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$0obsdqdstg 309dedo dglmeos 30MOHMIGEIMOMEMAo0l 0bLEHOGHWEL 73-9
doobol LodgzbogMH™ Lglosby dmbidgboro dmbligbgdgdo, dodwgbowo 3oEMMIgEJMOMEIM-
3005 Q5 93MWMAO0L 59BHwYoEMMO 3OMd9I9d0LsET0. dgLsdsdolo LESEH09d0 IMEdME0s
390009y LsdgEbogdm FodsOrMMEgdsms dobgzom: F9BHIMOMEWMY0, 3E0TSGMELMYOS,
32MMI9GHIMOMWMA05,  30OMEMY0s,  30ToGOL  (3300gds, 3969060030  256M9dMmb
5306dwE900.

300 39637036005 Y9MBOHOZN, MFMIBOVE QS YN MROYH IY3bogHY-
0505 BB35OLB3S MRAT0 MFdsgz9 B9Eb0gMYOOLS S B3Y305XOLEJOOLIMZOL, o0LEHMS6-
A900L5 5 MJBHMM6EHJIOLSMZ0U.

In this issue texts of papers presented at the 73-rd 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 nacrosimuii cCOOpHUK BKJITFOUEHBI TEKCTHI TOKJIJ0B, 3acylIaHHbIX Ha 73-eif Maiickoii Hay4-
Hoit Ceccun MHcTuTyTa ['MapoMeTeoposnorny, nNocBsIILEHHON aKTyallbHbIM Ipo0jaeMaM TuapoMeTeo-
posioruu u 3xosoruu. COOTBETCTBYIOIINE CTAThH JIaHbI 110 CJIEAYIOIIUM HayYHbIM HaIlpaBJICHUSM: Me-
TEOPOJIOTHs, KIMMATOJIOTHsI, aTPOMETEOPOJIOTHsl, THIPOJIOTHsl, U3MEHEHUE KIIMMATa, 3arpsi3HEHUE IpU-
POIHOM CpEBI.

COopHMK NperHa3HAuYEH JUIsl YYEHBIX U CHEIMAIMCTOB, padOTAOLIMX B Pa3IMYHBIX 00JacTAX
reo(pU3NIECKHX, reorpaMuecKux U IKOJOTMUECKUX HayK, MATUCTPAHTOB M JJOKTOPAHTOB.
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GHombo Jowsc. 429 410 413 388 418 408 403 475 495 -
943060 LoBbgMg 16,7 - 16,9 170 16,1 16,9 18,4 18,5 142 16,0
9430cm0s | BgbBg. 60,0 - 65,3 62,3 58,0 58,5 54,9 66,4 68,8 | 53,1
doOEd Bogo 23,1 - 28,3 28,0 | 26,5 20,8 27,3 26,4 214 | 232
bsbolfy. BOWOID 15,7 - - 15,2 17,5 14,7 14,1 18,0 14,0 -
3bgbobLiy RO 23,8 - 22,6 23,5 22,8 20,8 24,8 27,7 23,6 -
3bgbolly | GEbdger 67,0 - 67,3 69,0 | 63,0 60,9 65,8 75,0 68,6 -
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3bgboLLy bogo 56,9 - 87,1 76,3 72,1 384 | 388 48,3 39,9 -
A9omco Bogoeag. 33,7 - 36,1 27,6 30,1 33,5 36,4 38,3 36,6 -

Leyaglss Bobog). 13,7 - - 15,0 12,9 12,6 13,8 14,2 13,5 -

Leyaalss bodse. 48,7 - - 44,0 | 475 45,3 46,7 56,0 48,0 -
Bo@obgdo Bo®ob6gd 25,0 - 27,2 21,7 25,8 23,7 23,4 28,6 - -
3063603 3mbo 13,1 - 14,5 13,2 11,4 11,5 13,8 14,5 - -
FodHmbo 9639 274 - 304 290 259 253 269 274 - -
03560y boyeom 8,06 - - 8,2 8,4 85 - 9,6 - -
sFo6obfy Joo 46,3 - - 44,4 46,4 44,3 42,6 53,9 - -

3o 3-0b IMbs3999d0sb 06033935, GMA (3539990 sM{EgMEgdol bsdrswm botrxgdo JOHmbmemyomdo
033W90MEs, bob 0BMHYdMs, B 30gdMEMdE. 90 (339¢905MdOL  FsB39bgdgEos fywol bsGxgdols
bbgs00930 0568080930 ymzgger 89009y s0fgmegdls Im®mol. sbMow 4-3o dmEgdmeros 58 Lbgsmdgdol

9608369 mdgd0 1920 ierosb 2000 Ferols Bsmgwrom. 58 390000, (3539990 d99mbgg3900l o6, y3gms
smfgmerdo sbaggm bogoMmzgwmlb 8obsMgms [4wosbmds JoMomMIEIE J3egdrEmdEs. 1971 fierosb
2390DoMs 00 3E0bsMgms Mom©abmds, Losa Fo@EMdEs Fomo {iywosbmds. 1981 - 1990 smfiergmerdo 30
0900056mds 96083690365 go0BaMs yzgws dobstgby.

300 4. EsLs3Egm LsgdsHmzgamls IEobsMmgms Fsen3gme sofjergmegddo
fgaol bobxgdls dmemols lbgsmdgodo

1931-40 1941-50 | 1951-60 | 1961-70 | 1971-80 | 1981-90 | 1991-2000
d0bstg 3m169@o
1921-30 1931-40 | 1941-50 | 1951-60 | 1961-70 | 1971-80 | 1981-1990
0bogo X0MOb3s - 6,1 -6,6 -0,8 -2,4 14,8 -
3M™OMO0 GNION - -6,2 8,4 -8,4 17,6 3,0 -
9660 bsodo -10,0 -3,0 11,0 -10,0 9,0 24,0 -11,0
Mombo 0365 -3,0 1,0 -8,3 4,8 -1,6 9,1 3,0
Mombo Bodmbgobo -16,0 -9,0 -16,0 15,0 6,0 15,0 -5,0
Mombo Fowo0©0 3,0 -25,0 30,0 -10,0 -5,0 72,0 20,0
43060 LoBbgtg - 0,10 -0,9 0,8 1,5 0,1 -4,3
gzo6owos | bgbBoxmbo - -3,6 -4,3 0,5 -3,6 11,5 2,4
dotrmens 09395 - 0,3 -15 -5,7 6,5 -0,9 -5,0
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bsbobfy. BIMOIMO - - 23 -2,8 -0,6 3.9 -4,0
3bgbolfy. ©UYRO - 1,0 -0,7 -2,0 3,0 2,9 -4,1
3bgbolfy. | GEbIgeeo - 1,7 -6,0 -2,1 49 9,2 -6,4
3bgbolfy. bogo - -10,8 -4,2 -33,7 0,4 9,5 -8,4

Agbydo Bodoamsdgzo - -8,5 2,5 3,4 3,0 2,3 -2,1

bmzlo Beabo@onm®o - - -3,0 -0,3 1,2 0,4 -0,7
Lozzbs bodo@ows - - 3,5 -2,2 1,4 9,3 -8,0

Bo@obgdo Bo@obgdo - -5,5 4,1 -2,1 -0,3 5,2 -
3063 ®odo 3mbo - -1,3 -1,8 0,1 2,3 0,7 -

JmOmbo 9639 - -14 -35 0,6 1,6 0,5 -
sFoMolfy. boyenem - - 0,2 0,1 - - -
sFomobfy. Joo - - 2,0 -2,1 -1,7 11,3 -

0060200, 3 s 4 3bOHOWYdOL FMbo3gdms sbsErobom 0033935, MM LG LodoMmzgermdo, dobyEszs©
35039 d0batgms Fywol Bsdmboabols gm®mdoMgdol 30HMdJOOL OO bbgoalbgzomdols, dobstgms
09056mdol  33er0wgds s gMEgdol  Jobgz0m, oBHIMIOL 9P  LogMom  bsbosml: 03 dobstgoms
090sbmdol 3300w gds, OHMIgwms LsBOHOMMdsdo dMbsfowgmdl dgobzs®rmwo fiywgdo, 1981 (ersdwyg 96
2490m0MhgMm©s OO MYg35Mdom, 1981 - 1990 sofargmedo 30 dmbs dEobsmgms Hywosbmdols 9339mG0
053909, M53 001 dY40b35Mm9d0L 594E0M EBMBLMID 0ym 3538060 JdO. S0LBOTBZ0s, ™A 58 MM
565MBgb 5659940b35Mveo LoBMHMMdOL dE0bsMggdbyE 500b08b6s omswo fywosbmds oo bagrgdosbmdol
2900,

2000 Harosb 2020 Harsdg ©obogwgo Lods®mggermdo 8@obs®gms §gwosbmdsby oMolisgds@olo
0533060390900L 450Mm, 396 dmbgMbs dEoboMgms §4wosbmdol 3gwowgdol dglfsgers s domo FgsMmgds
3b®o 2-3o dmgdyer d4obzsm9d0l (3300w gdsliosb 2010, 2015 s 2020 Hargddo.

Bob. 1-Bg HoM0mqb0wos slsgargm Lods@mzgwmb yzgwsbg 36093690 m3zs60 30MMMd0g]EHId0L
9dLobweg 30bsc99dbg (80. 9ba9HBYg o 3. GombbY) fgeosbmdol (33e00wgds 39 39vIo sSoffegweErgdol
90bg30m, LosE A99MboEYI0s 500 iYEr0sbMdOL 33390000 (3300 gds 1981 - 1990 somfjergryando.

00obm30L, MM 9535M330Mmm IE0bsMgms 4w 0sbmdol Tmbowm@bywo E3W0Mgds, 9930 gdIW0s
om0 80003500 456TLsBO3MIo 3WTsEH Mo Bod@mmadol (359M0L  FgddgMoGeobs s oGIMLBIMIEO
Bogngdgdol) Logstomom 3608369 mdgd0. sd0G™mId  asbbowryen odbs [17] BsdGMmdo, Loog Jwrods@ob
305 M0o Lgba@ol RCP4.5-0b 459mygbgdom Jommgzguo bdgioswol@gdolb dog 8goagbowos 3Gmabmbgdo,
MmIol 3obg300 EILEZEGm boosMMz9wrmTo 359M0L bsdsem ferom®mo Gg839MsdMs 1971 - 2000 Hergdmsb
8956M9d0m, 2041 - 2070 fergddo 1,8 - 3,0 °C-om 9500 @9ds, 2071 - 2100 Hengddo 3o ob 0,4 - 1,7 °C-ob gadwgddo
90053 9oL s 3Hg339Mo@Imol bsds@o 1971 - 2000 Hergdmeb 8gatmgdoom 0,1 - 3,7 °C-0ob gsmawgddo 0dbgds.
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m3/s
70 P 1 Pag 2

50
30

10

N /
0 1935 1945 1955 \QMS 1985 1995

fowo

-30

Bsb. 1. 3obstgoms figamosbmdsms (m?/s) Lbgsmdgdo 35¢39me s0fjergmengdl dmGol msbdodpgzhmms
1921 §ewosb 2001 fewsdeg: 1 - 9. Gombo - b5, F5¢s00, 2 - 8. 9ba®o - . bsodo

53AMLggMmwo Bosegdgdo mMogg LadMOmabmbBm 3gMomedo dgdoMEgds. yzgmsbyg dgdo farom®o
Bogrgdgdol xsdo (2300 93 s 39¢0) 046905 5F5M0L Labsdomm Bmedo. 9530 BLZOL s0dMBagEgmom Lodsweol
953)905Lm9b gH ™o boergdqdol oMo Msm@gbmds 03argdl. 2041 - 2070 Hargddo HeromGo boergdgdo yzgwrsbyg
39¢o© 03wgdL 0d9mgmdo (J. LoBbgMgdo 18 %-om), bbgs Ggaombgddo 30 3 - 15 %-0b GoMawgddo. ferow®o
Boargdqoob 8 - 10 %-0s60 BMHs 0dbgds dbmerme J. gmmdo s Bmyodo. 1971 - 2000 Hergddo yzgas®g dgdo
Bogdgdo ogm dsmvyddo (2481 99), bLosg 2041 - 2070 fergddo 0dbgds 2363 30, 2071 - 2100 Hargddo 3o odbgds 2322
aa.

9d0boMmgms ywol Bsdmbogbol 0 doM0mo@O FoBMOHIOMIIJo 30TsGHMMHO BoJGHMMGIOL (35960l
A9939M9GHOOLS o dGHIMLGgMMwo  bogrgdgdol) sbgmo  3OHMabmbgdol  306HMmdgdTdo,  Imbsgrmbywos
3993905GHOOL  8MTsBHgdol  890yo®, L3I  LogoMmggmmlb  dobstgms  Lomsgzggddo  MLYOEO
09406356900l ©bMds, 8530 om0 FsMMMOO 339 0Lgs 89930MJdwo, MHMI Jomo EbMdS 396M 45dmof393L
90bstmgms ymosbmdol 860936gmmm3sb sgdsl. Bm3oL3oMs GHIMOGMMm05BY 30 smOMJwgdol Imds@gdol
99009390 3950BMEIds Fo00 3mbEgbLOMYds s FJLodsdobo LsbsdoMm Bmbols 360d3bgwMm3zs60 oEgb0sbgds.
005b 300093 ©9ToBgds AbmBEoM M350 MBOL 5939, MoE PodMof393L of Lododo 3BrMELYBOL #ob3005MmYdL
5 LoBs3oMmMm BMbOL YYMmIGOSL.

0990056 250306y Bogbmmol 3gMom@do dobstgms igwolb 9993060905 byyo@owdma 0dmddggdl
o gbgMa9@ 0350 259mygbgdols GgLsdergdermdsby. 98 FbMog, 439wsbyg bogwMmoEgdms 8. 96amMo, Lowag
3MBJ30mbotMgdls LodoMmzgurml y3gwsBg oo LoddwsgMol gbam®m3glio. sbgmogg Lsdodmmgds 0dbgds .
Momb%byg, Ly 8mIJdgEIdL S 333 08930905 sbacro 3gLbols F9bgd M.
005394obzsmemo  LEBOEMMdOL dE0bsMYYODYE, 3GMMEbmBIdoL dobggzom, bBoargdgdol Fgdzomgdols s
smO®Jagdol dmdo@gdol gbodedols dmbaem©biwos 3obsmgoms §ywosbmdol 998306 ds, 3oblagzmm™Mgdoom

900. 43060@sDHY.

33365
330 LodoMm™M3gwml IE0bsMggdbyg 1919 - 2023 Fargddo sOLYdIWE ©s3306M39dsms IMbo3EgdgdoL

LEAHOGHOLGHOZMNMO FYF5390000 F0MYdWWos Fo00 [ywol bodwowm M35 HwomEmo bobxgdol Bm®dgdo,
39039900 smfiergegdol bodwsrm 3608369w0mdgd0 s do00 bbgomdgdo 056300 g3Mr MW ymgzger 999©gy
00 gml ImOob. Fomo  sbswoBom  sY0bws, ®MI FobrEozs© MOMMYMEo  Bobsmol  fywol
B53mbBs©gboll BMm@T0MIdOL 30MHMBJOOL OO Lb3o@olbZsMdOLY, 5000 fyosbmdol F3woEwgds SGIMYL
JOMbMEMa0MHs ghom boghomm bobosml: 1920 farosb 1971 Garsdg dobsdgms fyarol babxgdo
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930Mm©YdMEs, 1971 - 1980 sofjangmendo, 39¢0 390 9990bg93900L 2905 8E0sbsgoms Ywosbmdsd dmodsds,
399099 1981 - 1990 sooffemgeyendo 30, 4Y39ws dobodgbg s0oMoEbs §yaosbmdol do@gds, Mog 8gdwgy M (1991 -
2010) s0ofengmyendo, 3500 3Egdom FJOE3oWs. 330M3gdms 1305M0LMBOL godm 396 dmbgMbs dME®m MMO
(2000 Gerosb 2021 Fersdog) s0fiargmeol 496853wmdsdo dobsmgoms §ywosbmdol 3gwowgdol sbsgrobo.

3w0ds@Mmo 36mabmBgdool dobgzom, 359M0L Gga3gMoGMols s sGHIMLBIMHMEo boawrgdgdol m
LodMmabmbm (2041 - 2070 §ff cos 2071 - 2100 §f) 3gGomdo, 1971 - 2000 {iergdmsb 890969000, dmbswmbgos
Lodwoem ferom®o Ggddghs@mol 2,1 — 3,7 °C-000 dmds@gds s 5GHImbaghmewo Bsegdgdol 3 - 15 %-om
3993060905. 65¢r9d9d0 y39wsBg 89¢o© 89930MH©Ids 0dgMHgmdo. bogrgdgdol do@gds 8 - 10 %-o0om 0dbgds dbmerm
8530 D30L Lsbs30MHM BMmEdo (MmO, HBMAWOEO).

90bsMmgms FYawosbmdol ebaLabmzmgwo s Hywol Bsdmbogboli Joxm™mIocmgdgwo Bogd@mMmgdol
abgmOo 3MMPBbMBIOOL FqLodsTOLO® JoMIYEYdS Bogbwwols 3gMHomdo dEobsmgms Lomszqgddo sOLYdIWWO
9940b356m900L ©bMds. FogMsd Fsmo oo bsfowro 9339 8BS s $FoFEHMI sMBbowo dgobzstgdols
©bmds3 dg0dangds 30bsmgms fyarosbmdols 360dgbgwrmasbo 9s@gds 396 498mofiz0mU. 8Eobs®gms Fyaosbmdol
8993060900l 3053500 30BgD0 04bgds IE0BIMIMS 3MmBYdTo dMboErMmEbgeo d3069 boergdosbmds, Mo 0339mMs©
20Lobgds 2oblis3mmMMmYd0m 3. Y30MH0EsDbY.

35050 Boegdosbmdols 350m, 1Y@ Id™ms dobsmgms §ywosbmdols 360836gwmgsbo dmds@gdols
39659900 8530H030L3065 IE0bsMYJdBY s O FJE0bsMHYMs gboMm5398msb, LosE BmbsermEbywos Lydodo
9m3w96900L 256300056 9ds, MLBOE byl Fgufymdl s3Mgm3gg m3gebols s Tglsdsdolo dsg30 Bw3zolL mbol
9m053gds.  8obostmgms  [gwosbmdol  sbgmo  33wowgds  BgReBH0Ms©  s0bobgds  Fomo  godmygbgdol
39L50WGPBWMBDBY, OHMYMOE b GHOOOEOVWOE bEJdMEs sMYME [ergddo. sLgmo LoEMoEos 9godwgds
390g3bsb 256L53MMg0000 BoBbMEMdOm Foowo G9Ja3gMs@EwIMgdol EOML, MMELsg dobsMgms s9bgddo
2350DMHYBS SMOMJwgds s 999306005 IEobsMgmMs Fywosbmds. sbgmo 3omsMgds GBI LIIMYMBOMNIQ
008m7J090090L 300MmM9bIMAEH030L godmdmPszgdsby.

9530D030L30Mgm80 IMTGJIMEO sMONJWGdMEo Fslgdo 0bEHbloMMo 3mbgbloMgds moglbds
§3009%0UL Labom, Mo 98mof)393L FobsMmgms bgmdgddo HgsdmgzsMmEbIdL, MW35MEMAGOLY s Agfiyamgdl, Mobiss
9343905 Lobs3oMHM HBMbol EIMIW(305, OO BaMg35 s BoMowo.

gzgws bgdm 50b0dbm@ol gomzo¢obfobgds sv30wgdgw0s AoBLEZMMMYd0m dobsmgms fywol
9696300L 259mygbgdol M35eLsBOHOLOm. fgwol MHglryMLgdol EsHMY30L, MoEoMbowwMMmsE godmygbgdols s
domo  dg3Lgdol  dobbom, LsFoMms EOHMMEsE dmbEgl Lsmsbosm  WMBoLdogdgdoL  ogadatgds o
360m9g3d@0M9ds. BO30L306Ms BMbgddo 30, 35bLs3WMMId0 IE0bsMgms FgloMm9390056, bgas@ommo dmgzwgbgdols
05300056 5302580l JoBbOm, LyFoMM 0d69ds Lomsbom 369396300 PMbOLdOYdJOOL BoFsMmgds.
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UDC: 551.482.215.3

Assessment of Changes in River Runoff in Western Georgia./Basilashvili Ts.Z./Transactions IHM, GTU. 2026. vol. 139.
pp. 8-17. Georg., Summ. Georg., Eng. Rus.

Using observational records of river discharge from 21 hydrological gauging stations covering the period 1919 —
2023, long-term mean values and decadal averages of river runoff were calculated, along with interdecadal differences be-
tween successive mean discharges. The sign of these differences is predominantly negative across most decades - apart from
a single exception - indicating an overall declining trend in river runoff throughout Western Georgia. A consistent increase
in runoff across all rivers was observed only during the 1981-1990 decade, which is attributable to enhanced glacier melting
combined with anomalously high precipitation.

According to climate projections, mean air temperature in Western Georgia is expected to rise by 1.6 — 2.9 °C
during 2041 — 2070 and by 2.1 — 3.7 °C during 2071 — 2100 relative to the 1971 — 2000 baseline period. Atmospheric
precipitation is projected to increase by 8 — 10% exclusively in the Black Sea coastal zone. Eastward from the coast, however,
precipitation is expected to decrease with increasing elevation, within a range of 4 — 15%, with the most pronounced reduc-
tion - up to 18% - projected for the city of Sachkhere.

In accordance with these projections, a further reduction in glacier extent and river runoff is anticipated, particularly
during the summer season, when water availability is most critical. In coastal regions, increased evaporation followed by
atmospheric condensation in the form of intense rainfall events is likely to elevate the frequency and severity of hazardous
hydrometeorological phenomena.

These assessments of changes in river runoff should be explicitly incorporated into the design of hydraulic engi-
neering infrastructure and into the strategic planning of measures aimed at water resource conservation and replenishment.
In coastal zones, the implementation of targeted preventive and adaptive measures is essential to mitigate the impacts of
adverse river-related processes and associated risks.

doi.org/10.36073/1512-0902-2026-139-8-17
v53. 551.482.215.3
900065Mgms Fgamosbmdols 33emomgdol dgxsligds @slisgmgo Lsds®mggermdo/ dslowmsdzowo 3.%. /LEvwy-ob 300-
ol OMTsmd 30gdo 2026, . 139, ag. 8-17. Jobm., H9B. Jodm., 0bywn., HU.

9d0boMmgms 21 30MHMEMy06 bogwydsgmbyg Fymol bobxgdbg ©s3zoMzgdoms 1919 - 2023 Fangdol
9mbs(39090000  2obLobW3OMWos  Fomo  Lodosm  IMZ5HoMMo @  BO3IMNO  SmfEgEgdol
36033690wmdqd0, 93Mmgm3g 00600000 g3MIe© SN gdol Lsdoswm boGxgdl dmeol Lbbgomdgdo. o0
Lb3om0d9gd0l 60dbsMds (3939 SO gMEgddo, JOMOL A3MS, BIAHIUIE “YOOYMBOMOS, o3 bodbsgl
900b56Mgms §Yeosbmdol 3¢ngdsl. dbmermo gMo (1981 - 1990) smfiengwerdo yzgars dobsmrgbg godloMogds
09005600l 5@ gds, Mog 94obgzs09d0l bMBOMs s vbzbswgosbmdom oym gobdommdgdmwo.

3w035¢MM0 36:mbmbgdol Jobgzom, L3I bodsMm3zgwmdo 35960l 39d3gGmo@mes 1971 - 2000
Pgdmsb 9smgdom 250BMmgds 2041 - 2070 Hargddo 1,6 - 2,9 °C o 2071 - 2100 {Hergddo 2,1 - 3,7 °C-ob
R0 gdd0. 5BHIMLBIOMEo boergdgdo 8 - 10 %-00 250BMEYds FbmEm ds30 BE30L LobsdoMmMmgdmsb. dob
000MbO3WgMom 30, LOTsOEOL  FoBJosLMb ghmo boergdado gdEocmEgds 4 - 15 %-ol Gotywgddo.
JodLodsgyMo 3agds (18 %) 0dbgds J. LohbgMgdo.

g0 3MMaBMBIdOL  FLsdsdolo  BmLogrmEbgros dyobzamgdols s dobstgms Fywosbmdols
899306905, 456Lo3MMMIBOm Dogbmedo. BL3z0L30Ms BMbsGo, Mo dMWwo smOMJwgdol 3mbgbloMgds
053Lbds §300900L Lobom, 458mof)393L Lododo Bmzagbgdols MHOLIGOOL QoHOMmYDL.

d0bsMgms i4er0sbmdol sbgmo gg3eligds LoFotMms asmazacolifjobgdmer 0dbgl 3ommEHgdbozmmo
3099300l 3MmgdBHomadols s fywol Mmglydmligdol sBmagols s dg3bgdol BoBbom Mmboldogdsms
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OneHka u3MeHeHns1 BoAHocTH pek 3anaanoii I'py3un/Bacunamsuiu 1.3./C6. Tpyrnos UT'M I'TY, 2026. Tom 139, c.
8-17, I'pys.; Pe3: I'py3., Anri., Pyc.

Ha 21 ruzpposiornyecknx mocrax pek, 10 CyIIECTBYIOUIMM HAOJIOJICHUSM 32 PacXxoJaMH BOAbI B TedyeHuu 1919 -
2023 ronoB, yCTaHOBJIEHBI UX CPEIHUE 3HAUEHUS 3@ MHOTOJIETHUH NEPUOI, 3a KAKIOE AECATUIETHE U UX PA3HOCTH B IIOCIIE-
JOBaTENbHOM nopsiike. OTMETKH 3THX Pa3HOCTEH, B OCHOBHOM OTPHIATENILHBIE, YTO YKA3bIBACT HA YMECHBIIICHHE BOTHOCTH
pek. Tompko B omuOM (1981 - 1990) mecstunernu, Ha BceX pekax 3a(pHUKCHPOBAHO YBEIMUYCHHE MX BOTHOCTH, YTO OBLIO
BBI3BAHO TAsSHHEM JIETHUKOB X OOMIBHBIMHU OCAIKAMHU.

ITo xmMaTHdeckuM MporHo3am, B 3amagHoit ['py3mm temmeparypa Bo3myxa no cpaBHernu 1971 - 2000 romos,
noBsicutcst B 2041 - 2070 ropax Ha 1,6 - 2,9 °C, a B 2071 - 2100 rozgax, B npeaenax 2,1 - 3,7 °C. AtMmocdepHble ocaaku
yBenuyarcs Ha 8 - 10 % Tonbko B mMpuOpeXHBIX 30HaxX YEpHOTro Mops. A M0 BOCTOYHOMY HAIIPABJICHHIO C TIOBBIIICHHEM
BBICOTHI MECTHOCTH OCaJIKU YMEHbIIATCA B Tipeaenax 4 - 15 %. MakcumanbHoe ymenbienue (18 %) Oynet B . Cauxepe.

COOTBETCTBEHHO C TAKMMH MPOTHO3aMH O0XKHJAeTCsl yMEHbIIIEHUE JIEJHUKOB U BOJHOCTH peK, 0COOEHHO jeToM. B
NpUOPENKHBIX 30HAX KOHACHCAIMS TIOBBIIICHHOW HCIIAPEHNH B BUJIE IIPOJIMBHBIX JIOXK/ICH, BHI30BET yUallleHUe PUCKOB OIlac-
HBIX SIBJICHUH.

Takas OIleHKa 0XKHIAaEMOT0 H3MEHEHUS BOXHOCTH PEK, CIECAYeT yUeCTh P NPOSKTUPOBAHUN THAPOTEXHUIECCKUX
00BEKTOB M B IIEIISIX [UTAHMPOBAHMS MEPONPHATHU [UIsl COCPEKECHHUS U MIONOIHEHNST BOAHBIX PECYpCOB. A B IIPHOPEKHBIX
30HaX CIleIyeT INIaHUPOBATh MIPOBEICHNE COOTBETCTBYIOIINX NMPEBEHINATBHBIX MEPONIPUATHI IS CMATYEHHS CICICTBUU
OKHJAEMBIX HETATUBHBIX SIBICHUI.
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OB Fyanols bstxgdl FmMol Lbgsmdgdo
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1941- 1951- 1961- 1971- 1981- 1991- 2001- 2011-
1950 1960 1970 1980 1990 2000 2010 2020
90bstrg 399640
1931- 1941- 1951- 1961- 1971- 1981- 1991- 2001-
1940 1960 1960 1970 1980 1990 2000 2010
9333200 bgHmn3z0L0 -5,8 -0,6 -1,8 1,7 0,2 1,5 0,4 1,8
9333200 dobsdg -2,5 3.4 5,2 -3,7 2,6 2,7 -1,9 49
9333200 dmMHX ™30 -10,7 -0,9 -1 3.4 12,9 -2,2 -6,2 -6,8
9333900 d9a30 -30 2,0 -4 17 -15 24 6,0 -19
933560 0d0Eolo -26 6,0 -20 24 -13 33 5,0 -24
BoM3560 bgHmnzolo -2,6 1,7 0 -0,9 1,3 -0,8 1,0 -6,6
RB0Ebmzo Lbgowobo -3,0 2.2 -2.8 1,1 5,5 -47 1,2 -2.7
0MOHX M3 dmMY ™30 -0,31 -0,29 0,14 0,27 0,33 -0,54 0,13 -0,2
©. W0sb30 39630 0,1 -1,7 0,7 1,8 2,5 -13 3,4 -
3. 0obgz0 396500 0,04 -0,05 -1,07 0,13 1,29 -6,48 2,08 -
Juobo 3MmO0bms 2,54 2,77 -1,8 -2,7 1,43 -5,79 3,1 -
265930 gobgscmo -8,2 0 0,6 3,7 -3,3 -4,4 - -
0. 565330 3oLobsMo -2,7 0,5 -0,3 0,5 0,2 -1,2 - -
3. 505330 dgLsGmsz0 -0,85 0,51 -0,81 0,51 0,42 - - -
030. 560530 | F50OMLIoMO -2,8 -0,1 -1,9 4,1 0,8 - - -
0060 wgm3zs60 -3,3 -1,6 0,2 2,1 0,2 2,3 7,7 -7.8
2osbo 00630560 -3,1 -1,4 1,8 0,5 -3,4 1,9 5,2 -8,7
0%bsbo Bogde0sbo -7,8 0,4 -3,9 0,5 3.4 -3 15,3 -23,6
06fmdos Lodv)g - - - 0,17 -0,4 0,53 0,6 -1,39
Jaoo bMsdo 000030¢0bd -0,8 0,15 -0,64 0,31 0,04 1,97 -0,96 -2,89
Jaoo bMsdo foom.bowo -7,5 -2,1 -4,7 -0,4 438 7,6 2,3 -30,1
05853965 ©0ds6olo -2,22 -0,09 -0,89 -0,17 0,45 -1,84 3,35 -4,08
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UDC: 551.482.215.3

Current and Projected Changes in River Runoff under the Dry Climatic Conditions of Eastern Georgia/Basilashvili
Ts. Z., Janelidze M. G., Basilashvili Kh. G./Transactions IHM, GTU. 2026. vol. 139. pp. 18-28. Georg., Summ. Georg.,
Eng. Rus.

Using river discharge observations from 22 hydrological gauging stations for the period 19242023, the study cal-
culated long-term average values for individual decades and assessed the differences between them. The study identifies
current trends in river runoff change and provides their quantitative evaluation. The findings are of practical significance for
water-management calculations.

According to existing climate projections, a substantial increase in air temperature and a decrease in atmospheric
precipitation are expected. Consequently, evaporation, drought frequency, soil desiccation and erosion, declining ground-
water levels, spring depletion, and, ultimately, reduced river runoff are likely to intensify in the future. A decline in irrigation
water resources may lead to reduced agricultural yields, increased fire risk, soil degradation, and the development of deser-
tification processes. These changes could have a highly adverse impact on the environment, public well-being, and the
country’s economic development.
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Therefore, it is essential to begin implementing preventive measures aimed at conserving and replenishing water
resources. The article outlines the key measures to be undertaken.

doi.org/10.36073/1512-0902-2026-139-18-28
ms3. 551.482.215.3
9000650905 Fyaosbmdols 308obaty s TmbsermEbymo 33@omads s0dmlisgegom bogdoMomggwml ddMsmo
3530L 306HMBVA0/BL0Esd30w0o (3.D., XbgEwodg 8.3., d3LOEsAZ0wo b.3./LE)-0b 300-0b IGMIsms MO
2026, ¢. 139, 33. 18-28. Jorm., MgD. JoOo., obyw., GHmls.

90bsMgms igerol batrxqgdbg sGBGdmeo 1924-2023 Gargdol 330603905005 dmbsgdgdoom 22 3oMm-
30996 Lo dogmbg 3o60LEBOIMS o 3gME S0y gdTdo bsdwowm IMHsz5¢hHeoMo 36083690 MdYdO
om0 bbgomdgdo. 3o0M335 8obsMgms §Yw0sbmdol (33eowgdol 308obsty GH9bgbEogdo s Tomo Gom-
©96mdMH030 99i35L9gds, MMIGEME 9d300 3M5gdGH03wIo 60T6MMGds [gowliadgm@bgm gosbys®odgdgdolsmgol.

sMLYOMEO  3¢0T5GMM0  3MMPbmBIdol  dobgzom  Imbsgrmbgwos 35900l 3gd3gMedeol
36033690 m3560 dmo@gds s 9GIMbEBgHLE0o Boengdgdol G9d3oMgds. 530l 4s8m dmdsgedo bogsMwms, Hmd
23950DOEIGOS SMOHMIEGDS, 335¢3056Mds, 605 JOOL F58MTOMBS s Fom0O JOHMDBOY, Joffolidzgds Fywgdol mbol
50939, §19560Hmad0l sdMMdS s §90gR© F0bIMIMS HYeosbmdols d9dgoMmads. byMfysgo Fywol MHgbm®Lgdols
899306905 250m0f393L IMNY53e0bMdLL, A0BOYds bobds®lsdodMMgdd0, B05IRJOOL IFMOWIHFO0S S
239900506MmgdoL  3MMEgLol A963005MHYds, Mol BB “YOOYMBOML© 00mJdgEgdl oMqdmby, Tmbobrgmdol
300000EOEIMBHY o J399bol 93mbmToze 4963000MgdsBY. 5Tol Fodm MEOWdIE0s ©s0fYyml Fywol
MLOLIBIOL EsBMY3oLs s Fomo Tg3Lgdolamzol LoFoMm 36Mg39b3oEo LsdMdomgdol gsbbmMiogugds.
300mYdM0s I53560 BLsEMIOJ0 MboldogdgdoL hodmbomgaowro.

doi.org/10.36073/1512-0902-2026-139-18-28

YIK: 551.482.215.3

Tekyiee U 0xkuaeMoe M3MeHEeHNE BOJIHOCTH PeK B YCJOBHSIX cyxoro kiaumMarta Bocrounoii I'py3un/Bacuinamsuiau
.3. Txanenngze M.I'., Bacunamsuim X.I'./C6. Tpyaos UTM I'TY, 2026. Tom 139, c. 18-28, I'py3.; Pe3: I'py3., Anri.,
Pyc.

[To HaOmMOAEHHBIX JaHHBIX PACXOJOB BOJABI pek 3a mepuoj 1924-2023 romoB Ha 22 TUAPOJIIOTHYECKUX IOCTAX,
OTIpeIeNIeHbl MX CPEAHEMHOT OJIETHUE 3HAUCHHS OT/ICNIBHBIX ECATUICTHH U UX pa3sHOCTEH. BBIABICHBI TEKyIIHe TCHCHIIUN
W3MEHEHHUS BOJHOCTH PEK M UX KOJHMYCCTBEHHBIC OLIEHKH, KOTOPhIE MMEIOT NMPaKTHYECKOe HazHaueHHe NMpH BOIOX 03sil-
CTBEHHBIX pacyéTax.

ITo cymecTByOIMM KIMMaTHYECKUM ITPOTHO3aM, O’KHIAeTCS 3HAUNTEIFHOE YBEJIIMYEHUE TEMIIEPATyPhl BO3AYyXa U

yMeHbIIeHne aTMocepHbIx ocankoB. [loaToMmy B OymymieM oxXuaaeTcs yBeINUYEHHE UCIapeHNs, 3aCyX, BBICBIXaHUE U 9PO-
31M ITOYBBI, NOHIDKEHNE YPOBHEH MOA3EMHBIX BOJI, BBICBIXaHHE POJHUKOB U YMEHBIICHHE BOAHOCTH PEK.
YMeHbIICHHE BOJHBIX PECYPCOB AJISI OPOIICHHMSI BBI3OBET HEYPOXKAHHOCTH, YBEJIMUUTCS MOXKapOONACHOCTD, JIeTpafalus
MIOYB M PAa3BHUTHE OIYCTHIHWBAHMS, YTO OYCHb OTPHIATEIHHO MOAECHCTBYET HA OKPY’KAIOILYIO Cpexly, Ha 01arococTosHue
HaceJICHHUs ¥ Ha SKOHOMUYECKOe pa3BuTue cTpanbl. [loaToMy, y)ke He0OOX0IMMO HauaTh NPOBEACHHE PEBEHINATIBHBIX pa-
00T B eJIAX cOepexXeHNs 1 MOTOITHEHHUS BOJHBIX PECYPCOB. YKa3aH NepeyeHb OCHOBHBIX IIPOU3BOMMBIX MEPOIIPUSTHH.
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39939M5GH 65 FoMImoqbl dobstol Fgad3gMme@wcol LodboMgmerml, MHmIwol Fgbsdsdobs@si 0E33wgds 50
306513690l 360dz69wmds.

39630bomm  359Mols s 8Bl #HYa3gMo@Mol MMMOIMH ©sTIM3I0EIdIWMEIds 3MB3IMgEHwME
00500mBY d0bsMy 9bam@mBg Lemg. bs0dmsb, }3500056 s MBI ME.

Agbslogemo sMgogo

d. 96aMM0 ©obOZWgm  LodoMmmM39w Ml 0560 M0Mmbod 0MgdL bomoeggl, (LodgyMgem-bgdm
13569m0), OLEGHMMOMsE 1Zs6gmOL bBgdm fgwdo. Lmemgo b3sbgmol JzsdwEol WgMdwe bsfowdo asgobgds
d. 962996m0L bgmds bosz dobo Loga®dg 95 30-05 (Boeosbo Log®mdgs 213 30, s1Hob Fosdommdo 406030%)
[ka.wikipedia], 8@o0bs®0ol Tgbs3ogdol bgmdgdo  353395b0MmboL  BMegsMmo  Jgol  LsdbMwme  ggMEMmdbgs
59bgEroo. gbgbos: 63blgMs, 6536, MM, boEryg, SHT0MS, OO, IO Fons, MHYodo s bbg., Bmyo
90mOBogds LogMmM 393350096 J0TsM0IYgdSL: TGuEH0s-Fows, FebMs, 350000 Fowns, budrMgMo, Jobergmo)
053950  9bagmol  bgmdsl, ULbgosolbgs 0mbs3g9mgd by, 4oblbgsgzgdmmwo ImOHFMWMYOMMo FmOds  5JaL
[Maruashvili 1964, Physical Geography 2000, Khazaradze 1977]. 8bs®obs s 9ba«®ol 994obzsmgdol dmermsb
063996M0b bgmds LwyddgM0E0sbrEo 803sMmMEgdoLss s 12-15 38 dsbdoby GHOMYM GOl 0bs®RbydL
L MIgmerol J3gdmon 2,5 30), 99gob bgmds BMHEOOWM-©slogw Mo  dodsGmwargdolss 15-16 30-%g

JODoMEo OHJoxom bolosmEgds, 99909y 30 bLmy. 35¢ol J3gdmm, bgmds 3Z3We3 BMMNMIZIYdS S odo-0g
3906006905  gOmboMo  bLExgbhMEOIdO. 08MOL  JF0EB  WsGswsd@y, 25 3Jo-ob dobdowbg, bgmds
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2b0FYGHOOMO0s. WG MIB (3. NwbHob d9gHmgds) 9bawMmol bgmds BoMmNM3gds s 5BgbL Lyzdom o
90353900. 50b0dbmo 3mbs3zgmol Bsdmyswodgdsdo mzswlahobms dzguo d4obzsmadol dmbsfowgmdsis.
MEOOL dggOHmgdsdEg bgmds d930fMmgdwos, 8999y 30 3 Bogzmol gl megsdyg 0bg3 BoMMNM3Gds. oJ
9065339000056 gba ol bgmds 0gdlL LsdbMHYoI-EolOZW G B0dsMMMEgdSL, MMIgElsg Bgdm Lgsbgmol
J3500©ob bmg. bs08sdEg 0bsMBMBYBL. Bgdm 1Zsbgmo IEOoM0s FobgMow Mo fYsmmgdom, MHMIGLD
296L53MNOPPMo  bombgg dgobodbgds 8. gbam®ol  Botxzgbs Fgbszogdo bgmdgddo. d. gbawcol
9965350090056  gOHmMz0L,  OMIGEWDLRSD  sLsbodbsgos  FMbMOl  bgmds; 0o  JOMOMsI©  29BgMMO
900560071 900bss o Folido Mgl 0yl FH3009M0Ls s Hobgol d4obgzaegdol bmdOL Fyswro (hsdmbswqgbo).
om0 bgmdgdol Bgdm bsfowo awsEoswMo bolosmobss. mdizs bgmdol gL3gMOo $8Mm3LYdME0s GHdOMEMO,
9940635690, EIWM309H0 S 3OME3099MH0 Boengdgdom. sds glEool TobErMmdwsE bgmds 3ofHm3zgds,
LG 09MmMYOL Botrx3965 9965350 - FgbB0sFoesl . IguEB0sFows Lomaggl 0GBl gbBOMOLS S Foervs0OL
3940635690096. bgmdol Bgs bsffoo GHMym@os, J399mm 15606 BsMMNM3gds s dobo boasby 1,5 30-b
0093L. 9. 9bam®L, 1140 3 S0LMEENMG LodsErgbg, FoHx360E MEMOL bgmds gMm30L, MMIgEdoss
2499006985 43080L, MOl s Mddol Igobzsmgd0sb Bsdmbswgbo fywrgdo. bgmdol Lomsgzgdo sdsG M0
ddob (4710 9) 3(39M35¢00. MEGOL bgmds dMEmIEY 39003390 GHMMAME B3mMIsl 0bsMBMBIdL, Mrdwrols
0s6m3bgbs BMEMdDBY, MO0MJIol dmEmIEg 2993905 dzgwo dYobzsmol Foge oG™M3xdMEo  dabzMo30
Logggbwygd0. 3. bs3MOL bgmds 9. 9bamEL 890 3 .. gHM30L s LYBTMOOEWEWo FoToMm M gdOLss. Jolo
M39GLO Bofoo 45305 MMO bolinsmobos s Fbmeme ggHmgdol Imbs339mBY, 30HM™ s WMTs J5Es3mEHO
odal BoFMowo. 3. 9bam®L dotx39bs FbG0L, Lmg. bsodmsb ghmzol oo dgbszso - d. bgblgko
(Log®dg 42 30-0g) [ka.wikipedia.]. dobo bgmds J390Mm0 FoOHMM3YDs, (57 29996gdmwos F9dgHol 09dol
beogangdo). [Vladimirov, 1957, Ukleba 1967, Kikilashili 1974] do. gbao6ol bgmdsl, bgdm bsfowdo 3093 Mo
896535000 - 5008F5eols @S boergFocol bgmdgdo gom30L, HMIWgdoE JoMHOMIIE 58MmTM8s300)E0s
099OY-g3od® yg0gddo, MmMogzg bgmdol Lomsgzg 393060 gdos 34obzsmdmsb s0do s bowry.
305Lmb MO39 Fomgsbols MHYogno o0 IMHO bolosMOLsy; Bgdm bgsbgmols J3sdwwol dstEbgbs dbstg
(Lg9bgmol  Jool PMOMm  ggMEMdo) ©absfg3Mgdeos . gbamGol  dobibgbs dgbszsgdom s
2496Lb3939090s FoMx39060Lsg90, HMYMOF 49N MYOMGO 5390 gdOm, 15939 FMOBMEMAOMMO 0gMLIbOM3,
od ©909830 9950000 JoMEH0305, bgmdgdo oMY gsbbmIowgdgdom boliosmgds.

d060msEo bsfjogro
MmO Bgdmo 930608690 35900l 3H9B3gMoBMIOS  gosdfY39d MMl 3s353mdl  dobstrol

39939653 m0L  LoEoEIHY, GMIgEwol JqLsdsdobosg 0E3wgds 53 35bsL3bgwol 860d3bgEMmds. dggwo
9mbs390900L Loggwydznwdy, HMIgEoE 9ds390w0s s GglMHWEgdW0s g. Boxosl JogH 3bsymxl HmI
bsd0gg bLmgggEmsb 33womgds bgds, OHMaMOE Fywol GH939MoEHHIMHOL sbgzg 359M0L. MoEs30s bYbmby®
FO0odos s 35000 456035 sOGLYd0M BHEIL 05859MBL 3. 9BRMGOL smBolsmzol. (bsb. 1,2,3). [Kikilashili 1974,
Hydrometeorology Publishing 1970, 1976]. bogom 8mbs3gdgdo, Gmdgwoi godgdmb gmmgbrmo bosggbdml dog
500l 9IM(399o gbgds dbmem dE. 96MMOL Lemg. bsodmsb dm3gdme Fywol G9gadgMs@wmsl, Mob
56oMBgb LMREIGdMD 53 gBHO3Hy Tmbo3gdgdol Tgammggds LodgbGm Mgg0ddos. vd3g Mbs g0mdzem, Mmd
dm 39999 4655303009 bob. 4 s 5. Bshgzgbgdos fywol #gd3gM@EHmmol 33wrowgds 2024 Herolsmgzgol (Ro0gdml
96H™36mwo LosygbE™). 58 ferol Imbsgdgdo 30 98 9BHo30LMZ0L Y39 sy SHOEOS.
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Bob. 1. 2. 3. . gbany®mol fgarols s 35900l ¢d3gME ol 33eomgds bmg. bsdo, bmeg. 35600 ©s bmeg.
©3MBIo (3M55803900 53984905 3. Bogosl dogm)

9. 96360-b508o fywol gd3gMod®s® C 2024 .
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Bob. 1. 3. 96379®0-H5080U ffyaol ¢933gHoB®s°C 2024 ;.
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20,0
15,0
10,0
5,0
0,0

6ob. 2. 030U Lsdrsee §gaol 3ga39Ma@®s°C 3. gbamMo-bsodo 2024 §.

30U LM 8. 96AMO-Hs0do fywols
G9939MoBH @’ C 2024 §

10

11

12

3600 1. 3. 9bamco - bemg. baodo ol Gga3gMsdm®s® C (2024 §) (356g8mb gGmgz6:9emo bssggbdem)

2024 § 9. 9639M0-1.b50do figamol 3a3gMsGmes © C

039/009 1 2 3 4 5 6 7 8 9 10 11 12
1 2.7 2.6 3.4 6.0 11.4 13.2 15.8 15.8 16.7 9.2 6.1 1.4

2 2.6 3.5 53 6.3 85 12.5 15.9 15.4 16.5 11.3 5.6 1.9

3 2.4 3.2 3.9 6.6 8.8 14.9 16.1 16.5 16.7 11.8 59 1.7

4 25 3.3 4.5 6.1 8.6 14.5 17.1 16.3 18.9 10.9 5.2 1.5

5 2.6 25 4.9 5.7 8.1 14.4 17.9 18.5 17.8 11.0 2.2 1.8

6 2.4 2.2 5.1 6.2 7.7 15.7 17.8 18.5 15.3 11.7 2.7 2.4

7 25 2.4 4.6 55 7.5 16.2 16.9 18.5 14.8 12.5 3.2 1.7

8 25 4.6 3.0 5.7 7.4 14.7 16.5 17.5 15.7 12.0 2.6 2.9

9 2.3 3.9 4.0 6.8 6.1 14.6 16.0 18.0 16.0 12.7 4.0 2.8

10 2.4 3.9 4.3 6.5 9.2 13.9 16.6 18.1 16.2 10.7 53 2.3

11 2.4 4.0 4.4 6.3 9.5 14.5 18.8 16.3 17.2 12.0 3.7 3.1

12 2.3 4.4 3.3 7.8 9.1 15.0 20.2 16.6 18.1 12.1 4.3 4.1

13 2.4 4.5 49 6.7 8.1 14.0 17.3 17.3 16.7 10.9 3.9 1.6

14 2.4 5.4 5.8 6.1 6.9 14.0 18.3 16.6 15.6 12.0 3.6 0.6

15 2.2 55 5.8 6.2 7.8 15.5 19.1 17.2 14.3 11.6 4.6 0.5

16 2.6 55 5.1 6.9 8.3 15.0 17.5 17.4 13.2 12.4 5.5 1.2

17 25 5.0 5.4 6.9 7.4 17.0 18.8 17.2 13.5 10.4 24 1.6

18 2.4 4.9 5.7 7.4 6.9 15.5 18.5 17.1 14.8 8.0 2.9 0.5

19 2.4 4.8 6.0 9.5 7.4 17.0 16.0 17.2 14.4 8.6 5.9 1.6

20 2.3 4.2 4.7 9.4 8.9 16.5 16.3 18.6 13.4 75 5.6 1.1

21 2.6 3.9 5.7 85 9.0 15.6 17.2 19.3 143 6.0 6.6 1.1

22 2.7 4.2 5.2 9.0 8.9 15.6 18.1 19.4 14.6 5.9 53 1.8

23 2.6 4.4 49 8.2 11.2 16.4 17.3 20.6 155 6.5 5.0 3.7

24 2.7 3.9 5.6 8.2 10.4 17.3 17.0 17.9 13.6 5.9 5.2 3.9

25 2.8 3.8 4.6 8.8 9.1 16.7 16.6 16.4 14.3 7.7 35 3.9

26 2.9 3.1 3.5 9.5 10.1 15.1 16.7 17.3 14.8 7.0 0.8 3.0

27 2.9 2.7 4.3 10.4 12.0 13.4 14.8 18.0 13.1 6.3 0.6 2.6

28 3.1 2.6 4.9 10.6 12.9 14.3 14.8 16.5 12.9 4.7 1.6 4.9

29 3.1 3.5 6.2 10.2 13.8 14.4 16.0 16.3 14.1 4.4 1.4 5.0

30 3.2 7.1 11.4 13.7 16.3 16.7 16.9 10.0 5.2 0.8 52

31 1.8 5.8 13.1 16.3 17.7 5.8 5.6
030l bsdmseen| 2.6 3.9 49 7.6 9.3 15.1 17.1 17.4 15.1 9.2 3.9 25
g0l moego] 37 6.8 8.2 13.2 15.6 20.6 23.2 23.2 21.0 15.2 8.6 6.4
0300 Bgotglo] 06 0.5 2.0 4.0 6.0 11.0 13.2 13.2 9.6 3.0 0.2 0.2
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9065390900056 035bsmog Bsbl, HMA 359G 3gd3gMHoGMMdol 13omwgl HgMHEHowgdl Fgglsdsdgds
f9eob 399396 Mol dogduoddgdo s 3o0Mmodom - 359M0L 3Hga39Mmo@Mol wdEoMgl 360d369wMdgdL - Hywrol
A9939M5GHOoLb  dobodsgrm@o  360d369mdgd0. g ©IBM30EIOMENgds  gobgzobowrgm  omMmgmEo
LoAMOOLIMNZOL Fow-3ow3g 9390 dMbs399gdol Logmdzwgby.

9900n9%0

bmgg. bs0dmsb 056300l s ©93930MHOL M39d0 33993l 359MHOL MoMymgomo d6093bgemds s 59539
39600030 335436 fyeol dobodsew o 3HgddgmadMos, 030 2°-Bg sdWS BIBMEOL. 359MH0L 3Hgd3gMad ol
35gbodwdo a30d43b 0g3wololb mzgdo (17°-Bg Foms sEOL 39MHELEOLTYsW) 53539 39HomETo §3593L Fywrol
39939M0GH«e0oL doduodwdoi (10°C). bgdEgdd®mo@sb 0fiygds, GmameE 35900L b3 Fyol G9a3gmeEweol
511935 s 09393060l ™3980 hsdmol dob0dmdsdwy.

35960L $9939MsBHnMol MYg30L 330G WIEs bmeg. bsodmaeb 21-0L Gmeros, bmwm fywmob 8-ob. 5939
390d@gds 5006036ml, MM Fywob Ggddgmodwds, 359600l $Hgd3gMe@Malmsb 99smgdom-gmzgurmzol bs3wmgd
M493500Mdsly gobo0b.

53 999b9ds 359M0L5 s fyarob GH9a3gMHoGwIMHoL WMHMPOYMH0 TM3Z0IINIEGOL g, ¥356M056 s bmgs.
ORImb 03039 000Jdol, Gog Bgdmm s30b0dbgm; Fbmerme 08 goblbgagzgdom, MHma 5 BodmE™mol 3gMom@do
065 23593L 359600L MoMymzomo 3gddghodmgdo s bma. bsodmsb 89atgdom fywol &gadgemo@rMgdos o0
396000mEoLmMZOL Fose0s. X39O MH 4°-Bg 8gBH0s, bmem sMBgwdo 6%-Ll »obemgads. BYd3gMaEwIMol Mygzol
5030G MO X39MMb 359610L5M30L GHMEos 21-0b, bmwm {gwob 7-o0s.

g, MBI Mb 3ga396oEvIMHgdoL HYJ30L 533e0E s Fglsdsdolo 359M0ls s fywolimzol Gmeos
18 11-0b. Lsdngg AobLsboggm LoyMHBY gHMLS s 08539 39MHoMmETo F35J3L:

239Box8bMol sMdMIOL 39M10M©O, HMIgog FoMEH0b 0fygds;

Bog3bE0ol oo Ggd3gMod ol 39M0mo 9dmbggzs 03wobl-s330LEML 1M3990L;

399ma ™ol 5303900l 396M0m©o 0fjggds Lgd@gddmol m30sb;

5 DodNMOL IO 3HJI3GMoEWIHOL 39MH0MPO Jdmnbzgzs 05635M-mgdM3EOL M3gL.

3596M0Ls o Yol Ggd3gModemgdl 3005 sbolosmMdL ©odM30IdWgdol F9daa0 3M98030,
9ol 8000gds 35806, 0¥y 3mMOmOobsGms LoLEGJIoL sx330LsDY A9I3BMTs300 35960l HJI3GMoGHIMHIOL,
bowe mOEobs@s®g  fywol GHgadgme@dmgdl s 8500 dgbsdsdols 930090 [adGowgdl, 35806 olobo
099039 gdwo gmOIom 2oboyqd0sh JnmMEobsGms LolEgdol dodsdm. 8 FaMEGH0WgdBg Fga30dw0s
249393mom §iMxg, HmIgwog 9 HoMGH0wgdol Lodwsem 9603369 mdgdbYg 2503wl s MoPsE 3wmbom 0gbgds
©bMHOwOo s5330Lms gMdol dodsmom. qb Mxg 435093l JOM-9MMOL H9d3gMo@ewe 3603369 mdsL, [1,2]
MEgLsE 303000 BYME]. 35O 5Tobs 53 HOHFBOL FobEHmegdals odgl boby:

tg=ats+b

bos3 a s b 8990090 356509@Mgd0s: a 00 3Mobol GHobaglos, GMIgElsg dmagdwywo Mg sl
x330LMS VIO™B, bergrm b ol 36033bgemdss Imbs33900bs, HMIgEros 58 M50 hs8M033900905 30MMEObsE M
©OdbY. OGmEs 30300  35900L  3HYa3gMsEMMs, 05806 bgdmo  blgbgdmo  BmGIMwoom  Fgazodwos
399M305625M08Mmm Yol Hgddgms@ems s 8935sMmm 0g0 gobmdowl. [Hydrometeorology Publishing1970,
1976. G. Pipia, S. Gorgijanidze 2025]

90006569 9ba ol 3ga3gMsGH Mol 335¢gd5EMdS S MHZ0LYPMMYDs BsmsgzoEsb glismmagzolisggh

o Mbs 53060dbMmm: dE0bsmol 3Hgd3gMo@Ms LogMdol dobg3z0m (335¢gds©O, MsbgoE 9339000
2393gbsl 9BEIBL LoHOEMMBOL godrm, 99bs3zogdo, obEBsxBo ©s .0. gb (335¢gdsMds3 TgA30dwos
3ob30bomm 9. 960l 3Hgd3gMeG Mol (335agdOEMBOL  Foddowomby  Lma. bsodmsb  dobs@ol
F9LoM™3590g. 580LOMZ0L sGEOLMS VIMHIBY A5s3BMTs30 Bobdogdls FgloM9300 Lmg. sMbgesdy,
X39050009 ©o bs08sdg. sdob 909y JMMMObsGHMs WgMdby - 3H9a39MmeGEMgdL. Modgbodg mzoLsm3zol
3o®dme I, IV, VI, VIII, IX, XI 0g39900Lsm30lL) 3009000 3q039Ms¢Mgdol 860d3bgwrmdgdl dgbsdsdolio
LegEoLsmzoL s gLZsTm FM530390Dg gbodsdol §aMEH0wgdlL. 53 §9MEowgdol dgaMmgdom J0300gdm GHgbowl
bobl.  g9396M5GHwmoL  oBgds FgLotmogoLogzgh  3obmbBMIogMgdsl Homdmoagbl 3 dobstggdolsmgol.
3053039 boBgdo gMmdobgml oMb 56 3390b s ol yzgus MHMOoLsmzol dmddggdl gb 306mbbmdogmgds
- Pyeob 3gd39Mod Mol 9o@gds Gglotmsgolszgb. [Vladimirov, 1957, Ukleba 1967, Kikilashili 1974].
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33369

90bsMm0L MgMIMwo Hgg0d0l BMOIoMIdL ©s Jolo MYMIMWwo MHgg0dol 3MEbLL dowosh oo
9603369 mds 5g3L, Gog Bgdmm sMLYdMEo IMbs3qd900L Lsgwdguwbg gobzobowrgm. sMLEb0Tbsg0s, MMT 0d
3900bgz93580, HMEILE IAJBOE0S 535 1) 00 Fywolb MgMdMo Mgg0do, 3sdob ymgzgemzol 3ogom Fobalffoe
50 fywol  dsmangbo Lod33m030L  dEEMTsMgmds; 303000 dobo 10°C  $Hgd3gMs@GMol  ©sEAMIol s
bsba®dwogmdol 39Mom©o - Hga3dgmo@es, MHMIwol Bgdmmss 239J3L bogmabwol s 3939¢9300bsm30L
bgdgdfymdo 306Hmdgd0; g g39bdogds MHMAMOE dMBIOMmOZ30 Lobgmdgdol sbMEsdo, slggg LobmBE ™
©oLObEggddo LodgEObgm bogd0sbMdOL 39aEOE00L MBOM 9x39gEH0sb [omdoMm3zsdo. FoMEs 5oLy 3oE0m
RTINS, GOl bdOEgGdOMa3 Fga30d0s FYwol FH9ga3gMs@wIMs 330300 35906, HMEYLsE 30300 359MHOL
A9939M9GH O, 59 39658369 3gMom©To Fywol MMM G700l J0od309L OO YMEMOEMIDds, MoYBsS
5303650900 Fobogrol srgd3s s dobo 356Mbol LobdsMg sdmM30Idwos bmfiMg LodWbEH)bBY. gb
3956503690 30 306306 3539060 00YmBIDs BgI3gMOEGHMMLMmB. sdM0Y® Yol mgdmwo Mgzodol
365l oo 8603369 mds 5J3b.
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The formation of the thermal regime of a river and knowledge of its thermal regime are of great importance.
In the case when the thermal regime of a particular water is established, then we always know in advance the state of
the highest density of this water; we know the period of its occurrence and duration of 10°C temperature - the
temperature above which we have conditions conducive to life and vegetation; in addition, we know the formula by
which we can understand the temperature of the water when we know the air. In the latter period, much attention has
been paid to the thermal regime of water, since the sedimentation of suspended matter and the speed of its fall depend
on viscosity, and the latter is directly related to temperature. Therefore, knowledge of the thermal regime of water is
of great importance.

doi.org/10.36073/1512-0902-2026-139-29-36
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Ocobennoctr GOpMHUPOBAHUA TEPMHUYECKOrO pexXuma pek Ha mpumepe pexku Jurypu. C. l'oprumranuyge, I'. [Tuns,
. Txungapagze, T. Yuraase, H. Ko6axupgze, I'. I'puronud, I'. Tageunmagze./C6. Tpyzos UTM I'TY. - 2025. — Tom 136.
- ¢.29-36. - I'pys.; Pe3: I'pys., Auri., Pyc.

dopMupoBaHUEe TEPMUYECKOTO PEXXUMA PEKH 1 3HAHNE €T0 TePMIYECKOTO PeXXKHMa UMeIOT 60IbIIoe 3HaYeHUE.
B crayuae ycTaHOBIeHHMS TEPMHYECKOTO DEXMMa KOHKPETHOTO BOJOEeMa MBI BCET[a 3apaHee 3HAEM COCTOSHUE
MaKCHUMaJIbHOM MJIOTHOCTH DTOM BOJBI; MBI 3HA€M II€PHOJ 1 IIPOAOIKUTEJIPHOCTh TEMIIEPATY PBI lOOC — TeMIIepaTyP5lI,
BBIIIE KOTOPOﬁ CymeCTBYIOT yCJIOBH A, 6J'IEII‘OHPI/I$ITHBIE AJIA KU3HU 1 PACTUTEJIPHOCTH; KpOME TOI'O, Mbl 3HAE€M q)OPMyJIY,
II0 KOTOPOﬁ MOXXHO IIOHATH TEMIIEPATYPY BOJBI, 3HAsA TEMIIEPATYPY BO34yXad. B HOCJ'Ie,ELHI/Iﬁ mepuoj, 60]'[]5]].[06 BHHUMaAHUE
yAeasaeTcsa TEpMHUIECKOMY PEXHMY BOZABI, IIOCKOJIPKY OCAXKAEHHE BBINIABIIEIO0 MaT€pHajid M CKOPOCTh €r0 BbBIIIAAEHNA
3aBUCST OT BA3KOCTH, A IIOC/IEHSA HAIPAMYIO CBA3aHa C TeMIeparypoii. [losToMy sHaHME TEPMUYIECKOTO PeXXHUMa BOJBI
rMeeT 60JIbLIOE 3HAYEHNE.
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On the issue of strategic planning for the management of the lori River basin/Gulashvili, Z., Trapaidze, V., Pipia, G.,
Jincharadze, G., Chitadze, 6. 3mdsbodg/ Transactions IHM, GTU. -2026. -vol.139. -pp.37-42. - Georg., Summ. Georg.,
Eng.Rus.

The development of the principles of integrated water resources management began in 1896 and was founded in
Japan. Water is considered not only as a separate object, but also in its interaction with other components of the natural
environment and in conjunction with various aspects of economic activity. The final document on water resources manage-
ment is the framework directive adopted in Europe in 2000 (along with other relevant directives), to which Georgia has been
a party since 2016, thus committing the state to implement the recommendations and principles specified therein, which
determines the sustainable coexistence of the environment and social sphere of a particular basin in the long term, while at
the same time protecting and preserving water as a natural resource. A new approach to river basin management is the
development of strategic management principles, which are based on scientifically substantiated research of a particular
river basin. The paper presents an analysis of the preliminary study of the lori river basin, possible problems caused by
modern climate change, and research methods needed for strategic management planning.
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©53.551.556.5
900656 oMol s9Bol JsHMNZoL LEMIBHIZOMWO ©RIAAZ0L Lsgombolismgol/arymsdzomo, b., GHGMs3s0dY, 3.,
B0R0Y, 9., X0635M599, 9., BOGSY, 0., 3MBB0OIY, 6./LE-0b 380-0L IOHMBsms 3MYdw0-2026.-?).139.-33.37-42. -
Jo0m., M9B. JoOo., 0ba., M.

fgol Oglmebgdol 0bEgaMoMmgdmo TsMmM3oL 3G0BE03gdoL Tgdwdsggds 1896 Farowsb ofygds s
bog3dzgeo 053mb0sdo Bogys®s. fysamo 5o FbmErmE (3539 M009dG0, M09 3B3dM030 sMgdml Lbgs
3003mb9g63H0msb MBm0gMm353d06Hdo s LsdgmE@mbgm bgdosbmdol Lbgoalibgs sdgdEgdosb gMHmMdromdom
gobobomgds. fywol Maly®dlgdol domm3olL Lodmemem Em3wydgbdo 93mm3sdo 2000 ol dowmgdemo Rs®hm-
©0M9JBH030s (Lb3s Fgbsdsdol oMgd@03gdmab gM™sE), MMIgElsg Lodo@mggewm 2016 {erosb sGob
09O ™00, Homsg Lobgwdfoxzmd 3oeEIdEgds S00M EIbgMAML Fobido Jomomgdmwo M93¢m39bwsiogdo
©5 3006303900, M55 3965306MMOIOL (35390 sMBol  AsMgIMLs s bmEoswyo bggMml dEMo©
05655MLGOMBIL JMIYE350056 39MH0M©A0, 5353MMYYs Yo, HmaM® 3 d+9bgdM030 MYLYIOLOL OE30LS s
39656BMbgdol  3Mmombom. dobstgms  sbgdol oMzl sboo  Foamdss  LEHMIGHIYOWO  FoOMZOL
30063039000 99099853905, MLSE 585 009 03 FE0bsMOL 5Bl Tg360gMHYIMsE LdMMYDIWMWO 3Zeg3d ¥IEI3L
boggd3zo. BsdMmMITo sLobEos dEoboty 0m®ob smBol Fobobffoo Tm3zzagzol sbsgrobo, Jaods@ol

05650900Mm39  33Wogdom  2o0mf3gmeo  dgboderm  3OHMdEYIgdo o  LEAMIGJR0Mo  BoMm30lL
539395Mm930bm3z0L LoFoMm 33930l IgoMEYdO.

doi.org/10.36073/1512-0902-2026-139-37-42

YIK: 551.556.5

Ilo Bompocy cTpaTern4eckoro IIaHUPOBaHusA ynpaieHus 6acceitnom pexu Hopu/Tymamsuny, 3., Tpanannze, B.,
Munms, T., Jxuagapanze, I'., Yutanze, T., Kobdaxumze, H./C6. Tpymos UTM I'TY. - 2026. — Tom 139. - ¢.37-42. - T'py3.;
Pes: I'py3., Auri., Pyc.

Pa3paboTka NpuHIMIIOB KOMIUIEKCHOTO YIPaBJIEHUs BOJHBIMH pecypcaMu Hadanach B 1896 roay u 3apoauiack B
Snonun. Boma paccmaTpuBaeTcs He TOJNBKO KaK OTJCIBHBIA 00BEKT, HO U BO B3aUMOJCHCTBUH C JPYTUMHU KOMIIOHEHTaMHU
MIPUPOAHOM Cpebl, a TAKXKE B CBSI3U € PA3IMYHBIMU aCIIEKTaMU SKOHOMUYECKOH JesITeIbHOCTU. VITOTOBBIM JJOKYMEHTOM IO
YIPaBIEHUIO BOAHBIMU peCypcaMu sIBISIETCS paMOYHas TupekTuBa, npuHsaTad B EBpone B 2000 roxy (Hapsay ¢ ApYyrUMHU
COOTBETCTBYIOLIUMH JTUPEKTUBAMHU), YIACTHUKOM KOTOpoii I'py3us sBisercs ¢ 2016 rona, TeM caMbIM 00sI3bIBasi rocyaap-
CTBO BBIMOJIHATH COAEPIKAIIMECs B Hel peKOMEeHJalluy 1 IPUHIIUIIBL, ONIPE/IeIAI0NNe YCTOHUYNBOE COCYIIIECTBOBAHUE OKPY-
JKaIOLIeH Cpesbl U COIMANBHOMN cepbl KOHKPETHOTO OacceliHa B IOJITOCPOYHOM IEePCHEKTHBE, OHOBPEMEHHO 3aIIUIIast 1
COXpaHsisl BOAY KaK MPUPOIHBIA pecypc. HOBBIM noaxo/ K ynpaBieHNIO peyHbIMH OacceifHaMu 3aKIIFouaeTcs B pa3paboTke
NPUHIUIIOB CTPATErHIECKOT0 YIPABICHNs, OCHOBAHHBIX HA HAYYHO 0OOCHOBaHHBIX MCCIIEJOBAHHUAX KOHKPETHOTO PEYHOTO
GacceliHa. B crarbe mpencTaBieH aHaIn3 MPEIBAPUTEILHOTO MccieioBanus Oacceitna pekn Vopu, BO3SMOXKHBIX TIPOOIIeM,
BBI3BAHHBIX COBPEMEHHBIM M3MEHEHHEM KJIMMaTa, ¥ METOJIOB HCCIIEJOBAaHMs, HEOOXOIUMBIX JUIS CTPATErn4ecKoro IiaHu-
POBaHMUS yIpaBIICHHUS.
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"The Role of Wetlands and Marshes in the Context of Global Warming and the Importance of Their Restora-
tion"'/Mdivani Sophio/ Transactions IHM, GTU. -2026.-vol.139-p.43-46.

Wetlands and marshes constitute unique ecosystems that serve as the "kidneys of the planet." Beyond their role in
natural water filtration, these areas are vital for climate regulation; specifically, peatlands sequester twice as much carbon as
the world’s total forest biomass, making them indispensable for mitigating global warming. Georgia possesses diverse wet-
land ecosystems, several of which are protected under the international Ramsar Convention. While 20th-century policies in
Georgia and globally prioritized the drainage of these territories for agricultural expansion and urbanization, a paradigm
shift occurred by the 20th century end. Currently, wetland restoration is recognized as a cornerstone of environmental policy.
This article examines the critical importance of preserving and restoring these ecosystems within the context of Georgia and
the global climate agenda.
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YIK.551.556

»POJIb BOIHO-G0JIOTHBIX Yrouii H 00JIOT B YCJIOBHUSX IVI00aIbHOI0 MOTEIIEHUS] M BAXKHOCTH HX BOCCTAHOBJIEHHS “/
Mpusanu Coduo/ Co. Tpynos UTM I'TY. - 2026. — rom 139.43-46.

Bonora 1 BOgHO-00JI0THBIE YTO/IbsI IPEJICTABIAIOT COO0H YHUKAIBHBIE SKOCUCTEMBI Ha MOBEpXHOCTH 3emun. Mx
4acTO HA3bIBAIOT «ITOYKAMH IIAHETHI», TOTOMY YTO, IOMHUMO €CTECTBEHHOH (DIIIBTPANH BOJIBI, OHN MTPAIOT BAKHYIO POJIb
B peTynnpoBaHuH KinuMara. TopdsHble 6010Ta XpaHAT BABOE OOIBINE YIiepoaa, YeM BCE JIeca MUPA BMECTE B3SITBIE, UTO
JeTlaeT UX KpaiHe Ba)XKHBIMH UL CMATYCHUS MOCIEACTBUH II00anbHOro norerieHns. B I'py3un HaxoguTcss MHOXKECTBO
YHHUKAIbHBIX BOJHO-OOJOTHBIX YTOAWH, HEKOTOPHIC W3 KOTOPBIX HAXOISTCS MO 3aIIUTON MEXTyHapoaHOH Pamcapckoi
KoHBeHIMH. Haumnas ¢ Hagama XX Beka, B ['py3un U BO BCeM MHUpE MPAKTUKYETCs OCYIICHHE OOJOT W 3a00I0YCHHBIX
TEPPUTOPUIL, YTO CIY>KUT LENIH PACIIUPEHUS CETbCKOXO03SHCTBEHHBIX YTOAUN, HCIIOIb30BAHUS BBICOKOILUIOAOPOIHBIX TTOUB
wi ypOanmuzanuu teppuropun. OnHako K KOHIy XX BeKa BOAHO-OOJIOTHBIE yrojibs, 3a00JO0YEHHBIE TEPPUTOPUU U
MOJIMTHKA MX BOCCTAHOBJICHHS INpuoOpenu Bce Oouiblliee 3HAYCHHWE B NMPEAOTBPALICHUH TII00ANbHOrO HoTeruieHus. B
npeabIayIeil cratbe 00CYXIajdach BaKHOCTb BOCCTAHOBJIICHUSI M COXPaHEHUS BOAHO-OOJOTHBIX YrOIWH M OOJIOT A
I'py3uu u Bcero mupa.
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doi.org/10.36073/1512-0902-2026-139-47-51

UDC:551.583

Assessment of the impact of the Abastumani bypass road on the microclimate of the environment/Elizbarashvili E.,
Elizbarashvili M., Diasamidze Ts., Elizbarashvili . , Sulkhanishvili N./Transactions of the IHM, GTU. -2026. -vol.139.
-pp.47-51. - Georg., Summ. Georg., Eng.Rus.

The study concerns the microclimatic changes in the environment as a result of the construction of the bypass road in
Abastumani. The project was implemented on the Kutaisi-Baghdati-Abastumani-Benara road section and included the
felling of a certain area of forest. The forest creates a specific microclimate: it reduces direct solar radiation, temperature,
wind speed and evaporation, and increases the relative humidity of the air. Deforestation leads to a partial disruption of this
balance. Based on long-term (1961-2010) meteorological data and model estimates, it was determined that: the average
annual air temperature in the cleared area will increase by approximately 1°C; the most significant increase is expected in
summer (1.7-1.8°C), while the change in winter is insignificant (0.5-0.7°C); relative humidity may decrease by several
percent, mainly in summer; wind speed will increase slightly; annual precipitation will remain within the climatic norm;
asphalt road surface will additionally enhance the effect of surface heating in summer. The assessment shows that the
expected changes do not go beyond the limits of natural long-term climatic fluctuations (within the 3-sigma criterion) and
are of a local nature. A microclimate characteristic of the forest will be maintained a few meters away from the road.
According to the conclusion, the project will not cause significant climate changes and the impacts will be limited and
localized.

doi.org/10.36073/1512-0902-2026-139-47-51

YIK: 551.583

OueHka Bo3leiicTBUA AOGacTyMaHMIiCKOW 00B€3IHOH JOpPOrH Ha MHUKPOKJIMMAT OKpY:Kawlueii cpeabi/
dauzéapamsuin E., dauszoapamsuiau M., Tnacamunze L., dauszoapamsuiau, Cyaxanmmeuian H./C6. Tpyrnos UTM
I'TY. - 2026. — tom 139. - ¢.47-51. - I'pys.; Pe3: I'pys., Auri., Pyc.

HccnenoBanue MOCBSIIEHO MHUKPOKIMMATHYECKUM HM3MEHEHHUSM OKpYXKaloIlel cpensl B pe3yJbrare
CTpoUTENbCTBa 00Be3nHOW noporn B Abactymanu. [Ipoekt Obln peanu3oBaH Ha ywactke gopord Kyraucu-barmatu-
Abactymanu-beHapa u Bxirouan BeIpyOKy ONpeesIieHHOTro y4acTka jeca. Jlec co3paeT cneunduyecknii MUKPOKINMAT: OH
CHIKAET MPSMOE COTHEYHOE H3ITyUeHUE, TEMIIEPATypy, CKOPOCTh BETPA U MCIAPEHHUE, a TAKXKE MOBBIIIACT OTHOCUTEIBHY IO
BJI2)KHOCTh BO3/yxa. BpIpyOKka Jieca MPUBOIUT K YAaCTUYHOMY HapyIICHHIO 3TOro Oamanca. Ha ocHOBe MOJTrOCPOYHBIX
(1961-2010 rr.) METEOPOIOrHIECKUX JAHHBIX  MOJICIIBHBIX OIIEHOK OBLIO YCTAHOBIICHO, YTO: CPEIHETOA0BAs TEMIIEPATypa
BO3/lyXa Ha PACUHUIIECHHOW TEPPUTOPUH MOBBICHTCS TpuMepHO Ha 1°C; Hanboliee 3HAYUTENBLHOE MOBBIIICHUE 0KUAACTCS
aerom (1,7-1,8°C), Torma kak 3umoii usMeHenue HesHauuteapHo (0,5-0,7°C); oTHOCHTEIbHAS BIAKHOCTh MOYKET CHU3UTHCS
Ha HECKOJIbKO MPOLICHTOB, IIIABHBIM 00pa3oM JIETOM; CKOPOCTh BETpa HE3HAYUTENILHO YBEIUUUTCS; TOJJOBOE KOJIMIECTBO
0Ca/IKOB OCT@HETCs B Mpefiesiax KIMMaTHYeCKOil HOpMBbI; ac(habTOBOE TIOKPHITHE JOPOTH JIOTOIHUTEIBHO YCHIHT 3 dherT
HarpeBa MoBepXHOCTH JieToM. OIeHKa MMOKa3bIBAET, YTO OXKHJAEMble U3MEHEHHS HE BBIXOJAT 3a IPEJelbl eCTECTBEHHBIX
JIOJITOCPOYHBIX KJIMMaTH4YEeCKUX KoJleOaHui (B peenax KpUTepus 3-CurMa) M HOCAT JIOKaJIbHBIN XapakTep. MUKpOKIMMAT,
XapaKTepHBIN 11 Jieca, OyJIeT MOJIepPKUBAThCsl B HECKOJIBKUX METpax OT AOporH. I1o 3aKio4eHuto, MPOeKT HE BBI30BET
3HAYUTEJIbHBIX KIMMAaTHYECKUX U3MEHEHHUH, a ero Bo3ielCTBUE OYyA€T OrpPaHUYEHHBIM M JIOKAIU30BAHHBIM.
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CoBpeMeHHbIe TEHIEHUM U3MEHEHHUsI IKCTpeMaJbHbIX Temnepatyp B Camuxe-/l:kaBaxeTn
DuusbapamBuian duzéap”, dnuszbapamBuian Mapus™ , Inacamuaze Huuuno”, Din3éapamBuin
Ilansa“, Yeanasze Hana"

" Uucrutyt I'napomereoposnoruu I'pysunckoro Texuuueckoro YHuBepcureTa
" T6umucckuii l'ocynapcrBeHHsIi Y HUBepCcUTET M. JI)KaBaXUIIBUIN

Pe3iome. B craTthe paccMOTpEHBI COBpEMEHHBIE TCHACHIINN U3MEHEHHS SKCTPEMAaTbHBIX TEMIIepaTyp B pernoHe Camixe—
JI>xaBaxeTH B YCIIOBHSIX WHTCHCHBHOTO IIIOOANBHOTO NOTeIUieHHus. VccienoBaHue BBITOIHEHO Ha OCHOBE NAHHBIX TPeX
METEOPOJIOTHIECKUX cTaHnni — Axankanaku (1717 m), Axammuxe (962 m) u bopxxomu (789 m) — 3a mepuoxn 1961-2020
rT. Vlcnonp30BaHb KITMMATHYECKUE HHIIEKCHI SKCTPEMaIbHEIX TeMIepaTyp, pekomennoBanasie BMO nu MI'OUK (Txx, Tnn,
Txn, Tnx, Tx90p, Tnl0p). CraTrcTUyeckass 3HAYMMOCTh TPEHAOB OLIEHUBANACh MO P-KPUTEPHUIO (YPOBEHb 3HAYMMOCTH
0,05).YcTaHoBieHO, 4TO U3MEHEHHs CyTOUHBIX MAKCUMYMOB TeMIepaTypsl (TxX) HOCAT pa3HOHaNpaBIEeHHBIN XapakTep: B
Axanmuxe u bopxoMu OTMEUYEH MOJIOKUTENBHBINA TPeHM, B AXaJKalakl — OTpPHULATENbHBIN, OJHAKO BO BCEX CIIydasx
W3MEHEHHS CTATUCTUYECKU HE3HAYNMbl. AHAJIOTHYHAas KapTHHA HaOMoaaeTcs I aOCOIIOTHBIX MUHUMYMOB TEMIIEPATyphl
(Tnn), npu 3TOM B AXanuuxe BBISBICH cTaTUcTHYecku 3HauuMblil pocT (0,7 °C 3a necarunerue). bonee BbIpakeHHBIE
W3MEHEHHUS XapaKTepHbI A UHIeKca Tnx (MakcMMyM aOCONIIOTHBIX MUHIMYMOB TEeMIIepaTypbl): B Axanuuxe u bopxomu
3adukcupoBaH cratuctuiaecku 3HaunMbId pocT (0,4 u 0,3 °C 3a nmecsatuieTne COOTBETCTBEHHO), YTO CBHICTEIBCTBYET O
CMSTYCHUHN XOJOMHBIX SKCTPEeMyMOB. B Axankanaku M3MEHEHHUS HOCAT OTPHUIIATENbHBINA, HO CTATUCTHICCKA HE3HAYMMBII
XapakTep. AHAIN3 MPOICHTIIIEHBIX HHACKCOB ITOKA3aJl CHIDKEHIE YHCIIa JTHEH ¢ SKCTPEMAaIbHO BRICOKHMH TeMIIepaTypaMu
(Tx90p) B Axankanmaku (CTaTUCTHICCKH 3HAYMUMO), TOTAa KaK B AXamImxe U bop>koMu m3MeHEHHN HECYIIECTBCHHBL. B T0O
JKe BpeMs M3MEHEHHS XOJOAHBIX 3KcTpeMyMoB (Tnl10p) uMeroT pasHOHANpaBICHHBIH XapaKTep: B AXaJKaJllakKd OTMEUCH
POCT UHuCIia TaKUX THEH, a B AXanmuxe 1 bop)koMi — UX yMeHBIIICHHUE; MTOCTICTHNEC H3MEHEHHS CTATUCTHYCCKH 3HAYNMBI.
KnroueBsle ciioBa: 3KCTpeMalbHbIE TEMIIEPATYPHl, TPEH, CTAaTUCTHUYECKas 3HAYUMOCTb

BBenenue. [IpoBeeHHbIe 3a MOCIEAHIE TOBI UCCIEIOBAHUS HEKOTOPHIX KIMMaTU4YeCKUX UHAeKcoB ['py3uu [1-7 u ap.],
PEKOMEHIOBAHHBIX 3KCIIEPTHOW IPYNIION MOHUTOPUHIA U UHAECKCOB MEXrocyjapCTBEHHOM KOMMUCCHM 3KCIEPTOB I10
m3MeHeHuto kinumara (MI'OUK) Bceemupnoit Meteoponorudeckoit Opranmsanuu(BMO) i OLEHKH perHoHalIbHBIX
KJIMMATHYCCKUX U3MEHCHHH B YCIOBUAX II00ATBHOTO MOTEIUIeHU:[8,9], pacIIMPIUIN HAIIIM TPECTABICHUSA O KIMMaTe U
W3MEHEHNH KiuMaTa [py3un B yCIOBHAX TII00AIBHOTO MOTEIDICHHSA. B WacTHOCTH OBLIO YCTaHOBIICHO, YTO Hambolee
YYBCTBUTEIHHBIMHI HHINKAOpAMH U3MCHEHHS KIIMMATa SBILTIOCS IKCTPEMaTbHBIC TEMIIEPATYPHI, XKapKue THH, TPOITNICCKUE
HOYM ¥ MOPO3HEIE THU.

B [1] nuccnemoBaHbl exeroqHble N3MEHEHHUSI MHIEKCOB AKCTPEMANbHBIX KIMMATHYSCKUX SBIICHUH B ['py3un 3a
nepuon 1971-2010 rr ¢ uCHOIB30BAaHUEM TOMOTE€HU3UPOBAHHBIX PSIIOB CYTOUHBIX MHUHUMAIbHBIX U MaKCHMaJbHBIX
Temmepatyp u ocaakos. B [2,3] mo marepuanam HabmroaeHuii 50 METEOPOIOrHIECKUX CTaHui 3a mepuoy 1936-2013 ros
WCCIIeIOBaHbBI TMHAMUKA YHCIIA KAPKUX THEH, UX TTOBTOPSIEMOCTh, HHTEHCUBHOCTD, U TIPOJAOKUTENHHOCTh Ha TEPPUTOPUH
I'py3un, ompeneneHbl MEPUOAbI HACTYIUICHUS JKapKUX JTHEH B TEYEHHWM TOJa W MX MaKCUMalbHAas WHTEHCHBHOCTH B
pa3nYHbIX GU3HKO-reorpaduIecKruX YCIOBHUIX, BBIMIOJIHEHO PAalOHMPOBAHUE TEPPUTOPHH [ 'py31H 10 CKOPOCTH U3MEHEHHUS
yucna xapkux aHeil. B [4] mo marepuanam HaOironenuit 30 Mereoposiorndeckux cranuuii I'pysun 3a nepuoxa 1936-2013
TOJBl HWCCJENOBaHbl Teorpadus, CTAaTUCTHUECKas CTPYKTypa, HHTEHCHBHOCTH, MPOJOJDKUTEILHOCTh M JUHAMHUKA
TPONMYECKUX HOYEH, MOCTpPOCHAa TeoWH(pOpPMAIMOHHAs KapTa Yrcia TPONHYECKHX Hodel 3a 0a3oBeIil mepwon BMO,
OTIpeNeNICHBl TEPHOJ HACTYIUICHHS M TIOBTOPSEMOCTH WX PAa3UYHBIX Tpagalliif, yCTaHOBJICHBI 3aKOHOMEPHOCTH
MHOTOJIeTHETO u3MeHeHus. B [5] mo marepuanam HaGmofeHUi 25 METEOPOJIOTHUECKHX CTaHIui 3a nepuon 1936-2013
TOJBI UCCIICIOBAaHA CTATHCTHYECKAas CTPYKTypa MOPO30B M MOPO3HBIX IHEH B TOPHBIX paiioHax ['pys3mum, ompeneneHsI
HETIpephIBHAS TIPOJOJDKUTEIFHOCTE MOPO30B, IMEPHOJ HACTYIUICHHS W IOBTOPSEMOCTH PAa3IHYHBIX Tpajaliii ducia
MOPO3HBIX JHEW, yCTaHOBJIEHBI 3aKOHOMEPHOCTH WX MHOT'OJIETHETO U3MEHEHHUS. .

B nHacTosimieit cratbe rccnea0BaHbl COBpEMEHHBIE TEHACHUHA H3MEHEHHsSI DKCTpeMalbHBIX Temnepatyp B Camirxe-
J>xaBaxeTu B YCIOBHIX HHTEHCHUBHOTO TJI00aJIhHOTO MOTETIIICHHUSI.

MaTtepuaabl 1 MeTOABI. B miccie10BaHNN MCTIONB30BaHBl MaTepHaibl HAOIIOACHUI TpeX METEOPOJIOTHYECKUX CTaHIINIA-
Axankamaku (1717m H.y.M), Axamuxe(962m H.y.M), U bopxxomu(789m H.y.Mm) 3a mepuon 1961-2020 roasl. Kmumar
peruoHa: yMepeHHO KOHTHHEHTAIbHBIH, CPAaBHUTEIIFHO CYXOH, ¢ X0JIOHOM 3uMoi. JlaHamadThl: BEICOKHE IIATO, TOPHbIE
Jyra, CTEeIHbIE yYacTKH, ByJIKaHNYECKHe (POPMBI, CpeTHETOPHBIE XPEOTHI, I'YCTHIE Jieca, TePEBaIBI.

PaccMoTpeHs! cienyromue KIMMaTHIeCKUe HHIIEKCHI SKCTpeMalbHBIX TeMueparyp (cM.1adi. 1)
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Taémuna 1. UHaeKchl 3KCPEeMPJILHBIX TeMIEPaTyp

MHaexe Haspanue Onpenenenne Enununa
Txx CYTOUHBIH MAKCHMyM CYTOYHEIH MAKCHMYM TEMIEPATYpH 32 ic
TEMIEPATyphI TEPHO. HeCIETOMAHHA
Tnn CYTOUHBIEH MHHHMYM CYTOUHBI MHHHMYM TeMIEPATypHl 33 i'c
TEMIEPATyphI TEPHO. HeCIETOMAHHA
Txn MHHHMYM a0COTIOTHELX MHHHMYM H3 a0COTOTHEX Makcmymop | U C
MaKCHMYMOB TEMIIEpATYpHI TEMIEPATYpPH
Tnx MAKCHMYM a0COTIOTHBIX MAKCHMyM H3 abCOMOTHBIX MuHHMyMOB | U C
MHHHMYMOB TEMIIEpaTypbl TEMIEPATYpPH
Tx%0p 00%-aAMpOLEHTHTD MAKCHMYMOB UHCTO JTHEH, KOTJa MakcaMAThHAA UHCITO JHEH 33 TOT
TEMIEPATyphI TEMIEPATypa BO3AYXa NPEBBIIALT
noporosoe 3raucHHe, 90%-yr0
TPOLIEHTHTE MaKCHMYMOB TeMIEPaTypEI
TnlOp 10%-aAnponeHTHIs MHHHMYMOB THCIO0 AHEH,KOT1a MHHHMATBHAL TEMIIEPAT] HCIO AHEH 33 Tof
TEMIEPATyphI BO3AYXa HHXE NIOPOTOBOTO 3HAUCHHA,
10%-Horo MpOLEHTHIA MHHHMYMOB
TEMIEPATYpBL.

TpeH MHOTOJIETHEr0 M3MEHEHHS KIMMATHYEeCKUX WH/IEKCOB OILIEHUBAJICS C TIOMOILBIO P —BEPOSTHOCTH OLIMOKH MEPBOTO
polia mpu OTKJIOHEHUH HYJEBOH THUIOTE3bl (YPOBEHb 3HAYMMOCTH). B KadecTBe HyJeBOW I'MIOTE3BI OBUIO IPUHSITO, YTO
MHOT'OJIETHEE M3MEHEHHE HMHAEKCOB SKCTPEeMalbHBIX Temreparyp (TpeHx) 3a mepuox 1961-2020 rr umeer ciaydalHBINA
xapakrep. COOTBETCTBEHHO aJTepHATHBHAS TMIIOTE3a, UCKIIIOYAIONIAs HYJIEBYIO, O3Ha4yajla HCTUHHOCTh M3MEHEHHS 3THX
XapaKTEepPUCTHK BO BPEMEHHM (3HAYMMOCTH TpeHna). Ecnu 3nauenne p mano (Menee mim paBHo 0.05) HyseBas rumoresa
OTBEprajiach U TpeH  cuuTayica 3HayuMbM [ 10].

OO6cyxieHne pe3ynbTaToB.

O TeHAEHIMAX MHOTOJIETHETO M3MEHEHHUS] HEKOTOPBIX TEMIEpaTypHbIX MHJEKCOB MOXKHO CYIUTB 110 rpaddukam (cm puc.1).

45
[ ] y=0.0018x+ 34.803
40 A R? =0.0003
y=0.0175x+1.6347
35 1 .®  R2=0.0286
30 ry L o y==0.0255x+ 84.074
R?2=0.0464
25
20 .
TXX # Seriesl
15 M Series2
10 Series3
5
0 L L L L L L L 1
1950 1960 1970 1980 1990 2000 2010 2020 2030
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0 r r r r \ ® Seriesl
1940 1960 1980 2000 2020 2040 .
W Series2
< Tnn _
A Series3
A A N A
10 e A
n. M o
QA o App A B y=0.0214x-56.1
RZ=0.017
-15
y=0.0663x-151.11
50 4 R? = 0.0972
-25 4 .—“ y=-0.0309x + 39.243
® o Lo ¢ R2 =0.0335
oc (4 *%e
-30
10 —0C @ Seriesl
Txn
M Series2
> || = A A Series3
A
0 y=0.0164x-33.655
5 - B
y=-0.0203x+ 37.438
R?2=0.015
-10
‘o e o e
15 L y=-0.0481x+ 88.26
RZ2=0.1217
-20
Tnx N
25 -
y=0.0317x-42.758
R2=0.1898
20 4 V=0.0399x - 60.235
R2=0.2757
15 A PN v=-0.021x + 58.631
* R? = 0.0543
10
® Seriesl
> W Series2
A Series3
0 L L L L L L L 1
1950 1960 1970 1980 1990 2000 2010 2020 2030

Puc.1. TenaeHnum MHOTOJIETHEI0 HM3MEHEHHMSs HEKOTOPbIX MHIECKCOB JKCTPeMAaJbHBX  TeMIepaTyp,
COOTBETCTBYIOIINE ypPAaBHEHHsl JIMHeHHOW perpeccnu W kodpduument nerepmuunamun (R?): 1-Axankanaku, 2-
Axannuxe, 3-bopxomu
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W3 puc.l cmemyer, 4TO NUHAMHKAa CYTOYHOro MakcumyMma Ttemmeparypbl (TxX) 3a wccieqyemblii Meproa  UMeln
MOJIOXKUTENBHBIN TPEHN B AXaniuxe U bop:xomu, a B AXalnKaiaku UMeJ OTPHLATSILHBIA TPSH . OJTHAKO 3TU M3MCHCHHUS
CTATUCTUYECKU HE3HAYUMEL.

AHaIOruYHas TCHACHIU 0TMEYAETCs] B U3BMEHCHHUHU a0COIIOTHBIX MHHUMYMOB Temnepatypsl (Tnn). B Axanmuxe u
Bop:koMHU TeMIepaTypsl yBEIMYHBAINCh COOTBETCTBEHHO co ckopocThio 0.7 u 0.2 °C 3a nexamy, BKIagoM TpeHIa B UX
M3MEHYNBOCTE cooTBeTCTBeHHO 10% u 2%.. Brmam TpeHma craThcTHdeckW 3Ha4MM Uil Axannuxe. B Axankamaku
a6COMOTHBI MUHMMYM TeMIIEpPATyphl TAKAKE yMeHbLAIach co ckopocThio 0.3 °C, 0JHaKO 3TO M3MEHEHHE CTATHCTHYECKH
TaK)K€ HE3HAYMMO.

B m3sMeHeHHH MHHUMYMOB a0CONIOTHBIX MakCHUMyMOB Temmeparypsl (Txn) B Axammxe u bopkomu oTtMewaercst
HE3HAUUTENbHBIN TpeH I, a B AXalnkanaky TeMIepaTypa yMeHblangach co ckopocthio 0.5 °C 3a nekaiy, BKIagoM TpeHa B
HUX U3MEHUYHMBOCTE 12%, UTO CTATUCTUYECKU 3HAYUMO.

W3MeHeHHs MAaKCUMYMOB a0COJTIOTHBIX MUHEMYMOB Temiiepatypsl (Tnx) 6onee 3HaunTenbHbl. Tak, B Axannuxe U
Bop:KoMHU TeMIepaTyphl yBEIMYHBAINCH COOTBETCTBEHHO co ckopocThio 0.4 u 0.3 °C 3a nexamy, BKIAgoM TpeHAAa B UX
W3MEHYUBOCTHh COOTBETCTBEHHO 28% 1 19%. DTH U3MeHEeHHs CTaTUCTUUECKH 3HAYMMBI. B Axankamnaku MakCUMyMBI W3
abCONIOTHBIX MHUHHUMYMOB TEMIEpaTyphl yMeHbIamuch co ckopocthio 0.2 °C 3a nexamy, BKIaZoM TpeHAA B HX
U3MEHYMBOCTE BCero 5%, BCIIECTBHE YEro 3TO U3MEHEHUE CTATUCTUYECKHA HE3HAUMMO.

B Tabmmie 2 mpencraBieHBl ypaBHEHHS THHEWHOW perpeccuu 3a mepuon 1961-2020rr. m COOTBETCTBYIOIIHE
koo umentsr nerepmunamuu (R?) mus 90%-bIX MPOLEHTWIEH TOMOBBIX MAaKCHMMYyMOB TeMmmepaTypbl H 10%-bIx
TPOICHTIIICH TOAOBHIX MHUHHMYMOB TEMIIEPATYphI, >KAPHBIM HIPU(PTOM BBHIACICHBI CTATHCTUYSCKH 3HAYUMEBIC 3HAUCHHUS

Ta6auna 2 YpaBHeHus JIHHelHOl perpeccud M COOTBEeTCTBYOIHE K03 PuuueHTH AeTepmuHanuu (R?)

[TynkT Vpasnenne 90%-an R? Vpasrenne 10%-aa R?
TPOIEHTHTE MAKCHMYMOB TPONEHTHTG MHHHMYMOB

Axamkamarkn | y=-0.459x+954 0.15 y=0.296x-555 0.14

Axamxe y=-0.214x+461 0.05 y=-0.402x+831 0.23

Bopxomu y=-0.169x+379 0.03 y=-0.2795x+600 0.11

W3 tabnuupl ciexyer, 9To cKOpocTH n3MeHeHHs 90%-bIX MpOLeHTHIeH TOJOBBIX MaKCHMYMOB TE€MIIEPaTyphI
OTPHLATENBFHBl U COCTAaBIAIOT 1-5 1HEH, BKIaA TpPeHAa B MX HM3MEHYMBOCTh B AXaJIKaJaKH COCTaBISIIOT 15%, 9to
CTaTUCTHYECKH 3HaYMMO. VI3MeHeHns B Axanuuxe ¥ bopykoMu CTaTUCTUYIECKH HE3HAUNMBI.

Ckopocts m3MeHeHHs 10%-bIX NpOLEHTHIEH  TOAOBBIX  MHHHMYMOB TEMIEpaTypsl B AXalkallakd
MOJIOXKUTENbHA M COCTABISET OKOJO 3 THEH 3a JeKaly, BKIaJOM TPEHAA B UX CYMMapHYI0 U3MeHUUBOCTh 14%, a ckopoctu
n3MeHeHus1 10%-bIX HMPOLEHTWIIEH TOJOBBIX MHHHMYMOB TeMIEpaTypsl B Axannuxe U bop)koMHM OTpHLIATENBHBI U
COCTaBJIAIOT 3-4 mHS 3a JIekany. Brxuag TpeHIa B cyMMapHYIO M3MEHYMBOCTH HPOLEHTHIICH TeMIlepaTypbl COCTaBIISET
co0TBeTCTBEHHO 23% 1 11%. DTN N3MeHEeHNs CTATUCTUYECKU 3HAYMMBI.
3axmarouenue. [IpoBeiéHHOE HCccneI0BaHUE TO3BOJIIIIO BBISIBUTh OCOOEHHOCTH COBPEMEHHBIX U3MEHEHHI IKCTPEMAIbHBIX
Temneparyp B pernone Cammxe—/[xaBaxetn 3a mepuonx 1961-2020 rr. B yCNOBHSIX HHTEHCHBHOTO TIJI00QJIBHOTO
MOTEIUICHUS.

YcTaHOBNIEHO, YTO HAUOOJIBIINE ¥ CTATUCTHYECKH 3HAYMMbIe H3MEHEHHUS CBSI3aHbI ¢ TpaHC(opMaIied XoI0IHbIX
TEeMIIePaTypHBIX 3KCTPEMyMOB, OcOoOeHHO B Axammuxe U bopxomu. Poct mMakcuMyMoB abCONIOTHBIX MHHHMYMOB
temnepatypsl (Tnx), a Takke yMeHbIICHHE YUCIIA THEH C AIKCTpEMalIbHO HU3KUMHU TeMnepaTypaMu (Tnl0p) B 3TuX myHKTax
CBHJIETEJILCTBYIOT O CMSTYCHHHN 3UMHHX YCJIOBUI U CHIDKCHUH CYPOBOCTH XOJIOJJHOTO MEPHO/A.

B T0 e Bpems AMHaMHUKa SKCTPEMAIIBHO BBICOKHMX TEMIIEpATyp BhIpakeHa ciabee M HOCHT MPEeUMYIECTBEHHO
CTaTHCTHYECKH He3HauMMbIi xapakrep. CHwkenne 90%-bIX npoueHTwiedl MakcumyMoB Temmeparypsl (Tx90p) B
Axankanaky sBJISIeTCS €IMHCTBEHHBIM CTaTUCTUYECKH 3HAUMMBIM U3MEHEHUEM CpPEIM MOKa3aTeNel JKapKUX 3KCTPEMYMOB.

BoisBieHa mpocTpaHCTBEHHas HEOMHOPOJHOCTb KIMMATHUECKUX M3MEHEHHH: B  BBICOKOTOPHON 30HE
(Axankanaku) TEHJICHLIMH BBIpaKEHBI cllabee W OTIMYAIOTCS 110 HANpPaBJICHUIO OT HU3KOTOPHBIX PaiOHOB (AXaiuxe,
Bopxomu). 310 mog4€pKuBaeT BaXXKHYIO POJIb BEICOTHOM MOSCHOCTH U (pU3HKO-Teorpadpudeckux ycIoBHi B HOPMUPOBAHUN
PETHOHANBHOTO OTKIIMKA Ha TTI00aIbHOE TOTETICHHE.

B 1menoMm mosydeHHBIE pPe3yNbTaThl MOATBEPKIAIOT MPOJOIDKAIONIYIOCS TPaHCHOPMAIMIO TEMIIEPaTypPHOTO
peXnuMa peTHoHa, MPEX/Ie BCEro 3a CUET OCIabiIeHHs XOIOAHBIX SKCTPEMYMOB, YTO MMEET CYIIECTBEHHOE 3HAUYEHHUE IS
MPHUPOAHBIX 3KOCUCTEM, CEITBCKOTO X035HCTBA M CONMATBHO-3KOHOMUYECKOro pa3Butusa Camirxe—/»aBaxeTu.
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9dbBHYsGo  GHYd3gMsGYMgdol  msbsdgmmgzg  33Eromgdols &9bgbzogdo  LsdEbg-xsz3sbgmdo.
9EoBdM5A300 9., JEoBBdIMIG30o 3., EOsLET0d] 3., JEPOBdMsIZ0Eo 3., Fgwrodg b. LEw-ob 3do-ob
OMIsm 309d90-2026.-3.139.-23.52-57. -JsGom., OgD. Jo®om., 0byem., Hb.

LEAHOG0S  dobobowsgl  bsdiabg-xog3sbgool  Hgaombdo  gJuG®gdsMo  3Hgd3gme@Mol  dodobatyg
3960963090l 063HIBLOMMO AEMBIIMHO MBdMIOL 30MHMBYOT0. 331935 9BdBYds Lo FYEHINOMELMYOOHO
LoAMGOL - sboendsgsdol (1717 3), sboenzobol (962 9) o dmMxmdol (789 d) dmbsggdgdl 1961-2020 {Hengdol
39600M@oLmZ0L. 350mygbgdmeo 0dbs Abmgeom dg@EHgmMHmMEMA0MMmO MOYbobsgool (WMO) s IPCC-ob dog®
6930096900 gdbBH®9asw MmO Hgd3dgms@ Mol 3arods@wco 0bogdugdo (Txx, Tnn, Txn, Tnx, Tx90p, Tnl0p).
A9609630gd0L LBsEBHOLEHO0IMMO BT3B Mds FgxoLs P-GILEHOL go8mygbgdom (36083bgwmdol mby 0.05).
508mBbs, HMI OGO #H9d3gMs@EMol dogdbodmdol (Txx) 33W0Egdgdo IMezs¢dbMOZ0s: sbogrgobgls ©s
0mOX™Ido  ©sYdoMo  Fgbgb3os IROJLOMS, bmrm  sbowrdswsddo  MeBymzomo. MMIEs,  Y39gws
390mbgz93580, (33090900 bGHsEHOLEAEH0ZMMo® dbodzbgems. dbyoglo GH9bwgbios d90b0dbgds sdLMEEMMO
906005 M0  $Hgd396ms@Holomgol (Tnn), sboserizobgdo bGs@GoLE03MMe© I60dzbgwrmgsbo bMom (0.7°C
0090 do) sx0JL0MYIWMWO. MRMM F5dmMbodwo 33w0wgdgdo 890b0dbgds Tnx 0bwgdbdo (BsdlodserMo
20OLMEEBMOHO JoboTo Mo 3gd3gModmMms): absgrEobgls s dmOKMITo LEGOLE03WMms© 96033690 Mm3zs60
DM oxgodbo®mEs (Fgbadsdols, 0.4 s 0.3°C gmgger sofiergmedo), Mog 80momgdL 3030 9JbGHMYIGOOL
89000Egdsby.  sbowdewsddo  (33e0Egdgd0  IMYMBOMO0s,  FogMd  LAHSGHOLEBH0ZMMI©  MIBodzbgem.
396396G0Ho 06gdugdol s65eoBds 9B396s, NI sbowdsmsddo M30MMHGLI® Fomowo gddgModmeol
QOI9d0L  Gomgbmds (Tx90p) 89dzom©s  (LEHSEGOLAEHOIWMs© d50336gm3s60), bmm  sbognizobgls s
dmOxmddo  (33¢0ogdgdo  dbodgbgarms.  s35bmdsdo, (3030  9JuGH®YINTJOOL  (33Erogdgdo  (Tnllp)
29Lb35390E0s: S1gMO EWYIOOL MoMmEIBMBS Fo0DIMEs sbsErdssddo, bmerm 9gdzomgds - sbogrEgobgbs ©o
MmO mddo; gb 93965L369¢0 (33e0WgdgdO LESEOLEH0ZMMo© 3603369 mgsbos.

doi.org/10.36073/1512-0902-2026-139-52-57
UDC:551.583
Current Trends of Extreme Temperature Changes in Samtskhe-Javakheti. Elizbarashvili, E., Elizbarashvili, M.,
Diasamidze, T., Elizbarashvili, Sh., Chelidze, N. Transactions of the IHM, GTU. -2026. -vol.139. -pp52-57. - Georg.,
Summ. Georg., Eng.Rus.

This article examines current trends of extreme temperatures in the Samtskhe-Javakheti region under conditions
of intense global warming. The study is based on data from three meteorological stations—Akhalkalaki (1,717 m),
Akhaltsikhe (962 m), and Borjomi (789 m) — for the period of 1961-2020. Climate indices of extreme temperatures
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recommended by the WMO and IPCC (Txx, Tnn, Txn, Tnx, Tx90p, Tn10p) were used. The statistical significance of
trends was assessed using the p-test (significance level 0.05). It was found that changes in daily temperature maxima
(Txx) are multidirectional: a positive trend was observed in Akhaltsikhe and Borjomi, while a negative trend was
observed in Akhalkalaki. However, in all cases, the changes are statistically insignificant. A similar trend is observed
for absolute minimum temperatures (Tnn), with a statistically significant increase (0.7°C per decade) recorded in
Akhalkalaki. More pronounced changes are observed for the Tnx index (maximum absolute minimum temperatures):
in Akhaltsikhe and Borjomi, statistically significant increases (0.4 and 0.3°C per decade, respectively) were recorded,
indicating a mitigation of cold extremes. In Akhalkalaki, the changes are negative, but statistically insignificant.
Analysis of percentile indices revealed a decrease in the number of days with extremely high temperatures (Tx90p) in
Akhalkalaki (statistically significant), while in Akhaltsikhe and Borjomi, the changes are insignificant. Meanwhile,
changes in cold extremes (Tnl0p) are mixed: an increase in the number of such days was observed in Akhalkalaki,
while a decrease was observed in Akhaltsikhe and Borjomi; the latter changes are statistically significant

doi.org/10.36073/1512-0902-2026-139-52-57

YIK:551.583

CoBpeMeHHBIE TEHJEHWHM W3MEHEHW:T JKCTpeManbHEIXx Temueparyp B Camuxe-/DxaBaxeru. OmmsbapamBunu E.,
OnusbapamBru M., lnacamunse T., Dmabapamsrn 1., Yeanzgze H. C6. Tpymos UTM I'TV. - 2026. — Tom 139. -
¢.52-57. - I'pys.; Pes: I'pys., Anri., Pyc.

B craTrbe paccMOTpeHBI COBpeMeHHBIE TeHAEHIIMYU M3MEeHEHUS SKCTPeMaTbHBIX TeMIlepaTyp B peruoxe Camixe—
[I>xaBaxeTH B yCIOBUAX MHTEHCHUBHOTO ITI00aIBHOTO HoTeIuieHus. ViccieoBaHye BEIIIOTHEHO HA OCHOBE JJAHHBIX TPeX
MeTeoposorndeckux cranuuit — Axankamaku (1717 m), Axanmuxe (962 m) u Bopxxomu (789 m) — 3a nepuog 1961-
2020 rr. Mcionp30BaHbl KIXMaTHYeCKHE NHIEKCHI SKCTPEMaIbHBIX TeMIlepaTyp, pekomengosanusie BMO u MI'DUK
(Txx, Tnn, Txn, Tnx, Tx90p, Tn10p). CrarucTrdecKas 3HAYMMOCTh TPEHAOB OLIEHUBAIACh IO P-KPUTEPUIO (YPOBEHB
sHauumoct  0,05). VYcTaHOBIEHO, 4YTO W3MEHEHHA CYTOYHBIX MAaKCUMyMOB TeMmmeparypsl (Txx) HocaT
Pa3HOHAIIPaBIEHHbIH XxapakTep: B Axanuuxe X BOpXOMH OTMeYeH IIOJIOXKUTENbHBIM TpeH[, B AXaTKalaku —
OTPULIATENBHBINA, OJHAKO BO BCEX CIy4YasX H3MEHEHMsS CTAaTUCTUYECKM He3HAYMMbl. AHAJIOTUYHAs KapTHHA
HaboaeTcs A abCOMIOTHBIX MUHUMYMOB TemmepaTypst (Tnn), mpu sToM B Axannuxe BBIABIEH CTAaTUCTUYECKU
srauumsiit poct (0,7 °C 3a mecarunerue). Bosee BoIpaskeHHbIe M3MEHEHIS XapaKTepHBL AT WHIEKCa TnX (MakCuMyM
abCOTIOTHRIX MUHIMYMOB TeMIlepaTypsl): B Axaniuxe u bop:xomu 3adukcupoBan craTucriudecky sHauumsii poct (0,4
u 0,3 °C 3a mecsTueTre COOTBETCTBEHHO), YTO CBUETEIBCTBYET O CMATYeHIH XOJIOAHBIX OKCTpeMyMOB. B Axankaraxku
M3MeHEeHUs HOCAT OTPUIATEIBHBIN, HO CTAaTHCTUYECKM HE3HAUYMMBIHM XapakTep.AHanu3 IPOIEHTUIBHBIX HHAEKCOB
II0Ka3aJI CHIDKeHHe YHCIa THel ¢ SKCTpeMasbHO BhICOKuMU Temmeparypamu (Tx90p) B Axankamaky (CTaTHCTHYECKU
3HAYKMMO), TOTZAa KaK B Axaniuxe ¥ BopxoMu m3MeHeHUs HeCyLIeCTBEHHBI. B TO e BpeMs M3MEHEHHUA XOJOLHBIX
sxcrpeMyMoB (Tnl0p) uMmeroT pasHOHAIpaBIEeHHBIHM XapaKkTep: B AXajKajJaKy OTMedYeH POCT YKC/Ia TAKUX AHEHU, a B
Axannuxe u BopxoMu — UX yMeHbIIeHHe; ITOCIeJHYe H3MeHEeHUA CTaTUCTHYeCKU 3HAYUMBL.
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Expected Impact of the Operation of the Mtkvari Reservoir Cascade on Microclimatic Changes. Elizbarashvili, E.,
Elizbarashvili, M., Diasamidze, T., Elizbarashvili, Sh. Transactions of the IHM, GTU. -2026. -vol.139. -pp.58-66. -
Georg., Summ. Georg., Eng.Rus.

The expected impact of the operation of the Mtkvari reservoir cascade under construction on microclimatic changes
has been assessed. The small size of the designed reservoirs will not have a significant impact on climate change in the area,
and its possible impact on hydrometeorological processes. At the same time, the maximum impact of the reservoirs will be
in the floodplain zone, and the effect of the impact will be limited to a distance of 500 m from the water edge. It will be
weakly cooling from May to October, while in the remaining months of the year, the reservoir will have practically no effect.

The effect of the impact of a virtual reservoir, which is a combination of separate reservoirs, on the temperature field,
can be significant at a distance of up to 1 km from the water edge. During the cooling effect of the reservoir, in April-
October, the absolute magnitude of the decrease in average monthly air temperatures can reach 0.7° within 100 m of the
water edge, and 0.5° at a distance of 500 m.

doi.org/10.36073/1512-0902-2026-139-58-66
YIK: 551.583
O:xngaemMoe BJINSIHHE IKCIUIYaTAOHH KACKaga BOAOXpPAaHWININ MTKBapH Ha MUKPOKJIHMMATHYECKHE W3MEHEHHs.
Smm3bapamBwin E., damzoapamsuim M., Inacamuaze T., dmmzdapamsuian HI.C6. Tpynos UTM I'TYV. - 2026. — Tom
139. - ¢.58-66. - I'pys.; Pe3: I'pys., Auri., Pyc.

bbuta mpoBeneHa OICHKA OXKHAAEMOTO BO3JCHCTBUS OIKCIUIyaTallMHd CTPOSIICTOCsS KacKaja BOJIOXPaHMJIMII
MrTKBapy Ha MUKPOKJIMMAaTHYECKUE U3MEHEeHUs. HebGompIire pasMepbl MPOSKTUPYEMBIX BOJIOXPAHMIUII HE OKAXKYT CyIIe-
CTBCHHOTO BJIMSIHHSI HA M3MEHEHHE KJIMMaTa B 3TOM pPaiOHE M ero BO3MOXKHOE BO3JCHCTBUE HA THAPOMETEOPOTIOTNICCKHIE
npotiecchl. [Ipu 3TOM MakcuMalibHOE BO3/ICHCTBHE BOJOXPAHWIUI Oy1eT Ha0II01aThes B TOMMEHHOH 30HE, a 3 ekt Oy et
orpaHudeH paccrosHreM B 500 M OT KpOMKH BOABI B OYJET MPEACTaBIATE COOOU cllaboe OXIIaKICHUE C Masi IO OKTSOPB, B
TO BpeMsI KaK B OCTAIbHBIC MECSIIBI TO[a BOJIOXPAHWIHIIE TPAKTHIESCKA He OYIeT OKa3hIBaTh HUKAKOTO BO3eHCTBHA. Bo3-
JIEHCTBUE BUPTYAIBHOTO BOJIOXPAHIIIHIIA, TIPEACTABIIAIONETO cO00i KOMOWHAIINIO OTACITBHBIX BOJIOXPAHILUTHUIL, HA TEMITe-
paTypHOE IoJie MOKET OBITh 3HAYUTEIBHBIM Ha PACCTOSHHUH 10 1 KM OT KpoMKH Boabl. [Tpn oxnaxparomem 3¢ dekre Bogo-
XpaHWIUINA a0CONIOTHAS BEIMYUHA CHIDKCHHS CPEIHEMECSYHON TEMIIepaTyphl BO3/IyXa B alpelie-oKTsI0pe MOXKET TOCTH-
rath 0,70 Ha paccTosHuu 10 100 M oT kpomku Boabl u 0,50 Ha pacctosiHuu 10 500 M.
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Abstract

The distribution of precipitation in Georgia depends on the geographical location, the nature of the terrain and the
characteristics of atmospheric processes, and is characterized by great diversity. The heaviest precipitation falls on the Black
Sea coast and in those areas of Western Georgia where orographic conditions contribute to the development of ascending
movements of air masses on the slopes of mountain ranges.

In the article, based on data from 35 meteorological stations for the period 2016-2022, the distribution of precipitation by
regions of Georgia was studied, the annual precipitation amount was determined, and regions with heavy precipitation were
identified.

The results obtained will allow the relevant services to carry out preventive measures to mitigate the effects of individual
hazardous natural phenomena (floods, high waters, mudflows, landslides).

Key words: precipitation, natural phenomena, climate

Introduction

Precipitation distribution in Georgia is uneven due to its physical and geographical features. Western Georgia experiences
heavier precipitation than Eastern Georgia.

Frequent and intense precipitation causes natural disasters such as floods, landslides, and other events. In recent years, the
frequency of such events has increased in Georgia, due, among other things, to climate change. For example, on January 11,
2021, heavy precipitation across Georgia caused problems in both western and eastern Georgia. In the village of Bashi in
Samtredia Municipality, agricultural fields and the first floors of residential buildings were flooded, while in Tskaltubo
Municipality, arable land was flooded. In the town of Surami, water penetrated homes. Heavy rains in the village of Latani
in Mestia Municipality caused a rock collapse on a road. Similar events have repeatedly occurred in recent years across
Georgia [1-3;6;9].

Studying precipitation distribution will help us implement preventative measures against natural disasters.

Area under study

The study area is Georgia. Its physical and geographical features, the interaction of the Caucasus Mountains and the Black
Sea, and the different climatic conditions of Western and Eastern Georgia determine the uneven distribution of precipitation
across Georgia.

Materials and Methods

The results of precipitation distribution in Georgia are based on data for 2016-2022 provided by the National Environmental
Protection Agency.

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

Results
Based on the materials on precipitation in Georgia, including data from 35 meteorological stations for the period 2016-2022,
a table of precipitation distribution by the relevant stations (Table 1) and regions of Georgia (Table 2) was compiled.

Tab. 1. Average annual precipitation (mm) in Georgia according to meteorological stations (2016-2022)

Point Precipitation (mm.) | Elevation (m)
Akhalkalaki 670 1707
Khertvisi 565 1250

Keda 2330 256

Tsalka 700 1482

Khulo 1520 923

Bakuriani 980 1700
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Sagarejo 680 772
Kobuleti 2800 10
Borjomi 705 850
Dedoplistskaro 560 800
Telavi 755 490
Akhaltsikhe 650 1029
Thilisi, Digomi 480 520
Khashuri/Agara 620 640
Gori 580 588
Chokhatauri 1750 150
Mta-Sabueti 1230 1246
Tianeti 620 1100
Poti 2170 2
Zestafoni 1350 160
Zemo Chaladidi 1850 3
Magharoskari 810 920
Sachkhere 1080 500
Fasanauri 860 1050
Nokalakevi 1898 140
Kutaisi 1485 120
Zugdidi 1740 100
Ambrolauri 1080 550
Alpana 1160 560
Legakhare 1525 220
Shovi 1280 1600
Luji 1540 1000
Khaishi 795 700
Bolnisi 655 550
Lagodekhi 1200 450

According to meteorological stations, the average annual precipitation rate in Georgia ranges from 480 mm (Thilisi, Digomi)
to 2800 mm (Kobulti, Adjara region).

Tab. 2. Average annual distribution of precipitation by regions of Georgia (2016-2022)

Region Precipitation (mm.)
Adjara 2220
Guria 1750
Imereti 1290
Kakheti 800
Mtskheta-Mtianeti 765
Racha-Lechkhumi and Kvemo Svaneti 1265
Samegrelo-Zemo Svaneti 1600
Samtskhe-Javakheti 725
Kvemo Kartli 675
Shida Kartli 600
Thilisi 480

Based on Table 2, a corresponding histogram was compiled (Fig. 1).
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Fig. 1. Average annual precipitation (mm) by region in Georgia (2016-2022)

Precipitation ranking

Tab. 3. Distribution of Average Annual Precipitation (mm) by Increment in
Georgian Regions, Based on Data from 1961-2022

0-500 Thilisi

501-750 Shida Kartli, Kvemo Kartli, Samtskhe-Javakheti
751-1000 Kakheti, Mtskheta-Mtianeti

1001-1500 Imereti, Racha-Lechkhumi and Kvemo Svaneti
1501-2000 Samegrelo-Zemo Svaneti, Guria

2001 and above Adjara

According to Table 3, we compiled a geoinformation map showing the distribution of average precipitation across Georgia
by region (Fig. 2).
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Fig. 2. Distribution map of the average annual amount of precipitation (mm) by regions of Georgia,
based on data from 1961-2022
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Discission

An analysis of precipitation data for 2016-2022 showed that Western Georgia is traditionally characterized by heavy rainfall.
However, the frequency of intense and heavy precipitation events in Western and Eastern Georgia is increasing, largely due
to global climate change. Such events pose a significant threat to both agricultural crops and human life. We have examined
individual cases from recent years in various studies. [4-5; 7-8; 10].

Conclusions

As studies have shown, based on data from 2016-2022, Western Georgia receives more precipitation during the year than
Eastern Georgia. The regions of Samegrelo-Zemo Svaneti and Adjara stand out in particular, where the annual total
precipitation is 1500-2000 mm and more than 2000 mm, respectively. Meanwhile, the least precipitation falls in Thilisi
(Eastern Georgia), where it does not exceed 500 mm during the year.

Note: The report on the mentioned study entitled “Precipitation in the territory of Georgia in 2016-2022” was made at an
international scientific conference held in 2025 in Burgas (Bulgaria). - 34th International Conference "Ecology and Safety"
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Precipitation distribution in Georgia according to data for 2016-2022 / Mikheil Pipia, Nazibrola Beglarashvili, Nino
Jamrishvili, Nino Shavishvili / Transactions IHM, GTU. -2026. -vol.139. -pp.67-71. - Georg., Summ. Georg., Eng., Rus. The
distribution of precipitation in Georgia depends on the geographical location, the nature of the terrain and the characteristics
of atmospheric processes, and is characterized by great diversity. The heaviest precipitation falls on the Black Sea coast and
in those areas of Western Georgia where orographic conditions contribute to the development of ascending movements of
air masses on the slopes of mountain ranges. In the article, based on data from 35 meteorological stations for the period
2016-2022, the distribution of precipitation by regions of Georgia was studied, the annual precipitation amount was
determined, and regions with heavy precipitation were identified.
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The results obtained will allow the relevant services to carry out preventive measures to mitigate the effects of individual
hazardous natural phenomena (floods, high waters, mudflows, landslides).
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B5¢gngdgdol aobsfogrgds Lods®mggaeml @gMo@m®os®y 2016-2022 fergdol 8mbs3gdgdol dobgpgoo / dobgoq
30x805, BsHodOMEms dgAWsMsd30¢0,6 0bm KsdM0dg0wo, bobm dsgzodzowo / LEw-ob  380-0l  IOMToms
360909w0-2026.-3.139.-a3. 67-71 -JoGo., O9bB. Jobom., 0bgyw., HML. LodsOmMzgermdo bsergdgdols asbsfiorgds
©53M30POMW0s  AJMAMBOM  IEIdMIMdSIDY, MIwognol d3Mbgdsls s 9GIMLBIOHMO  3OHMEgLYdOL
JobollosmgdWgdHg s HBoLSMEIDs OO FMOZoRIMHM3BIdOM. Y439wsDY dwogmo bowgdgdo dmol ds30
D30l LsbsdoMHmby s LEZMgm bodoMM3gEMml 00 Mo0Mmbgddo, LvEsE MOMYMIROMO 30OHMBIBO byl
fgmdlL dmoms J9gool BgMmdgdbg 3ogMol Tobgdol 50ds35w0 ImdM5mdJdOL 2ob30msMYdL. LEGsE0sdo, 2016-
2022 Gaogdob 3gMom@ol 35 39@gmOHmemyom®o  bsawymol  dmbs3gdgdol Lsgwydzgwbg, dgbfsgaroos
Bongdgdol 4obsfogds Lado®mzgganml Hga0mbgdol dobggom, gsbolobmgMs Harow®mo baergdgdol Momgbmds
Q5 358m3w0bEs dEogMo boergdgdol dJmby Mgau0mbgdo.dowgdmwo d9w9agdo bsdmswgdsl dobgdl dgbsdsdol
LodLobMMYOL, FobobmMEogwmb 369396300 VMboldogdgdo 3o 3gmwo bsdodo LEGodowmo dmzwgbgdols

(H9o0r0EMds, 5E0EYDs, W35M3EMGB0, I9PYae0) 89Iag00L FgLsdE0MmYdES.

doi.org/10.36073/1512-0902-2026-139-67-71

YIK: 551.506.3

Pacnpenesenue ocankos B I'py3un no ganubim 3a 2016-2022 roast / Muxauna Ilnnus, Hazubposaa bernapamsuiu,
Huno J:xxampumBuan, Huno IMasumsuiau / C6. Tpyxo UTM I'TY. - 2026. — Tom 139. - ¢. 67-71 - I'py3.; Pes: I'pys.,
Amnri., Pyc. Pactipenenenue ocankos B [ py3nu 3aBUCHT OT reorpa(uaeckoro MojoKeH!s,, XapakTepa MECTHOCTH ¥ 0COOeH-
HOCTEH aTMOC(EpHBIX MPOLIECCOB U XapaKTepu3yeTcs OOIbIINM pazHooOpaszueM. Hanbombiee KOIMIECTBO OCaIKOB BbIIA-
JaeT Ha modepexxbe UepHOro Mops U B TeX paioHax 3amanHoi ['py3un, rae oporpadudeckne yciIoBus ClIOCOOCTBYIOT pas-
BUTHIO BOCXOJISIIIUX JABMKEHHH BO3IYLIHBIX MacC Ha CKJIOHaX TOPHBIX XpeOToB. B cTaThe Ha OCHOBE NaHHBIX 35 MeTeopo-
JIOTUYECKUX cTaHIui 3a nmepuon 2016-2022 rogoB U3y4yeHO pacmupesiefieHue O0CaJKoB Mo peruoHaMm [ pysuu, ompeaeneHo
TOAOBOC KOJIMYECTBO OCAJIKOB M BBLIABJICHBI PET'YMOHBI C OOUJIBLHBEIMHU OCaJJKaMH. HOJ’Iy‘-IeHHLIe PE3YyIbTAThl MMO3BOJIAT COOT-
BCTCTBYIOLIUM cny>1<6aM TIPOBOAUTH HpO(I)I/IHaKTI/I‘-IeCKI/Ie MEPOIIPUATUA TIO CMATUCHUTIO HOCHG[[CTBI/Iﬁ OTACJIBHBIX OITIACHBIX
INPUPOAHBIX SIBICHUI (HABOIHEHUI, TaBOJKOB, CEJIEBBIX IIOTOKOB, OIIOI3HEN).

71



LBAI-L 30RMMIIBIMIH)IRMBO0L 0BLAGOBIBOL L53IG60IAH™M HIBIANAIBSRO dH(IFO0)S 3MISIR0, &.139, 2026
SCIENTIFIC REVIEWED PROCEEDINGS OF THE INSTITUTE OF HYDROMETEOROLOGY OF THE GTU, V.139, 2026

doi.org/10.36073/1512-0902-2026-139-72-79
UDC. 551583

Agrometeorological Characteristics and Phenological Forecasts of Citrus under
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Abstract. The ecological features of citrus (tangerine, orange, lemon) and the agro-meteorological conditions of
their production regions (Adjara, Guria, Samegrelo) are reviewed. The main agro-meteorological characteristics of the citrus
distribution regions are given (sums of active temperatures, atmospheric precipitation, relative humidity, number of frost-
free days, hydrothermal coefficient). Forecast equations for determining the phenological phases of ripening and flowering
of citrus crops are compiled.

The analysis of the climate change scenario shows, that the dynamics of climate change will affect the change in
such important agro-meteorological parameters as the duration of the vegetation period, the sum of active temperatures
(>10°C), etc. Taking into account the above, it was revealed that the predicted changes will have a positive impact on the
production of citrus. Against the background of an extended growing season, their distribution area will expand according
to vertical zonation. According to the developed scenario, an increase in the duration of the growing season with an increase
in air temperature by 1°C is favorable for the full formation of citrus fruits in areas where they are less provided with the
sum of temperatures. According to the mentioned scenario, with an increase in temperature by 1°C, the sum of active tem-
peratures (above 10°C) will increase by 240-260°C and as a result, the distribution zones of citrus will first rise by 100-
150m higher than their base (current) distribution zones.

Keywords: Citrus, active temperature, atmospheric precipitation, phenological forecast

Introduction. Typical representatives of the humid subtropical climate (Black Sea coast - Adjara, Guria,
Samegrelo) are citrus crops such as lemon, orange, tangerine. Their growth and development depend on agro-meteorological
conditions, which determine the possibility of their cultivation, yield and fruit quality. They require a special amount of heat,
vegetation begins at a temperature of 10-11°C, flowering is observed at a temperature of 16-18°C and lasts 15-20 days. The
root system of plants begins to develop at a temperature of 11-12°C. Fruits begin to grow after the end of flowering and
continue to grow intensively for up to 2 months, then this process gradually slows down and stops when the ripening period
arrives. Fruit growth depends on the average air temperature and optimal soil moisture. A temperature of 22-23°C is favor-
able for the growth of these citrus crops.

During the vegetation period, between phenological phases, from bud opening to flowering, the sum of active tem-
peratures above 10°C is required for lemon (“Akhalkartuli”), orange (“Washington Navel”) and tangerine (“Unshiu”) 400-
560°C; from flowering to maturity - the sum of active temperatures is 3500-3700°C. The amount of atmospheric precipitation
from the flowering phase to the maturity phase is 1100-1750 mm. In dry zones, additional melioration measures are neces-
sary. Excessive humidity increases the risk of fungal diseases. Relative humidity of 70-80% is optimal, especially during
the flowering period. These crops are characterized by weak frost resistance. Fruits are damaged at temperatures of -1, -2°C.
Lemon crops die from frost at temperatures of -8, -9°C, oranges at -10, -11°C, and tangerines at -11, -12°C.

Citrus crops develop normally and give high yields on light, nutrient-rich, well-drained, humus-rich soils (pH=5.5-
7.5). In the Black Sea coastal zone of Western Georgia, these crops are grown on peat, humus-carbonate, red soil soils. Wet,
strongly alkaline and sandy soils are unfavorable for these citrus crops. Southern, southwestern and southeastern slopes are
favorable. It should be noted that the plants should be protected from strong winds by arranging windbreaks [1].

Research object and methodology. The objects of the study were the regions of citrus cultivation - Adjara, Guria
and Samegrelo. The Adjara region is located in the humid subtropical zone of Western Georgia, the upper limit of which
extends from sea level to an altitude of 500-600 m. Above this altitude, it has relatively moderate and continental climatic
conditions. The region is bordered by Turkey to the south, the Samtskhe-Javakheti region to the east, the Guria region to the
north, and the Black Sea to the west.

The Guria region is characterized by partly hilly, high-mountainous and somewhat sloping, fairly extensive relief
conditions directed towards the Black Sea, from sea level to an altitude of 100 m. Hilly and hilly areas are located from sea
level to an altitude of approximately 400 m. The region is bordered by the Adjara region to the south, the Samtskhe-Javakheti
region to the southeast, the Imereti region to the northeast, the Samegrelo-Zemo Svaneti region to the north, and the Black
Sea to the west.

The Samegrelo region is characterized by a flat, hilly terrain. The lowland part of the region (up to 100-150 m
above sea level) extends quite widely towards the Black Sea. The region is bordered by the Caucasus Mountains to the north,
the Imereti region to the east, the Guria region to the south, the Abkhazia region and the Black Sea to the west. As a result
of the influence of the Black Sea in the region, the flat, lowland and hilly areas of Samegrelo (up to 500-600 m above sea
level) are in humid subtropical climate conditions.
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For the study regions, multi-year meteorological observation data have been processed and analyzed using the
method of mathematical statistics. The meteorological and agro-meteorological databases of the Institute of Hydrometeor-
ology of the Georgian Technical University have been used; the multi-year baseline (current) meteorological observation
data of the National Environmental Agency of Georgia for the vegetation period. A scenario (2020-2050) has been developed
for Western Georgia, with an increase in air temperature of 1°C. For this, the baseline (current) and forecast future scenario
data (2020-2050) of multi-year observations conducted at the meteorological stations of the National Environmental Agency
have been used and processed. The climatic parameter of the latter (average air temperature) has been calculated using the
ECHAM4 model and according to the A2 scenario.

Results and Discussion. Agroclimatic zone, located from sea level to 500 m altitude, the sum of active tempera-
tures is 4400-3600°C. Citrus fruits develop well in this zone, however, in some years the fruits of citrus crops do not reach
full maturity (oranges), especially in the Adjara and Guria regions. The full maturity of mandarin fruits (early varieties) is
ensured every year from sea level to 200 m altitude, late mandarin 8-9 times every ten years or more. In the Samegrelo
region it is provided every year. At this altitude, the maturity of orange fruits (early varieties) is provided 1-2 times in Adjara
and Guria, and 3-4 times in the Samegrelo region. According to the scenario, with a temperature increase of 1°C up to 300
m altitude, full maturity of tangerine (early, late) is expected every year in all regions, only at an altitude of 300 m in Adjara-
Guria, full maturity of late tangerine is expected 8-9 times every ten years. Orange (early) at the same altitude 3-4 times
(Adjara, Guria), 4-5 times (Samegrelo, Abkhazia) every ten years. Full maturity of tangerine up to 400 m altitude is expected
in all regions 8-9 times (early), 6-7 times (late) every ten years. As for the maturity of lemon fruit, it is desirable to harvest
it at the time of technical ripeness (light green, slightly yellowish). In this form, lemon fruit indicates a high content of
vitamin “C”. Therefore, the sum of temperatures above 10°C, 3800-4000°C, is quite sufficient for it, which ensures the
technical ripeness of fruits in the zone every year. In this zone, it is necessary to reliably protect lemon culture from winter
frosts. Table 1 shows the main agroclimatic characteristics of citrus-producing regions of Western Georgia [2, 3].

Table 1. Main agroclimatic characteristics of citrus-producing regions in the warm period (I1V-X)

active temper- sum of atmos- Relative hu- | Frost-free period

Meteo- ature sum pheric precipita- midity duration (days) HTC

station (>10°C) tion (mm) (%)
Akhalsheni 4300 1470 78 304 3.4
Batumi 4320 1440 80 302 3.3
Keda 3880 800 77 257 2.0
Kobuleti 3990 1360 81 246 3.4
Chakvi 4230 1500 80 282 3.5
Anaseuli 4150 1140 79 277 2.7
Atsana 4020 1130 80 272 2.8
Dablatsikhe 4160 980 74 272 2.3
Supsa 4060 1370 83 267 3.3
Ureki 4380 1180 80 288 2.7
Abasha 4310 790 - 270 1.8
Anaklia 4250 900 83 263 2.1
Zugdidi 4160 1010 79 250 2.4
Martvili 4210 1110 76 257 2.6
Senaki 4520 1000 76 288 2.2
Tsalenjikha 4000 1160 77 255 2.9
Chkhorotsku 4130 1200 - 250 2.9

Sunshine is one of the important factors for the normal course of physiological processes in agricultural crops. If
sunshine cannot provide this process, photosynthesis is inhibited, assimilation is weakened, as a result of which the plant
has difficulty supplying water and nutrients dissolved in it from the soil. All this affects the productivity of the plant. There-
fore, it is necessary to take into account the duration of sunshine in order to create better agroclimatic conditions for plants.
The course of the duration of sunshine is satisfactory for the growth and development of citrus fruits and the formation of
the crop during the vegetation period of the Adjara region. Frequent sunny days during the flowering and ripening phase of
plants are unfavorable. Such days can have a negative impact on the ripening of citrus fruits (late varieties of tangerines and
oranges). During the active vegetation period of plants (VI-VIII), average air temperatures in the humid subtropical zone
reach 18-23°C, which is favorable for the development of citrus crops. In autumn, according to temperature indicators (20-
14°C), conditions for ripening their fruits are better for early tangerines and oranges up to 200-300 m altitude.

In the humid subtropical zone of the Adjara region, in some years, absolute minimum air temperatures of -8, -10°C
and above can be observed. Such temperatures are critical, because lemon and orange plants can freeze to the root collar,
and tangerines can be severely damaged. Therefore, for 4-5 years, it is possible that we will not be able to get a harvest from
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these crops. Therefore, in the fall (November-December), farmers and private sector farmers should use agrotechnical
measures to protect against frost (wrapping young citrus plants with three-layer burlap and other materials, piling soil on the
trunk of 5-6-year-old plants to a height of 30-35 cm, and other methods). The critical-damaging temperatures for these crops
are: -7°C for lemon, -9°C for orange, -11°C for tangerine. The average absolute minimum air temperature in Chakvi,
Alambari (Kobuleti region) and Batumi is -4°C, in Khelvachauri, Makhinjauri and Akhalsheni -5°C, in Chakvi -6°C. In
areas where the temperature is -4, -5 and -6°C, lemon crops (without protection from frost) can freeze once, twice and three
times (respectively) every ten years.

Analysis of meteorological observation materials shows that absolute minimum negative air temperatures in the
region will be observed in the coastal lowlands of the Black Sea until the end of April, with the exception of Kobuleti. In
the citrus growing areas of the Adjara region, negative temperatures are observed everywhere in late autumn (November).
However, these temperatures are not particularly critical or damaging for citrus. However, their frost resistance for wintering
is weak, since they are not yet fully acclimatized and are also not in a deep state of rest. Therefore, farmers should use
agrotechnical measures to protect citrus crops from frost in a timely manner in autumn (October-November).

The territory of the region is From the level of 150-200 m to a height of 10°C, with a temperature sum of 4000°C
and above, 50% is provided, the temperature sum of 4000°C and above is satisfactory for the full ripening of lemon, tangerine
(early variety) fruits (will ripen fully 9 times every ten years), the late tangerines variety (Unshiu) will ripen 7 times every
ten years. Oranges will ripen fully 3 times every ten years, only in Akhalsheni, Kafandiba, Chakvi and Khelvachauri districts
up to an altitude of 100 m [4, 5].

I - Agroclimatic zone covers the coastal lowland of the Black Sea, including the territories of Kobuleti and
Khelvachauri, up to an altitude of 100-200 m above sea level. The sum of active temperatures in this zone is more than
4000°C, atmospheric precipitation in the cold period is 1150-1290 mm, in the warm period (IV-X) - 1360-1500 mm. The
last frosts in the zone are observed on average on 4.111-15.111, and the first frosts on 2.XI1-7.1. The number of days without
frost is on average 246-304 days. The zone has favorable conditions for the development of citrus fruits (tangerine, lemon,
orange). It should be noted that full ripening of oranges is possible only 5-6 times every ten years.

Il - Agroclimatic zone is located at an altitude of 200-400 m above sea level. The sum of temperatures is 3000-
4000°C, atmospheric precipitation in the cold period - 850-1100 mm, and in the warm period - 800-1330 mm. The duration
of the frost-free period (days) is 255-273 days.

The late variety of oranges and tangerines (Unshiu) produced in this zone will not give the desired results due to
the lack of the sum of active temperatures. In addition, in these zones (I and 1) lemon crops without frost protection measures
can freeze 2-3 times, and tangerines once every twenty years. Therefore, in case of severe frosts (-8, -10°C and above), in
order to protect them, the plants should be covered with dry soil (up to 30-35 cm) in the fall. The rooted stem will not freeze,
it will survive, and after removing the frozen parts of the plant, we will get young shoots from the stem, which will yield a
harvest in 2-3 years. As for young citrus plants, they must be wrapped.

In the Guria region, citrus crops are grown in a humid subtropical zone. In some years, the absolute minimum air
temperature in the region can drop to -10, -12°C and above, which is critical (damaging) for citrus crops. Such temperatures
cause their root collars to freeze. As a result, the harvest is expected to be postponed for 4-5 years. Therefore, frost protection
measures provided for by agricultural technology should be carried out in November-December. The absolute minimum air
temperatures critical to citrus are: -7°C for lemons, -9°C for oranges, -11°C for tangerines.

In the regions of the Guria region, absolute minimum air temperatures are quite often observed until the end of
April. For example, in Dablatsikhe -5°C, in Anaseuli -6°C, in Atsana -7°C, in Ureki -4°C, in Lanchkhuti -9°C. Based on the
analysis of these absolute minimum temperatures, in some years severe damage to citrus crops is possible. Therefore, agri-
cultural specialists and farmers should choose areas relatively protected from frost when planting new citrus (lemon, tange-
rine, orange) plantations. In April-May, precipitation in the region is significantly reduced, almost 3-4 times compared to
other months. Despite this, it does not pose a particular threat to plants. However, in some years a further decrease in pre-
cipitation in this period (IV-V) (50-40 mm and less) is not ruled out. In such a case, a moisture deficit may be noted in the
soil, which will negatively affect the flowering of citrus crops. In such unfavorable conditions, it will be necessary to provide
the soil with moisture (soil loosening-cultivation, irrigation, etc.).

The territory of the region is mainly provided with 50% of the sum of temperatures of 4000°C and above, depending
on the districts, which is sufficient for the full ripening of early varieties of tangerine and lemon fruits. At the mentioned
temperature (4000°C), 90% and above, except for Ureki (Ozurgeti) and other districts, the full ripening of citrus fruits cannot
be ensured. As for the orange crop, the full ripening of its fruits is expected 2-3 times every ten years, only in Ureki, Anaseuli
(Ozurgeti), Lanchkhuti and Dablatsikhe (Chokhatauri). For example, tangerines (Unshiu, a late variety), which require
4200°C and more for full fruit ripening, will reach full maturity in Ureki (Ozurgeti) on November 10, in Lanchkhuti on
November 15, in Dablatsikhe and Anaseuli on November 20, in Supsa (Lanchkhuti) on November 25, in Atsana (Ozurgeti)
on November 27.

I - Agroclimatic zone is located at an altitude of 10-200 m above sea level. The sum of air temperatures in the zone
above 10°C is 4000°C and more. The sum of atmospheric precipitation in the cold period is 800-850 mm, in the warm period
- 1000-1370 mm. In this zone, the last frosts are observed on average on 10.111-18.111, and the first frosts on 16.X11-25.XI1I.
The number of days of the frost-free period is 274-290 days. Tangerine and lemon can develop normally in this zone. As for
orange, the full maturity of its fruits is ensured 3-4 times every ten years due to the lack of the sum of active temperatures.

Il - Agroclimatic zone. Located at an altitude of 200-300 m above sea level. The sum of active temperatures is
3000-4000°C. Atmospheric precipitation in the cold period - 850-900 mm, in the warm period - 1000-1200 mm. In the zone,
the last frosts are observed on 11.111-21.111, the first frosts on 11.X11-24.XI1. The number of frost-free days is 265-288 days.
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The given zone has quite favorable agroclimatic resources for the normal development of citrus fruits (tangerine, lemon). It
should be noted that in zones I and 11, freezing of lemon crops is expected 3-4 times, orange crops 2-3 times every ten years,
and tangerine crops once every 15 or more years.

The humid subtropical zone of the Samegrelo region is not immune from severe frosts (-8, -10°C and above) that
can severely damage or completely freeze citrus crops and thus cause damage to the economy of the subtropical farming
sector. The critical freezing temperature of the root neck of the ,,Georgian lemon’” is -7°C, and of the ,,Meyer’” -9°C. In Poti
and Kheta (Khobi), the ,,Georgian lemon’” will freeze to the root neck twice every ten years, and the ,,Meyer’” once.

In the region, the sum of temperatures from sea level to an altitude of 200-300 m completely provide the full
maturity of tangerine and lemon fruits, while the full maturity of orange fruits cannot be providing, as they require a sum of
active temperatures of 4300°C and higher. Such a temperature can be providing only in the Abasha, Senaki, Khobi districts
and partly in the areas adjacent to Poti.

I - Agroclimatic zone covers the territory along the Black Sea coast from sea level to 200 m altitude, where the
Abasha, Zugdidi, Martvili, Senaki, partly Tsalenjikha, Khobi and Chkhorotsku districts are located. The sum of active tem-
peratures in the zone is on average 4400°C and slightly higher. The sum of atmospheric precipitation in the cold period is
630-850 mm, in the warm period - 800-1160 mm. The last frosts are observed on average on 15.111-20.111, the first frosts on
2. X11-7.XI1. The duration of the frost-free period (days) is on average 252-260 days. In this zone, the above-mentioned
factors fully providing the full maturity of citrus fruits from sea level to 200 m above sea level. In this zone, the production
of citrus crops, in addition to providing heat, depends on the minimum winter temperatures, where the average characteristics
of the absolute minimum air temperature are within the range of -5, -6°C. These temperatures are not critical for citrus,
although they are somewhat dangerous for lemons (without protection from frost). In this zone, the area of citrus can be
expanded on elevated slopes. In such places, the probability of -8°C frosts, which lead to complete freezing of only lemon
is 10-15%, that is Lemons will completely freeze 1-2 times every ten or more years. It is also possible to single out favorable
areas for the production of oranges and tangerines without frost protection, where the probability of frosts of -9, -11°C is
noted at 10%. Therefore, oranges will completely freeze once every ten years, and tangerines 1-2 times every twenty years.

Il - Agroclimatic zone includes the territory adjacent to zone I, as well as the territories of Zugdidi, Chkhorotsku,
Tsalenjikha and Martvili districts. It is located at an altitude of 200-500 m above sea level. The sum of active temperatures
decreases from 4200°C to 3700°C. The sum of atmospheric precipitation in the warm period is 1160-1220 mm. The last
frosts are observed on average on 21.111-29.111, the first frosts on 23.X1-6.XI1. The duration of the frost-free period is 236-
257 days. In this zone, agroclimatic conditions are favorable only for the development of tangerine and lemon crops (with
protection from frost for the latter), where the average absolute minimum temperatures do not exceed -7, -8°C. The distri-
bution area of the mentioned crops in this zone includes foothill areas up to 200-250 m altitude, in some places up to 300 m
altitude. At altitudes of the mentioned areas, the probability of frosts of -11, -12°C and above, which can lead to complete
freezing of the tangerine crop, will be observed by 10-20%. That is, tangerine will freeze 1-2 times every ten or more years.
In some years, when negative temperatures decrease to a critical minimum (-11, -12°C), it will be necessary to use frost
protection methods.

Orange - an important export crop. It is used both for fresh fruit and for the production of juice and essential oils.
Orange (Citrus sinensis) belongs to the family of the Tegan. It is a perennial, heat-loving, evergreen plant. It grows best in
subtropical and tropical zones. It is mainly propagated by seedlings obtained by grafting. Seed propagation is rarely used.
The optimum temperature is 15-30°C. It prefers light, fertile, well-drained soils. Excessively moist and saline soils are
unfavorable, the optimum pH is 5.5-7.5. It requires regular watering, especially during the flowering and fruit formation
period. Its main pests are: citrus leaf mite, aphid, and scale. The most common diseases are fungal rot, citrus canker, and
phytophthora. The determination of the amount of orange harvest is still in the flowering phase. It is necessary to collect the
fruits in a timely manner so that the plant is better prepared for winter and all measures for protection against frost are taken
[6,7,8].

Four varieties of orange are distinguished by their fruits. In the subtropical conditions of Georgia, the ,,Hamlin”
orange variety is widespread. Its place of origin is Florida (USA). It is characterized by medium-strength growth, early
ripening and good ripening [9]. It is distinguished by a pleasant aroma and taste. It ripens in the first half of November and
is characterized by regular fruiting and frost resistance. The most frost-resistant of the industrial varieties of orange is “Wash-
ington Navel”. It is a low or medium-sized plant with a spreading trunk. The skin of the fruit is smooth, yellow or reddish
orange, rich in essential oilThe pulp is juicy and sweet-sour, with a pleasant taste. Its negative side can be considered the
cracking of the fruit during frequent autumn rains and the reduction of its durability during storage. As for the red-fleshed
orange, it belongs to the group of oranges of European/Italian origin, whose fruit has a red-pink pulp with a specific taste
(Figure 1).
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a
Fig. 1. Orange varieties: a - ,,Washington Navel’’; b - ,,Hamlin’’; ¢ - ,,Red-fleshed orange”’

Tangerine - a citrus evergreen tree or shrub, which is especially important for the subtropical zone. It is character-
ized by a sweet or sweet-sour taste and is seeded or seedless, depending on the variety. The optimum temperature for tange-
rine is 12-30°C; it is damaged at temperatures below -6°C (especially during flowering); requires lighting and a place pro-
tected from the wind. When choosing a place for growing tangerine, microclimatic conditions should be taken into account
- relief, height above sea level. Biological requirements of individual varieties for overwintering conditions. In the case of
its production, light or medium mechanical composition soils (pH - 5.5-7.0), with good drainage, are preferable. It does not
adapt to excessively wet, saline soils. Among the varieties widespread in Georgia, the famous ,,Unshiu”, whose homeland
is considered to be Japan. Currently, its distribution covers an area of 19 thousand hectares. Its tree is strong-growing,
compact, with an oval trunk. The fruit has a sweet-sour taste. It contains 6.17% sugars, acidity is 0.98%, vitamins - 36-38%.
This variety is high-yielding, withstands frosts of -10, -12°C. ,,Kowano-Wase’’ is an early form of ,,unshiu’’, ripens very
early. It is characterized by a sweet-sour taste, high marketable quality and is widely used for export. It enters fruiting in the
second-third year after planting, the fruits ripen in the first half of October. Among its early varieties, the following are
known: ,,Miyagawa-Wase", ,,Okitsu-Wase", ,,Miko-Wase", ,, Tiahara-Wase". The variety ,,Georgian Early” is a somatic
mutant of “Unshiu”. It is characterized by an aromatic, sweet-sour taste compared to “Unshiu” and the fruits ripen 25 days
earlier. The dates of picking mandarins vary depending on the region and variety. The early varieties ,,Kovano Vase” and
,@eorgian Early” are harvested from the second half of October, the late variety ,,Unshiu” in November (Figure 2).

a
Fig. 2. Tangerine varieties: a - ,,Unshiu’’; b - ,,Kovano Vase’’; ¢ - ,,Georgian Early”’

Lemon - an evergreen tropical plant. Its fruits are oval or oblong, yellow, with a sour taste, are used raw, as citric
acid. Due to its specific aroma, essences are prepared from its fruits. It contains: acids 3.5-8.1%, sugars - 1.9-3%, vitamin C
- 45-140 mg/100g, as well as vitamins P and B, pectin substances, phosphorus, potassium, calcium and magnesium. Lemon
culture is very demanding on temperature conditions. The optimal temperature for its development is 18-25°C, flowers,
buds and fruits die at temperatures of -1, -1.5°C, ripe fruits - 1.5, 2.8°C. In the lemon-producing regions of Georgia, its
vegetation begins in spring and ends in late autumn. The flowering phase occurs in spring, and before harvesting, an average
of 200-220 days are required, with active temperature sums of at least 3500°C. On the Black Sea coast, active temperature
sums are within 4100-5000°C, which is sufficient for lemon cultivation. Of all citrus crops, it is most damaged by prolonged
droughts. Despite the fact that lemon is light-loving, it adapts well to shading. It successfully develops on light, humus-rich,
well-drained soils and is characterized by high water requirements.

The following lemon varieties are mainly distributed in the Guria and Samegrelo regions of Adjara: ,,Georgian
Lemon”, ,,Villafranca”, ,,Meyer”, ,,Dioscuria”. Local (Georgian) forms of lemon are local populations selected over centu-
ries, well adapted to the conditions of Western Georgia, distinguished by their aroma and stable fruiting. ,,Georgian lemon”
is one of the most common varieties in Georgia. It is characterized by high yield, large fruit size and thin skin. ,,Villafranca™’,
characterized by high aroma, medium acidity and good fruit yield. Along with other common varieties (e.g. ,,Lubon”’,
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,,Eureka’), this variety is well adapted to the local subtropical climate. ,,Meyer’’ lemon is a hybrid of lemon and orange,
less acidic. It is relatively tolerant of low temperatures (Figure 3).

a b c
Fig. 3. Lemon varieties: a - ,,Georgian lemon’; b - ,,Villafranca’’; ¢ - ,,Meyer”’

The forecast of flowering of lemon, orange and tangerine is based on the dependence of flowering dates on the
duration of the period from February 1 to the date of bud break; the forecast of fruit maturity - on the dependence of maturity
dates on the duration of the period from March 1 for lemon and orange, from April 1 for tangerine. The following regression
equations are used to forecast the flowering dates of the above crops:

y=-0.72x+94 for lemon
y=-0.81x+101 for orange

In the formulas, y is the expected flowering date (number of days from the date of bud break to the date of flowering); x -
the number of days from February 1 to the date of bud break.
The following regression equations have been compiled to predict the maturity dates of tangerines, lemons and
oranges:
n=-0.68n1+200 for tangerine (,,Unshiu’’)
n=-0.73n1+245 for lemon (,,Villafranca’’)
n=-0.81n1+257 for orange (,,Washington Navel’”)

In the equations, n is the date of fruit ripening (i.e. the number of days from the date of the beginning of flowering to the
date of fruit ripening), n; is the number of days from March 1 for lemons and oranges, from April 1 to the date of the
beginning of flowering for tangerines. The forecast error is 7-8 days, and the lead time is 4-5 days.

Based on the baseline meteorological data and the scenario-developed temperature increase by 1°C, the dates of a
stable transition of the average daily air temperature above (in spring) and below (in autumn) by 10°C were determined, and
the sums of active temperatures were calculated between these dates. The given data are related to the height above sea level
(m), since the change in the mentioned indicators is directly related to the heights. These indicators were processed by the
method of mathematical statistics, where close correlations were revealed. Based on the above connections, regression equa-
tions have been compiled (scenario, with a temperature increase of 1°C for Western Georgia):

n=0.027h+51 (for determining the date of temperature above 10°C)
T=-16.711n-1.127h+ 5496 (for determining the sum of active temperatures)

In the equations, n - the date of the air temperature exceeding 10°C is 1 - from February (i.e. the number of days from
February 1 to the date of the temperature exceeding 10°C), h - height above sea level (m), T - the sum of active temperatures
above 10°C.

According to the equations, when determining the sums of active temperatures, first of all, the date of the air tem-
perature exceeding 10°C must be determined using the appropriate equation (i.e. the number of days from February 1 to the
date of the temperature exceeding 10°C). By inserting the obtained number of days into the equation for determining the
sum of active temperatures, the appropriate sum of temperatures is obtained.

Conclusion. Analysis of existing climate data and climate change scenarios shows that the dynamics of climate
change, over the next few decades, will have a noticeable impact on changes in such important agro-meteorological param-
eters as the duration of the growing season (will increase), the sum of active temperatures (will increase), etc. Taking into
account the above, it was revealed that current and projected climate changes will in some cases have a positive impact on
the production of some citrus crops. Against the background of an extended growing season, their distribution area will
expand according to vertical zonation. Citrus species, such as orange culture, will reach full maturity. However, it will be
necessary to additionally use effective irrigation systems (drip), mulching. Global temperature increase will also contribute
to the spread of pests and diseases. The changed precipitation regime, in particular, intensive precipitation, may lead to soil
erosion and a reduction or loss of crops. Prolonged droughts are also a threat.
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According to the developed scenario, with an increase in air temperature by 1°C, the determination of the dates of
the onset of temperatures above 10°C (in spring) and below it (in autumn) showed that in spring it begins on average 6 days
earlier, and in autumn it ends below 10°C by the same number of days later, compared to the dates of the onset of the base
(existing) multi-year air temperature above 10°C. Therefore, according to the scenario, the duration of the vegetation period
increases, which will be favorable for the growth and development of citrus crops and the full formation of the crop. In
particular, in areas where crops are less provided with the sum of temperatures.

Due to global climate warming, according to the scenario, with a temperature increase of 1°C, the sum of active
temperatures (above 10°C) will increase by 240-260°C and more. As a result, the distribution zones of citrus crops will
initially rise by 100-150 m, compared to their base (current) distribution zones.
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Agrometeorological characteristics and phenological forecasts of citrus under modern climate conditions /Maia
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The ecological features of citrus (tangerine, orange, lemon) and the agro-meteorological conditions of their produc-
tion regions (Adjara, Guria, Samegrelo) are reviewed. The main agro-meteorological characteristics of the citrus distribution
regions are given (sums of active temperatures, atmospheric precipitation, relative humidity, number of frost-free days,
hydrothermal coefficient). Forecast equations for determining the phenological phases of ripening and flowering of citrus
crops are compiled.

The analysis of the climate change scenario shows, that the dynamics of climate change will affect the change in
such important agro-meteorological parameters as the duration of the vegetation period, the sum of active temperatures
(>10°C), etc. Taking into account the above, it was revealed that the predicted changes will have a positive impact on the
production of citrus. Against the background of an extended growing season, their distribution area will expand according
to vertical zonation. According to the developed scenario, an increase in the duration of the growing season with an increase
in air temperature by 1°C is favorable for the full formation of citrus fruits in areas where they are less provided with the
sum of temperatures. According to the mentioned scenario, with an increase in temperature by 1°C, the sum of active tem-
peratures (above 10°C) will increase by 240-260°C and as a result, the distribution zones of citrus will first rise by 100-
150m higher than their base (current) distribution zones.
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ArpoMeTeopoIorH4ecKue XapaKTepUCTUKH U (peHoJIornYecKre MPOrHO3bl HMTPYCOBBIX KYJbLTYP B COBPeMEeHHBIX

KJIMMAaTHYECKHX ycJaoBusx /Maiis Menanse, [mopruii Menanze/ C6. Tpynos UT'M I'TY. - 2026. — tom 139. - c. 72-
79. - I'pys.; Pe3: I'pys., Anru., Pyc.

PaccMoTpeHsI 5K0JI0TH4YecKHe 0COOEHHOCTH IUTPYCOBBIX KyJIbTYp (MaHAAPHH, alleJIbCHH, TUMOH) ¥ arpOMETEe0po-
JIOTHYECKHE YCIIOBHS PETMOHOB UX Npou3BoacTBa (Amkapus, ['ypust, Camerpeno). [IpuBeeHbl OCHOBHBIE arpOMETEOPOIIO-
THYECKNE XapaKTEPUCTHKHA DPErMOHOB PACHPOCTPAHEHUs LUTPYCOBBIX (CyMMBI aKTHUBHBIX TEMIIEpaTyp, aTMoc(epHbIe
OCaJIK{, OTHOCUTEJIbHAS BJIAXKHOCTh, KOINYECTBO OE3MOPO3HBIX AHEH, ruaporepMudeckuil kodddunueHt). CocTaBieHs!
YPaBHEHUS IIPOTHO3UPOBAHUS JJIsL OLpeieNieHNs (heHONIOrnYecKuX (a3 Co3peBaHUs U L[BETCHUS [IUTPYCOBBIX KYJIBTYP.

AHanu3 crieHapusi U3AMEHEHHs KIMMaTa M0Ka3bIBaeT, YTO JUHAMUKA U3MEHEHUsI KIIMMaTa MOBJIUSIET Ha M3MEHEHNE
TaKUX BaKHBIX arpOMETEOPOJIOTHYECKUX MApaMeTPOB, KaK MPOAOJDKUTEIBHOCTh BET€TAlIMOHHOTO IIEpHO0/ia, CyMMa aKTUB-
HBIX TemrepaTyp U Ap. C ydeTOM BBIIIEU3/I0KEHHOTO BBISBICHO, YTO IPOTHO3UPYEMbIE U3MEHEHHMS OKAXKYT MOI0KUTEIBHOE
BJIMSTHUE Ha TIPOM3BOJICTBO IIUTPYCOBBIX KyIbTyp. Ha (oHe npoaneHHOro BereTaimoHHOTO MEpHOAa X apeal paclpocTpa-
HEHUS! PACIIMPHUTCS 10 BEPTHUKAIHLHOMY 30HAIBHOMY Ipu3Haky. CoriacHO pa3paOOTaHHOMY CIIEHApHIO, YBEJINUEHHE MPO-
JIOJDKUTEIIBHOCTH BEr€TallMOHHOTO NIEPHO/1a IIPH MOBBIIIEHUH TeMIepaTypsl Bo3ayxa Ha 1°C criocoOCTByeT MOJTHOIIEHHOMY
(hOopMHPOBAHUIO IUTPYCOBBIX IJIOZOB B paiiOHAX C HEJOCTATOYHBIM KOJIMYECTBOM Temnepatyp. I1o ykazaHHOMY cueHapHio,
TIPY MTOBBIIIICHUH TeMIepatyphl Ha 1°C cymma akTuBHBIX TeMmepaTyp (Beime 10°C) yBemuuntcest Ha 240-260°C, u B pe3yJib-
TaTe 30HBI PACTIIPOCTPAHEHHMS LIUTPYCOBBIX KYJIbTYp B IepBble mogHUMYTCs Ha 100-150 M BBIIIE 1O cpaBHEHHUIO ¢ UX 0a30-
BBIMH (TEKYIIUMH) 30HAMHU PAaCIPOCTPAHEHUS.
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Abstract
Mechanisms for mitigating and protecting against the negative impacts of climate change on the tourism sector are discussed.
Data (from the National Environmental Protection Agency's climate database) on changes in snow cover duration at
Georgian winter resorts (Mestia, Goderdzi, Gudauri, and Bakuriani) were collected. Two 30-year periods (1956-1985) and
(1956-2015) were compared, and patterns were identified and assessed.

Keywords: Snow cover, climate, tourism
Relevance of the topic

In the mountainous regions of Georgia, against the background of noticeable climate change, mountain and ski tourism
shows special sensitivity to spatial-temporal fluctuations of snow cover. The feasibility of its further development requires
systematic research and exploration of the geographical-synoptic aspects of global climate change and the practical
application of the obtained, scientifically proven results. Currently, the relevance of studying the problem posed is
determined by the wide and organic connections between global climate change and the growing trend in the development
of tourism in mountainous regions [1].

The feasibility of its further development requires systematic research and investigation of the geographical-synoptic aspects
of global climate change and the practical application of the obtained, scientifically proven results. Currently, the relevance
of studying the problem is determined by the broad and organic connections between global climate change and the growing
trend of tourism development in mountainous regions.

Research Obijective

Solving this problem requires the following goal. Mitigating and protecting the negative impact of climate change on the
tourism sector requires recording data (from the National Environmental Agency's climate database) on changes in snow
cover duration within the Georgian winter resorts (Mestia, Goderdzi, Gudauri, Bakuriani) and comparing the differences
between two 30-year periods (1956-1985) and (1956-2015), identifying patterns, and evaluating them.

Research results

In order to process data on snow cover, meteorological stations with a long series of multi-year observations of the main
characteristics of snow cover were selected. It was found out:

Mestia: In the first period, the snow season covered the period from November 30 to March 19, and the average duration of
the cover was 108 days. In the second period, the duration of the snow cover was reduced by 17% compared to the first period.
Gudauri: The average snow season in the first period of observations was 23

It lasted between November and May 5. The duration of snow cover during the entire period was 162 days. The snow cover
trend was negative. The duration of snow cover during the second period was reduced by 12% compared to the first.
Goderdzi: The snow season during the first observation period lasted on average from November 8 to May 10. The duration
of snow cover during the entire observation period was 182 days, and the snow cover trend was positive. The duration of
snow cover during the second period was reduced by 3% compared to the first.

Bakuriani: The snow season during the first period fluctuated between November 26 and March 28. The duration of snow
cover during the entire observation period was 122 days. And the snow cover trend was negative. The duration of snow cover
during the second period was reduced by 8% compared to the first.

The analysis of the obtained data shows that the duration of the mountain-skiing season, along with climatic factors, is
determined by the physical-geographical factors of the location of the tourist facility (height above sea level). A ski area is
considered reliable in terms of snow cover when the snow cover (artificial or natural depth) exceeds 30 cm for 100 days.
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Interpretation of the research results

Based on the above data, it is advisable to: include climate change issues in tourism policies, strategies and implementation
plans; assess and take into account possible risks caused by climate change when investing; cooperate with the meteorological
service, transport, insurance sectors: transfer ski runs to high hypsometric levels or to cold slopes of northern exposure;

A ski area is considered reliable in terms of snow cover when the depth of snow cover (artificial or natural) during the day.
30 cm exceeds 100. According to its annual distribution, it was found that: the average snow cover depths in Bakuriani were
recorded in February (61.3 cm), and the minimum in June and September (0.1 cm). The maximum depth of snow cover, 130
cm, was recorded in Bakuriani in March 1956. In Gudauri, the greatest average depth of snow cover was recorded in March
(115.1 cm), the minimum in October (0.7 cm), and the maximum of 330 cm in February 2008.

Adaptation measures. Integrating climate change issues into tourism policies, strategies and implementation themes;
Assessing and considering potential risks due to climate change when investing; Integrating adaptation issues into consulting
and educational programs in the tourism industry; Raising awareness among businessmen, tour operators and stakeholders
about the impact of climate change on the tourism sector; Finding/attracting finance for the implementation of adaptation
projects; Relocating ski runs to higher hypsometric levels or slopes with cold winter exposure; Leveling ski slopes; Mobilizing
snow at winter mountain resorts to ensure sufficient snow for skiing and sledding; Planning measures to prevent beach erosion
due to rising sea levels, implementing the construction of free beaches.
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O6Cy)K,I[aIOTCﬂ MEXaHHW3Mbl CMATYEHHWA MW 3alIWThI OT HETraTHUBHOI'O BOB,I[EIL/'ICTBI/IH M3MEHEHHA KJINMMATAa HaA
TypI/ICTI/I‘{eCKI/Iﬁ CEKTOp. Brumu CO6paHI>I AaHHBIE (I/I3 KIMMaTU4YeCKOM 6a3sl AaHHBIX Ha].I;I/IOHaJII)HOI‘O dT€HTCTBA IIO
OoXxpaHe OKPY)KH}OU.[eﬁ Cpe/tl;LI) 00 M3MEeHEeHHUIX IIPOAOJ/DKUTEIPHOCTH CHEXXHOI'O IIOKPOBAd HAd 3UMHHX KYypOpTax prSI/II/I
(Mectua, 'omepasu, I'ymaypu, bakypuanu). bsinu comocrasnens! ABa 30-1etHux nepuoga (1956-1985) u (1956-2015),
BBIABJIEHBI 1 OLL€HEHBI X 3daKOHOMEPHOCTH.
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3aKOHOMEPHOCTH M3MeHEHMI CHEKHOr0 MOKPOBAa HA 3UMHMX FOpPHbIX KypopTax I'py3uu Ha ¢oHe M3MeHEHMsT KJIM-
Mara /JInana Kapreemumsunn, Jlua Merpenuaze/C6. TpymoB UTM I'TVY. - 2026. — tom 139. - ¢.80-81 - I'pys.; Pes: I'pys.,
Amri., Pyc.

OO6cyxIaroTcsd MEXaHU3MBI CMSTYEHHUS U 3aIlIUTHI OT HETaTHBHOTO BO3JCHCTBUS M3MEHEHUS KJINMaTa Ha TYPUCTH-
yeckui cekTop. beutn coOpaHbl qaHHBIE (M3 KIMMaTH4YeCcKOi 0a3bl JaHHBIX HalnmoHanbHOTO areHTCTBA MO OXPaHe OKpYIKa-
IOIIeH cpesbl) 00 N3MEHEHHAX NMPOJODKUTEIFHOCTH CHEXHOT'O IIOKPOBa Ha 3UMHUX KypopTax I'py3un (Mectus, 'onepasuy,
I'ynaypu, bakypuanu). beumn conocrasnens! na 30-netHux mepuonaa (1956-1985) u (1956-2015), BEISBIICHBI H OLIEHEHEI
UX 3aKOHOMEPHOCTH.

doi.org/10.36073/1512-0902-2026-139-80-81

UDC: 551.578.46

Regularities of snow cover changes in winter mountain resorts of Georgia against the background of climate change
/ Liana Kartvelishvili, Lia Megrelidze/ Transactions IHM, GTU. -2026. -vol.139. -pp.80-81. - Georg., Summ. Georg.,
Eng. Rus.

Mechanisms for mitigating and protecting against the negative impacts of climate change on the tourism sector are
discussed. Data (from the National Environmental Protection Agency's climate database) on changes in snow cover duration
at Georgian winter resorts (Mestia, Goderdzi, Gudauri, and Bakuriani) were collected. Two 30-year periods (1956-1985)
and (1956-2015) were compared, and patterns were identified and assessed.

81



LBAI-L 30RMMIIBIMIH)IRMBO0L 0BLAGOBIBOL L53IG60IAH™M HIBIANAIBSRO dH(IFO0)S 3MISIR0, &.139, 2026
SCIENTIFIC REVIEWED PROCEEDINGS OF THE INSTITUTE OF HYDROMETEOROLOGY OF THE GTU, V.139, 2026

doi.org/10.36073/1512-0902-2026-139-82-87
©53.502.754.58

31005G M0 B3JGHMMIO0 5 093MM3GH0Y0o 3(396569930L 93MEPMYOMMO SI3GHIE0S
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M9bomdg

Bodmddo  aobbowyamos  domvydol  Tmms  OMLmggEol  Lobgwdfoxm  Mboggdlodg@ol
ROGHM350MEMA00Ls 5 B0MIM35¢RgMHM3bgd0L 0BLEHOEGHMBHOL bogmergdaom bBs33900%bg  go3MEgwgdEro
053mbwMo  3sdgwool (Camellia japonica L.) x08gd0L 43030mdol 350300 ©s 435300l d9839H0wmdol
0530901090900, 350 INMOL SOLYDIYO IMOYS300IM0 353806J00. 053MbMMO 358905 boLOSMPYdS Y30
bsbyMd030 Y43930@MBOM, S3MJNZg Y3530 gd0L GBJMOL, BmToby s BMmMIOL OO IMs35WxgHM3z6gdom.
00bodbmwo 60dbgdo  8608369mgbo  9MOL  sTIMI0YPIMYO oM gIM-GBoJBHMOPODY,  A9BLLIMGGdOM
G9939M0GH MO Mggodbyg, o3 093390000  s0Lobgds  MHMAMOE  Y3930¢MdolL  bobyMdwogmdsby, oby
395396M0MdsBY. ©PI600s, BMI 053MbYGHO JoTgeE0s Y3530MdSL 0fjygdl d5d0b, HMmEgLog 309MHoL bodwyserm
©OI-03MMH0  3gd3gMed s 89096 @osbarmgdom  6,5-10 °C-L, bmem  0bEHIbloMo Y3530 Mds
00000bsMgmdlL 10-19 °C 3gd3gms@emol 306mdgdd0. 053mbyMo 3sdgeool x0d ,,3080L39L-0b“ dgdmbgggzsdo
390m3ww0bs Y3300l 99539610¢mdol 833960 ©IM30JdIgds (gd3gMsdea®y. 8,5-9,0 °C-%y sdswo
3993965 Mm0L 30613930 30005M©JOS 35MHEOLBIOO Y3930¢gd0, bergrm FgEsMmIBOm Bo0swo G9ga3dghs@wcmol
(16,6-19°C) 30609030 9396509 030005038L 0633bLowGms© fomga yzszowgdl.

155335630 LoGyzgdo: 3¢0dsGH M0 BogdEMMIDO, Y3530 Mds, BIBMEMY0S, BgRIOHOLWMdS, BgI3gMs@s

dglsgsgmo

30d5GMM0  BoJBHMOMgd0  3608369cm396 MMl SLOMEWIdL ©YIMBeBH0Mo  F3gbstggdol bMs-
2963005M905L5 S B9bMEMYyoNH 3MMEILYdT0, FobLLIMPMIBOm oMo Labgmdol d9dmbzg3s30, MMAMEOOES
Camellia japonica. 053mbw®o 35990005 358m0MBg3s 35050 ©IZMMIGHOIMIOM, 3M35¢BgMMZsbo Y3300l
RMIJPPoms O FIBIOOWMIOM, o3 OEHOWI® ©ITMI0EIIMWOos  FoMgdm 30MMdJODY. Jodo@Go
354 BHMMHJd0©6 oo 3608369¢Mds gb0Fgds BgddgModesl, 359600l 39bosbmdsls, bogrgdgdols Mom@gbmdalis s
3965Hogdsls, sbggg  Lobsmmol  0bGHIBLOgMBSL.  3HYB3gMoBMMs  gobloBm3z®magl  3939G9300L  ©FYgdl,
0@HMb0DBOE00L 39MH0MPL O Y3930@MdOL bobaMmdwwogzmdsl. Mm3EGH0dow® 30MHMdYdT0 3599w0s 0bsMBBIdL
1GO00NH BIPMmEMYOME GoGAL, 0MIEs GHJI3gMeGHWOOL 3339MOO (330 YdJd0 FqLodwms sdmofizoml
93530 MdOL 3006905 56 bssMmgz0 olMMEgds.

35960 3gbosbmds s bogrgdgdo oblogzmmmgdoom 3608936gcm3zsbos d3gbaol fgwol dognsbliols
M9375300bMZ0L.  Fooo  BHbosbmds byl  {gmdl Bm®Iser®  BOHEIL s  Y3930¢0l  bsGobbol
99656:Bb9gdsL, borenm g35m30l 30609330 J30MHIOS ©I3MMIGOMBS s 0DBMPYdS LAHMILOL BogdEmEmgdol
2493¢gbs. Lobsmeng 3o 86003b69mgsb 253cgbsls bl BMEHMLOBMgBOL 0bEHIbLOgMdIBY s Fglisdsdolsc,
93969500l d0MTslol EMM3905DY.

3w035@MM0 BogdBHMMgdol gHmMmdE030 3cmgdgrgds 3obLaHM3MmagL B9bMEIMy0sl Mo30LgdMMIdIBL, MoG
299m0boBgds  3939¢9300L, dE™MboBsEooLs S Y3930@MdOL  3o@IOLY s babyMmIogMdsdo. JErods@ob
33wogdol gmbby s0bodbmwo 3MmEglgdo 3093 YBO™ TMdbmdosmg bogds, M3 LsFoMmMmadl Jsmo

9GSO ozl o 9083Bo30MM0 39dsboBIGOOL Qodmgangbasl.

33930l md0gdE0 ©s gMEMEMY0s
3309308 M009d@L  HoM0moygbl 0s3mbwmGmo 359900l Bsmdol Fmms HMLmsggerol  Lobgardfogm

MB039MOLOGHIGOL BOGHMISMNMEMAO0LS S dOMIM35¢RIMM36700L 0BLEHOEHNMGHOL Logmergdisom  bszzgmby
39303900 0530mb699M0 358900l ¥0dgdOL  0s3mbGo 3sdgwrool 15 xodo: Aurora; Delectissima; Aranin;
Hibiscus;  Beni-karako; Marchioness of Salisbury; Eleaonor Franchetti; Anemonaeflora; Anemonaeflora alba;
Anemonaeflora rosea; Margaret Walker; Elegans; Pelagia; Goffredo Odero; Derbyana (6sb. 1).

0530mb69M0 358900l ¥0dgdol  0IbGH0B0ZIE0s  FBbMOE0gWEs  39990gdoL Loy  MTMGOLM
Bmdgb3ws@ ™ol dobgwgzoom (Trujillo 2002; Gonos...1999; ds@omsdzowo ..2019).
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350900L5 5 babamdeogzmdol smoibgsl. (Epemenko 2004; Ceménona 2015).

9903020
©093MM5G 0 939656099030 435300l 60dobms oo LEbgMIM0Z0 (335¢dsEMBdOL Tgffogersly oo

g9MoEgds godmds. 53 603bgd0sb  goblogMm®mgd e  yMMomgdsl 9939396 Y3930¢0l  F95396H0EMdL,
LOHbgEgdsl, BmMIL, Looal s bbgs. 333¢935GMs  IMOZEgLeds  033mbMo  358gwool  Izgbsmols
A9LH93w0l MML o 600369 Mdsl 560Fgds Y3930¢0LY S 330603060l BYOHEFEWGdOL BMAol, BMMIOL s
33960 (335¢0gOSMVSL.

93093006 3Gm3gldo 93gboMggdo F9gavgs  Y43930MdsDY  FoOLZEISL AoMgdMl  2oblob®3zm WO
Rod GO0l 5MBYdMBdOL Fgdmbggzedo: gMdgwo 96 dm3wy MY, SO FgddgModeol Bgdmddggdol

296L5BOZOMO 3gHOMEO s 5.8. JoMGBMBMSL ALYOZLO 5EI3EHEOOL 3BMEgLdo d+96gdM030 JoMRYZ0L ABom
dmbs gobloBgHMo 3gbgdol, 39bwmo LobEHgdgdol LgwgdEos: BoaswomMsE sMd0EM3LOLOL dgdmbggzsdo
43530 Mdl OO EEOL 256353 Mdsdo 2oBLsbBE3Msgl CO g9bo, HMIgerog 3oblsbrzm e BmEM3ghomodo
A®9BLZM03300L 3OMELYdIOL F53:E0MYOY0s, beaagnm agbo GA 1 dmbsfowgmdl 30dgMgwobols Lobomgbdo,
(29903 99930090905 3(3965MOL Y3530MdsBY 3oL 3¢€0LOM30L BmM 3wy MOL 306HMBYdT0. 5353MMYYIMSE
3960 ihy dmbsfowgmdl d3gbsdol oge @oLs s edol babyMdw03MdOL ,,45BMIZz580“ 5649 25Blbgsgqdwwo
390930 30MHMBJO0 goblsb3™M396 Lbgsalbgs 29bgd0L (3gbmMo LolEYIGOOL) BsOMZLL, MMIULsE B3gbsty
0039403l ,,bIdMEMM 3HMEYYJ3050©I“- Y3930 MdIEY, Bogmxgdols s MILEgdOL gob30msMYdsT©Y. 53539
Ol THY @960 GMgggbommo dm@sgos (ihy) @goblobmgMogh  s3m@EHm3gmomolboged ©sdmy300gdmwo@
43530mdob 99539Mbgdsl (Blazquez...2003; Samach...2005; Halliday...2003). dbgsglbo 396980 bsdmgbos 9igbstrgoms
b3z LobgMdgdOLEMZ0LSE.

943530¢0b 303396 o300L dgbfogars 360936gam3zsb0s d3gbstgms LywgdEosdo s HoMmBmoagbl 3gbme
065069600580 y353000L BgHOL 330wgdol dolowgdl (Tanaka...2008)

053mbMEI0 3509005 MH30 435300Md0m BILSMEYDdS, FMIZseRGMM35605 Y3530@0l BgMHo, Lowowy,
RO, 5 J9MgIM  BoJBHMOHGOOLOYD sdM30YdMgdom d60d3bgermgbs  (339¢dIEMBL. 396513690
2496L53MMM7d00 deog 3e00bYds 439300l FMETsLs S FgRIMOEMdSTo.

053mbMEo  359gmos 303395600 Foz0  BE3oL  LobsdoMmMBY  HoMmImpygbowos BMOMIsms OO
961535 x539MHM36900m, 000l 298 MM 53WI30M3JEOE 359900l A5TMS3ds bgdms TbMmE M Mmglicrom,
f0gdol 20633 mdsdo  Bsdmyswod@s LOMMEs©  doblbgogadmwo  3m3mMwsEogdo 9. . 5y0wmd™mO30
335305, 5956 5ILEVMMOL  3599e0ol Lbgosbbgs Lobgmdol digbstgms dmOBmEmaon®o 60dbgdol
dE0gMo (3350905 MDS.

2014 §gel, domvydol dmmo BHbmeggerol Lobgwdfogm MboggdlLoGIEHOL BOGHMISMMEMAO0LS ©S
000IM5350x3gMH™M369d0L 0bLEHOGHWEOL Logmegdsom 6533900y 25896s 390900l Jmegdaos.  3megdiosdo
560l 35dgmool 3 bobgmds, 73-00g 053mbGo 3599¢00lL %080, 303M0EO s GmMds Boo Mol 0s3mbxGO
399900l 5 sbogo xodo: Contesasa Lavinia Maggi, Monshio, Pilnitz, Amalia Melzi, Minato-no-akebono ®mdgwog
0b@MHMOE0M70ME0o 3q9033600Ls s AgbgmMOL dMEIB03MMHO BIWOIL.

d9bPogaroo 0dbs 0s3mbmMo 358900l (335¢gdEMBS Y3530l BMMToLS s FgHol Jobggzom.
2490m3wo0bs, ®MmI 0go 3609369wm3bs00 (339¢dIMOL 435300l 3sMdgEBMOOL BobgEz0m. OIYMTsbY
dm@obowos 430300l LOOEOL (335¢YdsEMOOL 53Lobggwo dmboigdgdo X0dobogsb FM30IOMEGdOm.
OemymO3 dmbs3gdgdo 3bsymegb, GMI 439webg oo HBMmBol Y43530egdOm J5dmoMBg306 x0dgdo: Hibiscus,
Eleaonor Franchetti, Anemonaeflora rosea, Pelagia, Beni-karako, Delectissima s Goffredo Odero, bmeom y3zgmwsbyg
dgoMy bmdoL - Aurora s Elegans.
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6sb. 1. 0s3mbmeo 3s9gerool y3s30emols dBomdgdero dmbsggdgdo x0dgdol dobgogoo:
1.Aurora; 2. Marchioness of Salisbury; 3. Hibiscus; 4. Eleaonor Franchetti; 5.Aranin; 6. Anemonaeflora; 7.
Anemonaeflora alba; 8. Anemonaeflora rosea; 9. Margaret Walker; 10. Eleqgans; 11. Pelagia; 12. Beni-karako; 13.
Delectissima; 14. Goffredo Odero; 15. Derbyana.

33930L 9900999005 5939 23063965, MHMI BrmyogMo I3gbstgbg s00bodbgds TbmEm@ ghmo gmGIobs
o 39839MH0EMdoL yzs30¢0, d5d0b MmEglsg bbgs 8gdmbggzsdo 93bogds gMo 93gbatg®y  Lbbgssbbgs
LOOEOU, FgBIMHOWIMDdOLS s BMOTOL Y3530¢00.

3Mowo 1. 435300l IgngMHomdol (335¢nYdsEMds 053mbMo 358gwools bgsslibgs xoddo
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Eleanor Franchetti 51 6 43
Elegans 4 90
Marchioness of 55
Salisbury
Margaret Walker 17 5 8 51 8 11 17
Goffredo odero 37 40 15 37
Aranin 63 37
Anemonaeflora Alba 63 37
Anemonaeflora resea 95 5
Aurora 50 20 10 15 5 50
Pelagia 16
Delectissima 67 20 13
Hibiscus 87 | 13 87
Hibiscus2017 §genls 57 35 3 5
Hibiscus2018 §ganls 30 55 5 10
Eleanor Franchetti 51 6 43

43530¢0L  9x9gM0mds 033w9ds, MMYMOE X0dob oLy Mmmybobdol mbyby (0bwogowmswv®o
(339¢905MdY). 9o 83gbstgby Lbgosbbgs dgug®omdol (2-sh  7-00g) Y3030¢0lL  sb30msMgdom
290m0MB 3006 x089gd0: Delectissima; Aranin, Anemonaeflora Alba, Anemonaeflora rosea, Marchioness of Salisbury,
Elegans, Pelagia, Margaret Walker, Goffredo odero, Eleaonor Franchetti, Aurora cos Hibiscus. 3omosbmdsdo yzgwsbg
Jowoo LobJoMmom s00bodbgds Y3930¢0l 35MEOLEBYMHO TJRIMOEWMdS, G90IR0 5RO 53  F0ISOMYO0
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3boymxL, MM Bmyogmo xoddo (Eleqans, Anemonaeflora Alba, Anemonaeflora rezea s Ubgs) 9o 839bs6H9by
20060367905, MMM 3 2oblbgaggdmero d9n9MHoEmdol 0lg 256Lb3s39dwwo BMMTOLS s 539099 gdOL Y3530¢0.

EbOOWo 2.943530¢0l 539009 gd0l (339¢0gd5Mds 0530mbMMo 358900l Lbgoalbgs x0dd0%

93530¢ols 435300 435300
X030L oliobyEgds 3ob®®do 39Bd>Mo- 393>M0EIdOm,
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3mbs, % 9(3)3M00bgdom %
Elegans 79 21
Aranin 55 45
Anemonaeflora 15 65 20
Anemonaeflora Alba 55 45
Anemonaeflora resea 25 20 75
Beni-karako 81 19
Derbyana 25 75

@

65b.2. Camellia japonica L )0do Hibiscis (5. foomgeo g3sg3omgdo, 3. :go®o 43s30egdo, 3. 36Hobeg®o
439300 MJOMH0 50305, ©. 35MHOLBINO Y3530¢0)

053mbm@o  3sdgos  x0d 30d0L3MLolb  F0dsM  oEYIbows Y3530l 395396H0@MdOL
©59m30090v1gds $H9ga3gmo@ealiosb, Hibiscus-o h39v9emgd6m03 0300056040l 00s fomgwo i39M0lb y3s30¢gdl,
0053 2015 Ferol goBogbyeBy (26 do@@o) olBg 500bodbs os 3oMOLBIMO Y35300. 3830JOMdM, GMI
435300l ggMo 53 dgdmbgg3zsdo ToE3owWs 3HYa3gmo@E IMoligsb sdm30gdmgdom, Moysd 2017 s 2018
Pergdmeb dgsmgdom 2017 — 2018 {iergddo sGE0b mz0L Ladwewm FHgaddgms@es Ls305ME B0 oym (8,5-
9C"), B9L90530L@ 5B0BYYE ¥ 0L F6Z300MS 35OOLGEIHO y3530¢0 (Bsb. 3).
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B39b0 sBM0m, 0530mbME 3509000580, Y3530(0l FJRIOMOWMIOL (335¢0905Mds ()3 YMoEHYIMHOLOYSD
530300090 gdom Bbgs M35 BoJBHMOMb gMmo 2963060HMdYGOIMOos 55EME06gd0L, AsBLE3MMGMGdOm
30560006-3-9)30bo@OoLs s (30560006-3-35¢dEMLOEOL LAMM3Z9d0L AoBLLIZ9dM 0b6EIBLOZMdO.

33365 053mbMM0 3599000l ¥0dgdoLs Y3930MBOL  bobaMmdarogmds goblbgaggdmwmos s 0yo
dOMOMHIE ©IM30IO0s 356MEH030L 1630L9dMmYBIOLS s 3K0TSGYE 30MHMBIDODY. 053mbMEO JsTgEos
435300005 0figgdl 3596M0L Lsdrowrm EEY-Ms3Mo F9ga3dgMo@wIMob 6,5-10C-0b 30MHMdgdI0, beagrm 0bEgblow®
4353000dsL-10-19C%-0l  306HMdGDdT0.  3H9d3gMe@@ol  6,5C*-By 393000 ©3EgdoLsl  yzs30@mds  BgMgds.
43530mdob 350900l JobgE300 053MmbMH 358900l X0dgd0 0ymes bod XYIBO: 9) MY dmyzs30¢mg (bmgd
09M-0093900960); B) B9MYO0mM 43056 FMY3530¢0g (056356M-gd9MZ35¢00); @) 23056 IMmY3530eg (FoME0-530M0¢00).
50b0dbmwo 60dbol Jobgz0m odmgzgmgboos 053mbMMo 358gwools x¥0dgdol Lsdo xawygo: boba®mdwogzsw
dcmy3030g x0dgd0 (5 ™39); x0d9d0 Yz530mdol Lsdmowrm bsby®Mdwogmdom (3-3,5 m39);  9gsmgdom
bsbdmzang y3930@mdol x0dgdoo (2,5 m39). 003mbwmo 3599wos x0d 30d0L3MLoL B0dsMHM IEIBOEOS
435300L  FgRIO0EMdOL  ©sTMI0EIIMEGDs  BHY3gMoGIMHbomsb. 8,5-9,0C%-bg ©sdso  FHgd3gModeol
306Hmdgddo  9396sMgBg  3005MEIDS  ZSOEOLBINO  Y35300, bmem  FgsMgdom  Towseo  (16,6-19C°)
39939M5&OH0oL 306mdgddo 839659 030050 JOL Fomgan yz530gdl.
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310053 1MH0 B5JBHMOO0 ©5 ©I3MMEHOYIEo 33965MYgdoL 93MEMY0MO 5QI3BSE0S /J505¢5dg IO, Xs50b0dg
6565/bEwg-0b 300-0L FOMToms 3MYO0-2026.-3).139.-33.82-87. -Jotrm., B9b. Joro., 0byan., L.
Bodmddo  dglfiogerowos  domwdol  dmms  OMLMOggwol  Lobgwdfogm  MbBogg®Lo@gEoL

BOGM350MEMYooLs S d0MIMZ5WxBgMM3bIdoL 0bLGHOGHWMGHOL Lszmagdaom 6533900y 393639 gdMEo
053mbwMo  3sdgwool (Camellia japonica L.) x08900L 43030mdol 350300 ©s Y3530l d9839H0wmdol
0530L90M90900, Fo0 FMOOL SOLYOMEO JMOIWSFOLIMO 35300MJ0. 053MmbMEMO 3509105 bolosMYdS b30 o
bobaMmdwo30 Y3930Mmdom, 53Mmgm3g Y3930¢qdol 3gMol, HBmdols s BmMmIoL OO IMZ5¢RIOM3BIdO.
50bodbmwo b60dbgdo  8608369wmgbo  9MOL  sIMZ0YPIMWO oM gIM-GBoJBHMMPdDY,  A9BLLIMMGdOm
A9939M0GHMO  Mgg0dbyg, o3 03390000  s0lobgds  MHMAMOE  Y39300MdolL  bobyMdmogmdsby, oby
39839000MdsDY. ©AIB0W0s, MM 053mbMHO 3509 0s Y3930MBL 0fygdl J530b, MMEgLsg 35gMHOL Lsdrmowm
©OI-05FMM0  3Hg93gMeB Oy 895abl  ssbrmgdom  6,5-10 °C-U, bmem  0639bbovo  gzs30wMds
000¢00bsMgmdlL 10-19 °C 3gd3gmo@ ol 306mdgdd0. 053mbwMo 3sdgaool xo0d ,,3080L3L-0b“ dgdmbgggzsdo
3993006 435300l F9x8gMH0E™MdOL 9339000 ©IFM3I0EIOMEgds (7a3gMsdwmsby. 8,5-9,0 °C-By sdswo
39939M5GO0L 3060930 3005MHJOS 35MHEOLBIMO Y3530 gd0, bergrm FgEsMB0m Bo®owo ¢9d3dgMe@wmol
(16,6-19°C) 306>md7q0d0 9396565 030m00gdL 0b6EIBLOMGm® Homgw yzs30egdL.

doi.org/10.36073/1512-0902-2026-139-82-87

UDC: 502.754.58

Climatic Factors and Ecological Adaptation of Ornamental Plants/Kamadadze Dali, Jabnidze NanaO/Transactions
IHM, GTU. -2026. -vol.139. -pp.82-87. - Georg., Summ. Georg., Eng., Rus.

This study investigates the flowering periods and flower color characteristics of Camellia japonica L. cultivars
cultivated in the collection site of the Institute of Phytopathology and Biodiversity at Batumi Shota Rustaveli State Univer-
sity, including the existing correlative relationships between these traits. Camellia japonica is characterized by abundant and
prolonged flowering, as well as a wide diversity in flower color, size, and shape. These traits are significantly influenced by
environmental factors, particularly temperature, which strongly affects both the duration of flowering and the coloration of
the flowers. It was determined that C. japonica begins flowering when the average daily air temperature ranges from ap-
proximately 6.5-10 °C, while intensive flowering occurs under temperatures of 10-19 °C. In the case of the ‘Hibiscus’
cultivar, a pronounced temperature-dependent variation in flower color was observed. Under lower temperatures (8.5-9.0
°C), the flowers develop a pink coloration, whereas under relatively higher temperatures (16.6-19 °C), the plant produces
intensely red flowers.

doi.org/10.36073/1512-0902-2026-139-82-87

YJK: 502.754.58

KnumaTnueckue GpakTopsl H IKoI0rnyecKas afantanus 1ekopaTuBHbIXx pactennii/ Kamananse Janu, Txaduunze
Hana/C6. Tpymos UTM I'TY. - 2026. — tom 139. - ¢.82-87. - I'py3.; Pe3: I'py3., Auri., Pyc.

JlanHOE MCCIieI0BaHUE MTOCBSIICHO U3YYEHHIO CPOKOB IIBETEHUSI M OCOOCHHOCTEH OKpacku 1BeTKOB copToB Camel-
lia japonica L., KyJIpTHBHPYEMbIX Ha KOJUIEKIIMOHHOM yuacTke MHcTUTyTa (puTomaronoruu u 6uopasnoobpaszus barym-
CKOT'0 rOCyIapCTBEHHOTO YHHBepcuTera uMenu [llora PycraBenu, a Takke BBISBICHUIO CYIIECTBYIOIINX KOPPEISITHOHHBIX
cBsi3eil Mexy sTuMu npusHakamu. Camellia japonica xapakrepusyercss OOHIBHBIM U MPOAOJDKUTEIBHBIM IIBETEHHEM, a
TaK)Ke IIMPOKUM Pa3HOOOpa3ueM OKPACKH, pa3MepOB 1 (JOPM IBETKOB. ITH MPU3HAKU B 3HAUYUTEILHON CTEIICHU 3aBHUCST OT
(haxTOpOB OKpYXKAIOIIEH CPe/ibl, 0OCOOCHHO OT TeMIepaTypbl, KOTOpas CYIIECTBEHHO BIIMAET KaK Ha MPOJOKHUTEIBHOCTh
[BETEHMsI, TAK U HA OKPACKy LBETKOB. Y cranosieHo, uto Camellia japonica Haunnaer nBeTeHne NPHU CPETHECYTOUHON TEM-
neparype Bozayxa npumepHo 6,5-10 °C, Toria kak MHTEHCHBHOE 1BeTeHHe HaOoaaeTcs npu temneparype 10-19 °C. B
ciyuae copra ‘Hibiscus’ BeisiBieHa BBIpaKeHHAs TeMITepaTypHas 3aBUCHMOCTh H3MEHECHHsI OKpacku 1BeTkoB. [Ipu Goree
HU3KKX Temreparypax (8,5-9,0 °C) upeTku mproOpeTarT PO30BYIO OKPACKY, TOTIa KaK IIPHU OTHOCHTEIBHO 00JI€€ BBICOKHMX
temmneparypax (16,6—19 °C) hpopMHUPYIOTCS HHTEHCUBHO KPAacHbIE LIBETKH.
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93O JgRMmMm3gosL. oM 580Ls, FosdmM0sd Bmbgddo BoMmIMIzoxgMHMzbgds bBdoMs sMOL
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x107 Cpd 11: Benzene, 1,2 4-trimethyl-: + Compound Spectrum (5.239-5.395 min) Lilium ponticum.D
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x10 6 Cpd 18: Butane, 1,2,3-tris(trimethylsiloxy)-: + Compound Spectrum (10.861-11.008 min) Lilium ponticum.D
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x107 Cpd 11: Benzene, 1,2,4-trimethyl-: + Compound Spectrum (5.239-5.395 min) Lilium ponticum.D
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©053™535 2. Lilium ponticum K. Koch-ol 83gbs®ol gdu@Msg@ ol 9sbb3dgd@emmo sbsgrobol 89c093900
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Cpd W Label cw Name d Formula 7 Score 4 RT d mz ¥ Base ¥ Mass (DB) ¥
1 Cpd 1: Silane, trimethyl(1-methylethcxy)- | Silane, trimethyl( CEH160Si 5251 5123 73 73 132.1
10 Cpd 10: 2(1H)-Pyrimidinethione, 4amine- | 2(1H)-Pyrimidin... C4HEN3S 5353 2384 127 127 127
il Cpd 11: Benzeneethancl, 4 hydroxy- | Benzenecthanal,. C2H1002 7748 2463 107 107 1381
12 Cpd 12: Sucrose Sucrose C12H22011 6747 8632 571 57.1 3421
iE Cpd 16. 2 Propencic acid, 3 phenyl-, imethylsilyl ester | 2 Fropencic acid... C12H18025i 7969 5248 205 205 2201
i) Cpd 18: Benzenepropandl, 4-hydroxy- alpha -methyl-, (R)-| Benzenepropan C10H1402 843 9373 107 107 1661
2 Cpd 2: Pentane, 2.3 3-trimethyl-| Pentane, 2,3,3-tr CBH1E 723 5252 431 431 1141
20 Cpd 20: Silane, trimethyl(2-phenylethoxy)- | Silane, trimethyl(-. C11H1805i 5535 SE1Z 73 73 1841
21 Cpd 21: 2.1-B . 2-phenyl-| 2.1-B C15H1TNOD 5217 9688 221 2211
22 Cpd 227 beta -D-Glucopyrancse, 1,6-anhydro- | beta-D-Glucop CEH1005 5312 9759 1621
23 Cpd 23: Methanene, (3. 10-dihydre- 3 anthracenyliphenyl- | Methanene, (3.1 C21H1E0 5274 G 2841
24 Cpd 24: Phenal, p-(2-methylallyl)-| Phenol, p-(2-met. C10H120 5303 9,896 1481
26| Cpd 26. 1.5-cis.8 cis Undecatriene 3.7 diol bis(trimethylsilylle..| 1.5-cis.3cis Un.. C17H3402Si2 5772 EEE) 3262
27 Cpd 27: Anthracene, 9.10-dihydre-9-(1-methylpropyl)-| Anthracene, 9.1 C18H20 52.8 10.043 2362
28 Cpd 28: Ethane, 1-vinylthio-2-[(trimethylsilyloxy)ethylthicl- | Ethane, 1-vinylth C8H200525i 543 10072 2261
25 Cpd 29: Heptancic acid, 5-oxe-, imethylsilyl ester| Heplancic acid, . C10H20035i 7017 10.15 2161
3| Cpd 3: Methyl 2-[methaxy(methyljaminol-2-methylpropancate | Methyl 2-[metho C7H15NO2 5768 6073 1611
20 Cpd 20: 6-Methyl-4-phenyl-guinazoline| B-Methyl-2-phen C15H12NZ 6665 10165 2201
& Cpd 1. Anthracene, 9.10-dihydre-9-(1-methylpropyl)- | Anthracene, 9.1 C18H20 51.15 10.201 232
32| Cpd 32 36.10-Trioxa-2,11-disiladodecans, 2.2,11,11-tetram..| 3,6,10-Trioxa-2, C11H2803Si2 6173 10264 2642
33[  Cpd 33 1.8 cis Undecadien 5-yne 3.7 bis- trimethylsilyl ether | 1.8-cis Undecad... C17H3202Si2 5642 10.376 3242
£ Cpd 24: Ethancl, 2 (trimethylsilyl}-, acetate| Ethancl, 2-(trime... C7H18025i 5749 10.419 160.1
a7 Cpd 27: Dib hiophene, 1.2,2,4,6,7 8 -octahyd Dib hioph C12H165 6542 10637 1921
38[ Cpd 38 3.6.10.13 Tetraona 2. 14 disilapeniadecane, 2.2.14,1..| 3.6,10.13 Tetrao.. C13H3204Si2 £7.29 10.814 3082
4D Cpd 40: Silane, tetra-2-propenyl- | Silane, tetra-2-pr C12H20Si 6396 10878 1921
42 Cpd 42: 7H-Furo[2 2-gl[1lbenzopyran-7-one | 7H-Furo[2.2-gl[1 C11HE03 11083 186
44 Cpd 44. 3 Phenylbicycle(3.2.2)nona 3.6 dien 2 one| 3 Phenylbicyclol. C15H120 11721 2101
45 Cpd 45: Hexadecanoic acid, trimethylsilyl ester| Hexadecanoic a C18H40025i 11838 7 7 2283
3 Cpd 46: Phytol Phytol C20H400 122428 71 71 %63
47 Cpd 47. Butyl 5,12 octedecadiencate | Butyl 9,12 octad.. C22H4002 12683 21 21 3363
50 Cpd 50: 9H-Carbazole, S-phenyl-| SH-Carbazole, 9 C1BH13N 13018 2431 2431 2431
51| Cpd 51: Pyridel3.2 dlpyrimidine 2.4( 1H.3H) diene, 1.3-dimeth..| Pyridel3.2dlpyri-. CSHSN202 13128 151 181 1511
52| Cpd 52 2H Furc[2,3-h]- 1-benzopyran-2-one, 8,9-dihydro8-(1..| 2H-Furc[2.3-h}1.. C14H1404 13.384 187 187 2461
53 Cpd 53: Benzo(blcarbazole| Benzo(bjcarbaz C1BHTTN 13687 217 217 2171
54 Cpd 54. & Phenylisoguinel & Phenylisoqui C1BHTIN 13,508 205 205 205.1
56 Cpd 56: 1-Docosanol, timethylsilyl ether | 1-Docosandl, tri C25H5405i 12243 3832| 2832 338 4
60| Cpd 60: 2.8-Disilatricyclo[7.2.0.0(2, 7)ldodeca-4.6.10,12-tetra | 2,8-Disilatricyclo C14H205i2 1514 229 229 2441
€3] Cpd 63: 8.2 Dimethyl 2 oxe 2.8.5, 10-tetrahydropyranc(2.3 .| 8.8 Dimethyl 2o C24H2807 15,39 23 23 4262
64| Cpd 64: 8.8-Dimethyl-2-oxo-2 8,8, 10-tetrahydropyranc(2,3-flc .| 8 8-Dimethyl-2-o C24H2607 1553 a3 a3 4262
66| Cpd 66. 2.8 Disilatricyclol7.3.0.0(3.7)]dodeca 4.6, 10, 12 tetra. | 2.8 Disilatricyclo.. C14H205i2 16,501 225 225 2441
€7 Cpd 67. 8.2 Dimethyl 2 oxe 28,5, 10-tetrahydropyranc(2.3 e | 8.8 Dimethyl 2o C24H2807 17.058 23 23 4262
69| Cpd 69: 8.8-Dimethyl-2-oxo-2 8,8, 10-tetrahydropyranc(2,3-flc .| 8 8-Dimethyl-2-o C24H2607 17358 a3 a3 4262
70| Cpd 70: 8.2 Dimethyl 2-oxe 2.8.5, 10-tetrahydropyrane(2.3-c..| 8.8 Dimeth, C24H2807 17.45 23 23 4262
71| Cpd 71: 8.8-Dimethyl-2-oxo-2 8,8, 10-tetrahydropyranc(2,3-flc .| 8 8-Dimethyl-2-o C24H2607 17 665 a3 a3 4262
75 Cpd 75: Cholesteral trimethylsilyl ether| Cholesterol trim C30H5205i 13034 129 128 584
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UDC: 581.4:581.19

Biologically active compounds of Lilium ponticum K. Koch distributed in the highlands of Adjara / D. Beridze, A.
Bakuridze, M. Metreveli, M. Jokhadze / Transactions IHM, GTU. -2026. -vol.139. -pp.88-94. - Georg., Summ. Georg.,
Eng., Rus.

The present study investigates the biochemical and phytochemical composition of Lilium ponticum K. Koch dis-
tributed in the highlands of Adjara using the GC-MS method. Various biologically active compounds were identified in
the plant extract, including organic carboxylic, fatty, and phenolic acids (lactic, malic, gallic, protocatechuic, stearic, and
a-linolenic acids), as well as sugars (glucosidic and furanosidic derivatives, pentitol, lactose), iridoids (aucubin), and the
steroid compound sitosterol. The results confirm that Lilium ponticum is a species rich in biologically active secondary
metabolites, highlighting its potential significance for pharmacological and biotechnological research. In the context of
high-mountain ecosystems, the species is characterized by ecological adaptation and endemic distribution, which further
enhances its scientific value.

A traditional expedition—excursion method was employed, within which the distribution areas of the species were
determined and plant material was collected for herbarium and experimental purposes. Methanolic extracts were prepared
from the plant material, treated with a BSTFA/EtAc (40:10) mixture, and analyzed using an Agilent Technologies 7000
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GC/MS/MS Triple Quad system with an Elite-5MS column. The analysis was performed in electron ionization (EI) mode
(70 eV) under TIC scanning conditions, and compound identification was carried out by comparison with the NIST data-
base. The obtained results further confirm that Lilium ponticum is rich in biologically active secondary metabolites, em-
phasizing its significant pharmacological and biotechnological potential, particularly in the context of high-mountain eco-
systems of the Caucasus due to its endemism and ecological adaptation.

doi.org/10.36073/1512-0902-2026-139-88-94

m@3: 581.4:581.19

33060l 3505300569080 9339w gdMeo Lilium ponticum K. Koch-0ols 300m@@maom®Ms s3@on®o bsgHomgdo /
. 39M0dy, 5. d33vM0dy, 3. AgBHMg3gero, 9. xmbsdg / THM-ob 6mdgd0, LodsGmzgml ¢gdbozm®o
MB039MLoEIAO0. — 2026. — (. 139. — 33. 88-94. — JoOm., G9B0MTg JoOr100., 0bA., Bbs.

§0bs0gdsMg 330935 gbgds 530l FooEBmM0sbgmdo ogMEgwgdwo Lilium ponticum K. Koch-ob
d0mgodomcmo ©s GoGmdodonmo 9gdoagbermdols dglfogarsl GC-MS dgom@oom. 33gbstol gdu@®ad@do
399m3gbo0s  bgoalbgs domMmEMyow®ms© 5JBowcmo bsghmo, 850 Mol  35MdMbMwo  Mmemysbreo,
3b0dm3zs60 s BgbmeMo 5553900 (0937939, 3959¢0l, ool, 3OMEMIGHIJoL 553900, LEAJSMObOLS s a-
@wobmergbols 95535), U939 FodM9d0 (3e3MHBOEMOHO ©s BMBMBoEMOO FoMdmgdmummado, 39bGoGMo,
WdJBHMDBs), 0HOMOEIOO (5913998060) S LBHIOMOEO BogHMO — LoGHMLEHIOMEO.

33w930L 999 g00 °oLEGHWOGOL, Gmd Lilium ponticum {oG30moygbl d0MEMy0Ms© odGHoM®o
d9m6M50  99@SdM0GHJo0m  JEOELM  Lobgmdsl, Mog bobL Muzsdl dob  3mBHIBEoM® 8503369 MdSL
5306 353MWMP0MH0 s d0MEHIJbMEmaoMMo 33eg39d0Lbmz0L.

9505 dm0sbo  93mbolgdgdol 3mbEgdu@Bdo bobgmds gsdmoMmbg3s 93MEMPOMEO SPISGHIGO0MS ©S
96009060 2530 E3ILO0m, B3 3093 MBROM DOEOL Job bLsdgEbogMm VoMYdMMGdSL.

33wg30Lol  298myabgdmer  odbs  GHMoogonwmo  gdudgoEos-943Lb3GLool  dgommEo,  H@Iwols
RO gddo 49b0LsBP3MS F3gbstgms 293MEIX9d0L 5EYOWGdO s FJRMM3s Bobvens 39MHdsMm0Tobmzol s
99396096 EHOLMZoL. I3gboMgmwo bywgmEwoEsd IMIbsEs Tgmobmeosbo gJuBHMed@gdo, MMIwgdos
5319853005 BSTFA/EtAc (40:10) Bo69g3000 o gooboeobs Agilent Technologies 7000 GC/MS/MS Triple Quad
LobEgdoby Elite-5MS Lgg@olb godmygbgdom. sbscroBo gobbmeaogmes EI Ggg0ddo (70 eV), TIC Lzsbomgdol
306007030, bagrm 65960900l 00096@¢ 053035305 dmbs NIST dmbszgdos d5Bobmsb 99sMgdol bygwdzguby.

3009010 89093900 SILEGHMMGOL, M  Lilium ponticum {o®dmsgbl dommwmaom®e@ od@owmcmo
0906500 393900000 JEOEsH Lobgmdgdl, Moz BsBL Mi3sdl dsod 3608369 M3z96 BMTS3MEMYO0G ©
000m@gdbmmmaome  3m@gb3oswl.  5©0bodbmmo  Lobgmds  oblszmmEmgdoo  3608369wm3zs60s  35335L0OL
9505 dm0560 930LoLEHYIJOOL 3mbEHIJuGHTo Fomo 9bgdMOMBdOLS S J3MEIMAOMEIO 53O0l dodM.

doi.org/10.36073/1512-0902-2026-139-88-94
YIK: 581.4:581.19
Buosioruyecku akTuBHbie coennHenus Lilium ponticum K. Koch, pacnpocrpanénHoro B BbicoKoropbsix Amskapuu /
. Bepunze, A. Bakypunze, M. Metpeseau, M. JIzkoxanze / Tpyast UXM, I'TY. — 2026. — 1. 139. — ¢. 88-94. — rpys.,
pestomMe: rpys., aHril., pyc.

Hacrosimee rccnegoBaHre NOCBSNICHO H3YYSHUIO OMOXMMHYECKOro B putoxummuieckoro cocrasa Lilium ponticum
K. Koch, pactipocTpan€HHOT0 B BBICOKOTOPBSIX AJDKapuH, ¢ UCoib3oBaHueM MeToga GC-MS. B akcrpakre pacTteHus BbI-
SIBJICHBI pa3JINuHble OMOJIOTMYECKH aKTHBHBIE COCAMHEHMS, BKIIOYass KapOOHOBBIE OpraHUYECKHUE, SKUPHBIE U () €HOJIbHBIE
KUCJIOTHI (MOJIOUHAs, sI0JIOYHas, TaJUTOBast, IPOTOKATEX0Bast KUCIIOTHI, a TAK)KE CTEAPHHOBAS M O-IIMHOJIEHOBAs KUCIIOTHI), a
Taoke caxapa (TIIOKO3UAHbIE U (hypaHO3HUIHBIE TIPOU3BOIHBIC, IEHTUTOI, JAKT03a), HPUIAOHIB! (ayKyOHH) U CTEpOUIHOE
COE/IMHEHUE — CUTOCTEPOJI.

PesynbTathl nccenoBanus moaTBep K aaoT, uro Lilium ponticum mpexcrasmnsier co6oit Bua, GoraTelii Guoorude-
CKHU aKTUBHBIMU BTOPUYHBIMH META00JIUTAMH, YTO HOAYEPKUBAET €ro MOTEHIMAIbHOE 3HAYCHUE ISl (hapMaKOJIOrHYECKUX
1 OMOTEXHOJIOTHYECKUX HCCIIETOBAHHH.

B KOHTEKCTE BBICOKOIOPHBIX 3KOCUCTEM AAHHBIN BUJ XapaKTEPU3YETCs HKOJIOTMUECKON afanTalueld U S3HAEMUY-
HBIM PaclpOCTPaHEHHEM, YTO JONOJHHUTENbHO TTOBBIIIACT €r0 HAyYHYIO [IEHHOCTb.

B xoze nccneoBanus ObLT HCHONB30BaH TPAAUIIMOHHBIA SKCIIEAMIIMOHHO-3KCKYPCHOHHBIN METO/], B paMKax KO-
TOpOTo OBLIM OIIpEAEIIeHBI apealibl PacpOCTPAHEHUS PACTEHUH 1 cOOpaH Marepua It repoapusi 1 S9KCIIEpUMEHTAIIBHBIX
uccienoBanuii. M3 pacTuTenbHOro ChIpbsi OBUIM TPUTOTOBJIEHBI METaHOJIBHBIE HKCTPAKTHI, 00pabOTaHHBIE CMECHIO
BSTFA/EtAC (40:10), 1 npoananusupoBannsle Ha cucteme Agilent Technologies 7000 GC/MS/MS Triple Quad ¢ ucnoss-
3oBaHueM KonoHkH Elite-5MS. Ananus mpoBomuics B pexume 3nekTporHod nonusauuu (El, 70 eV) B ycnosusx TIC-
CKaHUPOBAHWUS, a UACHTH()HUKALINS COSAUMHEHHIA OCYIIECTBIISIACH HA OCHOBE COMOCTABJICHNUs ¢ Oa30i manHbIX NIST.

Ioy4eHHble pe3yibTaThl MOATBEPsKAAIOT, uto Lilium ponticum otHocuTcs K Buam, 6OraThiM OHOJIOTHYECKH aK-
TUBHBIMH BTOPUYHBIMH META00JIMTAMH, YTO MOJUYEPKUBAET MX 3HAUUTEIBbHBIH (hapMaKOIOrHYeCKUil U OMOTEXHOJIOTrnYe-
CKuii noTeHuuai. JlaHHbelid BUI MMeeT 0co0yl0 3HAYMMOCTh B KOHTEKCTE BBICOKOTOPHBIX 3KocucTeM Kapkasza Omaromaps
CBOEH HIEMUYHOCTH U IKOJIOTUYECKON aJalTALUH.
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The firn line elevation calculation for the glacier inventory of the former Soviet Union was conducted primarily
using the Gefer method. Gefer's formula was transformed to determine the firn line elevation of mountain glaciers
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using satellite remote sensing (SRS) data. The firn line altitudes of glacier basins located in Abkhaz a were calculated
using this formula. These calculations were performed over the past 60 years using the inventory, topographic maps
and SRS data for 2010, 2015 and 2020 years. It has been concluded that over the past 60 years (the catalog and
topographic map were compiled based on data from the 1960s), the minimum elevation of the firn line in Abkhazia has
risen by 61 m, while the maximum has fallen by 114 m. Thus, the lower boundary of the firn line is rising by
approximately 1 m. per year, while the upper boundary is falling by 2 m. This is undoubtedly related to modern climate
change.
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Pacuet BbICOTHI pUpPHOBOI JIMHUM AL KaTajora gefHUKOB OpiBirero CoBeTckoro Coio3a IPOBOSUICS B OCHOB-
HOM C ucnoas3oBanueM Meroza I'epepa. Popmyina I'edpepa Obira TparchOpMIPOBaHA AJIS OIpeeIeH S BBICOTHL (hHp-
HOBO¥ JTMHUU TOPHOTO JIeAHUKA II0 AAHHBIX CIYTHHUKOBOTO AUCTaHUMOHHOrO 3oHAuposanus (CH3). Mcnomxssys oty
¢dbopMyy, GBLIN PacCIUTAHbI BRICOTHI (PMPHOBOM ITUHUU B JIETHUKOBBIX OacceifHax, PacIOIOXeHHBIX HA TEPPUTOPUU
Abxazun. Mx nameHenus 3a nocieguue 60 jerT GBIIM PacCYMTAHbBI C MCIOIH30BAHMEM KaTayora, TOIOrpadpuIecKoi
xapTts! 1 ganubix C/13 3a 2010, 2015 u 2020 roxer. CuenaH BBIBOg, uTo 32 nociesuue 60 et (xaTamor u Tonorpadpuye-
CKas KapTa COCTaBJIeHBI Ha OCHOBe JAHHEIX 1960-x rozoB) MUHHUMANbHAs BbICOTA (GUPHOBOW JIMHUH Ha TEPPUTOPUH
Abxazuu mopHsamack Ha 61 M, a MakcuManpHas omyctuiaachk Ha 114 M. Taxum o6GpasoM, HIDKHSA TpaHUIA (PUPHOBOM
JIMHUY IPUMEPHO ITOSHUMAeTCs Ha 1 MeTp B rofi, a BEPXHsA TPaHUIIA - OIIyCKaeTcs Ha 2 M. DTO, HECOMHEHHO, CBA3aHO
C COBpeMeHHBIM U3MeHeHHeM KIHNMaTa.
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Abstract

The study discusses the assessment of atmospheric instability in the territory of Eastern Georgia using three indices —
CAPE, K-index and Total Totals — based on ERA5S data. Several real extreme days were selected, on the basis of which,
along with the assessment of instability indices, we considered vertical profiles of atmospheric parameters according to
humidity and wind speed data. The correlation between the indices was assessed for the selected days. The study showed
that there is a strong correlation between some indices, which indicates the effectiveness of the joint use of the presented
indices for studying convective processes. The obtained results confirm that combining these indices with vertical profile
data provides a better assessment of convective activity. The study emphasizes the importance of ERAS in the analysis of
extreme weather events, and the knowledge obtained can be used both in scientific research and in practical meteorological
analysis and forecasting.

Keywords: Atmospheric Instability, Vertical Profile, CAPE, K-index, Total Totals, Extreme Days.

Introduction

Atmospheric instability is one of the main factors determining the development of convective processes. Such processes
are often associated with extreme weather events and their study is important from both theoretical and practical points of
view. In modern meteorology, special attention is paid to the vertical distribution of atmospheric parameters and the use of
thermodynamic indices. These indices allow assessing the stability of the atmosphere and the potential for convective
activity. The aim of the study is to analyze three instability indices based on real extreme days, to study vertical profiles and
to determine the correlation between these indices. The issues of atmospheric stability and instability are widely discussed
in the meteorological literature. Vertical profiles, which describe the change in temperature and humidity with height, are
one of the main tools for assessing convective processes. Instability indices, such as CAPE (Convective Available Potential
Energy), K-index and Total Totals, are widely used in weather analysis and forecasting. CAPE determines the potential
energy of an air particle during upward motion, while K-index and Total Totals reflect the combined influence of humidity
and temperature on atmospheric instability [1-3].

Modern studies actively use reanalytical data, including ERAS, developed by the European Centre for Medium-Range
Weather Forecasts. These data provide high resolution of atmospheric parameters and are widely used in both global and
regional studies. In international studies, authors also indicate that the joint use of indices is more effective than their separate
analysis, especially when they are considered together with the vertical atmospheric structure [4-7].

Data and Methods
The study used three main instability indices: CAPE, K-index, Total Totals. Real extreme days were selected for the analysis,
according to which a detailed study of atmospheric conditions was carried out. Vertical profiles were constructed at different
pressure levels and included the following parameters: temperature, relative humidity, wind speed and direction. Based on
these data, an assessment of the atmospheric structure was carried out by height. At the final stage of the study, a correlation
analysis was performed, the purpose of which was to determine the relationship between the instability indices.

Results

The results showed that during extreme days the thermodynamic indices considered by us increase significantly, which
indicates the strengthening of atmospheric instability. Analysis of vertical profiles revealed high values of humidity in the
lower layers of the atmosphere, a sharp change in the numerical value and direction of the wind throughout the height of the
troposphere. These factors together create conditions for the development of convective activity.

Fig. 1 shows the distribution of convective instability energy over the territory of Eastern Georgia at the time when
strong convective clouds formed in the mentioned area, namely in Telavi and Gurjaani. As can be seen from Fig. 1, CAPE
is maximum in this area and its value is more than 1700 J/kg, which corresponds to the state of average instability
(Cumulonimbus clouds (Cb) with heavy rains, thunderstorms). Fig. 2 shows the distribution of TT and K indices for the
same day over the territory of Eastern Georgia. As can be seen from Fig. 2, the mentioned indices reach their maximum
value in some regions of Kakheti and their value also corresponds to the unstable state of the atmosphere (TT>55).
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Fig.2 Distribution of TT and K indices ((a)-TT Index, (b)-K Index).

The correlation analysis conducted between the volatility indices showed significant statistical relationships. A strong
positive relationship was revealed between Total Totals and the K-index (0.9), while the correlation between CAPE and the
other two indices is very low (0.3). The obtained result can be explained by the fact that the TT and K indices describe the
behavior of the atmosphere at only a few levels (temperature and humidity at the levels of 850, 700, 500 mb), while the
CAPE index describes the vertical behavior of the atmosphere at the entire height. Therefore, it is natural that there is a high
correlation between the TT and K indices. However, it should be noted that the combined use of the indices increases the
accuracy of the analysis (Fig. 3,4).
Fig. 5 and Fig. 6 presents the distribution of K and TT indices during the day for selected days when convective cloud
formation occurred in the Kakheti region. As can be seen from Figure 5-6, the maximum values of the indices are recorded
at 12-15 UTC, when the soil temperature is high and it is a favorable time for the formation of convective clouds.
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Fig.6 Distribution of K index during the day for selected days.

The results obtained confirm that instability indices are an effective tool for studying atmospheric processes. However, since
we are considering local convective processes, high-precision data are required for thermodynamic analysis of the
atmosphere, but it should be noted that ERA5 data also showed atmospheric instability quite accurately on the presented
days.

Conclusion

The article presented three indices reflecting the thermodynamic state of the atmosphere for selected days. In particular,
we considered the CAPE, TT, K indices for some regions of Eastern Georgia, when strong convective processes occurred in
the mentioned area. The study showed that instability indices are an important tool for assessing convective processes.
Vertical profiles provide a detailed analysis of the atmospheric structure, and the correlation between the indices indicates
their close relationship. The results obtained can be used both in scientific research and in practical meteorological analysis.
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B nccnenoBannm paccMaTpuBaeTcs OLCHKa aTMOC(epHOH HEYyCTOHYNBOCTH Ha TeppuTopun BocTtouHoit ['pysun ¢
ucnonb3oBanueM Tpex uniaekcoB — CAPE, K-unnekca 1 TT. Bbuto BEIOpaHO HECKOJIBKO peabHBIX SKCTPEMANbHBIX JHEH,
Ha OCHOBE KOTOPBIX, Hapsilly C OLIEHKOW HHJEKCOB HEYCTOHYMBOCTH, OBLIM PAacCMOTPEHBI BEPTHUKAIBHBIC MPOQHIH
aTMoc(epHBIX TAPaMETPOB I10 JaHHBIM O BIQYKHOCTH M CKOPOCTH BeTpa. JlJst BBIOpaHHBIX JAHEH Oblila OLleHeHa KOPPEIISLHs
MEXIy HHAeKkcaMu. lMccienoBaHue MOKa3alo HaJW4YHe CHUIBHON KOPPENSIIMHM MEXIy HEKOTOPBIMH HHICKCAMH, YTO
yKa3bIBaeT Ha 3(p(HEKTHBHOCTH COBMECTHOTO HCIOJIBb30BAHUS NPENCTABICHHBIX MHAEGKCOB JUIS M3yU€HHs KOHBEKTUBHBIX
npoueccoB. [lomy4yeHHbIe pe3yIbTaThl TOATBEPHKAAIOT, YTO COYETAHUE ITUX HHACKCOB C IAHHBIMU BEPTHKAIBHOTO MTPOQHIIS
obecrieunBaeT Ooiee TOYHYIO OLIEHKY KOHBEKTHBHOHM aKTHBHOCTH. VcciienmoBaHwe momdepkuBaeT BaXHOCTh ERAS B
aHaIM3€ SKCTPEMAIBHBIX TOTOIHBIX SIBJICHWH, a IIOJydeHHbIE 3HAHUS MOTYT OBITH MCIOJB30BaHBl Kak B HAayYHBIX
HCCIIEZIOBaHMSAX, TAK M B IIPAKTHIECKOM METEOPOJIOTHIECKOM aHaIN3€e W IPOrHO3UPOBAHHH.
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Analysis of Atmospheric Instability Indices and Vertical Profiles during Strong Convective Events /Inga Samkharadze,
Marika Tatishvili, Nanuli Zotikishvili/ Transactions IHM, GTU. -2026. -vol.139. -pp.101-105. - Georg., Summ. Georg.,
Eng.Rus.

The study discusses the assessment of atmospheric instability in the territory of Eastern Georgia using three indices —
CAPE, K-index and Total Totals — based on ERA5 data. Several real extreme days were selected, on the basis of which,
along with the assessment of instability indices, we considered vertical profiles of atmospheric parameters according to
humidity and wind speed data. The correlation between the indices was assessed for the selected days. The study showed
that there is a strong correlation between some indices, which indicates the effectiveness of the joint use of the presented
indices for studying convective processes. The obtained results confirm that combining these indices with vertical profile
data provides a better assessment of convective activity. The study emphasizes the importance of ERAS in the analysis of
extreme weather events, and the knowledge obtained can be used both in scientific research and in practical meteorological
analysis and forecasting.
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Abstract

The Black Sea is a highly sensitive, semi-enclosed marine ecosystem exposed to significant anthropogenic pres-
sures, including pollution, climate change, and coastal development. The Black Sea Smart Marine Environmental Outcome
System (BS-SEQS), supported by the INTERREG NEXT Black Sea Basin Programme, an innovative framework designed
to improve monitoring and management of one of the world’s most sensitive marine ecosystems. The system integrates
uncrewed surface vehicles equipped with multisensory instruments to collect high-resolution, real-time data on key environ-
mental parameters, including temperature, pH, dissolved oxygen, and chlorophyll-a. These observations are processed
through a structured data pipeline and analyzed using advanced Al models to predict ecological risks such as hypoxia and
harmful algal blooms. By enabling continuous, transnational data sharing and early warning capabilities, BS-SEOS supports
informed decision-making and proactive environmental management. The project enhances regional cooperation, strength-
ens ecosystem resilience, and contributes to sustainable development and long-term protection of the Black Sea.

Keywords: Black Sea, Climate Change, Innovative Monitoring, Al forecasting, uncrewed surface vehicles - drones

Introduction

The Black Sea is one of the most unique and sensitive marine ecosystems in the world. Almost entirely en-
closed, shared by six countries, and strongly influenced by human activity, it reacts faster to environmental pressure
than open oceans. Pollution, climate change, overfishing, coastal development, and geopolitical complexity have placed
the Black Sea under constant stress. At the same time, rapid advances in technology are creating new opportunities to
understand, monitor, and protect this vulnerable sea. Even small changes in temperature, nutrient input, or circulation
can trigger large-scale ecological consequences such as algal blooms, biodiversity loss, or ecosystem collapse. Traditional
monitoring methods: coastal line, ship-based measurements. The Black Sea requires multydirection continuous, real-
time, and transnational observation to detect changes early and respond effectively. Black Sea Smart Marine Environ-
mental Outcome System: BS-SEOS project initiated under financial support of INTERREG NEXT Black Sea Basin fund-
ing mechanism in order to address these challenges by establishing a comprehensive, reliable, and integrated environ-
mental monitoring system for the Black Sea Basin. BS-SEOS project designed to enhance the health and sustainability
of the Black Sea. The Innovative Environmental Monitoring System, by leveraging cutting-edge Al forecasting and
uncrewed surface vehicles - drones, will collect, analyze, and share critical environmental data across borders, ensuring
a resilient and thriving marine ecosystem.

Innovative monitoring system
BS-SEOS is a collaborative project aimed at enhancing the understanding of the Black Sea's ecosystem by collecting and
sharing environmental data. Using innovative technologies like uncrewed surface vehicles (USV) - drones (Figure 1.
USV-drone’s System), the project facilitates continuous monitoring of key marine parameters such as:

*  Temperature: Measuring range -5° to +40°C (Accuracy +0.5°C);

*  Conductivity: Measuring range 0 — 200 mS/cm (Accuracy + 1%);

* Dissolved Oxygen: Optical sensor, range 0 — 40.00 mg/L;

e pH: Accuracy + 0.2 pH;

*  Chlorophyll-a: Optical with autoscaling, range 0 — 500 pg/1.

Calculated Parameters:
. Salinity, Water Resistivity, Total Dissolved Solids, Water Density.

Data Acquisition:

*  Multi-GNSS receiver for precise positioning;
*  Sampling rate: At least one measurement every 30 seconds.
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The drone-mobile stations will be used along the coast and will monitor selected physical and chemical parameters via
multi sensors from three vertical depths including surface, 5m, and 10m, for water quality assessment in bathing areas.

It will provide immediate data acquisition in case of risk events (accidental pollution, algal blooms, etc.) regarding
physical and chemical parameters.

2. WIRELESS 3. GROUND CONTROL STATION
TRANSMISSION (Physico-Chem-Bio Monitoring)
AF ’»)
(Telemetry Link)

Computer &
- Data Logging

CONTROLLER
(for launch/recovery
& override)

Fig. 1. USV-Drone’s System

In Georgia drone-mobile stations will be used along the coast in Sarprand Poti areas (Figure 2. USV-drones Location
in Georgia) is based on their strategic significance, water quality, transboundary impacts, and the need for robust wa-
ter quality data to support environmental management and will monitor selected physical and chemical parameters.
*  Sarpi: Located at the Georgia-Turkey border, Sarpi experiences heavy cross-border traffic, including trucks,
passenger vehicles, and maritime activities;

» Poti: As a major port city, Poti has intense shipping activities, industrial operations, and energy production;

®Zugdid

cGoti

/‘r(utawS\ anomsnlbio
Georgia
®Zestafon;

¢Sarpi b
Batumildsar Vol

ig. 2. USV-drones Location in Georgia

Research object and methodology

Using a multifunctional drone to measure water and air parameters—pH, Chlorophyll a, dissolved oxygen

(DO), and water and air temperature—represents an innovative and efficient solution Of Black Sea environmental
monitoring system.

pH — Water pH directly reflects changes in marine acidity, which are linked both to increasing CO- levels (ocean
acidification) and to industrial and domestic discharges;
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Chlorophyll a — Chlorophyll is the main indicator of phytoplankton biomass. Its monitoring is essential for: detecting
eutrophication processes; early prediction of algal blooms; and assessing marine productivity;

DO - (Dissolved Oxygen) — The level of dissolved oxygen determines the biological viability of marine ecosystems.
Its depletion leads to the formation of “dead zones,” posing a threat to fish and other organisms. A drone enables rapid
detection of hypoxic zones and real-time monitoring of their dynamics;

Water Temperature — Water temperature affects chemical reactions, oxygen solubility, and biological processes. De-
tailed mapping of sea surface temperature using drones is particularly important for: monitoring climate change;
identifying thermal stress zones; and predicting biological processes;

Simultaneous Measurement of Air and Water Temperature — Measuring both simultaneously allows for a better un-
derstanding of energy and heat exchange processes at the sea surface. These data are important for both meteorolog-
ical and ecological modeling.

BS-SEOS data flow for Mobile Multisensory Stations-drones: All sensor data will be transmitted to the ground
stations, from the ground station to partner’s local premises for data formatting/standardization and data quality control.
Standardized and Quality Controlled datasets will be transmitted, in delayed mode, to the Joint BS-SEOS Data Center
developed by Istanbul University) to be integrated into the BS-SEOS database and further on the BS-SEOS Dashboard
and AI models. Standardized and Quality Controlled datasets will be submitted, by each partner, (via EMODnet Data
Ingestion) to the SeaDataNet/EMODnet thematics as it is illustrated in Figure 3 below.

m’ BS-SEOS Data Center
Database
4 D G Foona | . ENd ...
. s;v:: A I @ Sen W ...
Time Series Database !
Stafic
Dashboards
Romanicll IR I ] Ty I ) :
BE e w s B« we| [BE e w s B0« w s 2
Ground Station Ground Station Ground Station Ground Station o
=fY =Y =1y < 4Y
B, (" N\ ) '

Multibeam Q;‘i

Mobile stations) Smart Buoy

Echosounder
Sensor System

(=13

Fig. 3. Drone-Mobile Stations Data Flow

Al-driven marine risk prediction in the BS-SEOS framework follows a structured five-stage pipeline. Each stage trans-
forms the raw observational data into a form progressively closer to operational environmental intelligence.

Stage 1 — Data Ingestion & Quality Control

Raw sensor streams — CTD profiles, dissolved oxygen time-series, chlorophyll fluorescence, meteorological parame-
ters, satellite SST, and river discharge records — are ingested into the BS-SEOS data system. Automated quality control
(QC) algorithms flag outliers, detect sensor drift signatures, and interpolate short gaps using ensemble Kalman filter
methods. Mihailov et al. (2020) established a Romanian hydrodynamic index framework that underpins the QC proce-
dures applied to NW shelf data.

Stage 2 — Feature Engineering

Raw measurements are transformed into model-ready features. This includes temporal lagging (values from the previ-
ous 7—14 days are included as predictors), spatial averaging across sensor network nodes, anomaly computation relative
to climatological baselines, and derived physical indices such as the Mixed Layer Depth (MLD) and the Brunt—Viisila
frequency (a measure of stratification strength). Mihailov (2024) demonstrated that upwelling indices derived from
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ECMWF reanalysis wind fields are among the strongest predictors of near-surface nutrient anomalies on the western
Black Sea shelf.

Stage 3 — Model Training & Inference

Multiple AI model architectures are trained on historical data (typically 2010-2022 for the Black Sea) and evaluated on
held-out test periods. As detailed in Section 3, the primary architectures employed are LSTM (Long Short-Term
Memory) networks for temporal sequence modelling, CNN-LSTM hybrids for spatiotemporal prediction, and XGBoost
ensemble methods for tabular risk classification tasks. Mihailov and colleagues demonstrated the superiority of CNN
approaches over classical ARIMA models for sea level forecasting (Mihailov et al., 2021), a finding replicated across DO
and HAB prediction tasks.

Stage 4 — Risk Scoring

Model outputs are converted into standardised risk scores (0-1) for three primary hazards: hypoxia probability, HAB
outbreak probability, and anomalous upwelling intensity. Calibrated uncertainty bounds are computed using ensemble
prediction intervals or Monte Carlo dropout, ensuring that risk scores communicate not just a prediction but its relia-
bility.

Stage 5 — Decision Support & Feedback

Risk scores feed into an operational dashboard accessible to environmental managers, fisheries authorities, and re-
searchers. Alert thresholds trigger automated notifications when hypoxia probability exceeds 0.65 or HAB risk score
exceeds 0.70. Observed outcomes are logged and fed back into the retraining pipeline, enabling continuous model im-
provement — a critical capability in a system whose underlying dynamics are themselves changing under climate forc-
ing.

Results
Project's outcomes

® Development of a centralized platform for sharing regional environmental data « Enhanced collaboration
among scientists, policymakers, and industries

® Improved monitoring and assessment of marine ecosystem health
® Informed decision-making for conservation and sustainable practices
® Increased public awareness about the importance of marine ecosystem health

® strengthened resilience to environmental challenges in the Black Sea region

Conclusion

The Black Sea stands at a critical intersection of environmental vulnerability and technological opportunity.
As a semi-enclosed and highly sensitive marine basin, its health depends on the ability of surrounding nations to mon-
itor changes continuously, respond rapidly, and cooperate effectively. The BS-SEOS project demonstrates how innova-
tion can transform traditional environmental monitoring into a dynamic, real-time, and data-driven system. By inte-
grating uncrewed surface vehicles, advanced multisensory measurements, and Al-based forecasting models, the project
provides a comprehensive framework for understanding complex marine processes and anticipating ecological risks.

Through its structured data pipeline and cross-border collaboration, BS-SEOS not only enhances the accuracy
and availability of environmental data but also supports timely decision-making and proactive management. The sys-
tem’s ability to detect early warning signals—such as hypoxia events, algal blooms, or temperature anomalies—repre-
sents a significant step toward preventing large-scale ecological damage.

Ultimately, the success of BS-SEOS lies in its holistic approach: combining science, technology, and regional
cooperation to safeguard the Black Sea ecosystem. By strengthening resilience, promoting sustainability, and increasing
public and institutional awareness, the project contributes to a more stable and thriving marine environment. Contin-
ued development and expansion of such integrated monitoring systems will be essential for ensuring the long-term
health of the Black Sea in the face of growing environmental and climatic pressures.

Al-driven risk prediction in BS-SEOS directly serves the EU Marine Strategy Framework Directive (MSFD),
which requires Member States to achieve and maintain Good Environmental Status (GES) in their marine waters. Early
prediction of hypoxic events, harmful algal blooms, and upwelling anomalies enables pre-emptive management actions
— adjusting fishing effort, issuing aquaculture alerts, triggering emergency monitoring protocols — that reactive
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monitoring systems cannot support. More broadly, the BS-SEOS Al framework contributes to the European Green Deal
and the EU Biodiversity Strategy for 2030 by building the evidence base for ecosystem-based management of the Black
Sea. The sea’s ecological condition cannot be separated from the political and economic futures of the communities
along its shores — and Al-powered environmental intelligence is becoming a foundational tool for navigating that
connection.
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UépHoe Mope ABISIETCS BBICOKOUYBCTBUTEIBHOM, OJTy3aMKHYTOM MOPCKON 3KOCUCTEMOM, NOBEPKEHHON 3HAYU-
TCJIIbHOMY aHTPONIOIT'€HHOMY BOSHGﬁCTBI/IIO, BKJIIOYad 3arpsA3HEHUEC, U3BMCHCHUC KiIMMaTa U HpI/I6p€)KHOG pa3BUTHEC. Cucrema
Black Sea Smart Marine Environmental Outcome System (BS-SEOS), nognep:xuaemas nporpammoii INTERREG NEXT
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Black Sea Basin Programme, mpencraBisieT co60ii HHHOBAILIMOHHYIO MIATGOPMY, HAIPABICHHYIO Ha YITy4IICHHE MOHUTO-
pHUHTa U yIpaBiIeHHUs OJHOM M3 CaMbIX YSI3BUMBIX MODPCKMX dKOcucTeM B mupe. CucreMa MHTErpHUpyeT 0e3 SKHUIaKHbIE
HaJIBOJIHBIE alllapaThl, OCHALIEHHBIE MYJIbTHCEHCOPHBIMH TPHOOPaMH, ISl COOpa BEICOKOTOYHBIX JJAHHBIX B PEaJTbHOM Bpe-
MEHH 110 KJIIOYEBBIM KOJOTHYECKHM ITapamMeTpaM, BKIIIouas TeMrepatypy, PH, pacTBOpEHHBIH KUCIOPOA U XJIOPOPHILI-a.
[NonyueHnsle nanHbIe 00pabaTHIBAIOTCS B paMKaX CTPYKTYPHPOBAHHOTO IIOTOKA JaHHBIX M aHAJIM3UPYIOTCS C UCIOJIB30Ba-
HHEM COBPEMEHHBIX MOJEIEH NCKYCCTBEHHOTO MHTEJJIEKTa I IPOTHO3UPOBAHUS SKOJOTMIECKUX PUCKOB, TAKUX KaK TH-
MOKCHSI M BPEZJOHOCHBIE IIBETCHNUS Botopocieil. ObecrieunBast HEPEPHIBHBIA TPAHCHAIMOHAIBHBIA OOMEH JaHHBIMHU H BO3-
MOJKHOCTH paHHero npexynpexacans, BS-SEOS crioco6CcTByeT IpHHITHIO 000CHOBAHHBIX PEIICHHH H IIPOAKTHUBHOMY JKO-
JOTUYECKOMY yTpaBieHHU0. [IpOeKT ycunmBaeT pernoHanbHOE COTPYIHUYECTBO, MOBBIIIAET YCTOMIHUBOCTD SKOCHCTEM U
CIOCOOCTBYET YCTOHYMBOMY Pa3BUTHIO U JOJITOCPOYHOI 3amure YEpHOTO MOPSI.
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UDC: 551.583

Hydrological Regime of the lori River Basin and the Need for Integrated Water Resources Management. /Kapanadze
N., Mkurnalidze 1./ Transactions IHM, GTU. -2026. -vol.139. -pp.112-117. - Georg., Summ. Georg., Eng.Rus.

The article examines the characteristics of the formation, distribution, and utilization of water resources in the lori
River basin under conditions of contemporary climatic and anthropogenic impacts. Based on the analysis of hydrological
and climatic data, the seasonal runoff regime and its change trends are assessed. The study identifies the scale of water
resource deficits under different reliability levels and evaluates the efficiency of irrigation systems. It is shown that reduced
runoff during the summer period, combined with increased water demand, significantly aggravates the water balance and
leads to the deterioration of ecological conditions.

The results of the study highlight the necessity of implementing an Integrated Water Resources Management
(IWRM) approach, which includes strengthening monitoring systems, modernizing infrastructure, improving institutional
coordination, and integrating precipitation enhancement measures. The findings can be used for the development of sustain-
able water resource management strategies in the lori River basin.
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L5 30 Mgds./353565dg Bsogro, 8399Mbserody 060by/. biEwy-ob 3d0-0l FMMToms 3MgdwY0-2026.-(.139.-93.112-117.
-Jo®m., Gg%b. JoMo., 0byw., G,

LBOG05d0 gobbowEros BEobstg om®ob s9Bdo ffywol MHglmGLYdOL BMMIMIdOUL, dobsfoegdols ©o
399mggbgd0lL 530l9dvMHgdgd0 sbsdgEMmM3Yy 360T5GHWIMO S BMOM3MYGBHo Hgdmddgrgdol 3ommdgddo.
Bo@BoMgdmeos 300MMEMA0MOH0 ©s 3ods@dwymo dmbszgdgdol sboeoBo, Mol Logmdzgwbya 99a3sLgdeos
Bo0mbo@gboll LgbmbmMmo Mgg0d0 s dobo 330w gdol GgbabE0gdo. dodmgwgbowos fywol MHglmmLgdol
©98B030GOL FoldGdId0 bbgoalibgs MBOHMBlgwymaol 30MHMdgddo s 99x3sbgdemos Lodfigsgzo LoliEgdgdol
98399B056Mmds. 65B396900s, BT Bogbvywol gMhomdo hsdmbsgbols 89930690 @S §ysedmbda®mgdol bMos
360033690mgbs 9830390 fyemol  doErsblL s  0figg3l  93MMYoHo  FYMTSMHGMIOL  F5UgsMLYdAL.
33w930L 990093900 Formomgdl fgwol Gglvdlgdol 0bEgaMomgdmwo ds@mzol (IWRM) 36M0obzodgoty
©583v9dbgdmo  Boymdol  bgMAZoL  9Y30wdWMBdsHY, o3  dMmoEsgl  Imbo@m®Mobyol  LobEgdol
399@0gMHqdsL, 0bGFMILEHMMIEMOOL InEMBobsEosl, 0bLEHOGH™MEOMMO 3MMMOHEObs3o0l Qodxmdglgdsls ©s
Boegdms  bymgzbm®o  HgaMEomgdol  mbolidogdgdol 0b@gaMmoEosl. Jowgdmwo 99wEgagdo  99odwrgds
399mygbgde  0dbsl dobody ommol smbBdo ywol MHglmELYIdOL FEAMSO  ToOHMZ0L  LEHMOGIR0JOOL
390+9d53900b5m30U.

doi.org/10.36073/1512-0902-2026-139-112-117

YIK: 551.583

I'mapoJioruyeckuii pe:xkum GacceilHa pexkn Mopu U Heo0X0AUMOCTh MHTErPUPOBAHHOIO YINPaBJeHHMS BOJHBIMU
pecypcamu. /[Kanananze H.U, Mkypuanunze U.I1./ C6. Tpynos UM I'TY. - 2026. — tom 139. - ¢.112-117. - I'py3.; Pes:
I'pys., Aura., Pyc.

B crarbe paccMoTpeHbl 0COOEHHOCTH (OPMUPOBAHMUSI, pactpeieieHs U HCII0JIb30BaHUs BOIHBIX PECYpCOB Oac-

ceiiHa pexku Mopu B yCIOBHSAX COBPEMEHHBIX KIMMAaTUYECKUX U aHTPOIIOT€HHBIX Bo3aeiicTBuil. Ha ocHOBe aHanusa ruapo-
JIOTUYECKUX M KIMMATUYEeCKUX JaHHBIX MPOBEJICHa OL[EHKa CE30HHOTO PeXXUMa CTOKa M TeH/CHINI ero u3MeHeHus.. BrisiB-
JICHBI MacIITa0bl Ae(pUIUTA BOJHBIX PECYPCOB MPH PA3IMYHBIX YPOBHIX 00CCICUCHHOCTH U JaHa OlCHKa d(PPEKTUBHOCTH
OpOCHTENBHBIX cucTeM. [1oka3zaHo, 4TO CHU)KEHHE CTOKa B JIETHHUH MEPUOJ B COUSTaHUU C POCTOM BOJIONOTPEOICHHUS CyIIle-
CTBEHHO yXy/IIAeT BOAHBINA OaJIaHC ¥ MPUBOJMT K YXY/IICHAIO SKOJIOTHYECKOTO COCTOSHHS.
Pe3ynbraThl ncciueOBaHNS YKa3bIBAlOT HA HEOOXOIMMOCTh BHEIPEHHS IPUHIIUIIOB HHTETPUPOBAHHOTO YIIPABICHUS BOI-
HeIMH pecypcamu (IWRM), Bkimtovas ycuiieHre CHCTEMBI MOHHTOPHHTA, MOACPHHU3ANUIO0 WHPPACTPYKTYPHI, YIyqIICHUES
ME>KBEJIOMCTBEHHOI KOOpAMHAIMK ¥ HHTETPALIUIO MEPOIIPUATHI MO HCKYCCTBEHHOMY PETYJINPOBAHUIO 0caAKOB. [Tosryuen-
HBIE PE3YJIbTATHl MOTYT OBITH UCIIONIB30BAHBI ITPH pa3paboTKe CTPATETHi YCTONYMBOIO YIIPAaBICHHS BOJHBIMU PECY pCaMHt B
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©0oEbz0m0 dmEgmgdols LobMiE oL 99BMYE39d0 - 5EGINLRIOML s©TFIOO JobEMEIdIdO M30EMMILI
3303bMmd05Mgs LohgoLo Fmbs3gdgdol JodsMm. Q5BMIZ30L F930MTJd0 AMHMZYDS, M3 9 F)Jdol {MAYZ506
360mabmBoMgdsl (1-3 mybyg dgEHo bbol 899gy) 5M99539dE ML boob.
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»0005¢0“ gm3Fgdgdol 3MmdErgds - Jofolomob sberml VIO  BHYB0SBMBOL oM MdYddo, bogrgdo

d90d@gds sMmngargl ©gsdofol Bysdo®msdwg o390y, bmnwm gargd@®mwo sd@Hogzmds yMdgwgds,
M3 5953 gd0m LoMMMEggdl Jdbol Tobo oMM 5IMLoRYBs. 50 3MMdEYIZIOL  goabfY39¢>©

9936096900 o 089JdL 53YgsHgdgb bgwmzbme 0b@gwrgd@byg [9] .

51336900
3obbowmmo  33ag3s  [2]  0B39690L, ®MD  3mbggdaom®o  EHMMIGOoL  dobz0moMmgds  dbmem
530MLggM 300MmdJdDY 96 MOl ©sIM3I0EIIMO.  5JBHOWO OHMEWL MsTodmdL  dofjol  Bgs3oGmog,
396L53M9NMPdoM 30 6050l FHgb0sbMBOL 55056505M0 obsfowrgds. Booasgol GH9gbosbmdol 3mbEMmILEJdO
J3bob 306H@MdgBL 30639d300L LHYYdS. JoMOL I3 ABLIBLIMZL MMAMO o s b3S FEHMMT0.
50 M0 BogGHmMol gHmMmdo30 dmddngds 0fj3g3L s30bol 439w sy deogh s gdu@®mgdowrvy® dmgzegbgdl.
3309308 890093990  29bLo3MmMgdom 960d3bqwm3zsb0s 850D, GmEalsg dgotg Bslid@sdol dofol
Dga306MHoL 0530L90MGdOOL 253m, 5GoBEOL 3OMABMBO ymzgmm3z0L 3gM FoblobBEaMI3L BMLEH© FGHMMIoL
@M35305L. 5d9sb 250md0bsty, 990d¢gds 00d30L, MMI B0sRoL FHYB0sbMBSBY M3gm ©330M3gd0ms (oY,
LoGY0GHJO0m) s Bobo BsOMZ300 5d0bEol IMEgeErgddo 36083690 Mm3bs@ FordxMmdILEGds 3OMybmbgdo.
9L 50dMPBaBdO FgodEgds 450mygbgdme odbgl:
e dwogmo §30d0Ls s FYoro®dOL 3OMABMB0;
e Jd0ogmo gaFgdol Molzol 89xsLgdsdo;

o 300530l 33000 gdoL 253cgbol 390 2oaqd5d0.

abYMO 33093900 A9BLEIMMMYO00 3603369 M35605 MYEOMBIBdOLMZOL, LosE FmbobErgmMds 339w 0
500bol  35@ILGHOMBMo  FM3wgbgdologsh,  0bBOLGHMWMIGHMOS  9M8EYMIPOs @S 3OHMABMBoMYOOL
153 gd39d0 SMSl5305MOLO.

3008530l (330gdol 3mbGHJuGTo 33¢q30L 93BMMIO0 YMMOEMYdsl 53530 gdgb 0dsby, ™I
3WMBSWMOO IMBIMBS BOEOL 5GIMLBIOHML 96gMHOsL. G99y 3mb39J30M0 IEMEOTGd0 Fgodwgds gobgl
MROM AWogMo s MBOHM HAoMo. 53 300MmdIdTo 0oL FH960sbMmdOL Mmewo 303 WBGM 3603369cm3zs60
bgds, oaob 235t3900 ©s dwogho bowrgdado WBGM 0339006 3MmbBHGLEHL  Jabol, g bBOMEOL
99bGHH9Fo GO IMZGHIOOL SEBSNMBL.

2396bomE 3309350 germds®o 860369 Mds 29956605, F0Mbgz30© 0doLs, HMI BMIMBOMIOMEOs
35360359y, 330939080 250mygbgdwo 894sboBdo dmddggdl Lbgs MHgaombgddos, 3oblyzm®gdom 0, Lowsa
35960l 8550 (g939M5GH MO0 5 60ROl BgB0sbMdS 56505b5dMsS Foboforgdmmo. gl 360dzbgrrmgsbos
50060l 3MMABMBOMGOOL  gordxmdgligdolsmzol, gdu@MmgdacMo dmgwgbgdol (fgowdmgstbs, dwwogmo
9 F9JM60 36mEqLo) M3gm Fgbolfsgws, 360ds@ol dmEgugdol sbggfiobsmgol [2].

oM BH0350 MM 3mg3000: Moo s $Hgbosbo Bosogol ,LsbezMgdo® s@ol JEHMMIGdOL ©sd5IdOL
5QR00, 500 FBLBOZMH3L, v MMAME 5630130 Yds EGHMOTMWO 3OMEJLYdO, Bomo 3MIdobsgos 3o Jdbol
g39wsDY 3GLHOMBY LodyeaogdL. [2-5]
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Modern Methods for Forecasting Convective Storms and the Role of Mesoscale Factors. /Kapanadze N., Mkurnalidze
I., Meladze M./ Transactions IHM, GTU. -2026. -vol.139. -pp.118-124. - Georg., Summ. Georg., Eng.Rus.

The paper discusses the dynamics of increasing thunderstorm activity against the background of global climate
change and modern methods for its forecasting. The article reviews the work dedicated to forecasting hazardous weather
events by world-renowned scientific centers such as NOAA HWT, NSSL, and NWS. It analyzes the results of a large-scale
study conducted by the UK Centre for Ecology & Hydrology, which demonstrates the decisive role of soil moisture con-
trasts and vertical wind shear in the initiation of extreme storms.

The study reviews synoptic, radar, satellite, and numerical forecasting methods, and highlights the potential of
Acrtificial Intelligence (Al) in reflecting mesoscale processes. Special attention is paid to the region of Georgia as a lightning-
prone zone. Based on the Poisson equation, probabilities of thunderstorm occurrence are presented for 15 climatic zones of
Georgia, which is crucial for improving early warning systems and reducing economic losses.

doi.org/10.36073/1512-0902-2026-139-118-124

53:551.583

3633330060 BEHMAFPL 3Obebomhydols 0sbsdypmng) gomegdo ©s B)bmdsiBERNHo Boddmdgool Begmo/
93m6bsemodg 060by, 39356509 bsogo, Bgesdg Fs05/lEwy-ob 300-0b BOMIsms 3O gdM0-2026.-3).139.-33.118-124.
-Jo®m., Ggb. JoMo., 0by., s,

B58MMTFo 49bboME0s 30do@ol {EPMdIMO (3300w gdol 3mbbY g gm0 sd@EHogzmdol BHEOL
0659035 @5 00 3OMABMBoMYOOL MobsdgMm3zy dgmm©gdo. bGs@0s8o Jodmbowwos Abmgewoml §odyzs6o
Lsdgzboghm 396@M9dol (NOAA HWT, NSSL, NWS) domfig3g00 53060l bsdodo dmgzwgbgdols 3hmabmbomgdol
90056H0MEd0m. o3bs0BIOos dMOEGEHBIPOL g3MmEMYools s 30EOMEMA00L 396GHMOL ToldEHsdmEMo

331930 9093900, HMIgd0E 5ILEHMMIOID Bossol 3g6056mdOL 3MBEMILEJdOLS s 39MEH0ISEMO JoMol
Jomegol (WIND SHEAR) 4000599393 0l gdbG6985eto 3@m®mdgdol 0bogogdsdo.

Bo9OHMddo  gGHIGss  gobbowmo  3OMEbmbomgdol  LobM3EO3MMHO,  MIPOMEIMIS30YMO,
06593 B0z o s Mogbgzomo dgmmEgdo. bsBasLdwos bgwmzgby®o 0b@gagd@dob (Al) 3m@gbzoswro
99BMsBIF 0N 3OMEILYdIOL  FMYW0MmYdsTdo. 33e930L  3MOgGH03Mwo bsfowo gmdmds LodsMmmzgumy,
GMOE 9o0omo gFqdmOo 5dGH03mdol HgR0mblL. 3v9slmbols gobGHmmgdols gsdmygbgdom godmmzwowos
0900394990l bMB0wwgdol s5edsmMmdJO0 LodoMmgqwrml 15 3w0ds@Mo Bmbolmgol, M3 B3wbsdgbEHmEMos
QM0 393HYmd0bydol Lol gdgdob sbzgfols s 9§3mbmTozwemo BoGowrol Jobodobsgoobmgol.

doi.org/10.36073/1512-0902-2026-139-118-124

YJK: 551.583

CoBpeMeHHBIE METO/IbI IPOTHO3MPOBAHMSI KOHBEKTHBHBIX ITOPMOB U POJIb Me30MaclITaOHbIX (pakTopoB Pe3rome
[ Mkypuamuaze WU.I1., Kananagze H.W., Menanze M.T'./ C6. TpymoB UTM I'TY. - 2026. — tom 139. - ¢.118-124. - T'py3.;
Pes: I'py3., Auri., Pyc.

B pabote paccmaTpuBaeTcst JTUHaMHKa pOCTa I'PO30BOH aKTUBHOCTH Ha ()OHE III00AIBHOTO M3MEHEHUsSI KIIMMaTa U
COBpEMEHHBIE METO/IbI €€ POrHO3UPOBaHus. B cTaThe npencrasiieH 0030p padoT, MOCBSIIEHHBIX IIPOrHO3UPOBAHUIO OTIAC-
HBIX TIOTOJTHBIX SIBJICHUH, BElyIIIMX MUPOBBIX Hay4HbIX IIeHTPOB, Takux kak NOAA HWT, NSSL u NWS. [Ipoananusupo-
BaHbI pe3yJbTaThl MacIITAOHOTO uccieaoBaHus LleHTpa SKoI0ruy U ruapoJIoruu BennkoOpurannu, KOTOpbIE 1EMOHCTPH-
PYIOT PELIAIOIIYI0 POJIb KOHTPACTOB BIAYKHOCTH TTOYBbI M BEPTUKAILHOT'O C/IBUTA BETPa B MHUIIMUPOBAHUH 3KCTPEMAIIbHBIX
IITOPMOB.

B pabore paccMaTpuBarOTCs CHHONITHYECKHE, PAJIMOJIOKAIIMOHHbIE, CITyTHUKOBBIE M YHCICHHBIE METO/IbI POTHO-
3MPOBaHUS, & TAKXKE MTOJUEPKUBACTCS HOTESHI[MAI HCKYCCTBEHHOTO MHTEIJUIEKTA B OTPKEHHH ME30MaCIITAOHBIX IIPOLIECCOB.
Oco0oe BHUMaHKE yIelIeHO TeppuTopuH [ py3un kak rpo3oonacHoMy pernoHy. Ha ocHose ypaBuenus Ilyaccona paccuu-
TaHbl BEPOSTHOCTH BOZHMKHOBEHUS IP0O3 AJisl 15 KiMMaTH4ecKuX 30H [ py3nu, 4To MMeeT BaKHOE 3HAUSHHE JUIsl COBEPILICH-
CTBOBAHUS CUCTEM PaHHETO OMOBEIICHUS ¥ CHIKEHUSI SKOHOMHUYECKOTO yliepoa.
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Abstract.

Time behavior of atmospheric concentration of PM2.5 and PM10 microscopic particles hazardous for health has been
assessed by means of operating supervision data obtained from Batumi air quality monitoring stations. 2025 data obtained
from two observation points of the city have been used for analysis. Variation range, range of maximum, minimum and
average values of PM2.5 and PM10 concentrations have been determined. Linear correlation coefficients between PM2.5
and PM10 concentrations have been calculated. It has been accepted that there is a large correlation relationship between
them. Values of linear correlation coefficients between data taken from the same observation point and different observation
points mainly exceed 0.9. It has been also accepted that concentrations are mainly within the permissible levels. Concentra-
tion surpassing over the maximum permissible values takes place in separate days only.

Key words: Air pollution, daily concentration, Particulate Matter.

Introduction.

Microparticles present in the atmosphere of urban territories, which sizes don’t exceed 2.5 pm and 10 pum — PM 2.5
and PM10, are extremely hazardous for human and animal health. Due to small sizes, they easily penetrate human body,
cause many types of diseases and even result in death [1-10]. That is why, protection of urban areas from microaerosol
pollution is a critically important environmental problem.

This problem is especially noteworthy for large cities — administrative and industrial centers [11-14], as well as for
small towns [15-17] — touristic and medical and health-promoting resorts, with gathering of large crowds for recreation and
health-improving and curative measures takes place.

Over the last 5-8 years, important practical air-protecting measures have been carried out in the cities of Georgia, aimed
to monitoring of PM2.5 and PM10 pollution of atmospheric air of Georgian cities both through field observation and math-
ematical modeling [17-21].

Batumi, the second largest administrative and transport city of Georgia is a hub center connecting east and west, north
and south. It links the Eastern Europe and Russia with countries of the lesser Asia. At the same time, it is a very important
cultural and resort city, with millions of humans, coming here every year from different regions of the world and taking a
rest here. That is why, preservation of clean air and ecologically safe environment of Batumi is an urgent problem.

An observation of air pollution with PM2.5 and PM10 in the city of Batumi has been carried out since 2018. Now an
observation is carried out at two automated monitoring stations located approximately 880 m apart, 600m from the sea is
Central Park, 800m from the sea is T.Abuseridze.

Both stations are located in highly urbanized areas of the city. The station on T. Abuseridze Street is located in close

proximity to one of the city’s main central streets, while the second station is located in a green zone of the city, 100—150
meters away from central roads. Monitoring has been conducted by the Batumi branch of the National Environmental
Agency of Georgia according to internationally recognized standard program [22]. The

measures’ are made by Physical and chemical methods of analysis (APDA-372 PM10&PM2.5HORIBA and statistical data
processing methods (StatSoft STATISTIKA 10.0 portable, Microsoft ®Exel219).

Observation data and research results.

The pattern of Batumi atmospheric air pollution with PM2.5 and PM10 particles has been analyzed in the presented
article based on 2025 operating observation data [22]. Fig. 1-12 show a monthly variations of the average daily concentration
(ADC) of PM2.5 and PM10 during 12 months of 2025, at operating observation points located on T. Abuseridze Street and
in the Central Park of city. Maximum permissible ADC of PM2.5 and PM10 are equal to 25 pg/m2and 50 pg/m?, respectively
[22, 23].
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Fig. 1. ADC of PM2.5 and PM10 in January at the observation points T. Abuseridze and Central Park.
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Fig. 2. ADC of PM2.5 and PM10 in February at the observation points T. Abuseridze and Central Park.
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Fig. 3. ADC of PM2.5 and PM10 in March at the observation points T. Abuseridze and Central Park.
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Fig. 4. ADC of PM2.5 and PM10 in April at the observation points T. Abuseridze and Central Park.
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Fig. 5. ADC of PM2.5 and PM10 in May at the observation points T. Abuseridze and Central Park.
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Fig. 6. ADC of PM2.5 and PM10 in June the observation points T. Abuseridze and Central Park.
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Fig. 7. ADC of PM2.5 and PM10 in July at the observation points T. Abuseridze and Central Park.
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Fig. 8. ADC of PM2.5 and PM10 in August at the observation points T. Abuseridze and Central Park.
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Fig. 9. ADC of PM2.5 and PM10 in September at the observation points T. Abuseridze and Central Park.
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Fig. 10. ADC of PM2.5 and PM10 in October at the observation points T. Abuseridze and Central Park.
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Fig. 11. ADC of PM2.5 and PM10 in November at the observation points T. Abuseridze and Central Park.
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Fig. 12. ADC of PM2.5 and PM10 in December at the observation points T. Abuseridze and Central Park.

It is seen from the Figures that microaerosol concentrations are mainly varied in synchronism: concentration of PM2.5
is always less than PM10 concentration; the range of its increase/decrease coincide in time with those of PM10. Monthly

131



LBAI-L 30RMMIIBIMIH)IRMBO0L 0BLAGOBIBOL L53IG60IAH™M HIBIANAIBSRO dH(IFO0)S 3MISIR0, &.139, 2026
SCIENTIFIC REVIEWED PROCEEDINGS OF THE INSTITUTE OF HYDROMETEOROLOGY OF THE GTU, V.139, 2026

numbers of increase/decrease ranges are within 2-4, while duration of every single time interval varies from 3 to 8. The
mentioned effect is presumably associated with change of local meteorological conditions. At the same time, some deviations
from common pattern — short-term (one-day) drastic changes of concentration — take place. For instance, one-day sharp
increase of concentration are observed on 12, 31% of January14™ of February etc.

Concentration change statistics can been characterized by means of data presented in Table 1 and Table 2, where
numerical values of statistical characteristics of PM2.5 and PM10 concentrations calculated by Exel are given. It is seen
from Table 1 that a minimal value of ADC of PM2.5 concentration on T. Abuseridze Street varies within a range of 1.9-5.7
pg/m3, while an average value — 10.1 — 26.2 pug/m?, and maximal — 13.5 — 58.0 pug/m?®. For PM10, these data are as follows:
5.0-13.9 pug/mé, 17.6 -51.4 pg/m3, 27.5 — 104.0 pg/m?. As for the PM10/PM2.5 ratio, its values vary within following ranges:
minimal — 1.1-1.9, average — 1.7-2.4, and maximal — 2.1-4.5. In some days, the exceedance of average daily concentrations
over maximum permissible average hourly concentrations is obtained. In case of PM2.5 particles, the mentioned exceedance
took place during 44 days throughout 2025, while for PM10 — during 46 days. Correlation between PM2.5 and PM10 con-
centrations is quite high. Linear correlation values mainly exceed 0.90. Only in two months, in March and August, linear
correlation coefficients are less than 0.9 and equal to 0.80 and 0.76 in observation points located on T. Abuseridze Street
and in the Central park.

Table 1. Statistical characteristics of PM2.5 and PM10 concentrations. Batumi,
2025, T. Abuseridze Street.

Month PM2.5 (ug/m?®) PM10 (pg/md) PM10/PM2.5 PM10,
M2.5

Min Aver Max >MPC Min Aver Max | >MP Min | Av | Ma | Correl.

c er X Koeff

Jan 5.0 23.7 53.9 11 9.0 39.3 85.9 10 12 | 1.7 | 24 0.98

Febr 3.4 14.8 | 58.0 4 5.0 22.8 58.0 1 11 | 15 | 21 0.96

March | 3.2. 111 38 10 5.1 51.4 104 15 1.1 | 24 | 45 0.80
.0

April 3.8 10.7 21.8 0 55 215 | 454 0 15 | 20 | 28 0.92

May 3.6 12.6 26.7 1 5.8 30.6 69.4 5 16 | 23 | 29 0.99

June 55 9.8 13.6 0 10.3 194 | 275 0 16 | 20 | 25 0.96

July 5.0 9.6 16.6 0 124 | 208 | 334 0 19 | 22 | 28 0.96

Aug 5.7 10.1 14.7 0 13.9 21.2 28.8 0 15 | 21| 3 0.76
Sept 1.9 8.2 13.5 0 8.1 17.6 29.2 0 1.8 | 22 | 2.7 0.95
Oct 3.5 10.7 23.6 0 7.7 22.3 | 483 0 14 | 21 | 27 0.97

Nov 51 26.2 49.8 16 129 | 494 | 86.3 13 16 | 19 | 25 0.99

Dec 41 12.8 27.7 2 7.4 24.2 53.0 2 14 | 19 | 24 0.98

In terms of quantity, the data observed in the air Central Park quality are similar to concentrations values obtained on
T. Abuseridze Street. In particular, minimal value of PM2.5 average daily concentration varies within a range of 0.13-6.9
pg/m3, average one — 7.3-25.6 ug/m3, and maximal — 11.8 — 54.6 pg/m3. For PM10 particles, these data are as follows: 0.5-
10.9 pg/m3, 13.9-43.9 pg/m3, 20.4-129.8 pg/m3, respectively. As for the PM10/PM2.5 ratio, its values vary within follow-
ing ranges: minimal — 1.1-1.7, average — 1.7-2.4, and maximal — 2.1-4.5.
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Table 2. Statistical characteristics of PM2.5 and PM10 concentrations. Batumi,
2025, the Central Park.

Month PM2.5 (ug/m?3) PM10 (ug/m?) PM10/PM2.5 PM10,
Min | Ave Max | >PMC | Min | Aver | Max | >PMC | Min | Av | Max '(\3/|02f.f58|

r er Coeff

Jan 42 | 229 | 546 13 6.2 | 409 | 104.5 12 11 | 1.7 | 25 0.95
Febr 22 | 127 | 36.8 4 40 | 188 | 515 1 11 | 14 | 18 0.99
Mar | 0.13 (18.4 47.9 5 05 |[439 [12938 9 11 | 23 | 42 0.80
Apr 69 | 85 18.3 0 15 | 154 | 436 0 11 | 1.8 | 26 0.92
May 25 | 111 | 251 1 39 | 270 | 730 4 16 | 22 | 34 0.98
June 46 | 87 124 0 81 | 175 | 26.2 0 15 | 20 | 24 0.97
July 41 | 82 13.3 0 9.46 | 16.9 | 20.4 0 17 | 21| 25 0.94
Aug 49 | 9.15 12.9 0 109 | 17.2 | 245 0 14 | 21 2.7 0.74
Sept 6.2 | 7.3 11.8 0 29 | 139 | 235 0 16 | 1.9 | 2.2 0.95
Oct 32 | 101 | 203 0 56 | 19.0 | 416 0 14 |19 | 21 0.95
Nov 415 | 25.6 44.7 14 8.1 431 | 784 9 14 17 2.2 0.98
Dec 1.7 11.5 18.9 2 2.6 189 | 571 1 13 16 21 0.99

As for exceedance of ADC concentrations over maximum permissible ADC, it took place during 39 days in case of
PM2.5 and 36 days — for PM10. Correlation between PM2.5 and PM10 concentration is very high. The value of linear
correlation coefficient between them mainly exceeds 0.90. Only in two months, in March and August, linear correlation
coefficients are less than 0.9 and equal to 0.80 and 0.74.

Table 3. Values of linear correlation coefficient between PM2.5 and PM10 concentration in the observation points
T. Abuseridze and the Central Park and number of cases with concentration exceedance PM2.5 C.P. > PM2.5 Abus. s
PM10 C. P> PM10 Abus.

Month Jen | Febr | Mar | Apr | May | June | July | Aug | Sept | Oct | Nov | Dec
PM2.5 0.98 | 0.96 | 0.75 | 0.98 | 0.98 | 0.98 | 0.98 | 0.97 | 0.93 | 0.93 | 0.95 | 0.83
PM10 093 | 094 | 0.77 | 0.97 | 0.97 | 0.96 | 0.95 | 0.90 | 0.92 | 0.93 | 0.96 | 0.82
PM2.5 C.P. 10 4 8 0 2 1 1 1 1 8 12 10
>PM2.5Abu.
PM10 C.P. 10 4 7 0 3 2 0 1 0 4 4 5
>PM10Abu.
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It is seen from Fig. 3, that there is a very high correlation between concentrations observed on T. Abuseridze Street
and at the Central Park territory. At the same time, pollution level at the Central Park territory is mainly less than that
registered on T. Abuseridze Street. Only during 4-12 days of January-March and October-December, average daily concen-
trations are higher than values observed on T. Abuseridze Street.

Conclusion. Availability of high linear correlation relationship between concentrations of PM2.5 and PM10 particles
both between data of the same observation point and different observation points, as well as similarity between a range of
high, average and low values points at the fact that air pollution with PM particles in the vicinity of two observation points
is formed by one and the same pollution source. (avtotransporti amoviRe)

Analysis of variation range of PM2.5 and PM10 concentrations, and the small number of those days, when an average
daily concentration exceeds maximum permissible concentration, enable us to make conclusion that city of Batumi,
according to its atmospheric air purity, may be placed into a category of slightly polluted cities. At the same time, proceeding
from complex terrain of the city and adjacent territories and city urbanization nature, for improve air quality assessment6 is
deemed reasonable to increase a number of observation points situated in the city. For this purpose, the frequent observation
low-cost sensor networks introduced in Europe can be used [24-27].
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Study of ¢. Batumi Atmosphere Pollution with Microparticles According to 2025 Operating Observation/Aleksandre
A. Surmava, Francesco Sbrana, Vepkhia G. Kukhalashvili, Natia G.Gigauri, Liana N. Intskirveli/ Transactions IHM,GTU.
-2026. -vol.139. -pp. 125-136 . Eng., Summ.: Georg., Eng. Rus.

Time behavior of atmospheric concentration of PM2.5 and PM10 microscopic particles hazardous for health has
been assessed by means of operating supervision data obtained from Batumi air quality monitoring stations. 2025 data ob-
tained from two observation points of the city have been used for analysis. Variation range, range of maximum, minimum
and average values of PM2.5 and PM10 concentrations have been determined. Linear correlation coefficients between PM2.5
and PM10 concentrations have been calculated. It has been accepted that there is a large correlation relationship between
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them. Values of linear correlation coefficients between data taken from the same observation point and different observation
points mainly exceed 0.9. It has been also accepted that concentrations are mainly within the permissible levels. Concentra-
tion surpassing over the maximum permissible values takes place in separate days only.
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YK 504.5.054
HUccaenoBanue 3arpszHenuss armocgepsl r. bBaTymMmu MUKpoYacTUIIAMH HA OCHOBE IAHHBIX ONIEPATHBHOI0 Ha0JI10/1e-
Hus 2025 rona /Cypmasa A.A., @pardgecko Copana, Kyxanamsuwmm B.I'.,I'uraypu H.I'., . Mankupsemu JL.H. / C6. Tpymos
UTMTITY. -2026. — tom 139. — cr. 125-136. I'py3.; Pe3: I'pys., Arri., Pyc.

JnHaMuKka n3MeHeHHs KOHIICHTpauy B atMocdepe T. baTymu onacHBIX 1S 310pOBBSI MEKPOCKOITHIECKUX YaCTHI

PM2.5 u PM10 oneHnBanacr Ha OCHOBE JaHHBIX OMEPATHBHOIO MOHHUTOPHHTA, ITOMYYCHHBIX CO CTAHIIUNI KOHTPOJII Kade-
CTBa Bo3ayxa B I. batymu. [l aHanm3a MCIIONB30BaHbl JaHHBIE 32 2025 roj, moydeHHbIe ¢ IBYX TOYeK HAaOIIO/CHHS B
ropoze. OnpezaeneHsl Anana3oH KoieOaHui, Anana3oH MaKCUMalIbHBIX, MUHIMAJIBHBIX U CPEIHHUX 3HAYCHNH KOHIICHTPAH
PM2.5 u PM10. Paccuuransl nmuHelHble KOA(GQHUIUEHTH KOPPEIILIUHA MeX 1y KoHueHTpausiMu PM2.5 u PM10. [onyueHo,
YTO MEXIY HUMH CYIIECTBYET CHJIbHAs KOppessuus. 3HaueHHs: KO3 PHUIUESHTOB JIMHEHHOH KOPPENSLIH MEXIy TaHHBIMH,
MOJIyYSHHBIMHU U3 OJJHOM W TOH K€ TOYKM HaOJIONEHMS M M3 Pa3HBIX TOYEK HaOJIIOAEHHs, B OCHOBHOM mpeBbimaroT 0,9.
Takoke Noy4eHo, 4TO KOHIIEHTPAMK MUKPOYACTHI] B OCHOBHOM HaXOJSTCS B IPEieNax JOMyCTUMBIX ypoBHei. [IpeBbimie-
HUEC KOHUCHTpalUKU Had MaKCUMAJIbHO JOIYCTUMBIMU 3HAYCHUSIMUN Ha6n}o,uaeTc>1 TOJIBKO B OTACJIBHBIC THHU.
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Abstract. In Georgia, in the Chiatura municipality, one of the main problems is the activation of natural disasters (landslides,
mudflows, rockfalls, floods, winds, erosion, etc.), which, along with natural factors, is facilitated by anthropogenic impacts. Of
the above processes, landslides and erosion are the most characteristic and the biggest problem for the Chiatura municipality,
the formation and activation of which is associated with both naturally formed complex geological, morphological and climatic
conditions, and human activity, including large-scale mining and quarrying activities. Within the framework of the project, a
large-scale (1:25,000 or 1:10,000) geological hazard zoning map will be created, which will be one of the main results of the
project and will have both scientific and applicable meaning significance. It will then be used in the municipality for a sharp
mitigation of the geoecological situation and as a basic basis for the targeted development of the territory.

Before creating the geological hazard zoning map, an inventory map was developed in the ArcMap program, which reflects
the spatial distribution of natural geological processes. This map is one of the important bases for compiling the geological
hazard zoning map. It shows natural geological processes that have occurred in the past or have recently developed, and this
information was reflected on the basis of processing historical fund materials and field geological surveys. In addition, the
intensity of erosion processes was assessed based on field-scientific surveys and the results obtained.

Keywords: Chiatura Municipality, natural disasters, inventory map, landslide, water erosion.

Introduction

In Georgia, one of the most vulnerable places in terms of geoecological conditions is the Chiatura municipality, the main
problem of which, against the backdrop of climate change, is the activation of natural disasters (landslides, mudflows, floods,
winds, erosion, etc.), which, along with natural factors, is facilitated by anthropogenic impacts, including the intensification of
mining activities (manganese production) in the municipality. Ore mining is associated with many controversial issues. On the
one hand, it is a source of income and new job creation. However, it causes significant damage to the environment and the local
population. Deforestation and destruction of vegetation cover over large areas are possible; the landscape is very degraded,
which has a significant negative impact on biodiversity; pollution of ecosystems and food products is likely; Soil degradation,
big material losses, etc. [1]. Due to this, the socio-economic situation of the population is significantly deteriorating and
migration processes are becoming more active [2,3]. The issue is important for mountainous regions, including the territory of
Chiatura municipality, whose population has been experiencing extremely negative impacts of landslide-gravitational processes
and ore mining for more than a century. The purpose of the study is precisely to identify natural geological processes in the
target area and use modern methodology to regionalize the entire territory of the municipality according to various categories
of natural hazards. This will allow us to reduce the negative consequences caused by natural geological processes and to
properly plan the territories.
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Resear ch area and methods

According to the morphological division of the relief of Georgia [4], the study area practically entirely falls within the boundaries
of the intermountain plain zone of the Imereti Upland. The hilly, low and medium-mountainous relief of the Imereti Upland is
divided by a frequent network of erosional valleys. Within the upland, the Chiatura structural plateau is distinguished, which
extends over the Dzirula-Kvirila watershed and the right side of the Kvirila River gorge. The relief is mostly undulating and
dissected.

The geological structure of Chiatura Municipality includes a wide range of sedimentary, magmatic, and metamorphic for-
mations, the age range of which, with minor outliers, ranges from the Upper Proterozoic (Neoproterozoic) to the modern period.
Landslide-gravity processes are widespread in Chiatura Municipality. Their development is associated with both natural and
anthropogenic (technogenic) factors. Accordingly, the landslides that have developed here can be divided into two types accord-
ing to their genesis or origin: landslides caused by natural factors and landslides caused by natural-technogenic factors. The
development of landslides of the first type is directly related to the complex geological structure of the territory, morphological
conditions, climate, etc., while the development of landslides of the second type is related to natural factors and partially to
anthropogenic factors, including manganese mining in Chiatura.

Within the framework of the study, an inventory map of hazardous (natural) geological processes within the borders of Chiatura
Municipality was compiled, for which both historical fund materials and field geological surveys were processed. The inventory
map (8) reflects the spatial distribution of natural geological processes and serves as the basis for compiling a geological hazard
zoning map. In addition, a digital elevation model (DEM) of the study area and the following thematic maps necessary for the
assessment of geological hazards were processed: geological, slope, aspect, elevation, rainfall, soils, and water erosion maps (1-
6) and etc. The maps were prepared in the ArcGIS program [5-7].

For erosion prediction GIS are used to detect gullies and raviness on mountain slopes, determine their geometric dimensions
and the causes of their slopes, and plot them on a large-scale digital map (7). Using statistical material and the scale of the
English professor Roy Morgan, the erosion class and its intensity were determined, taking into account the time factor [8-13].

Results

Based on historical fund materials and field research data, an inventory map of hazardous geological processes (scale 1:50,000)
was prepared, which includes: landslide areas - 135; river bank erosion - 16; mudflow - 5; rockfall/rock avalanche - 12; sheet
erosion - 9.

As a result of data processing in the ArcGIS program, the degree and areas of damage to the territory caused by the impact of
natural and anthropogenic geological processes were revealed. According to which, landslide areas in Chiatura municipality
occupy 9.8% (5442.3 ha) of its total area, of which 7.5% (4165 ha) are landslides caused by natural factors, and 2.3% (1277.3
ha) are natural-technogenic. Chiatura municipality is divided into the following categories according to land cover: forest cover
(47%), grass-shrubland (23%), hydrological object (0.1%), road (1.5%), S/S Savarguli (28%), buildings and structures (0.4%).
5.5% of the buildings and structures in Chiatura Municipality are located in the area of landslide processes, which amounts to
2139 in quantity, of which 1509 buildings and structures are located in the area of landslide processes caused by natural factors,
and 630 - by natural-technogenic factors. The total length of the road network in the municipality is 1537.1 km, of which 6.7%
of the total length is in the area of influence of landslide processes, which is approximately 103.1 km. 13.6% of the agricultural
lands of Chiatura Municipality are in the area of spread of landslide processes, which is 2075.7 ha. The forest cover in the area
of spread of landslide processes occupies 6.9% of the total area, which is approximately 1803.1 ha.

A large-scale digital map was created in the GIS program for erosion prediction, which presents the losses caused by water
erosion in the Chiatura municipality. It was determined that the activation of gullies and ravines are observed at five study
sites, which, according to the scale of the English scientist, Professor Roy Morgan, ranges from 2nd to 4th class of erosion.
The intensity of the corresponding water erosion processes of soil on mountain slopes is equal to 3.2-45.0 t/ha per year, which
indicates a fairly high degree of soil loss on mountain slopes.
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Conclusion

1.

®

10.

11.

12.

13.

Within the framework of the study, it was planned to prepare an inventory map of hazardous (natural) geological pro-
cesses within the boundaries of the municipality, for which both historical fund materials were processed and field
geological surveys were conducted;

The study presents an inventory map of hazardous geological processes of Chiatura Municipality (scale 1:50,000), which
includes: landslide area - 135; bank erosion - 16; mudflow - 5; rockfall/rock avalanche - 12; extensive erosion - 9;
Factors that generate and trigger hazardous geological processes, such as geological structure, tectonics, slope inclina-
tion, relief types, climate, anthropogenic impact, etc., were assessed; the degree and areas of vulnerability of the territory
caused by the impact of natural and anthropogenic geological processes were identified;

The paper presents maps of the geological, tectonic division of the territory, land cover, slope inclination, elevation,
soils and atmospheric precipitation of Chiatura Municipality;

Field-scientific research was conducted and the results were processed to assess the intensity of erosion processes. A
large-scale digital map was created in the GIS system for erosion prediction, which presents losses caused by water
erosion in the Chiatura municipality;

It was determined that activation of gullies and ravines are observed at five study sites, which, according to the scale of
the English scientist, Professor Roy Morgan, ranges from 2nd to 4th class of erosion. The intensity of corresponding
water erosion processes of soil on mountain slopes is equal to 3.2-45.0 t/ha per year, which indicates a fairly high degree
of soil loss on mountain slopes.

@o@ghs@®s - REFERENCES

Tsereteli E., Gobejishvili R., Bolashvili N., Gaprindashvili G., Nanobashvili T. - The state of natural exodynamic
disasters and the risk of anthropogenic load in Georgia, actions to optimize their management - Collection of works of
the V. Bagrationi Institute of Geography, N4 (83). Thilisi, pp. 50-63, 2012.

“Mineral Extraction and Critical Ecosystems: Assessing Risks”, World Resources Institute, Washington, DC, 2003.
http://pdf.wri.org/mining_critical _ecosystems_full.pdf

"The Impact of Extractive Industries on Developing Countries”, Friends of the Earth - Europe, 2007.
http://www.foeeurope.org/corporates/Extractives/social.pdf

Gobejishvili, R., Lomidze, N. and Tielidze, L. (2011) Late Pleistocene (Wurmian) Glaciations of the Caucasus. In:
Ehlers, J., Gibbard, P.L. and Hughes, P.D., Eds., Quaternary Glaciations: Extent and Chronology, Elsevier, Amsterdam,
141-147.

Tsereteli E., Gaprindashvili G., Donadze T., Nanobashvili T., Kurtsikidze O. - Some aspects of Proceedings of
International Conference “Applied Ecology: Problems, Innovations” (ICAE-2015), pp. 30-36, Thilisi, 2015.
“Engineering-geodynamic conditions and geological hazard assessment of the Tbilisi territory”, National Environmental
Agency, Department of Geology, 233 p.; Thilisi, 2019.

Marui, H., Nadim, F., Landslides and Multi-Hazards. In: Sassa, K., Canuti, P. (eds) Landslides — Disaster Risk Reduc-
tion, pp. 435-450, Springer, Berlin, Heidelberg, 2009.
https://link.springer.com/chapter/10.1007/978-3-540-69970-5_23

Gavardashvili G.- Irrigation, Drainage, Erosion. Publishing House "Universal", 2018, 470 p.

Gavardashvili G.V. - Forecasting of Erosion and Debris flow Processes for the Energy Supply and Transport Corridors
of Georgia Using the Theory of Reliability and Risk. First International Conference on Vulnerability and Risk Analysis
and Management.(ICVRAM) April 11-13, 2011, University of Maryland, USA, pp. 813-820. (Publishing ASCE)
Gavardashvili G. - Safety measures for mountain landscapes during natural and man-made disasters. Thilisi, Publishing
House "Universal®, 2011, 237 p.

Gavardashvili G.V. — Forecasting of Erosion and Debris Flow Processes for the Energy Supply and Transport Corridors
of Georgia Using the Theory of Reliability and Risk. 6™ International Conference on Contemporary Problems of Archi-
tecture and Construction. VSB-Technical University of Ostrava. Ostrava, CZECH REPUBLIC, 24™ -27" June, 2014,
pp. 71. (Publishing skopos).

Gavardashvili G., Modebadz S.- Controlling Water Erosion Processes on Mountain Slopes Using Innovative Measures
— Bulletin of the Georgian National Academy of Sciences, vol. 19(193), no. 1, 2025 © 2025 Bull. Georg. Natl. Acad.
Sci.

Gavardashvili G., Shavliashvili L., Kuchava G., Shubladze E., Kordzakhia G., Rikadze Z., Modebadze S. — Study of
the main parameters determining the prediction of water erosion slopes — Soil Science, Conservation, and Land Resto-
ration.

140


http://pdf.wri.org/mining_critical_ecosystems_full.pdf
http://www.foeeurope.org/corporates/Extractives/social.pdf
https://link.springer.com/chapter/10.1007/978-3-540-69970-5_23

LBAI-L 30RMMIIBIMIH)IRMBO0L 0BLAGOBIBOL L53IG60IAH™M HIBIANAIBSRO dH(IFO0)S 3MISIR0, &.139, 2026
SCIENTIFIC REVIEWED PROCEEDINGS OF THE INSTITUTE OF HYDROMETEOROLOGY OF THE GTU, V.139, 2026

doi.org/10.36073/1512-0902-2026-139-137-142

UDC: 551.4; 551.31
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In Georgia, in the Chiatura municipality, one of the main problems is the activation of natural disasters (landslides,
mudflows, rockfalls, floods, winds, erosion, etc.), which, along with natural factors, is facilitated by anthropogenic impacts. Of
the above processes, landslides and erosion are the most characteristic and the biggest problem for the Chiatura municipality,
the formation and activation of which is associated with both naturally formed complex geological, morphological and climatic
conditions, and human activity, including large-scale mining and quarrying activities. Within the framework of the project, a
large-scale (1:25,000 or 1:10,000) geological hazard zoning map will be created, which will be one of the main results of the
project and will have both scientific and applicable meaning significance. It will then be used in the municipality for a sharp
mitigation of the geoecological situation and as a basic basis for the targeted development of the territory.

Before creating the geological hazard zoning map, an inventory map was developed in the ArcMap program, which
reflects the spatial distribution of natural geological processes. This map is one of the important bases for compiling the
geological hazard zoning map. It shows natural geological processes that have occurred in the past or have recently developed,
and this information was reflected on the basis of processing historical fund materials and field geological surveys. In addition,
the intensity of erosion processes was assessed based on field-scientific surveys and the results obtained.
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IIpuHUMOBI COCTABJEHMSA HMHBEHTAPH3ALMOHHON KapThl CTHUXMIHBIX Ie0JOrMYecKMX MPOLECCOB Ha mpumepe
myHununaaurera Yuatypa / Puxanze 3., Hlapauamsuau JI., Kyuyasa I'., Illyéaanze E., 'aappamsuiau T,
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B I'py3un, B MmyHunumnanutere Yuarypa, 0XHON U3 IJIABHBIX MTPOOIIEM SBISIETCS HHTCHCU(UKAINS CTHXUIHBIX Oea-
CTBHH (OIOJI3HY, CEJIeBBIE IOTOKH, KAMHETAAbl, HABOJHEHHS, YparaHbl, 3po3us U T.1.), KOTOpas, Hapsiay ¢ MPUPOIHBIMH
(haxTopamu, ycyryOseTcst aHTpOIIOT€HHBIM BO3/IeHCTBHEM. 13 BRIIIENIEPEUHCIIEHHBIX TPOIIECCOB OMOI3HU U APO3US SIBIIS-
10TCsl HanboJlee XapakTepHOi M MacIuTaOHO npobiaeMoit 1yt MyHHIManuTera Yuarypa, GopMUpOBaHUE M aKTUBH3AIMS
KOTOPBIX CBSI3aHBI KaK C €CTECTBEHHBIMH CJI0KHBIMH T'€0JIOTMYECKHMH, MOP(OJIOTNUECKUMU U KIMMaTHYeCKUMHU yCIIOBH-
SIMH, TaK ¥ C JICATEIHHOCTHIO YEJIOBEKA, BKIIIOYAsl KPYITHOMACIITA0HYIO JOOBIUY MOJIE3HBIX HCKOMAEMBIX M Pa3paboOTKy Ka-
prepoB. B pamkax mpoekra Oyzer cosmaHa kpynHomacmTabnas (1:25 000 mim 1:10 000) kapra reojorn4eckoro
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30HMPOBAHUS OIIACHOCTH, KOTOPAsi CTAHET OJHUM M3 TJIaBHBIX Pe3yJIbTaTOB NpOeKTa W OyJIeT MMEeTh KaK Hay4yHoe, TaK U
NPUKJIAIHOE 3HaYeHne. BriocieacTBrn oHa OyAeT UCHONIB30BaThCS B MyHHIUIIAJIUTETE ISl PaJJUKaIbHOIO CMSTYEHHUS Ie0-
9KOJIOTUYECKOM CUTyalluH U B KaUeCTBE OCHOBBI JUIA LIeJIEHANPaBIEHHOI0 Pa3BUTHUS TEPPUTOPHUH.

[epen coznanneM KapThl T€0JIOTHUECKOM OMAaCHOCTH B IporpamMe ArcMap Obuta pa3paboTaHa HHBEHTapU3aIHOH-
Hasl KapTa, OTpakarollasi IPOCTPAHCTBEHHOE paclpeesieHle MPUPOJHBIX F€0NIOTHYeCKUX MPOIecCoB. DTa KapTa sABJsSeTCs
OJTHOH M3 Ba’KHBIX OCHOB JJIsI COCTABJICHHS KaPThI T€0IOTNIeCcKoi onacHOCTH. OHa OKa3bIBAacT MPUPOAHBIE T€0IOTHUECKIE
MPOLIECCHI, KOTOPBIE MPOMCXOAMIN B MPOIIIOM HIIM Pa3BUBANCH HEABHO, U 3Ta MH(pOpPMaIys ObUIa OTpaskeHa Ha OCHOBE
00pabOTKN HCTOPUIECKUX MATEPHATIOB M TIOJIEBBIX T€OJOTMIECKUX HCCIICTOBAHUM.

Kpome Toro, "HTEHCHBHOCTB 3PO3HOHHBIX ITPOIIECCOB OBLIA OIICHEHA Ha OCHOBE MOJIEBBIX HAYYHBIX MCCIIEAOBAHUN
U MTOJy9YEHHBIX PE3YIbTaTOB.
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AHHOTaUMS

[Toxa3zaHo, 4TO M3MEpEHNE M ONMMCAHNE KOHIICHTPALINH PaIoaKTHBHOTO T'a3a paJoHa B eJHMHUIAX aKTHBHOCTH —bekkepe-
JIX, TaK, KaK 3TO peKOMeHIoBaHO MexmyHapoaHoit Komuccueii mo pagunarmonHoi 3amure (ICRP) npuBomuT x ommbou-
HOU (y4eTBepeHHOH) BeTMYUHE 3TOTO 1moka3aTels. [IpemmoskeH moaxo ) Ut pa3pelieHus yka3aHHO! POOIEMBI.

KaroueBrblie ciioBa: PaZ[OH, AKTUBHOCTD, EeKKepem,, KOHIICHTpAalus:A B Cpeac

Onucanmne

braropoHblil palnOAKTUBHBIN a3 pasioH, SBISIIOIIUKCA IPOLYKTOM pacnana paaus, JOCTaTOUHO IIUPOKO PaclpoOCTpaHEH
U OKa3bIBACT 3HAYMTEIBHOC BIMSHUE HA KHUBYIO IPUPOAY. BhICOKHE KOHIIGHTpAIIMH paioHa HAOII0AAa0TCs B aTMOCchepe U
BOJIaX MO3EMHBIX BEIPAOOTOK M 3a4aCTYIO IIPUMEHSIOTCS B JICYSOHBIX IIEIIAX.

CoracHO HbIHE PEKOMEHIOBAaHHOU M MPUHSTOH MexmyHapoiHo# komuccuel no paguanuonnoi 3amute (ICRP) metomo-
JIOTHH, PAZOH CIEIYET ONMPENeIsTh IIOCPEACTBOM €r0 aKTUBHOCTH B OeKkkepersx [1].

OcHoBHas YacTh

Kak u3BectHO, Bekkepernp sBiseTcss Mepoil (eIUHHUIIEeH) YKCIIa paciajoB COOTBETCTBYIOIIETO BEIIECTBA B 1 CEKYH/Y B KOH-
KPETHOM 00beMe, HapUMep, B KyOUIeCKOM MeTpe Win JuTpe. [Ipu 3ToM 0OBIYHO MPEAIoIaraeTcs, 4YTO BCE paclaibl MpH-
HaJJIOKAT IMEHHO PaJIOHY, XOTS KOHTPOJIS 3TOT0 HE IIPOM3BOIUTCS U OH B TAKOM PEXKUME BPSLI JIM BO3MOXKEH, TaK KaK YHCII0
pacmajioB HUKaK He HeceT B cebe nHpopMaluu 00 UX TCHETHUCCKOM IPOUCX0XKICHHUH, ITOCKOJIbKY OHO HHUKAK HE YKa3bIBacT
Ha WX UCTOYHUK, XOTSI IPEIIONAraeTcs, YTO TAKUM UCTOUHUKOM SIBJSICTCS COOCTBEHHO pajioH [2].

Takoe MpeanoI0KEeHUE MOKET OBITh TIOJTBEPIKICHO OO0 OMPOBEPTHYTO TOJIBKO MYTEM CIHEKTPAILHOTO (SHEPTETUUECKOTO)
aHaimu3a CyOaTOMHBIX YaCTHII, B JaHHOM Cliydae, ajib(ha-4yacTHIl, TOPOKIAEMBIX YKA3aHHBIM PACIag0OM, YTO 3HAYUTEIILHO
OTJINYAETCS OT IIPOCTOTO MOJICUETA YHCIIA PACIA/I0B B €JIMHUILY BPEMEHH, HITH, HHBIMHU CIIOBAMU, AKTHBHOCTH.

C npyro#t CTOPOHBI, XOPOIIIO U3BECTHO, YTO PACIIA]] ATOMHBIX SIIEP PA/IOHA SABJISETCS KACKAJHBIM MPOIIECCOM, BKITFOUAOIIEM
MOCJIE/IOBATENIbHYIO TEHEPAIHIO YEThIPEX alib(a-dacTull, YeThIPEX IEKTPOHOB U YEThIPEX raMMa-KBaHTOB (cM. Talbr.).
Eciu Ipe/noioxKuTh, 4TO TIaBHBIMU, HAaH0OJIee IHEPreTUUECKH MHTEHCUBHBIMHE MPOIIECCAMHU B KACKATHOM pacriajie pajoHa,
CBSI3aHHBIMH C TeHepaluell anb(a-4acTull, sBISIOTCS HMEHHO Te, YTO MOPOXKAAIOT BBILICYIOMSHYThIe OEKKEepelu, TOra
OKaXXETCSI, YTO TOJILKO OJIMH M3 KaXI0W YETBEPKH, CAMbI MIEPBbIN U3 HUX, IPUHAJICKAT COOCTBEHHO PaIOHY, @ OCTAJIbHbIC
TPY NPUHAJIEKAT €ro NpOoreHaM, a UMEHHO, ToyioHuro P0218, nononuto P0214 u nmononuto P0210, T.e. He Bce anbda-ya-
CTHIIBI, CO3AOIIHE UMITYJIbCHI B YCTPOUCTBE PErUCTPAIMH aKTUBHOCTH, TEHETUYECKH MIPUHAIC)KAT paciany COOCTBEHHO
pajoHa.

Ecimu, kpoMe TOro, B KaCKaJHOM paciiajie pajgoHa B OCKKepessiX OyAyT yUTEHbI TAK)KE U MPOIECCH IMUCCHU [3 U Y, 3TO €IIie
0oJee MOBBICUT JIOKHYIO HH(POPMAIIMIO O KOHIICHTPAIIUHU pajioHa.

Kpowme Toro, eciti 0TKa3arhCs OT MoJicueTa OeKKepesel U IepeT K MeTOIy OCaXKICHUS alb(a-4acTull Ha AKTHBUPOBAHHOM
yIiie, pe3ylbTaT TakKe OyIeT TeM ke — TOJIbKO OJIHA U3 KaXOH YeTBEpKH allb(a-4acTHil OyJeT OTBETCTBEHHA 33 aKTHB-
HOCTb COOCTBEHHO PajIOHA U, COOTBETCTBEHHO, €r0 KOHI[CHTPAIHIO B cpeje. Takum 00pa3oM, HEBO3MOXKHO CyIUTh 00 aK-
THUBHOCTH paJioHa B OEKKepesix, (a TakkKe 10 KOJINYECTBY OCAX/ICHHBIX HA aKTHBUPOBAHHOM YTIie anb(a-4acTull), TaK KaK
9TO IPUBOJUT K JIOKHOMY YUCTBEPCHUIO MHPOPMAIIUH O KOHIICHTPALUHU PaJIOHa B CpeJie.

Kackanuwblii pacnag pagona 222Rn

DneMeHT Bun pacmana Oueprus, MeV ITepuon monypacmnana
222Rn a 5,49 3,9235 days
218Po o 6,0 3.11 min
214 Pb B 0,67,0,73 26,8 min

Y 0,352, 0,30, 0,24
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214Bi § 1,54,1,51, 3,27 19.9 min
y 0,61, 1,76, 1.12

214Po a 7,69 164.3 mks

210Pb § 0,06, 0,02 22,3 years
Y 0,044

210 Bi § 1,16 5,012 days
y 0,27, 0,30

210 Po a 53 138,376 days

206Pb Stab.

U3 BBIIICH3I0KEHHOTO CIICIYET, YTO peKOMEHI0BaHHbI ISRP 1 moHbIHE NeHCTBYIOMKI METO T OIICHKH KOHIICHTPAIIUH pa-
JIOHa B OEKKepelsixX SBISETCS] HEKOPPEKTHBIM U HE CIIOCOOHBIM 1aBaTh aJIeKBaTHYIO HH(OPMAIHIO O €ro PaclpoCTPaHEeHHO-
CTH B €CTECTBEHHOU CPEJie U, COOTBETCTBEHHO, OMTACHOCTH JIJISl KUBBIX OpraHu3mMos [6 -9].

Jpyrue, emie 6oiiee cepbe3HbIe BOIIPOCHI BO3HUKAIOT KacaTeIbHO POJIM MeXIyHapoaHOW KOMUCCHU 10 PaJHalliOHHON 3a-
mmte (ISRP). Ota mpobnema Bo3HHKIIA y HAC UMEHHO H3-3a €€ POJIH B peaM3alliil BEIMICYITOMSIHYTOH MeTogonoruu. Hamm
TIOTIBITKH CBsI3aThes ¢ wieHamMu |SRP okazanmce 6e3pe3ynbTaTHEIME HECMOTPS Ha TO, YTO MBI IOTyYaeM MHOTO MaTEPHAIOB
00 UX IeATeITFHOCTH.

Hamre paccnemoBanne mokasano, 9To BeIIIeynoMsHyTas Komuccns, KoTopasi, Kak YTBEPKIACTCS €10, COCTOUT MPEHMYIIIe-
CTBCHHO W3 Bpayei, HO «Takke BKIIFOYAET U (PU3UKOBY, COCTOUT U3 YETHIpEX WIeHOB 1 HaxoauTcs B Kanane. Ham He ynamock
HaWTH HUKaKoH MH(popMaImm o co3ganun 3Toil KoMmuccnn unm o Meroze ee hopmMupoBanud. EcTeCTBEeHHO, UTO IIPH TAKOM
COCTaBe M HEU3BECTHOM (HaM) MeToze (OPMHUPOBAHUS M HE CICAOBAIO Obl 0XKHMIATh KAKHX-JTH0O WHBIX PE3yJbTaTOB €€
JIeITeIbHOCTH HECMOTPSI Ha TO, YTO €€ METOJI0JIOT Ul IIMPOKO IPU3HAHA U IPUHATA Ha MEXKAYHapOIHOM YPOBHE (110 KpaiHel
Mepe, Ha IOCTCOBETCKOM IIPOCTPAHCTBE).

[TpocreiimnM NpHOIU3UTENBEHBIM CIIOCOOOM M30€KaTh MOJOOHOW CUTYyaIlK NPU ONPEIeICHUN KOHIICHTPAIUU PaJIoHa SB-
JsIeTCsl IeTICHUE 3aperuCTPUPOBAHHOM aKTHBHOCTH paJioHa B OEKKepessix Ha 4, TO- €CTh Ha KOJIMYECTBO 0-4acTHI, 00pazy-
IOIIMXCS B IIPOLECCEe KACKaIHOTO pacmajia OHOTOo sapa pajgoHa, HO 3TO BO3MOXKHO TOJIBKO B CJIydae SHEPreTHYECKOH JHc-
KPUMHHAINH OCKKepeNel, CBI3aHHOW ¢ IPYTHMH THIIAMH PacliagioB — 3 U .

Hpyrum, Oonee peaTMCTUIHBIM METOJJOM OIIEHKH KOHIIEHTPAIMH PaJIoHAa MOXKET OBITh XOPOIIO M3BECTHBIN M YIIOMSHYTHIN
BBIIIIE METOJ aKKYMYJISIMH aib(a-dacTUI] Ha aKTHBUPOBAHHOM YTJIe, KOHEYHO, MOIM(DUIIUPOBAHHBIA C YIETOM ITPHHSTHUS
BO BHUMaHHE KaCKaJHOTO XapaKTepa IpoIiecca paciaja ¢ TeHepaluei 4eTeipex (4) anbda-gacTuIl U JeICHHEM pe3yIbTaTa
Ha 4.

Mexy TeM TpeJCTaBIsSeTCs, YTO KOPPEKTHBIH pacdyeT Kak MOIJIOIIEHHOH J103bl, TaK M KOJWYECTBa HYKJIMJOB pacraja,
HaKOIUICHHBIX (BKJIIOUEHHBIX) B OpraHU3Me, BO3MOKEH TOJILKO Ha OCHOBE PEILIEHHS XOPOIIO W3BECTHOTO YPaBHEHHS PaHo-
aKTHBHOT'O pacria/ia.

YpaBHeHHE paAraliMOHHOTO pacnaja [3-5] ecTh

dN/dt = —AN ),
N(t) = Noexp(—Ait) ),
re  d(N(t)) = d(No(exp(—Ait)) = —ANo(exp(it) dt, (3)

a No siBisIeTCS YMCTIOM paoaKTHUBHEIX SA€pP B MOMEHT BpeMeHH t=0, 1 A ecTh MOCTOsIHHAS pachania (ero BepOsITHOCTH) IS
pamona 222Rn, onpenensieMas u3 BoipaxkeHus T12=IN2/A, wau A= In2/T12, npudyeM Bce BBHIYUCIEHUS B OTHX BBIPOKEHUAX
creayer BoIONHATH B cucteMe CU Bo n3bekaHue MoyIeHns] HEKOPPEKTHBIX 3HAUCHHUIA:

In2=0,69314718056, (6e3pa3mepHast BEIMUYHMHA),

T12= 3,8235 (mepuop monypacnaza B AHIX (CyTKax),

T2 = (3,8235 x24 x60 x 60) = 330350.4 (mepuo mojypacnaga B CEKyHIax).

Torma A=0,69314718056 / (3,8235 x24 x60 x 60) = 0,00000209821 nm L = 2,1 x 10 *c’L,

KpOMe TOT0, U3 TOT'O K€ BBIPAKCHUA MOKET OBITh NoJIyd4€Ha OICHKAa CKOPOCTH pacnaza paaoHa Wik, MHBIMHA CJIOBAMHU, €T0

aKTUBHOCTH MPH MOCTOSTHHON KOHIECHTPAITUH Noconst: 9TOTO HYKIUAA:

= % = ANaconst 4)
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Takum 00pa3oM, yCTaHABIMBACTCS CBSI3b MEXKAY ABYMs HanOoliee BAXKHBIMU KOHCTAHTAMH PaIUallMOHHOrO pacrajga — Be-
POSITHOCTBIO pacrajia A M €ro aKTUBHOCTHIO |l IPU M3BSCTHOM KOHICHTpALUU PaauoakTUBHBIX siaep No, wium Hao0opoT,
KOHIICHTPAIUCH sAIep pajoHa

No=pu/d (5)
W3 BBINIEU3I0KEHHOTO ClieayeT, uTo yrBepxkacHHas |CTC u neifcTByromas MOHbIHE METOAMKA OIICHKU KOHIICHTPAIHH pa-
JIOHA B OEKKepeIsiX B MPUHIIHIE SBISCTCS HEKOPPEKTHOH U HE CIIOCOOHOM aJIeKBaTHO O0TOOpakaTh 3Ty BEIWYHHY B OKPY-
JKaIOIIEH cpejie, a CIe0BaTENbHO, U OMACHOCTE PaJIoHa JUIS KMBBIX OPraHu3MoB [6 -9].
[IpocTeimmM mpUOIKEHABIM CIIOCO00M H30eTaHus yKa3aHHOM CUTYaIuu TIPH OIIpeeSICHIH KOHIICHTPAIUY paIoHa Ipe/-
CTaBIISIETCA ACTICHUE 3apeTUCTPUPOBAHHON aKTUBHOCTH paloHa B OEKKepessiX Ha 4, T.e. Ha YHCIIO (-4aCTHIl, TeHEPUPYEMBIX
TIpY KacKaJHOM pacmajie OJHOTO siapa pagoHa, HO 3TO BOZMOXKHO TOJIBKO B CITydae SHEPTreTHICCKON JUCKPIMHUHAINAN OeK-
KepeJie, CBI3aHHBIX C IPYTHMH THIIAMH pacraga - 3 1 y.
Jpyrum, 6oee peaTuCTUIHBIM METOJOM KOPPEKTHOM OIICHKH KOHIICHTPAIMH PaJoHa MOXKET OBITh XOPOIIIO U3BECTHBIN Me-
TOJl AKKYMYJISIIUH 0-9aCTHIl HA AKTUBUPOBAHHOM YTJIC B TCUCHUH (DUKCUPOBAHHBIX UHTCPBAJIOB BPEMEHU, KOHCUHO, MOIH-
(bUIMPOBAHHBIN [ IPUHSITHS BO BHUIMAHKE KAaCKaTHOTO XapaKTepa pacmajia pajJjoHa ¢ reHepanuei 4 o-4acTuIl U JeICHHEM
pe3ynbTata Ha 4.
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[ToxasaHo, 4YTO M3MepeHue U OIUCAHNe KOHIEHTPAI[UY PaJUOaKTUBHOIO ra3a paZoHa B JUHUILAX aKTUBHO-
ctu — Bekkepernsax, Tak, Kak 9T0 pekoMeHoBaHO MexayHaposHoit Komuccrell o paguaiioHHO# 3aiuTe
(ICRP) mpuBozuT K omrmb04HOI! (Y4eTBepeHHOI) BeJIMYUHE DTOTO IToKasareJid. IIpeioker moaxon, a1 pas-
pelIeHus YKa3aHHOM IIPOGIeMBL.
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Developing new strategic ways to develop environmental education
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Abstract. According to the UN Environment Programme (UNEP) report, the forecast for human development to 2032
is disappointing: More than 70% of the Earth's surface will be deformed in one way or another, more than a quarter of all
animal and plant species will be irreversibly lost, and safe air and clean drinking water will become irreparably scarce.;
scientific and technological progress has created the risk of environmental catastrophe, and the very concept of "develop-
ment" has been called into question.

In 2021, the WHO took into account new research on the dangers of air pollution and revised almost all target concen-
trations of air pollutants, reducing their maximum permissible levels by 1.1 to 4 times.

Characteristics and indicators of atmospheric air pollution from 2025 include monitoring of key pollutants such as
particulate matter (PM2.5, PM10), nitrogen dioxide, sulfur dioxide, carbon monoxide (CO), ozone (O3) and radioactive sub-
stances, assessed according to international (WHO) and national standards - Maximum Permissible Concentration (MPCs).

Keywords: Environmental education, ecology, new strategy

Introduction. To successfully implement environmental policy and effectively manage environmental conditions,
reliable, comprehensive, and timely information is needed on the availability and condition of natural resources,
environmental quality and pollution, as well as the causes and consequences of adverse environmental situations,
emergencies, and disasters.

Environmental monitoring is a means of obtaining, processing, storing, and displaying information that forms the basis
for forecasts and, ultimately, for developing environmentally safe decisions. Thus, the development of an environmental
monitoring system plays a key role in environmental protection and environmental management. Consequently, in a number
of countries, the course "Environmental Monitoring" is included in the special disciplines (SD) program, the teaching goals
of which are:

» developing an understanding of the current state of the environment, taking into account the ever-increasing anthro-
pogenic impact on it;

* familiarizing students with the main principles of environmental research to obtain optimal information about the state
of the environment and its components when substantiating and refining environmental forecasts.

Main part. Air pollution monitoring is a system of regular, long-term observations in space and time, providing infor-
mation on the state of air pollution for past, present, and future assessments. Environmental protection has always been a
concern due to its harmful impact on public health. For example, air pollution is a contributing factor to allergies and respir-
atory diseases. This is why the quality of the air we breathe is so important.

Elevated concentrations of pollutants are observed in the atmosphere of virtually every major city, negatively impacting
the ecosystem and the health of its residents. Air composition can vary over time and space. This is facilitated by pollutant
emissions, weather conditions, and geographic location. Both anthropogenic and natural sources of pollution play a major
role in shaping the qualitative and quantitative composition of atmospheric air: - natural sources of atmospheric pollution
include volcanic eruptions, forest fires, dust storms, weathering processes, and the decomposition of organic matter; - an-
thropogenic sources of atmospheric pollution include industrial and thermal power plants, transport, home heating systems,
agriculture, and household waste. Economic activities in sectors such as energy, transportation, agriculture, and waste man-
agement emit pollutants or chemical compounds into the air, which, through various chemical reactions, form secondary air
pollution. Accelerating urbanization also significantly increases air pollution. Today, more than half of the world's popula-
tion lives in cities, which, while often a source of air pollution, are also where the effects of air pollution are felt most acutely.

The ecologically induced threat to the existence of human civilization has been officially recognized at the highest
international level; scientific and technological progress has created the risk of environmental catastrophe, and the very
concept of "development" has been called into question. An urgent need has emerged to reexamine the
scale of human values. Consumerism has pushed nature to the brink of extinction.

Dominant patterns of production and consumption are leading to environmental devastation, increasing risks to human
life and health due to declining environmental quality. The foundations of global security are under threat.

Results. According to the UN Environment Programme (UNEP) report, the forecast for human development to 2032
is bleak [1]. Human activity will cause irreversible changes to the planet. More than 70% of the Earth's surface will be
deformed in one way or another, more than a quarter of all animal and plant species will be irreversibly lost, safe air, clean
drinking water (according to the WHO, 80% of all diseases worldwide are already caused by the consumption of poor-
quality drinking water), and undisturbed landscapes will become irreparably scarce, and nature's ability to recover from
anthropogenic impacts will be diminished.
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Atmospheric air, as a component of natural resources, is a national treasure and is protected by the state. Therefore,
strict, scientifically based quality control is so important. Elevated concentrations of pollutants are observed in the atmos-
phere of virtually every major city, negatively impacting the ecosystem and the health of its residents [2, 3, 4]. Air pollution
knows no boundaries: emissions from a source in one country can be transported and deposited in another, sometimes
thousands of kilometers away.

Table 1. Comparison of permissible average daily concentrations of harmful substances
in the air according to WHO recommendations and Russian air quality standards (SanPiN)

Average daily concen- |Average daily concentra-

tration, WHO, pg/m3  ttion, SanPiN, pg/m3 Difference in indicators

Harmful substance

SanPiN requirements are

PM25 15 35 2.3 times lower
5anPiN requirements are
PM1o 45 60 1.3 times lower
- - 5anPiN requirements
Ozone (Os) 100 100 comply with WHO
Nitrogen dioxide 25 100 SanPiN requirements are
(NO2) 4 times lower
Sulfur dioxide 40 50 SanPiN requirements are
(SO2) 1.25 times lower
Carbon  monoxiq 5anPiN requirements are
(CO) 4000 3000 1.3 times higher

Table 2. Comparison of permissible average annual concentrations of harmful substances
in the air according to WHO recommendations and Russian air quality standards (SanPiN)
Average annual con-

Average annual concen-

Harmful substance | centration, WHO, | . s | Difference in indicators
ug/m3 tration, SanPiN, pg/m
SanPiN requirements are
PM25 > 25 5 times lower
5anPiN requirements are
PMio 15 40 2.7 times lower
Ozone (O3) 60** 30 It is impossible to compare
Nitrogen dioxide 10 40 SanPiN requirements are
(NO2) 4 times lower
Sulfur dioxide
(SO2)
Carborgcrgc;nomde i 3000 i

In the given 1 and 2 tables we present the air quality criteria recommended by WHO and the Maximum Permissible
Concentrations (MPC) established in Russia for some pollutants, ug/ms.

Air quality standards in force in Russia are significantly less stringent than WHO recommendations: the difference in
indicators ranges from 1.25 to 5 times. This leads to greater air pollution than if WHO standards were in effect. The WHO
Air Quality Guidelines are an international standard that sets out recommended standards for maximum concentrations of
harmful substances in the air.

According to a rapid analysis of potential scenarios conducted by WHO, nearly 80% of deaths due to exposure to PM

2.5 particles worldwide could be prevented by reducing current air pollution levels to those recommended in the updated
guidelines. At the same time, achieving intermediate targets would reduce the disease burden, particularly in countries with
high concentrations of fine particulate matter (PM2 5) and large populations.

In 2021, the WHO took into account the results of new research on the harm of air pollution and revised almost all
target concentrations of air pollutants, reducing their maximum permissible levels by 1.1 to 4 times [5, 6].

The permissible average annual concentration of PM 2.5 was reduced by half - from 10 to 5 ug/m3, and the permissible
daily concentration - from 25 to 15 ug/m3. The permissible average annual concentration of PM1g was reduced from 20 to
15 ug/m3, and the daily concentration - from 50 to 45 ug/m3 [6].

The Second WHO Global Conference on Air Pollution and Health concluded (March 28, 2025) with the adoption of
the aforementioned important commitments by more than 50 countries [7]. In particular: - a decision was made to accelerate
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actions to ensure clean air, access to clean energy and mitigate climate change; - highlighted evidence-based, coordinated,
multifaceted solutions in cities, countries and regions to prevent various diseases, save lives, protect children's health and
limit climate change worldwide. In addition, it was decided that the countries participating in the conference commit to
reducing air pollution by 2030 and beyond.

Characteristics and indicators of ambient air pollution from 2025 include monitoring of key pollutants such as partic-

ulate matter (PM2.5, PM10), nitrogen dioxide, sulfur, carbon monoxide (CO), ozone (O3) and radioactive substances, with
an assessment according to international (WHO) and national standards - Maximum Permissible Concentration (MPC).
Data for 2025 show persistent problems for a significant portion of the population in both Georgia (monthly bulletins)

and globally, related to PM2 5 exceedances and rising CO2 emissions, despite efforts to reduce them. 2025 trends: -

Global: - 36% of the world's population is exposed to PM2 5; - US: - 2.4% increase in greenhouse gas emissions from fossil
fuel combustion compared to the previous year, a negative trend.

Georgia, like other countries, faces poor air quality in cities, where standards for nitrogen oxides, sulfur, formaldehyde,
benz(a)pyrene and dust are often exceeded. As a result, on June 26, 2025, Amendments to the Georgian Law on Atmospheric
Air Protection were adopted as a preventive measure aimed at improving atmospheric air quality.

The main changes concern tightening the regulation of harmful substance emissions, strengthening control mechanisms
and bringing air quality closer to European standards, which will reduce anthropogenic impact.

In particular, the air quality management plan approved by the Georgian government is aimed at reducing air pollution
and improving the environmental situation in the country [7]. The plan includes measures to reduce harmful substance emis-
sions, increase the amount of green spaces and regulate traffic flow.

Furthermore, it should be noted that raising the level of environmental education and awareness occupies an important
place in all program documents of the Government of Georgia [8, 9, 10]. In particular, the new government program (2021—
2024) "For Building a European State" envisages strengthening activities aimed at promoting environmental education and
raising environmental awareness, as well as integrating environmental education issues into the school and higher education
systems.

Global environmental problems - pose the greatest threat to our planet, as they impact the entire world. They develop
gradually, as a result of long-term impacts on the natural environment, and therefore, the desire alone is not enough to solve
them - requires significant effort to prevent environmental catastrophe.

Overpopulation of our planet is one of the most pressing environmental problems of our time, as it exacerbates all
other problems. The problem of natural resource depletion encompasses not only the depletion of minerals (such as metals
or oil), but also the depletion of land resources (decreased soil fertility), water resources (depletion of fresh water reserves),
forest resources (decreasing forest cover), and so on. The problem is dangerous precisely because of its scale - our planet is
slowly dying, but it can still be saved.

Global climate change is driven by a multitude of factors that lead to massive alterations in natural processes and
established norms. Abnormal temperature fluctuations are observed, precipitation patterns are changing, and natural disasters
are occurring everywhere, causing enormous damage (Fig. 1).

Ecological problems

Global Local
« Climate change (Green - » Diseases caused by environmental *  Pollution of air, water
house effect), pollution and degradation, sources and soil,
* Biosphere degradation, »| * Climate instability, <«—— * Waste
* Water imbalance, "+ Desertification,
. Overpopulation of our  Deterioration of living conditions
planet

Fig. 1. The relationship between global and local environmental problems

The problem of ozone layer depletion became a pressing concern at the end of the last century. At that time, consider-
able panic ensued, leading to the adoption of a number of measures to slow the process of ozone layer depletion. However,
the problem has not yet been fully resolved, remaining a global environmental threat.

Environmental pollution causes significant damage to nature. This occurs because harmful substances enter natural
systems, disrupting their functioning (even leading to their destruction). However, statistics indicate that the pollution prob-
lem is only getting worse, causing ever greater harm.

Desertification is a global problem, characterized by the transformation of fertile lands into desert. In the future, this
threatens our planet with the destruction of most of its flora and fauna.

The decline of Earth's biodiversity is a contemporary environmental problem that could develop into a real environ-
mental catastrophe in the future. The extinction of living organisms and the decline in species diversity on our planet lead
to an imbalance in the natural balance, which leads to the disruption of natural systems. And this is a very serious problem.

149



LBAI-L 30RMMIIBIMIH)IRMBO0L 0BLAGOBIBOL L53IG60IAH™M HIBIANAIBSRO dH(IFO0)S 3MISIR0, &.139, 2026
SCIENTIFIC REVIEWED PROCEEDINGS OF THE INSTITUTE OF HYDROMETEOROLOGY OF THE GTU, V.139, 2026

Food shortages have long been a pressing issue in many countries around the world. The problem is only worsening
over time, spreading to new regions (primarily due to population growth). And there's a risk of further spread in the near
future.

Conclusion. New scientific research on the impact of air quality on human health shows that the harm caused by air
pollution has previously been underestimated. This is why the WHO is calling on countries to revise their domestic air
quality standards. It should be noted that, along with climate change, air pollution is one of the most serious environmental
threats to human health.

The new Global Air Quality Guidelines (GAQGS) prepared by the World Health Organization (WHO) present clear
evidence of the harm air pollution causes to human health, even at lower pollutant concentrations than previously thought.
The document recommends new air quality targets, the implementation of which will protect public health by reducing
concentrations of key pollutants, some of which also contribute to climate change.

Since the last update of the WHO global guidelines in 2005, the body of scientific evidence on the negative impacts
of air pollution on various aspects of human health has increased significantly, demonstrating its detrimental impact on
health even at low concentrations.

New data has led to a revision of WHO recommendations (2021), confirming that 99% of the world's population
breathes unsafe air, causing millions of premature deaths annually. For this reason, and following a systematic review of
the accumulated data, WHO has adjusted almost all recommended air pollution limits downwards, warning that exceeding
the new maximum permissible concentrations of pollutants.
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According to the UN Environment Programme (UNEP) report, the forecast for human development to 2032 is disap-
pointing: More than 70% of the Earth's surface will be deformed in one way or another, more than a quarter of all animal
and plant species will be irreversibly lost, and safe air and clean drinking water will become irreparably scarce.; scientific
and technological progress has created the risk of environmental catastrophe, and the very concept of "development™ has
been called into question.

In 2021, the WHO took into account new research on the dangers of air pollution and revised almost all target concen-
trations of air pollutants, reducing their maximum permissible levels by 1.1 to 4 times.
Characteristics and indicators of atmospheric air pollution from 2025 include monitoring of key pollutants such as

particulate matter (PM2.5, PM10), nitrogen dioxide, sulfur dioxide, carbon monoxide (CO), ozone (O3) and radioactive sub-
stances, assessed according to international (WHO) and national standards - Maximum Allowable Concentrations (MACSs)).
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JodLodsErMo  EoLAZ3g00 ©Mbggdo 1.1-ob 4-xgM Tgo030Ms. SGHIMLBIOHMEO  359M0L  dOBINMGOOL
Jobolosmgdgdo s 0bozs@Gmmado 2025 Farosh dmoEsgl olgmo doMmOMIEO  sdsd0EANMIIWGOOL

9mbo@M®m0bal, MMAMMOEss 394sMo bsfowszgdo (PM2.5, PM10), sBm@EHolb omdboo, gmao®ool omdboo,

Bobdo®mdool dmbmdloo (CO), mbmbo (03) s GoomsgBowmo 603moghHhgdgdo, MHmIwgdoa FgxsLgdwEwos
LogMHMsdMOHOLM (}568M) s JMM3bMEo LbEBIBMEHIOOL - FogloToE Mo L3900 3MbEI6EHMoE0gdolL (MACS)
dobggz00.

doi.org/10.36073/1512-0902-2026-139-147-151
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Pa3pa0doTka HOBBIX CTPATErHYeCKHX IyTeil pa3BUTHS IKoJoruveckoro odpazoanus./I'ynusi T'appu, CBanmuize
3u3n./C6. Tpymos UTM I'TY. - 2026. — Tom 139. - ¢. 147-151. - Aurn.; Pes: I'pys., Aura.,Pyc.

Cornacno noknany [Tporpammer OOH 1o oxpysxaromeii cpene (FOHEIT), nporaos passutus uenoBeuecTsa 0 2032
roja HeyremmuteneH: 6onee 70% moBepxHOCTH 3eMin OyaeT Ae(OpMUPOBAHO TEM WK MHBIM 00pa3oM, 0ojiee YeTBEpTH
BCEX BHJOB XMBOTHBIX W PacTeHHH OyayT 0€3BO3BpaTHO yTpaueHbl, a YUCTBIA BO3MYX M UHCTas MHUThEBas BOJA CTaHYT
HETONPaBUMO JIe(ULIUTHBIMHU; HAYYHO-TEXHHYECKUI ITPOTPecc Co3/1all PUCK IKOJIOTUYECKON KatacTpodbl, U CaMo MOHITHE
«pa3BUTHs» MocTaByeHo 1o comHenue. B 2021 rogy BO3 yuia HoBbIe HccneioBaHUsA 00 OMACHOCTSX 3arpsI3HEHUS BO3IyXa
W TIepecMOoTpelia TOYTH BCE IeNICBhIe KOHICHTPAINH 3arps3HAIONINX BEIIECTB B BO3AyXE, CHU3UB UX MAaKCHUMAaJIbHO
JIonycTUMbIe YpoBHH B 1,1—4 pa3a.

XapaKTepUCTHKH M TIOKA3aTeNH 3arpsIsHEHUS aTMoc(hepHOTo Bo3ayxa ¢ 2025 rosja BKIIIOYAI0T MOHUTOPUHT KITFOUEBBIX
3arpsA3HAIONINX BEIIECTB, TAKUX Kak TBepable yacTullbl (PM25, PM10), anokcn a3zora, TUOKCHIT CEPBI, OKCH] yTiaepoaa

(CO), o030 (0O3) W pamuOaKTHBHBIC BEIIECTBA, OLCHMBACMEBIC B COOTBETCTBHH ¢ MekayHapomuasiMu (BO3) u
HAIMOHAIIBHBIMU CTaHIAPTAMU — MPEeTIbHO AomycTuMbiMu KoHIeHTparmsamu (TTJ1K).
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