Vol. 6 Issue 1, 2024 E-ISSN: 2667-9760

Georgian Scientists

Jom39ero 39360960900

SbM305:305 39(36096M9d0LsMZ0L

Association for Science

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

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

Georgian Scientists/do®m3gwo d93b0gcgdo ¢. 6 N 1,2024 | i




LOM9OJ30M LodFm

05356 bobmEsd30¢0: d053500 MgEsJGHMO0, 30330BHIOMo  d93bogMgdgdols doobBHmo,
bmE0s30s  39336096M9d0Lsm3z0L 3O BoIbG0;  Mdowolol  Labgwdfogm  bsdgoEobm
26039ML0EGEGHOL BOdLOMMH30L OMIJEHMGO https://orcid.org/0000-0003-0953-2073

Bobm  BgMm0sbodg:  BmogzoMo  MgsdBHMMOL  IMoyowy,  3MIZoMGHIMwo 3936096093500l
9o0LGHM0;  SLME30s30s  d93609Md0LIMZ0L 50O GdI0  OMYJBHME0;  MdowOoLol
Lobgdfogzm LsdgoEobm MbogzgdlodgBol d0dommy30L byobxrmMsgom @H9dbmewmyogdols
3969m530¢900L bgerddm3zsbgaro, dmegzsmo b3gEoswolo

356093 Lresdghmodg: M9sJG™MO0, 3md30MEIOHwo d936096MHgd9d0L FogolE™; SLME0SE0S
d93b0gMgdolomzol 0565059534936 909e00; d0olol  Lobgedfogm  Lsdgoiobm
<603960L0GHYGHOL 003W0MmMY30L BsobBMMTs30Mm  FgdbMEPMa0gdoL ASbYMTBOEgdOL, FMoz3560
139305 0OLEGO

3020 3mOM30dg: Md0olol Lobgwdfoxzm MbogzgMlodgEHol SbmEoMgdIo 3GOMBILMOO,
RLOJMEMP00L gobymaowgds; https://orcid.org/0000-0002-6244-2942

36 bRz LodoMmnggarml  Bgdbozméo  Mbogzgdlodgdo, Ggdbozmeo  dg3bogMgdgdols
©MJAHMO0, 3OMxgbmG0;  https://orcid.org/0000-0003-4249-9404

3563969 335F999: BoH03oL 3936096 gdsms MJBHMMO, MdOErOLOL Lobgwdfozm wboggdlodgEol
3bMHMb0 3533000l LobgErmdol 3oBo3ob 0bLEHOEWEOL Lsdgboghm LedFml Hgzdo.
https://orcid.org/0000-0002-3875-505X

@93 d3bESAY: 0300l babgadFogm MbogzgdLoE @b 93mbmdozols s doBbglol
339379 3HYGHOL SbmEoMgdwo 3OMmRgbmeo.  https://orcid.org/0000-0003-0482-0711

5305600 580M565830¢r0: 3.6m©0sL Lobgemdol ygmBoBo 3ol 0BLEHOGHE0, 03. x935b0d300l
d0olol Lsbgwdfoxzm MbogzgMbo@gE0, BoD03s-05090530308 MJGMMO
https://orcid.org/0000-0001-6152-2214

53593 5793 3sL Mm@ervy: d90E0bol 393609693505 MJGHMMO, 3OHMBILMMO, 535009003mU d.
000mg3$059930L Lo MBdOL JoMMMAOoL LYTY3609MM 3FIBEHMOL OMIIEHMMO, SHYMHBIOKSBOL
15390E0bM MBogzgMLoEIEHOL JoOmEMAoo Lbgrgdsms Y356 ESTIbEHOL 3OMTILMEO,
39009M0L 35329 (d5gM, YHYMHdI0K9B0)

065300 booMmsdy: 9903060 393609693505 MGHMMO, 3OHMBILMOO, 35MMEMAO0LS S 3560l
Lodbogbgqgdol FIBGHMOL bgeddmzsbgwo, LodosMmzgErm oMYl  gHOMdE030  Jobogzs
GIDMEDI: md0¢0obo, bygs@omggeem https://orcid.org/0000-0002-4764-655X

Georgian Scientists/do®m3gwo dg3bogegdo ¢. 6 N 1, 2024 | ii



90 35305330¢0: 390003060 893609M9dsmMs MJBHMGO, 3OIMBILMOO, JoOHIMHAO, Forowgols
15990E0bM (39630, 5335605, OLMSYW0; 39E0E0BOL Bo3MEEHYGHO FoWO Y580, BsE OSBOL
26039ML0GYE0, LOBSO, (DbESgo) https://orcid.org/0000-0002-8796-9724

ool 3. sengm®Eo - dgoobol dg3boghgdsms md@memo, dgMo 3506xgw©o 3eobozw®o
331930l 3OHMmRgLMOO 3905300580, dmwnbo Lobsol Bgoobols bgmws, bovry om® 30, 99

Bsgogo 3530d0: GCS], MD, PhD, FRCS, FRCSI, FACS, FICS(Hon), FASMBS, FIMSA (Hon) dgc00ogobols
993b0gegdoms @MJBH™MEO,  IOMRBILMEOO,  GHOBLIWIBEIE00L  JoMmeyo,  wmbmbols
L50339MOGHMOM 30 GX0, WMbOMbO, OO 3MOEBYNO; BMYSO JoMrMGAO, Jogzwgbools
306035 (mbmbo, oo dMo@sbgmo); http://orcid.org/0000-0001-9442-7950

050935 d3B35: 3OHMAIGLMEO0, LOLbEPIIOPVZMS JoMHMYO, SBF0oME M0, Ig03E0boL Md@MmMo,
6. 3mbysls Lobgermdols LolbEAIMMZMS WS FMEPOL 939 JIIMS 396EHMOL OMgIEMMOL
dmoy0eg. https://orcid.org/0000-0002-6719-1302

39650 30¢dg: I9030bol dg3609Mdsms MIEHMMO, 3OMBILMEO. 53T-U, LogOMSTMMOLM,
9360™30L 5 HMgmOL JoMMHAMS SbME0S30900L §93600, JoOMYO, 3600bo3s y0TgEOL
JoOm®A0o LsdbobMol MBGMULO.

3130 (300mM0) d™FMGOIZ0Wo: 3OHMBILMOO, Igo30bol IgE3bogMgdsms mdE™mMo,
)OO MY0, MI0OLO, BodsGmnzgerm

Bobm 30365d9: Legeols IgMMHbgmdOL 936096 gd50s MIEH™MO, Jodool 350 EsdgbEoL
SbME0MYOMWOo 3GMBILMEO0, ds0MIOL Fmmd HYLMszgEol Lobgwdfionm »boggdlodgdo.
325600 S 39906560 Egdbmema0gdol 0bLEGHOGEHOL dmsgz5M0 dgibogM-

05659960 M3g00. LIFoOMNZY ML oMl O3E30L AgE360gMgdsMs 535009300l bsdwgowo {gzco.
5396030L Jo800bL LaBMYs™gdoL (ACS) 9360, d500Md0, LygsGmggerm https://orcid.org/0000-
0001-7864-3899

G9JLBHOL HgsgBHMOO:

356050 BoBR60dY: 0d0oliols Labgardfogm bsdgoEobm Mbogzgdlodg@o, d30dwwommg3ol
139305 LG O

dobgogr 9Mqdeodg: mdowoliol babgardfoxm Lsdgoiobm »bogzgmliodg@o, 0bxzm®mds@ozol
0535¢05360.

390 H9sdEGHm®o:
30060 35690008300: Md0oLol Labgardfonm MbogzgdloGgEol gMHmgbywo LsdgboghHm
00d0M0Y3d

Georgian Scientists/JosGm39wo dg3bogMgdo @. 6 N 1, 2024 | iii



Georgian Scientists/do®m3gwo dgsbogegdo ¢. 6 N 1,2024 | iv




Ls®Bgg0

3505 @BBdYg-3193939, 35856 FgMgmgero, Logrmag xsbgerody. 96969303580

dem3Bg0bols 3006303900 s 0639LEH0E00L 9539IE06MBOL FoBLEDBPIMS Qo0rgdm
306MHMBIO0L 3535 0LHOBYOO) - 1-6
6565 x50860dg, 0589935 (393bEdY, 6560 5833057900, 1680s 56 dsbsd30¢r0, boorvgbs
dmend3sdg, 8535 FME6A30600. 35MGMBOE0L ¥ 0T0 ,LoEIZ5bsL“ B~

396300560530l ®930L90)MGOGOOL TGuFogas 5FoMOl 0MHMOGOTO------------------------ 7-14
05956 byensdg. Ephedra procera-l dofjolibgs boffoergddo s 3sermogdol

©30M3900L 0653035 BIBMEMY0MEO RsBYdoL Jobgz00y-------======mmmmmmmmmmee o 15-19
6035 9565d960dg, 6065 MmPHbMBMM0s, 35056 F9bsd©Y. M@ MdYIH0O

99630 dBMmT0 5 BLOLEHIIOU BOFNEIS(FOS === === === 20-25
9029396 5693509. 30530 (3mEBOL FMMT>E0BE0S s IMBs3gdms 3gbgxIgbEHOL
0565890OMZg FOAMTGIO === === 26-32
@500 306(M5330¢00, 56 gngam, 35bEBY d830emsdy. 35335L009M0 ool

5390 I00L 30EHMGH™JL0ZMNMO 5dEH03MdOL FUfogeno-----------mmmmm - 33-37

Lily Petriashvili, Irina Khomeriki. The Impact of Artificial Intelligence in the business

process in the Phase of Data Analytics Georgian Technical University-----------------—-—---- 38-44
65005 5005953300, B0IS ¥9M05d30¢0, bobm g3bsdy, Fmms 3g3warsdy, 0MGOYO

0M35d9. 3)3539 > JOHMB03 M0 s6MgdomO 0bEgJLOL Fobsffogdols

053059099160 90560 L5IZ0MLBML ygerols bbgosslbgs baGolbol 0b@Mogdomgamm®o
69mM3@sD0g00l ML s oo 3o3doMo AgNOR qdbmemyoom 4sdmgergbon
3OHMEO0RIM3G0Y 5JBHOZMOINBOIOD === 45-57
Bobm g9bma®535, 8561035 899MgEr0830¢00. BOMEIMAOVIM0 S J0doGO

3900035996¢39d0 - g56Lb353905 JoMHOMo@O LAgEBoYHM SB399EH9dOLS s

39693009390 396MmbIIIMIOL MZ9BOBOOBOI -~ 58-67
53m3b0gm (3v335d9, gengbg 39esd30¢0. 300 E303M0 MSsdol glgdo®
BOgOI0IZ QY 0 68-86

09Mbs 3006303539, O 395300, F5ebsB 29009, §g09356 dFgEE0dy, 56

930, 35b&9bg d830esdg. LodsMmzgemdo dmbsto Thymus collinus Bieb.

dofolBgs Bsfoggdol BsMmBo3MmAbmbEIMHO Tgbfoge-----------=mmmmmmmmmm oo 87-94
30030 05600330000, 3000 35356509, MOEP03M 735605, 3BOS 303650
396OLMbE0BYdIM0o gaw. bogzwgdsby dmddgo Boddm®mgdol sbseoBo s

3W00L0Q0 O30 95-102
956059 Dogo®05330¢00. 9egdEBHOMbYwo bsgzwgdol 3Mod@ozs MOODLE —-LESSON--  103-111
6xbs dmandgzsdg, bmgom 300560, HMvgb MBGOEOs, 6565 gMmdg, 6obm Jsgmatmsdy,

@905 B5G05830¢00, bobm Jo®dsdsdy. 1533900 3OHMEMJEHIOOL 49 To39d0

@OML LoggIM3bm s LYOBYEXMZ560 BsgM™GdOL Foerdmdabs BsowsmOL MYodiE000-
—————————————————————————————————————————————————————————————————————— 112-119

Georgian Scientists/do®m3gwo dg3bogegdo ¢. 6 N 1,2024 | v



6obm grm®ondoxrzsbodg, 6mbs mmbmBMG0s. doBbglol IgbgxdgbEol
LEOHMPYMTBOLIMZOL 0bBMOT530w0 FgdbmeEma0qdol LgM30LgdOL doGm30l
390059%Y39¢0 Omeo ITIL-0b bsm39009LM 3M0dEH0I00V ===
396500 Boensdy, 5¢rgdusbg Mmbvs, 3MEmmsH 353513060, Foengs eomdlssdy,
3M380@ M g9ergbodg. 3bJ30Mbse MmO 456©sdJdbgergdol dmgMbobsios,
HMI9d03 98tMm0g9gbgds 9egd@®MmModM53930L BLoFIM0ISZFIE ===
5300 F5¢53dgM0dY, Lmlim EmEody. Mm3E03M0 LolGgdol 3mMgdsool ghmo
39000l Gqlobgd------===mmmm
6565 BeaBodg, 3Bos 3036599, 3000 8560sS. 653303790 BIPMPOMS
303309939OHI0 3OHMYM539d0L 2odmygqgbgdoom LggHyero 396 39G o 39dsbobdgdols
9009050 9Md0L B6J300L QoblOBEGEI S~
6obm mEr0dg, bscrngbs sMlsz9e0dy. JsMME0 BHMIOE30vo bsdmbols
3MBLEGHOMJEHMOME0 BsbslinsmgdEgdol sbs5eoHo s gegdEHOMbmeo dsb30l
BT O YOO~ === === = e
356065 ¥053300, J5ebSD 29009, 39bE6Y 3830¢sdy. Astragalus brachycarpus
M. Bieb. dofjoliBgs bsfioergdol Jodomemo 3ma3mbgb@gdo--------------=mmmmmm -
6553090 0bobgsegeo, ¢rds EmM05, BMED 505905, 06530 Bsbryz@odzogro.
Loo303-29M60930L F9bsbmMdOL MIMIMYEg]E o sbILOsMYdIgdOL
5930009019 gds oLl F9BBMYSMYOME 356539 BHMBS S JgdGHO™bMwo
3960056MBOL BogdBHMOBYG——---—-———mm
b6 bo0sdz30e0, (9396 MxdoxMM0dg, 3050 dMdMFsd30¢0. bodolbols
063M5LEHOMIGHIOS 5 FYF00GOGOS—=========mmm
05 4965330¢00, 20MMY0 M3 0dg, 20MmMY0 BMdObody, sg00 dbgodg, Bsrobs
5005605, BsGHRODBS 3MaMEsdz0e00, BoE0sbs Bgasdgzoo. Mgwsdlszo®o dobogsbo
bsbbols mo30U90Mgdsbo 60Co gods BmEMBIdOm ILHL0ZYdME FMbMIMOLEIE
SiGe:P 8965006080~
9990569 g0e0dY, 650705 M0e0dg. MsbsdgO™M39 30BOVIO H9gdbmemyogdols
3590996905 BoG®MBL3MO B M 25OBOZYOITO-------===========mmmmmm

35¢0bs® 390v9MH0d30¢00, 195 (3J0BIM0TZ00. MHJA0MBIMMO SMM JesliGgMob

@ 30LEH0329M LoLEJISTo H33907900L ,BMLEBHI OMT0” IMALobwMIdOL S
33035 OH0 DMAOL gobloBOGEIS————--==mmmm oo
@53B0MO ¥9MSdY, 0mligd B30, MMlvyEb F530d9, JBg XYW, F0MMR0 LoXS0d.
53360 (Laurus nobilis L.) 9396960 303000 E)9-----=-==========mmmmmmmmm oo
05956 K 0d¢539. BLI3EM3OMEHJ0bMEO 1533900 BOBIMOM OBICI
33OM3OM©MJE90do 8080bstg domdodomEo 33w0wgd9gd0: 33¢g3s [PHDF-23-
3114] 356bmM 309 dmms HMLm93900l Lodo®MZ3gml gMmgbmeo bsdgboghm
BMBOL FBIMOFIOIOO)~====
r9lmb X 9bgEr0dy, BMESDd 505305, P85 MM, 0630 bsbryz®odz0eo.
30M5H0bOL 35390 DBMMHO TS 39MHTb0IbY-----------—mm

120-124

125-130

131-134

135-142

143-149

150-152

153-158

159-166

167-176

177-185

186-198

199-211

212-226

227-231

Georgian Scientists/do®m3gwo 9936096900 &. 6 N 1, 2024 | vi



Bobm gMasmaro, Jgog3zsb d3geody, x9gds sBgwo. Lods®mzgerml garm®ols
96009360 doyzeol bLabgmdol - Rubus cyri Juz. 80{olbbgos 392939GH0MEO MmMasbmms

3036mLEOWYJEHMOME0 5300939MGOBO -
3MBLEGHBEH06g Lryensdsbodg, BwEsd Bbsodg, mms 393w9esdy, 20MmMYO dE3ZSdY.
39000 Jd0LS S 3039MGHOMR0WOo 65{0dOHdOL sbMGdOM-TodGMBIO
060094boLs 5 FodOMOWILEHJOOL 3OMEORIMS30E0 59E03Mmd0L
0530U9099M9OJOOL FGUHOGIS ===
bmgzom 30gsdgm0odg. 20053960L mdloom 25603303900 30EodgMmEo

656 3m-3m-Bo-39-d0l Lobmngbo----------------- oo
65005 K 5¢50Mb05, 3M0bsm0b 3MFmbodg, Bobm sMmb3gErody, 05856 s6BYsdY,
@905 35e5GMB0IZ00. 4513960l MmJlool J0wgds orMJ3935-odMMdOL

565 bsbryBo0dgz0¢o, 6obm 30365dg, Gomm amEo®odg, bobm dbgody, bstpo®
39369w0dg, MBS ©s3005dg, sdBoGmS 3mbEgEody. D®30L Fywol

3oL BM63980L 30033 JLEO LGB0~ 93O BMEo TgNMEYdOL F9dw9ds3905--
3505 MBR0JY, 05300 bsMsBOAZ0¢0, BsogEs 39M3s60dY, Bobo buyHmadgzowo, xgMsb
39B9bx0. 2m©gMHdol Mg EHGHowol (5F6, LodsMMZ39w M) F00EYIIMY 0oWH©JdDY

90603M3960399M0 33009306 FJEOIRGO0 ===
Tatia Gakharia, Sophia Bakhtadze, Nana Khachapuridze, Nana Kapanadze. Prostaglandin

E2 as neuroinflammatory target in childhood resistant epilepsies---------------------------
D©d 505309, 585 M0, Bs30s bsbwy3Mm0d30¢0, 65BMmOo GHowsbady. JoGmno
A996mEma0900L OLEHMOO0EOB----------- -

356059 FB0MMHMZ5. 30032100 Lwgd0gdEHgdol M:g36MgbgbEH0MmYds Igool
09990O0LEHYIE QOU YO TO— === e

232-242

245-256

257-261

262-266

267-277

278-288

289-300

301-305

306-312

Georgian Scientists/do®m3gwo 39360960900 ¢. 6 N 1,2024 | vii



Vol 6N § 2024

O Georgian Scientists

nimn
NOEOMNY

00
00

o Jormzgwo d936096M9d0 _GEORGY

Vol. 6 Issue 1, 2024
https://doi.org/10.52340/gs.2024.06.01.01

[Tpunuuns! 6/10K4eiHa B SHepreTuke U onpegesenue 3¢h$eKTHBHOCTH HHBECTHUIIMI C
Y4eTOM yCJIOBHI OKPY>Kalolleil cpezbl
Maiia Jlomcagse-Kyuqasal; Tamap Ileperenn?; Canome [Ixanemnzse’

TTpodeccop, goxrop I'TY, , 2[lonent, noxrop I'TY, 3lokropant ['TY

AwnnoTtanus

PaccmoTpens!l BOmpockl (PYHKIMOHUPOBAHHA D3JIEKTPOCTAaHIUN B acCleKTe SKOJIOIMYecKOMn
6e30IIacHOCTH M CBS3aHHBIE C HUMH IIPOOJIeMBI [ >KHU3HeZesATeIbHOCTH denoBeka. OljeHKa
3bGdeKTUBHOCTH MHBECTUIINI B SHEPreTUYeCKUi OOBEeKT IIPUBeIeHa C yIeTOM JOIIOTHUTETBHOTO JIT
MHBECTUIINH ofecmedyeHUs OSKOJIOTHYeCKOH Oe3zomacHocTu. IlpenoxkeHa MeTOLWKa OLIEHKH
3¢ eKTHBHOCTH WHBECTHUPOBAHUS B TaKOI 00beKT. [IpoBesieH cpaBHUTETBHBIN aHATN3 WHBECTUIIUH C
ydeToM u 0Oe3 3aTpaT Ha SKOJIOTHYECKYI0 Oe30IIaCHOCTh M JAHBI PeKOMEHIAIMY WHBECTOPY IJII
IPUHATHAS peLIeHUus O IIeJIeCOOOpasHOCTH HHBECTHPOBAHHA. Bce 3TO CBA3aHO U OOBACHAETCS

HPUHIUIIAMHU GJIOKYeHHa.
KirrogeBsre ciroBa: MHBECTOP, MHBECTUIIUHN, SKOJIOTHS, SHEPreTHIeCKUIl OOBEKT, D9KOJIOTUA.
BBegenue

JloxansHas P2P-toprosis sneKkTposHeprueil Mexxzy IPOU3BOJUTEIAMHU-TIOTPEOUTEIIMI MOXKET
OCYIIeCTBIATECA JIeIeHTPalN30BaHHO Yepe3 OoKkdyeifHsl. TexHOMOrua 6I0KYeHH MMO3BOIAET CO3/aTh
2b(deKTUBHYIO TOProByIO ILTaTGOpPMYy U PpeecTp MAAHHBIX, KOTOPBIM XPaHUTCA y Y4YaCTHHUKOB
11aTGOPMBI. Y YaCTHUKU PHIHKA OCHALIEHBI «YMHBIMU» CY€TIYNKAMHU, KOTOpbIe GUKCUPYIOT U ITepejaloT
MHGOPMAIMIO O IIPOU3BOJACTBE 3SHEPTHMU B peXHMe peaJbHOTr0 BpeMeHU. KaIbIli ydYacTHUK
naaTGOpMbl MMeeT CBOM BUPTYaJIbHBIM aKKayHT M OJIOKYEHH-KOIIeJeK, a OTHOIIEHUS MEXIy
CTOPOHAMHU OCYILIeCTBIIAIOTCS IOCPeCTBOM «yMHBIX» KOHTPAaKTOB — 3aKOZMPOBAHHBIX TPaH3aKIUH, —
KOTOpble aBTOMAaTHYeCKU WCIIOMHAIOTCA IIPU BBOJE COOTBETCTBYIOIIMX 3JIEKTPOHHBIX [JaHHBIX.
Co3zaHHBIN B pe3ysbTaTe TPaH3aKIUU OJIOK MOXET IIPOCMOTPETh JIIOOOH YYaCTHUK, OZHAKO €ro
mocjenyouee U3MeHeHHe IIPaKTUYeCKM HEeBO3MOXHO. B pesysnbrare TexHOMOTHA OJIOKYeHHA

obecIieynBaeT HAJIEXXKHYIO TAPAHTHIO HA/IEXXHOCTH U CHIDKAeT Oaphepsl IJI1 BXO/A Ha PBIHOK.
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T'saBHas 9acTh

OG61en3BecTHO, YTO HAPACTAIOIAs TOTPEOHOCTH IeKTPOIHEPTUU CTaBUT IIepesi YeI0BeYeCTBOM
3aJlavy yBeJMYeHUSA TeHepalluy 3JeKTPO3HepPTUH, [ pelleHHsA KOTOPOH C KaXABIM TOJOM pacTeT
00'beM MHBECTULINI B SHepreTHYecKuX oTpaciaax. [Ipu aToM MHBECTUIIMOHHBIH ITIOTOK AEIUTHCS Ha JBa
HaIlpaBJIeHUSA — IIepBad 4YacTh HJeT HAa MOJJepXaHHe M MOJEPHMU3ALUIO CYLIeCTBYIOINX

BHePI‘ETI/I‘-IeCKI/IX O6’bEKTOB, d BTOPEUI — Ha BHOBbB CO3,dBa€MBbIX O6'BeKTaXZ
I=h+1, 1)
rae 10 — MHBECTUIIUU B CYI.U;eCTBYIO].U;I/Ie BHepI‘ETI/I‘IECKI/Ie O6'B€KTBI;
II — MHBECTHUIINHN B HOBbIE 06'BeKTBI.

C pocrom X¥3HeIesATeTbHOCTH YeJI0OBeKa pacTeT IpoGyieMa SKOJIOTMYeCKOil 6e30macHOCTH U B
TOM YHCJIe B DHepreTU4yecKue OTpPAC/IH, IOSTOMY YaCTh WHBECTHIVIH INPUXOAUTC HA IOAJepKaHUe
9KOJIOTUYEeCKOH 0e30macHOCTH (YHKIMOHUPOBAHUSI dHepreTudyeckoro obObvexra. Kaxzas us
KOMIIOHEHTOB mpaBoii uactu (1) comepxut cocrapafomyio Jr (MHBECTUIIMOHHAs MOJNII Ha

9KOJIOTUYECKYIO 6e3011acHOCTb).

Bsegem xoaddurrenTt Kz, BHIYUCIIEMBIM COOTHOLUIEHUEM

Ki= :E . 100 %,

roe [ — Dwunu I

1 9KOJIOTMYEeCKU «YUCTHIX» 3JIEKTPOCTAHUIMI pabOTAIOI[MX HA BETPSHOH JHEPruU, WIM Ha
CONMHeYHOH dHeprum, Kr mpakTudecku paBHO Hymo. CloxHee OOCTOUT Zes0 C APYTHMMH BHAAMHU
aneKkTpocTaHuuii. Tak, Hanpumep, I TULPOITEKTPOCTAHLIUM, U OCOOEHHO KPyITHOMAaCIITaGHBIX C

BOAOXPaHMUINIIAMH, CJI€AYET YIUTBIBATD DA SKOJTOTHIECCKUX HPO6]IEMZ

1. Usmenserca xiumar B peruoHe. JIjg OTHOCUTENBHO 3aCylIIMBBIX PETHOHOB 3TH H3MeHeHUsd
6JIaTONIPUATHBI: YBEJIMYMBAETCS IUIONALb M KAYeCTBEHHBIH COCTAB 3€JIEHOTO IIOKPOBA B IIPHJIETAOINX
PeruoHax, pacTeT YacTOTa JOXZeH U cpeHUI ITOKa3aTeab OTHOCUTEIBHOM BIOXHOCTH BO3/yXa. A BOT
JJ1 HOPMaJIbHBIX U BJIQKHBIX PETHOHOB 3TH M3MEHeHM 9aCTO MPUBOJAT K YCIOXHEHUIO XU3HEHHBIX
YCJIOBHIL I/ YeloBeKa: IMBHEeBbIe OKH, 3aTONH CeIbX03yTOAMI 1 HaceJeHHbIX ITYHKTOB. B ropasix
PEruOHaxX 5TU M3MEeHEeHM 3a4aCTYIO IIPUBOJAT K CTUXUUHBIM OeJCTBUAM (OIIOJI3HH, IOTOIBI, CeJIU U
np.). Hampuwmep, mnocre mocrpoiiku B 3amagHoi ['py3um KpymHOH TI'HAPO3IEKTPOCTAHIIVU
«urypul’'DC», mpusneratomem ropuom Csanernu B TedeHue 20 jeT ABa pasa IPOM3ONUUIM KPYyIIHBIE
cTuxuiiHble OelCcTBUA. DTH OeACTBHA BBI3BAJIU Pa3pyIIeHUsA BEKOBBIX IIOCTPOEK M BBIHYJUIH YacTh

MECTHOT'O HacCeJIeHU K IIepeCceI€eHUIO.

2. Hapymaercs 6rocucreMa pernoHa 1 0COOEHHO PBIOHBII COCTaB PekK.
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3. W3-3a pevyHBIX IJIOTWH YMEHBUIAETCS IIUTAHWE MOPCKUX IO0epeXuil IIeCKOM M KaMHSIMH
pa3MesbYeHHbIX TOPHBIX IIOPOJ, YTO IIPUBOAUT K OOMBIBAaHUIO ITOOEPEXbs U Pa3pyIIeHUIO IIISDKEH B
MOpckux Kypoprax. Hampumep, mnocme mocrpoiiku 3-5 ser Tomy Haszax B Typrum
TU/PODJIEKTPOCTAHIIMKY Ha peke Yopoxu, Koropasf BHazaer B UepHoe MOpe OIH3 TPY3HMHCKOTO
KypopTHOro ropoza barymu, Mmopckoe moGepexbe Amxapuy B HEKOTOPBIX MeCTaX OMBITO B ITyOUHY Ha
necATKH MeTpoB. Ilo HEKOTOpPBIM OLleHKaM I BOCCTAaHOBJIEHWS IIpeXHed WHQPPaCTPYKTYphI
nobepexxbsa TpeOyerca He MeHee 50 mmmmonoB mosmapos CIIIA, xors Typerkas CTOpoHa TOTOBa
sarwtatuth 20 MuaH. $. DTO TONMBKO JMIIP TEPBUYHBIE 3aTPaThl M3 WHBECTHIMOHHOTO (GOHIA
TUAPO3JIEKTPOCTAHIINHM, a B JAajJbHeHINeM [JA CcOOMIofeHus 5Ko OanaHca B baTyMckoil Mopckoi

aKBaTOPHU €XerofHO TpeOyloTcs MuInnuous! gosrapos CIIA.

1 TemnrosseKTpOoCTaHIIMKM XapaKTepHa TaKad JSKOJIOTMYecKas IIpoOseMa, KaK 3arpsasHeHUe

aTMocdepHOro BO3Zyxa IPOAYKTaMU CTOPAHHS TOILIUBA.

ObGecrreuenne skonormyeckoit GesomacHoct ADC TpebOyerT ydera Ieysoro psaza (akxTopos

PafuaIIOHHON 6e30IIaCHOCTH.

C yxXecToueHHeM 3aKOHOJATeJIbCTBA O 3alluTe OKpyxxaroumei cpeasl Kz moxoxut mo 20%, a B

0CO06BIX CiTydasx u boree.
B obuem ciry4ae sppeKTUBHOCTD MHBECTUIUI MOXXHO BBIPAsUTh CJIeYIOMMUM 00pasoM:

E=CT+PT
|0+|1

1)

rae Jo — mepBUYHBIe MHBECTUIIMY, KOTOPbIe BKJIAIBIBAIOTCA B HEJBMIKHUMOCTD;
11 — BropruHbIe MHBECTULINY, KOTOPbIe PACXOAYIOTCSA Ha MOJEPHU3ALNIO OOBEKTa;

Cr — HOBag CTOMMOCTh HEIBIDKMMOCTH IO IpourectBuu I BpeMeHH (OHO MOXeT OBITh

YMEHBIIEHHBIM B CJI€ACTBUY dMOPTHU3AlIN UK YBEJINI€HHBIM 3d CUIE€T MO,Z[epHHBaHI/II/I);
Pr— nipu6su1b 33 TBpems.

Ompezpenum 5 deKTUBHOCT MHBECTHUPOBAHHA [JIA TOTO CIydas, KOIZla Ha DHEPreTHYeCKOM
oOBeKTe CiemyeT 3apaHee YYUTHIBATh DOKOJOTMYECKylOo Oe3omacHOCTb. Torma Hazo Oyzer
AJOIIOJIHUTEJIBHO BJIOXKHUTD I WHBECTUIVIO W Y4YUTBIBATH YMEHBIICHNE HPI/I6LIJII/I Ha Drr
IOTIOJTHUTE/IbHbIE TEKyIl[/e PacXojbl, CBA3aHHBIE C IOAJAEp)XKaHHEM SKOJOTHYECKOH 6e30macHOCTH
GyHKIIMOHUPOBAaHUA  2JIeKTpoCcTaHIUM. B  sroM cimydae koadpdunueHT 5PpdeKTHBHOCTU

WHBECTUPOBAHUS OJIA SKOJIOTHIECKHU 6e30I1acHOM’ DJIEKTPOCTAHI MY PABHAETCA:

Cet+ Pt —Dp1
|0+ |E0+ |1

Er

, @)

rae Cer — GajlaHCOBAsA CTOMMOCTD DKOJIOTHYECKH 6e30ImacHOro o6seKra Ko BpeMeHu 7.
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Pt — Dpr

I
Bsegem xoadduireHTH .KE'=% u KP=P— , TOT/Ia YIUTHIBAA, YTO
0 T
Cer=Cr- (1+K%),

(2) mpumer Buz;

_CT'(1+ KE)+ Kp' PT

(1+KE)'|0+|1 (3)

Ha CTagun IIPOTHO3MPOBAHUA HEHECOO6p33HOCTH MHBECTUPOBAaHUA MOXHO IIPUMEHHUTH

CJIeIyIONyIO YIPOIeHHYIO MeTOJUKY.

fcHo, 4TO mMOCIIEe BBOZA B DKCIUTYATALUIO 3JIEKTPOCTAHIIMY WHBECTOP HA JJIUTEIbHOE BpeMs (IO
T<T"momeHTa) He OyleT IUIAaHUPOBATh MOJEPHU3ALMIO 00bekTa U BKIansBath J1. O603HauuM uepes P
IIPOTHO3UPYEMYIO €XeTOAZHYIO IIpUOBLIb, TOTAA CyMMapHas NpHUOBUIb 3a 1 JeT cocTaBuT P.n.

BaJIaHCOBa}I CTOUMOCTH O6'BeKTa 10 HPO].IIeCTBI/II/I nnJeT C y‘-IETOM aMOPTHBaHHH COCTaBUT
n
G=5k(1-—),
N

rae /N — IUIaHOBBIM aMOPTU3AI[MOHHBIN ITepHUOJ, B TOAX.

C yuerom BhImeckasanHoro (1) mpumer By,

n
lo-(1= M+ P.n

N =P, )
|o N I0

E:
a (3) mpumer BuZ

E=1-D TP T g, )

P

O6o3Haumum uepes ( = . u, BBIYTA U3 (4) paBeHCTBO (5), IOTyIUM
0

Kp

E—E = -n. 1_—
E=( ( 1+ Keo

). (6)

Ha pmc.] npuBenmeHB! 3aBUCHMOCTH INIpOTHO3upyeMoi#l pasHocth E —Epor n gna pasHsix
3HaueHuil q,Kmwu Kp. Tak, I-ad 1uHUA IOCTpOEHA IIPU YCIOBUH, YTO WHBECTOP INIAHUPYET BIOXKEHUE
IOIIOJTHUTE/IFHON WHBECTHUIIUH Ha DKOJIOTHYECKYyI0 0e30macHOCTh B oO0beMe 5% oOT mepBUYHOMN
MHBECTUIIUY, PACCUUTHIBAET HA €XETOZHYIO IPHOBUIb B pasMepe 5% OT IepBUYHON MHBECTHIUU U

IpejIosaraeT yseJndeHue 3arpaT Ha 5%.
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E'EE A
0,4
/) — C|=0.15; Keo=0.15; Kp=0.85.
0,3_ C|=0.1; KE():O.].; Kp=0.9.
0,2
0,1
™~ q=0.05; Ke0=0.05; K»=0.95.

0,5 1,0 1,5 2,0 n
puc.1

3aKJIIOYECHHE

PeaJIBHO, II0CjIe OCYIIEeCTBJI€EHNA WHBECTHUPOBAHMA M IIO IIPOIIECTBHHU I,II;OCT.':I‘TO‘IHOI‘/JI BpeMEHU,

pe3yabTaThl 3(1)(1)6KTI/IBHOCTI/I HWHBECTUPOBAHMA MOTYT OTJIHMYATHCA OT BBINIE€ M3JIOJKEHHBIX IIPOTHO30B,

OJHAKO [JIsI MTHBECTOPA BAXKHO HpI/I6JII/ISI/ITEJIBHO OLIEHUTDH Q)aKTop PHCKa B MOMEHT IIPUHATUA PEIIEHN A

0 (pUMHAHCHPOBAHUU IIPOEKTA CTPOHUTENBCTBA IEKTpocTaHIMH. [losToMy mpexmokeHHAas MeTOLUKA

OIleHKHN HGJIECOO6P33HOCTI/I HWHBECTUPOBAHMNA C YYE€TOM 3dTpaT Hd SKOJTIOTHMYIECKYIO 6e30I1aCHOCTh

OHEPreTuIeCKOoro 00BeKTa HPI/IO6peTEIET OCO6YIO Ba’XHOCTD B ITPAKTHYIECKUX IIPHUMEHEHHNAX.
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Blockchain principles in the energy sector and determining the effectiveness of

investments taking into account environmental conditions
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! Professor of Georgian Technical University, Doctor; 2Associate Professor of Georgian

Technical University Doctor, 3PhD of Georgian Technical University

Abstract

Questions of functioning of power stations in aspect of ecological safety and connected with them
problems for ability to live of the person are considered. The rating of efficiency of investment in power
object is given in view of additional for investments maintenance of ecological safety. The technique
of a rating of efficiency of investment in such object is offered. The comparative analysis investments
with the account and without expenses for ecological safety are carried out and recommendations are
given to the investor for decision-making on expediency of investment. All this is connected and

explained by the principles of blockchain.

Key words: investor, investment, ecology, energy facility, ecology.
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ABSTRACT. The tuber crop Solanum tuberosum, commonly known as potato, holds considerable
importance in the realm of food production due to its nutritional and economic potential. The
prominence of the potato crop can largely be attributed to the versatile application of its tubers, which
can be processed into a wide range of globally recognized products. The nutritional composition of
potatoes, which includes carbohydrates, proteins, vitamins, and other vital substances required for the
healthy functioning of the human body, is subject to variation. These fluctuations are governed by
factors such as the plant's genotype and the specific soil and climatic conditions of the cultivation
region. The current study is focused on 'Silvana’, a potato cultivar of significant economic potential
that was introduced in Georgia. This cultivar can adapt to the varying altitudinal conditions of Adjara,
making it a compelling subject for scientific investigation. This research examines the bio-
morphological attributes of the 'Silvana' cultivar, its unique growth and developmental patterns, and
its cultivation prerequisites in the environmental conditions of Adjara. The distinctiveness and
originality of this study stem from its pioneering exploration of these facets of the 'Silvana' cultivar

within the unique environmental context of Adjara.

Keywords: Potato, Sylvana, Phenology, Agrotechnology, Plant Growth
INTRODUCTION

The cv. Sylvana (Solanum Tuberosum Sylvana) is characterized as a mid-early cultivar. Developed
through meticulous selective breeding by Dutch horticultural experts, with the aim of ensuring
adaptability across diverse environmental conditions. Subsequently, it was envisioned to establish
Silvana as an eminent choice in culinary applications. The cultivar has garnered commendable reviews,

attributable to its impressive yield potential and favourable organoleptic properties [1].
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The vegetation period for this particular species extends from 90 to 100 days. Throughout this
growth phase, the plant typically produces between 8 to 12 tubers. The tubers exhibit smooth,
yellowish skin. The morphology of the tubers is primarily round-oval, and their weight typically ranges
from 90 to 150 grams [2].

The plant is tall, upright, with massive stems and abundant foliage. The onset of the flowering phase
is closely associated with the maturation of the plant's tubers. The flowers are usually pinkish or purple.
Although the root system is strong, timely weed management is highly recommended to prevent any
detrimental impact on the plant's overall vitality and health [3].

The yield of Silvana per hectare ranges from 170 to 370 centners, of which an estimated 85-91%
attains a market-ready state. It should be emphasized that this cultivar demonstrates excellent tolerance
to mechanized harvesting, transportation, and storage processes [4].

Significantly, this potato variety exhibits high resistance to both potato warts and the golden
nematode. Moreover, it shows a moderate level of resistance to Phytophthora infestans and common
scab, further enhancing its agricultural viability [7].

The mature tubers are characterized by their palatable flavour and high nutritional value, making
them an integral component of various culinary applications such as salads, fries, and purees. Notably,
their physical attributes, including colour and shape, maintain consistency throughout the cooking
process.

The tuber of Sylvana comprises approximately 20% dry matter and a starch content ranging between
13.5% and 15.5%. Optimal storage conditions entail a dry, adequately ventilated environment with a
temperature maintained around +5°C. Tubers that are firm and devoid of any physical damage can be
preserved for an extensive period, potentially up to six months, under these specified conditions.
Importantly, these storage conditions ensure that there is no decrement in their nutritional value and
organoleptic properties. [5].

The groundwork for potato cultivation ought to be initiated during the fall season. It is imperative
that the designated planting plot be meticulously cleared of any intrusive weed species, followed by a
process of soil homogenization. The soil should then be amended with a judicious mix of both mineral
and organic fertilizers to enhance its nutritional profile, thereby optimizing the conditions for growth.
Prior to planting, it is crucial to rigorously inspect the seed potatoes to ensure their quality. Tubers
demonstrating deformities or visible signs of damage should be systematically culled from the planting
stock to prevent potential adverse effects on crop health and yield. Moreover, to expedite the process
of embryo formation, the tubers should be subjected to a controlled warming regimen, elevating their
temperature to approximately +12°C [6, 8].

Plant cultivation initiates subsequent to the establishment of suitable meteorological conditions,
specifically when the soil has attained the necessary thermal conditions. The spatial arrangement of
plants should adhere to a specified structure, with an interrow spacing of no less than 25 ¢cm and an
interrow distance of at least 75 cm. Overly deep planting is not advised, as this can lead to prolonged

germination periods for potatoes.
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The initial process of pinching is conducted once the plant attains a height within the range of 18
to 20 centimetres. This practice is crucial as the action of truncating the shoots stimulates the growth
of diminutive tubers.

In order to prevent potato diseases, regular fertilization of the inter-rows is essential. It is also crucial
to apply suitable pesticides to the plants while adhering strictly to the prescribed dosages and usage
guidelines of these substances. Potassium fertilizers play a significant role in maintaining the health
and quality of the produce. Therefore, it is recommended that these fertilizers are applied prior to the
harvesting period or that the dosage is increased by 15% during the final application. The latter strategy
helps to prevent the blackening and damage of potatoes, which can occur when the tubers come into
contact with one another during harvesting. The optimal period for harvesting is typically in late
August or early September. During this time, the weather conditions are usually dry and sunny, which

is ideal for this process [6].

MATERIALS AND METHODS

The study centered around the cultivation of Silvana plants, was conducted in a selection of distinct
locations, each chosen for its unique geographical and soil attributes. The first plot was the village of
Okruashvili, located in the municipality of Khulo within the region of Adjara. This location, elevated
at an altitude of 1200 meters, is distinguished by its fertile soil composition. Additionally, the research
extended to Beshumi, an area situated at an elevation of 1900 meters. This plot was chosen due to its
characteristic mountain-meadow soil type. Lastly, the study incorporated data from the experimental
collection plot of the Kobuleti Phytopathology and Biodiversity Research Institute. This plot is located
in Gelauri, a mere ten kilometres from the sea, and is characterized by its predominant red soil.

It is well-established that the potato plant demonstrates optimal growth and productivity in
mountainous regions, resulting in an abundant yield of high-quality produce. Conversely, the
productivity of this crop exhibits a noticeable decrease when cultivated in plain terrain, yielding a
relatively lesser harvest.

In our study, we selected three distinct locations characterized by varying climatic and soil
conditions. The primary aim of this selection was to investigate the growth and development
characteristics of the Silvana cultivar when cultivated under identical growth conditions.
Consequently, we strategically timed the planting of the Silvana plants to coincide with the onset of
favorable climatic conditions within each respective zone.

In the context of our experimental design, we selected 100 tubers of the Silvana cultivar for each of
the three proposed treatments. These tubers, of medium size and cultivated during the spring season,
were planted in predefined holes. The configuration of each hole provided a feeding area of 50 cm by
25 cm, with a depth ranging from 10 to 15 cm.

After the germination phase of the potato plant, an initial tillage process was carried out to optimize
soil moisture levels and ensure proper aeration. This was followed by a secondary tillage, during which
a layer of soil was applied, maintaining a depth of approximately 15-20 cm. Under specific

circumstances, such as periods of rapid plant growth, an additional soil application may be considered
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essential. This secondary soil application, if required, should be performed no later than the onset of
mass flowering.

In order to optimize plant growth and development, organic and inorganic fertilizers were
incorporated into the soil both prior to planting and throughout the vegetative period. The primary
classes of fertilizers administered were burnt manure and NPP (comprising Nitrogen, Phosphorus, and
Potassium). Vegetative feeding was initiated when the plants reached a stature of 12-15 centimeters,
and a subsequent feeding round was executed immediately prior to the commencement of mass
flowering. This time point is critical in the plant life cycle, as it corresponds to a peak in the demand
for nutrients. During this phase, a specific fertilizer, Tsuntsukhi, was utilized. Irrigation practices were
strategically implemented according to necessity, largely during periods characterized by relative
dryness.

In the study, three distinct experimental setups were established, each beginning its planting phase
when the average atmospheric temperature consistently fell within the range of 10 to 15 degrees
Celsius. The seed stock for the experiment was meticulously selected, comprising only Silvana potato
tubers that were healthy, free of physical damage, of medium size, and exhibiting either spring growth
characteristics or full germination. Each tuber used in the study weighed approximately 40-60 grams.

According to the research conducted, the stages of phenological development of all examined plant
cultivars were recorded throughout the entire vegetative period (Table 1). The recorded stages included
significant milestones such as the dates of planting, initiation of germination, the onset of the flowering
phase, peak flowering period, emergence of the first tuber, withering of the plant, and the final stage
of harvesting. In addition to this, the biometric attributes of the plants and the characteristics of the
tubers were recorded (Table 2). Notable among these were the plant size, monitored across various
vegetative periods and expressed in centimeters, and the mean tuber mass, which was quantified in
grams.

In conditions characteristic of elevated mountainous regions, potato tubers were planted at a depth
ranging between 10 and 12 centimetres. Conversely, in the region of Gelauri, which is characterized
by a relatively higher humidity level, the planting depth was slightly reduced, ranging from 8 to 10

centimeters.

REULTS AND DISCUSION

In the study, as summarized in Table 1, tubers were shown in Okruashvili village on April 5th,
which coincided with the commencement of favourable climatic conditions. Sprout growth was
observed to commence in the first ten days of May, followed by more prevalent sprouting in the
subsequent ten-day interval. The phase of flowering was initiated in the second ten-day period of June,
characterized by extensive blossoming in the third ten-day period of the same month. This latter phase
also marked the beginning of tuber emergence. The harvesting process was carried out at the

conclusion of August, aligning with the beginning of widespread wilting among the plants.
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In the research carried out in Beshumi, the commencement of the planting process was postponed
until May 21st, at which point the average air temperature reached 12-15°C, and 8-12°C at night. The
emergence of sprouting was documented on June 3rd, followed by the onset of extensive flowering,
which was observed in the early part of August. The occurrence of widespread wilting is a common
indicator of tuber maturation and harvesting period. Consequently, the harvesting phase was scheduled

for the middle of September.

In the research conducted within the Gelauri region, Silvana tubers were planted on March 10th
during the early spring, in plots that had been previously prepared and fertilized. Germination of the
tubers was initially observed in the first ten days of April, with an approximate 75% germination rate

recorded by mid-April. The latter part of June marked a significant phase in the growth cycle, with the

Table 1. Phenological Observations of the Potato Cultivar Sylvana
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onset of massive flowering and the emergence of tubers occurring in the third ten-day period of that
month. The plant wilting phase commenced in the second ten-day period of August, culminating in
complete wilting by the third ten-day period of the same month. The harvesting process was

subsequently conducted at the end of August.
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In the present study, observations were conducted across three distinct variants. It was found that
the onset of flowering typically occurred approximately 60 days post-plantation. Simultaneously, the
initiation of tuber development was observed at the stage of a flower bud's emergence and persisted
into the early phases of flowering. Notably, the above-ground components of the plant die after 100 to
120 days, coinciding with the completion of tuber maturation. These findings contribute to a
comprehensive understanding of the growth timeline and developmental stages of the plants under

investigation.

In examining the yield across three distinct regions, it was observed that Beshumi and Khulo
produced the highest tuber yields, with Beshumi yielding approximately 200 kg and Khulo
approximately 150 kg. This contrasts with the yield observed in Kobuleti, which was significantly
lower, averaging around 40 kg. This decrease in yield was attributed to unfavourable meteorological

conditions prevalent in the region during the study period.

In addition to conducting phenological assessments, we undertook biometric evaluations of the
plants cultivated across all three distinct locations. These evaluations entailed the documentation of
plant height, measured in centimetres, both at the beginning and end of the growing season.

Furthermore, the Silvana tubers harvested were quantitatively assessed through weight measurements.

Table 2: Biometric Measurements of the 'Silvana' Potato Variety (2020-2023)
Height of plants in centimeters
Ne Variants The beginning The averag'e weight
: The end of of tubers in gram
of growing _
growing season
season

Beshumi 10-15 cm 90 cm-1 m 600-700 g

Khulo 10-13 cm 90 cm-m 300-500 g

Kobuleti 8-9 cm 70-80 cm 90-180 g

In the data presented in Table 2, an examination of the Beshumi and Khulo variants reveals that the
three-year average sprout height at the onset of vegetation is approximately 10-15 cm. At the end of
the vegetation period, the sprout height in both these variants reached one meter. Conversely, in the
case of the Kobuleti-Gelauri variant, the situation is comparatively distinct. At the end of the vegetation
period, the sprout height in this variant only reached a range of 70-80 cm, marking it as relatively low

in comparison.
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In the comparative analysis of the average mass of the tubers, measured in grams, a significant
distinction is observed between the highland and lowland variants. Specifically, the tubers of the
Beshumi and Khulo variants exhibit a substantial size, with a mass ranging approximately from 300 to
700 grams. This represents a three to four-fold increase in size compared to the tubers of the Gelauri

variant.

With respect to pest-related diseases, comprehensive fundamental research has not been conducted
in this area yet. However, preliminary observations indicate that the Silvana cultivar demonstrates a
reduced susceptibility to pest infestation, particularly under high mountain conditions. Further

investigations into this issue are currently underway.
CONCLUSION

The insights garnered from the studies allow us to draw the following conclusions:

1. The potato cultivar "Sylvana" demonstrates exceptional adaptability to the specific soil and climate
conditions found in the high-altitude regions of Adjara. The phenological phases of this cultivar
develop optimally under such conditions, resulting in plentiful harvests of superior quality.

2. Studies executed on selected plots in Khulo and Beshumi provide robust evidence supporting the
cultivation of "Sylvana" in these areas. The potato plants manifested a high yield, boasting healthy
tubers with an average weight ranging between 300 and 700 grams. It is noteworthy that in Beshumi,
the yield per hectare, in certain instances, reached an impressive 35 tons.

3. A significant observation is the decreased vulnerability of "Sylvana" when cultivated in high-
altitude regions, to pests and diseases. This characteristic, coupled with their high yield, posits them as

an economically feasible option for cultivation.
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Dynamics of Alkaloid Accumulation in Ephedra Procera aerial Parts According to
Phenological Phases

Tamar Suladze

Doctor of Pharmacy, Researcher, Institute of Pharmacochemistry I. Kutateladze, Thilisi State Medical
University, Tbilisi, Georgia.

Abstract

The research focused on the aerial parts of Ephedra procera Fisch. The investigation revealed the
presence of acyclic group alkaloids. The study demonstrated a variation in alkaloid content within the
aerial parts of Ephedra procera according to different phenological phases. The yield of total alkaloids
in the material collected in spring is 0.3%, in the material collected in summer - 0.55 %, in autumn

period - 0.72% and in winter - 0.9%, the percentages were calculated based on the air-dried raw

material.

Kaywords: Alkaloids, Ephedra procera, Dynamics of Alkaloid Accumulation, Phenological Phases.
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Abstract

The article explores the operational principles of a microprocessor distance meter constructed using an
ultrasonic sensor module. The schematic model of the level measurement system was developed using
the computer simulation program Proteus, facilitating an analysis of the information exchange process.
The refined device incorporates calibration and statistical processing of measured information,

contributing to the reduction of static errors and minimizing errors induced by random factors.

Key words: Ultrasonic, Proteus, Measuring distance

Introduction

Ultrasonic rangefinders are increasingly employed in robotic devices. Let's delve into the operational
principle of a microprocessor rangefinder constructed using an ultrasonic sensor module of the HC-
SR04 type, along with the implementation of the corresponding software and hardware. The ultrasonic
sensor module comprises two piezoelectric transducers, with one serving as an ultrasonic transmitter

and the other as an ultrasonic receiver.

Main Part

The operating principle is based on measuring the time difference between the ultrasonic signals
emitted and reflected from the object, the duration of which is proportional to the distance from the
sensor to the object (Fig.1). We know the speed of propagation of ultrasound in air (330-340 m/s) and

. . Vus*t . .
can calculate the distance to the object: S = % , where V,; is - the speed of propagation of ultrasound
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in air, averaging 330-340 m/s, t - the difference in the time interval between the emitted and reflected

ultrasonic signals from the object.

A]‘\J:,B

A % A
i ;

AO+0OB
S= 5

Figure 1 Ultrasonic principle of distance measurement

The measuring range of the distance meter is from 2 cm to 4 m, the frequency of the ultrasonic
signal is 40 kHz. Below (Fig. 2) are shown the time diagrams explaining the working principle of the

module:

Ui

10 msec

— —
signal delivered to the entrance

8 packets of pulses with a frequency of 40 kH=

I

The signal is proportional to the
distance measured at the echo

116 msec - 23.2 milsec

: = = — t

0

Figure 2 Timing diagrams of the operation of the ultrasonic sensor

To start the measurement cycle, a positive pulse lasting 10 uSec is supplied to the Trig output,
after which the sensor sends a packet of 8 pulses with a frequency of 40 kHz and switches to the mode
of receiving the echo signal reflected from the object. A positive pulse is formed on the echo signal
generator, the duration of which is directly proportional to the distance from the object to the sensor,

which is calculated using the following formula: S (cm) = time (uSec) / 58, where time is the pulse
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duration on the echo signal generator in microseconds, S is the distance to the object in centimeters.
The recommended pause between measurement cycles is 60 milliseconds, which is necessary for the
complete extinction of the echo signal remaining from previous measurements. Below is the application

of the ultrasonic distance sensor built on the PIC16F628 A microcontroller:

Fig. 3 presents the schematic model of the level measurement system created on the basis of the
computer simulation program Proteus, with the help of which the analysis of the information exchange

process was carried out. The developed algorithm is written in assembly language.

The principle of operation of the device can be described as follows: three blocks are presented.
Measuring device Main microcontroller PIC16F873A - U1, seven-segment indicator with four decimal
digits, A and B pressure sensor module with equivalent data connection elements. These sensor
modules are built on a PIC16F628A microcontroller, contain the same type of elements and are
physically located at different points at a distance of several tens and hundreds of meters, which is not

reflected in the modeling diagram[1-2].

To initiate the measurement cycle, a positive pulse lasting 10 uSec is applied to the Trig output.
Subsequently, the sensor transmits a packet of 8 pulses with a frequency of 40 kHz and transitions to
the mode of receiving the echo signal reflected from the object. A positive pulse is generated on the
echo signal generator, the duration of which is directly proportional to the distance from the object to
the sensor. This distance (S) is calculated using the formula: S (cm) = time (uSec) / 58, where the time
represents the pulse duration on the echo signal generator in microseconds, and S is the distance to the
object in centimeters. A recommended pause of 60 milliseconds between measurement cycles is advised

for the complete extinction of the echo signal lingering from previous measurements.

Below, the application of the ultrasonic distance sensor built on the PIC16F628A
microcontroller is depicted in Fig. 3. The schematic model of the level measurement system was created
using the computer simulation program Proteus, facilitating the analysis of the information exchange

process. The developed algorithm is coded in assembly language.

The device's operational principle involves three main blocks: the measuring device (Main
microcontroller PIC16F873A - Ul), a seven-segment indicator with four decimal digits, and A and B
pressure sensor modules with equivalent data connection elements. These sensor modules, employing
a PIC16F628A microcontroller and containing identical elements, are physically positioned at varying
distances of several tens and hundreds of meters, although this spatial arrangement is not represented

in the modeling diagram.
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Figure 3 system model

The U4 microcontroller and the U5 (U5.C-U5.B) inverter, which consists of the A sensor
module, are connected to the RC3, RC4, RC5 and RC6 lines of the PIC16F628 A main microcontroller
port C.

The U2 microcontroller and the U3 (U3.C-U3.B) inverter are connected to the RC0, RC1, RC2
pins of the main microcontroller port C and the RA5 pin of the A port. U2 microcontroller and U3
(U3.C-U3.B) inverter are included in the B sensor module.

There are two identical sensor blocks in the system, in which the measured data is stored and

converted into a digital format. This data is transferred to the main U1 microcontroller.

The sensor block, in turn, consists of a microcontroller, a data transmission circuit and an

ultrasonic sensor.

Pressure sensors are built from microcontrollers U2 and U4. These sensors are placed in different
positions. The main microcontroller Ul is supplied with data of pre-processed parameters and

constants, which it processes and displays on a digital indicator.

Fig. 4 shows two identical sensor modules placed on different objects. These devices are
functionally similar and are connected to each other optoelectronically with the main MCU3
controller, which in turn is built on the basis of the PIC16F873A microcontroller. It is a powerful (200
nanosecond instruction execution) yet easy-to-program (only 35 single-word instructions)
microcontroller based on CMOS FLASH and 8-bit microcontroller combines the powerful PIC
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architecture of the microchip in a 28-pin package and is compatible with PIC16C5XXX, PIC12C and
PIC16C7X devices. . The PIC16F873A features 128-byte EEPROM data memory, self-program, ICD, 2
comparators, 5 channels of 10-bit analog-to-digital (A/D) converter, synchronous serial port that can
be configured as 3-wire serial. All these features make it ideal for solving various tasks easily and

efficiently.

The developed system consists of the following functional nodes: a power supply unit with
several isolated 5-volt CD/DC converters, digital indicators, two independent data transmission

channels built on optically isolated optocouplers.
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Figure 4 Functional scheme of the level measuring system

The power supply unit of the main microcontroller is built on a voltage regulator (type 7805CV),
with a stable output voltage of 5V, which is connected to an AC/DC adapter, the output constant
voltage range of the adapter is 15V. - 9 v. (0.5a.). The supply voltage of the microcontroller is supplied
to the data transmission channels by means of isolated transformers. This ensures galvanic isolation of

the data exchange channels, and as a result, the sensor modules will be provided with a power source.

Capacitors C1 and C2 and quartz resonator ZQ1 are connected to the main microcontroller to

generate clock pulses. This ensures a stable clock frequency of the microcontroller.
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The presented device includes calibration and statistical processing of measured information.

Both methods help to reduce static errors and minimize errors caused by random factors [3].

References

1. Ashraf AlMadhoun Development Environment for PIC Microcontroller: Proteus and MikroC
Step By Step: You will learn the most widely used Software to Program and Simulate PIC
Microcontroller in the Embedded Systems, Independently published (April 6, 2020).

2. Nona Otkhozoria, Vano Otkhozoria, & Shorena Khorava. (2022). Search for an extremum using
the steepest descent method under the conditions of experimental errors. World Science,
(2(74). https://doi.org/10.31435/rsglobal_ws/28022022/7785

3. Z Azmaiparashvili, N Otkhozoria (2021) “Mathematical Model for Studying the Accuracy
Characteristics of Devices for Measuring the Resonant Frequency of Oscillatory Systems New
Approaches in Engineering Research” 121-131 https://doi.org/10.9734/bpi/naer/v5/10242D.

e G503900000 956d0edBMTo s LobiBgdols Lodwymssos

6035 8565896009, 6065 MmbMBMMOos, 05956 396509

Logo®mz9wml ¢9dbozmeo »bogzgdlo@g@o

LAoG05do  Aobbomwos  MEGHMdRIO0M0  bgblMmOMWo  FMmEEOlL  BIBIBY 53900
90360300 396MOo J56doEdBMIol mgddggdol 30063030, 30330vE OO LOMES(30v)MO

36MHMyM53oL 3OHMEHJMLOL BB 9Jdbogros Mbols Lsbmdo LobEgdol bdgds@wemo dmgero,
MMIol EIHTsMgd0moE  BoBHIMIOME0s 0bxzmMTszool dodmizerol  3OmiEgbol  sbsgrobo.
509353909 3mfymd0WMdsdo  om35¢0olHobgd oy ©9350dMYds S dobmBowo
06x3m®3s300L  BEHIGHOLEHOIMMO FMT53905, M3 Bl MHYMdL BEIGHO0IWMO (EMIOEGOOL
39930609058 s F9000H3930000 FBodBHMMGOOm FodM39Mwo (300MmF0gd9gd0l JobodoBozosl.

153396dm Lo@yggdo: 8s6d0edBMa0, MeEE®Md96M5, 3OMEIMLO

Georgian Scientists/Jo®m39wo d93bogMgdo @. 6 N 1, 2024 25


https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Ashraf+AlMadhoun&text=Ashraf+AlMadhoun&sort=relevancerank&search-alias=books
https://doi.org/10.31435/rsglobal_ws/28022022/7785
https://doi.org/10.9734/bpi/naer/v5/10242D

Georgian Scientists

nimn
NOEOMNY

00
00

o Jomom3z9eo 3936096900 _GEoRc

Vol. 6 Issue 1, 2024

https://doi.org/10.52340/gs.2024.06.01.05

Formalization of Digital Knowledge And Modern Approaches to Data

Management

Ketevan Arevadze

Georgian Institute of Public Affairs (GIPA), Assistant Professor, keteva.arevadze.3@gmail.com

Abstract.

Effective management approaches involve the utilization of formalized knowledge acquired within the
organization and subsequently the deployment of decision support systems to facilitate decision-
making. For the formalization of knowledge accumulated within organizations, it is necessary to
explore the forms of formalization of data. To effectively develop good knowledge bases, a good
knowledge representative is needed. Let's discuss the aspects of knowledge representation in the
context of semantic web using as an example. However, it is possible to add or maintain a lot of complex
data. There are some common views of date storage. Document System, Database oriented a subject,
Relational database, Object relational database.

Choosing a programming language for a knowledge management system involves considering
additional components, such as: Flexibility, Simplicity, Efficiency, Expansion, Support, Portability,
Reliability.

Various types of knowledge representation logics are utilized, including : Propositional Logic (PL),
First-Order Logic (FOL), Higher-Order Logic (HOL), Modal Logic, Fuzzy Logic, Multivalued Logic,
Temporal Logic, Description Logics (DL), Frame, Rule-Based Systems.

Regardless of the type of organization, the system of using tools simplifies the formalization and

representation of its knowledge, which forms the basis for fast and efficient management.

Keyword: Digital knowledge, Formalization of knowledge, Digital management, knowledge

management system

In modern world success of an organization is dependent on its Effective management methods,
which is impossible without swift and well-informed decision-making skills. This is achievable only
with rapid and effective implementation of knowledge accumulated within an organization. Thus,
effective management approaches involve the utilization of formalized knowledge acquired within the
organization and subsequently the deployment of decision support systems to facilitate decision-

making. For the formalization of knowledge accumulated within organizations, it is necessary to
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explore the forms of formalization of data. To illustrate the above mentioned in an example we can
refer to knowledge bases systems which accumulated facts, procedures, meanings, etc., Databases help
us find specific answers to questions, which are needed to address specific problems. Knowledge
representation is the method of encoding knowledge, allowing us to depict goals, actions, beliefs,
reasoning, and psychological states within knowledge bases. Semantic web pages define standards for
interoperable knowledge bases. To effectively develop good knowledge bases, a good knowledge
representative is needed. Let's discuss the aspects of knowledge representation in the context of
semantic web using as an example. It has been many years, since numerous scientists discuss about the
distinction between the data, information, and knowledge. Some authors argue that data is the
representation of a process, information is the representation of information, and knowledge signifies
the representation of knowledge through the different perspective.

For example, the fact that "New Delhi” is the capital of India this would be data before it is
stored in a database, this fact will become information when a person states it and transforms into
knowledge when someone knows that New Delhi is the capital of India.

Data bases are classified into relational or non-relational databases.

Relational databases provide an in-memory mechanism and make it possible to move/use data
without having to perform a join operation. However, it is possible to add or maintain a lot of complex

data. There are some common views of date storage.

4 )

Document system Database oriented a subject

Data storage

Relational database Obiject relational database
\_ J

e Document System-is the system designed for simple data and does not require querying of
data.

e Database oriented a subject-database that describes and provides information about a specific
object. It is connected to complex processes of data and does not require querying of data.

e Relational database-is a subject-oriented database in which the data is structured, but it lacks
the capability to store multimedia content such as photos, audio, or video materials.

¢ Object relational database - This is a complex database that includes data corresponding to data

requests. However, its cost is relatively high.
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Not all databases provide the ability to search for information semantically. The semantic search
functionality of databases depends on the representator of knowledge. How thoroughly knowledgeable
data is entered into the database and what type of knowledge search is preferable for the representator
[1].

In the rapidly evolving landscape of logistics, the formalization of digital knowledge and the
adoption of modern approaches to data management have become pivotal for achieving operational
efficiency, cost-effectiveness, and enhanced decision-making processes. This paper explores the
intersection of digital knowledge formalization and contemporary data management strategies within
the context of logistics processes.

The formalization of digital knowledge refers to the structured representation and organization of
information in a way that facilitates automated processing and meaningful analysis. In logistics, this
involves the integration of diverse data sources, such as supply chain information, transportation data,
and inventory records. This paper delves into the methodologies and frameworks for formalizing digital
knowledge, emphasizing the role of ontologies, semantic modeling, and knowledge graphs in creating
a unified and interoperable knowledge representation in the logistics domain.

Furthermore, the paper investigates modern approaches to data management, focusing on
technologies like Big Data analytics, machine learning, and artificial intelligence. These approaches
empower logistics stakeholders to extract valuable insights from massive datasets, optimize routing and
scheduling, predict demand patterns, and enhance overall supply chain visibility. The integration of
real-time data streams and the utilization of cloud-based platforms are explored as key enablers for
agile and responsive logistics operations [2-3].

The study also highlights the challenges associated with the implementation of these advanced
technologies, such as data security and privacy concerns, interoperability issues, and the need for
skilled professionals. By addressing these challenges, logistics enterprises can harness the full potential
of digital knowledge formalization and modern data management to drive innovation and gain a
competitive edge in the dynamic logistics industry.

This paper provides a comprehensive overview of the formalization of digital knowledge and
modern data management approaches in the logistics sector. It serves as a valuable resource for logistics
professionals, researchers, and policymakers seeking to navigate the complexities of the digital era and

optimize their operations through informed decision-making and data-driven strategies [4-5].
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Choosing a Knowledge Management System
Choosing a programming language for a knowledge management system involves considering

additional components, such as:

Reliability

o Flexibility-Refers to the high likelihood that the system can be used for various tasks and
purposes, as it incorporates numerous instruments and elements.

¢ Simplicity-Learning to use the program should not require additional resources. The simplicity
of its rules and tools increases the likelihood of its ease of use

o Efficiency-The efficiency of tools is primarily related to the speed of execution, which is closely
linked to the reduction in the number of operations required by program to solve the problem.
The above mentioned fact improves the program's efficiency .

o Expansion-represents the ability of the system to integrate and improve. System integration can
be achieved through various means. For example, increasing the size of the database in the
knowledge base for the purpose of adding data, which will be accessible to external programs.

e Support-refers to customer support in the context of the sale of programming languages. In cases
of need, it includes communication with customers, encompassing telephone calls, training
sessions, and consultations.

o Portability-This term refers to the duration of product functionality and the technicality of its
delivery. For example, if a product is designed for a specific type of machinery production, it
will never be a portable system.

o Reliability-The reliability of software is determined by the duration during which developers
have used and tested it. The longer the period, the higher the level of reliability.
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Classification of Knowledge Management System Tools:

Programing Language

Java is used as a programing language in the Knowledge Management System, which gives ability to
develop system's capability for effective knowledge management. Programming languages have
advantages and disadvantages.
Its advantage is the wide use of this language. Moreover, it is easy to understand, while
Its limitation lies in the facilitator's inability to incorporate additional functions, such as rules, preferred
forms, rule modifications, and similar features.
To create uncomplicated knowledge-based systems suitable for use as programming languages, it is
essential to incorporate functions like IF, THEN, and others [6-7-8].
IF-THEN rules encompass autonomous rules for knowledge components, modal and minor
comparisons. This allows for the removal of outdated rules and the addition of new ones. Various types
of knowledge representation logics are utilized, including :
1. Propositional Logic (PL): Represents knowledge using simple propositions and logical
connectives.
2. First-Order Logic (FOL): Allows the representation of complex relationships using variables,
quantifiers, and predicates.
3. Higher-Order Logic (HOL): Extends first-order logic by allowing quantification over functions
and predicates.
4. Modal Logic: Incorporates modalities such as necessity and possibility to express knowledge
about necessity and contingency.
5. Fuzzy Logic: Handles uncertainty and imprecision by allowing degrees of truth between 0 and
L.
6. Multivalued Logic: Represents knowledge with more than two truth values, accommodating
situations where truth is not simply binary.
7. Temporal Logic: Deals with the representation of time-dependent knowledge and events.
8. Description Logics (DL): Focuses on representing structured knowledge with a focus on
taxonomy and classification.
9. Frame-Based Representation: Uses frames or semantic networks to represent knowledge with
structured frames containing attributes and values.
10. Rule-Based Systems: Represent knowledge through a set of IF-THEN rules that define
relationships and actions.
The stated rules enable the implementation of a decision support system within the organization,

enhancing the speed and effectiveness of managerial processes.
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To summarize formalization of acquired knowledge plays a crucial role in enhancing organizational
management efficiency. Effectively addressing specific tasks often requires tapping into the
comprehensive knowledge possessed by experienced employees. Therefore, it is important to integrate
a decision support system that encompasses all types and stages of management. Regardless of the type

of organization, the system of using tools simplifies the formalization and representation of its

CONCLUSION

knowledge, which forms the basis for fast and efficient management.

6)

7)

8)
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GOAMGHMJLOIMOMDS MK OIOIWO 39 EHVIOJO0L: A-549 (o B30l 390 E0bmds), DLD-1 d0dsto.
50580560 3560l brMT>Er M BodOMIWILBHYODY (WS-1) 56 500060365 &Hmdlozm®o dmddgwogds.

1533560m LOGY3900: SEIFWMOO, 35335B09M0 TS, GOGMEHMILOIMMO 59EBH03MdS

33500 Atropa-8dsqol (M. Solanaceae- do@ymM®gboligd®mbo) Lobgmdgdo d0sMos GHMM3s60l
X3IBOL  SE35MO0EYIO0m, MHMIGd03 BEMID B3sBIMEOBMEMm ©s (3H3030¢0Y9T5YBgdgw
9gdd99dsL [1,2,3,4]. LoJoOMNZIW ML FHIOOGHMM05DY 2930 3II0IE0s Atropa caucasica Kreyer.-
3933500 9oy [5].

33930L JoDsbl Homdmoygbs Lods@mgzgwmdo dmbBsGo Atropa caucasica Kreyer. dofjolibgs
@5 dofoligzgds  MmMaobmgdol Tgbfogams  BHOMM3bol  xMBoL  SIdWMoEIdbg ©s dsmo

B0MEMP0IM0 54303MdOL Y.
009d3H900 s 9900m©Id0

33930L  md0gdBHgOL  HoMmBmoygbs  LodoMmM3gwmlb  garmeol Atropa caucasica Kreyer.
dofjolbgs s dofjold3zgds MmMABMado, FgaMmzowo BgEsHgbdo bogmzosbmdol Bsbsdo.
3596033Oowo  sf3Mowdsbgdmmo  9/P o 8/  ™mORsbmgdosb  Lombmem-ombmzsbo
99bEG®sgd300L FgMPOm B0MYOVIEN0S SN M0AIYI(3390 X5FMM0 LBLES630gd0. NH.OH
(12%)-000  {Hobolifoo  FgEmBH0s6gd0m @S  ©OYM369d0m, 5390 IOL  3HILPOESZ3OM
JmOMBMOTom. 2590000569390  9JuE®odBHdL 35bBMeg90om HaSOs (10%)-om. 85539
309mb5(3wogdl 350990539000 9oL  goghom.  3mbEgbGHM0MGdIMWwo 58053000
35¢3H0s690000 pH-9-00g @o 35b9bom  gJuEBHMOR0MGIL  MGYbmwo  godlbbgroom.
93139900 X 539M0 LYdLEBE0gOOL odmbszsw0 8950960s: FofoliBYs MMYbMgd0©6 0,28%,
dofioligz9ds mMAs6mgd0@sb 0,54% d3gbo®ol 3/ DoboErsbg 2oosbysMm0dgd0.

3309308 J9ga0. 3933900 8Bsdol  BoGMJodomEmo  dglfiogars IM3z5bobgm  QoBG-Tob
139JBHO9MOO  JOMAoBHMYMox000  (GS/MS) ©d ®30LMdM0  5BseoBol  Logwdzgwwdy -
b x96m3zs60 ROMISEGHMYMIn0Mwo Igmmom (Bomgods Siliagelss, Merck; Lol@gdgdo: I-
096ME0-3gmsbmero (1:9), II-539@HM™bo-5d0530L 10% fgoeblbo®o (95:5), III- JormMmgm&do-
539GH™b0-5d0530 25% (5:4:1), @9050950536909w0:  @M9RIBMOBOL  MgodBH030)  FJIToMOE
9003998056 (5GOM3060, 303059060, B3M3MEsd0b0) bEILHMYd0m. ©sgbowos, HMI
0096&0x8030M00 531dg980 §093003690056 BHOM3560L XMRL. dofolbgs MmEMRBM9doIb
900900 5¢53eMOEIYIOL KSTOL 3MEPOBMBIOIO IYMBOD  ASTMYMBO0s  SEHMM30bo,
30mb3053060, beagnem dofjoligzgds mmasbmgd0sb s@GMmM3060, 30mb305d0b0 s bM3MmeEsdobo[6].
Atropa caucasica Kreyer. 3o{obbgos @ dofjolid398s m6gebmgdosb 800gdvemmo s 3semogdols
X597960 bdLEBIbE0gdol in vitro 30GH™MGH™MJLOZMOO 9gG03mds dglfogwrowo oym LASEVE-L
WHBMEOGHMM0500, B6TIBEHMGO dg3bogmgdsms g3s6E9d96EGHT0, 3390930L bogzgMLo G0,
d. 3039&000, 35b500.
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GOAMGHMJL0IMOMBS 0LIHBPIMIOMS in vitro LA MXOIOME 3 EHOMSDY: A-549 (505F0sbOL
RB0A30L 390E0bMmIol VYO 3MwEes - ATCC#CCL-185); DLD-1 (U{m®o bofiemogols
5Q96M 3560 306MmToL YO 3wEHOs - ATCC#CCL-221), WS-1 (35606 bm&Gdserm®o
R00OMOWILEHN00), OMIgdo3 Jomgdmwos ATCC-sb (American s Type Culture Collection -
3obsby, 938). Lodbogbwmo MXMYOIdO 3MEEH030M90)0s Earle sHO@ ™D s L-a0m@sdobols
399339 153390 sMgdo (Earle's do®oero dqdsaqbermds: KCl, NaCl, NaH2POs - H20, D-a0v30%0,
MgSO4 + 7H20, CaCl:- 2H20, NaHCOs3, {oogwo 539bmeo), Hm3qgebsg 995¢39gds 9ddmombocyy®o
bdml 10%-056 Moo (Hyklon, Logan, 5.8.9.) 303sd0bgdo (1X), 39booeobo (100 1.U./dw) s
LEGHMI3GH™Iozobo (100 d3p/0¢0), 530bmIzo3900 (1X), Bo@®omdol 3om3s@o (Mediaech Cellgro,
VA). mx690900L 0637995305 308000b5609mdL 37°C (3983965 @Hw6sD9, 396056 s@mbgg@dmdo CO2
5%.

1533w930 603M39d0L 30GH™EHMJLOZNOO 59BH03MdS ABLIBWIMo oym Resazurine s Hoechst
9900Mm©YdoL dobgz0m. 5JEH03Mds 2oboloBZMS 0b30doEHMMmMEo 3Mmb3gbEHMmogos 50-0m (0350),
MHMIgog 59l Ls3zwgzo 60dmdgdol dogh MxMggdol 50%-0b 0630d06MHgdol 45dmd()393

3063963 H5305L. bEObIMEI© A99MmYgbgdImo 0ym gEHm3mboo [7].

Atropa caucasica Kreyer. dofjoligos @s d0fjolid39ds m®myobmgdosb 800gdvmo s 3semogdols
X59996M0 LmdLBobEogool 3oGMEHMJLO3MEO 5JG03M0sBg BoBHIMIOMWO 33193990l T99A9d0
dm39dmwos gbGowdo 1.

@b¢.1.: Atropa caucasica Kreyer. dofjolBgos s dofjolidzgds mGmysbmgdosb dowgdmwo

5E39¢MOEIOOL  X589M0  bdLBebE0gdol  30G™MGHMJLOoMMO  5JG03mds  (0630d0EHMMME0
3063963 M030s 50, 833/ 9JuE®5gGJdOLIMZ0L s F03MMIMEO gEHM3MbBoOLmZOL)

5E35DMOQYD bsBMm3z560 MxM9gd0 s IgNMEYdO
33330°00Y o0 e
Ne | 939696 096305030
GOPPI | 6oy Boffoero 6)?532’ 0(3 6 Resazurin Hoechst
B0dggdo

A-549 | DLD-1 | WS-1 | A-549 | DLD-1 | WS-1

1 | Atropa | doffobbgs | s@em3obo,
caucasic | mMa56mgdo | 3ombgosdobo | >200 | >200 | >200 | >200 [196+20

a Kreyer

167+2

2 | Atropa | dofjolidzgds | sG®m3obo,
caucasic | m6M6mgdo | 3ombiosdobo, [135+18 [161+24 | >200 | 41+8 | 48+2 >200
a Kreyer b3m3mesdobo

3 | 9®»™3m

24+4 10+2 35+16 2,1+0,3 2,1+0,3 | 31+14
bo©o
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00MEMma01MH0 130M060bYOL FMbs3789d0L Logdzgw by godmawgbowos Atropa caucasica Kreyer
doflolBgs  MmMobmgd0b  FoMdMEo  SENIIWMOEIOOL  XSTMMO  LdLEEIBEool  LylEo
BOAMGHMJL03MO0 5J@G03MdS (196 839/dw) bsfersgz0l 5Egbm 396 E0bmdol (DLD-1) s 5@sd0s60l
3960l BGH3oemHo  BodOMIWILEGHGdOL (WS-1) dodsdrom, bmem dofjolidzgds mMsbmgdosb
d0MIdNIEN0  SEN3IWMOEIOOL  XSFMMTS  LYOLEBODE05T  godMogErobs  LodMsm  dgMBg3z0m0
GOOMGHMJLO3MOMds (41 933/0¢ s 48 033/, Fglodsdobo) BowE30L  39ME06MAsL s
Bofamogol 9@ gbm3sME0bMmasl M Gggdol FodsMm. 580560l 3960l BrmOTogrmE
500OMOWILEHIODY 56 5000608bs godmbsd o go@m@Gmdbom®o dmddgwgds.

3l33365. BoGHMJodom®mo 33eg3900L G9YROP YYD, D Atropa caucasica Kreyer boombg-
Lombmgzsbo gduE®msdiool gmm©om Fowgd  golivRMHZ3JIM  SENISWMOEIOOL X sFME
LBLE96(309030 EMT0boMYDID BHMMI60L X AMROL s3> M0EId0: dofolbgs memYsbmgddo -
5GHM™30b0, 30mb0sdobo, dofjolid3gds mMsbmgddo: sG®mm30bo, 3o0mizosdobo s bim3memsdobo.

In vitro 30&mGMJubo3MOmo 5JG03mdYd0L Fgxslgdolsl Resazurine s Hoechst dgomgdols
dobg30m, 35335B09M0 ool JofoliBgs MEMmRIBMIGO0ID F0MYdMETs 5 35WM0ETYT(339Ds
X99996M35  LYPBLEDE05  QodMTY3bs  LYLEo  0GHMGMILOZMOO  5JBH03Mds  Bofieregols
596m 3560 306Mmdoby (DLD-1) o 9530560l 39560L bmM3oermMo  130d0MHMdmlGgdol (WS-1)
90050, bmgom  dofjoligzgds mMmAbMd0Esb FoMgdmeds S35 ™m0d9d;339wds X 5FMEDs
LBLESBE058  9B39bs  FgMPBg3000  (30GHMGHMJLOZNOMOS BowG30L s  LHmMo  Bofiemsgols
LodLogbmmo  MXOIOMWO  3MWEAHOIOOL  B0ToMm.  5F0sbol 3960l BmETse®
300OMOWILEHJODY godm339m0w0 BHMJLo3MMO 3mddggds 56 500bodbs.

390mggbgdyEro wodgHad o
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ABSTRACT

The goal of presented research was a study on tropane group alkaloids from the above-ground and
underground organs of Atropa caucasica Kreyer (Solanaceae) grown in Georgia, and evaluation of their
cytotoxic activity. Alkaloid-containing total substances were obtained by liquid-demand extraction
from the air-dried comminuted of the above-ground and underground organs of Atropa caucasica
Kreyer with NH4OH (12%) pre-elution and delay, we treated the alkaloids with chloroform. The yield
of total alkaloids was: From the above-ground organs - 0.28%, from the underground organs - 0.54%,
calculated to the air-dried material of the plant. As a result of phytochemical studies on the base of FC-
MS and TLC experiments, has been determined the dominated alkaloids of the tropane group in the
total sum of purified alkaloids were: atropine and hyoscyamine in above-ground organs and atropine,
hyoscyamine and scopolamine in underground organs. In vitro evaluation of cytotoxic activities
according to Resazurine and Hoechst experiments demonstrated that the total alkaloid sum obtained
from above-ground organs revealed a weak cytotoxic activity against colon adenocarcinoma (DLD-1)
and normal human skin fibroblasts (WS-1), and the total alkaloid sum obtained from the underground
organs, exhibited a moderate cytotoxic activity against cell cultures of A-549 (lung adenocarcinoma)

and DLD-1 without any significant toxicity against normal human skin fibroblasts (WS-1).

KEYWORDS: Alkaloids, Atropa caucasica, cytotoxic activity
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The Impact of Artificial Intelligence in the business process in the Phase of Data
Analytics

Lily Petriashvili; Irina Khomeriki

Georgian Technical University

Abstract

One of the key areas of an enterprise facility is supply, which consists of a chain of operations
determining not only the efficiency of the product distribution, but also the quality of the product
delivered to customers. A supply chain represents well-defined and efficiently managed organizational
processes creating all the conditions for customers to receive high quality product and service.

This research explores the transformative influence of data analysis and digitalization on contemporary
supply chain management. The integration of these technologies has redefined the dynamics of
decision-making, visibility, and efficiency within supply chain processes. We investigate the role of
data analysis in providing real-time visibility, predictive analytics for demand forecasting, and effective
supply chain risk management. Additionally, we examine the impact of digitalization through the

incorporation of technologies such as IoT, blockchain, and automation.

Keywords: IoT, SCM, Blockchain

Supply Chain Management (SCM) is a complicated diversified system that is dynamically changing
with respect to the factors such as: investment policy, the level of scientific and technical development,
the concentration of suppliers and customers, a geographical location of the system users, the level of
demand and dynamics for products/services, a competitive environment, warehousing and
transportation service costs and more. Therefore, stemming from the complexity of obtaining and
processing of information, managers cannot always achieve high levels of supply chain optimization
and rationalization. In addition, the supply chain constitutes completely integrated and customer-
oriented system, which determines planning, formation, administration and management processes for
internal/external material and the related flows and formulates the optimal factor of the added value.
A technical progress has brought new challenges to the people as to how healthy the products we daily
eat are, because the number of hazardous products has already reached the apogee.

Supply chain management faces a paradigm shift with the infusion of data analysis and digitalization.
This section introduces the research, emphasizing the significance of these technologies in reshaping

traditional supply chain practices.
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Main Part. Nowadays, the economic potential of many countries depends almost entirely on exports.
In such countries, most people focus on purchasing cheap products giving a good chance to dishonest
local entrepreneurs and exporters to add hazardous substances to the content of products that reduce
the operating expenses tied to the production of goods and are much cheaper, but significantly damage
human health and cause various diseases. Such types of products are mainly foodstuffs, building
materials, clothing, toys, etc.

Data analysis enables organizations to make informed decisions by providing real-time visibility into
supply chain processes, enhancing tracking capabilities, and optimizing overall supply chain efficiency.
The utilization of predictive analytics, leveraging machine learning and statistical models, enhances
demand forecasting accuracy, leading to efficient inventory management and improved customer
satisfaction. Data analysis plays a crucial role in identifying, assessing, and mitigating risks, ensuring
supply chain resilience in the face of unforeseen disruptions.

Today, digitization has become pervasive, transforming and influencing virtually every aspect of our
lives. From personal interactions to business operations, education, healthcare, and beyond, the impact
of digitization is profound. In business and industry, digitization is seen as a fundamental shift that goes
beyond the adoption of digital technologies. It involves the integration of digital technologies into all
aspects of business processes, fundamentally changing how organizations operate and deliver value.
This includes the use of data analytics, cloud computing, artificial intelligence, and the Internet of
Things (IoT) to optimize operations, improve efficiency, and create new business models.

In the realm of communication, digitization has revolutionized how we connect with each other. Social
media, instant messaging, video conferencing, and other digital communication tools have transformed
the way we share information and stay connected globally.

Education has undergone a significant transformation with the digitization of learning materials, online
courses, and virtual classrooms. Students now have access to a wealth of educational resources at their
fingertips, breaking down geographical barriers and providing opportunities for remote learning.
Healthcare has embraced digitization to enhance patient care, streamline administrative processes, and
facilitate medical research. Electronic health records, telemedicine, and health monitoring devices
contribute to more efficient and accessible healthcare services.

In everyday life, digitization has become ingrained. Smartphones, smart homes, and wearable devices
are examples of how digital technologies have seamlessly integrated into our routines, providing
convenience and connectivity.

While the benefits of digitization are immense, it also raises important considerations, such as data
privacy, cybersecurity, and the digital divide. As we continue to embrace digitization, it is crucial to
address these challenges to ensure a balanced and inclusive digital future[1].

IoT and Smart Sensors - Digitalization, incorporating IoT devices and smart sensors, enhances
transparency and accountability by providing real-time data on the condition, location, and status of
goods throughout the supply chain. The integration of blockchain technology ensures traceability and

transparency, reducing the risk of fraud and optimizing the efficiency of supply chain processes.
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Automation and robotics streamline supply chain processes, leading to increased efficiency, reduced
operational costs, and faster order fulfillment.

Data Security and Privacy: As organizations rely on data for decision-making, securing sensitive
information becomes paramount, requiring robust cybersecurity measures. Seamless integration of
diverse technologies poses a challenge, emphasizing the need for interoperable systems and platforms
for effective communication across the supply chain ecosystem. The future of supply chain
management lies in the continued evolution of artificial intelligence and machine learning, promising
advancements in demand forecasting, routing, and scheduling. [2-3]

Sustainability and Circular Supply Chains: Emerging trends focus on leveraging data for sustainable
practices, assessing and improving the environmental impact of supply chain activities.

The purpose of our research is to carry out an analysis of the product identification information and
to identify hazardous products at the customs checkpoints and the locations the vendible items are
delivered to customers from. Through this experimental research, we have highlighted several
commodity groups and substances that are potentially harmful and dangerous to human health. The

table below shows three groups with the subgroups of toxic elements and their admissible indicators.

Commodity Toxic elements Pfdn%issible i?gihneiif}?;? customer e
group indicator Dowed %
Lead A |01 28%
Meat and Arsenic B 0,05 10% Adolescent and
meat products | Cadmium c |03 28% adult
Grison D | Inadmissible | 3-5%
Lead A 10,05 26%
Milk and Arsenic B |0,05 8% Adolescent and
dairy products | Cadmium C 0,02 11% adult
Pesticides D |0,01 15%
Antimony A 1075 29%
Toys Arsenic B |04 14% Adults
Cadmium C |01 17%
Mercury D |0.18 36%
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The large amount of accumulated information about products and different types of households allows
us to benefit from Machine Learning to identify the data and take the following measures. After
identifying the product (prepared for sale) identification records it is possible to carry out information
analysis on the basis of a pre-designed algorithm. According to the content of the received message, an
Information Management Center Operator analyzes the received information and reveals its main part
- the incident type and automatically selects the category of toxic elements the admissible indicator of
which is predetermined in the algorithm [4-5].
Then, the recorded information will be sent to all active operators in order to thoroughly analyze the
relevant data for each product [6]. The operator's task is to identify the product containing the most
harmful concentrations. To do this, the main process is to pre-process and analyze the data and develop
the appropriate algorithms for Machine Learning. Frequently, we are given the minimum possibility
to control the process at the primary data collection stage and, therefore, the following anomalous data
occur habitually:

- External values of the spectrum - for example, adverse effects arising while transporting the

products or breaking the packaging requirements;

- Impossible data identification;

- Incomplete data;

- Data inappropriate for learning - for example, information not related to the suitability of the

product.

Analyzing the data without filtering these and many other anomalous cases can lead us to erroneous
results. We use Python — a programming language — for the data processing and analysis. Initially, we

remove "Triage"-type actions (the action, when several operators process information simultaneously):

# keep=False The parameter provides a complete deletion of the duplicated records. df orig =
df orig.drop_duplicates(subset=['CALL_ID'], keep=False)

It is important that the following columns are not filled in:

Expulsion of incomplete data from the following columns is important:

# dropna dgoom@o how="any'

By specifying the parameter, all the lines, containing, at least, one of the given columns without data,
can be removed.

df orig.dropna(subset=['CASE_ID', 'Prod_ID', 'DATE_CREATED', 'CASE_TEMPLATE_ID', 'NO M/,
'CATEGORIES', 'SPENT_MINS'], how="any', inplace=True)

# Identification numbers with non-standard lengths can be deleted.

df = df[df'NOM'].map(len) <= 13]

df[df['NOM'].str.match(pattern)]

# Anomalous cases occurred due to a variety of reasons can be deleted.

We have categorized the customers' age under One Hot Encoding method, while we have selected the
following transitional age as categories: 0-40 days old; among the ages of 1, 6, 15, 60. We have divided

the age into the following categories (see the illustration in Figure 1):
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df'AGE_0_40'] =0
df'AGE_40_1'] =0
df'AGE_1_6'] =0
df’AGE_6_15'] =0
df'AGE_15_60'] = 0
df'AGE_60_120"] = 0

for i, row in df.iterrows():
if math.isnan(row['INJURED_PERSON_AGE_DAYS'])==0 and math.isnan(row['INJURED_PER
SON_AGE_MONTHS'])==0:
if 0 <= row['INJURED_PERSON_AGE_DAYS'] + row['INJURED_PERSON_AGE_MONTHS'
1°30<=40:
dfloc[i,/AGE_0_40'] =1
elif 40 < row['INJURED_PERSON_AGE_DAYS'] + row['INJURED_PERSON_AGE_MONTH
S1*30 <=365:
dfloc[i, AGE_40_1'] = 1
elif math isnan(row| INJURED_PERSON_AGE_DAYS'])==0 and math.isnan(row[' INJURED_P
ERSON_AGE_MONTHS']):

Figure 1

We use Python Programming and a set of machines - Weka (a collection of machine learning
algorithms for data mining tasks) for the data analysis and visualization. Weka constitutes a collection
of machine learning algorithms and, also, contains the tools that can be used for data pre-processing,
classification, clustering, association rules and visualization [2]. We used Weka visualization tools to
create visual representation of the correlation coefficient for the data. The visualization fragments are
listed below, which should approximately give us a model for the interdependence of data.

Figure 2 below shows the relationship between the concentration indicator and unacceptable
quantities of admissible substances. Each point on the graph represents a separate case. The content of
the substances not allowed in the product is filled with orange color, while those that are identified

and marked with an admissible quantitative indicator - with blue color.
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Figure 2

In the graph we can create result of the analysis carried out by different operators to identify one
harmful substance. Weka Tools allow us to analyze the product in accordance with various parameters

and visualize it.

Conclusion. Artificial intelligence is recommended to be used in the supply chain, since it is one of the
most effective tools for monitoring and controlling the delivery of safe products. Through the Python
programming language, we perform extract, transform, load (ETL) and data preprocessing operations,
as a result of which, a collection of the data with the structure required for machine learning has been
obtained. Using the Python programming language (the product exported 3 years ago) and Weka Tools
we have analyzed the obtained dataset and identified, deleted and corrected anomalous cases that, if
not taking them into consideration, could have negatively affected the results of machine learning.

Thus, we are given the results that allow us to protect people from hazardous products.
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3. Giorgi Doborjginidze, Lily Petriashvili, Mariam Inaishvili (2021) Optimization of Inventory

Management in the Supply Chain. Journal of Communication and Computer, David Publishing
Company 16 (2021) 1-5 DOI: https://doi.org/10.17265/1548-7709/2021.01.001
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4. Giorgi Doborjginidze, Lily Petriashvili, & Mariam Inaishvili. (2020). IMPROVE EFFICIENCY
AND RELIABILITY OF SUPPLY CHAINS USING SMART CONTRACTS. International
Academy Journal Web of Scholar, (8(50), 1-

6. https://doi.org/10.31435/rsglobal wos/30122020/7261

5. Kiknadze, M., Zhvania, T., Kapanadze, D., & Petriashvili, L. (2023). INNOVATIVE MODEL
DESIGN FOR THE MANAGEMENT OF REGIONAL SUSTAINABLE DEVELOPMENT. Essays
on Economics & International Relations, 59.

6. Doborjginize Giorgi, Petriashvili Lily (December 16-18, 2020) IMPLEMENTING BLOCKCHAIN
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bgemzgbmo 06Eemgd@obl gs3wgbs doBbgls 30mEgligdol 8mbsigdors sbseobby
oo 39305830000, 0006s bmdgMozo
Logdo®m39wmlb 39dbozmeo »boggdlo@g@o

BLBHOsIEBHO

LOPoMIML MdOgJBHOL gP-9M00 853500 bLRGMMS JofimEIds, MMIgEoE 9ATds M3gMs309d0L
X5330L5396, MMIgoi 2oBLEBEOZMHZL M5 FBMWME 3MIMEJGHOL 2965H0gdol 9539JGHIOMDSL,
56599  dmIbToGYdEgdHy  Jofimgdmwo  3GMMEJGHoL  bsMolblsg.  dofimgdol  xoF30
0o60m596L 39600 AoBLEBOIOMI S 9BIJEHIMOE F>MI MOYIBODIFOME 3BM(39LJOL,
o3 gabol  gzgms  3060HMdSL  IMIHAsMYOOLMZ0L  FoLsro  boG®olbol  3MHMmEJBHoLs  ©s
9 dLsbE®gd0L JobomgdS.

653O™Ido §o6dmygboos dmbozndms 565¢0BoLY S OROEHIODBIFO0L FHMIBLRMOTs(30v)e
3930965 3ofmEadol X330l ™obsdg®mmzg 99bgxdgbBHbg. Lbgoolbgs  E9gdbmemyogdols
06393653009  bgsbes  2obLyBO3MS  299HY393H0w ool  FoEgdol,  bozs®dOLs

99399G1IOMd0L ©0bsdozs Jofimgdol ko330l 3Mm3gLgddo. B3gbl doge Bo@o®mgdmeo 33wg30L
Log3md3zgdg 80300900  dMbs3gdms BBl GOl  9RgIBHWMOMdS MG  M™Io

bowgzoMdoL  MBOHWM639wLoymns©,  Imbmzbol  3GMABMBoMmGdOL,  sbsemo@GHobBols s
dofm@gdol %5330l  MoL3OL  9BRIJGHMO  FoO™M35To. oS sdoby, B30  gobgzobosgm
©O0R0GHW0DO300L go3gbsl 0lgmo G9dbmemaogdols 0b3mMm3MEMsE300L ybom, GmymemoEss 10T,
blockchain s 360m39Lgd0L 53EMAsEH0DG0S.

153396dm Lo Yzg00: Logabgdol 0bEgMbg@ o, Jofim@gdol xsF30L o35, bgermzbr®o 0bEgargddo
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https://books.google.ge/books?id=MbTlEAAAQBAJ&lpg=PA59&ots=xAuVeGbEce&lr&pg=PA58#v=onepage&q&f=false
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903539 5 JOMbo3mo s6mgd0mo 0bEgdlsols gsbsfogmgdols ms30lgdmMmgdsbo
15930eMUBML ggerol Lbgsalibgs batolbols 06E®Mg300mgeco bgm3msbogdols
ML 5 dobo 35380600 AgNOR 9dbmemmy000 358m3wgbow 3HmmogIMsgomeE
54 BH03mdB0H
650005 5005953300, M0Ts 89M05330¢0?, 6obm 0g3Bdg?, Fmms 3g3w9eadg?, oMM dM™3SAY°

Lyd0oLoL LobgwdHoxnm BodqoEobm Mbol®MLo ol Phd b 6¢&0; E-mail:
Q@ JLOHYoYy 0003 700390 Ao AG©I0O
adamashvilinatia58 @gmail.com

20000¢obob bobgedfozm bsdgoEobm MbogzgMlo@EgEol 3OHMBILMMO; 3500MEMROMOO SBsGmdool
935053963 0L bgarddwgsbgero; E-mail: Rima@tsmu.edu

30080@0obob Labgwdfoxm LsdgoEobm ¥bogzgMLoEgEOL MYH0WIBEHO SsmMEMAOME s65EHMT05d0;

E-mail: niniatevzadzel @gmail.com

t0d0olob Lsbgwdfogm bsdgoogobm Mmboggdlo@gdol Phd bEvwab@o; 9jodo 3smmewmasbsdmdo; E-
mail: shota.kepuladze@gmail.com; https://orcid.org/0000-0002-5919-5581

50000olol Bobgwdfoxm 1sdgoEobm MboggMlo@gEol 3OHMBILMGMO, M3 MMO 35MMEIMRO0L
9350539630l bgarddwgsbgwro; E-mail: burkadze@yahoo.com g.burkadze@tsmu.edu
https://orcid.org/0000-0002-5028-4537

BLGHOIEBHO

30360MBLWMOS HoMImogbl 3030MMdGO0L 9OHm0sbMdL, MHMIgdos 3bmzmmdb Lbbgswolbgs
MmO560m9gd3do*. 8030MMd0MmALS S 560905l IMEMOL MOHM0gHM 330000 LYY MMM 533565 bgds.
MRO® 39303, 90360Mmdomdols s 96mgdol Mo 30dmb Fomdmddbsls s 49b30m569d5d0
60350 Bbgosolibgs 33093000 6oL dgUlHogwrowo. 03MOMMMA60DTJdOL  3mIgmlEsBol
©MM39308 EOML 5350 J03OMMOY60DBIJO0 b Fomo 3OMOMIBHJO0 53O MMMR60BIT0
0039396 LodsLbm 0dmbme G95d3090L. goboby®mdeo390vIemo sbmgdol J9EIR9© 30MMYdS
JOmbozMmo  sbmgds, MmIgwoi  Lodbogbol gHM-gMHmo  Bs0bY3060909w0  BoJEHMOOS.
JO™bo3mwo s60mgdol 30639030 WX MH)IO0 MROM F9EHo© 5M05b BoMg30wbo s3m30Lgd0sbo
AG6obLEMOAs300b539D. 33¢093900L FgEHGLMDIT0 YIMHOEWYdS 2539b30dE0s Bod30eMUBMU
490l 3000mby s J03OHMO0MAL ImMOL 3530060, MMIES s6MYds3 939 TgbodegdgEros ogmb
15330 MUBOL  g4gerol 30dmb  49630msMgdoL ghm-gomo Jobgbo. B3zgbo 33¢g30L FoBIbL
Dom0mo960s 33939 S JOMbo3 Mo SBMgdomo 069JugdOL FoBsFoEgdOL M930L9dYMGdJdIOL
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d9Lfoges  1EAZ30MLBML  ygarol Lbgoalbgs boMolbol 0b@Msgdomgwo Bym3wmsbogdols
O™ s oo 353d0MH0L IYIBs AgNOR-0b ¢9gdbmemaoom gsdmgzwgbow 3GMEoggMsEome
593H03Md5Lmb.639b0 330930l F909a9dDg oYMHHMdO™ T9ga30dw0s 35133650, MHMA d()3539
36m9gd0m0 06gduo LoMHIMbM 3MEOIESE30500 56 GO EOL3SBOOL boMOLLMID 2sblbgsgzgd0m
J6O@bozMwo sbmgdomo 0bgdlolgsd GMmagwos, M3 MBOM BsrsEros EOL3EsHBoOL boGolibo
31939 G9LsdsAOBOE Fom FoPHE0s JOMbOZMo SbmMgdomo 0bgdlols dsh39b9de0.dM™bo3 Mo
bmgdomo 0bgduio dglodergdgwos godmygbgd o 0gbsl, MMM dglsdwrm oL sHol
5935390000 3003HgMH09do. AGNOR-ol ©s3s@gdomo 8909030L dgomo slg3g dgloderms
3990g96900 0465 3OIMWOGBIMS30I0 59dGH030md0L Fga3sligdolsmzol.

1s3396dm Lo@yzgdo: sBmgdomo 0bgduo; AGNOR; Lodzomlbmb ygerol ob@Msegdomgey®o
Bgm3sBoy;

d9Logoo

36093y HotmBmoygbl 9Mm3560 (393 99doboBAL Lb3oILbZY 2980B0sbgdgwo LE0dMwols
900500. Jumz0eol  sB0sbYdsd s Lbgoolbgs bgwdndfymdds RodGHM®9dds  Tgodwgds
3°900(300mL  sbmgds!l.  JMmbozmeds  obobdwroggdmds  sbmgdomTs  3MMEgLds  Fgodwrgds
399M0f300mL  0bgMO  s9350JIJOO, OMAMOOEGS  SMYOMUIWIOMDO, OBJAHO, IBIMYDY,

53HM0dMbOHO 55350090900 s Lodbogbya 302

90360mBWMOS Ho03moygbl 3030MMdGO0L §OHmOsBMdSL, MHMIgdos 3bmgmmdb Lbbgswolbgs
mM960m9gd3do*. 8030MMd0MmALS S 560905l MOl MOHM0gHMI3d0M0 LYY MMM 533565 bgds.
MRO® 39303, 90360Mmdomdols s 9b6mgdol Mo 30dmb Fomdmddbsls s 9b30m569d5d0
60350 Bbgoolibgs 33093000 6oL dgUlHogwrowo. 03MOMMMA60DTJIOL  3mIgmlEsBol
©MM39308 EOML 0350 F03OMMOY60DBIJo0 b Fomo 3MMOMIBHIO0 Fo3OMMMR60HBIT0
00139396 Lodsbmbm 0dmMbme G959d3090L. goboby®mdeo39dvIcmo sbmgdol J9EIRo© 30MMYdS
JOmbogmmwo  sbmgds, MmIgwoi  Lodbogbol gOHM-gMHMo  Bs0bYY3060909w0  BoJBHMG0S.
JObo3mwo s6mgdol 30639030 WX MH)EIO0 MROM F9EHo© 5M05b BoMg30wbo s3m30Lgd0s6o
A6obLEMOs300L539D. 33¢093900L FGEHGLMDST0 YIMHOEWYdS 2535H30¢dE0s B30 MUBMU
490l 3000mby s F03OHMO0MAL ImMOL 35300609, MMI3S s6MYdsE Y39 TgbodegdgEros ogml
L5330 MUBOL ygerols 30dMb 49630ms69dOL ghm-9MH0 Jobgbo.

15930 MUBBML  ggeols s 352005 mO  B03OMBWMOHOL  FMO35M0  FoMdmBoygbgero,
g BHMdS30M  35Lbolidygdgwos dmgero 1yd30MBBML ygerols s bsdmlb dozMmaEw MmOl
06530996 35¢6Bg.  WodBHMIS30gdOL  Momgbmdol  360dzbgermgzsbo  89930Mgds o
bbgo@olbgs  9b5gmMdMwo  359d@9M09d0L  MoMm©IbmdOoL  MbEmMbmdomo  Fo@gds  0f)393L
15930 MBBML  ygarolsy s  353065¢0Mo  303OMMEMRB0DIGOOL  EOLBIEIBLL.  QsbMHOEo
90360mdMo 300350 i39Mm3bgds  0fj3g3L  3MM-sbmgdomo  30GH™30bgdol s  Jgdm3obgdols
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0o68mdabsls, Mo@g 95dogMgdl s6mgdom 3slwgbl s BOHOL 0dMBMMO VX MGOIOOL MOMEIBMBSL>
7. qb byl »fgmdl 039696 oMY s30sL Jowrol M93MMmEMJEomw GModddo, Mog Jobol
bowloy®ge 256M90mb bLodbogbols gobgzomsmgdolsmgzold. dgMgmeds d03MMdMwds 0bgxggdi0s0
d90dwgds  bgwo  Igmhgml  HPV-U  250653090sL,  GHMobL3mMoxn3ool s 9mog035:309L
5053006OMMWH© FOBIMEOML LHTZ0WMBBML ygerols 308ml LobdoGy.

3905 3oL, 03MMdMWds MsbIbEgdds 069399309005 Fgodegds goBIMML sbmMgdol badrolbo
@5 QB0BML  g3omgEmMo  MREId0%, o3 LBOAZ30EMBML  ygol  0bEMmsgdomgw o
69m3sbool (CIN) @5630m560930L ghm-g@mo d9dsboBbdost” (3939 6mgds s dmdogo
0693994300 2950l JOHMmbozme sbmgdsdo, Gods3 F9g0degds godmofzomlb  3o@EH™mGH™mJboGo
9939d30  bmOTomE X0 DY, ©9HB0BML B s LodmwmmE  sdmofigoml  dsmo
LodLogbMe  MXMIOIE  JoMOJAbY, Mg LodMEEMML  LSA30EMBBML  ygols  30dmL
B5dMYo08900L Jobgbo T90degds 4obqlil®.

5396005, GMI  HOLYIMIL  AXOYOHO  3MOIWO(305  FOMWORIMOEFOVIC  SJGHOZMOBS
Lodbogbol (MO  3OMPbMBL  FGOL, sdoBHmA  JwobozMMo  33w939000m  0bGgemglo
3OMW0xIMH300o  3mGIB30swol  2obdLsBO3ME  Lbgsolbgs FoM39M90Bg XgO 3093
59BN MH0s s Ym39wfon®me 0BMmYds. IMfmEgdwos  3OHMEWox 300l Fgx3sligdols
bbgoobbgs Lsdswgdgdo, Hmym®mOEss 00doEobols 36 30Mgdol/dmbodzbols 0bwgduo (thymidin
labeling index), ¢o80bsGy EoGHMIgGHGM0s (flow cytometry) s 0396m30LE™Jodomeo
3b6Eobbgmeo Ki-67 - ob 459mygbgds!t-13.

LodLbogbol domemyoMo J3g30Ls s 3MHMYPbMBOL OGBS TgBoE OO 3MM3gLos
dmombmgl  bbgsslbgs &9dbmmyoqd0b, sbzgfioero @ b39EoswroBydMEo
0bLEGHMMIGPBHJdoLs ) BH9dbogol  qodmygbgdoom Moz sLg3g  0sABMLEH03 MM
365b56X9B9JBHMM0s. AgNOR-ol 990gd30L 3H9dbogzs 93mmbmdom®mo, LHGsx0, ©s dsmE030
d9LobOMgdgEos. ol d9odwgds gl 3569830630  Bogseodgdmwr  sBsmgdby.
653c0m35690900 dM0EsgL IOMISEHJ39©00 O ITIVWgwo {9 EHowgdol IsM3Eol dgommel,
Mmdgwog bdoMms  sbmEoMEgds 93306039093l dmGol  goblibgszgdmer 999y gdmsb,
365L39bIMEH0DYOMo gisligdols 300GHGM0MTGIOL sMIMLYGIMIOL A5TM. 63390 G030l
330939000 2459Mm3960¢05 doLo 9BIJBHVIOMDS, OHMYMEOE ITBTs6g 1L5F5gds LETZ0W LML
g4gwob  dM@EYgw  930m9odol  Eol3EsH0gdol  oRIMIbE0MYdsdo  sbg3g  Lbgsolibgs
MmO56mms BLoLEBHIIOL 39O M30L9d060 M 530030L9d0s60 3OMExLYdOL ORYMY6EOMYdST0!+

16

AgNOR/The Nucleolar Organiser Regions 53¢09bb d06039¢0 3506H560D909¢ H9a0mbadl s ©ba-
ol 9569:1q0L, OMIgdo3 3e0bgds JoGHMBol 0bGHIOBIBMOO B0OMZgd0L d0M™3539030.
AgNOR 99603000 00990905 (30¢09d30 d9MPg30mMo® 39MEHEOL 3 Mmoo Hgdbozom. AgNOR
Wwosds 9900 gds 30D Mo 0gmb do30 {aM@Gowolb Lsbom m3Eolzmemo dozmmbzm3dol J3q0.
AgNOR-0l  goBO@owo  MHym©9gbmds  ©535300090Mw0s MXMIIO0L  oBM©O
3OHME0RGM305LMsb 718
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B3gbo 33930l FoBobl  FoMdmoygbs (3039 o JOHMbozMwo  sbmgdomo  0bgdlgdols
39650 gdol  1530L90MgdgdoL  dgufoges  LEAZ0EMLBML  ggeol  Lbgsalbgs  boGolbols
06¢®593009m0  bgm3wsBogdol  mmb s oo  393806M0L  oygbs  AgNOR-ol

3995 My000 583w o 3OHMEOBIMI30 5dEH03MmBBMb.

dslssems S 9goMm©Ydo

1533093 XdIBIOL F9900a9b©s M93MMEYJ30Mo s 39M0TIBM3sMBMMO SBs3IOL  Joergdol
Lo56Jogm 3mbEHM3gMHO30Yo s 3mb0DBIE0MO Foboes LEdz0eMLBML ygerosb. dglfsgwrowo
0g6s CIN 1, CIN 2, CIN 3 @5 5655903sb0960 1od300mlbml ygeols 60339do.

b9ts000 1: A. bsdzoemmbbeals g9erol ©s8s¢ro bstolbolb ob®sg3omgeroy®mo 693¢msbos (CINI)
Is@3¢m0  J2b03w9cm0 60098000 oo 200X H&E; B. bsdzoerolbbol ggerolb bemdogtho
bs®obbol 066593000990 bgm3ersbos (CINZ) Jssero J602bozwemo s6098000 0@gdbood
200X H&E; C. bsdzoerelbeals ggemol beadogero bseolbob obd®sgdomgenaitio bgeadensbos (CIN2)
@385¢n0  JHbogemo sbogdooo ogfboor 200X HE&E: D. bsdzocnemlbbel ggerol Gsmsero
bs®obbol 066593000990 b9m3ersbos (CIN3) Jssero J62b03wemo s60980000 0@gdbood
200X H&E;

330930530l 259MmYygbgdmo 0ym mMdoErolol Lsbgwdfoxzm bsdgoEobm Mbogzgdlodg@ol
LoLHogEM-153936090M @S OsRBMUBE03MNMO WSdMOSEMMooL 2019-2022 (enrgdol Loserdozm
dobows. 33935 ImoEegs xsddo 110 898mbggzst. H&E 33¢930L 990092900L 0b@gM3gMszos
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3°6bmOE0gmw©s MO0 ©FMMI0EYOI0  ZoMMEMY-5bs@G™Aol Bog® (8.3; 3.0). Sbsmergdo
59539000 8g00gds AgNOR-0UL 39dbmemaooo (dgLsdsdolo 3OHMEM3mMegdols dobggom).

303939 9bmgdol  Jgloxgsligds  dsdmz094agbgom  bgoBmmzomGo  0bogduo,  GMIgeos
3)obbdmdl 10 dgdombggzom  Fg@Bgmew  dbgzgemdol  3gwdo  200x 250 Y05bY
Bgo@®mxzowgdoll  Gom©gbmdsl.  JOmbozmwmo  sbmngdol  Fglogsligdmws  godmzoygbgom
0dxm30¢MM0 0bgduo, HMIgmoi 42)olbbdmdl 10 d9dmbggzom dgmbPgmer dbgwzgarmdol
39 do 200x 2500©905Hg odRMm303HJ00L MoMm©IbMdL.

b9®sm0 2: b0 by 6563969805 30%536G9¢m0 3500bsbryergbols sbserobol 36emgmsdob QUpath-ob
dogm 930029¢v6H0 23¢909080L drbodbrycmo 986980

b0 3: bytrsoo By 6583969805 309360290 350calsbrgengdol sbserobol 36mgmsdol QUpath-ob
dogt 93009¢»w1H0 LI 909800 35923¢7969¢r0 AGNOR-0b Gogbzo (0.97);
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33%930L 8909900

Mgogy sbmglomesbigppie e naze sbempons AENOR 3esBogonfo
obpgduo glomgapagle
@adeame Bepacme @sdace Saqpecpe 863039 §éebogycme

Gydoxgndaoneoe CIN1 n=81 9,8% 38,2% 35,8% 16% 15 1.45
sbozo

=210 CIN2 n=60 30% 21,66% 28,33% 20% 175 16

CIN3 n=39 28,2% 23% 12,8% 35,9% 24 24

B85 n=30 5,66% 73,33% 13,33% 6,66% 09 11

3g6odgbm3ayinGo CINI n=24 8,33% 66,67% 8,33% 16,67% 16 15
sbs 30

=120 CIN2 n=66 12,12% 45,45% 7,57% 34,84% 18 19

CIN3 n=21 42,86% 14,29% 4,76% 38,09% 26 27

Beré8 n=29 43,8% 55,17% 0 0 09 10

ab®oeo 1: 560098000 (330¢70¢198980L GH302960B(H00 J9RslnBs SUs3028(03 x081%39800;

d9Lfo3wowo  MY3MMEYJEoMEo  Sbs30L  Joargdol  Fgdombgzgzgddo (n=210) bmOIsLs o
©OoL3OHB0gddo  sbMgdomo  (330EgdgdOL  MOMEIbMIGOZ0  TgBoligds  JgBYbI0MS©
3005bsHows CIN1 9990b39390d0 y39wsDg domoo 30Mm39bdmo 8909000 ©sx0gLoMOS
domoeno (3939 sbmgdol 0bgduo 38.2%, bmwm yzgwsBg obodswrm@mo domswo JOHmbozwmwo
bomgdomo ogduo. CIN 2 xamxdo ©sdsero 33039 sbomgdomo 0bwgduo oym dsduiodscrmeo
956396900 30%, bmgom dobodscr)o Jowswo JOhmbozmwo 0gdso 20%; CIN3 d98mbggaddo
95050 §OHMboz Mo 0bgdlo HoMdmoqbs 99mb39390L ImEMmOL y39wsbg bdot dsh396909wl
35.9% 99000b393900L5, beagnm dob0dser®l adso JOHMbo Mo obpgduo.

B oo B Bapaeen

I ClMNZ2 ClIN3 Bhenadaills

0330305 1: OP3539 560998000-6909C50¢rwG0 0bogdbo Gg3trrdporicro sbszob dimby
9360960980b b33¢293 X395300;

50b0dme 1533193 XdRdo AGNOR-0bL ¢9dbmema000 §3MmmIEME@0 V)X MHJId0L gx35L9d0Lsl
Y39wsBg 8o0owo  IOME0RIM30vwo  0bgdio  Bodlomgdms CIN3-ob d9dmbggzgdols
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O3 8)3939 9609d0L 81939 JOMbo3Mwo MBIBEgdO sbMgdOL F9dmbzg390do s TgoAgbws
2.4 AGNOR-ol ®ogbgu.

B oosbsrn [l Qspsenn

10

CIN1 CINZ CIN3 Gantidls

03307505 2: J650260,329¢0 5607980000/¢08%;30HCIH0 06©Fb0 G936 F0Ie0 Sbsz0l dfmby
9360960902 b333¢293 X39300;

d9LFo3w 0 39MH0TI6MIsMOBYMHO sb30L Joenrgdol dgdmbgzgzgddo (n=120) CIN 1 dgdmbggzqddo
439sDg bdoMs 33b30gdMm©s Jorseo 33939 sbmgdomo 0bgdulom dodobstg 9dmbggzgdo
66.67%, bmeom 30b603s@ms@ 0gm 259mbs@EMwo ©adswo JOHmbozmmwo sbogdomo obgduo,
dbmemE 99dmbgqzsms 8.33%-3o. CIN 2 d98mbgggzoms 45.45%-30 5000608690m©s dowawro 343539
sbomgdomo 0bgduo, 85906 GmEs d0bodoswrme F90mbgz9g390d0 2oTMbIGHWIWO 0gm  IOSWO
JO™bozMwo sbmgdomo 0bgduo 7.57%. Gz dggbgds CIN3 -ob 990mbgz9390L mdobotMgds
303939 96090010 06gJlol sdso Foh3969dgo Fgdmbggzsms 42.86%-00; bmem dobodser®

956396909l 895009965 090 JOHMbozmwo sbmgdomo 0bpgduo.
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50603 11533093 X3 RIo AGNOR-0U 39dbmemaoom 93mmgero Mx6H9ggdols 99355900Lsl
439wsbg 8o0owo  IOHME0RIMS30vwo  0bgdio  Bodlomgdms CIN3-ob d9dmbggzgdols
O3 3)3939 9609d0L s1g39 JOMbO3Mo MBIBEgdO sbMgdOL Tgdmbzg390do s Tgoagbs
99L505d0bo 0.9 s 1.0 AGNOR-0l Hoibal.
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8Bg039 Y6cngdoma/ 46 mbomemo AgNOR 3mBogoyGo
6g0hGmagocmyo 693000/ odqmpohno
oboggUo obogdlo

oo oo @oddemo Bmomo  @ENseme  domomme

63362335903@0 CIN1 n=81 3,2+0,3 6,840,6  5,3%0,5 8,3+0,4 15802 145104
D30

w310 CIN2 n=60 4,4+0,2  5,7+0,5 6,2+0,4 9,310,3 1.7¢03  1.6:0.2
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J9000b6393500; C. 8s05¢m0 36H02¢0R96G 3010 3590385 bsdzoerealibeals ggemol dsmseno bstolbbol
06 6s930009cn90 69093¢s ool (CIN3) ol dgdorbz93590;

d9LHogro 39M0d9bM3sBMEO sbv3ol IJmbyg Jowgdol Ls33wg3 Xamxdo (n=120) yzgawsby
95050 JHmbozmwo 96mgd0m0/odxnmEo@Gco 0bgduol sOLGdIMds sxodloMEs 9.4+0.5
Q5050 bH3MoLboL OL3EsDBool F9dmbgn3zgddo mdi3s, AGNOR-ol 956396900l y39wsby
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B39b0 330930l F909ag0bY oYMHbMdOm Fga30dwo0s ©o39L3300m, MM™A 3539 sbMgdomO
0bgdbo  LsOHIMbM  3MmOHgWsE0sdo 90 SMHOL  EOL3WSBOOL  boMOLlbMb  doblbgsgzgdom
JO®b0o3Mwo sbmgdomo 0bgdlolgsd Gmdgwos, M3 MBOM FosEros O3Bl baGolbo
31939 d9gLod53oLOE Fom Fos0s JMHMboIMEo sbmgdomo 0bydlol dsB39690¢ro.

JO™bozMwo sbmgdomo 0bgdlo Tgbodegdgaos 3s9mygbgdeo odbsl, Gmam®E dgboderm
oL3WsDoL sTsEHgdoMO 3O0GHYM0do. AGNOR-0b ©sds3)gdomo dgwngd3ol dgomo 51939
d9Lsdems 359mYgb90E0 04651 3MMEWORIMEFOWO 5dEH03MdOL TJGRBIBGOOLIMZOU.
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Features of the distribution of acute and chronic inflammatory index in cervical
intraepithelial neoplasia of different degrees and its relationship with proliferative
activity detected by AgNOR technology
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Abstract

The microflora is the community of microbes that live in different organs. The relationship between
the microbiome and inflammation is becoming increasingly clear. Moreover, the role of the
microbiome and inflammation in cancer development and progression has been studied in many
different studies. When the homeostasis of microorganisms is disturbed, the microorganisms
themselves or their products cause counter-immune reactions in the macroorganism. As a result of
prolonged inflammation, chronic inflammation develops, which is one of the inducing factors of
cancer. Under conditions of chronic inflammation, cells are more prone to malignant transformation.
Most studies have focused on the link between cervical cancer and the microbiome, although
inflammation may also play a role in the development of cervical cancer. The aim of our study was to
study the characteristics of the distribution of acute and chronic inflammatory indices in cervical
intraepithelial neoplasia of different grades and to determine its relationship with the proliferative
activity detected by AgNOR technology. From the inflammatory index, the higher the degree of
dysplasia, the higher the chronic inflammatory index. The chronic inflammatory index can be used as
an additional criterion for possible dysplasia. Additional AGNOR staining method may also be used to

evaluate proliferative activity.

Key words: inflammatory index; AGNOR; Cervical intraepithelial neoplasia;
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3903 3300935HMOB MM S 039bMMYMH305L 3MB3EgJUBMMO 9350 JOGOOL BIODM
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31399dBgol, 893RgMgdom T  FoMYME0MmIdIE  ©EIGHIYODY, OHMIgwoi 9603369wm356
39309651 5bgbls 3530965 dM3w0ols s X 9bIE30L LOLEHNIYdDY.

Usdogdm Lo@yzgdo: domemyow®mo 39035395630, JodorMo 8903599630, d0mdodlysglgds,
39690090 39000359960, o930 g390 256M9dm, dmbm 3w mbm®o sbEobbgmwgdo

dgls35¢r0

00MMA0)MH3s 89000359963 90ds  Lox3d39W0 Y™ sboe gAML X sbo30L  LolLEgdsdo,
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36m39L0 5MHOL 3OMEJGO. oo BMLEHO A9TYMMYdS FJvAEGOIL0.

00MWMA0MO0  3OMEIBH900 d00gdMwo LOMMEos© 2oblb3s39dMwo  LsfoMdmm  3MmgLol
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3M0wgdbmeo  (omdmgdol 3OHmEgLo  396530MMBGOL  LOdMEIMM  BOMEMAOMEOHO  3MMOYYJEHOL
w6035 MOHMOSL.  bsobbol,  9BJGHMOMOOL s MLsgMMbmgdol  Imbs3gdgdo  gemo

B0MEMA0IMH0 3MIMEJEHOLMZ0L 56 Fgodwgds 293039l bbgs dommwmyome 3G:md@by,
3903 30090905 LOME0s© 4obLbZs39dMEo Lsfyobo by gME0Ib s Foblblgsgzgdmwo
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X9b6@5330L  mgom  MmOHPbobszool JBsd33w930 s Y39, FMOZ3O  MYRoMmbMwo M
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Biologic and Chemical Medicines — Differences in Terms of Basic Scientific and
Regulatory Aspects
Nino Ganugrava, Marika Megrelishvili

Abstract

Biological Medicines represent an innovative advance in Healthcare, offering targeted and
immunotherapies for a wide range of complex diseases. In this scientific article, we aim to present the
fundamental differences between biological and chemical medicines in terms of mechanism of action,
manufacturing process and regulatory environment. Additionally, we will discuss the basic scientific
aspects of biosimilar and generic medicines, focusing on their regulatory details, which have a

significant impact on patients care and healthcare system

Keywords: Biological Medicine, Chemical Medicine, Biosimilars, Generic Medicines, Regulatory

Environment, Monoclonal Antibodies
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»Fraser Institute"-ol dogM @odmd399bgdmer sbaoMm0ddo, 3bMdowro 0bLEHOEGHWMEO, ,dLMmEB oML
9306m30379M0 35306 RWGds" Bods@mggwrm 165 J3994sbsl FmEmol 25-9 5ol 035390L
AbmREomb  Y39mwsHg 0o30LvGswo  93mbmdozol J399bgdl  dmGOLsy; obgm  0bgdlgddo,
OMAMOOE 9O0L 3000R300LYD Mog0LRWNds, LodsGmggwm bmxzeromdo 33-9 PO DHY
39305 fgl, 936Mm30L Lomzgmgbm mEgwdo dmbgzs, bmerm sMdmbsgwgm 93M™m30L o
390G MEO  sHBool Mgaombdo 30M39t0  SEYOWO  ©H0393Y; Fraser Institute'-oll JogM
39909399690 569500070, 36Mmd0o 0bLEH0EGHO, ,»ALMBEOM §3bMT03MO MO30LIBEGdS"
Logdodmggerm 165 439949bsls dmMob 25-9 50wl 035390L s AbmBEroml Y39 sHg 0930LvRswo
930b6m3030L  J39469gdL  mGobss; ,Freedom House" doge 999md399b9dmeo ,,06@H9MbgEH0L
05303 gdol  0bgdbol"  Msbsbds, ULods®mggermli 100-0@sb 76 dmes dogbos s
»0930UR30o0 J3994bgdolL” Losdo Abmxgwoml 70 §399sbsls ImEOL 39-9 sy bBgs; AbmgEomls
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dmfiobogg 9390350 ds Sbso@03M®mds (396GH®ds - Global Risk Profile-ds - ,a@0mdscroy®o
3MmOMz3300L 06gduo 2023" go8mod399bs. LodoMmzgarm 2 5a0wom ©IHobsm®ms, Abmgeoml
00mgdol 200 d399sbsls @5 GHgOOGHMMosl Mol Lor3zgmgbem 25%-3o, 43-9 sAoWwDdY ;
3530030306090, 35335L05L5 S (396G IO 5H0ST0 30, B 1Jds Mbs, 30639 >0 DY
24930005 »3OM03300 Q00 Mmbols" dobgz0m (Bsbsbos 11.1 2024
https://garibashvili.ge/ka/n/all/mtavrobis mushaobis 2023 tslis angarishis tsardgena);

al33bs

»30E0G03O0 153530l [gligdo“ bgdolbdogmo J399bol Lsdobom s LogasMgm  3mero@03ol
65690 Bsffowos s JoHomss dobo JoBsbo §39960L Foaboo doeosmREgdol, IBREYDY,
3OBIOMMY0S, OLMMLYODY 3MBGHOMWO0s, Bmrm LsgHmsdMGmOLM SB3sMYHDBY M3oMsEJLO©
3930960L  A9x9MMMYGISL, oMol 9E3wsl, 93mbmdozmMo 49630m96MHgdOL MEHOW oG IO
90BbydL gaLobEMgds; 058530l {gbgdo Fgodwgds 99MHEbMdMPIL LogMMSTMMOLM BsTsODEOm
503960 bmMTJOL, 967500396 Msbb3zgEMsT0 0ymb a0 s BLoBsMMOsBMdS b 3093
5BHOMPOIL  FmOAsL 008590  [gbgdol  4969dg”,  LEOWEIOIMEIL  YIMIOSEOIEXO
0bLGH0EM30gOOL BoMygdLs;

0535908 {gbgdols Fgx3oLgds  LoBMYSMYdSTo IPIBOEO MG NOH-BbJMdIMOZ BmGIGOOL
3mB030006 5MILHMM05, M5YBsE 30035 BLEBMYSMIPIMH030 BoddosbMdOL s3EMbMIomMGO
bLRBIOMS s 0 dmgdggdL L3gE0BRO3MMO  396MmbBMI0gMYdgd0, MHMIgdoE MMV
3900b393500 0bos08gamd530 IOl ,L5FOME060 LEToMMEOL* 0EYOEME, TN
360b6303900b.

30@03MM0 058580L {glgdol LEGHOMJGHMOMWo gwgdgbBHdo oMb 0IBEHG0S
g39ws  939996580: 3mero@ozol LwdogdBHgdo, ®d0gdBH9d0  (bgeolvnwgds), dowswRwrgdols
OB gdol  bgMbgdo, dgom@gdo ImEGH03900, ®™MIEs  F0bssMLMOIM030  M35ELIBOHOLO
©0539GM9Ms©  goblbgoggdmmwos  mommgmwo  3md3mbgb@o  Mgg08900L  dobgzom;
36539l 9900b393590 3m0E03M0 3 EH03900 s FJ0Dbgdo 9MHMTbgml gdobggas.

Bodomm3germdo  ©s933000MJOMo 58590l [oligdo  QoMsdsz35e  9BS3BYs, 90  FBIOIYLSS
333MM0EMMO  3m0E0308mM30L  sdobsLOsMYdGEo dOIMEOL 9egdgb3gdo (3Mwoligddo
30o@03MM0 3505093930 gdgdol  domads,  3mwo@o3NMmo  m3mbgbEgdol  sdobgds—
©99mbobsgos  @o  Fvmo  LBGHMOL  bosGo“  8mMmEIomgdol  3M5JBH030,  9MLETMIZOM
Mm6560b530900L 300GH035 ©O B0 R3AMTMMGdS 3M0E03)M0 3OM(39L0SD, BFsMM39w0
90E0L 030039560 300036 dos© 50Jds, oMHY 90MmE0IOHO J0dIMEMds s Bb3Y),
bogoem dgmeg bsegl, IGO0l s Lo sMHM— 0d 300E030L Fobs05mgdgdo, Mrrdeol
593300060900l J0doMgd00 3608369m3z560 dMbs3Mm3s6m0s J399bolimzol 93Mm3sgdocmols
3960005@0L LEHSEGMLOL Jogds;
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@S dmmb, 939956580  bIMIbMdOm  FgbL  030JIL  WOdIOSW M-I IGO0
1LY MEMdYd0, I0gMEYds 3MbLYBLWOEIMOMBdOLS @S MBBIMBOL gegdgbEgdo dmero@ozol
59BH™M90L InOHOL ©gIM3M9E00L BodsBOLM OMYOMEGOJIOL 0MHY303, S 3FZ0M35¢g bgds
3m@oG030L §oMdmgds Lodobosm s LogMMITMOOLM EMbgby; B3gbo sBMOm LodsGrnggwml
399900 ©gIM3MBH0S 55996mb ,B39MeEMm SOl  Boad@s@o (2010) a3 205-208; 5dob
39057©EL  0dg3s  9bolzMMo s MgWoQ0MHO  BHMEIMBEGHMBOL  IM535¢L5Y3bM3560
A65©0309, 39bsgdol mby, 9HM3bmo Mbogs Mo 3MwEHMOOL 3m@Egbgoswro, bowbol
396G 3 90, 9Eo@Egoolb LogsMgm 3mEoE03M0 MM0J6EH0MIO0 O BILYMIPMDIIO.

359mggbgdmeo wo@ghHodmes

1. sedmbo, 396Mds (2009) Lodmdowsdm 3MWEHMMS s ©IIMIOSEH00L BEBONOHMDS 9MHb
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»Rules of political game® in Georgia
Avtandil Tukvadze!; Elene Gelashvili?

'Doctor of political science, TSU associate professor; Zassistant professor, doctoral student

Abstract

“Rules of the political game” are an organic part of the domestic and foreign policy of any country, and
its main goal is to gain power, expand dominance and control over resources within the country, in the
international arena they mainly serve the utilitarian goals of economic development, expansion of
influence, change of order; The rules of the game may be based on the norms established by
international law, consistent with order and justice, or take the form of a “game without rules”, going
beyond the framework of democratic constitutions;

It is incorrect to evaluate the rules of the game from the standpoint of moral and ethical standards
established in society, since politics is an autonomous sphere of social activity and there are certain
patterns in it, which in most cases contradict the ideal principles of “fair law.”

The structural elements of the rules of the political game are outwardly the same in all countries:
political subjects, objects (government), methods of gaining power, methods and motives, but in
content the independent component is diametrically different according to the regimes; In most cases,
political motives and goals coincide.

The rules of the game that have developed in Georgia are in a transitional stage, on the one hand of
which there are elements of struggle characteristic of authoritarian politics, and on the other - for
democracy, supporters of public, open politics; In general, liberal democratic values are gradually
gaining strength, and especially the country’s acceptance of EU candidate status means strengthening
the process of European integration, developing a consensus, democratic transparent policy at the
domestic and international level, in which, along with the ruling party, civil society institutions and
the opposition will be actively involved and business elite; In our opinion, Georgia can build democracy
in an “unusual place” (Magstadt), and this is evidenced by the centuries-old traditions of tolerance, the
level of education, the potential of a unique national culture, the mentality of the people, the foreign

policy orientations and values of the elites.

Key words: politics, rules of the game, structure, elements, opposition, non-governmental

organizations, business elite, order, justice.
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Lsgds®amzgenmdo dmbsteo Thymus collinus Bieb. dofjolbgs bsfjogrgdols
B56353mbmLG G0 dglifogems

09mb5 3mM3ME)5d92, 0 39MSAZ306M0?%, F5embsH 3gmost, Jgo93s6 3Fgeody!, 596 cngam?,
35b¢)56g ddg0emesdg
ld0olol bobgedfogm LsdgoEobm Mboggdlodg®o, 0Mm39w JMmsmgEsdol Bomds3zmdodool
0bLEGOGH™ME0, M®B0OLO, bodsGrmzgem
20000¢olol Labgedfogm bsdgoEobm MbogzgdLlo@ @0, BoMIs3I3GWIo dmEsbozolb
93563599630, MdOE0LO, LodsGmzgem
3050MmM5@MM05 LASEVE, 3165005996@ 16 893609690505 0093503599680, 3399930L

60390L0(HIG0, 3390930: 3965

R YRS %)

396bm®E0gw©s J399m JoOHmeols Zerm®obGmer Moombdo (Lodomggwrm) dgadmgzowo,
39335b00b 96gdMo Lobgmdols Thymus collinus Bieb. dofjolBgos boffoergdosb dowmgdwmwo

90096B900L Jodomemo Jgdsgbermdols 33¢g3s. GH9M3gbmwo 3m83mbgbdgool 36m3gbdmwo
0993390mds  2obolsbEgms 2B MMo  JOMIsBHMYMIBoom.  gMgHbgmol  mIobsbEo
3033mbgbEgd0s bgdmwomo (43.42 %) s 396M3530mero (21.40 %). 0ybEogoEoMgdve
A9M3969 BogHmgddo FoM0MBOL 5563050009933900 bgldz0@gM39bgd0.

9009OBgmMTs A5dMs3w0bs 86003690 m3z560 96E0MJL0IBEHMMO sdEH03mds ORAC HqlGdo
(5.41x 0.03 303OMINWo  GOmemdbol  9d3035¢9b@0/dy), 1939 bBoLOSMPYdS  BMI0YMO
3GOOMGHMJLoMGO sdBHogmdoom (80 + 11 93/0¢) Bow@GH30lL 35ME0bmdol (A-549) mx®gomeo
bsBol fobsswdgy.

153396dM LOEY3900: BOMWMYOWEOO 5dEH03MdS; gghogmo; Thymus collinus.

&PmLsbbo (Labiatae) 9g6m-900 Yy39wsHg 00O dMmEHIB03MMO0 Mxsbos, 59MHM0sbgdL 270
335MbS s 7000 By 9@ Lobgmdsl [1], [2], [3]. Lods®rmzgermdo 0BOEYds 37 33500l 160 Lobgmds
[1],[4]. 58 cxsbol 8600369wm3560 §35M05 d9aJmboots - Thymus L. [5]. Bma0gm®m0 533™6O0
030ol, HMI 23500L ELebgwgds ,Thymus® {o®dmoddbs dgmdbmeo Lodyzgdowsh ,thyo* -
Ubsdm, 96 ,thymos” - L03sds3g, doews [6]. Lodo@mzgwrmdo 33500 d9gadmbs®msL 14 Lobgmdos
393039093990, oMb 9 39335L00L s 2 LodsGMzgmb 9bggdos [3], [7].

50 239560l 9396569930 365353560 doEIsbMzb0, b dmBJm3zs60 dzgbstggdos 10-30 LI

LOSVOM, FoOMLIMOo 56 Fodmfgmwo 49H9390wo GHMIO0m S 15Y3930g YEMMEHJO0!,
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ROOEGd0  JNE0560s, Bb3sslbgs Bm®mAoL, gmbfosbo 96 IxwmTstg, HBIoMs FGoOBOEOL
93dgbeb 99dligoero, Lbgoaolbgs 139MH0L Y3530¢gdo - 39MHEOLBIMO, MJPMO, 309IoLRBIMO 6
oobggo [5], [8]. 092JMmbscsls dofioliBgws bofiowrgdo, g3mm3ol 8936 J39ysbsdo, s1939 dmgwro
AbmREoml dsLdES00m godm0ygbgds MMM 96EH039wdobm®o, dwogho BEH0LY3EGH03M6O,
59mbobzgmgd9wo, 535893009090, JoEHMboDYdgwo s B35BIMWOBMHO ImJdggdom, 15939
3993-65H0030L5 5 Lalibodo LobiEgdol ss3500JOOL, M9305G0BAOL O™ s 5.9 [9], [10], [11].
093JMbsGSL  LBobgmdgd0sb, Y3z9wsby  go3MEggdYwo s LsdgoEobm dobboom
RBOOOMO  35dM0Ygbgdm0s, B39 gdMH030 d9admbs®s - Thymus vulgaris L. @5 dbmbogo
093Jmbo®s - Th. serpyllum L.. 393dmbs®sl mu03obscryy®o Lobgmdgdo Lods®rongzgwrmdo
3905 96 0BM©Yds [3], [7]. s00@H™T, LodsGmzgwrmdo 93039 gdmwo  393dmbocsls
96009960 Lobgmdgdob Tgufogans, BOHOS® 959G IMH0S 390E0bOLS S FomBs3z00LIMZOU.
332930 Md0gJA0 - Lodo®mM39emTo 253037 gdE0 dYJMmbEIML 96EYFNMO Lobgmds: dmEmEg0L
093JmbosGs - Thymus collinus Bieb. 9930039309005 3990 Jo®merol ganm®mobidme Gsombdo,
UOHMEO Y3530MdoL Bsbsdo 2021 Fgwl (Lodseg B30l mbowsd 1488 8, TBPH- 22246;
N41.7083, E044.47478).
3309306 3900mEgd0: 6gEw Mol INORMEMA0MHO b0dbgdo oAby do3MM™bM3eo
3b5wobom, 9bs@MBoMMmo  Fgbgdol  mo30L93)Mgdgd0  dglfogrow  0dbs  FozmMlzm3mEo
3b65¢r0Bom - Mm3EGH03M6 d030mL3Mm3bg Leica DM100. gomg6HHgomgdol domgds gobbmédogwrs
Dgamol mOomdmom 2sogbols dgom@om, 3eg396:9M0L  FHo30L  835MsG0m.  gJuEHMogzool
bsba®A03M05 0gm 2 LEsm0. JIHHBYNGOOL godmlogerosbmds den/3y (5939 %-80) gobolobrgms
by gmols  sdLMEEHMGH  dIGs  AsboBg  A9O9DRIM0TGVOm.  ggOHBgPOL  JodoMo
99050099bMd0L 3300935, ©MI0bsBEGHO  3m33Mbg6EHOL  MomEgbmdMozo 8339w ™MdoL s
3903960 016900l Bogmgd0l M30LMdOO30 565¢0BO FglBIEEs sDPMMO JOMBsEHMYMHOTB0s
(Agilent technologies 7890B dsLli3gd@®MmagEMoom (Agilent Technologies 5977A MSD) Li30606Mgd0l
9s10900 (70 eV). 56&0mJLobEHMMO 5dEH03Mmds G935l 9630500l MOz30LWRIWO BSOSOl
BLMEOd300L bs@om (ORAC Gab@o) [12] s 50530560L 39601 FodOHMBEsLEBHIOoL (WSI)
399myqbgdoom [13]. 20boboBzms Lo3zzeg3o Md09JGHJdoL 0b30do@meMmwo 3mb3gbdMmogos 50
(03%0), MmIgwosg 50 %-00 5063000690l  2°,7’-©0dwMOMBNMOGL3060-0L  ©O756235L.
Lo3MbBHOMEME 25dmMmygbgdeo oym GHOMEmJbob s J3903gE0bOL BEBBIOEHMwo bodmdol
blboMo. sbmgool Loffobssmdgam dmddggds dgxslis, sBmEGol (NO) mdbowolb §s@dmdbol
0630006900l in vitro 39o™MEOm, M533900L do3MmRsa0l (RAW 264.7) «x 690900l godmygbgdoo.
QOO0  3MbGHOMEs©  35dmygbgdmo ogm L-NAME (N(G)-Bo@®m-L-5620606-0gmo-
BBH9M0), sDMEOL MJLoOL MomMmEabmdomo 8993390 mds oE0bs NaNO2-0l Esbs® @
(b535E0BdMM) AMOROZMD FgosMgdom [14]. in vitro 30GHMGHMJLOZMNOO dmddggds FgRoBS
Hoechst-ol  (©b3d-0l  a5bLsHM3Ms) s Resazurine-ol  139JBHOMBMEHMIGBHOMEO  TgMEOL
2990g969000, BEMMOHGLE0MOS 2560LSBM3Ms Fluroskan Ascent FITM 535053 bg (Labsystems) 530
68 s 590 63 Eoweol LoyMdgdy (Rezaurine) s 365 63 s 460 63-by (Hoechst). Hoechst ¢l ol
d900bgz935d0,  BEMMOILE0MYdS  BoORoEOL  MmommgM  bosymazdo, 306306~
3OHM3MOE0Y0S MXMIOME0 -0l MomEgbmdoL, boem Resazurine @gb@ol 89dmbggzsdo,
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REMOHIE0M05 BoOBOEHOL MMO0MNMIME IBsYMRBT0, 306MI30M3MHMIMOF0Y0S X OIOICO
39G90MM0 5dEH03Mm00LY. 1533930 603MTgd0l in vitro 30GHMGHMIL03MMo L3M0BobYO RGOS,
A-549 gowm@30L 390306mdol, DLD-1 L{im®o bsfersgol sgbmzsm30bmdol s WS-1 dodstron.
39bolBEzMs  by33eg30 BodMdol ol 3mbEIbGHME0gd0, GMIwgdoz 0f)393L LodLogzbm®o
X M90900L 50 %-0b 0630d0MgdL (0350 33y/d). LBHBbIOEME BodMds godmygbgdwmwo oym
9G™M3mbBoo [15].

33930 89¢092900: BMEOL HBYI30MHVIO 3M935M5BHOL OIMIs0gMYdOLLL godRbg3s, Bgws
@9 939009 93000M30LOL 315360390560 WYX MHJWOIO0; d539)00 3353WYdS BN MO39
D93060Bg, OMIWGILS3 b  sbEsgl dogyol bzMgwol dodsdm  39M39503MEIsMHYIS©
396WogdMmo  dsa0l  G0dEYdSMY MO  YROHIO  (©O0S30GHWIOO  G030). JmIAHBgm™3560
X06330900 ABb30e0, 9900905 8 58mIYmao MR MHJOOLOYSD, HMIIOOE OO MSE SO0l
3965390 o; %0M33egool  JodogMgdol S0l 0My3w03 930IMHToLOL VX MGIdO
Dmax g Jdbol HMBYBHL. dMLmLgdo MEOO FHo30bss: BoMEGH030 byd3zmmbs FmMToL, MHMIgEo3

RMOEOL 3009g0Hgs gobesggdmo, xoM3z3crm3zs60 d3Llo, gOMYIXMHI0BO Megz530m, g

, SR 2 1) / o B S
_ W e TS ST
br@oomo Nel Thymus collinus 3moeools 30360mU3m305
1. Bgs 930gMAoLo; 2. 053530560 dMLbmbo; 3 930@IMAOLOL  O3W53e0b39Egd0s60
MX90900; 4. JsOEH030 9ODMX G060 3LmLo; 5. B59; 6. gIHDBINOL K 0M3Z5¢0

d390m  JoOmol  BwmGoLG e  Msombdo  dgacdmgzgowo  Th. collinus  dofjolBgos
Boflogd0sb dowgdme gmg@Hgmdo 0IbEGH0R0EMYIMWos 29 3mA3mbgbEo, s FmMol
©M30bsbEH0 - 3563530mo (21.40 %) s bydmeomero (43.42 %), gbGowwo Nel.

90096OBgmdo  996pdsdgd339wo  bgld30@gm39bgd0l  B9gd;3gemdss  44.62 %,
5969050099339 0 IMbMEHgMH396900L - 29.5 %. LmEsoco Ne2
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300 Ne 1 3 330L 89dMmbstsl §ogHbgmol Egm3gbmaro G9dsygbarmds

900960Bgmol 3m63mbgbEo RT RI (exp.) [RI (rep 9096Bgmol
3033mbgb@gdol %
099339¢d5
30obgbo (MH) 0.144  |10049 (974 0.38
dotggbo (MH) 1193  [1066.9 1090 0.31
309960 (MH) 13.544 [1096.5 |1020 0.87
99935 03@Gmeo (MH) 13.853 |1022.5 (1026 1.66
m30dgbo (MH) 14.92 1038.1 (1037 1.38
G9M30bgbo (MH) 15.386 [1055 1014 1.5
wobsewmmeo (OM) 17.712  |1087 1090 0.72
1-mg&9b-3-0w-539@ 930 (O) 18.429 1095 1110 0.13
960M-3mMHbgmeno (OM) 21.087 |1145 1165 0.19
&9M39b6-4-mero (OM) 21.745 |1164 1174 0.11
9900 35035300 gmngeo (O) 25.54 1225 1241 0.1
wobseow s39@s@o (OM) 26.426 (1245 1234 1.17
©0300MM9wwsb II (O) 28.326 |1319 1286 0.22
00dmeo (OM) 29.637 1280 1289 591
39635300 (OM) 30.925 (1279 1298 21.40
dmmdmbgbo (SH) 37.127 1390 1387 0.55
99dgbo (SH) 37.978 |1398 1335 0.33
JoMomgowgbo (SH) 40.065 1420 1408 3.25
3m30960 (SH) 40.729 11430 1374 0.16
3mdmegbo (SH) 42.443 |1440 1438 0.19
BoMmbgbgbo (SH) 43.428  |1438 1450 0.35
3963536960 D (SH) 44.646 1477 1481 6.31
0033030 M9M3536M9bo (SH) 45.48 1492 1500 0.65
doLodMmgbo (SH) 46.57 1505 1505 0.74
39000b65-1(10),4-oogbo (SH) 47.316  |1525 1500 0.49
E-Bg6Hmemomero (OS) 50.801 (1555 1561 43.42
39096mero (OS) 52.491 |1625 1645 0.13
3oobmero (OS) 54.479 |1628 1652 0.72
(1R,7S)-39605365-4(15),5,10(14)-&M0gb-1p- 55.942 1700 1685 0.35
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Pharmacognostical study of aerial Parts of Thymus collinus Bieb. growing in Georgia
Teona Korkotadze!?, Dali Berashvili?, Malkhaz Getia!, Ketevan Mchedlidze!, Jean Legault?, Vakhtang
Mshvildadze!,3
Tbilisi State Medical University lovel Kutateladze Institute of
Pharmacochemistry, Thilisi, Georgia
?Tbilisi State Medical University Department of Pharmaceutical Botany, Tbilisi, Georgia
3Laboratoire LASEVE, Université du Québec a Chicoutimi,

Québec, Canada

Summary

A study of the chemical composition of the essential oil obtained from the aerial parts of 7hymus
collinus Bieb., collected in Kvemo Kartli floristic area (Georgia), endemic to caucasus, was carried out.
The percentage of terpenic components was determined by gas chromatography. The major
components of essential oil are nerolidol (43.42 %) and carvacrol (21.40 %). The oxygenated
sesquiterpens are dominants in identified terpene compounds.

Essential oil exhibited a significant antioxidant activity in ORAC test with moderate cytotoxic

activity (80 + 11 ug/ml) against lung carcinoma (A-549) cell line.

Keywords: Biological activity; essential oil; Thymus collinus
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Abstract

The transformation brought about by digital technologies has significantly reshaped the field of
education, giving rise to innovative approaches like E-learning that extend beyond the conventional
confines of traditional education. One of E-learnings’ defining features is the concept of
personalization, wherein learning approaches and content dynamically adapt to cater to the unique
needs and preferences of individual learners.

This research systematically classifies the myriad possibilities of personalization within the E-
learning process. The developed classification encompasses factors of creating and delivering adaptive
learning objects, employing learner-centered teaching methods, and personalization grounded in
individual learner data. This classification structure enables the development of practical models for
personalized learning by leveraging the features of contemporary Learning Management Systems
(LMS), offering tangible benefits to both learners and tutors. This research enhances the academic
discourse by providing a well-organized structure that elucidates the diverse factors of personalization
within the context of e-learning. By classifying and discussing various factors, the research shows the

perspective of integrating modern technologies in enhancing the personalized educational experience.

Keywords: Personalization factors, Personalization preferences, Personalization of learning

objects, Classification of personalized learning, Personalization in Learning Management Systems.

Introduction

Today, the need for education is relevant in all spheres of human activity. The process of learning
involves reception and transformation of received information. [1]. During the traditional educational
process, in most cases, all learners are provided with the same educational material. Acquisition of

knowledge, consolidation and development of learning skills are uneven among learners. There are
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conditional parameters that determine the learner's learning style. The current trend in the
organization of the educational process is to adapt teaching styles and strategies to each learner or group
of learners, taking into account their learning preferences. Preferences can be determined based on
different types of research that can be conducted before or during the study. With this organization of
the educational process, learning is tailored to the individual, i.e. personal needs of the learner
[2],[3],[4]. Today, such organization is called personalized learning or personalization of learning. The
development of the concept of personalization of education was given a powerful impetus by the
introduction of technology into the educational process and the development of e-learning platforms.

The concept of personalization of learning originated in the 60s, and its adaptation to e-learning
remains a relevant task today. Despite the progress of the idea of personalization of learning over the
years, there is no broad and universal consensus on a single concrete definition. The 2017 US National
Educational Technology Plan defines personalized e-learning as follows: Personalized learning refers
to learning in which the pace of learning and approach to teaching are optimized to suit the needs of
each learner. Learning objectives, instructional approaches, and instructional content (and its
sequencing) may all vary based on learner needs [5].

The creation and development of powerful e-learning management system (LMS) platforms have
made the implementation of high levels of learning personalization more realistic.

For example, the LMS Moodle platform possesses the capability to:
- Add a virtually unlimited number of other information fields to a wide range of existing user
profile data. For example, preferred language of instruction, shift, level of previous experience,
etc.
- Group users into clusters according to different criteria determined by the specifics of the
learning process. For example, group, stream, profile data, etc.
- create a variety of learning resources and activities.
- Automate the management of the educational process and monitoring of various statistical data.
Although there is no single universally accepted definition of eLearning personalization, there is
general consensus on the core concepts and principles. Our vision of personalization of e-learning
implies that the personalization of the learning process is an educational process where the content
construction, delivery, and teaching methods are adapted taking into account the personal data and
preferences of an individual learner or group of learners (Fig. 1).

A learner's personal information and preferences on e-learning platforms can be reflected in the
form of a profile. A profile is generally a set of informational fields about users registered on an e-
learning platform. Data placed in the fields may contain the following information:

- About the user's personal data

- About interests and goals (preferences)

- About the form and location of education
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- About previous knowledge and experience.
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Fig. 1. Components of personalization of the educational process

Learner personal data refers to the specific information that identifies an individual learner. This
can include their full name, date of birth, contact details, demographic information, and potentially
sensitive data such as gender, ethnicity, and more.

In personalized e-learning, learner preferences are extremely important in shaping their learning
experience. Tailoring educational content to their personal factors can significantly improve learner
engagement, motivation, and overall learning outcomes. By understanding the interests and goals of
learners, learning objects can be provided tailored to them using modern e-learning platforms, making
the learning process more meaningful and effective.

Learners often have specific expectations from personalized e-learning. Their requirements are
mostly related to flexibility, engagement, customization and more.

Importantly, the effectiveness of personalized e-learning depends on meeting these requirements
and meeting the individual needs of learners. Different learners may prefer different factors (aspects),
so a comprehensive approach is needed.

With personalized strategies and the powerful functions of modern LMSs, it is possible to create
a motivating learning environment.

Teaching mode - The selection of teaching mode is influenced by specific educational objectives,
the core nature of the subject, the preferences of the instructor, and the requirements of the learners.

According to the forms, teaching is conventionally divided into the following types: traditional
face-to-face teaching, online teaching and hybrid teaching.

Face-to-face learning, also known as traditional classroom learning, refers to a mode of
instruction where the teacher and learners gather in the same physical location to facilitate learning

through direct, in-person interaction. In this form of teaching, direct interaction and communication
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take place in real-time, allowing for immediate feedback, discussion, and engagement between the
instructor and the learners.

While face-to-face teaching has long been the traditional approach to education, advancements
in technology have expanded the range of teaching methods available. As a result, face-to-face teaching
now exists alongside various blended, online, and hybrid learning approaches that combine both
physical and virtual elements.

Online learning, also known as e-learning, refers to a mode of instruction where educational
content is delivered primarily or entirely through digital technologies and the internet. In online
learning, learners and instructors do not need to be physically present in the same location. This
approach offers flexibility in terms of when and where learning takes place.

Online learning comes in various forms, from fully online degree programs to short courses,
webinars, and Massive Open Online Courses (MOOCs).

Hybrid learning, often referred to as blended learning, is an educational approach that combines
traditional face-to-face learning with online or digital learning methods. In a hybrid learning
environment, learners simultaneously participate in face-to-face classes and online activities. This
approach aims to take advantage of both traditional learning and modern technology to create a more
flexible and dynamic learning experience [4, 7].

Prior knowledge and experience - Learner experiences can vary greatly depending on factors such
as education level, prior experience with technology, and more. Overall, each learner's unique
experience is influenced by a complex combination of personal, technological, and socioeconomic
factors.

Prior knowledge levels refer to the existing knowledge, skills, and understanding that a learner
possesses before beginning a particular course or learning experience. Prior knowledge can greatly
influence how easily a learner grasps new concepts and connects them to what they already know.
Learners with higher prior knowledge might find it easier to understand complex topics, while those
with limited prior knowledge might require more foundational instruction. Effective e-learning
strategies must take this factor into account to provide them with an inclusive and personalized
learning experience.

Diverse Learning Experiences - Learners may have a variety of learning experiences that shape
their educational background and preferences. This experience can vary greatly depending on factors
such as age, previous education, and personal circumstances.

These varied learning experiences can influence learners' readiness and adaptability when
transitioning to a personalized e-learning environment. Effective personalized e-Learning platforms
must take these differences into account to provide a personalized and engaging learning experience.

Designing and delivering learning content - In personalized learning, it is extremely important to
design and deliver learning content with learner preferences and personalization features in mind. For
example, content delivery format, time and date, learner learning pace, grading system, and various
other relevant parameters. In the case of a traditional learning course, due to the wide variety of

customization options, it is necessary to have multiple versions of the same course. In many cases, the
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number of such highly customized versions is very large. Moreover, if the learner's preferences change
during the teaching process, it is practically impossible for the teacher to be able to build the necessary
learning course versions in real time and deliver them to the appropriate recipient. This is why it is
impossible to realize a high level of personalization in the case of a traditional learning process. It is
technological learning that has given rise to the possibility of increased levels of personalization.
Modern LMS and intelligent systems functions/engines are being explored to create highly
personalized learning courses. The main factors are the construction of learning content focused on
learner preferences, the development of learning objects, the formats and sequence of delivery of
learning content.

Designing Content - Designing educational content involves many steps. Artificial intelligence
(AI) techniques play an important role in the complex process of designing content for personalized e-
Learning.

Methods of artificial intelligence, machine learning, and data analysis are used to develop and
optimize recommendation systems. In turn, recommender systems help course designers and
educational institutions shape content. There are truly innovative personalized e-learning systems
based on various technologies and methods, such as recommender systems, case-based planning, cross-
ontology, and others.

Learning objects - A learning object is an independent unit of educational content that can be
used to guide learning and teaching. It is designed to be modular and reusable, with a specific learning
goal or objective in mind.

The concept of learning objects emerged as a response to the need for more efficient and flexible
ways of teaching and learning. Learning objects are structured to be easily repurposed and integrated
into various educational contexts.

Modern learning management systems have the ability to create a variety of learning objects.
These objects can be conventionally divided into learning resources and learning activities. For
example, in LMS Moodle, learning resources are book, file, URLs, etc., and activities are assignments,
chat, forum, glossary, lesson, quiz, SCORM, survey, wiki, and others.

Content Delivery Format - E-learning content can be delivered in various formats to cater to
different learning styles and objectives. The choice of delivery format depends on the content itself,
the target audience, and the desired learning outcomes. For example, some learners find it easier to
learn by watching a video, while others prefer a PDF or PPT file. Providing a variety of learning objects,
such as text, video/audio, images, infographics, and other formats, leads to a change in the quality of
interaction.

Sequence - The sequence of delivery of learning objects in personalized e-learning may vary due
to several factors: learner preferences, prior knowledge, course, subject specifics, learning objectives,
etc.

Modern LMSs have functions for managing access to learning objects that allow you to control

access to each object or group of objects according to various criteria. For example, in Moodle, such
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criteria can be combinations of activity completion, date and time, grade, groups and clusters, user
profile, and/or their logical functions.

Functions for managing access to the mentioned learning objects significantly expand the
possibilities of creating personalized training courses [6].

Time and date play important roles in the context of personalized e-learning, influencing various
factors of the learning experience. The sequence and time of learning objects can be dynamically
changed depending on the needs and abilities of learners, which makes the learning process as
personalized and effective as possible. It affects the availability, pace, and other time-related needs of
teaching. Effective time and date management can improve the overall learning experience.

Learning pace is a crucial factor of personalized e-learning, as it allows learners to progress
through the material at a speed that suits their individual needs and abilities. With this teaching
approach, learners have the ability to manage their own learning processes to some extent. By
accommodating individual learning paces, learners can engage with the material at a rate that
maximizes their comprehension and retention, which is a prerequisite for effective learning.

Grading in the context of personalized e-learning involves the assessment and evaluation of
learners' performance and understanding of the course material. While the specific grading system and
criteria can vary depending on the educational institution, program, or platform. In personalized e-
learning, grading should align with the overall educational goals and the individualized learning paths
of learners. It should provide a meaningful reflection of each learner's progress.

Adjusting and adapting teaching methods - In personalized e-learning, learning styles are defined
as the preferred ways in which individual learners process and absorb information. These styles
encompass various cognitive, sensory, and psychological factors that influence how learners best
understand and retain new knowledge. Understanding a learner's preferred learning style helps
educators and e-learning platforms tailor the learning experience to match their unique needs and
preferences. In personalized e-learning, the goal is to identify each learner's dominant learning style
or styles, as well as any preferences for multimodal learning.

It's important to note that learning styles can be fluid, and individuals may have a mix of
preferences. Therefore, personalized e-learning should aim to provide flexibility and adaptability in
content delivery to accommodate learners with varying styles and to support their growth and
development in different learning contexts.

Cognitive skills and cognitive abilities - Personalized e-learning should consider both cognitive
skills and cognitive abilities. Their role is important in developing an effective and personalized
learning experience.

Managing choice in personalized e-learning is a crucial factor of designing effective online
education programs. While choice can enhance engagement and motivation, it must be managed
effectively to ensure that it aligns with learning objectives and does not overwhelm learners. Rather
than being controlled by a pre-assessment, learners can create their own personal learning paths based
on their interests and self-esteem. Balancing freedom within a structure is one of the important factors

in creating successful personalized learning.
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Tracking progress - In personalized e-learning, learning tracking is extremely important to
monitor learner progress. Using this lever in the learning process involves monitoring various factors
of the learner's performance to assess progress and make any necessary changes. This helps the learner
understand their strengths and weaknesses. This allows the course designer to effectively tailor the

learning experience to the learner as well as evaluate program delivery.

Conclusion

Thus, the paper describes and classifies the versatile possibilities of personalization for the e-
learning process. Factors of educational content design and delivery, learner-centered teaching
methods, and personalization based on individual learner data are discussed. Based on this
classification, it is possible to build real models of personalized learning using the functions of modern
learning management systems (LMS). This research contributes to the scholarly discourse on e-learning
by offering a structured framework for comprehending the multifaceted nature of personalization. By
classifying and discussing various factors, the study shows how promising and feasible the use of

modern technologies is to deepen the personalized learning process.
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Abstract

Here in this work are discussed practical aspects of Electronic Learning. Moodle LMS (Learning
Management System), which is an open teaching system and spreads free of charge, is chosen asa
research tool. The main pedagogical and technological aspects of the system are presented here. Some
special explanations are needed for its installation on the local internet space; Here are presented
recommendations for a special activity of the teaching course, namely for planning and constructing
stages of an adaptive “ lecture” -Lesson.

Here are also presented a teacher’s and a student’s positions in the local server environment of
the Moodle-LMS. Moreover, in this work is discussed the advantage of using the practical model of
the “Lesson” in the ” Moodle auditorium” compared to having it in a traditional auditorium. All these
are discussed considering both - students’ active involvement in the studying process, as well as for
their independent working process under non-synchronous, local conditions.

The instructions, which are presented in this work, enclose additional presentational resource
links prepared and shared in Cloud Storage by the author. This allows a reader to become more familiar
with details of the essential information.

Key words: Moodle; LMS; Adapted LESSON; Asynchronous e-learning;
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Abstract.

The Maillard reaction plays an especially important role in the thermal processing of food products.
During the heat treatment of vegetable and animal products, glucose and fructose, formed as a result
of sucrose hydrolysis, are mainly involved in the sugar-amine reaction as a carbohydrate component,
while free amino acids and proteins are used as an amino component. The compounds formed during
the Maillard reaction determine the aroma and taste of the thermally treated product [1]. Recently, it
was found that the Maillard reaction occurs also in the body [2]. Excess glucose in the body is assumed
to bind to proteins through the Maillard reaction, leading to early aging, atherosclerosis, diabetes, and
other diseases [3]. The smell and taste of products are due to the compounds resulting from the Maillard
reaction in food processing. In products of plant, animal, or microbial origin, all conditions are present
(the content of sugars, amino acids, proteins, water, acidic, neutral, or basic medium) promoting the
processes involved in the Maillard reaction. and different types of heat treatment as baking, roasting,

boiling, and drying cause these processes at different intensities.

Key Words: Maillard reaction, amino acid, aromatic compounds, flavor compounds
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Introduction

The Maillard reaction plays an especially important role in the thermal processing of food products.
During the heat treatment of vegetable and animal products, glucose and fructose, formed as a result
of sucrose hydrolysis, are mainly involved in the sugar-amine reaction as a carbohydrate component,
while free amino acids and proteins are used as an amino component. The compounds formed during

the Maillard reaction determine the aroma and taste of the thermally treated product [1].

Recently, it was found that the Maillard reaction occurs also in the body [2]. Excess glucose in the body
is assumed to bind to proteins through the Maillard reaction, leading to early aging, atherosclerosis,

diabetes, and other diseases [3].

The smell and taste of products are due to the compounds resulting from the Maillard reaction in food
processing (Scheme 1). In products of plant, animal, or microbial origin, all conditions are present (the
content of sugars, amino acids, proteins, water, acidic, neutral, or basic medium) promoting the
processes involved in the Maillard reaction. and different types of heat treatment as baking, roasting,

boiling, and drying cause these processes at different intensities.

During the processing of food products, aromatic compounds are mainly formed in the second stage
of the Maillard reaction [4]. First of all, the oxidative degradation of a-amino acids by dicarbonyl
compounds is particularly important. During this process formed aldehydes contain one carbon atom
less than the original amino acid. Such an oxidation is named Strecker degradation. A necessary
condition for this reaction is that he amino group must be in the a-position, and the dicarbonyl

compound must contain the following groups:

O O o) O
TR I I

-C-C - or -C-(CH=CH), -C-
The reaction is expressed by the equation:
R-CO-CO-R' + R"-CH(NH,)-COOH —> R"-CHO + CO, + R-CH(NH,)-CO-R'

If the hydrogen atom at the a-carbon of the amino acid is substituted, than a ketone is obtained.

Georgian Scientists/Jo®m39wo d93bogMgdo @. 6 N 1, 2024 113



Reducing sugars + a-Amino acids

l

N Glycosylamines or N Fructosylamine
1-amino-1-deoxy-2-ketose (called Amadori rearrangement product)
or

2-amino-2-deoxy — 1-aldose (Heyns rearrangement product)

l

H-S —— Reductones and Dehydroreductones
NH3 l Amino Strecker
acids degradation
Retro aldol condensation v
v |
l l
Furanes Hydroxyacetone Pyruvaldehyde Aldehydes
Thiophene Hydroxyacetaldehyde Glyoxal o-amino ketones
Pyrroles Acetone Glyceraldehyde (Methional , NHs H-S)
Acetaldlehyde
l
Heterocyclization
Pyrazines Thiazoles
Pyridine Pyrroles
Oxazoles

Scheme 1. Formation of aromatic and flavor compounds as a result of Maillard reaction

Table 1 shows the aroma obtained by heating some mixtures containing «-amino acid and glucose in
an equimolar ratio (1:1 [4]. The author of this research notes that the odor of the reaction mixture is
quite different from that of the corresponding pure aldehyde. The same mixture produces different
aromas at different temperatures, indicating that the aldehydes produced by Strecker degradation react

with other compounds in the melanoid medium to form new aroma compounds.
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Such products of sugar-amino acid reaction are 2-furaldehyde, which has the flavor of baked bread
and maltol, having a mild, caramel-like flavor. Initially, maltol was isolated from autoclaving products
of glycine-maltose and glycine-lactose aqueous solutions by Patton with a yield of 0.2% [5]. Further
investigations have revealed that in the Maillard reaction maltol is always formed from 4-oxygen-

substituted glucose, such as maltose, lactose, cellobiose, malto-oligosaccharides [3].

| | OH

o~ s Maltol
The Maillard reaction of a mixture of glucose and o-alanine yielded the inner salt of N-(1-
carboxyethyl)-6-(hydroxymethyl)-pyridinium-3-ol. It has no taste but is a mild enhancer of sweet
taste, and it is a melanoidin-derivative non-volatile sweetness enhancer [5]. During the Strecker
degradation, an especially important role in the formation of aromatic components together with
aldehydes play such compounds as 3-deoxyhexozones, which contain a-dicarbon grouping on C1
and C2 carbon atoms, and methyl-a-dicarbon intermediate products, having such grouping on C2 and
C3 carbon atoms. 3-deoxyhexozones, Both types of a-dicarboxylic intermediates can produce flavor
compounds, for example, furaldehydes from 3-deoxyhexozones, and acetaldehyde, pyruvaldehyde,
diacetyl, and acetic acid by cleavage of methyl-a-dicarboxylic intermediates and their dehydration

products.

It should be noted that these products are produced from sugars also without amino compounds. In
particular, as a result of 1,2-enolization of sugars in the process of caramelization. At a high
temperature, in a strong acid or strong base medium, the hydroxyl group located at the C3 and Cl
carbon atoms are eliminated. Condensation with amino compounds, however, allows such enolisation
and elimination to occur in a neutral region and at lower temperatures [6]. Important aroma-active

compounds furanoses are formed from 1-deoxy-ozone:

CHy
(@)

O HO OH (@] OH

H OH = = - — / W\
H ¢

- H,0 .
8 OH 8 CHg : H 0o~ CHa

Pentoses further react with amines to form orange dyes, which determine the color of the food

R
) OH
HiC— — H,C - o) ~ N—R,
\ / i o |
HN j o~ CHs HO X —0

| 0
R

product:
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Compounds formed from 3-deoxy-ozones contain fragments of pyrrole, pyridine, and formylpyrrole.

As a result of the condensation of two amino ketones, various pyrazine derivatives can be formed,

which are also aroma-active compounds:

N *

Table 1. Aroma obtained by heating some mixtures containing a-amino acid and glucose (1:1) [7]

o-amino acid R-CH(NH2)COOH Aldehyde Flavor

R= R-CHO 100 °C 180°C
Glycine H- Formaldehyde Caramel Burnt sugar
o - Alanine CHs- Acetaldehyde Caramel Burnt sugar
o-Aminobutyric CHs- CHz- Propionaldehyde Caramel Burnt sugar
acid
Valine (CHs)2- CH- 2-methylpropanal | Rye bread Intense chocolate
Leucine (CHs)2- CH- CHa- Isovaleraldehyde Fruit Burnt cheese
Isoleucine CHs- CHz2- CH- (CHs)- 2-methylbutanal Mold, fruit Burnt cheese
Serine HO- CH2- Glycoaldehyde Maple syrup
Threonine CHs- CHOH- Lactaldehyde Chocolate Burning smell
Methionine CHs- S- CH2- CHa- Methional Potatoes Potatoes
Phenylglycine CeHs- Benzaldehyde Bitter almonds
Phenylalanine CeHs - CHa2- o - Tolualdehyde Smell of violet, smell of Violet,

rose rose, lilac
Tyrosine HO- CéHs- CH2- Caramel
Proline of burnt protein | pleasant, of baked
NH
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Hydroxyproline HO Potatoes
BN
N
H
Histidine (N Does not have Cornpone
I
Arginine H2N-C=NH-NH-(CH 2)- Weak, of butter
Lysine-HCl H2N-(CH2)s- Does not have Similar to bread
Aspartic acid HOOC- CH »- Ice-caramel Caramel
Glutamic acid HOOC- CH2- CH 2- Caramel Burnt sugar
Glutamine H 2:N-CO- CH2-CH 2- Pleasant, of Iris
chocolate
Cysteine-HCl HS-CH - Sulfide, meat
Cystine -CH2-S-S-CH 2- Sulfide, burned
skin

According to the data many representatives of aroma and taste compounds, including heterocyclic
compounds, are formed as a result of the thermal degradation of melanoidin products at 100°C and
higher temperatures. For example, during heat treatment of melanoidin produced on the base of
glucose-glycine (120, 150, and 180 °C), pyrazines made up 54-79% of the total amount of volatile
compounds. Pyrroles, ketones, furans, oxazoles, and pyridines were also identified among the volatile
products. The reaction pH and pressure significantly affect the direction and intensity of the thermal
degradation process [8-10]. Through the thermal degradation of this type of melanoidin's (100-300°C),
the maximum formation of furans, pyrroles, pyrazines, and carbonyl compounds was observed at 200-

220°C, and of pyridines and oxazoles at higher temperatures [11].
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ABSTRACT

The article delves into a contemporary concern within the modern business landscape: the significance
of Information Technology Service Management (ITSM) in overseeing business processes through the
application of best practices from the Information Technology Infrastructure Library (ITIL). The study
aims to pinpoint, articulate, and examine the obstacles that surface during the incorporation of ITIL
processes within an organization, as well as the essential contributing factors vital for achieving a
successful implementation. Furthermore, the article seeks to elucidate the role played by ITIL in the

effective management of business processes.

KEYWORDS: Information technology, ITIL, ITSM

1. INTRODUCTION

In today's dynamic business landscape, where speed, efficiency, and continuous operations are
paramount, information technology (IT) integration has become the key to success. As organizations
strive to optimize their business processes, the importance of Information Technology Service
Management (ITSM) cannot be overstated. This article examines the key role that ITSM plays in
advancing business processes, with particular emphasis on the widely recognized best practices
documented in the Information Technology Infrastructure Library (ITIL) [1].

In an era where technology is not just a support function but a strategic enabler, businesses are
increasingly recognizing the need for a structured and standardized approach to IT service
management. ITIL, the comprehensive framework for ITSM, stands out as a beacon that provides a set
of best practices that organizations can use to align their IT services with business goals, increase

operational efficiency, and enhance overall service delivery.
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In this article, we want to show how ITIL, with its proven methodologies and frameworks, has
become an indispensable tool for businesses aiming to navigate the complexities of the digital age. From
incident management to change control, service transition to continuous service improvement, each
aspect of ITIL plays a critical role in not only streamlining IT processes but also enhancing

organizational growth and sustainability.

2. MAIN

The study aims to investigate the role of Information Technology Service Management (ITSM)
in the administration of business processes, with a specific focus on the Information Technology
Infrastructure Library (ITIL), and to assess its impact on business outcomes, success, and
competitiveness. The global adoption of ITIL as an international standard for managing IT services
underscores its pervasive influence on organizations worldwide. The evolution of various ITIL versions
and the widespread embrace of IT service practices have resulted in a growing number of companies
adopting these best practices. Notably, empirical studies indicate a remarkably high level of satisfaction
among organizations implementing ITIL.

In pursuit of the research objectives outlined in this paper, which include identifying potential
barriers to the implementation of best practice processes, elucidating contributing factors to successful
implementation, and understanding the role ITIL plays in business process management, a qualitative
research approach, specifically in-depth interviews, was chosen. This method is poised to provide
comprehensive insights into the nuances of ITIL implementation, shedding light on challenges faced
by organizations, key success factors, and the overall impact of ITIL on the efficient management of
business processes.

Initially, organizations were chosen based on their functionalities and types to comprehensively
present and analyze factors associated with the implementation of ITIL processes across various
categories of organizational management. Consequently, one of the largest and most successful entities
in the financial, public, private, and consulting sectors in Georgia was selected for the study. This
selection aimed to ensure that the shared experiences and information provided by these organizations
would be valuable and reliable for all stakeholders interested in the research issue. Following the
identification of organizations, their IT leaders were contacted, and pre-interviews were conducted to
discuss the study's purpose and address privacy concerns.

To facilitate the in-depth interview process, a written list of tentative questions was prepared
as a discussion guide. This approach was employed to ensure that no essential topics were overlooked,
enabling the extraction of the most comprehensive information from respondents and facilitating the
comparison of insights obtained from different interviews. Despite the structured nature of the
questions, the flexibility of the method allowed respondents to introduce additional interesting topics
during the interview. To delve deeper into responses, the interviewer frequently posed follow-up
questions, seeking to understand the 'why' and 'how' behind the information provided. Importantly,
respondents were granted complete freedom to express their opinions and provide answers during the

interview process.
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The study's findings revealed that organizations predominantly implement crucial processes
such as Service Catalog Management, Service Desk, Incident Management, Problem Management,
Request Management, Access Management, Change Management, and Knowledge Management. All
respondents unanimously emphasized that adopting these approaches significantly aids in organizing
processes, documenting them, establishing knowledge bases, closing gaps, and effectively managing
business processes within a structured framework. Notably, these processes were automated to the
greatest extent possible, with clear differentiation of roles and functions among employees, the
allocation of responsible individuals, and the development of career advancement plans.

It is noteworthy that the implementation of these practices led to the formation of thematic
committees, further enhancing the ability to make well-informed and analytical decisions. Ultimately,
as indicated by the respondents, the collaborative execution of each process plays a pivotal role in
enabling businesses to generate value for both the customer and the organization.

Introducing employees to new methods and accompanying documentation poses a considerable
challenge. The primary difficulty lies in raising awareness among staff members and convincing them
of the necessity of implementing ITIL. The evident resistance of employees toward this novelty
underscores the importance of actively involving management, conducting meetings, and organizing
training sessions to dispel skepticism and foster acceptance of the new approach. As emphasized by
each respondent, it becomes crucial to familiarize employees with the new methodology in the most
positive manner possible during such times. To facilitate adaptation to these processes, organizations
additionally adopt the strategy of prioritizing the means of demand, gradually prompting employees to
change their behavior over time [2,3].

Based on the research findings, it is noteworthy that managers in Georgian organizations
actively engage in the introduction of the ITIL methodology, demonstrating a strong commitment to
facilitating successful process management. This commitment is evident in the financial investments
made in funded training and process management tools, as well as in their efforts to persuade employees
of the necessity of working with the new methodology(2, 4].

As indicated by every respondent surveyed, ITIL significantly contributes to the achievement
of business goals and plays an unequivocally vital role in the effective management of business
processes. For instance, ITIL aids businesses in aligning with international standards, transforming
organizational data into valuable information, and making informed and effective decisions based on
these insights. Within the organization, there is no differentiation between business and best practices;
today, ITIL is an integral part of business operations, facilitating the creation of value. Moreover, ITIL
serves as a valuable tool for businesses to assess the quality of their services and gauge their progress
toward set objectives.

According to the findings, the ITIL methodology significantly contributes to maximizing
transparency and security within the business, a point emphasized by one of the respondents who
noted its direct impact on the outcomes of the initial audit. Research companies have reported that the
implementation of ITIL processes has streamlined work procedures, allowing for the delivery of more

services with considerably fewer interruptions. Personnel involved in these new processes have
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developed additional competencies, ultimately contributing to business success and the ability to create
value for the customer. Notably, ITIL serves as a business tool that aids in standardizing processes.

A representative from the private sector highlighted that the functionality of IT systems and
adherence to standards have a direct bearing on the quality of services. In this context, ITIL emerges
as a transformative force, simplifying service processes and imbuing them with enhanced security, a
service-oriented approach, and a commitment to quality.

Thanks to the flexibility of the research methodology, in addition to the pre-designed questions,
respondents were encouraged to share additional insightful perspectives. Notably, during the
interviews, the role of ITIL in ensuring business continuity amid the global pandemic was underscored,
aligning precisely with the viewpoint presented in the foreign article cited in this paper. In the
challenging circumstances created by the pandemic, ITIL played a pivotal role in sustaining the
continuity of value creation. Consequently, services were delivered to customers seamlessly and
without any interruptions, highlighting the resilience and effectiveness of ITIL in navigating
unforeseen challenges.

Finally, the research unveiled a crucial and innovative perspective. Currently, ITIL transcends
being merely an intriguing and effective methodology for the IT department; other structural units also
exhibit a keen interest in overseeing and organizing work processes in accordance with ITIL practices.
This newfound interest underscores the broader significance of best practices in ensuring the effective
management of business processes throughout the organization.

3. CONCLUSION

In conclusion, the research indicates that consulting companies in the Georgian market are
prepared to meet customer requirements and effectively facilitate the implementation of desired
processes. The recommendations outlined in the study will assist interested parties in being thoroughly

prepared to successfully attain their goals in collaboration with the consulting company.
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Abstract:

In this article, features of using bridge converter circuits to control AC motors in railway automation
computer systems are discussed. Special attention is paid to evaluating the efficiency of converter
circuits. It is shown that utilizing low-frequency operation modes of power switches can significantly
increase converter efficiency as part of the coupling devices. A technical solution is proposed for
implementing five-wire AC motor control circuits consisting of a five-phase bridge conversion circuit.
A brief overview of the modern element base used to construct inverters is provided, along with an
assessment of electronic components from the perspective of analogous device selection potential.
Additionally, the use of electromagnetic relays as functional converters is considered, providing

increased reliability and electrical safety.

Keywords: functional converter; electric drive; three-phase asynchronous motor; safe control; inverter;
bridge circuit; efficiency; pulse width modulation; transistors with isolated gate; small-sized relays;

mechanical circuit opening.

1. INTRODUCTION
The management of floor objects in computer systems for railway automation requires the use

of special interface devices which have an asymmetric failure characteristic. Such devices can be
created based on elements with an asymmetric failure, with electromagnetic relays of the first
reliability class most often considered as candidates. However, a more technologically advanced
solution is the use of contactless circuits utilizing a semiconductor element base. Safety in this case is
ensured through one of two methods:

1) The use of functional converters with an asymmetric failure, allowing activation of the

executive object only when the semiconductor elements are confirmed to be in dynamic operation;
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2) Periodic checks on the functionality of the semiconductor switches, with disconnection of

power from the executive objects in case failure is detected.

2. BASICPART
In modern converter circuits for capacities up to several tens of kilowatts, field-effect transistors

with an Isolated Gate or Isolated Gate Bipolar Transistors (IGBTs) are used as switching devices. The
main advantage of transistors with an isolated gate is their insignificant power consumption from the
source of control signals. This makes it possible to use relatively simple circuit solutions for the
formation of control signals which are implemented, as a rule, in microelectronic design. When
developing converters for electric drives, it is preferable to use IGBT transistors. These transistors
combine the positive qualities of field and bipolar devices and, at operating voltage values of the order
of several hundred volts, have a smaller static loss than that of MOSFETs. The diodes connected in
parallel to the transistors are designed to recover the energy stored in the inductive component of the
converter load. These diodes, as a rule, are part of modern power transistors designed for use in

converter circuits.
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It should be noted that converters are often performed in the form of micro assemblies that
include the necessary set of power components [6] and not on individual transistors. In some cases,
such micro assemblies include control signal generation circuits and converter protection circuits for
use during emergency operation. Such micro assemblies are commonly referred to as Intellectual Power
Modules (IPM). The use of IPMs instead of individual transistors and microcircuits is a progressive
option, since it simplifies product circuitry and reduces dimensions. However, it is necessary to
consider that presently the design and circuit layouts within these micro assemblies are not
standardized. This factor significantly complicates the process of selecting analogous power elements

for the converters. Therefore, according to the authors, the use of separate power switches remains
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relevant as it reduces developer dependence on specific electronic component manufacturers’ products.
Theoretically, the control signals for the power switches of a three-phase bridge converter can be
generated by the computing means of the automation system. However, in practice it is preferable to
utilize a separate control signal generator. This can be explained in terms of improving computing
efficiency within the system, as well as mitigating damage to power components in case of malfunctions
in the control computing complex operations. Previously, transistor and microelectronic circuits with
"rigid logic" were utilized to construct such generators. Nowadays, microcontrollers are leveraged for
this same purpose significantly simplifying circuit solutions, enabling advanced operating algorithms
and facilitating easy reconfiguration of control signal timing parameters without hardware changes.
Safe control of the generator can be provided through various methods—for example, by supplying
power to the generator from a low-power functional converter with an asymmetric failure operating

under the influence of dynamic signals from the control computing complex.
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Developing railway automation systems necessitates highly reliable equipment, with hardware
redundancy being one of the ways to improve reliability. When reserving interface devices, it is
necessary to consider that the outputs of the main and backup sets of equipment are essentially
combined with each other since they work on the same outdoor objects. This negatively impacts the
efficiency of redundancy, since failure of one equipment set can affect the performance of another set.
To alleviate this influence, a preferred approach involves the mechanical opening of the output circuit
in presently unused hardware. Furthermore, mechanically opening the circuit can serve as an
independent method of enhancing the reliability of equipment subjected to overvoltage from cable
lines connecting interface devices and executive objects. Finally, the use of mechanical opening is an
effective method of ensuring electrical safety for service personnel. This holds particularly true when
transformers are absent at the output of power circuits. In the event of power switch failures, the
appearance of a constant voltage hazardous to humans on cable network elements and floor objects

becomes a potential concern.
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The only method of implementing mechanical circuit breaking is the use of electromagnetic
relays or similar devices (for example, contactors). In the presence of a functional converter with an
asymmetric failure, there is no need to use relays that meet the requirements of the first class of
reliability. Widely distributed and inexpensive small-sized relays designed for mounting on a printed
circuit board can be used. The only requirement for these relays being their contact system is designed
for the operating current flowing in the circuit of the measuring object. The control of these relays
should be implemented in such a way that the relay is switched on before the converter starts working
and the switch—off is after the end of the converter circuit. This will allow the relay to operate in
switching mode at zero current, thereby eliminating the formation of an arc and sparking at the
contacts. As a result, the service life of the relay will correspond to its mechanical resource, which is
usually much longer than the electrical resource of the relay at rated load. Therefore, in most cases, the
relay resource will not be a limiting factor in determining the service life of equipment. Thus, the use
of electro-magnetic relays as part of interface devices based on functional converters can be considered
appropriate, since this contributes to increased reliability and electrical safety. At the same time, the
term "contactless interface device" will have a relative character and mean that the semiconductor
element base in such devices ensures control safety and takes on the task of switching the operating

current in the circuit, eliminating the main disadvantages of traditional relay circuits.

3. CONCLUSIONS
One of the most important criteria for the efficiency of interface devices based on functional converters

used for high-power loads, such as electric drive motors, is the efficiency coefficient. In order to achieve
a higher efficiency as well as improved weight and size parameters, such technical solutions should be
chosen that do not require the use of transformers and avoid high switching frequencies of the
switching elements. Accordingly, bridged conversion schemes are the most suitable solution. One
example of a practical implementation of this concept is the safe coupling equipment for controlling
AC switch drives in the MPC-MPX system.

The use of PWM, which provides for a high switching frequency of switching elements, should not be
an end in itself for the developer. Rather, using PWM is only justified when truly required for specific
tasks—such as voltage scaling or ensuring operation of elements sensitive to the form of the alternating

voltage.

The use of bridge converters provides extensive possibilities for implementing multi-wire motor
control schemes. This is especially important for controlling electromechanical hitching drives on

subways, which require separate wires for different operational zones
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Mogepuausanya QyHKIMOHAIBHEIX Ipeo6pa3oBaTesieii, MCIIOIb3yeMbIX JJIf YIIPaBIeHUA
3JIEKTPOIIPHUBOZIAaMU
M.M. Yanaaze, A.A. lyngya, M.M. Ilanackupu, I11.3. Jlomcazze, I"M.I'enennaze.

Pesiome: Ogaum 13 BakHeHUX KpuTepueB 3¢ (HeKTUBHOCTH YCTPOUCTB CONMPAXKEHNUA Ha OCHOBE
GbYHKIIMOHAIBHBIX ITpeoOpa3oBaTesIeil, HCIIOIb3yeMBbIX /IS MOLIHBIX HATPY30K, TAKUX KaK
3JIeKTPOABUTATe N IIPUBO/IA, ABIAeTCA KoadduimeHT noaesHoro geticteud. /g qocTikeHus
BbIcOKOTO YpoBHA KII/I (3ddexTrBHOCTH) U yIydlleHIS MacCOrabapUTHBIX IIOKa3aTeleil caesyeT
BBIOMPATh TeXHUYECKNe pelleHNs, He TpeOylolye NCII0Ib30BaHNA TPaHC(HOPMATOPOB, U U30eraTh
BBICOKOI 9aCTOTHI IIepeKITIOUYeHNA KOMMYTAaIlMOHHBIX 3JIeMeHTOB. B cooTBeTcTBUM € 5TUM HanbosIee
IIOAXOAAINM pelIeHneM ABJIAI0OTCA MOCTOBBIE CXEMBI HpeO6paBOBaHI/IH. O,I[HI/IM H3 IIpuMepoOB
IPaKTUYECKOH peaTu3aliy 3TOH KOHIEIIIINY ABIAeTCI 000pyJ0BaHNe 6€301IacHOrO0 COeJUHEHU I
yIIpaBJIeHus IPUBOJAMU BBIKIIOUaTelel mepeMerHoro Toka B cucreme MIIC-MIIK. Mcnons3oBanue
HIMM, obecrednBaouero BEICOKYIO YaCTOTY MePeKII0YeHIA KOMMYTHPYIOUINX 5JIEMEHTOB, He
TOJDKHO OBITH CAMOIIEJIBIO /I pa3pab0OTYMKaA U OIIPaBJAHO TOJIBKO B T€X CIydadx, KOTZA 3TO
,I[efICTBI/ITEJILHO HeO6XO,I[I/IMO AJIA pelieHNsI KOHKPETHBIX 3a4d49: HAalIpUMED, MaC].HTa6I/IpOBaHI/I}I
HalpsAKeHUA NI O6eCHe‘-IEHI/I5{ pa6OTLI 9JIEMEHTOB, T9YBCTBUTEJIBHBIX K (bOPMe IIepeMEHHOTI0
HalpsKeHUe.

Vcrionp3oBaHMe MOCTOBBIX IIpe0Opa3oBaTesiell OTKPhIBAeT ITHPOKIE BOSMOXKHOCTH IS
peau3any MHOTOIIPOBOHBIX CXeM YIIPaBJIeHH JBUTATeIAMHU, YTO OCOOEHHO BaXXHO IIpU
yIIpaB/IeHUH 3JIeKTPOMeXaHHYeCKMMHU IIPHBOAAMU aBTOCTOIIA B METPO, IZle TPeOYIOTCA OT/eIbHbIE

IIPOBOZA AJIA PA3TUYHBIX YYACTKOB pabOTHI
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OPTICAL SYSTEM CORRECTION ABOUT ONE METHOD
David Shalamberidze, Soso Dolidze
LEPL Institute “Optica”

abstract
The article presents a numerical method, using which, in order to reduce certain aberrations in the
calculation of an optical system, it is possible to change two or more parameters of the system in such
a way as to preserve the main characteristic of the system. The article presents the relationship between
the two radii of curvature of the lens under conditions of maintaining the main characteristic of the

optical system, the focal length.

Keywords: Lens, focal length, optical system.
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By graphic method and using computer programs Determination of the location

function of spherical lever mechanisms

Nana Nozadze!, Prof. Mzia Kiknadze!, Davit Mania?

Professor, Georgian Technical University; 2Student, Georgian Technical University

Abstract

The paper discusses the definition of the location function and graphic method for spherical
mechanisms. It addresses both the analysis and synthesis tasks involved in decision-making. The
proposed approach involves various geometric figures, particularly spheres, to efficiently solve
movement tasks on their surfaces. This method provides a visible and less time-consuming way to

determine the coordinates of separate points on spherical mechanisms.

keywords: Analysis, synthesis, geometric Figure, sphere, retina, orthogonal coordinates.

Introduction
Geometric character Modern technical tasks solution to the majority in case Analytical methods by
means of happens. despite that _ _ this time research results is accepted beforehand Given With
accuracy, anyway should to note graphic for methods characteristic whole row Advantages.
practice shows that _ mechanisms and tools construct to the majority cases it is possible Let's go more
rationally and Effectively, if We will use it computer equipment. desired each one task when deciding
Let's take advantage orthogonal Planned, something If Their use technical in the field Worker any for
an engineer is available and no They are married of cadres special to prepare. It should be noted here
that, using modern computer programs, it became possible to carry out kinematic and dynamic
calculation and construction of mechanisms with acceptable accuracy for engineering practice.
Thus, engineer - technical to the staff and various in the field working Constructors are given indefinite
creative abilities tools, mechanisms and of cars research methods during selection.
spherical mechanisms kinematic analysis time more difficult as an operation is considered mechanism
location function Determine which _ it is possible to express only high row with equations. hard
structure having mechanisms kinematic with the analysis connected tasks solution happens certain
sequence With protection, theirs build and structure considering.
Submitted article basic The goal is engineering for practice Acceptable research easy and visible method

offer.
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Currently, the capabilities of modern computer hardware and programs allow us to solve technical
tasks of any complexity based on the development of new mathematical models and to practically use
any method of mechanism research with predetermined accuracy.

Main part as It is known, the field on the surface located on the point sphere belonging to lots of
circumference It's awesome possible _ A That's why sphere on the surface located N point to build First
sphere belonging to any n circumference let's build (Fig. 1a) and then on it N point let's mark
Suppose there is a center O, and two pA located on the surface of a sphere of radius =1 and Point B. It
is necessary to define such a point C located on the same surface that from the mentioned points the
pre-given < COA and < COB will be spherically spaced. It is clear that sphere on the surface Such two
point They will exist sphere of those segments bases crossing points will be whose vertices A and B is

straight, while viewers Accordingly 7 AC and 7 BC Sections equal (Fig. 1b).

A B
B
PN
al” \
| .
\ O .'I
\ /
N /
fig. 1

In general, a lever mechanism with one or more degrees of movement is obtained by connecting one
or more structural groups to the driving ring or rings. The sequence of conducting kinematic research
and joining these groups coincides (identical). Taking them into account, we can obtain one of the
well-known structural models of kinematic research of lever mechanisms using standard computer
programs. The locations of the outer kinematic pairs will be known for the simplest type of two-rod
groups, and the goal of the study is to determine the location of the middle kinematic pair. In this way,
the location of any point in the mechanism can be found. This approach to kinematic research is valid
for all types and modifications of lever mechanisms. So for example:
Let's conduct a kinematic analysis of the four-ring spherical lever mechanism (Fig. 2) using purely
graphic and computer software AutoCAD [1-3].

Also: 1. Kinematic diagram of spherical four-ring lever mechanism f1

2. Generalized coordinate variation function with time

In the relation f1=f1(t).
3.a1 a2 as a4 curved, curved, sided, vertical
There are central corners (Fig. 2).

Determine the location function of the lever mechanism ABCD f3=f3(f1)
(Fig. 5).

A semi-constructive diagram of the four-ring lever mechanism is given (Fig. 2).
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Angles a1, a2 a3 and a 4 - dimensions of the rings - function of variation of the rotation angle of the
input ring - (generalized coordinate) with time = f(t) It is necessary to determine the location plan of

the mechanism.

fig. 2
We conduct kinematic research in the following order:

1. Let's do it unit radius having sphere Spread out.

fig. 3

2. Received spread out by means of let's create two Hemispherical
surface o.

3. Let's cover it with the resulting surfaces, up mentioned sphere.
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4. Mark two fixed points on the surface of the sphere A and D red.

5. From point A as the center, draw a circle |AB| cord

with equal radius. Let's mark one of the points B on the circle aa.

6. From one of the marked points in our case B ?as

from the center |BC| Draw an arc bb with a radius equal to the chord.

7. Similarly from point D [DC| Let's circle it with a radius equal to the chord

dd arc.

8. The point of intersection of arcs b and d is the point C to be searched for.
Connect points A, B, C and D with appropriate arcs. As a result, we got a plan of the locations of the
mechanism in the second state.
Similarly, it is possible to determine the spatial (spherical) gear points for different locations of the
drive ring. The fourth figure shows spherical shape four rings Leverage mechanism private the case
hook Universal joint so Cardan Mechanism. in which <AOB=<BOC=<COD da 165 <<AOD <180 ° (nax.
4). In this case, the use of the graphic method is appropriate due to the simplicity of the mechanism,
but for a more complex mechanism, determining the location of any point of the mechanism is quite a

laborious task.

nax. 4

The fifth drawing shows a spatial (spherical) six-ring lever mechanism of the fourth class, for which
the above-mentioned method can certainly be used, but it is quite time-consuming. Therefore, let's use
the computer program AutoCAD, this method simplifies graphic work, and the computer program
Inventor allows us not only to build any point of the mechanism, but also to test the prototype (model)

of this mechanism.
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fig. 6

If we give different values to the turning angles of the curve, that is, we divide the corresponding
circumference into several (in our case 12) equal parts, then we get different locations of the mechanism,
thereby determining the locations of the C D ring. The above-mentioned operation can be repeated 12
times, after which, taking into account the appropriate data, it is possible to use the diagram w3 = @3 ( w1
) construction. We can show the obtained results graphically and build a diagram.Let's solve the same
task using the computer program AutoCAD.

It should also be noted that the graphical methods of determining the location function of spherical
mechanisms, which is the main problem in solving both analysis and synthesis problems, can also be
solved by various digital approaches today [4].

As we have already mentioned, the base of the segment defined by vertex B and BC is needed, as well as
the base of the segment defined by vertex D and CD. The point of intersection of the bases of the
segments (circles) will be the search point C. First, in the computer program AutoCAD, we will build a
sphere with a unit radius, then we will mark the standing points A and D. _ The segments can be replaced
by cones of rotation whose vertices will be points B and D, axes of rotation BO and DO respectively and
incisors at given distances BC and CD. Construction of such cones of rotation in the computer program
AutoCAD does not represent any difficulty, the intersection of the bases (circles) of these cones gives us
two search points C and C*. It is obvious that the true of these two points is chosen based on the

sequential location of the mechanism [5-7]. The computer program AutoCAD allows us to determine
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the coordinates of any point of the lever mechanism, as well as the distance between them with

acceptable accuracy for practice (Fig. 7).

fig. 7

conclusion

Proposed method use allow gives all modification spherical mechanisms kinematic analysis and of
synthesis tasks solution to be held same approach based on that each one task solution It gets easier and
possible happens his Unification other famous with methods compared to

spherical mechanisms research as a result between fixed and variable kinematic parameters Attitudes
allow they give Let's drink issue whole process optimization about.

proposed method allow gives Let's conduct comparative Analysis graphic and kinematic in ways
received to the results between, with that it is possible momentarily checked accepted of answers

Accuracy.
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During the structural and kinematic analysis and synthesis of spatial (spherical) lever mechanisms, due

to its visibility, simplicity and visual efficiency, it is advisable to implement (realize) the proposed

method in the educational process.

presented method use It is possible of science and technique various in fields such as: topography,

geodesy, geology, geography, military business, cosmonautics, seafaring, astronomy, mechanical

engineering and other _ with that posed tasks solution happens Engineer - for constructors famous

Linear The basics of geometry provisions and computer program using AutoCAD.
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399mygbgds 3mLEGH0Tol ODI0bgML Lodegdsls dolgdl LHMORs® 0dbsl MM0gbE0Mmgdmwo
390mdJ39009000 L5d30s6MdT0.
1533960 LoGY3900: BHMOE0YIEo LYIMBO, 3MBLEHMYYIGHMOWMWOo Jsboliosmgdegdo,

Lobgarm, 3060, 99dBHOMbMEo B5630

JoOOMmo  GHMso3oeo bsdmbo h3z9bo  J399bols  ToBgMmosw Mo s  dboEzm o
999330006M9MdOL GBI JOJEO G0, B0 gIMO 39 ENIOOL gMmY35M0 L39S, Mg do;
Booraoos 969300 Jo®mM39¢0 gMHol M30mIYMBOMds, oL glmgE03MO Lobg s
dboB3M0o 299m3690s {1}. 96599060 ™39 9¢93Hg Im©ol 0bELEBHMOLS @S LETMBOL oBs0bdo
b MBdm 360336900m396 90l 0353906 Mol d0dEobsGmgmdols ghom-ghmo Lsbg —
9mbmbGowo, Gmdgwoi Lbgossbbgs Jgggbols s boebol 3Mw@mermeo 999330MgMdOL
9600369 m3560 9985000l -  9gmHm3zbMwo  3mbEGHoMdol  godmygbgdom  ™sbsdgmm3ay
GobLoEIeol SbemOEGH0d9bEHOL 398000905l 3791oLbbIMBU. SbemOEGH0I6EGHOL
39965350 R9MM369858 oo 86093690Mds 5d3L 30MHM369dOL gHM3bMwo BI3xdMb 353d0MOl
@S G®500309%0L  J9bomBMbgdol  mzoebsBOmobomsl {2} mobsdg®mzg  oBsobdo
906mLEGHOEOL 256300050900L530L LoOBEHIMGUM FoloEsl FoMTMoAIBL bsGHogo Lowsdsbom,
909396 GHOMB0” 5 496LS3MPMGOM0 T933MEXMOO00Y FoFMMHBYMO oMW FHFILOGFOYLO
bodmbo {3,4]. ol FsGWsg MIOYEHO Fysrms Tbo@GzsM-0mEgerom®mol  Ime3sHgmdolsmgol.
FoOOMOo  BHEM©O30YImo  Bsdmbo, OHMIMOE oDs0byMol  F9dmddggdomo  Logddosbmdols
306390(1goMm, 1565890M™39900L5mM30L BgTobsfiaMaMdsBs s FobLO3MMMYdIME 353806
UoFoMHMAOL.  Boa®od,  MoEYPsbs3  ®IOLsmzol  FBMErm© BB HgMIm  60dMIGOIMSS
3900mMBgboo, sLbmsb BoBoIMMO 3mbBodBHo doewbg FgBOMOMWOos, Fgodwgds 00358 —
R3ogJGHoco  99mdegdgeos. 300093 MBROM  J9BH0E, ©OMMS  2obdogermdsdo  gMm3zboyo
3MUEG0Mdol LodmBgdm 6odmdgdo 2obgds MBOM JgBo 860d3zbgwm3zsbo s Boligmero,
dom5b §300m8s 30 300093 F9BO© F90BWMEYdS, 35906, MMILSE B3gE0sEOLEHIOOL 0bEYMHgLO
o 90056 56M535OGH™M J9boMBMBYds, 505990 FO0DBMEIdS 30WIY3. 9§96 FodMmIobsty,
LoFoMmms olgmo 3538060l dmdgdbs, GMES GHMIOE0wo 3MBEGwIol obGHMOoM BodMImsb
wMdmom  3mbESIBHOL  496M9dg Tgbodergdgero 0gbgds dob globgd sdmIGms30 s Lsbom
0b6xmM3s300lL Joegds. SO STIMEBOL 2osFMs BoFoMMgdL Fgbodsdolbo dmbsigdms dsbols
3mOI0MYGISL, MMdgwog LolEgds@GoBgdmwl Aobol 0bxm®Is30sL GHMIoEoYImo Lodmbiols
dqLobgd  {5,6}. Lsdgbogmm  LEos@058o  2sbbowrmeos  Js®omero  GHMooEowo  bsdmbols
3MBLEGHONIGHMOMo  Fobsbosmgdgdol 5b5¢0Bo s JEgBOMbMo B630L FMOToMmgdOL
153000bg00. BHEMIOE0Io BsTMBOL FboGZMIME-3MmbLEOWJ30Mwo bsEroBo bmeEogw©gds
9353905 5 dM0393L dMmEgwol 3md3MBoEool ymzgudb®mog dglfogarsls (Bobloadwrolsdo
$°996999o dmmbmgbgdol 3ma3wgdlol gom3swolfiobgdom), sbg3g 39M9gabwo BMMIoL Lbgs
9563969009356 (sb0dbmeEgdol,  3MBLEHOMIEMEO 9390 gdol,  BMOTSHocmBmddbols)
MO0009O35300600L Q5bbogsls.
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A®50030Mo  Lsdmbol  30mbLEHOYIEMOME-3mB3MmBoEoMHo  Fobslosmgdgdols
3b65¢r0Bolsmz0L  LyFomms olgmo  gargdgb@gdol Tglfogers @ odM3IZEY3d, OMYMOOEFS:
Lo)gBHo, dsbogrgdol LEH®JEHMOS (dmF3m3960 8905003960Md)), Bog@GMGS, Bobo@o, xgMo,
53O0l 65§9360905, Lobgaml ZmEMTs s LogMdyg, ygarol gobsFgMo bs3oMol 36z MMsE0s
d9L536530L Loby, ©Y3MMGHOIO FoRMMTJOOL LobgMdgdo, om0 QobWsRgds, MMBIFGBEHWwO

93030 S 3oxMOIGO0L B39O0 gowsHY393)s.

L539g36096M™M BEoE05d0 33¢0930L MdOYIAL HotBMOYIBL BHGMO30o LMol yz9wsby
3350  3MbLEAHOMJ30Mo  gugdgb@o Lsbgmm. (335gds0s dobo Loby, 3mbx0yMMSE0s,
Loa®dg, OMEIML oRMEIYOS s 9.9. 5J99b odMIPObIMY, Lobgwm Asbbowrmwos mmbo
9oboliosmgdEom: LybgE Ml bby, DY B330MOL 3MBFROYMO309, LEBYWML Loa®Mdg s Lobgwrmls
Ol  gmOIs, OMIWIdoE o308 IBGOZ  AobsobgdMmos  M8E9bodg  Bsb3z9690Ol
dobg30m. obLoBOZMME 0dbs M9ga0mbgdol dobgz0m MOoMMYMEo 53 BsbslinsmgdErolsm30L
d9b3900Msms  LobdoMy.  TGHz9MMS  MOMEIBMBOPILE  25dmI0botg,  JomgdsBolmeo
UEAOGHOLGHO30L  FgMEYOOL  odmygbgdom, obbmeMEogws Fomo  3mboEgool  FoblobBLZIMS
(3M006M905). 3oL 3063900 30RO — 1 Jogbos y39ewsbg bdoMmo dgabgzg® BmMIsL, brmenm
3656B9gb0, dglodsdols, 3egdsmdols dobgwzom.

JoOOMo  GHMmSo30o  3sdol  Usbgmml  bsbggdo  Mgaombadol  dobgzom
9603569000b0g96  M10dgbsTg 256Lb3539d0s. JsMMEo 3500LsM30L (JsMmero, Jsbgmo,
099M9gm0;  bsformd®mog - LodgaMgarm,  4Mem0s,  Igbbgom-xozsbgmo) B39 gdmog
535bOBOsMYdG0s 9O Lobgwm, b m®3spo - Lobgwm-gmOMoxol  3M33egdEo,

MMIgmogob  ghm-ghmo  Jmboblbgwo gwgdgb@os, dgmeg 30 3500L  oLEool dMHYEJo
B53969090 ©gEoos (bob.1).
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65b. 1. JsHormmo GHMsEoEowEo 3530l bsbgaml Labggdo: s - Bs3gMgdmmo Lsbgerm; d -

B53969099e00 4@dsx0m, dmLsblibgemo Lobgem; g - Bs3gMgdmemo Lsbgemm, dmlsblbgero

gor0005K S/ Jmtren

3605-B5393M9 MBS  SB3bIBY0T0 MOT0 BobgEMgdo IYMAGEGOVIEO FMEOIGOOM

3990MBg35. 00056 B190mbgxdTd0, JoMHOMsIE, BMbEbLBYEO Lobgwrm 56 5MHOL Q93039 YdMEO,
dbMEM© 0dNE 358-% 3L 593L oTsbolinsMGdgE0 Fgls3awgwo grgdgb@o Jmdm,
3903 89y9gboos bbgsabbgs ggmols s Bogd@ Mol Jumzowols Msdgbody
95651930LgdIM0 ©YEHOOL §OHT9HgN™b TggHmgdom. LydoMMZ3gE Ml LblsILbZS

930mbg00LsM30L Jglfogzeowo 04bs GHGOE0MEo LMoL Lobguml Labggdo, dsmo

d9b39006M0L LobdoMg s gb3z9MOL 3OHMEIBEMEO0 MBIBIMPMBS LHYONM MOMEIBMBOID

(5b®.1).
gb®ogro 1
Lsbgameml bsbggdol dgbggotsms LobdoMg Mgaombgdols dobgpgom
Usbgememls bsbg
B53969dmeo X, 0CHDEOIECO | Fealssblsbgamo
babgeoe gmO®B5RS/Jmem
2 019990 4
3 139530 5
4 baglmégomo 28
5 900 gmO
6 bazo
7 wqhbdo 2
8 (ORY'N) 11
9 b3569m0 4
10 | Ladga®geem 3
11 sgzbsbgmo 3
12 2499600
13 R MON 9
14 dglbgor-xogsbgmo | 4
Lymem 82 5
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d9L53530LOE PobbMMF0gEPEs LobgE ML Lsbggdol FgbgzgMmsmMs LobToMOL 3EOMYdS ( (3HE.
2).

gbMowo 2
LbgemU Lsbggdols 9gbggsms Lobdo®ol 3mgdo

3“’@;’1) 3655936905 fgeol bbby
Gogho

Bo39090 w0
5396900 Lsbgerm, ImLablbgwro gm@m-mToxs/Jmerm

B53969390 gmO-mdox s, Imloblbgwo bobgarm

33w930L 99909 993D gobbmeMizogms Lobguml Loa®Adol, Lobgwmlb Bgws bsdoMmol
3Mb633099965300U, LEbgE ML dMEEML GMOToL TgbgzgEMms LObToMmOl 2sblsHLIMS s Tgbsdsdolo
3MBLEGHOMJ3090o FobsLOsMYIWGOOL 3MEOMYOS.

33930l 3993900 563969L, M0O:
- PO HHe©0E0YIo 3530b babgmmls Log®dol (335egdEMBS F0MOMIEI® dGOL

6930mbg0do 9906086905 s MBOM b5300gds Jmsdo. «dg@ gl 99dmbggzsdo bobgarmls
Loa®dg dox ol boBsdgs. ymmTox 0560 JoMmmeo 3500l Labgwm Bmy 99dmbggzsdo
Q3MIGEXGOW0S, bmgnm 09)396OH0 3500l Lobgem G9sMgd0om dm3Egs s dolo Loy®mdg
d96MYggmdL 0©5g30Ls s Jox ol MBYgOL Mo, Box 989 993L90IC0s JMOHMMO;

- §9M0Mo GHEMOO30E0 3500L Lobgwmlb i3m®mds 033wgds DY S J39®s b330MgdolL
3Mb638309M5300L (3300000l FgLodsdolo@. 23b3Ids  Lobgwmgdo LHimGo o
8mIM35(gdMEo  Bgs BsdoMgdom. Lobgwmli Bgws 653060l  3mbgogmMszools
dobgzom Mga0mbgd0lL dobgzom dgbzgMol dopswo LobJoMom bobosm©IdS
Lobgarm M35 MEmHO BgEs J9bsFgM0 bsdoMom;

- BM©0E0Eo 35dob bobgwm gggos 6s30Mmol BmMIOL 330 GdOME bolnsM©YdS.
3MLgdMAL  LHmObIBM3b0 ©s ymbom ©IdMEMmgdo  Lobgarmgdo. Mga0mbgdols
dobgzom gbgzgMol Bowsero LobJoMom bsLOsMEYOS Lobgarm  LmObsbBMgs60
0l 49653960 b530M00).

- 3060350, H9dmombodbro 33930l 99093900  49m35¢olobgdmeo  0gbgds
JoOomEo A6OOOEOE0 Lodmbols 3MbLEGHOMJ30E-3033MDBOE0GO
doboliosmgdEgdol grgdBHOmbmeo 056308 BmEOToMYdoL 3Mm3gldo, MMIgEdoss
dm399dMwos  0d6gds  BHMo©oEomwo  LYIMLOL  SMLdbmwMmE  gbMYMmITOIEO
©bHLOsMYDS (LESAMBOL BMEHM, F5MYABMWO s0[gMs) s 3MBLEHMMI30Mwo sBsewobo
(L3BMLOL  BH9dbozmemo glgobo, JMBLEHOMIEzoMmwo 9gegdgbEgdo, Lodmbol Asbxgbs,
LogBHo,  odmFMHowo  ©YBHOIWIOOL  MomIbMds), 9MedgE  3MIZMBoEoWEmO
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5b65¢0Bo@E  (AsLogms, dobo  go®gabmamo Lobg, K90, BodBHMES, WIZMMEHOIEO
2398303905, ©I3MMHOL BJOO).

G®50030Mwo  Lsdmbol  3mbLEY30e-3mA3MmboEomOo dobsoliosmgdEgdol
909dGH™MbMmo  35630L dobgz00 dgygbowo 046905 3MIMPESBs, MHMAEOL LTS YGdO0)
5063909190 306L JgLodErgde™ds 99bgds dmodoml byFomm 0bgMmMTs305 —BodsGrmzgwmls
bbgo@slbgs ®ga0mbols GHMooEovIcmo bsdmbols Tgbobgd. s©0bodbmwo 3GMyMTol 45dmygbgds
30bE0Fob ODBs0bxML LTS5BS FoL3gAL LHG ORI 0gbsls mH0gbE0MmgdMEo 89dmddggdocm
L59d305bMdsTo.

990mggbgdrEo woBIHGYMs
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Analysis of structural features of Georgian traditional clothing and formation of an
electronic bank

Nino dolidze!; Khatuna Darsavelidze?
1Akaki Tsereteli State University, Faculty of Engineering and Technology, Professor
e-mail.: nino.dolidze@atsu.edu.ge; ORCID: 0000-0003-0142-7463
2Akaki Tsereteli State University, Faculty of Engineering and Technology, Academic doctor

e-mail.: khatuna.darsavelidze@atsu.edu.ge

Abstract

At the modern stage, one of the aspects of the fashion trend, ethnostyle, occupies an
increasingly important place in the fashion industry and clothing design. An interesting material for
the development of ethnostyle in modern design is Georgian traditional clothing, distinguished by
delicate beauty, elegance and special decoration. Georgian traditional clothes, as the primary source
of designer's creative activity, require accessibility and a special connection for modern people. But,
to date, only museum specimens have survived and physical contact with them is very limited. Over
time, museum samples of national costume will become more important and valuable, and access to
them will be even more limited, while the interest of specialists in them will not only be preserved,
but will even increase. Therefore, it is necessary to find such a connection when it will be possible to
obtain comprehensive and reliable information about the traditional costume without direct contact
with the historical sample. Solving such a task requires the formation of an appropriate database that
will systematize information about traditional clothing. The scientific article discusses the analysis of
the structural features of Georgian traditional clothes and the issues of the formation of an electronic
bank on the example of one of the important structural elements, the sleeve. The results of the research
will be taken into account in the process of forming an electronic bank of structural-compositional
characteristics of Georgian traditional clothes. According to the electronic bank of structural-
compositional characteristics of traditional clothes, a program will be compiled, through which the
interested person will have the opportunity to find the necessary information about the traditional
clothes of different regions of Georgia. The use of the mentioned program will allow the costume

designer to quickly focus on creative activities.

Keywords: traditional clothes, constructive features, sleeves, coding, electronic bank.
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Chemical components of the aerial parts of Astragalus brachycarpus M. Bieb.
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'Master of chemistry, I. Kutateladze Institute of Pharmacochemistry, Tbilisi State Medical University, 0159

Thilisi, st. P. Sarajishvili 36, Georgia, e-mail: m.sutiashvili@tsmu.edu
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Abstract
Aerial organs of Astragalus brachycarpus were extracted with 80% ethyl alcohol. The alcoholic extract
was filtered and then concentrated. The aqueous fraction was extracted with chloroform, and then
with ethyl acetate and butanol. Five compounds are isolated and identified: Apigenin, canthaxanthin
and daidzein (from the ethyl acetate fraction); mangiferin (from the butanolic fraction) and
isorhamnetin-3,7-O-B-D-diglucopyranoside (from the aqueous fraction). All substances were isolated
from Astragalus brachycarpus for the first time.

Keywords: Flavonoids, xanthones, mangiferin

Previously, we published results on the isolation of flavonoids and phenolic compounds from
the above-ground organs of Astragalus brachycarpus M. Bieb. (Fabaceae), a native palnt of the Georgian
flora [1]. As a result of that research, the following phenolic compounds were isolated: isorhamnetin,
quercetin, kaempferol, isorhamnetin-3-O-fB-D-glucopyranoside, isorhamnetin-3-O-p-D-
galactopyranoside, kaempferol-3-O-B-D -glucopyranoside (astragalin), isorhamnetin-3-O-3-D-
glucopyranosyl-6-O-a-L-rhamnopyranoside, quercetin-3-O-B-D-glucopyranosyl-6-O-a-L-
rhamnopyranoside (rutin), quercetin-3-O-f-D-galactopyranosyl-6-O-a-L-rhamnopyranoside,
quercetin-3-O-B-D-galactopyranosyl-2-O-a-L-arabinopyranoside [1 -3].

This present article is devoted to the separation of a sum obtained by the extraction of aerial
organs of Astragalus brachycarpus with 80% ethyl alcohol. The alcoholic extract was filtered and then
concentrated. The aqueous fraction was extracted with chloroform, and then with ethyl acetate and
butanol. From the ethyl acetate fraction, a sum was obtained in the form of a dry powder amassing to
4.7 g. 0.5 g of this sum was subjected to separation on a silica gel column, mobile phase: chloroform-
methanol (10:0.5) with a gradual increase in the concentration of the latter. As a result, the following
substances were isolated: 1 (25 mg) and substance 2 (17 mg). When subjecting 0.7 g of butanol extract
to HPLC - Agilent 1270 [column - Zorbax SB-C18 (21.2x150 mm, 7 pm), solvents: 0-35 min - acetone-

Georgian Scientists/Jo®m39wo d93bogMgdo @. 6 N 1, 2024 150


mailto:m.sutiashvili@tsmu.edu
mailto:m.getia@tsmu.edu
mailto:v.mshvildadze@tsmu.edu

water (5%-40%); 35-55 min - acetone-water (40%-100%)], 3 individual substances were isolated: 3 (7
mg), 4 (10 mg) and 5 (8 mg).

Substance 1 - pale yellow crystals, sublimates at 238 °C; UV spectrum (MeOH, Amax, nm): 265,
337. Mass spectrum (ES + APCI, 70 eV), m/z (Irel, %): 269.0 (100) [M-H]-, (calculated for CisH100s,
270.0528). Substance 1 was identified as 5, 7, 4'-trihydroxyflavone or apigenin [4].

Substance 2 - pale red crystals, mp. 288-290 °C; MM 564.8 C40H5202. UV spectrum (EtOH,
Amax, nm): 462. IR spectrum (KBr, Umax, cm-1): 1600, 1500 (C=0O), 800-700 (—CH-) (gives
characteristic colour reactions: After adding concentrated H2SO4 to the ethanol extract, a bluish-violet
color appears). The polyene nature of the pigment was confirmed by the appearance of a blue color
after the reaction with SbCI3 [5]. The results characterized substance 2 as oxidized [-carotene or
canthaxanthin [6].

Substance 3 - (daidzin or daidzein-7-O-B-D-glucopyranoside) - colorless crystals, mp. 231-234
°C. LS-MS, m/z 417.2 [M+H]+, m/z 255.1 [M+H-Glc]+. C21H200s. MM 416.38. UV spectrum (MeOH,
Amax, nm): 259, 306 (pl.).

Substance 4 (mangiferin) was obtained from butanol fraction; pale yellow crystals, mp. 271 °C.
LS-MS, m/z 423.5 [M+H]+, Ci1oH1s8011. MM 422.34. UV spectrum (MeOH, Amax, nm): 238, 256, 311,
362. IR spectrum (KBr, Amax, cm-1): 3270 (OH), 1610 (C=0), 1515 (aromatic) 1H NMR (500 MHz,
CD30D, §, ppm, J/Hz): 6 6.37 (H-4, s), 6.82 (H-5, s), 7.49 (H-8, s), 4.92 (N-1', d, J=7.5), 3.42-4.16 (6H,
N-2'-6', m). 3C NMR (150 MHz, CD30OD, §, ppm): 6 161.8 (C-1), 101.7 (C-1a), 106.2 (C-2), 163.8 (C-
3), 93.4 (C-4), 157.4 (S-4a), 102.0 (S-5), 151.7 (S-5a), 153.9 (5-6), 143.5 (S-7), 107.6 (S-8), 112.3 (S-8a) ,
180.0 (C-9), 73.8 (C-1'), 71.1 (C-2'), 78.6 (C-3'), 70.2 (C-4'), 81.1 (C-5'), 61.3 ( S-6") [7].

Substance 5 (isorhamnetin-3,7-O-3-D-diglucopyranoside) was isolated from the polar fraction;
pale yellow crystals, mp. 208-210 °C. LS-MS, m/z 641.3 [M+H]+, m/z 479.1 [M+H-Glc]+, m/z 317.2
[M+H-2xGlc]+, C2s8H32017. MM 640.5. UV spectrum (MeOH, Amax, nm): 255, 270, 355.

All substances were isolated from Astragalus brachycarpus for the first time.
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5030009096905 Asb3emols 56BMYsMYdMED 35M589GMLS s JengdGHOMbMEo
356M0l056MmdoL BodE MM By
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3obbommwos  LowoEod-49MHdsbowmdol  Jgbobmdol  AsBBMYsMIdMWo  JsMsdgBHto B
d9LPHo3 005 Lol BoBYMO T9doYgbermdobl (SixGerx, x=0.7, 0.72, 0.76, 0.8 o5 0.83) go3w9bs
50b0dbME  356M539BHMDBY  MmmMobol  (3ga39M5EMOLmIL  Fosbermgqdme  306H™Mdgddo. 5139
529005 OIM30©JIMgds g gdGOMbwo  35MoLosbMmdol  GgodBHmeaLs o
396DMYoMgdM 356599GHML FrMH0L. F0MYOME0s BTN, HMIJ03E 300306 5353006093l
9oLl FoBEBMYS MY 3565FxBHOL JEgBHOMEMWO 35MHROLOSBMBOL GBodGHMMMb SixGer«-ol
939990 8995003960 mdolsmM30U.

1s3396dMm Lo@ygzgdo: SixGeix d9bobmdO, MgMIMgEgdEHOo Fobogrols Fo6BMYsmgdYo
356539360, 909dBHOMbOo 35600L056MdOL BodGHMGo.

d9qLsgoe0

09MHIM9ggdBHAmMeo  Asboergdom bmM309w@gds 30603000 306390 G305 LOMBMG  ©
999G 969620908 FmMob. 53 FoLoegdols JOMHOMSO JoboLOIMYIJ0S MYMTIMIL 9GO0
356030L056MdOL BodBm®o ZT = S20T/x, bLyss S, T, o @S Kk TGLsdsFOBI® BYgd930L 3M9IB0E0I5GO,
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B*=6.668-102"Ej, (1)

Bosg Ur=p(Tm*/my)3/2 (4 os m* - 39b@ol 356 gd9wms 33650MmdS s 9B9dG O dslss, mg -
909JGH®mbol  MdMsSMdOL  dsby,  Eg - 93®docrvgemo  Bmboll  Logobg).  B*-8o
MO0 JON353300900s gl Bsdo BMbTI6EHMMO 35659gBHMo (U*, x, s Eg), OHmIwgdos
9099096 ZT-%y.

006590090569 B5dMMATo obboMos LoEroEowd-49cmdsbodol dgbsbmdol B*, Br o ZT
39565393900 (9L 89bsbMdO GFoMME 25dMm0ygqbgds d93609M9gd0LS S 3H9dbozol Lbgsslbgs
M0, s IOl MYMIMYgIGOMdT0). 39MHIM, gLFo3w0w0s BsbwWEOO Jqdsygbermdols
(SixGeix, x=0.7, 0.72, 0.76, 0.8 5 0.83) @ogwgbs 50606 3565393 M9dby (300-306)°K

399396053 M90Dg. 2950MMZW0W0S 33MJM39 9e9JGOMbMo 356A0L0sbMOOL BoJ@™MMo Be s
Dma09mm0 bbgs mgMIMgwgd@ o Jobsbosmgdgwo.
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03035@9MMI0L 3mgR03096GH0 boLIBOIMGOM®s 9Ju3gMH0TI6EIWMMO; 9BIIGIM0 Tolgdo
30 350M0mM3WgdM©s MYJMMH0o@© (0b. oG Jds s bsb.5d); 530dscmmo Bmbol Logsbols
LOOEOUL PobldlEBPIMYs 9dMm30949bgo BsdMMA [3]-do Imygzsbowo Eg - x ©59Mm300090w)gds
(B5b.1), Lo0BSE 39bIBLO® gJuBHM3MES300L x-0U bozgargzo 3608369wMmdgd0LS396. Eg-U
DO Lo sdo 4gMdsbodol 899(3390mdol 9903009300 Fgodegds S0blbsl 39masbowmdols

5@®3ob gagdGHOHMbM 3065308730530 935900 3dX asGLob gogegboo.
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593000909 gds 30300bs30s BeT/k-Bg Lbgosbbgs mg@Mmdmgugd@®olzmewo dsboeolsm3zob.
65b.3-Bg Pomdmpqbowos Bzgbo dmbs3gdgdo, sdmmgwowo SixGerx-ob yggws ULs3zargzo
390950093960 Mmd0LsmM30U.
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Bob.3. ZT - 300Be/k ©059m300090899c0gd900 SixGeix-bomgol: x=0.7 (0), 0.72 (A), 0.76 (o), 0.8 (®) o
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50 396539BHMmS  godmbobgdqdol  3mddobsgosms  FoMGH030  gotsgddbom  doz009gdm:
B* =1.544-10“E¢Be/k, ®53 603653l 0dsls, G0

B* =(0.088x+0.238)-10*Be (2) (ob. LH®ogmblgzgs 9960383652). gl g3mMIMs Bcmbabg®bgdgwos
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Dependence of the Thermoelectric Characteristics of the Silicon-Germanium Alloy on
the Generalized Parameter of the Material and Electronic Quality Factor

Rafiel Tkhinvaleli,! Zurab Adamia,?? Lasha Loria,? Irakli Nakhutsrishvili!

!Institute of Cybernetics of Georgian Technical University; 2Sukhumi Institute of Physics and Technology:;

3University of Georgia; “Tbilisi State University

Summary

The generalized parameter B* of silicon-germanium alloy is discussed. The influence of the phase
composition of the material (SixGe1x, x=0.7, 0.72, 0.76, 0.8 and 0.83) on the mentioned parameter under
conditions close to room temperature has been studied. The relationship between the electronic quality
factor and the generalized parameter is also constructed. A formula has been obtained
(B*=(0.088x+0.238)-10*Be) that directly relates the generalized material parameter to the electronic

correspondence coefficient for a given composition of SixGeix.

Keywords: SixGeixalloy, generalized parameter of thermoelectric material, electronic quality factor.
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baMolbol 0bxMsLEGHMWMIGHMGS s 9g3boghgds
6m@s® bsB05330em0!, mg396 MxdsxmModg?, D305 dmdMJsdzoo?

1830D0308 MIEGHMO0, SLME0MYIMYO 3OHMBILMO0, Lrngerols IgmEBIMdOL bodgsbogHm-33wgz0mo
396@&®0, BomTo 9em3560L godboMo. #6, Mdowolo, 0159, LodsGrmzgerm
L300l IgOBgmdol md@™m®o, 3OHMBILMEO, Lemgwol dgmbgmdol 9g3boghgdsms 35900l
53500930300, Leogeol dgmEBYMdOL bsdgEbogMMm-33w93000 396G, BoMTo Jgum3z560L godboMo. #6,
d0obo, 0159, LygjsGmzgem
B30l Ig®bgmdol md@m®o, sLmEoMmgdYEo 3OHMBILMOO, Lrngeol IgwObgMdoL badgsbogem-
331930000 3956GH®0, oMo 9em3560L godboMo. #6, mdoobo, 0159, bagstrmzgarm

M9Bomdg

396300560900 §3996900L 9dmEEOMgds 5B3969gdL, MM HsGOLLOL 0bxOILEHMMIEHWES Jdbols
dgLsdsdol  BsOBML, MHMIgoi LsFoOHMs  353MdMOMBOLIMZOL  3MMEYJEHOL, BmdLobmE@gdol
bsMoLLOL,  MLOIFOEPBMGIOLs o J9MJIMBEOE30000  IEAMTMGMIOL  FHBIOEILIFIMO©  ©d
3oL Ix MBYJIWS©. 30 HIMOLLOL 0bGFOILEBHOIEGHMES FmoEsgl Jglodsdols 3ma3mbybEHgdL
(bEHBPWIOGHId0, TIBHOMEMY0S,  93OJPOGBB0S, BJuBHOMYds @S Ub3s) @S TgbsdsdoLmdOL
39935L905L (LYOOBOEFOMYDS), OMIOL BMEOTsEOE HobLHsG 2obLIBLIOHWOs. Loymzgemsm
3bMdoo gsgdBH0s, MM Lsdg3609MM 33093900 5Q5T0sBOL 3OIMYMGLOLS @S 2963005MGOOL
96003690m3560  3m33mbgbEHos, ®mIgwroi 9939 JoMOMOIE MM M5TsdMIL  boGolibol
0b6g3m5LEHOMIBHOHOL MoMMYo 9egdgbEHoL 99dabsls s BbJzomboMgdsdo.

50b0dbMEol Fglsdsdolo, LsdgEboghm 33ew93900L LEHIBIMEJOOL Lobom o®dm@yqbs, 6
UGHOBPIOGHYOOL  T939Ts3900L ML A5dMYgbgds, IgEHo 60d3bgermzs60  0bLEHMIGbE0S
93319356900bmM30L Josm0 99Ol 6xMAZ0L M35eLEBOOLOM. S1939, IMEgdwro JoEYMIs
34960b §0obs306OHMdsL 33¢0930L JoBbOL LHimGs dgMbBg3z0Lm3z0L, MmOl bogzmd3zgubg Jowgdmwo
390920 MO6OHMb39wymxl Wo®mgdmE bgardghgmdsl 3oBbglolmzol. 4oMs 580l 4o8M339gmOE0
m®0bE0Mmol 5090 Ldg360gMH™M 99930l bEOIBIOEHODOMGdOL3IID SBn39 I39x30Mm® Ho®Mohgbl
330939000 5MLYdIM 15350500 LbS30MbIOL S byl MfigmdL 936096090l MBEOWB39Eymb

1539905600 330939000 35O IOMDS S FGOIR00MdS.

299306569 5060360 sb  Igi3609Mgds s dolo F9gagd0, OMYMEOE  33MOMOMOOL
396300560900l 850dM6390  FodBHMEO,  ROO3L  3BM3OMgdIOL  g3zgms  LBGBIOML. 0o
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3600369035691 MM 0535dMdL boGoLbboL 0b6ZOILEHMYIEHMOOL 89Jdbsbs s LOIymesdo,
OMIgeog ™30l AbM0g 93mbm303MMHo 2obgomaMgdol dgdsboBdol - dmsgmmds - doBbgLo -
8563930 - 839890 - 9JOHNMIWO30 S LOEJOMbMEO FMTomdOL AoMIBE0© 3393 0bYds.

1533%6dm  Lodyzgdo: LEHBIOEH0, Mgawsdgbdo, ULsdgsboghm 33193900, FJOOMPMEMYOS,
bsGolbo

9d9l535¢00

00Bbglo Fol Logd0sbMBdSLMSD s35380M9dM  J39gdgddo, MMIgoE LsdMEr MM doBbo
36MHMYJ300L 2590358 gALObMgds,  99MHEbMds  AMOZo  LAHBIOGL s  Bgdbozm®
093396 AHL. 39db03Mm0 MHgAwsd96E OOl Fmmbmzbgdol JgliMyargds Logz9eIdMEEMS, brgom
UGObIMEHJOOL  FmmMbmzbgdol  Fgumrmegds  9Gs. gl ©935300609dMW0s  3BMEMI300L
369000l BOHMB39wYmBILMD, 3065006  3H9dbozMEo  MYysdgbEHOL  Fmmbmabgdol
d9bOHMgds  MYbBOMB3gymal 3OHM©MJ3o0l M3bgdMdLL s TJLodsdobo d9BsGBY dobo
5339008 306Mds bgds. LEIBPIMEGHJIOL FmMBM3bgdo 30 135300 ds boGolbol (36905,
3903 IbmwmE d5BOOL 96 BmIbTsmgdol IMmmbmgzbgdmsb s0ol 353306 d0.

Lobgerdfonml  doMomso  BMbJ30s 90Ol X sbIMMIMdol s  Logmaberol, dolo
153Gl @O PoMYIML  5(33%S.  FgLdsAoLOE  FTIOMZgO  MMPsBMGdOL b0
09353963 9d0l ImmbM3b9d0lL JgltrmEgdol HBgsdbg3gMdss @S baMobbol dmmbmgbgdol
d9LEIMEgds FgfHoedol bLrIMH30WHYs JobMdoEo. AbxJEMdOL gb O MY03s F9BLXOL s 353500l
Logbo MBGdS WYIY. MO MM 593L LEbgEAHoRML bsMOLbMB, B5BsOBY 3MbB3MMGBE0LMG,
dmdbdomgdeol  LYO30™Msb Fooml ol Moz LML, 9699 3MHMmYJ300L  LEGHObIOEHOL
dnmbMm36900m56  FgLodsdoLMdOL g gdols  35eIOIEgdLSH? gl FoMGHoz0 Fgz0mbgs
59BHoM05, 256L3MIO00 2563050905 39969030, HMIgdoa oLHMIR0s6 dwwogmo ©s
9M50  93mbmdozMMmo  LobGHgdob  Tgddbolizgh, o3  35FOHMBIT0  FEOMBSWODsGOOL
3990393900056 25Mm3E0bsMY BooeE3b39M96EM 359JOMd5d0 Tglgersls MbMEMdL.

3900MOMEIMY0S

50b0dbmo Ly30mboll YEHIWGMs© FguHogerobmgzol godmygbgdmeos d9dgyo dgomegdo:
d0B9b-090093MmdM030 @S  F0bssOLMOMOZ0  bsEOBOl  FgmEoO, 9OLYdIMYo  BodgsbogPm
M9LOLYOOL 3OOG0INMWO FosDMYdS O AIBDMYPSWYdS, BP0 FoEPMTGOOL 3MBLEHMOMYdS
50b0dbEo Lszombol 0Maz3wos.

Abxgermds s sls336900

396300560900 93996930l A5dME0Wqds 330639693, J0bgIz39 0doLs MM FFSOMZIWO 56
96935 3m63796M9630530,  Fgbodsdolo  bodolbdo,  MHMIgos  3MB3IMOIbE00L 0GP,
Lobgwdfogzmgdo Bs0bg Lo3zdom gL bsdxszab oo LEHMEIR0g00 FodsMMNMEos 00
bgd9gdfymdo 59EGH03md900L396, M™Aados MOOHMb3gymals dgho@dggdol dog boGolbosbo
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36MMmEMJ300L 565 FoOGHM [o®mdmgdsl, 5599 dobo 98 30190930l OLEGHMMIdOL olgmo
LoLEHYIGOOL  hsTMYSEP0dJISL, OMIJLSE 9BMBS MO ToMEHM SOYOWMOMOZ0 9M5TJPO Yot
05BM9d0L IMIbAsMgdgeo [1]. gl LoLEBHYIS 0WI6EGHOBROEFOMIOMOs S (36MBOWO0Y, GMAMOS
bsmobbol  0bxzg®LEHOMIGHMEOs.  259MHm0sbgdmwo  gMgdol  0bEMLGMoMEo  gob30maMgdoL
mOob0bsgool  UNIDO - m»ogoswy®o  ©ggobogool  dobgzom - boolbol
0bg3MsLEHOMIBHOs 5MoL "LoLGHYTS, MIgEoi FmoEegl MOMYIBOBIEF0IOL (LoxsO™ s 3gMdm)
3030358096, Fgbodsdols BsdosMPEGdM03, FoMgA0MmGdge BIOMBRMYdMID S 30530356
9OMo©, OMmIgwoi  LdFoOMS  Bodmberol,  dmALobMgdol  bsGoLbol,  MLsgGMbMgdOU,
3960900330000 3ERMTMYMBOL FHoMILOFIMS® S YoLowYdx mdIBYOEs [2]

bsmobbol  0bRMslEGHOmMIGHMOS Mmoozl BEBIOFHIIL,  FGGHOMWMPOSL,  53MJPOEGSGOSL,
AILAHMOL  (350m3900) ©s FgLodsToLMOOL  FgisLgdsls (BLYMMOGOEOMYDS).doLO FMOTSEO
239bLOBEZOME0s Fglsdsdolo Lobgwrdform LEGMwJEMgdol doge, B3gbl J399sbsdo s©bodbwyeo
9005007990 gdsL 63l LodoMM39eml 930mbMTo30Ls s FPMIPO Zob30mMgdOL LodoboliGMm

3].

3bmdomo gsg@os, MM LsdgEbogmm 3393900 5F0sBOL 3MMAGMILOLS s b30mMYdOL
96039369c™m3sb0  3033mbgbG0s,  BMBgdoE  2980BbMwos  sbogro  3m©bol  s0dmBgbol,
36MHMdgIgool  20oFMols s  B3bL  go®Tgdm  sMLYdIMOo  Bodgommlb  Jgdg369d0l
3oLOIx MDYLYIWSsE. 936096905 30, OMAMOG LsDMYPIMGOMH030 FBMBOYMGOOL 9Mm-9Mm0
365, J0OOMIE OMEL M5d5dMmdL boGolbol 0bg3MILEHMMIEGHIOOL MmomMgMwo gargdgb@ol
3994965b5 s BMbJz0MmboMgdsTo.

5060360 bsomws 890degds IILAEHVIOIL BEIBIMEH0BIE00L LobEgdol dogswom by,
MmAol 99dgbBog BoJGH™IM0z35® MHOMMB3gYmal bosGobbol 0bx®mILEHOMEGHWMOL yz9ws
bbgo  3m33mbgb3gdol  3mBomdsl s 3OMmEMJaool  Fobolosmgdgdol  LGObsmE ™Mb
d9L53530bMBOL  FgEIYAGOOL  MOPDOJOMIVOSMGOSL, O3 JLMISOH d5DIODY 3OM©MJ300L
0530 BIEI0 250055Q0WGd0L b0d369em3569l0 30HMdsY [4,5].

Do LBEHBIMFHJO0 s bsMOLLOL 0bFOILEHOIBHMGS 3EbIEO MOR60DT0s. BsdysOmU
d9Lobgd Md09dBH MM 3Mmbol J0gdol, sdMdsg900L s LobEGHYIsEHODBIEOOL, BHYIbmemyngdols
396300006900l 335053350 bgds Jobo 3gMmBsbgbEmeo 2oBsbegds s QoBxMdILYdS [6]. 5939
65 500603bMU, HMI 1EsbIMEHYIOL M3MEIbMOOL BOEOLS OHSTOIMHMOOEIL 25dmEoboty,

Dmax M gobsbergdrmo BEsbsMEGHIOoLm3z0L M350l 036905, Bo3TIM® FIOMMYGOMEVO0S.
50009650 930w dgos  dqLsdsdolbo  MglMLYdOL  bgerdobofzmAmMdOl  2sbMm®s o

5009339G M5 2960531905 Lok sem bLogmEgdo [7].

5990056 25dmB0bscry, Ly MRG® BIoMs IgEbogMmwo oBbMdM030 3OHMPIE0, MMIgEos
d000qds 3996900, LEBMASOMIdIOL 56 Lbgs mdogd@oL LodgEboghm Fgmm®gdom 33w930Ls o
d9LPogerols  Loxgmdzgw DBy, LEWBPIOEGHOL doMomso 89dsygbgero bgds. 58 3OMEgLoL
Lo oLbIM FoboLOsMYdIGWO FoBWS3mM 0L BoJBHMMO, MM SME30EJOJ0s 3MBLIBLMLO G
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Jom@™  Lodggbogdm  iM9g9ddo, 9089  dMmIBTsMGOGIL,  FFoTMGddL,  FTSMMNZ9EdL,
MREJ05059(339090L s bbgs ©o0b@EIMgLdIe TbsGYgdL FmGOU.

sdom  s0blbgds, Mmd  UHmEgo  Boddosbmdol  3mb3MgBMe  F0dsMmMEgdslmb
53930060980, 90mm  Bsdmmzwowo  bLRgeml  FoMmIMoygbergdoligeb  F9doMo
3000393900 Jdb0sb BEGHbIMEHIOL LodgEboghHm LoBMYPSMGILMD gHms@. 0039 LJgdoom
9090b5M9Mm3L 3500 gobobengdss. 950bodbero 80dsMmmIegds Lods®mzgemdo M9YAMIPOMmEYds
d9L50530Lo LabgerdFogm LEHMSE IR0l Fgladsdola [8].

3oLomM350ol[obgdg0s, MHMI LEHBIOEHI0 b3gds Yzgwrs ol FobslosmMYdgwo, GMIgEos
MBOM6390gmRl, OHmymeOE 3OMEMIEo0L s 3MMm3gLgdol 13690 MdIl  Slggg boGolbl.
990o63oL doge Homdmgdmwo, LEsbIMEHOL dglsdsdolo 3MHMmEwYJE 0, 0dgbl d5BsOBY ©sd3900L
M3 gdsls; ol 53596539 36gdEMBOL FobollnsmgdErgdLsE IMOEI3L WS 9F9Z3EMHMMESE SMOL
3M6396096GH656M0560, 306500056 bBsGIOLLOL FobolosmMgdgdoE Fglodsdolmdsdos. s0bodbyeo
dnmbmzbs - LEBIOEGHE Tglodsdobmds Foedmoagbl bo®olbol dobodswme ©mbgls o
30650056 bs®olbo 9mabdomgdeols 38594mx30egdol mbgl 2sblsbw3z®mzL, slgmo 3Mmomd@ol
3M6396096@GH656M056Mds3 93589z gdls Jobodsen)® dmmbm3zbgdls, Moz 9930w gdgw0, doasd
5655305M0L05 3MIMEYJEHOL BoBIODBY 3969BM300LM30L. 599sb FodmBObstrg, BoBbMdGMOZ30
05BM700L 3mb3M9gEBHMEo 3060HMdYdOL, FMIBT>MGOOL TSEJO0O dMMbM3b9d0l 3O Mm@ do
39035¢0Ljobgds  5mBxMdILGOL BsGIOLLOL E™bL. go8MmIobs) 9§9sb LEHBIOEO byl
2PymdlL dgfoedgl 9go@sbmb 3Gm©d@do Losbwggdo, MHomsa Tob obol ImabIsMYdOlm30l
mR®® J0dBo39el s FgLsdsdobo 3m639M9bEHWbsM0SBL.

UEGHBPIOGHYO0  F9g0odEgds  I0YML MO  KAMRO:  BMOTIWNYOO O IMIFMEOTIYOHO
UGHOBPIOGHYd0. BMOToMHO  BEBIBIOFEHIO0 0ddbgds  LogHDITMGOOLM, Mga0MmbsermMo s
963600 BEBbIOEGHOBI300L MEOYIBMYOOL F0gM s bI0MS® 0MMHOOMEISE 1O PYOMEIMS.
RMOIS@MOO0 bGHObIMEHJO0 MMM 3 Hgbo, MBMM 1393053037900 s BoLEH0S. S JOMOMIWIE
39900996905 3030009 300Ls S BMLObMEBGOOL MLORONbMGdOL, boGrolbols s 8033wg350MdOL

OBONB3ILYMBO.

3M5x8MOHT>OH0  bEHIBIOEHJO0 JoMOoMOIEI© 0ddbgds 060300 MO0 Q59M056939d0U,
SbME0930gd0L S MMP60BE0gd0L ogM. gu LESBIME B0 bdod Jgdmbzgzgddo 360d3bgem356
Ol 05859096 360MmYJEHOL LEdSBOM 3MBE3MMIBE00L QoTxMdIGdsT0, 53 LESbIMEHIOT0
30°035¢0LHoMmgdMos 9039300y Mmo  sB39gdBgd0 s 29dM0Yygbhgds Fomdmgdol Lsbodwdm
365943H030L 3t3MH0Do300LM30L s 06Mm3530980L by dgfymdolimgol.

3bmdo0s, ®MI 39360969 s dobo LsdgEboghm IMm©I@EHo Ls3dsm@ B3Y305303M0S O
d9L535F0LO  M30L9dMMIOJI0®  boLOSMEYDS. 3JMOIME  A9MIXMIJBIOME0 3B F00MIdS
90939699090 ©533060399900L, LoLEGHYIsGoEmo 9Ju3gH0TIbEHJOOL, sbowro EmEbol dogdols
396BMA5gd0Ly O IBNMBEIOOL FBom. sOBYOMDBL I35 TBEOOZ0 FHO30L  I(3JMDYIO
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50b0dbmmo 3MmiEglol LobBgdoGobBoEos - LEHBIOEH0DsE00L dodsOmEgdom, 0wydgs dom
O™ 3 L0 NYBOM SOIGMMT>MMO bslosmo sd3m [9, 10].

B39bo sBGom, LsdgEboghm 3393900l  LEIBIMEJOT0  gowoEbs TgBo 360d3bgemgzs60
0bLEGHMMIYBGH0s 833935093030l Fomo  T9YEJooL  @bgMP30Ls s 303530
0083¢9396¢)5300L  M35WLsBMHOLom.  50boTbOlL  gom35eolobgdoom  833wg35M9gd0lm30L
LoLOGRYJIWM bgds LBIOMTo MLYIMYWO BEHIBIOEJOIOL Fo3bmds, Moms Fmbgl 33930l
doBbol  LHimGs dgMbg3s, ®mIwol  Logmd3zgedg dowgdwo Fggao M HOMB3gwymal
00090 by dgfymdsls 30BbgLoLmMZOL. M 5Tols, 28339000 MMOBEHOMOL  5©gds
L5393609MH™M  F9YPI00L  BEBIBIOEBHOBOMYOOL396 1939 F39x80MmE  HoMBMIBRIBL 330939030
SOLgdME  Bo3sdomm  Ly3zombgdl  (sbgmol OLYdMdOL  Fgdmbggzsdo), 3065096
LGobIOEH0Bs3o0L 3MMEqldo Fmbsfowrgmdsl B00MgdL ©0BEHIMGLGdIMo BbsMYgd0, Toom
dm60b LgzgOHmb Bb3s A93bogMgdoE s J9HY39GOWGds F00Mgds 3mBLYBLYILOM. sligmo 3GMmEqlo

b9l Mfymdl 393609M90L MHOMBIgEYmb 330093900L 3500 IOMBS S TJEIR0DMDS.

053000035  Ls3g3bogam  LEsG0s, 0939 OmameE BEBIMEGHO0, MmOl  gogMiEgegdol
50056930 0bLEGHMMIGDGH0s, MM 3oBLLZSZ90s AobWszm ob, GMI Lsdgboghm LESGH0S
0oM8Mo9bl  Bmi3gdMeo  3mEbol  Fglsdsdol  0bFGHIM3MYEIE0L,  bmwm  BEBIOGHO
90850::00)0s 300060l IbgMy30L396.

50b0dbmEol  FqLsdsdoLo,  LEHIBIMEHODsEoOLMZOL  godoBbmwo  Lsdgbogmm  33¢939d0
0069090 vbs 0gml HMIgerody b Ms8gbody s0b6EIMgLYdIMo dbsGolm3oL (Igi360gMgdo,
3Hom3mgdgd0, FoM9RME0MdEgdo s 5.8.). sbgmo 33eg30L J9gagd0 Mbs Fgzsligl
90993969909 0/@58MM300Jdgo  3oMol  ogm.  Tggaol  3MMmEIBHTdo  godmygbgdols
d9L505doLMBOL  FgBoLYds 96O MBS  0MbM3IL MM BHYIbmEMaogdl,  dBIMAEMSTE
BOHM6390gmRsL s Bb3s d30605000Mg0M b Fofzmdge Bsdwmoegdgdl, OMIoms3
dom@M Abbgog 39O E0ME 383560906 999d050 0LOMYGOMD. HrMaMm®3 falo BMGOIsEGo
UGHBPIOGHJOOL  F9JdbsBg,  AoBIBWGDsDY  9OUYOMOL  Tgmobbdgds, GMI  Immbmgbogro

3565393900l oILEHMMYOS 99399009356 9dMm©IL bgedobszmao GHalGHoMmgdol Lodw)owgdgdL.

3oLOM35w0olHobgdgwos, MME  Slgmo  BHodol  LEGHBIMEJOI0  IMEgIMwo  0bBMOTsE0S
50093395 bs 0gml godm39d o, O™ dmdbdomgdgards FogdloBsIMmO Qo03DOMU,
51939 3290ggbml dslsdo sobwero 8000170930 S Foboliosmgdgdo. gl 0bRMOT5:305 bs 0gmls
3M6309GH Mo 5 5M5MMSBOMZb0, beaewm 2568560393900 Mbs SLobs3EIL BMLGHI©, ) G
3965305 56 6500x 0 5®OL Fglolitrmergdgwro.

LAHObIOGHOL  MAbodzbgEM3zsbglo  sbodbMEgdss  slggg  dolbo  Bmeo  B9dbozmeo
9353963 gd0l 89Jdbsdo. LEHbIMEHODIE00L LogMmITMMOLm MMYSBODsEool s Jbmgerom
1535300 MmMRB0B3E0gdOL 3063060 M93mTgboE0ss, MM {jgg3co Lobgwdfoxmgdols doge

39460379600  M9gawsdgb@gdol  99ddbol MM Lo®wdzmo  2odmygbgdemo  0gbsl
L59MMSTMOOLMO 5V0MYOMEO BESbIMEJdO.
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bsBoLoldgE0s, G®MI 0613MLEHMIEMHOL 9egdnb@o - gGHMMEIMA0S - MBMsE™ s 306306
393006305 393609690556,  5Tob LGOS ol Logd0sbMds, GMIgELSE FGBHOME Mool
909500 gdol 0bLEHOGHMGHI00 9h930956 s MMIgEog LsdgEboghm FgBOmMmEmyool Labgwoom
5ol 3bmdowo. BsdGmghzgrm  Fg@BmMEMY0s  9yeHEbmds 3936096905l s  gobmIZsms
96056MdoL  MHOMB3gwYmazobm3zol 09gbhgdl BEBobIMEHGL. Fglodsdolo, UBEobot@Hgdl
099690L LoasdMmEM 06RMILEOWJBIMSE O JM0560 BEIBIMEJO00d B)dsmdl 530M9POESEO0L
MmO560m9d0.

d9x59900L Loboo Mbs 500b0TbML, HMA 9360960905 s ol 9WYRI00, OMYMOF 353MIMOMIOL
39630056900l 358MdM539W0 RoJEHMOO, HMIGO BoMO3L 3bM3MGOOL Yy39ws LRgMM™l, JoGOMS©
ML 059590 HsGoLbol 0bxMILEHMIGHOOL T9Jdbsls s BLOYIYMRsdo, HMIJEoE Ms30L
dbcmog  930mbmTozmEmo  25630m90Mgdol  dgJoboBdol - FsgMmdS - doBbglo - FsM3gHO -
3m3bdsmr909m0 - 9HNMO030 s LObIOMbO FFomdol QoMBE0s® 3393e0bgds.
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A quality Infrastructure and Science
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#6, Thilisi, 0159, Georgia

Abstract

The experience of developed countries shows that quality infrastructure creates the appropriate
framework needed to support and improve product, service quality, safety and environmental
conditions for human being It is well known that the quality infrastructure includes relevant
components (standards, metrology, accreditation, testing, etc.) and conformity assessment
(certification) and whose format is predetermined. Should be underlines fact that scientific research is
an important component of human progress and development, which also plays a key role in the

creation and functioning of each element of the quality infrastructure.

Accordingly, incorporate and use of scientific research results as standards or using them during the
development of standards could be very important tool for researchers in terms of implementing their
results. Also, this approach creates a prerequisite for the correct targeting of the research objective, on
the basis of which the obtained result provides a valuable contribution to business. In addition, taking
a clear direction towards standardizing scientific results also makes clear in direction of the
controversial issues in research and assists scientists to ensure the validity and effectiveness of their

research.

In summary, it should be noted that science and its results, as a driving factor of human development,
which covers all areas of life, play an important role in the creation and improvement of quality
infrastructure, which in turn is a guarantee and synchronous mechanism of economic development in

chain - government - business - market — consumer.

Key words: standard, reglaments, scientific studies, methodology, quality
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9530 dobogsbo babumbols msg0lsgdmmgdsbo 9Co gsds BmEHMbgdoo
©31b0ggdmMe» 3mbm3MoLE s SiGe:P 3965006md9083d0
05 45330400, J0MMY0 EML390dg, oMM BmMdObodg, g0 Fbgodg, FsM06s JosGos,

Bo0Ds gmymes330e0, ¢5@0sbs 3gesdzowo
LEbMIob 0E0s 3939L BoD039-39Ib030L 06EOEGHMEGH0, MBOEIOLO, LyJsOMZgerm

LG gG0o

510 10? @EMablol ®Co 535 GmAGHMbBYdom ILLO3xdMo  Si+l,553.%Ge:P  (10133)
9bm3M0LEHIMOHO  9650bMdOL Fobogobo bobwmbols 3H9gd3gesd O L3gd@®mdo gMgbomo
Mb9g3900L 1 33 LobJo®Ol Os35PMbT0  godm3zwgbowos MOPOSEOMWO  ©IRIIGHIOOLS ©d
©obM3530900L MOHMOYOHNJI)IO0m  J9B30MMIGIMWo  MgwsdlsgoMo  dMem3gLo.
9939609963 sE OYIBOW0s IBMOTo30wo [oMmBMTMdOL Mgwsdlsgom®o dobsysbo
bobmbols dodboddgdols 5gd@EHo35300L 9bgMyools s dzMol obsdorMo dm@Irol MOl
396096305, dzMol ImEol sdLMEMEOO I603369cMdOL BMEOLs s Doybogoligd®o
A993905GHMOM0 33000 gd9d0L  Logdzgebg bsB39bgdos MgMBmwo s MOOsEOYIENO
©9999JHJO0  256M98MmEMWO  EOLEPM3H30900L  dZ3MOEMBOL  FoMM30L  TGLodEGIMBGdO.
39965¢00BgOME0s  M9OSE0Mo  ©IRIIGHIO0L fi3eowo bsggwo 603wmdol GoosEovIe
3969(:303905d0. B5dOMITo doM9dIEo J99gd0 TgbodergdgE0s om35¢olfobgdmwo odbsls
A99bmemagdols s  3MmbLEHMJEHMEOGOoL  doge  SiGe  Fgbsbmdgdol  LogwydzqgwHg
39bLOBOZOMEO  BoH03MG-8975603)M0  ToboLOs™GIGOOL  ToLogdols @S  bgwlisfymgdol
05099853905b5 s d9Jdbsdo.

153396dm Lo@yggdo: SiGe Fgbobmdgdo, 9oTs 505305, MgsgLoE0s,  OLEPMISFOIMO
LEAHOMIEHNM, 593035300l 9bgeRR0s, I3MOL JmEwro.

Si-Ge LobEgdol dmEMEMdoMOo 3OOLEIMGdIOL 13mdgdemggdo [oMdmoagbab gurgd@EHMmbmwo
bgbsfgmgdol 39OL3gJGmMeE Foboegdl. gmEms®gdsl 0dbsbmEmgol 10'-10%133 3m6(396EHGoE00L
396356030 906900 Si-Ge 99650bMd9gd0. 35030 36M15d3H03ws© d9bsmBmMbadmeos Si-l
360LGHWMOHO BEBHOMIGHIOOLS O BODOIMOO MZ30LGd9dOL JOMOMIEO FobollosmMgdEgdo, beaenm
3O0LEIME  IgugMdo  Bsbs33wgdol  3mBoE0gddo  goblbowo  4gMdsbomdol  sEHMIgdo
Sbm®309wgdgb 3500 dMmEoxoiE0MgdsL [1]. Si-Ge J9bobmdgdol 53vdgdMggdols s Fomn by
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DOHoL 30m39Ld0 F9MEGH0M3560 ©INRIJEHJOOL ORMNHB000 OLEPMZHE0JO0L 0TSO IOO.
50ob 990939 bmM309wgds 35000 dMdOHsMdOL J9)HbwME3s, 9699 9.0. wobsdor®o dgdsbozmeo
23960%303905. ®IMINWO @S M9OS30Mo  Ho®mImMImdol  HoMGHowm3zsbo  ©IBgJEHIOOL
ORYHMNOHO  5dBH03Mmd0L  BOES  TGLodGdJE0s  9xMIN3) OO  SEHMINOO  MOOLOL
396356030 5EHMIGOMb 3MB3963M0MHJOMWO IBMOTIF0E0 390l 253w gboo.

Georgian Scientists/Jo®m39wo d93bogMgdo @. 6 N 1, 2024 173



25
2
2.0 M S = - _
) .1
1.5
1.0
05
0 150 300 450 600 750 900 Teoc

Bob.2. 3505 BMEGHM™Mbgd0m ILLO3dOL 453egbs BMbmIMOLEIWGO Si+1,5%Ge:P (101 103)
396506md0L 30l Imwol 39gd3gesdmOyen 139dEHMDY.
1. Lshygobo, fo=1,433.; 2. 510 13?2 argbLoL *°Co Q5> BmEHMBYIBdO® ILBOZYdIMO,
fo=1,53g.

5060950, 94390096 IRIBOW0s, GMI 510 132 Fwygbliols °Co gods BmEHMbdoM
sbb0gqds 0f393L SiGe 996500bMdGOOLHMZ0L EsTsbolI0SMIYOYEIO EOLENMZS30M0 FoMBMmTMdOL
9wogLo30M0 Bodboddgdol 5gE035300L 9bgMRo0L LMLE BMELL, s Obsdor® d9gdsbzm®
396833039056, Fobogobo  bobmbol  LB3gdB®do  300°C  39a3gMsGH MDY godm3zwgbowos
50053090 {o®mdmdmdol Mgwsdbozommo doglbodwmdo . dobo 0b@Egblogmds daMdbmdostgs
53303 IEMM0 EIBRMOT5300L530. 50B0TbMWO 2o698MmYds M3 59E035300L 9bgMFOOLs
@5 LobJoMoL GodEHMMOL FgsMgd0M o 3603369 mdgdo (71,35 g3, 5102 §31) Loggwmdzgwls
0093096 MgEoduozool 39bGHMo dogobbomm  60-3MeMLosbo 30MMHO OLEPM 3530900
390993600 0MB30Ls S MoEOs(30vw0 EIRIJAHOL VO (35356L05-575620500) 3m33egdlo.
50530990 §oMHIMTMOOL sbseMyomMo MgodlsEzoIMo 3OHMEILO odmzwgbowos sliggg Sii-
«Gex (x<0,05) 9965006mddo 10 32 garwgbliols oo gbgMag@03oIo gegd@dmmbgdom s 5101
10?2 BWGbLOL SRS bofors39d00 sLbOgxdME ByMIscgmdsdo [8,9].  ™mMogzg GHodol
505300 ELLO3ZYds  53wgbl  SiGe d965bMdYIOL  BroEOsEOME  9b8GH30EgdLs o
©IBRMO530mo  HoMImImdol  Fobsgsbo  bobmbol  Ggwsdbogome  Bsdloddgdmab
053930069390 ©9R9YJGHIO0L IMAMMBdOL 5035300l 9bgeyool BMEOUL &9bwgbiosl.
900909 ds 9du39M0d9bEHds 9999335 5B39b9L, OMI MoEos30E0 EILLO3]dOL Bermablols
330 gdom Jgbodwgdgos SiGe J9bobmdgdol MoosE0mwo gobdE 303900l 3MmEgLgdoL
domm3s. gl gBo 9600369wm3zsb0s  Si @y SiGe Fgbsbmdgdol i3dgbg goblobrzcmwo
30L90900L 65Hg35MQ5TESMME0 oldErgdoby S bgebisymgdols d9dabobomgol.

33935 @obbmOmEogws  ,dmms  HMLmeggol  LodsMmzgwml  9hm3bmwo  LsdgEbogdm  Bmbool
dbomsFg@oom [FR-22-328. n-SiGe 0dgbsbmdgdol gergdB®mmEBoBozamo s 5M5Mm93500 030190900l
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Pecularities of relaxation internal friction in ©Co gamma photons irradiated

monocrystalline SiGe:P alloys
Ia Kurashvili, Giorgi Darsavelidze, Giorgi Chubinidze, David Mkheidze, Marina Kadaria,

Nargiza Gogolashvili, Tatiana Melashvili
Ilia Vekua Sukhumi Institute of Physics and Technology, Thilisi, Georgia

Abstract. Relaxation process caused by the interaction of radiation defects and dislocations is revelaed
in the internal friction temperature spectrum, in the torsion oscillations frequency range of 1 Hz in the
monocrystalline Si+2at.%Ge:P (10"cm3) alloys irradiated with ®Co gamma photons. A tendency to
increase the dynamic shear modulus and activation energy of the deformation origin internal friction
relaxation maxima has been experimentally established. The possibilities of controlling the mobility of
the dislocations surrounded by thermal and radiation defects are shown based on the increase in the
absolute value of the shear modulus and the zigzag changes of temperature. The contribution of
radiation defects to the radiation hardening of the test sample is analyzed. The obtained results can be
applied in the process of development and creation of materials and devices with specific physical-

mechanical characteristics based on SiGe alloys.

Keywords: SiGe alloys, gamma radiation, relaxation, dislocation structure, activation energy, shear

modulus.
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The use of modern digital technologies in transportation

Emeliane Gogilidze, Natia Gogilidze

Georgian Technical University

Summary

Major trends in the digitization of transportation include: Connected vehicles. Drivers are already
using smartphones and onboard navigation systems to optimize travel. The next phase could help
vehicles communicate with external sources such as sensors, vendors and other vehicles.

Key words: Information and communication technologies (ICTs), digital transformation,
management of transport systems, digital technologies, transportation and logistics, intelligent

Transportation System (ITS).

1. Introduction

Information and communication technologies (ICTs) play a significant role in transportation systems
as they provide the connection between transportation system users, system planners, operators, and
managers. Over the last few years, with advancements in ICTs, there has been a rapid change in travel
behaviour.

The digital transformation of the transportation sector is showing incredible breakthrough results
starting in 2020. Automakers, service and logistics companies are focusing on optimizing and reducing
their financial costs by embarking on a new course of digitalization.

The events of 2020 have increased the value and relevance of digital transformation around the
world. Economic and social constraints caused by the coronavirus pandemic have become a driver of
transition to new business models, development of digital ecosystems, platforms and services, and
drone technologies. At the same time, the level, readiness and capabilities of individual industries,
sectors and companies for digital transformation objectively differ from each other, which reduces the
speed and efficiency of digital transformation. The main barriers to digital transformation in the
transportation sector are competent personnel and the maturity of the ecosystem of digital solution
providers.

The demand for digital technologies in transportation and logistics amounted to £89.4 billion in 2020
and may grow to P626.6 billion by 2030. Thanks to digital transformation, labor productivity in the
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industry will increase by 20% by 2030. The list of the most in-demand technologies includes paperless
document management, distributed registry systems, wireless communication, artificial intelligence,

augmented and virtual reality.

2. Digital revolution in the transportation industry

Digital transformation provides for the restructuring of all business processes, which will lead to the
improvement and, in some cases, complete replacement of existing systems for the organization of
transport and service enterprises.

A huge influence on the digital revolution in the transportation industry has been the global strategy
for the development of the transportation industry until 2030 with a forecast to 2035, which envisages
the active introduction of digital technologies in the transportation industry and is based on addressing
a set of pressing issues facing the industry in the early 2020s[1-4]:

e high accident rate due to human factor.

¢ low efficiency of the transportation process by traditional modes of transportation.

e low attractiveness of transport corridors due to high transaction burden (paper documents,

control procedures, intermediaries).

e lack of possibility of operational management of the transport complex from a single center

depending on the situation.

¢ low awareness and coordinated actions of regional and local authorities, transport stakeholders

on issues of transport security (including transport security, cyber security) [5].
e lack of possibility to monitor the condition of transportation infrastructure facilities at all stages

of their life cycle (fig.1):

Fig. 1. Digital technologies in transport
In order to address a set of issues that have arisen in the transport sector, the EU has developed the

Strategy for Digital Transformation of the Transport Industry, which covers 6 of the most important
areas of the transport industry:

e drones for passengers and cargo.

e green digital passenger corridor.

e seamless freight logistics.

e digital management of the transportation system.

e digitalization for transport security.

o digital twins of transport infrastructure objects.
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The strategy envisages the introduction of actively developing digital technologies:
e artificial intelligence;
e collection and processing of big data;
o distributed registry systems;
e virtual and augmented reality;
e spatial analysis and modeling;

¢ information modeling.

3. Unmanned transportation for passengers and freight

Creating the most favorable conditions for the use of unmanned vehicles implies solving the tasks
of forming a huge infrastructure throughout the EU [6,7]. Estimated benefits from the project
implementation: reduction of the cost of transportation for EU citizens and businesses by any means of
transport by 29% and improvement of safety level by 91%.

An unmanned vehicle is a vehicle that moves without a crew on board using a special autonomous
control system.

Unmanned vehicles travel on specially designated lanes along predetermined routes or are part of
general traffic, being equipped with a set of sensors, cameras, radars and a decision-making on-board
computer. For aviation, such sensors include: heading sensors (GPS), roll, pitch, roll, pitch, altitude,
speed, other aircraft systems, ground station data, and more. For automobiles: video cameras, LIDAR
sensor, radars, GPS [6]. The drone is able to adequately assess the situation on the road, interact with
pedestrians, cyclists, other cars, and comply with traffic rules. This makes it a full-fledged participant
of road traffic (fig. 2):
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Fig. 2. Changing the Future of Mobility with Passenger Drones - FutureBridge

From a technical point of view, the developers rely on existing realities and adapt unmanned
transport to them - the car "distinguishes" road signs, "sees" obstacles, pedestrians, and moves on the
basis of maps and satellite navigation. Unmanned transportation can increase the efficiency of freight
transportation and reduce its cost. This will mainly happen due to the absence of drivers in each truck
- unmanned vehicles are able to form autonomous convoys for cargo transportation, where the driver-
pilot will be only in the lead vehicle. Efficiency can also be increased by reducing accidents and the
number of downtimes, and reducing the influence of the human factor.

Unmanned trucks - a self-driving truck, also known as an autonomous truck or robo-truck, is an
application of self-driving technology aiming to create trucks that can operate without human input.
Alongside light, medium, and heavy-duty trucks, many companies are developing self-driving

technology in semi trucks to automate highway driving in the delivery process [8, 9, 10].
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In September 2022, Guidehouse Insights listed Waymo, Aurora, TuSimple, Gatik, Plus, Kodiak
Robo-tics, Daimler Truck, Einride, Locomation, and Embark as the top 10 vendors in automated
trucki-ng. And, Transport Topics in November 2022 is listing fourteen companies to know about self-
driving truck; Aurora, Waymo, TuSimple, Gatik, Locomation, Torc Robotics, Waabi, Einride, Plus,
Embark, Kodiak Robotics, Robotic Research, Outrider and Pron-to. Self-driving trucks are expected to
be on highways in the United States by 2027.

Several government agencies in the U.S. and Europe have announced new legislation surrounding
the use of autonomous trucks. Some challenges of bringing self-driving trucks on public roads include,
but are not limited to, road safety, the need for human drivers inside the vehicle, and the lack of specific
regulations surrounding driverless vehicles.

Unmanned rail transportation - is a method of operating trains automatically where the driver is not
required or required for supervision at most. Alternatively, it can be defined as a subsystem within
the automatic train control, which performs any or all of functions like programmed stopping, speed
adjusting, door operation, and similar otherwise assigned to the train operator [11-12-13].

Flying cars - in August 2023, representatives of the Chinese company AeroHT reported the
successful completion of the Xpeng X2 flying car test, in which this original vehicle flew over the Xiang
River in Changsha, Hunan Province. A distance of 1.5 kilometers was covered in 4 minutes, and the
vehicle eventually landed in Zhoutou Square. The dimensions of the car are 5172 x 5124 x 1362 mm,
and when folded, it measures 4949 x 2113 x 2055 mm. With a curb weight of 680 kg, the Xpeng X2 can
carry a payload of up to 160 kg. At the moment, the existing model can stay in the air for 25 minutes
before recharging the battery. The serial versions, which are scheduled for mass production in 2025,

will have an increased range (fig. 3):
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Fig. 3. Flying car
4. Seamless freight logistics

Seamless freight logistics will help to speed up transportation, reduce its cost, which will increase
the revenue of EU transport companies several times. This will be facilitated by:

- building a tracking system for freight transportation using electronic navigation seals;

- development of a digital platform for the EU transportation complex;

- formation of a system of end-to-end exchange of electronic transportation documents;

- creation of a national digital logistics circuit.

Thanks to the special digital platform of the transport complex and the use of various digital services,
the document circulation will become electronic and transport documentation will be standardized.

Planned results of the project by 2025:

- Electronic document management.
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- Digital platform of the transport complex.
- Mass application of blockchain-based smart contracts.
- Green corridor" for cargo transportation.

It is also planned to reduce the cost of cargo delivery and increase the volume of transit through the
EU territory by 2030 [9-10-11].

5. Digital control of the EU transportation system

The Unified Digital Platform of the Transportation Complex (UDPC) will become the systemic basis
for information interactions. It will integrate all existing and planned information and digital solutions
based on agreed principles, rules and standards. Additionally, it will provide an opportunity to receive
and provide convenient, safe and affordable freight and passenger transportation services and related
additional services. The digital management system is based on innovative information technologies,
including artificial intelligence [5].

It is planned to ensure a high level of efficiency and validity of management decisions at all levels
of the transportation complex - from market participants to government agencies, as well as the
possibility of high-quality strategic planning of the transportation complex. The system will help to
create conditions for building communication between all participants of the transport complex and
realization of new and high-quality transport and logistics services.

The unified digital platform will help to consolidate at the legal level the possibility of using new
objects of the transport complex: unmanned vehicles, unmanned aerial vehicles, intelligent transport
systems, robotic objects.

Intelligent Transportation Systems (ITS) help to operate the transportation network more efficiently
through the use of a set of technologies embedded in the vehicle or road infrastructure. The use of
modern Big Data analytics makes it possible to analyze the movement of people through SIM cards in
phones by collecting large amounts of anonymous data. Such solutions are the basis of modern urban
passenger transportation management systems, as well as entire smart cities.

The ITS complex is able to perform the functions of dispatch situational and operational
coordination of interaction of all road users, special services and agencies, which receives a huge array
of information from traffic cameras, traffic flow detectors, electronic means of fare payment, smart
traffic lights. ITS also includes electronic information boards, parking meters, automated lighting
control, means of automatic violation detection.

ITS allows modeling various situations and predicting the result. As a result, it is possible to
determine exactly how this or that event will affect the traffic situation, minimize traffic jams, the

impact of construction of a new interchange on traffic. ITS also helps to create infrastructure for drones
(fig-4):
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Global Intelligent Transport System (ITS) Market 2023-2027
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Fig.4. Intelligent Transport System (ITS) Market to grow at a CAGR of from 2022 to 2027|Increased use

of the meta-intelligence concept in transport systems is one of the primary trends Technavio

6. Digitalization for transport security
The project is aimed at creating a secure information space for passenger data. Thanks to real-time
security analysis of the state of the digital transportation complex, it will be possible to manage the
risks of personal information leakage or fraudulent actions towards passengers. The latest vulnerability
search systems and the creation of a unified environment for monitoring the security of transportation
infrastructure will help prevent and eliminate possible attacks [7-8-10-11-12].
Planned results by 2025:
e Introduction of mechanisms ensuring information security in the transportation infrastructure.
e Creation of a national system of preliminary passenger information.
e Creation of a unified closed secure digital environment ensuring the safety of transportation
infrastructure facilities.
By 2035, it is planned to introduce artificial intelligence technologies in the transportation
infrastructure.
With the help of digital technology, cities can regulate and electrify their informal public transport,
slashing emissions and bringing considerable benefits to road safety, accessibility and economic
inclusion [13-21].
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7. Conclusions

The digital transformation of the transportation sector is not the future, not a dream, but a reality.
A few years ago, flying cars and drones seemed like science fiction to us. Now we are already moving
on roads that have been built thanks to highly intelligent information systems, and in our phone we
can form the necessary route in seconds and cover long distances by transport without carrying any
documents. Passengers' lives become safer and businesses can earn more (domestic and international
freight transportation). Thanks to digital technologies, gigabytes of information about everything
related to transportation are collected and a new value is formed - digital assets of the transportation

sector.

References:

1) Gogilidze, Emeliane, and Natia Gogilidze. 2023. “Intelligent Transport Systems Challenges and
Achievements”. Georgian Scientists 5 (4):365-77. https://doi.org/10.52340/gs.2023.05.04.34.

2) E. Gogilidze, N. Gogilidze, "The impact of modern information and communication
technologies on the formation of society". International scientific-practical conference:
»-Modern challenges and achievements in information and communication technologies®, 2023,
pp- 365-375.

3) E. Gogilidze, "Wireless data transmission technologies and their importance". "Automated
systems of labor management". 2017 No. 1 (23). p. 84-92.

4) E. Gogilidze, “Embedded Systems and XXI Century”. Set of scientific researches of II
International Scientific and Technical Conference "Modern problems of power engineering and
ways of solving them", 2020, pp. 205-210.

5) Tamar Bitchikashvili, Liliy Petriashvili, and Luka Kavtelishvili Jang. 2023. “Digitalization of
management of a higher educational institution, national and international challenges and ways
of solution”. World Science, no. 3(81) (September).
https://doi.org/10.31435/rsglobal_ws/30092023/8032

6) Nona Otkhozoria, Lily Petriashvili, Ani Kudukhashvili, and Nino Kakhurashvili. 2023.
“COMPARATIVE ANALYSIS OF COMPLEX INFORMATION SYSTEM TESTING METHODS”.
World Science, no. 4(82) (November). https://doi.org/10.31435/rsglobal_ws/30122023/8076

7) Doborjginidze G., Petriashvili L. (2020) “Improving Efficiency of Inventory Identification System”
European Science Review, Issue 1-2. DOI: https://doi.org/10.29013/ESR-20-1.2-84-88 Pages: 84 —
88

8) Giorgi Doborjginidze, Lily Petriashvili, Mariam Inaishvili (2021) Optimization of Inventory
Management in the Supply Chain. Journal of Communication and Computer, David Publishing
Company 16 (2021) 1-5 DOI: https://doi.org/10.17265/1548-7709/2021.01.001

Georgian Scientists/Jo®m39wo d93bogMgdo @. 6 N 1, 2024 183


https://doi.org/10.52340/gs.2023.05.04.34
https://doi.org/10.31435/rsglobal_ws/30092023/8032
https://doi.org/10.31435/rsglobal_ws/30122023/8076
https://doi.org/10.29013/ESR-20-1.2-84-88
https://doi.org/10.17265/1548-7709/2021.01.001

9) Mosashvili, I., & Otkhozoria, N. (2023). Using RFID for effective digital enterprise management.
Georgian Scientists, 5(4), 297-301. https://doi.org/10.52340/gs.2023.05.04.27

10) Giorgi Doborjginidze, Lily Petriashvili, Mariam Inaishvili. (2020). IMPROVE EFFICIENCY AND
RELIABILITY OF SUPPLY CHAINS USING SMART CONTRACTS. International Academy
Journal Web of Scholar, (8(50), 1-6. https://doi.org/10.31435/rsglobal_wos/30122020/7261

11) Doborjginize Giorgi, Petriashvili Lily (December 16-18, 2020) Implementing Blockchain In
Supply Chain Management in Tallinn, Estonia.

Petriashvili Lily, Irina Khomeriki. 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.

12)  APT Asia-Pacific Summit on the Information Society: 31 Oct-2 Nov 2000, Tokyo

Declaration].

13)  https://en.wikipedia.org/wiki/Information_and_communications_technology .

14)  https://hdr.undp.org/data-center/human-development-index#/indicies/HDI .

15)  https://theconversation.com/internetization-a-new-word-for-our-global-economy-88013 .

16) Zhankaziev S. V. Intelligent transportation systems in ensuring road safety // Actual problems
of activities to ensure road safety (state, problems, ways of improvement): materials of the
interdepartmental scientific-practical conference.

17)  https://www.shs-conferences.org/;

18)  https://www.futurebridge.com/blog/changing-the-future-of-mobility-with-passenger-drones/;

19)  https://www.itdp.org/;

20)  https://superrask.xyz/product_details/32329697.html.

Georgian Scientists/Jo®m39wo d93bogMgdo @. 6 N 1, 2024 184


https://doi.org/10.52340/gs.2023.05.04.27
https://doi.org/10.31435/rsglobal_wos/30122020/7261
https://www.shs-conferences.org/
https://www.futurebridge.com/blog/changing-the-future-of-mobility-with-passenger-drones/
https://www.itdp.org/

056599000M39 30BMHNE0 G9gbmEmy0gdol 3530yggbgds LodMsbldmMEm

3°05B0g390d0
9990569 gma0e0dg; 650005 gmyoEody
Lsgds®mmggeml $gdbozmmo Mboggdliodgdo
9o dg
Lo@®oBLU3MOGH™M  ooH03900L  ,3530BROWMEOOL” oMo BHYb)bE0gdo  Fmoi3e3L
06@9MmbgBHom 05353006090 LoEAEMBL3MOGHM  LsToWdYdL.  Fdemegdo Mm339 09Ygbgdab
LISOGHRMBYILS O BdMOGHM  653025300L LOLEBHIIGOL  FMABIMOMBOL  M3EH0TODBIEFOOLMZ0U.
0900930 93930  LBOG®MBL3IMOGHM  LBodMogdgdl  @ogbdoMmgds o9  FYsMHM9dmIb
MON0YMHNJIggd5d0, 0lYmMGOML  MMyMmOgdoEss:  LoblmMgdo, dmIfhmadrgdo s  Lbgs
LOEGEBL3MOEM LoTomoEgdqdo.
1533960m BoBYzgdo: LEobBMMTsz0Mm s LH3MINB03Zs30M Bgdbmemaogdo (ICTs), 30x3GWwO
AOBLRMOT5300,  LOGHMBLEMMEGHM  LobBgdgdol  domm3s,  FOBOVIWO  GH9gdbmemyogdo,
G®BL3MOEHO O WMYoLE03S, 06EJGIE SO0 LoGMbL3MmMEGHM Loli@gds (ITS).
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9300b5¢rM0 sa60m 3eslBgMolL maolidol3M® LolEgdsdo s3390090L ,BMiEs©
©MM30* IIsbMOHgdOL s M3E0T3eMHo BmIol gobloBL3MS
9s¢bs® 9984083000, 395 3§oBMOOB30a0?
1065069600 MJEH™O0, 53530 F9Mgmeol Labgwdfonm vbogzgmlodgdol Lsobgobmm @gdbozmemo
3353990 GHIGOL SLM30690990 3OMBILMEO; 2065069000L MJGHMMO, 53530 HgMgomeols bLabgwrdfogm
©603960L0E G0, Ls0b710bOM 39d603IM0 BS3MEYGH0, Bmf3gro b3gEoswolGo

SbmEo30s:

3obboMos  M900mbsMmo oM™ 3sLBHIOOL  WwMmAoLE03MNO  LolEgdsdo
333)MBOGHMIBL3MOEGHM  BMALOBOHGOILMID ©H35300MGdMo  3OM3guoL  dmbsfowrg Tbstggdol
O 3sliBgol  Mgaomboymo  Lofymdgdo,  93GHMGHMBL3IMOEGH0,  8mdbIsMgdgwgdo,
090006bdgd o s 9B9JGHMIO0  BMBJ30MmboGmdoL  doaomo.  MHoL  LLOMLEBHMIFOMOIE
9396005 §9096bIGOIEo 659303000 FMIBTsMGOYE M6 30IM©YJ300L JofirrEgdol gMm-9Mmo
35600560 @5 FgLoleMegd9eo Bsdw)domgdol Bsdmbsm350; gMog3900L MYMEOOL 45dmygbgdom
3902960005 JugEMMO 409983030, OMIgEoE LT gdsls 0dEg3s 2960LIBWIOML LsdTomgdols
d0gwo (303000, 653 BOdFoMMS MQ0MbsME  sMm  3WsbBHYMHTo  IMIBTsMgdEgOOLIZ0L
36MMm©J300L  dofmgdol  Jgmobbdgdmmo  aGmsxgozol  dgygbol s ,HBMLEI© OHMIo®
LobEgdoom FMFomdobom3l; Jobofrmgdgeo 3OHMI300L MoMmEYbmdol  gsblsbrzMolsmgols
3°9myg9bgdmwos 39360900 80dsMr0gds 56989008 FoMm3s; dmEgdEwos 3GMEYYJ300L
3905H030lL M3E0do)MH0 FoMmIMBHOL gobloDP3MOL o000, Ly BYds FobLLBZG
09 OG0 350056¢0 Mbs 0465l sOBgM0o; sMBg30L oM OMEEMdOL TgEsdm{dgdaro
©oLIMo  5M39Bs  2oINY39H0W0s  F9gddBH03MNMO  FgOMmPOm, LsIg  MoEGoMmboGo
50O BHOL 9960l $3mEs6s 806080B300L BMEOIME00 EsEOL {HR030 3MMYM>A0MGdOL
59m3565%9.

90fimgdol  FoMmmM35d0 3390008 M3BH0To MO DBMIoL-(EMD)  goblsBrzMolsmgols
dnGoboos  Mobmboll  Gm®mIMEs;  299bs0oBgdIMos  Lbgoolibgs  9GMIgd0, Lo
3obboMos 53390 M3BH0ToWMMO  BMmIoL  9BAIMOTol  FgomEYdo s 2sdmyqbgdol
365JG035; 3obboMmos 36MMm©Yd300L JgbobgzsBg sbsbstxgdol BmMBoMYdol s dgbobgzsbg
dbmeEo boGxgdol Momds, Mo 3mo3ogL: o) 3oblobL3OHMM 39MH0om©do Fo®msgdo 3OMEYJ300L
96090l dgbobgzsbg s IMgwsBg 399008030 obsbaMxgdolL s 08539 39HOM©TO 3OHMEYYJ300L
9600990l 8965b35H9 s dMmzmsBg 19003030 botrx g0l LoEOOL s6MOTol; B) obloboggw
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39600mdo 30300l 9OHmYMEol (330090 BIbIGIXJOL, BIMIJOE ©O39380MYOMW0S
396529000 dMALabMgdol J0dObsMg boerxgOMb (30bEHOME0, 50Mo3Eb3s, s 5.9.).

052900l Lobom  gobboemos  Lsbohymdm  FsOMOL  godmygbgdols 3500563 9d0,
3o653900L Ingdboro FosMrM30L S ,B0JLOMGIYO“ FoM59gd0L FoOMZ0L Lobom.

MB-0L gosbgsm0dgoobols Bo@®mobldmMEHMm botxgdol gom35eobfjobgds, wmyolEozmeo
536930900L gL gdsBY BoIXJOOL M3BH0F0D(305, O MM JsbBHIMTo oblsbwzmmwo
360HMYJ300  dmIbTsMGdgwms  IMoGroggool  3Mbd3os  Tggbodsdgds  Mga0MmbsermMo  saMm

33Ol wMmAolE03O LobGgdob 9539dGHMO0 BMBIE30MmboMmIBOL MBITYEMMZg FoEAMIS.

1533%6dm  BoByzgdo: M9u0mboc®mo  s3mm  J3esliGgMo, 3OHMmdaool  dofirmgds,
39005H0308 M3EH0ToE MO0 FoOHIOME0, ©9339000L M3BH0Ts)HO BMTs, oMoyl Jqbobzsby
Q565bOIXR GO0 5 BaGIXOO.

0930MboMEO  spMm  3slBIOOL  MAolLEB03MNO  LoLEBYIYddo  BoMIGOOL O
9mdbdsm9dgdoL ,BMBEI© EOMA0* 53EHMUSEMIBLEMOEHM FAVobMgdsd MbEs s5353d06MML
59 3Mm3gLoL bsdo Imbsfowg: saMm 3sLEBIMOL MYGROMbIMEO LofiYymdO-533MEGHMIBL3MOE0-
dmdbdoMgdgro  (oMdgdo). o3 LoLEIIOL mommgmeErds  dmbsfowrgd Mbs  FgolirHgarmls
306309 HIWO 39O ™I 359393 dnEgdrero LobGgds 396 8gdwrgdl 98IJOVM©
B996J30MmboMYOL.  Fodow0m0©, Mga0Mmbo®  Lofymdl Mbos 3dmbogl 3MmEwdszool ol
509bMds, MMI NOOHMb39wyml ImabT>Mgdgw0, FoMDs, M9g0mbo b6 FmBsdlobmEMgdgwo
192d96GH0.  dMABToMgdgd0 MBS  FIbOLLDBPIOML  3OMPJ300L  FMEFMWMBOL  FoGrdEol
dobgzom, MOMIWwado3 MYOOHMb39wymzgb oo FoMImgdol GomIN  Fdomdsl, bmerm
B553GMIMBOWM  BHMBLIMOEGHTs  MgROMboEmo  LHYmdosb  IMIbToMYdEdL  BosfmpmU
3609305 8399990 INEMMIOM, 256LsDBNIOM EPIL s bsFoMMm MM™To.

930mbsmEmo  LBoYymd0D  FMIBAsMYOEGdOLS s BoMTGOOLM3Z0L  Fgmobbdgdmwo
365830300 36:MYYJ300L Jofoqdol gMHm-9MHMO 35005630 s FgLoliBrergdgwo bodwydsmgdols
Bodmbomgzgoo  dm@sboeros  sbMowo 1. domomgdero  Bsdwmdoml  Jgudvengds w96
396bmM309gl  M96308EI3IO© @O OMYISE.  soLomgol  Hobslfee  mMbo
3960LsBEzOML FgLslOEgdgEro Bsddsml dguMEgdol 3500900. G9IbmEMA0MGmO 353d0M0LS
@5 LOIMTBoml 96300 I3EMOOL  SLObgOLOIMZOL  AMOBIOOL  MIMGOoOL  godmygbgdoom
9L 90905 JugEIMO EOsYMSToL T9Ybs (Bob. 1).

OmamO3 bsbsbosb BsbL, Jugwmmo osaEMsds Tgagds 3396d900Lgsb (HMggd0) s
0505353060909 0bEMYOOLOYSD.  MoMMgME 335608 Tggbsdsdgds  A9M3ZgMo  FmddgEIO,
GIgoE 8amdsgmdl bodwdoml sds g 08 9GO30L ELOWYWGdST0. POOMIMO OLIGO
d99L50599%5 36309G M LHFMTomb, 500ddgds OMYMOF 3OMEILO s M LOdMEM™ TJIYO.
dogowomo@, 0-1 9mbszzgmo  90bodbsgl  maolBozm®mo  LoLEGIdoL  LsdsBolm  dsBGOL
39bLBE3ML HMIgeEro Imgergbol 3GMm3gLo 80930M©Ids 30039 3356dd0 (1).

396600l 30Bsbos  SLsbml  LoFMTomgdl MOl  g3z9gws  BHYdbmewmaom®o  3538060.
9525W0mo, BTN 2-3 s 2-6 0fygds GOMNPOMMESE, berewm Lodw)domgdo 2-9 Fbmerme 8-5
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@5 4-5 9330l LMool 89dgy. 07 d9dmbgzg390d0 IM3zgbgdol olv3s3d0MYdS©
L5FoOMs 9.5 BodBH0OO Bsdwgdomgdol godmygbgds byermgzsbo HsbYMI0gzMdOm, M55 babsHby
9b0dbmeos yz9¢ oo bsHgdoo.

JUB9EMO0 ©OsRMHTS FgLodergdgel BEOL ASBOLIBOZIOML sM> FbmwmE LsdMdomgdols
Bodmbomzgowo o 9b630da3z™mds, 96Msdg  3M0GH03Mo  abol  boby®dmogmdss, 96
L5FMFomgdols  Jmgero 3030, MMIJoE  LESFOOMS  MJROMBOEIMM  SaMM  3EslBHIM30
dmdbdoM9dgdolmzol 30HMmEwYJ3ool dofirmgdol dgmsbbdgdmwo gMosx3030L Fgaqbol o
»BMUEH©O OO0 LOLEGI00 FMToMdOLIMZU.

aobgobormm  Bmgoghomo  Lsdmdoml  Jguemengds, 3oy, LOdSHBM  d3BMOL
39bLsBEOZMOLsM30L  (0-1) smE30wgdgos 9639306 Mo  33¢930L BoBo®gds s dsBOOL
19299639300l doOL d9dabs, MHgA0MbEo Lsfymdol 3mddggdol MoEoMbowvMo MoEOoMLOL S
A306000L 2505H0E30L M3FH0TIMMO F5M0TBOL oPID-.

LofgmdoL LogdmbgadEbz0l s Bolio FoEYMOIW MO 65350l 3OMYBbMBOMYdS (2-3) mbos
993dbgdm©al  M59gbodg ol Imbs3gdl, Loss bgds ©obsdom®o  Gogol  99dabs,
2960L5sBE3M90s oo E0B303d WS 58 WOBSTOZOL 2obEMEgds. 530l 99809y 3907J0S MdYb0dY
Dol 360mybmBo, MHobmzoLsE godmoygbgds 93mbmdo3Mmo s 350793530 39M0 FgoMYdO.

gbMogo 1
8mIb3sMm9dEolm30L ,BMIE9-EMHME0* 3MmEvyd3ool dofowgdol 890sbbIgdYEmO aMx030L
d9L5009b5c0 FgLslirmEgdgemo L5sdw)dsmgdols Bsdmbomgseno

39bLabmGmE0gwgdgo L53omgdol hsdmbsmgswo
949900900L bmdgeo
i j
1 2 3
0 1 d060050 d5DBOOL QobLOBWIM, MYaoMbocmMo Lofiymdols

dmgd9ggdol M530Mmbs¢nMHo MH50LoL s BHZ30MHMIOOL
39051030l M3FH0T>WIMHO GSM0R0

1 2 ©obMm35300L Ydol g 9bs: dmdbdsmgdergdo-
53&MLOG®IBL3MOEM LG (LG EOBbL)-MgaombocrMo
Lohgmdo

0 2 130JG0O0 LdMTomgdo

2 3 930Mmbs©mo LHYMOOL GHZ30MMIOMBZOL 3OMYbMDBOMYdS
dolo 35EH9M0s®o bs3500

3 4 8cdbds69dobom30L 3GMMEJ30oL dofitrgdol Mm3EHodowmemo
LOOOU ZobloBE3G

Georgian Scientists/Jo®m39wo d93bogMgdo @. 6 N 1, 2024 188



4 5 6930Mmbs®0o LHHYMBOU LobOMAIOM BIODOL obLOBOZM
30 J300L d9bsbzol s Jobo gowsdwydsgzgdol
&996mmao0mcmo 3Gmigbobomgol

0 6 130JG0IO0 LdMToMmgdo

2 6 360 ¥Yd300L IMaHT>M9dEGOMb 53533060900
0653mE35300L 25005(3905.

6 7 6930Mmbs® LHYMdIo sGHZ0OMZ0L Lodmdomgdols

9L dOL TgbodegdMdOL S IMIBTsMGOY M6
3903MGH3060m300 Bsdwdomgdol 4obLYBOZMS

7 8 9mIboM909wmsb 30300l BoLsfMmEgds© dmd6ms30
999500396030l 99MPB935 s OLOdMMGdS

8 5 063m®ds300L Joffmqds

5 9 3629 300L ofmgdol Mm3EH0dsEo JoMIMMEO0L
3956925009905

1 9 130JG0O0 Lodmdom

9 10 9mdboMmgdolsm3z0l 3Mm©Y)d300L dofimgdols J9msbbdgd o
3M553030L d9gbs

@

65b.1. 890056900 358303000 dMTHIMYIGENE Mmool doLsBows© FgEagboro
JuowHo 3638030
005356  3mgddggdsl  FoMmBmoagbl  dolsfimgdgro  3GMEMIEool  MHom©gbmdol
39bLsB3Ms (3-4), GoLMZOLYE J9TM0Ygbgds 393609M M@0 BSOS 050 00l JsMMZs,
dolo Bbgsslibgs LobEgdol gsdmygbgdoom gsbolisbw3z®gds FMmIbsMYOMgdMb 3HMmEwJ3zool
90D030L BMTs. Fs653900L FoOMZ0L 3¢sl03MNO LoLOEHIIsd0 Fo65ggd0L (Bofirrgdol) BmTs qo
3960LsBE3MIOS Mobmbol FmEOIME00):

Georgian Scientists/Jo®m39wo d93bogMgdo @. 6 N 1, 2024 189



a= [ (1)

15053, Cp - baGR 05 89339000L JOMJMEol FglM¥)egdsHg (o®0);

S - ool 256053003580 M:95¢0D9d)0 bodmberols Gom@gbmdss (9hmgwmero);
Co bogmberob 8gbsbyoo Bobo;

[ - 00690 g00L fowos dgbsbzol botrxgddo.
39630b0Mm 360H:M)J300L F5sHP0Z0L M3EH0TsW OO JoMTOHWYEOL 4oBLEBOZMOL Jogowomo.
330050 IOIOMEOL 5bM0dol ML o6aLsbBPIMYos ,DMLEHI© OHMT0™ LobGgds, Mo3
530l 3bMO3Z 39olbIMdL J)msbbdgdrero aMox030m, 8m3gdMeE 50 DHY, ABLEBEOIOMIOo
509bMd0m, BoFoMH™ OHMIo 3OMYJ300L Jofmgdsl.
3oLBAIM0TgdgE0  Booeomols dobgzom  Mgaombscmo  Loflymdosb bogds Bi s B2
dIboM9gd9gw b Mm3EGH0Bs o FsMTOBH0m 3OMEYJ300l FofmEgds, 53sLmsb 5bodbsyer

dmdboM9xdgdmb Mbs obbM®mE0gw gl ghmo Lges bob. 2.

B2 8m88mabdsmgdgero

17 38

As

Bob. 2 m3E00semvyMo FsMONYEH 00 3OMmEYIJEool dofjmogds

153, A 66 - M90MbIMEO Lofymdos; Bi, B2 - 3mdbds6gdgeo;
Cueg - BOGHOBL3MOEGM maolE03MM0 (396G 0.

BoboB0osb hsbL, G®MI o0rdm0dz90s MmMO 3560056¢)0:
L.xge 0mgdlobmMml B2z dmdbdo®gdgenl, d90amd Bi @d  93@™Imdowo  060v9bqds

LOEGOBLIMOGM WMmAOLE03MO 396GHOd0 (Lens);
2.%960  8mgdbobemlb  Bi dmdbdo®gdgenl, d90amd B: o  93¢™Imdowo  dMbgds

BoGMBL3MOEHM MAoLEH03O 396GHOTo (bLaws);
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Omd dmbgl goblobrgts M GMIgwo 356M0s6EGH0 Mbws 0465l s®Bgmwo, Asdm3094gbmm
23900960l 459mygbgdol 309x8303096E0 - B. LEIE 3MIBR0E0I5EO 096905 9B, Ol 35M0BEH0 sGOL
989IHDO0 (EbGHoo 2).
3gbMogo 2

35B396909¢o 1 2
35005630 | 35M03BEH0

3960960, (30)

LsgHoOM 59 54
396090 36 31
A3060Hmom 23 23
39600960l 25dmyqbgdol 3mgn03096E0 0,38 0,42

MmO 3 3bOHOOo 2-sb BBL MBOM d9E9© 9BIJGIO0S BgmMg 350056@0.

09930 393039900 365gGH03000 30bgddm3569wgdm, 33069 256Md9bo doowmfjg3zs 85306,
MOMES  ©GH300m30L 3003900 39960 @O bEBHZ0MM30L dMEm 3MbdBHo  LsBH®IBL3MOEHM
@MoLGH03NO 395GHOB SHwml 0dYymRgds, LooIBsE 29dMIOBIMYIMOL 3060390 35010560l
d0bBsbdghmbomds.  M™MI  J9350mfdmm  9GBg30L  FoMMYOIEMds,  ILIMEO  58M35bs
390053093030 3500935303900 F90OMPO.

LOEGMBLINOGM Bodmogdols dobodswmEmo MEHZ0OHMME FoMmdIBOL MMMl dymazo
G530MmboEMEmO  JoOHIOMEHOL  Tgygbol sdmEsbs ool §MHR030 3OHMYMdoMmgdol  F9dwgy
59m3965%9, 3060d0Bo3E00l 8900090 BMEOIME00):

b.
L= ?=1 (IUJ — IABJ.)J{, OmEs, 0 < X; < Q; @o E}l:lx =N @)

153, L - 93¢H™Imdool m@Ez0mmm 45639600, 30;

lsj - 560861y gdol bj 37BIBHLS s LOGHMBLIMOEGHM MYoLEHOZNG 395GHML FmEOL dsbdowos,
39;

Ly~ 356d0o A-s6 bj-89 (H30Om0s60 33®Md960), 30;

J — 803bds6m9deob (6mdgHo) obgdvos G = 1,2,....,1n);

Xj- 356360 Gbg 80893539 93G™8MdO09dOL Mom©gbmdss gobEzoMm3zol dmem 367 Es0w;

N- 4393 856IOMGHD 0038539 93¢ MIMI0WIdOL HOEHb30;

Q; - 3903H0Z0L IMEIMBSS.

59m3960L Bo9m39009bM A5sfY39@S 0g69ds FoMTOMEJdOL olgmo LolEGdol dgggbs, MM
533™0Md0gdol 3odbodo Mo MomIbmds ©B0TBMEIdOL 3mbJ@do 8vdomdsls 5ozl

90808560 bbgosmdoom.

b .
g/ = Las, 3)
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59m3960L 49005§Y39¢0LsmM30L Lafilgolo dmbs3999d0 Bogfigdmm sbMoedo ds@MoEol Laboom,
Aol L5FYSEGOOM3 bgds JoMrTOHHYEOL TgLoEAgbo Y39as SME0EGIGO JSTMMZS.

056086wagdols 39bgdEo | Lafigobo dmbsggdgdo | Lbgsmdol ligg@o
Bi 10" Lyg, 10" = Lyp,
Q1
B> 10" Lyg, 102 — Lyp,
Q1
. b; b;
B loj lABj loj - lABj
Qj
Bn lgn lABn lgn - lABn
Qn
B: 58 -3
1
B2 917 -8
1

gbMogo 3

LoHgolo Imbozgdgdol dobg30m H3MEBOL sTMbLBs 0deg3s 3sLbl, MMT 53EMIMdOWO b -

4o b dMHMbIL B2 3bdGH0qsb.
330050 JoMIOMBHOL  gobloBrgmol 90y ©PJds Y3960  LsBsMIGWEHM

3960glbo  533MIMdOOl  Jobgwoll MOl  JoMoMYdOm,  MMYME3

930MbsmE Lsfymddo sigg9 8mTbToMIYOGMIb.

36OM  305LGgemOL

3°3LsBoEO 3MMEMJ300L Hoblgsby s Fob30MsMBY bobrxgdol s osBO30L

LOdMEWMM VOMGOMGdITO MJoMHO IBIBIOXRJOOL TgI30609ds, LSAGMMbgM Logdosbgdols 53

900969 olmz0l BOHOL 30632960 96E1b5M05EMBdL s 5830MGAL LHTMABT>MGdM GOLU.

Georgian Scientists/Jo®m39wo d93bogMgdo @. 6 N 1, 2024

192



dofimgdols  dsmmzsdo  ghm-ghmo  3bmdoo  ©s  Jogdmo  IgomEos 9933900
36MMMJ300L - ©5339000L M3EGH0ToOO DML - (EMD) PobloBOZGMS, HMIJWOE FIBMMIWS
b9 Mobmbols 3m®mdmwols d9d39mdood:

Qoo = |2 @

BS@5Gs Qs ©9339900b M3¢0o@ Mo Bdss, (9OMYM0);

A- 360993006 dmmbmgbol 063gblogmds, (9MmMge0/fgero);

R- 05339000 30{m@900L 00Mgdemgds, (0oM0/©9339009);

C- 356530L 900090l POMYINYGdS, (WSMO/9M0GE0);

I- 35650l F9bsb35D9g botrxgdol 3m95303095EH 09, (0MGdMgds/ Harofodo dsmsydo Bowgdmwo
3930350l 9OHMGM0).

o@bmboll BmEOIMErs F0PGOIM0s ©9339MJO0L  FoPGIIHY s 9™ 3¢l gl
36MEMJ300L 360l FgbsbgzeBg  Lodmoswmfierom®o  botxgdol dobodmdol  30MmMOd0Ib,
3903 29dM003wq0s BMOINWOm:

K= %A +22 5)
LooE, Q - 53390008 BMIss, (9MHNWO).

RMOINsdo 3003900  dgbozgdo  sB39690L  MguombocIMo  saMm  JamsligeMols
@moLGH03O LobEH)dodo EOMOL 2obLEBOZOW 39MHOMPA0 33907900l J0gdsBY botrxgdols
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Determination of “just-in-time” service and optimal order size in the logistics system of
the regional agro cluster
Malkhaz Meburishvili!, Tea Tskipurishvili?

'Doctor of Engineering, Associate Professor at the Faculty of Technical Engineering, Akaki Tsereteli State
University, Georgia, Kutaisi; 2Doctor of Engineering, visiting teacher at the Faculty of Technical Engineering,

Akaki Tsereteli State University, Georgia, Kutaisi

Abstract:

The article considers the example of coordinated and effective functioning of the parties
involved in the process related to road transport services in the logistics system of the regional agro
cluster — “regional warehouses of the agro cluster, road transport, customers". As an illustration, one of
the options for delivering products to the customer according to the agreed schedule and the list of
works to be performed are presented; Using graph theory, a network graph is drawn up, which allows
to determine the entire cycle of work, which is necessary for drawing up an agreed schedule for the
delivery of products to consumers in a regional agro cluster and working with a “just-in-time” system.
To determine the quantity of products to be delivered, the scientific direction Inventory Management
is used. An example of determining the optimal route for shipping products is given, where it is
determined which option should be chosen; the problem set to verify the correctness of the choice is
solved by a mathematical method, where the problem of drawing up a rational route with the
minimization formula is applied to the problem of linear programming.

In supply management, Wilson's formula is introduced to determine the optimal order size -
(OOS). Various works have been analyzed, where optimal order size report methods and application
practices are discussed. The formation of costs for storage of products and the amount of costs incurred
for storage are discussed, which include: a) constant costs for storage and maintenance of a unit of
products in stock in a specified period and the amount of constant costs for storage and maintenance
of a unit of products in the same period; b) variable costs of the unit of production in the period under
review, which are related to the current costs of inventory services (control, accounting, etc.).

As an example, options for using warehouse space are discussed, in the form of flexible inventory
management and “fixed” stock management.

Consideration of transport costs when calculating the OOS, optimization of costs for the
performance of logistics functions, and the function of providing customers with products defined in
the agro cluster correspond to the modern approach to the effective operation of the logistics system

of the regional agro cluster.

Keywords: regional agro cluster; delivery of products; optimal route of delivery; optimal order size;

inventor storage costs.
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094969096 35605309 d9M05d0. 3b0dM356 BgmMgdL 30 OO 25dMYgbgds 543l 39EHIM0bIM0sTO
L593MbsM.

5060365305, MM 90gMHINL 8903938 (3965008 M00Jdol yzgws bsfowo, asblszmmMgdom
350005 dolio 8993390 Mds Bmmergddo - 2,5-3,7 %.

©ox6s  Lm39ogbm  o6od)3569  ©93MMsGOMmo  3gbstgs. 0go  ©93:I9bOMYOME0S
FoOLOBIM0 BIORMDOLMZOL O ML VMBYYO®. BB dogmo Fgugms LoLE oL Qodm Aols
33960HMd90Dg 04969096 9OHMBooL LoHobssmdgam.

95050 4obzs908degmdol(-14° C, -16° C) godm LodoOmzgermdo ©oxbsli go®omm sMgoeo
399605, dobo LoEgMEbeols bsby®mdeogmds 300 fowl sfiggl. BOOL 30MmMdgdOLS s dmzerol
dobg30m 090 2,5 3930 LoFsEoL dBIL HoMBMOEYIbL, A3b3WYds 16-17 FgEMmosbo bggdog.

553659 B396L B0ge 959306 gdME0s 24 LybgMdoL 85369 Lm3M3z560 MEMYSBOBIO, HMBEGOLSS
0530560 93039 gdoLsM30L  bgawdgdfiymdo  306HMdYOOL  oEPMIoLLL  TgmAE0sm
9600836903560 B0osbo 80594gbmb 5©0bodbme 379 EHMSL s F9o30MML Fmolivgerosbmds.

ool 939b69Bg  B39bL  FogM  AsdM3zwobgdyemo  Lmgmgdos:  Verticillium  albo-atrum
Reikeet.Bert.; Colletotrichum nobile Sacc. = Clomerela cingulata (Ston.) Shr. et Sp.; Oidium passerine
Bertn.; Macrophoma georgica Ket.; Sclerotium rolfsii Sacc.; Phytophthora cinamoni Ran.; Fusarium
oxysporium (Schlecht)Snyd. et Haans; Pythium debaryanum Auct.Non.R.Hasse.; Rosselinia necatrix
Ber.; Cercospora unicolor Sacc. et Pens.; Pestalotiopsis laurina Month.; Phyllosticta lauri Nest.;
Phyllosticta nobilis Thum.; Phyllosticta laurel,a Sacc.; Ascochyta laurina E. Tasii.; Venturia nobilis
Sacc.; Diplodia laurina Sacc. et Pass.; Phoma laurela Sacc.; Cladosporium herbarum(Pers)Link.;
Camarosporium corinella Sacc. var Lauri.; Pyrenochaetia nobilis De Not.; Dendrophoma pleurospora
Sacc.; Alternaria tenuisima Ness. 5 Hendersonia sarmentorum Cooke var Lauri.

©ox3bol  93gbsolomzol LodoMmzgwml  3Hgbosh  L3GHO™M3ozmwr bmbsdo
39030300 dMMH0 bdmds Ms30b0 Motymazomo 360836gwmdom gMM-gMmMo LogMOSOIOM
5535009055, IOl godmafjzg30s Lmzm Verticillium albo-atrum Reikeet.Bert. o0 3merogsgmtdo
0169d0LOsS @S I0gMHo 3500MYgbo. 55350090L 400 -89 Lb3oILBIS MY SOl Ho®mdmToygbgen
939656M9L, HMAMO 3 9OPH0sBL 0l M35 FHe0sbL.(1)

bmgm Verticillium albo-atrum ogbs®g LodoOmnggermdo 30639we© 50060865 5. d553565d0L doge
bmdob 3960303503 gE0L Leggaer bgmsdo, 1961 Fgarl.(2) 9999y 30 ©LOZgm oMz Ml
Bb350Lb3s M50MmbTo 500b0dbs 3. J3oM(bagols s . 39359dsdol Joge. s3EHMMOMs Jmbs3gdgdom
08 OML 080 dE0gMO F5369Mmd0m HILOMWYdMS.

505505053 86Ol 390G0E0WOoMHBMOO  BAMds  3603369crmzs60  ogbgmdols  dmd@Esbos.
553500905 B39bL 8096 500b0Tbs MBMMYImOL, WIBRbYMOLS s BMdOL 89boE035w0EGEgEgdol
©RboL  3WsbBO(309080. ©9935J0S O DGOl 0f3g3L BJoM boGrgomdsdo, 530S
390050l V5535090990 93965006 LoDHY. bmzm Verticillium albo-atrum bosogdo Gsdgbody
Dol 206353ewmdsdo  3mEbarmdl.  Lmgm  3bm3zgEdymagEmdsls  0bs®BmMbadl  -10° C
393905 M5DY 943 M39L. IGO0 3H9B39MGHWIMS Lragzmbomzol sGob + 33°C. (3,4)
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0553500900l L0d3BHMIgd0 3obgds BBl MMl BMMEGdOL EGHIOHYMOOL ©s35MY300),
OH0Igog  Bogbmmol  gbger  3gMHomdo  LOsxs©  d0d0bsdgmdl s 93965093 9390
bdg0s.(BmG™ 1)

gendm 1. bmgm Verticillium albo-atrum -0m 5935009390 ©sxbols d39bstrg

0553500909 3396569 FBHod0LS s VIOM-BMEHJOOL gobog 96533900 Bg 509b0dbgds godEsM0
F9603900L g589dgds 96 y530LxGms© F9x39OH3s.(BMEH™ 2)

gm@Gm 2. bmgm Verticillium albo-atrum -0m 5935093990 ©s860L WgM™L 256030 2565F96M0

oo bsfowo 89MTgM(33wgwos. 39Mdsbo gl 033eol MmamOmE 39ME035¢Ms© ol
36OH0DMbE M.

553500900 I;39656M9 0093905 35306, HmEs I9gMHdbol 0bxzgdzom®o 3gMdgaawowo bmbs
9d96db0oL  396MH0xgM05Dg  sOLYdME  353d01dol Mgl Foomfg3L. 30dd0owmdol (Mgl d3gbsGol
LoEMEbWOSM30L Fowsdfy39¢ 0 360d3690Mds 5d3L. Lmzm Gmdloboo {odgagls dsb.

bmgem  Verticillium albo-atrum 5Q©30@o@ 59moymaxs Lnms 3Mw@©msdo 9396560l
Q993500900 MMAS6MIO0B. )-5856M05b 1153390 5MYHY 3005MYdS [9bambigg®o 33360030
d039womdol bsbom.(BmEHMm 3)

Georgian Scientists/do®mggaro dgsbogégdo ¢). 6 N 1, 2024 201




gm@m 3. bmgm Verticillium albo-atrum -ob bLvgms 3Mw@Ges

30b60@oML3MGM9d0 9OHYIXMJ05605, Dmdoom 6-12 x 2,5-3 939, R9gOHI0, geroxlvyGo gméIol,
0535390500 9936930 0.(BmGH™ 4)

Colletotrichum nobile Sacc. = Clomerela cingulata (Ston.) Shr. et Sp. - Lemgm 0f393L6 ©oBbol
RN gdbY 8 Y4530L8396 Wogqdl. Wodgdo 89dgy boaMobggmo begds.

DmaX IO Wsdgdo 9HmM0sbgds S MOl o bsfols 035390L. Fom BgI30MHDY
930009MH3oboL 398 bemzm Jdbol LoMmgEgEl, HMIYEBIWE 30005MEIdS 39O G0 IMS© JEAMI0
30b60@05m3E569d0, 30b0©0Mdgd0 30obEMMEos BMEMLYS, MRIMMEO TMIMYIIGOIEO
M mgdoN(BME™M 5); LEMEOGOOL Bmdss 14,2-22,3 x 3,2-6,4 930.
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gmn@dm5. bmzm Colletotrichum nobile -y 3mboowdgdo

L9390l 300D  SMTIOMIM0s  gogobRgMo  2-3  GobMosbo  xsaMOLYOGO
565353900, MMIgEms BmBss 52,2-82,5 x 4,2-9 930. 3mb0oML3MMGd0 FoME3wM356 J0amo3LL
390393L 3b0dob jzgogdom.

Sbgmogg Lod3GHMIgOom  3w0bEIds  YWMmMHBHGOoL  H535BS3  bmerm  bogmxuqdols
©553500900L5L 0§393L XM bogmBascmgdml, 9999y 30 JBEGIOL CI3MBSBS(.

bm3mUb Bobmosbo LEsoss Clomerela cingulata. 39003)930999900 bm Mo sb dgjdboer LEBHMMTsbY
X3IBIOSQ 300056090, IMIMR35™ 56 3bMLoLYGdM0s. 396MH03Y30499900L BMDss 275-317 x 165
930. Bsbmgdo 30wob®)e0s; SlgmLdmMmgdo 8, MmMIogo® obfiymdowo, mbsz dmbGowo,
03960, 3530 §9bMLEBgMO, msdo fomguo sEomom, bmdoom 22-27,5 x 8-6,5 930.
Oidium passerine Bertn. - ©ogbol Bogoto. Lmzm 935090l  sboeasHBOS BMOEgdLy o
4m®Ggol. 9390 BMoMEGO0 56 53500N0S.

Q993900905 BMMIOLS S Ym®EJObBg 3e00bds FMMJOOHM 96 s bozMobyggmo
53083Job Lobom BMMWGdOL J39s FBOHOWIB. FoEgEPosGwo Bogdo 990966935 yarm®MGHdbYg
3ol 4mb{gdbg. d03gw0smwwo goxndo bdoMs Bmmerol »dg@gl bsfowl 0Fqgml. bemzml
9039womdo  ©935IOIM  BMOWJIOLS O YmOBHJool 930 Mdolby  9ogMgds
536MH9LbMOH0)FYd0m.

Q553500930 MMPsbmgdo 33569 BgOL 56 3563, FbMW MO BMMOL Bgs Ibstrgbg
390096935 JarmGOMEGHMEo wsdqdo.

bm3m JoE3gWosOHE BoRdHY 030MMHJOL 39MEH03OXMMO© IEAMT 3MmDBOOsMIEHIMJOL,
MMIgdHgs3 d9H330L90M® Bol 3390 EboLYIMO 96 F0WobGMwo FGmMIoL 3mboomdgdo
956 33wM3560 GogmzLoom; Bmdoo 12,8-26,8 x 6,4-13 930.

Macrophoma georgica Ket. - ©5365%9 203039009090 bm3mgd0Esb ©OEO 3smMygbmeo
0169300 bsLOsMEYO.

o560l BmOWgdbBg wodgdo xgO Mo gogolygMos, 890y 3O ©OS Ys30L83960,
bbgo@olbgs Bmdol. @ods 2530xbMmos bomo bsfoobsgsd dmfomswm-gogolggho sGIooo.
b3l Bogmzosbmds 8530 F9OEGH09d0L Lobomss ool mMogg dbsbgby.
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LM 3 GMoEol ygbHlLog 99350gdL, HMIgaros 3M0Yds O BMMMEW ML GOMOE (33039.
R0 GOOL 553500900L 3M1M(396GH0 18-20 %-U 5©f9g3L.

Lm3Mb 3036000093900 - 9OPIMEOE 956 KAMRMOOWI, XIO 930EIOTOLOMOS PIRIOVIO,
3900099 30 930©9MHIOBOEID STIMIX IS, FMY35w0, Fdo go30LRIMO, 35RO ASTMBsbmEo
3mOMbom, Bmdom 210-250 939. BL3MMGOO POMOLEIMOLYIMO, MBIOMIWO, JOMNYXOIO0SbO,
0300356 3300m3z560 dogmogbom, Bmyxge 1-2 3bodol (zgomom, bmdom 12-27 x 7-9,1 930.
3Mb60@omMIEHs6M900 - MBIOHYO, 30¢00bOOo BmGIOL, Dmdoo 5-6 930.

A0 bmzm 300MmBGOO HoBMbsdIbgdL 0f393L. WM™ 3560 Lgergds, HMIgdbBILE3
bdoMo §90mb ©9bs beogds.

bemgem Macrophoma georgica 5©30o@© 2odmogmxks BMxms 3Mw@csdo d3gbscol
Q59350900 JiMZ0Wgd0Esb. 153390 9MIBg LMIM  Z0MIMPYds  MYJMMO,  359MH™M3560
dog9eodol Losbom, MHMIgeoi 8999 bsmsbmdom 8mJwgds s FmTsgzm-fobaymbgg®o
bgdo.

Sclerotium rolfsii Sacc. - 0{j393L 5360l MglierbgMagdol Losd3eqU.

090 30bgds MglerbgMol Bglgol Yygwmsb. 30039 s IMyMdm FMMs odgdol Labom,
MOmAwgdos  LHMIRs®  ©oEIds  ©ghHml  Loa®dgby ©s dob  06MY3wWo3.  WoJgdOm
39ML390Mm3gdMo MgLEbgMHRd0 bTgds. 5350TYMRMBDS 39MMIMOZ5® 3M(39IYIS S Y39sHY
9GO0 Bosbols 8mdEobos LabgMaol 306MHMdYdTo, ool 9;39bs6gms  508Mbo396g00  sbermliss
96035690056.

553500900 339bs6Mgadol  B9L30L  Ygwmsb  bossaol  bgwsdombg d9obodbgds
dnmgmem 56 dmyzomomm g3gMol Jo3geosMEo 30xido, LemMmbsmzol adsbsliomgdgwo
13E9OHME0YGO0M. 0RO VOS Yo30LRIMH0s S o3IOl LobY33L0WYDSS. 53539 MM LM
3996530900 BT GdS.

139O 3000 Bmdoo 0,5-0,8 830, Bmaxge 1,5 830 -05. bBMs 3MEGHWMSA0 35000 BMTd>
2,5-3,5 830, bygOEPO BMOTOLSS. XJO MVJPMO, T9FIY VOS Y530BGBYMH0SS.

Phytophthora cinamoni Ran. - 55350090L 212 Lobgmdols 9;396s6qL, 0f393b  @ox3bols dzgbs®ols
139L30L5 @S BIB30L YxEPOL EI3MASL.

5535009090 93965609900l F063560 B3O ¥dgBHILMdS FMES BJHOLOS S IT3SWO.
bBoYA3Eg  3MEIXEYds  §390Mmgdol  FBEOOEIE  Fmogz5M0  BgL3zgdol  F0ToMmMEGOO.
Q5535009090 9396569900 5305 0bEMYdS B0(josb s Bglgol YgEmsb dmozsm0 MgdML
390360 gds 9aRbg3s.

bmgem bgenmgbm 1s3390 s6MH9Hg MgmMo BgMoL, LylEo 3s9mmgsbo doggurowmdols Lsbom
30000000905, DmbdmEsbyomdgdo B39mwgddog 3083930l IdMEMadgdby Fo6dmoddbgds. oyo
90oxLO0 56 odMboligd®O BMOHToLI(BMEM 6), BmBoo 68-90 X 24-35 930.
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gmn@dm 6. bmzm Phytophthora cinamoni - 8oggwowgdo Dmmldm®msbyomdgdom

03960mgdbg 3mOmML0s OGIBIOME0, B0EBSE BMMI3MOYO0 250IMEOL. DOMGNIE
BmbdmEoea0ddo 30-35 -0g BMmb3MGss, BnEMI0m IMIMY35wMs, JoME3wMm3560 Fogmagloom,
bmdoo 10-17 930.

Dmb3mOSL  9390©gdBg 2 fyzowo Fodffsdo  5d3L, MmAomsz  fywol  {3gmdo
399 H0CYS. 356339990 39H0M©OL 999 BMMUB3MOS §9Y39BHL IdMMdL S 030Gl
$0bsBO©O0wgdL, HMIwomsg d3gbsmol Jumz0egddo 990FMHgds s 0bx3gd309L 0f393U.

Fusarium oxysporium (Schlecht)Snyd. et Haans. - bmzm 3meogsqm®o dmbgdolss, darogo
3960, 3bM3MMIL Bossaol Gobmbggmmdo. d3gbstgdo 03Mmgds 3g3gd0E6 WS BIL30L
49wwosb. 9396960930 259mymxzzl GHmJuoze bogzmogMgdgdl.(5) of3g3l 939bsM9ggdol gglgols
49obs s gglgms LolEgdob 3mdsl(6,7) GMoggmBo3mB® F36Mdold s bdmdsl.(8,9)

0bgggdzool  figommlb  HomBmoygbl  Jrsdoombdm®Mmgdo,  GMIwgdog  3gbstol
Q05535009090 MOYBMGdIOL 65MBg67dLS s Bosoados.

bm 3 bgenmgbm® B3390 9M9BY 3909 30MMEYds, XIO IMMYNOM, 999 ImIZ30bOLBIM™
3039w0mdol bsbom.(BmEHM™ 7)

amnGm 7. bmgem Fusarium oxysporium -ob boygos 3me@més
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396@®3do b5%Bo Jgholigd®mos, LydlEms@Gwwo dozgwrorydo 9306olggMos, HolosYdS
dogmo  LEMOWWHE00® b3 03050l OMPMOE  F93MM3MboEOMTgRL,  SlY3g
90360m3mboodgdl(gmGm  8). 0530m3mboomdgdo  MIgBHolo 3 BHobGm0sboy,
Bobg3503n35Mm0L7dM0 Imyzs60wmdoL, Bmdoo 30-50 x 3-5 930.

g™ 8. Lmgm  Fusarium oxysporium -0l 35360 @S 3030M3mboov)dgd0

90360m3mb001d900 M350, dmaMdm, 33903EboLYdMO BmMIoL, 1 6 2 GHobGmosbo,
bmdoom 11-20 x 3-4 30. 8036>3mb00Y3900 OO M>MEIBMBOMHs. JEs80EOMB3MEMYOO 1H30s,
399896530. LegMmb SHSLOSMYIL b3 gOIM(304939d0L FoerBmdabs.

Pythium debaryanum Auct.Non.R.Hasse. - bmgm b60s@ogdo 93bmgmgdos, 3meogsyw®o
0169d0L. 00 MO390 3N GHYIOIo F390sMOL 935 JdL 0f393L. IBHOL W35 YdMO
9396509900 BsdMEOBIO06 BM©sdo, 909y BMMEGOO LIY30MEIEIOSM, ©9935QJds BGL30L
490HBg 3909©OL s 33MBL. I39656M0L bgs Bofogro bdgds.

am3™9. bmzm Pythium debaryanum -00 55350093990 5360l d39baty

bemgem ofigg3b dmbOoo 3gbstggdol bAmdSL. 5350905 FgAHILI©  JOD[06
3MNGHMMI0DY 33H3090s. 305350 Herosbo 9396569930l 5350JOSL 5TMbS(3969d0L 3gHom©do
0f1393L.  950dmbo3ggboll Mgdm X9 ys30Lx9cm0s, 90y 993090, 993900 SOYOWGIO
©OROMY0s bm3m JoEgerodom.(BmEm 9)
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doggerogdo  9OOPXROIEO60d,  @IGMGZOWO,  HZOEILPEIL0S  EIFIQIPYWO
939bs0ol g™l Joaboms  bBsfloewdo.  doggwonmdol  bsfocro  ©gOmbBg  got9sbss
396300560900, Loog 0dwgzs  Midabm  4e3MO3egdol  MEYBMIOL - 3mb0OTgdL.
3060013900 BHOL Jowl 0dwg306, bgli¢osh 530680 30 49093935 BMML3MEBR0To@.
Bmb3mOsby0dgdo Imdcmy35wgdwos 96 wodmboligd®mo.(m@m 10)

am@m 10. bmzem Pythium debaryanum -ob Bommbdm®gdo

bm3zm Pythium debaryanum 9370360l Lemzmfigoendigbstgoms(Phycomycetes) a3l o
OmamO3 bbgs figoard3gbs®gms fo®mdmdsygbaro 030 Lobglidol dmyzscmeos.

Rosselinia necatrix Ber. - bmgm 3meogsyos, 0f393L IMsgsero dzgbs®ol(zsbo, gsdwo,
GoGOYLIB0, 319H3m36900, w30, AOIBEOL by) Boliggdol @3mdsl; s3Mym3g ofjzgl  bgde@
39BOOwo 9;39656MH0L BgLZIOOL I935JISL.

Q55350930L  30039¢ LoxgbmMBg (396569900l R9g13gd0L 3960 8JEYds, SWIZOWSE
336905 996Jobls. gmHJobly @s 39BL GOl Fomdmoddbgds dMEHYgo d0EIX0sOIO MoLidgdo,
(3 gd03 INMYNOM-dY30m¢m 56 36 T9x9HOEMIOLYS. 30039 53500 fi3Mowo
193900, 9900y 99350Yds FM35M BJL39dDY A9OEOL. B0sWIHOL BYI30MLS s Bgligol
49wmsb 3560 1300905, MHMBgEdo Homdmoddbgds 8530 13gMOL B3EgOHMEFOIYdO.

bmzem 306005 H s Bbm0sh bogmz05bmdsll 0830000@ 03000090, 068930 bgds
Booogdo  2sb30mMgdo  doigerodom, MMAgos 990309 3gbgol  Jumgzowgddo s
55390090L. 530l 253M 9935 JdSL 39MMIM030 boLoMO 5g3L.

06g399300L §gomrms 953500900 839bstols bo®Bgbgdo bowasydo.

Pestalotiopsis laurina Month. - 0{j3936 @360 BmmEwgdol bogMmolgge wsdosbmdsb.
5350dYmumdol 30MH39wo 60dbgdo 3robgds BMmMEgdby IMMs 53gMol 3Mowo, MBmOIM
5d9gd0l Lobom. ods 9bsMb OPIds s BMMWOL o bsfols 035390L. Wsds oo
Boffooligeob go8oxbmwos dmdo sGJo0m. OM™MS obdogErmdsdo ods o33wol 3gedl s
Bo3mobggmo bgds. Bogmaosbmds odgdol HBgsdo®By 30ms6M©Yds Fo30 F9MHEH0wgdol Loboo.
090 930)MToLOMS IRIOOo. B3MMYdoL dmdfoxgdol Jg8gy 9J30IMTOLO 0MM393s S
33035 bLe3ML BL3OSMYOHM3GdO0.
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Le3ml B3MOGOO MOMOLEIMOLYMdM0S, bmmX®osbo, s 3 Lsdo MXMIVO oS
9230b89Mass Jg8gHoero, dnawm m6o 3o PIFINIo(gnd® 11). J3ges gBIcIwo YXOI©o
3M60@05m3E5M0L Bgbo FoIOL; DY MRIOME MY MGODY ob30mMgdMw0os 2-3 (odfsdo.

L3mM9d0 Bmdom 16-28,8 x 4,8-9,6 930. 360OsMIBHMOO0 T3S, BmIoo 6-9,3 x 0,8-2 930.
¥ - - ‘3

©
A - e - - X
» "
b= - - - : » . R - &
S Ly - PR g - y
- =R > . - - -
L3S » 40 - = *‘
> ~,}: - 8 = 9 L A -
® - g E P
"= . “ .
L = 7 Eew
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ge@dm 11. bmzm Pestalotiopsis laurina -b 3mboowdqdo
M3 JOMHOMIPIP EIRBOL dZ39e BMMEGIL 5535009Ob.

Venturia nobilis Sacc. - 0{j393L ©ogbol Jgab. bLemzml 300600 MMO BSOS F0MSMEIdS
RO §3905 dBsMgHg ImIMY35cm 3MEOIOL s 530 BgIOOL bs3gMHEM3zs60 Boxdol Loboom.
b5390m@M3560 5oxdol 3mmbogdo MsbEsmsb ©O0EYds s JOHP0bYds. odgdl Bgdmom
R0OL HBYJOI30M0 56D 3563l 3530 BB )M RIML s JEMOMEHMEO bEYds, MOl
3990 BMOOME0 5FHIXGOIO0O.

4m®Ggdbg Lmzm oligmo3zg LOd3EHMAGOOM 30bYds, MMYMOE BMMEGdDY.

bmzmb dosgerodo 9309gMdoldy 0dsgmgdmEos 536MHgLMM0MIGO0m, MMIWIOBIOIG
3005095 39M3H035WM5© dMI0 3MB0OsMIEHIMGd0. FolDY 30005MEYOS VOS Yo30LR9MO,
00m0bBEM0LYdM0 3mboomdgdo, Bmdoo 16-21,7 x 4,8-6,4 930.

bemgml  Bsbomosbo  LEsos -  Venturia nobilis  500b60dbgds  Bsdm(33960c  BMmmEgdby.
396039309900 - IMHR35¢00 56 M35¢ MO BMOHIOL, ML Jumzoedo Bsdx Mo, Bmdoo 100-
120 838. 396039309990d0 LEBHOMIYPIBY 300056EYOS M35M580DM BsbMYdO, BMmdoo 51,2-57,6 x 8,3-
10,2 830. ®om™gn Bsbmsdo 2 »x690sbo 635 F9bamliggg®o LdmMss, bmdoo 7,3-9,6 x 2,8-3,8
030.

Diplodia laurina Sacc. et Pass. - 0{j393L ©53360L yerm®Egdol §i3gmmgdol Fobdmdol
I gdbyE 890986935 Leazmb Boymaosbmds - 30360w0mdgdo.

3036000099900 350695 od 953500 ©gOML  BY306HBY,  Jumzowgddo
BoIX M0, 2 X 900560, 35MY5 dglsdhbgzo LofgwrmGmom; Bmdoom 14,4-19,2 x 9,2-10,5 930.
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Mypac — MuxkpoopranusMsI-Bo30yaurenn OonesHeir pacrenuit, Kwue-1988, <<Hayxosa
oyMmKa>>, crp. 106-107;

2. A. B. MxaBaHazze — Marepuansl kx usydeHuio Goisesuu rpuba Verticillium albo-atrum
BBI3BIBAIOIIETO BEPTUIMIMO3HOE YCBIXaHHMe O6JIarOPOZHOBO JaBpa. 1pPyAbl WMH-Ta 3allUTHI
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Mycobiota of laurel (Laurus nobilis L.) plant
Lamziri Beradze!; Ioseb Basilia%; Rusudan Takidze3; Ese Jackelit; Giorgi Sajaia’
1Academic Doctor of Biology, chief specialist; "Anaseuli" diagnostic center for soil, food and plant integrated
protection named after Adam Beridze LLC
2Doctor of Agricultural Sciences, General Director, "Anaseuli” diagnostic center for soil, food and plant
integrated protection named after Adam Beridze LLC
academic doctor of agriculture
*academic doctor of agriculture, chief specialist, "Anaseuli" diagnostic center for soil, food and plant integrated
protection named after Adam Beridze LLC

Sbachelor, laboratory assistant "Anaseuli" diagnostic center for soil, food and plant integrated protection
named after Adam Beridze LLC

Summary We have identified 24 types of pathogenic fungi on the laurel plant. The following
species of fungi are harmful to the laurel plant:Verticillium albo-atrum Reikeet.Bert.; Colletotrichum
nobile Sacc. = Clomerela cingulata (Ston.) Shr. et Sp.; Oidium passerine Bertn.; Macrophoma georgica
Ket.; Sclerotium rolfsii Sacc.; Phytophthora cinamoni Ran.; Fusarium oxysporium (Schlecht)Snyd. et
Haans; Pythium debaryanum Auct.Non.R.Hasse.; Rosselinia necatrix Ber.; Cercospora unicolor Sacc.
et Pens.; Pestalotiopsis laurina Month.; Phyllosticta lauri Nest.; Phyllosticta nobilis Thum.; Phyllosticta
laurel,a Sacc.; Ascochyta laurina E. Tasii.; Venturia nobilis Sacc.; Diplodia laurina Sacc. et Pass.; Phoma
laurela  Sacc.; Cladosporium herbarum(Pers)Link.; Camarosporium corinella Sacc. var Lauri,;
Pyrenochaetia nobilis De Not.; Dendrophoma pleurospora Sacc.; Alternaria tenuisima Ness. and
Hendersonia sarmentorum Cooke var Lauri.

Key words: macroconidia, microconidia, fungus, disease, mycelium, conidium, conidia, flower,

nasci, fruit, root neck, chlamydiospora, pionitis, sporodochia.
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Abstract. Fruits and vegetables are perishable agricultural products, therefore extent of the shelf life of
agroproducts is an actual challenge. This review presents biochemical changes that occurred during
shelf life in covered agro-products with edible coating, in particular changes in parameters that
determine their commodity properties, such as water-soluble dry matter (BRIX), titratable acidity, and
crude cellulose. Edible coating is an alternative to traditional storage methods. Such films have been
used since the last century. The prospects of edible coatings for sustainable food preservation have
increased according to their use. Nowadays they are a current trend of organic products packaging. In
recent years, preference has been given to the use of biodegradable, environmentally friendly materials
in the form of food coatings. The interest in the development of biodegradable edible films is increasing
every day. The aim of this study was to evaluate the effect of pseudoprotein applied as an edible
coating. The research aims to determine the optimal storage conditions and, therefore obtain and apply
different concentrations of pseudoprotein-based edible coating solutions for covering fruit and
vegetable samples (apples, carrots). Products are stored at their suitable storage temperature. The results
of the experiment emphasize the positive influence of pseudoproteins in extending the shelf life of
agricultural products. Pseudoproteins have been mainly implemented in medicine as drug carriers and
surgical implants, where they have shown high biocompatibility. Taking into account the potential of
pseudoproteins to preserve agricultural products, it is possible to expand their scope and introduce

them in the agriculture and food industry.
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Catalytic Decomposition of Hydrazine on Germanium
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Institute of Cybernetics of Georgian Technical University; 2University of Georgia; 3Sukhumi state
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SUMMARY

The decomposition of hydrazine vapors on the surface of single-crystalline germanium at 650°C is
studied. This catalytic reaction proceeds according to the scheme 3N:Hs+—4NHs3+N2. Ammonia

corresponds to an equimolar amount of chemisorbed hydrazine (nN2H4(g)—>nNH3(g)+(NH)n(ads) )..

Keywords: Hydrazine, Germanium, Catalytic decomposition.

INTRODUCTION

Hydrazine is one of the most chemically active substances - a strong reducing agent. He has wide
application in various fields of industry, technology, medicine, etc. and has been intensively studied
both previously and currently [1-12]. Liquid N2H4 is very hygroscopicand has a noticeable ability to
absorb oxygen and carbon dioxide from the air. It is called “high purity” when the water content does
not exceed 1 wt.% and “ultra-pure” - with a maximum of 0.5 wt.% H20. The concentration of water
in hydrazine is estimated by the density, melting point, or refractive index of the mixture. However,
literature data on these parameters are different, due to the difficulty of accurately determining the

physical characteristics of pure hydrazine.®

Hydrazine is easily decomposed by heat and radiation, especially in the presence of catalysts [13-17].

The general form of this reaction is given by the equation:
3N2H4—4(1-x)NHs+(1+2x)N2+6xHo. (1)

Depending on external conditions (temperature, pressure, catalyst, electromagnetic radiation, electric
discharge, etc.) 0<x<1.""
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The catalytic decomposition of hydrazine on the surface of germanium has been studied relatively
little and there is data when carrying out the reaction up to 80°C. In early work [18], powders of Ge of
n- and p-type conductivity were used. It was found that the decomposition products were ammonia

and nitrogen. The type of conductivity did not affect the catalytic properties.

The paper presented here examines the decomposition of hydrazine on the surface of single-crystalline

germanium at 650°C.
REAGENTS

Commertial hydrazine-hydrate containing 50 mol.% (36 wt.%) water was distilled using the
Raschig's method with improvement. In particular, before distillation, it was boiled with NaOH in an
inert atmosphere of nitrogen at a temperature of 120°C for two hours. Hydrazine purified in this way
had a density of p =1.0024 g/cm3 and a refractive index ofn’ = 1.4705. According to the literature,
n#® =1.471 corresponds to 100% N:Hs. However, this can be considered not entirely correct (see

appendix).

Plates of single-crystalline germanium doped with antimony (charge carrier concentration
n =2-10%cm3) had a resistivity of 235 Ohm-cm. The crystallographic orientation of Ge plates are (111)
or (100). They were previously degreased in boiling toluene, etched in liquid etchant CP-4A
(HF:HNOs:CH3COOH-=1:15:1) for 4-5 minutes and washed in running distilled water.

RESULTS
As mentioned above, hydrazine decomposes on germanium according to the scheme [18]:
3N2Hs—NH3s+Na. (2)
Dissociative chemisorption of N2H4 without nitride formation can be represented as:
nN2Hs(g)—nNHs(g)+(NH)x(ads). (3)

The resulting ammonia corresponds to an equimolar amount of chemisorbed hydrazine. As a result,

the total change of pressure is determined only by the decomposition reaction.

103 PP
107 P,P, g o
33 } e .
o
26 | i A
o’/
/ 2}/
19 1 AT 2 )
2 ‘a/c: P &
19F W b2 2
15 30 45 t, min 15 30 45, min

Georgian Scientists/Jo®m39wo d93bogMgdo @. 6 N 1, 2024 228



(a) (b)

Figure 1. (a) Kinetic curves of hydrogen (1) and ammonia (2) accumulation during the decomposition
of hydrazine in the presence of germanium (e) and without it (o). (b) Kinetic curve of the total change

of pressure of gaseous products at 650°C.

Figure 1 shows the kinetic curves of the accumulation of hydrogen and ammonia at 650°C. It can be
seen that the amount of ammonia is constant in the absence of germanium, and in its presence
gradually decreases. The hydrogen content in the presence of Ge increases sharply, and in its absence

it first increases and then decreases.

Thermodynamic calculation of the change of free energy showed that reaction (1) at x = 0.25 has
almost the same probability as reaction (2). However, the discovered fact of hydrogen evolution gives

preference to reaction (1):(™
2N2H+—2NH3+N2+Ho. (4)

A sharp increase of the amount of hydrogen and a decrease of the amount of ammonia in the presence

of germanium can be associated with a heterogeneous reaction:"
3Ge+4NH3—GesNs+6Ho. (5)

The study of high-temperature decomposition of hydrazine was also carried out using IR absorption
spectra. Figure 2 shows the IR spectra of N2H4vapor, demonstrating the dynamics of its decomposition
at 650°C. Curve 1 corresponds to hydrazine vapor, curves 2 and 3 to hydrazine heated for 15 and 30
minutes, and curve 4 to pure ammonia. These spectra indicate that the decomposition of hydrazine at

650°C occurs mainly during the first 15 minutes and is completely completed within 30 minutes.

IR

1000 900 Y, cm’!
Figure 2. Dynamics of hydrazine decomposition at 650°C.
Footnote belows:

OAccording to various authors, the density of liquid hydrazine at 25°C is 1.0045, 1.0036 and 1.0024,
1.008 g/cm? at 23°C. The melting point of the system N2H+/H20: 1, 1.4, 1.53, 1.6-1.7, 1.8, 1.85 and 2°C.
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On alkaline catalysts x=1, on some semiconductor catalysts (Ga, Ga:Ses and others), as well as on
some metals (Te, Pt) x=0, on some other semiconductors (V20s, Ga2Tes and others), as well as on acid
catalysts 0<x<1, during decomposition using a spark x = 0.38, and during bombardment with -
particles x = 0.12-0.22.

(™For reaction (2) AG=220.5 kJ/mol and for reaction (4) AG=222.6 kJ/mol.

("This reaction is the main method for producing of germanium nitride, which has applications in

micro- and nanoelectronics, photoluminescence, energy storage, photocatalysis and others [19-24].
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3000M5B0bOL 35¢3oe0BMMO s 39M3sbomdby

590056 Ksbge0dg!, BMsd 500500573, 585 MG, 06530 babMEMOAdg0MmO!

B5gdoM0390mb 3996039600 Mboggdlo@gdol 30090bgE030L 0bLEHOEWE0; 2bods®mzgwmls
16039ML0GYGH0; bMbdol Lobgwdfoxzm MbogzgmloE 9@ 0; ‘0dowrolol Lobgwdfoxgm

Mb039MLOGYGHO

M9bomdg

d9bPogoos  300M5HBobol  MmOMJwol Iy FMbMIOOLEIMMO  ggM3sbomdols
B9s306Dg  650°C  3Hgd3gmo@mobomzol. gl 3sGHowobMEmo  Mgod3os  F0dobstgmdl
3N2H+—4NH3+N2 bdgdob dobggom. 580530 99gbodsdqds  Jgdmbmddo®mgdmwo  30cmsbobol
99300m 56 G5mEbmdSL 99ga0 bdgdoon: nN2H4(g) >nNH3(g)+(NH)n(ads).

153356dm LoEY3900: 300MSB0bO, 49MH60930, 35BHIWODBMOO ST
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Lsgds®mzgemls Berm®ol 9bgdy®o dsgzarols Lsbgmdols - Rubus cyri Juz.
3ofiobBgos 3989G9GH0O MMHY6M™Ms F0IOGMBEHGNMIGHMONIEO 01530U9dMYds60

Bober a9froneo’; Jgogasb 83geodg?; xgdsew s6yeo?

l0d0obol Labgwdfogm Lsdgoobm Mboggmlo@gdo, BoMTs3z00L Bo3MEIG0, MdoErolo 0186,

Lodo®mggerm. E-mail: gergaulinino@gmail.com; 20blvy omggen §wmomgersdol gs®dszmgodool
0bLEOGHMG0, BMTS300ME96030L J0ToOHMMEgds, Mdoolo 0159, Lods®mzgerm.

Email: k. mchedlidze@tsmu.edu

R YRS %)

99Lfogaowos  Lodo@Mmggerml  gbgdn®o  di3gbo@ol Rubus cyri Juz.-ol  dofolbgs
3939G5GH0M6O  mEORBMms  9bsGHMB0MEO  5390gds. J03M™mE9db03580 BoMgdo 33930l
390965wm0  dgoom©gdoL  Logdzgerbg  ©oygbogos R. cyri-ol  3036mbEH®MJEmOoL
B505abMLBH03M Foboliosmgdergdo. guwm®Eol IMbwmImGmolol 930gMToLol 53v1dgdgdscg
X 90900 dhgymdMo 53306003900, 93009m3olols MR OO dm6ob
©0xgMH9630MHgdMos 96303 M (3030 O0 (3MmeolndBM0) G030l doaol 5356M9E0. BMmMEIOL
5QogdLoseMEo 930 MHdoLo  ABMEbsBMZB0, dsJLosWMEmO - LHMObIBMZbo ©s ™mEm039
9606506050 LMLEHO©E FMbOOW 3YJOE0560 50bsFMIOLYS. BMMEWOL 35JLoSEME 930IMHoLT0
39653030 Lsbols dogggd0s FoMdmoygbowo.

R. cyri-ob 0g®domo m®mobmgdol G®msbBoGmemmo LolEGgds 3mbmdMmog0s, goblbgoggds
g4m®Gob  3Mbemdm®Oolol, GmmEol ygmbHiol o Tmoegzsm  dosM3do o3BG  3mboomo
509bMd530 O 9MTsbgmol 0800 FF0EOHM b BT ob{YMdsTo godmobs@Hgds. gm0
656093l O BMOMEToi sOLBYIME0 FodBIM0 3mbs FMMF)E-0mF3M3960 JNWHEHIMIMEO
LEAHOMIBHYIOOLS, 0BMEOMYPOIMo  358d0Mdom  FoMTIMEYIboO. 25dFIG 3Mbsms dgegsbdo
50LHYOS BHEJ90IOOL, 23BN FMIOFgdoLs S dMFIMZ60 MXMIIOOL SMOYMMNY35MM3560
39W0dM0L  LEbsMYOO; BHMOJJoE Jimzoms Jos FoMLOLOL AsLdgEgds IMEMOYGMDOM
3MOM3560 s BLE3OMIWYGOS.

R, cyri-ob  gmowol  go®xods  00835305mo  RmMdol,  303mbEHmds@nmo,
©OMODBMZ96GHMMM0  LEHOYIGHOOoLss; R. cyri-ob g3ol 8obogebo  s0boamds  momddol
9600RgOHM35605, ol LBodBHIoEgl  99dsbozeo  GHodolL, 3mwgbdodGmo YOI IIOLs s
19 EsML0SBO 3MEORMBIW MO YR IOOL 05653Mm36096Mgds gobsdoMmdYAL.

Us3396dm Lo@ygzgdo: Rubus cyri Juz.; ULodseomggerml 9bgdm™o 8396569; 393939GH0M0
M6560930; 565BHMT05; BLoEOsRBMBEH0ZM Fobslosmgdegdo
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LogoMM3geml  BEMOOl  IM935¢RIOHMZsbo  dMbgds s oMo  FobgMowr o
MH9LOLYIOO  BOMEOMPOMMI®  5JBH0O bogmMOIMGdSIMS Marg3 [ysrml 4969336905, Mo
L593MOBsEM  Bodmoggdoms  dgddboll o  39OL39JBH039L  0dgrgzs.  LobgmdGmogzo
96535 R9M0M360000 ©s Bsd3MObsem F396s6Mgms BLOIEOPEMOL MZoEBEBOOLOM, LoJsOmM3zgEm
DmdogMo 3e00dsE)mHo Bmbol J39969dl ImEmoL gMHo-gMmo godm®mBgreo 439956ss, oo Bermes
39960 Fmgz560 9396569900L 4 275-809 Lobgmdsl 0m3w0l[2,3]. 5RO MdM0Z Bmesdo 900-
dg Lobgmds 9bqdmMos, s meol 600-0g Lobgmds 39335600, bemerm 300-dg Lobgmds
LogoOM3geml 96gd0s. bogbM® s FHMOOE0w 390030bsdo bsdzwWEMbowwme 400-Bg dg@Ho
Lobgmdos  250mygbgdmaro[1,4]. bsdgoEobm 3Mog@03sd0 250mboaggbgdws s Lsdgoaobm
DoM3mgdolmgol Bgdssmmen 250 Lsd3Mbowm (39656006 Lodstmzgwmdo 144 Lobgmds
016905, 30535000 FoMP60 MROEF0SNO BoMT53M395d0s FgBsbowo [5].

0MEMYO)M5©  5BHoM0  B03m0gMHgdgdol  M30LMdMO335 S MOMEIBbMdM03ds
d9LPogsd, 9369039 LOLEBHYIGH03MMO, F500 TMEMOL SBsGMIoMMO TgOMYOOL 2odmynbgdsa,
M3030bsMHo  LEbgMBYBOL 35MOYEMEmSE OLSTZ900 obo@s LoB3MMbsEM  ™M30L9gdgd0m
SbemdEamdo  LoJoOmM3zgeErml  BEMOOL  AMogzoeo  Lobgmds. 53 dbMog  933¢g35MMs
39bLO3MPMGIMo  06FHIMYLO  9YPOWMIM030 BEMOOL  9bgdMMo  3gbscadolzgh  SMoL
903Yym™doo.

LogoMM39e ML BEMOOL LobgMdM030 86035 RIMOM369000 2odmMbgrer 10 My sbls ImGol
35MEOLYOOMs MY IboE 0gmeEolbdgds [2,3,4,6]. Rosaceae 5960560l 115 g3sm0l 3200-00g
Lobgmdol [11]; 0g0 dmoEegl m®mgdbosh, FMOEWwgd 963939390,  IM35Fermgsb,
00305005 MmO 56 gONHerm3z56 bggdl, dhdgdls s B3ErbM3sb F3965099gdlL. LodsGrmgzgwrmdo
393M(39gdMW0s  39MEOLYOOMS  MmYsbol 35 3500 gogM0sbgdMos 242 Lobgmdo,
OIYmsgob 60 35335L00L, brgnem 50 Lodo@mnggwml 9bgdwemo d3gbs0gs[3]. 35GOLYIG™MS
X obob BLobgMdsmMs MMM BollsMygdM (39656195, HMIYGEOMS(3 BIOMM Q5TMYgbgds sd3m
Lobogwbm 8guEbgmdslis s dgoiobsdo [1,6,10,13].

0693030  bsgMHmMgdoL  dOMEWMAOMGO,  B3)E0BO3MM0  5dBH03MmdOL  2oTM3E9gbol
1593339l 339bsMOL Bo3MrM- S F03OMIMORMEMYOVIMHO 1M530L9dMGOJOOLS s SBsGHMIoMEO
5290900l LOEO0sRbMLBE03M  Fobslinsmgdergdol  oYIbs  [oMTMoEYIbL.  5EMISXMEO0S
UodoMM39ml BEMOOL ™). Rosaceae-ls 33500 Rubus L.-ob Dmaogdm, 256Ls3MmOHId0m
96009976  Lobgmdoms  dommyom®mo  dgbfagers; 306506  Rubus-ob 565900 Lobgmds
300Mm0yggbgds  9330MH0Mmo  Lbogolbgs o935 gdoms,  sbmgdol  Lafobssmbogym,
3630059dBH9M0mw, ©05d9EOL, OIMJOLS S YsdbMdOL  byd3M@bscme [8,9,10,12,14,15,16,17].
50009650, 3309308 J0BIBL Lodo®NZg Ml 9bwgdGmo Lobgmdol Rubus cyri Juz. -ob dofjolbgos

3939G5GH06O MEORBMmMs J03OMBEHMMIEGMIOMO 539009 gdol glHogers Ho®BMoYgbos, oM

330930l 99009900 LOxIZWs© ©IGEML BMBsdI6EHMOO  bMdIMIdOLS s LadgaboghHm
6533900l J9a9bsb.

dslssgms s 890ME03s.
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330930l mdogd@obL, R. cyri-olb gehmfiermgsbo gorm®d@gdo dbbgowo o dgGfows
0MHGYgen [obbsggdosbos, Lmbdo 99dMlgowo, ©gmmb [odmgdbg sds-0d gombso®o bmdols

939000 {omdMmAqb00; Lobgmdol BmmEwgdo BIoMI® OO DBMAoLsY, 5-8moMEs30960,
bsDmMH0 096583MMNW9d00; BMMEOL BoOROES S dsM3900 Lo F90M30w0s; BMMEOL
306OBOG 3000990D9 Mbgds 25633900000, bg@boligde o380 I0s; BMool ymbfgdo Bgos
dbsm9Bg dMGHYgaros, A98bgmeo dgfigom dmxzgbowro, sds-0d dmbMowo 93wgdog 9©0960dbgds.
1594393009 Y MM GHJdo 3MIGo s AE0gM0s, Fobboggdosbo, Lszdsmo Lo JgoMbzowo @
S0 FMMHZ00 Jogo60, IbOHOWO, J0MYIRBIOMNMGIO §30900M. FSDO BOMEGOIO 3-GMOIMENS-
305605, Dgs Ibs6gBg Baxge 250bgmeo 3939000 dnBbgoE0. Y3530¢9E0 OO BMIOLYY,
9653500Yy35300560, do®do IgBHfows Y39¢ows dgxmmeowo, dobo ©gddo Lo
390300005, BHMGHJO0 MO0MJIoL 3MOHODBMBEHIWMOI© JoIVMBMOo; R. cyri-ob 43530 9d0
QOO BMA0LsY, 2,5-4 58 053YEHMOL; K50l BMMW YOO YOO J9holigdemo dghH3omss ImBGboE0O;
3306093060L  BMOEWIO0  39MEOLRGM0S, BIODM-gogLOO b  MomMgdol  IMAMAZSM;
9®3M05bsms doxqdo 139BHJOBY MAGE0s, MJNOO b F5MIEOLGRIHO, FMIPIbm B Bmyx g

dmffomowm 8953960 mdols. R. cyri-ol bosymgo RGO
33963bobgdcmos [6,18].

R. cyri-ol 3500@53L oO3moaqbl @yol 306900,
dool BIMEMOYd0, dEobstgms bsdoMgdo s 3ol
3069%0. Lododrmggemdo  dobo 393039 gdol 56950
9m0393L  X935b9m0Ly s  Fos  JoMMEOL
REMOHOLEHW G50mbydL [6].

R.cyris 15330930 603mdo dm3m3989)0s
X 935bgmols RXMOOLEGWME Mo0mbdo -
N41.919461° [E043.487473°, H- 769m-%g, 2023 fowb.
Bo9dL39M0d9bGHM bgwgmeol bodmdo ©s3Y- oo
obly 0. JMmomgmsdol  gsMdszmgdodools
0bLAHOGHMGHOL 39Mdsmomddo TBPH-22398 (L. 1).

15565¢0BM 39bs®OL JofFoliBgws 3939GGHOMMO
6560900 395GH®mEOo 5699000506 byGsmo 1. Rubus cyri-ls

50900 LE3MI3sBHoMMm  bodMdms  gobogo, 396ds60gd0b bodydo

boa®dogzo  ©@d  BYI30MMEo  sbsmegdo

53PS 33O IBOJLOMYOGE0  FobOEP0EID BLMO  LTIMMYdIWOL  1L5TSEGOOm,
15330930 FdBoEs FgoEgds  LEFMSBobOL bLbsMTo 24 L-ol As6ds3ePMdsT0 o FMMHZ3LS
303396006056 496MHgdmTo  Loboabg dobsbg. 33eg30L MdogdBH™s d030MmEJJb03MM0 330930
Dom0mgds Lobsmerols Carl Zeiss, Jeneval-ob 3030ML3M3D; BMEHM©O™3II6EICMOO Toloews
5530JLOMPS (30BOHYO FMEHMI35MoG0L (Canon Digital IXUS75) Lsdw95¢0gd0om 5 36M553034)e050
5935305 Adobe Photoshop CS5 -0l 36mgM535d0.

332930L 3900030.
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gom®Go. R. cyri-ol 4yowmd@ol d7bwodmemolol 256030 FOHowo ds3329mbmgsbos.
396533900%bg  s0Lobgds  I306g  IMEWEmdol  Jgddob  356M9bJods s  sbomEo,  3gEHgem-
@OHBMB3BHOMM0 (50990MR350Mm3b650 FoX MO 3MbM3560) BHo30L 3IbGHMIWwMEmO 30w ob®mols
bOOYIOVOIo §HogIwdol 18]

ywm®Bob 930gMdolbol BxAMTYdsMg MXMJJd0 IHYMmdMs©  ©I306M0LGHJOMWO,
LHMObsbMgzs60, Lgeao®dbosbo, dme3g, 3Mmbmgsbos; B30  Jumgowol  356mEsdsbBg
5000930905 IFYmdcms© 296w gdmo  LsggbGowszom Loli@gds. dogol 93550 MmO,
963030m3030MM0  (3molgdBH«eo), IM035¢LYd30M0, M35 GmOoEbmgsbo  (6-Bg dg@o)
L5E9ILO GO0 MR MIOIOOL MIBBEGBdOM 033900905; doYOL 839E930 YYXMJIVIO0 PHYWYIOLOSBOY,
0539 dMOOLo bgzMgeo 30IG0 MOMOLEIMOLIIMO 3MBTB0IAMOI300L.

R. cyri-obs yerm® ol 399bermdm®oliols s65EHm30Mo 53909 900b 9EIM0 33¢g30LsL
1304LOMYOS JONOOY060, 5JEH0MS© 379EH0BOBOMYdMWOo g30IMIMwo Jumzowo, HMIgwdos
035653  JuM30W™Mb  F0FoMgdsdo  BsdoGmo B0l 835M0G0s  FoMdmygboro.
dmbw®»ImOHoLoL 8xs6Ms30 JuiMm3zowo SFMMZ0os MO0 Lsbol dMLmloo - GMBYEHOLYOO
03mdosbo, 9O XMIM3560,  MbgWEsOLOsbo, Lbgsslbgs  Log®dol  ™o3(oh39GH90 o
350M133ws30L9060 GHM0JMIgdoms s d1939 JMMNIXMYEM3560, Lgwgs®losbo, gdogmdolols
Jumzodo BsdoMHIo BmeM356539d0560 3mbMLMEO FHModmdgdom. dMbemdmMobol dgs6s3
Jum30L %96 BoOROEHMZ960 3me9gbdodol 3-4 H0Q0560 9619, brmewm 90yma Jem®gbjodmwo
2R M908 Bmbs dmbg3L. Jarm®mgbJodMw Mg gdl Jocddol 3sG9bJodMmo MrOHgEgdo
900% 6905, 35000 BMTs > FMbIBMEMBS 5MIGOMRZ5MM35605; JgMgol 3oM9bJodme RGOl
50960369d500  9F0MM  MODOgMmYLHYMds s sMFMM30wbo 56056, ULs3dom© OO
I 3MMd0L 355996059935 39¢3030L OB 3OOLEIJIOm.

4O Gob 396¢OomM0 30e00b®o G90mbsHO3MImos 9Mmcm0y0s60, 39MH03e0bscrmem
39090 993dbbmero, dmIzem bmdol, dgdmdngbo bswomom. R. cyri-ol dMberomdm®oliols
3993960 Jumgoo {omdmaqbowos 83omHmE OHMOgOHMIoxOHowo, gdobs@eo (yz0w0)
399&56M0 3006900L IMbM (3030 MO 30W0bEMOM[18]. odEHIM0 30bs B0, 3MWHEHIOICMEOY,
0BME06H930o 3593099Fdom. oRbob M3Bg HoMdmygboos dmF3m3560 MxMgEIdoL 3bgdo,
Woxsbdo oxrIMIBE30MHGdMwos 360d369cm3bs PMbgWYIMLOBO MYREIIIOL MOEOSEMMO
603900, bmrm 99MHdsbdo s©00d93Fgds dgMdbol GHMmodgemo Jumgzowol bE®mYdEHmemeo
999963900 - 3694900930, 90160l dmF30gd0 s 498G F96FJ ™S LEBIMIMGdO. YyMmOEHOL
3960990 sMw0o Jumz0wol LEHBOIIOMD 30 ORIMIBE0MGOME0s 9MHJbol 30egbJodHo
IXOIQYDO.

399396 3mbsms 8gMdobdo  BHMoggogdol I306M93I90dM0sb0 LsbsoGmgdo dfymdcmo
39b@oggdom  259m0MBg3096,  EH®ModgoEadol  LsbsmOms  FMbsHMMds  JMmbmgzsbo s
UdgEaoMbosbos;  dgMdbols  dmIF3mzsbo  MYxMggdo  FMEs  FgBgMHO™IOL,  IMYZSEO,
L9 oMlosbos; 390  FmOIFgms  LobsmmEgdo M35¢0MM0 dmbsBmEmdol,
QQO0E35¢0dM05605; LsbsIMOMS 256 gmds BsOEHMMwo 56 xaMRMEMos (3-4), 1939 Loa®dozs
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h3M039wo (3-5). 3gmHdbol GHMoggow® 9ergdgbBgdl Jm®mol s0lsbgds, M30Msdglo LbfimMo
30350000, 9OHO0Y0560, 3MmTM(39eEIOME0 BOPOIWYOHO Lb03gd0, §od@sM 3mbgdl Jmeol
30 0539096306000 3TMEILMEIO MOEOSEE Lb0ogms 2-4 H0Q05b0 Jumz0wo, beerm
oxbols s 3mF303560 3006900l Dmbsdo BodloMEYds MoEOsEIME Lbogms 0boEoswgdo dxmEs
39939600Mmdol  ogmoglom. R. cyri-ob germ®Gol dbemdm®olol boaMdog sbsmow by
PomBmpqbowos  3HMdgogdol s 98BHM0  FMMFgdol  JMMH0QIMmO0m BMOM35b0 s
13060 FoES FoOBOL ASLJ9Egds, FoM0 FGOBMMEFOMWO BOOROES 0MH0dS EIbGOWO,
956ME030 BMOMZI60 5390w09gd0bYS.

R. cyri-ol yowm®GHob 396G M©o 30000bMol 396H0d9IsMmeo Jumzowo dzoty
569500 sLobgds, FoMdmygbowos 39MEsME MR EJIOMID Fgs6gd00 3600369wm3bs
dmdgemem  BmIol,  Bdgeasmbosbo,  dmmoymbswmmo  LOHYMIGHMMom.  FMbemdInmolol
3900 sOHIo JLMZ00 G505, BOLOSMEYOS FMIFMM BMIOL 30e0RMbIIMMO MXMIGOIOOL
390890 OMBYEOLYIG  FgIM3WOIo  ®bgWIMLosbo, oo  BmIol M35 MHO
dbsBMmdOL X MH9IO0m.

gmoeol ymbfio (39Bm3gzomeo). R. cyri-ob gmomeol gmbHol 9065339000 dawsyg,
Bodfobbogmazsbo  Bm®Iolos; gmbiol dmumlioms Lobgmd®mogo 3mB3wgd@oEos FM035¢R3560s.
9OMIMNWMO0m  50LObGds 9P 9B BMOZo YN0 MgMdosbo,  LEgOHMLYdIMMs30560,
X063300Mm3560 dMLmlgdo; Bo®mEH030, 9OHMMXMIEM3560, Bb3sILB3s Loa®Mdol 3mbmlmemo s
MHMDYGHOLYOO 7mdosbo 3560335309000 GHMOJMIGd0. Mool yubHiol IxsMsgzo Jumgowo
31GH0b0BoMdME0s,  BoJLoMYds  930IMTOLOL  JuMm30EMsb  B0TsMMYdsdo  BsdoGrmero
0539900l EO0RIMI6306M9ds. 930EIMHToLOL MXMGEOIOO JOMOYSI® FBHYMdOEO, Ldqegs@bosbo,
393960m30GHYI0s. 4bfol 33653 Jum30wL BoMHROEMZ960 3mEgbdodolb LadEHggwro g8oxbgds,
OMIgbsg Jum®gbjodmmwo MxmIgdol 30wwob®o dmbgil, bdo®mos Jarmegbdodmeo
X OIIO0L MIMSME 930IOTOLOL JuMm30wMIb FgIbgdMds BdYIMS ORIMI6E0MYOOL
s69do.

R. cyri-o LMool ymbfiol doMomso Jumzgowol 3569bJodsdo 3960539006
396GHM0L396  500d9Fgds XM  Lbgoolbzs  bmdol,  UdgwgsMbosbo,  dmeroymbsm®o
2R MIOIO0L  5MBGOMds, brwm Fgdymd, dmIzOH™m BMmdol, 3moymbswMo  MROHYIdOL
39M390m,  OMBYEBHOLYOO  AobWIYJOIMwo, 9339  MbgwasdLosbo  FoaMdgergd o
"X OIJO0L  ©0xYMH9630M90s. Mmool yMbfiol doMoms 35696Jodsdo  [omdmagbowros
bbgo@olbgs  dm@EMmdol  god@smo  3mbgdo, ©OEO  3MEMMOoL  god@oMo  3mbgdo
©0xgMH96306MHgdMos Fobbogms 569g0do, bmwrm 239Mgd0L BMbOL 3sMowgmmMo s0Lobgds
3905609000 dmI3OM Dm0l 353EHM0 30069008 ORIMOIEEF0MYdS. 15350 35TBHIMO 3bs Fme Fgan-
0333560, 3053 JMHIXMOO GH030Lds o FJIMLOBOZGME0s JOHNMOY0sbo Fgdmdngbo Jumgzo-
oM. Wsxbol Joxbsbg dmF3Mm3560 N G9Id0L 3mbIdO S0LLbYds; IgMdsbdo Fo®mdmoagbowros
X960  HM5d90gd0L  IHYMdMO  OGBIOHIB306MJOS  OIIOdMHOD  2odBIO  FNOFgmo
L5BIMGOOL BsGIIEMBOm, beaerm 99damd B0JLoMYds odBSM0 FMEMFwgdol LobsmMEO™S
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Loa®Mdogo 930039006 S XFMBJOOL (2-4) 0930MmY®s. 359BHIM0 FIOFgdo bolosmgd0sb
RMOMZ560 s B3OSO Fos FoOLOL 2obidgugdm, GHModgogdo 30 TbmewmE BMOM3Zs60
d05 oMLOL 4oUd9Egd0m. 259BHM F9OFJW M o6Tgdm dgMdbol 3s019bJodmwo MxMHgIdO
5056 bogms 3mIM 39 sdH o, 9OHmM0d0560 b03qdos A5bwsygdmwo. Fgmmeol
gmb6Hol  3mwogmbs®  3569bJodsdo  [oMmBm@yqbowos  3x9mbB3go3s 39 Eowmdol GBS
3O0oLEOgdoL OFIMGbE0MYdS.

aoo. R cyri-ob gomeol  5©odlosermMo  @s  985gdLosIMHo  9309M3oLOL
0339993569 MXM9©J00 Ho03M©Ygbo0s 565oE30600L3GdI0, IMIEbIBMZb0 Bgs ©
LHMObsbMzsb0  J39ws  930gMTobol, LGS ImbOoWwIgwosbo  GHo30L  MXMHIOIdIOm.
ROOEOL  5©OJLOSMMHO 9300IMHTOLOL Juimgzgowdo BoJuLoMmYds OO HBmdol T55m6dso35
39wE0gdol @ONDs  3M0LEHIWId0.  BMMEOL  H05JL0SEIMHO  9g30EIMTOLO SV FMMIZOMOS
Fom@GMEs© gobHymdowo, oo MmEIbmdOL, 35M530GYIo G030l 0539gd0m. 3530l 535M5EHOL
9393930 MIX6MJ©I00  ML3oLYIMO BMEOAOLSS, 509b0dBYds 498M33900WE MHYO AOOLO o
05ggmdm®olo  bgmgeols OO,  MOMOLEIMOLYIO0  FMbsBMMds.  Fmool  J39o
93096MoLOL 53v1dgdGOIMY MXMY©IO0 IMTgboo GHMOJMmIms Bdol 2o@obsFMgdols 335eom,
Dom3mpboo 900 56 MmMo 3:mbEHMOIo G 3scmol boboo.

R cyrirob gmomeo dOGHYIo 3083050 OH0 3OOl ©MOBMZI6EHMIWMGO,
303mbGHMA5GHMOM0 BLEAOIBHMOOLSS. BDEOL BoOROAFS 535JB0sE FBSMGL SDEIBMILYIE
390713005, M3 MWL J39®s 930EIMAoLOL Bgdoffg3bom Tglogsl; ssduBosEME
dbsegl  dobBg 008305m@ MOl FoMdmygbowo oMEGH030, 3MbMLMOHO s K06M3IZMZ560
A®0Jm89gd0L  obmogligds, obog MFgBHgbo d03MMAsMM39d0L  vMgdo. FobgI39©  J3)Ws
93096 3oLol  0bGgbLoMMo Jgdmlzols, glodergdgeros 500bodbml, GMI doggms obfiymds
BOOEOoL 505Jl0sEMMo Jumgowol dodsdmo §sdmfigmws. Fmmeol omRoEoL gobszzgmols
505gL05EME FbEMIGL 50009 FY0S OBM30EHWIMO, OO DBMAOL, 335MSEIWO BMEOIOL, dF0EOM
LEAHOMIEHNOOL, 3MGH0BOBOMGOMMO, JOHOOOYI® A9BHYMOdOWO 930EIMHIOLOL YYxMJLIdO0, brrgrm
5054L0SEMEMO 930IMTOLOL YYXRMJOJOO 39BHIOMEOGHIWOs S 5IJBOIW MO 930 MToLOL
X 0909005996 45635390000 IMIFOM BMToMs S PHYWO FoOLOM J5TIMO0MHBIZ3056. BMMEIOL
9835653 Jum3z0eL AguEOLYGdIMEO 35696J0dol MOHGOY0s60, MMd3s 360d36gwmabs aMAdgeo
2% 690900 ImBEY3L, 999Ma 5M53H03009M0 IGUYMBI0MO WYX MJOIOOL JOHMO {iygdss FoMdm®g-
boero, GMmIgog 0OmBdoLYdING 350964005 gdoxbgds. R. cyri-olb  gmmEol 4sd9@sMo 3mbos
F9639-00330m3560, 399-30M053JMOMO0 LEAOMIGHOOLS, 399mbsBO3OMEo
39ML390mIxzgbo  Fsgromom s  MmOIBOOZs©  dmdsgMwo  3mwgbdodmEmo X M9gEIOoL
BoBP3M93d0. BMMNEOL MHIOWMdIo OBIMHI6E0MJIMOo SBLEGMMBYdO FgHJbol L3I0 MEO
3039000 50Lsbgds.

R0l 3053500 d5MM30. R. cyri-0l BmomEol ;3500 doMm30l 2565339000 Mm3sw)MHo
dmbsBMMdOLLS S 933900605 hITMDBOOOOS BMMOL FoMROEHOL 505JlosSEMH dbSGYL.
0053500  doM30L 88396530 JuMZOWOL  H05JLOSEMMHO B35l 56 5dBHO0WEMs© TJOMLZOW0S
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30030, 9OHMMXMIOM3560 Ubgsolibgs LogMdol 3mbmlvymo s MHMBYEHOLYIO grdosbo
3560133¢930L90M0 FHM0JMIGOom, bmwm FMmmEOol dms35M0 JsMP30L SIJLosGO FBIGOL
9306 ©350Bg 9OMNIMNWMIO® S50LsbYdS MO, JOHMO 9B IO MK EOIN0D Bgbosbo,
LBIOMLYOO 530560 X 0633w M3560 S B FH030, Lbgoslbgs Loa®Mdol 3mbmlwmemo dxmlimligdo.

R. cyri-ob gmo@ol 3moz5Mm0 dsME30L 9OHmEm040560 3gs6Mmsgo Jumzowo 399E0bobo-
909005 5 99003905 I30609 BMIoL 3350MEHO MO, 8F0EOHME YOHMOYOHM A5b6fymdowo
"X OIIO0m.  doMM30L 256030  A965339000L  396GHGONMH O MOBIH  LodMEHY9o
306OB0GHM3560 3mEgbjodol MxMmId0 BodLOMPYdS, JsMM30L sbEH03WobsHwo 39wgdo 30
Jm©96J0dmwo Mx6Hggd0omss IMEwo. R. cyri-ob @emErols 3:meg350M0 dsM©30l doM0MS©0
Jum30wo 3moy0bsOO LEHMYJGHMOOLSS O SVFMNMZOWO0S 35¢30dol 855635535 OB
3O0oLEOW9dom. 63500 dSMM30L (39b6GHMIMOO sGOL 396EHM MO LodGMEHYgdo, 90mazggbo
35co0mom 899mbsD3m0o, A59FM0 3Mmbos oxgIM9IbE0MYdMwo. oo 3mbs Moo,
F9960F90-0mF303560, 30WOEIOMOO GH030B5; FoBHIE 306530 500893 IO 59BH0VIM0 WoRbols
X 090900, Rbol dmF3mms LobosmmMgdo s dgMdbol GHGModgowmemo gegdgb@gdo. dgMdsbdo
306539 O0RIMI6E0MGOME0s 39FBHIG FMOFIWms BobsmmMgdol Log®mdwogo (3003900
@5 BH65d90gdol LobsomMms dFoGmMm 569, 1939 FgHJboL dMF3M3560 s 3s6gbdodmwro
IXOIQYO0.

0939¢0. R. cyri-ob 935¢0ob 996030 FMowo Lodsmegdo (oaMdgugdmEs© M35eIMHO
3Mb63309965300L09;  Jobo  LEGHGMIGHOOL  IGHIWMO  JZg30LOL  50d)FIds AWM
31GH060B0MdME0 ghHmMH0Q0560 3x5MS30 Jumz0w0, MMIGWLSE BoMOROGMZ60 3meEgbjodol
Jumgowo gbsBe3zMgds, 99damd dob Jurmemgbdodmo MxM9gEgdol 569 dmlgal. 93wol
doM0m10 JuM30o 9OHNRIOMZ5600 s HoM®Mm©A9b0w0s 3F0OHM® MOHMOYHMYSBHYMdoo
0bge-  2oOL0sbO, BdWsA33MbMZIBO  MXMJOIOOLIRID @S Fom  FMMOL  JomEGHMGOI®©
3b0FgAHOOWO ORIMNIBE0MGOIO SMS5EH03099M0, BgEwasOlosbo MxM9Idol I)3M039d0.
930l 350e0MmboE  3509bJ0dsdo  BodLoMgds  Tx9mbBTgo35  @OWMDBY  3MOLEAEHIWYOOL
0996 96306M900.
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LOH500 2. R. cyri-ols Yyewm®Eob 3Mbmdm®obol sbs@mBom&mo 9390w gds

A.999b»dmOoLoL  bLEHMWYIEHMOOL  396MmMsTs;  B.dmbarmdmMolol  53Mogdgb@o  gobog s
C.bogMdog 9Jdu3mBo0sd0; D.3s59 930009Mdolol Jumz0wol BEMLad9gb3do; E. 3060533wo30L906M0
0LLO; F.09306530 Jumgzool s Jg@dol 6Mogdgbdo; G.2s9¢sM0 3mbol 53Mogdgb@o; H.996460l
&©59d9500mEm0 Jumzoo 256030 s L.LoAMA0Z0 4565339000L 56M9d0; J. FgEIEsGMEo Jumgool
3966505

1.379¢0bobomgdmwo 93096 3oLo; 2.93000963dolob 139009569 X 90900;
3.963030™(3030M0 d599; 4.30m96400s; 5.dam®gbdods; 6.dgMdol 3o6r9bJodmeo MR MgIoo;
7.9500m0b X 6M90900; 8.00m3F30m3560 Jumz0ol 3mbs; 9.¢sx3560; 10.99MJbol EBHGsdgogdo; 11.
3993960 FOFwgdo; 12. d96MJbol dmF3m3s60 MxMg9d0; 13. Gsoswdo Lbboggdo; 14.
RMOHM3560 s 15.306M5EMOO Q5FBHIM0 FMOFgdo; 16. IgMeErol 3s09bJodmwmo »xMggdo
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byyGoomo 3.

R. cyri-ob gmm@ob s65@GHMmTo)OH0 539010 gds

A.gooeol  5sglosmo s B.sdogbosewrmo  9300gMH3oLoL  39bm®sds;  C.otrvybo;
D.x063300™3560 &HModmdo; E.4d39wms 9300096M30LoL 36oad9b@GBg sLobrmo 35m133eo30l906M0
0LMLO O 3565300 G030 0539; F.a3mmeol Hd0wmdol bd®ydE Mol 3sbm®sds

1.5655330600L¢ GO0, dMMEbIBM35b0 s 2.L{HmObIBMZBo bLMLEsI© IMbOOW 3gEosbo
03099 9Yd56g  MXMI©I00;  3.GM0JMmIms  JosbsFMGOoL  335¢0;  4.000000LGHIMOLYOMO
0593900dmEMolol bzmgwo; 5.930009M30L0; 6.096MHOLYdIMO0; 7. VOHMBELOLYDIWMEO 356gbdods; 8.
3993560 3655 9.5850MELYOM TG0 BMOEOL 35BS 930 MTOLO
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bm@omo 4. R. cyri-ob gommeools d0eg3500 ds®m30l, gmbols (Agbm3agsomero) s g3aol
3b65EH™MI0MO0 5390990 gdS

A.goomwoll 303500  dsm30L  BEHMMIGMOOL  356mEsds;  B.3oM33eog0l906M0  dLLo;
C.gmmol gmbfol LEAHOYIBHWOMOL 356MmEsds; D.ymbfiol BEMsadgbB by sLobrmmo doMomso
LEAHONIGHMOMO JONGMEgdo; E.gmbfiol Gmby@obgdco 3s09bJodmwmo mx®mgwogdo; F.g3aol
LAHONIGHMOOL  35bMmMsds;  G.g3eol  IBsEB30 s  9dobozm®mo  Jumgzowo;  H.gzwob
3MGH060BoMGdMo  IRsMs30  Jumzool  3sbmMsds;  1.93¢ol  doGomso  LEGHMYMIEGHOOL
3365299630
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Lombmlgdo;  2.31@0boboMgdmwmo  g309Mdobo;  3.3mwgbdods; 4. Jaom®gbJods;
5.3000Mbsm0 X M9Yd0; 6.95¢00m0; 7.0mF300900; 8.¢0ox3560; 9.9l GHModgowrmeo
Jumgowo;  10.65005¢0mM0  Bboggdo;  11.ombgdo;  12.93¢008  Bdgwrgo@bosbo o
13.00bggomL0sbo 35696J0dmE0 YR G9gdo

333bs.

d9ufogarowos  LadsGmggarml  9bgdmlo  dggbs@ol Rubus cyri  Juz.-ob dofolHgws

392939306  MmOHobmms  9bs@GHMTomEmo  5390)gds.  J03MMEHgJbo3sdo doEgdmeo  33wg30l
399965wmo  dgom©gdoL  Logdzgebg  ©oygbowos R. cyri-ol  3036mbEHOMJEMOOL
1505ABMLEHO3M FobolinsMYOGIOL JONMIWOMBS - YmOEHoL dMbemIMGOLOL g3ogmdolols
033999356 MIXMJI00 FHYMdMOI® ©I306M0LGHJIMW0s, 9g30EIMToLol MXMgEIdL TmMob
90g4md©5055 O0RIMIBEOMIOMWO 95303 ME0ZWIM0 (30eolgd@M0) G030L doRol 535M5@0;
RONWOL  5©OJLOSWNHO @S 9dJLOSWMIMO  930IMTOLOL  BYdgdEYdIMY VIR OIWVIOO
5650533060003 J00s,  53JLOSEIMEO  930YIMTOLO  IOEbIBMZs60, dsJloSEIMEMO 30
LHOObsBMZ5605 @ MO39 gOMbs0MS© LMUEI FMBOOW 39060 SbsMdOM boliosmgds.
ROl 5d5dBosE  9300MA0LT0 oMo  pobfiymdowo, oo  MmEYbmdom,
35M530GNI0 05399005  ©ORIMIHE0MJOME0, POMOLEIMOLYIMO  3MEGROYMOSE00L, OO
0539 dmGmoLo bgmgwoom Homdmoygbowo.

R. cyri-ob 0g®domo m®mobmgdol G®msbBoGmemmo LolEgds 3mbmdMmog0s, goblbgoggds
4m®Gob d79bemdm®olols, dgbm3gaomemol Bmbols gmmemol ymbfols @s 8mszs0o dsmrem3ol
399396 3655 MoMm©gbmdsdo s 9MMAsbgol B0BsM dFoEEM b BT  gob{ymdsdo
399Mm0bo3gds.  IMbEMIMOOLOL  499BHM0  Jumgowo  a9d30bs@co  (yz0w0),  3g@gcrm-
OBNMBIEHMM0  (50990R350Mm3b650 Fox OO0 3MbM3560) FMbM303wMM0s; Fmmerol gmbfido
96035690L  IIMMGOIo  bbgoolbgs dmEMmdol 2sd@sMo 3mbss oRgM9b0MH9dMeo,
bmmm gmoEol 306356 dsmmzdo dbmwmo 9OHmo, 396GHMIMEM0. gMHdom MmOysbmgdls s
MM dog SOLYIMOo A5TBHIM0 3mbs FMO FJ-3mF 303560, 300eE IO LEHOIEBHIOOLSY,
0BME0693)0 353009800 HoMBMYgboo. 259FHSM 3:bsms Bgedsbdo s0Lsbgds BHMggow Mo
99996300l - &©5d90q00L, o8BS0 FMOFgdols s  dMF3M3sb60 X EOIdOL
3659M350M3560 35¢0dMOL LEBIIMJO0; BHEMSJJoEME JuM30EMS F0S FoOBOLO Folidgargds
9t6H039Md00 BMOM3560 O BL3OMIWMES.

R, coyri-ob  gmowol  go®xgods  0083s300mo  }mMdol,  303mbEHMmds@n®o,
OMODBMZ96GHMMM0  LEAOIGHOOLSs; R. cyri-ob g3wol  dobosgobo  s0bogmds  momddol
9600RgOM35605, ol LBodBHIoaal  99dsbozMeo  GHodol, 3mwgbdodGmo MY IdIOLs s
19 OL0S60 3WOYMBIE MO0 MR OGIOOL 5B3M36096M9ds 256530MMBYOL.

399myg9b3dEo woBdgHad s

1. ©5300 053M5GH0MBO - 05EOYIM IO, 253MI(39 MBS ,LSdFMMS BodsMMNZ9EX M MdO OO,
1985; 3.5, 702;
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2. 6935 936009 - Lods®mzgeml BEMmOOlL 3mbL3gdE0 bmdgbzws@EmmHmo Bmlibs; mdowrolio
2005, g3. 5-19; -247;

3. Lodo®mmzgeml  gwm®mol  bmdgbzws@@mwo  babbs - 998m0390@mds 603900,

mdoobo 2018§. - 295;

L5JoOMZG ML BEOMOS - @. I-XVI; g08m399s 893009090 ,md0olo; 1971-2007;

Lobgdfozm gsMTs3m39s - &. II; mdogrolo, 2003; -453;

LodoMM39ML GarmGo; - ¢).VI, 250m3390emds ,d9:3609609d5%, mdoerobo 1980,33.106-107;

N oo

LogoOmzgerml dgmmbyg gMmgbmewo dmblighgds d0MmIM35w39MHM369d0L  3mbzgbioobsdo,

2010; http://www.eiec.gov.ge;

8. 1593MOBsEM 39656gMs 9B(3030M3gEOs - BHmdo 2, §3. 376;

9. 1593MBEM (396569900, B3O L¥IENS39MOL 450MB3IEMds, 2014 3. 168;

10. 05056 350535030000 - 35650500060; godMI390¢MdS ,35¢0G®S", 2009. 93.35, 33.51,57,78;
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Blackberry species endemic to the flora of Georgia - Rubus cyzi Juz. Microstructural

features of above-ground vegetative organs

Nino Gergauli!; Ketevan Mchedlidze?; Jemal Aneli?

ITbilisi State Medical University, faculty of Pharmacy; Tbilisi 0186, Georgia. E-mail: gergaulinino@gmail.com;
?Jovel Kutateladze Institute of Pharmacochemistry, Tbilisi State Medical University, Department of

Pharmacobotany; Tbilisi 0159, Georgia. E-mail: k.mchedlidze@tsmu.edu
Abstract

The anatomical structure of the above-ground vegetative organs of Rubus cyri Juz., an endemic plant
of Georgia, has been studied. Diagnostic characteristics of the microstructure of R. cyri are established
on the basis of camera methods of research adopted in microtechnics. The basic cells of the internodal
epidermis of the Sprout are arranged in an orderly fashion, and between the cells of the epidermis, an
encyclocyclic (polysect) type of stoma apparatus is differentiated. The abaxial epidermis of the leaf is
linear, the adaxial epidermis is curved, and both are equally weakly curved-walled. In the abaxial

epidermis of the leaf there are stoma.

The transitory system of the axial organs of R. cyr7is bundle, the difference is expressed in the number
of vascular bundle through the internodes of the shoot, the leaf stalk, and the main vein, and in their
tight or loose attitude to each other. Vascular bundles present in axis organs and leaves are vascular-
fibrous collateral structures, represented by an isolated cambium. Tracheids, conducting vessels, and
fiber cells of different caliber are reflected in the conductive cone wood; The thickening of the inner

lining of the tracheal tissues is alternately porous and spiral.

The leaf plate of R. cyr7 has a bifacial shape, hypostomatic, dorsoventral structure; The internal
structure of the spine of R. cyz7 is almost uniform, its strength is determined by the presence of

mechanical type, collenchymal cells and thick-walled polygonal cells.

Key words: Rubus cyriJuz.; endemic plant of Georgia; vegetative organs; anatomy; Diagnostic features.
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3960¢0gd0Ls S 3039MHGHMMB0Ymo bsfjodmMgdols sbmgdom-godHmbrymo

060gglols 5 BodIMMIEBEIOOL 3HMEOBIMSFOLIEO 59E0Z3MIOL
0530L90v1M93900L gLifagems

30BLE9BBH0bY Lryesdsbodgt; BmMsd Bbsodg?; Bmms 3939eodg? g0mMm0 dvyMIsdy?

ldomobol 03569 xo35b0d300l Lobgewmdol Lobgerdform Mboggdliodgdo
2;030obol bybgwdfoxzm LsdgoEobm Mboggdlo@g@o

LG gG0o

FOommdol GgbmMEgds FoMmdmoygbl B0BOMEWMY0NH, XMW @S J9MASE MIYMLOMGOD
36MHm3qLL, ®MIgEoE dmoEs3L MXMIEIO0L oGS0, SbmMgdOL, 0bgMz5300LS S SbgOMAqbyBOL
36MH™m3ELgdoL  GOHMMIOMBLL.  Jgermogdo (KS) s 30396@Omzommo  bsfodmemgdo (HS)
0o68m04dbgds 930gMdoliols s ML sB0sbgdOL T9E9. 30bgI35® 0oLY, MM Bsmo
DMLEGHO 3500M969H0 Y d ™I FBMDOEO 5G SOV, 4930 (39 YOO 303MmMYDBOS, HMI
00  0m93eo  39d560Hd900L  MgaMEoMgdol  oMM39359, MHMIWO0iE  BIO®ME0s
FO0wmdgdool dgbm®mEgdol 3OmEqlido, 990dwgds 4sdmofjzomlb 35608 65GodMMHgdol Homdmddbs.
FOomdol  dgbme3900L  bma®doeMo  M9od3oolgob  6gdoldogMds  goob&MmLd  dgodengds
39900(300mb 303960l FoMB0 IYMOMZds s YXMJOYMg FoGEmoJuol (ECM) sGsbfmemo
6900 0Mmgds, M3 bgds 3gmmomo 56 3039HGHMMEBMo  b5HodmMol  Fo6dmoddbols
dobgbo. Bgzgbo 33e09g30L  FoBIBL  FoMTIMoAIbs  bMGdoMO  0bgJugdol  AsbsHowgdol
0530090990 90900L  dglfogws IMTSEGHMBOIOMISL,  39WMOEG  ©S  3039GOMBOIP
Bofodm@mgddo sbg3g  dobo  393006M0L  oagbs AgNOR-0ol  ¢gdbmemaoom  2sdmzwgbogn
3OMEOGIMHG0 59dGH03MdLb.

153396dm Lo@yggdo: 39moEO; 3039MGHOMBOME0 BsfodMmo; IMHTsEHMBOdOMIs; sbmMIdOMO
0bgdbo; AGNOR;

dglssgoeo

FOommdoL dgbmM3g0s FoM3Moybl BoBoMWMYoM®, MMM ©S J9MR MYRMTOMGOE
36OH™m3qLL, ®MmIgeroE 3moEs3L MXMIEIOOL oS30, SbMgdOL, 0bgMZ5300LS S SbgOMA9b)BOL
36m399d0L GONMOOMBSL.
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3900900 (KS) s 30390@mmzg0mwmo bsfjodnemgdo (HS) fs@dmoddbgds 930gmdolbols o
gm0l sB0sbgdol Fggas©. B0bgszs 0dols, MM Bsmo BMLEO 3500mygbgHo LI
0mMmI©g 3bMdOEo 5O 5M0L, 2o3ME39gdYwo  303mmMgbsy, GMmI 00  IMEH3MOHO
99956093990l M990 gdol IMM3935d, MHMIGdoE BIOMME0s FMHOEMdJOOL TgbmEmEgdol
360Hm3qLdo, 890degds  godmofjzoml 3960L  bofiodmMgdols Foedmddbs. Tgbm®Egdol 3MmEglo
903536 MXMIEOIO0LS S LELOYbsEM BMEg3mEgdl GOl sMgls MMM s 553Wgds©
d9LPogwo  MO™MOgOHMJIgGosL,  MMmdgwog  ofigg3l  9bmgdoom  3sLbl,  MYRMgOYdOL
3OHME0RIM305L, MXMIOYMG FoGH®OJLOL  IYOMZIOLS s Jumz0ol  HYIMPIOOHYOL.
FOomdol  dgbm®mEgdol  bmMdsery®o  Mgodgoolash  6ydoldogMds  4oob®msd  dgodergds
399M0(300mL 305960l FoOBO IYOMZGdS S MXMJOYIMY oBHModuol (ECM) s6sbfie®o
90m@OI0Mmgds, Mo3 bgds 390moEMH0 6 30390GHMMRBMYwo  BsfodmMol  [omdmsddbol
dobgvo.(1)

F96050 250mboGMo ©sbsfodMmgds 49630M:MdgdMos MX MM ToGHM0OJLol sbMBsermEo
3OMWOGRINHG00Md S BodOMOLEHIB0L ©0BIMHY6E05300m. oblb3390s 3039MEHMMTBoME
Bofodmemgols s 39009l FmMol  IEaMdsMgmdl oo 3OHMPbMBLS s  JwobozmM
399035 d0. 30639000  3056MEYdS  JOMOMIPIQ  FMOWMOOL LsHP3Mgddo ©S OM™M
3963530 Md5d0, Fglodenms, 49boEsmL MHgaMaLos, bmerm dgmMg bollosmgds d99bLM©sz0
DOHOMS 5 03305050 MYAOJLOMYGOOM.(2)

dombgogs  0dols, MM 390Mm0EO0  2oboLIBW3MGds,  OMAMOF 39000 M30L9d0560
300OM3OMEORIMSE0Mo  3MMm39Lo,  93wgbl  LodLogbolmzol  sTIBILOIMYdgJE  BY3M
30L905L, OHMYMOMGI0ES 3MMYOIGOMGOS©O, 3MBBHOMEM DBOHEs, B3MBEBMOO MgyMmglools
653090Md5 o M93000030L Fomowro d5B39690w900.(3) B9bMEHO3MM© 3grmoEo FggLodsdgds
3960l 390000™M30L90056 LoALOgbal, MMIgEroE 2odM3gMI0s 3MsABOL 25 FoMdJOMWO
0o08mgdboo s 96 sHsLOsMGIL FgEOSLESBIMO 3MmBHGbEosEO.

3000M0gd0Ls @ 30390GOMBoMwo  bsfjodemgdols  Jgdmbggzsdo  930gmBolls o
39300 gMdsl 39@-b53e0gds Bm®Bscro LEHMNIGHMEMS 9J3m. 3039MGHOMBOWEO
BsfodmEmgoo  bollosmgdosh @gMdsdo  Qsbmoglgdmmo  3396d9%0m, MHMAWgdoE  99ygds
Ubgoolbgs F0FosMMMEGI0m Q56RO M0 35960l dMF3MIOOL FoMdO M3MOIbMOOLOYS.

590L LE30MOL30MME, 39M0EJO0 d90(3938 bJge s JONBIOM3bs FJMYdOE 3MoRqbwWE
0 3F3m90L, OMIWIOLOE 3G MO 56 305¢0b0BGIME 3MEsa9bL MHmgdgb. 39emoMo
3mWsagbo  JgMgmeos  ©gM3sdo  sOLYdME 3395609006,  MHMIdoE  3039MGHOMBOMEO
65§0dmMol gmdol 3356d900L Alys3L0s.(4-6) 39ePMOYIMHO s 3039MOEHOMB0E0 b5{odM9dOL
9600356900096 MB35 Fglodargdgos 3gEPmoEIMo 3Mmesggbols 999:339wmdol dobggzom.
09939, 39WMOEMO0 3960l 3M0GH03MWwo ©MbY, MHMIgEog BYLEI© AoBLIBLIMH3L
©H056700L 58 MG B0l TGOl QoBLb3s39dL, (36MDOWIO 56 5GOL. 5J9sb Q9dMIEobsmY, dbgwros
3H056900L MM MGl oL 335300 LsHBPZOOL 20309ds. 5999b 35dMIE0bsmY, 3cobozmeo
0536mb0o Jgodwgds 56 gmsbbdgdmogl 30LEHMIMOBMEMYOME ©O0sABMDBL.(7) 390MmoEgdoL
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300093 900 Jgbs3hbg30 30LEHMEMAO0IMHO FoHILOIMYIGO SGOL O, HMA FoMIMbsgdbol 309y
306935 459mboE o sbmMGBIOMO 3300090, 45BLSI3MNNMGO0m 0d, Lo IHB0BYdMEO
w0560 gLlOBOZIMGdS KoBLO® 39BL. dW0ge 25FMITOI S IB0sDGIMWOo Dgs3oMol dJmbg
3900M0EYIO 5 3039MEGHOMBOM B5H0dOHMZ56 Jumzowls g0dwgds ™Mb sberall g3ogMdoliols
0903565 300U 3039MGHMMB0S S BYIPIS0MYIE0 EIMHAOL Sbmgds.

FOOM™MIOLSL  3960L  BOBOMBELEJO0  9dBHOMM©Yd0SD,  FM3wI00sD, BogM0Mmgdgb s
©93mb0Mgd056 9JuEBHMoMx Mg Jo@®odudo (ECM) FMHowmdolb glizghmolb seoygbol dobboo.
R0dOMOILEHJOOL 2o5dEH0Mgds 0§393L 0dMMDILE)-F0MFBOdOHMISLEOL OBIMIBE0sEOSL.
90 xz0dOMBELEJOL 359Bb0sm 399035000 5356530, ALYo3LOE 30 396 gdOLs, MHMIEGdO;
59J36MgLOGMYOI6 FoM3GOL -3 yz0 3MbMGdOL 5g@0bL (a-SMA). olbobo EbGHMwwE Gmwls
36 gd9b FOH0MdGdOL Ggbme(3905L5 O IbMM35d0, om0 AE0gMo d93dd30L »bstol, Sl939
X 9O 5EGH®0JlBg B9dmddggdols s BOEOL Bogd@MMoL gJudmgliools sdm. FHoWMdOL
d9bmM3990L 3MM3gLOL bMGMsMo J0dE0bsMgmdol 3056 @390y F0MBOBdOMBELEHIO0
FOOWMIOL  5@P0W0EIb  Mbs  swsagl.  bbgs  F9gdmnbgzgzsdo,  FoMmBOdIOMISLEHJIOL
396bobE0Mgds 3603369 mzbo  MHYmdL bgwl 35601 39wmoEmo ©s 3039OEHMMBMO
65§006H930L (omBmddbsl.(8)

R0dOMOELEHIOOL oBMHOowo  bod3zMOzoLs s 3Moggboll  Y3mboMmgdols  Algogl
30LEGHMEMYoMEO LMY IYOHEMdOm, 390MmoEME BsHodMMgddo slig3g 3039MEHMMBOMWO
3960l 33960900l o 390MOEMMO 3 ol MBssMLYdMdOL godm Huang s Ogawa (9,10)
0356M509L, O3 3039MEGHMMBONWO S 39WMOEMO0 b5JodMMmgd0 Fgodwgds fomdmoygbogl
3960l ghmo s 03039 BOOOMIOMEORIMHSE0O  3OM3JLOL  Msbd0dEI3MME  9BO39dL
Ubgoolibgs  bo®olbols  s60gdol  msbbgg®om.  9609d0l  sdsbsliosmgmdgero  650dbgdols
3M6396GHMo30s (359. d03MmLolberdowgdols, wodnm30Ggool s GodOHMBEILEIOOL sOLYOMDS)
39000930l 063506 300099 59 099MMH00L 359 303JIOII0 LsdMO0..

5000y, MHMI  SOLYIMOL  IXOIOO  3MOIWOEF0S  FOMEORIMSEFOMEY  5dGH0ZMDLS
Lodbogbol (3M©  3OMPbMDBL  FmGOL, sdoBHmA  JwobozMMo  33w939000m  0bGgmglo
3OHMEO0RIM30wo  3mGHI6E050L  gobdlobrgtae  Lbbgoolbgs 8s6M39090Bg x96O 3093
59BN MH0s s Ym39wfon©me 0BMmYds. IMfmEgdwos  3OHMEWoxgMHs300l  Fgx3sligdols
1bgoolb3s LTS GOYd0, OHMYMOOES 0F0EOBOL Fo6)30MdOL/AMb0dzbol 0bgduo (thymidin
labeling index), ¢o8@0bsGy GoGHMIgGGHGM0s (flow cytometry) s 0396m30LE™Jodomemo
3bEobbgmo Ki-67 - ob godmygbgds. (11-13)

LodLbogbols domemyoMo J3gz0Ls s 3MHMYPBMBOL OGBS 9B OO 3MM3gLOS
dmombmgL bbgoolbgs  3H9dbmwmyogdol,  sbggforo s  13g30se0BYdMwo
0bLEGHOMIGBGHJdLs ) BH9dbozol  4o0mygbgdoom Moz 9Lg3g  0ABMLE03MMO©
305X IBIJEHMM0s. AgNOR-ol 990gd30L  3H9dbogzs 93mmbmdom®mo, LHOsx0, ©s ds®E030
d9LobOMgdgEos. ol dgodwgds gl 3569830630  Bogseodgdmer  SBsmgdby.

653e0M35690900 Mm0o3o3L FMMA53H)3900 S VIO [oMHEHowgdol smzol  Igommb,
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Omdgwog bJoms  SbmEoMEgds 933060390 gdl  dmMol  2sblbgszgdme  J99agdm9b,
5M5BEBIMGHOBJIMO Fgxzslgdol 3M0GIMH0MIJOOL SMOMLYIMOOL 25TM. Q503390 GHO3ol
330939000 25dm3cgboos dobo 9x39dGHOMDds, OMYMOF STBAMY Lsdwgoegds LyIZ0MBBMU
g49wwol  ¥M@EYgwr  930m9er0wdol  EoL3WIH0YOOL  ORBIMOIBE0MGdsTo  slgzg  Lbgowolbgs
MmO56mms LoliEgdol 39000™M30L930560 M) 5300301900560 3OM(39L9dOL OGYMY6E0MYGdST0.
(14-16)

AgNOR/The Nucleolar Organiser Regions 53c09bb 3060390 3506H2560D909¢ H9a0mbadL s ©ba-
ol 850gms1qdL, OMIgdo3 3e0bgds JoGHMBol 0bGHIOBIBMOO 30MM3900lL d0M3539030.
AgNOR 99603000 0090905 (3000930 JgMBg30mo® 39M B0l 3w Mmoo Ggdbozom. AgNOR
osds 890dwgds 30O 0ymb o300 FgOG0wol Lobom Mm3EGH03Mm0 dozmmbim3dol J39d.
AgNOR-ob  9BM©owo  M5m©gbmds  ©535300090Mw0s  MXMIEIO0L  oBM©OE
3OM0xYH305Lmsb. (17,18)

B39b0 330930l B0BIBL HoMTMoA9bs sbmMgd0mO 0bEYJLgdOL A5bsHowgdol Megz30lgdMMgd9dOL
d9LPogs gMBsGHMBODdOMISL, 39MOEIM ©s 3039BHMMBoM BsfodmMmgddo slg3g dolo
3939060b o965 AgNOR-0U 39dbmemy000 gsdm3mgboe 3GM@0xggIMs30) 594E030Mm05Lmsb.

dsbsems s dgoregdo

396bMO 30993 0465 3m3MOH G0 OYEHOMYMIOE0 5Bs0D0o, HOLMZ0LsE odmygbgdmwo

0ym  ®doobol  Lobgedfoxm Lsdgooiobm  Mboggdlo@gdol  Lolifogwrm-bsdgsbogmm  ©s
©0536MmLGH03MM0  dMOSGHMOool 2019-2024 {engdol 56539MLMbogo30M9dMwo  Bostdogzm
356553060 derm3gdo.

33935 80353005 X59d0 70 890mbgz9350.

B5330930 XdBIOL FoOdmoygbs:

1)  30396@mMz0mo bofjodmmo - 35 990mbgg3zs;
2)  390Mm0EMMo bsfodmemo - 20 d90mbgzg3s;
3)  39000m30L900560 YMHT>EHMB0dOMIS - 15 G90mbgg3s;

361935653900 306M39wo@o FgMBg30Lsl dgmgdowo odbs 398s@mdbowob-gmBobol dgommwom
(H&E). 30053960l 0m 33900l 259mbogergbs@ godmyggbgdmwo odbs Masson trichome-olbos oo
Picrofuchsin Van Gieson-ob 990993306 8900900, 9enslGogemo 3mF3mgdol 2sdmlbegwrgbso 30 -
Weigert-ob 9900@0. 3GMM@ORIOH30I0  5dGH03mdol  dglogoligdmo®  45dmygbgdmo  odbs
AgNOR 946memy0s. 30090990 boeolbmdmogzo 9909900l MHom©gbmd®m030 dgx3sl9d0bsmgol
309mygbgdmwo  0dbs  30xgOWMWo  ZsmmEmaool  3MmyMsds QuPath-o  (39GLos  0.4.0).
LoLbEEFOEgdOL, FodOMBELEJOOL, SbMYOOMO MY EMIJOOLS (bgOBHOMBOEGd0, T53MMFBA900,
0dxm303J00) @5 AgNOR 3mBo@06m0 405699 gdols Mom©gbmds x3sLqdmes 10HPF x400 -
do (10 9bg39w™dolL 39cdo 25007000 400X).
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bey®soo 6: Mason Trichrome (597602¢7280000 3903980020 5650¢7980 3039((HG2R02Ie0
b5pob-ym0b 5330193 x829900; 400X

b9@soo 7: Van Ginson (999602¢»030000 §902980¢70 $650¢7980 3039(¢9033049¢m0 bspodetrol
bs33¢793 x89%300; 400X
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M3 999bg0s AGNOR-0b 9gg35U900L g98mygbgdmen dgmml: yzgas sbsmardo 459m33wgwero
0965 50-100 v1% 6900 5 IM3¢00 0gm AgNOR (96 E0egdols X o360 Mom@gbmds. AgNORoOL
BOBRMS gobolomzms 100 MxMgool LsdMswwm FgOHEHOWgdol MHoMmEIbmds (XsdMGmo GoEbgzo
3oymgowo 100%g dsy. 100 Mmxegdo bsbsbo 0dbs 350 FgdGowo; AgNOR Mogbgs dobbgmero
0gbs 350/100=3.5)

39930605 90 EH0wgdol 35sbsfogdols bsdo GHodo:

030 I - 500608690m©s 3539w MXMGA0, 390GHMIW MO MO0 HYOMWO OO HBMTol
Dae@0wo; $o3oII - 500b0dbgdm©s oo BmIoL FgMHEHowol J0dgdsmgo oMy Bmdol dgmmy
Dad@owo; Bodo III - 500603690m©s MmOy g0, M30Ms@Ggbo 3oy Bmdol gdEowgdo
000MIGM V)X M9J0.

900900 M5mgbMmdMH030 Mbs(399900 ©3w9dsgs dgLsdsdobo LEsEGHOLEH03MMO dgoMEIdOL
309mygbgdo0oy:  FOIbMdGEMds o B39EOBRoMOMds  gBelis  95%-0560  LoGfIMbmmdOL
0b@gmzswom. P Gogbgo <0.05 gobbower 0dbs LEHo@obGolzm®s Losmdmbm. ygzgws
LEAOGHOLAEOIOO 3 T53905 2obbMM309w s SPSS statistical software V20.0-ol Lodwoggdoo.
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X | renmua)
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L3300 8: 2130(909¢P0 30 RIODSZOLIC10 SH03028 G9935U98:9¢00 ©IHOSHR08(80b
90006393500 AGNOR (997602¢7m30000 890298007 56500¢m9800 QuPath 3096-9¢m0 565¢»0 Yol

3608300 35999698000,
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L3000 9: 213090290 320 RIDSZ0CICY0 359030285 993569829¢0 30396(HBMR0L)C0
bspodtol dgdorbz93590 AGNOR (997602¢»g0000 dgegdoge» sbso¢r98do QuPath 3093690
3b5¢0 bl 3658380l 359my9698002;

339300 89093900

153393 X 3989030 J9i3sLis bbgssalibgs 35615993 0Mgd0: 56mgdomo MxM©gdol sOLYGdMDS
(@3d6MHME0GJO0; 3530:mx353900; 0IBME0EO0L) OE0bwo H&EE ¢9dbmermaools
399094969000 10 Jo@oer0 35000930l dbg3germdol 3gedo (35dmygbgdreos 400X go0gd0L

30200). 39@0©YOOL 11333 XBIBTO W)Y’ YoTMYYBIdIEO 0gbs JMEsEIbYGO
0™ 33900l godmbogzergbs dsEgdomo J9©gd30L dgomeo Picrofuchsin Van Gieson-ols

dobg30m; y39es 153393 X3RO godmygbgdmwo 0gbs Mason Trichrom s AGNORoU
36OHME079M530990 d9xislgds. ygzges dmbsigdo Homdmoaqbl sdLMEWEVM MHoMm©YbmdMHO3
3563969090 b beagnm AGNOR-0Ub 3563969000 24960L5B036Ms 50-100 goddmdesli@do
50900 AGNOR {jg6@GHowgdol 3583969890 d9Lsd530b0 965008980l dgommom.

330930L 8900989005 583965, 8 Jgbpsgzerocr 30390¢56mRorymo bspodsymol  J9dorbz939800
(n=35) ¢»38602309980b 3565H0¢m980b bsdwyserer G56396989¢70 950089605 1.1+ 0.6, 853600958980l
13.8+0.8 begrer  ¢rodnczodgdol  26.2+0.8; 308Gm8¢nslhgoolb  gsbspocrgdol  dsb396989¢r0
d9zobgdryemo  Mason Trichrome @©sds9980000  G99830L  Ggorm@oor  dgsogobs 16.2+0.7,
bobberdoengdol Gsc@gbmbob bsdwpserer 856396989¢70 s0dboGs 11.6+0.7 beagrer s0bodberyem

bs33¢93 x899%00  930@9Gdobol  bobgol  bsdwpserer  dsB396989¢»0  dgscosgboos  6.3+0.7.
350996989000  AGNOR-0ob 89009830l (997602¢nmg050  3500299698-9¢70  30396(Hr2R09¢v0
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bspodtolb  30868crsl9gddo  sGUgBrIemo  3EHP0RIGSGOLIC0  SFH030280L  dgbsRsbgderso
583965 bsd=gsere 8s6396989¢70 0.3 +0.76.

653 9995905 39em0Mo bsfjodm®ol dglfozwro xamaol 999mb39390L (n=20) sdcmm30@gd0l
LS5 M MoMEOGbMdS Q5dM30bs 5.2+0.72; 8530Ma59900L 15.9+0.7 beaewm ¢rodnmEo@gdol
32.1+0.8; 958myggbgdeo Mason Trichrom-ols s Picrofuchsin Van Gieson-ol ©s8s5390000
3909030L 39nMmEOL 459MmYygbg000 259M3e9gboo sOLBYDOMEPO FOdOMOWILEHJOOL LMo M
9563969090 99509965 23.5+0.8, beaewm Lolberdogdols Momgbmds 9.2 +0.8. g3ogMdoliols

Lobdg 50bodbem 153393 X aRT0 dgMYgmdEs 4.8+0.8. 3OMEWOBRIMHSF0WO SJGH03MDS
3993519090 BodOMBILEIOdo AGNOROL 8909030 gdbmermyoom dgs96cs 0.33+0.8;

d9L593w 0 300000MH30L980560 EYMIGMBOdMMAOL Tgdmnbz9390do (N=15) SdGMEFOGJdOL
L5Fgoem Bsb396909e0 9950039600 5.5 +0.88; do3MrmRs8930L 20.8+0.8 brmgnm wodxgm303)gdols
41.9+0.8; Mason Trichrom-ol ©535&90000 99090300 259mygbgdmeo 8900mol sbdsMgdoom
39939600 BodOMDELEJOOL Lodwgsenm 3583969090 95009605 29.1+0.9 beagrm
Lobbedogdol Gomgbmds 14.7+1.11; 5¢0bodboer 1s33w93 X dRdo 9309MA0LOL Lobol
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UsBrpem Usbrstdyawo
303gHHngonwo Bifjodnto | w@dGmgodgdo 11 06
53601353900 13,8 08
@0dgME0HMO 26,2 08
BOdOMBELAIBO 16,2 07
BobbenBoengdol Gomggbeds 11,6 07
9309M3obol Lobgy 6,3 0,7
AGNOR 60ogbgo 0,3 0,7
30wmoE76o BiffodnGo @ROMEOHHO0 5.2 0,7
5360855080 159 0,7
@0dBMEOAHIO0 32,05 0,8
BOBOEBELERO 23,55 08
Lolberdoggdols Gomnbmds 9,2 08
230yMolols Loldy 4.8 08
AGNOR 6ogbgzo 0,3345 08
39mogmgolgdosbo @ROHMFOGIO0 55 0,8
Sy Rompobeals 85363080 208 08
@0dgmEO¢HIO0 41,9 0,8
FoBOMBEINHIOO 29,1 0,9
Lolbedowgdol Goeqgbmds 14,7 11
30gdobols Lol 1,2 1,2
AGNOR 6ogbgo 1,1 1,28
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Study of inflammatory-fibrotic index of keloids and hypertrophic scars and features of
proliferative activity of fibroblasts

K. Sulamanidze!; Z. Chkhaidze?; Sh. Kepuladze? G. Burkadze?

1Tbilisi Ivane Javakhishvili State University
2Tbilisi State Medical University

Abstract

Wound healing is a physiological, complex, and well-regulated process involving a combination of cell
migration, inflammation, innervation, and angiogenesis processes. Keloids (KS) and hypertrophic scars
(HS) are formed as a result of damage to the epidermis and dermis. Although their exact pathogenesis
is still not fully known, it is widely hypothesized that dysregulation of the molecular mechanisms
involved in wound healing may lead to the formation of skin scars. Any deviation from the normal
wound healing response can lead to excessive collagen accumulation and improper remodeling of the
extracellular matrix (ECM), leading to the formation of a keloid or hypertrophic scar. The aim of our
study was to study the characteristics of the distribution of inflammatory indices in dermatofibroma,
keloid and hypertrophic scars, as well as to determine its relationship with the proliferative activity
detected by AgNOR technology.

Key words: keloid; hypertrophic scar; dermatofibroma; inflammatory index; AGNOR;
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3393900bm30b.
1553396dm LoEY3900: 4M553960L MJLOEWO, 3ME0EO0TYMOE Lo MdLLbo, gJuEMMIOO, dsgo.
d9qLogowo
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0633003: bLEBT0, BHMIBL3MOEHT0, Bsdwdom 5ER0WGOT0 439D QoML 3353603l 3Me0TdgMgdo.
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Synthesis of Polymer Nanocomposites Reinforced with Graphene Oxide
Sophie Mikaberidze
Abstract

Since the beginning of the new millennium, the concept of "3D" has firmly entered our daily life. 3D
printing technologies open up new possibilities in creativity, science, technology and everyday life. A
3D printer, or three-dimensional printing machine, is a unique modern tool with which we can print
both small and large objects. In 3D printing technology, a digital model of the structure of the object is
initially created in the computer, which interacts with the printer and starts forming the product layer
by layer as a result of the corresponding command. The advantages of 3D printing compared to
conventional printing are high speed, simplicity and relatively low cost. That is why this work deals
with the synthesis of polymer nanocomposites reinforced with graphene oxide, where
polydimethylsiloxane is used as a matrix. First, graphene oxide was synthesized by the modified
Hammers’ method and mixed with polydimethylsiloxane at different percentage concentrations.
Polydimethylsiloxane was dissolved in chloroform and mixed by ultrasonication for homogenous
dispersion of graphene oxide plates. We removed solvent from the resulting mixture and made 1 mm
thick polymer filaments using an extruder. Here is important to select the temperature regime and
relevant solvent for the production of polymer nanocomposites in order to obtain final products with

desired properties

Key words — Graphene oxide, Polydimethylsiloxane, Extruder, Filament
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Obtaining of Graphene Oxide by Spray-dryer Method
Natia Jalagonia, Tinatin Kuchukhidze, Nino Darakhvelidze, Tamar Archuadze, Leila Kalatozishvili

Ilia Vekua Sukhumi Institute of Physics and Technology
ABSTRACT

Graphene and the composites and nanocomposites based on it are considered to be the most advanced
materials today. Using it, it is possible not only to improve the properties of existing materials, but also
to obtain completely new materials. For the last few years, work on graphene has been actively
underway, resulting in improved materials, new technologies and the development of sensor
technology. However, it should be noted that the synthesis of graphene with an ideal structure is a
rather difficult and costly process, which is why it is being replaced by graphene oxide (GO)
structures.The goal of our work was to obtain graphene oxide by the most common intercalation
method, which is proposed in the literature and takes place in two stages. The next stage of the research
was obtaining of graphene oxide corrugated granules by simultaneous spray-dryer method, for which
Lab Granulator was used. We observed, that during the granulation process various size layers of GO
arise. Size of granules ranged from 75 nm to 500 nm. Above mentioned method gives the possibility to
scalable produce defined size corrugated granules of GO. The identification and structural-
morphological study of the obtained materials was carried out by XRD, SEM, UV and Raman spectral

methods.

Key words: Graphene oxide, Intercalation, Corrugate, Granulation

INTRODUCTION

With the beginning of the new century, the development of nanotechnologies became a decisive
task of scientific research, and carbon turned out to be one of the principal directions of this concept,
due to the unique property of its atoms - to form a long chain (catenation) and along with that to
include other atoms and groups of atoms.

In the history of nanotechnologies, the discovery of carbon nanostructures: fullerenes and carbon
nanotubes at the end of the 20th century, and the method of obtaining graphene in the 21st century
[1] were most important. In 2010, among the the Nobel Prize laureates in Physics, Konstantin
Novoselov and Andre Geim, from the groups of scientists from the University of Manchester, who

discovered graphene in 2004, were named [2,3].
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Graphene, the world's thinnest material, is an organic matrix consisting of hexagons with carbon
atoms on the vertices [4]. Since its discovery, many studies have been focused on new ways of obtaining
this material, its physical and chemical properties, and the manufacture of new graphene-based
nanomaterials. However, it should be noted that the synthesis of graphene with an ideal structure is a
rather difficult and costly process, which is why it is being replaced by graphene oxide and reduced
graphene oxide structures [5,6].

The term graphene oxide refers to graphene particles that have molecules or functional groups
attached to the edge or carbon chain, such as: hydroxyl, phenol, carboxyl, carbonyl, aryl, ether,
phosphorous-bearing, etc. Unlike graphene, carbon in graphene oxide is in sp® hybridization and
contains a large number of oxygen-containing groups, which allows it to be functionalized [7].

Graphene oxide is an excellent platform for obtaining both graphene and reduced graphene oxide
and their chemically (covalently) modified materials. Graphene oxide itself is considered as graphene
that has been modified with a set of oxygen-containing groups capable of replacing organic or inorganic
functional groups. Such covalent modifications change both its electronic structure and adsorption
properties and are widely used in sensors [8,9].

Graphene oxide, due to its layered structure, is well dispersed in water and polar and non-polar
organic solvents (ethylene glycol, dimethylformamide, M-methylpyramidon, and tetrahydrofuran).

There are four principal ways to synthesize graphene oxide: that of Staudenmaier, Hoffmann,
Brodie and Hummers; researchers are, however, trying to obtain a product of stable quality with less

cost and minimal processing.

MATERIALS, SYNTHESIS AND METHODS

Methods: In the i work, several advanced material characterisation equipment was used.

The X-ray diffraction analysis of the synthesized materials were carried out on DRON-3M.

The Raman spectroscopy analysis was done on a Witec UHTS 300, using a 532 nm laser with 1.5 mW
power intensity under the conditions: filler single spectra, magnification: 50x, integration time 0.5 s;
532 nm excitation laser at room temperature.

Optical absorption spectra of Graphene oxide solution were taken from an ultraviolet visible
spectrophotometer (UV, Shimadzu UV-3600).

An SD-1000 laboratory spray granulator was used for granulation, particle size control and other.

The Scanning Electron Microscope (SEM) Sigma 300 (Zeiss) with resolution 1 nm, was used for analysis
of morphology.

Synthesis of graphene oxide - Synthesis of graphene oxide was conducted by modified Hummers
method. 500 ml flask placed into a water bath (30-35°C), 2 g natural graphite was added into a mixture
of 50 ml 98% H2SO4+ and 6 g KMnOs and the solution was stirred during 1 h. Then temperature
increased to 70°C and stirred during 1 h, after this added 200 ml H20O and 20 mL 30 % H20>. Obtained
graphene oxide suspension was filtered, washed and centrifuged to removal the waste graphite.
Obtained product was dispersed in water by sonication. Resulting stable suspensions of graphene oxide

was granulated by spray-dryer method for preparing of corrugated granules.
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Granulation of graphene oxide -The reduced graphene oxide suspension was mixed on a magnetic
stirring and delivered by a peristaltic pump to the granulation zone at a speed 10-20 ml/min. The
granulation zone temperature is kept within 40-150°C. The suspension was dispersed by the air
compressed up to 3 atmospheres. The produced granules are collected in a receiver, and for final

removal of the solvent, it was additionally dried in the vacuum oven.

RESULTS AND DISCUSSION

The goal of our work was to obtain graphene oxide by the most common intercalation method,
which is proposed in the literature and takes place in two stages, as follows: 6 g of graphite taken for
synthesis (pre-activated or pyrolytic) is added to 50 ml of concentrated sulfuric acid and water bath,
(t=27-35°C ) under mechanical stirring, potassium permanganate is added in small portions during 1
hour. After raising the temperature to 70 °C in the water bath, 100 ml of distilled water and another
100 ml after 30 minutes of removing from the stirrer are added. After adding 20 ml of hydrogen
peroxide, the resulting mixture turns yellowish-golden, and after filtering and washing in a centrifuge,

we get a brown-color 6% suspension of graphene oxide. Drying is carried out at a low (50-70 °C)

temperature.
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Fig. 1. XRD (a) and Raman (b) of graphene oxide

In Figure 1a, a peak at 10° is observed which shows the presence of GO. Whereas the Raman
spectroscopy results in Figure 1b show a “D” peak at 1590 cm™ and a “G” peak at 1350 cm'!, which
confirmed the lattice deformation. In the UV spectra (Figure 2b), the main peak at 230nm and the
shoulder peak at 300nm stand for w-m* transitions of C=C bond from graphitic carbon of GO and n-m*
transitions of C=0O bond from oxidized carbon of GO respectively.

The next stage of the research was obtaining of graphene oxide by spray-dryer method. Graphene
oxide microspheres were obtained by this method. Its morphology was studied By SEM (Figure 2a) and
UV spectroscopy. The images proves that different size, corrugated granules of the graphene oxide

were obtained. Graphene oxide has excellent features such as large surface area, high stability, and
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layered structure. Therefore, the graphene oxide granules obtained by the above-mentioned method

make their homogenization in different matrices (Polymer, ceramic and etc.) much easier.

Fig. 2. SEM (a) and UV (b) of graphene oxide

Conclusion

Graphene and its derivatives are promising materials used as fillers in polymers, ceramics, etc. The
field of application of composites containing graphene structure is very wide. The present work deals
with the synthesis of graphene oxide granules. The obtained materials identification and structural-
morphological characterization were undertaken using XRD, SEM, UV and Raman spectral methods.
Simultaneous spray-dryer method gives the possibility to scalable produce defined size corrugated

granules of GO.
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3OGHOL Bobs30MML s 830l BobWZom BoEYMOMID J0IYOIMY 3070l MIs3093DY,
5935390000 2560L5BM3MS BoMPIBMMO Bogemgdol - NHs-ol s NO2-obl, sgfgmzgg SO+ -ob
3M63956GHM530900. G50 §ywgddo sBMEHOL bogmmgdol doMoms §ystrmgdl Homdmowygbgb
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36OHMELBY 53306390s.
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396306HMdgdMmo  ogml  OHMmamGOE 399900L 6530Md0  IEZ0MMZ0LLL  fgoewdo  Bogomdol
BomgMom, 51939 3Hob3969dol 53Bgo0ol go)dgbol 8gaas bstrgabo fiyegdols dmbzgMom
b®35d0.
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3m639bGHMs3ool  mdbodzbgwrm 9gd06mgds dgmeg L3zgGHMb  Fgotmgdom, Bzgbo SBGOm,

30903905 080m, M3 3063900 BoWEMIBHT0  J9OEOL  IBIEBMEY3 WMo Tobol
653001360 3H9gd0. 800900 dMbo(39990005b BsbL, M Lsfiyolo Lobxobmzol 3 dmEgdvre
d900bg935d0 B533560L0 0gm FBMEME 35MWMbDY go@sM9ds.
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65300md36MHM©JHJOoL Momddol O B39dGHEL, sFoFHM™I dmbs  FoPIETMEY3IIMHO
659600900l 99353905 S TgLodsd0LOE 90300 B0 3MB3I6EOS(300 BOWEBHEMSGJOT0. LsDPZs™
Lo@MS6  808YdsMg  3WOoogol  WM3S30sDY  TYbodergdgwos  BsgmMd3MHM©YJEHYdOL
9505 dMmE93MM0  Boghmado BgsdomOby 9MLYdME BogmMdOL  SBLIL  Fodmgymas s
09d9ds LoEMIgdo, bmem BgEs3oMHdY MRYdS MTgBHJLI IBIWIMWY3IIMHO Bogdogdo,
d9L58580b5, 3500 LMEMBOE0S BobgMbBY 653005 FMbs. 35M5EMEDY A9EHMYdOL Tgdmbggzsd0
5 ©00gdol 03039 990930 ©IBROJLOMES, Brog 3MEGHOL Lobxol dgdmbggzso.  3mAdobocmgdmw
9900mEL 59 d90mbggzsdoi bo3wgdo 9x39d@0 3JMmbs, 35M9WmMbBY goBMYdLmsb FgsMgdom
(Q0053M53s 6). LoFOOMS Bog3MMBOL  565ePOBO  QoBIOMBoBHMAMIRDY, OGMI TFgoddbsl LMo
b0, GMIGEo 3:33MmbgbEHYd0 LMEMmBOMYOL Y30MoGJuo LMMdYI6EDY s HMBYEO YoOOL
0yoedo.

LGOI 139EJOT0  29BHIMIOOL 890y  0PGIMWO BOWEHMGHO dmEm  Lsggbm®Hby
3O0B0WEMS 5dMMIEMMHO0IE F03OMTBOWEHME30E X MJT0, HMIGEdo B39O0 0YM
ROOMOM3sboL  3gddMsbs.  BOMOM3ELLAGHOL  9930Mbs  odBosYdIMo  oym Bzqbl  dog®
30dgM Mo ZomOM3sbGol Inoxozo®gdom [24]. 9dudgmodgb@om ©osli¢ MM, ™I
9036080 G0 go@sM9gdol 9999y dmbs 6530Md0L OO FMmE0Mgds.  BMMOMIEISLEOL

Georgian Scientists/do®mggaro dgsbogégdo ¢). 6 N 1, 2024 273




09mdm- ©s Jodonmo BEYMIEMdS 0deg3zs 0dol LGS gdsl, GMmd dmzsbobmom dobo
09396965305 dobo 4500360l F9dmbggzsdo.

25
23
20
3mbAo
15
B 3060b 90890560
0 9 30540
7.6
- 44
118 1'5 1,6 1’3
] ] 00
0 0—0-
bifigobo bbby Sbxmbty  Bobgibbyo dofimoby  Gabgibby, oty
GoduBo Bodhgdmo SV Y dodgdeo doghmpoerdsgone
5356501 Qb0

053535 6. bSO B530VMB3MMEYJEHYOOL FobIMo 3MBEIBEHMSE300L 33w ogds
Lbgo@olibgs LGMBY6EH DY 4o@IMJOOLSL

3993900
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50396005, ®MI FOMOM3ILEHWOHO F90M0s 35M0L0s BI3MO3OMEMJEJOol 993390
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9306m30OH0 M35¢LsBOOLOm, MIxMdILOs LEMdZ0WO s F9ddMIBMWO FHJIbmEmyogdo
2499mg9gb9dmo 04bgl MIMsm© D30l d0bINMHIBOL FysOmgdmsb s 8999y ImbIL
3LMRM390o  fgarol Bsdz90s B3sd0. Fo30 BO30L LEAHMIEIFMEo 3603369 MdOID
399306567, 9M30wgdgwos  fiywol Jodo®mo dgagbowmdols LobGgds@ o 33eg3s, dolo
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230L5E9M9dMS.
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16039MLoEJGHOL 53MmMeo s 3980060 ¢gdbmenmyogdols obLEoGv@GTo.
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Development of Complex Sorption-Membrane Methods of Sea Water Purification

Ana Khakhutaishvili, Nino Kiknadze, Raul Gotsiridze, Nino Mkheidze, Nargiz Megrelidze, Ruslan

Davitadze, Lamzira Kontselidze.

Agrarian and Membrane Technologies Scientific Research Institute of Shota Rustaveli State

University, Batumi, Georgia.

In addition to implementing environmental measures to prevent pollution, improving technological
processes and treating wastewater are crucial steps in addressing water pollution.

Water pollution with oil and oil products can stem from various sources, including small facilities like
gas stations or technical inspections, as well as large industrial complexes. Oil spills can have
devastating effects on local ecosystems, harming flora and fauna if left unchecked.

Our research aims to investigate oil and oil product pollution in the waters of the South-East Adjara
region of the Black Sea. We seek to determine the feasibility of cleaning oil-contaminated seawater
using a comprehensive method. This method involves utilizing inexpensive polymer materials (waste)
as filter materials, alongside waste natural materials such as wood sawdust, and easily regenerated

microfilters.

Keywords: sea water pollution, sorption, industrial waste.
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©3MB0dg 3505!, bssB0d30¢0 53000%, 35M33b0dg bsmgms!, buymmdzowmo 60603, 35Bsbx0 xgeb*
lomdGHmmsb®o, domdo dmms HMLmsggeol Lobgadfogm vbogg®Lodg®o, Lsdmbgdoldg@yzgwrm dgsbogMgdoms
5 %965(330L B3NWEHIGHO0, 200MEMyool MJEHMMO, 3500l dMEIB0ZMOO doMOl OMIIE MOl TmoEAOEY
1589360gMM MHYT0, BOoMEMYO0L MJEHMMO, dsmw)dol Fmms HLmsggerol Labgwdfogm MboggOlo@gEol
30ME@®m00L ©g35HHIIBEHOL SLME0MIINIEO 3OHMBILMMO, 38330935600, mMYS60DE0s Reimagine 4, 36099 Egool
3mOHE0bsEGHMMH0, 100w0obOo, *9obmdm@sbozmbio, 0gosl babgwdfonm »bogzg®Lo@g®o, 93mewmaool obbGHo@mEo,

R YRS %)

UGG 29BbOEIME0s oMb 5FoM580, AMm©IMdol MMgwEgbowol d0dgdsmg
5OLgdMEo  89dwmdol, MBbML, 39MmbBsMOL, sedgl, 0™MdsOOL, OIFsOOL 0oWsMYdDY, 2022-23
00., b.c0. 1800-2200 8 LB A9BLMO 0 YOMO JPBMdMEH603MMO 33¢g30L Tg9Agd0.
50b0db Mo 00wsEgdol  AMLobrgmdsdo X9 300093  990mOBgbowos  FHMO©oEoWMwo
9060mdME5603MM0  3mEbs, MMIgwos 9mfly3ers®os s OM®S  496393wMdsT0  035690s.
33930L50m30L 99MmYgbgd Mo 0ym gMbMIMEH603MMH0 2odm30mbzol s 0bGHgMHz30ML Bofgemol
99000 {obslo® Fgagbowo 3ombzsmom. godmozombs 35 Fmoswsmg Jowo. dmbsfowgoms
w3930 gLMds 45 garbg Mbbglio ogm. 330930l Jggyo PsofigMs 0bgm®Tsi30s 21 mysbols, 37
335600, 37 39006 Lobgmdsby. L33 g3 BHYMHOGHMOO0DdDY BM0sWs©ggdol doge Bsd3MMbserme
3990y99bgds - 29, 1533905 - 10, 39d6039M0 30BE0m 12 LobgMds. Fglfoguow 339656990l Fmmol
39335b00b 969300 - 4, LodoMrm39w Ml - 1 Lobgmds, Bods@mzgwml ,Fomgao Bmibom™ sEmEos
- 1, bogg®mbob (obsdg dgmao Lobgmdgdol LogHsdm®olm (IUCN) bmlboo oreos 7 bobgmds.
000Mg) 155939OBsM Bobgmdsbg BofgMH0W0s godmygbgdols bocwbrmMo M9;3933)0.
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©969300

dsLsEms S G90MEYd0
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330930b5m30L  459m3094gbgon  Fo®IOMEGHMwo  9Judgogool,  Fobslfsé  dgpqbowro
3000b356M0m JbMdMEHsb03MM0 49dm3z0mbgol s 0bEIM30ML BsHgMol Igmmo. Lobgmdgdols

33939-0096¢053035300Bsm30L  25dm30949gbgom LoJoGMZIWML GermEs (1971-2011) s sFoMoL
9396509900 Lo® 33930 (Imurpuesa, 1990). 3396509900L Wsm»0bMGO EsLOLYEdgd0 dmygzsboos
https://europlusmed.org dobgzom, JosMommo  Lobguhmmgdgdo dmygzsbowros  Fogsdzoeols

0mE5603Mm0 w9dlozmbols dobgzom (1991).

dobos®lo

53965 939656905 LobgMdMH030 LOTMSZWO M QoTMMBIMEO MYOMbos FNYE 35335B0580, LOSE3
S0MOEbYI0s 390 MO© FMBIMO 159 mxsbols, 742 a35G0l 1837 Lobgmds (Manvelidze, et all.,
2008). 59O OO M350 RGMOM3EGdS 5F5MOL AJMAMIBOMWO FEYIOIMIMIOD S JX0TSEHOM
56M0L  2963060Mm39dMwo. 3gbstgms godmygbgds 1s931bggdols Jsbdoebg oym sd@IsEmGo.
9505 dM05b 9356580 xgO 300093 J9aMbsbmos BHEMOIOE0YIO gobmdmEsbozmMo 3m©bs,
MMdgo3 9mfyzwsos s Inbsbegmdols o6y bofowdos gdmemBgboero (dodobsdzowo 2011,
2021, bogrmdgsdy, 1987).

950500560 5F5Mm0L LObEgMd5d0 5MLGOIMO 90bMBdMESb03MMO (3mEbol Fglfogerols
dobbom gmEgMIol Mg EIbowbg s F0dEIVMY  BHIMOGMM09dDY  (09dMmT0, MBbMU,
3960bbsOL, 5edgl, dMIsOHOL, OEIFIOOL 05EoMgdHg)  B.co. 1800-2200 9. LoTsrols
306 gddo  Bs35BHMgm 3310935 Hobolfot dgygboo 3ombgs®om. sbg3zg 4edmgz0ygbgor 50
50 9d0LM30L TsbslosMgdgeo 80 Lobgmdols 3gmdsmomdol bodwmdo Jmosws®ggdolbom3zol
LoR39bgds. BogofigMgom 459mygbgdeo Lobgmdgdol Jqlobgd 0bxm®dsEos (Bussmann, et all.,
2020). 2590m0300bs 35 3Mm0sws®g oo, Hobslfsmo 39M05¢ Mo 0bxzm®I0MgdMwo MbHIMdOL
900900L 9009y. dmbsfowgms MaMS3wglmds 45 {gurbg Mbbglins, M5Yb BM0sEIswggdl m®ol

boasBMmgd0  3mGs. BoghgMgom  499mygbadmmo  39wmo  3ghstgadol  SEYOMOMOZ0

Lobgenfimgdgdo.
905509 J5¢900l 8096 dmfirgdeo 0bxgm®mdsEool dobgzom Bs33wg3 M9ga0mbgddo

Bof96005 21 mxsbols, 37 435600, 37 Lobgmds, 500 GOl by - 2, dmBJo - 5, doersbo - 30. 5J9sb,
Rmo™d33960 bg - 1, 96039695 by - 1, B659(3969 dmbJo - 2, gmomEdE3zgbo dhdo - 3,
36535 fm3560 doesbo - 28, 9M0fiermgsbo dogrsbo - 2 Lobgmds (osy™msds 1.).

B gmonedszgbo by

B Gofzmgsbo by
05650003569 d9hdo
Boonwdszgbo dxjkdo

B 96535 (enm3z560 dosbo

B 9603560 dowsbo
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0536595 1. g59myqbgdo Lobgmdgdol Labomabem gm®mdgdo

LObgMBsMS Mol Lod3MMbowms - 29, Bszgqdo - 10, ¢gdbozmeo - 12, Mgrogom®o - 2,
db5d0sb0 - 1 Lobgmds (0saETs 2.).

dbsdosbo

M90207)M
0

A9dbognco

15533990

Lod3Obse
®

Q0530535 2. 3396501905 2obsforgds godmygbgdols Jobgwozom
37 LobgMd0Ib 96YdMEO0s 5, 3500 FMOL: 35335001 9bTo - 4 LobgMdy, LodsGMggwmlb - 1
Lobgmds (Memiadze, et all. 2004).
LodoMmggarml ,Jomgwo bmlbom® ©ogmwos - 1, LogOmbolb (obsdg dgmgo Lobgmdgdols
LogOmodmmolim (IUCN) b9lboo @ogmamos 7 Lobgmds (https://www.iucnredlist.org/).
00000999 9396509D9 BofgHowos boebrMo M939330, HmIgeos dmyzsbowos b536H@ado.

50bobeos (Artemisia absinthium L.) - 96535¢(iewmgsbo, 40-100 b3, dorsbmgsbo 9Egbstgs
M0Y3530™356ms (Compositae) M sbosb.

3990099690 Mol (530 Lbyeno) Lofiobssmdgam. 653390PRbsBg yMosh dggbsdol
A™90L s ol 335 BY 853d390L 49OESMJO9b.

5¢0dmz0L Box 9139600/ F963gs3mes (Daphne pontica subsp. haematocarpa Woronow) - 65bg3¢oco
0565d)35069 0bhdos, 0,5-1 9, Toxsw39M0LgdOms (Thymelaceae) ™mxsb0IH. Fg@oboos
LodoMmgganml ,fomge bmlbsdo®, 30335B00L 9bgdos.

3990g9gbgds  mEMAs60Bddo  FoMmdo  FoM0wgdol  IRMM3gd0L, dmberol  BH3oz0eol  ©s
MbGJMJMbOOMBOL Bsd3Obswm. d0wosb d39bstgl MgEbegab, FM0sb 3Mows, bsysgz9b s
sbbodgh gbgw figoeml. 9BgMgd96 9hHO EG-sTol  obTogErmdsdo. dBs boggbl 0ldg39b
930369 500dl. 30LEOGHOL Bsd3MObswm LolIM39w0s Fox5M39MHOL MBOEEO 535BsbOL
dogds. byowro 300gds dmadfsdzwgeros.

5009639339B0M0  LsAFodMOSBMGLEIMGS  ag0Mos  (Tripleurospermum  transcaucasicum
(Manden.) Pobed.) - 96s3scfanmgsbo dsgmabos, 40-60 1D, Momvyeryzsgoemazsbms (Compositae)
X 9b0sb.
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330605l 4353000l boggbl 0ygbgdgb ULo339MEbYIdOL, 3060l MWOML s WMIoEgdOL
3bm9gd0L, 4ygerol 330300, 39930l (330300l EOMUL. bMEM BOVIMIMOLOL B339l boggbom
399mMm93b3sL 39009096, sbdMdYB, sbbodgb Ebger Fyowl, 9x8MmMog96 s 53 Boygbl 135996 6
0309096 30608 ©OHWYF0. 330600l 505HIBIdOL B0MYdS 35MY0s BIBOL F 30300l s 353339000
Logdsf30EMml M. 0o ¥6xdMH030 s6EH0BOMEH030s.

56§ewo (Sambucus ebulusL.) — 1,5 3-0¢09 LOT>MOL IMSZ5EHPM3560 BEIbOY, 5EMJLELYOOMS
(Viburnaceae) cxsboqsb.

9b6Peobasb sdBogdgb bogabl, 9.f. ,3006m335L%. 6ol foxgg boymal 3091396, Togo@l
3539096 s dbgerdo 5899396 M53gbodg @MY. Mom™ LMRMOL 3m3BL dooMgdgb Mol
330300l OMU.

3b6feoligob slg39 98BoEY0gb ML, FYwgEgh 96Heol bogmaxl, s35¢gdgb Fodo®dl (dgocg
(om©gbMdom), BB, 51939 9B MELIBL (Foery OEMVIdOLZ0L). dbYbg Y96
dMOGOOM. IMIO0L 9999 0b5b5396. oo HHgd3gemsdMol M™L 8533390l ddse3do
©339gd e §obgdl 5389396

508cbogermo  bsdgo (Picea orientalis (L.) Link) - 306sdomeo 3s6xol bgs, 50 0-009,
130330L9dOms (Pinaceae) (1) sbosb. 35335b00L 9bgdos.

65930l g3olom 53DoYd9b Foesdmb (893¢09d0). 39600 FHZOMIOLMZOL, S1939 bLbgosslbgs
FO0™mdOLmM30L. Egdo gemo bsGgbo golol dowgds 393ob Fywwmwls 39Ombsgl. bsdgol bm®mh
30MBL 35996 309390 Bol Bsd3Mbserme. 65930l WM™l golosbo bsfowo, 9.§. 335600
Mmdgbsg 993b 93390600 bbo, d3GMbbYdOL s SLEoL LYIIMObsEM® Fodmoyqbgds. bsdzols
d96dobl 09969396 LsTIBIO M sbdgEro s byd)dgc.

BERSRIBMOIMEOS M/35¢mm (Rumex obtusifoliusL.) - 3615350 fenmgzsbo doensbos, 60-100 b3,
oBoGYsligd@ms (Polygonaceae) mx sboqsb.

0oL BEmmb 04969096 6s0OIMd0 Bgbolim3z0l. ber®b gmommls 309896, LMgLgh, ool
346056 s 8330396 5000l 000909b. 930l 30300l OML  JoMI3bOW FMmmMMEL 3By
0939696. MM 51939 09969096 390bsG05d0 Fool do®To Bolivgggbs. WM™ dbgdM030
L5©Gd5305, JoLO BobIMT0 Y530LR9M0 LoWYdS30s.

Ov1g05/d5650dm  (Petasites albus (L.) Gaertn.) - 065350 fiermgsbo  dsgsbos, 50-80 LA,
M0Y3530™356ms (Compositae) My sboqsb.

096l Bmowgddo 9539300  5@T0BL  BIWIGBDOL  EOHML. Bmomgdol Bobs@dom
0539390l 585Hb5L 39009096. MMl 8Fool 393%9 396696.

3505/ 350mes (Bistorta officinalis Delarbre) - 9Mog5¢fiermgsbo dowobos, 30-80 LA,
3530GHslgdOms (Polygonaceae) crx sb0sb.

3551 bn®BO BMmgdoLAD 5dBo©Yd9Yb 396dL: FM0b 3B s s Byrds396. dFool
03930@bL blbosb ®dgdo s MI396 WFMOW ZOMEMLL, OMES FodmMmEMEIds, “9do?gd9gb
oMol s Lbbgoslbgs  Lobgargdeqdl. ©35wEsls  53Dogdgb  3s3wom, boswgdoom ©o
0MH0bx 0ms3. MY LYl 9gAob0sb. 3900 oS 0Tobd MM gdM 0 o 15339005, LHII3MObIEOM
30L90900m53 259m0MBg35. 35M0s MO0MIIXOL S 3193b5Hs30L BHJ0z0eol MMU.
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9foob 2300Ms5/9fjgt0 (Pteridium aquilinum (L.) Kuhn) - 96s35¢fiermgsbo 43006Ms, 80-200 LA,
65dg0o0 430860900 (Polypodiaceae) mrxsb0gsb.

9h60bL b5g9gbls mz0emdob Lsd3MMbscrm® 0949bgdgb. 3bger fgowls sbbsdgh gm0 o 3Mbsls
Q5 MEOSBEL 953569396 (BmogMmdgb). s1939 03909096 5BsBIBYOLSE, 90SBIBOL BoMgds Mbs
dmbal ©wgdo 3-4 - %96, Lsdo EEOL Q9693 MdsT0. ghHiMoL 230865 bosIRL SBMYogMgdL.
B5005030 30 LOPBML S LOTIMSEPOL FgLobsMRMBIdIE MB969D Lodmbgwls.

356000353535/00¢> (Cichorium intybus L.) - 06535¢fmgsbo  dogrsbos, 60-100 LI,
M0Y3530M356m0 (Compositae) My sbosb.

04969096 039GO0, d3gdol, LEblMYdOL s oMol 3303000l EOML. SdMMdID,
39 fgomls slbsdgb @s Yog0L Fodoo 1gsd9b ©®9do LsdxgM, 356MIdFoFoL F0EObsMYEs
0obls3 9dobosb.

3000LGgMORY/30005905 (Tussilago farfara L.) - 96535fiermgsbo dowsbos, 10-25 10,
07)0Y353000M356ms (Compositae) X sH0sb.

399M099gbgds bggegdol Lofobssmdgym. BMmMEgdL SLbYTG6 3bger Fysel s boggbls
509509096. LYRMS BEEPMWL 00Yd96 BoOJM356 SO DBY.

0530535 (Origanum vulgare L.) - 06535¢(cmgsbo dosbos, 40-80 1D, GmPmboboms
(Lamiaceae) mx5H0096.

05305350 Boygbls 1135996 dIMBJ9dOL 4900B056gdOL, b3zgergdol s FowrEH3gdol sbmgdols
@6OML. oLO B0 35605 BEbLEYOTO IZOMZOO FoMHOWYOOL ILHTYS.

30sDsbs (Hypericum perforatum L.) - 36535¢0{c0m3560 35¢0obos, 30-100 b3, 3605BsbsgdMms
(Hypericaceae) mysb0sb.

365565l Jofolbgs mGYbmgdol boggbo gMrm-9Mm0o 356My0 LTS GdS POMITGIOID
95600900l 459mbog36s. boggbl FMbergdol s LEblMGdOL 3303000l M™ML  0bgsdgb
930369  5@a0sl. 1939 069J300L  F900B0s6GIOLSL.  3MSBIBS 23060@lMIb ghmo,
399Mm0ygqgbgds  bggegdol  Bsdzm®mbosrm.  IM35¢dsMPZLMb  ghmo  3MFbofarsgol
3oLI9bO®, HMYME3 5B5EH0dOME030. Y3530l 3095396, 005319096 FM@Fqedo, sbbsdgh sEroyls
5 MbMmIgE0 OPY-0539 5B9MH9d9b. BooL Loboo do¢0sb 35605 NGO MMHYBOBIoLmZ0L.

Agobs/35360L Lsgbo@ymbs (Sedum hispanicum L.) - 96535¢0femgzs60 doosbos, 10-15 10,
Al dobobigd®ms (Crassulaceae) crx sbogsb.

AL Jobol ZmoMEl 0Yg69096 FOHOWMI9BOL TgLobME(3935©. BMMML FMH06, Fywwgdgb
5 FHOMdSYBY 5009096. 339bsIgl 00gd9b Y3530MdOL 3gMoMm©To BGL30L ocM9TY. SO0l
QOML ©5FYg@o ABgobsls gmEmEgdL slibsdgb dmmMqdge HIgL s 0135Tgb IB0sbJdI
396%g.

o0l 303)bs/393eols dsewsbo (Clinopodium grandiflorum (L.) Kuntze) - 96sg35¢0fermgsbo
05b0s, 50 B3-0Y, GPMLbmS (Lamiaceae) 1y sb0Ib.

303boL Boygbl bgodgh L3sBIMMO 3030900, Fo®owo sOGIMHoMwo {5930l s Mogz0L
330300l EOML. B (6930l OML d3gbstls boggbol Jomgds 6 sGHOL M193:mT9bJdWO.
dool 30@bol Bsol 59d3b 35330000090  9x39dBH0. 91939 0Ygbgdgb Loberowsb dfgMgdol

39boY3b5.
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dsBHoGgws (Polygonum aviculare L.) - 15-40 L3 Lodomrol gOHMfierm3zsbo  doesbos
3530BHslgdOms (Polygonaceae) crx sbosb.

9530wl 65ggbl Bgsd96 06 3dgdol s6mgdol s FoLEBHOGOL  GOML. dMberols
A30300obsb 9gM0d M Fs F5G0GHJEOL doEsblL SlbHTGD M OB 5IVGIM Fysels, sBgM9d96 3
LSS0 5 00896 535BIBYOL. 51939, odm0Ygbgds LobliMYdOL FH3030eolm30lL s Fomogdols
LoHoboswdgam.

9oygoeo (Rubus caucasicus Focke) - gmomedsggbo dhdos, 3500bgdmms (Rosaceae)
X 9b0sb.

359430l MHMmO3 dofiolbgos, sB93g dofolidzgds MmMmysbmado, godmoygbqds BomsGsmob
1593MbIEME. 3993wl O FoMHYz0l doErsbol  Botggl  sbbodgh by fgoals, sBgM9d9b o
©90)md9gb 039960EgEHOL golodE0gMIOMS. FMEPOL O53500909d0L Lod3MEObBswm© Bsyzols
Boymagls obdmd9b, 13939396, 59056 ool BsM@gdom 1:1, sBgMgd9gb M089bodg ®9-sdg s
135996. 359300 FbsYds b59gbo, 9.§. ,308bM335“, HMBYELSE 3 FOL 330300l ML 0©Yd9b.
959430l b5gmxzolgsb sdbsgdgb Bsol, x9gdl s 3MA3MmEU.

9gemb bsdymeos (Trifolium pratense L.) - 15-80 L0 LOJoEOL FMOZoWFarM3560 dosbos
3563mbsbms (Fabaceae) mxsbosb. (305 069gd0L o330l LogHmsdmMolm 3sgdotmol (IUCN)
,,P0mgo Bmibom“(LC- by Fommgdls BOHb3sL).

LodgEsl 094969096 930l (3303000l JoL0YrIhgdEs©, boMdsgzgb s 3bgzoMdo 0fj39m9d9b.
006399000 56mgd0L LsfobssdIME s LobLMYdOL 330300l Fglodlvdmdadas 0949bgdgb
MmO 3 Byl 505BIbJOL, s1939 135996 Job Boygbls. MMM Hgowls sbbsdgb, dgx3msgz9b
5 8990099 M0l 0099096 5070 EOL 2563530 Md5T0. LdgmEsl H05HBYdO S193g 39600 Bgowo
05393900Lm30L5(3. PoOlMEITo LodyrEsly IMBobErgmds 3MIBWS S S09MJIPS 5T DBYOGIL.
9009l LYY 35RO MoRWM3560 J39656Yo.

900l dmEbsMo/AghEboes (Ribes alpinum L.) - 1-1,5 9 LodsOol gmommed33960 dmbdos,
b6 E399olgdOms (Grossulariaceae) mxoH06.

oo bogmaoligeb dBsgds 3m33MEH 900, MHMIGE0E JoMRY0S 3ol 33030008 EOMU.
31939 3990 Mmd0bol sbsFoEgds© s (bg30L Mgy MEoMgdolomzolL. sdBsIdI6 X 9L o
ddsOb. dF>OL Bowowo 39d396MoG«Mol MML 5139396 0538390L, momm Bsol 3m3zbBL. ddscro
3500905 8990gab5065: Jorsdo Bosy®oe dmEbool bogmals, sgH0sb oMol s Fodsd,
5969096 M58 g60d9 MO 496353 MdT0, Msb 9396 s AB>MIYDds. 965396, 3-4 Mg 3ByBY
9096, sLbs3gb obol dBMMgdTo s 0bsH396. Podmoyqbgds MMM Logbol, sligzg bagwgdol
QOML. dnEbs®Ol ddsOL 0ygbgdgb BsdEbzMgdol IMBsdHBsIdsE s dfBowrgddo. dobo xgdo
2990949690 BoMmOL od3MOBs M.

90bggMols  8303o/bsdgdogmsbs  (Equisetum arvense L) - 50 U0-0og ULodswerol
365353560 d5sbos, 830¢LgdOMs (Equisetaceae )y sb0sb. o3I os 09bgd0l I(330L
L59MMSIMMOLM 3539060l (IUCN) ,,foomgero bmibom™ (LC - bsFommgdls B6«mb3sls).

93030l 9035HbgdL 0399096 FoMr0egdoL LoHoboswdgam. bgaml, 35958 @S 30EL
Boggbo  98m0ygbgds 0638900  J3900L LT gs. dobo boygbo gbdsGmgds Lobbeool

X O9090L s©0Yqbsd0.
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dm@a30 (Vaccinium myrtillus L.) -1-3 8 Lo3s0@ol B3mommed3gbo dmBJos, 3sbsbsligd®ms
(Ericaceae) mxsH0b.

094969096 OMmamM3 boymal, slggg Bmomenl (Jakeli, 2018). dm3gol x9dL 259m0ygbgdgb
3905650l POML. BogmzBobgsb sdbsgdmwo boygbo 25dm0ygbgds MoM3dwgddo sGLYdIMWwO
3953900L sLOAEgEs. 1939 135996 bYW MIOLMZ0L. b5ggbl 5FDoYdYb F90gabsocmsc:
Bogmagls yorosb dobol FmMFgardo, ¢8s3gdgb Godo®l 1:1-Bg o ysd9b 3bgbg Msdm©9gbodg ol
3963530Md530  oLOEOMMIOHE. IME30L Boymal sbdMdID s Bsol sIBoYdID, GMIgero;
3990g9gbgds ©0509BHOL LoHobssmdgym®. bogmazolash sbgzg sdBogdgh 3MA3MAEHL, GMIgeos
25905 4e-obbEdsMV3ms LolEgasl. dmE30l Bsol BMmEOLYbsE 98BsYdI6. 36095396 BrOB
ROOEIGL, 5dMMdI6 BOowdo, ImlMglgh BmomMmeEl, 3960 GMmEs 2odmmgs, 9999y 39539696,
399960096 s 0655396 BodmGolmzob.

36535¢0ds3s (Plantago major L.) - 50 10-00g LoTsOOlL M35 rmzsbo doesbos,
965350 doMm035L90Oms (Plantaginaceae) () sbosb. ogmos 396900l 330l LogMMsTMMHOLM
3°3domob (IUCN) ,,fomgero bmlboom® (LC - LsFommgdl Bermbgsls).

96535 doMm35L  Boggbl 330305059 mPdo©  0Ygbgdgbh. AOLMBMEz9dME D06
939656M9L, sbsdgb by Fyswl, 998319396 s MO OY-0sdg sbgMYd9b. 135996 gMmo ys30L
Jodom @mgdo gOHMX M. IM935cdoMM35L MYLEL 353039030 RoMIMIMOL OML  09gbgdab.
SOM®YIN 9O Fods 9owdo gmosh gmo bsols 303D MgleEl. GmEs BgMo 9933 gds, Fodob
39099 000m™ 3m3B0o0 59396 3533390L. M35 AsMMZL BrMML fywrmEolimzols 0ygbgdgb.
3ol 5436 Bo®Jol godmbogabo m30L909%0. by BmmMmL 0©Yd96 IRoMIJdME
5QRAOWSL, 96 doMTogoMm5Dg. ©sF)FYow FMMMEL YdsEH)0gb MOBL s FOHOWMISBY 0IdIb
d9LobMM9dES.

Bo0/6s0s (Cirsium imereticum Boiss.) - 80 110-00g LOToEOl  IMSZoeFermzsbo dosbos,
0)0Y353000Mm356ms (Compositae) MxsH0b. LodoOmMz9wml 96gdos. IEMEos d969d0L
53330L LOgOMITMOHOLM 3538060l (IUCN) ,,Hoomgwwo bmibom™ (LC - LsFoMmgdls BEOw63sL).

Bs®l 0ygbgdgh 530 3500LYYD LE39. 3309090 Lobgd by, dMULYEBY. MLl
05¢0dg00bm30L 09496909b 85330l bo33es.

Bo396J902505/Js058bogots  (Chenopodium album L.) -20-100 U03-0g ULodsweools
9O0HEM3560 05¢sb0s, Bo3o0MJs0dslgdMms (Chenopodiaceae) crx sb0sb.

doM0MOO® 15339050 0949bgdgb, JoLsh 53Bogdgb 396OAL 9.5. ML Jo3eom,  slggg
539509096 LosmMgdL. 93MM390bI6 5Mg 49BoBbMEbY. gbers 339 b3 29dm0Yygbgds.
390393L 0936 303)5d0BL s LOELGMYGIMS MEYSBODBTOBIMZOU.

693™/m3300935 (Helichrysum graveolens (Bieb.) Sweet) - 96s35ee0mg560 dogsbos, 10-35 19,
M0Y3530™m3z56ms  (Compositae) crx sbosb.

Boggbo 259m0yg4qbgds dmE30bol Lsd3MMbserm, sg39 w30dol BwbJzool ImMIErol EMML.
693™U 439300 q0L SLbsT96 39 Hgol s SBgM9d96 GO0 ®Y-Lsdol J56353cMdIT0. FNE0s6O
93965M0L bsygbo 06330l 56MgdOL POML 458M0Ygb9gds, MYdo 3-x g6 MomM bLYYBGOL 3M3Bo.
0™ {engddo dmbobargmds dob saMM390L BoMmBo393RwI0 3m335609d0Lm30L.
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OLsbEosbo xob3s®o (Urtica dioica L.) - 100 10. 9y Lodsrol M35 ficrmgsbo,
MmOLOLE0sbo d3Ersbos, BI-0009, x0bFMoLgdMms (Urticaceae) mxsH0B. ©ogwwos d6gd0L
©5330L LygMMSTIMOOLM 3533000l (IUCN) ,,Fomgwo bmlibom® (LC - bsFoMmgdl BOHb3sL).

X 06356L d39egbo O™ 0949bg09gb Bsd3MMbserme. sl 153390503 299m0Ygbgdgb.
dobo bsg9gbo g98m0ygbgds 4ol s 93d5GH0I0 ©9535090J00L EOMU. X0bFMOL 535BsbgdLsE3
009096, 5Lbsdgb L3oOAL, 5 Eom sBgMHYdG6 Lodbgwgdo s 01Tg396  356%B9g FodMbogMmolsl.
X063000m 5395009096 396MAL ,{emab®, bo®doggb, boysggh %080, ¢MH9396 BHYgdswl, bom®l, Jobdl,
935000UL 3430l o0, HMIGE03 51939 50D 356205 39 F-Bofiersgolmzol. sg6M™m39096 sy
230BoRbHMBY, beaMBMmdOLSL.

Us939@Mbsene  dMdMAgEs/dsdgsfigg@s  (Taraxacum F. H. Wigg. sect. Taraxacum) -
96535 fem3560 dosbos, 35 LA-0Y, OMEY35300M33bms (Compositae) MR SHOD.

050995396l y30300gdL 04gbgdgb dMberol 330300l MML. 3095396, sLbsdgb Ebger
0950l 5 MHBYMIGEHO WY-0sdgL Lodbgwrgdo sBgM9d96, Boygbls 0l3sd9b 8330356 b By. Aol
539L390L 09969396 ©0sdEOL Lod3OBs M. 39O MYEb3gb, TOMDID, MO fgowls
sbbodgb s B3s996 Wgdo ghmxgM 100 a6 - L. 10 3o Fgu3L - GO OGS igoerls s5Lbsdgb s
009096 5070 EOL o6353EMd5T0. 35395(39ML S MbEOIBMTol B9g13gdL sAMMBIB, g Hgowls
Sbbodgh, MEBBEL 5BIMGII6 o B3gWgdOLMZ0L 094gbgdgb. Tolo gglggdo LodLogbm®
39BHLGHIBIOL 95hgMgOL. B5395(396M9L oMol ZBOEISLSE 9dob0sb.

Us8@s@s (Tanacetum macrophyllum (Waldst. & Kit.) Sch. Bip.) - 80-120 110-0cog bLodsmool
36153503560 B5¢sbos HmMyzs30emgsbms (Compositae) mx sbosb.

3boasBOHY YwmOGHgol 09gbgdgb 15339935. LEFEGHIEHIL MdOW FMMgddo sb393wbgb
53500094mgxl. 9396969 sL939 39M0 15339005 F0bsMHO BHOb3xEOLsM30U.

Lelbmgligol  oyo/ommys/mgmomsgo  (Heraclenm pubescens (Hoffm.) M. Bieb.) -
365350 Hem3z560 doesbos, 100-150 LA LoToEOl, JneaMbsbms (Apiaceae) My sboB. 3933500l
96009005 (Memiadze 2004).

dbodosbo 93gbotgs, dobo ghmo Tgbgdsz 30 396Dy AY3OMISL 0fj393L, M™MIgEo3
9mmBgboll 990pmdo3 6533t GH™39gdl. bdger 9396569l 96 dMbos@TMls  dmdFed3wgwo
30190900 93560905 S  Bogdmbgerol Bs33905¢, 65§39l Fmsds@gds godmoygbgdgb.

AYob 30365/B9gbgm (Mentha longifolia (L.) huds.) - 96s35¢{iermgsbo doesbos, 100 bd-dg
Lodoob, GwBMbsbms (Lamiaceae) mxsbob. IEWWos dBIdOL o330l LogMmsdmEMolm
3938060l (IUCN) ,,fomgero bmliboom™ (LC - bsFoMmgdl bermbgsls).

dofolbgs bsfocrol s3B5gdg6 s Bsol Loboo 13s39b. g3l s3>dd30YdJO 9BIJAGO.
©050)H05b Bgo 8530390l 30EHBOL 505BBYOL 39079096. Tols MG 30GbSLSE 9Iob0sb.

BoOLAsbM30/435303m©s (Achillea setacea Waldst. & Kit.) - 40-80 U3. Lodswerols
96535 fiemg560 dosb0s, HMYY3530em3sbms (Compositae) my SH0D.

3990g9gbgds LoFdeol dmbgergdoli sM®3930L MM, 2eEddomzol s F9dgMHOEMdOL
Lofoboswdgam@. dofolBgs  Tolols  slbsdgh  sEM@gdMe  igoels, sBge9d96 4  Lom-ol
3968530Md5d0 s 00g09b oom F5353g 100 gM-ob MmEgbmdom. bgwgmEl saM™39096
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5230LGH™MT0, MH30 Y3530 MBOL BsHT0. FoMrEOL dYFEOL 56MGdOL LT3 MMBIIME BoOLTbY3L
bs6do396 10-15 fomols gobdsgermdsdo.

RU3BooM5/a3gx ™ (Sibbaldia parviflora Willd.) - 10 LG 3y LoTserol IMsgz5eHermzgsbo
055b0s, 35OHEOLYdOMS (Rosaceae) My SHOD.

09LEgdL 15393900 3M9RI6 WS F5996. FMOsWHPVGJdO OBIMZB0ED BoSbL 9dobosb.

030006533000560 65¢39@s/sboborsgs (Gentiana septemfida Pall.) -15-40 3. Lodsmerol
96535 fiemz560 doesb0s, 5039w sLgdMMS (Gentianaceae) My sHOD.

Bo039wsl 5391390 09969096 YyosHdMBOL WM. Sibsdg6 5MYdME Fyowl, sBgMgd96 s
390099 b35996. o056 Aoty 290m 5943L. 3B H05BBJdOL Lobom dgsloEOlL Bsd3IMbserm©
09969096.

89960 (Rhododendron ponticum L.) - 356503069 d9hdos 3-4 3 LoTorol, obsbsligdOms
(Ericaceae) crxoboqsb.

©93MM5G0mo  ggbotgs.  GoObyewdo  FdgMolb  ZmomEo  Fodsgdol 303650
3990949gbgdMm@s 5335600. RMmMEgdL sB939 396U MB9I6OIE dFool odmEbmdolsL.

fomgwo (Fagus orientalis Lipsky) - 3comend33960, 34-40 3 bodsweols bgs, fogwwolgd®ms
(Fagaceae) mxsbosb. 3 0s 36930l o330l LogMmsdmmolm 3sgdotmol (IUCN) ,,fomgwo
Brlbom™ (LC - Lo FoMHmgdl Bermbzsls).

foxzaol d96m4sbl 094gbgdgb do®omoo Lsdgdg. Hodbyedo dob Joddu 3d39309696
1030BML gHMs WS 3L 53bMdPB6. Horwrol Mgliro, ,Foffodm®, 4sdmoygbgds bs339d5¢.

Jowo/3ogmnno (Juncus efusus L) -1 9-0og Lodool IMoz5¢farmgzsbo  dowsboo,
Joolgddms (Juncaceae) crxsbogsb.

905509900 3390l ddogqdL gdobosb. Fooligeob Jumggb Jmgdl, Jowsmgdl o
1594353009 90b.
bor03des/bdMAgdems (Caucasalia pontica (K. Koch) Greuter) - 80-150 10-d¢0g Lods@eools

965353560 doesb0os, HMYIEY35300M356ms (Compositae) mxsH0b. 3933500 9bgdos.

905509900l 06830MH3530000 bo®0IMdLYD Hoboo MLEL 58Bo©IdHIL, HMIgELsE3
04969000696 Logmberolb Eowgdol byfobssmdgym. 5955950 33905l 5aMM39096 @S SdEMIYOD
BMT>393GH M 3003356090L.

336900

1. 3m@9Mdolb Mg @gbowls s d0dYdIMY 05¢0gdDY: 09dwdol, MBbMU, 39HbBIMOL, 5¢dql,
0m3doMHoL, O0IFoMOL, FMOIS0GJO0L 25dM3I0Mb30LLL godmozzgms, Mmd  asdmoyqbgds
5RA0WMIM030 BMMOL 21 My sbol, 37 335600, 37 Lobgmds.

2. 3mbobergmdsdo 359mygbgdyeno 9;3969699d05b: Bod3Mmabogrms - 29, s339000s 10, 9dbo3MMo
doBboom (LsIIbgdM, LTy, Lofibog0, Lomgdsg0) FodM0Ygbgds - 12, GgwrogyomMo dobboo -
2, db5305605 - 1 Lobgmdo.

3. 3933%bool 9bgdos - 4 (Daphne pontica subsp. haematocarpa, Picea orientalis, Heracleum
pubescens, Caucasalia pontica ), bodsGmng9wml 9bgdos - 1 (Cirsium imereticum) LSHYMOS.
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4. L5dom39wmb ,fomgewo Bmibom™ oEmeEros 1 Lobgmds (Daphne pontica subsp. haematocarpa),
016990l ©5330L LEgOPSTMOOLM 35g3doMol (IUCN) ,,fomgwo bmlbom™ oreos 7 Lobgmds
(Irifolium pratense, Equisetum arvense, Plantago major, Cirsium imereticum, Urtica dioica,

Mentha longifolia, Fagus orientalis ).
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Results of ethnobotanical research on the areas surrounding the Goderdzi Pass (Adjara,
Georgia)
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"Doctor of Biology, Batumi Shota Rustaveli State University, BSU, 3Researcher, Coordinator of projects, Tbilisi,
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Abstract

The article discusses the results of ethnobotanical research conducted in 2022-23 in high mountain
Adjara at an altitude of 1800-2200 m above sea level, near the Goderdzi Pass, Beshumi, Uchkho,
Verkhnari, Alme, Bodzauri, Didachara summer camps. The population of the mentioned villages
summer camps still retains traditional ethnobotanical knowledge that has been lost over time. For the
study, the method of ethnobotanical survey and recording of interviews using a precompiled
questionnaire was used. 35 women were interviewed. Most participants are over 45 years old. As a
result of the research, information was recorded on 37 wild species, which belong of 21 families and
37 genera. In the study areas, 29 species are used for medicinal purposes, 10 species for food and 12
species for technical purposes. Among the studied plants, 4 species are endemic of the Caucasus, 1
species is endemic of Georgia, 1 species is protected by the Red List of Georgia, 7 species are protected

by the IUCN. For each medicinal species, a folk recipe for use is written down.

Keywords: Ethnobotany, Medicinal species, Folk recipe - use of plants

Georgian Scientists/Jo®m39wo d93bogMgdo @. 6 N 1, 2024 288


https://www.europlusmed.org/

Vol 6N § 2024

O Georgian Scientists

NOEOMNY

o Jomom3z9eo 3936096900 _GEoRc

Vol. 6 Issue 1, 2024

00
00

https://doi.org/10.52340/gs.2024.06.01.35

Prostaglandin E2 as neuroinflammatory target in childhood resistant epilepsies.
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Abstract

Aim: Childhood epilepsies are a diverse group of neurological disorders with a multifaceted clinical
course caused by a range of aetiological factors. Despite new Anti Seizure Drugs (ASDs), drug resistance
remains a significant hurdle in treatment. Growing evidence links epilepsy to inflammatory processes,
especially in drug-resistant cases. A number of neuroinflammatory pathways involving cytokines have
been identified in the pathogenesis of drug resistant epilepsy, including the axis of Cox2-PGE2-
Prostaglandin E2 receptor 1 that has been shown to affect blood-brain barrier function, and drug
pharmacokinetics through upregulation of multidrug effluxers. We measured the plasma PGE2 levels
aiming to determine PGE2 importance in epilepsy-associated inflammation and antiepileptic drug
(AED) response for the patients with different types of epilepsy .

Methods: a prospective review of clinical and paraclinical data of study group (Group 1), including
patients with epilepsy who had ongoing long term follow-up in two subgroups: Group 1A-Patients
diagnosed with epilepsy -seizure-free on AED therapy, Group 1B- patients with refractory epilepsy
and healthy control group (Group2). Serum samples tested for PGE2 levels(interquartile ranges/pg/ml)
by the enzyme-linked immunosorbent assay (ELISA).

Results: Measured serum PGE2 the median interquartile ranges (IQR) were higher and in broader
ranges for epilepsy patients all together 512 pg/ml (324.5-970.0 )compared to healthy controls 406
pg/ml (278.7-541.4) , but not significantly different across the epilepsy study groups (p>0.05). Only
Valproate responders showed reduced PGE2 mean IQR 490 pg/ml.

Conclusions: Our findings align with preclinical models, suggesting a potential target on molecular
basis for overcoming drug resistance, which is a major challenge and key toward precision medicine in
epilepsy management.

Keywords: Paediatric Epilepsy; Drug-resistant; Neuroinflammation
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Introduction

Pediatric Epilepsy is a multifaceted neurological disorder with various etiology, which affects 0.6% of
children between the ages of 0 and 17 years [1,2]. Antiepileptic drugs (AED) are the mainstay of
treatment for childhood epilepsies, 90% cases of epilepsy in childhood is adhered to recommended
AED treatment. With each subsequent unsuccessful AED regimen tries the likelihood of seizure
freedom decreases significantly. Adequate seizure control is not achieved in 30% of patients, especially
in epileptic encephalopathies which are considered drug-resistant [3]. The working hypothesis on drug
resistance to be refined with time .Based on ILAE classification 2017 Drug-resistant or refractory
seizures refer to “failure of adequate trials of two tolerated, appropriately chosen and used antiepileptic
drug schedules (whether as monotherapies or in combination) to achieve sustained seizure freedom”
[4].

Despite many years of research, developing novel treatments and management strategies for drug
resistance has been a longstanding goal ,cause modern AEDs could suppress seizures rather than modify
the underlying disease and the mechanisms underlying drug resistance remain largely unknown. Thus,
without exploring and rectifying the underlying neuropathological processes, epileptogenesis cannot
be reversed.

Among other theories about current understanding of epileptogenesis, inflammation has been
implicated in the pathogenesis of some types of epilepsy, including certain types of childhood
epilepsies[5]. There is evidence of ongoing chronic neuroinflammation in epileptic areas, characterized
by the activation of microglia, infiltration of immune cells, and increased production of pro-
inflammatory mediators. Neuroinflammation can persist even after the initial trigger has resolved ,it
can affect neuronal excitability, leads to blood-brain barrier (BBB) dysfunction,impacts on seizure
threshold and,contributes to the development and progression of seizures [6]. According to the
previous studies, cytokine accumulation and imbalances in epileptic tissue are markers of activated
neuroinflammatory processes involving cerebral residents and recruited immune cells [7,8]. COX
pathway metabolites such as prostaglandins, majorly PGE2, are known that could influence central
neural inflammatory pathways and interfere mechanisms of epileptogenesis [9].

PGE2 may have indirect effects on seizure activity through its involvement in inflammation and
neuronal excitability. As it known Cox-2 acts as rate-limiting enzyme for PGE2 production , due to
influence of proinflammatory cytokines COX-2 expression is promptly induced in Blood-brain-barrier
endothelium[10]. In several rodent models of drug-resistant epilepsy, blockade of the C0X2-PGE2
pathway, Prostaglandin E receptor 2 (EP2) receptor transitory inhibition reduced the degree of Blood-
brain Barrier dysfunction, decreased cytokine production, reactive gliosis and seizure-promoted
functional deficits thus appear having role in anti-inflammatory cascade and neuroprotection [11-14].
Amounting evidence also suggested that increased PGE2 biosynthesis following seizure may upregulate
the multidrug efflux transporters, P-glycoproteins (P-gp), at hematoencephalic barrier[15]. This
upregulation could contribute to an increased efflux of prescribed AEDs, potentially leading to reduced
treatment efficacy. To treat epilepsy and to increase the effectiveness of AEDs, blocking this increase
in PGE2 levels may be beneficial [16]. PGE2 biosynthesis could be affected by prescribed AEDs,
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therefore Cyclooxygenase-2 and PGE2 receptor may proposed as target for new disease modifying
treatments with goal to improve and restore seizure pharmacosensitivity and improve therapeutic
outcomes [17,18].

However, the reported studies rely mostly on experimental evidence regarding immediate postictal
changes in proinflammatory markers, but their role in the genesis of epilepsy and clinical phenotype
or drug responsiveness is not clearly defined. AED resistance is very probably not caused by a single
mechanism. Thus, exploring responsible biological pathway from bench to bedside is a major challenge
towards precision medicine of epilepsy. In this case-control study we compared PGE2 levels (median,
pg/ml) in sera of patients with different types of epilepsy. PGE2 profiles of patients on the basis of
recieving drug and responsiveness were also analyzed, aiming to assess importance of epilepsy-
associated inflammation and possible link with antiepileptic drug response ,which could be a new

target biomarker in the future to develop therapies overcoming drug resistance.

Materials and methods

Participants were recruited from the Zhvania Academic Clinic of Pediatrics in Tbilisi, Georgia and
grouped as follows: Group 1A consisted of seizure-free epilepsy patients on AED therapy for at least
one year, Group 1B included subjects with drug-resistant epilepsies experiencing recurrent seizures
despite treatment with two first-line AEDs and diagnosed with epileptic encephalopathies, and Group
2 comprised afebrile controls without neurological disorders, matched for age, gender, and ethnicity.
Exclusion and inclusion criteria are detailed in Table 1.

The exclusion and inclusion criteria from study groups were as follows in Table 1.

Table 1: Study subject exclusion and inclusion criteria

Exclusion Inclusion

acute somatic illnesses
autoimmune diseases
recent infections
regular consumption of the COX-2- | Age 0-16

inhibiting drugs Confirmed diagnosis of epilepsy
receiving nonsteroidal
antiinflammatory drugs (NSAIDs)
performing regular vigorous physical

activity *

*defined by the Centers for Disease Control and Prevention [19].

Data Collection: Comprehensive systemic and neurological assessments, EEGs, and medical record
reviews were conducted to gather demographic and clinical information, epilepsy subtype, disease

duration, seizure types and outcomes, pre-existing investigations and treatment, including antiepileptic
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medication usage and treatment response categorizations such as "Valproate responders" and
"Valproate non-responders."

Blood Sample Collection: Venous blood samples were collected under sterile conditions, processed, and
dispatched to the laboratory for further analysis, including systemic lab measurements and assessment
of prescribed AED serum levels.

Cytokine Analysis: Prostaglandin E2 levels were measured using ELISA kits. Statistical analysis was
performed using SPSS 21, with continuous variables presented as means + SD for normal distribution
and as median interquartile range (IQR) for nonparametric data. Data comparison utilized Kruskal—
Wallis and Mann—Whitney U tests, and graphical representation was created using GraphPad Prism 8.
Ethical Considerations: The study adhered to the Declaration of Helsinki principles and was approved
by the Thilisi State Medical University research ethics committee (10.11.2019).

Results

Based on a retrospective review of clinical and paraclinical data patients with epilepsy who had ongoing
long term follow-up and healthy control group , In total 56 patients aged 0-16 [20], were selected for
study groups-: patients diagnosed with epilepsy -seizure-free on AED therapy N=20, refractory epilepsy
patients N=20, and healthy controls N=16 .

Amongst 40 patients with epilepsy, mean follow-up duration 18.5(range 11- 24) months with 11 being
refractory over mean of 5.6 (range 0.92-14)years [7 females; mean 8.3(range 4-11)years; 4 having at
least seizure free periods [2 females; mean 10.5(range 7-14)years; mean time 12.2(range 8-120)months.
Both pharmacosensitive and refractory groups did not differ on seizure semiology neither clinically,
based on EEG or radiology. Refractory group had mean 15.7 + 2.25 seizures . Pharmacosensitive group
had a mean of 2.9+ 0.59 seizures. Demographics and clinical characteristics of cohort is shortly outlined
in Table 1.

Table 1: Demographics and clinical characteristics

Group 1 Group2A  Group2B VA VA non-responders
responders
N 16 20 20 11 14
Male/female  8/8 12/8 9/11 7/4 9/5

ratio
Age (Mean + 9.2+4.0 8.5+4.6 9.2+4.2 7.143.2 6.2+4.2
SD years)

Mean (IQR) - 16.7 (25- 18.1 (3.2- 19.2 14.0
follow-up 22.3) 20.5) (8.2-24) (7.0-17.0)
duration

(Months)
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Seizure type
(N)

Focal -

Generalized -

Epilepsy type
(N)
Idiopathic

epilepsy

Symptomatic

epilepsy

Drug  dose

[mg/day]
Median

(IQR)

Dosage
[(mg/day)/ke]

BMI (kg/m2), 22.0 (19.2-
median (IQR) 26.4)

20.9 (19.6-
22.7)

16

14

22,2 (20.3-
27.9)

20.5 (18.6— 20.3

24.7) (18.9-26.7)
2

18 10

15 11

3 -

145 (250- 250
300) 275)

299 (25- 33.1

35,6) (30-36,7)

19.2 (18.0-22.1)

14

12

300
(200-500)

33.8 (33.3-36.2)

N: number of samples; IQR: interquartile range; BMI: body mass index; VA: valproate.

Mean number of medications prior to becoming refractory was 3 (range 2-5). All the patients were
treated by different AED were segregated on the basis of drug. Valproic acid was included in therapies
of 14/20 resistant group and 11/20 patients of controlled epilepsy group. Overall, 53% (21/40) patients

each from pharmacosensitive and refractory were on combination therapy of two AEDs. Our patients

did not receive treatment involving a ketogenic diet or a vagus nerve stimulator.

Measured serum PGE2 the median interquartile ranges (IQR) were higher and in broader ranges for
epilepsy patients all together 512 pg/ml (324.5-970.0 )compared to healthy controls 406 pg/ml (278.7-

541.4) , but not significantly different across the epilepsy study groups (p>0.05).
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Figure 1. Comparison of plasma PGE2 levels A. “Healthy controls” vs all diagnosed with epilepsy; B.
“Healthy controls” vs all diagnosed with epilepsy; and Valproate responsiveness subtypes — VA
responders, VA non-responders.

Despite this valproate responders showed reduced PGE2 mean IQR 490 pg/ml in comparison to

Valproate non-responders group. Corresponding data are given in Table 2.

Table 2: Plasma PGE2 levels in study groups:

Sample IQR Drug Pharmacosensitive Healthy VA VA
groups resistant controls responders Non-
responders
PGE2 Q1 3242 388.0 278.0 240 256
Q2 5495 475.0 406.0 490 653
Q3 970.0 595.0 541.0 820 970

IQR: interquartile range; VA: valproate.

Discussion

Recent studies by Vezzani et al. have shown an imbalance in cytokine levels in epileptic tissues,
indicating a connection between epilepsy and inflammatory processes. This suggests that
neuroinflammation may disrupt mechanisms of epileptogenesis by affecting seizure threshold and
blood-brain barrier (BBB) function. [21]. Major inflammatory drivers in the brain include COX-2, IL-
1B, TNF-a, TGF-f and CCL2 [22]. In epilepsy research, inflammation is often overlooked despite its
potential significance. To address this gap, we investigated the role of interictal PGE2 levels in epilepsy-
associated inflammation and drug response. Our study found varying PGE2 levels across different
epilepsy groups, with refractory seizure patients showing higher levels compared to controlled seizure
patients and healthy controls. Interestingly, Valproate responders exhibited lower PGE2 levels. These
findings support the idea that PGE2 could be a promising target in overcoming drug resistance, aligning

with preclinical models.
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As it known, PGE2 is an essential pro-inflammatory mediator of Cyclooxygenase 2—Prostaglandin E2-
Prostaglandin E2 Receptor 1 Axis, having role in neuroinflammation and Blood-Brain Barrier
Dysfunction, which is could have been mechanisms involved in Drug Resistance [23].

Followed to seizures PGE2 release related effects has been discussed in many studies and the levels of
PGE2 are known to elevate throughout the ongoing seizures and after[30]. A transitory blockade of the
EP2 receptor in several rodent models resulted in a reduction in seizure-induced functional deficits
and a decrease in cytokine production, gliosis, and BBB disruption, thereby exhibiting anti-
inflammatory and neuroprotective effect [24].

While PGE2 is not typically associated with childhood epilepsies, it has been implicated in the
pathophysiology of resistant seizures, particularly in cases of temporal lobe epilepsy (TLE),whereas
Inflammatory processes have been identified as potential factors contributing to the development and
maintenance of seizures [25] .Thus our results wide range of PGE2 levels in refractrory seizure group
also could support idea of involvement these processes in mechanism of seizure refractoriness.
Although, PGE2 profiles of patients on the basis of recieving drug and responsiveness were analyzed,
aiming to assess possible link with antiepileptic drug response. . In our study VA responders” had
significantly lower PGE2.

Valproic acid (VPA )is primarily recognized as an antiepileptic and mood-stabilizing medication. While
its primary mechanism of action is related to the modulation of neurotransmission, there is some
evidence to suggest that valproate may have anti-inflammatory effects as well [26]. Valproate has been
shown to reduce the activation of immune cells like microglia and astrocytes in the central nervous
system , it decreases the production and release of certain pro-inflammatory cytokines, such as
interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-o) [27]. These cytokines are key mediators
of the inflammatory response, and their inhibition can help mitigate inflammation.

Valproic acid can modulate COX enzymes in the Arachidonic Acid Pathway. Valproate-responsive
patients exhibit decreased COX-2 activity, leading to lower PGE2 levels. COX-2 is implicated in
stimulating P-glycoprotein (P-gp), responsible for multidrug efflux. Studies have demonstrated that
disruption of the BBB correlates with elevated COX-2 levels and PGE2 in epileptogenic areas, along
with P-gp induction by brain vessels and astrocytes. In drug-resistant mesial TLE patients, a close
association was found between COX-2 expression in neurons and glia, COX-1 expression in microglia,
and P-gp and BCRP expression in small blood vessels. COX-2-induced upregulation of P-gp is mediated
by NMDA receptors, Ca2+-dependent activation of phospholipase A2, arachidonic acid release, and
COX-2-mediated production of PGE2 acting on the EP1 receptor [28].

Thus, AEDs can reduce COX-2 expression and may cause a suppression of P-gp overexpression, thereby
facilitating the passage of drugs across the blood-brain barrier (BBB) and increasing the effectiveness
of those drugs. In this manner Cyclooxygenase-2 and PGE2 receptors thereby holding promise in
translational possibility with goal to improve and restore seizure pharmacosensitivity and better
epilepsy management [29-31]. It may therefore be the reason why valproate responders exhibit lower

levels of PGE2 in our study groups.
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It's important to note that while there is limited clinical studies some research on the potential effects
of valproic acid on cytokine levels, the precise mechanisms and clinical significance of these effects are
not fully elucidated. The effects of valproic acid on PGE2 levels can vary among individuals [32].
Genetic factors, underlying medical conditions, and the specific dosage and duration of valproic acid
treatment can all contribute to variability in its effects. More research is needed to understand the
specific interactions in various contexts.Any potential interactions should be considered within the
broader context of a patient's medical condition and treatment plan, based on their specific clinical
response., the anti-inflammatory effects of valproate are not as well-established as its primary
therapeutic actions, if confirmed through further research anti-inflammatory properties could be
considered as secondary benefit in the management of epilepsy.

To the best of our knowledge, our study is the pilot report of the possible association between plasma
PGE2 levels and epilepsy and drug response. The study presented certain limitations, including a small
sample size and the assessment of cytokine levels at only a single time point during the interictal period.
Treatment resistance is very probably not caused by a single mechanism .but our findings support the
evidence that Inflammatory pathways could have impact on antiepileptic drug response. Limited
clinical trial experience is supportive but not definitive for a role of the COX signaling cascade in
epileptogenesis. Future work may emphasize on validating the findings in In the expanded and time-
extended cohort of patients. Furthermore, molecular mechanisms underlying the role of COX-2 or
PGE2 in AED efficacy needs to be explored as a new target system for pharmacological intervention to
inhibit seizures by interfering with neuroinflammatory mechanisms involved in seizure genesis and
recurrence . It is of paramount importance to gain a comprehensive understanding of the extended-
term clinical trajectories and potential on molecular basis for overcoming drug resistance, ideally
guided by biomarker of patient’s failure to seizure freedom ,which is a major challenge and key toward

precision medicine in epilepsy management.
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From the History of Georgian Technologies
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Abstract

The role of the Georgian scientist-inventor Grigol Nakhutsrishvili (1876-1905) in the history of such
important technological issues as the creation of the radio apparatus ("wireless telegraph") and the

automatic coupling system of railway carriages is analyzed.

This work will make a certain contribution to the worthy appreciation of the merits of a scientist who

is practically unknown to the general public.

Keywords: radio apparatus, railway carriages, automatic coupling.
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Abstract

Recently, the contemporary political communication has been changed comparatively that
considers new forms of means of its expression. The key target is still unchangeable — having an impact
on political processes, - whether it is changing of one’s social opinion or of a mass mood or attitude.
With the account of the above-mentioned, representation of political communication and political
actors looks unbelievable without a straight linear process where media is the main mediator. Media

became the major platform for obtaining of expanded auditoria belief for all politicians.

A kind of humoristic discourse has appeared on a new level of relations between media and
politics, that, in its turn, proposed new methods necessary for representation of politicians. It became
vivid that appearing of politicians in political talk shows was very interesting for viewers. Politicians
deserve more positive responses that finally have an impact on their political image. Proceeding from
this, politics is being expressed in all aspects of entertainment-humoristic talk shows contents; political

humor became an integral part of media (Williams & Carpini, 2011).

A target of this article is to analyze a manner of representing of politicians in the humoristic
discourse of media. Accordingly, to review the key methods applied for representation of a concrete

politician and the way of formation of the politician’s image in the entertainment talk show.

For the determined target definite theoretic sources attached with examples are reviewed in this
article where we can vividly observe that on top of humor politicians manage talking on political issues

that is a carrier of a purposeful narrative.

Key words: political image; humoristic discourse of media; Political humor;
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For the politicians of the 21% century visiting of humoristic talk shows became attractive, as in
comparison with other content of mass media, humoristic talk shows have a distinctive skill to submit
a political information to the audience in an absolutely new manner. It is being represented more
lightly, clearly and freely than in any other media material. Politicians strengthen an emotional link

with their future electorate, become closer and share a definite event with them.

There was the time when all this looked like a paradox, mainly that politicians might report
political news with humor and we could not even imagine that they would sing, dance, make jokes...

But, today all this is an ordinary event and integral part of the political life (McKernan, 2011).

As in media politicians often talk about complicated political events which are not
understandable for the society, the entertainment talk shows give them an opportunity to cover
apolitical topics. For example, they may discuss culture, sport and to express their own musical taste.
From one sight they move away from politics, but, in fact, identify themselves in viewer’s minds on a
personal level and thanks to it obtain a consent even in case if the viewer does not share his political
opinions. Simultaneously, the audience perceive politicians as the people similar with them who are

listening the same music or talk about one and the same problem.

Politicians, in the media’s humoristic discourse, launch social friendship with their future
electors. Let’s recall the Vice-Primer of Sweden Ebba Bushtor who was a good singer and often visited
entertainment talk shows. Using this skill he became in a very famous politician, his intelligence helped
him in obtaining of love of the society and representing himself simultaneously as an unique politician,

as well as an ordinary person.

Each human being needs to have a feeling of attribution, to be liked and recognized (if we call to
mind a well-known pyramid of Maslow we will be persuaded in such reality). This desire is being
increased much more among politicians. This is the reason why they participate in entertainment talk
shows. One of the inspirers of this tradition was Bill Clinton who in the authorized show of Arsenio
Hall, during the campaign of President’s Elections in 1992, performed a solo on saxophone. Following
that Clinton formed a new communication space with electors; this musical performance caused

changes in attitude of the society concerning adopting communication with a politician (Parkin, 2014).

Accordingly, we can say that politicians draw their own image in humoristic talk shows that is a
purposefully created face which assigns additional value and assists in emotional perception
(Shubitidze, 2000).

As for the political image, it is being generated in mass awareness and carries a stereotypic
character. It represents an emotionally colored appearance of the political leader, and its formation is

possible spontaneously as well as deliberately, to satisfy expectation of society.

Recently, several key factors are separated that is conditioned with formation of the politician’s

image: 1 — past; 2 — family; 3 — sport; 4 — pets; 5 — hobby; 6 — famous people.
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The above-mentioned topics have already been reflected in the humor narrative. Accordingly,
the stated methods of creation of a positive image of a politician are frequently applied in informal

environments and entertainment talk shows.

Each of the above-mentioned factors has its own value. For instance, the factor of family has a
decisive role in formation of the leader’s image. Thus, we often see politicians in afunction of spouses
in entertainment shows where he/she is represented as a lovely and devoted to family person. The
stated is sedimented in the viewer’s mind as if he/she is a person taking care over the family, and he

will take care over the country as well.

On top of all, the same is in case of pets where a patron of that pet is characterized as a positive
person. Due to this, pets are frequently used for formation of portraits of politicians. For instance, there
is a well-known cadre when the President George Bush after returning to White House on the

helicopter’s station was met by his two dogs greeted by Bush in a very warm manner (Ilouenios, 2002).

This is exactly the manner how politicians represent themselves in different Georgian TV
channels and discourses of humoristic talk shows. Visiting of talk shows with members of family, aged
parents and small children is recognized technology in Georgian reality which is usually applied by
politicians. Here, they represent themselves as good family loving people, attentive fathers or mothers,
having close and friendly relations with children and deserve complements of the anchorman. It is the
time when they share their political attitudes bundled in humor with the viewer, and seems that

viewers are not looking at him as to the politician, but simply as to a good father or son.

For instance, the program “Night show with Giorgi Gabunia” broadcasted by the TV Channel
“Imedi” was visited by the member of the “Georgian Dream” Irakli Kobakhidze with his underage sons,
Gega and Niko (the acting Prime-Minister). In the stated program it was underlined that Irakli
Kobakhidze was characterized with good humor and love to his family. He talked about the time spent
with his children who count that they have a good father but have complaints on deficiency of time of
their father. Despite of that they manage to be together, visit him in the Parliament and, in comparison
with other parliamentarians, they have more time spent with father in his work place. Besides, they
did not forget to make a joke about the “National Movement”, as Irakli Kobakhidze, in his political life,
is known for his crude expressions. For instance, according to him, he always easily understands tricks
of the opposition, as before they attack the managing party, they test these tricks within the party and
they have already analyzed all kinds of focuses, disorders, disputes, debates, and other things happening
within the party. In addition to it, he states that he does not like laughing publicly, but members of the
opposition frequently make him laugh with their speeches, he makes efforts not to laugh and sometimes
he covers his mouth with hand. Simultaneously, the anchorman agrees with him and expresses surprise

how they stay serious in relations with such opposition.

Invitation of Irakli Kobakhidze is one of the best examples to illustrate opinions of the Professor

Van Aelst; he separated methods of personification of hosting of politicians in entertainment-
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humoristic talk shows. For instance, transferring of attention to individualism of the guest, making an
accent on his skills and private life of a politician, as of an ordinary person, and a clear example of it
we could see as Giorgi Gabunia and Irakli Kobakhidze were talking about his distinctive feeling of
humor, origin (he is from Racha) and children. Accordingly, we can say the same about the Chairman
of the Parliament of Georgia Shalva Papuashvili and his daughter, Elene Papuashvili when they

performed a song after the program.

In hosting of politicians in night shows their approximation with the society is also essential, that
was described by the Philosopher Doctor Magnus Danielson; he defined several methods applied by
entertainment talk shows to represent politicians and political processes on top of them. One of them
is showing of something “ordinary” as a specific one, striving for attribution and sympathies. The same
opinion is developed by the Professor MacKernan who explains that politicians are singing, dancing in
the entertainment programs to strengthen a social friendship with their electors. Their intelligence
helps them to demonstrate themselves as ordinary people being good in singing and simultaneously to
be developed into a rather distinctive and famous politician. The stated is proved by the example of
visiting of the Parliamentarian and the Chairman of the Party “Georgian Dream” Mamuka Mdinaradze
of the “Night show Giorgi Gabunia”. In the dialogue conducted the Politician the guest talked about
many themes, mainly actions of the oppositional politicians, current events and a plot broadcasted in
the same period by other TV Channel concerning expensive footwear and vehicle of Mamuka
Mdinaradze which was resulted in broad social discussions”. “Night Show” turned to be a good space
of communication where the politician managed to explain what had happened in fact, and besides to

perform a Georgian song which is symbolic title: “God, bless being of Georgian people friendly”.

Among the above-mentioned general factors conditioning formation of the politician’s image,
one of the most popular is involving of people in the political communication, that is a very frequent
event in humoristic talk shows. One of the examples is “Vano’s Show” broadcasted on the air of the TV
Channel “Mtavari Arkhi”. Famous people are met as guests; however, representation of desirable
politicians is vividly reflected in the process of their selection. For example, “Vano’s Show” was hosting
Tamriko Chokohonelidze, who, despite of being a person approximated with Bidzina Ivanishvili, she
often makes critical statements in relation to the politics as well as to the “lock-down”. On the question
why she does not participate in church singing during the Christmas Holiday in the Church of Saint
Trinity, she answers and recognizes that the reason carries political character. The same situation is
with other guests who are not directly involved in politics, for example Nika Kavtaradze, Eliso Kiladze,
Beka Korshia, Gia Roinishvili and others. People who are successful and prominent in different fields
are involved in political events and express their political positive, or negative moods. Accordingly, all

this is reflected in representation of a definite politician in a positive or negative context.

In addition to the above-mentioned, in the period of the Elections for Self-Government in 2021,
the “Nika Arabidze’s Show” on the TV Company “Formula” invited a Candidate for the Mayor from

the Party “Lelo” Mamuka Khazaradze. He was enabled to talk on the issues of elections and to represent
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himself, as well as his non-ordinary election campaign. He called up parents to leave their children
with him and to go to elections and following that he was singing on the streets. By the end of the talk
show he performed a song and based on this the anchorman confirmed his individualism in comparison

with other candidates.

In discussion of representation of politicians, we should underscore the interview of the third
President of Georgia Mikheil Saakashvili with Nika Arabidze. For this purpose, the anchorman
personally visited Saakashvili in Kyiv. We can say that the guest was represented as a powerful,
progressive leader and this narrative is strengthened with humoristic stories shared by him about his
past “glory”. The stated direction was supported by Nika Arabidze solely. The respondent is joking,
reminds funny stories about the former government of Georgia, as well as attitude to him. In the
discussed dialogue all the above-mentioned methods are indicated, for instance Saakashvili and
Arabidze remind their past, describe his mother, family and vine yard (confiscated by the
Government), where we vividly see its political ground. In the same dialogue, another one issues is
separated, - respondent’s over to domestic animals. Mikheil Saakashvili’s cat appears in the cadre which
is mentioned by the President with great love, he twiddles, and admires. We can say that in the
interview with the Ex-President different methods of representation are applied, - focusing on his past,
narrating of funny stories, prioritizing of his hobby, love to domestic animals and others, but each of

them reflected his political interests and political attributes.

In summarizing of the article it is vivid that for strengthening of communication with the electors
and representation of oneself politicians frequently visit humoristic talk shows where they apply the
adopted and recognized method to demonstrate themselves from a desirable viewpoint in front of
viewers. Simultaneously, it is noteworthy that on top of humor they manage to talk about politics, that,
from one side, is covered, but with a purposeful narrative. Politicians feel free in humoristic talk shows,
have a friendly attitude from the anchorman who often acts as their like-minded persons that have an
additional impact on their positive image. Currently, intersection of politics and humor becomes
mutually beneficial and for representation of a politician — humoristic discourse becomes the most

favorable way.
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