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Academician Gocha Chogovadze
(1941 - 2022)

Reformer Rector of the Georgian Technical University (1988-1994), Director of the
Department of Culture and Education of UNESCO (Paris) (1981-1986), a great public figure and
statesman, Vice-President of the National Commission for UNESCO Affairs of Georgia
(2004-2012), Honorary Doctorate at multiple European and Russian Universities and
member of international academies, diplomat, Ambassador Extraordinary and Plenipotentiary
of Georgia to France and the Kingdom of Spain (1994-2004), GTU "Automated Control
Systems™ (1971) and GTU UNESCO "Information Society” (2003) the founder of the
departments, their first governor. Full member of the National Academy of Sciences of Georgia
(since 1994), Doctor of Technical Sciences (1975) - Honorary Professor - Gocha Chogovadze
- author of many scientific books, projects and articles, educator of many students and
"scientific godfather" of young scientists, A great lover of Georgian and foreign literature,
poetry, music and song, a great master of international friendship, a loving and caring
husband, father and grandfather, always a sower of kindness ""georgian Faust".
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I'pysun (2004-2012), modeTHBIH AOKTOp U AeHCTBUTENBHBIM WIEH MEXIYHAPOJHBIX aKaJeMUH
MHOTHX €BpPOIIEHICKHUX ¥ POCCUHCKUX YHUBEPCUTETOB, ZUIIOMAT, Upe3Bsruaiinbrii u IloHOMOYHBIH
ITocon TI'pysum Bo OPpanmmu u KopomescrBe HWcmamus (1994-2004), Ocuosarens xadenp
«ABTOMaTH3MpOBaHHble cucTeMbl ympaBreHus» (1971) um IOHECKO «Mudopmanuontoe
obmectBo» (2003) B I'pysmrckom Texumyeckom VYHuBepcurere, J[lefCTBUTENBHBIH WiIeH
Haunonansnoit Axazemun Hayk I'pysun (c 1994), moxrop Texuudueckux Hayk (1975) u mouerHsIit
npodeccop Uudopmaruku - Jova [eoprruepmny Yoropazse - aBTOp MHOTUX HayYHBIX KHUT, IPOEKTOB
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dmgzgbs oym 1977 ol 4. bembyddo 1-gewo 153953806H™M EMBOL (7-Eosbo) blmes-ligdobsmol
BoB9M90s 0680550290  0b6AIIIIDIC B0  Fmbsggldors 8s63980° Fsb3obdgaro  J399bols
LAGHMLO® 3OMA. 3. PMYM35d] b LoMMRBOBsGOM 3MT0EYEHOL 30X MBsMY) [3]. 30UE)-
LodFmeo 15-39 MgL3do3ol 9360960930 dmbsforgmdbab bgdobs®do, GMIwol ©slizgbom
99b39065Dg gembds 0dbs 500sMmGIMo 130-U Fsl-350090M0L  Ho®do@gdmwo dgEbogHmero
39092900 dmbs3gdms MHges30IMHO d5HJOOL MYMMHOOLS s 365JE030L Fob3z0mMsMmgdOl Lszombyddo,
MmO 06@g9gdEHuyoweo 3563900396 2oeadmeo 1-geo bsdoyxo.

1972-1980 fangdo dsb-35090M0b 36:mx9LMO0L, sMRMIM030 LsdxEbogMMm WsdMGSEHMMOOo
5 LAHMIbG-093b09Mms Fomseo 5g@03mdom godmoMBgzs. J9ga00 0bgMRqds IMPMIMO30
356mM30L 933MI>EH0BYdIMo LobEgdgdol Lsboom (MdoErLdo, dodmbs s gMg356d0, GMLMSZ0L,
G9lgool J. 3030l s J. 39MH3MMML30L TgEOE MO JsMbbyddo) [4].

360Omx. 3. Bmymzsdgd 1980 fgrli godmbis M5d9gbodg foabo, GMIgems ImEol mbws
3990m394mm Lobgerddmgzsbgarm ,,oMMZ0L 533MIdEH0BYdIMo LobEYIgdoL 52900l Logmdzargdo®. gl
306390 B5dMHMB0s 59 J0BsMMGd0m, HMIJWDYE 9500BIM®s LEAHIBEHIOOL FEMSFIWO MDD
@9, 35MMO05 46 9o o300 ol FgMg, Boasd 00 WILSGE SIS0, J9BLOIMMMYGOO”
30639 399OLgEgOoLOIMZ0L — MMM TGbs35¢0 139305 ™Mdsdo (JoMoms© 3bgdsms GHgMdobos,
LoLEBHYIMMO SBsOBOL s 3ELOGBOISEO0L, 3MM(399d0L IMPEOMHYIOL, SEIYMOHONTODI300L
3658060900 Lsfgoligdol Jglfogerol mzswbsbOHolom) [5].

> 99-2 9&d30: 1981 — 1985 fengdo (Log®sbagmo, 0wbglizm)

1981 {iewol 05636006 30mg. o. Bmymzsdg (LogOMsTMOOLM  Mbol  3mb3MMLYdTo
39056%3980L d999p) 039 0dbs 35600 5 fawom, UNESCO-b 9¢sd-d06s580, dg360960900Ls
5 3NGHOHOL ©g35ME5396EHOL bgeddm39b9ges. 0EO0s doGMbO gMBsL bygdlz9ybem sALEBLIMYdY,
OMAMO3 LoBMPs® IME3s[obs. LodsMmzgwml 3MEEWOHwo 3993300MJMdOL dgAEgdols (1994-
1996: L3gBoEb™390, K3MOL FMbBLLEIMO, AJWIMOL s BoRMSGHOL BHodMgd0, Bgdm Logzsbgmo -
MdyMwo s 5.9.), JoOMMo 3Mwonmbow®mo 1odMYMgdo  (86M535wbT0s6Mds:  Bsy., JobwGo
Bo30rmeom, 305355530900, 13sBMEmO oW, Ao 3H0ds6FMo, Lsdmdsm SEroEwm, dgb bo
39bsbo s Ubg.) 0bgligml dbmxzerom gmbdo Jomgdslmsb ©s35380MHGd0m. dodmbo qmbs 5d
§90803 0b6sMFMBId©S 5EH0MO 306G BHIOL 35IOBMB S 530l S30MBBHJOB.
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> 089-3 9&o30: 1986 — 1994 §egdo (Lags®oggem, Lwy)

35M0D0b 3MHBgdoLMsbs3g 1986 §. 30INg3. 9. Brmgymgzsdg 0608690 Lodo®mzgwmb 33 (33-0U
396500 gdols s F93b0gMgdol  gobymaowgdol bgwddmgsbgws®. fargdol dsbdowby ogm
L5939 ML »do0Eglo LsdFMb I3YGIGO.

1988 Ggarl g. Pmamgzsdg sMBgme 0odbs Lodo®mgzgwmlb 3meoddbozm®o obbGo@m@ol
693dBHMMs. 53539 F9gb 0g0 bgds LodoOmzgurml 393609693505 gHMmzbmeo 53509300L (936 -
3069b3mbgbGHo. 1990 fgawl Tdolo 0boEosGHoz00  b30-05 FgoEzsws LASGHMLO ©s Fobs
bgoOMZgEml (gdboga®o boggOboGyHo (Ude)-

dolo IboMmsFgMHom LEHY-8o gooblibs sbowo, 3mBsbodsmmmwo Rs3MWEHYGHO0, MMIgEdss
QOO OHMWO 0053535 1991-1993 {iergdol 3meo@o3mmo 30G0BoLOL s Lodmdswodm 30MOL-
30609006 MML  (LogobAsbsNWgdW™ s FoGHYM0MOO  MZILIBOOLOM).  93mbmTozmMo
30@oxLoL 30MMdIddo Fglsdmgdgeo 2ob@s LyobgobMm 353w EYBHIOOL s Fom0 3MMGBILYOOL
99650BMbg0ds (250056B9bs ©3MT9g30rMmdOLYB), s353HJO0MO LEIbEHMS Bs3sol ImbowZom.

535@9803mbo 3mB> Bmamasdy e
Lgm-ob Gag@mn 1988-1994

Ldgob 8xfangol s3hmBinTdame
Lob®nBadol (1971) s UNESCO-U
LynbgmMBigom LiBmyxpmabol
(2003) gsorypmaols @:BsMLdgn
©5 8300 dofMgamo 3vmaeMob 35839

BBy ynBbond b

T | | T
3 molodzorme  BbuAsdodgomo 230a0%owe 3 MBS
1983, 300 1985 {8 0Anad 1986 A 1993, 20 80,
0 B0 1989-1992)

byenbofte 0OBAOT Q0T Bfenyd Phmetal
(Gomamdofayons S

25360
@xod PRHST0ro 2DONIPTY o iy -3 PR

dBxpeny omgielofody SO0V, Bolynge: - o caclignidy - B yotady
yhomoligy 30mad¥zoe > bofyomady = 3 Bomapabibodzaame
33080 ooty - 3 BASRym By B -3 PNl
osrmedidy Bgog0emsdy - b obagdy " SBT3

S8a%edy 33030 - @ & 3 yorBogde O3BGo: - o SpdHedzore

bdogo3ed) 3 3dymo e I X o PN
@3 (70) @303 (50) w > » &

by, 2. 535¢0. . Bmamgzsdol sdgboghm dgomgdo, 83000830¢gd0 s 330¢msdz0emgdo
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00bgl3mdo  IME3s(gmdol 39M0m©Edo 3MMa. 4. PMaM35dgl 56 20mhy39B 0o Lbsdggbogmm
393006900  Asl-350090M0L 5 A BN AHIGOL 3009390050, gmggehawl 20 dsoll oo
IuHOgdM©s Mogolbo Fggdboro  3509MOL BIYdIOL L, BITM©OMEs d03w0bgdd00 b
33909902900l M™U. Jobo byeddmsbgumdom s 3MbLWWESE09d00 3BIEYdMEs bd39BOIG™
@5 LyEMd@MOm  ©oLYMHEGHS309d0. d9-2  LmEomBy  bobggbgdos  BGsRdgbGo  dg3bogmgdoms
©MJAHMOHOL bo®obbol s:33900L Ls0ELEMIE0MO B3 EHIGHDY (1983-2003 fiergddo).

1993 §geol 36HMmBLMOO 3. Bmamgsdg bgds Lods@mzgwml 9936090900  gem3bweo
539009300l 659300 19300 (535009d03mbo). 1994 §. 9. 9935065390 ©s60Tbs §. Bmymgzsdy
LorMobygmol s Gu3sbgmol Lodgaml LMY MA3EGO0sh geBa.

> 09-4 9&o30: 1994 — 2003 fewgdo (©o3emdsd0s)

1994 gl 535009303mbo g. Pmam35dg bgds 93009090 bods®mzgwml 30639wo
Logobygdm s LBOWMEIMRWGD0H0 GO Lsg®msbagmols s gudsbgmol bsdgmmdo. 040 A5IEOL
3560Bdo. 39-3 LEsmNDY SLOBNY0S LERMbYIMOL 30g)H0IBEM, BOBLWS Jo@gMsbmsb (1981-
1995) 306390 dgbzgtol dmdgb@o (1994), bmwm 99-4 LwyOsmnDdy LogMsbygmols dmdgzbm
360900963 793 061530056 (1995-2007) 99b39065 (Jowds@mb boomgams es0odglomsb gems).

bm. 3. 3. Beogmgzsdol Goggds Log®Msbagmols L. 4. bsggMobagomols 3HybogbE 1. B06530096.
3690gb@ 3. JoBYMB6mb (1994 §.) 3. P339 s b. emsmody (1995 §.)

39056, 1994-2004 {iergddo 9. Pmamgsdg ogm Lodo®mggwmlb dxdogo Fo@dmds-
39690 09b9L3md0; 2004 Ferosb 0mbglizmlb 9960056900 gMgdols gobsmwrgdols, dgsbog-
900L5 5 3P GHMOOL MMRBODBIEOOL Jobool bgeddwgsbgwro.

3 Pmam35dol  LogEMITMOOLM  93GMM0EIAHDY  09BHY39WIOL ol BoJBo, ©®md  dobo
930996530000  LogdoOmzgeml  39dbozmemo  MboggdloBgdHo gobs BMBIMBMbool  Lowmbo-
396LoEIBM boogabBH™mb (AUF) §gg®o, G353 Jo0m39e bgbEHIoLs s 3OMBILMEO9OL 4B
399bLBS R3MBYMg6Mm3560 Lo sbdsbsoergdem bLog®mEolzgb.

39-5 LOsNBY sLEbBLos . Bram3zsdol bGAMMdS Gu3sbgmol FgRGLMSE BYsb oMl g
dM0Mbmsb 1995 (gl (39539 1975-2014 {Hengddo).
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XEX

TR —
S0 i -

b

-

—

2l

L. 5. 3. Beagmgzsdol bignydmmds glidsbgmols Igxgliorsh - brysb 3sMenmiionsb (1994)

2001 §er0sb doG™bo gembs bgds 0969130 50BslMMEgdgEo bsdFMl 3039-309HB0IBGO.

2002 Ggaol . Bmamzodol  0boEosdoz00  Logdzgwo  BsggeMs  BMIba-Jomoren
0bLEGOGHMAL bGHY-00, LosE FBsIOMPS RMBYMEbm3s60 Lsobgobem 35Mgd0 0bBMEDs-
A030bs s 93mbM3o30L b3gE0sEMdgdTdo (1v)6.6).

e, - Lt | e

L. 6. 3. Beagmgzadg, GgdEHm®o 6. beydmdg, Lag®msbygomowsb 3mergagdo BMmsbyme-Jstomvmo
0BlGoEME oL 894dbols doBBom Bsdmbirmgdo, 3. ©odsbodyg s 3HMMYIGHMO 6. LEHMGBS

3. Bmgmgsdol  obogos@ogoo 2003 gl LEGHw-Go  oblbgds UNESCO-L 350090609
»00300035309w0 LOBMYSEMYOS“. Ysergds LogsBTobsNEGdEM-15d93b0gMM sb5TIOMIEMBdOL
3063543900 09969L3mbS @ LGY-U FMob.
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> 89-5 9&o30: 2004 — 2022 §ergdo (LEHY, 096gL3ML 350gMS)

2004 $eroob  (03@rmdoBHo®o  LodbobMMol  ILEOWMEgdOL  d9d®gy) 3. PmAM3sdy
d6bgds UNESCO-b mgoblb (356:0D0) s bogds dolo 29696Ms¢mMHo oMgd@medol d0hg3gewo
2396 Eqdols O 3MEGHWOOL by30mbgddo. 2018 Harsdg do@GMbo gmbBs 3bMm3zMHMds 35Mm0BTJo
3960MEMWO© sHgMbgds 0MbglzmL 3509OOL s FoMMZOL 533MAoEH0BYdIMo LolEgdgdols
(36202365890 0650696MH00L) ©93-0l LogMHMTMOOLM Mbolidogdgddo 5dGH0IM BmMbsfowgmdsl.

LEAH-U 0MbglzML 35093, ™oz30L0 20-Herosbo sOLYdMdOL Jobdoby, gobsbmM0gws
3600369m3060  Logebdsbsmergderm-dgomMo s Lsdg3bogmm  LedMdsmgdo:  EOEIL
Q55MOBYOOLS iemgdol 4963o3wMdsd0 0sMmMYOMPS dMB033MmJdgo Bsdg3b0gMHM-36dEH03Mwo
19dobsMGO0, OHMIGE™S JoBsboE MsbsFYOMMZY LBoDBMYsMGdTo (296500930l MOMJIoL yzgws
LoggbwGobm3zol) 3m33099EH0byols s 0bRMMTsEH030L OEdE030L IBIMY3s s FIb30MIMYDdS
04m.  Logobdsbomgderm  sfglgdegdgdoliogol  (bL3ms s 9bozgdLoGgBHo) 093Mdoz3ws
139305 MH0  3OMYM5TJO0, 9d305MS 3OLYDO, BMEEHMM0JOI0 S Lobgeddmgzsbgermgdol
B0BEOM™Y3s. 3. Bmam3s390 53 Fawgddo gsdmlgs 3m3esmvyeo dmbmy®s509d0 ,068mMDsEGos
(Lod 9b65%BY), »WMBSEIBLOY, ,00MLGYIM05“ S ,B0JMYO0 TMTo35¢DY, OMIGIT>3 FoMNM
LoBMASMIdOL OO 0bEYMYLO 2odmofj305 [6-9].

935. 3. Bmymgsdol doge 1971 ). 99ddbogro ,,050Hm30L 93E™MToGH0BYdmwo Lobidgdgdol
(360258390 0b65069M00L%) ©93sMGHTPGH0 s 2003 ol dgddboro LGwm-ob 0mbgligzml
39096 9OHMMI030 doeolbdgzom o@o®mgdgb 2006, 2011 s 2016 {iergddo LogOmsdmGobim
Lodgabogmm 3mbxgM9b3090L ,,05M030b 33¢98sH0BIBrIcmo bolihgdrdo s 0sbsGgtm3g bsob-
R025053002 3976020 30980", 36MdOE0 93MM3gwo d93609M9d0L dmbsfioegmdoom. 2018 s 2021
frgddo Bo@oms Mo LogMHmsdmemolem 3mbxgMgbios M9ds@H030m ,Us0bxm®mdszom bsbegsomgds
@5 33650¢m980b 0b99b6Lb0R03500L (H9762¢r30980": http://conf-unesco.gtu.ge/ (b6.7).

by, 7. 5350099030l 3mBs Brmgmgsdol 80 s dol-35009@M0b 50 fiemobimsgobsgdo dodmgbogo
Us0md0@rge LsgMmsdmMole 3mbygmgbiaos (2021, 20 3sobo).
3. Bgm35dg, . 3096009, 0. @mIobsdyg, x. 39bM30dg s B. gsLiods8z0mo
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> 09-6 9s30: 2022 — 2026 fiergdo

053Mbo amBs Bmam3zsdg goMmo033ses 81 ol sbivzdo, 2022 {erols 12
03wollL. 030 ©503Mdos 35308 356mgmbTdo, ™300 3s7g0l M0 3M
Bmamgzsdol  239M©om, ®MmICOL  MOOMME  IVY3359  (GHEMOR03I0
39000b3930L g93M) OO Fo3wgbs odmbos aoaob Xoﬁaﬁmg@mbo%g @a 601)0
bogmabwob 3gfiy3a@eby. e

LodoMmM39wml  Ggdbozmeo  MbogzgMbo-

# I'l'uﬂ (B "(D.)f

A9IGHIAHOL O9dBH™MOTs, 5350090030mLTS 300 IR “‘;-’?y‘""
D T 11 o L L
362960090 @ mdoobol  Lo3Mgdv)- i ;)mm;];]n,jr",ll '

@b 30X MB5M90, omMyo  (HYgdgwwsdgd (by®.8) Ebmdowo |

e R

993b0gm0oLs s LoBMYsM Fm3sfHol, O3WMIs@ol, LEvy-
ol gmgowo  MgJA™mOoL, 09bgLzmL  Lsmbogg®Lo@gB™
390960l — ©5355MLYOOL, 535009d03mL amBs Bmymgzsdol
G90ah05se790 ©@sBs  dbLbgl (35308 ®0mbTo, 0630
50500dol  J.#20-80, @. Bmam3zsdol LobmzMgdgero Laberols
RoLODBY,  MdoEoLol  IMbogodswo@gBHol  IgHool s
133090 ML FoFYZIHOLWIOOD).

©95Josdol 9m0-ghm  JmBsl  (b5doesgzol Goo-
®b30) 80gboFs 535009903mL gmbs Brmymgsdol babgaro.

bE-ob 535900 s FoMIMB>YIbMBOMO ey, 8. BsB3Bs xodemsdy (3Bl Bgmmans),
Ld3mgdol  3osfy39GH0wgoom 0bglzmb 309N — o Bygsmsdg ©s 53500. . M0y,
,068MOT>30Mmo  Lsbmyomgds“ — 535090038 gmBs 81800 @GOl blibsby (14.03.24)
B mgzsdol Lobgero dogbos.

2024 §. 11 0563560L LEGH-8o go0docms dMmBs BMmaMm35dol sd5EIdOL oL blimzbolowdo
90d3bogo dgb39Ms, ®9dEH™OMOL 5350. ©. FMMRgbodol 133X MI>MJMd0m (1w9©.9).

Lo, 9. by - 11.01.24: 35630960 3. 30035¢00560, Lsg.d9336.935009800L 3MyBo©gbE0 M. dgBHMgzgero,
bGu-ol (9dBm@o, 535. ©. aMma9b0dy, Mdomolol Lsbvyemoghm 935093008 MgdBHMGMO §. B3050sdg,
LEg-ob 3039-M9dB™M0 0. Emdobsdy s F36s6s K 0dWsAY (3. Brgmazsdols dgwmeny)
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Q3BOMEL, OO 353030839000 43065 503608bM™m, MM 1926 (ol 20 dsoll LGwy-ob
5030boLEBGMs300L  Ly3MbRBYIMIBE0M  EMBSDBT0  2o0ToMMS  535009d03mb  qmBs  Bmymgzsdol
LooBdogm, 85 Herol blmgbol s oo sMLYIMO ,,d5MMZ0L 53EHMTE0BIOMEo LolEgdgdol*

390960l (3OMYMdMwo 050b9MH0ool ©g3.) 55 fierolsdo dodwzbowo bsdgabogmm gmemdo
»GOROCICO 3760202809800 356300056980L 0356509006239 396909630980 “(bLrye. 10).

15‘36) 10. bsdgbogHem BmMHwdo: b(')‘gcggli@mb 36mgd@ob Fsmdemopygbs
0030 BoMMLITsBOL Boba@dOL gs30RMMEYds byEmgbymo 0bEymgIBol dgmmEgdom*
369B0©0ddo (s6x3.): 0db-853. Y3960, 3MMG. 0. 135605, LE¥-0b 3039-MYJBHMMO 0. Mdobsdy,
0169L3ML 350.-0U ,,068MMT530vEO LsHBMYIMIIS“ 3MMMPOBIEMIMO, 3OMBILMOO . bgmsa ™o,
Aslr-3500.-0b (3OMG50v0 05069Mm00l ©g3.) bgarddwzsbgwro, 3GHmg. g. LyGymesdy

3903600696 d5@Mbo 3mPsL 5OYBOHOWO 3MOLEPITMS30MYIIGI0, YNROWO SB306M6EJOO

©MgGMM56G9d0, 0d-B53MWEIGHOL 3MEYRJOO © b@gj@gli@)gbo 993MdM9d0 O SHEMOdWGIO
(Ly.11).

d9b390065d  Ldgsboghm
3mO»dol  sdLHOImS 5B~
MOMdoL s ddsGHMbo  gmBsls
0d0wo  IMambgdgdol  Bmbby

boyé. 11, b — geatoydols
L53mbx39M9630M EsMmdIBO
(20 3s0bo 2026)
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ACADEMICIAN GOCHA CHOGOVADZE — SCIENTIST, DIPLOMAT
AND PUBLIC FIGURE (HISTORICAL FACTS AND EVENTS)

Gurgenidze David, Lominadze Tamar, Zhvania Taliko
Georgian Technical University
d.gurgenidze@gtu.ge, t.lominadze@gtu.ge, t.zhvania@gtu.ge
Summary

This article provides a brief history of the scientific, pedagogical, and public activities of Gocha Chogovadze,
full member of the Georgian National Academy of Sciences, head of the Education and Culture Department of
UNESCO (Paris, 1981-1985), head of the Education and Science Department of the Central Committee of the
Communist Party of Georgia, Rector of the Georgian Politechnical Institute (Technical University) (1988-1994),
diplomat, Ambassador Extraordinary and Plenipotentiary of Georgia to France and the Kingdom of Spain, founder
of the Departments of Automated Control Systems (1971) and UNESCO's "Information Society" (2003) and

honorary doctorates from many universities in Europe and Russia. His role in modern science.
(Received 16.06.2026)

AKAJIJEMUK TOYA YOTOBAJI3E — YUEHBIH, AUTIOMAT U
OBIIECTBEHHBIY JEATEJb

I'yprenupze dasug , Jlomunaznze Tamap, KBanusa Tanruko
I'pysunckuit TexHnueckuil YHUBepPCHTET
d.gurgenidze@gtu.ge, t.lominadze@gtu.ge, t.zhvania@gtu.ge
Peziome
PaccmarpuBaercs KpaTkas HCTOpPHS HAyIHOIO, II€JATOTHYECKOTO M OOLIECTBEHHOTO JesITeIbHOCTH [ounm
T'eoprueBmya Yorosazse, AeifiCTBUTENBPHOrO WieHa ['pysmHCKOH HanuoHanpHOH Akazemun Hayk, pykoBopurens
ormena o6pasosanus u KyapTypsl JOHECKO (ITapmx, 1981-1985), pykoBozuresns otaena o6pa3oBaHUA U HAyKH
IIK Kommapruu I'pysuu, pexrop I'TIN (Texuuueckoro yuusepcurera) (1988-1994), nummromar, UpesssruaitHoro u
morHOMOYHOro nocia I'pysun Bo @panunuu u Koponescrse Mcmanus, ocHoBaTens kadenp «ABTOMAaTU3NPOBAHHbIE
cucrems!l ynpasiaeHus» (1971) u «Mudopmanuonnoe obmecrso» IOHECKO (2003) I'TY, mouérHoro mokropa

MHOTUX yHUBepcureToB EBpomsr u Poccun. Ero poss B coBpemeHHOI HayKe.
(Hocrymmma 16.06.2026)

22



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No 1(40), 2026

UGg-ob ,,050m300 53EGHMToEH0BYdMWo LolBgdgdol“ 3somgoMols
893b0gMh o s 9350090079M0 d99ga900 55 fierol Bsbdoenby

305 LYOHRM5dY, WO 39GM05830000, FIWBd5m bsMgdgwsdzowo,
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SCIENTIFIC AND ACADEMIC ACHIEVEMENTS OF THE DEPARTMENT
OF AUTOMATED CONTROL SYSTEMS of GTU OVER 55 YEARS

Surguladze Gia, Petriashvili Lili, Nareshelashvili Gulbaat,
Okhanashvili Maia, Kashibadze Marina

g.surguladze@gtu.ge, l.petriashvili@gtu.ge, gul1948@mail.ru,
m.okhanashvili@gtu.ge, kashibadzemarina0O8@gtu.ge
Summary

The 55-year history (1971-2026) of the Automated Control Systems (ACS) Department at the Georgian
Polytechnic Institute (renamed the Georgian Technical University - GTU, in 1990; designated the Software
Engineering Department in 2021) is presented. A brief historical overview outlines the key results of the
department's educational, scientific, and organizational activities. Significant scientific achievements of the
department's founder, Academician Gocha Chogovadze, and the younger generation of staff members he mentored
are highlighted. In particular, the succession of three generations of department leadership is examined: 1) G.
Chogovadze (1st Head of Dep., 1971-1980); 2) G. Gogichaishvili (2nd Head of Dep., 1981-2007, 2015); and 3) G.
Surguladze (Head of the ACS program since 2008; 3rd Head of Dep. Software Engineering, 2016-2026). The text
details innovative scientific achievements by staff and students across these periods, international collaborations and
conferences, and the sustainable development of academic activities, set against a backdrop of continuous educational
improvement and the practical implementation of research findings. Finally, the mission and objectives of automated

control systems as a scientific field within organizational management are presented.
(Received 15.07.2026)

HAYYHBIE U AKAZEMUWYECKUE JOCTDKEHWA KAGE/IPHI ABTOMATH3MPOBAHHBIX
CHUCTEM VYIIPABJIEHUA I'TY 3A 55 JIET

Cyprynagze I'., Ilerpuamsuiu JI., Hapememramsunu I,
OxanamBuiau M., Kamm6anse M.

g.surguladze@gtu.ge, l.petriashvili@gtu.ge, gul1948@mail.ru,
m.okhanashvili@gtu.ge, kashibadzemarina08@gtu.ge
Pestome

[TpencraBnena 55-metuas ucropus (1971-2026) xadenpsr ACY I'py3nHCKOTO IOIUTEXHUYECKOTO NHCTUTYTA
(c 1990 r., Texumueckuit yausepcuret, ['TY) (c 2021 r. — memaprament IIporpammuoil umxenepuu). [Ipusenen
KpaTKuil MCTOPUYECKHH O0030p OCHOBHBIX pe3y/JbTaTOB ee OOpa3oBaTeNbHOM, HAYYHOH M OOIeCTBEHHO-
OpPTraHU3ALMOHHON [AeATeNbHOCTH. llpescTaBieHbl 3HAaYMUTENbHBIE HAy4YHBIE NOCTIDKEHHUSI OCHOBaTenf KadeIpsl,
akazemuka ['ouu Yorosazse, 1 MOIOLOTO ITOKOJIEHUS COTPYJHUKOB, KOTOpOe OH BocIuTal Ha Kadepe. B wactHOCTH,
PacCMOTpPEeHBI dTAIlbl CMeHbI Tpex nokostenuii kadeapst ACY: 1) I'. Yorosazze (1-i 3aB.xadenpoit 1971-1980 rr.); 2)
I'. Tormyaumsunu (2-i 3aB.xadezpoit 1981-2007, 2015 rr.) u 3) I'. Cyprynazse (3aB. HanpasreHueM ACYc 2008 r., 3-
i 3aB.xadenpoit 2016-2026 rr.). [IpepcraBieHs HHHOBAlMOHHBIE HAyYHbIE ZJOCTIKEHIA COTPYAHUKOB U CTyAE€HTOB
kadeIpsl HAa OSTHUX DOTallaX, MEXZYHApOLHBIe CBA3M M KOH(EpeHIWH, AMHAMUKA YCTOMYMBOIO Pa3BUTHUIL
aKaZieMU4eCcKOTO Ipolecca Ha poHe HeIIPePHIBHOTO COBEPIIEHCTBOBAHMA 00pa30BaTeIbHOTO IIPOLeCCa U BHEAPEHHU
HAyYHBIX Pe3yJIbTAaTOB B IPaKTUKY. [IpefcTaBIeHbl MUCCHS U I[eIX aBTOMAaTH3UPOBAHHBIX CHCTEM yIIPaBIe€HHUA KakK

HAYYHOTO HAIpaBJIeHUs OPTraHU3aLMOHHOTO MeHe)KMEHTa.
(Iocrynmma 15.07.2026)
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STRUCTURE IDENTIFICATION OF NONLINEAR DYNAMIC SYSTEMS
USING BLOCK-ORIENTED MODELS WITH FEEDBACK

Shanshiashvili Besarion, Shanshiashvili Giorgi

Georgian Technical University
b.shanshiashvili@gtu.ge, giorgi.shan@gmail.com

Abstract

The problem of structure identification for nonlinear dynamic systems operating with positive
feedback in the frequency domain, under conditions where harmonic signals are introduced into the
system, is considered. The problem is considered on a set of feedback block-oriented models, the elements
of which are a linear model with nonlinear feedback, a nonlinear model with linear feedback, and
Hammerstein and Wiener models with unit feedback. The equations of the models are compiled taking
into account the features of such systems functioning in manufacturing. The developed method is based
on the use of input-output data of the system, obtained as a result of conducting an active experiment in
the system. A criterion for determining a model from a set of models is developed. The accuracy of the
obtained results is investigated by computer modeling.

Keywords: identification, nonlinear system, feedback, structure, dynamics.
1. Introduction

For the control of systems operating in production, it is crucial to have information about the
processes taking place within them, in the form of mathematical expressions, i.e., mathematical models.

Most production processes are nonlinear in nature, possessing specific properties that differ from
those of linear systems. For example, the principle of superposition is not valid for nonlinear systems.
When a harmonic signal enters the system, non-resonant, resonant, and subharmonic oscillations may be
induced, depending on the initial conditions. In certain cases, resonance may occur. In the absence of
oscillatory influences entering the nonlinear system, auto-oscillations may occur. In this case, in a
nonlinear system, it is not possible to discuss the stability of the entire system. It is necessary to study the
stability of individual motions received at the system’s output.

Obviously, there are more characteristic features of nonlinear systems, and their list can be
continued.

A more complex class of nonlinear production systems is characterized by systems operating with
positive feedback, where part of the material received at the system's output, which remains unprocessed
to the required condition, is returned to the system's input through a feedback channel for reprocessing.
To obtain a stable, steady-state motion at the output of such systems, it is necessary to impose clear
restrictions on the input signal and system parameters.

A full representation of nonlinear systems, due to the peculiarities of the processes occurring in
them, is possible only with nonlinear models.

When building a system model using system identification methods [1], it is necessary to solve
various problems based on the available a priori information about the system. Out of these problems, the

most important is determining the model structure, which requires solving the structure identification
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problem. Since the selection of an adequate structure for the model system significantly determines the
successful solution of other identification problems, such as estimating system parameters and states.

Nonlinear systems are typically represented by block-oriented models [2], which are defined by
various combinations of linear dynamical loops and nonlinear static loops, or by general models, such as
Volterra and Wiener series [3-4], and Kolmogorov-Gabor polynomials [5-6]. Block-oriented models are
more often used to represent industrial systems, due to their relative simplicity.

The structure of block-oriented models is typically determined according to the classical scheme of
system identification, namely, by using the physical laws governing the process occurring in the system
under consideration or based on a priori information. Later, works appeared [7-9], in which the structure
of block-oriented models was determined based on observations of the input-output variables of the
system in accordance with the classical definition of Lotfi Zadeh's system identification, i.e., it was assumed
that the classes of models and input signals were known, and it was necessary to develop an equivalence
criterion when choosing a structure.

In modern conditions, the majority of works devoted to determining the structure of a model of
nonlinear systems concern the identification of open systems (for example, [10-14]). A relatively small
number of works (for example, [15-16]) discuss the problem of structure identification of systems
operating with feedback. However, it should be noted that there are other approaches to solving the
problem of structure identification of feedback systems (for example, [17-18]).

This paper considers the problem of structural identification of feedback dynamical systems in the
frequency domain, taking into account the features of the functioning of such systems in production, on
the set of block-oriented models, the elements of which are: linear model with nonlinear feedback,
nonlinear model with linear feedback, Hammerstein model with unitary feedback, Wiener model with
unitary feedback. A similar problem of identification was previously considered on the sets of two-element
feedback block-oriented models [19] and [20].

2. Classes of Models and Input Signals

We define the model structure of feedback nonlinear systems in the following set of block-oriented
models:

L={s[i=1234}, (M
where - is a linear model with nonlinear feedback, - is a nonlinear model with linear feedback, - is a
Hammerstein model with unitary feedback, - is a Wiener model with unitary feedback (Fig. 1).

In the general case, the models are described by the equations:
¢ Linear model with nonlinear feedback

y(t)=wW( p){u(t)+ f [y(t)]} . )
e Nonlinear model with linear feedback
y(©)=W*(p){ F[y(®)]-u(v)} 3)
e Hammerstein model with unit feedback
y(®)=w (P} [y(H)]-u()}. 4)
e Wiener model with unit feedback

32



Transactions of Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No 1(40), 2026

y(t)=W=(p)f*[ y(t)]-u (5)

3) = = Wip) : : -

l —0?—" ftx) Wip) >
z
f(v)
u X %)

z j
Wip)

Fig.1. The block-oriented models with feedback: 1) linear model with nonlinear feedback; 2)

nonlinear model with linear feedback; 3) Hammerstein model with unit feedback; 4)
Wiener model with unit feedback.

A

Wip) fIWip)x] 1>

Y

In production, in particular, in mining and metallurgy, chemical, cement, pulp and paper, ecology, and
other industries, closed-loop systems are widely used, for example, grinding units, the dynamic part of which
is approximated by a first-order ordinary differential equation, the transfer function of which is:

1

wmp)=f5;1. (6)

and the nonlinear part is represented by a second-degree polynomial function:

f(X)=cx+c,x%. (7)

where in (6) P denotes the differentiation operator, i.e. p=d/dt, and in (7) there is no free term, since no
signal is received at the output of the feedback system when the input signal is zero.
If we take into account expressions (6) and (8) in equations (2) — (5), after several transformations, we
obtain the differential equations describing the models:
¢ Linear model with nonlinear feedback

dy_1-q, 6. 1
i A +Tu(t). (®)
e Nonlinear model with linear feedback
dV _1 1 1 _ 2
- Tv+Tgv+u()_r()+T(ﬂ &B), ©)
y=CV’ —C, /%, (10)
where
G 2, 1
ﬂ:—, V= ﬁ +—V. (11)
2¢, G
e Hammerstein model with unit feedback
%__1_(31 + &0 1
T X +u(t)+ _I_u(t), (12)
y(t)=x(t)-u(t). (13)
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e Wiener model with unit feedback

av 1 1 , 1 1 )
— =—ZV+=cV +=u(t)+=(B-c 14
T T T()T<’B 1) (9
where f and Vv are defined by (11) expressions.
u(t)=Asinat+B, (15)

Where B> A, since in closed-loop production systems, no product is produced at the output under
conditions of zero input material.

3. Structure Identification

To solve the structure identification problem, it is necessary to solve the Riccati differential equations
corresponding to the models, taking into account (15) and the conditions for obtaining stable motions in the
steady-state mode on the system output.

In [21], it was established that under the following constraints on the static parameters of the system and
the input signal:

0<c <1 0<c,, (16)
1-¢
X<E, (17)

a stable motion is obtained in the steady-state mode at the system output, where X is the value of the system
input signal in the steady-state mode.

Analysis of expressions (16) and (17) shows that C, <<C; and C, can be considered as small parameters.

Therefore, it is possible to use the small parameter method to solve the Ricatti equations (8), (9), (12), and
(14), and find the solution of the equations in the following form:

x(t):gy”xn(t), (18)

where /- is a small parameter and we can assume that (£ =C,.

If we limit ourselves to two terms in the series (18) and solve equations (8), (9), (12) and (14) by the
small parameter method and do not take into account the second and higher order small ones, then taking into
account expressions (10), (11) and (13), we obtain the expressions of forced oscillations at the outputs of the
models in the steady state:

e Linear model with nonlinear feedback
B N c,B? N c, A’
-6 (1-¢) 2(1-g)|(1-q) +e/T?]

e Nonlinear model with linear feedback

y: +H1. (19)

2
y:c282+%—%+H2. (20)

e Hammerstein model with unit feedback
B B2 C, A’ (1+fT?
y(t)=1 + G -—B+ ( - ) —+
-6 (-6 2(1-q) (1-¢) +&T?]

H,. 1)
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e  Wiener model with unit feedback
2 AZ
—eB42_G _© +H,. 22
Y T a, o) 22

In the expressions (19) - (22) H, (i =123 4) denote sums of the harmonics of the output oscillations
of the models, the expressions of which are not given here due to their large volume.

If we take into account the fact that in production systems the dynamic characteristic T >1, then the
analysis of figures (19) - (22) allows us to determine the criterion for choosing the model structure on the set
(1):

e Nonlinear model with linear feedback - the constant component of the output periodic signal does not
depend on the change in the frequency of the input harmonic signal;

e Hammerstein model with unit feedback - the constant component of the output periodic signal
increases when the frequency of the input harmonic signal increases;

e Linear model with nonlinear feedback, Wiener model with unit feedback - the constant component of
the output periodic signal decreases when the frequency of the input harmonic signal increases.

The structures of the nonlinear feedback linear model and the unit feedback Wiener model can be
distinguished from each other through additional studies due to their structural features.

4. Identification accuracy

The reliability of the results obtained when using system identification methods for modeling systems
in production conditions depends on the accuracy of measuring the system’s input and output signals, and on
the mathematical processing of experimental data.

One of the crucial steps in building a system model using system identification methods is assessing the
model's adequacy in relation to the real system. The adequacy issue is usually investigated by supplying the
same signal to the inputs of the system and the constructed model and comparing the resulting signals at their
outputs according to the magnitude of the error. If production conditions do not allow for active experiments,
then the accuracy of the modeling is investigated by means of computer modeling.

0.4166
agnitude . L D
P signal :
> s y.mat M T > D Diagram a0
t.u] [ty Fourier Diagram angle
,f\ u(t) - )(t) 1 - P(u) yﬁ) - D
Lt e L e »
\¥i =1 O(P)=2
Sine Wave 1) Ni(s) WS Diagram y(t)

Fig. 2. Electronic diagram of the Wiener model with unit feedback

The research on the developed method for structure identification of feedback nonlinear systems was
conducted using computer modeling, specifically with MATLAB, under conditions where harmonic influences
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entered the system in the frequency domain. Fig. 2 and Fig.3 show, for example, Electronic diagram and the
dependence of the constant component of the output periodic signal on the frequency of the input sinusoidal
signal of some nonlinear models of the set of models (1).

a) » b)

o

Wizad's) W (rad's)

Fig. 3. Dependence 3, = f (a)) a) for a nonlinear model with linear feedback, 2) for a Hammerstein model
with unit feedback

5. Conclusion

For nonlinear systems widely used in production, which operate with positive feedback, the
solution of identification problems becomes even more complicated compared to open systems. In
such systems, depending on the identification goals, when experimenting, it is necessary to take into
account sufficient conditions for the stability of each motion obtained at the output of the system,
because, for example, in a steady state, a stable motion is possible at certain values of the system
parameters and when the input signal changes to a certain level. To determine the analytical
representations of the output variables of such systems, it is necessary to solve nonlinear differential
equations, which is associated with mathematical difficulties.

In this paper, a method for structural identification of feedback nonlinear systems in the
frequency domain under the conditions of harmonic signals entering the system under study is
developed. The developed structural identification criterion allows for the determination of an
adequate model for the system from a set of feedback block-oriented models in a systematic manner.
The accuracy of the method has been analyzed based on computer modeling.
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36308030 ©0bsdozm®mo LoliEgdgdol LGH®YJGOIEo 0©IhE0R03530s
1373530060560 d¢M39650-MM09bGH0MYdO BrmEgrgdoc
09LMOMD Fo6d05d300, yoMmEyo Fsbdosdzowmo

Lodommzgaml ¢gdbozmdo mbogglodgdo
b.shanshiashvili@gtu.ge, giorgi.shan@gmail.com

M9bomdg

396boEM@os IO 33530060000 B6J30MmboMYGdIO 9GO BOZ0  ©OBITOZMMO
LoLEBQO0L LEAHOMIGHMIOWO 0I6EH0B0IHE00L SFM35Bs LobIoME sMgdo, LobEGHgdol F9dsgseo
3560dmbomwo  Logbsegdol 30MMdgdT0. 58MmEsbs  obobogds 3935300600560  deMIMMS-
060963060900 Im9ergdol LodMszwgbg, GMIwob guwgdgb@gdos iMR030 MY sMMRO030
3993980600, 5G5{OR030 IMEYEo FOR030 399358000m, 35896EH0boLS s 30bgMOL dmEywgdo
960gw™m35b0  M3m358060m. IMEIWGIOL  2obBHMegdgdo  Fgpgbowos  slgmo  LolEgdgdol
§o00mgd5d0 BMbd30MmboMgdol 0530L90MGOgdOL o350 Lobgd0m. F9dwds390eo Fgomm©o
95336905 LobiBgIol  F9To35¢0-450MmToz5¢  dMbs3gdgdolL  godmygbgdsl, domgdmel  Loldgdsdo
59BHoco  9du3gModgbEol  Bo@BoMgdol 8ggas®. 998w9ds390os  dImEIEol  goblaBrzmol
3600@9M0mdo  Imgms  BodMO3w0Esh. FJowgdMmo  F9gagool LOBMLEGE  A9TMIZEPGME0S
303303960 ImYo@gdol BsdwoEgdOo.

(BA30s BomgBeyamos 10.05.26)

CTPYKTYPHAS UWJIEHTUO®UKAIIAA HEJTUHENHBIX
AAHAMHUYECKHUX CUCTEM C bJIOYHO-OPUEHTUPOBAHHbIMHU
MOZIEJAMUAU C OBPATHOMU CBA3bIO

IMapmmanmBunn B., Hlanmmamsuim I

I'py3unckuii TexHUueCcKuii YHUBEPCUTET
b.shanshiashvili@gtu.ge, giorgi.shan@gmail.com

Pe3iome

PaccmarpuBaercst npo0iemMa CTPYKTYpHOM HACHTU(GUKAIMH HEIMHEHHBIX JIUHAMUYECKUX CHCTEM,
paboTaromMX C MOJIOKHUTENBHONH OOpaTHOW CBSA3bI0 B YACTOTHOM OONIACTH, MPH YCIOBUW IMOCTYIUICHUS B
CHUCTEMy TapMOHHMYECKHX CHTHAJIOB. PaccmarpuBaercs 3amaua il HaOopa OJIOYHO-OPHUEHTHPOBAHHBIX
MoJieNield OOpaTHOM CBS3M, AIIEMEHTaMH KOTOPBIX SIBISIFOTCS JIMHEHHas MOJeNb C HEeITMHEWHON oOpaTHOU
CBSI3bI0, HEJIMHEHHAsI MOJIENTb C IMHEWHON 00paTHOM CBS3BIO, a TaKXKe MOJETN XamMmepinTeiHa u Bunepa c
VHHTapHOW 0OpaTHOW CBf3pI0. YpaBHEHHS MOJENIeHl COCTaBIEHBI C y4eTOM OCOOEHHOCTEH
(hYHKIIMOHUPOBAHHS TAaKWX CHCTEM B IMPOW3BOICTBE. Pa3paboTaHHBI METOJ OCHOBAaH Ha WCIOJIB30BaHUU
BXOJ-BBIXOHBIX JaHHBIX CHCTEMEI, MTOJIYICHHBIX B PE3yJIbTaTe MPOBEACHUS aKTUBHOTO JKCIIEPUMEHTA HaJ
cucteMoil. Paspaboran kputepwii ompemeicHUsT MoOASTH W3 Habopa Mofenei. TOYHOCTh IMONYYCHHBIX
PE3YJABTaTOB UCCEI0BAHA C MOMOIIBIO KOMIIBIOTEPHOTO MOJICTUPOBAHHUS.

(Mocmynuna 10.05.2026)
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Oracle Database-ols 3mbs3930s sdog3Mol gdsbobdgdo:
TDE g5 VPD-ol 9900560900000 565¢00%0 @5 36M5gGHogwmero
2530ggbgds

00190 JoM013900330¢0!, FOMMYO 399F935!, 3000 FJMg0Td300?
1-b5goMM39wMb Fgdbozmemo MbogzgLbodg@o
2-30Bbgliols s 3gdbmemyngdolL bozgMLOEYGHO (MdOWOLO)
s.kartvelishvili@gtu.ge, kuchavagiorgiO8@gtu.ge, davit.megrelishvili.1@btu.edu.ge

69bondy
§0b59gdsMg LEsGos 033w93L Oracle Database-oll 90g3Ms300l MmO doGoms dgdsbobHal:
Transparent Data Encryption (TDE) oo Virtual Private Database (VPD). 33c0930L d0%s605 50608369cn0
™60  39d6mmyool 99sMgdomo  Bswobo, Fomo godmyggbgdol LEgHMgdol goblsbmgMs o
365gdBHozmwo  M93mdgbs3ogdol  990w9dsgzqds  30M3MmMG0Mwo  dmbsiggdms  d5BYOOL  HE30L
39309 9d0Lm30L. 330935 IMo353L TDE-0b bgg@ol, gb®owol s Tablespace mbols @sdoxnzmol
doamdgdL, sugzg VPD-ol Row-Level Security d99sb0®al. sbscrobo gbos ymal, dmd TDE s VPD
539996  9M»Bsbgnl s om0 GOHPMI0Z30  Fodmygbgds MBOHMB3gymxnl dImbszgdms dsBol
961535003056 ©(339L.
1553356dm Lbodygzgdo: Oracle Database. TDE. VPD. 9mbo3gdms 80933605, dmbszgdoms dsbol
MBogmmMbMgds. Row-Level Security.
1. 8glssgsemo

05650906039 08OV g3mdsdo  Imbo300ms  MBOBOMBMYdS  3MM3MOSEHOIEXO
LEAHOSGIFO0L 9B MgmRgE  Bofoels Fo®mdMoygbl. ™mEOYBOBIE0gd0 Ly MBGM  T9@d)
3600303 0bgm®Ao300L  0bsboggh  dmboggdms  05Hgddo, GO  dsod  JodsOHrm
3009MH™5305LbIgdoL LobJoMgl s 59 EHedl 8b0d3zbgwMm3bs BGOL. IBM Security-ob 2023
Dol 8mbligbgdols msbsbds, Imbs3gdms 3ogmbzol Lyd oM VOMYBOMEGDS ALMBICVIMSQ
4.45 30@r0omb 588 MMl 8950099bL, Mog oLEMMOMeE dodbodals oMoyl [1].

Oracle Database, ®mamez dbmgwomdo YgzgwsHg RBoOOME  59mygbgdmeo
3O3mOGH0Mwo  IMbs3gdms  dsBol Fomm30L  LoLEYAs, 20035DMIL  MLOROMbMYdOL
dM935¢0 0blEMIgbEL. oo TmEOL obLO3MPMGIMWO SEY0O 35305 Transparent Data
Encryption (TDE) s Virtual Private Database (VPD) ¢9dbmema0gdl, Hm3ggdos 8mbsigdoms
©5330L Bbgoolibgs 9609909 dmddggdgb [2].

TDE «%6b3gerymal coolz®g 99bsboyero dmboiggdndol sdoyng®msl 9649 ogoenls
bob 5M5lsbd306093wo 3Mmolysb, bgMzgMol M3gessowmwo bobEgdol mbyby. VPD
LEOMWosE  2obLb3s390Mmo  maozom  dmddggdls  TDE-bgsb, dobo  99939mdoom
39b0LsBE3MNds 30l FgMdos  BobML 30630 9G Mo bEG®odmbgdo  sbMHowdo  SQL
dmbm3zbol 3533900l EOML. MO39 39dsboBIol 9MmMd030 godmygbgds Jdbols dmbsigdms
05BoL MBOROMBMYOOL de0gM, M35 M6 LobEHYISL [3].
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$0bs9qds69 33¢0935 F0BBs OLsbOgL 5b0dBMEo MG F9gdbmemyools bow®dolgwmwn
3905609000 565¢0DBL, 500 dEogmo s LG TBsMYIOOL M3 gbsly s 3M1dEH03 o
930965309006 993353905 Oracle  Database-olb  5©@30bolE®MoGHMOIOOLS 9
MBsgMMbMYdoL 39305 olEJOOLMZ0L.

2. doMomao bofjogro

Oracle Corporation-ols mg0300¢w)MH0 ©M3MIgbEHe30s TDE-U §o®dmoagbl Gmams
FIPS 140-2 L3obo®m@mob mo3lgdo@o 2505(93930gdsl, Gmdgaros 0ygbgdls AES-256 56
3DES168 seam®0omdqgdl [6]. Oracle 12¢ 396L00sb ©sfygdmeo TDE 8960d369crmgboco
3989OMM3s @S Tablespace-ol LOWWO EToB3OOL glodEgdEMds dooMMm, o3 dob
503060LEHM0MYISL 5To6MEH039dL [7].

VPD-0b 3309300 31ombom, s0lsbodbsgos VPD Policy, 399630990l biméo obsobo
3900590Y39305  LoLEBYIL  HoMmBoEMBdOLIMZOL,  FoBLZMNMEJO0 OO  FMEFMWMBOL
360 gdmsb ddomdolsl [8]. TDE o VPD-ol 3033065305 fo0dmoyqbl Defense in Depth
LEAHOEIFO0L odmbodegdsl Oracle yo0gdmdo [9].

TDE-ols 56350 0 Bjdsendols 360Bg030

Transparent Data Encryption (TDE) {o®0msqbls Oracle Database-do Bsd96q0wmen
A996mmaosl, HMIgwog 93@™MIsGMIMs© JogMogl dmbo3999dL dosmo o3y hshgMol
©@OML s 93@MT>GHMs© bLboL Toxngzmsl fsz0mbgolsls. Transparent 6odbsgl, Gmd
50b0dbmo  3MmiEgbo  BOMEE0sE  J9FI0M3gs  53C03530900LM30L, s 3MEOL
3565060 (3300090 56 LFoMHYdsm [2].

TDE-0ol  s6Jodgddts 99mbmds MM ©mbol  2obs®gdgdols LobEgdsl: Master
Encryption Key (MEK) 8053560 goboegdo, ®mdgmoi Oracle Wallet-o o6 HSM (Hardware
Security Module)-do 0bsbgds s Data Encryption Key (DEK) 9mbs399900L odogg®ol
3oLo9gd0, HMIgeo3 MEK-0m 560l 0809300 s 3mbsgdms 35Bsdogg 0bsbgds.

TDE-ob bsdo mby, gg@Eol mbols sdogg®s (Column-Level Encryption):

50bodbmamo  doymds  LYTMOgdSL  0dwgzs  3MB63MgBAMEo  B39BHId0  S0ToGFMOHMU,
35350m5 bggzslo, LozMgOEHM B3Ol bMmdgMo 56 3oMso bmdg®mo. Oracle SQL Developer-do

d0x900 (bob.1) s SQL 3meo (bsb.2).
3b6owol mbol sdoxrg@s (Tablespace-Level Encryption):

Oracle 12c-s6 999m0gd9o 5060360 doamds dmerosbo Tablespace-oli sdoxzmol

(B5b.3) Lodwmoegdsll 0deng3s, 53 Y39wsbg 9B39IGHMIM0 s FoMEH035©  9©I0bOLEBHMOMYOSO
9900™M©O0:
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8 Applications  Places  New / Select Database Conne... Jun 3 09:30 A W)
New / Select Database Connection x
| Connaction Na... Connaction De...| | Name [system | [ color
btu system@//loc.., T
¢ btu_kutchava  btu_kutchava. Patabaae Type [2(.'_‘.'.9 .'I
W otu system@//loc. .. [ y
f [gtu_kutchava systam@//loc. | Userinfo | Proxy User
' |tyltem system@//loc... ‘
e
B Authentication Type |Default
A Username [5Y5 | Rele |syspBa =
t -
i Password [sesese | ] sayve Password
(4
Connection Type |Basic -
] | Details | Advanced
! Hostname localhost
l o
b Port 1521
4 (%) 8D FREE
- o sarvies namefarel
™ |
ii| Status : Success
‘Help Save GClear | Test | Cgnhect Cancel

B oracle@vboxi~ @l (oo gy Oracle Al Dat.. |4 Oracle SQL .. [ |

Bob.. 1. SYS dseemglio 3603060980980l 9gmbg Bs8gbgdmemo 8mdbdstrgdgeo, SYSDBA 13g3osemato
50030boLEBHMsE0MEO 36H0300YR05

@ Applications  Places  Oracle SQL Developer Jun3 09:09 = ) [3

Oracle SQL Developer : system - &= X

Connections = 8] kuchava. sq fan btu_kutchava.sql &) btul.sq elcome Pag:

$-ATHE [PEV-BQ R & au & system  ~
I gaﬂ: Connectichs Worksheet | Query Builder

e b kitehava (--Wallet(Oracle-oli ploghmbmgdol dgdo608d0) -ob Lhognbol B5dmBdgbe
: = 'SELECT * FROHM v$encryption_wallet;

@a gtu == bggwol eodomathe TDE-o

i gtu_kutchava 'ALTER TABLE employees

-2 system . HODIFY (salary EMCRYPT USING 'AES256' NO SALT);

. Database Schema Se i1-- obago gbhogol 334860 eoBogihpoo Lgghom

= CREATE TABLE sensitive_data (
e > « id NUHBER PRIHARY KEY,
credit_card VARCHARZ2(16) ENCRYPT,

Reports %] = . ssn VARCHAR2(11) ENCRYPT USING 'AES256'

@ All Reports 6 B

(-2 About Your Datak ;

AV

&2 All Object v ‘
?(@ ..’.Ec)s [El script output * | [ Query Result x

i 3 0 =] E % | Task completed in 0.386 seconds

DBA | =

+RD
ﬂ Connections

@& btu

Messages - Log - | Bre:

Messages Logging Page -  Statements -

| Line 3 Column 26 | Insert | Medified| Unix/Mac: LF

Bl orace@vbox~ [l oracle@vbox: eSQL.. [
Bob. 2. sbomo gb®owol 99gdbs sdogmyymo ligg@om

@ Orace AIDat.. || 40

41



Transactions of Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No 1(40), 2026

2 Applications Places  Oracle SQL Developer Jun3 0937 & o) [35
Oracle SQL Developer : system~1 = x
File Edit View Navigate Run Source Team Tools Window Help

Sda 9 @ © @

Connections al & btul.sql  [S] Welcome Page {2 system | By system~1 t -~
+-RYHD PEB-BR B8 &¢an @ sstem -
3 Oracle Connections Worksheet Query Builder
= 8 btu : z
# 8 btu_kutchava -Wallet(Oracle-ol gloghobmgdol d5debobdo)-ab Lhogybol dgdnBdgde 2
vl = = SELE(T * FROH v$encryptlon wallet
Lﬁagtu Jomhnoc Til‘-11 1540
w-ig otu_kutchava = (REATE TABLESPACE encrypted ts
w-fg system DATAFILE /uOl/oradata/encrypted_ts.dbf' SIZE 100M
< Database Schema Sen. ENCRYPTION USING 'AES256'|

DEFAULT STORAGE (ENCRYPT);
gbhnoaly gopomebs podoadme Tabhle
ALTER TABLE employees HOVE TABLESPA(E encrypted te

Reports
= AV
[ Al Rebpms : =] Script Output % | [B> Query Result *

[+ About Your Data =

5! T
5@ All Objects # 5 W) 38 soL | All Rows Fetched: 3 in 0.041 seconds
{ WRL_TYPE |{ WRL_PARAMETER i
1 FILE /opt/oracle/product/26ai/dbhomeFree/admin/FREE/wallet N
2 FILE (null) by
3 FILE (null) b
Messaqges - Log Breakpoints |
mTSsaycs (| Luyyiig T rayeT i StaLETiienits
Click on an identifier with the Control key down to perform "Go to Declaration"|
l! oracle@vbox:~ - | @ Oracle Al Dat.. | 6 Oracle SQL ... j l

Bob. 3. sdogtyeo TABLESPACE-ols 84dbs

TDE-ob 9)3065¢9lmdg00 s 39003900

TDE-0l 80053500 ©130653qLtmd9005: LOHYIE0 450330035 Mds 53¢035:30900Lm30U, FIPS 140-
2 bAHBIOEHMID FLodsdolMdS, LoMGHBYIMZM SLEGdOL 93EMTGYIM0 T0RZMS s dobodsgrmEo
393gbs  LolBgdol  HomTomdsbg (1-5%). Fgbwm3zgd0s: TDE o6 o03ogl  93¢™Om0Hgdye
9 dboMm9dEL 56M5L56 300900 §3MToLY6 564 DBA-U, 3063 99L509gdl enmdls, LMo (3™ds
593L LobiBgdsBYg; 1939 JugE OO BHEMSGOI0 93EMTGHM0 FoRMs305 TDE-000 56 begds[6].

VPD-ob s6bo

Virtual Private Database (VPD) sob Oracle-ol ¢gdbmemyos, ®mdgerog Row-Level Security-U
LEGH®OJMBOL MBOL  MLORODBMYDL)  SbMO309wgdL. VPD  93@mTsG Mo 985390 WHERE
306090 6900Ld0g6M SQL dmmbM3bsl, Moms dmdbdscmgdgerds dbmem dobmzol bydssmmeo
LEAHOO0JMbgd0 bsbmL, omomgdmwo 3OHMEgbo  IMIbTsMdWOLm3zoL LEOwosw dgmaRbygzws
900b5MgMBL[5].

VPD Policy-ols 39dbs
VPD-ol  g0dmygbgds Policy 9w96Jg00L 89ddbom ofygds, MHmIgwos  goblabmgmogl

BOWEM300 Wmy03ob:
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a Applications  Places  Oracle 5QL Developer : Welc... Jun 6 1336 f W)

Oracle SQL Developer : system - a x

Connections al ;v\| 12 v‘m

o - NYW”% > (= @ - I& OG'&@@M'

!3 Oracle connections Wf\Woikahaat | Query Bullder

btu
< VPD Policy wabdanoly Wag8bo
tﬁ g Riu_Kutcheya (= CREATE OR REPLACE FUNCTION hr_security policy(
atu schema_name IN VARCHARZ,

l? atu_kutchava table_name TN VARCHAR2)

() Kystem RETURH VARCHARZ AS

s Database Schema 5 v_predicate VARCHARZ (400) ;

BEGIN
¢ %) » - Uabgaamno bapogb dbomomp oogol aabygoanegdol mobodBentiogal |
=) IF SYS_CONTEXT('USERENV', 'SESSION_USER') = 'HR_MANAGER' THEM
Reports J ifm { v_predicate = 'deparmant 1d = 7 || SYS_CONTEXT('HR_CTX', ‘DEFT_ID'); |
L{W All Reports P~ - HR Bagpaspabenn - bawenls - gagoob ‘
3 & About Your Dat FLSTF s;s_ctt)NTEXT'(‘ USERENY' . * SESSTON_USER') = *HR_ADMIN' THEN
- v_predicate (= NHULL: -- qoopemo of podooypbndo
l?.l(@ All omam v FLee
LWbga Dmdbdathpdgoeo bapegl Bompee boggmas Bebalindl
pBA | 1= v_pradicate := 'employea_id = ' || SYS_CONTEXT ('USERENV', 'SESSION_USERID') ;|
END TF;

4 @ RETURN v_predicate;
@, connmctions END

B EW bty

Messages - Log
Moesayos

| Ll L0 Colurm)) 42 | et | Modifled| Unlx/Mac LF

B oracle@vboxi B oracle@vbox:-
6sb. 4. VPD Policy
@ Applications  Places  Oracle SQL Developer ; Walc.., Jun 6 1342 8 W)

Oracle SQL Developer : system - a X

Connections | 0=l ol o b 1 i

e -RrYRie @ - nm OC!M&@M'
lg g“;:: Connectionalf worksheet | Quary Bullder
el -GS " nsc;ahcy ol EMPLOYEES (btaohy godongbyds -
) Cl]
‘#’g atu DBMS_RLS. ADD_POLICY (
:z- gtu_kutchava 053“1 schama w> 'HR!',
I system
s Database Schema &

objact_name == 'EMPLOYEES',

policy name == 'HR_EMP_POLICY',

function_schema == 'HR',

16 > » policy_function == 'HR_SECURLTY_POLLCY',
statement_types w= 'SELECT, INSERT, UPDATE, DELETE'

Reports | =1 .

[ All Reporta o

# [ About Your Dco p

4 i All Oh]uctl -

44 ’
pBA (=] Q | | | -
Sequ. . Connmetion Namms Elap=. , SOL
L' “ % 25 49 select count(l) from all_objects where object_name = 7 Q@
(I, connections 24 3 alter wession wat PLSQL_OPTIMIZE_LEVEL=2
@.a btu 23 7 wwloct myn_context('USERENY' 'SID') from dual

22 7 melect sys context('USERENY''SESSIONID!) from dual ”
Mesmages  Logging Page - | Statemaents - © © o fachloie e Jevhear | ’

| Madified | Unis/Mac: LY

| Ihwert

| Line 22 Column L

- oracle@vboxix &3
65b. 5. Policy-ob HR.EMPLOYEES ebﬁ)o@"bg 2990496905

B oracle@vbox:~

VPD-0l 130653 gmdgd0 ©s d9bmo3900

VPD-0ob  do60ms@o  99306053qlcmdgdos:  LEModmbols  3mbGmHhmwmo,  (396@GMowobgdmwo

MLOROMLMIOOL  3MW0FE03s, 930353008 3mEOoLysh  ©odMM30©IBEIMdS s TMOZHWO
dmIbTom9dolmzol  bgsslbgs bgwool »bOMblzgmymags ghmo 3bM0wosb. d9brmggdos:
Policy 39bJ30gd0L s®olficaMds 9930569058 dgodangds 9609369cm3zbs dgsd0mmlb Loldgdol
0o6M8500mds; siggg VPD 56 8033003l 8mbs39990L, dolo d9dzgmdoom dbmem@ bgedobszomdmds

0b)©gY [8].
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TDE s VPD-ols 8300560930000 s65¢m0bo

TDE s> VPD g996@5996@16o0 356Lb303093056 09305600 d0bbgdoms s 459mygbgdols
1339IOMGO0m, FoaEd 539096 9OHPNTbgmL:

TDE @5 VPD-0l 890056980000 565¢00%0 agb®.1
3MoBgdomdo TDE VPD

©5330L Mby 130103760 (©ol3bY) 30329600 (LEGHOoJMmbo)

dmddggdol dmdgb@o Bofig®s/fozombgo SQL 8mombmgbols dgleeyemgds

299 3F3003500MdS bOMEO LbGmEo

306N IOHMDS b3g@o/3bMoero/Tablespace | LEH®odmbo

§o6m8500MdoL d53w9bs 1-5% 5-15% (Policy-bg ©s0m30c.)

DBA-bg0b o335 Bofomdmog NON

30Ol 3300 gds 56 LFOOYdS 6 LFOMEYOS

FIPS 99lodsdobmds QO5b RN

3b60w0sb bsms bsbL, G®md TDE s VPD bbgoolbgs Logg®mboligeb ogogl dmbsigdoms
05bsl. TDE 939d@Mos at-rest dmbo399990L 533500, 5649 85806, MLz B0HBo3MGO ©olzol
dm35635 96 LgMzgMl sMLsb30Mgdmo Bobo3MMo famds gdbgds. VPD 30 dmgddggdl in-use
13969680, DLMEIZL 53BMOODBYOE0 FMIHAsMGIGdOL 3 Mol 363MgEHw bGHMoJmbgdby.

9003030 3580ygbgds

TDE @5 VPD-0b 960@6mmmwo gsdmygbgds Fo0dmowagbl Oracle Database-ols Defense in
Depth L@®539a00L by 39mglem A5FMboEMEgdsl. J398mm dmyzs60e0s Jogoomo, Losig SALARY
13930 TDE-00 560l ©sdoxzOHwo, bowem VPD Policy sbLsbmg®magl 3ol dgwderos Geadgero
LEHOoJMbgdolb Bobgo:
3306560 LgdEmMo

056390L5 5 LysBM393M 3n3356090d0 TDE 259m09g9gb9ds Bo3Mgoo@m 350smgdol bmdmgdol,
96296003900l 6mdMgdols s  GHMbBogd30900L  sdoxggzgmolmgol  PCI DSS  LGoboo®@ol
©51530594mBowgds©. VPD 30 «Bmbggmymal, ®md 056306 gomoswol msbsdddhmdgero
b953009L Ibmem© oo Bowoswol 3¢0gbEHgdol dmbozgdndl.
X965330L Bgddmmo

1539O30bM  IHgLYdME9d9gddo TDE Fog®magl 353096@gd0l 30605 068mMTszosls @
1539O0E0bM BBGIM9dL HIPAA LEoboot@ol dqLodsdols. VPD 3o goblsbmgMogl, Gmad gjodo
b95309L Mm@ 1530l 3530963900l BsbsFgM9dL, beagnm 5ETobolB®MmsEos Yy3gas BsbafgMls.
HR bobEgdgdo

HR ULobi¢gdgd3o TDE 80363l bgangsligdls, 30605 6mdmgdl s bodsbzm sbastodgdl. VPD
MBOM639wymul, MHmd HR  99bgxgdo  bgosgogl dbmwmo  msgzolo  2obymaowgdols
0565930930l Imbs39990L, bmerm 1sb53dM Mo Fbmerm Bo3mmst BsbsfgMU.
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& Applications  Places  Oracle SQL Developer : Welc... Jun6 13148 B o) [3]

Oracle SQL Developer : system - 8 X

Wﬁle Edit View Navigate Run Source Team Tools Window Help

Goda 9@ Q@ O~ @

Connections ...ql btul.sql System.sql @ system~1.sql EWeIcome Page system a4 ~]
+-RWTHR(>EB-BR BB &0 &N @ system
8 9“"9 Connections |y, ksheet Query Builder
#-E4 btu : T The ‘ |
":’ E; BIC kukchava ALTER TABLE hr.employees
®-6 gtu HODIFY (salary ENCRYPT USING 'AES256');

#-E3 gtu_kutchava -~ Bodogn 2; VPD Policy-ob aodmggbgde
&-f&g system = BEGIN
- Database Schema € DBMS_RLS. ADD_POLICY(
object_schema => 'HR',
object_name => 'EMPLOYEES',
policy_name => "SALARY_VISIBILITY',

Reports - function_schema => 'HR',

[ All Reports policy_ function => 'HR_SECURITY_POLICY"',

[#-(2 About Your Dé sec_relevant_cols => 'SALARY',

- All Objects )'sec_relevant_cols_opt => DBMS_RLS.ALL_RONS
END;

DBA - /

* [oEap A
R Connections Statements - Log Breakpoints |
-6 btu Q

Messages Logging Page Statements. -
Bl oracle@vbox~v Bl oracle@vbox:~ |\ Oracle SQL Develope... | l

65b.6 TDE-00 Iigg@ol osdoyg®s s VPD Policy
3. sls336s

§0b590gdsMg 339350 43063965, I Oracle Database-oll TDE o VPD ¢9dbmarmaogdo
§o00m5y9gb9gb ImMbs39dms (330L MBM0gMHTGdogLgdger d9dobobdgol, MmIwgdos bbgzswolibgs
LogMMbOLASG 0393l 3MO3MO B0 Imbs(3999dL. TDE 9539d@w6o 03o3L dmbs3gdgdl gobozmeo
030m30L LEFROMBOLYG, bmwm VPD sbmeMEogwrgdls 5s3¢m®m0bgdmeo dmdbdsmgdergdol §3omdstby
3MbAHHML bGMogdmbol Mmbyby.

33w930L 890093990 809m0mgdL, MHMI EsLEHYGdIMO MO0 GHdbmermyool gMmMMdoz30
3°0g9bgds  [o0dmoyqbls Oracle Database-olb Defense in Depth UG@Mo@gaool  m3@0dswe
3900mbsGHMgdsL.  3M9dBH03Mo  L3gbsMdOL 9b5E0BTs OsEILEHMS, Gmd TDE s VPD-ob
3030065305 FoBo3Hgdom 4980m0Yygbgds BobsBLYG, xsbos3zol s HR bgd@m®mgddo Lbgswalibgs
95692069090 bEObIMEOL Ol 3YMBOWIIWS.

9md535¢0  33cg30Lm30L LyobEIMLM BodsGrNgds dogzs6605 TDE-ol fo@dsmdol
393960l Lo®IoLgwo sbserobo Oracle 23c g3g®L0sTo, 1939 VPD Policy-9d0l m3EHodobsgool
9900m©gd0lL dgLfagems Big Data gotgdmdo.

0@ gMs@Ev®s — References — Jlureparypa:

1. IBM Security. (2023). Cost of a Data Breach Report 2023. IBM Corporation.
https://www.ibm.com/security/data-breach
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2. Oracle Corporation. (2023). Oracle Database Advanced Security Guide, Release 23c. Oracle
Documentation. https://docs.oracle.com/en/database/oracle/oracle-database/23/asoag/

3. Nanda A., Burleson D. (2010). Oracle Privacy Security Auditing. Rampant TechPress.
4. Nanda A., Burleson D. (2010). Oracle Database Security. McGraw-Hill Osborne Media.
5. Theriault M., Newman A. (2014). Oracle Security Handbook. Oracle Press.
6. Oracle Corporation. (2023). Transparent Data Encryption (TDE). Oracle Database Security
Guide. Oracle Documentation.
7. Loney K. (2012). Oracle Database 12c: The Complete Reference. McGraw-Hill Education.
8. Feuerstein S., Pribyl B. (2015). Oracle PL/SQL Programming, 6th Edition. O'Reilly Media.
9. Bryla B. (2017). OCA Oracle Database SQL Exam Guide. McGraw-Hill Education.
(UAsG&0s dogdeyemos 10.06.2026)

DATA ENCRYPTION MECHANISMS IN ORACLE DATABASE: COMPARATIVE ANALYSIS
AND PRACTICAL APPLICATION OF TDE AND VPD

Kartvelishvili Ioseb?, Kuchava Giorgi?, Megrelishvili Davit?
1.Georgian Technical University
2.Business and Technology University

s.kartvelishvili@gtu.ge, kuchavagiorgiO8@gtu.ge, davit.megrelishvili.1@btu.edu.ge

This paper examines two primary encryption mechanisms in Oracle Database: Transparent Data
Encryption (TDE) and Virtual Private Database (VPD). The study aims to provide a comparative analysis
of these technologies, define their application domains, and develop practical recommendations for
strengthening corporate database security. The research covers TDE's column-level, table-level, and
tablespace-level encryption approaches, as well as VPD's Row-Level Security mechanism. Analysis
demonstrates that TDE and VPD complement each other, and their combined use provides multi-layered
database protection. (Received 10.06.2026)

MEXAHU3MBI IITUPPOBAHUA JTAHHBIX B ORACLE DATABASE: CPABHUTEJIHHBIN
AHAJIN3 U TTPAKTUYECKOE ITPUMEHEHWE TDE 1 VPD

Kaprsemumsunau 1.1, Kygasa I'.?, Merperumsuiu /1.2
1-T'pysuHCKuil TeXHUIECKUI YHUBEPCUTET
2-YHuBepcuTreT OGU3HeCa U TEXHOJIOT U
s.kartvelishvili@gtu.ge, kuchavagiorgi0O8@gtu.ge, davit.megrelishvili.1@btu.edu.ge
Peziome

PaccmaTpuBatoTcss fgBa OCHOBHBIX MexaHusMma urmdpoBanus B Oracle Database: mpospaumnoe
mucpposanve ngauusix (ITDE) m Bupryanphas uacthHas 6asa pgauusix (VPD). Llensio ucciemoBanHus
SBISETCS IIPOBefeHMe CpPaBHUTEJIBHOTO aHanu3a O5TUX TEeXHOJOTU, oIpeneneHue obimacreil wux
IpUMeHEeHUs U paspaboTKa IPaKTUYECKUX PpEeKOMEHJAIMi 10 YKpeIUIEHWIO 0e30IIaCHOCTH
KOPIIOpPaTUBHBIX 6a3 JaHHBIX. B paMkax ucciemoBanus paccMarpusaiorces nogxonsl TDE k nrndposanuio
Ha ypOBHE CTOJIOILOB, TAOIUI, ¥ TaOIUIHBIX IIPOCTPAHCTB, A TAK)XKe MEXaHM3M 3all[UTHl HA YPOBHE CTPOK
(Row-Level Security) 8 VPD. Ananus mokassiBaer, yto TDE u VPD gmononmusior gpyr gpyra, a ux
COBMECTHO€ HCIIOIB30BaHNe 00ecreYrBaeT MHOTOYPOBHEBYIO 3aIIUTy 6a3bl JaHHBIX.

(Ilocrymera 10.06.2026)
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3565456mE0o dgblogMgdol ©s35MR30L EOSBbMUEHOMYDdS
Java-53¢n0353090do
@gs gobghosdy
LodoMM39WMb G9gdbozm®mo Mboggdbo@gdo
1 _gachechiladze@gtu.ge
69bomdg

fomdmoagboos IgblogMmgdol s3sMa30L Ls3oMbYdo Md0YIEHDBY MMHOYbGHOMGdME -
36MHMyM53900L 9bs Java-bg sfgMow 53w035309830. 256boemos %935 30MOHEHMOMO FsbJsbols
(JVM) 89bbogegdol dgbmmogol d9Jsbobdo s dobo  JaglolBgdgdo, 39Mdme: Java-gMmgs,
300bgdol  BoB300m35, B53509d0, JIT-3mA3ws@GmMo ©s Java-bdg3o. 999w98539009os  LEg3oL
Loe®dol d930mfdgdgwo 3m@o bbgsolibgs Mgsg0ddo: 0b@gM36Mgds3Eool Mgg0ddo, Cl 3ma3os-
AMO0m s C2 300830WsBHMMOm. go565¢0DYdMwos oMgdeo 89w093900. 3bbowmwos biGgzolL
4ogo  LAOMIGHMOS, IMYHYIO390Mo  BogMEYJ00 s Tgusdsdobo  bmbgdo, sbg3g, LBl
290053U900L dg3mds (Stack Overflow Error) s godmalific®gdgero 9930mdol s0dzmol bszombo.

1533956dm Lo@Y39d0: X935 30MEGOEOO obdobs (JVM), LEHg30L 2503U90s, SWMISEMMO,
3M™305, 393oL03gcmEY, JIT-3md30msGmeo, JDK.

1. Bgbogogro

Logm39mIMmE  (36MBO0s, MMI K935 30MGHWSH Tobdsbsls (JVM) dgblogegdols d9%b-
0306 89do60Bdo  gosBbos. 09300 ©Y39M3YMO, 53035300l LBsFOMmM 3565393 MIO0m
39939005, 35615)EMBL  3MB30YBHIMHOL  M3gMOGHOwo IgblogMgdol 0dmMwgdom TY)bOM3ILL,
353058 530035305 F9EHoL ImbdoMgdsls 0fjygdl, bmwm 8999y, 3930w LolEgds gHmM39ds S
2300530 53035305 IgbLogMYdOL sdMfFM30L Ig3™Iol ysdm (Out Of Memory).

36350 dugoglo Lbygombos FodmFGmowo 3m3Mwsdme 0bGHIMbyd Ogbm@lgdby Stack-
Overflow ©939m396M900Lmzol [1]. Unix-ol dbgogl m3g6sEome bob@gdgddo, LEsbs®Emeo
39000, 31330GHIMOL Mm39MEH0IEo IgblogMgdol dmbdsmgds 890ga0 0MdsbgdolL godmygbgdoo
99330305 3bsbmm: $ htop -p %MEM.

9L 396513690 BsdMsEgdIl 335¢g3L MO BHo3ob dgblogmgds gobgobowrmo:

1) 306EG™MOHo dgblogMgds — 58mEsbol dog godmygbgdmero 306G dgbliog®gdol
300560 Mom@gbmds, MHMIGEoE dMmo3o3L Y39ws 3mb, Imbo3gdl, dglsdsdols dBodPOMmMY3oL s
5.9,

2) Mgbebo — IgblogMgdol MYsIHO MHIMEIBMDS, MMIgELsz dmEgdwe dmdgb@Edo 0gygbydl
36Hm39Lo.

0MLgdMdL 2By, MHMI YGHIWMSs© 3bsbmm, ™y G5 Jgol  dgblogcmgdol  dm3gde
5©Qbm0dsd0. Unix-ol dbgogl m39Mogome Lobgdgddo gOma35M0 ,dgblogMgdol M35 gobo-
bowgds s 30636093Mwo 36mEgLbol sbserobo glsdwgdgeros 9990 d6Mdsbgdols godmygbgdoo:
$ pmap -x <PROCESS_ID>.

B90Mo0b0dbmwo d6Mdsbgds 9639690L, 808ObIMY 3OHMELOL FogH ©O3S390IEY  SPOWL,
dgblogMgdol  oLLdsGML, 0bsdome  BOdE0M™MY3gdL s  bMBoTMEH  Dmbgdl. vy BmAs,
3oQ90MO, 4 20gods0E05, 3580b gl OO SEIBIMOMBOM AMM3ss (Heap). 0w9d3s, 093950 X935
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300@GoeE 3564965t (JVM) 89mdenos 0bgm®émdsgos dmyzsfimoml dolbo dos dgbliogemgdols
9mbdo6gdol dglobgd.

Java 7-0b 396ML00@sb ifHYygdmwo, sOLYdMIL dgblogMgdol ™M3symEmol ©Y3bxdOL s3eo-
39300 (Native Memory Tracking) 2593900l 350056@0, H™3gwoE Bsdowgdsl 335393l 36sbmm
dos dgblogMgdols ImbTsmgdol bGsEOLE03S. T35, “96®s Az3bLMZEIL, MMA gl sbserobBo sbg3y,
DMOL OHLOHLOL BMmbIsMgdol dmmbmgbsl (MB0E0sXME ©M39dgbES3E0580 F0MOMYOME0s, HMI
Do6m0omdOL bsbsMx 1> G90dgds T3 gd0m 5-10%-b dosefiomb) [2].

s®LgdMBL LoLEBYIMOO dMAsbGds, Mo LsdwsEgdsls 335deg3L, 3bsbmo dbmerm ob
dgblog®mgds, MMIol  Fgbobgdsg MO390 »,X935 3F0OGMPEMEOTs  Bobdobsd (JVM) ogob“. gb
m3965L3690 99000930 3M3sbgdoL A5dMmygbgdom M0l Fglsdergdgero:

$ jemd <PROCESS_ID> MV. native_memory

@5 330639693, 079 IgblogMgdol M5 FMEEMds 5J3L IMYHIMZYdMEo JVM-U X 5399MS© ©d
50 ©9B9M30056 M3dY60s B0D03MMO TgbliogMgds.

2. 3060050 bsfjogro

X935 300GMOEOO  obdobs  J3gloLBgdgde©  SMOL  EIYMBOWO. MOMMYMO  J3qLol-
A99obm30l T53HJO00 FONOMYINIE0S, M) MHMYME 0Ym 030 FSAMYMBOO: YdMoEME M39Mo-
3oo  bobGgdolb doge (mmap-ol  godmdobgdom), vy LEBIOEGHMWo LobEgdolb malloc
39956500900l (5erm3sGm®ol) d9d39mdoom.

IG5 25630b0WM MZ30mMYME0 J39LoLE9Ts:

1) Java Heap (%535 3™35)

9390w Mdsbdo Java Heap-ob dgbliog6Hgdols mMo 390L0ss: 5) ob, Mo3 3060306 35380630
3MM35Lmsb; B) Ol MOE 939300MYdNIE0S ,B5830L F9MM3zqdILMSE™.

,00330L  999yMH™M3909e0“ 539853908 acMM3sl s dobo  LAEHOMIGHMOIOOLMZ0L  bsFoMmgdl
dgblog®mgdsl; o0 993965369y  3oLbolidygdgeos Mark Bitmap Bmbs (bmbs, Losg bgar-
dobsfgomdo md0gd@BHgdo obobgds) s Mark Stacks (bEg3ol do6306M9d0l) bmbs. g3z9wsby o
©5BobaIXgdL  bog3zol  Fgatm3zgdol  3MmEgbdo Remembered Sets (d9bsbmero  LodGosgwg -
993956 GHMM0s Yz9es 00mdoL 96 JgqloliBgda®y osxmdbgdmmo Bspagol Tgacmm3zgdol  serym-
©omIobm3z0l) FoMdmoagbl. s©bsb0dbs305, MMI 3565d9GHEMO - Xms 4obLsBO3M3L aMmzsl Lsfyol
Dol s M5 Job Job0Boer® BMTsl. Moz, OO, 96O 0derg3s 0dob FoMBEL, MM AMMZS 56
39bgds 58 960936 MdsBg b53wgdo. BHMSOEOIEsE, 535BY 3sLbolidygdgwo dgbliog®gdol
dm3Mmdol 0b5303Mm0 F9gMHbg30L seaMmM0mdos, Mmdgwoi Hot Spot JVM-dos fo6dmpqbowo
Q5 36M™35 90degds 99:3060IUL.

2) 3eslols Bs@goMomgs (Class Loading)
X935 3000 3564965 dgbliogMgdsl 3emsligdols BoG30MHm35Hg3 botrxsgls. 3 m3gMogool

J399 bgds 0bxzm®dszool TguMmgzgds s dgbsbgs. 990y 030 Fgodergds Y39 ™M3gOL
dmmnbmgboom dogfimomlb (JDK 10-0b 396L00©sb ©sfygdmeo, gl 3OmEgLo MRM® AsLoggdo gobo:
59 99b393590, 39b0boEgds 3939dmMbo3gdgdol s 3eslgdol bGsEGHOLE03S).

dgBobogmisg (Metaspace) 5M0L (350039 J39LoLEGTS, MMIgWOE 9SS ©39390MHGdO
3MM35bmsb. JDK 7-0b 396L0sd@g 59 99d56L 396Mm3ygbol LogMizg (Permgen Space) 9Md3s o dob
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Lobogm@ sboewo Igomo 2sdmBbs dgblogMgdol dgomdol (Out Of Memory Error) qolisd-
QI3oQ-

JDK-b 5gd3b bEHobsOGmwo m3@odobs@m®o Compressed Tools (d93m33mwo  obbGev-
996®9%0), MHMIgwoi 3wsbol dg@o0mboagdgdHy 08 doBboom sdmogqbgds, MM  64-3030b
LoLEBQddo 3esligdHg B0TsMM3900 A9B35bMOEF0gMm. s0b0dbme Fgdmbgzg3zs5d0, Jarsligdo 339
Bmbsdo a50moygmazs Lobgwfimgdom ,,Compressed Class Space® (993299910 3arsbol bogMag),
OH0Iob BmIs o6 MBS 509g393JIMEIL 3 40a5050GL IgbLlogMGdSL (gl I9BOMgs dgddboeros 32-
0030sb  Mm396Mo30m  LobEGgdgdmsb  FMBsmdol  FbsMmELLLFIMI®) S FoCOMIOTMIOL
39000b393500, 9ODO Q0ROB50G0S J9FMYMRBOWO. M¥FEs, SMOL 2563390 Bo3ermgzsb9dgdoE: oY)
33035305 80 m©bgers 0fjygdl 3esligdols dmmKglitogdgewr 39bgM0MmYdL, 33¢s3 Fgodegds
dogowmom ,,0ut Of Memory Error: Compressed class space® (39blog@gdosb golgeol dgiomds:
39391009900 305L9gdoL bLogmEg) 993mas, MMIol d93m(jdgds JVM-ob bEebwsm@Emwo M@Eowo-
A900L 359mygbgdomss dgLodergdgero, 39MIM:

e JDK 8 - 396000l Bsmgeom: $ jmap — clstats <PROCESS_ID>;
e JDK 9 - 3960L00@36 ©sfygomewo: $ jemd <PROCESS_ID> MV. classloader_stats.

Bbgds 3000bgs: BMAME 6oL dmfymdowo I9@EobogdEg? ob Mm39Mogormo Lolidgdol doge
©M7BYM390wos IgblogMadoll o dm3dsE, brmwm BoboZMMo dgblogMgdol 239MgdbY
396003U90s MAO@ J306Mg dwm39ddo bgds (dso> Chunk Memory-ol {mgdgbh). commgmwo
d@m30 890degds 99039309L dmbo3gdgdl dbmemo gMHmo 3sliols BsdG3060me30bm30L, Boa®sd gl
13965L3690 Ggloderms dMsgoe Bofoals 9gglodsdgdmgl.

3) 653900900 (Threads)

36Md0wo0s, HMA 653500900 4obLBSE MHYLOLYdL FMobIsMU; MBoE0ICME ©M3IdgbEsz0sdo
B501d35000, B 0 by3dsM0OLO TgBLOYMYds 56 5L, 5d0b Fglsdwrms Bs3oIdOl sbiGs (Stack
Thread) dsen0sb ©OOs @S FoM0 BoMEIbMds Mbs Fg830MmEIL. MmymeE Hgbo, Native Memory
Tracking s65¢r0bo 5839690L, MM L dzocg brmslids bs39ds dgodergds  osbermgdoo 0,5
303505030 dgblogMYds ©0353Mb. 653509000 5353900 FgbLOYMYIOL gl MoMmYbmds Lododo
56 5M0L. 6535009008 ILES HBMLGI© 00D 5ROl 0359390, ModEIBLSE Bogdlodo Mo
3990996900 1GH930. LOdGMIbsOM, 5O sOLBYdMIL (3600 LEHObIMEHMWO 3MIMYEMSTs, MMIY-
O3 99PIBL, ) M53I6 BoD03MG TgbLogMYdSL IMObIsML 553500900l biB930.

4) Just in Time (JIT) 3m330o@ ™Mo

30350, 35LOL BoBHZ0MMZoBs s B3350gd0L QoM MguIMLYdO JIT-30mI30oGMODBY G ObSE-
X905. dgblogMgdol 8053560 BMmIbsMYOYE0 sMOL 3MmEOL Jgdol Bmbs. 30md30oMHYdMMo 3MEO
LHmOgo o9 065H9gds. 3580653 30, v 398M3OM9300 3MIZ0ESBHMOL, 300G obJobols 3o
050633 09 3mbB3M9gBHWM Bmbsdo 0dbgds 39bgmHoMmgdmo. 0bGHIM3MYGHIGHMOMOE 3593930l ML
396960605 s M93Yds 03539 J9I-3m©do (Code Cache).

JDK-U 99050099690 seamMomdgdo sBg39 bsFommgdl dgbliog®mgdsl. golismgswoljobgdgaros
obog, MM 1sb539MmM39 JDK-gdL 593l 0603999 mG0 300d30o@™m&m0, o3 60dbsgL, MM 0yo 2-x9M
3940 ImEME™mdoL 3:33006MGdsL sbEbL. 53sLMB, 1) 435d3L MO 3MIZ0EsEHMEMO, 85906 MOl
J9d0b Bmas (Code Cache Size) 36o3wgds 5-bg.
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099 05099 30BgBom 3uIOL JO-9HDO 3I30ESGHMOO FodmzMmNMm®m, d5dob 3moob Jgdob
Bmds 9903000905 S 2obgds 48 9905030, M3 990dgds L305MHOLO 56 5BMBbEIL [3].

5) %935 Ub®g3o (Java Stack)
092500030l A5bz0bomm 306 3O, OGMIJE0E 0MZWOL Fodmdsbgdgdol Momg-
Bd5L 85659, Lobsd 3L 0BgBL 1330l 2oo3LgdOL dg3wmas (StackOverflowError).
LEH930L Loe®dob 9am{idgdol 3mEol olBobyl J39dmam bsBgz9bgdo Lobg odgl:
public class MyDemoClass {
static int deep;
static void my_test () {
deep++;
my._test();

}

public static void main(String[] args) {

try {
my._test ();
} catch (StackOverflowError ob)

System.out.println (deep); }

36HMaM530L dglmergdol 9990 1-9e bsbsHBgs Ho@mdmoagbowo:

& Console 53

<terminated> DemoClass [Java Application] C\Program Files\Java'jrel.8.0_73\bin'javaw.exe (Feb 21, 2025, 9:5%:35 AM)
22146

Bsb. 1

64-30305b6 LoLEBHYIsDY, LoSE BAIZL BMTs 9HPO BgEsds0E0S, F9IR0 22-S6 35 sMsL
3990dobgds3g I9gHygmdL.

65 03930 sgo O oblb33905L7? Loddg JIT-3mB30WsEGHMMT0s: BgOMPYOO 3NIZOWSEHMMOL
RMbMO 65350000 java-3mol gl gdols 3565w IMI© 3MI30W0MEYds. dol 9999y, M3
my_test() 99000 ©58gbx Mg 259t10dsbgds, bgds Jolo 30830Ws3E05BY godzgds. MHMAMEME 30 gL
3956513690 ,0030L  bogdgh“  osLEOWYEdL, FBEIYR0  A9TMsbgds  3IZ00MYIME  3METO
395OU.

MmO Bgdmm 50360867, BEBIBIMEMESE, YOO K535 30MEMSEIMHO FobJobs 903938 MmE
30330o@MOUL: "dumdmdl" C1-b s "ddodgl" C2-b.

33035305 890d¢9d5 8m0(39309L 3oL o ombmdom bEHMmoJmbl. a3, 3ol Abmewm
93069 939L0IM3g LEMEEYds ABIGMMGdom. 3MOL gl 3069 J3gLodMszy (51939 3bmdowo,
OymO3 ,Hotspot®) 35Uwbolidgqdgeos B3gbo 93035300l 8vdsmds®y. 25939008 ©MO™L, JVM
094gbgdlL JIT (just in time) 3m330osGHm®L 53 3bgwo FgOHEGHOwolL MmOl Mm3EH0dobo00bm3Z0L.
wdgAHs  990mbgzg3sdo,  ©939™m3gMgdol 3096  IHIMHOWO 53035300l 3MPO S SEOL
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33005060, 5360050, JVM-ob JIT 3m330@s@dm®mo m3@GH0doboMmgdsl v39mgdl ©939em3geols
30, MM 39mg9Ls 03Mdomb. 53 dobbom, JIT 3md3oms@memo Cl s C2 3mI3ows@meéol
60350093l 0g4gbgol.

65 39BLb3539055 C1 s C2 308305 MOMoL 535090l deaMol?

Java-b 569Mw 9B3%g, JIT 3m330wsG™m®mgdol ™Mo G030 MLBYdMIEs: 3009bGHO s
b9gH3960.

0dob s dobgzom, oy OMmIgeo Godol JIT 3md3osdm®ol  259mygbgds  g3LmeL,
d9L50530L0 JDK-900 9bs 2503m3H9MMmm ©s s3506LES0MmM™.

5319350, 9L3AHMS 953¢0035305L 3Jdbom, 3590b LoFoMms JTDK-0l Bsdm@Gzommgs, MHmAgwlss
»3€0096@0L" JIT 300830Ws@MO0 593L. 09 B396 L39Ol s3¢03s:300L 3Jdbom, 35306 LvFoMmms JDK-
ol BodmGH300035, MIgElsg ,LYO39MOL* JIT 30d30wo@EMmemo 5J3L. 3e00gbEHol JIT 3m330ws@m®mo
3000 3m330@06Mgd5L 53035300l 35d3980Lbmbs3g 0fggdl. ByMz9cmOL JIT 3mB3oWsGH™MMO 3ol
d9LOMGdL Bo3dom© 0O BBOL 9693w MdIT0 953300 Gds. dob doge Fogdwwo 3mEbol
Lo3dz9w b, ol ©s0fiygdL JIT 3mI30oMgdsl. dobgsgzs 0dols, Gmd bgemzgedol JIT
303305305 Bgaros, dols dogH oMmIMgdmEo 3MPO F530WIO0m 3gmngbo s JR39JGHWIOO 0gbgds,
300009 3e0096@0L JIT 30830s@EHMm®ol Joge Hodmgdreo 3mo.

C1 3m830s@™m®mo (30gb@ol 3md30ws@EMmMo) Bm3MLoMgdwwos 3ol LM 35839350
5 LHMsx3 LoHgol 3MAZ0WHE0sDY. 0g0 JOMOMOE M3EH0T0DOEFOSL SBEIBL, bmerm C2 3md30EsGH™MOO
(LYM39M0L  30F30OGMO0) SLOWIGIL  s3MJLOME  M3EH0TODBHFOL. 3MI30s305L FgBo M
LFOMYdS, BoaMsT 5foMTMgdL Fowoew M3EGH0ToboMGOME 3mEL. C2 3mA3ows@mmo bdoMs g3
ML ©s d9@ dgbLogMYdsl batrxs3l 03039 8900MmEIdOL 3MI30es300LM30L. MBS, O 139009LS©
3030b0MgOM ,,d0MdCoME” 3000l Fo®dmddbol, 3oy C1-0l Joge FomdmgdmeEo 3MEos.

8099535 0dols, MM JVM 849dsmdl dbmem 900 06¢gM3609GGH™OMb ©s me JIT
30330WHGMOMB, 30330ws300L byymo Jglsderm  ©Mbg  sOLYOMBL. Bgdmm  [oMdmoagboro
36OHMyM53Mwo 300 JGuOIgdsHg 2530993500 (dobs 0bEGHIM3MYEGHO300L B1950dd0 356M5dgGHMOM
Xint (bsb.2).

Bl Console =3

<terminated> DemoClass [Java Application] C:\Program Files'Jawva'jrel.8.0_73\bin"\javaw.exe-Xint

12555

Bab. 2. 30mpMsdols dglieremgdols Jggao 0bEgM3MYEsE00l Bglg0ddo

3900920 000mJdol gmgzgarm3zol s6ob 12500 (+ sdpqbody bos@bm).
sbs 03039 993560 mm, mEMmbo C1 3md3os@m®mom (bsb. 3).

Zl Console 3

<terminated> DemoClass [Java Application] C:\Program FilesJava'jrel.8.0_73\bin'javaw.exe- Xcomp -X00

25146

Bsb. 3. 30530l Fglitryegdols Ggwgae Cl 3m33owsGmMom

C1 3m830ws@m®olb 99000b3935d03 90930 153050 1GOOI IM0s - EsbEMYdOD 25 smsbo.
§o6m3m3500906mm 9900920, OMEs 3m330e0MYdL C2 30330 sGMMH0m Imgsbgbo (Bsb. 4).
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& Conscle &3

<terminated> DemoClass [Java Application] C\Program Files\Java'jrel 8.0_73\bin'javaw.exe- Xeomp -304

946514

Bob. 4. 360M530L glitryergdols G990 C2 30330EsGHMMG00

98 Y39ox396M0 MBOHM EOoEbBL 03m3o390L, FogMsd d9ga0 94 smsbio Bs@Bms. vy LEg30L
LGHObIOEGH M DmIsl (1 ) 939mxzm 94 s000Lby, 8030090m, MHMI 1 BIOBRML  LFoMHYdS
©5bEMmgdom 11 08503)0; o303 Bs®BML BMTs Moo sMOL 5o 11 ds0F0, 50539 2-Xg6
390, 853658 90 BOPM gHNOOMNMs© MO MBIl F903s3L. sdols Ggdmfidgds 3md3owomgdwye
30 b9 dgbsdegdgeos. bZ30L bogeolbdgzo 3609369wmdgd0s:

e x32-0obmgzol (x86): 320 30;
e x64-obomgzol: 1 dd.

UEGHO30L  FoboToHo  Bmds  64-00FH056  LoLEJISDBY LM Ydom 228 30EMBS0EG0S
(8909905 033¢09dmgl JDK-0l 396GL00@sb 39GL053Y).

3H5005, Bbgds 300bgzs: MHMYMO 5HOL 9298090 1EI30 O HMAMEO JooPIds gl JoboToEw MO
bds?

A9, Java JgomEol  ,83M90dgdo0L*  (Bs®BMgdOL)
39605, MHOL 2903390 IMYHBIM390Mo  LogdEgs. gL
0o60mMopbl  ymzgwm3zol geo fomgew Bmbsl (1 g39MHol
bmds - 4 30) LGHY3L Bgws bsfowdo s yzomgwo bmbol
65096039 339M®L. fomgwo s yzomgwo bmbgdo LGHgzol

shadow 29035900L  (Stack Overflow) dgLodmfidgdwo@ ¢s8cm0ygbgds
frame (6sb. 5).
L L 053053063905, 6039 bmbs BsfgMolgsb oEmwos.
frame

Java-ol  oommgmwo  dgomEo,  dodobstg  LEglzol

B3b. 5. bho3oL Bos LAHIIAVOS  Folsds®mby Bsfg®ol dggmmdom s3mfagdl, doomffggs mvy
565 fomgwo 6 gzomgwo bmbs (BsfgMol 9309w mdoLLl, Mm39Mmozowo Lobdgds Jdbol asdm-
6530, H®MIgebsg 306G MEOO T5b6ds6s 0FgOL o 539ds390L).

943090 HBmboll doefgzol dgdmbgzgzsdo, ol gobodermzqds, oMy 153d5MOLO  SAOWO
3Jmbgl Stack Overflow 5359853930l 2593905l s FoMM35 B3Y30sE FJNMPL 4593999,
Omdgeroi StackOverflowError 3¢0sbob 9aH9d3cs®l Jdbob. fomge Bmbsdo dglgaroliol s00d36mgds
3990mHmOm9d9wo dgamds (Unrecoverable Error) o 300@&Mooy®o  9s56Jsbs  go@dowmMo
SLOMEgdL FmTomdsl [4].

3MLgdMBL 81939, 9MMY35M0 BOHOEM3560 (shadow) Bmbos. Fob bo3domo Mbsmo Bmds sggl:
Windows-ol m396s30e Lob@gdsbg — 6 23900, bmerm Linux, Solaris s bbgs m39MoEome
LoLBQdgdbg - 20 339M0. gb LOgMEg MIHBYMZgdMwos JDK-0b Foas FgoMmPIIOLS S 0I5
30099560 3567960l LsFoMmMgdgdolm3z0U.

3. sli33bo

d009dMEo  990093900L dobgz0m 8933000005 ©o35133bsm, MM X935 OGSO
3564560l (JVM) d39Lob3gdgdo, 396mdme: Java-gdmgs, 3asligdol Bs@go®mgs, bs3swgdo, JIT-
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30330oGMEm0 s Java-b$g3o 96093690356 93wgbsls sbgbl dgbliog@Mmgdol gosgmbzsty Java-
53035(309030. 530@MI, 5930090905 Mm33H0d0DBOMYIMMO 3mJdoL FgMs, Moms Jobodvmdsdwy
0g6sb  sgz960o  Jgblogmgdol 35635, FBLIZMMOGdom F530b, GMEILE 3OMYMSTMEO
30900 §om3Mm©ygbo0s Java admmy®msdgdol 9bsby.

@Oo@gMs@y®s — References — Jlureparypa:

1. How do I keep memory used by JVM under control ? Stack Overflow URL: https://
stackoverflow.com / questions / 20920205 / (15.05.2026)

2. Rayudu C. Unlocking the Power of the Java Virtual Machine: A Deep Dive into JVM Internals.
(2024). URL: https://www.linkedin.com/pulse/unlocking-power-java-virtual-machine-deep-dive-jvm-
internals-rayudu-c-o5avc (15.05.2026)

3. The Leading Java Profiler for Deep JVM Analysis. URL: https://www.ej-technolo-
gies.com/jprofiler (13.05.2026)

4. What does "JVM processes" mean? URL: https://stackoverflow.com /questions/
47337847/what-does-jvm-processes-mean (16.05.2026).

(b&>G&0> dnmydmann> 17.05.2026)

DIAGNOSING COMPUTER MEMORY LOSS IN JAVA APPLICATIONS

Gachechiladze Lela
Georgian Technical University
1 gachechiladze@gtu.ge
Summary
The problems of memory loss in applications written in the object-oriented programming
language Java are considered. The mechanism of limiting the memory of the Java virtual machine (JVM)
and its subsystems, namely the Java heap, class loading, threads, JIT compiler and Java stack, are
discussed. The code for checking the stack depth is developed in different modes: interpreted mode,
with the C1 compiler and with the C2 compiler. The obtained results are analyzed. The internal
structure of the stack, reserved spaces and corresponding zones, as well as the problem of the occurrence

of a stack overflow error and an unrecoverable error are discussed.
(Received 17.05.2026)

JVATHOCTUKA ITOTEPY KOMITBIOTEPHOM ITAMATU B JAVA-TIPUJIOXKEHUAX

Taueunagze Jlema
I'pysunckuii Texauyeckuil Y HUBepCUTET
1 gachechiladze@gtu.ge
Pesrome

PaccmoTpens! mpo6ieMbl IOTepH IAMATH B NPUIOKEHUAX, HAINUCAHHBIX Ha OOBEKTHO-
OPHEeHTHPOBAHHOM fA3bIKe IIporpaMMupoBaHus Java. O6cyxjaeTca MeXaHH3M OTPaHUYeHH IIaMATH Java
BUpPTyaIbHOM MamuHs! (JVM) u ero mozpcucreMsl, a UMEHHO: Ky4a Java, 3arpy3Ka KJIaccos, motoku, JIT-
KOMIIIATOP ¥ cTeK Java. Koz mpoBepku riyOmMHBI cTeKa pa3pabOTaH B Pa3HBIX PpeXUMax:
MHTepIpeTupyeMsiii pexum, ¢ komnuiaaTopom Cl u ¢ xommummraropom C2. IloryueHHBIe Pe3yIbTaThI
aHamusupytorca. OOCyXZeHbl BHYTPeHHAS CTPYKTypa CTeKa, 3ape3epBHPOBAaHHBIE IIPOCTPAHCTBA U
COOTBETCTBYIONIME 30HBI, a TakKXe IIpoOieMa BOSHMKHOBEHMA OIIMOKH IlepemosnHeHus creka (Stack

Overflow Error) u neycrpanumoit ournibku (Unrecoverable Error).
(Mocmynuna 17.05.2026)
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3330960 Joamodols 85630l 93¢ ™MBo@EH0BYdmo olEgdgdol dmpgero
069Mb9E-60300900L s bgermgbmMo 0b@Hgewrgd@ol
A976mema0900L 063ga®mo3000
3000 313935, 0mbYdO JoOHM39e0d30¢0

LodoMm39wmb ¢9gdbozmemo mboggMbo@gdo
kuchavagiorgiO8@gtu.ge, s.kartvelishvili@gtu.ge

69bomdg

296bommos 3330960 Joawsgol (Smart City) ToGom30L  933™IsEH0bgdMeo Lol gdol
56JdoGHJGcs, GMIgwoy ©sxdbgdwos 0bEHgmbgd-bogmgdol (IoT), oo dmbs3gdgdol (Big
Data) sBoewo@ogobs s bguwmmgbm®o  0bGgmgd@olb (Al Ggdbmermyogdol  0b@gacoosby.
390000535H900005 bm3MH0560 50JoG9dGIOEo ImEgeo, HMmIgeroi dmoEogl s0ddol, Juga®,
9mb539009, 530003530996 5 IMIBT>MGdolL FMqdL. HoMmdm©Agboos MMBI6MO J39LoLE9d9d0L:
GMBL3MOEL, gb9MHagEH030L, LoDBMASMIOM030 MLOROMLMYdOLS S 230gdML dmbo@m®m0byol,
960056 BoobBMOT530M-FMMNZIXMIOM WO BHRMMT5T0 4596000569008 B0EAMTs. BoBoMmgdw0s
LoLEBQAOL  989gdBH0BMBOL  MOMEIBMIMOZ0  bsEroBO s  AIBboWMEos oo IBYMP30L
3900394303900 LogoMm3geml MMd6Mo 396G JdOLMZ0L, 39MdMmE Jowsd Mdowrololbmzol.
99092900 5B39690L, ®MI JGIMMe35HgdMwo  IMPYO  0deg3zs  BsGOgdL  M3GMOBH0IO
3900509390900l  domqdol Mmols d9330Mgdol  30-45%-0m ©@s OgLGLYdOL  FMbIsG9dOL
3030bs300bs.

1553356dm  LoByzgdo: 3330060 dJowsdo. 06@gMbgE-6030m9d0. BoGrm30L  533HMToEH0BYdMEO

LobGgds.  bgamgbmMo  0bGgmgd@o. oo  dMbszgdgdo.  30BOVIO  BHYM30.  YMdIBYWO
0683M5LEMIBHOo.
1. 8glssgsemo

056599060M39 MMd560Ds300L 3O MEgLOL LHGIRO 3930 3609369 ™3s6 godmfizg390L »Jdbols
Jo5d9d0L FoMm30L BHEMOOE30vE LobEgdgdl. gogeaml dmbsigdgdom, 2050 ferolmzgol bmBwom
Ambobgmdols ssbemgdom 68% oEbmzmgdl Jowsdgddo, Mg sMLYdoMs© bBMEOL Bgfimesls
96960393039, LHGMBL3MOEGHM, 30FMBIME S J3MEMAOME 06BOILBEMIEBHOSDY, ImE3gdmewo
399m{}393900L  La3olbbmE BMOIOMOES ,F330500 Josdob™ 3mb3gR30s, MMIgEOoE FolbImdl
3GOBOMOo  39Jbmwmaogdol  3033egdu®  3odmygbgdsl  YWEMBBMwo  LgM30lLgdol  boMolbol
5950¢900L5 O MHYLMELGOOL AMbIsMgdol Mm3E0ToBs300l doBboom.

3330960 Joogdol Bbgzombo®mgdols Logmdzgwos Josem30l 93GHMIs@G0bgdMEo Lolidgdgdo
(Automated Control Systems), ©™39d03 *BOHMB39ymigb dmbsoigdoms GgaMmazgdsl, sd8s390sL,
3953995L 5 dob Boxgdz9w By oOHY39E0WYdgdoL oMol MgoEME EMMT0. EY3DEIWO
©OOLYMZ0L  LOJoMMNZIWML  Jogodgdol  4oblsgmm®mgdom  MdOWOLOL,  0bRMILEOMIEHMEOY
9oMHmM3500  ©5d3900s  BMRTIBGHM0  308OVIMO  BHOBLGEMOTs305, MMIEs 9 SOLYIMOL
9600560, 06@9aM0M9dME0 3EOGHBMEOTs, HMIJOE 3959M0569d®s Y39es J39L0LEHYSL.

6586G@A0L 5gdBHomds 4963060HMdJOdM0s 08 25698gd0m, MM LodsMm3zgEml MYR0mbgdols
3963000069008 LEG®o@ga0s 2024-2030 Fargdobmzol 0m35wobHobgdl  Jowrsdqgdol  FoBOWWO
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G®5BLBMOT>300L 3M0MMOEIE I B0TONYGIGOL, M3 FMONBMZL BoMHMZ0L 53EMToEGH0BYOWO
LoLEG9dgd0L 393b0gO W ILYdMMYOEO IMEIYEgdOL F93To390sb.

3309308 30Bsbos  F330060 Joawodol FoMmnz0l  93GH™IdEG0bdMEo  LolEgdol 36gd0m0
dmEgol  998v9ds39ds, MMIgEoE  959MHmM0sbgdol  IoT, Al @ ©OMOdE™3560  godmmzeol
A996mmy090L. EolEbBLYIEo 53M369005: (5) LOLEHIIOL FMYMOMOZ0 SMJ0BIIEIMOL FoblaBLzMs; (d)
2bJ3oMMo  J39L0LEYdgd0L  3WSLOGROEOMYDS; (3) 9BIJEH0BMdOL T9xslgdol 3M0EIMH0YTgdoL
RMOI0MY0s; () Mol 93MMBS305  d0EolboL  IMBoE035W M0 0bBEOLEHMWIGHOOL
9550 by

2. 3060050 bsfjogro
2.1. 3330560 Jogmagols Botrongol LoliBgdol sJodgddrermeo dmogeo

3330960 doawodol FsG30L  93¢MIsG0BIdIMo  LolGgds HomImoybl IM35¢Mb0H,
396500 gdme  30890-30b03M6  LobG)dol, MmIgedog dmbsggdms 65350900  BoBOIMGO
0099390056 dmg0bgds 08O Fdsggdol 9609gddo. gommez5BYOMWo sOJodgdE e
3902905 b0 MA0329M0 IOOLYSH:

1) 5dool 86g (Perception Layer), dmo@Eogh IoT ULgbbm@gdl, 3ogm3sdg®mgdl, GPS-
dmfymdowmdgdl, RFID-050096@0530306090gdl s 333006 300(3b3909dL, H™IEgdog s3mm390l
0630635300 BoH0ZMM0  4o6dml  IERMIMYMdsDY:  359M0L  boGobbo, bdomMol  mby,
LoGObL3MOEM 653500, 969MMIMbIsM9ds, BoPbdOL 30063 70bgMgdOL Gg3Lgds s bb].;

2) Jugeméo 969 (Network Layer), mB6wb639wymal dmbsggdos 490o33935L  3006H0©Mwo
Lo3mdmbozogom s@bgdom: 5G/LTE dmdowrmo Jugewo go@ommbmermgsbo dmbsigdgdologol,
LoRaWAN s NB-IoT sd5e09696930390 3mfymdowmdgdobmzol, Wi-Fi 6 ©sbobwgdmwo
Bmbgd0Lm30L s M3BH03M-dmF3M3560 “byMbgdseo”, 3gb@EHMmow Mo ligczgMgdolmzob.

dgLsdg, Imbsggdms 90y (Data Layer), dmo3o3L @O10m3s6 s 30mGs (Edge) 4o8mmgerols
G9lmELYOL, IMbs3gdms GHosL (Data Lake), bc®dseobsiool s ETL-30m3gbgdl. s0bodbmen 96gdo
bgds dmbs399m BoGHEM30, 93090305 S FBsYds 96s0BOLMZ0L. BMmbozgdms dm(YIEOMdS
1539950 Dol Jogrogdobmgzol (=500 smslio dgbmzegd0) gdo 8-12 FHgMsdso@b 99sy9bUL.

dgmmby, 9303530960 d6g (Application Layer), 8903538 00BbgL-wwmy03sL, bgarmgbyemo
06@ggd@BHolb  Imggdl s 299HY393H0wgd0l  FbsmsFgMol  J39L0LEBHYINOL.  Fodmoygbgds
956956996Mm0 LHogergdol seram®0mdgdo: 3Msogb@rero dLEobao, 3mbgmewiom®o bgoOmbrwo
Juowgdo, ©93796096¢H o Jugrgdo LSTM-s6do@gdduemom, 65350900l  3Mmabmbomgdols ©s
56mBoe0gd0l 50IMLoRYBs.

dgbmomg, 9mdbdsMgderols 9y (Presentation/User Layer), 663900 ymxal 30H095@oBoEosls
GIS-6390%9,  9mboEodsco@gdHolb  obdghgmyemo  396G®olb  Dashboard-gdl,  dmdoe
33¢0353090L 8mgoe0599930Lm30L s V0 FMmbs3gIMs SMMESWU. (Bob.1)
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4330060 Jomagob dommzgob babagdob IGgmdMoza O Jahgdhado

5. dmdbdacrgdeab 36y wEobdgohgtpme dabigmn | | Ambogrgn sdmagogas
Presentation Layer - andjoennbognd
GIS G4 mnd Bmbaggdon dmdgeema
4. d3gogzogoytn 36y LSTMICNN Jamabmbn gnorEn hyaen \
Application Layer - bagnmgGaén nbantadie - i
mdhndndagns sbedagnngdn bodgemoos
3. dmboggdme By Data Lake Edge Computing ' | Cloud Server E
Data Layer - dgbadb3o @s ETL
SQU/NoSQL 33989600 8-12 TB/wwoy ’
2. Jugemabo 36y 5G / LTE LoRaWAN NB-foT '
Network Layer - Booboggdomd 20masad
Wi-F 6 mdg-0miy. MQTT/CoAP ’
1. opmgdob 36y bgblntgdn B LR DL (ON) GPS l
Perception Layer - loT bgblm@gdo
RFID 443, 86ngbagmo SA6mBmEn '

Bob. 1. 3330360 Jogmsgols BsGmgol LoliEgdol 3GHgmdMOZz0 sGJodaddm®s

2.2. gmbg30vHo JagliolBgdgdo

390005351900 IMYol BoMRgddo 2odmoymRs 900 JoMH0MOEO BMbI30GO
939L0bGH9dgdo:

3330560 HMBL3MOEO (Smart Mobility), Los@@obldm®GHm 65350900l 5@3EGH0MMH0 FoO M3,
Logbom dd6036900L 396EGHM0BYdMwo MHgaoMmgds GHEMbL3MMOEHOL dmEIEmdol MgsmEo
©OMOL 565¢0Bol Loxgmdzgwby, F330560 35630620L LobEBHYds, LEBMYsMIOMH030 GHMIBL3MEMEOL
domm35  GPS-0mbo@mMobgom. mdoololbmgol  Bos@o®mgdvyero  Lodmsgos  sB3969dL,  GmJ
5033300 896036900L LobiBgdol sbgMazs 39bGMIME FM0oE B 59306093l 533MTobgsbols
Lodmoenm ImEgbsl 18-24%-00. 3330960 9bgMgdogs (Smart Energy), 3330960 Jugeools (Smart Grid)
0683M5LGHMIBHOS, 95gMRMIMbIsMgdol ImboGMm®mobyo F330560 IM0oEblgEdom, 2obsbanrgdso
969600l {igsmrmgdol 0bFgaM0Mmgdwo FoOmm3zs ©s Fmmbmzbols 3MMAbmbomgds dsbdobmeo
LHo3egd0lL IMEYgdom. 356M93mL Imbo@mmobyo (Smart Environment) — 35960b baGobbols (PM2.5,
PM10, NO2, Os) m09439®0 2obmgzs 350565f0owrgdmwo Lgblm®meo Jugwom, bdsrmdol Gvg3930L
999065, 656B96930L B30l Mm3BH0T0B3E0s IoT-36EH70bgMgd00m.
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LoBMYsMYOM030  MLOROMbMgds  (Smart  Safety)  gogm-sbsero@ozol  Lol@gds
30830993900 bg30L seymOomNdgdom, Logsbygdm LodwsEogdol dsem3zol 396G, F330560
39650900l LobBgds Log@Mmbol Bmbyddo.

3330960 30639 mds (Smart Governance) dmgoesdgbs @s 396030350 GHYEHL Mol
GOBOMO  MOM0IONJIGEIO0L 3B BRMMTs,  JgBO™bMo  FmLobEgdgdol  gMmosbo
»B9bX 505, LEbgEEAFogm MHglMLYOdOL FoMMZOL Boe0E03MMO 3567w gdo.

2.3. bgermzgbm®o 0bEgengdGHols s 30BMmIEo
AYn30L o

390005351900 LobBHGIoL 396G ME 3mA3MBIBEBL FoMTmoygbl Jowsdol FoBMWWO
&GYym3o (Urban Digital Twin), goHo3memo Joesdol ©obsdow®mo 306H@ smmGo slgro, Gmdgwos
LobgOHMbobEIds Yo OMIo IoT-LyblmMgdol IMbs39dgdom. FOROMEO GHYM30 0dEg3s
99L5dgdMBISL BoBHIMOIL ,,H5-99 BHo3ob LEYbsOMWo bsEwobo Fogowoms, sbowo yHob
3obLbOL 9092930 LBOGMIBL3MOEM 55350090 56 B0 IMGH39wMdOL gAoLOIMO Fo3wgbs 3o9M0L
bo6obbby.

bgm3b7M0 0bGHIWgIGHOL S5ERMOOMTJO0 398Mm0Yygbgds 1bsd ©™byHy: (1) Im3Eg39500s60
36OHMabmboMgds (1-24 Lysmo), LSTM-bgomrmbmero Jugamgdo GOobldm®Eol s 9bg6mymdmmbmgbols
36abmBolm3ol; (2) LsdMsEm3500560 M3EH0F0BsE0s (1-30 ®Y) 3959G03MMO0 SERMOHOMTGdO
oMM EBH0DoE00Ls O MYLMOLYOOL Jobsforgdolbmzol; (3) aMdgu3sw0sbo oygadzs (1+ Howo),
LOTFMES30M0 FMEIEGOO MOBBMEO A9B305MGBOL LEBHMEHIROOLMZOL.

2.4. 9899G055MdOL MomEgbmdMmoz0 Fgxuslsgds

39000535H90m0  LoLEJIoOL  98gdEHO0BMBOL  Tgbogsligds  4obolsBOzMs  Lo3z356dMm
95839690900l (KPI) mombo  xama30: m390530Mwo  9i39d@osbmds, 93mbmdogn®o 983930,
93MEMA0M0 2539bs S Imdoensdols 3sgmzogds. b0 do Nel Fsmdmaqbowos Lodwmwsizools
390092900 3d0olol Lo@®IBL3MGMEM-9696MygE 03O J39LoLEHYIoLm30L.

Loli@gdol 9839d@056mdol doMomswo 85839690egd0 (Lodwesaool 8gwgagdo) sb.1

33ogdols

Ne 95B39690 060036 d

PRER0TIR0 bslosmo 008005
dols 99930690
I 3°0{g39(H0wgdo 9930M9ds 30-45%
do©gdob O™

2 9696Mam0mbdorgds ©oHBMY3o 12-18%

3 Lo@®IBLEMOEHM 39930690 18-24%
3MbagLBos

4 PM2.5 gdolbogdo d9930Mm9ds 8-11%

5 3965¢H0I0 bobxgdo ™30080bo30s 15-22%
a s

6 Odeeado B> 25-30%

30594mxz30¢qd0L 0bgduo
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9mbs399900 8009d™ME0s bsMmY0MMo LolEgdgdol dw9dsmdols J9wgadHy IYMEbMmdOM
(05OLgambs, sBHYMET0) @S  SPI3GHOMYOMWOs  MBOWOLOL  MMHBBMWO  Mo30L9dMEMGdYIOOL
3om35obfiobgdom,  Mwogxno,  oLEAHMMOoWWwo  MBbgdol  obsloomgdgdo,  LsobgobOHm
068365LEJBH OOl Mby.
2.5. ©sbgepy30L F0MHOMsEO 50m{j393900

3330960 Jogmsogdols LobiEgdol Mgoemo Ebgey3s LodoOmzguml 3mb@Egdu@do gmerollbdmdl
59009 259mfizg30L sdeg3sl: (5) BobsblyMo Lsfigolo 0bzqlBosos 50-80 b @rs®ol
RO q0do 30609 Joarsdobmzol; (B) 39dbozmdmo 393600 s6OLYdIMYO 0bFMILEGMWIGHMES 56 SGOL
BOBOMWOE BROMZIO ©S FMOMBMZL MYGHOMBOGH0MGOL; () 8mbs3gdms MLsBOMbMYdS o
306330096305 OMdS, LyFoMOms GDPR-0b s Logdo®mgzgarml 3g0Lmbsewe dmbszgdms o330l
396mboll LEWWo 339 () JOPMIOOL 335¢00R035309, ToT-b, Al-L s 3009MMLIROMbMYdST0
139309¢0LEHYOOL IMIbsYDdS.

3. sls33bs

330930l 8900939 BodMYsw0ds F330560 Jogsdols 3sMmm30L 93EMoE0bgdmeo Lolidgdol
b0 dM0560 5MJoGgdBHMIOMwo BmEYEo, MY 5900005693L IoT, Al, 303OHMO FGHYM3oLs ©s

OOMOEM39b0  29TMmM3ol  3H9dbmemaogdl  9hm0sb,  0bGHIYM0MGRIM  JWsEHBRMOTsdo.
0095308303009 Mos bmmo  doMomso  BMbI30mMmo  J3qLobBgds,  F33060  EGHOBL3MOEGO,
95960393039  39M90m, MLsROMbMYdS s  FBOMZYEMBS, MMIWGdIOE  JOH0sbo  Bmbsggdoms
509403 9dGH60ol LsxMA3z9 B MHBOHB39wWYMR9b Jowsdols LobdHmbme Fomm3sL.

BoGo090eds H5Mm©9bmd®m03ds 5bseoBds sB39bs, HMA F9dmmegz5H9dvwo dmEywro 0dwg3s
153995 gdSL  M3IMOGHOMWO  39SHY39GH0WJdoL  Borgdol MOl  gd3ocmgdol  30-45%-om,
9696203mbdsmgd0l m3EH080BsE00L 12-18%-000 @ LHEGMBL3MMEHM 3MbyglGool 89930Mgdol 18—

24%-00m. 890093900 3bHs©YxL ImEYol 3MoJGH03ME 00MmYOIIdsL LoJo@mm3guml Jowsdqdol,
396L53MMH9d00 MBIOWOLOL, 30BOVIO GHGMBLBMOTF00L BEBMSEHIROOL FBoMywgdTo.

9990gmdo  33e930L  8035MI00Egd9d05: 30BOVI0  BYM30L IGO0 BOTMES30vIMO
9ol 53905 GIS-0mbs3gdgdol 85BsBY, 30d9OXMLIBOHDHLMIdOL 139301303900 LsgzMMbygdol
9650Bo 3330560 Jogsgdols 0bg®mabiGHMmd@IMolmazol s 93mbmdozMMo 989JG0sbmdol Lewwo
TCO/ROI 55635600905 Lodowm@g 290bolim3ob.
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MODEL OF AUTOMATED CONTROL SYSTEM FOR SMART CITY
WITH INTEGRATION OF loT AND Al TECHNOLOGIES

Kuchava Giorgi, Kartvelishvili losebi
Georgian Technical University

kuchavagiorgiO8@gtu.ge, s.kartvelishvili@gtu.ge
Summary

The paper presents an architectural model of an Automated Control System for Smart City based on the
integration of the Internet of Things (IoT), Big Data analytics and Artificial Intelligence (Al) technologies. A
five-layer architecture is proposed, comprising perception, network, data, application and user layers. The
approach for unification of urban subsystems — transportation, energy, public safety and environmental
monitoring — into a single information and management platform is presented. A quantitative effectiveness
assessment of the system has been performed, and prospects for its implementation in urban centres of Georgia,
in particular in the city of Thilisi, have been analyzed. The results demonstrate that the proposed model enables
a 30-45% reduction in operational decision-making time and significant optimization of resource
consumption. The integration of urban Digital Twin technology with machine learning algorithms (LSTM,
gradient boosting) provides real-time predictive capabilities for traffic flow, energy demand and environmental
guality, supporting evidence-based municipal decision-making in the framework of Georgia's regional digital
transformation strategy.

(Received 15.05.2026)

MOJEJIb ABTOMA]:I/I?'I/IPOBAHHO“I‘/JI CHUCTEMBI YIIPABJIEHUS YMHBIM I'OPOJOM
C UHTETPAIIMEHN TEXHOJIOTYHU UHTEPHETA BEIIEU U UCKYCCTBEHHOT'O
HUHTEJUIEKTA

Kyuasa I'., Kapreenumsunu U.
I'py3usckmii TexHuueckuil Y HUBEpCUTET

kuchavagiorgiO8@gtu.ge, s.kartvelishvili@gtu.ge
Pesiome

PaccMaTpuBayeTcsi apXHTEKTypa aBTOMAaTU3UPOBAHHON CHCTEMBI YITPABIIeHUsT Y MHBIM ropojioM (Smart
City), ocHoBaHHasi Ha uHTErpanuu TexHosoruii Mureprera Bemieit (10T), ananutrku O60binux gaHHbx (Big
Data) u wuckyccrBenHoro wunremiekta (Al). Ilpeanoxkena nsaTHypOoBHEBash AapXUTEKTypHAsi MOAEIb,
BKJTIOYAIOLIast yPOBHHU BOCIIPHUATHS, CETEBOM, NaHHBIX, IPUIIOKEHUH U monib3oBartens. [Ipenctasnen nogxon k
00BEIMHEHUIO TOPOJACKHX TOJACHUCTEM — TPAHCIOPTA, HSHEPreTHKH, OOIIECTBEHHOW 0e30macHOCTH |
MOHHUTOPHHIa OKPY>KalOIIel cpeibl — B €AMHYI0 HH)OpMaMOHHO-yNIpaBistomyto miatdopmy. [IpoBenena
KOJINYECTBEHHAs OlIeHKa 3 (EKTUBHOCTH CUCTEMBI I PACCMOTPEHBI IEPCIIEKTHUBHI €€ BHEAPEHUS B TOPOACKUX
nenTpax ['py3un, B wactHocTH B ropone TOwmmmcu. Pe3ynpTaThl MOKa3bIBaOT, YTO MpesiaraeMasi MOJIENb
obecrieunBaeT COKpAIICHWE BPEMEHU TPUHATHS ONEpAaTWBHBIX pereHuit Ha 30—45% W ONTUMHU3AIMIO
notpebieHus pecypcoB. HTerpanus TEXHOIOTUH HUPPOBOr0 JBOWHUKA TOPOIa C alTOPUTMaMHU MAIIMHHOTO
0o0ydJeHHs] TO3BOJISIET OCYIIECTBIIATH MPOTHO3WPOBAHWE TPAHCIOPTHBIX TOTOKOB, CIpOCa Ha JHEPTHUI0 U
KayecTBa OKPY)KaIOLIeH cpelibl B PeXXUME pealbHOI0 BpEMEHU.

(IToctymmra 15.05.2026)
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IoT-LgbLMM9dBg 553MIbIOIEO F330560 35630690L
LboLBgdoL s@JoBgd@mes: FobslfoMo MybyMz06M9d0L dmmgero
000¢olol Y)MBBMEo 350Mgdmls 3Mmb@Hgdu@do

300 3MFo35!, 009G JoMM39W0TZ300!, FoMMAO FobEE0s?
1-bogoMm39wwml F9gdbozmemo MboggMbo@gdo
2-30Bbgliols s 3gdbmemyngdol MboggMbo@gdo
kuchavagiorgiO8@gtu.ge, s.kartvelishvili@gtu.ge, g.tchanturia@gmail.com
9bomdy

396bomwos IoT-gblmMgdby sxmdbgdmwo F330560 3503069-LolEGHgdol OO
560JoGHJAHOMo  InEIwo,  MMIGEOE  9I3GHOMIOMWos  d0EoLoL  Jsesdmeo
39090mbm30L. FoMImqbgwos mmb-ggbosbo LobEgdol bybbmemeo, bszmdxmbozsgom,
3900300 s LolgMZ0LMm 59gbgdolL 3H9dbozmemo b3g3053035309d0, LgblmMol EHo03gdol
390560900000 565¢00b0, NB-IoT-05%060939c00 Imbo@m®mobyol 3006035304600 d@gero s
Machine Learning-%g ©o3vdbgdmmo  3M9goddwo  xs3dbol  dMs30.  mdowolol
Lo GOobL3MOEM 3m335600L 2022 ol dmbs399900s6 98mBobsty, 4. mdowolol 396&®do
356 3069-50030e900L ©9R030G0 58%-b 8950099bL. LoLEJIoL 3oMEHMMO FoBbMEM309w9dOL
LodMEs30M0 Jax3oligds 430B39693L, MMA LEOHYYToLIEHd05b0 IBYIMY3S 3530, dms)dobols
@5 d390 B30Erolol 356 3063-bmbgddo 99s930090s Bsdsem dogdol O™l 38%-0m,
boeom 396G®do CO:z 9dolost 22%-oom.

1553356dm Logygzgdo: IoT; LgbbmGwyero dsg; NB-IoT; LoRaWAN; APRS; Machine
Learning; LSTM; 3330560 35630690; 00d0olo; Smart City.

1. 99535000

J. ®doobo 2022 ferol dpymdstgmdoom 1,171,100-00g d3bmzmgdl omzeols, bmerm
Jowsddo  M9a0LEGHM0MYOMEO  533HMIMDOEIGOOL  MoMmEIbmdsd 2022 Ferobmgzol 416,000-U
39055F5Mds (1odoMMZgaml LBSGHOLE0ZOL gMHM3bEo Lodlabw®mo, 2023). gl Bodbsgl, MHmA
1,000 9mbobemg®g 356 533™Imdogro 8mEol, s0bodbrmo sGol  dsB39690gmo, Gmdgeoa
936230l L0 Joe5ggdol Bsdrsem 8sB396909wl (310 /1000 dmboberg) x™dbob, sligo
103 F0MH™M3970, J. MBOOLOL OLEHMMOEO (396EHMOL 30HOM Logdbm Jugaro, HmIgwoi XIX-
XX bom3bol LogMEMdM030 LEAMYIGHMOOMss Bs39MbIBI30, J9BVGHOMBM 356 3069-
©IBOGOGL gobogob [1].

»0000LO 356306940"-l 2022 {enob 5690080l Jobgzom, 3530, LodIOMSW ML, I3geo
0000obobs s dmsjdobol 5EdobolEBGMsE30M JOMIMNWIdTo MBOE0SMOHO 35603069~
5Q30gd0L  LogMmm MomE9bmds 38,400-05, bmwm LsdobBbg Bmbmddo 3@ MIMdOgdOL
3037960 LbodFommgg 66,200, Gog 60dbsgl, MHMA J. mdowrolol 3abGH®Io JOHNLOMMESE
27,800-%g 99BHo  933H™MBMO0o 396 MMl MBOE0SWNO 3560 3063-50Q0wl, 56w
56503037900 ©IR0EOGOL 3Mm9B0309bGH0 72%-b F9opabl. LHmMgE s0bodbmmo 3oy®mo
J60b 33930l 06BOLGONIHUON Logdzgerl [1,2].

3330960 306 3069-10LEHGIgo0L (Smart Parking System, SPS) $9dbmanrmao0Mo g3me3os
o™ s0 Hgeofodo IoT-b 4s8mBgbom LMoo sboew FoBsdo g30s. LloT-Rsdpdgwo
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LgbLMMGOOL PsOIMZ5T JugEH 0bBEOLEHMMIEMSTo TgbodEgdgEo 2obos SO OOL
LAOGHMLOL  MgoeOo OMOL (Real-Time) dmbo@m®obyo, bmerm Machine Learning-ols
06393053059,  30379M0  dmbmzbol  2-4  Losmosbo  3mM0BMbGHo»  3Mgogisos.
©3LBLYEGOMEo MO0 3gdbmrmyool Lobmgbo Joboll APRS (Automated Parking Reservation
System) 3@s@GBM®AoL 3gdbo3Me Logmdzgwl.

B53OMIoL J0Bb0s: (5) obLEBOZMML MBdOEOLOL B39GE0R03IMO CBZOILEHM™MIGHMOMEO
dmnbm3b900; (8) osLsdmml APRS Lobi3gdol mmb-3960560 s6do@gd@«es; (3) 9go8obml
LgbLMMOL  FgdbmeEmyom®o S EHIMbsBH03900  J.  MdoEILOL  AsMgIMLm3oL; ()
0om0moaobml ML  36Mg0d@wmo  dmgwol  dsmgdsdoz®mo Bs®bm; (9) 890dmTsml
30MGHMOO 356bMMO 3090 gd0L §E93MdM030 Lsdmddgm a9ads [2,3].

2. @o@gMs¢ny@ol dodmboengs

[oT-05%b0M9dewo Smart Parking LobGgdgdol 33¢0935 Bsd d0MOMOE B0TMMNYGdS©
0gmgs: BgblmOmwo  Hgdbmwmyogdo, Lsgmdmbozsgom ™dJdgdo s AI/ML  sbseo@ogs.
L9gbLMOMEOo Fgdbmemyogdol 33arg3sdo Maakar et al. (2019) Loli@gds@obocmgdmeos bmomo
do6M0mO©O  G030:  06J30IM0,  MEXEGHMVYIM0M0, 0bgcmsfomgwo, Bsabod Mo s
39996599-513dbgdeo. 0bMJ3o©mo BsMymso g4z9wsbg oo LOBNLEHIL (99.7%)
93gbl  SLRoE-09BH™MbOL LogsMol 3060HMdgddo, mMIzs IMbES0 Loddgbgderm B3l
UoFoOMYOL.  5©0boTBMWOlL  L3oMOL30MME,  MWEEHMNVYIMOMO  BgblmGo  BsMGH035©
9mb 3950905 IMax0OBY b Fgbg, 0935 3H9I39MGIOIEO (3303930l Jodsmo dgEo
L9gbLOEHOOMBS SHILOsMYOL (Boda et al., 2018) [4].

b53m3b03530Mm mJdgdol 3mmbom, Al-Turjman & Malekloo (2019) 5569396 NB-IoT-U,
LoRaWAN-U, Sigfox-U s ZigBee-l docnodm®o 3563069-LobEgdgdol 30b3gdu@do. NB-IoT
(Narrowband IoT) @50moMBg3s 9gbmdol dogboms @s dofioldzgds 36 30ba0Lmz0L
396Ls3MmM9d0m 860d3bgemz560 Low®mdMwo ff3mdsmdoom (Deep Indoor Penetration, +20
dB LoRaWAN-m5b 990560930m), bongm LoRaWAN go6g md0gd@gdobs s Jmhols 3o603069-
Bmbydolmzol 9bgMamgngdBHMOO B30 Mm3EGH0TowMo 3m3dobsoom. Magticom-ols ©s
Silknet-ob 2023 ferob Jugerol 30l dobggzom, NB-IoT gs@zs 0dowrolido 94%-1s 99s09bUL.

ML-0b g59mygbgo00: 3563069-0mmbmgbols 3Ggogios LobiBdsEobocmgdmwsm G0l
dodmbovyeo Awan et al. (2020). LSTM (Long Short-Term Memory) bgo6mbaro Jugeo
L539009LM 89009908 0dg3s  FMAYE3500560 3+ Lossmo) 3Mgoggoolomgol 87-93%
LoBMLEHOM 3065006 0Z35¢0OL0BIOL OLEBHMMOMo TMbs39dgdOL SMbsBMZIE LgBMbmE
609939dL. Random Forest seogm®omndo Mx36m g839d@osbos dmzwrgzsosbo (30-60 foo.)
36900J300Lm30L,  25BLv3MMMHYd0m  Sbesdgddbogr LolEgdgddo, Lssz OLEGHMMOWWo
dmbs399900L BmEMEMds x9M 99O IEos [4, 5].

JoOrmme 30m63)9JduEd0, Logdo®mzgaml 39dbo3mMo Mbogzgdlodg@Eol Lo@®MmabldmeMEHm
0bbEoGHMGOL 2021 ol 33e0935 . dowobol 396@®MOL  LoGEMbldmMEHM 653500909
5Q3LEGHMMYOL, M Lsddsm ©ggddo 08:00-10:00 s 17:00-19:30 Lsss™dM0g bandwith-do
390533000 Mmdol 0bgduo (Congestion Index) 1.87-U s0fjg3L, Mog 60dbs3L, MM 3bsdo
B3gmwo 6™ 87%-000 0BMHEYds. 50b0dbME 300303 BobxMGOTo" 356 30by-d90bs
290533000 mdol 31%-U Jdbol [6].
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3. 330930l g0M©MEMY0s

330935 bsd  9900m©OMEmaon®  9Badl  dmo@Esgl.  30M3ge  9BHadbHg  Bo@BoMs
@0 GYM5GHIMHOL LobBgdwmemo sboewobo IEEE Xplore, Scopus oo Web of Science 85%gddo 2015-
2024 §e0900L 0b6EgM35¢0om, Lsdogdm GgMdobgdoom: ,IoT parking sensor architecture”, ,NB-IoT
smart parking', ,LSTM parking prediction", ,parking reservation system Caucasus'. 134
659MM30sb 063 MBool  300EHIMH0MToL, 9IZ0MH0MEo b LOTMWSEFOMMO  FIWOWOFO,
399mygbgd0l 99909y 51 65dMMT0 goMbs. IgmMg 9&93DYg 39BbMM 309w s MdoErolol Lsdobby
Dmbgdol q9mbogzM 3o 565¢0Do: ,,md0Eolo 35630690"-U 2022 Ferol bGs@obEogs, Google
Maps Traffic API-b 4mgganbosmmd®mogo 45053H30000¢9mdols dmbsgdgdo (2022 §). ogerolio—
19939909600, N=2,160 m3lg635305) s OpenStreetMap-ols 356 3069-029096H0b sbserobo. dglisdy
9G93%g PoBods LobGgdol 989dGH056Mmdol LodMwszo®o dgi3sligds Python-ol SimPy
3000mmg30L  Logwdzgewdg, Monte Carlo dgomeoo (N=10,000 2539m6gds) bsdo
b3969M0LM30L: BEIGHWML-330, bsHowmdMO30 (30% 50H0EGdOL YBLMOODSE0S) s OO
396bm®mE0gwgds [7].

LoLEBQAOL 9B9JG006MdS FgxsLEs Bsdo JoMOMSEO 0BPOISGHMOOm. LoF S M 350306y -
dogdol G APST 250m0m3wmgds 250m33w 9090 3domergdol dogdol xsd99MH0 Mol
15395wME.  BoGOBL3MOGHM  Bs350L  LBodFoO™M30L  0bgdio  TDI  gsdmobs@gds
294 BHMIM030 6535000l s 2BoL Lo@gzo LOAIEszMOL BsMEMdom. CO2 gdolool d9d30cMmgds
399m0mM3wwgds  9039dGH0BMdOL 395303096 HOL,  F9I30Mdwo  A9MOIBOL s  gdobools
BodBHMMoL Bodmsgzeroom [8].

(1) bsdmsgrm 356 3063-dogdols Hm:

n

1
APST = — - Zti
n

i=1
(1) t —1-2960 ddereagrols dogdol e, n 3odm 3¢9m0 Jdmem980b Gomgbrrds
(2) LyB®BLB3MOEHM 6535000l L FoEMMZ0L VbgJuo:
Vant
Vecap
(2) V_act 5sghm8k030 bs3500 [bs@e./bor]; V_cap gbol bsBhgzo bodderszty

(3) CO: gdoliools 9g330Mgds:

TDI =

ACO, = a - Ad - EF
(3) a 999950680 3099%.; Ad G9z0(98x9¢0 35s68g9bo [km]; EF 98ob. %s9. [kgCO: /km]

4. bobEBgIoL SOJoGHIIBH™MS s bsEOBO

4.1. LbEBgIoL MMb-896os6o sBJoBHgdE G
APRS Lob@gds ogmgs momb g399bd30mbsere i39bs, Gmdwmgdoi OSI-ol dmpgerol
@my035L  d039y3gds  LYbLMOMW-BODBO3MMO  BIBOIE  LoligMzolm  §9bsdy.  KBgbgdo
396030350 m0 063 9aMo300L 30063030 MMM M ™mJdggdgb, Jmzgwo bgs ggbs
dbmmE 939000L bEsbsMEH0BYdM API-l dmobds®ls, Mog LobEgdol dmEEsOHMBLS S
3sL9BHod0MYOIEMBL Y bEOb3geyma3l.[9]
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3060390, bgbbmOMwo ggbs (Physical Perception Layer). s0b60d6mwo @96
006000 9bL LobGHYIol BoBO3MG Bogmdzgwl: IoT Bsdadgwo LgblmMgdol dowy, Lowsa
4m39wo 3560 3063-5030w0 9000 bYblmOLEo 3356d00 5MOL odYsmdo. LgblmMo ymazgw
5-10 §5980 0ol dobsmver LESEGHMLL (0 msgz0LMGso, 1 ©353909w0) obsbegdL,
bowem  ANPR 359965  99lobgangen/gedmbsbgamge  Had@owmby  bobgwdfogm  bmd®ol
330329600 59m36Mm0000 %53860L 35¢0I300L BMobgblL. domomgdmer 59gbsdo saM9gm39
99000 93396M5EH«M0b, 396056mdoL s 39bsmgdE™mdol Lgblm®mgdo, HmIgems dmbsigdgdo
ML 890l 5806q-3md30mbgb@l 339053L.[10]

d9m6eg Logmdmbozsgom i3gbs (Network Layer). bLgbbm®yeno dmbsgdo me 3sGowwgurwm®
mgdbg 39050(3995: 3969 3563069-BMbgdoLmzol, LoRaWAN (868 MHz, EU-868 L¢sbws®@o),
dofiolid398s o 96mdol Joaboms 356 306900Lm30lL, NB-IoT (B8/B20 3960, Magticom/Silknet
M396053MM900). wma0300 Jugeol bsdo gagdgb@os: LYblmGwmwo 3356do (End Node),
Jugol 35600d3F (Gateway) s Jugerol bg®zgmo (Network Server). 29MmaM9xB0MWS, 3939,
LodYODo, dmsfidobols 5EdobolB®msowwo JMmgMwgdol LOHwo LoRaWAN-©sgs™3s
dmombmgl 7 Gateway 3356db 500 39EHM0sbo 06@gMH35¢00.

dgLsdg, godmmzgwomo 89bs (Computational Layer). s0bodbmo g39bs mé J391396500
oymxs. Edge Computing 43983965, 39ma@ex30ws@ gobsfowqdmeo, mmbo Raspberry Pi 4-
3sbol  3396d0  mob  3063063-30slEGHgMdo bl  5POWMdMZ  BoWGHMOGO,
5bmBoenogool  (Outlier) 958m3@gbsll s bgeo dmbsizgdol  LolgMzghm  b9gadgb@sdg
39053 53650. Cloud Analytics 3983965 06OdEM3560 3eo@Bm@mds (AWS IoT Core 56 Azure IoT
Hub) Real-Time bgerdobsfizeomdmdol bdgdsl obsbogly s ML dm@ganl sbgbl m3gmoMgdst.

dgmmby, LoligMz0Lm i39bs (Service Layer). dmdbdotmgdgeol bsdo 0b@gdagolo gdanggs: (1)
md0EMH0 530035305 (I0S/Android) LslM39e s@AO0WsdEY 6530853300, x93d60L sON3o,
QR-3m©0  35¢0s300Lm30L;  (2)  390-3MmOGHOWwo, 5©dobolEMs30Mwo  0blEGHMMIYBEGHO
»000¢0bO 356 30060"-Lomgol; (3) REST API, Waze, Google Maps s bbgs bo@®sbldmM@m
19H30L9dM6 0bEHIYMsE0oLm30L [10].

4.2. xBlmMob Fggbmemaools BgsMgds
000oLol 306MdYBOLIZOL

0000oboL  JowsdMMo 256930 BgblmeMol GHodol dg@mBgzolbomzol bsd L3xE0B03WG
399mfi3935L Jabol: (1) oLEBHMMOMEo Jowsdol 30HO™ JmPgdo, Lowsg Lsddgbgdwrm Bstgzs
b0 LobosMEM 30l 96 30FOM SbiBsEEOL J390 FsdETIE LgbLMEOL sSOMMEIdL; (2)
393356060 3¢0085BH0  Bsdm®ol  yobzs (-10°C-dg), bogbmwol Loigbg (+38°C-d)),
06G9bLomMo {3005, LYbLMOOL 2458dwwgmdOL FMMbM3BIBL BOPOU; (3) Mmoo F5BgIMGIOL"
390G, OMIJWOE  Yod-3mbo@one  Logbswrgdl  Jdbol 0bwdzom®o  Lgbbm®mol
d90mbgggsdo.

50bodbmo  BodBHmMgdol  sbsobol  LygmdzgEBg, 3939-BOdINYOMIWML  FsOOM
J9bgdolm30L M93mT9bgdIos 0bwyd30m@mo + ANPR 3033065305, 339000 0d0oliols s
d05{jd0bolmgzol 3o 3599MsHg-sx3wdbgdmero 30m33099GH Mo bggs (YOLOVS s6 SSD
MobileNet do6mnz00,) Pole-0mb@ o0l Bdgdom, HmBgerog baddgbgdarm Bsdgzol o6 Lo FoMHmgdL.
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4.3. ML 369003@meo dm@yero

36900JGHM0 x53060L dM930 MmO 930560 ML Bs@Bml 0ggbgdl. 306039 9@s3bY,
363935000560 (2—4 bo.) 36Mg0gdzoobmzgol, LSTM byo®mbmaro Jugwo @Hgoboygdmes 18
030 0LEGHMOO)E IMbs(39998By. LSTM-0b d99535¢00 39dGH™M0 bwyo 603sb-030L9dsL dgo3o3L:
©EOoL bobgmds (159 Tom/sli396905/MgLslHsrwo), Lssmo, sdobol 3m@o, 0bxm®mIszos
SbEmIEYds6g ©Mbolidogdgdol 35gbEMmOEsb s 50Ol OlGHMOOMWo Mm3w)356EMdOL
30950309630. 969 9393DY, 0tm3w93500560 (15-30 fo.) 3Ogodgoobmgzol, Random Forest
3obog0IoGMMOo 3Mdomdl Edge 33:6db9 dz0tg crg®ob@mdoom.

50300l bgedolsfzmdmdol  sedsmMmds  P(s,t)  250m0bs3gds  ermaol@olzméo
BbJgoom, Los3  0939-3mgB0E0gb3HJ00  60dsb-;m30L9d9d0L  bobmzsbo  3mId0bsizo0L
Pmbgdos. LSTM-ob Forget Gate f t gobosbergds Loadmow&mo sd@EHogzs3ool  gmbdsools
bodmoegdom, W_f-Ls s b_f Lolfogwm 35605993HMgdom. s0bodbrmo ™o dmpgeols
30330653000 LoLEGds 87-92%-0b LOBYLEHIL s©Fggl [11,12].

(4) 500060l bgeErdolsfizMaMdOL WMOLEHNIYMO TmEYEO:

e Bo+BiXi+B:X;

P(s,t) =

1 + eﬁo+ﬁ1X1+BzXz
(4) Xi bssoo; Xo 0ol (H030; fo .fi .f 35¢r0860(98:9¢00 frabgdo

(5) LSTM Forget Gate (3032960 dmmbmgbols 36H9c00g309):

ft = U(Wa : [ht—bxt] + be)
(5) o bogdmowo; W_E b_f bsbfsgerer 356509¢56980; h_{t-1} [obs @steiemo 8ogmdstgmbs

4.4. 000@oolol LodMEs30MO FgBOBYDS

SimPy-05bo6Mgdweo Monte Carlo Lodomesgos (N=10,000) bsd Lgbo®bg Bo@oMs,
Google Maps Traffic API-b 2022 erol 0garob-gdGHqdd®mol ymzgulissommd®ogzo dmbsigdgdols
3900M53000. LBsFoBby Bmbo: 3539, dmsfdobs, dzgmo  mdoobo  xsddo 38,400
MBO05WIM0 5QR0w0. BEASGHML-330 b3gbs®Tdo (BH9dbmemaom®mo BsMggzs s s6ob) APST =
11.3 §o., TDI = 1.67 3030l Lssgdd0. bsformdmogo ©sbgmagzol b3gbs®do (30% saowgdols
L9gBLMOOBIF0S, X930l goMgdg 0bxm-dsdogho) APST = 8.1 {jo. (-28%), TDI = 1.42 (-15%).
bEHemo APRS b39bs®do (100% bgbbmMoBszos + ML xs38s60) APST = 7.0 foo. (-38%), TDI =
1.31 (-22%), CO:2 990306905 22%.

5. o336

339359 Go0dmoyobs  IoT-Lgblbm®gdbg  ©oxmdbgdmwo  F330560 356 306y-
©9%963060900L LolEBgdol LEWWwo F9Jb03MM0 5MJo@gdBHNIOs, 5I3EGH0MYOMEO MdOWOLOL
139(30803996M0 JowsdMHO FoMAMLmM30L. LoLEGHYIOL MMb-539bosbo LEBMWJEHMES LybbmEwmwo,
300760353000, @odMmM3Womo s LdElYM3oLM. LsdmemmE Jdbol dmIbTsM9dYESE
LOMEO 30300L 063G EISWME X 9F3L: BoDOIMGO Lgblm™o, Logbswo, Edge sbswwro®ogzs,
Cloud ML, 8cmd0v96Ho xs38560.

d39w0 ®d0oloby s dmsdobol 30HOH™m JmBgdolmgol 3539MsHg orwdbydmwo
Computer Vision (Pole-0mb@&os0) 03005000 ¢9dbmemyow®o 4s8mlbagowos, 30650056
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15dd9b9gd ™ B35l A5TMMOELOZL. 3939-L5dMBMMIEML Botronm JmBgdolicmgzol 0bwydsomo
b9gbbmEo + ANPR 3030065305 99.7%-0b LoHMLEIL »OOHMB3gwygmal. NB-IoT + LoRaWAN
303M0owwo mddo, Magticom/Silknet-ols 94%-0b Bs035H9 IYOPbMdOM, MBOWOLOL Yyzgws
3963069-@030bm30L  (goMg, Fos, dofjolidzgds) Lozmdmbozosgom  0bxg®malGHMMIEML
LEOHYYEPYMROWHE FOMOZU.

LOdMES30M0 TJFBOBYOS SILEHMEMYOL, MHMA Lo APRS dmgwo 3539, dosfidobs,
d39w0 ®doErolol bmbgddo APST-U 38%-om, TDI-b 22%-00m @s CO: 9dolbost 22%-o0o;m
995030690005. dmI93bm 3309390 Lodo FoTomMMENgds usFoMMYds: (1) oMo
99b3960896G0 3530L 3 dBem3bg Mo GO YbLMOMEO dMbs(399gd00 35¢0IEFOOLMZ0U; (2)
»000¢0bo  35630630" API-l 005 0639305300l LEGBIOEHOL T9dw9dsgzgds; (3) Jigzomo
930bmdozol (Nudge Theory) obli®®9d9b@Egool 0b@gasgos APRS UX-obsobdo.
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ARCHITECTURE OF A SMART PARKING SYSTEM BASED ON IOT
SENSORS: A PRE-RESERVATION MODEL IN THE CONTEXT OF
TBILISI'S URBAN ENVIRONMENT

Kuchava Giorgi!, Kartvelishvili losebi!, Tchanturia Giorgi?

1-Georgian Technical University
2-Business And Technology University (Tbilisi)
kuchavagiorgiO8@gtu.ge, s.kartvelishvili@gtu.ge, g.tchanturia@gmail.com

Summary

This paper presents a complete architectural model of an IoT sensor-based smart parking
system adapted to the urban environment of Tbilisi. The study addresses the technical specifications
of a four-layer system sensor, communication, computational, and service layers comparative
analysis of sensor types, the NB-IoT-based communication protocol stack, and a Machine Learning-
driven predictive reservation engine. Based on 2022 data from the Tbilisi Transport Company, the
parking space deficit in central Tbilisi stands at 58%. A simulation-based evaluation of the pilot
deployment indicates that full-scale implementation across Vake, Mtatsminda, and Old Tbilisi

parking zones would reduce average search time by 38% and central city CO: emissions by 22%.

(Received 19.05.2026)

APXUTEKTYPA UHTEJUIEKTYAJBHOW CUCTEMBI TIAPKOBKH HA
OCHOBE IOT-JATYUKOB: MOJEJIb IPEABAPUTEJIBHOI'O
PE3EPBUPOBAHMS B KOHTEKCTE I'OPOJICKOM CPEJBI TEUJINCH

Kyuaga I'.}, Kapreenumsum U. 1, YanTypus I'. 2

1-I'py3unckuii TexHndyeckuii Y HUBEpCUTET
2-Yuuepcuret busneca u Texuonoruii (Téuamncu)

kuchavagiorgiO8@gtu.ge, s.kartvelishvili@gtu.ge, g.tchanturia@gmail.com
Pesiome

PaccmarpuBaeTcs apxuTeKTypHas MOJleNIb HHTeJUIEKTYIbHOM CUCTEMBI IIaPKOBKH HAa OCHOBE
IoT-pmaTunKOB, aZanTHPOBAHHON K TOPOACKO#H cpese Touaucu. B ncciemoBaHmy pacCMaTpUBAIOTCS
TeXHUYECKHE XapaKTePUCTHMKKA YeThHIPEXYPOBHEBOM CHCTEMBI YPOBHEHM CEHCOpPOB, CB:3H,
BBIYHC/IEHUH U CepBUCOB CPAaBHUTEJNBHBIN aHAJIN3 TUIIOB JATYMKOB, CTEK ITPOTOKOJIOB CBA3K Ha
ocHoBe NB-IoT, a Taxke MexaHW3M INPeAUKTHUBHOIO pe3epPBHPOBAHNA Ha OCHOBE MAaIIMHHOTIO
o6yuenns. CoriacHO JaHHBIM TOMIMCCKOIN TpaHcrmoprHOM kommnanuu 3a 2022 rop, meduiur
MIAPKOBOYHBIX MeCT B IeHTpe TOwmmncu cocrasiager 58%. CUMyIAIMOHHAA OIleHKA IMJIOTHOTO
Pa3BEPTHIBAHMS IIOKA3bIBaeT, YTO IIOJTHOMACIITAOHOe BHeJpeHWe B ITApDKOBOYHBIX 30Hax Bake,
Mranmunga u Craporo T6uImcH IO3BOJIUT COKPAaTUTh CpejHee BpeMs IIOMCKa TapKOBOYHOTO MeCTa

Ha 38%, a Be16pocs: CO: B 1eHTpe ropoga Ha 22%.
(ITocmynuna 19.05.2026)
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3563560 Liffagergdols 53m3sbgdoliorzols wos dmbsggdors Mglsm®mligdols

8cdogdols s dgMBg30L MsbsdgM™mgg Boymdgdo
LMRoM BoMBMZ0, oo BoMogd39w0dg, 3535 BodESdY

bogoMmM39wmb ¢9dbo3Mmo »boggdLoEgEo
s.barnovi@gtu.ge, d.magrakvelidze@gtu.ge, m.tabatadze@gtu.ge

69bomdy

L GoG0sdo gobbowrmwos ©os dmbsggdoms §gommgdo s 3bmdowr dmbsigdoms Bs3Mgdgdo,
OMIgdo3 399m0ygbgds 3564sbmGmo Lfagangdol, Mds Lfogargdol, 3md3ow@Egdmwo bgyoaol,
0bgdM030 960l ©s3ds3900Ls s 3OMPBMBOMGOOL 5IMEFI6gdT0. [oMmdmEYgbowos MMM
Dmo©0  ©60dbMgdol  boEeggdo, olg  MYMIMOZ5  B3YE0IODBIIMWO  GEIXMbMMO
dmbs3gdms  6530Mg0900. LEsGHoolb dobsobos  833e93090L, LBEMIBAHIOLs @S 3GgdEH03MmLdL
d9b0035BMb LEMWYIBHMOOMIOMEO Hg3s, 0¥ MM bs Imodomb, Fgoxsbmb s FgsmBomb
d9L50530L0 FMbs393900 3Mb3MYEMEro F9649BmEmOo LfogErgdol s3m3sBoLMZoL. 2oblszmmM9gdeo
g4o965q0s  gmdmds  dmbszgdms  bodolbl,  9bm@eEogdl,  39@GHedmbo3gdgdl,  woiEgbbost,
99b396M0896EM 458MmYggbgdsls, §0103ME S LoRsBTbIMWGdM Ls30mbydL.

1553356dm  Lodyzgdo:  dmbsggdms  bs30Mgdo.  8sbdobmEo  Lfagwgds. ©os  8mbsigdgdo.
303303 9Mo bgo3s. dmBgdMH030 960l 31985390, 3OMPBMBOMYdS. 30LOGOIS(309.

1. Bgbsgogro

9569569m0  Lfogegdol dmawol bsdobbo dbmem@ 459mygbgdeo  sEymOOMTom 56
3960LsBM3M9Gds; A0S gosdfy39@ MMl SLEMMEgdl dmbsggdoms 653Md0lL LimMs d9mBg3s,
dobo m3md9b@o300L LOWWYMBOWYdS S BTN HFM(3BLMLD Tglisdsdolimds.

05b65990060m39 35649bmE LFogegdsdo Imbs3gdgdo st gsbobowgds dbmerm dmEgerols
LHo30900Lm30L LyFoMmm Lofyol MalmEmLo; obobo 33wgz0mo 3OMEILOL gMH-9MHm JoMOMS©
3033mbgbAl  FoMmBmoygbl, Moysh  LHmMgo  domo  Bsbsbosmgdwrgdo s  BLEAHM®YIGHMOS
39bLsBW3MH3L, M5 3030l 356MmbBMT0gMHYdgdL 25dm3egbl dmEYE0, MMM dmsbEIBL domgdmewo
3MEboL 496BMYsgdsL sboew F9dmbgq390Hg s Medgbs Lsbm 0dbgds Jowgdmwro Fgwgyo.
305L50bsM, BAsEOO560 56 58M3565Lm96 FGlodsdm FMboEgdgdol A5dMmYygbgds dgodergds gobgls
30D9bo, O™ o050 989JEH0b6MBOL SEMOHO0TToE 30 396 M BMMB3gEgML Lsb™ 3O Mybmbo.

356596mE0  LHogawgdol  369dGHo3mwo  s9m356900L  BOLMID ghHms  2o0BsM©s Mo
9mbs390ms L5(393900L 3603369 MdsE. LBEBHMIWLIBEGHIOOLMZOL SLgMO Bo353900 Lobfagenm 5dm3569d0L
Pgomrms;  933009360900bmM30L - IMYEgdol FgoMmgdoLs s FobdgmMmgdso  9JldgmodgbEgdol
L53d39w0; bmwm  0bMLEBHMOOLMZ0L - 3OMGHMGH03900L  LHGsRs dgddbols s 0Jgd0L
399mfj09gd0oL Igbodegdemds. s80G™A dmbsigdms dmdogds @s Ggnsligds Mbos 2sb30bowmo 56
dbmnmn  OHmameE  39dbognmo  3OHmEglo, Msdg  OHmamez  360336gwm3zsbo  33xg30m0
3°50939BH0wgds, MHMIgwo3 300306 353300©Jds IMEIwol bomolbl, 9mozMOHMdsLs ©s
3615943039 359MygbgdsMdSL.

UEG05d0  gobbormeos FsbdobmMo Lfsgemgdol Lbgsslbgs 0060w gdsdo  BsSMHMNMO
359mygbgdmo  mos dmbsggdoms  GgLMELgdo:  BmEso  Bo393900,  3MA30MEHIOMo  bggzol
9GO MbMMHo dmbs3gdoms 6s36M9d900, dmBgdMH030 gbol s3MToz900L MglMLgdo, BobsbLYMHO s
©OMom0 (30039008 dmbo3gdgd0, 1939 WOMBOEMZID 3WOBHBRMMIIODY 49bMI3L9dMO Loy sGM
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dmbs399900. om3mEygboo Fsbogrs 90degds 2sdmygbgdme 0gbsl Hmym®m 3 Labifogarm 396MLgddo,
0bg LoBsROLEAMM 56 Lomd@BHMmO™ 33193900L Lofyob 9ES3Bg IMbogdms [gommgdol Jgla®mhgz.
2. 306H005©O bsfjogro

9mbo3gdms 6530930 356Jobmmo  Lfogergdol 3Mmglbdo SLMEgdl 08 BMBJ30sL, Gobog
399M300Wgds - 9930560 Lfagerolsl. dmgwo  Fogoomgdol Loggwydzgewdg Lfogwrmdls
doboboomgdgdls s LBsdobby (3oL FMMOL  MOHMOYOHNPITMI0IOEGOSL,  5TMOEEMBL
3590L, 30veMdL ABogLgdgdL 56 JABol 3GIRBbMBUL. 53 3OMEgLOL 9839JEH0BMBS ITM30WYOMW s
565 dbmemE  dmbsggdms  MomEgbmdsby, 9Msdg Fom  IMOZ5¢RBYMHM369g0sDY, LoBMLEGDBY,
BoblBY, 56MEH0MGOOL botolbls s 3:m6EH9JuEHME Tglsdsdobmdsby.

LHmOs dgMBgmeo Imbsggdms 65360900 »bos GgqLodsdgdmagl sdm3s6ol GHodl. Mgadgliool
50m356500 36033690 m35605 MomMm©gbmdMm0go Lsdobby 33Ol sMLYdMBY; 3esliognlsE0sdo -
93580Mm@ 5bLsBOZOHMO 3051Yd0 O o0 LoMbsME HoMTIMPYIDs; 3MB30E IO bggsdo -
399mlobmemqdgdol  bo®obbo s  BMEe309d0; 3bgdMogo 9bol sdMTsgqdsdo - 9bmdMogo
393500 x390M36905,  BH9JuAHMGo  [4oHmgdol  LobMMds @S  9dMEIbILME 839380 MO
603699 900; OHmom 330039000 30 - POHMOL 0bgJuol MBI Mds s LgBMbMBMdOL
sbobgol dglodergdemds.

3302930000 M350 BsHBOOLOm, G9gMHBg30L 3MMmEgLd0 s1939 360836 M350 IMbsEgdms fysmmUls
@5 94b39m0dgbEHOL  296TGMEINOIEMBOL  MBOMbZgYmRs. v  [gomm  Lomsbsmo  sGob
©™3996¢0M90Mwwo, Jomomgdmos dobo 390L0s, oEgbbos s 30GMIdOL figbo, bmeom
Pobolifoo  ©o89853900L  9BHS3900  83580M© MO sOfigMowo, ULbgs 933wg35mML  gdwrgls
99b3960896G0L  2989MMGOOL  FgusdgdEmds.  BmGg  s80GH™I  LoxsMm  bgwdobsfizmdo
dmbs3gdms  MYLGLYdOL  FoMM30L  MsbsdgEM™M3g TJoEmIGdo  BsBL  MLgsdL  Imbs3gdgdol
b9 doLH3MIMOL, 0531905 MdILS S bgsbems 458mygbgdol TglodwrgdeMmdsL.

Dm0 603649 gdolL Lo353900 2o9MLoEIR0s 85306, MLl 833w935ML 56 LGB
XIO 56 5943l JgMBgmwo 3mb3MgGHIwo ©MIgbo, s LMOL 03m3zmb dmbsgdms bs36Mgdo
9369L00L,  3WSLOGOISE00L,  3ELEBHIMODsEo0l b Lbbgs  GHodol  s8miEsbobmgol.  sbgmo
3oGBMOHIGO0 bIoMs@ 59605690l IM535¢539MM356 dmbo3gdgdl Lbgoolibgs LEgMMmELb s
BOHMB39w Yzl 50Hgsl, Bsdm@EH30Mmm30l 03w gdl, 259mggbgdols 30MHMBYBLS s BMAX IO 32O
3525@00gdLS(3.

UCI Machine Learning Repository g6Ohom-96homo gggamsbg ¢bmdowo ©o ob@mMomwmao©
9608369cmg560  LoEsgos  39bdobmMo  Logrgdol  933¢09350005030L. 00 39BLO3MMNMGO0m
0069005 BObHO3EM 3OHME9LA0, MYSD FMOEIZL MMYMOF 3esliogme B30ty BmAol Imbsigdome
65369090, dogoomasqo Iris, Wine, Breast Cancer s Adult, 515939 MBOM G0 dmbs3gdgdlss. dolo
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MODERN APPROACHES TO THE SEARCH AND SELECTION

OF OPEN DATA RESOURCES FOR MACHINE LEARNING TASKS
Barnovi Sophio, Magrakvelidze Dali, Tabatadze Maka
Georgian Technical University
s.barnovi@gtu.ge, d.magrakvelidze@gtu.ge, m.tabatadze@gtu.ge
Summary

This article reviews major open data repositories and widely used benchmark datasets in machine
learning, deep learning, computer vision, natural language processing, and forecasting tasks. It examines both
general-purpose platforms and domain-specific datasets, with particular attention to data quality, metadata,
licensing, annotations, experimental design, ethical considerations, and educational applications. The aim of
the article is to provide researchers, students, and practitioners with a concise academic overview of methods
for searching, evaluating, and selecting datasets appropriate for specific machine learning tasks.

(Received 14.05.2026)

COBPEMEHHBIE ITIOAXO/IbI K IOUCKY U OTBOPY OTKPbLITBIX
NHOOPMAIMOHHBIX PECYPCOB /UIAA 3AJAY MAIINMHHOI'O

OBYYEHUA

Bbapuosu C., Marpaksenuzaze /1., Tabaranze M.
I'py3unckuit TexHnuecknii Y HUBEPCUTET
s.barnovi@gtu.ge, d.magrakvelidze@gtu.ge, m.tabatadze@gtu.ge

Pe3rome

PaccmaTprBaioTcssi OCHOBHBIE OTKPBIThIE PEIIO3UTOPUM JAHHBIX M LIMPOKO HCIIOIb3yeMble HaOOPHI
JAHHBIX B 33/la¥aX MAIIMHHOTO OOy4YeHHs, TTyOOKOro OoO0ydueHHUs, KOMIIBIOTEPHOTO 3peHusd, 00paboTKU
€CTeCTBeHHOTO fA3BIKa M IIPOTHO3MPOBAaHUA. PaccMaTpmBaroTCsa KaK yHHBepCaJabHbIE ILIAT(GOPMEI, TaK U
CIellaJIN3UPOBaHHble HAOOPHI JAHHBIX, C OCOOBIM BHUMaHMEM K KadeCTBY [JAHHBIX, METaJaHHBIM,
JUIEH3VPOBAHUIO, AHHOTAIIUAM, OKCIEPUMEHTAJIbHOMY [AM3aiHY, OSTUYECKUM COOOpRKEeHHAM U
00pa3oBaTeNbHBIM TPUIOKEHHAM. lleap cTaTbu — IIpeflOCTAaBUTH HCCIENOBATeNAM, CTyJeHTaM U
MIPaKTHKaM KpaTKWM aKaZeMUYeCKUil 0030p MeTO[0B IIOMCKA, OLEHKM M BbIOOpa HAabOPOB [AaHHBIX,
TTOAXOASIIVX AJI1 KOHKPETHBIX 33124 MAITMHHOTO O0yYeHN .

(Mocmynuna 14.05.2026)
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3330960 Joamogdols 0bgmaliG M@ meMsdo sbgsan@ol gnm®mBsgools
(90 0M0 8mEYE0®9gds s Jolo 3MMbmBmo sbseobo

9o6( 3535 8535, FMbmbgarodg Gogngzs
03569 3960358300l 9Ju396H0d96¢ Mo domdgoiEobol 39b@®o

maia.mantskava@eu.edu.ge, tchokhonelidze.shalva@atsu.edu.ge
%9vordy

396bommos  MgMmEMma05Hg  oRwdbadMwo  sboseo@BozMMo  BsMBm  SLgBswEob  bsdo
doM0MOEO  3MOMDBooL  dgJoboBdol: s®s®3zol (rutting), IVEOEMIOMO dbsM30Ls (fatigue
cracking) s 09MdMwo dbo®m3z0L (thermal cracking) 3GMMmabmboMadolZz0L. 99dmmogz5Hgdmwo
Bo@bm 590056908 5oH03MM-05009053H03M dm©gegdl IoT LYbbmEgdoL dmMbs3gdgdmsb, Mg
15539939l 1Yol Fobobfsmysdmmzumom @gdbozmemo Imabobm@madol bGMs@ga0sls s GOBOLICO
GYM39d0L  (digital twin) @o69dmb BMOI0MGIL 1YMHBBMo  bogbom  Jugwrolbogzol. Fgwgagdo
3bOYmRL, MG™I HIMEMA0OHO I gds 360d3bgem3bs BOOL  0bBMLEMXIEH GOl
J3930L 36MmbmBol LOBMLEAEHIL s JAbol BBl 0bEHIgIEH MO MEO LOGHEMBLIMOEGHM LoliEgdgdol
doOH»30Lm30U.

1553356dm BOGHY3900: SLBIWEHO. MYMEIMY0s. 30L3MIEOLE03IS. IMHZS. LIVLIOMIOMO
dHoM35. MYMIME0 dBIOZS. F330000 Jocrsgo. 1oT. 30RMHXem0 (HYrI30. 360360 bremo H976037960
J28bsbry698s.

1. 8glssgsemo

3330960 Jowodols 09bs8gommzgg 0bxz®mslEBHMmWMJGHMEs LoFoMHmgdl dm{obszg 3MMAbmBmw
994960390 Logbom Jugarol LodE3oEol, MLsBROMbMgdoLs ©s 93mbmdozMGmo 9x39d@0sbMdOL
MBOHMD39wLIYMGBI. SBBIWEHOL LoxgsM0o, MMAMmOE 30U30M9EslBH03IM0  Foboems, dgdsbozmeo
©5A30MM30L5 O M9IM BogBMMYOOL 4931960 53wl PHMBY MI0WYIM IBMOTSFOS.

2MB60BE00L BHORTs $H9gd3ds s F330560 Jowsdol (smart city) 3mb3953300L 2563000569050
503505  T9335ws  Bmmbm3zbgdo LogBom  0bBMLEHMYIEBHMOOL F0om. 09bsdgEM™3Y
Joesdo dbmerm oH0IMM0 MdOJJEHO 506 5O, 0l HoMmmowyqbl 3009MH-830B03MMO LoliEgdgdol
9ONMOOMBL, LosE LYbLMEMEO JuigEgdo, BmbsEgdms sbsEr0E03s WS by mabmmo 0b@gwgddo
9600056905  BoDOZMNG  MdOYIBHPPMeb [1, 2]. ImEgdnee  3mbEIJuEGTo  Logbom  Logs®ol
9 ™356MHgmdob MHYy39G0 dmbo@mEmobyo s dobo Jglsdam 30HMBooL Fobolifaro 3Gmabmbocgds

bgds  25059(Y39G0  BIJHMOO  06ROLGHOMIBH OO  Lobogmabam  3o3mol  9x39dGHosbo
o N30Lsm300.

SLBIEHMOYBH™bO, Logbom  Lsxgs®ol  Y39mobg  go3MEgwgdmwo  dsbogms, Fomdmowagbl
OOMwo  3905096md0L  d0EHwIm356(dmdboe)  3mI3mboGL(bgwrmzbydme  dgddbogr  dgse
dobognsl), G@Iol  894obo3Memo  J3930 9339M0@  gblibgs3gds  0WYIWNIMHO YISO b

3bBH03mmo bbgmaol Ji3930Lg9b. SLBsw GO 30L3m9EslBH03YMHO Tolboss oo IBMOTSE0S
©5IM3090M0s 96>  dbmem@  dmddgo  dsd30L  LoEOoYbY,  9MYFJE  IBHZOOMZOL

bobMHI03MmdLS s GHgI3gMeE MDY [3]. LHMEOg gb MZ0LYdss 0dol JobYBo, MHMI SLGsEEHOL
J3930L 50(gMolm30L 3sL03MYMHO OEMY3ISPMOOL MIMEOOS SMBL3TIMOLOS S 30 gdYIo bEgds
69MMa09MH0 J0yMIJO0L 2odmygbgds.
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bGBIEHOL  Logs®ol baMg3zol Lsdo doMomso d9dsboBdo  s®LYdMIL IGIMEZS 03039
35LEGH03YO0 IVIMZS, PIVLOLWMBOMO dDHIMZS O B EHJI3IMEIOMEO 1YMTMWO dBIM3S,
9ONMOO035© AoBLEBOZM396 ABoL LogmEbeol 303w, G®MoEoEowo doymds, MMIGELOE
009561905 3960Mm©M? 30DMsE F9dmfidgdols s gd3oMome 3mg303096(¢JoL, 396 s©g3l 0d
BDMLGHO 30MAbMBYO0L JofmEgdsl, Mool BmomMbM3L MbsdgEMmM3g F330560 06x3GILEGONIGHMEOL
o030l bLobBgdqdo [4]. 50b0dbMEo 3BIMBGTOL YoOLsFMGEs© 1S FOMHMS 308(OYIE0 JoYMI,
OMIgog  99MHm056g0L  BoH03MM-05009053H03MM  IMEILP0MGOIL  M9oErE ©O™MTo  dogde
9mbs39090m5b.

1.1. 33e930lL BoBsbo s 59m3356900

§0b500gdoMg 330930L FoBB0s SLBIWEHOL EIBMOTs300l  BYMEMYPOMHO  IMEOILOMY-
doLm30L  9bseoE03MM0  BsMBML  Jqdvdsggds, MMmIgmog 0b6GJRM0M®©Yds  F330560  Joemsdols
0683M5GHMMIGHMO0L IoT BgblmOmw Jugwmsb s YBOHMBlgwymgl Bamgzol 3OHmabmbyen
365¢0DBL. 330930l JOMOMOEO 5TMFbYd0S:

e SURBIWEHOL  30L3MYELBHOIMMO  J3930L  sdFgHo  BomgdoBozMMo  BmEYEgdol
LoLEBQToGHOBE0S Bodogg Bacmgzol Igdsbobdolimzols;

*  H9MEMA0IMH0 YO0l 063JAMs300 IoT ImbsEgdms 65350gdmsb Mgo® M™mdo;

e (3033600 GYm3ob  (digital twin)  oOJoBgdBHMEol  899mTs3z9ds  LogBom  LoxgsMol
dmbo@mMmobyolmgol;

e 30MmabmBMwo  3H9dbozMemo  BmALIbYIMGIOL  SEAMM0MTgOIOL  BMEOI0MYdS, OMIXYdO3
593069096 9dL3W 5B S300L batIxgOL s BB VbZOILEOIGHMEOL A5 YMDSL.

2. 306H005©0 bsfjogro
2.1. sbgsEGOL MgMEMAOTMO J3935

LB GHOL 30U3MWsLEG03M0 3BYds 30M39Ws® Lol oGS Fgobfagers Van der Poel-
ds (1954) dogH 998999539090 bmImyMsdol bsdmowgdom, GMIGEOE 9395300090 doGEHWdol
LobolBolb  ImEWL  3HJI3GOGHOLD s  IGH30M™M30L  LobJoMglmsb  [3].  F9dyma
S0(jegmegddo  gobg30m0Ms MBO@™  Goeo  dmEgwgdo Maxwell-ob, Kelvin-Voigt-ob o
396BMyogdmo Burgers-ol dmgwrgdo, G@Imgdoi 30U3MmgeslB03e 939358 FoMdmoygbgb
(9LMEHIOOLS S ©YI3BIMJIOL JOPNMIWoMdom [5].

Christensen-obs @ Anderson-ob (1992) 8096 bsdmygseodgdeo 9.f. CA dmgeo ©gdog
§o6m3m50p9bL 9M01-9600 oMM 259mYgbgdo 0bLEGOMAIBEL dodmBol 3md3wgdlwyGo Improl
LObJoMOME-FHYI3YOIGHMIOMEO  ETIMIOEIIMEGdOL  SOLHgMs [6]. Superpave 3GMM0L
RMAgddo  bgMowo ©0b5303MMo dmyobzol Mgmdg@®mol (DSR) gsdm3gdo  bodw)sergdsl
0dwg3s  9Jb3gMH0IBEMOE  2oBOLIBOZMML  ToLoEPols  MHYMEWMAOMOO  35601599BHMJO0  BIOMM
&993965GH O ©0535DMbJo.

2.2. bMyg0L 9949603700l Jmgeogds

©OEH30L  3OMPbMBoMYGOOLMZ0L  o3ME3gEgdos  bodolbmgsbo (power-law)  Godol
Mg gd0, OHMIgerms Lsxzmdzwgdo hsrmgo@gl Monismith-0s o 3megaqdds [7]. AASHTO-U
Mechanistic-Empirical Pavement Design Guide (MEPDG) 094gbgdl 95v99xmdqlgdee 3960LosL, baog
2om35¢0obHobgdMmos  BH9gd3gMsBHImol  as3wgbs  93mE39w™mdol  (creep  compliance)
dobobosmgdargdby [8].
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INOEMO0MNO 3BsM30L (36Mmdowo dmEgwgdo dmoEsgl Asphalt Institute-ol s Shell-ols
BMOIMgIL, HMIId0E 93930009096 VO MdOL LoEMEbEgl ASLLF0d IBMOTSEF0SLME s
LoboLGHOL IMONMID [9]. WYROM MsbsTgEMM™M3g JoEYMIGd0o 93gsMgds MHY39GH0 IB0BYBdOL
d9Jo6035L (continuum damage mechanics, CDM), GMmdgebsg Kim-0s ©s 00bssg@Hm®mgdds (1997)
3093500 MM MY0MMH0 06BHIO3MYGs30s [10].

0930 3bo®m30L Jglfogerol Lyg@mdo godm@mBgmwo fawowo dgo@sbs Hills-ds s Brien-
ds, MmIgms dmEgwo 9xwdbgds 0gol, MM dbsMo Bbgds 35006, GMEs MgMHIMo dsdgzs
50935@gds oboewols LodBzoagl [11]. SHRP 36Hmysdol godawgddo d9dwgdsgs TSRST (Thermal
Stress Restrained Specimen Test) dgom©o, OHMmIgo3g ©®J©Y Lsdsbolem 9Ju3dg@odgbdmewro
36390009655 [12].

2.3. 3330560 0683GLEHGMIGHMOS ©d 30BOHMMO FYy3900

3330560 H900L 3mb3E9BE0s, GMIgEog Lsmsggl 0mgdL Intelligent Transportation Systems (ITS)
9mdM50md06, dmwm smfjergmdo dos0boM©s Pavement 4.0 3oMo0pdsdo [13]. gonémeo
GYm30L (digital twin) G9dbmermyos, 06300930039Ws@ 4580Ygbgd o bs530530M bLBgH ™Mo, drErM
P9080 Homdo@gdom 0bgMHagds LogBom 06RMLEHGWIEGHMOMOL JoOm3zsdos [14]. 30gOWO GYym3o
§969My9bL B30BOIMOO Md0GIBHOL MgoIH-MHMO0 JMbs3999d0m gobsbargds 30MEHWOEME

930356, ®MIgoa BsdsEgdsl 0dwgzs 0ffobslfo®dgByzgerml mdogd@olL J393d WS WoRIRTML
06&9639630900 62930l 259m3w9b659Y.
3. 39MEMEMY0S
3.1. Ggmeoma0®o Bs@BMl Brysoo s6Jodgddmes

3900053599000 9565000303900 BoMBm 30393l Lsd B3mbdaombocy® deMgL: (5) BoboMM-

8500995303760 dmEggdol 96y, OGmIgoa S0fgdl SLBsEOL 30L3MmgEabBH03MNE J3939L; (d)
dmbs3gdms 969, MMIgeros 590056981 IoT byblmEmgdol Bs350gdL 39a39cMoE“MOL, OGZOMMZOLs
5 ©IBMOT>300L FgLobgd; () 250050Y39G0wgdol MY, GMIJoE 3OMABMDBMEO SEyMHOmMTgdOL
Lo3Adz9wbBg  93969M0MOL  M93TgbO30gOL BBz AMALILHYMHGOOL  dglobgd.  Bo®BMU

509403 9dGHwEs dm39990s 3bGo 1-do.

365¢r0H032960 B3GR 3o9bpombsareyto dm9980l bAGIIdeIDs. gbe.1

x30D03Mo H9EMR0vIM0 IGO0 LGB EHOL 3oL3MYEsLEBH0IMOO J3930L
(Burgers, CDM, bs®obbmgsbo s0f96s, baMgzol d9dsbobdgdol
396mbo) B0OISODI(309

9dmboggdons IoT LgbbmMgdo: GH9a3gMsGmeOL, 4956 O30 dmbszgdms dgammggds,
30065300U, ¢gbbm-, §obobfomo ©odmdsgzgds, IMMIMES30
2gdLgEgHMAgEHOOWEo BoWAO309

35005%939H0gdols 35645660 Lffogzergdo, 636930l 3OHMabmbo, Ggdbozmeo
36MabmBmeo dmgwrgdo, 9dLobm9d0L ©9)RT35, 30BGWWO
39¢9md0bgdol LobEgds AYM30L gobobangds
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3.2. smG30L dmEgero
©OMBH3IS ,3WILGH03MNO0 IBMOTSG00L dMOIWOLIOOO0 IROMIIOS dMOMDIEOL  335¢0l
3oLP3M03, IMEYOMEIds BIMAMOG  bYMOGOOMNO  IBHZ0OMZOL  303egdoL 398 dmdoz0
©IBRMOT>300L YMM3900L 3OM(39L0. IZMMIOWO EIBMOTS300B5 S IGHZOMMZ0L 303 dol
5mqg6MdL Mol 3530060 500fgMgds ba®olbmgsbo dmpgwoom:
& =a-N? (1)

BoSG3 & 899000030 (3sbB03c0) IBMOT5305; N — ©5G3060M30L (303¢gdol MomEYbmds; o s
b 3sboesby s 9Ju3MOBOE00L 30MMdYODY ITIM30YdIMEO JB30MHOMWO 3M9B0(309BEGJdO.
390539 BHM0 o S0fgOl 3003900 3o3wol 890y Fo0dmgdboo ©IBM®Is300L LoEoIl s
da6dbmd056M95 (93BG IOS S OGOl boeolbmsb, beagrm b sHslosmMYdL IHMMZgdOL FHgd3L
@5 396YygmdL, 399993603, 0.15-0sb 0.45-8¢g (369w Botgzol sbigseGolomgol [8].

9m(39999000 BMOINE0M90s LTI gdL 03935 MMEYIBMdIM0Z350 FgRsLEIL IRMMTS300L
36MMmgLoMYGOs  Foo0  3Hgd3gmo@MMols s 3dodg  LssgBHMmImdowrm 65350l 30MHMBYdT0.
356539 BHM9o0oL a s b 009bEH0BOE0MGdS bgds LoddMgMds d3M(339IMdOL Qsdm(3Yd0m (triaxial
creep test) 56 GgoM®-EMOMOMO ©IRMOHTo300L  LgbLemMgdoL Imbs3999d0@6  MgaMglomwo
365¢0Bob yboom.

3.3. OME0EMd0mO 3BsMzol Imoguo

IVOMOOMNO dHBoM3s, MMIgog [omdmoddbgds 4sbdgmMmgdomo (335¢gd50  IEHI0MM30L
393 9bom, 965¢r0BEYdS IBMOTs30009 RIbYOMEo ImEgom. byM9350g F03gdOL
50Mg6Mds 259Mm0mM3egds 99990 BMOIMOm:

k k
Np=ky x(142) " x(3) " @
Los3 Ny — @o@owmdomo Logmaberg (303wwgdol Mom@gbmds by™93599); &, 3dbvgodo
©IBMOT5305  SBBIWGHOL B9bol  J39s  Bgsdomby; E  ©M93o0 dmuwo; ki, ki, ki
99b3960896EH Mo  PoblEBO3OMEo dmdoggdo. Asphalt Institute-ol 3o0dMSE00M, GHO3wYO
9608369 mdgds d00hbg3s ko= 3.291 s k3 =~ 0.854 [9].

390 bHsBL M35l Bogs@olb Logmabarol dgMmdbmdgemdsl gBMMT300L LoOEOLS S
LobolBol  Fsbsllosmgdgdol  F0dsMrm.  3M9gBH035d0, & -ob  360d369wMds 060D
36535 x39bmz560  ©EMY39MIOL  Mmgm®ool  (multi-layer elastic theory) @50myggbgdom b6
13990900 9argdgbEgdol dgmmool (FEM) dmgwgdom, Mmdgarms 3995350 dmbs3gdgdo
9000905 Bogs®do Bsdgbgd o GH9bBm-LgblmMmgdosb.

3.4. 0g®IMo dBs®30L dmwgeo

09MIMNwo dHBMZs odmf3gMos 3H9g39cMoEGH Mol 330w gdom 0bE30MYOMEO dsd300,
3obLO3MMMGO0m  BsdMOOL LGSR0 25303900L  3gMom©do.  MgMIMo  dsd3s  F9BOBEYdS
RMOIMWOom:
or = E X a X AT (3)

LodE 07 MYMIMWOo dsd3s; E sLg3sen@ol 6935000 3o dm3gdmeo @9gd3g6s@wymobomaol; o
§6Ox030 09HIMEO F9BIOMOMIIOL 3mgn0i3096G0; AT GH939M0GHWMHOL 33woegds (B399wgd®og,
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T_min o T_set ©534s®900L FH9d3gMH9EHwIMs). dBMOL (o®mdmddbols FobslfstdgEyzgwgds dsdob
b0, OMES MO0 dsd35 509953 gds Toboeol gsdgobsg 3H9a3ges@IMoby dolsFod LodGzosgl
(0_T=S_¢).

30650056 sbgsw@Hol E 8339006050 ©50m30090005  (H93396M0@Msty, BmGInws (3)
399m0yggbgds  0BHIMOE30WI©  (HJI3YMGHIOMo  3MMmzowol  Lbgssbbgs  {ad@owolbmagol.
9odBs30IM0 989Gl 2om35colfobgdobmzol  FMEMTMEs  BMEOROEFOMEIYdS  3oLIM-
93BEG03996M0 Lobom dME 33560l vn3gMH3mBoEoolL 3MOBEO30L Asdmygbgdoom.

3.5. IoT LgblimMgdol 0bEHga™MoE0s

39000535H9000 BsMBm 063 9aM00M©qds 333056 LogBom 06xMLEMIEHGsdo Bsdgbgdwme
LYBLMOME JugE 9D, HMIGEOF 53MM390L MMbO G030l IMbs3gaL: (5) GH9I3gMsGHWIOHIE 3OMIBOWL
1396900L dobg300; (3) 394960396 sB3oMM3zsL (Weigh-In-Motion bobHgdgoo); (3) ©IBMOI>300L
Logbogdl (B0dOM-M3EH0IMNMO s BHIHBM-LYblmM9d0); (©) oMM 3565dgBHMIOL (BHgbosbmds,
Boangdo). dmbo399930L FgMfydol samamMomdo bmMogwgds Edge Computing mbgbg, 6o
59306901 250053900l 3056935 s 3M0GH03MEo Fm3w9bgdol AsdMm3Egbol M.

dmEgols 306589GHM9d0 (o, b, ki, kp, k3, E) 04000350 35cr0d606©9gds Bayesian-ols
LGOGHOLEB03MM0 JoEYMIOm, M3 LOTMSGOSL 0dEg3s JMMO S 02039 BMMTIMEOL 9539JG0bs©
dobo@oggds bb3oalbgs Logbom 8mbs3zgmol Wm3sw M 30MMdYOMB. s0bodbmewo Jabol o.§.
»GEbO0 8MmEaEol" 306(398E0dL, HMIYE0E OHM™MS Pobdsgzermdsdo M350 LOHYIEYMGBL Mogz0lL
LoBMLEGIL.

4. 390092900 5 36bongs

4.1. 36mabmbymo LobylEol Ggxusligds
3900053519000 3006000 BsO®BML 9839d3H056MdOL ©aLsYgbow Bodo®Mm®s 996190000
3B5e0Bo BHMeoE0e 9d306H0w 3mEIgdmsb 30356009300. 3BOHOEO 2 5X5390L MYMMOYWSE
dmbowmEbgw 9539d3H9dL byMg30L Lodogg 89doboBdol 3MMbmBdo IoT-00 sdE0gcMgdMEo

90Ma09MH0 Bs®BRML godmyqbgdols dgdmbggzsdo.

BaMg30L 99ds60BIGdOL BmMmEgEocgdols dsbalinsmgdargdols 3gsgds. 3b®.2
MB35 39039609GH s, gMIMEo | bsGolbmgsbo 3396903mMob
©533060mM39, (303WgdoL (Power-law): &, a * N b 39939M0¢ ol s WIM
50 0bMds 9bs399900L bsdgo-
©OHMomo Joffmgds
QIOMOEMINMN0 2515 F080 EIBMEV>(300, Asphalt Institute / Shell- | god6Hm-m3&H03m00
3bszs 693500 IMEO ol gmEOIMgdo LgbLMMgd0 B9boL
Bb39mv)
029637 AT, og®dyeo or = E X a X AT 399395EHMGM@O
dBoMzo 39BXOMMYBOL 31958, S_t  (0¢gMSG00) bmbogdo, 3030
O2@Rgdob >HIYo
2409m3gbs
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4.2. 3086900 Ggm30L BsGBML M306M5@Glmdgdo

B0BOIMMO FMEI0MJOOL  2ogM0sbgdsd IMbs(39993Dg MMH0YbEHOMGOME F0YMIYP6
3603369cm3560 M306M53HguMdGO0 IMOEGE9bs BHMOOE0YIE dgmMEIdMsb FgsMYd0m. ,,EOROMEO
AYm30L“ q9Mmgdm, OGMIgwog 9Bwydbgds F9Mmmoz5HgOIME  MYMEMROe BIOBRML, bdwoEgdsl
00dgn93s:

* 950 OMI0 30H950DEIL BoBsMOL FEAMIMYMdS BGE0 BogBom Jugurols AslidEsdom,

653 M39605GHMOIOL 5393l IYm369d9w H3 ML 3M0EGH03MW 0bRMOTo305BY;
*  25B6bMO3090EIL  ,,M5-00"  b39bsMIGBOL  SBsoBo  Togooms©, F9BIBEIL, ) OMAME

00mgd90g0L 39339M5E1IMHOL Imembgero oEgds 330G Imbs3z9mbY;
® 2900530009 M55G0 $9d60396M0 FmBLobYIMHYd0IB 3OMYbMbBMWwDY (predictive mainten-
ance), 53, 00&.fyoMmMl Jobgz0m, Lsdsewm 20-30%-00m 5330MHJOL gJudeYsGSE0L batyxl [13];

* 29X MdILEIL dMbs37090Dg IRMABYOMEO FosfY39G0gdgdOL Jowgds LsobzgbBoaom
3600MO0GHYBHJOOL gobLIBOZMOLLL.

4.3. 39503900

90bgs35©0 8990359930 oML M306MsGHILMdIOOLS, 930 gdgos  dobo
99D0©03900L 50056M9055. 30039 Moydo, IoT Lgblm®mgdol LobdoMmEo 2obmsgligds dmombmgls
9609369cm356  Lofiyob  0b39L8EH0E0sL, o3  goblogzmmMmgdom  IOMMIWGING0S  23b30m0MgdSO
Josdgdobmgol. dgmedg Imbsggdms bodobbo s 39Gogero (missing) 36033z69mdgd0 dg0dengds
933900605 00mgddgomb  35¢0dMs300L boMolbbg. dglsdg BmEOIMwgdo (1)-(3) FoMdmoygbgb
3995630390 Hom3Mm©ygbgdL s 56 M35 oLobYd96 HmYIE 139bmAghgdls, HmymMoiss Lobgl@ol
(3390905000 4539bs (moisture damage) 56 BoLO-53M9a5EHOL 5©3gBowMGO byMg3zs.

5. ©ss336s

065090569 33093590 [omBmEygbomo 0dbs SLGBIWEHOL IRMMT>300L  MYMEIMQO0VIMHO
99069008 3006000 Bs@BM, HMIgEOoE 959OHM0s6gAL 303G B0DBOIME-Bomgdod03 M

9m9gdL [oT-Bg ©s8dbgdme MH95eMH-MHMom dMmbszgdms 6535009dmab F330560 Joawsdol
068365LEMJGHM580. 99Mm535H90w0 BoMTd 303538 3OHMBOOL bvd doMoms I9dobobal:
©OMA39L, EIVWOEMIOM dHBIMZOBO S MYMHTM dDBM35L O MBOWD39WYMBL oo GO0,
0568080930 IMOYOMHGISL.

B0BOIMMO  IMEYEgool  0bGHIRMo30s  Bmbs3gdby  MmM0gbEGH0MGdM  BoAMIYI6
96038369cm3b6500 BOHOL 06RMLEHMIEGHMOHOL J3930L 3OMABMBOL LOBMLEHIL s Jdbol d3H303g
153d39L 30BOMWO GYM30L F9MYIML 29630005M930LMZ0L YYMBBMEO Bogbom Jugwobmgob.
39000929035 (3boygm, M MHIJMWMYOMOO FMEI0MYds FBMEME 535090 0BLEGHOMIIBEL 6
Pom0mopabl, ol MgommMo Bgdmddggdol dJmby GH9dbmemaoss, MHmAgwoi bgwl mHgmdl
Loggo®mol  LogmEbol  303e0l  4obsby®MmAw0ggdsl,  3H9dbozmMo  IMALobEM9dOL  botrxgdol
3993060905L o, LEOMWMM %5380, F330560 Jorsdol 93mbOLEBHGIOL LOTBHIOEOL SToMEGdSL.

905350 330939008  d0FsMMgdo©  F9odegds  gobgobowmor: (5) ©®ds  Lfogwgdol
9m©9Egdol  063H9M930s MYMEMmaon® BsMBRMdo, ds0 TmOOL, B0D03IBY 0bxzmGIoGmgdMwo
bgoOmbmmo  Jugargdo  (PINNs);  (3)  139690dmGolbo  doymds, MMIJEOoE  GOW-39¢39)
390m35oLobgdl 339000L ggbol, 8905353806093 go ggboly s Fmdol ggbol J3939L; (3) I30MY
009x 930560 LgblmOHMEo Juggdol gngdBsbo sOJo@gdEeol 89999953905 256300569350
Jowsdgdobomgol.
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RHEOLOGICAL MODELING AND PREDICTIVE ANALYSIS OF
ASPHALT DEFORMATION IN SMART CITY INFRASTRUCTURE

Mantskava Maka, Chokhonelidze Shalva
Ivane Beritashvili Center Of Experimental Biomedicine
maia.mantskava@eu.edu.ge, tchokhonelidze.shalva@atsu.edu.ge
Summary

This paper presents a rheology-based analytical framework for predicting three primary asphalt
degradation mechanisms: rutting, fatigue cracking, and thermal cracking. The proposed framework
integrates physico-mathematical models with 10T sensor data, laying the groundwork for a predictive
maintenance strategy and the formation of a digital twin environment for urban road networks. The
results demonstrate that rheological modeling significantly enhances the accuracy of infrastructure
behavior prediction and establishes a foundation for the management of intelligent transportation
systems.

(Received 5.06.2026)

PEOJIOTMYECKOE MOJIEJIMPOBAHUE U MTPOTHOCTUYECKUM
AHAJIN3 JE®OPMAIIAU ACPAJIBTA B UHOPACTPYKTYPE YMHOT'O
TOPOJIA

Mannkasa M., Yoxoremmaze 111.
LlenTp sKcriepuMeHTanpHOM OMoMeTuIHbI UM. MBana bepurtamBuim
maia.mantskava@eu.edu.ge, tchokhonelidze.shalva@atsu.edu.ge

Pe3rome

IpencraBieHa aHANIUTHYECKAss CUCTEMA HA OCHOBE PEOJIOTUH IS IPOTHO3UPOBAHHS TPEX OCHOBHBIX
MEXaHM3MOB pa3pyineHus achanbTa: KoyneeoOpasoBanus (rutting), yCTajJOCTHOIO TPEIIMHOOOPAa30BaHUs
(fatigue cracking) u Tepmuueckoro TtpemuHooOpa3oBanus (thermal cracking). [IpenmosxeHnas cucrema
00beIUHSCT (PUIUKO-MATEMATHICCKAE MOJCTH ¢ JaHHBIMH [0T-7aTYMKOB, YTO 3aKNaJbIBAET OCHOBY JUISI
CTpaTEruy MPEAUKTUBHOTO TEXHUYECKOTO 00CTYKUBAHUS U POPMHUPOBAHUS Cpebl IU(POBOTo ABOMHUKA JIJIS
TOPOJICKOM JIOPOKHOH ceTH. Pe3yibTaThl MOKa3bIBAIOT, YTO PEOJIOTUYECKOE MOJCIHPOBAHHUE CYIIECTBEHHO
MOBBIIIAET TOYHOCTh IPOrHO3UPOBAHUS MOBEACHUS MHOPACTPYKTYpPbl M co3maéT 0asy s yIpaBJICHUS
HMHTEJUIEKTYaTbHBIMU TPAHCIIOPTHBIMU CHCTEMAaMHU.

(Ilocrymzra 5.06.2026)
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OBJIAYHAA APXUTEKTYPA I'OJIOCOBOI'O AI-ACCUCTEHTA JJIA
ABTOMATU3AIINA YHUBEPCUTETCKHUX ITPOILIECCOB

I'pumna Muxona, Tonypusa Huno
I'pysunckuit Texuuueckuil Y HuBepcurer

grishin.mikola22@gtu.ge, nino.topuria@gtu.ge

Pesome

Ilpennaraercsa rubpupHas apXUTEKTypa TOJIOCOBOTO MHTEJIEKTYaIbHOTO aCCHCTEHTA I
00pa3oBaTeIbHBIX yUYpeXKIeHUl, 00be AMHAIONAS TEXHOJIOTUH aBTOMAaTUIeCKOTO PACIIO3HABAHUSA
peun (Speech-to-Text), 6ompurne sa3pikoBeie Mogenu (Large Language Models), 6eccepsepusie
obyjlayHble BBIYMCIEHWS U  pOOOTH3MpOBaHHYyIO aBroMmarmsamuio mpomeccoB (RPA).
Paspa6otaunsrii mporotun ,GTU Assistant® peanusyeT HOJIHBIM IIUKJI 0OpaGOTKH T'OJIOCOBOTO
3arpoca: IpeoOpasoBaHME pe4YHr B TeKCT, aHAJIH3 HaMepeHH: II0JIb30BaTessd, BBEIOOp MEXIy
MHTeJIJIEKTYaJIbHBIM JWaJIOTOBBIM OTBETOM M BBINTOJIHEHHEM aZMHHUCTPATUBHOM Ollepaulud, a
TaK)XKe IIpeJlOCTaB/IIeHHe pe3yJbTaTa IOJIb30BaTeNII0. APXUTEKTypa peaTH30BaHA C MCIIOIB30-
BanueM OpenAl gpt-4o-transcribe nns pacnosHaBaHusa peuw, gpt-4o-mini mas o6GpaboTku
ecTeCcTBeHHOTO sA3bIKa, Azure Functions kak cepsepless-kommonenTa u Power Automate Desktop
IJis MHTeTpalluy C JIOKAJIBHBIMM aZMHHHCTPATUBHBIMM IIPOLeCCAaMHU. OKCIepUMeHTaIbHasd
OlleHKa II0Ka3ajia TOYHOCTh pacrosHaBaHuA KoMaHz, 97-100% B yc1oBuAX HU3KOTO YPOBHSA ITyMa
n 88-93% mnpu ymepeHHOM OGUCHOM LIyMe, IIPH CpeJHEM BpeMeHU OTBeTa 3—4 CeKyHBI
[TpemyioxeHHBIH IOAXOM [EeMOHCTPUPYET BO3MOXKHOCTb HMHTErpalluu CcoBpeMeHHBIX Al-
TEXHOJIOTHMH C CyIecTByIOmled WH(QPACTPpyKTypoil oOpa3oBaTeIbHBIX YyYpeXxAeHHil 0Oe3
HeOOXOAMMOCTH IIOTHOU IU(PPOBOH IePeCTPORKHU aIMUHUCTPATUBHBIX IIPOILECCOB.

KimioueBbie cimoBa: VIcKycCTBeHHBIN MHTEJUIEKT, OOJIBLINE A3BIKOBBIE MOJENIH, TOJIOCOBOI
IIOMOIIHUK, pacrosHaBaHue peuu, Azure Functions, poOGOTH3HMpOBaHHAsA aBTOMATH3ALUA
IIPOIIeCCOB, BEICIIee 0Opa3oBaHUe, IHPPOBasA TpaHCHOPMAITHA.

1. Beegenue

CoBpeMeHHbBIEe YHUBEPCHUTETHI €XeJHEBHO 00pabaThIBAlOT 3HAYUTENBHOE KOJIUYECTBO
MH(POPMAIITMOHHBIX 3aIIPOCOB CTYIE€HTOB, CBA3AHHBIX C PACIIHCAaHUEM, yIeOHBIMU IIPOTpaMMaMHU,
IIpernofaBaTe/IIMI Y aJAMUHUCTPAaTHBHBIMH JOKYMEHTaMH. [pafUIVOHHBIE BeO-IIOPTaJIbI
TpeOyIOT OT II0JIb30BaTeell BHINOJHEHNUS HECKOJIBKUX IIOC/IeOBaTeIbHBIX [EeHCTBUM, a
CyILleCTByIOIIHie YaT-O0TBI YacTO OTpaHWYEeHBI 3apaHee OIpeNeIEHHBIMH CIeHApUIMHU
B3aMMOJIeHCTBUA.

B mocaenume rompr u;H(prBaﬂ Tpchq)OpMaHHH BBICIIIUX yqe6HLIX 3aBeJleHUM IIpUBejIa K
IINPOKOMY BHEJPEHUIO DJeKTPOHHBIX OOpa3soBaTeNbHBIX ILIaTGOpM, CHUCTEM YIIPaBIE€HUA

o6yqu1/IeM u I/IH(i)OPMa]_H/IOHHBIX IIOPTaJIOB. O,ﬂ;HaKO 3HAYUTEJIbHAA YadCTb BBHHMOﬂeﬁCTBHH
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CTYyZEHTOB C YHHBEPCUTETCKUMHU CEPBUCAMU IIO-IIPEXXHEMy TpeOyeT PYYHOro IIOMCKa
nH(pOpMa MK MWIKN 0OpaleHNs K aIMUHUCTPATUBHOMY II€PCOHAITY.

Hanpuwmep, mosyuyeHue pacmuCaHUs, IMOMCK KOHTAaKTHBIX IAHHBIX IIpeNOfaBaTesd WM
dopMupoBaHUe CTAaHZAPTHOM CIIPaBKK OOBIYHO TpeOyeT HECKOJIBKHUX [JEHCTBHH CO CTOPOHBI
II0JIb30BATEA: IIepPexXofa II0 CTPAaHMIIAM BeG-IIOpTasia, IOMCKA COOTBETCTBYIONIETO pasfena U
3arpy3KH HEOOXOJUMOIO JOKyMeHTa. IIpu GOJBIIOM KOJIHYeCTBe CTYJE€HTOB TaKHe OIlepaluy
CO3ZAIOT JOTIOJHUTEIBHYIO HarPy3Ky Ha aJMUHUCTPATUBHbIE ITO/pa3eIeHUS.

CoBpeMeHHBIE TEXHOJOTMM MCKYCCTBEHHOTO WHTEJUIEKTa OTKPBIBAIOT BO3MOXXHOCTH
Iepexojia OT TPAAUIMOHHBIX UHTep(helCOB B3aUMOZEHCTBHUA K TOJIOCOBBIM HHTEJIEKTYaIbHBIM
cucremaM. Pa3Butne Mozeseil aBTOMaTH4eCKOTO PACIIO3HABAHUA PeYM M OOJBUIMX SI3BIKOBBIX
Mojieslell IIO3BOJIET CO3/laBaTh CHUCTEMBI, CIOCOOHBIE IIOHMMATh €CTEeCTBEHHBIH fA3BIK 0e3
HeOOXOAMMOCTH IIpeBAPUTETHHOIO ONTMCAaHUS BCEX BO3MOXKHBIX CII€HAPHEB.

OzHako cyuiecTByIOU[Ve peIleHWs HMMeIOT OIPaHWYeHMI. YHHUBEPCAJIbHBIE T'OJIOCOBBIE
accucteHts! (Siri, Alexa, Google Assistant) opueHTHpPOBaHbI IIPEUMYIIECTBEHHO Ha MacCOBbIE
II0JIb30BAaTEIbCKUE CLEHApUKM U He O00eCIedyuBalOT TITyOOKYI0 HHTEIPaIjyio C JIOKAJIbHBIMU
aMUHUCTPAaTUBHBIMU IIPOIlECCAaMU. [paguIIMOHHBIE OOpa3oBaTeJIbHBIE YaT-OOTHI OOBIYHO
HCIOJMB3YIOT (UKCHUPOBAaHHBIE HAOOPHI WHTEHTOB U TPeOyIOT PYyYHOH HACTPOHKH IIPHU
I06aBIeHUH HOBBIX PYHKITHH.

Ilenpio JAaHHOTO HCCIENOBAHUA fABIAETCS PpaspabOTKa M SKCIEPUMEHTaJIbHAsd OLeHKA
THOpPUIHOM apXUTEKTyphl TroysocoBoro Al-accucTeHTa a1 0Opa3sOBaTENBHOTO YUPEXIEHUS,
00BeIUHAIONEl BO3MOXKHOCTH OOJBIIMX S3BIKOBBIX Mozenedi u RPA-texmomoruit mis

aBTOMATHU3aIlMK KaK MHPOPMAIIMOHHBIX, TaK ¥ aJMHHUCTPATUBHBIX IIPOLIECCOB.
2. IIpepnaraemas rubpusnas AI-RPA apxurekTypa

OcHoBHasi uzes IpezyaraeMoro IOAXOZA 3aKII0YaeTCs B Pasfie/IeHUH II0JIb30BAaTEIbCKUX
3aIIpOCOB Ha /IBA OCHOBHBIX KJIaCCa:

o HWudopmanuoHHBIE 3aIpOCHI, IeTbI0 KOTOPHIX ABJIAETCA IIOMyYeHHe OTBeTa Ha
€CTeCTBeHHOM f3BIKe;

e AIMWHWCTpaTHBHBIE OI€paliH, TpeOyiouiyie BHIIIOJHEHWS KOHKPETHOTO HAeiCTBUS B
cyliecTByouel nHGOPMAIMOHHON HHMPACTPYKType YHUBEPCHUTETA.

B oramume OT TpasuIIMOHHBIX OOpa30BaTeNbHBIX 4YaT-O00TOB, OCHOBAaHHBIX Ha 3apaHee
OIIpe/leIEHHBIX CIIeHApUAX B3aMMOJENCTBHA, IIpejlaraeMas apXUTeKTypa HCIIOIb3yeT OOJIbIIre
A3BIKOBBIE MOJEIH IJI 00pPabOTKU IIPOU3BOJIBHBIX BOIIPOCOB IOsIb30BaTend U RPA-mexaHM3MbI
AJIA BBITIOTHEHHNA KOHTPOJINPYEMBIX dIMUHHNUCTPATHBHBIX IIPOILECCOB.

Paspa6orannusrii mpororun moxyumn HazBanume GTU Assistant u mpepsHasHayeH s
aBTOMATHU3al[MM B3aUMOJIEHICTBUA CTYJleHTOB C CepBHCAMM ['py3MHCKOTO TEeXHHYeCKOTO
yHUBEpPCUTETA.

APXI/ITeKTypa CHUCTE€MBI COCTOUT M3 TPéX JIOTUYEeCKHX YPOBHefIZ
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1. YpoBeHs monb3oBaTeIbcKoOro B3auMmogeiicreus (Presentation Layer) — Be6G-unTepdeiic Ha
6ase Streamlit ¢ TOAIEPIKKOI TOIOCOBOTO BBOAA;

2. YposeHs uHTe/neKTyanbHOi o6paGorku (Al Processing Layer) — oGiaunas o6paborka
pedu U eCcTeCTBeHHOTO A3bIKa Cc ucnoiab3oBanreM OpenAl API u Azure Functions;

3. YpoBeHb apTOMaTH3anmuu mporeccoB (Automation Layer) —  BeInmonTHeHHe
aIMUHUCTPAaTUBHBIX onepanuii uepe3 Power Automate Desktop.

OO6mas cTpyKTypa IpeAaraeMoil apXUTeKTyphI IIpe/icTaBIeHa Ha pUCYHKe 1.

Streamlit

OpenAl API

Power Automate Desktop

v

Dannosan cucrema

Puc. 1. Cxema apxurexrypst GTU Assistant

» Mogyns 06paGoTKH rOI0COBBIX 3aIIPOCOB M IIOHMMAaHUA €CTECTBEHHOTO A3bIKA

IlepBeIM STamoM B3aMMOJEHCTBHA IIOIB30BAaTeNIA C CHCTeMOH fABJIeTcs IpeoOpasoBaHUe
TOJIOCOBOTO CHMTHajJa B TeKCTOBYyI0 ¢opmy. [lnia peanusamuu rosxocoBoro uHTepdeiica
UCIIOJIBb3yeTcsA BeO-mpuiaoxkeHue Streamlit coBMecTHO ¢ 6ubnmoTekoit streamlit-audiorecorder,
KOTOopas obOecIledynBaeT 3alKCh ayJHMO HEIIOCPeICTBeHHO depe3 Gpaysep moibsoBarend. [locie
3aBepIIeHMs 3allUCH ayAHOIOTOK COXpaHAeTCI BO BpeMeHHBIH WAV-daiin u mepemaércs B
CepBUC PAaCIO3HAaBaHHA pedyd. B KadecTBe MOZeNM AaBTOMATHYECKOTO PAaCIIO3HABAaHUA
ucnonssdyercs OpenAl gpt-4o-transcribe, mpeoOpasyioimas T0JOCOBOM CHTHAlT B TEKCTOBBII

3aIIpoC.

ITporecc 06paboTKu IpesCTaBIeH CleLyIOUUM 00pa3oM:

Audio - Speech Recognition — Text
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B mpepsmaraemoif apxuTeKType MCIIONb3yeTCA MABYXYpPOBHEBBIM MeXaHM3M ITOHMMaHUA
sanpoca. Ha mepBoM ypoBHe cucTema BBINOJTHAET aHAIU3 M3BECTHBIX ATMUHUCTPATHUBHBIX
ClleHapHeB:

e IIOJyYeHUe PACIUCAHUA yueOHON TPYIIIIHI;
e IIOMCK ITpeIlofiaBaTe’is;

e TIOUCK (aKyJIbTeTa;

e (dopMUpOBaHUe CIIPABKU.

Ecyn 3ammpoc cOOTBETCTBYeT OJJHOMY M3 STHUX CIleHapleB, BBIIIOTHAETCA COOTBETCTBYIOM MM
RPA-mpornecc. Eciu 3anpoc He OTHOCHUTCS K 3apaHee OIIpe/ie/IEHHBIM OllepalliaM, OH IepefaéTcs
B A3BIKOBYIO MOZIesIb gpt-40-mini ay1a GopMHUpPOBaHUSA OTBETA.

Taxum oOpasoM, peanusyercsa ruOpuUgHAA CTpaTerus 06pabOTKY:

RPA, ecam TpedyeTcsl BHINOJTHEHHE ONlEPALIUH

Request = { LLM, ecau Tpedyercsi uHGOPMALMOHHBIH 0TBET

» T'omocoBoii BBOA, M pacIO3HaBaHUE Peyuy

T'onocoBoit BBOZ, peann3oBaH ¢ IoMoinbio Oubnnorexku streamlit-audiorecorder[8]. Kommonent
aKTHUBUpPyeT MUKPO(OH Opaysepa IIpu Ha)KaTHMH KHONKH «['OBOpPUTB» M 3amMCHIBAE€T ayAHOIOTOK. Ilo
3aBepLIeHUHU 3aIHCH ayguo dKcroprupyercs B WAV-dopmar gepes meron, .export() ¥ coxpaHsIeTcs BO
BpeMeHHBIH daiin (Moxys tempfile).

Bpemennsiit WAV-gaitn nepenaércsa B OpenAl Transcriptions API:
transcript = client.audio.transcriptions.create(
model='gpt-4o-transcribe’,
file=audio_file
)

text = transcript.text.lower()

PesysbraT TpaHCKpHOaUMK IPUBOSUTCA K HIDKHEMY PETHCTPY U IlepefaéTcsa B aITOPUTM aHAIN3a

KOMaHBI.

» Wurerpamus c OpenAl gepe3 Azure Functions
s mpousBoibHBIX BompocoB B Streamlit Bsimonusaercs POST-3anpoc (6ubmnoreka requests?)) x
Azure Function:
response = requests.post(
'https://diplomaprojectmykola.azurewebsites.net/api/ai’,
json={"text': text}
)
if response.status_code == 200:

st.write(response.text)

n,on

Azure Function npunumaer JSON-teso {"text": "..."}, mepenaér Texct B gpt-40-mini yepe3 OpenAl

Chat Completions API u Bo3Bpaiaer creHepupoBaHHbIi 0TBeT Kak cTpoKy. Kitou OpenAl API xpanurcs
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B IepeMeHHBIX OKPY)XeHHUs Azure, He TIonazas B KineHTCKui kox. Pyukuus sagertoena ¢ Authorization

Level Anonymous, 4To ympouiaer BbI30B u3 Streamlit.

i Georgian Technical University

M O yHuBepcutere

Unmserity — Teaiused Kmek pHARSpCH T

AgoiaTentypa Enanec

Tosopurs

Tranvsil AQWHIACTDITHENMRA KOPYC »IR0ANTCR 0 FOpaRE TIATHCN, 10 yivese Nepofa HocTana 77

Puc. 2. T'maBHas crpamura: orBet Azure Functions Ha mpou3BOIbHBIH

BOIIPOC 00 YHUBEpCHUTETE

3. 3axiIo9enue

B paboTe mpepnoxeHa M peanusoBaHAa THOpPHAHAA apXUTEKTypa TOJOCOBOTO HMHTeJLIEK-
TYaJIBHOTO aCCHCTEHTa /I BBICIIETO Y4eOHOrO 3aBeJeHUdA, OOBeNUHAIOMAA TEeXHOJIOTUU
PacIO3HABAHUA Pevy, OOTBIINX A3BIKOBBIX MOJieeli, 00IaYHbIX OeccepBepHBIX BBIUUCIEHHUH U
POOOTU3MPOBAaHHOM aBTOMATH3ALIMHM IIPOLeCCOB. B oTiamyme OT TpafMIIMOHHBIX 4aT-60TOB,
OCHOBAaHHBIX Ha (GUKCUPOBAHHBIX CIIEHAPHUAX, IIPeJIOKeHHasA CucTeMa obecriedrBaeT 06pabOTKy
IIPOM3BOJIBHBIX 3aIIPOCOB IT0JIB30BaTeeil M BBHIIIOJHEHNEe aJ/IMUHUCTPATHUBHBIX OIlepaluil yepes
uHTerpanuio Al-KOMIIOHEHTOB ¢ JIOKaJIbHBIMU ITPHIOKEHUAMH.

OKCIlepUMeHTaJ bHasd OIleHKa II0Ka3aJa BBICOKYIO TOYHOCTH PACIIO3HABAHMA KOMAHJ U
IIpreMJIeMOe BpeMs OTKJIMKA I IIPaKTHMYeCKOTO HCIOIB30BAHHA B 00pa3oBaTebHOM cpepe.
Ilony4yeHHBIe pe3yJbTaThl IOJTBEPXKIAIOT BO3MOXKHOCTh IpuMeHeHusa rubpuznsix AI-RPA
apxuTeKTyp Auad IudpoBoil TpaHcHOpMAIU YHHUBEPCUTETCKUX CEPBUCOB 0e3 IOJHOM 3aMeHBI

cylecTByoueil HGOpMalMOHHON HHMPACTPYKTYPHI.
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(Hocrymumra 11.06.2026)

A CLOUD-BASED VOICE AI ASSISTANT ARCHITECTURE
FOR UNIVERSITY PROCESS AUTOMATION

Grishin Mikola, Topuria Nino
Georgian Technical University
grishin.mikola22@gtu.ge, nino.topuria@gtu.ge
Summary

This paper presents a hybrid architecture of a voice-based intelligent assistant for
educational institutions, integrating Speech-to-Text technologies, Large Language Models
(LLMs), serverless cloud computing, and Robotic Process Automation (RPA). The developed GTU
Assistant prototype enables end-to-end voice query processing, including speech recognition,

user intent analysis, intelligent response generation, and execution of administrative tasks. The
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architecture uses OpenAl gpt-4o-transcribe for speech recognition, gpt-4o-mini for natural
language processing, Azure Functions for serverless computing, and Power Automate Desktop
for integration with existing university processes. Experimental evaluation demonstrated
command recognition accuracy of 97-100% in low-noise environments and 88-93% in moderate
office noise, with an average response time of 3—4 seconds. The proposed approach demonstrates
how modern AI technologies can enhance university digital services while integrating with

existing administrative infrastructure without complete system replacement.
(Received 11.06.2026)

16039MLOGHIGOL 3Mm3gLYdOL 53EHMToEHO0BsEGOOLIMZ0L bdmzsbo
53035300 bgemzbm®o 0b@gangddol sbolEgb@ol mermdgmby
©333995xd0 36GJodIIOTO
d03ms gM0dobo, 6obm mmgm©os

LogoMmM39wmb G9gdbozmemo Mboggdbo@gdo

grishin.mikola22@gtu.ge, nino.topuria@gtu.ge

®9bomdy

fom0m©agboos  Logsbdsbsmergdem  sfgligdergdgdolsmzol  ob3mmzbowo  bBImgzsbo
06@¢ggdBHonmo  sbobGgbEol  30dMowo  OJoBgdBHes,  OMIgwoi 990056 dL
393Y39@gdol  93GHMTGHMO  59mEbmdsl  (Speech-to-Text), o 9gbmdMo3 dmgegdl (LLM),
LYO39OM  AYFMMZWIOL S 3OMEILYdOL  OMBMEBHODIIM  53EMTsBH0BsGosl  (RPA).
090999353900 GTU Assistant 9)b6mb3gwgmaly bdmgsbo dmmbmgbols LMmer ©sdmdsggdol goganl:
393Y39990L GH9gJuGHo© 390sddbsl, dmabAsMGIOL gobBMHIBIOL BB, 0bEHgmgd@ oGO
3obbols  g9bgM0Mmgdsl 96 5E0boLEBHMIEOMEO  M3YMO300L  FGuMEOSL.  SOJoBdBHYIOS
09500bgdos OpenAl gpt-4o-transcribe, gpt-40-mini, Azure Functions o5 Power Automate Desktop
A996m@my0900L  godmygbgdom. gJu3dgM0dgbEeds Fgioligdsd sB39bs bdm3zsbo  dMdsbgdgdOL
59m3bmdoL owowo LobMLEg: 97-100% dswo bdomEol 30MMdgddo s 88-93% DbmdogHo
Lomgoly bdom®ol 990mbggzsdo, bmerm Bsdowm  ©9o06M9d0l MM Jdgoagbos 3—4 §5U.
39000535H900 doymds sB39690L 09bsdgMmag bgwmzbm@o 0b@gwgddol G9dbmarmyogdols
0639265300l GgLodargdMdsl  MBoggMLoEIBHOL  SOLYdIM 30RO 0bFMILEMWYIEHWEsdo
OO0 Lol Mo Bsbo3gwgdol LsFoMmmgdol gocmqdy.

(UAsHos doeg8eyemos 11.06.2026)
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GOBOOo 39MOLMbIIMO PEOMMOL 390 53035300l
093939960 Python/Django &gdbmenmgools gsdmyggbgdom

065 5dm5dg, 99050 3339653300
LogdoMm39wmb ¢9gdbozmemo mboggMbo@gdo

i_abuladze@gtu.ge, merab.mokverashvili@gmail.com
M9bomdy
9900539000005 30860 30MS©O  ©P0©o  (,DearDiary®), ®mdwol  Lsdswgdom
d9L5dEgdgos  FgaMdMYOMID  MEMOGHDMBS g9 HOMbMWo  83w035300m,  BMYME3
3003099390, 515939 LISOEHBMOOL Bodrsgd0m. Tglsdsdols MMMOYMNMBS 046905 MLIROMbM,
dmdbogo, 3mIxmOEGMEo s dolbo 59mygbgds dglsdwgdgeos 65300L30gM EMmMUS S SPHOWSL.
0bog  IM535¢Losm0sb0  IMABINMMBOLLL. 390 S3E03e300  539d9eos  Python/Django
A996m@myo0l 259mygbgdom. dobo bsdmswgdom Python model class-ob dsBsbg msgolbom 0gdbgds
39690 @5 9©I0boLBHMIGHMOL JoMGH0350 F9dwos EPOOOL IMbs3gdgdol dodmgs: Fgddbs,
Pogombgs, aobobergds s fodes. Django-l ORM (Object-Relational Mapping) Models bsdwoggdol
5993l 390-009390m396OL dmbs3gdms 35BLMb MMMOgMmMdEIL Python-ol mdogd@gdol gbsby.
Model 3¢05b00 dmbs393900 53EHMToGH WM 0MaMATEYdS dBOL FbMOWsE FodMo309d0L LoLEIIOL
399mygbgd0m, M3 3608369cm3b5 5930690 3mEOL DMl S (3TN GIOL SEOBSMMBS.
1533560  LoEY39d0: 3MMYMITMWO  93¢P0330S.  I3MMAMTgd0L Python gbs. 390-00939-
wm3dgb@o. Django ORM. 396Lmbscrvydo mow®o.

1. 8glssgsemo

d9Lsgoedo dodmboyeos ol Ggdbmermyogdo, MMIWgdos godmygbadmeros ,,DearDiary*
53¢035300L 99349353900L5L. LoLEGIIOL BMBETIBEO 9i3mdbgds TgEd WMMYMTgdOL gbs Python-Us
@5 ol LbsdMdom BsOBRML/390-3Mgodzm®m3L Django, Gmdgarog GBoMmmE 393039900, J9MAS©
©™31996@ 06900 ©s F505¢03350xB030IM0 BSOS FINOWO 2505)9439G 5 390-53C035309d0L
d9L59abgesco.

53¢035300L 899853900L 3Mm3gLbdo gsdmygbgdwo @gdbmarmaogdo: Python, Django, SQL.ite,
HTML, CSS, JavaScript, CKEditor, PDF-gdudm®@&o, WeasyPrint, xhtml2pdf, QR-3mo. gobzoboemo
00000920 oMbl B0TBMEgds 5MEbOL 49HY39EH 0L bLb3oalibgs 9¢o3%y.

Python  §o63ms@agbl  domso  ©mbol, 0b@gM3My@ocMgds©, ®d09JE-MMm0gbE0MmgdME
36OHMaM5d06Mm900L 9bsls, HMIgoE 499Mm0MB935 33580M s [oz3ombzso LobEsjlom. gbol ghm-gHmo
B0®bMR0O0 300630300 ,32000 0fgMHYdS JOPbYW, 03000bgds 393X IO, MOE FIolbIMdL, Hrmd
36MM530LGH0 0356 YMMo®Idsl »mdMdL 3oL golivggdmdsl. Python-ol LEsbwos®Emero
30dE0MMY35 3E0IM0S S IMO(3I3L IMEMEIOL Bo0EGdMD FMTomdol, Jugarol, d509do@03ol,
36033Ma6M53300U, 390L9MH30L900L, dmbs39dms B>BYOMB 353d0Mols s Bb3s BodsemmeEgdolm3zol
(1,2, 3].

,DearDiary“-ol  goMagddo Python g50mggbgdwyemos  ¢396s  gmbol/dgdgbol  dmgro
©@M030Lm30L: HTTP 8mmbmgbgdols 0s8vm853905, 3bo3gdms 05BsLmsb «mmoghHmmds, gmmdgdol
390005305, PDF-g350¢0900L 99696300, QR-3mo0b 894dbs s Lbg. 259mygbgdwmaros Python 3-ob
09653900MH™39 396L05, MMIgEoE O TBIOEFJMOEos Django-U vsberglio 4sdmdzgdol Joge.
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Django smob 005 fyseml dgmbg bsdmdsm Bs®BM/390-30Mg0d3mM30, Mg ©HgMowos
Python-%g. ol 8993sgo 2003 §geol 39d990m39dsdo ,,Lawrence Journal-World* 993smd0olisl s dolo
d0M0MHO BoErMmbmgo®o 30obzodos: DRY —Don't Repeat Yourself — 56+ 30000l 359906090 1bos
0gmlb 9060319358 ©oyzsbogro. Django dodyzgds MVT (Model-View-Template) séJo@agddweogee
60978, GMIgroa 3mbEg3H IS Ms© 33536 MVC-U;, 353650 539630 300000905 Fodermbgd by [4].

16M90d3mOH30L gOHM-9HMNO 3500 Y30MSEJLMdss ,,batteries included” doamds: ol w9339
9903393L Y39 58390L, o3 bEBIBIMH B0 390 53035300 SLETYBYIdWsEss byFoMm — ORM (Object-
Relational Mapping), gm®dgool LobEHgds, 3m9bEH0R03530s, °I0boLEHGMsE0Wwo  3sbgwo,
350c0mbgd0l dM535, 0563560l LoliEgds, Jgdobyo, MLsg®mbmgdols dgdsbobdgdo (CSRF s33s, XSS
05339 SQL 0bgdz00L 309396¢309).

Django-bL ORM 15399500935l 5d¢93L 939 ™3gML dMbs3gdms daBoLMD MMMOgMMNMdLIL
Python-ob md09d@gdol gbsbg, SQL-0b ¢8mswm FgMol gomgdg. dmpgerol (Model) 3ersbo Python-do
9330355 0m5M2b7ds IMbs3gdms d5BoL 3BOOWSE JoaEMs309d0L LOLE oL Asdmygbgdom. gls
86089369 m3bs0 59306090L 3MOL M5MEYbMdL S 3EMTOEGOOL SEBSMMBSL.

5030b0LEHM30990 35690 — Django-b gHm-9mmo yz9eabg 3bmdoero Losbeng dymadstg-
M0l 03530, O™ 3MmEYE9doL Lsggdz9wbY 533MIdEIMHS© 04dbgds s dobo d9dzgmdom LoliEgdol
5Q3060LEHGMIGHMML FoOE035 905 IMbsggdms ds@mgs CRUD (Create-99Jdbs, Read-fozombgo,
Update-g065bargds, Delete-odams) m396m5309d0L Laboo.

SQLite 56:0b O Jo, B0WDY sRI6JIMO MHYsEowOo IMbs3gdms BBl FsO 30l
LobEgds (RDBMS), MmIgeros sfigmowos C 9bsbg. sdo@md, dobo 8mygbgds 90Bsbdgfimbogros
93069 s LIS 3OHMgdEgdoLbmaol [5].

390-53035300L  25Mg @d Foads dBsMoL 30DMOE0Bs3ool Tgboddbgws Lsdo FmoegzsMo
A99bm@my0s 259m0yg4gbgds: HTMLS — bgem+ydEoyHolomgol, CSS3 — bEowobsigoobomgzgol s JavaScript
— 063 9M5dGH0MmdoLm30UL [6].

»DearDiary“-ols g00-9600 3609369mm3560 53v9bd3095 Bsbsfgcgdol PDF-s@ g9dudm®@o. go8m-
49bgdwa0s MO0 se@gMbo@Gommo dodeommgzs: WeasyPrint s xhtml2pdf. m®ogg Python-%go
©5f9MOWO s 35000 30053500 ©60TBgdss HTML/CSS-ol PDF-30 50594396s.

WeasyPrint  58m06Bggs  CSS3-0b  bOHMEgebmgsbo  FbBsMEIFgMom, GIOMms  ToMMNZ0m,
399HMOMWO  M9RB030Ms S FOOREHJOME FMTomdom. ol gimdbgds Cairo-l s Pango-ll s
B Mb39wymxzl dowso bsGolbol 893G dgwgagol [7]. xhtml2pdf dbwydwdo seo@g®bs@ogss,
Omdgeos 9899b9gds ReportLab 000¢0mmg35L o 396My9 1Fomdl 3009 ©s Lsdrmsem Bmdol
©™37)896(k0bY [7].

QR-gm@o (Quick Response Code) §om3moagbl mMysbbmdowmgdosh ds@zmol, GmIgwos
Ubgoslbgs  0bgm®dsgool (URL, @Ggdu@o, 3mbdoddo, Wi-Fi Lgehoonolzs®o) 30Dwowmay®
3Mm©0Mgdsl  sbabl. ,DearDiary“-do QR-3m@o0 250m0g9gbgds (30039090 Bsbsfgmolbomgzols
M6035¢®0 BoLsT>MMOL BHGMSRO 25H056M930LMZ0L. Fooe0ms@, ImdbTocmgdgwl dgdwos bbgs
3mfymdowmdom 13sboMmgdom LG mbzgl 3mb3MgE Mo Bsbsfgmol a39MmbY [8].

A9db03mo, QR-3m©ol 29696305 bmOE0gwgds  Python-ol grcode  doderomomg3zol
399my9gbgd0m, MHMIGoE 939000 Pillow d0dwommg3s%y. dolbo a59myqbgds API-ol sfg@olsl
98399GHWIO0 s FoOE0305. 080 Python 4s6093mL 3desgz® Hgsgd@oMgdol dgLodergdenmdgdl do@gdl
@5 GO M FIOL 5350l BMOT>EJOL, OMYMEOOEss JPEG, PNG, BMP s TIFF.
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2. 3060050 bsfjogro

056599060M39 30RO 930450 550560l 3bM3MYdOL 9608369 m3zs60 bsfowo yowowols
390036 (3900. 0L, M3 5MY M3901gddo 0bsbgdmEs: 30MOEO B0JMHYd0, OGOl Bsbs(igMgdo,
9mab9gd9d0, LsIMTs3wM 3939900, EIL MYROM S MBOM BA0MS BoJLOMEIdS FOROEIS.
390LMbIMOO  ELOMMHOL [oMTmgds M350 0933093500l SHOOM sIOOMSE  ImJdgIdL
RLOJ0IME X96IOMYMBSBY: gbToMgds 505d0sbl FMOHYLMOYML BodM9d0, gosbowobml gdmaogdo,
50bmlbml  3603369m3zsb60  dmgzgbgdo s OMMS  Q96TogMdIT0  ©95330MIL 153 M
(33LO)OIRL.

GOBOM LOYOL B399 MB F9Mmgd0m 5J3L MO M30MSEJMIYdO:
Bsbsfggdol dstEGHogz0 dogods;

BOWGHM305 MMHOWOLS s Mol Jobgz00;

5

8

53

%

53

%

9mbo3gdms o339 LEOWMIEM JNEOm;

53

%

dmbo3gdmo ©oE3s 930096BH0B03SE000;

53

%

bgdolsfzomdmds 63doldogMo dmfigmdowmdosb.

5956056 9P, 593L gL gdMdS BsbHgMgdoL gJudmEEH0 dmobobml PDF g3m®ds@do s
23999D0oMHML  AgamdMYOL,  OHMIWIO0E  ©IMYIFOLEHMOMGOMBO  9®0SE  mgdE oGOV
3EoGBMOIsbY.

bhohoolb obsbos 89goddbsl dmgdbogro, dmdbdsmgdganby mM0gb@oMgdmwo 3wWws@GBmGmDs
Python gbol o dolo Lsdwdom BsGBML Django-b Lod sgdom, MMIgEros byl »Fymdl gdmagor®o
@5 3¢0gdmgdol  LoLEBYINEG  sfgMl, Lo3MMsMo  3bmzMgdol Fm3wgbgdol  MmMABOBYdL o
Bo65)0M900L MLOROHMBM Fgbsb3oL MEOHBEIMZSE 2969dmdo. 3393580 HomBmygbowos Lolidgdol
5040@9dBH 6o, 9mbszgdms 05BoL LAHMMIGHMS, FMIBAsMYdIWOL 0bBHIMRJOLO S JOMOMSO
B30bdonmo dmnpwwgdo.

65960330 99999953900 33930 GHgds 9303530 ,DearDiary“-ol (33060 %350 ©EOGO)
©336MMgdHadol, 898v9ds3900Ls o M9oE0DBOE0OL LOZoMBGIL. 53035305 5MOL 3gMLMborMo
BOBOMWO EEOMMOL LBoLEYds, MMIgwoi IMIbTsMmYOMGOL BT SISl 5dwg3l MLOBOHDbM©O
Bo0gMmb, 990bsbmb s BsMPMb 1530060 ym3z9w oMo Bsbsfigm9d0 gargd@B®mmbrme gotmgdmdo.

9B 53035300 99985390905 AMBOmIo 3M3MMWIMHIWO S BIOMME Fodmyqbgdowo
Python 9935 36myMmsdoMgdol 965%y.

39960396 FbsOIYL LORMAZES® MEI3L M9BsTgMM39 3903bMmEma0gdo: ¥9d9bolm3zol
3990yg96900s Python 3Gmy65306900L 9bs s Django 36god3zm®30, 3OmbEgboolbmgol — HTMLS,
CSS3 o JavaScript. mbsggdms dsbol LobiEgds dgMbPgmeos SQLite, G®mdgwog »OOMB3gwygmals
9dmbsgdms Abvdd s Lobm Tgbobzol. gMbdEom®mo FmEEgdol Lool gOILOGIOMMNMIOWSE
0639260609005 ©5353JO0M0 d0dE0MmmY3900: ckeditor — 3gduEol 0O MYEIJEHOMIdOL-
030l, WeasyPrint s xhtml2pdf — ©ow®ob Bsbsfigmgdols PDF g3c®ds@do gdudm®Eologol, qreode
> django-qrcode — QR-3mq900L 29696M5300m30U, Pillow — godmlisbmemgdgdol sdmdsggdolomgol.

323¢7930L doYsbos 390ddbsl LEOYERHLMZB0, BMbI309MH0 s ZoHBMIWMMs© LOELOSFMIbM
396LMbSEMOO0 EVOMMOL 530035305, MMIYEOE 59M00569d:

D3

» ImIbToMgdol MHJa0LEMoE00Ls S 530096EH0T035:300L Lol gdal;

» CKEditor-oom s©396H30¢0 d0smo Ggdu@Eob H9sgd@m®l Bsbsfigmgdol 9gbsddbgersco [9];

* BobfgMgdol Lool GowIEMHE0L MMOPOL, 6FYMdOLS s bb3s 3561509EHMId0L Jobgzom;
*» BobsfgMgdol PDF-s0 gdudm®@ol gmbgsosl;

D3

D3

D3
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% QR-3m@0b 396965300L 353990 Babsfg®obmgols;
% 06535 gbmzeb AboMsFgeob (locale dgdoboBdol gsdmygbgdom);
% 9mdbdsmgdol 3HMBOWOoLS s 356M539BMYOOL FoMmZsb.

59039560L  2500509439G0L 3OMm3980 LoliBYIsd Mbs MBOMB3gEYml F90ga0 BMbI30MO0
dmmnbmgbgdo:

1) ®980b®sg0os ©s 330096(90%035305: oo  IMIbToMgdol  sbas®odol 8gddbs gangdGHGmbmwo
BbGHOMS 5 35MMEom; LobGgdsdo dgbgs s FoTMZEs; 3oMMEol MLsgdmbem 399069ds Django-U
B89690m@o 89do60Baol asdmygbgdoom;

2) ool Bsbshgmob §9406s: gm™dsdo dmdbdsmgdgwwo Mmomgdl bomom®ml, 9du@dL (CKEditor-om),
2396%94mdsl, ®sH0rlL s LM30WOoLsTGIG s60FBL 35BIMOOL 56 BHgaL [9];

3) Bsbsfigerg8ol bos s RodBsgos: 3mdbdstgdgwo bgoogh dol 8oghH 9gddboen gggws Bobafg®l
QHMHOLLYdM LS. LOd BOWEGHMOMEIDS MNMOWOM, BYYMBOm, 353 JaMMH00Ms s bbgs 356599EHMIO0;

4) Bsbopgmolb B9osghotgds s poders: 9mdbdo@gdgul 8gmdeos dol dogm dgddbowo Bgdolidogho
BB ©o5M95dEH0MML 56 Fodowrmls;

5) PDF gs0ers@ 99b30690: 3539990 hsbsfg@o 6 Bsbofiatmgdol 6s30gdo dgbsadwmgdgeros gowaygoboen
0gdb9L PDF g30®3s@do Bodmbis@zo®ma;

6) QR-3m0b 3969ms30s: ®ommgmwo  Bsbsfg@olomzgol bgwdobsfigomdos Mbozsw®mo QR-3mo,
390 30momgdL dolo babgol 4300 BY;

7) 00535¢7960m3560 JbsGs39Ms: LobEGgds TbsOL MFgOL ghmby 9@ 9bsL (Fsgoomo, JosGommwo,
0bgaobMo, 4gMdsbyeo s Mbivyeno) Django-b locale dgdsbobdol asdmyqbgdoom;

8) 3Bmgoerol Jsk0r3s: BcmdbTsMgdgwl 99v9deros F9;339¢ml 1300 3OHMBOEOL 0bBMMTs309, 535¢SM0
Q5 35MMEO0.

3905 3MbJ30MH0 dMmmbmgbgdols, LolEYdsd MBS s93859MBOWML MOYO sMORBMBI30MOO
dmmnbmgbgdos. glgbos:

* sRGbMgbs — dmbo3qdms dsBsdo 3sMmemgdo Mbs 0bsbgdmogl dbmewmo 39d0MHgdEo Lsbom;
b5 0yml Bs@ o CSRF s XSS o339

% 80bspgdos 0beaemszos — mommguyeno dmdbds®mgdgero bysgl dbmem 130l Bsbsfgmadl;

% O9b30bborgermBs — 93035305 Mbs 0gml  FmMRJOIMEo  MeMymOE ©IL3GH™SE, oLy TMdOEI®
9mfiymdomdqdby;

892560985 MBs — 303000 “bs 0gmb olgmo LEHMJEHMOOL, MGMI Losberggdol EsdsEgds oyml
056 3H030;

% 09050800 bobgs69 — do6H0mo©o 439000 Mbos 0@30MHMYIMEIL 25033979 35009030, dmbsigdoms
05bsdo 06dLgdol Lomsbom 4sdmyqbgdoom.

©3LAMOo 58MEBOL Poolsfiyzgdo© dgmbgmeos Python/Django b¢g30. 0o ghmo dbGog,
1599399LME F9gbsdsdgds 3MEBOLS S PoTMEFPOEGIOL FoMywgddo dmdzge dmmbMzbldL s
9969 IbM0g, Lodmoegdsls 5dwg3l BEBHWIBAHL 2odM0Ygbml MsbsdgMmM3g 390-wY39m3dg6E 0L
15939009BM 3659E03900.

3905493930 Bggds dmo3o3L Modgbodg 9@s3UL:
1) sbserobo s ©s898035 — 9mIbTsHJdwol obGHMM0gdol (user stories) 0IbGH0B03530s, BOJ30WGO
9mmbMm3zbgd0L Bodmyoodgds, 8mboigdms dsBol bdgdol Hobslfsmo oBsobo;
2) sG94oAIIOI0L  G9ddsg98s — Django-do 36HmgJBHols s 93e03530900L  bGHOWIEGMEOL  dgddbs
(DiaryProject, diary, users, pages 53¢0035(30900);
3) dmbspgdors Gm@gergdol d9d-dsz985 — Django Model-gdol Laboom sofjgds gbMowgdol: dmdbdsmgderol
2399835M0MYOY0o IMEYE0, BBsFIM0, 393 9amM0s, 56(gmds s Ubg.;
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4) View-ob (bgoz980L) spgms — 53mbdgom®o 6 3wslgdby ©oxnmdbgdwmwo View-9d0, H®Iwgdos
35Lboldygdgdo 50056 HTTP dmobmgbgdol sdmdsggds®y;

5) URL 05636990 Dsg0os — urls.py 5300¢09d0b 3065309m60300. 0b 93530060908 URL-9dL View-93msb;

6) Jsderbgbol G9ddsggds — HTML/CSS 9396900l d9gdbs, Django Template Language-ols godmygbgdoom
065803760 3063 gbGH0Lm30U;

7) @s959960000 39b5505-0m@ryerg8ol 06998305 — CKEditor, WeasyPrint, qrcode, django-qrcode s bbg.;

8) BIbBH0E985/350560935 — womsew_LigMzghol 3583905, BbJEommo Ggldomgds, 993mIgdol Jobm®mgds;

9) ©9302boBdGOL Fstrozs — Git-0b godmygbgdom Lbgssolbgs 39Mbool d9dw93s39ds s GitHub-bg mos
950m@ 56003bgds.

LobGgds 93909ewos Django-bL MVT (Model-View-Template) s®dJo@gddmeme 6odmdby,
MHmIgedog Lo JoMOMoEO 3MI3MbIbBHO T3ox80MEss A5FoKbMo. ,Model® 3sLbolidagdgwos
0mbs3gdms  @ma035Hg s dMbo3gdms BsBLMb MHPOYGHMNMdsBY. ,View  dgoEsgl 00Bbgl
@my0358 — HTTP 9mmbmgbol ©s89853905, Logo®m 8mbs3gdgdol s0mmgds s Gsm0o goo3ds

350mboliomgol. ,,Template® 30 — 8mbs3gdms 30BN Fo®dmoygbsbg HTML-ob boboo (bsb.1).

DearilDiary SAACHZEDOL COOSACHSTIS

g 22T S  Fxicozach

O~ Tl D S

DO T T S Sy PR

TS RS I, SRR AR

s e = e

Bab. 1. Loligdol segJoGgdBHrmol osy®sds

9mb539905 d5BOL LEGHMWJBHMOS 53930 OY, HMA BoM3IL FMTHBA>MGdOL, BsbsHgMgdoL,
39093MM0900Ls s 353000 9MGMEgdol Tgbobzol yzgws LsFoMmMYdIL. HOOWYAL
dmO0L YOPOGONMOJI0 gobloBOIMME0s 569 AoLwYdgd0L (ForeignKey) as9myqbgdom (bob. 2).
doGM0MOEO 3BOHOWYd0S:
% User (auth_user) — bGsbs®Emero Django-L dmdbdo@gdeol sbGogro (username, email, password hash,
first_name, last_name, date_joined s bbg.);
% Profile — 9m3bdsGPO@OL  F9BIODMYPIMO 3OMGBowo, GMIgEog ogdo®dos User-osb OneToOne
MOHMNOJGODMI0® (535390, dBOM, 3GOLMBIYMHO 35605053 MJO0);
% Entry (@ow®ol Bsbsfigho) — LomemGo (title), Ggdudo (content — CKEditor 39¢o), ms®owo (date),
23960gmds (mood), 3630060 dmIbToMmgdgwrmsb (author — ForeignKey);
% Category — 3593000900 bos, Mmdgedog BsbsfgMo Ggodwgds oymb dmmegligdwyero;

.

% Tag — $929d0L 3bOHowo, ManyToMany 353806005 Entry-bomsb;
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DearDiary — dmbogaions B30l bAgagds (ER Diagram)

Bob. 2. Imbsggdoms dsBob Uggds (ER ©osg®s0s)

%+ 3bOOgdl In®ol MYOH@DO0IHNHMIJOO:

% User — Entry — 1:N 3538060; (9607 803b3oMgdgel 9909¢gds 3dmbogl 36ogswo Bsbsfig®o);

% User — Profile — 1:1 3o38060; Category — Entry — 1:N 3538060; Entry <> Tag — M:N 3538060.

0053500 23900 MO 530353008 TgLoligergwo FgdEGowo. 0go 8mdbdsMgdgwl bzwgds

doboboEdgdgwo 3369M0m, HMAgedog sfigMowos ,DearDiary“-ol dobos — 99Jdbsl dmdbowro s
MBogmmMbm LogM3g 39OLMbsMMO  BodMIOOLMZ0L. 439MEO TMOEI3L  VOEIs39gdL: ,,MGROL-
AM0MEO0“ (sbogro dmIHA>MdEXOLZ0L) s ,dgbZEs“ (9339 MIFOLAEHMOMIOMWOLMZOL). 5oL
96050, 39L5dYdY0s PLOMMTO Sboo BbsFgMHoL 8gddbs, Mol EMMbyE 49dm3s B3gE0sXMEMmO
RO,

3. ss33bs

596109500, 53G™M9d0L JogM F938535 53035305 »DearDiary“ — 1965990060 ™39, MLogOHmnbm
@5 B96J30MM0  3gOLMbIMIOHO  EEOMOOL  30BOVIMO  ZWOAHBRMMTS.  3OM9dBHo  FmoEs3L
9dmdbdomgdeols  MHg0LEMSE00-9300963H0R03S300L O  dgdoboBal,  BsbsfgMgdols  89ddbo-
90594GH06905-530ol  BMbJz0mbol, Fow@®mszools s dogdol Fglodwrgdermdgdl, PDF-s
99b3mOHEGHL, QR-3m©OL gbgMoE0slL, dMO35gbm3sb FbsrIsFIML s IMIBTsMmGdOlL 3HMToEOl
domm»30L LosbrggdLs.

Python/Django L®g30 ™3@00scEos 306Mg s bsdmowm Bmdol 39030Mm9dEgooLm30U.
SQLite, ®mymO3 350¢bg ©s53w9dbgdeo dmbozgdms d5Bol LoLEYTs, 0dmMBRbEs LogdoMmola®
953930 356300000900l 933P s B30y JoBTEHSd05B0 FmbsEgdms Josrmzobm30U.

LoLEBQAOL 5MJoBgdBH s 9390wos Django-b MVT 60d4dby, G@dgwos MHBOHW639wymals
300l bYBms odox 368 ma03M, Fmbsigdms s 3M5BIbGH300L B9bgds. IMIbTsEGdEOL
06@& 908900 IgRToos 306035eolEBVIMO S 835580M 3M0B3039000. COBH0BO MYL3MbLOIOs
5 B996430Mmb0MOL HMAMEM 3 ILIEHMS 3mT30EJMJODBY, 0lg IMBOHYH IM[YMOdOEMdYGODY.
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6. Mozilla Developer Network. HTML, CSS and JavaScript reference. https://developer.mozilla.org/
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9. CKEditor Documentation. https://ckeditor.com/docs/ (27.05.26).

(bAsHos oegBeyemos 31.05.2026)

DEVELOPMENT OF A DIGITAL PERSONAL DIARY WEB APPLICATION

USING PYTHON/DJANGO TECHNOLOGY
Abuladze Inga, Mokverashvili Merab
Georgian Technical University
i_abuladze@gtu.ge, merab.mokverashvili@gmail.com
Summary
A digital personal diary ("DearDiary") has been developed, which allows you to communicate with
friends via an electronic application, both on a computer and on a smartphone. Accordingly, communication
will be safe, flexible, comfortable, and can be used at any time and place. Even during long-distance travel.
The web application is built using Python/Django technology. The novelty of the work is that Django
automatically creates a panel based on the Python model class, through which the administrator can easily
manage the diary data: create, read, update and delete. Django's ORM (Object-Relational Mapping) Models
allow the web developer to interact with the database using the Python object language. The Model class in
Python is a standard class through which data is automatically translated into a database table using a migration
system, which significantly reduces the size of the code and the probability of errors.
(Received 31.05.2026)

PA3PABOTKA BEB IITPHJIOKEHUA 1JIAA HU®POBOI'O JIMYHOI'O

JJHEBHUKA C HCIIOJIb30BAHUEM TEXHOJIOTU PYTHON/DJANGO
Abynanze 1., Moksepamsui M.
I'py3unHCckuil TexHuueckuii Y HUBEpCUTET
i_abuladze@gtu.ge, merab.mokverashvili@gmail.com
Pe3rome

Pa3pa6oran udposoit muunblii mHeBHUK ("DearDiary"), mo3Bostonuii 00marbes ¢ Ipy3bsiMu depes
3JIEKTPOHHOE NPWIOKEHHE KaK Ha KOMIIBIOTEpe, Tak M Ha cMmapTdone. Takum o0pazom, oOLIeHHE CTaHET
0e30MacHbIM, THOKMM, YAOOHBIM U JOCTYIHBIM B JII000€ BpeMs U B J1I000M MecTe. [lake BO BpeMs JalbHUX
noe3ok. Be® mpuiokeHHe co3laHO ¢ UCMONb30BaHMEM TexHojoruu Python/Django. HoBuHka paboTh
3aKIII0YaeTcsl B TOM, uTo Django aBTOMaTH4YeCcKH CO3/aeT MaHelb Ha OCHOBE Kiacca moaenu Python, yepes
KOTOPYIO aJIMAUHHCTPATOP MOXET JIETKO YNPAaBJIATh JAHHBIMU JTHEBHUKA: CO3JIaBaTh, YATATh, OOHOBISTH U
ynansate. ORM (00beKTHO-peNsoHHOe oToOpaxkeHne) mozeneid Django mo3BonsitoT BeO-pa3paboTUHKy
B3aMMOJIEHCTBOBATH C 0a30l JaHHBIX, UCIONB3Ysd 00BEKTHBIN 536K Python. Kitacc Model B Python — at0
CTaHIAPTHBIA KJIACC, Yepe3 KOTOPBIM JaHHbIE aBTOMAaTH4ecKd MpeoOpasyloTcst B Tabiuily ©a3bl JaHHBIX C
[IOMOILBI0 CUCTEMbI MUT'PALIUi], YTO 3HAYUTEJIEHO YMEHBILACT Pa3Mep KO/ia U BEPOSITHOCTh OLIMOOK.

(TToctymmra 31.05.2026)
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B2B Loli@g0900l ooli®modw@m®mo 30835600l dobbgls-
36m39U900L 3MEIE0MYDS S 080GHSFOLIM0 SBsEODO
39¢Mol Jugergdoom

3960 5MBMT>330¢0

LodoMm39wmb ¢gdbozmemo mboggMbo@gdo
meriarkhoshashvili@gmail.com

69bomdg

29Bborm@os  Lofo®dmm B2B  30Bbgl-3Mm3glgdol gm®mdseryo  dm@gero®qdol  dgmmeo,
69903 983996905 LEHMLEBHNIO 39GO0L Jugagdls (SPN) s dsbmdE030 3mdlsbwgdols M/M/c 8mgeb.
33W930L  @009dHos  BH9dbmmaom®o  LobEgdgool B2B  @oLEG®odM@Gm®mo 30835605, G™Iwol
3905300 3030 3moiegl dofmegds-9gLyo3gdol, Loowgmm Jugeool ds®m30l, LoobmobmHm
0bLGHos300Ls s IMIbTsMgdgEms dmBLEbIMYBOL YYOHMOYMHN353d06MJd 3MMEILYL. SOfgHowos
3M035600L mmbo J39-3MmEqLoL Lsg@mm PN = (P, T, F, W, Mo ) dm©geo (30 500300, 24 4560053535¢00,
67 Bogzool  MgwsE0s),  dobo  LAHMIULEGHMOO  oBsOmMgds  9Judmbgbosw Mo Exp(A)/Exp(u)
3565993900 ©5 ©OLIMYGH-0m3wgbgdby ogIbgdwo 0dodsgon®o  Lodmwsgos (n=400
3933909). LOFMEIs300L Pareto-sboseoBdo 2o0mgwr0bs, MMI MmMTs GHMBDOE0sd (Lodogm JeroMgblds s
Lobegzom  GHMsbBoGHTs) obs30MmMds Fg339000L  LEWIEWo  wmEobol EMMOoL 95%-Bg dgBo, bmem
39390 GHM36D03E09d0l gOMOOMMETs Mm3E080Ds3058 Jugeol FsbdEsdom dg339000L bydwgsem
303wo 170.1-oob 134.7 ©®qdg 99503060 (-20.9%). 000900 89©9ag00  S@ILEGHMMIOL, OHmI
39960056900,  JugwGo  BoIMEOE0s  SMEFOWYdI0s  (303gwo  M/M/c 9ggsligdgdol
35059 M5©, MR dbmem LobEgdM®Ts 565¢0Bds oMz 0bs (335WgdIEMBOL Fo3M(E3ILYdOL
(variability amplification) 9g39J&o0.

15533560m  LoGygzgdo: 39B™olL  Jugero. LEMJILEHMOO  IMEYWOMYds. 030GEHSFOMM0  3OMEgLO.
00DbgLEOM39LO. MOYYIOL YN0, dMEHEBIJoL sbserobo.

1. 8glssgsemo

®5659900Mm3g B2B 3335609006 ™m3gtoomo 3Gmigbgdo — 3ofm@gdol X330, 35GEHboMmM-
©ogMHgdol Jugero, LsobgobGmm Bmdlsbwmads s BmdbIsMgdgmms TbsMPIFIMHs —  gHmTbgmmsb
030Q0MOMESS 53530000 S bolnsmEYds 5M0gMHmMP35MM3560, LGHMJLEMMO 3BIdOL O™MOMO
3565993HM9d00m: dofjm©adol 3500900, LsdsgM 3MM(390MMId0, LsdNTsm dserols bgwdolsiamdmds ©s
dmdbdoMmgdgms  dmmbmgzgbol 063HgbLogMds  (335¢gdIOs S YYOHMOIOHMETMI0EIOMEo. Sgmo
360Hm3gLbgdoL  sbsEoBolm3zol  Bo3gMwo,  ©gBHYMTobobGwo b LB m-35B39b9deadbYy
©5539dbgdeo  GgBoLgdgdo  9Mols3doMOL0S, MOEASE olobo 3gM sLobsggh 3sMogurm® 6535090,
LobgdMHMboBo305Ls s MYLMOLBY 3:b3Mg6EoL.

39300l Jugegdo (Petri Nets, PN) 560l gm®3seM0, 30583w9w0-8500935B03MM0 93560530
350590, sLobJOMbmwo s GHLyOLIgBOMmo  LolEgdgdol sehgdobmgol [1-4]. Tsmo
LEAHMJOLAHMOO PoBsODMYds (Stochastic Petri Nets, SPN), G389 dog 905953 gdb 960 3gdom 5¢nrdsmyto
(B39 gd®mog  9Ju3mbgbgosw®mo)  39EbasBaboll M, LsdwmoEgdsl  odergzs SPN  dmggero
3650GH03MMO®© 935300608 INY39G-MMOsD  Fom3mzol  xoF3b  (CTMC) o  dsbmdG®O30
9dbobMgdol (queueing) mgm@osl [5]. LmeMgo 59 m30LgdoL asdm so@Bs SPN + M/M/c doymds
§0b580gdsM9 336093530 — Bolio B0Bsb0s 565 Fbmem LobEgdoL LEGHMWIEHWGHWO (MZoLYdMH0Z0) SLsbgs,
56589 ©5mEIbMmdMH030 — WmEOobol MHMYdOL, IGHZMM30LS s dMEHWDBYJgool — Tgxsligds, Mos
3065306 259mboYa0s 8969x 9O M0 3505HY39B0gdgdoLMZ0L. BESEHO0L s0MEBsY:
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(5)  Bsdmgomodgl  B2B  3gdbmamyon®o  LobEgdgdol  olGH®modMEBHMGOO 303356008  mmbo
“)HN0YH0353006090w0 d0BbYL-3OM3glol gMmosbo SPN dmpgwro;

(®) 9ol LoggmAdzgwby ho@omgl M/M/c sbsgrobo 3Ho@o3wme Lymzol-3356d9dd0;

(3) 8Bb®mOE0gEIL  ©OLIAIHYW-Imzwghgdby WsBNIBIYo Jugwr®o LodYwsgos, OMIJogs
5h39690L (3939990 Mm3E0T0DBOE0JIOL GOMMdE0Z 9BgJAL Jmgwo 933900L 303¢bg. SLgoo doymds
sx35OmMgdL Siddiqui et al. (2020) [6] 39390, 0BM0OHIIMWo Godol SPN hs®BML Jugwwy® (tandem)
©0699).

2. 3060050 bsfjogro

2.1. 32¢m930b 809950 ©@s 80Ybgl-58mpsbol sofgms

33w930L  md09dBHos  BHodbmwmaom®o  LobGgdgdolb B2B  @obEH®modwGHm®mo  3md3sb0s, GMIgEos
U5dd056mdL BoowghHm Jugeol 89839m000m, sbMEE0gwgdL LodMMYJGM-LoobgobMm TmALobMMYdLS s
3996mmaom®mo dmfiymdowmdgdol 0d3mOEL. 3335600l M3GMHOE0M0 K9FI0 F0OHMBOMIE 0YMEBs Mmb
MOH0YIO535300M90 BMIS:

(1) 90fmgds-d9byozgdo — 89339000 bmoglgds, 2oobs, Lob®zsm GHMBBOGO ©s bodogm
23080mM90s;  (2) LoowghHm  3sGEboMMGdoL FoMomgzgs — 50-Bg dgBHo ©oEghol  3MgoG-sbseobo,
bgwdg30gdgd0, Lodmbeol 4s8mygmas s 9b6asMO0ALHMMGOOL 3MbEHMME0; (3) LoobgobMm LgHgzobo s
0bbGomogos = @mdogd@ob  Fguobgds,  0bgob®mgdol  qobMogo,  Bmbdogo s BsdIMYds;
(4) 3oyog0ol dgdymdo (After-Sales) dmadbobo@gds — LgMH30L-B0JgEJOOL 3M0MMOEHYEHODIE0s S IbMGZs
SLA-3500900b 0s3300.

00Bbgl-5dmEsbss 53 XoF30L dMBHWB]Jgdol 0IbGHOBR0EOMYOs s MHYLMELYIO  M3EH0ToDs3ool
(3960LMBsEOL, 356EHB0MEOYBOLS s 30MM(390MJOOL MbYHY) MomErbmdM0z30 LLdWMgd..

2.2. bsfotmdmem 30Bbgl-3m3gligdol 3g@®ol Jugerols dmegeo

mmbogzg dwm30L GMMTSYOHO SOHIOOLMZOL 939d9w0s ghHmosbo PN 8mogwo bmomgargdgb@osbo
&M3ol Lsboo — PN = (P, T, F, W, Mo ), bosg P ool 3mBogogdol (Places/states) bab@waro LodMogang, T —
230b3wgdolL (Transitions/events) LobMmero LodGMagmg, F € (PXxT)UTxP) — Bogoool (flow) Ggwosgos, W —
35gdol Hmbgdo, bmerm Mo — Lsfigobo 9963060905, oMy dermzo (PQM-1-PQM-4) 539009009,
OHMAMO3 3939 J39-Jugwro, H@IgEms Inmob bLobddmbobsgos bmMmEogwgds bygMomm soWgdol (shared
places) s 063080@MOWWO H30¢gd0L Lodregdom — qb gsblozMm®mgdom gbgds P8 3mboiosl, Gmdgwos
939380690l dofim@gdol xs33l (PQM-1) s Lsowgmm dermzl (PQM-2). sbéowo 1 sxsd9dL mmbogg 439-
Jugeol  LEHOYIGHMOME  3oMsTgEHMIPOL ©d  MOoMmMgMdo  GIS0MOEISE  FdTM3Egbow  3M0GH03IME
&O56Bo0s0L.

B2B 3335600 3596000056700 3g¢®ob Jugemol dmegeol LEAMWIGHMOMEO 35058gBHMYdO gbe.1
J3g-Jugeo 30BbgL-3GmEglo 3000mgdo (P) 356053. (T) 300B039wo GMmsbbogos
PQM:-1 Bofjmcogbe-Bgbgoeagdo P1-P8 T1-T6 T b°6°gf'; fsg’o‘;’owo (b =
PQM-2 bmoqa’g:; 3:3@"“ PS-P14 T7-T12 T2— %B%gbfg’ é‘;i?m@“
PQM-3 wafgfg’:Qigiom P15-P22 T13-T19 T14— :)153;/?/?0? zﬁs;?mﬂm%b
PQM-4 After-Sales 88bobeyrgds P23-P30 T20-T24 21— bSo(ﬁfﬁ;:’bg):g)%bamsm%
E%fm(gg)ﬁ’ 70" Poglgg;'é 6232_4 30 24 67 65350001 Gyens0s (F)
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MODELING AND SIMULATION ANALYSIS OF BUSINESS PROCESSES
OF A B2B SYSTEMS DISTRIBUTION COMPANY USING PETRI NETS

Arkhoshashvili Meri
Georgian Technical University
meriarkhoshashvili@gmail.com

Summary

The paper presents a formal modelling method for industrial B2B business processes based on stochastic
Petri nets (SPN) combined with M/M/c queueing theory. The research object is a B2B distributor company of
technological systems, whose operational cycle links four interdependent processes: supply-chain
procurement, dealer-network management, engineering installation, and after-sales service. A unified PN = (P,
T, F, W, Mo) model of the four sub-processes is described (30 places, 24 transitions, 67 flow relations), together
with its stochastic extension using exponential Exp(A)/Exp(p) parameters and a discrete-event simulation (n =
400 orders). Pareto analysis of the simulation shows that two transitions — customs clearance and sea transit —
account for over 95% of total order waiting time, while joint optimisation of individual transitions reduces the
mean end-to-end order cycle from 170.1 to 134.7 days network-wide (-20.9%). The results confirm that
network-level, tandem-queue simulation is necessary alongside isolated M/M/c estimates, since only the
system-level analysis reveals a variability-amplification effect between upstream and downstream transitions.

(Received 12.07.2026)

MO/IEJIMPOBAHUE 1 UMUTAITMOHHBIN AHAJIN3 BU3HEC-ITPOIIECCOB
KOMITAHUN- TUCTPUBBIOTOPA B2B-CUCTEM C CETAMMU IIETPU

Apxomanrsuiu M.

I'pysunckuii Texundeckuit YHUBepCUTeT
meriarkhoshashvili@gmail.com

Pesiome
PaccmarpuBaercsa popmanbHBIE MeTO MOJeIUpOBaHMA GusHec-mpoleccoB B2B B mponsBozcTBe Ha OCHOBe
croxactuueckux cereii Ilerpu (SPN) u momenu maccoBoro ob6ciyxuBanua M/M/c. O6BekToM ucCiaemOBaHUA
sBisgercss B2B-pucTpuObIOTOP TEXHONIOTMYECKMX CHUCTEM, OIEPaljMOHHBIA IIMKJI KOTOPOTO  BKJIIOYaeT
B3aMMOCBA3aHHBIE IIPOIECCHI IIOCTABKU-3aKYIKH, YIIPABIEHHA IUWIEPCKOH CeThIO, WHXEeHEePHO-TeXHUIEeCKOTO
o6CIyKUBaHUSL U 00CTyXuBaHuA KiaueHToB. Onucana obmas mozens PN = (P, T, F, W, Mo) ueTsIpex mOAIPOIIeCCOB
xommanuu (30 Touek, 24 mepexosma, 67 IOTOKOBBIX OTHOIIEHUII), €€ CTOXaCTUYECKOe pasjIokKeHue C
9KCITOHeHIMaNbHbIMU TapaMerpamu Exp(A)/Exp(U) ¥ MMHUTanMoHHOe MOZeNIMpOBaHHE HAa OCHOBE JUCKPETHBIX
co6eiTuit (n=400 3axasos). Ilapero-aHasu3 MOAETHMPOBAaHMA IIOKA3aja, 4YTO Ha [Ba Iepexofa (TaMOXeHHOe
odopMmIeHre ¥ MOPCKO# TpaH3UT) Ipuxomuaock 6omee 95% oO0iero BpeMeHu OXUAAHMA 3aKasa, B TO BpeMs Kak
OZIHOBpeMeHHasI ONTUMHU3AI U OTJeIbHBIX IePEeX00B 110 BCel CeTH COKpaTHia CpeSHUH LUKI 06paboTKH 3aKas3a co
170,1 mo 134,7 nmeit (-20,9%). PesynpraTel IOATBEPXKAAIOT HEOOXOZMMOCTH IIPOBefeHUA KOMOMHUPOBAHHOTO
MOJleINPOBaHUA B MacIITabax BCel ceTH Mapalie/IbHO ¢ HHAUBUIYaJIbHBIMU OoLleHKaMu M/M/c, MOCKOIBKY TOJIBKO

CUCTEMHBIH aHaIK3 BRIABUT 3P (DEKT yCHIeHU U3MEHYUBOCTH.

(Ilocrymmma 12.07.2026)
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ARTIFICIAL INTELLIGENCE-BASED OPTICAL COHERENCE TOMOGRAPHY
IMAGE ANALYSIS FOR MONITORING NEOVASCULAR AGE-RELATED MACULAR
DEGENERATION PROGRESSION: A PRELIMINARY FEASIBILITY STUDY

Surguladze Mariam
Georgian Technical University
Surguladze.mariam24@gtu.ge
Abstract
Neovascular age-related macular degeneration represents a progressive disease of the retina. Initially,
there are anatomical changes developing on the retina, following with the subjective visual disturbance
symptoms. Therefore, it requires objective structural monitoring. This is a preliminary feasibility study of an
Al-based workflow for optical coherence tomography image analysis. A new modular structure of decision
support was designed, consisting of presentation, inference and training-management layers. In this study, a
PyTorch convolutional neural network was trained with 102 balanced images - 51 normal and 51 pathological
images were used. All images were processed to gray scale, resized, normalized, and augmented by rotation,
horizontal flipping, and brightness or contrast changes. The accuracy at baseline was 51.00%, while accuracy
after supervised training and accuracy after augmentation were 90.20% and 98.04%, respectively. The results
of the study suggest that the model is able to learn the structural patterns in the retina and offer technical
foundation for future volumetric biomarker extraction and longitudinal progression monitoring.

Keywords: neovascular age-related macular degeneration; optical coherence tomography; artificial
intelligence; convolutional neural network; V-Net; retinal biomarkers; disease progression

1. Introduction

Neovascular age-related macular degeneration is a major cause of permanent loss of central vision in
older people and is a growing public health problem in ageing populations. Clinical manifestation of the disease
occurs with the choroidal neovascularization, exudative activity and progressive, continuous structural
breakdown of the retina layers. Although anti-vascular endothelial growth factor therapy has improved visual
outcomes, treatment remains suppressive rather than curative. Long-term disease control therefore depends on
repeated monitoring and timely recognition of reactivation or insufficient response [1,2].

This paper represents a preliminary feasibility study covering optical coherence tomography scans
analysis in neovascular age-related macular degeneration. A specially designed supervised deep learning
model can differentiate normal from pathological optical coherence tomography scans with a good preliminary
accuracy to help make further advancement of a quantitative progression-monitoring system.

Current disease assessment is largely based on in-person follow-up visits and expert interpretation of
optical coherence tomography images. However, structural deterioration may precede subjective symptoms,
and symptom-driven follow-up is insufficient for safe monitoring. The most clinically relevant imaging
biomarkers include intraretinal fluid, subretinal fluid, and central subfield thickness, because they reflect
exudative activity, macular edema, treatment response, and retinal structural integrity [3,4]. In routine practice,
these biomarkers are commonly assessed qualitatively, which creates variability between observers and limits
sensitivity to subtle longitudinal changes.

Volumetric optical coherence tomography provides a biomedical engineering opportunity to
automatically extract quantitative imaging biomarkers such as fluid volume, spatial distribution, and
percentage change over time. These objective measurements might help distinguish between stable disease,
early reactivation, and progressive disease, and for better retreatment timing and follow-up planning.

Deep learning has become an important research direction in retinal image analysis. Prior studies have
demonstrated that automated systems can detect age-related macular degeneration stages and support optical
coherence tomography-based disease activity assessment in real-world datasets [5,6]. Reviews of artificial
intelligence in retinal imaging also indicate growing interest in models that move beyond diagnosis toward
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monitoring, prediction, and clinical workflow support [1,6]. Real-time artificial intelligence-based
enhancement of three-dimensional optical coherence tomography has also been proposed as a strategy to
support treatment-decision optimization in neovascular age-related macular degeneration [11].

Automated retinal fluid assessment is especially relevant in neovascular age-related macular
degeneration because intraretinal and subretinal fluid are meaningful biomarkers of disease activity and visual
prognosis [3,4]. Fully automated methods have shown that deep learning can identify and quantify macular
fluid in optical coherence tomography images with performance approaching expert grading [7]. More recent
work has emphasized quantitative image analysis, fluid monitoring under therapy, and the need for
reproducible longitudinal measurements [1,8].

U-Net-based architectures are widely used for biomedical image segmentation because their encoder-
decoder structure and skip connections preserve local detail while incorporating broader anatomical context
[9]. In retinal monitoring, two-dimensional U-Net models are useful for segmenting fluid compartments in
individual B-scans, while three-dimensional U-Net or V-Net approaches are better suited for volumetric
analysis, voxel-level fluid quantification, and longitudinal comparison across visits. This literature supports
the planned transition from binary classification to segmentation-based progression monitoring.

2. Main part
2.1. Study Design and Dataset

This work was designed as a preliminary feasibility study. A balanced dataset of 102 optical coherence
tomography images was used, consisting of 51 normal and 51 pathological retinal scans. The first experimental
objective was to verify whether a supervised model could learn discriminative structural patterns from retinal
images before progressing to more complex segmentation and longitudinal modeling.

The images were preprocessed in a consistent manner. All images were converted to grayscale (single
channel), resized to 224 x 224 pixels and normalized for minimizing the intensity difference and homogeneity
of the input data for the model. Data augmentation was performed as a training strategy to lower the risk of
overfitting due to the limited size of the data set. There was a random rotation, flip horizontally and adjust
brightness and/or contrast in the augmentation.

2.2. Model Architecture and Training

The implementation of a convolutional neural network was performed with PyTorch library. The model
was developed to classify images into normal or pathological classes, which is a binary classification problem.
Training was performed using Cross-Entropy loss and the Adam adaptive optimization algorithm. Model
performance was evaluated using classification accuracy.

The system was organized conceptually as a modular clinical decision-support architecture. The
presentation layer can be implemented through a simple Streamlit interface, allowing image upload and
visualization of results. The inference layer is responsible for pre-processing and computing class probabilities.
The training layer provides weights for models and enables future model reproducibility, versioning and
extension to cloud services like Azure Machine Learning [10] (Figure 1).

2.3. Planned Progression-Monitoring Extension

Because classification alone cannot localize lesions or quantify disease burden, the planned next stage
is voxel-level segmentation using V-Net or three-dimensional U-Net architectures. These models will operate
on volumetric optical coherence tomography scans and will aim to segment intraretinal fluid and subretinal
fluid compartments. After segmentation, quantitative biomarkers such as fluid volume per visit and change
relative to baseline can be calculated. Future integration of longitudinal models, including recurrent neural
networks or transformer-based architectures, may allow sequential scans from the same patient to be analyzed
over time. This would transform the system from a classification tool into a progression-monitoring platform
capable of estimating disease trajectory, treatment response, and recurrence risk.
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Figure 1. Jupyter Notebook environment for PyTorch-based image preprocessing,
model loading, and inference

Compared with routine visual assessment, the planned artificial intelligence-assisted extension is
expected to provide automated fluid detection, direct volumetric measurement, percentage change across
sequential visits, standardized identification of subtle recurrence, and future longitudinal trajectory prediction.
These functions are not intended to replace the clinician, but to support objective, reproducible, and time-
efficient interpretation of retinal structural change.

3. Results and Future Work

The experimental evaluation demonstrated progressive improvement in classification performance. The
uninitialized model achieved 51.00% accuracy, corresponding to stochastic guessing in a balanced binary
classification task. After supervised training, accuracy increased to 90.20%, indicating that the convolutional
neural network had learned relevant high-dimensional patterns in retinal texture and structure. After integration
of data augmentation, final accuracy reached 98.04%. (Figure 2).

These results support the initial hypothesis that a supervised deep learning model can distinguish normal
from pathological images with high preliminary accuracy. This observed improvement also highlights the need
for pre-processing and augmentation in a small medical imaging dataset. Results should be considered as
feasibility evidence, however, and not as full clinical validation due to the small dataset and the limited output
limited to classification.

Future work will involve extending the dataset, adding scans taken from other devices, and testing the
model with expert input. One of the most crucial technical extensions will be the shift from image-level
classification to voxel-level segmentation, which can be done with V-Net or 3D U-Net. This will enable
calculation of intraretinal and subretinal fluid volumes, central subfield thickness trends, and percentage
changes across sequential visits. In later stages, temporal models may be used to predict recurrence risk and
treatment response.
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Figure 2. Representative classification output after supervised training and data augmentation

The preliminary classification result is encouraging, but it should not be interpreted as evidence of
clinical readiness. In daily retinal practice, treatment decisions are not based only on whether a scan is normal
or pathological; they require localization of disease activity, estimation of fluid burden, and comparison with
previous visits. Therefore, the present model should be viewed as a first technical step that confirms the
feasibility of feature learning from retinal images.

The planned segmentation stage is clinically important because intraretinal fluid, subretinal fluid, and
central subfield thickness provide more actionable information than binary

classification. Quantitative measures may help distinguish true stability from temporary suppression of
exudation, identify subtle recurrence, and reduce variability between observers. This may be especially
relevant in long-term treat-and-extend management, where small structural changes may influence retreatment
intervals.

The study also highlights the importance of explainability, data harmonization, and specialist validation.
Future models should be tested on larger datasets collected from different optical coherence tomography
devices and should include clinician-reviewed annotations. Without external validation, model performance
may be overestimated, particularly when training data are limited or come from a narrow imaging distribution.

4. Conclision

This preliminary study demonstrates that artificial intelligence-assisted optical coherence tomography
image analysis can provide a promising technical basis for objective assessment of neovascular age-related
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macular degeneration. The developed PyTorch-based convolutional neural network achieved 98.04% accuracy
after supervised training and data augmentation, suggesting that the model learned structural patterns relevant
to pathological retinal classification.

The primary advantage of this study is the development of such a practical framework for establishing
a future clinical decision-support system which could decrease subjectivity, help to standardize image
interpretation, and facilitate prompt monitoring of disease activity. At this stage, the major drawbacks are the
small number of cases, the lack of external validation and the absence of direct lesion localization or
volumetric quantification. Moving forward, future investigations should focus on obtaining large, multi-
instrument imaging cohorts with clinical expert-annotated “ground truth” labels, volumetric structural
delineation, quantitative imaging biomarker computation, interpretable machine learning architectures, and
modeling of disease trajectory over time. With prospective clinical validation, these intelligent diagnostic
systems have the promise of reducing clinician burden and enabling contextually grounded therapeutic
decisions that will help prevent unnecessary decreases in visual acuity.
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b3 990amd 096 sbEregl Ibg3gEMdol IMM3930L  bBogJBHMEO Lod3BHMIYdO. 9J9b
3990006569, 080 LsFoMmMgdL Md0gIBHe LEMWIEHWEOME dmbo@MmMobyl. ImEgdwmwo bsdhmdo
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33w939. 99985309 2osfiY39@0gdol Jomgdol dbsMsF ML sboero dmwEIMo LBEBHOWJEHMGS,
Gdgeroi 9903900 309HgbGHE00L, Ma03MMo ©sli33bols (inference) s G®Mgboby-09bgxgbEOL
©Mbgqdolysb.  Im3gdmer  33ag3sdo, PyTorch-ob  3mbgmermzom®o  Byodmboaemo  Jugero
3959Bos 102 35¢sbloMgdMo  godmlsbwargdols 99939gmdoo — sdmygbgder odbs 51
B0®3o@m®0 5 51 3o00MMY0MOHO 458MbObYIENGds. Y39 458MbObIENgds 838305 bozMolgyH
19M9ddo (gray scale), 3903350 3500 BMAs, BoESMIS BMOBo0DBHE0s O 9Mdg6EE0S BrrESE00U,
3OH0BMBEHMM0 5693300l o 1039350l 9B 3MBBHMILEOL T30l ABom. LOBMLEY Lofyol
9G53%y (baseline) 9950099605 51.00%-L, bergrm 3mbEHOMEo6gdso bogwrgdol (supervised training)
5 9992996@5300L 990mdds LOBMLE YT, Tgusdsdols, 90.20% s 98.04% Fgopobs. 33w930L
39092900 80909dL, I dmgel dgufgzlb »bsto Fgobfagerml doMol bG®MIIEHOHIo
359Mbgdo s 89ddbsl  B9dbozm®o Logmdzgwo dmdsgzsedo IMEMEEMBdOmO  d0MIsM39MgdOL
99bGH®sgd300Ls s 3BMYMILOMYdOL aMdog0o (longitudinal) dmbo@m®mobyolbmgol.
(b&>B0> dnmadnanns 30.06.2026)

AHAJIV3 N30BPAXXEHUY OITTUYECKOY KOTEPEHTHOM TOMOTPA®UN HA OCHOBE
NCKYCCTBEHHOTI'O MHTEJUIEKTA JIJI1 MOHUTOPHWHI'A ITPOI'PECCPOBAHUA
HEOBACKYJIIPHOY BO3PACTHON MAKYJIIPHOY JAETEHEPAIIVU: ITMJIOTHOE

HNCCHIIEJOBAHUE NEJIECOOBPA3HOCTH

Cyprynanze M.

I'pysunckuit Texunueckuil YHUBepCUTET

Surguladze.mariam24@gtu.ge
Pesrome

HeoBackynspHast Bo3pacTHas MaKyJIipHas JereHepalys ABIsIeTCs IIporpeccupyomum 3aboesa-
HUEeM CeTYaTKH ria3a. [laTomornveckuii mpomecc MaHU(peCTUPYeT pa3BUTHEM aHATOMUYECKUX H3MEHEeHHU i
CeTYaTKU, 32 KOTOPBIMHU CJefLyeT IOSABJIeHUEe CyOBeKTHBHBIX HApYIIEHWH 3PUTEIbHBIX (YHKIMH, ITO
aKTyaJIU3UpyeT HeOOXOAUMOCTh OOBEKTUBHOTO CTPYKTypHOIO MOHMTOpPHHra. B Hacrosmei pabore
OLIEHMBAETCA IPUHIUINAIBHAS BO3MOXXHOCTh IIPUMEHEHHS ajJIrOPHUTMA HAa OCHOBE HCKYCCTBEHHOTO
nureiekta (M) mns aHanusa u300pakeHUN ONTHYECKOM KOTepeHTHOU Ttomorpaduu. ABropamu
[IpeJiIO’KeHa HOBas MOJYJIbHAs apXUTEKTypa CHCTEMBI IMOAJEP)KKH IIPUHATHS PeIleHHi, BKIOYAONas
TPU YPOBHI: IPeACTaBIeHUE MAAHHBIX, JOTHYECKUN BBIBOA (MH(pEpeHC) U yIpaBleHue IIPOIecCOM
oOyueHus. B pamkax uccreZoBaHUS OCYIIECTBIEHO OOydeHHe CBEpPTOYHON HeHpOHHOH ceTH Ha 06ase
6ubnnorexku PyTorch c ucmonpsoBanuem cbamaHcrpoBaHHOM BbIOOpKU m3 102 msobpaxenwmii (51 — B
HOpMe, 51 — ¢ mpu3sHaKamu aToaoruu). Bce ucxomHbIe CHUMKY GBLIH IIPeOOPA30BaHbI B OTTEHKU CEPOTO,
MacIITaGUpOBaHbI, HOPMAJIU30BaHbl ¥ ayTMEHTHPOBAHbI IIyTE€M POTALVH, 3€pPKAJIBHOIO OTOOPAKEHUS 110
TOPM30HTANN, @ TAK)XXe KOPPEKIMH SIPKOCTH U KOHTPACTHOCTU. VcXomHas TOYHOCTH KJIacCHpUKALMK
(baseline) cocraBura 51,00%, Torza Kak 1mocJe npoBeseHusa 0O0ydeHH ¢ yuuTeneM (supervised training) u
Toc/TeyIolel ayrMeHTalluy SaHHBIX JAaHHBIH IokasaTenb goctur 90,20% u 98,04% coorBeTcTBEeHHO.
[lony4yeHHbIe pe3yIbTaThl CBUAETENBCTBYIOT O CIIOCOOHOCTH Mofenu 3(deKTHBHO pacro3HaBaTh
CTPYKTypHBIE IIATTEPHBI CETYATKU, UYTO (POPMHpPyeT TEXHOJIOTUYECKYIO OCHOBY IJIf IIOCIELYIOIIETO
aBTOMATHU3MPOBAHHOTO BBIZIEIEHUS BOJIOMETPUYECKUX OHOMAapKepOB U IIPOJOJIBHOTO (JIOHTHTIOLHOTO)

MOHUTOPUHTA AVUHAMHUKN 3a00JIeBaHUA.
(ITocrymmma 30.06.2026)
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39900996905 35MOHO0BIOOL LOIIWHZOOL BMOT.:

Q=L"p*c *(t'ag@) - tgoﬁ)g)a

BO@OG tsmg — 90U 30939 359M0L $9839Ma¢ms;

0d 990mbggzsdo, MmEs LsFoMms Im3zsbobmom  BMLEGHO  oobasM0dgds  3mb3MgE Mo
0099GH0oLsM30V, M6 35HMLEMm F98gy0 dmbsoigdgdo:

5) Lo®OZLML s60TELYEGdS (BB, MGBOLO, LosdJOM);

0) 3960l BOMNMBO S LOTsWENY;

3)905805605 M5m©gbMds s dMfYmdowmdsms LodMI3wg;

©) LobYM3gE0 3H9d3gMoGHES Lomsglmdo.

3. sli33bs

50335650, @obbome 658GMIdo dmEgdmmos My G5 356M59xEGHMJPBYS  ©TIMI0IIMO
15396GOWsE0Mm LOLEBHYIOL A9FMMIO FMFods LoMOgLMTD KSBLOMO FoMgdmMmL Tglogddbgensc.
L53w9domdo Qobboos 9@9bowo 359Mm0OL sBIbIMIRJOOL 25030l oMM TJNMEYdO. o
396939936905:  F9EHoboo 3590l sbsbsMXJOIOL  domzws  Lsbodsmar-30a0969MH0 dgommols
90b9300; LYMIZLML BoOCIMBOL obgE3000; MBMLOFsMHdOL Jobgz0m; F53690¢gdOLS s JSBOL
dobg30m. Bo@s69dmos dg@sbowo 359M0L 3HgddgMod ol sbsboMxol asmzms  3swmcm0gy-
ol Lodd 3oL ObLLDBL3MmOL JoBbom.
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VENTILATION AND THE DETERMINATION OF AIRFLOW AND
TEMPERATURE REQUIREMENTS THROUGH VENTILATION

Guram Murjikneli, Izolda Kurashvili, Marine Kozashvili,
Tamar Kozashvili
Gurami.murjikneli@gtu.ge | kurashviliizolda02@gtu.ge
kozashvilimarine@gmail.com | kozashvili.t@gtu.ge
Summary
This paper discusses methods of purifying contaminated indoor air in various types of spaces through
ventilation systems. In particular, ventilation enables the replacement of polluted indoor air with clean
outdoor air. Its purpose is to remove dust, carbon dioxide, moisture, and other harmful substances from
the air, while providing the required humidity and temperature conditions. Effective ventilation ensures
both a healthy indoor microclimate and energy efficiency within the space. To achieve these goals, natural,
mechanical (artificial), and other types of ventilation systems are used. Among the issues examined in this
study, particular attention is given to the supply airflow rate as one of the main parameters of a ventilation
system. The temperature of the supplied air is also considered an important parameter, as it significantly
affects the performance and effectiveness of the ventilation system.
(Received 15.06.2026)

BEHTWJIATIVA X OIIPEAEJIEHVE C EE IIOMOIIBIO

PACXO/ZI0OB BO3AYXA N TEMITEPATYPBI
Mypmxuxnenu I'ypam, Kypamsuau HUsonsza,

Kosamsunu Mapune, Kozamsuiu Tamapa
gurami.murjikneli@gtu.ge, kurashviliizolda02@gtu ge
kozashvilimarine@gmail.com, kozashvili.t@gtu.ge
Pesiome
PaccmoTpens! cymecTByronrye MeTOABI OYHIIEHHMSA BO3ZyXa B IIOMEIEHHAX PasHOTO THIA C
IIOMOIIBIO BEHTW/IAUU. B 4acTHOCTH, BEHTUJIAINA JaeT BO3MOXKHOCTD 3aME@HUTh OTPAOOTaHHEIH BO3LYX B
IIOMeIlleHUY BHEUTHUM YHCTHIM BO3ZyXoM. Ee 11eZib - OUMCTUTH BO3/yX OT IIBLIH, YTIEKUCIOTHI, BIQKHOCTH
U JPyTHX BpEeJHBIX BelIeCTB, JAaTh €My HeOOXOZMMYIO BJIAKHOCTh M TeMuepaTypy. KadecTBeHHas
BEeHTWIANUA obeclleynBaeT IJIg BO3AyXa B IIOMEIIeHWH KaK 37J0pPOBBIM MWJIPOKIMMAT, TaK W
sHeproaddextuBHOCTb. C 3TOM IIe/IbI0 UCIIOIB3YEeTCA eCTeCTBeHHAs, MeXaHudecKas (MCKyCCTBEHHas) U
IpyTHe TUIBI BEeHTIIAINY. B pacCMOTpPeHHBIX BOIIPOCAaX pabOTHI HAaZI0 OTMETUTH IIPUTOYHBIH BO3LYX, KaK
OCHOBHOM IIapaMeTp CHCTEeMBI BEeHTWIAIMH. 3HAUUTETbHBIM fABJIAETCA TAKKe TeMIIepPaTypa IPUTOYHOTO

BO3/yXa, KOTOPAasA TaKXKe ABJIAeTCSI OCHOBHBIM IIapaMeTPOM BEHTHJIAIMOHHOI CHCTEMEI.
(Ilocrymmra 15.06.2026)
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360HmBgLeM 0535H IgHMBosL
bliemgbos (18.03.1947 - 22.10.2025)

535  Ggbmbos —  BHgdbogol  dgbogmgdoms  3960@IGHO  0bgMETs®E 03580,
LodoMmm39wml  BHgdbozm®mo  Mbogzgmlodgdol  3Mmagbm®o, LEH-b 0630l
033M5BH0BgoMo  LobFgdgdolL®  Jomg®ol  gdgho@Gmbo  3OHMBLMGO,
©Oob303¢0bgdoL:  ,85MM30L  53GMIdGH0DYIMo  LobBHYIYOOL  I3OMIJEHIOOL
0gmOowo  bdsrMdzwgdo®,  LLofe®Imm  3MMmEglgdol  93GHMBoG0BOGOS
»00BbgL3MM3ELYdOL dgbgxdgbEOL  93BMTsBH0DoEo0l Lsydzwgdo®, ,dglogewo
MmO560Bsgomwo  99bgxdgbBHolL  BbJ30900L  SEMHOMT0BE0sd0“ s  Ubg.
§5893560 3OHMRLMEO. IMszowo Hogbols o Lsdgsbogmm BsdmMAol  s3@™Oo.
FoOHM30L 53¢ ™TEH0BYdMo LobiEYIGOOL 35009EOHOL MebsddMmmdgeo 1971 {erowasb,
30063030, 9030 s 3EobbIogHo 3MmEgys S BaMBIMO. 0J0 0YM O30
20035996900l Bmbmbisbms 3ogdoMmob (,Bmbmlibgdo—1973“-0l) msbswsdgdbgdgero.
05@Mbo 008oB FgMmDB0ss s0dsES 1947 ferol 18 Fo®EHL . mdorolido. Lydmscm bgmerols
§90B0b9gd007 ©580536Mgd0LM63Y, 1964 gl BosoMobs LogdsMmzgwml 3:mwo@gdboz®o oblEodwEol
(L30) 93BHMB>BOIOLS s JSFMMZ0MO Bgdbozol FozmwBIBHby »9WgJBHOMbYo AsBMIMZEgEO
056gobgdol” L3gEoswmdom, HMIgEoE 93M03Ms 1968 gl (gmbBs Bmamgzsdol bguddwgsbgamdom
050335 Loodwmdm  65dMMdo)  0650696-9egdBHM03MbML  335MW0B0IIE00M. 0gm  Fo®ow3ZoMo-
B0(309M0 3015dG03mbo 39360960 LofoMmBmm 3MHMm39L9d0L FsMM30L S 53EMBoE0BoEOOL bszombgddo.
130-0d0 BoMMNZ0L 53@MT>EH0BYdMwo LolLEJIgdOL JsmgMol Fgddbsbmsb ghma (1971) ogo
dof39mo ogm sboLEBIPEGI© 3OMma. 3. BPmam3zsdol JogH @S JoMbMErMds gdEogdL GMAMMS
2390m3w0mo 39d6030L B93WEHIEHDY, SBg3g L30-0L Ubgs Bo3MWGHYBHIODY, 953G™MTGHODIE00L o
30030993 OMwo  3Hgdbmemaogdol 459mygbgdol mgdsEozom. dolo bs3sbosdMm  ©oLYMEIE0S
9bgdm©s  3gdsob ,LofoMdmm  3MHMEgLadOL  M3gMOG0E0 FsMMZ0L  93GHMISEG0DIOMo  Loli@gdol
536009d3HY0s“, OMIgoi FoMs@Egdom s0;33s 1978 fgub.
05BMmbo 0108580 ,5MM30L  53@MToEGOBYdWMwo  LobEBYIGPIOL 350gEMsBy Bwdomds 1971
§0sb 2022 jersdog, oym sbobEgb@o, ©mE36G0 s 3GMMmagbm®mo, 85dwgy oL dosbodgl gdgGmodmbo
30x396MOOL BLEHSGHMLO ©s 3Zsg 93MdgEgd©s LBEMIBEJOME sdBHome  TMdomdsl, Logmbaol
0MmIY.
3OHMRgLmOO M. IgHMBos Mo30L FHMZMYOOL Fobso®bosb Fergdl 935380609l sHHEIYIBOHOMBOL
396500 gdols o 339080353006 5350gdol,  dgbgxdgbGHol  s3GMIsEGH0bIdMwo  LolEgdgdol
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©330MgEJOoL  3MMmEgLgdol  LOWYmEBL, $H9dbogzols s BHgdbmEwmaogdol sbowo dgabogdvyeo
900(93900L5 s BIMY30L LozoMbgddo. Job 3o¢sdl 9329360l ModEYHodg LobywddM3zsbgwm s 50—

g 9930 LoBgEboghm LGB0, 5JBH0MMo© IMbsffowgmdms bogMmsdmemolm Lod3mBowdgdls s
3mbx39M9b30gdd0. 0gm 9MH39Mm0  FoMds@gdMwo ©MJEHMMBEHOL s FoaoLBHMBEHOL  Lsdgbogmm
bywddegsbgwo. MgmE ©oos 3OHMBILME . JgPmbHosl sdlobMmgds, MHMAMME 0bgobmols o
39053M0U.

LoFo®ms 0dob  goblgbgdss, MM doGmbo ®odsD  FgOHmBos  obEom  5MslBMOgMH O™
mM560Bo3o0l 300  50859967dE0l  Bmbmbsbms  353806M0L  (,RmbmLBydo 1973%-0l) ghm-gHmo
0565005993369090 s 5gEH0OHo 9360. Bobo LoyzsH g0 GOSBS 0gm - ,sddMmdMb Loddg bFoMmEYdS
@5 905 bdsmMo“.

BOGM-2: o. 3g6H0MB0os Beabmlisbms 9iHo-gMor 8930905y

153500560, FJoM0EI®© JOMOLE0bO O Fooe3wdsbMmo 3006303900l 30MM3bgds, dodmbo
05350 0gm JgLobodbogo dgdswgmdOL 3505 33MEbY ,9aMmMIgMMbg“ 3530, Gob I3bgmOL s5356M53%g
000wolol 8065803 (393060L-1) b0 bsbs3Eom BsdMMHT0 BobxMOL M550 LMol misbow
30460l 3039gdL. MY356MHs JoM0MEo LRGS, b50dMds s M5F5Mds, FOGHIMIBYS 33000IMHMOS
JoH M LodwgM AL - M530L9dMS, bAoL 303G300L MOOYOBIMH LG 0w do. oD MO OO
dwogho  3ogoL  300HMdsbg dgBHo dOO ©s FmbLoYzsMg 30MHMm3690s  gobwrom, sMog0L
af9ygbobgdos.

Lodfbodms, MM d5EMBTs Mo FgOMB0sd bogmEbErol dmeEmdy 3960 (56 56) dmobgMbs
xobol d9ddbs s 9993300M0L ©sBM390s (F0bgs35 doBmbo amPs Bmymgsdol s dobo sberm
393MdMJd0L 5M0gMH0 83 MdOLYS). 100-Bg Ig@EHo Jowds@mbo ogm LBy 9y3569dw9eno (Mmdogrolido,
Lebdbs 0w Fmlizmgdo), JogMsd oo Ma030m, 030 3960 HY39BWS, M6 99-0b Fygbs 56 MbMS).

£93005 B396296 0930l Loddgbg MLsDBWIMME F9Y35M90E0 530560, Lsdsgowomm JsMrmyEo
mxsbol Homdmbscaabamo, F9305Mm0Gs@ 3sdMmom@o s oMbgmero 0sdodzowo, gohmgboemo
39950319600 0b@gaoggbizool dglobodbogo 3nfm3zb70s, MMIeol Labgerl oEHLLBL s6 s030fYgdL dolo
050009M0 dm5dMTogmds (Eoldz0wgdo s 930030 gd0), dgamdMgdo, 3Mgagd0 s dobo

s©0BOHEOEo LEMgbEgdo.

Lsgdatanggemls ¢gdbogumo »boggmlbodgdo,
06g3mM3s¢030L5 s Fstrongols LoliBdgdol Bs3MwEg@o,

356>0730b 533 M35E0BJOMEo LobBgdgdol 3smgMs,
3096650l HIE3MEY0s
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33GMMH 05 155gIM5MgdM !

J90b50 5M0L LEYODSTMOOLM 0bYJLOm, MYBIMOMHYIBO (HgH0Tggdom LD 9b5BY):
JoOmM0, G0, 0baolv®o);

8500203905 39(0ca0Icms. dsolo, ©939089(0;

LEAOGHLMD GO LoFoMmms: 1-M9396%0s (MgIMEgRo0l F93Mob), Lbgs Mg396%bEOL-
300 CV o 3obo 53 09853H030L 2 6530m3oL Jugmmalieno (La@Go@wem 339MHOMS QS
Lo®bggz0m);

§0239¢70 5896609602 bGsh0s g2)Hbserdo 3s0eigaggbg8s0@g defogds ersgosd by
LEH9G0900 93996905 oM, OV 56 0byErolw® 9b9dbY;

bhsd0980b 900289980 (0bgrolzto s Jo®ozer 9698%y) J3996@98s 300905
OO CIBIONOIL JIPb3C0 (Ogfobeerrdo)

dobodgdaro 543l DOI (Digital Object Identifier) so0g6wwo mdogd@Eol 09gb@EgIB0IsGHMMO;
LEBSGO0L F0bssOLOL LEAMJBHMMs: Lyosm®o (Sylfaen=16-B), s3@mMgdo s
26039ML0EYEHOL ILEbggds (Sylfaen=11), ger-0oLodsOmMYd0; MYHB0Mdg bGo@Gool 9b5%y,
153396dm LoEY3900. 1. BgLoz5WO: 5dGHYdEIMdS S 5M3560L LS, 2. oMo bsffoero,
3. 313369, 4. WOBHIMSGHME;

09099 0baeol® s MM 9698bg (Fobodwd 7-10 bh®agdmbo),

&99603960 dnmbmgbgdo: MsWord, Ad-gm®ds@o, GBodu@ob dtog@o Sylfaen=11, LGHogmb-

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

LA (4 — 12 339000), 1-93H993W 60 453mdgFowo, CD.
LEASGO0L 250AMYD3bs T90dergds ge-gmbGoom: g.surguladze@gtu.ge (CD-aob gsmgdy);

L5 FOOMS 53BHMOMS LOZMBEIIBH™ BYgBMbYdO s Ge-FobodoOmMYdO.

LGB0l FOMIJO0 009305 S3BMMMS bR (LB¥y-ols sdE3M sbysHOTDY
39005G0Eb30m). Mbbs M I0WYOM s F39MPIOOL M5MEIbMBSBY.

»390M30L 53EGMAoE0DYOIMmo LolEgdgdol"
dHmdgdol 250mI(390¢mds
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