24mbgd®m030 Imgerol bgyo3wgbs 0bEgMggoliol oBsobbg: oBsobo bdoMs guwdbgds 0d
3M690603 IMggdl, HMIgdo dcmdbdsmgdegdl Lobgdol dglobgd gosBbosm. My oBsobo G
90mbgz935 00 mbgdMog dmEgwrgdl, HMIEgdoE dmdbdsmgdgel 339 2osBbos, 35d0b ol Ggodegds
0yml MO, 5M33MMABMDBOMIOI©O s 9M3bgdM030. 530l godm, 360d3bgermzsbos, Mma
©0D50696M933ds 99Jabsb 0bEHgMa3golndo, HMIgdog §dmbzgzs dmdbds®mgdeols ImemEobgdl.
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3539W0M, M) FMOOWMHO 53035300 9B39690L  "8000356) 439M®L", Losz TbmEm
509600 05305, oM U OWH3900 96 gdmbgzglzs 00 mbrdMo3 FMEIWL, GMIGEOE3
9cdbdoM909el 259Bb0s (9g000me©, 3960900 s 39 3969gd0), 5356 Tgodengds gsdmofigomls
390M3393LMD;

3) 3™bg06H030 390l ¢03gdo:

e 3949600 dmEgEgdo: 53 ImEgErgdl 5053050l (3mbs, PodmEowgds s 0bEgMglgdo
3obLBO3M3L.  BoQdE0MO, vy BMILIsMGdgo bJoMs 09ggbgdl BMmEGHM  53¢035305L, dolo
3™6906030 ImE9Ero 90dEgds dmoEe3wgL Lbgoalibgs 0bLEHMMIGHEHIOL s VO H390L, MMIgdo;
BMGHMIO0L FMLS S MYIJEHOMIIL 9bgds;

e 0003MT5MgMO0mMO  IMEYEGd0:  5©305BOL  gMmbgdMonz0o  IMEIWo  HTIMIOWYOYL0S
306309¢M  3mb6GJuGBY, OHMIgedog ol Mm3gHoMgdl. Fodsw0msE, MBI GHJKgambol
3Mb6906030 dMmE9E0 2oblbzogwgds 30330EHIOOL 96 BHodgEHOL MY, BmIbIsMgdOl
3°90m30gds b35olbzs650Ms© 033wgds, M50 IMFYMdOEM™MdYIL bgoolibgs BmGTs s
309bdgos 2J3L;

4) 2mbgd6030 3ol HMro JmIbIsMdEOL 45dMmEOWwgdsdo (UX):

e 063030 OHMds:  HMOILbyE ©O0DBo0bdo  SLobEos  Mmbgdmog  dmEgwro, LobEGgdol
3oL5g0s© IMIHAsMgdgEL Bo3ewgdo O™ LFoMmEYds. LOLEHIIOL gergdghEgdo WMAOIMMI© MBS
094mb ©599bgdmeo olg, ®mAd dmdbIsMrgdgeErds 56 IMsbEMIML oo O™ dobo gMbJzombsgrol
3oL 905;

e LoLEBHYIOL 3OMYBMBOMYOEMS: MHMPILSE FMIBAsMJdgwo Bogemdl Lolidgdsl, dobo
3Mb6906030 MEIo NBOM  EILIABLMZMGIIWO s FoMMZ50 bgds. 0go sbY3zg 0fygolL
36OHMabmBoMYOSL, 09 OMYME 25630M5MEYds 6 MHMYMG TG IeEgds M50 8mddggds, o3
505630390l LobiBgdol godmygbgdsl;

5) 24mbgd®mogz0 dmgeol dgagwrs (Cognitive Shift): Hm@gbog dmdbAsMgdgo sberol Lfogursl
ofiygdl, dobo ambgdmozo ImEIwo Tgodwgds T9oE35WML. BoRdM0MOE, MMEILSE 9©sdosbo
3905©0L b0 G030l LomBoly 3MMYMd0b Lbgs 30:MmMs85DY, 356 Tgodwrgds 890dwdsml sbogro
3M6906030 dmEgwo FoblHBY©, M) OHMYME 39omdl sboEro LobBHYIs s MO b Fos390Ml, MmJ
MRO® LHOIBI© s 9839JGIO9© IMobObmL ImJdgwgdgdo;

6) 206900030 IMPIWOL oMM MEOMds:  MHMEILSE FMIBTsMYOJO  M9306 390
536M009MHgdL, HMAMO 3Mbd30MmbomdL LoliEgds, oBs0byMTs Mbs Fqddbsls gmbadmogo
9o, 6Mmdgog  sbobogl ol IMEMmEObgdl s 0mM35¢olHobgdL SOOI
390303k, ImIbTsMmgdgwl by  3Jmbgl  dglodergdemds,  ®Mmd  Loli@gdab
»9BOB¥OML" 0Ly, O™ LHMEOOE 4509ML S odmoygbml dolo gwbjiogdo.

3999092 3™my3560¢05 JoQ5E0MGdO:

1) 350@gdol  oMmzs:  3mI30vBHYMoL  dmdbIsMYdgwo, GMIGEoE  IMTsmdL  Bo0rgdol
3969x 906  (Fsgocoms, Windows Explorer), gmbgd®mogs@ 9009359 350900l Loli@gdsl,
O0amO3 "©©m3MdghGHdol  GHMIsesl',  OHMIgdoE  BMEEEIOIPO O BoOEJOO  SM0b
©565(1930900. HMEIBSE 0FO A9IOL b LoLEYIsBY, MMIgeoi 0ggbgdl Lbgs 0bEgMHFBgOLL
(0o990ms, cloud storage), 58 dMEOYEOLOZ0L 5930GdJE0s 456339790 "d030(Ygd)eno” b
3933000 gergdgbEHgool o636 Egds.
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2) 9300 5303530900:  MaEglsg  9mdbIsMgdgwo 306039  0fggdl  53035300L
3990yg9bgdsls, ol gmbgdcm0350 500d350L LOLEBHYTSL, MIMPMOF 93696930l ML, HMAWGIOEG YOIV
9OMAbgnDBY.  BoQo0mO©,  IMBOWNH 5303530530,  IMIBIsMYIwobmzol  Bogbmdo
3930UsbmEqdgd0 (3960l 053900, 09M39BHJO0, 56 30D MMO 953993 Jd0) gbToMmgds ymbgdmoz0
990l B58MYo0dgd5d0 O 53¢035305mb MBMmM0gHNJdgdsdo.

3. 33365

5005305696~ 30830993 9O o 0bGHIMod305 Fgolfogerol, mvy HMYME MGM0Y)HNJI)gd96
50050056900  3m330FHJMJIMD S BgdbmEmyoslmsb. bsdMmddo  dsbbowros  5©sd0s6M-
30330993H9OMWo MOHM0IONJIIIO0L JoM0ms©O F08sM0gd900, OMYMMOEss 0bGIORGoLOL
©o%boobo (Ul Design), 08cmdbdocmgderols  godmaowgds  (UX), o0b@g@dmg@osools  ©o
WO0IONJIGIo0L  LGHowgdo ©s 3mbgdmogzo  dmEgwrgdo.  ImIbTsmgdol  0bEgMagolol
©@o0%bsobol (Ul Design) 903560 dobsbo s®ol ob, Gmd dmdbdscgdgwl 3Jmbogl dmbBodow®o
3°90m30gds s dobo Immbmgbowgdgdo  FogdlodoMs©  3059gMBOWEIL  LHMexks©  ©s
956 }0350. MmIbAsMgdol AsdIMEEOgds (UX) 900l ©oBs0bol s 0b@gtodiool 3Mmisgbo,
OmIgros  3m3MLoMYOIMwos  IndbToMdOl  boFoMHMgdgdol, doBbgdols s  ImEmobol
3°m35¢0bf0bgdsBY, Moms Fgoddbsl LoliBgds 96 3MMEMIE0, GMIgwoz 0dbgds s TbME M
RbJ30mbser M0, 560539 3MIBMOEE0, LolosdM3bm s 98BgJGHWOO A5dmYygbgdolm3zob.

0639M309G300Ls O YYHN0gMHMNJdggdol bEHowo 360d369wm3s6 MMl SLEOKYYEGOL Broms
9mdbdoM9d9eds 0530 03MIBML 3000BMOEHS© S MUSBROMLME EgdbmEMyoslimsb dTomdolsl.
3600369 mzg5b0s,  OHMI  mommgmwo  3mdbozsgool  BmMTs, GmymOE  9dm3omMo,  obyg
1bJ30mbsmMo, ogml mdbdscmgdwoliodgol bgerdobsfizmdo, golvggdo s 9B39JGIMo.

3Mb690M030  dmEgwgdo  3609369wm3zs6 MMl SLOWMEgdl  UX-8o, ©oysb obobo
3obLsBW3M539D, MMPMO  500d350L  FMIbToMYdgEo  LoLEBHYIL. vy EOBsobo 53 FMEYEOL
d99L505390s,  05dob  0bBHIOBJoLO  MBROM  0MEEs©  JOoLORIBOS.  ODL0bYMgdTs  Mbos
395M30m36Md0IOHMB, MHMA IMIbTsMgdggdl 56 59300 ALRS3LBO MbYdMOZ30 FMEYEd0, sdoEmd
©0Ds0bol 3MMm3gudo 360d369wm35605 899993530098 Imdboro MOMMOgMHNIIgIdol 3Bgdo, Moms
dmbgl LobGgdol ImEMgds ITbTMYOEOL 2oblbzs39dww 4MmbgdMH0Z IMYEMIb.

5990056 258m30bsMy, 990dwgds 00d3sL, ™A HCI-ol dobsbos, 894absl Mx5mM 530s©
3oL53900 s IMIbTsMGOEGOOLMZ0L 3MIRMOEH™MWO 0bFGHIORIOLYdO, MM 5©5F0569dds FgdErmb

9%393GIM5© 259m0Yygbmb 3d3099GH9MEo LobGHdgdo S GH9dbmemaogdo.
oG OGO — References — Jlureparypa:

1. Official Guidelines for User Interface Developers and Designers. Internet resource:
https://download.microsoft.com/download/B/0/7/B070724E-52B4-4B1A-BD1B-05CC28D07899/Human_
Interface_Guidelines_v1.7.0.pdf

2. Cooper A., Reimann R. (2023). About Face 2.0: The Essentials of Interaction Design— Wiley
Publishing Inc. https://books.google.com/books/about/About_Face_2_0.html1?id=blLjIS9z31QC

3. Denig V., Essig G., Maas S. (1984). ,Man-Computer” Dialogue Systems. Adaptation to User
Requirements. — M., Publishing House “Mir”, (in Russian). https://www.vsu.ru/ru/university/structure/

communicate/pdf/comm-research/comm-research_2008.pdf
(UAsG0s dogdrycmos 3.05.2025)
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FOR HUMAN-COMPUTER INTERACTION ISSUES

Tevdoradze Medea, Dalakishvili Gocha, Giashvili Ia, Asatiani Tamar

Georgian Technical University

medeat@gtu.ge, dalagishviligochaO8@gtu.ge, i.giashvili@gtu.ge, t.asatiani@gtu.ge

Summary

The paper "Human-Computer Interaction Issues" analyzes the main directions of human-computer
interaction (HCI), emphasizing it’s importance in the design of intuitive, effective and convenient
computer systems and technologies. The paper covers the main directions of human-computer interaction,
such as interface design (UI Design), user experience (UX), interpretation and interaction styles and
mental models. For effective communication, interface design creates a visual side of the system and
convenient functionality that is at the same time easily understandable for the user. User experience (UX)
emphasizes how important it is to make the system comfortable for use and to take into account the user's
needs. The paper also discusses interpretation and interaction styles, such as graphical, textual and voice
interfaces. They determine how the user and the computer interact. Mental models convey how people
perceive computer systems and how the design should be adapted to their expectations so that it is simple
and intuitive for them. The paper describes the importance of these different directions of HCI in order
to create effective, easy-to-use and viable systems that best meet the needs of the user.

(Received 3.05.2025)

10 BOITPOCAM B3AUMO/IEVMCTBUSA YEJIOBEKA Y KOMITBIOTEPA

Tesmopanze M., Jamakumsumnu I'., l'vamsunu U., Acatuanu T.

I'pysunckuii Texundyeckuil YHUBepCcUTeT

medeat@gtu.ge, dalagishviligochaO8@gtu.ge, i.giashvili@gtu.ge, t.asatiani@gtu.ge

Pesrome

O6cy>xaroTcss BOIIPOCHL B3aUMOZEHCTBUA YeIOBeKa M KOMIIBIOTEPA, €r0 OCHOBHBIE HAIIpaBJIEHUS,
takue Kak: gusaitH uHTepdeiica (Ul Design), monssoBarensckuit ombiT (UX), CTUIM MHTEpIIpeTALMY U
B3aMMOZeHCTBUA M MeHTanbHble Mogenu. JIna sddekTHBHON KOMMYHHKAnuW AW3aliH HHTepdetica
CO37aeT BU3yaJIbHYIO CTOPOHY CUCTEMBI U YIOOHBIN (PYHKIMOHA, KOTOPBI B TO JK€ BpeMs JIETKO IIOHATEH
mons3oBareno. Ero omsir (UX) momuepkuBaeT, HACKOJNBKO BAXHO CHENATh CHCTEMY YLOOHOMH Iis
KCIIOJIb30BAaHUSA U YYUTHIBATh IOTPEOHOCTH IIOJIBb30BaTess. llpezcTaBieHbl CTHIM WHTEPIPETALUH U
B3aMMOZEHCTBY, TAKKe KaK: rpaduIecKuii, TEKCTOBBII U ro10coBoil uHTepdeticsl. OHU OonpeeIioT, KaK
B3aUMOJIEIICTBYIOT IIOJIb30BaTeNb U KOMIbIOTEpP. MeHTanpHble MOJENIH IIepefaioT, KaK JIIOAU
BOCIIPUHUMAIOT KOMIIBIOTEPHBIE CUCTEMBI M KaK AM3aiH JO/DKeH OBITh afallTUPOBAaH K UX OXUIAHUAM,
9YTOOBI OH OBLI IIPOCTBIM M MHTYUTHUBHO IIOHATHBIM JJI1 HUX. B CTaThe ONMUCHIBaeTCA BAKHOCTH STUX
pasnmuunbrx HampasneHuii HCI ¢ menpio cosgmanusa s¢deKTHBHBIX, IIPOCTBIX B HCIOJIB30BAHUU U

JKM3HECIIOCOOHBIX CHCTEM, MAKCHMMAJIPHO OTBEYAIOIIX HOTPEGHOCTHM II0JIb30BaATEJIA.

(Hocrymmna 3.05.2025)
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3565¢9M0 3M1M530M9ds Web-939e0m33gbEdo
09620 dobEedy
LogoMm39wmb ¢9gdbozmemo mboggMbo@gdo
t.bakhtadze@gtu.ge
69bomdy
35M5WYO0 3OMYMSG0MYdS 39053035:309000 3dsmdol gordx mdgligdol i3bsdgbdme
396500935 09(35. F6M5350BOMMNZ0560 3MHMEILMMGIOLS s 3W09gbE)-1gM39MHOL Yobsfowgdmewo
504039JAHMO0L  50H9g3905Lmb MM, MsbsBgmM3g 390 LoLEGHYIYO0 L MRGM TYBHOOS
5930900 3565 gEobBdBY 753060900, TsbTEHIO0MIIOLS s 9BIJBHMIOMdOLMZ0L. g
bAoGos 03393l 399949630000090580 350G 3OHMYMHT0MGOOL oMM  3M0B(30390L,
3990mma0gdls s godmygbgdol d9dmbgzg39gdl, M3oGs@glbs JavaScript-bg, Node.js-bg, Web
Workers-bg @5 360535¢0653500056 §996035%9 oligon backend Bs®Bmqddo, Hmam®oss Python/Flask o
C#, sbggg PHP-%bg. 0890:mbg93900L 330093900 5639693l 6gocw® 1sdgs®mmBo 930353090bs o
0985m30L  LOMEIYMRLL.  3PBIW03o300L FoBBos sbg3zg sbowro 33e939d0L bGHOTMOEMmYds ©
Lo96039MLOGHYGH™ LHogergdsdo sHsE0 OLEO30bYdOL S LOLHgEM-FIMPYIMHO WOEBHIMSGHOOL
090053905 S ©BYMY3.
1533956dm Lodyggdo: task. Parallelism. Data. Pipeline parallelism. Browser. Javascript. Web.
Workers. Node.js. Python. Flask. C#. ASP.NET. PHP. CLIL.

1. 8glssgsemo

39%0L 93m)30sd LAHSHOINOO 3390IPOED 3MILIJLNO, 0BGHINIHOVE 53€03>30Y-
05009 35M5goHBIoL 259mYyghgds A9BI30MMBD.35MOGEMEMmO 3OMYMmHT0MGOOL 3Mmb(39BE0S W
doM0m5O  3MMdEYId0 O 3500 9dHY39BHOL DBMAOghHmo gBgdo AsBbowIos  sOLYdM
09o6Hmgddo [1-3]. 05b5d9MM39 3905303530900 bBoG>© d0mbM3L MYoerw® EMMI0 (195306905,
36O ©9353905L s dmbo3gdgdBg 0bBHIBLOME M3gMH309dL, MMIgms 9539dEWIMOE FsOM3s
993 gd9os  9MHmbs35000560 Fglmmgdom. 35MOWgMO  3OHMYMToMYOs 58 3OHMIWIoL
9939090 93593900l JOMOOMIWSE  FLMMEgdol  TgLodEgdEMdOm, o3 IR MIJLGOL
LoBJoMgly s MglGLYdOL odmyggbgdsl.

LAOG0sdo B39 asb3z0bowsgzm  39MoEgwoBdol  doGoms  3mbEgBE0gdL[4-8],  dob
d9L5050LMdL  3903563005M9d0LNZ30L @S 0oL, M) OMAME  Yfigmdl byl bbgzsolibgs
3G0580M900L  2oMgdm s  BIOBMYGO0  35MOWgE  ©9v)ds3905L.  olig3g  29630b0s30m

3654303 B3965M9dL S FLEIME9dOL F9EYRIOUL.

2. »9mGHoryeo bsgmdzgeo
35M5WgM0  3OHMYM5d0MJ0s  olbdmdl 3OHMdEgIol ogmBIl  FMM30IdI b

Bobg3Mo ©sdM)3000909¢ 59M 396935, HMIGWDS JOHPNOOMEs© TgiM¥Iegds3 glodergdgEros.
396Jdm, 99000930 pboom:

e 0535¢0gd900L 35M5ege0Bdo : Lb3oslb3s BMBI300L 35O gEEms dgbeegds (3sy., API
2900dsbgd900, Lbgssobbgs Ul 3m33mbgbd ol M9bwg®obyo);

e dmbsggdoms  356weEgoBdo: 9HMO s 03039 ™M3JMHO300L  JOHMNOOMWSE gl gds
9mbsgdoms Lbgasbbgs bafoebyg (059, 00O IMbs3gdms Bs3Mgdol bsforgdol sd«ndsgzgds);
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e 30639000 356M5¢rgm0Bdo : X5F3O0 M39M530900, BOIE JOMOL Qo8MTogz5¢0 IgrMOL
990953500005, IgLMH¥IEg0E0 35M0GEMS© (35y., 3MEE0dgomeo 653500);

396590 HBdo 9odegds ogml:

e BOYE0: 035(005 2503900l EOMOL 96 BsGBRML Joge (5., Node.js dmgargbols 303w0).

e 503565 300306  3)d53900s  3OMYMToLbEBHOL  dogH  9dgdol, 3MmEglgdol 96
3bobdMHMbmo ©3519d9d0L 39dzgmdom.

3565 gobIol BHodols s dgLodsdolbo 0bLEBHMMTIBEBHOL goagds 3M0G03Mws© d603369-
©M35605 9839dGHIM0 390530003530900L dgbsgdbgersco.
3. 3565¢ge0Bdo dMsMBYMHT0

> JavaScript s 8m3¢gbgdols 303¢0

JavaScript 0949gbgdls 90006535006 3565 gobsEool  dmEIWwl, GMIgwog Im3zwgbgdols
30300 0856009ds. J0vbgs3500 0dobs, MM JavaScript-U 56 Ggwderos 36535000 5535000L 30653060
d9LOMgds, ol 0ygbhgdl 5M9dM3I0MYd5© LObIOHMbM B6J3090L (13993930060, I30MYDS,
abobJOMbO/dmEm©obo)  8993565/458myg39b0l s BHo0dgeBy  IxMdbgdwo  Bm3zwgbgdol
9BIIGNOQ ©obFFI39dW.

9o oeomo_1:
fetch('/api/data’)

.then(response => response.json())

.then(data => console.log(data));

U 5650 M30690500 T9gz565/g5dmligams Folid@od0Mmgds0 30gbEOL oML 53003530900l
090053900L 535600 B30MSEBHGLBMDS.

> 390999353900
300049853900  3M5HMgdTdo Mo 356M5egwoHAl  MHOHNMB39YMBI6 35 GdGOOL
3696 653500909 2900539b0m. 0lobo 0o M0 A5TMNMZE0MO 06EIBLOIMO sTMEFIbgdOLIZOL,
OHMPMOO(359:
¢ LYOOSMOL BOWEHMSE0;
e (OO 350995@039M0 M396M5(30900;
e JSON-0bl 5399353935 0 dmbsigdms b536M9090%bg.
3oQ5¢000_2:
const worker = new Worker('worker.js');
worker.postMessage({ data: bigArray });
worker.onmessage = (e) => {
console.log('Result:', e.data);

b
3000053906 o6 5d30 {igomds DOM-bg (Document Object Model) @5 “9OH»0gHNMd6

399md0690900L  go3ol gbom. gl YBOHMB3gEYmGBL 65350090l MLIROMbMYISL, TogMsd
19H050DIEOOLOL T5EHYIO00 barxqdL Jabol.
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4. 356s¢rgobdo Backend Web Development-8o
> Node.js @5 8mgmgbgdols 3ogemo
Node.js 04gbgdl 5615830609050 89y3965/58mg3560L dmEgl, GMmdgwoy osRwdbgdIos
903w gbsms 303bHg. ol 3969 FJ9BIMJdS 8993565/459my3560l LobEYIdmMb ©s353806MgdwM
50m35690L. CPU-bmsb 0539380690000 5803569300300 3o69¢gero®Bdo doomfigzs 899y yboo:
e 3M8s 0gd900 : Node.js-ols 3dMd0w&0 193900, HMIgdog Foedmoagbowos 3gMlios 10.5+-
do.
o 3aliBgMol 3cmeo : 36535¢d0MMZ30560 3OMEILMMIIOL 253mbaggbgdasc Node.js-ol
96153500 3GM39LOL 4503905
dogomomo_3:
const { Worker } = require('worker_threads');
new Worker('./heavyTask.js');
B 299MM30MO MmA030L A9dMmYgMAol  1sdwYsEgdsl 0deg3s Jms35M0 Bo3ooligsb, o3
9% ™d9L9OL odBSMIMBIM0S6MBS.

5. Python Flask-oo s dwen@odmmgglgdo

Python-ol GIL (Global Interpreter Lock) CPython-8o b6s8@30¢ 3sMowgun® 65350090l
bomsgL. Flask-ols dbgsglo 390 89J969d0Lbm30L, I EH03MmEglmMMEo ©s3w)dsgzgds 3909gLo
350056305 3M398MOOL Id0T 9351 gdGOOLMZOL.

e 3M5353MHMEgLOMOHVIEXO BMEVIEO (35E3GIE0 3OMEILYIOL FoerBmdaBOU. Lydwoegdsl 0dEg3s;
¢ Celery + Redis gob5{ogdme 3:mb60309m65309830, 3mbm (190300, 935930l 53353900l
L53ogdSL 0deg3d.
90500 0_4:
9653530 M39LMM060 3MIM(39U06 03O GO
def heavy_task(data):
# intensive processing pass
p = Process(target=heavy_task, args=(data,))
p.start()

6. C# @05 ASP.NET 3565¢mgemm®o ¢9J603900

ASP.NET 8bs6l 139O 1o0dgm 3560509 360H:ma6sdoMqdsl 9990090 3boom:
e async/await sL0bdHMb0/dmemobols Mgg080;
e Task.Run and Parallel.For ©os35¢»90s .Run o 3sGogngerméo For;
e TPL (0535099900 3565gawo d0dX0MMY3d).
955¢000_5:
var taskl = Task.Run(() => ComputeOne());
var task2 = Task.Run(() => ComputeTwo());
await Task. WhenAll(task1, task?2);

9L MBOMB39ymxl Mgoa0mgds API-gdl 3dodg 290mmzargdol 96 Fgyzs60l/gedmyzs60l
53056900 99dmnbz935d03 30.
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39M5¢EIOH0 3MHMYM306MYds dglodengdgeros PHP-Go, 00mdiss ob oligomo 8563030 96 s6ob,
MmO 3 BMyoghm bbgs 9bsdo, Gmameoass Python, Java 6 C#. PHP ms3s306MH39ws 894dbogro
0y Lobgmmbmeo, 9Mmbs3zoosbo TGt gdolbmgzol (JoM0mss© 390 dmmbmgbs-3slimbols
(303900Lm300L), Bo53d 3565¢gE0BIOL QoBLMEM309wgdOL M5IIB0TY aBs SOLYdMOL:
1) pthreads-ob g59myggbgds (bmerme PHP 5.x - PHP 7.2);

N

35M5WYOO Q9BM0MGIOL 59mygbgds (PHP 7.2+);

S~ W

535090900l G000 s SLobJMmMbBMEo LolEgdgdo;

)
) pentl_ fork()-ob godmygbgds (Abmerme Unix/Linux);
)
) ReactPHP 56 Amp.

Ul

99%er©3gdo:
® 56 5oL GLoRIOOLO 3565 gEPOBIOLMZ0L FOIM3gLMOOL J0IMHO IEZOOMNZOLLL;

e PHP-ob 99blog®mgdol dmgero s dmmbmgbgd®g sxdbgdwmero sbogmabarm 303wo 399
30639JduGHd0 659300 653500056 gl Mg,
* 95006 M™MJo 96 8dodg 35Mroegem@o Lobgdgdobmazol gobobowrgo Python , Node.js , Go
b Rust;
b9 Jdosb godmdobstgmdl, Mmd PHP-80 3565wgemeyto 36H:myMsdotmqds dgladeng-
090 99900920 aboo:
* 35650 (196sdgmmgg, CLI-Logzol);
¢ pcntl (36m39LbY sx8IbgdMEo, dbmerm Unix);
e Curl Multi (3s®s¢rganmedo HTTP Bo6gdo);
¢ 5bobJHMBMWO BOdWOM™MY3900, OHMYMMO355 ReactPHP 56 Amp.

30099 583369090 565¢ro@03M0 3s6g¢ro d90mBs390ve0s 3990090 BMbI30gd00:

¢ React (frontend) + Web Workers JSON 5996b5¢0900l ©@ob634)853900o0;

¢ Node.js (backend) Worker Threads-00 dmbs399900l dgx59930bm30U;

¢ Redis Pub/Sub 000bolidogdgdol gscoe mmdo GEMsblemsgoologol;

89©93900:

o M953060900L 45%-0560 gordxmdgLYds;

*  QOEO M5 bMdom IMbs399930L F993560L5L IdM3Z0L EMMOL 60%-000 F9d3069ds;

e 3LIEHB0MgdMwos 1000+  ghHoOMMEo  300096@0L  FBIMIEILFINS©  LBGHOdOW MO
d9LEOMEgdom.

50 0mbo(3999dds frontend o backend 3sMogeroBdol »OHOYMNJIgEId0L 9339dBHwIOMDS
§o63msPobo.

7. 350m{j393900 s 99BM©3900

d0bgs35©0 03ols, MM 35MOWIEMMO  3OMAMT0MGdS  5MIXMIGLGOL  Bdomdsl, ol
§o6dmdabol asdmfj39390L:
e B0l 30MHMDIDO : IM535¢0 B350 JMMNOOMMES 09496gdL LogHmm MgliryMLYdL;
e Bobgdo : @60 56 390 0935 3969LsDM3MYX0 3500 JEOMOGDY;
e 3595030l LOMMMEY : JOPEOMXYMIOL 453M T30 IJOOL 50MBYBs MTBOHM HMNYEOs;
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o Igbliog®dOL R9IGHZOMMZS: 553500900 s 3953900 BOOL MIgMs@oweo dgbliog®gdols
2990yggbgodsL.
15993979 361593035 F9a300¢005 Bo3MZoMO:
e 653500900LmM30L MBOBOMbM dMbs37005 LEOIEHIMYOOL godmygbgds
¢ 25H05MGOME0 (3350090500 dEYMIMIMIOL 1930000 530dS
¢ 9OHNOOMMEOo FguOergdol HgRoLEMmOMGds s dmbo@mMobyo

8. 3cds53¢0ls 303593930

3903963005690580 3565 g0BIol ImFszsel ©53g603g GH9bgbE0s JobLBLIM3L:
¢ WebAssembly Threads : 6590030000 36535¢2d5930560 $9dbmamao0l godmygbgds dGombgMgddo
WASM-0b bodwoegdoo.
e UBgH3gMol 25MH989 5MJoBgIBMMId0: BMbJ30900, OMIWIGDOE 35MOIEIMI®  LEOYYEGDS
30b390bgM9gdl meob.
¢ Edge Computing : 35659960 0535¢0g0900 450059600 965§0gdve 30000L 3356d90%9.
e bgwmzbmmo 063¢gmgdBHom MmO EsBEZ0Mm30L EsdIEBLYDS: ©0H5303MMO IZSWY-
09%0b 45bsfogds 3sbdsbm®mo Lfogwgdols godmygbgdoom.
obgmo  BsOBMgd0, Mmam®o@iss Deno, Bun s Nextjs, 5939 o85MmMmgdL  Labwgz®gdl
330d0Hgd90 35059 Mo ImEIErgdol 4sdmygbgdoom.

9. 3365

39M5EgEMH0  3OMAMTOMGIS 50  FoMTMoygbl  3909963000009008  30HOMmE©  L3gEos-

@0HoMGM  BHgdbogzol. ol sEowgdgwo  gobs TGO IEgdol,  Mgox0M9gd0L @
351935006M9d0LmM30L. 3908493539006  IHYdWo  BMSZIW3OHMEFILMG0s6o  39d9bgdom

5305360900, ©I39WM3GOJOL by 53 §3m™ds dwogld oblEG®MIIBEJOBY 9RJGHGO
33035309000 dgLogdbgars. Mosh 3930 530MdgEgdL 2563000569, 3565 gE0BIOL dodmygbyds
2390053093930 0dbgds  ImIbTsMdEol  dmerm©obgdols s LobEgdol dmmbmgbgdols oliogds-

JOBOIOWIQ.
o 9Ms¢y®s — References — JIureparypa:

1. T. Bakhtadze, I. Rodonaia, M. Gegechkori. Analysis of parallel execution time of hyperthreads for the
Open MP platform paradigm. Proceedings of the Archil Eliashvili Institute of Control Systems of GTU No. 26, 2022
pp. 142-151. ISSN 0135-0765.

2. T. Bakhtadze, I. Rodonaia, M. Gegechkori. Analysis of data race and research of ways to overcome it in
the OpenMP paradigm. Proceedings of the Archil Eliashvili Institute of Control Systems of GTU No. 27, 2023 pp.
170-180. ISSN 0135-0765.

3. T. Bakhtadze, I. Rodonaia, M. Gegechkori. Method for determining the share of parallel operations of a
computer program for assessing the acceleration of multiprocessor and multicore systems. Collection of works of
the Archil Eliashvili Institute of Control Systems of the Georgian State Technical University. No. 28, 2024, pp. 159-
164. ISSN  0135-0765.Mozilla  Developer = Network.  "Web  Workers".  Internet  resource:
https://developer.mozilla.org/ en-US/docs/Web/API/Web_Workers_API

4. Node.js Documentation. "Worker Threads". Internet resource: https://nodejs.org/api/worker_
threads.html

5. Python Docs. Multiprocessing. Internet resource: https://docs.python.org/3/library/multiprocessing.html
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6. Microsoft Docs. Asynchronous Programming in C#.

7. Lea, Doug. Concurrent Programming in Java. Addison-Wesley.

8. Mohammad Alsmirat, et al. Multi-threading in PHP Web Applications: A Performance
Analysis.nternational Journal of Advanced Computer Science and Applications (IJACSA), 2016

(UAsG0s dowgdoycmos 10.05.2025)

PARALLEL PROGRAMMING IN WEB DEVELOPMENT
Bakhtadze Tengiz
Georgian Technical University
t.bakhtadze@gtu.ge
Summary

Parallel programming has become a fundamental paradigm for improving performance in web
applications. With the rise of multi-core processors and distributed client-server architectures, modern
web systems increasingly rely on parallelism for responsiveness, scalability, and efficiency. This article
explores the main principles, technologies, and use cases of parallel programming in web development,
primarily on JavaScript, Node.js, Web Workers, and multithreading techniques in backend frameworks
such as Python/Flask and C#, as well as PHP. Case studies demonstrate real-world applications and
performance improvements. The publication also aims to stimulate new research and introduce new
disciplines and teaching-methodological literature into university teaching. Parallel programming is no
longer a niche technique for web development. It has become essential for performance, responsiveness,
and scalability. From web workers to multiprocessor backends, developers now have access to powerful
tools to build efficient applications. As the web continues to evolve, the use of parallelism will be critical
to meeting user expectations and system requirements.

(Received 10.05.2025)

ITAPAJUIEJIBHOE ITPOTPAMMMPOBAHMWE B BEG-PA3PABOTKE

Baxrazze Tenrus
I'pysunckuii Texundyeckuit YHUBepcUTeT
t.bakhtadze@gtu.ge
Pestome

HapaJIJIeJIBHoe IpOorpaMMHUpPOBaHHUE CTaJIoO CI)YHILaMEHTaJIBHOﬁ TMapagurMOM JJsg IIOBBILIEHHWS IIPOM3-
BOOUTEIIBHOCTH Be6—1‘[pI/IJ'IO)KEHI/II7I. C IIOABJIEHUEM MHOI‘O}I,D;epHI)IX HPOIJ;BCCOPOB u pacr[pe,u;eﬂeHHLIx apXI/ITEKTyp
KJINeHT-CEpPBep COBpeMeHHbIe BeG-CHCTEeMBI BCe OOJblile IIOJATaloTCs Ha IApajUleiu3M Ajas obecledyeHus
OT3BIBYHNBOCTH, MaCH.ITa6I/Ipy6MOCTI/I nu BQ)(l)EKTI/IBHOCTI/I. B ,E[aHHOﬁ CTaThbe paCCManI/IBaIOTCH OCHOBHBIE HpI/IHI.LI/IHBI,
TEXHOJIOTUY U IIPUMepP5hI UCII0Ib30BaHUS ITapaJljieIbHOTO IPOTrPaMMHUPOBaHUA B BeG-pa3paboTKe, B IEPBYIO OYepeb
Ha JavaScript, Node.js, Web Workers 1 MHOroImoToO4HBIX MeTOaxX B TaKUX GpeliMBOpKax 659koHIa, Kak Python/Flask
%) C#, a TaKXxe PHP HpaKTI/I‘IECKI/Ie HPI/IMePBI ,ILeMOHCTpI/IPYIOT peaJ'IBHI)Ie HPI/IJIO)KBHI/IH nu YJ'IY‘II_IIEHI/IH
HPOI/ISBO,ILI/ITEJILHOCTI/I. Hy6JII/IKaIJ;I/I$[ TaKXe HaHpaBJIeHa Ha CTI/IMy.T[I/IpOBaHI/Ie HOBBIX I/ICCJIe,I[OBaHI/IfI u BHe,I[PeHI/Ie
HOBBIX JUCLHUIUIUH U yqe6Ho—MeTo,queCK01‘/’I JIUTEPATypPhl B YHUBEPCUTETCKOE 06y‘{eHI/Ie. HapaJIJIeJILHoe
IIpOrpaMMUpOBaHue GOJbllle He SBISETCA Y3KOCIEI[MaJIU3UPOBAHHON TeXHUKOM A1 Be6G-paspaborku. OHO cramo
HEOOXOZMMBIM /JJ1 IIPOM3BOAUTEIBHOCTH, OT3BIBYMBOCTH 1 Macmrabupyemoctu. OT BeG-BOPKEpOB [0
MHOI‘OHPOHeCCOpHBIX 63KSH,ZLOB paBpaGOT‘IHKH Tenepb HNMeIT ,Z[OCTYH K MOIIHBIM I/IHCTPYMEHTHM AJId CO3MaHUuA
addeKTUBHBIX HTpuIoxKeHUit. [IockonbKy Be6 IIpof0/KaeT pa3BUBAThCS, NCIIOIB30BaHNe IIapajlIeIn3Ma OyAeT UMeTh
pelualoliee 3HaAYeHUE [I yAOBIETBOPEHI OXXULAHUI ITOJIB30BaTeIeN ¥ CUCTEMHBIX TPeOOBaHUIL.

(Hocrymura 10.05.2025)
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3oM39¢30bgameo 330930l 3083MVIE0 33¢MBsGH0BsGgoOl
LolGgds .NET 3¢gro@gm®s®y

39932960 69d5dg, 09960b dob@oedy

LogdoMm39wmb ¢9gdbozmemo mboggMbo@gdo
nebadze k@gtu.ge, t.bakhtadze@gtu.ge

M9bomdy

00BbgLYdOL MsbsdgMM™M3Y 496300560905 9degdgeros IMdbTsMmdgE By MOOYbEHOMYdIMO,
LobMm s @OHMMEOo 0bgMEOTs300L  FoMgdg. FoM3gE0baMo 33w 3s LimMg 53 58mEsbsl
99LsbmE9ds, bmerm dobo 30gOWWOo 53EHMIoG0DsE0s NET 3eo@dam®mdol 499mygbgdom, 3GmEgbls
boob LHOLxL, dndbowbs s obdGHIOMEML. LBEGH05d0 obbomEos LolGgdol s6Jo@gdEwere,
d0M0MOO  3MmEgd0, Bs0E030L  sEYMOHOMIYO0, MLIROMBMYdOL d9gsboBIgdo s dobo
99056905 5B IObsGHOMw 3O BHBRMOMIGOMB,  Ho®dmygboos  Bgomm@o  sbgMp30l
3960U39dBH035 s oI MdYBYOOL M93mT9b3E0gdO.

1353396dm LOEY3900: FoM39E0BYMEO 33¢935. GOBOEO BYdbmEM0s. 533MT>EODBSE0s. .NET
3E5GHBMOo.

1. 3glssgsemo

956 393H0bgyMwo 33c0935 FoMdmoygbl bLGHMoGga0rIe 0blEMWAg6EL, MMIgerois 33356090l

05DBMoL 3H9bgbEogdol, dmabAsMYdgWms LoFoMMYGdJdOLS s 3063MMY6GHIOOL J3930L bsEr0BTo

9b356905. 306500096, BHEMOIOE0MWO 33093900 O MJLOLL dmombmal, SToEHMI 5)(30¢9dILO
bgds 300 39L0L 533MA>GH0BOEO.

NET 3@o¢@3m®mdsbg 03900 bob¢gds 0derggzs bOegslmgsbo ds03g@obymwo 330930l
303wol—30mbg5M900L  d94dbol, Imbsgdms  FgaMmgzgdol, sbsobols s  sbgscmodygdol—

533M35@0Do300lL Fgladergdermdsl [1-10].
2. 356393063 Mo 3300930l sGLO s LEFOMHMIDS

3563930630 33935 Im0E3L MmO GHodl: 30MH39esO (399Mm30mb39d0, 06¢gM30999d0) ©S
3906500 (LEHGHOLE0ZS, B3BEOOL s6FM0T0). oo FMH35M0 58M35655: FMTBTMYOEPOL dmmbmgbols

39bLsBW3MY, 1YRTIBEHOE0Y, 3939300608 B0MYds S BoM3YBH0bYME0 3583560900L Tggolgds.
GOBOMOo  L5dMswgdgdol  0b6GHIMms3000  Fglodwrgdgero  asbs 3330l 9BEe3gool
39956303905, 9839JGH056MmdOL BOS s F99YAgO0L LHGSTRO sTMTo39ds.

3. LobBgdol SMOJoBgdBs s BMbJsombago

LoLEGHYTd O93MAbYOI0S B35 RIB0E sGIJ0EgIBHMOSDY:
 Presentation Layer — dmdbds69dqwmsb mémog®omds (Blazor/Angular);

o Application Layer — cvmg035 @5 H®mM9d%g 055319693900 §i30mads;
o Data Layer — dmbs393ms 35%s (SQL Server, PostgreSQL) EF Core-oo.

BJ30O0 dnEwydo:
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e 33w930L 99999953905;

o 3000b35M900L MHJOIJEHMMO (I6535¢MRIZ0M0, V05 30Mb39d0);
o 95w M@Io Imbsggdms G9OHM3909;

e 56396008905 S 30DV BIEOs.

4. 3,9 gdoL 53BMT5BH0BIE0d
> 53¢mM0bo3g0os (.NET Identity)

e ImIbToMGOOL M10LEHMSE0S O MHMEgdOL JoOrMNIo,
¢ JWT token 530096035305 API-bongol,
¢ RBAC dm@gro.

> 33wq30lL 39b69Mo@ ™Mo
e 3000b356M900L 30D MEO 539ds (drag & drop),
¢ 3000b3900L 35¢P0(309,
e 35b19bgdol 0bsdozMMo T9gbobgs.

> 890093900L 565¢00B0 s 30BHEoB30s
e Lo3Msem, 30:Mm 3963900, gadab@ogos,
¢ Chart.js 56 Telerik-bg 593369030 6593039d0,
¢ Excel s PDF g3m®3ds@do gdudme@o.

5. 300b356900L 53 MBoE0BE0S

3000b350M900L  933MAoBH0bs30s NET 3wo@dgm®dsty (omdmomaqbl Lob@Ggdol gMm-96mom
MBm93609L 3033MbBEAL, HMIgwoE 33¢g30L ©sR9RT30L, Bo@oMmgdols s Imbsigdms dgaMmggdols
363988 3609369003650 5356 3H0390U.

LoLEGHQdsdo 3omMb35M9gd0 2969M0MPYds B3OS — T9bgx M0 96 50B0BOLEBMSGHMMO
Jobols sbogn 3309390, 9390 3ombgogdl drag-and-drop ob@gdxgolom s 0MBI3L 30mb3z9d0L
G0390U:

e BMOHWWO (9OMBY30560 96 IM35¢MhY30560);

¢ Qo> OodbdYeo;

e M90@0bymwo;

e 353030 (Fo290m, 95358905 bbgsalibgs 3Mo@gMowmdom).

LobGgds 0dg3s F93000b390Dg Ma030L Bsdo@gdol Fglodergdemdsl — o5 0MS,
306360930 3smbols G90mbgg35d0 89990 30b3900L 2odMEH™M390s 56 35sdoLodsMm9ds.

M9L3mbYbBHO 00Ol WbogowE dMWL s LobGYdsdo F3Lgdo JombzsMmo 0bsbgds
095096 OMT0. godmygbgdmwros 53@MIsGvMmo Ggbsbgols Bmbisombsgro (auto-save), 3GrmaMgliol
06@035¢)MM0 s M0oL3gdoLash ©o3meo d93bgdol d9doboBdgdo. J30mbzMgd0L  0bE ORIl
5Q033(30MGOIE0 IR ILIBHMS, 51939 B0 BMFYMBOLMDdYIOLMZ0L.

©o3M™M3000  35Lbgdo  0bsbgds  LBEBHM®MIGHMO0MYPdM  sbGowgddo  (SurveyResponses,
SurveyAnswers), Go(3 535003900 890092900L 5bseroBl. 9glodegdgeros LEs@GoLEGH03IM0 53095309,
1923969305 O 30BOOB305 MIMsM® 35LIHYdBY OYMHPOMdO.
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5.1. 89300063900l EMy035 5 30MMI0MO YoELZEYOO0

LobEGgds IMAbToMGOYL Lodwoegdsl 533l ASBLEBEOZOML MA03MMo [aligdo J0mMb39dL

FmM0U. Fogowoms:
079 35bvbo = 0605 — 358mEHM39 9930mb3gg00 5-8 - RSO 9-Bg.

50b0dbmwo  Bbd0mbocols  EsbdsMgdom  Tgladwrgdgwos  MgdmbgbEHOL  3slbgdbg
©9Mbmdom, dmdboo @y FoBbMdIMOZ30 30mb35M9d0L 53905, M3 Mogol dbGOZ SF30MYOL
9L3mbIbEHOL BHZ0OMNL odm30mbzoLsl, Mg bgdoldogMo 33¢wg30L 3608369c™m3s6 gergdgbEl
Dot0mocp9bl.

5.2. 3000b35(Mgdol 953¢mbgdols 9gbsbgs s bgasbagro 358mygbgds

LobGgdsdo  dgLodegdgeos  300bgz5Mgd0L  LEMWIGHwWEOOL  dgbsbgs  MHmam®E  Fsdermbo.
350crmbgdo  bgedobsfigomdos 33arg3ol  d9bgxgmgdolmzgol s oo bgersbswro  45dmygbgds
59306901 MOHMOLS s bbgs MHglryMligdols botrxgol.

350c0mbgd0 29bL53MPMGO0M 9BgJBHMO0S 96TgMMgdoMO  33¢g3900LMZ0L 96 LbgsILLZS

6930mb6d0 00096&MM0 330930l Rolio@oMgdws.
5.3. 0583900l 3b6EHGMEO s $BMbodYMo Mgzodo
3000b306M90L dg0degds 3Jmbgo bgsslbgs fgomdol omby:
e EBNOHMEWO — FHMEME 53EHMOOBYOE0 FMIHTMYDdLGOOLMZOU;
e 05 —03wol dJmbg 6g30LdogMo 3oMobmzol;
e 56mb0dMM0 — 56 bgds 306MH5EMdOL 0IBEH0B0IS(305.
bmbodm®mo  Gggodo  MHOMB3gymal  ML3dMmbgbEHol  3MmbxzoIbEoSMMGMBL, M3

93002909005 BgbloGom®o M9gdgdol ddmby 33wg30Lm30U.
5.4. 86535¢gbm3z560 b1 F M

LoLEBQTSL  0gd3L  AMOZoEgbM3sbo  F9dsbobdo, Mog Tgbodegdgel bEol ghmo s 00539
3000b356Mm0L FoMggbols bbgoalibgs 9bs%by.
e oMY 30mbgol dgw9deos 3dmbgl MsMdsbo;
e MH9L3MbEI6AGHL G905 S0MmBOML 9bs 30mblsMOL sfygdolsls;
e MmI0DsE30s beaM309w0gds NET-0b 6H9bMbgdol 3s0egdols 56 dmbsggdoms 35Bols

©mbyby.
6. 3mbogdos sdmds3gds s BI 0b@ga®sgos
dmbs390990 dm8s30q0s LINQ-U d9939mdom (.NET). Mgocmne Mmdo 2565begds
bgds SignalR-ol godmyggbgdom. BI 3bs®rqsFg6s dmoaegl:
o Power BI - 069365305 REST API-om, 0b@&g6sd@GHowmwo Dashboard-gdo;
o .NET MAUI - 8mbs33989000 80006/ qlg@ ™3 3900530 30DwseoBs3os.
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399009496905 d0dW0Mm939d0: MathNet.Numerics, Statistics.Net.
7. qbsxONbMYds s 3m6B0EIBE0MOHMDS

LoLEG9dsdo JoBbMEM309wgdME0s:
e RBAC - {)300m30l 3006 M@0 Hmeols Jobgoz0m;
e ©5d0x36Ms — HTTPS (TLS), AES 8bs399930Lm30U;
¢ GDPR 99l53580L0135 — 8mbs399005 306085¢r0Bs300, 580l vRwgds, 056bIMdOL BMMIGdO;
¢ ILogger 1©00&0 — dm3bocmgderol §dggdgdol womyotgds.

MBogBOHMbMYd0L d9ds60BIgd0 MB@mblzguymaly Lsbm dmbsigdoms BBl s IMIbTsEMdEOL

QIEMOL.
8. BGHMYdS S LoliBgdol sbggs
©536009J3H900s IM5350Mb0sbo FHglBoMgds:
¢ Unit @gb3Hgdo — J0H0m©0 BwYbd30mbocrols Ggdmfdgds;
¢ Integration $gli$gdo — 3 gdL dmEob MOHMOIONIIgLIOs;
o UI gb3gdo — dmdbdomgdcerol b3gbstmgdols bodwyasios (Selenium).

CI/CD 0b@ga®ogos (GitHub Actions) ¢H6Mb39wymals gobsbegdgdol ¢fy39@ dofimmgdsls.

LobEgds 39939dMeos Docker 3mbEH0bgM0m ©s MBOMB3gYmBL FoMFGH03 49I9YOEGOSL
1939690l FmOOU.

9. 990056905 5emEgMBOGHOE 3sGHBRMMTJO0
» .NET vs Node.js / Django:

35M5393HM0 .NET Node.js Django
AgLOmEgds Jo®oo LodroEm Lodoom
0305305 LEASGOZMGO (C#) ©0obsdomeo (JS) ©0bsdomemo (Python)

B589690 505390
MsgGHNbMYDS PO ©0509020 Lodwgoenem
35050 000OM™93900L Lo FoMm

BI 9bst0s396Mo Power BI, MAUI 39O mEwo 3969 dOBELOMY3JOOM
Usfomdmm dbogymabs dogMHo Jo@oo Lodoom

NET 3580068935 99600100 900m, sgOHmbmgdoms s 3Om3wsGRm®mdwo dbsersFgHoo.

10. sl3369

85639¢0byMwo 33009308 3MM3gLYdOL  93GMAdEG0Bs30s NET 3wo@xm®mds®y wmbéHmb-
39094zl LOHYEGBILMZD, Imdboe s MLOIFOPBM Fosfiyz9@OL. LobEGYTs 535MEH0390L 33930l
©5392035L, 259m30mb3900L  oMmBommM3L s F9YRJOOL  BowODL Mo ME EM™MBTo. bmerm
69oM OMIo 0bxMmEOTs305%g bgardobszmdmds bsdegdsl 435dwqdl dogowmm LHMsgo,
06806IoOIRNo  50Y30HOWwIOIRO  ©d 9BIIOVMI®  33LYPM®  FYEIOZPE  (339WIVIR
396093 gd9gdL.

dobo sbgMy3s BoBsbTgfmboeos Mmamea d3oMyg, oby dubgow 3835609030, 33093000
396A®90Ls 5 LOYOEBIMWGIWM FgLYdMgd9dT0. 53BMBoBH0BsE00L 89839Mmdom 0BEMEYdS
98399G056Mds s I3060HYdS 50530sbMH0 Fg300mTol MOL30.
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@o@gMs¢®s — References — Jlureparypa:

Microsoft Learn — https://learn.microsoft.com/en-us/dotnet/ (10.03.25)

ASP.NET Core Documentation — https://learn.microsoft.com/en-us/aspnet/core/ (7.04.25)
SignalR Overview — https://learn.microsoft.com/en-us/aspnet/core/signalr/ (11.04.25)
Chart.js Library — https://www.chartjs.org/ (10.03.25)

Power BI Documentation — https://learn.microsoft.com/en-us/power-bi/ (20.04.25)
GDPR Overview — https://gdpr.eu/ (9.04.25)

Blazor Docs — https://learn.microsoft.com/en-us/aspnet/core/blazor/ (10.03.25)

MAUI Docs — https://learn.microsoft.com/en-us/dotnet/maui/ (30.03.25)

EF Core — https://learn.microsoft.com/en-us/ef/core/ (1.04.25)

MathNet Numerics — https://numerics.mathdotnet.com/ (7.04.25)
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(UAsAH0s dogdrycmos 15.05.2025)
DIGITAL MARKETING RESEARCH AUTOMATION SYSTEM

ON THE .NET PLATFORM
Kukuri Nebadze, Tengiz Bakhtadze
Georgian Technical University
nebadze.k@gtu.ge, t.bakhtadze@gtu.ge
Summary

This article explores the automation of the marketing research process using the .NET platform. It
presents a modular and scalable system architecture that streamlines every phase of marketing research—
from survey creation and data collection to real-time analysis and reporting. The proposed solution
emphasizes performance, flexibility, and data security, leveraging tools such as ASP.NET Core, SignalR,
LINQ, and Power BI. The study also compares .NET to alternative platforms like Node.js and Django,
highlighting its advantages in enterprise readiness and cross-platform capabilities. The article concludes
with practical recommendations for implementing such systems across various business and research

environments to enhance decision-making through data-driven insights.
(Received 15.05.2025)

CHUCTEMA ABTOMATH3ALINU ITUOPOBBIX MAPKETMHI'OBBIX
I/ICCJIE,I[OBAHI/Iﬂ HA ITLTAT®OPME .NET
He6apze K., baxtanze T.

I'pysunckuii Texamdyeckuil YHUBepCUTET

nebadze.k@gtu.ge, t.bakhtadze@gtu.ge

Pestome

PaccmaTpuBaeTcs aBTOMaTH3aIusA IIPOLiecca MapKEeTUHIOBBIX MCCIEZOBAHUIN C MCIIOIb30BaHHEM ILIATHOPMBI
.NET. Ona mpezcrasifeT co60if MOAYIBHYIO U MAaCIITAOUPYEMYIO apXUTEKTYPy CHCTEMBI, KOTOPasA ONTUMU3UPYeET
KQXKZIBIY 5Tall MAaPKETHHTOBBIX UCCIeOBAaHII — OT CO3ZaHUs OIpoca U c6opa JAaHHBIX Z0 aHAIN3a U OTYETHOCTH B
peanbHOM BpeMeHH. llpeziaraemoe pelieHue IOLYEPKHUBAEeT NPOU3BOAUTENBHOCTh, TMOKOCTH U 6e30IIaCHOCTH
JAaHHBIX, UCIOIb3ysa Takue nHCTpyMeHTHI, Kak ASP.NET Core, SignalR, LINQ u Power Bl. McciemoBanue Taxxe
cpaBuuBaer .NET ¢ anprepHaruBHbIMEM IutaTdopmamu, TakumMu Kak Nodejs u Django, momguepkuBas ero
IpeUMylIecTBa B TOTOBHOCTM K paboTe Ha NPeANpPUATHH ¥ KPOCCIIaTGOPMEHHBIX BO3MOXHOCTIX. CTaThs
3aBepuIaeTCs INPAKTUYECKUMH PEeKOMEHJAUMIMM II0 BHEAPEHHUIO TaKUX CHCTeM B pa3IHYHBIX OW3HeC- U

HCCIe0BaTEJIbCKUX CpeZiaX AJIA yaydIIeHN IIPUHATHA PeH.[eHI/If/'I C IIOMOIIIBIO dHAJTUTHUYECKUX TAHHBIX.
(Hocrymura 15.05.2025)
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05609309, 0bY, OMI BMYX IO 50580560-0MTbTsMHgdge0 535l 39O 30 05BMYIL. 3OMdIWYIGODY,
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63 BTN YGOM030 515939 J032IM0 MZ5WLBIBOOBO.

1553356dm LOBY3900: 6bMEHYIbMEMYos. bsbmaLomewmyos. Bgobo. bgarmgbm®o 0b@gwrgd@o.
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1. 8glssgsemo

21-9 ULomznmbol  go0mf3ggzss  bgemgbm®o  0b@gargdBo s dobo  msbdgzo  sbogo
9005000gds Bsbmgliodmmmyos. Gg@dobo ,,6560m%bodmermgos“ ssbEMmgdom OO ©s 00539

©@MML d9000¢)sbgl 39360969d3s: Bo03e 938(3Hg0bds - gdmemol MbogzxmLoEYEOL (533) 3OMBLMEDs,
0396390l ©960390L0GIEHOL BLogMmEMPOol SOHMBILMEOTs 35790 30MmEmd (OO dMHOEBINO)
@5 Ly 9330935635, BLOJMEEMAOOL 3MMGBIsMTs 3.0. ¢w0g3doids [1]. 3. GomEm Jmwyfemgdl,
I 29O »056IL 39bmEma0900 s BLodmEMa0s JHMYZM BMBbTI6EIOHO MgobiobyMobaols
900560 gdom, M5md 990E39WML  5©F0BMMO sOBYOMDS MGG GHOIOOL mbyby.
bgm3bmm M330MmEMI30M  GH9Jbmwmaogdl 9d3l LodsBm gqbmdol  Hg3HM©YYd30MEw™mdOL
MBoM0 - ImTo35¢0T0 35(3MOMOMBL Formabgb 300MmEMYJdS©, SBOMMOEIdI® s GHMIBL3MTbYE
95645690500 [2].

2022 §eools dofmermanls 459mBbs 30035309, Bos 0ermb dslizol 3md3sbools Neuralink-ols
360 Lobs®om  sfiygds  AbmBEom  LoBMPsEMYdsl  FDA-Lsh  (590-80  dmgdgwo
o692 0Mmgdgo  mMPobm -  LyOLomols @s  9900359963gd0L  bomolbol  3mbEHMmEol
LoABObYEMO) 5©0569dBY 3060390 300603790 300U BoBo®mgdolimzgol bgdsGm3z0l J030090L.
5L fob  MUFOGds 2020 gl asboboo, MmEaLsg  3m33sbos Neuralink-ds  FDA-Lob
dmombmgzbsby om0  doom. Neuralink-ds 330680 Bo3ol  033wsbGHocmgdol  Mi3egdols
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dmbo3M39ds  bgwdgmeg  asbsgboo 2022 fiemols 30639e  bobggzadBo dgo@ebs.  3md3sboo
Neuralink-olbl ~ 9o%obl  o@Mmoy9gboos 693Om@wmaon®  353096¢Hms  3m3bogzsiools
99L5dgdMdGOIOL  boMolbols gsbMHol dobbom 9.f. bgodmzmddonEHgmwo 0bdgmagolol
d9496s. 6935035, 5©5305BoL 330680 Bo3ol 0d3WsbEs300L  Jglsbgd 3mB3s60sd 2022 dsolido
doomm. 30Gmgd@o 6 Fgwbg sMHob gofgMowo s 3e00b03MMO 3s 35Mo0DYOMW 5©sd0sbgdbY
BoBoM9ds. 083¢sbBo, G30b0lb 03 Mdsbdo Boodqds, MMIGE0E 9©30560L  dmEHMMOIL
530bGHHMgdl. Bodo Logbowrgdls 3md30BHIOL 2oRBogbol, MMIgmog msgzol dbMog dowmgdwwo
068m635:300L ©93MOMYdSL Fgdergdl. 2024 fierol dofrOHmel 339 Po@oMs dbgsgzol m3gMsgos
500530560l H30bby. 0939 MBS 90obodBML, MM 3m33sb0sd ,Blackrock Neurotech® sodobols
&30680 Bodol BsbgMzs %96 300093 2004 Fganb gobsbm®ogws.

owmb dsb3ol 3m335600L 3OMEMJBHL Telepathy os®gaql. Telepathy-l 999dergds qmbgdoom
G99BMmbols s 3mI30EHIMHOL 253mBGHOM®gds (6b.1). 0935 LodmEwm™ F9ga9dbY Lyds®O

X 96 bssc0M9300.

6sb. 1. Telepathy - Neuralink-ols 3og® 89Jdbowmo &30680 Bslisbg@Mao Bodol 0d3eabEo

2. 3060050 bsfjogro
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@5 99083Mmm9dL.

L 5JBHOYOMSE sBMME0JEgdL 53 F0TsOMYGOl BLOJME Mo 530 F5M0GEobo [3],
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BLOJ0ZMMO sMLYGOMIOL sHIEO BMMTIGOOL boGolbo (Fsgowoms FLodmbggOmgdo), HMIgEos
3000500905 5bsewo gLodmemaool - bsbmyliodmwmyool {gsermdoom. dobo d9dz9mdoo 3sRbgds
LobEOLOYMYOOLS s L0 gMYOOL 3OMEILYOOL FoMMZ0LS s Fob03MWoMgdol FglodwgdeMdS.
50, 3l AbxgmdL sboewo dg3bogMgdols 89dmgdgo: L3300 Loabswgdo 306306 250893705
99dAHOMbMwo  Jugargdol dgdzgmdom, sDBMYd0 fozombgzoo 0dbgds, sdo@™I Mbs 30ymom
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6. 3560053060l bsbmgliodmemyools 9bgwrgdqddo d930deos 35dmgymo Lsdo LggMm:

1) gbodmwmyom®mo 3MmEgbgdol 33eg3s, 296306MHMddMEo G3060L 396986030 656MUEMY]-
AMMgd0m, bgH3wo s bgoOHm3MdmMoMo Lol gdgdoom;

2) bgemzbMo  96300MmdgdMwo  BLodozmMo 3OHMmEgLgdo, Mmdgwons FoMdmddbowos o
JoODME0S b 9O 5MHOL oMo BIbMLEBHOWIEHMMgd0m, MmIgwoi Bsbgmyowos #H306do0,
6939 s BxoMM3INIMG IO LobiEgdgddo;

3) gLoJozMMmo 3MMEILYdO, LOLEIIOL (Imfigmdowmdgdo, B03gdo, BsbmB03gdo, bsbmdm@Egdo,
90360M53mIbb03ggdwgd0,  J03MMYIMIMMZggd0,  8030OM3IMIZ0MEINJd0,  3EOMJIOLS S
©93M©0M930L J0z3MMboLEZHYIYd0, I6 3MI30BHIMIO0 S 9.9.) BYIMJdggdom 2s630MHMBYOEO,
OmIgdos  394dbocros  bsbm@gdbmemaom®o  dowfgzgdol  LsxgmdzgeBy. gl LoLEgdgdo b6
BobgM00s 33060l bgMzme bgoMm3mdmemom® LoliEgdsdo 96 Bgdmddggdl 2ocgsb. dolo
SHM0m,  bgodmxzbodmemaosdo  sMLgdMBL  d9dgao  Lsbolb  JoMOMOO  3OMBEYINdO:
656mbsfoars3gdol Bgdmgdgogdol 36Ormdgds (656mdEMm3sEMEm9d0, 656mg3696900, 65BbmPo3gdo s
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5Edsm, 3399 0630393930530 BbmBLOJMEmA00l LogbmdMogzo bezghm 360d36gwm3s6
bo6obbdo 03393905 96 d0o0sbs 33900L F9(360969dsL, BMMIgeroi sbes 0fggdl gobgomsMmgdsl,
396dm© G3060L 6g0MmMBLOJMmEMaosL. 00 Fgobfagzeols 33060l bgoOmbammwo bE®vdEHmemgdol
396500 gdsls, HMIgeros 9990 30bo s Fo3Mm 139EHJO0LOYb.

@O,  bbgs  93@™Mgdo3  dLg3g  LomdOHMdIb  Bosbmgbodmemyools  Fodmgdbols
330 YOXMdSDY. ,65bMmEHgIbmma00l g3mdol Imobmgdsliorsh s 3538060 gd0m, BLloJMmEMyosdo
0996905 5H50 8085 gds - BobmBLoJmeEmy0s, Fglsdsdols, byobgobmm glodmwmwmyoolmgol
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Byodmglodmemmaos - bsobgobmm  gbodmemaos. obobo  9dGHoWMGms© M6 3538060 9dMO
B9b6mEgdbmemyom® M9g3m@)305Lmb O 659gMM3g LEBMYSMYdOL 9b30m5MgdOL  sbogn
RoDoL6.

6sbmgzgombmgool 0©ggd0 ©s 3mbEINEIMBOLGHMWO BowMmltnambcmdol Lsdmswgdgdo
930006OM© 96056  06EJAO0MGOMO  BbMBRBOJMEMAO00L 0©YJOMb. 6. FoMOTMwobo, Lbgs
153000bgd6  JOMOE, 9300050908 3LEHIMEIOBM  (5MFORB0Z)  BLOJMEMAO0L  0EIJOL,
GmIgos 999eMgds  3mbGIMYObMwo  Joamdgdool  9dmygbgdsl  (BHoduGHmemyom®o,
B™3sMEma0©0o, LodMws30eM0, BsMoGHMEMa0©m0, JobMmsbsgo@olzmn®mo, Lobgmyowmwo ©o
Lbgo) gLoJo3MH0 MHJsEMdOL dBIdOL sFIMOLS s SHBLBOLSL [10].

Bobmzlogmemaool ®s9gbody 309935ML L3I0 50043596, MmamM3 LsdgbogHm
3319300 LEgOHMUL, BgI30M9 LOWOWYJdOL BMOYdIo MsbsTYOM3Zg 3H9dbMEMY0gdOL Yodmygbgdoo.
39GMOMHOMds J0ObM3s BMZsML, M3l 5. BoJo@os [11], MHmIwol dJowds Mbos oofiyml
33193900 500530569080 Bgd306Mg MMl HBmbsdo ((998d0), 04693056 olobo BOILE™MEgdO mv
05393900, 5 bggg dgolfogarml 3oMHoL3o6 Tgxsbgdol 9x39dBL (gMmo Fgbg3zolL  4o3w9bs)
Lbgoolibgs 30b03M6 dmzwm9gbgdmsb - 39Ol 50dds, 33900l 3OMEYJBHYO0m, Fo0rmTsBgdemdslss
@5 §oMm3oBHgdoLmsb o 9J9sb godmdobsty FLoJmEmMaomo F99agd0, Boa®ed Mbs ogmb
s0dmBgbowo J3g30L MBEoMgLo 3m33mbgb3gdo s §dgwgdgdo.

56 03936 933L ol BB, OMI BMYPoIMMO BLOJNWMYOMGO Mgod30, IEYMTIMIMDS S
36MHm3gLbo  dgbodegdgemos 890(335¢mlb  FbmemE XMxs Imfgmdowmdgdom 96 bsbm Bodgdoom.
36398900, OMIwgdoz 308EobsMYMdL d30Mg ©OHMOL Fsbdow By, 5MHOL  bobmBlodmemaool
bogpdggeo.

Bobmnlogmemaos 5008 GLOMEIMAO0L MR, ,BLOJMWMY0s Jo0sb, dowosh dgocg
94393000 39900L".  OMyMEE  IMboErm©bE0s, dmdegz5¢Tdo  BLodmemaool  2sblsbrzmmewo
Bsforo ©sdm3009gdMmo Mbs ogmb xxs 3H9dbmemaogdbg, H™Igwor sgweegl Lolbedo
doboboomgdgdol  Jglo33wwgws© s dgLodegdMddol  AoLoBMIs,  TgLogeligders,
Lod3MEbsmE, 5MIM39 J3930L 06GHIO3MYEHIE00Ls S BIWOBOLMZOL, LEBH0TMEYdOLS ©d
B39 gd61030 5 9M5B391IgdM030 35LIbgdoLm30L, 53 35@9Ms bofoers3zgddo, dsmo MH™E 3o,
OMAMOE MMM Bgd-dgblogMgds. 53 4o, LobMsMYdsdo IMJdgo VOMYGdVIEGdGdOL
d9L50580L5 Mbs IMbgl bgMH3zo LobEgdob FoMdmddbowsb dYMYd58Y 5@B05BOL 96 Lbgs
J06ogdqdol,  0Mbsg  MMIMEJOOL  Mgod3osbg Fomo  Bgdmddnggdol  oblobLgmo.
Bobmglogmemaosdo 033900905 BLOJMmEMPooL bbgsolbgs bEBIMMIdo, 0lYMGdo MMAMMIdO3
56056: BLOJMEIMAO0MMHO FoDBMIZ900, 93MEMAOVIN0 BBOJMEMY0s, 3JOIFMAOIOO BLOJMEIMQOY,
36030bsemMo  BLoJmEMm0s,  BmEoswobsE0s,  LMmEoswMHo  BLoJMmEEMa0s,  DBMASI©
RLOJMMNYM5305, by mzbm®o 0bEHgwgd@o, 3oMoxlodmemyoss 3o [12].

3. 0oRdoEol 9900m0935H9055 8904absls ,,0mbs390ms BBl 3mbR0WIH305WMdOL o330,
dmbo@m®obaol d9dsbobdo MomMgMo 5530560l J3g30L F9gBoLYdOLMZ0L. FLoJMmEMYOYGO
9aMdsMgmdol  3MmbGHOMwo  Mbs  AobgL  Jowrsdgddo  LmEoseMo  FoMmm30L  JOMOMSO
LodMogds.  3MgdBHoemo  3MBEOMMEol  Lbgsolbgs BmMIgd0 bgar-bgars, bsfowmdmog 96
doosbs  Mbs  4ogegl, 96 8603369 maboo  F30MEIL.  BodBHOGms©, LoydsMo  dool
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LoBMYsMYdoL (93965609930l FadEHowmzsbo JmMfyzol  bgoglo) HadGHowm3zsbo  dsMmzol
LobGgdol d9gdbol3gb. 59 3mb39gBE0OL Bowmbimgos 309379336905 Bsbmaglodmemaosls (Ggbsdwgdy-
W05 29BEIL BLOJMEMPool sHswo B0dsMIMMEgds), MM dgobfagzeol dowosh 3sdsms
99896 900L596 99006 (Bbm=10 93 ©0) LobGHgdndL.

Bobmglogmemaos by 300000 JOMEIL  GH3060L  bgoOHMBLOJMEMYOsLmE  dFoMH™
39300630, OHmIgeog dgobfageol Bgdocdg Loool dbgdl. ™sbsdg®O™mgy 3oMHmgbgdol
0653096 36935, 3. oRdoEol YBOOm, Mbs s0HgMEIL 306MHM36900L BHowMMHO MYMOOY,
9ol 93306000 3300935 396 s0fYm X9H 30093 1967 F9uob, 50530560l M30mEILHogzeolsls
Gbg30m0  3OM39LJdOL  sfgMom. 1972 gl o. 5d0bsgz0, bmerm 1998 (gl . gmew3mgs
0330930696 060030 MOMOOL  BLOJMBOBOMWMAOMG  ©S  0gMMJo  M30LYdYdT0
Gomdnw  3OmEgLgdl @ 9dmoBobgl 505305680  Lbogoolbgs  glodmMomdgdo
MOH0YHNIM 000 3060M3699wo M30L939d0L GHN0sbo sbLEFdOL Loboo.

2025 §obl, GmEabsg  §o9mgs  sboewo  BgdbogzmMo  IgbogMgdol  §sdyzebo  LggGOm
Bobm@gdbmmyom®mo  Gowos, 93393560 dg3boghms  sBGom  0dbgds  bsbmpliogmermyos.
,056mxLoJMEMmyos s BBMmEHgIbmema0s MO39 M T933w056 93mbmTozsl s 50530sBoLS
Q5 353MIM0MBOL JoOMZ0L LOLEHYIL. BsbmgLodmemyos 5™l 3356FMMHO FoBo3oL, bywrmgbr®o
06@9g9d@ob, BLoJMsbsobols LobmgBo. bsfowmd®mog ogo m339 99Jdbogos s Folby dogr0sb
3OAS 0fgMgds, 50 FoMImoagbl LodbgMm, d0oBbglols s Gomss Howsw Ggwoyom®
LGBIOML. LyFoOMS bl  ORYMHI6E0MYds B03OMBIbMBLOJMmEMao0l - E30b60L 335630
3639900l EMbgHYg s F53MMBBMBLOJMEMY0s - 5©5T060L, LBMYIMIIOLS S JAPMBSEYOO
LoLEYIYOOL FoMM30L EMbYBY“. BsbmEHYIbo3mMbgdOl sbsero g3mdolmzol dmombmgzqds - ,,33563wO
©mbybg BH3060L Iglodsdobo (Agbmmg) LSOOl Idmby sesd0sbo.

3. sls336o

656m3Hgdbmemaogdl,  LsdgEboghm  ©s  3Mogd@ozMwo  Mm3slsbMolom  9d3b oo
3m39630swo, Foacsd  sMLYIMdL obgmo  LYMOMBMEo  LsRMMHYgdo, OMIWIdbBILsE Mbos
3905H30 9L YOO WYOS:

1) Bsbe- Bsbsemgdol BmgdoL 3MBAGGMEMO s MBsBMObMYDs: Bobm- Toboargdo Lszdome d306Y
Dmdobos.  3MBEGHOME@OLs s gobd@oMgdgwo  0v) 253w MLsROMbMgdOl  BMIgdol
MBHOHMD39wYmBs MMYEos. Bsbmeromgdo Fglsdwrms 0gmlb GmJbogm@o s Bosbols ImdEsbo
39bgl 500530560l X 96IOMYGEMBOLSMZ0L 56 Fotrgdmliorgols;

2) 89v9353006999e0 990093900: Lod3609MM 33c939030, bbMEgdbrmemyogdol bgdsgmuwmdom
0] 5653900lobologms  BbyMmy3s, BO@OL  5©sd0sbol  3gMHLmbs Mo Bmbs3gdgdols
b9 dgbgdemdols EsMM3930L 5EdI0VSL;

3) 530560 K 963MMNYEMIOL LsgM®MbYgdOo: bsbMm- Toboegdl s BHgdbmemaogdl Tgliodems
3Jmbgm  BHMJLozMemo, sewghromwo 6 Ubgs LsdgoEobm o domemaom®mo bgysdowmeo
593932960l 989dHI0;

4) 9301000 3OMDEGIs: Bobm-  Toboengdds Tgboderms  odmofizoml  g3mbobGgdol ddody
©5006dM9ds,  GoEYb oo 9x9dB0sbo  MGHOWoDBYdL  9Mbs0M0  BEBIOGO o
15396Mmb3gdM bMmOHTGd0 56 50l F93w98539890;

5) 300EMy0vM0o 053sBAOL MOLZYPV0: SOLYdMBL 4Bz 9330 0d0L MOMBIBY, H™MI Bsbm-
doborgdol Jgloderm  3MbEHMmMEM™  25dmYghgded o3BOBML  5F0bOL KX bIMGMdS o
bgagmb 353006M0Md0L y3gesbg 3609369003560 dmbs3mzs60 - 50580560l 0@gbEHMd.!
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Bobm@gdbmemyogdo  Mbos 99439090 gdMEIL  I33M  MJRMWS3090LS O JOI03E
3mbo@GmMobals, Moms d0b0ddsdy 04658 Y3600 Fglsdenm Bosbols BmdEsbo 99ga9do.

@5 ¥, 5©5d0sbol  gmbgdol  3MMm©IEgdo bos gALsbMIML  5Esdogbgdols
3b™3MH9d0L  EMbOL 5350 gdL. Lobogsmm  FH9bwgbEos — ,9030560-0obdobs“ 9339 JbogL
LoggMmMbggdL! Y39wsxzgMo MbEs 4939l 0ToLMZOL, GMI SHerm IMIS35 0 Jo3MOMOMBS 56
@529l MBsMTsBIM0  3OMOgIoL Hobsdg — ,350505005609HML* oM sbdsbo Jigmero
5Q05d0560.
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(bAsHos GoemgBeyemos 1.05.2025)
MODERN CHALLENGES OF NANOTECHNOLOGY AND NANOPSYCHOLOGY

Ia Iremadze!, Dali Zeragia?, Giorgi Kaishauri!, Anna Tateshvili®
1-Georgian Technical University,
2- Georgian-American University (Tbilisi),
3-Free University of Berlin

iiremadze@gtu.ge, dalizeragia@gmail.com, kaishauri.giorgi@gtu.ge,
anatateshvili@gmail.com
Summary
The late 20th and early 21st centuries, the computer nation, brought about a psycho-emotional
transformation of technology-obsessed man and laid the foundation for the development of artificial
reproductive technologies. In this short period of time, the world has made a huge technological leap.
Technologies are used in all areas: from linguistics to the creation of artificial organs. Today, elements of
artificial intelligence are present in 90% of the world's population, so much so that sometimes the
human user does not even realize it. The world is already cautiously discussing and condemning the
problems that may arise due to the acceleration of the pace of technological development. They are
looking for mechanisms of control and regulation so that these “advances” do not go beyond human

control, both from a legal and moral point of view.
(Received 1.05.2025)

COBPEMEHHBIE BBI3OBBI HAHOTEXHOJIOTUH 1
HAHOIICUXOJIOTUHU

Wa Wpemangze!, lanu 3eparusa?, I'eopruit Kanmraypu!, Anna TaTemsuan®

1-I'pysunckuit Texauaeckuit Y HUBepCHTeT,
2-T'pysuno-Amepuxanckuii Yausepcuret (T6mrncn),
3- CobozmusIit yHUBepcuTeT bepinHa

iiremadze@gtu.ge, dalizeragia@gmail.com, kaishauri.giorgi@gtu.ge,
anatateshvili@gmail.com

Pe3rome

Konen, 20-ro n Hawamo 21-To Beka, KOMIBIOTepHAas HAUWA IIPOU3BeTIa IICHXOSMOIMOHATIBHYIO
TpaHCHOpMALMIO ONEPKUMOTO TEXHOJNOTMSMM YeJOBeKa U 3aJ0XKHJIA OCHOBY [ Pa3sBUTHUIL
HCKYCCTBEHHBIX PEIIPOAYKTUBHBIX TEXHOJIOTHUM. 32 3TOT KOPOTKUM IIPOMEXYTOK BpeMEHU MUP COBEPIINI
OTPOMHBIN TEXHOJOTUYECKHIl CKadOK. TeXHOJIOTHH HCIIOIB3YIOTCA BO BCeX OOJIACTSX, OT JUHTBUCTUKHU
IO CO3Z@aHUs UCKYCCTBEHHBIX OpraHoB. CerofHs seMeHTHl NCKYCCTBEHHOTO WHTEJJIEKTa IIPUCYTCTBYIOT
y 90% HaceneHM IUTaHeTHI, IPUYEM HACTOJBKO, YTO IIOPOH YeOBEK-II0JIb30BaTEIb JaKe He OCO3HAeT
aTOrO0. B MUpe yXe HaCTOPOXKEHHO OOCYKZAIOT U OCYXAAIOT IPOGIeMBI, KOTOpble MOTYT BO3HUKHYTh B
CBA3M C YCKOpDEHHMEeM TeMIIOB pa3BuUTHs TexHojoruit. OHH HINyT MeXaHW3MBI KOHTPOJIS U
peryIMpOBaHusa, YTOOBI STH «JOCTIDKEHUsS» He BBIXOAUIN 32 PAMKU UeJOBEYECKOTO KOHTPOJISI Kak C

TIpaBOBO#, TaK U C MOPAJIBHOMN TOYKY 3pEeHMUS.
(Iocrymmma 1.05.2025)
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Lobsmenols Bgdmddgopgdolsls Movgero Lgblmdm@memmero

M953d300l bsbaMmAdgogmdols gsblisbmas

5300 3HB0M0IZ30¢00, M0 FMesdz0wo, amBs Bgoaobody,
3ob5bs Bobernadg
LogdoMm39wmb ¢9gdbozmemo mboggMbo@gdo
gzirishvilidaviti08@gtu.ge, gulashvili. mariam@gtu.ge, g.zedginidze@gtu.ge,
chikhladzemananaO8@gtu.ge

69bomdg

3obbomos 550060l BobomEMmyoMGmo  3oM5dgBHMYdol 33193500  9HM-9OHO
396L399dGH0o  J0FsMmMMEgdol, BYbLMIMEMO™MEO 5JE03MdOL Tobolinsmgdgdols dglfogerols
Lo3ombgdo. LgblmImBHMOHMo M95J309d0L OHMOL  oBMAZ0L dgormEOlL  godmygbgdsl oo
36009369 mds  5d3L 30636900l HmamME 99993bgdomo, oby gamE0M-30OHM3bmwo  LxggMml
RLOJMBOBOMWMYOMMo  33¢930bm30L.  FoMdmyabowos  Lobjagwrm  odMMOGMEMOE
300md9030 Lgdogd@bg Lobsmwom Bgdmgdggdolsl Moo Lgblmdmn@GmMmwo  Mgsdzool
bsbaMI03Mmd0L 25HMIz0L IgnMmEO. s0(gM0w0s 9Judgm0dgbEolols godmyqbgdmeo bgwlisfiyml
dxdomdoll  30M0b3odo. ImEgdwmos  dglsdsdobo  gEgdBHOIo  dem3-dgds, FomM0MYIMOs
99b3960396@0L 3MToEgdOl LyBLIMYOO.

153356dm LoGY3gdo:  M939BE0s.  ©9393GHMMO0. bByMzmwo  0d3Mwbo. Gowwo  Lyblm-

AGHMOM0 ©9594305. WoGHI6GHMMO ©S FIMGHMOO 396H0MO.
1. 8glsgagro

d0MEMa016 LOLEBJMS — FMELOCO MEOYI6OBTGIOL sOLYdMdS s Fslido J0dE0bsdg ygzgws
LoboEMEbEM 3MHMEILO FIBMYMBEIS® 535300609005 00 BogdESD, HMD obobo Fomo bBmdgdols
5 396300056M900L LGHOEOOLYYD MY 30JOO®, VOs MYMTIMPOBIT0ZMNMO LobEGHYd0s. 6v9
969600, 6030009MHgdOLS S CBBMOT5300L 330 3T 3mbESdEHT0s o0gFMLMSE [1].
65350 X 9056 MmEOR60BTd0  0bgMOTs300l gogMEgwgds begds ByMzmwo MxM9gLIdOL
90g9900900L 3mE9b3oseol 99339mdom. dofim@adwyco 9bgmaool (bEGH0dMol) GMblgm®siosl
Lomobom 5gd@03md5d0 BOHMBlgwymazl L3gEoswMmo BEBMYIEGHIMJO0, HMIIOLSE FBABMISMS
M656m900L  H9393G™MOJd0 - LgbbmOwo bobEgdgdo ghmgds. M93g3GMMYo0 TaMAbMdOsMY
6963900L OdMEIMY3Jd0s, MHMIYd0E B3IEOBO0ZNO AOV0D0BYOL 500d35096, GOl godma dsmo
©94MGBS 358000H05690¢0l B969000b 25dMIEObIMY bgds [2]. 25bslb339096: BmE™, 960316,
Jodom, mgMdm, ®mLdm, 9wgddHOH™m s 5.0. By LobsmEIOL, dygMHomo GHoweol, dgdsbozmo
b90mddggdol, JodozsGgdol dmddggds  dgLodsdolo 8ga™dbgdgdoom solsbgds: bgwgzs, Ldgbs,
dgbgds, 290m, Lwbo s 9.9. godoB0sbgdgd0ob 9bgMA0ol FoEgdsl s ©9393BHMMYdOL
Lodmoengdom dob BgM3e Logbowgds oMmogdbsl ZoBoMmEMmY0sdo Mg39BE0s JhmEgds.
UBLMINGHMOMWO  5dBH03Mds GOl LYBbMOMo s FMGMOMo  3033MmbgbEHJdOL
O0YIONIMMO0bsE0s [2]. Tl MBOHMB39wymzly mMHABoBIol oo gMbizom®o boldgds,
O0Igaeroi ImoEogl 3oblbgeggdaro 89dsygbermdols s 3609369 mdol MHAMmegdl. LyblmEwwo
LoLEBHQAOOL  LOYYMBOoWwo  Bbd30mboMgdOLZzoL  Y3z9gusbg 603369 m3zsb0  FoMHMdLY
30mOEO0bs30s  bLYbLMEGWME s FGHMOM  333MB76EJOL TMOOL. OHMIGEWLSE  SMORBOBYOL
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BgomM™mbgdo 3060l Lbgsslbgs Mdsbdo. LybbmdmEHMOHIEo Mgsdgool 3m33mbgbEgdo dFowMmm
5oL 9353000900 Mdoergl  BLOJo3MEO  FMBJ309d™b,  GoE  Fglodergdgerl  bool
L9gBLMAMGHMOMO  BHIBEGJOOL  godmygbadols  5sdosbol 396G MEmo  bgMzmwo  LobEgdol
B996d3099600  FpMIsMmgMdOL  Fgboxslgders.  LYBLMIMEMOHMEO  Mgod3ool  (Mgoy0Mgdol)
bobaMd0g3mds  dm0Eogl  OMOom  0bEHIMOZol  g98500B05BgdOL  Fmddggdol  ©sfygdosb
Lo3obbem dmgddggdol dM3MYd53Y. oL sIM30EIOE0s BEGH0TMWOL 3H03BY, LMBOg]BHOL
69030 LobBHIol 0bEO30WYSEME MZ30L9dgdbY S SLs3bY.
2. 3060050 bsfjogro

L9gBLMIMEHMOIO C9od30sL SHILOSMYOID LMo dmddggdom, LoHBMLEOM, POMMEIMIOm.
990000905 0953060905 LMo 0gml dsgMsd Bs50M930, 56 30M0dom LMo ToaEsd oE305690Mwo.
LYBLMIMEHMOHMEO MYGod300L MM  TgEygds  WIBHIBGHMMO  (0639d5309M0) s  TMGHMOVIEO
(8mgd9009d0L) 396M0MmEgdoLysb [1].

Ww5&IbEHWO0 390H0Mm©O (¢03) F90393L M3b0dg 333MbIbEHL: MY393EGHMMOL 53 BBYOOL MM,
Logbool  49sEgds  5x89MIBEGHMo  gHgdom  39MH08IMO00D (396G,  0bFMEOTs300l
591353905 (396G O bgH3me LolEgdsdo (3bL), 3sbybol Fgbobgd AosFY39G0WIOOL dowYds,
dM3sbgdoL  oaBo3b6s  50TolMMEgdIo  MEMYHMIBOLIZ0L  (95839dBHMOIOIOLMZ0L) s  9xBbYdOL
39630050905  9839dBHMMJdT0.  oBIBGHMGO  3gHomol Looom  Fglsdwrgdgaros  Fgz3sligds
Byodmgbodom®o  3OHmEgLgdol  LBoBJsMol @y 6oL ByMzmeo  LobGHIIol  WsBdOEMGMBOL
565300530600 d5B3969090.

dmG™OHMo 39600mEo (33) Lodsbvybem dmddggdol boby™adwogzmdss. ol 396mgdol sxBbgdOL,
dmb39b9d dyMIsMgmdsdo dymao bbgerol 30wMgdol 0bgME0vIEo doergdol sderg30l s
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ASSESSING THE LENGTH OF A MULTIFACETED SENSORIMOTOR RESPONSE
TO LIGHT STIMULATION

Gzirishvili David, Gulashvili Mariam, Zedginidze Gocha,
Chikhladze Manana

Georgian Technical University
gzirishvilidaviti08@gtu.ge, gulashvili.mariam@gtu.ge, g.zedginidze@gtu.ge,
chikhladzemananaO8@gtu.ge

Summary

A significant area of research in human physiological parameters involves examining the
characteristics of sensorimotor activity. The measurement of sensorimotor reaction times plays a crucial
role in the psychophysiological exploration of both cognitive and emotional aspects of individuals. This
paper introduces a methodology for assessing the duration of complex sensorimotor reactions in
response to light stimuli within a controlled laboratory setting. The operational principles of the devices
utilized in the experiment are outlined, accompanied by the relevant electrical block diagram, and the
potential error margins of the experiment are discussed.

(Received 14.04.2025)

OINPEJAEJEHHUE MPOJJOJIKUTEJBHOCTH CJIOKHOM
CEHCOMOTOPHOM PEAKIIMY HA CBETOBOE BO3JENCTBHUE

I'3upumBmm /., l'ynamsuwim M., 3enruauaze 1., Yuxnagze M.

I'pysunckuit TxHMuecknii Y HUBEpCUTET
gzirishvilidavitiO8@gtu.ge, gulashvili. mariam@gtu.ge, g.zedginidze@gtu.ge,
chikhladzemananaO8@gtu.ge

Pesome

OpHuUM U3 IepCIIeKTUBHBIX HAllpaBJIeHUH B U3y4YeHUN (GU3MOJIOTMYECKHX ITapaMeTpPOB YesI0BeKa
ABJIAETCSA U3ydeHNe OCOOeHHOCTeH ero CeHCOMOTOPHOM aKTUBHOCTH. VcIonp30BaHNe MeToja U3MepeHu s
BpeMeHH C€HCOMOTOPHOH peakIuy MMeeT OOJbLIOe 3HAYeHUe AJIA IMCUXO(PHU3HUOIOTHIeCKOTO H3YyUeHUs
KaK KOTHHUTHBHOH, TaK M 5MOIIMOHAIBHO-JIMYHOCTHOHM cdep denoBeKa. B cTaTbe IIpefcTaBIeH METOZ,
U3MepeHUs ITUTeJTbHOCTH CIOXXHOM CeHCOMOTOPHOH peaKIuy IIPU BO3AEICTBUH CBETa HA UCIIBITYeMOIO
B yCIOBUAX y4deGHON naGoparopmu. OmmcaH NpUHIUN PabGoTsl 00OPYZOBaHWUSA, HCIIOIB30BAHHOTO B
oKcrepuMeHTe. IlpuBeseHa COOTBeTCTByIOmAd 3JI€KTpUYeCKad OJOK-CXeMa M YKasaHBI IIpejieJibl
TIOTPeITHOCTH SKCIIEPUMEHTA.

(Ilocrymrra 14.04.2025)
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DEVELOPMENT OF A CONTROL SYSTEM USING FUZZY LOGIC METHODS
FOR WEATHER FORECASTING AND HAIL PROTECTION NETS

Mtsituri Nino

Georgian Technical University

tikelegabrieli@gmail.com

Summary

The development of a control system for weather forecasting and hail protection nets using
fuzzy logic methods is discussed. Materials were found on the important role of fuzzy logic in
automatic control systems, which can effectively deal with uncertainty and nonlinearity. A
proposed solution using activation systems supported by real-time meteorological data and fuzzy
logic algorithms has been developed, the ability to model fuzzy or imprecise information makes
it suitable for the development of accurate weather forecasting and automatic deployment control
systems for hail protection nets, and which aims to increase agricultural resilience to hail,
minimize crop damage, and optimize operational efficiency.

(Received 12.05.2025)

PA3PABOTKA CUCTEMEHI YIIPABJIEHMA HA OCHOBE HEYETKOM JIOTUKU
AJI ITIPOTHO3UPOBAHWA IIOI'ObI U
IMTPOTUBOI'PAIOBBIX CETOK

Mrurypu H.
I'pysunckuii Texundyeckuit YHUBepCcUTeT

tikelegabrieli@gmail.com
Pestome

PaCCMaTPI/IBaIOTCH BOIIPOCHI TIPOTHO3WPOBAHUA IIOTOABI U PaBpa6OTKI/I CHUCTEMBI YIIpABJIEHUA
IIPOTUBOTPAIOBEIMM CEeTKAMU C HCIOJIh30BAaHMEM MeTOZOB HedeTKoW Joruku. IIpoussemen o63op
MaTepHaIOB O BAYKHOM POJIM HeYEeTKOMH JIOTUKH B CHCTEMAX aBTOMaTHYeCKOTO YIIPaBIeHNUA, KOTOPbIe MOTYT
3¢ deKTUBHO CIIPABIATHCA C HEOIIpeleIeHHOCTBIO ¥ HeJIMHEeHHOCThI0. Pa3paboTaHo BO3MOXKHOE pellleHIe
C MCIIOJIB30BAHHEM CHCTEM dKTHBALINH, IIOAAEPKNBA€MbBIX METEOPOJIOTUIECKUMU JdHHBIMH B P€aJIbHOM
Bp€ME€HU 1 aJITrOpUTMaMU HeYeTKOM JIOTUKH, BO3MOXXHOCTH MOJEINPOBaHUSA HeYeTKON WM HEeTOYHOMN
I/IH(bOPMaLH/II/I AesaeT ero IpurogHubIM AJIs PaBpa6OTKI/I CHCTEM yIIpaBJI€HUA TOYHBIM IIPOTHO3MPOBAHNEM
IIOTOoABl M AaBTOMATHUYECKUM pPa3BEPThIBAHUEM IIPOTHBOTIPAZOBBIX CETOK, M KOTOPOE€ HAIIPpaBJIE€HO Ha
MOBBIIIEHNE YCTOMYMBOCTH CEIBCKOTO XO3AHCTBA K TIpafly, MHUHHMH3ALMIO yllepba ypoxkas Hu

OIITUMHM3AIIIO Bq)(i)EKTI/IBHOCTI/I IKCILTyaTaIluH.

(Ilocrymama 12.05.2025)
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LoLEBYGOOL Fob30MMYOs BODBIL FoOHY39E0WYdgdOL TboMIBEFIMS®.

30BbgL-295(Y39EGH0gdol AbIMELFIMoLm30L d9Jdbocro ,,06¢gwgd@ SO dmbszgdms
565¢0obol  LobiBgdgdo” (Business Intelligence — BI) go®om@  959m094qbgds 3563005693500
3999633930MdoL  3oOmMdgddo [4]. Bl (80Bbgl-0639¢799H0) 9oL dmbsizgdms  sbsgrobob,
5629600029008 @5  dmmbmzbgdols 994dbol  0bLEHOWABE0, GMIgEog doBbgl-dmabIsMgd el
96356905 8mbs3gdms  ©3MTs3900L,  0bGHIM3MYBHOE00LS s dLvbzol  3MM(3gLgdol MM
3603369crm3560 0683mMTszool  LEbMgBOL  LoMMggdol  AsEIbgzsdo s d60336qwmgzsbo
063mMIozo0l  godm3zzgmsdo. gl 0bLEG®MIgBGHId0  9HP0sbds  ,00BbgL-0bE gdEobL
0bLEH®M396E9O0L* 35¢JyMM05d0 s 9himgds Bl (Business Intelligence Toolware) BI-36:0qvJ¢9o0s
[4]:

e ImmbM3b930L O 5625600900l ygbgMo@memqdo (Query/Report Generator — QRG);

e 39630m5690mwo  Bl-oblGmdgbBodo — 30639 Moydo, dmbszgdos  Mm3gMoGoWwo
3650303900 ©s3353900L 0bLEMWAg6EJd0 (Online Analytical Processing — OLAP);

e 300305300 Bl- bs30gdgdo (Enterprise Bl Suites — EBIS) bb3oolbgs 3:mbgogm®oioom,
@5 ERP-bob¢939d3d0 063 9a606M9d9eo;

e BI-3@o¢g3m®mdgoo.

36535 56BMmFogdosbo OLAP (Online Analytical Processing)-g®390900 o 69ws3o6o
OLAP-894560%0d900  BI-0bLa6dgb@GHgdols s  BI-3eo@gm®mdgool  0bg®ol@®mwnd@wmesl
Pom0mopqbab, MMIgwoms  B5BsBg3 0gdbgds  Lbgoolbgs 93103530900  ,,dm3bIsMgdg by
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THE USE OF INFORMATION TECHNOLOGY BASED ON
THE CONCEPT OF ARTIFICIAL INTELLIGENCE

Rotchikashvili Ekaterine, Gabashvili Natalia, Buzaladze Anna
Georgian Technical University

e.rochikashvili@gtu.ge n.gabashvili@gtu.ge a.buzaladze@gtu.ge
Summary

The utilization of information technology founded upon the notion of artificial intelligence is
progressively accruing significance. This article delves into the intricacies of the evolution of management
information technologies, the intricacies of business decision-making within the context of globalization,
competition, and the implementation of standard ERP systems. It also explores the function of Al-based
systems in the analysis of complex and uncertain, multi-variant scenarios and the evaluation of risks. The
article explores the practical application of Al in business, including Business Intelligence (BI) tools for
intelligent data analysis, report generation, requirement formation, and trend forecasting in information
systems. It highlights the role of evolutionary algorithms and multi-agent systems in the future
development of information systems.The article emphasizes the growing role of Al in business
management and the development of information systems, which, in turn, will contribute to making
effective decisions under conditions of uncertainty.

(Received 2.05.2025)

WMHOOPMAIIMMOHHBIE TEXHOJIOT'MU YIIPABJIEHA HA OCHOBE KOHIIEIILIITUN
NCKYCCTBEHHOI'O MHTEJLJIEKTA

Pouuxaursunu E., ['abaursunu H., Byzanazgze A.
I'pysunckuii Texuudyeckuit Y HuBepcuTeT

e.rochikashvili@gtu.ge n.gabashvili@gtu.ge a.buzaladze@gtu.ge
Peziome

Paccmarpusatores acmekTst GopMupOBaHuA HHOOPMAIMOHHBIX TEXHOIOTUH yIIPaBIeH, BEI30BHI B IIPOLieCCe
IpUHATHA OHU3HeC-pelleHHil B yCIOBMAX TIT00ANH3AI[UK, KOHKYPEHIMM W HCIIONb30BaHUA CTaHAapTHsix ERP-
CHCTeM, a TaK)Xe pOJb CHUCTeM, CO3JaHHBIX Ha ocHoBe WU, B aHanuse CIOXHBIX, HEOIPEIEJTEHHBIX U
MHOTOBapHAHTHBIX CHUTyalluii M B OlleHKe pUCKOB. OOCyxJaeTcs IpaKTUYeCKOe IpHUMeHeHHe HCKYCCTBEHHOIO
unrennekta (MIU1) B GusHece, MHCTPyMEHTHI CO3ZaHUA MHPOPMAIUMOHHBIX cucTeM Business Intelligence (BI) gns
WHTEJIEKTYaJIbHOTO aHaju3a JAaHHBIX, TeHepallud OTYETHOCTH, (OPMUPOBAHUSA 3aIIPOCOB M IIPOTHO3UPOBAHUSI
rergeHnuit. OTMeYaeTCcs pOJIb SBOJIONMOHHBIX aJTOPUTMOB M MYJIBTHATeHTHBIX CHCTEM B OyAylIeM pasBUTUU
nHpopManuOHHBIX cucTeM. CTaThd MOAUEpKHBaeT pacTymyio poab MM B ynpapieHuu OGH3HECOM U PasBUTUU
MHGOPMAIIMOHHBIX CHCTEM, YTO, B CBOIO Ouepens, OymeT CIOCOOCTBOBATh IPUHATUIO 5(Q(EKTUBHBIX pelIeHHI B
YCIIOBHAX HEOIIPe e IEHHOCTH.

(Ilocrymzrra 2.05.2025)
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5. Akhobadze M., Shalamberidze I. (2020). Web platform for ,,Smart City“ data collection and analytics.
Economia argo-alimentare/ Food Economy, ISSN 1126-1668 — ISSNe 1972-4802,Vol. 21, Iss. 3, pp.847-854,
DOI: 10.3280/ECAG2019-003015,

(UAsAH0s domgdeyemos 22.04.2025)

REGULATIONS FOR THE TRANSITION FROM THE EXISTING TBILISI

MANAGEMENT SYSTEM TO THE ,,SMART CITY“ MANAGEMENT CONCEPT
Takidze Natalia, Bregvadze Marika, Buzaladze Ana, Nizharadze Mziana
Georgian Technical University

nataliatakidze@yahoo.com, m.bregvadze@gtu.ge, a.buzladze@gtu.ge, mziana60@mail.ru
Summary

The development of a “smart city” includes solutions based on information and digital technologies. In
order to solve urban development problems in the city, improve the quality of life, and achieve economic
development of the city, the decisions taken should be focused on creating a sustainable infrastructure. The
paper analyzes the existing concepts of “smart cities” management. The regulations for the transition from the
existing management system of Tbilisi to the “smart city” management system are discussed. An analysis has
been conducted to study the functioning and management issues of the existing “smart city”. A new strategy
for the development of Thilisi has been developed, which requires a cardinal transformation of the
development of the municipality, which includes the transformation of the city management structure from the
territorial division of management to a sectoral-functional management system.

(Received 22.04.2025)

PETJIAMEHT ITEPEXO/IA OT CYIIIECTBYIOIIEN CUCTEMBI YIIPABJIEHUSA

TBJIMCH K KOHIIEIIIIUU YIIPABJIEHUA «YMHBIN ropO»
Taxunse H., Bpersagse M., Bysanazze A., Hmxapaznze M.

I'pysunckwuii Texauyeckuil Y HUBepCUT
nataliatakidze@yahoo.com, m.bregvadze@gtu.ge, a.buzladze@gtu.ge, mziana60@mail.ru

Pe3lome

Pa3BuTHe «yMHOTO TOpojia» BKJIIOYAET B CeOsl PEIICHHs BOIPOCOB Ha OCHOBE MH()OPMALMOHHBIX H
(G poBBIX TeXHOIOTHH. [ pemeHns mpoOsieM rOpoACKOTO Pa3BUTHS C LENbIO YIYYIISHHUs KauecTBa )KU3HH
U COJEHCTBUS SKOHOMUUECKOMY PA3BUTHIO IIPHHUMAEMBbIE PEILICHUS JJOJKHBI ObITh HAIIPABJIEHBI HA CO3/IaHUE
ycroiuuBoit MHGpPacTpyKTyphl. IlpoaHannu3upoBaHbl CYyLIECTBYIOIIUE KOHLEHLMU YIPABICHUS «YMHBIM
ropogom». IIpuBeneHsl peryIsauun 41 OCyIECTBICHU IIEPEX01a OT CYILECTBYIOIIEH CUCTEMBI YIIPaBICHUL
TOumucn k cucreme ympapleHUs «yMHOro ropoga». IIpoBeeH aHamu3 C LENbI0 HM3ydeHUs HpoOdiieM
(YHKLIIMOHUPOBAHUS U YIPABJICHUS CYIIECTBYIOIIMM «yMHBIM ropomom». HoBas crparerust pa3BuTHs
TOumucu, Tpebyer KapAuMHAAbHOW TpaHCOpMALUM  Pa3BUTHS  MYHHLUIAIUTETa, BKIIOUYAIOLIAs
npeoOpa3oBaHUE CTPYKTYPHl YIPABIEHHS TOPOJOM C TEPPUTOPUAIIBHOIO pasJelIeHHss Ha OTpPacleBo-
(YHKIMOHAIBHYIO CUCTEMY YIPABICHUSL.

(IIocrymmma 22.04.2025)
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Log9b3sbsoagdanm Lol gdsdo 3gMLMbagrols 15650 YdMdsBY
39b5(omgdols semam®omdo s dolio 3m330vE M by MYoE0BIds
9bBs 0965991, 69926 39M9LbgEr0dg?, 350 Lglbsdg?

1-0@0sl mbogg®Lo@gdo,
2-bmbmdols Labgedfonm »MboggdLodEgEo,
3-Lodommzgeml 39dbozmmo »boggdlodgdo
elza.imnadze@iliauni.edu.ge , nkereselidze@sou.edu.ge . v_sesadze@gtu.ge
69bomdg
396boM0s MBsgl Logsbdsbsmwgderm sfigligdagdgddo (M) - MbozxOLOGHYGHJdd0
@5 LOgMHOME N6 L9BTsbsMNWGdMm LolEgdsdo, FsGM30L 3OHMELOL M3EH0d0BsEOOL
bogoombo.  FoOm30l  3MmEglbol  8mEgwocmgdolomzol  498mygbgdmeos  Fomgds@olweo
3O0530MgO0L 535M5G0. 53900s FLedsdolbo IMbgo-356EsM™m30Pol dmgeo. 3md30wEgObHY
3m@gol  0dmblbs  AoBbMOE0gEgdos  253mygbgdomo  3OMyMsdgdol  3s39GHolb  Maple-ob
153995 gd0m. Bs3mgbos IMbz0-396FIMM30ROL  5TMEBOL  M3E0TsMEO  5dMbsblbo, GHMIol

Lodmoegdom Fgodegds [omodsMmmmlb Mb-b 9x39dGOo d9bgxdgbGHo. dowmgdmwo Fgga)oo
99bodegdg0s  498mygbgdme  0dbgl  FoddowomoE, MBE-do  350MYdOL 3303 IMH0
3965foegdobomgol.
1. 8glsgsemo

Mol Logobdsbsmmwgdwm  LHgugdMWgdgddo  MbogzgdloGgBHgddo s  LsgMHomm
000565 BoQ9BTsbsMNEGdEM BoLEHYIsdo, BsmM30L 3OHMEgLOL M3EH0ToBsE00L bygzombgddo G-
9600 Mb03d3z69wm3z569L0 YOO 9935305  3JOOFMPJOOL @O 3MMFBILMEO-TolFogzgdegdols
530000306 965 gdMOYdbY LHimE0o 2565 ogdol bogzombgdl [1,3]. mommgmwo 356os@o
0530L0 3953M{0YM0 FSTMEFPOEYOOL s 335¢05035300L TJLsd5d0Ls, Gg0deEgds dgBolgdwIEo
094658 10 doo0sbo LobEGgdom. LEsGH0sdo gs8mygbgdrcmos Jgisligdol 10 doewosbo Loli@gds.
990 99L5dEgdMdIL 0dergzs 10 doerosbo LolLEgds 93339 Fogooms 100 doerosbo
LobEgdoom.  259mYygbgdME0s  GHMIOE0WWo  dog0sd  9B9dEHWOo  9.f.  Imbo-356¢3MM3z0Rol
Mg, HMmIgEos 98IIAIMI© MOl gsdmygbgdmwo s0bodbmwmo Lsbsfagwm 36MHmEglbol ©d
3mdo. BEOGH05d0 JoMOMYIMo FMEIWO MJo0HYO0s 7x7 256BMToEgdol STM(3565BY.
3923000005 256%MTogds 393HMEM™ 530l 1BodwYsEdIL 435993l SFM3560L MYoobgdolsmzol
3909496900 3m330MEHYOMwo  godmygbgdomo 3OHma™msds Maple. LEs@Gosdo 8999s390w)os
0509953032900 IMEIE0, 5ERMMOMNT0 S 0O MJOEX0HYIM0s 300F30vEgMHDY.

2. 3060050 bsffogo

Logob3sbs0IGd™M  MEYEOBsEoOL bgerddmzsbgeol ghm-9Mm doMomo Bbdsosl Hotr-
9mobl 1 MmO IbMds  Msbs3IOMIMIOL  AMZgms  Mobs3YOMYODY 91%39dEHme0
3965f0gds. MmomMgMEo  3sb53gdMds BoLDLMPGds TGLolirIMgdgo Lodwgdoml dmEgdmero
AMEMXMI0m ©S IMoMbM3L 05b5sFIOMIOL Lomsbsm 33500803530, 53 19650 YdMdYODY
3960053700  9M3obgm0oLgsb  2oblb3s3wgd0b, 2903390 LEIOMS ©O  IZIWOFGOISEO0M,
39650900l Mboms s bo®olbom, Imfiglidoygdmmdoms ©s gOmAMWwgdom. gl Yzgas
9563969090 bgerddm3s69wol (o®mgd@m®mol, MHgdEm®ol ©s 5.9.) «bws 0dbgl 499M0s69dmwo
@5 3BLYBEIOMO  gPosbo  3MA3wgubm@o  BoB3969dom - Lsdwdsml  Bglimengdols
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9893BHMIOMdOL EMbom. gl MbY, MMYMEE Habo FoboLIBEOZMYdS F3owsbg 10 doewrosbo LobEgdoo.
3oL3g005, M 1 doeo Fgxgolgds SMOL 5653530594MBOEGOY0, beaenm 10 dserosbo Fgz3slgds
MBogl 939G IOMdsL 6odbsgL [2].

Log9bdsbs0gd™  fgLYdMEgdol bgerdd®zsbgeds Mbs IMIbgOLML, 396OEsEHIOOL
0565909gdMd9g0bg 0Lgmo Q9bsHowgds, BHMI LoghHmm 9539dEIOMdOL MBY 0gml FoglodserEo. 59
Lodwgdoml LGB OO0 Bggds godmoliobgds J390mm dmEgdwyero derm3-bdgdoo (bsb.1).

[_wotocte ]
- |
absbswzmw mabmw il

333560 0236589dmdydTY
369G05@oBOIdOL BmBagaBgdol

439> 8mboggo ogbs
Senobfobgduerol

5

835600390 33y IdolL Bogds Bywaagdol
BbMPogob Sspndsm

335oEaB9d0b JBaIGNGEMBoL
8mbsggBors Bgtsbs B8eaboanBgdols

[ =eesns |

65b.1 363gLol IoMMNZ0L 5¢EMMH0030

399m30@9bmm 99890 50b0dzb9d0: i(i =]71) - 05659 90Md0L 5353900l 356OW3Yd0;
j(J :]71) - LobBYFs80 353563 OO Ms658EIdMdYDdO, R;-31dsmdol 989dBIOMdOL EmBY.

1 309096©96GHOL | 30659 gdmdsBg ©s608360L Fod@o Bsmgda03 e dm@gmdo >03603-
bmo X; 33e09@0m, H@Igeroi 00gdL dbmermo ™ 3609369 @dsL: 0 96 1.

59m3560L 53MbsbLBO AeollbdmdL (33¢ogdOL OGO JMCMBELPOMBOL IMdgdbsl, HMmdguog
MBOHY639wYmRL LMol 9B9JGHMOMOOL FogloToErME K5 E™bIL.

50 9dmEsbol  JoBbol  BmbJgoss  Logebdsbsmergderm  @sfgligdEgdsdo  35396¢Mo
0565993 Mdg00L 0lYMO 396EOHBHIO0 ©93MA3gdBHYdS, MvmMs Jowfgre 0dbsl Lodmdsmgdols
0oM8mqdols  dsgduodmdo. 08@9bs©, odgbosz  Fobolfat  3693HgbwgbEJOOL  Mm3EH0TsmE0
39650 gds 35658 gdMdgdBg  9Mds  (36Mmdowo, sdoFGHmId BoBbolb BwMbJz0580 Mbs  0dbgls
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39035¢0bfi0b6gdwo sb0dzb9gd0l yzgas gbodwrm 35005630, 6w Mbs MEHMEEIdM©IL yzgars
056593OMIol yzgmws 09b58gdMdsHY ©393900L K5Al, 96v9 LoGYz09Mo doBboL BwWbJ3z00bL
SBEM0 5159 F90dgds oBMObOGMU:

F={1 35600000530l Y390 056580090mdsBg 603360 9839JEHrMmda}+
+H2 35600005¢)0L Y39es 05658 gdMDsBY 603360l gBgdEGMdS}+...+ (1)
Hn-M0 35600005EHOL Y39es 0565800980mdsbY ©sb0dzbol gngdEmHmds}—> max

5699 3960 50608369300 FoBBOl BbJ30s F Boofgdgds 990gy0 Laboom:
F=RX +RipXpp oo+ Ry X + Ry Xy + RppXop +...
+R Xy +RpXp + e R X —> - max

F=22F§jxﬂ —max

=1 j1
3305 90Dg Mbs 3930035¢0lobmm mEo GHodol d9bwmgs
300390 3Hodob dgBM3s - 9Hom M9bsdEgdmdsby Ggodwgds s0bodbml dbmewmo ghmo
396000s30. IgMmMg 3030 - 9O 3560IEL F9deos s0353ML FbMEM® GO0 MDA YOIMBS.
9mbg0-396¢¢5MH™30h0L 53356580 G9B0M©3900 (3) s (4) Mx803WMWs© HoMImpagboeos dg-2
Bobobby.

5699 dm3@g hogligto slig:

x11+x12 +---+x1n =1
x21+x22 +---+x2n =1

3)

xn1+xn2 +---+x,m =1

x11+x21 +"'+xn1 =1
X12 +x22 +"'+xn2 =1

(4)

(2)-(4) 503965 Fodmoagbl  HMHB030  ©3OMPEM5TJOOL  BMbg0-356¢MHM30R0L  GH030M
50m3obsl, MMIwol  sdmblbsg B396 gaz0dwos B3zgbL Boge  Asbbowie s BHEMOOEOI
3OMyM5090b Maple s> Matlab-byg.

0565336Gm3mgdo »5653ydmdgdo
b N e /

r ~\ - :
R
AL
. \ o " . .

v, ’ ; .
Bob. 2. 3mbs0 -356@5MM3z0B0ls s9m3s60L gtogo
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dmEgdmmo  s9mEsbs  Ggodangds  2005HY39G0wo  0gbsl, OHmamE  3MMm®msds  Maple-b
Lodmoegdom sligzg b3S 3MMyMs89080, saM9m3g dgladergdgwros Excel-do. ¢bos s03608bmm, Gma
Y39y  3MIBRMO G0 Maple-b 35005630, o053 90 3MMAMSAL  qooBbos  dog0b
dmbgObgdMo,  IM935¢0xMbI30mo  0bBHIOEgoLo.  s300mm  3Mb3MgEHMwo  dgdmbggzs: 7
056593MMFgero 7 Bsddom 5@p0wbY [4]. 05300096 godm3z094356mom 3MTomdol 9539dEIOH™MdOL R
39000b393000 JoBHE03s (7x7) oMM ygboero 58m3560L 58mblBoL 3GMmyMmsdsly 5d3L Loby:

> with(Linear Algebra) :

1:=7:j:=7

R := RandomMatrix(i, j, generator=1... 10)
10 8 32 9 15
1 936 2 76
6 146 5 81
1 5687 22
3 458 7 12
9 967 1 27
7 78 110 3 3

B5d0gdgwos X(7x7) 85@®0Es Ld@dE MOoMMINEo X;; SO0 96 1 56 0; Bgdmo domgdmero
39000b393000 oBHM0E0LIM30L JoBBOL G630l 9db9gds Loby:

F =10x, +8X;, +3%3 + 2%y, +9X5 + X6 +5%;; +

+Xo1 + Xy + 7 X5 +6X54 +2Xo5 + 7 X5 + 6%, +
+HOX; + Xgp +AX%eg + 6%y, + 55 +8Xg5 + X7 +
+Xyy +5Xyp +6X43 +8Xyy + X5 +2Xy5 +2X,; +
+3%s; +4Xe, +5Xg +8X%sy + X + X5 + 2%, +
+9Xg; +9Xg, +6Xg5 + 76Xy, + Xgg + 2% + X +
+1 Xy 4 1 Xgp +8%5 + X, +10X;c + 3% + 3%,

d9D0390L 9969050 G98ga0 Loby:

Xug X X3 + Xy + X5 + X6 + %7 =1

Xog + Xop + Xog + Xog + Xog + X + X7 =1

Xa1 1 Xap + Xgg + Xgg + X5+ Xg5 + X7 =1

Xag X + X3+ Xy + Xgg + Xy + X7 =1 5)

X1 Xgp + Xsg + X4 + Xo5 + Xog + X5, =1

Xe1 Xep 1+ Xe3 + Xes + X5 + X5 + X7 =1
Xop + Xop 4 Xgg + Xy 4 X5 + X5 + X7 =1

6> 3n3dgdbmm Max F (5) 990903900l aom3seolfjobgdoom
9L 58m 356> Maple-bg oblibgds sbsy:

restart

with(simplex) :
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maximize
10X, +8X,, + 3% + 2%, + 9% + X +5X, +
X1 + 9%, + X5 +6X5, + 2% + 7 X +6X7 +
+0Xg; + Xgy +4Xg5 +6Xg, + X +8Xgs + X, +
Xy + Xy, +6X5 +8X,, + 7 Xy5 +2%45 +2X,; +
+3Xg; + 84X, +5X%; +8Xg, + X + X + 2%, +
+9Xg; +9Xg, +6Xgg + 76Xg, + X5 +2Xgs + X7 +
+7X71 +7X72 +8X73 +X4 +10X75 +3X76 +3X77’{X11 + X12 + X13 + X14 + X15 + X16 + X17 :11
X1 Xp F Xog + Xoy + X5+ Xog + X7 =1,
Xa1 + X X3+ Xgg + Xag + Xgg + X7 =1
X + Xgp + Xag + Xy + Xgg + Xyg + X7 =1,
Xsp e + Xeg + Xy + Xo5 +Xg5 + %57 =1,
Xe1 + Xep + Xgg + Xo4 + Xg5 + Xgo + X7 =1,
Xo1 + Xop + Xog + X, + Xog + X56 + X5, =1} NONNEGATIVE, VT

390920 3590l 89990 Lyboo:
{X11 =1x, =0, Xi3 =0, %, :01)(15 =0, X6 =0,%, =0,
X =0,%, =1, X3 = 0,%, =0, X5 = 0, Xop = 0,%;, =0,
X1 =0, X5 =0, %55 =0, X4 =0, %55 =0, X35 =1, X5, =0,
X1 =0, X5 =0, X3 =1, %, =0, X, =0,X,5 =0, %,;, =0,
X1 =0, X5, =0, %5 =0, X4 =1 %55 =0, %5 =0, %5, =0,
X =0, X =0, X3 =0, %54 =0, X5 =0, X =0, %5, =1,
X =0,%7, =0,%3 =0,%;, =0, X5 =1, X5 =0, X, =0}
3308500 890929000
X =1 %, =1 %5 =1, X3 =1 X5y =1, X7 =1, X5 =1
569 0Bbob gMbdiool dosduodmdo 0dbgds:
F =10x,; +9X,, +8X%5 +6X,5 +8X,, + /X5, +10X,c =
=10*1+9*1+8*1+6*1+8*1+7*1+10*1=58

3. sls33bs

890053900900 353985303900 3ol  sergm®omdo s 3033099GHIOMWO  3OMYMSTS
3393938 LodNogdsl  Lobofagerm  sfglgdmegdsdo  39oamyoeo  39MLmbowol  0bsa-
©99md70%g 9650w gdol m3EH0dogr©o  JogduodogrGo dImdygdosbo bdgdol  oybsl. 0
39092900l dobgz00 99a30d0s 2obglabMzmMmm Mv) MHMIgE 53509F0O  M9bs3EYOMOSDY,
GHIgo  3960oE0L Aobsffogds 0dbgds 439wsBy 989JGHMMO. oMEs Lolifogurm 3MMmEgLoLs
50bodbmro dmgwwo dgodwgds 9BIJAHIMS®© 0yml 4sdmygbgdmo bbgs LEgOmgddos Loss
0565930 39gd0L 056580gdM9dbY 9039JGHIO0 Fobsfowgdol sdmEsbs 0dbgds dosbishyzg@oro
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ALGORITHM FOR PERSONNEL DISTRIBUTION TO POSITIONS IN THE
EDUCATIONAL SYSTEM AND ITS IMPLEMENTATION ON A COMPUTER
Elza Imnadze', Nugzar Kereselidze?, Valida Sesadze3
1-Tlia University (Tbilisi),
2-Sukhumi State University (Georgia),

3-Georgian Technical University
elza.imnadze@iliauni.edu.ge , nkereselidze@sou.edu.ge . v_sesadze@gtu.ge
Summary

The issue of optimizing the management process in higher educational institutions - universities and, in
particular, in the entire educational system is discussed. A mathematical programming tool is used to
model the management process. The corresponding Monzhi-Kantarovich model is constructed. The model
is solved on a computer using a package of applied programs Maple. An optimal solution to the Mongy-
Kantarovich problem has been found, which can be used to effectively manage a university. The
results obtained can be used, for example, for optimal staffing allocation in a university.

(Received 24.05.2025)

AJITOPUTM PACIIPEAEJIEHUSA KAJIPOB 110 JOJIXKHOCTSAM B
OBPA3OBATEJBHOM CUCTEME U ET'O PEAJIM3ALIINSA HA 9BM
Dmza Umnanse!, Hyrsap Kepecenunze?, Banuna Cecanse®
1-Yuuepcurer Wibn (TOuancn),
2-Cyxymckuii 'ocynapctBenssiii Yuusepcuter (I'pysus),
3-I'py3unckuii TexHuueckuii Y HUBEPCUTET

elza.imnadze@iliauni.edu.ge, nkereselidze@sou.edu.ge, v_sesadze@gtu.ge
Pesrome

PaccmaTpuBaeTcs BOIPOC ONTHMU3ALMK IIPOIECCa yIIPaBJIeHUs B BBICIINX Y4IeOHBIX 3aBelEHUAX -
yHUBepCHTeTaX M, B 00meM, BO Bceil oOpasoBarenpHOM cucreme. Jlnd MojenupoBaHMA Ipolecca
yIIpaBJIeHHS HCIIOJIB3YeTCs allllapaT MaTeMaTH4eCKOro IporpaMMupoBaHuid. [locTpoeHa cOOTBeTCTBYIO-
mas mogens Momxu-Kanraposuya. [l pemeHyss ¥MCIIONB30BaH [AKeT IMPUKIALHBIX IporpamMm Maple.
Haiimeno omrumanpHOe pemeHue 3amaun Monru-KanTapoBuda, KOTOpoe MOXKeT OBITH HCIIOJIB30BAHO
011 5hGdeKTUBHOTO yIpaBleHHs By3oM. [lomydeHHBIe pe3yIbTaTBl MOTYT OBITH HCIOJIB30BAaHBHL,
HaIpUMep, i1 ONTUMAJIBHOTO PpacIipejie/leHUA KalpoB B BRICIINX Y4eOHBIX 3aBeleHUAX.

(Ilocrymrra 24.05.2025)
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503LEGHMNYI GO0 b3 365¢oBOLS s
UAOMIGHIOH0OHGOMEdo GHOBLEMGT0MGdIOL 3MrmEglgdols
93H™I5E0BO30s 06835300l IM3M3900L ™sbsTgEM™3Y
d900m©9gdom
B0bm 0OMmBME0s, 5601059 F9gesdz00, 305 LMY EsdY,

697°6 30w>dg
LodoMmM39WMb G9gdbozm®mo Mboggdbo@gdo
nino.topuria@gtu.ge, sheklashvili.mariam@gtu.ge, g.surguladze@gtu.ge,
bejangeladze67@gmail.com

M9bomdg

©OEO M5MmEIbMdOm 5MIBGHOMIGHMO0MJOMO ©™3MIIBEJO0B 0bnMMTs300l I3Mm39ds
©O9LEEIMBd00 36033690M356 493mf3935 0g39. B5AMMAT0 [omBMEYgboEr0s Lol gds, MmIgaros
9330355 39M57daboL 9duGME-sM5LEHMMIOIOHO0MYIOME 0683MMTo305L bLEGHMMIEG MM
dmbs399905. B0dxdol Loboo s0gdMwos LsdgEboghH ™ FMOBswol Lo®mbggzo. LobGgds 094gbgdl
Python-oom @s{g®ow dmrenl, Hm3gwos 59moiEbmdl bGe@ogdol Lomor)Mmgdls s 53GHMMmgdL Word
©™31996G0b. 87853900 0bxmOTsgos  0bobgds  SQL  Server-ol  dsHodo, G
MBOHMD39wymRl  dImbszgdgool  MLsgmmbm s LEAHMMIGHMIOOMGIME  Fgbobgol. 53 3MMEQLDs
9609369cm3gbso 99593060 06xm®Iszool bgemoo dggzsb0L LoFoMmmgds s 2obMEs dmbsigdoms

53853900l LOLHMRY. sbsolbgdMEo Bmbso3gdgdo 1339 FgbodwgdgEos Asdmygbgdem 0gbsl
bbgoalibgs sbsero@ozmMo 96 Lodogdm LoliEgdobmgol.

1553356dm LoBY3900: SMLEHOWJEHWIOOMIOMEO M3TIBEHO. LAMNIGHMO0MIOWWOo dmbs3gdo.
9mbs39005 Im3mz9ds.
1. 8glsgsemo

0™ Sm{iegegdol gobdsgarmdsdo mEmsboBoE0gdo s 39O vy Loxs®m Lgd@memol
d0BbgLLYB0gdBHJO0 JIBowHIE s saM™M390®bg6 dmbs3ggdoms ©oE FMEIEMIYOL, MMIYdO;
bbgoolibgs LGOI GHMOHMw Bm®Isdo — bLEGHOMJGHMO0MYdIMM, bsbgzMe© LBEHOWIGHMOMOMIdME ©S
5M5LEGHOJGHMO0MGOME0 Loboo — 3393w06gds. 50b0dbmEo dMbs3900l 360d3bgwmgsbo bsfowo
065Hgds MHMAMOE WMISWMMs© (B0DB03MNM0 6 FoxsOHMEOo Gsowgdol Lsbom), slggg Jugwre®
153939900, dmbogdms Lofgmdgdls s mbsggdoms GHdgddo. oo Tgbsbgsels Logmdzwsw I3L
39930 259mygbgdols 30Bsbo 4905H9Y39GH0wgdol Fomqdol 3OMEgLd0, 56 MMM OLEGHMOmOIMO
3b™dMOL Breagro.

3M3LEGHOWJGHMOO0MGOMEo  Imbs399900L oo bsffomo EgdYg 9Mm30L9dgE0s, 0T3S
LPMOg 93 GHo3oL dmbs3gdnddos dmd3gero Fo@sero Latygdemdol ddmby 0bgm®mIsgowmwo
G9bMOLo.  Imbszgdoms  dm3m3ggds, bswobo s  06GHIM3MYGHIG0S  MORBOBHE0YBL  5dg3L
d9L5dEgdMdSL JooEml 93900 06xMOIoMmYdMWO, 8330390 gdsDY IRMIBYdIMO 49wSHY39-
G09g0900 s 496530mMML IMbs3gdbg MO09IbEH0MYOMO FoMMZOL 3 EHMES.

3936096900 5 36M534EH03MmbYd0 BsMMME 09969096 3H9JuBHM0 BMbo3g8900wb 0bRMOAs300l
dm3mg3gool  (Information Extraction, IE) @&9dbmemaogdl Ubbgoolbgs bggOhmdo — d0Bbgb
3650030056 Lo0b3gLEBHOEOM 3OMABMBOMYOT©Y. Fogsoms, bgwrodobs s dglbodol doge
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09099095390 dmgedo  [oMdmygbowos Logmbom 00650l 3MMAbMmbomgdol  dgdsbobdo,
6HmIgeos 93996905 obsblMmo Losberggdols gduEgd0sb doMgdwe 0bxMmMTo3z0sL s obfigmdol
(sentiment) sbocroBUL.

0919395, 5MBEGHOMJGHMO0M90I0 FMbs3gdgdol sdwds39d5 GHMOOEOYIENO SEYMOOMNIJO0M
A99603Ms©  OHDMwos. om0 doMOMe©O  LoMmyerg ol SMoL, GMmI gl dmbs3gdgdo oM
9939900905690 9056 LAHOIBHOL 96 FMEOTsBHL. Tgbodsdobs, GHJJudHPy Ixnmdbgdmwo IE
d9mEgdo  FgMmaglgdgwos bbgs GHodol dmbszgdgdomsb, OHmaMmMadoEss 99©OM, 30IM b
3580370 BSOWGI0. MVOMMYME0 Bomysbo LoFoMmMmgdL goblibzsg9dmwr doAMAsL, B3gEoswrE
3000905l s 1gdsbEBH03MOO FOOL STMEEMBL, Mo Log®AbMdW S BEOPOL dmbsigdoms fobsbfsmo
538539000 LOODMEIGLS S bt gdL.

50 3MMdGIob  goolvFMgws 39993530 9@ IMbsGHOMwo  doEaMIgdo, MHMIWgdoE3
303560 Mos  BH9duBdo  sMLYdIMo  1gIbEHOIMMO  GMMGMgdOL,  MBOYIBHIOOL,  Bod@EHadob,
MOH0YOHNMIGOOLS s FMm3gbgdol STMLIMIOI®© ©S Fom0 LBEHMWJGHMOOMYdME ImMbs3999d5
39054360l 396. 0b6x3MmMT5300L dM3Mm39d30L 53 3MMEJLOL JoBsbos BHgJuEWIMO IMbs378900b oligmo
063mMH 35309006 A5TMmYmes, MHMIgdog 3609369wm3zs6 360369 MdL  5BSMYIL  Fgdymdo
36500303960 56 IMgEroMgdolbm3zob.

91939dEHOs©  29BbmOE0gwgdwo IE 3MmiEgugdo 3608369cm3bs 5930690l  dmbsoigdoms
Pobolifoo  ©599d53900L  boba@dogzmdsl, BGMOL  dmbsggdms  sbseroBol  LoBMLEGHIL s
5Ax ™LA DM 9B9JEH0BMINL 25005(9Y39G0w 90900l Jowgdol 3OHMEgLldo. 5353MMMWS,
563LGHOMIGHMO0MHYIMo  Fmbs3gdgdol LAHOMIGHMOO0MIRIM BMEOTsTo 2o0MEsddbs gobobowrgds
ORMOF 29099350 JBS30 3033 9JuB0 0bBMMT530IE0 LolEJTgdoL gob30msMYOOLSL — oo
dmOoL d9690Mm030 gbol ©sdMTs39d0oL (Natural Language Processing), Lodogdm Lol@gdgdools s
956956960 Lo3wqd0olL dmEwergdols d9ddbolsb.

0mb5398075 3EolB03oE0d LAHGUIOVIOYL; HbIZOIPLAGYIGIOVNL ©S SOLAOYIOVOY
G03905© 56 HoMmBMoagbl FbmEmE MgMOMH0MEr 8oEYMAL. 3015gdG03500, U oYMBS FBLEBOZMI3L
9mbs39905 ©53853930L LBMSGIR0L, bgels MHymdl 3GMEgLYdIOL M3EGH0T0BHE0L s Jabol dgse
Loy3¥dz9el 8mbo3gd9dHg ©sx319db9do F9HY39EH0WGd9d0L TbsMPILOFIMS®.

> 563LGHOMIBHIO0OGdMO, 65bg3MLEMIEMOHOMIdYO s LEMYIEMGoMYd Yo dmbssgdgdo

SOOI 1069829¢00 Jbs;390980 — 56 993900090569ds 96107056, Hoboliffo 4oblsBLgO
Ugqdol 96 BMOToGL. o 96 gosBbos FMOTo0BGdMWo LBEBHMWIGHMES, o3 9603369 m3absc
5607 qdL Fom0 53¢35GH0HYdME0 ©FYds3900L 3BIMEIBL. 53 353JRMO0sdo Fgol 0ligmo G030l
dmbs399900, OHMaMO0Ess GHJLGHWOO0 ©™3IIbEHId0 (Fopdswoms, Word, PDF), gw. gmbéo,
LEOMYO0, 30IM O SMPOM  BSOMYd0, 593y LmEoswEmo Jugwol 3mbGgdo. Imbszgdoms
9650 3H03mbgdoLy s IMROL 9Ju3gMBHdOL FgxoLgdom, dOBOgLTo sOLYdMWO 0bgMGT>300L
©55bEMmgd0m 80% 5MLEHOIGHMO0MHIOME0S.

656936050bAGIAN0OIBrIer  Ibsgdpdl  —  o9Bbos 2903390 MmMRBOBIEOWMwO
9oboloomgdgd0, Moz Fgbodegdgel bEol domo bsfowmd®mog 53@™Ts@0BgdmeEr ©sd1)ds390s.
d0bg5350 0dols, MMI sBgod IMbs(39dgdL 56 593L T3oEMOE FBLEDBWIMEo Bdgds, obobo dgoiegl
LEAOMIGHMOME 60dbgdL, MMM 3JRJO0, dSGHM0dBHJd0 S 3396d900. BHO3MMO ToIWOMYOOL:
XML, JSON s YAML @gm®3sGgdo. 50 9mbszgdgol sbolosmgdl dg@o  dmdbowrmds s
39BIOMMYDMBS, LEAHOMJEIOOMYIM FMbSEIdM6 TgEMGdOm.
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LAOAIOH0G982cm0  Imbspgdgdo — meysboBgdmmos Fobslfjo® sblsbrgmmo bdgdols
d9Lod5ToLOE I, MMM Fgbo, 0bsbgds Moz Imbsggdms 35Hgddo. 3 GHodol dmbsigdgdo
d90905  3bMowgdol,  LggBHgdols s  BobofgMgdolash, Mg  BOHMb3gymRl T
©5385390500MdL, 95399G056 d0gdsls, 0bEgJLOMYBLS s B0 EH0 3O FglodwgdMdYBL. 303EOO
3525¢0009d05: SQL 35Hgd0L 3bMowgdo.

2. 3060050 bsfjogro
2.1. 3500995039900 SL39dGHo

LAOAIOH0G98rcw  dmbssgdors  dmgero  890dwgds  sfig®o  0dbsl  H9gwsE3oMo
5E906M00:

R(A1,A2,..,An)R(A_1,A_2, .., A_n)R(A1,A2,..,An),
ooz AIA_iAL o00moaqbl 5@®m0dEH9dL. 30m6309GHwo Bsbsfgmo (G3eo) BmMIowr®mo©
296L5DW3MME0s BQME(5:
t=(al, a2,..., an),
ai€Edom(Ai)t=(a_l,a_2, ..., a_n), \quad a_i \in \text{dom} (A_i)t=(al,a2,...,an),ai€dom(Ai),

Logs dom(Ai)\text{dom}(A_i)dom(Ai) 50b0dbsgl dgLodsdol s5@GM0dwEOL Mmd9bL.

65693050bHGIAG0GIBrIero  Imbspgdrdo  HAoGs©  FoMdmygbowos  aMonwmwo b
boligdwemo bGOYIEIHom:

T=(N,E)T = (N, E)T=(N,E),

Lo NNN 6ol 335609806 bLodMsgaryg, bmerm EENXNE \subseteq N \times NESNxN — 353d069d0l
LodMO3wY.

bgmo  BmEgEo  odmoygbgds XML 56 JSON  ©m3m9963q00ol  dos  LE®WJEHwmemol
SITOTA N efyteTel epletol i

3OLAOIHH0609829¢00  Ibs3gd980l BT MOHo  sfigks bdoMs  Homdmoagbowos
0O LOIOMWMYOOL 96 Bo0EHJOOL 08YZOMBS, HMIWYOOE 9300360L 90339 56dBU:

SEZ*S \in \Sigma*SeXx,

Loog Z\SigmaX §o600moagbl LoddmeEmgdol s6dsbl, bmwm +\Sigma™* Y+ — dolo yggws dglsderm
33900 (bLEHMOJMbgdOL) GOHPOMBEOMBL.

2.2. 3609534900 M95¢0DIE0s

9mdbds690¢ol  06@gMBgolol FoBsbos Bsowol 5BH30MM30L  3MMEgLOL  FodlodswEs©
39956303905 ©5 Jobm3z0l gamdemeo 2o6M9dml d9ddbs, Goi 999amdo LyMz9Mwo Wmyo30L

(059., Word g3500sb dmbsigdms 58m©gds s LE®YIGHIO06M90s) 989JGMG© Tgud¥egdol
Hobodo®mmdss (bob.1).

aaznmog Word

(.docx) ®aongmo 127.0.0.1:5000 says
m,,.,, 40 B8N BoHBsBd0m magdage!
@

Bob. 1. demdbdomgdeols 0b@ M xgolo s IgEymdobgds 3Gmaglols Iglisbgd
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36OMyM53580 ©950DodM0s dMbs3gdms 3MmbGHMM®O, MMIgEoE 259mOmOoEbogl  MmOX M
960000500537 9mbs399gdbg  BHgMol  3MMEIMOOL  FglerErgdsls dsBsdo. Bmbsigdms BB
©33609JGHJOMwos Ms SQL Server-6g s dobo 30b333@meew®o bdgds sbsbwyaros 99-2 6sbsBby.
030 09003905 5 @bMowols s 8o TmOoL  3538060930Lsb.  MmommgmEo  bOoolm3zol

2390035¢0L{0bgdME05 30603950 s IJMMYMO Folv®GdINMO 5EHMOdMEJDO.

avtori
T
— saxeh
departamenti |-o i =
9 idd -
| d_d
dasaxeleba
| meil
: telefoni
statia
¥ ids
f"‘“" avtori_statia
idy ¥ doa
i o< OT ? ids
zhurnali
T dy
nomen
welt

Bob. 2. ER-3mb393¢vgsemm®o 8cwgeo 3mbaggdoms dsbobmgols

Python 36ta®s80L 2583900l d9099@ 9Mbserol BoMhg30s6 (Word gsowo) sdmemgdmwo
0965 BESEGH09d0L LoMOYMYIOO S 93EMMYO0. gl 06RMO T30 Bogdo@d FmbsEgdoms BB (bob.3).

1a title author
17 888 Climate Monitoring and Operation of Safety Nets Using Fuzzy Logic Methods Mchedlishvili Nino
i8 889 Climate Monitoring and Operation of Safety Nets Using Fuzzy Legic Methods Mtsituri Nino
19 89%e The Development of Intérnet Protocols Gvaladze Miranda
20 891 The Development of Internet Protocols Papiashvili Rusudan
21 892 The Development of Internet Protocols Kakauridze Nika
22 893 Use of Regulators in Automatic Control Systens Kotrikadze Ketevan
23 894 Use of Regulators in Automatic Control Systems Barnovi Sophio
24 895 Determining Lack of Cohesion of Methods in Digital Control Systems Software Jokhadze Paata
25 896 Determining Lack of Cohesion of Metheds in Digital Control Systems Software Mtivlishvili Levan
26 897 Features of Using Digital Control Systems for Controlling Current Processes. Jokhadze Paata
27 898 Comparative Analysis Conducted Between Ventilation Calculation Methods Usin. Murjikneli Guram
28 899 Comparative Analysis Conducted Between Ventilation Calculation Methods Usin.  Murjikneli Givi
29 900 Comparative Analysis Conducted Between Ventilation Calculation Methods Usin.  Modebadze Yuri
30 981 Comparative Analysis Conducted Between Ventilation Calculation Methods Usin.  Tomaradze Omar
31 982 Research of Information Systems Data and Modern Methods of Organizing Work .  Sitchinava Ana
32 903 fiesearch of Information Systems Data and Modern Methods of Organizing Work .  Bejanishvili Lolita

65b. 3. B9JuGHHo 0683MHI>300L Ssbgs dBsdo
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09-4 Bobobbg bsB39bgd0s dMbo3gdms  05B0Ib Q903390 0BBMETs300L  STMMYOOL
Lo0ENLAHMIE0M Fogoom0. InMbM3bs: ,303Mm3Mmm Y3gws LBEAIGHOL LoMoemo s Tglodsdolio
933MM900° (bob.4).

> Run L Cancel # Discornect «£ Chance Connection [sarchevi v ’ ‘ & Estimated Plan £ Enable Actual Plen

1 SELECT s.sazaur: AS Article_T:tle, a.saxeli AS Author_Namne, a.gvari AS Authcr_Surnzme
“ROM statia s

2

3 JOIN avtori_statia ast ON s.1d_S = ast.ic_S
< JOIN avtori @ ON ast.id_a - a.id_a

s JRDER BY s.id_5;

6

Results Messages

Article_Title v Authar_Name s Author_Sumame
1 Improving Busine2ss Processes in Highar Edicat.. Tamar Loninadze
2 Improving Businzss Prozesses in llighzr Cdicat..  Taliko Zheania
3 lmproving Busin2ss Processes in High2r tducat.. Lill Fetriashvili
4 Improving Business Processes in Highar Educat.. Davit Kapanadze
5 Inproving Business Processes in Higher Educal., © Gid Suruuladee
f Tachnical diagnastics af build-ng coastroctio..  Trakli Rodonaia
7 Tzchnical diagnostics of building constructio.. Gulbaat Nareshelaskvi'i
b lechnical diagnastics of build-ng colstructio..  |2nglz Baxhtadze
2] Technical diagnostics of building coastructio.. Vakhtarg Rodcnaia
13 01 Lhe Use ol Stochaslic Anelysis Melhods in .. = Merab Aklivbad ¢e
n 01 the Use of Stachastic Anzlysis Methods in ..  Flguja Kurtskhaliz
12 01 the Use of Stochastic Anelysis Methods in .. Marika Bregvadze
13 U1 the Use of Stochastic Anzlysis Methods 1n .. S2Tiko Jaadze

6sb. 4. Imobm3zbols s 390l oErlsGMsEos

3. sls336o

369JGoL BsOgddo FoMdsEHgdom 0dbs gobbmMiEogwwgdmwo Word ©m3sdgb@do s®lgdwyemo
A9JbGHOL 5bse0Bo S LEHOIBHOOMYOMEO IMbs399900L domgds Python 3HMyMsdwmeo 13M03E0b
©5HToM930m. 2obbmM309s SMBLEHMYIIEHIOH0MHGOIMO 3H9JuEOL 2osY35bs LGOI EHMOHOMmYdME
9mbs(3999050, Jo00 ©3T539d5 s Microsoft SQL Server-ol dmbsgdms d5%sdo dgbobgs.

50335650, 3MMgdBHds 3M0gdBH03ws® 583965 MMmE Jgodwrgds G9gduGeo ©™3MbEgdol
BOROMWO 5319353905 Mo 365d3H03500; OMAMEm By  5350930M0  LEYIEBHOOL
d9L50530L0 OBFMEOTo300L 5TMYds; dmbsiggdoms d3BsFo Fgbobgs s Fgdymdo sbseroBobmzol
9mdbode.

50235600 d0yMds G90dmgds 459mygbgdrem 0gbsl bbgs m3mdgbdme dsloggdmsb ddsmdols
©OMLSE —  3539¢005©, B0VWOMYMIR0o  dMbs3gdgdol  LobEgdoGoBoEooLIL,  Fm@Mbool
BGHOGH0900L  39@dmol  dgloddbges, 96 Lostdogzm  BHgduBgool  oRGME  d5HYdMb
51535300690 S.
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1. Mohd Hafizul Afifi Abdullah, Norshakirah Aziz, Said Jadid Abdulkadir, Hitham Seddig Alhassan
Alhussian, Noureen Talpur. (2023). Systematic Literature Review of Information Extraction From Textual Data.
Internet resource: https://ieeexplore.ieee.org/document/10032132 (21.05.25)

2. Information Extraction System for Transforming Unstructured Text Data in Fire Reports into
Structured Forms: A Polish Case Study. (2020). Vol.56, pp.545-581. Internet resource:
https://link.springer.com/article/10.1007/s10694-019-00891-z7u

(bAsHos Goemgbecmos 25.05.2025)

AUTOMATION OF PROCESSES OF ANALYSIS OF UNSTRUCTURED DATA AND
THEIR TRANSFORMATION INTO STRUCTURED USING MODERN METHODS OF
INFORMATION MINING

Topuria Nino, Sheklashvili Mariam, Surguladze Gia, Geladze Bejan
I'pysunckuii Texaumdeckuil YHUBepCUTET
nino.topuria@gtu.ge, sheklashvili.mariam@gtu.ge, g.surguladze@gtu.ge,
bejangeladze67@gmail.com
Summary
Extracting information from large amounts of unstructured documents has become a serious
problem today. The article presents a system that automatically converts unstructured text information
into structured data. The example is the table of contents of a scientific journal. The system uses a module
written in Python that recognizes article titles and authors from a Word document. The processed
information is stored in a SQL Server database, which ensures secure and structured data storage. This has
significantly reduced the need for manual data entry and increased the speed of data processing. Sorted

data can now be used in various analytical and search systems.
(Received 3.05.2025)

ABTOMATH3ALIVIA ITPOITECCOB AHAJIM3A HECTPYKTYPUPOBAHHBIX JTAHHBIX
N ITPEOBPA3OBAHUNA X B CTPYKTYPUPOBAHHBIE, C UCIIOJIb3OBAHUEM
COBPEMEHHBIX METOJOB JOBBIYA MTHOOPMAILIN

Tomypusa H., Illexsramsuiu M., Cyprynazase I'., I'enanze B.

I'pysunckuii Texundeckuit YHUBepCUTeT
nino.topuria@gtu.ge, sheklashvili.mariam@gtu.ge, g.surguladze@gtu.ge,
bejangeladze67@gmail.com
Pesrome
UsBneyenne wunHdopMauuy u3 GONBIIOTO KOJIUYECTBA HECTPYKTYPHUPOBAHHBIX JOKYMEHTOB CTAJIO
CerofHa cephé3HOM mpobiemoil. B crarhe mIpejcTaBieHa cHCTeMa, KOTOpas aBTOMAaTHYeCKH IIpeoGpasyer
HEeCTPYKTYPHUPOBAHHYIO TEKCTOBYIO MH(OPMALIUIO B CTPYKTYPHUPOBaHHbIe AaHHbIe. B KayecTBe mprumepa B3ATO
oryaBjeHue Hay4HOro XypHaua. CHucreMa HCIIOIb3yeT MOy Ib, HanucaHHbli Ha Python, koTopstit pacio3Haér
Ha3BaHUA U aBTOPOB cTareil u3 fokymeHra Word. O6paboranHas uHdpOpMaIua COXpaHIeTCA B 6asze JaHHBIX
SQL Server, uro obGecmeuynBaeT Oe30macHOe U CTPYKTYPHPOBAaHHOE XpaHEHHE JAHHBIX. JTO 3HAYHUTEIBHO
COKpaTHUJIO HEeOOXOAMMOCTh PYYHOrO BBOZA HMHGMOPMALUU U YBEIUYMIO CKOPOCTh OOPabOTKH IaHHBIX.
OrcopTrpoBaHHble JaHHbIE TEIePh MOTYT ObITH MCIIOIB30BAHbI B PA3IMYHBIX aHATUTUYIECKUX U IOMCKOBBIX

CHCTeMax.
(Ilocrymzma 3.05.2025)
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Bofo®Bmm 3Mm3glgdol JsMmm30l 080EsE0Mo BmEgrols

53900 3mb398E0s 350393060, EmMyoliBo3ols s
B1-@&9dbmammgools doamBsms 0b@ga®szooom
3960 56BMY5I30¢00, B30 sObMTsTZ300, 05 LryMymemsdy

LodoMmM39Wmb G9gdbozm®mo Mboggdbo@gdo
arkhoshashvili.meri24@gtu.ge, arkhosha@gmail.com

69bomdy

396bo 05 Lsfo®dmm 36rM39900L B30l 0T0GE0IM0 dmEgeol 9gJdbols s 3330l
90Mds, HMIYE0oE 06GHIRMOMIOL FoM39EH0bROL, WwmobBHO3obs s doBbyl 0bEgwoxqblols (BI)
A93bmmy0qd0l  3G0b3E03gdL.  s©fgMowos, M) GMyMmO Miigmdl bgwl  Bl-@3gdbmamaogdols
399mygbgds  Imbszgdms  sbseobBls s  3MMABMBOMYdL, o3 DBMEOL  FowsfY39BHOWYOJOOL
95399GHMIOMBL 5963393 MdOL 306M390T0. gobliozmMmgdEo yMMo©gds godmds doM3gdobyols
@5 @mAoLBH030L 0b6FIMOE00L, M3 LS gdSL 0dwg3s, M3EH0oHYdIMwo 0dbsl dofimegdol
X330 @5 0mIbTsMgdgwms  FMmbmzbgdol  3OMabmbomgds. FoMmdmygbowos 0dodsEom®o
dm9ol 53900l  dgomEYdo, MMIwgdos 9gumdbgds LolBgdm® ©0bs3030L, TmbEg-39MEMmls
390mELs s IM035wogab@GNIM LoliGYdgdL. 6sdOMdo bsBL MizsdL 0bEIAMOMYdMo doymdol
9609369cmdsl  Lofo®dmm  IOM3gbgdol  FsMM30L  M3BH0T0Ds30sd0, o3  bgwl  MHymodl
62560D5:300L 363960963 bM056MBOL BOLL.

153356dm  Lo@yzgdo: Lofo®mdmm  3MmEglo.  080GE0MM0  IMEIW0Mgds.  BsM39G0byo.
@MmobG03s. Bl-¢gdbmmmyo. 20w05(9439GH0wgdol dogdol Fbo®msFghs. dmbsggdms sbsgrobo.
965350002960 Lol gdgds.

1. 8glsgsemo

056599060m39 LofoMdmm  3569dmdo, LOEOE MOS0 DsE0s, 8353600 3mb3MM9gbios @
9mdbdoGgdgwms  dmmbmzbgool LiGexgo  33wowgds  ©@mdoboMgdl, LofoMdmm  3GmEglgdol
95393GHIM0 35O™M35 osdfy39@0s. 080GIE0OO FMPIW0MGds BodwYsegdsls 5degal d9bgxgegdL,
399965¢0BMb  Ubgoolbgs  L39bs®ndo, dgogmslmb Molzgdo s doomb 0bgm®mdomgdmwo
3°050939BH0wgdgdo. 59 3mbE9JuBHTo, ToMm39G0bROL, WMmYPoLEBHOZOLy s  BI-@gdbmewmyogdol
0639305305 Jabol LobgMaoMw 9x39JAL, OMIgEoE BOOL LoFoMdml M3gMmsE0M 9339dE06MdL
[1,2]. BI-®9dbmemaogdo, Mmam®oiss Microsoft Power BI, Tableau 56 SAP BusinessObjects,
MBOM639wYmRl  Imbszgdms  0bGHgwgddH e sbseoBL, Moz Lodwoegdsls  0dwrg3s,
36b6mBoMEgL 05DMOL 39bw9b30900 s FMIBTsMGdg M J3935 [3-5]. F5639EH0bgol Joymagdo,
0530l 35603, byl MFymdl Immbmzbol gmmIoM9dsls, brwm wmyobEozs m3G0d0BE0L 390093l
dofm@gdol xs3F3L [6]. 58 Lsdo EOLEO30bol 0bEJGMsE0s 080G FmEdo bsTMoEgdsl
0d935, 390gabsL 3merolBo3mEo Lolidgds, MM Sbobogl LofoMmBmm 3MMm3EgLgdoL LoMmmegl.

2. 3060050 bsffogo
2.1. 0do¢530M0 3mEyEroMgdols IgomEgdo
0303530)M0 MY 0MGds LEHoMmMmm 3MrM(399d0L JoMN35d0 9BwAbyds ModEYbodg Fgm™EU.
oS LoLEBJINGO ©O0BsT03s, OMIgEoE Podmoygbgds Mo LobEgdgdol Ji39g30L dmgeotg-
doLm30L, BosE AoM35¢olobgdos 3993938060l ds0ymgdo (Feedback Loops) o Mmol
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33w0gds  [7]. gl 99gmEo  Bsdogdsly 0deg3s, 2o9bs0BEL, vy GrmmE  dmddggol
356393063 Mwo 3583560900 dmmbmgbsbg s, FgLsdsdols, dofimmadol xs33bg. 8mbEg-3stemmls
39000 30 358M0Ygbgds 35103393 ™dOL 30603730 1(3965Mgd0L Sb5EOBOLM3Z0L [8]. Bsgswoms,
ol Lodw5eEgdSL 53E93L, F98LEIL FMmMbM3boL (3350 9dsEMdOL 453w 9bs MAOLE03ME boMxgdby.
3535396 GMmGo  Lobiggdgdo  (MAS):  3m©9Eomgdl  ©sdmv)309d9  5396GJdL (3o,
dmdboMmgdgd0, dMmIfMEIdEgdo, Lofs@Imm ghmgmegdo), MmIwgdos YOm0 Mm]dgpgdb
9603569056, MAS 153v95¢0q0sll 03935, gosboeroBgl, 0y Gmyme dmddggdl MoMMYMEO
5396@0b 24500509Y393H0gds b LobEHgdsby [12].

BI-9d6mma09d0 §o®dmoaqbl 0d0@s30vco dmgwoll do®oms@ 3md3mbgb@l, Mowash
obobo  MBOHMb3gymRl Imbsggdms  sbsEroBols s 30Dl BLEHMTYDEHIOL. Bl
LoLEYIYOO 530390l IMb33890L FoM39E0bA 0 35835609006, MAOLEHOIMNOO M3YM309006
@5 Lofomdmm LolGdgd0sb (Fsgowoms, ERP, CRM) [9]. «HOb3garygmal sBsgmodolst s
360abmBotgdsl OLAP (Online Analytical Processing) @o 9564560960 sbfjogemol sergm®omdgdo
3990m099b90s  BHgb9b30gdolL,  Immbmzgbols s  ®oL3gdOL  3GMMABMbBoMIdOLm30L.  dobo
06@& 96500 s8dmMqdo, Mmdwgdos dgdJdbowwos Power BI-ol 6 Tableau-ol 359mygbgdom,
1539950 gdsL 5dg3l gbgxIMIOL, LHMRS© 2055b5e0BMb IMbs3gdgdo [3,4]. Bl-s3wwo3s5:30900L
bowg39mglem dosgowomos Executive Support System (ESS), ®m3gwos bgewddwgsbgumgdl gbds®mgds,
9950355mb LoFoMImm 3MMEJLYdOL 98gIEHIOMDS, Jsgowoms, Balanced Scorecard-ols s6 Enterprise
Performance Management-ols 39d390md00.

9L 0BLEHMIGBEHJOO 9OHP05BYDS ,dODBYL-0bEHIgIEOL 0BLEHOWIIBEHIOOL 353 JAMM05d0 o
9hmqgds BI (Business Intelligence Toolware) BI-36003@gdos [11]:

e Imm»bM3b6930L s 5625600900l 9gbgMo@mcqdo (Query/Report Generator — QRG);

e 2396300560900 BI-obLGMdgbBHgoo — 30639 Mogdo, dmbsggdoms  M3gesEHowo
96503039600 53853900l 0bLEMIgbEYd0 (Online Analytical Processing — OLAP);

e 3MO3mM5GH0o Bl- bo30gdgdo (Enterprise Bl Suites — EBIS) 1b3o@slbgs 3mbx0gw®szoom s
ERP-bob#999030 0b39atoMgdmemo;

o BI-3@o¢x3m®mdgoo.

dmbo3gdms 15393900l IM035¢sbbMmI0wgdosbo OLAP (Online Analytical Processing)
L9MH39M900 s MgEs3ommo OLAP-094560b3930 BI-0bLE®)d9bEgdols o Bl-3wo@gm®mdgdols
0683M5LGHOMIBHOL  FoMdmoygbl, GMIgEms B3BsBY3 0496905  Lbgoolibgs  93w03s309d0
»0020b356909 B MMM 0bEgHggolbom [13]. gl 0blEMIgbEHYd0 Fmbso3gdgdby H3masy,
96535¢056HMm0gd056 @O IMSZ5WRBIJEHMM05D 5650 Dols @S 96YIM0TYGdGOOL  4969M 0GB
O9639egmal. Imbs3g3900 396mMogLgdMos Bbzssbbgs 30¢M0bdT0 (Mm3gMs@ove bEs39gddo),
05bgoLy 96 dmboigdoms  Lofymdgddo. Bl-53¢035300L  Fooomo@  99odEgds  35LsbYM™
b9wddm3569wol Bogddosbmdol dbseEsdF Mo Lyobxm®mdszom Lol@gds (Executive Support System —
ESS) [10].

BI-53¢003530900  950m09ggbgds  d5BM0olL  3H9bgb3ogdol  sbserobolbmgzol,  Golzgdol
395350900bM30L, A99039d0LS S dOYXIEOL 3OHMYPbMBOMYGdOLMZ0L. dsmo FMbJgombsoero sbg39
9003538 Lodosblm  8sB39b7dgd0l  LolEgdols (Balanced Scorecard System) o 3md3s600l
9939d&HIOMBOL JoMmngzol LobBgdol (Enterprise Performance Management) g063000060900b. 1-ge
BobaBby Bsh3969005 BI Bmgso 3006030605¢ 0o 56JogdG«col dsgswomo [11].
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Bl 33gmniogoy

EIS B) DSsS
VNG IGLIMA BHCNBN

6O MMNE 30N /AMOLM3G3IAN OLAP,
BMBABIB0L BXB3IM3D

Web JM60X300

36 30NON3D 68 FRNBIS N BINCIdN
3NBIICNBIUND DEBIMNBIBNL 2 BMOIL TS 63001
Bl 3gma®yammhds ARaamenommaan
RICVUNIFH DBMS
M3dImIUNIACN LNLOJ83JaN OLAP LOFMINLISN
ARIN3Jan ABICNONSIFM LIRINLI BN
LABEMAYMM NETMMBIUND AMBHAYMIBC N LI IEONIIHN
834 356Nu J6daMNadan BMEIUIFOD LHYYI3IN BI6S
ETL AMBIBIBMD BIROIAN LISIFM 25 SIMdM

SQEANGNLAMNMIDD. BIMOIZD 2 TJLITHTLMIDD

bsb. 1.

690OMbMe »mz300sLfog3ws Jugargd by oxrdbgdmwo dmbsggdms 0b@gwgd@Eewrmemo
3BseoBol dgmEIdo ©s LoLEYIYPO BoMMME 250Mm0Ygghgds sbsdgMHM3y 0bRMMIsEomeEro

LoLGQdgdol 89ddbsdo [1]. 53 3ersbol  LobGgdgdol  sMJoGgdd«cs bgommbgdol  Jumzowols
LEAHOYIHMOOL  FMPIPOOYOL  9B39dbgds. JO-9M0 Y3gwsHg A93MEIWIIMO  IMEILOS—
343350000560 396L939Hb0, HMIgog 99300030l )393930EIWYO0L SEWMO0mTol 39339md0m
fmbol m3E0d0bsiosl sbIbl, Momsg MbBOMb3gwymaly sbfsgzwol 3OmEgbl [1]. 0doGHoMmYds
6y0®Mmbgdol 9MFomds 0gMmsddomer Jugedo, Losz Jowswro ©mbol bgodmbo dglsbigargeroom
399009005 50 ©MboL  6g0MmMBYdOL  AsFMLOLZMGEMD. Y39y  odsw  5396sBY
690oMH™bgdl  doghirmgds  Gglobgamgero  3sM0dgBHMgoo,  OHMIgEms  Logdzgwbg  LsFoMMms
3905093930 gd0l Jowgds, LoEWOE00L 3MMABMBOMYdS S 5.0.

2.2. 95639¢30bgoLs s Ermyoli¢olzol 0bdga®szos

056393 0b0L d0ymdgdo, Hmam@oass CRM (Customer Relationship Management ) bobgdgdo,
1539950 gdL 5dg3L, o9Bs0BEIL FTHAMYOI DS J3935 S BMOTOMHPIIMPIL InPbM36s [9]. gU
0683mM35305 350059)Y439¢00 MmRoLEBHO30LM30L, Msms M3EH00DYIdMWo 0dbsls Jofimmgdol xs330.
0595 0M5Q:

e 3563930630 35835600l 899 FMObM3bol BOHOL 3OHMABMBOMGds LodroEgdsls
5993, d0BoE®L Jo653900 s 999300V MROLEH03MNMO botrxOO;

e maoLE030L dmbs3gdgdo, MMAMMOEss FofimEgdol O™ b bobxgdo, Asdm0Yygbgds
05639306390 LE®o@ 900l dglfogerobmgol.

000353099600 30, H®MIgog 063JRMHoMYOL 53 MM EOLEO3E0bSL, Ldw)seEgdsl 0derg3s,
3904abol Lol gds, MMIgeroi SLobsgl dmabAsMgdol dmmbmzbosb 3MMm©MI@oL Jofmgdsdwy

Jg (303WL.

2.3. 08035300 dmgeols Bbgombserm®o LB MwBMGs
990 d90degds 9904dbsl AnyLogic s6 MATLAB-0U [16,17] 250mygbgdom, bogoss:

102



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No1(39), 2025

e 3mbsggdms Jysdmgdo: dsm39¢0bymwo (CRM), wmaobdoznmo (WMS) s Lsfsdmm (ERP)
LobG9gdgdo.

e 5b5¢0BH03Mmo Bgbs: BI-Lodosamgdgdo (Power BI) «mB6Hb3gerymals dmbsggdms sbseodl,
begom 35645660 bogerols dmgergdo (Python, scikit-learn) 36Hmabmbl;

e 53963)g00: 353500296 @MM0 LobGYIs Yool dMmIbAsMGdEgdL, dMIFMEIdEGOLS O
Lofo®dmm gMmgoengdls [12].

990 LYFMOGISL 0dg3s, Po9BsOBEOIYL, M) GMYME dmddgEgdL BoM3gGHobymwo
35035600 gobMEs  Fmmbmzbsby, @MoLEB03MO  bobxgdby s  LEfemImm  3GMEgLYdOL

089JOOMDY.
3. ©sli33bs

Lofo®mdmm 3Mm39930L FoMmMZ30L 0TOGI30MM0 IMPIWOL 53905, OMIgEoi 0bGJROOMIOL
956393H0by0lL,  @maolGozolbs s  Bl-@gdbmewmyogdol  doamdgdl, Lodwmoegdsl  dobigdy
MOQ560Do3090L, oo dxmdgbmb  39wsHY39GH0Wwgdol  Jowgdol  3OHmEgbo s oboMMb
3965300 9839dEGHO™ds [1, 9,15]. BI-39dbmemaogdo 1b6Hmbzgmygmaly dmbsggdms sbsgrobols
@5 3601bMBoMYOOL 06LEHMMI6EJBL, F56 3930620 byl Mfiymdl Inmbmgbol BmEGI0MmGdL, brenm
wMQoLGH03S Mm33H0d0BE0sL M39gdL  FofmEgdol KoF3L. TIMSZ9wigbGHMO  LolEgdgdo o
LoLEBHQIMOO OBSF0ZS BsFNOsEgdsly Job3gdl FMEIOMmGdMWO 0gmb Mo LobEGgdgdo, o3
BMOL Imgerol LoBMLEHIL.

9005350 330093900 MBS BMIMLBOOEIL bgewrmgbm®o 0b@gwgddol (Al) s ByoOmbywo
Jbgagdol 063 gacs305Dg, B30 A9dx™mdJLEIL 3OMABMBOMYdOL LOBMLEY s BMbEgl Im@geErol
5Q59330M9d5 Mo MHMT0 (330w dJdMb.
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CONCEPT OF BUILDING A SIMULATION MODEL OF PRODUCTION PROCESS
MANAGEMENT BY INTEGRATING MARKETING, LOGISTICS AND BI-

TECHNOLOGY APPROACHES
Arkhoshashvili Mary, Surguladze Gia, Arkhoshashvili Zviad
Georgian Technical University
arkhoshashvili.meri24@gtu.ge, arkhosha@gmail.com
g.surguladze@gtu.ge
Summary

This article discusses the approach to developing and researching a simulation model for
managing manufacturing processes, integrating principles of marketing, logistics, and Business
Intelligence (BI) technologies. It describes how the use of Bl technologies facilitates data analysis
and forecasting, thereby enhancing the efficiency of decision-making under conditions of uncertainty.
Particular attention is paid to the integration of marketing and logistics, which enables the
optimization of supply chains and the forecasting of customer demands. The article presents methods
for constructing simulation models based on system dynamics, the Monte Carlo method, and multi-
agent systems. The work emphasizes the importance of an integrated approach in optimizing
manufacturing process management, contributing to increased organizational competitiveness.

(Received 12.06.2025)

KOHIIEITIIVA UMUTAIIMOHHOM MOJIEJIV YTIPABJIEHUS
IMTPOU3BOACTBEHHbBIM ITPOITECCOM HA OCHOBE MHTET'PATTIN
TIO/IXOZIOB MAPKETWHT A, JIOTUCTUKU U BI-TEXHOJIOT U

Apxomanrsuiu M., Apxomaursunu 3. Cyprymnazaze I'.
I'pysunckuii Texamdyeckuil YHUBepcUTeT
arkhoshashvili.meri24@gtu.ge, arkhosha@gmail.com,
g.surguladze@gtu.ge
Pesiome

PaccmarpuBaercs moAxop K CO3JAaHHMIO M HCCIEOBAaHUIO MMHTAI[MOHHOHM MOJEIH YIIpaBIeHUS
IIPOM3BOICTBEHHBIM IIPOLIECCOM, KOTOpPAs HHTETPUPYeT IPUHIIUIIBI TEXHOJIOT I MapKeTUHTIA, JIOTUCTUKY
u 6usHec-aHanmuTuku (BI). OmuceiBaercs, kak ucnosnbp3oBaHue Bl-TexHonornii crocoGCTByeT aHAIU3y
JAHHBIX U IPOTHO3MPOBAHHIO, YTO IOBBIIAET 3 (heKTUBHOCTD pelleHUil B YCIOBUAX HeollpeleIeHHOCTH.
Oco6oe BHUMaHHe y/ieIeHO HHTeIPalluy MApKETHHTA U JIOTUCTUKHU, KOTOpas MO3BOJIAET ONTUMU3UPOBATH
I[eTIOYKY IIOCTABOK M IIPOTHO3MPOBATh TpPeGOBAHMA KJIHEHTOB. lIpescTaBieHBI MeTOABI IIOCTPOEHMS
MMUTAI[MOHHON MOJelM Ha OCHOBEe CHCTeMHOH AWHaMuKH, Meroza MonTte-Kapio m MHOroareHTHBIX
cucreM. B crarbe momuepkuBaeTCAd BaKHOCTh KOMILIEKCHOTO IIO/IXOZIa B ONTHMM3ALIMMU YIIpaBIeHUA

IIPOM3BOZICTBEHHBIMU IIPOLI€CCAMH, CIIOCOOCTBYIOIETO POCTY KOHKYPEHTHOCIIOCOOHOCTH OPraHM3aIuH.
(Ilocrymmma 12.06.2025)
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Loab5¢OL 29053999 56 F0sbo bsbom: 3mbgmewwys0s,
290053990000 169305 s MATLAB 56s¢woBo

MR B0 390005330

Lod3bg-KX 935690l Lobgardfoxrm »boggdLoEYGHO
vediakovi@gmail.com

M9bomdy

LobOEIOl  ooEgdol BMLEBHO  FMEIOMYds  FooELORJIM06  dgdgddo  3MH0EH03MIWOE
3603369crm35600 LobiEYdob LsodgEMmMdOL HBOHMB3gELsYMBsE. 50B0TBME Bsd@mddo ysboboggds
39600 09329boL 45053935 56 3056 803MOMBMEM356 boBbg. Loabseol sdmbisligengwo
ROl 565c0BOLMZ0L  godmygqbgdrwos 3mbzmEy30s LOLEBHIIOL FooEJIdom  FMBI30sLMLb.
39O©5 5dobs, MO 300MmdJOT0 sOLYdIMEO FMYIIML FMPYXOMGOIOLMZ0L Logbowl sgdsds
3979L0L MYJOMO 5EOEH0IM0 bdsm@o MATLAB-ob awgn() 3bdE00l godmygbgdoom. bdswemols ombols
3300gd0l aBom F930Lfog3egm  LoABseol LESdOEMOMBS @S 2obgLyBM3Mgom bdsmMol ol
D03500, HMIOL BoMywqddos Logbswro MBYdS Loodgm.

1553356dm BoEYz900: LoEbsEOl gos(393s. IMEIWOMYds. 1Ls0TYOMMdS. 30b3MEw30s. Matlab.
3919L0ob YOO 5O GO0 bds®o.

1. 8glsgsemo

9036OMLAHMO3MO 250583900 BsBYOo  BIMOME  Fodmoyghgds  Bo@slobdoMosh s
9505l0RJ5M056 30RO 1989030, 3065006 Fsmo 0839sbLO Fobolfjotr 2obLEBOIMMWOs s
Logbool  go3MmEgIOol  3MMPbMboMmGds  FoMBHoz0s [1]. Fomo  FoMFGH030  gmIgBHE0s  ©d
06392653008 TglodgdEmds 3eoddbg 043936 o0 FgM33egen  3m33MbgbEs© 3obsdgMmay

99dHO™b03s80 [2]. ombgego 5doLs, Logbswrols ©sdsbobxgds, G™Igeroi godm{zgmeos
39593990 bsboll m30L9dgdoms s oMy bdomcmom, 8603369em3sb 3MMdGISL FoMdmoygbl

95050RJ5M056 LolBgdgddo [3].

90360MBMmE™m356 bsBbdo Logbowol Jzgzol sbseroBo bdoMmo bgds dosEgdomo bsHgdols
09MOHo0LS s LOBAOOOMO MIIHOL IMPYLPOMYOOL 45dMYgbgdom, LOWSE 93900 BB (309
Dom0mopabl  bsbol  J3930L  LOBMLEBHO  FMEIEOMHYOOL  LETMoEgdSl  [4].  3mbBgmemizool
399mygqbgds LobdoMom EMIghdo 35dwg3L LTV GdL BMLEBS® Pob3LEBOZGM®M 03B
3900593990 bsbol gogargbs [5].

LoLEGHQI9ddo bdoMo 3b3WJd0m Lb3sILLIZS BHO30L bdoMl, MMIgEms JmEMmOl yz9wsHy
393M3IWgON0s  goryliol 039060 sodorHo bdsrmo (AWGN). 030 3505 s©fgMl mgMIME ©s
999 GHOMbme HIoMHgdl MgoeE as09gdmdo [6]. MATLAB-ol awgn() 8w96d30s 30 Lsdmoegdsl
0d935 99b396M0896G MO sgTsEHML gl bAswmo Logabswl s Fgx3slicogl dobo bgdmddgwgds [7].

50 3393500 30bowrsgm, 0¥ OMYME Hg0mddggdl 56 mdosbo FozmMmbmEwmzsbo bsbo
39600mOME 0339wbbHg s MMYMO 0330gds Lodbswrol bBsdoEOHMds Bb3zsolbgs bdsw®mol
3060 09ddo0.
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2. 8900MQOMENMY05:
2.1. 3036MmBME3560 bsBoL dmgEoMgds s
09349bol sefjgeo

396boMos 3gHoMmEo 0339wlo, HMIGEoE SHolsmMYBL FbLIBOZMEO $83WOEHW©S,
399bol bog™Mdg s 3o6dgmMgdol LobdoMy, 39890 56 MFosh Fo3BMBMEMZD bsbBy.
9030MBMmEm3560 bsBo smofig@gds dolbo LobdoMomo yowsggdomo gmbjgoom H(f), HMIgwos
Sbobagl babol gLl gdsls s BoBMM 330 GdYOL.
399356000 Logbswo x(t) o6Mo0ddbgds LobdoMe s6gdo:
X(f) =Fx@®)} (1)

2.2. 3mb3mey305 350539000 BMbJE0slsb
LoLEBQIol Mgodios LobdoMom EMIGcdo JooEgds 89yzsb0wo Logabsols s A9s(39d0MO

1bJg00L Bodmsgeroo:
Y(f)=H({) X() 2)
3990092 30 ©OHMOm 5MH9F0 S©YJOo:
y(6) = FHY ()} 3)

51900 FMEYE0MGOS SLsbogl M1YowH TsbobxgdgOL, Jogs0ms©, Lobserol FalivliEgdsls
Q5 2953990l F9x839MbBLL.

2.3. 3990l 090M0 5O GH0YYMO bAsMOL sTsBgds MATLAB-3o

6950 25609dml BMlEGo dmEgEomqgdolmzol 89303sbgm AWGN, MATLAB-ol awgn()
1bJgoolL 459mygbgdoo:
matlab
CopyEdit
y_noisy = awgn(y_clean, SNR);
bogosE:
e y_clean — 30b63m@30000 30090990 bLYBMNS LobsEOY;
e SNR — boabse0-bdomEols BoMEMdS Y3009 gdd0;
e y_noisy — bdo606 Logboswmsb ghmsco.

AWGN 560b bsdswm 3609369emdols dJmby bmammzsbo s godloMgdmeo @obdgmliool
b3sm0, OHMIol Boddwsgzmg gIbolsbP3MYds ImEgdrwo SNR-ol dglsdsdobs@. dolbo b3gd@co
900605 (439¢5 LobJoMgBYg 9OMND060), bem 533EO0EHMOS — MobIBIMO.

3. 890003900 S 53306390900
3309300 BoMe90d0 godm3z099bg0m bgssolbgs SNR:
«20dB
* 50 dB
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Input Signal

T

1.2

Output signal with noice

N

0.8

I
— |

o

=)

T
—

E—
—

0.6

o
o

041

Amplitude (mV)

Amplitude (mV)
o
N

0.2

—

—
o
N

A UL

0 100 200 300 400 500 0 100 200 300 400
TIme(nm)

-0.2

500
Time(nm)

Bsb. 1. 998535¢m0 Logbsgro Bob. 2. 959mB335¢0 Logbagro bdsmeol 356939

1-ga 65b5HBY 8399005 999535000 39MH0MOY0 LOABIEO. HMYMO 3 3BJO300 0T3)ElYdO
3390065GHYI0s 5 MBsdM0. 09-2 BobsBo 230p39690L 490MmTo35¢ Lobsels BIsMOl 4o6M9dg s
39900535¢0  0339lo M@ 093300 F03OMDMEM3gob bsHdo  gogwol  godm, mwMIEs
50303900 MoMJIob MbsdM0S.

Output signal with noice

1 . . ] Output signal with noice
MMMWMM | NN
0.8+
< 06 ] .
E E 0.6
S 04 2
g g 0.4r
- 02+ l} J \J j ﬁ “ U / d U £
° | AR
0.2 : : ; - 0 J ‘ | ‘ ‘
0 100 200 300 400 500 0 100 200 300 400 500
TIme(nm) Time(nm)
Bb. 3. 958085350 LogBseo bBsw®oor SNR=20 DB Bb. 4. 35808535¢70 bogboero b3sroor SNR=50 DB

09-3 BoboBo 430639690l o8MTogz5¢ 033ML, GMELsE bdsrMol ©mbg SNR=20 DB. s3
d900bg935d0  Loabscro 3603369 mzbs  oTsbObKGIME0s. F9IBGS bLBms Loaboerls
©535b0bxgdMel dmMol & = 13%.

09-4 Bobobo §30P39690L 25dmAsz5¢ LoAbselL, GMEILsi bdsm@ol mbg SNR=50 DB. 50
39000b393590 LObIEO MOMJIOL LGNS, oILMS LyRMS LYWL s sTsbObK Gl FmEol
£ = 0.4%.

090029035 963965, Mmd SNR > 50 dB mB6Owb39mymal Logbosol BEosdowm®mdsls o
1535 OIEIMS FoMOWIZ9W0RBO(30vIM0 LobiB)dgdobmazol.
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4. 353365

3309359 35QLEHWGS, HMI LoLEGIOL 2oo3I80M0 BBJ300L 45dmygbgdom 3mbgzmeyiz0s
95399GHMOs© 9839698 56 ™B0sb F03MMBMEM3sb BsBAo 3gMomMmEMo 0339LOL  2oo3gdsL.
MATLAB-0ob awgn() g3vbJzos 30 Ls3vegdsl 0dergzs M9goerobdMo dg30Lfogwmo bdsmmols
3930965. SNR > 50 dB m3&005¢0996MH0 3060055 Logbagrols ba®olbol dglsbs@Bmbgdrs.

0@ gMs@®s — References — Jlureparypa:
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4. Ramo S., Whinnery J.R., Van Duzer T. (1994). Fields and Waves in Communication Electronics,
3rd ed., Wiley

5. Oppenheim A.V., Willsky A.S. (1997). Signals and Systems, 2nd ed., Pearson
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7. MathWorks Documentation, AWGN Function. Internet resource: https://www.mathworks.com/
help/comm/ref/awgn.html

(UAsAH0s dogdrycmos 5.06.2025)

SIGNAL TRANSMISSION THROUGH A 56-OHM LINE:
CONVOLUTION, TRANSFER FUNCTION AND MATLAB ANALYSIS

Vediakovi Darejan

Samtskhe-Javakheti State University

vediakovi@gmail.com
Summary

The presented article stands out for its thematic precision and modern scientific approach. The
authors have thoroughly analyzed the effect of a 56-ohm microstrip on a periodic pulse using the
convolution method — a scientifically sound modeling technique. The application of MATLAB's awgn()
function to simulate the impact of Additive White Gaussian Noise on the signal demonstrates the solid
foundation and practical value of this work. The experimental results are clearly described and well-
interpreted. The visual materials effectively illustrate how different noise levels influence the signal,
giving readers a deep insight into the research findings. The article is characterized by academic clarity,
precise structure, and the use of relevant literature. This study makes a valuable contribution to the field

of signal transmission modeling and analysis.

(Received 5.06.2025)
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TIEPEJTAYA CUTHAJIA TIO JIMHWUU C COITPOTUBJIEHVEM 56 OM:
CBEPTKA, ITEPEJJATOYHAS ®VHKITVS 1 AHAJIV3 B MATLAB

Bepunakosu JapemxaHu
Tl'ocymapcrBennsrii yuusepcurer Camuxe-/I>xaBaxeru

vediakovi@gmail.com

Pesiome

IIpencraBneHHas CTaTbd OTJIMYAETCH TEeMAaTHUYECKOM TOYHOCTBIO M COBpPEMEHHBIM HAayUHBIM
IIOAXOAOM. ABTOPBI BCECTOPOHHE IIPOAQHAIM3HPOBAIN BINUAHWE MMKPOIIOJIOCKOBOH JIMHUM C
comporuBienrueM 56 OM Ha IepPHOZWYECKHII HMITYJIbC, WCIIOJNB3YS MeTOJ, CBEPTKM — HAYYHO
060CHOBAaHHYIO MOZIeNIbHYIO MeTOnuKy. [Ipumenenne dpyukiuu awgn() B MATLAB pna mogenupoBanus
BO3ZIeMCTBUA aAJUTHBHOTO 6eJIOr0 TrayCCOBCKOTO IIyMa HA CHUTHAJI CBUJETEIBCTBYeT O IIPOYHOM
TEOpPEeTUYeCKOH 0aze M IIPaKTUYECKOH IIEHHOCTU AAHHOIH pabOoThL. OKCIEPUMEHTAJIbHbIE Pe3yJIbTaThl
4éTKO OIKMCAHbI ¥ TPAMOTHO MHTEPIIPETUPOBaHbI. BusyanbpHble MaTepuansl 3QpdeKTUBHO ZeMOHCTPUPYIOT
BIMSHUE Pa3IUYHBIX YPOBHeil IIyMa Ha CHUTHAJ, INPEeJOCTABIAs YUTATENI0 IJIyOOKOe IOHMMaHue
TIOTyYeHHBIX pe3ynbTaToB. CTaThsd OTIWYAETCA aKaJeMUIeCKOH SCHOCTBIO, YETKOH CTPYKTypoH H
KCIIOJIb30BaHMEM aKTyaJbHOM HAy4YHOH yuTepaTypsl. /laHHOe HCCiefoBaHMe BHOCUT CyIeCTBEHHBIH

BKJ1aZ B 00671aCTh MOZE/JINPOBAHMI U dHAJIN3d II€pefadl CUT'HAIOB.

(Hoctymmma 5.06.2025)
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33GMM 05 155gIM5MgdM !

J90b50 50U LEYOPSTMOOLM 0bJJLOM, MYBIOOMHYIBO (MHgH0Tggdom LD 9b5BY):
JoOmM0, G0, 0baolv®o);

8500203905 39(0ca0rIms. dsolo, @©39089(0;

LEAOG0LMD MM LoFoMmms: 1-M9396%0s (MgIMEgRo0l F93Mob), Lbgs Mg39bBbEOL-
300 CV o dobo 59 09353H030L 2 6530m3oL Jugmmalieno (La@Go@wem 339MHOMS QS
Lo®bggz0m);

§0239¢70 bs896609602 bGshos g2yHbsendo 3s0eigaggb9850Qg deafogds Sersgosd by
LEH9G0900 939969dS JoOrE, O 56 0byErolwE 9b9dBY;

bhsd0980b 900289980 (0bgrolrto s Jo®ozr 9698%y) J3996@98s 30095
PONI> CIBIONOIL b0 (Ogfobeerrdo)

dobodgdaro 543l DOI (Digital Object Identifier) so0gMwao mdogd@Eol 09gb@EHgIB03sGHMMO;
LEBSGO0L F0bssOLOL LEMJEHMMs: Lyosm®o (Sylfaen=16-B), s3@mMgdo s
26039ML0EJEHOL LEbggds (Sylfaen=11), ger-0oLodsGMYd0; MYHB0Mdg bGoGool 9b5%yY,
153396dm LoEY3900. 1. BgLo35W0: 5dGHYoEIMdS S 58M3560L LS, 2. doMomswo bsffoero,
3. 313369, 4. WOBHIMSGHME;

090939 0baol® s MM 9698bg (Fobodwd 7-10 bh®admbo),

&996039960 Inmbmgbgdo: MsWord, Ad-gm®ds@o, GBgdu@ob dtog@o Sylfaen=11, LGHogmb-

3995 06@ M350 1,15, Hrlme-0baerobm@o TimesNewRoman. séggdo 2,5 b0.
(990/g399mm) o 2 13 — BoEbYbs! Fotx 3965, FMx03Mwo Tobos —IPG Bsowo;

LA (4 — 12 339000), 1-93H993W G0 Q53mdgFowo, CD.
LEASEGO0L 250AMYD3bs T90dergds gew-gmboom: g.surguladze@gtu.ge (CD-ob gsmgdy);

L5 FOOMS 53BHMOMS LOZMBEIIEBH™ BYgBMbIdO s Ge-obodoMmMYdO.

LGB0l FOMIJO0 0093IOS S3BMMMS bR (LB¥y-ols sdb3M bysHOTDY
39005G0Eb30m). MBbs M I0WYOMW s F3IMIOOL M5MEIbMBSBY.

#35MM30L 53BHMIsGH0BdMo LoLGgdgdol”
dMHmdgdol 350mI390¢Mmds
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00930905 53GMOMS 3096 HoMmdm®yqgbowo Lsboom

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