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$0obsdqdstg 30gddo Fglweros 30EOMIYEHIMOME™Yool 0blEoGHMGHOL 73-9
ds0bob Lodg3bogMm LglosBy dmbidgboero dmbligbgdqdo, dodwzbowo 3oMmM™MIgEgMmOMEM-
3005 Q5 93MWMAO0L 59EHYOEMMO 3OMdYd0LoEA0. Fglsdsdolio BEsEH0g00 dm3939)0s
390009y ULsdgEbogdm FodosOrMMEgdsms dobgE30m: FGGIMOMEMA0S, J0TIEBHMMMYO.,
520MI9GIMOMWMA05,  30OMEMY0,  Jods@ol  33w0Egdy,  dMbgdm030  otgdml
©5006dE90s.

300 39637036005 J9MBOBOZYM, 9MFMIBOYL @1 93O 93b0gMY-
0505 BB35OLB3S MRT0 dMBdogz9 89360gMgdOLS WS B3YE0SXPOBEBHJOOLIMZOL, BoQOLEESE-
A900L5 5 MJBHMMBEHJIOLIMZ0U.

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 Hacrosiuii cOOpHUK BKIIIOUEHBI TEKCTHI JOKJIAJ0B, 3acayllIaHHbIX Ha 73-eit Malickoili Hayu-
Hoit Ceccun MHcTUTyTa I'MApOMeTeopoaoruy, MOCBAIIEHHOW aKTyaabHBIM Npo0iieMaM TUApOMETe0-
posioruu u 3xo0s1oruu. COOTBETCTBYIOIIME CTAThU JIaHbI 110 CIEAYIOIIUM HAYYHBIM HalPaBICHUSIM: Me-
TEOPOJIOTHs, KIIMMATOJIOIHsl, arPOMETEOPOJIOT |, TUAPOJIOT U, U3MEHEHHUE KIIMMAaTa, 3arpsA3HEHUE MTPU-
POIHOM CpEBI.

COOopHMK NperHa3HAuEH JUIsl YYEHBIX M CHEIHMAIMCTOB, padOTAONIMX B Pa3IMYHBIX 00JacTAX
reo(pu3nUecKux, reorpapuueckix U IKOJIOTUYECKUX HayK, MaruCTPAHTOB U IOKTOPAHTOB.
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Gombo | Jowmow. | 429 | 410 | 413 | 388 | 418 | 408 | 403 | 475 | 495 -

g3060es | Labbgtyg 16,7 - 16,9 170 16,1 16,9 18,4 18,5 142 16,0
gz060s | BLGHOG. 60,0 - 65,3 62,3 58,0 58,5 54,9 66,4 68,8 53,1
oMY Bogo 23,1 - 28,3 28,0 26,5 20,8 | 27,3 264 | 214 23,2
bsbolfy. BOVEIM 15,7 - - 15,2 17,5 14,7 14,1 18,0 14,0 -
3bgboLiy RO 23,8 - 22,6 23,5 22,8 20,8 24,8 27,7 23,6 -
3bgbolfly | GEbdgem 67,0 - 67,3 69,0 63,0 60,9 | 658 75,0 68,6 -
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3bgbolly bogo 56,9 - 87,1 76,3 72,1 38,4 38,8 48,3 39,9 -
A9gbeo Bogogsg. 33,7 - 36,1 27,6 | 30,1 33,5 36,4 38,3 36,6 -

Loygglss Boabog). 13,7 - - 15,0 12,9 12,6 13,8 14,2 13,5 -

Loygglss bodo. 48,7 - - 44,0 47,5 453 | 46,7 56,0 48,0 -
Bo@obgdo Bo®ob6gd 25,0 - 27,2 21,7 25,8 237 | 234 | 28,6 - -
306@®od 3mbo 13,1 - 14,5 13,2 11,4 11,5 13,8 14,5 - -
Jodmbo 9629 274 - 304 290 259 253 269 274 - -
53560Uky boyeom 8,06 - - 82 8,4 85 - 9,6 - -
53560Uky Jooo 46,3 - - 444 | 464 443 | 42,6 53,9 - -

3bOo 3-0b dmbs3g8g00sb 0633939, HMI (35¢39990 sSIHEGMEgdoL Ls8MSM bsMxgdo JOHMbmEMmaomMHE

033W90MEs, bsb 0BMHOIdIMs, BB JgOMEMds. 50 (339¢g05MOOL  dsB39bgdgos ywols batrxqdol
1b350M0900 196308 Y3M M Ym3zqe 8999y S0fEgmEgdl dmmobl. bMow 4-8o dmEgdwyEos 53 Lb3zomdgdol

96033690 mdqd0 1920 erosb 2000 Ferol Pomgwom. 50 390H0m©do, 39¢39wwo d900b393900L goMs, 439w
i gmedo sz LodoMmzgeml dobs®goms §4wosbmds oMM 3¢gdMMmdEs. 1971 farowsb
2390DoMs 00 30bsMgms Mom@bmds, Loog Bo@rEmdEs Jomo [ywosbmds. 1981 - 1990 smfiergmedo 3o
090sbmds 3609369036500 go0BsMs yzgas dobstgby.

3bM0oo 4. EBI3Wm Logdommzgumml obsMgms gsemzgme smfiengmergddo
§gaol batxgdls dmmols Lbgsmdgdo

1931-40 | 1941-50 | 1951-60 | 1961-70 | 1971-80 | 1981-90 | 1991-2000
9d0bsty 399694@o
1921-30 | 1931-40 | 1941-50 | 1951-60 | 1961-70 | 1971-80 | 1981-1990
0bogo X0Mbgs - 6,1 -6,6 -0,8 -2,4 14,8 -
3MOMO0 IQNON - -6,2 8,4 -8,4 17,6 3,0 -
9b6a6o bsodo -10,0 -3,0 11,0 -10,0 9,0 24,0 -11,0
6ombo 53565 -3,0 1,0 -8,3 4,8 -1,6 9.1 3,0
6ombo 653mbgzsbo -16,0 -9,0 -16,0 15,0 6,0 15,0 -5,0
6ombo Fowosoo 3,0 -25,0 30,0 -10,0 -5,0 72,0 20,0
94306M0o LoBbgtg - 0,10 -0,9 0,8 1,5 0,1 -4,3
g4306m0s | BgbBoxgmbo - -3,6 -4,3 0,5 -3,6 11,5 2,4
do6rmemo 09395 - 0,3 -1,5 -5,7 6,5 -0,9 -5,0
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bsbobfy. NN - - 2,3 -2,8 -0,6 3,9 -4,0
3bgbolify. ©UYRO - 1,0 -0,7 -2,0 3,0 2,9 -4,1
3bgbolfy. | MEbIgweo - 1,7 -6,0 -2,1 49 9,2 -6,4
3bgbolify. bogo - -10,8 -42 -33,7 0,4 9,5 -8,4

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

Lozzbs Beabo@om®o - - -3,0 -0,3 1,2 0,4 -0,7
brzzlss bodsmows - - 3,5 -2,2 1,4 9,3 -8,0

Bo@obgdo Bo@obgdo - -5,5 4,1 -2,1 -0,3 5,2 -
30b@®odo 3mbo - -1,3 -1,8 0,1 2,3 0,7 -
FmOmbo 9639 - -14 -35 0,6 1,6 0,5 -
3F6m0olhy. b, - - 0,2 0,1 - - -
53560LyY. Jooo - - 2,0 -2,1 -1,7 11,3 -

0060350, 3 s 4 3bOOWYGOOL Fmbo3gdms sBsEoBom 06033939, BMI ELOZEgM bodoMMzgEmdo, doybgogs©
390399 30batgms fywol hsdmbsgboli Bm®MBoMmgdol 30MHMdIdOL OO Lb3sEILBZMdOLS, dEobstgms
09056mdol 3300w gds  smfiErgmeEgdol dobg30m, 95BHIMGOL ghm  LogMomm bobosml: 0d dobsdgms
090sbmdol (3300w gds, MHMIGEms LsBOHOMMOSdo Imbsforgmdl dyobzstrmeo fywgdo, 1981 Harsdg o6
290m0MhgM©s OO MYg350mdom, 1981 - 1990 sofiergmedo 30 dmbs dobstgms §ywosbmdols 8339000
053905, M53 oMM 3Y0b35M9d0L 59dEH0IH EBMBLMD 0ym 353060 FdM0. 5OLIBOTBZ0s, HMA 53 OML
b5MBID 5659940bz5(mE0 LEBOPMMBdOL dE0bsMYJOBY3 500b0Tbs Foswo §Ywosbmds oo Borgdosbmdol
2900,

2000 ferosb 2020 Garsdyg @obogango Lodo®omggemdo dobsMgms §yumosbmdsBy s®mologzds®olo
0533060390900L 450Mm, 396 dmbgMbEs 8Eobsmgms §ywosbmdol 33eowwgdol Tglfogwrs s Fomo TgosMmgds
360 2-do dmEgdwer 84obgzscmgdol (33¢00gdslimsb 2010, 2015 s 2020 Hargddo.

Bob. 1-Bg Homdmoagbowos @olsgmgom bogstmgzggumlb yzgusbyg d60d3bgermgabo 30Mmmmdogd@Egdol
dmabsbyeg 90bs990%Y (8. 969mMDY s 3. H®oMbEDY) FYwr0sbMdOL (330 gds 3539w smffergmEgdols
dobg30m, LooE Ao9MboEME0s Fomo [iYwr056mdOL 83390000 (33w0ergds 1981 - 1990 sofjergoendo.

090bm30L, GMI 99350330Mmm FEOLIMYMS Fywosbmdol Imbogrm©byo (330 gds, 99(30¢JOJE0s
0o0 053500 4563LsBOZMGE0  3e0TGHMMO FBodBH™MYOOL (359M0L  BHgI3gMoGIMHOLS @S SGHIMLGIOHO
Bongdgdol) Logs@smm  860d369wmmdgdo. s00@mad  aobboerme ogdbs [17] bsd®Mmdo, ULssg 3w0ds@ol
305 M0o Lzgba@ol RCP4.5-0l g58mygbgdom Jommggero L3gEoswol@gdol dogH dgagbowos 3Mmabmbgdo,
3ol Jobg30m ELLHZEgo bodsOmM3gwmdo 359MHOL LsdMswm feom®mo $gd3gMs@s 1971 - 2000 Hergdmsb
390006 gd0m, 2041 - 2070 Fargddo 1,8 - 3,0 °C-00m go0BMHgds, 2071 - 2100 Fargddo 3o ob 0,4 - 1,7 °C-ob gsMgddo
90053 goL s 3Hgd39Mo@Imol bsds@o 1971 - 2000 Hergdmeb 8gatmgdoom 0,1 - 3,7 °C-0b gsMawgddo 0dbgds.
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m3/s
70 mmg== Pan 1 Papg 2

50
30

10

\ /
10 1935 1945 1955 \QMS 1985 1995

fowo

-30

Bsb. 1. 3obstgoms figamosbmdsms (m?/s) Lbgsmdgdo 35¢39me s0fjergmengdl dmGol msbdodpgzhmms
1921 §jerogsb 2001 §iersdg: 1 - 9. Mombo - bs. Fsems0oo, 2 - 3. gbaMo - . bsodo

53AMbggMmwo bsegdgdo m®m0gy LadMHmabmbm 3gHhomedo g83E0MmEYds. 439wsby dg@o Huronmo
Bogngdgdol xsdo (2300 99 s 3g@0) 0dbgds 5F560L LobosdoMm Bmedo. Fs30 B30l s0IMbgEgmom Lodsweols
95390oLm5b g M Bogngdgdob Ferom®mo Mom@gbmds 03wgdl. 2041 - 2070 fergddo fierorm@mo baenrgdgdo yzgarsbyg
39¢o© 03¢gdL 0d9mgmdo (. Labbgmgdo 18 %-om), Lbgs Mgaombgddo 30 3 - 15 %-0b gotywgddo. ferom®o
Boangdqoob 8 - 10 %-0560 BHs 046905 FBMME J. BMmdo s Braodo. 1971 - 2000 fergddo yzgwsbg dg@o
Bogdgdo ogm domwddo (2481 9d), Losg 2041 - 2070 Hergddo ogbgds 2363 83, 2071 - 2100 fergddo 30 0gbgds 2322
aa.

9d0botmgms Yol Bsdmbogbols 53 doM0moo Foxm®T0MmIBIo 3¢0doGMMO God@mEmqdol (3s9Mol
A9939M9GHMOOLS s 5BIMLBYOHMwo  Bogngdgdol) sbgmo  3MMmbmBgdol  JoHMdYdTo,  ImboermEbywos
39939M5GHOOL  dMmToBHool  F9Ipo®, L3  LodoMmzgurml  dobsmgoms  Lomsgqgddo  s®bgdweo
39406350900l ©bMdS, FsgMod om0 FoMHMMdO 339 0Lgs F9030MHFdM0, MM oo EbMds 396 odmofiz93L
90bsMmgms Fywosbmdol 8b60dzbgarmgsb 9s¢gosl. Be30L30Ms BHIMHoEGHMM05BY 30 SMmOMIEgdol dmds@gdol
99009390 2950BMEIds Fomo 3mbIbLoMYds s Fglivdsdolo Lsbsdomm Bmbol 360dzbgarmgsbo @oEYbosbgds.
0050 300093 9995370 FLMGTEOM 395608 EMbOL 5939, MoE 398m0ofH3g3L o LEGodo 3HMEILYOOL AoB30MIMGdL
5 LoBs30MM BMbOL YRMmOHGFOS.

599056 299 0bsMY Bogbryeol 3gMomdo dobamgms fywol dg9306Mgds bgas@omMsw 0dmddgwgdl
dom 96969303980 250mygbgdol TglodErgdemdsby. 58 bM0g, Y39esby LogwyMeMgdms d. 9byMMmo, bosg
339643060670 Lado@mzgaml 439es®g oo boddwsg®mol gbym®3qlo. sbgmogg Lododmhmgds 0dbgds dc.
H0mbBY, Losg ImJdgEgdL s 3Z3asg 039dgds sbaeo 3glols ddgbgdermde.

5615094063500 LoHBHEMMOOL  dE0bscggdbgs, 3MMAbMBIdoL Jobgwzom, bswgdgdol Tgdzomgdols s
smO®MJgdol 3mds@gdol Ggbsdsdobs dmbaem©bgwros dobs®gms fyarosbmdol 99d0Mgds, goblsgmmmgdom

900. 43060Esby.

©3l33bs
L3 LOJoMMZgEMl FE0bsMgadHg 1919 - 2023 (iergddo sOLYdME 33060393 Bmbs3gdgdol

LAHOIGOLGH0IMOO ©SFMT390000 B0gdEr0s 3500 Yol Lodwswrm IMsgsw oo bstxqdol bm®mdgdo,
393990 s> gMgdol Lodmoswm 8608369wmdgdo s Bsmo b35Mmdgd0 1sbd0dI3M M Yma9w 999009
gl dmMob. om0  9bsEobom  ©sEY0bs, MMI Fombgszs Mommgwo  dobsmol  fywol
B53mbBs©gbol BMm@T0MIdOL 30HMBFOOL ©EOEO bbgoolbgsmdols, 3500 {yrrosbmdol (33WoEgds os@SMYOL
JOHMBMEMA0MMo© gMm Loghmem bsbosml: 1920 Ferosb 1971 farsdwg dobsdgms fyaol babrxqdo
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930Mm©YdMEs, 1971 - 1980 somfiergmendo, 30w 3gowo 990mbgg3900l goMs 3¢05bsMgms {iyerosbmdsd 0modsds,
399099 1981 - 1990 soofjengwyando 30, 439es 80bsdgbg s00MmoiEbs Fyeosbmdol ds@gds, Mo d90wgy M (1991 -
2010) soofenguyendo, 3500 3Egdoo G033, 3300390505 ©)305MOLMBOL 8m 396 ImbgMbEs dmerm MmMo
(2000 Gerosb 2021 erodg) s00fargmeol go6dsg3wmdsdo 3obsmgome §i4wrosbmdol 330w gdol sbowrobo.

3w0ds@Mmo 36mabmbgdol dobggzom, 35900l FHgadgmo@cmols ©s sGHIMLBIOO bsgrgdgdol me
LodMmabmbm (2041 - 2070 §ff s 2071 - 2100 §f) 3g@omdo, 1971 - 2000 {fergdmsb 9gsmgd0m, dmnbswmobgmos
Lodwgoem ferom®o §9d3gems@@ol 2,1 — 3,7 °C-00 dm8s@gds o 5GIMbggOeo boergdqdol 3 - 15 %-om
3993060905. b5¢»gdgd0 439wy dg@ow 99930MHEYds 089Mmgmdo. bogngdgdol do@gds 8 - 10 %-0m 0gbgds dbmerme
3530 B30L Lobs30MHM HBMEdo (MO, HBLRWLOWO).

90bsMmgms i40sbmdol 4obaLobmzMgwo s Yol Rsdmbsgbol doxzgm®mBoMmgdgmo goddmMgdol
LYo 3MMYbMBGOOL TLodsdoLOE A9RMIJIds BoBbMEOL 39M0MmEAo IE0bsMgms 1505399000 sOLYdMO
9940b356m900L ©bmMds. FogMsd om0 OO bsfowro 339 ©IFEBIMOS O sdoBH™ME IMbgboo dyobgzsMgdol
©bMd58 d90dgds 80bsdrgms igwosbmdols 6083bgwmzsb0 3@ gds 396 259mof30mb. 3Eobs®gms fywrosbmdol
8993060900l 00053500 d0BgB0o 046905 IE0bIMYMS 57 BgdTo Fmbsermbgewro oMy boengdosbmds, Mog 033900Ms©
50Lobgds 2obliv3MMMHFd0m d. Y30M0EsDY.

0505000 Boengdosbmdols as9m, 15gMsMqdms dobsmgms ywrosbmdols 36083bgwmgsbo dmds@gdols
39659900 F530B030L3065 IE0bsMY7dBY S O FE0bsMYms FgboM™o398™6, Lasl IMbEMEbywos Lododo
9m3w96900L 256300000905, MBE byl FgufFymdl saGMgmgg ™m3gebobs s Tgbodsdols 8530 B30l Mbol
9m0sBHgds.  dobotmgms  §ywosbmdol  sbgmo  33womgds  6gasGH0MEMe©  s0Lobgds oo odmygbgdols
39L50WgBWMBSDBY, OHMPMOE b GHOMIOE0WWO© bJdMEs sMYME [egddo. sbgmo LoGwsgos 99odwrgds
390g3bsb 256L5370MJd00 BoBbMWMdOm FoMoEo FHJI3gMsEHWIMYOOL OHML, MMmEgLsg dobsMgms s9bgddo
2350DMHYBS SO gds s 93060 IE0bIMJMS Fywosbmds. slgmo 3omsMmgds FgEHOI© LYOMYMBOMIO
00m7g09090L 300MHM9BIMAEH030L 3odmdmPsz9dsbY.

3530030300930 IMT>EJOIMO SMOMIWGdMo Tobgdo 063¢IBLoGmI© 3MmbEIbloMEgds 0eglbds
$3009000L Lobom, Mo godmofzgzl IobsMgms bgmdgddo figowdm3zsMmbIdL, M35MEMEYOLS s IgHYamgL, Mols3
93943905 LobadoMm HBmbol M50, OO BaMgzs s BoMowo.

g439ws Hg0m 50b0dbmols gom3zswobfiobgds 930w gdgw0s goblsgMm®mgdom dobsmgms fiywol
969M200L 258mYggbgdol m35WwLsBOOLOm. fywol GHLwEOLGOOL IBMY30L, MOGOMbIMIE 450mYgbgdols s
domo  9g3bgdol dobbom, ULsFoOMms OMWMWsE TmbEIl Losmsbsm  ©MBoLdogdgdol  IgATMgds o
36Mm9g3dGH0M9ds. B30L306M5 BMbYdTo 30, 356153MMYd00 FEOBIMYMS gl s393msb, BygsEomMo Imgwgbgdols
0530056 530580l JoBbom, LyFoMM 046905 Lomsbsm 309396300 PMBbOLAOYBdYBOL BodoMgds.
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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

900065005 §94eosbmdols (33er0egdols Ggxoligds slisgengom bsgs®mzggumdo/ dsliogrsdzowo 3.%. /Ev-ob 3do0-
ol 8OMTsmd 3Mgdo 2026, . 139, ag. 8-17. Jobm., H9B. Jodm., 0bywn., HU.

d0bsMgms 21 30OHME®ma0g6 bsydsamBy Yol bomrxgdbg ©e3zzoMzgdsms 1919 - 2023 Fargdol
dmbs3g0900m  3obBLIBEOZOWMWOs  Fomo  LsFMewm  IMIZFIWPWONHO O (39U3JNO SO GN)egdol
36033690 mdqd0, 93Mm9m39 09600000930 smfiErgmEgdol bodwewm bsGxgdl ImGob Lbgomdgdo. o3
Lbgotm0d9gd0l 60dboMmds 3ow3gM smfiEgMEgddo, JOHMOL oM, MIgEILI© MOMYmBomos, M3 b0odbsgl
900bsMmgms [4e0sbmdol 3angdsl. dbmemo gho (1981 - 1990) sofiergmedo yzgws dobsmgbyg goduotmgds
£9000bmdol To@gdos, M3 dyobzsmgdol bmdoms s Mbgbowrgdosbmdom oym gobdommdgdwwo.

30085EH M0 30HMbmBIdOL Jobg3z0m, ILIZWIm bods®mzgErmdo 3590l Ggddgdodmes 1971 - 2000
Pgdmsb 9smgdom as0BMgds 2041 - 2070 forgddo 1,6 - 2,9 °C s 2071 - 2100 Hergddo 2,1 - 3,7 °C-ob
RO g030. 5GIMLGRIOHIo boergdgdo 8 - 10 %-0m 450BMHEYds Tbmerm@ Jogo HBL30L LEbsdoMmMdMb. dob
0©dMbogwgmom 30, Lodseol 8sGgdslmsb ghomsw bBoewgdgdo Fgdgotads 4 - 15 %-ob gotyrgddo.
JodLodsEyMo 3agds (18 %) 0dbgds J. LohbgMgdo.

21900 3MMbMBgool  Tgusdsdols  Tmbswmbgwos 89obzsMgdols s dobsdgms fywosbmdol
399306905, 2obLE3MMNMHYo0 Boxgbredo. HBr3oL30Ms HBmbsdo, ImIsGIdwo smmMJwgdol 3mbogblomgds
053bbds §300700L Loboom, 353mofjzg3L Lsdodo ImgzEgbgdol HOLIGOOL YobdoMmGdSL.

900bsMmgms  Fyaosbmdol sbgomo dgxsligds LoFoMms asm3swolfjobgdme 0dbgl 3oMmmEgdbozm®o
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YIK: 551.482.215.3

Ouenka n3Menenusi BogHocTu pek 3amagnoii I'pysun/bacunamsuin 1.3./C6. Tpyzos UTM I'TVY, 2026. Tom 139, c.
8-17, I'pys.; Pes: I'py3., Anra., Pyc.

Ha 21 rupponoruyeckux mocrax pek, N0 CyIIECTBYIOIINM HaOJIIOACHHUSIM 3a pacxoJaMH BoJbl B TeueHuH 1919 -
2023 ro/10B, yCTAaHOBJICHBI MX CPEAHUE 3HAYECHNUS 32 MHOTOJIETHHI NEPHOJI, 33 KKI0€ IECITUICTHE U X PA3HOCTH B TOCIIe-
JoBaTesIbHOM Hopsifke. OTMETKHU 3TUX pa3HOCTEl, B OCHOBHOM OTpUIIaTEIbHbIE, YTO YKa3bIBAeT HA YMEHBIIIEHNE BOAHOCTU
pex. Tonbko B oguoMm (1981 - 1990) necaruneruu, Ha BceX pekax 3a(UKCHMPOBAHO YBEIHYCHHUE MX BOJHOCTH, YTO OBLIO
BBI3BAHO TASHHUEM JIETHUKOB X OOMIBHBIMH OCaAKaMH.

ITo xmMmarngeckuM mporHo3am, B 3amannoil ['py3un temmneparypa Bo3ayxa mo cpasaHenuu 1971 - 2000 ronos,
noBeicutcs B 2041 - 2070 romax Ha 1,6 - 2,9 °C, a B 2071 - 2100 roxmax, B npenenax 2,1 - 3,7 °C. ATMocdepHBIe 0cagKu
yBenmdarcst Ha 8 - 10 % Tonbko B mpuOpexHBIX 30HaX UEpHOrO MOps. A IO BOCTOYHOMY HANpPAaBICHHUIO C MOBBIIICHUEM
BBICOTBI MECTHOCTH OCaIKH yMEHbIIATCA B penenax 4 - 15 %. Makcumanbaoe ymensuienue (18 %) Oyner B r. Cauxepe.

COOTBETCTBEHHO C TAKMMH IIPOTHO3aMH OKHJAETCSI yMEHBIIICHUE JIETHUKOB X BOJHOCTH PEK, 0COOCHHO seToM. B
NPUOPEKHBIX 30HaX KOHEHCAIUS MOBBIIEHHOH UCTIapEHNH B BHJIE POJIMBHBIX JOXKAEH, BEI30OBET yYallleHHE PHCKOB OIlac-
HBIX SBJICHUI.

Taxast o1leHKa 0’KHaeMOT0 H3MEHEHHS BOJHOCTH PEK, CIEAYET yUeCTh PH MPOSKTUPOBAHUHU THAPOTEXHUUECKUX
00BEKTOB M B IEJISIX [UIAHUPOBAHMSI MEPONIPHUATHH [Tl COEPEIKEHHUS U TOTIOIHEHHSI BOJHBIX PECYPCOB. A B IPHOPEIKHBIX
30Hax ciexyeT IMJIaHWPOBATh MIPOBEICHUE COOTBETCTBYIONINX MPEBEHIINATIBHBIX MEPOTIPUATHH I CMATYCHUS CICACTBUU
O’KU/Ia€MBIX HETaTUBHBIX SBJICHUH.
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9333200 bgHmnzoLo -5,8 -0,6 -1,8 1,7 0,2 1,5 0,4 1,8
9333900 dobasdg -25 3,4 5,2 -3,7 2,6 2,7 -1,9 49
9333900 dmMX ™30 -10,7 -0,9 -1 34 12,9 -2,2 -6,2 -6,8
9333900 39230 -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
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0MOR M3 0O} ™do -0,31 -0,29 0,14 0,27 0,33 -0,54 0,13 -0,2
Q. 05H30 39b30 0,1 -1,7 0,7 1,8 2,5 -13 3,4 -
3. osbgo 39bsmo 0,04 -0,05 -1,07 0,13 1,29 -6,48 2,08 -
Jusbo 3060bms 2,54 2,77 -1,8 -2,7 1,43 -5,79 3,1 -
65330 g0b35¢o -8,2 0 0,6 3,7 -3,3 -4.4 - -
0. 505330 3oboboMo -2,7 0,5 -0,3 0,5 0,2 -1,2 - -
3. 505330 F9LsGms30 -0,85 0,51 -0,81 0,51 0,42 - - -
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06fmdos Lodvyq - - - 0,17 -0,4 0,53 0,6 -1,39
J3oo bMsdo 90030600l -0,8 0,15 -0,64 0,31 0,04 1,97 -0,96 -2,89
Jgos bhsdo foom.bowo -7,5 -2,1 -47 -0,4 48 7,6 2,3 -30,1
05953960 ©0dsb6olo -2,22 -0,09 -0,89 -0,17 0,45 -1,84 3,35 -4,08
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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.,
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Using river discharge observations from 22 hydrological gauging stations for the period 1924-2023, 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 Fymosbmdol 308obomg s dmbsembgmo 33@omgds s0dmbisgago LsgdoMmgzggerml Mo
3530L 306HMBYBT0/BsloEsdz0wo (.., Xsbgwodg 3.3., d3L0Esdz30wo b.3./LEv)-0L 380-0l FOMIsms JMYdMYEO
2026, ¢. 139, 33. 18-28. Jorom., MgD. Jo®o., obyw., GHml.
900bsMmgms yeol botxgdbg sGLYdMwo 1924-2023 {ergdol ©e3z0M390sms dmbszqdgdom 22 3oMmm-
Q000 Lo Bg gobolisBMzMs o3 sSmfengewrgddo bydmswm 8Mmsgswfarom@mo 360d3b9wmdgdo s
Jom0 Ib35m0dg00. 3506335 I0bsMY0s §Yrr0sbMdoL (330wgdol I0dobstg 3H9bw9b0gd0 s Fsmo Mom-
©96mdMH030 935190, MMIGEME 5J300 3M15gdGH03w0 60T61YdsYslodgmMbgm gosbys®0odgdgdobsmgol.
sMLYOMEO  300F5GHMM0  3MMAbMBgdol  dobggom  FmLowmbgwos  359M0L  3gddgModweol
96033690 m3560 8mTsBgds o 5EGHIMLRIOW@Oo Boengdgdol 899E3oMgds. 580l yodm 8mdsgzowdo bogsMms, GMmd
350D MO MNJgds, 435¢03056MdY, 505AJOOL A5TMIOMDS S Fs30 9 MDY, Bofolid3gds Fywrgdols ombol
050939, §9560930l sdMMdS s F900935© d0bsMgms §yu0sbmdol dgd;30090s. Ladfiysgo fywols Malmmlgdol
399306905 459Mm0§393L Fmlsg0sbMdL, 20BMEYds bobdsMlsdodMmgdqdo, bossggdol IAMSIWIE0S O
39990506mgd0L 36M(39L0L 256300056Mgds, MOE 9O MOMYNTBOMSE 0dmJdgEgdl gMmgdmby, Imbsbmgmdol
39000 EO©IMdsBY s J399bolb 93mbMB0 MG 256300056M9d5DBY. 590l A5 5ME0WdYE0s s0HYML Fywol
M9LwOLYIOL OBMAZ0LS s om0 FgLYdOLIMZOL LoFoMm 3609396300 LsTTomgdol gobbmM0gEwgds.
d00mYdM0s I53500 BLsEMGOJ0 MboldogdgdoL hodmbsmgaowro.

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

YIK: 551.482.215.3

Texkyuiee U o:kuaeMoe H3MeHeHHe BOAHOCTU peK B yCJIO0BHAX cyXxoro kiaumara Bocrounoii I'pysun/bacuiaamsuiu
0.3. T:xanennnze M.I'., BacnmamBuau X.I'./C6. Tpynos UTM I'TV, 2026. Tom 139, c. 18-28, I'py3.; Pe3: I'py3., Auri.,
Pyc.

[To HaOMFONEHHBIX MaHHBIX PAcXoJOB BOABI pek 3a mepuoi 1924-2023 romoB Ha 22 THAPOIOTHIECKHX TOCTAX,
OTIpeZIeIeHbl UX CPEAHEMHOTOJIETHHE 3HAYEHUSI OTACIBHBIX AECATHICTHH U UX Pa3HOCTeH. BBIsABIICHBI TeKyIne TeHICHINN
W3MEHEHHSI BOJHOCTH PEK M MX KOJIMYECTBEHHBIC OIIEHKH, KOTOPBhIE MMEIOT NMPAKTUUECKOe HAa3HAuYCHHE IPH BOIOXO3SH-
CTBEHHBIX pacyéTax.

ITo cymecTByOIMM KIMMaTHYECKUM NIPOTHO3aM, 0)KUAAETCS 3HAUUTENNBHOE YBEIMUCHHUE TEMIIEPaTyphl BO3LyXa U

yMeHblIeHne atMmocepHbIx ocaakos. IToaTomy B OyaymiemM oxxugaeTcsl yBeIMUeHHE HCTIAPEHNUS, 3aCyX, BBICBIXaHHUE U 3PO-
3UH NOYBHI, TIOHWKEHNUE YPOBHEH MOJ3EMHBIX BOJ, BEICHIXaHHE POAHUKOB M YMEHBIIIEHNE BOJHOCTH PeK.
YMeHbIIeHHE BOJAHBIX PECYPCOB Ul OPOIIEHUS BBI30BET HEYPOXKAHOCTh, YBEIWYMTCS MOKAPOONACHOCTb, Jerpajalius
MOYB M Pa3BUTHE OMYCTHIHUBAHMS, YTO OUEHb OTPHUIATENHHO MOJEHCTBYET Ha OKPYIKAIOIUIYIO0 Cpeny, Ha OIarococTosHue
HaCeJIeHHUS U Ha YKOHOMHYECKOE pa3BUTHE cTpaHbl. [lo3TOMy, y)ke He0OX0IMMO HayaTh MIPOBEACHUE MPEBEHIIUAIBHBIX pa-
60T B LeAX cOepeKeHUs U MOMOTHEHNS BOJIHBIX PECYPCOB. YKa3aH NepedeHb OCHOBHBIX MPOU3BOIUMBIX MEPOTIPHUITHI.
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00500m By d0bsMy 9bam®mBg Lemg. bs0dmob, }3500056 s MBI M.

Fglisbageo 5o

d. 9639MH0 b3 gm  LodoMmM39w ™Ml Fm0sbo  Ms0Mmbosb 0LgdL Lomoggl, (Lsdgacmgerm-bgdm
135690), CLEGMMOMs© 1Zs6gMoL Bgdm Fgwdo. bjmMgo 1369l J3sdmEol WYMdMe bsfowdo gogoobgds
d. 96aw9m0L bgmds Losz dobo LogMdg 95 30-05 (Foerosbo Loa®dgs 213 30, sBol gs@ommdo 4060392)
[ka.wikipedia], 9@0bs®OL T9bs3500900L bgmdgdo  35335L0MmboL Moz  Jaol  LsdbMmer  13gMEO™MdBYS
59bgErowo. gbgbos: BablzMs, 653Ms, WMEWMS, bogryg, sOHT0MS, OO, oW Fsws, Mbgodo s Lbg., Dmao
99mOBogds LogMHmm 3533506 F0dsMMNgdsL: FglE0s-Fows, FMEbMS, 350dFows, bmdgmgmo, Jslergmo)
053950  9b29m0L  Hgmdsl, Lbgoolbgs 0mbs3zgmgdbg, asblbgeggdmwo JmOBMEMA0MMHo FmMTs  593L
[Maruashvili 1964, Physical Geography 2000, Khazaradze 1977]. dbstolo s 9b360L d4obge®mgdol dmermsb
96316M0L bgmds dIgM0EOsbrEo J0ToMmwyegdolss s 12-15 38 s6dowbg BHO™MAME BMEOToL 0bsMRMbYdL
Legg HMFameol dzgdmo 2,5 39), 5Jgsb bgmds BO@OWM-©olsgw®o 8odsMmomemgdobss 15-16 30-bg

9OMDONo HIox0m bobosm@gds, 399y 30 L. 350l J390mm, bgmds 33103 BoMMZEIds s 5Js-04
3906006905 9B LagggbwyHgdo. 0x5sMmOL 190D WoEIWsdEY, 25 38-0b Jobdow by, bgmds
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2b0FYGHOOMWO0s. WIGHIWMID (8. IMEbmol dggmmgds) 9bamEol bgmds BoMmmMM3Ids @ sBBL bo3dom O
90353905. 5©0b08bo mbs3390mol Bsdmyswr0dgdsdo mzselishobms dggero dyobzstgdol dmbsffoergmdsg. do
MOl dg9OHmgdsdg bgmds 8930(Mmgdmeos, 9900093 30 d bsgMol dgLsMmsgsdEg 0oy BoMMZEIds. 53
9065339000056 9baHoL HgMds 0©gdL LETLOYM-EOLHZEIEH  T0ToMEgdIL, GMIgwbsg bgdm b3gsbgmol
J3500©ob bmg. bs0dsdEg 0bs®BMBGOL. Bgdm 13s6gm0 BEOEIMOs FobyMsEGmo FgoHmgdom, MHMIgEms
296L53MNOPPMmo  Lombgg 9gobodbgds d. gbawy®ol  Tobxgzgbs Tgbogzoado bgmdgddo. 9. gbyMGOL
9965350090056  gOHmM30L,  OMIGWDoQD  slsbodbsgos  FMbMOL  bgmds; 030  JoMH0MOEI®  Fobgdo
900560071 gd0bss ©d Tobdo Mgl 0YMHOL BH3089MOLs s Fobgmol IgobzaMgdol bmdol fyswo (Bsdmbowgbo).
om0 bgmdgdol Bgdm bsfowo gmoEos®o bolosmolss. mwdEs bgmdol glzgMo sdmgLgdwos GHOdOWOO,
9940635690, ©IWM3099MH0 S 3OMEY30IO0 boergdadom. s BgliGool Fobemdwo@ bgmds 30{iMMm3gds,
Lo@oE 09MHMYOL Tobrx39bs F9b653500L - AgliG ool dg. AglGosFoes Lomoggl 0MadL WIbBOMmOLY s FoEssmMOL
9940b356M900q96. Bgmdol Bgs bsfowo GHOHMYMos, J399Mm0 MsbIML FoMMM3Ids s dolo Loysbg 1,5 30-b
50f93L. 9. gbam®l, 1140 0 sdLMEMEHMG b0dsEgbHY, F5OX360B MOl bgmds gMm3z0l, HMIGEdoss
2499006935 43080, MOl s ©ddOL I4obzs09d0sb Bsdmbowgbo FYywrgdo. bgmdol Lymsz9gdo SMTSOMIE0s
ddob (4710 9) 3f396M35¢00. EMEGOL bgmds dMEMdg 3530339000 GHOMAM GnMmAsL 0bs6RY64dL, HmIwol
9sm3bgbs BIMEMODY, P0MJIoL dMEMIEY #9Y39ds 3390 dYobzsMol Jogh IGHM3gdMo  gslzMog0
Logggbwygd0. 3. b53HOL bgmds d. gbym®mL 890 3 B.. gMM30L s LvdIYMHOOLDMEO F0dsMmEgdOLSs. Bobo
M39GHILO YOO 5305 IMO bolinsmobss s Ibmerme dggmmgdol dmbs33900bY, 30H6OM s WMTS JoEs3MmEH0
2dalb BoFMowro. 8. gbam®l Fotx3gbs FbHOID, bLmg. Boodmsb JMHm3zoL Moo F9bszoo - d. Byblzms
(Log®dg 42 30-0g) [ka.wikipedia.]. dobo bgmds d390mm BsMOM3EIds, (5 298969890s FMdgMOL mgdol
begangdo). [Vladimirov, 1957, Ukleba 1967, Kikilashili 1974] 9. gbaoMol bgmdsl, bgdm bsfowwdo 30093 mMo
996535000 - 5@0dF5¢ols s bow@gFool bgmdgdo gMmzol, OH®IIdoE G0MH0MIPIE 450MmBw)dsgzgdw)E0s
099OY-3odye §9gdgddo, mMmogzg bgmdol Lsmoegg ©s39300MdME0s 8Y4obgzsMgdmsb sodo s bowrg.
305Lmb MmM0gzg Bomyobols Hgogxno HasE0sWEOHO bolinsmolss; Bgdm Bgs690m0lL J390ols doMEbgbs dbsy
(Lg9bgmol  Jgol  BMEOW®  BIOHEMBO) IBPIzMGdMwos dE. gbaGol  FotEbgbs Tgbs3ogdom o
2496Lb3539890s FoMrx3960L5y90, HMYMEOF AJMEMAO0MMHO 53900)GOOM, 15939 IMORMEMYPOMOHO 0JOLILOME,
od ©909580 9950000 JoMEH0305, bgmdgdo oMy gsbbmIowgdgdom boliosmgds.

30030 bsfjogo
MMM Bgdmom 93060860  35gM0L  FHd3gMeBcs  39sdFY3gdH MMl 059593l dobamol

39939M5&mmoL  LoEOEIDBY, MMIJEOl TgusdsdolosE 0E33Wds 98 39bsl3bgeol 360d3bgamds. dggero
9mbs(399900L Log3mAdzgw by, MMIGEoE W3wBs390E0s s FGLOWWYOMEI0S Q. 5303056 Joge boEYMRL GMI
153039 LMBIEMB F3WoEWgds bEgds, Bmymema fywol GHgd3gMsGMMol g3y 359M0L. FMOE0s bYBMbME
FO08os s 35000 396035 5OLYIO0M MMEL M5T5dMdL . gba ML 59boLsmMZoU. (Bsb. 1,2,3). [Kikilashili 1974,
Hydrometeorology Publishing 1970, 1976]. bognem 8mbs3gdgdo, Hm3gwo 4009dml 90mgbmwo Lssggb@ml dogh
M0l goIMEgduywo gbgds dbmwm 9. 9bamMol bLmy. bsodmsb dm3gdve Fywob #H9a3gMo@ ML, Mo
05MBE LB PN 50 gBHo3bg dmbs3gdgool Tgadmaggds Lo@gbB™m M9gg0dd0s. 5939 wbs 3mdzsm, BM™T
dm 39999 4655303909 bob. 4 s 5. Bshgzgbgdos fywol FHgddgm@Mol (33e0egds 2024 Ferolomgol (gotmgdmls
96H™36mwo LosgbEM). 58 Ferol Imbsgdgdo 3o 93 9BI30LMZ0L Y39esbY SHOES.
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Bob. 1. 2. 3. 3. gbgmMob fywol ©s 359Gl 39a3gHGHNHOL (33owgds Lma. bsdo, bmg. X39M0 ©s bme.
©5MBYO (3M5803IBO 53900s . Bogosls dogH)

90. 1639900-bs08o Hyeol ¢nd39GsEmes° C 2024 .
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20,0
15,0
10,0
5,0
0,0

6ob. 2. 030U Lsdrsee ol 3ga3gHo@w®s°C 3. gbamMo-bsodo 2024 §.

30L Lodwsem d. 9ba®mo-bsodo fywol
A9939MoBH M@’ C 2024 §

10

11

12

gb®oo 1. 3. gbam®o - Lemg. bsodo fywob Ggddghodm®s® C (2024 §) (8oG9dmb gBhmz6e9emo bssggbder)

2024 § 3. 9b3M0-1.b50do ffgmobl #ga3ges@n®s °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 85 125 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 5.9 1.7

4 25 3.3 45 6.1 8.6 145 17.1 16.3 18.9 10.9 52 15

5 2.6 25 49 5.7 8.1 14.4 17.9 18.5 17.8 11.0 22 1.8

6 2.4 22 5.1 6.2 7.7 15.7 17.8 18.5 15.3 11.7 27 2.4

7 25 24 4.6 55 7.5 16.2 16.9 18.5 14.8 125 3.2 1.7

8 2.5 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 43 6.5 9.2 13.9 16.6 18.1 16.2 10.7 5.3 2.3

11 2.4 4.0 4.4 6.3 9.5 145 18.8 16.3 17.2 12.0 3.7 3.1

12 2.3 44 33 7.8 9.1 15.0 20.2 16.6 18.1 12.1 43 4.1

13 24 45 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 55 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 24 49 5.7 7.4 6.9 15.5 18.5 17.1 14.8 8.0 2.9 0.5

19 24 4.8 6.0 9.5 7.4 17.0 16.0 17.2 14.4 8.6 59 1.6

20 23 42 4.7 9.4 8.9 16.5 16.3 18.6 13.4 75 5.6 1.1

2] 2.6 3.9 5.7 85 9.0 15.6 17.2 19.3 14.3 6.0 6.6 1.1

22 2.7 4.2 52 9.0 8.9 15.6 18.1 19.4 14.6 59 53 1.8

23 2.6 44 49 8.2 11.2 16.4 17.3 20.6 15.5 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 59 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 3.5 3.9

26 29 3.1 3.5 9.5 10.1 15.1 16.7 17.3 14.8 7.0 0.8 3.0

27 29 2.7 43 10.4 12.0 13.4 14.8 18.0 13.1 6.3 0.6 2.6

28 3.1 2.6 49 10.6 12.9 14.3 14.8 16.5 12.9 4.7 1.6 49

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
030b bsBegsqon| 2.6 3.9 4.9 7.6 9.3 15.1 17.1 17.4 15.1 9.2 3.9 25
0030l Mogbo| 3.7 6.8 8.2 13.2 15.6 20.6 23.2 23.2 21.0 15.2 8.6 6.4
030l wdgotgbe 0.6 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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9065399900056 035bsmog BsbL, HMA 35960L 3H9a39MoEHMMYOOL MBomwgl oM G0wgdL dggbodsdgds
9ol 399396oEH1Mol Joduodwydgdo s 30M0dom - 35960l FH9a3gMsdEwmol MIzocmgl 360d369wmdgdL - Fywrol
39939M5GHmeOolb  dobodsgrm@o  360d36gmdgdo. gl sIM30EYdIMEgds  gobgobowmgm  mommgwo
LoAMOOLIMNZOL Foe-3ow3g 9390 dMbs3gdgdol Logmdzwgby.

9900n9%0

bmgg. bs0dmsb 056300l s ©H3990GMHOL Mz9do 935d3L 3596M0OL LJstymaomo 860d36gwwmds s 58539
39600m©do 335436 Yol dobodser o 3Hgddgmo@Mss, 030 2°-Bg sds Bsdmobl. 35900l G9a3gMadweol
35gbodwdo 930943b 03wolol mzgdo (17°-Bg dsms sob 3gMHEbwolfyswo) 3539 3gMomEado 335d3L Fyarol
A993965¢ ol doguodxdog (10°C). bgdBHgddMmOEE 0fygds, GmymMa 35900l g3y Pywol H9I3gMoGHMHOL
51935 s 09393060l ™3980 hsdmol ob0dmdsdoy.

35960l $93396M5@MMoL MHYg30L 583wwoE©s Lema. bs0dmsb 21-0l GHmwos, bowm fywmol 8-ob. s939
390d@gds 5006036mb, MM fyaol FHgadgmod s, 35900 GH9a3gModwIMbmsb dgsmgdom-ymagumagol bs3wmgd
9493500Mdsl 256033000U.

653 999b9d5 359Mm0L5 s FYwob GgddgModOOL MOHMDOYHM EITM3I0YINIEGdL LrMa. X¥35(10056 s bmgs.
ORI b 03039 000Jdol, B3 Bgdmm 530b08bgm; dbmmm 08 oblibzsggdom, HMA s BsdNGMOL 3gHomodo
065 235930 35960L MoMymBoMo 39d39MHoGMId0 s L. bs0dmsb Ggadmgdom fywol @gddgModmmgdog 50
396000moLmMZOL B50e0s. XZ5OMH 4°-Bg 89BH09, bergwm o™ gedo 6%-Ll wobemgzgds. G9d3gMad Mol Hygzol
5030G MO X39MOMb 359M0L5MZOL BHMEos 21-0b, bmwm {gwol 7-o0s.

b, IMBYESb 38396mE1IMHgdoL MYgzolb 330 s dgbsdsdolis 359M0obs s fywobmagol Gmeos
18 11-0b. L3039 goblobogrzgw LoEyMOBY JMNLS s 03539 39MH0MEAO A35J3L:

239Bog8bol sMdMIOL 39M10M©O, HMIgmog FoE0Eb 0fygds;

Box3bol 0o 3§gddgMod ol 39M0mo g8mbggzs 03eoll-5330BEML M3990L;

399ma ™ol 5303900l 39M0mEo 0fjggds Lgd@gddmol m30sb;

5 BodNMOL IO 3HJI3GMEWIHOL 39MH0MPO JomNbzg3s 05635M-MgdIMZEOL M3gL.

359M0Ls s Fyaol 3H9a39mo@Mgdl 396Mao© sbolbosmgdl sdm30YdXYEgdol 990ga0 3Msx83030,
MmIgeoi doowgds 35906, 09 3mmMEobsGms LoLEBHIIOL s8330LIBY FoogHBMTogm 359M0L BHYB3gMHoEIMYOL,
bowm mOHEobs@ebg fywol $Hga3gmo@Mgdl s 9500 dgLodsdolbs 9300gdm FgHGH0wgdl, 85806 obobo
§oaM39wgdMmo BmOHIom Fobeoggd0sh 3mmMmEobs@oms LolEgdol dodsmom. 50 FaMEGowgdby 99a30dw0s
239393mm §MHxg, HmIgwog 0 HaMEGH0wgdol bodmsem 3609369wmdgdbY 25030l s MoMsE JMmboo 0469ds
©BOHOWO SBEOLMS WgMHIOL FodsOm. gb FOHRY 335dagzl 9HM-gMMOL 3Hgd3dgms@mevyee 36033b9wMdsl, [1,2]
MHMEgLSE 30EG0M FJMEY. 25O 580LS 59 HOROL 2sbEHMEGdSL 3L Loby:

tg=ats+b

Los3 a s b 89930 356M009BHM9d0s: a 00 3Mmbol Fobgaqlos, MHMIgelsg ImEgdmwo HOHRg sybL
2x3(30LMO WIOH6, beagrm b ol 3603369 ™dss IMb339070Ls, Mg 53 HH B0 B3MO 339090 3MMHEOBsE M
©O3d%by. OGmEs 30300 35900l FHY3gMeB M, 9sdob  bgdmo  blLgbgdwo  gmGIMom  dgy30d¢0s
3990300695Mm03mm {gwol #H9a39Me@EwIms s 9935sMmMm 0go gobmdowl. [Hydrometeorology Publishing1970,
1976. G. Pipia, S. Gorgijanidze 2025]

90006569 9b637HoL 3ga3gMaGHTMOL (335¢2905MDS > MZ0LYPPMMYVS L0306 glatmszols3gh

od by 930b08bmm: Fobs®Ol FHgddgho@d«ts Loa®mdol Fobgz0m (33509090, MHIEE 9339006
2493¢09bsL 5bgbl LoBMOOMMdOL fystm, 89653500900, obIsRBHO s 9.8. gl 339¢JdSEMBSE3 F9a300¢0s
3obgobommm 8. 9bymEol  BH9d3gMeBIMOL (335095 MBdOL  BogowomBby  bmg. bsodmsb  dobstol
F9LoM™35900g. 580LsMZ0L sGEOLMS MWIMHIDY 39Z3BMTsz0 FobdoEGdL TGLoMIM930050 LM, IMBRYEsd©Y,
X39050009 s bs0dsdy. 9ol 9909y 3MMOObsGMs WaMdby - #HYI3gMoGIOHJOL. Msdgbodg mzoLsmzgol
(390dme I, IV, VI, VIII, IX, XI 039900bsm30l) 3009000 ¢9d3965¢w)6hgool 9603369¢mdgol dglsdsdolo
LegEoLomM3z0L s 3bZsdm M530390BYg Tgbodedol HgMEH0wgdL. 53 FgMGHOWwgdOl F99Mmgd0m B0300JOM FHgbowls
bobl.  3Hgd3gmo@meol  ToBgds dglbommagolsggh  3obmbbmBoghgdols Fo@dmaygbl 3 dobstggdobsmazob.
30553039 boBgd0 gHMTobgmL 5O 96 33900L s Harol yzgums EOMOLEmZolL dmgdggdl gl 3sbmbBbmTogMgds
- fyaols 3gd3geo@ ol Ao gds gls®msgobslgb. [Vladimirov, 1957, Ukleba 1967, Kikilashili 1974].
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33369

90bsMm0L MgMIMwo Mgg0dolb 3mMIoMIdsl s Jobo MYMHIMEo G710l 3mEbsL dogr0sb oo
36003369 mds 9d3L, Mg Bgdmo s®LYdIMo Fmbs3gdgool Logmdgwby gobgobowgm. sGLIBOdBsg0s, BMI 0d
3900mbgz93580, HMEILE IEAJBOE0s 585 My 00 igerob mgMIMewo MHgg0do, J5d0b ymgzgwmzol 30g0m Fobolifom
50 fyaol  wdsmagbo  Lod3zzm030L  dEaMTsMgmds; 3ogom dobo 10°C  39d3gMsGvIMol  ©oEEMdoL s
bsba®dwogmdol 3gMom©o - 3gd3gmo@ems, GMIWoL bBgdmmsg 339Jd3b Logmabaol s 393939300Lsm30L
bgedgdfymdo 300Hmdgo0; gl 439bToMmads MMaMOE d9690M030 Lobgmdgdol AsBMETo, Ug3g LolmBE ™
©oLObEggddo LodgmEBgm Loddosbmdol 39339300l MBGM 9839dGH06 FoMTsMmmzsdo. oMo sdols 3030M
RTINS, OG0l LEFMOEGOOMs3 89330305 FYol $gd3gMo@MMms 35303Mmm dsd0b, MmEabsa 3030m 359M0L
39939M5GH 6. 59 35651369 3gMom©do iywol myMHIMw Hggodl Jood30glb OO YMHOELYDS, MroYdbs3
5303650900 obool srgd3s s dobo 3oMHEBOL LoBdoMy s3M30EIdEos bmfiMgw Lodwsbdgby. gu
356503690 30 306306 3538060 0dgMmGds 3HJ83gMoEMLmMB. 3G Fywol mgMdMwo Gggodol
3065l oo 8603369 mds 5J3L.
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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.
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YJK: 551.556.5
Ocobernnoctu GOpMUPOBAHKS TEPMUIECKOTO pexxumMa pex Ha npumepe pexku Durypu. C. l'oprumpkanuyze, I'. [Tumus,
. Dxurvapanse, T. Yuragze, H. Ko6axuzge, I'. I'puromnus, I'. Tavewmnaggze./Co. Tpymos UTM I'TY. - 2025. — tom 136.
- ¢.29-36. - I'pys.; Pes: I'pys., Auri., Pyc.

dopMupoBaHUe TEPMUYIECKOTO PEXXHUMA PEKU U 3HAHIE €T0 TEPMUYECKOTO PEXXUMA UMeIOT O60JIBIIOe 3HAYEHIE.
B crayuae ycraHOBIEHWS TEPMHYECKOTO PEXXHMa KOHKDETHOTO BOJZOEMa MBI BCETZa 3apaHee 3HAEM COCTOSHUE
MaKCHUMaJbHOM IIJIOTHOCTH STOMH BOZbI; MBI 3HA€M II€PHOM M ITPOAOJ/IKUTEIPHOCTh TEMIIEPATYPhI IOOC — TE€MIIEpaTyP#5I,
BBIIIIE KOTOPOfI CymeCTBYIOT YC/IIOBHI, 6JIaI'OHpI/I${THLIe AJIA JKU3HU 1 PaCTUTEJIPHOCTH; KPOME TOT'O, MBI 3HAE€M (i)OpMyJIy,
II0 KOTOpOﬁ MOJXHO IIOHATH TEMIIEPATYPY BOABI, 3HAA TEMIIEPATYPY BO34yXad. B HOCJIE,I[HHIZ nmepuon, 60]15]].[06 BHHMMAHNE
yAeasaeTcsa TEpMHUIECKOMY PEXHMY BOZBI, IIOCKOJIBKY OCAKIE€HME BBINIABIIETO MAdT€PHad U CKOPOCTh €r0 BBINIAAEHNA
3aBHUCST OT BA3KOCTH, a TOC/I€QHSL HAPSIMYIO CBsI3aHa C TeMnepaTypoii. [loaToMy 3HaHIe TEPMUYECKOTO PEXXUMA BOBI
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

90006569 0mMol 599Bol FsMMNZ0L LEHMGHIF0MIo ©3IAIZL Bs30mbOLSMZOL/gEsdzowon, ®., GHMs35009, 3.,
B0R0Y, 9., X0bFoM53dg, 3., BoGdYg, 0., 3mdsb0dY, 6. /LEHY-0b 300-0b IOMTsms 30gd90-2026.-?).139.-33.37-42. -
Jo0m., 9. Joo., 0ba., HU.

9ol HglmGLYdOL 0bEHIRMoMdMwo JoMmzgol 3MG0bE03gdol 89dmdszgds 1896 (erowsb ofygds o
1503999390 053mb0s30 hogyo®s. igowro Mo TBMWME (3939 MB0YIBHO, 90599 d969dH030 FoMBmML bbgs
300369637056 MMm0gMm3s3d0MTo s LdgMMbgm Loddosbmdol Lbgsslbgs s139JEHgoMb gHPMdOMdOm
3obobomgds. fywol Mglvydlgdol FoMm30L bodmemmm MM b@o 93tm3sdo 2000 fawl Jowgdmwo bstbm-
©0M9JBHogz0s (Lbgs dgbsdsdol ©oMm9dBH03gdmMb gPms), OHMAglbsg Lododmzggem 2016 Farosb oMol
09O MO0, MHomog LobgEdfoxzmd 35EEYdMEGds 500M IBYHYML dsl8o domomgdywo M93mdgbosogdo
©5 3006303900, o3 396530MHMBJOL  (39¢039I0 SN BOL  FoMgBMLs s LbmEoswmo LRIOML IEYMS©
096550L93MdL JMdGE3500056 390000, 5353MMYYWs® FYwol, MmO E 0BIdM030 MHLMLOL sE30LS S
99656Bbgd0ol  3Mombom. dobsMgms  smBYool  FoMrm3ol  sbowo  FJoymdss  LEHMOGHIROMWo  FsGMNZ0L
360b6303900L 89999853905, MoboE 535 0¥ 08 3EObIMOL sBol Tg3b0gH I ILLdMMJIMO 33¢35 ¥YEOIIL
boggd3zo. BsdMmMIdo sLobEos dEobotyg 0m®ol smBol FoboloMo Tm3zzgwgzol sboeroBo, 3wods@ol

05659900039  (33W0mgoom  godmfizgMmo  Jgloderm  3GMOMIEId0 s bLGHMIGHIFOMWo  FoOMZ0L
05393950900Lm30L byFoMmM 33930l FgmMEIdO.

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

YIK: 551.556.5

Ilo Bompocy cTpaTerm4eckoro INIAHUPOBaHUS ynpaBiaeHus 6acceiinom pexu Mopu/T'ynamsunu, 3., Tpamanmze, B.,
Munws, T., xurgapanze, I., Ynramze, T., Kobaxumze, H./C6. TpynoB UTM I'TV. - 2026. — tom 139. - ¢.37-42. - I'py3.;
Pes: I'pys., Anru., Pyc.

Pa3paboTka NpUHIMIIOB KOMIUIEKCHOTO yIPaBJIEHUs BOJAHBIMH pecypcaMu Hadanach B 1896 roay u 3apoaunach B
Snonun. Boma paccMaTpuBaeTcs He TOJIBKO KaK OTAEIBHBIN 00BEKT, HO M BO B3aMMOJACHCTBHUHM C JPYTUMH KOMIIOHEHTaMHU
MIPUPOAHOM CPEeIBl, a TAKXKE B CBA3H C PA3IMYHBIMU aCTIEKTaMHU SKOHOMHUYECKON 1eATeNbHOCTH. ITOTOBBIM TOKYMEHTOM IO
YIOPaBIEHUIO BOAHBIMH pECypcaMu SBJSIETCS paMOYHas AMPEKTHBa, npuHATas B EBpore B 2000 rogy (Hapsay ¢ IpyruMHU
COOTBETCTBYIOLTUMH TUPEKTUBAMHU), yYaCTHUKOM KoTopoi I'py3us aensercs ¢ 2016 roga, Tem caMbIM 00sI3bIBas Tocyaap-
CTBO BBINOJIHATH COJIEprKaIMecs B HeW peKOMEHIANH U IPUHIIUIIBL, ONPE/IEISIONINe yCTORINBOE COCYIIECTBOBAHHUE OKPY-
JKAIOLIEeH Cpesibl U COIMAIBbHON chepbl KOHKPETHOTO OacceifHa B OITOCPOYHON NEPCIIEKTHBE, OJHOBPEMEHHO 3allHIas 1
COXpaHsisl BOAY KaK IIPUPOIHBIA pecypc. HoBBII OaX0/ K yIpaBiIeHNIO peUyHBIMH OacceifHaMu 3aKIIlouaeTcsi B pa3paboTke
NPUHIUIIOB CTPATErMYECKOTO YIIPABJICHHs, OCHOBAHHBIX Ha HAYYHO 0OOCHOBAHHBIX MCCJIEOBAaHMAX KOHKPETHOTO PEYHOTO
GacceliHa. B crarbe npesicTaBieH aHaIM3 MPEIBAPUTEIHLHOTO HUCCIenoBaHus OacceliHa pexu MopH, BO3MOXKHBIX IIPOOIIeM,
BBI3BAHHBIX COBPEMEHHBIM M3MEHEHNEM KIIMMaTa, 1 METO/I0B MCCIICAOBAHMUS, HEOOXOANMBIX JUISl CTPATETHUECKOTO IIaHH-
POBaHUS yIpPaBICHUS.
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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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»P0JIb BOIHO-00JI0THBIX Yro/iMii H 60JIOT B YCJIOBHSX IJ1002JIbHOTO MOTEMUIEHUSI U BaKHOCTh HX BOCCTAHOBJIEHUS“/
Mpusanu Coduo/ Co. Tpynos UTM I'TY. - 2026. — rom 139.43-46.

Bosora n BotHO-00JI0THBIE YTOJIbsI IPEJICTABIAIOT COOOH YHUKAIBHBIE SKOCHCTEMBI Ha MTOBEPXHOCTH 3emun. Mx
4acTO HAa3bIBAIOT «IIOYKAMH IUIAHETHD, IOTOMY 4TO, IOMUMO €CTECTBEHHOW (PUIBTPAIIMK BOJBI, OHH UTPAIOT BaXKHYIO POJIb
B peryiupoBaHuy Knumara. TopdsHbie 00710Ta XpaHAT BABOE OOJBIIE yIiIepoia, YeM BCe Jieca MUpa BMECTE B3STHIE, UTO
JieTlaeT UX KpalHe BaKHBIMH ULl CMSTYCHUS MOCJIEICTBUH IN00aipHOrO noTeruieHus. B I'py3un HaxoauTcs MHOXXECTBO
YHHUKAITbHBIX BOAHO-OOJIOTHBIX YTOIHMH, HEKOTOPHIE M3 KOTOPHIX HAXOIATCS IO 3allIUTOW MEeXIyHapomaHO# Pamcapckoit
KoHBeHIMH. Haumnas ¢ Hagama XX Beka, B ['py3ud 1 BO BceM MHUpE MPAKTUKYETCS OCYIICHHE OOJOT M 3a00JT0YEHHBIX
TEPPUTOPUIL, UTO CITYKHUT LETH PACIIUPEHHS CETCKOXO03SHCTBEHHBIX YTOANH, NCTIOIb30BAHNS BBICOKOIIIOAOPOJHBIX TT0YB
wnn ypOaHmsanun tepputopud. OgHAaKo K KOHIy XX BeKa BOJHO-OOJOTHBIE yTonbs, 3a00JIOYCHHBIC TEPPUTOPHH U
MOJIMTHKA WX BOCCTAHOBJICHHS MPHOOpenH Bce Oonbllee 3HAUYCHHWE B NMPEJOTBPAIICHHWH TI00aIbHOrO MOTEIuleHus. B
IpenpIayIeil craTbe 00CYyXKIanach BaKHOCTh BOCCTAHOBIICHHS M COXPAHEHUS BOJHO-OOJOTHBIX yroamil m GonoT muis
I'py3un n Bcero mupa.
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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 Sh., 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

Ouenka Bo3nelicTBUS AfacTyMaHUWiicKoll 00Bbe3IHOHl JOporMm Ha MHKPOKJIMMAT OKpYyXKawileii cpensl/
Smu36apamBwim J., dauzdapamswim M., Inacamunze L., dauzoapamsumm Il., Cyaxammmeuau H./C6. Tpynos
UM TTY. - 2026. — tom 139. - ¢.47-51. - ['py3.; Pe3: I'py3., Auri., Pyc.

HccnenoBanne MOCBSIIEHO MHKPOKIMMATHYECKUM HW3MEHEHHSM OKpYXaloIIed Cpeabl B pe3ysbTare
CTPOUTENbCTBa 00Be3aHON noporn B Abactymanu. [Ipoekr Obln peann3oBaH Ha ydactke noporu Kyraucu-barnaru-
Abactymanu-beHapa u Bkito4an BeIpyOKy ONpe/elIeHHOTo y4acTka jeca. Jlec cozpaeT cnennpuyeckuii MUKpOKJINMAT: OH
CHIKAET MPSMOE COTHEYHOE H3ITyUeHHUE, TEMIIEPATypy, CKOPOCTh BETPA M UCTIAPEHHE, & TAKIKE MOBBIIIAET OTHOCUTEIBHYIO
BJIa)KHOCTh BO3/yXa. BeIpyOKa Jieca MPUBOAMT K YAaCTHYHOMY HapyUIEHHIO 3Toro Ganmarca. Ha ocHOBe M0JTrOCpOYHBIX
(19612010 rr.) METEOPOIOrHYECKUX JTAHHBIX U MOJIEIBHBIX OL[CHOK OBLIO YCTAHOBJIEHO, YTO: CPETHEr0I0BAsl TEMIIEPATYPa
BO3JlyXa HAa PACUMIIEHHOW TEPPUTOPUH MOBBICUTCS MpuMepHO Ha 1°C; Hanbolsiee 3HAYUTENBLHOE TTOBBIIICHUE 0XKUIAACTCS
nerom (1,7-1,8°C), Torna kak 3umoi usmeHenune HesnauuteasHo (0,5-0,7°C); oTHOCHTEIbHAS BIIAXKHOCTD MOKET CHU3HTHCS
Ha HECKOJIbKO MPOLIEHTOB, TJIaBHBIM 00pa30M JIETOM; CKOPOCTh BETPa HE3HAYUTENIHHO YBEIUYUTCS; TOJI0BOE KOJIMYECTBO
0Ca/IKOB OCT@HETCs B MpeJesiax KIMMaTHUeCKOH HOPMbI; ac(haibTOBOE TIOKPBITHE JIOPOTH JAOTOIHUTENBHO YCHIUT 3P deKT
HarpeBa MOBEpXHOCTH JieToM. OIeHKa MMOKa3bIBAET, YTO OXKHAeMble M3MEHEHUs He BBIXOJST 32 MpEeesibl eCTECTBEHHBIX
JIOJITOCPOYHBIX KIMMAaTHYECKUX KoJe0aHuii (B mpejenax KpuTepust 3-CUrMa) U HOCST JIOKAIbHBII XapakTep. MUKpOKInMar,
XapaKTepHBIN 171 jieca, OyJeT MoJIePKUBAThCS B HECKOJIBKUX METpax OT Joporu. I1o 3akiroueHunIo, NPOeKT HE BBI3OBET
3HAYUTEJIbHBIX KIMMAaTHYECKUX U3MEHEHNH, a ero Bo3eicTBrE OyAET OrpaHHYCHHBIM U JIOKAJIM30BaHHBIM.
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CoBpemMeHHbIE TeHeHIIHH H3MEeHEH sl IKCTPEMAILHBIX TemnepaTyp B Camuxe-/laBaxeru
DuusbapamBuian uzbap , dnuzbapamsuian Mapus™, luacamuaze Huuuno”, DausdapamBuim
Ilansa”, Yeaunze Hana”

eelizbar@hotmail.com

"Hucruryt I'mppomereoposoruu I'pysunckoro Texuuueckoro YHuBepcuTeTa
“Téunucckuit 'ocymapcrBennsiit YausepcureT uM. V. Jxapaxumsuiu

Pe3rome. B craTbe paccMOTpEHBI COBPEMEHHbIE TCHACHIIMN H3MEHEHUSI SKCTPEMANIBHBIX TEMIEpaTyp B pernone Camixe—
Jl>xaBaxeTH B yCIOBHSX HHTEHCHBHOTO III00ATLHOTO MOTEIIIEHNS. VccienoBanue BEIOIHEHO HA OCHOBE JAHHBIX TPEX
METEOPOJIOTHIECKUX CTaHIMi — Axankamaku (1717 m), Axammuxe (962 m) u Bopxxomu (789 m) — 3a mepuox 1961-2020
rT. Vcrionp30BaHbl KIIMMATHIECKIE HHIEKCH AKCTPEMaIbHBIX TeMIIeparyp, pekomenaoBanasie BMO n MI'OUK (Txx, Tnn,
Txn, Tnx, Tx90p, Tn10p). CratucTuyeckas 3HAYMMOCTb TPEHIOB OI[CHUBATACH MO P-KPUTEPHIO (YPOBEHb 3HAUUMOCTH
0,05). YcTaHOBIICHO, YTO U3MEHEHHS CyTOYHBIX MAKCHMYMOB TeMIepatypsl (TXX) HOCST pa3HOHAMPABICHHBIH XapaKkTep: B
Axanuuxe 1 Bop:KOMHU OTMEUEeH NOJNOKUTENBHBIN TPEeH/I, B AXalKalaki — OTPHLATENbHBIN, OJJHAKO BO BCEX CIIydasx
M3MEHEHHSI CTATUCTHYECKN HE3HAUYMMBL. AHAJIOTHYHAsI KapTHHA HAOIr0aeTcst Juisi aOCOMIOTHRIX MUHUMYMOB TEMITEPaTY bl
(Tnn), mpu 3TOM B AXanimxe BbISIBICH CTaTHCTHYECKH 3HaunMbIii poct (0,7 °C 3a necsatunerue). bosnee BbIpaxeHHBIC
W3MEHEHHS XapaKTEepHbI I HHAEKca TNX (MakCUMyM aOCOIIOTHBIX MHHUMYMOB TEMIIEPaTypbl): B Axanuuxe u bopsxomu
3auKcHpoBaH cTatiucTHdecky 3HauMMBIH pocT (0,4 n 0,3 °C 3a necsaTuIeTHE COOTBETCTBEHHO), YTO CBHAECTEIBCTBYET O
CMSITYCHHUH XOJOAHBIX IKCTPEMYMOB. B Axankanakyu M3MEHEHUS HOCAT OTPHULATENbHBIN, HO CTATHCTHYECKN HE3HAYMMBbIN
XapakxTep. AHaJIU3 MPOIEHTHIBHBIX HHIICKCOB ITOKa3aJl CHIDKEHHE YHCIIa JHEH C SKCTPEMaIbHO BBICOKUMHE TEMIIEpaTypaMu
(Tx90p) B Axankaiaky (CTaTUCTHYECKH 3HAYMMO), TOr/Ia Kak B Axanuuxe U bop)xoMu H3MeHEHHs HeCyIeCTBEHHBI. B T0
K€ BPeMs N3MEHEHHSI XOJIOJHBIX 3KcTpeMyMoB (TNn10p) nmeroT pasHOHAIPABICHHBIH XapakTep: B AXalKalakd OTMEUYEH
POCT YHCIIa TAaKUX JTHEH, a B AXajuuxe 1 bopkoMu — UX yMEHbILIEHHE; TOCIeHUE H3MEHEHUSI CTaTHCTHYECKH 3HAYMMBL.
KinroueBsle ciioBa: 3KCTpeMalbHbIE TEMIIEPATYPHl, TPEH, CTATUCTHUYECKas 3HAYUMOCTb

Beenenue. [IpoBejieHHbIE 3a TOCIEIHUE OBl UCCIEIOBAHNS HEKOTOPBIX KIMMAaTHUECKUX UHIAeKCOB ['pysuu [1-7 u ap.],
PEKOMEH/IOBAHHBIX 3KCIIEPTHOM I'pyNIIOd MOHUTOPUHIA U UHAECKCOB MEXrocylapCTBEHHOH KOMHCCUM 3KCIIEPTOB IO
m3meHeHnto knumara (MI'OUK) Bcemupnoit Merteoponorudeckoit Opranmzaimumun(BMO) 11t OIEHKH pernOHaIbHBIX
KITMMaTHYECKUX U3MEHEHUH B YCIOBHSX TJI00aNbHOTO MoTersieHusI[8,9], pacmpuiy HalIM MpeICTaBIeHHs O KIUMare U
W3MEHEHNHU KJInMaTa ['py3un B yCNOBHSX IJ100aJbHOTO NMOTEIUIEHHS. B yacTHOCTH, OBIJIO YCTaHOBIEHO, YTO Hambolee
YYBCTBUTCIHHBIMI HHINKATOPAMHA W3MEHEHHS KJIMMaTa SBIBIIOTCS OJKCTPEMAajbHBIC TEMIEPaTyphl, JKapKue IHH,
TPONIYECKUE HOYU W MOPO3HEIE JTHU.

B [1] uccrenoBaHbl exeroqHble H3MEHEHHS WHICKCOB IKCTPEMANbHBIX KIMMAaTHYECKUX SBICHUHN B I'py3un 3a
nepuon 1971-2010 rr ¢ ucnojb30BaHUEM T'OMOIE€HU3UPOBAHHBIX PSAOB CYTOUYHBIX MHHHMMAJIbHBIX M MaKCHUMAaJbHBIX
Temrepatyp u ocankoB. B [2,3] mo marepuanam Habmoaenuii 50 Mmereoponorunueckux craniumii 3a neproja 1936-2013 ropt
WCCIICIOBaHbI THHAMUKA YHCIIA XKAPKUX THEH, NX TOBTOPIEMOCTh, MHTEHCHBHOCTD, ¥ MIPOJODKUTEIIFHOCTD HA TEPPUTOPHU
I'py3un, ompenencHbl MEPHOABI HACTYIUICHHS JKapKUX JHEH B TCUSCHHH TOJAa W WX MaKCHMAlbHAs HHTCHCHBHOCTH B
Pa3IHYHBIX PU3UKO-TeOTrpapUIECKUX YCIOBHAX, BHIIIOJHEHO PAHOHUPOBAHUE TEPPUTOPHHU [ py3UH IO CKOPOCTH U3MEHECHHUS
yuca xKapkux aHeil. B [4] mo marepuanam HaOmronenuit 30 Mereoposioruueckux craHuuii ['pysun 3a nepuon 1936-2013
TOABl HCCIENOBAaHBI Treorpadus, CTaTHCTHYECKas CTPYKTypa, WHTCHCHUBHOCTB, IPOAOIDKUTEIBHOCTh W JAWHAMHKA
TPONHMYECKUX HOYEH, MOCTpOeHa TeomH(OpMAIMOHHAs KapTa YHcia TPONMYECKHMX HodeH 3a 0a3oBeni mepmoxn BMO,
OTIpeNeNeHbl TEPHOJ HACTYIUIGHHS W TOBTOPSEMOCTH UX PAa3NWYHBIX TIpafanuii, YCTaHOBJIEHBl 3aKOHOMEPHOCTH
MHOToJIeTHeT0 n3MeHeHus. B [5] mo marepuanam HaOmopeHuid 25 MeTeoposornyeckux craHiuii 3a nepuon 1936-2013
TOJBI MCCIIEIOBaHA CTAaTHCTHUYECKas CTPYKTypa MOPO30B M MOPO3HBIX JHEH B TOpHBIX paifoHax ['pys3mm, ompeneneHs!
HEeNpepbIBHASL MPOJOJIKUTEIBHOCT MOPO30B, MEPHOJ] HACTYIUIEHUS M TMOBTOPSEMOCTH PA3JIMYHBIX TIpajaluil yucia
MOpPO3HBIX JAHEH, yCTAaHOBIEHBI 3aKOHOMEPHOCTH MX MHOTOJIETHETO U3MEHEHUSI.

B mHacrosame# craTbe HCCIENOBaHBl COBPEMEHHBIE TEHACHLIUH H3MEHEHUS JKCTPEMAIbHBIX TEMIEepaTryp B
Camirxe- /[)kaBaxeTu B YCIIOBHUSIX HHTEHCHBHOTO TNI00ATBHOTO MOTEIUICHHUS.

Martepuaabl 1 MeTOABI. B HcciieioBaHNH UCTIONBE30BaHbl MaTEPHATBI HAOMIOACHUN TPEX METEOPOJIOTHUYCCKIX CTAHITHIA-
Axankanaku (1717m H.y.M), Axammuxe (962M H.y.M), © bopxxomu (789m H.y.Mm) 3a mepuon 1961-2020 roxpl. Knmmmar
pEerHoHa: yMEpEHHO KOHTHHEHTAIbHBIN, CPABHUTEIHHO CYXOH, C XOJIOMHOM 3uMoii. JlaHamadThl: BEICOKHE TUIATO, TOPHBIE
JyTa, CTeMHBIE YIaCTKHU, BYJIKAaHHIECKHE (POPMBI, CpeTHETOPHBIE XPEOTHI, TYCTHIE Jieca, IepPeBaIbl.

PaccMoTpeHBI cnieyroniue KIMMaTHIeCKUEe HHIEKCHI SKCTpEMabHBIX TeMIepatyp (cM.Tadim. 1)
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Taéuuna 1. UHaeKchl 3KCTPeMaJbHBIX TeMIepaTyp

Hrpexce Hazpanue Onpenenenue Exunuma
Txx CYTOUHBIH MAKCHMYM CYTOUHBIH MAKCHMYM TEMIIEPATYpE! 32 0c
TEMIEPATYPEL TIEPHOZ HCCIEAOMAHHA
Tmn CYTOUHBIEH MHHHMYM CYTOUHBIH MHHHMYM TEMIIEDATypH 32 o
TEMIEPATYPEL TIEPHOJ HCCIEA0MAHHA
Txn MHHHMYM a0C0TIOTHEIX MHHHMYM 3 a0COMOTHBIX MakemymoB | 0 C
MAKCHMYMOB TEMIIEPATypHI TEMIEPATYPEL
Tnx MaKCHMYM ADCOMHOTHEIX MAKCHMYM 13 a0cOMOTHBX MurmMyMoB | U C
MHHHMYMOB TEMIEPATyphI TEMIEPATYPEL
Tx%0p 00%-aMmpONEHTHIE MaKCHMYMOB UHCTO JHEH, KOrJa MakcaMaTbHad YHCII0 JHEH 33 T0
TEMIEPATYPEL TEMIEPATYPa BO3IYXA MPEBBIMACT
noporosoe 3Hauenne, 90%-y10
TIPOLICHTHTs MAKCHMYMOB TEMIIEPATypbl
TnlOp 10%-aAnpoLIeHTHTE MHHHMYMOB 9HCIO THEH,KOI7Ia MHHHMATEHAT TEMNEPAT] IHET0 JHEH 33 roJ
TEMIEPATYPEL BO3YXA HIKE NIOPOTOBOr0 SHAYCHHA,
10%-Horo mponeHTHIA MHHHMYMOB
TEMIEPATYPEL

TpeHn MHOTOJIETHETO M3MEHEHHUS KIMMAaTHYeCKUX WHAEKCOB OIEHMBAJICS C IOMOIIBIO P —BEPOSITHOCTH OIIHOKU MEPBOTO
polla mpu OTKJIOHEHHH HyJEBOH THIOTE3bl (YPOBEHb 3HAYMMOCTH). B KadecTBe HyNneBOW TMIOTE3B! OBIIO MPHUHATO, YTO
MHOTOJICTHEE M3MEHEHHE WHIEKCOB HKCTPEMAllbHBIX Temreparyp (TpeHm) 3a mepuon 1961-2020 rr. mMeeT ciaydailHBINA
xapaktep. COOTBETCTBEHHO abTEepHATUBHAS TMIIOTE3a, MCKIIOYaroNasi HyJIeBYIO, O3Ha4aja HCTHHHOCTh M3MEHEHUS ATHX
XapaKTEepPUCTHK BO BpPEMEHH (3HauMMOCTh TpeHnaa). Ecnu 3Hadenue p mano (Menee wim pasHo 0.05) HyneBas rumoresa
OTBEprajiach U TpeH A cuuTayica 3HayuMbM [ 10].

OO6cyxieHne pe3ynbTaToB.

O TeHJeHIUSIX MHOTOJIETHETO N3MEHEHHS HEKOTOPBIX TEMIIEPAaTYPHBIX MHAEKCOB MOXHO CYJHThH 110 rpadukam (cM puc.l).

45
[} y=0.0018x+ 34.803
40 - R? =0.0003
y=0.0175x+ 1.6347
35 1 . ®  R2=0.0286
30 r ¢ v==0.0255x + 84.074
R?2=0.0464
25
20 .
TXX ® Seriesl
15 W Series2
10 Series3
5
0 T L L L L L L 1
1950 1960 1970 1980 1990 2000 2010 2020 2030

53



AL 30RGMBIBIMAHCIR MO0 O6LAOBIBOL 1S3ICH0IGH() AIBIA0MIBSRD FA(MFSDS 3@HIBIRO, &.139, 2026
SCIENTIFIC REVIEWED PROCEEDINGS OF THE INSTITUTE OF HYDROMETEOROLOGY OF THE GTU, V.139, 2026

0 r r r r \ ® Seriesl
1940 1960 1980 2000 2020 2040 .
W Series2
< Tnn _
A Series3
A A A
A
10 A
y=0.0214x-56.1
R2=0.017
-15
y=0.0663x-151.11
50 4 R? = 0.0972
-25 4 .—“ y=-0.0309x + 39.243
®* o L0 ¢ R2 =0.0335
oc (4 *%e
-30
10 —0€ @ Series1
Txn
W 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 Y
15 L y=-0.0481x+ 88.26
RZ2=0.1217
-20
Tnx N
25 -
y=0.0317x-42.758
R2=0.1898
20 V=0.0399x - 60.235
R2=0.2757
15 PN v=-0.021x + 58.631
* R? = 0.0543
10
® Seriesl
> W Series2
0 A Series3
1950 1960 1970 1980 1990 2000 2010 2020 2030
Puc.l. TeHaeHIMH MHOTOJIETHEN0 M3MEHEHHSI HEKOTOPHIX HHAEKCOB  JIKCTPEMATBLHBIX

TeMImeparTyp,

COOTBETCTBYIOIINE yPABHEHHsl JIMHEHHOW perpeccnn u KodQpduuuent aerepmunamuu (R?): 1-Axanakanakmu, 2-

Axanuuxe, 3-bopxxomu
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W3 puc.l cnenyer, 4yTo OUHAMHMKa CYyTOYHOTO MakKcMMyMa Temmeparypbl (TXX) 3a wHccliefyeMblii HEpHOA HMel
TIOJIOKUTENBHBIN TpeHI B Axaniuxe 1 bop>xomu, a B AXankajaakd UMell OTPHLATEIbHBIH TPEHA. OJHAKO 3TH U3MEHEHHUS
CTaTUCTUYECKH HE3HAUYHMBI.

AHanornvHasi TCHICHIHS OTMEYaeTCsl B M3MEHEHUH aOCOMOTHRIX MHHIMYMOB Temiepatypsl (Tnn). B Axanuuxe u
BopKOMH TeMIepaTyphl yBEJIMYMBAINCH COOTBETCTBEHHO co ckopocThio 0.7 u 0.2 °C 3a nekany, BKIajoM TpeHJa B HX
U3MEHUUBOCTh COOTBeTCTBEHHO 10% u 2%. Bxmag TpeHma craTHcTHYecKH 3HauMM Juid Axanmuxe. B Axankamaxu
abCOIOTHBI MUHMMYM TEMIIEPATYPHI TAKKE yMeHbIIANach co ckopocThio 0.3 °C, 0HaKo 3TO M3MEHEHHE CTATHCTHYECKH
TaKke HE3HAUYNMO.

B m3MeHeHNM MUHUMYMOB a0CONIOTHBIX MaKCHMYMOB TeMmepaTypsl (TXN) B Axanmuxe u bopkomu otmedaercs
HE3HAUMTENbHBIN TPEH I, a B AXalKalaki TeMIepaTypa yMeHbInanach co ckopocTsio 0.5 °C 3a nekaiy, BKIaJoM TpeH/a B
HX U3MEHUYHUBOCTH 12%, YTO CTATUCTUYCCKH 3HAYUMO.

V3MeHeHn MaKCHUMYMOB a0COJIIOTHBIX MUHIMYMOB Temriepatypsl (TnX) Oonee 3HAUNTENBHEL. Tak, B AXaluxe u
BopKOMH TeMIIepaTyphl yBEJIMYMBAINCH COOTBETCTBEHHO co ckopocthio 0.4 u 0.3 °C 3a nexany, BKJIaJoOM TpeHJa B HX
U3MEHUUBOCTh COOTBETCTBEHHO 28% u 19%. DTH U3MEHEeHMs CTaTHCTUYECKU 3HAa4MMbl. B AXxankamaky MakCUMyMBbI K3
abCOMIOTHBIX MUHMMYMOB TEMIIEPATYpPhl yMeHbIanuch co ckopocthio 0.2 °C 3a jmekamy, BKIamom TpeHaa B HMX
HU3MEHYUBOCTH BCEro 5%, BCIEICTBHUE YETro 3TO U3MEHEHHE CTaTUCTUYECKH He3HAYUMO.

B Ttabnuue 2 mpencraBieHbl ypaBHEHHs JMHEHHOH perpeccun 3a mepuoj 1961-2020rr. u cOOTBETCTBYIOLINE
koopuuuentel aetepmunanuu (R?) s 90%-bIx MpoLEHTHIEH TOMOBBIX MaKCMMyMOB TemrepaTypbl H 10%-bix
MPOLCHTHIICH TO0BBIX MUHIMYMOB TEMIIEPATY b, )KUPHBIM MIPH(TOM BBIIEICHBI CTATUCTUYECKH 3HAYMMBbIC 3HAUCHUS

Ta6auna 2 YpaBHeHus JIMHEIiHOH perpeccuu U COOTBeTCTBYOIHE KO3 puuuenTs! AeTepmunanuu (R?)

[lynkT Vpasrenue 90%-aa R? Vpasnenne 10%-aa R?
TIPOLEHTHTG MAKCHMYMOB TPOLEHTHTG MHHHMYMOB

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

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

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

W3 tabnuusl ciexyer, 4To CKOpocTH m3MeHeHUs! 90%-bIX NPONIEHTHIICH rOJJOBBIX MaKCUMYyMOB Te€MIIEpaTyphl
OTpPHLIATENFHBl U COCTAaBIIAIOT 1-5 mHEH, BKiIaa TpeHJa B MX H3MEHYMBOCTh B AXaikaiaku cocTaBisioT 15%, dro
CTaTUCTHYECKH 3Ha4NMO. VI3MeHeHns B Axanuuxe ¥ bopykoMu CTaTUCTHYIECKH HE3HAUNMBI.

Ckopocts u3MeHeHHs 10%-bIX TpPOLEHTHIEH TrOJOBBIX MHHMMYMOB TeMIeEpaTypsl B AXankalaku
TIOJIO’KUTENbHA U COCTaBJISICT OKOJIO 3 JHEH 3a AeKaay, BKIaJOM TPEH/a B UX CYMMAapHYI0 N3MEHIMBOCTh 14%, a cKopocTH
m3MeHeHHs1 10%-bIX TPOLEHTHICH TI'OJOBHIX MHHHMYMOB TEMIIEpaTypbl B AXaiaumxe M BopKoMH OTpHLIATENbHBI U
COCTaBIAIOT 3-4 1HS 3a jAekaay. Bxman TpeHza B CyMMapHYIO M3MEHYHMBOCTBH NPOLEHTHIIEH TEMIEpaTyphl COCTAaBISIET
co0oTBeTCTBEHHO 23% 1 11%. DTN n3MeHeHNs CTATUCTUYECKU 3HAYUMBI.
3akiarouenne. [IpoBen€HHoe Mccie0BaHNE MTO3BOJIMIIO BEIIBUTH OCOOCHHOCTH COBPEMEHHBIX H3MEHEHHH IKCTpEMalIbHBIX
Temneparyp B permoHe Camixe—/[xaBaxeru 3a mepuox 1961-2020 r1r. B YCHOBHSAX HHTEHCHBHOTO TJ00AJIBHOTO
MOTEIUICHUS.

YcTaHOBIIEHO, YTO HAMOOIBIINE U CTATUCTHYECKH 3HAYMMbIE N3MEHEHHUS CBSI3aHbI ¢ TpaHC(HOpMaIed X010 IHBIX
TEMIIEPaTypHBIX 3KCTPEMyMOB, OCOOCHHO B Axanmmxe W bopxomu. Poct MakcmMyMOB aOGCONIOTHBIX MHHHUMYMOB
temnepatyps (ThX), a Tak)kKe YMEHbIIIEHHAE YHCITA THEH C IKCTPEeMAbHO HU3KUMH TemIreparypamu (Tn10p) B aTux myHKTax
CBUJICTENIECTBYIOT O CMATYCHNHN 3UMHHX YCIOBHH M CHIDKEHUH CypOBOCTH XOJIOJHOTO MEpHOIa.

B 10 ke BpeMsi JMHaAMHKa SKCTPEMaIbHO BBICOKHMX TEMIIEpaTyp BhIpaskeHa ciabee W HOCUT MPEenMYyIIECTBEHHO

CTATUCTUYECKU He3HauuMBbIil xapakTep. CHimkeHne 90%-bIx mpoueHTHIEH MakcuMyMmoB Temmepatypsl (Tx90p) B
AXaJKaJaky SIBJISICTCS €JMHCTBEHHBIM CTATUCTUYECKH 3HAYMMbIM U3MEHEHHUEM CPE/IN MOKa3aTenel )KapKuX SKCTPEMYMOB.
BrisiBeHa NpPOCTpaHCTBEHHAs HEOJHOPOJHOCTh KJIMMATHYECKMX H3MEHEHHMH: B BBICOKOTOPHON 30HE
(Axankanaku) TEHJICHIMH BBIPaXEHBI ciadee M OTIMYAIOTCS 10 HAIlpaBJIEHHIO OT HU3KOTOPHBIX paioHOB (Axaiumxe,
Bopxomu). 310 mogu€pKuBaeT BaXXHYIO POJIb BEICOTHOM MOSICHOCTH U (QH3UKO-TeOTpapUIecKuX YCIOBHHA B OPMHUPOBAHIH
PETHOHAIBHOTO OTKJIMKA Ha INI00AaIbHOE MOTETIICHHE.
B memoM mnomydeHHbIE pE3yIbTaThl IMOATBEP)KAAIOT MPOJOIDKAIOMIYIOCS TpaHC(opManuio TeMIepaTypHOTO
peXHMMa PETHOHA, MPEXKJE BCETO 3a CUET OCIa0IeHUs XOMOJHBIX 9KCTPEMYMOB, YTO MMEET CYIECTBEHHOE 3HAUCHUE IS
MPUPOJHBIX SKOCUCTEM, CEIIBCKOTO X034HCTBA U COLIMAIBHO-9KOHOMHUUYECKOT0 pa3suTa Camuxe—/[xaBaxeTH.
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53:551.583

9bBHGYsGo  GHga3gMoGMegdol  0sbsdgmmgg  (33wwoEgdol  Gbwgbgogdo  Lsdgbyg-xsgsbgmdo.
9EoBdM53300 ., JEoBdIMd30eo 0., OsLEdnd] (3., JEOBBdSMSB30o 8., Fgmodg 6. LEGM-ob 3d0-0ob
OMToms 3090 0-2026.-3).139.-3.52-57. -Jotrm., Ggb. Joo., oby., OHb.

LEAHOG0s  dobobowsgl  Lodibg-xoz3sbgool  Ggaombdo  guBH®mgdse@mo  $HYa3gmo@MMol  dodobaty
&969b630gdL 06¢)gBLOMHO QMBI MOHO 0BdMBOL 30MHMdYBT0. 33 3s 983w9d6gds Lsdo dgEHIMOMEMAOMGO
LoAMGOL - sbogndowadol (1717 3), sboewgobol (962 ) s dmGxmdol (789 ) dmboigdqdl 1961-2020 Hargdol
396000mEoLm30U. 459myggbgdveo odbs Abmgarom 9@ mMOmEMyoM®Ho mMYbobsgool (WMO) s IPCC-ob dogé
6930096900 gdbBH®9ds o 3Hgd3gmo@Mmol 3eods@ o 0bwgdugdo (Txx, Tnn, Txn, Tnx, Tx90p, Tnl0p).
A9609630g00L LBHsGHOLEH03MMO Fb0T3zbgEMds FgBsLs P-GHILEOL 3sdmygbgdom (36033bgcmdol mbyg 0.05).
503mBbs, HMI OGO 39d3gMsE Mol Jodlodmdol (Txx) (33¢0wgdgd0 IMsZ35TbMHOZ0s: SHaeEobgls s
dmOHxmddo  ©JdoMO  BHbIbEos  onoJLOMmEs, bmm  sbordowsddo  WeMYMBOmO. MNI3e,  Y39WS
390mbgz93580, 33w0wgdqd0 bGHsGHOLEH03MM© dbodzbgams. Abasglo FHYbgbEos 890b0dbgds sdLMEMEHYGO
906005 M0  $Hgd3gco@mobmgol (Tnn), sboewiobgdo LEIGOLEZMOMs© d603d3bgemgzsbo BHoom (0.7°C
0090 do) EIBRO0JLOMGOMWO. MBOHM 25TMbIGE0 (330egdgd0 890b0dbgds Tnx 0bwgdbdo (dsgjbodse Mo
BLMEMEYOHO J0b0Towmo 3HI3gMoGIM): SHIEEobgLy @S dmM¥MIdo LESEOLEH03WMs© IB0d3zbgermgsbo
DO ©oxgoJuoMs (GqLodsdolo, 0.4 s 0.3°C ymgzger s0fegmedo), Mg domomgdl 3030 9JuEHMYdgdols
896000@qdsBY.  sboerdowsddo  (330wgdgd0  IMYMBOMOos,  F9gMeT  LEHIGOLEH0IMI©  3bodzbgem.
3960396¢0wmHo 06gdugdol sBseoBds sh3gbs, MMA sboerdssddo M30MMGLI ToMoo $gddgMo@reol
©EJgooL  M5mEgbmds (Tx90p) 9983ocms  (LEGHGHOLAHOIMM© 860dg6gEwmgsbo), bmm sbsenizobgls s
dmMxmddo  (33wowgdgdo  Mdbodgbgwms.  s3sbmdsdo, 3030  9dbBHMYIMBgdoL  33wowgdgdo  (Tnl0p)
29Lb353909E0s: g0 EWYGOOL MOMEPIbMBS 250BIM sbogndorsddo, bmenm GgdzoMgds - sboriobgbs s
MmO mddo; gb 93965L369c0 (330 gdgdO LESEOLEH0ZMMo© 3603369 mgsb0s.

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, Tnl10p) 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
(Tn10p) 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 TeHJIEHIMH N3MEHEHHsI IKCTpeMaJbHbIX TemmnepaTyp B Camiuxe-/’kaBaxeru. JumzdapamBuim E.,
Smu3éapamBuwm M., Iuacamumze T., dnuzoapamsuiu 1., Yennaze H. Co6. Tpynos UTM I'TY. - 2026. — Tom 139. -
€.52-57. - I'pys.; Pe3: I'pys3., Anrax., Pyc.

B craree paccMOTpeHBI COBpEMEHHbIE TEHACHIIMM H3MEHEHHs JKCTpeMallbHBIX Temreparyp B peruone Camiixe—
JlxaBaxeTu B yCJIOBUSIX WHTEHCHBHOIO IJIO0AJBHOTO IMOTEIUICHUs. McciienoBanue BBINOJHEHO Ha OCHOBE JAHHBIX TPEX
METEOpOJIOTHYECKUX CTaHIMi — Axankanaku (1717 m), Axanuxe (962 m) u bopxxomu (789 M) — 3a nepuon 1961— 2020
rT. Vcrmonmp30BaHbl KIIMMATHYIECKAE MHIEKCHI IKCTPEMANbHBIX TeMIleparyp, pekomeHnoBanabie BMO u MI'OUK (TxX,
Tnn, Txn, Tnx, Tx90p, TnlOp). Craructuyeckas 3HAYMMOCTb TPEHIOB OIICHHWBANACh IO P-KPUTEpUIO (YPOBCHB
3HaunMoct  0,05). VYcTaHOBIEHO, YTO WM3MEHEHHS CYTOYHBIX MAaKCHUMyMOB Temmeparypbl (TXX) HocAT
pa3HOHAIpPABIICHHBIH XapakTep: B Axanmuuxe ¥ bBopXoMH OTMEUYEH NOJNOKHUTENBHBIH TPEeHA, B AXalKalakd —
OTPHUIATENBHBIH, OHAKO BO BCEX CIydYasX M3MEHEHUS CTATUCTUYECKH HE3HAUMMBl. AHAJIOTWYHAs KapTHHA HaOomaeTcs
JUIs1 a0COIOTHBIX MHUHIMYMOB Temnepatypsl (TNn), mpu 3ToM B AXalyxe BBIIBICH CTATUCTUYECKH 3Ha4YMMBbIN poct (0,7
°C 3a gecstunerue). bonee BeIpaykeHHbIE H3MEHEHHS XapakTepHbI Uil HHAEKCa TNX (MaKCUMYM aOCOJIIOTHBIX MUHHMYMOB
TemriepaTypsl): B Axanuxe u bopxomu 3adukcupoBan cratuctudecku 3Hauumbli poct (0,4 u 0,3 °C 3a nmecsitunerne
COOTBETCTBEHHO), YTO CBHJETEJILCTBYET O CMSTYEHHM XOJIOJHBIX OJKCTpeMyMoOB. B Axainkanakud H3MEHEHHs HOCST
OTPULATENBHBIH, HO CTATUCTUYECKH HE3HAYMMBIN XapakTep. AHaIN3 MPOLEHTHIBHBIX HH/IEKCOB II0Ka3aJl CHI)KEHHE Yuclia
JHEH C JKCTpeMalbHO BbICOKMMH Temreparypamu (TX90p) B Axankanaky (CTaTHCTHYECKM 3HAYUMO), TOTJa Kak B
Axanixe U Bop)koMu H3MEHEHUS HECYIIECTBEHHBL. B TO e BpeMsi H3MEHEHUS XOJIOMHBIX dKkcTpemymoB (Tn10p) umeror
pa3HOHAIpPABIICHHBI XapakTep: B AXaJKaJlakd OTMEUYEH pPOCT YMCIa TakuX JHEH, a B Axanuuxe m bopkomMum — ux
YMEHBIIICHUE; TOCIIEAHUE U3MEHEHHS CTATHCTHIECKH 3HAYHMBI.
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03099600 3993900 Megdol 899306M900L boogd SBLMEWMEMMo d60d3bgmdom fywol 3owgsd 1000
0obdosdg 890d¢gds Bosfiomb 0.7°9-b, begrem 500 9 sdmmgdoo 0.5%-.
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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

YAK: 551.583

O:xuaemMoe BJIHMSIHHE IKCILUIYaTAIlMU KacKaja BOAOXpaHU AU MTKBapu Ha MUKPOKJINMAaTHYeCKHe U3MEeHEHMsI.
dauzdapamBuiu E., dauzdapamsuiau M., lnacamunze T., dauzéapamsuim HI.C6. Tpynos UTM I'TY. - 2026. — rom
139. - ¢.58-66. - I'pys.; Pe3: I'pys3., Auri., Pyc.

Bruta mpoBeneHa OIEHKAa OXXHMJA€MOT'O BO3JEHCTBHS JKCIUTyaTallMM CTPOSIErocsl KacKala BOJOXPaHWIINIL
MTKBapy Ha MUKPOKJIMMaTH4ecKie n3MeHeHus. HeGonbime pasMepsl MPOeKTUPYEMBIX BOJOXPAHIINII HE OKXYT CyIIe-
CTBEHHOTO BIIMSIHUSI HA U3MEHEHHE KIIMMaTa B 9TOM paifoHe W ero BO3MOXXHOE BO3/ICHCTBHE Ha THAPOMETEOPOJIOTHYECKHE
npouecchl. [Ipy 3ToM MakcHManbHOE BO3JIEHCTBHE BOIOXpaHIINII Oy/IeT HaOmoaaThCsl B HIOMMEHHOM 30He, a ekt OyneT
orpanndeH paccrosiHueM B 500 M 0T KpOMKH BOJIBI M OYyJIET IIPENICTaBIATh cO00H craboe OXJIaxIeHNe ¢ Mast 110 OKTSAOPb, B
TO BpEMA KaK B OCTAJIbHBIC MECAIIBI I0JIa BOAOXPAHUIIUIIE NPAKTUICCKHA HE 6y}16T OKa3bIBATh HUKAKOT'O BO3HCﬁCTBHﬂ. Bos-
JIEHCTBUE BUPTYATLHOTO BOJIOXPAHUIIUIIA, PEACTABISIONETO OO0 KOMOWHAITMIO OTIEBHBIX BOAOXPAHWIIHIL, HA TEMITEe-
paTypHOE 1oJie MOKEeT OBITh 3HAYUTEIBHBIM Ha PAacCTOSIHUM 10 1 kKM OT kpoMk# Bobl. [Ipu oxnaxnaromem 3¢ dexre Bo1o0-
XpaHWININA a0COMIOTHAS BETMUMHA CHIDKEHHS CPEIHEMECSIHON TeMIepaTypsl BO3yXa B ampele-OKTA0pe MOXKeT JOCTH-
rath 0,70 Ha paccTostHuu 10 100 M ot kpomku Boxbl 1 0,50 Ha paccrossHUM 10 SO0 M.
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Some results of precipitation distribution in the territory of Georgia
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*Inssitute of Hydrometeorology of Georgian Technical University
**Samtskhe-Javakheti State University

**Mikheil Nodia Institute of Geophysic of lvane Javakhishvili State University
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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 (fhm) 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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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).

doi.org/10.36073/1512-0902-2026-139-67-71
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Pacnpenesienne ocankoB B I'py3un no xanusim 3a 2016-2022 roast / Muxauua [unus, Hazu6posa Beraapamsuim,
Huno J:xxampumBuian, Huno IMagumBuiau / C6. TpyxoB UTM I'TVY. - 2026. — tom 139. - ¢. 67-71 - I'pys.; Pe3: I'pys.,
Anri., Pyc. Pactipenenenue ocankoB B ['py3un 3aBUCUT OT reorpaduueckoro NoJI0KeHHUs, XapaKTepa MECTHOCTH ¥ OCOOEH-
HOCTeH aTMOC(EpHBIX MPOLIECCOB U XapaKTepHU3yeTcs OONbIINM pa3HooOpa3ueM. Hanbomnplee KOJTHMYECTBO 0CA/IKOB BbIIIa-
JaeT Ha nobepexxbe UepHoro Mopst 1 B Tex paiioHax 3anaaHoi ['py3uu, rae oporpaduueckue yCIoBHs CIIOCOOCTBYIOT pas-
BUTHIO BOCXOASIINX ABMKCHUH BO3AYIIHBIX Macc Ha CKJIIOHAX TOPHBIX XpeOTOB. B cTaThe Ha OCHOBE NaHHBIX 35 METEOpPO-
JIOTUYECKUX cTaHIuit 3a nepuona 2016-2022 rooB M3y4eHO pachpe/esieHne 0CaaKoB Mo pernoHam [ 'py3uu, ompeseseHo
roJ10BO€ KOJIUYECTBO OCAAKOB U BLIABJICHBI PETMOHEBI C OO MIIBHBIMU OoCaJIKaMH. HOJ’Iy‘IeHHbIe PE3YIbTAThI MO3BOJIAT COOT-
BETCTBYIOIINM CIIy’kK0aM MPOBOANTH NMPOPHUIAKTHIECKIE MEPOIIPUSATHS IO CMATYCHHIO TIOCJICACTBUN OTACIBHBIX OTACHBIX
NPUPOHBIX SIBJICHNH (HABOHEHHUH, ITABOJIKOB, CEJIEBBIX ITIOTOKOB, OTIOJI3HEH).
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Agrometeorological Characteristics and Phenological Forecasts of Citrus under
Modern Climate Conditions
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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 (1V-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 34
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 35
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 maltitude.

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 I1) 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.XI1.
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.X11. 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.XI1-6.XI1l. 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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c
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
,,Georgian 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).

b
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), ni 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
Meladze, Giorgi Meladze/ Transactions IHM, GTU. -2026. -vol.139. -pp.72-79. - Georg., Summ. Georg., Eng.Rus.

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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ArpoMeTeopoJIorHyecKHe XapaKTepUCTHKHU U (peHOoI0ruYecKre MPOrHO3bl IMTPYCOBBIX KYJBTYP B COBPeMeHHBIX

KJIMMATHYECKHX ycaoBusix /Maiis Menanse, luopruii Menanze/ C6. Tpynos UTM I'TV. - 2026. — tom 139. - ¢. 72-
79. - I'py3.; Pe3: I'pys., Anri., Pyc.

PaccMoTpeHs! SKoJI0THYecKie 0COOCHHOCTH INTPYCOBBIX KyJIBTYp (MaHIAapHH, alleIbCHH, JIMMOH) U arpOMETe0po-
JIOTUYECKHE YCIOBHS PETHOHOB MX Mpou3BojcTBa (Amxapus, ['ypus, Camerpeno). [IpuBeeHbl OCHOBHBIE arpOMETEOPOIIO-
T'MYECKUE XapaKTEPUCTUKU PETMOHOB PACHPOCTPAHEHHS LUTPYCOBBIX (CyMMBI aKTHBHBIX TeMIlEpatyp, arMoc(epHbIe
0Ca/IKi, OTHOCHUTEIIbHAsI BJIa)KHOCTh, KOJMYECTBO OE3MOPO3HBIX JAHEH, rugporepmuueckuii kodduunent). CocraBieHbl
ypaBHEHHs IPOTrHO3UPOBAHMS st OnipeiesieH sl (heHoIornueckux (a3 co3peBaHusl U [IBETEHUS IMTPYCOBBIX KYJIBTYP.

AHanu3 crieHapusl 3MEHEHHs KJIMMaTta M0Ka3bIBaeT, YTO JUHAMHUKA U3MEHEHHMs KIIMMaTa MOBJIHIET Ha H3MEHEHHE
TaKMX BAXHBIX arpOMETEOPOJIOTHYECKUX MAapaMETPOB, Kak MPOJOJIKUTEILHOCTh BET€TAIMOHHOTO MEPU0/ia, CyMMa aKTHUB-
HBIX TemriepaTyp u Ap. C y4eToM BBIIIEN3I0KEHHOTO BBISIBIICHO, YTO IPOTHO3UPYEMbIE H3MEHEHUS OKAXKYT MOJIOXKHUTEIHHOE
BJIMSTHAE Ha IIPOM3BOJICTBO IIUTPYCOBBIX KyIbTyp. Ha hoHe mpoeHHOro BereTallmoHHOTo MepHo/ia UX apeall pacrpocTpa-
HEHUS PaCIIMPHUTCS N0 BEPTUKAIHLHOMY 30HAIBHOMY NpH3HaKy. CoriacHo pa3padOTaHHOMY CIIEHApHIO, yBEIWYEHHE Mpo-
JIOJDKUTEIIFHOCTH BEr€TallMOHHOTO MIEPHO/a MPH TTOBBIILICHUH TeMIlepaTypsl Bo3ayxa Ha 1°C criocoOCTBYeT MOTHOLIEHHOMY
(hOpMHPOBAHUIO IUTPYCOBBIX IJIOAOB B paifoHaX C HEJIOCTATOYHBIM KOJIMYECTBOM TeMIieparyp. [1o ykazaHHOMY crieHapHIo,
IpH MOBBILICHUH TeMIepaTypbl Ha 1°C cymma akTuBHBIX Temnepatyp (Boie 10°C) yBenuuurcst Ha 240-260°C, u B pe3yib-
TaTe 30HBI PAaCTIPOCTPAHEHUS UTPYCOBBIX KYJIBTYp B IepBble NogauMyTcs Ha 100-150 M BEIIE 10 cpaBHEHHUIO C UX 0a30-
BBIMH (TEKYIIUMH) 30HAMHU PAaCTIPOCTPAHEHHS.
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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 Objective

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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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.
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3aKOHOMEPHOCTH M3MEHEHUH CHEKHOTO MOKPOBAa HA 3UMHHMX FOPHBIX Kypoprax I'py3um Ha ¢oHe M3MeHeHUsT KJIH-
mara /JInana Kapreenumsunu, Jlua Merpennnze/Co. Tpynos UM I'TVY. - 2026. — tom 139. - ¢.80-81 - I'pys.; Pes: I'pys.,
Amnri., Pyc.

OO6cyxIaroTcst MeXaHM3MbI CMATYEHHS U 3alIUTHl OT HETraTUBHOTO BO3JICHCTBHS M3MEHEHNUS KJIMMaTa Ha TypUCTH-
yeckuit cekTop. beutn coOpanb! JaHHBIE (M3 KIMMATHYECKOH 0a3bl JaHHBIX HallMOHAIbHOTO areHTCTBA M0 OXPaHe OKpyKa-
TOIIe! cpenbl) 00 M3MEHEHHSX IPOIOJDKATENIFHOCTH CHE)XKHOTO TOKPOBA Ha 3UMHUX KypopTax ['py3un (Mectus, ['onepnzu,
I'ynaypu, bakypuanu). beumn comoctasnensl a8a 30-netHux nepuonaa (1956-1985) u (1956-2015), BBIABICHBI M OIICHEHBI
UX 3aKOHOMEPHOCTH.
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©53.502.754.58

30353 MM0 B5gdEBHMMIB0 5 ©I3MM3GH0E0 J3gbs6ggdoL 93MEMYOYIMO S5E3BHOF0S
50500539 0, X5d60dg 6565
0500990L Inms HMLMeggerol Lobgerdfogm Mbogg®LoE ®o;
BOGM3500MEMA00LS O BOMIMSZoigMHM36930L 0bLEOEHMG0;
Kamadadze.d@bsu.edu.ge

M9bomdg

Bsd6mddo  aobborymos  domwydolb  Fmmo  Mbooeggerol  Lobgwdfogm  MbogzadLoGgEOL
ROGHM350MEMA00Ls 5 d0MIM35wxgMM36930L  0BLEHOGHWAEHOL Lsgmmgdgom 6533900y 293039 gdwo
053mbMo  358geool (Camellia japonica L.) x038300L Y3530@mdoL 35000 ©d Y3930¢0lL  F9839M0™mdOL
0530090090900, J50 FMEOHOL sOLYdMO 30:MYE 300 353806MGB0. 053MbMMHO 3589w0s BollosMPYds Mb30
boba™do30 Y43530MdOm, 53039 Y3930 gdol Bgeol, HBmdols s GmMToL OO IMZ5¢TBIMHM3b9d0m.
s©0bodbmwo b60dbgoo 960d3bgwm3zbs 9Ol ITMIOEIOMEO  R9MIIM-GBOoJBHMMGODY, bl YGdOm
A9939M9GHOM  Mg509Dg, B3 9330006050  50LbGDS  BMYMOF Y3930 MdOL  boba®mdwogzmdsby, olg
395396MH0@MdsBY. Y6005, HMI 05360 35890 Y3530 MdL 0ffygdl Bodob, Mm@l 359M0OL LodrsEm
©OI-03MMH0  3gd3ghoG s  895096L  osbrmgdom  6,5-10 °C-U, bmwm  06FIBLowGmo  yzs30eMdS
9000bs0gmdL 10-19 °C #9d396eG«ymHol 3060mdgddo. 053mbmMo 359900l x0d ,,3000L3L-0L“ dgdmbggzsdo
299M30bs Y3930¢ol 99539M0mdol 93390000 ©sFM300Jdgds $gd3gmo@Mobyg. 8,5-9,0 °C-bg adswo
$993965GHMm0L 306039330 3005MJdS 35MIOLRBIMO Y3530¢gd0, brmm 89sMHgd00 Fo0swo HgddgMod Mol
(16,6-19°C) 30609080 93965619 0300056M30L 063 9bbowGms© Fomge yzs30agdL.

155335630 LoGy39do: 3¢00dsGNMm0 BsJGHMMYDO, Y3530Mds, BIBMEMA0s, BgBIOOEMDS, BgI3gMs@ s

dglsgsgmo

30d5GMM0  BodBMMgd0 3608369 m356 Ml sbEHVIERL  ©g3MOIGOo  I39bsMggdol  bBMo-
2963005M905L5 O BIBMEMYOMG 3OMELYdT0, doBLL3MMMYd0m 0bgmo Lobgmdol dgdmbggzsdo, GMmyMMOEsS
Camellia japonica. 053mbm6o 358905 353m0MmBg3s Fo®oe0 ©I3MOEH0IWMBOm, IM35WEIMHM3Z560 yz30300l
RMIJPPoms ©s JIBRIOOWMIOM, M3 OEHOWIE IIMIOEIOMEOs ASMGEM  J0MHMdIDY.  3w0ToGIO0
35dBHMMH9006 oo 36083690Mds 960395 3ga3gMoG ML, 35960l 3gbosbmdsl, Boengdgdol Momgbmdsls o
3965Hogdsl,  slg3g  Lobsommol  0bEHIBLOZMBL.  BHYI3IMOGHNMMS  FBLIBOZMIZL  3939BOE00L  ©FYgdSL,
0GHMb0BOE00L 39MH0MPL s Y395300MmdOL bobaMmdeogmdsl. m3GH0dswve 30MMmdJddo 3589wos 0bsMBRbgdL
LGO00H BIbMmEMYoME GoGAL, MMIzs GJddgMeGMmol 03390000 (330 gdgdo Fglsderms Asdmofjzoml
93530 mdOL 3006905 56 bssMgz0 ILG™MEgdS.

35960L  39b0sbmds @5 bogrgdgdo bl MmEmdom 36083690 m3zs605 F3gbsMoL  Fywrol dosbloL
M93d300LmZ0L.  Towowo  $Hgbosbmds byl »Mfigmdl  bm®Togr®H  BMHEIL ©s Y3300l bomobbol
39650PbgdsL, brgnrm g35¢30L 306:MddT0 F30MPIdS EIIMMOEHOWMBS S 0DBOEIdS LAHMILOL BodGHMEYdOL
393gbs. Lobsmeng 3o 3603369m356 g03wgbol sbgbL BMmEHMLObMgBOL 06EHbLOgMdsBY s Tglsdsdobsc,
9396560L d0MAsLoL sAMmM39dsbY.

30053 MMO BodEMMIOOL 9HMMd030 dmddggds AoBLIBEOZMZL BgbMEMA0SL Mog30LYdMEMGOJIL, M3
290m0bsGgds  393939G00L,  dMEMBoBIEOoLS O Y3930MdOL 9GOl S bobaMdwrogmdsdo. Jerods@ob
33%0m9d0l BmbBy 50bodbmo 3MMm3gLgdo 30I3 MBRO® TMHdbMdosMY bgds, g LsFoMHmgdl dsoo

©9BHOWO ozl o 9083BO30MM0 39dsboBIgOOL godmgangbal.

33930l md0gdE0 ©s FJmMEMEMY0s
33930l Md0gdAHL [oMmIMoygbl 053mbMMo 358900l dsmvYdol Tmms OMLMszgEol  Lobgadfogm

m60390L0GHIBHOL  BOGHM35NMEMRO0Ls S BOMIMOZOWRIMHM369d0L  0bLEHOGHWGHOL Logmergdsgom bogzgmbg
393039900 053MmbMo 309900l X0dPoL 0s3mbyMo 359gwool 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).

053mbMEo  3009@00L  X%08g00L  0IBEHORB03E0S  FIBbMOEogwEs  3599¢0gdolL  Logh  msdmEobm
Bm39b3es@ Mol dobgwgom (Trujillo 2002; Gonos...1999; ds®omsdzowo ..2019).
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93396500 BOHI-456300050900L  doMEMmAool  JgUHogolsmzol  35BHIMIPPO®  FJbME MO

053306039090b. 39b96EO™ 3939BHOEO0L, ¥3BHMBODBIGoOLs O Y3530wMdOL ILSHYoLOLS s LLlMKYEOL
350900L5 o baba®mdeogzmdol smoibgsl. (Epemerko 2004; Ceménona 2015).

99w039%0
©930M5G0 939656099030 4353000l 608sbms Jos LobgmdMogz0 (339¢gd5MdOL dqlfogesls oo

49965000905 godmds. 59 b08bgd0@b 9Bl MMEmGdME  YMmoEMadsl 5J39390 Y3930ol  TgBgHOMBSL,
LOBYEgdSL, BMMIL, LoEoYLl s Ubgs. 93319350 MIMH3ELMdS 053MmbMGO  358gwools Izgbsdols
d9LH 9300l EOML o 3608369eMdL 5650 FJds Y3530w0LY S 33063060l BWOHEWIdOL BMIoL, BmMToL s
03960 (335gdOEMBSL.

93093006 360m3gbdo 93gbsGggdo T99avrs  Y3930MmdsBY  Foolizesl  goMmgdml  oblabrgm o
Rogd GO0l MLIdMdOL Fgdmbggzsdo: gMdgeo 96 Im3Iwg ©EY, SO GH9I3gMsdEwIMol bgdmddgrpgdol
396L5BOZOMO 3gHOMPO s 5.8. oMGIMLMB Ab3LO 53GSE00L 3OM3gLTdo 3MBIdM030 FowsMBg30L ybom
dmbs gobloBO3OHMo 29b6900L, 4960 LoLBYIJOoL Lgmgd3os: FogomomsE Md0EM3Lolol Jgdmbggzsdo
43530 MdsL OO EEOL FobdsgEMdsTo gobloBL3zMsgl CO gbo, HMIguoE FoblsBOzm M BmGM3gHhomodo
A®9BLZM03300L 3MIM39L9d0L B53MmEOMYdY0s, bmwmm g9bo GA 1 dmbsforgmdls 30d96mgwobols Lobmg®do,
09903 99930090905 83g65M0OL Y3530MdBY 25005l 3e0lsmM30L FMm3Eg LOL 30MHMBYOT0. 5T53MMMES©
3960 ihy dmbsfowgmdl 9i3gbstol d0ge mols s ©sdol boba®mdwogzmdobl ,,85bmd35d0 s6¢9 sblbzsg9dvmo
239090m 306HMBYO0 goblaBzMmg96 Lbgoalbgs 39b3d0l (3gbmMo LobEYIgdoL) Boermgsl, MHMIWLsg d3gbaty
903903l ,,bodMEMmM 3OMEI3050©“- Y3530md©Y, boygmxuqdols s mglengdol 49630056 gds8Y. 58539
Ol THY 9960l Mgaqgbomwmo dm@sgos (ihy) obLobmg®magh  gm@m3gHhom@ologed ©edme309des©
43530mdolb 99539Mbgdsl (Blazquez...2003; Samach...2005; Halliday...2003). dbasgbo 396900 bsdmgbos dzgbotgos
bbgs Lobgmdgdolsmgzgobsg.

43530¢0b 30339635300l Fgfogams 8609369mmgsb0s I39bsMgms Lgegd0s80 s FotBmaygbl 396w
06506900580 y3530¢0L ggHoL 330wqdol aslowgdl (Tanaka...2008)

053mbMM0 3599005 MH30 Y3930¢Md0m HILOSMEYDds, FMZ5RYMMZob0s Yzo30ol BgMo, LoWOoY,
RmMdd, s MM BodBHmMgdoLOdsh ©odm30gdMMgdom 3603369 mgbs  (339¢dEMBL. 3565b369c0
296L5399NMYdoM dwoge 3obEgds Y3530wol BMEMTsLS s JRIOOEWMDST0.

053mbMEmo  3odgaos  3o335b00L  To30 B30l LobsdoMmMmby  FoMmdmygbowos BMGTsMs OO
967535 x39HM36900m, 030l 298Mm HMI 153W30MZYEOE 350900l 25FM3Wds bEJdMEs FbMmEmE MgLEom,
fqdol  gob3s3mdsdo  Bsdmyswod@s LOHNMWOsE  goblbbgagzgdmemo  3m3Mmo3ogdo 9. . 90a0wmdmHozo
33M530d. 595 5IBGNMMIOL 359900l Bb3o@olibgs Lobgmdol 83gbstgms ImOBmEmyowm®o Bodbgdol
dE0gMHO (335¢0SQMBDS.

2014 §gols, 05000l Fmms OHLMOgEol Labgwdfomm MbogzgMLoGIBHOL BOFHMISMMEMAO00LS O
0003M5350xgMHM36900L 0bLAEHOGMEHOL Lgzmergdzom bs3zgmby 39896 399900l 3MmgdEos. 3Mergdzosdo
560b 358900l 3 Lobgmds, 73-0g 053mbME@mo 358900l ¥0d0, 303GOEO s BMOTs Fso Tm@ol 053mbmMo
399900l 5 sboewo xodo: Contesasa Lavinia Maggi, Monshio, Pilnitz, Amalia Melzi, Minato-no-akebono ®madgeos
06¢HM© 300900 49Mdsbools s Bgbgmol dm@Eebogzw®mo dom0asb.

F9Lfogowo 0dbs 053mbmGmo 35990000l (335¢gd5EMBS 435300l BMEToLs s BIMOL Jobgyzom.
2490m3wobs, HMI 0go 3600369crmgbs (339¢gdsMBL 435300l 356539EHMYdOL TobgOZOM. ORMIT>BY
I Eobowos 435300l LOEOEOL (335¢d5EMBOL sALEBZgO FMbs3gdgd0 X 0ToLORD ITMIOIOMEGOOM.
GHeymO3 dmbsggdgdo 3boymagb, GmI 4z9wsbg oo BmIol Y3030 gdom 350moMmbg306 x0dgdo: Hibiscus,
Eleaonor Franchetti, Anemonaeflora rosea, Pelagia, Beni-karako, Delectissima s Goffredo Odero, bmgm gggamstby
dgoMg bmdoL - Aurora s Elegans.
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p—
N

52,
o

Bmmmol boa™dy
BOWQL by,

1 2 3 45 6 7 8 9101112131415
X 03900L slobgErgds
B ool Loa™adg B Mmool Lo sbg

6sb. 1. 053mbwmHo 353900l g3530¢ols domdgEHmemo dmbsggdgdo x0dgdol dobgpgoom:
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. Elegans; 11. Pelagia; 12. Beni-karako; 13.
Delectissima; 14. Goffredo Odero; 15. Derbyana.

33¢930L 9900939005 51939 330P3965, MM BmaogMHom 3396509 500b60dbgds TbMmEMm© gHmo BmE@IoLs
©5 99983900 ®dOL  g3s30e0, 85806 MmEgbsg Ubgs 8gdombgggzsdo a3bgds ghom d3gbomgbg Lbgowolbgs
oOEOL, 99x8gMHOWMBdOLS s BMOIOL Y3530¢00.

3Mowo 1. 435300l IgngMHoEmdol (335¢nYdIEMBs 053mbyMo 358geools bgsslibgs xoddo

& & & & £
X )
X080l alisbgwgds | & £ & ;g'i X 8 i g’ 8 % i € 9
C@l \g S & g 8/ e [} g c c ,58 c
215 2 e8| €2 5 | § | 5| &
| 5| 3| 2% | 2y 88 | BY| &
= ] & g § & ‘S S & c % 5
5| % & g g 5
3] S ISy ®
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 §geols 57 35 3 5
Hibiscus2018 §gemls 30 55 5 10
Eleanor Franchetti 51 6 43

43530¢0L  9x39MH0EMds 033390, MMYMOE x0dol obg MmMABoBIoL Mbyby (0bogorswymo
(3390905MdY). g  83gbstgbg Lbgssbbgs dgngMommdol (2-sb 7-0g) Yz930ol  25630m06Mmgd0m
299m0MBg3006 x0dgdo: Delectissima; Aranin, Anemonaeflora Alba, Anemonaeflora rosea, Marchioness of Salisbury,
Elegans, Pelagia, Margaret Walker, Goffredo odero, Eleaonor Franchetti, Aurora o Hibiscus. 300¢00560mds30 y39ws®y
Fooo bLobdoMmom 500b0dbgds Y3300l 35MPOLRIMO Fg53gMHOEIMDS, F90IA0 5HOEO 50 B0T5MIJd0M
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35305 9 Poomgw s MG 9g8IN0EMdLL, bonwm dmmem - dgfedmer s 05bs8bolgge Tgu3gMmoEwMdsL,
356513690 MmMo 9539M0wMds GMmO Kool GoMyegddo 0830505 500b0T3bgds;

39839000MdsLML GO 053mbMO 359900530 de0gM (335GBOIEMBL 435300l 53gdMEds, BMMIs,
boOEY Y, BoROOMHS, 3BGOo 1 s 2 gbMowodo dm@Esbowo Imbszgdndol Fgodgdomo sbsewobo
3gboymgxlL, HmI Bmyogho xoddo (Elegans, Anemonaeflora Alba, Anemonaeflora rezea s bbgs) 9Gm 9396569%g
0006036705, HMaMM3 obbbzs390w0 9539M0EwmdOL 0lig #oblbgs39dwwo BMMIOLS S 5390w JdOL Y3530¢o.

3OO 2.93530@0l 5390 gdol (3356003500 053MmbMMHO 3589@0o0l bbgoslibgs x0ddo%

353000l g3ogowo 435300
X030L lobyEgds 396¢63o 393oEmo- 3939 MO©JOI0m,
930056930l Q9B0mMS QS 93360569d0b 909y, %
3mbs, % 9®3M0sbgdom %
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

©

6sb.2. Camellia japonica L 030 Hibiscis (5. foomgamo g3s30mgdo, 3. 0goMo g3s30awgd0, . 350oLggmo
43530000 MJNMO 50305, ©. 35MEOLRIMO Y353060)

053mbmGo 399905 %00  30d0L3MLOL  Fodom  OEYIBoWos Y3530l TgYOOEMdOL
©59m309dwemgds gd3gmo@®msliorsb, Hibiscus-o h3gwmangd®og 030msmgdl 0os fomgwro gg@ol yzs30gdl,
0050 2015 Farol aoBoxgbmebyg (26 doG0) olBg 500b0dbs Moo 35MEOLBIMO Yz530o. 3830JOMdM, GMI
43530wob 1390 53 dgdmbggzsdo FgoEzows GHgddgMo@moligeb ©sdm30gdMwadom, Mosb 2017 s 2018
Dgdmab 9gscmgdom 2017 — 2018 Fangddo dsmEHob 030l Lydwgsem #H9a39Ms@ErIMs L53doMm® dSWO ogm (8,5-
9C"), 89L50590L5@ >0bOBEME K 0TL 356Y30MIM S FoMEOLBIMO y3530o (Bob. 3).
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18

G9830Gsdmes C°

6sb. 3. JmdmEmgmob 35960l Lsdwysenm 3gddghs@ Mol 335¢gdsmds 2017-2025 ;.

B39b0 sBMHom, 053mbME 35990580, Y35300l FgBIHOEMBOL (3350 MBS  39I3gMoGIOOLOQD
530300090 gdom Bb3s M35 BoJEHMOMMD gOHmo© 4o630MHMBYBMWOos BFBHME0BIBOL, goblogmmMgdom
30560006-3-9)30b0o@OoLs - (30560006-3-25¢5dEMLOEOL LAMMZ9d0L AoBLLZZ9d 06EIBLOZMdO.

333365 053mbMM0 353900l X0dGOOLS  Y3930¢MdOL  babyMdwogmds goblibgzeggdmos s 0o
doMm0MOOE ©IMI0EIOM0s 396MEH030L 1530LgdMMGBIOLS S 3E0ToBHNIM 306MdZdBY. 053MmbMMO 35990
43530@0dsl 0ffggdl 35900 bdrYseMm EEOY-MsdMO 3gddgMo@Mmob 6,5-10C%-0l 30HMdGdT0, bmem 06¢gblowm®
435300dsl-10-19C%-0l  306HMdYdT0.  $Hgd3gMe@ Mol 6,5C0-Bg 939300 ©o3gdoLsl  43530mds  BgMgde.
43530 mdob 350900l JobgE300 053MmbMH 358900l ¥0dgd0 0ymes b XFMBO: ) sEEg dmyzsgowg (bmgd
09M-009390096M0); B) B9EMYO0M 33006 dMmYz3030eg (05635M-09dIMZ5¢00); 3) 33056 FmYgz930Y (BoMEH0-53MOO).
00b0dbmo 60dbol Jobgz00 29M3wgbowr0s 053MmbMMmo 359900l ¥ 08gdol Lodo xyMR0: bobyMdwogs©
dmyzo30g x0d900 (5 ™39); X03gd0 Y3530¢MdOL Lsdrmowrm boby®dwogmdom (3-3,5 ™39); 89©Mgd0m
bobdmzmyg y3030mdol x0dgdo (2,5 ™39). 053mbwmGo 350905 %00 30d0L3MLOL FoToMmm EOEAJHO0S
4353000L  F9xu9MH0Mmdol  ©IIM30IBYIDs  BHgI3gmo@eslosb. 8,5-9,0C0-bg dswo  3Hgd3gMo@ Mol
300Hmdgddo  33gbsMgbg  30MIMEIDS  ZIMPOLBIMHO  Y3530¢0, bmerm  FgsMgdom  dsmswo  (16,6-19CY%)
3993965Gm0oL 306Mmdgddo 83965609 030050l Fomgu Y3530 gdL.
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9000bs0gmdL 10-19 °C #9d396MsG«ycol 3060mdgddo. 053mbmMo 359900l x0d ,,3000L3L-0L“ dgdmbggzsdo
299M30bs Y43930¢ol d9i39M0mdol 93390000 ©sFM30JdMgds $gd3gMo@Mobyg. 8,5-9,0 °C-bg sdswo
$993965GHMm0L 306039330 3005M:JdS 35MOLRBIMO Y3530¢gd0, brwm 89sMgd00 Fo0swo 3gddgMod Mol
(16,6-19°C) 30609080 939656019 030005M50L 0639bbowGms© Fomge yzs30gdL.

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

YIK: 502.754.58

Kuanmatnuyeckue pakTopbl U IKOJI0THYeCKasi aJanTauus 1eKkopaTuBHbIX pactennil/ Kamaganse Jdanu, [:kadHuaze
Hana/C6. TpynoB UITM I'TYV. - 2026. — Tom 139. - ¢.82-87. - I'py3.; Pe3: ['py3., Anr., Pyc.

JlaHHOE MCCIIeIOBAaHUE TIOCBAIICHO H3yUYCHHUIO CPOKOB LIBETCHHS M OCOOCHHOCTEN OKpacKH 1IBETKOB copToB Camel-
lia japonica L., KyIpTHBHpYEMBIX Ha KOJUIGKLHOHHOM yuyacTke MHCTUTYTa (uTomaTonoruu u OuopasHoodpasus barym-
CKOT'0 TOCyJapCcTBEHHOr0 yHHBepcuTeTa mMeHH LlloTta PycraBenu, a Takke BBISBICHUIO CYIIECTBYIOIMX KOPPEISLHOHHBIX
cBsi3eil Mexy aTuMu npuszHakamu. Camellia japonica xapaktepusyeTcss OOWIIBHBIM M NPOJOJDKUTEIIBHBIM LIBETCHHUEM, a
TaKXKe MIMPOKUM Pa3HOOOpa3neM OKPaCKH, pa3MepoB U GOPM I[BETKOB. DTH MPU3HAKU B 3HAUUTEILHONW CTETICHH 3aBUCST OT
(hakTOpOB OKpYXKarolIeil Cpeibl, 0COOCHHO OT TeMIEpaTyphl, KOTOpas CYLIECTBEHHO BIHMSET KaK Ha IPOJOJKUTEILHOCTh
[BETEHMS, TAK U HA OKPACKY LIBETKOB. Y cTaHoByeHO, yro Camellia japonica HaunHaeT BeTEHME MIPH CPETHECYTOYHOM TEM-
neparype Bo3ayxa npumepso 6,5-10 °C, toraa kak HHTEHCHBHOE I[BeTeHHe HaOmoaaeTcs npu temmneparype 10-19 °C. B
ciyuae copra ‘Hibiscus’ BeisiBieHa BhIpaKeHHAsI TEMIIEpATypHAs 3aBHCHMOCTb M3MEHEHHUSI OKpacku 1BeTkoB. [Ipu Gonee
HU3KKMX Temreparypax (8,5-9,0 °C) userku mpuoGpeTaroT PO30BYIO OKPACKY, TOT/IA KaK IPH OTHOCHTEIBHO 00JIee BEICOKHX
temneparypax (16,6—19 °C) hopMHUpyIOTCS HHTEHCUBHO KPacHbIE IBETKH.
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x107 Cpd 11: Benzene, 1,2 4-lrimelhyl-: + Compound Spectrum (5.239-5 395 min) Lilium ponticum D

105.0

120.0

71.0

04 N 6.5-'0 il Al

Cpd 12: cis-2-Hexen-1-ol, trimethylsilyl ether: + Compound Spectrum (5 280-5.418 min) Lilium ponticum O

75.1

1.254 157.0

14
0.75+

0.5+
0.25+

129.0

1722
143.0 ‘

Il | Ll
Cpd 14: 3,6,10-Trioxa-2, 1 1-disiladodecane, 2,211, 11-1etramethyl-: + Compound Spectrum {6.596-6.702 min) Lilium penticum.©

73.0

472 610 |
L Ll

82.0 100.3 113.1
il L

x108
12

08

117.0
0.6
103.0 B0 4470
451 59.2 218.1

04
0 AL 1l ‘u Bi'o ” ll I ‘ I 1.

02
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360
Counts vs. Mass-to-Charge {m/z)

163.0 ‘7?'0 1910 203.1

3

©003Msds 2. Lilium ponticum K. Koch-ob 8ggbs®ol gdb@®ag@ol dsblidgdd®meo sbsgro®ol 33w9agd0
(5,0,3,%0,3:3)-

gbGogoo 1. Lilium ponticum K. Koch-ob gdu@6sg@do 0gb@ogogo®gdaero domermaor®so
s3Bommo boghogdo.

Cpd T Label 4 Name g Formula W7 Score RT - mz ¥ Base ¥ Mass (DB) ¥
1 Cpd 1: Silane, trimethyl(1-methylethoxy)- | Silane. trimethyl(... CEH150S 5123 73 1321
10 Cpd 10; 2(1H) Pyrimidinethione, 4-aming-|  2(1H)-Pyrimidin.. C4H5N3S 2324 127 127
11 Cpd 11: Benzeneethanol, 4-hydroxy- | Benzeneethanal .. C2H1002 2463 107 1381
12 Cpd 12: Sucrose Sucrose C12Hz2011 2632 571 2421
16 Cpd 16: 2-Propencic acid, 3-phenyl-, timethylsilyl ester | 2-Propencic acid C12H16025i 5248 205 2201
iG] Cpd 18: Benzenepropanal, 4-hydroxy- slpha. -methyl-, (R)-| Benzenspropan C10H1402 5373 107 166.1
z Cpd 2: Pentane, 2,3 3-trimethyl-| Pentane, 2,2,2-tr CeH18 5252 431 1141
20 Cpd 20: Silane. trimethyl(2-phenylethaxyl- | Silane. trimethyl( C11H180Si 9612 73 1841
21 Cpd 21: 3.1-B . 2-phenyl-| 21-Ex C15H11NOD o688 221 2211
22 Cpd 22: .beta. D-Glucopyrancse, 1.6-anhydre- | beta. D-Glucop... CEH1005 9,759 162.1
23 Cpd 23; Methanene, (8, 10-dihydro-S-anthracenyl)phenyl- | Methanene, (9.1 C21H160 9812 2841
24 Cpd 24: Phenal, p-(2-methylallyl)-| Fhenol, p-(2-met.. C10H120 9.856 1481
26| Cpd 26 1.5-cis.2 cis Undecatriene 2.7 dicl bis(rimethylsilylle..| 1.5-cis.8cis-Un.. C17H32025i2 EEE 3262
27 Cpd 27- Anthracene, 9,10-dihydro-S-(1-methylpropyl)-|  Anthracene, 8,1 C18HZ0 10.045 23632
3 Cpd 28 Ethane, 1-vimylthio-2-[[trimethylsilyloxy)ethylthicl- | Ethane, 1-vimylth CSH200S25i 10.072 2361
23 Cpd 23 Heptancic acid, 6-oxo-, timethylsilyl ester| Heptanoic cid. C10H20035i 10.15 2161
3| Cpd 2 Methyl 2-[methoxy(methyliamincl-2-methylpropancate | Methyl 2-[metho C7HI5NO3 5768 6073 1611
30 Cpd 30: 6-Methyl-4-phenyl-quinazoline| &-Methyl-4-phen C15H12M2 66.65 10.165 2201
21 Cpd 31: Anthracene, 9.10-dihydre-3-(1-methylpropyl)-|  Anthracens, 9.1.. C18HZ0 5115 10.201 179 2362
32| Cpd 32 2610 Trioxa 2,11 disiladedecane, 2.2,11. 11 tetram..| 2,6,10 Tricxa 2. C11H28035i2 81.72 10.264 73 2642
33] Cpd 33 18cisU 5-yne 3.7 bis-trimethylsilyl ether | 1.8-cis-Undecad... C17H32025i2 56.42 10.376 73 73 3242
34 Cpd 34: Ethanel, 2-(trimethylsilyl)-, acetate| Ethanel, 2-(trime... C7H16025i 57.45 10.415 73 73 160.1
37 Cpd 37, Dibenzothiophene, 1.2.3.4.6,7.8.9 octahyd Dibenzethiophe... C12H1ES 6542 10.637 164 164 1521
38[  Cpd 22 36,10, 13 Tetracxa-2, 14-disilspentadecane, 2.2.14,1_ | 3.6,10,13Tetrac C13H22045i2 £7.83 10.814 73 73 3082
40 Cpd 40: Silane, tetra-2-propenyl-| Silane, tetra-2-pr C12H205i 6296 i0.e7e S5 S5 1821
42 Cpd 42: 7H-Furo[3.2-gl[1lbenzopyran-7-one | 7H-Furo[3.2-gl[1 C11HE02 8464 11063 186 186 186
44 Cpd 44: 3-Phenylbicyclol3 2. 2)nona-3,6-dien-2-one| 3-Phenylbicyclol C15H140 5441 11721 167 167 2101
45 Cpd 45: Hexadecancic acid, trimethylsilyl ester| Hexadecanoic a C13H20025i 8416 11.899 17 17 2283
46 Cpd 46 Phytol Phytol C20H400 7256 12248 71 71 2963
47 Cpd 47: Butyl 9,12 octadecadienoate| Butyl 9,12 octad.. C22H4002 57.22 12683 a1 &1 2362
50 Cpd 50: SH-Carbazele, S-phenyl-| SH-Carbazele, 9. C18H13N £1.09 12.018 2431| 2431 2431
51| Cpd 51 Pyride[3.2-dlpyrimidine 2.4(1H,3H) diene, 1,3-dimeth..| Pyridel3.2-dlpyri-. CSHIN302 57.02 13188 181 181 1811
52| Cpd 52; 2H-Furcl2.3-h]- 1-benzopyran-2-one., 8.5 dihydre-8-(1..| 2H Furc|2,3-h]-1-. C14H1404 23.33 13.384 187 187 2461
53 Cpd 53: Benzolbcarbazole | Benzolb)carbaz C1BH11N 5452 13687 217 217 2171
54 Cpd 54: &-Phenylisoquinoli &-Phenylisoqui C1BH11N 551 12808 205 205 2051
56 Cpd 56 1-Docosandl, trimethylsilyl ether| 1-Docosandl, tri C25H5405i 8483 14248 3832 2832 3984
60| Cpd 60: 2,6-Disilatricyclol7 3.0.0(2,7)]dodeca-4.6,10, 12-tetra_ | 2,8-Disilatricyclo C12H20Si2 5322 15.14 225 229 2441
63| Cpd 62 8.8-Dimethyl-2-0x0-2 8.3, 10-tetrahydropyranc(2,3-flc. | 8.8-Dimethyl-2-0 C24H2607 59.06 15.38 a3 a3 4262
64| Cpd 64: 8.8-Dimethyl-2-0x0-2 8 3. 10-tetrahydropyranc(2.3-fic. | 8.8-Dimethyl-2-0 C24H2607 6512 1553 a3 a3 4262
66| Cpd 66: 2,8-Disilatricyclol7.2.0.0(2,7)ldodeca-4,6,10, 12-tetra.. | 2.8-Disilatricycla.. C14H20Si2 5258 16.801 229 229 2441
€7 Cpd 67. 8.8 Dimethyl-2-oxo-2.8,3,10-tetrahydropyrane(2.3-fic.. | 8.8 Dimethyl 2-a.. C24H2807 6224 17.089 23 3 2282
€9 Cpd 69 8.8 Dimethyl-2-oxo-2.8.9,10-tetrahydropyrane(2.3-flc.. | 8.8 Dimethyl 2-a.. C24H2607 17.359 23 3 2262
70| Cpd 70: 8.8 Dimethyl-2-oxo-2.8.8,10-tetrahydropyrane(2.3-fic.. | &8 Dimethyl 2-a.. C24HZE| 7 17.45 23 3 4262
71| Cpd 71, 8.8 Dimethy| 2 oxo2.8.8,10-tetrahydropyranci 2.3 fic.. | 8.8 Dimethyl 2. C24H2607 £9.87 17665 23 3 1262
75 Cpd 75: Chel | trimethylsilyl ether | Chol I trim C20H5405i 2108 18.034 = 128 524
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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

mg3: 581.4:581.19

33560L 9505¢8mM0369mTo 3330 Egergdeyemo Lilium ponticum K. Koch-ob dom@mgov®e sg@omeo bsghogdo /
. 39M0dy, 5. d33vM0dg, 3. AgBHMg3gero, 9. xmbsdg / THM-ob 6mdgd0, LydsGmzgeml ¢gdbogm®o
MB039MLoEIA0. — 2026. — . 139. — a3. 88-94. — JoOm., G7B0MTg JoOr100., 0bA., Bbs.

§0650gdoMg 330935 gogds 5FoM0L Fowowdmosbgmdo ogMagwgdmwo Lilium ponticum K. Koch-ob
00mgodom®mo ©s Bo@mgodow®mo 99dsagbermdol dglfegwsl GC-MS dgmmom. 93gbstol  gdb@Mod@do
299M3gb00s  bgoalibgs doMmEMyow®ms©  od@ommo bogMmo, Bom dmMol  3oMdMbMo  MmMBmwo,
3b00m3z560 s BgbmmEo 0553900 (3905535, 350, 250, 3OMEMZoGIJolb 0953900, LEGJsM0boby s o-
@wobmgbols 95535), 51939 TodMgdo (ey3MBoEMEHO s FMOHBbMboEMMmO FoMdmgdmwgdo, 396¢0Gmwo,
WdJBHMDBo), 0HOMOEIOO (593998060) S LBHIOHMOEEO BogMMNO — LoGHMLEHIOMEO.

330930L 890093900 @LEHWMIRL, G Lillum ponticum §oG0mo©aIbL dOMEMA0M@Mo© 5JEH0wMo
39050 99E9dM0EJO0m IEO0EM Lobgmdol, Mo bobl Mi3sal Job 3m@Egbowe 3603369wMdL
39MToIMMYOMMO S 0MEHJJbMEMA0MMO 33¢93900LmMZ0L.

9505 dm0sbo  93mboliGgdgdol 3mbEgJuGdo Lobgmds s8moMmBg3s 93MMWMAOMMO 5ISGHIGO0MS S
960099160 2530390 9d0m, M3 30I3 MBOM BOHEOL Job LodxEbogMHM OMGDdMEIGDSL.

33g30Lsl  259mygbgdmer  odbs  BHMoogonwo  gdudgEoiEos-9d3blmmbool  dgmmEo,  GMAwob
R0 gdd0 4560LsBPZMS F3gbsMgms Fo3MEIWIOOL 5O GIO S FYaMMm3s Foboers 39MBMHOTOLMZOL

99b396096EHOLMZ0L.  I39bsMgMwo by gMEoEsb FMmIBss FgobmEosbo gJuE®ogBHYd0, OHMIWGdO3
©59m8s305 BSTFA/EtAc (40:10) Bs0g300m o g9965¢w0Bs Agilent Technologies 7000 GC/MS/MS Triple Quad

LbobEgdsby Elite-5MS 13gg@ob g58myggbgdom. sbsewobo gobbmMiogwos EI Hgg0ddo (70 eV), TIC bzsboMgdol
306009030, bagm 653600900l 00096G 05035305 Fmbs NIST dmbszqdms 85Bslmsb 890s69gdol bogwdagwby.

800900 89092900 5QILEHWOIOL, GmA Lilium ponticum {5630ms@agbL doME®M0MOMI®© 5JGH0MO
39050 3939003 Jd0m 3E0EIM Lobgmdgdl, Mog bsblL »bgsdl oo I609369cMzsb BsMTo3mEMA0ME
0003 gdbmemaon®  3m@EHbEoswl.  s0bodbmmo  Lobgmds  asblogmmMgdom  860dgbgamgsbos  30339b00L
9505 dm05b0 930LoLEHYIJOOL 3mbEHIJuGHTo Fomo gbgdMOMBdOLS S J3MEIMAOMEIO 5I3EHSEO0L dodMm.

doi.org/10.36073/1512-0902-2026-139-88-94
YIK: 581.4:581.19
Buosoruyeckn aktuBHbie coequnenus Lilium ponticum K. Koch, pacipocrpanéntoro B BbICOKOTopbsix Akapuu /
. Bepunze, A. bakypuaze, M. MetpeBean, M. J:koxanze / Tpymst UXM, I'TY. — 2026. — 1. 139. — c. 88-94. — rpy3.,
pes3ioMe: Tpy3., aHTIL., pycC.

Hacrosiee nccieaoBaHue MOCBSIMICHO H3yYSHHIO OMOXMMUYECKOro 1 puTOXMMUYeckoro coctasa Lilium ponticum
K. Koch, pacrtipoctpanéHHOTO B BEICOKOTOPBSIX AJKapuH, ¢ Mcnoib3oBanneM Metona GC-MS. B akcTpakTte pacTeHus BbI-
ABJICHBI PA3JIMYHBIC OMOJIOTHYECKN aKTUBHBIE COCAUHCHMA, BKIIKOYAs Kap60HOBBIe OPraHn4eCKue, XUPHBIC U (peHOJ'[BHBIe
KUCJIOTBI (MOJ'[O‘-IHaﬂ, H6HOqHaﬂ, rajjioBas, MPOTOKATEXOBAA KUCJIOTHI, a TAKKE CTCAPUHOBAA U O-JIMHOJICHOBAs KI/ICJ'IOTI)I), a
Takke caxapa (TJIIOKO3HUIHbIE U (ypaHO3UIHBIE MPOU3BOIHBIC, IEHTHTO, JIAKTO3a), UPUAOUABI (ayKyOWH) U CTEPOUIHOE
COE/IMHEHUE — CUTOCTEPOJI.

PesynbTaThl McciienoBanust moarsepskaaoT, uro Lilium ponticum npencrasnsier co6oit By, 6Gorathiii GHOIOTHYE-
CK{ aKTHBHBIMHM BTOPUYHBIMH METa0OIUTAMH, YTO IMOTIEPKUBACT €r0 MOTCHIIMATIBHOE 3HAUCHHE I (PapMaKOIOTHISCKIX
1 OMOTEXHOJIOTHYECKUX UCCIICTOBAHHA.

B xoHTEKCTE BRICOKOTOPHBIX KOCHCTEM JaHHBIA BHJ XapaKTePH3YETCs IKOJOTHUYSCKON aanTanieid u SHIeMU-
HBIM PacIpOCTPaHECHUEM, YTO JOMOTHUTEIHHO MOBHIIIACT €r0 HAYYHYIO IECHHOCTD.

B xoxe uccienoBanus OBUT HCIIOIB30BAH TPAIUIIMOHHBIN YKCIECTUIIMOHHO-3KCKYPCHOHHBIH METOJI, B paMKaX KO-
TOpOTro OBLIH ONPEACIICHEI apeallbl PAaCPOCTPAHCHUS PACTEHHI U COOpaH MaTepHual Jisl repOapus U SIKCICPUMEHTATBHBIX
uccienoBanuii. M3 pacTHTENbHOrO CHIPbS OBUIM NPUTOTOBJICHBI METAHONBHBIE JKCTPAKThl, 00pabOTaHHBIE CMECHIO
BSTFA/EtAc (40:10), u npoananusuposannsie Ha cucteme Agilent Technologies 7000 GC/MS/MS Triple Quad ¢ ucmosib-
3oBanueM kosionku Elite-5MS. Ananus nposoawmics B pexxume snekrponHoit nonnsamuu (EI, 70 eV) B ycnoBusx TIC-
CKaHUPOBAHMUS, 3 HACHTU(PHUKALMS COSAMHECHUH OCYIECTBIIIACh HA OCHOBE COMOCTaBcHUs ¢ Oa30i qanHbIx NIST.

Iosy4eHHbIe pe3yIbTaThl MOATBEPKAAIOT, yTo Lilium ponticum otHocHTCs K BHaaM, OoraTbiM OHOJOIHYECKH aK-
TUBHBIMH BTOPHYHBIMH META0O0IHTaMH, YTO MOJUYEPKUBACT UX 3HAYUTEIHHBIN (apMaKOIOTHIECKHN W OMOTEXHOIOTHYE-
CKHI TTOTeHIHAN. J[aHHBIH BUI UMEET 0COOYI0 3HAUMMOCTh B KOHTEKCTE BBICOKOTOPHBIX dKOcHcTeM KaBkasza Omaromaps
CBOEI PHAEMUYHOCTH U 9KOJIOTHYECKON aJlanTamny.
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GOBLEMOHIoMIOMEO 9bs3yB3M Mo OLEBEFOMMO BMmboMmgdol dmbsi3gdgdom (D) dmol dyobzstols
goMbol bsbol LoTsmeErol  JoblsBPZMHOLIMZOL. 98 FMOTMEIOL  458Yggbgdom  IMZEOEI0s  sBBIBYIOL
A9O0GHMM05bDg 8gds6g 394obgzsmve sHgddo BoMBoL baBol LoTsEgdo. FoTMM3Eowos dmerm 60 ferol
2968530M0d580 8500 (33CP0WdS 39BIMYOL, GHMEMYMsBoMwo MH3ol, 2010, 2015 s 2020 Fargdol mEbH-ob
9bs(399900L  200mygbgd0m. Fomgdmwos ©o33bs, MM drmwm 60 feol 9ob3sg3wMdsdo  (JoGHOWMY0 ©o
AHM3MAMIBOMwo M35 9abowos 60-0560 Fargdol dmbsggdgdom) s8bsBgmol BHgo@mMmostby gombol
bsBol Lodseeol dobodse®ds bodbmends 61 3-0m s0fos, bemem BsdlodseMds 114 3-00. 3585L5s39g BoMbOL
bsBol Lodsmol §39s Lsb3sMO dosbErmgdom Hgwofsdo 1 3-0m ofg3l Bgz0m, bnwm Bys Lsbwzsco - 2

3-00. 9U MEIME 3¢085BHOL M6sTIOMHMZY 330 GISL 93530060 ©JOS.
155339690 Lo@ygagdo: sx3bsBgmol d4obzstgdo, 3erods@ol 33w owgds, BoMbob bsbo.

dgbsgsemo

36033690 m3560 LobaBzmm ©mby, MHMIgmog 3obLaBEaMmagl 84obzsmgdol sGLYIMBL MMZEol babos.
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Changes in the height of the firn line of Abkhazian glaciers over the last 60 years under the influence of modern
climate change / Larisa Shengelia, Genadi Tvauri, Mariam Shengelia / Transactions IHM, GTU. -2026. -vol.139. -
pp-bb-bb. - Georg., Summ. Georg., Eng.Rus.
Abstract

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 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 by 114 m. Thus, the lower boundary of the firn line is rising by
approximately 1 m. per year, while the upper boundary is by 2 m. This is undoubtedly related to modern climate
change.
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kanMaTudeckux usmeHenuit / Jlapuca Illenrenus, lemagu Teaypu, Mapmam [lenremus / C6. Tpymos UTM I'TY. -
2026. — tom 139. - c XX-XX. - I'pys.; Pes: I'pys., Arrm., Pyc.
Pesiome

Pacuer BbIcOTHI GUPHOBOM NMHWUM [ Karanora jefHukoB ObrBurero CoBerckoro Coiosa IPOBOJUJICS B
OCHOBHOM ¢ ncronbs3oBanueM mMerozna ['edepa. Popmyra T'edepa Obrra TparchopMupoBaHa st OIpefeIeHUS BEICOTHI
($UpHOBOH JTUHUY TOPHOTO JIESHUKA II0 AAHHBIX CIIYTHUKOBOTO AMUCTaHLMOHHOrO 3oHzuposanus (C/3). Vicnonssys
9Ty GopMysry, OBLIM pacCYMTaHBI BBICOTHI (DUPHOBOM JMHUKM B JIELHUKOBBIX OaccellHaX, pacIIONIOXKEHHBIX Ha
TeppuTtopun A6Gxasuu. Mx msmeHenus 3a mocnemuue 60 jeT ObLIM PacCYMTaHBI C HCIIONB30BAaHHEM KaTasora,
ronorpadudeckoit kaprsl u mauHsx CH3 3a 2010, 2015 u 2020 roxer. Czenan BbIBOA, YTO 3a mociaemHue 60 yer
(xatanor u Tomorpaduyueckas KapTa COCTaBJIeHBI Ha OCHOBe JaHHBIX 1960-x rozmoB) MuHUMAaIbHAs BbICOTA (GHUPHOBOHM
JIMHUY Ha Teppuropuu A6xasuu mopHsiack Ha 61 M, a MakcumanpHas Ha 114 M. Takum 06pa3oM, HIDKHAS TPaHUIA
(UPHOBOI JIMHUY IPEMEPHO IOZHUMAETCA Ha 1 MeTp B TOJI, a BepXHAA IPaHUIA - HA 2 M. DTO, HECOMHEHHO, CBA3aHO C
COBpPEeMEHHBIM U3MeHeHHeM KIHNMaTa.
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Analysis of Atmospheric Instability Indices and Vertical Profiles during Strong Convective Events
Inga Samkharadze, Marika Tatishvili, Nanuli Zotikishvili
Institute of Hydrometeorology of Georgian Technical University
i.samkharadze@gtu.ge

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 ERA5 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. 1. Convective instability energy (CAPE, J/kg).
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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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AHaJIN3 MH/IEKCOB aTMOC(epHOii HEYCTOHYUBOCTH M BEPTUKAJIbHBIX NPoduJieil BO BpeMs CHIbHbBIX KOHBEKTHBHBIX
sijenmii /Muara Camxapamse, Mapuka Tarumsnmm, Hanynn 3otuxkumsmm/C6. Tpymos UTM I'TVY. - 2026. — Tom 139. -
€.101-105. - I'pys.; Pe3: I'pys., Anri., Pyc.

B uccnenoBannu paccmarpuBaeTcs OlieHKa aTMoc(epHOil HeyCTOHUMBOCTH Ha TeppuTopun Bocrounoii ['py3un ¢
ucnonb3oBanueM Tpex nHaekcoB — CAPE, K-unnekca u TT. Bputo BRIOpaHO HECKOIBKO peaNbHBIX AKCTPEMATbHBIX THEH,
Ha OCHOBE KOTOPBIX, HapsAy C OLEHKOW HHAEKCOB HEYCTOHYHMBOCTH, OBUIM PAacCMOTPEHBI BEPTHKAIBHBIE MPOGIIN
aTMOC(epHBIX TapaMeTPOB 10 JAHHBIM O BIAKHOCTH U CKOPOCTH BeTpa. i BRIOpaHHBIX JHEH ObljIa OIleHEeHa KOPPEIIAIUs
MeXay HHAekcamu. MccrnenoBaHue IOKa3ajlo HaM4YMe CHIIBHON KOPPENSIMU MEXIy HEKOTOPBIMH HHIEKCAMH, YTO
YKa3bIBa€T Ha 3¢)¢)CKTI/IBHOCTL COBMECTHOT'O HUCIIOJIB30BaHUA NPEACTABJICHHBIX HHACKCOB JIsI M3YYCHHUA KOHBCKTUBHBIX
nporiieccoB. [TomydeHHbIe Pe3ysIbTaThl MOATBEPIKAAIOT, YTO COUCTAHNE ITHX HHICKCOB C JAaHHBIMH BEPTHKAIBLHOTO MPOdUIIS
obecrieunBaeT 0OoJjiee TOYHYIO OIEHKY KOHBEKTHBHOW aKTMBHOCTH. MccnemoBaHue momdepkuBaeT BakHOCTb ERAS B
aHaIM3€ SKCTPEMAIBHBIX IOTOJHBIX SIBJICHWH, a TIOJNydeHHbIE 3HAHUS MOTYT OBITH HCIIOJNBb30BAaHBI KaK B HAy4YHBIX
HCCIIEZIOBaHMSAX, TAK U B IIPAKTHYECKOM METEOPOJIOTMYECKOM aHAJIN3€ U IPOTHO3UPOBAHHY.
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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 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.
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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;

*  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)
A7 "))
(Telemetry Link)

CONTROLLER
(for launch/recovery
& override)

Fig. 1. USV-Drone’s System

In Georgia drone-mobile stations will be used along the coast in Sarpiand 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;

Georgia
®Zestafoni

% % 4

. o A N
Fig. 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
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— d {0 P End ‘. a
. - - ke g ] " Users ()
Time Series Database
Static
Dashboards
. \

| D nau B -:7:::"?:':’-:' s !i“' m— @ {
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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—Vaisala
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 theaccuracy
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 ABISAETCS BBICOKOUYBCTBUTEIBHOM, MOJTy3aMKHYTOH MOPCKOH 9KOCUCTEMOH, TOIBEPKEHHOM 3HAUU -
TCJIIbHOMY aHTPOIIOIT'CHHOMY BO3[[CﬁCTBI/HO, BKJItO4ad 3arpsa3HEHUC, UI3BMCHCHUC KJIMMaTa 1 l'[pI/I6pC)KHO€ pa3BUTHC. Cucrema
Black Sea Smart Marine Environmental Outcome System (BS-SEOS), nonnep:xusaemas nporpammoii INTERREG NEXT
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Black Sea Basin Programme, mpezacraBiisier co00i HHHOBALIHOHHYIO MIAaTHOPMY, HAIPABICHHYO HA yIy4YIICHHE MOHHUTO-
pHUHTa U YIpaBJeHHUs OJHOW W3 CaMbIX YSA3BUMBIX MOPCKHX dKocucTeM B mupe. CucreMa MHTErpHpyeT 0e3 SKHIa)KHbIE
HaJIBOJIHBIE aIlapaThl, OCHAEHHBIE MYJIbTUCEHCOPHBIMH PUOOpPaMu, AJ1st COOpa BHICOKOTOYHBIX JJAHHBIX B PEAJIbHOM Bpe-
MEHH 110 KJIIOYEBBIM SKOJOTMYECKUM MapamMeTpam, BKIItouas TeMueparypy, PH, pacTtBop&HHbII KucI0po ¥ XJI0pohHILI-a.
[Nomy4eHnsie naHHbIE 00PaOATHIBAIOTCS B paMKaX CTPYKTYPHPOBAaHHOTO MOTOKA AAHHBIX M aHATH3UPYIOTCS C HCHONIb30Ba-
HHEM COBPEMEHHBIX MOJENIEH NCKYCCTBEHHOTO MHTEIJIEKTa IJIsl IIPOTHO3UPOBAHMUS KOIOTHUECKUX PHUCKOB, TAKUX KaK I'H-
MIOKCHSI ¥ BPEJOHOCHBIE [IBETEHHS Bogopociel. ObecreunBas HEPEPHIBHBIN TPaHCHAIIMOHAIBHBIN OOMEH JaHHBIMH U BO3-
MOKHOCTH paHHero npeaynpexaeans, BS-SEOS cnocoOcTByeT mprHATHIO 000CHOBAHHBIX PEIICHUN W IIPOAKTUBHOMY KO-
JOTUYECKOMY yNpaBieHHUI0. [IpoeKT ycuamBaeT perHoHaIbHOE COTPYIHUIECTBO, MOBBIMIACT YCTOHUMBOCTE IKOCHCTEM U
CHOCOOCTBYET YCTOHYMBOMY Pa3BUTHIO U JOJITOCPOUHOM 3ammre YEpHOTO MOpsI.

111



AL 30RGMBIBIMAHCIR MO0 O6LAOBIBOL 1S3ICH0IGH() AIBIA0MIBSRD FA(MFSDS 3@HIBIRO, &.139, 2026
SCIENTIFIC REVIEWED PROCEEDINGS OF THE INSTITUTE OF HYDROMETEOROLOGY OF THE GTU, V.139, 2026

doi.org/10.36073/1512-0902-2026-139-112-117
ms3. 551.583

30bs6g oMol smBols 30EOHMEMy0MAO 97030 s fgwwol Gglryligdol 0bdEgyMoMgdeo
3sMmngols Us FoMmmgds
39356509 6500, 33MmEObsgrodg 0606y

LodoMmmM39wmL 39d6039Mm0 6039MLOGIGHOL 30MHMBYEHJMMOHEMA00L 0BLEHOGMEO
knailil990@gmail.com, n.kapanadze@gtu.ge

9bomdg

LEGOG05d0 gobbowmEos d0bstg om®molL s9bBdo fywol MglrydLgdol GmMmBoMmgdOL, 4obsfowgdols s
399mggbgd0l 0530L9dMdGB0 MSb6sFgEMM3] 3E0T5EHWIMO s BMOHMIMYIbmwo BgdmJdggdol 3o6HMdgdTo.
Bo@oMgdveos 30MMEMA0MOHO S 30dsdwmo 3mbsgdgdol s6sgrobo, Mol bsgwdzgubgs d9noLgdmEos
Bodmbo@gboll LybmbmMo Ggz0d0 s Jobo (33oEgdoL 3H9bwgbiEogdo. odmawrgbowos figwwol MalGLgdOl
©IB0E0GHOL FoLdGdId0 bbgoalibgs MBOHNMB3gwymaol 306HMdddo s gxrsligdwmos LaMfgsgo bobEgdgdol
99%39J&H056Mds. BoB39bgd0s, MM Boxbrmol 3gMmom@do hsdmbowgbols 9903060900 s {goedmbdatgdols BMs
36003690rmgboo 59d0dgdl Hgerols doemsbbl s  0f393L  93MmEma0mHo  dEYMIIMIMBOL  25msMgligdsls.
33w930L 990092900 0vDomgdL fgwol Galy®Lgdol 0bEgaHomgdmwo dsGmgol (Integrated Water Resources
Management - IWRM) 300630330%b9 ©553v9dbgdwaro doamdol sbgpazol sm3owgdemdsby, Mg dmogsgl
dmboBm®mobgols  LobGHdol  2sdwogMgdsl,  0bxMILEHOWIGHMGOL  ImEIMBoBsEosL,  0bLEHOGMEOMMO
30mOHE0bs300l  4omIxmdgbgdsl s borgdms bgaermzgbm@o MHgymEo®mgdol wmbolidogdgdol 0b@ga™ogosl.
900930 9909500 Fgodwgds 259mygbadmer 0dbsl dobstyg omGmol sbdo fgwol Hgbm@Lgdol dyMmso
3oOmm30L LEGHMIEHYA0gOOL T93+9ds39d0L5M30b.

15335630 LoGgzgdo: s1BYMOo BsOMZs, §3LOLAJIINOO IRMWE0S, 3E0TEHOL (33E0EYds, fyrol IBOEOEO, fywol
MH9LMOLYdO, 30OHMEMYOYMO MY0d0.

dglsgsgmo

Pgol GabeLgdo FomBmaagbl dMBadMOZ0 sMgdml gOHm-ghom dbodzbgamgzabgl 3mI3mbgbEb,
M0Iolb  9yMoo  2odmyggbads o  9ngdBHosbo  Fommzs  Mobedgtmgg  dbmxywomdo  93ME™YO0IMO
MBOxzMMNbMgdoLs s LMEOSWMMm-93mbmT03 MO FobgzomMsMgdol gMm-gMo doMoms fobsdoMmmds doohbygzs.
3WMBSWNOO 3¢00T5GMMO (33¢0gdgd0L BMbEDY, boergdgdol Mgm0dol 33w oegds, gddgMod ol BMH®s s
99900 30EOMIYEHIMOMELMYOMMO  dmgwgbgdol  2sbdoMgds  dsBHgoom  LsggMmbygdl  Jdbols
90bsMgms 59BgooLmZoL. 53s509b, FofombaMagdwmdol 0bEgblogolsEos, fywwol MHgly®dligdol gsdmygbgdol
3055305000 3MBEGHMMEO S CBLEBHOEWEOMMO JMMMHPODIGOOL bS53 gdMds byl »fiymdl fyarol bsdolbols
39079M9L935L, 930boLEGJIMOO IYMHPOGOOL 3MIM3gLBIOOL FoMT39d5Ld S FEYMIEO FoOHM30L 3MOb3037d0L
©OQZ935L.

50b0dbmo 498mfi393900L 306MHMBZdT0 2Bl MMMGdME I60d36gMmdsL 0dgbl Hgrol Galm@LYdOL
06930060900 Jotrm3z0l  3mb3gnEos, Mmdgwog gxumdbgds smbme  3M0bEodl s FobBbo  oLobogls
03009960, 9306MmF0396H0 s bmEosEMo 06EJMHILIBdOL 356:3MBOBOGO.

§0b5800905M9 330930l d0BB0s LMY 0MmMOL 3mBI0 fyerol MHglryMLgdOL sO®LYdMEo dEYMTsMYMdOL
965¢0B0o 5 9839JBIO0 JsMrMZ30L F0TOMNYGIGOOL bLsBWZMS. 33c0g30L 5TM 35690l 30 HoMTMoYgbL s9Bol
30OMEMA0OH0 Mo30LgdMHdgO0L Tgx3oLgds, FYwol MLwOLYBdOL 45dmYygbgdol doMmoMsEo 3MHMBEGIgdOL
390M3gbs, 93MMA0MMH0 ©s 0bLAHOGMEFOMMO 250mf 393930l 0IBGHOBOEOMYPS s FYMSEO TsOHMZ0L
doMmOM>0 J0TsOHMgdgd0L AoBLsBOZMS. B0 dMo F9Yagd0 byl dgmfigmdl dobstg om®ol sbdo
fPgol  Ggbm@LIdOL  FoOHMZ0L oI MIGLYOL s  FoMmIMoYIbL  3MoBH0IM  Logmdzgwl  JERMOEO
2963005M900L bEMoEYR0gd0L 89dwdsggdobmgob.

337930l 30930 s 8900EMEMY0s

33930l md0gdBL  HomBmoygbl 8obstg om®OoL  smBo, MmIgeog  IYdMYMBL  LadsHmzgEml
00Mbo3Egm Bofowdo s 30EOHMEMYO0MMO MZoELHBOOLOM Jobgmol Mgyombol ghm-gMHom dbodgbgarmgsbal
§geob LobEndsl Fo®dmoagbl. Iobstg 0mMo Lamsggl 0wgdL 35335L0MboL LsdbMmgom JowmgdBY s obo sBo
3003936 OMymOE Jo0swdmosb, sbgzg dmolfjobs s dEMBOL BETSBEHWO BMbYOL, M3 Fobs3oMmMdYBL
096906030 306500l I60d3690Mm356 FM35¢BgMM3BIdL.

112


mailto:knaili1990@gmail.com
mailto:n.kapanadze@gtu.ge

AL 30RGMBIBIMAHCIR MO0 O6LAOBIBOL 1S3ICH0IGH() AIBIA0MIBSRD FA(MFSDS 3@HIBIRO, &.139, 2026
SCIENTIFIC REVIEWED PROCEEDINGS OF THE INSTITUTE OF HYDROMETEOROLOGY OF THE GTU, V.139, 2026

33935 9i3vdbgds  3m33egdly® Bomadst, MMmIgeog dmoEegl  30EOMEMAOMEMmO, JWodoGHMHO ©
239099mbo330m0  8Mbs39dgdol sbsEoDBL, saM9m39 Fywol MHglvydLgdol FoHMZoL sMLYdIMEO dMod@olol
99535L905b. 330930L BoMYgdT0 458MYq69d0s HMYMOEF MOMEIbMIM 030, sg3g M30L9dM030 IJOMPIDO.

yeool  HgbELYdOL  2odmygbgdol  939dGH05bMdOL  Glogslgdws  Aoobswobgdmo  odbs  LoMfysgo
LobLEYIgool  BMBJ30mboMgdOL  sOLYdIMEo  BEYMToMIMBS.  FgBOLES  Pywol  obs35MRJOOL  Logstomm
3mEMEmds  3md39wgdo  0bgzMsbBHMmNIGHOHOL 306HMdJdTo ©s 5000 293w gbs sMBol Lsghmm fgaol
doabliby.

doM0ms©o bsfogo, 3gemgzol G9ga0d0 ©s 3sbbogngs.
906567 0m®oL  sbdo  fgwol  MHgbOLIdOL BMOHToMYds o  Fobsfowgds TB0dzbgEMmgzbo  sMHOL

5303000900 3e0do@G® 300HMdIODY, 3¢0ToGHNMMO 30MMdJdOL Fgxsligdol JoBbom godmygbgd e odbs
G9939M5¢OHoLs S boargdgdol bsdwsmm dMszsefierosbo 5639690 gd0 [1] dobstyg omMol obgdol Bgdm
(00569m0),  FMo(Logadgxm) ©s J3990m  §gbg  (IMBWOLHYsOH™MfYsMMm), Modsg  Lodwowgds  dmy33o
3923953569000 30OMEMYOGHO  M9x0dol (330 gdgdol  dgbsdwm  Ggbwgbzogdo  (3b®.1). 33engzsdo
2900myg9bgdeos 99sM0000 5bseoBol dgmmo, GMIol 89d39mdomsg dmbs Lbgsalbgs gbmbmMo
396000l 3mbs3gdgdol ghmBabymmeb dgstmgds

3bMoo 1. 3sg60L G9d3gm@wmeobs (T, °C) s bogrgdms xs3gd0U (P, 83) bsdmsgrm
36033690mmMdgdol LgBmbmEo gsbsfoegds oMol smBol Lbgswsalbgs
dmbs3zggoolmgol (1961-2010 %)

Lgbmbo
25 | & | €¢
€ L & )

38 | & .| 93
%, & 5 Y 3 30bogbyo | Bogbyo | Ggdmeamds | Bsdmsto | oo

© S€| g%

o © M m
T 75 17.8 9.0 23 8.0
@03bgoo | 1099 P 253.2 2595 167.7 105.3 786.0
Lonsts 502 T 10.4 21.2 12.1 1.6 11.3
232OIX P 257.7 235.8 1845 100.5 7785
©IOOBOL 800 T 9.8 21.2 11.7 0.8 10.9
By P 203.4 188.7 1428 765 611.4

dm390eo  bMowosb BbL, Mmd 2010 ferob damds®gmdom dE. 0mMol s9bol Lbgoolbgs
9065339079030 89¢gMOHME®A0MM0 9ugdgb@Egool bodwswm 9608369wmdgdo 933900M5® 0(33Eds MIMAMOE
bodoeeob, g3y LgHMbydol dobggom. 39MAMmE, 0Mm™MOL obBJdOL bgs Fawdo (Loy. ®0sByMO) 3sgMHoL
3993965Gm0oL Lodrsem 860d369wmds momgdol 3°C-0m Bs3wgd0s ©sbsMBgbo m&mo dmbs3zzgmols Lodwserm
3993965 mEo%bY.

M3 999bgds 9GHIMLGIMME Boergdqgdl, of bLIMsmo gdMMbgdveos. Bowrgdms fawomMo xsdgdo Bgdm
f9do dsgLodocm™os s 786 33-U s©f93l, 4399m Hgwdo 30 175 38-00 I3060@YdS. dodubodseryMo bogrgdo
5033063905 2oBogbls s Bsgbmwdo, bowm dobodsgr@mo Bsdmsmdo. boergdgdol Gom@gbmds 303l
doobob 3930 50193l s 05690080 bdwswm boergdo 116 3d, Logotgxm8o 102 99 s YEMBEOLTYsGMIo 97 dd
530JLoMgds.

BobsBbyg 1- by JoMdmoagbowos s@EImbggMmmo bogrgdols (005690l 39EgmMHmMEma0Mo boaMol
dmbs39dg00L dobggzom) s 8obsty 0mMol s9BTdo, 30EOMEMA0MMHO bOHMMOL wgrmzsbol 339030,
Bodmbogbol Lodmacnm bgBmby®mo 5839693 gd0l Fos Herom®mo gobsfogds. §M993030 SLsbagl bogngdobs o
30OMEMA0OH0 M9:000Lb dFoEMM MOPDO0IH3JSZT0ML, 45BLLFMMMHIBOM  FoBoBbEols s Bogbwywol
39600 gdd0.

239Bogbmanbyg, 5GIMLBIOHMo bogngdgdol BOHILMD gHmeE, 5006036905 d0bsOL BsdMbswgbols
353905, M3 39630MMBYOM0s HMPMGE F30d0m, 0lg MM3wol EBMmdom. bogbmwdo, boargdgdol dgdo@mgdols
Q5 5MMJgdol 0bEHBLOBOIsE00L BMEDY, Bsdmbswgbo 83390Ms F30M©Yds, Mo Jabob fywol MHglmELYdOL
©INRO0EOGHOL  306MmdIL. s0bodbmwo  FHgbgbaos dowmomgdl fywwol MHLyOLIdOL  FsMMZoL  3HMEgldo
LgBMbYHO BogBHMOOL domz35eolHobgdol 59930 GdMdSBY.

113



AL 30RGMBIBIMAHCIR MO0 O6LAOBIBOL 1S3ICH0IGH() AIBIA0MIBSRD FA(MFSDS 3@HIBIRO, &.139, 2026
SCIENTIFIC REVIEWED PROCEEDINGS OF THE INSTITUTE OF HYDROMETEOROLOGY OF THE GTU, V.139, 2026

30 140

P, 0

25 120

Q, 3%/50

100
20

15

10

._—__‘////' 40
5 20
0 2301 o

0 2 4 6 8 10 12
—8— B58mbs. bstrxo Boggdo

6sb. 1. 5&AmMLggrmemo bsemgdols (3/L 3056900) s AEobstyg omeol Bsdmbspgbols dos
feom®o gsbsfoemgds 3/l engenmgzsbols 3ggmdo

LsMHgog0 Igm@bYMdOLS @S FYsedmdstoggdol gad30Lsl 30MHMEMYOWMOO Mool LgHBMbYGMBdOL
2390035¢0LHobgdoL 930w gdMdLL 300093 MROM FgEOE MUZsAL boBL Bob.2-Bg godmbsbmeo dobstg omeols
Bo9Mmbo@9gbols 635 farosbo ©0bsdogs, basi M35¢8o boEgdos Foboxgbrwols ymzgwfwom®mo 303990, boerm
65MB3bO Lgbmbgdo MTBOM LE SOOI MM S BTMBsEIBOL B 60FzbgEMdgdOm godmoBggs.

(1=}
o@o
e —0— :Bogbuymc &— Bsgbmwo
35 Ac AmmamAs (bbao')bﬁ)o
30
25
20
15 ;(6\.\ -
10 # -
5 -
0 fowo
1960 1965 1970 1975 1980 1985 1990 1995 2000

655.2. 90066y 0mMHol LybMbMGo Bsdmbsgbol femom®o Gggodo

oML gdMo dmbsggdgdol sbscro®Bo 9B3969gdL, GMI om®ol smBdo Bsdmbogbol 9000 bobosmgds
033900605 253mbo@1eo LYBMBNYOHMBOm, Mo Foboxgbywbyg fywob MHgbry®Lgdol dgEsmgdoom boFs®dgl, beagrm
Dogbmwol  39M0m©Io  ©IBOEOAL  39Bs30MHMIPL.  50bodbmwo  Moz30LgdmEmgds  Jdbol  360d369wM356
LoMMMEggdL MMM LsMfgszo dgM@ByMdOL, olg 93mLOLEAEYIMOO  InMbM3zbgdol  s3ToYMmBOEGOOL
0350 LsBOOLOm.
Bo03bEol 396H0Mm©do Bsdmbsgbol 999306900l 1b sbersgl fiywrol dmbdatmgdols Mo, batmfgsgzo Fywol
©IBOGEOGH0, 53  YOMHYMBOMSE  50LvbYds  LolMBEIM-LsdgMOBM  3MWEGHMOJOOL  3MIMEWYIEHO0EMdIBY,

396L53MNOPdoM FoOEZWIMEO s BIVIMO FMGHMGGOOL Fgdmbggzedo, Mog 0of393L dmlbsgosbmdols
890306M905L s BOEOL s53HMLYJEHMOT0 93mbmTozme HOLIYOUL.

9ol OgbmOLIdOL MoMPIbMIM0Z 3OHMBEGIGIMb ghHmo, s9Hol J390m ©0bgdols Imbs3zzgmgddo
3906036905 {gamols bserobbol gowstgligdol ¢9bwgbioss. gb 30m3glo 3538060 9dw90s MHMYMO3

114



AL 30RGMBIBIMAHCIR MO0 O6LAOBIBOL 1S3ICH0IGH() AIBIA0MIBSRD FA(MFSDS 3@HIBIRO, &.139, 2026
SCIENTIFIC REVIEWED PROCEEDINGS OF THE INSTITUTE OF HYDROMETEOROLOGY OF THE GTU, V.139, 2026

bNMHMR3MYgbmMo  Bgdmgddggdol bBOEILME (MOdBMwo s Lofomdm Bsdobstg ywrgdol Bsdzgds,
23905350390 FYowomgds, ©sd0bdMMgds dMboEodsmEmo  Bogogloy®gumgdosb, Bgfimms  Lobmowm-
158999MbgM bgd0sbMdOO A9B30MHMBYBMWO - bMEG0YDEHJOOL, 39UEH0(30IIOLS S BYOIIBEOL 356035 S 5.9),
0l 30bsMOL M30mYfIgBOL MBsMOl gd30MGOLME B RsdMbsabol 30HMdgdT0. 9IRSV, SEYOWO
293L 93mLoLEYIMMO JMI300L BOTBYBL, Mg LogMmmbgl MJdbols dBoMIMLZzsERIHM369dsLs s Eobadol
0690603 BwY6J30mb06MH9dL [2]. 00 mbEBY Latfysgo LobBHgdgdol GgdbozmMo dymdstgmds, dmdzgugdvyeo
0Mbgd0 s gewob g9bsfowgdol sGogn9d@EHosbo 99dsboBadgdo ofizgal Fywrol 96083bgcmzsb ©obo3otagdl, Mog
0mBol fgeol doEsbll 30093 MBGM 53dodgdl s boBl Mizsdl LaMfgsgo LoLEYIYOOL TmEaMBobsEool
3MEOWgdEMdSL Fyaol MHglr@ligdols Moo Bstmzol 3mbEgdu@do.

3b®. 2-do 9m3990s 8. 0MOHOL 0M0Ys30v)o Tgusdwgdemds dob §gowdgdzmgd smHdo Lobmaerm-
L58999MbgM Log35MYMEgdOL Lo®fysgo fywoms s bagrgdgdoom 50, 75 s 95%-0560 MHBOHNMB3gEymBol ™l [3].
fgomdmmbmgbomadols s  {igodmbdatgdol  dmEemdgdol  MOmmogOHmMIgsMgool  Logdlzguby
299mm3w0w0s LaMfysgo Yol gnoEoEOL dmbowwmEbywo ImEMEMmdgdo. 89093000 J0sb0dbgdl d. oMol
0mHdo Lofgego Fywol 8)3939 IB0EOGHDY. 39M3Mm, d0bstgrmeo Bsdmbswgboms s Baergdgdom 50%-0sbo
MBOHMB39ymzol Fagddo fywolb ©gzogodo 111.4 derb. 33-b 990a9bL, bewrm 95%-0sbo »beOwWbzgarymgzol
OML  475,7 9wb. 3B-L s0fig3l. s0bodbmmo  ©IBoEoGHOL  ©oxRIM3s s JE. 0MOOL  0MOYSEFOVYO
39L50WgBdWMIGOOL  FoBOEs PoM339fowo IMbobgMbgdgwos dob smBTo YO FoMgAMOMIIIO
0gowboEog9d0L LydrysEgdom, HMIGEMs N OsBO LolsMAJOM BgzoEMds 456,4 Aewb. 33-b FoJbL. MAEs g
Bofomd®og 990030090L Lodfysgo Yol ©gx03odL, bmem 390L39dE035d0 sOLYdMEO [gsabso3oggdol
03900Ls s bogrgdms bgwmgbmmo  Hgammomgdol (Bby) Lsdmdomgdol smygbol Tgdmbggzsdo  Fywrol
M9LmOLYdOL IROEOEGO FNWOIBI I0TIMGDS.

3b®0o 2. 3. 0mOHol 0G>50 3glsdgdemds ol fgsmdndzmgd svBdo Lslimganm-Lsdgym®Hbgem
LsgoMparyengdolb Ls@figsgo fywoms s bsangdgdoo 50, 75 s 95%-0s60 MBMHB3gmymeBol Mmls

mBOHMb- feron®o do05bo Rogd@BHomeo fgaolb sMbgboeo
390ymgs, | Bsdmbsgbo fyodmmbmgbo, fgodmbdomgds, ©IROGOGO hodmbocogbo,
(%) Oqb 9° dqb 9° dewb 8° dqb 9° Oqwb. 33
50 521.3 382.5 271.1 1114 250.2
75 445,4 505.7 326.9 178.8 118.5
95 350.4 767.9 292.2 475.7 58.2

Bby  ©mbolidogdgdo, §gwol Maly®Lgdol dsmmzol bobEgdsdo gobbowmo mbws 0dbgl HmaMmes
30035@M0 30609000  sdmfzgo  fymol ©aBoEo@ol  99dsMmd0omgdgwo  89dsbobdo, 98MIbgdm©gl
930990 HLOBODbMGdOL 36:0b30390L s 0BEYYMOMEIL sMBMOO FoOHMZOL LygHhmm LEHMGHI0d0 [4, 5, 6,
7].

3008530l (3300 gdsHg Lodo®mggarml dgbsdyg gMHmzbme F93Ymdobgdsdo dowgdwero 89wgaqdol
0565b35© 8. 0mMoL s1Bdo 2100 Farolmgol, 1986-2010 f). 3960m©™Mb FgsMgd0m, dmbswmpbgmo 0gbgds
Bogngdms Harow®o xsdgdol d90oMgds 10-14%-0m, o3 30©I3 MBOM gosddoxzMmgdl fywol MglmeLgdol
©IR030AL blgbgdw Msombdo [8]. sOLGdIMEO 3MMdEYIGOOL JosLOFMIWs© dE0bs6mY 0MmEOL sBTo bsFomm
06905 fyaol GalyOLgdol 0bEgaM0oMmgdMmo dsmmzol (IWRM) 36G0b30370%g ©oxdbgdwwo dowamdol
5bgM239, MHMIgwos YOOHMB3gymRL Fywol Ogbydligdol sagadzsl sBmEmo 3MobiEodol dobgwzom,
06906030, L3059 S 93MBMT0IMMO BoJEMMJdOL QsM35¢olfobgdom [9, 10].

> 300390 ©0gdo, 930wgdgE0s  30OMEMYONMO  ©S  30dsGwIMo  dmboGm®mobyol  LobEgdol
299@0gmads, Mo d9ddbolb Laggrdzgwl Fywol Malwy®lgdol dEymdsmgmdol EMmMIEsE GgxslgdoLs s
FoMMN30m0 25050943930 gd9d0L  9839dGH0Bs©  Fomgdobmgol. ImboGm®obyol dmbsggdgdo  Mbos
29900Yygbgdm©al HmamO3 fywol 2sbsfomgdoll m3EH08obsgoolomzol, obg Jwods@wymo Gob3gdol
890306M9d0L doBbom;

> 8600369cmm3sb  6930m896o3gosl  Fo®Bmoygbl  Ladfigsgo  0bxz®olG®mMIGHMMOL  9@s3MmdMH030
9 gmb0BoE05, M5E 895930Mg0L Hgwol sbs3oMyqdlL s FoBMPOL 459myggbgdol 9839dGH0sbMd.L;

> 29bbo3Mm®madMEo gMMoMgds Mbs IgMIML Boergdms bgarmgbm®mo MgamEo®mgdol Ladwdsmgdol
00ygbols s gob30maMgdol  FgLodmgdmdsl,  OHMYMOE  ©sTsBHIO0m  0bBLEMMIYBEL  Fywol
MaLwOLIdIOL JoMmz0l LolEgdsdo;

115



AL 30RGMBIBIMAHCIR MO0 O6LAOBIBOL 1S3ICH0IGH() AIBIA0MIBSRD FA(MFSDS 3@HIBIRO, &.139, 2026
SCIENTIFIC REVIEWED PROCEEDINGS OF THE INSTITUTE OF HYDROMETEOROLOGY OF THE GTU, V.139, 2026

> 505bmob,  omEowgdgEos  MHYgdemETMMOlo  3MmMEObsEool  gedwogmgds @S SOYHOWMBGOZ0
LoBMAsMIOOL BsOIMEMds fgwrol MHglvydLgdol BoMm3ol 3OHMEgldo, Mog A3BMmEOL Jowgdywo

23905093930 g0g30L 939dEH05bMdLS O FOYMOMBSL.

3l33bs
d0bsMg 0mMol smHdo fgwol MglvyOLgdol sOLYdMWO TEyMIsMIMBOL  sbsewrobo (3bosymal, ™I

30053 1M0 3060Md7d0L 1530L9099IMJdYO0, fgerol Fmbdsmgdol BMEs s FoMm30L LolEgdol bamzgbgdo Jabol
90050  29b30m5Mqd0L  360dz6gm3sb  Asdmfi3g39dL.  Bodmbogbol  LybmbmGmo dgdzomgds, Lomfigsgo
LoLEGYIgdoL 969 R9gBH0DbMds s 93MLOLEJIMMO IAMOI300L 60dbgdo Tommomgdl 0bEgaMomgdwero
o630l J0MIoL EsbgMA30L 5MEOWIdMBSBY.

fPgol  Hgledlgdolb  0bGgAMmoMGdMo  ToOmzs, O®MIgwoz dmoEsgl  Imbo@Gm®mobyol  godwogmgdsl,
06836055GHOIGHMOOL  FmEgMboboEosl, 0bLEHOGHMEOMMO  3MMOmEObsEool  AomdxmdLgdLs s  bogrgdoms
bgermgbmMo MgaEomgdol dqladegdEMmdgdolL 4sm35¢oLF0bYdL, FoMdmowagbl dobsdg om®Mol svbdo

030MA09O0  BEGBOWNOHMOOLS s LeMEoswM-93mbmdogmMo  dEaMsE®doL  dorfgzol  sEogdg
§obs3omdsls.

wo@ghs@ds - REFERENCES

1. National Environmental Agency of Georgia. Scientific-Applied Climate Handbook of Georgia. ISBN 978-9941-26-
798-7, Thilisi, 2020, 303 p.

2. European Union Water Initiative Plus for Eastern Partnership Countries (EUWI+). Development of the Alazani-lori
River Basin Management Plan in Georgia, 2020.

3. Svanidze, G., Chikvaidze, G. On the Issue of Irrigation Water Deficit in the River Basins of Eastern Georgia. Proceed-
ings of the Institute of Hydrometeorology, Thilisi, 2001, Vol. 106.

4. Beritashvili, B., Tsintsadze, T., Kapanadze, N. Precipitation Enhancement Works in Georgia. Institute of Hydromete-
orology, Georgian Technical University, Thilisi, 2020, 122 p.

5. Beritashvili, B., Kapanadze, N. Prospects for the Restoration of Precipitation Enhancement Activities Considering Cli-
matic Data. Proceedings of the Institute of Hydrometeorology, Thilisi, 2019, Vol. 126, pp. 36—40.

6. Beritashvili, B., Kapanadze, N., Tsintsadze, T. Integration of Precipitation Enhancement Activities into the Future Sys-
tem of Integrated Water Resources Management in Eastern Georgia. Proceedings of the Institute of Hydrometeorology,
Thilisi, 2020, Vol. 127, pp. 41-43.

7. Kapanadze, N., Tsintsadze, T., Mkurnalidze, I. Hydrometeorological Study of the lori River Basin for the Development
of an Integrated Water Resources Management System. Scientific Refereed Proceedings of the Institute of Hydromete-
orology, Thilisi, 2022, Vol. 13, pp. 27-34.

8. Ministry of Environment and Natural Resources Protection of Georgia. Third National Communication on Climate
Change. Thilisi, 2015.

9. Integrated Natural Resources Management in Watersheds (INRMW) of Georgia Program. Technical Report 2. Rapid
Assessment of the Rioni and Alazani-lori River Basins of Georgia, June, 2011.

10. Kapanadze, N., Tsintsadze, T. Main Natural Resources, Functions and Mechanisms of Integrated Management of River
Basins. Proceedings of the Institute of Hydrometeorology, Georgian Technical University, 2021, Vol. 131, pp. 67-71.

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

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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YIK: 551.583

I'mapoJioruyeckuii pe:xkum OacceilHa pexku Mopu M Heo0X0AMMOCTb HHTErpUPOBAHHOrO YIPABJEHHS BOAHBIMH
pecypcamu. /Kananagze H.U, Mxypuanuaze U.IL./ C6. TpygoB UTM I'TV. - 2026. — tom 139. - ¢.112-117. - I'py3.; Pe3:
I'py3., Anri., Pyc.

B cTatbe paccMOTpeHBl 0cOOCHHOCTH (POPMUPOBAHHUS, paclpeelIeHHs U UCIIONb30BaHUA BOJHBIX PECYpcoB Oac-

celiHa pexku Mlopu B yCIOBUSIX COBPEMEHHBIX KIMMATUYECKUX U aHTPOIIONE€HHBIX Bo3zeicTBuil. Ha ocHOBe aHaiu3a runpo-
JIOTHYECKHUX M KJIIMMATHYECKHUX JaHHBIX IIPOBE/ICHA OIIEHKA CE30HHOI'0 PEeXHMMa CTOKA M TeHACHIUI ero u3MeHeHus. Brisas-
JIeHBI MaclITa0bl IeGUIIMTa BOJHBIX PECYPCOB MPH PA3IMYHBIX YPOBHAX 00ECIIEUEHHOCTH U JlaHa olleHKa d((HEKTUBHOCTH
OpPOCHUTENBHBIX cUCTeM. [loka3aHO, YTO CHIKEHHE CTOKA B JICTHHUII IEPUOJ] B COYETAHUHU C POCTOM BOAOIIOTPEOICHHS CyIIe-
CTBEHHO yXy/IIIAeT BOAHBIN OaJlaHC ¥ MPUBOJMT K YXY/IICHNIO SKOJOTHIECKOTO COCTOSHUSI.
PesynbraThl nccae0BaHNS YKa3bIBAIOT HA HEOOXOIMMOCTh BHEIPEHHS MPUHIUIIOB HHTETPUPOBAHHOTO YIPABJICHUS BOJI-
HeIMU pecypcamu (IWRM), Bkimodast ycuieHHe CHCTEMBl MOHHTOPHHTA, MOJICPHU3AINIO HHPPACTPYKTYPHI, yITydIICHUE
ME>KBEJIOMCTBEHHOI KOOPAMHAIMY U MHTETPALIMIO MEPOIIPUSATHH 1O HCKYCCTBEHHOMY PEryJIMpOBaHMIO ocakoB. [Tomyden-
HBIE PE3YJIBTATHI MOTYT OBITh CHOJIB30BaHbI IPH pa3pabOTKe cTpaTeruii yCTOWYMBOTO YIIPABICHHS BOJHBIMU PECYpCaMU B
6acceitne pexu Hopmu.
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353050, 999050 259mdobstg, G90dwgds 0mg3sL, MM b0ssgol FHJboobmdsBY 3900 ©330M39d0ms (T,
Lo39E0GO0m) s Jobo BsMIMZ3000 sd0bol ImEawgddo 60dzbgErmabo domdxmdaligds 3OMabmbgdo.
9U 508mPgbgd0 Tgodegds godmygbgdre odbgl:
o JdwogMo §3000Ls s FYseroEmdoL 3OMABMBo;
e dwogMo g Fgdol Golzol 995355905d0;
o 3000530l 3300gdol 2o3wgbol 3900 498905d0.

abYMO 33093900 A9BLBIMMGO00 36033690 Mm35605 M0MBIBOLMZOUL, LosE IMLOBEIYMDS Y(339E0S
500bol  35@VGHOMBMwo I3 gbgdologsb, 0bBOILGHOMIGHMES 9 YMOOS s 3OMYbMBoMmIdOL
1590 gd39d0 SMSlS305MOLO.

3008530l 330gdol  3mbGgJu@Bdo 33e930L 93BHMMII0 YIMOEMIOSL s3sbz0eqdgb 0dsBg, GMJ
23MBSWMHO EINOMOS BOOL SEHIMLBIOML gbgMgosl. 899gas© 3mb3gd30mMo IBHMM3gd0 T9odegds 4obgL
MROM dWogMHo s MBOHM HAoMmo. 58 30MMmdJd0 B0sIROL FHIB0sBMBOL Mo 3093 MBM® 6036w mgzsbo
bgds, o0 a35¢39d0 ©@o dwogMo boewrgdgdo wBGOM 9339000  3MBEGHMLEHIOL Jobol, Gog BOHOL
9JbGH®9To OO IMZGHIOOL S¢EIBON MBI,

296bowmE 33g35L erMdsmEo 3609369wmds 4o5Bb0s. dombgsgzo 0dols, HMI BmIMLOMIdIMEO0S
358360359y, 330039000 250myqbgdmero 894sb60Bdo dmddggdl bbgs Mgaombgddos, goblagzmm®mgdoom od, boss
35960l Bo0o0 3gd39Mo¢ 900 s 605@ogol GHgb0sbmds 5M505650M@s Qobsfowgdmwo. gl 360d36gmmgsbos
500bol  36OHMabmHBoMmgdoL  Qomdxmdglgdolomzol, gduBMmgdswmo Imgwgbgdols (fyswdmgstbs, dwogho
9394960 3HME39L0) 3900 TLOLHZE®, 3€0Ts@ol dmEYErgdol sbggfobsmgol [2].

oM BH0350 I 30g3500: Mo s GHYB0sbo Booool ,LLEBPZMYd0“ sGOL IEMEMIGOOL BEIOOL
500, JoM0 2obloBP3MOgL, Mg OHMYMM A563005MHEIds FEHMOMTNO 3OM3EJLYdO, Jomo 3MTd0bsE0s 30 Jabol
939509 33GNEHOMB LoHISEOIRL. [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
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93m6bsemodg 060bg, 35356599 bsogro, Agesdg 505/lEv-0b 300-0b IOMTsms 30gdM0-2026.-3).139.-33.118-124.
-Jo®Om., Ggb. JoMo., 0by., B,

6596 Mddo o6boEros 3600T5@OL JEMBMEOHO (33¢0wgdol BmbbY g FgJMHo 5dEH03mdoL BOEOL
0659035 @5 JoLo 3OHMABMB0MYdOL 1s6589MHMZg 890M©YDO. BESG0580 Bodmbogryeos Jimawoml fodyzsbo
Lsdgzbogmm 396@®9dol (NOAA HWT, NSSL, NWS) domfig3900 8060l bydodo dmgzgergbgdol 3Ghmabmbomgdol
9005H0MEd0m. 9506500 DGOME0s dMOEGEHIBINOL 93MEMYP00Ls s 30EOMEMYOo0L (396GHMOL FsldE 0O

33930L 890092900, H®MmIgdoE 5sLEHMYdgb 6050l EgbosbmMdOL 3mBEHMLEJIOLS s 39OGS Jstols
JOmegol (WIND SHEAR) 900059(939¢®) 0l gdbG690seto 3@m®dgdol 0bogotmgdsdo.

Bo96OHMddo  gGHIMEOs  FbbowMmo  3MMAbMBoMGdOL  LOBM3BH03IMMO,  BPPOMEMISFOIEO,
006593030 Mwo s MHogbzomo 9gomEgdo. babyslidwmos bgwmgbm®mo ob@gwgd@ol (Al) 3m@gbgosewo
d9BmIoLIE0MMO  3OMmEqLYdIOL  IMEYE0Mmgdsdo. 33eg30L 3ModBH03Mwo bofowo gmdmds LodoMmzgumb,
OMAMOE Jo®oo 9 FJMMo od@Gogzmdol MHgaombl. 3wolmbol asbEMEgdol 2sdmygbgdoom sdmmzgerowos
9399900l bMmTowrgdol sedsmMdgdo bogoMmzgurmlb 15 3w0ds@mmo Bmbobmgol, Mg 3bEsTgbEHm™os
3QMJM@0 893Ymdobydol LoliEgdgdol sbgzgfhiols s 93MbmdozmMmo BsGserols dobodoBsgoolmgzob.
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YIAK: 551.583

CoBpeMeHHBIE METO/Ibl IPOTHO3UPOBAHNS KOHBEKTHBHBIX IITOPMOB U POJIb Me30MACIITA0HBIX (pakTOpPOB Pe3rome
/ Mxypuaaunze WU.I1., Kanananze H.U., Meaanze M.I'./ C6. Tpymos UTM I'TY. - 2026. — tom 139. - ¢.118-124. - I'py3.;
Pes: I'py3., Anrmn., Pyc.

B pabote paccMmarpuBaeTcs JMHAMUKA POCTa TPO30BOM aKTUBHOCTH Ha (hOHE III00TLHOTO N3MEHEHUS KiuMaTa u
COBpEMEHHBIE METO/Ibl €€ IPOrHO3MPOBaHMsl. B cTaThe npencTasieH 0030p padoT, MOCBAIIEHHBIX TPOTHO3UPOBAHHIO OTIAC-
HBIX TIOTOJTHBIX SIBJICHUH, BElyIIMX MUPOBBIX Hay4HBIX EeHTPOB, Takux kak NOAA HWT, NSSL u NWS. IIpoananuzupo-
BaHbI pe3yJIbTaThl MacITaOHOTO HccienoBanus LleHTpa skonoruu u ruaposaorni BennkoOpurannu, KOTopble 1€MOHCTPH -
PYIOT PELIAIONIYIO POJIb KOHTPACTOB BJIaYKHOCTH MOYBHI U BEPTUKAJILHOTO C/IBUTA BETPa B MHUIIMMPOBAHNH IKCTPEMAIIbHBIX
IITOPMOB.

B pabore paccmaTpuBaloTCs CHHONITHUECKHE, PAJANOIOKAIIMOHHBIC, CITyTHUKOBBIE M YHCICHHBIE METOABI IIPOTHO-
3UPOBAHUsL, a TAKXKE [T0JTIEPKUBAETCS MOTEHINAT HCKYCCTBEHHOT'O HHTEIJIEKTA B OTPAYKEHNH ME30MAaCIITaOHbIX ITPOIIECCOB.
Ocoboe BHUMaHUE yJIeNIeHO TeppuTopuu ['py3un kak rpo3oonacHoMy peruony. Ha ocHoBe ypaBHenus Ilyaccona paccuu-
TaHbl BEPOATHOCTH BO3HUKHOBEHUS I'po3 i1t 15 kimuMaTudecknx 30H ['py3un, 4To nMeeT BayKHOE 3HAYCHUE ISl COBEPLICH-
CTBOBAHUSI CHCTEM PAHHETO OMOBEICHUS M CHIKEHHS YKOHOMHYECKOTO yIepoa.
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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 pm — 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 recreationand
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/m3and 50 pg/m?3, 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
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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 pg/m®. For PM10, these data are asfollows:
5.0-13.9 pg/m?, 17.6 -51.4 pg/m?, 27.5 — 104.0 pg/me. 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 3.4 148 | 58.0 4 5.0 22.8 58.0 1 11 | 15| 21 0.96

March | 3.2. 111 38 10 51 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 0 103 | 194 | 275 0 16 | 20 | 25 0.96

July 5.0 9.6 16.6 0 124 | 20.8 33.4 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 18 | 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 | 4938 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 pg/m3, and maximal — 11.8 — 54.6 ug/m3. For PM10 particles, these data are as follows: 0.5-
10.9 png/m3, 13.9-43.9 pg/m3, 20.4-129.8 ug/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/md) 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 | 40.9 | 104.5 12 11 | 17| 25 0.95
Febr 22 | 127 | 368 4 40 | 188 | 515 1 11 | 14| 1.8 0.99
Mar | 0.13 |184 47.9 5 05 |439 |12938 9 11 | 23| 4.2 0.80
Apr 69 | 85 18.3 0 15 | 154 | 436 0 11 | 18 | 26 0.92
May 25 | 111 | 251 1 39 | 270 | 730 4 16 | 22 | 34 0.98
June 46 | 87 12.4 0 81 | 175 | 26.2 0 15 | 20| 24 0.97
July 41 | 8.2 13.3 0 9.46 | 169 | 204 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 | 22 0.95
Oct 32 | 101 | 203 0 56 | 19.0 | 41.6 0 14 | 19| 21 0.95
Nov 415 | 25.6 44.7 14 8.1 43.1 78.4 9 14 1.7 2.2 0.98
Dec 1.7 11.5 18.9 2 2.6 189 | 57.1 1 13 1.6 2.1 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. o
PM10 C. P> PM10 Abus.

Month Jen | Febr | Mar | Apr | May | June | July | Aug | Sept | Oct | Nov | Dec
PM2.5 098 | 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 assessment0 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].

Acknowledgment. The scientific research has been funded and performed within the frameworks of the Grant project
FR-24-223 of the Shota Rustaveli National Scientific Foundation.
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Study of c. 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.

doi.org/10.36073/1512-0902-2026-139-125-136
YK 504.5.054
Hccaenosanue 3arpsisHenusi atmocgepsl r. bBatymMu MUKpoYacTHIIAMHU HA OCHOBE JaHHBIX ONMEPATHBHOIO HadJII0/1e-
Hust 2025 roga /Cypmasa A.A., ®panuecko Copana, Kyxanamswim B.I'.,I'uraypu H.I'., .Munkupsenu JI.H. / C6. Tpynos
UI'MTITY. - 2026. — Tom 139. — c1. 125-136. I'py3.; Pe3: I'pys., Anri., Pyc.

JluHamyka n3MeHeHHs: KOHIIEHTpanuu B aTMocgepe r. baryMmu onacHbIX 1s 3/10pOBbSi MUKPOCKOIIMYECKUX YaCTHIL
PM2.5 u PM10 oneHnBanachk Ha OCHOBE JaHHBIX ONEPAaTHBHOTO MOHUTOPHUHIA, ITOJYYEHHBIX CO CTAHLIUI KOHTPOIIS Kaye-
cTBa Bo3ayxa B I. batymu. /Iy aHanmu3a Mcosp30BaHbl AaHHbIe 32 2025 T0JI, NONMyUYeHHBIE C JIBYX TOYEK HAOJIONCHHUS B
ropoze. OnpezaeneHsl Auana3oH KoineOaHui, A1ana3oH MaKCUMalbHBIX, MUHUMAJIBHBIX U CPETHUX 3HAYSHU I KOHIIEHTPaLUi
PM2.5 u PM10. Paccuurans! auHeliHbIe KO3 (HUIIMEHTHI KOPpEISIMU My KoHneHTpauusimu PM2.5 u PM10. [Tonyueno,
YTO MEXIY HUMH CYIIECTBYET CHIbHAsI KOppesnus. 3HaueHUs K03 GHUINSHTOB INHEHHOH KOPPETALUI MEKAY TaHHBIMH,
MOTyYCHHBIMHU W3 OJHOHM M TOH e TOYKM HAaONIOACHHS M M3 Pa3HBIX TOYEK HAOJIOAEHHS, B OCHOBHOM mpeBbImaioT 0,9.
Tak>ke NoIy4eHo, 4TO KOHIICHTPAIIMH MUKPOYACTHUIl B OCHOBHOM HaXOJATCA B IIPEAEiax AOIMyCTUMBIX ypoBHEH. [Ipesbimie-
HHE KOHIICHTPAINU Ha/l MAKCHMAaJIbHO JOIYCTUMBIMH 3HAYCHUSIMH HAOJIOAAETCS TOJIBKO B OT/IENIBHBIC THH.
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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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Research 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.
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Principles of compiling an inventory map of geological processes using the example of Chiatura Municipality /
Rikadze Z., Shavliashvili L., Kuchava G., Shubladze E., Gavardashvili G., Modebadze S / Transactions IHM, GTU. -
2026. -vol.139. 137-142 pp.- Eng., Summ. Eng., Georg., Rus.

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.

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

ms3: 551.4; 551.31

bEogdom@o  gomemyomcmo  IGmiaglgdol  0bgzgbGmemmo  Gn3ol  Tgpagbol  3MobEodgdo  FosomwMol
9960(3035¢m0G 9GOl dogsomby / G03sdy b., B33¢05830¢0 ., 3M3F93S ., TMBWsAY 9., 39350300 .,
9cq90sdg L. / LE-b 300gMIGEJOMEMYOOL BLEOGMEHOL FMMToms 3MJdMEo. -2026. -#).139. -93.137-142. -
0bg., ©9D0wdg. 0by., JoOm., Grmb.

LodoMmm39w™do, F0500OHOL 39603035¢0GHYGT0, JOH0-9M00d FMSZ56 3OHMBEGTL Fo®Tmoyqbl dbgdcmogo
LBoJomMo dmgzwgbgdol (99HyMgdo, W3sMEMBId0, J1gH3930/d35:53396900, fYseroEMds, Js6gdo, ghmbos
5 bbgs) 200dBHomMgds, Mobog 8496906003 BodEHMm™Mgdmsb gMHms byl MFgmdl s6mOHM3myqbrydmo bgdmddgwgds.
00b0odbmwo 36MHm3gLYd0EL FosmMmol dMborodswo@gBolmzol yzgmsbg d9@¢e@ odabsliosmgdgeos s
g439wobg ©oE  3OMdWYdsl  Jdbolb  dghyMgdo s gOHMDBogdo, OMIgwms  [oMmBmgdbs-gosdGHom©gds
053930009005 GHMAMMOE  399693M0350  BITMYSE0dIOME GO JJMEMROME,  FMOSBMEIMAOMO OO
3w0035G 76 3000MdJOMSD, 0y 5080560l 1gd056MBLMB, 50 FMMOL BsOHPMIsLYEHHB0E BodNM-BMm3Mm39d0m
1543056MBLMSE. 3BrMgdEHol GoMywgddo Fgoddbgds dbgzowdobd@sdosbo (1:25 000 s6 1:10 000) ygmeErma0wGO
LogMmMbggdol BmboMmgdol Mm3s, GMIgwoi 0dbgds 3GMgdBol JHm-9MHmo ImsgzoMo dgogao s oL gdbgds
MmamOE bsdgEboghm, obyg godmygbgdomo 960336 mds. d98gado IMboEodswo@g®do 0o s8mygbgdweo
096905, 39093MMy0MMHo dEYMIsMgMdOL 3339000 FgMHdOEGIOLsmM30L s OHMYMME dsbobMo boggwydzgeo
A9IM0EGHMOH00L J0BsbT0T>MO 5Z30LgdOLEMZ0L.

3J0MA0MGH0  Log®mMbggdol  BmboMmgdol Gwzol  Fgddbsdg ArcMap 36OHMyMsdsdo  oFMTs3s
06396GHMmOHMmo G35, HMIgEoE sLsbogh bGHodoemo gaMmEMmyoco 3OHMEgLYdOL LogMEME bsfowgdsl.
50bodbmwo MM3s FoMmBmoygbl gmemmaoMo  LaxMmbygdol bmbomgdol 30l Fgygbol ghHM-gOH»
36003690m396 Loggdggamls. sty Bobggbgdos Hodbryedo dmabEIMO b sbes 49b30msMgdMo LEHoJomMo
3IMMA0MO0  3OM(398900, 50b0dbMmo 0bBMMTs300L SLOBZs FmbEs LoxkmbEm obEHMMOoMwo Tobogrgdols

©587)853900L5 @ L3I JINWMRZONHO 333900l Log3dzgwbY.

239M©s  5dolys,  Loggwg-Ladgsbogmm  33ag3qd0Ls s dogdo  89Egaqdol  Loxwydzguby dgxebis
96BN 36mEgLdoL 06¢9blogmds.

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

YJK: 551.4; 551.31
[IpuHUUNBI cocTaBJeHHS] MHBEHTAPU3AIMOHHON KapThl CTHXHHHBIX Te0JOrMYeCKHX NPOLEcCOB Ha INpHMepe
myHununanurera Yumarypa / Puxagze 3., Hlapimamsunan JI., Kyuyasa I'., Illyoaanze E., 'apappamBuau TI.,
Mogaebanse C. / Co6. pynoB UTM I'TVY. -2026. -tom 139. 137-142c. - Anri.; Pes: Anru., I'pys., Pyc.

B I'py3un, B mynununanurere Unuarypa, OaHON U3 TIIaBHBIX NPOOJIEM SIBIISICTCS HHTCHCH(DHUKALMS CTUXUIHBIX Oel-
CTBHH (OIIOJI3HHM, CENIEBBIC IMOTOKH, KAMHENA/bl, HABOJHEHUS, yparaHsl, 5po3ust U T.J.), KOTOpas, HapsAy ¢ IMPUPOIHBIMU
(axTopamu, yCyry0isieTcsi aHTPOIIOTeHHBIM BO3/IecTBHEM. V3 BhIlIeNepeurCICHHBIX TPOLIECCOB OMOI3HH U SPO3UsI SBJISI-
I0TCsI HanOoJIee XapaKTepHOW M MacIITaOHOU mpobiaeMoi i MyHuIHnanuTeTa Ynatypa, GopMUpOBaHNE U aKTHBU3AITUS
KOTOPBIX CBSI3aHbI KaK C €CTECTBEHHBIMH CJIOXKHBIMHU T'€0JOTMYECKUMHU, MOP(OIOrHISCKUMH M KIIMMATHYECKUMH YCIIOBH-
SIMH, TaK U C JACATSIbHOCTHIO YEIOBEKA, BKIIIOYAsi KPYITHOMACIITAOHYIO TOOBIUY MMOJIE3HBIX HCKOMAEMbIX M pa3paboTKy Ka-
pbepoB. B pamkax mpoekra Oyzmer cozgana kpynHomacintabHas (1:25 000 mm 1:10 000) kapra reoaora4eckoro
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30HMPOBAHUS OMIACHOCTH, KOTOpPAsi CTAaHET OJHHMM M3 IVIaBHBIX PE3YJIbTaTOB IPOEKTa M OyleT UMETh KaK HaydHOe, TaK U
NPUKJIaIHOE 3HaueHue. BriocneacTBin oHa Oy/eT MCIOIb30BaThCS B MyHUIMIIAIUTETE ISl paIUKaIbHOTO CMSITYEHHS T'e0-
SKOJIOTUYECKOM CUTyalluM U B KaUeCTBE OCHOBBI JUIA IeJIEHANPaBIEHHOI0 Pa3BUTHUS TEPPUTOPHH.

[epen coznanueM KapThl T€0JIOIHYECKON OnacHOCTH B porpamme ArcMap Obiia pazpaboTaHa HHBEHTapH3alMOH-
Hasl KapTa, OTpakarollasi IPOCTPAHCTBEHHOE paclpe/ie/IeHUe NPUPOIHBIX Ie0JOrMYECKHX MPOIecCoB. JTa KapTa sABJseTCs
OJTHOM M3 BaXKHBIX OCHOB JUIS COCTABJICHUS KapThl T€0JIOrHUeCKol onacHocTU. OHa MOKa3bIBaeT NPUPOAHBIE T€OJIOTHUECKUE
MPOLIECCHI, KOTOPBIE MPOMCXOANIN B MPOIIIOM MM Pa3BUBAINCH HENABHO, U 3Ta HH(OopManus Oblia oTpa)keHa Ha OCHOBE
00pabOTKN HCTOPUIECKUX MAaTEPHAIOB U TOJIEBBIX T€OJIOTHUECKUX HCCIEAOBAHMUM.

Kpome Toro, ”HTEHCHBHOCTB 3PO3HOHHBIX MPOIIECCOB OBITA OIEHEHAa Ha OCHOBE MOJIEBBIX HAYYHBIX HCCIIEIOBAHUN
U TTOJyYEHHBIX PE3YIbTaTOB.
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AHHOTAUMA

IToxazaHo, 4TO M3MEpEHNE 1 ONMCAHNE KOHIIEHTPAIWH PaJAN0aKTUBHOTO ra3a pajoHa B €IWHHUIAX aKTUBHOCTH —bekkepe-
JIX, TaK, Kak 3TO peKoMeHnoBaHo MexayHapoaHoit Komuccueit o paguanuonnoi 3amure (ICRP) mpuBoaut k omm604-
HOH (Y4ETBEpEHHON) BENMYHMHE 3TOTO MOKa3aTels. [Ipe/uioxkeH moaXoa ATt pa3penieHus yKa3aHHOH MPpoOIeMBl.

KuroueBble ciioBa: PanoH, akTUBHOCTh, Bekkepenb, KOHIIEHTpaIus B cpefie

Onucanne

BbrnaroponHblil panoaKTUBHBIN T'a3 pagoH, SBISIIOUIMICSA MPOAYKTOM paciaaa pajaus, J0CTaATOYHO IIHUPOKO pacpOCTpaHEH
Y OKa3bIBAEeT 3HAUMTEIBHOE BIMSHHUE HA XKHUBYIO MPUPOAY. BbICOKHE KOHIIGHTpalyy pasioHa HaboanTes B atMocepe 1
BOJaXx IIOJA3CMHBIX Bblpa6OTOK 1 3a9aCTYIO IPUMCHAIOTCA B J'Ie‘le6HI>IX OeIx.

CoryiacHO HbIHE PEKOMEHIOBAaHHON M MPUHATOH MexayHapoIHON KoMuccuer 1o paanannonHoi 3amure (ICRP) metomo-
JIOTUH, PAZOH CJIEIYET OIPENeIIsATh MOCPEACTBOM €ro aKTUBHOCTH B Oekkepessix [1].

OcHoBHas1 4aCTh

Kaxk m3BectHO, bekkepens sBnseTcss Mepoil (eIMHNIIEH) YHCIa pacliaoB COOTBETCTBYIOMIETO BemecTBa B 1 cCeKyHy B KOH-
KpeTHOM 00BbeMe, HarpuMmep, B KyOuueckom MeTpe nim gurpe. IIpu 3ToM 00BI9HO NpearonaraeTces, 4To Bce pacmaibl Mpu-
HaJUIeKaT IMEHHO Pa/IoHy, XOTSI KOHTPOJIS 3TOTO HE MPOM3BOANTCS M OH B TAKOM PEKMME B/ JIN BO3MOJKEH, TaK KaK 4nCIIo
pacmaJioB HUKaK He HeceT B cebe MH(POPMAIH 00 NX TeHETHYECKOM ITPOHCXOXKICHUH, ITOCKOJIBKY OHO HAKAK HE YKa3bIBaeT
Ha X UCTOYHUK, XOTS IPEIONaraeTcsi, YT0 TAKUM HCTOYHUKOM SBIISIETCS] COOCTBEHHO pajIoH [2].

Takoe npenmosoxKeHne MoXeT ObITh TOATBEPKAECHO MO0 OMPOBEPTHYTO TOJIBKO IyTEM CHEKTPaIbHOTO (IHEPTETHUECKOTO0)
aHanu3a cy0aTOMHBIX YacTHI, B JAHHOM Cilydae, anb(a-JacTHll, TOPOXKJAEMbIX YKa3aHHBIM PacrajioM, YTO 3HAYUTEIHEHO
OTIMYAeTCs OT MPOCTOTO MOJICUeTa YHCIa PAcafoB B €AUHNILY BPEMEHH, NI, HHBIMH CIIOBaMH, aKTHBHOCTH.

C npyroii CTOPOHBI, XOPOIIIO U3BECTHO, YTO PACIaj] aTOMHBIX SAEp PaJOHA ABIAETCA KaCKaJHBIM IPOIECCOM, BKIIOYAIONIIEM
MOCJIE/IOBATENILHYIO TEHEPALMIO YeThIpeX alib(a-4acTull, YeThIpeX dJIEKTPOHOB U YeThIpeX raMMa-KBaHToB (cM. Taobur.).
Ecnu npeanosnoxuTs, 4To TIaBHBIMHU, HanOoJIee 3HePreTUYeCKH HHTEHCUBHBIMHU NPOLIECCAMH B KaCKaTHOM paclajie pajoHa,
CBSI3aHHBIMH C TeHepaluel ab(a-4acThll, SBISIOTCS UMEHHO T€, YTO MOPOXKAAIOT BBINICYHNOMSHYThIE OEKKEpeNu, TOr/a
OKaXXETCsI, YTO TOJBKO OANH U3 KaXIOH YETBEPKH, CaMbIi TIEPBbI U3 HUX, IPHUHAIIECKHUT COOCTBEHHO PAJIOHY, & OCTAJIbHBIC
TPH MPHHAIEKAT €ro MPOreHaM, a IMEHHO, mmoJioHuto P0218, momonuio P0214 u momonnto P0210, T.e. He Bce anbda-ya-
CTHIIBI, CO3/IAI0IHE UMITYJIECHI B YCTPOWCTBE PETHCTPAIIMU aKTHBHOCTH, T€HETHUECKH ITPUHAJUICKAT paciiaay coOCTBEHHO
paznoHa.

Ecnm, xpome TOro, B KaCKaJJHOM pacmajie pajoHa B OeKKepesax OyIyT yUTeHBI TAK)Ke U MPOLECCH IMUCCUH 3 U Y, 3TO elle
6oJiee OBBICUT JIOKHYIO HH(OPMAIMIO O KOHIIEHTPAINH paJioHa.

Kpowme Toro, ecin oTKa3aThes OT mozicueTa OeKKepeneil M mepeiTi K MeTOIy OCaXICHHS aub(a-JyacTUI] Ha aKTHBHPOBAHHOM
yrie, pe3ynpTaT Takke OyJeT TeM K€ — TOJIBKO OJIHA M3 KaKJOH YeTBepKHU ajb(a-dacTuIll OyIeT OTBETCTBEHHA 3a aKTHB-
HOCTb COOCTBEHHO pajIoHa U, COOTBETCTBEHHO, €I0 KOHLIEHTPALMIO B cpefe. TakuM o0pa3oM, HEBO3MOXHO CyAUTh 00 ak-
TUBHOCTH pPaJIoHa B OEKKepesiX, (a Takke MO KOJINYECTBY OCAKACHHBIX HAa aKTUBHPOBAHHOM yTJI€ anb(a-4acTuIl), Tak KaK
3TO IPUBOJUT K JIOKHOMY yUETBEPEHHIO HHPOPMAIIUH O KOHIICHTPALIUHU PaJ0Ha B CPEe.

Kackannplii pacniag pagona 222Rn

DnemMeHT Bun pacnana Oueprus, MeV [Tepuon monypacmana
222Rn a 5,49 3,9235 days
218Po a 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 B 1,54, 1,51, 3,27 19.9 min
Y 0,61,1,76, 1.12

214Po a 7,69 164,3 mks

210Pb B 0,06, 0,02 223 years
Y 0,044

210 Bi B 1,16 5,012 days
Y 0,27, 0,30

210 Po o 53 138,376 days

206Pb Stab.

W3 BEIIEN3II0KEHHOTO CIIEAYET, 9TO peKoMeHI0BaHHbIH ISRP 1 moHBIHE AEHCTBYIONINI METO ] OIICHKHA KOHIICHTPAINH Pa-
JIOHA B OCKKEPeJIsIX SBIACTCS HEKOPPEKTHBIM 1 HE CIIOCOOHBIM JJaBaTh aICKBATHYIO HHPOPMAIIHIO O €T0 PaclpoCTpaHEHHO-
CTH B €CTECTBEHHOH Cpeie U, COOTBETCTBEHHO, OMIACHOCTH IS )KUBBIX OPraHu3moB [6 -9].

Hpyrue, eme OoJee cepbe3HbIe BONPOCH BOSHUKAIOT KAacaTeIbHO PO MexXIyHapOIHOH KOMUCCHH IO palHallHOHHOM 3a-
mute (ISRP). Dta npobnema BO3HUKIIA Yy HAC UMEHHO HM3-32a €€ POJIM B Pealli3alliy BBIIICYTOMSHYTOI MeToqooruu. Harm
TIOTIBITKA CBS3aThes ¢ wieHaMu | SRP okazanmce 6e3pe3ynbTaTHRIME HECMOTPS Ha TO, YTO MBI ITOJTydaeM MHOTO MaTepHAIIOB
00 UX IeATeTbHOCTH.

Harre paccnenoBanue mokasasno, 4yTo BhIIIEyNOMsiHyTass Komuccus, KoTopas, Kak yTBEPKIAETCS €10, COCTOUT MPEeUMYIIe-
CTBCHHO M3 Bpaucii, HO «TaKXKe BKITFOYACT U (PU3UKOBY», COCTOUT M3 YETHIPEX WICHOB U Haxoautcs B Kanane. Ham He ynanock
HAWTH HUKaKoW MH(OpMaIK 0 co3aanuu 3Toi Komuccuu win o Metose ee popMupoBaHuH. ECTECTBEHHO, YTO MPH TAKOM
COCTaBe M HEH3BECTHOM (HaM) mMeToje (HOPMHUPOBAHUS M HE CJICIOBAJIO Obl OXKHIATh KAKUX-THOO MHBIX PE3YJIbTATOB €€
JIeITENILHOCTH HECMOTPSI Ha TO, YTO €€ METOI0JIOTHSI IMUPOKO MPU3HAHA U IPUHSATA HAa MEXKTYHAPOIHOM ypOBHE (TI0 KpaliHen
Mepe, Ha TIOCTCOBETCKOM IIPOCTPAHCTBE).

[pocTeimmM MpuONIU3UTENEHBIM cITOCOO0M H30eKaTh MOIO0HOM CHTYalllu TIPH OIIPEeICHIH KOHIICHTPAUN PajjoHa SB-
JeTCs AeTICHUEe 3apeTUCTPHPOBAHHON aKTUBHOCTH paJioHa B OSKKepelsaX Ha 4, To- eCTh Ha KOJHUYECTBO 0-YACTHII, 00pa3y-
IOILMXCSI B MPOLIECCE KACKaIHOTO pachaja OJHOTO siApa pajoHa, HO 3TO BO3MOXKHO TOJIBKO B CIIy4ae SHEPreTU4ecKon auc-
KPUMHHAINH OCKKepeel, CBI3aHHOW C IPYTHMH THIIAaMH PacliagioB — 3 U .

Hpyrum, Oonee peaTMCTUYHBEIM METOIOM OIICHKH KOHIICHTPALUH PaJoHa MOXKET OBITH XOPOIIIO U3BECTHBIA U YITIOMSIHY THII
BBIIIIE METOJ aKKYMYJISIMH aab(a-4yacTUI] HA aKTHBUPOBAHHOM YyTJIe, KOHEYHO, MOTU(PUIIMPOBAHHBIN C YUSTOM IPUHSITUS
BO BHUMaHHE KaCKaJHOTO XapaKTepa mpoliecca paciajia ¢ reHepaiuei yetoipex (4) anbgha-dyacTuil U IeICHHEM pe3yibTata
Ha 4.

Mexy TeM MpeacTaBisieTCs, YTO KOPPEKTHBIM pacyeT Kak MOTJIONIEHHOH J03bl, TaK M KOJIWYeCcTBa HYKJIHUJOB pacraja,
HAKOIUICHHBIX (BKJIIOUEHHBIX) B OpraHu3Me, BO3MOXKEH TOJIBKO Ha OCHOBE PEIIEHUS XOPOIIIO U3BECTHOTO YPABHEHUS Pajfo-
aKTUBHOTO pacmaja.

YpaBHeHHE paArallMOHHOrO pacnaja [3-5] ecthb

dN/dt = —AN ),
N(t) = Noexp(—At) ),
re d(N(t)) = d(No(exp(—2t)) = —ANo(exp(it) dt, A3)

a No sIBIIsIETCSI YMCIIOM paJIMOAKTHBHBIX s7iep B MOMEHT BpeMeHH t=0, u A ecTb IOoCTOsSTHHAS pacriazia (€ro BEpOsITHOCTD) JUIs
panona 222Rn, onpexensiemast U3 BoipakeHus T12=IN2/\, wnu A= In2/T1;, npuyeM Bce BBIYUCICHHS B 3THX BBIPOKCHUSIX
ciestyet BoINONHITH B cucteme CU Bo n3bexaHue nojtyueHuss HeKOPPEKTHBIX 3HAYCHUIA:

In2=0,69314718056, (6e3pa3mepHas BeU4YHHa),

T1=3,8235 (mepuox momypacmnanga B IHAX (CyTKax),

T2 =(3,8235 x24 x60 X 60) = 330350.4 (mepuon mojiypacmnaja B CeKyHIax).

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

Kpowme Toro, u3 TOoro e BhIpakeHHs] MOKET OBITH ITOJTydeHa OI[eHKa CKOPOCTH pacraja paroHa WIN, HHBIMU CIIOBAMH, €r0

AKTUBHOCTb ITPH MOCTOSHHONW KOHIEHTPAITHH Noconst: STOTO HYKIIHIA!

n= % = ANoconst 4)
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TaknMm 00pazoM, yCTaHABIMBAETCS CBS3b MEXKIy ABYMS HanmOoJiee BAXKHBIMH KOHCTAHTAMHU PaJIMallMOHHOTO pacrana — Be-
POSITHOCTBIO pacmajia A M €ro akKTUBHOCTBIO | TIPU U3BECTHOM KOHIICHTpAIMK PaguoakTUBHBIX simep No, wiu Ha000poT,
KOHLEHTpaLUeEH siiep paJoHa

No=pu/fi (5)
W3 BBIIEU3II0KEHHOTO clenyeT, uto yreepkacHHas |ICTC u nelicTByrolas MOHBIHE METOIUKA OICHKH KOHIICHTPAIIUU Pa-
JIOHA B OCKKEpeIsaX B MPHUHITUIE SBIISCTCS HEKOPPEKTHON M HE CIIOCOOHOW aJIeKBAaTHO OTOOpaXKaTh 3Ty BEIUYHHY B OKPY-
JKaroulel cpese, a ClIe0BaTeNIbHO, U OMACHOCTh PaIOHa IS )KUBBIX OpraHu3MoB [6 -9].
IpocTeiimmM MpuOIMKEHHBIM CITIOCOO0M N30eTaHus YKa3aHHOW CUTYAIIUU MIPH ONPECIICHUY KOHIICHTPAIIMY PaIoOHa TIPe/-
CTaBIIACTCS JCJICHUE 3apETUCTPUPOBAHHON aKTUBHOCTH PaJloHa B OCKKEpEesIX Ha 4, T.¢. Ha YUCIIO 0-4aCTHUI], TCHEPHPYEMBIX
TpY KacKaJHOM pacmaze OIHOTO Sapa PagoHa, HO 3TO BO3MOXHO TOJIBKO B CIydYae YHEPreTHIECKON TUCKPUMUHALINN OEK-
KepeJie, CBI3aHHBIX C IPYTHMH THIIAMH pacraga - 3 1 y.
Hpyrum, 6oee pealnCTHIHBIM METOJOM KOPPEKTHON OIICHKH KOHIIGHTPAITUH PaJOHA MOXKET OBITh XOPOIIIO H3BECTHBIA Me-
TOJl aKKyMYJIALHH 0-9aCTHI] HA AKTHBHPOBAHHOM YTJIE B TESUCHUH (PUKCHPOBAHHBIX WHTEPBAJIIOB BPEMEHH, KOHEYHO, MOJTH -
(UIIPOBAaHHBIN IS NPUHATHS BO BHEMaHHE KaCKaIHOTO XapaKTepa paclajia paJoHa ¢ TeHepauen 4 o-4acTHIl 1 AeJICHUEM
pesynbTara Ha 4.
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ITokazamo, ¥TO M3MepeHVe U OIMCaHNe KOHIIEHTPAIUY PaAOaKTUBHOTO ra3a pafloHa B efUHHUIAX aKTUBHO-
ctu — Bekkepessix, Tak, Kak 9To pekoMeHzoBaHO MexayHapoguoit KoMmuccueit mo pazuaioHHOM 3a1uTe
(ICRP) mpuBozuT K onrn604HOI (yueTBepeHHOM) BeTMYIHe 3TOT0 IoKasaTes. [Ipeanoxen moaxon aus pas-
pelLIeHus YKa3aHHOM IIPOGIeMBI.

146



AL 30RGMBIBIMAHCIR MO0 O6LAOBIBOL 1S3ICH0IGH() AIBIGHNMIBSRD JBH(MBSNS 3HISIR(, &.139, 2026
SCIENTIFIC REVIEWED PROCEEDINGS OF THE INSTITUTE OF HYDROMETEOROLOGY OF THE GTU, V.139, 2026

doi.org/10.36073/1512-0902-2026-139-147-151
UDC: 504.05/.06

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-| _. s
Harmful substance tration, WHO, ug/m?  fion, SanPiN. pg/m? Difference in indicators
SanPiN requirements are
PM 255 15 35 2.3 times lower
SanPiN requirements are
PM1o 45 60 1.3 times lower
. - SanPiN requirements
Ozone (O3) 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  monoxid SanPiN 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, | . 5 | Difference in indicators
3 tration, SanPiN, pg/m
Hg/m
SanPiN requirements are
PM 25 5 25 5 times lower
SanPiN requirements are
PM1o 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 ) i i
(SO2)
Carbon monoxide
(CO) - 3000 -

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/m3.

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 countrieswith
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/m?, and the permissible
daily concentration - from 25 to 15 ug/m3. The permissible average annual concentration of PM1o was reduced from 20 to
15 ug/m3, and the daily concentration - from 50 to 45 pug/m? [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.
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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.s, 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 (MACs)).
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39900 goM90mls330000 3OHMA™Msdol (UNEP) sbao60dol  0sbsbds, 2032 {iersdg 9@sd0sbols
396300000900l 30Mabmbo  039YEMIOL 0f393L: ©gEsTofoll BgEsdoMol 70%-bg dgBo sy vy olg

©IBMOIOMEIOS, Y39ws 3bMzgms s I3gbsMmgms Lobgmdol dgmmbgBy 39¢0 8939390 I0IMPJOS,
bomwm MLsgOmbM 35960 ©s Lyygoms Lsbdgeo fyswo 8941939390 ©IBOEOGVIM0 Fobgds; Lsdgsbogmm s
A99bmema0w®ds 3GrmyMaLIas A5MH9IMLELE30M0 J5GLEHMMBOL HobZo d9ddbs s ,yb30meMYdOL* 3MbEgRE0d
30mbgol 60dbob 390 oys.

2021 Hgeob x96Im-0 290m35¢0Lfobs 35960l sd06IMHGdOL LogMmMbggdmsb ©s353d06HYdMEO sboeo
33093900 5 35009bgs 35960l ©T5306dMMGdEgdOL 0mJdol yzgus bLodobby 3mbEgbEHMoEosl, Momsg domo
JodlodogyMo  EoLs3gd0 ©Mbggdo 1.1-sb 4-xge T9od306Ms. SEGHIMLGIMHWMwo  35960L  EsdOBIMEMIdOL
0sbsliosmgdegdo s 0b@o3sd™m®mgdo 2025 {ierosb 8moEsgl olgmo JdoMmOMsEO  sdsd0bdMMGdgdOL

9mbo@M®m0bal, GHMYMmOmOEss dgs®o bofowszgdo (PM2.5, PM10), sHm@ol ©omdbooo, amao®ool omdboo,

Bobdo®mdool dmbmdloo (CO), mBmbo (03) s Moomad@om®mo Bogmogmgdgdo, HMmIgdos 99goLYdIME0s
LogMmsdMOHOLM (X6dM) s 9HMZbE0o bEHbMEHJOOL - BodloTorMHo LETZgd0 3Mmbi39bEMo30gd0L (MACS)
dobggzom.

doi.org/10.36073/1512-0902-2026-139-147-151

YIK: 504.05/.06

Pa3padoTka HOBBIX CTPATErHYeCKUX MyTell pa3BUTHS IKOJIOorudeckoro oopasosanus./I'yuus Iappu, CBanunaze
3u3n./C6. TpynoB UTM I'TV. - 2026. — Tom 139. - . 147-151. - Anrn.; Pes: I'pys., Anra.,Pyc.

Cornacao noxmany [Iporpammer OOH mo oxpysxatoreii cpene (FOHEIT), mporao3 pa3surus genoedectsa 1o 2032
roja HeyremuTenacH: 6onee 70% moBepxHocT 3emiin OyaeT ae)OPMHUPOBAHO TEM HJIM MHBIM 00pa3oM, Oojiee 4eTBEpTH
BCEX BHJOB XMBOTHBIX M PacTeHHH OyayT 0E€3BO3BPAaTHO yTpaueHbl, a YUCThIH BO3AYX M YHCTas MHUThEBas BOJA CTaHYT
HETONPaBUMO JIe(UIUTHBIMH; HAYYHO-TEXHUYECKHUIT IPOrpecc co3/iall PUCK 3KOJIOTHYECKOIT KaTacTpodbl, 1 caMo MOHATHE
«pa3BUTHs» NOCTaBiIeHO 1oJ] comHenue. B 2021 roxy BO3 y4i1a HOBbIE HcciieIoBaHKs 00 OMACHOCTSIX 3arpsi3HEHHUS BO3lyXa
U TepecMOoTpesa TOYTH BCE LeNieBble KOHLEHTPALUH 3arpsi3HSIONIMX BEIIECTB B BO3/JyX€, CHH3MB MX MaKCHMaJbHO
JIOITyCTUMBIE YpOBHH B 1,14 pa3za.

XapaKkTepuCTHKH U MOKa3aTelH 3arps3HeHns armocdepnoro Bo3ayxa ¢ 2025 rosa BKIIOYar0T MOHUTOPUHT KITFOUEBBIX

3arpsI3HSIONIMX BEIIECTB, TAKUX Kak TBepable uyactuipl (PM25, PM10), quokcua azora, JUOKCHI Cepbl, OKCHJ| YIIIepoaa

(CO), o030 (O3) W paaMOaKTHUBHBIE BEINECTBA, OIEHUBAEMBIE B COOTBETCTBMM C MexayHapoadsivu (BO3) wu
HAIMOHAJIBHBIMHU CTaHIapTaMH — MPEEIbHO A0MyCTUMBbIME KoHIeHTpausamu (IT1K).
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