"""hﬂlnmjnnﬂ H;'_]U
Association




Vol. 8 Issue 1, 2026 E-ISSN: 2667-9760

(Georgilan Scientists

Jom39ero 39306096900

SbM305300 89(36096900LsM30L

Association for Science

Journal DOI: https://doi.org/10.52340/gs

https://journals.4science.ge/index.php/GS/index

Georgian Scientists/Jo®mggewo dg3boghgdo ¢. 8 N 1, 2026




LOMYJ30M BodFm

050560 bobmGsdz0mo: 3003500 M9odGHMG0, 3mI30EgOHMwo 3936096098900l  TopaolEMo,
SbmE0s30s  893bogMgdolomzgol  3M9HowgbGo;  MdoElLolL  Lobgwdfoxm  Lsdgoiobm
»603960L0EGHIEHOL dOdOMMY30L oMgJE™mGo https://orcid.org/0000-0003-0953-2073

6obm  ¥gM05bodg -  »doErolol  Lobgwdfonm  LsdgoEobm  MbogzgdloGgBHo, M3
69054 BHMM0L IMSY0wY, 3nd30)BHIMME0o 393609690900 dogolEcMO

35609@d bEsdgmodg - M9odGMMo, Mdowoliol Lobgwdfoxgm bsdgwoogobm mbogg®lodgdo,
303309BH9Mmeo 3936096909000 doaolEG®mo

3560 @sbBszs - Logodmzggamlb  3gdbogmmo  Mbogzgdlodgdo, G9dbozm®mo  Igsbogcgdgdols
©MdGH™M0, 3OMBILMEO ; https://orcid.org/0000-0003-4249-9404

3o¢mbsb §j0dsr083000 - LogoGm3zgemlb 3gdbozMo MbogzgmloE g0, M9sdBH™MO, 3OHMBILMOO

395 4ogosbo - Logdoermzggemlb 3gdbozmmo 1bozgMLoE g0, M9sJGHMMO, 3OMBILMEO

356065 JMMsdY - LogoMM39EML 3H9gbo3zcmo Mbo3zxMBOEGYGH0, 3OMBILMEO, 0bBMOTsEH030L5 s
350mm30L LoLEBYIGOOL Bo3MEHIEO

356053 3mdgMH0dg - 3mOOL Lobgwdfogm MbogzgmLoE)BH0, 3MMEILMMO

30mO30  amMmdodg - 039567 x935b0d3000lL  Lobgermdols  mdorolol  Labgwdfoxzm
2603960L0GHYGH0, SLME0MYIMo 3OHMBILMEO, https://orcid.org/0000-0002-6244-2942

3bEoby 3393599 -  BobozoL  IgbogMgdoms  ©mIGH™MOO,  MdowoLoL  Labgwdfogm
60396L0GHIGHOL 56OMB035d3000l LobgEmdol Bobozol 0blEGoEHMEGHOL Lsdgabogm LsdFml
$9360; https://orcid.org/0000-0002-3875-505X

@gEs B3bGAg - 03569 Kx935b0d30¢0L LobgErmdol Mdoolol bsbgwdfoxm MboggdLo@gdo,
SbME0MYOME0 3OHMABILMOO

53,560 530056583000 - 3. bmosl  Lobgwrmdol  agmzobozol  obbGHo@GMEo, 03
X935b0830¢ 0L Md0w oLl Lobgwdfonm MboggOLOE Y0, B0D03I-05009F5E 0308 MJGHMMO

53593 M58 3ol M) - 39003060l Ig3609MYdIMS MMM, 3MIMBILMMO, 53509303ML 3.
0m3Bmd5d9308 Lobgwmdol Jommemyool Lsdgsboghm 3gbGHMOL oMgdEHMMO, sHBYMdI0KIbOL
Lo39@O30bm  MboggMLo@g@ol  JoOmGyomwo LbgMwdsms  ©Y3sMESTg6EGHOL  3BMEBglmeMo,
390090060 25999 (05gm, 5HgMHB0X560)

06530 b5oMsdg - d903E0bol dg3609Mgdsms MIGHMMO, 3OMBILMEMO, 3500MEMAO0LS
3960b LodLogbggdol (396Gl bgerddmgzsbgwro, LodsGmzgmrm oMol 9HPMIWO30 3K0bozs
GIDMEDI: ®d0¢0lo, bogs®mnggerm; https://orcid.org/0000-0002-4764-655X

90 35305330¢00 - 39003060l 3936096093505 MIGHMO0, 3OMBILMOO, JOOIMRO, FIOE ol
1539030bM 396GHMO, 6335605, OLESYO; F)EO0EOBOL B3MWEHIBHO FOWOG530, d56 0EsbOl
»603960L0GHIGH0, L8O, (0LEYEo); https://orcid.org/0000-0002-8796-9724

Georgian Scientists/dos®o39wo d93boggdo ¢&. 8 N 1, 2026 | ii



ol 9. segEmm@o - d9030bol d93609M9dsms MIEGHMGM0, I9MHo 3506839w©o 3e0bolm®mo
331930l 30MMmxgLMO0 3905300530, InMbo Lobsols IgoEobol bLimers, bow omE 30

Bscogo 353000 - GCSJ, MD, PhD, FRCS, FRCSI, FACS, FICS(Hon), FASMBS, FIMSA (Hon) 8gcoogobols
993b0gMgdsms  @MJGH™MEMmO,  3OMAILMEOO0,  BHOBL3WBGHIEooL oMo,  @mbombols
150339MOGHMOM 3MWIX0, WmbMbo, OO 3M0EFHIBYMN0; DmAs©O JoMmeyo, Jeozwgbools
306035 (0mbmbo, 0o 3M0Esbgmo); http://orcid.org/0000-0001-9442-7950

3589935 803998535 - 3OMAGLMO 0, LolbEIsOOZMs JoOMYO, sbyomemyo, Ig0E0bol mddEmmo,

6. 3mbuoll Lobgermdol LobbEIdsME3MS S F2IOL  O935JOIMS 39BEGHOL  OMYJBHMMOL
M50 g; https://orcid.org/0000-0002-6719-1302

3960 30asdg - 9903060l Igbogmgdoms MIGHMG0, 3OHMBLMEOO. 533-U, LsgMmsdMOOLM,
9360Mm30L6 5 OHMLgIOOL JoMHMMHYMS  SBM(30530900L 9360, JoMHMIMA0, Jwobozs odgol
JoOGH0mwo LsdLsbMGOL WRGMLO

3Ma0 (omMa0) BdmIMGH0dgowo - 3OMmBILmOO, Jgoaobol  dgbogdgdoms  MJGH™MO,
MOOEMYO0, NO0E0LO, LodsMIM39w ™

6obm 3036509 - Lmxgwol dgmMbgmdol d93bogMgdsms mdEHM™MmOo, Jodool ©I35MEHTY6EHOL
bLME0MIOMEo  3OMBILMEOO0, Bl Fmms HMMOZgEol Lobgwdfoxgm  Mbogzgdlodgdo.
336500 s 89806056110 39dbmEmy0gd0l 0bLEOEGHEHOL 8835600 8936096M-0056583MMAgE0o.
LodoMM39W ML o6M9dmb s(330L dgEbogMYdIMS 535009800l bsdzowo {j93M0. 5396030l Jodool
LoBMYsMgdoL (ACS) §9360, 350090, LodoGmzgurm; https://orcid.org/0000-0001-7864-3899

83m5b60 d3MHE39M0dY - (96030l g3bogMgdsms MJEHMMO, 3OHMBILMEMO, 53530 FgMgmerols
Lobgedfoxgm »boggdLoGgdo

A9JbGOL HIEsIEHMGO:

356050 Pohs60dYg -0dooliols Labgedfiogm Lsdgoiobm mboggdlodgdo

dobgog gM9g3erody - 1d0Eobol bobgwdfoxm Lsdgogobm »bogzgmlodgEo, 0bgMMTsE030L
05355360

390 (957G MmMo:

300M20 13369003300 - MBOWOLOL Lobgadfoxm MboggdloEgEol gHmzbmao Lsdgzbogmm
00dOM™MY3S

Georgian Scientists/Jo6m39wo dg3b0gcm9d0 &. 8 N 1, 2026 | iii



Georgian Scientists
orgian Scientis®

JoOmzgo 3936096900 Vo861

00
0::0
00

Vol. 8 Tssue 1, 2026 o
https://doi.org/10.52340/gs.2026.08.01.01 S

W s
Slioys(309 ByBoa 0 gl

For Science|

Association

360bolido dgmzo 9bgcym3ma3sbools FsMmmgs s 93mbdsm@gdols
©133530000; BHobEo - sgrgm®omdo gbgym3ma3sboolimzgols
3505 mAbdYg-3mFogz5!, 35856 [gMg0geo?, bocmnbs 3omMsdg, 30mMao 306 3m@Esdy?

54500390l ¢9g603600 b039MOLOEIEHOL 3OHMBILMO0; 255gsMr39wmb G9dbozm®o
»60396B0GYGHOL SBMEFOMYOMWO 3OMBILMOO; SosMMNZ9w ML Fgdbozmo MbogzgMbo@gdob
SLoLEYBE 3OMBILMEOO; vooMm3geml G9gdbo3meo Mboggdlo@ g ol dogol@®msb@o

36m@o30s

$0b59q0569 LESEH0S 9336905 3OOBOLYIO LoEwYS30900L A9bgXTIBEHOL s ®
Logombgdl  9bgMaq@03mw  Lgddm®do s  FoMIMoygbl  3mI3gdlve B0l
M6560Bs30Mwo 995399GH056mdob 39BOOLm30U. Bsdemdo dm0o;393L O10}
WOHM0YONS393006090Mw  bofowl: 3oMH3gwdo  gobbowyemos  3MHobolwo  oGm3ol
LBEAHMSGHIPOMO S M3GMHOFONWO SB39J3HJo0, dgmMgdo 3o FoMdmagbowos PAEI &qlid-
Senm®omdo 99bgxgMmeo 3083939630900l FgLogolgdws.

BGH9G05d0 EYEBIIMSS SOIM0E0 9bgMM3MA3sbool "©oE30L" s "smyqbol”
39996090930, HMIgdoE dmo3s3L: M9bs3IOMIGms MBsBOMbMYdOL M HBOMBZgYMALL,
130656LM0 IAMIMOOL LEHMIL BHILEGHOMYGOSL, T9IMLsgEgdOL OE30L LEHMIEBHIR0IOL
©03300)OMO0L FoM035. 25663 MmMEMGOIo 5939630 3939390 0s IM3g3500sbo (3-
6-18 039) ©s393930L 3600369 MBd5Bg @S BEYOIOIMEO  BIEODBOL  530EGIWMBIDY
L5BSBOLM, LJOOYMBOMO S WHIOOMNO A5630MMGOOL 35010563 JdOL Yomzseolfobgdom.

LAoGoob  dgmeg  bsfowro  Fomdmopqbl PAEI  8gmm@memaool  30sd@o3wme
003999635305L  9bgMM3m83560900LmM30L.  BHgLE-seAMmMOoMT0  LBodMegdsls  0dwrg3zs
0©96¢0x8030MEIL mmbo doMomso dgbgxgPrmeo Hmwo: P (36m©dGomwwmds), A
(560030bolGH®m0Mmads), E (09s03gmds) s I (0639aMs309s). 36-30mbgosbo  3ombgsmol
Loggmdzgandy, MMIgEog  9BsLGAL  3sLbolidygdEgdols  AsbsHowgdsls,  3GMBEGIgdOL
29053M0L  80yMIgOL O WOEYMHMOOL  LEGHOEGL,  ABOLIBOZIMGdS  96>FTIOMIOL
3969%96M@0 3OH:MB0wo 30000 353JyMG00l Jobgz00 (pooo-wsb PAEI-dwy).

BEHoG0s 91939 obobosgl 0bGHMMz9MEH™Mwo (P s A) s 9duddOmzgd@Ewwo (E s I)
90aMdg00lL  05¢sblol  8603d369wMAL  MGYIBOBsGoME  3mbBHYJuGHT0. 93BHMO0  bsbL
Mgsdl, GMmI  3OHobobo 9O MOl TBMEME  LogOHMbY, 9MsdgE  FgLodwgdEMds3 -
A®9bLRMO5300L5 S BOOL sHsEo FaMEH0W OOl 0096E0B0EOMYGIOLMZOL.

Georgian Scientists/do®Mmggero dgisbogegdo ¢. 8 N1, 2026 | 1




659Gm30 JoBbs olsboagl 9bgMagE0l3meo 333560980l bgwrddwgsbgwmdobmgols
365dGH03Mwo  0blEGMmWINBEGHIO0L Tge35Hg0sl, MHMIgdoi bgwls JgumhHgmdl Gmam®3
36M0Bole LoEs3090d0 9539dEH0D Mgox0MgdsL, 0bY dMIgE350sbo 3:MB3MMIbE Mo
M306053JumdgOol BMMToMGOSL.  LAHoBG0s  29b3mmzgbowos  9bgMam3md3sbogdols
d9b9x 9M9gd0bm3z0L, HR 139305000l q00bm3z0L, 30Dbgl 30w @ob@gdolimgol s yggws
03  306M0Lm30L, 3063 I0bEFHIMJLOME0s  MERRBODIGOMO  gb30mMIMgdo o
3M0Bolmwo d9bgxdgbEHoom.

U53356dm  Lo@yggdo:  3Oobobwmawo  dgbgxdgbdo,  9bgeym3zmadsbos,  PAEI
3900MEME™y0s, d969xgOMwo  3m3393H96(30990, @oEIOHMBOL  LEHOWYd0, BobIBLYYGMO
©03300)OMdS, LEAMIL BHILEGHOMYOS, MOPB0DBIFOMWO EGHGMBLFEMOs305, 9056990
M9gLbYIOLYdOL dorINgo.

dglsgsemo
056589000m39 969693039 bgdBHMOT0, LOWSE (339CYOSIOMBS S JIMMIZIZMOS

4mM39OPOO (oMdI© 0439 3969xT96E0L 9139dE05BMds 4oBLEBOZMZL s6rs BME M
30356006  G0d0boty  M3gMoome  FoMmdo@godsl, Mg ol  aMdgE3500b

LoMEbWOLKBIMOSBMBLYE. 3BOBOLYWwO  LoG¥sE0gdo,  OGMIgdog  JgodEgds
3°0mf39mwo  ogml  OMAMOE  39Mg  BodBHMmOgdom (3969805,  gM3MmE0EH03MH0
(33093900, d5BOHOL MY)3900), 0l o odMf)393900m, INOMBMZL WOIMHIOOLAD 56
dbmm BHOSR H9og00Mg0sL, 50589 LBEBMIBHIH0E sSBOHMZB7BL O 53EH0MJOOL BsOL.

§0b58qds6g LEIGH0S MmO MODOYMNE35300609d, Boasd goblibgzo39dme mgdsls
dmo3o3L. 30639 bsfowdo  gobbowrmmos  3Mmobolmo  8969xdgbGHoL  3GodEH03Iwo
31399G9d0 9696MM333560900LM30L - FYgdo MsbsFTOMIgms MLsBRGMbMYdom
535360900 B0bbLMGO  LEHIdOEMOMBOL  MOOHMbzgwymzom. Igmeg  bsfowdo
Do00magboos PAEL ¢gl@-s@am®omdo, Gmdgeog Bodmegdsls 0deng3s mdogd@res©
39358358mm 969X gMMo 333939630900 S 2ob3LEBOZOM®M 1BIFIMMIGEMS MME9dO
MOob0bogosdo.

9l 80MTs 59Mm056gdL MmO 300G ggdgbBL: ghmol FbMo3, 3MB3sbools
©5330Ld 5 5060l LEHMOBHIR0gdl, dgmEgl bM03 30, 95©F0bMEMmO  MHglrELYdOL
M3G005M6  20b65(0egdsl, o3 oblogmm®gdom  3608369wm3zs605  LadoMmzgwml
959629303290 L9dEGHMMoL 5630MMGBOLMZ0U.

do6®0050 bsfjoemo

B3960 sBG0om, 9696Mm 3835600l bgerddmgzs69eds LoGvsEos Mo 3mbB0E00sb »bws
3oboboml. 30639 ©0gd0, "©s330L" 3MmBOE00WIL - A5FY30GHML Mo MBS 2o53900MU,
LG BMOLISIMOO Y, TJUSZE0 033¢JdS BOJEGHOVIMOQ YMZIW MY S CMPObO
5 Bobgol doymads 65930o 56 03T5390L. S IgMO3, oMM "smygbol" Mgs0do -
0R0JOMb 8m35350BY, J93350mb 9bgMRM3MI35600L dmEgmo. Mog 50 Mbs M3bsMES©

Georgian Scientists/do®Mmggaro dgiboggdo ¢. 8 N 1, 2026 | 2



J09MHIL, FogM53 3HO0DBOLO FgLodgdEXMBGOOL MM S OLOBO 9930 GdSE Ao0bLBYDS.
3600369035605 439L0MEIL, M) OHMPMO MBS A96sZOAML GBgMHYMIMB35605T, GMYMEO
39055b@ML [o®mdMgds, Ly s OMYME IMIdJObML sbowo BOEOL FoaMEHowgdo, MHMEILSS
008379bo 03e0gdl S dsDBMYO0 o0{Yynd9gb 5YIbSL.

9696338356001 335!

1. 5653963 g00L MLsROHMHMYOS.

9B Mol WoEYMOL M306M39wgLo sdmEsbs s 99 8603369wMm3560s LobiBgds@meo
dopamds.  356gdool  30M39e 330609000 ¥93M0  99bgxgMo  509309g0©s  MZ5EYgMEL
15990E06M  0bBMMT5305L, 930 39O oL MsbSTIOMIWGOL MMl s  Sobegdls
Lobo@oMom  ©@s 303096996 (gbgdl  Fgbmdol  ILIBMDEZ9BOLMZOL.  BsdmE MM,
396bMbso F5gdlodMBsdY 2939369l OLEBEOMGMSE Bodwdsme.

2. 30335600l Imgdol, DoGoeol s 03300OMIOL LEAMIL BJuEHOL Po@sMgds.

LodmBom 39835 SPVIM  sOOL  godmboggbgdgero - ob Mbs FgImHogl LodsBOM
950900, 99bgxgds  Mbs  0ffobsbomBgBY3gwml,  GMaMmO 39630 Yds
05360936303 MM0  LoGMOsE0s ©d MMAMO 00mddgEgdl gl MmMRb0BsEOOL  dmqds-
D65 DY. o0, ) 3659¥OMIM LOEAMIBL3MOEM 0bEYMLE05YY, 35d0b Lo Fozs
1393050 JO0, OMES 580l FGLOdGdMds 25BBYDS, HMYMGO 0gbgds Fo00 Lo FoMHMgdgdO,
QMO 2505050 gds 653500900. FgmAEgdgwos BMLGHO  3OMMPBMBIOOL  go39m9d,
5803md  9600369cm35605  @odmzgmzgommm  Ms9gbodg  8530m93mbmdozmEmo  LzgbsGo
(L5dBOLM, SMYMBOMO O EIEIO0MO), 899Iy 30 29303M™, Mo dmzs 3MB3sbools
999mbogols, bobrxgdl o Bodwdom  3530FOb.  5b5eMY0MMo®, WOML 3530390
bo6xgdol  goobg3s, BMmA0ghmo 3Mmmgd@ol T9ghgMgds, Lbggdol dgbgwgds s dfoco
O9LOLYOOL 25sFoLsBIMMYds YRGM 3gOL3gdBH0ME LBIHMIIT0. BoQOC0MOW, dMEIM
fargddo Logmberobs @y dmALabmEMgdol dmbdo®mgds d90m30©s Mmbwsobdo s 3Mobobo
MEOZMPO 25590909l 58 39bgbiEosl. sbg GMA, B39gb Mbs 49358sb30eMmm gmE@sMgds
Mbws0ob OLMOLYdOL A96305MGOSBY b A9dW0gMHgdsDY. MJ3b Fggu0dwosm MBOGSEME
39N M 30MYJBHoL  3565993Mgd0 - 959300M™ botxd0, ©oa9admnm bszwgdo
d99mbogoo.

MAx M90S LEFMTom 4985 F9oYObM dMm3erg 39M0Mm©YdbY - 3, 6 s 18 M39Dg s
©9M930MOM 35HMOL BOEWYS(3000056 25dMIEObsG].

396L03MPMHPIMWo  gMoEgds bs 809J3al  0330MOMBL s TgLodeom
R0 bozgHgdlL. Mo IMHo 5300 58 dmIG6EHT0 805356(05. 33356058 BodLOToEIMES®
MBS 93OMZML Mbbs, FooMl, 1) gl JglodEgdgE0s, 2oOLELIYIOL o350 YdS S
©JBOGHMONM0 53505500l TgaMm39gds. Fowowro BadMHMEgbG™ 65339000 s©gdMo
93935000560 bgbbgdo 30Bbgll w9d0dygdl, sdoGH™md obobo by IOLYOML. vy
30035600l 35063 899de9ds 90mbisgerols 999306090s, 35906 dg0degds 36MHMdegdgdo 999Jabols
36900@MMHJOMb.

Georgian Scientists/do®m3geo dgi3bogegdo ¢. 8 N 1, 2026 | 3



5996039 ™30 [obsLfs® 29399008 Tggbolol o3y Mbs @obFzMoBMmm
Y39w5D9 9JuGHOgdocmMo B bsMoa, MHMEs 30335600LM30L Y39 sxYMHO Y39ewsDY »oMglo
0g690s.

3. 0359300 M530 F9dmbogerols d99306Mm9d0Liysb.

36M0BolLoL EOML 3M335600L gH0-gMH M0 FM35(0 3OMdGds FgamLogEgdol 356MHBYS.
ol ym39w 30l MBOHM LGSR 03cgdl, 30O boMrxgdo - g SHOL BoBbgLOL 356Mmbo.

399990909005 DMyoo 09:39330L do3gds 0doL Tglobgd, mvy MHMymE xbs FgsBgMmls
999mbogeols 993060905 - 893600 M58 sGOL 3M30JIMOo 0bEMLEHMOOL B3gE0B035PY.
35250mMs©, MLEGHMM69dTs, MHMIo0oi3 3960 9ALIHNMMGO0D IMIHBAMGOIL 30616,
©50{ggb 3bs 39Mdgdol dofmgds, BMY0gOHmo 3335605 30M39ws© F9dm30s MbEs0b
3990003500 96 255dw0gms gl 5Mbo. LsgMHMITMMHOLM FMYDBoMOMOIBY MOH0gbEH0MGdIMwo
AGMOoLEGO L55396EMYdO (300 Mdb.

©OIBEOIMI0®  350MJOOL  M9bsdIOMAgdo  B0305b 3oy @S Lodmowom
65605309090 BbzsOLBIS 35356L05BY LOgIgdOL LoMMYIEggdL.

sbg O™, GgbBob d99gd0L dobg30m, 505805630 EOBEYdS (odyzs60 SLM. Fo0sb
dbmemo mmbos: P, A, E, I. ©g500m©s0 GHgb@b PAEIL 3§300. Bmaxg® 50053056 5943 m®o
$5993560 sbm s 99809y 0LbO gOHMbIOMI TmJdngdL AslByY.

A9bBo oMoy 9960 PAEIL"

3M59MOMbge  a30b5bogl,  mvy Omam®  50dmBbgds  woEgMo,  GMIgEwos
639690 0s, HM™MI 339 5943l FoOMZ0L IIMIOSBH0YWO BEGHOEO, 500 sSBOHOM, 3063
09905000, 500l bsdzowo GHoMsbo s GM3 9969x9gM0, BMIglsE bxgH™Ms, ™I ob
MOMOCOM@O 0gm 05308 Boddgl 53907905, 35658OMIWgdOlL  M35¢LIBOOLOM  0Yy™m
659300 0EIM0-06EHgM9GHMM0. 53M0d0©, 53 GHJuAEHOL BsdIMJO0 396 Joowgdm
09365 MBOM MBO0JJEHIO LYYOSMNL S Bobogm, CMAMM 500435096 bLbggdo MJ396L J3939b.

AILGO -seamGomdo 9bghymzmd3sboolimgols!
0bLEBMd30900 PAEI Bgli@-se0gmdoodolbomgzols

1. 09 4390m0 3mms3190IE0 300b3560L 3sbgdo Immegligdwyeos 0-10 Jmemsl Mo,
85806 9696308356008 05653IMMIGE0 bolosmgds 998I0 3MPOL 506Mg305G M0
pooo, 653 bodbsglb Mm sl 56 29Bb0s sMBs0mO BgbgxgPrmeEo ™30L9d900 s 396
00399953906 39656506 15650©9dMB5BY, 49O HOY0MO Lodw)dsmbo!

2. ov) 439000 303900 30Mb3MOL 35Bvbgdo FmmH3LgdE0s 10-20 Jryemsls Gmeol,
35306 969630335600l 056533600 boliosmgds 899ga0 3MEOL 506M9305EWM00)
paoo, Go3 bodbogl MM 39350056 3gMomEdo 9bgMAMm3MI35600L 9BsFIMMIgE0
SbgMbgdl  OMEHobmwo  LsdMToml TG gdsls s IMIHBAsMYOIEMS  dMbM3bOL

1539 ME O3TIYMBOEGISL.

Georgian Scientists/do®mggero dg3bogegdo ¢. 8 N 1, 2026 | 4



3. 099 J390m0 Inms3Lgdo 30mb35MOL 35Lwbgdo Fmms3LYdE0s 20-30 Jryesls Gmeol,
95306 969630335600l 05653360 ™Ige0 boliosmgds 899ga0 3MOlL 506M9305EWOH00)
paoi, 53 60dbsgl MM dm3w9350056 39Mm0MmETo 9bgMM3MB3s600l 096sdTOMIgeo
5HgMbgdL 36MYJEH0MW, 50TsboLEHM30M, 0b3YMOMGOIE dmJdggdsl.

4. 099 43900mm IMm53L90E0 30MHZIMOL 3sLwbgdo FMMogLYdI0s 30-40 Jwresl ImEO,
35806 969630335600l 056533 MIGe0 boliosmgds 899ga0 3MEOL 506MH9305EHWM00)
pAei 9bgMm3mA83560580 58 Mmool  FgaLOIgdgwo  d9bgxgHOLm30L  Yz9wsby
3608369035605 M350 5@ToboliE-GMo3omwo, (dobws dgbgxgOmwo Lsgzombols
30FMo,  39Mdm,  39MLMbsol  IJoMsggds s  dgMPBgzs,  9BAIM0TYgdy,
©™399996@5300L 999935390, Ho00mgdols s 3639300l 39039, RJRTOW0
9306m8037960 060353 ™M9d0L Fgltrmeqgdol Imbo@mmobyo.

5. 099 4390mm dmm53L90E0 30MbZMOL 3sLwbgdo FMMogLYdY0s 40-50 Jresl ImEO,
85806 9696308356008 05653MMIGE0 bolosmgds J98IF0 3MPOL 506Mg305G IO
pael-b 9696333560580 50b0dbmo 3m©o 969%gM-50ToLEOHIYdGEL 35O gldols
139(305C0BEGHIO0L,  BoaMsd  6530g0s  LOZ39MVMOMS, GMT  0gmb  LOHYIYMBOEO
dhomMgdger0, 39Ho6dg 56 5TobobBHOsEGHMMO.

6. 0v) 93900 I3l 30MHZMOL 35Bvbgdo FMMH3LYdE0s 50-60 Jryesls Gmeols,
95306 969630335600l 0565336 ™Ige0 boliosmgds 899@ga0 3MEOL 506M9305EWIM00)
PAei -U gbgMm3md3s560580 50b0dbmwo 3m©o 960l msbsddOmdwwgdo (P s A)
©535bolosMGOg0s  0bGHOMZIOGHJIOLmMZOL, sy MM,  IgbgxgHgOL,  OHMIYdOE3
do®yzowbo 56056 9956 mb 930935000560 dovbgdo, 990bosm
RMMIsLIEBH900560 36MM9dBHgdol - gl 0L 0bGHOMMZ9MEHWWwo JoEamds Lbogddosbmdols
80056 00.

7. 0v9 43900 35359010 30Mb356M0L 35Bvbgdo FMmazLgdos 60-70 Jryesls dmol
56 70-%Bg 990, 35806 9b9gMm3m335600L 56588MMIgero boliosmgds 99dga0 3m@Oob
5069305¢ Moo paEl -b gl 9bgem3ma3sb60sdo (E o I) - gdu@emmzg®@&gdolmgol sGols
©535bslosMGdgeo s SLgmo  d969x9M900, MMIWIOOE (PO MdID MIJ3506
39639-JH03000  MOY6oBsEooL  FMTomdol  Mm3EH00BsEoS s 53 FoBbolm3zol
53003096  3MM9dBHgdL  sbm®E0gWwgdgb, 583500 963969096  9JLEGHMOZ9MEGHWW
SHMHM36905L s 9JuBH®39OGHME (56 gbgeym 0b3Yblo©mO) FoAMISL Logddosbmdols
d0dsGmm. 51939 99 990dgds O35MM30MmmM BdMMHEOBSE30S S GOMO 3O ITSEGMM
PAEI-Lb ULsboor sbgoo 89bgxgMgdo 96056 sbg30 3Gm©md@omwgdo ©s dghoedol
MBMIOOM IR OWOMYOEGO0.

»[5€02MM0md0 — 08 Imddggdsms JOHMMIWOMOOL HBMLGHO s OO sOfigko,
OMIGms 935305 3obLLDBWIOMo  M96T0Y3MMBd0m TGO Egds  4oB30MHMBYOL
©oLFMo  5TMEsboL  HTMbLBSL.  FHgMdobo  sergm®oomdo IX Lom3mbol s SBogwo
3m5BOM3b0L 335050 896 Lo 5e0-bgsM5BTol Lobgerol Wsmobme FHMIBLIMOBEOSL

1393806905 (Algorithmi)]“ Bsbogws 303039000096 Msgz0LBswo 96303 m3gEos;

Georgian Scientists/do®Mmggaro dgisbogegdo ¢. 8 N1, 2026 | 5



AILAO - sEamMomndo

1. 89000d¢05 3600 93900L 983990565 ©5Yxbgds O A9OFMS. BoPdIML 56 30Y39¢),
30mgd9090. B9l doerolibdgzsls J0385M03 0dolm30lL, MmA Bgdo 3933900 2obbmGmEogwEIL.

5) b8oMo -2 Jmems

0) bobsbsb - 1 Jrmems

) 03305M5Q - 3 Jms

@) 565l 0 Jyams.

2. LgBOMDBMEo 3560 S FMIPMBL yzgwsxzgdo FalBoyo. L3309 olEJO0 BoJOMAL,
60 D9dgEo© dmdmbmgbo 350, M0 sME 9OHO YEIMO 56 25TMIRMIL.

5) bdoGo -2 Jmems

0) bobsbsb - 1 Jmems

3) 00305050 - 3 Jms

©) 565l 0 Joyams.

3. 538 099mg09900m 5580565 3003¢00. 3960 30390 9OHPBIOMZ69dsL. JoyzsML
5b5E0 0009900l 2969M0MYdS S B0 3MM9dEHYOOL 0bo30MYdS.

5) b8oMs -2 Jmems

0) bobsbsb - 1 Jmams

) 00300050 - 3 Jeagmos

Q@) 5M5mgL 0 Jmems.

4. 99 3950 Golgobsdo doGmY30wo. g FJoyzsmL Bo3NMIMO Mo30L AsdM{3935 ©d
Lotolzm 80BbgL Hodmfiyqgdgdo.

5) b8oMs -2 Jmems

0) bobsbsb - 1 Jomems

) 00305050 - 3 Jeagmos

@) 563l 0 Jyams.

5. 96963™30835600L oGN30l EOML IgoMmEOHO doamds doMBg360s. Jogzs6mls
D9LOoaoLs s OLE03w0bol gbseBmbads.

5) bdoGo -2 Jmems

0) bobsbsb - 1 Jrmems

) 00305050 - 3 Jms

@) 5M5mgL 0 Jmems.

6. 39 30yz5mL Logdol 3900905, MMIJWOE 56O FMOMbM3L 3MWYYGOL MOPOYOHDMISL
@5 303160353050.

5) b3oMs -2 Jmems

0) bobsbsb - 1 Jmams

3) 00305050 - 3 Jws

Q@) 5O56mqL 0 Jmems.

Georgian Scientists/do®Mmggaro dgisbogegdo ¢. 8 N 1, 2026 | 6



7. 39 56 3030OL Bbgs 505305690m9b ©5353306M9ds. 3003996035090 356. Bgdmzgols
5Q030¢05 bbgzgdol o FoMHMGIGOOL oggds.

5) bdoGo -2 Jmems

0) bobsbsb - 1 Joems

3) 09305050 - 3 Jwd

@) 5M5mgL 0 Jmems.

8. 33000 Md, IGHZOMMIZs 353565(0wM 5BFIOMIGOL (3MgaqdL) JmEOU, 35d¢93
do0 15FNSEM LOMMMEPOL O35 GOGOU.

5) b8oMd> -2 Jmems

0) bobsbsb - 1 Jrmems

) 0330505 - 3 Jms

Q@) 5M56mgL 0 Jmems.

9. 99 hgal gmEOEMYdsls 3595b30egd 085Dy, M MHMYME Jq3sLEMErm dodobstg
53500905 56 35LbolidygdEMds.

5) B3oMo -2 Jamo

0) bobsbsb - 1 Jomems

3) 00305050 - 3 Jms

©) 565l 0 Joyams.

10.  bbggdoligob @oblbgogqdmmgdo 356 {oboobgmwmdoom. 8s06@HgMglgdls ol
59m 396900, H©MIgd0 Imdsgz5¢do G90dwgds Hoedmodgzsl.

5) B3oMs -2 Jyams

0) bobsbsb - 1 Jmams

) 00305050 - 3 Jms

Q@) 5M36mqL 0 Jmems.

11. gmEo©gdsL 359393 »306“ Fgolir¥gengdls 535 09 00 OZ5¢YBdSL, T9dEGOL v 56
9b 500580560 oL obbMM309gdSL.

5) b8oMs -2 Jmems

0) bobsbsb - 1 Jomems

) 00300050 - 3 Jeagmos

Q@) 5M55mqL 0 Jmems.

12. Bgdo 10835070930 o FBsMISFIMS 08 30eggd0L FbomgBgs, HMBEYdOE s535B7dI6
SboE 0Q0gq0L, SO 5TM35690L 56 3B BHIdL.

5) b8oMd -2 Jmems

0) bobsbsb - 1 Joems

) 00305050 - 3 Jms

@) 5M5mgL 0 Jmems.

13. Bg30 5653MAbMds 5 FBIMIFIMS 08 3 gaqg00L FbotHgs, MMIgdoi dbsOl
39696 BgalL BmmbM3zbgdL s gmsbbdE9gd0sb.

5) b8oMs -2 Jmems

Georgian Scientists/do®Mmggero dgisbogegdo ¢. 8 N1, 2026 | 7



0) bobsbsb - 1 Joems
3) 00305050 - 3 Jmws
@) 565l 0 Jyams.
14. Bgdo LoA3530900 S M3bsYMBs 00 3MEgA9dOL FbsGGBHYs, MMAYdOE Fo(36™MdYd96
65 bgds mOmys60Bs305d0.
5) b8oMo -2 Jmems
0) bobsbsb - 1 oy
9) 0330505 - 3 Jms
@) 5M5mgL 0 Jmems.
15. 89 396 dOMIoLAMY35Mg. LsdbobOTo 353H9MYd ©OOHML, MMIgeoi 99dgderm
X 9DMID GO 29353)9MM 56 839099050 3535FHMM.
5) b8oMo -2 Jmems
0) bobsbsb - 1 Jomems
) 00300050 - 3 Jeagmos
©) 565l 0 Joyams.
16. 99 89l F93™IJ00. 500 56 35353090 563 BgAL ™36 WS 63 BYAL 3EgAgAL.
5) b8oMs -2 Jmems
0) bobsbsb - 1 Jmams
) 00300050 - 3 Jeagmos
Q@) 5M5mgL 0 Jmems.
17. b3o6s 33M3bMd 33l goag0Ms. Bgdo 3mgaqd0 sMLMMs© BlbosH 0dsl,
60L53 99 Bom 39dbgdO.
5) b8oMs -2 Jmems
0) bobsbsb - 1 Jomems
) 00305050 - 3 Jeagmos
@) 563l 0 Jyams.
18. 39 o006 Bgeno 356, Boa M98 MHMES J0BIBL 35093, OHIMBIdO 56, G Loddg
653 ME 39OLYD.
5) bdoGo -2 Jmems
0) bobsbsb - 1 Jrmems
3) 00305050 - 3 Jms
@) 5M5mgL 0 Jmems.
19. LHEsx5 30MmJd9I0. 5353OMMWS, 3009d 153Mog Logddgl s 3OMgJA@U.
5) b8oMs -2 Jmems
0) bobsbsb - 1 Joyems
3) 00305050 - 3 Jws
Q@) 5M5mgL 0 Jmaems.
21. 99 39999690 LOEG¥YS3090L5 O 3OIMIYTGOL BIOMNME S AAMDIWIMS.
5) b8oMs -2 Jmems

Georgian Scientists/do®Mm3ggaro dgiboggdo ¢. 8 N 1, 2026 | 8



0) bobsbsb - 1 Joems

3) 00305050 - 3 Jmws

@) 565l 0 Jyams.

22. B9l Logddosbmdsdo MGG 3608369wm356s@ 0dsBBos 3MMmgLo.

5) b8oMo -2 Jmems

0) bobsbsb - 1 Jrmems

) 03305M5Q - 3 Jms

@) 565l 0 Jyams.

23. Bgal Logddosbmdsdo 99l MBM™ 3603369 m3z5650 3003wo.

5) b8oMd -2 Jmems

0) bobsbsb - 1 Joems

3) 09305050 - 3 Jmws

Q@) 5M5mgL 0 Jmaems.

24. 306B93605 565 LBMHYJEHMOH0MHGOMOo 53M(3569d0.

5) B3oMo -2 Jamo

0) bobsbsb - 1 Jomems

3) 00305050 - 3 Jms

©) 565l 0 Joyams.

25. 806B93605 LMY MOH0MHGdMOo 53M(3569d0.

5) b8oMo -2 Jmems

0) bobsbsb - 1 Jmams

) 00300050 - 3 Jeagmos

Q@) 5M56mgL 0 Jmems.

26. ®mMEO 30M30m300905L 9bgbgb 96 63390l 339693, 3bWIdO OJEHSGHMMO.
5) bdoGo -2 Jmems

0) bobsbsb - 1 Jmams

) 00305050 - 3 Jms

Q@) 5M36mqL 0 Jmems.

27. H™Es 3mbgmod@é Lo@msEosdo s0dmghbogdo, 3Rmdgdo s ghmo bsdoxom

356 30bg3.

5) b8oMs -2 Jmems

0) bobsbsb - 1 Jmams

3) 00305050 - 3 Jws

Q@) 5O56mqL 0 Jmems.

28. Bgdo gmM5Mgds Hodlmeol, sHdyml mvw dmdsgerolzgh 6ol dodsGmweo, gl

©53M 30009390 gobboegol bogsbby.

5) b8oMd -2 Jmems
0) bobsbsb - 1 Joyems

3) 08305050 - 3 Jwod

Georgian Scientists/do®Mmggaro dgisbogegdo ¢. 8 N1, 2026 | 9



Q@) 5O56m9L 0 Jmems.

29. O3S 30Md9ds 0BgBL Mo3L, 59 FoAb 3RJorIMmd Job Q5o FMSL.

5) bdoGo -2 Jmems

0) bobsbsb - 1 Joems

3) 09305050 - 3 Jwd

@) 5M5mgL 0 Jmems.

31. 56 30Y35ML (33093900, ollobo bgwls Mdeosb dsmdsdo.

5) bdoGro -2 Jmems

0) bobsbsb - 1 Jomems

3) 09305050 - 3 Jmwd

@) 565l 0 Jyams.

32. 3300 90900L 060(305@MMO 39 356.

5) b8oMo -2 Jmems

0) bobsbsb - 1 Jmams

) 00300050 - 3 Jeagmos

Q@) 5M5mgL 0 Jmems.

33. 38306 ™d, HMA 33¢00gd9dL B IZJPMEMM. SHES S SMOL FgLoggMOLo MM
993330lm30L.

5) B3oMo -2 Jamo

0) bobsbsb - 1 Jomems

) 00300050 - 3 Jeagmo

©) 565l 0 Joyams.

34. 6OHmEd  3OMdEYIJOL 352356090,  YM)MOEYdsl 3505530 gd  Bmboigdgdols
3926039057, 350059m{dgdsLS S 9650 BBY. dg F0Y35ML M3ws s MHO3b39d0.

5) bdoGo -2 Jmems

0) bobsbsb - 1 Jmams

) 00305050 - 3 Jms

Q@) 5M36mqL 0 Jmems.

35. 30MmMdgdgool  gosFMololl  d0MOMOIP  YMMOEEYDIL  3505b30ead  sbogn
000990b9, O™MIgdLYE 39H0sMGd A9l 300 gaqOL.

5) b8oMs -2 Jmems

0) bobsbsb - 1 Jmams

3) 00305050 - 3 Jws

Q@) 5O56mqL 0 Jmems.

36. 36Md9d900L A5sFMOLIL YMoMgdal 3594393 Pgdo 3megagd0ol M35 LsBEOOLL
@5 SHOL.

5) b8oMd -2 Jmems

0) bobsbsb - 1 Joyems

3) 08305050 - 3 Jwod

Georgian Scientists/do®Mm3ggeo dgibogegdo ¢. 8 N1, 2026 | 10



Q@) 5O56m9L 0 Jmems.

313365

3600Bolo  LoGYdE0gdol Bsmm3d s 9gBJGH0Bo 8gbgxdab@Ho 9bgeygdozmw
L9gdBHMOIo MO0 MOPOYONEITIMI0IOIMo 3MMEgLoL LobmgHBL dmombmgl: LHMsxo,
395G ©75200900L 1bsOL S FMAGEZ500560 LAHMHEBHIH0ME0 bg30l SOLYDdMDSL.
OmamO3  BEAG05G0  dobbomo  dsbogns  5B39690L,  HoMBo@GHgdwo  3MoBoliywo
d969xd96BH0  0fygds  ®sbsdIMMIgms  MLsBMMbMGdom,  MdgErgds  7obsblmemo
L3900 MOMBOL »YHH6390YMBOM S N3O GDS MOYIBODI300L BHEMBLFZMEOs300m.

PAEI 9900m@mma0s, OHmIgwog §o0dmygbomos  @gl@-seam®omdol bsbom,

MBHOMD39Ymxl  mdogdBHMO  0bLEHOWMAPPGHL  obsdIOMIgms Fgbgx gm0
3003939630900l GqLoxgoLgds©. gi LOLEBHYIS LodMsEgdsly 0935 0IBEHOROEOMPIL SO
dbmwm 0bogzosmmmo dewogho Fbscmggdo (3OH:MmIEH0IXMdS, 50dobolEHMotMgds,
dgPo®gmds, 06EJAM(309), 56539 2560LSBOZOHML M3E0ToEIMHO MHMEYGOO MOYIBODsEGOOL
LEGHOMIGHWOST0.

396L93MPMYPIMWO YOO PYds oML F035J30Mmm 00 FoJBL, MM (o®mds@Egdmwo
9696330835600 56 FgIM0GIMAWGds bMWME "©o3E300" - 3608369em3960s "smyqbols”
69:00Dg9  25000L3ws3, Boog 3OOBoLO BEds sbowo TGbodgdmdgdol fgodm. 9L
dmombmgzgl OHmamOi3 0bGHM™M3zghGHmwo (P s A), oby 9du@®mzgd@dwo (E o I)
3969% 960 1656H5d0L doIBLL MEYIBOBI30500.

Logo®mzgeml  969Ma9@03Mwo  Bgddmmo, MHmIgwog (obsdg dsM0s Mmam®3
930Mmbm0, 0lg FEMdIWMOO godmf393900L, Imombmal LHmemg sbgo 0bEgaMocgde
90 ™3sL - Lo LOLEGHIIMMO SEIFMOOMTMEO OYIRTZS 9MHYIoL Imdbown, 5Es3EHOMYdS©
@w0oEIOHMBSL. FbmermE 59 gHom Fgdergdl 9bgMm3mB3s60930 565 TbMmEMmE FosMBLIL
360Bold0o, 56599 25dMb3sL oD MMM dEogMo S 3MB3MMIBEHMBIG0s6O.

399my9bgdmeo o@gMsd®mo

1. https://ka.wikipedia.org/wiki/%E1-
%83%90%E1%83%9A%E1%83%92%E1%83%9D%E1%83%A0%E1%83%98%E1%83%
97%E1%83%9B%E1%83%98.

2. 335@HM6M0s, 3., amamensdg, . (2019). mOsbobsgomwo Jzglzs ©s 9969x9bG 0.
0000L0: BodsMM390mb 3996030 Mb039MLOEIEOL 25dmB (390 Mds.

3. 159939, 3., X0Jos, @. (2020). 3MOBobywo IgbgxdgbBHo  MbsdgMH™M3Yy
M6H2960H5309080. MdooLo: Mbogzgdlsero.

4. 9gbage0s, 6., am30M0dg, 8. (2021). 5©58056996MH0 HgLYIOLYGOOL FsOHMNZS. MBOEIOLO: 03.
X9356003000lL  LobgE™dol  MdooLol  Lobgwdfoxzm  MbogzgMlodgEHol
300399 Mds.

Georgian Scientists/do®Mm3ggero dgi3bogegdo ¢. 8 N 1, 2026 | 11



5. 3960560dg, ., 3mdsbodg, . (2018). WoEIOHMds ©s 8969xT9bGHO. MdoEOLO:
39600560.

6. bsMs0dgowo, 9., |MNBIMsdg, 9. (2022). ULAEHOSGIp0Mo  TgbgxdabBHo o
M6560D530ME0 256300961935, MBOWOLO: 0EosL Labgerdfoxzm Mboggdlodg@ol
39000390 Mds.

7. ©Mme0dy, 5., BoGsdzoo, . (2020). gbgcag@o3mwo 9969x9bEGH0 s 3mwo@03s
bodoGmgzgermdo. mdogrolio: bg3geo.

8. Ogubos, 0., mg3bsdg, . (2019). BobsBLYMO F9bgxdIBEBHO s GoLIGOOL Tgxeligds.
0000oL0: MYMLO.

9. Northouse, Peter G. (2021). Leadership: Theory and Practice. 9th edition. Thousand Oaks:
SAGE Publications.

10. Daft, Richard L. (2022). The Leadership Experience. 8th edition. Boston: Cengage
Learning.

11. Robbins, Stephen P., Judge, Timothy A. (2022). Organizational Behavior. 19th edition.
Harlow: Pearson Education.

12. Armstrong, Michael, Taylor, Stephen. (2023). Armstrong's Handbook of Human Resource
Management Practice. 16th edition. London: Kogan Page.

13. Mitroff, Ian I., Pearson, Christine M., Harrington, L. Katharine. (2020). The Essential
Guide to Managing Corporate Crises. Oxford: Oxford University Press.

14. Yergin, Daniel. (2020). The New Map: Energy, Climate, and the Clash of Nations. New

York: Penguin Press.

Management and feedback of an energy company in crisis; test - algorithm for an

energy company
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Professor , Georgian Technical University; 2Associate Professor, Georgian Technical
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Abstract

The present article is devoted to the current issues of crisis management in the energy sector
and presents a comprehensive approach to increasing organizational effectiveness. The work
includes two interrelated parts: the first discusses the strategic and operational aspects of crisis
management, and the second presents the PAEI test-algorithm for assessing managerial
competencies.

The article describes in detail the "protection” and "recovery" mechanisms of the energy

company, which include: ensuring employee safety, stress testing of financial sustainability,
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revenue protection strategies and liquidity management. Special emphasis is placed on the
importance of short-term (3-6-18 months) planning and the necessity of scenario analysis taking
into account the basic, negative and positive development options.

The second part of the article presents a practical implementation of the PAEI methodology
for energy companies. The test algorithm allows identifying four main managerial roles: P
(productivity), A (administration), E (entrepreneurship) and I (integration). Based on a 36-
question questionnaire that assesses the distribution of responsibilities, problem-solving
approaches and leadership styles, the employee’s managerial profile is determined according to
seven categories (from pooo to PAEI).

The article also discusses the importance of balancing introverted (P and A) and extroverted
(E and I) approaches in an organizational context. The author emphasizes that a crisis is not only
a threat, but also an opportunity - to identify new points of transformation and growth.

The paper aims to offer practical tools for the management of energy companies that will
help both effectively respond to crisis situations and form long-term competitive advantages. The
article is intended for managers of energy companies, HR specialists, business consultants and all
those interested in organizational development and crisis management.

Keywords: crisis management, energy company, PAEI methodology, managerial
competencies, leadership styles, financial liquidity, stress testing, organizational transformation,

human resource management.
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B3960 330930l B0BIBL FoMdmoygbs 3Bl LobGmol d35e-bOHEGH0wMm3bo 3md3mbgbEols
@5 LOBbMZ30MO FoMLOL 0TMBMIOLEHMJ0TOMEMO (33¢0EgdgdOL M30LYGOMYOGOOL Tglhoges
Lbgoolibgs BatoLbol M9305@M0OHO0 IHB0sBJdOL EOH™UL. B3gbo 330930L Focyargddo
26bMO309mgdM  0dbs  3Mm3MmOEGHMWOo  MYGHOMAMIEYIO  33¢0g3d.  J9MBgMEo  0gdbos
0d0olol  Lobgwdfogm  LsdgoEobm  MbogzgdlodgBol  Lolfogwrm-Lsdgsbogmm o
©0536MLGH03MO WIOMOEHMM0sdo 2017-2025 §ergddo sOLgdmEo boss®dogm dsbogrol, 20
399d00bgz930L 56539MLMb0BOE0MIOME0 356553060L dermzo. B39bL doge L3393 XYMBO©

39MBg@o 899006393900 ©539530m M8mEYbody J39XaIBI0E. 39¢39 0gbs Bggslgdrwo

Georgian Scientists/do®Momggaro dgibogegdo ¢. 8 N1, 2026 | 14



mailto:n.qavtaradze@yahoo.com
mailto:niniatevzadze1@gmail.com
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https://orcid.org/0000-0002-5028-4537

dzo-bOE0™3560 3md3mbabEHoL s Lobmgom®mo oGOl 0dMBbm3olEHmdodonEmo
0530890996M90560, M039 3m33MmbgbEdo 25003953000 sD0BYOOL LbzsILlbZs botolibgdo,
O@Iobomgzolsg  39dmyggbgdmeo  0dbs  Bgdmo  LobmzoMmol  aomLoLs @S  dgown-
bOEGH0wMm3560  3m33mbgbgEHol  FgxnoLgdols  LoLEGHIIgdo. MmamGmE 333W930L 899900
MB39693L 53500905 3OMYMHLOMIOL LobMZ0MMHO 2OLOD dzwM3s6 Jumgowdo. bomwwm
©593500900L  3OMaMglool  BEHsGHOLOZMMOI® LIMHIMDbM 0dMbm3olEHmdodom® o6 3MOL
d093mm3bg9ds CD138, a-SMA s CD68.

bgdmo  bgbgdywro 89@)agdol Logdzewrgby, 33wl $M3JH03nw ROMIBYIdIL
0o60mo©a9bL ol, MHMI M9385GH0IO 935Gl SOMIMEO  OSRBMBEGHOZOLIMZ0L

3608369035605 LObM30MMO oMLYdOL doMmBLOS @S 5VbodbMEo Bgomol 3eroboz M
365J3H03500  ©36gM30LsM30L M3OGOS 98 dodsmmengdom  d9dgymdo
73900MIsLIB900560 33009300 49303 900.

1533560m LoByz900: M9305¢ MO0 SMMMOE0; CD138; a-SMA; CD68.

dglisgsewo

9305G™M0Mo  sOMOOG0 (RA) LoblMgdol g439woBg 493039 gdmwo  JOHmbozmwo
SBMIOOMO 53500, MMIE0E IMBObErgMBOL osbEMGdom 1%-U sfimbgdll. bergom 60
09Bg MRO®Bo sBs30L 506900 493039 9ds 2%-BYg dgE0s%

dobo 296300560930l Mool 50%-b 29693036 RsJEHMOYd0 8093936905, Lbgs Gols3-
25dBHMOOL oMoy gbl  bdglo, U530, 3MmOIMbIEMMO ©O 256M90Mm  33E0E9d9gd0,
OMQMO035 Meddodm o 8.0.  2oblbgsggoom  JoGzgmoo  dMberols  LablMob
MbGHIMIODNOO0GHIO0LRD, OMIgwoE  SLME0MYIMYWos  LobobLlEmg bOEH0WOL  SLs3MdMO3
339025096 s OMMS  2o6353wMdT0  MBIMB  3OMPMGLOMGOL, ©9385BHMOYO
SOHDMH0GH0 dgLsderms 6xd0LT0GH S15330 25TM3E0bEIL, YU 535 YdS Y39 ficromems 100
000 5bsg» Gg8mnbz935Hg 5-50 9dmnbzq3s BoJLOMEYdS>* .

69305@M00 SOHDMMHOEGHOL OHML LObM30MEMO (33e0EGd9d0 IBLLZ3WYdS WO535dOL
36MHmaMm9LoMmdoL Jobg300. 35©JOOL 30M39w 330609330 3¢0bEYds  JuMmzogdols
999993905 @5 godMOboL  ©g3mboMmgds, Mo JwobozmEo Tgodwgds  odm3zmobogl
LoblMgdol 99093900000 S GHI0ZI0WOm. (30300 doMOMds© [o®BMmoddbgds Lablcol
3M5BOEGHOWM3b0  3m33mbgBBHJOOL  (3300WIdYdOm,  BMPMOOESS  BobLOOL  JoBLLIY,
LobM30MO oMo, 1YdJMbEOMIEO 350, 0MPIOO S 3JMHOIOE0IMWMMO 39600900°°.
©553509d0L  3OMYMGLOMGOILE ghmo gu LAHOMIGHMOYd0 Bosbgds s Fgodergds
290m3wobgll 3300 gdgd0,  OHMIgdo3  dmoEsgl d3wol  MIMEYWOMmYdIL,
MbGHINR0GJOOL  FoMdmdabsl, 39MH0sMGH03MNWMOHO  3MBMIdOL  ILMLEBHIOL,  OMygOOL
8016905L5 s LOBMZOME® A5TMbIgMBL’. Lod3EHMIYOOL sFYgdoEsb 4-6 33060580 339
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500608693y Lobmgowm®o MOl golidgengds,  LolbErds®E3zms  3OHMEWOGBIMHSE0S S
©ogxYBMOHO  bmgdomo  0bgowEHGMsGo,  OHMIgoi 99ygds  8530MBgd0LYsb,
©@03xm303JO0LYSD, 6yoGM®MBOWGdOLYD, 3MbogMo s WIbMOEWMWO YN MHgILIIOLYSEE.
Lobm30MO godLo bgds 3039M3WsBoMGmO, 3MEIWEYds B39MEgdm03 somo b TgBo
MXOI0L LoP®OIYHY > 9PV A BH030L (F530MFBHRgd0lL  Abyoglo) s B Godol
(3006OMIWLEGHGdOL AbgogLo) LobM3zoME0EJdOLYH.

9305GM0MWO  SOMOOGHOL  ©TobolosMgdgmo  608sbos  sliggg  9ROWMIM0Z5
0635060 LobM3z05e MO Jumzoob - 356910 - ZMOAOMYDS. 355mLo 3oLEMEMYOMES©
3obLb3530gds  LobmgosIMmo  AoMbol Lbbgs dbxdoLYYE s 93wgbL  3HMYMmglocmgdoL
RDBJOL. 3530300395, bOEGH0WTo 50§93l LobmgosEMEMo 3560, MMAgwom 89ygds
dmbmbm3egomo  MxMHIOIOOLS S BodMMISLEHJOOLYSD, LobmgoswrmEo  4oMLOL
IR M900L 3096 oBHMogbrywo d9EOXMm3OHMEJ0bsBYdOL Fomowo mbols 9dudcmglbooo.

©553500900L 23056 RB5Bgdd0, MYROIMWOo 3560 FgodEgds F9oE39W Ml ROBOHMBHBIWO
3s6mLoo.

33193900 domomgdl T mx®mgogdolbs s HLA-DR (MHC 3wsbo II) 8megzomargdol
360083690356 Mgy 69305EHM0ME0 SOMOOGOL 35mmaqbgHdo. gb VX MJLIO0 MBOM
39¢>© 35Lbolidygdgbo 5M0sE M193d5BHMOEMWO SOMMOEOL LobEGHIIWE 0bo30MYd5BY,
HLA-DR (MHC class II) 809399093056 960009600 J09090900L 2B0m. ds36ed H59gbs
56056 olobo LoblGmOL B03MMsMgdmdo dodobseyg JOHmbozmwo BmMygdol doMomso
0500d6539090 R5dGHMMYO0 s ©15dYH OOS F50 30M30MO Mo LobMZOEHLS s
LoblMgdol gLliGHOI30580 XIO 3093 29M33039¢0s. Lobmzomddo bsdmzgbo T YxM9w©gdo
doMomss© dgblogMgdol T »x®9ggdos (CD45 obmum®dgdo), MHmAwgdois bbgswalbgs
5QR00EL 50056 6936BHO0MGOIO @S 565 BobLlEOL Joabood dmdfoxrgdmo »Mxmgwgdo.
dsb 999099 Mo 0LObo 0bo30MYOSL A9H39b SBMgdom 3BMEILL bbgs 0dMbrGmo MxGgLgdo
@5 BoblMOL L3I0 FOOOMIWILBHIOO 53MdJgd9b Jumz0gdol ILEOWJ30L o
3bmgdom 3OMEILL.

5ML9dMAL IMbeols LobLEOOL EsB0IBIOOL Fgg3sligdol Lbgowalbgs LolEgdgdo. Krenn Synovitis
Score (KSS) - 36M960L 30oLEHMm3s00mwmyow®o Lobmzodol Jmws LEBIOEHOBIdIMWwo
999856900l 9goIMEOS, 00  FIOMMOME  J9dM0Ygbhgds  LEbLEMGOOL 5350 0JdOL
©OxIOIB(3050ME ©0536MmDBTo, OMIgEol Lodwmsegdomsg BoLgds LobmgzomMo FsMLOL
©H056gds°. FgxoLgds 939gseads Lsd 09356  30LEHMIMOABMEMA0E  JobolinsmgdgEL
(@m®{g560 496LOL 3039M3oB0s, LAHOMTs s 9BMYO0MO ObFZOWEHMSE0s.) TgMygmdl 0-
@56 9§89 - Lo 1-4 Jmers 30O MYIL B bsmolbol Lobmgo@ by, bmerm 5-9
Jms 30momgdl Boeoeo bs®obbol Lobmzo@GHg s Yz9wsdg bdoMo SbmEoMEIds
939530 SOMMOEGHML611,

3969, 51939 3609396396, gxsL9d0L LoLEgdsl HoeTmogbl dsb30bols s (Mankin
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Score) - 3oLEHMEMyoMM-30LGHMmJodonMmo LobEgds, GMmIgeois 339 40 Fgwdg TgBEoo
RIOOMO 459M0Yygbgds Mol MbEIMoMmMOOGOL sOLYdMBOL, FoLTEHdOLS s Loddodol
©oLOYIBs®. Fobo 89839MBOM Y30M5BHIBIE BoLBEYdS LolEblMY bOE0WOL sBOsBYdOL
bséobbo. 00 8moEsgl mmb 3m33mbgb@l s Fgx3slgdol F3oes dgeygmdls 0-sb 14

Jm599. yzgws b8oMms 030 259m0yg4qbgds bBGEowOL dmerm BEGsool ©9AgbgcdsEool
dJmbg 609390b9.

33930l dobsbo

B39b0 330930l F0DbL Ho®mBmoygbs 3Mberols LobMolb dzsw-bOE0wm3bo 3m33mbybE oL
5 LObMZ0MEO AOLOL 0FMbm3olEMmJodoGmo 33W0w)dgdoL M30L9dM9dgdOL Tqlfogers
Lbgo@olibgs batrobbols 0938530 M0 sH0569d0L OMU.

153300930 3sLsogms S B)0OM©YdO

B39b0 330930l BoMRgddo AoBbMOE09WgdME 046s 3MIMOEHVIO  MYBHOMYMIIO

33935, d9MBgmemo  0dbs  mdogrobol  Labgwdfoxzm  Lsdgoaobm  MboggMlodgEol
Bolfogem-Ls993609Mm s  ©OsRBMLBE03MNO  WdMGSGHMGMmosdo  2017-2025  {argddo

5OLYdIMEo  Bostgogm Bsboerol, 20 dgdmbggzol s6M639MLMBOROE0MIIMWO 356553060l
O M30.

330930l BsMAgddo 259mygbgden 0dbs 3985GHmILowob-gmbBoboo (H&E) 9909d30Ls o
0396m30bEHmJodon®mo 33emg30L Igm©gdo. 0dMbm3olEmdodowm®mo 33930l F9Yy)d0
99x35bs 100 LodoBby »YxMgdo Bs639MHgdol 3mbo@omMo 9dudcmglool 36OH™EgbdEmwo
95396900l dobg300m.

03996m30bGMmJodonOmo Fgdbmemyools godmyqgbgdom dglfogerowo ©s 99x85L9dMwo 0gbs
9990090 856 396900L 9dudcMgLos:

CDA45 — &mIgerog Homdmoygbl 960900l Dmgow 356 396L, H9305EHMO©ME0 IB0sBYdOL
©@OML  LObM30sWME  2o®LTo 00  FoMMOMIOL  BMYdom  0bgowEBHMsGHDg. CD68
(053005352900L FoM3gM0) — CD68™ Jumzomgsbo Fs3Mmzsaqd0 (A #Ho3dob Lobmgom3o®gdo)
5dw0gM9d9b  9bmgdsll  30G™30bgdoLy s FoBHModlol  sddegero  BgMIGHEHIOOL
3odmymxzom. CD68™ mx®9ggdol dowseo gdudmglbos 3GmyMmgboMmgdso d3¢ol gOHmBools
S Q99350JO0L  QOBOEOWO  5dBH03MdOL  3OMYbMBOMGOsO  BodGHmEos. MHC-II -
9db3MLoOEYD>  56G0IB-FoMdwpgbgrr  IxOIEIPVY  (35360MBIV0,  IbROOGHYwO
MXOIIO0,  359dBH0MMIOMO  BOdOOMOILGHI00). oo  sOLYOMdS  FoMCOMIOL
Lobm3z05e®H APC-93L, GMmImgdog §oMm0moygbgd 393BH0Me s6EGH0agbgdl CD4* T
MXOIOIOL O 3MOIWH(305005 5SRO MOO0Z3  03MbME  5d3H035305bmsb 4 CD138
(3B MOO  xOHgEIO0L F5M3900) — CDI138" 3wsHdm®mo »xMgEIdoL  3wobBHgMgdo
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5d0gMHgdl  SPOMIM0Z0  59EMIbEHOLLYMEGO0L  20dM3MTs390sL. domo  LoIM3enY
399L5059905 Bo0oe0 HyMOLLOL LObMZOAL s LOLEHYING LYIOM3MBOEHOMOMDIL, MO MTOM
9MIBOMEO 9350 JO0L  BIPMBHO3L  s©bodbogl.  a-SMA - 94L3MgLOMYdS
d0MmB0OOHMIEBEHIOOL @S J99JEH0IMGOMO BOdOMILEOL Abgsglo LobmgomiEodgdols
9096. o-SMA-L bsBL ML3s FodOMDMEo MH9IMEI0MGdoL TgIAS©  Podmf39oer
LObLEOL Db YBIL WS FoMMOMGOL RA-I BodGMBMEo EILBEGHMMI30Eo 3m33mbybE L
5OBYOMOSDY

5d  bymomo  89M39600L  09Mbm3obEmdodoMo  Jgxolgds  smdxmdgLlgdl  dberols
69305 M00 SOMOOEGOL 30UEHM3SMMEMY0ME JgiBgOL, Mo3 byl »figmdl Gmyme ;s
©05360L3H039M0 LODBMLEIL, S1939 MJM30IWO A5Y39EGH0WIOOL F0PIOSL.

B3gbl Tdoge 153393 XAMBOI© dgMBgMEo  F90mbzg3900 3493000  MoBMm©Ybody
J39%3MBJO0©. 3939 0gbs  FgBoLgdMEo  d3s-bOHGHowm3zsbo  3mA3mbgbBHol s
LobmgomMo oMLYOOL 0dMbm3olEBHMJodoNBHMO Ms30L9dvMYd60, MGmO03g 3md3mbybEdo
39003453000 H0s69d0L bbgoolbgs bstrolbgdo, HMAOLM30LsE odmyYgbgdmwo ogbs
B90mm  50bodbmwo  LobmzoMEMOlL  godLoLs s  dZsW-bOHGHowMgsbo  3m33mbybgE oL
99535900 LoLEYdgdo. 36960 3oLEMIsMMEMPO0HO LObM3oGHOL JMwol dobgwpzom
39003953000 BobMg0MMH0 2oMLOL sD0sbdOL Lsdo bosMobbo. I bsGolbo Fgglodsdgds
LobM30mAoL B bsMOLBOL IB0sH6gdL, 00 Fgglsdsdgds 0-5 Jmesls, 5-7 Jmews - 11
bo6obbloL  EoBosbgds. 8-9 - III bseobbol sDosbgds. sbsermyomMo  3Mobiodom
399m309gbgo  3s63060L  FgRolgdol  d3os  bgsa-beEGommgsbo  3063mbgb@Eol
398350900Lm30U. Lssa 0-5 Jms - I boGolbLo - Lsloblmg bOEGH0WOL 5o IB0sHYdS.
6-10 - II bs®olbob - Dmdogeho sBosbgds. 11-14 - III bserolbob. Bg9bl doge dgLfogwrowo
0965 OHMamO 3 LobM30MO FoOLOL 0Ly, d35e-bOEOEWM3560 33mbg6EOL IT s I baolbol
©H05690900 5 FomTo 03MmbMIoLE Moo (33000 90900L Mo30L9dEM9dSH0.12

369300 899900

330900l 09990 330B396s,  03Mbm3oLGHmdodon®o  FsM396Mm9d0lL  9dudGmgLool
8609369em™m3s60  Bb3omds  dz3s-bOEGH0w™356  3mI3MbbELs s LobmgoM®  AsMligddo,
bbgoolibgs  boGolbol  sB0sbgdol O™ML.  LobmgoM®o  godligdol  godm3zergzom
53500690 OHMI 5609d0l 0bgdulol 5B3969090 39-2 HsMOLbLOL EsHB0sBIOOL WOmML
095009965  22%-U, bmm dg-3 bsMoLboOL IsH0Yhdol O™L dobo  dshgz9bgdgeo
©9bEMgd00 2,2-% 96 Bo¢EmdEs s 48%-b GHMEWYIMES, sbsermyor®o 3Gobzodom
0bOmgdmEs CD68, CD138 s MHC-II-ol 85639690930, bmeom 3oma30dmMmdmslGgool
9563960 a-SMA, ®mdeol 9Ju3emgLlos dg-2 bseoblol b mml 7%-b 8950039609, Lobmgom®o
29OLOL ddodg, Tgbsdg boolbol EsHB0sbIdOL EOML 9,5-%9M 0BOHPIdM©s s 76%-b

2HMLOIOMOS.
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bobmgam®o asMbgdo

B dg-2 bamobbn B dg-3 bamobbn

80%

60%

40%

20%

0%
CD45 CD68 MHC -II CD138 a-SMA

dofggegdo

80323030 1: 0079bm30bHmIorH0 Js63900L 97b369b0ol 05530l9829698560 r9berols bsblitol bobmzorto gotilindol dg-2 s
393 bsGolbblbob s bosbgdol ol

Sbowmyomcmo  3M0bzodom  Fg30Lfogwgo  LEbBLEOL  dzs-bOEGow™gsb0  3m33MbgbE oL
03996m30L¢MJ0doMHO Mo30L90vIMgd900. 4oBLL3Zs39000 LoboMEO A5MLYdOLYYE, 5 CD45-0b
9gb36MgLos 89-2 bsmobbol sHB0sbYdOL MHML 2-%gMH Bogargdo oym (11%) boewem dgledy
bs6obbol sHB0sbgdo MM 28%-U Fgoggbs, CD68-0L 9Judcglios 16%-sb 32%-09
0BMHIOMPS, PIB0s67BOL batrolbol 3sMowrgerMow, MHC-II gdudcglos 30 23%-wsb 38%-
99 2o0BoMs. F9gMgdom bogwrgdo 3sB6gdgwo sxzgodloMs CD138-0b 9dudMgloobs,
LobMz0mEm AOLMSE TgsMgdom - 9%, ™MI3s dgbodg bsGOLLOL sBosbydsdo dolo
9Ju3MgLos 2-x g6  250DMS, O3 F9gbgds FoMBOdOMOILEHJOOL B39Ol - a-SMA,
3oblb35390000  LobMmzoMMo  AoMLYOIOL  sDo0bYdOLASD, Lowoz  doLds  gdudMgbool
360m39b@GWMwds  95B396909wds  LHOABMDESE 035@S DB YOOL BsGIOLLOL  DoBgdols
35059 IM5Q, d35¢-bOGH0EM356 300mB3mbg6EHT0 39-2 bomolbols sBs0bgdol ML 0yo
dbMWMmE MXOIJd0L 4%-do 9dL3MGLOMEIdMES, MIEs 9-3 baGrolbol sHosbgdsdo 3-
X9 o0BoMI©s - 12%.
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dgom-bABnenmazsbo 3MI3mbgb@)o

B dg-2 bamobbn B dg-3 bamobbn

40%

30%

20%

10%

0%
CD45 CD68 MHC -II CD138 a-SMA

dofggegdo

8032030 2: 0d79bm30bHmIorHo Js63900L 97b369b0ol 05530l9829698560 o9berols bsbBHob bsbltol dzsen-b&doermgsbol
392 s 413 bs&olblbolb s bosbgbol otreal.

dgogm-

LobmgomMo beE0mmgs60

25MLgdo 3M33mbgb@o
GNORRIONtIM 09-2 boholbbo  |39-3 ba®obbo |39-2 bsGolbo d9-3 baGolbbo
CD45 22% 48% 11% 28%
CD68 25% 54% 16% 32%
MHC -II 27% 57% 23% 38%
CD138 38% 65% 9% 18%
a-SMA 8% 76% 4% 12%

6b®o¢ro 1: 08996m30bhmdor)H0 Gs56339080b 996309boolb 0530L98:9(%98560 Jraberol bsbbeGol bobmgorio gsmligdobs s
d35¢-bOH0m3560 300030069690 G2 s G3-3 bsmolbblbols s bosbydolb ol
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80%

60%

40%

20%

0%

B LoBemgogGo gadlbgdo. 9g-2 batobbo
dgom-b@Gomgsbo 3md3mbgb@o, 39-2 bamolbo

CD45

CD68 MHC -l CD138

B Lobmgonko gedlydo. 87-3 bakolbo
dgom-bHGormgsbo 3md3mbgbdo, dg-3 batolbo

b

L

a-SMA

83333030 3: 0079b60230bHMIorH0 Js633900L 97b369b00l 0530L9879698560 Foyberols bsblikob bobmzorto gotligdobs s
3507~ bEH0r3560 30203069690 G9-2 @5 Gg-3 bsolbliol s bosbgdol oMl

boy®soo 1: CD138-0b 99b3G9bos bobmgont gs®ldo, IHC, 200X
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L3000 2: MHC-1I 9b309b0s bobeagzowyt gs@bdo. IHC, 200X

330°930L 990093900 565¢»0bo

OmamOE3 990929006  965¢0Bds  230P3965, ©IB0sBYdgd0  MBOM  FgBHo 3obgds
Lobmgome  25Mlgddo, 3009 335W-bOGHOWMZI6  3033MbgbBHTo.  2obls3MEEMGdOMEo
50603360l o®los MHC-II 3e0slols dmeg329egdol gobsfoergds m3oModgbsw Lobmgom®
390LYddo 0LY3g, OMYMOEF FoMBOIOIMIWILEAIMO  YYRMIEIOOLS S 3WSBIMFOGJdOL
LoFoMmdg Lobm3zoM® AsMLgdTo, dzEM356-bOEGH0WM36 3m33MbgbEHMb Fgstmgdom, Mo3
90900090l 035%Y, HMI 153093060390 IB0BYds 30MIMEYds LObMZ0ME QoMlgddo,
99003 30  3MmEgLdo  gMm390s  d35-BOGH0WM360  3MA3MbgbBo.  585Lmsbogg
50Ls603bs305 08mbm3olGMmdodor®mo Jo63Mgdol 9dudMgLool (330 gdgd0, IBI0bgdOL
bs6HoLbol F5EHqdsLMb gOHMO. Fobls3MmMMgd0m FoMBOdOHMOWILEHIOOL B39Ol - a-SMA-
ol, CD138-ob 9Judmglools ms30L90Egdsbo.

113365

OHMamO3 33309300 99093900 939690l 553500900 3BIMRMGLOMYOL LOBMZ0MEMmO FoMLOWIO
d3em356  Jumzodo. bm@wm 535009008  3MMAMIBOOL  LESEGHOLOZMGMs©  LoMfIMbm
09mbm3oliEmgodon® ds636MgdL 8093936905 CD138, a-SMA s CD68.

bgdmo  blgbgdwo 9ggagdol Logrdzwgby, 33wo3oL 3MoJHO3Nw MBIV
§oM0moagbl ol, MHMI ©9305GH0IO  I939JIOL  SOMIMEO  OIYBMLEHOIOLIMZOL
36003690 ™35605 LobMmzoMMO F5MLYdIOL doMmgBLOs s 90BOTbo dgmmEols 3¢obozm®
365J3H03°00  ©36gMa30LsM30L M3OGOS 88 dodsMmmengdom  d9dgymdo
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Abstract

Rheumatoid arthritis (RA) is the most common chronic inflammatory disease of the joints,
affecting approximately 1% of the population. And the prevalence in people over 60 years of age
is more than 2%. Unlike primary knee osteoarthritis, which is associated with age-related wear
of articular cartilage and gradually progresses over time, rheumatoid arthritis can occur at any
age, with an annual incidence of 5-50 cases per 100,000 new cases. The aim of our study was to
study the characteristics of immunohistochemical changes in the bone-cartilage component and
synovial membrane of the knee joint in rheumatoid lesions of varying degrees. A cohort

retrograde study was conducted within the framework of our study. Depersonalized paraffin
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blocks of 20 cases from the archival material available in the Educational-Scientific and
Diagnostic Laboratory of Tbilisi State Medical University in 2017-2025 were selected. We divided
the cases selected by us as the study group into several subgroups. The immunohistochemical
features of the osteochondral component and synovial membranes were evaluated separately, and
in both components we distinguished different degrees of damage, for which the above synovial
membrane and osteochondral component assessment systems were used. As the results of the
study show, the disease progresses from the synovial membrane to the bone tissue. And the
statistically reliable immunohistochemical markers of disease progression include CD138, a-SMA
and CD68.

Based on the above results, the practical value of the study is that synovial membrane biopsy is
important for the early diagnosis of rheumatic disease, and further large-scale research in this

direction is necessary to implement this method in clinical practice.

Keywords: Rheumatoid arthritis; CD138; a-SMA; CD68.
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Abstract

The modern healthcare landscape, shaped by high technology and commercialization,
often reduces patients to biological entities in need of repair, neglecting their multidimensional
needs. In response, the biopsychosocial model emphasizes holistic care that addresses physical,
psychological, social, and spiritual dimensions, recognizing patients as persons with inherent
rights. Palliative care exemplifies this approach, integrating symptom management with
psychological, spiritual, and family-centered support from diagnosis through the end of life.
Spiritual well-being, dignity, and family involvement are central to improving quality of life,
coping with illness, and mitigating suffering. Despite evidence of its effectiveness, spiritual and
family-centered care remains systematically underdeveloped, particularly in low- and middle-
income countries. Conceptualizing palliative care as a public health priority highlights ethical
obligations, equitable access, and the societal responsibility to uphold human dignity. This article
argues that embracing biopsychosocial, spiritual, and family-centered approaches transforms
palliative care from a clinical service into a humanizing practice that affirms patient autonomy,

alleviates suffering, and strengthens the resilience of healthcare systems.

Introduction

The introduction of high technologies and the commercialization of healthcare in the
modern world have, in turn, contributed to the perception of the patient primarily as a biological
organism that requires “repair” by the healthcare system in the event of “malfunction.” In
response to this reductionist approach, initiatives aimed at the rehumanization of medicine have

emerged, emphasizing that healthcare professionals (physicians, nurses) should be regarded as
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persons with rights, and that patients should not be viewed merely as biological entities, but
rather as persons endowed with multidimensional needs and fundamental rights (David R.
Kopacz, MD, 2013; Biopsychosocial Approach, 2020).

It is also important to note that well-being is essential not only for improving quality of
life but also for coping with illness itself. An effective healthcare system, therefore, implies an

approach oriented not toward disease, but toward the human being as a person (Saad et al., 2017).

Following the end of World War II, during a period of profound reassessment of global
values, the World Health Organization adopted a definition of health according to which well-
being represents “a dynamic state of physical, mental, social, and spiritual integrity, and not
merely the absence of disease” (WHO Constitution, 1948). Three decades later, in 1977, American
psychiatrist George Engel laid the foundation for the biopsychosocial holistic approach in

medicine.

Illness and disease disrupt the normal course of life and often alter it radically. In chronic
and incurable conditions, in addition to physical symptoms, patients frequently experience
existential challenges such as questions concerning the meaning and purpose of life, which are
directly associated with fear, anxiety, and depression. Gradually, individuals may become socially
isolated. This process not only affects patients’ quality of life but, alongside the physical suffering

caused by illness, also leads to profound psychological and spiritual distress.

According to Engel, biopsychosocial factors determine vulnerability to disease, while the
biomedical model that dominates modern medicine focuses exclusively on disease treatment and
fails to address the spiritual needs of the individual. Human beings must also be understood

within their social context as persons with complex, multidimensional needs (Engel, 1977).

Within the biomedical healthcare model, physicians focus primarily on a specific disease,
striving to establish a diagnosis based on etiological and pathogenetic components and to develop
treatment strategies accordingly. While this approach is undoubtedly important, it remains
insufficient. In contrast, the biopsychosocial model is holistic and provides a comprehensive
understanding of disease, taking into account the patient’s physical, spiritual, social, and psycho-
emotional needs. Most importantly, this model shifts the primary focus from the disease itself to
the patient as a person with inherent rights. As such, the biopsychosocial model is both more

humane and more cost-effective (Biopsychosocial Approach, 2020).

Notably, the biopsychosocial model seeks to broaden the understanding of disease
causation, health, and well-being (Havelka et al., 2009). The development of this philosophy has
made a significant contribution to medicine, as the perception of the patient has shifted from that
of an “object” to a “subject”—a person living with disease and possessing rights (Biopsychosocial
Approach, 2020).
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Palliative Care and Human Rights

“You matter because you are you, and you matter until the last moment of your life. We
will do all we can, not only to help you die peacefully, but to help you live until you die.” —

Dame Cicely Saunders, founder of the modern hospice movement

In antiquity, illness was perceived as a disruption of harmony with the cosmos. Similarly,
modern biomedicine recognizes that disease involves a disturbance of homeostasis—a breakdown
of coordination among organ systems—and treatment aims to restore this balance. However,
chronic and incurable illnesses affect not only patients but also their families and broader social
environments, leading to disruptions in both intrapersonal and extrapersonal relationships. A
holistic approach seeks to restore psychological, spiritual, and social connections, while at the
end of life—when restoration of homeostasis is no longer possible—extrapersonal connections

may still be repaired (Sulmasy, 2002).

The essence of the biopsychosocial holistic model is particularly well reflected in the
discipline of palliative care. The term “palliative care” derives from the Latin word pallium,
meaning “cloak” or “mantle,” symbolizing protection and relief. The emergence of this field is
closely linked to global population aging and the increasing prevalence of incurable chronic
diseases. Patients living with such conditions experience profound suffering and require a

comprehensive, multidimensional approach (Kordzaia et al., 2005).

Palliative care should begin at the time of diagnosis and continue alongside curative or
life-prolonging treatment. It must be adapted to patients’ evolving needs and include
psychological and spiritual support to help patients prepare for death, as well as support for family

members both during disease progression and following bereavement.

In palliative care, the biopsychosocial model gains particular significance through the
explicit inclusion of the spiritual dimension. In 1967—ten years before Engel’s theoretical
framework—Cicely Saunders, the founder of the first modern hospice, emphasized not only the
management of pain and physical symptoms but also the psychological suffering of patients and
the need to support their families. She and her colleagues observed that, near the end of life,
patients’ value systems often change, with spiritual concerns—such as the meaning of life, the

purpose of suffering, and fear of death—coming to the forefront.

During this period, patients frequently seek to reconcile relationships and resolve matters
of personal importance. This underscores why palliative care must extend beyond symptom
control to encompass multidisciplinary, holistic care that includes spiritual, psychological, and
social support. Within this model, the patient’s values, preferences, and autonomy are central to

care planning.

Spiritual needs become particularly salient in the final days and moments of life. Spiritual

well-being, hope, personal dignity, and the preservation of a sense of worth directly influence
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patients’ quality of life, disease trajectory, and treatment outcomes. By its very nature, palliative
care is holistic, and respect for the patient as a person reduces suffering at the end of life
(Chochinov & Cann, 2005).

The effectiveness of palliative care is greatest when it is integrated into healthcare systems
across all stages of treatment and can be delivered both in clinical settings and at home, in
accordance with patients’ and families’ preferences (Biopsychosocial Approach, 2020). The goals

of palliative care include:

. adequate pain relief and symptom management;

. improvement of quality of life for patients and their families;

. psychological support for families during illness and after death;

. assistance with social and legal issues;

. promotion of a philosophy of dignified living and recognition of death as a natural

and lawful process.

The biopsychosocial model of palliative care fully embodies the humanization of
healthcare, person-centered practice, respect for human rights, and the protection of human
dignity (Biopsychosocial Approach, 2020). Palliative care must be equally accessible to all who
suffer. Every state bears the responsibility to ensure equitable access to palliative services for its
citizens and to strengthen such care, as the right to a dignified life constitutes a fundamental
human right (Gauri, 2012).

Palliative Care as a Public Health Responsibility

Palliative care should not be understood solely as a clinical or end-of-life service but rather
as a fundamental public health responsibility of healthcare systems toward the population. From
a public health perspective, palliative care addresses population-level suffering, health inequities,
and the ethical obligation to ensure dignity and quality of life for individuals living with life-
limiting illnesses (World Health Organization (WHO, 2014).

Global demographic shifts, particularly population aging and the increasing prevalence of
chronic non-communicable diseases, have significantly expanded the need for palliative care
services worldwide. According to the World Health Organization, more than 56 million people
require palliative care annually, yet only a small proportion have adequate access, especially in
low- and middle-income countries (WHO, 2014). This gap in access represents not only a clinical
deficiency but also a public health failure, as unmet palliative care needs contribute to avoidable

suffering, caregiver burden, and systemic health inequalities.

The integration of palliative care into public health frameworks aligns closely with the

principles of Universal Health Coverage (UHC), which emphasizes equitable access to essential
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health services without financial hardship. Both the WHO and the European Association for
Palliative Care (EAPC) recognize palliative care as an essential component of UHC and a marker
of health system maturity and social justice (WHO, 2014; EAPC, 2017). When palliative care is
excluded from national health strategies, vulnerable populations—particularly older adults,
patients with advanced cancer, and individuals with chronic progressive illnesses—are

disproportionately affected, reinforcing existing health disparities.

From a public health ethics perspective, the lack of accessible palliative care violates the
rights to health and to live with dignity. Health systems that prioritize curative and high-
technology interventions while neglecting palliative services implicitly devalue the needs of
individuals for whom a cure is no longer possible. Such an imbalance reflects a narrow biomedical
orientation and contradicts the biopsychosocial model of health, which recognizes suffering as a
multidimensional phenomenon encompassing physical, psychological, social, and spiritual
domains (Engel, 1977; Havelka et al., 2009).

Moreover, evidence suggests that early integration of palliative care within healthcare
systems is not only ethically justified but also cost-effective. Palliative care has been shown to
reduce unnecessary hospitalizations, improve symptom management, support family caregivers,
and optimize resource allocation—outcomes that are directly relevant to public health planning
and sustainability (Chochinov & Cann, 2005; WHO, 2014). As such, palliative care represents a
high-value intervention that simultaneously contributes to individual well-being and system-

level efficiency.

In this context, palliative care must be conceptualized as a core public health priority
rather than a marginal or optional service. Governments and health authorities bear a
responsibility to integrate palliative care into national health policies, ensure workforce training,
establish regulatory frameworks, and guarantee equitable access across regions and care settings.
Upholding access to palliative care ultimately affirms the principle that dignity, relief from
suffering, and holistic care are not privileges, but fundamental human rights that persist

throughout the entire life course, including its final stages (Gauri, 2012).

Spiritual Care as a Neglected Component of Palliative Care

Despite growing international recognition of palliative care as a holistic, person-centered
approach, spiritual care remains one of its most systematically neglected components. This
neglect largely stems from the persistent misconception that spiritual care is synonymous with
religious care. While religious support may be relevant for some patients, spirituality in
healthcare encompasses a broader existential domain, including the search for meaning, the
preservation of hope, the experience of dignity, and the need for connection in the face of serious
illness and mortality (Puchalski et al., 2014; Ferrell et al., 2018).

Georgian Scientists/do®Mm3ggaeo dgibogegdo ¢. 8 N 1, 2026 | 30



Cicely Saunders’ foundational concept of “total pain” provides a critical theoretical
framework for understanding spiritual suffering as an integral dimension of patient distress.
According to this model, suffering is multidimensional and arises from the complex interaction
of physical, psychological, social, and spiritual factors. Saunders emphasized that unrelieved
spiritual distress can amplify physical pain, deepen emotional suffering, and erode patients’ sense
of self and worth, particularly at the end of life (Saunders, 1964; Saunders et al., 2010).
Consequently, the omission of spiritual care compromises the effectiveness of palliative

interventions and undermines the goal of alleviating suffering in its totality.

Spiritual distress is highly prevalent among patients with advanced and life-limiting
illnesses and is strongly associated with adverse psychosocial outcomes. Empirical studies
consistently demonstrate that unmet spiritual needs are linked to higher levels of depression,
anxiety, fear of death, hopelessness, and social isolation, as well as poorer health-related quality
of life (Balboni et al., 2007; Chochinov & Cann, 2005). Moreover, patients who perceive their
spiritual concerns as ignored by healthcare professionals report lower satisfaction with care and
reduced trust in the healthcare system, while their family caregivers experience increased

emotional burden and complicated grief (Balboni et al., 2010).

From a systems-level perspective, the marginalization of spiritual care reflects the
enduring dominance of the biomedical model, which prioritizes disease-centered diagnosis and
symptom control while inadequately addressing existential suffering. This imbalance is
particularly evident in health systems where multidisciplinary palliative care teams are
underdeveloped or poorly integrated. The absence of structured spiritual assessment tools, limited
professional training, and unclear role definitions further contribute to the invisibility of spiritual
care in routine practice (EAPC, 2017; WHO, 2014).

Importantly, spiritual care does not require healthcare professionals to engage in religious
counseling. Rather, it involves recognizing patients as meaning-making beings, acknowledging
their values and beliefs, and creating space for conversations about purpose, fears, hopes, and
dignity. Such care affirms the patient as a subject rather than an object of treatment and aligns

with contemporary human rights—based and dignity-centered models of care (Chochinov et al.,
2002; Gauri, 2012).

Integrating spiritual care into palliative care is therefore both a clinical necessity and an
ethical obligation. International guidelines increasingly identify spiritual care as a core domain
of quality palliative care and call for its systematic integration into health systems through
education, policy development, and interdisciplinary collaboration (EAPC, 2017; WHO, 2014).
Addressing spiritual suffering not only improves quality of life but also reinforces the

fundamental principle that every person retains intrinsic dignity and worth until the end of life.
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The Role of the Family in Palliative Care: The Concept of the “Invisible Patient”

In palliative care, the patient’s family constitutes an indispensable yet frequently
overlooked component of the care continuum. Serious and life-limiting illness affects not only
the individual diagnosed but also profoundly disrupts the psychological, social, emotional, and
economic well-being of family members who assume caregiving roles. Consequently,
contemporary palliative care literature increasingly conceptualizes the family as the “invisible
patient,” whose unmet needs significantly influence patient outcomes, quality of care, and the

overall effectiveness of palliative interventions (Hudson & Payne, 2011; Ferrell & Wittenberg,
2017).

Family caregivers often provide extensive physical care, symptom monitoring, emotional
support, and decision-making assistance, frequently with minimal preparation or professional
support. This sustained responsibility exposes caregivers to substantial psychological distress,
commonly referred to as caregiver burden, which encompasses emotional exhaustion, anxiety,
depression, sleep disturbances, financial strain, and social isolation (Schulz & Sherwood, 2008).
Empirical evidence consistently demonstrates that high caregiver burden is associated with
poorer mental health, reduced quality of life, and increased morbidity among caregivers
themselves (Adelman et al., 2014). Importantly, caregiver distress has a reciprocal effect on
patients, exacerbating symptom burden, impairing communication, and diminishing perceived

quality of care (Given et al., 2012).

From a biopsychosocial perspective, caring for the family is inseparable from caring for
the patient. Family members serve as primary interpreters of patients' needs, mediators between
patients and healthcare professionals, and custodians of patients’ values and preferences,
particularly as illness progresses and functional decline limits patients' autonomy. When families
are inadequately supported, their capacity to fulfill these roles deteriorates, resulting in
fragmented care, moral distress, and increased reliance on acute healthcare services (Ferrell et al.,
2018).

Bereavement care represents a critical yet often neglected extension of palliative care for
families. The period following a patient’s death is associated with heightened vulnerability to
complicated grief, depression, anxiety disorders, and long-term health consequences among
surviving relatives (Prigerson et al., 2009). International palliative care standards emphasize that
support for families should not cease at the moment of death but should extend into the
bereavement period through structured follow-up, psychosocial counseling, and community-
based support mechanisms (EAPC, 2017; WHO, 2014). Failure to provide bereavement care not
only undermines family well-being but also contradicts the ethical foundations of palliative care,

which prioritize continuity, compassion, and dignity.

Recognizing the family as a unit of care necessitates a multidisciplinary approach that

integrates psychosocial professionals, social workers, psychologists, and spiritual care providers
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alongside medical teams. Such integration facilitates early identification of caregiver distress,
timely intervention, and the development of individualized care plans that address both patient
and family needs (Hudson et al., 2012). Evidence suggests that family-centered palliative care
models improve patient satisfaction, reduce caregiver burden, enhance coping capacity, and

contribute to more sustainable healthcare delivery (Ferrell & Wittenberg, 2017).

In this context, family-centered palliative care is not an optional adjunct but a core ethical
and clinical requirement. Supporting families affirms their intrinsic role in the patient’s lived
experience of illness and reinforces the principle that dignity, compassion, and holistic care
extend beyond the individual to encompass the relational networks in which patients exist.
Ultimately, integrating family care into palliative services strengthens both patient outcomes and

the resilience of health systems facing the growing burden of chronic and life-limiting diseases.

Conclusion: Palliative Care as a Humanizing and Social Responsibility Framework

Palliative care embodies the humanization of medicine, the protection of human dignity,
and a societal commitment to those facing life-limiting conditions. Beyond symptom
management, it represents a deliberate ethical and professional stance that prioritizes the person
over the disease, integrating physical, psychological, social, and spiritual dimensions into care
delivery (Chochinov & Cann, 2005; Sulmasy, 2002). By addressing the holistic needs of patients
and their families, palliative care reinforces the principle that every individual retains intrinsic

worth and rights, even in the context of incurable illness (Engel, 1977; Kopacz, 2013).

Moreover, palliative care challenges healthcare systems to confront fundamental
questions about equity, access, and social justice: how societies care for those who cannot be cured
reflects the moral and structural humaneness of their health systems. Ensuring universally
accessible palliative care not only alleviates suffering but also affirms a shared responsibility to
uphold dignity at the end of life (Gauri, 2012; Ferrell & Wittenberg, 2017). As such, palliative
care functions simultaneously as a clinical practice, a moral imperative, and a public health
strategy, compelling both policymakers and practitioners to integrate compassion, ethics, and

patient-centered approaches into systemic healthcare delivery.

“How we care for those who can no longer be cured defines the humanity of our

healthcare systems.”
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Malta 49 rird |
Sgaain 47 22,102
Lithuanis 47 1,847
Bulgaria 48 3,282
Homania 4 BJEID
Lastwia 43 840
Bedggitam 47 4,841
Ircdand a8 1,804
Estonia 38 AGE
Slovakia ar 1,004
Prodarsd 36 13,497
EU average az ca. 143,000
fraky a2 19,334
France* a2 20,736
Portugal 28 2,008
—————————
Croalia 28 1,184
—————
Czach Republic 24 2547
Hungary 23 2,904
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999960%393%by.
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93295300L 95399 BH056MdL, BOOL 7sligdol LoboliEgl, s3306MJOL 353095EGHOL 5®RY356L o

4abob Golgl, ™A LYTYOEEbM 25sHY39BH0W 0930 Bs3gds© 993vdbgdm©IL 3e0bo3m®
S(30€09OMBSL S FEO© — 3MIIOE0I 0b3YMgLgdL.

5939500 LEAHOYIGHOMEXo GOLZIdOL FglsdE0MGOMWHSE LHGMMTMMHOLM 36ogEGH03S
5JBH0Ms© 094gbgdl 39MGH035IMH0 O IMOOBMBEHIWMOHO 0bEgaMsgool d9brmasl,
SBOOMYOME  30090Dg 935300  350F30035¢0MmdOl  dmmbmgbgdl,  3mbB3mEG9bE00L
62560980L 30I059GH0IO Bs®107)eMdIL o BoligdBg Imes3565390900L (396G Mw0BgdMw
399960Da93L. LodoOMNZgW ML 3mb6E9JuETo 5©0b0dBMEO 3OMBEGTS 306306 93530060 YdS
0080l BsLgdol  3meoG030L 9RIJBH0BMBL s LoFoMmgdl 65 dbmemE  Foligdols
932530, 50539 05BEOOL LEGOWJBHIOMI MHYJRMOTSL

R96M35393GNNW 30303500 BIONMO SMOL Fo3M39Ydwo InLsbMYds, MH™I
38054930l OO M3MY6MdS 53EHMI>EHWIM© b 0f)393L 3MB3MGI6E00L BOHIL 9,
d9L50530bo, odwgdol  Bsligdol Fgd0MgdsL. MMI3S  3M9IBH0INWO  FSTMEFPOGDY,
39bLO3MMMgdom 3069 s 3Mb3I6GHOOMGOIO BIBOYOOL Fgdmnb3zg35d0, 5B39690L, BT
58054900l M5MmIbMdMH030 LOFsMDY Y39 M30L 56 FoMPH0JIBYdS MY MH FSLBMOMO]
306399696305. LodoMrm39wmb BsMT393G M0 05HBIMO 58 MZOELIBOOLO” MZslishobm
3525omL [omdMoy9bL.

gemo IbM03, s83m05dgdol Fomowo LodFoMMZg DBOHPOL M39ME0ME botxqdb.
000N 5BM05JL 5J3L 3MT030 Folivgso-JoMs, 39MLMbwo, WmyoLE03s, BoMoygdol
omm3s, IT LolEgdgdo s MYRMEs30gdMb Fglsdsdolbmdol boGxgdo. slgom 30MHMdJdTO
SBM05d900 03 gdIemo Bgd0sh dgoboseBmbmb Fomoo BoGss, MM MBOWb39wymb
130656LM0 BEYMHMBS, B33 30306 S0LObYGdS [odwrols Logowrm Goliby.

dgmM9 b3, 583005d9d0L Lo FoMdg BoBYdDY IOOMSE 0dMJdgJds TbmEm
00 d90mbggzsdo, vy olobo IIM30Gdgo 93mbmIozmMo LMdogdEgdo 04690m©bgb.
BogoMM3geml  Goe™dSdo 30 983005900l MBMOZEgLMds  3mbE9BEGHMOMYdIMWOo
6odgbodg dbbgoo Jugwol bgendo. Gom©gbmdMmogzs® 09300 sx3mosdo Lobsdwzowgdo
§o60mo9bL 9Mmo s 00539 IREMIGEOL 96 9BOWOMIOMEO XAl Boffowls, o3
6036530, G 5351900 396EGHOIW0BYIMWHE FobolsDBLIMYOs O 55 MOMMYNIO SBNOsJob
©mbgbg 3063796963008  gBom.  sbgm  Lo@GsEosdo  dmabAsmOOLmM30L  BoLm
36935¢0x39MOM36905 IBMEME 0B, beagrm dsBIODY BoLGdO BESOOMSQ TOWWO
Bgds.

3609369035600, 51939, BoLYOOL J(393000 sS39JE0. 983005J900L JugeIHO dMmEYEo
bdoMo 953996905 5M93MHMDB0MYIS©O RoLEIZWGOIIL, WMOSEPMBOL 3OMAMOLS s 9.§.
593090, M@0 96 Sb5HIZL MO ME FoLMIMOZ 363N g6E0L. Foseno Lafigolo Golio
@5 3960H0MONMO  BoBEOZWGds, MHMIGELs3g bdoGms 803509396 dsDMOL bwYd0g]BHgd0,
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SO YOL LEWMEPSE BMEF0SIMHO 300306 JoDIBL s MRYds bofomdMogz 95399E 056
0bLGHMMIG6Eo.

331990l M9 Me069d0L 25360965 89000353963 90Bg. d5BsMBY S ©065035%g.
33w930L dobg30m, BsLYdIOL IMIYI0MgdOL d9JsboBIYOL LodsGrmzguml 30MHMdYdT0
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39999050 bofformd®mog d95d30MH™mb 8900035096¢390bg baedobshzomdmdols sd®m3megds
@5 89539306 935L900L BOOL 3Hgd30. 09d3s, Fom0 493w9gbs B3BOOL LEMWJGHVIMSLS

36309630y 9By,  bmwem  Ogommdo  9i39ddo,  gobbogmomtgdom
dmbm3mwo® 1gad9b3gddo, bs3wgds M35lsBObMS.

dclsenmbgero s 5053000930600 9839d¢d0. BoLYOOL MYaEoMgdols dgdsbobagdo
Dmaxg® 003936 9OLILMOZIP, 5M30MPI30M JRIJAHIOL. FoRoWOMO®, FoWIRsL0SBO
9290009050 3900359963900l 898mnbg93580 dgLedEgdgwos IBO0EOEOL (o0dmddbs,
9gLSE IPomBMGIGdL 56 OLEMOdMEBHMMGOL 56 YOG 03O E 0. 515939, MG S300L
RMOI@MOHO  bslosmo  Fgbsderms Bzl 0bM3zs30MG 8900035096393 bY
30o6mMgdegdol 0639LE0(309dL.

339308 89003900  domomgdl, MHMI  Fodwrol  BsligdoL  IMYYIOMGDS
Logobmggermdo  MHBOWMB3gmymal 2963399 3mBoGoME  J9gagdl, ™mdiEs  dobo
98399AH0sbMds 8600369 m356fows  ©sBM30©IIMYos  BODBMHOL  Fmbm3MEo®
BEAHOMIBHMODY s 3m6379M963E00L Bo3egdMdsBY. gl A9MgIMYds Sdg3l Loggdzqwls
93IOE0M0 30030l 4935l O GO0 F9J5boBIGOOL 0bEGEHYAMSEOOL
S(30E0GIMBSL, MM Fo0BIMEOML 903539639008 bgerdobsfzmdmds s goligdol
3oMmMZ5 M.

33w930L 39093900 LEOMWOSE TJgbods3Yds BEYMBMYMOSL, BTl dobgz0mas
R96M35393GIWO  dsDBIMO  J9BLZMIOGOMOo  5dmfI393900L [obodg L. vbodbMwo
dm03ogLb  0bx3m®dszomwo  sbodgEBHMmooL 3MMdYILL, 3OHMIEHOL dmbm3zbols sdo
9EsbGOMOMOSL @5 Fo®owo  dglgerol  d9M0YMGIOL  SOLGIMAL.  BodsGrmnggwomls
R96M35393GIWO BSBOOL IMBMIMEOMMO S 39MHEH0IIWMMSIP® S 3MOHODBMBEIMEMSE
0639360060900 LEHOMJGHMOS 300093 IBROM SIW0gMHYOL 50b0Tb LoMMIEGIdL, G5
300306 50LsbYds  MYYMS300lL  9BYIBH0BMBSDBY. 98 3OHMDdEIOL 3530050
SLO30 PO 93MM35330M0L B936 J3995bsdo (3gM3sbos, dgEy0s, b0, LogMsbygoo,
4gddMMQ0, gu3sbgmo, s53LEHM0s, BobgmO, JuBMbgMo, Wo@305, MbyMgmo, Lermzgbos,
33036000, LodYHIBYMO, 3MOEHYIWO0S, dMEIRSMIO0 S 30MMbgm0) 356Mmbo 3Mdosgls
L558™M0sgM Jugargdols gdabsols. Mo Tggbgds 3MMOBMBEHIWMMO 0bEIAME00L G9BMEIL,
50 AbM0g53 8936 J394965L 495Bb0s F9dBLs30 39dsbobagdo [32], Imbs39dgdo dmygzsbowros
N5 gb®oedo.

3b®owo N5. 3m6H0HMmbEswmmo 0b@EgaMogool 39Bmwzol dsg5¢0mgdo

3O0DBMbE Mo 063H9Mm300L Tg9bL©30L

9309965
8993900
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160 1LYd09JEHOL JogM 56 Fgodgds 4-Bg dg@o
OMERSMINO
©BM05Job FenMdS.
5b0s 1-%9 990 56 560L s3390O.
600 306H0L Joge ©o49d3909wos 4-B9g dg@0 Sx3m05Jols
BEGHM™bgmmo
B3OS,
g0bgomo 1-%9 9930 56 560L s3390™O.
LogMobygomo 1-%9 990 96 56H0L 533900
3963sb60s 1-%9 8930 56 560l T390v)erO.
1600 5 03039 BMT5(393¢E0 3335600l Boge 4 -bBg
<690 39G0 9800570l 30633060 56 0M0BO 30bGHOMEWOMYdS
©>7)93089w005
3 309356001 56 060300l Jgvdeos 3dmbgls Ibmemo
b} S
@O IO 583000590 9O S 08539 Joe5gdo 56 bmggendo.
9mbs3m 1-%9 990 56 560L 53390 O.
37036000905 W0doGH0MGd0s Bodlodwd mmb
3mmbgmo
530005459¢09.
3003600905 W0doEH0MGd0s dodlodwyd mmb
3OGIR0S
5330005459¢09.
9L3sbgomo 1-%9 990 56 560L 53390 O.
0)6MJgmo 1-%9 990 96 560 33900

oeoo  3mb6396GHM30s o MI0bIBEGHO IMTsdgd0oL  ghmosbo  3mbEmMmeo
093mMEGDY,  ©OLEBHMOdME0sDY @O Bosgswm  OHYowobso3osbg  96083bgemzgsbHows
B0ML3L BoLYdOL Mgy gdol d9dsboBdgool MgoEME 4o3w9bsb.

2909 M9x39M96EMo BsLiydol (ERP) dgmmo, Gmdgwwos osGom@ 4580m0ygbgds
LogMIMOHOLM 365J3H03580, LodoOmzgwmdo FbBMwmE bsfowmdmHog MBOHMBb3gEwymRl
9391900l 3MmbEHOMEL. 33¢0930L F900939d0 F0POMYOL, M ERP dmbmdmeom® as6m9dmdo
396 5bgbL GBoLGdOL SO0 T9dE0MYdL 56 IMIBT>0M9d9 By 306306 3MDBOEGHOWME s
99L59h693 9B9JAL. gl 0bLEHM®ABEGHO0 BMBI30MboMIOL TbmeErmE 5ET0bOLEHMEFOMEO
932953008 Mbgbg, 353653 d5HMOL LEGHMMIBHOHMEO MO30B90IMJd9d0 JABOL JoMgImU,
bBoo3  3Mmb3MMgbgos o6 9mddggdl, o3  800369wm3gbs  dgBrmszy  ERP-ol
995399GH056MdL.
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33935 9939 boBL  MUgsdl MY Ms3ools s 3Mb3MM96gool  dmerodozol
30609039 353300L. 989JOYO0 Bobgdob HIyomgds Ggdegdgwos 3mb3MIPGIwo
05BOOL 5OLYdMOOL 256M9d9. 3969603900l s doMLBOBOE YOOl 3Ms, FH9YbgMIero

39956098980, BoBBY 5356015390900 O BOLS39dGd0L 0bLEMMIGDEHJO0 FoMTmowybgb
153356dM 9e9g39gb3JOL, HMIGdOE SBIMMNMYdI6 M9gas300L TgbodwgdMdgdl, OO
9900035996%90bg bgardolsfzemdmdsl s MBOMB3garymagh 93sligdol MRd™m 95394GH06
3MBGHOMEL.

390929008 09MM0ME 06EIMH3MGEHS30500 51939 033907905 BoLYOOL MG OEMHGOOL
9953993H056MdoL BOEOL ©3M300090935 dsDBOOL LEGHMYJBHMOMMEO Mo30L9dMYOGOOLS S
3063996963008 M3 mdsHY. 9909a0©, ULsFoMHMs obgmo  LBEHMEIFOo doyMDs,
™I 03 MBOMBb390gMmARL BosbLL GoloL 3MbEMMELS s 0bM3zs309dL IMEMOL. BgwdgEo
93205305 GLodEMS D3Il 0bM35:3093L s 0639L30E309dL, bmerm 5GBS 3ToMOLO
9325305 3960 YBOWB39ymRl 8900035996¢3)9d0L bgerdolsfizmdmdsl. m3@odseMHo
390 Imombmgl 0639MH06Mm90M@ 3mE0@035l, MMIgEoE 9MNEEOHMNIMS 59MH05690L
Robol 3mB6GHOMEL, 3m6379M9bE00L godwogmgdsl, g9gbgemo3zgdols s dombodowsgdol
Pobooligdsl s 9839dGHWIO FmM3561539090L dHoMmBMYdIdMLb.

330930L 990093900 SQILGHMMGOL, MHMI LoJoOMZIWML BoMTo393BI d3DIMDY
2Lgdol M90S ETMMI0YOISE, 3Mb3MMgbEool FBIMIFIMHOL go6qdg, 3960
500938 LOM  9BgdAL, o3 339993l BsxgMdzgwl  Eo0lgsl Lszombo  3mwro@ozol
29Hg30Ls @S ITsBHJdoMO  3949b0BIGOOL  06FHIYMOMIOOL 530G MBS
©53530069300m.

0000l g35ligdol 835360 MYYM0MYds, FIBLOZMMGd0 8530b, MMELE 0yo
995336gds  5MLHMMo FgMbgmen b 5ML53ToM0LI© TmJbor M9BIMIBEGHWMWO Fslgdol
30o@03sl,  Jdboll  9608369m396  MHoLYL  Forbogoo®gdwo 89035996 gdol
3936039 gd0Ls O 9MOEGRIXMO0  BIBOOL  BMOToMGOOLsMZ0L.  S©0bodbMEo  Golzo
396BO3MMMGd0m Fo0o0s 08 dsBMYOBY, LOSE 9339 SOLYOMOL FoLowo 3mbEgbG®309,
3960GH035MMH0 s 3mMH0HBMbEHIMMO 06@gaM30s s 3Mb63MM9bzool IgBrmmwo
©mbg, o3 993565 @TsbslosMgdgeo  60dbgdos  BodoMmgzgwml  B3o®mBs393G IO
05BOOLIZ0U.

OMEOYLSE FoMIYME0MHGOJO MEOYBM  5YIbL FoLL, MM™MIgEog 96 TJgbodsdgds
(95006 930630376 30MMdJOL - FoMBmgdol, 0d3mEmE0L, WwmyobGozobs s boGolbol
MBOHWB39gmRol bobrxgdl - wgasw®o doimgds bgds 93mbmdozMcms bs3wgds
809H0@39wo. sgm 3060HMdIOT0 MTBOEFOIW YOO 0T3MOEGHOMMIO0 S POLEMOdMEHMMJOO 56
5930609096 30[m@gdsl, 96 FHMZ39d96 BoBIML. Fggyo©, PBIYdS WIBRO0EOGO, B3 Jabol
dbM3bsL 5eEHYMHDIEH00, 5MMB0E0IMHO Jofm©gdol sGbgdol JodsMom.

©IBOEOGHOLS O BOLMS OGIMHI63050ol 306MHMBYOT0 (R9BLsZMMNMGO0 TGBMdYE
9394690056 990056900m) 0BMHYdS 530 d3HBOOL BMOTOMGIOL SEBSMMBS. SMISEIAICIYOO
033mME0, 35M5IEMOO 35FMHMBS EIYYMIRME0MJIOI0 SOHHIO0M O SMOMBOGOSWIMHO
3900594039900 (3000¢MdI6 F9ogLMb dsBsOBY sMLYdIMO LoIMOGEY. SBgm 2o6gdmdo
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3600369036500 0BOHGds goemdo, LRBLEBIOEHWMWO 96 HsOOLLMIMOZ5® FgLsdsTM
99000359963900L dgdmligeoll MHob3o, 306506 obobo 05305, LBHGIBI 04oGds s 5O
L5 FOMMIOL MY SBHMOYIE JMMHBM3b)0ML Tgliodsdolimdsls.

39bLO3M PG 3MIMBEGIMM05 0L BodBo, MM Fo30 dSBEOOL 30MMdJdT0 0MOM3935
096M35393GMIWO  XOF30L  350FF0M35¢0Mds: 56 sOLYdMOL  F033Wg350Mds,  boGolbol
3Mb6GOMOo, BOHTS3MMLIRODDBMIGOS ©s  35Lboldygdmdol  JobLYBM3MS. gl Jdbols
30605300 LogOMbIL 353096E0L MLOBOMbMGdOLM30L @S 5MHM393L LBoBMYSMYdMO30
X9600009w™d0L 53308 JoMoMs©  3M0b3E039dL.  Yoedo 90359963900  Fgodergds
39033930098 9MBLHMEO EMBIL, 96059839 BHMO b GHMJLoZME 0bMI0g6EJOL, o3 0393V
X 9630009 MO0l 3MMdEGIJOL, 43900 9B9IEIOLS s DMy F9gdmbzq35d0 B YG

99©)300LG:
39O X963MMYMmdOL Mol3gdols, o530 dsDBMOL DM SLMLEBHIOL Lobgedfozml

0bLEGHOGMEOMO  TYLodEgdMDJOL. I3060@YdS  LogdILIbIEM  FgaMLOgEgdo, 035690
937G MO0L  3MBBHOMWOo  d5BIMDY, bmm  WgyswmEo  doBbglobmgzol  0gddbgds
550565050 3MB3MMGBGH M0  gocgdm. T9EIRO©, BOBYOOL  MYRME0MGdS, MMIJOo;
0530530039 s© d0Bbs 0Lsbsgzs byEdols(zmImdol  Aomdxmdgligdsl, dgloderms
3900509390 BogdGHMMo©, HMIJ0E 300093 WIBOM Es58d0ddL LoLEJINO 3GIMdYTGOU.

d9L50530bo@, 33¢930L  F9IJRI00  SILEAHMMOL, MMT  BsLYdIOL  MYAMWOGOYDS,
OMIgoE 90 5MHOL 25345093 B3HBOMOL MgowolBOo FgusLgdom, 3mb3mM9gbiool
399¢09M9d0ms s 9JBIJGHMO0 HBgITHYIPZIMIOm, DBOHOL Yodo 89035996EHJOOL
999mb3obs s 8530 35BMOL gobgbols MHoL3L. 9gx89JBH0B0 3moE03s dMoPbM3L 56
dbmmnE  gobob  53oboLEBHMIEOM  3MBBHOMWL, M99 Fofimgdol  xsF30L
90 M5Md0L, bsoLbbobL 3mbEGHMMEOls s MY IEHMOWYO INMbM3b7doL SOLEWEdOL
399@09MH9gdSL.

300030l M193mIgbs3ogdo

33930L  Lommdzgandg  Homdmagboos  3mwodozol  093m39boE0gd0
Logom3geml BoMTo393GHI0  dSBOOL  9x9dBH0s60 MY gdolmzgol, Gmdwgdog
doBbs  0obobogl  OMMOE  BoLYdIOL  3MBGHOMEOL  9BGIBHMOMDBOL  ASHBOEL, oy
8900035996390D9 bgadolsfzmdmdols s 3m6396M9bi00l o633 30390sL:

e MH989IMHPGHMo  FoLYdol TFgomEOL  gssbgE3s.  MIBRIMOIBEHMO  Fsligdol
365J3H03> b 396Ms0ddbsl MRM™ ©0bsd03MH, BsBIODY FMMAIOME FmEgErs©. gu
dmoEdgl  ®9BIOIPAHVo  J3096900L  CIFNWIONW  FobIEZL,  BboL  aEEbol
3900 MMYo0L M3EGH080BIE305L s 39doboBagol, HMmIgdoa MBMMBlgeymagb Ggow®
939L900L J93060905L S B30l 9539JEH0BMIOL QDB BoMTo(393G) I dSBIMDY.

e 3mb3mM9bEool 35dwogMads. 296903900l s BoMbOToEsMgdoL  (i3Mdols
298350905 oMo gbL bo3356dM gargdgb@L, MMIgeoE BOEOL dsHBOOL 3Mb3MEM9BE0L.
35050 363790 96E Mo 25693mb d94ddbs MHBOHMb3gwymal 2sbbmGmEogwEgl B3sligdols
999306905, dmdbTsM9gd9Hg HgerdolsfzmImdOlL goHBOHS s 9MRIZ560L AoTIOMMYDS.
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Lobgardfiogm  LEHOYIBHOIOTS 9bs F9gdbsb 25633990 ,,LEH0TMEGO0", GMIWIdOE3
MBOWB39YmRL 496960039008  06F M3l gMs30e  3MME9Ld0,  FoRITOMS,
RLEO3Egd0m G9dgbol 30 E035 96 3MOMOMOEHYEHME0 MYROLEHMSE0S.

* 39030350 S 3MmOHODBMBEIMMO 06¢IM3300L AgBLM©3s. 3MB3oGsM GO
@5 BoIBEO39M LYdBHMO0, HomBMgds, 083MOE0, OLEMOdM305 S LOFIEIM Mo
96056 BEGHOMJGHMOTo 54o0dgOL 30MHMBYOL, LosE 3Mmb3MMI6E0s WIBSE0s, brerm
2oLgdol  A98F306035¢0Mmds  LlBgds.  FgLodsdolo MY MEs30900 @S 3MBEGMM™MEMOL
399960B89%0  Mbs  ©shglgl, Moms FMbEgL  BsBOOL  LBEGHOYMIBHWOMEO  BEBLO,
2950D5MOOML  259330035Mdd s MHBOMB3gYMBRowo 0dbsl LMW osbo  FolgdOL
RMOHI0MYOS.

e gobbg OMErs3sM5390900 ©s  BYbgMmEo  d9dsboBagGPROL  BsTMYSE0dGDS.
Lobgardfionm 0blE0GGHYdds b osdwogmHmb mMensdsMs3900L 39dsboBdgdo odwols
30060 gdEgdmsb s OLEHMOdIMEHMMGOMB, MoE LsFMOEgdSL 0dg3d MBOM OB
1919080 doeHgMe 0dbsl Jowowo bs®olbol 890359963 gdol bgendobszmadmds. s1939
LBoFoMmms  BHgbgmmeo  LolEgdgdol BRsdmyswrodgds, OMIWwgdog YBOHWE39wymnab
3063996096 3sLgdL, oo bsobbl s oMM dofjmgdols BEsd0WIOHMBSL.

* (H93mIgb530900 Labgamdfogm 0bLEBHOGHEJOOLmZ0L. Lobgendfonm
356930093 gds  mEORbMd  Mbs 990N Toml  9BHoMo  3mwoGols  dsBMOL
dmbodmemobyols Qo LEAHOMIGHON (330 9090%Y B9sdbgz9emdols
900sOmgdom. gl dmoEegl  dsDBMOL  3Mb3EIbEGHME00L  9BswoBlL,  Fmbm3meEom©o
192996GHO0L  godMm3gbsl s TFgusdsdolo dmdbowo @y 9BIIGHWMO MY S30930L
O™ 696MY3SL.

e 05M93ME0M9090 MmMABML HMEOL 258Mm33905. oMM YOJds MEYS6MI
wb@s FoMFoMOML 3mwo@ozs oby, O™ MHBOHWD3gwYml Boesblbo Bolol 9393905l o
06m353090L6  dmMoL.  J0990gd0  Mbs  TggbodsdgdmEIl  OHMyMeE  LmE0SWYIMHO
39000 EEYMd0L doBbYdL, obg 0639L3 030900l BEBHOTMEOMGISL, MO doDIML LoTMOEGISL
5993l G903LMmb 256305(905BHg MOO09EEGH0MIOo 0bmgs309000m.

e LobBodymmo s 0bFgaMoMgdmeo doEamdols 960336gwmds.  9B9JGHMGO
9325305 80mbm3gL Lol gde oML, MMIIEOE 59M0690L Bsligdol 3MEEH MM,
306399696300l 45de0gMgdsl, 49696003900L5 S B0MLOTOEsMGOOL Foboerolgdsl, gLy
535653909065 5 39bgcrmen d9doboBdgdl. sbgmo 0b6EHIYMOMGOMEO  3MEWOEGEH03IS
MBOWB39gmRl 89000359963 gdDg  Bgedolsfamdmdol  qeBeMEsL,  3mb3MMgbigool
39683039056 5 d5DPMHOL IEAMS® LBEHOIBHML.

50 6933960530900l AobbM®E0gwgds  89Jdbols  Loggmdzgls  LoJoOmzgermUs
396353930 35HMOL M9 9dOL 9539dBH056MdOL BOEOUL, BoLYIOL LiESdOYYHMBOL
900(930L s FMbObEgMBOOL M HBOHMB39gWYMBOLMZ0L LETIOMNWOIBO VoMol
b9dolsfizomdo od3Mmbowm Bsdwsegdgdoo.
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©31336s

939lgdol MMM gds  LOBMYSMPIM030  KIBIOMGEMdOL  3mbEH9JuEGHTo
0o608mo96L 86033690 ™356 3mwodo3me 0bLEGHMMIIBBHL, MmAgwog YBOHMblgymal
0900035996)90Bg LMWL s  MBILHME  bgerdolsfiaEmImdsl, byl MHymdL
LM E0SMHO 30000 EIMOOL T9bsMBMbgdL s 93MbMT0IME 95399EBH0DMDL.

33w930L  3603369cmds  damdoMgmdl 00530, GMI o0ao Jdbol  sBswoE03 MM
Log3mAdzgerl BsMB5:393G IO 3M0E030L  20dxMdILGdOLS s FoIHY39EH0EgdgdOL
OBO IBH30EIONWIDIDY ©8)IBIOO IRYTZOLEZOL.

33w930L 990093990 80OmMYdL, MHMI LoJoOMZJML  BIMTS3I3GEY  B3DIODY
§9090olb g3sligdol M9 oMmgool 9x39dEH0sbMds 8603369wm3bs MHOL sdM30YdMEO
0510l LEAHO®WMIAHMIOMW o309 MMGd9ODY. FMBbMIMEOMMO s 3JMNFHOIIWIOSIPO S
3OH0DMbE MM 063 JaM0Mgdwo  ao6Mgdm  9603369wmgbs Bzl  Foligdol
M93NW0MJOL s 9930MPPL  M9BIMIBGHMo  Bobgdol  IgomEol  3m@gbEoswls.
01bgs3500 0doby, MHMI gl 356536900 MBOMB3gWYMBL 5ETOBOLEHMIFOMW BSLIMS
932)0Mgd5L,  IMbM3MmEom@mo  BEGHMMIGHMOOL 30MMdGdTo  MIRIMIBEGHMEo  Gsligdol
0blGHOMIPGHo 3960  YOOHMB39wYmBL  0MHPOMEGOOL  MJomE  Jgd30609dL o
9cdbdo69dgbg 3060306 453e9bsb.

33w930L 99092900 5@ILEGHWMGOL, MOMI BsMT5393GIWO  BoLYIOL  MYYME0MGdS
995393305605 dbmEm@ 3Mb3MM9bEH e 256Mgdmdo. dmbm3MEomGmo d5BEOOL 306MHMdYd30
(3000939 0s  IM935woblEGHMWMINBEH™MEo  doymds, MHMIgEoE 99MHM06IOL MMM
5Q3060LGHMIEOME  OJYME0MGISL, 0Ly  3Mmb3MM9I6Eo0L  2od0gMgdsly @S B BMOL
LEAHOMIGHONMO  15300909MGOJOOL  FoMIMZOL. 3960dmE, g FMOEI3L  MYIRIMIEEHMEO
R5L930L Fg0OMPOL Yosb3L dsBEMOL 13g3053030L FomM35woLobgdom, 9696M03gd0Ls
50mbodows6gdol 3mdol goBOIL 3639096300l FoBOEOL doBbom, 39MEH035MHO
@5 30m600DMbGHIMMO 063 gao3ool  I9BOM©3L  RoLgdOL 253 FZ0M35¢MdOL
MBOWB39LIYMBI©O 5 FolBY FW35615398900Ls S 3JbgOH o  dgdoboBadgdols
296300056M9d5b.

doM0mo©o 303690900 33093096  5B3969dL, OHMI  dMbM3MEoMGmO  BsBOHOL
3060Mmdd0do  Mgaws3ool  99doboBdgdo,  MHMIgdol 9O ML FBIMOFIOOO
3063996963000, 396 sbgMbgdl 89003599639dbg bgedobsizmdmdol 9539dEH0s6 BOLL.
535096, 3mB3wgdumMo, LBEGHM®MIGHOOMIIMWO ©s 3MB3MMY6E0sBY MO0bEHMIdIMWO
303030l 499mygbgds  NBOHMb3gwymnl  GMmAMmOE  BOLYOIOL  3MbGHOMEOL,  olg
060m3530900L  LEHOTMWOMmGOOL  TGuodGdWMISL, o3  360dzbgEmzsbo  30MHMdYS
dbobergmdol X sbdOMIMdol 990ga900L 49maXMdJLIOOLS O BoMTS393GEP0 dDBMOL
3050 256300056M9d0LMZ0L.
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The Effectiveness of Pharmaceutical Price Regulation Mechanisms under Conditions of

Limited Competition and Their Impact on Access to Medicines

Nana Shashiashvili 2
Doctor of Pharmacy, Associate Professor. 1. Department of Pharmacy, Georgian Technical
University, Georgia; 2. Department of Social and Clinical Pharmacy, Tbilisi State Medical

University, Georgia

Abstract

The pharmaceutical sector worldwide is characterized by high market concentration,
information asymmetry, and low price elasticity, which makes government intervention
necessary. This study examines pharmaceutical price regulation mechanisms and their impact on
access to medicines, with a particular focus on the Georgian pharmaceutical market. Georgia’s
market is especially affected by these challenges, as a significant share of medicine importation,
distribution, and retail is concentrated in the hands of a few large economic groups. Moreover,
vertical integration strengthens monopolistic power and constrains the natural functioning of
competitive market mechanisms.

The study is based on a qualitative analytical approach that combines documentary
analysis, comparative policy analysis, market structure assessment, and the use of secondary data.

The analysis covers a range of pricing regulation instruments, including External Reference
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Pricing (ERP), Internal Reference Pricing (IRP), direct price controls, price negotiations,
tendering mechanisms, and policies aimed at strengthening competition.

The findings indicate that, in a monopolistic environment, the ERP method provides only
a partial solution to price regulation. While it establishes an administrative price ceiling, it does
not lead to substantial price reductions or generate a meaningful impact at the consumer level.
High market concentration and limited competition reduce the potential effect of generics and
biosimilars and restrict patient choice. The study further highlights the close interrelationship
between price regulation and competition policy, demonstrating that effective price regulation is
not feasible without sufficient competitive pressure.

Based on the findings, the study proposes several policy recommendations, including the
adaptation of ERP to market-specific conditions, the strengthening of competition through
increased use of generics and biosimilars, the limitation of vertical integration, and the
development of price negotiation and tendering mechanisms. The implementation of these
measures would contribute to improved access to medicines, enhanced market sustainability, and

greater effectiveness of pharmaceutical price regulation.

Keywords: Access to medicine; External reference pricin; Georgian pharmaceutical

market; Medicine price; Monopolistic market; Regulation.
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Design and Simulation of Structural-Functional and Electrical Schematics of

an Acoustic-Enabled Diagnostic Controller

Lado Sekhniashvili
Georgian Technical University, PHD Student

Abstract

This paper presents the design and modeling of structural-functional and electrical circuits
of a diagnostic system (controller) equipped with an acoustic feedback function. The proposed
system is intended for medical equipment, particularly hemodialysis devices, to improve the
efficiency and responsiveness of diagnostic processes.

The system architecture is based on a microcontroller platform and provides real-time
processing of data obtained from analog and digital sensors, visual indication, and generation of
acoustic notifications. The paper describes the functional structure of the controller, operating
modes, electrical schematic design, and simulation modeling performed in the PROTEUS
environment.

Simulation results confirm the functional reliability of the proposed solution and
demonstrate its practical applicability in medical diagnostic systems.

Keywords: diagnostic system, microcontroller, acoustic feedback, hemodialysis,

PROTEUS, sensor monitoring.

Georgian Scientists/do®Mm3ggo dgibogegdo ¢. 8 N 1, 2026 | 80


https://doi.org/10.31578/jtst.v8i2.157
https://journals.4science.ge/index.php/GS/article/download/2530/2493
https://journals.4science.ge/index.php/GS/article/download/2530/2493
https://doi.org/10.52340/gs.2024.06.01.04

o O o Georgian Scientists i by
rgian Scientis®
00 JoOmzgo 3936096900 ol.861
O Vol. 8 Tssue 1, 2026 :55;/__‘
o s
https://doi.org/10.52340/gs.2026.08.01.06 \ ~

;|;_ll,ﬁ..;|ﬂ';|3""““"a«»lx
¢ Science

e,

o )(\(u\“&l-\
Association Fo

Solar Activity and the Dow Jones Industrial Average
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Abstract

We examined the relationship between solar activity and the Dow Jones Industrial Average from
1896 to 2021. We employed sliding-window correlation, cross-correlation, and wavelet
coherence analyses. It was discovered that the correlation with 11-year periodicity is more than
0.5 during the 1906-1936 and 1964-2000 time periods, and is visible with a 95% confidence level
during the 1910-1930 and 1990-1994 time periods. This correlation is proved by coherence, with
a high 95% confidence level revealed between cosmic ray data and the Dow Jones Industrial
Average in the same periods where the correlation between sunspot numbers and cosmic ray data
is high (1964-2000), but with a distinct phase difference. Because financial indices reflect many
simultaneous influences, revealing a correlation between studied events is difficult. nevertheless,
it's significant to study the intercorrelations between financial indices and solar activity or cosmic

rays for forecasting financial models and systemic risk assessments.

KeyWords: Dow Jones Industrial Average, Solar Activity, Sunspot Number, Cosmic Rays

1. Introduction

Solar variability modulates the near-Earth space environment through changes in
electromagnetic emissions and energetic particle fluxes. Solar phenomena such as solar flares and
solar coronal mass ejections can disrupt technological systems (Buzulukova et al., 2025) and
influence human psychological state and health (Neale et al., 2023), which in turn may affect

economic activity. There is a correlation between solar activity and various economic

Georgian Scientists/do®Mm3ggero dgi3bogegdo ¢. 8 N 1, 2026 | 81



mailto:darejan.japaridze@iliauni.edu.ge
mailto:tpaatashvili@abao.ge
mailto:tengiz.mdzinarishvili@iliauni.edu.ge
https://www.researchgate.net/scientific-contributions/N-Buzulukova-81164764?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

characteristics (Gorbanev, 2012; 2020; Walsh, 1993; Krivelyova and Robotti, 2003; Peng et al.,
2019).

The Dow Jones Industrial Average (DJIA) is one of the oldest and most popular stock
indexes. The DJIA, while composed of 30 U.S. firms, is widely used as a proxy for market
sentiment and global financial linkages. It can be considered not only a leading indicator of the
US economy (Stock and Watson, 1989) but also an indicator of global business performance, due
to its strong influence on other stock markets (Zheng and Chen, 2013). A sharp drop in the DJIA
could indicate the onset of a large-scale crisis. Therefore, its changes are closely monitored to
assess future economic performance expectations (Hester and Gibson, 2003; Goidel et al., 2010).

This study we revisited the DJIA—solar relationship and cosmic rays using long historical
records and modern correlation and cross-correlation methods and the wavelet coherence

approach.

2. Data and methods

Monthly sunspot numbers were obtained from the SILSO World Data Center (website:
http://www.sidc.be/silso/) for 1818-2021. Cosmic-ray neutron monitor data were taken from the
Oulu station (Sodankyld Geophysical Observatory, Finland) for 1964-2021. Historical DJIA
values for 1896-2021 were retrieved from public market archives (Free Historical Market Data —

Stooq, https://stooq.com/"DJI - Dow Jones Industrial - U.S. - Stooq).

2.1 Detrending

To remove the long-term upward trend in the DJIA, we applied an 11-year moving
average chosen to match the dominant solar periodicity. After subtracting the smoothed data
from the original data and multiplying it by 100, we get seasonal fluctuations around the DJIA
trend as a percentage (D]). Fig. 1 depicts the results.
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Fig. 1. DJIA data decomposition a) The DJIA (blue curve) and the moving average DJIA with an 11-year
window (red curve); b) The detrended DJIA expressed as a percentage.
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2.2 Correlation and cross-correlation

Over the full 1896-2021 interval, the monthly linear correlation between sunspot
numbers and the detrended DJ is small but statistically significant, r = 0.1492 (0.0996-0.1980), but
we can reject the null hypothesis ("no statistical relationship and significance") with high
reliability because P < 0.001, indicating that the correlation is almost guaranteed. To see how this
correlation changes over time, we compared smaller time intervals (several 11-year solar cycles).
For this, we used a sliding window method. The linear correlation R between the data and the p-
value for rejecting the null hypothesis was determined for each selected window. The window
was then advanced by a relatively small-time step, and the same values were determined once
more. The optimal time window length was chosen to be 22 years, with a time step size of one
year. The results are shown in Fig. 2.

Correlation of Sunspot Number and DJIA monthly Index
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Fig. 2. Correlation charts between the SN and the DJIA detrended index (DJ) (the sliding window length
is 22 years, and the step length is one year). a) Curve of correlation coefficients. The red dots indicate
locations where we cannot reject the null hypothesis between events. b) The level of reliability of the

hypothesis P; c) The blue curve represents the SN, while the red curve represents the D].

Sliding-window correlations vary between approximately -0.5 and +0.5. Positive
correlations are prominent in the early 20th century, reverse in the 1970s-1980s, and reappear
toward at the end of the twentieth century and the beginning of the twenty-first century.

Because the process is non-linear and non-stationary, with many intermediate links, it is
difficult to explain what this change depends on. The correlation modulus reaches 0.5, a
significant value, while the areas of unreliable correlation (bold areas on the curve in Figure 2a)
are relatively short and mostly coincide with areas of correlation sign change.

Cross-correlograms computed within moving with a 22-year windows reveal a
non-stationary structure: the maximum cross-correlation (from -0.65 to 0.65) and peak lags shift

between roughly -1 and +3 years. A top view of the resulting 3D image (contour plot) is depicted
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in Fig. 3, and it clearly demonstrates that the connection between the studied data is non-

stationery and changes over time.

Lag [Months]

1916 1936 1956 1976 1996
Years

Fig. 3. The upper panel shows an SN-DJ cross-correlogram, with the horizontal axis representing date
and the vertical axis representing phase lag; the white dashed curve shows lag variation corresponding to
maximum cross-correlation; and the lower panel shows activity variations for SN and DJ, with the blue

curve representing SN and the red curve representing D].

2.3 Wavelet coherence

Wavelet cross-correlation and wavelet coherence methods scale-dependent
synchronizations have recently been widely used to identify potential relationships between two
time series (Addison, 2017).

In general, the value of wavelet coherence ranges from 0 to 1 and, like the correlation
coefficient, allows us to quantify the correlation between events.

We used software packages developed by Torrence and Compo and Grinsted to calculate
the wavelet coherence between the monthly average SN and D] data. The statistical significance
level of wavelet coherence is estimated using Monte Carlo methods with red noise to calculate
the 5% level of significance (300 calculations) (Torrence and Webster, 1999; Grinsted et al., 2004).

In addition to wavelet coherence, the wavelet coherence phase difference is calculated,
which indicates how far apart the study events are for a given frequency and time. The areas of
significant coherence (with a 95% level of confidence) are denoted by the black line contours.
The arrows represent the relative phase of two-time series; a right-pointing arrow indicates in-
phase coherence between the two signals, while a left-pointing arrow indicates anti-phase
coherence. A phase arrow pointing down indicates that one time series is 90 degrees ahead of
another, while one pointing up indicates that it is 90 degrees behind. When arrows are strongly
horizontal (0 or 180 degrees), it indicates a linear relationship between the two phenomena being
studied; non-horizontal arrows indicate an out of phase situation and a more complex non-linear

relationship (Velasco Herrera et al., 2018).

Georgian Scientists/JoGmggeo d93boggdo ¢. 8 N 1, 2026 | 84



Fig. 4 depicts the wavelet coherence between SN and DJ data. The above-mentioned
arrows indicate phase differences for coherence and correlation values greater than 0.5.

The 95% confidence level of wavelet coherence was estimated using the Monte Carlo
method (300 calculations) and is indicated with a bold outline in Fig. 4. It shows that the
similarities between these two events are greatest for about 11 years (approximately 128 months).

The strongest coherence appears near the 11-year band, with coherence values reaching
high levels to 0.8 in the 1920s and 0.72 in the 1990s, and it exceeds 0.5 during 1906-1936 and
1964-2000. Significant 11-year synchronization is concentrated in subintervals such as 1910-
1930 and 1990-1994.
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Fig. 4. a) Squared wavelet coherence between the SN and DJ time series. The color bar scale shows the
wavelet coherence power. Arrows represent the relative phase relationship. The bold black contour
denotes the 5% significance level calculated against a red noise background using Monte Carlo methods,
and the normal contour denotes the cone of influence (COI). b) SN versus date c) The global spectrum of

the wavelet coherence power.

Additional features (Fig. 4) include anticorrelated bands near 32 years and 50-60 years
(with a value of 0.83); these may reflect to the long waves of Kondratieff, which are well-known
in economics (Kondratieff, 1935; Korotayev, 2010, 2011; Galegatti, 2016; Modis, 2017). 50-60-
year periodicity is also known for solar activity (Ogurtsov et al., 2002; Lomb, 1980, 2013) and the
paleo-cosmic-ray record provided by cosmogenic radionuclides (McCracken et al., 2013).

These periodicities are also clearly visible in Figs. 4 and Fig. 5, though the data length of
120 years did not allow us to assess this periodicity convincingly because it is mainly found
outside the cone of influence in Fig. 4. (COI). This period is presumably a modulation of the 11-
year coherence between SN and DJ, but an explicit consideration is not possible due to the short
observation time of DJ.

As we can see, wavelet coherence (i.e., in the frequency domain) allows us to investigate

the relationship between two events at different scales and times more flexibly and
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straightforwardly than traditional linear correlation or even sliding linear analysis on different
scales.

We investigated the wavelet coherence between CR and the DJ. For 1964-2021 the 11-
year synchronization found between the SN and the D] is also visible in the wavelet coherence
between CR and the DJ (Fig. 5). As shown in Fig. 5, when the coherence between the SN and the
D] increases, around 1964-2000, there is a 95% confidence in coherence between CR and the DJ,
but with a different phase shift. but with a consistent phase offset consistent with the known
anticorrelation between solar activity and galactic cosmic-ray flux (Caballero-Lopez et al., 2019;
Bhattachaya and Roy, 2014). In several epochs the cosmic-ray—DJ relationship appears stronger

and more statistically convincing than the sunspot—D] link.
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Fig. 5. a) Squared wavelet coherence between the CR and D] time series. Arrows represent the relative
phase relationship. The bold black contour denotes the 5% significance level calculated against a red
noise background using Monte Carlo methods, and the normal contour denotes the cone of influence

(COI). b) CR, c) The global spectrum of squared wavelet coherence.

3. Results

The relationship between solar activity and the DJIA from 1896 to 2021 is investigated.
Using a novel approach called Wavelet coherence, it was revealed that the relationship between
events is ambiguous and changes over time. There were detected synchronization time intervals
with different periods, as well as changes in the coherence of these synchronizations over time.

Solar activity and the D] have a non-stationary relationship, with quite high correlations
occurring at different scales and time intervals. At the beginning of the twentieth century, high
(0.7-0.8) coherence is observed in the region of 11-year periodicity.

The 11-year periodicity weakens and disappears in the middle of the twentieth century, a
3-4-year correlation emerges with a phase difference of about 1 year. However, by 1957, at the
peak of solar activity, a one-year synchronization appears with a three-month phase difference.

By the end of the twentieth century, an 11-year correlation appears with approximately 3-4 years
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of phase difference, as well as a 4-year periodicity antiphase and a 2-3-year periodicity with a six-
month lead. At the beginning of the 20th century, there is a 6-year correlation with almost no
phase difference. Also found a 32-year anticorrelation and a 50-60-year anticorrelation.

The search for correlations between solar activity, cosmic rays and DJIA is complicated
by the simultaneous influence of numerous factors on financial indices. Economic dynamics
emerge from intricate interactions among economic, political, social, environmental, and
technological systems. Understanding the interconnections among these processes requires
further investigation to uncover intermediate links and causal mechanisms. Such clarification is
essential for improving DJIA forecasts and should be incorporated into the development of robust

financial modeling approaches.

This research was funded by the Shota Rustaveli National Scientific Foundation of Georgia
(SRNSF), grant number FR-24-14835.
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001bgs3500 530y, 8603369M3z5605 ROBBLME 0bgJugdls s FBOL vgEBH0ZMBSL b
30LAMbYGH  Bbogadl  TmMOL  3MOHYo3E0gdoL  dgbfogams  Bobsblmo  LadOHMYPbMBM
M9 gdoLy s LoLEGIIMMO HOLZYOOL TgbogslgdWS.

1533960m BoBYyzgdo: My xMmblol 0bELlEG®OEo Lsdwswm 0bgduo, 3Bol sd@ozmds,
dbBol oggd0, 3mbdmbvyo Lbogqdo

330935 ©930656Ls LodoMmmzgwml Jmms MHMLbgzgErol gomgbmwo Lsdgaboghm gmbools
(SRNSF) dog6, 3656¢0b bmdgtmo FR-24-14835.
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©O0IsLFEH93056 2sBM356 ©9BHIJGH™MMYOTo MMM MZ0MNMYYMESEOO0L
d99s60badgdo

B305¢ [595¢050d9"; 0560 3909M05% OO0 BoWMMO03; Logrmdyg 35853009

1393609690505 MJG™MG0, LodsOmMzgaml ¢9dbozmMo «boggdlodg®o, LadsGmggam, 0160,
d0wobo, d. 3mBEs35L 77, E-mail: zviadi.tsamalaidze@cern.ch Tel:+995741775; 28936096M9dsmo
©MJGHMO0, BodoOm3gemb 39d6039M0 Mboggdlod @0, LadsGmzgum, 0160, mdowolo, 0.
30b@935L 77, E-mail: oto.kemularia@gmail.com Tel: +995568821788; 35Lm3o®gdw9eo 36HmEBgLm®o,
00l bobgadfoxnm »boggdloEgGo, Lodsemzggam, 0162, Md0woLO, 0. F53F535d0L godboco 45, E-
mail: iuri.bagaturia@cern.ch Tel:+995593781142; 45¢v@9b&H0 (©Md@™M®MbEGHMMs), LodsO®mzgarmls
399603160 Mb039MLOEIG0, byJoMmnzgewm, 0160, MdoEIOLO, 8. 3MbEHegsL 77, E-mail:

salo vashakidze@ymail.com Tel:+995593644597
395)93M005: bo0bgobMM 3g3bogMgdgdo

M9bomady

LAHoG05do  2obboeeos  EO0EAsLYEB0D  goBM3zb 9B IJBHMMGOTo  MgMTMEo
MZ3000M9295300L oMy, HMIgwoa 939196905 ©IGIIEH™OOL Jos 0Mmbobsigool soMol

399myg9690sL 0bBHM0MgdMo (obs bofowol (FE) gargd@dembozol doghH Fo@dmddbocro
LoMdML  9839JGHMOS©  IMBAMOYOESE. 331935 8MmoE3L  BEGHMMYY-GdOL G396l
096N 565D, 9B 5535000LS @ 29MIYGEGHMOIO 356589GMJI0L M3EH0T0BF0L
LodMWH3099M0 999d0L 9JL3gMH0TI6EHME 35E0HE0L. F0WYdIMo F9rgagd0 5839690,
G0d 5069006 CO2-b 89933900 BsBogol godmygbgdoom Fglodargdgwros gugd@mmbmeo
3033mb696@&gd0L Lsdmdom 3H9d3gGms@weol 40°C-8og 9908306905 dWO A5BOL LoBJsEOl
3060009330, M3 MYOOMB39ymnL ©YEHIJBHMOOL 30BLEHOMIE00L Fods®BH039dL, oloeol
509bMdoL 90300935l s MYMTMo FoMmM30L  9B39gdBH05b seEHYMbsBHOZ5L Fomowo
969620900L 30B030L 9Ju39MH0T96EgdOLMZ0U.

153396dm BoBY3900: 25BM3560 IBHIIGHMM0, MYMTMWO FoOHMIs, LEAHMMM-EGBdOL B39O0,
39360900l M3EH0T0DBO305, Fowowo 96960900l BoBO3s

dgbosgsamo.  domoemo  gbgMogdol  goBozol  9dudgemodgb@gddo,  bsfows3zgdby
515330603905 s oL MJROLEHME0OL TJPNMEOMEMAOOLMZOL J9dM0Ygbgds goBGO
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U965, 1 0296829000 35b5Hoer98s @IAIIAPHoL 39289905 By bodryersiosdo. ogBdsergdoborzol ob. Hgdbdho

239609bE30L  ©9BH9IBH™MGd0.  LEHsGH0sdo  obbowyaros, Fos  0mboBso0L  soMOob
3990mg9gbgdols glodErgd™mds, OHMYMO3 39853M0WwgdgEo Lombol, 0b@gaMomgdmwo fobs
Bsffocrols (FE) §s930mbogo 9ergd@®mbozol dogH Fo6dmddbowo mgmdmeo s@306MHm3ol
918399AHMB9© dmbsdMOmgdWwsE. 9dbozs 9ndbgds m3EH080BYdIMWwo Lombol bogosl s
2399m0Ygbgds  9bsd9M™M39g ©sdso  LOAAEEZMOL  GE9dEBMMb035d0.  M30MSEHIGLMDIOL
096950966 ©9BIJEHMOOL 3MBLEOIJ300L 49603905, BogeM BsldEPOL MoM©IbMdOL
3993060905 069J0b-0093JJEHMOOL 2560HTGIM, B0 dBOXIAO, 95309039 999300900
bs6rx900. 303393m, LAOM)-GYOOL BHEMYIIOL s TgLsdsTOLO FoFMOEGOOU 3565d9GMJdOL
09030 5bsewoBol LsxkMdz9wDBY 3539009300 M3EH0T0DS305L. F99YAgd0 5B3969dL, Gnd
999 GHO™bMmo  3083mbgb3Hgool 9x39dGMIM0 FogMowgds glodwgdgaos Foglodowreo
Lodmdom 39gd3gemo@E ol 40°C-0g 9993060930m, 359m0Yygbgds 506MHgdol bsBs30, HMIGE03
39033536 CO2-bs B5gdLb0d3 30%-0g 99MYI0M 350 BLORJSMOL F5BOL 30OHMdHdT0.

L. doGomso bsfjoemo

239090 45631bE30L  ©IBIJAHMOIO0 MobsdgMmM3g Towswro gbghrogdol BoBozob
99b396M03gbGHOL  vM30gdgEo  3MmI3Mbg6GH0s. o  @odmoygbgds  sBdo  0MmboBszool
§o69mgdbs dolo Lodwdscm JmEMEEMdOl sdbEWwo Bosfoszol Joge 490933900l O™

[1]. bgbLMOME 9gargdgbBHIdMb 9EgdBHO™bOZOL sberm 0bEIMSE00L 250m, 9839JGHMMO
0930 FoOHM35 ODs0bol 30003 3603369 m3zs60 s139gdE0s.
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GMSOEO0ME0  39aM0wqdol  LolGgdgdo, GMIWd0E ©Ixdbgdos B3YE0SWE
Lombggdbg 96 9945b03ME  LEHOMIBHMOSDY, BOEOL  3MI3WgJuIOMBLL, boGXJOL S
93900 ME3MWMdsdo 353 Jdomo  AdLoerols  Jg@obs  bgds. gl g39moxz9gMo
5M5B5LIMZ39E05 MOHZIWRIMOPO 2553563301 F0b0T0BsE0OLS S WYEIJBHMMOL F9dsmdol
36OHm3gLoLm30L.

396L399BH0Mo s EIMObsBH0355  @IAHIIBH™OOL  0MmbobsEzool  s0MOL  goBmygbgds,
QO3 39953009390 B3O gds. 5060 653500L S 935096 MdOL M3EH0T0BsEOOL
3om, gOmLO s 03539 LOLEBHYIL 9OPOOMM s F9mdeos MBEOMB3gEYml YBHIJGHMMOL
BGHodommo  dMBomds ©d  9w9dAHOmmbozol  Bogh  HoMdmgdbowol  LomdML
390mbmogolva3Egds.

II.  ©339dH™MoL 3mbxogaMMsEos

A©93960 ©939IBH™OH0L JoMOMsEO 3m33MbgbE0s, HMIgwoE 99Jdbowros bofowszgdols
35050 LOBNLEHOM FMboEBHMOObYOLS S WH33003980LM30L. F9EYgds Mbgwro, ALdgJo
BEAHOMY-GYOol  Fobo3gdoLysdb,  MmIgog  dg3LgdIEmos  0MmboBsgool  s0MO’
296@02900s 003500, OMI FgLodegdgeos Bofiors3zgdol  Losdysbbmdogdosbo

93bLEGHMJ309.

Narrow domain thickness vs. Chip Temperature
1280mm section 1.5mm Foil
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by, 2 Bosols (99d39m5910b 0s9m30090877¢0985 8569002l erepemo bobidlgbg. ogdsargdo
obomgo 997 do.

00mMgMYwo  dsbogzo  dgo3ogl  b3owrgbdol  bmEG  Bogmenl,  GMIgEoE
29605393905 396GHMF0 S 9MMZgdL ToLTo A5Toz35w0 bfos3900L FMbEL. Fomewo
39MB93500Md0L JgLsbsMBMbgdws© gargdBHMmbogs Bs8393gd05b BoglodoeMo sbemliss
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396003900, ®mWIgs 9933500  0bBHIRM30s  LoMdML  IMEoEwgdol  3GMMdEGIgOL
0563 3MdL.

©9A9JAH™Odo 5060L LoLEGHGds MYDBOHME3gWYMABL 0MbOBsEOOl S0MOL (F0MIMESEOL
LEAHOMYOdo, O3 3399g3l TgLodEgdEIMBSL, i S0MO FsdM3094gbmo F9MOLGOOLMZOU.
330935 BMIML0MGOIM0s oBoL 653500bs @S F9Foygber™mdol M3EH0T0DsE0sDY, MOMS
95393HMOs© bl  LoMdML  vMMIg3s 9 9JBHOMb030B @S HBOZ3OHMNIO©
©9399BH™M3s 08MFomb LOMWRLLM3bs. LM.2-Bg dmE3gdNwos Bodol GHgddgesdmMol
593000939905 3F0OM 256M9dmb Lobd)bg, Lbgsolbgs oBol 653500l LobdsGolmzo,
128080-056 8mbs33900d0. 89092900 3bs@ymxzl, M Bodol 3H9d3gemsdMs LEsdow M@
0bMEIds  30(060m  4o6M9dmb  Lobdol  dobggzom  Mmymm3  FPGA, sbggg ASIC
3003306963 gd0Lm30L. goBol 6535000l Fomsero Lobdstg MHOMB3gYmal Bodol dsEn
A99396M5GHMOSL, Mg d0mmomgol LomMdML dm30egdol 9i39d@GOM™MdL.  FPGA Bo3gdo
b3 3500 39339653l 50ig3L 30O ASIC-0, G55 39LsdEMs odM{39w90s oMo
96962 3MbIs6gd00 b F9830M9gdImo  ogMogdol  9539dGHMOMdOm. dNE056™Md5T0,
8mb5399900 5@BEBHMOIOL Bo30oL (3Hga3gcsdMOl dwogd  ©I3M30EIOIGOL, BrQME(S
290l 6535000 BoRJsgDBg, 1939 30HOM oML 49mIgEHMOYIE 3068308MS305DY.

III.  ggdudg®odgb@ols sefigMs

3330 GHIOM0  250MM3gOoL 35030030,  BoGotms  d3oMmg  AsldEedol
99b3960096G 0. 904dbs 650x75x2000 Jos QoM9gIml dmbyg LoGgbBm 3539¢0, 183 Lolgol
53600l 30boligsb (bm®.3). 4oM9dmdo dmmsglis 400x6090 Bmdol dJmbg gegdE®mbyro
©ox0L  090@S30MM0  dmEIo,  OGMIJDY3  ©TMYdMo  ogm  bbgoolbgs
3Mb6x5309MH5300L OHIBOLEHMMGO0, OHMIGdoE Mo30L FBEOOZ, sbEbbgb 3b3MgEo
999dGHOo ©gbols Jofimgdol J909y9, 3MYPSTMEIA0L 030EsE0sL. Lo@gb@m 3539@0L
BoBmb golii3e03, s3sMmS goBol Fofimgdol G5dgbodg 3oEH0bao, MHMIGOOMS3
353930L oo  250Mgdml, FogfmEgdmEs  sMAMbol  (Ar) gobo, E3segdso  Boz3sol
booom. 9dldgamodgb@ol dobggom, d98m{ds v MMAMO 5(0Tg3s 093l 33wg30L
RO gddo  godmygbgd o godmmM3Eomo IMEIW0, MJSEMMO B0HB0ZNOO 3OM3gLOL

S0PgMsL.

994G o  ©sxol LsodoGsEom dmEgEbHg ITMbE)Oo  MYHBoLEMMGdO,
@IXJINBOS 9 9OHMGMO©, OMIGEmegsb 1 sbgbs FPGA gwmgddHembamwo Bodol
0005939008 030GO3E0sL, bewm sbs®hgbo 8 — ASIC gargdGHOmbmwo Bodgdol. FPGA-U

09000b393500, 353my9gbgdemo 0dbs M9HoLEBHMMGdOL 0lgmo JMbGoYMGSE0s, GMmdgeos 3 W
000M59Mmymz30L LoEo L F9qLsdsdgdMmE., brwm ASIC-b d90mbgg3580 momm - 0.66 W, 564y
x5930 doosbo guwgd@BHembmwo ©IxRoL IMmEIwwby, FoMdmoddbgdmes 3 + 8 x 0.66 =
8.28W Lomdm.
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9. 3 3580098006 3339900 300669 G5305

3OMGME03L, sOambol asbo  dogfimgdmes m = 0.00018 kTg dsbmEo  b535000L
LOEOOMS s 21 C° 3H9339MOEHIM0m. 36MDOE0s, MM sGPYMboL 08330039 s MYMIMEO
3565393900 d99gabsotmos: bodzzmozg p = 1.78 % 5 39060 LOMdMEYZEMdS Cp =
525 W+K ; 00053905 k = 0.018 % 53600l dobols 03039650600 356599EHM9gd0s: p =

k J w
2719 m—g3; C, = 1500 P k =0.25——. 3600030 08 3o607mb InEEmds, GmIgebsg
250 53U98L, g58mz0s 0.000692476 Mm3. 3HEMEGH030L oS 9539JEIO0 FsODMdO A, ff =
0.10 m%. 5M93m3o  Bm™MozLYBdMWO  JgdBHOMbMo  ©IBOL  LsoBodsEom  dmEYEo,
96965 2oBol 496Mgdml 33900l FoMMdOL Jgd30609d5L @S dob AsM3gdm Jdbos 9.§.
3956@&10L 989dBHL, HMIol 39939003 FoBOL LoBJsMg B039dOL oMM MBOM BoSWO
0Yym, 3000609 ©bsMPRI6 AsM9gdmdo (v = 0.067 m/s). 3OMGHMGH030 dMMI369dIMO  0YM™
BoGgbGHM mmobdo, MMIwol &gddgeo@®s 21 C° -b 9gogbos.

50b0dbmeo 9mbs(399900m, 1535MMOM BOMdML SOMTG3s s B03gdOL LHdMEIMM
305bEMmgd0m0o 9a396M5G )M, 2503w 9ds 3909abs0Ms:

3oBob J0gM 5O Mo LoMdM:
Qar = m Cp X ATy,
Qar = 0.0936 ATy, [W]

53600l 3obob BsOBML MdMOGHBODEHIBEMEMdS:

L 0.01 )
Rcond = E = m ~ 0.053m K/W

3969 3mb39diz0s:

1 1 ,
Reony = 3 = 52 = 0.040 m*K /W

LEHYEPO HOMOIBOLEHIEEIPMOS YOG BoMINMODY:
Ryaqu = 0.093 m?K/W

LoMOML 356035 Po®BM©Ib:
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A
: fr
Qwaiis = Re X (Tgas —Ty)
wall

Qwalls ~ 1.08 (Tgas - 21) [W]
3MdIOHO 969600 doEsbLO s DOL 9a3gcMadIO:
Qtotal = QAT + Qwalls
Tin = T, = 21°C

8.23 = 0.0936(Tyqs — 21) + 1.08 (Tyqs — 21)

828
Tgas—21=mz7c
Tyqs = 28°C

5990096 2583065, J0M0MIEO LOMDdM 2590bJdS BIORML 390009006 s TbMmEME
33069 boffocols go86935 bogds s6AMbol sbols dog.

30650096, 9argdBHO Mo ©sxs d9pagds 30w gbdol Modgbody dM0LYBSE, oM@y dolo
060050 FoB50L, MBdMYO3995 33996905 kpcp = 10 % 999dGH®™ ©sx0L Lobdq tpcp =

1.6mm.

90994 GHOMbM sRIDY WHEHIMIWMOHO PMIMOGHDOLEIBEWMdS

Rspread ~ ~ 16 K/W

4kpcptpcr
B03900L Bog5M9mM &9d396Ms¢IMgdo:
A9939605GHMob 65350 FPGA-bogol: ATrpgs = 3.0 X (9 — 12) = 27 — 36°C
153565 M LEdMMM 3H9339M5EEs:  Trpga ~ 48 — 57°C
A9939605GHMoL 65350 ASIC-bongol: AT,gc = 5.28 X (4 — 6) = 21 — 32°C

1535659 M LodMEMM 3Hqd39MedEs:  Tagic =~ 42 — 53°C

IV. 89093900 @5 356boengs

do00gdmwo 99093990l 9GO0  5B39bgdl, MM godmygbgdmwo  myMIMwo
290mM3wgd0 s BOMESE00L  FJPMPOMEMA0S 3MMYIBHWs© Mol TgMHBgMwo s
9505 50FIOL ©IBIJEHMOOL ODs0bol MgMIM J3935U.
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d00gdwo  8mbs3gdgdo  s@ILEHNIOIL  ©IBHIIEH™OOL  ODs0bol  Mm3EH0ToLsEo0l
5MbgMo doymdol LoLHMOgL s FoMPOMYdL, OHMI MYHINWo FsOMZ0L LobEGHYdob
d06M0M5EO 356599BHM9Gd0L IMEY06HG05d0 BsMIBIPM® MOV Fom3seolobgdmwo.

39092900 3b500YmRL, BMI Bodol GHgddgesdMs 360d3bgumgbs 0BM©ads LOYIEo
29090mb  LobJolb  BOPILMD  gHMs©, o3  s0blBYds  LoMdML  go@sbol  gHgdol
3oboba®deo3980ms s 09MmIMo obss0dgm0gdol dogdom. 5353MMMIWS, FIBOL
6535000l LoBJsM0L BOI©s 9539JEHMMO© 593060908 Bo3ol H9a39M0@IOSL, o3 80ImOmMYdL
3063993096 35300qd0ol 3600369 Mm356 HMEbHg. 50bodbmeo Fg9agd0 bsbysldom
5B39690L, MM 253M0eqdoL LoliEgdol 9339JGIMOMdS JONEOMNMWIE ©EITMI0EIOME0S

OQMO3 39039EHO00L 3560509BHMIODY (oM98mb Lolidg, dsboens), ol 65350l obsdozme
3obolinsmgdEgdbY.
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Time

by, 4 3o beadogro (9993965910980 B9 ©s030009829¢n980b dobgoz00.
@IA5¢980bor30L ob. Ag7/bBo.

1.4 9399990 goDBMB0wo 3H9339M5EIMHJ00 POMDBY 3M30IOYIEGIOL AMISR03O0.
900900 89093990 9639690L oo bs®OLBMOMOZL s MoMmEIbMdM0Z TgGLodsdolMdSL
29Bmdo s LOIMOMHGIM FMbs3gdgdl TOOL, O3 9ILEHWMIOL  25dmyqbgdwyero
09030 dmEgeol LoBMLEHILS s LEBEMMBLL. 50b0dbo MsbbzgMs dommomgdl,
60d §o6Imygboo dmEguo 990dwgds 459mygbgdmewo 0dbgl gdgd@mmol d9damdo

©oHs0bol  m3BH0F0BoEosly s  Lbgoolbgs  Lsdmdom  BEgdsmgdol  [obsbfamo
3993590030l FBOMASL.
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Abstract. Large volume gas detectors are common for particle tracking in high energy physics
experiments. We discuss the possibility to use the internal ionization gas also as a coolant
fluid to remove the heat produced by an integrated front-end (FE) readout electronics. The
technique is based on an optimized fluid dynamics and is applicable to modern low-power
electronics. The advantages are a simplified detector design, an overall lower material budget
within the tracking detector, as well as reduced costs. We consider the case study of a straw
tube tracker and optimize the relevant cooling parameters with thermal analyses. Our results
indicate that an efficient cooling can be achieved with maximal operating temperatures
below 40°C for the electronic components, using a gas mixture containing up to 30% of CO2

and relatively modest values of the gas flow.

Keywords: gas detector, thermal management, straw-tube tracker, cooling optimization,

high-energy physics
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Natural regeneration of beech forests (Fagus orientalis Lipsky) in Shida Kartli

according to forest types and ecotopes
Gaioz Nozadze

Georgian Technical University Faculty: Agricultural Sciences and Chemical Technologies

Doctoral student in Forestry
Abstract

The presented work discusses the features of natural regeneration of oriental beech (Fagus
orientalis Lipsky) forests distributed in the Shida Kartli region in different forest types and
ecotopes. The study was carried out in four forest districts of the Shida Kartli State Forest Fund —
Khashuri, Kareli, Gori and Kaspi forest districts. Classical field research methods were used:
sampling of sample areas and census plots, determination of stand characteristics and quantitative
assessment of the seedling-growth ratio. The results of the study showed that the intensity of
natural regeneration of beech forests varies significantly depending on the ecotopes and
significantly depends on the density of the grove, the species composition of the understory and
soil moisture conditions. The data obtained are important for planning sustainable management

and restoration measures for beech forests.

Keywords: Eastern beech, natural regeneration, ecotope, forest type, Shida Kartli.
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UsbimgBeem-53gMHby 3bM3gEgddo 5i3¢sEMJL0bgdoL IBMIJLogsEool
56539006MmM39 oamdgdo

99 X°94owo'; Jgog39b ampsdg’s 06ds wembéo’
emg3erol 3999OHbgmdol $3509d0m®o mdG™m®o. ¢. 593370804 sosojakeli@mail.com.
https://orcid.org/0009-0000-9771-4576; 2d0omemyool dogob@®mo. ¢). 591414769

ketino goguadze@mail.ru; 3Jodool dogobGH®o. &. 597857575 irmaghlontil967@gmail.com
LLO3 553 89MH0oL LobgEMdOL BossQOL, LYIOLIMOLY s A3965MYMS 0BEJAOOMYIMO 330l

0536mLEGH03MM0 396G ,,0b589w0*

R YGT0RY fote)

3BWIGHMJLObgdo oMMy gbl  gMo-gmm  Yzgwsbg  Lsdod  dozmEHmJLobl
393b™39egmdsdo s 039396 3935@MEHMJL03ME, 03bMbI3HgLoME ©s 35639MHMY b
995393390L. 653MMm30 [omMoygbl 156589000M™39 o MOEIOOL Jodmboz00 5b5¢0BL
S3BWEHMJLobgdOl  gAH™JL0ZOEo0l  BEHMSGJPR0gO0L  Tgbobgd  Lobimgerm-lsdgwmEbgm
3539w g0d0. gobbowemos bLem®d96EJd0 (ggmeromo, HSCAS), 3935@¢m3mm@gd@mmgdo,
5630mJboBEHIO0 s 3OMBOMEFH03900. OEIMSGVIOIo dMbo3999d0l dobggzom, 3500
30039dlweO 259mygbgds 5830MIOL sBWSEMJL0b Mi-0l go8mygmgzsls Mdgdo bodwyswm 30—
60%-0m, 59dx™dJLYOL 1533900l  JMB3xMLOSL s 8d30MYOL ©30dwol  BbJzocOo
©H056g00L  3sB39b9g0gdl.  0bFgaM0Mgd o Boymds  FoMdmoybl  989JBHIO
0bLEGHOMIPBHL OMAMOE 3BM3gEms  XbIOMYEMdOL  s330LM30L, obg  LyELsMOL
3693 mdoL MHOMB3gELIgMRBS.
1533560 Lo@yggdo: s@wsEHMmJuobo Bi, sgwo@mduobo Mi, ggmeomo, Lm®d96EJd0,
39353™30Mm3H9dGHM6M9d0, 3OH:Md0MEH03900, 93bMm39gEgmds

dglsgsemo

383WHEHMJL0bgd0 FoMdmoygbl JozmEHmJlobgdol ghm-9MHm yz9ewsbyg Lodod X QMRL,
Gdgdoa LobmgHBEYds Lmzmgdols Aspergillus flavus s Aspergillus parasiticus dog (Diaz
D.E. et al. 2004). obobo gsMmmME 23H30Jds FoME3wgMEdo, Lodobwdo, Lmosdo s Lbgs
153399 6909 med0, gobliszmmMHgd0m sGHILHMMO Ggbsbzol 30HMDYOT0 (Bowsw0 FHYbosbmds
@S B99396eGH M)  (https://www.efsa.europa.eu/en/topics/topic/aflatoxins-food,  2020).

Georgian Scientists/do®mggero dgi3bogegdo ¢. 8 N'1, 2026 | 105



mailto:sosojakeli@mail.com
https://orcid.org/0009-0000-9771-4576
mailto:ketino_goguadze@mail.ru
mailto:irmaghlonti1967@gmail.com
https://www.efsa.europa.eu/en/topics/topic/aflatoxins-food

383sGMJLobgdom sd06IMMYGOMWOo 1533900L 8mynbads 0f393L 3MMEMIEHOMWMdOL
3993069051, 09bMBM3MHILOSL S FBMZIXMOO 3OMPYJ300L MBIROMBMYdOL MHOLIJIL.

s3gwsEHMJuobo Bi (AFBi) 439wsbg GHmduozm® gm®mds omgegds (EFSA, 2020) s
390LO3MPOGIM  LoggOPbgl  FoMBmoagbl  FgMHdgmo  3060HYBHY30LM30L,  BroY6
6560030  393Hodm@obIolb F9IRo©  39Mo0ddbgds  sBwsBHMJuob Mi-so (AFM),
O0dgwos  podmogmgs  Mdgdo o [omdmoagbl  LgMoMmbBME  GOLIL  5Es0sbOL
X 963N gerMmdolm30U.

do3m@mdLobgdom 5006dM9dIeo 1533900l 2499myg9bgdos o{)393L
36OMOJBHoMmdol 999300905,  M3OMOYJ3oo  36J30900L  MM393dL,
©59350090900L5d0  dMHAbMBYEMdOL DML s Lodmemm 3MMmEmd@ol (MGdg, bméso,
33063b0o)  boolbol  4omoMglgdsl.  90bodbmeo  3OMBdWYIgd0  AoBLOIMNEIGdM
96003690md5L  0d9bl obsdg®mm3zg 0bE9blowme dgabmgzgwgmdsdo, sbg3zg LmGLsmOL
3693 mdol Mgy mes30gdol (Codex Alimentarius, 93MMm30L LYYOLSPOL 3bgdMdOL
mM56m EFSA) 3063 9Ju¢d0.

sx8WsGHMJbobo Bi s3xwsGHMJbobo Mi

330930l 80Bbydo s 58m3569d0

$0b590q056M9 B08Mboe3000 65O:MT0 59H05670L 15659900MM39 WO GMHSEIEIM
9mbs39990L 93 EHMJLOBJdIOL  FHMJLogmEmaom&mo dmddggdol, dsmo YEMILogsEOoL
LEAHMGHIP0JO0LS @O 3MdB03580  259MmYygbgdso 1153390655 dOL  9B9JEHBMIOL
dgLobgd.  A9BLY3MIMPOMEO  YMMHOEPIOS  25TSHZ0GdOME0s 0B gdM03  LMMBd96E OB
(39meomo, HSCAS), 3935&Hm30Hm@Egd@mmgdbg, s6EGHomgbosb@gdls s 30:mdomE0390bY.
6563969005, ™I 3MA3e9gdumMo Joamds 36033bgemazbo 593060908 sx3EsGMJlobgdOL
50 3909350MdL,  99IxMdILIIL  3bMZgms K IBIOMYMOIL s N HBOHMb3gYMAL
500530560L5M30L MLOBONbM 11533900.
383 5EMJLlobgdols domgdodow®o dmgddgwgdols Igdsbobagdo

3x3wsEHMJbobo Bi wg30dedo go@md®mad P450-0b 139039bE o Loli@gdol (CYP1A2,
CYP3A4) 99039md0m 256050Jd6g0s s83ws@mdlob-8,9-93mJlos — Tsmoetged@Horye
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BogMmo, MHMIgeroi 35300600900 -, goblozmm®mgdom aw9560bol N7 3mBoEosby. g
ofi3936  39BHo30g0L,  (30egdol  LobMgHBOL  IMP3g3oL, MJLOoIEOME  LEGHMGLLS o
030900l 3960MJLOoOE0L. SBMsEMILOBYdO S1939 PMRM65396 X OIME 0dMboEgBL
(Adegbeye et al., 2020).

0GHIM5GHMOHMEo 30dmbogrgols 3900mEOMmeEMy0s

Bsd®™mdo 9g3mdbgds LogHMsdMGOLMm MRgMH0MYds© 31900353090, EFSA-Ls o
FAO/WHO-U 569560898l @5 dmeam §ergdols 33¢09390L 583w mdbobgdol g@mdlogssool
LEAHMGHIY0JO0L Tglsbgd dggbmggargmdsdo (The FAO/WHO Food Control System Assessment

Tool (developed 2019) is a comprehensive framework enabling countries to evaluate national

food safety, including contaminants like aflatoxins, from farm to table.)

©93™JL035300L LEBMSEHJIR0gOOL Brmswo dodmbowgs

3835GMJL0bgdmMsb 3MIMEOL MsbsdgMM39 oMY 98wdbgds 36939630 s
3069430 ©mbolidogdgdl, HMIwgdoE dmoaegl:

e 1533990L bo®olbolb 30mb@MmMmemL s d03mEHMJLobgdol dmbodmMobl;

e 80Y03MNO 5 J0doWE ©YAHMJLOZSE0;

e 30MEMY0MO IGHMIJBOIOE0;

e (3bM39w0ol MmMHR560DTol 33530 89db0BTJOOL godwrogemdIL.

3654303590 Y39 D9 9839JGHIM05 3m83egdurMo doymds, MMIgEoag 596005690l
65996039 394560BAL gMNOHMNMS.

3sLsergdo s IgM©Jd0 (©IEHMJLoIs300l JoMOMIEO 0EYMIYdO)
1. beadgbEgdo

bLmOOgbEHJO0  FoMBmMmoaabl  ©9gBHMJLogsgool  LExrMdzgl,  oEysd  olLobo
SBWSEHMJLobYIL 53539096 399F-65(o30L GHModEHTo s bgarl M80sb dom s3LMMdEOSL.

*  (39ME0mMO — 396906030 5IMBOE03530, HMIGLYE SHLOSMYOL FooEO
RMO056MdS, 0bgs33w0l 1650 s J0B0OO LEHSBOEOMD;

e 0963 ™boE0 — IMbEIMM0Mmbo@ by ©sx3mdbgdE0 MObs, B0 SELMEMD30vYO
MbsMIOm;

e HSCAS - 3000653069090 bo@60w3-35¢03030L sereydobmbowmogzs@o,
1393080329050 9B9JAIO0 AFB1-0l dodsGom.

2. 3935¢m36OmEH9JG™mOm9d0
39353™M3MM39dGHM6M9d0 5930609096 3000l sH0s6YdIL S SBJM9d96 B1gagbgGsE0rE
36Hm39LYdL:
e LOE0T5MObO — 5dE0IMHYOL 5BBHO0MJLOIBEMM (335U s LGB ODYOL
3935@™3E0G g0l 9336569dLs;
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Modern Approaches to Aflatoxin Detoxification in Agricultural Animals

Ese Jageli - Academic Doctor of Agricultural, Ketevan Goguadze - Master of Biology, Irma
Ghlonti - Master of Chemistry

Abstract

Aflatoxins are one of the most dangerous mycotoxins in livestock and cause hepatotoxic,
immunosuppressive and carcinogenic effects. The paper presents a review of the current
literature on strategies for detoxification of aflatoxins in farm animals. Sorbents (zeolite, HSCAS),
hepatoprotectors, antioxidants and probiotics are discussed. According to literature data, their
complex use reduces the release of aflatoxin M: in milk by an average of 30-60%, improves feed
conversion and reduces indicators of functional liver damage. An integrated approach is an
effective tool for both animal health protection and food safety.

Keywords: aflatoxin B1, aflatoxin M1, zeolite, adsorbents, hepatoprotection, probiotics, livestock
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Design and Evaluation of an Energy-Efficient Automated Greenhouse

Management System for Optimized Microclimate Control
Irakli Chantadze,
Doctoral student Georgian Technical University, chantadze.irakli22@gtu.ge

Abstract:

Energy consumption and microclimate instability remain critical challenges in modern
greenhouse agriculture, particularly under conditions of rising energy costs and increasing
climate variability. Efficient regulation of temperature, humidity, lighting, and irrigation is
essential for maintaining high crop productivity while minimizing resource losses. This study
proposes an automated, energy-efficient greenhouse management system designed to optimize
environmental control processes through continuous monitoring and intelligent regulation.

The developed system combines sensor-based data acquisition with centralized control
strategies to manage heating, ventilation, lighting, and irrigation in an integrated manner. A key
innovation of the research is the application of a soil-assisted air circulation approach for
humidity control, which enables moisture removal through condensation while simultaneously
contributing to soil water balance. Experimental validation confirms that this approach enhances
humidity stabilization and reduces the overall energy demand of greenhouse operation.

The research methodology involves system design, algorithm development for automated
control, and experimental testing under real greenhouse conditions. Performance evaluation
focuses on energy efficiency, environmental stability, and the operational reliability of the
proposed solution. The results demonstrate that intelligent automation significantly improves
microclimate regulation and resource utilization compared to conventional greenhouse
management practices.

This study contributes to the advancement of sustainable greenhouse technologies by
presenting a practical and scalable management framework that supports energy-efficient
agricultural production. The proposed system has strong potential for application in modern
greenhouse enterprises, educational initiatives, and national strategies aimed at improving

resource efficiency and agricultural resilience.
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1. Introduction

Energy-efficient greenhouses represent a modern and sustainable approach to agricultural
production, aimed at reducing energy consumption while ensuring stable and optimal
microclimatic conditions for plant growth. In recent years, increasing energy costs, climate
variability, and environmental concerns have intensified the need for innovative greenhouse
technologies that combine automation, resource efficiency, and environmental control.
Traditional greenhouse systems often rely on manual regulation and inefficient use of energy and
water resources, which leads to significant heat losses, unstable temperature and humidity levels,
and a decline in crop quality.

The development of automated greenhouse management systems provides an effective
solution to these challenges by enabling continuous monitoring and real-time control of key
environmental parameters. By integrating modern sensors, control algorithms, and energy-
efficient technologies such as LED lighting and optimized irrigation systems, it is possible to
improve both productivity and sustainability. Special attention is given to advanced humidity
regulation methods that utilize natural soil thermal resources, offering an energy-saving
alternative to conventional ventilation and dehumidification techniques. In this context, the
present study focuses on the design, implementation, and experimental evaluation of an energy-

efficient greenhouse management system with automated control functions.

2. Object and subject of research
The object of this research is the greenhouse microclimate system, including the physical
processes of heat exchange, air circulation, moisture dynamics, and light distribution that directly
influence plant growth and development. Particular emphasis is placed on the interaction
between the greenhouse environment and soil thermal resources, as well as the impact of
automated regulation on maintaining stable temperature, humidity, and illumination levels.

The subject of the research is the development and practical assessment of an automated,
energy-efficient greenhouse management system. This system integrates environmental sensors
for temperature, relative humidity, illumination, and carbon dioxide concentration with a central
control unit that regulates heating, ventilation, humidity control through underground air
circulation, LED lighting, and irrigation processes. The study examines control algorithms,
system performance, and experimental results to evaluate the effectiveness of the proposed
solution in improving energy efficiency, environmental stability, ecological sustainability, and

the quality and competitiveness of agricultural products.
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3. Target of research

Based on the identified limitations of traditional greenhouse production systems—such as
high energy consumption, weak control of microclimatic parameters, dependence on manual
operation, and insufficient adaptability to plant physiological needs—the primary target of this
research is to design, implement, and experimentally validate an energy-efficient greenhouse
management system based on integrated and automated control principles. The proposed system
aims to optimize heating, ventilation, humidity regulation, lighting, irrigation, and CO:
concentration by utilizing sensor-based monitoring and intelligent control algorithms, thereby
ensuring stable microclimatic conditions with minimal resource consumption.

The research is focused on developing a technological model of an energy-efficient
greenhouse that can operate reliably under varying external climatic conditions, particularly in
regions characterized by seasonal temperature fluctuations and limited energy resources. Special
attention is given to reducing heat losses, improving air circulation, and regulating humidity
through innovative solutions, including underground air circulation pipelines and condensation-
based moisture control. These approaches are intended to enhance energy recovery, minimize
unnecessary ventilation losses, and improve overall system efficiency.

To achieve the stated target, several core research tasks were defined and implemented. First,
the functional structure of an integrated greenhouse management system was developed,
incorporating heating, ventilation, humidity regulation, LED lighting, irrigation, and CO: supply
into a unified control platform. Each subsystem was analyzed in terms of its operational
parameters, energy demand, and interaction with other technological components.

Second, experimental studies were conducted to investigate humidity regulation through the
circulation of warm, humid air in underground air ducts, where temperature differences between
air and soil lead to water vapor condensation. The formation, collection, and potential reuse of
condensate were analyzed to evaluate the effectiveness of this method as an energy-efficient and
environmentally sustainable solution for humidity control.

Third, an automated LED lighting management system was designed and tested using a
hydroponic vertical greenhouse model. The system adjusts light duration and operating modes in
coordination with natural illumination conditions and plant growth requirements, ensuring
optimal photosynthetic activity while reducing electrical energy consumption.

Finally, the integrated operation of all subsystems was implemented through a centralized
controller that processes sensor data in real time and executes control actions without human
intervention. This approach enables precise regulation of greenhouse microclimate parameters,
reduces the influence of subjective decision-making, and increases production stability.

Overall, the target of this research is not only to improve the technical performance of
greenhouse systems but also to create a scalable, economically justified, and practically applicable
solution that can be adopted in small, medium, and large greenhouse enterprises. The developed

model is intended to contribute to the modernization of greenhouse agriculture, enhance
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resource efficiency, and support sustainable agricultural production under contemporary

environmental and economic challenges.

4. Literature analysis

Modern greenhouse technologies are increasingly oriented toward energy efficiency,
automation, and sustainable resource management. Numerous scientific studies highlight that
traditional greenhouse systems rely heavily on manual control and fossil energy sources, which
leads to high operational costs, unstable microclimatic conditions, and inefficient use of resources.
As a result, recent research focuses on integrated control systems that combine heating,
ventilation, irrigation, lighting, and environmental monitoring into a unified automated
framework [1-5].

One of the key research directions in greenhouse technology is microclimate regulation.
Studies show that maintaining optimal temperature and humidity levels directly affects plant
growth rate, yield, and product quality. Automated ventilation and heating systems based on
sensor feedback significantly improve climate stability compared to conventional manual
systems. Researchers emphasize that precise control reduces plant stress, minimizes disease
development, and improves uniformity of production [7] [9].

Energy consumption remains a major challenge in greenhouse operation. According to
existing literature, heating and artificial lighting account for the largest share of energy use. To
address this issue, several authors propose the use of energy recovery techniques, including
underground air circulation systems. Experimental results demonstrate that passing warm and
humid air through soil-based pipelines allows partial heat recovery and promotes water vapor
condensation, contributing to both energy savings and humidity regulation.

LED lighting technology has been widely studied as an alternative to traditional high-
pressure sodium and fluorescent lamps. Research confirms that LEDs provide higher energy
efficiency, longer lifespan, and better spectral control tailored to plant physiological needs. In
particular, red and blue wavelength combinations have been shown to enhance photosynthesis
and biomass accumulation. Automated LED control systems that adjust light intensity and
duration based on plant growth stages and natural light availability further reduce electricity
consumption.

Irrigation automation, especially in hydroponic and vertical greenhouse systems, is another
extensively studied area. Literature indicates that automated watering systems improve water-
use efficiency and nutrient uptake while reducing labor requirements. Integration of irrigation
control with environmental sensors enables precise regulation of moisture levels, preventing both
water stress and over-irrigation [8] [10] [11].

Recent studies also underline the importance of centralized control platforms in greenhouse
automation. Such systems collect real-time data from temperature, humidity, light, and CO:

sensors and apply predefined control algorithms to manage all subsystems simultaneously.
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Researchers conclude that integrated automation increases system reliability, reduces human

error, and improves overall production efficiency.

In summary, the literature review demonstrates that automated, energy-efficient greenhouse
systems represent a well-established and rapidly developing research field. However, many
existing solutions are costly or technologically complex, limiting their practical adoption. This
creates a clear research gap for developing simplified, cost-effective, and reliable automation
models that combine underground air circulation, LED lighting, and irrigation control—an

objective directly addressed in the present study.

5. Research methods

The research methodology is based on a systematic approach to the design, implementation,
and evaluation of an energy-efficient automated greenhouse model. The study combines
theoretical analysis, system modeling, and experimental validation to assess the effectiveness of

the proposed technological solution.
5.1 System Architecture

The greenhouse system is designed as an integrated automation framework consisting of the
following main subsystems:

e microclimate monitoring and control;

e underground air circulation and heat exchange;

o LED lighting management;

e automated irrigation system;

o Centralized control and data processing unit.
Each subsystem operates based on real-time sensor data and predefined control logic, ensuring

coordinated and adaptive system behavior.
5.2 Data Collection and Sensors

Meteorological and environmental data are collected using a network of sensors installed
inside and outside the greenhouse. The measured parameters include:

e air temperature;

o relative humidity;

o soil temperature and moisture;

o light intensity;

e carbon dioxide concentration.
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Sensor readings are continuously transmitted to the control unit, where they are analyzed and
used for decision-making. This real-time data acquisition enables prompt response to

environmental changes.

5.3 Control Algorithms

The control strategy is based on threshold and rule-based logic that maintains optimal
conditions for plant growth while minimizing energy consumption. Temperature and humidity
control is achieved through coordinated operation of ventilation, heating, and underground air
circulation systems. When excess heat or humidity is detected, warm air is directed through
underground pipes, allowing partial heat storage in the soil and moisture condensation.

LED lighting is controlled according to plant growth stages, daily light integral requirements, and
natural light availability. Irrigation schedules are adjusted based on soil moisture data, reducing

water waste and preventing plant stress.

5.4 Experimental Setup

An experimental greenhouse prototype is constructed to validate the proposed model. The
system operates under real environmental conditions over a defined cultivation period.
Performance indicators such as energy consumption, microclimate stability, plant growth rate,

and water usage are recorded and compared with those of a conventional greenhouse system.

5.5 Evaluation Criteria

The effectiveness of the system is evaluated using the following criteria:
e reduction in energy consumption;
o stability of temperature and humidity parameters;
o efficiency of water use;
e improvement in plant growth uniformity and yield;
o reliability and responsiveness of the automation system.
Statistical analysis is applied to compare experimental results with baseline values obtained

from traditional greenhouse operation.
6. Results and Discussion
This section presents the experimental results obtained from testing the automated greenhouse

system and provides an analysis of its performance in comparison with conventional greenhouse

operation methods.
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6.1 Microclimate Regulation Results

The experimental data show that the proposed system ensures stable regulation of

temperature and humidity within the greenhouse. The underground air circulation system
effectively reduces temperature fluctuations, especially during periods of rapid external
temperature change.
In winter mode, heat recovery through the underground heat exchanger significantly reduced
heat losses. The internal air temperature remained within the optimal range for plant growth,
while relative humidity levels were maintained at stable values, preventing excessive moisture
accumulation.

In summer mode, the cooling effect of the soil contributed to lowering air temperature
inside the greenhouse without the use of active cooling devices. This passive cooling approach

proved effective in maintaining acceptable thermal conditions.
6.2 Condensate Formation and Utilization

During both operational modes, a noticeable amount of condensate formed on the inner
surfaces of the underground air ducts due to temperature differences between air and soil. The
inclined installation of the pipes ensured efficient drainage of condensate into the collection tank.
The collected condensate was free of mechanical impurities and can be reused for technical
purposes, such as irrigation or system cleaning. This contributes to improved water-use efficiency
and supports sustainable resource management.

An air circulation and humidity regulation system with automated control for a
greenhouse (1) comprises sections arranged along the entire length of the greenhouse, consisting
of air-duct pipes (2) installed parallel to each other underground. Along each underground air-
duct pipe (2) of every section, closed-loop jacket pipes (3, 4) filled with water are arranged in
segments around the air duct.

From each pair of jacket pipes, the front end of the first jacket pipe (3) is connected to the
front end of the subsequent jacket pipe (4) by a water-conducting pipe (5), while the rear end is
connected to the rear end of the next jacket pipe (4) by another water-conducting pipe (6). Pumps
(7) and (8) are installed in the water-conducting pipes (5) and (6) to ensure water circulation
within the jacket pipes.

Each air-duct pipe of the section is installed underground at an incline, enabling
condensate formed inside the air duct to be discharged through a condensate drainage pipe (9)
into a collection tank (10). The inlet ends of the air-duct pipes (2) are connected to a supply air

duct (11), while the outlet ends are connected to an exhaust air duct (12). The supply and exhaust
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air ducts (11) and (12) are raised from the ground at different heights at the front and rear of the

greenhouse, and fans (13) and (14) are installed on these ducts.
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Figure 1. Operating scheme of the automated air circulation and humidity regulation system in

the greenhouse.

The system is capable of operating in both summer and winter modes under automatic
control.

In winter operation mode, when it is necessary to reduce heating costs and minimize heat
losses, the air-duct pipes (2), closed-loop jacket pipes (3) and (4), and connecting water pipes (5)
and (6), together with pumps (7) and (8), form a heat recovery system with an underground heat
exchanger. The system operates as follows: when warm, humid air passes through the sections
containing the closed-loop jacket pipes (3) and (4), it cools down, transferring heat to the water
contained within the jacket pipes. The heated water is then pumped by pump (8) through the
connecting water pipe (6) into the second jacket pipe (4), where it transfers heat to the already
cooled air mass flowing through it. The reheated air is returned to the greenhouse via the outlet
pipe (12) using fan (14). Meanwhile, the cooled water from the second jacket pipe (4) is pumped
back to the
first jacket pipe (3) via pump (7) and connecting pipe (5), where it is reheated by new masses of

warm air extracted from the greenhouse by fan (13), thus repeating the cycle.
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Figure 2. Winter recuperator system representation

In summer operation mode, pumps (7) and (8) on the water pipes (5) and (6) are switched
off, and the system operates in cooling mode. Warm, humid air from the greenhouse enters the
air-duct pipe through a fan and moves along the entire length of the underground air duct. The
constant underground temperature (5-10 °C) causes the humid air flow to cool, and the cooled
air is returned to the greenhouse by a fan installed at the outlet end of the pipe.

In both operating modes, the temperature difference between the air and the soil causes
moisture to condense on the inner walls of the air-duct pipe (2). The resulting condensate is
collected in the tank (10) and can subsequently be used for various purposes.

This type of greenhouse ventilation system, utilizing soil thermal resources, offers several
advantages. First, it provides a natural and energy-efficient method of humidity control,
significantly reducing energy consumption. In addition, improved air circulation within the

greenhouse enhances plant health and reduces the risk of diseases caused by excessive humidity.
Excerpt from Patent CN203327636, Irakli Chantadze.

6.3 LED Lighting Performance

The application of LED lighting demonstrated uniform light distribution across the
cultivation area. Automated control based on light intensity and growth phase allowed for
optimized energy consumption.

Experimental observations confirmed that plants grown under controlled LED lighting exhibited
consistent growth patterns and improved morphological characteristics compared to plants

grown under non-regulated lighting conditions.

Georgian Scientists/do®m3geo dgi3bogegdo ¢. 8 N1, 2026 | 120




6.4 Energy Efficiency Analysis

One of the most significant outcomes of the research is the reduction in overall energy
consumption. The combined use of soil thermal resources, heat recovery, and automated control
reduced the demand for conventional heating and ventilation systems.

Energy consumption measurements indicate a noticeable decrease in operating costs, confirming

the economic feasibility of the proposed solution.

6.5 Discussion of Results

The experimental results confirm that the integration of automated climate control,
underground heat exchange, and LED lighting creates a synergistic effect. The system not only
improves microclimate stability but also enhances plant health and productivity.

Compared to traditional greenhouse systems, the proposed model demonstrates higher energy
efficiency, reduced environmental impact, and increased operational reliability. These
advantages make the system suitable for commercial greenhouse applications and scalable

agricultural solutions.
7. Conclusion

This study presents an automated greenhouse air circulation and humidity regulation
system based on underground thermal resource utilization and intelligent control. The proposed
system integrates air ducts, water-filled closed-loop casing pipes, heat recovery mechanisms, and
automated control elements to regulate temperature, humidity, and air circulation efficiently.

Experimental results confirm that the system successfully maintains a stable microclimate
inside the greenhouse under both winter and summer operating modes. In winter conditions, the
heat recovery process significantly reduces thermal losses and heating energy demand. In summer
conditions, passive cooling through soil temperature contributes to effective air cooling without
the need for energy-intensive cooling equipment.

The formation and controlled removal of condensate not only prevent excessive humidity
but also enable water reuse, increasing overall resource efficiency. Additionally, the integration
of LED lighting with automated control enhances plant growth conditions while minimizing
energy consumption.

Overall, the system demonstrates clear advantages over conventional greenhouse climate
control solutions, including reduced energy consumption, improved environmental
sustainability, and enhanced plant health. The modular structure and automated operation make
the system adaptable for various greenhouse sizes and climatic conditions.

The results of this research indicate that the proposed solution has strong potential for practical

application in modern energy-efficient and sustainable greenhouse technologies.

Georgian Scientists/do®mggero dgi3bogegdo ¢. 8 N 1, 2026 | 121



8. Practical Applications and Future Work

The developed automated greenhouse air circulation and humidity control system has
wide practical applicability in modern agricultural production. Due to its energy-efficient design
and reliance on underground thermal resources, the system can be effectively implemented in
commercial greenhouses, vertical farming facilities, and hydroponic cultivation systems. Its
ability to operate in both winter and summer modes allows year-round climate regulation with
minimal external energy input.

The system is particularly suitable for regions with significant seasonal temperature
variations, where heating and cooling costs represent a major portion of operational expenses. By
reducing energy consumption and stabilizing the greenhouse microclimate, the proposed solution
improves crop yield quality, shortens growth cycles, and enhances overall production reliability.
Furthermore, the collected condensate can be reused for irrigation or technical purposes,
contributing to water conservation and sustainable resource management.

Future research may focus on integrating advanced sensor networks and artificial
intelligence algorithms for adaptive control and predictive climate regulation. The incorporation
of real-time plant physiological feedback could further optimize environmental parameters
according to specific crop requirements. Additionally, large-scale field testing and long-term
performance analysis will be necessary to evaluate durability, economic feasibility, and return on
investment under different climatic conditions.

The proposed system lays a strong foundation for the development of smart,
environmentally friendly greenhouse technologies aligned with the principles of precision

agriculture and sustainable development.
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10933039 ©S 90 LHMMO BIHBO? J59YOEGOS FoLsE0 LODBMLE M.

Georgian Scientists/do®m3ggero dgi3bogegdo ¢. 8 N1, 2026 | 137




dobo LBEGHMMIGHO0ID 2odmMIEO0botg, T3sgzo 9O sOOL oMo JoMOMSO
3MO3960L 9356, B3 TgbogzzgMobl bools 3ofiom Logtmzggddo 3dsmdobmgol.

sl33bs

Po68mgdol Ggdbmermaos s LYIMGH39M OHMOdMEH0IS FoMTMobL MsbsdgEM™3g
369039 mdol  3mbsdgbGH e  LyxrxMdzgwl, MMmIgwos MBOWBIgEYMRL  FoMImgdol
95393GIOMI, 3063160963 Mbs0I056MmBLS S YOO 296300056090SL.

PotBmgdol  BHgdbmemyool  Lgyg®™do dmIMdszg  L3gE0sE LB  SLEMEgdgD
Mb03oH  OHMElL - obobo 93530069096  LEHoMIMMm  3gOLMbowls s F9bgx oAU,
5900569096  BHgdbozmé  9JudgmBHobols  Agbgx g 3mB39BH9bE0gdmsb o
MBOM639gmR9b MHY39@ oIxMOgLlgdsl. 3500 Logd0sbMds BMOE3L 3930EsWol s
96Mmdob 3O:MYJEH0EMOOL M3EH0T0DIE0SL, 30:Md9Tgo0L LoLEHJINO 0EIBEHOR0IEFOSL,
5b3e0o 39dbmemy0g00l ©sbge3zoLs s 90FMMZ30wMdOL LHimE JgMhgzoU.

LoMG39wm  OMdMGHJd0, 301 FMOZ9wRIMOM3bgdsdo - 39ME035 M0
5030300900, SCARA, 35605¢qem@mo 330, 390@E9b0wo, 30wobo®vmwo ©s
05653963 ™d0m0  HMdMGHIO0 - MBOHMB3gwYnkgb BsMomm B3gdGHMol M3geo30900L
533™M5G0BO300L: 88539000  9)YMd58Y, 99N IO0IL  FHMIBL3MOEH0MYOSBY.
om0 go8my9gbgds  LosgBHMImdo™, ggd@BHMmbozol, bBobg3zoMs8EHMmgdoL ©s 33900
06MLEGH®09030 bgl «fHgmdl sGs FbmErm@  Ho®mdmgdol bosobbols s LobJsMob
50500¢0g05L, 565890 LFMToM MBIROMHBMYOOL QomAX MIGLYOILS(.

390LO3MPOGPIMWo  gMMOEEYds  F003YH™m  09bsFIOMIMB0MTS  BIMBdM3HOT,
I gdo3 MLBoROMBME 3MTomd9b 5805690056 9O @O HoMBMogbgb 5@B06-
OG0 06@gMHJ300L sboen g@o3l.

dmdobgemol 9BOEOGHOL,  JWMBSEMMO 3063960963008  45d0gMgdols o
MBoROMMbMYdOL  dMbM3bgdol BGOL 3060HMdgddo, FoMdmgdol  GHgdbmemyools @
MM GH030L OME0 300093 MBOM ZO0BOYds. 53 LEgH™MTo 0639LEH0E0JO0 s J9B30MGYds
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Manufacturing technologies. Industrial robots
GTU Professor Maia Lomsadze-Kuchava, GTU Associate Professor Nino Giorgishvili, GTU

Assistant Professor Giga Jojua

Abstract

The paper covers the essence, role and importance of production technologies and industrial
robots in modern production.

Production technology is presented as a complex methodology for designing and managing
production lines, aimed at ensuring the efficient, safe and economical production of large
quantities of products. The main tasks of production technology are discussed, which include
planning production lines, optimizing productivity, identifying and solving problems, developing
and implementing new technologies.

Two main productivity indicators are described: capital productivity (equipment efficiency)
and labor productivity (labor efficiency). It is emphasized that a production engineering specialist
plays a crucial role between production personnel and management, which gives him the
opportunity to develop both technical and managerial skills.

Regarding industrial robots, their official definition is presented according to JIS standards
and the Industrial Safety Law. The classification of robots according to structural features is
discussed: vertical articulated, SCARA, parallel link, Cartesian, cylindrical and polar coordinate
robots. Collaborative robots that work safely together with humans are separately mentioned.

A clear distinction is made between industrial and service robots: the former replace human
work in a production environment, while the latter support human activity in various fields. The
Sugino Machine CRb robot is also presented as an example of a cylindrical coordinate robot,
which is distinguished by high accuracy and the ability to work in narrow spaces.

The paper emphasizes the growing importance of automation due to labor shortages and
job safety, as well as the widespread use of robots in the automotive, electronics, semiconductor
and food industries.

Keywords: manufacturing technology, industrial robots, production line, productivity,

automation, robotization.
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1983.pdf;
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0bLEGHOGGHYOOL (335 WS PoTIMNME® BY6J30Mb0MYds, 0139 OMYMEO 3 L3S0
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SHoffman, F. G. ,, Conflict in the 21st Century: The Rise of Hybrid Wars”, Potomac Institute for Policy Studies,
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*Friedrich Naumann Foundation for Freedom, ,, France's New Security Strategy, More Leadership in the EU ?”
November 29, 2022, https://www.freiheit.org/european-union/frances-new-security-strategy;

>Open Society Institute New York, ,, Profiling Minorities: A Study of Stop-and-Search Practices in Paris”, 2009,
https://www.justiceinitiative.org/uploads/84bc8cba-53cb-4bcc-8d18-
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e LYYOMITMOHOLM YYOHMOYGHPMOJOOL LoddsMmggem (DCI-Direction de la coopération
international), ®mdgwwlsg 9350905, OMAMOE  LSYONINOHOLM  MOYIBODB30906

%Cour des comptes, ,, 7he Divisions of Areas of Jurisdiction Between the National Police and the National
Gendarmerie”, January 13, 2025, https://www.ccomptes.fr/en/publications/divisions-areas-jurisdiction-

between-national-police-and-national-gendarmerie;
"Ministére de I'Intérieur, ,,La Direction Nationale de la Police Judiciaire (DNPJ)”, https://www.police-
nationale.interieur.gouv.fr/nous-decouvrir/notre-organisation/organisation/direction-nationale-de-

police-judiciaire-dnpj;
8Ministére de I'Intérieur, ,,Za Direction Nationale de la Sécurité Publique (DNSP)”, https://annuaire-
entreprises.data.gouv.fr/entreprise/direction-nationale-de-la-securite-publique-dnsp-120015169.

Ministere de I'Intérieur, ,,La Direction Centrale des Compagnies Républicaines de Sécurité
(DCCRS)”, https://www.police-nationale.interieur.gouv.fr/nous-decouvrir/notre

organisation/organisation/direction-centrale-des-compagnies-republicaines-de-securite-dccrs.
'Ministére de I'Intérieur, ,, Direction Nationale du Renseignement Territorial (DNRT)”, https://www.police-

nationale.interieur.gouv.fr/nous-decouvrir/notre-organisation/organisation/direction-nationale-du-

renseignement-territorial-dnrt;
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9636990 30E0sL, 2obLo3MMMGOMEo BMero 5d3b JoboFgdro, GHgHMOmOBIOL
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3990806569,  Jguodwgdgwos  0mglsl, MM LBog®mabagool  9Hmzbmwo  dmerosos,
§o60mogbl  Lobgedfoxzmlb  Jos  MLIROMBMIOOL  Fegz5M  doOM3L,  MMIgEoE3
LodbobmMobodo  §oggbgdemo  dmmbmgbgdol  Jgmrergdol  MHOMB3gELsgMmRS,
30mO0boMHgdMws©  dmddggdol 9hHmzbmmo  @sH39M30Ls o  F9bo®mBgMools
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05356b3gd0,  MHMIOL  TJIROIE3 03y 130 ssdosbo @y BMIgeby
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0999000056, GHgModBHoL Lsdobby 5©A0WGBY IMBOEODBYOME 065 9O MIMOZ0
Bo3oGHOM™m  3oEooly s 1393ob0dbmwgdol  J39obogmxqdo,  MMIWgdds3
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L.e MESRS, ,, Direction de la Coopération Internationale”, https://www.mesrs.gov.mr/fr/direction-de-la-

cooperation-internationale;

1?Ministere de U'Intérieur, ,,STRF Guyane (Cayenne)”, https://www.police-nationale.interieur.gouv.fr/nous-

rejoindre/nos-voies-dacces/structures-de-formation-initiale/structures-de-formation/strf-0;
3Ministére de I'Intérieur, ,,Z Tnspection Générale de la Police Nationale (IGPN)”, https://www.police-
nationale.interieur.gouv.fr/nous-decouvrir/notre-organisation/organisation/linspection-generale-de-

police-nationale-igpn;

“Ministére de I'Intérieur, ,,Quelles sont les différences entre la gendarmerie nationale et la police nationale”
September 15, 2021. https://www.police-nationale.interieur.gouv.fr/dossiers/police-nationale-et-autres-

forces-de-securite/quelles-sont-differences-entre-gendarmerie;

15Vie Publique, ,, Police nationale, gendarmerie, polices municipales... Quelles differences”, June 11,
2025, https://www.vie-publique.fr/questions-reponses/298724-police-nationale-gendarmerie-polices

municipales-quelles-differences;

6Europol. ,, Islamic State Going Global Terrorism’”,
https://www.europol.europa.eu/annual review/2015/terrorism.html.
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In the 21st century, national security remains a pressing issue. The post-Cold War assumption
that global warfare would become less relevant as globalization progressed has not been borne
out. In view of recent developments, the issue of security has become a priority, and
consequently, it has become important to identify the challenges posed by external and internal
threats. The employment of hybrid methods of warfare has engendered an imperative for
enhanced collaboration between the entities responsible for the security sector. Consequently, in
light of the prevailing circumstances, nations are endeavouring to delineate and synchronise the
sequence of actions and the domains of responsibility. In view of the aforementioned points, it is
of particular interest to discuss the role of the National Police of the French Republic, which is

the primary institution responsible for ensuring stability, legitimacy and continuity of democratic
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The activities of the National Police are executed on the basis of the preventive and operational
maintenance of public order. Consequently, these activities are closely coordinated with the
Ministry of Internal Affairs and special services, which form the basis of a unified national

security architecture.

The article's objective is to analyse the effectiveness of security mechanisms implemented by the
National Police of the French Republic. To this end, a qualitative research method was employed,
incorporating a descriptive-analytical approach and documentary research methods. A
comprehensive analysis of pertinent Georgian and foreign scientific literature, in conjunction
with documents pertaining to security policy, was conducted. This analysis culminated in the

formulation of two research questions:

» What are the determinants of the security policy of the French Republic in the context of
hybrid warfare ?
» What factors determine the internal security of the French Republic ?

The research revealed that issues related to the internal security of the French Republic are
relevant in the context of European security. Therefore, active attention is paid to the events
taking place within the country. The research indicates that the relevance of international
interests is directly proportional to the necessity of analysing current events. The strategic
function of the national police derives from the imperative of ensuring the political security of
the state. This is interconnected with significant mechanisms that operate at multiple levels and

continuously affect the stability of the state.

Keywords: French Republic, security policy, national police, hybrid methods, challenges.
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3 EGH0MMQ56mo  olgmbdoom s  8608369wm3zsbo  Lmoswrm®-93mbmdozmmo

G30000m. JEMmdsOHO J9RsBYOJdoL dobg3z0m, Ym39gefrom®s© ©osbwmgdom 49
dowombo dgdmbzgzs s 11 doombo o330 LgRLOLMSD SGOL 3538060930, O3

Abmxywom  1o33EOMosbmdol  Essbmmgdoo 20%- Fgopagbl.  BMBM3MTor©o
(Losgsdymxzmdo 89d9b0¢o) LygzLolo sbodbEo FH30MMOL goblis3MMmYB0Mm I3M0E0 I
3033mb696@L HotmBrmogbl, 49blszmm®mgdom 0b6EIbLOMMO MYMs300Ls S YOWIIPIOIIO
©obToMdol 30MMdgddo,  Losg  0bzsbomGo  3GmEgMgdo,  bsbyMdwogzo
3mU30G90Bs30s,  9BEGH0F03OMdMwo  MHgbolEIDbGHMds ©s  0dMBMLM3HgLos  BOHOL
O3 0630096EHMdIL, 0L L0330 06MBSL.

30Bsbo:  Im3gdmwo  LEsGHool  B0Bsbos Bmbmzmdommo  LyxzgLbolol,  GmAMO;
3LA3MB30GHIWNOHO  535MB0L,  1O3ZEOE0BMBOOLY s M93mL3oEIWoDsEoOL
36003690m3560  BoJBHMMOL,  sBowobo, spMgmzg 39OV EHO  5GMBLOOLS O
00mdoM39MHgdol  0bGHMo300L OmeEool  Fguolgds LygLoLOL  ,,805¢MEPO
03000930 MY0YMHO BZ0MMOL godmzegbsdo.

0900m@©gd0:  BoGHIO®S  LoghHmodmGmolm  3m3mOEGHmMwo  3393900L,  Lobi@gdmeo
d0dmbogrggools @  39Bo-sboserobgool  bsMo@Gomwo  dodmbowgs,  GMIgEos
RM3MLOMGRWM@o  0ogm  Lssgsdymgmdo dgdgboer (HA) s 0b@HgbbomMo  mg®msdool
3obgmxzowgdsdo  dgdgboew  LgxLoLby,  M93mL3oEswobsgool  3sB39698wgdbY,
303903500056 1033000 06MdIBS S LOIZOEPOL JoDBYbMS MYROLEHMSEOOL LoLEIGdOL
99D00©0390bg.  296LS3MMOIOMEO  gMMOIEMIdS IJMIM  0d  3319390L, GMIgdo3
53395900696 3905 sBHMGBLOSL (VA), GmameE ©eds@gdom  9300930MmEMmy0®
0bLEGHOMAGBGHL, s ol 0bFGHIYMSE0L 3600603 M S Bd0MTMINMME BMbo39998050, Foom

dm60b blbow GO0 9;393GHMOMID, o8mbodEmsb domgumom® MxM9ggdby-1
(STREM-1).

390092900: 56BYOMEo 93303909 g0gd0 B0POMYAL, MM Lssgsdymamdo dgdgboro
LgxkgLoLo SLMEEMYdIMEos 3609369 m3bs MROM Foroe 103ZOW0IBMBLMD, 306MY
LoBMYSEMGd5do F9d9bowro 0bx39d30900, sg3g 0bEHIbLOOO MgMs30ooLs s 3Mb3odswdo
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©594™36900L  bsbMmIw03mdol BOILML. byxzlobol Fgdymdo Mg3mldodswobsiools
956396900930 330003 Fo005 S BTG gob30MHMBYdMM0s 06x39]300L M930030ms s
3mbG-LbygzgLolwmeo 3900 90900m, (ORYE 053930069390 3Md935000560
1033000056MBOL  oBOPO OHOLZMB. BYBLOLMSE MMM o 10330 OBMBOL
36033bgm3zsbo  bsfoo  sGmslomobom©  soMoEbgds MO ©M3MIGBESEOOU,
5GLHMOO0 3005L083035300L (359, LOIZPOEMBOL F0MHOMSE JOBIbs© FMEEOMMABMWO
©1305G0bMBOL  IROJLOMYDS) s JOPIOOIB  Im3Ieg  39MoMmEAdo  J9B30MMYOMEO
IGO0 350MBO3gd0L 453M. 00 2569dM9gd9ddo, Losg BsdgoEobm ™m3MIgbEHOE0s
39D0M©ME0s, 396050 3GHMRBLOST 069399305056 05353006900

1033000056MmBd0L 0IBEH0%303530580 9BIJGHIOMDS SB3965 S FgLlsdEgdgE0 Aobos SCMY
36500560900  (,,595¢ME0*) LgxLOLOL  GH30Mm0L  2sdmgwgbs. VA-U dmbsggdgdols

06393653059 30006036 BobsgMdls s  00MTM3Y)MHGOMb, MmameoiEss STREM-1,
990dgds o0 dxMdYLML  0sbMLEG03MNM0  BLOBMLEI ©S 930YTOMEMYOMEIO
B9059b9390™ds.

©d133bs:  3MLE3ML30GIWE  bgdBHmOdo  Brnbmzmdonmo  LorLolo  FoMdmoygbl
96003690356 @5 bAoMs  9GLIMIbI©M©  Fgg3eligdme  BZ0OML. 305693 o
©05360mL3H039, 96&0303OMO)0 H7DBOLEHIOEHMDS S BOIZLOW0I6MBOL SGBLGWEIYMBOWO
930LGO5305  39B30MMIGOL  Jolo  MJoMEMmO  253wgbols  F9930MdME  gg3aligdals.
LEAHOMIGHMYO0MIPIMWo  39OdIOO  SEGHMBLOOL  B0MTIMINOMIE  TgRILGILML
06@ 9365305 Homdmoygbl 39ML3gdBHome doamdsl Lozzowol obyHgdol MBM™
BDMLGHO goblaBrzmol, 930wgdommmyomcmo Imbs399gool godw0gMgdols s X 9bsE30L
300E030L5 s MYLOLYIOOL MBOM §BgJGWIMO A5bsFowgdol bgerdgfymdolsmazob.

153336dm Lo@yzgdo: LyBLOLO, 39OV 5BMBLOS, JE0ITOMEMY0s, brrbMmIMoMO

LygLobo

LYBLOLO MBTgEOOMZY X 96WHE30L LOLEJIOL gOHMN-9M® Y39wsBg Id0dg s 3T3gJumE
39939350 6MBgds. 020 bolosmMYds Fooeo 10330 0sbMdOm, FMEEHOMOYIEMwOo
3H056900m5 5 bLMEO0IWH-930bMT03MOHO  BHZ30OHDom. FJobgEI3d©  3obozm®
99003065L5 s 06EH7bLOME MYMs305d0 BofigEo 3HMYMYLOLS, LYIBLOLOM Fodmzgweo
@9BGHOMDdS 33e053 FoLOE0s. Jobglio JEMdsMO d9nsligdgdol dobgzom, Lyxbolo
5 B93G03M0 dm3o Ym39w oMo 3owombmdom L033OE ™Mb sGOL slim0Mgdwo
5 3603369c0m396 #H300HmL JIbol GMaMmOE 396300560 gdMo, ol Q6300
939946900l X 96IOMgMdOL  ©330L  LoLEgdsdo. 2020 gl  g9dmd39969dEo
9mb53999000m, mzeromdo LgRLOLMLD 3530060930 48.9 dowombo dgdmbgzg3s s 11
doombo 1033OWO  IBOJLOMOES, OE  FEMOIWMMO  103Z3EOE0s6MdOL  20%-Us

8950960 [1].
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159903E06M  HILYdIMWGdsTO  ASBLIMNMIOO oo MHOLZOL BMbs 0MZWgds
06@9bLomMo MgM300Ls S FoWIMPIOIIO IHTMGOOL 23byMBOEGdgd0. 33193900
9090019096, MMI 25YOJOJO EsbTsMYOOL AsbYMBoEgdsdo 0bgggdzool LogF3m
60369000 gdmbieo 3530963)gd0l ssbmgdom 30-40% 5305980 gdl LgnLolo-3-ob
36039M0aL, beerm 3mB30EIMMOH0 WgEIXMds MRS Fomo mbgbyg [2]. LyzzLbobol
5MgMo  59m3bMmds s ©™3MTIBEH0MGds oM  5MLS3TMOL0S, B3 F0MPISOM
393906305 533056909 §319MB5EMBLS O FOBOHOE 10IZEO0W0SEMBSLMSE [3].

LgxgLOLOL  930YFOMEWMYOIMHO  FHZ0OM0  QobLHIMMEOYOMEs© 8dodgs bmbmzmdom®
0653943090096 sbmEoMgdmeo d9dmbgzgzgdol EMH™ML. bmbmzmdommo 0bggdiogdo s6
dbmEm© BOHEoL byBLOLOL F9B30MsMGOOL MHOLIL, s®sdgE I60d3bgeMzbo smscGlgdL
55350900l 3000bsMGMdILS @S 3OMABMDBL,  BOPOL  3mL30EIOBsEGOOL
bobaMde0gmdsl, 93Mbsermdol woMmgdmeEqdsll s BadmEwmmE — B033OW0sBMdOL
95639690 gdl. 50b08bo 0bgxggdiogoo Bdocmo 0635BomE 15dgEo3E0bm Bstn390msb,
bsb®dwog  3mb3oGswobsEoslmsb,  3MwEGoMmgbolGIbE o  G03OHMMmMAB0BIgdOL
3936039 gdLMb,  96GH0B0MEGH039d0L  bobaMdog  godmygbgdslbmsb s 353096
0996mb3MHL0E MM GMBILMIBIS ©35300609dMO.

50dMbO3Egm 93MM30L s BSOS BOdMsm Jgdmbisgergdols dJmbg Jzqgybgddo
BoGHo690M0 330093990 33063969096 brBMm3MmTom©Ho 0693930900 S 56EH0803OMIMWO
M9BoLEIBEHMOOL  FoEo  2og3MEIEGISL, O3 300093 NROM  BOHOL  LygzgLoloom
3990390 5OHLLYIMZGE0 A5TMLZ3EGdOL MHOLIL [5]. sBg3g, 3603369wPMZb 3HrMBEGTsL
0o608m596L LsdgoE0bm dMALIbYEMGOILMID SLME0MYdMwo LgrLobom gsdmfzgmwo
1033000056MBdOL  MYoEMMO  oLFESOOL  SOLOYMBOO  SVOOEbZS.  DmyogPom
d399965d0  1LO33EOEOL  FOBYBMS  MYYOLEBHMOIEOOL  IOLYdMEo  LoLEgIgdoo  39M
BO63900gmR9b 15395MOL LOBYBEIBS S LEOWWYMBO SOOOELZL, A9BLY3MMYIO0
00 999000b3939070, OHMEYLSE 3600603 MM0 M3IMIGBEOE0S SOOI, OIFOMBE03MOO
d9L5dgdEMBdYO0  TY)HBMEM0s b 1033w bEYds BEIEOMBIMOL gotgom. Sbgm
30000090590  LoRLOLO  SVOMOEbYdS  OMIMOF  ,LodMEIM®  IEYMTMYMDSC @S 56
10330 0L g5dmd(j3930 doMOMsEO BoByBo.

bdo6 J98b393590, 25MHH335¢9d0L dgLobgd Lsdgo30bm (36MdsTo bggkgLlolio sb LogMomm
56 3ogLoMEYdY, 56 500MOEbYdS MBL3YE0BOIMNGO OsRBMbOm (Foy.,dMEEHOMEYEMwO
©13056MH0LMdY), Moz 0h393L LogLobom 453mfIzgMEro 10330 06MBOL SMMOEb30BMdOL
LoLBYING bsM39DL. Fggyo®, LoxLoboby s bmBmzmdor®o 0bggdzogdol 3wowo
L59ONM LOIZPO06MIST0 bBoMSE MIBLOMIBIME TgRsligdmwo MBRYdS, Moz 0fj3g3L 90
Q59350090900L  B30MHmMOL 5O  sbsbzsL (9., T BHZ0OML)  HMYMEO

30603m6, 0y 93000980MEMA0MH MbYBY.
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b Logombo  2obLs3mmGgdom  3MMdWYINGm0s  Mg3mdoGswobszool  3mb@gdu@do,
MOMEOgLbYE 353096¢0 dOHMBGds Bss350IYmamdo 06939J30MO  2IOMIGIJOO0
330905 dm3wg ©@m™do, bmwem Lozzowol doBgbol JersbogkgozsEos 396 slobogls
063394300Ls s % 96oE30L LoLEGHIFMMHO MOLI-GodEHMMGdOL Mo HMEOL.

2020 §9eob Intensive Care Medicine-do 959mgd3994bgdmwo LobGgdwemo dodmbowrgol ©s
99Bo-9bsewobol (Markwart R et al) dobBsbo ogm 4mdsemMo 93009 30MmEMmR0)OHO
93039090990l Jobgz000 49bgLlEBOZMIm Lssgzsdymamdo dgdgbowo (HA) o
06@9bLboMo  19Mm300L  gobymazowgdsdo dgdgboero (ICU-A Lggbobol dgdmbgzgzgdols
39303995 s om0 10330W0sbMdOL F5B3969390  3MB30EGHIWME  3530963)9d30.
3309359 5B396s, MM LyBLOLO 3ML3OGIEMEO go6gdmdo [oMBmoygbl 360d369crm3z56
LorMMbL, 49BLS3MPOGd0 ICU-To, Losg LOZZLOOIBMBS QBB 3P0 FooO0s.

365¢03 ©5dobsbgl s Jobo MB53BHMEMGO0L Jog 2025 ieol dg@s sbseroBoo dgsms
ICU-80 900539090 353096¢3)9d0L 1033000¢056Mds s 3erobolzmMo dgwgagoo HA o
CA Ubygbobol 89dmbg 3530963H9080. B8ms35M0 F9ga0 0ym ob, MM boog3sIYmamdo
dgdgbocmo (HA) ULgglobol 8dmbg 353096300L 3Jmbom 2.19-x96 mx@m 95000
1033000056MdOL  Mol3o, 3000609  LIHBMPSIOMYOLME  SbmzoMgdme  (CA)
06303306090 gdlL. 51939, HA  xgmx30olb 3530963003y ICU-8o0 s  ULog®orm
1553500994 xzMIdo ©HYM36900L MBOM OO bobyMdwozmdsi sB396s. 3319359 Bomero
Po68moB0bs, HMI 3mL30GHIWMG 256Mgdmdo 29630m90MgdMo LgnLolo MEGm ddody
3909290000 305360905, M3 Fgboderms 353000 dMIL 0635HB0ME 3MM(39IMJOL,
36@000mEH0309BoLEHIBEHMBIL s 3530960l 03bMLm3MHglools gog@mMs.

2022 §gaols 533-00 Bo@o®mgdmeo 33e09g30L 30Bsbo ogm gobglsbrgtsm ICU-do d9dgbowro
06939930900L ©53MY30009)090 MOL3Z-BodBHMOIO0 s B0 53w gbs MIrswme ICU s
1553500394MBML B03ZZ3OWO0IBMBIBY. 33¢0g30L FMO35M0 F9Ia0 30 0ym ol, Mdmd 16 808
bgxgLobol ddmbg 353096GH06 17.1% -ob Jgdmbgzgzsdo gl ogm ICU-8o dgdgbogro
0b6g39930900. 58 33009358 boBo gombigs ICU-do d9dgbowro 0bxggd30gdol 3603369cmdsls,
MOmdgwog HBOHOL 103300 0s6MdOL MOL3L @S LsFoMMIOL  T5EHJO0m  JIJEOM
©mbolidogdgdls, Mog 89@ LEHME-EMIL S BOBIBLMO BoGIXL 4O LlbIMBL.

Donnelly ©s 056553¢®69d0L 8096 583-00 Bo@ocgdands gem3boends Gg@®mL3gddEmeds
3319359 (2015), H™Igeroi 98w9dbgdms Medicare-ols 530boLEGHMsE0ME dMbo39d9dL,
sbgabo, OIUT) LggzgLboboom 3030 GOE0BYOMEo 3530963900l 30-cowosbo
93mb30GS0Bs300L  FoB39b90gmo  Fgoagbs 26%-U,  Go3g  9603369erm3zbo
509953H90ms Bbgs 83939 8yMIscgMmdgdol (oy., 3ol 3856-o0LMds 56 36930mboy)
95639690c0gdl  [1]. 332930l B0Bsbo ogm LgxrLoLol T9gdwgy M93mL3oEsoBsEoOL
LobdoMobs s  93mbmdozMmo  G30Mm0L  Tgxslgds.  93@MMYdTs  HsAOLbIL, ™I
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6930130390300l Y39esbg Bdo® dobgbBL 33wsg 06939J309d0 FomBmowaqbs, ®og
9090mgdL 306390 §J30HBMPOL SOOI  6593MMbseg3 F9dbggzsbg 96

09(300003%b9.

Prescott o 3mgagdol doge Bo@odmgdwyends q.. ,Propensity Score Matching® (PSM)
9900mbBy sRAbIdMEo 3M3mOEHwo 33wg30Lsl (BM], 2016) dgobfiaganrgl Lyxzbobol
3900099 39050R1B0EmS 2430560 103Z3OOBMBS 5dT-T0. 339353 5B396s, M LgRLoLoL
3900539bol 99009y 3530963900 360936900Mm3bs MBOM Fomoero 103300W056MdOL
6ob3oL 9399 093696 3ML30EIOBsE300IL 2 fiemsdg 39MmoMm©OL 256353 dyT0,
Lo3MBEOMEM ¥ AMBMb TgsMgdom[2]. gl G99ga900 5839690L, ™A LyBLOLOL Ao3egbs
U309ds 393539 BB s Jdbol 9.§. 3MbE-LgRLOLWME LobEOMAL, HMIgeo IFOEOHMOIS
053933069390 35639M6930m 3ML30ESW0B309006.

3963560590 BoBoMgdends gemgbmends 3m3m®Eeds 33¢9359 (AOK insurance database,
2016-2019) 8goxmaly  LyxnLbobol  F90Igy  A9MBIboms  M93ML30EHIWODs30Hd0
53395 GMOHO0o dm3zeol 3060mdgddo (ACSC). 330930l doBsbo 0gm ©oga0bs, 0¥
509bs© 960l M93MmL30EI0Ds30gd0 3MmEGHbE0MOMI© 369396(3060905®0. F9YAgdds
5B3965, MM 353096¢Ms 53%-bg 9Bl 3dmbs d0b0dwmad gMmo Mg3mLdo@swobsgos 12
030l 2ob63s3wmdsdo, bmeom  21%  Fgdmbggzsdo  dobgbo  ogm  0bxygdizosLomsb
535380609390 ACSC [3]. gl 80909l HMYMOE 30MHZ39WHO EsbIsMmgdol Lolgdol
b5639993bg, oy 06839J30IO0 3OMMEGdGOOL 5515 3MOL 3MbEMMMbY.

00 8900b39399d0, MMgLsE LYTYIOEEbM EMIMTIBEHIE0S SOOI 9B SMSBMLE Y,
103300 bO35MIEM F0BYHBYdOLS s FoMGIMGIGOOL LOAIBs© LogHDITMGOLM
©MbgBY 500 dgomEL FoMmdmogbl 39MdomMo sBMEBLos (VA), Hmams
SBHIMbsBHOMWwo s ©FdGHI00MO  FJOMPMEIMP0s.  dgomo  9x3vdbgds
LEAHOMIBHYO0MIIMN 06FIOZ0ML  FIMEIBE3LOOL  MKxsbol §930M90msb s ImoEsgl
0bxm®ds3osl  Lod3EHmAgdOU, Q5535©9d0L  0dE0bsrgmdolL,  I3MMHbsermdoL
b9wdobsi3mImdols s 1103300l A5MgIMgdgdoL Tgbobgd [6]. xsbsE30L AbmBE oM
656053008 G096 93853909905 39MOSXMMO  5)EHMBLOOL LEIBIMEH0DYdIMWwO
0bLEHMMIY6GHJd0, Fo00 MmOl sMoL 2022 (erol 2sbsbergdmeo 39MLosE, GMIgEos
53309005 BOEILOWMWMS 103IZOWO0BMdOL FobgHgdol Tgbogsligdes s
ROOHOMQ 25dm0Yg4qbgds Lbgsalibgzs 439969000 [7].

39605000 5BHMBLOOL OEIsLTEHd056 3300939830 259Myqb9dsd, MHmymeMoiss Million
Death Study, 9609369c0m3bsq@ 259993x 0Ly LggLoLoLs s 0bxgdsor®o oByBgdom

39939990 1033000E0s6MBOL TJBoLYdS O 25FMs30bs 3653 WIMTROJLOMGdgEO
930009300 MyomMo Ggbwgbizogdo [8].
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Million Death Study (MDS) 560l g6Om-96Mm0 439059 0O 39M05¢0M0 s@mabool
(VA-l5) 950myggbgdom Bo@o®mgdmeo 9300930Mmmmaon)®o 33939, Mmdgmoi dobbso
obsbogs 1033oWol Mgoe® oBYBMS OYIBSL 0bmgmdo. 33935 BodocMms
0bmgmdo 1998-2014 fergddo, 9Lfs3eoo ogm @ssbenmgdoo 14 dogrombo lozzwoowmol
3900b3935 3960050 MM0 5GHMBLOOL Bodwswgdom. 33w930L doBsbo ogm, d99a0bsm
1033000056MBdOL  LogsMsM©EM JoHYHYOOL BITIMBIMZo0 LEBMASOMIIM0Z MbgDY,
3obLO3MPMgdom  0d, Loog 96O  ogm  Lsd35IYmxzml  Jogh  ©osygbowo b
©M3m9963H0M9dMwo. 3309359 259M53w0bs JoMOMIEO MmMYsbmwo ©s 0bxgjzomcdo
90D9b900, s JmOoL LyxgLbolo s bbgs 0bxgdsogdo. 33Wa3s AWMdSCMOHO s
930mbM@o 3mwo@030L oli3gbgdol Bogwmdzguby, Igbds®ms x9BsE30L LobEgdol
09630350096 gdL MROM 953943 IO 99T MO305b6m0 GlOLYdO.

30bogmemo  dmboggdgdol,  5dobobBMozomwo  BsbsHgMgdol s  39MmdoEmO
sGmxbool  dmbszgdgdol  (VA)  0b@ga®ogos  (o®dmoygbl  096599c00mgg
930930 MA0MH0  565¢0Bol LEHIBIOEL, 49bLsgMmGmgdom 08 J3994bgddo, Loss
LEOMwymzowo  bsdgEoEobm  MYROLEAMIEO0L  LoLEGHYTJIO 56 SOLYIMBL.  SLgmO
06393606900 doamdol 13065EHgLMdGd0 dEYMTsMgMBL 03500, T oL LodMsEgdsl
093> d9@o  LoBMLGHOM 0WIBEHOBOEFOOPIL S  FogPOMOML 10330 06MdOL
30D9H900 3000003530500 S P9FMZ0bOIL IIMYIROLEHMOMYOIEO (,005F5EME0)
A3060000;  063HJM0MGPMWo 330093900  9FBIMNMIGOL  3©bsl  LggLoLoLs s
Bbmzmdomemo 065394309008  Fggaqgool  Tgbobgd  Lbgoolbgs  3wwobozm® o
BoBMPo™YdMH03  3mbBHYJuGHTo @s byl  MHgmdL  xoboE30L  dmeo@ozols o
M9LOLYIOOL MYROM 9B39JEHIO J9BIHoEgdSL.

LYBLOLO 5O M0S GO Fbmem (3939, LogmEbEolmzoL LsTod JEAMISGMIMDS®,
565990 JO™bo3mo 999900l ddmbg Lob®mMIs, GMmIgwoi 3609369 m3bsc BOHOL
MMaMOE 5©Mgmo, oy 30560 103300W0s6MdOLS @S MY3ML30ESIOBsEoOL GOL3L.
oMM  sofergMol  256353cmdsdo  BoGo®mgdmends  36Megzoeds  3m3mOEGMds o
530boLBHMS30MEds 33009359 9B3965, MM LYRBLOLOL FoOEIBOL 99 35:3096¢3)9d0
bdoM5 0616 Jd056 Lso35IYMAMI0 0633993010 S 5M5063539 (3010 oM gdgdOL
3990, beagwe 53 M93b30ESX0BHE0JOL b sbeogly Fooro g@owmds [1-3].

6930130390300l 3MBEIJuGHT0  QoBLOZMMEMIPOME  3BIMBGISL  FoMmBmoqbL
10330000l FOBYIHJOIOL sOIBMBEHO 96 MVLOWWO JWsLoG0IsE0s. bdod Fgdmbggzsdo
3530960 3300905 39639MmM900m0 3MB30EI0Ds300L OML 96 gofigMols 898y dm3ery
39600m©do, bmwm 4565335 gdol  dglobgd  LodgoEobm  3bMdsdo  BoJloMmYds
LodmEMmm dEYMIsMJMdS (35, I EHOMMADM0 ©305M0LMd), Bo3gwrs® doMOMI©O
0693943060 3OMm3EgLoLS, GMIYEds3 39b30MHMBS BoGOW MO godmbogseo [4].
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Angus s Prescott 50060865396, ®md Loxzgbobom godmfzgeo 10330 0s6Mds oMo
LoLEBHYIMOSE SOOL 6530GdS© SVMOEFBYWO, A5BLYI3MNMYO0 F5F0b, HMmEILsE Lo3gzOWo
bgds LEOE3ombsMoL go6mgo 96 930609 ©OMOL 063gM35¢Tdo  M93mL3oEswobsgools
99909 [5]. 98 306HMd7080 MB0E0SXMOO LBEAHSGHOLE0IS 396 dbobogl Lgxkgloboby s
Berbm3zmom&mo 0bx3930900L Mgo® (3ol LogOomm 10330 0sbMdT0, Mo3 Jabob

9.9 »0585¢00“ 10330 06MBOL B96MIYBUL.

39605000 3EGMBLoS (VA) §o6H3mo@p9bl  bygMmsdm®obem ©mbybg  s00sMgdrem
9900 103300l Bsgz5M9MEM FoBIHBOL ILORIBs© 08 Fgdmbzn390do, MMEILSS
L539E0E0bM  SOOOEBZ0BMBS SOOI 9B WO SOLYdMIL. VA 95399dbgds
LEAHOMIGHMYO0MYPIMN™  06GHIOZ0ML  FIMEIE30Ol mxsbol  9309dmsb  sb
90309 q0msb 5 303536 06x8MOTo30sL LOTZFHMIYOOL, s9350JdOL 0dEObsMYMBdOU,
93996065¢0md0L bgardobs(izmdmdols s Lo3z3EOEOL 4M98mMmgdgdol Tglobgd [6].

X96@5330L AbMmBwom MmEMYBoBsEgool doge 2022 fawl 2sbsbergdmwo 396MHdsIOO
3GMxbool 0blGMmdgbGo (WHO Verbal Autopsy Instrument 2022) dobbo olobogl
10330000l JoBYHgool  BEBHBPIOGHODYOME  Fgg3eligdsll s ICD-10/ICD-11
300010%3035:309L056 TgL5d5F0LMBdL [7]. 0BLEHMMIGDEHO BIOIMNME 253M0Yg690s IBIEO o
L5oM G90mbogzegdol 8dmbg J3nybgddo, mmdis dobo 2sdmyqbgds, L MG dg¢ o
3obobogds  OHmymeE FsEJO0MO  IJnMmEOo  3¢0b603MM0 s 9IoBOLEGHMEOWO
9mb5(3999000L golivdysgdes.

VA-0l 259m9g9bgdol ghm-ghmo 36093690m3zs60 353450000000 9256530 Bo@o®gdmwo
39 GHoEIbGOWwo 33wg3zs (2017-2020), HGmIgerdsz dgobffogars 35383ms (<5 fgaro)
103300 0s6Mds ByRLoLol F9dgy [8]. 33w930L FoBsbo 0ym IgEYOLs Lozzowol
90B9H9d0 00 890mbz939030, HMEILSE 05303900 330JOMEDBID 155350YMBMOIB FohHgMoL
0909y 0m3g 3g®omdo. VA 0639630mq00L boggmd3zgandg ©oaobs, 6Hmd
10330 0sbMdOL  doMomso  Jobgbo  33eeg  LyggxgLolLols ©s  0bxgjgomco
3900090900l 93000030 0gm. gb 33935 Booes 6396901 VA-U 3m@gbzoswls 9.§.
»0050500“ LOIZPOE0BMIOL ZoTMbogEgbo.

Murray s 30¢09900L 3096 BoEo69dmeds 99mm©Omemyo)®ds 33crg35d (BMC Medicine,
2014) dgogsbs VA-Bg 5539996900 bgoolibgs  seoam®omdol bLobmldg o
Q9ILEGHMED, M LAHIBIOEHDYIMWo 0blEMGEEGHIOOL 25dmyqbgdol Jgdmbggzsdo
VA-l  39gmdos  bBsodgoom@  gobloBmgdml  bo3zzowol  do®omso  doHyHgdo
dmbobgmdmo3 ombybg [10].

396050 M0 9 BHMBLOOL  dMbs(3999d0  Fglodwms  0bGHYAMoM©IL  Lbgoolbgs
00M356 39609008 EMbaLMb. 39MdM, 39MBMMHO SMEBHMFBLOOL s doMIsM396 sTREM-1
063936530000 Fgbsdegdg0s, d903LMmb 30060379M0 s BEBIGHOLEBH03WMO Tmbs3zgdgdoL
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3600369mgbo  9dEr0gmgdl  LgyLoLbols s  bmBmzmdo®o  0bggdiEogdols
9300H9s9H939wMd0L FgLsdEgdEMdgOL s Jdbol 30MMBYGOL 5009b sbmEoMgdMWwo

©OH930LEGHO0MYOIE0 (,F5¢ M0 ) L3O 05BMBOL Q5dMbozw9bs.

39635000 59EMBLOOL LEHMYIGHMOOMJIMwo Fmbs3)dgdoL S doMBs® 396 sTREM-1-
oL, 53M9m39, Lb3s 00MBs6 3960900l 0b6FHIRM0MmIds 3e0bodMH ©s 930IFOMWMYOV)G
9b5(399900056, 15FoEdIL TMY3390L odM3obgl LgRLOLOLS s bMBM3MTo©O
06939930900L  5MBLOME©  SLObEo (T O®)  B3oMmo. 0bEJAMOMIdIMOo
900 M35 256L53MMMIO0M 59BN F59II0J0 EbTIMYIOL LolEgdgdTdo, Lo
Q@OMOL B5JEHMOO 3OOG0INT0S QO SMBYINO Jmbo309d0 bBoMm 396 Sb5HIZL Mo H
90D9H-0909aMdM03 353806090b.

513365 LgxgLbobo  33wsg  MRYdS  3eobogmeo  89oEobol  ghom-9mo  dmOzML
399m{3935. Fobo OIRBMLEHOMGdS BA0MOE 30569005, braEm SOOOEHZ05H6MdS
SMLOMWYMBOW0s.  06GIPLOMMO  MMO300Ls @O 29IYdIwo  goobol
39694m35300909080 256L539PMGO0m 5B YSEMH0S bmbBm3mIonMo Lgglolbol 30939630s
Q5 @OMME0 25dm3wgbs. LyxzLobol §30gdomemyool Jgbolifogurs® goblozMmMgdMwo
360083690Mmd0Lss 1L03300W0ol Fgdamdo 39MBSXMMO 59EMBLOS. dolbo 0bEgaM0Mgds
00m3563960 STREM-1-00sb  89608936900mgbso  2508xmdgLgdl  93000930MmEMma0)©
LAo@GobE03dU.
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Nosocomial Sepsis as a Burden of the Post-Hospital Sector

Nikoloz Chikovani, Nino Tskhvediani, Tinatin Gabrichidze, Ketevan Machavariani, Vakhtang
Shoshiashvili, Levan Ratiani

Abstract

Background: Sepsis remains one of the most severe and complex challenges in modern healthcare,
characterized by high mortality, multi-organ dysfunction, and substantial socioeconomic burden.
According to global estimates, nearly 49 million cases and 11 million deaths annually are
associated with sepsis, accounting for approximately 20% of all global deaths. Nosocomial
(hospital-acquired) sepsis represents a particularly critical component of this burden, especially
in intensive care and emergency settings, where invasive procedures, prolonged hospitalization,
antimicrobial resistance, and immunosuppression increase both incidence and mortality.

Objective: This article aims to analyze nosocomial sepsis as a major contributor to post-hospital
morbidity, mortality, and rehospitalization, and to explore the role of verbal autopsy and
biomarker integration in identifying the hidden epidemiological burden of sepsis.

Methods: A narrative review of international cohort studies, systematic reviews, and meta-
analyses was conducted, focusing on hospital-acquired (HA) and ICU-acquired sepsis,
rehospitalization rates, long-term mortality, and limitations in cause-of-death registration
systems. Particular attention was given to studies evaluating verbal autopsy (VA) as a
complementary epidemiological tool and its integration with clinical and biomarker data,
including soluble triggering receptor expressed on myeloid cells-1 (sSTREM-1).

Results: Evidence indicates that hospital-acquired sepsis is associated with significantly higher
mortality compared with community-acquired infections, with increased ICU and hospital
length of stay. Rehospitalization rates following sepsis remain high, frequently driven by
recurrent infections and post-sepsis complications, and are associated with elevated long-term
mortality risk. A substantial proportion of sepsis-related deaths remains underreported due to
incomplete documentation, misclassification (e.g., recording multi-organ failure as the primary
cause), and deaths occurring shortly after discharge. Verbal autopsy has demonstrated
effectiveness in identifying infection-related mortality in settings with limited medical
documentation and can reveal previously unrecognized (“hidden”) sepsis burden. Integration of
VA data with clinical records and biomarkers such as sSTREM-1 may enhance diagnostic accuracy
and epidemiological surveillance.

Conclusions: Nosocomial sepsis constitutes a significant and often underestimated burden within
the post-hospital sector. Delayed diagnosis, antimicrobial resistance, and incomplete mortality
registration systems contribute to underestimation of its true impact. The integration of
structured verbal autopsy with biomarker-based assessment represents a promising approach for
improving cause-of-death attribution, strengthening epidemiological data, and informing more
effective health policy and resource allocation strategies.

Keywords: Sepsis, Verbal Autopsy, Epidemiology, Nosocomial Sepsis
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The study of cytotoxic activity of some alkaloid-bearing plants growing in Georgia
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Abstract.

The aim of the study was to examine the aboveground parts of plants growing in Georgia:
Delphinium elisabethae N. Busch., Solanum nigrum L., Sophora japonica L., Vinca herbacea
Waldst. et Kit., for their alkaloid content and to evaluate their biological activity. Purified total
alkaloid fractions were obtained using liquid-liquid extraction from the aforementioned plants,
in the composition of which, as Phytochemical analysis revealed the major alkaloid constituents
correspond to diterpene (D. elisabethae), steroidal (S. nigrum), quinolizidine (S. japonica), and
indole-type bases (V. herbacea). Cytotoxic activity in vitro was assessed using three cell cultures:
A-549 (human lung carcinoma cell culture, ATCC#CCL-185); DLD-1 (cell culture of the rectum
adenocarcinoma, ATCC#CCL-221); WS-1 (human dermal fibroblasts) with the Resazurin and
Hoechst tests.

It was found that the total alkaloid fraction from V. herbacea demonstrated strong cytotoxic
activity against A-549 and DLD-1 cells, with no toxicity toward WS-1. The S. nigrum fraction
displayed moderate cytotoxicity against all tested cell cultures. The total alkaloid fractions from

D. elisabethae and S. japonica showed only weak cytotoxic activity against all cell lines.
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Introduction. Modern comprehensive approaches used in the treatment of oncological diseases
represent a set of complementary strategies, including surgical intervention, radiation therapy,
chemotherapy, targeted and immunotherapeutic methods [1,2]. These approaches target the
tumour and the patient's body at the molecular, cellular and systemic levels. Despite the progress
achieved, significant problems still remain in the treatment of malignant neoplasms due to the
high toxicity of anticancer drugs, the development of drug resistance and insufficient selectivity
of their action [3,4]. In this regard, the search for new, safer and biologically active natural
compounds that can become the basis for alternative or auxiliary chemotherapeutic agents

remains relevant [5].

One of the promising areas of cancer therapy is the use of chemotherapeutic drugs of plant origin.
Secondary metabolites, especially alkaloids, play an important role in the treatment of malignant
neoplasms [6, 7]. A number of widely used cytostatics were obtained from plant materials:
vincristine and vinblastine from Vinca rosea L., taxol from Taxus baccata L., Ukrain -based on an
alkaloid from Chelidonium majus L., camptothecin from Camptotheca acuminate Decne. [8-11].
Alkaloids, due to their wide range of pharmacological activity, in particular their strong cytotoxic
and antiproliferative effects, attract special attention of researchers. [12]. The biological activity
of these compounds is realized through multiple molecular mechanisms. For instance,
disturbances in microtubule dynamics are characteristic for indole alkaloids, inhibition of
topoisomerases - for camptothecin, and induction of apoptosis - for berberine and soforidine.
Such a diverse mechanisms of action on malignant neoplasms underscore the significant
therapeutic potential of alkaloids and generate increasing interest in their further research [13].
The species examined—2Delphinium elisabethae N. Busch. (Helleboraceae), Solanum nigrum L.
(Solanaceae), Sophora japonica L.(Leguminosae), and Vinca herbacea Waldst. et Kit.
(Apocynaceae)—were selected for their established biological and pharmacological propertiesand
as the objects, that allow for a comprehensive analysis of representatives of diverse structural
classes based on their cytotoxic action.

According to the literature data, the chemical composition of D. elisabethae is characterized by
the presence of alkaloids with potential cytotoxic activity. However, the number of publications
related to research in this area remains limited. In this regard, the development of an optimal
method for isolating total alkaloid fractions enriched with biologically active bases exhibiting
selective activity from D. elisabethae, growing in Georgia, represents an urgent and scientifically
justified task [14].

Numerous studies of foreign scientists related to S. nigrum have demonstrated its high
antiproliferative activity. However, there are no systematic studies of the alkaloid composition
and cytotoxic activity of this species in Georgia. It is known that the chemical composition of the
plant includes valuable steroidal glycoalkaloids (solasonine, solamargine) with established

antitumor activity. In this regard, the study of S. nigrum growing in Georgia is of interest for
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identifying biologically active components, expanding phytochemical data on the flora of Georgia
and searching for promising natural compounds with cytotoxic potential [15].

The rich chemical composition of S. japonica—flavonoids, isoflavonoids, quinolizidine alkaloids,
and phenolic acids—makes it a valuable source of biologically active metabolites. However, as in
the previous case, information on cytotoxic activity is limited, which determines interest in
assessing the potential antitumor activity of this species and identifying novel biologically active
compounds [16, 17].

The genus Vincaplays a key role in oncopharmacology, being the source of a number of successful
anticancer drugs such as vincristine and vinblastine. V. hAerbaceais considered a promising object
for the search for cytotoxically active alkaloids. Studying the chemical composition and biological
activity of the aboveground parts of V. herbacea will allow to approach the study of this plant
from a novel perspective, creating the prerequisites for identifing new compounds and evaluating
their biological activity, and determining their potential for the development of natural
anticarcer agents [18].

An analysis of these species will enable the identification of the most promising plant sources of
biologically active compounds and provide a scientific foundation for further phytochemical and
pharmacological research

The aim of research. The aim of our research was to study the aboveground vegetative organs of
the following plants: Delphinium elisabethae N. Busch. (Helleboraceae); Solanum nigrum L.
(Solanaceae); Sophora japonica L. (Leguminosae), Vinca herbacea Waldst. et Kit. (Apocynaceae),
growing in Georgia, for the content of alkaloids and to evaluate their physiological activity.
Materials and methods. The plant material was collected during the flowering phase, collected in
Western Georgia. Air-dried raw materials were crushed. Extraction was performed by
maceration in 70% ethanol at room temperature for 48 hours, followed by filtration and
evaporation to a dry residue. The residue was treated with a 5% hydrochloric acid solution. The
acidic solution was alkalized with 25% ammonia, after which extraction was performed with
chloroform. The combined chloroform fractions were washed with distilled water to a neutral
pH, dehydrated with anhydrous sodium sulphate, filtered and evaporated to dryness.
Qualitative analysis of the isolated total alkaloid fractions was performed by thin-layer
chromatography (TLC) on plates (Silica gel 60 F2ss (Merck, Germany) using the following solvent
system: chloroform-methanol (4:1; 6:1; 9:1); chloroform-benzene-ethanol 95% - ammonia 25%
(40:40:10:0.2); benzene-ethylacetate-methanol (2:2:1). For visualization, the following detectors
were used: Dragendorff reagent, ammonium cerium sulfate solution in 85% orthophosphoric acid
(for indole bases), in the presence of standards. Also, identification of alkaloids was realized using
7890B GC System and 5977A Single Quadrupole GC/MSD System (Agilent Technologies, USA).
Cytotoxic activity was evaluated on three cell lines: A549 (human lung carcinoma, ATCC#CCL-
185); DLD-1 (human colorectal adenocarcinoma, ATCC#CCL-221); WS-1 (human dermal
fibroblasts,) which were received from ATCC (American Type Culture Collection - Manasa,

USA). Cancer cells were cultivated in Earle’s salt and L-glutamine growth medium. (Earle’s salts
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content: KCI, NaCl, NaH2POs - H20, D-Glucose, MgSOs - 7H20, CaClz - 2H>0, NaHCOs, red
phenol), then supplemented with 10% fetal calf serum (Hyklon, Logan, USA) vitamins (1X),
penicillin (100 I.U/ml) and streptomycin (100 mkg/ml), amino acids (1X), sodium pyruvate
(Mediaech Cellgro, VA). Cells were incubated at 37 °C in a humidified atmosphere containing 5%
CO:a.

Results and discussion. Spectral analysis (GC/MS) and thin-layer chromatography (TLC) revealed
the presence of diterpene alkaloids in the chemical composition of the aboveground organs of D.
elisabethae, steroidal alkaloids in S. nigrum, quinolizidine alkaloids in S. japonica, and indole
alkaloids in V. herbacea.

Table 1 presents the dominant alkaloid bases identified in the total alkaloid fractions isolated from
the aboveground vegetative organs of the studied species.

Tablel. Alkaloids identified in the aboveground parts of D. elisabethae, S. nigrum, S. japonica,
and V. herbacea.
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round . diterpene C32HaN20s 586.72 - -
onine
Lycoctonine diterpene C2sHaNOy 467.60 169-171 -
. . 290-295
Solasonine steroidal CssH7NO1s 868.04 -
. Aboveg (decomp.)
S. nigrum 1,0
round . . 295-300
Solamargine steroidal CssH7NO:s 852.04 d )
ecomp.
Above,
S. japonica V8 0,2 Sophorine quinolizidine CuHuN20 190.24 146-147 -
round
Vincarine indole C21H24N203 352.1787 263-264 +14
(MeOH)
indole 176-179 045°
i -+
R Herbamin CoHasNoOs | 382.1893 | (MeOH (CHCL)
boveg 0.94 decomp.) ’
V. herbacea round P
’ . . indole 226-227 -54°
Vincamain C22H26N203 366.1943 (EtOH) (E1OH)
206-208
Herbadine indole C21H24N20s 368.1736 d ) -
ecomp.

As shown in Table 1, qualitative and quantitative analysis of the aboveground parts of these
species revealed clear differences in alkaloid content. The highest total alkaloid fraction was

observed in D. elisabethae -1.21%, whereas the lowest was found in S. japonica - 0.2%. Among
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the steroidal glycoalkaloids, S. nigrum exhibited 1.0%, whereas V. herbacea - a moderate content
of 0.94%.

Physicochemical properties, such as melting point and optical rotation ([a]D), reflect the features
of the stereochemical configuration and the degree of purity of the alkaloids. Thus,
methyllycaconitine exhibits a positive optical rotation (+49°), whereas V. herbacea alkaloids
exhibit a wide range of [x]D values (from -54° to +14°), indicating the presence of various
stereoisomers in the samples.

Based on the data in Table 1, it can be concluded that representatives of the genera Delphinium
and Vinca are characterized by a high content and diverse array of biologically active alkaloids,
whereas Sophora and Solanum exhibit a narrower but more pronounced profile, emphasizing
their chemotaxonomic and pharmacological significance.

The cytotoxic activity of total alkaloid fractions isolated from the plant samples was assessed by
the inhibitory concentration (ICso), which suppresses cell growth by 50%. Daunorubicin served
as a positive control. According to the results of cytotoxic activity in vitro using the Resazurin
and Hoechst tests, the studied fractions revealed varying degrees of cytotoxic activity depending

on the plant species, assay method, and cell line. The research results are presented in Table 2.

Table 2. In vitro cytotoxic activity of total alkaloid fractions from D. elisabethae, S. nigrum, S.

japonica, V. herbacea, as determined by Resazurin and Hoechst tests (ICso, pg/ml).

Methods
plant Resazurin Hoechst
A-549 DLD-1 WS-1 A-549 DLD-1 WS-1
D. elisabethae | 159+12 pg/ml | >200 pg/ml | >200 pg/ml 92+14 >200 pg/ml | >200
pg/ml pg/ml
S. nigrum 38+4 pg/ml 69+5pg/ml 39+3 pg/ml 37+3 pg/ml | 49+6 pg/ml 4645
pg/ml
S. japonica 182+7 pg/ml | 14748 pg/ml | 110+3 pg/ml | 12546 11348 pg/ml | 107+2
pg/ml pg/ml
V. herbacea 18+2 pg/ml 4423 pg/ml | 75+15 pg/ml | 48+12 2945 pg/mlNe | >200
pg/ml pg/ml
Daunorubicin | 0,68+ 0,08 uM | <0,078 pM 0,12+0,02pM | <0,078 yM | <0,078 pM 0,13+
0,03 uyM

According to the data presented in Table 2, the cytotoxic activity of total alkaloid fractions from
D. elisabethae, S. nigrum, S. japonica, V. herbacea varies significantly depending on the plant
species, alkaloid class, and cell line used and also is consistent with the pharmacological
characteristics described in the literature.

The total alkaloid fractions of D. elisabethae exhibited generally low cytotoxic activity, with the
exception of line A-549 according to the Hoechst test (ICso = 92 + 14 pug/ml), ICso values exceeded
200 pg/ml. This activity is probably due to the dominant alkaloids present in the composition of
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the total alkaloid fractions. Modifying extraction conditions, fractionation, or using alternative
purification methods may alter the chemical composition of the total fraction, including the ratio
of minor and major alkaloids, which, in turn, may affect its biological activity profile.

The steroidal alkaloids of S. nigrum demonstrated moderate cytotoxic activity, with ICso values
for all tested lines ranging from 37—69 pg/ml. The similar levels of activity in different cell lines
may suggest that these compounds act on cells through a common mechanism, without showing
pronounced selectivity. Considering the known ability of glycoalkaloids to enhance the
cytotoxicity of several chemotherapeutic agents, further investigation of the potential synergism
of S. nigrum with anticancer drugs seems appropriate.

The total alkaloid fraction of S. japonica containing quinolizidine alkaloids exhibited low
cytotoxic activity, particularly against A-549 cells (ICso = 182 + 7 pg/ml), which is consistent with
literature data on the generally weak cytotoxicity of most quinolizidine bases. However, to
identify the application potential of this fraction, it can be further evaluated in terms of the
antibacterial, antifungal, antioxidant, and neurotropic activities, which, according to the
literature, are characteristic of many quinolizidine alkaloids. In addition, changing the extraction
method and fractionation may enable the isolation of components with more pronounced
cytotoxic activity, which suggests continuation of the research in this direction.

The most pronounced cytotoxic effect was observed for the total alkaloid fraction of V. herbacea,
in particular, against the A-549 cell line (Resazurin method) with the lowest value of ICso = 18 +
2 pg/ml, indicating the high sensitivity of cells to this class of alkaloids. According to the Hoechst
test, strong activity was also noted against the DLD-1 cell line (ICso = 29 + 5 pg/ml), further
supporting the potential of V. herbacea compounds against colorectal cells. Taken together, these
findings highlight the pharmacological potential of V. herbacea as a promising source of
cytotoxically active natural compounds.

Thus, among the studied objects, the diterpene (D. elisabethae) and quinolizidine (S. japonica)
bases were less active, whereas steroidal alkaloids (5. nigrum) demonstrated moderate activity,
and bases belonging to the indole class ( V. Aerbacea) showed the highest cytotoxic potential. The
observed differences correlate well with the chemical nature of the corresponding classes of
alkaloids and can be used for a targeted search for biologically active compounds.

Conclusions. An analysis of the alkaloid composition of the aboveground parts of D. elisabethae,
S. nigrum, S. japonica, and V. herbacea, introduced and growing in Georgia, was conducted in
the study. The compounds belonging to various structural classes of alkaloids, including
diterpene, steroidal, quinolizidine, and indole bases were identified, and their dominant
components were determined using GC/MS and TLC methods.

The obtained total alkaloid fractions exhibited varying degrees of cytotoxic activity in vitro,
depending on the plant species. Of particular interest is V. herbacea, the alkaloid complex of
which demonstrated pronounced cytotoxic effects while showing no toxicity toward normal

cells.
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The results highlight the pharmacological potential of the studied species and indicate the

prospects for further in-depth investigation of individual alkaloids, their mechanisms of action,

and possible areas of application as prototypes of antitumor agents.
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Delphinium elisabethae N. Busch, Solanum nigrum L., Sophora japonica L. o> Vinca herbacea
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Family as the Main Actor in Political Socialization in Georgia

Avtandil Tukvadze!, Valerian Dolidze?,
'Doctor of Political Science, Associate Professor, Thilisi State University; 2Doctor of Historical
Sciences, Associate Professor, Thilisi State University

Abstract

The family is the leading agent of political socialization throughout life, where established values,

habits, and political ideas form the foundation of personal development. Through the family,
individuals develop a sense of religious and ethnic identity, which rarely changes throughout life
and plays an active role in the socialization process. Families, as primary and "permanent agents"

of socialization, play different roles in different regimes and processes of social development.

In Georgian reality, the family is the foundation of state power, and the Orthodox Church,

together with the ruling elite, strives in every way to protect (including through legislation)

family traditions and values shaped over centuries. This paper, drawing on R. Putnam's theory of

"social capital," analyzes for the first time the role of "Georgian table culture" in the process of

political socialization.

Key words: political socialization, subject, “table culture”, values, family.

Georgian Scientists/do®Mm3geo dgi3bogegdo ¢. 8 N1, 2026 | 186



Asrangun TykBazize, JOKTOp MOJUTHIECKUX HAYK,
Banepsan [lonuzase, 1OKTOp UCTOPUYECKUX HaYK,
AnnoTanua

CeMbs Ha ITPOTAXKeHUU BCeH XKU3HU ABIAETCA BeAyI[UM aTeHTOM IIOJTHTHYeCKOH COIMaIu3alui,
B KOTOpO# cpopMUpOBaBIINecs IIeHHOCTH, IPUBBIYKYU U IIOJIUTHYECKHe /Il COCTABIIAIOT OCHOBY
JIMYHOCTHOTO pa3BuTHA. Jepes ceMbio YesOBeK OCO3HAHOT CBOIO PEIMTHO3HYIO M 3THUYECKYIO
HMIEHTUYHOCTh, KOTOPasd PEeJKO MEHAETCA Ha NPOTHKEHWH JKU3HHM U UIPAeT aKTUBHYIO POJb B
mponecce comuanusanuu. CeMpu, Kak IIepBUYHBIE U «IIOCTOSHHBIE areHTBI» COIIMATH3AIUH,
WTPAIOT PasHbIe POJM B Pa3HBIX PEXXMMaX U IIPOLECCaxX COLMAaJIbHOTO Pa3BUTHA.

B rpysunckoil peanpHOCTH ceMbsA fABigeTcA (QYHJAMEHTOM TOCYJapCTBeHHOH BIacTH, a
ITpaBocnaBHas LlepkoBb BMecTe ¢ TIpaBAIIeil STUTOM BCAYECKH ITBITAETCS 3AIIUTUTH (B TOM YHCIIe
Ha 3aKOHOJaTeIbHOM ypPOBHE) ceMeifHble TPaJUIlUU U IIeHHOCTH, copMUpOBaHHBIE BeKaMu. B
DAHHOH paboTe, ONMUPAACh HAa TEOPHIO «COIMAJbHOTO Kamurtana» P. IlarHama, Bmepssle
AHAIM3UPYETCA POJIb «TPYSMHCKOM 3aCTOJIBHOM KYJIBTYDPhI» B IIPOLECCe IMOJUTHYECKON
COLIMa/IM3AI M.

KiroueBble cyroBa: mOIUTHYECKAsA COLMATHM3ALUA, CYyOBEKT, «3aCTOMbHAA KYJIBTYpa», IeHHOCTH,

CEMbA.
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Creative Process Transformation through Generative AI Models
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Abstract

Generative artificial intelligence (AI) is reshaping creative industries, transforming how art,
design, and storytelling are conceived and produced. In recent years, tools such text-to-image
systems and large language models have moved from research laboratories into everyday creative
workflows, making advanced capabilities accessible to professionals and matures alike. These
technologies enable rapid idea generation, personalized outputs, and exploration of new aesthetic
possibilities, but they also raise important questions about authenticity, authorship, and the role
of human creativity. This review highlights key technological advances, such as diffusion models
and personalization techniques alongside their impact on visual arts, design and writing. While
Al expands creative potential and accelerates processes, challenges remain in balancing novelty
with perceived authenticity and designing interfaces that support meaningful human—-Al
collaboration. Understanding these dynamics is essential as generative Al becomes a mainstream

partner in creative practice.

Keywords: generative Al, creative process, diffusion models, human-Al collaboration,

computational creativity, digital art, design automation

1.Introduction

Creative industries are experiencing a profound technological shift driven by advances in
generative artificial intelligence. Over the few years, generative models have evolved from
experimental research prototypes to widely adopted tools that fundamentally alter how creative
professionals conceptualize, develop, and produce artistic works [1]. Text-to-image systems have
democratized access to sophisticated generative capabilities, enabling creators across disciplines

to explore novel aesthetic territories and accelerate production workflows [2].
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This transformation raises fundamental questions regarding the nature of creativity, authorship,
and the role of human agency in artistic production. While early concerns focused on whether
machines could be creative, contemporary discourse has shifted toward understanding how
humans and Al systems can productively collaborate, what new creative possibilities emerge from

these partnerships, and how society should value and attribute Al-assisted creative works [3].

While generative Al has transformed artistic workflows and enabled new forms of human-AI
co-creation, the influence of artificial intelligence extends beyond creative practice into broader
organizational and technological ecosystems. Al-driven data analytics and digitalization reshape
supply chain management by improving real-time visibility, predictive forecasting, and risk
mitigation processes. Through the integration of machine learning, Internet of Things
technologies, and automated data processing, Al functions as an infrastructure for adaptive
decision-making rather than merely a creative tool [7]. These developments illustrate that
contemporary artificial intelligence operates across multiple domains, linking creative innovation
with operational efficiency and reinforcing its role as a cross-sector catalyst for digital

transformation.

2. Technological Foundations of Generative Al in Creative Domains
2.1. Diffusion Models: Transforming Digital Art

Diffusion models have rapidly emerged as the dominant architecture for high-fidelity image
generation, fundamentally reshaping artistic workflows by translating textual or semantic
constraints into photorealistic or stylistically diverse images [1]. Unlike earlier Generative
Adversarial Network (GAN) based approaches, diffusion models offer more stable training, better

mode coverage, and superior controllability using conditional guidance mechanisms.

A comprehensive technical review of diffusion-based visual art creation was provided,
documenting how these models address key challenges in creative applications including style
transfer, compositional control, and semantic alignment [2]. Their analysis highlights that
diffusion architecture enables artists to iteratively refine outputs through prompt engineering
and parameter adjustment, supporting exploratory creative workflows that were difficult to

achieve with previous generative technologies.

2.2. Human-AlI Co-Creation: Practical Insights into the Technological Foundations of
Generative Models

The technological foundations of generative Al in creative domains rest not only on the
architecture themselves, such as DC-GANSs, StyleGAN, and StyleGAN-2, but also on the

sociotechnical dynamics that emerge when non-programmers interact with these systems. As
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demonstrated in a case study of MA students in human—computer interaction, GANs behave as
semi-autonomous creative agents whose outputs depend heavily on upstream design choices
made by human collaborators. Students with minimal technical background learned to
manipulate dataset composition, adjust training parameters, and select pre-trained models,
demonstrating that “controllability” in generative Al often arises from curating inputs rather than
altering model architecture. For example, model behaviors such as producing politicians with
stereotypical “speech stance” imagery or generating symmetrical butterflies when trained on
face-based models reveal how latent representations encode visual biases of the chosen training
sets [4].

Moreover, the study highlights that generative models become creative tools through iterative
human intervention: selecting homogeneous datasets, fine-tuning pretrained networks,
experimenting with unusual domain transfers (e.g., toaster-cats or hybrid horse—kitchen-

appliance images), and intentionally stopping training early to preserve desirable artifacts [4].

These examples illustrate a fundamental principle: the technological power of generative Al is
inseparable from human decisions that shape data pipelines, model initialization, and training
trajectories. Rather than viewing the model as a closed mathematical object, the creative process
unfolds as a hybrid computational workflow where human judgment defines goals, constraints,
and evaluation criteria, while the GAN operationalizes these decisions into novel visual
outcomes. This co-creative loop underscores why generative Al in creative industries requires
not only algorithmic advancements, but also accessible interfaces, intuitive defaults, and
educational framework that empower non-experts to meaningfully steer complex generative

systems.

The above-mentioned study provides valuable insights into human-AlI collaboration in creative
tasks. It highlights that non-programmers can grasp key concepts and train GANs to obtain
interesting results using either graphical user interface (GUI) -based software or by modifying
simple existing code. This research also identifies several human intervention points in the
creative process, including dataset selection, choice of pre-trained models, and post-processing of
results. Notably, some students interpreted the task as Al assisting human creativity rather than
autonomous Al creation. The paper suggests that allowing non-programmers more control and
intervention points is desirable, but the challenge lies in providing non-experts with intuitions

about handling various hyperparameters [4].

2.3. Authenticity Challenges in Human—ATI Artistic Co-Creation

A critical development in creative Al is the emergence of personalization techniques that adapt

generative models to individual artists' styles using small curated datasets [5]. These approaches
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address a fundamental tension in creative AI: while large-scale pre-trained models offer
impressive general capabilities, creative professionals often require outputs that align with their

unique aesthetic sensibilities and established work.

Research on personalization demonstrates that when AI models are trained or adapted using
small, artist-curated datasets, artists can exercise greater control over the creative process and
develop a stronger sense of ownership over the generated outcomes. By integrating
personalization features into co-creative interfaces, artists are enabled to experiment with and
tailor generative models to align with their individual aesthetic goals and working methods.
Adopting small data approaches also expands the range of possible interactions, including direct
dataset manipulation, hyperparameter tuning, and active divergence techniques. Furthermore,
personalization may shape how artists perceive Al systems in co-creative contexts, fostering a
sense of agency in the system and supporting more dynamic and reciprocal human-AlI
collaborations. Model personalization with small data holds significant promise for enhancing
artists’ experiences with generative Al, and it calls for future research to further develop co-

creative systems grounded in these personalization-centered principles. [5]

3. Impact on Creative Processes Across Domains
3.1 Visual Arts and Design: Novelty Versus Authenticity

Empirical studies reveal the complex effects of generative Al on visual creative practices, with
significant gains in novelty accompanied by concerns about authenticity and artistic value.
In experiments conducted with 560 participants examining perceptions of Al co-created
artworks, finding that such works are consistently judged as more novel but less authentic than
purely human-created pieces [3]. Critically, the stage of Al involvement matters: Al contributions
to the ideation phase are viewed more favorably than Al-implemented execution, which

generates stronger negative reactions regarding authenticity.

These findings highlight a fundamental tension in Al-assisted creativity: while generative models
excel at producing unexpected combinations and expanding the space of possible designs,
audiences and creators may devalue outputs perceived as lacking genuine human creative agency
[3]. Importantly, Messer's research also demonstrates that disclosure of artist involvement and
curation of training data can partially mitigate negative authenticity judgments, suggesting

pathways for more accepted integration of Al in artistic practice.
3.2 Design Space Exploration: Beyond Generic Tools

Research comparing purpose-built generative design tools with generic text-to-image models has

revealed the importance of interface design and interaction modalities for effective creative use.
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By studying fashion design apprentices using both a custom design exploration tool (generative.
fashion) and Stable Diffusion, it was found out that the specialized tool better supported both
divergent thinking, by enabling the generation of diverse design concepts, and convergent

thinking, by facilitating the iterative refinement and focusing of selected ideas [6].

The key difference lay in the affordances for design space exploration: the custom tool provided
explicit controls for manipulating design parameters, managing randomness, and iteratively
constraining outputs—capabilities absent in generic interfaces optimized for single-shot
generation [6]. This finding underscores that the successful integration of generative Al into
professional creative workflows requires more than powerful models; it demands a thoughtful

interaction design that aligns with domain-specific creative processes.
3.3 Writing and Narrative Creation

While visual generation has dominated public attention, generative Al is also transforming
writing and narrative creation. Al systems were developed, that apply generative techniques to
scaffold story generation and support prompt refinement in creative writing workflows. These
tools function primarily as ideation aids, helping writers to overcome creative blocks and explore

alternative narrative directions [2].

However, literature on Al-assisted writing remains less developed than visual domains, with
fewer high-impact empirical studies documenting measurable effects on creative outcomes and
professional adoption patterns. This gap represents an important direction for future research,

particularly as large language models continue to improve in coherence and stylistic control.
4. Conclusion

This review has demonstrated that generative artificial intelligence has significantly reshaped
creative processes in the visual arts, design, and writing over the period 2020-2025. Recent
advances in diffusion models, generative adversarial networks, and personalization techniques
have moved generative Al from an experimental technology to a stable component of
contemporary creative workflows. Creativity increasingly unfolds through hybrid arrangements
in which computational generation is guided by human expertise, evaluation, and contextual

understanding.

Simultaneously empirical findings reviewed in this article indicate persistent challenges related
to authenticity, authorship, and creative agency. Although Al-assisted outputs are often
perceived as more novel, they may be evaluated as less authentic when human involvement is
insufficiently visible in the final product. This suggests that creative value is shaped not only by
technical quality, but also by social expectations regarding intentionality and control.

Consequently, the effective adoption of generative Al depends on transparent workflows,
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appropriate interface design, and personalization mechanisms that reinforce the role of the

human creator.

Overall, literature supports a co-creative interpretation of generative Al as an enabling rather
than a substitutive technology. Future research should prioritize studies of creative practice,
cross-domain analyses, and the examination of generative Al in broader organizational and

cultural contexts.

References

[1] Wang, B., Chen, Q., & Wang, Z. (2025). Diffusion-based visual art creation: A survey and
new perspectives. ACM Computing Surveys, 57(10), 1-
37.https://doi.org/10.48550/arxiv.2408.12128

[2] Fotedar, S., Vannisselroij, K., Khalil, S., & Ploeg, B. (2020). Storytelling Al: A Generative
Approach to Story Narration. International Joint Conference on Artificial Intelligence, 19-22.
http://ceur-ws.org/Vol-2794/paper4.pdf

[3]Messer, U. (2024). Co-creating art with generative artificial intelligence: Implications for
artworks and artists. Computers in Human Behavior, 100056.
https://doi.org/10.1016/j.chbah.2024.100056

[4] Yan, H., Zhang, H., Liu, L., et al. (2022). Toward Intelligent Design: An Al-Based Fashion
Designer Using Generative Adversarial Networks Aided by Sketch and Rendering Generators.
IEEFE Transactions on Multimedia. https://doi.org/10.1109/TMM.2022.3146010

[5] Towards Personalizing Generative AI with Small Data for Co-Creation in the Visual Arts.
(2023). CEUR Workshop Proceedings, Vol. 3660. https://ceur-ws.org/Vol-3660/paper11.pdf

[6] Davis, R. L., Wambsganf3, T., Jiang, W., et al. (2023). Fashioning the Future: Unlocking the
Creative Potential of Deep Generative Models for Design Space Exploration. Proceedings of the

2023 CHI Conference on Human Factors in Computing Systems.
https://doi.org/10.1145/3544549.3585644

[7] Petriashvili, L., & Khomeriki, I. (2024). The Impact of Artificial Intelligence in the business
process in the Phase of Data Analytics Georgian Technical University. Georgian Scientists, 6(1),
38-44. https://doi.org/10.52340/gs.2024.06.01.07

Georgian Scientists/do®mggero dgi3bogegdo ¢. 8 N1, 2026 | 193


https://doi.org/10.52340/gs.2024.06.01.07

999mg09009080m0 3HmEgLoL GMBLBMMIsE0s 396gMsEowMmo bywmabaymo
063 ge9gd& ol dmgmgdol 9939mdoo
06065 bndgmhozo!, oo 39EHM05930e0?

Wsgorn3gemb ¢9dbo3meo Mboggdlo@gdo, 30:mnglm®o; LsdsO®mzgeml gdbozmdo
2603960L0G9GH0, 3OMBILMEOO

MgBomdg

396965300 bgwwmzbmmo 0b@GHgwagd@o (Al) @E3wol 890mddggdom 0bLEHMmOgIL,
sbgbl bgermgbqdol, @oBsobols s MbOHMdOL BsbogodMol EHEMmeblgmMmBsEosl.dmemm
qddo olgomo 39gdbmemy0900, GMAMOOES BH9JBEHO0EID Fodmlsbmergdol 496qMszool
LoLGH9TJO0 O OO 96MIMO30 FMEIEGO0, 33XIZ0N0 SOMOIBHMOOJO0ID 2530
4m390@EE06 309530 bsdwmdom  3OMmEgLgddo, o3 Bmfobsgg FglodwrgdermdIdL
b9dobsfizmdl bols Gmam®E 36Mmaglombowgdobmgol, s1939 dmygzs6mIgdoliozol.

b G9dbmemy0qdo MBOHMB3gXygmxl 0ggdol LHMR gbg@oMgdsl, 3gMbmbswmobgdmwo
390929008 @5 B0 gGuMYEH03IM0 TGbodGIMdJOOL 33¢g35L, M3 JODEOOHMMWS©
SBgbl  86003369em3zs6  3000b3gdl  530096@HMIOMBOL,  953BHMOMBOLS s 5©530sbOL
999mdJ09009000m0 G0l Tglobgd.

59 0653030l gosBEMYds obLo3MPMgd0m 603369 ™m3zs605 08 30MHMBYOT0, MHMEILSS

395965300 bgarmzbmmo 0b@gwgd@o 0sbomsb begds 3Mg5GH0Mmwo 3Mogdozol geo-
96® 305356 35MGHDOMEMS.

1533560m Lo@Gyzgdo: 29696300 bgarmgbr®mo 0bdgwgddo, 999mddggdomo 3Mmisglo,
©oxbool  Imywgdo,  9@F0s60-bgermzbmmo  0bEGHIgdBHOL  39bsTIOMI MY,

3900mM30mM0 3M0JOGH0MWMBY, 308OWWOo bgemgbads, COBH0bOL 533MBsE0Bs30S

Georgian Scientists/do®m3ggero dgi3bogegdo ¢. 8 N1, 2026 | 194



Georgian Scientists

JoOmzgo 3936096900

00
0::0
00

Vol. 8 Issue 1, 2026
https://doi.org/10.52340/gs.2026.08.01.17

Multidimensional Well-being in Palliative Care: Operationalizing WHO’s
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Background:

In 1948, the World Health Organization (WHO) defined health as a state of complete physical,
mental, and social well-being. Despite this foundational vision, contemporary health systems
continue to prioritize biomedical outcomes over multidimensional well-being. The growing
global burden of serious health-related suffering, particularly in the context of non-
communicable diseases and population ageing, underscores the urgency of operationalizing well-

being within palliative care and public health systems.

Objective:
This paper aims to conceptualize and operationalize multidimensional well-being in palliative
care by integrating WHO’s constitutional definition with contemporary empirical evidence and

health systems frameworks.

Methods:

A narrative, conceptually driven synthesis of global policy documents, randomized clinical trials,
health systems research, and well-being measurement literature was conducted. Key sources
include WHO policy resolutions, the The Lancet Commission on Palliative Care and Pain Relief,
and peer-reviewed empirical studies on early palliative care, dignity-based interventions,

caregiver outcomes, and cost-effectiveness.

Results:

Evidence demonstrates that early and integrated palliative care improves quality of life, reduces
depressive symptoms, enhances existential well-being, decreases avoidable hospital utilization,
and strengthens caregiver resilience. Multidimensional well-being encompasses physical

symptom relief, psychological adaptation, social connectedness, and spiritual meaning-making.
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However, measurement challenges persist, particularly regarding culturally sensitive and system-
integrated patient-reported outcome tools. A multilevel integration framework is proposed,

embedding well-being across patient, family, community, professional, and policy domains.

Conclusion:

Operationalizing well-being as a measurable health system outcome transforms palliative care
from a peripheral service into a foundational pillar of equitable and sustainable healthcare.
Embedding multidimensional well-being into clinical workflows, public health monitoring, and
universal health coverage strategies offers a pragmatic pathway for realizing WHO’s

constitutional vision in contemporary health systems.
Introduction

In 1948, the World Health Organization (WHO) defined health as “a state of complete physical,
mental, and social well-being and not merely the absence of disease or infirmity” (WHO, 1948).
This definition remains one of the most ambitious normative formulations in global health
governance. However, despite its visionary scope, contemporary health systems continue to
prioritize biomedical treatment over the systematic integration of multidimensional well-being

as a measurable outcome (Huber et al., 2011).

The epidemiological transition toward non-communicable diseases, population ageing, and
multimorbidity has intensified the relevance of well-being-centered care models. Globally, more
than 60 million people experience serious health-related suffering each year, with the vast
majority lacking access to adequate palliative services (Knaul et al., 2018; WHO, 2020). These
disparities disproportionately affect low- and middle-income countries, where morphine-

equivalent opioid access remains critically limited (Berterame et al., 2016).

Palliative care operationalizes WHQ’s holistic definition by addressing suffering across physical,
psychological, social, and spiritual domains (Bulia et al., 2025). Evidence indicates that integrating
well-being into structured care planning improves patient-reported outcomes, reduces
unnecessary hospitalizations, and enhances care satisfaction (Temel et al., 2010; Smith et al,,
2014). Contemporary scholarship emphasizes that well-being must be conceptualized not as an
aspirational principle but as a core health system outcome embedded within universal health
coverage frameworks (Bulia and colleagues, 2025; Bulia et al., 2026; WHO, 2014).

Historical and Conceptual Foundations

The WHO Constitution established well-being as intrinsic to health, anticipating contemporary
biopsychosocial and public health paradigms. Dame Cicely Saunders’ theory of “total pain”

further expanded this view, recognizing suffering as multidimensional and relational. Subsequent
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empirical work confirms that physical pain frequently coexists with psychological distress, social
isolation, and existential anxiety, reinforcing the necessity of integrated interventions
(Chochinov et al., 2009).

The 2014 World Health Assembly Resolution WHA67.19 formally recognized palliative care as
an ethical responsibility of health systems (WHO, 2014). The United Nations 2030 Agenda for
Sustainable Development similarly positions well-being at the center of SDG 3 (United Nations,
2015). These global commitments underscore the policy legitimacy of embedding well-being

indicators into national health strategies.

The The Lancet Commission on Palliative Care and Pain Relief reframed serious health-related
suffering as a global equity crisis, arguing that failure to ensure access to palliative care constitutes
structural injustice (Knaul et al., 2018). This framing situates well-being not merely within

clinical ethics but within human rights and distributive justice frameworks.
Defining Multidimensional Well-Being in Palliative Care

Well-being in palliative care is inherently multidimensional, encompassing physical symptom
relief, psychological resilience, social connectedness, and spiritual meaning-making (Bulia and
colleagues, 2025). These domains interact dynamically. For example, untreated depression
amplifies pain perception, while strong social support networks are associated with reduced

mortality risk and improved coping capacity (Holt-Lunstad et al., 2010).

Empirical evidence from randomized controlled trials demonstrates that early palliative care
improves quality of life, reduces depressive symptoms, and may even prolong survival in certain
populations (Temel et al., 2010; Bakitas et al., 2015). Interventions such as Dignity Therapy
significantly enhance existential well-being and reduce end-of-life distress (Chochinov et al,,
2011).

Positive psychological constructs—including hope, gratitude, and meaning—are increasingly
recognized as protective factors in serious illness (Breitbart et al., 2015). Integrating meaning-
centered interventions strengthens adaptive coping and enhances life satisfaction even when

disease progression cannot be reversed (Bulia et al., 2026).
Measurement and Operationalization

The measurement of well-being remains methodologically complex. Traditional clinical metrics
fail to capture existential and relational dimensions. Instruments such as the McGill Quality of
Life Questionnaire, FACIT-Sp, ICECAP-SCM, and EQ-5D have attempted multidimensional
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assessment; however, cross-cultural validation and routine implementation remain limited
(Bausewein et al., 2011; Coast et al., 2014).

Recent scholarship emphasizes the integration of patient-reported outcome measures (PROM:s)
into palliative workflows to ensure systematic monitoring of well-being (Antunes et al., 2014).
Embedding such instruments within electronic health systems enables longitudinal evaluation

and policy-relevant data generation (Bulia and colleagues, 2025; Bulia et al., 2025).

Robust measurement frameworks would allow governments to quantify serious health-related
suffering as a population-level indicator, thereby aligning clinical practice with public health

surveillance strategies (Knaul et al., 2018).
Multilevel Integration Framework

At the patient level, early and continuous palliative care reduces symptom burden, improves
psychological adjustment, and enhances care satisfaction (Temel et al., 2010; Smith et al., 2014).
Multidisciplinary teams addressing complex symptom clusters demonstrate superior outcomes

compared to fragmented models.

At the family level, caregiver burden is strongly associated with depression, economic strain, and
increased healthcare utilization (Adelman et al., 2014). Structured caregiver interventions reduce

burnout and enhance patient home-based symptom control (Bulia et al., 2025).

At the community and system level, integration of palliative services into primary care reduces
emergency admissions and improves cost-effectiveness (May et al., 2018). The World Health
Organization Global Atlas of Palliative Care documents persistent geographic inequities,
emphasizing the need for policy-driven expansion (WHO, 2020). Telemedicine and community
volunteer programs demonstrate particular promise in rural settings (Bulia et al., 2026).

Professional Well-Being and System Sustainability

Healthcare professional burnout threatens quality and sustainability. Systematic reviews indicate
high prevalence of emotional exhaustion among palliative clinicians (Parola et al., 2017).
Institutional support structures, reflective supervision, and resilience training correlate with

improved retention and patient-centered care quality (Bulia et al., 2025).

Investing in workforce well-being enhances continuity of care and reduces systemic

inefficiencies associated with turnover.

Policy Implications
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Embedding well-being within health policy requires alignment with universal health coverage
principles and SDG monitoring mechanisms (United Nations, 2015). Cost-effectiveness analyses
suggest that early palliative integration reduces hospital expenditure and intensive care

utilization (May et al., 2018).

Governments should adopt multidimensional well-being indicators, expand opioid accessibility
within safe regulatory frameworks (Berterame et al., 2016), and integrate community-based
service models into primary care systems. Such strategies operationalize WHO’s constitutional

vision through measurable implementation pathways.
Conclusion

The WHO’s 1948 constitutional definition of health remains normatively compelling yet
incompletely realized. Palliative care offers a practical, evidence-based mechanism for

embedding multidimensional well-being into clinical practice and health systems design.

Evidence from randomized trials, global commissions, and health policy analyses demonstrates
that well-being-centered palliative care improves quality of life, reduces inequities, enhances
system efficiency, and strengthens social cohesion (Bulia et al., 2025; Bulia and colleagues, 2025;
Bulia et al., 2026; Knaul et al., 2018).

Operationalizing well-being as a measurable health system outcome transforms palliative care
from a peripheral service into a foundational pillar of equitable, sustainable healthcare. Realizing
this vision requires coordinated clinical integration, validated measurement tools, and sustained

policy commitment.
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Artificial Intelligence-Driven Predictive Maintenance for Hydro Turbines:
TurbineSafe Feasibility Study in Georgia

Maia Lomsadze-Kuchava!; Tamar Tsereteli2; Nikoloz Meshveliani3
1GTU Professor, 2GTU Professor, 3GTU Bachelor's student
Abstract

This article discusses TurbineSafe — a Georgian startup project that offers a predictive
maintenance system for hydro turbines based on IoT sensors and artificial intelligence. The high
precipitation characteristic of Georgian rivers reduces the efficiency of turbines of hydropower
plants by 15-30% and causes losses of 50,000-300,000 GEL per plant annually. TurbineSafe solves
this problem by synthesizing four types of sensors, edge computing and a cloud AI module (LSTM
neural network, up to 95% accuracy) — it warns the operator about a possible malfunction 60
days in advance. The SaaS subscription model makes the system 10 times more accessible than
global analogues. Market analysis (SAM: 150-200 million GEL) and GREDA survey (70%
demand) confirm a solid commercial basis. The article also discusses the technical architecture of
the system, business model, team structure and national energy significance in the context of the

Georgian Energy Development Plan 2034.

Keywords: IoT; Artificial Intelligence; Hydro Turbine; Predictive Maintenance; Sediment
Erosion; Small Hydropower Plant; SaaS; LSTM; Energy Efficiency.
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Logbom  0b6xzOLGHOMIGHMOMOL  FoMm30L  LoLEBHIISA0  J9FY39G0GdGOOL  Jowgdols

995399 BH056MBdL.

153356dm LoBYzgdo: LogBom bsdmbo, PCI obpgdlbo, 4bgdol dymdo®mgmdol dggsligds,
Logbom 06g3MILEGHMMIGHIO, SUGBSXEHOYEH™BOL LERIMO, ABJOOL FoOMZ0L LobEYds.
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e L5x35M0L LOLHMMOL LogMMSTMMOLM 0bgJuol (IRI) obloBEzE

e LoaBsM LodMbOL FB0WMBIOOIBMDOL TgzoLYdS

30D995¢MH0  0bL39dEBH0MmYds FoMTMoqbL 4Bol Logsol sBosbyxdgdol AsBLEBMIMOL

Y39wsD9g 39303990 d9mMmEL. s0bodbmwo d9mmEo Bsdwmomgdsl 0dergzs d9nsLgL
3oL Bgs306HBY 5OLYdIMWO dBMYd0, IBMOB530900 s bbgs Lobols sBosbgdgdo.
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0935 9060360 IgMYd0 ymzgermzol 396 HBOH639wYgmal 3Bol dymdsmgmdol
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Abstract

This paper discusses modern approaches to road pavement condition assessment and examines
the possibility of applying the Pavement Condition Index (PCI) in the evaluation of the road
network in Georgia. Currently, pavement condition assessment mainly relies on visual
inspection, measurement of the International Roughness Index (IRI), and evaluation of pavement

structural capacity.

The study analyzes the classification of asphalt pavement distresses according to the PCI
methodology and considers the potential adaptation of this method to local conditions. Several
improvements are proposed, including the simplification of distress classification, exclusion of

rarely occurring damages, and the inclusion of additional defects related to bridge structures.

The results indicate that the use of the PCI methodology significantly improves the efficiency of
pavement condition assessment and facilitates decision-making processes in road infrastructure

management systems.

Keywords: Pavement Condition Index, pavement distress, road infrastructure, pavement

evaluation, road maintenance, pavement management.
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Aspects of using biometric face recognition systems in state border control

processes

Giorgi Tamarashvilil, Roman Samkharadze?, Lia Gachechiladze3
1Georgian Technical University, PhD Student; 2Georgian Technical University, Professor; 3Georgian

Technical University, Associate Professor

Abstract

State border monitoring represents a critical component of national security and
migration management. The growth of globalization, international mobility, tourism, and cross-
border trade has significantly increased the operational complexity of border control systems.
Traditional monitoring methods based on manual document verification and visual inspection by
officers are increasingly insufficient under conditions of high passenger traffic and growing
security risks. As a result, modern border control infrastructures are progressively integrating
advanced technological solutions aimed at improving identification accuracy, operational
efficiency, and decision-making speed.

Among these technologies, biometric identification systems play an increasingly
important role. Biometric technologies allow individuals to be identified based on unique
physiological or behavioral characteristics, reducing reliance on manual inspection and
minimizing human error. In particular, facial recognition systems have become one of the most
promising biometric approaches due to their non-contact nature, scalability, and ability to
integrate seamlessly with existing video surveillance infrastructures.

This paper analyzes the role of biometric identification technologies in modern border
monitoring systems with particular emphasis on facial recognition methods. The study examines
the technological evolution of border monitoring systems, discusses existing approaches to facial
recognition, and evaluates the challenges associated with their implementation in real
operational environments. Special attention is given to embedding-based recognition models and
the impact of environmental factors such as illumination, pose variation, motion blur, and partial
occlusion. The results highlight the importance of developing robust and adaptive recognition
systems capable of maintaining reliable performance under dynamic border monitoring
conditions.

Keywords: biometric identification, facial recognition, border control, computer vision,

artificial intelligence.
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Introduction

State borders represent one of the most important legal and political attributes of sovereign
states, defining the spatial limits of national jurisdiction and serving as a fundamental mechanism
for maintaining territorial integrity, national security, and regulatory control. Beyond their
geographical function, modern borders represent complex operational environments where
issues related to migration management, international trade, and cross-border security intersect.
Consequently, the effectiveness of border monitoring systems plays a critical role in maintaining
national stability and security (Andreas 2009; Nevins 2010).

In recent decades, globalization processes have significantly increased the movement of
people, goods, and information across international borders. The growth of global tourism,
international labor migration, and transnational trade networks has led to a substantial increase
in the number of border crossings worldwide. While this increased mobility creates economic
opportunities and strengthens international cooperation, it also introduces new challenges for
border control authorities. Border checkpoints must process large numbers of travelers efficiently
while simultaneously identifying potential security threats such as illegal migration, document
fraud, and cross-border criminal activities (Cornelius 2001; Jones 2016).

Traditionally, border monitoring processes relied heavily on manual inspection
procedures performed by trained officers. These procedures typically involve visual verification
of identity documents, interviews with travelers, and manual comparison of passport photographs
with individuals. Although such methods were effective when passenger flows were relatively
limited, they have become increasingly insufficient in modern high-traffic border environments.
Human operators are naturally subject to cognitive limitations, fatigue, and the risk of subjective
errors, which may reduce the reliability and efficiency of manual monitoring processes (UNODC
2022).

In response to these challenges, modern border monitoring infrastructures increasingly
incorporate advanced digital technologies and automated identification systems. Among these
technologies, biometric identification systems have emerged as one of the most promising
approaches for improving the accuracy and efficiency of border control operations. Biometric
systems identify individuals based on unique physiological or behavioral characteristics such as
fingerprints, iris patterns, or facial features (Jain, Ross & Prabhakar, 2004).

In particular, facial recognition technologies have gained significant attention due to their
ability to perform non-contact identification and integrate seamlessly with existing video
surveillance infrastructures. Recent advances in machine learning and computer vision have
significantly improved the performance of facial recognition systems, enabling their use in large-
scale security applications. However, despite these technological developments, facial
recognition systems still face several challenges when deployed in real operational environments,
including variations in illumination, camera angles, motion blur, and partial occlusion (Grother,
Ngan, and Hanaoka 2018).
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This study aims to analyze the role of facial recognition technologies in modern border
monitoring systems and to evaluate the challenges associated with their practical
implementation. The research focuses on the evolution of recognition methods, embedding-based
approaches, and environmental factors that influence recognition performance in border
monitoring environments.

In response to the growing complexity of border management and the increasing volume
of cross-border movement, technological solutions have gradually been integrated into border
monitoring infrastructures. Early border control systems primarily relied on human observation
supported by basic surveillance equipment. One of the first technological tools introduced for
this purpose was video surveillance, which enabled continuous visual monitoring of border areas
and border crossing points. Closed-circuit television (CCTV) systems allowed security personnel
to observe large territories remotely and provided the ability to record events for later analysis
(Jones 2016).

As border monitoring requirements became more demanding, additional technologies
were introduced to improve the detection of unauthorized border crossings. Radar systems and
motion sensors were deployed in many border regions to detect movement across protected
zones. These technologies proved particularly useful in areas with limited visibility, such as
mountainous regions or remote border segments where direct visual monitoring was difficult.
Thermal imaging cameras further enhanced monitoring capabilities by allowing the detection of
human activity in low-light or nighttime conditions (UNODC 2022).

The development of digital technologies and networked surveillance systems significantly
expanded the capabilities of border monitoring infrastructures. Modern border control systems
increasingly rely on integrated surveillance platforms that combine multiple types of sensors,
including optical cameras, thermal sensors, radar systems, and motion detectors. These systems
are capable of collecting large volumes of visual and environmental data in real time, enabling
continuous monitoring of extensive border territories (EUROSUR 2021).

However, the rapid growth of data generated by modern monitoring technologies has
created new challenges related to data processing and analysis. Human operators alone are often
unable to effectively monitor and interpret the vast streams of data produced by large-scale
surveillance systems. As a result, automated data analysis methods based on artificial intelligence
and machine learning have become an essential component of modern border monitoring
infrastructures. These technologies enable automated detection of suspicious activities,
identification of individuals, and real-time decision support for border security personnel (IOM
2021).

Biometric identification refers to the process of recognizing individuals based on unique
physiological or behavioral characteristics. Unlike traditional identification methods that rely on
documents or passwords, biometric systems utilize inherent personal attributes such as
fingerprints, iris patterns, facial structure, or voice patterns to verify an individual's identity.

Because these characteristics are difficult to forge or replicate, biometric technologies provide a
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reliable mechanism for identity verification in security-sensitive environments (Jain, Ross &
Prabhakar, 2004).

In the context of border control, biometric identification systems are increasingly used to
improve both the accuracy and efficiency of traveler verification procedures. Traditional identity
verification methods based on manual document inspection and visual comparison of
photographs may be vulnerable to human error, fatigue, or document forgery. Biometric systems
reduce these risks by automating the identification process and enabling objective comparison
between captured biometric data and stored biometric templates (Grother, Ngan, and Hanaoka
2018).

Several biometric modalities are currently used in modern border control infrastructures.
Fingerprint recognition systems are among the most widely deployed biometric technologies due
to their high reliability and long history of use in law enforcement and security applications. Iris
recognition systems offer extremely high accuracy because the iris pattern of each individual is
highly distinctive and stable over time. However, iris scanning often requires specialized
hardware and controlled acquisition conditions, which may limit its scalability in large border
checkpoints (UNODC 2022).

Facial recognition has emerged as one of the most promising biometric technologies for
border monitoring systems due to its non-contact nature and compatibility with existing video
surveillance infrastructures. Unlike fingerprint or iris recognition systems, facial recognition can
operate at a distance and does not require active cooperation from individuals. This characteristic
makes facial recognition particularly suitable for high-throughput border environments where
large numbers of travelers must be processed efficiently (Cao et al. 2018; NIST 2021).

The increasing integration of biometric identification technologies into border
management systems reflects a broader shift toward automated and data-driven security
infrastructures. International organizations and border agencies worldwide are investing in
biometric solutions to enhance the reliability, speed, and scalability of identity verification
processes while reducing reliance on manual inspection procedures (IOM 2021).

Facial recognition systems represent one of the most widely studied problems in the field
of computer vision and biometric identification. These systems aim to identify or verify
individuals by analyzing facial features extracted from digital images or video streams. In practical
applications, a facial recognition system captures an image of a person’s face and compares it with
stored biometric templates contained in a database in order to determine identity or confirm a
claimed identity (Jain, Ross & Prabhakar, 2004).

The face recognition problem is commonly divided into two fundamental tasks:
identification and verification. Identification refers to determining whether a given facial image
corresponds to any individual stored in a database. In this scenario, the system performs a one-
to-many comparison, matching the input image against multiple stored biometric templates in

order to find a potential match. Verification, on the other hand, involves determining whether
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two facial images belong to the same individual. In this case, the system performs a one-to-one
comparison to confirm or reject a claimed identity (Grother, Ngan, and Hanaoka 2018).

From a computational perspective, facial recognition can be formulated as a pattern
recognition problem in which facial images are transformed into numerical feature
representations. These representations capture distinctive characteristics of facial geometry,
texture, and spatial relationships between facial landmarks. Modern facial recognition systems
rely heavily on machine learning and deep neural networks that automatically learn
discriminative facial features from large datasets of labeled facial images (Cao et al. 2018).

However, facial recognition in real-world environments remains a challenging task due
to the presence of various sources of variability. Factors such as illumination changes, pose
variations, facial expressions, aging, and partial occlusions may significantly affect the quality of
facial features extracted from images. These variations complicate the recognition process and
may reduce system accuracy when operating under uncontrolled conditions (Grother et al. 2018).

In border monitoring systems, these challenges are particularly significant because facial
recognition technologies must operate in dynamic environments where individuals move
continuously and image acquisition conditions cannot always be controlled. Therefore,
developing robust algorithms capable of accurately recognizing faces under such conditions
remains an important research problem in modern biometric systems.

Research on facial recognition has evolved significantly over the past several decades,
progressing from classical computer vision methods to modern deep learning—based approaches.
Early facial recognition systems relied primarily on manually engineered features describing
facial geometry and the spatial relationships between key facial landmarks such as the eyes, nose,
and mouth. One of the most influential early approaches was the Eigenfaces method, which used
Principal Component Analysis (PCA) to project facial images into a lower-dimensional feature
space while preserving the most informative variations in facial appearance (Turk and Pentland
1991). These statistical representations enabled the system to compare faces efficiently but were
highly sensitive to variations in illumination, pose, and facial expression.

Subsequent research introduced additional feature-based methods designed to improve
robustness under changing environmental conditions. Techniques such as Local Binary Patterns
(LBP) and other texture-based descriptors captured local intensity variations in facial images and
demonstrated improved performance in certain unconstrained environments (Ahonen, Hadid,
and Pietikdinen 2006). Although these classical approaches represented an important step in the
development of face recognition systems, their effectiveness remained limited when applied to
large-scale datasets and highly variable real-world conditions.

The emergence of machine learning methods further improved the ability of recognition
systems to learn discriminative facial features from training data. Instead of relying solely on
manually designed descriptors, machine learning algorithms could automatically identify

patterns that distinguish individuals. However, early machine learning models still depended on
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predefined feature extraction techniques, which restricted their ability to generalize across
diverse datasets.

A major breakthrough in facial recognition research occurred with the development of
deep learning methods, particularly convolutional neural networks (CNNs). Deep neural
networks are capable of learning hierarchical representations of visual data directly from raw
images, allowing them to capture complex patterns and subtle variations in facial structure.
Modern deep learning models have demonstrated remarkable performance improvements in face
recognition tasks, particularly when trained on large-scale datasets (Cao et al. 2018).

Many contemporary facial recognition systems rely on embedding-based learning
architectures, where neural networks map facial images into high-dimensional feature vectors
that represent distinctive facial characteristics. These embeddings allow efficient similarity
comparison using distance metrics such as cosine similarity or Euclidean distance. Benchmark
evaluations conducted by organizations such as the National Institute of Standards and
Technology (NIST) demonstrate that modern deep learning-based recognition systems
significantly outperform earlier approaches under a wide range of conditions (Grother, Ngan, and
Hanaoka 2018; NIST 2021).

Despite these significant advances, face recognition systems still encounter challenges
when operating in uncontrolled environments. Variations in illumination, pose, facial expression,
and partial occlusion can still affect recognition performance. As a result, ongoing research
continues to focus on developing more robust algorithms capable of maintaining high accuracy
in real-world applications such as border monitoring and surveillance systems.

Modern facial recognition systems increasingly rely on embedding-based learning
approaches, where deep neural networks transform facial images into compact numerical vector
representations known as embeddings. These embeddings encode distinctive facial characteristics
in a multidimensional feature space, allowing facial images belonging to the same individual to
be positioned closer together, while images of different individuals are placed farther apart. This
representation enables efficient comparison of facial identities using mathematical distance
metrics and significantly improves recognition accuracy in large-scale identification systems
(Schroff, Kalenichenko, & Philbin, 2015).

Embedding-based methods typically utilize deep convolutional neural networks (CNNs)
trained on large datasets of labeled facial images. During training, the network learns to extract
highly discriminative features that capture subtle variations in facial structure, texture, and
spatial relationships between facial landmarks. These learned representations are then used to
generate fixed-length feature vectors that uniquely describe each face. Once embeddings are
generated, similarity between faces can be computed using metrics such as cosine similarity or
Euclidean distance, allowing the system to determine whether two facial images belong to the
same individual (Cao et al., 2018).

One of the most influential embedding-based approaches is FaceNet, which introduced

the concept of training neural networks using a triplet loss function that directly optimizes the
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distance between embeddings of matching and non-matching faces (Schroff et al., 2015).
Subsequent methods, such as ArcFace, further improved recognition accuracy by introducing
angular margin loss functions that increase the separability of facial embeddings in the feature
space (Deng, Guo, & Zafeiriou, 2019). These techniques have significantly improved the
robustness of face recognition systems and enabled their deployment in large-scale applications
such as surveillance systems, border monitoring infrastructures, and identity verification
platforms.

Despite these advances, embedding-based facial recognition systems still face challenges
when operating in uncontrolled environments. Variations in illumination, facial pose, aging
effects, and occlusion can influence the quality of extracted embeddings and reduce system
accuracy. Consequently, ongoing research focuses on improving the robustness of embedding
models and developing adaptive recognition algorithms capable of maintaining reliable
performance under real-world conditions (Grother, Ngan, & Hanaoka, 2018).

Despite significant progress in biometric recognition technologies, real-world border
monitoring environments present numerous challenges that can negatively affect the
performance of facial recognition systems. Unlike controlled laboratory conditions, border
surveillance systems operate in dynamic and often unpredictable environments where image
acquisition conditions vary significantly. Factors such as illumination changes, head pose
variations, facial expressions, and environmental noise may influence the quality of captured
facial images and reduce the reliability of extracted biometric features (Jain, Ross, & Prabhakar,
2004).

Lighting conditions represent one of the most significant challenges in practical facial
recognition applications. Variations in illumination may produce shadows or highlights that alter
the visual appearance of facial features, making accurate comparison with stored biometric
templates more difficult. Similarly, changes in camera angle or head orientation may obscure
important facial landmarks, decreasing the reliability of feature extraction algorithms (Grother,
Ngan, & Hanaoka, 2018).

Another important issue in border monitoring systems is motion blur, which frequently
occurs when individuals are moving while images are being captured by surveillance cameras.
Motion blur reduces image sharpness and may degrade the quality of facial features extracted by
recognition models. In addition, partial occlusion caused by accessories such as glasses, hats, or
face coverings may conceal critical facial regions and further complicate the recognition process.
These factors are particularly relevant in border control scenarios where individuals may be
captured at different distances or while passing through checkpoints (Cao et al., 2018).

Furthermore, modern border monitoring systems must operate with large-scale biometric
databases that may contain millions of facial records. Efficient identification in such systems
requires algorithms capable of performing rapid similarity comparisons while maintaining high
recognition accuracy and minimizing false matches. Large-scale deployments therefore require

not only robust recognition algorithms but also scalable indexing techniques and high-
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performance computational infrastructures capable of processing biometric queries in real time
(NIST, 2021).

Addressing these challenges remains an important research direction in the development
of facial recognition systems for security and border monitoring applications. Current studies
emphasize improving algorithm robustness through advanced deep learning models, better
training datasets, and adaptive recognition techniques capable of maintaining reliable

performance under diverse environmental conditions (Grother, Ngan, & Hanaoka, 2018).

Conclusion

The rapid development of biometric technologies has significantly transformed modern
border monitoring systems. Traditional border control procedures based primarily on manual
document inspection and visual verification are increasingly insufficient in the context of
growing global mobility and expanding cross-border travel. As a result, modern border
management infrastructures are progressively integrating automated identification technologies
capable of improving both operational efficiency and security.

This study examined the role of biometric identification technologies, particularly facial
recognition systems, in border monitoring environments. The analysis discussed the
technological evolution of border monitoring systems, the principles of biometric identification,
and the main approaches used in modern face recognition algorithms. Special attention was given
to embedding-based recognition methods that rely on deep neural networks to generate
numerical feature representations of facial images, enabling efficient and accurate comparison of
biometric data.

At the same time, the research highlighted several challenges associated with the
deployment of facial recognition systems in real-world border monitoring conditions.
Environmental factors such as illumination changes, pose variations, motion blur, and partial
occlusion may significantly influence recognition accuracy. In addition, large-scale biometric
databases require highly efficient algorithms capable of performing rapid similarity comparisons
while maintaining low error rates.

Future research should focus on improving the robustness and scalability of facial
recognition systems through the development of advanced machine learning models, improved
training datasets, and adaptive recognition algorithms capable of operating reliably under diverse

environmental conditions.
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396500900l s Mfy39EH0 3OMBILOWOo 256300050900l 0BLEOEHMGHOL OMYIEHMO0; ‘DdoErOLOL
Lobgerdfogm bsdgoEobm MboggdloEgGHOL ImMeg3IEMEmO 3500MEMYPO0L Y3SMEHTI6EHOL
b9wddn3569w0; 30MMxYLMM0; 9J0do 3500MEMABIBHMT0; - *mdowolols Labgwdfogm bsdgoozobm
1B6039MBOGIGHOL 83O 35DMEMAO0L J35MESdgbEOL SbMEFOMYOMWO 3OMBILMOO;
99030 3smmemysbs@Emdo

e g TOR%; I Yo

39@o@HMbobo  sMmoL  IM35BMb30M0  6goMHMgbm3zMobmwo  3mMHImbo, G™Igwos
d0MO0MOEI@  PodMIds3gds 930R0DBOL JoghH O BIOOOMP SMHOL HPV0sMYdIMo dobo
HOWOM (3063500 MH03HTJO0L MgaME069g3580. JOHMBMBOMEMY0MOO BMbJE00l o6y,
d9sdmbobo  9bgbl 365350 RIMHMZD  domEmyomE®  9839d@gOL,  dsom Mol
3B6GH0MJLoBEGHMO  59EGH03MdsL, 03BN FMEISEOSL, YYXROIWOIOOL SOMEORIMSF00L
93060 J05LS S 33M3EGHMBOL 06 305. 58 M301909dTs J003YH M FDIMPO YIMHOMYdS
Mb3mMma0M® 33010939030, goblo3MMMgdom  3MMIMBITMI0WIOMWO 5300301900560
Lodbogbggdool Jgdmbzg3zgddo. 9gbmdg@EHmomdols 3JsME0bMAs dbmywomdo gMom-gOHMO
y39wsbg 393039900 20693memaommo  300Mms s bdoMs 3006 gds
36535cbsxgbMM0s6o 3OMm3gbom, GMIgEoi dmoEegl 9bmdgE®modol 30396m3wsboslia
@S  9bmIg@Hcmomdol  Jumgowdo  3OHMYOMLM  FMWYIMNO  (33X0EGOJOL.
96m39EGH®0Mdol Lodlogbggdol 3smmygbgBbg dwoge 2o3wgbsl bl 3MGIMEMGO
9306905, 39BLOIMMMGO0M GuBHOMPIBOL s 3OMYGuBHIOMBOL Lologboswm 4Bgdol
99039mdom. mwdEs, sbowo  IBHI0EgdNWwgdgd0  Fommomgdl, OHMI TS EHIO0MDs
36HIMbMHT> MY MsGME0ds, dom FmMol Igws@mbobds, d90dwgds §3wrowo 99o@)sbmb
96 m39EGH®0MTob 356(3960ma9bgBoL 3m33egdLvyE gdsb0BIgddo.
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d9ws@mbobo  sbabl msgolo domemaoMMmo  9R9JBHJOOL  YIgBHILMdL  B39E0BR0ZMMO
39906560 093933 ™MMYd0L, doMomss MT1 s MT2-ol d9d39mdom, MHMIEIO03
390mbodMeos  3Me35¢  Jumgzgowdo, dso MmOl Josgrols M93MHMEJ3oN  GHMog@do.
d0mbgo350 930y, g Mbobols  M9393@™MgdoL  9dudMglool  bodmBgdo s
0m@mo)OHo  3600369wmds  30dmULHobsMg s  93030Lgd0sbo  9bmIgEHHmomdol
©H0569090d0 x9MH 300093 9MVLSITIMOLOIE SMOL FuHogwrowro. 5T MOHMOYOHDNMBGOOL
3939058  890dggds  860d3bgermgzsbo  0bgm®dsgos  dmy33gl 9bomdg@®Modols
30396350056 35630685879 3O:MAMILOMGOOL Brmeg3mEmMo 39dsboBdgdols globgd.
39OS5 5oLy, FgEsB™Mboboll ©9393@™MMYdoL  9JudMglool Jgxslgds, 9bMIgEHMmodol
350mMmaool  bbgosbbgs 933y 8g0dwgds bgwo  8gMfyml  ©osabmbiGozmmo  sb
36MabMHBMWo oMY dOL dJmbg sbsE0 B0MBMZYMGdOL 0EIBEHOTBOFMGOSL.
3MLgOdMEO  OBIMHOGHOOL  9BswoBo BIBL  ML3sAL  Fgeo@Mmbobol  M9(393GHMEMdOL
LogbogoBsgool  3m@GHbgowm®  3600369wmdsl  gbmdgBHGomdol  Lodlogbggdol
396300056905L5 S 3OMPMGLOMGd5T0.

153356dm  Loyggdo:  dgwodmbobo;  dgars@mbobols  M9i393GHmMgdo;  MT1;  MT2;
96m3gBH®moMdo;  9bmIgBH®m0MTol  3039M3obos;  9gbEmIgGHMomdol  35ME0bMIs;
306960 M9393GMMJO0; ©0gMHM3560 YXMHY©Id0;

dgs@mbobo 560l gbmygbmmo  0bmsdobol  3m®dmbo, GmIgeoE doMOMSWIE
LobmMgBoMPIds s Q9TMOYMGBS 93080DOL B0gem 303MMOWSTMLOL (300390 OMOL
LolBgdol oge 3969Mm0MmYGdIMwo Logbsergdol Lodslybme.(1) dolo Lyzdgagos d03Yy3zgds
3505EMGAMWOMHGOM 3060350 GOoGIL, MMIgEwog bobosmgds oL dsbdow by
5050 Mbom s MOl 3030m, MMIgEoa 9gdmbgzgzs LodbywL. (2)80Mbgrszs 0dobs,
6 Igao@™bobo 053030039  SVFIMHOMo 0gm, MMAMOE 3mGmImbo, MMIgwos
3sbbolidaqdgeros  dogr-3odools 303w gdoLy S (300350 ©0Gdgdol
932 06M905D9, 500 Mgdol gobdsgwrmdsdo Bsdo®mgdreds 33eg390ds sB39bs, BT
dobo  domMmomo 3609369 Mds 4930w gdom  BEOWEYds  JOMbMBOMEWMYOH
9306M905b.(3) Igers@mbobo Imbsfowgmdl oBomwmyommo 3OHMEJLYdOL BoMM
139dBH®MTo, oo JmMHoL 0dMbMMo RWBJ300L FMEWMWS30530, 3YEHIOMWNOO 5dE03MdOL
930690580, 56E0MJL0IBEHMOMO 53053308 F9dsbobdgddo, BgoMm3HMEgdEosls s
H9300EI30Nw 36GmEglgddo.(4) dmwm EOML YrcaIds LY YBOM dgHeE 9JeI3e
39w 5G™bobol 3m@ b0 Gl Lodlogbol doMEMA05T0, 25b6l53MMMIO0m ol MbsGOL
3900, 3530965 IMobobml WX O 3OMWOBIMSE305DY, 53Mm3GMHBYY, 5b0mygbgbLL o
©O0xYMHG6305305Bg. gl 3OM3gLgd0  HoBMoIbL  35639MMYgbgbol Logmdzws dyma
136s396@E 39ds60BTgOL s TgLsdsToLO, FgErsB™bobol LogbswroBsiEool Fglfoges
300mU 339350 33e930L 36033690 M356 LgMMm® 0g35.(5)

39wsGH™boboll  domemaom®mo  dmgdggdgoo  bmGmEogwEgds  OHMyMeOE  M9393GMM-
©59Mm3009do, 51939 M9Y393GHMM-s9MY3000909w0  d9dsboBIgdom. 9(393EHMMmYdOM
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3963000900 8mddggdgdo ImoEo3L  Fomsro  sx306MEMBdOL dJmby G 30sbmSb
©539300690M  M9393GHMOOL,  OMIWgdoz  3bMmdoWos  OMAMmOE  dgo@mbobols
©9393GMM0 Godo 1 (MT1) s dgws@mbobol ®g3gddmeo Godo 2 (MT2).(6) 9gb
©9393G™M900 3000M9dwos MTNRIA ©s MTNRIB 969000 s 9dud6glo®mgds
500530560L JuMm30egdoLS S MEOYIBMGIOL BsOmm L3gd@®do. (7)Omymes MT1, sig3g MT2
©9393G™0900 236900 X MgEOoL 3980656500 s 3MbI30MmboMmadgb X Mgdos
Lobogbogrm  aBgdom, GOMIWgdoz dmoEo3L (303G 5EIHMBOb  IMbMBMLGBEOL
06300069d5b, (30eMz560  3065Bol  9dEH03mdOL  FMEYEWSEOSL @S BHEMBLZMOTE00L
299 BHMOIO0L Mg ME0MgosL.(8) 93 M9393GHMOIO0L  255JGH0Mgds 03938  Lologbswom
39U350090L, ®MIgd0E 393egbsl sbgbab MX Mg M 39E390MO0BIDY, 2960l gJudmgliosls
@9 MXMIOM0 3030l O9AI06OHdDY. 39dMBLD 393806090 M9393EHMOYOOL
396005, 39 53MbobL 9mdeos MOHM0gHNJI)Ids X MIOTO©S 30WGOIMID s dBOMHMZ )W
9393GOMMJOMD, o3 BsdMogdsl  5drgal ol 300306  go3wghs  Fmobobml
G®obL3O0REOMW 3OM39LYdBY. gb M9393BHMOGOOLYD M0 YdgEo F9dsboBagdO
dmo3o3L  9gEo@™mbobol  HMEL,  OHMMOE  IWogHo  MO30LIRIO  MOOZHEGOOL
9993603909l s ol MBs®L, I9MYGAMWOOHML F9bagzomo LEGMgLo dodmdmboMome
26930596 @ 9630MJL0IBEHWE RgMTI6EHJIME MO0 gMHMJIggdol yaBom.(9)
39wsG™bobol 0933933 MMgo0L 25650 gds 3535 MmMsbmms LolBgdsdo oMo,
G0d  dgo@mbobo  8mddggdl HmameOE BOBOMEMAOoMEO  3MHM3EgLYdol  LoLEHgdMMo
M93NWOGHMM0. M930MmEdgome  Jumzowgddo  dgwodmbobol 9393 MMYO0
50dmBgboos  1533903bgd0, 3es3gbGodo, domdgBHMmomdls s  9bmdgE®moddo.(10)
960™d9E®0ddo 3gesd™bobols 9:3933HMMmd0L sMBYdMdS 60d3bgemzs60 LodgEboghHm
06¢9M9gbo 580305, MoY6 gbmIgEHHmomdol Jumzowo M93HMPMIzoMwo Hugdol
3960530mds5do  obogol MHY39¢) 303 HgImEIEoMgdsl.(11,12) 9bmdgE®omdo
bobosMYdS  3OMEO0GIMHOE00L, ©ORBIMIBE05300LS s YLY359300L  A9BTgMOgdoMO
13599800 303M5¢53L-3030530B-1533963b9900L WgMI0EOL FMIEObscg 3MEGMIMbsE GO
Logboggdol  Ladsbbm. b 3030 (33W0gdgdo  dmombmgl X M9gdoL
300G IOHS300L, 33Mm3EHMDOU, s6g0ma969%B0ls s 08MbMGmO MBMOYMHNJIggdol BYLE
9390905 9bmAg@®0omMdol  J03MMPSMGIML  RoGgddo. 0ol  godm, OM™J
9ws@Mbobl 9gdeos go3wgbs dmobobml 53 3Mm3gLgdol 1TgBHglrMdsBY, Jolo Mo
960M3gGHM0MIoL  BoDoMmEMAOsLs @O 3500MWMY0sdo  33wg3ol by 3™
3600936903560 330930l Logsbo 4obs.(13)

96magEHMmomdol 3s®Eobmds Homdmoyqbl Jowol M3MMmMJaomewo LobEgdol gem-9amom
43905D9 393039900 530030190056 LodLOZbgl s AbMBEPOMTo {fody3z5b Fobgzmermyom®
300mL dm®0Lss.(14,15) 9300gdomEmaow®mds 33093900s 5B3965 96MIgEHM0mTol 300mU
39900b393990L MHY39¢0 BOS dMWm SMfiEgmEgdol obdogwrmdsdo, goblozmMgdom
0bMLEGH®0M J394690d0. 58 3B Jg8mnb393900L DML M8EYB0TY BogEHMMO MFymodl
bgwl, do»  dmGolb  Lodbydbolb, dgEHIdMEOO  LOBEMMAOL, ToJM0sbo  OSdYEHOU,
396m35mBol ©3056980Ls s LogmEbaol bsbyMdwogzmdols dsB39690wqdol BeMs.(14)
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Lodbydbg 9OM-9M®  Yz9wsdg I60d369M3D  MOLI-BOJBHMMOI®  0MZEDS,  MSYSD
3b0dm3z560 Jumz0eo dmddgqdl HMYMEOE 9bE™IOO0bMWo MMABM, HMIGELsE d9wdEos
5bMHMYgb900lL  JuEBHOMYI6gds©  F9Moddbs  SMIMT5BHsBIL  5dBH03Mdol  8gdzgmdom. gL
36Mmaqbo  0(3936  BME30M3Momg  guBH®MAIboL  Mbol  Bs@Hgosl, 853  FgodEgds
3900m0f30mL  gbMIgBHM0oMAol  FoMB0  3OMWORIMS30S. OMEILSE  JuGHOMYIBOL
LEGH0IMES305 bgds 3OMAGBEIOMBOL Bs3doMOLO B5EIBLOL SGIVEOBYDdMdOL F9dmbggzsdo,
96™dgBH©oMdol  3039M3sDBool s 9330900560  GHEBLBMOAs300L6  Golgo
3600369036500 0BMHGds.(16)

95003930 dol 3oM306mBs Fo63m0gdbgds Lodgz0wMLBML WMHML 930 OHO oOLOWIL
@S 3056MYds IM935LOBgbMM0sbo 3OMEgLom, GMIgwoi dmoEsgl 9bmdgEMmomdol
Jumgzowdo  3OMAGMILME  FMWYINIOH  ©d  JMOBMEMPONEG  (33E0EGOgOU.
9600™39E®0dol 3oM306MygbgHBoL 3¢sliogMMHo IMPIWo 2613390l 9bMIgE®modols
3000b M6 doM0mO© 3500MmybgBo3Mned GHodl. I Godol gbmdgBMmomdol 356 30bmas,
Odgbsg 91939 96 MIYEHMOMOEME 350E0bMASL MHmEadgb, Hmymes Hglo, JuEHMHMygbby
©59Mm309dMwos @5  bdoMs  HoMdmoddbgds  gbmIgBHMmomdol  3039Mm3@sBool
30b639du@do. gb Lodlogbggdo Ao sLMEOMPYds FgIMYO00 byboy®mger 3GrMA6MBML
5 B39Mgd©m03 39600396M35mBMO Joergddo 890608690s.(17) II GHodol gbwmdg@®omdols
39030bmds  dmoEegl LYOHMBMw s bsogEw MYROIMW 35MOE06MAGEL S DMy
IBGHMMPI6-50MM30090o®©  0m3Wwgds.  gb  Lodbogbggdo  WBROM  saMgloMWOoy,
230053 gLo  3mbGTIBM3oMBMG  Joengddo  93b3gds @S NBOM 3N JwobozM®
3909290056 sLMmE306MH©Yds. Fobgszs 0oLy, MMI gl MO0 35G9aMEM0s [omdmoygbl
3obUb35390 350969303 aBJOL, 9bMIYEHMOMAoL 39OHE0bMIol MmEMO3g BMEDs
9m03o3L 3m33¢9dbH FMEg3MEXME (33¢0egdIdL, OHMIWGIOEG o3 gbsls sbgbgb dMogoem
WX 0909 bobobsm gBsby.

B®dscrm®o  9bmdgBHMmomdo Bowswro  daMdbmdgwmdom  2odmoMBg3s  3mEmBMbsH
93253008 3085m, 2oblo3MmMMgdom GuEHOMMYIboLs S 3MHMYJLEHIOMbOL dmddggdsDY.
396LEGH®SMEO (303020l 3OIMMORIONIEFOVIX0 BsDBOL ML, JuEGMMYIbO SBE0TMEOEMYOL
9309 YIMHO s BEAHMMIMEO MXMIIOOL BHGSG 3OHMEWoxgMHo3osl 9bmdg@®momdol
Jumgowdo. gl 3OMEgbo  HMEOEGOgWos  9bEMIGBHMOMAOL  WMmMf,m3zsbo  goGlol
93969605300bm30L  d9bLEHME00L F90®gy. F99amdo 1g3MIBMOMEO BsHBOL EOHMU,
30MMm9LGIOMbo byl MHgmdl  9bmdgBHMmomdol  x0M33wgdols s LEGHOMIMWo
MXOIIO0L  ORIMID305300L,  5FDPoIOL  Jumzoml  9ddGOMbol  3m@Egbgowm®o
003sbGo300Lm30L. gl 3mOIMbowmmo 953993900 39B30MHMDBYdIMos  JuGHMMYbOL
©9393GMOJP0m s 3OMPGBEGIOMBOL  M9393GMOYd0m, GMIdos RBMbJgombocmgdgb
OMAMO3 @03906©-9J3H030090wo  GHMBLZIMOGRE00L  BodBHmEgdo,  MHMIEIO03
5092069096 2960l 94u3MgLosL LEAOBEY YN M9IdT0. JuBOMAIELS s 3OMYILEIOMbOL
Loaboeobogos  FmMoLb IGO0 dobLlOL  MP3g3s oMoy gbl
96 M89EGH®0Tob 3smmMEmao0l Lonwydazw s IYymy 396sdgbE M dgdsbo®al.(18,19)
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3MMmQ9LGIOMbOL  509335¢O0  Fobsowdgamdol  4o6Mgdg  JuEGH®MYgbol  F/dogzds
UGH0IME53050  F90dwgds  odMmofzomlb  9bmIgEMmOMAol MY MIEIOOL  3MEEHMME™
3OMWORIMO305.  OMMS  obdsgwmdsdo, 53 FoMdTs  3OMEORIMS305T  Fg0dEgds
39900{30mL 9bm™IgEH©H0MTol 3039M3W D00l 256300560935, HMIgEoi 9bmdgEMmordol
39030bmdol  obsdmMdg  ©IB0sbgds©  0m3wWgds.  9bEMIgEHMOMAOL  3039M3IBOS
bobOSMYdS X033 900LS O LAEHOMIOL MBIFIOMIOL BOHOM s YoEMIgEMOwIol
X06330900L  50J0GH9dGH OO 56Mm>09d00m. 30LGHMEMPO0MMS®, 3039M3WsHBOEDs
sD0sbgd903s  Fgodergds  9B39bmL  x0M33egdol  TgxaBRgds,  X0M33¢9gdol
356G M0 BMMTJOO QO XYW 5GH0300L Lbgsolibgs ba®olibo. 5300301900560
36OHmaMHgLoMmdoL  MHOL30  OHOWSE  ITMIOEIONIE0S  FOGHMMYOMOO0  SEHO300
5MLgdMBd DY 96 5EMMLYOIMISDY.  5BH0300L 490939  30396M3E0B0s,  BMAMOE  qLo,
39030bmds8o  36OMaMgloMmgdol J9sMgd0m ds MOL3L JJoEegl, bmErm 5E030MO
30396M3woBos,  OHMIgbsg  db939  9bMIYBH®O0MIoL  0bEHGMsg30mgMo  Bym3wsbos
90905, FoMmBmoagbl 65930 303MmL{0bsGg ©sB0sbYdsl 0bgsbowme 356306MmBsdo
39630056980l 36033690365 Fo0ser0 5¢BdSNMBdOM.(16,20)

BmM3ommo  gbomdgBH®Momdol  Jum30w0b 303903 sBoslls s LvdMEIMME
39030bM3580 25sliges 3moEegl 3Megoe IMEg3MIO (33000 gdsL. 9b™IgEMmowdols
39030bmdsdo bdoms d9060dbgds Lodlogbol Lw3Mgbmemwo 4969d0Ls s Mmb3lmygbgdols
B9393w9gbol  dJmbg  49bgB03MM0  FMEHo30gd0.  dspdsoms©, PTEN  Lodlbogbols
bm3GgLMOMo 2960l 3MEs3E0gd0 gbmdg@Hmomowr 9bMAgEMmO0ToL 3sME0bMmIsdo
390m3wgboe  yz9wsbg bdod FMmegIMEMO (330 gdgdL  FmMoLss.  FEHJIO0MO
99360 8m3wgbgdo 990dwgds 3mo3o3ql PIBK/AKT Lologbswrm 4Bob sg@ogs:309U,
3999L5050MdOL 50YJo0L 496900l (3300 gdq0L s TP53-0b d@Eo3090L, goblsgMmMgdom
LYOMBM 356306MT580.(21-23) gl 29693039900 (330090900 byl »figmdL Y H9EIdOL
36MHME0n9gM5300L ©OLGIYMES3E0SL, 33033 MBol M M3935U, 296036
30583900 MOHMOL s LOALOZEMMO YN MHIJOOL 0635D0MEO 3MEHIBE0SOL BOWL.
39693039960 B5JBHMMJOOL oM, Lodlogbol Jo3OHMYSMYIM 25s3(Y39E) MMl Sl Ol
960™d9E®0odols 3963960 969Bd0. 90360My5690™ 99009900 LbEHOMIMwo
R0OOMOIBEBHIO0LASD, 00MbMMO M EHgIIOLYSD, gbMMYGWMOHO MXMGIOOLASD o
IR OIOYIMY dsBMogdlbols 3336963 9d0Lsb, M0dwgdoa ©0bsdoMmo©
“O009)MJd909096 9309 IH YR MHJEIOMB. 9 MOMN0YNHNJIJIIJOO 39l SHEYBL
MXOIIOOL  IOMWORIOS305DY,  03MbmEm  Fgm350gmBgMdsDY,  9bFomygbgbLy o
Jumzo@gdols H9dmEgEoMgdsHg. Lodlogbol dozMmMYsMgdmdo (3300w gd9gdds d9g0dwgds
bgwo  Jgfiyml 930030190056  HOBLBMOTs300L s LodLogbol  3MHMYMYLOMYOS.
dmOMHM0bgds 3300939005 boBo domligs 0896mHO MR MIOIOOL  3M3MES(30900L
96003690mdsL  9bmdgBH®omdol  dozMmysmgdmdo, 8so  ImEMOL  WoIRME0GHJOOU,
35360Mx358930L S d6g0MH030 30 MO MY MJIOOL, HMIGd0 dMbsfogmdgb Lodlbogbol
Lofobsodgam 0316 35bvbgddo.(24-27)
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d9oBmbobo  253agbsl  sbgbl  LodLogbol  FozMMYsMgIMdo  SOLYIMP  IMOZow
3033mb9gbGHby. 94L3gM0IBGHMo 33¢g3900 FoMMOMYOL, GMI gEsd™mbobl dgmdwos
009969600 35bgdoL IMPIW0MmYds 30EMGHMJL03NO0 T WoIRM30GHJOOL s 3969dMH030
30900 IREOIIO0L  9d3H03MmdOL  49d0gMHGO0m,  5353OMMWOE  3OMIbMGdOMO
30A™306900L (o®dmgdol oMy mbzom. 53 08mbmImomwsGmemwo dmJdggdgdol
99939mdom, dgars@mbobo dgodwrgds byl MHgmdgl Lodbogbol gsbgzomsMgdols s
36MaMgLoMIOOL  IMEYMBIOL. QM 5ToLY, IIBEOYOME0s, GMT dgwsdmbobo
5839MbgdL sbg0ma9gbgBL, 3MrMEILL, HMAEOL EOHMUSE SHseo LolbedsM®3gd0 HocBmoddbgds
5MLgdmo  LolbEds®mMzm3zsb0  LoLEBHYF0b. byomygbgbo Mo gdgos Lodlogbol
BOOOLMZ0L, M0 9530301980560 MXMIGIO0 L5FOMOMYdI6  FobadoOl s Ls33900
603009M90900L6  Mfiy39d  Fofmgdsll oo  3OMEORGMHSEo0lL  FgLsboMBMBgdws.
©OLAHMJOM0s, OMI  Igo@mbobo  5d30MOL  3OHMbyomagbH  BoJEH™MHIL,
OMAMO035  LolbEds®Mzms  9bmmgmMo  BMEOL  FodBHMmEo, GomsE  BOWMPIZL
LodLogbol 3oL3WsGOBIE0L.(28)

39wsG™boboll  domwmyoM®mo  5gGH03mdoL 300093 gemo  36033bgermzgsbo  SL3gd@o
©5393006909)c0s dol deogH BGH0MJLOBEHMO TGLodEGdWMDYIMB. MmJlosEoOo
LAHOguo 3603309 M3z6  OMEL  SLEOWMEIGOL  39639MMEIbgBTo  ©BT-0L  IBOsbYdOL
390m{39300, 3MFGHoa9bgBol  bgwdghgmdoom s  Mmb3mygbmGo  Lobogbserm  gHgdol
3999BH0Md0m.  Igmo@mbobo  gMbd30mbo®mgdL,  OMAMOE  dwogmo  Mo30LYIRSWO
50035900l 459(396000.(29,30) ds5L 999deos M95JG0IE0 56905000l Lobgmdgdol o
095dBHoMo  sSBMmGOL  Lobgmdgdol  byo@®momobgds.  ™30LMBIWO  HOOZOEGOOL
30653000 bgo@Mo0Hgdol 496©s, Fgws@EMmbobo siE0dMwomgdl sbEGHomdlosbEGo
196MI9BEJO0L,  OMYMM0E  B3gmHmdloEOoLIMEIBS, oGBS @ JWGHsMomb
3960mJLoIBY, 5JEH03MdL.(31,32) 555623000 LGHMILOL T9d30MGOOM, dgEs@™Mbobl go9deros
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Abstract

Melatonin is a multifunctional neuroendocrine hormone produced primarily by the pineal gland
and widely recognized for its role in the regulation of circadian rhythms. In addition to its
chronobiological function, melatonin exerts a variety of biological effects, including antioxidant
activity, immune modulation, regulation of cell proliferation, and induction of apoptosis. These
properties have attracted increasing attention in oncology research, particularly in hormone-
dependent malignancies. Endometrial carcinoma is one of the most common gynecological
cancers worldwide and often develops through a multistep process involving endometrial
hyperplasia and progressive molecular changes in endometrial tissue. The pathogenesis of
endometrial tumors is strongly influenced by hormonal regulation, particularly through estrogen
and progesterone signaling pathways. However, emerging evidence suggests that additional
hormonal regulators, including melatonin, may contribute to the complex mechanisms of
endometrial carcinogenesis.

Melatonin exerts most of its biological effects through specific membrane receptors, mainly MT1
and MT?2, which are expressed in many tissues, including the female reproductive tract. However,
the expression patterns and biological significance of melatonin receptors in precancerous and
malignant endometrial lesions are still poorly understood. Understanding these relationships may
provide important insights into the molecular mechanisms of progression from endometrial
hyperplasia to carcinoma. Furthermore, assessment of melatonin receptor expression at different
stages of endometrial pathology may help identify novel biomarkers with diagnostic or prognostic
value.

A review of the existing literature highlights the potential importance of melatonin receptor
signaling in the development and progression of endometrial tumors.

Keywords: melatonin; melatonin receptors; MT1; MT2; endometrium; endometrial hyperplasia;

endometrial carcinoma; hormone receptors; stem cells;
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Replacing a solid dielectric substrate with a polymer substrate in the construction

of a mercury-sensitive sensor
Tengiz Khachidze!?, Nikoloz Khachidze!,
LEPL Institute "Optica"!
Georgian Technical University?
Acknowledgment: This work was supported by Shota Rustaveli National Science Foundation of
Georgia. Grant number FR-24-4324.

The paper presents studies related to the creation of a mercury-sensitive sensor. The possibility
of increasing the time and temperature stability of the sensor developed by the authors through
technological and constructive refinement is given. In particular, increasing the adhesion
between the sensitive layer and the substrate by replacing the solid substrate with a polymer one.
Technologically, the sensor layer is not deposited on the substrate, but on the contrary, a
polyimide substrate is formed on the sensor layer. Technological processes were carried out and
the resulting structures were investigated. According to the initial results, the adhesion strength
of the mercury-sensitive gold thin layer to the polymer substrate increased by approximately one
order of magnitude compared to the adhesion strength of the same layer to a solid dielectric layer.
This gives us reason to assume that a sensor made with this design and technology will be stable
and durable over time and against thermal loads.

Keywords: mercury, sensor, polymer, substrate.
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350mm30L 3M5gdEGH030L5 @S om0 253960l 3900 295BEMYBIT0 3MM3MES30YIE BobSBLYM

39©09390%9.

2. @0 Ms@vmol dodmbognrgs
2.1 OPEX-ob 33blsbem3igds s 3md3mbgb@gdo.

3905300 botxgdo (OPEX) §o0dmoygbl 00 dodobstg botxgdl, 6Gmdwgdos
62560D53090L MBbYdsm 5070 M1 SMME0 30DBBYLLSJF06MdOL QoBbMM g gdOLSL.
98 B3GR GO0 SBbogl 03 BobBBLME HYLMLYOL, MMAIDOG 9930 IIIL0S YMZILOVOYIOO
M396530900L  FgLobsMBMbgdws© s  AMIBTSMGOWGOOLMZ0L  3OMOYJBHJIOLS 01Uy
dmabob®qd9gdol  dofjmqdobogol. (Horngren, Datar, & Rajan, 2018). 3530@smMo
boerxgdolgob (CAPEX) @asb6lbgsggdom, 6MHmIgdos 393006090905 393096
0639L3H03090m9b BoD03M6 59E039030, HMYMMOES 06FMIBEHMMIEGHWIOS S IBIWYIMYdO,
OPEX 8m0o3538 ¢9639m6qds bo®xgdl, Grmdwgdog LsFo®ms m3geo3orwmo 360m3qligdol
13bJd30MboMmgdol dglobscPBmbgders (Cooper & Kaplan, 1998).

Georgian Scientists/do®Mm3geo dgi3bogegdo ¢. 8 N 1, 2026 | 248



FMCG 30035609030 ™m39Ms3099o  bostxgdo, Gmames fogbo, Msdpgbodg doGoms©
39%)9MMH05Q 0YMRo.

Do00mgdols s HomBmgdol 3Mm3gLYdMIb 35380609 O  bsIXJdO  M3JMO(30IEP0
oBobodxgool 360336bgem3sb bofowl Tgopqbl. 93 bstxgddo dgwol byergmero,
Jo®bbol dmdobgero, 3mImbocrm®o botxgdo, dgxmmzol Fsboergdo s sbsYIMJdOL
39960360 dmALobMHds. Fo68Mmgdolimsb 393806930 botxgdols gi39d@E0sbo JosMrm3s
39bLO3MMMgdom 360336935605, MoYE FMCG 0bml@®mosdo Lofomdmm 3mm3glgdo,
MmO 3 §9L0, 0O FoBTEHB00 J0dEObIMYMdL. (Slack, Brandon-Jones, & Burgess, 2019).

3oboffogdolls s myobBozol bobxgdoz OPEX-ob 9609369wm3sb  3033mbgb3L
o60moa9bl. FMCG  3m33560900  g3oG0™m  LoobG®odmEom  Jugewgdbdg 9600
5330009390, MM 3MMOI309 BHOIRI®© ©s Mfy39@o© Foshimpmb Ggyombmw o
MBI NE  35BMGOL.  GHEOBL3MOEHOMGOOL boGrxgdo, ULofiymdgdol Fomrm3zs, Fo6roaqgdol
©58853905 @5 80{m©gd0L K53F30L 3mMMHPObIE0s FNE0sD MYOLEBH03MO IBIBIGINOL
Jdbob. (Christopher, 2016).

39403900Ls o 396393H0byol  bosbrxgdo  FMCG  UgddHmE@mBo  9bLsgmomegdom
3600369035605 dgrogMo  3mb3mEmabiools s dMgbol  3bMdsMdOL Jgbs®Bmbgdols
SMEOYOMOOL 259M. L6193 5dM 3583560900 s 59dBH03M09d0, 193e5T0MYdY, Y0300l
396LMbBsOl  HBSBMMGdS, 0RO o6 39G0bgol 0b60E0sEH03980 3 35EgyMM0s30
3930399390 botxgdos. (Baker & Hart, 2016).

503060LGHMHFOMO O 3MO3MOI30I0 HBYbsEId0 bsBIXgd0 FMOo3o3L F9bgxTIbEHOL
3960bmbools  bgeggsligdl,  Lomgoly  bobxgdl, 0m@M0EomME @  BsdMMIEGHOH™
dmabob®0gdL,  LsObBMMTsgom  B9dbmErmaoqdol  0bFOILEHMYYIEHMEML,  OHMIGdO;
SMEOWYdIos  d0BbILOL  M3gMOMYOOLMZ0L. Fovbgsgzs@ 0doly, GMmI gl bobxgdo
3065300 56 353000905 HoMTMgdolL 96 goyo39d0l 3OHM3gLgdL, olobo sE0WgdgEos
MMA560BE0MwOo 3:MHEO0bsE300Ls s BEMIEIF0YWOo FoOnzoLmzgol (Drucker, 2007).

Logeonm xsddo, gl boxgdo Jabols m3gMmo30Eo sbsbsMKGdOL LEOWJGHOSL, Mmdwols
9839dBosbo  Bsemzs3  FMCG 3033560900630l 599300090905 3Mmq0056mdol
99L565MPMbgdS.

2.2 OPEX 05 8m3390056mds

30035600L 8MmTq0056Md5 BIOOM® SMHOL 5VOSMYOIEO, OHMYMEF 3MA3s600l FobsblmMo
9 M356MH9MO0LS s AMIYZ50560 FEYMIMOOL JH-9MHMO dNsgz5M0 F5B396909w0. 0y0
Sbobogl  3m335600l  glodegdemdsl,  9R969MOMmML  dmygds dolo  Fgdmbogergdol,
593039%0L5 s M3gMHO3E0Yo boMxqgdol 99839mdom. olgm 0bMLEHM09ddo, MMM
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FMCG Ugd@meo, Gmdgaog boslosmqds derogho 3mb3mMgbiooms s 93oMmg dmaqdol
356319000, 33290056 d5 HBA0MmS® MROM F9GHO®E ITMI0IOME0s BIOIXJOOL 953906
o359, 300009 BoLYOOL DMLYy (Porter, 1985).

OMamO3 RGO 330093900 F0MmMOmMIGAL, M3gMO30ME boGxgdls s BobsblvM
9909290L6 IGO0l 5GBYdIMOL  dgrogMo  3938060. S©bodbmwo 33193990l  dobgzom,
300356090L, MHMAOLSE 99300 BoLdE0 9B MVLsMIbsEM® 3MbGHMMMoMmgdmwo OPEX,
3900905 ©)J39000©Im Mool Jotss 85d0bsg 30, HMEILSE OY039doL IMEFMEMdS
LGHodoEMMo MRS 96 0BGMEYds (Smith & Johnson, 2019). Bgdg@ds ™m3gemo30eds
bo6rxgdds dgodegds d9odzocmml Lom3gmosom 89dmbogswo s d9HBEmEMmb 30335600l
d9L5dgdMBS,  bgeobms  dBEML  sMLGdMwo  MHlELYdo  3md35bool Bl
0603053 0390d0.

Lo30MOL30MOME, 3MI3560900, OMIWGdo3 ©I69MY396 LEAOWIBHMIOOOYOME boGrxgdol
3smm30L Lol gdgdl, bdoMow 50§9396 MMM Bomoe JmdPgd0s6Mmdsl. OPEX-0l 9539d@0sbo
3oOmmM35  MOoB0B3090L  LoFMoEgdsL 593l F9993060Mb  sMBLsFOMM  IBIbMIX 9O,
33005 O5©  39o9bsfowmb MglmdLgdo s oo MIGLMb LogHmm M3gMs30MWwo
99839JGH0sbmds (Gupta, 2021).

bo6rxgdol  9n39d@0sbmds  s193g bgwl  MHgmdl olbgmo  Bobsblmemo  dshz9b9gdgdOL
299X ™3JLGOL, MMAMOOEsS Bom3gmosom FoM3s, 5JG03900L IMmaqdosbmds (ROA) s
EBITDA o 5.0.. Lom3gmosom bodxqgdol d9di30609000 3Mm@yd@ol boscobbolbs o
9mdLobmEgool EMboL sH0s6gdOL A969Tg, 3MB356093L Fgdeosm 3603369 maboo
2953x MdILMb 1530560 Fobsblm@o dgwgagdo (Kaplan & Norton, 2004).

39O 530y,  Lom3gMs3om  botxgdol 9x89dGHWOO  BoMmzs  5mdxmdILIOL  BLIESO
65350900 BEBOdOMOMBL, Mo 3356093l LMo gdsls a3l MYLWOLYdO F0ToMNMb
0635309000,  856M39@0byME  5dBHo3mdgdls s B9dbmemmyon®  0b39LG0(3099d0,
O0dwgdog byl MHgmdl  3mAgE350056  3m639M96EHWMBsM0sBMdL s 3md35bool
3H0E30MmboMYdL 35BIOBY.

2.3 OPEX-ols 3630l bi®a@gaogdo

OPEX-0l 989J30560 856035 dmombmgl LobGgdme 80ymadsl, MMAgEoE 590005690l
botrx 900l 3MbGHOMU, M39M5(30M 99%399GH09b6MdsLS Qo LEAHOGHIROME
29005093930 9gd900L  d0gdsl.  LsdgEboghm  WOoEIMIGHMEMIdo  boGxgdol  JoOmM30L
65096039 ULAHMIBIH0S  359M033905, MOMIAWIOO3  FobLLZNPMYdom  8B0T369wMm3560s
3905300 §9093900L 25X MdGLgdOLMZ0L.
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b6 900l 3MBGHOMEO 5 30X IEHOMIOS [FoMTMogbl Mm3gMmo30mwo batxgdol ds®m3z0l
9OM-900m  doMomMO©  0bLEAHMMTPBGL.  I3oxzom  LsdONXIEHM  BIOBRML  Bsdmygowodgds
M62560D53090L  LYFOEIdIL  5dg3lL  53MBEHMMEMBE  EsbsbstxgdoL  (Bgbwgbkogdo,
390053w0bmb B0 @Ol gosFoMdgdol 9dmbzgz9d0 s MBMHMB3gwymb GMglirGdligdol
995399309560 496550 qds M3gMo30E ©9356E93963gOL dm®ol (Horngren et al., 2018).

Lean 396530900 300093 9OM0 RBsOOME 2o9mggbgdmo LBE®modgaoss ™m39MsEowo
I89JBH0BMdOL  goliomdxmdgugdws.  Lean  99bgxdgbdo  30b3gbEH®0Mmgdwos
©565356900L 503MxBb3zMBY, 3OMEgLYdOL 653500l AoMAXMBGLYOILS s VOMYOMEGOOL
35gdb080BoE0sBY FoMdmgdols s Fofimgdol KxoF30l 3Mm3gbgddo (Slack et al., 2019).
565933993H056mdobL 89930609000 S MJLIOLYOOL Fodmyggbgdols m3E0dobsEzoom, 33356090l
39999050 360936936500 9593060Mmb M3g69(301e0 LMK JIO.

36MHm3qLgo0L  93GHMIdBH0BO30s L MecMm 603369 m3zs60 bgds, M6 FogMmwo
A996mma0900  d0BbYLM3GMHS3090L  A9OJAbOL.  53EMBoEGH0DsEo0L  BHgdbmermyogdo
300356090l Lodmoegdsls 5393l A9035MEGH03Mb 2o6dgMEGds©O Lodw)dsmgdo, Fgsd30MH™b
dOMmdomno  sbsbotxgdo, 80603350 ©s0Y43956mb  Fg3MBgdo s QOBIMEOMD
M396530900L  LoLHES®Y. 1939, dmfobsgzg Bmbszgdms  sbsEroE03MMO  LOLEHYIYdO
62560D53090L gbdoGds o8MOz3w0bMb BsMIXJOMB 393006093 HM99RJGH0BMDS
@5 M3G0F0DBO300 39993900Mb Lom3gMmozom 3Mm3gugdl (Christopher, 2016).

565L5d5BM (non-core) bogdosbMdGIOL sYPLMOLOBYO 300g3 GO0 LEMSBHIY0S, MM
303560900 bdocs 094969096 Mm396M530m@0 botxgdol dgLsdE0MgdEs©. wmyobEGozol, IT
L9gMH30Lgd0L,  IMIBAsMYOYEMS  FBsMIELFIMHOL 56 5EToboLFHMS30MEo 3630900l
139(30000BgdM  IMIHMPYOEGODY 29o3980m, JMA3s60gdL FgwdErosm  F9ed30MHMb
130JLoMIOMo  Dgbowgdo  bodxgdo s  3MBEIBEHMOMbI6 ™300  doomo
30339(3963090%g (Anderson & Dekker, 2009).

LOdMWMME, M3GMOE0YO BsOIXJOOL FoMM3580 doosb 360d3bgarmzsb0s  FMPomdols
99935L9ds  IglIMEgdol  doMomsEo  3sB39690egdols  (KPI) 89d3gmdom. 3mad3sbogdo
53306093056 bbgoolbgs 35B396909e0l, ogoomo@: 9OHMIMEbHg sbsbotxo (Cost per
Unit / Unit Cost), @omaobozol / 30fm@gdolb xs33ol babxo (% 259003980@56), bofgmdol /
356539008 0609630l 3Mm9xn03096¢0 (Warehouse/Inventory Turnover Rate), 9s639&0bgdo
2956bmO309gd o 0b398BHoEool  F9gal  ©@s  9dobolEGH®MsEoo  batxqgdol
0565835MmEMOSL. 53 8mbs3999d0L dmdoz0 IMboEMMmObyo MEORBOBIE0gdL Lodmsgdsls
5993l 390 8958358Mb 15305600 M3gMo30Mwo Boddosbmds, MMM 5BMIBOE™b
3GMMdWgdgdo s  03m3mb  gqHgdo  bobxqgdol  FgdEocgdols s 3MMEILYOLOL
39999x 09LgdoLm30L (Kaplan & Norton, 2004).
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2.4 OPEX-ols 35635 FMCG 0bnls¢tosdo

FMCG Ugddme@m8o 396300 boGxgdols dsmrmzs  2obLogzmom®gdme  gsdm39390L
393006000905, G353 06MLE®OOL LEHMXYIBHMOE BsbolinsmMgdEGOL 49bs30MMdYOL. FMCG
0516900, OHMyMO3 Hgbo, bolosmgds dwogho 3mb3mEmabioom, 3OM300L LGSz
06b30m s F9IMYO00 B0 FMPqOOL FoMggdom. T9EIRO©, 3MI356090L Mfg30
3990000350 9906560BMbMb 35¢sblo botrxgdol 3mbEMMELY s 0639303093l GOl oligom
139MMYdT0, OMYMOOESS 563930030, 3OM©MIEOL 39630605 s BOOLEHMOdMEOM
JL9wgdmsb 3oM@EboMmMM™MdS (Porter, 2008).

35639306208 botrxgdo 25bLs3MmmGmgd0m 360dzbgemgzsbos FMCG ULgd@mMdo, 6o@sb
06M9bol  (36M0sMBS @O  AMIbTSMYGOJWDS  gOMAMGds 25403900l FOZ3560
050mdM53909w0  BogBHMM9o0s. 33356098l bdoMs MPg3o 0b39LGH0MGdS  LoMrg3sdm
399356090380, 30:00m 533090LS s LI M 35FMHMdOL JugEgdmsb 35MEHBOMOHMBYBdT0, Momos
390656061bmb d5BEOOL oo (Baker & Hart, 2016).

39OS5 530y, LBoAMILTIMYdIM Lodmberols LMsno d3ME3s dmombmgl dse0sb 95399EH 056
d0fm@gdol x53390L5 @5 LOOLEHMOdM30M LOLEGIGOL. FoM5gd0l Lomsbsm mbol
99650BMbgds 0lg, ™3 d060dmdsdg 999300L Lofgmdol botrxgdo s 3OHMEYYJ300L
56535690, Hommo9bl 3608369356 M3gMmsizowme asdmfggasl (Christopher, 2016).

350 BOE0S 303 MNBOM SOOI M3YMS(30vI0 botrxgdol FoMr358 oo FMCG
3003560930Lm30L. 30m3356098L, MHMIAEd0 M38EIbodg Mgaombdo Mm3geoMmgdgb, wHgzm

3sOmMb  49bLb35390ME0 MYAMWS30IMH0 296MgdM, 335WYdSEO 395Gl 3OO o
96MmIobd S WMAOLEO30L 49BLb3s390Mw0 botxgdo (World Economic Forum, 2022).

9930600 33093990 d0momgdL, Hmd FMCG 3033560900, H™Awgdos ©obgMas396
OPEX-0l 3560030l Lgy6d@E«ydomgdoen Loli@gdgdl, OHmymes §obo, 50§9396 Ma3dm domo
9dm090006mdsl.  Kumar-obs o Singh-ol (2020) 330930l dobggom, 333560900,
I gdds3 69098 botrxgdol dmbodm®mobyol dmiobogg BsGBMgdo s M3gMsEzomwo
995393G056MdOL 3O:MAGM53900, Boswfiogl H3obws Imygdols ocrgsls, GG osbEIMgdoo 3-
5 36m3g6@om oo ogm 00 3mb3mMgbd 33356090006 FgoMgdom, M™Iwgdos

65309050 LBEB®WYIGHWOOMYOM bt gOOL FoOrM30L 3M5JEH0390L 099bgdbIb.

3. 33w930L FgmMEMEMY0d
9 330935 983996905 boGolbmdMogo (qualitative) 330930l doamdsl FMCG 3335609830
3905300 bR GO0l FoMmMZoLd S FMIRYO0s6MdSL FMMoL 3538060l sbsEPOBOLMZOL.
bs®obbmdMoz0 330935 29bLogMMMGdom  TgLoggMobos  GMVIO  MOYIBOBI30MEo
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36593H03990L Fgloliogrs o 3MM3MMSE0ME LEMEJ0gdT0 sMLYdIMO BoQdE0MYdOL
399mbo3e9bs.

33w930L 390MEMEMY0s dM0393L 30039 LO@, WOEBIMOGHIOOL odMboZslL, Mom
399065¢0BEgL  5OLYGOIMEO  5350090M0 330093900 M3JMEOIO boGXgdol FoMIN30U,

130656LmMo F99a9d0Ls s FMCG 0bmlidMools 30od3o3qdol dgLobgd. 259myqbgdoyero
09560900 3m0353L 093960690 me bs3g36096MM OB YOL, 0BEMLEHMOME SbYMOTGOLS
@5 80bsbLE 33009398L. 51939 330935 9YOHLEMAS odyzsbo FMCG 333560930l LoxsGrm
b9wdolsfizomd Robsblme sbysedagdgdls s feromE sbas®0dgdl. gl ©™3dgbEgdo
04935 06x8MmMT5305L boGxgdol LEGHMMIGHMOSDY, M3gM3E0M LEHMSBHIY0gdLs ©s 0od
10b6sbLME F9w9ga90DY9, MMAWIdOE 3930060©YdS boGxgdols domm30lL 0boiEos@E03gdl.
505300MMMWOQ© 3319308 Fotygddo  osbscwobs FMCG  bgddm®ol  (adyzsbo
3003560930l bbgosbbgs dgdmbggzgdo (case studies), Moms godmzgargbowoym OPEX-ol
356030 {0353 90w0 3659430390 3og5w009d0. ALS3L0 Jgoligdo LodwsEgdsl 0dEg3s
L5033 065@ A9303M®M, HMYME SbMME309Wgd9b 333560980 botrxgdol m3EH0doBsEool
LEAHMSGHIY0JOL MYo IO 306>139d30.

4. 365¢w0Bo s OLIMLOS
4.1 bgsslibgs 3m33560900L Jgob-LEswol (Case Study) 399900

65096009 59935695 FMCG 308356059 0obges ymzemobdmd339wo s BGMmo@9a0mes©
99obbdgdmwo 0bogosGH03900, MMIwgdoi doBbs obobogl ™m3gessowmwo bstrxgdols
(OPEX) ®33030Bs3ost s bsgMomm  3mdaqoosbmdol aomdxmdgligdst. gl 3003560900
533969096, OH™A LGOI EHMO0MJIWO BIOIXJOOL FoMMZd, ML Ol 0bEGHIYROOMIOME0s
3965300 LEHOGJR0oLmb, 035 25HMI350 B0bBLYIG Fg9y9dL.

Procter & Gamble (P&G) §om3mopqbl OPEX-ol m3GH080bsgool deroghH dsgowomls
05308039  AWMOSMMO0  3OMOWYJEHOMEMdOL  99d39mdom.  3m3356050  godmoyqbo
96535¢0dbMH030 JoyTs, HMIGEoE dmo393s Lean {o®dmgdols 300630390, dofimeqdol
X9F30L 25056303905 s  dglyo3900L  396EGHMIWODBOEoSL.  FoMdmgdol  3MmEgLgdOL
B3ObINGHODOEF00m O 96159589 3H06MdOL Fgdz0mgd0m P&G-0 99dwm ©obs3otygdols
999306905 QS Homdmgdols UEHOdOEMOMBOL 39999x M0gL9ds. 595Lm5b539,
396G®50DgdMds  Fgbyogzgdds 33356058 oL  TglodegdEEMds  godm9gygbgdobs
dsbdBodol  93mbmdos  bgwgmeols s 99x8mm30l  Asbsergdols  d9dgbolisl. 53
0603053039006 890925,  3MI3s6050  Fgdwm  [oMmBmgdslomsb 393006930
3905300 bsdxgool d9d;3060905 ©osbwmgdom 4%-om oMo, bmem EBITDA
3563555 450DIMS OB MGdOom 2%-00).

Georgian Scientists/do®mggero dgi3bogegdo ¢. 8 N1, 2026 | 253



Unilever-ds  goblbgo390mmo  bLA®o@gaos  s06MBos s  ™m39M530o  boGxgdol
M33H0d0DBI300LM30L YMMOIMIDS os3IBZOWS (308OW EHMIBLRMMT5300%g dofimgdol
X53380. 309356058 836083690 ™3560 0639L30(30900 FobobmMogws dmfiobsgg sbsero@o3sdo,
b9gwm3bm® 06@gwgdBHls @s 93GMBoGH0Bs30580, M3 ©9HTMS  gows)Y39EH0wgd9gdol
900q00L godxMmdgLgdals s M3GMO30O 95399dEH056MBOL BOT0. 93EHMI>EGH0BYOIMDs
LoHgmdOL LobBgdgdds oodxmdILs Fo6oagdoL 353930l LoLHGSRg s LoBMLEY,
bowem  6Mgo®  Omdo  Imbo@mmobaol  LoLEGHYIgdTs  oBIMS Q9T FZ0MZoMDS
dofimgdol xs33d0. 99009y°0©, Unilever-ds ¢omyob@ozo)do bstxgdo @osbwwmqdoo 6%-0m
39593065 5 5353MHMNS Po5MAX MO IMALobmEGgdol omby.

Nestlé-0  s06Bos  oblbgs390meo  doamds, MmIgwog  9guwydbgds  dglcdyargdols
dmboBmEmobals (KPI) @o Go@s bsdxgool  3sbw9bolidagdemdsl. 3ma3s6053 @sbgbgos
99O IOIBY RIBYdIMo OPEX 3560030l Loli@gds, G®mdgarog 590005693l 130bsblwmE
9539690 gdls o Mm39M530w  0b6035GHMMgOL. gl LoLGYds BgbgxdIbBHL  5AE93L
1535905l 259MO3W0bML 5659339d3H056MdY, T9oIMML Lb3salb3s doBbYL gBgMgdols
09092000  ©5 3900  3935bsffoml  OglmEeLgdo.  350F306035¢0MdOlS
3sLbgbolidagdemdol  oBMEOl  dggyo, Nestlé-d  5oboLEGHMIg0Mwo  bsbxgdo
©55bEMgd000 5%-00 89593065 QO QoI xMdYLS LEgPHIMM 9539dEH06MBY.

PepsiCo §o63o9bL 008539000 3535¢00mb, v H®amE F90dgds boGxgdols Josermgols
@5 LAY Mo  0639LGH0E0gd0L  3MTDOBSE0ST  JOOOOMMEISE  FosMAXMIGLML
95393H05bMds s  bgwo  Fgfigml  BMEL. 33356053  ©sbgMRs  gMdgwrgsosbo
3OMEJAHONWMO0L  3OMYMsdgdo,  OHMIWwgdog  Gobbo  olobogl  m3gMsogdol
399563H03905L  (oMdmgdsdo, dofimgdol  xoF3Ls o 3MO3MOS30  3mbJogddo.
396B537 MG YOO PGdS 2odobz0s Jofimgdol X330l LOE M3EH0T0DsE0sDY,
o MO0l maoLBH03MOo  Jugeol  FoIbYEIOLY S 3E0gbGHMS  FmmbMzbol
3026 B0MYOOL 29mBX M0gLYdSDY.

Logeonm %5980, gl Jgob-LEGsgdo s839690L, GMmI OPEX m3@080bs300Lm30l 56 s6Lgd™mdl
gm0 MboggMbsrmMo  Joamds.  (o®mds@gdmwo  FMCG  3md3s609d0  094gbgdgb
0600030095 MEMo©  dmMa90Mw  LAHMIEIYOIOL, OMIGdOE3  ITIMIOYINYWOS  Tom
3960530 BAOWIGHMODY,  LAHOIGIFOME  3O0MOOGIHJOLS  ©s  BHYIbmwMYyoM®
99L5dgdMIYODY. 09939, Y39ges d9dmbgzgzsdo LogHmm  sboslosmgdgeros ob, GmI
bs6xgdol omrm35 0630005 RIOMM  LEBHMIEJIF0ME 0603053039000 ©S 96
3960bogds HMyMGE MM 3obsBLMMO 3:MbEHOMEOL o 3gmEo dGm3glo.
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4.2 JoMH0m5EO 53306390900

50b03bmo Jgob-LiEoadol sbseroBo 53wgbls Msdgbodg 3608369 m356 L3365 FMCG
300356098d0 OPEX-0l ds635L5 oo 3mdygd056mdsls dm®mol ¢)OHmogmm3s3do6mols dgbobgd.

30639 0ydo, OPEX-0l 989J@05b 35630358 993l 30000530600 o goBm83500 g93e9bs
R 65350090L5 s obIBLMO BEBIBOWMOHMBSBY. 5OSLSFOOM M3YM3F0YO boGIX GO0
3993060900m, 333560900 sbgMbgdgb d9dmlisgergdols Ma3d™m oo bsfool dobscPBmbgdsls
Bom39Md30m dmygdol Lobom. 2omdxMmdIBGdIMIWo B 6535000 BOEOL BobsbLwME
dmgdboemdsls, Mg 3md356090L Bodmogdsl 5dg3l s909BbE™b 0bmgs30983d0, d93000b9b
b B5HMYOBY O 499dW0gMHMmb 3Mb3MMIBEGHWMWO 3MmBoios. gl sl3gbs Fgglisdsdgds fobos
33w9399L, ®MmIwgdog dowmomgdl, MHMI bsOXRJOoL 939JBH06MdS 9GOl FGobsblmeo
990093900L 9OH-9MHN0 MN935M0 FBALEDBPIMYO B TE1I05b 0bEMLEMm0gddo (Gupta,
2021).

39m6M9, SMEOEGOJ0S  B5EBLOL OE3d batxgdol  Fgd306MdsLs S LEMSGHYROM
0b63983H03E0gdL MmMobL. FJobgs3zs 0dols, MHMI M3GMSE3OVIEo boMxgdol J9d306M9ds
50x OGOl M 393500006 IMIYJOI0S6MOIL, 9 FoMdGOMTs botrxgdol J9d;30609d50
390dgds  PMYMBOMO 253 9bs  0gmboml  aMdger35006  89ga)0DY.  Fssoms,
0563930620l botxqgdol 99930609058 990dergds 9oUmLEHML dM9BOL VOMGdIMWgds, bergom
0o60mgdsdo bty gdol dgo306M9dsd - ©O3H0BML 3MMEIEHol botolbo. Fqlodsdols,
OPEX-0l 983930560 o635 dmombmal LEG®me@dgaoe bgogzsl, MHmIgeog 990005690l
bseX 900l M3EH0T0BE0sLS S POMYdgdol Fgddbsl. gl Fggbodsdgds Porter-ols (1985)
AbOBOYGOSL, BT 306379096EMWO MB30MSEJLMBS ITMIO0WIOI0S 565 TBMEPMPO DS
b6 90DY, 59589 3MM©MJGHJO0L M35 5gMHM367d5LS s batolbols TgbstBmbBgdsBYs.

39539, 39dbm Moo 0bM35:305 2osdHY39E) MM SOOIl MbsdgcmMm3zg OPEX-ol
356Om3500. (30836090 06LEHMMII6EHGIOL I6IMHY3S, OMYMEOOESS Imobogg sbsero@ozs, ERP
LoBEB9F900 s 93BHMT>EGODOEO0L (BgdbmEMyngdo, 3mB3560gdL 593l FglodergdEMdsls
(o @OMIo  53MmBGHOMEMbE  Mm3965(30900, 4983 0bMb  56159539]3H0sbMdS o
™3G0S  3odbsfowmb  MHgbMligdo.  BHgdbmmyos  sg3g  MhYmdL byl
306 B0MYOs©0 osfY39GH0wg0gdol Jowgdsl, Moz 3356093l LodrsEgdsl sderg3l
§0obsLHM 35m35c0Mb ByBIXGOOL FMLoMm©byro (33¢0gd900 S MM S FMIBEPObMD
952060905, Mmam®3 Unilever-ols 353900000 58396900, 3083600 GGMobLEMGs30s bvyew
W3O 39G90 BJds M3gMs30Io 9839dBH0sbMdOLS s batxgdol 3MBEGHMMEOL dmozsm0
958t d6M5390900 RodBHMEMO.

LOdMW MM, MOHR60DF0MWO 3MWEWOS S BsOMZ0L LoLEBHYIGd0 360d3bgEM3z56 MMl
SuOMgdl OPEX-ob 9939d@0sb 3s60H03500. ol mG960Ds30980, GMIgdog 53000609096

bs6xgdol  BoOmmM35Hg  MmMH0gbBHOMGIM  3MGHMOMIL s bl hymdab  Hy39d
3999% M09LgdsL, REOM FgEo 509396 BaIXJOOL IO M3EH0T0DoE0SL. Tgltrmegdol
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dmboBm®mobaol LobGHgdgdo (KPI) 30 gbdotgds m®Masbobs3zogdl, MHmd 89obs®hwmbmb

d0009Mo  9839JG0bMds s AMIGEZ500056  3gMom©To 9O IMYME  JMBEBHGMO
boGx90bY.

4.3 359m{i393900 OPEX-0l 3563580

dombgsgzs dobo 3603369 mdoly, FMCG bgddm®do m3gesEovicro boMyxgdols dsemgs
©5353800900)@05 G0y LAHOTIGNOVIL 5 LAMIAYIFON 30M(j3g39dMb.

IJOD-9OHmo  Y39wsbg  3600369emmzsbo  9odmfizgzs 9oL bgoergmeEol  goligdol
5M5LGHod0MMMds. FMCG  3m33560900 b3o®s ©sdm30090Mwbo 50056  Labmgenm-

L5396 gm 36OHM©OMJBHJOBY, OHMIgems Bsbgdo 360d3bgwm3zbs dgMyqgmdl yEPMdIMEO
05BOOL  306MHMdJIOL,  3E0TSGHIM0  FodBHMEMGOOLS O 2JM3MOGH03MNM0  MOL3Gd0L
393wgbom. sBgmo FGMHYgMds 5M3MHMPbMBOMYOII© BOHOL FoMdmgdol boGxgdls s
SOHMMEgdL LEHSOOEMMO IMygool ool GbsGBMBIdSL.

99mM9 860936903560 99mfi39355 35639306 botrxgdHg 88030 ©sTIMI0YOMEYOS.
dopowo  3m63mEM9bzool  306HMdgddo  dMgboL  3BMBSEMBdS s  BMIbIsMYOYTMS

90RO 3OOGH03MNWO BodBHMMgo0s. dgusdsdols, 333560900 0dmgdEbo 56056
0900350  505bEMb  M93sdsdo,  3OMIM  5gBH03mdJRLS s 3MHMEYJBHOL
3B030Mmb06MYd530/36Md5Mdd0, Moms Gg0bseBMB™b d5BGMOL fowo. Lbgs botrxgdolgsb
296Lb353900m, F96393H0byMwo bsGxgdol 93060905 bJoMmI© sMYMBOMOE s0LIHYdS
999mbogegdby (Baker & Hart, 2016).

3WMISCMOHO  M39MH30No  LoOmwerg sb939 FoMImoygbl 8609369wm3s6 B0yl
OPEX-ob 939d@0sbo dseomngobmgzol. dibgowo FMCG 333560900 m396m0o6gdgb 9Mogsm
6930mbdo, Losg 2oblbzs390mos MYYMEs309d0, FOMIomo botxgdo, LogoILIbsM
LoBEBYF9d0 @S 39CAHOL 3MOLGdo. Sbgm BMOZOWRIMMZIE  oMgdmBo  M39MSEOIEO
bsrx 900l doMm3s dmombmal 3md3ewgdume 3obsblve ©ogad3oLs s 3MOObsEOS.
39bbo3MMOgdom 86033690 Mm35605 FoEmEoL 3MOLOL FgMHYgMds, MHMIGELSE F9wdE0s
360093b9gemgbs  00mddgoml bobxgdol LBEHOWIGHMEOLS ©s dmdYgd0sBMdsBy (World

Economic Forum, 2022).

39OS5  53oLY,  MORBb0DIGOMWO 33000 dgd0LsEdo  F0bsomBgymds  Fgodergds
LgOOMBMWIE FJRIOBML bsGIX OOl M3EH0T0DB300L 06030503980l obbMEOE0gWwgds.
05658960 gdo s I9bgxgMgd0 bJoMms 9O 9M0b FBs© sbowo  FHgdbmeEmaogdol,
360Hm3qLgooL 96 KPI Lolidgdgdol ©sbgmagologol, goblszmmedgdom 95906, HmgLsg gl

33X0¢90900 5M393L 96 33e0L sGBYdME Bsdmdom 36r10dEH0390U.
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50 959mfi393900L  dsmgzscolfiobgdom, OPEX-ob gg9dBosbo  dsGmzgs  dmombmgl
063936006090 ©5  9®I3GH0MPOS©  JoEAMIdL, OHMIGOoE  99OHD0s67dL  botrxqgdol
3mboBMmmobal, LE®MSGHYROM RGOV, MOL3gOOL FoMmMZoLS s 3MM(39L9d0L MHY39¢)
3999x M0OgLGOSL. 30035609035 96> FBMME MBbEs FMIbEObME  Mgoa0Mgds BB} gOOL
BOYY, 905890 3OHModGHoms© d9gdadbsb obgmo Lol gdgdo, HmAwgdois BOHWE3gEymRl
3905309 3yM5MLS S FMdbogrmdsls.

3133365/6930396¢0530900
3905300 botxgdol domm3s [omBmoygbls 8mdaqd05bmdol gmo-9M00 doMHoMOE
3963LsBO3MgE BodBHmOL LHMsxs dmd®msgzo LsdmdbdsMgdwm 3Mmomddgool (FMCG)
06MLEGH®05d0.  bgdBH™MOOL olgmo  sboliosmgdEgdol  godm,  OHMYMMOESS  FOWVIWO
3063096305, dswo Fo6ggdo s 3300l LHGIx0 d6MHb3s, 3m33560900Lm30L

SM(30EGII0S  M39Ms30900L  g3gems  sb3gdBdo  989dGH05bMdOL  3MOMOOEGEYEMES©
3obLOBE3GS.

9l 33w935 9839690, MMA LEMWMIGHMIO0MIDMO s LEHOMsGHIY0oIwo OPEX-ol dsmromgs
3600836903650 59xmd9LGdL B0bsbLME F99agdL. olbgmo BoyMB7d0, GMmAMMO3ss Lean

396530900, (30BOWMEO  GHMBLBMOTs305,  TJuOHgdol  dmbo@Gm®obyo (KPI) o
99MB930000  5MNLMOLOBRO, 3MB3560gdL  LodwoEgdsls 5393l TgedEocMmb bt gdo
3965300 95399dGH056MdoL F9bsmBMbgd0m 56 godxmdgbgdomsg 3o. §o9Yy3s60 FMCG
30035609%0L Jgob-LEGogdo 3bs3gmxl, MHMA HoMds@gdmewo bsbxgdols ds@mgs doomfig3s
565 0DM0MHGOME0 060(305303900m, 5599 333 9JuIMO, MORBOBIEOOL BolTEHsd0m

296bMO 3090930 LEGHMSEIH0JOOm.

3600369035605, M3 33c0930L 993900 dowmmomqdl: OPEX-ol dsGomgzgs o6 mbgo
3960bogdmEal FbmwmE bosdxgdol 99930Mm900L 0blEHMAgb@s®. 030 Mbs oymb
063936060900 BsOMM  BEAMGHIROMNWO  35050Y3930wgd9d0l  domgdol  3MmgLido,
Gmdgwog dbBsOL MFGOL 06m35305L, 3MHMEYJEHOL boGolbl @y MI)E350056 BOHELL.
3003560900, MMIwgdo3 30mMmdgb LHME dowsbll 9x39d@0sbmdsls s 0b639LE0E0HOL
Im60U, ©3909L5 065MRM69096 3m6379MI6EME MB0MSGHILIMBSL.

dmds3eolb  390L39dEH035d0, GH9dbmemaool Mmewo OPEX-ol ds®m3sdo 3093 MBeH™
250DMgds.  dmfobsgg  sbseroBngzs, bBgwmzbmMo  0bBHgwgddo o 93GHMISGH0BIE0S
399363993l M39M530w9I0 3OHM39L9d0L BHOIBLBMMTS305L S 3MB396090L o359l MBGOM
BMLEH0 5 30M3d3H0ME0 botrxgdol do®mmM30l FgLlodergdEmMdsl.

0t0535¢0 33093900 890dgds ©994MEbML 53 658GMAL S Bsd@GHIMML MHoMm©gbmdMH030

33193990, Goms J9xnsLEIL 3mE3M9gEHMwo OPEX L@6ms39a0900l 130bsblwmemo a53agbs
3035600l 8mM3gd0sbMBBY.  2oM©s  5Tols,  30BOMEO  GHOMBLBMOTs300L OOl
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0535390000 TgbFagus bobrxgdol Mm3GH0dobsgosdo d6083bgm3sb 3mEbsls Gglimogabydl
OHMPMOF 53950930MO BGBIOML, 1939 365JEH03MBYOL 0bELEHMOST0.
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The Impact of OPEX management on profitability in Fast-Moving Consumer
Goods industry (FMCG)

Giorgi Nozadze

University of Georgia
Abstract

Operational Expenses (OPEX) represent one of the most influential determinants of a firm's
financial performance, particularly within the fast-moving consumer goods (FMCG) industry.
Characterized by intense competition, rapid product turnover, and relatively low profit margins,
FMCG firms must carefully manage their operational costs to remain profitable and sustainable.
OPEX includes recurring expenses related to production processes, logistics and distribution,
marketing activities, and administrative functions. Inefficient management of these expenses can
significantly reduce profit margins, while optimized OPEX strategies can enhance operational

efficiency and improve overall financial outcomes.

This study examines the relationship between OPEX management and profitability in FMCG
companies. The research explores key cost-management strategies adopted by leading firms and
analyzes how effective operational expense control contributes to improved financial
performance. Through a qualitative research approach involving literature analysis and case
studies of global FMCG companies, the paper identifies best practices, challenges, and emerging
trends in OPEX management. The findings suggest that strategic cost control, digital
transformation, supply chain optimization, and data-driven performance monitoring play crucial
roles in improving profitability. The study concludes that OPEX management should be treated
not merely as a cost-reduction mechanism but as a strategic tool that enhances efficiency,

competitiveness, and long-term corporate sustainability.

Keywords: Operational Expenses (OPEX), Fast-Moving Consumer Goods (FMCG), Profitability,

Cost Management, Operational Efficiency
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99dGHOMIsxboG Mo 39egdo: 3sbsdgMmmgy bsdgsboghm bywggdo
05356 brabsdg

9099AHOM0 © 9egd@GOMbmwo 0bgobg®ool g3sMEsdgb@o, godmygbgdomo
99dGHOM©0b5d030L5 S M3EOMO0b70bIMOOL WsdMEMSEHMM0s (LAE), 03569 xo35b0d30¢00l

Lobgemdol MdoErOLOL Lobgedfogm MbogzgMlioGYE0, MdOWOLO, byJosMN39wM

tamar.nozadze@tsu.ge

R YGT0RY fote)

MM 509 gddo 3509w B53mF603530M 39dbmEMmA0gdol LGRS 263005619350
3600369wmgbso  AoBoMms  LLdgEboghm  0bGEHgMglio Moombobdo®mwo  (RF)
99dGH®MIsaboBemo  (EM) 39wgd0ol  dgboderm  Hgdmddgoqdol  80ds®mo  5qsdosbols
X9630009 M5B, 4obLOZMNPMGO0 1530390L5 s IMBIMIYdJo. IMEgdmEo bs5dOM™Io
0960m5o9bL  LsdgEbogdm  33093900L, LOgMHMIAMOOLM MEORBOBSE309d0L  FodOoboy
©51336900Ls @O M93MmI9bI(30900L  Bm3erg  Fodmborgsl.  sbsgobo  9g3mdbgds

M35 BIOM3B 3300300 F9©IpIdL.

930©900MMyoMMo s  9Ju3gM0dgPGH Mo 33093990l MBbTs,  OLYdMEO
9mbs39dgd0L  9b5e0Bo  5B396gdL, GMT 98 gBHedby 96 sMLYOMBL  MsbJ0dY3MEO

9330390905, OMIgoE LsdsHBM LOAYMIO0IB b6 3509w ™ JugEgd0s6 IMIObsMy
RF  250mUb0oggdsl  x9630:00gmdobmgol  Labosbm  89gagdmsb, 8so  dmMob  308mb
3963005609056,  30MH306  5353806M9dU. WHO-0ob 8obgpgom, sMlgdmeo
3330390909005 S F9EIMYIO00 OO JJudmboEool MBYGBOL Jomzseolobydoom,
50 oOLYOMOL TR IMOJo  BsFg3b09MM  ILHOdMMYdS  0TolLs, OMI  M39dJM
b53m8Mbozsgom  Lolidgdgdols RF  go0mbboggds  Log®ombgl  ddbol  ssdosbols
X 96360009 MBSL.

0935,  M93Mm39690ME0s  ©F5EJIO0MO  33¢93900L  BoBHoMads,  goblagmmMgdom
363935000560 9Ju3MBOEOOLS WS FM{Y3 5O FMLIBEGMOOL X BJOOL 3MbEHJuET0.

1533560m BoEBYz900: 9w 9dBHO™AsbodE Mo 3geo (EMF), ¢3s89wm 300160353309,
d0960mgdol 3mmGo 3m95303096G0 (SAR), 5530560

©5830656U9d0s Fmms GMLmggEol Lodosmmzgguml ghmgbywmo 1sdgsboghm mbool
(SRNSFG) 8096, 363630l goMamgddo [FR-24-469].
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994 EHO™AsboGHWMEOO  godmlboggdom  49b30MHMdGIMo  ©sd0bIMGMYds  FoMTMoy9bL
056589000Mm39  oMgdmMLEI330m0 s  B9dbmemyomMo  gobgz0msMgdol  ™ebdwY3
960083690356 360Mdgdsls, MmAgwog 3e00bgds MHMyME3 3909, sig39 Joos Logbmgcmgdgw
39M9dmdo. dobo  0@I6EGHORO0E0MOS @S  MOMmYbMdMOZ0  Fgg3pligds  bm®E0gEYds
Lbgoolibgs 890Mm©om, d500 Mol 3m330vE Mo IMEIoemgdol 35dmygbgdom, 390l
A9bEHOM9d0lL Fgom@oms s bbg. s0bodbmwo 99mMm©Ido BsGOMO sGOL sbgMoo
L5993b0gMHM s Ls0bgObOM 3659303580, I3 Fo®owo LOBMLEOLS s LsbMMdOL
0PONH3ILOgNBI©  3ZEsg LdFoOMIBL  ©dHgooo  9db3gmodPGHI 33E93gdLy @
390530sL [1]-[3].

3oM9dmdo 909dGHOMIsb0 GO0 500636930l doMHOmMIO 09o0mgdos
L5@993m3Mbo3s30M LoLEBHIIYd0, JE9dEOMIbgMRO0L 2583930 0BZOLEHOYIEHMEMS S
bbgs 39dbogmeo dmfymdowmdgdo. LsdsBm Loym@Mgdol Momgbmdol bBMHs 0f393L
9099 G®™35b60G M0 390900L 06E9bL03MBOL ToEHgdL. LodsBM Loy MMgdol sbEgbgdo s
153006035300 06RMILEOMIEHVIOS FoBmMmoagbl 45dmliboggdols ghm-gH o 36093690 m356
09go6ml.  595Lm0b539, oo  dsd30L  49sd3gdo  BaBgdoLs s 9bgMRgBH03MEo
dmfymdomdgdol 53bgd30MmboG9ds3 96008369 3bs b0l 3mbme
909dGH®Msb0GHMO  ©@MbgL.  sLsb0dbsg0s, MMI  SGMOIBsMIBIME®  WIYgToEo 96
©53MbE990mo  LoLEGYIgdo  Tgodegds TG JO0m  BOEOEIL  2odmlbogqdol
063 9bLogmdsl [2]-[8].

dos  LO3M(3990003  ggdBHOMIsabo@wemo  4sdmlboggdol  [ysmmgdol  MHomEgbmds
399000350 0DBMOHEI0s, B3 bgwl MFymdL 063 blowemo gwgdd®™AsabodmMo 39wgdol
1MOIocMosL [1]-[3].

5M50mbobgdgo  gagdBHMmdogbo@d o  459mlboggds  Jeologoo®gds  LobdoMol
dobggzom  M599gb0dg  3539aMmEM0s©:  MSEOoMbobdoMol,  FmoergmMo  Lobdo®mol,

300)M9LS© B0 LObToMOL s LESGH03MMO 3gergdo (LwmE.1).
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https://en.wikipedia.org/wiki/Electromagnetic_spectrum

999GH®™Msxbo G Mo Bgdmddggds 890degds 25dm3eobgl MMM 39¢gdol, sB939
258mbboggdol Lobom. Fo3MMEHIOMOHO E0835HBMboL Fomso 9bgMAO00L A5TMBb0Z3YdT,

Gd9wo3 990l s©0bodbme 13gdGHMTdo, glsderms dsdmofjzoml MgMHINWwo 989JE9gd0, B0
dm6H0L L300 OOl gomdMBS. BMY0gHo F9dmbggzsd0 0o gobobowgds 3mEgbzor®ao
39030bMma9bme RsdBHMMs. 300 20993903HY B LOBIOMOL Fodmbboggds, MHMYME3
$9L0, 8093936905 5G150MbOBYdYE godmbbogzgdsl [4]-[15].

99dBHOMsbo@GMMo  9odmlboggds 36003369 m3sb  go3agbsl  sbgbl  Gmames
A996m@maomem  LoliEgdgddg, sbg3g  doMEEMYo)EO  MmOPbOBIYGPDY.  gegdBHEIo
dmfymodomdgdol 3bJ30mboMgds dgodwgds 398390bgl gargdG®mdspbo@w®mo bstg3zol
3060md70do, o3 993060908 oo  9x9gdBH0bMOLS @S LY0TYEOMMBLL.  STIBMbSZY,
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06&9bL03MdOL 453mbbogqdslimsh babaMdwogo Hg8mddnwgdol 3m@Egbom®mo MHolzgdo, Joo
dm6H0b 3503060960 3G:Mm39L900L 29630056930l Tglsdergdemds [1]-[9].
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©0535DmbTo, M55 ggbodsdgds J03MMEIONO 13gdGHOVL. SToLMbS39, JurgdEMmgbgcmyool
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80900m790L 0Ly gLsd M BoMEMYO0E 95399EHODY, HMYMOOES MO0 LEGGmgLO,
©63-0l  sB0sbgds,  BgoOHMBLOJosBHMOMo 330 gdgd0 S 3mEIMBsOO
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d90pamdo 33eg39, HMIgEoE IRdbgdwo 046935 4930wgd0m BMLE MBOTYGHOI
36MHME9MYOIOLS S 3OMEHM3IMNWYODY, MHMIGdo3 FboMEsF Moo 046935 domEMmao©
Jum30¢do GsoMmLobdoMEo 390l A5b65fogdol Lodwmwszogdom.
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Electromagnetic Fields: Current Scientific Insights

Tamar Nozadze
Department of Electrical and Electronics Engineering, Laboratory of Applied Electrodynamics and Radio Engineering
LAE,
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Thilisi, Georgia
tamar.nozadze@tsu.ge

Abstract:

Over recent decades, the rapid expansion of wireless communication technologies has increased
scientific interest in the potential health effects of electromagnetic (EM) radiofrequency (RF)
fields, particularly among children and adolescents. This study provides a brief review of the
current conclusions and recommendations of international organizations. The analysis
incorporates findings from a wide range of studies.

As reported in several epidemiological and experimental studies, no consistent evidence has been
found linking RF exposure from base stations or wireless networks to adverse health outcomes,
including cancer. Based on the existing body of evidence and relatively low exposure levels, there
is no convincing scientific proof that weak RF signals from wireless communication systems pose
a risk to human health. Nevertheless, further research is recommended, particularly with regard

to long-term exposure and vulnerable populations.

Keywords: Electromagnetic Field (EMF), Wireless Communication, Specific Absorption Rate
(SAR), Human
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LEGHMEIDEHIOOL BMbo(399900L 25D0sMGOOL 3MPbom, s Fobo LsTIOMMNE0s60 odMYgbgdols
d9Lsbgd 08 898mMb3939080, MMEILSE BMY0gO® LBEHMPIBEHL dgmdwos f3mds bgwmabmmo
063 99dGHob 0bLGHOTgbEHJdBY, Brmyl 30 56 [5].

MBomgl  gobomgdsdo  bgwrmzbm®  0bGgargdBHl  d9mderos  0bzybomeo
2965 gdol  IbsMoFgMs  MboZsEMGmo  Lfjogwrol LEowol  gomzswobfiobgdom. (Al)
3999905 LEAHMIBEOL LobYM39wo LHogwrol LEGHoWwOl 0w bEHOBOE0MIOS s T9dIR
3996LoL  B0bssOLOL  FglodsdolOE  5I3GHOMYdS. bgwrmzbmMo 0bGgwgd@o sbgzg bgwls
MPgmdl  9gBoMoMmo  Fgledwgdemdol ddmbg  doMOmomzol  MYLmOLgdBY
b9dolsfi3mdmdol  goBOmEIL. slggg dobo  5I3GHOMGdS bawl  MPymdL  Lobfsgerm
LoMYYgO0oL  2odm3egbsl, Mog 3OMBILMEOGOL LT IoEgdL 5dEI3l, FIMOZObmb
L5F0MHMGOGO0 @S  TGLogobMb  Jobosmengds  Lsgerol obgmo  LEGHowom, MMIgEo3
1599399bM@ FJ9gBsdsd9ds MOMMIME BEAHMEIBBL. FoMIS SF0LS, FoEGL 2obsMIgdsTO
b9wwm3b6 0bEgargdBHL d9mderos bgero dgmhgml 9bmd®m030 d56H0gMmgdoL 9330690, M3
396 LAHIOHAL LMo gdsly Job3gaL, AobsYOAML AobSMGds [6].
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3mbs3gdms 3mbx0IbE0smMOMds ©s MUIROMbMYdS

Mdogls 39bsmgdsdo bgarmgbmMo 0bGgargdBHol 9ohHm-9Mmo M30MsGgbmds ol
5oL, M3 oL Fgmderos bgwo FgMPyml  JgRsligdol 3OHMmEgLL @S 9853MMESE
39900ggbml  39OLMbIE0BYdMEo  Lfogergdol F9msz35Hgdolmzgol. dzs, gb 0fi393L
399939050 bBIIDEHJOOL AMbS(399900L (3356 W35300MJdOM, FoBLS 3NN MY
b9wm3b9m0 06@9wgd@ob 0blEMmmagbEHgdo gsdmoyggbgds b bEHOL MsbbIMdOL goc9dy
[7].

0565LfmOMdS s famads

M3ogl 25650090530 339 SOLYOMIL 0ROMEO MMBILHMOMDS s Mgl
2obomgdsdo bgemgbm®ds 0bEgargd®Hds Ggodegds 4ooBIOMMZML 030. 3960dmE, qUu
b9wm3bm®o 06@gwgddHol oblBH®mdgb@gdo Tgodwgds omMglo  LoboMRIOM  0ymls
LEAMEIBEBHIOOL  AOTIMEPOWGOOL  EILIHBTIMGIWSE S LEBMTomlb TGl gdOLLL
©H3s6M900l 9053593030, Foasd Y339 IMBsbergmdsly Jgodergds 56 3Jmbogl
030M35 3H9dbmema0sby, MMIgeroi bodmogdsl 0dgggs 3 byM3z0Lgdbg fawmdol [8].
9909250, bgemgbmemo 0b@gargdGHol 0bl@Mmmdgb@GHgdobg Lbgosolibgs §3mdsd dgodwgds
39900{300mb 5M53965356M0 LOLHogzEM JglodErgdEMdId0, MOL A5TME BMA0gIOH L IbEHL
56 8999905 0LsMPGOW ML MO s 03039 OglyGLgdom [9].

bgwm3zbm®o  0bGHgmgdBHol dmOm@Ge©  499mygbadol 05300  SBOEFOWYdEIS®
Lobgrddm3s69em 36063039001 89999353900l go®s, 16039MLOEGHYEIOT> 3MOMMOEGYEHO
65 F0560FMmb oo mbol Lfageols @y 3MHMdEYIGOOL 2osFMHOL bgedgHgmdsl
396965300 bgarmgzbm@mo 0b@gargd@ol g4o8mygbgdoo [10]. gl ImombM3L ogz5¢dgdOL
5Q33¢H0MgoSL.

396965300 bgarmzbmo  0bGHgwgdBo  MBswgl  gobsmengdsdo  sboo
LogobobsmEgderm Jobss®lol d94dbols LodoEgdsll 0derggzs. I, dGLOAEXGdG0S
35050 boGolbol asbsmgds, GMIgwos BEHMIBEHIOL BsGMI3L s B FMEH035305L
2obMoL [11].

396905300 bgemgbmMo  06@gwgdBHol  990939mdom,  Logobdsbsmergderm
©509LgdMqdgdl  FgMdosm  Mgoymo  BEgbsMgdol  Lodwmwo®Mgds,  0bgobgMool,
X9b6o330Ls s b3y LBIMMGIOLMZ0L, M3 LBEAHMWIBEIOL 36Mr0dBH03ME ASTMEFEOWYdL
dobgdL.dsk Fgderos  30boz®mo Fgdmbgzgzol 0dodsgos 96 LsobgobGmm sdmfzgzol
d9bPogams [12]. 496969300 bgwmzbm®o 06@gwgd@ol godmygbgdom, LEwwgbEgdol
LHog3eob 69508930 99 DLMs30s. HMEILsE BE™MIBEGHY00 LoggErg LodmBsmbg oL,
ob0bo L3 TgbodEGdMD9dT0 M MBIdMgdO 5G106 [13].

396965300 bgermgbmmo 0b@GHgwad@o 939 LEFMOsEgdSL 0dEg3s A9bSMgdOL
OHILGHOMIBHYO0BSEo0Ls. 0oL, LBEGHWMPIBEHOL  0bFMEOTs300lL  HTIbLMZMGIOL  MbsHBY
©YMHbMBOL bo3zws@, gbdscmgds oo MBMM dgBHo BMIMLOMYds IMobobmb Fsmowo

©@mbob  LHogamsls @o 3MMdE9dgool  25oFMmsbg. bgumgbmé 0b@Hgwgd®l dgmdeos
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03mgdgml H™mam®3 0bLEHMMIGDE0, HMIgE0E 5d0gMgdL biEIDEHOL F9LodEgdEMdIOL
Q@5 905 3300l Fom 3O0E03I sSHBOHMZDbJOLS S F98mJIgYd0MBSL [14].

(AI) 8096 890mm935H9010 9OH0-9HMO F935M0 LaMYgdI0 OOl F0MESWOHO
5 39d0gOgdIo  MHgoermdol d94dbol  dgbodergdermds  Lobffogerm  4969dmdo, o3
LEGMEIDEGHIOL LOFSEGOSL 5dg3l, IHZIHME M3056m0 MbsMIYdO MLITOHPbM Log®mEgdo
D0sbol MHobzob qo09dg [15].

M3oEgl gobosmgdsdo bgermzbmmo 0b@gargddo sbg3g 30dMore BHsgargdol
29090l MBGeM  JglodErgdgerls  bol  [16].  0bLEGHOMIGHMOOL  FogH  Homommero

39339000930  990dwgds 4990056 glb  bgermzgbmdo  0b@gwrgdBHol  sbdsegdoom
©939GH0GMOMBLMD O 351 0gdMB, M3 LEAMIBAHIOL 9@ 36503 LMOZ>BMOL
[17].

LOYIBAHIPLS ©> BN GHIOOL  §ig3®IBL MOl bgewmzby®o  0bGILgdHoL
0bLEGHOMIGHGHYOIOL BIOOMP 2536039050 T9Jdbs bgermzbr®mo 0bdgargd@ol Hoyabogemadol
3600303790 BsFoMHMYds, MMIgEo3 dmoEo3L 56 Fbmwm 39dbozme Mbsegdl, 6539
3600303 9gxoLgdsl, goozed  36md0gMdIL s  393)93MaboGMO B MOl
b9wm3b6w9m0 0bGgegd@ol doge 29b9MH0Mm 90w 3:mbEHIBEH™6 [18].

bgm3bme 063HgwgdBHL 993 3mBGHb30swo, bgwro dgmfiyml MPsmeglio gobsmergdols

MR 063009BoMe, 9839JGMO © ©JIM3MGOVIEn MBs35¢lL. vd3d, dobo FoMBo@gds
©59Mm300090w0s  F0Bsbd0dsmmM  06@gaM0305DYg,  06M3530900L  HBSEIBLYDSDY

539009906 0MJOMEGIJOMD,  OMAMOOESS  F0bMdS,  309OBHOWMWMdS
0630 HBomOHmds [19].

(AI) ©obgMpgzols b sbesgl 36033690 mgzsbo gmozmMo, obbGodwEom®mo o
39053MP0M0  359M393900. 8690 gdgmo  3MBLYBLMLOL  SBOLYdMBY, FMOZon
939956580 3m0@03mM0 Bs®BMIdOl 5G10MlgdMds s BEBHMIBEIOLS s OglgdEgdYdL
dm60L  BH9dbmemmyom®o  sbodg@®mos bsBL  MUzsaL  LEBHMGHIR0Mwo  0blGoG30MMo
0639365300l 5993000 gdmdsls [20].

505500690 3aMmdsMgmdol dodmbowgols bygmdzgandy, gb 0bGgaMogos Mbws
9953719690 9L b 396053 g6EMO LogMgbl:

+ 5350990760 dNE056MDY;

% bgwmgbm®o 0bEgegdHob Fogbog®adol g5630006M9ds;
+ 39053030990 063 gaMG0s;

% 0BLEHOGHMEOMOO S 3MEOEHOINOO 5@3ESE0s [21];

bgewmgzbmmo 0bGgwgddHo »09MPRg30L  B9dbmemaoss®. dswegl  gebsmergdsdo
Do0oGgdmo,  gmo3Memo  ©o  LAHMIGIROMO  0BBHIYMI300  ITMIOIONIC0S
0bLEGOGMHIO0L, 39ogMqdoLs s LBEGHWIBBHJOOL 09 d5390gdM sMPRY36%Y [22].
d9L5dgdMdS  F9MMYOg0s, My Aol 0bLGOGHM3OMOO  JODMYMWII0S QS
LogobsbsmEgdem  5b65Mm0835YdMWdom  F030090m, bgwm3zbme  0bEgargdBHL
d999dwos  bgawo  FgMfyml  qobsmengdsdo @G 063wbBond,  9839JGHMIO o
©990365@0) dmBogz5eml [23].

Georgian Scientists/do®mggero dgi3bogegdo ¢. 8 N 1, 2026 | 271



dombgogzo 9oy, OMI  LBEGHWI6EHIJOOL  MTGEHILMBS  EIWPIIOMI®  SGSLYIL
bgwm3zbm®  0bGHgwgdBHL - dommomgdgb  dob  Mbs®BY,  @osmdxmdgleml  LHogwrol
9893AMOMIS s 53509F0Mo IMLHEYds - 33wsg MBgds 360d3b9emgzs60 godmiz93900,
3obLO3IMMMGd0m  bgrmzbmMmo  0bEgergdBHol  dggagdol  LoBNLEILMb, BgdgEo
©53M 3000939 gdol HOLZMID @S 3OOGH0IMNo SHBOMZBIdOL WbsMGdOL  ImMmEHbi0me
9OMB0LMD s353006Mgd0m [24].

bmMs00 N1. bgermzbm®o 0bEgugd@ol gogargbs gobsomargdol dsmm3zol Loli@gdgdby;

b9 m3699M0 0639gegd@obl 29650 qdsdo 9839JGHIM0 06EIYMSE300L YBOME39wLoymes,
Dom0ma0ygbo 93md9bs309dL:

+ gmgzwoldmdsgzgmo G®Mmgbobao: ©sfglgdoegdgdds Mbs 3obsbMmGE0gwME &HGM960by
36MMyM59900 OMAMOE 39053MA900LmM30L, 51939 BEMPIBEGHIOOLMZ0L, MvmMs bgwo
399909mb bgwwmgzbm®mo 0b@gargd@Hol 0blE®dgbEgdol Loggrdzw0sb 2oa90sl @S dom
Lomobom go8myqbgdsls [25];

+ 035800 3000mYPJO0 ©S FSOEIGOOL 3HMEMIMEGBO: ©9R0690 bywmgbsy®o
0639w adGobL obeoggdol 9353600 LEHbIMEHYd0, GMIwgdog dmoaegl bgwwmgby®mo
06@9wad@ob 3096 39696006090 0bBMmMTS300L MYAIWIOHVICD 500
935800  8000mM9dg0L  39dbmemyosbg bgdgBHo ©EIM30YINMNWIOOL 15300
LGOI [26].

* 90039900 ©5 3M653006E05HMBOL 15s30MbgdO: J90d9Togz9m s ABsbMOFOgEgm
300@035 BEAMIBEJOOL IMbs399900L L3939 s bgamzbmMo 0bEgwgddol
Lob3gdgddo 3m@H9b30IMH0 0396dMgdgd0L dqlsdEoMmgdes [27].

+ 3MJ030 33an93s: dMBoz35¢ds 33¢939085 MBS B0oEMB 3M3030 OB MFOHM OO
Q5 IM935¢RgMM3560 503MTGO0m, Groms 390 2503Mb bgwmzbm®o 0bEHgwgd@ol
33903500560 2530965 535009909 T9JRIOLS S J5MI0YMME 363056 9d5Dg [28].
50 ©930996530900L  2om35olHobgdom, Logobdsbsmegderm  sfgligdEgdgdL

39999050 BOHM6390gmb, Gmd bgwwmgbm®o 0b@gwgdBHo 93Ul @S 9GS (330l
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G®50030ME BHogzergdol IgomEgdl [29], LSdMErmM xsddo 30 byl FgmHymdl »RM®
5Q33306905©, 9BIJAHIO S 3gOLMbI0DIOME Lsbffogerm 2s69dmlb, GMmdgeroi bSO
M 3F9OL 353500 FoM35EHIOOLMZ0L 5930009390 b5MGIOL Q56306MgdL [30].

©s133bs

b9wm3bme 0b@GHgwaddL 993L 3m@GH9biEoswo, Mg3me30s dMIBObML Asbs0Egdsdo
QS 553059mzomb bEMbEHMS IM35RgM™M3560 bsFoMMgdgdo. MI35, IWIOOMNO
BogobobsmMEgdem 899900 56 5GOL FocMLbEH0MYdMEo dbmem dmf{obszg bgwmgbm@mo
06®9w9dAHob  BH9dbmermyogdol  domgdom. bgwmzbm®o  0bEgargdBHol  0b@GHgyMoiEos
539009906 2569030  d5EIOL  3M0GH0IMW  30Mb39dL, MMIWIOOE ©93S3F0MYOME0s
565U OMILMD, bgedobszmdmdsbmsb s GHMooEormo bfogergdols dgommgdols
dBMH© OMEM6. bgermzbrmo 0bEgergdEol 493egbs 49bsmgdsHg GHEMBLERMGOs30wo
@5 86535 dbMH0305.  bgmzbm®o  0bFGgwgddo bl Mfymdl  3g@LMbswoBYdE
UHog3a0gdsl  Bogobdsbosmegderm  JobosMlbol  s@iadGHomgdom 06030 MSEMMO
LGM9bEHIOOL 160350 Lo FOMMYDGOOL OLS3TSYMTBOEGIWS. 33103935 583965, HMI
396OLMbsobgdME  Lobffogarm  go®gdmdo  BEAHWBGHYO0  °3Wgbgb oI MdgLYdII
03000989dGHIOMOL 5 MBOM 30D0G0MO ©FM300JOIGISL 2obs0wgdol dodstm. gl
39030 gds L Ma3dm 99@¢o 00939005 bgermgbm®o 0bdgwgd@oo dsmomero
0bLEGHMMAGBGHGOOL  BodMogdom, MMIWGIOE 99650 gdb FMbs399900L  MYBIMTSBIM
50 9bMdL, MM 259M030bMb Lolifogurm botgzgbgdo.

bgwm3zbm®o  0bGgmgdBHoo oMo 3Eo@GRMMIYD0, OHMYMOOESS  SI3EGHIOO
LHog3engdols  LobGHdgdo, sMFxmdIBGdgb LEBHMIBEHIOOL BIODMEIMBSL s  MbGOSL
6956 OHMI0 ©93939300M0L5 s IMGMYJIMo LIz gdol 2Bgdol MBOHMblgwymzom.
0)9d3d, dobo  0bGHIAM930s  LOFOMLOW L  FMOMbMZL.  5)(30¢gdJ0s By m3zb©o
0639 9dBHobL Logobdsbosmegdm 1MgMmMH093mb MMM09xM01JdggdolL MROM MBS Yoygds,
9003100 5 399M0MM0  359mfi393900L FM356MgdLMSDE GMMO©. IBSEBLYdMEO,
5Q50056%9 mM0gbGH0MGOMEo doymds, MMIJEoE 3M0MOOEIAHL 9B0FJOL bl
030m3sL s MBOHMb39wymal bgwmgbm®mo 0bEgurgdGol godwogMgdsl.
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The Benefits of Artificial Intelligence in Higher Education
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Social Sciences, tgvilavagtu@gmail.com

Resume

Artificial Intelligence (AlI) is playing an increasingly important role in society, which has
finally led to its integration into higher education. (Al) is a transformative force that offers
powerful tools to improve learning, teaching, and research. There are often concerns about the
use of artificial intelligence in higher education, particularly regarding how students use artificial
intelligence to complete assignments, which could lead to direct violations of academic integrity.
However, artificial intelligence and higher education can be a powerful combination, when used
optimally, enhancing the education received by students.

The transformative impact of artificial intelligence in higher education extends beyond
the auditorium. It improves administrative efficiency, freeing up time for professors to better
support students. (Al) can also be used in education through tutoring services that provide
students with instant feedback and guidance, further personalizing their learning experience.

The paper presents the impact of artificial intelligence technologies on student learning
processes and academic performance, the challenges associated with the implementation of (Al),
and highlights the need for immediate and in-depth research on the use of artificial intelligence

in higher education by university academic staff.

Keywords: artificial intelligence, integration, pedagogical innovation, transformation.
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Abstract

Georgian traditional clothing is an invaluable monument of the material culture of the
Georgian people and represents the expression of their identity, values, and worldview. The
traditional appearance of Georgian national costume, as it is known today, was formed through a
long evolutionary process. In different regions of the country—mountainous areas, lowlands, and
coastal regions—it developed in distinctive and individual forms adapted to local conditions. The
diversity of its forms and types, the originality of its constructive and compositional solutions,
and the impressive materials used make it an inexhaustible source of creative inspiration for

contemporary clothing designers and specialists.
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Since the second half of the nineteenth century, examples of Georgian traditional clothing
have become the property of museums and have occupied an honorable place among museum
exhibits. Although there is considerable interest in national costume samples among both
specialists and the wider public, access to these artifacts is quite limited, as many museum items
are damaged and require restoration. Over time, these museum samples will become even more
unique and valuable, while access to them will become increasingly restricted.

Therefore, obtaining comprehensive and reliable information about these samples without
direct physical contact with them is essential. This can be achieved through the systematization
of clothing’s structural elements, the creation of a digital database, and the development of a
search and information program.

Among the structural characteristics of the Georgian dress, particular importance is given to
the types of waistline segmentation and the forms of the neckline opening and fastening.
Accordingly, the article examines the analysis of these structural features and the formation of a
corresponding database.

Based on the analysis of the structural characteristics of the Georgian dress—specifically the
waistline segmentation and the neckline opening and fastening types—all indicators were coded,
which provides the basis for compiling an electronic database. The results of the study will be
used in the process of forming an electronic repository of the constructive and compositional
characteristics of Georgian traditional clothing.

On the basis of this electronic resource, it will be possible to develop a program through
which researchers and interested users will be able to obtain comprehensive information about

museum samples without direct contact with them.

Key words: traditional clothing, structural characteristics, dress fastening, coding, electronic

database.
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39908535¢0 Fysedo sMBYdMEo 3dodg dg@oegdol 3mbEgG®3E09d0 56 5F56M0dgdL 3L ,,06 90
X0 30~ 09, A9MgIML OE30Ls s LMol  FgMMHbgmdol  LsdobolEBmmdo
99056b390mwo  Bh(bgsdome {guol ™dogd@gddo Bsdobsdg Hywgdmsb gmmso
B3390 ©535006dM909w 503009MGd5mS BOZMIMIE ©ILTZ3930 B39d0L BMMT9d0)

66393l o 5659900MM3g G030 gofidgbwol LoliEgds 989dGwMS© MB3X930 ds LB
59m39690U.
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gb®oo #4 Jodommo @s9(dgbo bsggdmdsdo 8gdsgsemo gsbsdgbo s 2sdmadsgsemo
98fi8beocro figerols 33erg30l Byegaado:

©5006d@gdmmo | gsfdgbomo | Bwh b3
PH 7 7,7 6,5-8,5 6,5-8,5

bdogrgbdo Cu  da/c» | 0.35 0.25 7.5 1
0905 Zn ds/c» | 0.56 0.42 8 1
#3065 Fe dg/cw | 0.04 0.04 15 0.3
bogemgsdgbo So4 da/c» | 1200 640 5000 500
0sbgsbydo Mn  dg/c» | 0.72 0.62 0.8 0.1
Fo@bomdo Cd  ds/c» | 0.001 0.011

ik Wb

399my9bgdmEo o@gMs@w®mo

Law of Georgia on Water, 1997; Consolidated version (Final) 30/06/2023.

Law of Georgia "On Environmental Protection". 1997; consolidated Version 02/03/2021.
Law of Georgia on mineral resources, 1996; consolidated Version 16/012/2021.

Law of Georgia on Animal World, 1996; Consolidated version 29/06/2023.

On the approval of the technical regulation of surface water pollution protection, Resolution
N425 of the Government of Georgia, December 31, 2013, Thbilisi. Consolidated version
10/01/2014.

RMG - EIA — Report - https://mepa.gov.ge/Ge/PublicInformation/26787

Water treatment systems new technology - https://www.cerafiltec.com/about-cerafiltec/

Mining-related metal pollution and ecological risk factors in South-Eastern Georgia
g.avkopashvili 2018
https://old.tsu.ge/data/file db/faculty zust sabunebismetk/avqofaSvili%20phd.pdf

Determination of Cu, Zn and Cd in soil, water and food products in the vicinity of RMG

gold and copper mine, Kazreti, Georgia

10. https://www.sciencedirect.com/science/article/pii/S1512188717300441

11. https://richmetalsgroup.com/mitigation-measures/
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https://mepa.gov.ge/Ge/PublicInformation/26787
https://www.cerafiltec.com/about-cerafiltec/
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xfZQKqAAAAAJ&citation_for_view=xfZQKqAAAAAJ:roLk4NBRz8UC
https://old.tsu.ge/data/file_db/faculty_zust_sabunebismetk/avqofaSvili%20phd.pdf
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xfZQKqAAAAAJ&citation_for_view=xfZQKqAAAAAJ:u-x6o8ySG0sC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xfZQKqAAAAAJ&citation_for_view=xfZQKqAAAAAJ:u-x6o8ySG0sC
https://www.sciencedirect.com/science/article/pii/S1512188717300441

Technologically polluted quarry (acidic) water treatment systems
Konstantine Khachapuridze

Environmental Engineering and Ecology Department, Student, Technical University of
Georgia, Georgia, 0160, Tbilisi, M. Kostavas 69. E-mail:

konstantinekhachapuridze@gmail.com.

Abstract

The technological cycle of operation of modern cleaning systems selected for the cleaning of
acidic quarry turbid waters generated during the open processing of copper and polymetal
deposits in the mineral license area of the mining industry "RMG Group" operating in Bolnisi
region in Georgia, in particular, is discussed. In order to determine the efficiency of the operation
of the chemical treatment facility (modern cleaning systems) installed by the "RMG Group", a
physico-chemical study was conducted in the waters (quarry polluted waters entering the
treatment facility, purified waters coming out of the facility, Mashavera River and the waters of
the Tsiditskhovli Ghele). Their results were analyzed in relation to marginally permissible

discharge norms and marginally permissible concentrations of surface waters.

Keywords: Mashavera River, Water triantment systems
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1.5 g56353Mme0my09, 3Mglo3MmEMma0s s BMTs3933H03I0

LsgdsMmmzggumls ganm®ol Consolida orientalis (J.Gay) Schrodinger-ols
SE 3500000 5 3939GOGHOM0 MMYBMGdOL 5b5EMB0MMO 539090 gds
w0 30bfigHhedzowo’, Jog3sb d3aeerody?
obLY) 003900 JMM9MYE 5ol BoMTs3mdodool 0bLEGHOGHMEHO

BMTS300L 93500930v)M0 MJEHMM0; BoGMJodool /3 ©g35ME9896G0, se35eMm0EIYdOL
303560Hmgds, MBOMLO 393. 09bsFdOMIgerol; 599407944, L kintsurashvili@tsmu.edu

Leaggenols 39@BYMOOL 5350 MJGHMM0; BoGMJodool /3 Y350 EHIIBE0, BoMBs3MOME6030L
903560H0v9ds, 053560 89@3. 09bsddMMIgero?; 593-580-027, k.mchedlidze@tsmu.edu

BLBGOsdBHo

2obbowmmos Lodo®mzguml RwmMol Consolida orientalis (J.Gay) Schrédinger-ols
S 39WMOEIO0L 8993390 ™ds  @d  1y33wg30  Lobgmdol  9;39656M0L  39393)9G0IM0
MmM296mgdol  3530m- @5 803OMLAEHOWIEHMOMO  M930L90MG0gd0  EHogumbols
150096E0B03530M FobslosMIMHgdOL oYIool Jobbom.

C. orientalis-ob 9o{olbBgs 3929G9G0MM0  MMRBMId0  IBIOWMWOos  FoMEH030,
3mbMlmEo  gmGIolL,  dmEMbmwo,  9OHDMXMIM3b0  BHM0oJmdgdom.  gumGdEol
dmbe®dméolbol  BGHOMIGHMOS  FmbmEolzwmMos,  GH®MbBoGMOMwo  LolEgds
30690396(35¢0393901000; 359BHM0 3065 00S-3ME5E MMM FH030L. Bmomol byadgb@o
MOBO005605,  BOBSE0SWNOHO  BmEOIOL,  SIBOLEHMIsGHIM0,  MODMZIBEMIWMGO
LEAHOWIGHMOOL; BPMWOL BYs WS J39s 9J30IMHToLO IFYMOMOIE IR30MHOLEHGOME0Y,
dOMEbIBM3560, BoaBHAoLgdM-3Mmbmgzsbo  LEHMWJEHMOMOL; FmmEol Loggb@owszom
Lol gds oYM SBMIMEOGHMO G0o3L J0939M3b9ds. C. orientalis-ob Bgbgo 3MEOsMJLIO
50b5aMB0LYs;  Bglgol  FgMHJobdo  @odBSM0  FMMIFWdo XYMNBMOO S LoRMIODY
0360390 256(ymdom oxgMHgb306M©Yds, 35000 G0 FIOLOL FolgIErgds M30MsEHILO©
RMOM35605 JoMEGH030 39ORMOSE0MWwo BoMRoGom foMdmpygbowo. C. orientalis-ob
19L30L  GHEBBoGHMOMWwo  LoLEGHIIoLOMZOL  sTIbILOIMYIJ0s  IMTMYgbMEO
505 wMH0 Lboggdol 56LYdIMdS Jgedols J0TsOHMMEGO0m Pog96096M9d0L 9bgbizoom.

BoBoM9dMmo  BoBMJodow®mo  33w93900Ls s GC/MS 139gd@GomMo  sbserobols
0909290 ©oa9b0wo0s, M C. orientalis-ob 392939GH0M0 MOYRBMIO0I6 LoPbME -
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Lombmgzsbo gduEH®oggool Igmm@om Jogdmen 2olivrm39dNIeY 5 35¢M0EYdOL KX sddo

©M30boMgdL  oFGHIM396Mo  xaMRol  Bwdgado: I 3Mbobo, 3035Jd@mbobo,
w03m3G™bobo.

153356dm Lo@yzgdo: LodoOmzgwmlb gums; Consolida orientalis (J.Gay) Schrodinger;
565@™305; 3939G9GH0IO0 MmEORBMYO0; OEIM396I0 S0 3OWMOEIOO

bmbsbo, Consolida S. F. Gray — boGoldoMslgd®oms (Helleboraceae) mysbols
9OHm3560, H530s60 s IZMOIEGHOMWO B sbM3sbo 39bsadOL §35M0s, HMIgEro;
3936039 gdMwos  ©gEIoHol  BOowmgm  Bobgzsmbggmmdo, 93MoBool  bmdogho
LoMEGHYOoL Botgddo[1]. Consolida-b 4356030 sHgMoos 119-0g Lobgmdols 9396569 [5].
MG 9496 4 HomImaqboE0s Lods®mm3z9wMmb 50 MOdM0Z3 Berm®msdo [1,2,3]. Lmbsbol
LobgMdgd0 8969060350 0DBMPYd06 390gdBY, bobg3M9MIBbMYdT0, J308056 S 3056
R96OMO9dbY, 80603609000 Latgz9egdol Lobom, sbg3g OISO SO dDY [1].
Logom3geml  dmEHbogMmbms  MzswlsbMobom, Consolida ©ITMY30JOJP 33565
doobbg3s O 5Y0MOM030 RBEMEOOL  Qom35¢olobgdom 96 gobobowgds Gmame;
Delphinium-oU bgdool b §3933560L 5939909356900 xamzo [1].

Consolida-bl 93500l 939659  1583MbsErm  ™30L90900 dzgwgbo  MHMOEsbss
36™d0w0; BHMIOE0IE s bogb® 390306580 59Mm0Yygbgds domo bsggbo s Bobs®do
313-65530L BHMogd@ol, dom-Lsbdgbm LobEgdol, w30dwol, Lsbmbmdo 3bgdol, mgzawols
@5 3960l bbgoslbgs 0935090930l @OML [4,7].  @oGIMsGMGmEo  dmbs399900L
0565b3o,  LELLbOL 43956006  0IbEGHOBOoEOMIOMmos 126 Lbgoobbgs  Godol
©03HJM396o sen3swmoo (C-18, C-19 s C-20), Losg wozszmbo@obols C-19 Eodol
1w9dg 990degds Bsomzseml Consolida-U 3356Mm0L @sdabslosmgdgen bsgMms [6]. bLmbsbols
LobgMdqdolL ©03JM396mw 5N 39 MOYOL sbsllosmgdm 0blyd@ogoMo,
963H080360MdMwo,  9BEGH035MDoGMwo,  bGH0300WMlwo,  bmgdol  Lsfobsswdogym,
A3030-350599Bgd90, L3SBIMEOBMMO, bs3wdgbo, Fo-09bo, sdmlsbgzgwgdgwro,
LodLogbol Lsfobsswdgym s s6EHOMILOPIBEHWOO sdBHogzMmds [6,8].

33w930L d0Bsbo 9@P0WMdIM030 Barmeol Consolida orientalis (J.Gay) Schrédinger-ob
15937MbsEMm  3m@gbE0swol  oblsDW3Md  AoBs30MMds.  3M0GH0ZMNo  Lobgmdol
R96M53mbMLGWMMmO  Fgufogeol  RoMygddo,  dobo  3939AOGHOOO0  MmMHRBMYdOL

565GHMToMH0 539000l O S MOEIOHO  Bogmmgdol 899339emdOL  YIbOL

Log3mdzgedg.  BoMTo3MPbmbBHMG  33¢0g390do  I39bsgms  F03OMLEHMYIEHMGMEo
15056MLEHO3M FobollosmMgdEgdOL oD A9BLSIMNMGOME F60TZ6J MO 5BIMGOU,

096 LHmeg 53 60dbgdom bgds Lod3MEMbowm s 39ML3gdGoe bsd3MMbogom
93965M9m5 0096308035305 s 99damd dobo godmdodo®o 13Mobobyo.

C. orientalis-0 9OH®Hrm3z560 ddgobmgsbo  J3gbstrgs  LHmMdamdo, do®EHogo b
©IGHMA300 VIOMMO. OIOHML Bgs bsHowo RGOy 3MLLgdom, brwm J39s
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Boffocwo — F0dz9w0s. BmmEgdo 4Mmdgeo, 30(OMmbsbmMmo 6533900  dodmo™bg3s.
Y3530g0  AMAY0s, IM535¢0Y3530000560 ©s bdo®o, FoMdmygbowos FoMEGH0z0 b
©G™MG300o @360l Loboom. yzs30wol gmbHigdo dmzwgs (8-10 99), xo0M33m3560
999ML300. Y3530gd0 ©OEOs (12-15 83), ©os o0olygMo 6 dmfomswm-0olggo.
43530boxmol gmmegdo mEbsg Jgombzowos, Rm®dom 339MHEbOLYIG-bEgEss 96
00mddol ImIMP35M. EIHBM Y3530@LOgMHOL BMMEgdDg dm3wgs, LmOo 56 mEbsg
dmbGowo. bsbgd@®g s obEgMH-Fom s, bAoMms Dmmgdom s dmIMmyzsm-L5d3mmbs
33960000 653300900m. BMmEGs 12-27 83 Loa®AoLss, Lwosw Fgorizowos, My
BolgomGom  ©@s  6539600L  oldawgdEo  39Wgdom.  MJuEgdo  JMTs3m-3Gs
39839600Mmd0LsS.  33gbs60oL  9JBHOMOO  43530Mds  Fo0oloID  03wolsdwg  (V-VII)

339 ©gds[1].

C. orientalis-o 3965060350 —
0O 39009, l ’X 3

Bobg3M90Ms0bmgddo, ©OS

39HOMdYdbg, dmol  Hobgdosb
dool 9990 LoGHYwsdy.
Logo®mzggermdo  go3MEgwgdveros:
JoOOEoL, dmovIegmol, 3sbgmobs
Qo dgbbgomob RXMOOLEHME
6500b693d0. LBogMomm 453039 gds 30
475 @5 LsdbOge  93MM3dL,

b39058995BM30L M920MbU,
bLedbgoL, 0MBL, (396GHOIXMG
LodbEY0Y 5B BMO393U.

Aslsogms s 3gemg3oL dgomogs: C. ’f_‘f:‘:‘?‘:“;:%.‘_:‘:‘ﬂ: e

by 2. 7 iy los "?‘3""‘"‘_“.‘7

orientalis-ols L599L39H0BYBE™ 3:_"‘__“',"‘“'3'.*1:5":; s h
Lobgemds  dm3mgade  odbs 2025 :;ASL_ SIENET
Poh, ool grandobdye bw6.1 Consolida orientalis (J.Gay)

Mo0mbdo - N 42.01151° E 044.33466°,
H-708m,  Booglgddo.  33¢930L
M3m9J@ob  Bo3gmdsmomdm bodmdo
(305 ®LLYY 0. JMMOMYEsdol BsMTs3mdodool 0bLBHOEGWEOL  39Mds6ovddo TBIIH -
22732 (bme.1).

Lo9bsEP0BM 3969600l BL30L, YwmOEHOL FMberMIMGOLOL, Fmmerol 65330900l

Schroding. 356356030l 603130

R0ORBOGHOL 395GHOIMOO 5609900 500 LE3MY35EIOM BodMTms 496030, LogMdogo
5 1933000 5650900 ETBIS FMELIO IMROJLOMGOJO ToboEr0EIb dsliGO
153oM9dOL LT GdOM, 1533¢0g30 565 GdO TJOGdS LoBMIBObOL 1%-056 blbs®do 24
bon-0b 2963530 Mmd5d0 s IMMOZLES A0EIM0B0E go6gdmTo Lologbg d0bsBy. 33w930L
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009dBHms  8030MmGH9db03mmo  33eg3s  FoMdmgds Lobsmerols Carl Zeiss, Jeneval-ol
30360mL3M3BY; BMEMEO™IMTIBEIMOO FoLod IBOJBOMES FOBOMEO BMEHMI35MSEGOL
(Canon Digital IXUS75) L8415 g300 5 2605830305 0985305 Adobe Photoshop CS5-
ol 3G 65d5d0.

C. orientalis-ols 3/3 (36056700 3929G9GH0IM0 MERRBMYd06 sen3sermog-
B0l Logmom x50 JogdmEos Lombwm-bLombm3zsbo gduBEI30MmIOOL MmMO FgMEO:
3sb03MMo dgomEo: bgwgmwols Hobsbfo®o g osbgds 5% Na:COs blbstrom o
53500000l aodmfigeroergs  CHCIs.  xodol  golwynomoeggds 5% HaSOs, 85530
390mbsfizemomols  IgE@osbgds NaxCOs pH-9-00g ©o 535000 900L 350593560
65699 25dblbgerdo g3mdol Lobom. II-9JuEMog0Mgds 458blbgwms bLobEgdoom: CH3OH-
CH3COOH-H20 (70:3:27). 95535-9c00560 259mbsHgeroegdols 99@«@osbgds Na2COs PH-9-
909 5 539 M0qYOOL godmfgeroergs CHCIs. 300930 5¢035¢0m0©3d99339e0 X599d0
©IYMRBOWO0S BNMSJ309050 Bdosbmdol dobgwgom (PH 2,0-10,0, doxo 1,0). g6odi09d0
3oLRM5390IW0s 539HMbO®M O F9OIMOLEHIGOIE0s FYMNIBMEO. 25TMYMBOWO
1d9g00L  09gbGH0R03530s dMmzsbobgom GC/MS  L3gdB®owMo ©s 30LMmdM030
565¢00H900L Loxdz39WBY- MRJ IgmmEom (BoMRoEs Silicagelsss, Merck; bob@gds: CHCIs-
CH:OH (4:1); @939d@™6m0: ©6Msa9bom®aol  69od3o30), F9d0s00o@  bodw«dgool
05bsLfiMgo0m.

33wg30L 8)©Ja9d0
C. orentalis-ob 393935300 MmMbmms sbsGHmIomemo 5390gds. C. orientalis-obs

y4om®Gob dbemmdmmolo ImbmEozw o sbs@mdom®mo s6dodgddmbozom bsliosmwgds
L6, 2. A). ©9HF000 MEOHYBM IGFIOME0s FoMH030, 3MEMLMGO FZmEOIOL, dmebro,
9ONYXOIM3560 GHOModmdgoom (bme. 2. B). 3Mbewmdm®olbol 9Hm®oa0560 3x5sMs30
Jumgowo  8609369wm3bs  3MEGH0b0BOMGOIME0s,  ToL  BoORoEMZBo  3megbjodols
MR 6090900 9doxbgds, MMIGLsE 3930LM035© JmMgbJodol 3sM9bJodmwo Jumgzowo
dmbg3l. ©9gMHdomo  MOYBML (396G MO  30¢0bEOMT0  MIO0IWNMHO  QobEsYgdOM
3609 d0m ©O0RIM9I6306090ME0s 3069095639 39390w0 (disjunctus),
505903560M3560 BMA0L, W0S-3MEOEHIMMOO GHO30L 259BHM0 3mbgdo (bme. 2. C).
A®36BDoGHMOMwo Jumz0ol WsxksBo FgambIBOZIOMI0s 3MOGJMHMYZ5MM360 35¢0dMOLS
@5 3Mobm3zsbo 300653035300l IJmbyg, 130G MBYWRsML0SBO, OELMHOsbo
1399640 dMwo MXMHYEIdom. FgMdbol AsFBHIM FIOFJwms LsbsMIYOHDO, 0GOS,
©OE390dM05605, M350 96 LLGO© 3Mbmgsbo ZmEMBoL. dgedsbdo Fomo gobesagds
OMAMO3 X3RO0, oy Log®mdogo d(300390000 s6MH0OL FoMdmygbowo (bmem. 2. C).
A®599000900 boliosmgds M35¢ MO 96 LYLEIE 3MMbMZgsbo JMEGFoAMGOSE300m s I3067
Bmdol LsbsmMOmGBOm. YwmOHGHTo 2od@se FMOFGms Jos oMo L30MSWMOO S
300019395 BMOMZ560 Polidgargdqdom boslosmgds (L. 2. D), bewm @G6Modgoqdo -
RMOM3560 Asbdgugdm. C. orientalis-ob  garm®EHOL IMbemdm®obol 39w sGH¥Iero
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Jumgoo OO  AMEMEMBOLYS @S HoMTmEygboos Bs8sMo  9bfymdogro,
U9 9ML0sBO, 3mEroymbom®o 3s69bdodom (L. 2. C).

C. orientalis-ob @emMEOL HBgs O J39s 930YMHIoLOL §dgdgdseg “YIxMHJIO0
30gmdMo®©  ©3000LEJOM0s s  bollosMYO0s6  FOHMEbLIBMZs60, Bogbogoligd®-
3mobmgsbo gm®dom (Lwye. 3. A, B). gmmEol 3gs6eg Jumgodo 353900 2obamsygds,
053900 dMOoLo HB3MgEgdoL M6l 0O 2ob{igmdol smgzsolifjobgdom, dfymdmos.
050l 5350530 F9MBH030, S6MIMFOGHMO FH030Lss. 3530l 9393930 IXMIVJO0 MObIdGS®
0bgE9MLosbos s MB30LYIMO B0 bollosMYdS, bmerm d5390dmMobo baMgwmo —
0000LGHIMOLYIOO BMOToLsS (L. 3. A, B). ds0b 339393 MXM©JOT0 JermEmM3sli?gdo
©0xIM6306090wo0s 300w doM33wm3s560 bobom. C. orientalis-ob GmmEools bgydgbdo
(6533000) IMI3OM BB, BOBSE0SXMEOO BMOAOL O MOBO0SBO 5290MEgdolL (LwE. 3.
C). 0go dgdbyeros FoME030, 9JOHMNWYXROHIO™Z60, 3mbMimEmo, BJoMms Imebywo
ROl dMLMLgdom. Bmowol  UgadgbGol  ®dowrmdTdo  9339MO©  FMbOEE0s
3900056)MH0 @S WOGIMIMMHO god@sMo 3mbgdo. C. orientalis-ols Mmool d9Hbmzowo
50830LEHMISGM0s O PMOHDBMZIBEMIMEOO LEMWIBHOOoD bolosmgds (L. 3. C, D).
15396 GH0WsE0M  LoLEBHYIOL TYIMGO0? FMOZSEOEbMZ60 OBIMIBE0MGds BMMEIOL
5054L0sEE Fbstgl BoJLOMPYdS @S J30YMTOLMD J0dsMrgdsdo Fodmfgmwo Lobom
5ol HoMImppgbowo.  gmmwol  dgbmuowdo oy MIBE30MHYdMwos  F9dmdggbo
Jumzowom  99dmboBO3OMMEO 3-3GO NOHO  Bo30L  god@sMo  3mbgdo o
L3OO MO F0S FoOUL 2obdgegdmero s65LEGHMIMNDbgd0 (be. 3. E).

C. orientalis-ols 90{jolgdzgds ©9MIoMO MOYBM  3MmEos®dmwo  sGJodgd@mbozom
boboomgds (Lwme. 4. A). ggbgol dxgsGmego Jumzoo Fomdmoagbowos 39MHog®dols
LOONIOVONO  JOPIYWIBoM,  OCMIIwbsg  JgPJob  3sOgbdodyo  YXMILIdO
QBaBez®gds (L. 4. B). Jodddo L3wwgemgbdodmewo »xMggdol 3mb9gd0o Jom@Moos
©0xg9IM96306090wo.  3gbgol  396GHMIWMOO  3owob®o  Joosbs  Fg3LgdMeEos
G®3bboGHMOMwo LobEgdolb LEHOWJGHMOMWo gagdgb@gdom (Lwe. 4. C). @oxgsbol
Jumgoo, GMmIgwos  AobL3MMOYO0m  F306Mg 9Ol 035390,  F9AMLIBOIOIE0S
5M59MMY350M3560  BMOIoLs @S BMIoL, oMM @S MbgWPsOLOSBO
L3gMgbJodMmo YxGmgwgdom (bLe. 4. B,C). 36935 lbogosh d96m4sbdo  s0obodbgds
396460 35696J0dsbs s GHMJ9g0IBOL B30 OBIMIBF0MYIOMWO oGO0 FIOFOOL
LobommMgdo (bme. 4. D). 9960460l 9o09GHsc0 FMOFgdo M30M5GHIBs© X3RO0
39009000  50LObgd0s6, MMI3s HoMBmPAgbowos FJMEMOEO  J9FBHIMO  FMOFEgdol
Loa®A0350 IPYMOMOE FobHymdol FHgbwgbgos (Ly®. 4. D). AgeJbol god@sMo F96 Fargdols
LBsMMGIO M350 FMEOTOBSS S SMVIOMRIIMMZIBO 35¢0dMOL, bmerm EHGmodgogdo
— 98603369cm3bs dmIzMm Bmdol, M350 96 3Mbm3zsbo 3mbxgoamGsiool. dgmdbols
3993960 396 Fc0gd0ols O GHMd90gd0L oS FoMLO BMMHM3Z560 A5LJgegdom boliosmgds
(L. 4. E); 3593060 F0Fegdol boblemgdo Fodmaqbowos ds@Ho30 39OHRMmMs300Iw0
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RBOOROGHJOOm. B9L30L 396G  30wobE®do ORIMHI6E0MGOIMWos IMIMYgb©O
5050 MH0 bB0ggdol 2-4 Gogosbo 33003980 JgMdol 30dsMMNMdom Yogobogeadol

&9b9bgoom (L. 4. D).

C. orientalis-ols ®30LMd®030 565¢0BO sEW3seMOEYdOL Fg03339eMdsbY. C. orientalis-

ol 393935G0O0 MOMYbMGOIOL 5 35eMm0EYdOL F993390MdsDY 565¢0Bol Fg9Ao©
©5JB0W0S 5 350M0EIO0L LHGOHNM K 5FJOOL 2oTMUBOZoe0 3596M-FdMo Byw g Hy
390055656089800m: I 9900M©000 00900 LogMM KXol 4odMbog5w05-0,38%, II- 0,42%.

50 35¢M0EYd0L X 53900l 30LMdM030 BBl 9o FJ33sM0E) 60dgdmb
561LMG00 MBI RGbM3560 JOHMTEMAMITGOOL IJNMPO Y0bs, MMI MmGOO3Y
39000 FoEgdMwo X53Jd0 M30LMdM035© 0©IbEHIM0S, FJ0E9396 WOEGHYM3gbmwo
X3IBOL  se03omoEqol; I dgomom dJogdmer  Loghom xsddo  ©mdoboMgdls
R96MT53MMAO0MOSIPO  SJGHOMOO  5IOWMOEO Y 3mbobo; II - ©@030m33™bobo;
5350399339 BGsg305d0 PH - 3,0 - 4,0 - comdobotmgdl cogemzmbobo; PH -5,0 - 7,0 -
3035d@mbobo, PH 9,0-10,0 - o03m3d™mbobo, o3  ©o0sbEMHgdeos GC/MS
1399dBHMoMMO Sbswoboo.

S 3OWMOEIO0L  X9dMOO  LmdLGebEogdo  ©ogdoms  0dbs  F9xsLgdMwo
3GOAMEGHMIJL03MM S 56GHOMJLOIBEHWME 59E03009dbY.

©5L33bs

9915530005 O IRIH0EO BodoMmMZGEML B OO, 39OL39dEH0o bsd3MBsEIM
dggbs®ol  Consolida orientalis (J.Gay) Schroding.-ob 39393530M0  MmOHasbmgdol
565300 5390999000 LoE0sRBMUE03M FobIBOSMYOW GO S HEN35WMOIYI (339 MDS.

C. orientalis-ols dofjolBYS  3939BGHOMM0  MOHR6MGd0  OBIOIOs oM 030,
3mbMLlmEo  gm®Iol, dmEMbwo, JOHDWYXOIMZB0  gmdolb dJmby  GH®oJmIgdom;
y4om®Gob 37bemdm®molol BEGHOMIEGHOS FMmbmEozweos, GHMBBoGHMOMwOo LolEgds
3M690396(35¢003939000; 98B0 3mbs  ©005-3MEsG MO0 Bodol;  d96mdbols
G©59950M0 Jum30e0 BL30MIWMEGO S BOOMZ560 Fos JoOBOL QoLdgwgdom. C. orientalis-
ol 39393906  MmMQobmms  Fobsasbo 9390 gdoLsM3oL  ITabolinsmYdIE0s
3M596M3560M3560 35e0dMOLS S 3MBRBOYMEMSE00L MbgERIML0sBo @S OO 0sbo,
1399640 wo MXMIOIOOL 3MbMOM030 OTYMHGbE0MYdS.

C. orientalis-os @mmEol UB9adgb@o mOFO®0s60s,  B0PSE0SXMMO  FmEOIOU,
590g30LE MG, MODMZIBEBHOIWMOO  LEAHOYIBHWOOL. BMMEOL Bgs s  J3JOS
93009M3oLo YOOI I30M0LEJOIYW0S, IOMELIBMZ960, BogyHsaolGdM-3MNbMzs60
LEAHOWIGHMOOL; B30l 935M5BH0  bMIMFOGHWM0s, ™ML3OLYdIMO FBMOIoL dogol 8393930
MR OIIO0MS S MOMOLEIMOLYIOMO doggNIMMOLO bgMgwoom fo®dmpygbogro.

C. orientalis-ob gqb30 IM535¢LL030560, 3ME0sOJM0; 7glzol JgMddo dgdsbozmeo

MR OIIO0L 306900 JomGHMMO© ©ORBIOIEE0MGIMWos. Bqligol  FgMdsbTo  AsBHcmO

Georgian Scientists/do®Mm3ggero dgi3bogegdo ¢. 8 N 1, 2026 | 300



F960Fg00 X2aBYOH0 s LogMdmhby d[3M03Mwo FobHgmdom bsliosmgds, dsmo Fos
2396LOL 4oL gds  MB0MOEJBOI® BMOMIIBos FsMEGH030 39ORMOH(30I0  BOOTBOEGHOM
006009600, BHModg0gdoa BMmMH™M3560 oo 9MLOL FoLJgergdom bolosMYd0s6. C.
orientalis-ob gqgbzol GH®M6BOGHMOWo LoLEYIoLsmMZ0L OBobILOsMYOYE0s 3MIMy9bmEo
6505 MMo  bboggdol  ©oxgMgb3omgds  Jgtdol 80050 gdom 496096930l
39b9bizoom.

©opobowos, ®md C Orentalis-o 9903536  BoMTS3MMPOMOS©  5JGHOE
OGHIM396ME 535 M0EIOL: I ZMBOBL, A09dEMBOBL, o3m3E™bobL.

bmGomo 2. C. orientalis-ob  4em®@GHol  IMbemdm®mobol  sbs@mdom®mo 5390w gdols
05301998960 90560
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36m3m30EMO0 G030 dogol 535M5@0; 3. Mb30LYOMHO BMMOTOL dool 8393930 YYXMJWOIOO; 4.
00m0LGHIMOLYIOIOO  d5gPIMGmOLO  bgMgwo; 5. g30gmdolo; 6. JguMoLYdMOO ©s 7.
0OMBEXOLYdMEGO 356096J00s; 8. 299BHeMm0 3mbs; 9. dgedobo; 10. oxsbo; 11. d9dmdggbo
Jumzowo
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Alkaloids and Anatomical Structure of Vegetative Organs of Consolida orientalis
(J.Gay) Schrodinger from the Flora of Georgia

Kintsurashvili Lali, Mchedlidze Ketevani

Thilisi State Medical University, TSMU lovel Kutateladze Institute of Pharmacochemistry
k.mchedlidze@tsmu.edu

Abstract

This study investigates the alkaloid composition of Consolida orientalis (J. Gay) Schrédinger from
the flora of Georgia, alongside a comprehensive evaluation of the macroscopic and microscopic
characteristics of its vegetative organs. The objective is to establish reliable diagnostic features for

taxonomic identification.

The aerial vegetative organs of are covered with simple, conical, curved, unicellular, non-
glandular trichomes. The stem internode exhibits a monocyclic stelar arrangement; the vascular
cylinder is characterized by discrete, open collateral bundles. The leaf segments are bifid,
amphistomatic, and dorsiventral in organization. Both adaxial and abaxial epidermal layers are
distinctly cuticularized, displaying sinuous, zigzag-angular anticlinal cell walls. The stomatal

apparatus is of the anomocytic type.

The root of C. orientalishas a polyarch structure. Xylem vessels are differentiated in grouped and
longitudinally aligned rows, with predominantly pitted wall thickening and simple perforation
plates. The transitional system of the root consists of homogeneous radial rays with a tendency

to widen toward the cortical region.

Phytochemical investigation, supported by GC-MS analysis, demonstrated that the purified total
alkaloid fraction obtained from the vegetative organs of C. orientalis via liquid-liquid extraction
is predominantly composed of diterpenoid alkaloids, including delcosine, gigactonine, and

lycoctonine.

Keywords: Flora of Georgia; Consolida orientalis (]. Gay) Schrodinger; vegetative organs;

diterpenoid alkaloids.
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