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In this issue texts of papers presented at the 72-nd May Scientific Session of the Institute of
Hydrometeorology are offered, dedicated to the pressing problems of Hydrometeorology and Ecology.
Relevant papers are given according to the following scientific directions: Meteorology, Climatology,
Agrometeorology, Hydrology, Climate Change, and Environmental Pollution.

The volume is intended for experts working in different branches of geophisical, geographical
end ecological sciences, magistrates and doctorates.

B nacrosmmii cOOpHUK BKJIIOYEHBI TEKCTHI JOKJIAA0B, 3acIylIaHHBIX Ha 72-oif Maiickoi
Hayunoit Ceccun MHctutyTa I'mapomereoponoruu, NOCBAIEHHON aKTyalbHbIM IpoOjemMaM TuJpo-
METEOPOJIOTUH U SKO0NIOrHH. COOTBETCTBYIOIME CTATh!U JAHbI IO CJIEAYIOIINUM HAay4YHbIM HalpaBJICHU-
SM: METEOPOJIOTHsl, KIIMMAaTOJIOTHs, arpOMETEOPOJIOTHs, TUIPOJIOTHs], U3BMEHEHUE KIIMMara, 3arpsi3He-
HUE IPUPOJHOUN Cpebl.

COopHUK TIpeAHa3HaYeH JJII YYCHBIX U CIICHUATUCTOB, pa0OTAIOMUX B PA3IMYHBIX 00JACTIX
reousnveckux, reorpaUIecKiX U IKOJIOTHYECKUX HAYK, MATUCTPAHTOB U TOKTOPAHTOB.
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009096 Lomoggl, B3390l bgwom sGLGPRWwo  Fyswdmgzambadol FodbodsmE  bobxgdby 330603905000
9mbs(3909000m, 9. dboxylLs s 9. JMEMODBY smgMwo (1931-1991 () 61 fewosbo Goyol Logdzguw by
d00gdMo GMYbgdol dobgz0m, 500b0dbgdms Fomo Fogdbodow Mo boMxgdol ymgzgwhiwom®mo do@gds.
055¢0mM5© 9. 30EMOHDBY 0gdwo BHOYEO Bs0E03MMO® sbYy odmobobgdos:

Tam = 4,13 N + 370. (2)
3900Mgd0m d306Mg F5@gds s00bodbgds MBGdMm g30060 (2001-2011 §f) dmbs3gdgdol sds@gdoo dowgdwye
9940bgz56m90000 IMLsBOEM3g 9. (3bgbolywol FHMgbwgdbg dol Bgdm fgerdo (Lmg. @Mxmsb ©s bmg.
MEbdgOHmsb). 64 Hwosbo 33003900l  0bgmMIsgoom  bmy. O®EbIgwOHMb  Bomgdmwo  fywol
9ogdLodoE9MH0 boMxgdol ymzguwhrom®o 330w gdol GHMm9bOL gob@megds sligmos:

Tam = 0,43 N + 348. (3)
0005350 Fgbgbzoom (A =0,714) bsoliosmgds s3Mm9m39 GHMIbO 3. GHYbMsbg bmas. Bodowsdzmsb, Loas
90006569 b3z 03390905 30ebgmol sdEMdBY Imds@ oMo bogrgdgdoom.
s0bsB0Tbsg0s, MMI 3. Y3000y J. BILEIBMBMB Fyrol Foglodoswrme bstxbg sMgme (1991 Harsdg)
53300390500  dMmbs3gdgdom domadwmo GHMgbol smdsgswo  Ggbwgbzos [10], sbswo (2021 Farsdoy)
0bg3m®8s3000, 8go335¢s Jobo LoHobssdgam IMTszs¢o B9bwgbgool BHMgbom, Mol Ggodergds soblbol
0dom, M3 Jodo@ob (33woergdol d9gyo® 99Hdo 99030MH©s M3Eol Logs®o, dmbrwo bogrgdgdo 3o
Mbzo  0boMRgds BMTsBOME  SMmMMJEgdols o Boo@ogdo  Bogmbzsbg. 530l @odm, J. Y3z0MH0Esl
35gb0docrMo batxgdo ymgzggwforma 1,04 8%/§0-om 306G EIds.
296L5399NMPOO0M LogMoEMIdIMs ol Bod@o, HMI ILEZEGo LodoMm39wMl dEobsMgms s9Hgddo SMLYdEO
39063560900L y39esHg OO MoMmEbMds s0MoEbEos 8. 96awHOLs s 3. Hombol Lomsggqddo [7], Topa®sd
0500 §45¢08m3z3500bgdol odlodseo bomxgdol GHMYbdo bolinsmgds omdsgzswo G9bgbgoom, Mg
20bLBYOS 08 A9MYBMIdOm, MHMI oo 5BgdTdo SOLYGdWMO IYobzesMgdol gsmmmdo 2020 fierobmgol [11] dOmdol
dobgz00 XX bsm39960L 70-056 Hengdmsb dgs®gdoom 40-42 %-000 d9030Ms. 530l gs8m, dsoo Fogbodsgrm@mo
batrxgdol 2021 §enodg o®bgdMEo 92 ferosbo 3306039050 Bmbsgdgdom, d. gbam®ol dodbodseremo
bstrxgd0L IM035WHWOMGO (3300 gdol BHMIBEOL 565¢0EH03MMO0 250Mbobmgds bme. bosodmsb, sLgoos:

Tam =-1,746 N + 809, (4)
Mol dobggzomsg 9. gbammol  doduodsemmo botxgdo gmgguficronMs 1,746 33/(0-o0 O306Mgds.
35gboTorMo baMxgdo 1939 I30MEIds Ym3z9 oMo dE. Mombol Bgdm fawdo: bmg. mbmsb 0,265 33/ -
om, beng. 5356556 0,906 3%/§3-000 S Leg. bodMbzsbmsb 1,746 33/{j0-om.
by Ubgs 300006905 500b0dbgds 9. ®ombol 4398,  {gwrdo, Lowsg Golbo  Bsdmbswgbo  0BMEYds
I6535¢0M03bm3zs60  Fysermbgo 9965350090000 ©s 9gMgm3g 3Mbgmol sdEMdBY AsbdoMmadmEo Mbgo
Bowgdgdom. 899, Lemg. bodmbozodglmsb smoMoibgds dobsmol dsgdlodowMo bobxgdol  vowgbo
353905 5 dobo FMHZSWHoMMO (33¢00wgd0L GHMgbol {Mn030 33MMJLods300m, Fomgdwyeos 8900
2396@Maqgds:
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Tam = 6,806 + 2045. (5)
3530 D30l braBom 35960l doligdol sgBHomemo Bgdmgddggds goblsldwm®mgdom 933906 s0Lsbgds bBrgzoldoMs
93omg 9obstmgms (LMYBLY, Bo@oebgdo, 306@M0To, bodzolfigswo, dgmzs) fywwolb Todubodogrdo bomxgdol
33W0mgdsby.  Fombg sOLYdMEo dmbozgdgdoo 1927 ewosb 2000 fersdwg s 2005 ferol ©sdsdgdom, 62
f05b0 ©53306390900L G0YdOm, JoMdEos 5085350 GHYbIb3zool GHMgbgdo, HMIGEmoyb Y39y
95000 YMm3gwheog®o do@gds s0oMoEbgds 9. Bo@obgdbg bma. bo@obgdmsb, Losg Fodbodocrm®o batrxgdol
3535 Fa0w®o GMgbo sy 35dmolabgds:

Tam =3, 126 N + 222.

(6)

3HOoEo 2. L3 go LogdoMmzgEmls 3EobsMmgoms 8sgliodowrMo batxgdol ymggwfcom®o
(330egdol BMgbogdol 3s0sdg@Mmgdo (A, B)

oMo | Lodsweng famgdol 3503993900 | obidgMlios
9000bstyg 3mbddo
F 392 Hd Gom. N A B R2

obogo X0MObgs 1410 1690 61 1,66 450 0,026
3MOMO0 MO 1420 1920 61 4,13 370 0,127
96360 obo 1620 2460 92 -0,664 372 0,009
96360 bsodo 2780 2320 92 -0,403 662 0,001
Bgblgms obsdo 468 2300 92 -0,311 161 0,007
dbGosFos | AgbGos 144 2790 92 -0,152 97,3 0,005
Mombo ®bo 1060 2260 92 -0,265 201 0,007
“ombo 53560 2830 1810 92 -0,906 571 0,018
Mombo Bo0mbgobo 3450 1720 92 -1,746 809 0,045
Mombo Lodmbszodg 13300 950 92 6,806 2045 0,015
430600 LaBbgtg 533 1320 92 -0,525 183 0,02

943060 DabGoxgmbo 2490 960 92 -1,042 594 0,01

dotrgams $939 1190 880 92 -0,736 323 0,017
PbgModgams b0 655 1230 92 -0,184 118 0,003
bobolffgocoo | do@smo 398 1100 92 -0,462 146 0,022
3bgbobfigseo | cwmxo 506 2240 84 0,092 97,9 0,005
3b9bobfigswo | GEbdgew®o 1470 2040 84 0,43 348 0,004
3b9bobfigswo | boo 1950 1800 84 -0,825 390 0,013
Agbndo Bodogmadago 558 1160 84 0,714 302 0,008
bemdo @9Robsty 310 1640 84 -0,236 258 0,001
bmglo Bobo@omdo 316 1250 62 0,259 106 0,007
Lyggls bodowows 1100 970 62 1,524 442 0,018
Bo®obgoo Bo@obgdo 469 880 62 3,126 222 0,089
306¢60do 3mbo 191 1120 62 0,889 128 0,014
Bodgobfigyswo | bams 120 880 62 0,161 141 0,001
B9 3™do 112 1580 62 1,7 55,5 0,043
0Fo®obfigocro | brmeom 251 1590 63 -0,227 76 0,018
035600Lfgowo | Jgo 1360 1470 63 -0,436 335 0,003
Jodmbo 9639 22100 63 -0,77 1525 0,001

bogen bbgs 30moMgdss 8. FmOHmbbg, GMmIgebgsg 4ol §ergddo 3000850l Imds@gdmeo  EI0dMdOL

D9293w9bol 2909, 80bsMol Bsdmbagbols dd30MgdsBg 08mddgs 3Mm9m3g MMdgmdo sd9bgdmeds 10-

900g 399boeds, Hob 459mi 2000 Fersdg sGLGOMo 63 Ferosbo ©s3z30MH39dsms M0YJd0m fywol Todlodogrme
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botrxgdbg, Lmg. geyglomsb Jomgdwmwos dsmo  IMH35HEoMMo (3300 gdol  ordsgzswo  Ggbwgbaos.
5035350 $Hgbgb300m bolosMEGds sMgM3g 0. FMOMbOL FgLoM™sgmsb dgdedg dob  Fgbszo
03oM0Lfiyerol  dodbodsm@mo bobxqgdol GHMYbos, o3 doM0mss© 0dom s0bLbYds, MM Fombgsgzo©
Losbermgobs, 9530 D30l bn@Gom 35960l doligdol gogwgbs o dgHrwmMwos dobo fyswasdgmao dglbgomols
Joom, MMmIol Lodsmeggdo s9Bol gobfigmog 1300 0-sb 2700 8-0g 09geygmdl. 8. osFoMolfiywol
FodlodoMo botxgdol 63 ferosbo (1922 — 2020 §F) ©03306M39d5ms dmbo39990000 doMgdMmo GHM9bogdol
3565993MgdoL Jobggom, olobo 33oMEgds ymggw oM 0,23 83/53-00 Lemg. brywmbomsb ©s 0,44 3%/§d-om
bmg. Jgslomsb.

©333bs. sLagEgm  LodoBmzgwml  IobsMgms  YsadmzsMbgdo BmMIoMmEIB0L  Lblswolibgs
130D037M-39MaM0xB0M  goMgdmdo s s00@™3 olobo 9O 0B  0IBEBHMMGd0. dobsMgms  Fywol
FodlodoEMo  boMxgdol BmOIoMmgdsdo IMbsfowgmdgb bBmysb 39335L0mbol IMszs6 Jgby MLYdMEO
99406350900L  650bmdo fyargdo, Bmash Jowow 9mgddo EsRMM30wo MM3WoL Loxg®mol bobmdo fywagdo.
3Mbgmol sdEMdby 30, O OMEL M5T5dmdL Fs30 BL30L bmGom 3sgMol dolgdol 3mbpgblo®mgdom
900900 Mbgzo 5GHIMbBIOWWOo Boergdqdo. sdol gedm  fywol dogbodsgrmmo babxgdol dMsgswfieromo
0653035 3o 39me dobsMBg Lbgoalibgss s boliosmgds 06030 Mo mMo Msz30LgdMMIdJd0m.
15g9IOEPIOMS, OMT  3¢0085BHOL  JEPMBSMGO  IMOMIOL  god5]BomMgool 8ggase dgdzots dmgddo
3MLgdo dg4obzsMgdols s MM3Erol Lsg®mol bsbmdo fywgdols sy 30dobstrg sd@omMo Bgdmddawgds,
5dMdgddo 30 (939MoEHWIMHOL IMTSEJO0M Fo0DBIMES 5MMHMNJwgds s B0ssRdo 0bBOWEHMSE0s, MOL AsTM3
90boMmgms BodlodogryMHo boMxgdo doMH0MOIEIE I30MEYds. dE0bsMgms [ywol doduodowrvydo botxgdol
Jo®gds 500b0dbgds 8530 BM30L30Ms IEO0bsMYIODY, OMIgWds BMMIoMYds bEgds BL30L bmGom 3sgMol
dsbgdol 0bBHYBLOMMO 3MbEgbloMmgdom Jowgdmo wbgo bowrgdgdoom.
d0bstgms fywol moglo dsglodscrmMo bobxgdol dMsgsehromMo ©obsdozol 2sbsbargdwo s
©OBNMBEGIIMo  BHOIbEIdol  3oM589BHMIOoL  dom35oljobgds  Fyomliodgm®mbgm  go9byeM089d9dd0,
d9L5dgdgl AobEOL IBNMLGHPIL Yzgms 30MmMEJIB03MM0 s bbgs boggdmdsms 3MmgdBgdol Ggdbolzme-
030bm8037MH0 35639690000, Mo 8@ 3603369035605 mbobergmdolis s 39M9gaml MLsnGMbmgdolsmzoL.
396L39d$H 03580, 30ds@ol 9980 IMBdMBOL 30HMdYBT0, Fglodwgdgwos 35335L0Mbol JgBy Jmwosbs
©obgl  dyobzsmgdo, dmgddo 3093 d9930MEIL Mol Lsxksmo, ©sdMgl Fysmmgdo ©s FooboMEML
smOMJgds. dLgoo 3MmiEgbol dgdmbggzsdo Midm 89doMEgds doba@gms Bsdmbsgbo s dgbsdsdobo
Jo0 35dL0doEmO BsBIXGO0E. dobsdgms fywol JgdoMgds 4sdmofzgal 9BH3bsdo fywol Hglm®Lgdol
899306M905L, M3 0930l dbMOZ A50M0f393L FYsedMTsMoEdOLS S FMdg0sbmdOl F9d0MgdsL, Mo3 I9@s©
MOMHYMBOMSQE 50Lsbgds F90MgIMDBY, LoBMYsMYdOLs S J39Ybol 4963050gd5BY. s80GHMT LosFoMHMs Fobolifom
3903390 3609396300 Mmbolidogdgdol oggad3s s Bo@oMgds.
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UDC: 551.482.215.3
Long-term trends in peak discharge rates of major floods in the rivers of Western Georgia. Basilashvili Ts.Z., Pipia
M.G., Arutiniani N.E. Transactions IHM, GTU. -2025. -vol.136. -pp.07-15. - Georg., Summ. Georg., Eng.Rus.
Based on 61-92 years of observation data from 29 major hydrological checkpoints across Western Georgia,
this study identifies trends in the annual changes of peak flood discharges. Linear approximation equations for these
trends have been determined, providing essential parameters that hold both practical and predictive value. These
findings are crucial for use in the planning and design of existing and future river structures and coastal zone devel-
opments, as well as for forecasting potentially hazardous hydrological events.

YIK: 551.482.215.3

MHoroJieTHsisi IMHAMHMKA MAaKCHMAJIbHBIX PacX0J0B Hau0OJIBIIMX IAaBOAKOB Ha pekax 3amaaHoil I'pysum.
Bacwnamsumu 11.3., [Tumms M.I., Apytiorsa H.O. C6. Tpymos UTM I'TVY. - 2025. — tom 136. - ¢. 07-15. - I'py3.; Pes:
I'pys., Anra., Pyc.

Ha 29 ocHOBHBIX T'HIPOIOTHYECKUX NOCTAaX peK 3amagHoi ['pysun, mo maunusiM 61-92 meTHUX HaGIIOAEHUH,
COCTaBJI€HBI TPEH[bI €XETrOJHBIX M3MEHEHUM MaKCHMaTbHBIX PACXOJOB HaubOJNBIINX NMAaBOLKOB M OIpeJeeHBl UX
COOTBETCTBYIOI[ME YPaBHEHU II0 JIMHEHHOM annpokcuManuu. [losydeHne ux napaMeTpos, O4eHb aKTyaIbHO U UMeeT
IIPaKTUYeCKYIO I[eHHOCTh, TaK KaK, UX IIPeLyCMOTPEHNE MMeeT BaXKHOe 3HaUYeHUe IIPU IIAHUPOBAHUU U IIPOEKTUPO-
BaHUY CYLIECTBYIOMINX X HOBBIX CTPOEHUI, HAXOAAIIKMECS Ha PeKax U B MPUOPEKHBIX 30HAX, a TAKXKe B IIeJIAX IIPOTHO-
3MPOBAHUA U IIPEJOTBPALIEHNUA ONACHBIX I'UAPOJIOTHYECKUX SBICHUM.
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9336560 Hgeols Mglmy®dlgdol ocqdy.
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Dodn®mOL  390H0m©OL  Fywol bobxgdo o d99300HEIds  FoBogbme-bogbywol hsdmbogbo. gl gobls-
3009000 d9lsdhbgzo 046905 dm0sbo Mgaombols 306Mdgddo, Losa JEods@ol sMdMdS 0f393L Bmermgsbo
0bMmmMgHdol oo ofig35L o gLodsdobo M3Eol boxgs@ol Fga0Mmgdal. A3MEs 530LY, GHJI3gMoEWIOOL
953905 0f393L sMOMJgIOL FOBOEIL, A35¢3056MmdOLS O J9IdBMYGBdOL 3OMEILOL I630MMIGDL, o3
9939 195MHYMFBoms© 09mJdggdl obsdgms Y osbmdsby.

fyarol Hgb®lgdol JgdioMgds, @oblogzmm®mgdom Lsdodos Moo 33¢0dsGol Mgaombdo, Loss
M0Yy30L 256939 9993 gdqe0s Imbog0sbmdol Jowgds. dlmgwom xsbIMMYEMdOL MEMYBOBI3o0L 3bmdom,
3w00035@0b ©s0dMdOL 89009850, ©JEsdofobyg gduB®MgdscMo 530b@ol 30MHMdYBT0, yodmofgggl dbbggM3l,
50396 ImML53ww0sbMds FordmImdL doddowb [1]. sbgmo goms™gds Jabol 0dol sEOEWgdEMBL, HMA Mboo
5069l dobsMgms sOLYdMWO [ywol MLvOLYdIOL MEIBMds, Goms Fomo ©305HobmdOL Fgdmbggzsdo
900909 0dbgl dgbsdsdobo 369396300 mbolidogdgdo.

dmbs399900 LogoMmgqemlb deobsmgms fywol ymgguficron®o Lsdoswm bobxqdols 1981 {Hersdoy
0MLYOME0 LAEIEGOMBIMMO 3300390900 5Md30ybgdvE0s [2-5] (36mdsMYdTo. 1985 fewsdy ferow®o
batx 900l dmbo3gdgdol Lomsbsm sbsgrobo dm3gdweros [6, 7] ImbmaMeggogddo, 1991 farsdwg s®LgdwEo dm-
Bo390900L 5BsewoBo 30 Im3gdmwos [8, 9, 10] 65dG™Igddo. dsL 9999y 3obvyeo 33 ol dobdow by ©sy-
MM30¢0 53300390505 IMbo3gdgdoL sTaEdom, LsFoMMms dE0bsMgMs 4w 0sbmdol 6m®mIBOL Asbsbergds.

30600 bsfowo. 306500056 LogdoMmnggeml dobsdgms fywosbmdol gm@doMgdol dmbgdmogzo
3060Mdgd0 33390005 2oblb3930Jd0s6 ol LI s 50TMBSZEIM MYR0MmbIdT0, sF0EHMI o000 Fgxsligds
Bo®o®m@o  (3ow-339¢039.  50Lsb0dbsgos ol BodBo, Mm3 sLlagrgm  Lodo®mgzggermdo  dobsdgms  fywrol
M9LmOLYdO 3,5-%gO TgBH09, 30MY 50TMBOZWgm Lodo®MZgermdo, Bop®sd o 5-x 96 gBHO §yowo 2s0m0oygbgds,
300069 L3 do. 30M39e M0d0 2obz0boErszm sVIMLOZW gD LodsMrMzgwml IE0bsMggdl, GMIgerms
0900bmds 2obLoBO3MgL LEbMBEM 39 EHWOIOOL FMbOgEr0sbMBL, MOASD o FIMsWo 3530l 30MHMBIdTO,
d01bgs350  Fomso  bsMolbol bmgogho  Boosoagdols, ImMFyYzol  o6Mgdg  Fgmdwgdgwos  bmgEol
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The parameters characterizing the average annual discharge of rivers in Eastern Georgia have been updated

based on additional data from 22 hydrological monitoring stations, incorporating observations over the past 33 years
up to 2024. These parameters, refined through statistical analysis of empirical time series spanning 60 to 97 years, are
recommended for use in both scientific and practical applications.
Their consideration is essential for accurate water management calculations on rivers and in adjacent coastal zones,
for the technical and economic justification of hydrotechnical and other infrastructure projects, and for the effective
utilization of current water resources. Additionally, they provide a basis for planning preventive measures against
potential negative consequences in the event of future water shortages.
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Ha 22 rugpocTtBopax moctoB pex Boctounoii I'pysun 0GHOBIEHBI XapaKTepHbIe ITapaMeTpPhl CPeLHEeTOOBBIX
PacxonoB BOJBI ¢ ZoOaBIeHHEM CylLIeCTBYIONUIMX 3a ocaefHue 33 roga HabmogeHuit 1o 2024 roga. YTouHEHHBIE OTH
IrapaMeTpsl I0 CTaTHCTUYeCcKoMy aHanusy 60-97 jneTHHX SMIMPUYECKUX PALOB JAHHBIX, 1[€1€CO00PasHO IIPesyCcMOT-
PeTh KaK B Hay4YHBIX, TaK U B XO3AWCTBEHHBIX U IIPOEKTHBIX OPraHU3AIUAX, YTOOB! IIPABUIBHO BECTH BOLOX03SIHCTBEH-
HbIe PaCYETHI A1 000OCHOBAHUS TEXHUKO-DKOHOMUYIECKUX II0Ka3aTesell THAPOTEXHUIECKUX U APYTHX CTPOEHUIA, pac-
IIOJIOXKEHHBIX Ha PeKax U B IPUOPEXHBIX 30HAX, a TakXe i 3¢ GeKTHBHOTO KCIIOIb30BAHI CYIIeCTBYIONIIX BOAHBIX
pecypc0B peK H B HepCHeKTI/IBe, HPI/I HX HeJZOCTATOYHOCTH, BO I/I36e)KaHI/Ie HeraTHuBHBIX peBy}IBTaTOB, HpOBeCTI/I Hy)}(-
HBbIe HPEBeHI.[I/IaJH)HBIe MepOHpI/IHTI/IH.
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The Importance of Information Communications for Natural Disasters Management
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Institute of Hydrometeorology, Georgian Technical University
sophiogorgijanidz@gmail. com

Resume. In the context of global warming, catastrophic events have become considerably more frequent. This phe-
nomenon is closely linked to scientific and technological advancements, which are a consequence of human economic
activity. Additionally, it is associated with the disruption of established societal relationships, which arise from the en-
croachment of society on the natural environment. Notably, most natural disasters occur in mountainous regions, under-
scoring the paramount importance of sustainable development in these regions.

The mountainous region of Georgia is also characterized by the presence of natural phenomena that significantly im-
pact the country’s natural environment and economy. Consequently, it is imperative to conduct thorough studies and anal-
yses of these natural conditions and phenomena.

Warning/informing is important when a natural disaster begins or has already occurred. Warning commences when the
imminent threat of a natural disaster is detected. Consequently, information communication assumes paramount im-
portance in the management of natural disasters. Prevention and the avoidance of complications are directly proportional
to communication and the timely dissemination of information. It is imperative to utilize diverse communication channels
to ensure that each citizen receives timely information regarding a specific event, thereby mitigating the anticipated nega-
tive consequences.

Keywords: natural disaster, catastrophe, crisis communication.

Introduction. Global warming has led to an increase in the frequency of catastrophic events. Consequently, research-
ers worldwide are intensively studying the factors that contribute to the formation of natural disasters.

In the contemporary era, this phenomenon is closely linked to scientific and technological advancements, which are the
outcomes of human economic activity. Additionally, it is associated with the disruption of established relationships result-
ing from societal encroachment upon the natural environment. Recent studies and empirical evidence indicate that the ma-
jority of natural disasters occur in mountainous regions, underscoring the paramount importance of sustainable develop-
ment in these regions. [2022 S.Gorgijanidze]

Georgia, akin to numerous other mountainous regions globally, is characterized by the presence of natural phenomena
that exert a profound impact on the country’s natural environment and economy. Therefore, it is imperative to conduct
thorough research and analysis of natural conditions and phenomena to mitigate the anticipated catastrophic and detri-
mental consequences.

It’s crucial to emphasize the significance of issuing warnings and providing information when a natural disaster begins
or has already occurred. The warning phase commences when the threat of an impending natural disaster is detected, from
the moment it emerges until it materializes. Additionally, evacuation may be necessary, depending on the magnitude of the
disaster. It’s essential to consider the population’s development in this context. Furthermore, determining the nature and
mechanism of the natural disaster is crucial. For instance, in the case of an impending flood, which is a recurring occur-
rence in our country due to excessive atmospheric precipitation, both warnings and evacuations are feasible. However, we
must be aware of the scale of its spread and the approximate coverage area, excluding floodplains, which are always inun-
dated during floods. In today’s world, information is readily available in almost every populated region of the globe, pre-
senting a significant opportunity for enhanced disaster management. It’s worth noting that since November 2007, the Eu-
ropean Union’s Directive on the Assessment and Management of Flood Risks (EU, 2007) has been in effect, establishing
specific requirements for flood risk assessment and management:

1. Preliminary Flood and Flash Flood Risk Assessment.

2. Flood and Flash Flood Hazard and Risk Maps.

3. Flood and Flash Flood Risk Management Plans. [RECC]

Research. As we’ve discussed, information communication plays a crucial role in managing natural disasters. Pre-
vention and avoiding complications are directly linked to effective communication and the timely dissemination of
information. It’s essential that citizens receive relevant information about an event promptly through various com-
munication channels. In emergency situations, information becomes as vital as food and water for people. [2014, FE-
MA]

During natural disasters, public communication becomes paramount in emergencies. Emergency communications
encompass warnings, instructions, and directives that may include evacuation orders, curfews, and actions that im-
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pact a person’s ability to defend themselves. It is crucial to stay informed about family members and the issues that
may affect response and defense during emergencies. Well-crafted and effectively delivered emergency messages play
a vital role in ensuring public safety, safeguarding personal property, and facilitating prompt response efforts.

The extent to which individuals respond to a warning message is influenced by numerous factors, including their
personal characteristics and perceptions, the source of the message, the method of delivery, and the content of the
message itself. (FEMA, 2014) The events that transpired in Georgia during the winter of 2025 were subject to contro-
versy regarding public awareness. Nevertheless, the population was duly informed about the anticipated severe
weather conditions. This process was executed through both telephone warning messages and by the LEPL National
Environment Agency, which disseminated information on their website and through their official pages on social
media platforms. (Fig. 1)
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Fig. 1 Statement made by the LEPL National Environmental Agency on February 18.

Following the warning, heavy snowfall commenced on February 20. The regions of Guria, Adjara, Samegrelo, and
Imereti experienced significant precipitation. In certain areas of Guri, the snow cover even exceeded two meters in
height. (Fig. 2)

This in itself engendered intricate social and economic challenges. Regrettably, the calamity also resulted in loss of
life. In fact, the nation endured prolonged heavy snowfall for an entire week. Information regarding the anticipated
and ongoing events was predominantly disseminated through television and social media platforms. Nevertheless,
there exist various communication tools, including personal communication, print and broadcast media, and the In-
ternet/social media, from which one can select the most appropriate option. Each of these tools possesses distinct ad-
vantages and limitations, which are contingent upon the intended purpose of communication and the target audience.

Fig. 2 Ninoshvili. www.guriismoambe, Guria

Research methodology. During emergencies, it is crucial for the sender of a message to ensure its intended
communication medium, audience, and clarity. The message should provide specific and adequate information, be
synchronized with other disseminated information, and be accessible to the general public. [2014, FEMA]
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In the United States, the Federal Emergency Management Agency’s training manual [2014, FEMA] outlines
four essential forms of communication during emergencies:

. Personal communication - public meetings, briefings;
. Print media - newspapers, magazines;

. Broadcast media - television, radio;

. Internet/social media.

Personal Communication

Personal communication, encompassing public meetings and briefings, serves as a powerful tool for disseminating
information to the media and the public. When meticulously planned and executed, these events can effectively con-
vey desired messages and garner media attention.

Print Media - Newspapers and magazines, collectively known as print media, facilitate the dissemination of
non-time-sensitive information. Their primary effectiveness lies in providing in-depth analysis of emerging situations
and preparing the public accordingly.

Broadcast Media - Television and radio constitute broadcast media that enables swift information dissemina-
tion through appropriate programs such as the Emergency Alert System (EAS), Public Service Announcements
(PSAs), and news programming. Moreover, these platforms offer the opportunity to present more comprehensive in-
formation and materials. Notably, broadcasters that cater to diverse language options are crucial in effectively com-
municating with specific community populations.

Internet/Social Media - The Internet and social media platforms provide instantaneous messaging and a range of
formats. Websites can incorporate various functionalities, including automatic notifications upon user registration.
Additionally, social media’s format facilitates the immediate delivery of messages to the audience.

As technology advances, novel methods for mitigating natural disasters and emergencies have emerged. Contem-
porary systems employ digital radios, satellite communications, and sophisticated data networks to facilitate prompt
and precise information dissemination.

Geographic information systems (GIS) facilitate the mapping of disaster zones, monitoring resource movements,
and forecasting the dissemination of wildfires or hazardous substances. (Fig. 3) [2024, Network Innovations,].
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Fig. 3. 2024, natural disasters caused losses of 320 billion US dollars worldwide
(Source: Munich Re, NatCatSERVICE, 2025)

Figure 3 presents a global analysis of natural disasters, detailing their geographical distribution and financial im-

pact on affected countries. This data serves as a foundation for creating specialized thematic maps, 3D format materi-
als, and typographic maps for each disaster, enabling precise documentation and analysis of specific facts and events.
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For instance, local residents can anticipate floods with a seven-to-eight-day lead time, enabling timely measures to
be taken. This visual and user-friendly resource presents local river flood maps and water trends, along with real-time
flood forecasts and alerts. Advancements in technology have enabled the creation of such models and maps, ensuring
that  state and local  government  sectors respond  effectively to  disasters.  Fig. 4.
[https:/sites.research.google/gr/floodforecasting/]

Fig. 4. The flood map encompasses river basins in over 80 countries globally, (m)“fmfv'éﬂl«'i;é‘comprehensive
flood forecasting for more than 1,800 locations and serving a population of 460 million.

A prominent example of a mountainous nation is Switzerland, which assumes the responsibility of issuing
natural hazard warnings. Since 2008, Switzerland has been actively engaged in the development and implementation
of a comprehensive warning system. Furthermore, the country has dedicated significant resources to practical field-
work in the early warning sector. A notable instance of this is the early warning system installed on the Devdorak
glacier by Swiss companies, namely GEOTEST AG and GEOPREAVENT AG. [Gorgijanidze, S. 2023] Presently, a pub-
lic natural hazard portal and a collaborative Swiss information platform dedicated to natural hazards have been estab-
lished. The outcomes of these initiatives are presented in Figure 5, which illustrates the efforts undertaken to estab-
lish a more coordinated, integrated, and consistent information and warning service. The platform offers real-time
data sourced from various sources, including ground-based sensors, radar, satellites, model outputs, forecasts, text bul-
letins, and processed warning maps. Additionally, it provides interactive visualization and customization options.
[Lienert C. 2025]

U SIS EUEEREY New dossier x B

DATA o REGIONS o

Fig. 5. Interactive Swiss Joint Information Platform Screenshot - The interactive Swiss Joint Information Platform
Ppresents a map displaying real-time snow depth for a customizable time interval. Additionally, it forecasts snow depth
at various elevations within hydrological catchments. [GIN, 2024].
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It is noteworthy that the widespread distribution of mobile phones has significantly enhanced their role in dis-
seminating information during emergencies. Mobile notifications enable instantaneous communication with the in-
tended audience, even when they are not actively utilizing social media or email. The concept of push notifications
effectively mitigates delays arising from various circumstances. Cellular broadcast-based messages facilitate the simul-
taneous transmission to multiple devices. [2021, 2025 Osorno S. , Wilkerson K].

The United Nations document titled “Crisis Communication” [2023] was prepared in 2023 and is specifically de-
signed for the use of member states in emergency management. This document comprehensively addresses other cru-
cial components in the context of crisis communication.

The document provides information on different types of communication that can be used for different purposes
in different situations:

* Crisis Communication

+ Operational Crisis Communication
+ Strategic Crisis Communication

+ Crisis Management Team (CMT)

+ Crisis Communication Team (CCT)
+ Crisis Communication Framework

Effective communication during crisis situations can be conducted in both reactive and proactive modes.

Reactive communication is particularly crucial during the initial hour of ongoing natural disasters or other emer-
gencies. In such situations, the dissemination of information should be recorded within minutes.

Proactive communication, on the other hand, allows for the dissemination of information over extended periods,
spanning days, weeks, and even months. During this phase, the primary focus should be on providing general and
educational information. This information serves as a foundation for building public awareness and fostering national
unity.

In crisis situations, the dissemination of accurate and timely information is paramount for ensuring clear and con-
sistent communication.

The 12 UN Principles for Crisis Management
There are 12 UN principles that are recommended for use when disseminating information in crisis situations:

1. Please provide a prompt response within the first hour.

2. Ensure accuracy by meticulously verifying all facts.

3. Maintain consistency in providing speakers with comprehensive briefings on critical events and salient mes-
sages.

4. Prioritize public safety above all else.

5. Utilize all available communication channels, including social media platforms, websites, and mass messaging
systems.

6. It is imperative to demonstrate genuine concern and empathy towards the victim.

7. Please ensure that your response encompasses both internal audiences (e.g., staff) and external audiences.

8. Be prepared to manage the stress and trauma experienced by crisis victims and their families, including col-
leagues.

9. Effective leadership should be readily accessible to key stakeholders and the media, as circumstances warrant.

In the face of crises, successful leadership hinges on exceptional communication, meticulous control, unwa-
vering consistency, compelling storytelling, and ensuring that all stakeholders are fully aware of their roles
and feel adequately supported.

10.  Ensure that you are thoroughly familiar with the story before sharing it, and make certain that everyone is
aware of its details.

11.  Utilize guidelines to preserve objectivity, ensuring compliance with legal regulations and fostering effective
communication.

12.  Persevere in your learning and professional development amidst a crisis. [2023, United Nations].

Conclusion. In light of the provided information, it is crucial to recognize that the provision of comprehen-

sive and optimal information within the disaster zone necessitates the expertise of both scientific and practical spe-
cialists in managing natural disasters. Furthermore, effective communication with the local population is equally im-
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portant. The communication approach should be non-aggressive and strategically designed to guide the dissemination
of information about the impending disaster in a manner that minimizes negative consequences.
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Ha ¢done rino6aapHOr0 MOTEIICHHUS B MUPE 3HAYUTEIBHO YUACTHIIMCH KATACTPO(PUUCCKUE SBICHUSI. DTO CBSI3aHO
C HAYYHO-TEXHUYECKUM MPOTPECCOM, KOTOPHIH SIBISIETCA PE3YJILTATOM XO3SHCTBEHHON NESATENILHOCTH YeloBeKa. Takke —
C HapYIICHHEM HallA)KCHHBIX B3aMMOCBs3CH, BBI3BAHHBIX BTOPXKEHHEM OOIIECTBA B MPHUPOJHYIO Cpely. BombIIMHCTBO
CTUXUIHBIX OCJCTBUI MPOUCXOAUT B TOPHBIX PETHOHAX, YTO JICTACT OCOOCHHO BaXKHBIM OOECICUCHHE YCTOWYMBOTO pas-
BUTHSI OTUX TEPPUTOPHIA.

Juis TopHBIX pernoHOB ['py3mm Takke XapakTepHa aKTHBHOCTh CTHUXHUHBIX sBIeHHH. OHH OKa3bIBAIOT OYECHb
CHJIFHOE BIIMSHHUE Ha MPHUPOIHYIO Cpery W SKOHOMHKY CTpaHBI, TOSTOMY KpaifHe Ba)KHO M3yUYCHHE M aHAJIU3 MPHUPOTHBIX
YCIJIOBUH U MPOLIECCOB.

Bo Bpems Haganma cTUXHUHAHOTO OEICTBHS M YK€ MPOU3OMICIIINX MPOIECCOB 0COOEHHO BAaYKHO OTOBEIIEHUE U
uHpopmupoBanue. [IpenynpexxnaeHne HadMHAETCS TOTHA, KOTAa 3aHUKCHpPOBaHA yrpo3a BO3MOXKHOW MPHUPOIHOH Kata-
ctpodsl. [TosToMy MHOOPMAIIMOHHONH KOMMYHHKAIIMK B TPOIIECCE YNPABICHHUS CTUXUHHBIMU SBICHUSAMHU MPHUIACTCSA OCO-
6oe 3HavyeHue. [IpoduakTika U MPETOTBPAIICHHE OCIOKHCHHI HAMPSIMYIO CBSI3aHBI ¢ KOMMYHHKAIIUCH U OTIePaTHBHBIM
pacnpocTpaHeHueM HHPpOpManuu. BaxxHo, YTOOBI ¢ UCMIOJIb30BAHHEM PA3JIMYHBIX KAHAJIOB CBA3M WHGOPMAIUS O TOM WA
UHOM SIBJICHUHU CBOCBpeMeHHO aoxoauiaa g0 KaxKaoro rpamnaHHHa, lITO6I:»I Hpe}lOTBpaTI/ITI) BO3MOJXHBIC HCIaTUBHBIC I10-
CJIC/ICTBUSL.
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23960990 s obTsxEU.

AgbsbHagamo sMYgseo. 30bstg 0mMmEO LMs3zgl DML 35335L00L BMOZ3MO Jgrob LsdbMgom Jswmsby 2600
d. bLodoEgbg 0wgdL. dolbo boa®mdg 320 38-05 LETMoEIM EIBOOWMBS 78,7%0, 5MBOL FoMMdo 4650 302, dc.
0mMoL 3MBo FoMmdmygboos 99090 Jobgdom:  dgMaqwado, 306d39d0m, J3080560 mobol, servzomo
5boggdo Jobgdol s bbgs. [Fo@vyedzowo e, 1968]

90bsMm0L smBdo 2000 3-0b Bgdmm SW3MMO I3965MgME0 BogsG0os FoMmdmygbowo,  GMIgwos
9000b56MH0L ©0bgdols 0350 MBEIMIB ool BHYol IMs350fw0sd FmmEmgzsb ¢ygdo. 3. omOL
0d@Bomco  LodgMMbgm  obodBMEgds  5ggl, mMIEs  FO0bsMOl  MLMMLYdOL  LodgEbgm  godmygbgdols
©5393930Lm30L oG hodmboabols  3mEbs 9o LsgdoMmobo. sdobmzol  LsgoMms 3oamEaod  Fs0mo
FoofomMo  aobsfowgdss, ®opob dsL oo  36083bgemds  5gd3L, MmameEz  dmOfiggzobomzgol  sbgzg
§9oe0mdo653980bmMZ30L, 30MMIBIMHYYEH030LMZ0L s bb3s J399bol §3:mbMT03Mo FEAMSMBOLIMZOU.

00bB0dbsg05, MM Bsdmbogbol Goasferom®Mo asbsfowgds I35 BodEHMOm™bss 353806 dwO.
00 3600369wmds 593l 30TsFGHWIO JoMmMOJIL. 3MDB3MYAMs© bogrgdgdols s gm0l 3Yd3gMo@weols
809500MM 25b65H0wgdsl, oS 53oLS 59HBOL FJMEMAOM® 5393 gdSL, IY0B39MGOOL sOBYDdMBDL, Fomdgdol
2393M39wg05L. M53 809356005 Yomzs0fobgdeo wbs 0yml smBol LoOY s 3MBFOYMMS30s. Yymzgerogzg
Bo3mMmm3owol g5MHEs BsBmbsgbol Fogofarom® gsbsfowgdsdo mogolo Gmmo Fgodal  SbmmMm3myqbme
BOJAH™OL, M5Y0 50530560l B3l 29I 30MHMBYIT0, MHMPMEOOES FYouloEegzgdol sdgbgds, Fomdgdol
00mAOmMds, BHYob 25996905 96 oBgbgs @ Lbgs Lsdgm@bgm mbolidogdol asbbmGmEogmgds odgl MMM
5©JO0MO FHoMY, 0l YOMHYMRBOMO. BMPXIM 30 5OLYO0MO® (33¢0L dBIIMOZ A5MYML S ObETSFBE.
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090019%0. 9. 0mOL hsdmbsgbol Jogsfemom®mo gbsfowgdol aleghs© 90gdMEos babxgdol
3399 BHomemo dmbo3gdgdo. 9obstg 0mMmBY LoAMO WEM3z6mMb (1964-1994 §.) botrxgdol Hyg30L Mexz03%Y
9339006500 BBl 25Boxbreol {gomomdol sfiygds @s 3030l oEyMIol M.

29Bogbmol 3080L ©sfygd0sb 0ffygds hsdmbogbols  Fo@gds. gb godmfzgMEos Mmzol bmdOL
06¢3)9bL3Mmd0m, 59 O™ RsdmMbsgbol Looyg Joduodwal s©fggl - dsoliol mgzgdo.

Bo0mbo@gboll  Boasficon®o  gobofforgdol  gosbyamodgdolmgol  IMsgzowfirom®mo 330603900

3mb5399900L LTS MIdO I0YMGBs LYBMbgdOL Jobg30m. LYHBMbdO: FsbIRbMWO: ToME0, s3M0E0, ds0lo,
03600 s 03wobo. Bogbmwo: sa30L6GHM, ULgd@gddgmo. Tgomymads: MmJB™MIdIHo, bmgddgMo. bodmsmo:
093000960, 0563500 ©5 090gMZoo. 5 930 PO MBS 50360BMmm, MM  A5sbAMOTGOOLIMZOL
39dmygmaowo Lybmbgdo Me®™ bdoMmosw 56 gdmbzgzs JogbsMwme bgbmbadl. yodmymgowo bgbmbgdolimgol
30062560890 b59mbsgbols o sheromMo gobsforgds 30m3gbEgddo. (5bG. 2).
Bo0mbo@gboll  Josferon®o  goboffogdols 20565000905l 35GoMmBMgdm  890ga0  803@I3GMM™MBOm.  KIM
2963L5B3M300 Farol Lodowm M30996MH0 batrxgdol xsdl, MHMIgelsg 30gdemdm 100%-50, 8999y ®30L
L59w95¢Mb 34mxom o0 xsdbg s 3563w gdm 100-By, M™I dogz00Mmm 3OM3EI6GMEo J785089bwmds. [1974. o.
3030wsdowo, I'mgponorus Pacayrst, 1970, M'uapororus Cyuru 1976]

3900929%0. 439s 030bM30L 93 FGNMPOM Es305685MG0TJm F. 0MGOL BsBMbsEIBOL Toysfarom@o
3obsfowgds  1964-1994 §-o30l, 03Mgm3g fysarmbgo (1976 §), §ysewdizo®mmdol (1968f) 3MmEgbdwo
39050996mdgd0. J390mm ImEgdmwo 3bwowosh (gbM. 1) BsbL, MGmId 1964-1994 (iemgddo Bsdmbowgbo
0563600l mgz9do dobodogry®mos 3,56 %, 8909y 3OM390GMo fowo msbsmsbmdom 0BMEIds s 0s30lL
JodbodaL 50figgl dsolol mzgdo 17,84 %. 0oL 9909y 0fygds 3wgds s ©939909Mdo 4,34 %. fysermbgo
foobogol (1976 §f) d0bodserm®os mgdgmzwol 030l dsB3969d9wo 2,34 %. dogdbodwdo g3sd3b dsolido 29,27 %,
3900099 3090™BL s ©g399d9MHTo 4,91 %-b Tgoagbl. Mo Iggbgds Fyowdzommdol Fgwl (1968 §) Lesoo
090395 05635030 - 3,36 %, 350580-15,19 %, ©939909680-3,19 %. B5JGHMIMN 0350 BsFNEOHOL 39M0MEPO PsbsdMO
0569b6900m Mol FoMdm®aqbowo. gbMowol bysgmdzgubHg d9wgagbowos gMsi3030, Lowsg sBg3g bsmers
3Bobl dmbogdms 33wowgds, Lydw)SEM, “OEOLO s WFE0MgLo bodxgdos. (Bab. 1)

gb®ogo Ne 1. 3. 0mMo - bmg. wgemgsbo F= 494 306% 1964-1994 G
L53w95e0003099M0 fyeols bs@rxo, 33/50 494 (3s69dal géezbeero bssggbde)

1
fowologg | 1 2 3 | 4 5 6 7 8 | 9 [ 10 |1 |12|&5E

3 &
1964 376 | 393 | 850 | 132 | 198 | 252 | 138 | 107 | 153 | 106 | 826 | 845 | 118
1965 571 | 418 | 112 | 188 | 17.1 | 219 | 177 | 809 | 644 | 542 | 338 | 303 | 102
1966 356 | 3.08 | 332 | 112 | 201 | 111 | 62 | 404 | 453 | 3.43 | 298 | 231 | 632
1967 194 | 185 | 350 | 140 | 131 | 123 | 104 | 829 | 178 | 101 | 125 | 110 | 9.73
1968 558 | 636 | 205 | 270 | 252 | 234 | 144 | 137 | 896 | 791 | 7.61 | 530 | 138
1969 451 | 482 | 962 | 202 | 252 | 107 | 854 | 7.06 | 573 | 7.03 | 545 | 556 | 954
1970 383 | 596 | 919 | 139 | 126 | 138 | 7.46 | 124 | 739 | 926 | 498 | 553 | 8386
1971 464 | 424 | 876 | 158 | 260 | 230 | 107 | 925 | 920 | 7.00 | 678 | 725 | 111
1972 616 | 612 | 771 | 158 | 184 | 185 | 972 | 699 | 103 | 106 | 8.17 | 6.14 | 10.4
1973 520 | 572 | 848 | 238 | 192 | 267 | 312 | 112 | 792 | 713 | 102 | 729 | 137
1974 560 | 568 | 147 | 196 | 387 | 194 | 160 | 108 | 152 | 525 | 428 | 392 | 133
1975 360 | 398 | 105 | 302 | 249 | 137 | 676 | 482 | 486 | 101 | 7.29 | 567 | 105
1976 534 | 520 | 995 | 316 | 650 | 288 | 161 | 130 | 11.1 | 13.4 | 117 | 109 | 185
1977 783 | 940 | 140 | 272 | 211 | 302 | 203 | 857 | 779 | 11.0 | 5.46 | 494 | 140
1978 410 | 565 | 196 | 351 | 45.1 | 274 | 157 | 145 | 7.92 | 698 | 635 | 566 | 162
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1979 6.17 | 6.72 | 7.81 15.3 144 | 20.0 143 | 939 | 633 | 571 | 7.12 | 5.05 9.86
1980 449 | 456 | 922 | 294 | 257 146 | 457 | 416 | 3.27 | 437 | 3.65 | 3.32 9.28
1981 3.01 3.00 | 469 | 734 | 205 18.7 15.4 116 | 5.67 | 480 | 4.22 | 3.41 8.53
1982 3.09 | 297 | 3.80 11.7 | 213 19.8 18.2 16.0 | 9.15 | 6.06 | 5.53 | 3.98 10.1
1983 3.72 | 375 | 5.50 11.0 15.1 180 | 9.30 | 9.31 188 | 11.1 | 139 | 11.1 10.9
1984 799 | 5.39 149 | 345 353 195 | 19.10 | 103 | 5.63 | 4.75 | 3.28
1985 325 | 38 | 958 | 215 | 212 13.3 11.0 | 9.21 10.1 | 8.02 | 8.12 | 6.59 10.5
1986 322 | 332 | 7.80 17.4 19.8 168 | 963 | 626 | 478 | 454 | 6.42 | 4.13 8.68
1987 445 | 6.04 | 941 33.6 | 52.0 | 293 112 | 3.70 | 494 | 5.16 | 7.47 | 5.81 14.4
1988 545 | 5.30 113 | 342 | 271 21.3 12.0 102 | 7.82 | 11.2 | 149 | 10.7 14.3
1989 850 | 7.21 11.1 13.8 | 9.72 11.0 | 695 | 687 | 640 | 833 | 7.90 | 6.45 8.69
1990 440 | 432 102 | 224 | 217 14.7 10.5 104 | 999 | 6.64 | 9.69 | 7.90 11.1
1991 5.38 | 5.36 125 | 21.6 | 205 199 | 955 | 548 | 491 | 5.65 | 6.48 | 4.63 10.2
1992 450 | 470 | 6.82 17.8 19.7 | 24.6 13.8 125 | 108 | 9.81 | 5.48 | 5.50 11.3
1993 526 | 5.67 | 6.94 128 | 7.95 14.4 114 | 792 | 573 | 3.63 | 2.09 | 1.60 7.12
1994 1.76 1.68 | 2.19 13.1 7.03 | 254 | 202 | 812 | 3.67 | 1.85 | 1.57 | 1.50 3.92
Lodwgoerm 4.71 484 | 946 | 205 | 23.6 18.8 124 | 947 | 849 | 735 | 693 | 5.74 10.9
MEOEYLO 850 | 940 | 205 | 35.1 65.0 | 302 | 312 19.1 188 | 134 | 149 | 11.10 185
d3oMgLo 1.76 168 | 219 | 734 | 7.03 | 254 | 202 | 370 | 3.27 | 1.85 | 1.57 | 1.50 3.92
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— 30500 e— 000 b0 A ofngbo

6ob. 1. 3. 0mHo - beg. gemgzsbo §geol ba®xo, bydswm, MEoEILo ©s MIEoMHILO 3039000,
1964-1994 %

90656y 0mMol Bs3Mbsgbols Gogsfieron® obsforgdsl LyBmbgdol dobggzom dgdgao Lsbg o43u,
MOmIgoi 8m3gdeo sbabwos boer 2-8o. 1964-1994 {iewgdol Lodmosem dmbo3909d0m  2oBogbmeols
396000m©do dmEol dogwo Bsdmbogbol 64,07 %, Gog Lsdmowm dmbs3gdgdl 6-x96 50gdsGgds s Jmgwo
Bodmbo@9boll 30mddol 2/3-0s. Mg 9ggbgds Fyswbg Fawl (1976 §) of Dogbryerol 3gMomebg dmeol 68,20 %
5 §195¢3306H™MdoL Fgarb (1968 §) 66,6 %. [2000. b. dgbbos, 1995 3. 3m3s0s, 2000. 3. 3MTs0s, CrpaBOUYHUK IO
BOZHBIM pecypcam. 1935]
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3b®0o 2. 3. 0ol Bs9mbsgbols sbsfomgds igbmbgdol dobgpzom (farom®mo Bsdmbspgbols %-do)

§9d0/bgHMbYdo | 9BIRHBMEO | Bogbmwo | FgdmEymds | Dodms®o ferom®o b5d.
1I-VII VIII-IX X-XI XII-IT Qo¥/fa botx g0
1 2 3 4 5 6 7
1964-1994 64.07 13.58 10.80 11.55 100 10.9
fewgdol
LoFogoM

fgoebgmdols 68.20 10.85 11.30 9.65 100 185
1976

Bgodzo®mdols 66.60 13.66 9.36 10.38 100 3.92
1968

©d33bs. ymzgerogzg 9dgsb  godmdobsty Mbs 930bodbmm, GMA  Bsdmbsgbol  doysfiwrow®
296500 gdsl doMmomso 360dgbgwmds 5J3lb Fywol MglmyMLgdol Asdmyqbgdol oygadolmgol. doomdgdEgl
LG 339936 LoMbob {goelisEego, Losg Tgodwgds BoxbmEol 3gMmom@do ¥bgo hsdmbowgbols oammgzqds
©> 099093 39305Bmdogho oo  sdmyggbgds  [gowdEo®mmdol  3gMomdo, MmameE  9bgMagEHo3oL
035bsBOOLOm 55939 MBOEOLOL [yseliogegobmzgol (Mool Br3s) 3vdogo Mbol dglobsmBmbgdes©
396L53MNMYdom IMOfjyz0L 39MH0Mm©To. gi 30 MbsTgEMM3g 93mbmdozmo Mbol 0bozG™m®do JMHmgOHMO
MB0o3Mglbo  3OML3gLoS, Moy J399bol  BEYMOEMBLL 3093 MBOM  55F50MIdL O 9653005 gBL.
09ocmFo653930L Lol gdgdo J3gybolmzol 30 930w gdgwo [obsdoMmmdss IoEOHMEMAOMEmO 3O MEJLgdOL
LfmOg Fom30LmM30L.
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UDC: 551.556.5
Intraannual distribution of the Iori River runoff. G. Pipia, S. Gorgijanidze, G. Grigolia, Z. Gulashvili, T. Chitadze.
Transactions IHM, GTU. -2025. -vol.136. -pp.30-34. - Georg., Summ. Georg., Eng.Rus.

The annual distribution of runoff is related to many factors. Climatic conditions are distinguished from all
natural processes. Specifically, the annual distribution of precipitation and air temperature. Most importantly, the size
and configuration of the basin should be taken into account. The anthropogenic factor also plays a role in the annual
distribution of runoff. The importance of runoff in the economy and agriculture is great, especially for eastern Geor-
gia, where the Iori River plays an important role. For the annual distribution of runoff, we took actual data on the
costs at the Lelovani station (1964-1994). The time of the beginning of the spring flood and the peak of the period
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were outlined on the cost fluctuation graph. We developed methods for determining costs. The annual distribution of
the Iori River runoff for 1964-1994 was recorded, as well as the percentages of water abundance (1976) and water
scarcity (1968). All this is important for the sustainable development of the country's water supply.

YJK: 551.556.5
BuytpurogoBoe pacupezenenue croka peku Hopu. I'. ITunus, C. I'oprumxanugze, I'. Ipuromus, 3. I'yramsunu, T.
Yurazze/C6. Tpymos UTM I'TY. - 2025. — Tom 136. - ¢.30-34. - I'pys.; Pe3: I'pys., Anri., Pyc.

l'omoBoe pacmpezeseHne CTOKa CBA3aHO CO MHOTMMHU dakTopaMu. KinMaTtnyeckue ycioBuA OTIMYAIOTCA OT
BCeX IIPUPOIHBIX IIpoueccoB. B yacTHOCTH, rofloBoe pacipezesieHre OCaZKOB M TeMIIepaTypsl Bo3gyxa. Camoe IiaB-
HOe, YTO CIeflyeT YIUTHIBATh, — JTO pasMep U KoHdurypauus GacceifHa. AHTpOIOTeHHbIe (PaKTOPBI TAKXKE UTPAIOT
POJIb B TOZOBOM pacIIpefieIeHUHU CTOKA. JHAUYeHUEe CTOKA B 9KOHOMUKE U CeJTbCKOM XO3SIHCTBE BEJIUKO, OCOOEHHO A
Bocrounoit ['pysuu, rae mporekaer p. Mopu urpaer BaxxHyIo posb. [l BHyTPUTOLOBOTO pacIpemeeHUA CTOKa OBLII
B3ATHI (haKTHIECKUe JaHHbIe II0 CTOKY co craHiuu Jlemosauu (1964-1994 rr.). I'padux xomebaHuil CTOKA IOKA3bIBAET
HayYaJIo BECEHHETO II0JIOBOABA U BpeMdA ero Iuka. Hamu pa3pabGoTaHbI MeTOABI OIpezeeHus 3aTpar. beuro sadukcu-
POBaHO rozioBoe pacnpezenenue croka peku Mopu 3a 1964-1994 rozsl, a TaxxKe IPOLEHTHOE COOTHOLIEHME BOJHOCTHU
(1976 rorx) u Boguoctu (1968 rox). Bee aT0 BaykHO IS yCTOMYNBOTO PasBUTHUS BOLOCHAGKEHISI CTPAHEL.
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UDC:556

Some aspects of anthropogenic impact on river channel deformations/Trapaidze V., Bregvadze G., Tsintsadze N.,
Alaverdashvili M., Khufenia N., Kokaia N., Kiknadze D./ Transactions IHM, GTU. -2025. -vol.136. -pp.35-37. -
Georg., Summ. Georg., Eng..

In Georgia, the construction of various types of hydraulic structures and urban development of cities has intensified
over the last decade. Current trends indicate that this process will continue in the near future. It is the construction
and operation of hydraulic structures that cause changes in the flow of river water and solid sediment and,
consequently, impact on channel processes. These may be small headworks, which are encountered mainly at
derivation-type hydroelectric power plants, structures with reservoirs, bank protection structures, as well as bed-
rectification, dredging and drainage works, construction of bridges, etc.

Georgia is a mountainous country with even more peculiar channel processes. Water management measures are nec-
essary, without which the development of the country is unthinkable. Therefore, a detailed study of channel process-
es is on the agenda, which includes: identification of natural and anthropogenic factors of channel processes, deter-
mination of stages of variability development, justification of threshold values, determination of irreversible trans-
formations of river channels, issues of their stabilization and many others.

YIK:556

HexoTopble acnmeKTbl aHTPONOreHHOr0 BoO3/elicTBUS Ha pycioBble Aedpopmauuu/ Tpanamase B., Bpersanze I'.,
Huanansze H., Anagepaamsuwim M., Xynenuss H., Kokas H., Kuknansze JI. / C6. Tpyaos UT'M I'TY. - 2025. — tom
136. - c. 35-37. - I'py3.; Pes: I'pys., Auri., Pyc.

B I'py3uu 3a nmocnenHee necATUIETHE YBEIHYMIOCh CTPOUTEIBCTBO PA3IMYHBIX THIPOTEXHHUECKUX COOPYKEHUH U ypOa-
HUCTUYCCKOC Pa3sBUTHUE TOPOIOB. Hreinemnue TCHACHIUU IMO3BOJIAIOT MPEAINOJIaraTrb, 4YTo 3TOT MPOUECC NPOJOJIKHUTCA U B
Ommkaiimem OyaynieM. VIMEHHO CTPOMTENBCTBO M 3KCIUTyaTalys THAPOTEXHUIECKUX COOPY)KEHHH BBI3BIBACT M3MEHEHUE
BOJIHOTO MOTOKAa PEK M TBEPAOTO CTOKA, CIEJOBATEIFHO, OKAa3bIBACT BIUSHHUE HAa PYCIOBBIE MPOIECCH. DTO MOTYT OBITh
HeOOoJIbIINEe BO/I03a00OPHBIE COOPYKEHHUS, B OCHOBHOM XapaKTepHbIe A AepuBalMoHHBIX ['DC, coopyKeHus ¢ BOJOXpa-
HWJIMIIAMH, OeperoyKpennuTeIbHbIe KOHCTPYKIINH, a TAKKe BRIIPSMIICHHE Pycell, yIiyOuTeNbHble paboThl, IpeHax, CTpo-
UTEJBCTBO MOCTOBBIX NEPEXOAOB M Apyroe. ['py3nusi — ropHas crpaHa, IJie pyCJIOBbIE MPOLECCH OTIMYAIOTCS 0COOBIMU
yepramu. [IpoBeneHne BOIOXO03SMCTBEHHBIX MEPOIPUATHI HE00X0IMMO. be3 HUX HEBO3MOXKHO pa3BUTHE CTPAHbI, II0ATO-
MY aKTyaJIbHOIM CTaHOBHTCS 3aj1a4a JETAILHOTO M3YUYEHHs PYCJIOBBIX MPOLIECCOB, YTO BKIIOYACT B CeOsl: MACHTHU()HUKALINIO
€CTCCTBCHHBIX W aHTPOIIOT€HHBIX q)aKTOpOB PYCIOBBIX MPOIECCCOB, ONPECACICHUC J3TAIIOB PAa3sBUTUA U HX PI3M€HeHPIﬁ,
000CHOBaHNE TIPEeEIbHBIX 3HAUYCHUI, ONpe/ieleHHe HeoOpaTUMBIX W3MEHEHHH pycell peK, BOMPOCH MX CTAOWIM3aluU U
JIpYTHU€ aClEeKThI.
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UAC 551.583
Climatic regularities of the spatiotemporal distribution of temperature and precipitation in the Kvemo Kartli
region. Elizbarashvili E., Pipia M., Elizbarashvili Sh., Beglarashvili N., Diasamidze Ts., Samukashvili R., Chelidze N.,
Shavishvili N. / Collection of works of the Institute of Meteorology of the State University of Georgia-2025.-Vol.136.-Pg.
38-45. -Geo., Res. Geo., Engl., Rus.

The climatic regularities of the spatiotemporal distribution of temperature and precipitation in the territory of
Kvemo Kartli have been investigated. The gradients of temperature and precipitation changes with altitude have been
estimated, and the tendency of precipitation totals to decrease with increasing temperature has been established. The
temperature distribution in the territory of Kvemo Kartli has a contrasting character. The coldest month is January, the
warmest months are July-August. The highest temperatures are recorded in Bolnisi and Gardabani, and the lowest
temperature is in Tsalka, thus the main factor in temperature changes in the region is the altitude.
The region is not characterized by much precipitation at all. During the year, the greatest precipitation falls in the
mountainous zone (Tetritskari, Tsalka, Manglisi), where the total precipitation exceeds 700 mm, and the least precipitation
falls in the lowlands (Gardabani, Marneuli, Bolnisi), where the total precipitation is about 400-500 mm. In the annual
course, their maximum is observed in spring or summer, and the least precipitation falls mainly in winter.

VK 551.583

KnuMaTmyeckne 3aKOHOMEPHOCTH IIPOCTPAHCTBEHHO-BPEMEHHOTO pacIIpefieleHHs TEeMIEpPaTypsl M OCafKOB B
peruone Ksemo Kaprmm. Dinusbapamsumnu 3., [Tunua M., Dausbapaursuwin 1I., bermapamsuau H., Juacamuzgze 11,
Camyxamsunu P., Yemngze H., Illapumsunu H./ C6oprux tpymos I'TY XMM-2025.-T.136.-C. 38-45. - I'pys., Pes.
I'pys., Auri., Pyc.

HccnemoBaHs! KIMMaTHYeCKHEe 3aKOHOMEPHOCTH IIPOCTPAHCTBEHHO-BPEMEHHOTO PacIIpe/ie/IeHIs TeMIIEPaTy-

paI 1 ocazkoB Ha Teppuropuu Ksemo Kapriau. OueneHs! rpafreHThl HU3MEHEHHS TeMIIEPATyPhl U KOJIUIeCTBA OCALKOB
C BBICOTOI, YCTAHOBJIEHA TeHAEHIIVS YMEHBIIEHU KOJIMIECTBA OCAZKOB C POCTOM TeMItepaTypsl. Pacipeznenenue tem-
neparyp Ha Teppuropuu Ksemo Kaprin umeer xouTpacTHbIi Xapakrep. CaMbIil XOJMOZHBIM MeCsL, — SHBaphb, CaMble
TeIIble MeCsIbl — HIoNb-aBrycr. CaMble BEICOKME TeMIepaTypsl 3adukcupoBansl B Bonruucu u 'appabanu, a camsie
uuskue — B [lanke, 109TOMY OCHOBHBIM (haKTOPOM M3MEHEHWsSI TEMIIEPATYPhl B PETHOHE SIBIIETCS BBICOTA.
Jlig peruoHa BooOle He XapaKTepHO OGMIBHOE KOJIMIECTBO OCALKOB. B TeyeHue roga Haubospliee KOJIUIECTBO OCAT -
KOB BbImazaeT B ropHoil 3oHe (Terpuuxapu, llamka, Manriucu), roe cymma ocagkos mpessimaer 700 MM, a Ham-
MeHblllee — B HU3MeHHO# 30He (I'apma6anu, Mapreyinu, bornucnu), roe cymma ocagkos cocrasisger oxoso 400-500
MM. MakcuMmanbHOe TOZOBOE KOJHMYECTBO OCALKOB 37ieCh HAaOIIOaeTcs BeCHON WM JIETOM, 4 MUHUMAaJbHOe — B
OCHOBHOM 3MMOM.
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doi.org/10.36073/1512-0902-2025-136-46-53
»953. 551583
35OGMB0EolL 3MWGHOMOL 3930 E3gXgds 089MgmOL MYA0Mbol 53MM3I0dsEG
30600d9d30 s IMbsgeol 30Mmabmbo
3505 dga0sdg!, a0mMa0 dgasdgl, 1s95B0 3Mdsbody?
sdo®mggarml ¢gdbo3m®o Mboggdlbod @ ol 3oMmdg@gmemmemyool oblEoGwWEO

Lodo®omgzgemb Ggdbo3m®o mboggmlo@g@ol ool datmso 3ob30msmdOL B3N EHIGHO
m.meladze@gtu.ge

MH9Bomdg.  39OGHMBOEOL  3MWEHYOS  53MMI0ToBHO  30MMdJOOL BT 39RO 5I3EHOMIB0M
390m06MBg35, M55 0d¢rg3s LosEMmgm s bog3056m 3MMEM300l Joegdol oMy TgbodegdEmdsl. Ls3zeg30
AINOGHMMH0S - bmggeo sxs89m0 (B. Mmbosb 104 8) 9ol 0dgMHgmol s3MmM3Iodo@wmo Bmbadol I bmbsdo,
“Hm3goE 3039000 BO. Mbosh 20-300 3 LoTswEgdEY, LsSE 5JBHOMO BJIZIMIGMBMS ¥5T0 To0PI6L
24000°C, 5@9mbggmveo boargdgdol xsdo mdogr 3gMomedo - 600-1000 93. Lsgzga9GE0M 39M0M©ETo LoMdMMO
MBOHMB390wymzol 3OMAbmbBol 3ModEolzmwo s8mygbgdol dobBbom dgygbowos MgaMalool AsbEHMEgds.
9m3909os  5BHIMLBYOHMEo Boangdgdol 10 s 90%-000 NBOHMB3gwymgs. 50bodbme  saM™3Er0doE M
3060mdgd0do  93gbadgms 93035 Go  IgMoLEYIoL  FgmmEol  s8mygbgdom  FowgdMEos  JoMEHMBOEIOL
3M@GHMOOL  Looglerg Tobogns, bosg 0bxzgdgool Molzo s LsdodMMGds FodmMmOEbwyos. bEHIMOW YOO
310G B58Mowgdsl 00¢g3s, G0300M™M OO MOMEOIbMdOL 3969303 YM© JOHMR35MM3560 LoMysgzo
dsbos. 996005 35MEHMB0OL Lo3OMYbMBM Bzl MHYAMILOOL FobEmmgds.

155335630 LOGBY39V0: 39MGHMBOWOL 31 GHNM, 5JEHOVIOO BJIZIMSGHS, 5GTIMLBIOO boangdgdo, Jmbisgseol
36MH0abmbo

89L535¢0.  39MOGHMBOWOL 3MWEHOS GHBYM0sBo F3gbstgs, OHMIgwoE Bo®so 33930MO  VOMHYd-
309800, @5 IM535¢THO0Z0 499MYgbgdom M0l FoMdmygboero. dobo Lsddmdem 395@MIwMMo s LsdbMgom
50960359, MILEPWIMIOM 0g0 J93MEIWJON0s s 0ffaMTMgds MomMJdol yzgws J3994ebsdo. bogoemzgurmdo
dolo o0dmgds XIX Lsm3mbols dgmeg bsbgzmosb ofjygds s bsmgligdols 36083bgwmgzsbo bsfoero 1000-1500 3
103s0EqBgs BLZoL MbOsb.

39OGMBOWO 53MMIW0T5GHIOO 30600900l 0TI 35MGR0 3ISEHOMIPO0M FodmoMbg3s. Jolo Qo03039d0L
196ME@MyomHo BoHBoL sHYgdol GHgd3gModwMss 5-6°C, bmwm 5630056900l M3EH0BswMHo HH9YI3gMo@EvIeS
9900096L  13-15°C.  HmamO3  9530MIMEHMOHd0L  MIMegzeglimdolsm3zol,  39MEHMBOWOL  mEmbobomgbol
Mm3G00owMo  39d3gMoG s 9gopqbl  20-25°C.  s0bodbymo  3gddgho@meol  Bgz00m  LybiGgds
RmGMLobmgBol 3Mm3gLo, GH1YBgIOOL Qobg0maMgdol 3gMom@do bogds d3gbstol ©s3bobgds-wssgowgds s
LOdMEIMMEO o35S, S1gm0 Lobolb FHwdIMOL Lomgligng FoLosE o0 A33M0Ygbgds. BMI0gMHO 3¢0ToEOlL s
96056md0L 306113930 35MHGHMBOEO 0MHOYS300L 36993 0derg3s Imbogzsl, MMBEs mMfY3000 Ymbolidogds
96083690 m36500 BO@OL Fmbogm0sbmdsl. GHvdgMgdol Foedmddbols 3GmEglbdo LoFoMmms 3-5 xqgMoo dmMfygs.
0005305 3obLO3MMMHJB0m LoFoMMS DoxbTo, 30056 Bmbsdo dg@JMOHMELMy0MMHO 30HMdJdOL Jobgzom 2-
3-%x96M, borgm ©sdEwmd Bmbgddo 4-5-x96.

LodoMmMZ9ML 53MHMIWOTSGHOHO 30OHMBIOO S 39OGHMBOEOL JMEAMOL ToVIWO 5EI3GHIGOOL MBsMO
0dgzs  LosMgm s Loa3056m  3MHmEdiool Jomgdol oMy  TglsdEgdermdsl. JoMmEHMBOEOL  }0dgdo
d0MEMROMOHO @S  LsdgMMbgm  M30LgdYdOL  TobgEz0m  0gmxs Mmmb  ¥aMGBe: 1533900, LobRHY,
MB0ggMLOHO @5 LodoMbbg. 1533900 X0l  39OEMBOEOLIMZOL FB0IZbgmazs60s MbgzdmMLogE0sbmds,
39650 60309 J39d0L s 30Ol OO MoMmYbMdo (4-4,5%) 90339 Mds. LElYREMY 39O EHMBOOL Kol
abobosmMYBL Bo@owro 2q8w9MH0 M30L9d39d0. JoLO GHWYBIMGOO LOHYYCYMBOEWO FMMTOLSS S bolisMEIOS BITNOOL
39Momdo 3500 dgbsbgol MbsMoom. LoJodbby JoOEHMBoErol x0dl  sHoLosMYdL  Lobsdgderol  Jowowro
3993390000 (656530gd 18%), Lobodgderol IMeg35¢ToM33¢056Mds s B3OMEOL Towowo TMBOZEP0BMBS.
MB039MLOMMO  390GHMBOOL x¥0do bolosmEIds Lbsdgdol Jomswo FgoE39WMdOm, o3 LsdwgsEgdsly
0dg3s 3580Yg969d99c0 0gbsl LalOLLMME S FHY603MO 4sdTo39d0L5MZ0U.

Lodo390mb 53MM3e0ToE M 30600400 35MEHMBOEOL X¥0dgd0 L3939G30M 3gM0mEol dobgwpzom
04mg3s Los®Mgm, LsdMowm s 1s3006m X08gds©. J9OEAMBOEOL JMEEHWIOL sH0sbgdgb Togbgdwgdo s
59350000900, 51939 LOMI39wgd0 893009096 ol TMLsgsl. doMomao  Fo3bgdegdos:  39OGHMFBOWOL
ROGHNBAHMOS, 3NWMOSEML bmim, Fogmmws F0900, MHOBMIGHMboMBo, sw@GHIMBsMOMDO. oM GHMBOOl
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ROAMBAHMOS Y39sbg 3930E9IgdEo s bydodo bemzmasbo os35YdS. 030 0fj393L BMMEWGdOL F36MdSL,
3500 258539058 @5 BIMBL. ©93500gd0L gob3005MGBOL M3BH0ToMHo JoMMmdgdol Tgdmbggzsdo (Bsengdgdol

QOO M5MEYbMds, F505¢0 3H9b0sbMds) LoFoMmms Bomgligdol sdmdsgzgds 330Msdo ghmbgw, 36939600 - 10-
14 orgdo ghombgw. 3meMmEsmb bmiml 9900mbgqzsdo To@wgdo sH0sbgdgb 9;3965Mm0L BMmgdl, WgMMIdL,
o3 LEdMEMm  ¥sddo 0f3g3L  Bmbogerol 933900Ms©  dgd30MgdsL.  3939BO300L  3gMom©To, 536900l
399mB960LmMsbs3g sbbgb 650gL0 BIMIMMBYBOL FMT539d5L 0BLYIEHOEF0WIO0M. SBsMAOMESE, Q98Mm0Ygbgds
305699 0Mm9do 0bbgdEoE0wgdo s30ws F0g00L dg9dmbggzsdo. Lemzmgeb es350gdgdL dogzmm3bgds sbgzg
H0BmgBHMbombo, MMIgEog sH0sbgdlL I3gbsmol BgLliggdl, MIOHML, EBYMGOL. MO AsBIRLMWDBY, (303
B0ssd0 ©oMy30L 9gdmbgg3580, Mo MBOM bobamdwogos 003900l s9mEHbol 3MmEglo, dom dg@sw bogds
5B00bgds. 50603690 Lemgmzsbo s9350gdoL [obsomdgy M93mdgbadweos 93gbstggdol edmdsggds
239620300 7000. 5eEIMOBIOOMBOL ©9350d0L Fgdmbggzsdo, dolo dwoghmo gobgzomMaMgdol Mmlb d3gbaty
00¢13905. dob §obsowdgy g99moygbgds MMmAmMGE 3MbR0E0Yd0, sbg3zg 39MHdOEOWIdO.

dotooso  bsfogmo. 0dgdgomol  Gggombo  8gdsmgmdl  sbogwgm  LodoMmzggermdo. ol
8900bsBOZOWO0s BOOOEMYmN0EL MoFol, LsdbMmgmosb dglbgmol, s0dmlsgergmosd wobol Jgwogdom,
L3 gm0EL  dobstyg  3bgbobfymom. gaombol BsGMMdO 6,5 s0sbo  39%-05, 53 LodsBmzguoml
A900GH™Oool 9,2% 89590L.  GHgHoGH™MOo0L  BLMmEMEGMMo Lodswerg dghygmdl 10-20 dg@®mosb 2862
39¢®8g (3963500  wgdgmeO0).  009MgoolL  GgHo@MMmosy  JoMmdmyqgbowos  momgdol  gzgws
WwbdoxzGmo Bmbs, braGom LBEBHMM303900s0 OFYJdIMEO s 5EI3YMHO BEYLMIO00 ITMOZMYOIYO.
0396M9m0L BIO0GHMM0sDY gobesggdmos d00sbo LoliEgdgdo s Bomo FobdEmgdgdo Brabgdom, dwodmgdom,
3939-50EMdJO00 O MTs bgmdgdom. 0d9Mmgmol 3039 §oMImMoygbl 3mebgmol wobdsxn@mMo madol
g39wobyg oo  5dmbogwgo bBofowl, Gmdgwog 30EIwEIds 9. 3bgbolfgeol dgbstmogosb  J.
DgLGHoxzmbsdwy.

0996M900L  52MHM3E0dsGHMMo  MLOLYdO  bEFMsEgdsl 0drgzs MO390 LEbOL  SAMMIMEEHNGHOL
2393M390g00LsmM30L. 9Bl MMMIBOm bgwlisymgwos dmbiGbgmwo, dsMEgermgsbo, bgbowmgsbo s 35%Bol
3M0GOHJO0L  HomBmgdobsmgol. asdmdEobsdg 04osb, OHMI  saMMIMEEGMOHYJOOL  BOHEI-29630msMgOOL
393309 05650sMHI603369c0MmdOL BoJBHMMHGOL HoMTmoagbl Lobsmerg, Lomdm s GH9bo, gobgobowsgm
0000MJe Jomgobl. IHBoL 650gdol bobaMmdewogzmdol dsm35wolfjobgds Lsgzzwgsz Mgaombdo 860d36gwmgsbos
93MM3MEMMIO0oL LFMMO A3bEsygd0Lsm3z0L. Mgaombdo dolo bsobyMdwogzmds (ba) 0do@YoL FoBogbrwosb
5 95Jb0dMAL  sMPg3l I39bsMIYMS 5dBH0MMO 3929BSEO0L  drml. Fgdmeamdol bgbmbob 03cgdl s
9060930 530JLoMEYds 05635(T0. Mgaombdo 303 39MHom©do, 3bo035¢0GHGJd0L Jobgwz00 gogbl 338-
569 Lo., bowm mdo 3gMomdo - 1014-1536 L. 5©0bodbmeo dsB3969dwgd0  ©s3530594mMBOGdgO0s
33MM3MGMOJOOL o000 3OHM©YYJEH0IMdOLIMZ0L.

L3393 Mga0mbdo 359M0ob Lydwgswm feom®mo #Hqa3g9Mms@Ms 100 9-sb 1000 9 Lodowergdwy (Bo.
©Mb0sb) FgMygmdl 9-15°C Lobeg™gddo. s0bodbmwo #Hgd3gms@Ms J3gdm 0dgmgodo 1-2°C-om dg@Eos
bg0m 08909006 FgsMgdom. gl aoblbgoggds  Log9agBOE0M  39M0M©T0  SOLYIBOMSE 9O S0LObYDS
JoM33egero,  bgbowmgzsbo,  dmbGbgmwo,  gsBob s bbgs  3M@mEGHMMgool  25630000905%g.
39939M5GHoms 35839698 g00sb  godmdobsty, 0dgmgmol Hgyomboll GHgMoGm®mools Mdg@gbo bsfowo
boloomgds  BmIogMo  Mmdowo  3¢0dsGom  (Bobgzmo  G9gbosbo  LdEHMmM303Me0), Tolo  EHOWIMDO
Bsfowo 30 ©589body Mobem3gds LogdoMmmz9wml 3Hgbosh LBdGHMM303M bmbosls.

390 M9g0mb3o 5GHIMLRYOHMOo Boengdgdol dobsfowgds 1539293930M 39M0M©AD  350565dS-
605, 65¢0gdd0 ©5053059MmBoEgdgwos J3gdm 0dgMgomdo, Bgdm 0dgMgommeb 89sMgdom. Mol gsdmag od@o-
w60 3939393008 3900m©do  Imbsembywos 9396sMgms  BOE-gob30maMgdol Tgngbgds, doM0MsEI
b 9bgds M3, dMLADIME O BoMBIME 3MEHNMYOL. Bognrgdgdol JbgargEMmdol obsdozgs Lgbm-
Bgdol dobgz00m ®omJdol 0@YBEHNM0s, 2oblbgsggdss MmOomMmEgbmdado. 3gMdm, (303 39Momdo ©939d0-
Mol M306 MYdgM3ol Bsmzgwom, Ubgs Lgbmbgdmsb Tgwsmgdom dg@os, BoMGH0d 03bolol Bsmg-
o b5¢0gdqdo doMHomss© Jgdmdl, 03wr0L-5330LEHMEb 0TsBHgol BmgddMol bsmgwom. bswrgdgdol
LodE0Mgs 53BN 393939300l  3gMom@do  (BglGoxgmbo, LsbbgMg). 3sw3gmE fergddo Tgbodwgdgeos
030 300093 9IBROM b530q00 500mbEgL. Mo 5MsLe3dsMm0oLos A5BLYINHMYd0om gOMfErosbo JMwEwegdo-
Lomgob.

35900l F9835M©Jd0M0  Bgbosbmds  3609369m3sb MMl sbGMHMEgdL  saMMmIEGHHJdOL
3MMMJGHOMw™mdSdo, 030 393agbsl  sbgbl  Iigbsgms mGRsbobddo  Bodobsty  domdodow®
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30039bg0bY. F9BIMEIVOMO  BHYb0s6MdOL 80-90% s TgBol Fgdmbggzsdo, 939bsey oo MomEgbmdom
03MmM390L odMmgdl, 0bLwEobl, Lobsdgdgel s Lbgs BobToMFywadl. bmem FoMdGHb0sbMmdolL (92-94% o
d9¢0) 990mbggzsdo xgMbEYds Y3530¢gd0L  IBGZIMZS, 003m30560 IJMWEHWMOIdOL LEwMwo Lodfoxgol
oMo, IMbogwol 50gds s bbgs. s0bodbmmo boby®dwogo 359MHol FodEHgbosbmds mdow 3gMomodo
o6 5mgBo@gdo  82-84%. 359M0L  Fgx8sMEOIB0M0  GHYb0sbmdOL ©obsdozs B8R0 FoBogbmwosd o0yo
JoBemdl  5330LGHMI©Y, 9999y 03¢gdl FgdmEmIol dmEmIEY. s0bodbwwo FH9IbosbMdOL dodlodwdo
50330603905 03wobdo - 73-84%. 9mEgdMe G9MoGMmm05bg 35900l 99RsMHEIO0m0 EJbosbmds LMEos©
03004mxz0wgdl  gMofosbo s 8Meg3sfosbo  3MEGHMOHJOOL  ASB30000MHGOL s Toon  Bo@ow
36 GH0MOL.

0396MHgmol  Hgaombol  saMMm3E0doG Mo MHgbMLYdol  Iggeligdobsmgol  [1]  ©sdM8sggdeo s

399600 Bgdmo  0dbs  FMsgowfarosbo  FgEHIMOHMELWMPOMO 3300390505  BmMbs39dgdo  LoggagBO30M™
39600M©oLsm30L (3bGowo 1).

gbMogo 1. 09gMHgomol Ggaombol JoG00sEOo SaMMm3EodsdHo dsbaliosmgdrgdo 0dow 3gMomdo

Bo90- 2JBHom® 5@0mbgggMmwo 'ng;j;fi:)go;omo 9063m 30MOMmNYMH MO
b3pH0 @)38336)0@{3(?00)& Bocngdgdol 56060d 3960Mm©Oob 3099530309630
%500 (>10°C) x5do (99) (%) bsbaMAogzmds Bo3)
©03J0 4300 670 72 278 1.5
3960 4330 680 74 278 1.5
Lodo®o 4330 600 72 250 1.4
LodBHMY0S 4470 750 77 284 1.6
LoBbgtyg 3730 460 72 206 1.2
&Yodmwo 3700 1190 74 218 3.2
09go@GHadm 4500 990 75 253 2.2
F0o006) 4090 600 - 255 1.4
HoM5990 4090 730 73 245 1.7
bmbo 4410 1000 76 272 2.2

3b®owol dobgz0m, 93MM3E085GHWOHO FobILOSMIOEGOOL Fo5bsoBIdOm oD, BM™MI J390m
039690l doMo s Bgdm 0d9Mmgmob bafowo (Be..-sb 300 3 LodswergdY) boliosmgds babggtao FHgbosbo
LMBOBHMHM303M0 BMbOL 3WodsGHIMHO F0HMIPPOoM. 50bodbME 30MHMBYBTI0 Fglodergdgmos ghmferosbo -
0503300, dmbGbgMmo s dsmBgmwo, 1939, Mgz herosbo bgbowmgsbo M@l Ho®mdmgds.
0939, PoLOmMZseolobgdgwos 30MHMMIMTIMWo 3m9n030gbEHOL Fob3zgbgdguo. mvy 3mz 1.7-bg bsgwrgdos,
Lo oMM bgds 605@ogol $Hgbosbmdol b, s3MmM39wEVMYOOL Fo®owo 3MHMEJEH0EMIOLIMZ0L.

33wg30ol  mdogdBo s FgomEMEMyos. 33wg30L  md0gdBo, Lma. sxsdgmo  dgool  0dgMgool
3OM30doGH Mo Bmbgdol I Bmbsdo, HmIgeroi ImoEsgl Jagdm 0dgmgmol dsMl s Bgdm 0dgMgmol gmMs3-

0™ (33056 500w gL BO. Mbosb 20-300 3 LOTs Y, LG 5dBHOME 3JB3IMSGMGMs Ksdo 4000°C s
99¢05. 5GHIMbBYOMOo boergdgdol xsdo 303 39M0mdo 9ol 640-830 33, mdow 3gMomedo - 600-1000 3.
O §ogobggdo 500bodbgds Lodmswme 12-2.111, 306390 fogobggdo - 12-30.X1. vyobgm 3gMHomool mgms
Moabzo 890009966  251-274 gl (3653500 m®o  FgBHIMOHMEMA0MMO 53300390900l  dmbo3gdgdo
053998539005 Logdo®ol 9@ gm-boamMol dobggzom). 1s33wg35 dgMbgmEo 0ym IJsOEHMGBowol X0do
,»09689”, LodoM™M39gwML FH9dbozm®mo MboggMloEgEol dom@Egdbmmmyool 396GH®0oL (59bGH®MOL bgwrddwgsbgwo
360mg. 9.371bowgodzoeo) in vitro Lobxs®ol d3ggbsMgoms 3mwgd300sb, GMIEol Jobomgds ysdmygbgdmeo
0965 53¢0035¢M0 dgMHoLBHYIoL Fgom©O. 1153390 Mg 450mYygbgdyeo oym Murashige ans Skoog (MS) bs33900
M9, OG0 G90(3930S 9539M-525ML (7.0 36/), Ladsrmbsl (30 a6/), 30Esd0b C-b (0.1%/¢0), Lszzargzo sGrol
PH  89500996s 5.8. 15330930  BHIO0GHMM00L  93Mm3ods@mo  300Hmdgd0  d9x8sbgdo  odbs
33MmM39AHINOMEMA0MMO 33930l 3¢0L03MNM0  FIMMEIOOm.  SxMMIYGHIMOMEMPONO  ©5330603905MS
9mbs(399900 5399853900 Fomgdo@ 03w LESEOLEH030L dgmmol 4sdmygbgdoom.
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9Ju39M0096EGHMEo 990ag00 s sbLixs. 0dgMgool Mgaombol bmgger sxsdgmdo, GMIgwoE brzolL
©mbosb 104 3 ULodowwgbg 0gdsmgmdl 9dudgmodgbdmar 65330009 o¢sbowo o0dbs  JsOEGHMBowObL
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3MbGHMMEEIdME. 330935 Bo@BoMS Lodo 3M0sbGH0m: LEMBMMO, BHMTsMS, Vos AOMBEO. Lsdogg dg8mbgggzsdo
0533063905 9OHNOOMo© F000bsmgmds (bvme.1).

by, 1 3sGGHMa0ol Boggzeggzo dsbses os a@MmbEdo

Mbs  500b0dBMl @I in VIt 35OEMBowol  2o@bs 2300 Bmbs, Msbgs oMgd,m  30OHMBYBS
®g0mddggds Imobobs. LsmdwmOL 30MmMdYddo (+40°C) d3gbs®ol BMEs Fghgts, BogMsd dgbotgd
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430009 Borsdofs 605LAOLS S YosdHIM0 B3390l bsMg380, Lodsweg ssbErmgdom 70 Ld-sb 90 LA-0g
0Ym. ©533003900L EMML 50dmMBbEs, ™A 83gbsqd EborMo ©oofiym 4ob30meMgds, sbods EMdYMmYdTs
©500Yygb 89LbgBY IMTomds s sbogro d3g6sM0L s0IMEabgds. sdmegdol G389 R3gL3MS LoLEYTs bol Bglggdol
b3l 0gm 25630000M9dw0. 13 Y6 500boTbMU, HMD Bz FodmoMbgms, M6 3 oMby 30-
909 B1109MH00 0ym Fomdmoygbowo.

1533093 005 3O6E DY 29b3005Mds FgsMYd0m Bs3egdo 0ym 30 GHMBsMsdo. I;3965M99d0 ogm o3
Logsdofs 60s@og®y, HMIgmlsg 8obsdyg yzoMmows gmzgger §Hawlb Rs6ogl s sdom dbgdcmogo bs339d0m
3bMmyog®9dL 605@als. I3965M0L 29630m3MYds BHMIGOL 35M1056EOL Algoglio 0ym, sbowro GHvYdgMgdo dwdsmdbgb
1ql39dvY. oo FMMbEHBY 50MBbEs, MMI BMowdo dymmpo 93gbscggdo M3gmaLbo gob30msMmBIL, o
399mfiggao ogm 0dom, GMI bsgagds d0dobsmgmdEs dBol Mooszool 99gas Lombolb sdmoggbs
9396560056, Momsi dmbs GH9bol dg@ s 9gbs®bmbgds.

00ob  2om35¢0oLH0bJd0m, GMT  SAOMIMWEGHMMIOOL ©s Foo TmEOHOL  3OEGHMBOWOL MW EHWOOL
DO-39630m5MgdLs @5 IOMOYYIHOWMOL  JOM0MsEIE  JoBLEBM3MIZL  LomdmEo  Gggodo,
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89935bgd0LsM3z0L IMa394ogl 359MHOL SJB0MM BHYE3gMsGMMoms X509l (>10°C) »BOHMbgzgarymes (Bosbsbo 1).
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JoBemdl o BodbodMaL smfiggl G98mEamdsby  (bgd@gddgh-mdGHmadMmol ™3990380). SOLYIdWWO  3s9MHOL
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bm3mgobo 9350090900 0393l FMLOgzE0sbMdoL 893300905l s 3OHMPMJ300L bomolbols ©sd39009dsL.
939656905 530350M0 3g0LEHIIoL BgomEol godmygbgdol 990mbgqz580, LG IMOWwH 30MMdYddo bgwobswo
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UDC: 551.583
Distribution of potato in the agro-climatic conditions of Imereti region and the yield forecast /M.Meladze,
G.Meladze, T.Kobakhidze/ Transactions IHM, GTU. -2025. -vol.136. -pp.46-53. - Georg., Summ. Georg., Eng.Rus.

Potato is distinguished by its good adaptation to agroclimatic conditions, which provides a good opportunity to ob-
tain early and late products. The study area - the village of Ajameti (104 m above sea level) is included in zone | of the
agroclimatic zones of Imereti, which extends from sea level to an altitude of 20-300 m, where the sum of active tempera-
tures is >4000°C, the sum of atmospheric precipitation in the warm period is 600-1000 mm. For the practical use of the
forecast of heating provision during the growing season, a regression equation has been compiled. Provision of atmospher-
ic precipitation by 10 and 90% is given. In these agroclimatic conditions, seed material for potato has been obtained using
the plant apical meristem method, where the risk and danger of infection are excluded. Sterile plant allows obtaining a
large amount of genetically uniform planting material. The regression equation for the predicted potato yield has been
drawn up.
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YIK:551.583

Bo3nenbiBanusi kaprodesisi B arpokJIMMaTH4ecKHX YcaoBHAX VMepeTHHCKOro perHoHa W IPOTHO3 YpPOXKas
/M. Menanze, I Menanze, T.Kobaxumze/ C6. Tpyno UTM I'TY. - 2025. — tom 136. - €.46-53. - I'py3.; Pes: I'py3., Anri.,
Pyc.

KynbeTypa xaprodeins oTinnyaeTcss XopoueH Nprucroco0IeHHOCTHIO K arpOKIMMaTHYeCKUM YCIOBHUSIM, 4To obectie-
YHBAeT XOPOIIYI0 BO3MOXKHOCTD IMOJTy4EHHsI paHHe! U 1mo3aHel nmpoxykuuu. Paiton uccnenosanus - ceno Amkameru (104
M HaJl YPOBHEM MOpsi) BXOAUT B | 30HY arpokinmarnueckux 30H Vmepern, kotopas pacrnosioxkeHa Ha Beicote 20-300 m
HaJl YpOBHEM MOps, TJe CyMMa aKTHBHBIX TeMmepaTyp coctaBisieT >4000°C, a cymma atMoc(epHBIX OCaaKOB 3a TEIUTBIHA
nepuon coctaBisier 600-1000 mm. PazpaboraHo ypaBHEHHE PErpeccCHH UIS MPAKTHISCKOTO HCIIONB30BAaHHS IPOTHO3a
o0ecrieueHns TEII0 B BETeTAIMOHHEIH repruo. [IpuBenens! obecriedenns atMmocdepHsix ocanako Ha 10 u 90%. B mannbpx
arpoKIMMATHYECKUX YCIOBHAX CEMEHHOW MaTepHasl KapToQelsl MOIydeH METOAOM aluKalbHOH MEPHCTEMBI pacTCHHH,
IPU KOTOPOM HMCKITIOYECHBI PHCK U OMACHOCTH 3apakeHus. CTepuiibHast KyJlIbTypa MO3BOJIIET IPOU3BOIUTE O0bIINE 00BE-
MBI TCHETHYECKH OJHOPOAHOTO IOCaZ0YHOro Matepruana. CocTaBlICHO YpaBHEHHE PErPECCHH ATl MPOTHO3UPYEMOH ypo-
KaWHOCTH KapToders.
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General Statistical Analysis of Long-Term Changes in the Number of Days with Hail in
the Background of Climate Change in Eastern Georgia
Mikheil Pipia'?, Nazibrola Beglarashvili 13, Tsitsino Diasamidze!, Nino Jamrishvili?
Inssitute of Hydrometeorology of Georgian Technical University
2Mikheil Nodia Institute of Geophysic of Ivane Javakhishvili State University
3Samtskhe-Javakheti State University
m.pipia@gtu.ge

Abstract. Modern climate changes can affect the microphysical and electrical properties of clouds, such as the
conditions that cause intense hail and lightning. At the same time, the effect of the impact largely depends on the physical-
geographical conditions and the ecological situation. It should be noted that global warming that has occurred in recent
decades has a significant impact on the dynamics of hail processes.

For the statistical analysis of the number of hail days against the background of modern climate change, the average
number of hail days at the stations according to decades was used, which allows to weaken short-term fluctuations and
reveal long-term changes. In order to determine the dynamics of hail days in Eastern Georgia, the observation data of some
meteorological stations from 1961-2000 and 2014-2020 were analyzed.

In total, the data of 17 meteorological stations of Eastern Georgia about hail for the period of 1961-2020 have been
processed.

Key words: Climate; Hail; Natural hazards

Introduction. It is established that in the last decades, against the background of global climate change, there is a
noticeable increase in the frequency and intensity of natural hydrometeorological events.
Hail is precipitation of particles of ice (hailstones). These can be either transparent, or partially or completely opaque.
They are usually spheroidal, conical or irregular in shape, and generally 5-50 mm in diameter. The particles may fall from
a cloud either separately or agglomerated in irregular lumps. They are generally observed during heavy thunderstorms.
Hailstones are particles of ice which can be either transparent, or partly or completely opaque. They are usually spheroidal,
conical or irregular in form [1].

=y

b - . o ‘.....’.; :
Fig. 1 Hailstones [1].
Consists of a nucleus surrounded by alternating layers of opaque and transparent ice. There are usually not more than five
layers, except in very large hailstones, which have been found to have 20 or more layers. Some other hailstones do not
have any layers, and consist of transparent or opaque ice only.

Hailstones typically have a density between 0.85 g/cm3 and 0.92 g/cm3, but may have a lower density if they have large
cavities filled with air. Some hailstones are partly composed of spongy ice, which is a mixture of ice, water and air [1].
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Area under study. In terms of hail damage, Eastern Georgia is the most hail-prone part in thecountry. Therefore,
as before in recent years many works are devoted to the problem of hail in our country, among them in eastern Georgia,
covering a wide range of studies - from hail climatology [2-5].

Eastern Georgian relief may be characterized by three sharply expressed orographic elements: in north Caucasus, in south
— Georgian south uplands and lowland located between those two risings or intermountain depression. It is geographically
defined by the watershed of the Mtkvari and Rioni bassins (disposing to the Black or the Caspian Sea) [6].

Fig. 2. Eastern Georgia (Georgia) [6].

These conditions determine the climate of Eastern Georgia and the diversity of its characteristics, which determines the
number and quality of natural disasters in the country.

Eastern Georgia includes the following regions: Shida Kartli, Kvemo Kartli, Kakheti, Samtskhe-Javakheti, Mtskheta-
Mtianeti, Thilisi administrative unit.

Materials and Methods. The detection of hail in Eastern Georgia was based on the exiting materials of many
years of field studies, the databases of the National Environment Agency and Georgian Technical University/Institute of
Hydrometeorology, information and publications published literary sources.

The research is carried out using the methods of mathematical statistics and probability theory widely used in climatology.

Results. Based on the data processing (National Environment Agency), we selected those stations that had perfect
data from the weather stations in Eastern Georgia. 17 such meteorological stations were found in Eastern Georgia. The
research years include 1961-2020. We processed the data according to decades (6 decades in total). In each decade, the
average number of hail days for each station is given (Table 1).

Table 1. The dynamics of changes in the number of days with hail according to the regions
of Eastern Georgia (1961-2020)

Years of observation

| I 11 v V VI

Region Observation area 1961- 1971- | 1981- | 1991- | 2001- | 2011-

1970 1980 1990 2000 | 2010 2020

Number of hail days (April-October)

. . Khashuri 1 0,4 1 - 0,9 1,9
Shida Kartli Gori 26 13 12 |- 18 12
Tsalka 3,3 3,9 2,7 15 1,7 2,0
Kvemo Kartli Bolnisi 1,9 0,8 0,8 1,8 1,1 2,0
GArdabani 1,8 0,7 0,9 0,6 0,5 0,1
. Akhaltsikhe 3,3 1 0,5 - 2,8 3,8
Samtskhe-Javakheti Faravan 8.4 6.4 31 . 03 01
Stefantsminda 0,8 1,1 0,4 - 1 0,1
Mtskheta-Mtianeti Fasanauri 2,7 1,4 1,8 - 0,3 1,0
Tianeti 43 2,2 2,2 15 2,0 2,0
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Thilisi administrative | Kojori 2,3 2,1 1,6 1,0 0,6 0,1
unit Thilisi 0,8 1,3 1,0 2,0 1,5 1,0
Telavi 2,7 1,2 1,2 - 0,6 2,0
Sagarejo 3,0 1,3 1,6 - 0,1 1,0
Kakheti Lagodekhi 1,6 0,9 0,4 - 2,4 0,9
Kvareli 2,4 1,1 1,3 - 0,3 0,1
Dedoflistskaro 1,7 1,2 11 0,9 0,4 0,4

As shown in Table 1, the data for the 4th decade is not complete. The reason for this is the current situation in the country
for this period. Since the 90s of the last century, due to the difficult economic and political situation in Georgia, the
hydrometeorological observation network has been significantly reduced.

As a result of processing the obtained data, we created graphic diagrams for the average number of days with hail
according to the decades of 1961-2020, for 17 observation points in Eastern Georgia. The graphs presented in Figures 3-
19.
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Fig. 3. Average number for hail according to the decades of 1961-2020, Kahashuri, Shida Kartli region.
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Fig. 4. Average number for hail according to the decades of 1961-2020, Gori, Shida Kartli region.
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s Tsalka, Kvemo Kartli region
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Fig. 5. Average number for hail according to the decades of 1961-2020, Tsalka, Kvemo Kartli region
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Fig. 6. Average number for hail according to the decades of 1961-2020, Bolnisi, Kvemo Kartli region.

Gardabani, Kvemo Kartli region
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Fig. 7. Average number for hail according to the decades of 1961-2020, Gardabani, Kvemo Kartli region.
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Akhaltsikhe, Samtskhe-Javakhetiregion 38
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Fig. 8. Average number for hail according to the decades of 1961-2020,
Akhaltsikhe, Samtskhe-Javakheti region.
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Fig. 9. Average number for hail according to the decades of 1961-2020, Faravani,
Samtskhe-Javakheti region.
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Fig. 10. Average number for hail according to the decades of 1961-2020, Stefantsminda,
Mtskheta-Mtianeti region.
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Fig. 11. Average number for hail according to the decades of 1961-2020, Fasanauri,
Mtskheta-Mtianeti region.
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Fig. 12. Average number for hail according to the decades of 1961-2020, Tianeti,
Mtskheta-Mtianeti region.
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Fig. 13. Average number for hail according to the decades of 1961-2020, Kojori,
Thilisi administrative unit.
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Thilisi, Capital of Georegia
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Fig. 14. Average number for hail according to the decades of 1961-2020,
Thilisi, capital of Georgia.
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Fig. 15. Average number for hail according to the decades of 1961-2020,
Telavi, Kakheti region.
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Fig. 16. Average number for hail according to the decades of 1961-2020,
Sagarejo, Kakheti region
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Lagodekhi, Kakheti region
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Fig. 17. Average number for hail according to the decades of 1961-2020,
Lagodekhi, Kakheti region.

Kvareli, Kakheti region
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Fig. 18. Average number for hail according to the decades of 1961-2020,
Kvareli, Kakheti region.
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Fig. 19. Average number for hail according to the decades of 1961-2020,
Dedoflistslaro, Kakheti region.
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Discussion. The data obtained after the processing of the material showed that there is a significant decreasing
trend at the observation points of Shida Kartli region in the second decade.
In the Kvemo Kartli region, based on the data of Bolnisi and Tsalki weather stations, there is a tendency to decrease at the
beginning of the research period, and to increase in the last two decades. And, the analysis of Gardabani data shows that
the number of hail days in the research period is characterized by a decreasing trend.
According to the data of Akhaltsikhe of the Samtskhe-Javakheti region, the highest data from the 6 decades of the study is
recorded in the last decade. And according to the data of Faravni weather station, there is a decreasing trend throughout the
research period.
Based on the data of Mtskhet-Mtianeti weather stations, there is no significant decrease or increase in the number of hail
days in the region (for example, Tianeti).
Thilisi administrative unit - Kojori is characterized by a consistent decreasing trend throughout the entire research period.
And the capital, according to the average number of days with hail, is characterized by inconsistent data in the first three
decades, and in the last three decades it has a significant decreasing trend.
Kakheti is the most interesting region among the research regions. Kakheti is one of the hail-dangerous regions of Georgia
[7-11]. In 1967-1989 here was conducted the production work on the protection from the hail [12-13]. In the post-Soviet
period, the operation of this service was stopped, which were renewed in 2015 [14-15]. Based on the data of all five
meteorological stations in the Kakheti region, the number of hail days in the first two decades is characterized by a
significant decreasing trend, and it is logical that this decrease is related to the work of the anti-hail service. In the 1990s,
the data are unstable and incomplete (as in the whole of Georgia).
And as for the last two decades, the trend of the number of days with hail is decreasing and in some cases it is
characterized by changing dynamics.

Conclusions. Based on the data processing as a result of conducted researches works, against the backdrop of
modern climate change, the indicators of the number of days with hail in Eastern Georgia show a changing trend, which is
mainly expressed as a decrease in the number of days with hail.

An increase in the number of days with hail is observed only in two municipalities (Bolnisi municipality in the Kvemo
Kartli region, Akhaltsikhe municipality in the Samtskhe-Javakheti region).
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LgHY3056 EEgMs HoEbgzol IMs35EHwommo 33wowgdol Bmaso LEIEHOLGH03MMO sbseoBo Jeodsdols
33omgdol gmbbg s0dmlbisgergo LsgdoGmzgmomdo / dobgow Bogos, 65BOdMME dgaws™sdz0wo, 303E0bm
©05b530dg, Bobm Kxs0M0dz0w0/ LEw-0b 380-0b dGMMIsmo  3MYOE0-2025.-%.136.-33. 54-63. -JoOrm., 9.
JoOom., 0bgyen., HL.

0565090060M39 3e0do@ob 33wowgdsd 9g0dwgds 253wgbs dmobobml WM gdol J03MMx0B03MO
©5 gw9dHOHME m30LgdgdvY, OHMYMM0OEss dwogmo LYBY3s ©s Juzol 2s9mdfzg3o 30MHMdYBO. 5ToLMSH,
B9907d99d0b 98IGO POW[OWIE ITMIOEIOIEWOS BoDVOZYM-3IMRMIFOYL 30HMBIIDY S JINWMIONO
900 M3o0gmdsbY. 50Lsb08bsg30s, MMA drerm smfergmeEgdol §obdsgemdsdo JmIbEIMO JEIMBSLIMMO ICBMDS
36033690 m356 go3agbsls sbgbl @Yzl 3O MEgLbgdol obsdozsby.
056509006039  30035@0oL (3300 gdol  gmbby  LgByzol  ©WYIdoL  MomEgbmdol  LESGHOLE0IWOMO
9boeoBobmzol 499mygbgdyeo 0dbs LoaMgddo LYEY30L ®YJBOL LsdoEm MoMEIbMds SofegEgdol
dobg30m, Mg Lodmowgdsl 0dggzs FgobbGmlb Im3wg350060 MYg3900 s A9dMsgEobml AMdgegsosbo
(3300 g0900.  50dMbggm  LodsMmggwmdo LyBYzol Yool 0bs303ol  ILEYIbs  AosbscroBs
Dma09mHM0 9@ JMOMMY0MMo Loyl 1961-2000 s 2014-2020 Hergdol ©s330603900L dmbsigdgdo.
%5080 0599985390905 50IMb3Eg0 LodsMM39wmlb 17 39EHgMOHMEMR0Mo LoaMol dmbsigdgdo bgdyzol
dgLobgd 1961-2020 Fengdols 3gM0mobmgob.

YIK: 551.506.3

OO0uumii cTaTHCTHYECKU aHAINU3 MHOTOJIETHUX M3MEHEHMI YyMcia qHeil ¢ rpagoM Ha ¢oHe N3MeHeHUs KIUMATa B
Bocrounoii I'py3un / Muxaun Ilunust, Hazu6pona Bernapamuim, Hununo duacamunze, Huno Dxampuiusuin/ CO.
TpynoB UTM I'TVY. - 2025. — Tom 136. - C. 54-63. - I'py3.; Pe3: I'py3., Auru., Pyc.

CoBpeMeHHbIE N3MEHEHHs KIMMaTa MOTYT BJIMATH Ha MUKPO(QHU3MYECKUE M IJIEKTPUYECKHE CBOWCTBA 00JIAKOB,
HaIrpuMep, Ha YCIJIOBUS, BBI3bIBAIOIINE MHTEHCUBHBIN Tpaj U MOJHUH. [Ipu 3TOM 3 deKT Bo3eHCTBHS BO MHOTOM 3aBHCUT
0T (U3HKO-TeorpaUUIecKnx YCIOBHH M IKOJOTHMYecKod oOcTaHOBKH. ClielyeT OTMETHTh, YTO IJI00AIbHOE MOTEILUICHHE,
MpPOMU30LIE/IIee B IOCIEAHUE IECATUIIETUS, OKa3bIBAET CYIIECTBEHHOE BIUSHIE HAa JUHAMUKY T'PaJIOBBIX IPOLIECCOB.

Jlns cTaTHCTHYeCKOro aHajIn3a KOJIMYecTBa IPaoBbIX JHEH Ha ()OHE COBPEMEHHBIX U3MEHEHMH KJIMMaTa MCIOJIb30BaJIOCh
CpejiHee KOJIMYECTBO IPaJ0BBIX JHEH Ha CTAHLMAX I10 JECATHIETHSM, YTO MO3BOJISIET OCIA0NTh KPaTKOCPOUHbIE KoeOa-
HUSL ¥ BBIIBUTH JOJITOCPOYHBIE M3MEHEHHUs. [ ompeneneHuss TUHAMUKU TPafoBbIX THeW B Boctownoit I'py3un Obim
MpOaHATM3UPOBAHBI JaHHBIE HAOIIOIEHNI HEKOTOPBIX MeTeopoJiornieckux cTanmmii 3a 1961-2000 u 2014-2020 roasr.
Bcero o6paboTans! nannbie 17 MeTeoposornueckux craHimii Bocrounoii I'py3un o rpazge 3a nepuoz 1961-2020 rogst.
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Taking into Account Climatic Conditions in the Tourism Industry in Georgia
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Abstract. The resort and tourism industry is one of the most important sectors of the world economy, the devel-

opment of which directly depends on the geographical location, topography, vegetation, fauna, ecology, weather and cli-
mate of a given region. Weather and climate are the two main factors that determine the bioclimatic resources of a place.
Therefore, great attention is paid to the study of these resources, which is necessary for the organization and development
of the resort and tourism industry. This work was carried out within the framework of the United Nations Convention on
Climate Change and discussed therein the impact of climate on the development of the tourism sector in Georgia.
To evaluate tourism-recreational resources in Georgia for the first time several Tourism Climatic Indexes should be used
based on the combination of different meteorological elements. For the development of ski tourism it is important to take
into account the aspects of climate change and regulations of snow cover change at Georgian winter resorts. Mountain-ski
tourism is particularly sensitive to climate change.

Keywords: Tourism Climatic Index, bioclimatic resources, geographical location, ecology, recreational resources

Introduction. Tourism has various impacts on the outside world. The tourism industry exploits the country's nat-
ural, cultural and historical resources, pollutes the air, water and soil, and has a strong anthropogenic impact on the outside
world. The positive impacts of international tourism include the protection and restoration of historical monuments, the
creation of national parks and reserves, the protection of coasts, the preservation of forests, etc. However, in many devel-
oping countries, no measures are taken to protect nature due to the lack of financial resources. For example, the protection
of parks can cause a decrease in pastures for cattle and lead to a decrease in food production. The negative impacts of tour-
ism, unfortunately, outweigh the positive ones. In particular, these are the impact on water quality in rivers, seas and lakes.
Air quality - due to pollution from vehicle exhaust, noise from various entertainment establishments; destruction of local
fauna by tourists due to bonfires, destruction and damage to historical monuments.

The impact of tourism on the environment can be direct and indirect, as well as positive and negative. Tourism

cannot develop without a direct connection with the environment, however, through tourism development planning, the
negative impact of tourism can be somewhat reduced and the positive impact can be enhanced. The policy of protecting the
environment is aimed at ensuring long-term tourism activity. However, some countries ignore this idea and choose com-
mercial and financial profit. Different models have been adopted to assess the impact of tourism on the environment.
In some tourist areas, the normative acts have a weak impact, and nature protection services are almost non-existent, how-
ever, the lack of a normative base, which ensures the protection of nature, should not stop the planning of developing tour-
ism. Specialists in this field should conduct research. It should be noted that it is easier to protect the outside world than to
repair the damage it has caused. Tourism is recognized as one of the most important economic and social phenomena
of the last century. Today, tourism accounts for 88% of world exports, occupies a 31% share of the international
tourism market, and employs more than 105 million people.

International tourist arrivals have increased from 25 million to 840 billion since 1950. According to research
by the World Tourism Organization, it is growing by 4% annually and will reach 1.6 billion by 2020. 7.5% of world
exports belong to the tourism sector. After the automobile and gas industries, tourism is one of the fastest growing
sectors of international trade and services, the development of which is characterized by its geographical expansion,
diversification and integration. For its sustainable development, it is necessary to expand the marketing sector and
develop new forms of tourism.

Georgia was considered a leading tourism country in the former Soviet Union. More than 120 international
and domestic tourist routes passed through Georgia. The political events that took place in the 1990s led to the
complete paralysis of its structure, which led to the cessation of tourist flows. During this period, tourism suffered a
double blow. First, the infrastructure was destroyed. Second, the personnel who had extensive experience in this field
were lost.

Since 1993, Georgia has been a member of the World Tourism Organization, and tourism has begun to grow
again. Gradually, both the geography of tourist-supplying countries and the number of tourists have increased.
Georgia is visited by tourists from all six tourist regions of the world, with the largest share of the total number
coming from Europe.
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Methods and Materials. An important problem of modernity is the protection of the environment from negative
anthropogenic activities and the rational use of natural resources. Climate is one of the important components of the envi-
ronment. WTO considers that climate forecasts to become extremely important for sustainable development of tourism all
over the world. WMO and WTO adopted first resolution on the need for assessment of tourism recreation potential on the
base of climate change. Georgia is full member of both organizations (WMO & WTO), which preconditions the need for
the assessment of tourism recreation potential (1).

Climatic indices were used to assess tourism and recreational resources. There are more than 200 climate indices. In gen-
eral, the tourism climate indices can be classified into three categories. To evaluate tourism-recreational resources in
Georgia for the first time the Tourism Climatic Index was used, based on the combination of different meteorological ele-
ments (air temperature, atmospheric precipitation, relative humidity, average duration of sunshine).

At the same time, this index does not fully incorporate the thermos physiological component necessary to evaluate. To
study of the climate change impacts on the tourism industry development, the Holiday Climate Index (HCI) has been
identified.

The five climatic variables used for the HCI input are maximum air temperature (C) and relative humidity (TC) (the set of
these two parameters is the effective air temperature T) (%), cloud cover (A) (%), precipitation Rd (mm) and wind (W) )
(m/sec).) The Holiday Climate Index The effective air temperature is calculated according to a special nomogram [2].

HCI=4-T+2-A+3-Rd+W.

Unique geographical location, complex dissected relief, land cover diversity and specific climate, containing almost every
type of climatic zones. We have determined the complex climatic index of tourism not only diametrically different
regions (such as Adjara-Guria and Kakheti region), but also in touristic mountain and ski regions (Borjom-Bakuriani
region, Mtskheta-Tianeti region, Svaneti.
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Fig. 1. Map of climatic regions of Georgia

Mountain-ski tourism is particularly sensitive to climate change, thus, it is necessary to take into account the cli-
mate change challenges for its reasonable development.

For several Georgian ski resorts (Mestia, Goderdzi, Gudauri, Bakuriani), the patterns of change in snow cover du-
ration between two 30-year periods (I period 1956-1985 and Il period 1986-2015) were assessed. Snow cover data are
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incomplete - data are not available for all years The length of the ski season may be significantly affected by climate
change in the future, with average temperatures expected to increase in all months under the climate change scenario.

As studies show, precipitation is decreasing across almost the entire territory of Georgia, with the exception of a
few stations located in lowlands. It is accepted that a ski area is considered reliable in terms of snow cover when the height
of the snow cover (artificial or natural) exceeds 30 cm for 100 days.

In Bakuriani, the maximum average snow cover depth is in February (61.3 cm), the maximum snow cover depth
of 130 cm was recorded in Bakuriani in March 1956.In Gudauri, the maximum average snow cover depth is in March
(115.1 cm), the minimum - in October (0.7 cm). The maximum snow cover depth of 330 cm was recorded in Gudauri in
February 2008. In the future, as a result of increasing temperatures and decreasing precipitation, the duration of snow cov-
er is likely to decrease.

In Bakuriani, from 1956 to 1985, a noticeable change in the average mean depth of maximum snow cover was
observed in January (decrease of 17%), in February (decrease of 19%) and in November (increase of 17%) in 1986-2015.
The average maximum depth of snow cover in Gudauri increased in April (18%) and in November (30%).

In all three (coastal, mountainous and alpine) climatic zones of Georgia, there are currently favorable climatic
conditions for the development of summer tourism.

Based on the forecast indicators of the climatic index of tourism, it can be said that by the a certain decrease in
comfort will be expected in the coastal zone under the conditions of climate warming.

Conclusion

e Involvement of climate change issues in tourism policy, strategies and action plans;

e Assessing and taking into account the possible risks of climate change when investing;

e Promoting / stimulating cooperation with other sectors / industries (transport, meteorological services...);

e Integrating adaptation issues into tourism industry consulting and education programs;

e Raising awareness of businessmen, tour operators and other stakeholders on the impact of climate change on the
tourism sector;
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KypopTHO-TypucTiueckast HUHIyCTpUs ABISETCS OJHOW U3 BaXKHEUIINX OTpaciel MUPOBOW SKOHOMUKH, pa3BUTHE
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00 M3MEHEHUH KIIMMaTa U pacCMaTpUBaeT BIMSIHUE KIUMaTa Ha pa3BUTHE TYPHUCTHUECKOTO ceKTopa B I'py3uu.

Jnsi mepBoHaYaNbHOW OLGHKM TYPUCTHUECKMX M PEKPEallMOHHBIX pecypcoB ['py3uu ciemyer HCIoOIb30BaTh
HCCKOJIbKO MHACKCOB TYPUCTUYECKOI'O KJIMMaTa, OCHOBAHHBIX Ha COYCTAHUHN PA3TIUYHBIX MCTCOPOJIOTHUUCCKUX DJICMCHTOB.
Jn1s pa3sBUTHS TOPHOJBDKHOTO TypU3Ma Ba)KHO YUHTHIBATh aCTMEKTHl M3MEHEHHUS KIIMMAaTa M IPaBHUiIa U3MEHEHHS CHEXKHOTO
MIOKpOBa Ha 3UMHHX KypopTax ['py3un. [ OpHOIBDKHBIN TypH3M 0COOCHHO YyBCTBUTEIICH K H3MEHCHHUIO KJINMATA.
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UDC: 551.583
Schumann resonance and catastrophic events on Earth. /Irine Mkurnalidze , Naili Kapanadze/. Transactions IHM,
GTU. -2025. -vol.136. -pp.68-72. - Georg.,Summ. Georg., Eng. Rus.

The paper presents an introductory review of the research of a unique phenomenon, which is named after its
discoverer, the Schumann Resonance. A description of the phenomenon itself, physical and mathematical foundations are
given. Prospects for the application of this phenomenon in many areas are presented. Specific examples are given: the use
of Schumann waves in probing various catastrophic phenomena, such as thunderstorms, volcanoes, earthquakes, global
climate change, etc. The influence of Schumann vibrations on living organisms, man himself and on the entire human
society is also discovered.

YJK: 551.583
Pe3onanc llymana u xaracrpopuyeckne codbiTus Ha 3emue. /Mxypuamumze W.I1., Kamanamze H. U.,/ C6. Tpynos
UTMTITY. - 2025. — Tom 136. - €.68-72. - I'pys.; Pe3: I'py3., Anrix., Pyc.

B pabore mpezncraBieH 03HAKOMHUTEIBHBIA 0030p HMCCIECNOBaHUH YHWKAJIBHOTO SBIECHHS, KOTOPOE Ha3BaHO B
4ecTh ero OTkpeiBaTeisi, Pezonancom Illymana. JlaHo onmcanue camoro siBieHHs, (U3MYECKHE M MaTeMaTHYecKHe
ocHOBBI. [Ipe/cTaBiieHbl MEPCIIEKTHBBI IPUMEHEHHS 3TOTO SBJICHUS BO MHOTUX HalpaBieHUsAX. [IpHBeeHbl KOHKPETHBIC
NpUMEpBI: UCHoIb30BaHus BoJH lllymana npu 30HAMPOBaHUH Pa3IMYHBIX KaTACTPO(PUUECKUX SIBICHHUH, TAKUX KaK I'PO3bI,
BYJIKaHBI, 3¢MJICTPSICCHHUS, I100aIbHOC U3MEHEHHE KnMaTa U T.1. Tak e oOHapykeHO BiusHue BuOparwmii [llymana Ha
XKUBBIC OPTaHU3MBI, CAMOT0O YeJIOBEKa U Ha BCE YEI0BEUYECKOe OOIIECTBO.
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UDC551.583

Drought Trends in Eastern Georgia in the Context of Global Warming. /Kapanadze N., Tatishvili M., Meladze M.,
Mkurnalidze 1./ Transactions IHM, GTU. -2025. -vol.136. -pp.73-81.- Georg., Summ. Georg., Eng.Rus.

This article analyzes drought trends in Eastern Georgia in the context of global warming. Climatic data (temperature and
precipitation) for Thilisi, Gori, and Telavi from 1957 to 2024 are reviewed. Based on an analysis of the long-term dynam-
ics and intra-annual distribution of average values, changes in the frequency, duration, and intensity of droughts were stud-
ied. The distribution of drought types and their relationship with droughts during the vegetation period are also discussed.
The study uses the Selyaninov hydrothermal coefficient (HTC), which reveals a trend of increasing drought intensity in
recent decades. The results indicate a clear trend of rising temperatures and precipitation instability, leading to an increase
in the frequency and spatial extent of droughts. In the context of global warming, the study highlights the need for the im-
plementation of scientific methods and integrated strategies to combat drought.

YIK: 551.583

Tennenuun 3acyxu B Bocrounoii I'py3un Ha ¢one riodanbuoro noremienus./Kananagze H.U, Tarumsuiaun M.P.,
Menagze M.I'. Mkypuaauaze U.I1./. C6. TpyaoB UI'M I'TY. - 2025. — Tom 136. - €.73-81. - I'py3.; Pe3: I'py3., Aur..,
Pyc.

B nanHOI cTaThe aHANM3MPYIOTCS TCHIACHIMH 3acyX B BocTounolf I'py3un B KOHTEKCTe INI00aIbHOrO moTeruieHus. Pac-
CMaTpUBAIOTCS KIIMMAaTHYECKHE AaHHbIe (Temreparypa u ocajnku) no Towumucu, I'opu u Tenau 3a nepuoa ¢ 1957 no 2024
roj. Ha ocHoBe aHanM3a MHOTOJIETHEH TMHAMMKH M BHYTPUIOZOBOTO pacHpeneleHUs CPeAHUX 3HAUeHUH M3y4YeHbl U3Me-
HEHHA B 4acTOTe, MPOJODKUTEIFHOCTH M HHTEHCUBHOCTH 3acyX. Takxke 00CyXIaeTcs pacnpeieieHnue TUIIOB 3aCyX U UX
CBSA3b C 3aCyXaMHU B BETETAIMOHHBIN MEPHOI.

B uccnenoBanum ucnonb3yercs ruaporepmudeckuii koapuument CensauHosa (I'TK), Ha ocHOBaHUHM KOTOPOTO BBISIBIIE-
Ha TEHICHLUS YCWICHHUS 3aCyX B IOCIEIHHE JeCATHIeTHs. Pe3ynpTaThl yKa3bIBalOT HA SIBHYIO TCHJCHIHIO MOBBIIICHUSI
TeMITepaTyphl ¥ HECTAOMIBHOCTH OCAAKOB, YTO IPUBOAMT K YBEIMYEHHIO YAaCTOTHI M IUIOMIAH 3aCyIIMBBIX sSBICHHNA. B
YCIIOBUSIX TJI00AIBHOTO MOTETIICHHUS MCCIIEI0BaHNE TIOMIEPKUBACT HEOOXOJMMOCTh BHEPEHNSI HAYYHBIX METOI0B U KOM-
IUIEKCHBIX cTpaTeruii 00pbOBI C 3aCyXamH.
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UDC: 523.745
The impact and trends of solar activity on the climate and potential of Georgia / E.Khutsishvili / Transactions IHM,
GTU. -2025. -vol.136. -pp.82-86. - Georg., Summ. Georg., Eng.Rus.

Over the past several decades, fluctuations in solar activity have had a significant impact on both global and regional
climate systems. This study explores the influence of solar activity on Georgia’s climate and examines the potential of re-
newable energy, with a particular focus on solar energy utilization. The analysis is based on climate and astronomical data
from 1975 to 2023. Results show a consistent rise in average temperatures across all regions of Georgia, which correlates
with periods of increased solar activity. Notably, eastern Georgia exhibits high levels of solar radiation, indicating strong
potential for solar energy development. The study highlights key climate trends and emphasizes the importance of integrat-
ing solar potential into national energy planning under increasing energy demand and climate risks.

YIK: 523.745
BansiHue W TeHAEHINHU COJTHEYHOH aKTHBHOCTH Ha KauMat ['py3un u ero morenuuasn /3. Xymumsuau / C6. Tpynos
UITMTTY. - 2025. — Tom 136. - ¢. 82-86. - ['pys.; Pe3: I'pys., Auri., Pyc.

3a mocnenHue HECKOJBKO IECATHIETHH KoJeOaHMUs COJIHEYHOW aKTMBHOCTH OKAa3aliil 3HAYUTEIHHOE BIMSHHE KaK Ha
riio0anbHBIe, TAK M HA PEerHOHAJbHBIE KIMMATHYECKHE CUCTEMBL. B 3TOM HcCiIeJ0BaHUHM M3Y9aeTCsl BINSHHE COTHEYHOU
AKTUBHOCTH Ha KJIMMAT [ py3uu U U3y4yaeTcs MOTEHIMa BO30OHOBISIEMOM 3HEPTHH, ¢ OCOOBIM aKIIEHTOM Ha MCIIONb30Ba-
HUE COJTHEYHOHN PHEPTUH. AHAIN3 OCHOBAaH HA KIIMMAaTUYECKUX M aCTPOHOMHUUYECKHX MaHHBIX ¢ 1975 mo 2023 roj. Pe3ynb-
TaThl IOKA3bIBAIOT MOCIIEN0BATEIBHBIN POCT CPEAHUX TEMIEPATYp BO BCEX PErMOHAaX I'py3uu, 4TO KOPpEIUpYeT ¢ NepUuo-
JlaMH TIOBBILIEHHON COJIHEYHOH akTHUBHOCTHU. [IpuMedarensHo, 4To BocTouHas I'py3us 1EMOHCTPUPYET BBICOKHN yPOBEHb
COJIHEUHOH pajinalliy, 4YTO YKa3blBaeT Ha OOJIBIION MOTEHIMAN JUIsl Pa3BUTHS COJTHEUHOH sHepreTHku. McciaenoBanne BbI-
JIeNeT KIIOUEeBble KIMMAaTHUECKUE TEHACHIUHN U OJUEPKUBACT BAXKHOCTh MHTETPALIMU COJTHEYHOTO MOTEHIMAa B HAI[UO-
HaJIbHOE PHEPreTUUYECKOe MIIAHUPOBAHUE B YCIOBUAX PACTYILErO CIIPOCa HA SHEPTHUIO U KIMMAaTUYECKUX PUCKOB.
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00603500 B™ds - 45 (Mm3G080DYdMEo 350M53gBHM0), 3039M35M509@MMEo dgdbol MbgoMmgds: dobodsermemo
Rmol Bmds_1-3420. y39ws gl 366599GHM0 boFoMMs Moms FgBsligl ImYEro.

2390053503900 IMEMPJOOLIRD ™30l S30Egdol JoBbom sTsEJPM 0dbs 303 JeBool
930Mmbol ©s35@gd0m 30 LyyMMo. 3 dgdmbgzgzsdoa bfsgergdsdo 8930 3MMOmEObsEJd0, Hgwro, ™39, Mm3z0L
Bogngdol X580, Boa®58 80IHgEs35® T33O0 dmbso3gdgdols oxgodboMs Abasglio 8gdmbgggzs. Bobs®Bowsb
15 - BsbL, Gm3 dmbszgdgdo 0dgmMgdl  Lomzgomgbe  3MHMmAbmbol IMM@OL BMEDLL, 53 89GY39wgdL
23905FM3gd  ImMdsby. bmdowos, MmI 2022 Farolo;mgzgol doffoldoMms bowsd3zzoM39dwm  JugEoEsb
594GH0M0 MRy 3 LoEAMMO, 530E™MI ©3F0MEYdS Tom0 LsBIoHol 96 3m3gMbogmlol dmbsigdms dabol
06g3m®8o30000 bsbs3zwgds. MgMgLOOL SEIRMOHOMTOL FHMIb0bYOLSL Y3gesBg oMo dggao ohg9bs Bagged
trees SBLSADCPOMYGOMTS M3EH0TODOMGOIMTs SEIRMOHOMTs. Lfogerol omm 326,21 3 - 0s, 3GMABMDOMYdOL
LobGoggg - ~ 7900 o33003905/§5380, Bobolioomgdgaro 3s6sdgEHMgdo RMSE - 0,5046, R2- 0,64, MSE - 0,25466,
MAE - 0,38065.
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Predictions: model 10 (Optimizable Ensemble)

®  Observations
Perfect prediction

Predicted response
.
..
1y
%
.
“

-4 -3 -2 -1 0 1 2 3
True response

Bob. 1. 358mbsbyemos 33060398980 FghEowgdo s Y3gwsHg 350 3Mmabmbo.

00 Bobobol  sbsgrobol dobgzom 8ga30dwos  30dbXIM®m MY) MMAMEOO  TMEYEos. 0¥ Imbsggdo
HadEG0gd0) 560l doosh asdbgmwo gl JomomgdL 005BY GMI SMOL  9MBEITsMOLO TMGYGds 5649
Underfitting, bmwem §g6Gowgdo, HmImgdog sbermbss 30mabmBol 36xpmsb (OHxgLmsb) dowmmomgdl
23905FMBJOM dmMyadsbg by Overfitting - By. MmEs FoOGOWs 0O baffowo megdmy®owos ghm sgdo
890dgds  ©o39133650m, GMI dmEIEro sOOL 390 FMEMYJIOL, 9.0. ©353059MBOWGdGo  dobodserMo
BOwol Bmds 5oL 19, m3GH0dobsigool 3oBboom doboFgdmmos 40 0@ghogos, bogzwsw 30 o@gmszoobs.
3oLBOLE  50b0dbMos  LogsMomm  JobodoErMHo  Lodrom  335MOGHNM0  A5IBOS,  WWHROM
053306390500 30605 M0 1FWYSEM 335MIGHWIO FoobGH. Logewrgdol LobiMsggs 0,27325.

Lfogergdol g@oedol 9909y dm@wo ©s9d399gdeds 2001-2022 Gangdols dmboigdgdbg dmmgqdsl (fitting - b)
3990mdo 36H:mEgLobaoLm30L. sMbsbodbsgos obog, MM IMMmYIOOLS s 3OMABMBOL 3HMEgLoL holio@sMgdwo©
dgotBs ol LoEYMM9do, GMIWgdoz ™m39MHocMgdbgb 2001 - 2022 Fargdol dsbdow by, €s9gbody Harols
24968530 mdsdo 35063. 580l 99809y obobo 8goglim CHIRPS - ol Ly@garodmémo dmbsggdoom.

36MHMABMBoL goblobm®mE0gmgdws boFoMm gobws §MHR030 HYuMgLool sbGM®Wgdol gsdmmzms MOMMYMo
Lboaam®obomgol, MatLab Log®igdo polyfit gmbdzool gsdmygbgdoom. 30983030963 Jd0L dsdmmazwol d90wgy,
MatLab -ob ULog®ggdo polyval 89bdzoom odmomgzsws 3mErobmdgdo. LodMmmabmbm LEgbstol 3oMgzgw
390mbgz93580 Boangdol Mom@gbmds gobolisbmgMs 0 1O - sb 10 LA - 3y, Mosb P3xbm30L LsobEgMgbms doMy
Bogngdol Gomgbmdol d900bgg35d0 335¢30L 4ob30meMgdol 3Mmaglo.

3bMogo 1. bsgrgdol biGsbsm@obgdmo 0bogdlo (SPI), 0 13 - sb 10 - 53 - ob Bsmgwoo bogrgdols
36ma6mbo 35bgmol Bmyoghmo Hgaombolimzgols.

LodMmabmbm ©IOMBOL LogoMgx ™ 36X 60 43590 3MmEgbo 3o 09530
Bogrgdo (1b9) fgo®m
0 -0.270 -0.336 -0.008 - 0.002 -0.524 0.270 -0.568
1 -0.021 -0.057 -0.097 -0.012 -0.269 0.429 -0.325
2 0.227 0.220 -0.186 -0.026 -0.014 0.587 -0.083
3 0.475 0.498 -0.275 -0.041 0.240 0.746 0.159
4 0.724 0.776 -0.365 -0.054 0.495 0.905 0.402
5 0.973 1.054 -0.454 -0.068 0.750 1.064 0.645
6 1.222 1.333 -0.543 -0.082 1.005 1.222 0.888
7 1.470 1.611 -0.633 -0.096 1.260 1.381 1.131
8 1.719 1.889 -0.722 -0.110 1.514 1.540 1.374
9 1.968 2.167 -0.811 -0.124 1.769 1.698 1.617
10 2.217 2.445 -0.901 -0.138 2.024 1.857 1.860
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9b5eoBds 9B39bs, MM 4R Sb0 S YzsMgwo bosergdol 8oty Gomgbmdol d0dsMo WRMM IMfY3esO0.,
abg3g 3odm0339ms bs3wgds Imfyzwso M9a0mbados - ©IEMBWOLHYsO®, LoadsMgx ™, odm©gbo. o7
990093900L  25565¢00BgdOLSL, FoLOMZoeOLF0bYdGE0s Loy®mOol Lodoweg B30l MBoL s FHgbosbmds,
21939, oL BOJBHO, M LG goGNMo Fmbogdol goM339wo bofowo s Imodgdbs sMIMsbslo s TgErssbol
LMoL Jg8mb3z93500, oL A5dm3 BmEgEds 396 dmo3s J9bgool LMo MHgyombo.

©3l33bs
1) 5@9mbggmvymo 30mEglgdol, 390dmE boangdfo®dmddbols 3GmEgligdol saLebgguo gobEmamgdgdol s dsog-
35303760 ImEgmgdol Fglifozeol 999 ©H0bEs, MM sdmEsbol 3mI3wgduvmo s IMsZsa3oMs-
3930560 boliosmosb 4s8mdobscg, sGLYdMEo BMmEIWgdo 56 0dwgzs 3MMEJLYdOL LOMWYmgow SOgMsl
5 BNLEEHO 965¢0BMOO 5TMbLBYdOL Fofig®ol Tgladergdemdsls, sGOL B0sbBEMYd000 S FOHMBEJ35O.
2) 33930l 5@ gMbod oo dgmmool baboom, 8gMbgmen 0dbs LodMwsow®mo dgommeo dsbJsbmGo Lfsgwrgdol
399mygbgdom. 856dobmEo Lfogergdol Bgsdbgzgw Mo dgmmob gsdmygbgds m3EH08swvydos sbsgrmyow®o
3033@adbmBo 58m3569d0L dg0mbzg3580. Bsbdsbmemo Lffagzwadol BgsdbyE3IW™MdOMO MYMLoOL SEAMOOm-
3990056 y39wsbg 396My0 99090 domgdaye 0gbs Bagged Trees - b m33H0d0BoM5do dm©gEroom.
3) 356496900 Logangdol Fomdmoygbowr dm@gEolmzol m3Eodswwmos 99000 8905350 356539GHMIdOL
390mygbgds: LoaMEOl sLobgwgds, fawo, ™3y, ™30l boemgdol xsdo, dmEgEol Lfagmmgdols Ladslvybem
33w50L Labom - bEobsMEHOBYdMwo boergdolb 0bgdlo - SPI, o6 oMH0L 999309090 ©5330603900L
LoAMGOL 3NMOObsEIdO.
4) LOGHIWOGHMOO 533003900l doBgdol CHIRPS - 0ob s IMERG - ol dmbsggdoms 99005601900l 8909o® -
306005, ©m3d CHIPRS - ol dmbs3gdgdo 3560 096630965805 Lodo®m039¢ml GgMo@memosby dofioldoMs boywyeg-
00l 2000 — 2020 {ergdol ©s33060390900L mbo390900356.
5) bGHobEoMEBH0BYdMwo boewrgdol 0bgduol (SPI) as9myggbads M3gmaLs Sbsbogl agswgol dbodo FHMm9bol
39bgmob Hga0mbdo, 300Mg Bagrgdol 9393mEMbLE0MSEOL bBIBEIMEHODIdWwo 0bogduo (SPEI).
6) LogdoMm3geml dofoldoMs s LsGIWoBMMmO fiYseMmgdol dmbs3gdgdol Bswobom ©sHObEs, MMmd sb-
39660 Lfogargdol Ggamabiool dgomEol dsdmygbgdoo bszda@olos SPI 0bogdluo dgx35Lgl 1960 - 2000 fergdol
9mbs3999000 Lfogrgdoliozol s 2001 - 2022 {ergdol dmbs3gdgdom @Mmgbobaolbmgob.
7) dofiobdoMs LoAMMYOOL OLEHMMOMEo s ERAS - ol Hgsbsgrobols dmbsggdgdol (1961 - 1991 §f.) 9gs@gdoo
(35bgmol Mga0mbdo), sILEM©s ERA5 - ol 9mbsgqdgdol as9myggbadol dgbsdwgdemds ser@gtmbo@ovye
9mbs390m BB IMPYOLMZ0L, HMYMOE Jobgmol, slsg3zg Lods®Mz9w Ml dmgaero GHJHOGHMOOoOLMZOU.
8) 311bMmBoMGOOL 5WRMG0MT0 259033900 39bgmol MHgaombdo g35¢30LsT0 Imiyzeso Msombgdo.
9) 056g496mM0 Lfagergdol Homdmagbowo dmEgEol s sWaMOOmMIOL godmygbgds bogrgdol sbsfocrgdols
0boeobBob, 435¢30L IMboEHMMOBYOL s 3OHMABMBOMGdOLMZ0L TglodwgdgEros MMYMOE LodoMmzgurml, sbg3y
Lbgs Mga0mbgddos ©a330Mm3900L ImboEggdgdoms Losmabosm dsbol (60 farosbo) doMmmdgddo.
10) domgdwero 999g00L 459mygbgds ©:93m09b0MHJdY0s SEMIMEIO JoRMMbOWgdoL LobEgdgddo azsezol
9mbBHMM0bgyol s 30MMmabmBomgdolimgzol.
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5. M. Tatishvili, T. Tsintsadze, I. Samkharadze, A. Palvandishvili. Dependence of meteorological parameters on
geomagnetic storms in Georgia. International Scientific Journal. Environmental Studies. 2019, v.8. issue 1, ISBN-
9781671503274.

UDC:111.111
Drought monitoring capabilities through machine learning /Ana Palavandishvili/ Transactions IHM, GTU. -2025. -
vo0l.136. -pp.87-91. - Georg., Summ. Georg., Eng.Rus.

One of the key current problems in physics is studying atmospheric physical processes using modern
methods and new data. Drought is among the most serious natural threats for many regions worldwide, including
Georgia. This study focused on Georgia, using data from 1960-2022 obtained from the National Environmental
Agency, as well as Copernicus ERAS5 precipitation reanalysis data from 1960-1990, which were compared with
ground station data in Georgia for validation. The analysis of ground and satellite data showed that using machine
learning regression methods, data from 1960-2000 are sufficient for training, while 2001-2022 data can be used for
testing. The SPI-3 (three-month Standardized Precipitation Index) was chosen as the target variable. Applying
machine learning models and algorithms for precipitation analysis, drought monitoring, and forecasting is appropriate
for Georgia and other regions with a 60-year observational record. The results are recommended for use in early
warning systems for drought monitoring..

YAK: 111.111
B03M0KHOCTH MOHUTOPHHIA 32CYyXH € IOMOIIBI0 MAIIMHHOTO 00y4yenust /AHa [lanaBanaumBuim / C6. Tpynos UT'M
I'TY. - 2025. — tom 136. - c. 87-91. - I'pys.; Pe3: I'py3., Auri., Pyc.

OnHOM M3 BaKHEHIIMX COBPEMEHHBIX MpoOJeM (H3MKK SBISETCS H3yueHHe (HU3MYECKUX MPOIIECCOB,
MPOUCXOJAIINX B aTMoc(epe, ¢ UCTIOIb30BAHUEM COBPEMEHHBIX METOJIOB U HOBBIX JaHHBIX. Cpely CTUXMHHBIX O€ICTBUI
3acyxa SBJISETCS OJHOW M3 yrpo3 Ul MHOTHX PETHOHOB Mupa, Bkmodas ['pysuro. MccinemoBaHue mpoBOAMIOCH Ha
TeppuTopuu I'py3un ¢ HCIOIB30BaHMEM AAHHBIX 0a3bl AaHHBIX HalnnMoOHaIBbHOTO areHTCTBA IO OXpaHE OKpY’Karouieh
cpensl 3a mepuon 1960-2022 rr., a Takke maHHBIX peaHanm3a ocankoB Copernicus ERAS 3a mepmom 1960-1990 rr.,
KOTOpBIC JIsI TIPOBEPKHM CPAaBHUBAIHNCH C IAHHBIMM HA3€MHBIX CTAHIMH Ha TeppuUTOopuu [py3mn. AHanmn3 IaHHBIX
Ha3eMHBIX U CITyTHHKOBBIX HCTOYHHKOB B I py3MM MHOKa3aJl, YTO NPH HCIIOJIB30BAHMHM METOJla PErPECCHH MAIIMHHOTO
oOydeHus s 00ydeHHs JOCTATOYHO OLEHHUTH MaHHbBIe 3a 1960-2000 roxpl, a A TpeHUPOBKH — maHHBIE 3a 2001-2022
rogpl. B kauectBe oObekTa 0OyueHMs] ObLI BBIOPAaH TPEXMECSYHBIH CTaHIAPTHU3MPOBAHHBIW HMHIEKC ocankoB SPI-3.
Ncnonp3oBanue Mozeneil u aaropuTMOB MAaIIMHHOTO OOydYeHHs AJs aHajHu3a paclpeieleHHs OCaaKOB, MOHUTOPHHTA U
MIPOTHO3MPOBAHUS 3aCyX IIeIeco00pa3Ho Kak B I'py3uu, Tak U B APYTHX PETHOHAX NMPH HAJIUYHUU COOTBETCTBYIONIEH Oa3bl
JaHHBIX HaOmopeHuit (60 mner). IlomyueHHBle pe3ynbTaTBl PEKOMEHAYETCA MHCHOJIB30BaTh B CHCTEMax paHHEro
OTIOBEILEHHS TPU MOHUTOPHHTE 3aCyX.
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doi.org/10.36073/1512-0902-2025-136-92-104
©953. 551.50.501.7
5@mbggm 1sdsMmm39¢ Ml IYyobzsMeo s7Bgdol gobz5M9d0L s MzgEbsMgdols
3mOBME@00Ls ©s gJu3MBoEgool Iglfjsgeols Gggagdo 0sbsdybsgMmwo olidsbiom®o
©3330639800 Logdggendy”
18963905 @., ! 36Mdsb0s 3., 20359900 §., 3 3053300 §., 3 d>d>30s 3.
Yodsonzgcmml (9976032900 29603960boB G0l 300GMAgBH 026G ¢rmgool obbdodedo
20080¢r0bols 03. 30535608300l Usb. #960396L0BIHOL gav. s606Hb035830¢0b 330006 06LBHOGHIBHO
3 8569002 96m369¢70 bssggbHem
Larisa.shengelia@gmail com

33935 IO gdmEos Jmms HMLmggeols Bsgds®mggwmls ghmgbmamo Lsdgabogtm gmbool
dbs®sFgMmoEo 3Gmgd@ol FR-21-1996 gsdaegddo.

H9bomdg. LAHGH05d0 PoMmIMmEY9boos SMTMBEgEgm bodsMmzgEml dgobzsdmwo sybgdols dgobgzstmgdo-
Lo @5 M3wbsMgdol INOHRMEMY00Ls s gJu3MbBoEoolL 33¢g30L F9IJO0 J5BIMYOL O MBsTRBIgOOo
©OoLEOBE0MOHO 33003900l 2010, 2015 s 2020 fHengdol dmbszgdgdol dobggzom.  odmygbgdwyaros
d940b356900L 9Ju3mboEool sEPI6OL MsbsdgEM™M3y IgoMPO, MHMIJWOE 33OHMBOMYPIM0s s  FOMIOIYWOo
dbemgzmomdo. g 9900MmEO 3M5dGH03MEO© 299mMoEbogl dg30magdl 894oblzsmgdol gdldmBoiool Fglfsgwrol
QOML. ImY3z9560¢05 3000853HOL J0dE0bsdy 330 gdol 9 s 50MbIgzEgo LadsOmgzgurml 8yobgs®yeo
59900 bbgosbbgs 8mOxmmmaommo 3o3dgdols s gdudmbBogools dgmby dyobzstgdols s mm3wbsmgdol
5m©YbMdOLS O BGMMOMBYBOL (33¢0gdol dglfogerol 8gwgagdo.

15335600 Lo@GY3900: 50Mbszwgm Lsgs®mzggeml dYyob3zsmgdo s MMZEWbBsMY00, 3e0do@ol (33eowgds, dyobzs@mo s9bgdo,
8906356900l IOmBMEMY05 s 9Jb3mbogos.

Agbsgogo.  Lodomzggaermdo  dg4obgzotmgdol  dgbffogems  @oofgm  LodoMmgzgarml  bodbgo®m  aBbol
2394395658096 393000900 89-19 Loyy3Mbol 60-056 Henrgddo, beeom 39-20 Lsm3mbols 60-056 {emgddo dgoddbs
g4ozowo LsdFmms 353806M0oL  dyobzsMgdol  Js@omwmao s dqlsdsdolbo  GHm3maMmogonmo  M)3900, Boo3
2490myggbgdgemo 0gbs Lomzmbmgsbo 33eg3ol Gggagoo. sl 890y ho@oMgder 33eg39ddo, dsom TmGol
056593H930o  oLEBHBEOMMHO  BMbEOMmdOL  godmyabgdom,  gobbowmeos  8gobgzaMgdol  HHRogz0
356589¢9gd0bs (3yobzatmgdols Log®mdol, Bys s J390s PoMEGH0wgdol 8YdsMmMdOL s bbgs) s BoMCMBJdOL
©OMJo (3300w gdol  bogombgdo, 0Mdzs 0bxgmETsos  FYobzsMmgdol  IMHBMEMAOMMO  BH03JOoLy o
9Jb3mBoEool Gglobgd dmyzsbowos 35@9wMy0b.

50239050 890ddbs  smEowrgdemds  dga39Lfogars  Lads®mggarml  d4obzs®madol  FMmOHBMEIMA0S S
9Jb3mBoEos. 3Eods@ol 08obsty 33wogds 0fj393L 8Yob3zsm9dol FoboliosmddOL (33W0EgdsL, Boo
930530, Mo bdoGma d4obzs®gdols sbsfgzmadsl, oMy Bmdol dyobgzs®gdol asdmyma3sls 3538060 9ds,
29 gdLs3 J0MO0MOO FY0b35M0LYsb oblib3539d0 FMORMEMY0s s gJudmboEos 9g0dwgds 3Jmbogo.

Bo@oMgdmo  Lodmdoml  5dmEsbos  s©dmbagEgm  bodoMmmzgurml  dyobzs®gdol  dmMHEBmEmaool s
9Jb3mBogool obsfowgdol 33¢930 Mmmb 3ooBY. 9875050  TguFagErowos sIMLgEge  LadoMmzggamls
39406356900 s 500 FobolosMIOWIOO oGO MPOlL (9MH0 350s) [1, 2, 3] s MEDB-0L 2010 (306HMBdOMOE, OD
1), 2015 (306:M0005©, MED 2), ©s 2020 (306H:Md0Ms©, D 3) Hangdol (Lsdo 3os) Bmbsgdgdol dobgwzom.

do60050 bsfjoero

330930l ™md0gdBHO ©s FJMMPMEIMY0s.  503MLIZEWI  LSJIOMZgM  JOMOMIPI®  JSTWOE0S

393390mbol 3063560 {fgoegsdymao ool (39335b0Mmbols Jmszs6mo Fyswasdymao Jgo — Mfy39do Jowo, 393-
3obombol  bLobEGgdol MOM3EOMYMIBOMEO MVIMdo, GMIgwog Yngl BROOMm ©s LodbMgo 3s33sbool

90bsMmgms 57 HgdL) LodbMIMOm, Mw)I3d B30MY boffoo 8mogz5M0 fYserasdymaol BMEOEMYMNOMSF FIIOL.
gy 9oL LodoMmzgarmlb ol Bsfjoero, dmgdol Bowrgsbmbobs (slogwgmom) s 95303w@OL (s©dmbogeng-
000m) dmmol Imbs33900Dg Fyoasdymaol BOOwM BaMHEMdBYE MMI Fo@oEOb. 53 bsfowl mFoMogl dobsty
3000400 5esBboL (s®gbBHebdo 3Jz05 sbOL gmobyy) Bgdm smBo - MMIgmo, sMgm3g 80bsMggdol:
09MH20L, sLsb (LogoMMzgErmo 34305 sObMEHOLHYSW0) S OHWMBOL BgIm EOBIdsMS SmBgdo.
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3933°b0mbol  BOHEowMgm  339M0om  Jogby ©s IBHM  Jgogdby (HMGIPBY) BoOomE  sGOob
§omImygbowo dyobzaMgdo s 3030 MMIWO, M3 LodsMMZIML BoMAwgdTo TMboEEgdL 330390l

bmbols ©@s 3060H0Jomol J9gdby, s3Mgm3g yMOmb, 8o3560L, 3009960Ls s bgglmyMgmol IgMoosbrym
Jo©gdbY.

500mbO3Egm Lodo@MmM39wmPo 359G MA0m s©MoEbros 132 34obgzsto, GMIWgdoE 2obmsglgdwmeos
993b 99obzo6me 5BTo. 2oblb3390000 L3 LodsMmM3E ™ML IyobzsMgdoLoysh, HMIgdoE gHmosbsw s
056000930wo©  5GOL  dmEgdro 9o godmEgdsdo  [4], s0Bmbagrgo  LadoMmggarmlb  dyobzstgdo
Pom3mpqboos ymgowo bsdFmoms 3s38oMol d4obzs®gdol 39@owmaol Lsd Lbgsslibgs godmagdsdo [1, 2, 3]
Q5 5303090005 5Bgdol dobgz00.

0.1 30% 3940 FoOOMdOL IJmbg 3069, Lodwsm s OO d94obzsMgd0 LHMmINIE IHMIPOMPIB0H,
03090l Fsm0 BoMmEIbMdS O I3ZIZJOVIWO BIOMMBYDO. 50539 OML MMZEWBIMHJBOL (FoMmmdo — 0.1 392-bg
65300900) omEgbmds ©s 9393900 BoOHMMIYPIO MZoLoBobMm® 0BOHEYDs, B3 MM, JE0ToEObL
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99406350900 M0l 2obEsagdMmo  bolosmgds 65dgow Bogbwwl Fm3wgdMo  Foswro F00sbgmol
bmdogho Moo 3530m, bmwm obogwgm bods®mzgwml ol J3gmgaombo Lowsg dgobzaMgdo sMob,
bolioomgds 350s¢dmol brmgom 35300 39903030 MOMZW00 s d4obzsMgdoom.

36mdow0s, MMmI 3YobzoMgdol ©IMos3os 0fi393L  MM3WbsMdOL  MoMmEbmdol bBEMEIL.  yzgws
00M3wbsm0 35Oo 96 300 FOHRMEMYO0LSS. 39-4 3BGOEOL gsbbowgs a30h39b90L, HMA Jo@swrmado
3MLgdeo 132 84obgzs6H0sb 2010 Harol 0sbsdaBsgM o dmbsgdgdom §a0dmoddbs 30 ommgzebsmo s godds
10. 2015 §arobosmgzgol §Fo00moddbs 57 mmzgwbsto s asdMs 34 d4obzs®mo, bmerm 2020 Herolsmgol Foedmoddbs
80 mgzwbsmo s odMs 65 dgobgzoo. sbg MM, 2010 Ferosd 0mzwWwbsMmgdol s goddMowo dgobgzaMgdol
5m©YbMds 063 gbLoMMs© 0BMHEYdS. Ly Ho®dmoddbs 167 mmmMzwbso s gods 109 dgobgstmo.

3940b30M900L 35Gomado 0.1 332-Bg 653gd0 BoGm®dOL I4obz5MHgd0 (MM3WbIMmJd0) 56 Fobobowgds.
39L505d0LOE 96 23593V JoG o™l IMbo3gdgd0 MMZWbIMmgdOL 3BMHOEdo (GbMowo 4).

30O 4. 50dmbisgugo LagoMmmggmmls dgobzs@vme s9bgddo mmzubsmgdols s 3oddMswo dgobzstgdols
3965f0egds 0D 1-0l, mED 2-0ls, mED 3-ols Imbsggdgdocm

0003bs®d0 ©s 358JMsgmo dgobzs@gdo
94obgsmymo smbo
8mbs39gdgdo 1 2 3 4 5 6 7
@osbzo | 303330 0960 sbs s6mbo 3oGogomo beyeo
5e3Bsbo

0oEb 1 | ongwbs®o 6 3 10 0 0 11 30
350g. 9gobg. 6 1 3 0 0 0 10

0oEbH2 | ongwbs®o 6 2 25 0 5 19 57
350g. 9gobg. 11 2 17 0 0 4 34

0EbH3 | ongwbs®o 9 1 30 2 5 33 80
350g. 9gobg. 14 3 29 0 3 16 65

bmen | oomgebs®o 21 6 63 2 10 62 167
390g. 8gobg. 31 6 49 0 3 20 109

503mbogwgom  LogoOmzgermlb  dg4obgzsmgdol bmpso gddmbogools Lsfygolbo dmbszgdgdo  s©gdwEos
39¢¢oma00sb, bmwm 2010, 2015 s 2020 ferol 94obgzstgdols Bmaso 9dudmBoiEos ©syobos 3MMyMsds
Google Earth-ob g59myggbgd0m, Lssg bsmwo BBl BgMHEM™dIdOL bymdgdol dodsmmwamgds s 9JudmBogos.
300yMs0s5do  dgdm@sbogr 0dbs  s0bodbmwo  fergdol dgobzsmgdol 3mbGHWMGmgdo s Tomo  Lsdrsegdom
9599090 FobEs BIMEMOJOOL 9JudMBOEOOL oEYYBs. 50b0TbmEo dmboizgdgdo dswsdmfjdws Arc Map-do
(Arc Gis) bdggosmea dgddbowo Arc Toolbox 0bbE®MMIgEEJdOL Asdmyqbgdom. dgmmo omgzgsolfjobyds
Lodommgz9wml Mgeogx30L 30836wwo Lsbodsmewm dmogwoo (Digital Elevation Model) 9.f. DEM-oom 03335050
53053905, M3 03390 Lodo®mM3zgerml  BgMEO™dJOOL  gJudmbBogool  My3s.  sddsg3gdol  MML
3990ygb9de 0dbs Lado®mzgmml M9e0gxol 30xMMEo Lslodswwwm dmEgwo 20X20 as6BRgzsmdoo [6-9].

0©0bodbmwo FgomEo s3OHMBOMGOMEo s o dEos Abmgeromdo, gl BgMMEO  3MOEH0ZIC©
2458mM03bagl 9930m3qdL d4obzs6m9d0L 9du3mBoEool dglfogwrol M.
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Bsb. 1. 306H0gdomo 5¢nsBbol Ne23 356Gmeo @odol sdrmsgm 8gobgamols 3mbEm™mgoo: s) Gm3maMmsxgowmmo Gwyzol
dobgogom, 3) Landsat TM  Lgblcmeob 2011 femols 21 LgdEgddmols bryMHsomol dobgzom (0D 1), ) Landsat OLI
TIRS bgbbm®ol 2014 fewols 28 s330LGmL LryMsmol dobgzom (D 2), ©) Landsat OLI TIRS Lgblm®ol 2020
feob 13 LgdGgdd®moL LyyMscmol dobggzoo (D 3).

d9ob306900L  gdudmbogool dgbfogersl oo d60036gmmds 5g3l dg4obgzs6m9d0l EbMdOL Lszombmsb
00050Hmgdsd0.  50dMBO3Egm  bddsMMzgEml  8YobzaMgdol  gdudmbogool  dglfogarobsmgzol  dgobgzs®vywo
3MmBgd0l dobgzom, 9996005 3g4obzsmgdol Bmyswo gdudmBoEool gobsfowgdol EbMHowo Mompgbmdols
5 BoOOMBJOOL JobgE30m. BgInm Bs8MMZ0E0 MmmMbO 35©oLsmM30L (bMowo 5).
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300 5. 50dMbsgago LogsMomggmls dgobgstwmen s9bgddo 3gobzsmgdol Bmaswo gjuidmbogools
29650 gds 35¢sErmaol (5), 0B-ol 2010 (3), 2015 (), 2020 () Farols Imbszgdgdoom,
65m©96mMdOLS S BsMNMBJOOL dobggzom

S

39500,
Dm0 9gobgotnymo smbo
9Ju3dmbogos 1 2 3 4 5 6 7
(G5aEgbmds | qmosbgo | s6saz0 09630 3o sthmbo | doMogomo b
©5 BoHOMDO) sgmsBsbo
B oM. 4 0 9 0 1 1 15
R3O, 0.7 0 44 0 0.2 0.6 5.9
& oM. 1 0 6 0 0 3 10
R3O, 0.2 0 4.6 0 0 15 6.3
© oM. 1 0 1 0 0 1 3
RO, 0.1 0 0.5 0 0 0.3 0.9
5 | Gso. 1 1 5 2 2 2 13
RO, 0.1 0.7 1.3 1.4 0.4 0.3 4.2
Bo | Gom. 6 1 13 0 1 1 22
RO, 2.6 0.1 4.2 0 0.2 0.1 7.2
Bs oM. 6 2 16 1 2 8 35
RO, 1.5 0.2 14.4 0.3 0.5 2.8 19.7
b | 6sm. 2 1 5 0 0 7 15
RO, 0.2 0.2 16.3 0 0 1.8 18.5
LS 6500. 1 0 13 0 0 5 19
RSO, 0.1 0 18.2 0 0 1.4 19.7
Legem Gomgbmds 22 5 68 3 6 28 132
by BoGomdo | 5.5 1.2 639 1.7 13 8.8 82.4
[
0D 2010
B0 d94obzs6meo smbo
9Judmbogos 1 2 3 4 5 6 7
(650229685 | moshgo | soygo 0960 sbos s6Ombo | 3o®odomo Loy
05 BIOMMDBO) 5@m5B560
) 65mQ. 3 0 13 0 1 1 18
RO, 0.5 0 2.6 0 0.1 0.5 3.7
& 65mQ. 2 0 6 0 0 4 12
RO, 0.3 0 3.5 0 0 1.0 48
© | G00. 0 0 1 0 0 1 2
RO, 0 0 0.5 0 0 0.1 0.6
S 65mQ. 0 1 4 2 2 1 10
RO, 0 0.4 0.7 1.1 0.3 0.1 27
Bo | Gsme. 2 0 9 0 1 0 12
RO, 1.3 0 2.2 0 0.1 0 3.6
Bs 65000. 4 0 16 1 2 8 31
RO, 0.6 0 12.5 0.3 0.4 1.6 154
boo | 6omep. 2 0 5 0 0 6 13
RO, 0.2 0 133 0 0 1.1 14.6
RS 0 0 11 0 0 5 16
RO, 0 0 16.0 0 0 0.9 16.9
Lo Gomegbmds 13 1 65 3 6 26 114
b gebomdo | 2.9 04 51.4 1.4 0.9 5.3 623
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[}
0 2015
bmyso 9dgobgstrmo smbo
9gu3embogos 1 2 3 4 5 6 7
(G5020960d> @05bg30 305330 0960 sbss soOnmbo | 3oMojomo Lwgem
05 BOOMMBO) 5gmBsbo
] o00. 1 0 7 0 0 0 8
BIOO. 0,3 0 1,6 0 0 0 1,9
b o00. 2 0 5 0 0 4 11
BOOO. 0,2 0 3.1 0 0 0,7 4.0
© o00. 0 0 1 0 0 0 1
BIOO. 0 0 0,1 0 0 0 0.1
S o00. 0 1 3 2 2 1 9
BIOO. 0 0,4 0,4 0,8 0,2 0,1 19
Bo | 6mp. 2 0 5 0 0 0 7
BIOO. 0,9 0 1,3 0 0 0 2,2
Bs | Gme. 2 0 12 1 1 4 20
RO, 0,2 0 10,6 0,2 0,1 0,9 12,0
b | (oM. 1 0 4 0 0 6 11
RO, 0,1 0 11,9 0 0 0,7 12,7
Lo (>mQ. 0 0 7 0 0 6 13
RO, 0 0 13,3 0 0 0,5 13,8
Lrgem G30gbeds 8 1 44 3 3 21 80
bmen 3sHOMBO 1,7 0,4 42,3 1,0 0,3 29 48,6
Y
0D 2020
bmys©o dgobgzo6meo smBo
9Jb3mBogos 1 2 3 4 5 6 7
(Go0202960ds @osbgo | 5Msy30 0gMH0 sbs sthombo | JoMojomo Loyem
€05 BMMBO)
5¢n35Dsbo
B (>mQ. 0 0 5 0 0 0 5
BIOO. 0 0 1,0 0 0 0 1,0
§ (>mQ. 1 0 5 0 0 2 8
BIO. 0,1 0 2,6 0 0 0,1 2,8
© (>mQ. 0 0 0 0 0 0 0
BIOO. 0 0 0 0 0 0 0
5 (5010. 0 1 2 1 0 0 4
BIO. 0 0,3 0,2 0,4 0 0 0.9
Bo | Gom. 2 0 9 0 0 0 11
BIG. 1,0 0 12,2 0 0 0 13,2
Bo 6o00. 1 0 10 1 0 2 14
BIOO. 0,1 0 8,7 0,1 0 0,5 9,4
boo | 6omep. 0 0 5 0 0 2 7
BIOO. 0 0 11,2 0 0 0,2 11,4
Lo Mome. 0 0 6 0 0 2 8
BIOO. 0 0 11,9 0 0 0,2 12,1
Lo Gomegbmds 4 1 42 2 0 8 57
by BoBMdO 1,2 0,3 47,8 0,5 0 1,0 50,8

d9-5 @bO®owol dobgwozom  Fgagbowos  s0dmbsgergm  LodoMmggurml  34obzs®madol  Bmyswo
9Jb3mBogool  gebsfoergdols Jqdoxsdgdgwo gbMowo  JsGoswmaol, mED 1-0b, DB 2-0b, mED 3-ob
9bs(3999000, M5EI6MBOLS s BoMmMdOL dobggzom (3bMowo 6).
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300 6. 50dMbsgago LsgsGmgguaml dgobzsmgdol Bmaswo gdidmbogools gobsfogrgdols 8gdsxsdgdgero
BHOOWOo 3535 MoL, D 1-0b, ED 2-0b, 0D 3-0b, dmbszgdgdoom,
6500096MB0LS S BsHNMBdOL Jobgz0m

9dmbs398900 Dm0 gJudmbogos
) Y © S B Bs Lo i)
Lg S L‘g Pl L‘g S Lg Pl Lg S L‘g S rg P} 'g P}
S| & S| & | B & S| & S| & S| & S | & S| €
gl e8|l ol |l gl | gl | gl glb|laglb| gl
> & 5 & 5 € ) & ) € g & 5 & g &
A Z A Z A Z A 2 A Z A 2 A 2. A 2.
€ 8| & 8| € 8| € 8| & 8| & 8| & 8| ¢ 8
3539MA0M 15 {59 10 | 63| 3 09| 13 | 42|22 |72 35 |19.7| 15 (185 | 19 [19.7
0 1 18 | 3.7 | 12 | 48 | 2 06| 10 | 27| 12 | 3.6 | 31 |154| 13 |14.6]| 16 | 169
0D 2 8 19| 11 | 4.0 1 0.1 9 19| 8 | 24| 20 |12.1| 10 |12.8| 10 |13.8
0 3 5 1.0 7 | 28] O 0 5 10| 8 | 22| 14 |94 | 7 |114| 6 |12.0

000mbogEgm  Lodo®omgzgermdo  94obzaMgdbyg 3wodsdol  900obstg  (33¢owgdol  dggyos, ™A
d94ob35M900L  MMYMOE MomEbmds, 0l BoMOMBIFI0 y3zgws gJudmboEool dgobgzsmobomzol  Js@Eowrmyol
9mbs(39090msb  Igamgdom 2010 {ierosb  dmgmegdmwo 6308 g3M s  03¢gdL.  sImbogego
Lodommggerml 34obgaMgdol Bmaso gdudmboiool M3oMms@gbo dodoMmmEgds OHMYMO3 JoGIWMyom, ol
0EbB-0l dobgz00 GO BOOOWM-50dMmbogwrgool, 990y PMHOEM alvgEgmob. g4zgwsbg bozangdos
315300l gdudmbBoools Igobzstgdo, HmIwgdoa 2020 ferolsmgol, Lsghomme JHhgds.

51930  LodsMmzgemdo 599obzsMmgdol Mdmoggl 396l FoMTmoagbl 39335b0mbols LsdbGmgomo
39OMd0 [9], bmwm 50dmbsgergm  bsjs@mggemdo dgobgo®gdo ®mMogzg, BOHowgmol ©s  LbadbMgmol
RIOMBOMss Fomdmoygbowo.

Mom©9bmdol dobggom §odyzsbo syowo AHowmm®o (B, B, s Bs) gdudmBogool dgobgzatgdl
35309. 990099 Im@ob bsdbOgmvyeo (U, L, s bs) gdudmboool Igobzsmgdo.

B&owmmm®mo 9dudmbogool d4obzoMgdo MBmegmalis Fobwsggdmwos 39335B0mbol @m Jwgdby,
BOowmmm®mo 9dudmboiools 9g4obzstgdol sbgmo oo MomEgbmds gsb3oMmdgdMmos 35335b0Mmbol JGHm
990900l 996H00sbo s bdbgEMMO F0dsMMYWIdOom. 35000 FMORMIGEHMO0IO S INORMAMIBOIPO
30000400l odm, Bmaxg® Tbmwmo 58 Jggdol BOowmMam BYMEMdHYs Tglsdmgdgwo doMy Bmdol
dg4ob35m900L s®LYdMds [5].  BOHOWMHO gJudmboEool IYobzsmgdol BoMMMDdIOO Po30¢gd0m boJagdoos
LadbMgoeo gdudmbogool dgmbg d4obzsMgdol GseIMdYdBY.

dombgog 0dobs, GMmd AOOowmMMo gJudmbogool dgobzamgdol Mom@gbmds Ig@os LsdbMgmvyero
9Jb3mBogool  dgobgzoMgdby, AOOMMMO  9Judmbogool  8gobzatmgdol  sbgdol  dobggzom  xsdMMO
BMHMNMOJO0 65309005 LsdbMgmMEo 9JudmboEool 8mbg 34obzs69gdol KoM BoMNMBIODY.

50560365305, M szl dY4ob35MGdOLY, Bsdozg 35sDY JE0TsEol (33W0GO0? R3B30MHMDYOMEO
9940b356m900L  ©gaMo3ool  dggas©  §oMmdmddboo  mM3wbsMmgdoEIB g4zgwsbg dgBos BMOWw MmO
9Ju3mBoEooL, bmem yzgewsby bs3wgdos ibsgwrgmol gdudmbogool mmgzgwbsmgdo (gbMowo 7).

gb®oo 7. 508mlisgergo bsgds®mgzggmml 8gobzsmywo smBgdoLL mmzmbsmgdols sbsfoegds Bmysoo
9Ju3mbogool dobgzom 0D 1-0l, mED 2-0b, ED 3-ob Fmbsggdgdom

dmbBs398900 00030656980l Bmaswo gdidmbogos
B s © 5 B B> Lo bo Lmem
oD 1 1 1 0 5 8 7 5 3 30
oD 2 12 3 2 1 10 16 7 6 57
oEd 3 9 7 3 5 10 22 11 13 80
L 22 11 5 11 22 45 23 22 167
©3l33bs

502396500 990dgds 35533bsm, HMO:
o 5IMbIZ3EYm LodoM Mz ™o, 35@9wMyol Jobgzom, Y39wsHg OO MoMmEIBbMBOM Yo3M(39IdWOs
3900 34obgzomgdo, by 70, bmerm 99809 o300 d4obgzsMgdo, e 23. 2020 ferobsmgol scBRs 16
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3900 94obgoMo s 03039 MomErbmdol e300 dgobzeMo. sMdmMbagago LodoMmggwmdo Y439
3mOHBMEW®A0O0 30308 34ob3zsMm0 Jo@owmaol dmbs3gdgdmsb dgsmgdoom 2020 fierolsmgzgol 0b@Egblowm®ma
03q0L, GMYMOE dyobzsmgdol MmomEgbmdom, ol 353900 XsFIMMO BoMMMdOL dobgzom. sMMMbol
0mBdo LogMmmME s@o® 5OOL d4obzsto s Tbmwm© 5 mmzEbsMomss FgdmemBgbowo. yzgmsbyg oo
651 gbMmd0m dYobzsMmgd0s MgMHoL 5Bdo. 68 I4ob35M0H, MMIGLWMSE 9393950 BoBMdo 63,9 39* 2020 Hoerl
50GHOEbYIEos 39 dYobzoMo s Bo0 Jogl 393900 GoMmMBOs 36.9 3% M3 035l 60Tbsgl, MM Mgyl
0Bdo 894obz5m900L Mom@gbmds d9830MH©s 42.6 %-0m, bmerm Jsm JogM 939390990 BsMCIMdO — 42.2 %-00m.

o 5EIMbgwgm  bodoMmgzggumdo  3eods@ol  d08@obsdg  (33womgdol  ao3egbom,  35@SEMYyOm
00mbo3Egm bodoMmzgumdo sMLYdMEo 132 d4obgzsmrosb 2020 Herolsmgol Lyyen dgdm™Bs 52 d4obgzsto sbvy
3940635900l MomEabmds dgdgoMos 80 dyobzstom (60.6 %). dyobzoMgdol xsdwmo Fostomdo 82.4 30*-sb
aobo 39.8 30% sbvy GgdoMs 52.6 30%-000 (63.8 %). 50539 @MHML LG bodsHMNZzgemdo dyobgzsmgdol
X5FMMO BoODMOO (JoBowmaom) 465.7 332, 2020 Farolosmgzgol aobs 274.9 302 56wy 99830Ms 190.8 30%-000 (41.0
%-0m). Mo dggbgds 894obzsm19d0L Mom@gbmdsl ogm 409, bmenm 2020 5. — 375, 56wy G9dgoms 8.3 %-om. gb
BOBOIOO 5QLEGHNMMJOL, MM 50IML3go bodoMmzgwmdo 3wods@olb 33wowgdol 99gas© dgobzaMgdol
©JAMOE0S 33000 BHMxs© J0d0bsmgmdl 3006 3o LodsMmm3gwmdo. g b3oMHMdYdMMOs
LogoMmggeml 59 Boffoergdls dmMob 3¢0ds@ol oo Asblbgsggdom, 30650@IH s0TMLsggm LogoMmggemls
3w0ds¢o 08 J396m90mbdo  Lssi dgobzsmgdo sMmol  gobasygdmro, bslosmgds bsdgow Bogbryels
9300 Foso  dmosbgmols Bmdoghs Moo 35300, bmem  ©sbEggem  Lads®mzgarml ol
J43960920mb0  Losg 894obzs6mgd0  5M0L, bolosmEYds Bowodmol bm@Gom 353000 399©T0Z30 MMIEOM OO
dg4obgzomgdoom.

e 39406356900l ©9RMOE0d 0§393L 0M3wWbsMgdoL MoMm©gbmdol BOHEIL. Yy3gws 0M3wWbsMo oMo 56
5300090 FMORMEMPO0Lss. 5©0IMbIZEgm LodoGM3gEmTo 3539MP00 sMmOEbwo 132 dyobzsmosb
2010 §erol 096593B30 Mo 8mbsggdgdom Fo®dmoddbs 30 mmgwbsto s godms 10. 2015 femolsmgol
§9003m0dadbs 57 0mzwbs®o s 4odMms 34 84obgzs®mo, bmem 2020 Farobsmgol §s@dmoddbs 80 omgwbs®o s
239JMs 65 994obgzoMmo. sy MM, 2010 Herosdh m™mzwbsMgdol @y Moo  dYyobgzsMgdol  MHomgbmds
0b6@gbLoMms 0BMEYdS. L Fo6dmogdbs 167 mmmgzebsmo s dodMs 109 dyobgsto.

o 5IMbIgEWgm  Lodo®mzgemdo dgobgzoMgdby 3w0doGol  d0dobstg  33wowgdol  dggy0s, MH™A
d94ob35m900L  MMYMOE Mom©gbmds, 0l BoMMMBFIO y3zgws gJudmboEool dgobgzsMmobomzol  Js@Eowrmyol
9mbs(39990056 dgocmgdom 2010 fferosb dmymergdvemo msbdodg3Mes© 03wgdl.

*  50IMbO3Egm bodsMmmM39wml 4obgzsmqdol Bmyso 9JudmbBoEool M30MIGILO F0BsGNMIds MMM
39GHOWMPom, 0bg 0EHB-ol dobgzom MOl BOHPOEM-50dmbaggmol, 899wgy BPMOOWM  ©slagEgmob.
439woby 65319005 sLOZgMOL gdudmboEools d4obgzstgdo, GmAwgdoi 2020 Furolsmgol, Loghmme JMgds.
5060865305, MHMI  Abs3Ls  BYoblz5MdOLS, LsBo3g 35sDY JE0ToGOL  (33EOWId0m  AIB30MmMBYOEO
d940b35M900L  ©IMes3o0L oo  Homdmgdbowo  MmMmzwbsMgdosb yzgumsby dgBos BOHOowMmGO
9Jb3mBoEooL, bem yzgusbg bogegdos @obiagwrgmol gdudmboool mmgwbsmagdo.

¢ BMOomnMo  9dudmBogool d4obzsMgdo MIMIgzMLIE FobsggdEos 353350Mmbol d@™ Jogdby s
0000 RoMHMNMOIJOO 253062900 b33 gd0s LodbMmgomwo gJudmboiool ddmbg d4obgzsmadol BommmdYdBY.

e Jombgog 0dols, HMI BOowmmemo  9JudmBozool 84obgzsmgdols Mom@gbmds dg@os  LosdbMHgmimo
9Jb3mBogool dgobgzstgdby, POOwMMEmO gdudmbBoEool yobzsmgdol XsTMMO BIMOHMIJOO QO30 IO0M
65309905 LEABOYNYo gdudmboEool dJmbg 94obz561gdol X s53MM BsOMMDdYdDY. BHowmMMo  9ldmBogool
0M3wbsMJIOL HoMmYbMBS3 o300 gd0m FgE0s LsdbMHgmEo gJudmBoiEool dJmby MM3WbsMmYdBY.
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UDC: 551.50.501.7

Results of the study of the morphology and exposure of glaciers and snowfields in the glacial basins of estern
Georgia based on satellite remote sensing/ Shengelia L., Kordzakhia G, Tvauri G., Guliashvili G., Dzadzamia M.
Transactions IHM, GTU. -2025. -vol.136. -pp.92-104. - Georg., Summ. Georg., Eng.Rus.

The article presents the results of the study of the morphology and exposure of glaciers and snowfields in the
glacial basins of eastern Georgia according to the catalogue and satellite remote sensing data for 2010, 2015 and 2020. A
modern method for determining the exposure of glaciers has been used, which is tested and accepted worldwide. This
method practically eliminates errors when studying the exposure of glaciers. The results of changes in the number and
areas of various morphological types and exposed glaciers and snowfields of the glacial basins of eastern Georgia as a
result of ongoing climate change are presented.

YJIK: 551.50.501.7

Pe3yabraThl M3ydeHHs1 MOP(OJIOrUM U IKCHO3ULNHU JIeJHUKOB H CHEKHMKOB JIEAHUKOBBIX OacceiiHoB BocTouHoi
I'py3un Ha OCHOBE CIIYTHMKOBOIO JUCTAHIUOHHOTO 3oHAupoBaHus/ Illenrenus JI., Kopazaxus I'., Teaypmu I'., T'y-
muamBuin I'., 3ax3amua M./C6. Tpynos UTM I'TV. - 2025. — tom 136. - ¢.92-104. - T'py3.; Pe3: I'py3., Auri., Pyc.

B crarbe npezacTaBieHsl pe3yabTaThl U3yYeHUs] MOP(OJIOTHH U SKCIIO3UIINH JICJIHUKOB M CHE)KHUKOB JIEITHUKOBBIX
GacceitHOB BOCTOYHOH I'py3nu MO AaHHBIM KaTajlora M CIyTHHKOBOTO JMCTaHIIMOHHOTO 30HIupoBaHus 3a 2010, 2015 u
2020 rozs!. Mcrions30BaH COBPEMEHHBIN METO/ ONPECICHNUS SKCIIO3UIMU JIETHUKOB, KOTOPHIN anpoOHUpoBaH U IPUHAT B
MHUPOBOH MPAKTHKE, YTO MPAKTHUECKN HCKIIIOYAeT OUTHOKY MPHU M3Y4YEHUH SKCIO3ULINH JIEAHUKOB. [IpecTaBieHs! pe3yib-
TaThl U3MEHEHUsI KOJIMYECTBA U TUIOLIAJIeH Pa3IMYHbIX MOP(OIOrHIECKUX THIIOB M SKCIIOHUPOBAHHBIX JICTHUKOB M CHE K-
HHUKOB JICTHUKOBBIX 6acCeiiHOB BOCTOYHOM ['py3un B pe3yibTaTe COBPEMEHHOTO N3MEHEHHS KIINMaTa.
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Use of Structured Data to Evaluate Natural Hydrometeorological Events
in Vulnerable Regions of Georgia
Marika Tatishvili, Inga Samkharadze, Ana Palavandishvili, Nana Nebieridze, Khatuna Elbakidze-Chargazia
Institute of Hydrometeorology of Georgian Technical University
m.tatishvili@gtu.ge

Summary. The location and orographic conditions of Georgia lead to the formation of a variety of climatic and
landscape types. These factors are favorable for formation of natural hydrometeorological phenomena (flooding, landslide,
hurricane, etc.) of different intensity and frequency. The study of all those phenomena needs the processing of long-term
observation series of climatic parameters. The purpose of the presented research is to study the spatial-temporal regulari-
ties of basic climatic parameters in the mountain regions of Georgia. The following statistical parameters and climatic in-
dices were calculated: standard deviation, mean absolute error, temperature extremes, extreme precipitation day number,
repeatability of strong windy days. Between two 30-year periods, the average annual temperature has been increased al-
most everywhere, up to 1 degree; the average increase is 0,5°C. It has been established that for second period there is a
significant increase in the average max air temperature from 0,3°C to 1,2°C. The precipitation regime changes are unstable
in time and are spatially heterogeneous, although they are characterized by some regularity. In particular, the annual rain-
fall in western Georgia is mainly increased, while in some eastern regions — decreased. The average wind speed change
trends seem to be decreased, however maximal velocities are increased. The results may be used in early warning systems.

Keywords: Climate Change, Early Warning, Natural Hazards, Statistical Analysis Structural Data

Introduction. Georgian relief may be characterized by three sharply expressed orographic elements: in north
Caucasus, in south — Georgian south uplands and lowland or intermountain depression located between those two risings
[1]. This one begins from The Black Sea shore by triangular Colchis Lowland and spreads up to eastern Georgia like nar-
row strip. Between those two uplands small scaled orographic elements are allocated. Such complicated relief has definite
influence on air masses motion in atmosphere lower layers. Mainly west and eastern atmospheric processes prevailed over
Georgian territory. Due to complex orographic conditions and influence of the black Sea in Georgia exist most of Earths
climatic types, from marine wet subtropical climate in west Georgia and steppe continental climate in east Georgia up to
eternal snow and glaciers in high mountain zone of Great Caucasus, and 40% of existed landscapes [2]. Thus those climat-
ic zones uphold the formation of different dangerous hydrometeorological phenomena, namely: hailstone, heavy showers,
flooding, thunderstorm, draughts, sea storms. The economical losses and casualties caused by those catastrophic events are
too notable [2].

Data and Methods. Based on the1961-2021 period data of Georgian hydrometeorological observation net the re-
search for mountainous regions of Georgia (Bakhmaro, Bakuriani, Borjomi, Goderdzi, Gudauri, Khaishi, Khulo, Lentekhi,
Mestia, Pasanauri, Shovi, Stepantsminda, Tianeti) was conducted to reveal the variable nature of the intensity and recur-
rence of the mean and extreme values of the meteorological parameters [3].

Extreme values of climate parameters are more sensitive to climate change than their mean values, however, medium val-
ues often make it impossible to assess socio-economic impacts on different sectors of climate change.

Results. According to the preliminary analysis for whole Georgian territory the precipitation changing regime is

unstable in time and also spatially heterogeneous, although it may be still characterized by some regularity. In particular,
the annual rainfall in western Georgia is mainly increased, while in some eastern regions - decreased, although the nature
of the change in annual rainfall is mostly unreliable and there are no obvious trends according to the comparison of two 30
year periods.
Tendencies to decrease the number of strong winds (=15 m / s) are predominant in the West, while in Eastern Georgia,
their frequency will be observed. It is noteworthy that the number of such days is decreasing in western Georgia - Kutaisi
and especially on the western slopes of the Likhi Range (Mta-Sabueti), where trends were revealed in the summer-autumn
seasons, and in the east, in the Mtkvari gorge, a significant increase is observed. Frequency of strong winds in Gori will be
observed in all seasons, while in Thilisi their annual number increases mainly at the expense of March. The trend changes
maximum in Mta-. Sabueti and Gori and are 1.7 days / 10 years. The frequency of extremely strong winds (=25 m / s)
changes with a similar regularity. In particular, a significant decrease in such days was observed in Kutaisi and Mta-
Sabueti, while the steady increase is observed in Gori, as well as in Poti and other locations too [2].

Discussion. The mean annual, half year and monthly min and max air temperature (Tmax) data are calculated and

range of variability of the mean values of Tmax for the indicated stations is as follows: Mean Year - from 6.6 °C
(Goderdzi) to 16.4 °C (Borjomi); Mean Cold - from 0.0 °C (Goderdzi) to 9.7 °C (Khulo); Mean Warm - from 13.3 °C
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(Goderdzi) to 23.9 °C (Khaishi); Min - from -11.8 °C (Goderdzi) to -0.5 °C (Borjomi); Max - from 23.4 °C (Goderdzi) to
35.0 °C (Borjomi) [3].

Table 1. The mean min, monthly mean, max and mean seasonal values of Tmax (°C) in thirteen locations
of Georgia in 1961-2021

Station Mean Year Mean Cold Mean Warm Min Max
Bakhmaro 8.6 3.0 14.2 -8.2 24.2
Bakuriani 11.3 5.1 175 -5.7 21.7
Borjomi 16.4 9.4 23.5 -0.5 35.0
Goderdzi 6.6 0.0 13.3 -11.8 234
Gudauri 7.8 2.0 13.7 -8.8 25.4
Khaishi 16.3 8.7 23.9 -1.3 33.7
Khulo 15.8 9.7 22.0 -1.6 31.4
Lentekhi 15.8 7.9 23.7 -1.9 345
Mestia 134 5.9 20.9 -6.4 30.2
Pasanauri 14.5 7.4 21.6 -2.9 33.0
Shovi 12.6 5.7 19.5 -5.5 30.8
Stepantsminda 10.6 45 16.7 -5.7 27.4
Tianeti 14.4 7.6 21.2 -1.7 31.6

The mean monthly annual, half year and monthly min and max P values are presented in Table 2.

Table 2. Monthly min, monthly max and mean monthly seasonal P (mm) values in selected locations of Georgia
during 1961-2021

Station Mean Year Mean Cold Mean Warm Min Max
Bakhmaro 130 154 107 9.8 554
Bakuriani 70 59 82 0.5 283

Borjomi 55 48 62 15 181
Goderdzi 110 115 104 7.7 361

Gudauri 128 106 151 0 536

Khaishi 102 108 96 1.0 670

Khulo 117 149 84 0.5 628
Lentekhi 107 110 104 1.3 556

Mestia 82 76 88 1.0 284
Pasanauri 82 59 105 0 353

Shovi 98 85 111 3.4 444

Stepantsminda 62 34 89 0 252

Tianeti 64 42 85 0 277

The variability range of the P mean values for the indicated stations is as follows: Mean Year - from 55 mm (Bor-
jomi) to 130 mm (Bakhmaro); Mean Cold - from 34 mm (Stepantsminda) to 154 mm (Bakhmaro); Mean Warm - from 62
mm (Borjomi) to 151 mm (Gudauri); Min - from 0 mm (Gudauri, Pasanauri, Stepantsminda and Tianeti) to 9.8 mm
(Bakhmaro); Max - from 181 mm (Borjomi) to 670 mm (Khaishi). The P smallest values for Stepantsminda are observed
(24 mm) during January and the P greatest values for Gudauri (185 mm) are observed in May. The variability of the at-
mospheric precipitation monthly mean sum is observed for all study stations (except Bakhmaro, and Bakuriani) in 25 cases
(including for 12 cases - an increase and for 13 cases - a decrease of AP values) [4].

The range of variability of the V mean values for the indicated stations is as follows: Mean Year - from 0.3 m/sec
(Lentekhi) to 4.8 m/sec (Goderdzi); Mean Cold - from 0.2 m/sec (Lentekhi) to 5.4 m/sec (Goderdzi); Mean Warm - from
0.4 m/sec (Lentekhi) to 4.2 m/sec (Goderdzi); Min - 0 m/sec (for all stations); Max - from 2.1 m/sec (Lentekhi) to 10.7
m/sec (Goderdzi).

The smallest V values for all points during January and December are observed (0.1 m/sec, Lentekhi). The great-
est values of V for Goderdzi (6.1 m/sec) in January are also detected.

Table 3. The monthly mean min, monthly mean max and mean seasonal V (m/s) values in thirteen
locations of Georgia in 1961-2021

Station Mean Year Mean Cold Mean Warm Max
Bakhmaro 1.7 2.2 1.3 5.7
Bakuriani 1.3 1.1 15 5.2

Borjomi 0.7 0.5 0.8 2.2
Goderdzi 4.8 5.4 4.2 10.7

Gudauri 1.2 1.1 1.2 3.4

Khaishi 0.9 0.7 1.2 3.7
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Khulo 1.9 2.0 1.7 4.0
Lentekhi 0.3 0.2 0.4 2.1
Mestia 0.5 0.3 0.7 2.2
Pasanauri 1.1 1.1 1.2 2.9
Shovi 11 1.0 11 2.9
Stepantsminda 1.7 1.8 1.6 6.1
Tianeti 1.2 1.2 1.2 4.6

Conclusions. The following may be deduced based on the on the conducted research: The variations of the ATmax
values in the separate points are the following: Bakhmaro - increase of the values of ATmax (July, August), decrease (-1.1
°C, December); Bakuriani - increase (February, March, May-October, mean annual, cold and warm seasons mean);
Borjomi - increase (February-April, June-October, mean annual and warm season mean); Goderdzi - increase (August),
decrease (-1.0 °C, November); Gudauri - increase (March, June-October, mean annual and warm season mean); Khaishi -
increase (March, July-October, warm season mean); Khulo increase (July-September); Lentekhi - increase (July-
September, warm season mean), decrease (-1.3 °C, November); Mestia - increase (April-September, warm season mean);
Pasanauri - increase (March, June-October, warm season mean); Shovi - increase (April-October, mean annual and warm
season mean); Stepantsminda - increase (June-September, warm season mean); Tianeti - increase (March, June-October,
warm season mean).

Totally, the ATmax vValues change from -1.3°C (Khulo, November) to 2.6 °C (Bakuriani, August), amplitude - 3.9
°C.

The changeability of the AP values in the separate points is the following: Bakhmaro and Bakuriani (no changes);
Borjomi - decrease (June and December); Goderdzi - decrease (March, April mean annual and warm season mean);
Gudauri - increase (August, October and cold season mean), decrease (September); Khaishi - increase (April and May);
Khulo - increase (January, September, mean annual, cold and warm seasons mean); Lentekhi - increase (May and June),
decrease (September); Mestia — increase (mean annual and cold season mean); Pasanauri - increase (August, October and
cold season mean); Shovi - increase (October); Stepantsminda - decrease (July, September), increase (October); Tianeti -
decrease (March, May-July, September, mean annual and warm seasons mean).

The changeability of the AV values in the separate points is the following: Bakhmaro — increase (January, March,
May and June); all another station, except Shovi — decrease (all months, mean annual, cold and warm seasons mean);
Shovi - decrease (all months, except April, June and October, mean annual, cold and warm seasons mean).
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YIK: 551.556
Hcnoab3oBaHue CTPYKTYPMPOBAHHBIX AAHHBIX I/ OLEHKHM HNPUPOAHBIX T'HIAPOMETEOPOIOrHYeCKHX
siBJIeHUI B yA3BUMbIX peruoHax ['py3uu /Mapuka Tarumsunu, Uara Camxapanze, Ana [lanaBanaumBuig,
Hana HeOuepunze, Xaryna Onbaxunze-Yaprazus/C6. Tpynos UTM I'TY. - 2025. — tom 136. - c. 105-108. -
I'pys.; Pe3: I'py3., Auri., Pyc.

MecrormonoxxeHue U oporpadudeckune ycioBus ['py3un oOycrnaBiauBaroT GOpMHpPOBaHHE pazHOOOpa3-
HBIX KIIMMAaTU4YeCKUX U JaHAMA(THBIX TUNOB. DTH (PaKkTOphl OJAronpusTHH 111 GOPMUPOBAHUS CTUXUIHBIX
THIPOMETEOPOJIOTHYECKUX ABJIEHUH (HaBOJHEHMs, OIMOJ3HU, yparaHsl U T. A.) pa3iNyHOW MHTEHCHUBHOCTU U
4acToThl. V3y4eHne Bcex 3TUX SBJIeHHN TpeOyeT 00padOTKH MHOTOJIETHUX PAIOB HAONIONSHUH 3a KIIMMaTH4Ie-
CKUMH mapaMeTpamu. lLlenpio NpencTaBIE€HHOTO HCCIENOBAHMS SIBISETCS H3Y4YE€HHE IPOCTPAHCTBEHHO-
BPEMEHHBIX 3aKOHOMEPHOCTEM OCHOBHBIX KIIMMATHYECKHUX IIAPAMETPOB B FOPHBIX peruoHax l'pysuu. Paccuu-
TaHbI CIEAYIOIIUE CTATUCTHYCCKHE TapaMeTphl U KIMMaTHYeCKHe WHIEKCB: CTaHAAPTHOE OTKIOHEHUE, Cpe-
Hs1s1 a0CONMIOTHAS OIINOKa, SKCTPEMYMBI TEMIIEPATyP, YUCIO SKCTPEMAJIbHBIX AHEH ¢ 0caKaMu, IIOBTOPAEMOCTb
JIHEeH ¢ CHJIBHBIM BETPEHBIM BO3AyXoM. Mexny nByMms 30-IeTHUMHU NIEpHOJAMHU CPEIHEr0/I0Basl TeMIlepaTypa
MOBBICHJIACh IOYTH OBCEMECTHO, 0 | Tpamyca; cpeanee noseimenue coctasisier 0,5°C. YcraHoBneHo, 4To 3a
BTOPOH MepHoA HaOII0NAeTcsl CYIIECTBEHHOE MOBBILLIEHUE CPelIHEH MaKCUMaIbHOM TEeMIIEpaTyphl BO3LyXa OT
0,3°C mo 1,2°C. U3meHeHus: pexxuMa OCaJIKOB HeCTaOWIIHLHBI BO BPEMEHHU M MPOCTPAHCTBEHHO HEOIHOPOIIHBI,
XOTS U XapaKTepHU3yIOTCsl HEKOTOPOH 3aKOHOMEPHOCTBIO. B 4acTHOCTH, T0/1I0BOE KOJMUYECTBO OCA/IKOB B 3amajl-
HOU I'py3uu B OCHOBHOM YBEJIMYHMBAETCS, a B HEKOTOPHIX BOCTOYHBIX PErHOHaX — yMEHbIIAeTCs. TeHICHINT
M3MEHEHUS CpeAHEH CKOPOCTH BETPa, MO-BUANMOMY, YMEHBIIAIOTCS, OAHAKO MaKCHMaJIbHBIE CKOPOCTH YBEIH-
YUBArOTCH. Pe3y.HbTaTBI MOTyT OBITH MCITOJIb30BaHbI B CHCTEMAX PpaHHETO ONOBCIICHUS.
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dowsoewo NDVI 360d369wmdgdo (osbemgdoom 0.6-0sb 0.9-8c0q) 89gLodsdgds 933003 839bsMgwyenmdsls. dsdob
MmEgbsg NDMI-ob  g439ms®g ©sdseo  3603369wmdgdo  dommomgdl  d3gbsmgmemdol  @adsen  figwob
99933900 M05%Y, bmwm g39wsby domowo - oo Fywol 899339wmdsBg. Lodfiysgo GHIM0GHMMm0gdoLmZ0L,
B396 godmgmgzogom VI-gdolb Lsdmoeom 3603369mdgd0 (s3600¢0-5330LG®, OGMym®O 3 3989G°G00L bybmbo) o
3935056090 0Lobo MBOEOIMOO MTIMOfYMo  GIMoGMOH0gd0L 3603369 mdYBL. 6533900900, HMIgEms
30OLMbOL  3MMgwszos 0.5 ©s dgBos, 0IBGHOBOE0MJPMWwo 0dbs, Omamema LsMfigsgo (58 dgdmbggzsdo
3M5MBOGOSMMO YsmHmgd0sb) [14].

Boegdol Myzgdo 8mbsigdol dobggzom LadosGmzggmmmdo 8g35MBogm dgdgyo 3v964@Ggd0: sboanioby,
53d0MMEWO©O, dmEbolo, 4meo, oo -Lsdgmo, BsLIBIMMHO, BMMO, JMMsoLo, MBOEOLO S MYES30.
5399853005  $g939M0GHm0oby o bogrgdgdol dmbsigdgdo 1991-2020 fiergdol  3gMom@obmgol. boggdol
LobmIgdo GgoMbs Lbgoalibgs 3e0do@MMo 306MMdZBOL 43530l dqbabgd Homdmaqbol dgladdbgwsc.

6039 0b@gdbol 9g0mbg93580, 3353900 Aobsfowgdmwos 990ga0 3MH0EIM0Igd0m: v300YMJLs® bmEom
(2- <), dwogmo ben@om (1.5-2), Bmdogo© bm@om (1-1.5), ben®dslosb sbeml (-1-1), BmdogMe ddGsewo (-1.5- -
1), dwogto Moo (-1.5- -2). Jg99sbsdo asdmfizg3s ®Bgds LoMfYs30 Fywom Lomsbsm IMIsGoagds @
965350900l ©oybo. 33¢g30L  FoBsbos sIMLIgEgm  LosOmzgMml  (gErsgol  Fbozodseodg@o)

306obgddo fyaol damdstgmdol @oagbs g3s¢30L 0bgdlgdols s 8EgbsMgmemdol 0bgdugdol (VI)
2990ygbgd0m 5Mm5x50E05YMHO Bm™MHY30L obogbs.

396mbgmo 39643900 boboom@gds BmIogko© 3030 BsdmMom ©s 3bgwo bogbywmom, bsgrgdgdol
9060930 {faewoffodo mGxg® 500bodbgds. 335¢35 0MOMOEIE FoBsBbol, Boxbmol s dgdmeoymdol
LgBMbYdBgs IboEwMEbYEo. Bosdms®do, bdoMmo 303eMmbMMo s BOMBEIYOHO 3gHoMEIdOL 250Mm, JIMSEO
OOUL bobaMdogmds MR®®m Imzergs. 33¢930L sMgsedo 39bsbgdol dglobgd dmbsgdgdo Jowgdwyeros Jggybols
39655900l 3oslEMoEsL  (2020). FMboEo3soBHIBT0  MBOEOSWNMO  LMfYs30  BIOMMBIOOL  Tglobgd
9mbs390900 d00g0E0s LodoMmzwml geromMogool (GA) Lsdlobwmosb. 33wg3sdo gsdmygbgdreo 0dbs
LogoMmggeml 45099mb 9MHmgbmwo Lssygb@ml (NEA) 8096 dmfim@gdwaro 9@ gmMmemmyow®o boym®osb
300900 oMo boergdgdols s 3gddgmo@ Mol dmboizgdgdo (1991-2020).

9gu39600996E Mo 990093900 ©5 sblixs. 2353300l 332939030 Y30Mm39Eglio Lsgombo ogm 0bwgdlgdl
FmOHoL 3mMHgEs300l (33womgds 3ods@mo 300MdYd0L Jobgwz0m. Fogowoms, sbogrobol dgdmbgggzsdo,

g439ws  39M0MmEOoL  3mMIWs3ool  3mgB0E0gbGHYd0  89sMmgdom  BSE0s  (3bM.1) Usdogg 3gMomol
29035¢0bHobgdom, Bsbl, GM™MI 3mMHgms30s 9sMgdom Jomoos 3 30960 3gMomoolmzgol (0.92). 3ol
Ls30GHOL30MME, bsbyMmA0z0 3gHOMPIIOL 3MMIEsE00L 3MIB0309bGHO d30M©ads 0.90-0g s 0.87-000g 6 s
12-030560 3960M©gdoLm30L.

003OMEOGOOL  d9dmbggzedo,  3mMgwsgool  3mgxo3ogbdo  9gsMgdom  domowos.  bsdogg
396000mobm30L 0.96 sbogrobol dbgoglo, mMol d90mbzgzsdo 3mMgwsEool 3mgnosogbdgdo 3gMommgdol
dobgg0m 2oblbzs30Yds. 0 FgEsMgdom domswos (0.90) 3 mz0s60 3gHomEOLm30L, bnwm 6 s 12-mz0s60
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396M0mEgdobomgzol  0.87-dog s 0.81-dog 930MHEIds.  F05-bsdMG0  3MEYIMOE0gOOL  MZoEbsBOOLOMm
L506GIMLM LMYESML AZ3MZ5HBMBL. 5 Lodozg 39MHOMPOL 3MMWSE0s MOMITOL 0g0395 ©s 0.98. gBslisbsrm@ols
990mb3z93580(3 500MbO3Egom LodoMmmM39eml bbgs §30d0L LoHmdgdol A s3LsE, 5953 JMOIWSE30Jd0 3gMHomEOl
DML gHmo© I30600gds. 099 3 M30L J96TogzeMd5o ol 6 M30L 496ds3wMdsTo 0.98 oym, bem 12-m30560
39600m@obm3zol ol d30MmEgds s 0.97-sb 0.95-000g 933995, BMMO 30MgE530900L  LEobEHIMILM LwyBsmlb
339639690, 53 dgdmbggzsdo, Lodogg 39MH0MPOL JMMYMs300L 3m9n303096EGH0 0.98-sb 0.99-dy Tghygmdl..
Jmmsoldo obagmgo Lodo®mggemdo o®bgdeo Lbgs 3000l boBmAgdol dbyogbow, o9 dgdombggzsdos
3MM9s300L 3958030963 gd0 BLyeglios s bsdogg 39MH0Mm©OLM30L 0.98-1 FgoAJbL. MdoEOLOL Fgdmbgggzsdo,
G96gbEos FgmOEIds ©s 3MMIWS30900  3MHOMEPOL BOHEILMB ghmo T3oMgds. o) ol 3-m30560
396M0mEobm3zol 0.93-0s, 6 m30bmzol 0.9-0g s 12-m30560 3g@om@obmzgol 0.87-0g F30MEYds. MYs30
500mbogEgm LagoMmzgermdo 3093 B0 §30d0L byBMTos, Lasi Abs3Lo FHYbIbE0s Fg0bodbgds. 3 fzodol
LSBMIoL Fgdmbggzsdos Laddg 339d3L MO0l 3m95303096EG0L F93;3009dLMLb. 3-m30060 3gMHomolmgzgol
0.95, bomewm 6 s 12-030560 3960m©gdoLmgol 0.94 s 0.93.

gb®oo 1. 1991-2020 fiergdol 3gmomeolmgols SPEI-SPI (3, 6, 12 mgg) a3se30l 0bgdlgdols
15O IOLS s YJMMN0YH Bl 3oMHLMBOL JMGYEsE0d

Lo OO Pearson SPI 3- SPEI 3 Pearson SPI 6- SPEI | Pearson SPI 2- SPEI 12
Y530 0.951749 0.943172 0.928499
sbazobg 0.921328 0.900248 0.866863
530MHME)HO 0.960683 0.956609 0.960253
3060 0.898262 0.867283 0.808437
0005-15d)9000 0.977971 0.980275 0.979545
3oLsbomMo 0.97667 0.965895 0.944941
[3loteple} 0.982357 0.986272 0.987388
Jmomsobo 0.980448 0.977414 0.978158
030olo 0.925437 0.903093 0.873974
09YE530/3MmM0 0.475601 0.484241 0.53356
b 30bg/Boos- 0.509075 0.492155 0.503413
155090

300obo/Jmmoolo 0.314346 0.337496 0.443787
000olo/dms- 0.300097 0.314582 0.433386
155090

0m@bolio/Bslobsm®o 0.242862 0.157741 0.262271
000¢0oL0/sbo30bg 0.430081 0.389833 0.433268

335308 0bgdugdo  3e0dsBHol (330 gdol 3900  Fsbg9bgdwd0s, Moyt  obobo  ImoEogL
3993965GHMm0LS 5 3gb0sbMdOL 35M10530980L 33¢0MgdsL. 1991-2020 Fengdols GgMHbgme 1533930 39Gr0MEOL
24960530mdsdo, bbgoolbgs Boargdol Lobmdgdolomgol agsergol SPEI s SPI 0bgdugdo  Lbgsslbgs
A96@gb3osl 93egbl. 98 dm3wrg GMMOL FoBIEGHIVOLMZOL BHYBIBEo0L BsBGdOL MO DBMYPsI© MBOM
5050, SPEI_3-0l oo ©94g3900 30v)000g0L dob dgMdbmdgarmdsbg bobdmzwg bawrgdgdol 8odstmrm, bagnm
SPEI_6 33dbmdostgs bggu-ddmhowo 3g6Homgool Gyg3ol dodsmom. g35¢0308 0bgdugdol Jggzs 890gaos:
aboobol bagrgdol Labmdby, yzgas SPEI 0bogdlo 56 53e09blL 3ergdol/Bmoolb $gbwgbiost, bmenm gzgwms
SPI 0%BMgds. s03GMmmom®do  Mmam®3  SPEL sbggg SPI 0bgdbgdo 930969 300980l  3gbggbiost.
dmbolobmgol SPEI 93060905, bewm SPI gs0bstqs. 53sbabsm@msb, Mmamea SPEL sbggg SPI 8306099,
3mOms6, SPEI 0bgdlgdo 99030609, bmwm SPI-bL Mool ¢gbogbios 993L, bmem dms-bsdmgmmsb mMogg
SEI/SPI 0%®©gds. g3mmol §3000L bobmdobmgol, SPEL 3 s SPEI_6 9993300, bemeom SPEL 12 250%sMo,
5396 yz9ws SPI 0bgduo bsgngdgdol d99300Mgds%g 8099m0mgdL. Jmoobobmgol, a3s¢30l yzges 0bogdlbo
930Mm©Yds. MBOWOLOL GHYMHoGHMM0sbHY, SPI_6-0b5 s SPI_12-0L 96, Y39es 0bgdbo dommomgdl, Gmd
4mM39@m300)M0 Boengdgdo d3oMEgds, bmmm Fywmol mMmdwol smMmgagds 0bMmEgds. mgwsgol §fzodol
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Lobmdbg yzgws SPEI 0bgdlbl od3l 3egdol ¢gbwgbizos, bmem SPI 0bogdugdo obmgds, Moz d0vmomgdl
Bogdgdol Momgbmdaty. s9Mmoas, SPEI s SPI 0bgdugdo sbobagl bogstmggarmlb 3¢00ds@ol (33e00wgdol
e InBs03MM HoLOSMU.

Lodommggermdo s0o dgdbgmemo bagmgdol 858396900l dmbsizgdgdol sbowoBbo 5B39690L, ™I ©abeg-
@wgm bodoMm™M39w™d0, Losl ba@Gom LmdEGHMHM303wo 3ods@os, SPI-bs s SPEI-L dm&ol 3069wsE0s ows-
oo 5 153039y 39MHOMEOL 3MHYEO300L 398030963 Jd0 oIl JMHMbIOMOs (Foy. BMMO, STdGMEIMEO,
J350L0). 508mbogago bodoMmmzgErmdo s®LgdMEo bswrgdol doBz9bgdwgdol dg8mbggzodo LvyMHemo 0EgEgds.
30639 1000, 3oblb353905 0lss, MMD 3MMIWs300L 3MIB0EIEGIO0 MBOM IBEI0S LYo LosMm3g-
@mdo 56OLYdWME boengdol dsB396gdgdmMsb FgEsMmdom s FgmMg 3sblibzs39ds 0Lss, GMAT JMEMIWsEO0L JMgzo-
30953700 9306MHEJIdS 39MH0MEOL BOEILMB GOHMDo. 50TIMbogEgo Lodo@m3geml yzgws boengdol dohz9690-
ol 890mbgz93580, 3nMHYs300L 3ng5303096¢0 F9sMB0m Fowswos 3 M30L gobdsgwmdsdo, bnwmm gdgbodm-
99330560 39M0M©EgdoLm3oL I30MEYds. Jomader 890093908 WMmY0ZMMO sBLbs od3L. 98 Fgdombgggzsdo,
39005993930 Mo 3H9JI39M0EHOML 9379mM360L. 50IMLsgEgm bodsMmzgwrmdo @gddgMadwemol do@gds byl

Mfgmdl 33530l AobobyMdmog9dsl o boergdgdmsb gMmo® yzgmsbyg 960336gwm3zsb0 Bod@m®os. oM@s
500bY, 500MbIZ3Ego  boJoMmzgeml d3l bogngdqdol sblbgsgzgdmo Mgsg0d0, o3 o0MmobsEIds MYE3M0

3M30L3060Eo §300900ms s bsbaMmdw030 235¢r30560 39M0M©Yd0m [4].

SPI o SPEI

~o~ spi_Dedoplistskaro

SPI/SPEI

%
%
%
6

6sb.1 a35¢230L 06gJugdo Lsdo LsarMoliogzols 3sbgmol Mgaombdo

33930l 30093 gH0 F0TsMmMEgds M0l Boengdgdol, azswzol 0bwgdbgdols s NDVI-ob ggwowg-
05l oL 393d0MOL sbsbgs. 0dol sbseErobo, 4sblibzsggdEs MYsx0MadL 0¥) 565 B3gbsMmgMEMds gOMLS o

00539 339530l 306HMdOBY o 59 2obLb339dsbg FmJdgEo BoJBHMMGdOL TgxzsLgds. F99ago0 5639690, A Bo-
gdqd0l 899306905 335¢30L Fo3HMZMEOMIIGO BodEHMM0s. MMI3s, 3obgmol gdmbggzsdo, dbmmmm boerg-
o 24905909Y39GH0 96 50b. Mbs 500boTbML, HMI Bogbwywdo SPEL watm dwrog® 435¢3s%9 30mmomgdl, 49b-
153910005300 JEMREOLHYsOML Fgdmbggzsdo. slgo dgdmbggzsdo Fomowo GHJB3IMOGHMMS Fos3FY39E0s
Bob.1.

BMYoI©, Yzgms boaeol Imbsggdgdo sB39690L, GMI dbgdcm0g30 WsbETsxyEgdol dgdmbgggzsdo,
NDVI-ob 3603369cmdgd0 95360 do@sos, 3009 NDVI-ob 3608369wmmdgdo 03539 Log@mol sa®strvmen Gso-
mbgddo. bogomgxmlb 990mbggzsd0, MmM039 06gJuds sEILEMGMS 2019 gl deroghHo 435¢3s. Bmyswa, 2019
Do 3sbgool dobd@EHedom Lszdom 3bgwro s IIHSEO 0gm. M¥YdEs, 00539 Logo@gxmdo, 2019 ferob oBbox-
bme-Bogboyendo, HmgLsE mO03g 0bgdlo dErogh 935¢35H9 J0OMGIL, FYgdo smqdmwro GCP-gd0ol NDVI
3600369 mdgd0 153050 FoSE0s. 03039 LOGHMI(3095 MYEPs30L Fadmbgg35d0g. LagsMgxml dgdmbggzsdo, §3o-
@30l 060gJLugdol 3mMges3os NDVI-ol 060035@MmMgdmsb Lo3dom@ adswros. gMmo dgbgozom, Hmym®3
Bobl, gmzwolfys®mdo LmMemo 4oblbgeggdwwos, Losg NDVI 3608369wmdgdo s©0bodbyer 3g®omedo
9d30Mm©Yds. 53 899mbgzg35d0, Lbgs LoMgdoLysb goblbgsggdom, NDVI-bs @s 335¢30L 06gdugdl demmol 3m-
(9305 MBOM Foo0s. 08537 39M0M©I0, IEMBEOLHYsOMMTo bswrgdgdol dgdzomgds sgodioMs. gb
39696305 gbgds LobmBErm-LsdgmEObgm o d9693M03 WsbEBsx3EJOL, sdo@md NDVI 9603369 mdgdols 3mMg-
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@530 335308 060JLgdmsb dog0sh Abgoglns. LodfbsMMm, WeaMm@IbOL 3e0do@Mo dmba3gdgdo SGslitvy-
0 04™, M53 BNLEHO LYYMSPOL SOJTSL SO GOE. 0T3S, sOLYOMEO TmMb3ETYd0 SEILEMMIOL, MmI BYgg-
00l d90mbgg3590, 335¢30L 06 Jugdls s NDVI-ob 9603369¢mdgdl dmnmolb 306MHgwsE0s 00mddol 56 s®lsyg-
foJotel i

330935 Bo@oMs 30bgmol 9soeomBy, Looz IMo35¢RIMHM3560 300ToGMMO 30MMdIO0 O sbo-
35833700 5MLYdIMBL. 890093900l Lorwydzgubg 8930005 3535565 0BMo NDVI 06@035@mMgdl, boergdqdls s
33530l 060dLgdL Mol YOHPOGHNESTMI0IOMEGds. 9093900 58396908 do 3MMIWSE0SL 3530l
069gLgdLs s NDVI 9s839690¢ngdl 9mMob ggqms boawy®obmgol. gl gobbsgmm®mgdom dglsedhbggos dbgdco-
30 @sbdsx@gdol 8gdmbggzsdo. Labmgem-bsdgM@Mbym FoMMMdGIL FmMOL JMOGEsEos G9EsMgdom M39gmg-
Lo, 9935 050b3 B, Mo 9g0dEgds 50blBL 0dom, MMI 3EVMGOO MGBOH™M JMABMBOIMYs 33530l Jo-
Jom. B3gbl 3393590 gobbowrmmo GgMo@memool dg8mbgg3zsdo, ghmfierosbo 3MwEHMMHYd0 O BIOMNMDBL
035390L. qU goblogMMMmgdom gbgds ©gEMBOLHYSOM, Losz F0MOMIIE bMmMdswo ©s JgMo Bdmob. >0
09300630 0360L0L IgmMy bobgzomdo IMbogowro 339 5©0JOME0s s FqLsdsdoboE, sdse NDVI 3608936g9wm-
0oL 0d¢g3s. 00539 LOYMOMSE sbEml FEYdIMY BHYJgd0 3093 YIBOM 435Zog5ddergs s dsovo NDVI 96093-
B9emdgd0 56 033 gds 0bg LHMRS. I35, WsRMEIbMIb FgsMgdom, 3530l 90093900 MBOM LEGSGS©
20Lobgds. s1939 MBS 500bOTBML, MM LELMBEM-BsdgYMHbgm BsMMMdYdOL Jgdmbggzsdo, NDVI 8sh39698¢gd0
2496Lb39300905 3MEEHMHYOOL dobggzom. Bsswomsw, NDVI 35839698 gdo bs3ergds 5ol 3530060900
335035096, 300009 gOHPHosbo 3MWEGHMOHFd0 bowobs s ggbsbol dgdmbggzsdo. sbgzg 9608369wmgzs60s
3930035¢0bFobMmm, 5GHOL M) 565 FHYMOGMEO0s ImGfigmeo [13].
33w930L 300093 90 J0BoMmMNYgds 0gm LaMfYs30 s MMFYs30 BoMMIOOL 0EIBEHOBOEFOMYdS. MBOEFOSWIMO
099Hmgd0sb Jowgdmwo dmbozgdgdol msbsbdow, mgusgol dmbogodseo@g®do s@bgdmwo 6936 3s 3gbsbo-
56 dbmerm 589 35 (8.5%) 0Mfiy39ds LodoMmm39w ML FgEomMoE0sLmb MBoEoswMMo Fgmsbbdgdol Lsggd-

39bg. 33009308 d0Bsbo 0ym 00 6533900900L A0S, HMIWGdOE 9O 009096 Lo®figsg FYswl mxoEosw GO
09o6OHm@b (GA) 335¢30L 06gJLgdoLs s VI-gdob as9mygbgdoom. dorbgsgs 0dols, MHmI g3seg30l 0bwgdLug-

0oL 59MmbOMZWIWs 35dm3094qbgm 28-fierosbo dmbsgdgdo, 99 3mb3MgEme 33¢g3580 dbmenme 2020 ferols
900gM3sMHgmdsd omgzseolfjobgdwero.

> —e— Value of EDI

«  Value of SPI_1
2 e Value of SPEI_1
v Value of SPI_3
« Value of SPEI_3

Values

.
> & >
S g < s s
S 5 S S S S S S
o g o o o o g g
0 P A A 0 0 P P

65b.2. 335¢030L 06ggJigdo mgsgzols 3gdmbggasdo

235¢30L 06qdlgdol sb5¢0Bas sBgz9b6s, MM Jombgsegs 0dols, GmA EDI-b eorm®o dmbsigdgdo sh3969dL
DmIogho Mo 39MH0mEL gbfagarol GgModm®mosHg dsobol JgmMg 939000 s 03wolido ol yowswol
deog® Mo daMmIsmmdsdo, 3Mdgem3s00sb0 0bgdlgdo 5356 56 sILEMOGOL (Bob. 2). SPI s SPEI (1-
030060 o 3-030560) 3603369cMdgd0L Logmdzgwbyg, 2020 ferolb 393930300l LyBMbIs MomJdol bmEmTslmsb
(-1-1) sbeml 8gdstg BEAMBsMgmds goboisws. 0360L80 osxoJloMs BmdogMo azsegs (SPI_1=-1.3, SPEI_1=-
1.6), bmgom 0gerolido 3-m30060 dmboggdgdom, SPEL_3-ob dsB39bgd9wo -1.1-0s.
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coom

NOMI

o o
0000

om

> ® ® R @ &
& S & & & §

Bsb.3. mx0E30sMHa© 5G53mEfgmeo 653390mgdol NDVI-ob s NDVMI-ob (bvy6. 38) bsdoysenem
96033bgemdgd0 3929¢%5300L 3gM0mEdo.

Bob. 3 9430839690l MmEBoE0sMMO© 5GTmOfigmemo Bs3zzgmgdol NDVI-ob s NDVMI-ob Lsdmosgoem 360936gwm-
090L 393939300L 39M0MmEdo. mMH039 069Jlo MOoMJIol JMMbIOMOIE MYoR0MIBL, 39MM, 53HOELs s Jsolido
NDVI-ob 89005690000 ©sdswo (0-0.3) 360d369¢mdgdos, bowm 0360Lbs s 03¢robdo, dgatgdom ddGmowo
3060 Mdgd0L J0bgsza (bsb.4), VI-ob 3603369 mdgd0 933900Mo@ 56 3300Mgds. NDVMI-ol 3609369cmdgdo
31939 996ygmol 0-0.2-0l BoMeqddo 03bobls s 0gaolido, Mog HYwrol sdsw LEHMYLDY Jowmomgdl. bob.3
§909M5y9bL MBO(305WMMHI© 3MFMOHYMwo B53390900L VI-ol 36083690 mdgdl s Bs0n ©sdMI0YdINIGdSL
dOHgmeo 6533900900L bdwswrm 360369 MdGBMSD. Moo MM, 653390900l 6,347.7 35 (91.5%) o6 sG0L
dmOHgmwo, Gog bryer 14,599 Bo33900L dgopqbl.

MMamOE Bgdmo 500bodbs, 30MLMBOL 3mMgwsiool 0.5 s dg@o 8608369 mdol ddmbyg 6533907900 sto-
R3O I>Mo© dmmfgo dobbgmw odbs (5649 6533900900, HMBWgdLSE LaMfgeg o by H3mTs sd3z00 T3L-U-
096 3mbEHMogdBHob go6gdy), beerm sdso 3mMmgwsEool ddmby 6533900900 - 9659MMFYms. 53 d9dmbggzedo,
239035¢0LHobgdmos mM039 060gJumsb 3MEMgEs30s, 96w ol Mg Egbowgdo, HGMIEdLLE MMz 0bwgluol
890mbggzs90 0.5 96 dg@o 3OHgasgool 0bgduo 3mbosm. ImGHyme s sMBMOFYe bs3390090Dg VI-gdob
3093000 Q5LEGHWIOS, HMI 5533900900L SBEMgd0m 48.3%-b (MBOGEOSWMMO© SModm®fiyreo) (3348 3o)
093l B50o0 3MOges30s InOfymwo b53390900L Lodwswrm 358306909 msb, beagm 43.2% (2999 3s) 4obLbbgegy-
OO M9530Mg0L g35e35Hg s MmM0gg 0bwgduol 360036y mdgdo d30MEYds, s6v) fywol wgroEOoGHOM
0¢)obxgds [14].

|
\
[

NOVI

o
oo

® 5
& & & &

Bsb 4. mx30EosmYME 5Msdmmfigmo 6s3z9mgdols NDVI-ol s NDVMI-ol (bvy6. 3d)
Ls8ugsene 3608369¢rmdgd0 565308339300L 39Momdo.

116



LAI-L 30R@MFIBIMACIRMBOOL O6LAOBIBHOL 1LH3IGENIG™M AIFIOOMIBSRD B (M350S 3HISIR(, &.136, 2025
SCIENTIFIC REVIEWED PROCEEDINGS OF THE INSTITUTE OF HYDROMETEOROLOGY OF THE GTU, V.136, 2025

©3336s. dmEm OHML 3e0dsGHOL  (33¢0gd0L Fodm 235¢03900L boddodg 0bBOMEYdS. 35w39gdOL
961535 IbOO0Z0 396900 A59M (89GHIMOMEWMA0MMO0, 30MHMEMYH0YOHO, §3MbMT03MMO, 93MEMYOMEOO ©s 5.9.),
ob 306MHEs306 M) 0M0ds© IMJdgEgdl Lobmysmgdol 3bmzMgdol Momddol g4zgws s139JBHbg, OHMYMO
90309350006, 51939 M350 39ML3gdE03500. bodoMm3gEML sbolsMYAL IMOZ9wRIMHM3Z560 MgEL0gzo
5, dgbodsdolo, JodoByMo 30MMdJd0. 3530l 3339030  AsdmyYabado  Lbgswolbgs  0bogdlbol
LOMMMEg  IMZOEIOIMOos  A5FMmYgbgdeo  Fmbo3gdgdol  bgardolsfzmdmdaty. dwogho  335¢39d0L
LobdoMy 250BsMEs Jngeo 9394bol BoldBHodom, goblo3MmM®mId0om dmm smfiergmEqdol 3obdsgermdsdo. gl
A9babgos  3sbLogMmMMgd0m Mz Tolsgdos  5©TMLIZWgm  LodsOHMZaEml  EsdMdOL  dydmbggzsdo.
00mbo3Egm LogoMmzgerml boergdqdol dmbaigdgdol dsgowomby 30093 ghmo BHYbIbEos 3sdmzeobs. o
SPI-bs s SPEI-L 3m6gmoEos 99005090000 ©dso ogm s 999300©s 39MH0m©ol  HBOolosb ghma;
0550mo, 12 s 24-030560 3gHOMEIBOL JMOIMs305 MBROM  EOIWO 0gM, 30M9 3 ©s 6-0030560
39600m©gdoL. gl 5B39690L, OHMT 5©0IMbgEgm LodsGmzggmmbo a35¢3900L dgi3olgdoLsl db0d3zbgwm3zsbglns
39939M5GHO0L 330w gdol  omz5¢obiobgds Boergdgdol 33wowdsbmsb gHme. sdoGMI, LLLZWm
L5doM39e0 M0, L3 bGom LMBGHMM303IM0 3e0doE0s, 3353900l d+mbgdol Fglobgd Fodmoagbol d9Jdbs
dbmerm SPI-0l 959mygbgdom sG>0l Igbodengdgero. $500mbisgegom Bods®mggeml sdemdby, Lswsg dbmwmo
9ohmo  obgdbom BB LMoL  @bsbgs  bogawgds  Logs®smms,  dxmdglos  o8moygbmm
9653533050560 06gJlgdo, Losa Bsegdgdmsb gMms© Fom3zsmoliiobgdmwmwo 0dbgds GHgd3gmo@GMes ©s
Lbgs 8mbosgdgdo [8]. PCC (3 m39), HmIgeog 5639690l SPI-SPEI-l dmMob {i6g03 393006, 1o3dom domogos s
RMSE (SPI-SPEI) @s95¢005 y39es Boartolbogol, 3oblegwommgdoom bodwtmobs s 0gaegzologob. (gbMowo 1).
SPI-SPEI-bovgol (12 o3g) PCC (12 mgg) domoos. R2 @odoenos g3gews boamdologol. RMSE (SPI (12)-SPEI
(12)) ©@305¢05, Bro3 0©Jo6 dglsdsdolbmdsl 60dbsgl. 439wsBy dwogMo 353806H0 IBOJLOMES MobsdGO
@OHMOoL 396H0MEIdoL gsdmygbgdom 0badugdl dmeol. MMOl BsdmMBIbol BMHOLMD ghmo, (33esIdL
FmMob 3538060 bMLEY0s. LoAMgdol doaboo SPI-SPEI v)6009Hmmdgdols PCC dsgrosd 8s0sros, bogrm
L5YMGGOL MOl - FgsMgdom  dSWo. gl Fgodegds  soblbsl odom, MH®I  FgEHIMOMEMA0OHO
356589390l - $Hgd39MoGOol s 2obL3Mm©gdom  bogrgdgdol  LogmEMM-EOMomo  dobsfogds
95350 x5gMHM35605 Lb3o@olbgs 5a0wolmzol, bbgssbbgs Lodowwg®y s LoEyMMmIdO  FobesggdwyEos
Lb3oolb3s 3¢0do@EM BMbsdo. LoyMEM9dL dmemol dsbdowo slggg 360836 Mmzs60 Bog@m®os [10].

3309358 9B396s, MMI Boengdgdls s NDVI-L dmeMol M@mogmommds M0v)e0s s M35 3odEmGbge
©50Mm3000900.  DMYPS©I©, GHYJgool dgdmbggzsdo, gb 39306H0 NBOHM  LlE0s, MS3 Mez30L  dbGO]
©50Mm3000900s  bob  gglgms  LoLEYIsDy, Mg bl  MHymdl dzgbsmgdo  BHIbosbmdOL  bsby®mdwog
896560bMbgdsL, bmwm gmmEm3zsb0 FHIHOGHMM0S sTE0MHJOL sMOMJwgdsls. dgmegl dbGog, NDVI-l, boergdgdls
5 239530l 0bgJugdl  Jmeol  3sgdoMo MO  I608369wm3560s  LabmBErm-bsdgMOBgm  Bsombgddo.
d9L5dsd0Ls, Lb3gsslb3s G030l F3gbsmgmemds AoblbgsggdMWsE MYeaoMgdl 3sw3sHy ghmo s 03039
3035@NM  306MHmdgddo. NDVI @®Hmolb bghmhogdool gsdmyggbgdom, B39b aobLsbmgMsgm Lodwowm mzome
3603369wmdqdL  mommgmmo  [amGowobmgol, Mooz  dm3gzgds  Lodwewm  m3owmo  I60936gwrmdgdO
536050990 ©d d6gdM030 WsbEdsnBdolmzgol [13]. 33erg30L 30w 9HMO BoIsBDH@Bs 56Ol LsBFysgo
Pyaol  96999305Bm0gMo  459mygbgdol  0@gbEHORB0EMGdOL  Tgbadergdwrmds.  4sbbowemo  33¢93900L
059509005 583965 HMI Lodo®MZgarmli Jslid@odom §35¢03900L  33¢0930LsL  25sdfPyYzgBe 9603360 Mds
9603905 39¢gmOMEMa0vOH0 8mbszqdgdol ba®obbl s LsyMgdol Lomsbsm LobdoMmal. 3093 JHm JNs356M
2490mf393500 ©Mbgds  d399bol  AslidEodom  FofomboMagdEmdol Tglobgd  dfoMo dmbs3gdgdo. Tglsdsdols
Lodommg9eml dslid@odom 235603900l 93MEMROWOHO S §306MI03MMHO 2o3eqbado Fgloggsligdws bsFoMms
©IBHOWOHO 3393900 g3gws bgerdobsfzomdo dmbsggdol gomzowofjobgdom dom dmMol ©obEsbgom®ao
PDmboMgdwo dmbsizgdgdo.

woBgMoBm®s - References - JiutepaTtypa

1. Mumladze, D., Gagua, G., & Lomidze, N. (2013). Climate. In R. Gobejishvili, Geography of Georgia (pp. 78-97). Thilisi: Tbilisi
University Publishing. (in Georgian

2. Davitaia, E.. Climate. In Georgian. Thilisi. 1999

3. Gagua, G., Mumladze, D., & Javakhishvili, Sh. (2000). Climate. In Z.Tatashidze, K.Kharadze, ].Kekelia, & R.Khazaradze, Geogra-
phy of Georgia, Part 1 (pp. 91-103). Thilisi: Metsniereba. (in Georgian)

117



LAI-L 30R@MFIBIMACIRMBOOL O6LAOBIBHOL 1LH3IGENIG™M AIFIOOMIBSRD B (M350S 3HISIR(, &.136, 2025
SCIENTIFIC REVIEWED PROCEEDINGS OF THE INSTITUTE OF HYDROMETEOROLOGY OF THE GTU, V.136, 2025

4. Tsitsagi, M., Berdzenishvili, A., & Gugeshashvili, M. (2018). Spatial and temporal variations of rainfall-runoff erosivity (R) factor
in Kakheti, Georgia. Annals of Agrarian Science, 16(2), 226-235. https://doi.org/10.1016/j.aasci.2018.03.010

5. Janelidze Z. On some Reasons of Desertification and Climate Aridization of Iori Valley. Transactions of the Institute of Hydro-
meteorology, v. 115, Thilisi, Georgia, 2008, pp. 51-56.

6. Papinashvili L. Drought in Georgia. Transactions of the Institute of Hydrometeorology, v. 107, Thilisi, Georgia, 2002, pp. 28-33.

7. Tatishvili, M. R. ., Palavandishvili, A. M. ., Tsitsagi, M. B. ., & Suknidze, N. E. . (2022). The Use of Structured Data for Drought
Evaluation in Georgia. Journals of Georgian Geophysical Society, 25(1). https:/doi.org/10.48614/ggs2520224806

8. Tsitsagi, M., Gulashvili, Z., Bolashvili, N., and Leuchner, M.: Comparison of Meteorological Drought Indices in Georgia (1931-
2020), EGU General Assembly 2023, Vienna, Austria, 24-28 Apr 2023, EGU23-8917, https://doi.org/10.5194/egusphere-egu23-
8917,2023

9. L Kartvelishvili, M Tatishvili, A Amiranashvili L Megrelidze, N Kutaladze Weather, Climate and their Change
Regularities for the Conditions of Georgia Monograph, Publishing House “UNIVERSALI”, Tbilisi, 2023
doi.org/10.52340 /mng.9789941334658

10. Tatishvili, M., Palavandishvili, A., Tsitsagi, M., Suknidze, N. (2023). The Big Data for Drought Monitoring in Georgia. In: Geibel,
R.C., Machavariani, S. (eds) Chances and Challenges of Digital Management. ISPC 2023. Springer Proceedings in Business and
Economics. Springer, Cham. https://doi.org/10.1007/978-3-031-45601-5 13

11. Meladze, M., & Meladze, G. (2017). Climate change: A trend of increasingly frequent droughts in Kakheti Region (East Georgia).
Annals of Agrarian Science, 15(1), 96-102. https:/doi.org/10.1016/j.aasci.2017.02.011

12. Zhang, Q., Kong, D., Singh, V. P., & Shi, P. (2017). Response of vegetation to different time-scales drought across China: Spatio-
temporal patterns, causes and implications. Global and Planetary Change, 152, 1-11. https:/doi.org/10.1016/
j.gloplacha.2017.02.008

13. Tsitsagi, M., Gulashvili, Z., Bolashvili, N., Tatishvili, M., & Suknidze, N. (2022). RELATIONSHIP BETWEEN NORMALISED
DIFFERENCE VEGETATION INDEX, PRECIPITATION AND DROUGHT INDICES (CASE OF KAKHETI, GEORGIA). In-
ternational Multidisciplinary Scientific GeoConference SGEM. . . ., 2022, 357-364. https:/doi.org/10.5593/sgem2022/4.1/s19.46

14. Tsitsagi, M., Palavandishvili, A., & Gulashvili, Z. (2024). DROUGHT INDICES AND VIS-BASED CANOPY STATUS OF
VINEYARDS. International Multidisciplinary Scientific GeoConference SGEM, 2024, 83-90.
https://doi.org/10.5593/sgem2024/3.1/s12.11

UDC:111.111

Difficulties in Estimating the Negative Ecological and Economic Impacts of Droughts in Georgia/Mariam Tsitsagi, Zaza Gulash-
vili, Ana Palavandishvili, Marika Tatishvili, Nanuli Zotikishvili/ Transactions IHM, GTU. -2025. -vol.136. -pp.109-119. - Georg.,
Summ. Georg., Eng.Rus.

Drought is one of the main challenges of climate risks in Georgia, the intensity and spread of which have increased significantly in
recent decades due to climate change. The aim of the study is to assess the ecological and economic impact of drought and identify irrigated
lands using drought (SPI, SPEI, EDI) and vegetation indices (NDVI, NDMI). The data analysis is based on climate information for 1991-
2020, obtained from meteorological stations of the National Environment Agency and visualizations based on SENTINEL2 satellite data.
The study revealed that the correlation of drought indices with vegetation indices in Eastern Georgia is low, especially in natural landscapes,
which is due to the variability of temperature and precipitation in the region. In contrast to the humid climatic conditions of Western Geor-
gia, in Eastern Georgia there is a tendency for the correlation of SPI and SPEI indices to decrease with increasing rainfall periods. It was also
revealed that NDVI and NDMI indices are more sensitive in the case of areas covered with agrarian, annual crops, which indicates a high
response of these crops to drought. An important finding was that a significant part of officially non-irrigated plots can actually be consid-
ered irrigated based on the high correlation of the indices. In particular, 48.3% of non-irrigated plots in Telavi Municipality have
NDVI/NDMI indices in high agreement with irrigated areas, which may indicate informal irrigation practices. At the same time, 43.2% of
the indices show a sharp decrease, which puts them in a state of high drought sensitivity. The research made it possible to assess the effi-
ciency of irrigation systems and identify informal irrigation, which is an important basis for better management of water resources and sus-
tainable development of agriculture.

YAK: 111.111
TpyAHOCTH OLIeHKH HEraTUBHBIX IKOJOTHYEeCKUX U IKOHOMHUYECKUX nocjeacTsuii 3acyx B I'pysun/Mapuam Luna-
ru, 3a3a lynamBuian, Ana Ianasangumsuian, Mapuka Tarumsuian, Hanymu 3oruxkumBmimm/C6. Tpynos UI'M
I'TY.-2025. — Tom 136. - c. 109-119. - I'py3.; Pe3: I'py3., Auru., Pyc.

3acyxa SIBISIETCS OTHIM U3 OCHOBHBIX KITMMATHUIECKUX PUCKOB I py3uH, MIHTEHCHBHOCTb U PAaCIPOCTPAHEHHE KOTOPOTO 3HAYH-
TEIBHO BO3POCIIM 33 TIOCTEHWE IeCSTWICTHS W3-32 M3MEHEeHWs KimMara. Llenmbio mccrenoBaHust SIBISETCS OLEHKa HKOJIOTO-
SKOHOMHYECKOTO BO3ICHCTBISI 3aCyXH U BBIIBJICHHE OPOIIAEMBIX 3eMeJIh C UCIIONb30BaHkeM nHekcoB 3acyxu (SPI, SPEI, EDI) u ere-
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tarmoHHoro vHekca (NDVI, NDMI). Anami3 1aHHbIX OCHOBaH Ha KIMMAaTHIeCcKor nHpopMariu 3a 1991-2020 ropl, MOIydeHHOH ¢
METEOPOJIOTHYECKHX CTaHIWMK HaroHaIpHOTO areHTCTBa 1Mo OXpaHe OKPYJKAOIIEH CPEbl, M BU3YATH3ALIIX Ha OCHOBE CITyTHHKOBBIX
maraeIx SENTINEL2. Mecnenopanme mokasao, 9To KOppesBiis HHACKCOB 3aCyXH ¢ MHIEKCAMH pacTHTeNbHOCTH B BoctouHoit [py3mm
HI3Kas1, 0COOCHHO B MPHUPOHBIX JIaHAIIA(TAX, YTO 00YCIIOBICHO M3MEHUMBOCTHIO TEMITEPaTypbl M OCAIKOB B pervioHe. B ommmme ot
BIIOKHBIX KIMMATHYSCKUX ycioBuid 3amamuoit ['py3um, B BocrouHoii ['py3un HaOmroaeTcst TCHACHIMS K CHIDKCHHIO KOPPEIISIIN HH-
nexcoB SPI u SPEI ¢ yBenmmuennem miepruonoB ocakoB. Taroke Obuto BeisiBiIeHO, uto uHaekesl NDVI u NDMI Gonee dyBcTBUTETBHBI B
CiTy4ae TepPUTOPHH, 3aHSTHIX CENTECKOXO3SHCTBEHHBIMU OJTHOJISTHUMH KYJIBTYPaMH, YTO CBHJIETENIECTBYET O OoJiee BBICOKOH PEaKLyH
9THX KYJBTYp Ha 3acyXy. BayKHBIM BBIBOZIOM CTJIO TO, YTO 3HAYMTESBHYIO YacTh O(HIMATHHO HEOPOIIAEMBIX YYACTKOB (haKTUIECKU
MOXKHO CUHTATh OpOIIAEMbIMU Ha OCHOBAaHNHU BBICOKOH KOppEJIILIMK MHAEKCOB. B uacTHoCTH, 48,3% HeopolaeMbIX y4acTKOB B MyHH-
munamirere Temaeu nveroT unnekcsl NDVI/NDMI, Haxopsiiecs: B BBICOKO# CTEIEHH COOTBETCTBHSI C OPOIIACMBIMH IIIOLIAISIMH, YTO
MOXET YKa3bIBaTh Ha HehopMaTbHYHO MpakTHKy oporueHus. [Ipr 3roM HabmomaeTes pe3koe CHIDKEHHE HHIIEKCOB Ha 43,2%, 9To CTaBUT
MX B COCTOSIHIE BBICOKOM 3aCyXOYCTOMYIMBOCTH. VIccenoBanyie TO3BOMIO OICHUTD 3P (EKTHBHOCTD CHCTEM OPOIICHUS M BEIIBUTH He-
(hopMaTFHOE OpOIIICHHE, YTO SIBISIETCS BAYKHOW OCHOBOH U1 Oonee 3(h(eKTMBHOTO YIpaBJieHHs] BOIHBIMH PECYpCaMr M YCTOHIIBOTO
Pa3BUTUS CENBCKOIO XO3SHCTBA.
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The work was prepared within CA21146 - Fundamentals and applications of purple bacteria biotechnology for re-
source recovery from waste (PURPLEGAIN)

Summury. Purple phototrophic bacteria (PPB), a metabolically versatile group within Proteobacteria, offer
promising solutions for circular bioeconomy through bioresource recovery and wastewater treatment. The paper ex-
amines the potential of PPB-based biotechnology in the context of Georgia. The aim of the study was to find out how
PPB systems adapted to local realities can be effectively implemented. The paper reflects the latest international in-
novations and best practices in the development and implementation of PPB systems. The ways of integrating PPB
technologies into the sustainable waste management and renewable energy sectors in Georgia are also discussed.

Key words: Purple phototrophic bacteria (PPB), circular bioeconomy, wastewater treatment, resource re-
covery, photobioreactors

Introduction. Purple phototrophic bacteria (PPB), particularly the two main subgroups—purple sulfur bacte-
ria (PSB) and purple non-sulfur bacteria (PNSB)—are known for their remarkable metabolic plasticity and ecological
adaptability. These microorganisms can flourish in a wide range of environmental niches, including anaerobic aquatic
systems, sediments, and wastewater environments, due to their ability to perform multiple modes of metabolism de-
pending on the availability of light, carbon, and electron donors (Capson-Tojo et al., 2020; Sakarika et al., 2019). They
are capable of phototrophic growth under anaerobic light conditions, as well as chemotrophic growth in dark envi-
ronments using organic compounds. This metabolic versatility allows them to utilize various carbon sources such as
volatile fatty acids, alcohols, and organic acids, and to employ diverse electron donors including hydrogen sulfide,
molecular hydrogen, and ferrous iron.

Because of these capabilities, PPB are emerging as ideal microbial platforms for advanced biotechnological
applications. Their roles in processes such as biological hydrogen production, bioplastic synthesis through accumula-
tion of polyhydroxyalkanoates (PHAs), and efficient treatment of organic-rich wastewaters have been demonstrated
in both lab-scale and pilot-scale systems (Guzman et al., 2019; Semenov et al., 2011). They not only contribute to pol-
lution mitigation but also enable recovery of high-value bioresources from waste, aligning well with principles of the
circular bioeconomy.

Georgia, as a country with a rapidly expanding agro-industrial sector and persistent challenges in wastewater
management infrastructure, provides an excellent case for the application of PPB-based technologies. Sectors such as
winemaking, dairy production, and livestock farming generate substantial amounts of organic waste, much of which
is currently underutilized or improperly treated. PPB can serve as a biological bridge between waste management and
value-added production. Despite global progress - especially in countries like Spain, China, and India, where integrat-
ed PPB technologies have been tested and optimized (Capson-Tojo et al., 2020)—the South Caucasus region, includ-
ing Georgia, remains underrepresented in applied PPB research and deployment.

This research aims to fill that gap by assessing the technical feasibility, economic viability, and environmen-
tal benefits of implementing PPB-based systems in Georgia. In particular, it explores how PPB can contribute to or-
ganic waste valorization, renewable energy generation, and the development of a more circular and sustainable econ-
omy. Additionally, we propose pathways for adapting international best practices to local conditions, fostering inno-
vation, and building research capacity within the Georgian context.

Biology and Metabolism of PPB. PPB are able to thrive and grow in anaerobic or microaerobic conditions,
utilizing light as their primary energy source. Under these conditions, they can harness a variety of organic and inor-
ganic compounds as electron donors, which further enhances their adaptability to diverse environments (Fukuzumi et
al., 2018). Their highly efficient photosynthetic apparatus is considered one of the most advanced in nature, with
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quantum yields that reach 100% in their reaction centers and over 80% in light-harvesting complexes. This makes
them exceptionally efficient at converting light energy into chemical energy, far surpassing many other microbial
systems (Semenov et al., 2011). Additionally, PPB are capable of performing a wide range of metabolic processes, in-
cluding photoheterotrophy, where they use light to oxidize organic carbon sources, and photoautotrophy, where they
convert carbon dioxide into organic carbon through photosynthesis. This metabolic flexibility also extends to fermen-
tation and respiration, allowing them to maintain energy production even in the absence of light, further enhancing
their survival in fluctuating environmental conditions (Csiki et al., 2018).

This metabolic versatility enables PPB to degrade a wide array of organic pollutants commonly found in both
domestic and industrial wastewater, including volatile fatty acids, amino acids, alcohols, and other complex organic
compounds (Puyol et al., 2017). Their ability to process these diverse pollutants makes them particularly effective in
decentralized treatment systems, where wastewater is often heterogeneous and challenging to treat using conven-
tional methods. Furthermore, PPB thrive in mixed-culture bioreactors, where they can coexist with other microor-
ganisms, allowing for a more efficient and cost-effective treatment process. The ability to use mixed cultures without
the need for sterilization further reduces operational costs and makes them a more sustainable alternative to tradi-
tional wastewater treatment methods.

Technological Applications of PPB. PPB have been extensively utilized in biotechnological processes for the
production of various valuable bioresources, including biohydrogen (Capson-Tojo et al., 2020), polyhyd-roxyalkano-
ates (PHAs) (Sakarika et al., 2019), and microbial proteins (Cao et al., 2020). Biohydrogen production, for instance, is
one of the most promising applications of PPB, as these microorganisms can convert organic substrates into hydrogen
gas under anaerobic conditions. This process not only generates hydrogen, a clean fuel, but also helps in the recovery
of organic carbon from waste streams, making it a dual-purpose technology for both energy production and waste
treatment. Similarly, polyhydroxyalkanoates (PHAs) are biodegradable plastics produced by PPB through the accu-
mulation of carbon sources, particularly fatty acids and alcohols, which are abundant in organic waste. These bioplas-
tics offer a sustainable alternative to conventional petroleum-based plastics, as they decompose naturally in the envi-
ronment. Furthermore, PPB can produce microbial proteins, which have various applications in animal feed, food
products, and even as a source of alternative proteins for human consumption. The microbial protein production is
particularly important in the context of food security, as it provides a protein-rich alternative to traditional sources
like soy and animal-based products, all while utilizing organic waste as a substrate.

Mixed-culture biotechnologies, which involve the use of diverse microbial communities, have shown signifi-
cant advantages in optimizing PPB-based systems for treating complex waste streams. These biotechnologies allow for
the treatment of mixed waste without the need for sterilization, significantly reducing operating costs. The use of
mixed cultures not only reduces the financial burden of maintaining axenic (pure) cultures but also enhances the ro-
bustness of the treatment process, as microbial communities are often more resilient to environmental fluctuations.
By fostering synergistic interactions among different microorganisms, mixed-culture systems can improve the effi-
ciency of pollutant degradation, nutrient cycling, and the overall stability of the bioreactor (Winans et al., 2017).
These technologies are particularly useful in regions with variable waste compositions and in decentralized systems,
where the cost of maintaining a sterile environment would be prohibitively high.

In terms of reactor design, innovations in photobioreactor systems, such as tubular and raceway configura-
tions, have greatly advanced the performance of PPB-based processes. Tubular photobioreactors, with their elongat-
ed, cylindrical design, allow for better light distribution and enhanced exposure of the bacteria to sunlight, which is
crucial for maximizing photosynthetic activity. Raceway ponds, which are shallow, open-channel systems designed
for the large-scale cultivation of microalgae and phototrophic bacteria, have been particularly effective in maximizing
biomass productivity. These open-pond systems allow for optimal mixing and circulation of the culture, ensuring uni-
form distribution of nutrients and light. Studies have shown that in pilot-scale applications, raceway ponds with vol-
umes ranging from 10 to 35 m3 have been successful in treating agro-industrial waste, such as winery effluents and
dairy waste, while simultaneously recovering valuable products like PHAs and microbial proteins (Capson-Tojo et al.,
2020). The integration of these advanced bioreactor designs with PPB-based systems not only improves the overall
productivity and efficiency of the process but also makes it more scalable and adaptable to different types of organic
waste.
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Relevance for Georgia. Georgia’s agricultural and food-processing industries are among the leading contribu-
tors to organic waste generation in the country, producing large amounts of biomass, food residues, wastewater, and
other organic by-products. However, much of this organic waste remains either untreated or is underutilized, leading
to environmental pollution and the loss of valuable resources (Mario Martin-Gamboa et al., 2023). These waste
streams include materials like fruit and vegetable scraps, whey from dairy production, and animal manure from live-
stock operations, all of which have the potential to be converted into valuable bioresources. The agricultural and
food-processing industries in Georgia, particularly in Kakheti and Samtskhe-Javakheti, produce significant quantities
of organic waste as part of their regular operations. Kakheti, known for its extensive vineyards and wineries, gener-
ates large amounts of organic waste, including grape pomace, skins, and seeds, which often remain unused or improp-
erly disposed of. Similarly, Samtskhe-Javakheti, with its rich history in dairy farming and livestock production, gen-
erates considerable volumes of effluents and organic by-products from these industries. In many cases, this waste is
either dumped into the environment or used inefficiently, contributing to pollution and missed opportunities for re-
source recovery.

Purple phototrophic bacteria (PPB) present an innovative and sustainable alternative for converting these or-
ganic wastes into valuable bioresources. PPB-based technologies can be utilized to treat and valorize agro-industrial
wastes in a variety of ways, making them ideal candidates for waste-to-resource applications. For example, PPB can
be deployed in small-scale bioreactors designed to treat organic waste effluents from the winery, dairy, and livestock
industries. By utilizing the metabolic flexibility of PPB, these industries can treat their wastewater in a way that not
only reduces the environmental impact of their operations but also recovers valuable products such as biohydrogen,
microbial proteins, and bioplastics. The use of bioreactors offers a decentralized, cost-effective solution that can be
implemented locally to avoid the high costs associated with transporting waste to central treatment plants. In regions
like Kakheti, where wine production is a key industry, PPB can effectively break down the complex organic com-
pounds in winery wastewater and produce renewable bioresources that can be reintegrated into the production cycle
(Srivastava, P. et al., 2024).

Additionally, the relatively high annual solar irradiance in both Eastern and Western Georgia makes the de-
ployment of photobiological processes especially favorable. The combination of abundant sunlight and the photo-
trophic capabilities of PPB creates an energetically viable system for waste treatment and resource recovery. PPB,
being photosynthetic organisms, can utilize light as an energy source, which reduces the need for external energy
inputs. This characteristic makes them particularly well-suited for regions with high solar exposure, such as Georgia,
where the climate provides ample sunlight for photobiological processes. As a result, PPB-based technologies not only
offer environmental benefits but also provide an energy-efficient alternative to conventional waste treatment meth-
ods, reducing operational costs and increasing overall sustainability (Ciani, M. et al., 2024).

Furthermore, Georgia’s existing wastewater treatment infrastructure offers a strategic advantage for imple-
menting PPB-based systems. Many of Georgia’s municipalities face challenges related to nitrogen and carbon removal
in wastewater treatment plants. Existing infrastructure could be retrofitted with PPB systems to address these chal-
lenges, improving the efficiency of nutrient removal while also enabling the recovery of valuable bioresources. Nitro-
gen and carbon compounds are often difficult to remove from wastewater using conventional treatment methods, but
PPB have the ability to degrade these pollutants efficiently while simultaneously producing valuable products. By
integrating PPB into the existing infrastructure of wastewater treatment plants, municipalities can not only meet reg-
ulatory requirements for wastewater quality but also contribute to the development of a circular economy, where
waste is transformed into valuable resources that can be reused within the local economy (Manikanta M. Doki et al.,
2024). This retrofitting approach reduces the cost and complexity of implementing new technologies, making it a
more feasible solution for municipalities struggling with outdated or overburdened treatment systems.

Isolation and Adaptation of Local Strains. To ensure effective bioreactor performance, the local adaptation of
PPB strains is a key factor in optimizing their efficiency for specific applications. In Georgia, various natural sources
such as sludge, ponds, and riverbanks have been identified as rich habitats for phototrophic microbial communities,
which could serve as a source for the isolation of PPB strains. These environments, often abundant in organic matter,
provide ideal conditions for the growth of diverse microbial populations, including those capable of performing pho-
totrophic processes. Natural sources like riverbanks and ponds, where organic waste and nutrients accumulate, create
a suitable environment for the proliferation of phototrophic microorganisms. Studies have shown that such microbial
communities are not only diverse but also highly adapted to local environmental conditions, making them valuable
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for the isolation of native PPB strains that can thrive in Georgia’s specific climate and agricultural context (J.R. Al-
meida et al., 2023). In the context of Georgia’s rural regions, where agro-industrial waste is prevalent, these natural
habitats are particularly abundant and accessible, providing an invaluable resource for local biotechnological applica-
tions.

Isolation techniques play a critical role in selecting the most effective strains for bioreactor systems. Tradi-
tional methods of isolation include selective anaerobic culturing under infrared light, which helps to promote the
growth of PPB strains that are adapted to anaerobic environments, commonly found in agricultural and industrial
waste streams. Additionally, the enrichment of samples with organic acids or sulfides has proven effective in stimulat-
ing the growth of PPB species, as these organisms are known to metabolize a wide range of organic compounds. This
selective culturing process ensures the enrichment of highly efficient and robust strains capable of thriving in the
nutrient-rich but often complex and contaminated waste environments typical of agro-industrial effluents. The use of
selective enrichment techniques also improves the likelihood of isolating strains that possess superior metabolic capa-
bilities, enabling them to degrade pollutants while producing valuable by-products such as biohydrogen or bioplastics.
These methods not only enhance strain performance but also make the isolation process more efficient and cost-
effective for large-scale applications (Ali Moradvandi et al., 2024).

Furthermore, genomic and proteomic profiling of native strains offers an advanced approach for identifying
and selecting high-performing isolates suited for specific biotechnological applications. By analyzing the genetic
makeup of PPB strains, researchers can pinpoint key traits and metabolic pathways that contribute to the bacteria’s
ability to efficiently degrade pollutants, recover bioresources, and produce valuable compounds. Proteomic profiling,
which involves analyzing the proteins expressed by these strains under various conditions, further aids in understand-
ing the mechanisms of metabolism, pollutant degradation, and energy production within the bioreactor systems.
These advanced molecular techniques allow for a more targeted selection process, ensuring that only the most effec-
tive strains are used in bioreactor systems, thereby optimizing overall system performance. The integration of these
methods has the potential to significantly enhance the efficiency and sustainability of PPB-based biotechnologies
(Sara Diaz-Rullo Edreira et al., 2024).

In addition, the use of mixed-culture systems has been shown to be particularly effective in optimizing PPB
performance in bioreactors. In such systems, PPB can be combined with other microbial species to create a more ro-
bust and resilient microbial community capable of treating a wider range of waste substrates. Mixed-culture systems
are especially advantageous for handling complex waste streams, as they allow for the synergistic interaction between
different microbial species. The optimization of these systems involves the promotion of PPB dominance by adjusting
factors such as light regimes, feedstock pre-treatment, and nutrient control. By fine-tuning these environmental pa-
rameters, researchers can enhance the growth and activity of PPB while suppressing competing microorganisms that
may not be as effective at degrading pollutants or producing valuable by-products. Furthermore, the flexibility of
mixed-culture systems allows for their adaptation to different waste streams, enabling the treatment of a variety of
organic and inorganic pollutants. As such, the optimization of mixed-culture systems is a crucial step in the develop-
ment of sustainable PPB-based waste treatment and bioresource recovery technologies (Abbas Alloul et al., 2023).

Environmental and Economic Assessment. While laboratory and pilot studies have shown that PPB-based
systems hold great potential, the large-scale application of such technologies in Georgia requires a comprehensive life
cycle assessment (LCA) and techno-economic analysis (TEA) to evaluate their viability. These studies are crucial in
determining whether the advantages observed in small-scale studies can be replicated at larger scales, taking into ac-
count local conditions such as climate, waste characteristics, and existing infrastructure. Preliminary LCA results have
suggested that PPB systems have favorable energy balances and carbon footprints when compared to conventional
wastewater treatment methods, highlighting the potential of PPB for sustainable waste management. In particular,
PPB-based technologies offer an energy-efficient alternative to traditional treatment, with a reduced reliance on
chemical inputs and a lower overall environmental impact. LCA also reveals the potential for PPB systems to contrib-
ute to the circular bioeconomy by recovering valuable by-products such as bioplastics, biohydrogen, and biofertilizers
while treating agro-industrial waste. Such systems could significantly reduce the environmental burden associated
with conventional treatment methods, making them an attractive option for Georgia’s green development agenda
(Sakarika et al., 2019; Hassan Azaizeh et al., 2022).

For Georgia, implementing a modular rollout of PPB-based waste valorization units at municipal or industrial
nodes presents an exciting opportunity to stimulate green jobs and significantly reduce pollution. These small-scale
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units could be deployed at various locations, including agricultural hubs and food-processing centers, where waste
generation is high. Such localized solutions would not only reduce transportation costs but also ensure that the tech-
nologies are directly aligned with the regions’ waste characteristics. Additionally, the modular nature of the systems
means they can be scaled up gradually, minimizing the financial risk and making them adaptable to varying opera-
tional needs. The integration of these systems would align with EU-aligned environmental policies, supporting the
country’s commitment to sustainability and climate goals. Moreover, PPB-based technologies could create new ave-
nues for economic growth, particularly in rural areas, by generating local employment opportunities in bioreactor
operation, maintenance, and waste management. As a result, these systems would contribute to the economic devel-
opment of rural communities, promoting sustainable agricultural practices and reducing environmental degradation
in line with EU standards (Maria del Rosario et al., 2024).

The techno-economic analysis (TEA) of PPB-based systems in Georgia should consider a range of factors to
evaluate their long-term economic feasibility. One of the key elements in this analysis is the cost of photobioreactors,
which can vary significantly depending on the design, size, and materials used. Additionally, seasonal light variability
plays a crucial role in the efficiency of photobioreactors, especially in Georgia, where sunlight intensity and duration
fluctuate throughout the year. These variations can impact the overall biomass productivity and the economic viabil-
ity of the systems, requiring adjustments to operational strategies and possibly additional energy inputs during the
winter months. Another important aspect of the TEA is the potential revenue from the valuable by-products that PPB
can produce, including bioplastics, hydrogen, and biofertilizers. These by-products not only provide a sustainable
source of income but also have high demand in the global market, enhancing the profitability of PPB-based technolo-
gies. Therefore, a detailed TEA will help optimize operational parameters and ensure that the implementation of PPB
systems can be both economically viable and aligned with environmental objectives (Moia I. C. et al., 2024).

Challenges and Future Directions. Key barriers to the large-scale implementation of PPB-based biotechnolo-
gies include challenges such as low awareness among stakeholders, lack of standardized measurement protocols, and
various technical difficulties associated with scaling up bioreactors. Despite the clear advantages that PPB technolo-
gies offer for waste valorization and sustainable development, there remains a gap in understanding and acceptance in
certain sectors. Low awareness limits the allocation of resources and development of supportive frameworks. The lack
of standardized measurement protocols complicates the assessment and comparison of PPB systems across different
regions and applications, creating a barrier to the widespread adoption of these technologies. Without standardized
frameworks, it becomes difficult to ensure consistency in performance evaluations, which can deter stakeholders
from supporting large-scale deployments. Furthermore, technical difficulties in scaling up bioreactors present a chal-
lenge for moving from laboratory studies and small pilot projects to commercial-scale operations. The complexities of
bioreactor design, light distribution, and nutrient control must be optimized for larger systems to achieve consistent
and efficient results at scale. Addressing these challenges requires collaboration between researchers, engineers, and
industry leaders to develop cost-effective and scalable solutions (Luciano Bosso et al., 2024).

However, despite these obstacles, there has been significant progress in overcoming some of the barriers
through global collaboration. Global networks like PurpleGain have played a pivotal role in harmonizing metrics and
fostering interdisciplinary collaboration among researchers, industry experts, and practitioners. Through platforms
like PurpleGain, information exchange, research collaboration, and joint initiatives have enabled standardization of
key performance indicators for PPB-based technologies, facilitating more accurate and comparable data across studies.
These efforts have also helped raise awareness about the potential of PPB for wastewater treatment, bioremediation,
and the circular bioeconomy, especially in countries with emerging interest in these technologies. By promoting in-
terdisciplinary collaboration, PurpleGain has ensured that experts from different fields—such as biotechnology, envi-
ronmental engineering, and industry—work together to advance PPB research and commercial application. This col-
laboration is crucial for overcoming the technical and practical challenges that have thus far slowed down the imple-
mentation of PPB-based solutions (Marta Cerruti et al., 2023).

For Georgia, the establishment of a national research program focused on PPB technologies could serve as a
catalyst for innovation. With support from EU and local grants, such a program could help accelerate research and
development, ensuring that Georgia stays at the forefront of green biotechnology. This initiative could also address
the barriers related to awareness and standardization, bringing together researchers, and industry stakeholders to cre-
ate a cohesive framework for PPB application in the country. Furthermore, cross-sector collaborations between uni-
versities, municipalities, and industries are vital to unlocking the full potential of PPB biotechnologies. Universities
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can lead in terms of research, strain isolation, and bioreactor optimization, while municipalities can provide real-
world applications and serve as pilot sites for testing these technologies. Industries, particularly those in the agro-
industrial and waste management sectors, can help scale up the technology and bring it to market. By working to-
gether, these sectors can ensure that PPB-based solutions are developed in a way that is both scientifically sound and
economically viable, contributing to Georgia’s sustainable future and circular economy goals.

Conclusion. Purple phototrophic bacteria (PPB) represent a transformative and highly promising technology
that could significantly drive Georgia’s sustainable development agenda forward. These bacteria, due to their remark-
able metabolic flexibility, can be applied in various waste-to-resource systems, offering potential solutions to envi-
ronmental problems that are currently facing the country. Their application can reduce environmental burdens by
efficiently treating agro-industrial wastewater, converting organic waste into valuable bioresources such as bioplas-
tics, biohydrogen, and microbial proteins. By integrating PPB into waste management systems, Georgia could lower
its reliance on traditional, energy-intensive waste treatment methods, thus reducing the environmental impact of
industries, especially in agriculture, food processing, and energy production.

Furthermore, the widespread adoption of PPB-based technologies could have profound socio-economic
benefits for Georgia’s rural economies. These technologies can support rural development by providing new income
streams through waste valorization and the creation of green jobs in bioreactor operations, waste management, and
the emerging bioeconomy sectors. Rural areas, where agro-industrial waste is often underutilized, could greatly bene-
fit from PPB systems that offer a sustainable method to convert organic waste into valuable products. This would en-
hance local economies by creating new industries, fostering entrepreneurship, and improving the livelihoods of rural
populations. Additionally, as PPB technologies are scalable, they could be deployed in small- to medium-sized opera-
tions, making them accessible even to smaller municipalities and agricultural businesses.

By adopting PPB technologies and integrating them into a circular bioeconomy framework, Georgia would
not only be addressing its environmental and economic challenges but also aligning with global climate goals. The
technologies could contribute to the reduction of greenhouse gas emissions, improvement of carbon and nutrient cy-
cles, and promotion of renewable energy. This approach is particularly aligned with the broader goals of global sus-
tainability that aim for reduced waste, enhanced resource recovery, and minimized environmental degradation. As
climate change mitigation becomes increasingly important on the global stage, Georgia’s early adoption of such trans-
formative technologies would position it as a forward-thinking leader in the region.

However, realizing the full potential of PPB in Georgia requires strategic investment in key areas, such as lo-
cal strain isolation to ensure the adaptation of PPB to Georgia’s unique environmental conditions, the deployment of
bioreactors that can optimize the performance of these bacteria, and increased public engagement to raise awareness
about the benefits of these technologies. By fostering public-private partnerships, supporting research in local aca-
demic institutions, and securing EU and international funding, Georgia can accelerate the development of PPB-based
solutions. Local research centers can play a key role in leading the development of PPB strains and bioreactor optimi-
zation, while industry collaboration will be critical for scaling up these technologies.
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Hcnoan3oBanue nypnypHbix ¢potorpodHbix 6aktepuii (PPB) 1/ kpyropoii 6103K0HOMHKH M BaJI0PU3aLMH CTOY-
HbIX B0 B I'py3un/Harena J3eoucamuny, Japemxan Jyramsumau/ Tpyast IHM, GTU. -2025. -1.136. -cTp.120-127. -
Amnrmn., Pes. I'py3., Auri., Pyc.

[Typoypaeie Gotorpodrbie 6akTepuu (PPB), MeTabomnueckn yHUBEpcaabHas rpymma B coctaBe Proteobacteria,
MpeIaraloT MePCIeKTUBHbBIC PEIICHNS ISl HUPKYIIIPHONH OMO3KOHOMHKH ITOCPEJCTBOM BOCCTaHOBIICHUSI OHOPECYPCOB U
OYMCTKH CTOYHBIX BOJ. B craThe paccMmarpuBaeTcs moTeHnuan onorexHonoruu Ha ocHoBe PPB B xonTekcre ['pysun. Lle-
JbO UCCIIEJOBaHMS OBIJIO BBISICHUTD, KaK MOKHO 3(dekTuBHO BHeApHUTH cucteMbl PPB, aganTupoBanHbIe K MECTHBIM pea-
maM. B cTaThe oTpakeHbI NMOCIEIHNE MEKIyHApPOAHbIC HHHOBAMK U TIEPEJ0OBOM OMBIT B pa3pab0TKe M BHEAPEHHUU CHU-
ctem PPB. Taxoke 00CYXIarOTCs IyTH WHTETPAIK TeXHOJOTHH PPB B CeKTOpHI yCTONUMBOTO ympaBIICHHUS OTXOJAMHU H
BO300HOBIISIEMOH SHEpreTHKH B ['py3un.
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Summary. The Barakoni Cathedral, built in 1753 in the Racha region of Georgia, stands as a distinguished mon-
ument of Georgian ecclesiastical architecture. Recent observations have identified chemical and biological deterioration on
its walls, including surface greening and cracking. This paper analyzes how restoration interventions, particularly, the re-
placement of the original roofing with copper and ongoing climate change (e.g., increased humidity, rain, and thermal
stress) contribute to the degradation of the building stone. Emphasis is placed on the material’s mineralogical composition
and associated chemical weathering mechanisms to offer science-based recommendations for conservation.

Keywords: Barakoni, Heritage, Erosion, Climate Change, Negative Impact

Introduction. The Barakoni Cathedral of the Mother of God, commissioned in 1753 by Duke Rostom of Racha,
is a distinguished representation of Georgia’s late medieval ecclesiastical architecture. Located in the village of Tsesi, the
cathedral is uniquely situated on a steep rocky promontory overlooking the confluence of the Rioni and Lukhuni rivers.
This setting, while visually striking, subjects the structure to a range of natural and anthropogenic stressors including hy-
drological exposure, seismic activity, and fluctuating microclimatic conditions.

Constructed from locally sourced, finely hewn stone blocks, the cathedral features a domed cruciform design en-
riched with intricate decorative reliefs.

The cathedral’s location in a geomorphologically active zone subjects it to frequent humidity fluctuations, capil-
lary water movement, and periodic freeze-thaw events. These processes promote salt crystallization and microcracking
within the stone matrix, which are further amplified by the structure’s exposure to prevailing winds and seasonal rainfall.
Barakoni also sustained minor structural damage during the 1991 Racha earthquake, which was followed by a series of
rapid and, in some cases, ecologically insensitive restoration efforts. For example, the replacement of the original stone-
compatible roofing with copper sheets—although intended to improve weather resistance has introduced new chemical
dynamics.

Furthermore, incompatible modern mortars were used during the restoration work, resulting in differential weath-
ering, where the original and restored materials deteriorate at different rates. These mismatches have accelerated mechani-
cal stresses at stone-mortar interfaces and caused further microstructural deterioration.

In ecological terms, the Barakoni Cathedral exists within a sensitive transitional zone between riverine and mon-
tane ecosystems. Microclimatic shifts due to climate change—such as increased rainfall intensity, humidity variation, and
temperature extremes—are now actively influencing the biodeterioration of the fagade through lichens, mosses, and mi-
crobial biofilms that release organic acids capable of degrading carbonate stone.

To preserve the monument within this dynamic natural environment, it is critical that future conservation inter-
ventions adopt a material-science-informed, eco-sensitive approach. This includes the use of compatible mortars, non-
invasive biological cleaning, breathable surface treatments, and hydrological engineering to prevent water retention. With-
out such scientifically guided action, both the cultural and ecological integrity of the Barakoni Cathedral may continue to
erode.

Aim and Objectivs. Our research began in January 2024. The research is aimed at development of a
methodology for the mechanisms of long-term protection of historical and architectural heritage in some regions of
Georgia in the face of climate change. Barakoni Cathedral, as one of the monuments under investigation, serves as a
case study representative of rural heritage sites subjected to natural forces such as precipitation, temperature
fluctuations, freeze—thaw cycles, and slope instability, as well as post-restoration impacts such as the introduction of
copper roofing. These factors have led to observable damage patterns including surface erosion, bio-colonization, salt

efflorescence, and structural microcracking.
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The objectives of this study is to evaluate the impact of meteorological parameters and restoration
interventions—particularly the installation of a copper roof on the material integrity of Barakoni Cathedral. To
achieve this, the study integrates mineralogical characterization of building materials with on-site visual inspection
and historical meteorological data analysis.

The methodology includes:
e X-ray Powder Diffraction (XRD): Employed to determine the mineralogical composition of building stone
samples taken from visibly deteriorated upper wall sections;
e  Visual assessment: Used to correlate surface decay patterns with structural modifications and environmental
exposure;
e  Meteorological data assessment: Performed to understand the influence of weather variability on decay
mechanisms.
XRD analysis was conducted in 2024, using Cu Ko, radiation (A = 1.5406 A). Samples were carefully collected to avoid
damage to the historic fabric and to maintain compliance with conservation ethics.

Experimental Results and Discussion. The aim of our research was to evaluate the influence of meteorologi-
cal factors and the recently conducted roofing interventions on the structural integrity of the Barakoni Cathedral.
Particular attention was paid to the upper wall sections, where visible deterioration has become evident following
restoration activities.

As a first step, a X-ray powder diffraction (XRD) analysis was performed on samples collected from the ca-
thedral’s building stone. This non-destructive analytical technique enabled the identification of the mineralogical
composition of the materials. The resulting diffractogram revealed pronounced peaks corresponding to the crystalline
phases of calcite (CaCO3) and dolomite ((Ca,Mg)CO3), which are the primary constituents of the stone (Fig.1).
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Figure 1. X-ray diffraction (XRD) pattern of the stone sample from Barakoni Cathedral obtained
using Cu Koy, radiation (A = 1.5406 A), 2024.

The most intense diffraction peak, located at approximately 20 = 29.02°, is characteristic of calcite, confirm-
ing its dominance in the stone matrix. Additional peaks at 20 = 30.29°, 20 = 50.79°, and 20 = 12.86° support the pres-
ence of dolomite and minor accessory phases, indicating a mixed carbonate composition typical of local sedimentary
rock formations.

The carbonate minerals are well-documented for their high porosity and reactivity with acidic
environments, making them particularly vulnerable to chemical weathering. Calcite, being the thermodynamically
less stable phase, readily undergoes dissolution when exposed to slightly acidic precipitation (pH < 5.6), particularly in
the presence of sulfuric or nitric acids products of anthropogenic air pollution (Doehne & Price, 2010, Steiger M. &
Charola A. E,, 2011).

Furthermore, dolomite’s relative resistance to dissolution is offset by its susceptibility to mechanical stress
and salt crystallization in fluctuating humidity environments (Steiger M. & Charola A. E., 2011). The dual presence of
calcite and dolomite in the Barakoni stone indicates a material that is both chemically reactive and mechanically
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vulnerable, particularly in the context of climate change-induced variability in precipitation and temperature, which
exacerbates crystallization pressure and microcrack propagation (Smith et al., 2004).

Importantly, the mineralogical composition of the stone significantly influences its long-term interaction
with restoration materials, particularly in the presence of metal components exposed to environmental conditions.
In the case of the Barakoni Cathedral, the copper roof, which was installed in 2021 (inaccurate information) - though
effective in protecting the interior from direct precipitation—may have introduced new deterioration pathways for
the underlying carbonate stone. Under the influence of rainwater and atmospheric CO,, copper undergoes oxidative
weathering, releasing Cu?* ions, which react in the presence of moisture and carbonate substrates to form basic
copper salts such as copper hydroxide [Cu(OH),], malachite [Cu,CO3(OH),], or azurite [Cuz(CO3)(OH),] (chemical
reactions 1-5) (Rodriguez-Navarro & Sebastian, 1996).

1. Copper oxidation (under atmospheric conditions):
2Cu (s) + O (g) + 2H,0 (1) — 2Cu(OH); (s)

2. Malachite formation (reaction with carbon dioxide):
2Cu(OH); (s) + CO; (g) — CuzCO3(OH); (s) + H20 (1)

3. Azurite formation:
3Cu(OH); (s) + 2CO; (g) — Cu3(CO3)2(OH); (s) + 2H,0 (1)

4. Calcite decomposition in acidic environment:
CaCOs3 (s) + 2H" (aq) — Ca?* (aq) + CO; (g) + H2O0 (1)

5. Dolomite decomposition in acidic environment:
(Ca,Mg)COs3 (s) + 2H" (aq) — Ca?" (aq) + Mg?" (aq) + CO2 (g) + H20 (1)

These secondary copper compounds can accumulate on stone surfaces, forming greenish patinas that not only
alter the aesthetic appearance but also reduce the stone’s permeability, trapping moisture and promoting
subflorescence of salts. Additionally, the slightly acidic nature of copper runoff, especially in polluted atmospheres
where frequent rain is prevalent, enhances the dissolution of calcite and dolomite phases, accelerating surface
recession and granular disintegration. This is particularly critical in stones with high porosity or pre-existing
microcracks, where capillary absorption facilitates deeper infiltration of aggressive agents.

Furthermore, galvanic interactions between copper elements and embedded iron or steel (often used in
anchors or structural supports) can lead to electrochemical corrosion, indirectly affecting adjacent stone materials
through the formation of expansive corrosion products (Benavente et al., 2007). These combined effects underline the
importance of selecting chemically compatible restoration materials that account for the geochemical sensitivity of
the host stone.

The importance of this study is further heightened by the ongoing climatic changes documented in the
Ambrolauri region, where Barakoni Cathedral is located. Recent meteorological data reveal a consistent rise in the
annual average temperature by 0.3°C per decade, suggesting intensified thermal stress on building materials and
accelerated physical weathering. This temperature increase, when combined with freeze—thaw cycles typical for
mountainous regions, enhances the risk of microcracking and exfoliation of stone surfaces (Fig.2).

Furthermore, precipitation variability with fluctuations of up to +300 mm annually indicates growing
instability in the region’s water supply. Such irregularities affect both surface runoff and subsurface moisture
dynamics, leading to non-uniform moisture exposure of exterior walls. This enhances erosion, salt transport, and bio-
colonization, especially in areas where drainage systems are inadequate or surface protection has been compromised
(Fig.2).

Wind speed increases, averaging an additional 0.200.5 m/s over recent decades, contribute to higher risk of
mechanical erosion through abrasive particles and enhanced drying effects. These impacts are particularly noticeable
in elevated locations such as the Nikortsminda area, where wind exposure is more severe and direct .
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Figure 2. Some meteprological parameters (Ambrolauri weather-station data 1956-2016)

An important anthropogenic factor contributing to the alteration of meteorological and microclimatic
conditions in the Racha-Lechkhumi region is the Shaori Reservoir, which was put into operation in 1954 (Kandelaki
N., 2020). The creation of this artificial water body led to notable changes in local meteorological parameters and
contributed to the formation of a distinct microclimate in the surrounding area, including zones near the Barakoni
Cathedral.

The presence of a large water surface affects air humidity, temperature fluctuations, wind circulation, and
precipitation patterns. After the reservoir’s commissioning, long-term observations indicate:

e Increased relative humidity, particularly during the warmer months, due to constant evaporation from the
reservoir surface.

e More frequent fog formation and cloud cover in adjacent areas, which reduces solar radiation exposure on
monument surfaces, potentially decreasing thermal stress, but at the same time increasing moisture retention,
which fosters material degradation through biological growth and salt crystallization.

e Local wind pattern alterations, where lake-land breeze cycles formed, modifying the dominant wind direction
and speed in nearby valleys.

e  Slight temperature moderation, especially in nighttime values, due to the thermal inertia of the water body.
These microclimatic shifts have negative impact on the state of cultural heritage monuments like Barakoni. Increased
moisture levels and altered airflow enhance physical, chemical, and biological weathering processes on stone and
mortar.

Conclusion. The results of this study underscore the complex interplay between restoration interventions
and evolving climatic conditions in shaping the long-term stability of the Barakoni Cathedral. The XRD analysis
confirmed that the cathedral’s building stone is primarily composed of calcite and dolomite—minerals known for
their chemical reactivity and mechanical vulnerability under acidic and fluctuating environmental conditions.
Restoration efforts, particularly the installation of copper roofing, have introduced new chemical interactions leading
to the formation of copper-derived patinas and increased moisture retention. These processes accelerate both
chemical and physical weathering.

Additionally, climate change has intensified stressors such as thermal expansion, freeze—thaw cycles,
increased precipitation, and biological colonization, all of which compound the rate of deterioration. The rising
average temperatures, precipitation variability, and wind intensification in the Racha region highlight the need for
adaptive and scientifically grounded conservation strategies.

To mitigate further degradation, it is essential to adopt restoration materials and methods that are
mineralogically and chemically compatible with the original stone. This includes avoiding metals that can promote
secondary reactions, using breathable and reversible treatments, and implementing environmental control measures
such as improved drainage and vegetative buffers.
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Overall, the Barakoni Cathedral serves as a critical case study illustrating the need for interdisciplinary
approaches combining material science, environmental monitoring, and architectural conservation to preserve
Georgia’s historic monuments under changing climatic and anthropogenic pressures.
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UDC: 551.510.42
Mineralization of Atmospheric Precipitation - an Indicator of the Ecological Load of Cultural Tourism
Environment /Gunia Garry, Svanidze Zizi/ Transactions IHM, GTU. -2025. -vol.136. -pp.133-137. - Georg.,

Summ.: Georg., Eng., Rus.

The paper covers the issues of assessing the pollution of the natural environment of cultural tourism areas. With
the help of this material, one can discuss the assessment of the ecological state of the regions under consideration as a
result of the large-scale transfer of harmful impurities.

In connection with the above, it is worth noting that the mineralization of atmospheric precipitation is determined by
the concentration and physicochemical properties of those aerosols, which include both particles captured by cloud
droplets in the process of mixing air masses and particles presented as their condensation nuclei.

The results of the research allow us to conclude that atmospheric precipitation significantly contributes to the
circulation of substances in nature and is the main mechanism of self-cleaning of the atmosphere.

In addition, the study of the chemical composition of atmospheric precipitation is one of the main objects of
monitoring large-scale transboundary environmental pollution. In this case, it is possible to use information about both
their mineralization and the content of metallic and radioactive impurities.

YIK: 551.510.42
Munepanuzauusa atMocepHbIX 0CAAKOB - HHAMKATOP KOJOTHYeCKOil HATPY3KH cpedbl KyJbTYPHOIO TypH3Ma
/Tyuua I'.C., Canumze 3.C./ Tpynst UT'M, I'TVY. -2025. -1.136. - ctp. 133-137. - I'pys., Pe3.: rpy3., anri., pyc.

B cratse paccMaTpUBAaIOTCS BOPOCH! OLIEHKH 3arpsA3HEHHs IPUPOJHON Cpebl TEPPUTOPHUil KyIbTypHOro Typusma. C
MOMOIIBIO JTAHHOTO MaTepHajla MOXKHO OOCYIUTh OLCHKY SKOJOTHYECKOI0 COCTOSHHS PacCMaTpPUBAEMbBIX PETMOHOB B pe-
3yJIbTaTe MAaCIITAOHOTO MEPEHOCA BPEIHBIX IPUMECEH.

B cBsi3U C BBIIIEU3IIOKEHHBIM CTOUT OTMETUTh, YTO MUHEpAIU3ALUS aTMOCHEPHBIX 0CAJKOB ONpPEeIseTCs] KOHICH-
Tpanuei 1 GU3MKO-XMMUUYECKHMHU CBOMCTBAMHU TEX a’3p030JieH, K KOTOPBIM OTHOCSITCSl KaK 4acTHI[bl, 3aXBaueHHbIE 00JIay-
HBIMH KaIUIIMH B TIpoOliecce MEepEeMEIINBAHUS BO3JYLIHBIX MacC, TaK U YaCTHIbI, NPEICTABICHHBIE B Ka4eCTBE HX sEp
KOHJIEHCALIUH.

Pe3ysbraThl MCCie0BaHUI MO3BOJSIIOT CAEJIATh BBIBOJ O TOM, YTO aTMOC(EpHbIe 0CaJKHU BHOCAT CYIIECTBEHHBIM
BKJIa]] B KPYTOBOPOT BELIECTB B PUPO/IE U SBISFOTCS OCHOBHBIM MEXaHU3MOM CaMOOYHIIEHHS aTMOC(EPHI.

Kpome Toro, u3yueHne XMMHYECKOTO COCTaBa aTMOC(HEPHBIX OCAJKOB SIBISETCS OJHUM M3 OCHOBHBIX OOBEKTOB MO-
HHTOPUHIa MAaCIITaOHOTO TPAaHCIPAHMYHOTO 3arpsi3HEHMsS OKpyKaroweid cpensl. [Ipd 3TOM BO3MOXHO HCHOJIB30BaHUE
UH(POPMALUH KaK 00 HX MUHEPAIU3aLH, TaK U O COAEPKaHUU METAIUTNISCKUX U PAJUOAKTUBHBIX IIPHUMECEil.
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Based on data from the National Environmental Protection Agency and experimental measurements, the content
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values in various administrative units of the city are analyzed. Also, based on the monitoring data, the nature of hourly
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changes in concentrations and daily values is assessed. It is accepted that maximum concentrations in spring and winter
often exceed the corresponding MAC, average values exceed PM10 only in April and September, and minimum concen-
trations are below the MAC in all cases. The hourly variation of the content of microaerosols in the atmosphere shows that
their concentration is directly proportional to the intensity of traffic, and the maximum values are recorded during rush
hours. The data obtained as a result of monitoring and experimental measurements are qualitatively consistent with each
other.

YIK: 504.5.054.

Ouenka 3arpsi3Henus aTMocepHoro Bo3ayxa r.Kyraucu ¢ noMoubio IKCepuMeHTAJIBHBIX H3MepeHuii/ Cypmana
A., Kyxanamswm B., Uanxupsenn JI., T'uraypu H., Cecamze B. /C6. Tpymos UTM I'TVY. - 2025. — tom 136. - ¢. 138-144.
- I'pys.; Pe3: I'pys., Auri., Pyc.

Ha ocHoBanmy naHHBIX HammoHAIBHOTO areHTCTBA MO OXPaHE OKPY’KAIOMIEH Cpelbl M 3KCIICPUMEHTAIBHBIX U3-
MepeHuil omeHeHa conepkanne PM dactun B atMocdepe T1.Kyramcu. Onpenenensl KoHneHTpanun MUKpoaspo3oreit
(PM2,5 u PM10) B atmMocdepe 1. KyTancu u ero OKpecTHOCTEH 3UMOM U JIETOM. AHATIHU3UPYIOTCS MaKCHMAJIbHbIC, MUHHU-
MaJIbHbIE U CpeIHUE 3HAUCHMS B Pa3IMYHBIX aAMUHHCTPATUBHBIX €AMHUIAX ropoja. Taxke Ha OCHOBE JaHHBIX MOHUTO-
pUHra OIICHEH XapakKTep IM0YacOBBIX W3MEHEHUI KOHIEHTPALUH M CyTOYHBIX 3HaYeHUH. IIpUHATO, 4TO MaKcCUMalbHBIE
KOHLIEHTPAllMM BECHOW M 3MMOW 4YacTo mpeBblmaoT coorBercTBytomue I1JIK, cpennue 3Hauenust npesbimaror PM10
TOJILKO B ampeliec U CeHTA0pe, a MUHUMAJIbHBIC KOHIIEHTpAIiK BO Beex ciyuasx Hike [1JIK. [TouacoBoii xo comepxanust
MHKpOa’po3oJieil B aTMocdepe MoKas3bIBaeT, YTO UX KOHIEHTpAIMs IPSMO MPONOPIMOHANIbHA HHTEHCUBHOCTH JBHXKCHUS
TPaHCIIOPTHBIX CPEACTB, & MAKCUMAJIbHBIC 3HAYCHUS PETUCTPUPYIOTCS B Yachl UK. J[aHHbIE, MOMyYCHHBIE B PE3yJIbTAaTe
MOHHUTOPHHTA M SKCTIEPUMEHTAIBHBIX H3MEPEHHH, KAYeCTBEHHO COTNIACYIOTCS APYT C APYTOM.
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5 §13000L fyeom. sbolosmgdl gobogbrymol Fyseomds, dgdmamds - bogbrmywmol Fyswdmgsmobs ©s
Dodn® - Bogbmwol fysedzoHmde.

3s60lbg30-00bstg asbolbgzo Lomeggh 0mgdl LogwMsdml Jool LsdbGIm JowmgdbY, BwzoL
©®bosh 1162 9-By. dolo bog™dg 17 33-05, s1BOL BSOMMBO 6332, Lsdreem fEow®o badxo 0,213%/(3-o Mg
20bLbgds oo Fywol Lomfigsgzs godmygbgdom. LoBOHOMMIL JoMOMsEIE MM3EoL, §30dob s dofjoligzgds
D9gdom, 0mdEs s3Mmgm3g 3o9Bbos 9 dzoMmg T9bo3zs0. sHoLsMYOL Foboxgbrymol [YswoMds, Bogbweols
5 399ma ™ol §godmzsmbs o BoIMMOUL yodoMmds. 5ol 8obstg d@3zMol dsmEbgbs 896s3500.

@ 3060-000065609 wmFobo Lomsggh 0mgdl osembol Jgol LsdbMgm Jowmgdbg 1085 3-By Brzol m-
6096, J0gobgds 0300l Bgsbby. dobo LogMdg 30 38-05, 59BOL GoGE@dO 207 38% LsdwysEm IMSZs¢ffeP0MHO
botrxo 0,798%/8-0o. 0go LsHBOEMMBL MM3EOL, §3030L s Fofioldzgds Fywom, goshbos sa@gmag 9gbszsgdo
BMHomlbgzo s 5¢0sbg30. sbslosmgdL BsdMOL ioeBEoMHMds, sboxgbwymols {gowromds s bogbmwo-
Lo o 9980mamaol §yswdmgzamEbs. 560l dobstrg 3¢ 33G0L ot Ebgbs dgbszoo.[1]

000Lom30lL MMI d9a39985L900b6s 33093580 [oMImYqboo d0bsmggdol g3memA0MEmO BEYMTsMmYMdS
5 99L5d530BOE MOMMYMo FombolEmz0olL J03396039806s [ywol bamolbol 3esliogozsios 930m3sgzdoMmol
3946900 Hgaols bs@hm ©oMgd@039d0L ©93m89bsEogdol dobgwzom, LaFoMmm 4sbs 230M339Mwo Hargdols
9s6doeby dowgdo 3ommdodow®o dsh39690¢mgd0l AoBTsEXMgdMo LoOWYJdIOL MIZ3TMYMS s TS0
sbsgrobo.

3b®owgddo 1-2, 8m3gdmeos 9. 833300 BmyogMmo dobmgzol sdsbslosmgdgwo 3oMHmdodor®o
05h396900l 999339¢™d900 fgoado 2sbLobL3zO™Mwo gHmazbrymo Losygb@ml dogém 2015-2016 s 2023 2024
f0gd0ol 2563s3mdsdo.

3bM.1 dobsemg 933300l 2015-2016 fengdols gslsdugsemgdwyemo 3oMmdodon®o Jsbslosmgdegdo

2015-2016 355999 0L
2l55B95gB 0 bgﬁ)l(;:gobo bmﬁl)ji%mao "()‘;i%l)o bowo 35?):;50 6)‘31::;)30 b3
0sbsliosmgdgmo bsd
1 B3039G5@ 705, °C 10.79 11.59 12.77 13.02 13.99 13.75
2 pH 8.38 8.25 8.20 8.08 8.18 8.1 6.5-85
3 | ®¥bUboco 36adso, 9.44 9.38 8.81 8.85 8.61 8.81
B/

4 408, B/ 1.35 1.43 155 2,61 234 2.15 6
5 | BogHodob stedo, dy/e 0.039 0.041 0.043 0.084 0.088 0.092 33
6 | BogGodol sbexdo, dp/e 0.870 0.832 0.643 0.635 0.817 0.814 45
7 | s8mboggdols sbeado, B/ | 0233 0.256 0.261 0.468 0.405 0353 0.39
8 goligs®gdo, dy/e 0.293 0.068 0.104 0.100 0.082 0.103 35
9 Le)engs3gd0, B/ 6.30 11.84 25.02 35.91 64.24 76.06 500
10 30‘95’“’3;;’/2)"’5@950’ 131.92 137.16 170.00 179.80 194.90 20059
11| B0bgsenosgos, d/m 197.16 199.77 264.95 292.11 349,64 377.41
12 (3065, B/ 0.108 0.198 0.153 0.143 0.197 0.176 0.3
13 040005, B/ 0.0250 0.0323 0.0386 0.0276 0.0296 0.0237 1
14 B30engbido, B/ 0.1453 0.1952 0.0590 0.0656 0.1504 0.1024 1
15 $9300, Ba/q® 0.0039 0.0099 0.0090 0.0079 0.0100 0.0116 0.03
16 Bobgsbegdo, By/cw 0.0185 0.0299 0.0265 0.0183 0.0286 0.0304 0.1

3H6.1-0006 gbgsgm, ®md 2015-2016 {ergddo dobsdg 93330M0L 93MmeMa0M0o JEYMIsMIMdS F90degds 0md-
39l ©5053054MBOGdIE0s. 33¢g30Lm30L dgMbgryco Fobolosmgdwgdosb B3-b 3603369 MdL 5®gTodEgds
dbmemE 5dmbowdol 0mbol 899(339¢Mdgd0 (MBOWOLO-2oB0sbol FIMOGMMO0L). sbg3g s0Lsbodbsgos ol
Mmd bgHmzobo -OMLbmsgol JodsmmwEwgdom (©obgdol dobgzom)  s0obodbgds olbgmo dobgzgbgdargdols
3Mb396GH®530900L 853 gds [gocdo MMAMEMYBOESS - 005, B0bgMHE0DO3E0s, 53Mmbowdol sBMGHO, sbgzg Lodwyswrm
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G993965¢mHoL BMs ©obgdol dobgzom, Moz dYbgdM0305 JMOMBRMEMPOMEOO S BHVIMdMWIBEGHMOO doMHm-
0900056 59mdobstg. ddodg dg@Eowgdol 3mb3gbGMmoEos 8obstry 33335MT0 T5305YMBOEIGONEI0S S SO
509953705 D3O LTZ90 3Mmb3IBEHGMO3090L, MoE 50blibgds dE0bsMol ffywwol pH-ob Fowswro dsbgzgbgd-
wom, M53 0§393L gBowgdol Lyodgb@gddo 2olIgEsL. Mbs 500b0Tbml MM d. 3333MOL fyswro boliosom-
0905 3000MHM35MOMbIGMMB00 S 8339005 350MmbOGME0 35¢E0dol ombol d99(339mdom.

3b®.2-80 3o {o®mdmpgboos 9. 9333mob 2023-2024 Fargdol 3odmdodor®o dsh39b9dwgdol

29L535EMgdo LOOIYIOO.

3b®.2 dobstmyg 833300l 2023-2024 fHangdols gslsdryseemgdwyeo 30Mmdodon®o dsbsliosmgdegdo

2023-2024
bgBmgo- | dmexmdo | Bs3gbo SH3EoL 5B0sbo | Mbmsgo

BAREROte | Towe | wo | w0 | wooobd | bn | W |
1 $983900¢205, °C 9.7 11.9 125 13.0 14.0 143
2 pH 83 83 8.4 8.3 8.2 8.2 6.5-85
3 | ®bUboco pbado, 9.85 9.76 9.25 9.29 9.38 9.69

e

4 035, B/ 1.62 1.81 2.26 2.49 2.44 272 6
5 | Bog@odol sbm@o, dy/e | 0.113 0.120 0.159 0.240 0.161 0.129 33
6 | BogGodol sdmo, dy/e |  5.053 5.109 4.963 3.497 4287 4.006 45
7 | sBeborBols sboo, dy/ee | 0235 0.248 0.393 0.433 0.407 0.412 039
8 Bolsg3o(h00, B/ 0.127 0.166 0.180 0.169 0.267 0.132 35
9 Lr)egsdgd0, B/ 5.75 12.72 24.88 35.30 50.66 55.81 500
10 30‘96""3322’5@350’ 147.87 166.07 210.32 222.09 22262 | 231.09
11 | Bobg@semotsgos, dp/e |  209.77 239.87 33473 34751 37480 | 38448
12 3065, B/ 0.1834 0.4752 0.3809 0.3639 0.1307 | 0.1262 03
13 032)005, /v 0.0019 0.0043 0.0141 0.0042 0.0057 | 0.0052 1
14 Bb30@gbdo, By/a 0.0020 0.0045 0.0106 0.0054 0.0039 | 0.0059 1
15 39305, B/ 0.0028 0.0062 0.0045 0.0024 0.0037 | 0.0042 0.03
16 Bsbsbey80, g/cm 0.0065 0.0137 0.0403 0.0374 0.0167 | 0.0168 0.1

00bstg 93330l 2023-2024 fHengdol  sbsgroBobmgol gMBgmer odbs 09039 dobsliosmgdergdo. dsoo
M39AHILMBS  5395Y4mBogdl BmMIGOL s 96 50gdo@gds bBOgmWL© ILIZ9d 3MBEIBEHMOEOL. Bmyswo
om0 osbE™m3zgd0m 2015 fiewol dmboizgdgdol dbasglos, 0Mdas s0LEbodbsgos, M sdmbomdol ombol,
30039 9GO gd0Esb G3060L 3mbEgbEHMo300l I30MI® PooFoMdgds b3-ll 3603369wmdgdbY 3bJ@Egddo-
0O M0, Bs3gbo, 356dEHOL boo (MBOEILO) S MMLMZ0. 3BOHOEGdTo 3-4 FosMmdmoagbowos d. IF33MOL
930Mg 99653500900L (3969, OPIOLFYs0, bW, wmFobo) JoMHmdodon®o 3539690 gdo domqdwwo
2015-2016 s 2023-2024 {jengddo.

gb®.3 3oy 9obstggdols 2015-2016 fevols gslisdwysenmgdeyemo 3oMmdodor®o dsbsliosmgdemgdo

2015-2016
2baBggerngdeero 3069 | @owdolfigsewo | yeqsbolbygo | wmobo | b3

Qobobiosmgdgeo 59 59 bs9 59
1 9839658, °C 14.34 14.15 14.82 13.04
2 pH 7.98 7.97 7.91 8.04 6.5-8.5
3 39blbogro 75badsgo, g/em 8.11 7.64 7.32 7.93
4 5035, B/ 6.57 4.90 5.03 1.16 6
5 | Bo®Godol sBexho, 8/ 0.18 0.21 0.24 0.03 33
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6 Bo@®solb sbm@o, /e 0.51 1.21 1.09 1.12 45
7 580mbomdol sBm@o, dp/en 1.54 1.09 0.94 0.69 0.39
8 BbBsGgd0, dy/em 0.28 0.08 0.23 0.05 35
9 bmenggs@gdo, J/en 267.95 248.33 81.96 639.35 500
10 | 3oOHmasmdmbs@gdo, dy/er | 228.75 235.01 222.30 246.82

11 30bgMaemobogos, g/ 664.56 646.65 435.72 1113.45

12 6 30bs, dp/qm 0.13 0.15 0.14 0.11 0.3
13 09005, I/q 0.03 0.02 0.03 0.01 1
14 L3ogrgbdo, Oy/cw 0.05 0.12 0.11 0.09 1
15 BYg0s, 0y/ew 0.01 0.01 0.01 0.01 0.03
16 35695600, dy/c0 0.06 0.03 0.02 0.03 0.1

2015-2016 §argdol dmbs3gdgool dobgozom gzgas d3omg 8eobs®gdo 30Mmdodon®o dobsliosmgdagdol vdyg-
ALMdS BmG®IoL BoMAWGOF0s, oMo 5dmbowdol sHBMEOLs HMIwol dsh39b9gdgwo Loga®MmAbmMdEIsE  s®gTs®gds
DOzt ws© ©obodz9d 3mb3IBEME0L MOMMgME Fomysbol fysardo. Mo Tggbgds 7dTs-0l d98339wmdLL ol
2356090l B3-b FbmEm dE. 39M9L Jgdmbggzsdo.

3bM. 4 dgomg Iobstggdols 2023-2024 ferol 3ommdodor®o dsbsliosmgdergdo

2023-2024 3ol38295QmPOUWO | g9ég | ©omBolfgswo | amsbolibggo | @m3obo ©

Bsbioli0s0gdYEo $5%3] 159 159 $5%] Q3

1 993965876, °C 14.0 14.6 152 137

2 pH 8.3 8.1 8.0 8.3 6.5-85

3 3°bLboEo 56985000, Ty/ 9.06 8.53 7.97 8.87

4 4005, B/ 4.00 3.80 479 3.35 6

5 Bo®GO@Ol sBmd0, O/w 0.290 0.344 0.635 0271 3.3

6 BodGs®ol sbem@0, 3y/w 4979 6.448 7.497 4127 45

7 58caB0wgB0ls s5B0E0, 3/@ 0.879 0.828 1.469 0.260 0.39

8 Bobigs®gdo, 33/ 0.202 0.176 0.227 0.180 35

9 e 96.96 19253 7451 374.29 500

10 | 3o@Gmgstdmbsdgdo, dy/ | 237.87 263.76 25351 271.65

11 90bg65eoboi0s, 3/ 446.49 659.22 489.01 998.11

12 63065, 3p/em 0.2269 0.2253 0.1766 0.1395 0.3

13 00, 8/ 0.0037 0.0092 0.0043 0.0077 1

14 309630, B/ 0.0043 0.0072 0.0026 0.0045 1

15 9305, O/ 0.0034 0.0040 0.0042 0.0056 0.03

16 BB56¢780, Bp/c 0.0235 0.0253 0.0257 0.0123 0.1

0000930l 565MP0MO 3000560 Gdss 2024 Hgwbsg. mmbosb bsd dEobsmgbyg oM 3. wmGobolbs sdmbowydol
sBME0m ©d0bdNMYds 3303 BogdboMmEgds, MdEs 9. 39MYHYE o OLdoLfgsabys 89dEoMdE0s beagnm
3w560Lbg3Bg dmTs@gdmeos 2015 ol dmbs3gdgdmeb d9omadom. saMgm3g s0bsbodbsgos 2024 ol dg.
39M9L s Eodolbgzol fysedo G 3060l 3mbEgbEHMoE00l 53 gds, 390sFoMmdYds 8gogbl, dqLodsdobsw (b3
0.3 9p/¢) 0,0718 Tp/e-b s 0,0599 dy/aw-b. BsMBgbo ygzgams Tobolinsmgdwgdo o6 5FoMdOL DBL3HYIWo©
Q5150390 3b(396GHME0YOL.
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0db39®0896¢ 0 T90aI00 W Yoblixs

P9@ol 3¢5l0g803530s batolbol 85839690¢0l 0bEgaMaegdols sdwysmgdoo

0golbo®gzqddo fywol @od0bdMMgdol bomolbobs s dolo  3eslol  ©oEygbol  godmlisogewrgbo
439wobY 33 ©s 300 Y JJOMPIE 0MZWJdS B0BIMMIdOL 30EMmdodom®mo 0bozs@mMgdol
299myg69000 d0bs60bL {gwol 0bgduol gsdmmgas.
090l ©sd0bdmMgdol 0bgdbo Hmamem3 oo 2o0momzmgds 5Msbs3wgd 6-7 30MMJ0T0MHO Toboliosmgderol
dobggom (B396L dqdmbgggzsdo s30MBogm 8 3ommdodow®mo 0bogs@dm®o). domo bsfiocwo (pH, goblboero
796305000, 703%) 013w GdS 599300909 TobolooM YO GDdS.
D9eol sd0bdmmgdol 0bgduo (S) asdmomgzgugds 888@366806’5@ :

N

By,

2= _—

Loosg:
Ci 560l dsbslosmgdeol dsh3z96909w0 (Lsdrgsm feromMo, sdwsErMm MZ0MMmO, s 5.8.), N-Toboboomgdewgdol
603b30, B3-99Lsd530L0 FobolosMGIWOLEMZ0L YIHOWO BOZMHMsE L3900 3MbEIBEHMoE0s. odOb-
399 580L LOOEOEsD MBI, Fywol sd06IMNMYdOL 0bEIJLL ymagh Jersligdsw. Fywol sdobdMMgdOL
069gbl 094969096 OHMOLS s 0bgdOL Jobgyz0m Yol boMolbol 33wowgdol Asdmbagergbac.

3b®. 5-do dmEgdMos 08 30EMHMmJodomcmo 0603sGH™Mmgdol Bmlbs, MmIwmgdog Bzgbol sBMom, dg®-
6530905 5HILOsMYODBIL . 83330l s Jobo BmyogMmo T9bs3ool Hywrgdls s MMAwgdos 89dyma
299mygbgdv9e 04696 Tglodedols godmmgwrgddo. [2]

3bMoo 5. 3. 333300l 57Bol s dolo BrmyogHmo 8gbs3swgdolsmgol Bgmbgmwmo
bs®olbol 0b@ozs@mmgdo [7]

06003353600 b3
pH 6.5-8.5
BOD 3 (mg/1)
NO 11 -

2
NO. 10 "
3
NH 0.39 “---
4
3 «_»
PO 35
4
Fe 0.3
Pb 0.03

900990 9909a500L Lorwdzgebg, 90bsMmgqdol JeslinxgozsE0gdo (64 BOBAINMIdOL boMolbol J3ersbo)
89935bs (3G 6-do IMEYdME LoOYJdOL dobgz00m.

3bOowo 6 ©sd063dMHgdols 06glogsh 3sdmdwobatg fywols bamolibols JemslsogozsEos

Fyowo Fyamols sbobAmEHgdol Fgamols batolbols
060ggdlols 360836gemds 3o

do06 bLmazms 0.2- 909 1
bo3000 02-1.0 2
BmB09gMo ©sd0bINMHIdMo 1.0- 20 3
©5306dMMgdMwo 2.0-40 4
FM3yosbo 40-6.0 5
do056 313gosbo 6.0-10.0 6
30006 9Lbs© FFYosbo >10.0 7
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0©b0odbmo 9900m©OoL gsdmygbgdom, s dgMbgeo 8 dobsliosmgdeol gsdmygbgdom (pH, 50, BodMo@ol
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UDC: 551.510.41:628.54
Assigning a water quality classification to the Mtkvari River and some of its small tributaries and assessing changes
in their ecological status based on comparative analysis (20015-20016, 2023- 2024)/Mdivani S., Buachidze N. /
Transactions IHM, GTU. -2025. -vol.136. -pp.145-151. - Georg., Summ. Georg., Eng. Rus

Within the framework of the study, the water quality was determined, and accordingly, their classification was as-
signed in the following points of the Mtkvari River: Khertvisi, Borjomi, Zahesi, Vakhushti Bridge (Thilisi), Gachiani,
Rustavi, and some of its tributaries in the Thilisi area: Gldaniskhevi, Dighmitskali, Vere, and Lochini, through their hydro-
chemical indicators. 8 indicators were used according to the recommendations of the Water Framework Directives of the
European Union countries (2000/60/EC), through which the water quality was determined in the above-mentioned points
of the Mtkvari River and its adjacent tributaries. Also, changes in the ecological status of the study rivers between 2015-
2016 and 2023-2024 were assessed based on a comparative analysis.

YIK: 551.510.41:628.54

I[IpucBoenue kiaaccupukanum KadecTBa BOAbI peke MTKBapH M HEKOTOPbIM €€ MaJbIM NMPHTOKAM H OLIEHKA
H3MEHEHMI MX JKOJOrHYeCKOro COCTOSIHHSI HA 0CHOBE CPaBHUTEILHOrO anamu3a (20015-20016, 2023-2024 rr.)/ AB-
Topbl: MauBanu C., Byaunnze H. C6. Tpynos UT'M I'TY. - 2025. — tom 136. - €.145-151. - T'pys3.; Pes:
I'pys., Auri., Pyc.

B pamxax nccienoBanust ObUIO ONpEETIeHO KauyecTBO BOIBI M COOTBETCTBEHHO IPUCBOEHA €€ KiacCH(HUKanus B
CJISTYIOIINX IMyHKTax pekr MTkBapu: XeptBucH, bopxomu, 3arecu, moct Baxymru (Tonmucu), 'aunanu, Pycrasu u He-
KOTOpBIX €€ NMpUTOKax B paiione ToOwmmcu: I'nuanucxesu, Juromucukanu, Bepe n JIounHM 110 X THAPOXUMHYECKUM I10-
KazaTesiM. bpuin Mcronp30BaHbl 8 MOKasareneid cornacHo peKoMeHganusM PaMoO4HBIX AMPEKTHB 1Mo Bojae cTpaH EBpo-
nerickoro Coro3a (2000/60/EC), mo KOTOpBIM ONpEAesUIoCh KaueCTBO BOJBI B BHINICYKA3aHHBIX IMyHKTaX pekn MTKBapu u
ee MpUJIeralolIMX MPUTOKaxX. Takike Ha OCHOBE CPABHUTEIHHOIO aHAIHM3a OLIEHEHbI M3MEHEHHs YKOJOIMYECKOTO COCTO-
STHUS HCCIeAyeMBIX pek B mepuox 2015-2016 n 2023-2024 roznos.
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Determination of Water Quality Classification of Tskhenistskali and Lukhuni Rivers According to

Hydrochemical Indicators
Lali Shavliashvili, Gulchina Kuchava, Mariami Tabatadze, Ekaterine Shubladze
Institute of Hydrometeorology of Georgian Technical University, Tbilisi, Georgia

shavliashvililali09@gmail com

Abstract. The paper discusses the physicochemical and hydrochemical characterisation of the waters of the rivers

(Lukhuni and Tskhenistskali) in the areas adjacent to the arsenic processing enterprises of the Racha-Lechkhumi and
Kvemo Svaneti region.
The paper summarises multi-year (2021-2024) data on the studied rivers. Based on the obtained results, the ecological
condition of the rivers was assessed. Using the proposed equation and chemical indicators (Water Framework Directive-
2000/60/EC), the river pollution index and river water quality were determined. According to the pollution index, both
rivers were assigned water quality class 1 and belonged to the "clean" category.

Keywords: Rivers, hydrochemistry, pollution, pollution index, water quality.

Introduction. The region of Racha-Lechkhumi and Kvemo Svaneti is one of the mining regions of Georgia,
where arsenic ores have been mined, processed, and arsenic-containing compounds produced for decades.
To this day, in the villages of Uravi and Tsana, in the territory of the former factory, large batches of toxic waste (more
than 130 thousand tons of waste containing 4-9% white arsenic) left over from the production of arsenic from the Soviet
period are stored [1,2]. Currently, both deposits are conserved, and no arsenic is produced.
The main mechanism for the spread of arsenic wastes is related to the leaching and transport of toxic wastes by
atmospheric precipitation and flood waters. They accumulate in the soil, where soil contamination with arsenic
significantly exceeds the norm [3-5]. In the oxidation zone, after some time, arsenic from waste sulfide ores and
incinerators can be converted into a mobile (soluble) form [6,7], which is easily transported to rivers [3,4], plants [8-10]
and living organisms.
Tskhenistskali River is a water-rich river of Western Georgia, which originates from the eternal snow on the southern
slope of the Svaneti Caucasus and joins the Rioni River. The length of the Tskhenisksli River is 176 km.
The River Lukhuni, in the Ambrolauri municipality, is the right tributary of the river Rioni. It originates on the southern
slope of the Lechkhumi ridge at an altitude of 2650 m above sea level, the length of which is 39 km, and the area of the
basin is 239 km* [11].

Study area and methods. The paper presents the physicochemical and hydrochemical characterisation of the
waters of the rivers (Lukhuni and Tskhenistskali) in the areas adjacent to the arsenic processing enterprises of the
Racha-Lechkhumi and Kvemo Svaneti region. To solve the set tasks, river water sampling points were selected from
the background and polluted areas in the Racha-Lechkhumi and Kvemo Svaneti region.

1. River Lukhuni - Upper Uravi;

2. River Lukhuni - 100 m below the sarcophagus;

3. River Tskhenistskali - Upper Tsana;

4. River Tskhenistskali - below Lentekhi.

The following physicochemical and hydrochemical parameters were determined in the water samples: pH, electrical
conductivity, biogenic substances - NOy, NOs, NH4*, PO, major ions, mineralization, a common form of arsenic,
copper, zinc, and lead [12].

Analyses were carried out using modern methods and equipment that correspond to European standards:

1. lon-chromatograph-1C-1000; 1SO100304-1:2007

2. Spectrophotometric method - SPECORD 205; I1SO 7150-1: 2010;

2. Plasma-emission spectrometer - ICP-OES; EPA method 200.8;

4. Field portable equipment - Hanna Combo pH/EC/TDS/PPM Tester HI198129;

5. pH meter - Milwaukee 150.

Analysis of results. Focusing on the rivers we studied is not accidental, because the Lukhuni and Tskhenistskali
rivers are tributaries of the Rioni River, the main source of drinking water for the city of Kutaisi. They are also used for
irrigation, so the hydrochemical study of the research rivers of the region is of great importance.

Among the biogenic compounds, it is worth noting the inorganic nitrogen compounds that can be formed in water by the
decomposition of nitrogen-containing organic compounds. They can also get into surface waters through atmospheric pre-
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cipitation, leaching of fertilizers from the soil, and industrial and household wastewater. To ensure a safe environment for
health, it is important to study the distribution of nitrogen-containing substances in river waters and to evaluate the quality
of water.
As can be seen from Table 1 and Fig. 1, the average content of ammonium ions in the research rivers changes from 0.322
to 0.391 in the Tskhenistskkali River and in the Lukhuni River 0.365-0.576 mg/l. In both rivers, the content of nitrites
varies from 0.057 to 0.176, nitrates from 0.480 to 0.583 mg/l, and in no case does it exceed the maximum allowable
concentration. However, it should be noted that in some cases their high content was recorded, and in the case of
mediation, these indicators decreased.

Of the heavy metals, attention is focused on copper, lead, zinc, and arsenic. Their content in the river water is
within the norm, which is due to the dilution and self-cleaning processes of the river water.

Table 1. Tskhenistskali and Lukhuni Rivers’ average multi-year data (2021-2024)

Rivers
N Ingredient Tskhenistskali | Tskhenistskali Lukhuni Lukhuni
(Tsana upper) (Tsana below) | (Uraviupper) | (Uravi below)

1 pH 75 7.6 7.8 7.7

2 Ammonium, mgN/1 0.322 0.391 0.576 0.365
3 Nitrites, mg/1 0.057 0.060 0.081 0.176
4 Nitrates, mg/l 0.515 0.583 0.480 0.576
5 Phosphates, mg/1 0.020 0.024 0.036 0.038
6 Calcium, mg/1 52.39 49.85 28.63 24.64
7 Magnesium, mg/1 8.98 11.80 6.61 7.39

8 Mineralization, mg/1 300.23 304.58 180.75 169.05
9 Arsenic, mg/l 0.0059 0.0033 0.0028 0.0042
10 | Copper, mg/l 0.0084 0.0064 0.0068 0.0085
11 | Zinc, mg/l 0.0432 0.0244 0.0118 0.0105
12 | Lead, mg/1 0.0040 0.0032 0.0021 0.0037

mg/I NHa
0.7
0.6
0.5 = NH4

0.4 H MPC
0.3
0.2

0.1

Tskhenistskali  Tskhenistskali Lukhuni (Uravi (Lukhuni Uravi
(Tsana upper) (Tsana below) upper) below)

Figure 1. The average content of ammonium ions in the rivers Tskhenistskali
and Lukhuni (2021-2024)
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Tskhenistskali  Tskhenistskali Lukhuni (Uravi (Lukhuni Uravi
(Tsana upper) (Tsana below) upper) below)

Figure 2. The average content of arsenic in the rivers Tskhenistskali
and Lukhuni (2021-2024)

According to the recommendations of the Water Framework Directives of the European Union countries
(2000/60/EC), the water pollution index (S) was calculated for assigning the classification of surface waters, for the
calculation of which at least 6 or 7 hydrochemical indicators (indicators) are required. In our case, the average multi-
year data of 9 hydrochemical and physicochemical indicators were used in the calculations.

The pollution index was calculated according to equation 1 [13]:

N .
Ci/MAC
o= —_ 1
E o 1

Ci is the concentration of the hydrochemical indicator;
MAC - Maximum Allowable Concentration of hydrochemical component;
N is the number of indicators used in calculations.

Table 2 provides a list of hydrochemical and physicochemical indicators, which, in our opinion, more or less charac-
terize the water quality of the selected rivers and which will be used in the subsequent calculations.

Table 2. Tskhenistskali and Lukhuni rivers’ water quality indicators

Indicators MAC*
1 |pH 6,5-8,5
2 |Ammonium, mgN/1 0.39
3 [Nitrites, mg/l 3.3
4 |Nitrates, mg/l 45
5 [Phosphates, mg/l 3.5
6 |Arsenic, mg/l 0.05
7 |Copper, mg/l 1.0
8 |Zinc, mg/l 1.0
9 [Lead, mg/l 0.03

MAC* - The maximum allowable concentration of surface water by the technical regulations (Decree of the Government
of Georgia N 425, December 31, 2013, Thilisi) [14]
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Based on the obtained results, river classifications (pollution quality class) were evaluated according to the values
given in Table 3, proposed by the European Directive.

Table 3. Water quality classification assessment of pollution using indexes

Surface water Pollution index Water quality class
clean 02-1.0 1
moderately contaminated 1.0-2.0 2
contaminated 20-40 3
dirty 40-6.0 4
very dirty >6.0 5

As a result of entering the given values from Table 2 into Equation 1, the pollution index of the river itself was ob-
tained (Table 4), based on which they were assigned the appropriate water quality class.

Table 4. Water quality classifications are assigned according to pollution
indices Tskhenistskali and Lukhuni rivers

River Pollution index Water quality class
1 | Tskhenistskali (Tsana upper) 0.2 1
2 | Tskhenistskali (Tsana below) 0.3 1
3 | Lukhuni (Uravi upper) 0.3 1
4 | Lukhuni (Uravi below) 0.3 1

According to the data, the studied rivers - Tskhenistskali and Lukhuni were classified according to the pollution index
in the "clean" category and belong to the first class of water quality.

Conclusion

1. Tskhenistskali and Lukhuni rivers were chosen as research objects since they represent the main water arteries of
the Racha-Lechkhumi and Kvemo-Svaneti region, which are under a certain anthropogenic load;

2. The paper summarises the multi-year (2021-2024) results of the environmental assessment of these rivers. Physico-
chemical and hydrochemical indicators were determined in the water samples.

3. River pollution rate and river water quality were determined (Water Framework Directive-2000/60/EC);

4. It was established that both rivers were assigned water quality class 1 according to the pollution index and be-
longed to the "clean" category.
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w53 551.510.41:628.54
900. 3bgbolifigoeo s grobmbol figemol badolbol 3arslognlzsgool swoagbs 3oMmdodonmo  0bwosdmg-
30l dobggom. 353053300 ., 3MFs35 §., HVSGSAY 3., BYdEdg 9. LGHvY-ob 380-0b FGMmIsms 3GMYdIMEO-
2025.-%.136.-93.152-156. -Js6r00., 09D. Jo®o., 0bgyem., Ouls.

BsdmMTdo Qobboemos M53F5-e9hbdol s J3gdm 1356900l MYgR0Mbol sMOTHBIBOL YoEsTs8dsgy-
090 Lofo®mdmgdol d0dYdsMY GHYMOGHMM0JdBY sOBGdo IE0bsMIdoL (Cbmbo s bgbolifyswo) Hywg-
00 B30HB0IMM-J080MH0 s 30EOMJ0TOHO IHBILOSMYDS.
BodHmddo Fgx00900s Bo33ewg30 80bsMmggdol dMmegowferow®mo (2021-2024) dmbs3gdgdo. domgdwero d9wY-
39000 boxmdzgubg 99x3sLs IE0bIMYIOOL 930 MYOYHO BEYMTMYMDS. FgIMmM535HOEO FobEHMEWGdOLS
Jodom®o 9539690 qd0l  259mygbgdom @obolsbmzms BobsMggdol  sdObIMMYdOL 0bgJlo s FgBslis
90bsMmoL figeol bodolbo. mM03g dobstgl sd0bdMmgdol 0bogduol dobgoom dogbos Hgwol bomolbol 1

330 5 30939m360 ,, LR 35GJAMOOL.

YJIK: 551.510.41:628.54

Ompeaenenne xiaccudUKamuy KavecTBa Bozsl pek Ilxenwmcikanu u JlyxyHu mo rufipoxuMudecKMM IIOKa3aTesIIM.
MTasmuamswumm JI., Kygaea T'., Tabaragze M., Illy6nanse E. C6. Tpymos UM I'TY. - 2025. — tom 136. - c. 152-156. -
I'pys.; Pes: I'pys., Anrin., Pyc.

B cratse paccMmaTpuBaercs (GUIHMKO-XMMUYECKas M TUIPOXMMUYECKAs XapakTepuctuka Boz pek (Jlyxyuu u
lixeHucuxamu) Ha TEPPUTOPHUIX, IPHIETAIOUINX K IIPEJIPUATUAM II0 IepepaboTKe MBIIIbAKa pernoHa Pava-Jleuxymu
u Ksemo Cranetu.

B cratse 0606mensr muOrosetaue (2021-2024 rr.) maHHBIE IO UCCIeNOBaHHBIM peKaM. Ha ocHoBaHUU mOITY-
YeHHBIX Pe3yJIbTATOB JaHa OIleHKA HKOJIOTMYEeCKOr0 COCTOAHUA peK. C HCIIOIB30BaHKUEM IIPeIOKEHHOTO yPaBHEHUI
U XuMHYecKux umHAuKaropoB (Pamounas Boguas mupekruBa 2000/60/EC) 6vumm ompenesieHbl MHAEKC 3arpA3HEHUA
PEeKU M KavecTBO peuHOH Bozsl. Ilo mHZEKCy 3arpAasHeHHs oO0eMM peKaM IIPHCBOeH 1 Kjacc KadyecTBa BOABI U OHH
OTHOCHTCS K KaTETOPUU «IUCThIE».
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